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Chenopodium ucrainicum (Chenopodiaceae | Amaranthaceae sensu
APG), a new diploid species: a morphological description and
pictorial guide
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Mosyakin S.L., Mandak B. 2020. Chenopodium ucrainicum (Chenopodiaceae | Amaranthaceae sensu APG), a new diploid
species: a morphological description and pictorial guide. Ukrainian Botanical Journal, 77(4): 237-248.

Abstract. A morphological description is provided for Chenopodium ucrainicum Mosyakin & Mandak (Chenopodiaceae |
Amaranthaceae sensu APG), a new species allied to C. suecicum and C. ficifolium. At present this new species is reliably known from
several localities in Ukraine (three areas in Kyiv city, one in Kyiv Region, one in Rivne Region), but it is probably more widespread,
or could be even alien in Eastern Europe. Comparison of our plants with other taxa [such as C. suecicum (incl. C. neumanii, etc.),
C. ficifolium, several morphotypes of C. album, as well as plants known as C. borbasii, C. missouriense (sensu stricto and sensu auct.
europ.), C. lobodontum, etc.], demonstrated that C. ucrainicum is morphologically different from all these known and named taxa. It
is also a late-flowering and late-fruiting species: in Kyiv fruits/seeds normally develop during late September — early November. This
significantly reduces the possibility of gene flow and therefore hybridization with closely related diploid species, like C. ficifolium
or C. suecicum, which usually flower and produce fruits earlier, mainly in July—August to early September. It also suggests that the
new taxon is well isolated from its congeners and indeed represents a good species, not just one of weakly differentiated morphotypes
that are so numerous in the C. album aggregate. To help researchers in identifying C. ucrainicum in the field and in herbaria, original
illustrations are provided in the article and the Electronic Supplement. These illustrations include scanned images of the holotype
(one specimen representing parts of one plant mounted on four herbarium sheets), field photographs showing plants and their parts at
different stages of their development, and photomicrographs of fruits/seeds. Cytological and molecular data of the research team of
B. Mandak (research in progress, detailed results to be published separately) demonstrated that C. ucrainicum is a B-genome diploid
indeed related to C. suecicum and C. ficifolium.

Keywords: Chenopodiaceae, Chenopodium, diploid, herbarium, nomenclature, taxonomy, type specimen, Ukraine

Supplementary Material. Electronic Supplement (Figures E1-E20, el—e10) is available in the online version of this article at:
https://ukrbotj.co.ua/archive/77/4/237
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Mocskin C.JL.!, Manpak B.23 2020. HoBuii qunuioinuuii Bux Chenopodium ucrainicum (Chenopodiaceae | Amaranthaceae sensu
APG): mopdonoriunumii onuc Ta ixocTpoBaHmii oSN, Yipaincokuil bomaniunuil scypran, 77(4): 237-248.
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Byin. TepemienkiBebka 2, Kui 01601, Ykpaina

2 MakynbTeT HAyK PO JOBKULLSL, YechKuii ClIbChKOTOCIONAapChKuii yHiBepcuteT y [1pasi
Ipara 6 — Cyxmon 165 21, Yecbka PecryOmika

mandak@fzp.czu.cz

*TacrutyT GoTaniku Yechbkoi akageMii HayK

Ipyronine 252 43, Yeckka Pecry6imika

bohumil. mandak@ibot.cas.cz

Pedepar. Haeneno mopdonoriunuii onuc HoBoro Buay Chenopodium ucrainicum Mosyakin & Mandék (Chenopodiaceae /
Amaranthaceae sensu APG), sixkuit ciopiqaennii 3 C. suecicum ta C. ficifolium. Ha ueili vac HOBHI BUJI JOCTOBIPHO BiIOMHI
3 JIEKITBKOX JIOKAMITeTiB B YKpaiHi (Tpu Micue3HaxomkenHs y M. Kuis, ogne — y KuiBcbkiii obnacti, oqHe — y PiBHEHCHKil
o0macri), ane BiH, OUYEBUIHO, PO3MOBCIOMKCHUN IIHpIIe, abo X HaBiTh MOXE BUSBUTHCS aJBCHTUBHUM y CXimHiii €Bpori.
[TopiBHSHHS HAIIUX POCIUH 3 IHITUMH TakcoHamu, Hanpukian, C. suecicum (incl. C. neumanii, etc.), C. ficifolium, nexinbkoma
mopdorunamu C. album, a Takox 3 pociauHamu, Bizomumu min Hazamu C. borbasii, C. missouriense (sensu stricto Ta sensu
auct. europ.), C. lobodontum ta neskumu iHIIMMU, 10Ka3ano, mo C. ucrainicum MOPQOIOTIYHO BIIPI3HAETHCS BiJ YCIX IUX
BIZIOMHUX TaKCOHIB, 1[0 MalOTh Ha3BH BHJOBOTO paHry. HOoBuii BUI XapaKTepH3y€eThCs Mi3HIM LBITIHHAM Ta IJIOJOHOIICHHIM: y
KueBi 1I00HOMIECHHS 3a3BU4ail TpUBA€ 3 Jpyroi MOJIOBUHU BEPECHs 10 MO4YaTKy Jincronana. Taka deHomoriyna ocoOIUBicTD
3HAYHO 3MCHIIYE MOXIUBOCTI OOMiHY TEHETHYHHM MaTepiajioM uepe3 TiOpuau3aliiro 3 OJU3bKO CIOPITHCHUMH JUILIOITHIMUA
Bugamu, 30kpema C. ficifolium abo C. suecicum, K1 3a3BHYail KBITYIOTh Ta yTBOPIOIOTH IUIOAM paHillle, y JUIMHI—CEPIHi (10
cepeanHu BepecHs). L 0coOmuBicTh TaKoXK BKa3ye Ha Te, [0 HOBHH TAaKCOH J00pe BiIOKPEMJICHHUIT Bijl IHIIMX HPEICTaBHUKIB
poxy i IificHO € crIpaBXKHIM BUIOM, a HE IPOCTO e OJJHUM 3 YHCJIEHHUX cl1abo audepenuiiioBannx mopdorumis rpynu C. album.
Jst Toro, mo6 nocHiAHUKKA Manu 3Mory Bu3HauuTh C. ucrainicum y IpUPOAL Ta repdapii, y cTarTi Ta i eeKTpOHHOMY JOAaTKy
HaBEJICHI OpUTiHANIBHI LTIOCTpallil, a came: ckaHOBaHi 300paXkeHHs roIOTUITY (OIMH 3pa30K, 1110 MiCTUTh YaCTHHHU OJHI€] POCINHH,
3MOHTOBaHI Ha YOTHUPHOX repOapHUX apKymiax), HaTypHi GoTorpadii pocinH Ta IXHIX YaCTHH Ha PI3HUX CTadisIX PO3BUTKY, a
TakoX MikpodoTorpadii maoxiB Ta HaciHUH. LluToNMOTI4HI Ta MOJEKYISPHI AaHi JOCTI THUIBKOT rpymu b. Mannaka (10ciimKeHHs
TPUBAIOTh, JETAJIBHI pe3yabTaTd OyayTh ommyOiikoBaHi okpemo) mokasanu, o C. ucrainicum € B-reHOMHMM IMIUIOiZOM,
cniopigaenuM 3 C. suecicum ta C. ficifolium.

Keywords: Chenopodiaceae, Chenopodium, repbapiii, Airuioiz, HOMEHKIAaTypa, TAKCOHOMIsI, THIIOBHH 3pa3ok, YkpaiHa

Introduction in the group, but also potentially for genetic improvement

of crop species and cultivars, for which various diploids

A new general scheme of allopolyploid evolution and
speciation in the genus Chenopodium L. (in its restricted
generic circumscription: see Fuentes-Bazan et al.,
2012) based on hybridization of "primary" diploid taxa
and subsequent polyploidization emphasized the role
played by diploid species in the evolutionary processes
(Mandak et al., 2018; see also Mandak et al., 2012;
Walsh et al., 2015; Krak et al., 2016, etc.). A surprisingly
simple scheme of polyploid species formation within the
C. album aggregate was discovered (see Mandak et al.,
2018) and it explained general taxonomic patterns in
this group that contains economically important crop
species (such as the pseudocereal C. quinoa Willd. and
its relatives in the Americas and C. giganteum D.Don and
some other Asian taxa used mainly as leaf vegetables)
and noxious weeds (various taxa of the C. album L.
aggregate). Because of that, discovery, inventory and
proper identification of diploid taxa of Chenopodium
sensu stricto is of considerable interest not only for better
understanding of the evolutionary and taxonomic patterns
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may serve as promising sources of useful genetic traits.

Here we report a new species that was collected
and observed in Ukraine by the first author since 1989.
Special observations in the field (by Sergei Mosyakin),
and recently also in cultivation, complemented by
molecular and karyological studies (by Bohumil Mandak
and his team; to be published separately), convincingly
demonstrated that it is a distinct species allied to
C. suecicum Murr and C. ficifolium Sm. Despite extensive
studies of herbarium material (physical specimens at
various herbaria and scanned images available online)
and literature, we were unable to find any earlier
described species matching our plants morphologically
or otherwise (see comments below).

We thus provide here a formal morphological
description of the new species. To help researchers in
identifying the newly described species in the field and in
herbaria, original illustrations are provided in the article
and in the Electronic Supplement. These illustrations
include scanned images of the holotype, field photographs

Ukrainian Botanical Journal, 2020, 77(4)
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showing plants and close-ups of their parts at different
stages of their development, and photomicrographs of
fruits/seeds.

Herbarium acronyms used below follow [Index
Herbariorum (Thiers, 2008—onward).

Description of the new species

Chenopodium ucrainicum Mosyakin & Mandak, sp.
nov.

Type: UKRAINE, Kyiv (Kiev), Shevchenkivsky
District, Tatarka historical neighborhood, Baggovutivska
Street, near (behind) the Promenada Mall, shady areas
under trees on slopes with ruderal vegetation. Latitude
50.470357 N, Longitude 30.479655 E. Co-occurring
species: Ballota nigra s.1., Chelidonium majus L., Urtica
dioica L., Polygonum aviculare L. aggr. (along paths),
Erigeron annuus (L.) Pers., Atriplex sagittata Borkh.
(occasional on drier and more sunny slopes), etc. Co-
occurring species of Chenopodium: C. album L. s.l.
(incl. morphologically corresponding to "ssp. fallax"
Aellen), C. betaceum Andrz. (C. "strictum" auct. non
Roth), C. opulifolium Schrad. ex Koch & Ziz (occasional,
on drier, open, and more sunny spots). 02 October 2019.
Leg. & Det.: Sergei L. Mosyakin. Holotype: KW, one
specimen containing parts of one individual plant
mounted of four herbarium sheets, with four barcodes
(see Art. 8.2 and 8.3 of the ICN: Turland et al., 2018):
KW001003108, KW001003109, KW001003110, and
KWO001003111 (see Fig. 1-4). Isotypes (currently
at KW, to be distributed to several other herbaria):
KW001003112-KW001003115 (one specimen on four
sheets), KW001003116-KW001003118 (one specimen
on three sheets), KW001003119 & KW001003120 (one
specimen on two sheets), KW001003121-KW001003123
(one specimen on three sheets), KW001003124 &
KWO001003125 (one specimen on two sheets), and other
specimens with the same label information matching the
label of the holotype (see above).

Ilustrations: Electronic supplement, Figures El1-—
E20.

Plants annual, light green or yellowish green, in
October-November sometimes becoming darker green,
sparsely covered with whitish (on young leaves often
golden or golden-pinkish) mealy indumentum, becoming
subglabrous at maturity. Main stem erect, 10-110 (-130)
cm tall, normally branched above the base, less commonly
with branches almost near the base, or rarely (in
underdeveloped plants growing in dense stands) branched

Yipaincoruii 6omaniunuii scypnan, 2020, 77(4)

only in the inflorescence. Stem and branches striate, with
alternating dark green and light green stripes, at nodes
becoming reddish or with beet-red spots (Fig. E13, E14).
Lower and middle primary branches usually spreading
almost horizontally, forming with the main stem an angle
almost approaching 90° (occasionally lower branches,
if close to the plant base, arcuate or ascending); upper
branches spreading, ascending to suberect, at maturity in
inflorescence with distal ends often nodding, usually thin
and fragile (thicker in plants growing in open places).
Leaves (when fully developed) normally long-petiolate,
with petiole often almost as long as lamina, or shorter
than lamina in upper leaves and longer than lamina in
lower leaves; leaf blades usually thin and soft (somewhat
thicker in plants growing in open places), rather variable
in shape (in particular, depending on vegetation phases
and growing conditions) (Fig. E3-Ell, El14, El6).
Lower and middle cauline leaves with leaf blades (3-)
4-8 (-10) cm long and (1-) 2—4 (—6) cm wide, more or
less distinctly trilobate (or sometimes almost ovate in
outline), lateral lobes located in basal 1/3 or 1/2 of leaf
blade; base cuneate to broadly cuneate; apex obtuse
to subacute; margins undulate, crenate or obtusely
dentate. Upper cauline leaves becoming gradually
smaller on the plant upward, indistinctly trilobate or
subhastate to ovate-lanceolate or lanceolate, apex mainly
subacute, margin with a few teeth to subentire or entire.
Young leaves with whitish or often golden or golden-
pinkish mealy indumentum above (Fig. E1, E2, ES).
Inflorescence usually thin and lax (Fig. E11-E13), partial
inflorescences moniliform or nearly so, with flowers
arranged in small few-flowered remote glomerules, some
flowers solitary (Fig. E13, E17, E18). Perianth segments
(tepals) 5, green to yellowish-green, distal ("back") side
more or less distinctly keeled, at least in some flowers
(Fig. E18); tepals normally only partly cover fruits at
maturity. Fruits usually ca. (0.9—) 1.0-1.3 (-1.4) mm
in diameter; pericarp not easily removed when rubbed,
in dry state with distinct sculpture (Fig. E20A); seeds
rather variable in color (heterospermy): whitish, ivory- or
yellowish-white when immature, most of them becoming
reddish-brown, brown or almost black at maturity (Fig.
E19), equatorially rather distinctly keeled; testa almost
smooth, with shallow depressions and grooves extended
to equatorial zone (Fig. E20B). Seeds horizontal, embryo
circular. B-genome diploids with 2n=18.

Distribution: At present the species is reliably reported
only from Ukraine, where its localities are known in the
city of Kyiv (three sites, numerous specimens in KW),
Kyiv Region (Vasylkiv District, Hrebinky, occurring in
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Fig. 3. Holotype of Chenopodium ucrainicum, KW001003110, sheet 3
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several localities in the area, numerous specimens in
KW), and in the northwestern part of Ukraine in Ostrog,
Rivne Region (a young plant collected by L.M. Gubar,
14 July 2003, KW, No. 060233). Preliminary data (in
particular, some images available online) also indicate
that it may occur in Ukraine in Ternopil Region (western
part of the country), and probably also locally in Central
and/or Western Europe. However, its presence there is not
yet confirmed. The pattern of distribution of the species
in Ukraine and its habitats there may even indicate that
C. ucrainicum is actually alien in Europe, but in that case
its primary range is unknown. The peculiar late-season
development and the leaf shape somewhat similar to that
of some eastern and southeastern forms of C. ficifolium
may suggest some links of C. ucrainicum with plants
occurring in East and South-East Asia, but currently
there is no confirmation to that suggestion.

Habitats and co-occurring species: Judging from the
currently available data, C. ucrainicum grows in Ukraine
in various ruderal habitats, but it evidently prefers shady
areas under the canopy of trees in parks, also among
shrubs, along roadsides and fences, etc. Usually it occurs
as groups or in dense stands (Fig. E3, E4, E7, E12, E15),
often together with some other species of Chenopodium.
The co-occurring species most commonly include
tetraploid C. betaceum Andrz. (C. strictum sensu auct.,
non Roth: see Mosyakin, 2017), with which it may grow
side by side (see Fig. E9), and various morphotypes
of hexaploid C. album (co-occurring in all known
localities); less commonly also diploids C. ficifolium
and C. suecicum and hexaploid C. opulifolium Schrad.
ex Koch & Ziz. However, preferred micro-habitats of
the mentioned species are usually somewhat different.
Preliminary results of field observations of Sergei
Mosyakin also indicate that C. ucrainicum may probably
(rarely?) form spontaneous hybrids with some other
co-occurring species of Chenopodium (diploids and/
or tetraploids?), thus probably contributing to the
morphological and genetic diversity of hexaploids
currently collectively known as C. album sensu lato.
However, these observations should be critically tested
using appropriate experimental and molecular methods.

Phenology: Chenopodium ucrainicum is a late-
flowering (September to mid-October) and late-fruiting
(late September to mid-November) species. In Kyiv the
species was observed during several years in fruit and still
with green foliage even in the beginning of November,
until mid-November, when freezing temperatures (below
0°C) were already registered at night (see Fig. EI1-E17).
At that time the co-occurring plants of C. betaceum
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and C. opulifolium in locus classicus of C. ucrainicum
(see above) were already leafless and dry. The late
development of C. wucrainicum probably contributed
to its "invisibility" to researchers because in temperate
regions of Europe botanists rarely collect specimens of
Chenopodium in October and November, when most of
other species of the genus are already leafless and hardly
identifiable. Also, the unusually late flowering period of
C. ucrainicum significantly reduces the possibility of
gene flow and therefore hybridization with closely related
diploid species, like C. ficifolium or C. suecicum, which
usually flower and start to produce fruits earlier, mainly
in July—August to early September. It also suggests that
the new taxon is rather well isolated from its congeners
and indeed represents a good species, not just one of
weakly differentiated morphotypes that are so numerous
in the C. album aggregate.

Discussion

Specimens of the new species were first collected by
Sergei Mosyakin in 1989 in Hrebinky (also sometimes
transliterated as Grebinky), Vasylkiv District, Kyiv
Region, Ukraine (specimens in KW, all collected by
S. Mosyakin: 5 August 1989, No. 092184; 18 August
1991, Nos. 008141, 008142, 008143, 008144, etc., plus
numerous specimens collected during 2015-2020). The
plants were initially discovered in shady places in a small
park and adjacent ruderal habitats near the Kyiv—Odesa
(Odessa) highway, not far from a grain elevator. It was
evident to the first author already in the early 1990s that
the newly found Chenopodium represented a species
morphologically different from all other species of the
genus known in Ukraine. The proximity of the elevator
and the main highway suggested that the species was
introduced there, and because of that early attempts at
its identification were aimed at finding a morphologically
best-matching taxon from other parts of the world
(see below). Only special observations (morphology,
ecology, phenology, etc.) and extensive serial herbarium
collections made by Sergei Mosyakin mainly during
2015-2020, combined with data of chromosome counts
(initially provided by colleagues from the Institute of
Food Biotechnology and Genomics of the National
Academy of Sciences of Ukraine, and then in more detail
by the research team of Bohumil Mandak) and further
karyological and molecular results obtained by Mandak
and his team, convinced us that the plants observed and
collected in Ukraine represent a distinct new species.
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Initially the plants collected in the first known
locality were suspected to represent some morphotypes
of Chenopodium missouriense Aellen (C. album var.
missouriense (Aellen) Bassett & Crompton); not the
European plants usually identified (or misidentified?)
as C. missouriense but some forms of North American
plants seen by Sergei Mosyakin in MO, US, and some
other North American herbaria (Mosyakin, 1996; see
also comments in Clemants, Mosyakin, 2003; Mosyakin,
2012).

It should be noted that the real taxonomic identity
of C. missouriense remains at least problematic until
now. Confusingly, in the protologue (Aecllen, 1928, see
also Aellen, 1929, 1960-1961; Aellen, Just, 1943) the
specimens of that newly described species were cited from
Europe (Sweden, collected by C. Blom), but at the same
time it was noted that the original description was based
on North American specimens collected by B.F. Bush in
the United States (Courtney, Jackson County, Missouri).
Dvorak (1987: 580) concluded that original specimens of
C. missouriense represent "a mingled material of at least
two taxa'; in our opinion, that suggestion is correct. There
are two lectotype designations available in literature for
the name C. missouriense, one made by Bassett and
Crompton (1982; US00513035, the image available from
http://n2t.net/ark:/65665/3b9ee86dd-02¢8-44cc-9261-
77b8bf3aal10), which should be followed, and another
made by Dvorak (1987) on a specimen from G.

As mentioned by Mosyakin (1996), it looks like the
common "European" concept of C. missouriense does
not match most of North American plants identifiable as
that species. Because of that uncertainty Clemants and
Mosyakin (2003) in their treatment of Chenopodium
in the Flora of North America did not include
C. missouriense in the identification key and the list of
numbered species but instead discussed it in a note under
C. album sensu lato, together with other problematic
taxa. It is quite possible that most of the European plants
(mainly hexaploids?) identified as C. missouriense (see
Aellen, 1928, 1929, 1931; Dvorak, 1987; Dostalek,
Jehlik, 2004; Grozeva, 2014, Mered’a et al., 2016, etc.)
are in fact neither identical with nor directly related
to native North American plants identifiable as that
species. Dvotdk (1987: 581) stated that the hexaploid
chromosome numbers reported for C. missouriense in
several publications should be critically revised because
they most probably refer to various morphotypes of
C. album sensu lato; he also hypothesized that the "true"
North American C. missouriense might be related to
C. virgatum Thunb. (that name remains unresolved
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taxonomically; referable to a problematic East Asian
taxon) and C. striatiforme Murr (a Eurasian tetraploid).
However, his ideas about origins of the European plants
identified (or misidentified) as C. missouriense have
not been confirmed. Clemants and Mosyakin (2003)
noted that some North American plants identifiable as
C. missouriense have inflorescences that are somewhat
reminiscent of those of the native North American
A-genome diploid C. standleyanum Aellen. Further
comments on the proper identity and typification
of C. missouriense and some other enigmatic or
taxonomically unresolved taxa described or recognized
by Aecllen will be provided in a separate article (now in
progress).

Despite superficial similarity of some North American
specimens identifiable as C. missouriense to our plants
described here as C. ucrainicum, they are morphologically
quite different and definitely do not belong to the
same species. Also, C. missouriense was reported to
be a hexaploid with 2n=54 (Bassett, Crompton, 1982;
Mandak et al., 2018, and references therein), Dvorak
(1987) instead suggested relationships of presumably
native North American plants with tetraploids (see
above), while our new species is diploid.

Another hypothesis explored for establishing the
taxonomic identity of Ukrainian plants occasionally
collected since 1989 was their possible identification as
C. borbasii Murr (= C. album subsp. borbasii (Murr)
So6) (see Dvorak, 1991, and references therein); and
that name was tentatively accepted in Conspectus
Florae Europae Orientalis (Mosyakin, 2012; earlier
also mentioned as a possibility: Mosyakin, 1996: 43).
However, comparison of our plants with actual specimens
of C. borbasii (including syntypes) reliably identified
by Aellen and Murr in G and W during the visits of the
first author (S. Mosyakin) to these herbaria in 2017 and
2018, respectively, as well as our analysis of the relevant
literature and digital images of herbarium specimens
available online, leaved no doubt that our plants do not
belong to that taxon. Also, C. borbasii is reported to be
a hexaploid (Dvorak, 1991; Lomonosova in Marhold,
2013: 1358, E9), in contrast to our diploid plants.

In its leaf shape C. ucrainicum superficially resembles
some morphotypes of the South American tetraploid
species C. hircinum Schrad. (see Mosyakin, Sokolova,
2020, and references therein) and the East European—
Siberian alluvial psammophytic tetraploid C. acerifolium
Andrz. (see Uotila, Lomonosova, 2016; Mosyakin, 2017,
and references therein) (Fig. E14). However, the fruit/
seed morphology, ploidy levels, and genome/subgenome
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composition convincingly demonstrate that neither of
these two taxa is conspecific with C. ucrainicum, and
they are not even closely related.

Chenopodium ucrainicum should be also compared
with C. lobodontum H.Scholz, a species described from
the city of Berlin, Germany, and hypothesized to be of
synanthropic origin, "promoted by hybrid contact of
Ch. suecicum, Ch. album and Ch. strictum" (Scholz,
1999; see also Zerbe et al., 2003). It was also reported as
a rather late-flowering and fruiting species (September—
October) with the diploid chromosome number 21n=18
(resembling in that respect, and also in morphology,
C. suecicum), but the tetraploid number 2n=36 was also
mentioned. However, judging from its detailed original
description, illustrations in the protologue, and the digital
images of the holotype (available at https://herbarium.
bgbm.org/object/B100277962 and https://plants.jstor.
org/stable/10.5555/al.ap.specimen.b_10 0277962)
and other specimens at B identified by H. Scholz,
morphological characters of that species (such as its
leaf shape and dark green or grayish-green leaf color,
branching habit, fruit/seed morphology, etc.) do not
match those of C. ucrainicum, and the distinctions are
sufficient enough for treating these two as different taxa.
In our opinion, C. lobodontum is either very close to
or conspecific with C. suecicum, and the hypothesis of
its origin by hybridization involving the three species
mentioned by Scholz (1999) is unlikely.

We also compared our plants morphologically with
available herbarium original and other reliably identified
specimens (especially those identified by Murr and/or
Aellen in G and W) and with both published and available
online images of taxa usually considered to be synonyms,
infraspecific entities or close relatives of C. suecicum or
C. album (Aellen, 1960-1961; Beaugé, 1974; Uotila,
Suominen, 1976; Uotila, 1978, 2001; Walter, 1995;
Sukhorukov, Zhang, 2013; Sukhorukov, 2014; POWO,
2020—onward, etc.) or sometimes recognized as separate
species (e.g., Murr, 1902, 1903, 1904; Dvorak, 1987,
1990, 1991, 1992, etc.), such as C. bernburgense
Murr, C. betulifolium Murr, C. haywardiae Murr,
C. neumanii Murr, C. pseudopulifolium (Scholz) Murr,
C. subopulifolium Murr, and some other morphotypes
having species-rank names. To the best of our knowledge,
none of the mentioned taxa matched morphologically the
species described here as C. ucrainicum.

Concluding remarks

Chenopodium ucrainicum can be expected to occur
not only in Ukraine but also in adjacent and more
distant regions of Europe and Asia, where it has not
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been yet revealed and reported because of its superficial
morphological similarity to other taxa (species and
infraspecific entities) of the C. album aggregate. We
hope that the morphological description and other
information, and especially images on the new species
provided here, will draw attention of researchers to that
taxon. We would greatly appreciate any information from
researchers concerning C. ucrainicum, especially reports
of its occurrence outside the presently known areas.
Additional information on the new species, including
further taxonomic and nomenclatural considerations,
results of molecular, karyological, micromorphological
and other studies, etc., will be published in the
forthcoming article, which is now in preparation.
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Abstract. Thirteen historical specimens (including original material, mainly syntypes and isolectotypes) of Allan and Richard
Cunningham's taxa of Epilobium and Fuchsia (Onagraceae) from New Zealand recently discovered in the Turczaninow Herbarium
(KW-TURCZ) at the National Herbarium of Ukraine (KW) are discussed in comparison with digital images of and data on
other relevant specimens from several other herbaria, such as K, BM, WELT, etc. These specimens, collected in New Zealand
by Allan Cunningham in 1826 and 1838 and by Richard Cunningham in 1833-1834, represent the following taxa (as outlined
by A. Cunningham): Epilobium alsinoides, E. atriplicifolium, E. confertum, E. hirtigerum, E. nerterioides, E. nummulariifolium,
E. pedunculare, E. thymifolium, E. virgatum (A.Cunn., non Lam.), and Fuchsia procumbens. It is demonstrated that type designations
for some names in Epilobium mentioned above remain problematic; some names appear to be not yet typified effectively. These
problems are caused by several factors, such as misplaced original labels or specimens, errors or misinterpretations in curatorial or
copied labels, a complicated numbering system applied by A. Cunningham, etc. Critical re-assessment of all available original and
other associated specimens of the mentioned names in Epilobium, especially those in K, is needed. Before such re-assessment, we
refrain from any nomenclatural actions affecting type designations. The recent discovery in KW-TURCZ of important historical
specimens (not only Onagraceae but also many other plant families) collected in New Zealand in the first half of the 19" century by
Allan Cunningham, Richard Cunningham, J. Everard Home and some other early explorers is not only interesting from a historical
viewpoint but also important for taxonomy, especially for proper application of names validated by A. Cunningham.
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Mocsikin C.JL.', ne Jlanre I1.Jx.2, Auronenko C.1.!, Kimimosuy H.B.' 2020. Tunosi Ta inui icropuyni 3pa3ku takconisB Epilobium
Ta Fuchsia (Onagraceae), onucanux Ajuianom ta Puuapaom Kanninremamu 3 Hooi 3enannii, y repoapii M.C. Typuaninosa,
Hauionanbuuii repoapiii Yxpainu (KW). Vkpaincoxuu bomaniunuii scypnan, 77(4): 249-269.

TaerutyT GoTaniku im. M.T. Xononsoro HAH Ykpainu

Byil. Tepemenkierka 2, KuiB 01601, Ykpaina

*Texuosoriunuii incruryt YHiTek

IT/ckp. 92025, Byn. Bikropii (3axin), Oxnena 1142, Hosa 3enanais

Pedepar. TprHAAISTE iCTOPUYHHX 3pa3KiB (BKJIIOYHO 3 OPUTiHAIEHIM MaTepiaioM, epeBakHO CHHTUIIH Ta 130JIEKTOTUIIN) TAKCOHIB
Epilobium ta Fuchsia (Onagraceae), onucanux 3 Hooi 3enannii Amanom ta Pugapnom KanHiaremamu, Oyiy HEIOAaBHO BUSIBICH]
cepen matepianiB repbapiro M.C. TypuaninoBa (KW-TURCZ) y Hauionansnomy rep6apii Yrpaiau (KW); BoHE 00roBOprOOThHCS
y TIOpIBHSHHI 3 IN(GPOBUMHU 300payKeHHSIMH Ta JaHMMH PO 1HIII BiJIIOBIHI 3pa3Ky 3 KIJIBKOX iHIIHMX Tepbapiis, 30kpema K, BM,
WELT ra in. i 3pa3ku, mo Oynu 3i0pani B Hogiit 3enannii Amanom Kanriaremom y 1826 ta 1838 pp. Ta Puuapnom Kanniaremom y
1833-1834 pp., perpe3eHTy oTh Taki TAKCOHH (B OpurinanbHoMy posyminti A. Kauninrema): Epilobium alsinoides, E. atriplicifolium,
E. confertum, E. hirtigerum, E. nerterioides, E. nummulariifolium, E. pedunculare, E. thymifolium, E. virgatum (A.Cunn., non Lam.)
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is an open access article under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
use, distribution, and reproduction in any medium, provided the original work is properly cited
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ta Fuchsia procumbens. IlokazaHo, 110 TTO3HAYCHHS THITIB JUIS IESKUX 3 UX Ha3B y poxi Epilobium nuImaioTecst mpoOiieMaTHIHIM;
JIeKiTbKa Ha3B, OYEBHIHO, IIe He Oynu HaleXHUM YMHOM TumidikoBaHi. Lli mpobnemu Oynu BUKIHMKaHI IeKinbkoMa (hakTopamu,
30KpEMa, NeperuryTaHuMu OpI/IFiHaHbHI/IMI/I C€TUKETKAaMU YU 3pa3KaMu, IIOMMHJIKAMH B KypaTOPCbKUX YU CKOHiﬁOBaHHX CTHKCTKAX,
CKJIQJIHOIO CHCTEMOIO HyMepallii, 3actocoBaHolo A. Kanniaremom Tomro. [ToTpiben kpuTuaHui neperisy ycix HassBHUX OPHUTiHAIBHIAX
Ta iHIIMX MOB'SI3aHUX 3 HAUMH 3pa3KiB, IO CTOCYIOTHCS 3rajlaHuxX Ha3B Epilobium, 0coOMMBO THX, IO 3HAXOOAThCS B repbapii K.
Jlonoky Takuii meperisiy He 34iiCHEHO, MU YTPUMY€EMOCH BiJl Oyab-sIKMX HOMEHKJIATYPHUX JiH, 110 BIUIMBATUMYTh Ha ITO3HAYCHHS
tury. Henasre BusiBinenns y KW-TURCZ BaximBuX icTopruHMX 3pa3KiB (He numie 3 poaunu Onagraceae, ane i 3 6araTbox iHIINX
pomun), 3i0panux y Hosiit 3emannaii y nepmiii nonoBuni XIX cromitrs Amnanom Kanniaremom, Piwapmom Kanninremowm, J[x.
EBepapaom XoyMoM Ta JESKUMHM {HITMMH PaHHIMH JOCIHITHUKAMH, € He JIHIIE [IKaBUM 3 ICTOPUYHOI TOYKH 30pY, ajle i BOKINBHM

JJIs1 CUCTEMATUKH, 0CcOo0JIMBO JUISL IPaBUJIBHOI'O 3aCTOCYBAaHHS HAa3B, BCTAHOBJICHUX A. KanHinremom.

Kurouosi ciioBa: Epilobium, Fuchsia, Onagraceae, rep6apiii, HoBa 3enanjis, HOMEHKJIaTypa, CHCTEMaTHKa, TUIIOBI 3pa3Ku

This article is dedicated to Peter H. Raven (President Emeritus, Missouri Botanical Garden,
St. Louis, Missouri, USA; Member of the National Academy of Sciences of the USA, Foreign
Member of the National Academy of Sciences of Ukraine, etc.) in recognition of his fundamental
contributions to the taxonomy and biogeography of Onagraceae, especially Australasian

taxa of Epilobium

Introduction

Allan Cunningham (1791-1839) was one of the most
prominent figures in Australasian botany of the first half
of the 19" century (Heward, 1842a, 1842b; McMinn,
1970; Orchard, 2014; Heenan et al., 2017, etc.). His
main botanical activities were focused geographically on
Australia and New Zealand, but he also collected plants in
Brazil (1814-1816), Timor (1825; see Orchard, Orchard,
2013), and Mauritius (1821). Allan Cunningham visited
the northern North Island of New Zealand in 1826 and
1838, basing himself in the Bay of Islands from where he
collected numerous plant specimens. His brother Richard
Cunningham (1793-1835) also visited New Zealand
and collected plants in 1833-1834 from a much wider
area of the Northland Peninsula than his brother was
able to achieve (Hooker, Cunningham, 1837; McMinn,
1970, etc.). Herbarium specimens of Allan and Richard
Cunningham are known to be deposited in several
herbaria. The main sets of their plants are reported to be in
K, BM, and OXF, while smaller collections are known in
CGE, E, G, NSW, PDD, W, WELT, etc. (Stafleu, Cowan,
1976; Mabberley, 1978; Orchard, 2014, etc.; herbarium
acronyms are given according to Thiers, 2008—onward).

Orchard (2014), who traced the distribution of
Cunningham's specimens to various herbaria of the world,
did not mention that the National Herbarium of Ukraine
(KW; also known as the herbarium of the M.G. Kholodny
Institute of Botany of the National Academy of Sciences
of Ukraine, Kyiv) also holds important collections of the
Cunningham brothers. Notably the KW herbarium is also
not mentioned in other publications and online resources
listing herbaria in which Cunningham's collections are
known to be kept (e.g., Stafleu, Cowan, 1976; Thiers,
2008—onward, etc.).
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The KW herbarium houses, as a separately kept
collection, the Turczaninow historical herbarium. It
is a large, rich and globally important collection of
the 19" century, originally accumulated by Nikolai S.
Turczaninow (1796-1863) and containing at least
150 000 specimens, or probably more accurately
estimated at 170 000 (or even more?) specimens because
often several specimens are placed on one sheet or in
one folder. For information about Turczaninow and
his herbarium, see Lipschitz (1964), Stafleu (1969),
Myakushko (1976), Myakushko et al. (1979), Stafleu,
Cowan (1986), Marchant (1990), Kamelin, Sytin (1997),
Krytska, Mosyakin (2002), Shiyan (2011), Diachenko
et al. (2015), Mosyakin et al., (2018, 2019), Mosyakin,
de Lange (2019, 2020), and references therein.

Our preliminary inventory of selected taxa [for
example, Veronica L. sensu lato (see Albach et al., 2018),
some Geraniaceae (Mosyakin, de Lange, 2019), etc.]
in the Turczaninow herbarium at KW demonstrated
that it contains numerous specimens from New Zealand
collected in the first half of the 19" century, in particular,
those of Allan Cunningham, Richard Cunningham (see
biographic references above), and J. Everard Home (see
Godley, 2010; Gardner, 2020; Mosyakin, de Lange,
2020), including many type specimens. Most probably
these Cunningham's historical specimens from New
Zealand were received by Turczaninow from the Royal
Botanical Gardens Kew (K) through J.D. Hooker,
together with other specimens from Australasia and
some other parts of the world. It is documented that
Turczaninow exchanged letters and specimens with
Hooker (Kamelin, Sytin, 1997; Shiyan, 2011; Mosyakin
et al,, 2018; Mosyakin, de Lange, 2019, 2020, etc.).
Further studies are needed to make an inventory of the
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New Zealand historical collections at KW, which will
definitely result in identification of many other original
specimens not yet known to the international botanical
community (see Mosyakin, de Lange, 2020).

Here we provide the list of original and some
other historical specimens of Cunningham's taxa of
Epilobium L. and Fuchsia L. (Onagraceae) from
New Zealand recently revealed in the Turczaninow
historical herbarium at the National Herbarium of
Ukraine (KW), with miscellaneous nomenclatural and
taxonomic comments. In this publication we refrain
from any nomenclatural actions (such as second-step
lectotypifications or other corrected type designations)
because we think that any changes to the nomenclatural
status quo regarding the types of New Zealand names
in Epilobium should be introduced (if indeed deemed
necessary) only after a thorough additional examination
of all relevant specimens available at K, BM, WELT,
and other herbaria holding specimens collected in New
Zealand by Allan Cunningham and Richard Cunningham.

Authorship of some names in Onagraceae validated
by Allan Cunningham (1839)

Most of the taxa of Onagraceae validated by Allan
Cunningham (1839) in the eleventh part of his
Precursor... are cited with the authorship "A.Cunn."
(see Schonberger et al., 2018, 2019; IPNI, 2020—onward,
POWO, 2020-onward, etc.), with the exception of
the name E. nummulariifolium (cited as authored by
"R.Cunn. ex A.Cunn."), Fuchsia procumbens (cited with
"R.Cunn."), and two species names (E. pallidiflorum
Sol. ex A.Cunn. and E. pendulum Sol. ex A.Cunn.)
based on manuscripts of Solander and properly cited
with the authorship "Sol. ex A.Cunn.". However, in
the protologue Allan Cunningham, by adding the note
"(R.C. Mss.)", clearly attributed the authorship of names
and descriptions of three species of Onagraceae to his
brother, Richard Cunningham. Following Art. 46.2
and 46.3 of the ICN (Turland et al., 2018), the names
Epilobium nummulariifolium, E. thymifolium, and
Fuchsia procumbens should be cited with the following
authorship: "R.Cunn." (as the author of the names and
descriptions published by A. Cunningham; see Art. 46.3
of the ICN) or "R.Cunn. in A.Cunn." (if it is considered
useful to emphasize that the names have been validated
in the publication authored by A. Cunningham or if a
bibliographic reference is cited, see Art. 46.2 Note 2 of
the ICN).

Yipaincoruii 6omaniunuii scypnan, 2020, 77(4)

Numbers associated with Allan Cunningham's
specimens: an explanation

When citing types and other specimens of Allan
Cunningham, many authors (for Epilobium, mainly
Raven and Raven, 1976) often provided numbers after the
collector names, which can be interpreted as collection
numbers. However, that is not the case. The problem
with the Cunningham specimen numbers and his rather
confusing numbering system was specially discussed
by Orchard (2014: 44-45). Here we provide his most
important conclusions: "Most authors have treated these
shipping numbers as equivalent to collection numbers...
<...> However, a label of the kind 'Cunningham 47', as
appears on many herbarium sheets, is not particularly
informative. Particularly for low numbers, the same
number will exist for multiple collections. <...>
Cunningham did not place any enduring value on these
shipping numbers, although he retained them in his own
herbarium as an aide memoire of what he had sent to
Aiton and Banks. Later in life, when despatching [sic]
replicates to friends and colleagues, he renumbered
specimens in each despatch. Other numbers became
attached to Cunningham specimens subsequently.
Herbarium specimens were 'collectables' in 19" century
polite society, and were traded among dilettantes. When
these private collections were later given to institutions,
or sold, the private numbers went with them, and are often
confused with Cunningham's shipping numbers. Other
specimens may now be found with two numbers, the
original shipping number, and Cunningham's secondary
shipping number".

Thus, the shipping numbers or other kinds of numbers
associated with Cunningham's specimens should not
be treated as the unique collection numbers or unique
identifiers of specimens or gatherings. The numbers
listed by Raven and Raven (1976) and some other
authors for types of names in Epilobium are mainly the
original species numbers used by Cunningham (1839)
continuously in all parts of his Precursor... published
in 1837-1840 (see the combined facsimile edition:
Cunningham, 2017).

Epilobium in New Zealand: a brief overview

The genus Epilobium, containing ca. 200 species, is
nearly cosmopolitan in its distribution (see Raven, 1967b;
Raven, 1968; Raven, Raven, 1976; Chen et al., 1992;
Wagner et al., 2007, etc.). It is also well represented in
Australasia (Raven, 1967a; Raven, Engelhorn, 1971;
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Raven, Raven, 1976; Thompson, 1990; Du Puy, Orchard,
1993), including New Zealand (Cheeseman, 1906;
Allan, 1961; Raven, 1972, 1973; Hair, 1977; Webb et al.,
1988; de Lange et al., 2006; de Lange, Rolfe, 2010;
Schonberger et al., 2018, 2019, etc.). In particular, Allan
(1961) accepted 50 species for New Zealand, while
Raven and Raven (1976) recognised there 37 native and
5 naturalized species. Webb et al. (1988) mainly relied on
the treatment by Raven and Raven (1976). Some name
changes have been introduced later, and an additional
taxon has been described (see Connor, Edgar, 1987,
Heenan, 1996). However, the comprehensive treatment
by Raven and Raven (1976) remains the main foundation
for the current views on taxonomy of Epilobium in New
Zealand. The latest checklists of New Zealand plants
list 43 recognized species of Epilobium, of which 38 are
native (Schonberger et al., 2018, 2019).

Representatives of Onagraceae in general and
Epilobium in particular are considered among taxa of
angiosperms most interesting for studies of various
aspects of plant evolution and biogeography (Raven,
1972, 1973, 1976; Seavey, Raven, 1977b; Connor, 1985;
Raven, 1988; Hoch et al., 1993; Martin, 2003; Katinas
et al.,, 2004; Wagner et al., 2007; Kumar et al., 2018,
etc.). Quite naturally, taxa of Onagraceae inhabiting
rather isolated islands of New Zealand provide intriguing
cases of diversification in isolation, following long-
distance dispersal events. Correct taxonomic and
phylogenetic interpretations of morphological and
geographical patterns observed in that group are crucial
for reconstructing its patterns of evolution and historical
biogeography. And, since the application of plant names
is achieved by their nomenclatural types (Principle II
and Art. 7.1 of the ICN: Turland et al., 2018), reliable
taxonomy is impossible without linking the names to
their types through proper typification.

The first fossil records of Epilobium pollen in New
Zealand are probably dated by the (late?) Oligocene
(Daghlian et al., 1984; Martin, 2003) though Mildenhall
(1980) records the definite presence of Epilobium
pollen from the Pliocene and that of Fuchsia from the
upper Oligocene. The migration routes of Epilobium
to New Zealand and biogeographic affinities of native
New Zealand taxa of the genus remain debatable, with
possibilities of both Eurasian relationships (Raven, 1988)
and, for some taxa, hypothetic migrations from/to South
Anmerica, either due to long-distance dispersal events or via
the ancient Antarctic route. However, available evidence
(taxonomy, karyology, etc.) overwhelmingly indicates
that ancestors of Australasian taxa of Epilobium most
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probably migrated to Australia from Eurasia, and thus
most of New Zealand species had their direct ancestors
in Australia (Raven, 1972, 1973; Raven, Raven, 1976;
West, Raven, 1976; Hair et al., 1977; Seavey, Raven,
1977b). It is noteworthy that Seavey and Raven (1977a)
demonstrated that South American taxa of Epilobium
have been derived from at least two separate introductions
from North America and two from Australasia (Australia
or/and New Zealand?). Unfortunately, molecular
phylogenetic data on Epilobium, and on its Australasian
taxa in particular, remain rather limited (see Baum et al.,
1994; Levin et al., 2004; Lorimer, 2007, and references
therein). Further details of the complicated evolution of
Epilobium in time and space will become available after
additional studies.

Several species of Epilobium native to New Zealand
are known as introduced and naturalized in Europe,
especially the British Isles and some continental European
areas (Davey, 1953, 1961; Holub, 1978; Jergensen, 1992;
Stace, 2010; Pysek et al., 2012; Kaplan et al., 2018, etc.).
The taxonomic identity of several alien taxa in Europe
was rather confusing in the past; some of them were
known under misapplied names. Their hybrids with
other species were reported as well (Kitchener, McKean,
1998; Stace, 2010), which further complicated their
identification. In the recent edition of the New Flora of
the British Isles, Stace (2010: 361) reports for the British
Isles the following introduced New Zealand species:
E. brunnescens (Cockayne) P.H.Raven & Engelhorn
(E. pedunculare auct. non A.Cunn., E. nerterioides auct.
non A.Cunn.), E. pedunculare A.Cunn. (E. linnaeoides
Hook.f.), E. komarovianum H.Lév. (E. inornatum
Melville), and several named hybrids. The latest
records from Europe include E. nummulariifolium first
reported from Italy (de Lange in Rosati et al., 2020)
and E. melanocaulon Hook. found at the Ziller River,
Mayrhofen, Austria (de Lange, unpubl. data, PJ. de
Lange OSTI, AK342661). Thus, proper typification of
names will ensure the proper taxonomy and nomenclature
not only for species of Epilobium native in New Zealand
but also for introduced and potentially invasive plants
occurring beyond their native ranges.

KW specimens of taxa of Epilobium validated by
Allan Cunningham

All taxon entries below are structured as follows: (1) taxon
name and standard bibliographic citation; (2) original

material according to the protologue; (3) type (according
to typifying authors); (4) KW specimen(s): label and
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barcode; (5) current taxonomic status (accepted or not
accepted), with references, and (6) notes (if needed). In
label data, line breaks are indicated by the vertical bar |
(also known as "pipe").

Epilobium alsinoides A.Cunn., Ann. Nat. Hist. 3(14):
32.18309.

Original material (according to the protologue):
"New Zealand (Northern Island). Between the Waimate
and Keri-Keri Mission Stations, bay of Islands. — 1833,
R. Cunningham".

Type (fide Raven, Raven, 1976: 186): "Between
the Waimate and Kerikeri Mission Stations, Bay of
Islands, North Auckland, New Zealand, 1833, Richard
Cunningham 540 (K. Isotype, WELT)". This appears to
be a direct interpretation of Allan (1961: 266) who cited
the type of the name thus: "Between the Waimate and
Kerikeri Mission Stations, Bay of Islands. Type: K, R.
Cunningham, 1833".

KW specimen: "Epilobium alsinoides | C. | In the
Country between | Waimaté & Keri-Keri | N. Zealand. |
1833 RC.", KW001003054. Figure 1 (upper specimen).
Syntype (or isolectotype?).

Current taxonomic status: accepted species
(Schonberger et al., 2018; POWO, 2020—onward).
Raven and Raven (1976; see also Raven, Engelhorn,
1971) considered this taxon in a broad sense, including
E. alsinoides subsp. atriplicifolium (A.Cunn.) P.H.Raven
& Engelhorn (see below) and subsp. tenuipes (Hook.f.)
P.H.Raven & Engelhorn. This broad concept, although
accepted in the latest versions of the checklist of New
Zealand plants (Schonberger et al., 2018, 2019), is not
universally followed in New Zealand; e.g., the New
Zealand Plant Conservation Network (www.nzpcn.org.
nz, accessed 2 March 2020) accepts all these subspecies
at the species rank.

Notes: We were unable to find any unquestionable
original specimens of E. alsinoides in the online databases
of the JSTOR Global Plants and the Royal Botanic
Gardens, Kew. The two sheets at K, K000742561 and
K000742562, containing plants currently identified as
E. alsinoides subsp. alsinoides, are in fact considered
to be original specimens of E. thymifolium. Both these
specimens have the labels indicating their locality as
"About the Waimaté Station | among ferns", and both
are dated by 1834, not 1833 (see discussion below
under E. thymifolium). Thus, judging from available
data, these two specimens from K cannot be regarded
as unquestionably belonging to original material of
E. alsinoides.
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Raven and Raven (1976) mentioned a specimen from
WELT as an isotype (isolectotype?) of E. alsinoides.
We were able to find online data for a specimen with
the WELT Registration Number SP079421 identified as
E. alsinoides, with its type status indicated as "uncertain"
(data available from https://collections.tepapa.govt.nz/
object/719249; no image was available when the online
resource was accessed on 14 February and 2 March
2020). Judging from online data, this specimen was
collected by Richard Cunningham in 1834 (January?),
and its location was indicated as "New Zealand", with
additional information in square brackets, which was
most probably partly derived from the protologue: "[New
Zealand, North of North Island, probably Bay of Islands,
Hokianga or Whangaroa Harbour area]". Judging from
the available data, this specimen does not belong to
syntypes of E. alsinoides but may be part of original
material (as defined in Art 9.4 of the ICN: Turland et al.,
2018).

