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RESEARCH ARTICLE

The enigmatic diploid Chenopodium ucrainicum
(Chenopodiaceae | Amaranthaceae s. 1.): geographical, ecological, and
phytosociological patterns as clues to its origin

Oleksandr I. SHYNDER * (), Natalia A. PASHKEVYCH 2 (), Iryna . KHARYTONOVA ! (2,
Oksana V. HOLOVKO 3, Bohumil MANDAK *5 @, Sergei L. MOSYAKIN 2
I M.M. Gryshko National Botanical Garden, National Academy of Sciences of Ukraine,
1 Sadovo-Botanichna Str., Kyiv 01014, Ukraine
2 M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,
2 Tereshchenkivska Str., Kyiv 01601, Ukraine
* Derman-Ostroh National Nature Park, Nezalezhnosti Avenue 9, Ostroh, Rivne Region 35800, Ukraine
4 Faculty of Environmental Sciences, Czech University of Life Sciences Prague,
Kamycka 129, Praha-Suchdol 165 00, Czech Republic
5 Institute of Botany, Czech Academy of Sciences, Zamek 1, Prithonice CZ-252 43, Czech Republic

* Author for correspondence: shinderoleksandr@gmail.com

Abstract. Chenopodium ucrainicum Mosyakin & Mandak (Chenopodiaceae/ Amaranthaceae s. 1.), a newly described diploid
species currently known only from Ukraine, is a distinctive yet still enigmatic element of the Ukrainian flora. This study
provides a detailed account of its presently known geographical distribution, ecological preferences, and phytosociological
features, plus some further information of its morphology, based on field surveys conducted during 2021-2024 across cen-
tral and western regions of Ukraine. Our fieldwork targeted synanthropic habitats, including roadsides, ruderal zones, forest
edges, and undercanopy areas within anthropogenic forests and urban parks. The known range of C. ucrainicum is fragmen-
ted, with major population clusters in the Dnipro Upland, Male Polissia, and the Podillian Upland. The distribution pattern
indicates its primary occurrence in synanthropic environments with moderate moisture levels, and its presence in disturbed
habitats suggests its likely status as an alien species in Ukraine. Observations also noted its high projective coverage in plant
communities associated with Acer negundo and Robinia pseudoacacia, where C. ucrainicum, if present, frequently plays a
dominant role among species of the herbaceous layer. A new association, Chenopodio ucrainicae-Aceretum negundi ass. nov.,
is proposed, highlighting the diagnostic value of C. ucrainicum in ruderal and other anthropogenic plant communities. Eco-
logically, C. ucrainicum is classified as a mesophyte with a long vegetation period, making it well-suited to warmer climates
with extended growing seasons. Its phenological pattern and tolerance to low temperatures point to its supposed origin in
and spread from regions with similar climatic conditions. Although the species exhibits high adaptability within its current
range, which corresponds to the recent warming climatic trends in Ukraine, its absence in historical records in herbaria
supports the hypothesis that C. ucrainicum is a relatively recent immigrant in Ukraine. Its native range may lie in temperate
or subtropical regions of southern or southeastern Asia, where other genetically diverse Chenopodium species are present.
Continued research, including molecular phylogenetic and phylogeographic studies, will be essential for confirming its actual
geographic origin and the evolutionary role within the Chenopodium album allopolyploid complex. This study contributes
valuable insights into the distribution patterns and ecological characteristics of C. ucrainicum, highlighting its probable status
as an expanding neophyte in the flora of Ukraine, influenced by climate change and anthropogenic factors.

Keywords: biodiversity, Chenopodium album complex, climate change, flora, range expansion, taxonomy, Ukraine
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Introduction

Recent molecular phylogenetic studies (Fuen-
tes-Bazan et al., 2012; Walsh et al., 2015, etc.) re-
sulted in a considerable re-circumscription of the
Linnaean genus Chenopodium L. sensu lato (Cheno-
podiaceae sensu stricto / Amaranthaceae sensu lato).
Several genera segregated from Chenopodium s. L.
are now recognized, such as Dysphania R. Br. (incl.
Cycloloma Moq., etc; see Mosyakin, Clemants,
2002, 2008; Uotila et al., 2021; Mosyakin, 2021, etc.),
Teloxys Mogq., Oxybasis Kar. & Kir. (see Mosyakin,
de Lange, 2018; Uotila, 2022, and references there-
in), Blitum L., Chenopodiastrum S. Fuentes, Uotila
& Borsch (see Uotila, 2017, 2020), and Lipandra
Mogq. At the same time, some previously recognized
genera, such as Rhagodia R. Br. and Einadia Raf,,
are now submerged in Chenopodium s. str. based on
phylogenetic evidence (Fuentes-Bazan et al., 2012;
Mosyakin, Tamonico, 2017, etc.).

The newly re-circumscripted Chenopodium s. str.
is probably the most phylogenetically and taxo-
nomically complicated group among the genera
recognized after the recent splitting of Chenopodi-
um s. |. The evolutionary pathways involving wide-
spread hybridization and allopolyploidy (see Man-
dak et al., 2012, 2018; Walsh et al., 2015; Krak et al.,
2016; Young et al., 2023; Maughan et al., 2024, etc.)
contributed to an extremely complicated pattern
of phylogenetic relationships, which are difficult to
reflect in a reliable taxonomic scheme. Diploid spe-
cies are of special importance in that phylogenetic
pattern because they contain genomes that contrib-
uted to the formation of allopolyploid taxa, mainly
tetraploids and hexaploids, including the tetraploid
pseudocereal crop species C. quinoa Willd. (see
Young et al., 2023; Maughan et al., 2024, and refer-
ences therein) and one of the most noxious weeds
of the world, hexaploid Chenopodium album L. and
its closest relatives (see Beaugé, 1974; Mandak et al.,
2012, 2018; Krak et al., 2016, etc.).

Chenopodium ucrainicum Mosyakin & Mandak
is a recently described diploid species known so
far only from the territory of Ukraine (Mosyakin,
Mandak, 2020a; Mosyakin, Mosyakin, 2021; Or-
lov et al., 2022; Shynder, Shevchyk, 2022; Habibi et
al., 2023). Until recently, information about its ge-
ographic range and features of habitats remained
little known. This provided an impetus for the pre-
sent study of the general distribution and ecological
and phytosociological (coenotic) peculiarities of
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C. ucrainicum, which continues to remain a rather
mysterious element in the flora of Ukraine and of
Europe in general.

The aim of the present work was to gather and
summarize the available information on the current
geographic range of C. ucrainicum and to reveal
ecological and coenotic features of its habitats, as
well as to evaluate available evidence on its proba-
ble origin.

Study history

Chenopodium ucrainicum was described as a spe-
cies new for science in 2020 based on the results of
a complex multi-year study of closely related taxa
of the Chenopodium album aggregate in the floras
of Europe and North America (Mosyakin, 1996b,
2012; Clemants, Mosyakin, 2003; Mosyakin, Man-
dak, 2020a). However, the first samples of C. ucrai-
nicum were collected by Sergei Mosyakin much
earlier, in 1989, in Hrebinky (alternatively transli-
terated as Grebinky), Bila Tserkva District (former-
ly Vasylkiv District), Kyiv Region. The plants were
discovered in shady places in a small park and ad-
jacent ruderal habitats near the Kyiv—Odesa high-
way, not far from a grain elevator. It was evident
already in the early 1990s that this Chenopodium
plant represented a species morphologically diffe-
rent from all other species of the genus known in
Ukraine. The proximity of an elevator and a major
highway indicated the possible introduction of an
alien plant. Consequently, the main task seemed to
be to match the newly found plants with some spe-
cies already known from other area(s) of the Globe.
Suggestions were made on possible identifications
of these plants as C. missouriense Aellen or C. bor-
basii Murr (see Mosyakin, 1996b, 2012); however,
they have not been confirmed and it is now evident
that the Ukrainian plants do not belong to these
two mentioned taxa. In the following years, repea-
ted collections of C. ucrainicum were made in the
same locality or nearby (Mosyakin, Mandak, 2020a;
Mosyakin, Mosyakin, 2021).

Later, in 2003, the plants of C. ucrainicum were
collected by Liubov Gubar in the northwestern
part of Ukraine in Ostroh (sometimes alterna-
tively transliterated as Ostrog), Rivne Region. In
recent years, one of us (S. Mosyakin) discovered
this species in additional localities in Kyiv City:
in Nyvky Park in the western part of the city and
along Zagorska (formerly Baggovutivska) Street
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in the Tatarka historical neighborhood in the
northwestern part of Kyiv. The location from Ta-
tarka became the locus classicus of the newly de-
scribed species, C. ucrainicum, and the specimen
in the KW herbarium (mounted on four sheets:
KW001003108, KW001003109, KW001003110,
and KW001003111) was designated as the holotype
(Mosyakin, Mandak, 2020a).

At the time of the first description of C. ucraini-
cum it has been already known that this species is
diploid and that it is not conspecific with any other
species of Chenopodium known in Ukraine or adja-
cent countries (Mosyakin, Mandak, 2020a). Recent
karyological and molecular studies of C. ucrainicum
confirmed that this species has the 'BB' genome and
is well differentiated from other closely related spe-
cies, in particular, BB-diploids C. suecicum Murr
and C. ficifolium Sm. (Habibi et al., 2023). Species
with the 'BB' genome played an important role in
the evolution of several allopolyploid taxa, in par-
ticular, the widespread hexaploid weed C. album
s. str. and its close hexaploid and tetraploid relatives
(see Walsh et al., 2015; Krak et al., 2016; Mandak
et al., 2018). Morphologically, the closest species
remains C. suecicum (but some leaves of C. ucrai-
nicum are more similar to leaves of some forms of C.
ficifolium), which is, however, very well genetically
differentiated and rather well morphologically dis-
tinguished from our species.

In 2020, Sergei Mosyakin and Andrii Mosyakin
discovered an additional locality of C. ucrainicum in
Salyvonky, Bila Tserkva District (formerly Vasylkiv
District), Kyiv Region, quite close to the first known
localities in the same district (Mosyakin, Mosyakin,
2021). In 2021 and 2022, numerous new localities
of C. ucrainicum were discovered in Cherkasy, Kyiv,
Rivne, Vinnytsia, and Zhytomyr Regions (Orlov et
al., 2022; Shynder, Shevchyk, 2022). It has become
clear that C. ucrainicum is rather widespread in the
central part of Ukraine, at least much more wide-
spread than it was supposed earlier based on the
initially known localities. It is also now obvious that
the geographical distribution of this species is not
continuous. On the other hand, a number of pre-
liminary suggestions about several other possible
occurrences of this species in Ukraine and Central
and Western Europe (Mosyakin, Mandak, 2020a)
have not yet been confirmed.

Until now, the alien versus native status of C.
ucrainicum in the flora of Ukraine remains un-
clear. The pattern of distribution of the species in

Ukraine and its synantropic habitats there may in-
dicate that C. ucrainicum is actually alien in Europe,
but in that case its primary range is still unknown.
The peculiar late-season development and the leaf
shape somewhat similar to that of some Asian mor-
photypes of C. ficifolium may suggest some links
of C. ucrainicum with plants occurring in East and
Southeast Asia (Mosyakin, Manddk, 2020a, 2020b).
The lack of sufficient information about the new
species contributed to a special study of its range
and habitat characteristics and became the impetus
and basis for this publication.

Materials and Methods

Field surveys were conducted in 2021-2024 in the
territory of the plain part of Ukraine, in Cherkasy,
Khmelnytsky, Kyiv, Rivne, Vinnytsia, and Zhyto-
myr administrative regions (Oblasts), and Kyiv City,
specifically with radial route expedition studies car-
ried out around the two centers of occurrence of C.
ucrainicum known in 2021 (southern outskirts of
Kyiv City, Kyiv Region, and Ostroh, Rivne Region).
Special attention was paid to plants that correspon-
ded to the description of C. ucrainicum (Mosyakin,
Mandak, 2020a) or were morphologically similar
to it, and to collecting them for their further more
precise identification. The list of verified localities
is provided in Supplement S1. Samples of plants of
C. ucrainicum from different localities are deposi-
ted in the National Herbarium of Ukraine of the
M.G. Kholodny Institute of Botany of the National
Academy of Sciences of Ukraine (KW; herbarium
acronyms follow Index Herbariorum: Thiers, 2009—-
onward) and the herbarium of the M.M. Gryshko
National Botanical Garden of the National Acade-
my of Sciences of Ukraine (KWHA). Photographs
of plants from most habitats are presented at the
iNaturalist online resource (https://www.inaturalist.
org/observations?taxon id=1318362), and a large
part of this information is duplicated at the GBIF
(Global Biodiversity Information Facility) resource
(https://www.gbif.org/uk/species/11197744).

The phytosociological studies have been per-
formed according to the Braun-Blanquet approach
(Braun-Blanquet, 1964; van der Maarel, 1979, etc.).
Thirty-four phytosociological relevés were made in
various habitats (Didukh et al., 2011), such as antro-
pogenic forests, forest edges, ruderal places, etc.
(Supplement S2); they were stored in the phytoso-
ciological database format of the Turboveg software
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package (Hennekens, Schaminée, 2001). Most of
these relevés (about 60%) were made on the stand-
ard 3-5 m? plots, for the forest vegetation — 100
m? The taxonomy and nomenclature of vascular
plant species in phytosociological relevés were har-
monised according to the Plants Of the World On-
line (POWO, 2024-onward), with a few taxonomic
updates. The diagnostic value of the species was as-
sessed using the Phi coefficient based on the fidelity
concept (Chytry et al., 2002). Soil samples were tak-
en at the end of the growing season from eight bio-
topes where optimal conditions for the growth and
development of C. ucrainicum plants were observed
(Supplement S3). They were prepared according to
the method of H. Rinkis and V. Nollendorf (Rinkis,
Nollendorf, 1982). Methods of agrophysical and
agrochemical analysis of soil samples were used for
the extraction of macro- and microelements (Zai-
menko, 2021), and their further content was de-
termined on an ICAP 6300 DUO induced plasma
spectrometer (Thermo Fisher Scientific Inc., USA).
The acidity of soil samples was measured using a
pH-meter H1 2211 (Hanna Instruments, Italy).

Results

Notes on morphology

A detailed morphological description of Cheno-
podium ucrainicum is provided by Mosyakin and
Mandak (2020a). Here we provide some additional
notes on its morphology based on field observa-
tions and herbarium specimens that have become
available after the publication of the protologue.
Chenopodium ucrainicum plants are quite poly-
morphic, depending on the conditions of the place
of growth and the phase of vegetative and gener-
ative development. Because of that, in some cases,
difficulties may arise with identification of this tax-
on in situ, in particular when distinguishing it from
C. album, C. opulifolium Schrad. ex W.D.]. Koch &
Ziz, and/or C. suecicum. Anyway, C. ucrainicum is
a genetically isolated species that has well-defined
morphological features. It is usually a rather slen-
der and fragile plant that can sometimes grow up
to 2 m tall (under most favorable conditions); how-
ever, usually the plants are much smaller, up to 1 m
tall. Fully developed plants are usually glabrous or
nearly so, almost devoid of the mealy indumentum
formed by vesicular trichomes, but the remnants
of that mealy indumentum are usually present on
young shoots, lower sides of leaves, and generative
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organs. The leaves are thin and mostly light green
above, and sometimes whitish- or bluish-green be-
low. The middle cauline leaves are mainly more or
less distinctly three-lobed, often with a generally
rectangular outline (the lateral edges of the central
lobe are usually parallel); the length to width ratio
is usually 1.2-2:1, rarely 1:1, but in the latter case
the plants always have also more elongated leaves.
The edge of the leaf blade is from entire or suben-
tire to peculiarly erose and notched, the teeth are
normally rounded or obtuse, rarely acute or slight-
ly acuminate. On well-developed cauline leaves,
the teeth are obtuse, often double, with rounded
notches between the lobes and teeth that frequent-
ly extend beyond 180-200°, creating an arc larger
than a semicircle (Fig. 1); as far as we know, this
feature is not characteristic of other Chenopodium
species of the East European flora. It should be
noted that although the teeth on the leaves have
variable apices (rounded, obtuse, or subacute or
even subacuminate), the empty spaces (notches)
between individual teeth on the leaf blade are al-
most exclusively rounded in shape. Cauline leaves
above the middle of the stem (and, in less devel-
oped plants, sometimes also in the lower part) have
reduced lateral lobes and often entire or subentire
margins; the general shape of such leaves varies
from rectangular to elongate-ovate, with acute api-
ces or sometimes with a slightly mucronate apex,
having a short and weak mucro up to 1 mm long.
The upper cauline leaves, which develop during
the flowering period, are elongate-ovate to lanceo-
late, mostly entire or subentire at margins, mainly
rounded or obtuse at the apex, rarely obtuse-trian-
gular, but often with a small mucro. Inflorescences
are normally thin, moniliform. At the end of the
flowering period, their axes are usually greatly
elongated and partially drooping, due to which the
plants acquire a sprawling habit.

Young plants of C. ucrainicum are often charac-
terized by the golden-pink or pinkish-red (anthocy-
anin) shade of the mealy indumentum on growing
young leaves (Fig. 2). However, similar coloration
patterns are also found occasionally in other spe-
cies of the genus (e.g., C. betaceum Andrz., C. gigan-
teum D. Don).

Phenology

Under the conditions of Kyiv City, first seedlings of
Chenopodium ucrainicum usually appear from the
beginning of April. Flowering occurs at the end of
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August-September, and the vegetation period lasts
until late autumn (in 2020-2021 and 2024 until the
middle or end of November, with some plants still
with green leaves at the beginning of December),
although in some populations the vegetation pe-
riod ends already at the end of October, especially
under dry weather conditions. According to availa-
ble records, the complete vegetation period of this
plant species is about 190-230 days. In general, the
phenological phases of flowering and fruiting of C.
ucrainicum occur 1-2 months later as compared to
other species of the Chenopodium album aggregate
present in the Ukrainian flora. It also helps to iden-
tify these plants in situ, sometimes even from the
distance. Also, such a sharply different duration of
vegetation confirms the significant biological iso-
lation of C. ucrainicum from other closely related
diploid species of the genus, such as C. ficifolium or
C. suecicum, which usually flower and bear fruits
earlier, mainly in July-early September (Mosyakin,
Manddk, 2020a).

A rather high tolerance of C. ucrainicum to low
temperatures should also be noted. According to the
observations of Sergei Mosyakin for several years in
Kyiv (Mosyakin, Mandak, 2020a, and unpublished
data), this plant species fully completes its vegeta-
tion and fruiting in the late autumn period after the
onset of night frosts. Moderately low temperatures
(several degrees below 0 °C on the ground), which
are currently sometimes observed in the study area
in late October and November, normally do not lead
to freezing of leaves of these plants.

Distribution

According to the results of our inventory of infor-
mation on the distribution pattern of Chenopodium
ucrainicum (Supplement S1), more than 200 loca-
tions are now known in approximately 95 separate
geographical places (localities) in seven administra-
tive regions (oblasts) of Ukraine (Fig. 3).

Most of the newly found locations of C. ucraini-
cum were discovered in 2021 and 2022 during field
surveys. Most of the localities of C. ucrainicum
known at the beginning of the study were located in
Kyiv City and its southern suburbs, so it was from
here that a number of radial field excursions were
carried out in different directions. The search for C.
ucrainicum was successful only in the southern di-
rection from Kyiv City, where many new localities
were discovered in the southern part of Kyiv Region
and adjacent territories.

Fig. 1. Typical notches between the lobes and teeth of fully

developed lower and middle cauline leaves of Chenopodium
ucrainicum

Fig. 2. Color features of young plants of Chenopodium
ucrainicum. Stayky village, Obukhiv District, Kyiv Region,
27 May 2023 (photo by O. Shynder). Close-up: Nyvky Park,
Kyiv City, 30 May 2023 (photo by S. Mosyakin)

All known localities of C. ucrainicum outline the
formed (secondary or primary?) geographic range
of this species, which, as we know at present, con-
sists of three fragments in the central and western
parts of Ukraine (Fig. 3). Most of localities (about
82%) from Kyiv City, Cherkasy and Kyiv regions,
and the adjacent territories of Vinnytsia and Zhy-
tomyr regions, are concentrated in the central part
of the Dnipro (Dnieper) Upland area. According
to the physical and geographical zoning (physio-
graphic regionalization) of Ukraine (Marynych et
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Fig. 3. The known range of Chenopodium ucrainicum; for
actual updates, see iNaturalist (https://www.inaturalist.org/
observations?taxon id=1318362) and GBIF (https://www.
gbif.org/uk/species/11197744)

al., 2003), this territory is located within the nat-
ural physiographic region of the Right Bank For-
est-Steppe (where the first two words refer to the
right bank of the Dnipro River, i.e., the areas west
of the Dnipro), and only a few localities in Kyiv City
are situated at the southern border of the Polissia
(the Forest Zone) natural physiographic region.
This “Dnipro” fragment of the known range of C.
ucrainicum is the main one in terms of its area and
number of localities. Here this species was collected
for the first time in 1989 in Hrebinky, Bila Tserk-
va (formerly Vasylkiv) District of Kyiv Region, and
here its locus classicus is located (Tatarka historical
district, the northwestern part of Kyiv City).

The second largest fragment of the range of C.
ucrainicum covers the localities in the town of Os-
troh and surrounding areas in the southern part
of Rivne Region. According to the physiographic
zoning of Ukraine (Marynych et al., 2003), this ter-
ritory belongs to the natural physiographic region
of Male Polissia (Little or Lesser Polissia). For the
first time C. ucrainicum plants were collected here
in 2003 in the city of Ostroh; initially they were
reported under the misapplied name “C. borbasii’
(auct. non Murr).

The smallest fragment of the known range of C.
ucrainicum was discovered in 2022 in the southern
part of Vinnytsia Region, where several colonies of
this species were found in Mohyliv-Podilskyi and
its surrounding areas. This natural area is local-
ly known as the Middle Dnister Region [Cepedne
Ioonicmpoe’ss in Ukrainian], stretching along the
valley of the Dnister (Dniester, Nistru) River. It is

>
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a part of the Podillia Upland. According to physi-
cal and geographical zoning (physiographic region-
alization), this area belongs to the natural physio-
graphic region of the Right-Bank Forest-Steppe, as
well as the “Dnipro” fragment of the known range
of C. ucrainicum.

Within the outlined area, C. ucrainicum is dis-
tributed heterogeneously. Thus, in the main (“Dni-
pro”) fragment of the range, most localities are con-
centrated in or between the cities and towns: Kyiv,
Bila Tserkva, Stavyshche, Korsun-Shevchenkivskyi,
Kaniv, and Rzhyshchiv. This area is mainly confined
to the Kyiv Plateau. The most abundant habitats
of C. ucrainicum are clustered on the slopes of the
high right bank of the Dnipro River from the settle-
ment of Trypillia (Obukhiv District, Kyiv Region)
to Pekari village (Cherkasy District, Cherkasy Re-
gion), as well as in hilly areas along the Ros River
valley from Kaniv (Cherkasy District, Cherkasy Re-
gion) and Pekari village to the town of Tarashcha
(Bila Tserkva District, Kyiv Region).

Within both these geographic segments, C.
ucrainicum was found almost everywhere. This spe-
cies formed continuous geographic populations in
this area. This is exactly what is observed in Ostroh
and its western surroundings, where C. ucrainicum
was found in many places. These outlined areas are
characterized by similar geographical conditions:
the soil cover was formed on a thick layer of clayey
substrates of the Quaternary origin (loess loam),
the terrain is highly rugged, the presence of ravines
and clay and loess outcrops, moderate or high nat-
ural afforestation of the territory, and moderate
amounts of annual precipitation. There is every
reason to assume that the specified areas along the
right bank of the Dnipro River and along the valley
of the Ros River have become a kind of ecological
corridors with optimal conditions for the growth
and distribution of C. ucrainicum.

In other parts of the studied range, localities of
C. ucrainicum are not so common or are random at
all. Yes, in several places in Kyiv there are centers
of occurrence this species, for example, in Nyvky
Park, or in its locus classicus — the hilly area along
Zagorska (formerly Baggovutivska) Street. But in
general, this species is rarely found in Kyiv, and so
far only its occasional colonies are known in the
northern, central and southern parts of the city,
and only in the areas west of the Dnipro River. The
same applies to Hrebinky, Bila Tserkva District,
Kyiv Region, where C. ucrainicum was found as
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early as 1989, and now its several local colonies are
still known there.

In this area, the finds of C. ucrainicum are rather
accidental. We found only a few localities in the
towns of Bila Tserkva and Vasylkiv, and here it gave
the impression of a recent migration. Occasional
small colonies were found in the western and cen-
tral parts of Cherkasy Region, Vinnytsia Region
(Mohyliv-Podilskyi, Pogrebyshche), and Zhytomyr
Region (Ruzhyn).

In the course of this research, we noticed that
within the studied area C. ucrainicum avoids areas
with the sandy soil cover, for example, alluvial strips
along rivers or stands of pine forests on the Quater-
nary sands of fluvioglacial origin near Kyiv City.

Information about locations and territories
where C. ucrainicum has not yet been found despite
special searches is also important. Until now, we
have not confirmed the occurrence of this species
in the zone of mixed forests in the northern part of
Ukraine (with the exception of a few localities in
Kyiv City, where the growing conditions are more
similar to those of the forest-steppe than to the
zone of mixed forests), the Left Bank Forest-Steppe,
the Steppe zone, Crimea, and the western part of
Ukraine (in particular, the Carpathians). We do not
rule out that in some of these geographical areas
C. ucrainicum can be indeed found, but these will
be probably occasional localities, and there is no
wide distribution of C. ucrainicum in these areas at
the present stage of its supposed dispersal. There-
fore, there are good reasons to assume that we have
outlined most of the present-day range of this spe-
cies in Ukraine. Information about the findings of
C. ucrainicum outside the studied area (e.g., preli-
minary identifications in iNaturalist) has not yet
been confirmed.

Phytosociological features of habitats

All known habitats of Chenopodium ucrainicum are
found in synanthropic biotopes: first of all, these
are various ruderal areas on roadsides, edges of
anthropogenic (artificial or at least considerably
disrupted) forests, under the canopy of trees and
shrubs in parks or anthropogenic forest plantations
dominated by the naturalized aliens Acer negundo
L. and/or Robinia pseudoacacia L., less commonly
along forest paths (Fig. 4). Sometimes C. ucraini-
cum was found on erosional clay or loess outcrops
devoid of vegetation under the canopy of trees and
shrubs. We recorded 139 species of vascular plants

in the plant communities with the participation of
C. ucrainicum (Supplement S2). Acer negundo, Bal-
lota nigra L., Chelidonium majus L., Dactylis glo-
merata L., Lolium perenne L., and Poa angustifolia
L. co-occur with C. ucrainicum most often (with
significant projective cover values), while Poly-
gonum aviculare L. s. l., and Taraxacum officinale
EH. Wigg. aggr. co-occur with our species only on
ruderal sites. Projective coverage values of C. ucrai-
nicum in communities vary from 2% to 90%.

Other species of Chenopodium occasionally
co-occurring with C. ucrainicum are diploid taxa C.
suecicum (mainly in shady habitats) and C. ficifoli-
um (very rarely, registered only as growing nearby),
tetraploid C. betaceum (C. strictum auct., non Roth),
and hexaploid C. album s. 1. and C. opulifolium, the
last three species growing mainly in open and drier
areas.

When classifying geobotanical relevés, we sin-
gled out two groups of such descriptions. The first
group included phytocenoses formed on trampled
places in populated areas, with the minor participa-
tion of ruderal short-lived plants (13 relevés). Such
groups can be attributed to derived plant commu-
nities of the class Polygono arenastri-Poetea annuae
Rivas-Martinez 1975 corr. Rivas-Martinez et al.
1991. In addition to C. ucrainicum with an average
projective cover of 20-30%, the basis of these coe-
noses is formed by Lolium perenne, Polygonum avic-
ulare, and Taraxacum officinale aggr. Annuals (Che-
nopodium album, Erigeron canadensis L., Hordeum
murinum L.) and short-lived perennials (Ballota
nigra, Chelidonium majus, Poa angustifolia) also
occur often. These are phytocenoses of open rud-
eralized areas, sometimes partially shaded, grow-
ing on fertile soils, with some signs of nitrification.
Phytocoenoses that are formed on roadsides, under
fences, and in other ruderal areas usually have no
significant participation of trees and shrubs. The
phenological optimum of this vegetation falls on
August-November.

The second group (21 relevés) consists of phyto-
cenoses of anthropogenic forests or tree stands of
Acer negundo and Robinia pseudoacacia with dom-
inance in the herbaceous layer of Chenopodium
ucrainicum (up to 60%). For these plant communi-
ties, we describe here the new association, Chenopo-
dio ucrainicae-Aceretum negundi ass. nov., assigned
to the union Balloto nigrae-Robinion pseudoacaciae
Hadac et Sofron 1980 of the class Robinietea Jurko
ex Hadac et Sofron 1980 (see Pashkevych, 2024).
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Fig. 4. Chenopodium ucrainicum habitats. A: stony banks of the Ros River, Bohuslav, Obukhiv District, Kyiv Region (photo
by O. Shynder, 2021); B: shady park habitat, Stavyshche, Bila Tserkva District, Kyiv Region (photo by O. Shynder, 2021);
C: forest road, outskirts of the Novomalyn, Rivne Region (photo by O. Holovko, 2021); D: abandoned flowerbed, Tarashcha,
Bila Tserkva District, Kyiv Region (photo by O. Shynder, 2021)

Chenopodio ucrainicae-Aceretum negundi Pa-
shkevych, ass. nov., hoc loco (alliance Balloto ni-
grae-Robinion pseudoacaciae Hadac et Sofron 1980;
class Robinietea Jurko ex Hadac et Sofron 1980).

Diagnostic species: Chenopodium ucrainicum.
Constant species: Acer negundo, Alliaria petiolata
(M. Bieb.) Cavara & Grande, Anthriscus sylvestris
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(L.) Hoffm., Atriplex patula L., Ballota nigra, Cheli-
donium majus, Dactylis glomerata, Galium aparine
L., Geum urbanum L., Humulus lupulus L., Poa an-
gustifolia, Robinia pseudoacacia, Urtica dioica L.

Dominant species: Acer negundo, Anthriscus syl-
vestris, Ballota nigra, Chenopodium ucrainicum, Ga-
lium aparine.
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Holotype: Supplement S2, Table S2, auct. relevé
34 (table number 34).

Species and abundance (Braun-Blanquet cover
scale): Acer negundo 40%, Robinia pseudoacacia
20%, Rubus caesius L. 5%, Chenopodium ucraini-
cum 30%, Ballota nigra 15%, Chelidonium majus
5%, Geum urbanum 2%, Urtica dioica 2%, and sin-
gle plants: Acer platanoides L., Lolium perenne, Po-
lygonum aviculare s. 1., Salix alba L., Stellaria media
(L.) Vill., Ulmus laevis Pall.

Acer negundo and Robinia pseudoacacia groves or
communities of other alien tree species with weedy
understorey on loamy-sandy dry soils of Central
and Eastern Europe.

The investigated phytocoenoses of the associa-
tion Chenopodio ucrainicae-Aceretum negundi (21
relevés) are mainly anthropogenic tree plantations
with density up to 8 points on slopes of slight to
moderate (up to 30°) steepness. Acer negundo, Ro-
binia pseudoacacia, Ulmus laevis, Acer platanoides,
and occasionally Juglans regia L., prevail in the flo-
ristic composition of the tree layer. In the grass layer
there are synanthropic native plants species: Anth-
riscus sylvestris, Poa angustifolia, Dactylis glomerata,
Humulus lupulus, Ballota nigra, Chelidonium majus,
an average of 20-25 species in the group. Projective
coverage of C. ucrainicum varies from 2 to 60%.

Edaphic features and moisture regime of habitats

Most habitats of Chenopodium ucrainicum occur on
sites with sufficiently humid and fertile soils. In the
known range of C. ucrainicum, the most common
soils are chernozems on the underlying loess layer,
rarely on almost bare loess. The analysis of soil sam-
ples from a number of habitats (Supplement S3)
proved that C. ucrainicum prefers rich soils with
high humus content (5.2-14.5%) and moderately
alkaline acidity (pH 7.18-7.58). The content of in-
dividual biogenic elements in the studied samples
is within the limits of optimal indicators or even
exceeds these limits. For example, for agricultu-
ral crops that are more demanding, the optimal
indicators of the content of biogenic elements are
as follows (in mg/l): NH, — 10-15, P — 110-130,
K — 210-250, Ca — 3200-4000, Mg — 70-90,
Fe — 50-80, S — 20-30, Mn — 15-20 (Zaimen-
ko, 2021; Kushnir et al., 2023). In the studied habi-
tats of C. ucrainicum, the content of such biogenic
elements as NH, (20-50), P (54-437), Ca (6664-
18992), S (37-50), Mn (15-25) at the end of the
growing season exceeded the optimal indicators.

Fig. 5. Almost desiccated plants of Chenopodium ucrainicum
at the end of the dry summer of 2024. Nyvky Park, Kyiv
City, 30 August 2024 (photo by S. Mosyakin)

Therefore, C. ucrainicum should be classified as a
eutrophic species.