In order to solve the problem of the proper typification
of the name E. alsinoides, additional searches for any
physical original specimen(s) not yet available online
should be performed, first of all at K and WELT. If no
unquestionable original specimens corresponding to
the protologue (syntypes) are available in K, the KW
specimen KW001003054 will be eligible for lectotype
designation because it perfectly matches the protologue
and is thus a syntype. It should be noted that, according
to Art. 9.12 of the ICN (Turland et al., 2018), in lectotype
designation a syntype must be preferred over paratypes
(if such exist) and/or the uncited specimens and cited and
uncited illustrations that comprise the remaining original
material (if such exist).

Epilobium atriplicifolium A.Cunn., Ann. Nat. Hist.
3(14): 32. 1839. = Epilobium alsinoides A.Cunn. subsp.
atriplicifolium (A.Cunn.) P.H.Raven & Engelhorn, New
Zealand J. Bot. 9(2): 348. 1971.

Original material (according to the protologue):
"New Zealand (Northern Island). Damp woods, near the
great falls of the Keri Keri river, bay of Islands. — 1833,
R. Cunningham".

Type (fide Raven, Raven 1976: 190): "Damp woods
near Kerikeri Falls, North Auckland, New Zealand, 1833,
Allan Cunningham 542 (K)". Allan (1961: 266) included
the name E. atriplicifolium in E. alsinoides sensu lato,
with a question mark. Lectotype: K000742563 (image
available from https://plants.jstor.org/stable/10.5555/
al.ap.specimen.k000742563 and http://specimens.kew.
org/herbarium/K000742563).
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KW specimen: "Epilobium atriplicifolium | C. |
Woods near the great | falls of the Keri-Keri R. | Bay
of Isl®. | 1833 RC.", KW001003057. Figure 2 (lower
specimen). Isolectotype.

Current taxonomic status: Raven and Engelhorn
(1971; see also Raven, Raven, 1976) considered this taxon
as a subspecies of E. alsinoides. This concept is accepted
by Schoénberger et al. (2018, 2019) and in POWO (2020-
onward), but not by the New Zealand Plant Conservation
Network (www.nzpcn.org.nz, accessed 2 March 2020).

Notes: There is only one known original specimen at
K (K000742563) which is annotated as E. atriplicifolium
and labeled as the "holotype", with the following locality
information on the label: "Towards the Great falls
Keri Keri". We accept that specimen as the lectotype
designated by Raven and Raven (1976: 190), despite
some difference in label data. The original specimen at
KW (KW001003057) is thus accepted as an isolectotype;
however, it should be noted that the label of the KW
specimen is a better match to the protologue data.

Epilobium confertum A.Cunn., Ann. Nat. Hist. 3(14):
34. 1839.

Original material (according to the protologue):
"New Zealand (Northern Island). Among grass on river
banks, Wangaroa. — 1826, A. Cunningham".

Type (fide Raven, Raven, 1976: 120): "Among grass
on river banks, Whangaroa, North Auckland, New
Zealand, 1826, Allan Cunningham 549 (K. Isotypes, JE,
WELT)". Allan (1961: 278) did not indicate any type
material but merely stated that Hooker (1852) included
E. confertum in a broad concept of E. junceum Sol.

KW specimen: "Epilobium confertum | C | Among
grass on | river's banks | Wangaroa | N. Zealand |
1826 AC.", KW001003058. Figure 3. Syntype (or
isolectotype?).

Current taxonomic status: not accepted; considered
a synonym of E. billardiereanum DC. subsp. cinereum
(A.Rich.) PH.Raven & Engelhorn (1971: 349; also
Raven, Raven, 1976; Schonberger et al., 2018, 2019;
POWO, 2020-onward).

Note: We were unable to find online data on and
images of any original specimen(s) of E. confertum in
the JSTOR Global Plants (https://plants.jstor.org) and the
Kew Herbarium Catalogue (http://apps.kew.org/herbcat/
gotoHomePage.do). A search in K for any extant original
specimen(s) of E. confertum should be attempted. If
there is/are no such specimen(s) present at K (lost or
destroyed?), the KW specimen (and other original
specimens in JE and WELT reported by Raven and Raven
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in 1976?) will be available for lectotype designation to
replace the presumably lost or destroyed lectotype from
K designated earlier by Raven and Raven (1976).

Epilobium hirtigerum A.Cunn., Ann. Nat. Hist. 3(14):
33.1839.

Original material (according to the protologue):
"New Zealand (Northern Island). Skirts of forests round
Wangaroa Harbour. — 1833, R. Cunningham".

Type: Allan (1961: 279) stated the following: "Type
locality: Skirts of forests round W[h]angaroa Harbour.
Type: R. Cunningham 1833". Raven and Raven (1976)
refined that typification statement: "Skirts of forest on
west side of Whangaroa Harbour, North Auckland, New
Zealand, 1833, Richard Cunningham 546 (K. Isotype,
WELT)". In the Flora of Australia series the supposed
type of E. hirtigerum (Thompson, 1990) was cited as the
"holotype" deposited in K, verbatim following Raven
and Raven (1976).

KW specimen: "Epilob™ hirtigerum | C. | Margins of
woods. | Wangaroa |N. Zeald. | 1834 RC.", KW001003059.
Figure 4. Probable isolectotype? See the note below.

Current taxonomic status: accepted species (Raven,
Raven, 1976; Schonberger et al., 2018, 2019; POWO,
2020—onward).

Notes: The K specimen currently available from
online resources of JSTOR Global Plants and the Kew
Herbarium, which we consider at present to be the
standing lectotype (K000742597, image available from
https://plants.jstor.org/stable/10.5555/al.ap.specimen.
k000742597 and http://specimens.kew.org/herbarium/
K000742597), has five labels and notes. One label
indicates that it is E. cinereum A.Rich. and lists the
number 544 corresponding to the number of that species
in the Precursor... (Cunningham, 1839). However,
R. Melville in 1959 added the following note (now
mounted on the sheet in the bottom left corner): "The
wording on Richard Cunningham's field label refers to
A. Cunn. no. 546 in Ann. Nat. Hist 3, 33 (1839). The
No. 544 label is therefore misplaced as this is part of the
type material of Epilobium hirtigerum A. Cunn. l.c.". We
were unable to find a matching specimen in the online
database of WELT (https://collections.tepapa.govt.nz).

Moreover, there is definitely some confusion with the
dates. The specimens K000742597 and KW001003059
bear the collection year 1834 (not 1833 cited in the
protologue!). Thus, these K and KW specimens cannot
be formally considered as syntypes, unless their labels
were erroneously dated, or unless there was an error or
typo in the protologue. However, they are most probably
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parts of original material as defined by Art 9.4 of the ICN
(Turland et al., 2018) and represent uncited specimens
that were available to the author prior to, or at the time
of, preparation of the description validating the name.
Besides, the KW specimen (definitely with an original
label) is much better preserved than that the small
fragment from K.

To add to the confusion, the plant fragments currently
mounted on sheets in Kew (K000742597) and Kyiv
(KW001003059) are morphologically different and,
in our opinion, may belong to two different species.
Because the Kew specimen was probably mislabeled and
the KW specimen still retains its original label, we think
that KW001003059 better represents the original concept
of the species as intended by Allan Cunningham.

This, it is concluded that the Cunningham's
specimens of E. hirtigerum available at K and KW are
not syntypes because of the labels dated by 1834, not
1833. If no syntypes dated by 1833 are available (for
example, in WELT), then the type indicated by Raven
and Raven (1976; we suppose it is K000742597) should
be considered the standing lectotype, but only if we are
sure that this specimen from Kew indeed matches the
original concept of the species. We further conclude that
at present the proper application of that name remains
uncertain.

Epilobium nerterioides A.Cunn., Ann. Nat. Hist. 3(14):
32. 1839.

Original material (according to the protologue):
"New Zealand (Northern Island). Bogs, near the Kana-
Kana river, bay of Islands. — 1826, A. Cunningham".

Type: Allan (1961: 261) stated the type locality as
"Bogs near the Kana Kana [Kawakawa — P.dL.] river, Bay
of Islands. Type: BM. There are 3 imperfect specimens at
K that very doubtfully belong here". Raven and Raven
(1976: 274) typified the name using a K specimen: "Bogs
near the Kana Kana [Kawakawa] River, Bay of Islands,
North Auckland, New Zealand, 1826, Allan Cunningham
541 (K)".

KW specimen: "Epilobium nerterioides | C. | In
bogs on the banks of | the Keri-Keri R. | Bay of Islands |
1826 AC.", KW001003056. Figure 2 (upper specimen).
Syntype? Type status uncertain.

Current taxonomic status: accepted species (Raven,
Raven, 1976; Schonberger et al., 2018, 2019; POWO,
2019—onward).

Notes: The story of nomenclatural confusion regarding
the name E. nerterioides and some other names applied
to this and related species was presented by Melville
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(1960), who characterized the situation as the "chapter of
errors” (L.c.: 297).

The K specimen K000742539 (image: https://plants.
jstor.org/stable/10.5555/al.ap.specimen.k000742539
and http://specimens.kew.org/herbarium/K000742539)
contains three plant fragments. Most probably these
fragments were mentioned by Allan (1961: 261) as "3
imperfect specimens at K that very doubtfully belong
here" (i.e., probably do not belong to E. nerterioides).
However, it seems that Melville (1960: 298) had no
doubts regarding the identity of these three fragments,
judging from his statement that "Three fragments of
Allan Cunningham's material of E. nerterioides are
preserved at Kew".

There is one specimen in BM (BM000797681; image
available from https:/plants.jstor.org/stable/10.5555/
al.ap.specimen.bm000797681)  mounted on the
same sheet with a specimen of E. nummulariifolium
(probable isotype; BMO000797680: https://plants.jstor.
org/stable/10.5555/al.ap.specimen.bm000797680)
and bearing the identification label by P.H. Raven and
T. Engelhorn dated by 1970 indicating that it is a probable
isotype of E. nerterioides.

An additional comment on the type status of
BMO000797681 appears as an anonymous handwritten
note mounted below the BM000797681 plant: "Probably
the "missing" specimen mentioned by Melville in Kew
Bull.: 14: 298 (1960)". This note refers to the following
text in Melville (1960: 298): "When, at the start of this
investigation, the collections in the Herbarium of the
British Museum were consulted, a much better and more
complete specimen was seen bearing Allan Cunningham's
original field label. It was evident that this specimen
should be regarded as the holotype and the attention of
the Museum staff was drawn to this fact. The sheet was
put aside with the intention of placing it in a type cover
and making a minor repair. Later, when it was desired to
make detailed notes and comparisons, the sheet could not
be found and now, after the lapse of more than a year, it
is still mislaid. At present, the only specimen available on
which to base a decision is the Kew isotype". However,
no "Allan Cunningham's original field label" mentioned
by Melville is currently attached to the specimen.

After studying the Kew specimen (K000742539)
Melville concluded that "The name E. nerterioides
A. Cunn. therefore belongs to the species that hitherto has
generally been called 'E. pedunculare', i.e. E. pedunculare
Hausskn., non A. Cunn." and proposed a new taxonomic
and nomenclatural treatment of the group containing
E. pedunculare A. Cunn. s. str. (incl. E. linnaeoides
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Hook.f. and E. caespitosum Hausskn.), E. nerterioides
A.Cunn. (in a restored sense, incl. E. nummulariifolium
R.Cunn. in A.Cunn. var. pedunculare Hook. f. and
E. pedunculare sensu Hausskn. et auct. nonnul.), and
E. inornatum Melville (E. nerterioides sensu Hook. f.,
Kirk, Cheeseman et auct. nonnul., non A. Cunn;
E. nummulariifolium R. Cunn. ex A. Cunn. var.
nerterioides sensu Hook. f., and E. pedunculare sensu
Hausskn., non A. Cunn. f. aprica Hausskn.). Judging from
our comparison of the KW specimen KW001003056 with
digital images of the mentioned specimens from K and
BM, the Kew specimen K000742539 is a better match.
Thus, it seems to confirm the conclusion of Melville
(1960) regarding the former misapplication of the name
E. nerterioides but not regarding his new species name
E. inornatum, which is now considered a synonym of
E. komarovianum H.Lév. (see Schonberger et al., 2018,
2019; POWO, 2020—onward, etc.).

In our opinion, the KW specimen KW001003056
is not part of original material because its label does
not match the protologue; however, considering
the confusion around the application of the name
E. nerterioides (see above), that specimen is important
for fixing the identity of the species as originally
understood by A. Cunningham.

The species epithet was originally published by
Cunningham (l.c.) as "nerterioides" and that spelling was
and still is followed in many publications and databases
(IPNI, 2020—onward; POWO, 2020—onward); we also
use the original spelling here. However, some authors
think that the original spelling should be corrected to
nerteroides, following Art. 60.10 of the ICN (Turland
et al.,, 2018) because the species was compared to a
Nertera Gaertn. The corrected spelling is accepted in
Schonberger et al. (2018, 2019).

Epilobium nummulariifolium R.Cunn. in A.Cunn.,
Ann. Nat. Hist. 3(14): 31. 1839 (as "nummularifolium").

Original material (according to the protologue):
"New Zealand (Northern Island). — 1769, Sir Jos. Banks.
Shores of the Keri Keri river, and in dry as well as in
boggy grounds. — 1834, Rich. Cunningham".

Type (fide Raven, Raven, 1976: 279): "Dry as well
as boggy grounds, shores of the Kerikeri River, Bay of
Islands, North Auckland, New Zealand, 1834, Richard
Cunningham 535 (K. Isotypes, BM, G, WELT)". Allan
(1961: 259) partially typified the name thus: "Shores of
the Kerikeri river, and in dry as well as in boggy grounds.
Type: K, R. Cunningham, 1834".
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KW  specimens: '"No. 535 | Epilobium
nummularifolium | R.C. | North". IslY. | New Zealand |
1838", KW001003060, KW001003061 (two specimens
with identical labels); "Epilobium nummula | rifolium
A. Cunn. | Nova Zeelandia", KW001003062. All these
three are historical specimens probably belonging to
original material (see below); however, they are not
syntypes.

Current taxonomic status: accepted species (Raven,
Raven, 1976; Schonberger et al., 2018, 2019; POWO,
2020—onward).

Notes: The presumable type specimen (lectotype)
at K (K000742538; images: https://plants.jstor.org/
stable/10.5555/al.ap.specimen.k000742538 and http:/
specimens.kew.org/herbarium/K000742538) is labeled
as "Epilobium nummularifolium RC | New Zealand |
A. Cunningham 1838". A letter (note) of Richard
Cunningham dated 1834 is attached to the specimen.

Another K specimen (K000742536; image: https:/
plants.jstor.org/stable/10.5555/al.ap.specimen.
k000742536 and http://specimens.kew.org/herbarium/
K000742536) is considered in the JSTOR Global
Plants to be an isotype (isolectotype?), and is marked
as "Type" (holotype?) in the Kew herbarium catalogue
(both databases accessed 16 February 2020). The
specimen was presented to K by Heward (see the
label information below; also Orchard, 2014) and is
mounted on the same sheet with K000742537 (not
belonging to original material). The following label is
attached: "535 | Epilobium nummularifolium RC | New
Zealand | A. Cunningham 1838 | Heward 1840". This
specimen, as well as the two KW specimens reported
above, was collected not by Richard Cunningham, but
by Allan Cunningham during his second visit to New
Zealand in 1838. Thus, K000742536 is not a syntype
but it most probably belongs to original material of
E. nummularifolium because we can justly assume that it
was available to A. Cunningham prior to preparation of
the description validating the name.

The original specimen from K has no label
corresponding to the locality information given in Allan
(1961) and Raven and Raven (1976). Despite that, since
the second specimen in K K000742536 does not belong
to syntypes, we think that no second-step lectotypification
is needed, and thus we accept the specimen K000742538
(in fact, the only one reliably known original specimen
at K matching the protologue of E. nummularifolium) as
the standing lectotype designated by Raven and Raven
(1976).
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There are at least two other original specimens at
BM, a presumed isolectotype BM000797684 (image:
https://plants.jstor.org/stable/10.5555/al.ap.specimen.
bm000797684) and the syntype BM000797683 (image:
https://plants.jstor.org/stable/10.5555/al.ap.specimen.
bm000797683, the specimen containing three plants
collected by J. Banks and D.C. Solander). The specimen
collected by Banks and Solander is definitely part of
original material; the second specimen, BM000797684,
does not belong to syntypes. Judging from handwriting
and specimen's metadata, the plants mounted on
BMO000797684 were collected by Allan (not Richard!)
Cunningham. They are undated, but the year of collection
1838 cannot be excluded. If so, BM000797684 and the
two specimens in KW are probably duplicates.

An additional (the third?) presumably original
specimen of E. nummulariifolium is present in BM;
it is annotated by P.H. Raven and T. Engelhorn as a
probable isotype (BMO000797680: https://plants.jstor.
org/stable/10.5555/al.ap.specimen.bm000797680).
The specimen is mounted on the same sheet with
BMO000797681 representing E. nerterioides (see above).
The label of BM000797680 seems to be that of Allan (not
Richard!) Cunningham, and the specimen is undated, so
its status as part of original material is questionable.

An original specimen from WELT mentioned by
Raven and Raven (1976) probably corresponds to the
specimen with the WELT Registration Number SP079420
collected by Richard Cunningham in 1834 (January?)
and currently identified as E. nummulariifolium var.
angustum Cheeseman (data available from https://
collections.tepapa.govt.nz/object/719248; no image was
available online on 14 February 2020).

All three historical specimens from KW (see above)
were originally held in the same Turczaninow's species
folder labeled as "Epilobium nummularifolium". Judging
from the labels (including the year 1838 and handwriting),
the specimens KW001003060 and KW001003061 were
collected by Allan Cunningham during his second visit to
New Zealand (not by Richard Cunningham in 1834); thus
they are not syntypes but anyway they belong to original
material of E. nummulariifolium (uncited specimens that
were available to the author prior to, or at the time of,
preparation of the description validating the name). The
label of KW001003062 is undated and it is not written
by any of Cunningham brothers. Judging from similar
curatorial labels associated with other New Zealand
specimens in KW-TURCZ, these plants were probably
collected by J. Everard Home in the 1840s, and thus the
specimen KW001003062 is not part of original material.
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Cunningham (1839: 31) cited "E. pendulum.
Sol. Mss. in Bibl. Banks" in synonymy of his
E.  nummulariifolium.  Consequently, the name
E. pendulum has not been validly published (Art. 36.1(b)
of the ICN: Turland et al., 2019).

Epilobium pedunculare A.Cunn., Ann. Nat. Hist. 3(14):
31. 1839.

Original material (according to the protologue):
"New Zealand (Northern Island). Near the lake [Lake
Omapere — P.dL.] situated between Waimaté Mission
House and the great forest of Hokianga. — 1834,
Rich. Cunningham".

Type (fide Raven, Raven, 1976: 169): "East of the lake
between Waimate Mission Station and the great forest of
Hokianga, North Auckland, New Zealand, 1834, Richard
Cunningham (K)". Allan (1961: 260) partially typified
the name thus: "Near the lake situated between Waimate
Mission House and the great forest of Hokianga. Type:
K, R. Cunningham, 1834".

KW specimen: "Epilob. pedunculare | RC. | Near
the lake between Wai- | maté & the great forest | of
Hokianga. | N. Zeal! | 1833 RC.", KW001003063. Figure
4. Isolectotype? Type status uncertain.

Current taxonomic status: accepted species (Raven,
Raven, 1976; Schonberger et al., 2018; POWO, 2020-
onward).

Notes: The two K specimens currently listed as
E. pedunculare in the JSTOR Global Plants online
database, K000742583 and K000742584 mounted on
one sheet (https://plants.jstor.org/stable/viewer/10.5555/
al.ap.specimen.k000742583 and  https://plants.jstor.
org/stable/10.5555/al.ap.specimen.k000742584,
respectively; also available from Kew at http://specimens.
kew.org/herbarium/K000742583 and http://specimens.
kew.org/herbarium/K000742584, respectively), do not
belong to original material of E. pedunculare. They
are both dated by 1840 and properly refer to original
material of the name E. linnaeoides Hook.f., which is
now considered to be a synonym of E. pedunculare (see
Melville, 1960).

However, K000742582  (https://plants.jstor.org/
stable/10.5555/al.ap.specimen.k000742582 and http://
specimens.kew.org/herbarium/K000742582) cited
in JSTOR Global Plants as the type of Epilobium
caespitosum Hausskn. (also considered a synonym of
E. pedunculare; see Melville, 1960), seems to be the
real type of E. pedunculare. It is dated by 1834 and was
collected by Richard Cunningham "between | Waimaté | &
the great forest | of Hokianga | past [east?] the lake | New
Zealand", which quite closely matches the protologue.
We accept this specimen as the standing lectotype that
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first Allan (1961) and then Raven and Raven (1976) had
in mind.

It is interesting that the KW specimen is clearly dated
as 1833 (not 1834 as indicated in the protologue) and thus
its type status can be questioned. Alternatively, probably
there was an error in labeling. Because of that we accept
here KW001003063 only as a possible isolectotype.

Epilobium thymifolium R.Cunn. in A.Cunn., Ann. Nat.
Hist. 3(14): 32. 1839.

Original material (according to the protologue):
"New Zealand (Northern Island). Among fern in dry
exposed situations at the Waimaté Mission Station. —
1833, R. Cunningham".

Type: See discussion below.

KW specimen: "Epilobium thymifolium | RC. |
Among Fern in dry open | situations | Bay of Islands |
1833 RC.", KW001003055. Figure 1 (lower specimen).
Most probably a syntype eligible for designation of a
lectotype. See discussion below.

Current taxonomic status: not accepted; considered
to be a synonym of E. alsinoides subsp. alsinoides
(Raven, Raven, 1976; Schonberger et al., 2018, 2018;
POWO, 2020-onward). However, the KW specimens of
E. alsinoides and E. thymifolium (mounted on the same
sheet, see Figure 1) are morphologically quite different.

Notes: Allan (1961: 267) provided the following
type information: "Type locality: Among fern in dry
exposed situations at the Waimate Mission Station. Type:
R. Cunningham, 1833". He also stated that "The material
of R. Cunningham at K, consists of 4 poor scraps
without capsules. I did not find the BM material". That
statement does not constitute even a partial typification
because, in our opinion, Allan simply indicated that he
examined some possible syntype or syntypes at K. The
"4 poor scraps without capsules" mentioned by Allan
probably refer to the specimen K000742561 (see below).
Raven and Raven (1976: 198) provided the following
citation: "Epilobium thymifolium R.Cunn. ex A.Cunn.,
Ann. Nat. Hist. 3: 32. 1839. Type: Among fern in dry
exposed conditions, Waimate Mission Station, North
Auckland, New Zealand, 1833, Richard Cunningham
539 (K. Fragment, JE)". This statement, if referable to
a concrete specimen at K, constitutes a lectotypification.

However, the two known to us original or presumably
original specimens from Kew listed as type specimens
of E. thymifolium, K000742561 (listed as the "holotype"
in JSTOR Global Plants; image available from https://
plants.jstor.org/stable/10.5555/al.ap.specimen.
k000742561 and http://specimens.kew.org/herbarium/
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K000742561) and K000742562 (with a curatorial label
probably reproduced from KO000742561: "About the
Waimaté Station, among ferns | New Zealand. | Coll. R.
Cunningham, 1834"; image available from https://plants.
jstor.org/stable/10.5555/al.ap.specimen. k000742562 and
http://specimens.kew.org/herbarium/K000742562), both
have the labels dated as 1834, while Allan Cunningham
in the protologue reported the collection year as 1833.
In contrast to the K specimens mentioned above, the
KW specimen (KW001003055) is dated by 1833, which
matches the protologue.

There are at least two possible explanations. According
to one, an incorrect date was cited either in the protologue
(1833 instead of 18347?) or on the labels of the two Kew
specimens (1834 instead of 1833?). However, we now
know that the specimen with the collection year matching
the year indicated in the protologue does exist, and it is
KWO001003055. Because of that we may assume that
Richard Cunningham probably collected E. thymifolium
both in 1833 and 1834. In that case the specimens
collected in 1834 are not syntypes but they are still parts
of original material (uncited specimens most probably
available to the validating author before his publication
of the name and description). If it is indeed the case, then
the lectotypification by Raven and Raven (1976: 198)
may be superseded because in lectotype designation a
syntype should take precedence over uncited original
specimens (Art. 9.12 of the ICN: Turland et al., 2018).
If that viewpoint is accepted, it might be suitable to
designate the specimen KW001003055 as the lectotype of
the name E. thymifolium because that specimen matches
the collection year (1833) and other data indicated in
the protologue and is thus a syntype. However, we
refrain from that nomenclatural action because of the
reasons stated above in the Introduction, in particular,
because of the need of a thorough re-examination of
original specimens of Epilobium at K, BM, WELT and
other herbaria where New Zealand specimens of Allan
Cunningham and Richard Cunningham are or may be
present.

It is also important to emphasize that plant fragments
currently mounted on the Kew specimen K000742561
seem to be morphologically non-uniform. As far as
we can judge from studying the high-resolution digital
image of K000742561 (see the links above) and physical
specimens in Kyiv (KW001003054 and KW001003055,
see Figure 1), only the uppermost fragment on
K000742561 (mounted directly below the barcode)
matches morphologically the two plant fragments
available on KW001003055 (E. thymifolium). All other
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fragments on K000742561 seem to be corresponding
morphologically to KW001003054 (E. alsinoides s. str.).
Thus, it is quite possible that the sheet K000742561 either
represents a mixed collection or contains incorrectly
mounted specimens in fact corresponding to two species,
E. thymifolium and E. alsinoides, as originally understood
by A. Cunningham.

Epilobium virgatum A.Cunn., Ann. Nat. Hist. 3(14): 33.
1839, nom. illeg. (non Lam., Encycl. 2(1): 375. 1786).

Original material (according to the protologue):
"New Zealand (Northern Island). In woods near the falls
of the Keri-Keri river, at the head of the Kana-Kana river,
&c., Bay of Islands.—1834. R. Cunningham".

Type (fide Raven, Raven, 1976: 120): "Margins
of woods, near the falls [Haruru Falls — P.dL.] of the
Waitangi River, North Auckland, New Zealand, 1834,
Richard Cunningham 545 (K. Isotype. WELT)".

KW specimen: "Epilobium virgatum RC. | In woods
near the falls of the Keri-Keri R. | Bay of Isl® | N. Zeal! |
1834 RC.", KW001003065. Syntype. It should be noted
that the label of the KW specimen better matches the
protologue than the label of the lectotype from K, as
reported by Raven and Raven (1976: 120).

Current taxonomic status: illegitimate name
(later homonym); now considered to be a synonym of
E. billardiereanum DC. subsp. cinereum (A.Rich.)
PH.Raven & Engelhorn (1971: 349; see Schonberger
etal., 2018, 2019).

Original specimens of Epilobium haloragifolium
A.Cunn. (Ann. Nat. Hist. 3(14): 34. 1839), E. incanum
A.Cunn. (Lc.: 33), and E. pallidiflorum Sol. ex A.Cunn.
(L.c.: 34) are absent in KW.

There is also a KW specimen collected by Richard
Cunningham and identified as E. pubens A.Rich. (Voy.
Astrolabe 1: 329, t. 36. 1832): "Banks of Hokianga R. |
N. Isl. | 1833 RC.", KW001003064; however, it is not
part of original material.

In our opinion, any future researchers engaged in
further taxonomic and phylogenetic studies of New
Zealand taxa of Epilobium should start with critical re-
assessment of all available types and other original and
historical specimens of Allan and Richard Cunningham
(as well as other prominent collectors), in particular, those
deposited in K, BM, WELT, and now also in KW. The
specimens from KW-TURCZ are especially important
in that respect because they preserve the original labels,
which have not been replaced by curatorial ones, and
which are reliably associated with their corresponding

Yipaincoruii 6omaniunuii scypnan, 2020, 77(4)

specimens (not misplaced and mislabeled, as it was
reported for some specimens at K, see above).

The KW specimen of Fuchsia procumbens

Fuchsia procumbens R.Cunn. in A.Cunn., Ann. Nat.
Hist. 3(14): 31. 1839.

Original material (according to the protologue):
"Totera indigenis. New Zealand (Northern Island).
Around the village of Matauri on the east coast opposite
the Cavallos Isles, inhabiting the sands immediately
above the range of the tide, where it was found in flower
in March.—1834, R. Cunningham".

Type: K000742311, see label data below (digital image
available from https://plants.jstor.org/stable/10.5555/
al.ap.specimen.k000742311 and http://specimens.kew.
org/herbarium/K000742311). Reported as the "type" by
Allan (1961: 281) and as the "holotype" by Godley and
Berry (1995: 502); here corrected to the lectotype (Art.
9.10 of the ICN: Turland et al., 2018).

KW specimen: "Fuchsia procumbens | Ric!. C. | On
the sea shore near | the large village of | Matauri, opposite
the | Cavallos Isles [one word or abbreviation illegible,
probably "in"? — S.M.] the Bay of Isl*. Totera incol.
[incolarum — Genitive plural of Latin incola; meaning
Totera of natives — S.M.] March 1834", KW001003053.
Figure 5. Isolectotype.

Current taxonomic status: accepted species (Godley,
Berry, 1995; Schonberger et al., 2018, 2019; POWO,
2020—onward).

This, an uncommon coastal species (de Lange et al.,
2018), is known only from small populations along the
far northern coast of the North Island (Northland and
Coromandel Peninsulas), and from Aotea (Great Barrier
Island) of New Zealand. The species is currently placed
in the monotypic Fuchsia sect. Procumbentes E.J.Godley
& PE.Berry (Godley, Berry, 1995; Godley, Reynolds,
1998). It belongs to the well-outlined South Pacific
clade (sections Skinnera (J.R.Forst. & G.Forst.) DC.
and Procumbentes) confined almost exclusively to New
Zealand and adjacent islands (with only one species
endemic to Tahiti, Society Islands) and containing the
following currently accepted species: F. excorticata
(JR.Forst. & G.Forst.) L.f., F xcolensoi Hook.f,
F. perscandens Cockayne & Allan, F cytrandroides
J.W.Moore (Tahiti) of sect. Skinnera, and F. procumbens
of sect. Procumbentes (Crisci, Berry, 1990; Berry et al.,
2004).

Martin (2003) analyzed the fossil record (mainly
pollen) of Onagraceae in Australia and partly New
Zealand and concluded that New Zealand representatives
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Figure 5. Fuchsia procumbens R.Cunn. in A.Cunn. KW001003053, isolectotype
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of Fuchsia may have been derived from some now extinct
Australian taxa of the genus. The first fossil records of
Fuchsia in New Zealand are dated by the late Oligocene
(Mildenhall, 1980). A new fossil species, Fuchsia
antiqua D.E.Lee, Conran, Bannister, U.Kaulfuss &
Mildenh., was described recently based on material from
a drill hole north of Invercargill, Southland (Murihiku
in Te Reo Maori), South Island of New Zealand. That
species is dated by the Early Miocene and is associated
with Fuchsia sect. Skinnera (Lee et al., 2013).

Godley and Berry (1995: 502) cited the type of
F procumbens as follows: "TYPE: New Zealand.
North Island: around the village of Matauri, on the E
coast opposite the Cavallos Isles, inhabiting the sands
immediately above the range of the tide, Mar. 1834,
(female), Richard Cunningham (holotype, K)". However,
in view of the existence of the second original specimen
recently found at KW (see above), the mention of the
original specimen from K as the type by Allan (1961:
281), who cited the type locality from the protologue
and added "Type: K, R. Cunningham. There are 5 small
pieces with ", constitutes effective lectotypification.
Thus, the K specimen should be corrected to lectotype,
following Art. 9.10 of the ICN (Turland et al., 2018).
The KW specimen is thus an isolectotype. We were
unable to find other original specimens of that species
in online databases of other herbaria, which emphasizes
the importance of the well-preserved original specimen
from KW.

Concluding remarks

Here we report and discuss 12 original and some
other historical specimens (mainly syntypes, some
isolectotypes) of nine species-rank names in Epilobium
and one original specimen (isolectotype) of one species
of Fuchsia, all taxa published by described by Allan
Cunningham and Richard Cunningham from New
Zealand.

The fundamental taxonomic treatment of Australasian
Epilobium by Raven and Raven (1976) still remains
the most important and comprehensive foundation
for our understanding of the taxonomy, biogeography
and evolution of the genus in New Zealand. However,
despite much research and the published taxonomic and
floristic treatments available, there are still problems
with the proper designation of types for names of several
New Zealand taxa of Epilobium, and the type status of
some specimens has to be clarified, for which critical re-
assessment of all available original and other associated
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specimens, especially those in K, is needed. Before
such re-assessment, we refrain from any nomenclatural
actions affecting the existing (or even de facto missing)
type designations.

The recent discovery of important historical specimens
at KW (in the Turczaninow historical herbarium, KW-
TURCZ) collected in New Zealand in the first half of the
19" century by Allan Cunningham, Richard Cunningham,
J. Everard Home (see the references above), and also by
some other early explorers, is not only interesting from a
historical viewpoint but is also important for taxonomy,
especially for proper matching of names validated by
Allan Cunningham and their corresponding original
specimens. The problems with typification of some
Cunningham's names in Epilobium mentioned above
(and also some other names of other taxa described by
that author) are caused by several factors, such as lost of
misplaced original labels, errors or misinterpretations in
curatorial or secondary (copied) labels, a complicated and
potentially confusing numbering system applied by Allan
Cunningham, etc. (see further details in Orchard, 2014).

It has been also demonstrated that the printed text of
Florae Insularum Novae Zelandiae Precursor "contains
a large number of errors, which can be corrected using
an autograph manuscript that is still extant" (Earp, 2016:
366). Thus, if some typographical or other errors are
suspected in the protologues of taxa of Epilobium (for
example, collection years or toponyms not matching the
relevant data from the labels of available specimens, see
above), it would be advisable to consult the manuscript
still held by the Royal Botanic Gardens Archives, Kew,
or its microfilmed copies (Earp, 2016: 368-369).

As far as we can judge from available data concerning
notonly Onagraceae but also some other selected families
checked at KW, the KW-TURCZ specimens collected by
Allan Cunningham and Richard Cunningham in New
Zealand usually have original labels (not the curatorial
or copied ones). Also, in some cases the KW material is
more abundant and better preserved as compared to other
known specimens of the Cunningham brothers available
in other herbaria.

Special projects aimed at search, identification and
digitization of historical specimen in the Turczaninow
herbarium would be important, either based on a
taxonomic approach (such as revisions of particular
taxonomic groups) or on geographical regions. Both
approaches were applied in the course of the three projects
at KW supported by The Andrew W. Mellon Foundation
during 2007-2016 within the framework of the African
Plants Initiative, Latin American Plants Initiative, and
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the Global Plants Initiative. Data and images that resulted
from these projects are available through the JSTOR
Global Plants online resources (https://plants.jstor.org),
but they still represent only a part of the vast number of
types and other historical specimens held in KW-TURCZ.
An international collaborative project aimed at searches
for and revision of New Zealand (or all Australasian?)
specimens in the Turczaninow memorial collection at
KW would be very desirable.
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Prydiuk M.P. 2020. Representatives of the genus Galerina (Hymenogastraceae) with pleurocystidia in Ukraine. Ukrainian
Botanical Journal, 77(4): 270-282.
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2 Tereshchenkivska Str., Kyiv 01601, Ukraine

Abstract. The information about records of several interesting species of the genus Galerina (Hymenogastraceae) in Ukraine is
provided. The genus remains rather fragmentarily studied in the country; therefore, it has become a subject of special investigation.
The first results on the species of the genus Galerina with tibiiform cystidia (belonging to the subgenus Tubariopsis) have been already
published. This article continues a series of publications and is devoted to the representatives of the genus having pleurocystidia in
the hymenium. It should be noted that such species do not represent a monophyletic group and certainly belong to different subgenera
according to currently known data. However, their exact phylogenetical position in many cases remains unknown and needs additional
research. Some of the reported species are found for the first time in Ukraine (Galerina annulata, G. atkinsoniana, G. salicicola),
while other taxa (G. marginata, G. pruinatipes, G. vittiformis) were recorded in new locations. One species, G. vittiformis, is
represented in Ukraine by two forms (f. bispora and f. tetraspora). A special attention is paid to G. marginata, a deadly poisonous
species containing amatoxins. Due to fairly wide distribution of G. marginata in Ukraine and morphological similarity, it can be
confused with the edible species Kuehneromyces mutabilis. The main characters distinguishing the poisonous G. marginata from its
edible double Kuehneromyces mutabilis are emphasized. Descriptions, data about habitats, information on the localities in Ukraine
and distribution in the world, as well as original illustrations are provided for all reported species.

Keywords: amatoxins, distribution, Galerina marginata, Hymenogastraceae, mosses, Naucoriopsis, new records, poisonous
mushroom
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[acTuTyT G0Taniku iM. M.I. Xononunoro HAH VYkpainu

Byil. Tepemenkicbka 2, KuiB 01601, Yipaina

Pedepar. Hanano indopmarniro npo 3Haxiaku B YkpaiHi JessKux npeacTaBHUKIB pony Galerina. Bkazanuii pijj Bce e 3aJIMIIA€ThCS
TYT JOCUTH (PparMeHTapHO BUBYCHNM, 1 TOMY CTaB IPEIMETOM CIELIANEHOTO T0CTiKeHHS. CTaTTs MPOJIOBKYE Cepito MyOmiKamiii i B
Hill HAEThCS PO MPECTABHUKIB POLY, SIKi MAIOTh IUIEBPOLIUCTHAN Y TIMEHil. 3a3Ha4MMO, 1110 11i BUAU HE yTBOPIOIOTH MOHO(IIETHYHOT
TPYIH i, 3TITHO 10 OCTAHHIX JAAaHHX, MOXKYTh HaJIeXKaTH 10 pi3HMX Hixpoxis. IIpore ToyHa diroreHeTHyHa Mo3uIis 6araTbox 3 HUX
Ie He BiZjoMa i moTpedye OKpeMoro BUBUCHHS. Jlesiki i3 mpencTaBieHux y wiid crarti BuniB (Galerina annulata, G. atkinsoniana i
G. salicicola) Buepiue BusBieHi B YkpaiHi, a inuti (G. marginata, G. pruinatipes ta G. vittiformis) 3HaiiieHi B HOBHX JIOKaJliTeTax.
Omun Bup (G. vittiformis) B Ykpaini npencrasinenuil 1soma dopmamu (f. bispora ta f. teraspora). Oxpemy yBary IpuaiIeHO
G. marginata, Skl MICTUTh aMaTOKCHHH, @ TOMY € CMEPTEJIFHO OTPYHHHUM. 3aBIISIKM LIMPOKOMY PO3IOBCIOKEHHIO B YKpaiHi Ta
noxioHocTi 70 ictiBHOrO Kuehneromyces mutabilis 1iefi BUA JOCHTh HeOe3neuHui aiist 30upadiB rpubiB. [l BCix HaBeleHHX y
Kaprodopis 1 MiKpocTpyKTyp. JlomaTkoBo HaBeICHI OCHOBHI O3HAKH, SIKi IO3BOJIAIOTH BiApisHUTU G. marginata Bin Kuehneromyces
mutabilis.

Kunrouosi cnoBa: Galerina marginata, Hymenogastraceae, Naucoriopsis, aMaTOKCHHH, MOXH, HOBI 3HaXiJKW, OTpyHHHUH rpuo,
HOIIMPEHHS
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Beryn

CrarTsi IpOJOBKYE TeMy BUBYCHHS BHJIOBOTO CKJIaJy
pony Galerina Earle (Hymenogastraceae) B YxpaiHi,
posrouary kinbka pokiB Tomy (Prydiuk, 2016).
Bkazanwuii pig 1OBruid yac y Hamii KpaiHi He IPUBEPTaB
0COOITMBOI yBaru MiKOJIOTIB, & TOMY 3aJIUIIAETHCA TYT e
HeJ0CTaTHbO BUBUYEHUM. OCKUIBKH MPEJACTABHUKU POLY
BiJIITPAfOTh BAKIHMBY PONb YV (DYHKIIOHYBaHHI JESIKHX
EKOCHCTEM, 30KpeMa TakuX crenudiuyHux, sk charHosi
Oostora, a okpemi Bunu (Hanpukinan, Galerina marginata
(Batsch) Kiihner) MicTITh aMaTOKCHHH 1 MOXYTb
CHPUYHUHATH CMEpTelbHI oTpyeHHs onunu (Besl et al.,
1984; Enjalbert et al., 2004), To iXHE BHBYCHHS Ma€ HE
JIUIIE HAYKOBHUH, a i IPaKTHIHUH iHTepec.

Xoua 30BHI OUIBIIICTh MPEACTaBHUKIB poay Galerina
JTy’Ke CX0XKi (MaroTh MepeBaKHO TEH/IITHI, PIAIIC TOCUTh
M'ICHCTI rirpodaHHi MIIICHOTIHI IIIOIOBI TijIa pyayBaTHX
BIATIHKIB, 4acOM 13 BOJIOKHHUCTUMHU a00 ILIIBYACTHUMU
3aIUIIKAMH 3araJlbHOTO TIOKpHBaja Ha HIXKI), Y TOMY
YHCIIl 32 0COOMMBOCTSME aHaToMiyHOI OynoBu ((opma
Ta pO3Mipu LUCTUJ, CHOP 1 Oa3uIii, HasBHICTh MPSIKOK
TOI0), BOHH MpOTE AOBOJII pi3HOMaHiTHI. Ile maBamo
MiICTaBU BBaKaTH piJ nomidiieThyHuMm, 1mo u Oyno
3roJIOM MiJTBEPIHKCHO MOJICKYJIAPHO-(PIIOreHeTHIHUMH
metonamu (Gulden et al., 2005). 3rigHo 1X pe3y/ibTaris, y
CKJIaJll IOTO POy MOXKHA BUOKPEMHUTH YOTUPH TOJIOBHI
Tpynd, MPHYOMY BHIHM TaK 3BaHOI Mycenopsis-Kiaan
¢daktuHO Haynexats 10 poay Gymnopilus P. Karst.
Crix 3a3Ha4uTH, IO i TPYNH 3arajioM BiIIOBiJarOTh
migponam Mycenopsis A.H.Sm. & Singer, Naucoriopsis
Kihner, Galerina ta Tubariopsis Kithner ex Bas.
(Gulden et al., 2005). Ilomoxenus pony Galerina y
CKIIaJi TOpSAKy Agaricales TeX 3MIHWIOCS 3aBISKH
MOJIEKYJIIDHUM JIOCHI/DKeHHSIM. TpuBanuii 4yac ioro
BimHOCcWH 110 pomuHm Strophariaceae (Kirk et al.,
2008), mpote MOIEKYIIpHO-(ITOreHETHYHI PEe3yIIbTaTH
(Matheny et al., 2006) ganu migcTaBu BKIIOYUTH HOTO B
ponuny Hymenogastraceae, o Ha CbOTOJHI BU3HAETHCS
OLJIBIIICTIO HAYKOBIIIB.

Y nonepenniii crarti (Prydiuk, 2016) Oymu po3misHyTi
BUJM, CIIUIBHOIO PHUCOI0 SIKMX € HAasBHICTb CHJIBHO
BUTSTHYTUX KEDICMOAIOHUX IMCTHJ, SIKi, 32 IaHUMHU
I T'ympnena 3i cmiBaBropamu (Gulden et al., 2005),
MaroTh OyTH BifgHeceHi no migpoxy Tubariopsis. Y i
ke poOOTI HAEThCS PO BUM, HAUIIOMITHIIIIOI 03HAKOIO
SIKUX € HasIBHICTB TICBPOIMCTH/I. 3a PEIITO0 30BHINTHIX
Ta MIKPOCKOITIYHUX XapaKTEPUCTHK BOHU YaCOM CHJIBHO
BIZIPI3HSIFOTECS MK COOOI0, Yepe3 10 B MUHYIOMY iX
4acTO BIIHOCWIM JIO PI3HUX TiAPOJOBUX KaTEropii,
MepeBaxkHo 10 cekuiit Galerina Ta Naucoriopsis miapomy
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Galerina (Bon, 1992; Watling, Gregory, 1993). [lns
JESKUX BHAIB IIe MiATBEPIHIN Pe3yJIbTaTaMH BHBYCHHS
iXHIX ~ HyKJIeoTHAHUX  mnociinoBHocted  (Gulden
et al., 2005), mpoTe iHII BCe IIe HE OXOIUICHI TaKUMH
JIOCHI/DKEHHSIMH, @ TOMY IXHE pealibHe (iIoreHeTH4He
TIOJIOXKEHHSI BCEPEINHI POAY 3JIMIIAETHCS UCKYCIHHAM.
Po3mnsHyTI y HamIii cTaTTi BUIH, 3T1THO MOJCKYIISIPHUX
mauux (Gulden et al., 2005), Hanmexarb 10 TaKHX
BHYTpPILIHBOPOIOBUX  TakcoHiB:  G.  atkinsoniana
AH.Sm. Ta G. vittiformis (Fr.) Singer — mo mimpomy
Galerina, G. marginata (Batsch) Kithner Ta G. salicicola
P.D.Orton — no Naucoriopsis, a G. pruinatipes Noku 1o
HE BAAETHCS BITHECTH JI0 SIKOTOCh KOHKPETHOTO TTiIPOIY.
o crocyetbest G. annulata (J.Favre) Singer, To 11ei Bua
B3araui me He OyB 00'€KTOM MOJICKYIIIPHUAX JOCIiIKCHb.
TakuM 4MHOM, 3pO3yMiJNIO JIUIIE T€, 110 MIEBPOLUCTH/IH
PO3BHHYIHCS HE3aJIEKHO Y Pi3HUX BUaAIB pony Galerina,
a OTXKe fAK HafiifHa O3Haka JUIA TIOAITY OCTaHHBOTO
3aCTOCOBYBATHUCS HE MOXYTb.

Marepiaau Ta MeTOIU

TekcTH OMUCiB MaKpo- Ta MIKPOCTPYKTYp 0a3yroThCs Ha
3paskax 3 Ykpainu. @opmy Ta po3MipH IUIOAOBHX Til
OIMCYBAJIM HA IPUKJIAI | —5 eK3eMIIISIPiB KO>KHOTO BUTY.
Jetani mikpockomigHoi OymoBH rpuba IOCHIIKyBalu
Ha CyXHX 3pa3kax. [yl 1ibOro BUTOTOBIISUIM IOIEPEYHi
(mms TUTacTHHOK), pafianbHi (IS KYTHKYJIH IIATAHKH)
Ta TO3M0BXKHI (ISl TOKPUBIB HIKKH) 3pI3U YaCTUH
wiofoBoro Ttina rpuda. Lli 3pisn podmmm mpudIM3HO
Ha TIOJIOBHMHI pajiyca IIAMUHKA (U1 IUTACTHHOK Ta
KyTHKYJIU IIANMHKH), a TAKOXK Ha BEPXIBLli Ta B Cepe/iHii
yacThHI HDKKH. OTpuMaHni 3pi3u MoHTyBaiu B 3 %
po3unni KOH 1 3abapemroBanu KoHro-uepBOHUM IS
Oinbioi  KOHTpacTHOCTi. Po3mipu crnop, HaBeleHi B
TEKCTi CTaTTi, IPYHTYIOThCS Ha BuMipax 20 BHUIAJKOBO
BiZliOpaHux 3paskiB (y TOMY 4HMCIi HaWMEHIIOro Ta
HalOUIBILIOr0) 3 OHOTO I TOTO CaMOTo IJIOOBOTO TiJa.
Jng iHmmMX MIKpoCcTpyKTyp (0a3umiif, mHUCTHI TOIIO)
Mipsun 110 10 00'eKTiB.