In relation to humidity, C. ucrainicum is a meso-
phyte. In most cases, plants have a good or satisfac-
tory appearance in habitats with sufficient humidity.
Obviously, soils formed on a clayey or silty (loessy)
parent substrate with a dense granulometric com-
position due to its better water-holding capacity
and better water infiltration into the topsoil ensure
greater resistance of the plants in dry periods. Also,
C. ucrainicum prefers shade and semi-shade, where
it develops more vigorously, and often acquires
large sizes.

On the contrary, a tendency was noted that
C. ucrainicum avoids habitats with sandy substrates,
which quickly dry out and do not retain moisture
after rainfall. Under such conditions, this plant spe-
cies feels good only when it has sufficient moisture
supply, in particular, in shaded places protected
from drying out quickly. Presumably, similar soils
with a light mechanical composition may be also
unsuitable for C. ucrainicum due to the low content
of biogenic elements. Observations of the habitats
of C. ucrainicum during the summer months indi-
cate that in years with summer drought these plants
are poorly developed and may even completely dry
out (Fig. 5); in a moist fall season they can recover
rather successfully, at least partially. Therefore, the
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sufficient availability of atmospheric and soil mois-
ture is a limiting factor for the spread and dispersal
of this species.

In connection with the presence of certain re-
quirements for ecological factors of habitats, it is
worth paying attention to the boundaries of the
currently known range of C. ucrainicum. Its known
southern limit of distribution does not reach the
boundary of the Forest-Steppe and the Steppe (for
delimitation of these physiographic zones, see Mala,
2016). One of the main factors that limit the spread
of C. ucrainicum to the south is, obviously, a lack
of moisture. Areas with extensive sands and sandy
soils in the north of Ukraine (fluvioglacial Pleisto-
cene deposits of sands in the Polissia — the north-
ern forest zone) and along large rivers (alluvial
sands) are also probably not suitable for the growth
of C. ucrainicum due to the rapid drying out of the
substrate that is common there. Thus, these factors
may limit the spread of this species to the north and
northeast of the presently discovered range.

Another additional limiting factor for the spread
of this species can be the excess content of miner-
al salts in the soil, which can reduce the drought
resistance of the mesophytic plants. Saline soils in
the southern and eastern regions of Ukraine are
probably unfavorable for this species. This assump-
tion has not yet been supported by experimental or
direct observational data, but the combination of
unfavorable edaphic and climatic factors in general
can explain the absence of any (!) known localities
of C. ucrainicum east of the Dnipro River, in the
physiographic region of the Dnipro Lowland. This
contrasts sharply with the high density of localities
on the right bank of the Dnipro River, on the Dni-
pro Upland.

Discussion

Immigration status and origin

At present, the origin, primary range, and immigra-
tion status in the currently discovered range (native
or alien in the flora of Ukraine) of Chenopodium
ucrainicum remain largely unresolved. However,
the currently available phytogeographical, ecologi-
cal and cenotic, and biological information about C.
ucrainicum is sufficient for expressing at least pre-
liminary assumptions and conclusions about it as
an element of the Ukrainian flora, which will com-
plement our earlier considerations (see Mosyakin,
Mandak, 2020a; Habibi et al., 2023).
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The current geographical distribution of C.
ucrainicum in Ukraine seems to be rather hetero-
geneous. As already noted, most of localities were
found in the central part of Ukraine known as the
natural region of the Kyiv Plateau and adjacent are-
as, forming the “Dnipro” fragment of the range. It is
advisable to consider it as probably an older center
of distribution and dispersal of the species. Here, C.
ucrainicum showed the greatest phytocenotic ac-
tivity in plant comunities and it is often found in
many settlements and beyond. In general, there is
a massive distribution of the species along roads,
but it has a tendency to spread at a certain distance
from transportation routes. On the periphery of
this “Dnipro” fragment, in particular, in Cherkasy,
Vinnytsia, and Zhytomyr regions and the north-
ern districts of Kyiv City, only local colonies of C.
ucrainicum were found, which are mainly confined
to the shady roadsides of highways and main roads,
especially in hilly areas. This may indicate its re-
cent dispersal in that area. Similar trends are char-
acteristic of two other fragments of the range of C.
ucrainicum, “Malopolissian” (Male Polissia, Lesser
Polissia) and “Dnister”. They are characterized by
not so many localities found along roads, probably
indicating the progressive expansion of the spe-
cies. Therefore, the spatial distribution patterns of
C. ucrainicum in Ukraine indicate that this species
seems to be in the stage of expansion, and within
the studied area the older (one or more) centers
and newly formed fragments can be distinguished.

Thus, now C. ucrainicum is almost certainly a
progressive species of the flora of Ukraine. In this
respect, we should again re-consider the problem
of its origin, in addition to our considerations and
discussions in our earlier articles (Mosyakin, Man-
dék, 2020a; Habibi et al., 2023). The assumption
that C. ucrainicum is a native element of the flora of
Ukraine (and Eastern Europe in general) seems to
be the least probable one. From a phytogeograph-
ical viewpoint, if C. ucrainicum is a native species,
there are reasons to consider it a North Pontic lo-
cal endemic. However, narrow endemism is not
characteristic for the Forest-Steppe zone in the cen-
tral part of Ukraine. The flora of this area is rela-
tively young, being formed under the influence of
the Forest and Steppe floristic elements (see Mala,
2016), and its present-day composition formed
mainly during the post-Pleistocene times, in the
Holocene (see Bezusko et al., 2011, and references
therein). The absence of geographical barriers on
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the plain of Eastern Europe did not contribute to
any noticeable speciation here. Those plant taxa
that are mainly restricted to the North Pontic area
and have a rather limited geographical distribu-
tion [for example, Centaurea borysthenica Grun-
er, Cynanchica graveolens (M. Bieb. ex Schult. &
Schult. f.) P. Caputo & Del Guacchio subsp. leiogra-
veolens (Popov & Chrshan.) P. Caputo & Del Guac-
chio (= Asperula graveolens M. Bieb. ex Schult. &
Schult.f. subsp. leiograveolens (Popov & Chrshan.)
Pjatunina, A. leiograveolens Popov & Chrshan.), Di-
anthus membranaceus Borbas, D. trifasciculatus Kit.
subsp. pseudobarbatus (Schmalh.) Jalas (= D. pseu-
dobarbatus (Schmalh.) Besser ex Klokov), Jurinea
salicifolia Gruner, etc.] are characterized mainly by
their rather wide penetration into neighboring geo-
graphical zones, are coenotically confined to sandy
and dry grassland (steppe) biotopes, and usual-
ly have closely related vicariant taxa (see Klokov,
1981; Fedoronchuk, 2009).

At least some supposedly North Pontic and Sar-
matian endemics of the flora of Eastern Europe
were probably formed as a result of hybridization
(for example, Galium x pseudoboreale Klokov that
probably emerged from G. boreale L. x G. rubi-
oides L. s. 1.; see POWO, 2024-onward), or are in
fact ecotypic varieties, for example, Veronica spicata
L. var. pseudoorchidea Pacz. (= V. pseudoorchidea
(Pacz.) Klokov, incl. V. paczoskiana Klokov) (see
Klokov, 1976; Mosyakin et al., 2023, and Albach et
al,, in progress). In contrast to that, C. ucrainicum
does not have the ecological, coenotic and other
features shared with the mentioned endemics (or
supposed endemics) of this territory. In addition, in
the temperate-continental zone of Eastern Europe,
endemism is not widespread among annual plants
outside the psamophytic ecological complex (see
Klokov, 1981).

Another possibility to consider C. ucrainicum
a native plant is to assume that only some part of
its total but fragmented native range is known to-
day. In this case, its distribution pattern and habi-
tats should be similar to the habitats of some plants
with disjunctive ranges that are considered relicts
in the forest-steppe zone of Ukraine (for example,
Aconitum variegatum L., Corydalis intermedia (L.)
Mérat, Scrophularia vernalis L., etc.). However, the
exclaves of the ranges of such plants in our flora are
just remnants of specific cycles of the development
of forest vegetation in previous periods, and their
total ranges are rather wide and sufficiently well

studied. On the other hand, native representatives
of Chenopodiaceae in the flora of Ukraine with re-
stricted or at least narrowly outlined ranges, for ex-
ample, Chenopodium acerifolium Andrz. (see Uotila,
Lomonosova 2016, Mosyakin, 2017), some species
of the genera Atriplex L., Bassia All., Corispermum
L., Oxybasis, Polycnemum L., etc., have florogenet-
ic connections with representatives of the Eurasian
arid flora (often called the Irano-Turanian floristic
complex), and their expansion in the East European
plain was mainly associated with the development
of pioneer and sometimes halophytic vegetation of
periglacial landscapes in the Late Quaternary (see
Bezusko et al., 2006, 2011, and references therein).

Also, we may hypothesize that C. ucrainicum
until recently remained confined to some “hidden”
habitats within a restricted geographical area in
Ukraine (for example, in localities of the loess out-
crops and ravines along the Dnipro), where it per-
sisted as a relict and went unnoticed by botanists
until its recent expansion caused by anthropic fac-
tors. However, this hypothesis also has rather low
chances to be confirmed by new evidence. First of
all, the areas in the central part of Ukraine which
are covered by the present-day range of C. ucraini-
cum were rather well studied by many keen collec-
tors of the 19t and 20™ centuries (see Habibi et al.,
2023: 408, and discussion below) and specimens of
C. ucrainicum are absent among the studied her-
barium collections. Second, no other cases of relict
taxa with similar ecological, geographical and phy-
tosociological patterns are known in Ukraine.

Besides, our re-assessment of original specimens
(syntypes) of Chenopodium divaricatum Andrz.
(images of the lectotype and isolectotype available
from JSTOR Global Plants at: https://plants.jstor.
org/stable/10.5555/al.ap.specimen.kw001002777
and  https://plants.jstor.org/stable/10.5555/al.ap.
specimen.kw001002778), the third species of Che-
nopodium described by Andrzejowski (in addition
to the currently recognized and distinct tetraploid
species C. acerifolium and C. betaceum; see An-
drzejowski, 1862: 132), demonstrated that this spe-
cies name is definitely not applicable to C. ucrain-
icum and C. ficifolium (see Mosyakin, 2017: 149);
an earlier assumption about its possible application
to the species currently widely recognized as C.
suecicum remains uncertain.

Contrary to the hypotheses considered above,
from an ecological and coenotic point of view, C.
ucrainicum is a synanthropic plant, and even in
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the Kyiv Plateau, where this species is most widely
represented, it has never been registered as part of
natural undisturbed phytocenoses. This supports
the initial assumption about the likely alien status
of this species in the flora of Ukraine (Mosyakin,
Mandak, 2020a). The features of numerous pop-
ulations of C. ucrainicum on the eastern edge of
the Kyiv Plateau, along the high right bank of the
Dnipro River, in the vicinity of Rzhyshchyv town,
Kyiv Region, also indicate the non-native status of
the species. Here, the slopes above the Dnipro Riv-
er are covered with natural broad-leaved forests,
dominated mainly by Carpinus betulus L. Howev-
er, in various places there are microrefugia where
individual relict forest plants from various pre-
vious stages of the Holocene have been preserved
[for example, Cypripedium calceolus L., Equisetum
telmateia Ehrh., Polystichum aculeatum (L.) Roth,
P. braunii (Spenn.) Fée, etc.; Kleopov, 1990]. If we
assume the aboriginal origin of C. ucrainicum, and
considering its widespread distribution in this area,
its presence in phytocenoses (plant communities)
together with forest relict plants should be expected.
However, this was not observed at all — this species
in the studied area is restricted mainly (or almost
exclusively) to roads and ruderal habitats.

It should be also noted that in the Kyiv Plateau,
the habitats of C. ucrainicum on outcrops of loess
loams show some similarity with the natural habi-
tats of the annuals Artemisia scoparia Waldst. & Kit.
and Atriplex oblongifolia Waldst. & Kit., which are
facultative elements of plant communities on clay
and loess outcrops. However, these two species are
mesoxerophytes or xeromesophytes and they grow
often in less disturbed biotopes with clayey or loess
outcrops, while C. ucrainicum is found on such a
substrate mainly in shaded synanthropic places, for
example on the sides of roads laying across slopes
and areas planted with Robinia pseudoacacia.

Some biological characteristics of C. ucrainicum
are also important that contradict its hypothetical
aboriginal (native) status and origin in our flora
area. First of all, the “primitive” diploid chromo-
some set of C. ucrainicum indicates its likely direct
formation in some primary center of diversifica-
tion of the genus Chenopodium s. str. (see Krak et
al., 2016; Mandék et al., 2018; Mosyakin, Mandak,
2020a; Habibi et al., 2023). The morphological fea-
tures of C. ucrainicum indicate its certain similarity
to plants from other parts of the world, in particular
from Southern and/or Southeast Asia (Mosyakin,
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Mandék, 2020a, 2020b), but this remains only an
assumption to this day and requires new observa-
tions in the mentioned vast regions of Asia.

Another important biological feature of
C. ucrainicum is the long duration of its vegetation
(extended phenology), which in our flora is usual-
ly characteristic of alien species introduced from
more southern regions of America and/or Asia, and
this also indicates the probable alien status of this
species in the flora of Ukraine (see earlier com-
ments in Mosyakin, Manddk, 2020a, and Habibi et
al., 2023). According to long-term observations of
the 20 century, the average duration of the grow-
ing season (a period with an average daily tempera-
ture above 5 °C) in the central part of Ukraine last-
ed 210 days, on average from April 3 to October 29
(Lipinsky et al., 2003; Osadchyi et al., 2010). Thus,
the average duration of vegetation of C. ucrainicum
(about 190-230 days) slightly exceeds the average
duration of the growing season in the study region.
But for the successful completion of all phases of
ontogenesis, the duration of vegetation of an an-
nual plant should be usually several weeks shorter
than the natural growing season. That is, the cli-
matic conditions of the central mainland regions
of Ukraine during the 20' century were mostly not
favorable for the completion of the vegetation dura-
tion of C. ucrainicum and the realization of its full
biological productivity.

In recent decades, the climate of Ukraine has
been changing in accordance with the influence
of the global warming trend, in particular, the av-
erage length of the growing season has significant-
ly increased here (see Didukh, 2022; Didukh et
al., 2023, and references therein). For example, the
average annual temperature in Kyiv increased by
0.8 °C during the period of 1991-2008, and this
trend has accelerated in recent years. In addition,
there is a general warming trend of the climate of
the plain part of Ukraine, which is accompanied by
xerophytization (Osadchyi et al., 2010; Boychen-
ko et al., 2016; Didukh, 2022). In connection with
this, during the last 1-2 decades, the weather con-
ditions are increasingly developing, under which C.
ucrainicum completely undergoes its ontogenesis
and realizes its biological potential under the condi-
tions of the studied area. Therefore, its phenological
features indicate that C. ucrainicum as a biological
species is adapted to growing in climatic conditions
different from those that have long been character-
istic of the temperate zone of Eastern Europe. Of
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course, the climatic conditions in the territory of the
Forest-Steppe zone of Ukraine were not stable, and
even during the Holocene there were several alter-
nating cold and warm periods, that is, there were
already periods with a relatively long growing sea-
son in this territory in the quite recent past. But the
native plants of the flora of the plain of Ukraine are
adapted precisely to the average growing season du-
ration and conditions that were mainly observed in
the 20™ century. Even the most late-flowering plants
of the Ukrainian native flora (for example, Erigeron
acris L. and Hieracium umbellatum L.) usually end
their vegetation in September. Other species of the
genus Chenopodium present in the flora of Ukraine
also have a much shorter duration of their vegeta-
tion, although most of them are alien species here.

As we (Mosyakin and Shynder) have mentioned
earier (in Habibi et al., 2023: 408), our special search
in collections of several Ukrainian herbaria, first of
all the National Herbarium of Ukraine (KW), failed
to reveal even a single specimen of C. ucrainicum
collected in Ukraine or elsewhere before our collec-
tions. It is hard to believe that such a distinctive and
rather locally abundant species evaded attention of
many experienced collectors of the Ukrainian flora
for so long during the 19" and 20™ centuries, such
as W.S.J.G. Besser, A. Andrzejowski, V.M. Czern-
jaiew (Cherniaiev), A.S. Rogowicz (P.S. Rogovich),
LE Schmalhausen, M.V. Klokov, S.S. Kharkevich,
and many others. We concluded that “that absence
of C. ucrainicum in earlier herbarium collections
can be considered additional indirect evidence of
the alien status of the species in Ukraine” (Habibi
et al., 2023: 408).

Although most of the considered arguments in-
dicate the alien status of C. ucrainicum in Central
Ukraine, its native status still cannot be excluded as
one of working hypotheses. Further search for new
areas of distribution and spread of C. ucrainicum
and new experimental studies may shed additional
light upon the mystery of its origin.

Hypothetical native range

If the assumptions about the alien status of Cheno-
podium ucrainicum in the flora of Ukraine are cor-
rect, then the native range of this species is outsi-
de Europe, namely, probably in some southern or
southeastern region of Asia with a mild moderately
humid climate and a growing season longer than
in the temperate zone of Europe. One of the cen-
ters of genetic diversity of the genus Chenopodium

is located here, but the taxonomic study of its local
representatives remains incomplete (see comments
and references in Mosyakin, Mandak, 2020b). The
tolerance of C. ucrainicum to low temperatures is
an important feature, which can to some extent re-
veal the peculiarities of the hypothetical native ran-
ge. Obviously, it cannot be equatorial and tropical
climatic zones, in which there are no frosts. But it
is probably the territory of South or Southeast Asia
with temperate continental conditions, possibly
some low-mountain regions. This assumption can
be confirmed only after the (still hypothetical) dis-
covery of plants identical to (or at least closely rela-
ted to) C. ucrainicum in the specified area.

Characteristics of the expansion of Chenopodium
ucrainicum in the Ukrainian flora

If we consider C. ucrainicum as a presumably ali-
en species in the flora of Ukraine, there are reasons
to assume that it was probably introduced to Uk-
raine in the second half of the 20™ century. At that
time, economic and military-political ties of the
former USSR were established with some countries
of South and Southeast Asia. In Hrebinky, its colo-
ny existed already in the end of the 1980s, and the
presence of an elevator and a sugar beet processing
factory in this settlement tentatively indicates that
the introduction could be related to grain, for ex-
ample, rice or corn, or it could be just a coincidence.
During this period of great political changes in Eas-
tern Europe, many new alien plants were introdu-
ced into Ukraine (see, e.g., Mosyakin, 1991) and the
expansion of C. ucrainicum fits well into this trend.
But at the end of the 20" century the climatic con-
ditions of the plain part of Ukraine probably did
not contribute to the spread of this species, and for
a certain time C. ucrainicum remained at the stage
of establishment as a colonophyte in the place (or
places) of its initial introduction. This model of de-
velopment of the secondary range is rather typical
for invasive plants (see Mosyakin, 1996a). Closer
to our time, during the latest decade, as a result of
the significant warming of the climate, C. ucraini-
cum acquired significantly greater opportunities to
realize its biological potential, and thus entered the
stage of expansion.

Observations indicate that C. ucrainicum is quite
easily established in new habitats under favorable
conditions, for example, in the backyard of the M.G.
Kholodny Institute of Botany and on some plots
of the M.M. Gryshko National Botanical Garden
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(both institutions are located in the central part of
Kyiv City). This may also support the conclusion
that C. ucrainicum is probably a xenophyte and ne-
ophyte in the studied area and is currently at the
stage of invasive dispersal.

In connection with this, a question arises regard-
ing the place of initial introduction of C. ucraini-
cum in Ukraine. Known materials indicate that the
primary place of settlement is the southern part of
Kyiv Region, but at least a decade later, this species
was also recorded in Ostroh, Rivne Region. In ad-
dition, the high density of localities of C. ucraini-
cum along the right bank of the Dnipro River in-
dicates that there could also be primary centers of
introduction of this species in this area, for example,
near the river ports on the Dnipro River (in Trypil-
lya village and Rzhyshchiv town, Kyiv Region, and/
or Kaniv City, Cherkasy Region). There are many
optimal habitats nearby, where the species was suc-
cessfully established. To a certain extent, the cur-
rent dynamics of the expansion of C. ucrainicum is
confirmed by the restriction of its habitats to areas
with more active traffic. Thus, between Rzhyshchiv
and Kaniv, the natural conditions along the right
bank of the Dnipro River are quite similar, but the
degree of modern anthropogenic load in different
areas differs significantly. In the sparsely populated
territory of the Trakhtemyriv Regional Landscape
Park (at the border between Kyiv and Cherkasy
regions), we found only one location of C. ucraini-
cum in Velykyi Bukryn village, which is quite close
to the Kyiv-Kaniv highway. On the other hand, in
the more remote corners of the Trakhtemyriv Land-
scape Park, where the natural conditions resemble
the outskirts of Rzhyshchiv, but there is no active
economic activity, this species have not been de-
tected at all. So, now here, as in other regions, there
is a gradual expansion of the range of C. ucraini-
cum from busier highways and populated areas to
sparsely populated areas. The main likely way that
ensures the transfer of diaspores (seeds) of this spe-
cies is automobile or agricultural transport.

In the near future, it is expected that C. ucraini-
cum will continue its expansion in the territory of
Ukraine within the forest-steppe zone (primarily in
the central and western parts of the country) and
adjacent territories of the forest zone, where there
are optimal habitats and a moderately humid cli-
mate. Therefore, it is promising to search for new
localities of C. wucrainicum in the Volhynian-Po-
dolian Upland, Prykarpattia (Cis-Carpathian area),
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the Carpathians, as well as in some areas in the
Poliska (also Polissia, Polesian) Lowland. Presum-
ably, C. ucrainicum will penetrate (or has already
penetrated) certain habitats in the Left-Bank For-
est-Steppe zone of Ukraine; however, the expansion
of this species to the east of the Dnipro River is
less likely due to the presumably less suitable local
ecological and coenotic conditions in this area (see
above). The wide expansion of C. ucrainicum in the
steppe zone is also unlikely, although within the
urban zones of large and medium-sized cities and
towns in the southern part of Ukraine this species
may well find favorable ecological niches for the
formation of colonies, if actually introduced. In the
more distant future, there are prospects for the pen-
etration of C. ucrainicum into the territory of the
northern regions of Romania and Moldova, Poland,
and some other Central European countries.

Conclusions

According to the results of the study presented here,
it has been established that the newly described di-
ploid species Chenopodium ucrainicum has a local
distribution range in the central and western re-
gions of Ukraine. That range consists of three frag-
ments in the natural regions — the Dnipro Upland
(the main fragment), the Podillia (Podolian)
Upland, and Male Polissia. In total, C. ucrainicum
was found in 95 separate geographical locations, al-
though in some areas of its range, the distribution
is almost continuous. According to natural zoning,
the discovered range of C. ucrainicum is confined
to the Forest-Steppe zone and the southern strip of
the Mixed-Forest (Polissia) zone.

It has been found that all habitats of C. ucrain-
icum are synanthropic. The ecological and phyto-
sociological analysis demonstrated a significant
participation of this species in the formation of the
summer-autumn aspect of groups of ruderal tram-
pled vegetation and secondary anthropogenic for-
ests and tree plantations. A new association of for-
ests with Black Locust (Robinia pseudoacacia) was
described, where the diagnostic species is C. ucrain-
icum: Chenopodio ucrainicae-Aceretum negundi ass.
nov.; alliance Balloto nigrae-Robinion pseudoaca-
ciae Hadac et Sofron 1980; class Robinietea Jurko ex
Hadac¢ et Sofron 1980.

In relation to environmental factors, C. ucraini-
cum is a rather demanding eutrophic and mesophyt-
ic species. Sufficient moisture supply, the content of
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nutrients in the substrate and its moderate alkaline
reaction are probably quite important limiting fac-
tors for the spread of the species in certain regions.

Phytogeographical, ecological-cenotic and bio-
logical characteristics of C. ucrainicum and some
other facts do not confirm its possible aboriginal
origin in the studied range. Therefore, there are rea-
sons to assume that this is an alien plant in the flora
of Ukraine (and, presumably, in Europe in general),
a xenophyte and neophyte. Its geographical distri-
bution pattern does not indicate its possible ende-
mism, but is probably the result of a recent acci-
dental introduction, or several immigration events,
which could have happened in the territory of Kyiv
Region in the second half of the 20™ century, proba-
bly with imported grain or other agricultural goods.
Our analysis of the spatial structure of the currently
known range of C. ucrainicum shows that this spe-
cies is now at the stage of expansion. This is most
probably facilitated by the significant warming and
extension of the growing season in recent years.
Due to that, C. ucrainicum is now able to more ful-
ly realize its biological potential. The hypothetical
region of origin of C. ucrainicum may be located in
the temperate or partly subtropical zones of south-
ern or southeastern Asia, where some centers of ge-
netic diversity of the genus Chenopodium is located.

However, the native status C. ucrainicum in the
flora of Ukraine has not been reliably excluded. Fur-
ther search for new localities of this still enigmatic
species in Ukraine, in Europe, and in Eurasia in gen-
eral, in combination with molecular phylogenetic
and probably phylogeographic studies, will enable
us to solve the enigma of its geographical origin and
will clarify the role of this diploid in the complex
evolutionary patterns of the polyploid species com-
plex of Chenopodium album sensu latissimo.
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3arapkoBuit gunnoin Chenopodium ucrainicum (Chenopodiaceae | Amaranthaceaess. 1.):
reorpadivHi, ekomoriyni Ta ¢iroconionoriyHi 0co6MMBOCTI AK CBiUEHH I0T0 MOXO>KEHH S
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Pedepar. Chenopodium ucrainicum (Chenopodiaceae | Amaranthaceae s. 1.), HelofaBHO OIMCAHWIT FUIVIOIFHMIT B, Hapasi
Bimomuit muie B YkpaiHi. ITe o6pe oxpecienuit, aje foci 3aragkoBuil eIeMeHT YKpaiHcbKol (ropi. 3a pesybraTaMu XOpo-
JIOTIYHMX Ta €KONOrO-L{eHOTUYHMX JOCTIIKeHb, IPOBefeHNX YIPORoBXK 2021-2024 pokiB y LieHTpaIbHUX Ta 3aXiTHUX 06-
JACTAX YKpaiHu, IpefcTaBIeHo y3arajabHeHi BifoMocTi npo reorpadiune nommpenssa C. ucrainicum, eKOIOTiYHY IIPUYypPO-
YeHiCTb J10ro Micue3pocTaHb i itoconionoriyni ocobnmusocti. Bimomuit HuHi apean C. ucrainicurm Mae GpparMeHTOBaHUIL
XapakTep, 3i cKynmyeHHAMM j0KaniTeTiB Ha [Ipupninposcpkiit Bucounsi, y Manomy Ilomicci Ta na Iloginbcpkiii BucounHi.
XapakTep po3IOBCIO[[)KEHHA BKa3ye Ha IlepeBa)kHe J10TO MOMINMPEeHH Y CMHAHTPOIHNX MiCIIe3pOCTaHHAX i3 TOMipHUM 3BO-
JIOKeHHAM (IIPUIOPOXHI CMYTY, PyfiepaIbHi JUILIHKM, y3/iccs, 3aTiHeHi i/ITHKM B aHTPOIIOTeHHNX JIicaX Ta MiCBKUX Iap-
Kax), a npucytHictb C. ucrainicum y BTOPMHHUX 6i0TOIAX CBiTYMTD IIPO JIOr0 IMOBIpPHMIL CTATYC SIK aIBEHTUBHOTO (TyXO-
pinHoro) Buny B YkpaiHi. Bymo sadikcoBaHO BICOKe IPOEKTVBHE IIOKPUTTS BUAY Y PYAEPATbHIX YIPYHIOBAHHIX 3a YIaCTIO
Acer negundo ta Robinia pseudoacacia, ne C. ucrainicum 4acto Bifjirpae ZOMiHyIYy po/ib y Tpas’sHOMY spyci. Omnmcana
HoBa acouiania Chenopodio ucrainicae-Aceretum negundi ass. nov., o MiIKpecIoe NiarHOCTUYHY LiHHICTb BULY B pyHe-
Pa/lbHUX Ta AHTPONIOTEHHUX POCIMHHUX YIPYNOBaHHAX. B ekonoriynomy BifHomeHnHi C. ucrainicum XapakTepU3yeTbCA K
JIOBroOBereTy0uNit Me30(iT, 1110 Bifl3HAYAE JIOTO MPUCTOCOBAHICTD 4O TEIUILIOro KIiMaTy 3 HOJOBKEHNM BeTeTAI[ITHIIM ITe-
pioziom. Vioro denonoriunmit put™ i CTifKicTh /10 TOPIBHAHO HU3BKIX TeMITEPATypP BKA3yIOTh Ha IMOBipHE TOXO/KEHHS i3
6111 TiBAEHHMX PerioHiB 3i CXOXKMMU KTIMaTMYHUMM yMoBaMu. HesBakarounu Ha BMCOKY afjallTMBHICTb Y MeXKaX BUAB-
JIEHOTO TIOTOYHOTO apeany, L0 Y3rO[KYETbCA 3 aKTyaJbHUMM TeHJEeHIisAMM MOTeIUIiHHA KIiMaTy B YKpaiHi, BiicyTHICTb
LIbOTO BUNY B iCTOPUYHUX rep6apHUX KOMEKIIisxX nifTBepKye rinoTesy npo Te, mo C. ucrainicum € BiJHOCHO HeJaBHIM
iMMirpaHTOM. BIC/IOB/IEHO IPUITYIIEHHS, IO JIOT0 IPMPOHUIT apeas MOXKe 3HAXOAUTUCA B HOMIpHMX 260 CyOTpOIYHIX
perionax IliBgennoi a6o IliBgenHO-CxinHOI A3il, e 3HAXOIATHCA LIeHTPM TeHeTHYHOI pisHOMaHiTHOCTI pogy Chenopodium.
IMoganpiui MoneKymIsapHO-dinoreHeTnyHi Ta dinoreorpadivni foCTimKeHH 6YAYTh BaXKIMBIMI IS HiATBepIKeHH: dak-
TIYHOTrO reorpacdidnoro moxomkenns C. ucrainicum ta eBOMIOLINHOI pori B anonomimioigHomy xomitexkci Chenopodium
album s. 1. OrpuMaHi pesynbraTy faay LiHHY iHOPMAaNiIo IPO CydacHe MOIIPEHHS Ta €KOIOr0-1eHOTUYHI XapaKTepUCTH-
ku C. ucrainicum i 4acTKOBO IiTBEPAM/IN JIOTO IMOBIpHMIT CTATyC AK HeodiTa, AKMIT PO3IINPIOE CBIll apeas Ha TepUTOPil
YKpaiuu 1 BI/IMBOM K/IIMAaTMYHMX 3MiH Ta aHTPOIIOT€HHOTO BIIIMBY.

KmrouoBi croBa: 6iopisHoMaHiTTs, KoMmiutekc Chenopodium album, xniMaTu4asi 3miHn, Gropa, po3IINpeHHs apeany,
TaKCOHOMisd, YKpaiHa
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Abstract. During our research on the genus Wolffia (Araceae) in Ukraine, we have investigated the typification status of the
Linnaean name Lemna arrhiza (= Wolffia arrhiza). This name was typified twice, first using a “neotype” proposed by Landolt
in 1994, and then a lectotype designated by Iamonico and Iberite in 2014. The “neotype” (a herbarium specimen preserved
at FI) does not meet the requirements of Art. 9.8 of the International Code of Nomenclature for algae, fungi, and plants (ICN),
because it is not part of the original material for Lemna arrhiza and, therefore, cannot be considered for the lectotypification
purpose (Art. 9.3 and 9.4 of the ICN). On the other hand, the lectotype designated by lamonico and Iberite (an illustration in
the book by Micheli) fully complies with the provisions of the Code. However, Micheli’s illustration is demonstrably ambigu-
ous and cannot be critically identified for purposes of the precise application of the name of Lemna arrhiza; therefore it was
advisable to designate an epitype, following Art. 9.9 of ICN. The specimen from Micheli's Herbarium (barcode F1123857) is
thus designated here as the epitype.

Keywords: Araceae, Lemna arrhiza, Wolffia arrhiza, epitype, lectotype, neotype, typification

Introduction

Wolffia Horkel ex Schleid. (Araceae Juss. s. 1. / Lem-
naceae Gray s. str.) belongs to the monophyletic
group that was usually known as the family Lemna-
ceae Gray (see e.g., Les et al., 2002; Bog et al., 2019).
However, recent molecular phylogenetic studies de-
monstrated that this clade is phylogenetically roo-
ted within the family Araceae (Rothwell et al., 2004;
Cabrera et al., 2008; Henriquez et al., 2014), and
thus should not be recognized as a separate family

because that recognition would make the family
Araceae paraphyletic. Because of that, it was down-
graded to the subfamily rank, Araceae subfam.
Lemnoideae Bab. (Mayo et al, 2013; Appenroth,
Sree, 2019). Despite that, an alternative taxonomic
decision is possible for the continued recognition
of Lemnaceae as a monophyletic group taxonomi-
cally corresponding to a family: the segregation of
another monophyletic group as a family Oronti-
aceae Bartl. (see Tippery et al., 2021). Thus, both
placements of duckweeds, either in Araceae s. 1. (as
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Araceae subfam. Lemnoideae) or in traditionally
circumscribed Lemnaceae s. str., are alternatively
acceptable, depending on a particular taxonomic
decision.