VY crarTi BUKOPHUCTaHI Taki yMOBHI IO3Ha4eHHs: L —
KUTBKICTh TTACTHHOK TiIMEHO(DOPY, AKI JOCATAIOTH HIXKKH;
1 — KIIBKICTh IUIACTHHOK, 1[0 HE JOCATAIOTH HIKKH, MIX
JIBOMa JIOBTMIMHU; av. L — cepenHs 1oBxxnHa criopH aHdac;
av. B — cepenns mupuna criopu angac; Q — BIAHOIICHHS
JOBKUHHM cHOpH 10 ii mupuHH (KBOTi€HT); av. Q —
CepelHe 3HAUCHHS KBOTI€HTA. 3pa3ku Kaprodopis,
SKi omucaHi B crarTi, 30epiratoTbesi B HarioHansHOMY
repOapii Ykpainu — repOapii InctutyTy GoTaHikn iMeHi
M.T". Xonognoro HAH Vkpaiau (KW-M).
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Puc. 1. Galerina annulata. A: nnopnosi Tina; B: 6a3unii; C: xeitnouuctuan; D: mneBpounctuau; E: xaynmommctuau; F: cropwm.
Macmtabna mxana: 1 cM uist IiogoBux T, 10 MKM ISt MIKPOCTPYKTYP

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

1 cm for fruit bodies, 10 um for microstructures
PesyabraTtn T2 00roBOpeHHA

3aranomM Ha MOMEHT HAIMCAHHS Ii€l CTATTi 3 TEPUTOPIl
VYkpaiuu Oyso 3apeectpoBano 22 Buau 3 pony Galerina,
BKITIOYHO 3 ONMHCAaHUMH y morepenHiit crarti (Prydiuk,
2016). 3 HUX MWIeBpOIUCTUAN MatoTh TpH (G. marginata,
G. pruinatipes ta G. vittiformis). lLle Tpu Bunu (Galerina
annulata, G. atkinsoniana ta G. salicicola) Oynu Hamu
BUSIBIICHI JIMIIIE HEHOAaBHO 1 BIIEpIIE HABOAATHCS JUIS
Vkpaian. Takum dYMHOM, 3arajibHa KUIBKICTh BHJIIB
pony Galerina B KpaiHi 3pocia a0 25, mICTh 3 HUX
MAaloTh TUICBPOIMCTUAN. Hikdye HaBeqeHA TOKJIAJHINIA
iHpOpMallis TIpo 11l BUAH.

Galerina annulata (J. Favre) Singer, Beih. Sydowia 7:
90. 1973. — Puc. 1.

Galera rubiginosavar. annulataJ. Favre, Ergebn. wiss.
Unters. schweiz. Nat. Parks 5(33): 33. 1955. — Galerina
vittiformis var. megaspora Kiihner, Bull. trimest. Soc.
mycol. Fr. 88(2): 152. 1973 [1972]. — Galerina annulata
f. megaspora (Kiihner) Bon, Docums Mycol. 21(no. 83):
37.1991.

Hlarmmmaka 0,4-1,0 cM, crovyaTKy OKpyIJIO-KOHIYHA
a0o  JI3BOHHUKOMNOAIOHA, 3Tr0JOM  KOHIYHO-BHITYKIIA,
rirpodanHa, MpoO30po-CMyracra Maibke J0 LEHTDY,
cupa — BOXpHCTa, CBITIO-pyma abo ipxkaBo-pyna,
MiJICUXal09H, CTae Omimo- abo >KOBTYBAaTO-BOXPHUCTOIO.
[InacTWHKM MIMPOKO-NIPUPOCHi, YacoM 3 3yOlem,
nocuts Herycti (L = 14-20, 1 = 1(-3)), mmpoki (mo
0,2 cm), cnabko BumykIi abo Maiike MpsiMi, BOXPHCTO-
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KOpHYHEBl 1o ipkaBo-pymmx. Hixkka 1,5-3,5 x 0,05—
0,1 cm, nmtiHAPUYHA, 3 OyJIaBOIOAIOHO0, YACOM 3JIerKa
MTOTOBIIIEHOIO OCHOBOIO, TPyOUacTa, 3 TOHKAM OLTyBaTUM
MOBCTUCTO-BOJIOKHUCTUM KUTBIIEM Y BEpPXHIA TPETHHI,
HaJ KijgblleM OOpOIITHHCTA, BOXPUCTA, HIDKYE 3JIETKa
BOJIOKHHCTA, BOXPHCTA, JTOHU3Y IOCTYIOBO TEMHIIIAE
JI0 ip’KaBO-KOPHYHEBOI 01y camoi ocHOBH. M'sIKymn y
MIAIMHII BOXPUCTHH, B HDKLI — BOXpHCTO-OypyBaTHH,
6e3 ocobnmuBHX 3amaxy Ta cMaky. CHopoBHil MOPOIIOK
CBITIO-PYIHH.

Cmopu  10,0-12,5(-15,0) x 6,0-7,5(-8,5) mxMm, Q =
1,54-2,0;av. L=11,5+ 1,26 mxm, av. B=6,8 £ 0,55 mxmM,
av. Q = 1,69 £ 0,12; 3mopiikyBato-apioH000poaBYACTI,
i3 TDIageHBKUM CYIparusipHAM JHUCKOM, aHdac
BHJIOBXXEHO-SIMIENONIOHI Ta eJinco-saienomaioni, 1o
Maibke KpamienonioHnx, y mpodias MUTIAIEoni0Hi, i3
3aroCTPEeHO0 a0 JIeN0 COCOYKONOIOHOI0 BEPXIBKOIO,
TOBCTOCTiHHI, Omimo-pymi. basmmii 20,0-25,0 x 6,0—
8,5 MkM, OynaBomomiOHi, ABOCIOPOBi. XeWTONUCTUIAN
25,0-50,0 x 7,0-12,0 MKM, BepeTeHONOAiOHI 10
BEPETCHOIUIANIKONIONIOHIX, 3 3aKPYTJICHIMH BEPXiBKAMH
3,0-5,0 wMkMm 3aBml.  [IIeBpOIMCTHAM — aHAIOTIYHOT
hopmu, 35,0-55,0 x 8,0-12,0 MkMm, 3 3aKpyrIcHIMHI 200
JICIIO TMOTOBIIEHUMH BepxiBkamu 3,0-5,0 MKM 3aBIil.
[inormmernan BincytHi. Kaymonnctumu 45,0-70,0 x 9,5—
14,5 MKM, BEpETEHOIUIIIIKONOAIOHI, 3 3aKpyIJICHUMH
BepxiBkamu 5,0-7,0 mxm 3aBm. KyTwkyma mranuHKN
ripaneHa, Tipu 5,5-12,0 MKM 3aBTOB., MICIIMH 3i
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CITa0KOTIOMITHOKO ~ 3€PHHCTOIO
kopuuHesi. [Tpsokku €.

[MooaMHOKO Ta MaleHBKUMH TIPYyNaMHU Ha 3eJICHUX
MOXaX, Y XBOMHHX 1 MillIaHUX JicaX, 4acTo Ha Oeperax
CTPYMKiB, BOHOHM Ta OomiT. PigkicHwWii, MOKH IO
3HalJcHUH B YKpaiHi JIMIIC B OJHOMY JIOKAJITETI.
[T:10710BI TiNa TPAIUIAIOTHCS B KOBTHI.

IHKpyCTami€e, Omimo-

Hocminxeni 3pasku. [Isano-@panxiecoka 061,
Hanmpipusacekuit  p-H, [lpupomamii  3amoOBigHHK
"Toprauu", Topranceke [THJIB, sumHOBHI  Iic

3eJIEHOMOXOBHH, Oeper p. buctpuis (3a MocTom), cepen
Moxy, 48°2921.9" nH. m., 24°16'43.8" cx. 1., 16.10.2015
(KW-M71219).

3aragsHe nommpennsi. €spona: Bennka bpuranis,
Hinepnanau, Himeuunna, Hopgerist, Ykpaina, @paniris,
[Betinapis (Gulden, 2012; GBIF..., 2017a).

Xapakrepuumu gt G, annulata € ManeHbKI
TEHJITHI IUIONOBI Tia 3 KUIBIIEM HA HDKII Ta
JIBOCIIOPOBUMHU OazuaisMu. Jlessky  30BHIIIHIO
cXoXicTe A0 HBOrO Mae G. ampullaceocystis (AKwid
T&K Mae JBOCHOpOBI 0Oasuuii), mpore oOcCTaHHIN
BiIPI3HAETHCS BiJICYTHICTIO TIJICBPOITUCTH]I,
KEIVICTIOIOHUMH ~ XCiJIo- Ta  IUICBPOIMCTHIAMH,
a TaKkoK MEHIIUMH Ta  BYXYHMH  CIOpaMH
(8,00)9,0-11,5(-14,5) x  (5,0-)5,5-6,0(-6,5) MKM
(Prydiuk, 2016).

Galerina atkinsoniana A.H.Sm., Mycologia 45(6): 894.
1953. — Puc. 2.

Galerina atkinsoniana var. sphagnorum A.H. Sm.,
Monogr. Galerina: 325. 1964. — Galerina atkinsoniana f.
tetraspora Kiihner, Bull. trimest. Soc. mycol. Fr. 88(1):
84.1972. — Galerina atkinsoniana f. quadrispora Gulden
& Hallgr.,, Acta Botanica Islandica 13: 32. 2000. —
Galerina vittiformis subsp. atkinsoniana (A.H.Sm.)
Arnolds, Biblthca Mycol. 90: 380. 1982. — Galerina
vittiformis var. atkinsoniana (A.H.Sm.) Krieglst., Beitr.
Kenntn. Pilze Mitteleur. 7: 66. 1991.

anuuaka 0,3—1,5 cM, cro4aTky OKpYIJIO-KOHIYHa,
3TOZIOM JA3BOHUKOIONIOHA 1O BHUIYKJIOi, HEPIIKO B
LIEHTPl 3 HEBHCOKHM TOpOMKOM, rirpodanHa, mpo3opo-
cMyracta Maibke 10 LEHTpY, cupa — BOXpPHCTO- abo
JKOBTYBATO-py/a, B LICHTPI Ta HaJ INIACTHHKAMH ip)KaBo-
pyZza, miICUXaloun, CTae CBITIO-BOXPUCTOIO. [ImacTuHkn
mmpoxo-tipupocii, pigki (L = 14-20, 1 = 1-(3)), mupoki
(mo 0,2 cM), BuUNYKTi, CMOYATKy OJi0-BOXPHUCTI,
3ro/IoM ipkaBo-pyai 3 OimyBatuMm Kpaem. Hixka 2,0—
5,5 x 0,05-0,15 cm, muwiiHApUYHA, 3 OyJIaBOMOAIOHOO
OCHOBOIO, TpyOdacTa, OOpONIHHCTA MO BCIH TOBXKHHI
(3 wacoMm JMIIe y BEpXHIM YacTHHI), KOBTyBara abo
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BOXPHCTA, TIPU OCHOBI TEMHIIIa 10 ip>KaBO-KOPHYHEBOI.
M'sikyIl y HIanuHIi BOXPUCTH, B HOKLI — OypyBaTHi,
0e3 ocobmuBHUX 3amaxy Ta cMaky. CIopoBHi MMOpPOIIOK
CBITJIO-PYIHH.

Crmopu 10,0-14,0(—15,5) x 6,0-8,5 mxm, Q = 1,44—
2,15;av. L=12,5 £ 1,29 Mkm, av. B = 7,3 £ 0,78 MKM™,
av. Q = 1,73 + 0,14; 3smopuixyBaTo-rpy0000poaaBIacTi,
3  [IaJeHbKUM  CyNparuisipHUM  JIUCKOM,  aH(ac
sinenomiOHi Ta  emimcosinenomioHi, y mpodims
MUTIAJICIONIOHI, 13 JICIIO 3aroCTPEHOI BEPXiBKOIO,
TOBCTOCTiHHI, Omimo-pymi. bazwmmii 20,0-29,0 x 7,0—
8,5 MkM, OynaBomomiOHi, ABOCIOPOBi. XeHWTOIMCTUAN
36,0-62,0 x 12,0-19,0 MKM, BEpeTCHOIUISIIKONOMIOHI,
BepXiBKa OKpymia abo Iemo MmoToBIIeHa, 4,5-7,0 MKkM
3aBTOB. [lneBpommctuan 40,0-80,0 x 15,0-22,0 Mkwm,
BEPETEHOIUIANIKONIONIOHI, BepxiBka Okpyrma  abo
JIelo IMoToBIneHa, 5,5-7,0 mxM 3aBroB. Ilimonmcruau
BHIOBKEHO BEPETCHOIUTAMIKOIONIOH], 55,0-72,0 x 10,0—
12,5 MKM, 3 OKpYIJ1010 200 JICII0 MOTOBIIEHOIO BEPXIBKOO
5,0-6,0 MxkM 3aBToB. Kaymomuctuam BHIOBKEHO
BEPETCHOIUISAIIKOIONI0H, 46,0-115,0 X 14,5—
26,5 MKM, 3 OKpyIJIoi0 a0o Jemro MOTOBIICHOIO (3pigka
po3mBo€eHO) BepxiBKoto 5,0—7,0 Mk 3aBroB. KyTHkyna
IIAMUHKY TidaibHa, Tidu 5,5-9,5 MKM 3aBTOB., 3 JIETKOO
3e0pOIMHO-TPAHYIIIPHOIO MITMEHTHOIO IHKPYCTAII€lO.
IIpsoxky €.

[ToonnHOKO Ta HEBEIMKWMH TPYIaMH Ha 3CIICHUX Ta
c(harHoBUX MOXax, TAKOXK Ha IPYHTI Ta THWIIN JepeBHHI,
00pocITiif MOXOM, Y XBOWHHUX, TUCTSHIX | MIlIAHUX Jicax,
Ha 0OJNOTaX Ta BOJOTMX JIyKaX. MIMOBIpHO pijkicHuii,
MOKW IO 3HAMIEHWH IUIIe y TPbOX JIOKANiTeTax.
Bepecens.

Hocaixxeni 3pa3Ku. Yepnigeyvka oon.,
Bwxnuupknii p-H, HamionanbHuil npupogHuii mapk
(HITIT) "Buxnaunpkuit", Cononsacrke [THJB, ypouwnme
"Jlexeue", niBuii Oeper p. Jlexeue, OykoBuii iic, cepen
3eseHnX Moxis, 48°06'47.1" nH. mr., 25°15'40.2" ¢x. 1.,
07.09.2013 (KW-M50525). Isano-®Ppanxiscvrka 001.,
BepxoBuncekuit  p-u, HIIII  "BepxoBuHChKHIT",
[epxanadcrke [TH/IB, mononnHa Bacunbkis, miBIeHHO-
3axigHimre . BacuiabKiB, SUTMHOBU JIiC 3€IEHOMOXOBHIA,
cepen  3emeHux ~ MoxiB, 47°45'07.7" mH. I,
24°54'02.1"  cx. @, 23.09.2014 (KW-M71220).
Xwmenvnuyvka o6n., CnaByrcpkmuii p-u, HIIIT "Mane
[omices", miBaenHa okonuil ¢. CTpUraHu, MiBICHHUI
Oeper 03. brakuTHe, COCHOBHIA Jic C(harHOBHi, cepen
ctharaoBux moxis, 50°18'22.0" . m., 26°46'13.3" cx. 1.,
13.09.2018 (KW-M71221).

3ara;ibHe mommpeHHs. €spona: ABctpis, benbris,
Benuka Bbpuranis, Jlanis, Ecronis, Icnanmis, Icnanis,
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Puc. 2. Galerina atkinsoniana. A: mutonosi tina; B: 6asunii; C: xeimouuctuam; D: tutepormctuy; E: minonmctuay; F: kaynomucetuam;
G: ciopu. MacmtabHa mxana: 1 ¢M Ui IWIOAOBUX Ti, 10 MKM AJIsI MIKPOCTPYKTYP

Fig. 2. Galerina atkinsoniana. A: fruit bodies; B: basidia; C: cheilocystidia; D: pleurocystidia; E: pilocystidia; F: caulocystidia; G:
spores. Scale bars: 1 cm for fruit bodies, 10 pm for microstructures

JlrokcemOypr, Hinepnannu, Himeuunna, Hopgeris,
Pocist, CnoBauumna, VYkpaina, ®immaamis, Dpanmis,
Yexis, [lBerinapis, IIBeris; Asis: Kwuraii, Pocis —
Cubip ta Jamexnit Cxinx; IliBHiuna Amepuka: Kanana,
CIIIA; TliBnenna Amepuka: ApreatuHa, Hoa 3enanist
(Nezdoiminogo, 1996; Gulden, 2012; GBIF..., 2017b).

Hocutre OnuspbkuMm 10 (. atkinsoniana BUIOM
e G. perplexa A.H. Sm., skuii TeX Mae 4YHUCICHHI
nitorctuan. OMHAK Y OCTAaHHBOTO BOHH JYKE BY3bKi,
Maibke mWIHApUYHI, a cropu y G. perplexa 3HA4YHO
MeHmHX po3mipiB (7,5-10,5 mrMm 3aBx.). Cxoxum
BugoMm € G. vittiformis, 0COOIMBO HOTO JBOCIOPOBa
dopma G. vittiformis f. bispora A.H.Sm. & Singer,
sIKa Ma€ JBOCIIOPOBI 0a3uil Ta OUIBII-MEHIN OJIHM3bKI
3a pPO3MipaMH CIIOpH, TPOTE BiACYTHICTH MiJOIUCTHL
B 000X (hOpM IIbOTO BUJY Ta 3HA4YHO APiOHImI criopu
8,0-10,5(—11,0) mxm 3aBx. y G. vittiformis f. tetraspora
A.H.Sm. & Singer 103BOJISIOTH JIETKO BIAPI3HUTH X Bif
G. atkinsoniana (Gulden, 2012).

Galerina marginata (Batsch) Kiihner, Encyclop.
Mycol. 7: 225. 1935. — Puc. 3.
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Agaricus marginatus Batsch, Elench. fung., cont.
sec. (Halle): 207. 1789. — Galera marginata (Batsch)
P.Kumm., Fihr. Pilzk. (Zerbst): 74. 1871. — Pholiota
marginata (Batsch) Quél., Mém. Soc. Emul. Montbéliard,
sér. 2, 5: 127. 1872. — Flammula marginata (Batsch)
Fayod, Annls Sci. Nat., Bot., sér. 7, 9: 361. 1889. —
Galerula marginata (Batsch) Kiithner, Bull. trimest.
Soc. mycol. Fr. 50: 78. 1934. — Pholiota marginata var.
tremulae Pilat, Stud. Bot. Cechoslov. 11: 166. 1950. —
Agaricus unicolor Vahl, Fl. Danic. 6: 7. 1792. — Pholiota
unicolor (Vahl) Gillet, Hyménomycetes (Alengon): 436.
1876 [1878]. — Galerula unicolor (Vahl) Kiihner, Bull.
trimest. Soc. mycol. Fr. 50: 78. 1934. — Galerina unicolor
(Vahl) Singer, Beih. bot. Zbl., Abt. 2, 56: 170. 1936. —
Galerina unicolor f. fibrillosa Arnolds, Biblthca Mycol.
90: 379. 1982. — Galerina unicolor f. paucicystidiata
Arnolds, Biblthca Mycol. 90: 378. 1982. — Agaricus
autumnalis Peck, Ann. Rep. Reg. N.Y. St. Mus. 23: 92.
1872 [1870]. — Naucoria autumnalis (Peck) Sacc., Syll.
fung. (Abellini) 5: 834. 1887. — Gymnopilus autumnalis
(Peck) Murrill, N. Amer. Fl. (New York) 10(3). 1917. —
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Puc. 3. Galerina marginata. A: nnonosi Tina; B: 6asunii; C: xeitmounctuam; D: mnespormeruny; E: xaymouuctuan; F: cmopu.
Macmtabna mxana: 1 cM it IogoBHX T, 10 MKM AJIs1 MIKPOCTPYKTYP

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

1 cm for fruit bodies, 10 um for microstructures

Galerina autumnalis f. robusta Thiers, Mycologia 51(4):
534. 1960 [1959]. — Galerina autumnalis (Peck) A.H.
Sm. & Singer, Monogr. Galerina: 246. 1964. — Galerina
autumnalis var. angusticystis A.H. Sm., Monogr.
Galerina: 249. 1964. — Galerina autumnalis var. robusta
Thiers, Beitr. Naturk. Forsch. Stidwestdeutschl.: 249.
1964. — Agaricus caudicinus var. denudatus Pers., Syn.
meth. fung. (Gottingen) 2: 272. 1801.

[Mammeka 0,5-3,0 cM, cCHOYaTKy HAIiBKYISCTa,
JI3BOHMKOINOMIOHa a00 BWITyKJIa, 3rOJOM BHITYKJIO-
po3mpocTepra 10 PO3MPOCTEPTOi, HEPIAKO 3 HU3BKUM
ropOMKOM B LIEHTpI, 3Jierka KJelka y BOJIOTOMY CTaHi,
rirpoanHa, MPO30pO-CMyTacTa JIUIIE 10 Kpasx, CUpa —
YKOBTYBaToO-pysa abo py/1yBaTo-KOPUYHEBA, MICHXaI04H,
CTae IKOBTOK ab0 BOXPHUCTO-XKOBTOK. IlmacTUHKH
IIUPOKO-TIPUPOCHI, Hepiako 3 3ybmem, rycti (L =
30-36, 1 = 3-7), By3bKi (70 0,3 cM), cmabko BHUIYKII,
CIIOYaTKy >KOBTYBaTO-BOXPHCTI, 3TOJIOM >KOBTYBAaTO-
KOPUYHEBI 10 ip»KaBO-PyANX, 3 OTHOKOJIPHUM KpaeM.
Hixka 2,0-5,5 % 0,2-0,5 cM, 37erka IOTOBIILYETHCS
JOHU3y, 3 OyJaBOIOJIOHOK OCHOBOK, TpyOuacra, 3
IDTiIBYacTAM 200 BOJIOKHUACTO-TUTIBYACTHM OLTyBaTuM abo
JKOBTYBAaTUM KUIbLEM y BEpPXHIM YacTHHI, HaJl KiJbLEM
OOPOILIHUCTA, HUKYE OCTAHHBOTO — TJIAJIKOBOJIOKHKCTA,
JKOBTYBaTO-KOpHYHEBa ab0 KOPUYHIOBATO-BOXPUCTA,

Yipaincoruii 6omaniunuii scypnan, 2020, 77(4)

JIOHU3Y TIOCTYIIOBO TEMHILIAE JIO0 1PKABO-KOPUUHEBOI.
M'sSKym1 B IIanmWHI PYXyBaTO-)KOBTYBAaTHH, B HIKII —
JKOBTYBaTO-0ypHii, 3 OOPOIIHUCTUM 3aIIaXOM Ta CMaKOM.
CropoBHii TOPOIIOK CBITIO-PYIHH.

Crnopu (7,5-)8,0-9,5(-11,0) x 5,0-6,5 mxm, Q = 1,36—
1,83; av. L = 8,9 + 0,71 MM, av. B = 5,7 £ 0,37 mxm,
av. Q = 1,57 £ 0,09; 3mopuikyBaro-0oposiaByacTi,
3 TepHUCIopieM, SIKH MiclsIMH BiJCTae, 13 no0pe
MOMITHAM DJIaJCHBKAM CYIPariLIpHAM  JHCKOM, 3
KaJlycoM Ha BepxiBui, aHdac siiuenoaiOHi Ta emirnco-
SAIenoAiOHi, y TIpodise MuUTIaNenoaiOHi, TOBCTOCTiHHI,
omimo-pymi. basumii  17,0-25,0 x  7,0-8,5 wMxwm,
OymaBomnoziOHi, TBO- Ta YOTHPHUCTIOPOBI. XeHIOUCTHIN
35,0-50,0 x 7,0-14,5 MKM, BepeTCHOIUISIIKONOMIOHI,
BepxiBKa OKpyria abo nemro motoBmieHa, 3,0—4,0 MkM
3aBroB. [lneBpouunctuau 40,0-75,0 x 13,0-17,0 MM,
BEPETEHOIUIIINIKONOAIOHI, BepXiBKa OKpyTiia abo Jemio
moTtoBIIeHa, 3,0-5,0 MxM 3aBTOB. [limonUCTH N BiICY THI.
Kaymnoructuam neox tumis: a) 50,0-85,0 x 9,5-17,0 mxmM,
BEPETEHOIUIANIKONIONIOHI, BepXiBKa OKpyria abo Iero
noroBiieHa, 3,0-6,5 MkM 3aBTOB.; 0) OysaBomomiOHi,
po3mipom 20,0-31,0 x 6,5-8,0 mxm. KyTukyna manuaka
ridainpHa, ripu 2,5-6,0 MKM 3aBTOB., Y BEepXHIX IIapax
JIETIO0 OCIHM3HEHI, 3 JISTKOIO TPaHYISPHOIO MITMEHTHOIO
iHKpycramiero. [Tpsokku €.
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[ToonuHOKO, HEBEIIMKUMH T'PYTIAMH, HEPIIKO ITyYKaMH,
Ha IPYHTI Cepejl MOXY Ta Ha THWJIIN JepeBUHI, 00pOCIIiit
MOXOM, y XBOWHUX, JINCTSIHUX 1 MIIITAHUX JTicaxX, a TAKOXK
y TpaB'sSHUX YrpyNOBaHHAX. TparuiseThCsl CrOpauyHo,
npore perymsipHo. CeprneHb—ucromnan. CMepTenbHO
OTpyHHUH, MICTUTH amaTokcuHu (0- 1 [-aMaHiTHHN)
(Besl et al., 1984; Enjalbert et al., 2004).

Hocaimxeni 3pa3KHu. 3axapnamcovra oon.,
Benmkobepesnsucekuit p-u, HIIIT "Yxanceknit", 3emmi
JiepKIicrocity, KB. 3, OyKoBHH Jiic, Ha THIWJIIH AepeBUHI
Oyka, 48°55'53.6" nu. m1., 22°29'11.2" ¢x. 1., 20.09.2011
(KW-M40214),  Kocrpunceke  [IH/IB,  Gmu3bko
0,5 kv miBmennime c. Ciab, OyKOBHIA JIiC, HA THHJIIH
nepeBuHi Oyka, 48°56'41.7" mH. 1., 22°31'11.7" cx. n.,
23.10.2011 (KW-M71224). Isano-@panxiscorka o061.,
BepxoBuncekuit  p-H, HIIII  "BepxoBuncbkuit",
[lepkanadceke ITHJIB, Omusbko 1,5 kM miBOcHHIIIE
npucinka [Tepkana0, jic i3 BUTBXH cipoi, Ha IPYHTI cepen
3eJIeHUX MOXiB, 47°44'23.6" nu. ur., 24°55'23.4" ¢x. 1.,
22.09.2014 (KW-M71225); HanBipHAHCBKHH p-H,
Kapnarcekuit HIIII, Bopoxtsnceke ITH/IB, Omu3bko
2,5 kM miBAeHHIIE cMT Bopoxrta, sUIMHOBHE mic 3
JIOMIIIIKOIO BUIBXH CipOi, HA IPYHTI cepe]] 3eJIeHUX MOXIB,
48°14'19.1" nH. 1., 24°35'44.1" ¢cx. ., 15.09.2015 (KW-

M71226).
Inmi 3maxinkm B Ykpaimi. AP  Kpuwm,
baxuucapaiicbkuii  p-H, Kpumcbkuii — npupoaHuii

3alOBIIHUK, [3001IbHEHCHKE JI-BO, OKOJIUII KOPJIOHY
Acnopt, rpaboBuil ic, Ha THWIH JepeBuHI Tpada,
19.09.2000, 20.09.2000; Tam camo, 132 kB., OyKOBHi JTiC,
Ha THWIH nepeBuHi Oyka, 21.09.2000; IenTpansHe 1-BO,
p. Y3enb-bai, mo6iu3y Big Bomocnaay [00BKIHCEKOTO,
OykoBuil yic, Ha THWIIH AepeBuHi Oyka, 23.09.2000;
Bbaxuncapaiicbke J1-Bo, 011151t Kopony "3yoposa [TomnsHa",
SICEHOBO-TpabOBUH JIic, HAa THWIH AepeBuHi (rpabd?),
30.09.2001; tam camo, mix kopmoHamu "OieHp" Ta
"3enenuii ['ait", cocHOBHI Jic, cepel 3€JIEHOT0 MOXY,
04.10.2001 (Dudka et al., 2004); SntuHCcbKa MichKpasa,
SINTUHCHKUN TipCHKO-JIICOBMH NPUPOAHUI 3alOBIJIHUK,
MillaHu#  Jic, Ha THWIHA pgepeBuHi, 27.11.2005
(Sarkina, Prydiuk, 2012). /uinponemposcvra ob6n.,
JuinponeTpoBcbkuit  p-H, JHIIPOBCHKO-OpiTbChKUI
MIPUPOJHUH 3aITOBIIHUK, KB. 34, COCHOBHI JIic, Ha I'PYHTI,
07.10.1997 (Prydiuk, 2005b). 3axapnamcvxka ob6x.,
Ts4iBcbkuil p-H, BepxHss Tewis p. MokpsiHKa, OyKOBUM
JIic, Ha JISPeBHHI sUTHIl, ceprieHb 1932; PaxiBchkwii p-H,
Ha TiBHIYHUH 3axizn Bix ropu [lin IBaH, nomuna p. bimuit
Iorik, OykoBHiA JIiC, HA ACPCBHHI SUTAIL, cepricHb 1935,
04-11.10.1935 (Pilat, 1940). leano-@Ppanxkiscvra obx.,
Hangipusincbkuit  p-H,  [lpupopnuii  3armoBiJHHK
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"Topranu", k8. 11, 13, Ha rawtiil nepesuni (Heluta et al.,
2011). Jlyeancvka o6n., Cranmdno-Jlyrancekuil p-H,
Jlyrancekuii  mpupomHWiA  3amoBimHUK, CTaHHYHO-
Jlyranceke BifijeHHS, OAM3bKO 3 KM Ha MIBHIYHUN
cxXig Big c. XpHUCTOBO, OCOKOPOBWH Iic, HAa THHIIH
nepeBuHi ocokopa, 17.09.2004 (Prydiuk, 2005a; Dudka
et al,, 2009a). Ilonmasécvka o006n., IlonTaBChKUI p-H,
oxonuui c. ['onoBay, 1yb6oBo-cocHoBui Jic, 18.08.1953
(Ganzha, 1960). Cymcoka o6n., JlebeguHCBKHE p-H,
VYKpaiHCbKMH ~ CTENOBMH  NPUPOAHUHM  3aIOBIJHUK,
BimminenHs "MuxaiinmiBcbka  IinmMHA",  JTiCOCMYyTa,
17.11.1977, 25.09.1978 (Karpenko, 2011); Cepeanno-
byncekuit p-u, HIII "JecusHucbko-CtaporyTchbkuit”,
JMUCTSHI Ta MilIaHi JicH, Jicocmyrn, 6onota (Karpenko,
2011); Benukonucapicbkuii, — OXTUpchkuil  Ta
Tpoctsnenpkmii p-uu, HIIII "Terpmanchkuit”, MUCTIHI
Ta MilllaHi Jiicy, Jiicocmyru, 6onora (Karpenko, 2011).
Tepnoninocoka o6n., I'ycatuncekuit p-H, IlpupomHmii
3anoBinHuK "Menobopu", Kpacusuceke ITH/IB, kB. 39,
y6oBO-TpaboBuii JTic, Ha THUIIN AepeBuHi, 28.09.2007
(Prydiuk, 2008). Xapxiecvra o6n., 3miicbkuit p-u, HIIT
"Tominbiranceki sgicn" (Prylutskyi et al., 2017).

3arajbHe mommpeHHs. €spomna: ABctpis, benbris,
Bonrapis, Benuka Bpuranis, lauis, Ectonis, Ipaanmis,
Icnanpis, Icmanis, Itamis, JlrokcemOypr, Himeprmanmu,
Himeuunna, Hopgeris, Ilonsma, IToptyrams, Pocis,
Pymynis, CnoBauunna, CnoBeHis, Yropuiimaa, YkpaiHa,
Oinnsnpis, DOpanmis, Xopraris, Yexis, [lIseiimnapis,
[Bemis; Adpuka: Manarackap, Hirepist; Asis: Pocig —
Cubip ta Jlanekuii Cxin, Snonis; [liBHiuHa AMepuka:
Kanana, Kocra-Pika, Mekcuka, CIIIA; ABctpanis; Hosa
3enannis (Nezdoiminogo, 1996; Gulden, 2012; GBIF...,
2017c¢).

3aBIsIKM BIIHOCHO MAacHMBHHM, SIK JUIS LbOTO DOLY,
IUIOJJOBUM TUIaM 3 JIOCTaTHBO M'SICUCTUMHM LIAMHKAMH
Ta IDTIBYACTUM KiJIbIIEM Ha HIXKIII, a TAaKOXK HEBEIUKAM
rpyOOCKYJIBIITYPOBAHUM cropam 3 HELIILHO
npupocauM nepucnopieM, G. marginata JOCTaTHBO
nerko igeHTudikysaru. Jlemo cxoxi IUIOAO0BI Tina 3
BOJIOKHHCTHM a00 IUIIBYACTHUM KUTBIIEM Ha HIKI MarOTh
G. badipes (Pers.) Kithner ta G. pseudomycenopsis
Pilat. ObuaBa BN MaIOTh JCIIO OLNBII CIIOPH 3 MEHII
BHUPA3HOI0 OpPHAMEHTAI€I0 Ta INUIBHO IPUPOCIUM
nepucniopiem, a y G. badipes, xpim Toro, 0a3zmmii
BUKIIOYHO jBocriopoBi (Gulden, 2012). Bapro Takox
BKa3aTH, IO JJIS MEpecidyHol JIOAMHM ICHYe dYuMaia
HMOBIpHICTB IeperuryTaTu oTpyitauii rpub G. marginata
3 ictiBauM Kuehneromyces mutabilis (Schaeff.) Singer
& A.H.Sm. (Strophariaceae), mo MoXe TpPHU3BECTH
0 CMEpTEIbHHX OTpy€Hb. HalOiabin BUpPA3HOIO
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Puc. 4. Galerina pruinatipes. A: nonosi Tina; B: 6asunii; C: xeitnouuctuan; D: miespormeruny; E: kaynonueruny; F: cnopu.
Macmtabna mxana: 1 cM st IiogoBux Ti, 10 MKM A7 MIKPOCTPYKTYP

Fig. 4. Galerina pruinatipes. A: fruit bodies; B: basidia; C: cheilocystidia; D: pleurocystidia; E: caulocystidia; F: spores. Scale bars:

1 c¢m for fruit bodies, 10 um for microstructures

03HAKOIO, 32 SIKOI0 1X MOYKHA BIJIPI3HUTH — HAasIBHICTb
Ha HixIi K. mutabilis HIOKYIE KT APIOHUX 3aTHYTHX
JIyCOYOK, B TO# 4ac sk y G. marginata HIXKa Tl1a/IeHbKa.
Mixkpockomiuao K. mutabilis MoXHa BiIpi3HHTH 3a
JPIOHIIMMHU, TIIICHBKMMH CIIOPaMH 3 J100pe MOMITHOIO
POCTOBOIO TIOPOIO Ta BiJICYTHICTIO TUIEBPOITCTH.

Galerina pruinatipes A.H.Sm., Mycologia 45(6): 912.
1953. — Puc. 4.

Galerina pruinatipes var. fulvipes AH. Sm.,
Mycologia 45(6): 913. 1953. — Gymnopilus laricicola J.
Favre, Ergebn. wiss. Unters. schweiz. NatnParks 6(42):
539, 588. 1960.

[Manmaka 1,0-2,0 cM, CHOYaTKy OKpYIIIO-KOHIYHA
a00 J3BOHUKOIO/II0HA, 3rOI0OM BHITYKJIA, JICIIO M'SICUCTA,
4acoM B IICHTPI JEII0 3epHUCTO-TyCKara, TrirpodanHa,
37IeTKa MPO30pPO-CMYracTa [0 TIOJIOBUHH  Pajiycy,
MEJIOBO-KOPUYHEBA, JKOBTYBaTO-pyzna ad0 CBITIO-pyIa,
TiICUXar09H, cTa€ 0J1i10- a00 KOPHIHIOBATO-BOXPUCTOIO.
[Tnactuakm npupoct, nocuts pinki (L = 15-20, | =
1-3), mupoki (mo 0,3 cm), cmabKo BHITYKJIi, BOXPHCTI
JI0 ipyKaBO-pyauX, 3 OUTyBaTHM JpiOHOILIACTIBYACTUM
kpaem. Hixkka 2,5-5,0 x 0,2-0,25 cM, numiHapuvHa,
3 OynaBomoAiOHOr, YacoM TOTOBIICHOK (10 0,4 cMm)
OCHOBOIO, TpyOYacTa, IOBHICTIO BKpHUTa OlIyBaTum
OOPOIIHUCTHM HAIILOTOM, Yy BEpXHIH YacTHHI CBITIO-
pyna, HIDKYE TOCUTh HIBUIKO CTA€ TEMHIIIO, IO TEMHO-

Yipaincoruii 6omaniunuii scypnan, 2020, 77(4)

Oypoi Oiyist caMOi OCHOBH, ITOKPHBAJIO MAJIONIOMITHE, Y
BUDIISAII OKpEMHX O1TyBaTHX ab0 JKOBTYBAaTHX BOJOKOH.
M'skymn y manuHii Oio-pyani, B HiXII — pyayBaTuii
nmo Oyporo, 6e3 0cOONMMBOrO 3amaxy, TIpKHH Ha CMak.
CriopoBHii HOPOIIOK CBITIO-PYAHH.

Croopu  (8,5-)10,0-12,5(-14,5) x (5,5-)6,0-8,0(—
9,0) mxm, Q = 1,53-1,79; av. L = 11,6 £ 1,03 mkm,
av. B=7,2+0,6 mxm, av. Q = 1,62 + 0,07; 3MopmIKyBaTo-
OopoxaByacTi, 3  DIaJCHBKUM  CYyNparusipHUM
JMCKOM, aHdac SUIenomiOHI Ta eminco-suienoioHi,
y npodins wmurganenomiOHi, 3 Jem0 3aroCTPeHOo
abo Maibke COCOUYKOMOAiOHOI0 BEpPXiBKOIO, JOBOJI
TOBCTOCTiHHI, Omimo-pymi. bazmmii 17,0-25,0 x 6,0—
8,0 MkMm, OynaBomomiOHi, ABOCIIOPOBi. XEWIOMUCTUIM
30,0-60,0 x 7,0-12,0 MKM, MIIIKOMOAiIOHI 10 Maiixke
BEPETECHOMOAIOHNX, 3 CHJIBHO TONIBYACTO TTOTOBIICHOIO
BepxiBkoto 5,0-13,0 wMxm 3aBm. [lmeBpormctumm
anamoriuaoi  dopmu  35,0-50,0 x 12,0-17,0 wmKwm,
BepxiBka 10,0-13,0 w~mxM 3aBroB. IlimoumcTumn
BincyTHi. Kaymommerunu 39,0-75,0 x 7,5-20,0 MKk,
BEPETEHOMOiOHI 31 3J7erKa IOTOBIIEHOIO BEPXiBKOIO
7,0-10,0 mxwm 3aBmr. Kytukyna manusku ridanbha, ripu
5,5-12,0 MKM 3aBTOB., 3 JIETKOIO 3€PHUCTOIO MITMEHTHOIO
iHKpycTamniero. [Tpsokky €.

[TooauHOKO Ta MaleHbKUMH TpynamMu Ha 0OpOCIiii
MOXOM JIEPEBUHI JIUCTSIHUX Ta XBOHHUX ITOPIiJI, B XBOHHHUX
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Puc. 5. Galerina salicicola. A: nonosi Ttina; B: 6asuzii; C: xeitmounctuau; D: maespoructuan; E: xaynommerunu; F: cnopu.
MacmTabHa mKkana: 1 ¢M st IogoBuX Tid, 10 MKM JUIs MIKPOCTPYKTYp

Fig. 5. Galerina salicicola. A: fruit bodies; B: basidia; C: cheilocystidia; D: pleurocystidia; E: caulocystidia; F: spores. Scale bars: 1

cm for fruit bodies, 10 pm for microstructures

Ta MimaHuxX JjicaX. PiAKICHWHA, IMOKH IO 3HAWIEHHI
JIMIIE B TPHOX JIoKamiTeTax. CeprneHp — )KOBTEHb.

Hocaimkeni  3pa3ku. [gano-@panxiscoka  001.,
BepxoBuncekuit  p-n, HIIII  "BepxoBuHChbKHii",
Ilepkanadceke I[THJB, Omm3pko 1,5 kM 3aximHimie
npucinka Ilepkamral, SUIMHOBHU JIIC 3€JICHOMOXOBUH,
HA THWIH JepeBuHi sutmHM, 47°45'36.6" nH. 1.,
24°54'36.7" cx. n., 24.09.2014 (KW-M71227).

Inui 3naxigku B Ykpaini. Cymcoxa 001., Cepenuno-
Byncekuit p-u, HIII "Jlecusacpko-CTtaporyTchkmii”,
omu3pko 3 kM miBHiwHimEe c¢. Crapa [yra, kB. 108,
COCHOBHH JIIC 3€JICHOMOXOBHM, Ha THWJIMX TIJIOYKaX,
obpociaux moxom, 16.08.2003 (Dudka et al.,, 2009a,
2009b; Karpenko, 2011).

3arasibHe mommupennsi. €spomna: Ascrpis, bonrapis,
Icmaniss, Hopgeris, Ykpaina, Dinnsunis, [Iseiinapis;
[iBniuna Awmepuka: Kamama, CIHA (Gulden, 2012;
GBIF..., 20174d).

3aBIsgKM MPAKTHYHO TIOBHIN BiJICYyTHOCTI TIOKpHUBAJIa,
BUpPa3HO OOpPOINHKCTIM 1O BCi JOBXKHMHI (3aBISKH
YHICJICHHAM KayJIOLUCTHIAM) HIXKII, a TaKOX IOCHTh
cunerudiuniit ¢opmi uctun G. pruinatipes JIOCUTH
nerko inenTugikysaru. llle ogHa BakIMBa 03HAKA I[HOTO
Buy — Tipkuid Ha cMak M'skym (Gulden, 2012). dyxe
cxoxi 3a (opmoro uetuan y G. salicicola, mpote BiH
Mae iHOry ¢GopMy IUIONOBHMX Till (IIanuHKa 3 100pe
MTOMITHHM TOPOMKOM, TJIaJIeHbKa Hi’KKa), OOPOLTHUCTHIA,
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a He TIpKHiA, CMaK y M'SKyIlIa, YOTUPUCTIOPOBi Oa3uIii, a
TaKOX 3HAYHO MEHIIII 32 PO3MipOM CIIOpH.

Galerina salicicola P.D.Orton, Trans. Br. Mycol. Soc.
43 (2): 242. 1960. — Puc. 5.

[Hammaka 1,0-2,0 cMm, cmodaTKy HamiBKyJsicta abo
BUITYKJIa, 3TOJIOM BHITyKJIO-PO3IIPOCTEPTa, B LEHTPI 3
J00pe MTOMITHOIO BHITYKIIICTIO 200 OKPYTIIUM YU JJOCHUTh
TOCTPUM TOpPOMKOM, TrirpodaHHa, 3Jerka Ipo30po-
cMyracTa 10 TPETHHH paiiycCy, BOXpUCTO- abo ipkaBo-
KOpUYHEBa, [Ell0 TEeMHIla B LEHTPi, MO0 CaMoMy
Kparo HEpiIKo CBITIIMIA, 10 YKOBTYBAaTO-KOPHYHEBOI,
Ii/ICUXAl04H, CTAE YKOBTYBATOIO 3 BOXPUCTUM BIJITIHKOM,
Yy MOJOAMX EK3EeMIULIPIB MO Kpar IIAMMHKH ITOMITHE
MOKPHUBAJIO y BHIVISAZI HETYCTHX JKOBTYBAaTHX BOJIOKOH.
[TnactuHKE mpUpOCi 3yOLeM abo MCHIo CIYCKAIThCS
Ha HiXKY, HerycTi (L = 16-20, 1 = 1-3), moBomni mmpoki
(mo 0,3 cm), cnabko BHIYKIi, >KOBTYBAaTO-MEIOBI [0
IpXKaBO-pyaMX, 3 ONHOKOJIPHUM Maibke IVIaJeHbKUM
abo apioHomiactiByactuM kpaem. Hixkka 1,0-3,0 x 0,2—
0,3 cm, mumiHApudHa, 3 OyTaBONMONIOHOIO, YacoM
ciabko motoBieHow (10 0,4 cM) OCHOBOIO, TpyOYacTa,
y BEepXHIH YacTHHI >KOBTYBaTO-KOPHYHEBA /O CBITIO-
py[oi, 3HM3Y TOCTYIIOBO TEMHIIIAE, 10 TEMHO-Oypol
61511 caMOi OCHOBH, ITOKPUBAJIO MAJIOTIOMITHE, y BUIJISAI
OKpPEMHX JKOBTYBATHX BOJIOKOH, SIKi MOXKYTh yTBOPIOBATH
MaJIOTIOMITHY KiJIbLIENIONIOHY 30HY Y BEpXHIi uyacTHHI
HDKKH Ta HEBUpPAa3HI IUIACTIBIII HIDKYE OCTaHHBOI.
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M'sKkym y IDanwHIL OKOBTYBaTO-PYAWHA, B HIKII —
YKOBTYBATO-pyIAHi 10 Oyporo, 3 ciaOKuM OOPOIITHUCTUM
3amaxoM Ta cMakoM. CITOpOBHiA TOPOIIIOK ipyKaBO-PYIHH.

Cnopu 7,0-10,0(-11,0) x 4,5-6,0 mxm, Q = 1,44—
1,83; av. L = 8,5 + 0,81 MM, av. B = 5,4 £ 0,35 mMkwMm,
av. Q = 1,58 £ 0,09; 3MopiikyBaro-00pomaBuacTi, 3
IJ1aICHBKIM CyTIPar iJISIPHIM TUCKOM, aH(ac stirenomioHi,
eNINTUYHOANUIETIONIOH] Ta JTMMOHOMOAIOHI, y npodiib
MUTAAJCTONIOHI, 3 [emo 3arocTpeHo abo Mmaibke
COCOYKOITOJJIOHOK0 BEPXiBKOK, JOBOJI TOBCTOCTIHHI,
MPOTe Ha BEPXiBIll CTiHKA TOMITHO TOTOHIIEHa (TaK
3BaHWH Kaiyc), Omimo-pymi. basmmii 17,0-29,0 x 6,0—
7,0 MKM, Oy 1aBOTIIOAI0H1, YOTHPHCTIOPOBi. XSHIOIUCTHIH
30,0-40,0 x 11,0-13,0 wmkm, wMimKomomioHi ado
Maibke BEpeTEHOIMOIIOHI, 3 OKPYIVIOW abo TOoJiBYACTO
MTOTOBIIICHOIO BepXiBKorO 8,5—14,0 MKM 3aBIl., 9acTo 3
0e30apBHUMHU 200 JKOBTYBaTUMH aMOP(MHUMH TiIbLSIMH
Bcepenuui. IlmeBporucTuam — aHanoriyHoi — (opMu
25,0-45,0 x 7,0-13,0 mxm, BepxiBka 6,5-12,0 MM
3aBTOBII., aMOP(HI TITBII TEX HEPIAKO TPAIIIOTHCS.
[inorucrnau BincytHi. Kaymonuctumu 39,0-75,0 x 7,5—
20,0 mkwMm, Qopma Bapiroe Bij OynaBonoaiOHOT 10
MIIIKONO/IOHOT, HEPIJKO 3 MOTOBILEHOIO BEPXiBKOIO
3apmmpimika - 8,5-11,0 MM, KyTukyna 1ranuHKu
ripameHa, Tipu 5,0-25,0 MKM 3aBTOBII., 3 3CPHUCTOIO
MIrMEHTHOIO 1HKpycTauieto. [Ipsbkku €.

3rigHo 3 miteparypaumu nanumu (Watling, Gregory,
1993; Gulden, 2012) 3pocTa€e mooanHOKO Ta MAJICHbKUMHU
TpyTaMu IIPU OCHOBI CTOBOYpPIB BITbXH Ta Ha BEPOOBHUX
ITHSIX Y BUIBXOBHUX JIicaX, BUIBXOBMX 00JOTaxX Ta 1HIINX
3a00JI09E€HUX MICIIHAX, MPOTe B YKpaiHi BHUSBICHA B
3apoCTsX ouepeTy (MOXKJIMBO, Ha MOXOBaHId B IPYHTI
nepeBHHi a00 THHIMX KOpEHeBMIAX). MIMOBipHO
PIAKICHHUM, TOKW M0 3HAWICHWI JIMIIC B €IUHOMY
nokaniteri. JKoBTeHb.

JocaimxeHi 3pa3Ku. Bonuncorka oon.,
JIrobermiBebkuii p-H, HIIT "TIpun'site-Croxin", miBaeHHO-
cxinaa oxomwis c. JIro6's13p (Oeper 03. JI106's136), 3apocTi
o4epeTy, HarpyHTi, 51°49'40.6" nix. 1., 25°28'57.6" cx. 1.,
07.10.2019 (KW-M71291), 3i6p. M.O. 3ukosa.

3araabHe momupennsi. €spona: Benuka bpuranis,
Icmanisa, Himewunna, Hopseris, Ykpaina; Asis: Pocis —
Cubip (Watling, Gregory, 1993; Gulden, 2012; GBIF...,
2017e).