Wolffia arrhiza (L.) Horkel ex Wimm. is the
most common representative of the genus Wolffia
in Europe (Uotila, 2009+). This species is natural-
ly occurring in slow-flowing and still water bodies
of Europe, Africa, and Southwest Asia in tropical,
subtropical, and temperate zones (Landolt, 1994;
Bog et al,, 2019; POWO, 2024-onward). As an in-
troduced species, W. arrhiza is reported for the
northern part of Central Europe, Baltic countries,
Asia (Korea, Japan(?)), North America (California
in the USA), and South America (southern Brazil)
(Landolt, 1994; Mito, Uesugi, 2004; Balsevicius,
2011; Armstrong, 2012; Lourengo, Bove, 2019; Son
et al.,, 2019; POWO, 2024-onward), and may also
occasionally occur in other region.

The expansion of the secondary range and
penetration of W. arrhiza, as well as some other
duckweed species, into new regions is increasing-
ly closely related to expanding the spheres of use
of these plants. At present, duckweeds became not
only the objects of taxonomic and ecological stud-
ies (Les et al., 2002; Rothwell et al., 2004; Wang
et al., 2010; Iberite et al., 2011; Henriquez et al.,
2014; Ceschin et al., 2016; Shiyan, 2017; Bog et al.,
2019; Tippery et al., 2021; Ziegler et al., 2023; Shi-
yan et al., 2024; https://www.mobot.org/mobot/
research/apweb/), but are also widely used for var-
ious human needs and applications. In fact, due to
their small size and ability to quickly increase their
biomass, duckweeds have found wide uses in the
food, agricultural, and pharmaceutical industries,
and are increasingly used in, or studied for, bio-
energetics, bioprocessing, phytoremediation, etc.
(Pagliuso et al., 2018; Acosta et al.,, 2021; Romano,
Aronne, 2021; Taghipour et al., 2022; Krzywonos
et al., 2023; Lopez-Pozo et al., 2023; Zhou et al,,
2023; Minich, Michael, 2024; etc.). In this regard,
the reliable taxonomic identification of species
of this group that have found use in industry re-
quires special attention, which is impossible with-
out establishing the adequate nomenclature types
of names of duckweed species.

The basionym of the name W. arrhiza is Lemna
arrhiza L., which was established for the species by
Linnaeus (1771: 294) in his Mantissa Plantarum.
When describing the taxon, he relied on the mono-
graph of the Italian botanist and mycologist P.A.

Micheli (1679-1737), who described this species
from Central Italy under the name “Lenticullaria
omnium minima, arrhiza” and provided its image
(Micheli, 1729: 16, tab. 11, fig. 4; Fig. 1a, b). Ac-
cording to the protologue of L. arrhiza, the Italian
locality of the species was supplemented by Lin-
naeus with the results of research by the French
botanist and gardener A.N. Duchesne (1747-
1827). Since no holotype of L. arrhiza was indi-
cated in the protologue (a common situation with
Linnaean names), according to Art. 9.3 and 9.4 of
the International Code of Nomenclature for algae,
fungi, and plants (Turland et al., 2018), hereafter
referred to as “ICN”), a lectotypification was nec-
essary. The original material for this name consists
of the following elements: (a) Micheli's illustra-
tion provided for the name ("Lenticullaria omni-
um minima, arrhiza. Mich. Gen. 16 t: 11. 4") cited
by Linnaeus as a synonym of his Lemna arrhiza;
(b) one or more specimens collected by Duchesne
from France, as indicated by Linnaeus in the pro-
tologue (“Habitat ... Galliae aquis. Du Chesne”).
Note that specimens from Italy which were used
by Micheli to describe his “Lenticullaria omnium
minima, arrhiza” cannot be considered for the lec-
totypification of Lemna arrhiza because they have
never been seen by Linnaeus and he was probably
even unaware of the existence of the relevant her-
barium specimens.

The first attempt at typification of Wolffia arrhiza
(= Lemna arrhiza) was made by E. Landolt (1986:
453), who, however, did not find any original ma-
terial after his examination of the Linnaean collec-
tions at H, LINN, and S-LINN (herbarium acro-
nyms are given according to Index Herbariorum:
Thiers, 2009-onward). Later, Landolt (1994: 148),
during his research of Micheli's Herbarium in the
Italian Central Herbarium (FI), found two samples
of Wolffia arrhiza collected by Micheli. Despite the
fact that none of them were identified, according to
the available data, an assumption was made about
their origin from the outskirts of the city of Pisa
(Italy), where there "... is a well-known station of
W. arrhiza" (Landolt, 1994: 148). As a result of this
typification, the smaller sample of Wolffia arrhiza
in Micheli's Herbarium (currently at FI) was desig-
nated as a “neotype”. This is evidenced by the notae
criticae on the specimen FI1123857 and the results
of “neotypification” that Landolt published in his
overview of the section Wolffia of the genus Woll-
fia, where he clearly mentioned the “neotype” of
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Fig. 1. Original material of Lemna arrhiza L. (= Wolffia arrhiza (L.) Horkel ex Wimm.). A: the page from a monograph by
P.A. Micheli with the original figure of “Lenticullaria omnium minima, arrhiza” (Mich. Gen. 16 tab: 11, fig. 4); B: enlarged
picture of the lectotype L. arrhiza designated by Iamonico and Iberite (2014: 1314); C: specimens of “Lenticullaria
omnium minima, arrhiza” (F1123857 and F11096309) from the Micheli's Herbarium (FI); D: epitype L. arrhiza (FI1123857)

designated here
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W. arrhiza and its storage location (Landolt, 1994:
148; Fig. 1c, d). We emphasize that the note of Lan-
dolt to specimen FI1123857 was added after the arti-
cle had been published.

Much later after Landolt’s publication, lamon-
ico and Iberite (2014) during their nomenclatu-
ral investigation of two Linnaean taxa of Araceae
subfam. Lemnoideae occurring in Italy correctly
designated the lectotype of the name Lemna ar-
rhiza. As the text of the publication indicates, the
authors believed that the typification of the name
L. arrhiza had not been carried out before them:
"Lemna arrhiza and L. spirodela appear to be as yet
untypified..." (Iamonico, Iberite, 2014: 1314). The
list of references in their article shows that they
did not consider Landolt publication of 1994, but
relied on his publications from 1986 and 2000. As
a result, guided by the available data of the proto-
logue, Iamonico and Iberite (2014: 1314) chosen
the original image of Micheli of 1729 as the lecto-
type of L. arrhiza: "[illustration in] Micheli, Nov.
Pl. Gen.: t. 11, Lenticularia fig. 4. 1729. — Image of
lectotype available at http://bibdigital.rjb.csic.es/
ing/Libro.php?Libro=2801&Pagina=269".

Thus, it has been found that at different times
a lectotype (Iamonico, Iberite, 2014: 1314) and a
“neotype” (Landolt, 1994: 148) for the name Lem-
na arrhiza (= Wolffia arrhiza) were selected. Un-
fortunately, Landolt, following the widespread
tradition of choosing a type among existing her-
barium specimens, may not have taken into ac-
count the fact that in the International Code of
Botanical Nomenclature (ICBN, the Tokyo Code:
Greuter et al., 1994: 11), there was a note to Art.
7.4 with a detailed explanation of the concept of
"original material”. In particular, it was noted:
"original material comprises: (a) those specimens
and illustrations (both unpublished and published
either prior to or together with the protologue)
upon which it can be shown that the descrip-
tion or diagnosis validating the name was based;
(b) the holotype and those specimens which, even
if not seen by the author of the description or diag-
nosis validating the name, were indicated as types
(syntypes or paratypes) of the name at its valid
publication; and (c) the isotypes or isosyntypes
of the name irrespective of whether such speci-
mens were seen by either the author of the validat-
ing description or diagnosis, or the author of the
name" (Greuter et al.,, 1994: 11). Thus, according
to the rules existing at that time, Landolt had to

designate a lectotype from the available original
material indicated in the protologue. Considering
this, the designated by Landolt “neotype” does not
meet the requirements of the Code.

Provisions of Art. 9.8 of the ICN indicate that
a “neotype” can be selected only “if no original
material exists, or as long as it is missing”. If we
do not consider the specimens from the Micheli's
Herbarium (FI) as belonging to original material
because of their uncertain origin and no evidence
of their association with Linnaeus, then we still
have another extant element of the original mate-
rial, the illustration in Micheli (1729: tab. 11, fig.
4). According to Art. 9.4(a) of the ICN, this image
belongs to original material of L. arrhiza. Thus,
the designation of a “neotype” for L. arrhiza by
Landolt (2017) has no standing (see a similar no-
menclatural case of the “neotype”, lectotype, and
epitype designations for the name Veronica men-
thifolia H. Schott ex Roem. & Schult., as discussed
in Mosyakin et al., 2024: 150-151).

The lectotype (illustration) of Lemna arrhiza
(= Wolffia arrhiza) designated by Iamonico and
Iberite (2014: 1314) fully complies with the provi-
sions of Art. 9.3 of the ICN (Turland et al., 2018).

Unfortunately, the illustration of Micheli (Fig.
1A, B) gives only general ideas about Lemna ar-
rhiza (= Wolffia arrhiza). Therefore, for example,
the description of Micheli does not indicate the
exact dimensions of the plants, and his figure lacks
any scale. Thus, we can get an idea of the size of
Lemna arrhiza (= Wolffia arrhiza) only by compar-
ing it with other duckweed species depicted in the
table (Micheli, 1729: tab. 11). In addition to this,
the figure does not detail other morphological
structures of a separate frond (for example, width,
length, height of fronds; number of stomata, pres-
ence/absence of papules), which makes it difficult
to unambiguously apply the name of a taxon as
compared to other species related to it [for exam-
ple, Wolffia borealis (Engelm. ex Hegelm.) Landolt
ex Landolt & Wildi or W. globosa (Roxb.) Hartog
& Plas] (Art. 9.6 of the ICN). In addition, the fig-
ure cannot be used for any biochemical, molecu-
lar, or other experimental studies.

Because of this, with the purpose of the precise
application of the name to a taxon (Art. 9.9 of the
ICN), I propose to designate the specimen F1123857
from Micheli's Herbarium (FI) that was identified
by Landolt (1994: 148; Fig. 1C, D), as the epitype of
the name Lemna arrhiza (= Wolffia arrhiza).
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Wolffia arrhiza (L.) Horkel ex Wimm., 1857. Fl.
Schles. ed. 3, 140, nom. cons.

= Lemna arrhiza L., 1771, Mant. Pl.: 294.

= Lenticala arrhiza (L.) Lam., 1779.Fl. Frang. 2:
190.

= Horkelia arrhiza (L.) Druce, 1890. Fl. Berk-
shire: 511.

Type (Lectotype, designated by Iamonico and
Iberite (2014: 1314): Illustration in Micheli, 1729.
Nov. PL. Gen.: t. 11 Lenticularia fig. 4. — Image of
lectotype available at http://bibdigital.rjb.csic.es/
ing/Libro.php?Libro=2801&Pagina=269).

Epitype, designated here: [the specimen of Len-
ticullaria omnium minima, arrhiza without label,
from Micheli's Herbarium (FI)], Notae criticae:
“Neotypus Lemna arrhiza L. = Wolffia arrhiza (L.)
Horkel in the smaller sample in Herb. Micheli, Lan-
dolt, 1994. See Landolt, Ber. Geobot. Inst. ETH, 60,
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Enitunigikanis niHHeIBcbKOI Ha3BU

Lemna arrhiza (= Wolffia arrhiza), Araceae

H.M. IIMAH

Incruryt 6oraniku im. M.I. Xonogroro HAH Ykpainu,
By Tepemenkiscbka 2, Kuis 01601, Ykpaina

Pedepar. Ilig gac gocmimkens poxy Wolffia (Araceae) B Ykpaini My BuBYamyu mutaHHA Tumidikarii TiHHeIBCbKOI Ha3BM
Lemna arrhiza (= Wolffia arrhiza). BcranoB/eHo, o 1151 Ha3Ba 6yya TumnidikoBaHa ABivi, CIOYAaTKY SIK "HEOTHII', 3aIIPOIIO-
HoBaHMil Landolt y 1994 p., a moTiM sAK ekToTHII, 3anponoHoBanmii lamonico Ta Iberite y 2014 p. "Heotun" (repbapuuit
3pasoK, mo 36epiraerocs B FI) He BifnmoBigae BuMoraMm ct. 9.8 MixHapoOHozo K0Oekcy HOMeHKAamypu 8o0opocmeil, epubis
i pocnun (ICN), OCKiNbKY BiH He € 9aCTMHOIO OPUTiHAMBHOTO MaTepiany A Lemna arrhiza, a TOMy He MOYKe PO3ITIATATICA
s uinert nekrorumnidikanii (cT. 9.3 i 9.4 ICN). Ipote, mexroTuil, BusHaveHuit lamonico ta Iberite (imoctpanis B kHM3i
Micheli), mosHicTio Bifnosigae nonoxenusam Kodexcy. Opnax imoctparis Micheli siBHO HeoHO3HauHa i He MOXKe Oy TH Kpu-
TUYHO ifeHTI(IKOBAHOWO AJIS I{i/Ieil TOYHOTO 3aCTOCYBaHHA JI0 Ha3BM L. arrhiza, TOMY BMHMKIIA HeoOXigHICTh IPU3HAYNTI
eITiTUII Ha3BM LIbOTO TAKCOHY BifNOBifHO 10 cT. 9.9 ICN. Takum 4nHOM, 3pa3ok i3 repbapito Micheli (urpux-kon FI123857)
MO3HAYEHO TYT AK eNiTHIL

KmouoBi cmoBa: Araceae, Lemna arrhiza, Wolffia arrhiza, enitum, 1eKTOTUII, HeOTUI, TUIi(iKarisa
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Subularia aquatica (Brassicaceae) — panTomumii Bug ¢pnopu Ykpainu

Tanuna A. YOPHA ! (2, Onexcanpp I. IIMHOEP >* (), Tersina C. BATAIIbKA 2
! YMaHChKuit fep>xaBHUIL IIefarorivamit yHisepcuret imeni [Tasra Tudanun,

Byn. CazioBa 2, Ymanb 20301, Ykpaina
2 HauionanpHuit 6oTaniunmii cap imeni M.M. Ipumka HAH Ykpainn,

Byn. CajjoBo-boraniuna 1, Kuis 01014, Ykpaina

* ABToOp A mucryBaHHA: shinderoleksandr@gmail.com

Pedepar. V crarTi po3riAaHyTO 0COOMMBOCTI Cy4acHOTo IHOLIMpPEHH: maHOopeanbHOro Bupy Subularia aquatica Ta mpu-
TaMaHHi I0My e€KOJIOro-IIeHOTMYHI YMOBM MiCIle3pOCTaHb. BCTaHOB/IEHO CKOpOUYeHHsA apeany S. aquatica B Me>xax €Bpasii
y 3B'A3Ky 3 apuaMsali€ro KmiMary Ta eBTpodikaliielo BomoiiM. BuAB/IeHO, O B iCTOPMYHOMY MMHYIOMY Iieil Bup OyB
HOMUJIKOBO BKasaHuil A ¢opyu Ykpainm 3 teputopii BiHHMIBKOI 06/1acTi Yepes IIyTaHMHY CXOXMX reorpadidyHmx
nass (Micto Morurnis y Binopyci na p. Ininpo ta micto Morunis-Tloninbcbkuit B Ykpaini na p. Tuicrep). Moro BKasiska 3
Tepuropil JJHinponeTpoBchKoi o6/acTi He 6y1a mifTBepaKeHa repOapHIM 3pasKoM i TeX €, IMOBIPHO, IIOMIIKOBOIO Yepes
rabiTyanbHy cXOXicTb S. aquatica Ha paHHIX CTafiiIX OHTOreHesy 3 iHIIVMM MiHiaTIopHMMY TifpodiTamu, ocobmmBo 3 Li-
mosella aquatica. 3 OT/IsARY Ha i CBifYeHHs MU JifIUIN BUCHOBKY, 110 AM3'IOHKTMBHOApPeaIbHNUIT 60peanbHuit Bup S. aqua-
tica IOMIJIKOBO HABOAMBCA y CKafi dmopu Ykpainnm, Ta moMuakoBo 6yB BKodeHuit 1o YepBoroi kuuru Ykpainn (2009,
2021). Ha Teputopii Hamoi KpaiHy HUHI BifICyTHi €KOIOrO-1JeHOTHYHI YMOBH, XapaKTepHi [/ IPUPOJHUX Micle3pOCTaHb
mocmimkysaHoro Bupy. OTxKe, BBaXXKa€EMO, [0 HEOOXITHO BUKTIOUNTH S. dquatica i3 HAaCTYITHOro BuaHHA YepBOHOI KHUTU
VYkpainn.

KmrouoBi cmoBa: 6iopisHOMaHITTSA, CKOpoueHHs apeaiB, YepBoHa KHUra YKpaiHu

Bcryn MoHorpadiuny 06po6ky pony M.I. Korosa y "®nopi
‘ ' ) L YPCP" (Kotov, 1953). Huni By BKII0YEHO 1O HOBO-
Subularia aquatica L. (Brassicaceae) — pigkKicHUIL o TepeiKy BUJB POC/INH, 1[0 3aHeCeHo 10 YepBo-

Bz BOgHOI (ytopy 3 13 IOHKTVBHUM OOpeaTbHUM
apeasioM, IKMil HiKon He OYB JOKYMEHTA/IbHO IIifi-
TBep/KEHNM Ha TepuTopii Ykpainu. CBoro uacy
OfjHa i3 aBTOpiB LIbOTO IIOBiIOMJIEHHA 3[iJICHMIA

HOI KHUTU YKpaiHM, B AKOMY BiH TaKOXX Ma€ KaTero-
pito "suuxmuit y mpupopi” (Order..., 2021). ¥ 3B'a3Ky
i3 3aranpHUM CKOpOYeHHAM apeany S. aquatica (Do-
rofeev, 2012) BHac/miOK apuausanii K1iMaTy akry-

OIpallOBaHHsA IIWIbHMKA BOJAHOrO A YepBoHOI
kuuru Yxpainu (Chorna, 2009). Bug HaBoguBcst sk
SHUK/IMI y TIPUPOZ 3 TPAAULIIIHUM IIOCU/IAHHAM Ha

AJIbHVIMMU € OIJIAAZ, BiJOMOCTEI IIPO JI0TO 3pOCTAHHA
B €Bpasii Ta YKpaiHi, a TAKOX Ieperisaf HeoOXigHO-
CTi JI0ro OXOPOHM Ha PiBHi HaIIOI Jlep>KaBIL.
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Marepianu Ta MeTOAU

O6'ekToM BUBYeHHsA Oyna €Bpasiiicbka YacTHHA
cy4acHoro apeany Subularia aquatica. JlocmimxeH-
HS IPYHTYETbCA Ha OIVIAZlL HAABHUX JTiTePaTypPHUX
Bi[JOMOCTE}I CTOCOBHO IIbOTO TAKCOHY, MaTepiasiB
repbapiie KW, KWHA, LWKS ra ananisi npwu-
POHMX YMOB Jioro Miciespocranb. Ha3Bu cuH-
TaKCOHIB HaBefjeHO 3a 0asow manHux FloraVeg.EU
(https://floraveg.eu). Ha kapTocxeMmi cy4acHMX cro-
cTepexxeHb S. aquatica B €Bpasil (puc. 2) HaBeieHO
BepudikoBaHi BkasiBku 3 6asu pganux iNaturalist
(Accessed 8 November 2024).

ITpupopuuit apean Ta 0co6MMBOCTI
Micie3pocrans Subularia aquatica

Subularia aquatica — maHObOpeanbHMIT 13 TOHK-
TUBHOApeaNbHUI BUJ| i3 HEBEIMKOTO POJY, 10 SIKO-
TO TAaKOXX HAJIEKUTh LEHTPaIbHOAPPUKAHCHKIUI
Bup S. monticola A. Braun ex Schweinf. (Mulligan,
Calder, 1964). 3a cyyacHuMIu ysaBneHHAMN S. aquati-
ca BK/IOYAE 2 MiBUAN: TUIIOBUIL S. aquatica subsp.
aquatica, IOMMPEeHNIT y NiBHIYHUX perioHax €spa-
3ii, Ta S. aquatica subsp. americana G.A. Mulligan
& Calder, moumpennit y IliBriuniit Amepuni. Ha
TEepPUTOPil OCTAaHHDOI BiMi4anucsa POCIMHY 3 NIPO-
MDKHMMM O3HAaKaMy MDK oboMma IifBumamu, aje
HEBi/JOMO, 4M BOHU MAlOTh TiOpuHe NOXOIKEeHHS
(Al-Shehbaz, 2010). 3a meaxkuMu BifOMOCTSAMU Ha
Anacui tpamnAerbes S. aquatica subsp. aquatica
(Hegi, 1986), ane iHwwi mxepera 1ie He MiTBEPIKY-
otb (Al-Shehbaz, 2010; POWO, 2024-onward).
IMOBipHO, 1O OCTaHHBOTO Yacy IiBHiYHOaMepu-
KaHCbKa Ta eBpasilicbka reorpadivuni momysmsnil
He Oy/IM JOCTaTHDO i30/IbOBAaHVMMI JI1 OCTATOYHOI
nudepennianii 060ox nigsuais. Y poborax E. Xyb-
teHa (Hultén, 1958; Hultén, Fries, 1986) apean S.
aquatica 0XapaKTepu30BaHO K aMQiaTTaHTUIHNIL,
aze 3 TEH[IEHLE N0 LMPKYMIIOIAPHOrO IOLIN-
penHs (puc. 1).

Haji B cTaTTi poO3I/ANATUMETbCA CaMe TUIIOBUIA
nigBup S. aquatica. Voro mus'foHKTUBHMIT apean
OXOIUTIOE IiBHIYHI Ta /leAKi BUCOKOTIpHi perionn
€spasii Big Icmannii no Kamuatku (Meusel et al.,
1965; Hultén, Fries, 1986; GBIE 2024-onward),
TOMY JIOTO MOXXHa OXapaKTepusyBaTy fK Iaje-
obopeanpunit (Kleopov, 1990). 3a gocmimKkeHHAMNI
meskux aBropiB (Meusel et al., 1965) apean Bugy
sensu lato mae (bOpMY}IY (sm)-temp—b-(')%lz(z) circpol
a6o (sm)-temp-b-k, . circpol y cyuyaciit inTepmpe-
tauii (Ilyinska et al., 2007).

416

Hait6inbiunit pparmenT apeany S. aquatica pos-
TallloOBaHMII y MiBHiUYHO-3axifgHill yacTuHi €Bponnu
i oxonmoe CkaHpuHaBio, niBHiY Benukoi bpura-
Hii, Icanpiro Ta feAKi npuserni pa’ioHy Ha MiBHO-
yi 3axigHoi €Bponn. OcTpiBHi 10KaniTeT BULY B
€ppori Bifomi 3 ripcbknux MacusiB bankancpkoro
n-Ba, Icnanii, y Ilipenesax Ta Anbnax, y niBHiYHMX
yacTtuHax IliBHiuHOEBpOMETichbkoi Ta CXigHOEBPO-
neiicbkoi piBHMH, IloBO/IKA, a TakoXX HaBOLUIN-
ca mna 6aceiniB [ninpa ta JHicTpa B Ykpaini. B
Asii ¢parmeHTN apeany Ta OCTpiBHI JIOKamiTeTn
S. aquatica BigoMi 3 pisHux paitonis Cubipy: Bepx-
HbO-T060/IBCPKOTO TIPUPORHOTO parioHy, AjTaii-
cbKuX rip, [Ipubarikamns, Kamuatkn Ta mpureriux
ocrposiB (Herder, 1891; Kotov, 1953, 1979; Meu-
sel et al.,, 1965; Hegi, 1986; Belavskaya, 1994; Azo-
vskiy, 2000; Assyov et al., 2012; Chorna, 2018). 3a
HOBMMM JAaHMMM BHUJ 3asHauyeHo Ha Caxamini Ta
B HM3Li paitoniB Kpaiinpoi IliBHoui P®, 3okpe-
Ma: fImano-HeHelbkoMy aBTOHOMHOMY OKpY3i, Ha
maro [lyropana B KpacHospcbkomy Kpai Ta B Ma-
ragancokiin obmacti (POWO, 2024-onward; GBIE
2024-onward) (puc. 2). Sk 3aHOCHMI iTOTO HaBefe-
Ho 1yt IIpumopcbkoro kpato (Belavskaya, 1994).

Y cycignix i3 Ykpainowo perionax CxigHoi Ta
LlenTpanbHoi €Bponu S. aquatica 6yB Bimommit
3 TepuTopii Binopyci, Hacammepen 3a miteparyp-
HUMI JaHUMIM: B oKoauusax M. Mincek (Ivanova,
1949) Ta i3 xomuuHboi Moruniscpkoi rydepHii Po-
ciiicpkol Imnepii — "Ha MOKpBIX Geperax IpyHoB,
o3ep u pek, dacto B Boge" (Cholovskiy, 1882: 14).
I1i BKasiBKM Hi3Hille UMTyBanuca B iHIIMX QrIo-
puctnuHux poborax (Lapczynski, 1890; Paczos-
ky, 1897; Kozlovskaya, Parfenov, 1972; Dorofeev,
2012). Brim, HuHi S. aquatica BBa)XaeTbCs 3HUKINM
BujoM y ¢opi binopyci (Parfenov et al., 1987).

Subularia aquatica 3pifka Tpamnaerbes y dirto-
IleHO3aX Ha MIIKOBOAMAX i 6eperax o3ep a6o pu6-
HMX CTaBKiB, y 30Hi 3aTOI/IEHHA Ha IMMOMHi o 50
cM, Ha OigHMX Ha IOXUBHI p€4OBUHN, IIOMipHO
KUC/IMX, TEPETHiHNX, MYIMUCTUX IiIJaHNX cy6-
cTparax, B onirorpoduux osepax (Casper, Krausch,
1981; Hegi, 1986). B €spomni BogoiiMu i3 S. aqua-
tica BigMiveHi Bif mepeprip'iB i HMKHBOTO IOSICY
rip (200-500 M H.p.M.) 0 900, a B Ilipenesx — no
2080 M H.p.M. (Casper, Krausch, 1981). Ile xapaxk-
TepHUII BUJ yIPyIoBaHb cowo3y Littorellion uni-
florae Koch ex Klika 1935, pasom i3 Bumamu pony
Isoetes L. (Isoetaceae) i Littorella uniflora (L.) Asch.
(Plantaginaceae), Lobelia dortmanna L. (Campanu-
laceae), Luronium natans (L.) Raf. (Alismataceae), a
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Subularia aquatica — bantoMHuIt Bup ¢propu Ykpainu

A subuishis’sguation

I

Puc. 1. Ilpupopunii apean Subularia aquatica (Hultén, Fries, 1986)
Fig. 1. The native range of Subularia aquatica (Hultén, Fries, 1986)

TaKOX QIiKCyeTbCA y CK/Iaf yrpynoBaHb Kacis Iso-
éto-Nanojuncetea Br.-Bl. et Tx. in Br.-Bl. et al. 1952
i Potamogetonetea Klika in Klika et Novak 1941
(Kotodziejezyk, 1916; Ellenberg, 1986; Hegi, 1986;
Ilyinska et al., 2007). Ha ocHOBi o6cTexxenHs 116
BUCOKOTipHMX o3ep cxifHux IlipeneiB 6yno Bif-
3HaYeHO IepeBaKaHHs B OMroTpodHMUX o3epax i3
M'SIKOIO BOJIOI0 i30€TUIOBYX YIPYIIOBaHb, cOpMO-
BaHuX Isoetes lacustris L., I. setacea Lam. Ta S. aqua-
tica (Gacia et al., 1994). Subularia aquatica He nuiue
LEHOTMYHO ONMM3BbKUI 1O BUAIB popy Isoetes, aHa-
TOMIiYHi TOCTI/I>KeHHS TaKOXX MO3BOJIM/IM BigHECTHU

Lelt BUj, [0 TPYIM i30eTUZ 3a CTPYKTYPOIO JIUCT-
Ka. s Bupy xapakrepHi 6idauianbHi [op30oBeH-
TpalbHI JIMCTKM 3 afaKciaabHO-abaKciaTbHOIO
HOJIAPHICTIO, PifLIMM € a/JbTepHATUBHUN YHidai-
QJIPHUIT TUII i3 TUIIOBOIO A7Is rifpodiTiB aHaTOMIY-
HOIO CTPYKTYpOIo 31 HassBHOIWO aepenximoro (Nowak
et al., 2010). e panime s wiei exonoro-6iomo-
riYHOI IpynyM POCIMH Bif3Ha4yanacs IXHA BpaXka-
foua cxoxicTp Ha crapii Bereranii (Kotodziejezyk,
1916). Ins S. aquatica 6ynmu onucani f8i popmu,
SIKi € BUILIe eKoNoriYHMY Mopdamu (exagammn):
f. terrestris Warion — npubepexxHa i f. immerse N.
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Puc. 2. CydacHi criocrepesxenns Subularia aquatica B €spasii (iNaturalist, accessed 8 November 2024)

Fig. 2. Current observations of Subularia aquatica in Eurasia (iNaturalist, accessed 8 November 2024)

Busch. — 3anypena (Kotov, 1979). [Insa ocTaHHBOI
XapaKTepHa BUK/IIOYHO Kielicroramis (Hegi, 1986).

3 mornAny 6iosorii po3NOBCIOMKEHHS, CIIif Mifi-
KpeC/InUTH, 10 HaciHHA S. aquatica He € TIaByUUM.
3BepTae yBary, o B MeXXax apeajy Haitbinbie j10-
KaJIITEeTiB BUJIY 30CEPEIKEHO B IPUMOPCHKUX Mic-
neBocTAX 3axigHoi Ta IliBHiuHOI €Bpomm, mpote
Yy KOHTMHEHTA/IbHUX OOTaCTsAX JIOTO IOLIMPEHHS
Ma€ Pi3KO BMPa)KeHU M3 TOHKTUBHMIT Ta OCTPIiB-
HUil xapakTep. HasBHicTb 6ararbox i301boBaHMUX
TOKasIiTeTiB, iIMOBIpHO, TOB'sI3aHA 13 3aHECEHHSAM
pocnuH BopomiaBHMMM NTaxamu. Ile cTocyerbes,
30KpEMa, MiCLe3pOCTaHb y AeAKUX HTYYHUX BO-
noitmax (Hegi, 1986). IIpu nbomy B miTepaTypHux
IPKepeslaXx HEOJHOPAa30BO 3BEPTAETbCA yBara Ha
npi6bHi posmipu pocnuH S. aquatica, Yepes 1110 BOHU
4YacTO 3a/MIIAIOTHCA HENOMiYEeHMMM, a TOMY He
Oynu BusAB/IeH] B ycix MicuesHaxomkeHH:AX (Kotov,
1979; Hegi, 1986).

JlirepaTypHi Ta eNneKTPOHHI JpKepena CBifyaTb
PO 3arajibHe Cy4acHe CKOpPOUeHHH apeany S. aqua-
tica B Mexxax €spasii (Dorofeev, 2012; Chorna,
2018). Ha cporopui BimoMo, 1110 B CKaHIMHABCbKUX
KpaiHax, Hacamnepes; y Hopserii, Bup Tpannfaers-
ca cnopagnyHo. OpHak y CxigHit ®PeHHocKaHf(l,
LlenTpanpHiil, ATmaHTHYHII Ta 0co6mBO CXimHii
€BpoIi, a TAKOX Y cMOiPChKUX Ta JANTEKOCXifHOMY
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IVM3'IOHKTMBHMX (parMeHTax apeany BiH € pif-
KicHuM. barato MicliesHaxomKeHb 3HUKIU 1€ B
XX cronitTi 30Kpema Ha IliBHiYHOEBpONENCHKIiN
(Benbris, Higepnanan, HiMeuunna) ta CxigHOEB-
pomeiicokiit (binopycn) piBaunax (Casper, Krausch,
1981; Hegi, 1986; Parfenov et al., 1987; Kotiranta et
al., 1998; Azovskiy, 2000; POWO, 2024-onward).
CydacHi crocTepexeHHs BUAY HedMcCenbHi (puc.
2), npuypodeHi HacamIiepey, Jo OliroTpodHuX, ya-
CTO BMCOKOTipHUX, 03ep. Y OimbmocTi piBHUHHIX
perioHiB CKOpOUYeHHS apeay BUIY IIOB'sI3aHe caMe
3 MOTipILIEHHSM eKOMOriYHOro crany Bopoim (Do-
rofeev, 2012) — ixHbOI eBTpOdiKalli€ko.

3a Mexxamm YKpaiHmM Buj BHeceHMit mo Yep-
BOHUX KHNT i mepenikiB Anpoppu (Mariné et al.,
2017), Ectonii (http://www.zbi.ee/punane/liigid/
soontaimed e.html), Jlateii (https://www.latvijas-
daba.lv/augi/subularia-aquatica-1/), JIutBu (Red
Data..., 2007), ®panunii (Livre..., 1995), CxigHoi
®ennockanpii (Kotiranta et al., 1998), 15 cy6'exriB
P® (Chorna, 2018). Kpim Toro, Subularia aquati-
ca Mae CTaTyC 'HalIMEHIIOro pusuKy' (kareropis
"LC") sa xputepismu Yepsonoro cmmcky IUCN
— mns €pponu (Lansdown, 2011) Ta Ha cBiTOoBOMY
piBHi (Maiz-Tome, 2016); 3a KpuTepissMy OHOBIIE-
Horo €spornericbkoro Yepsonoro cmmcky (Bilz et
al., 2011) Taxkoxx mae Kateropiro "LC".
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Bup inopi TpaniAeTbca B aKBapiyMHil KyIbTypi
(sax i S. monticola), ane € gocuth manocriitkum (Ra-
taj, Horeman, 1977).

Bigomocri npo Subularia aquatica
y dnopi Ykpainu
Ilepia HeneBHa BKasiBKa S. aquatica, sKa, iMOBipHO,
crocyBanacs ¢opu Ykpainu, Oyna HaBefieHa y po-
6oti C.F. Nyman (1878), e B xopoorii 11boro Buay
6yno 3asHaveno "Galiz.". Ha ocHosi nporo I. IlImarne-
rayseH HaBiB Bup pa lamunnm B cBoiit "Flora of
South-Western Russia" (Schmalhausen, 1886). Jeo
sropoM K. Lapczynski (1890) oxapakrepusysas Io-
HIMPeHHS LbOTO BUAY Ha TepuTopii Tofimuboro Ko-
ponictBa Ilonbebkoro i mpuiernmmx MicreBoCTelt:
"...roénie tylko na Bialorusi (M. 10, h), gdzie wno-
szac ze stow Czolowskiego: “na mokrych brzegach
stawow, jezior i rzek, czesto w wodzie”, nie musi by¢
rzadkoscig Od okolic Mohylewa nad Dnieprem naj-
blizsze znane stanowiska znajduja sie pod Petersbur-
giem. Nyman do zasiggu téj krzyzowéj roéliny zalic-
za Galicyjg, Schmalhausen t¢ wiadomos$¢ powtarza.
Nie spotkalem Subularia aquatica L. w zadnym ze
znanych mi spiséw roslin galicyjskich" (Lapczynski,
1890: 34). To6TO, aBTOp YiTKO OOMEXVB IiBIEHHY
MeXy NMOUMpPeHHA S. aquatica y Mexax cy4yacHoi bi-
nopyci, 3 okommips M. Morwis (Ha JJHinpi) 3a po6o-
toro K. Homosckoro (1882), Ta BKasap Ha iMOBipHO
HOMIUIKOBE HaBefleHH: BUAy /i ¢ropy lammamam.
ITicna uiel samiTky, B gpyromMy BupianHi cBoei "®ro-
pu" 1. lImanbraysen yxe He 3asHauuB S. aquatica
msa Tamunay (Schmalhausen, 1895).

3a Kinbka poKiB Buji 6yB 3HOBY HaBeJeHWIT [/I
Tepuropii Ykpainm 3 kommiuHboi KaTepmHocnas-
cbKoi ry6epHii (HuHi JIHiTponeTpOBCbKa 00/1acTh):
"bonora mo p. Bomubeit okono OsepoBku. B koH-
e Mas. Penxo" (Sidorov, 1897: 44). JlaHa BKasiBKa
He Oy/a mifTBepyKeHa Hi repbapHUM 3paskoM, Hi
IIOBTOPHUMM IIONIYKAMM i Ii JOCTOBIPHICTh JOCUTD
cyMmHiBHa. Bkasanuit 6ioton i reorpadiute posra-
myBaHHs (y piBHMHHIN BOZOVIMI B CTeNOBilI 30Hi)
He € XapaKTepHUMM A S. aquatica. He Buximo-
yeHo, mo M.B. Cupopos mpuiiHaB 3a S. aquatica
IHIIMIT BUJ, HaIpUK/IAZ, Limosella aquatica L. Ha
PaHHIX CTafisX OHTOreHe3y 3 IOBEHINIbPHUM rabi-
TYCOM POCIMHM LMX BUAIB gyxe cxoxi (Markov,
2007), i e paHile 3a3HaYaI0CS, O POCTNHU €KO-
JI0T0-6107I0TiYHOI TPYIIN i30€THf fy>Ke BaXKKO PO3-
pisuutu (Kotodziejezyk, 1916).

Y wMoHorpadiuniit 06pobui pomuuu Brassica-
ceae mis "Omopu YPCP" M.I. KortoB HaBiB fBa

MicnesHaxomkeHHs S. aquatica: 3 Tlopimma — "Bi-
HHMUIbKA 0607 Morunis-Tloginbcbkuit Hag THi-
crpom, 1890 p. (Jlamumucekuit)', Ta i3 IlpuHi-
npos's — "[lHinponeTpoBchka 0oOiL: 10 p. Bouiit
(Cupopos)" (Kotov, 1953: 428). Crifom 6yro 3a3Ha-
4eHO, 1[0 BOHM 06MfiBa MOTPeOyIOTh IepeBipku. B
noganpiomy M.I. KoToB HasBaB 11i BKasiBKM cyM-
HiBuuMu (Kotov, 1965), a BXe y HacTyIHilt 06po61i
ponuuu ma "®nopsr Bocrounoit EBponsr’ mocri-
IDKeHWIT BUL i Teputopii Ykpainu He Hasis (Ko-
tov, 1979).

Ha mamry nymky, Bkasiska g Morumis-Ilogins-
CbKOTO Oy/Ia HAaC/IiKOM IPUKPOI IUTyTaHUHY CXO-
JKuX reorpadivanx Hass (M. Morunis Ha p. JHimpo
B binopyci 6yno momunkoso mpuitHaATe 3a M. Moru-
niB-ITopinbcbkmit Ha p. [JHicTep B Ykpaini). IIpote
BOHA Pa3oM i3 BKa3iBKOI0 [ J[HIIponeTpoBCchKol
obmacTi my6moBamacs B HACTYIHMX BiTUM3HAHNUX
IDKeperax, 3 MpUMITKaMl, IO BUJ, iMOBIpHO 3HN-
kmit abo morpebye migrBepmxenus (Opredeli-
tel..., 1987; Mosyakin, Fedoronchuk, 1999; Chorna,
2006; Ilyinska et al., 2007). 3 kareropiero "sHUKINI
y npupopi’ S. aquatica 6yno BxmodeHo i go Yepso-
Hoi kuuru Ykpainu (Chorna, 2009; Order..., 2021).

ITepernsap repbapHux 3paskis S. aquatica 3acsif-
4yB, IO 3 TepuTopili YKpaiHu 360py 11bOro BULY
BificyTHi, 30kpema B repbapisx KW i LE (Chorna,
2006). B Toit xe 4ac y repbapisx Ykpainu (KW,
KWHA, LWKS) Buspneno 8 rep6apHux apkyuiis
IIbOTO BUJY, TIEPEBAXKHO eKCHMKATH S. aquatica Ta
KiZbKa opuriHanbHuX 360pis 3 Teputopii PO, a Ha
ofHOMY apKyui icropuaHoro rep6apito M.C. Typ-
vyaninoBa (KW-TURCZ) (Mjakushko et al., 1979;
http://botany.kiev.ua/turchaninov/herb ukr.html)
HasBHI IpuHaiMHI 5 300piB i3 Ki/lbKOX KpaiH (cy-
yacHi Tepuropii Himewunnu, Hopserii, IlIBewnii ta
P®). Ilepenik pocmimkennx 3paskis S. aquatica B
repbapisnx YKpainy HaBefieHO faii (IpoHyMepoBa-
HO OKpeMi rep6apHi apkymi):

1) "Jlenwnrpanm, okpectHocTu. JlaxTa. Pasnus
[...]. Ha mmmcrom 6epery wmym B MeNKO BOfe,
24.08.1954, leg. M. Kiokos", KW124680. 2) "Oxk-
pectHoctu Jlenunrpazga. Cr. Kasromoso. Osepo
Xemo-SIpBu. B Bome Ha mecyaHoM fHe y Oeperos,
27.08.1954, leg. M. Knokos", KW124679. 3) "Cir-
ca Petropoliu [collection date and collector unk-
nown]", KW-TURCZ. 4.1) "ad ripam npyga. K.
3naroycr. [Hecroposckmit]”; 4.2) "herb: Schma-
lh: Subularia aquatica L. [okr. Minus..]. [hlarga..]";
4.3) "MLN. Blytt pl. Norvegia. Ed. R. E. Hohenacker.
Prope Christianiam. [collection date and collector
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[LA.YOPHA, O.I. IMHJEP, T.C. BATAIIbKA

unknown]"; 4.4) "Suetia [collection date and collec-
tor unknown]"; 4.5) "Bavar. Erlang. 1822. Col[n.]
Zucclarini]", KW-TURCZ. 5) "Kamchatskiy re-
gion, Olyoutorskiy district, vicinity of village Khai-
lino, silty bank of little lake in valley of Khayly-
no river, seen only one time, in mass, 02.07.1976,
leg. S. Kharkevich, T. Buch; det. S. Kharkevich",
KWHA105063. 6) "Mypmanckas 0611., 6mu3 ct. Xu-
OuHbI, 6eper o3epka, 26.06.1921, leg. II. JInTBuHOB,
det. B. Cepruenxo. Prov. Murmansk, prope st. Chi-
biny, ad ripam lacucsculi, 26.06.1921, leg. D. Litvi-
nov, det. V. Sergienko", HF USSR, No 7004, LWKS.
7) "HoBropopckas o61., Bangaricknit p-H, o. JKu-
muubl 63 ct. KpaBuoso, Ha mecuyaHoMm fHe, 20—
27.07.1913, leg. [I. JIutBuHOB, det. B. CeprueHxo.
Prov. Novgorod, distr. Valdai, lac. Zhilitzy prope st.
Kravtzovo, in fundo arenoso, 20-27.07.1913, leg. D.
Litvinov, det. V. Sergienko", HF USSR, No 7, 7004,
LWKS. 8) "Poccusi. Jlenunrpapckass o61., [Ipuo-
3€pCKUIl p-H, OKpecTHOCTH fiepeBHM CoONHEeYHOE.
Osepo OtpapHoe, 08.1997, leg. H. Cpruak, A. Ka-
rano; 08.07.2001, det. N. Sytschak", LWKS08646.

OTke, aHaI3 NTiTepaTypHUX Ta repbapHuX Bifo-
MOCTEN 3aCBif4MB, MO JOCTOBipHI MiATBEP KEHHA
PO 3pOCTaHHA S. aquatica Ha Teputopil Ykpainu
B iCTOPMYHOMY MUHY/IOMY BificyTHi. ¥ miteparyp-
HUX JpKepernax Oyno HaBeleHO 2 ITOMM/IKOBi BKa-
3iBKM Ipo NoKaniteTu S. aquatica — y lanu4dmHi Ta
BinHunmpkiit 06macrti, a TakoX Ay>Ke CyMHIiBHa i He-
HigTBep/)KeHa BKa3iBKa IIpO JIOKajliTeT y JIHimpo-
METPOBCHKill 00/1aCTi, [JaleKo 3a MeXXaMy IIPUPOJI-
HOTO apeasy BUIY Ta HOTO eKO/IOro-1[eHOTMYHOTO
ontumymy. Tomy S. aquatica cnip posrnamaTi sAK
danromunit Bupg ¢ropy YKpainu, AKuit 6yB BKIIO-
yeHUI1 y 6arato (propucTMYHMX nepenikiB 6e3 o-
CTaTHIX MifICTaB.

Huni sHaxigkm Bupy B YKpaiHi MajoiiMOBipHi,
Buxopsuu 3 6ionorii Bupy (Chorna, 2018). €xyunit
perioH B YkpaiHi, e IpUPOSHO 3pOCTA€E IMOTEHIIil-
HMIT BUSI-CYNYTHUK S. aquatica — Isoetes lacustris
— 1e miBHiYHO-3axifgHa yactuHa [lomiccs (Pryad-
ko, Didukh, 2009), ase HuHI 114 MicleBiCTb 3HAYHO
BifjlajleHa Bifi Cy4aCHOTO apeajny JOCIiJKEeHOTro
BUAY. BpaxoBytoun Buiieckasase, S. aquatica ciif

CITMCOK ITOCUTAHDb

BUK/TIOYNTY 3 YepBOHOI KHUTM YKpaiHM, OCKi/IbKK
JIoro HasABHICTb y ¢iopi YKpaiHu B ocTaHHii (cy-
OaTIaHTUYHUI) TIepiof;, HOKYMEHTaIbHO He IIifi-
TBEP/KEHA, TOXX HEMA€ IiJICTaB PO3ITIAfATH Liei
BUJ, AK "3HUK/INI Y npupopi'”.

BucHoBK1I

Subularia aquatica — BuR i3 [U3'IOHKTUBHUM OOpe-
aJIbHUM apeajioM, AKWUII y Cy4aCHMX yMOBaX CKOpO-
qyeTbcsl. 3a BeCh 4ac (UIOPUCTUYHMX JJOCIIPKEHb
Wi TepuTopii YKpainu Oy/0 HaBeleHO Tpu JiiTepa-
TYPHI BKa3iBKJ IIPO JIOKAJIiTETH LIbOTO BUJLY, ajle [Bi
3 Hux (3 Tamramuy Ta Binanipkoi obnacti) 6y mo-
MWIKOBUMI, a OfHa (3 JIHinpomneTpoBcbKoi 06/1acTi)
— HaBeJIeHa JaJIEKO 3a MeXKaMy IIPUPOJHOIO apea-
Iy BUJy Ta JIOTO €KOJIOrO-1}eHOTUYHOTO ONTUMYMY.
Posrnsapatu S. aquatica sik BUE, 10 NOTpedye 0Xxo-
POHM Ha TepUTOPil YKpaiHu, HEMA€E HiAKMX IiJICTaB.
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Subularia aquatica — bantoMHuIt Bup ¢propu Ykpainu

Subularia aquatica (Brassicaceae), a phantom species of the Ukrainian flora
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! Pavlo Tychyna Uman State Pedagogical University,

2 Sadova Str., Uman 20301, Ukraine
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Abstract. The article provides an analysis of the current distribution patterns of a panboreal species Subularia aquatica and
the species-specific ecological and coenotic conditions of its habitats. The species range within Europe has decreased due
to climate aridization and eutrophication of water bodies. We found that in the historical past S. aquatica was erroneously
reported for the flora of Ukraine from Vinnytsia Region due to the confusion of similar geographical names (the city of Mo-
gilyov (Magileu) in Belarus on the Dnipro River and the city of Mohyliv-Podilskyi in Ukraine on the Dniester River). The
record from Dnipropetrovsk Region has not been confirmed by a herbarium specimen and is apparently also incorrect due to
the habitual similarity of S. aquatica at the early stages of ontogenesis with other miniature hydrophytes, especially Limosella
aquatica. In view of this, we came to the conclusion that S. aquatica, a boreal species with a disjunct distribution, was errone-
ously reported for the flora of Ukraine and incorrectly included in the Red Data Book of Ukraine (2009, 2021). In our country,
currently there are no suitable ecological and coenotic conditions for natural habitats of this species. Therefore, we believe
that S. aquatica should be excluded from the Red Data Book of Ukraine.

Keywords: biodiversity, habitats reduction, Red Data Book of Ukraine
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New records of a rare fungus Tricholoma focale (Agaricales) in Ukraine
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Abstract. New records of Tricholoma focale, a species listed in the Red Data Book of Ukraine as Vulnerable, are reported.
During 2018-2021, we observed over 15 fruit bodies of the fungus near Kozyntsi village (Bucha District, Kyiv Region). In-
cluding our data, in total 15 localities of the fungus are known in Ukraine; ten of them are outside the territories designated
as protected areas. Due to the ongoing military activities, four previously reported records are located within the temporarily
occupied areas and thus are inaccessible for further observations. Conservation measures both in situ and ex situ to preserve
the genetic diversity of Tricholoma focale are required.

Keywords: conservation, distribution, morphological characters, new localities, Red Data Book of Ukraine

Introduction The main macroscopic morphological features

for distinguishing the species are as follows. Cap
Tricholoma focale (Fr.) Ricken (Tricholomataceae,  50-150 mm, at first hemispherical to obtusely coni-
Basidiomycota) is a boreal species with a disjunct  ¢a] with involute margin, later convex to plane, with
distribution, recorded in Europe, Asia, and North 4 broad umbo, coarsely radially fibrillose, becoming
America (Herink, 1965; Brooks, 2009; Reschke et finely scaly in marginal zone, viscid when moist,
al., 2018). The fungus grows in sandy pine and pine-  ochraceous orange, yellowish brown, orange brown
mixed forests, particularly in oligotrophic boreal o dark brick red with margin paler, warm buff,
heath and oligo-mesotrophic boreal forests. It was  ochraceous or dark pinkish buff, often with honey
also found in wooded oligotrophic boreal heath  t pale olivaceous streaks and spots, in young fruit

grasslands and wooded coastal dunes, typically un-  podies often with whitish, cottony remains of ve-
der Pinus sylvestris L., in September and October  [ym near margin. Stipe up to 40-140 mm long and
(Kalamees, 2010). 8-30 mm wide, cylindrical, often tapering towards
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New records of Tricholoma focale in Ukraine

the root base, with a well-defined, felt-like fibrous
ring. Above the ring, the stipe surface smooth,
white or pink, while under the ring, the surface cov-
ered with soft felt reddish-brown scales, forming
stripes. Flesh solid, white or pale pink; taste farina-
ceous, sometimes with a cucumber-like or rancid
odor (Christensen, Heilmann-Clausen, 2013).

Throughout its extensive taxonomic history,
Tricholoma focale has had numerous alternative
(synonymic) names (https://www.mycobank.org/,
https://www.speciesfungorum.org/). The fungus
was first described in 1838 by Elias Magnus Fries
as Agaricus focalis Fr. In 1879, the German mycol-
ogist Adalbert Ricken transferred the species to the
genus Tricholoma (Ricken, 1915), and thus the cur-
rently accepted name Tricholoma focale has been
established.

Tricholoma focale and some other species of the
genus Tricholoma (Fr.) Staude, such as T. bakamat-
sutake Hongo, T. caligatum (Viv.) Ricken, T. ducio-
lens Kytov., T. fulvocastaneum Hongo, T. magnivelare
(Peck) Redhead, T. quercicola M. Zang, T. robustum
(Alb. & Schwein.) Ricken, and T. zelleri (D.E. Stuntz.
& A.H. Sm.) Ovrebo & Tylutki are closely related to
T. matsutake (S. Ito & S. Imai) Singer. However, T.
focale lacks the characteristic aroma and taste of T.
matsutake (Breitenbach, Krinzlin, 1991). None of
the species listed above has been found in the Sou-
thern Hemisphere (Yun et al., 1997).

Some authors consider Tricholoma focale found
in Europe to be highly likely identical (synony-
mous) to T. robustum that occurs in Japan. The
species often grows alongside T. matsutake, so it
is called matsutakemotoke (a matsutake indica-
tor). Like the species mentioned above, it also lacks
the distinctive odor of T. matsutake (Breitenbach,
Kréanzlin, 1991). Some authors consider T. focale
and T. robustum to be the same species (Cues-
ta, Rodriguez, 2009). However, others believe that
T. robustum may be a distinct species, with larger
spores (6-7 x 4.5-5.5 um) and larger fruiting bod-
ies (Christensen, Heilmann-Clausen, 2013). The
ITS data show that Tricholoma focale is quite dis-
tantly related to T. matsutake and allies, but rather
closely related to T. batschii Gulden ex Mort. Chr. &
Noordel. (Christensen, Heilmann-Clausen, 2013).

Tricholoma focale is a rare fungus, regarded as
a threatened species in Europe (Ing, 1993). Cur-
rently, it is listed in the Red Lists of the Czech Re-
public (Holec, Beran, 2006), Bulgaria (Gyosheva,
2006), Hungary (Siller, Vasas, 1995), Spain (Cuesta,

Rodriguez, 2009), and the United Kingdom (Evans
et al., 2006). The fungus is considered a rare species
in Estonia (Kalamees, 2010). Tricholoma focale has a
conservation status of Vulnerable species in the Red
Data Book of Ukraine (Prydiuk, 2009; https://zakon.
rada.gov.ua/laws/show/z0370-21?lang=en#Text).
Negative changes in fungus populations resulted
from various factors, such as traditional gathering
practice, deforestation leading to the destruction of
forest ecosystems, forest fires, recreational activity
in their habitats, etc. (Prydiuk, 2009).

Unlike Tricholoma matsutake, T. focale lacks
commercial value primarily due to its rare status
and poor taste (Zambonelli, Bonito, 2012). It is a
mycorrhizal fungus classified as an edible mush-
room of the fourth category, although some authors
state that it may irritate the gastrointestinal tract
(Patrick et al., 2009).

Nevertheless, scientists are keenly interested in
studying this species because of its pharmacolog-
ical and medicinal properties. Tricholoma focale
shows promise in treating cancer, as researchers
have extracted and isolated a new type of steroids
with three biologically active antitumor compo-
nents from its fruit bodies (Singe¢ et al., 2017).
The species has been found to possess antioxidant
properties. Additionally, the fatty acid profile of
the fruit bodies is notable, with oleic acid being
the primary acid (35.0%), along with palmitic acid
(5.12%) and high content of linoleic acid (31.0%)
(Kaplaner et al., 2017).

In this article, the first reports of Tricholoma fo-
cale in Kyiv Region are provided, as well as details
of the macroscopic and microscopic features of the
fungus, along with the analysis of its previously
known occurrences in Ukraine.

Materials and Methods

Field observations took place in Kyiv Region in
2018-2021. The macromorphological characteris-
tics of fresh fruit bodies were described based on
fresh material and documented with field notes and
photographs. For species identification, various lite-
rature sources were used (Noordeloos, Christensen,
1999; Riva, 2003; Galli, 2005; Kibby, 2010; Heil-
mann-Clausen et al., 2017; Sen, Alli, 2019). Micros-
copy of spores and hymenium was conducted using
a Primo Star light microscope (Carl Zeiss, Germany)
equipped with Canon A 300 camera, using AxioVi-
sion 4.7. Thirty spores per sample were measured,
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Fig. 1. Tricholoma focale, fruit bodies in situ, Kozyntsi
village, Kyiv Region

where present. The total number of measured spo-
res is 300. For scanning electron microscope (SEM)
analysis, small pieces of hymenial lamellae were pla-
ced on metal stubs, then sputter-coated with gold
and observed under SEM (Jeol 6060LA, Japan).

Results

New occurrences of Tricholoma focale were obser-
ved by M.M. Sukhomlyn on 13 October 2018, 19
October 2019, and 21 October 2021 in a pine forest
near Kozyntsi village (Irpin territorial community,
Bucha District, Kyiv Region, Ukraine, N50°30'06",
E30°03'30"). More than 15 fruit bodies of T. focale
were found in one location, within about 50 meters
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from each other, on sandy soil in Pinus sylvestris
plantations (Fig. 1). Some fruit bodies of T. foca-
le were observed already collected and left on the
ground, being confused by mushroom gatherers
with other edible mushrooms. It is worth noting
that these are the first records of the fungus repor-
ted for the central part of Ukraine.

Macroscopic characters

Caps of the observed fruit bodies ranged from 30 to
135 mm in diam. (Fig. 1) and varied in color from
orange-brown to reddish-brown. In young non-spo-
rulating fruit bodies, the caps were convex or con-
vex-flattened in shape (Fig. 2A) and sticky to the
touch. At the sporulation stage (in mature basidioma-
ta), the caps were flat-spread with a noticeable radial
elevation at the center, not sticky and relatively dry
(Fig. 2B). In terms of consistency, the caps are mode-
rately fleshy, predominantly brick-red, with remnants
of the cover. With age, the caps become cracked. The
hymenophore is lamellar (Fig. 2C). In mature fruit
bodies, the gills are thin, dense, pale-yellowish in
color, firmly attached to the stem by a notch. When
pressed, the mature gills exhibit reddish-brown co-
loration and are firmly attached to the mushroom
stem. The stems range from 45-100 mm in length
and are 10-20 mm thick. Positioned centrally on
the caps, the stems taper slightly towards a root-like
base. The ring, two-thirds up above stem base, ap-
pears leathery with reddish-brown hues. The ring
divides the stem visually and chromatically: the up-
per portion under the cap is predominately white,
while the area below the ring shows reddish-brown
tones (Fig. 2D). The fungus flesh is elastic, white in
color, with a scent and taste that is mealy, and with
a slightly bitter taste. KOH on the cap surface chan-
ges color from dark to bright red.

Microscopic characters

Basidiospores smooth, ellipsoid, colorless, 3.5-5.5
x 2.5-3.5 um (Figs. 3, 4A-D).

Discussion

Having analyzed the literature data, we found infor-
mation about 15 reports of the species from eight
regions of Ukraine (Table 1). Of them, seven re-
cords are located in Poltava Region, two in Luhansk
Region, and one location in each of Mykolaiv, Dni-
propetrovsk, Kherson, Volyn, Ivano-Frankivsk, and
Kyiv Regions (including our report).
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Fig. 2. Fruit bodies of Tricholoma focale. A: young fruit body; B: mature fruit body; C: mature fruit body showing
hymenophore; D: mature fruit body showing hymenophore and ring on the stem

The first occurrences of the fungus as separate
fruit bodies were documented in 1960 from sev-
en localities in Zavorsklyanskyi mixed (subboreal)
forests, along the pine terrace of the Vorskla River,
within modern Poltava District in Poltava Region
(Hanzha, 1960) (Table 1). After that, there were no
more findings in this area, and all reports of this
fungus in Poltava Region derive from these origi-
nal records (Besedina, Stetsiuk, 2010).

Subsequently, the fruit bodies were discovered
in the Pervomaisk forestry of Mykolaiv Region,
within pine plantations (Sheliah-Sosonko et al.,
1996). The reports of the fungus from Poltava
and Mykolaiv regions were included in the first
edition of the Red Data Book of Ukraine (Sheli-
ah-Sosonko et al., 1996). In the second edition
of the Red Data Book of Ukraine (2009), the re-
ports from Poltava, Dnipropetrovsk, Luhansk,
and Kherson regions were added, one from each
region (Taran et al., 1989; Prydiuk, 2005; Prydiuk,
2009). As a result, in that edition seven records of
the species in Poltava Region are presented as one
locality, while the record from Mykolaiv Region is
omitted.
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Fig. 3. Spores of Tricholoma focale (LM)

The additional localities of the fungus in the
second edition of the Red Data Book of Ukraine
are as follows: one in Dnipropetrovsk Region,
in Prysamarskyi forest (Taran et al., 1989), two
in Luhansk Region (one near Provallya village,
Dovzhansk District, within the Provalskyi Step unit
of Luhansk Nature Reserve: Dudka et al., 2009, one
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Fig. 4. Tricholoma focale, hymenium elements (SEM). A: basidia with sterigmata; B: young basidiospores on sterigmata;
C: basidiospore on sterigma; D: basidiospores with apiculi. Scale: 1 pm

more in the Prydintsivska floodplain, Stanych-
no-Luhansk section of Luhansk Nature Reserve,
in a pine forest, 3 km east of Khrystove village:
Prydiuk, 2005), and another one in Kherson
Region (near Olhivka village, Beryslav District:
Prydiuk, 2009). These locations correspond to
the Left Bank Forest-Steppe, Left Bank Grass
Meadow Steppe, Starobilsk Grass Meadow
Steppe, and Right Bank Grass Steppe, respec-
tively (Prydiuk, 2009).

Tricholoma focale was also found by V.P. Heluta
and O.P. Vysotska on 25 September 2008 in a pine
forest, 2 kilometers north of the village of Zarudchi
(Kamin-Kashyrskyi District, Volyn Region) (Heluta
et al., 2010). This area is located within the Prypi-
at-Stokhid National Nature Park (NNP). This loca-
tion is not reported in the Red Data Book of Ukraine
(2009). In 2009, the fungus was also listed as an
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endangered species in the inventory of rare species
of the eastern Ukraine (Leshan, Pakhomov, 2009).

The species was also recorded in Hutsul-
shchyna National Nature Park (Kosiv District,
Ivano-Frankivsk Region) as early as 2005 (Bazi-
uk-Dubei, 2010). For some time, Hutsulshchy-
na NNP was the only protected area in western
of Ukraine with a single location of this fungus
(Dudka et al., 2009; Dudka et al., 2019). However,
in 2020 the fungus was rediscovered in the NNP by
S.I. Fokshei and O.O. Pohribniy (2021).

Many records of this rare species in Ukraine
are reported from the protected areas, as a trend
attributed to the increased research efforts by my-
cologists within these regions. Additionally, reserve
territories provide better protection for rare spe-
cies (see Table 1). However, Tricholoma focale faces
a different scenario. The temporarily occupation
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Table 1. A list of known localities of Tricholoma focale in Ukraine

No. Locality

Nature protection status

Year of the

Accessibility of the site *
report

of the area

1 |Poltava Region, Poltava District (former
Kyshenky District), Zavorsklyanskyi mixed
forests on the pine terrace of the Vorskla River

2 | Poltava Region, Poltava District (former
Kobelyaky District), Zavorsklyanskyi mixed
forests on the pine terrace of the Vorskla River

3 | Poltava Region, Poltava District (former Novi
Sanzhary District), Zavorsklyanskyi mixed forests
on the pine terrace of the Vorskla River

4 | Poltava Region, Poltava District (former Poltava
District) Zavorsklyanskyi mixed forests on the
pine terrace of the Vorskla River

5 | Poltava Region, Poltava District (former Dykanka
District), Zavorsklyanskyi mixed forests on the
pine terrace of the Vorskla River

6 | Poltava Region, Poltava District (former
Opishnya District) Zavorsklyanskyi mixed forests
on the pine terrace of the Vorskla River

7 | Poltava Region, Poltava District (former Kotelva
District) Zavorsklyanskyi mixed forests on the
pine terrace of the Vorskla River

8 | Mykolaiv Region, Pervomaysk District,
Pervomaysk forestry

9 | Dnipropetrovsk Region, Pavlohrad District,
Prysamarskyi forest

10 | Luhansk Region, Luhansk District, 3 km east

of Khristove village, Prydintsivska floodplain,
Stanychno-Luhanske branch of Luhansk Nature
Reserve, pine forest

11 |Luhansk Region, Dovzhansk District, Provallia
village, Provalsky Steppe branch of Luhansk
Nature Reserve

Luhansk Nature Reserve

Luhansk Nature Reserve

- Available to visit 1960

- Available to visit 1960

- Available to visit 1960

- Available to visit 1960

- Available to visit 1960

- Available to visit 1960

- Available to visit 1960

- Available to visit 1996

- Available to visit 1989
Temporarily occupied 2005

Temporarily occupied 2009

2009

13

14

15

12 | Kherson Region, Beryslav District, vicinity of

Olhivka village

Volyn Region, Kamin-Kashyrskyi District,
Zarudchi village

Ivano-Frankivsk Region, Kosiv District

Kyiv Region, Bucha District, near Kozyntsi village

Nyzhnodniprovskyi
National Nature Park
Prypiat-Stokhid
National Nature Park

Hutsulshchyna National
Nature Park

Temporarily closed to the
public
Partially restricted to visit

Available to visit

Available to visit

2008
2010, 2020

This study

* The restricted access due to russian aggression is provided here according to the website of the Ministry of Environmental
Protection and Natural Resources of Ukraine: https://wownature.in.ua/karta/.

of Ukraine by the aggressor state, forest clearance,
trenching, timber harvesting, forest fires, and active
combat operations are detrimental to the preserva-
tion of natural habitats and pose a significant threat
to the survival of flora and fauna.

Thus, out of 15 known records of the species, ten
are located outside protected areas. Four of them
are not currently accessible for further observation

due to ongoing military activities nearby. For the
rare species, such access is essential for updating
information on their distribution, particularly in
those regions where occurrence data has been lack-
ing for an extended period.

It is noteworthy that in all previously document-
ed sites, solitary fruit bodies were observed, typ-
ically no more than two or three fruit bodies. In
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contrast, the currently reported site yielded over 15
fruit bodies, making it the most abundant location
recorded in Ukraine. Given that this species was
found in an area without any protected status, it is
crucial to implement conservation measures such
as establishing conservation zones, disseminating
relevant information, and enforcing appropriate en-
vironmental regulations within the area.

Conclusion

In Ukraine, new records of Tricholoma focale were
observed in Kyiv Region in 2018, 2019, and 2021,
with over 15 fruit bodies. The occurrence of this
fungus in Ukraine is quite rare and sporadic. Cur-
rently, 15 locations of the species in eight admini-
strative regions of Ukraine are known: seven loca-
tions in Poltava Region, two in Luhansk Region,
and one in each of Mykolaiv, Dnipropetrovsk,
Kherson, Volyn, Ivano-Frankivsk, and Kyiv regions
(including our discovery).