Haii6inpm xapaxkrepuumn o3Hakamu G. salicicola €
MIIITKOTIONiIOHI, YacTO TONIBYACTI IHUCTUIH, MOPIBHSIHO
HEBEJIMKI CIIOPH 3 KAIyCcOM Ta M'SIKyII i3 OOpPOIIHHUCTUM
cMakoM 1 3amaxom. Jlesiky omiOHICTh y MIKpOCKOIIUHIH
Oynosi Mmae G. pruinatipes, Tpore, BIiH MOMITHO
BIJPI3HAETHCS 30BHIIIHIM BHIISAOM IUIOMOBHX T,
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a TaKOXK CMaKoM 1 3amaxom M'skyma. [Ipo mi Ta iHmm
BIIMIHHOCTI OyJ10 cKa3aHo Buie. [HIIWE, CXOKUH Yy
nmesikux geransx Bun, G. heimansii Reijnders, wmae
JIBOCIIOPOBI  0a3mpii, crmopu 0Oe3 Kamycy, a TaKoK
MUCTHIN 31 CIM3UCTUMH YOXJIUKAMH Y BEPXHIA YaCTHHI.
[TnomoBi Tina y G. heimansii nemio iHII — BOHA MEHIII
(miameTp manmHKH 10 10 MM), mTanuHKa 63 BUITYKIIOCTI
abo ropOuka B LIEHTpi, a TXHIH M'SKyII Mae cIaOKui
penpkoBHH, a He OopomrHHUCTHI, 3amax i cmak (Gulden,
2012).

Galerina vittiformis (Fr.) Singer, Acta Inst. bot.
Komarov. Acad. Sci., Pl. Crypt, ser. 2, 6: 472. 1950. —
Puc. 6.

Agaricus vittiformis Fr. [as 'vittaeformis'], Epicr. syst.
mycol. (Upsaliae): 207. 1838 [1836-1838]. — Galera
vittiformis (Fr.) P. Kumm. [as 'vittaeformis'], Fihr.
Pilzk. (Zerbst): 75. 1871. — Galerula vittiformis (Fr.)
Maire, Treb. Mus. Ciénc. nat. Barcelona, sér. bot. 15(no.
2): 94. 1933. — Galerina vittiformis var. pachyspora
AH. Sm. & Singer, Mycologia 50(4): 488. 1958. —
Galerina vittiformis f. bispora AH.Sm. & Singer,
Monogr. Galerina: 334. 1964. — Galerina vittiformis var.
albescens A.H.Sm. & Singer, Monogr. Galerina: 333.
1964. — Agaricus hypni Batsch, Elench. fung. (Halle):
117, tab. 19, fig. 96. 1786. — Derminus hypni (Batsch) J.
Schrét. in Cohn, Krypt.-FI. Schlesien (Breslau) 3.1(33—
40): 579. 1889. — Galerula hypni (Batsch) Murrill, N.
Amer. Fl. (New York) 10(3): 163. 1917. — Agaricus
rubiginosus Pers., Syn. meth. fung. (Gottingen) 2: 385.
1801. — Agaricus hypnorum var. rubiginosus (Pers.) Fr.,
Syst. mycol. (Lundae) 1: 267. 1821. — Galera rubiginosa
(Pers.) Fr., Bidr. Kénn. Finl. Nat. Folk 1: 440. 1879. —
Derminus hypni var. rubiginosa (Pers.) J. Schrot. in
Cohn, Krypt.-FI. Schlesien (Breslau) 3.1(33-40): 579.
1889. — Galerina rubiginosa (Pers.) Kiihner, Encyclop.
Mycol. 7: 200. 1935. — Galera rubiginosa var. hypnorum
(Batsch) Rick, Lilloa 3: 418. 1938. — Galera hypnorum
var. rubiginosa (Pers.) J.E. Lange, Fl. Agaric. Danic. 5:
103. 1940. — Galerula muricellospora G.F. Atk., Proc.
Am. phil. Soc. 57: 360. 1918. — Galerina muricellospora
(G.F. Atk.) Kiihner, Encyclop. Mycol. 7. 203. 1935. —
Galerina muricellospora var. pachyspora (A.H. Sm. &
Singer) Courtec., Docums Mycol. 14(no. 56): 56. 1985
[1984]. — Galera hypnorum (Batsch) Quél., Mém. Soc.
Emul. Montbéliard, sér. 2, 5: 137. 1872. — Galerula
hypnorum subsp. macrospora Maire, Bull. trimest. Soc.
mycol. Fr. 44: 49. 1928. — Galerula hypnorum (Batsch)
Madre, Publ. Junta Ciencies Nat. Barcelona, Ser. Bot.
15(2): 94. 1933.

279



9

Puc. 6. Galerina vittiformis. A: nnonoBi Tina; B: 6asunii G. vittiformis f. tetraspora; C: 6aszunii G. vittiformis f. bispora; D:
xeitmounctuan; E: mespormcriny; F: kaynomucrunu; G: cniopu G. vittiformis f. tetraspora; H: cnopu G. vittiformis f. bispora.
Macmrabna mxana: 1 cM uist ImogoBux T, 10 MKM IJIsI MIKPOCTPYKTYP

Fig. 6. Galerina vittiformis. A: fruit bodies; B: basidia of G. vittiformis f. tetraspora; C: basidia of G. vittiformis f. bispora; D:
cheilocystidia; E: pleurocystidia; F: caulocystidia; G: spores of G. vittiformis f. tetraspora; H: spores of G. vittiformis f. bispora.

Scale bars: 1 cm for fruit bodies, 10 pm for microstructures

[Hammuxka 0,5-1,5 cM, criovaTKy OKpyIIIO-KOHIYHA /10
JI3BOHUKOIO/IIOHOT, 3r00M J3BOHHKOIOII0OHO-BHITYKJIa,
TOHKOM'SICHCTa, TirpodaHHa, TPO30po-cMyTacTa Maiike
JI0 IEHTPY, TEMHO-py/Aa, 3rOJIOM J>KOBTYBaTO-pyAa Jio
PYIyBaTO-BOXPHUCTOI, B MEHTPi 1 HaJ IUTACTHHKAMH
3aJTUIIAETHECS TEMHO-PYIOI0, ITICUXAK0UU, CTa€e OJimo-
pymoro abo KOPHUYHIOBATO-BOXPHCTOIO. [ImacTwHKM
npupocii, nocute piaki (L = 16-20, 1 = 1(-3)),
mmpoki (mo 0,2 cMm), BHUIYKJi, CIOYaTKy BOXPHCTI,
srogoM ipxkaBo-pymi. Hixkka 2,5-9,0 x 0,05-0,2 cwm,
OWITIHAPUYHA, 3 OyaaBomoaioHo ocHOBOW (110 0,3 cMm
3aBTOB.), TpyOdJacTa, 37erka OOpOIIHUCTA, >KOBTYBATO-
KOpPUYHEBA, JIOHU3Y IOCTYIOBO TEMHIIIAE, IO TEMHO-
Oypoi Oinmst camoi ocHOBH. M'SKyml y IIAUHIN 0710
PyaMi, B HDKII — pyayBaTHiA, 0€3 0COOIMBOTO 3amaxy Ta
cMmaky. CTIOpOBHii TOPOIIOK CBITIIO-PY/IHIA.

Criopu (7,5-)8,5-10,5(-11,5) x 5,5-7,0 mxm, Q=1,33—
1,73; av. L= 7,1 £ 0,65 MxmMm, av. B =42 + 0,41 MxwM,
av. Q = 1,72 £ 0,12 (f. tetraspora) a6o 9,5-13,0 x 5,5—
7,0(-8,0) Mmxm, Q = 1,63-2,0; av. L = 11,7 £ 0,94 MxwMm,
av. B = 6,5 £ 0,48 mxm, av. Q = 1,79 + 0,09 (f.
bispora); 3MopuIKyBaTO-00pOAABYACTI, 13 IVIaICHHKUM
CYNparuisipHUM ~ JUCKOM, aHdac sHIenomioHi Ta
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eninco-sinenonioni  (y f. bispora  BUIOBXKEHO-
SIATETIONIOH] Ta BUIAOBKEHO-CIIICOIOIIOHI), y mpodiasb
MUTAAJICTIONI0HI, 9acTo 3 JeTI0 3aTOCTPEHOI0 a00 Maiike
COCOYKOIO/IIOHOI0 ~ BEPXIBKOIO, OCOOJIIMBO  SICKPaBO
BupakeHoto y f. bispora, mOBOJ TOBCTOCTiHHI, OIimo-
pyni. bazunii 15,0-26,0 x 7,0-8,0 Mkm, OynaBomnoioHi,
yotupucnopoBi (f. tetraspora) abo mBocmoposi (f.
bispora). Xevnomuctuau 30,0-70,0 x 9,0-13,0 MKk,
BEPETEHOIUTIIKOMOAIOHI Ta IUISIIKONOAI0HI, 3 OKPYTIIOI0
abo0 3JIerKa ToNIiBYacTO MOTOBIICHOI BEpXiBKOHO 3,0—
5,0 mMxm 3aBm. ITneBpoructuan 40,0-62,0 x 11,0—
15,0 MKM, BepeTEHOIUIIIKOMIOAIOHI Ta IIISIIIKOMOiOHI,
3 OKpYIJIOI0 abo 3Jerka TOJIBYacTO ITOTOBIICHOIO
BepxiBkoto 3,0-5,0 mxwm 3aBmr. Ilimommcruan BincyTHI.
Kaynmouuctuau momiOHiI 70 Xeiyio- Ta IJICBPOLUCTH/I,
30,0-72,0 x 8,5-13,0 mxMm, BepxiBka 2,5-5,5 MKM
3aBm. KyTmkyma mmanuHku ridanbHa, Tihu  5,5—
12,0 MKM 3aBTOB., 3 JICTKOK) 3EPHHCTOI ITITMCHTHOIO
iHKpycTami€ero. [IpsHkK €.

[ToonuHOKO Ta MaJCHBKHMHU TPYIIaAMU CEPE]] 3€JICHUX
MOXiB, V XBOWHHX Ta MIIIAHUX JicaX, a TaKmK Ha
6omorax Ta B TPaB'IHUX YIPYNOBAHHAX. paruIsgeThCs
CIIOPaIUYHO, IPOTE perysipHo. CepreHb—KOBTCHb.
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Jocaimxeni 3pasKH. Jlveiscvka oon.,
CromiBcpkuit  p-H, HIIIl "CkomiBcbki beckumu",
Maiiganceke ITH/IB, Onmm3pko 1 KM Ha MiBACHBb BiJ
c. Maiinan (nonmua p. PuOHUMK), BUIBXOBHH Jlic, cepen
Moxy, 49°07'36.0" . 1., 23°1620.2" ¢x. 1., 22.09.2010
(KW-M50145, f. bispora). lsano-@panxiecoka oo61.,
BepxoBuncekuit  p-u, HIIII  "BepxoBuHcbkHii",
[lepxanabepke [TH/IB, Omm3pko 3 KM Ha MiBICHHUI
3axij Bix mpucinka Ilepkanal, macoBUCHKO, ceper MOXY,
47°44'07.0" nH. ., 24°53'57.5" cx. nm., 22.09.2014
(KW-M71229, f. tetraspora); HanBipHSHCEKHHA p-H,
Kapnarcekuit HIIII, Bopoxtsauceke ITH/IB, Gmu3sbko
1,5 xm miBmeHHime cMmT BopoxTa, SUIMHOBHIA JIiC
3€JICHOMOXOBHM, cepex Moxy, 48°15'17.7" nH. .,
24°35'56.4" cx. nm., 14.09.2015 (KW-M71230, f.
tetraspora).

Inmi 3maxinkm B VYkpaini. /Joweyvka o61.,
Cnos'stuebkuii p-H, HIIIT "Cesati Topu", Cesroripcbke
MHAB, 6mu3pko 0,5 kM TiBHIUHINIE KOHTOPH MAapKY,

cepen Moxy, 29.09.2004 (Dudka et al, 2009a).
Cymcoka  o6n., Cepenuno-byncekuit  p-u, HIIII
"ecusacbko-CTaporyTchbkuid",  TIBHIYHA  OKOJIHIISA

c. Crapa I'yra, rpyma Oepi3 Ta COCECH, Cepell MOXY,
14.08.2003, 6mu3pko 3 kM miBHiuHime c. Crapa I'yra,
COCHOBHI JIiC 3€JICHOMOXOBHH, Ha THWJINX TUIOYKAX,
obpociux moxom, 15.08.2003 (Dudka et al., 2009a, b;
Karpenko, 2011). Piguencoka o6.., JlyOpoBUIIBKHI p-H,
oxomuui c¢. Kpymose, ([yOpoBuipke n-Bo, 90 KB.),
COCHOBH#l Jic MoJiHieBuH, cepen Moxy, 20.08.1999
(Vysotska et al., 2009). Xapriscoka 00:1., 3MITBCBKHI p-H,
HIIIT "Tominsmanceki gicu" (Prylutskyi et al., 2017).

3arajabpHe mommpeHHs. €Bpoma: ABctpis, bembrig,
Bornrapis, Bemuka Bpuranist, anis, Ectonis, Ipnanmis,
Icnanpis, Ienawnis, Itamis, Jlarsis, Jlurea, JlrokcemOypr,
Hinepmanam, Himeuunna, Hopgeris, ITonbuia,
Hoptyranist, Pocis, Pymynis, CnoBayunna, CnoBeHis,
VYropiuna, Ykpaina, ®innsumis, ®paniis, Xopsaris,
UYexis, HIsetmapis, Isemis; Asis: Pocis — Cubip Ta
Hanexuit Cxin, Snonis; IliBaiuna Amepuka: Kanana,
Kocra-Pika, CIIA; IliBnenna Amepuka: ApreHTHHA;
Hosa 3enannmis; Anrtapkruka: I[liegenni lllermanaceki
o-Bu, o. [liBgenna JIxopmkis (Nezdoiminogo, 1996;
Gulden, 2012; GBIF..., 2017f).

Hdns G. vittiformis XapakTepHi IIOBHa BIJICYTHICTb
MMOKpUBaia Ta MUIONUCTHA, HASIBHICTh YHCICHHUX
BEPETCHOIUIANIKOMOAIOHUX TUICBPOLUCTH, a TaKOX
rpyOOCKYIBITYpOBaHI CHOpPH 3 J00pe TMOMITHUM
[IaJICHBKUM CYNPAruBsIpHUM JIMCKOM. Y HalOIMKIOro
Buny, G. karstenii A.H. Sm. & Singer, mieBponucTuIn
TPAIUIIIOTBCSL  PIAKO, a CHOpUM MEHIi, ciadKime
CKYJIBIITYpOBaHI Ta 3 MAaJOTIOMITHAM CYHpaTiIipHUM
muckoM (Gulden, 2012).
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IMonsikn

ABTOp  BHUCIIOBIIIOE BasuHicTe  M.O. 3HKOBIH,

mupy
S.1. 3enenuyky, O.I. Kucemoxy ta C.M. Ilanuenky 3a
JIOTIOMOTY B 300pi TOCTIKEHHUX 3pa3KiB.
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Abstract. We present here the data on vegetation of the largest steppe section of the Left Bank of the Ukrainian steppe zone. That
plot, known as the Vasylkivskyi Steppe (total area 10714.4 hectares), is located in the interfluves of the Samara and Vovcha rivers.
The history of its existence resulting from the establishment of the Pavlograd Artillery Range is discussed. The data of physical and
geographical conditions of this territory is provided, features of the vegetation cover of the former landfill are characterized. The base
of'the site is formed by steppes of cl. Festuco-Brometea (all. Festucion valesiacae (ass. Salvio nemorosae-Festucetum valesiacae var.
Vicia tenuifolia) and all. Stipo lessingianae-Salvion nutantis (as. Stipo lessingianae-Salvietum nutantis) classes with the inclusion
of all. Tanaceto millefolii-Salvietum nemorosae on the southern slopes and distribution of meadow communities with minor
salinization of classes Festuco-Puccinellietea (ass. Festucetum regelianae) and Artemisietea vulgaris (ass. Convolvulo-Brometum
inermis and Cardarietum drabae) at bottoms of thalwegs. Areas of shrub communities of cl. Rhamno-Prunetea (ass. Rhamno-
Prunetum stepposae and Sambuco nigra-Aceretum negundo) and cl. Robinietea (Elytrigio repenis-Robinietum pseudoacaciae) also
occur, which testifies to the processes of expansion of meadows and shrub communities, and afforestation. An estimation of the
ecological regime of the groups on the basis of the synfitoindication approach is presented. Two vectors of ecofactor indicators which
determine the differentiation of plant communities are established. One is related to soil moisture, aeration, mineral forms of nitrogen
compounds content and hydrothermal conditions, where the most remote positions are occupied by shrubs, and the other, having
the opposite orientation, where the most remote positions are occupied by steppe communities of associations Stipo lessingetianis-
nutviantis-nutviantis var. Poa angustifolia and Tanaceto millefolii-Salvietum nemorosae, which are determined by soil chemical
properties, thermal regime, and illumination. Festucion valesiacae communities exist in optimal conditions. Establishment of a
national landscape reserve with appropriate conservation mode is proposed.

Keywords: Festuco-Brometea, phytoindication, protection, Vasilkivsky Steppe, vegetation
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Hinyx SLI1., Konomiituyk B.IT. dyropra O.A. 2020. BacuabKiBebkHii cTen — Hal0L/IbIIA He3aNMOBilaHA MUIAKOPHA CTENOBa
ninsiaka JliBoGepexknoi Ykpainu. Vipaincokuii Gomaniunuil scypuan, 77(4): 283-293.

Pedepar. HaeneHo gani o0 pocInHHOTO MOKPUBY HAlO1Ib1I01 Ha JTiBoOepes okl CTEmoBOi 30HH YKpaiHU HE3aMOBIAaHOI CTETIOBO1
ninsHkd — BacunbkiBebkoro cremy (rutomna 10714,4 ra), po3ramoBano Ha JIHinporneTpoBiinHi y Mexupiudi pik Camapu ta Bosuof.
Haeneno icropuuni ¢akTyu, mo oOyMOBHIN ICHYBaHHS IUISHKH y CyYacHHX MeXax, MOJAHO AaHi (i3uko-reorpadiyHuX yMoB
i€l TepuTopii, CXapaKTepU30BaHO OCOOIMBOCTI POCIMHHOTO TMOKPUBY KOJIMIIHBOTO apTHIIEPIHCHKOTO MOirony. OCHOBY IUTSHKU
dbopmyroTh crenu kiacy Festuco-Brometea (all. Festucion valesiacae (ass. Salvio nemorosae-Festucetum valesiacae var. Vicia
tenuifolia) Ta Stipo lessingianae-Salvion nutantis (ass. Stipo lessingianae-Salvietum nutantis) 3 BKparuICHHSIM Ha MiBISHHUX CXMJIaX
ass. Tanaceto millefolii-Salvietum nemorosae, a o THUIIAX TANbBETiB — MOIINPEHHAM JIyYHUX YTPYIIOBAHb 13 JIETKHM 3aCOJICHHSM,
skl HanikaTh 10 cl. Festuco-Puccinellietea (ass. Festucetum regelianae) ta cl. Artemisietea vulgaris (ass. Convolvulo-Brometum
inermis Ta Cardarietum drabae). dparMeHTapHO TPAIUIAIOTHCS JTUITHKHM YarapHUKOBHUX YTpymoBaHb cl. Rhamno-Prunetea (ass.
Rhamno-Prunetum stepposae ta Sambuco nigra-Aceretum negundo), a Taxkox cl. Robinietea (ass. Elytrigio repenis-Robinietum
pseudoacaciae), O CBIUUTH IIPO IMPOLECH OJYYHEHHS, 3a4arapHUKyBaHHs Ta 3ajicHeHHs. [10jaHO OLIIHKY €KOJIOTTYHOTO PEKHMY
YIPYIOBaHb Ha OCHOBI METOAWKH CUH(]ITOIHAMKAIil. BcTaHOBIECHO JBa BEKTOPH TOKa3HHWKIB €KO(aKTOpiB, IO BH3HAYAIOTH
nudepeHIianito poCIHHEUX yrpymnoBaHb. OUH TMOB'I3aHUH i3 BOJIIOTICTIO IPYHTY, aepalli€io, BMICTOM MiHepaabHUX (OPM a30THHX
CHOJIYK 1 TiIPOTEPMIYHUMH yMOBaMH (OMOPOPEKHMOM), ¢ HAWOUIbIN BiAJaliCHI MO3HUIIT 3aliMarOTh YarapHUKH, a 1HIIHKA Mae
TIPOTHIISKHY CIIPSMOBAHICTB, /16 KpaiHi ITO3MILi1 3aiiMalOTh CTETIOBI yTPYNOBaHHS ass. Stipo lessingianae-Salvietum nutantis var. Poa
angustifolia ta Tanaceto millefolii-Salvietum nemorosae, MO BU3HAYAIOTHCS XIMIYHUMHU BIACTHBOCTSIMHU IPYHTY, TEPMOPEKUMOM
Ta OCBITICHICTIO. B oNTHMaNbHIX YMOBaX 3HaXOISThCs yrpymnoBanHs all. Festucion valesiacae. Po3nodato po6OTy 3i CTBOPEHHS
Ha il TepuTopii JaHIUIAdTHOTO 3aKa3HUKA 3arajbHOACPKABHOIO 3HAYCHHS 3 BIAIOBIHUM PEKMMOM OXOPOHH Ta MOMKIIHBICTIO
BKJTIOUEHHS ioro 1o HanionambHoro mpupoaHoro napky "Camapcebkuii 0ip".

KoniouoBi ciioBa: BacuiabkiBehKHit cTell, 0XOPOHA, POCIMHHICTD, QiToiHIUKALs, Festuco-Brometea

cTenax — YW JIMIIe iXHE OIOTHYHE PI3HOMAHITTS, YH
CTIOCTEpiraté 3a IMPUPOJHHMH TIIpOIecaMH 3MiH, sKi
3HAYHOI0 MIPOI0 Telep BH3HAYAIOTHCS aHTPOIIOICHHUM
sromBoM (Didukh, 2014; Lysenko, Kolomiychuk, 2015).

Beryn

CremnoBuii 010M B OCTaHHI CTOJITTS 3a3HAB TOTAJBHOI
Tparcdopmarii. Moro ocHoBy — BIacHe cTem: 3

MaHyBaHHSIM TPAaB'sSHOI POCIMHHOCTI (B OCHOBHOMY
37IaKOBHUKIB) OyJIO 3HHUINEHO, PO30paHO, a HaWOLIbII
pO/OYl YOPHO3EMHI IPYHTH HPOAOBKYIOTh BTpadyaTH
3amacu rymycy. OcoOnMBO IIe cTocyeThess €Bpomu, 1e
3aJMIIKM CTEMiB 30eperincsi MepeBaXHO M0 CXUiax
6amok, OeperiB pidoK, y3MOBK MOPCHKOTO Y30epeiiKs.
Ane ¥ TaM CKOpPOYEHHS IUIOINII CTEIiB CHPUYUHIOIOTH
TepacyBaHHS CXIUIIB Ta IXHE 3aicCHeHH:. Buiini qinsaaku
Oynu B3AITI IMiJ] OXOPOHY ajie HAaHOLIbII 3 HUX, TaKi sIK
3aroOBITHUKH, Yepe3 BBENCHHS a0COJIIOTHO 3aroBiTHOTO
pPEeKHMY, BIPOJOBK oOcCTaHHIX S50 pOKIB BTpavyaroTh
CTETIOBY OCHOBY.

[TpoGnema 30epeKeHHs CTEMiB IMOJsIra€ He JIMIIE B
TOMY, L0 1X IPSIMO, MEXaHIYHO 3HHUILYIOTh, & i B TOMY, 1110
y X €KOCHUCTEMAX SHEPreTHIHHH TTOTeHIIa 3MIIeHNH
y migzemMHy (memocepHy) 4YacTHHY, Ha BIIMIHY BiJ
JCOBHUX, Y SIKUX e} MOTEHITia)l HAKOIIYY€ThCs B Oiomaci
(mepeBuHi), a BiATAaK BU3HAYA€ BUCOKY CTaOUIBHICTH
1 OMIpHICTP TO BIIHOMICHHIO JO Mii 30BHIMIHIX
YMHHMKIB. BIOTHMYHA CKIJIaJ0Ba CTEMIB 3HAXOAWUTHCS Y
CTaHi HECTifKoi piBHOBary, a ii cTaH Ta XapakTep 3MiH
BU3HAYAIOThCS YMOBaMHU IPYHTY Ta IHIIMX 30BHINIHIX
YMHHMKIB, HAa SKI POCIMHHUN IOKPUB pearye NeBHUMHU
MIPUCTOCYBAHHSIMHU, HE MArOYM JOCTaTHbOI OIIPHOCTI.
Biarak y HayKoBIIIB HEMa€ €IMHOT JyMKU i BUHHKAIOTh
TOCTpi AMCKYCii — SIK 1 OI0 TOTPiOHO OXOPOHSTH B
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HayxoBIli NMOBMHHI HaJaTW HAayKOBE OOIPYHTYBaHHs
il 3a0e3meunTH  30€pekeHHS ~ MaKCHMAJIbHOTO
[IEHOTUYHOTO Ta BHJOBOTO PI3HOMAHITTS CTEMOBUX
exocucTteM. J{Jis 1IbOro HEOOXiTHO 3aCTOCOBYBATH Pi3HI
(hopMHu peXUMy TAKOTO 3alOBiaHHS Ta BUKOPUCTAaHHS,
IpH sIKOMY BifgOyBajocs O TTOBHOIIIHHE BiJIHOBICHHS
BCiX KOMIIOHEHTIB €KOCHCTEM i3 HalMEHIIOI BTPATOO
€JIEMEHTIB.

3 omrsady Ha Te, IO BCi CTEMOBI TUITHKH B YKpaiHi
3aliMaloTh JIMIIE KiJbKa BIJCOTKIB IXHBOI TEpUTOPIl
(Econet..., 2013), xokHa BIUIiIa Taka IUISTHKA Mae
BEJIMKY LIIHHICTH 1 3aCIIyTOBY€ Ha yBary Ta 30epesKeHHs,
a ToMy moTpelye BCEOIYHOTO JOCHTIKEHHS Ta aHANi3Yy.
OnHi€l0 3 TakUX CTEHOBUX MAUBIHOK € TEepUTOPIs
KOJIMITHBOTO [TaBnorpancekoro apTHIIEPIFCEKOTO
nonirony B J{HImponeTpoBCchKiii 00yacTi 3 MICIIEBOIO
Ha3BoIO "BacunbkiBepkuii crem'.

[Tpn po3pobui exomepexi cTernoBoi 30HH YKpaiHH
(Econet..., 2013), meBHO, Ha OCHOBi (DOTO3HIMKIB
Mixk cemamu J[leGanmprieBe Ta BenmkoonekcaHapiBka
BacuibKiBCbKOTO p-HY (B3IOBX 3aruiaBd p. BoByoi)
Oyno BuAiIEHO BachIbKIBCBKY KIIOUOBY TEPHTOPIIO
perionaabHOro piBHs wioiero 13600 ra. V i myOsikarrii
MOODKHO HABOAUTHCS XapaKTEPUCTHKA POCIUHHOTO
MOKPHUBY TMPWIENINX [0 PIYKH CTENOBHX PEIITOK,
ajle 30BCIM He 3ramyroThes crend [laBiorpaachkoro
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Puc. 1. Po3rauryBanus Ta Mexi BacibKiBCbKOTo cTery 3 NpUIeHIMMHU OaaKaMu

Fig. 1. Location and boundaries of Vasylkivskyi Steppe with adjacent ravines

apTHIIEPiHCHKOTO MOJIITORY, 10 CBITYUTH ITPO BIJICYTHICTD
cydyacHoi iHdopmauii 1po (diTopisHOMAHITT L€l
Tepuropii. Pazom i3 TuM BacHibKiBCHKHI cTem y cxeMi
(dbopMyBaHHs CKOJIOTTYHOI Mepexi JIHImponeTpoBChKOT
00acTi OTpUMaB CTaTyC MPUPOTHOTO SIpa Mi>KHAPOTHOTO
snaueHHs (Pro zatverdzhennya..., 2017).

BacuibKiBCHKHIA CTEIT 3aCIyTOBY€E Ha OCOOIHBY yBary,
OCKIUIBKH 11€ BEJIMKa JIUISHKA IJIAKOPHOTO THITY, SIKi TeTep
36eperTics Maiike BUKITIOUHO Y 3alloBifHUKaX. i mioma
B/IECATEPO TEPEBUIIYE TUIONLY TAKUX IUIAKOPHUX CTEIIIB,
sk "XomytoBebkuit" (1030,4 ra) Ta "CrpinbliBcbkuit”
(1036,5 ra), maibke yaBiui OuTbIIa 3a IUIONIY CTEIMy
perionansHoro sanmmadTHoro napky "Kamapapcekuit”
(6806 Ta) i Maike criBMipHa 3 a0COIIOTHO 3aIOBiTHOO
ninsiHKor0  GlocdepHoro 3amoBinHuka "Ackanis-Hosa"
(mmoma 11054 ra) (Ukrainskyi pryrodnyi..., 1998;
Shapoval, 2012; Kolomiychuk, 2013). Takum uuHOM, 1151
TEPUTOPIS € ONHIEIO 3 HAMOUTBIINX HNITHOK TJIAKOPHOTO
cremy JliBoGepeskHOT Ykpainu.

BacunbkiBcpkuii CTel aIMiHICTPaTHBHO
3HaxouThesl y BacunbkiBcbkomy Ta [laBrorpancsromy
p-Hax  JlHiOpomeTpoBChKOI  O0J., (aKTHIHO MK
M. [TaBrmorpamom Ta cenumiem BacuibkiBkoro. JlinsHKa

Vkpainucoxuii 6omaniunuii orcypuan, 2020, 77(4)

pO3TalIOBaHa Ha TIIAKOPHOMY MeKHpiudi pidok Camapu
i BoBuoi na Bucoti 100-150 m H.p.M. Bona mae dpopmy
BUJIOBKCHOTO TMPSAMOKYTHHKA, SKHHA MPOCTATAETHCS
3 MIBHOYI HA MIBACHHUH cXifg mpuoOnmm3Ho Ha 20 KM
(BimcTaHb MK HAHOUTBIT  BiJJTAJICHUMH  TOYKAMHU
23,745 kM), a i3 3axony Ha cxig — Ha 2,5-3,0 kM, 3aiiMae
wromy 10714,4 ra 1 XapaKTepH3yeTbCs HASBHICTIO
JIOJIMHHO-TEPACOBUX ~ MiCLIEBOCTeH 31 3BHYAHHMMH
CepeIHbOTYyMyCOBUMH dYopHO3eMamu (Batsula et al.,
2007) (puc. 1).

3rizHo 3 (i3uko-reorpadiyHUM  paiioHyBaHHIM
Ykpainu, Teputopisi BacnibKiBCBKOTO CTey HalIeXHUTh
10 Bosuancsko-HmxHbOTa Iy pChKOTO (izuko-
reorpadiunoro pafiony KiHcbko-SnMHCEKOT HU30BHHHOT
nanmmadraoi obmacti (Marinich et al.,, 2007). Lx
00macTh BXOAHUTH 110 ckiaay JIiBoOepe:KHOAHIITPOBCHKO-
IIpuazoBcekoro kparo CremoBoi 30HHM VYkpaiHu. 3a
reo0OTaHIYHUM paifOHyBaHHSAM YKpaiHH TepUTOpist
CTeITy 3HaXOqUThCs B Mexkax CaMapchKoro (KOJIHIIHBOTO
[TaBmorpaICchKOT0) JiBOOEPEIKHOTO OKPYTY PI3HOTPABHO-
37IaKOBHX CTeIiB, OaifipayHuX JIICIB Ta 3aCOJEHUX JIYKIB
[TonTHYHOT cTenoBoi MpoBiHIlT €Bpa3iicbkol CTEMOBOT
o6nacri (Didukh, Shelyah-Sosonko, 2003). Y munynomy
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TYT Ha TUTaKOPi OyJH MOMIUPEH] Pi3HOTPABHO-THITYAKOBO-
KOBHJIOBI CTEIIH.

Haii0inpin mommpeHrnMH B MeKax OKPYTY paHimie
Oyl CTEMH 3 BUPAKCHOI JOMIHAHTHOI POJUIIO Stipa
lessingiana Trin. & Rupr., S. capillata L. ta Festuca
valesiaca Gaudin 3 psSCHOIO JOMIIIKOIO PI3HOTPaBHUX
€JIeMEHTIB, JI¢ TPOBIAHY poib BimirpaBamm Salvia
nutans L. 1 Medicago romanica Prodan. Ponb
CIIIBIOMIHAHTIB y IUX CTENax BUKOHYBAJH Bromopsis
riparia ( Rehmann) Holub i Poa angustifolia L. (Bilyk,
1977).

Bnacue Teputopis BacmibkiBChKOTO cTery SIBIISIE
co00I0 cabKo MOXMJIEHY 3 MIBHIYHOTO CXOLy Ha
MIBACHHUH 3aXil MUITHKY. Y IBOMY K HAlpsIMKY CTEI
nepepizatorp BiciM Oanok. OCHOBY TIPYHTIB TepHTOPIil
(OpMYIOTh BaXKi JICCOBHUAHI CYIIIMHKH, Ha SKHX
3aJIsrafoTh YOPHO3EMaMHK 3BHYalHI CEpeIHbOTYMYCHI, Ha
SIKUX C(hOPMYBAJIHCh 30HANBHI Pi3HOTPAaBHO-THITYAKOBO-
KOBHJIOBI crernu. CXWIM JOJHH 1 0aJIOK IIMPOKI, MOJIOT,
YBIrHYTI abo mpsMi, KpPyTH3HOIO 10 6°, yTBOpeHi
B TIOTY)KHHX TOBIIAX JICJIIOBIQJIBHUX JIECOBHIHUX
CYTJIMHKIB.

[IputepacHi enemeHTH penbedy Ta AHUIA OaOK
XapaKTepU3YIOThCSl CEPeIHbO- Ta JIETKO CYNTMHUCTUMH
IPYHTaMH, aJIOBIAIbHUMHE BiKJIaJJaMH, SIKi IEPiOIUIHO
3BOJIOKYIOTBCSL Y BECHSHHIA Iepion. AJie COIOBOIO YU
XJIOPUITHO-CYAb(ATHOTO 3aCOJCHHS, XapaKTePHOTO IS
YOPHO3EMHO-JIyYHUX IPYHTIB 3aIljIaB, TYT HE BUSBIICHO,
X04a TICBHI O3HAKM CIIOCTEpIraroThCs Ha CYCLIHIX
teputopisix (Marinich et al., 2007).

Tepurtopiss XapaKTepHU3yeThCS TOMIPHO MOCYIIITHBAM
KJIiMaTroM, cepeiHs temimeparypa poky: 10,0-10,5 °C,
cigyas: —6,0-6,5 °C, mumas: 21,5-22,5 °C, tpuBaiicTh
0e3MOopo3HOTrO Iiepiony CTaHOBUTH 150—185 rHiB,
cyma temmeparyp 2900-3100 °C, cepeanbopiuHa
KUTBKICTh OmMafiB AOCHTh HU3bka (490-530 MM, 3 HUX
Ha BereTamiiHuii mepiox mnpumamgae 250-270 wmwm).
laoporepmiunnii  koedinient CensiHIHOBA CTaHOBUTH
0,8-0,9, TOOTO 7151 ITLOTO PETIOHY XapaKTEPHUM € TIEPI0]
mocyxu (Horb, Duk, 2006).

30epexeHHsT 11i€l TepUTOopii y MPUPOJHOMY CTaHi
MOB'SI3YIOTh 3 OpraHizallielo Ta (QYHKIIOHYBaHHSIM
[TaBnorpanacpkoro KOHTPOJIbHO-BUITPOOYBAJILHOTO
apTHIIEPIHCHKOTO MOJIITOHY pecmyOIiKaHCEKOTO
3HayeHHs. Bin OyB crBopenmit y kBitHi 1931 p. Ha
miBOCHHHMX okomuusx M. IlaBiorpan, BUIpoOOBYBaiH
Ha HBOMY TrapMaru kKamiopom 76-152 wmm, #ig
cHapsaiB sikux csrana 20-25 kM. 3 1i€l0 MeTor 3i
ClITbCHKOTOCIIOAAPCHKOTO BUKOPUCTAHHS OyJI0 BHBEICHO
BIINOBITHY TEPUTOPII0. 3aB/SIKK CTBOPEHHIO TIOJIITOHY Yy
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poku mie 10 Jpyroi cBiToBoi BiitHM [IaBmorpas moTyxHO
po3BHBaBCcs — Oyino 30ymOBaHO HOro iH(PACTPYKTYpy,
CTBOPCHI MeXaHIUYHUH 1 XIMIYHUHA 3aBOIM, PEMOHTHI
MaicTepHi, ckiaau OoerpunaciB. Y MOBOEHHI POKH Ha
[IUX 3aBOAAX 3aCHYBAJIM BUPOOHUIITBO CyMIIIeH TBEPANX
pakeTHHX TAaJWB Ta BHUIOTOBJICHHS TBEPIONAINBHHUX
pakeTHUX NIBUTYHIB i pakeT. HuHi 11i 3aBomu Haiexarh
1o lepkaBHoro mianpuemMcTsa "BupoOHuue 00'eHaHHS
[TiBgennuit MammuoOyaiBHMH 3aBox iM. O.M. Maxkaposa"
y ckyazi Jlep’kaBHOTO KOCMIYHOTO areHTCTBA YKpaiHH.
BiiicbkoBi BUTIPOOYBaHHS HA TOJITOHI MPUIUHWIN Y
1980-x pp. Y 3B'I3Ky 3 1tuM, 3rijtHO 10 OdiniitHoro caty
[TaBnorpaaceKkoro p-Hy J{HIIPONETPOBCHKOT 00.. (WWW.
pavl.dp.gov.ua), pociuHHUI MOKPUB BacHIBKiBCEKOTO
CTeIy HUHI nepedyBae y NpUPOJHOMY CTaHi.

Marepianu Ta MmeToaHn

BacunpkiBcpkuid crem MM BigBimanmu  OBidl —
06.06.2019 p. Ta 24.06.2019 p. mig 4Yac BHBYEHHS
OioTomiB cTenoBoi 30HN YKpaiHu. Y 3B'A3Ky 3 UM Oyiio
MIPOBEJICHO JIMIIE PEKOTHOCIHUPYBAIbHE OOCTEKEHHS
i€l Tepuropii. OKpiM CTEy MU AOCIIIUIN TPUIICTIIL 10
HBOTO 3 3axoy Oayku, Jie go0pe 30eperiacs MpupoaHa
POCIHMHHICTb. Y pe3yabraTi Oyjlo BHSBICHO 3arajibHi
3aKOHOMIPHOCTI PO3MOIIy POCIMHHHX YIPYIOBaHb,
OLIIHEHO BIUIMB TOCIOJNAPCHKOI JIISUIBHOCTI, a TaKOX
3pobieHo 60 reoboTaHIYHMX OMMCIB Ha MimgHKax 10 X
10 m? Ta omucano aBa npodisi 3a 3aralbHONPHAHATHMH
y reobotanini wmeromukamu (Yunatov, 1972). Vci
ormucu Oymu 3aHeceHi o0 0a3nm JlaHWX, CTBOPEHOI Y
¢opmari TURBOVEG 2.79 (Hennekens, Schaminée,
2001), inTepmperamiss TeoOOTaHIYHOrO  Marepiary
Oyna TpoBe/leHa i3 3aCTOCYBaHHSIM IMaKeTy Mporpam
JUICE 7.0.83 (Tichy, 2002). BumineHHst (iTOIICHOHIB
3MIACHIOBAIM 3a OIOMOTOI0 METOAY IBO(AKTOPHOIrO
imaukaToproro anamizy BumiB (TWINSPAN), 3oxpema
fioro moaucikoranoi Bepcii (Hill, 1979; Rolecek et al.,
2009), a Takox nporpamuoro nakety PC-ORD (McCune,
Mefford, 2006). InenTrdikanito orpuMaHux QiTOLECHOHIB
MPOBOJIUIM HA OCHOBI aHami3y iXHIX MIarHOCTHYHHUX
OJIOKIB 13 BHKOPHCTaHHSIM 3apyODKHHMX 1 BITUM3HSIHUX
myOmikariii (Mucina et al., 2016; Prodromus..., 2019).
Jus  BUSIBICHHS ~ OCOONMBOCTEH  €KOJOTIYHOI
nudepenmiamii yrpynoBadb Bukopuctaiaun meronq DCA-
opmuuarii (Hill, Gauch, 1980) mporpamu R-project
(www.r-projekt.org), iHTerpoBaHoi B TMpOrpaMHHI
naker JUICE, a Ttakox nporpamy STATISTICA 6.0.
Po3paxyHOK €KOJIOTIYHMX MapaMeTpiB 3iHCHIOBAIH
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3a  ¢itoinaukaniianvu  mkanamu - SI1. dimyxa
(Didukh, 2011) na ocHoBi 0a3u manux ECODID mist 12
MpoBigHUX ekodakTopiB. OTpuMaHi OambHI MOKa3HUKU
IHTEPIIPETYBAJIH bifo) BIANIOBIIHUX €KOJIOTTYHUX
xapakrtepuctuk (Didukh, 2012). V reoboraHiYHHX
TaONIMIX 3acTOCOBaHa MoAM(ikoBaHA MIKaja OalbHOT
ouinku BuaiB b.M. Mipkina (Mirkin et al., 1989): 5 — >
50% 1, 4 —20-49%, 3 — 5-20%, 2 — 1-3%, 1 — < 1%.

HazBu cunTakconiB HaBeAeHi 3rigHo 3 "IIpogpomycom
pociuHHocTi  Ykpainu"  (Prodromus...,  2019),
HOMEHKJIaTypa TakCOHiB — 3a "Vascular plants of Ukraine.
A nomenclatural cheklist" (Mosyakin, Fedoronchuk,
1999), y pa3i HeoOXiAHOCTI — 31 3MiHAMHU.

Pe3ynbraTtu T2 00roBOpeHHs

PocnunHiCTE  JOCHIMKEHOI IUISHKA —TpPEACTaBIICHA,
B IIepuly 4epry, CTEHNOBUMH YIDPYIOBaHHSIMH, IO
3aiiMaloTh TUIAKOPH Ta cxwinm Oanok (moHany 90%
wromti). Y TajpBerax OaJloKk Ta Ha CXWJIAax ITOIIUPEHI
¢iToneHo3u ayuHoi (6amu3bpko 3%) Ta yarapHUKOBOT (<
2%) pocnuHHOCTI. HesHauHy oy 3aiiMaroTh MTYy4Hi
miconacamkenus (1%), a TakoK aHTPOIOTCHI30BaHI
MIEPEJIOTOBI AUITHKU y MICISX PO3TAIlyBaHHS KallOHIPiB
Ta IHIIKX 1HKEHEPHO-BINCHKOBUX CIIOPY/I.

3a 30HAJBHUMH O3HAKaMH YIPYIIOBaHHS Halle)KaTbh
JI0 PI3HOTPABHO-TUITYAKOBO-KOBHJIOBHX CTCIIB, IXHIO
OCHOBY (pOpMYIOTH TOMiHYIOUI 3maku Stipa lessingiana
ta Festuca valesiaca. dparMeHTapHO TPAIUISIOTHCS
IUISTHKA 3 AoMiHyBaHHAM Stipa pulcherrima K.Koch,
Stipa capillata, Bromopsis riparia, Ha OCHOBI 4OTO 3a
JIOMIHAHTHOIO KJIacH(IiKaIli€r0 BOHU PO3IISAAIOTHCS K
BiamoBinHi (opmanii. Haiibinem kpyTi cyxi miBaeHHI
cxuiu  OaioK  3aliMaloTh PO3PIIDKEHI  yrpyrnoBaHHS
dopmanii Galatelleta villosae 3 nominyBauusam Galatella
villosa (L.) Rchb.f. Ta kceporepmuux 3makiB (Festuca
spp., Agropyron spp., Stipa spp.).

[Ipore micns 40-piuHOrO TEpMiHY NPHUITUHEHHS
BUKOPHCTAHHS MOJITOHY Ta IMOCWICHHS KIIMaTHYHHX
3MiH HaBiTh INpPH CIHOKOCIHHI TYT CIIOCTEPIraroThCs
NIPOLIECH OJTyYHEHHS Ta 3a4arapHUKyBaHHS 3 €JIEMEHTAMH
MIOCTYIIOBOTO 3allicHeHHs. 1{e 3HaxXomuTh Bi0OpakeHHs
B TOMY, III0 Ha 3HAYHMX IUTONIAX TEPUTOPIi cTemy HUHI
criBominytote Elytrigia repens (L.) Nevski, Poa
angustifolia L., Vicia tenuifolia Roth, Ta 3piaka Elytrigia
intermedia (Host) Nevski, siki MiCIISIMH BUTiICHSIFOTb 1HIII
JIOMIHYIOYl BHJH 1 (POPMYIOTH 3apOCTi y BUIVISI TUISIM
i macMm. Y IDIeCKaTUX JOJMHAX 0ajoK Ha aToBiabHUX
HaHocax (OPMYIOTBCSL JIy4HI YTpyNOBaHHS, B SKHX
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JIOMIHYFOTh KOpEHEBUIIHI 311aKku (popMmartii Bromopsideta
inermis, Elytrigieta repentis), a y BOJOTINIMX MICISIX —
ocoku (yrpynoBauHs Cariceta melanostachyae 1 HaBiTH
Cariceta distantis).

B spykHO-0amKOBHX KOMIUIEKCAX, SKi MEPETHHAIOTH
CTeII 13 3aX0Jly Ha CXiJ| Ta Ha IuIaKkopax (pparMeHTapHoO y
BUTVISAJII OKPEMHX OCTPOBIB MOIIUPEHI TepHAKHA (Pruneta
Stepposae), piaiie KypTHHH JKOCTEPY MPOHOCHOIO
(Rhamneta catharticae). CnopagidHO Ha BUIIOJIOKCHUX
cxwiax OaloK TpaIuIsIioThess (ParMEeHTH YrpyroBaHb
Kaparanu KymioBoi (Caraganeta fruticis), a Ha BEpXHIX
NUISHKAaX CXWJIB IMBAEHHOI €KCIO3MIIT JeIKuX Oaok
BIAMIYCHI IULIMH MHIIAMI0 HU3BKOTO (Amygdaleta
nanae).

[Tpuponuux JiciB Ha 1il TepuTOpii HE BiAMIUEHO,
a INOTyYHI JICOHACAIKEHHS Y BUDIANI KYyJIBTYp
Robinia pseudoacacia L., Acer negundo L., Fraxinus
pennsylvanica Marshall 3 momimkoto Ulmus glabra
Huds. 30ocepemkeni HaBKoJIO Iii€i TepuTOpil y BHIVISLI
micocMyr Ta okpemuM MacuBoM (0,5 Ta) y miBICHHIN
gactuHi AinsHkA. KpiMm Toro, mo Bcidl TepuTopii cTemy
Yy BUIIAAI OKPEeMHX EK3eMIULIPIB 1 TPYN TPAIUIAIOTHCS
Armeniaca vulgaris Lam., Elaeagnus angustifolia L.,
Morus alba L., Ulmus pumila L.

B okpemux MicCIfIX Ha TEpPHUTOpii Ta B3ITOBXK IOPIT
HUHI 3a(iKCOBaHI HEBEJIMKI IUISIHKU CTEITy 3 HaJIMIPHUM
BHIIACOM YH CTOSIHKH XyZOOH, JIe BiTOynoch (hopMyBaHH:
pyIepaiibHOT POCIMHHOCTI, XapaKTePHUMH JJOMIHAaHTaMH
Kol € Aegilops cylindrica Host, Artemisia austriaca
Jacq., Centaurea diffusa Lam., Descurainia sophia (L.)
Webb ex Prantl, Onopordum acanthium L. Tommo.

Ha ocHOBiI BUKOHaHHMX re00OTaHIYHUX ONKCIB HAMH
po3po0IIEHO CXeMy PpOCIMHHOCTI BacHiIbKiBCHKOTO
CTEITy Ha 3acajax eKoJoro-(GIopucTudHOi KiIacudikarii.
Ornucy COr03iB CTEMOBOI POCIMHHOCTI Kiacy Festuco-
Brometea naBseneno y tadn. E1 (Electronic Supplement).

Festuco-Brometea Br.-Bl. & Tx. ex So6 1947
Festucetalia valesiacae So6 1947

Festucion valesiacae Klika 1931
Salvio nemorosae-Festucetum valesiacae Korot-
chenko & Didukh 1997 var. Vicia tenuifolia
Stipo lessingianae-Salvion nutantis Vynokurov 2016
Stipo lessingianae-Salvietum nutantis Vynokurov 2016
Stipo  lessingianae-Salvietum nutantis Vynokurov
2016 var. Poa angustifolia
Tanaceto millefolii-Galatellion villosae Vynokurov in
Kolomiychuk & Vynokurov 2016
Tanaceto millefolii-Salvietum nemorosae Krasova &
Smetana 1999
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Festuco-Puccinellietea So6 ex Vicherek 1973
Scorzonero-Juncetalia gerardii Vicherek 1973
Juncion gerardii Wenbelberger 1943
Festucetum regelianae Solomakha & Shelyag-
Sosonko in Golub et al., 2003
Artemisietea vulgaris Lohmeyer et al. in Tx. ex Von
Rochow 1951
Agroprealia inermedio-repenis T. Miiller & Gors 1969
Convolvulo arvensis-Agropyrion repentis Gors 1967
Convolvulo-Brometum inermis Elias 1979
Cardarietum drabae Timar 1950
Rhamno-Prunetea Rivas Goday & Borja Carbonell ex.
Tx. 1962
Prunetalia spinosae Tx. 1962
Prunion spinosae So6 (1931) 1940
Rhamno-Prunetum stepposae Fitsailo 2005
Aegopodio podagrariae-Sambucion nigrae Chytry
2013
Sambuco nigra-Aceretum negundo Exner in Exner &
Willner 2004
Robinietea Jurko & Hada¢ & Sofron 1980
Chelidonio-Robinetalia pseudocaesiae Jurko et Hadac
et Sofron 1980
Chelidonio-Robinion Jurko 1963
Elytrigio repenis-Robinietum pseudoacaciae Smetana
2002

OCHOBY pPOCIMHHOIO TOKPUBY BacHIbKiBCHKOIO
crery (OpMYIOTh CTEIOBI YrpyloBaHHs Kiacy Festuco-
Brometea (mepeBaxkuo corosy Stipo lessingianae-Salvion
nutantis), 1O 3alMalOTh IIMPOKI IIECKATi IIAKOPH
Ta HEKPYTl CXIIH. 3a TaKUX yMOB JAOMIHAHTOM € Stipa
lessingiana, a criBgoMinytoTh Salvia nemorosa L. aggr.
i Medicago falcata L. aggr., mo XapakTepH3yIOThCS
HIAPOKOIO €KOJIOTO-1IEHOTUYHOIO aAMITTITY/I010.
Koncrautnumu Bugamu (> 60%) y 1aHOMy BUMIAAKY JUTS
IBOTO CO03Y, OKPIM HAa3BaHUX IOMIHAHTIB, € Achillea
setacea Waldst. & Kit., Astragalus onobrychis L.,
Convolvulus arvensis L., Eryngium campestre L.,
Potentillarectal..s.1.,Stachysrectal.,a1iarHOCTHYHUMH,
SIKi BITMEKOBYTOTh TAaHHH COI03 Bifl OMHI3BKOTO Festucion
valesiacae, € Bnacue Stipa lessingiana, Eryngium
campestre, Falcaria vulgaris Bernh., Gypsophila
paniculata L. Y wmexax coro3y mo0pe BHIUISIOTHCS
acouiariss Stipo lessingianae-Salvietum nutantis, Iist
KO XapakTepHI Ha3BaHi BUAM Ta ii Me30QiTHIMMI
BapianT var. Poa angustifolia 31 cniBgoMinyBaHHsIM Poa
angustifolia ta Elytrigia repens. Ha cxunmax miBreHHOT
eKCcro3uIlii GOpPMYIOThCS KCEepO(iTHI 1IEHO3M acoliaril
Tanaceto millefolii-Salvietum nemorosae, B SIKUX, OKpiM
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Stipa lessingiana, nOMiHYIOTb Kcepo(iTH 3 TyCTHUM
cipum onymeHasMm Tanacetum millefolium (L.) Tzvelev
ta Galatella villosa, o BizyanpHO H0Ope BiApi3HSE I
yrpynoBaHHs Ha 3arajbHOMY 3eieHoMmy (oHi cremy. Lli
BUJIM € JIarHOCTUYHUMH, TYT TaKOXK 3a(DiKCOBAaHUH KyIII
Caragana frutex (L.) K.Koch, sxoro Ha ruiakopax mu
Maibke He 3ycTpidanu. BogHouac B IUX YrpyMOBaHHSIX
BIJICYTHI TaKi XapaKTEpHI JJIs MOIEPEIHBOI acorarii
Bumn, K Achillea setacea, Astragalus onobrychis,
Convolvulus arvensis, Gypsophila paniculata, Potentilla
recta.

VYrpynoBaHHs COH03y
(hopMYIOTECSI B 10 ME30(DITHIINX YMOBaX. Y THIIOBUX
LeHo3ax 3amicte Stipa lessingiana TyT TIOBHHHA
noMminyBatu Festuca valesiaca s. 1., a 1iarHOCTHYHUMHU
BUIAMU BUCTyNaTu Veronica austriaca L., Euphorbia
stepposa Zoz ex Prokh. Opnak Buie O3HAYCHA
Me30¢iTH3aIis, HAaKOMMYEHHS OpPTaHiKH, MOBUTBHIIINI
il po3kyaJ MPHU3BOAATH JIO TOTO, IO HA BIJAMIHY Bif
yIpyMnoBaHb MONEPEIHBOTO COI3Yy CTEOBa KOMIIOHEHTA
TYT BTPAYa€ThCS, a BCEISIOTBCS 1 CIIBJOMIHYIOTh
Bumn kiuacy Irifolio-Geranietea sanguinei T. Miiller
1962. Tomy Taki yrpymnoBaHHS MOXHA BIJHOCHTH 1
JI0O OCTaHHBOIO KJacy, HpoTe 0arato XapaKkTepHHX
JUIS WOTO IICHO3iB BHIIB TyT mie BimcyTHi. OTxe Ha
JAHOMY eTarll MH pPO3INISIaEMO Taki YrpyNoBaHHS SIK
MPOMDKHY CTalil0 MK HUMH, IO CIPUSAE ONyIHCHHIO
Ta 3avarapHUKyBaHHIO. Y TakuX yrpyHOBaHHIX
JIoMiHyroui Tmo3uIii 30epirae Festuca valesiaca (incl.
F rupicola), xoua MiCISIMH TIEpEBaXKalOTh BUCOKOPOCIi
Vicia tenuifolia Roth, Elytrigia repens ta E. intermedia.
BHCOKOI0 KOHCTAHTHICTIO BiJJ3HAYAIOTHCS CTEIIOBI BHIU
mmpokoi exonorii — Achillea setacea, Convolvulus
arvensis, Securigera varia (L.) Lassen (Coronilla
varia L.), Medicago falcata, Potentilla recta, Salvia
nemorosa, Stachys recta, a IIaTHOCTHYHUMH, OKPIM
JIOMIHYIOUHX, BUCTYNIAIOTh Euphorbia stepposa, Lathyrus
tuberosus L., Verbascum lychnitis L., Veronica austriaca.
Jlo Takux 1EHO31B BiKe MpOHUKae Prunus spinosa L. s. 1.,
10 CBiJJYUTH MPO MOYATOK MPOIECY 3adarapHUKyBaHHS
cremiB. Coig 3a3HaYUTH, [0 HAHOUIBIN  IUIOMI
TUTTYaTHAKY 3aiMArOTh y MiBHIYHIM YaCTHHI TOCIT IKEHOT
IUTSTHKH, Onvokde 10 M. [1aBiorpan, a KOBUIIOBI IIEHO3U —
[EHTPANbHY 1 MiBICHHY YaCTHHY IIOJIITOHY.

Huxue 1o cxmitax 0aiok Ha JeJII0BiaIbHAX BIIKIagaX
PO3BHBAIOTHCSI  BUCOKOTPABHI ~ YIPYINOBaHHS  Kilacy
Artemisietea vulgaris, npeacrasieni corozom Convolvulo
arvensis-Agropyrion repentis Ta acomiaiieto Convolvulo-
Brometum inermis, mo niaTHOCTYIOTbCS Bromopsis
inermis (Leyss.) Holub, Marrubium praecox Janka,

Festucion valesiacae
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Tanacetum vulgare L. Y 0inpmn gerpagoBaHuX yMOBax
BOHHM 3aMilnytoTbesi acomiauieto Cardarietum drabae,
sKa TYT HOIIMPEHa OJIMKYe 1O HACEICHUX ITyHKTIB.

[lo nmuumax O0ajJoK y BUNISII CYHUIBHUX CMYT
IIMPUHOIO BiJl KITBKOX /IO JECSITKAa METPIiB (hOPMYIOTHCS
JIy4HI YrpynoBaHHsi coro3y Juncion gerardii xiacy
Festuco-Puccinellietea. Boun mipencrapieHi HalOUTBII
KcepoiTHUMU 1 HalIMEHII 3aCOJICHUMH YIPYHOBaHHSIMH
BOTO COI03y acoriamii Festucetum regelianae, B SKUX
nominye Festuca regeliana Pavl.,, nasBHI Althaea
officinalis L., Carex melanostachya M.Bieb. ex Willd.,
C. praecox Schreb., Eryngium planum L., Galatella
dracunculoides (Lam.) Nees, Lycopus europaeus L.,
Scorzonera parviflora Jacq., Jacobaea erucifolia (L.)
G.Gaertn., B.Mey. & Scherb. (Senecio erucifolius L.).
YrpynoBaHHs LOTO COIO3Y TOCUTH IOIIUPEHI B CTEMOBIH
30HI Ta IIEPEBAXKAIOTh Y 3aIIaBax PidoK, a TYT BHACIIJIOK
BIJICYTHOCTI CTaTUX BOJOTOKIB TPAIUISIOTHCS Y BUIIIAIL
HEBEJIMKHX JJISTHOK.

Bomorimi  wmicig Ha gHAmMAX OajdoK  3aiiMaroTh
yrpynoBaHHs 3 gominyBaHHsM Carex distans L.
BinmiTiMo, 110 y CKJIafi yrpymoBaHb IIbOTO COIO3Y TYT
BIJICYTHI Taki THUIIOBI BUJH COI03Y, K Puccinellia distans
(Jacq.) Parl., Juncus gerardii Loisel. Ta iH.

HasiBHI KypTHHM 4YM HEBEJNMKI MacuBH KYIIiB
TEPHY PO3KHAaHI MO BChOMY CTEIy, aj¢ HaiOiIbIIi
IUIONII 3aiiMalOTh TO 3HIKEHHSX, JONWHAX O0alloK i
NPEJICTaBISIOTh YIPYNOBaHHs Kiacy Rhamno-Prunetea
(acomiamiss Rhamno-Prunetum stepposae), a B TYCTili
Haca/DKeHHSl TNPOHHKAIOTh Acer negundo, Fraxinus
pennsylvanica, Ulmus glabra (acomiamis Sambuco
nigrae-Aceretum negundo). To0TO, TyT BigOyBalOThCS
MTOYATKOBI €Tamy 3aJiCHEHHS 3a PaxyHOK aJIBEHTHBHHUX
BUIIB-BCEJICHIIIB.

Mtyuni JicoHacaKeHHS Penpe3eHTyIOTh
yrpynoBaHHs acouiauii Elytrigio repenis-Robinietum
pseudoacaciae  cow3y  Chelidonio-Robinion.  lle
mepecTiifHi  poOiHieBI yrpymoBaHHS 3a ydacti Acer
negundo, Fraxinus pennsylvanica 3 TIOKpUTTIM
tpaBoctoto 80-90%. YarapuumkoBuii sipyc cimadko
BUPQXEHUH. Y4acTh y #oro QopmyBaHHI MpUHAMAIOTH
Rubus caesius L. (2-5%), Sambucus nigra L. (1-2%).
VY TpaB'sHOMY sIpycCi 3 BHCOKHUM CTYIEHEM MOCTIHHOCTI
BinmiveHi Anthriscus cerefolium (L.) Hoffm. (1-2%),
Ballota nigra L. (1-3%), Chelidonium majus L. (5-10%),
Elytrigia repens (3—10%), Galium aparine L. (2-3%),
Geum urbanum L. (3-5%).

3 Meroro (ikcarlii cy4acHOTO CTaHy Ta TMPOTHO3Y
MOXJIMBHX 3MiH POCIMHHOCTI BaXJIMBOIO € OIliHKA
EKOJIOTIYHOI0 ~ PEXUMY  Ha  OCHOBI  METOIUKH
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cUH(ITOIHAUKAIIIT (Didukh, 2012). 3araibHi
3aKOHOMIPHOCTI  3QJIG)KHOCTEH MK  IOKa3HHKaAMH
MPOBITHUX  C€KOAKTOpPiB, iXHHOTO  BIUIUBY  Ta

MOJIOKEHHSI YIPYIOBaHb B EKOIPOCTOPI BiJOOpaKkeHO
Ha ocHOBi manmx DCA-anamizy (Hill, Gauch, 1980).
Ha puc. 2 BUIHO J1Ba BEKTOPU PO3IMOJITY MOKA3HHKIB
exo(hakTopis, 0  BU3HAYAIOTh  TUQEpeHIiamito
POCITMHHUX yrpynoBaHb. OJHWH BEKTOp MOB'S3aHUN 13
BOJIOTICTIO TPYHTY, aepaIli€ro, BMICTOM MiHEpaIbHUX
(OpM a30THHX CHOIYK Ta TiAPOTEPMIYHUMU YMOBaMH
(oMOpopekuMOM), € HaWOLIbII BigmganeHi MO3UILi
3aiimMatoTh uarapuuku knacy Chelidonio-Robinion.
[HIMHA BEKTOp, 10 Ma€ MPOTHIICKHY CIPSIMOBaHICTB,
MOB'SI3aHUK 3  XIMIYHMMH BJIACTHBOCTSMH  IDYHTY,
TEPMOPCIKUMOM Ta OCBITICHICTIO, SKi BIUIMBAIOTH Ha
XapakTep PpO3MOJUTYy CTEHNOBUX YrpymnoBaHb. KpaiiHi
MO3MIIT 1O BIJHOUIEHHIO ITOKA3HUKIB IHUX (aKTOpIB
3aliMaroTh yrpymnoBaHHs Stipo lessingianae-Salvinietum
nutantis var. Poa angustifolia ta Tanaceto millefolii-
Salvietum nemorosae, MAPOKY aMILTITYy MalOTh BIacHE
yrpymnoBanHs Stipo lessingianae-Salvinietum nutantis,
a IEHTPaJbHE MICLE HAJECKHUTh YIPYNOBAaHHSAM COIO3Y
Festucion valesiacae, sixi mpoTe, sIK BUIHO 3 PUCYHKA,
Oinbllie 3asiekarh Bifl TOKA3HUKIB TiIPOPEKUMY, HIXK
XIMIYHUX BIACTUBOCTEH TPYHTY, a BiITaK YyTJIHBIIIEC
pearyroTh Ha 3MiHY TiIPOTEPMIYHUX YMOB.

AHami3 KOHKpeTHHX (DakTOpiB CBIAYUTH TIPO TE,
IO JUIS 30HAJIBHOIO CTEIOBOIO THITY POCIMHHOCTI
moka3HuKH BonorocTi IpyHTy (Hd) KonmmBatotses Bin 7,4
10 9,3, ToOTO B iHTEpBaii 2 0aliiB, a CCPEAHE 3HAYCHHS
(x = 8,4) xapakrepusye cyoMe30(iTHI yMOBHU 3 TOMipHUM
MIPOMOYYBAHHIM IPYHTY OIQJIaMH Ta TAJIUMH BOJAaMH.
HaromicTs MakCUMaTbHUN MTOKA3HUK, XapaKTePHUN IS
yIpyInoBaHsb 3 JoMiHyBaHHsIM Carex distans, 3HaXOTUTHCS
B 30HI MDK Me30hIiTHUMH Ta TirpoMe30(GiTHUMH
YMOBaMH 3 TIOBHMM 200 THMYAacOBHM IPOMOYYBaHHSIM
IpyHTY. 3a 3MiHHICTIO 3BoJOKeHHs1 IpyHTYy (fH) cremnu
MaroTh TMokasHuku 5,8-7,0 (X = 6,4), 1O CBITYNUTH
PO HEPIBHOMIPHI YMOBH 3BOJIOKCHHSI, a HAHBHIIUIA
moka3Huk (7,0-7,3 Oanm) XapakTepHHU UIT JTYIHHX
yrpynoBansb 3 nominyBanHsaM Carex distans. [1oka3HUKH
aeparii (Ae), AK TPaBUIO, KOPEIIOIOTH 3 BOJOTICTIO
I'PYHTY 1 JUIs CTEIIB CTAaHOBIIATH 5,2-5,8 (x = 5,5) Gauis,
10 BimoOpakae cybaepoditHi ymoBH, a 1 mykiB Carex
distans — 6,4-7,0, To0TO CTYymiHb aepauii ripmuii. 3a
BMICTOM MiHepanbHHX (opM a30Ty B IpyHTI (Nt) mis
CTEMIB Il TOKa3HUKH CTAaHOBJIATH 4,3—5,4 (x = 4,9 6auiB),
110 XapaKkTepusye ixX sk OifiHi, X0ua BMICT TyMyCy B HUX
JIOCUTHh BHCOKHH, aje BiH TOBUIBHO pPO3KIAAETHCS,
a JUI1 YarapHUKiB Iefl TOKa3HUK IiBHILYETHCS 10
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Puc. 2. Pesynsrarn DCA-opaunatii pocaunHHOCTI BacuibkiBebKkoro crerry.

1 — Festucion valesiacae, 2 — Stipion lessingianae, 3 — Tanaceto millefolii-Galatellion villosae, 4 — Convolvulo arvensis-Agropyrion
repens, 5 — Prunion spinosae, 6 — Chelidonio-Robinion;
Hd — rinopexum, fH — 3MiHHICTh 3BONOXKEHHS, Re — KUCIOTHICTE TpYyHTY, S| — 3aranbHuil cOMbOBUI pexuM IpyHTY, Ca — BMiCT
kapOoHatiB y IpyHTi, Nt — BMICT CIIOJIyK a30Ty B IpyHTi, Ae — aepauis rpyHTy, Tm — Tepmopexxum, Om — omGpopexnm, Kn —
KOHTHHEHTaNbHIcTh, Cr — kpiopexunm, Lc — ocBiTIeHHS

Fig. 2. Results of the DCA-ordination of the vegetation Vasylkivskiy steppe.

1 — Festucion valesiacae, 2 — Stipion lessingianae, 3 — Tanaceto millefolii-Galatellion villosae, 4 — Convolvulo arvensis-Agropyrion
repens, 5 — Prunion spinosae, 6 — Chelidonio-Robinion;

Hd — soilwaterregime, fH — variabilityofdamping, Rc — soilacidity, Sl — totalsoilsaltregime, Ca — carbonatecontentinsoil, Nt —
nitrogencontentinsoil, Ae — soilaeration, Tm — thermoregime, Om — ombroregime, Kn — continentalityofclimate, Cr — cryoclimate,
Lc —light
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7,6 OGamiB, mo BimoOpaxkae IXHIO HITPO]IIBHICTH. 3a
kucnotHicTio IpyHTY (RC) peakuis yopHO3eMiB Oiiu3bKa
o HeWTpanmpHOi, ToO0To pH = 7 (0anpHI TMOKA3HUKA
8,5-9,3, x = 8,9), sIK 1 IS IHIIKMX THITB YIPYNOBaHb. 3a
compoBUM peskuMoM (S1 = 8,3-9.5, x = 8,8 6axiB) yMmoBH
eBTpO(HI, 1110 XapaKTepu3ye YOPHO3EMHU, SIKI HalKparle
3a0e3MeyeHi COsIMU TPU BiCYTHOCTI O3HAK 3aCOJICHHS,
a HakBumi nokasHuku (9,1-9,5 OaniB) npuTamaHHi
TpyHTaM Tijx acomianiero Tanaceto millefolii-Salvietum
nemorosae Ta IyKaMH coro3y Juncion gerardii. Bmict
kapoOonatiB (Ca) y rpyHTax migsumenni (7,8-9,5, x =8,5
6aJiB), 10 XapaKTEPHO /ISl YOPHO3EMIB, SKi 3aJITAIOTh
Ha JIECONOAIOHMX CYIIMHKAX.

KnimarnuHi TOKa3HUKH KOJNMBAIOTHCS y BYXKYHX
Mexax. [t repmopexumy (Tm) cTenoBux yrpynoBaHb
BOHHM CTaHOBIATH 9,1-9.8, x = 9.4 Gamu, a6o 1905—
2050 MJDx/M*pik, 1 BIANOBIZAIOTH MOKa3HUKAM
i30TepMH, SKa MPOXOIUTH y3A0BXK p. Opins. HaromicTs
Leil NOKa3HWK 3HIKYEThCS B HANPSIMKY BiJ| CTEIiB
0 YarapHHUKIB Ta JICiB, a HaiiHWK4Ye 3HadeHHS (8,8
6aiiB) Mae JJs JYYHHX yTrpyHoOBaHb, IO MPHYpPOUYCHI
no TanbBeriB. Kpiopexum (Cr) TakoX KOJUBAETHCS B
mexax 0,7 6ana (8,0-8,7, x = §,3), w0 Xapakrepusye
cepelHbOMICSIYHI Temmneparypu ciuns -5 °C. 3a
MMOKa3HWKaMu  KOoHTHHeHTanpHOCTi  (Kn)  posmax
amrurityau mupmui (9,3-11,0, x = 10,1 6ana), mo
BiMOBiZae KOCQIIi€eHTY KOHTHHEHTAIBHOCTI [BaHOBa
145% 1 xapakrepu3ye reMi-CyOKOHTHHCHTAIbHUI
KJiMar. [30TepMa 1IbOro MOKa3HMUKA TEX MPOXOAUTH T10
p. Opine. 3a omOpopexumom (Om) 11e cydapumodiTHI
ymosu (10,1-11,0, x = 10,5 6ana), mpu sxkux nedinut
BunapoByBaHHs1 csirae 400 MM, i30TepMa SIKOIO TEX
CIIIBIIAJIa€ 3 MICIICTIONIOKEHHSAM JaHOi TepuTOpii.
Orxe,  (QiToiHAMKAIIIHI  TOKAa3HUKH  CTCIIOBUX
30HAJIBHUX YTPYNOBaHb JTOCUTH TOYHO BiJ0Opa)karoTh
MICIICTIONIOKEHHS! ~ BacmibkiBCcbKOro  cTemy, IO
MIATBEPIDKYE  COPMYJIbOBAHE HAMHU  MOJOKEHHS
"epexry wmimeni" (Didukh, 2008). Taki XimbKicHi
MOKAa3HUKHM BAXJIMBI JUIsl ITONAJIBIIMX TOPIBHSIIBHUX
aHaJi3iB Ta apryMEHTIB IO/I0 3alPOBAPKCHHS THUX YU
IHIINX PEKUMIB 30€PEIKEHHS 1IbOTO CTEIIOBOIO MACHBY.

IarencuBHe TpupomoxopuctyBaHHA |y  Cremosii
30HI 3araJioM Ta Ha JIHINPONETPOBLIMHI 30KpemMa
JOKOpDIiHHO  3MIHWJIO TpPHUPOAHI  JaHAmAapTH Ta
MOB'si3aHI 3 HUMHU POCIHMHHI YrpyNOBaHHSA. 3a yMOB
IHTEHCUBHOTO arpOBHPOOHUIITBA MpobIeMa 30epeskeHHS
30HAJBHUX CTEIIOBUX TEPUTOPIH € HalHaKTyalbHIIINUM
NPUPOJOOXOPOHHUM  33aXOJ0M, 10  BXOJHUTH  JIO
"Konuenii 3aranbHoaepKaBHOI IpOrpaMy 30€peKeHHS
6iopizHomanitts Ha 2005-2025 pp." (https://www.kmu.
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gov.ua/npas/9110364). Teputopiss BacuiabkiBChKOTO
CTEIly € BAXJIMBOIO Uil 30€pexeHHsl 30HaJIbHUX
nmaHmmadTiB 3 TPUPOTHUM (KOPIHHUM) POCIHHHUM
MOKPHBOM CIIPAaB)XHIX CTEIIB Ta HOHTUYHO-CAPMATChKUX
YarapHUKOBUX YIPYyIIOBaHb, B SKHX 3pOCTa€ HU3KA
BuaiB  [IpHUOPHOMOPCHKOrO  IUIAKOPHO-CTEIIOBOTO
xoMrutekcy (Bellevalia sarmatica (Pall. ex Georgi)
Woronow, Dianthus campestris M.Bieb., D. elongatus
C.AMey, Limonuum sareptanum (A.Becker) Gams,
Stipa lessingiana). 1l TepuTOpisl € BaXJIHUBOIO IS
3a0e3medeH s Mirpaliii Ta OCenuI] NTaxiB, a TAKOXK 5K
oCenuIIe KOMax Ta JEeIKUX BHIB IJIa3yHiB (30Kpema,
r'aJIFOKH CTEIOBOI ). YHIKaIbHICTh POCIMHHUX YIPYIOBaHb
BacuibkiBcbkoro cremy (HasiBHICTh 3HAUHMX —IUIOIL,
3aHATUX PAPUTETHUMH KOBUJIOBUMH yIPyIIOBaHHSIMH 13
"3eneHoi KHUTH YKpaiHu'", piAKICHUX CTETIOBUX 0i0TOIIIB
E1.2 3 Pesomouii 4 IlocriiiHoro komirery bepHcbkoi
KOHBEHIIIl), CIOHYKa€ JI0 CTBOPEHHSI TYT OO0'€KTy
[TpuponHo-3anoBigHOro (oOHAY 3arajbHOICPKABHOTO
3HaueHHs. [Ipaktmka crBopeHHs 00'ekTiB [I3® Ha
TepuTOpisiX BilickkoBUX moiironiB (TapyTuHCBKOTO,
BarepoBchekoro Ta iH.) B YKpaiHi icHYE.

VY 3B'SI3Ky 3 IPUPOIHOO IIHHICTIO IIi€1 TepuTopii 3a
KJIONOTAaHHSIM J[HINMPONETPOBCHKUX BUCHUX IPHUHSITO
pimrenHs  JIHimpomneTpoBckkoi  obmacHoi pamm 23
cximkanss "lIlpo npupopHo-3anoBinHuii oy odnacti”
Bix 19.03.2002 p. (Ne 525-22/XXIII), y IKOMY TEpUTOPIFO
BacuinbKIBCbKOI IJIMHU BKJIFOYEHO JIO TIEPETIKY LIHHUX
MIPUPOAHUX TEPUTOPIK 00TaCTi, IO PE3EPBYIOTHCS IS
nozpaibiol opranizanii 06'ekriB [13d obiacTi.

Y 2017 p. JrinpomeTpoBcbka obmacHa pama
npuitasiia pimenHs (Ne 176-8/VII) mono 3arBepkeHHs
"Cxemn (opMyBaHHS ekoMepexi JIHImpomeTpoBChKOi
obmacti", Ha sIKii TepuTOpis BacHIbKIBCHKOTO CTeIry
BHJIIJIEHA B SIKOCTI KJIFOYOBOI TEpUTOPii MI>KHAPOTHOTO
3HadeHHs. Y 2019 p. HaMy MiATOTOBJICHO MPOMO3HUIIIIO
IIOJI0 BKJIIOYEHHs TepuTopii BacuibkiBchkoro cremy
no Mepexi Emepansn (CmaparmoBa mepeska, Emerald
Network) y 3B'13Ky 3 HasIBHICTIO Ha Hiil HU3KHU BUSIBICHIX
HAMH BHUMIB piakicHUX pociauH (Stipa lessingiana,
S. capillata, S. pulcherrima, Bellevalia sarmatica,
Astragalus pubiflorus DC., Iris pumila L., I. halophila
Pall.), papurernux yrpynoBans (Stipeta lessingianae,
S. pulcherrimae, S. capillatae) Ta 6iotomis (E1.2 3
Pezomrontii 4). TpuBaroTh miArotoB4i poOOTH MO0
CTBOPCHHS Ha IiK TepuTOpii JaHAmadTHOTO 3aKa3HUKA
3arajJbHOJICP’KaBHOTO 3HAYCHHSL.
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BucHoBknu

Vrepuie  0XapakTepH30BaHO  POCIMHHUN  MOKPHB
omHiel 3 HaOITBPIINX W 0 IIBOTO Yacy HE3amOBiTaHUX
CTCIOBUX JUITHOK Ha JiBoOepexoki CrenoBoi 30HU
VYkpaiau — BacunpkiBeskoro cremy (ruroma 10714,4 ra),
PO3TaIIOBAaHOTO HA J{HIMPONETPOBIMHI B MEXXUPIUYl PIK
CamaputaBopuoi. BctaHOBIIEHO, 10 0OCHOBY POCITHHHOTO
MOKPHUBY LILOTO CTENOBOrO MacHBy (DOPMYIOTH CTEIH
knacy Festuco-Brometea (all. Festucion valesiacae Ta
Stipo lessingianae-Salvion nutantis) 3 BKpalUICHHSAM
Ha MIBICHHMX CXWIaX YyrpyloBaHb coro3y Ilanaceto
millefolii-Salvietum nemorosae, a o THUIAX TAJIbBETIB —
NOUIMPEHHSIM  JIy4HMX yrpynoBanb cl. Festuco-
Puccinellietea Ta moYacTH CUHAHTPOIHHX IICHO31B
cl. Artemisietea vulgaris. Binmiuene ¢parmeHnTapHe
TPaIUISIHHS  TUISTHOK YarapHUKOBHX yrpyrnoBaHb cl.
Rhamno-Prunetea, a Takox cl. Robinietea cBiT4nTH PO
IPOTpecyrodi NPOLeCH ONYYHCHHS, 3adarapHUKYyBaHHSI
Ta 3aJiCHCHHs Tepuropii B mnoxpaibimiomy. OIiHCHO
CKOJIOTIYHMH PEXUM YIPYIOBaHb 3 BHKOPUCTAHHSIM
MeTonukd  cuHGiToiHAMKaii. BcraHoBieHO — Ba
BEKTOPH TOKAa3HUKIB e€KO(AKTOPiB, IO BH3HAYAIOTHh
JdepeHIialio POCIMHHUX YIpYNOBaHb, OJUH 3 SIKHX,
MOB'SI3aHUK 13 BOJIOTICTIO TPYHTY, aepari€io, BMiCTOM
MiHEepaJIbHUX (OPM a30THUX CIONYK 1 TAPOTEPMITHUMHU
yMoBaMH (OMOpOpEKMMOM), JI¢ HAWOUTBII BiJTaNCHI
Mo3MIii 3aiMalOTh YarapHUKH [HITHMI Mae IPOTHIICKHY
CHPSIMOBAHICTb, 1€ KpalHl Mo3uLii 3aiiMaloTh CTENoBi
yrpynoBanus all. Stipo lessingianae-Salvion nutantis
ta all. Tanaceto millefolii-Galatellion villosae, 1O
BU3HAYAIOThCS XIMIYHAMH  BIIACTHBOCTSIMH  IPYHTY,
TEPMOPSIKUMOM Ta OcCBiTIeHicTIo. [loku 1m0 B
ONTHMAJBHUX YMOBaX 3HAXOIAThCS yrpynoBaHHs all.
Festucion valesiacae. Y nopanplomy ciiJi BCTAHOBUTH
MOBHINTY KapTHUHY (ITOpI3HOMAHITTA 1Ii€i  IIHHOT
TepuTopii, ckiax (UIOpH, a TaKoXK IpoaHai3yBaTH
paputeTHy (ITOCKIAJOBY IIOTO CTEHOBOI'O MACHBY.
Hamm mponoHyeThCsl CTBOpPeHHA Ha il Teputopii

nmaHqmadTHOrO  3aKa3HWKa  3araJbHO/EPXKABHOTO
3HaYeHHS 3 BIAMOBITHUM PEKAMOM OXOPOHH 3
MOAAJBIIO  MEpPCIEKTHBOI0  iHTerpamii ioro 1o

NpOeKTOBaHOro HamioHanbHOTO NPHPOIHOTO TApKy
"Camapcekuii  0ip". IliAroToBieHi KIIOMOTAaHHS Ta
OOTpYHTYBaHHS 31 CTBOPEHHS 3aKa3HWKA, SIKI IEepeIaHo
0 JIeNapTaMEHTY €KOJOril Ta MPUPOIHUX PECYpCiB
JHImporeTpoBCchKo1 001acHOT Aep KaBHOT aaMiHICTpaLlii.

Ioasiku

ABTOpH BHCIIOBNIOIOTH mofsiky K.0.H. O. UycoBiii 3a HagaHy
nonomory y nodynosi rpadikis DCA opannamii.
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PoGora  Bukonmana 3a  [liTbOBOIO  KOMILIEKCHOIO
MDKIUCHUIUTIHAPHOIO  MPOTPaMOI0  HAyKOBHX  JOCIHIKEHb
HAH VYkpainu 3 mpo6ieM cTanoro po3BUTKY Ta pallioHaIbLHOTO
IPUPOJOKOPUCTYBAaHHS B yMOBAaX  IIOOAJBbHUX  3MiH
HaBKOJMUIIHBbOTO cepenoBuma Ha 2020-2024 pp. Ilpoexr
473 "ExonoriuHa orinka exkocucreM (OioTomiB) YkpaiHu, iX
LIHHOCTI 3 METO0 30epeKeHHS, PAIliOHAIFHOTO KOPUCTYBAaHHS
Ta BiTHOBJICHHS B yMOBaX 3MiH HaBKOJIHUIIHBOTO cepeoBhIa’.
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BruiuB kjIiMaTHYHUX YHHHUKIB HA pagiaabuuil npupicr Tilia cordata
(Malvaceae s. 1. / Tiliaceae s. str.) y gicopux d0ioronax Kuesa
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Prokopuk Yu.S., Koniakin S.N., Netsvetov M.V. 2020. Climate variables governing the growth of Zilia cordata (Malvaceae s. . /
Tiliaceae s. str.) in forest biotope in Kyiv. Ukrainian Botanical Journal, 77(4): 294-304.

Abstract. The green belt of Kyiv includes several rare forest biotopes ringing the city and experiencing numerous disturbances
and stressors derived from both urbanization processes and climate changes. The arboreal species perform multiple ecological
function and influence overall forested ecosystems vulnerability to natural or anthropogenic factors. We have developed the radial
growth chronology of Tilia cordata, a common native species in Ukraine, to investigate its climate sensitivity in an urban forest in
Kyiv. We assessed relationships between the radial growth of seven trees and hydrothermal variables derived from daily data sets
aggregated in intervals from 14 to 180 days instead of the conventional monthly resolution. The studied trees demonstrated a weak
intercorrelation, but high subsample signal strength allowed us to perform further analysis. The overall analyses spanned common
for all studied trees chronologies period 1977-2015 shows that precipitation governed the growth of Tilia cordata in Kyiv's

forest, and the influence was significant in the interval between December of the resting period and May in the growing season.
Temperatures averaged for March—May of the prior growth period had a weaker but significant negative impact on 7ilia cordata
growth. The co-inertia analysis shows that despite low intercorrelation between trees chronologies, individual growth patterns
highly correlated with growth-to-climate relationships patterns suggesting that precipitations synchronized trees growth even in
various microsites conditions of the studied forest. The age of the oldest studied trees, which had a mean growth rate of 0.95 mm
per year, reached 300 years.

Keywords: growth-climate relationships, growth pattern, growth rate, small-leaved lime, tree ring
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[poxonyxk 10.C., Konskia C.M., HeriseroB M.B. 2020. BiuinB kiiiMaTHYHUX YMHHUKIB Ha pagiaabuuii npupicr Tilia cordata
(Malvaceae s. 1. | Tiliaceae s. str.) y jicoBux 6ioronax Kuesa. Vxpaincoxuii bomaniunuii sorcypuan, 77(4): 294-304.

Pedepar. V 3eneniii 30Hi MicTa KreBa 30eperiocs qeKibKa piKiCHHUX JIICOBHUX O10TOIIIB, sSIKi Hapasi 3a3HAIOTH BIUTUBY aHTPOIIYHUX
cTpecoBuX (akTopiB Ha T 3MiH KiiMaTy. OIHHUM i3 LUIIXIB CIOCTEPEKCHHs 32 CTAHOM Ta 3MiHAMU Yy JIICOBHX E€KOCHCTEMax €
peryisipHe NPOBEACHHS JCHAPOIHIUKAIIMHUX NOCHiKEeHb. Y JaHili poOoTi MU moOymyBasli JeHAPOXpOHOIIOTiuHY cepito Tilia
cordata, o6 mocmimuTh ii 9yTIUBICTH NO KIIMAaTHYHHX YWHHHKIB y JicoBHX Oioromax KweBa. Hamm BcTaHOBIEHO 3aleKHICTH
paniaabHOTO MPUPOCTY CEMH JePEeB BiJl IOACHHUX TiAPOTEPMIYHMX 3MiHHMX 3 iHTepBasioM 14—180 nHiB. BussieHo, 1110 BIPOIOBK
1977-2015 pp. y micax Kuea pagiansuuii npupict 7. cordata oOMexyBaiu ona iy, IXHii BIUTUB OyB 3HAUYIINM 3 TPY/IHS ITOTIEPETHHOTO
PpoKy (Tepion CIOKOI0) IO TpaBHS MOTOYHOTO POKy (repion Bererarii). Temmeparypa moBiTps y Oepe3Hi—TpaBHI MONEPETHHOTO
BereTaliiiHoOro Mepioy Maja MeHIINH, ajle 3HauyIIUi HeraTUBHUI BIUTMB Ha nipupict 1. cordata. Bik HaliCTapilnX OCTIIKYBaHUX
JepeB, cepenHii pamianpHuil mpupict skux cranoBuB 0,95 MM Ha pik, csarae 300 pokiB. PamianeHuii npupicT HaliMoIOAIINX
JIOCTIKEHHX JIepeB BikoM Omm3bko 70 pokiB Bapitoe Big 2,70 MM Ha piK y JicOBOMY MacuBi 710 3,34 MM — Ha BIIKPHUTOMY IIPOCTOPI.
Cepenniii paxianbHUI TPHPICT JOCHIIKEHUX AepeB cTaHOBUTD 2,11 + 0,936 MM Ha pik.

Kuiouosi ciioBa: numa cepuenucrta, NpUpIcT, pidHi KUIBI, YMHHUKN HAaBKOJIHIITHHOTO CEPEIOBUINA

© 2020 Yu.S. Prokopuk, S.N. Koniakin, M.V. Netsvetov. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open access
article under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits use, distribution,
and reproduction in any medium, provided the original work is properly cited
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Puc. 1. Kaprocxema nommpenus Tilia cordata (http://www.euforgen.org/species/tilia-cordata/) ta micue Binbopy naHux

Fig. 1. Distribution map of 7ilia cordata (http://www.euforgen.org/species/tilia-cordata/). The circle refers to the study site in Kyiv,

Ukraine
Beryn

VY cyuacHux mexax Kuesa 30eperiocst Kijibka piiKiCHHX
JCOBUX O10TOMIB — MPHUPIYKOBUX Ta 3aIUIABHHX JIICIB
i3 nominyBanHsM Salix alba L., S. fragilis L., Populus
nigra L., P tremula L., 3ammaBHEX AiOpoB; JiciB i3
Quercus robur L., Fraxinus excelsior L., Carpinus
betulus L.; sceneBo-ny00BuUX miciB i3 Allium ursinum L.
Ta JICIB 13 COCHOI 3BHYAHOIO, IO BKJIIOYEHI 0
Pesomronii  BepHchkoi  KOHBeHIlil, 3€J€HOI KHHIH
Vkpainu, upextuBu 3 oxoponu Oioromni (Aloshkina,
2011). Hapasi o BcboMy CBITY MICBKI JIICH OTEPIAIOTh
BiJl il aHTPOIOTeHHUX CTpec-(aKTOpiB YHACIIJIOK
nporeciB  ypbOanizamii, mo BigOyBaroThCsl Ha T
DIO0ANBHUX KIIMAaTUYHUX 3MiH. BigmoBimHi 3MmiHH B
JIICOBHX O10TOMAaxX 3HAYHOIO MIpOIO 3aJIeXkKaTh Bijl peakiil
OCHOBHHX JICPEBHUX BHJIB, SIKI BiAIrparoTh KIIIOYOBY

Vrpaincokuii bomaniunuii scypnan, 2020, 77(4)

poJb y CTPYKTYpi Ta (yHKIIOHYBaHHI (iTOlEHO3IB Ta
exocuctem, Ha moxiOHi mpomecu (Ellison et al., 2005).

Cepexn BHIIB JIEPEBHUX POCIHMH Yy JIICOBUX OioTomax
KueBa onamm 13 Halimenm BuB4YeHuxX € Tilia cordata
Mill. (Malvaceae s. 1. /| Tiliaceae s. str.), sikuii mae
BKJIMBE CKOJIOTIYHE 3HAYCHHS: € JDKEPEJIOM KHBIICHHS
Jisi 0araTbOX TBapHH; MOXKE MaTH SIPYCHY Oya0BY
KOPEHEBOI CHCTeMH i 3airydae y GlooriuHui Kpyroooir
MiHepaJi Ta NOXWBHI PEUYOBMHH 3 pI3HUX MIapiB
IPYHTY; cruorenioQit, 3MaTHUN POCTH B IPYroMy sIpyci,
CTBOPIOIOUM TIHHOBI YMOBH B Jici; HEBHOANIMBHI 10
IPYHTIB 1 TOKpallye iXHIO (EepTUIIBHICTh YHACIIIOK
pscHoro omany (Radoglou et al., 2008). 3aBmsku
UM BJIACTUBOCTSAM Ta BIJHOCHO BMCOKIM CTIMKOCTI
10 3a0pymaHEeHHs TPYHTy W ToBiTpst Buam poxny Tilia €
Ba)XJIMBOIO CKJIAJIOBOIO MichKuX Haca/pkeHb (Masalskyi,
Mordatenko, 2014; Nebesnyi et al., 2016; Lykholat et al.,
2016; Sovakov et al., 2017).
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B VkpaiHi mpoxoauTh MiBICHHA MEXKa TPHPOIHOTO
nomupeHHst 7. cordata, npore KuiB po3TamoBaHuii
yrmbuHi apeany (puc. 1), me ueil BUx mpencTaBiIcHAR
3ae0inbmoro B jicax i3 Quercus robur, Fraxinus
excelsior, Carpinus betulus. 11i micoBi 6ioToru mourupeHi
y npaBoOeperxHiii uactuni Kuesa, ne 7. cordata BXoanThb
no acomiamii 7ilio cordatae-Carpinetum Tkaczyk 1962
Ta 37e0UIBIIOro IpeJCTaBIeHa CTapUMU OCOOMHAMH
(Solomakha, 2008; Dubyna et al., 2019), mo nae
3MOT'y MOOY/IyBaTH XpPOHOJOTIIO IMPUPOCTY JICPEBHHH,
JIOCTATHIO I JTOCTOBIPHOT OIIIHKKM WOTO peakilii Ha
Bapiamii KIIIMaTHYHUX YAHHUKIB.

Binbiricte  METOIIB, 10 BHKOPUCTOBYIOTHCS B
nernpoinaukamnii  (Didukh, 2012),  mO3BOJSIOTH
orpuMarH iH(OPMAIIifo PO MOTOUHHMH (PYHKIIOHATIBHUI
CTaH POCIIUH, 1 JIUIIIE IPU TPUBAIOMY MOHITOPUHTY BOHH
MOKa3yIoTh JWHAaMIKy ioro 3miH. Ha BiaMiHy BiJ HUX,
JICHJIPOXPOHOJIOTIUHI METO/N JI03BOJISIIOTh BCTAHOBHTH
KopeJsLii mpupocTy 3 (akTopamMHM HaBKOJUIIHBOTO
Cepe/loBHUIIIA B 33]aHUiT 1Iepiojl 4acy, B T. 4. B MUHYJIOMY,
KO JochikeHHs 1me He mnpoBommwinck (Lovelius,
Grytsan, 1998). KuiB € ogamM i3 Hebararbox MICT y
CBITI, JIe MPOBOISTHCS TpHUBAIL 1 Maibke Oe3nepepBHi
METEOPOJIOTIUHI CIIOCTEPEKEHHsI, TyT 30eperucs crapi
EK3EMIUSIPH BHIB JIEPEBHUX POCIIUH, JCPEBUHY SKUX
MOKHA BHUKOPUCTOBYBaTH SIK CBOEPIAHUI HPUPOAHUIA
mitonuc (Netsvetov et al., 2018). Tum He MeHIT, TOOy0Ba
XPOHOJIOTTYHUX cepiil paaianbHOro npupocty 7. cordata
YCKITaJHEHA SK OCOONMHMBOCTAMH aHATOMIUHO OyHOBH
PIYHUX KiJCllb, TAK 1 YaCTOK HASBHICTIO YIIKODKCHIX
MMOPOXKHIX CTOBOYpiB, Yepe3 M0 IEHIPOKIIMATONOTIgHI
JOCIIDKCHHS I[bOTO BHIY € JYy)XXE PIIKICHHMHU.
Hapasi mam Bimomi nmmie aBi omyOiikoBaHi poOOTH
3 penapoxpoHonorii 7. cordata — 3 nicoBux 0i0TOIIIB
IIpucamap'st (Lovelius, Grytsan, 1998) Ta ripcekux jiciB
niBaenHoi [Tomemi (Barniak et al., 2014); me B kinbkox
Iparsix 0CHiDKEHO JiepeBa MICbKUX HacakeHb (Moser
et al., 2017; David et al., 2018; Moser-Reischl et al.,
2019; Helama et al., 2020). Ha »xanp, mani 3 anciiHUX
HACa/DKCHb Ta CKBEPIB y MiCTax HE MOXYTh OyTH
MOBHOIO MIPOI0 3aCTOCOBaHI JI0 JIICOBMX OiOTOIIB, a
JTOCITiIKeHb, TpoBeieHuX B [1ompIni Ta Ha MeXi apeary B
[Tpucamap'i, HeZOCTaTHBO LI PO3YMiHHS, SIK 1. cordata
B micax KueBa pearye Ha 3MiHH (aKTOpiB CEPETOBHUIIA.
Tomy B naniii poOOTI MM NpOBENM JETaJbHUN aHai3
gyTmuBocTi 1. cordata 1o Bapiamiii  KIIMaTHIHAX
YHHHUKIB 1 BU3HAUWINA CEPEIHIN MPUPICT IEPEeB IHOTO
BUJ1y B JlicoBuX Oiotonax Kuesa.
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Micue  Oocnioicenns. [Tapk-nam'sitka  cajoBo-
MapKOBOI'O MHCTEITBA 3arajbHOJCPIKABHOTO 3HAYCHHS
"®eotania" (mami — mapk "deodanif") po3TamoBaHMA
y miBACHHO-3axXi1Hi#i yacTuHi M. KuiB. Penbed gonnuaHO-
OanmkoBUH, cepeaHs BUCOTa 167 M H.p.M., TIEpEBaXKAIOTh
cipi, sICHO- Ta TeMHoO-Cipi sicoBi rpyuTu (Padun, 1985).
Jy6oBo-rpabosi micu mapky "deodanis" (3 TOMIMIKOIO
Tilia cordata, Acer platanoides L.) mnpencrasieHi
nBoMa  acomiamisimMu, 3okpema  Galeobdolo  lutei-
Carpinetum Shevchyk, Bakalyna & Solomakha 1996
ta Tilio cordatae-Carpinetum Tkaczyk 1962, sxi
Hanexarb a0 cotwsy Carpinion betuli Issler 1931,
nopsanky Carpinetalia betuli P. Fukarek 1968 ta kiacy
Carpino-Fagetea sylvaticae Jakucs ex Passarge 1968
(Dubyna et al., 2019). JlocmimkeHHS MPOBOIIINCS B
1- ta 2-my kBaprajax BikoBoi Querceta roboris, ne
3pocTae HaWOUIbIIA KIJIBKICTh MOTCHIIIHHO BIKOBHX
nepeB 1. cordata 31 cTyneHeM TOBIIMHU 76 cM Ta OiibIie
(Klymenko et al., 2015).

Biooip 3pa3kie ma no6yoosea xpononoziunux cepii.
3aranom mocrimkeHo ciM gepeB 1. cordata (Tcl-7),
3 SKMX IIICTh 3POCTAIOTh Y JICOBUX AlIsIHKAX (puc. 2, B)
Ta OfHE Ha BIAKPUTIH AursHIi mapky (puc. 2, A). 3
KOKHOTO Aepesa OypaBom Haglof Ha Bucoti 1,3 M Oyio
BiiOpaHO HE MEHIIE JBOX KEpHIB IS MOXKIHBOCTI
NPOBEACHHS TIEPEXPECHOTO JIaTyBaHHS Ta BHSBICHHS
HECMPaBXKHIX KiJIemp Ta Takux, mo "Bumamu'. s
3ano0iraHHsl  TOIIKO/DKEHHIO  CTOBOypa  OTBOpH
3aMalllyBajii CaJioBUM BapoM. KepHM HakieloBad Ha
JIepeB'siHy OCHOBY, NUTI(QYBAJIM HaKJAUHUM IarepoM,
MOCTYIIOBO 3MEHIIYI0YM 3epHUCTICTh Bix 80 mo 320
OJMHUIIb, Ta CKAHYBaJlM Ha IUIAHIICTHOMY CKaHEpi
Epson V33 i3 pozainbHoto 3narHicTio 3200 dpi. Hupuny
pIYHHX KiTels BUMiproBainu B mporpami "AxioVision"
(Carl Zeiss Microscopy GmbH) 3 tounictio 0,01 mm.
HecmpapxHi KifbIls BU3HAYANH i1 Mikpockoniom MBC—
1. Jlnst kpamioi inenTudikamii piYHuX Kijienb Ha CAHHOMY
mikporomMi MC-2 pobumu wmikpospizu 10-15 Mxm
3aBTOB., sKi (papOyBanu capaHiHOM Ta albI[iaHOBUM
cuHiM (puc. 2, C).