Of the 15 known records of the species, ten are
located in the areas that do not have protected sta-
tus (not included into the nature reserve fund of the
country). For four of these locations, due to military
actions and temporarily occupation of Ukraine’s
territory by the aggressor state, there is no possibili-
ty to conduct further research in the area, where the
information on the species occurrence has not been
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Hosi snaxinku pigkicHoro rpub6a Tricholoma focale (Agaricales) B Ykpaini

M.M. CYXOMJIMH !, M.B. TACAVI/IIOK 2, HM. POHTAHA 3

! TncruryT eBomounirinoi exonorii HAH Ykpaitu, By Jle6enesa 37, Kuis 03143, Ykpaina
% Hauionanpuuit npupogsuit mapk "Tynynsimuua’, By [Ipyx6u 84, Kocis 78600, Ykpaiuna
3 Kanidopuiitcokuii ynisepcurer, [leiisic, Kanidopnis, CIIIA

Pedepar. Bun Tricholoma focale Bxnrouennit fo YepBoHoi KHury YKpainu 3i crarycom "Bpasmusuii’. Y 2018-2021 pp. mu
BUSIBI/IVM HOBMII TTOKanmiTeT rpuba mobmusy cena Kosunni (Ipmincbka TeputopianpHa rpomaza, bywancekuit paiton, Kuis-
CbKa 0071aCTh), [ie CIIOCTEpPiranm i1oro MacoBe IVIOLOHOUIEHHST — IIOHAJ, 15 ek3eMIUIsIpiB. My BCTaHOBMIH, 110 Pa3oM i3 Ha-
VMY JAHVMY B YKpaiHi 3arasom Bigomo 15 MicIie3HaxofpkeHb Ipy6a; 3 Hyx 10 1oKasiTeTiB 3SHAXOXATHCA 032 MeXKaMI Te-
PUTOPIA, AKi MalOTb CTATyC IPUPOJIHO-3aMOBiIHMX. BCTaHOB/IEHO TaKOXK, 1110 IOBTOPHI JOC/TII)KEHHA YOTUPhOX MONEPefHix
MiCIIe3HaXO[KEHb € HEMOXXTMBYMM 9€Pe3 HEJOCTYIHICTh X TEPUTOPINl BHACTIOK POCiiICPKOTO BTOPTHEHHS B YKpaiHy Ta
BoeHHi z1il. HeobxiffHo pospo6utn 3axomy oxopoun 1. focale in situ Ta BURUIUTH L€Vl BUJ B YUCTY KY/IBTYPY A/Is 36epesxeH-
HsA JIOTO T€HETUYHOTO PI3HOMAHITTA ex Siful.

KimrouoBi cmoBa: 30epexxeHHs, MOpQOJIOTiuHi 03HAKM, HOBI JIOKa/IiTeTH, MO pPeHH s, YepBoHa KHUTIA YKpaiHu
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Hosi gna Ykpaiau npengcrasauku poxais Bolbitius i Conocybe

(Bolbitiaceae, Basidiomycota)

Muxkomna I1. [IPYIIOK
IncturyT 6otaniku im. M.I. XonogxHoro HAH VYkpainu,
By Tepemenkicbka 2, Kuis 01601, Ykpaina

Anpeca i MACTYBaHHL: prydiuk@gmail.com

Pedepar. CraTTs MicTUTP HaHi PO 3HAXIAKM [EAKMX HOBUX Ta PiIKICHMX s YKpailHU TakCOHIB i3 poxis Bolbitius i Co-
nocybe. [I1sa Bupn (Conocybe ambigua, C. rickenii) Ta ogun pisHoBup (Bolbitius titubans var. olivaceus) sHaiineni B Ykpaini
BIeplle, B TON 4ac AK A/ 4oTupbox Bupis (Conocybe macrocephala, C. macrospora, C. subpallida ta C. subpubescens) i
opHoro pisnoBugy (Conocybe subxerophytica var. brunnea) BuUsBIeHi HOBI Miclje3HaXO/pKeHH:. [/ BCIX BMINe3TafaHUX
TaKCOHIB HaBeJleHi JJaHi 1110/10 pO3IOBCIOJ)KEHHA B YKpaiHi Ta c¢BiTi. /I HOBUX B Halliil KpaiHi BUJiB Ta Pi3HOBU/IIB TAKOX
JIOfIaHi OMVICU Ta OPUTiHAIbHI PUCYHKM MaKpO- Ta MiKpOO3HaK.

Knrouosi coBa: HOBi 3Haxifky, pifkicHi BUAW, pi3HOBU/, PO3IOBCIOMKEHHS, Agaricales, Bolbitius, Conocybe

Bcryn

IIpencraBuuku popuuu Bolbitiaceae (Agaricales,
Agaricomycetes, Basidiomycota) BOBruit 4ac mpu-
BepTa/u Ay>Ke Majo yBaru 3 OOKy YKpalHCBKUX
mikonoris. Tak, y BigmoBigHOMYy TOMi "BusHauHMK
rpub6iB Ykpainu" (Zerova et al., 1979) 6yno HaBeze-
Ho nuuie 10 BuAiB i3 BkasaHoi pogunu. CTaH Bu-
BYEHOCTI IIi€l rpyny 3HAYHO IOKPAIMBCA 3 BUXO-
nom tomy "dnopu rpubiB Ykpainu', IpucBsAYEHOTO
came 1it popuHi (a Takox popuni Coprinaceae), e
BXXe Oy HaBeneHi maHi mpo 50 BupiB wi€l popu-
Hu (Prydiuk, 2015). IIpore Bumosuit cknag Bolbi-
tiaceae B Hallill KpaiHi Bce e He MOXKHA BBaXkaTu

HocIifpkeHMM IoBHicTI0. Hanpukiapn, Bxe micna
Buxopy MoHorpadii (Prydiuk, 2019) 6yno 3naiine-
HO Ki/lIbKa HOBMX Ji/IA YKpalHM BNJIIB Ta Pi3HOBMU-
[iB 3 1iel popyHM, i HOBI 3HAXIKM IPOJOBXYIOTh
TPAIIATUCS. 30KpeMa MPOTATOM OCTAHHIX Ki/TbKOX
POKIiB B/Ia/loCA BUABUTI HU3KY HOBUX Il YKPAIHM
TAKCOHIB POZVHN, a TAaKOX HOBi JIOKJIiTeTU Jes-
KMX BXXe BiJOMMX y Hac BUJliB Ta pisHoBufliB. Came
IIPO HMX i VJIeThCA y Ljill CTATTi.

Marepianu Ta MeToau

®opmy i po3sMipy IIOKOBUX Ti/l OIMCYBaIM 3a CBi-
xo3ibpaHumm exseMiurapamu. Jeram Mikpocko-
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miyHOi OymoBM TIpMOIB [OCTIIKYBamM Ha CyXUX
Kapriodopax. Posmipu cmop, HaBemeHi B CTarTi,
IPYHTYIOTbCSI Ha BuMipax 20 BUIIagKoBO Bimibpa-
HJX eK3eMIUIAPiB (Y T. 4. HA/IMEHIIOTo Ta Halbinb-
IIIOT0) 3 OJHOIO 11 TOrO X IVIOZOBOro Tina. [ iH-
VX MiKpPOCTPYKTYP Mipsimu 1o 10 06'exTiB.

Y crarTi BUKOPUCTaHi TaKi yMOBHi TO3HaYeHHA:
av. L — cepenHa nopxmHa ciopy; av. B — cepepgnsa
MIMpUHA CIOpY; L — 4YMCIo JOBIMX IIACTMHOK
rimeHodopy (ki mocsaraoTs HDKKM); | — dmcio
KOPOTKMX IUIACTUHOK (SIKi He TOPKAITBHCS HIXKKMN)
MK gBoMa moBruMy; Q — BiJHOIIEHHS MOBXMIHMU
criopyu jo 1i mmpuHu (kBoTieHT); av. Q — cepenHe
3HayeHHsd KBoTieHTa. JInd BCiX 3HaueHb (HOBXKIU-
Ha, IIJMPVYHA Ta KBOTIEHT) PO3paxoOBYBalU TaKOX
BE/IMYMHY CTAHIAPTHOTIO BinxmaeHHA (mudpa mic-
N 3HaKy *). [11 po3paxyHKiB BUKOPUCTOBYBaIN
nporpamy Microsoft Excel 2003. Bci posrsanyTi
3pasKm, OKpiM CIIeliaNbHO Bifj3HaYeHuX, 3i6paHi
aBTOpOM i 36epiratorbcsa B HanionaipHOMY rep6a-
pii Incturyty 60Taniku im. M.I. Xonoganoro HAH
Ykpainu (KW-M).

PesynbraTi Ta 06TOBOpEeHHA

3aranom 6Oyno 3HaiineHo fBa Bupu (Conocybe am-
bigua Watling ta C. rickenii (Jul. Schaff.) Kiihner)
i omuu pisnoBun (Bolbitius titubans var. olivace-
us (Quél.) Arnolds), 1m0 BUABUINCA HOBUMM [I/IS
Ykpainu. Jnsa goruprox Bugis (Conocybe macroce-
phala Kithner & Watling, C. macrospora (G.E. Atk.)
Hauskn., C. subpallida Enderle ta C. subpubescens
PD. Orton) i ogxoro pisHoBupny (Conocybe subxero-
phytica var. brunnea Hauskn.) Oynu 3apeectpoBasi
HOBI MicClle3HaXOPKeHHs. Bi/IbIIicTh BuIljeHa3BaHUX
TakcoHiB (okpim Conocybe ambigua) Bxxe BKasyBa-
nucsA y BignosigHoMy ToMi "®mopu rpubis Ykpainn'
(Prydiuk, 2015) sx noTenuiiiHo BiporigHi Ha Tepu-
Topii HalIol KpaiHy, i 1A HuX Oy/n1u HaBefeHi IOBHI
IiarHosy, CKIajeHi 3a aiTeparypHuMu JanuMu. Ja
TaKIX TAKCOHIB HIDKYe HaBOJATHCA OHOBJIEHI OINCH
3 ypaxyBaHHAM Pe3y/IbTaTiB BMBYEHHA HOBO3Halile-
HIX YKPAIHChKUX 3Pa3KiB, a TAKOX JOMAIOTHCA OPU-
rinanmbHi pucyHkn ta ¢oro. Ina Conocybe ambigua
HaJjaHi OpUTiHAJIbHI OMNC, CBITIMHM IIOJOBUX Till
i pucyHKM Makpo- Ta MiKpoosHak. [y BXe Bifio-
MUX 3 YKpaiHy BUJIiB Ta PiSHOBMJIB IOJAEMO JIMIIIE
OpUTiHaJIbHI CBITMHU IXHIX Kaprmodopis, a TaKoX
aKTyasIbHi JJaHi IPO PO3NOBCIOIPKEHHA X B YKpaiHi
Ta CBITi. Bci HM KYeomnmcani TaKCOHM HaBeJIeHi B aJji-
¢daBiTHOMY IIOPAAKY.
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Bolbitius titubans (Bull.) Fr. var. olivaceus
(Quél.) Arnolds, Persoonia 18(2): 204. 2003. —
Puc. 1A, 2.

Bolbitius vitellinus var. olivaceus Quél., Bull. Soc.
bot. Fr. 23: 329. 1877 [1876]. — Pluteolus vitelli-
nus var. olivaceus (Quél.) Quél., C. r. Assoc. Frang.
Avancem. Sci. 18(2): 510. 1890. [1889]. — Bolbitius
variicolor G.E. Atk., Studies Amer. Fungi: 164. 1900.
- Mycena variicolor (G.F. Atk.) Murrill, N. Amer.
Fl. 10: 191. 1917. - Bolbitius vitellinus var. variicolor
(G.E Atk.) Krieglst., Beitr. Kenntn. Pilze Mitteleur.
7:62.1991.

[MManmuka 1,5-5,0 cM 3aBIIL., CIIOYATKY OKPYIJIA,
ANenonioHa, KOHIYHOA3BOHMKONOIOHA, MMisHilIe
OIIYK/Ia, OIIYKJIOPO3IIPOCTEPTA O ILIOCKOPO3IPO-
CTEPTOI, 3 HEBEIMYKOK BUITYK/IICTIO B IEHTPI, pafi-
alpHOpyOYacTa Ha 1-2 TpeTVHY pajiycy IManHKY,
B IIeHTpi rpy0O3MOpILIKYBaTa [0 CiTYaCTO-XKWI-
KyBaToi (CKM/IKM JeIlo TeMHimi, aHDK OCHOBHUI
¢doH), cM3KCTA, CIOYATKY BOXPUCTO->KOBTA, ONIUB-
KOBO-)XOBTa [0 O/NMBKOBO-KOPMYHEBOI, IIi3Hille,
MOYMHAIOYM 3 KpaiB, CTa€ Oiff0-KOPUIHIOBATOIO,
36epiraroun >XOBTyBaTe a00 3e/leHKyBaTe 3abapB-
7eHHA nuiue B ueHTpi. IDmacTuHKM BinbHI, rycri
(L = 28-50, I = 1-3), Bunyxmi, o 0,3 cM 3aBuL,
croyarky OinyBaTi IO COMOM'AHO-XOBTHUX, CKOPO
CTaloTh O7il0-CipyBaTO-KOPMYHEBUMM, —Ii3Hille
JKOBTO-KOPUYHEBUMM [O KOPUYHIOBATO-OpaHXKe-
BUX, 3 OMiaMM [piOHOTOPOYKYBATUM KpPaEM, pO3-
IUIMBAIOTbCA Mif 4ac mo3piBaHHA. Hixkka 4,0-10,0
x 0,3-1,0 cM, Hemo 3BY>XXYETbCA [JOTOPU, 3 6y}1a—
BOIIOAiOHOI0 OCHOBOIO, Tpy0uacra, HOBHICTIO 60-
POIIHUCTO-3epHMCTA, Oima, Omifo->KOBTa, >KOBTa
10 TMMOHHO->XOBTOI. M'ﬂKym B manuHii go 0,2
CM 3aBTOB., OJIMBKOBO->XOBTUI1, B HIKII OinMi1 1o
cBiT/IO-3KOBTOrO. Bes 0cob6mmBoOro 3anaxy Ta CMaxy.
CriopoBuii MOPOIIOK CBIiT/I0-ipyKaBO-KOPUYHEBUIL.

Coopn (10,0-)10,5-14,0 x (6,0-)6,5-8,5(-9,0)
MKM, Q = 1,43-1,86; av. L = 12,0 + 0,96 MmkmMm, av. B
=7,1 + 0,8 mxm, av. Q = 1,54 + 0,14; memo CIuroc-
HYyTi, aH(ac BUIOBXEHOANIIENORIOH] Ta erincono-
1i6ui, B mpodinp enincomnonibui o memo Murga-
JIeTIONiOHYX, 3 [[EHTPATBHOK POCTOBO MOPOIO [0
2 MKM 3aBIIL., TOBCTOCTiHHi, MEJIOBO->KOBTi Y BOJi,
JKOBTO-KOPMYHEBI JI0 OpPaH)XeBO-KOPUYHEBUX B
KOH, nposopi. basugii 17-25 x 11-13 mkm, 6yra-
BOIOJIiOHI, 4-CrIOpoBi, oTOYeHi 4-6 1ceBomapadi-
3aMM KOKHa. XeMIonucTuau 25-65 x 12-25 MM,
OynaBonofi6Hi, IWIAMIKONOAIOHI Ta MilIKonoAi6Hi,
3 BEpXiBKOI 6-12 MKM 3aBul., yncneHHi. [Inespo-
UUCTUAM Ta minouuctuan BifgcyTHi. Kaynouucrupn
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Puc. 1. [Tnoposi tina. A: Bolbitius titubans var. oli-
vaceus (poto O.M. Banarypn); B: Conocybe ma-
crocephala; C: Conocybe subpubescens; D: Conocy-
be ambigua; E: Conocybe macrospora; F: Conocybe
subpallida; G: Conocybe subxerophytica var. brun-
nea. Macura6 niniikn: 1 cm

Fig. 1. Fruit bodies of A: Bolbitius titubans var. oli-
vaceus (photo by O.M. Balahura); B: Conocybe ma-
crocephala; C: Conocybe subpubescens; D: Conocy-
be ambigua; E: Conocybe macrospora; F: Conocybe
subpallida; G: Conocybe subxerophytica var. brun-
nea. Bar: 1 cm
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Puc. 2. Bolbitius titubans var. olivaceus. A: nnonosi Tina;
B: 6asupii; C: xermounctupy; D: xaymoumctupy; E: cro-
pu. Maciurab nisiitkn: 1 cM ist wiogoBux Ti, 10 MKM yis
MiKPOCTPYKTYP

Fig. 2. Bolbitius titubans var. olivaceus. A: fruit bodies;
B: basidia; C: cheilocystidia; D: caulocystidia; E: spores.
Bars: 1 cm for fruit bodies, 10 um for microstructures

24-55 x 8,5-19,0 MxM, OynaBonofiOHi, IJIALIKO-
noni6Hi Ta Mimkomopi6Hi, y BepxHiil YacTuHi
31e6i/IbIIOro KOpaynonofibHo posramyskeHi abo 3
HaJIbIeNOfIOHNMY BUpocTaMy, duciaeHHi. Kyrtu-
Ky/Ia LIAIlMHKY IiMeHONoni0Ha, CKIajaeTbcs 3 Oy-
JIABOIIOLIOHMX K/IITMH 8-26 MKM 3aBII., BKPUTHUX
TOBCTUM LIApOM Cu3y. IIpsKKu Bificy THI.

IloogMHOKO Ta HEBEMKMMM TiCHMMM TpylaMu
Ha IPYHTi, KOMIIOCTi, €KCKpEMEHTaX TPaBOIJHUX
TBAapUH, THIWINX POCIMHHUX 3a/IMIIKAX, TepeBax-
HO B TpaB'sHMX (IyKax, IMACOBMCBHKAX, IIYCTUPSIX)
YTPYIIOBAHHAX, Pifillle B JIICOBMX Ta YarapHUKOBUX,
TaKOXX y ITapKax i cajiaX, 3 4epBHA Jj0 )KOBTHA. He-
ICTiBHMIA.

Hocnimxkeni 3pa3kmu. MuxomaiBcbka 007, M.
Muxonais, napk Ilepemory, gepeBHi Haca/>)KeHHS,
Ha IpyHTI, 46°59'06.1"N, 31°59'44.6"E, 25.10.2020
(KW-M71595), 3i6p. O.M. banarypa.

3aranbpHe nomupeHHA. €spomna: ABctpis, benb-
ris, Benmuka bpuranis, [ania, Ecrtonia, Icnanisg,
Itanisa, Jlatia, JIurea, Higepnanpgu, HimeuunHna,
Hopsgeriss, Cep6is, Crnoeniss, Ykpaina, ®Pixnsau-
nisg, @pannia, Yexia, lsernapia, [Isenis. Asia:
Kuraitcokuit Taii6eit, SInonis. IliBHiuHa AMepuka:
Kanaga, Mekcuka, CHIA. ABcTpanasisa: ABcTpais
(https://www.gbif.org/en/species/3323451).

Bolbitius titubans var. olivaceus HOCUTbH JIETKO
BifipisHs€TbCs Bix TMIOBOI Bapiauii OinpmmM Ta
MaCUBHIIIMM IUIOJOBUM Ti/lIOM, BMPa3HOI0 CiTya-
CTO-KMJIKYBaTOI0 MOBEPXHEI0 IMAMMHKY, a TAKOX
Heljo TeMHimuMy (Bifi ONMMBKYBaTO->KOBTOTO IO
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O/IMBKYBAaTO-KOPUYHEBOr0) 3abapBleHHsAM  OC-
TaHHbOI. MIKpPOCKOMiYHI 03HAKM Oi/MbII-MeHIII
imentnyuHi B 060X Bapiauisx B. titubans (Arnolds,
2005a), w0 BUABWIOCSA CIIPaBeNIMBYM i I YKpa-
iHcpkux 3paskiB (Prydiuk, 2015).

Crip BKaszary, 1110 TaKCOHOMiuHMIt paHr Bolbitius
titubans var. olivaceus 3amuIIaeTbcsa MOKK 1O [IC-
KyciitiuM, i gesiki aBropu (Hausknecht, Vesterholt,
2012a) posrisAanTb Horo sik okpemuit Bup Bolbi-
tius variicolor G.E Atk. Y "®nopi rpubis Ykpainn"
(Prydiuk, 2015) BiH Te>k HaBOEVBCA IIifj LIi€I0 Ha3-
BOI0. HacKiIbKM Takuil paHT BUIIPAaBJaHUI, IIOKK
HEeMOXX/IMBO JOCTOBipHO BcTaHOBUTU. OTpuMaHi
OCTaHHIM YacOM pe3y/IbTaT MOJEKY/IAPHO-TeHe-
TUYHUX JOoCTikenb Bolbitius titubans s. 1. (Malyshe-
va et al.,, 2015) mmokasau, 110 B JI0Or0 CKIaJi MOXKHA
BUJIINTH IIOHAVIMEHIIIE YOTHPY BYPA3HO BiJKpeM-
JTeHi KiIagy, ajne ixHiil TakCOHOMiuHMIl cTaryc (4m
HpefCTaB/IAITb BOHU BHYTPILIHbOBUJOBI TaKCOHM,
) OKpeMi BU/Y) 3a/IMILIAETHCS He3'SICOBAHUM depes
HEJIOCTATHIO KiZIbKiCTh JOCTI/)KEHNX 3PA3KiB.

Conocybe ambigua Watling, Notes R. bot. Gdn
Edinb. 38(2): 331. 1980. — Puc. 1D, 3.

Conocybe siliginea var. ambigua Kithner, Ency-
clop. Mycol. 7: 106. 1935. — Galera ambigua Kii-
hner ex J.E. Lange, Dansk bot. Ark. 9 (no. 6): 38.
1938. — Conocybe ambigua Kithner & Romagn., FL.
Analyt. Champ. Supér. (Paris): 346. 1953. - Cono-
cybe ambigua Kithner ex Singer, Mycologia 51(3):
395. 1959.

Hlanmuuka posmipom 0,5-2,0 cM, crovarky
OKPYIJIOKOHIYHa 3rOflOM BiJj BMIIYK/IOI [0 BH-
HyK/IOpO3IpocTepTol, 6e3 TropOuKa, I/ajieHb-
Ka, rirpodaHHa, cupa >XOBTYBaTO-KOPUYHEBA [0
OpaH)XeBO-KOPUYHEBOI, 3TOJOM YXOBTO-KOpPITYHe-
Ba, KOPMYHEBO-OPAHKeBA, ONIDKYE MO KpaiB [elio
CBiT/illIa, IPO30pO-CMyracTa Maibke /10 LIEHTPY,
Hmifcox/Ia jmile 3jerka cpiriima. IlmacTuHkmu By-
3pKonpupocii, momipao pigki (L = 16-20,1 = 1-3),
BUITYKJI, CIIOYaTKy >KOBTYBaTO-BOXPUCTIi, 3rOfOM
ip>kaBO-KOPMYHIOBATI, 3 [€WI0 CBIiT/ILINMM, ApiOHO-
TOpouKyBaTuM Kpaem. Hixka 2,5-5,5 x 0,1-0,15
CM, IVIIH/IPUYHA, 3i 371erKa 0y/1aBOIOAIOHO IIOTOB-
1[eHOI0 a60 Maibke 6y/1bO0NOAiO6HOI 0CHOBOO (1O
0,3 cM 3aBIIL.), TpyO4acTa, 60pOIIHICTA O 6OpOLI-
HIUCTO-CMYTacTOi, BOXPICTA, BOXPUCTO-KOPUIHIO-
BaTa, 3 O/Ii/1ilI00 BEPXiBKOIO, BiJi OCHOBM [OTOPU 3
BiKOM TeMHilmae. M'IKyIll B IIaNMHII 3aBTOBUIKM
1o 0,1 cM, >KOBTYBaTMI1, B HDKIII TeMHIIINIA, KOpUY-
HIOBaTO->KOBTMIL. Be3 ocobnmBoro 3amaxy ta cMma-
Ky. CIopoBuii MOPOLIOK ip>KaBO-KOpUYHEBUIA.
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Cnopu (10,0-)11,0-13,0(-14,5) x 6,0-7,5 Mmxm, Q
=1,57-2,0, av. L = 12,1 + 0,88 mMKmMm, av. B = 6,7 +
0,39 MkM, av. Q = 1,8 + 0,13, andac eninconopioHi,
eIinconofibHo-MMMOHONONiOHI abo eminconoxio-
HO—B€p€T€HOHOI{i6Hi, y npodﬂnb IeL0 MUTHAIEIIO-
Ii6Hi, 3 pOCTOBOIO MOPOIO 710 1,5 MKM 3aBIIL., 37I€TKa
TOBCTOCTiHHI, )KOBTYBaTi y BOJi, 6J1110->)KOBTO-KO-
puunesi y KOH, nposopi. basupii 17-24 x 6,5-8,0
MKM, OynaBomnofibHi, 2-croposi. XeionmucTupy
15-25 x 6,0-7,5 MKM, KeIJIelofibHi, 3 IUITKOK [0
5,5 MKM 3aBjI. Ta 10 2 MKM 3aBTOB., 3 TO/TiBKOIO 3,0—
4,5 MKM HVPUHOIO, YKcleHHi. ITnesponuctuay Ta
nizouucTuayY He BuABIeHi. Kaymoumctunmu Tppox
TUIIB: a) Kertenomioni, 19-25 x 8—12 MKM, 3 IIuii-
KOIO 1O 5 MKM 3aB]l. i roniBkoro 3,0-3,5 MKM 3aBIIL.,
TPAI/IAIOTHCA IEPEBAXKHO Ha BEPXiBIIL HIXKM, [O-
HU3Y IOCTYIIOBO 3HUKAIOTh; 0) OKPYIZIO Oyr1aBoIo-
mi6Hi Ta MimkomnoibHi, posmipom 10-22 x 6,0-9,5
MKM, JOCUTD YICIEHH]; B) BOIOCOIOMiOHI, O 2 MKM
3aBTOB., MOBXIHOI0 10 100 MKM, TOCUTh YMCAEHHI.
KyTukyna manmHky riMeHOIIofiOHa, CKIIaga€TbCs 3
OKpYINIOOYIaBONONIOHMX Ta OKPYITIOTPYLIOIOAIO-
HUX KIITUH 22-55 MKM 3aBHIMPHIKY. € IPSKKM.
AmoHiitHa peakuis' HeraTuBHa.

IT1070Bi TiNa poCTyTh MOOAMHOKO HA I'PYHTI 200
CTapux KOCTPHUILAX, y Jicax Ta Ha y306iyuaAx JOpir,
3pinka Ha IyKax, 3 TpaBH: fo >xoBTHA (Hausknecht,
2009). HeicriBHmuii.

Hocnimxeni 3pasku. Xmenbuniibka o671, Ille-
NeTiBCbKUI p-H, HaljionanbHmit npupogHmit mapk
(HIIIT) "Mane ITonicca", miBmeHHO-3axifHa OKOIN-
1 ¢. Crpurany, 6eper 03. brrakntHe, COCHOBMII JIiC,
Ha cTapomy KocTpuii, 50°18'38.4"N, 26°46'14.5"E,
13.09.2018 (KW-M71596).

3aranbHe nomupeHHd. €ppomna: ABcTpis, benb-
rig, Hanisa, Ecronis, Icnania, Iramia, Jlareis, Hi-
nepnanau, Himeudnna, Hopserisa, Ilonpimia, Pocis,
Cnosenis, Ykpaina, Qinnanpgia, Opanuisa, Yexis,
[IBernisi. Asist: Pocist (Cubip, Jamexnit Cxin). ITis-
HiuHa Amepuka: Kanaga (Hausknecht, 2009; Maly-
sheva, 2018; https://www.gbif.org/species/2529746).

Cnip 3asHauMTH, 1[0 BUIIEONMCAHUI 3PasoK
Mae JIelj0 MeHIIi CIiopy, aHbK OinblricTh aBTOpiB

! AMoOHilTHa peaKLis — yTBOPEHHS FONKONORIOHIX KprCTa-
JIMKIB (KpMCTaMMKM iHIIOI (opMM, HAIpUKIAL IIpU3Ma-
THYHI, 3ipyacTi a0 MaIMIKONOAiOHI, He € O3HAKOI Ijiei
peakiil) y MIKpOCKOIYHMX INpemapaTax riMeHioo rpuba,
3MOHTOBAHMX Y 25%-My BogHOMY po3unHi amiaky (Hausk-
necht, 2009). BoHa BUKOPYCTOBYETbCS B IKOCTI JOAATKOBOI
O3HAKWU [i/Is1 BU3HAYEHHs IpefCTaBHUKIB poxy Conocybe.

\JT @
O @@@O

Puc. 3. Conocybe ambigua. A: mnomosi Tima; B: 6asupii;
C: xeftnonmctupy; D: xaynouyctuay; E: ciopn. Macmrra6 si-
HiViKm: 1 cM 1 TIZIO0BYX Tif, 10 MKM [I/IA MiKPOCTPYKTYp

Fig. 3. Conocybe ambigua. A: fruit bodies; B: basidia; C: che-
ilocystidia; D: caulocystidia; E: spores. Bars: 1 cm for fruit
bodies, 10 pm for microstructures

HaBoaATb Ayt Conocybe ambigua: (11-)12-14(-16)
x 6-8(-9) mxm (Watling, 1982), (10,0-)10,5-15,5(-
16,5) x 5,5-7,5(-8,5) mxm (Arnolds, 2005b) a6o
10,5-16,0 x 5,0-8,5 mxm (Hausknecht, 2009; Hau-
sknecht, Vesterholt, 2012b). Ile 36mmxye BkasaHuMit
3pasok 3 rtakumu Bupamu, sk Conocybe bispora
(Singer) Hauskn. a6o C. tetrasporoides Hauskn.,
II0 XapaKTepu3ylTbcsl MeHImMY, HixX y C. ambi-
gua criopamu. IIpoTe mepunit 3 HUX He Ma€ JKOJ-
HUX KeIJIeMOfiOHNX Kay/lIOLWCTHJ, HaBiTh Ha
BEpXiBLi HDKKM, a JPYTUIl BifpisHAETbCA 4-CIO-
poBuMM 6asupmiamu (i CIIOpM Ma€ Ie MEHINI, HiK
B YKpaiHcbKoro 3paska). HeoOXigHO Takox BKa-
3atu Ha crenudiuny dopmy crop C. ambigua, sxi
4acTo OyBalOTh eIiICcOoNoniOHO-TIMOHONONIOHY-
MU Ta eninconofibHo-BepereHononiounmu. Came
Taki CHOPYU 4acTO CHOCTepiraancs B yKpaiHCbKOTO
3paska, 10 i1 J03BO/IsA€ ineHTHdiKyBaTu Jioro sk C.
ambigua. e nea Bupu (Conocybe macrospora (G.E.
Atk.) Hauskn. ta C. merdaria Arnolds & Hauskn.) 3
fiBOCIIOpoBMMIU 6Oasupisavmu ta nogi6uowo no Cono-
cybe ambigua 6ynoBoOI0 IOBepXHi HIXKY, BifpisHsI-
J0ThCA Bifl HbOro IoMiTHO 6ibmyMu (ocobmuso C.
macrospora) Ta BUPA3HO eJIICONOAiOHNMM CIIOpa-
mu (Hausknecht, 2009).

Conocybe macrocephala Kiithner & Watling in
Watling, Notes R. bot. Gdn Edinb., 38: 335. 1980.
— Puc. 1B.

Conocybe tenera f. macrocephala Kithner, Genre
Galera: 73. 1935. — Conocybe macrocephala (Kiih-
ner) Kithner & Romagn., Fl. anal. Champ. Sup.: 346.
1953. — Conocybe abrubtibulbosa Watling, Notes R.
bot. Gdn Edinb., 38: 345. 1980. - Conocybe herinkii
Svréek, Czech Mykol., 48: 295. 1996.
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3pocTae MOOAMHOKO Ta HEBENMKUMM TI'PyIaMu
Ha IPYHTI B JINCTAHMUX JlicaX, 3 YePBHA [0 >KOBTHA.
Pipxicuuit. HeictiBHmI.

Hocnimxeni 3pasku. BinHnipka o6, Taricuu-
cokumit p-H, HIIIT "Kapmeniokose Ilopimna’, Yep-
BOHOTpebebChbKe MPUPOLOOXOPOHHE HAYKOBO-[0-
cnipue Bipminenus (pami no tekcry — ITH/IB), kB.
50, rpaboBo-ay60BMit 1ic, Ha IpyHTi, 48°06'08.0"N,
29°17'18.6"E, 08.11.2023 (KW-M71798), [ox-
HaHcbke [TH/B, kB. 79, HceHOBo—rpa6OBMV“[ JIic,
Ha IpyHTi, 48°15'49.8"N, 29°07'05.1"E, 09.11.2023
(KW-M71599).

Inmri micre3HaxomkeHHsA B YkpaiHi. TepHo-
ninbcbka 0011, YOpTKIBCBKMUIL P-H, IPUPOIHMIL 3a-
noBigHuK "Meno6opn'", Bikusucoke [TH]IB, 24 8.,
rpaboBmit jic, Ha IpyHTi, 26.06.2007, kB. 27, Ipa-
6oBo-gyboBuMIt ic, Ha IpyHTI, 25.09.2007, kB. 43,
rpaboBuii sic, Ha rpyHTi, 30.09.2007, [opogHuiibKe
ITH]IB, k8. 40, rpaboBnii ntic, Ha IpyHTi, 29.09.2007,
Kpacusauceke ITH]IB, xB. 39, rpaboBwmit jic, Ha
IpyHTi, 28.09.2007 (IIpuprok, 2015).

3aranbpHe nomupeHHA. €spomna: ABctpis, benb-
ris, Benuka Bpuranisa, [lania, Ecrounis, Ipnanpis,
Icnianis, Itania, Jlarsia, Hinepnangu, HiMeuunHa,
Hopseria, Ilonbma, Pocig, Yropmmuna, Ykpaina,
Oinnanpia, Opanuis, Yexia, llsernapia, [Isewis.
Asis: Pocis (Cubip), Y36exncran. IliBHiuHa Ame-
puka: CIIA (Hausknecht, 2009; Malysheva, 2018;
https://www.gbif.org/species/8255416).