Cmeopenna y3azanvbHeHoi XpoHON02IUHOI  cepil
paodianvhozo npupocmy oepesunu Tilia cordata. Ananiz
Kopensayii npupocmy 3 KaiIMAMUYHUMU YUHHUKAMU.
Jnist  KOXKHOTO — JIOCHIJDKEHOTO  JiepeBa  MPOBOJMIIH
TepexpecHe AaTyBaHHS HOTO 3pa3KiB-KEpPHIB 3 METOIO
TOYHOTO BHM3HAUEHHS KaJICHJIApHOI aaTH (hOpMyBaHHS
piuHoro  kimbms.  [HAWBiAyambHYy — XPOHOJIOTIUHY
cepilo  pajiaJIbHOr0 MHPUPOCTY CTBOPIOBAIM HUISIXOM
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Puc. 2. llepesa Tilia cordata, mo 3pocrtatots y nmapky "deodanis”. A: nepeo Tcl Ha BigkpuToMy Micli B apky; B: BikoBe nepeBo
Tc2 3 nmicoBoro macuBy; C: monepeyHnii Mikpo3pi3 JepeBuHH aepeBa Tc2 i3 By3bKHMH PIYHUMH KUTBISIME Ta HEUITKUMH MEKaMU
Kiznerp, copmoBanumu B niepiox 2012-2014 pp.

Fig. 2. Tilia cordata trees growing in the Feofania Park in Kyiv. A: the planted tree Tc1 at an open site; B: the old-grown tree Tc2 from
below the canopy in the forest stand. C: microsection of the tree Tc2 core with a sequence of narrow rings and unclear boundaries

formed in 2012-2014

OCEpEIHCHHS JaHUX ICKUIBKOX KEPHIB OJHOTO JICpeBa.
SIKicTh naTyBaHHS KEpHIB IIEPEBIpSIIM Y Tporpami
"COFECHA", Version 6.06p (Holmes, 1983).
V3arajgpHEHy JAEPEeBHO-KUIBIIEBY XPOHOJOTiIO  Oyio
moOy/I0BaHO HA OCHOBI 1HIUBIAYyaJbHUX CEPil MPUPOCTY
B maketi "dpIR" mporpamuoro cepenosuma R.

AmHami3z 3B'S3Ky TNPHUPICT-KIIMAT IPOBEICHO JUIs
XpOHOJIOTIYHHAX  IHAWBIAyaJbHUX Ta  yCepeTHEHOI

Yipaincovruii 6omaniunuii acypnan, 2020, 77(4)

cepiii mpupocty st nepiogy 1977-2015 pp., mo Oys
CHUIBHAM Il BCIX JCHIPOXPOHOJIOTIYHHX Cepil.
BpaxoByBaiu MOTO/JHI YMOBHU JIBOX POKIB — IIOTOYHOTO,
TOOTO B SIKOMY C(OPMOBAHO Kijblle, Ta MONEPETHHOTO.
[TouarkoM nornepeHbOro BereTaliiHoro Ce30Hy yMOBHO
o0OpaHo 6 GepesHs, 65-if IeHb POKY, IO BigmoBigae dasi
OyOHsBIHHS OPYHBOK, a KiHI[eM — 25 BepeCHsI MOTOYHOTO
ce30Hy, 633-if IeHb BiJ MOYATKy MONEPEIHBOTO POKY —
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Tabmuus 1. CraTucTHYHI IOKAa3HUKHU pajianbHoro npupocry aepes Tilia cordata
Table 1. General statistics of radial growth of Tilia cordata trees

L . . Cranpaprae . Kopemsmis 3
Howmepa nepe | Xpownonoriunmii intepan | Cepeaniii mpupict, MM . Koediuient aBrokopersrii .
BIAXWICHHS, £ MM y3arajibHEHO CEepiero
Tcl 1977-2015 3,34 1,563 0,425 0,313
Te2 1919-2019 0,95 0,724 0,618 0,298
Te3 1945-2018 2,70 0,966 0,389 0,427
Te4 1943-2018 2,27 2,269 0,909 0,371
Te5 1867-2018 1,93 0,933 0,563 0,343
Tc6 1940-2019 3,44 1,580 0,600 0,517
Te7 1944-2019 2,05 1,424 0,852 0,144
Cepenne 2,11 0,936 0,627 0,346

HacTaHHs (a3u OCIHHBOTO 3adapBieHHS JucTia. Jlatm
BUOPaHO 3Ba)KAIOUM HA CE30HHUI PUTM PO3BUTKY BHILY
mis binoi Lepkeu (Masalskyi, 2010). Oo6uncieHHs
nposezneHo y naketi "DendroTools" (Jevsenak, Levanic,
2018) 3 BUKOPHUCTAHHSAM MIOICHHUX JAHUX PO KiJIBKICTh
OmajiB Ta cepenHio 1000By Temreparypy B Kuesi
(European Climate Assessment and Dataset project
https://www.ecad.eu/). 3amicTh BUKOPUCTaHHS MICSIUHUX
CepeIHiX TeMIIepaTyp Ta CyMH OTAaJiB 3a OIIOMOTOIO
3a3HAYCHOI0 ITaKeTy MU 00'€IHANM IOAEHHI KIIIMaTH4HI
naHi B iHTepBad Bif 14 1o 180 1HIB 3 METOIO BUSBICHHS
MaKCUMaJIbHUX  3Ha4e€Hb KOEQIII€HTIB  KOpeIsii.
Pesynprati 00YMCIICHb TPENCTABIAIOTH MATPHUIO 3i
CTOBIILSIMH — THEM POKY, 3 SIKOTO [IOYHMHAETHCS IHTEPBAJI,
Ta pAAKAMH — JOBKHHOIO iHTepBaly. Y rpadiyHomy
MPEACTaBICHHI  PE3yNbTaTiB  BPAaxOBYBAIH  TITBKH
CTaTHUCTHUYHO 3Ha4yIli KoedilieHTH Kopessiii npu p <
0,05.

Marpuni Kopesnsiiii iHI1B1IyabHIX XPOHOJIOT1H OyI1o
BHKOPHCTAHO B MOJANBIIOMY aHAIi31 TOTO, SIK MOB'sI3aHi
MDK cO0OI0 CTPYKTYpH BHOIpDKM J€peB Ha OCHOBI
MPHUPOCTY Ta PeaKii Ha KIIMaTH9HI YMHHUKH. J{7151 IThOTO
OyI10 3aJIy4eHO METOJ| KoiHeplii, peali3oBaHuil y MmakeTi
"ade4". MeToxm 3aCTOCOBYIOTH JJISI TTAPU MATPHILb, IS
SIKHX TAKOXK PO3PaxoBYIOTh Mipy 3B's13Ky, RV-koedimient
Ta TOJIOBHI OCi MakcuMmanbHOI Bapiamii, iHepmii (Dray
et al., 2003). ¥V momryky TOMOBHHX OCeH My TaOmuIi
IH/IMBIyadbHUX TPaHCPOPMOBAHUX CEPid MPUPOCTY
BHUKOPHCTOBYBAJI METOJ TI'OJOBHUX KOMIIOHEHT, a IS
CYKYITHOCTI MaTpHIlb TPHPOCTY — MOCITIJOBHO METOJ
TOJIOBHUX KOMITOHEHT 1 [IIBi Horo TpaHcdopmarii —
BHYTPILIHBOKJIACOBUH aHAJI3 /sl BHIAJICHHS €(EKTy
IIMPUHA 1HTEpBATy arperamii KIMaTHYHUX JaHUX Ta
aHadi3 MDK KilacaMd JUIsi BHUSBIIEHHS BIIAMIHHOCTEHR
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peakuiii aepeB Ha KiIiMaTiHaHi ynHHUKH. [Tpo 3HauyIIicTh
RV-koediuieHTy cynuiu 3a 3Ha4€HHSIM p, OTPUMAHOMY
mpu 1000 mepecraBiens metomoM MonTte-Kapno (Heo,
Gabriel, 1997).

Yci cTaTucTiyHi 004MCIIEHHS TPOBEICH] B CEPEIOBHUIIII
R (R Core Team, 2020) 3a BiacHOpydY CTBOPEHUMH
JITOPUTMaMHU-CKPHUIITAMH.

Pe3yabTaTn nociigkenHs

Paoianvnun  npupicm Tilia cordata ma itoco
cmamucmuyuni napamempu. Yepe3 SKCUCHTPUYHICTH
MPUPOCTYy Ta TMOMIKOMKCHHS IICHTPAIBbHOI YacTHHHU
CTOBOYypa JIIiCTATUCS CEPIICBHUHU BIAIOCS JIHIIE Y JCpeBa
Tc3, xamOianpHUE BiK skoro craHoM Ha 2018 pik
ckianas 74 poxu. st pemTr aepeB BiK po3paxoByBalH
reomerpruHIM MetonoMm (Rozas, 2003). Bix Tcl, mo
pocTte Ha BIAKPUTIA IUISHIN, CTaHOBHB Onu3bko 70
poKiB, Bik Tc6, Mo 3pocTae Ha JTiCOBiN TIAHII — OIU3BKO
83 pokiB. Ouinennii Bik Tc2 nmepedyBae B Mexax 299—
375 pokiB, Tc4 —y mexax 99—102 poxwu, Bik Tc5 ta Te7
cTaHoBUB 158 pokiB Ta 178 pokiB BiAMOBIIHO.

CepenHiii pamianbHUA MPHUPICT TOCITIIKCHUX ICPEB
craHosuB 2,110 + 0,936 mm. Haiimenwe cepenne
3HadueHHs npupocty 0,950 + 0,724 MM BcTaHOBJIECHO
B Tc2, naitbimpime 3,44 + 1,580 mm — y Tc6 (tadm. 1,
puc. 3). KoediuieHnt aBrokopessiiii, ssIkuii XapakTepu3ye,
HACKUTHKH TICHO MIMPUHA PIYHOTO KIJBISI ITOTOYHOTO
POKY IOB'sI3aHa 13 IIMPUHOIO KUIBIS MTOTEPETHBOTO POKY,
a TaKkOK TOKa3ye€ BIUIUB YMOB 3pPOCTAHHS MHHYIOTO
CE30HYy Ha MPUPICT MOTOYHOTO, B CEPEIHLOMY CTAaHOBHB
0,627. HaiiGinpIre 3HaueHASA KOe(DiieHTy aBTOKOPEISAIii
oyio B Tc4 (0,909), naiimenmie B Tc3 (0,389). Koedimient
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Puc. 3. Xponosoriusi cepii pagiansHoro npupocty aepes 7Tilia cordata. IlyHKTHpHI TiHIT 00MEXOBYIOTH CIIUIBHUAHN 1HTEpBAI

Fig. 3. Chronological series of radial growth of Tilia cordata trees. Dashed lines denote common interval

KOpemsilii  1HAMBIMyalbHUX Ccepii 3  y3arajabHEHOIO
cTaHoBUB y cepennbomy 0,346, OyB HaiibinbiuM y Tco
(0,517), maitamxuaum —y Tc7 (0,144) (tabm. 1).

CepenHsi JOBKUHA IHAMBIAYaJbHUX XPOHOJOTTYHUX
cepiif cranoBmna 85,4 poku, HaiimoBma y TcS oxormroe
152 poxu (1867-2018 pp.), Haiikoporima y Tel — 39
pokiB (1977-2015 pp.). Came moBXHHA HANKOPOTIIOI
XPOHOJIOTIYHOI cepii BU3HAYMIIA CIIUIBHUN IHTEpBaj JUIs
BCixX xpoHomoriit — 1977-2015 pp. (puc. 3).

Jnst XapakTepUCTUKHU IHAWBIAYaJbHUX XPOHOJOTIH
JIepeB  PO3paxoBaHO TaKi CTAaTHCTUYHI TTOKA3HUKH:
cepemHs  Kopemsmis MK gepeBamu  (rbar.bt),
BIJIHOLICHHST "CUTHajdy a0 wmymy" (snr), BHpa)KCHUi
MOMYJISIIMHNE CUTHAN (eps) Ta CHjIa CHTHANy BHOIPKHU
(sss). 3uayeHHs mnoka3Huka rbar.bt, skuii Bkasye Ha
CTYIIiHb B3a€MO3B'SI3Ky MiX AepeBamu, ctaHOBUB 0,203.
[TokazHWK snr, O BKa3dy€e Ha MOTYXKHICTb CHUTHAIY
Ta € TIOKa3HWKOM B3a€MOKOPEIAIii 1HIUBITyaTbHIX
XpoHouoriii, ckiagae 1,772, Tloka3sHuUKM eps Ta Sss
BHPAKAIOTh PENPE3eHTATUBHICTH BUOIPKU 1 CTAHOBIATH
0,639 Ta Oinbiie 0,850 BiAMOBIAHO.

Kopenauyia npupicm-xknimam. 3B'S30K TPUPOCTY
JIepeB 3 OMaJaMH Ta TEeMIIEpaTypolo MPEACTaBICHO Ha
puc. 4 y dbopmi TeroBoi KapTH, Ha SIKIid KOJIp TOYOK
BIJINIOBiJTa€ BENIMYMHI Ta 3HAKY KOEQiIlieHTa KOPEIAIIii.
AHatiz IpoBe/ICHO 3 ypaxyBaHHSIM YMOB CE30HY POCTY
Ta TIOTMEPEAHBOTO BETrETAallifHOTO CE30HY, a TaKOXK
nepiogy CHOKOI MK HHMMH. JlaTy mowaTky iHTepBaiy
y3arajpHEHHS KJIIMarUYHUX JaHUX TI03HAY€HO Ha
PHCYHKY 110 TOPH30HTaJI, IIMPUHY IHOTO iHTEpBAILY — I10
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BepTHKaI. MakcuMasbHI KOpEJsii MPUPOCTy OKPEeMHUX
JIepeB 13 ONajiaMH HaJIeKaIW JI0 PI3HUX NepioxiB i
MaJH Pi3HUN 3HAK (IUB. TEKCTOBI IMO3HAYKU Ha puUC. 4).
[Mpupict nepes Tc2, Tc5—7 OyB 3BOPOTHO MOB'sI3aHUM
3 OmaJaMu B TOMEpeAHbOMY poti. Tc4 MaB HaUOIMbITY
KOPEJIALII0 3 ONajaMH MOoYaTKy MONEepeTHbOTO CE30HY,
a Tcl i1 Te3 — 3 omamamu, 10 BHIMAAANH mepen abo Ha
MI0YaTKy BEreTaniiHoro Ce30Hy.

Yrpomorx 1977-2015 pp. onmaau mepioxy CIIOKOIO Ta
Mo4YaTKy BereTauiiHoro ce3ony (13 rpyaus — 12 kBiTHN),
MMO3WTUBHO BIUTMBAJIM Ha pajiadbHuil mpupict 7. cordata
(nuB. puc. 4, ropu3oHTaIbHA Bich). Hali0bie 3HaYeHHS
koedimienta xopensmii (0,574) BuU3HAUCHO IS CyMH
omafis 3a 95 xi0 y mepiox 3 12 sirororo g0 17 TpaBHsL.

Kopemsttiss mpupocTy 3 TEPMIYHHUM  YHHHHUKOM
Oynma menmoro. s aepeB Tcl-3 1 Tc5 BcraHOBIEHO
HaAWOUIbIy TO3UTHUBHY  KOPEISLII0 MPHPOCTY i3
CepeHIMH TeMIlepaTypaMi KOPOTKHX TepioniB (IUB.
TEKCTOBI TO3HAYKM Ha puc. 4 TmpaBopyd): BIITKY
MOTIEPEIHROTO Ce30Hy — Tcl, y mepiom cmokoro —
Tc3, Ha mouaTKy BereTamiiHOro ce3oHy — 1¢S5, y
ceprai — Tc2. MakcumanbHi aOCoOMIOTHI KoedimieHTn
KOpeJsilii MpUpOCTy TPHOX IHIIMX JIEPeB 3 ONajaMH
Oymu HeratuBHumH: Tc4 1 Tc7 kopenmoBaiu i3 CyMOIO
OTIa/IiB CEpPITHS Ta >KOBTHS ITOTIEPEAHBOTO POKY, a Tco —
i3 omajaMu KiHI I[MOTOYHOTO BEreTAliHOIO CE30HY.
Kopensuisi ycepeHeHOT XpOHOJIOTIT 3 TeMIepaTypaMu
OyJa HETaTWBHOIO 1 3HAUYYIIOK JIMIIC IS MEpioxy
[OYaTKy BEreTalliiHOro CEe30HY IONEPEIHbOro POKY
JUTS IHTEpBaliB ycepeaHeHHus Bin 14 mo 70 ni6 (puc. 4
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npaBopy4). MakcumaibHe 3Ha4eHH (—0,472) koeimieHT
KOpeJIALii MaB it 57-IeHHOTO Hepioay Bix 22 Oepe3Hs
10 17 TpaBHS HONEPETHBOIO CE30HY POCTY.

3B'I30K MIXK CTPYKTYpOIO BHOIPKH JOCIHIJPKEHHX
JIepeB Ha OCHOBI MPUPOCTY Ta CTPYKTYPOIO 32 PEaKIi€cro
JiepeB Ha KJIIMaTHYHI YUHHUKH BCTAHOBJICHO 32 aHAJI30M
KoiHepmii (puc. 5).

Crpykrypy BHUOIpKM 32 HPUPOCTOM IIOIEPEIHBO
JIOCHTIKEHO METOIOM TOJOBHHMX KOMIIOHEHT, 13 SKHX
Tpu mepuri 30epiratoth 75% Bapiamii. [Ipoekmis mmx
KOMITOHEHT Ha OCi KOiHeplii moka3aHa Ha Kojax
kopemsuii (puc. 5, A, B), cTpykrypa 3a NIpHpPOCTOM
BiZIoOparkeHa ToukamHu Ha rpadiky koinepuii. CTpykTypy
BHOIPKH JIepeB 3a IXHBOIO PEaKIli€r0 Ha TiPOJIOTIYHIH Ta
TEPMIUYHUI YUHHUKY MO3HAYCHO 3aKiHUCHHSMH CTPLIOK
Ha rpadiky KoiHeprii. JIoBKHHA CTPIIOK Ha PUCYHKY
BIJINTOBI1a€ 3MiHI [TOJIOKEHHS OKPEMHX JIEPEB Y CTPYKTYPi
BHOIpKH 3a TMPHPOCTOM Ta PEAKIi€l0 Ha KIIMaTHIHI
YHHHUKU. BUCOKa CHHXPOHI3AIlisl paiiabHOTO IPUPOCTY
nepes 1. cordata 0GymMOBII€HA OTTajaMH, TIPO IO CBiT4aTh
pesynbraru koinepiii Ta RV-koedimient 0,87 (p = 0,004)
10,72 (p = 0,16) nns omaniB i TeMnepaTyp BiAIOBIIHO.

OOroBopenHst

Bik, padianvnuii npupicm ma itozo cmamucmuyHi
Xapaxkmepucmuxu. BCTaHOBICHHSI TOYHOTO BIiKY J€peB
pony Tilia 3a migpaxyHKOM pIi9HHX KiNEIb, a TaKOXK
a0COJIIOTHE JaTyBaHHS KEPHIB YacTO YCKJIAHIOIOTHCS
Huskoro nmpuunH (Lddnelaid, Sander, 2004). Buan poxy
Tilia MaroTh PO3CISIHO-CYJMHHHUI THIl JICPEBHHH, TOMY
MEXi piYHUX KiJelb 1HKOJIW Ba)XKKO PO3Mi3HATH HaBiTh
i MikpockonoM. [IpHkiagoM IbOro MoXke CiIyryBaTH
Tc2 y HamoMmy AOCIHIHKEHHI, B sIKOTO 3a mepiox 2012—
2014 pp. chopmyBamucst By3bKi KiTBII 3 HEUITKUMH
mesxamu (muB. puc. 2, C). Kpim Toro, mepesa pomy
Tilia dacto (opMyIOTh Tak 3BaHI "HecmpamxkHi" pidHi
KUTbIst 200 MaroTh Kuiblld, mo "Bumanu" (Ldédnelaid,
Sander, 2004). Tomy s yHHKHEHHS TOMIJIOK T
Yac JaTyBaHHS BiJIOMpalOTh HE MEHIIE JBOX 3pa3sKiB i3
MOJANTBIIAM IXHIM TepexXpecHuM naryBaHHAM. CTOBOyp
y CTapuXx JIUIM 3a3BUYai 3 IyCTOTaMHU, TOMY KEPHH 4acTo
HE MICTSITh CEPLIEBHHH, a BIK JOBOAUTHCS PO3PAXOBYBATH
Henpsimumu  Metogamu  (Lédnelaid, Sander, 2004).
OpnHak BCTAHOBJICHHSI TOYHOTO BiKy BHIIB pony Tilia 3
BUKOPUCTAHHSM TPSIMUX 1 HENPSIMAX METOAIB 1HKOJIH
00MEXKYETHCS Yepe3 3aTHICTh 10 (hOpMYyBaHHS KIIOHIB.
Tak, KJIOHM JWMIIM HaiyacTilie HE OCATAIOTH BIKY
3pIIOCTI, @ TUCSYOITTIMU 3HAXOAATHCS HA FOBCHUIBHIHN
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cTajii depe3 TMOCTIHHE BEreTaTMBHE IOHOBJICHHS
(Smirnova, Chistyakova, 1980; Pigott, 1992).

Y ninomy panianbHA#N mpupict nochimkenux 1. cordata
Y3rO[DKYEThCs 3 po3paxoBanuM BikoM. ITpupict Tcl Tta
Tc6 Bikom 70 i 83 pokiB cTaHOBUTH 3,34 + 1,563 MM i
3,44 + 1,580 MM, 110 BiMOBIIA€ CEPEIHBOMY MPHPOCTY
T cordata Bikom 50-100 pokiB y Bemwmkiit Bpuranii
(Moir, Leroy, 2013). Haiicrapimmm j1epeBoM BHSIBUIIOCS
Tc2 3 ominennMm BikoMm Omm3pko 299-375 pokis. Ilpo
Te, mo Tc2 € GararoBiKOBUM, CBIIYHTH HOTO CepemHiit
pamianeuuii pupict — 0,95 £ 0,724 mm. Tak, oriHeHMIA
BiK jiepeB 1. X europaea L., mo 3pocratots y Tamminsi,
cTaHoBUB 265-317 pokiB i3 cepeHiM MPHUPOCTOM
0,83 mm/pik Ta 256-339 pokis i3 mpupoctom 0,98 mm/
pix (Léadnelaid, Sander, 2004).

Huni € meximpka CTBOPEHHX XPOHOJIOTIYHHUX Cepii
paniansHOro npupocty T. cordata 8 €Bpomi. Haiinosmry
XpoHOIOTifo0 (245 pokiB) moOymoBaHo s aepes B ITanii,
BOHa OXoIuIoe mepion 3 1722 mo 1967 pp. (Bernabei,
Pollini, 2006), vy Benukiit bpuranii — gemo xoportrry
(138 poxkiB), 3 1866 mo 2003 pp. (Moir, Leroy, 2013).
CrBopena Hamu XxpoHoisoris B Kwuei oxommoe 153
poxu — 3 1867 o 2019 pp.

binburicts JICHJIPOKIIIMATONIOTTYHHUX pobiT
OpIEHTYEThCSI HAa TAKUH CTATUCTHYHUI IIOKa3HHUK, SIK
BUPQKEHUH CHUrHA] momymsuii (eps), SIKMH MOKasye,
HACKUTBKH peaTbHa XpOHOJIOT s BiT0OOpaka€e TimoTeTHYHY,
npejicTaBieHy  Oe3KIHEYHOIO  KUIBKICTIO  JIepeB.
3araibHONPHIHATHM € Te, IO IpHu 3Ha4eHHi eps > 0,85
XPOHOJIOTIYHUI PpsiZi BBAXKAETHCS PEIPE3CHTATHBHUM
(Wigley et al, 1984; Cook, Kairiukstis, 1990;
Buras, 2007). IHmmMM [OKa3HUKOM, SIKOMy B
JICHIPOKITIMATONOTIYHUX POOOTaX MPHUALTSIETHCS MEHIIA
yBara, € cuiia CUTHaJIy BHOIpKH (SSS), 110, Ha BIIMIHY
Bil eps, MOKa3zye, HACKUIBKH CTBOpEHA XPOHOJIOTis
BiZIoOparkae TioTeTHYHY 3 00MEKEHOIO KUTBKICTIO JIEpeB
Ta Tl IPUATHICT JUIS MOAANBIIOTO ACHAPOKIIMATHYHOTO
anamizy (Wigley et al., 1984; Buras, 2007). Kpim Toro,
sss > 0,85 BBaxkaeTbcsi KpUTEpieM TOro, 1o BUOIpKa
MICTHTh CHIbHHMU KmiMaTmyHui curHan (Wigley et al.,
1984). Tomy B HamomMy JOCIIPKEHHI MU KepyBaJIUCS
3HAUEHHSM SSS, AKAN Ui cHinbHOTO iHTepBamy (1977—
2015) mocnimkenoi Bubipku nepesunus 0,85. HasBHICTH
Y9iTKOTO KJIIMAaTHYHOTO CHUTHaJdy B y3arajibHEHIH
XPOHOJIOTIT MiATBEpHIa JOIIJIBHICTh 3aCTOCYBAHHS SSS
JUTS TIOTIEPETHBOT OIIHKH JOCTATHOCTI BUOIPKH.

3¢'azox npupocmy i3 knimamom. HesBaxkarounm Ha
TPyIHOUI iMeHTU(IKAIT PIYHUX KUICIb, XPOHOJIOTIUHI
cepii 7. cordata, T. x europaea, T. platyphyllos Scop. Ta
Tilia tomentosa Moench Oynu ycrillHO BUKOpUCTaHI B
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Puc. 4. Kopermsis xIiMaTHYHUX YMHHUKIB Ta pajiansHoro mpupocty Tilia cordata 3a ycepennennmu manumu s Beix (Tel—
7) mochiukeHHX AepeB. BpaxoBaHo mepion 3 6 Oepes3Hs MOMEpeIHbOTO POKy 10 25 BepecHs mortouHoro. lllomenHi nani omaznis
IiICYMOBaHO, TEMIIepaTypu ycepeHeHo 3a nepiox Bif 14 no 180 ni6 — BimoOpaskeHo Ha BepTHKaIBHIH oci i mo3HadeHo Windows
Width. [Toyarok mociipKyBaHOTO TEepioay IMOKa3aHO Ha TOPU3OHTANBHINA oci 1 mo3HadeHo Day of year (yHusy) ta Date (Bropi).
Binoro myHKTOBaHOO JIiHIEI0 MapKOBaHO ITOYATOK POKY, IPOTATOM SIKOTO BigOyBaBcs picT aepeBHHH. KoiabopoM BiI3HaYeHO JuIIe
KopeIsiLii, cTaTucTryHo 3Hadyii 3a p < 0,05. Anainis nmposezneHo s nepiogy 1977-2015 pp., mo OyB CHiNBHUM ISl XPOHOJIOTIT
HPUPOCTY BCIX JIOCHTIIKEHHUX JIEpPEB

Fig. 4. The temporal pattern of the growth to climate correlation coefficients derived from composite tree-ring chronology of Tilia
cordata and climate data at daily resolution aggregating into 14—180 days’ windows. The day of year and the date at the x-axes are
the starting day of the time window considered in the analysis. White dashed line separates previous and current year, i.e. year of
tree-ring formation. Non-significant and 0 correlations coefficients are omitted and filled with gray color. The p < 0.05 threshold for
correlation coefficient is 0.32 (-0.32). The analysis performed for the common period 1977-2015
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Puc. 5. 3B'I30K MiXK CTPYKTYPOIO JOCTIDKCHUX JIePEB, OCHOBAHOI HAa CHHXPOHHOCTI MPUPOCTY, Ta CTPYKTYPOIO Ha OCHOBI peaxiiii
OpUpocTy Ha KimiMar. A: s omafis; B: s temmeparypu. JIiBOpyY Ha KOXXKHOMY MaJFOHKY HaBEICHO KOPEILiiiHI Koia, 110
BiTOOpaXXaroTh MPOEKIiI0 Oceil aHali3y TOJIOBHUX KOMIOHEHT Ui mpupocTy (X Bropi) Ta amst peakuii mpupocty (Y BHH3Y) Ha
rpadik koinepuii (mpaBopyu). [To3uii 1epeB y CTPyKTYpi HA OCHOBI IPUPOCTY ITOKA3aHO TOYKAMH, B CTPYKTYpPi HA OCHOBI peakiiil
Ha KJTIMaT — 3aKiHYCeHHSIMHU CTPLIOK

Fig. 5. Result of the co-inertia analysis for the structure of sampled trees based on radial growth variation (X) and the pattern of trees’
reaction on climate (Y). A: co-inertia considering correlations with precipitation; B: with temperature. The correlation circles on the
plots left sides show the projection of the growth's PCA axes (upper) and trees’ responses between class analysis axes (lower) onto
the co-inertia axes. On the right of the plots, the co-inertia scatterplots represent a superposition of two structures. The points denote
the position of trees based on the radial growth pattern and the end of the arrows denote the position based on growth-to-climate
correlation pattern
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KUTBKOX JCHAPOKIIIMATUYHHX JOCIIJUKCHHSIX, PE3YJIbTaTH
SKUX CBiYaTh MPO Te, IO XapakTep 3B'SI3KYy HMPUPOCTY
JUIK 3 KIIMaroM Jy)Xe CXOXKHH Y pI3HHX MICIIX
3pocTaHHs Bif miBaHSA Benmkoi bpuranii 10 neHTpanpHOT
Vkpainu. s nepes 7. % europaea ta T. platyphyllos
i3 mapkoBoro komruiekcy Xemnton-Kopra B JlonmoHi
HaO1IBII BaKITMBUMH BUSBUIINCS OTIAAH B TPABHI—IAIHI
B CE30H POCTY JEPEBHHU Ta B JINCTOMNA/I MONEPEIHBOTO
POKY, TIpH L[bOMY BIUIMB KOJMBaHb TeMmIieparypu OyB
HesHauynwM (Moir, Leroy, 2013). IIpupict 7. fomentosa
y MICBKHX Haca/pKeHHsIX [aprika Mo3UTHBHO KOPEIIOBaB
i3 omaJaMu >KOBTHS IOINIEPEIHBOTO CE30HY Ta TPaBHS
MOTOYHOIO ¥ HEraTMBHO — 13 TEMIIEpaTypol0 IMOBITPS
B TpasHi (David et al., 2018). Tilia cordata B Micbkux
HAaca/UKCHHSAX MIOHXeHa BHUSBWIACS YYyTIMBOIO 10O
nocyuniuBux ymoB (Moser et al., 2017), npote Benuka
KUTBKICTh OmamiB y Oepe3Hi Maia HeOUYiKyBaHUI
HeratuBHMN BB Ha mtpupict (Moser-Reischl et al.,
2019). Teruti ymoBH B JITOTOMY—0Oepe3Hi Ta psICHI Omaju
B UYEpBHI MO3UTHBHO BIUTMHYIW Ha mpupict Tilia spp.
MichKuX HacakeHb [enbcinki (Helama et al., 2020). Ha
niBaHi [Topiii B icoBux OioTomax paaialbHUN MPUPICT
T. cordata Takox oOMEXyBaBCS depe3 HECTady OmaliB
y TpaBHi-BepecHi (Barniak et al., 2014). 3acrocyBaHHs
IIMPOKOTO  JialTa30Hy 1HTEpBajiB arperamii JaHux
JO3BOJIWJIO HAM BCTAaHOBUTH 3HAYyIIMH BIUIUB CYMH
OMNajiB y MPOMIXKKY 3 TPyAHS 1O TpaBHS Ha HPHUPICT
T cordata, o B LIIOMY Y3TOIUKYIOTBCS 3 XapaKTepoM
3B'SI3KY KJIIMaT—MpPUPICT JUIsl OTO Ta OJIM3bKUX BUIIB Y
IHIINX YaCTHHAX apeay.

BaxnusicTs TinponorivHoro unHHUKA 171 1. cordata
B Iepioj Bereraiii mMoB'si3aHa 3 OCOOJUBOCTAMH
(izionorii aHI3OTIAPUYHUX BUMIB, ¥ T. 4. Jmumu (Moser
etal., 2017), 3a yMOB MiBUIIEHOI TEMIIEPATypH MOBITPS.
VY BIJNOBiNE Ha [0 MOCYXH Ta BUCOKOI TeMIlepaTypH
B AaHI3OTIOAPUYHHUX BUMAIB BiOyBaeThCS MiHIMaIbHE
3aKpHUTTS MPOJMXIB, Yepe3 IO YTPUMYETHCS BiIHOCHO
BUCOKHI piBEHb TpaHCIIpalii, ajle 3HMKY€EThCS BOJHUM
norenmian JymctkiB (Klein, 2014). Takuiéi mexaHi3M
OXOJIOJDKCHHSI JIMCTKIB 1 TPOJOBXKCHHSA ACHMUIALIT
KapOOHY € e()eKTHBHHIM 3a IOCTATHHOT BOJIOTOCTI IPYHTY,
ajie TPHU3BOAUTH IO PO3PUBY BOISIHOIO CTOBITYHMKA B
CYIMHAaX pPOCIIMH, SIKIIO BOJIOTA CTa€ HEIOCTYITHOIO.
OpmHak ¥ BUAM 3 IHIIOIO CTPATETIE0 — 130TiAPUYHI y
JIOCII/DKEHOMY HaMH MICII MOXYTb TaKOX IOTEpIaTH
BiJl HecTaui 3BOJIOKCHHS ITij] Yac BereTarii. Tak, mpupict
Quercus robur y mapky "®eodanis" oOMexyeThCA
omagamu B TpaBHi Ta rpynHi (Netsvetov et al., 2019).
3HaueHHs omaaiB y TpaBHI st Q. robur moxe OyTtH
MOB'SI3aHO 13 Mo4YaTkoM (OpPMyBaHHS JI€PEBUHU Yy
LBOMY MiCSIll, @ TaKOK IIJBUIICHHSIM TeMIICparypH
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noBitpst. [logasplie miIBHUILICHHS TEMIIEpaTypH B CE30Hi
MOXE KOMIIGHCYBaTHCs 30iTbIIEHHSIM omaaiB. Tak,
3a BIJICYTHOCTI CyBOpOI MOCYXH HAWOUIBIIC OMajiB y
Kwuesi Bunanae B numHi—4epBeHi. [[03UTHBHE 3HAYCHHS
Oma/IiB y rpyaHi Uit 000X BUJIB MOXKE OYTH TOB'SI3aHO 3
e(heKTOM TepMOi30JIsIii KOPEHEBOI CHCTEMH CHITOM i
gac MOpO3iB, a Kopewis npupocty 7. cordata 3 onagaMu
JI0 TI0YaTKY CE30HY — i3 HAKOITMUEHHSIM I'PyHTOM BOJIOTH,
IO BUKOPHCTOBYETHCS POCIMHAMH i1 4ac HOpPMYBaHHS
PIYHOTO KiNBIlI, X04a i MEepPEe3BOJIMKEHHS y Lel mepiof
MO)KE€ HEraTMBHO BIUIMBATH Ha IPHUPICT JIUMK (JIUB.
MpuKIax y HacamkeHHAX MionxeHa (Moser-Reischl
et al., 2019)). HeraruBHi kopessiiii IpUpOCTy i3 CyMOIO
omajiB OyJ0 Bi3HAUYCHO B HANIOMY IOCIIKCHHI JUIS
IHANBITya TbHUX XPOHOJIOTIYHHUX CEpil KIJIBKOX JEpeB
1 mepeBaKHO JUIsl KOPOTKHUX IHTEPBAJIB Yy HEpiox Mix
CE30HaMH IPHPOCTY.

BigmiHHOCTI 1HIMBIAYaJIbHUX XPOHOJOTIYHUX CEpii
nociipkeHnx aepes 1. cordata BimoOpaXkaloTh JOKaIbHI
YMOBH 3pOCTaHHS, IO 3YMOBJICHI SPYXKHO-0aIKOBUM
penbedom napky "deodanis" Ta yepryBaHHIM BIJKPUTHX
JUISTHOK 13 JTICOBUMH, 1€ LIEH BUJ] 3HAXOAUTHCS B IPYTOMY
Apyci mix mokpuBoM KpoH (. robur. Tum He MeHIH,
CTPYKTypa IpyId JIepeB YTBOPEHA Ha OCHOBI IPUPOCTY,
KOPEITIoE 31 CTPYKTYPOKO, YTBOPSHOK 3a XapaKTepoM
3B'SI3Ky TPHUPOCTY i3 omagamu. Bapiamis MikpoyMoB
3pOCTaHHS B LIJIOMY HE BIUIMBA€ HAa YyTJIUBICTH JICpPEB
0 TiAPONOTIYHOTO YWHHHKA, a JIUIMIEe MOAudikye i
nposiB y ce3oHi. [HauBinyanbHi cepii, Ha BiAMIHY Bif
yCepeaHEeHOl, BUSIBWINM OUIBIIY YyTJIMBICTH O MPOSIBIB
KIIIMaTHYHAX YUHHUKIB Y KOPOTKI, O MICSIIS, iHTEPBaJIH.
e y3ro/pKy€eThest 13 TaHUMU [TPO MIBUIKY PEAKIIito ACPCB
Ha HerpuBaimi mnpuponHi sBuma (Gonzalez, Eckstein,
2003). [lns Ginbin geTanbHO{ IHTEpIIpeTalii pe3yasTaTiB
JCHIPOKIIMaTHYHUX JIOCITIJPKEHb HEOoOXiJHO
BpaxoByBaTH (EHOIIOTII0 KCHIIOTeHe3y. B monepeaHbomy
JIOCITIJPKEHHI BCTaHOBIIEHO, o y Q. robur y Kuesi B
KBITHI aKTHBYETHCS KaMOiil 1 moYnHAETHCST (hOPMYyBaHHS
CyIMH pPaHHBOI NEPEeBUHU, Tepexix a0 (OopMyBaHHS
Mi3HBOT AEPEBUHH BiIOYBAETHCS B YESPBHI, @ 3aKIHYCHHS
panmianpHOTO TpHpocTy — y BepecHi (Lahoiko et al.,
2019). Xowa s >xogHOTO 3 BUAIB poxny 7Tilia Taki masi
B JiTepaTypi BiJCYTHi, BIJIOMO, LIO MICJIsi 3aKiHYEHHS
MIPUPOCTY MArOHIB Y JOBKUHY IPHUOIH3HO Y a3i IBIiTIHHSL
iHTeHCH(IKY€eThCS PICT KOpPEHIB, SIKHH csArae CBOIO
MakcuMyMy Tmicyist jo3piBanHs 1wiogiB (Murakhtanov,
1981). Takum YMHOM, BiJ3HAYCHHMA TMO3UTHBHUN BILIUB
OMa/1iB HANPUKIHII TONEPEIHBOr0 ce30Hy y BuaiB 7Tilia
B Jlonmoni (Moir, Leroy, 2013) ta [Tapmxi (David et al.,
2018), moxke OyTH TOB'S3aHUI 31 CTUMYJIAIIEI0 POCTY
KOPEHiB.
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BucnoBknu

HesBakaroun Ha CKJIaJHOII JaTyBaHHS PIYHMX KiJellb,
XpOHOJIOTIUHI cepii pagianbHoro npupocty 7. cordata
MICTSITh TOTY)KHUH KIIMATHYHUN CHTHAJN, IO POOUTH
el BHJ NEpPCIEKTHBHUM Yy JICHAPOKIIMATHYHUX
mocmimkeraax. llpupict 7. cordata oOMexXyeTbes
olajiamMu, 10 BUIIAJal0Th B NEPioj 3 TPYIAHS 10 TPaBHSI.
B micoBux O6ioromax KwueBa 7. cordata € BuUgom-
JIOBroxkuresieM, i Bik Moxe nepesunryBard 300 pokis
IIpH 3HAYEHHI cepeaHporo mpupocty 0,95 M 3a pik.
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Abstract. The first record of a new for the flora of Ukraine species Myurella sibirica is reported. The species was found on the slope
of Maslyatyn Mt. (at 381 m a.s.l.) in the Kremenets Mountains National Nature Park (Ternopil Region). It grew among other mosses
on the soil layers in the cracks of vertical limestone wall, under the canopy of Betula klokovii near the forest meadow. Myurella
sibirica is quite rare in the mountains of Europe and more common in mountains of Asia and North America. The species is listed in
The IUCN Red List of Threatened Species (Vulnerable), Red Data Book of European Bryophytes (Endangered), European Red List
of Mosses, Liverworts and Hornworts (Vulnerable) and several Red lists of European countries. Brief morphological characteristics,
distinctions from other two species recorded in Ukraine (M. julacea and M. tenerrima), geographical distribution, ecological and
coenotic peculiarities of the species, as well as original illustrations of the Ukrainian population are provided. Some issues on
conservation of M. sibirica in Ukraine are discussed. The new record of M. sibirica is considered to represent a relict population.

Keywords: bryophytes, Kremenets Mountains National Nature Park, Myurella sibirica, new record, Ukraine
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Humnopko C.O., Bamensk 10.A. 2020. Iepma 3uaxinka Myurella sibirica (Plagiotheciaceae, Bryophyta) B Yxpaiui. Yxpaincoxuii
oomaniunuii dscypnan, 77(4): 305-313.

Pedepar. [loBizomisieTsCst PO 3HAXIAKY HOBOTO utsi Opiodopu Yipainu Buny Myurella sibirica (Plagiotheciaceae, Bryophyta).
Bup Gyno BusBiieHo Ha cxuii . Macnsatun (381 M H.p.M.) Ha Tepuropii Haunionansaoro npuponasoro mapky "Kpemenerpki ropu"
(Teprominscbka 00i1.). Bin pic cepen iHmMX MOXIB Ha HpoMIapKax IPYHTY B TPIIIMHAX BEPTUKAJIBHOI MOBEPXHI BAITHIKOBOI CTIHKH
Oinst y3mices mia KpoHOto Betula klokovii. Myurella sibirica mocuTh pilko TpamseThCst B Topax €Bponu ¥ OiIbII MOMUpPEHUH B
ropax Asii ta [liBHiuHOi AMepuku. Bu BKIIOUCHO 10 CIUCKY MiXKHAPOIHOTO COK3y 0XOpoHH mpupomau (kareropis Vulnerable),
UepBOHOI KHUTH €BpOIEHCHKIX Moxononionnx (kareropist Endangered), €Bporeiicbkoro 4epBoHOTO CIIUCKY MOXIB, MEYiHOYHHKIB
Ta aHTOLEpOTiB (Kareropis Vulnerable) Ta Hu3kum UepBoHuX cmuckiB kpain €Bponu. HaBeneHo MoponoriyHy XapakTepUCTHUKY
BUJIYy, Or0 BIIMIHHOCTI BiJ iHIIMX JBOX BHIIB POy, IO POCTYyTh B YkpaiHi (M. julacea ta M. tenerrima), momaHo BiIOMOCTI
MIOZ0 TreorpadivyHOro MOMIMPEHHSI Ta EKOJOTO-IEHOTHYHOI HMPHYpPOYEHOCTI BHJIY, PO3IIIHYTI NUTAHHS HOTO OXOPOHH, TEKCT
MIPOUTIOCTPOBAHO OPUTIHATEHUMH (oTorpadisMu. 3podIeHO MPUITYILICHHS PO PENIKTOBICTh NONy sAwii M. sibirica Ha . MacnaTHH.

Kurouosi cnoBa: Myurella sibirica, 6pioditn, Hanionansauii npupoannii napk "Kpemenenski ropu", HoBa 3Haxijika, Ykpaina

© 2020 S.O. Nyporko, Yu.A. Vashenyak. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open access article
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits use, distribution, and
reproduction in any medium, provided the original work is properly cited
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Puc. 1. Micuespocranust Myurella sibirica B HanionaneHOMY TipupoHOMYy mapky "Kpemerenpki ropu"

Fig. 1. Habitat of Myurella sibirica in the Kremenets Mountains National Nature Park

Beryn

Y  Xoml KOMIDIEKCHHX  JOCIHI/KEHb  yrpyloBaHb
BIJIC/IOHEHb CapMaTChbKUX BAIHSAKIB Ha Topi MacisaTuH
(puc. 1) mig wac excreaumiiinoro Buizmy 2018 p. mo
HamnionansHoro npupopHoro napky "Kpemenenpki ropu”
Oyino BusIBIEHO HOBMH aist Ykpainm Bun — Myurella
sibirica (C.Muell.) Reim.

Myurella Bruch & Schimp. — HeBemukuii pin
IUIEBPOKapIHUX MOXiB (Plagiotheciaceae), 10 MiCTUTH
Tpu Buau: M. julacea (Schwaegr.) B.S.G., M. tenerrima
(Brid.) Lindb. ta M. sibirica (Ignatov, Kuznetsova,
2011). Myurella julacea Mae TOCUTB ITHPOKE MOITHPEHHS
B lomapkrumi 1 Tpamisierbcs y ©OaraTbox pailoHax,
ocoOnuBo B ropax. Buau M. sibirica ta M. tenerrima
TaKOX JIOCUTH TOIIMPEHi, ajie piJie TPaIuITIOTECS B
OUTBIIIA YaCTHHI IXHBOIO apeaiy; Il JABa BHIU IyXKe
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ONM3bKi, B OCHOBHOMY QJIOTIATPHYHI 1, HMOBIpHO, JIHIIE
HEIIOJAaBHO BHOKPEMUJIMCh BiJl CIUIBHOTO MPEIKa:
BiJl MiBHIYHOI pacu — M. tenerrima, BiJ TiBIECHHOI —
M. sibirica (Ignatov, Ochyra, 1995).

B Vkpaini 1o ceoronHi Oynu BimoMi JTUIIE ABa BUAH
uporo pony (Bachuryna, Melnychuk, 2003; Boiko, 2014).
Myurella tenerrima naBomuBcs oxuH pa3 Juii Kaprar
(3akapmarceka o0i., PaxiBchkuii p-H, ropa [[parodpar:
Slobodyan, 1950; Zerov, Partyka, 1975). Myurella julacea
posmoBciomkennii B Kapmarax (3akapnarceka o0,
Bomnosenpkuii  p-H, 1. Temuaruk; PaxiBcbkuii p-H,
ropu losepma Ta Ilerpoc; IBano-®pankiBchka 00,
BepxoBuncekuii p-#, T. lnumi, ropu Yusums 1 ['HeTteca;
HangipusHCebknit p-H, T. bpeckyr, noi. IloxmkeBcbka:
Zerov, Partyka, 1975) ta I'ipcbromy Kpumy (r. Yarupnar,
Kpumcbkuii pupomHuil 3amoBinHUK, MacuB baOyraH-
stiina: Partyka, 2005).
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Tabmuus 1. Mopgostoriuni 03Haku, 3a AKUMHU Bipi3HAOTHCS: BUAU pony Myurella
Table 1. Diagnostic morphological characters for distinguishing the species in the genus Myurella

Moyurella julacea

Moyurella tenerrima

Myurella sibirica

dopma JIepHUHOK

LiJTBHI MOYIIKOOAIOHI

Iy XKi

MyXKi

Kounip nmaronis

GiyBato-3eneHui, cipuii abo cusmit

61110 2060 CBITIIO-3€NICHUI

3eJICHUN

[Taronn

IIUTBHO CEPeXYaro YIUCHEHI, 4epBOMOAiOHI, /10
1 (-3) cm 3aBn.

YepenuTyaTo YJIUCHeHi abo 0. M. po3cTaBiIeHO
ynucHeHi, 10 1 (—2) oM 3aBz.

MyXKO YeperuTyaTo yIUCHEHI 200 PO3CTaBICHO
ynucHeHi, 10 1 (—2) oM 3aBx.

Jluctkn

0,3-0,6 x 0,3-0,6 (-0,7) Mm,
OKpyIIOsiLIerIofiOHi ab0 OKpyIIocepLenonioHi,
BIDKOJIOOJICHI, KOPOTKO 3arocTpeHi abo 3 yxe
KOPOTKHM OJTHOKJTITHHHUM TOCTPSYKOM

0,3-0,5 x 0,3- 0,5 mm,
IIMPOKOSHIIETIONIOHI 10 OKPYIVIHX, PAIITOBO
3BY)KEHI B KOPOTKY, BY3bKy, BIIITHYTY Ha3a

BEpXiBKY

0,3-0,4 x 0,3-0,4 MM,
MIUPOKOSHIIETIONIOHI 10 OKPYIVINX, PAaNTOBO
3BY’)KEHI B IIMJIONOAIOHY, BY3bKY, BIATATHYTY

BEPXIBKY

Kpaii TMCTKA NUITYacTUi

Kpail JIMCTKa HiTiCHU# abo Iyxke ApiOHO MUIIacTHii

Kpail TiucTa BiifyacTo abo IIMImyBaro 3a3y0ieHui

Koituau

15-25 x 7-9 um

14-22 x 8-10 pm

16-30 x 7-10 pm

[Narriny Ha CIMHHIHA CTOPOHI JIMCTKA

TyIi, PO3TalIOBaHi y BEPXHBOMY KYTKY KJIITHHH,
1HOZI HU3BKI i MAJIOIIOMITHI

PO3TANIOBaHi y BEPXHBOMY KYTKY KIITHHH

OJIHA BEJIMKA MaIlija MocepenHi KIiTHHI

Crnopu

10-14 pm

12-15 um

14-18 pm

Marepiaau Ta MeTOIH

HETIPaBUJIBHO

abo

KyIIyBaTO  CIaOKOpO3TaIyKeHi,

Js dikcamii ¢iTOpi3HOMAHITTS yTPyHOBaHb BiJICIIOHEHB
BUKOPUCTOBYBaJIM METOJHMKY TI'€00OTaHIYHHX OITUCIB
i3 ¢ikcamiero (Braun-Blanquet, 1936) cyaumHHUX
POCIIH, MOXONOAIOHMX Ta CHIreHHUX JIUIIAWHUKIB.
KamepanpHe BH3HaueHHS 3pa3KiB  MOXOIOMIOHHX
MIPOBOJIMIIN 3a JiTeparypHUMH Jpkepenamu (Melnichuk,
1970; Bachuryna, Melnychuk, 2003; Ignatov, Ignatova,
2004; Vitt, 2014) 3 BUKOPHCTaHHSIM METOIB CBITIOBOI
Mmikpockomii (mikpockorin MBC-9, MBC-10, "Olympus
BX-53").

Ha3Bu cCymMHHUX pOCIMH TIOIaHO 3a 0a3oro
Euro+Med Plant Database (Euro+Med..., 2006), Ha3Bu
Moxononiouux — 3a Jlpyrum dekiictom OpioGioTH
VYkpainu (Boiko, 2014).

PesyabraTtn Ta 00roBOpeHHs

Bugn  pony  Myurella  poctyThb y  HIUIBHHX
MOAYIIKONOMIOHNX a00 HEUIUIbHUX JCPHUHKAX, TOHKI
POCIIMHH CBITIO- a00 CH3yBaTO-3€J]EHI, 4acOM CIIa0KO
Oomuckyui. CreOna Maibke TmpsAMmi, JCHIO IIIHATI,

Vkpainucoxuii 6omaniunuii orcypuan, 2020, 77(4)

2—6 cM 3aBJ., Ha 3pi3i OKpyIIIi, 0€3 IEHTPAIBHOTO TSKa, 3
JpiOHOMUCTIMH CTONOHAMU; Tapadimii BiACYTHI, TUTOYKH
OKPYIJIOCEPEIKIACTI, 3BHUANHO TYyIi, 1HOJAI HA KIHIIX
BUTOHYEHI, O CTOJOHOMOAIOHUX, 3 My4YKaMU PHU30i/IiB.
JlucTky N'SITUPSIHO OUIBII-MEHII LIIBHO PO3MIIIEHI,
OKPYIIOSHICTIONIOHI, BHKOJOOJICHI, CKIamJacTi, Ty
ab0 panToBO KOPOTKO3aroCTPEHi, 1HOMAI 3 TOCTPSYKOM,
IIoOCKoKpai a0 3 BITOPHYTUM KpaeM, 3BUYAIHO
IpiOHOMMIIYAacTi MO BChOMY Kparo. JKwiika ciiaOeHBKa,
3BMYallHO KOPOTEHbKa, MpocTa abo TMOoJBiiiHA, Yacom
BincyTHs. Koituau nmpiOHi, eminTudHI 1 poMOomomioHi,
TOBCTOCTiHHI, NIPU OCHOBI JINCTKAa KOPOTKOIPSIMOKYTHI
¥ KBaJpaTHi, TMaJeHbKI abo mamino3ni. Bei Tpu Bumn
3a3BMYall JOCHTH JIETKO PO3PI3HSIOTBCS MK COOOF0
(tabm. 1). Ilpm 3pocranHi B mMIHOOKii TiHI pPOCTHHH
M. julacea moxyTtp wmartu raliTyc, mNOAIOHMH 10
M. tenerrima abo M. sibirica. TIpoTe KOMIUIEKC O3HAK
J03BOJISIE 4iTKO iX po3mexyBatu (Ignatov, Ignatova,
2004).

OCKiJIbKH BUJI yIeplle 3apeecTpoBaHO B YKpaiHi,
BBA)KAEMO 32 HEOOXiJHE HABECTH HOro JeTajlbHUI OIuUC
Ta HaJaTH OKPEMO XapaKTEePUCTHKY 3HAWAEHOTO 3pa3Ka.
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Mpyurella sibirica (Miill. Hal.) Reim., Hedwigia 76:
292.1937. - Puc. 2.

= Hypnum sibiricum Mill. Hal., Syn. Musc. Frond.
2: 418. 1851. Myurella careyana Sull. in Sull & Lesq.,
Musci Bor.-Amer.: 355. 1856 [1857]. Myurella gracilis
(Weinm) Lindb., Musci Scand.: 37. 1897. — Miypeia
cubipchKa.

HepHuHKW 1piOHI, OIUTBHI, O ITOAYIIKOTOMIOHHX,
cu30-3elieHi 200 PpOCIMHU HEPIJKO TPaIUIIIOThCS Y
BAIUISIII BKPAIUICHP B JICPHOBUHKH IHIIMX MOXIB.
CreOma, mo 0,5 cM 3aBa., KyIIyBaro pO3TajiyKeHi,
HEIIITFHO cepekyacTo yaucHeHi (puc. 2, A, B). JIuctku
mMpoKosienonioni 10 okpyomx, 0,3-0,4 x 03—
0,4 MM, 3 BIDKOJIOOJICHOI OCHOBH PAamlTOBO 3BY)KEHI y
LIWIONOAIOHY BIIITHYTY BEpXiBKY 3 4—5-KIITHHHUM
TOCTPSYKOM, TUTOCKOKpAi, Yepe3 BUCTYIH KyTiB KpalOBHX
KJITHH BIHYacTO 3a3y0JieH]; XKUJIKa JIeaiBe BUpakeHa abo
BiacytHs (puc. 2, C). Kmitmau pomOiuHi, KBajaparHi,
Yy BepXiBIi JINCTKAa  BHIOBXEHONPSMOKYTHI 16—
30 x 7-10 um, 3 OfHIEIO0 BEJIHMKOIO A0 B CEpe/UHI
xiitnaA (puc. 2, D). Hikka cnoporony Omuspko 1 cm
3aBz. Kopobouka Omm3pko 1 MM 3aBa. Criopu 14-18 um.
B €Bpomi pocnuan crepuibHi. (Bachuryna, Melnychuk,
2003; Ignatov, Ignatova, 2004; Vitt, 2014).

3arajapHe momupeHHs. JJocuTh 3piaKa TpamiseTbes
B ropax €spornu: Asctpist (Koppe, Koppe, 1969; Grims,
1999), bocuis i I'epuerosuna (Pavleti¢, 1955; Sabovljevi¢
et al., 2008), I'penist (Papp, Tzakiri, 2017), €Bponeiicbka
Pocis  (Mlarectan, KabGapamno-bankapis, Kapauaeso-
UYepkecis, Ypan) (Ignatov et al. 2006; Ignatov, Ignatova,
2004), Itamis (Matouschek, 1904; Kern, 1908; Puglisi
et al., 2011), Pymynis (Ellis et al., 2015), Cepb6is (Papp
et al., 2014), Crnosenis (Breidler, 1891; Pavleti¢, 1955;
Martiné¢i¢, 2016), CnoBauunna (Kubinska, Janovicova,
1996; Kubinska et al., 2001), Xopsaris (Alegro et al.,
2018), Yopuoropis (Papp et al, 2014). Bomnouac
mMpoKo nomwupenuit B I'imanasx, ropax Kurato, Snonii,
Cubipy, amexoro Cxony i IliBHiuHOi AMepuku (Ignatov,
Ignatova, 2004; Vitt, 2014). boreostrop/mont-alp-
arct*o2-c1 circpol (Dierf3en, 2001).

Exomorisa. basudit, mezodit, cumodirt, KpiodiT.
Distichion, Asplenietea (Dierflen, 2001).

3pocrae 3a3BMYaii Ha CHUPUX 3aTiHEHMX KaMEHSX
KapOOHATHHUX TOpiA (YacTimie Ha OIYHUX MOBEPXHSX),
y IOUIMHAX, HIiMAX, MO KaMm'sSsHAMH HaBicaMHu, Ha
BOJIOTUX CTPIMKHX CTIHAaX KapCTOBHX MPOBAJIB. Y ropax
TPAIUISIETHCS 10 HIDKHBOI YACTHHH albIIIHCHEKOTO MOsICY
(Ignatov, Ignatova, 2004).

VYei Bimomi MICIe3HaXOMKEHHS BHAYy B €Bporri
posramoBani Ha BucoTi 270-2150 M H.p.M. (Breidler,
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1891; Matouschek, 1904; Kern, 1908; Pavleti¢, 1955;
Koppe F., Koppe K., 1969; Kubinska, Janovicova, 1996;
Puglisi et al., 2011; Papp et al., 2014; Ellis et al., 2015;
Papp, Tzakiri, 2017; Alegro et al., 2018), npuuomy
CyYacHi 3HaXiIKA HABOISATHCS BUKIIFOUHO 3 BHCOT 1230—
2150 m H.p.M. Jlo OCTaHHBOTO Yacy BBa)Kajaocs, IO
TaKA{ BiAMIHHUM BHCOTHHUH [iama3oH CTapUx i HOBHX
3HAXIJIOK € JIOCUTh CyMHIBHHUM, BPaXOBYIOYH, 1110 YMOBH
MIKPOOCEIHII BiJ[irparoTh KIFOUOBY POJIb y MMPHCYTHOCTI
Buy. Bci minTBepipkeHI Michs  XapaKTeph3yBaJIUCh
MIPOXOJIOTHUM JIITOM 1 TPUBATMMH 3UMOBUMH MOPO3aMHU
(Papp et al., 2014). Ane ocranns 3Haxinka y Xopsarii
3 Bucotu 313 m H.p.M. (Alegro et al., 2018) i BusiBieHe
HAMH MICIIe3pOCTaHHS Ha BHCOTI 381 M H.p.M. [emo
BIZIPI3HSIOTBCSL BN IHIIMX Cy4YacHHX. XOpPBaTrChKy
nomyIsitiro M. sibirica aBTopr BBRXKaIOTh JTbOJOBUKOBHM
PEIKTOM, OCKIUIBKH 11 iICHYBaHHsI y XOpBaTii 00MeXy€eThCsI
HEBEJIUKOIO, €KOJIOTIYHO TIyxKe cnenigHOI0
TepuTopiclo HaBkosio p. Kyma, 1o xapakrepusyerbes
BIITHOCHO IIPOXOJIOAHUMH Ta BOJOTMMH YMOBaMH 3
KOPOTKMMH TIepiojlaMH IPSIMHUX COHSYHUX IPOMCHIB
Ta cTabimizyrounM epeKkToM CyciTHROTO BoAOHMHUIIA (3
nocriiiHOrO Temueparyporo 7 °C). Lle 703BOTHIIO BIDKUTH
MEeBHUM BHJAM, SIKI Malli 3HAYHO IIHMPIIE MOUIMPEHHS
mig gac mepioxy mpoxononHoro kiimary (Alegro et al.,
2018).

Jesixi aBTOpM BBaarTh M. sibirica iHAHKaTOpOM
30H TPHUBAJOI0 HENOPYILICHOIO CEpeOBUILA ICHYBaHHS
(exomoriuHOI 3B'SI3aHOCTI CEpEIOBHINA ICHYBAaHHSI —
"Ecological Continuity") (Nordén, Appelqvist, 2001;
Baisheva, 2010). ITomiOHi BHIM BKa3ylOTh Ha MICIII
ICHYBaHHS, Ha SKHX IOPYIIEHb EKOJIOTIYHOTO PEXHUMY
(0co0MMBO KOJNMMBAHB BOJOTOCTI 1 OCBITIAEHOCTI) HE
OyJI0 MPOTATOM JIyXKe TPUBAJIOro 4acy. Jljist BIKUBaHHS
TaKUX PEITIKTOBHX MOMYISIIIF MOXOMOMIOHMX, IO YaCTO
MaroTh JM3'IOHKTHBHUM apeaj, oOMEeKeHi MOXIHBOCTI
JI0 PO3CEJCHHS 1 BHCOKI BHMOTH [0 CTaOiIbHOCTI
EKOJIOTIYHOTO  PEXHMMY  CEpeloBHIAa  ICHYBaHHS,
HEeoOXiHO, 11100 BOHH iCHYBAJIH B TaK 3BaHUX MPaTiCOBUX
exocrcteMax. [IpakTH9HO BCi i BUIHM MAOTh CTPATETIO
0araTtopi4yHuX CTa€piB, HU3bKY aKTHBHICTh PO3MHOMXKEHHI
Ta POCTYTh NEPEBaKHO HA TIPYHTI a0o, B pa3i TipChKHUX
JICIB, HA KAMEHSX Ta JlicoBux ckesisix (Baisheva, 2010).

Hocaigxenuii  3pa3ok.  Tepuoninbceka 001,
Kpemeneupkuit p-H, oxon. M. Kpemeneups, HIIIT
"Kpemenenpki ropu", r. Macusatun, h = 381 M H.p.M.,
50°4'38" N 25°39'16" E, BepTuKalbHa IMOBEPXHs
BAaIlHAKOBOI CTIHKM Ha y3micci ming Betula klokovii,
27.06.2018, 316p. Bamensik F0.A., Bu3n. Hunopko C.O.
(KW-BM s. n.).
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50 mkm

20 MKM

Puc. 2. Myurella sibirica 3 HIII1 "Kpemenenpki ropu". A: 30BHiIHI# Bursia; B: yactuna marony; C: qopcajibHa CTOPOHA JIHCTKA 3
LEHTPAJILHO PO3TAIIOBAaHUMH TaniaMu; D: maminy, BUIsig 3 00Ky

Fig. 2. Myurella sibirica from the Kremenets Mountains National Nature Park. A: habitus; B: part of the shoot; C: dorsal side of
leaves with centrally located papillae; D: papillae, side view
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BusiBneHa moMmyIIsiiss XapakTepu3yBaiacs OKPEMIMH
MOOIMHOKUMHU CTEPUIBHUMHU naroHamu (7 pOCIHH),
10 3pOCTANM Ha TUTOMI 0 2 cM? cepell iHIMMX MOXiB
(Encalypta streptocarpa Hedw., Gymnostomum calca-
reum Nees & Hornsch., Tortella inclinata (R.Hedw.)
Limpr. ta Myurella julacea).

Hamionansauit TIPUPOIHAN mapk (HIIIT)
"Kpemenenpki ropu" (IIpUpOIOOXOPOHHA TEPUTOPIsl B
VYkpaiHi B Mexax HHU3BKOTipHOTO macMa KpemeHerpki
ropu) po3ramoBaHuil Ha Teputopii Kpemenenpkoro ta
[Iymcrroro paiioniB TepHominabchkoi obmacTi. Kiimar
paiiony KpemeHenbkux Tip XapaKTEpU3YETHCS M'SIKOIO
3MMOI0, HE)KaPKUM JIITOM, 3HAYHOK KUIBKICTIO OIa[iB.
BimnocHa Bucora kpspky — 100-200 M, abGcomrorHa —
350400 m H.p.M. Pnopa cymuHHMX pociauH HIIIT
Oarara Ha piAKIiCHI, €HIEMIYHI Ta PENIKTOBI BHIH. 3
917 3pocrarounx TyT BUAIB 39 BKItOUeHI 10 UepBoHOT
KHUTH YKpaiHd, ABa — 10 €Bponeiickkoro YepBOHOTO
CIIMCKY, /IBa BHJIM 3HAXOJATHCS 1111 OXOPOHOIO bepHchkol
kouBeHIii (Convention..., 1979; Chervona knyha...,
2009; Shtogryn, Hotskaliuk, 2014).

T'opa Macnstun sik yactuHa Tpsanu KpemeHnernpbkux
rip 3alimae HaliOnbiry ruronty (634 ra) i po3ramoBaHa
Ha miBAeHHMIA 3axin Bix M. Kpemenens. Bona Oarara
Ha CHIEMIYHY Ta PEIIKTOBY POCIHHHICTh. EHmemMikamu
tinbku Kpemenenbkux rip BBaxarotbes Minuartia aucta
Klokov, Jurinea michelsonii 1ljin Ta By3bpKOJOKaTbHUHN
eHJleMiK 1 peniktoBuil Bua Betula klokovii Zaver., 1o
pocte nmumre Ha BepmuHax rip CtpaxoBa Ta MacisaTuH.
Oco0nmuBy yBary NpPUBEPTAOTh CKEJIbHI O010TOMH, SIKi
SBIISTIOTH COOOIO BIiIICIOHEHHSI CapMaTChKHUX BaIHSIKIB,
1110 BUXO/ISITh Ha TOBEPXHIO HA CXMJIaX IT00IN3Y BEPIIMHU
ropu (381 M H.p.M.), 1 Ha IKUX CHOCTEPIraeThCs 3HAYHE
PI3HOMAHITTSI MOXOITOAIOHHX.

Ckenst, Ha AKid 3HAWIEHO HOBUH s YKpaiHW BUJ,
3HAXOQUTHCS Ha 3aTiHCHIM NOUISHIN 3 JOMiHYBaHHSIM
Betula klokovii, wmae BepTukanbHy (GOpMY, TpaHb
SKOI CIpsAMOBaHa Ha MIBICHHUI-3aXiJ 1 Mae yXwI
90°. MakcumaibHUil MiKpopenbed) — TMOHMKEHHS Ta
MABHUIICHAS B MEKaX MpoOHOI MingHKH — csarae 20 cM.
Ha 1iif BepTuKasibHii CTiHII 3pocTatoTh Festuca pallens
(10%), Allium lusitanicum Lam. (5%), Asplenium ruta-
muraria L. (0,2%), Campanula sibirica L. (0,5%),
Gypsophila  thyraica Krasnova (0,5%), Minuartia
setacea (Thuill.) Hayek subsp. setacea (0,1%), Carex
humilis Leyss. (2%), Sedum acre L. (0,2%) Ta inmi
CYIMHHI POCIIMHH, 3arajlbHe IIPOEKTHBHE MOKPUTTS KX
csirae 60%. Kpim crierdpiyHUX BUJIIB, XapaKTEPHUX JJIsI
yrpymnoBanb acoriamii Minuartio auctae-Festucetum
pallentis, TYT TakoX TpPAIUIAIOTECS Me30QiTHI [nula
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ensifolia L. (Pentanema ensifolium (L.) D.Gut.Larr.
et al.), Linum catharticum L., Medicago falcata L.,
a Takox y3nicHi Bumu Geranium sanguineum L.,
Peucedanum oreoselinum (L.) Moench, Polygonatum
multiflorum (L.) All., Valeriana stolonifera Czern.,
Vincetoxicum hirundinaria Medik.

[pyHTH B Takux yrpylOBaHHAX PO3TAIIOBYIOTHCS
HE CyLIIbHUM ITOKPHUBOM, a aKyMyJbOBaHi B TpPILIMHAX
Ta Ha yJaMKax Ckemnb. lle, sk mpaBmiio, KambIedimpHi
PEHI3UHOBI JIETITOCOII, TIOTYXHICTh SIKUX KOJIMBAETHCS B
Mexax 7—13 cM. Y opiBHSAHHI 3 IHIIUMH YTPYTOBaHHIMH
BimcimoneHb ocanoBux mopix (Vasheniak, Didukh, in
press) TOTYXXHICTh JIENTOCOJNEH OiNbIIl BHCOKA, IO
MOB'I3aHO caMe 3 HAsSBHICTIO JICPHUHHHUX 3JaKiB Yy
TPaBOCTOI, @ TAKOXK CIIPUSTIMBUMH YMOBaMU 3BOJIOYKEHHSI
it GopMyBaHHS — PEHA3MHOBHX  JICNITOCONIB.  3a
XIMIYHUM CKJIaJIOM TaKl JEIITOCOIl MICTATh ITiABUILIEHUI
BMIicT Tymycy (5,4%), BMICT HOHIB KaJblil0 Ta MarHiro
(y mepepaxyHKy Ha Kaiblliii kapOoHaT — 25,8 MMOIB/KT
TPYHTY), a TaKOX KACIOTHICTH pH 7,5.

BpaxoByroun HaBelneHe BHINE, a TaKOX Te, IO
yTpyNOBaHHs BUIMX POCIHH, B SKOMYy Oyna 3HaineHa
M. sibirica, HalNEXNTH 10 PIIKICHHUX, IO OXOPOHSIOTHCS
Pesomroniero 4 bepHcbkoi konBentii "El1.1.1 €Bpo-
cHOIpChKi YrpynoOBaHHS Ha ylaMKax CKenb", MICTUTbH
0ararto eHIEeMIYHUX, PIJIKICHIX, B TOMY YHCII BKIIFOUCHUX
1o Yepsonoi kauru Yipainu (Chervona knyha..., 2009)
Ta PENIKTOBUX BH/IIB, MOYKHA 3pOOHTH MPHITYIICHHS, 1110
BHUSIBJICHA TIOMYJISIIS IIBOTO BHLY TAKOX € PETIKTOBOIO.

Oxoponnuii craryc. Bun BximoueHo 10 YepBoHoro
CIHCKYy MIDKHApOZHOTO COI03y OXOPOHH IPUPOIH
3 kareropieto VU (B2ab (ii,iii,iv)) (Baisheva et al.,
2019), YepBOoHOI KHUTH €BPOMEHCHKUX MOXOIOMIOHUX
3 kareropieto Endangered (E) — 3nmkatoui (Red Data...,
1995), BiH BXOIWUTH [0 HOBHX BHJIaHb UYepBOHOTO
cnucky eBponelcekux Opiodirie (Hodgetts, 2015),
€Bporeiicbkoro YepBoHOIO CIIUCKY MOXIB, ICUIHOYHUKIB
Ta aHTOLEPOTIB 1 Mae kareropito VU 3a kpurepiem B2ab
(i1,iii,iv) (Hodgetts et al., 2019). ¥ nexinbkox kpaiHax
€Bpomu HOTO BKIIIOYEHO [0 HAIlOHANEHUX YepBOHUX
CIIMCKIB 3 PI3HOI0 Kareropiero pinkicHocTi: B ABCTpii
pO3TIIAAaEThC SIK BUA, IO MOTSHIIWHO ITiJ] 3arPO30I0
(Grims, 1999; Grims, Kockinger, 1999), y CnoBayuunni —
ax 3aukarounii (EN) (Kubinska et al., 2001), y Xopsarii —
sik BpasnmBuii (VU) (Alegro et al., 2018), y Pymysii — B
kputnuHii Hebesmeni (CR Blab (ii, iii) +2ab (ii, iii))
(Ellis et al., 2015), y CiioBeHii — ik IMOBIpHO 3HHUKIIUH
(Data deficient-vanished (DD-va)) (Martinc¢i¢, 2016), B
€Bporeiicekiit yactuHi Pocii 3aHecennit 1o YepBoHOi
kuuru Pecnyomniku Kowmi, e Mae 2 kareropiro (BUIH, 110
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CKOPOYYIOTh CBOIO YHMcelbHICTh) (Zheleznova, Shubina,
2009), no YepBoHoi kuuru Yesnsi0iHCbKOT 00nacTi, 1e Mae
3 kateropiro (pinkicauit Buxa) (Dyachenko, 2005).

Sk npuyMHU (QParMEHTOBAHOTO PO3MOBCIOIKEHHS
M.  sibirica HaWdacTimie BKa3yIOTbCS TIPHUPOIHA
pizkicHicTe By B €Bpomi, HOro CTEHOTOIHICTh
(xanmprepinbHUHN BUJL, TPAIUISIETHCS JIUIIE HAa BATHAKOBUX
cyOcTparax) Ta HU3bKa KOHKYPEHTOCIIPOMOXKHICTb
Yy TOpIBHAHHI 3 iHIIUMH KOMIIOHEHTAMH DPOCIHHHHUX

yrpynoBanb. Ha 3MiHy 4HCEIBHOCTI BIUIMBAIOTH
pekpeartiiHe  HaBaHTXEHHS Ha  MICHE3POCTAHHS
(BUTONTYBaHHS Ta BHPYOKa TIPCBKHMX JIICIB, IO

MPU3BOAUTE 0 BUCUXAHHS KaM'SHUCTUX CyOCTparTiB) Ta
eposiiiHi mporecu Ha ckensix (Baisheva et al., 2019).

BucnoBknu

Takum ymHOM, B VYKpaiHi HOKM IIO BioMa €auHA
momyssimist M. sibirica. BusBieHa TOMymAIis Tyxke
HeYHCceNbHa, HA IHIIMX CKEeJIBHHX BHXOJAaX Yy Mexax
HIIIT "Kpemenenpbki ropu" BUI MMOKU M0 HE 3HANWICHHIA.
Ha cporoziHi MM HE MOXKEMO OIIIHUTH Ta CIIPOTHO3YBATH
Oy/1b-sIKi 3MIHH IUIOIL ICHYBaHHS, 00J1aCT1 MOIIMPEHHS Ta
3MEHIICHHS YHCENBHOCTI 03 TUTAHOMIPHUX JTOCIIKEHb
BUSIBIICHOT MOMYJISIIT. AJie 3TiJJHO 3 HasSBHUMH JaHUMH
Ta 3a octaHHiMH Kpurepismu MCOII, amanmToBaHMX
st moxononioHux  (Hodgetts, 2015), xpurepii D
(my>xe HeBenmMKa UM OOMEXKEHa TIOMYIAIIs) MOXKE
OyTH 3aCTOCOBAaHHMH ISl TIOTEPEAHBOI OLIHKU CTaTycy
M. sibirica. BinmoBinno, M. sibirica onepeIHbO MOXKE
MIpeTeHAyBaTH Ha Kareropito Bpasznusuil Buj (VU) Ha
HaI[lOHATBHOMY PiBHI.

Heoobxinni JIO/IaTKOBI JIOCITIDKCHHS Ta
uiecnpsiMoBanuii nomyk M. sibirica Ha Teputopil
HIIIT "KpemeHenpki ropu" Ta CyMDKHHX TEPHTOPISX.
Oco0auBYy yBary CiijJ NPUIUTATH BalHSIKOBUM BHXOJaM
JCOBOTO Ta CyOaJbIHCHKOTO TOSICY YKpPaiHCHKUX
Kapmar. Y pasi orpumaHHsS H0IATKOBOI iH(OpMAIIii
NPOIIOHOBAHMK ~CTaTyc IbOrO BHIAY MOXe OyTH
YTOYHEHHUM a00 TEePEerNIsSTHY THM.

Tloasiku

ABTOpPM BHCIIOBNIOIOTH IIMPY MOMIKY aaMiHicTpamii Ta
cniBpobiTarkam HIIIT "Kpemenenpki ropu" A.O. Llrtoruny
ta [.5I. JloBraHiok 3a JONOMOrY B OpraHisamil MOJbOBHX
mpod. M.C.
O.M. AdoHiniii 3a mnepeBipKy NpaBUIBLHOCTI BH3HAYCHHS

IOCHiIKEeHb, 1.0.H., IrmatoBy 1 m.0.H.
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3pa3ka. Takox aBTOpM INUPO BASYHI crioHCOpaMm ((hoHK
Anexcannpa ¢on I'ymGonbara, Himeuunna (Alexander von
Humboldt Stiftung, Deutschland) i TOB "Csermen", Ykpaina)
3a JIONIOMOTY B OTpPHMaHHI OOJaJHAaHHS, HAa SIKOMY BHKOHAHa
naHa poOora.
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Abstract. The functional state of the photosynthetic apparatus of shade-tolerant forest herbaceous species (Polygonatum multiflorum,
Convallaria majalis, Asarum europaeum) and shrub layer plants (Padus avium, Corylus avellana, Euonymus europaeus) from various
plots differing in light supply levels has been studied. Maximum quantum yield of photochemical reactions in photosystems II
(F /F ) of plants from different layers and plots was in the range 0.766-0.815. Higher F /F  values were found in herbaceous species
from the plot better provided with water and mineral elements, but more shaded. At low photon flux density (PFD) of actinic light (80
umol (quantum)-m-s'), herbaceous plants from this plot had also higher effective quantum yield of PSII (F’ /F’ ), photochemical
quenching of chlorophyll fluorescence (qP) and quantum yield of electron transport (¢PSII). Lower levels of non-photochemical
quenching (qN) of fluorescence in the antenna of herbaceous plants at low PFD indicate a lesser part of energy dissipation in the light-
harvesting complex. At high PFD (800 umol (quantum)-m2's™') it was revealed the decrease in F' /F’_, oPSII and gP (especially qP in
Asarum europaeum and Convallaria majalis) and the increase in N in all herbaceous plant species from different plots. The values
of qP and @PSII parameters at both low and high PFD of actinic light were higher in Padus avium and Euonymus europaeus from
a less illuminated plot. Higher @PSII and lower qN levels in shrub layer plants from a more shaded plot show their more efficient
solar energy utilization in photosynthetic processes. Higher absolute values of qP and @PSII parameters in shrub layer plants at 800
pmol (quantum)-m2's~ indicate their higher resistance to high light intensity compared to herbaceous species. Investigated plants of
herbaceous and shrub layers are characterized by high plasticity of the photosynthetic apparatus, that provides to their growth both
under the forest canopy and in open areas.
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Pedepar. [Jociimkeno GpyHKIioHATEHIN CTaH (POTOCHHTETUYHOTO allapaTy TIHbOBUTPUBAIMX JIICOBUX TPaB'sHUX BUIIB (Polygonatum
multiflorum, Convallaria majalis, Asarum europaeum) Ta poOCIVH YarapHUKoOBOro sipycy (Padus avium, Corylus avellana, Euonymus
europaeus), SIKi 3pOCTaJIU Ha TUISHKAX 13 pi3HUM piBHEM CBITJIOBOTO 3a0e3medeHHs. MakcuManbHUI KBaHTOBHN BUXi/ (POTOXIMIYHUX
peaxuiit y porocucremax II (F / F ) pocnun pisHuX spyciB Ta AiIAHOK 3HaXomuBcs B Mexax 0,766-0,815. Buute 3nauenns F / F
BUSIBJICHO y TPaB'sTHUX BHIB 13 Kpalie 3a0e3redeHoi BOJIOT0I0 | MiHEpaIbHUMHE €JIEMEHTaMU Ta O1IbII 3aTiHEHOT AUITHKH. 32 HU3BKOT
ryctuan noToky ¢ortouiB (I'TID) apirodoro ceimia (80 Mrmonb-M 2-c™') Tpa'siHi pociuHM 3 Takol MIISHKA Majid BHUII pealbHUI
xpantosuit Buxin (F' / F' ), horoximiune racinns ¢uyopecuentii xaopodiny (qP) Ta kBaHTOBMI BUXiJ] €J€KTPOHHOTO TPAHCIIOPTY
(e®CII). Hwxkuwmii piBens HedoToximMidHOTrO racinHs ¢uyopecueHnii (qN) B aHTeHI TpaB'sITHUX POCIHH HA CBiTIi 3 HU3bKOIO ['TID
BKa3y€ Ha MEHIIY YACTKY PO3CIIOBAHHS €HEpril y CBITIO30MpaabHOMY KoMILIeKci. 3a Bucokoi I TI® (800 MkMoib-M ¢ ') BigMivamocst
srwkenHs F' /F'  o®CII i qP (ocobnuso qP B Asarum europaeum ta Convallaria majalis) Ta 3poctanss qN y BCiX BHIIB TPaB'sHUX
POCIIUH 3 pi3HUX AULTHOK. 3HaueHHs napamerpis P Ta @OCII sk 3a Hu3bkoi, Tak i Bucokoi ['TID mirouoro cBiTia Oynu BUIIUMH y
Padus avium ta Euonymus europaeus, 1o 3p0CTalli Ha MeHII ocBiTIeH i aumsami. Bummnit ¢ CII Ta Hmokunit piseb qN 'y pocinuH
YarapHUKOBOTO sIPyCY 3 OUIBII 3aTiHEHOT AUISHKY BKa3ylOTh Ha €()eKTHBHIIlIe BUKOPUCTAHHS COHSIYHOI eHeprii y (POTOCHHTETHYHNX
nporecax. Bumii a6contorHi 3nadeHHs napamerpis P i ¢@DCII y pocinuH yarapHHUKoBOTO sipycy mpu 800 MKMOIb'M ¢! cBiuarh
PO IXHIO BHUIY PE3UCTEHTHICTH 10 Mii CBiTJIa BUCOKOI IHTEHCHBHOCTI, MIOPIBHAHO 13 TpaB'sHUMHU BUAaMH. J{OCHiIKyBaHI pOCIHHA
TPaB'sTHOTO 1 YarapHUKOBOTO SIPYCiB XapaKTE€PU3YIOTHCS BHCOKOIO ILTACTHYHICTIO (POTOCHHTETHYHOTO amapary, IIo 3abe3nedye
MOXJIUBICTB 3pOCTAHHS SIK ITiI HAMETOM JIICY, TaK i Ha BIJKPUTUX JUISTHKAX.

KutrouoBi cj10Ba: pociavHu TPaB'sHOTO SIPYCY, POCIMHH YarapHUKOBOTO SIPYCY, CBiTI03a0e3nedeHicTh, (yopecueHis, (oTocHHTe3

TOJIOBHMM YMHOM, ONITHYHUMH BIACTHBOCTSMH JINCTKIB:
NEePEeBAKHO TOMIMHAKOTHCSA CHHI Ta YEPBOHI IMPOMEHI,
a TIPOIMYCKAETHCSI OUIBIIC IKOBTO-3CJICHHUX, TAJICKUX
YepBOHHUX Ta IH(paYepBOHUX IMPOMEHiB. Hes3Bakarouu
Ha JOCUTH 30IJHUIMI KUIBKICHUM Ta SAKICHHUH CKIaj
CBiTIA, 0araTo TIHBOBUTPUBAINX TPAB'STHUX POCIUH
Ta YarapHHKIB YCIIIIHO BETeTyIOTh 3a JIAaHHX YMOB.

Beryn

CBITJIO € OCHOBHMM JIMITYIOUMM (DaKTOpOM JUIs
JCOBMX eKocucTeM. JlMHamiuHi CBITJIIOBI yMOBH Yy
HaMeTI JIiCy Ta ITiIHAMETOBOMY MPOCTOP] BU3HAYAIOTHCS
apXITEKTOHIKOIO KPOH ICPEBHUX BHJIB; OPIEHTAIIETO,
pO3MipamMH, ONTUYHHMH XapaKTEPUCTUKAMHU JIHCTKIB;

JIEHHUMU 1 Ce30HHUMH 3MiHAMHU KyTa TaliHHSI COHSTIHIX
MIPOMEHIB; a TaKOXX 3ajeXaTh BiJl MOTOAM Ta CHIH
BiTpy. BaxknuBe 3HaueHHs y popmyBaHHI (oToxmiMaTy
MaroTh MHPOCBITH, CBITJIOBI "BiKHA", y KpOHaxX i MixX
kponamu (Tselnyker, 1969; Muscolo et al., 2014).
Jlo OCHOBHMX OCOOJMBOCTEH CBITIIOBOTO PEXHMY
BCEpeHHI JTICOBUX (DITOIEHO31B HaNIeXkKaTh: 1) 3HWKESHHS
ryctuan  notoky Qotonis (I'TI®) ¢dorocuaTeTndHO
akTuBHOI pamianii (DPAP) i 3MmiHa ii crekTpaibHOro
CKJIay; 2) CKOPOYCHHS TPUBAIOCTI CBITIOBOTO IHS; 3)
3MiHa CITIBBIJIHOLICHHS NpsIMOI Ta PO3CisTHOT pajiarii;
4) HEOHHOPITHICTH OCBITJIICHHSA B MPOCTOpPi Ta dHaci,
MOB'si3aHa 13 3aKOHOMIPHMM TE€PEMIIEHHSIM CBITIOBUX
"BiKOH" YHACIIOK PyXy COHIIA Ta 3a Aii BiTpy (Alekseev,
1975; Lieffers, 1999). JlucTku NOIHMHAOTH 10 85—
90% mnanarogoro Ha HMX BunpomiHioBaHHs (Tselnyker,
1969). UYepe3 oxumH miap 3iMKHYTHX, T'OPH30HTAJIBHO
PO3MIIICHNX JIUCTKIB MOXe MpOoUTH He Oimpmr 10—-15%
paniamii. [Ipomyckannst HacTynHOTO HIapy ckiagae 10—
15% i€l KinpkocTi, TOO6TO 1-2% COHSIYHOTO OCBITIEHHS
Ha BigkpuTomy Micmi (Tselnyker, 1969; Liefers, 1999).
TakuM YHMHOM, JI0 POCIIMH HUIKHBOTO SIPYCY MOTPAILIsE
mume 1-3% AP moBrHoro ocsimienus. CriekTpanbHi
napametpu DAP mig HameTroM JiCy BH3HAYAIOTHCS,
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Od4eBHUIHO, MO BiAMOBiAI (POTOCHHTETHYHOTO amapary
(®CA) Ha 3MiHH IHTCHCHBHOCTI Ta CIEKTPaJIbHOTO
CKJany CBiTIA TOBHHHI OyTH ONHMMH 3 HaWOULIBII
JUHAMIYHUX ~ (QYHKIIH ~ pOCIMHHHMX  OpraHi3MiB.
IcHyBaHHS POCIIUH i1 HAMETOM JIiCY TIOB'SI3aHE 3 PSIOM
aHatoMo-MopdosoriyHux  Ta  (i3ioa0ro-06i0XiMIYHHX
0COOJIMBOCTEI, SIKI CIPUSIIOTH €PEKTUBHOMY CBITI0300pY
3a HU3BKHX PIBHIB OCBITJIICHHS, 301THCHOTO B YEPBOHO-
cunbomy nianasoni MAP. Bimomo, 110 TiHBOBUTpUBAITI
POCIIMHH  XapaKTePH3YIOThCSl YTBOPEHHSM JIMCTKOBOT
MO3aiKH 3 NePEeBaKHO TOPH30HTAIBHUM PO3TALIYBaHHIM
JUCTKIB, MAIOTh IHUPOKi Ta TOHKI JUCTKOBI TUTACTHHKH 3
HE3HaYHUM BMICTOM y KJIITHHAX BEJIMKHX 32 PO3MIpOM
XJIOPOIIIACTIB, PO3TAIIOBAHHUX IapajieNbHO JIMCTKOBIH
MOBEPXHI JUISi MAaKCHMMaJIbHOTO MOIIMHAHHS CBITIOBOT
eHeprii. Xumoporutacti "TiHbOBUX" POCITHH IOPIBHIHO
i3 "CBIJIIOBUMH" MICTSTH OLIBINY KiJTBKICTh THJIAKOITIB
y TIpaHax, MaloTh BHUIIUA BMicT xmopodimiB (Xi),
CBITIIO30MPANTPHAX ~ MITMEHT-OITKOBHX  KOMILICKCIB
(C3KII), Hmx4Yy KUIbKICTh peakliiHUX IEHTpIB
¢dorocuctemu II (PCII) Ta HIDKYI CIiBBITHOIICHHS XII
a/b, mBuKicTh razoo0Miny CO,, akTUBHICTb (hPepPMEHTIB
nukiny Kameina (Murchie, Horton, 1997; Bailey, 2001;
Mathur et al., 2018).
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CBiTiIOBa ajanTarlisi y Mexax BUIY TAKOXK BKIJIIOYAE
3MiHH MOPQOIOrii JUCTKIB, CKJIAAy THIAKOIIHUX
MeMOpaH, aKTHBHOCTI (OTOXIMIYHHX 1 TEMHOBHX
peakuii, GyHKIIOHyBaHHs ()EPMEHTIB Ta PErYJISTOPHUX
MeXaHi3MiB MEePBUHHUX IpoIeciB GorocunaTesy. OnHAK
taki Binnmosini ®CA Ha 3minu [TID Ta cniekrpanbHOTO
CKJIa[ly CBITJIAa HE € YHIBEPCAIBHUMH 1 CIIOCTEPITalOThCS
He B ycix BuaiB (Lichtenthaler, Burkart, 1999).
VY micoBHX I€HO3aX POCIMHH OIHOTO BHAY 4YacTo
3pOCTalOTh y PI3HUX, IHOAI KOHTPACTHHX CBITJIOBHX
ymoBax. ®CA pociuH, IO PO3BUBAIOTHCA 3a Pi3HOL
OCBITJICHOCTI, MIJUIATAa€ CTPYKTYPHIN 1 QyHKIIOHAIBHIN
ajanTarii, xoda CTYIiHb IJJACTUYHOCTI MOKA3HHKIB €
BHJOCICI(IYHOO. Y HaAmUX TIOMEepeaHiX pobdorax
Oynu nociipxkeHi MOp¢oJIoTiuHi 03HAKH, QYHKIIIOHATBHI
xapaktepuctuku DPCA neskux BHIIB poxy Acer L.
(Dovbysh et. al., 2006; Voloshyna et al., 2008),
xmopodinazHa aKTUBHICTH, MIMEHTHUH ckian (Syvash
et al., 2016) Ta Bmict kcantodiniB (Onoiko et al., 2018)
Yy pOCIHH PIi3HHX SPYCiB JIiCOBHX eKocucteM. llpore
MaJIOAOCIHI/DKCHUM ~ 3aJIMIIAETHCS  THTAHHS  OIIHKH
crany @CA TIHPOBHTPHBAJIHNX POCIHH OJHOTO BHUIY, AKi
3pOCTAOTh 32 Pi3HOTO PIBHS CBITJIOBOTO 3a0C3MCUCHHS.
BuBuenHst naHoi npobiiemn 00yMOBIIEHE HEOOXIIHICTIO
3'siCyBaHHS MEXaHi3MiB amanranii POCITUHHAX
OpraHi3MiB JI0 pi3HUX CBITIOBHX YMOB. DyHKIIOHAIEHA
ajanTaris 10 TIeBHOTO PIiBHSA OCBITIICHOCTI MO)Ke OyTH
OIlIHEHA 3a JIOTIOMOTOK0 METOY 1HIYKIIT (iryopecieHIil
XJI0po iy, IKAH MHUPOKO 3aCTOCOBYETHCS B EKOIOTIIHIX
nociipkennsx (Cavender-Bares, Bazzaz, 2001). 3a
BHKOPHUCTAaHHS IIHOTO METOAY B HamIiil poboti Oyrmo
nocmipkeno  gynkuionaneauid  cran @CA  pociuH
TPaB'sTHOTO 1 YarapHUKOBOTO SPYCIB IIMPOKOIUCTSIHOTO
JIicy, SIKI 3pOCTajM B yMOBaX Pi3HOTO PIBHS CBITJIOBOTO
3a0e3MeueHHsI.

Marepianu Ta MeToau

JlocipreHHs [IPOBOTUITN Ha POCIIUHHOMY
Marepiaii, 3i0paHoMy B bBoTaHIYHOMY 3aKa3HUKY
3araJibHOACP KaBHOTO 3HAYEHHS "JlicHaukn"

(50°17"mH. 1. 1 30°32' ¢x. 11.) y MeKax KJIIEHOBO-SICEHOBO-
BimpxoBoro usicy (Didukh, Chumak, 1992; Didukh
et al., 2000) Buitky 2016 poky. O6'ekTamMn 1OCIiKEHb
Oyl JIMCTKH TIHBOBUTPHUBAJIWX POCIHUH TpPaB'sTHOTO
SApycy, IO 3pocTany mix HameToM Jicy (Polygonatum
multiflorum (L.) All., Convallaria majalis L., Asarum
europaeum 1.) Ta POCIMH YarapHUKOBOIO SIPyCy
(Padus avium Mill., Corylus avellana L. ta Euonymus
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europaeus L.). Pociuan Oynu 3i0paHi 3 IBOX IUISHOK
Jicy, YMOBHO mo3HaueHHX sik "Bepxus" (HallOinbin
MiIBUINEHA JIAHKA penbedy  CXiTHOI  YaCTHHHU
3akasznuka) 1 "Hixua" (po3TamioBaHa B MiCIli 3HHKEHHS
Ta BUPIBHIOBaHHSA penbedy, B pailoHi YHCICHHNX PyKaBiB
piuok /JliBepka Ta Itmnb) (Didukh, Chumak, 1992).
I'yctuay moTokKy (OTOHIB (POTOCHHTETHYHO aKTHBHOI
paniauii (I'TI® DAP) Ha moBepxHi JIMCTKIB BH3HAYAIIN
B MPHUPOAHUX yMOBaxX 3a JOMOMOroro mpmiamy LI-250
Lightmeter ("LI-COR", CIUA). Tpas'sai pociuHy,
BHUKOIIaHI 3 IPyHTOM, Ta IarOHU POCIIMH 4arapHHUKOBOTO
sipycy poxkuHOI0 30-50 cM, mOMIIIeHI y €MKOCTI 3
BOJIOK0, JIOCTABIISUTH B JIabopaTopiro mpotsrom 30—60 xa.
AHauri3 Matepiairy poBOIMIN HA ICHB 300pYy.

Bmict 'y IpyHTI  JIErKOTipOJII30BAHOTO  a30Ty
BH3HaYaH 3a MeroroM TropiHa i Kononooi (Horodniy
et al.,, 2005), pyxomux ¢opm ¢ochopy i Kamiro —
Kipcanosa (Yakist gruntu..., 2006). Bmict opranigaoi
PEYOBUHH (3arajlbHOTO TYMYCy) BU3Ha4aiu 3a TIopiHUM
(Yakist gruntu..., 2005), 0OMiHHY KHCIOTHICTb IPYHTY —
norenuiomerpuyao (Horodniy et al., 2005).

Oynkuionansanil ctaH @CA OLIHIOBATH METOIOM
iHayKii  guyopecnenmii xmopodiny. diyopecreHiito
X7 a B JTUCTKaX BHUMIPIOBAIM 3 BHKOPHCTAaHHSIM XE-
PAM c¢uryopomerpa ("Walz", Himeuunna) 3a KiMHaTHOT
temrneparypu. Jns 30ymxenus dayopecuenuii Xi a
MOJYJIbOBAHHIA CBITJIOBHHU MOTIK IMITYTECHOI KCEHOHOBOT
JaMIK MpPOIMYyCKalnd Kpi3b CHHBO-3esieHud ¢instp BG-
39 (5 mm, Schott). [HTeHCHBHICTH 30YKYIOUOTO CBITIA
pEeryioBajid 3a JI0NOMOro0 JiiagparM Ta HEUTPAIbHUX
¢ineTpiB. PeectpyBamm ¢myopecnennito X ¢ mpu A >
695 uM, BuKopucToBytoun Qinsrpu RG645/R65 (2 Mm,
1 mmM, Schott, Balzers) Ta RG9 (1 MM, Schott). [Jlani
3anucyBanu 'y ¢opmari ¢aini Excel 3a momomororo
mynsTEMepa UNI-T UT60E ("Uni-trend International
Ltd", Tonxonr), 3'enHaHoro 3 Komm'toTepoM. JIMcTKH
aJIanTyBaJM JI0 TEMPSIBH MPOTATOM 5 XB. MiHIMaIbHUI
piBeHb ryopecuenii aganToanux 1o tempseu (F)) Ta
ceitia (F' ) mcTkiB BU3HA4aIM 3a 1ii MOIyIb0BaHOTO (2
I'n) cBiTiia HU3BKOT iHTEHCUBHOCTI (~0,1 MKMOIB-M 2-¢™).
OryopectieHiiito Xy ¢ IHIIOBAIK MIFOYHM CBITJIIOM
80 a6o 800 mxMonb-M >c!, i 3a 57 XB BU3HAUaiH il
cranionapnuii pisens (F). MakcumanbHuii  piBeHb
(iryopecrieHIii amanTOBaHUX 10 TEMpPSBH (Fm) Ta
ceitma (F' ) nucTKiB BM3HaYamM 3a Jii HACHYYIOHOTO
iMmynecy (1 ¢) ramoreHHol TaMnu 3i UITBHICTIO TIOTOKY

¢dotonie 5000 mrmonb'M ¢!, DyHKIIOHATBHUIT
ctan ®CA oriHIOBa M 32 HACTYMHWMH IapameTpaMu
(duryopecrieHIii:  TOTCHIIHHWIA  KBAaHTOBHHA  BHXIJ

¢doroximiunux peakiii O@CII y TemHOamanToBaHUX
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Tabmuns 1. OcHOBHI XapaKTepPHCTHKH IPYHTIB i3 T0CTi/zKeHHX ALTSTHOK

Table 1. Main soil characteristics from different plots

JTinsiaka Bindbopy marepiamy
[Toxaznuku

"Bepxns" "Hixas"
OOmiHHa KuCIoTHICTH, pH 4,0+0,15 4,8+0,15
Opraniyna pedoBuHa (rymyc), % 1,7+ 0,34 4,3+0,165
Jlerkoriaposni3oBaHuii a30T, MI/KT 354+5,31 89,1 + 13,37
Pyxommuii pocdop, mr/kr 20,2 +3,00 63,3 +9,49
OOMiHHHI KaJTiil, MI/KT 39,6 £5,94 81,3+ 12,37

muctkax, F / F , (F —F) /F ; peanbuuii kBantoBuii
Buxinx ¢poroximivamx peakiiit @CII y cBiTioamanToBaHIX
nuctkax, F'/F' - (F' — F')/F' ); doroximiune racinus
(myopecnenii xnopodiny (qP), (F' —F) / (F'_— F');
koedinieHT HedoroxiMiuHOro raciHHs QuyopecueHii
xmopodiny (qN), (1 — (F' —F')) / (F_— F,)); xsanTouit
BHXiJ enekTponHoro tpancnopry (®CII), (F' — F) /
F'm (van Kooten, Snel, 1990). HocimKkeHHS TPOBOIMIN
y 3—4 pa3oBiif MOBTOPHOCTI.