IOnsa Conocybe macrocephala xapakrepHa KOM-
OiHallis TakuMX O3HAK, AK JOCUTh MAaJIeHbKi TOH-
KOCTiHHI CIOpM, LMCTUAM 3 BiJHOCHO BEIMKOIO
(5,0-6,5 MKM) TONIBKOIO Ta IIO3UTMBHA aMOHIiTHa
peaxuis. bnnskuit Bup C. tenera (Schaeff.) Kithner
Mae GinTpIi TOBCTOCTIHHI CTOPY Ta UMCTUIY C MEH-
momw (3,0-5,5 MKM) TroiBKOW0. Y IeIKUX BUIIAf-
Kax (KO aMOHIilHA peakilis ClabKo BUpakKeHa)
C. macrocephala moxwua nepernyraru 3 C. juniana
(Velen.) Hauskn. & Svrcek, xorpmit, ogHak, Mae
mpibHiun maomoBi Tina, 6ibLI CIIOPY 3 TOBCTILIN-
MI CTiHKaMJ TEMHIIIOTO KOMbOPY i KayJOLMCTUAN
3 TO/IiBKOIO 3HA4YHO 6i/1bIIoro posmipy (6-12 Mxm)
(Hausknecht, 2009).

Conocybe macrospora (G.F. Atk.) Hauskn.,
Osterr. Z. Pilzk., 12: 64. 2003. — Puc. 1E.

Galerula macrospora G.F. Atk., Genus Galerula
in North America: 371. 1918. — Galera megalospora
Jul. Schaff,, Z. Pilzk. 9: 170. 1930. - Non Conocybe
megalospora Singer, Lilloa 25: 297. 1953 (= Conocy-
be pubescens). — Conocybe rubiginosa Watling, No-
tes R. bot. Gdn Edinb., 38: 353. 1980.
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3pocTae MOOAMHOKO Ta HEBENMKUMM TI'PyIaMu
Ha I'HOI, YTHOEHOMY I'PYHTi, KOMIIOCT], iHOJi Ha CTa-
PUX KOCTPUILAX B IMCTAHUX, XBOMHMX Ta MillITAHUX
Jicax, a TAKOXX Ha JIyKaxX i IaCOBMCDHKAX, 3 IUIIHA 10
>koBTHA. PigkicHuii. HeicTiBHUIL.

Hocmipxeni 3paskn. IBaHo-®pankiBcbKa 0071,
Happipusaucekuit p-H, Kapmarcpkuit HIIII, Bopo-
xtsHcbke [TH/IB, 61musbko 2,5 KM TiBAeHHIIIe CMT
Bopoxra, AnmHoBuIt JIic 3 JOMIIIKOIO BibXM Cipoi,
Ha IpyHTi, 48°15'30.0"N, 24°35'01.8"E, 09.09.2015
(KW-M71604).

Inmi micnesHaxomkeHHa B YKkpaiHi. Bonu-
HcbKa 0071, Kaminb-Kamnpcepkuit p-u, HIIIT "[Tpu-
n'satb-Croxip', oxomuni c¢. CpamoBudi, rpaboBumit
mic, Ha rHOi KoHs, 19.07.2010 (Prydiuk, 2015); Ma-
HEBULBKUI p-H, YepeMCbKuil NpUpOJHMIL 3aro-
BiTHUK, KB. 23, COCHOBUIA JIiC 3 TOMIIIIKOIO ;Ly6a, Ha
crapomy koctpuii, 09.09.2004 (Prydiuk, 2007a,
2015). YepniBenpka 0671., Biokanubkuit p-1, HIITI
"Buoxunnpkuit’, Cononsncoke ITHIIB, yp. "Cre6-
HUK', mpaBa Tepaca p. CTeOHUK, IyKu, Ha IPyHTI,
06.09.2013, Tam camo, nipaBuit 6eper p. CTeOHNUK,
y36iqus gopory, Ha rpyHTi, 08.09.2013, yp. "Jleke-
ye", OMM3bKO 2 KM cXimuinre c. Jlekeue, SnuIeBuii
mic, Ha crapoMy Koctpuiii, 07.09.2013 (Prydiuk,
2015).

3aranbHe po3NOBCIOKeHHA. €Bporma: ABCTpis,
bonrapisa, Benuka bpurania, Jania, Icnanpia, Ic-
nanid, Irania, JIutea, Higepmananu, Himeuunna,
Hopseris, Ilonpmia, Pocis, Pymynisa, CnoBadyunHa,
VYropuuHa, Ykpaina, @innanapiga, @panunia, lseii-
uapis, lIBenis. Asis: Pocis (Cubip), TamxukcraH,
Y36exncran. Appuka: Tansanis. [TiBiuna Amepn-
ka: Kanapga, Ilyepro-Piko, CHIA. IliBgenna Ame-
puka: AprentuHa. ABcTpanasia: Hosa 3emanpisa
(Hausknecht, 2009; Malysheva, 2018; https://www.
gbif.org/species/8255416).

Conocybe macrospora JOCUTb JIETKO BifpisHu-
TU Bifl iHIINX IIPEJCTAaBHUKIB POy 3aBJAKMU TaKil
KOMOiHaIIil 03HaK, sIK 2-CIIOpoOBi 6a3upii, Jyxxe Be-
JIVIKi TOBCTOCTIHHI CIIOpM MOHAA 17 MKM 3aBA. Ta
HAsABHICTb Ha NOBEPXHi HUKKM cyMmii kernenopi6-
HUX Ta BOMOCOMOZiOHMX Kaynoructuy. Haii6inpin
ciopifnennit Bug, C. pubescens (Gillet) Kiihner,
Ma€ CXOXi criopy, ajze Bifjpi3HAETHCA 4-CIOPOBUMU
6asupiamu. Inopi 3 C. macrospora MO>KHa CIUTy TaTy
C. rickenii (Jul. Schaff.) Kithner, ockinbku B ocTaH-
HBOTO 1HO[i TPAIUIAIOTHCS MTOOAMHOKI Kermemnopio-
Hi KaymoumMcTuay Ha BepXxiBli HiKku. Kpim Toro,
BiH TeX PO3BUBAETbCA HA THOI, Ma€ 2-CIOPOBI
6asupil Ta coopy IpUOMU3HO TAaKOTO K PO3MIpY.
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Hosi gs Ykpainu npenctaBHuky poxis Bolbitius i Conocybe

OpHak JI0rO MOXXHA Bifpi3HUTM 3aBASKM CBiTIi-
VM IUIOJIOBMM Ti/laM (SIKi B MOIOfIOMY Billi 4acTo
MalTh OJIMBKYBaTWil BifTIHOK) Ta MOBHIN BifCyT-
HOCTi KeIJIenofiOHMX Kay/IoLVCTHU], B CepenHill Ta
HIDKHIN yactuHax Hibxky (Hausknecht, 2009).

Conocybe rickenii (Jul. Schiff.) Kiihner, Genre
Galera: 115. 1935. — Puc. 4.

Galera rickenii Jul. Schaff., Z. Pilzk., 9: 171. 1930.
- Conocybe siliginea sensu Singer, Acta Inst. Bot.
Komarov Acad. Sci. USSR, 2, 6: 44. 1950. — Cono-
cybe siliginea £. rickenii (Jul. Schaff.) Arnolds, Perso-
onia, 18: 228. 2003. — Galera pygmaeoaffinis sensu
Ricken, Blatterpilze: 225. 1915. — Conocybe copro-
phila sensu Lundell in Lundell & Nannf., Fungi exs.
Suec., 49-50: 906. 1957.

[Tanmuka posmipom 0,7-5,0 cM, cIto4aTKy A3BO-
HUKOIIOKiIOHA ab0 OMYK/IOA3BOHMKOMOAIOHA, IIi-
3Hillle OKPYITIOKOHIYHAa [0 KOHIYHOONYKJIOI, ITa-
IeHbKa, 37IeTKa K/eiiKa B CUMPY IOTOJy, CIIOYaTKY
cipyBaTo-BOXpucra abo CBiT/IO-CipyBaTO-KOpUY-
HEBa, 3 OJIMBKOBMM BiITIHKOM, Y LI€eHTpi TeMHilla,
nisHime 6rifocipysarTo->xoBTa ab60 67110 )KOBTYBa-
TO-KOPUYHEBA, rirpoaHHa, He IIPO30pO-CMYTACTa,
mic/IA MiACUXaHHA CTAa€ KPeMOBOIO, cipyBaro-6i-
no1 abo 6imyBaro-Boxpucroro. IImacTuHKM By3b-
KO-IIpMpOCI, TycTi Jo nmoMipHo pigkux (L = 15-25,
1 = 1-3(-7)), omyxii, mupuHowo go 0,4 cM, cnovat-
Ky Onmijo-BOXpucTi, HisHille OpaH)XeBO-KOpUYHe-
Bi 1O ip)KaBO-KOpMYHEBUX, 3 OimyBatum ApiOHO-
TOpoYKyBaTuM KpaeMm. Hixka 3,0-8,5 x 0,1-0,4
CM, IUIHAPUYHA, 3 Aelio 0y/IaBoONoAi6HO MOTOB-
I[EHOI0 OCHOBOIO, Tpyb4yacTa, GOpPOLIHUCTO-CMY-
racra, CTabKo ITyXHACTO-OKCaMMTOBA, CIIOYATKY
Onifjo-KOpMYHeBa, Ii3Hille, ITOYMHAKYM 3HUSY,
TeMHillla€ /10 CBiT/IIO-KOpU4YHeBOI abo Oypysaroi
6ina camoi ocHOBY. M'AKyII B IIanuHIi 6iyBaTuit,
B HDKUI Onmimo-kopuuHioBaTuii, OypyBaTmit 6imst
ocHoBn. bes oco6nmBoro 3amaxy ta cMaxy. Cropo-
BUII IIOPOUIOK ip>KaBO-KOPUYHEBMIA.

Cropu 14,0-17,0(-19,5) x 8,5-11,5 mMkm, Q =
1,63-1,92; av. L = 16,0 + 1,37 Mxm, av. B = 9,3 + 0,82
MKM, av. Q = 1,72 + 0,09; andac sitenonioHi, Bu-
IOBXKEHOAMIIENIONIOH], eTinconomiOni Ko BUmOBXKe-
HOJIIICOMORIOHNX, Y IPOdiND fello IPUITIOCHYTi,
eminconopiOHi, Hepifko 3/1erka MUTTaIenofioHi,
3 POCTOBOKX MOpOoK 1,8-2,5 MKM IIMPUHOIO, TOB-
CTOCTiHHI, MeJOBO-KOPUYHEBi B BOJi, ipXaBo- abo
yepBoHyBaTo-KopuuHeBi B KOH, mnposopi. ba-
supgii 20,0-29,0 x 13,0-16,0 MKM, 6y}IaBononi6Hi,
2-cnopoBi, iHofAi 3 KoMinkow 1-crnoposBux. Xeiio-
muctuan 17,0-25,0 x 6,5-9,5 MKM, KeIenonioHi,

Puc. 4. Conocybe rickenii. A: mwrogosi Tina; B: 6asugii; C:
xertnoructupy; D: kaymonmcrupy; E: ciopm. Macmta6 -
Hilik1: 1 cM JI IIOJOBYX Tif, 10 MKM I71 MiKPOCTPYKTYp
Fig. 4. Conocybe rickenii. A: fruit bodies; B: basidia; C: che-
ilocystidia; D: caulocystidia; E: spores. Bars: 1 cm for fruit
bodies, 10 pm for microstructures

3 MIMIKOIO JOBXKIHOIO IO 5 MKM i TOBIIIHOIO 10 2
MKM, 3 TOMIBKOK 4-5 MKM IIMPUHOK, YNCIEHHI.
IInespoumcTupn  BigcyThi. Ilimonmcrupm Bomo-
conopibHi ab0 Maibke LVWIHAPWUYHI, po3MipoM [0
50,0 x 2,5-5,5 Mxm. Kaynonuctuay gBox TUIiB: a)
OKPYTIi, OKpyI7I00ynaBonofioHi, yminapuyHi, 6y-
MaBOMOMIOHI Ta IIAMIKOMOAIOHI, po3MipoM 7-30 X
6,0-8,5 MKM; 6) Bomoconopioui, posmipom zo 100,0
x 2,0-2,5 MKM, 4ncneHHi. KyTukymna manmHky rime-
HOIIOZIiOHA, CK/IA/IA€ThCA 3 OKPYIZIO0Y/IaBOIOAIOHIX
Ta OKPYI/IOTPYIIONOAIOHNX KIiTUH 14-40 MKM -
puHOI0. € IpsHKKM. AMOHIIHA peakllis HeraTMBHA.

IToopmHOKO Ta Tpymamy Ha THOi, KOMIIOCTi Ta
YTHOEHOMY IPYHTi, Ha BiIKpUTMX MiclsaxX (Tykax,
[IACOBYCPKAX, MYCTUPSX, Y30i4dUsaxX [Opir), piniie B
cafiax i mapkax, 3 4yepBHA jo nucromnana. HeictiBHuil.

Hocnimxeni spasku. Bomnucpka 0651., Kaminb-
Kammpcbkuit p-H, HiBA€HHO-CXiffHa OKOMMIA C.
JI106'513b, Ha Gepesi 03epa, MACOBUCHKO, HA THOIO
KOHs, 51°49'40.6"N, 25°28'57.6"E, 07.10.2019 (KW-
M71597).

3aranbHe pPO3NOBCIOIKeHHA. EBpoma: ABCTpis,
benprisa, bonrapia, Bennka bpurania, Ipenis, [la-
Hig, Ecronis, Icnangis, Icrianis, Itanisa, Jintsa, Jli-
xrenwreitd, Higepnanpyu, Himeuunna, Hopseris,
[onpma, Iloptyranisa, Pocia, CnoBauunHa, Yrop-
myHa, YKkpaiHa, ®innanpiga, @pannia, Xopsarig,
Yexisa, [Iseitnapia, IBenisa. Asia: Monronis, Po-
ciz (Cubip), Typxmenis, Yz6ekucran. IliBHiuHa
Amepuka: Kanapma, CIIA. IliBgenna Amepuxa:
AprentuHa, bpaswumis. ABcrpanasia: AscTpanif,
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HoBa 3emanpgis (Hausknecht, 2009; Malysheva,
2018; https://www.gbif.org/species/2529858).

3aBIsKY 2-CIIOPOBUM 0a3UAIAM, JyKe BeIMKUM
criopaM Ta 3pocTaHHIO Ha rHoi Conocybe rickenii
DOCUTD JIETKO BiPiSHUTU BiJ, CIIOPiHEHUX BULIIB.
Hanomwkunit Bup, C. siliginea (Fr.) Kihner, Big-
pi3HAETbCA MEHIIMMM PO3MipaMH IUIOSOBUX Tin
Ta Bi[JCyTHICTIO O/IMBKOBMX BiJITiHKIB B 3abapBieH-
Hi mannukyu. Kpim Toro, iioro mranmHka He 6yBae
KJIEJIKOIO, @ POCTE BiH IIePEBa)KHO Ha IPYHTI. Yepes
HasBHICTb IIOOAVHOKUX KeIJIENOAiOHNX KayJio-
nuctuy Ha BepxiBii Hikku C. rickenii (xoua B Ha-
IIOTO 3pa3Ka MM IX He CIocCTepirannm), 10oro 4acom
MokHa crnyTtaTu i 3 C. macrospora. OcTanHil Tex
iHOmi TparUIsieTbCsl Ha THOI, Mae 2-CIOpoBi 6asm-
Aii Ta criopy IpuOIM3HO TAKOTO X PO3Mipy, OfHAK
BifIpi3HAETbCA HASABHICTIO YMCTIEHHUX KeIJIeNofio-
HYIX KayToUMCTHE (HOPsiy 3 BOTOCONOAIOHMM) TI0
Bcin mosxxuui Hixkkn (Hausknecht, 2009).

Conocybe subpallida Enderle, Z. Mykol., 57: 91.
1991. — Puc. 1E

3pocTae MOOAMHOKO Ta HEBENIMKUMU TpylaMu
Ha I'PYHTi, B IUCTAHMX, 3PifIka COCHOBMX JIiCaxX Ta
TpaB'sIHMX MicumHax (y36iuusax Jopir, Tykax), 3 Be-
pecH:A po nmucronaga. Pigkicamii. HeicTiBHMIL.

Hocnimxeni 3pa3ku. XmenbHuipka o67., [lerme-
tiBcbkmit p-H, HIIIT "Mane ITomicea”, cxipnime c.
Tormukm, 6eper 03. CBATe, COCHOBUIA JIic, Ha I'PyH-
ti, 50°12'58.1"N, 26°50'03.3"E, 14.09.2018 (KW-
M71600).

Inmi micuesHaxomkenHsa B YkpaiHi. Ilonras-
cbKa 0011., [TonTaBchKuit p-H, OKOMUI cMT JJuKaHb-
Ka, HI/IHOBO—,uy60BMI7[ nic, Ha 1pyHTi, 24.10.2003
(ITpuprox, 2015). TepHominbebka 067, Yoprkis-
CbKUIT p-H, IpUPOAHMII 3amoBifHuk "Mego6opn",
Kpacusaucoke ITH]IB, xB. 39, ;IceHOBo—rpa60BI/n7[
nic, Ha rpyHTi, 28.09.2007, xB. 33, rpaboBuit yic, Ha
rpyHTi, 09.10.2008 (IIpmmrok, 2015). YepHiBerpka
0671, Broxunupkuit p-u, HIIIT "Biokuuiskuit’, Co-
nousHcbke ITHIB, yp. CrebHuk, mpasuit Geper p.
Cre6HuK, ric i3 Binbxu cipoi, Ha rpyHri, 06.09.2013,
Biokunipke ITHIB, yp. JIy>xku, miBuit 6eper p. Bu-
JKeHKa, JIic i3 Bimbxm cipoi, Ha rpynTi, 09.09.2013
(Oynxa Ta in., 2019). XapkiBcbka 0611., UyryiBcbKuit
p-#, HITIT "Tominpimanceki Jlicu", 6/m3pKo 2 KM Ha
niBfieHb Bif c. Taijapu, MvcTAHMI 7ic, Ha IPYHTI,
13.11.2017, 14.11.2017 (Prylutskyi et al., 2022).

3aranbHe po3NOBCIOMKeHHA. €Bporma: ABCTpif,
benbrisa, bonrapis, Benuka bpuranis, [lanis, Jlatsis,
Hipepnangu, Himeuunna, Hopserisa, Ilonbma, Po-
cisa, CnoBayunHa, Yropuinsaa, Ykpaina, Oinnaupis,
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®panuis, [Mseitiapia (Hausknecht, 2009; Malyshe-
va, 2018; https://www.gbif.org/species/7244973).

Conocybe subpallida pasmipamu cnop ta ¢op-
Mo xeitnouuctup Harapye C. tenera, ane Bifpis-
HSETHCSA TOHKOCTIHHMMU OMifimmmm cropamu, a
TaKOX CBiT/II03a0apBlIeHVMM IIOJOBUMY TiTaMI.
KpiMm Toro, Ha oBepxHi J10ro HXKKM € IIOMiTHa J0-
MillIKa HeKernenomioHmx Kay/JIOLMCTI], 30KpeMma
WIAMKONOAIOHMUX Ta wtiHApudHux (Arnolds,
2005b; Hausknecht, 2009).

Conocybe subpubescens P.D. Orton, Trans. Brit.
Mycol. Soc., 43: 195. 1960. — Puc. 1C.

Galera tenera sensu Ricken, Blatterpilze: 225.
1915. - Conocybe pubescens f. typica (Gillet.) Kith-
ner sensu Kithner, Genre Galera: 86. 1935. — Cono-
cybe pubescens sensu J.E. Lange, Fl. agar. Dan., 4: 34.
1939. — Conocybe subpubescens Kithner, Botaniste
34: 275. 1949. - Conocybe tetraspora Singer, Beih.
Nova Hedwigia, 29: 209. 1969. — Conocybe crypto-
cystis (G.F. Atk.) Singer sensu auct. eur. — Conocybe
digitalina (Velen.) Singer sensu auct. eur.

3pocTae NOOANMHOKO Ta PO3CIAHMMMU IpPyHaMu Ha
I'PYHTi, B IMCTAHUX JIiCaX, IHOM1 Ha BiIKPUTUX Mic-
I1Hax (JIyKax, IacOBUCbKAX, y306i4usax gopir), 3 Be-
pecH:A 1o KoBTHA. Pigkicamit. HelcTiBHMIL.

Hocmimxkeni 3paskm. Bommuuceka o061, Ka-
minb-Kanmpepknit p-u, HIIIT "TIpun'are-Cro-
xig", 6MM3bKO 2 KM Ha IiBHIYHMII 3axim Bin c.
Bernn, 6eper 03. bine, gy6oBuii jic, Ha I'PyHTI,
51°54'38.3"N, 24°59'57.1"E, 07.10.2020 (KW-M
71602), 316p. M.M. XumuH.

Inmi micnesHaxomkeHHsa B YkpaiHi. [Jone-
upka 0671., Kpamaropcekuit p-u, HIIIT "Cssari
Topu", npaBuii 6eper p. CiBepcbkuii [loHenp, 6ins
MocTta fio ¢. boroponumuHe, y36iyus poporu, Ha
IpyHTi, 28.09.2004 (Prydiuk, 2007a, 2015). J/IbBiB-
cbka 06m., Crpuiicbknit p-H, HIIIT "CxonmiBcbki
Beckupnu", 3aBankiscoke ITH]IB, 6ykoBuii mic, Ha
IpyHTi, 21.09.2010 (Prydiuk, 2015; Dudka et al.,
2019).

3aranbHe po3NOBCIOIKeHHA. €Bpona: ABCTpif,
benvria, bonrapia, Benuka bpuranis, Ipenia, [a-
Hig, Ecronisa, Icmanpig, Icmanig, Itanisg, JlaTsis,
JIutBa, Jlixreniureits, JliokcemOypr, Hinepmauau,
Himeuunna, Hopseris, [lonbma, ITopryranisa, Po-
cis, CnoBauunHa, Yropmusa, Ykpaina, Qinnangis,
@pannis, Yexis, Ulseitnapis, llBenis. Adpuxa:
3im6abBe, Mapokko, Tansanis, Yranga. Asis: Ipy-
3is, Iupis, Ipan, Kuraiiceknmit Tait6eit, Kinp, Pocis
(Cubip, Hanexnit Cxin). [liBuiuna Amepuxka: CIIIA.
ITliBnenna Amepuka: ApreHTuHa, bomisisa, Ymni
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Hosi gs Ykpainu npenctaBHuky poxis Bolbitius i Conocybe

(Hausknecht, 2009; Malysheva, 2018; https://www.
gbif.org/species/2529724).

Conocybe subpubescens 3a KOMIUIEKCOM O3HaK
Hantomokunit o C. pulchella (Velen.) Hauskn. &
Svréek, anme Mae mMacuBHiII TIOKOBI Tima Ta mpi6-
Himi cnopu. Kpim Toro, 3a cnocrepexeHHAMU Mi-
konori, C. subpubescens Binmae mepesary jicam,
B Toit yac sk C. pulchella najtuacrinre 3pocTae Ha
BigkpuTnx micumHax (Arnolds, 2005b; Hausknecht,
2009), BTiM 711 060X BUIB BifOMi i1 BUHATKIA.

Conocybe subxerophytica Singer & Hauskn.
var. brunnea Hauskn., Osterr. Z. Pilzk., 11: 74.
2002. — Puc. 1G.

3pocTae MOOAMHOKO Ta HEBEIMKVMMU TPYIaMu
Ha IPYHTi, IIEPEBAXXHO B CYXMX BIJKPUTUX Mic-
LMHAX, pifille B CYXUX PiJKOMCCAX, 3 YEPBHA [0
>koBTHA. Pigkicumii. HeicTiBHmit.

Hocnimxeni 3pa3ku. XmenbHuiibka o671., [lerme-
tiBcpkuit p-H, HIIIT "Mane Iomiccs", cxignime c.
Tomuxu, 6eper 03. CBATe, COCHOBUIA JIic, Ha IPyH-
Ti, 50°12'57.6"N, 26°50'17.3"E, 14.09.2018 (KW-
M71601).

Inmi mice3HaxomkeHHs B YKpaini. [Jonenpbka
06m., Kpamaropcopkuit p-H, HIIIT "Csari Topnu",
cxigHa oxomuus c. boropopntune, y36iuus goporu,
Ha I'pyHTi, 01.10.2004 (Prydiuk, 2007b, 2015). Knuis-
cbka 0071., O0yxiBcbkumit p-H, okommii ¢. Tpuminns,
OCTeIHeHi JyKy, Ha IpyHti, 19.06.2008 (Prydiuk,
2015). Opnecpka 0651., I3mainbcbkmit p-H, 6iocdep-
Huli 3anoBiguyk "HdyHaiicpki ITnaBui", okommui M.
Buikose, 1ic i3 Tonoi 6inoi, Ha IpyHTi, 22.10.2009
(Prydiuk, 2015; Dudka et al., 2019). YepHiBerbka
0611., Bikauupbkuii p-u, HIIT "Brwkuunipkuit”, Co-
nousinceke ITH]IB, yp. Crebuuk, mpasuit 6eper p.
CrebHuk, y36iuusa goporu, Ha IpyHTi, 06.09.2013
(Dudka et al., 2019).

3aranbHe po3NOBCIOMKEHH . €Bporna: ABCTpis,
Hanis, Itania, Hinepnangu, Himeyunna, Hopseris,
YropuHa, Ykpaina, lIBenis (Hausknecht, 2009;
https://www.gbif.org/species/3323200).

CIIMCOK ITOCUTAHb

s Conocybe subxerophytica var. brunnea xa-
paKkTepHa TeMHO3abapB/eHa INANKMHKA, HOCUTH
TyCTi IUIAaCTMHKY, BEIMKI BUPasHO IPUIIIOCHYTI
CIIOPM Ta NPUCYTHICTb Ha HDKII MaibKe BUK/IIOY-
HO KeIJIeNnomioHmx Kayrmouuctus. Tumnosa Bapianis
nporo BuAy (B YkpaiHi 1ie He 3HalifjeHa) BinpisHs-
€TbCSA BUK/TIOYHO MEHIIVMM Ta [0 TEeHITHIIIM-
MU IVIOIOBYIMM TiZTaMM He 3 TAaKMMU I'yCTUMM II/Iac-
tuHKamu. Conocybe semiglobata Kithner & Watling
Mae CHopy MpUOAMSHO TaKOTO K po3Mipy, ImpoTe
BoHM He npuiumocHyTi (Hausknecht, 2009).

BucHoBkn

HesBakaroun Ha 3Ha4HY KiZIbKiCTb BUJIB POIVIHU
Bolbitiaceae, siki BEamocst BUSBUTK B Iepiof if
vac migrorosku "®nopu rpubis Yipaian' (Prydi-
uk, 2015), BOHA 3a/IMIIAEThCSI HELOCTATHBO MOCIi-
I>KeHoo B YkpaiHi. [laHi, HaBefieHi B Halliil CTaTTi,
CBiff4aTh PO HEOOXITHICTD MOJATBIIOTO BUBYEHHS
niei rpynu rpu6is.

Iogsaxu

ABTOp BucCnoB/I0O€E Wupy Bas4dHicTh O.M. Banary-
pi 3a m06's13H0 HagaHi 3pasku ta ¢oto Bolbitius
titubans var. olivaceus, M.M. Xumuny sa 3iopa-
Huit 3pasok Conocybe subpubescens, a Takox
cniBpobiTHMKAM Ta KkepiBHMLTBY Hanjionanpaux
npupopHux napkiB "Kapmemokose Ilopimna",
"Mase Ilomiccs” Ta "Tlpun'ste-Croxin' 3a jgomo-
Mory B 360pi rpu6is.

JOTPMMAHHA ETUYHVX HOPM

ABTOp TIOBiJOM/IAE ITPO BifICY THICTD OY/Ib-AKOr0 KOHPIIKTY
iHTepeciB.
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New for Ukraine representatives of the genera
Bolbitius and Conocybe (Bolbitiaceae, Basidiomycota)

M.P. PRYDIUK
M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine
2 Tereshchenkivska Str., Kyiv 01601, Ukraine

Abstract. The article provides data about finds of some new and rare for Ukraine taxa of the genera Bolbitius and Conocybe.
Two species, Conocybe ambigua and C. rickenii, and one variety, Bolbitius titubans var. olivaceus, were found for the first time
in Ukraine, while for four species (Conocybe macrocephala, C. macrospora, C. subpallida, and C. subpubescens) and one vari-
ety, Conocybe subxerophytica var. brunnea, new localities were recorded. The distribution data in Ukraine and worldwide are
presented for all reported taxa. For the new in the country species and varieties, their descriptions and original drawings of
the macro- and microscopic features are also provided.

Keywords: Agaricales, Bolbitius, Conocybe, distribution, new records, rare species, variety
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Impact of exogenous zeatin on the growth, pigment complex
and capacity of sporophytes of Salvinia natans (Salviniaceae)
for biological extraction of zinc from the water

Iryna V. KOSAKIVSKA ‘¥, Valentyna A. VASYUK * , Mykola M. SHCHERBATIUK ‘=,
Lesya V. VOYTENKO ", Kateryna O. ROMANENKO

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

2 Tereshchenkivska Str., Kyiv 01601, Ukraine

* Author for correspondence: vasyuk@ukr.net

Abstract. The response of plants to heavy metals involves phytohormones, particularly cytokinins, with zeatin being one of
the active forms. Exogenous phytohormones are believed to induce plant resistance to heavy metals and enhance phytoex-
traction. We investigated the impact of exogenous zeatin on the morpho-physiological characteristics of young and mature
sporophytes of Salvinia natans and their ability to extract zinc ions from the aquatic environment. It has been shown that ze-
atin mitigated the adverse effect of zinc sulfate on dry weight accumulation, but did not alleviate its negative impact on fresh
weight accumulation in both young and mature sporophytes. During intensive growth and sori formation and spore matura-
tion stages under zinc loading, exogenous zeatin (at 107 M concentration) led to 40% and 50% increase in the dry weight of
young and mature sporophytes, respectively. In the presence of zinc sulfate, the total chlorophyll content decreased by 23% in
the fronds of young sporophytes and by 44% in the fronds of mature sporophytes, while total carotenoids decreased by 21%
in both cases. Zeatin addition alleviated the negative impact of the metal on the pigment complex in young sporophyte fronds
but exacerbated it in mature sporophyte fronds. The pigment complex of the sporophyte was more susceptible to metal action
during sori formation and spore maturation, resulting in frond browning and pronounced chlorosis. However, chlorosis was
less intense and localized upon zeatin addition. The capacity of S. natans sporophytes to extract zinc ions from the aqueous
medium was demonstrated, with zinc concentration decreasing by over tenfold from 10 mg-L™! to 0.6 mg-L'after 14 days of
cultivation. The application of zeatin did not affect the efficiency of zinc ions extraction from water.

Keywords: biological extraction, growth indices, pigments, Salvinia natans, zeatin, zinc

Introduction It exhibits rapid growth rates, adapts to various en-

vironmental conditions, actively spreads, and pos-
Water fern Salvinia natans (L.) AllL belongs to the  gesses the ability to remove both organic and in-
native species of Central and South-Eastern Europe. organic pollutants from the aquatic environment
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(Jiang et al., 2009; Kosakivska et al., 2022; Polecho-
nska et al., 2019; Torok et al., 2023). Salvinia natans
is recognized as a heavy metal (HM) hyperaccumu-
lator, as confirmed by energy dispersive X-ray flu-
orescence analysis (EDXRF). When fresh fern bio-
mass was introduced into wastewater samples over
time, a gradual decrease in zinc (Zn), copper (Cu),
nickel (Ni) and chromium (Cr) content by 84.8%,
73.8%, 56.8% and 41.4% respectively, was observed
(Dhir, Srivastava, 2011). Salvinia natans demons-
trates high tolerance to HM exposure. In the pre-
sence of cadmium (Cd), cobalt (Co), Cr, iron (Fe),
lead (Pb) and Ni at a concentration of 30 mg L1,
various plant indices, such as the biomass, photo-
synthesis efficiency, quantum yield, photochemical
quenching, electron transport rate, and elemental
composition (% C, H and N) remained unaffected.
However, exposure to higher concentrations (50 mg
L) of Cu and Zn resulted in significant reductions
of these indices (Dhir, Srivastava, 2013). Polish sci-
entists Holtra and Zamorska-Wojdyta (2014) de-
monstrated capacity of S. natans to extract copper
(II) from a culture medium containing Cd. After
phytoremediation of wastewater from electropla-
ting processes S. natans biomass accumulated HM.
When metal-loaded fern biomass was applied to
soil with 10-day-old Triticum aestivum plants, si-
gnificant reduction in chlorophyll content, gluco-
se, and plant yield was observed. Nonetheless, the
percentage content of carbon (C) in wheat plants
remained unchanged, nitrogen (N) slightly incre-
ased, and hydrogen (H) decreased (Dhir, Srivasta-
va, 2012). The physiological impact of zinc oxide
nanoparticles on the S. natans sporophyte was de-
monstrated. After 7 days the activity of superoxide
dismutase and catalase increased, while the content
of photosynthetic pigments decreased, and the ag-
gregation of nanoparticles was observed in submer-
ged fern fronds (Hu et al., 2014). Salvinia natans
exhibits significant phytoremediation capabilities
in cleaning water bodies from nitrogen compounds.
The content of total nitrogen, ammonium and nitri-
te decreased; moreover, a reduction in biochemical
oxygen consumption was observed (Laabassi, Bou-
dehane, 2019). Due to its biocompatibility with the
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D),
S. natans enhances auxin metabolism, facilitating
the bioaccumulation of sodium (Na) and arsenic
(As) (Dolui et al., 2021, 2022). Additionally, S. na-
tans actively binds complex aluminum compounds
(Mandal et al., 2013) and nitrogen-containing dyes
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dissolved in water (Ohtani et al., 2020). The fern is
characterized by a high efficiency antioxidant sys-
tem and osmotic resistance of cells, minimizing
intracellular damage from herbicide exposure (Pan-
dey et al., 2016). The capacity of Salvinia sporophy-
tes to extract up to 90% of zinc from polluted water
has been reported in studies (Dhir et al., 2008; Dhir,
Srivastava, 2011).

Understanding the mechanisms underlying
plant growth and development depends on stud-
ying the hormonal regulation system. Presently,
the hormonal system of hydrophyte ferns in the
Salviniaceae family remains relatively understud-
ied (Kosakivska et al., 2016, 2023). An effective
approach to regulating growth and development
involves treating plants with exogenous phytohor-
mones (Kosakivska et al., 2022). Exogenous cyto-
kinins, such as trans-zeatin and kinetin, have been
shown to mitigate lead toxicity in the green alga
Acutodesmus obliquus by modulating endogenous
hormone levels and promoting the accumulation of
organic acids involved in metal detoxification (Pi-
otrowska-Niczyporuk et al., 2020). In hydroponic
systems, the addition of kinetin during the cultiva-
tion of the fern Pteris cretica var. nervosa has been
found to enhance arsenic (As) uptake and increase
the activity of antioxidant enzymes, aiding the plant
in overcoming pollutant-induced stress (Wang et
al., 2021). The hyperaccumulation of As in this fern
has been correlated with the content of trans-zea-
tin (Zhang et al., 2017). Various forms of cytokin-
ins, including trans- and cis-zeatin, zeatin riboside,
zeatin-O-glucoside, isopentenyladenosine and iso-
pentenyladenine, have been identified in the veg-
etative and generative organs of Salvinia natans at
different developmental stages. The highest levels of
endogenous cytokinins were observed in the float-
ing fronds during the phase of intensive sporophyte
growth. Transitioning to reproductive development
coincided with a decrease in cis-zeatin content in
both floating and submerged fronds and the accu-
mulation of zeatin-O-glucoside, a reserve form of
cytokinins (Phytohormonal system..., 2019).

Indicators of the photosynthetic pigments con-
tent (chlorophyll a and b, carotenoids) and their
ratios in plants serve as reliable markers of HM tox-
icity (Gomes et al., 2014). HMs suppress the activity
of photosynthetic enzymes involved in chlorophyll
biosynthesis, displace magnesium ions within the
pigment molecule, disrupt electron transport in the
light phase, and negatively impact enzyme activity
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during the dark phase of photosynthesis (Rai et al.,
2016). Elevated HM concentrations hinder nutrient
absorption, consequently affecting photosynthetic
activity adversely (Siyar et al., 2020). In S. natans
sporophytes, high levels of Cd, Cr, Cu, Ni, Zn, and
the metalloid As have been observed to diminish
the efficiency of the photosynthetic apparatus (Cui
et al., 2022), Furthermore, the content of photosyn-
thetic pigments decreases with increasing concen-
trations of Cd, Pb, Ni (Leblebici et al., 2018) and
mercury (Hg) (Sitarska et al., 2023) in the nutrient
medium, depending on the duration of exposure to
the toxin.

In our previous research, we examined the influ-
ence of exogenous phytohormones and zinc sulfate
on the morphophysiological characteristics of S.
natans. Specifically, we demonstrated that simulta-
neous addition of phytohormones with zinc sulfate
at the highest concentration partially adverse ef-
fects, reduced biomass degradation, and sustained
sporophyte viability. Additionally, we identified
qualitative changes in the fern phenotype indicative
of the biotoxicity of excessive zinc concentrations,
thus suggesting the potential use of Salvinia natans
as a bioindicator of water pollution (Kosakivska et
al., 2024). Given the prevalence of zinc pollution,
particularly in water bodies adjacent to industrial
sits, our study aimed to investigate the impact of
exogenous zeatin on the growth, pigment complex,
and the S. natans sporophyte ability to biologically
extract this heavy metal.

Materials and Methods

Sporophytes of the heterosporous water fern Salvi-
nia natans (L.) All. were studied. The plants were
collected in June and August 2023 on the Prorva
River, near the village of Hnidyn, Boryspil District,
Kyiv Region. The average monthly air temperature
in June and August during the sampling period was
26 and 28 °C, water — 23 and 25 °C, respectively.
The analysis of water samples for the concentration
of zinc ions was carried out using a Macherey-Nagel
PF-12 Plus portable photometer with a software-in-
tegrated method for determining the concentration
of this metal. The number of the working method
in the device interface is 5981. Before measuring
the indices, reagents from the Macherey-Nagel test
set No. 5-98 (REF 931098) were added to the water
samples in a volume of 5 ml to determine the con-
centration of zinc in accordance with the sequence
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indicated in the instructions for quantitative analysis
Zn?*. It was established that the content of zinc ions in
water samples taken from the reservoir was below the
limit of sensitivity of the method, which is 0.1 mg-L".

Experiment design

Study of the zeatin and zinc sulfate effect on the
growth of sporophytes of Salvinia natans

Sporophytes in the phase of intensive growth,
which had 3-5 pairs of floating and submerged
fronds attached to a horizontal stem, and mature
sporophytes in the phase of sori formation and
spore maturation, which had 14-15 pairs of fronds
on the central part and two modules with 3-5 pairs
of fronds, were studied. Young sporophytes, four
to five individuals each, and mature sporophytes,
one per plant, were placed in glass containers with
a volume of 250 ml, filled with purified tap water
with the addition of: (1) zeatin at a concentration
of 107 M; (2) zinc sulfate (10 mg L! zinc); (3)
zeatin and zinc sulfate. In our dose-response expe-
riment, we tested various concentrations of zeatin
and zinc sulfate. When comparing the biomass of
plants grown in zinc solutions with and without
addition of the phytohormone it has been found
that the application of zeatin at 10° M reduced
growth inhibition by 32.9% (Kosakivska et al.,
2024). The effective concentration of zinc in wa-
ter (10 mg-L™') was determined experimentally. At
lower zinc concentrations, the adverse effects on
the morphological state of S. natans sporophytes
were minimal. However, at higher zinc concen-
trations, the damage progressed too rapidly. This
zinc concentration enables S. natans sporophytes
to survive for extended periods, albeit with noti-
ceable morphological deterioration. Ferns were
grown for seven days in a vegetation chamber
(VOTSCH GmbH, Germany) at a temperature of
+22 °C, illumination of 190 umol-m~2 s71, a photo-
period of 16/8 h (day/night) and a relative humidi-
ty of 65 + 5%. Biometric indicators were recorded
at the beginning of the experiment and on the 7%
day of cultivation. Plants grown in water without
additives served as controls.

Study of the content of photosynthetic pigments

Plant material (200 mg) was collected on the se-
venth day of cultivation. Photosynthetic pigments
were extracted using 100% acetone and quantifi-
ed following the methods of Holm (1954) and von
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Fig. 1. Effect of zeatin and zinc sulfate on fresh weight
accumulation of sporophytes of Salvinia natans. A: at the
stage of intensive growth; B: at the stage of sori formation
and spore maturation. n = 15; x + standard error (SE). An
asterisk (*) indicates significant differences between the
indicators of the control and experimental groups (P < 0.05)

Wettstein (1957). Measurements were taken with a
Jenway UV-6850 spectrophotometer (Great Brita-
in) at wavelengths of 662, 664, and 440.5 nm, with
acetone as the control.

Determination of the ability of sporophytes
of S. natans to extract zinc from the
aqueous medium

Young sporophytes of S. natans (4 g) in the phase of
intensive growth were placed in a container with a
volume of 1 liter. Water samples were taken on the
fourth, sixth, eighth, tenth, twelfth and fourteenth
days of the experiment. Water samples with a vo-
lume of 5 mL were taken from the vegetation con-
tainers with a medical syringe, avoiding the ingress
of solid residues. The selected samples were filtered
through a membrane syringe filter made of regene-
rated cellulose with a pore size of 0.2 pm. Analysis
of water samples for the concentration of zinc ions
was carried out using a Macherey-Nagel PF-12 Plus
portable photometer.

Statistical analysis

Experiments were performed in three biological
and three analytical replicates. Results are presented
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as mean + standard error. Differences in mean va-
lues were analyzed using two-way analysis of va-
riance ANOVA. Tests with P < 0.05 were conside-
red statistically significant. The analysis was carried
out using the program Statistix v. 10.0 (Analytical
Software, Tallahassee, FL, USA). Experimental data
were displayed graphically using Microsoft Excel
(Redmond, USA).

Results

Effect of exogenous zeatin and zinc sulfate on
sporophyte morphometric parameters

Under control conditions, the fresh weight (FW) of
young sporophytes remained relatively stable. Cul-
tivation with the addition of zeatin induced a slight
increase in FW (by 6.1%). Conversely, after growing
ferns in a medium containing zinc sulfate, the FW
decreased by 7.1%, and under the combined action
of zeatin and zinc sulfate, the FW of the sporophyte
diminished by 20.8% (Fig. 1A). After 7 days of veg-
etation under control conditions, the FW of mature
sporophytes reduced by 14.4%. With the addition of
zeatin it decreased by 18.3%, with zinc by 31.1%, and
in the presence of zinc and zeatin by 34.7% (Fig. 1B).

At the stage of intensive growth and the stage of
sori formation and spore maturation, the addition
of zeatin to the culture medium induced a 11.8%
and 9% increase in the dry weight (DW) of the spo-
rophyte, whereas zinc sulfate caused a 41.2% and
45.5% decrease, respectively. With the addition of
zeatin to the culture medium in the presence of zinc
sulfate, the DW of the sporophyte raised by 40%
and 50%, respectively, but did not reach the control
indices and the variant with the addition of the hor-
mone in the absence of zinc sulfate (Fig. 2).

In general, changes in morphometric indices
recorded when zeatin and zinc sulfate were added
to the culture medium were more pronounced in
mature sporophytes. Changes in the phenotype of
mature sporophytes were also more striking. On the
seventh day of cultivation, signs of chlorosis and
necrosis were detected in the floating fronds of ma-
ture sporophytes in a medium containing zinc sul-
fate (10 mg-L™! zinc). The adaxial surface of floating
fronds of mature sporophytes acquired a brown-
ish-red color. Adding 1075 M zeatin to the culture
medium did not affect the growth of the sporo-
phyte and did not remove the external displays
of the negative effect of zinc (Fig. 3). The greatest
manifestation of chlorosis was observed in mature
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sporophytes with the addition of zinc and zinc with
zeatin (Fig. 3B). Conversely, in young and mature
sporophytes, when zeatin was added, chlorosis be-
came point-like and less intense (Fig. 3A). Overall,
sporophytes of S. natans were more sensitive to the
action of zinc sulfate at the stage of sori formation
and spore maturation.

Effect of exogenous zeatin and zinc sulfate on the
content of photosynthetic pigments

During the stages of intensive growth and sori for-
mation and spore maturation with the aqueous me-
dium exposed to zinc sulfate, the content of photo-
synthetic pigments in the floating fronds of S. natans
sporophytes decreased. In fronds of young sporo-
phytes, the total chlorophyll content decreased by
23%, and total carotenoids by 21%. In fronds of ma-
ture sporophytes, the total chlorophyll content redu-
ced by 44%, and total carotenoids by 21%. The level
of chlorophylls a and b in the fronds of young sporo-
phytes was half as low as that of mature sporophytes,
while the level of carotenoids remained unchanged.

Zeatin, 10° mol/L

S. natans without Zn%*

@ Stage of intensive growth

02 - I Stage of sori formation and spores maturation

o o o
o s I
o o >

Dry weight, g

o
o
=

Zeatin (10€M) ~ Zn (10 mg/L)

Water

Zn+Zeatin

Fig. 2. Effect of zeatin and zinc sulfate on dry weight
accumulation of sporophytes of Salvinia natans. n = 15;
x * standard error (SE). An asterisk (*) indicates significant
differences between the indicators of the control and
experimental groups (P < 0.05)

In the presence of a mixture of zeatin and zinc sulfa-
te, the content of photosynthetic pigments in the flo-
ating fronds of the S. natans sporophyte decreased.
The amount of chlorophylls a+b diminished by 1.3
times in the floating fronds of young sporophytes

\\‘ b
Zn**,10 mg/L and
zeatin, 10® mol/L

_—

Zn%*, 10

Zn**, 10 mg/L and
zeatin, 10° mol/L

mg/L

Fig. 3. Sporophytes of Salvinia natans during cultivation on media containing zeatin (10-¢ M), zinc sulfate (the content of
pure zinc per liter of water is indicated) and a mixture of zinc and zeatin on the seventh day of the experiment. A: at the stage
of intensive growth; B: at the stage of formation of sori and maturation of spores
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Fig. 4. Dynamics of biological extraction of zinc ions from
water by sporophytes of Salvinia natans

when ZnSO, was added, while no significant diffe-
rences were observed when a mixture of ZnSO, and
zeatin was added compared to the control. In matu-
re fronds of sporophytes, the amount of chlorophylls
a+b decreased by 1.8 fold when ZnSO, was added
and by 2.1 fold when the mixture of metal and hor-
mone was applied. Under the influence of exogeno-
us zeatin, the a+b indices dropped 1.2 times.

The ratio of the amount of chlorophylls a+b to
carotenoids at the stage of intensive growth in the
presence of zinc sulfate was within the control range,
while in the variant ZnSO, + zeatin this indicator in-
creased by 12%. During the stage of sori formation
and spore maturation, a decrease in the ratio chloro-
phylls (a+b) to carotenoids was observed in all vari-
ants of the experiment: with the addition of ZnSO,
— by 28%, with the combination of ZnSO, + zeatin
— by 39%, in the presence of zeatin — by 19%.

Therefore, in the presence of zinc sulfate in the
culture medium, the content of chlorophylls in
the floating fronds of the S. natans sporophyte de-
creased, while the content of carotenoids was with-
in the control range. The pigment complex of the
mature sporophyte fronds turned out to be more
sensitive to the action of the metal. The addition
of zeatin mitigated the negative effect of the metal
on the pigment complex in fronds of young spo-
rophytes, but increased it in mature sporophytes
fronds. A positive effect of zeatin on the pigment
complex of mature fronds was revealed.

The effect of exogenous zeatin on the extraction
of zinc ions from the aqueous medium by
sporophytes of S. natans

Young sporophytes of S. natans at the stage of in-
tensive growth effectively removed zinc ions from
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water (Fig. 4). For 12 days of cultivation, the con-
centration of zinc in water reduced by more than
90%, while with the addition of zeatin it decreased
by 82%. At the end of the experiment, the content
of zinc ions in the water was less than one milligram
per liter, which is below the maximum permissible
level of zinc in drinking water and water used for
domestic purposes (1 mg-L™1), accepted in Ukrai-
ne. The highest rates of extraction of zinc ions by S.
natans sporophytes were observed between the first
and sixth days, after which the rate of absorption
slowed down. Starting from the 12th day, the zinc
content in the water practically did not change. The
addition of zeatin caused inhibition of the process
of extracting zinc ions, which was especially noti-
ceable in the time period between the fourth and
tenth days of the experiment. The concentration of
zinc in water in the presence of the hormone at the
end of the experiment was 1.8 mg-L~!. At the same
time, in the variant without the addition of zeatin,
three times less zinc remained in the water. In the
control, the concentration of zinc ions in water
remained unchanged throughout the experiment
(Fig. 4). In general, the present study demonstra-
ted the phytoremediation capacity of S. natans spo-
rophytes for the biological extraction of Zn?* ions
from a polluted water environment.

Discussion

Zinc is an essential microelement vital for the normal
growth and development of plants. However, ele-
vated concentrations of zinc in soil or water bodies,
particularly near lead-zinc production sites, ferrous
metallurgy enterprises, and urban areas, can exert to-
xic effects on plants. Symptoms such as stunted root
growth and chlorosis on young leaves can be mani-
fested rapidly under such conditions (Khan, Khan,
2014; Balafrej et al,, 2020). At extremely high zinc
concentrations, leaves may undergo complete disco-
loration and eventual death (Fig. 5). Excessive zinc
levels within plant cells hinder biomass accumulati-
on by affecting the integrity of photosynthetic mem-
branes and proteins (Zhao et al., 2012; Beyer et al,,
2013; Ebbs et al., 2015) and impacting mineral nutri-
tion, particularly the bioavailability of potassium ions
(Hafeez et al., 2013). Despite being a divalent metal
without redox properties, zinc indirectly induces oxi-
dative stress through various mechanisms. Notably,
it induces glutathione deficiency, binds to protein
sulthydryl groups, inhibits antioxidant enzymes, and
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Excessive zinc
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Symptoms of chlorosis occur, at very high
concentrations necrosis of tissues is observed

.
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Deceleration of Disorders of iron
biomass metabolism
accumulation

Fig. 5. Effects of excessive zinc concentrations in water and soil on plants

triggers enzymes involved in active oxygen forms
production (Bielen et al., 2013). Plants response to
zinc excess depends on species sensitivity to HM,
water availability, soil pH, and the presence of other
chemical elements in the soil or water solution (No-
ulas et al., 2018). The precise mechanism by which
exogenous phytohormones impact phytoextraction
remains unclear. However, it is hypothesized that
they enhance the process by promoting plant growth
and biomass accumulation while inhibiting the re-
productive process (Tassi et al., 2008). For instance,
treatment with cytokinin significantly enhanced the
ability of Alyssum murale plants to extract nickel by
increasing plant biomass (Cassina et al., 2011).
Exogenous zeatin affected the morphometric indi-
ces of S. natans sporophytes minimally. Nevertheless,
it mitigated the negative effects of zinc, as evidenced
by the increase in sporophyte DW when zeatin was
added to the culture medium in the presence of zinc
sulfate. On the 7th day of cultivation, zeatin (106
M) induced a 11.8% and 9% increase in the DW of
young and mature S. natans sporophytes, while the
addition of zinc sulfate (10 mg 17! zinc) resulted in
41.2% and 45.5% reduction in a DW. When zeatin
was added to the culture medium in the presence of
zinc sulfate, the DW of the sporophyte increased by
40% and 50%. However, it did not reach the control
levels observed in the variant without zinc sulfate
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(Fig. 2). These results highlight the negative impact
of zinc on ferns and the mitigating effect of exoge-
nous zeatin. In a study by Hottra and Zamorska-Wo-
jdyta (2014) a 42% decrease in the DW of the Salvinia
natans sporophytes was reported on the 14" day of
cultivation in a medium containing 20 mg Cu/dm?>.
The adverse effects of zinc on the ferns were further
evidenced by chlorosis symptoms and browning of
the floating fronds, which became more pronounced
over seven days of cultivation, particularly in mature
sporophytes. Addition of zeatin mitigated chlorosis,
resulting in less intense symptoms (Fig. 3).
Successful adaptation to environmental condi-
tions largely depends on the optimal functioning
of the photosynthetic apparatus, with key indica-
tors being the content of photosynthetic pigments
(Syvash, Zolotareva, 2017; Kosakivska et al., 2018).
In metal-contaminated environments, chlorosis
and stunted plant growth indicate disruptions in
the biosynthesis pathways of photosynthetic pig-
ments, impacting plastid development, photosyn-
thetic efficiency, and general metabolism (Rai et
al., 2016). Several studies have documented reduc-
tions in photosynthetic pigment content and neg-
ative impact on photosynthesis attributed to Cd,
Pb, Ni and Hg exposure in S. natans sporophytes
(Leblebici et al., 2018; Sitarska et al., 2023), iron in
Salvinia minima Baker (Leal-Alvarado et al., 2016),
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lead in S. biloba Raddi (Loria et al., 2019), Cd and
Pb in S. cucullata Bory (Phetsombat et al., 2006),
chromium (Cr) in S. auriculata Aubl. (cited as S.
rotundifolia Willd.) and S. minima (Prado et al.,
2016). Zinc’s impact on green pigment content may
be attributed to the formation of metal-substitut-
ed chlorophyll, blockage of the electron transport
chain, and reduced enzyme activity in chloro-
phyll biosynthesis, as observed by Rai et al. (2016).
Changes in photosynthetic activity in Salvinia spe-
cies depended on HM concentration and exposure
duration. We found that zinc sulfate in the water
led to decreased chlorophylls a+b content in S. na-
tans sporophytes.

Cytokinins influence the activity of photosyn-
thetic enzymes, chlorophyll biosynthesis, and the
rate of photosynthesis (Honig et al., 2018). Our
study demonstrated that zeatin alleviated the neg-
ative impact of ZnSO, on the content of photo-
synthetic pigments in young sporophytes, but did
not fully counteract the effect of HM, and in fact,
slightly exacerbated it in mature sporophytes of S.
natans. We did not observe a significant difference
in the chlorophylls a+b during the stage of intensive
growth. However, at the stage of sori formation and
spore maturation, these indices substantially de-
creased. Moreover, the ratio of a+b / carotenoids in
both developmental stages of S. natans, under the
influence of zinc sulfate and zeatin addition, sig-
nificantly decreased, particularly in mature sporo-
phytes, indicating reduced photochemical activity.
Dhir et al. (2011) demonstrated that Zn exposure
leads to a significant reduction in photosynthetic
pigments, a finding that aligns with our results.

Our study demonstrated that young S. natans spo-
rophytes effectively reduce zinc ion levels in water.
In the experimental group without zeatin, zinc con-
centration decreased by over 90% within 12 days,
reaching less than one milligram per liter by the
experiments end, below the permissible level for
drinking and domestic water in Ukraine (1 mg-L™).
Previous works (Dhir et al.,, 2008; Dhir, Srivasta-
va, 2011) reported Salvinia sporophytes capable to
extracting up to 90% of zinc from polluted water.
However, adding zeatin noticeably inhibited zinc
ion adsorption, particularly between the 4" and 10
day of the experiment (Fig. 5). At the experiment’s
conclusion, zinc concentration in water with zea-
tin was 1.8 mg-L™}, three times higher than without
zeatin. The reason for such a slowdown may be that
zeatin stimulates the process of cell proliferation in
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vegetative organs, particularly in floating and sub-
merged fronds, leading to an increase in the mass
of undifferentiated cells, which are most strongly
affected by zinc toxicity. Simultaneously, there is a
decrease in the mass of differentiated extracellular
structures where chelation of adsorbed heavy met-
al ions occurs (Zhao et al., 2012; Mohebi, Nazari,
2021). This, in turn, slows down the removal of zinc
from the water. In this experimental variant, the ad-
dition of zeatin acts as a stress factor. Specifically,
the hormone interferes with the process of chela-
tion of zinc ions by S. natans sporophytes and sig-
nificantly hampers adaptive changes. Exogenously
used phytohormones are known to be metabolized
much faster than endogenous ones, and an excess
of the hormone disrupts the hormonal balance, of-
ten perceived by plants as stress (Vedenicheva, Ko-
sakivska, 2017). The results of the experiment sug-
gest that the vegetative sporophytes of S. natans can
effectively and economically purify water from zinc
contamination. However, the addition of zeatin not
necessarily improves the efficiency of using S. natans
in extracting zinc ions from water. The introduction
of exogenous zeatin likely increases the stress caused
by the supply of excessive amounts of zinc.

Conclusions

The study investigated the impact of exogenous ze-
atin on morpho-physiological parameters and the
ability of Salvinia natans sporophytes to biologically
extract zinc ions from the aquatic environment.

During the stages of intensive growth and sori
formation and spore maturation, exogenous zea-
tin induced an increase in the dry weight of S. na-
tans sporophytes and alleviated the impact of zinc
sulfate on this parameter. However, the hormone
did not mitigate the adverse effect of zinc on fresh
weight accumulation.

The addition of zeatin ameliorated the detrimen-
tal effects of zinc on the pigment complex of sporo-
phytes during the intensive growth stage. The pig-
ment complex exhibited greater sensitivity to HM
exposure during sori formation and spore matura-
tion, manifesting in leaf browning and more pro-
nounced chlorosis. The addition of zeatin resulted
in chlorosis adopting a punctate pattern and being
less intense.

The capacity of S. natans sporophytes to bio-
logically extract zinc ions from the aqueous medi-
um was demonstrated. Over a 14-day cultivation
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period, the zinc concentration decreased by more
than tenfold from 10 mg-L™! to 0.6 mg-L~!. The ad-

for phytoindication and phytoremediation of pollut-
ed waters" (2022-2026) supported by the National

dition of zeatin did not impact the efficiency of zinc ~ Academy of Sciences of Ukraine.
ions extraction from water.
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Brnnup eK30reHHOTO 3€aTHHY Ha PicT, MirMeHTHNIT KOMIUIEKC i 3aTHICTDh
criopodiri Salvinia natans (Salviniaceae) 1o 6i0I0TiYHOTO BUTy4YeHH
ioHiB IIMHKY i3 BOJHOTO cepegoBUIIa

1.B. KOCAKIBCBKA, B.A. BACIOK, M.M. IIEPBATIOK,

JL.B. BOMITEHKO, K.O. POMAHEHKO

Iacruryt 6oraniku im. M.I. Xonogroro HarjionansHoi akazemii Hayk YkpaiHu
By Tepemenkiscbka 2, Kuis 01601, Ykpaina

Pedepar. Peakijis pocnuH Ha [il0 BOXKUX MeTasIiB IOB’sA3aHa 3 (GiTOropMOHaMN, 30KpeMa L[UTOKiHiHAMM, IO aKTMBHUX
¢$bopM AKMX HATEeKUTb 3eaTH. IIpUIycKaoTh, 10 eK30reHHi (iTOrOpMOHNM 3[aTHI IHAYKYBaTM CTIilIKiCTb POCIMH [0 Ail
BOKKNX METAJIB Ta MOCKUIOBaTy (GiToeKCTpakiilo. B crarTi mpoaHamisoBaHO BIUIMB €K30T€HHOTO 3eaTHHY Ha MOpdo-di-
310710Ti4Hi XapaKTepUCTUKU MOJIOAMX i 3pinux criopodirtiB Salvinia natans Ta IXHIO 3LaTHICTD 0 610OTiYHOTrO BUITYyYEeHHSA
ioHIB IMHKY 3 BOJHOTO cepepoBuia. Y ¢as3u iHTEHCHMBHOTO pOCTY Ta GOpMYBaHHs COPYCIB i HO3piBaHHA CIIOp 3a YMOBU
LIMHKOBOTO HaBAHTAKEHHs eK3oreHHuil 3earyt (107° M) iHyKyBaB 3pocTaHHs MacK Cyxoi pedoBuHU cropodiry Ha 40%
Ta 50%, BignoBigHO. BogHOYac rOpMOH He 3HiIMaB HETaTMBHOI Jiii BaKKOTO MeTaay Ha HAKOIMYEHHS Macu CUPOi PEYOBUHIL.
3a mpucyTHOCTI CynbdaTy LUMHKY 3aranbHUil BMICT XIOpOQIIiB ¥ Basx MOMOAMX i 3piuX copodiTiB 3MeHIMBCs Bifmo-
BiHO Ha 21% i Ha 44%, TOAI SIK BMICT 3ara/IbHNX KapOTVMHOINIB 3MeHIMBCA Ha 21% B 060X Bumazkax. JlofaBaHHsA 3eaTHHy
IIOM SIKIIYBaJ/IO HETaTUBHY MIiI0 MeTa/Iy Ha MirMEeHTHUI KOMIUIEKC Y BasX MOJIOUX CIOPOdITiB, IpOTe IOCUIIOBAIO Y BasX
3pinux cropodiris. Bibur 4y TauBMM [0 Ail MeTamy BUABUBCS MIrMEHTHUIT KOMITIEKC criopodity v ¢asy popmyBaHHA co-
PYciB i fo3piBaHHA CIIOP, LIO IPOABUIOCH Y MOOYpiHHI Bail i 6inbl BupasHOMY mposBi x70po3y. Ilpu gogaBanHi 3eatnHy
XJI0p03 HaOyBaB TOYKOBOIO XapaKTepy i 6yB MeHII iHTeHCHBHNM. [IpofeMOHCTPOBaHO 3aTHICTD cropodira S. natans go
6i0710TiYHOI BUTy4YeHHs i0HIB IMHKY 3 BOZHOTO cepefoBuiia. Yepes 14 fi6 Ky/IbTUBYBaHHs KOHIIEHTPAL[isA LIMHKY 3MEHIIN -
nach Ginbin HIX y AecaATsb pasis 3 10 Mr-r! o 0,6 mr-n!. JlomaBaHHA 3eaTUHY He BIUIMBAIO Ha eeKTUBHICTD BUTyYeHHS
iOHIB IIHKY 3 BOIM.

Kirouosi croBa: Salvinia natans, 6ionoriute BUIy4eHHs, 3eaTVH, MrMEHTH, POCTOBI IIOKA3HNK, L{HK
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Ykpaincoxuii 6omanivunuii #ypHan my6IiKye opuriHaabHi cTaTTi 3 ycix HampAMiB 60TaHiku Ta Mikosorii, a
came: 3araJibHuX mpo6iem, GpropucTukn, reo60TaHiKM, CUCTEMATUKM, €KOJIOTii, eBoollii, reorpadii, Mop-
¢ororii, anaromii, em6piosorii, ¢isionorii, 6ioximii, KTITHHHOI Ta MO/IEKY/IsApHOI 6ionorii pocuH i rpubis,
icropii HaykM, 6OTaHIYHOTO pecypCO3HABCTBA It OXOpOHH (iTO- Ta MiKOOIOTH.

Pyxonucu npuiiMarTbcs YKpaiHChKOO Ta aHITIICHKOI0 MOBaMIL.

Pemakuiiina Kormeria Ykpaitcokoeo 60mariuHozo #ypHany y cBoiil Nis/IbHOCTI JOTPUMMYETHCA IPUHIN-
IiB BUJJABHNYOI €TUKU Ta KEPYETHC NMOMOXKEHHAMM 3 eTMKU HayKoBux myo6mikauiit (Committee on
Publication Ethics (COPE) — https://publicationethics.org/.

ABTOpPY IIpY NTOfIaHHI PYKOIINCY HECY T BilTIOBi/Ja/IbHICTD 32 PO3KPUTTS CBOIX IPAMMX 200 HeIPAMMX (piHaH-
COBMX i iHIMMX KOH(IKTHIX iHTepeciB, 3MaTHNX BIVIMHYTU Ha IXHI0 poboTy. Y pykomuci MaloT OyTH 3ra-
maHi Bci ocobu i opranisanii, 1o Hagan GpiHaHCOBY HiATPUMKY, @ TAKOX Opai y po6oTi 0cOOMCTY y4acTb.
3okpeMma, mOBMHHI OyTH BKa3aHi mporpamu 1a/a6o rpaHTH, B paMKaXx SIKIX aBTOPY BUKOHYBA/IN KOCTi-
IKeHHA. ABTOPY MOXXYTb HaJlaBaT! iMeHa THX, KOMY, Ha iXHIO IyMKY, He CJIifj HallpaB/IATU PYKOIINC Ha pe-
LIeH31I0 B 3B'A13KY 3 MOXK/IVIBUM, SIK IIPAaBUIO, IIpodeciitHuM, KoHIIKTOM iHTepeciB. Pemakiiiina Komerisa
IIpU YXBaJIeHHi pillleHb 3Ba)Ka€ Ha HAABHICTh KOHQIIKTY iHTepeciB. UneHu penkornerii He 3amy4aroThCs
IO IpUITHATTS pillleHb IOJO CTaTell, Y AKMX BOHU MOXYTb MaTy KOHQJIKT iHTepecis.

danbcudikania Ta padbpukania JaHuX, Iariat, a TaKoX iHII HOPYILIEHHS HAYKOBOI €THKM € HENpPH-
MyCTUMMMIL.

Marepianu, nogasi 0 KPyKy B iHIIi BUJAHHSI 9M BXKe ony01ikoBaHi (IIOBHICTIO 460 YaCTKOBO), He Mpuit-
MAIOTbCA i He pO3IIANAIOThCA. BuKtioueHHA Moxke 6y T 3po6/IeHe /uile Ay OI/LAOBUX CTaTell, ab0 AKILO AL
HOLIMPEHHsI HAYKOBMX 3HAHb € JJOLIIbHOI MYO/iKallia B Pi3HMX JKypHaIax 4M iHIIMMY MOBaMIi; B YCiX TaKUX
BUIaJKaX NOTpiOHi: (1) sropa Bcix criBaBTOPiB (SKILO BOHY €); (2) HiATBEp/pKeHe IOTO/KEHHS PEfaKTopiB ycix
3a/IyY€HNX BUJJaHb; (3) Hame>XXHi MOCUTAHHS Ha OPUTiHAJIbHI Hy6niKaui'1'.

ITpu BuKopucTaHHi ony6niKOBaHUX B YKkpaincvKomy 6omaniunomy sypHani MaTepianiB MOCHIAHHA HA
ny6nikaniro B Ykpaincokomy 6omaniunomy #cypHasui € 060B'I3KOBUM.

Io penkonerii Ykpaincvkozo 6omaniunozo sxypHany Ha anpecy pemakuil secretary_ubzh@ukr.net okpeMuMn
darramy moTpibHO HaZiCTaTI: ® OBHUII TEKCT CTATTI (BKIIOYHO 3 pUCYHKaMU, TabmuisamMy, pedeparami)
y ¢dopmarax .doc abo .docx; @ MaTepiany /st eIeKTPOHHOTO HOJATKY (3a HEOOXiTHOCTI); ® CympoBifHY iH-
dbopmariiro.

Pyxomnucyu noBuHHI BiiOBigaTH CTUIIO Ta peJaKLillHUM CTaHAApTaM YKpaiHCbK020 60MaHiuH020 HypHATY.
ITpu mifroToBLi pyKomucy MpOCHMMO KepyBaTHCs, KPiM HaBeJeHNX MPaBWI, MyOmiKanis My B OCTaHHIX
HOMepax XKYPHAIYy i TOYHO JOTPUMYBATHCSA 3a3HAYEHNX BUMOT 110710 POpMaTyBaHHS.

1. To posrasify mpuitMaioTbcs pisHi 3a 006csarom crarti. Tabnmii (crHOITHYHI TOILO), pUCYHKM (306pa-
JKEHHs repOapHuX 3pasKiB TOLIO), JOZATKOBI Marepiany (CIMCOK JOCTiKeHUX repbapHux 3paskis, ¢ro-
PUCTUYHI CIIMICKM) 3HAYHOTO pO3Mipy MOXYTb OyTH OIyO/IiKOBaHI B €/IeKTPOHHOMY BapiaHTi )XypHay SK
€/IeKTPOHHI JOJATKN [0 CTATTi, 3 IOCM/IAHHAM Ha HUX Y IPYKOBaHill Bepcil.

2. Posminienns Marepiany crarri. MOBOIO CTaTTi HABOJATHCS: ® Ha3Ba CTATTI (HAMIBXXMPHUM, 3BUYANTHIM
3a posmipom wpudTom); @ imM'st MOBHICTIO, iHilian o 6aThKOBi ab0 iHilian gpyroro iMeHi (3a moTpebu) Ta
Ipi3Buile aBTOpa/aBTOPiB (BeIMKUMMY JIiTepaMyl, HAliBXVPHUM LIpUQTOM); ® IIOBHA Ha3Ba YCTAHOBI, Jie
BUKOHAHe JJOCTiKeHHs, 1i MOBHA IIOLITOBA afjpeca; SIKIO aBTOPYU IPALIOIOTh Y Pi3HUX YCTAaHOBAX, LMQ-
POBUM HaApsANKOBUM iHJEKCOM IOB's3aTy Mpi3BuUIlle aBTOpa i Miclie itoro po6oTH; ® eleKTPOHHA afpeca
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aBTOpa IS IMCTYBAaHH, [IOB'sI3aHa 3 IPi3BUIIEM aBTOpa *; ® pedepar Ta K/IOYOBI C/IOBa; ® TEKCT CTATTi;
® [I0BiIOMJICHHS BiJl aBTOPIB IIPO BiJICYTHICTh Oy/Ib-IKOTO KOH(QIIIKTY IHTEpECiB; ® ITOCHIAHHSA Ha eJIeKTPOH-
HWit fojatok (Supplementary Material) 3a HeoOximHOCTi; ® imeHTHdikatopu aBTOpIB y Mi>KXHaApOZHOMY
peectpi BueHux ORCID; @ crycok mocuiaHb; ® MOBOIO, BifMIiHHOIO Bix MOBM CTaTTi (YKpalHChKOIO abo
aHIVIICPKOIO): HasBa CTATTi, Ipi3Buine Ta iHimianm aBTOpa/aBTOPIB, IIOBHA Ha3Ba YCTAHOBU/YCTAHOB, Jie
BUKOHAHO JOCTiKeHHs, pedpepart, KJII0YOBi C/I0Ba.

3. CTpPYKTypPHO CTaTTA Ma€ CKIafaTucs 3 TaKuxX po3finis: Berym, Marepiamu ta Metopu, Pe3ynbraTu Ta
o6rosopenHs (a60 PesynbraTn, O6roBopeHH: okpeMo), BucHoBku, 3a norpe6u — ITogaku; HanpukinIi
MaloTb OyTV BKa3aHi Iporpamm Ta/ab6o IpaHTH, B paMKax AKNMX BUKOHYBAJIOCh JOCIKeHHA. B okpemux
BUIIA[IKaX MOXK/MBa Mopudikaris posginis. TakcoHOMiuHi, propucTuyHi, Tpo6IeMHO-TEOPETUYHI CTATTi
Ta KOPOTKi ITOBiZJOM/IEHHS MOXXYTb Oy TI IIimiCHUMM, 6€3 BUIieHNX PO3MiiB.

4. BUK/Iaj TeKCTy Ma€e Oy TH YiTKUM Ta CTUCIUM, 6€3 TOBIMX eKCKYPCIB i TOBTOPEHb.

TexcT HapjaBatyu y pegakropi Microsoft Word: mpugt Times New Roman; kernp 12; MbKpsARKoBuit iHTep-
Ba/l — 1,5; 6e3 mepeHOCiB i BUPIBHIOBAHHS 3a IIPAaBUM KPAEM; YCi IIO/IsT — 2 CM; CTOPIHKY PYKOINCY ITO3HA-
YaI0ThCA HACKPi3HOI HYMeEPaLi€o.

Qisnyni BenmumuyHM cif HaBoguty B oguHuAx CIL. [Ina nosHayeHHsA iHTepBany 3Ha4eHb BMKOPUCTOBY-
BaTy Kopotke tupe (n-dash), nanpuxaan: 5-12 cM, 60-80%. Y TekcTi mOBMHHI OyTu e "aHIICHK"
nmanky. CKOpO4YeHHs CIIiB i C/IOBOCIONTY4eHb Y TeKCTi CTaTTi, B 0popM/IeHHI Tab/MuLb i pUCYHKIB, OKpiM 3a-
ra7IbHONIPUITHATUX, HEIPUITYCTUMI. 3a HeOOXiJHOCTI CKOpOYEHHS MOYKHA HABORMUTY IIiC/Is TONEPefHbOTO
posumdpysanHs (Hanpuknan: Hanionansuuit npupopumii napk (HIIIT) i mani sa rekcrom — HITIT).

HaykoBi Ha3BM TaKCOHIB pOC/INH i rpubiB ycix paHriB CIifi JaBaTV KYpPCUBOM i JIMIIe JIATUHCHKOIO MO-
Bow. [Ipy mepiroMy IXHbOMY 3rafiyBaHHI B TEKCTi — i3 3a3HAYEHHSM aBTOPIB TaKCOHIB, fami — 6e3 aB-
TOPIB, 32 BUHATKOM HOMEHK/IATyPHO-TAaKCOHOMIYHMX ImyOriKkaniil (3a norpe6iu), a TaKoX BUIAZKIB, KON
e Crif 3pobutn s YHUKHEHHsI TAKCOHOMIYHOI HESICHOCTI UM IUTyTaHWHM. PaHIY TaKCOHIB (HalpyKIIaf,
subg., subsp., var. Tomo) crig HaBoguTy npsAMuM mpudTom. IIpy nepiomy sragyBaHHi BUAIB Ha3By POAY
HOTPiOGHO HABOAUTM MOBHICTIO, HAala/li CKOPOUYYBATU [0 OfHI€El IiTepy, 3a BUHATKOM THX BUIIAfIKiB, KON
pedeHHs pO3MOYMHAETHCS 3 TaTUHCHKOI Ha3BM 200 )X KOMU MeThCs PO BUIM, 1O HaJIeXaTb [0 Pi3HUX
POZiB, HAa3BM AKX MOYMHAIOTHCS 3 OFHAKOBOIL MiTepu. Y mifmmcax [0 Tabmuip ta PUCYHKIB POJOBi Ha3BU
poC/uH i rpi6iB He CKOPOUYIOThCS (BUK/IIOYEHHA — IIepPeiK KiIbKOX BUJIiB OZHOTO POAY).

IMeHa Ta CKOpOYEHHs iMeH aBTOPiB TaKCOHIB POC/UH Cif craHmapTusysaru 3a The International Plant
Names Index (https://www.ipni.org/), Ha3Bu Ta aBTOpiB TakcoHiB rpubiB — 3a MycoBank (https://www.
mycobank.org/) a6o Index Fungorum (https://www.indexfungorum.org/), BapianT TexsniuHoro ogopmeH-
HsI peflaKilisi 3anninae 3a co6or. JKIo B Ha3Bi cTarTi HABOAATHCS Ha3BM BUJIB (200 iHIIMX TaKCOHIB [0
POZIOBOTO PaHTy BKIIOYHO), aBTOPIB TAKCOHA He BKAa3yBaTH, a B [y)KKaX 000B'sI3KOBO HABECTH POAMHY 260
TaKCOH BMII[OTO PAHTY, A0 SAKUX Lieit Bup (Buay) abo iHmmit TakcoH (iHuI TakcoHM) Hanexartb. Y pedepa-
Tax aBTOPY TAKCOHIB He HaBOJATBHCA. SIK BUK/ITIOYEHHS, aBTOPY TaKCOHIB MOXYTb OyTM HaBefjeHi B Ha3Bi
Ta/abo pedeparax TiIIbKM y HOMEHK/IATYPHO-TAaKCOHOMIUHMX CTATTSX 1 MIe TOR, KoMK L iHdopmaris e
KPUTUYHO BaYX/IMBOIO 3 HOMEHK/IATYPHOI TOUYKY 30pY.

Y pasi Mopdonoriyanx, aHaTOMIYHMX, Ia/TiHOJIOTIYHMX Ta iHIIVX HOCIIPKEHb CIIi] YiTKO BKa3yBaT! Kilb-
KiCTh BUKOPUCTAaHUX POCINH, 3pa3KiB TOLIO0, Ha OCHOBI AKMX NPOBOAWIN FocmimKeHHs. OO0B'I3KOBO
LUTYIOTbCS €TUKeTKM a0 iHi ifeHTNdikaTopy BUKOPUCTAHNX repOapHMX 3pasKiB a0o iHIMX 06'€KTiB
36epiraHHs, 3 AKMMIU IIPALIOBAB aBTOP; SAKILO 3Pa3KM YMCEIbHI, BKa3yeThCs /ulle Micue 30epiraHus (rep-
6apiif, KomeKLis) i HoMepy 3paskiB. ETMKeTKM LUTYIOTHCS HMOBHICTIO, MOBOIO OpUTiHANY i3 3a3HaYeHHIM
(3a HasBHOCTI) HOMepy 3pa3Ka abo Gapkopmy (WITPUX-KOAY, iIHBEHTapHOrO HOMepY) Ta aKpoHiMy repbapito,
B sIKOMY BOHM 30epiratorbcsi (Hampuknag, KW-M71602); mpu nuTyBaHHI 3paskiB i3 6a3 maHux rep6apiis
azpeca (eMeKTpOHHA JIOKasi3alliss abo eneKTpOHHUIT iZeHTMiKaTop) 300pa>keHHs HABOGUTHCS 32 BUMO-
rami IeBHOTO rep6apio abo 6asu gaHux. AKpoHimu rep6apiiB nuryoTbces 3a Index Herbariorum (https://
sweetgum.nybg.org/science/ih/) abo 3a Bumanuam lepbapii Ykpainu (2011) (https://www.botany.kiev.ua/doc/
Herbarium Ukr 2011.pdf).
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MarepianaMm 1100 HepIIoi 3HaXigKy BUAY YM POAY POCINH i rpubiB Ha Tepurtopii Ykpainu a6o Oyzb-s1Kol
iHIIOl KpaiHM pemakiis Hamae mpioputet. PimenHs momo my6mikanii KOPOTKUX MOBIJOMIEHDb PO HOBY
3HaXiZIKy paHillle 3apeeCTPOBAHNX TAKCOHIB PEAKOJIETiA NMPUIIMAE HA CBiil PO3CY[l, OKPEMO ISl KOXKHOTO
BUITAJKy. BUHATKOM € IIOBiJOM/IEHHSA PO HOBi 3HAXiJK!M BUAiB, BKIOYEeHUX 10 UepBOHOI KHUTM YKpaiHN.

JliTeparypHi mKepena cif HaBOGUTH y TeKCTi y Takuii crioci6: I[1.I1. [Banenxo (Ivanenko, 2002); (Ivanenko,
2002); (Ivanenko, 2002, 2014a, 2014b; Jones et al., 2004; Petrenko, Sydorovych, 2010), Jones (2008), (Jones,
2008), (Chervona..., 1996, 2009; Opredelitel..., 1987; etc.) Tomo. IIpy nnuTyBaHHi TeKCTOBOrO (PparMeHTy
a60 iHIINMX KOHKPeTHMX KOMIIOHEeHTIB Iy6ikanii (Hanpukiaj, 300pakeHb, MePLUIOONNCIB TOI0) He0OXifHO
BKa3yBaTy CTOPIHKY ab0 BilIOBi/{Hi CTOPiHKYM LIMTOBAHOTrO pKepena; Hanpukaan: (Sydorovych, 2010: 158).
SK1110 0JHOYACHO HABOJAUTBCA AEKiIbKa MIOCUIAHD, C/IiJl JOTPUMYBATUCh XPOHOIOTIYHOI IOC/TiIJOBHOCTI.

Y BHUCHOBKax HaJaBaTy JIle OCHOBHMII IICYMOK po60TH, HmifKpecanTy i HOBM3HY Ta 3HAYYILiCTb, 3a-
IPOIIOHYBATH HAIIPAMKI MOZIA/IBIIVIX JOCIPKeHb; YHUKATH iHpOpMallii, TofaHol B TeKCTi Ta pedepari.
Yci MaTepiany, AKi IIaHYETbCST ONPUIIONHIOBATY K €IeKTPOHHI JOMAaTKY, HeoOXiJHO HalaBaTy OfHOYAC-
HO 3 OCHOBHMM pyKomucoM. IlepekonariTecs, o 1ji MaTepiany 3Taflyl0TbCA y TEKCTi CTATTi.

Pepakuis sanumiae 3a co6010 MpaBo BHOCUTH Y TeKCT 3MiH, AKi He BIUIMBAIOTh HAa 3MiCT, BKIaJeHUI1 y
HBOTO AaBTOPOM.

EnexTpoHHMIT (aill PyKOINUCYy CTaTTi NOBMHEH MaTK Ha3BY, sIKa BifiOBifjae TpaHCiTepalil TaTUHNUIICIO
Ipi3BMIIA MIEPIIOrO aBTOPa, HapuKiag, 'Petrenko".

5. Ta6muii HaBOIUTY Y TeKCTi Mic/IA Meploro srajlyBanHA. AKimo TaONMNLS TepeXOUTh Ha HaCTYIIHY CTO-
piHKY, ii He po3OuBary, rojoBKy He AyOroBaTy. [0/OBKM TabNMUIb MOBMHHI TOYHO BifIOBiZaTH 3MicTy
rpad. Marepian, HaBefieHUII y TaONNILSAX, He [TOBMHEH AyOIIOBATICS B TEKCTi, ajle MOXKe OYTM 4aCcTKOBO
BUKOPYICTAHWIT TPy 06TOBOpeHHI pe3ynbrariB. Hasy Ko>kHOI Tabmu1li HABOJUTY HALIIBXKUPHUM HIPUPTOM
MOBOIO CTaTTi (SKIO CTATTA He aHIJIIICbKOI0) Ta aHITIICHKOI MOBOIO; Ha3BY POJIB (SAKILO €) HE CKOPOUY-
BaTu. Tabmuii B eleKTPOHHOMY JOJATKY (3a HasBHOCTI) HyMepyBaT! He3aJIeKHO Bif TabMuub y TeKcTi i
HO3HAvyaTy 3 fofaBaHHAM ymitepu S: Tabmuus S1 Toro.

Yci yMOBHI IT03HAUKM Ta CKOPOYEHHs IIOBMHHI OyTy po3ummdpoBaHi y BUHOCKaxX Tabnui, HaBiTh SKIIO
BOHU TAaKOX po3Mn@poBaHi B TeKCTi (IIpoTe AKIO BOHM BUKOPUCTOBYIOTbCA B HACTYIHUX TAOMMUIIAX,
MOYKHa 3pOOUTH Lje JuIlle V Hepiiit Tabmmii).

6. ImocTpanii aBTop po3Milllye B TeKCTi CTATTi Mic/A MepIIOro IOCKIAHHA Ha HUX (po3Mip ycboro ¢aii-
JIy CTaTTi 3 pUCyHKaMu B pefakropi Word He moBuHeH nepesuiyBaryu 15 M6aiit). Ha Ko>XHMIT prCYHOK
HeoOXifiHi mocumaHHs B TeKCTi cTarTi. Martepias, HaBeeHMIT Ha PUCYHKaX, He Ma€ fyOII0BAaTUCS B TEKCTI.
OpHoTunHi imocTpanii Ta fiarpaMy NOBUMHHI OyTH BUTPUMaHi B OHAKOBIN CTWICTHUII 11, 32 MOX/IMBOCTI,
3i6paHi B Me>kax OfHOro pucyHka. KoxxHa Bich HOBMHHA Oy Ty [I03HaYeHA Ta MaTy OAMHUIII BUMIpIOBaHHS;
TOBILVIHA JIiHii1 He MOXKe OYTI MEeHIIOIo 3a 1 IIT.

Koxxny imocTpaniio morpibHO HaficnaTu OKpeMuM IIOBHOPO3MIPHUMM eJIeKTPOHHUM ¢ailioM y ¢op-
MaTi, 0 MiATPUMYe MOX/IMBICTh pefaryBaHHA i MakcumanbHO 306epirae gerami ("Petrenko_Fig01",
"Petrenko_Fig02" Tomo). [na imoctpaniii, mo MicTATb TeKcT (miarpamu, rpadikim), mepeBara HaJa€TbCA
BeKTOpHUM (popmaram (.pdf, .svg, .eps), abo "piguum" Ppopmaram mporpam, B SIKMX BOHU Oy/IM CTBOpeHi
(xls, .psd, .ai). PacTposi imoctpauii (poTorpagii) MaloTb OyTy YiTKMMMU Ta KOHTPACTHUMM, 3 PO3AiIbHOI0
spatHicTio Bif 150 mo 300 mikcenis Ha groiiM. IlITyyne mifgBuIeHHA PO3/IiNbHOI 3JaTHOCTI HENPUITYCTHME.

ImocTpanii, AKi He BifNOBigal0Th BUIle3a3HAYEHNM BIMOIaM, 10 APYKY He IPUIIMAIOThCA. 300paskeH-
HA 'y dopmari .jpeg (.jpg) cnip 36epiraT B pexxumi "MakcuManpHuit". SIKIO pUCYHOK CKIAJJA€ThCS 3 Jie-
KITIbKOX {MF0CTpalliif, KO)KHE OKpeMe 300paskeHHs TIO3HAYATY BEMMKNMU MPSIMIMI TATUHCHKIMMY JTiTepa-
mu mpudrom Times New Roman.

Koxxny inmrocTpalito cynpoBompKyBaTy HifnucaMy YKpalHChKOIO (SIKIIO CTAaTTs He aHITIIChKOI0 MOBOIO) Ta
AHIJIJICHKOIO, HAIIPUKJIAZ:

Puc. 1. Cannabis ruderalis. A: )inoda KBiTKa; B: 9omoBivya KBiTKa

Fig. 1. Cannabis ruderalis. A: pistillate flower; B: staminate flower
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Y mipnycax i MOSCHIOBATY 3HaYeHHS BCIX YMOBHMX IO3HAYOK; 10 Mikpodororpadiit moTpibHO BKa-
3yBaTy 30inmblieHHs (y BUIVIALI TEKCTOBOTO MOSICHEHHs Ta/abo [oOpe MOMITHOTO MacUITaOHOrO LITpPUXa
a60 MaciTabHOI IiHINKY); Ha3BYU POLIB He CKOPOYYBATH.

PyucyHku B e1eKTpPOHHOMY HONATKY (3a HaABHOCTI) HyMepyBaTU He3aJIe)KHO BiJl PUCYHKIB y TeKcTi i mo-
3HA4YaTH 3 JofaBaHHAM jitepu S: Puc. S1 Tomo. Yci yMOBHI [TO3HAUKM Ta CKOPOUEHHS IOBUHHI OyTH PO3-
mm¢poBaHi, HaBiTh SKIIO BOHY TAaKOX po3indpoBaHi B TEKCTi (IIPOTe SIKIIO BOHY BUKOPUCTOBYIOTHCS B
HACTYIIHUX PUCYHKaX, MOXKHA 3pOOMTH Lie JIMILe Y MiAICY O IIepLIOTo).

7. CHICOK NOCHIAHb Ma€ MIiCTUTH JIMIIe IPOLMTOBAHI JPKepea i CK/IafjaTuCA 3a JIATMHCBKOI0 abeTkoro. ITy-
6nikanii ogHOro aBTOpa (200 Iy TUX >Ke aBTOPIB) PO3MILYIOTHCS B XPOHOJIOTIYHIN MTOCIIOBHOCTI. SIKIIO
IPOTATOM POKY OITyO/IiKOBAaHO JieKiNbKa IIpallb, BOHY II03HAYAIOThCS BifJIIOBiTHO jiTepamu a, b, ¢ Tomo; 1
JiTepU BKA3YIOThCA MOPAT, i3 POKOM ny6ni}<aui'1' (1970a, 1985b To10). dxio LIUTYEThCSA He IIepIlle BUTaHHA
[eBHOI Ipalli, Iie moTpiOHo 3a3HaunTty (4-te BUA., 4% ed. Tor10). Y mocnmaHHAX CITifi HABOIUTH BCiX aBTOpiB
po6oTH, He3ameXXHO Bifi IXHBOI KiMbKOCTI (3a BUHATKOM CIIJIBHOTO aBTOPCTBa KOHCOPLiYMiB, HATIPUKIIAT,

Angiosperm Phylogeny Group — APG rowo). IIpn nocunannsx Ha "®@nopu’, "HepBoHi KHUrM" TOIIO, LIUTY-
BaHH [IOYVMHATY 3 aBTOPA/aBTOPiB 0OPOOKM IIeBHOTO TAKCOHA 200 TAKCOHIB, 1[0 PO3I/LA/IAI0THCA.

[Tpar, ony6mikoBaHi TaTMHULIEIO, TOLAIOTHCS MOBOIO opuriHany. [l npaub, ory6IiKoBaHUX KUPUTALIEIO,
HeoOXiTHO TTofjaBaTy TPaHCIiTepOBaHMIT a00 epeKTaeHnit marnuuier 6idmiorpadiunnit onuc. Tpauncmi-
TeparTop, AKIUM 000B'AI3KOBO CJIiJj KOPUCTYBATIUCA, PO3MIleHNIT Ha CaliTi Ykpaitcokozo 6omariuHozo xyp-
Hany: https://ukrbotj.co.ua/tools. 3BepHiTh yBary: TpaHciiTepalis MOCHIaHb YKPalHCBKOIO i POCIICHKOIO
MOBaMM BifipisHA€ETbCA. IIpisBuIlla aBTOPiB TPAaHCIITEPYIOTHCA TaK, AK BOHM HaBOAATHCA CaMUMM aBTOPa-
MU (OTpiOHO OpieHTYBaTHCA Ha AaHITIOMOBHI pedepary HellloJaBHO ONYOITiKOBaHMX IIpalb L[UX aBTOPiB;
JUI1 HOMEHK/IATypPHO-TAaKCOHOMIYHMX POOIT — TaKOXX Ha CTAaHJAApPTHY JIATMHI30BaHY (opMy mpi3BMIna).
SAxmo npausa (kHura, cTaTTs, aBTopedepar, 36ipka MaTepianiB KoH(epeH1ii) omy6iKoBaHa, HAIPUKIIAL,
YKpaiHCbKOIO MOBOIO, ajIe Ma€ TaKOXX OPUTiHa/JIbHY Ha3BYy aHIIIICHKOIO, TaTMHCHKOIO TOLIO (HaBefeHy Ha
TUTY/IBHOMY apKyli KHUTY a0 B pedepaTi), TO BAPTO HaBeCTH ii 3aMiCTb TPAHC/IITEPOBAHOI.

Y pasi norpebu Heorry6nikoBaHi faHi MOXYTb HafjJaBaTVCS JIMIIE y TEKCTi CTAaTTi 3 IPUMITKOW "Hepco-
HaJIbHe MOBIJOM/IEHH:", TIIBKY 3a 3TOHOI0 0cobu, 110 Hafana iHdopMalilo i 3 Mo3HaYeHHAM L€l 0co0u.
IlutyBaHHA pycepTaulifiHuX poOiT i 3BiTiB y CHMCKY IOCMIAaHb HaJaBaTy 3 IIO3HAYKOI "pykomuc’, abo
"manuscript’, BigmosigHo.

Cnucok nocunapb oopMIIOBATH 32 HaBEJEHNMY 3pa3KaMu

Kuurn
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cucteM Kuesa Ta iioro 3enenoi 3oun. Yxpaitcokuii gpimoueronoeiunuii 36ipnux. Cepist C. Qimoexonozis, 25: 48-56.]

Hucepranii / ABTopedepatu gucepranii

Prydiuk M.P. 2018. Mushrooms of the families Bolbitiaceae and Psathyrellaceae of Ukraine: species composition, distribution,
evolution. Dr. Sci. Diss. Kyiv, M.G. Kholodny Institute of Botany NAS of Ukraine, 368 pp. (manuscript). [[Ipmmrox M.IL.
2018. Ipubu pooun Bolbitiaceae ma Psathyrellaceae Yxpainu: 6u0osuti cknad, nowupenus, esonoyis. luc. ... f-pa. 6iorm.
Hayk: crrerj. 03.00.21 "Mixonoris". Kuis, [nctutyT 60Taniku iMm. M.I. Xonoguoro HAH Vkpainu, 368 c. (pykormuc).]

Kucher O.0. 2016. The alien fraction of the flora of the Starobilsk Grass-Meadow Steppe and its invasive potential. Cand. Sci.
Diss. Abstract. Kyiv, M.G. Kholodny Institute of Botany NAS of Ukraine, 18 pp. [Kyuep O.O. 2016. Adsenmusna ¢paxuis
dnopu Cmapobinvcvkozo 371aK060-1y4H020 cmeny ma it ineasitinuii nomenyian. ABToped. fucC. ... KaH[. 610/ HayK: CIIel.
03.00.05 "Boranika". Kuis, InctutyT 60Taniku im. M.I. Xomogroro HAH Ykpaiun, 18 c.]

EnexrpoHHi pecypcn

IPNI. The International Plant Names Index. 2023-onward. Available at: https://www.ipni.org/ (Accessed 21 March 2023)
Halbritter H., Svojtka M. 2016. Dipsacus laciniatus. In: Pal-Dat — a palynological database. Available at: https://www.paldat.
org/pub/Dipsacus _laciniatus/30180 (Accessed 17 July 2020)

ITocunaHHA MOXKHa HaBORUTM Oe3lOcepeqHbO B TeKCTi (0coOMMBO 3a BifCyTHOCTI aBTOpa IyoOsikarii)
SIK aJipecy CaiiTiB, HAIPMKIIAZ: "...Ha3BM BMAIB HaBefeHO 3a https://www.tropicos.org/ Ta 3a https://www.
indexfungorum.org/"

Marepiamu koHpepeHnwiii, cemiHapis

Davydov D.A. 2018. Fitosotsiolohichna nomenklatura v Ukraini: suchasnyi stan ta perspektyvy podalshoho rozvytku. In:
Classification of vegetation and biotopes of Ukraine: the Third Ukrainian Scientific-theoretical Conference proceedings.
Eds Ya.P. Didukh, D.V. Dubyna. Kyiv, pp. 124-129. [[TaBuznos [I.A. 2018. @itocomuionoriyna HOMeHK/IaTypa B YKpaiHi:
Cy4acHMII CTaH Ta HePCIeKTUBMU IOJANBLUIOr0 PO3BUTKY. B 36.: Knacupixayis pocnumnmnocmi ma 6iomonie Ypainu:
mamepianu mpemuoi Haykoeo-meopemuuoi kongepenuii (Kuis, 19-21 xeimus 2018 p.). Pen. SLIL dinyx, [I.B. Oy6una.
Kuis, c. 124-129.]

8. Tekct pedepary (s 6inbiuocTi cTareit — o6csarom o 150 ¢1iB) HOBMHEH MAaTH YiTKY CTPYKTYpPY, O6yTH
3MiCTOBHMM, iHPOPMATUBHIM, JIOTiYHO BUOYAYBaHMM, TOOTO JaBaTy IIOBHE YAB/IEHH: PO po6OTY; He HO-
BUHEH 1y0/II0BaTV BUCHOBKY; CJILJ YHMKATI CKOPOYeHb (KpiM 3ara/JbHOIPUITHATIX) Ta HOCU/IAHb.

KirouoBi cmoBa HaBoguTH B aOETKOBIl IIOCTIIOBHOCTI KOXKHOI 3 MOB, IIPSIMUM IHIPUQTOM, TATUHCHKI Has-
Bl — KYPCUBOM, BifJOKPEM/IIOBAaTV KOMaMIL.
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9. CynposigHa indpopmanis

Ha oxpemomy apxyuui (oxpemuM ¢arimom "Petrenko_Info") 060B'a3k0B0 HagaroThCs BifoMocTi Ipo Beix
aBTOPIB cTaTTi: ® Ipi3BMuIIe, iM's1 Ta 110 6ATHKOBI ITIOBHICTIO YKPalHCHKOIO Ta aHIMINICHKOI0 MOBaMu (OKpeMo
IIO3HAYAETHCS aBTOP, KU TMCTYBATUMEThCS 3 PefaKllielo); ® HayKOBUII CTYIIHD i IMOCajia; ® KOHTaKTHI
HOMepU Te/epOHiB; ® afipecy elleKTPOHHOI IIOLITH.

Iis craTeii acnipaHTiB 060B'13K0OBa peKOMEH/allisl HAYKOBOTO KepiBHMKA.

10. IIpar, B AKMX ONUCYIOTbCA HOBi TAKCOHU, IIOBMHHI MicTuTy iH(opMauito mpo repbapiii, g0 AKOro
3aHO Ha 36epiraHH:A TONOTUIIN IMX TaKCOHIB. I3oTnmu nepenatorbes go HanionampHoro repbapito Ykpai-
HU (rep6apito InctuTyTy 60TaHiky imeni M.I. Xonogxnoro HAH Ykpainu — KW). IIpu noBifomnenHi npo
drropucTiUHi 3HAXIKM y cTaTTi HEOOXifHO BKas3atu, y repbapii sikoi HayKoBOI YCTaHOBMU 36epiraloTbes
repOapHi 3pasku, a TaKOX, 3a HasABHOCTI, HaflaTu ixHi yHikampHi ifenTndikaTopy (Hampukiaj, HoMepu
300piB TOro M iHIIOTO KOMeKTOpa abo 6apkof, iHBeHTapHMIT HOMep repbapiro abo iHumit uudpoBuit ixeH-
tudikaTtop).

SKimo B cTaTTi 3rajyeTbcs MpO CIellialbHe BUKOPUCTAHHSA (HOOyBaHHA, 30MpaHH:A) y HayKOBMX LiIAX
06'exTiB YepBoHOI KHUTM YKpaiHU, y pefaKlilo HeOOXiTHO HaJaTy KOIII0 [JO3BOMY 3rifHO 3 3aKOHOM
Ykpainu npo Uepsony kuury Ykpainu (https://zakon.rada.gov.ua/laws/show/3055-14, gus. Pospin V).

Crarri, opopMIeHHS AKUX He BiilIOBila€ MpaBmIaM, He IPUITMAIOTbCA i He PO3I/IALAI0THCA.

ITopani pykonucy miAraloTh OGHOCTOPOHHBOMY "CTimoMy"” perjeH3yBaHHIO (a single-blind review) nBoma
pelieH3eHTaM! Ta HayKOBOMY Pe/laryBaHHIO.

Penkoreris sanuinae 3a co60 nmpaBo 6e33amepevHo BiAXIATH CTATTi HA OCHOBI HETaTUBHMX aHOHIMHMX
a00 BiIKpUTUX pelieHsill UM eKCIIepPTHUX BUCHOBKIB WieHIB pefkorerii abo iHmmx ¢axiBiis.

ABTOpM 3000B's13aHi HafaBaTy OOIPYHTOBAHI Ta apryMeHTOBaHI BifJOBifi Ha 3ayBa>kKeHHs pel|eH3€HTIiB
Ta HAYKOBOI'O PeJaKkTopa.

Ilicna moBepHeHHA aBTOpPaMI OCTATOYHOI BEPCTKM 3MiHI JJO TEKCTY He IPUIIMAIOThCA.

ITpaBuma 11 aBTOPIB AHITIIICHKOI Ta YKPaiHCBKOW MOBaMy AOCTynHi y Burnani PDF daitni Ha caitti
xypHany: https://ukrbotj.co.ua/guidelines
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