Jns  crarucTmyHOi  OOpPOOKM  BHUKOPHCTOBYBAJIH
nporpamu Microsoft Office Excel i Statistica. Pe3yneratu
HaBEJCHO SIK CEepe/iHI BEJIMYMHH 31 CTaHIAPTHUMH
noxnOkamu. BiporigHicTs pi3HMII BHOIPOK BH3HAYCHO
3a gonomMororo f-kputepis Cthronenra 3a P < 0,05.

Pe3yabraTtu T2 00roBOpeHHs

CBITJIOBI yMOBHM Ha BHOpaHHX AUISTHKAX BiI3HAYAIUCS
HaA3BUYAMHOK AUHaAMIYHICTIO. MIiHIMaIbHI 3HAYEHHS
I[TI® ®AP y Hail0inpmr 3aTiHEHHX MICIIX IUISHOK
cximagamu 18-21 mrmonb-m ¢! ("Huwxkus") i 30-80
MEMOITb M 2-¢ ! ("Bepxus"). st pOCIMH YarapHUKOBOTO
sapycy Ha pinsakax "Hwxuas" i1 "Bepxusa" I'TI® DAP
cra"oBwiIaBianosigHo 170—220 Mxmoinb-M 2-¢'1400-500
MKMOJB'M >-¢”'. TIpH TIOBHOMY COHSYHOMY OCBITJICHHI B
cepenuHi JHA 1eW ToKa3HHMK aopiBHioBaB 1100-1200
MEMOITb M 2-¢ !, 3aramom I'TID OAP Ha BUOpaHUX HaMu
ninsiHkax Oyma B mexax 2-20% ("Hwxnas") i 5-50%
("Bepxusa") mamarodoro MOTOKY COHSYHOTO cBiTia. Ha
IUISHKaX 11 BIKHAMHM B HAMETI OCBITJIEHICTH Csraja ~
50% BiAKPUTOTO MICIIS.

HasiBHICTD HE3IMKHYTHX JUISHOK y HaMmeTi Jicy
MIPU3BOJIUTH J0 TIOSBH CBITJIOBHX "BiKOH'", HAa JMHAMIKY
SKMX HakKJIaJaeTbcs HE TUIBKM pyX COHIL, ane M
MOTOKHU HOBITPS, 1110 TPU3BOIUTH 10 (HOPMYBaHHS J1yKe
CKJIAJIHOTO i MIHJIMBOTO B 4aci Ta mpocrtopi "penbedy"”
ocBiTiaeHOCTI. ToMy BIIMIHHOCTI AUISHOK 32 CBITJIOBUMH
XapaKTePUCTHKAMHU OyJIM YMOBHHMH, OCKUIBKH JIOKAJIBHI
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Bapiamii MOIIM BiJpI3HATUCS JOCHTH cyTTeBo. Cin
BIIMITHTH, IO B PAHKOBI Ta BEYipHI TOAWHU, KOJH
COHIIE 3HAXOIUTHCS JIOCTATHBO HU3BKO HAJl TOPU30HTOM,
I'TI® DAP y mamerTi Jicy i 0cOOIHUBO B I THAMETOBOMY
MPOCTOPI CYTTEBO 3HMIKCHA IMOPIBHSHO 3 BIIKPUTHUMHU
TUISHKaMH, TOOTO TPHUBANICTh "CBITIOBOTO AHA" TIif
JICOBMM TOKPHUBOM MEHIIIA.

[pyHTOBHMI TOKpMB Ha IiISHKAaX 300py 3pa3KiB
MPEACTABICHUI  JIEPHOBO-TII30INCTUMH  IPyHTaMH,
II0 XapaKTepH3yIOThCs KHCIIOK peakuicto. BoHu He
30arayeHi KajblieM, OiHI Ha TYMYC, 3arajbHy KUIbKICTh
MOKMBHHUX PEYOBHH (a30THUX, (POCPOPHUX 1 KaTIHHUX)
ta MikpoenemeHTH. Crieru¢iuni (i3udHI BIACTHBOCTI

JAHUX  IPYHTIB (Ge3CTpYKTYpHICTB, HaaMipHa
BONIOTIDOHUKHICTh, ~aepallii Ta TeIUIONPOBIIHICTS,
HE3HAYyHAa BOJOIIAMOMHA CHJIA) BH3HAYAIOTh THII

pocmuaHEX yrpynosaHs (Didukh, Pliuta, 1994). "Hmxas"
JIUISTHKA XapaKTepU3yeThCsl 3HAUHO OaraTimimMu, noope
3BOJIOKCHUMH TPYHTaMH, Ha BigMmiHy Bin "Bepxupoi",
SKIi IpUTaMaHHi JOCUTH OiJJHI CBITJI IPYHTH, IO JIETKO
BTPA4aroTh BOJIOTY.

BMicT OCHOBHHX KOMITOHEHTIB IPYHTIB i3 3aTiHEHOI
"Hwxkupoi" Ta  Oimemr  ocBimieHoi  "Bepxupoi"
NUISHOK — mpezcTaBieHuii B Tabmn. 1. Ipynr Ha
aursail  "Hwkaa" OyB 3HayHO OaraTimuM 3a BciMa
JOCIIDKyBaHUMH TTOKa3HHKaMHU (OpraHiuHa pevyoBHHA,
JIETKOTIAPONTI30BaHUM  a30T, pyxomuii ¢ochop Ta
oOMiHHMHN Kamii). Ciaix BiIMITATH Takoxk, mo "HyokHas"
niisiHKa Oyina Oibin Bostoroto. Lle 3ade3neuye pocinHam
Kpallli yMOBH JUIsl BUKOPUCTaHHS HasiBHUX MiHEPaJIbHUX
KOMIIOHEHTIB, 0COOJIMBO 3a yMOB mocyxu. OKpiM TOro,
32 YMOB MiIBUIIEHUX TEMIIEPATyp i BHCOKOI iHCOJMSAIIT
OUTBII 3HAYHHUU PECYPC BOJOTH MOXKE 3a0C3MEUUTH BCi
TpaHCHipaiifHi TOTPeOH POCIUHH 1 3aTI00IrTH TIepeTPiBy
OCA.

A30T € OCHOBHHMM €JEMEHTOM, HEOOXITHUM IS
JKUBJICHHSI POCJIMH, OCKUIBKM HOTO HecTada HaHOLIbII
HEraTMBHO BIUIUBAE HA PICT, PO3BUTOK 1 IPOYKTUBHICTb.
Bwmict azory B 1pyHTI 3 "HwkHbBOI" mingHKH OyB
BUIIMM. Bifgomo, 110 6:1u3pko 70% a30Ty JIOKaIi3yeThCs
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B XJIOpPOIUTACTaX JIUCTKIB, MPHYOMY OUTbIIAa HOTO
YacTHHA BHKOPHUCTOBYETBCS [UISi CHHTE3Yy CTPYKTYp
®CA (Sage, Pearcy, 1987; Tang et al., 2019). Jdedimut
A30Ty TPOSIBIISIETHCS B PI3KOMY 3MEHIICHHI KUIBKOCTI
xmnopodiny ta TrinakoimHux OinkiB (Terashima, Evans,
1988). ['o;oBHMMH IETIOHEHTAMHU a30Ty B XJIOPOILIACTaxX
€ pubymnoso-1,5-6ic-pocdarkapbokcunaza/okcureHasa
(PyOicko), mOMiHaHTHMH pO3YMHHUM, CTPOMAaJbHUI
01J10K Ta CBITJIO30MPATEHAN MITMEHT-01TKOBHU KOMITJICKC
OCII (C3KII) — nHalinommpenimmii MeMOpaHHUNA O1JI0K
(Tang et al., 2019). V aucTkax TIHBOBHX POCIUH OLIbIIIE
asoty 3ocepemkyeThest B C3KII, Tomi sk CBITIIOBI TUCTKH
MicTsTh Oliblie a30Ty y pepmenrax 1ukiy Kanbpina Ta
CIIEKTPOHHUX IEPEHOCHHUKAX JUIS JOCATHEHHS BHUCOKOI
(hOTOCHHTETHYHOI TMPOJYKTUBHOCTI 32 YMOB BHCOKO{
incomsmii (Tang et al., 2019).

docdop € apyrum micias azoTy MaKpOeIeMEHTOM,
10 Hal9acTime JiMITye picT pociuH. BiH € KITIO90BIM
KOMITOHEHTOM HYKJIETHOBHX KHCIOT, (ocdomimiis,
AT®. Hecraua ¢docdopy HETaTHBHO BIUIMBAE Ha
po3BuTOK pociuH. Bumict docdopy B rpyHTi "Hrxuboi"
TUTISHKY OyB yTpudi BUIMM (Ta6m. 1).

Ha Binminy Bix a3oty Ta dochopy, Kaiiid B pociarHax
3HAaXOAUThCS TEPEeBAKHO B 10HHIH (GOpMI, TUIBKH
6mm3bK0 1% — y ckinazi 61IKOBHX CIIONyK KiiTHHU. Kaiit
MO3UTHUBHO BIUIMBA€ HAa IHTCHCHBHICTH (HOTOCHUHTE3Y,
OKWCHI TIPOIICCH B POCIHHAX, Oepe y4acTh y OOMiHi
ByIVIEII0 Ta a3oTy. Bwmict kamito B rpyHrti "HmxHboi"
JUISHKY BJIBiYi TepeBHINYBaB pe3yisrard 3 "BepxHpoi"
nIutstHKA (Taom. 1).

3Ha4yeHHS BOJOTH Ul POCTY POCIHH  BaKKO
nepeoriHnTH. Bosma € OesnocepenHiM cyOcTpaTtom
(hoTtocuHTE3y, TPOTE, SIK TPABHIO, POCTOBI IPOIECH
€ OUIbII YyTJAMBHMHM JIO HEcTadl BOJOTHM, HDK BJacHe
mporec  (OTocHHTE3y. 3a paxyHOK TpaHcmiparlii
MiATPUMYETBCSL TEMIIEPAaTypHUH ONTUMYM JIMCTKIB 1
nojiaya /10 HUX MiHEpaJIbHUX KOMIIOHEHTIB. Y BHIAJIKy
neinuTy IPyHTOBOI BOJIOTM 4Yepe3 KOPEHEBY CHCTEMY
BUJUISIOTBCSI TaK 3BaHI CKCyHaTH Ui TOKPAICHHS
3a0e3MeUCHHST HAXODKEHHS MiHEpalbHUX PEYOBUH, 1
TUM CaMHMM BTPaYacThCsl 3HAYHA YacCTHHA JICTIOHOBAHUX
PEUYOBHH, 110 3BUYANHHO 3HIKYE 3aTrajbHy €(PEKTHBHICTh
npouecy portocuntesdy (Lawlor, Tezara, 2009).

Oyuknionanpanit  cran  ®CA  TiHBOBHUTPHBAINX
pOCIIMH TpaB'ssTHOrO Ta YarapHUKOBOTO SIPYCIiB, IO
3pocTajy 3a PIi3HUX yMOB CBITJIOBOTO 3a0e3MedeHHS,
OIIHFOBAJIM METOJIOM 1HAYKIIIT (pIyopecieH i xiopodiry
npu aitodomy cBitii, ['TIO sikoro Oyna Onuzbkoro 1o ii
3HAYCHHS B NPUPOAHOMY ceperoBumli (80 MKMOIb M
2¢), abo x cyrreo BumEo (800 MrMmombM ¢,
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HAOJIDKCHOIO IO CEPEeIHIX 3HAUCHb BIIKPUTUX MITISTHOK.
Pesysbraru GuyopeceHTHHX JOCIIIKSHD PEICTaBIICHI
B Tabm. 2, 3.

OnHuM 3 0OcHOBHHX napameTtpis komiuiekciB DCII, 1o
xapakTepusye eektuBHicTb podotu @CII B amanToBaHNX
70 TEMpPSBU JIMCTKAX, KOJM XiHOHOBI akuentopu Q, €
MIOBHICTIO OKMCHEHHMH, € MaKCUMAaJbHHI KBaHTOBUIA
Buxij posainenns sapanis y ®CII (F / F ). [lorenuiiina
edextuBHICTH mymy KomruiekciB @CII agantoBaHuX 110
TEMPSIBH JIICTKIB POCIIMH TPaB'sIHOTO Ta YarapHUKOBOT'O
sapyciB, 3i0paHuX 3 000X AUIAHOK, cTaHoBmia 0,767—
0,813. OTpumaHi 1aHi CBiI4aTh MPO JOCTATHRO OIU3BKY
KBaHTOBY €()eKTUBHICTb IEPBUHHOTO PO3/IIICHHS 3apsiIiB
y ®CII y pocnuH pi3HHX SpYCiB 3 PI3HHX IUISHOK,
BIIMIHHMX 32 OCBITJICHICTIO Ta BMICTOM HITPOTEHY 1
¢docdopy. PiBeHb a30THOTO >KHMBJICHHS, SIK TOKAa3aHO B
po6orax Jin et al. (2015), BiuBae na Benuuuny F /F_Ta
He(doToximiuHe racinHs. B Toi ke gac, 3a manumu Ciompi
et al. (1996) ta Shrestha et al. (2012) edekruBHiCTH
tdoroximiuanx peakmniii @CII He 3MiHIOBamace 3a
YMOB pi3HOro azoTHoro 3adesneueHHs. Lleii mapamerp
BUKOPHCTOBYIOTh K IHAWKATOp IMepeOyBaHHS POCIHH
y HECHPUSATIMBUX yMOBaX, 3HIDKCHHS HOTO BEIWYHMHH
3aCBIUY€E, IO POCIUHM 3HAXOISTHCS Il BIUIUBOM
HEBHOTO CTPECOBOrO YMHHMKA. Jlelmo HUKYe 3HAUCHHS
F, / F_ BIMIYAIOCS ISl JIMCTKIB TPaB'STHUX POCIHH
3 "Bepxupoi" mimsuku (Tadm. 2). OueBumHo, mei dakt
MOXKHa TOSICHUTH PO3BUTKOM IIE€BHOTO DIBHS IOCYXH,
OCKITBKH 300py POCIHH TepenyBaB TPUBAIHU IIEPiOA
BUCOKOT TEMIIEpaTypH IOBITPS Ta BiJICyTHOCTI OMaiB.
Tpap'sai pocoman 3 "Hmxapoi" AUIAHKH, Kparie
3a0e3reueHol BOJIOTOI0 Ta MiHEpPaJbHUMH €JIEMEHTaMHU,
MaJIu BHIIE 3HaUeHHs F /F_.

Edexrupnuii (peanbhuii) xpantouid Buxim (F', /
F’' ) BHKOPHCTOBYETBCA JUIi OLIHKH €(QEKTHBHOCTI
(doroximigaux peaxmiit @CII 3a mii cBiTIa, KOIU YacTHHA
XiHOHOBMX aKlenTopis Q, 3HAXONUTHCA Y BiJHOBJIEHOMY
crani. Bizomo, 1o BeanynHa F / F' e CBITIIO3AJIEKHOIO:
M1/IBUILIEHHS] IHTEHCUBHOCTI JIiF0YO0TO CBIiTJIa IPU3BOAUTD
0 3HIDKECHHS PIiBHA F' / F 1 HaBIIAKW. 3HAYEHHSI
F' / F'_ ajantoBanux [0 cBiTia JUCTKiB (Tabm. 2,
3) mopisusro 3 F / F_ 3aramom Oynnm Hwkammu 3a
paxyHOK TeIJIOBOi JUCHNalii MOIIMHEHUX KBaHTIB. Y
TpaB'stHUX BHUIIB Polygonatum multiflorum ta Asarum
europaeum 3 "HrmxHBOT" NUTSTHKH F, / F . OyB BHUIIAM
3a Hu3bkoi ['TI® miroworo csitia (80 MMoIbM 2c™)
(tabn. 2). dna Convallaria majalis, 310paHux 3 pi3HHUX
JUISTHOK, pealilbHUH KBAaHTOBMM BUXIJ HE BiJpPI3HSBCS
3a girodoro cBimia 80 MxMonbM >c'. 3a BHCOKOI
ITI® (800 mxmomb'M 2:c!) BigMidamocs 3HHKCHHS
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Tabmuus 2. [Tapamerpu inaykuii ¢guyopecuennii xaopodiay ¢ pocnn Tpas'sHoro sipycy, 3i0paHux i3 pisHux AiIsiHOK
Table 2. Chlorophyll a fluorescence induction parameters of herbaceous layer plants from different plots

= -
Bun, ainamka yeTHHa TOTOKY (oTOriR, F/F. FF P aN o®CII
MKMOJIb'M >C

Polygonatum multiflorum

"BepxHst" 80 0,786+0,016 0,692+0,007 0,864+0,011 0,351+0,027 0,598+0,026
"Hukas" 80 0,813+0,005 0,770+0,009 0,899+0,009 0,199+0,014 0,692+0,031
"BepxHst" 800 0,783+0,007 0,671+0,029 0,648+0,011 0,641+0,030 0,435+0,023
"Hukas" 800 0,801+0,004 0,549+0,014 0,627+0,013 0,823+0,019 0,344+0,020
Convallaria majalis

"Bepxus" 80 0,791+0,014 0,763+0,007 0,911£0,019 0,179+0,007 0,695+0,012
"Hixrs" 80 0,803+0,014 0,75620,017 0,984::0,009 0,1530,010 0,744+0,018
"Bepxus" 800 0,798+0,014 0,513+0,037 0,473+0,046 0,883+0,009 0,242+0,037
"Hipxrs" 800 0,80620,007 0,689-:0,022 0,348+0,031 0,8030,045 0,240+0,062
Asarum europaeum

"Bepxus" 80 0,80140,011 0,764+0,005 0,852+0,006 0,217+0,008 0,651+0,011
"Hipkrs" 80 0,808+0,011 0,778+0,003 0,883+0,013 0,207+0,012 0,687+0,011
"Bepxus" 800 0,767+0,006 0,419+0,022 0,423+0,004 0,793+0,010 0,178+0,012
"Hipkrs" 800 0,783+0,018 0,447+0,038 0,425+0,035 0,802:£0,026 0,190+0,028

Tabmuus 3. Ilapamerpu inaykuii guiyopecuenuii xjopoginy a

POCJIMH YarapHUKOBOIO sIpycy, 3i0paHuX i3 pi3HUX AlJIsIHOK
Table 3. Chlorophyll a fluorescence induction parameters of shrub layer plants from different plots

I'yctuna notoky ¢oToHis,

Bup, ninsnka ML ! F/F, F/F qP qN eDCII
Padus avium
"Bepxns" 80 0,809+0,003 0,754=0,006 0,779+0,014 0,289+0,031 0,586=0,018
"Hiokas" 80 0,807+0,001 0,764+0,004 0,822+0,006 0,185+0,025 0,628+0,006
"Bepxus" 800 0,801+0,007 0,748+0,009 0,738+0,014 0,316+0,013 0,552+0,016
"Hipkas" 800 0,800+0,006 0,752+0,012 0,778+0,008 0,239+0,033 0,585+0,005
Corylus avellana
"Bepxs" 80 0,790+0,004 0,72940,011 0,781+0,011 0,291+0,015 0,569+0,010
"Hipkns" 80 0,809+0,002 0,708+0,016 0,832+0,008 0,242+0,008 0,589+0,009
BEPXHS 800 0,792+0,009 0,748+0,016 0,793+0,028 0,294+0,016 0,593+0,006
HIDKHS 800 0,807+0,003 0,709+0,010 0,848+0,013 0,276+0,012 0,601+0,009
Euonymus europaeus
"BepxHs" 80 0,792+0,026 0,739+0,010 0,778+0,022 0,272+0,033 0,575+0,016
"Hrokus" 80 0,782+0,004 0,721=0,019 0,900+0,036 0,269+0,011 0,649+0,030
"Bepxs" 800 0,792+0,023 0,723+0,017 0,771+0,019 0,272+0,043 0,558+0,017
"Hroxus" 800 0,789+0,009 0,716+0,009 0,846+0,012 0,176+0,020 0,605+0,013

(ocobmuBo B Asarum europaeum Oinbine Hix Ha 40%)
F' /F' B yciX BUJIiB TPaB'sHUX POCIIMH 3 PI3HUX JIITHOK
(tabm. 2). Pocimuu Convallaria majalis, mo 3pocTany Ha
"Hyokaiid" iasHIi, Majad BUILANK F’V / F .

JIi1st pOCIIUH 4arapHUKOBOTO SIPYCY 3 PI3HUX JUISHOK
Benvunna F' / F' npakTuuHO He 3MiHIOBanacs Ipu
akTuBamii (OTOXIMIYHHX PEaKIii CBITIOM SK HH3BKOT
(80 mrmonb-mM 2¢ ), Tak i Bucokoi (800 MKkMOIB M >C ')
I[TI® (tabnm. 3). OrpuMani maHi CBigYaTh PO BHUIILY
PE3UCTEHTHICTh POCIMH YarapHUKOBOTO SIPyCy A0 Jil
BHCOKOI IHTEHCHBHOCTI aKTHHIYHOTO CBITJIa IOPIBHSHO
13 TpaB'sITHUMH.

Vkpainucoxuii 6omaniunuii orcypuan, 2020, 77(4)

®doroximiyHe TraciHHsA (uryopecueHnii  XJIopodimy
(qP) BimoOpaxkae cTymiHb OKHMCHEHOCTI TIEPBUHHHX
XiHOHOBHMX  akIenTopiB  Q,, w9acTky "BiakpuThX"
peakiiitaux nenTpis @CII 3a meBHUX YMOB OCBITJICHOCTI.
BemmunHa P 3a11eXuTh SK BiJ] IBUIKOCTI HAJIXOKCHHS
€JIEKTPOHIB JI0 XIHOHOBMX akuenTopis Q,, Tak i Bin
iXHBOTO ITEpPEHECEHHsI Ha ITyJI IUTACTOXIHOHIB. 32 HU3BKO1
I'TI® nirogoro cBiTaa (80 Mkmonb M 2-¢c ') BemiunHa qP
OyJa BHIIOIO Yy JIMCTKaX BCIX BHUJIB TPaB'THUX POCIHH,
3i0panux 3 "Huxupol" pinstaku (Tadim. 2). [linBumnieHHs
IHTEHCHBHOCTI IIF0YOTO CBIT/IA TPU3BOANTE /IO 3POCTAHHS
YacTKH Bi/[HOBJIEHMX XiHOHOBHMX akuentopiB Q, 3a

319



paxyHOK OIIBII IHTCHCHBHOTO HAAXOIKCHHS 10 HHX
CJICKTPOHIB 1 HECIPOMOXKHOCTI IIBHIKO OKHCHIOBATHCS
MyJOM IUIACTOXIHOHIB, MpU LBOMY BenuduHa QP
3umkyetbes (Genty, Harbinson, 1996).

3a maHuM# Tabn. 2 BHOHO, IO TPH AKTHBAIii
¢oroximiunnx peakuiii ceimiom Bucokoi ['TID (800
MKMOIb'M 2-c’!)  3HaueHHsT mapameTpy (P CyTTEBO
3HKyBanucs (10 50%) i cranoBuim B cepeanbomy 0,64
(Polygonatum multiflorum), 0,41 (Convallaria majalis) i
0,42 (Asarum europaeum), npote piBeHb qP mpu maHii
IHTEHCUBHOCTI cBiTina OyB Onm3bkuMm y Polygonatum
multiflorum 1 Asarum europaeum 3 "Bepxupoi" i
"Humwxupo1" ninsHok. Benuunna P BUKOPHCTOBYETHCS
s ouinku QotoinrioyBanHs ®CA, TOOTO 3HMKEHHS
AKTHBHOCTI (POTOCHHTETHYHUX MPOLECIB TiJ[ BIUIUBOM
HAQ/ITUIITKOBOTO cBiTna. DoToiHTiOyBaHHS TOB's3aHE 3
MOBUILHUM BITHOBHHAM TIOIIKO/DKCHHSIM PCaKI[iHHUX
nenTpiB ®CII aktuBHUME (hOpMAMU KUCHIO, SKi MOXKYTh
B3a€EMOJIISITH 3 MIrMEHTaMH, OUTKaMu Ta ninigaMu (Aro
etal., 1993; Goh et al., 2012). OnHi€ro i3 XapaKTePUCTHK
¢oroinridyBanass ®CA pOCIHMH € 3HIKCHHS BEIHYUHU
qP wmwmwxkue, ik mo 0,6 (Horton et al., 1996). Taxk,
MEHII PE3UCTEHTHUMH JIO CBITIa BHAAMH BHSBHIIUCS
Convallaria majalis 1 Asarum europaeum. OCKUIbKH
B npuponi ['TI® Ha piBHI TUCTKIB HIKHBOTO SIPyCy HE
nepesumniyBaga 100 mMrmonsmM ¢!, Takuii (eHOMEH,
OYEBHUIHO, OyB 0OYMOBIICHHI MEHIIIOIO PE3UCTEHTHICTIO
JIMCTKIB 110 (POTOIHriOyBaHHSI.

Y pocniWH dYarapHHKOBOTO spycy, 3i0paHux 3
"Huxupo1", OUIBII 3BOJOKEHOI IUISHKH, MOPIBHSIHO 3
"Bepxuporo", Benmuunau qP npu akTuBaii poToxiMigHIX
peakiiii cBiTioM sK HU3bKOI (80 MKMONB'M 2-¢!), TaK i
Brcokoi (800 MxkMmois M 2-¢ ) TTID Gymu Bunmmu. Kpim
TOrO0, a0COIIIOTHI 3HaUeHHs P y BUAIIB CepeiHbOrO sIpycy
npu 800 MKMOJIB'M ¢!, TIOPIBHSHO 3 TpaB'ssHUM, OyJH
BumuMHK 1 cranosuwin 0,74-0,85 (tabn. 3). Orpumani
JaHl BKa3ylOTh Ha Kpally IPUCTOCOBAHICTh POCIIUH
YarapHUKOBOTO SIPYCY O BUCOKHUX PiBHIB OCBITJICHHS.

Bummit piBenb qP y nociiukyBaHUX BHIIB POCIUH
YarapHUKOBOTO SIPYCy TIPH BHUCOKIH 1HTEHCHBHOCTI
Niro4oro cBiTia Bkasye Ha Oinbmry wactky OCII 3 Q,
B OKHCHEHOMY CTaHi, TOOTO "BiIKpUTHX'" peaxIiifHnx
LEeHTpiB. Buie 3HaueHHs BeanyuHU P y TaHuX pocivH
MO’KHA [TOSICHUTHU LIBUIIINUM OKHCHEHHSM IUIACTOXIHOHY
KOMITJICKCOM IIUTOXPOMIB b6/f BHACHIJJOK 3pOCTaHHS
IIBUIKOCTI BiATOKY enekTpoHiB 10 OCI.

OuiHKy = KBaHTOBOI'O  BHXOAY  €JIEKTPOHHOTO
tpancropty, ®CII, 3miCHIOIOT, 3 BHKOPUCTAHHIM
BEJIMYMHHA KBAaHTOBOTO BUXOAY (DOTOXIMIYHUX peakIiiit
y ®CII B ananToBanomy o csitia craui (F' / F' ) Ta
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yacTki "Binkputux" peakuiiinux nexrpis OCII (qP).
3HaueHHs1 JaHOro mnapamerpa 3ajexurts Big [TIO
TIOUOTO CBITJA, IIBUINCHHS $KOi TPU3BOIUTH JIO
sumkeHHss @PCII. Orpumani pe3ysabTaTtd CBig4arh, IO
3a Hu3bkoi ['TID (80 mrmomb-M2c!) crmocrepiramocs
Buie 3HaueHHs ODCII y nmcTkax ycix AOCHiKeHUX
BHJIB pocimH, 3i0panux 3 "HwkHpoi" AUIsHKH, Kparie
3a0e3reueHol BOJIOTOI0 1 MiHEpalbHUMH €JIeMEHTaMH
(tabm. 2, 3). Lle y3romxyeThes 3 TiTepaTypHUMHU JTaHUMH,
32 SKHMH MakCHMaibHa e(eKTHBHICTH (oTocHHTE3Y
BiIOYBA€ThCSI B yMOBaX HHM3bKOi IHTEHCHBHOCTI CBITIIA
(Berry, 1975; Bilger, Bjorkman, 1990). Bummuit ®CII
npu 800 Mrmons'M ¢! BiagmiuaBes s Polygonatum
multiflorum, 316panux 3 "Bepxupoi" numaHku. Yci BUIH
POCJIMH YarapHHUKOBOTO SIpyCcy 3 OIUIbII 3BOJIOXKEHOT
"Hrmxupo1" MUITHKA Majdd BUIIAN KBAHTOBHUM BUXIJ
€JIEKTPOHHOT'0 TpaHcropTy npu Bucokii ['TID.

HagmumikoBe cBiTiO, €HEprisi SKOTO HE MOXE OyTH
0e3reyHo peaizoBaHol0 y POTOCHHTETHYHHUX PEaKIisX,
BBKAETHCS OHUM i3 OCHOBHHX (DaKTOpIB iHAKTHBAIIil
koMmiutekciB @CIIL. OcHoBHUM MexaHi3MoM 3axucty DCA
BiZI (hoTOIHTIOyBaHHS € TEIUIOBA AUCHUIIALIIS HATUIIKOBOT
CBITJIOBOI eHeprii, sIKy 4epe3 ii MOHITOPHMHI METOIOM
innyknii  Quyopectennii  xiopodiny  Ha3MBaKOTH
HedoToximMiyanM racinasam (qN). 3a nusbkoi I'TID (80
MKMOJIb'M >¢ ') 3HaueHHs mapamerpa N y JIHCTKax
Polygonatum multiflorum 1 Convallaria majalis, mo
3poctanu Ha Outhin 3atiHeHid "Hwkuild" niutsHIi, Oymu
HWKIUMH. HatoMmicTs, y Asarum europaeum 3 pi3HHX
ninstHOK BennunHU N IpW JaHiil ocBiTIIEHOCTI Oynu
Omm3pkuMHE (Tabm. 2). Hkumii piBeHb HEPOTOXIMITHOTO
raciHHs B aHTEHI pPOCIMH TpPaB'SHOrO SpyCy, IO
3pocramu B "HmkHill" ningHIN, BKa3zye Ha MEHIILY
yacTKy po3sciroBanHs eHeprii B C3KII i, BigmoBigHo, Ha
3pocTaHHs 11 yTHITi3alii, IO MATBEPIKYETHCS BUIIMMH
3HaueHHsMH napametpa qP i pPCII.

PiBeHb TeruioBOi gHCHIIAINl B aHTCHI 3pOCTa€
mpu mninBumernHi [TI® mirodoro cimma. [ms Beix
JIOCIIJDKEHUX BHJIB TPaB'SITHOTO sIpycy Biamidanocs
3pocranus N 3a mirodoro ceimia 800 MKMOIBEM >¢c!, B
cepeaubomy Bix 0,2 1o 0,8.

IIpu BHCOKIH OCBITIICHOCTI BiOyBa€eThHCA
MIepEBITHOBIICHHS KOMITOHEHTIB EJIEKTPOHTPAHCIIOPTHOTO
JIAHIIOTa Ta CYTTEBO 3pOCTA€ IMOBIPHICTH OIIKO/KEHHS
peaxuiiHux LIEHTIB. Po3BuBaeThCs porec
(oTtoinriOyBaHH, IKUH TPU3BOANTH 110 iHakTHBAIii DCA.
OCHOBHUM MEXaHI3MOM 3aXMCTy Biji (DOTOIHTIOyBaHHS
€ YacTKOBa JMCHUIAIlS CHEPrii MOMTHHCHHX KBAHTIB
CBITJIa B TEIUIO, IO TPOSBISIETHCS B 3HIKCHHI (TaCiHHI)
(uryopecuenuii XJa0podinay sIK KOHKYpPEHTHOTO IPOLeCcy
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Ta BigOOpakaeThCsl HAa BEIHYMHI HE(HOTOXIMITHOTO
racinus ¢uyopecueHuii xiopodiity.

Pocrmuan yarapaukoBoro spycy, 3i0pani 3 "HmkHBOI"
JUJISTHKH, TOPIBHSHO 3 OLIbI OocBiTIeHOI "BepxHbor"
Manmu Hwk4i 3HadeHHS N sk mpu 80, tak i mpu 800
MKMOIb'M >¢”!, 110 BKadye Ha BHILYy e(EKTUBHICTH
yTHIi3amii COHAYHOI eHeprii y (OTOCHHTETHIHIX
npouecax. Crmig BiAMITHTH, M0 pPIBEHb TEIIOBOL
nmucumariii (qQN) y pOCIHMH Y4arapHHUKOBOTO SpyCy HpH
Bucokiii I'TId Oy wmaibke BuerBepo Hmkumid (0,2—
0,3) mopiBHsHO 3 TpaB'sHumMu (1o 0,9). s pocnuu
YarapHUKOBOTO SIPyCy, SIKI TEHETHYHO aJlalToBaHi
0 BHWIIMX PIBHIB OCBITICHHS, mairode cBimio 800
MKMOJIb'M 2:¢c”! He € iHribyrounm, Ha 10 BKasye HU3bKii
piBenb qN i gocutk Bucokuit qP (0,75-0,85). Otxe, y
JHMCTKaX TPaB'SHUX POCIMH BKIIIOYCHHS MEXaHi3MIB
He(OTOXIMIYHOTO raciHHs BigOyBaeThcst 3a Hik40i [ TID
MOPIBHSHO 3 JIUCTKaMH POCIIMH YarapHUKOBOTO SIPYCY.

TakuM 4YHMHOM, BHAM POCIHMH TpPAaB'SHOTO SIpyCy
HU3WHHOI JUISHKH, Kpame 3a0e3ledeHol BOJIOTOIO
1 MIHEpaJbHUMH E€JIEMEHTAMH, XapaKTEepPHU3YIOThCS
epexruBHiNM QyHKIionyBaHHIM DCA 32 yMOB HU3bKOT
I[TI® DAP (80 mrmonbm 2c!). Lle miaTBepIKYETHCS
BUIIMMHM  TOKa3HUKaMH  (POTOXIMIYHOTO  TaciHHS,
CJIIEKTPOHHOT'O TPAHCHIOPTY Ta HIKYMM HEPOTOXIMIYHUM
racinsaM. B ymoBax cBiTIIOBOro HacuueHHs (mpu
akTuBamii (QOTOXIMIYHHX peakIili CBITIOM BHCOKOT
ITI® — 800 mMxmonb'M 2:¢!') BHAM POCIHUH TpPaB'STHOTO
spycy 3 HH3WHHOI Ta Oumpmr ocBimieHoi "BepxHpoi"
JIUITHKA  XapaKTepU3yBAINCS TMPHOIM3HO OJIHAKOBOIO
edexruBHIcTIO poOOTH DCA. DrryopeciieHTHI TapaMeTpH,
SIK1 BIZJOOpaKyt0Th (POTOXIMIUHI NPOILecH, BUIB POCINH
garapHUKOBOTO sipycy 3 "HikHBOI" HINSHKH B yMOBax
SIK HU3BKOI, TaK 1 BUCOKOI IHTEHCUBHOCTI J{IFOYOr0 CBITIIA
Oyny BUIIMMU (MTOPIBHSHO 3 BHJAMH, IO 3POCTAId HA
"Bepxuiit" minsHii). OTpuMaHi JaHi CBiIYaTh PO BHIILY
PE3UCTEHTHICTh POCIMH YarapHUKOBOIO SPyCy A0 Jil
BHCOKOI iHTEHCHUBHOCTI [IIOYOTO CBiTJIa, TOPIBHSIHO i3
TpaB'sTHUM SIPYCOM.

TiHROBUTPHUBATICTE POCIHH 3AJEKHUTH BiJ 0araTrhox
¢daxTopiB, y T. 4. BiJ JIOKQJIbHUX IPYHTOBHX YMOB,
OCTaTHLOI KUIBKOCTI BOOM Ta IHINNX aOlOTHYHHUX
¢axropiB. Cepen exonoriyHux (akTopis, IO CYTTEBO
BIUIMBAIOTh HAa MOTEHIUWHI MOXJIWBOCTI MOIMIMHAHHSA 1
TpaHcgopMmarii eHeprii COHIYHOTO CBITIIa B eKOCHCTEMI,
€ TemIleparypa, €JIeMEHTH MIHEpaJbHOTO >KHBJICHHS,
3a0€3MeYeHICTh  BOJIOTOKO 1, 3BHUYAMHO, CBITJIOBI
yMoBH. KoKHE KOHKpETHE MICIE3pOCTaHHsI POCIUH
XapaKTepU3y€eThCsl MEBHUM CBITJIOBHM PEXHMOM, IO
CTBOPIOE Pi3HI E€KOJIOTIYHI YMOBH Ui BHIIB. OCKUIBKH
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CBITIIOBHI (PAKTOp € JIMITYIOYHM PECypcoM  JUIs
JICOBHX E€KOCHCTEM, e(EeKTUBHICTh IIEPETBOPEHH:
eHeprii 3a yMOB 3aTiHEHHSI MOJKHA PO3INISZATH 3 TOUYKH
30py MaKCHUMaJbHOTO 3aXOIUICHHsI CBITIOBOI CHEprii
CBITIIO30MPATFHAMHA TITMEHT-O01TKOBAMU KOMIUIEKCAMH
i BUKOpHCTaHHS 11 y Qorocuntesi. Y mianazoni ®AP
HAWOUIBIIMM BIZOWUTTAM 1 HAWMEHIINM ITONIMHAHHIM
XapakTepusyerbcst  "3eneHa"  JUISHKA  CHEKTPY.
ToMy cHeKTpaJbHUM CKJIaJ CBiTIA i TOKPHBOM
IIMPOKOJIUCTSIHOTO JIicy Ha (DOHI CYTTEBOTO 3HMIKECHHS
IHTEHCUBHOCTI COHSYHOTO CBIiTJIa OyXe 30aradeHuid
3€JICHHMH Ta XXOBTUMHM IpoMeHsMU. JIiMiTyro4i cBITIIOBI
YMOBH IIiJi HAMETOM JICy, SK BiIMIYaioCh, 3alMalOTh
OULTBIIMI TIPOMIXKOK JTOOHM, OCKIJIBKHU '"CBITAHOK'" HacTae
mizHime, a "cyTiHKK" paHimie, mo 30UIbIIye TPUBATICTb
BHUKOPHCTaHHS MPOAYKTiB (porocmHTesy. Came BIUIHB
eKOJIOTTUHKX (DaKTOPIB 3HAYHO OOMEXYe ePEeKTUBHICTD
¢dororpanchopmamii COHSYHOI eHeprii B  JTICOBUX
LIEHO3aX.

BucnoBku

doToxiMiYHI IPOLECH SIK KITFOUOBHIT eTarl Tpanchopmartii
EHeprii COHSYHOTO CBIiTJIAa B CHEPTil0 XIMIYHUX CITONYK
€ BH3HAYaJIbHUMH B aJianTalii BUIUX POCIHH JI0 YMOB
OCBITJICHHSI.

BcranoBnena pi3Ha e(QEKTHUBHICTH (OTOXIMIYHHX
nporieciB 3a HU3bKOI (80 MKMOmbM 2c!) Ta BHCOKOI
(800 mxmonp'M 2-¢!) TTI® mirouoro cBiTIa y POCIHH
TPaB'sTHOTO Ta YarapHUKOBOTO SIPYCiB, 310paHUX 3 Pi3HUX
JUISTHOK IIMPOKOJIMCTSHOIO JIICY, MIO BIAPI3HSUIHCS 3a
IHTEHCUBHICTIO OCBITJICHHs. BUIW TpaB'stHUX POCIHH 3
HU3MHHOI JUISHKH XapakTepu3yBaiucs e(heKTHBHIIINM
(yHKI[IOHYBaHHSIM  (OTOCHMHTETHYHOIO amapary 3a
Hu3pkoi [TI®. HaromicTh, CTymiHb OKHCHEHOCTI
MEepBUHHUX XIHOHOBMX akuentopiB qP Ta KBaHTOBHii
BUXiZ enekTpoHHOro Tpancmopty DCII BumiB pociiH
YarapHUKOBOTO sIpyCy 3 OLIbII 3aTiHEHOT MUISHKU Oyiu
BUIIIMMH 32 YMOB SIK HU3BKO1, TaK i BUCOKOi [ TID. Pociman
YarapHUKOBOTO SIPYCY Oy O1IbII Pe3UCTEHTHUMH JI0 Al
CBITJIa BHICOKOI IHTEHCHBHOCTI, HIXX TpaB'siHi POCIHHH,
SIKi 3pOCTajy Ha Tid caMidl nuisHII Jiicy. JlocaimkyBaHi
POCIMHH Di3HHX SPYCIB XapaKTEPHU3yBAJIUCS BHCOKOIO
IUIACTUYHICTIO  (DOTOCHHTETHMYHOTO  amapary, IO
3a0e3meuye MOYIIMBICTh IXHBOTO 3pOCTaHHS SIK T
HAMETOM JIiCY, TaK 1 Ha BIAKPUTHX JIISTHKAX.
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Pasailiuk M.V. 2020. Comparative analysis of rutin content in fruit bodies of some macrofungi. Ukrainian Botanical Journal,
77(4): 324-330.

Hutsulshchyna National Nature Park

84 Druzhby Str., Kosiv 78600, Ivano-Frankivsk Region, Ukraine

Abstract. Fruit bodies of 42 species of mushrooms collected in Hutsulshchyna National Nature Park that can be potential sources
of rutin were selected. Representatives of various taxonomic, ecological and trophic groups, with fleshy and tough fruit bodies,
edible and inedible mushrooms were analyzed for their rutin content. The results showed that rutin is present in all fruit bodies of the
studied species of fungi. Thelephora palmata exhibited the highest rutin content (3264 ng/100 g); considerable amount of rutin was
also found in carpophores of Ramaria aurea (2944 ng/100 g), Boletus edulis (2560 pg/100 g), Agrocybe vervacti (2240 pg/100 g),
Discina ancilis (2240 nug/100 g), Agaricus arvensis (2176 ng/100 g), and Hygrocybe obrussea (2112 ng/100 g). Significantly lower
values (ranged from 192 to 576 pg/100 g) were determined in tough and solid fruit bodies of bracket fungi (Schizophyllum commune,
Spongipellis spumeus, Daedaleopsis confagosa, Fomes fomentarius, Trametes versicolor, Antrodia ramentaceus, Bjerkandera
adusta, Polyporus varius, and Piptoporus betulinus).

Keywords: flavonoids, fleshy fruit bodies, rutin source, solid fruit bodies, trophic requirements, vitamin P, wild mushrooms
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Pedepar. Ha Tepuropii HanionansHoro mpupoxsoro mapky "['yiynemunHa" B pe3ynsraTi iHBeHTapu3auii rpudiB Oyna BiniOpana
HU3Ka BUJIB, IUIOJIOBI Tija SIKMX MOXYTb OyTH IOTEHIIHHMM IPHPOJHUM JDKepelaoM pyTuHy. [IpoBeneHo CKpuHIHT KapnogopiB
42 BuziB MaKkpOMIIETiB Ha NPHCYTHICTh Yy HUX JOCII/PKYBAaHOI PEUOBHHM. AHAI3yBaln 3aKOHOMIPHOCTI HaKOIIMUYCHHS PYyTHHY B
IUTOIOBUX TiaX TPHOIB 13 PiI3HUX €KOJIOrO-TPO(PIUHMUX 1 TAKCOHOMIYHMX TPYII, 13 PI3HOI0 KOHCHUCTEHIEI0 IUIOAOBUX TUT 1 PI3HUM
BIUTUBOM Ha OpPraHi3M JIFOAMHH 32 YMOBH IXHBOTO BXKHBAaHHs. BHsiBIIeHO, 1110 pyTHH IPHUCYTHIN y IUIOAOBHX TijaxX BCIX JOCIIJDKSHUX
BuiB. HalibinbIre #oro BCTaHOBIICHO AT TNIONOBUX Tint Thelephora palmata (3264 Mxr/100 ), BUCOKI TTOKa3HUKH MAlOTh Ramaria
aurea (2944 mxr/100 t), Boletus edulis (2560 mxr/100 r), Agrocybe vervacti (2240 mxr/100 r), Discina ancilis (2240 mxr/100 r),
Agaricus arvensis (2176 mxr/100 r), Hygrocybe obrussea (2112 mxr/100 r). BusBieHo, Mo BMiCT pyTHHY OYB MOMITHO MEHIIUM
(192576 Mxr/100 T) y TII010BUX TiNax i3 TBEP/OI0 KOHCHUCTEHNIEIO (Schizophyllum commune, Spongipellis spumeus, Daedaleopsis
confagosa, Fomes fomentarius, Trametes versicolor, Antrodia ramentacea, Bjerkandera adusta, Polyporus varius, Piptoporus
betulinus).

KurouoBi cioBa: BiTamin P, quxopocii rpudu, M'SICHCTI IJIOO0BI Tija, IPUPOIHE HKEPENIO PYTHHY, TBEpAi IUIOAO0BI Tina, Tpodidna
HPHHAISKHICTD, (IIaBOHOI/IHI CIOIYKH
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Beryn

MakpomineTs € HaA3BUYaHHO BAXIUBUMHU SK JUISA
ICHYBaHHSI IPUPOJHUX JIICOBUX yrpyNoOBaHb, TaK 1 s
BHUKOPUCTaHHS Y MPAaKTUYHIN TisTFHOCTI JTFOAWHU. JlaHi,
OTpUMaHi B XOJII JOCIIJDKEHb BMICTY IUIOAOBHX Til
rpubiB y MICIIAX IX IPUPOTHOTO 3POCTAHHS, € MIAIPYHTIM
JUIss MailOyTHHOTO BiJOOPY TOTO YM IHILIOTO BHIY JJIS
BBEIICHHS B KYJIBTYPY B SIKOCTi IMPOAYIIEHTA Oi0IOTIYHO
akTuBHUX pedoBuH (BAP).

Ha Tepuropii HamioHampHOTO NPHPOAHOTO TAPKY
"I'yaynpmuna”  (HIII) Bimomo monam 1000 Bunis
rpubiB 1 rpubomnomionux opranismiB (Heluta, 2013;
Kovalyov, 2013; Malanyuk, 2013; Pogribnyj et al., 2013;
Tykhonenko, Heluta, 2014, Fokshei, 2016, 2018). ¥V
MapKy BiIMIYEHO 3HAYHE BHIOBE PI3HOMAHITTS TpHOIB,
IUIOJIOBI T1J1a SIKKX [TOTEHLIITHO MOXYTh Oy TH aKTyaIbHUM
mkepenoM BAP i ski MOXyTh OyTH TEpCHEKTHBHUMH
o0'ekramu  Juisi  OIOTEXHOJIOTIYHUX  JOCIIKCHB.
BusHaueHHs aHTHOKCHAAHTHHX 1 OaKTepULMIHHX
BJIACTMBOCTEH DI3HUX BUJIB I'pUOIB € BAXIJIUBUM JUIS
MOAJIBIIOT0 MPAKTHYHOTO BHKOPUCTAHHS LUX HaHHX
(Kosani¢ et al., 2012). Cepex pe4oBHH OCOONMBUIA
iHTepeC BUKIMKAIOTH (PJIABOHOIMHI CIIONYKH — TTOXiIHI
KMCHEBMiCHUX Te€TePOIUKIIIB. [XHS HU3bKA TOKCHUHICTh,
mopsii i3 BUOIPKOBOIO  (hapMaKoJIOTIYHOIO JIi€I0 Ha
OpTraHi3M JIIOIUHH, JTa€ 3MOTY IIMPOKO BUKOPHCTOBYBATH
iX JUIi CTBOPEHHsT HOBHX JIIKAPCHKUX MpernapariB
(Sujkowska-Zlaja et al., 2005; Magalingam et al., 2013).
Y dapmakonorii NpakTUYHE 3aCTOCYBaHHS MAarOTh
PYTHH Ta KBEpLETHH, SIKi HalekKaTh J0 IPYNHU BiTaMiHy
P (Nikoliuk, 2004). Came 3 BUCOKMM BMICTOM PYTHHY
Ta IHIMX (QEHONBPHUX 1 (PTABOHOITHUX KOMITOHEHTIB
TOB'SI3yI0Th aHTHOKCHAAHTHI BiiactuBocTi rpudis (Choi
et al., 2006; Alvarez-Parrilla et al., 2007; Ferreira et al.,
2007; Kosani¢ et al., 2012). Bigomo, 1m0 noxigHi pyTHHY
BUCTYMNAOTh €(PEKTUBHUMH 1HrIOITOpAaMH BIKOBHX 3MIH
(Pashikanti et al., 2010); 30kpema, KBepIETHH 3aXHILAE
MeMOpaHM KIITHH, TalbMY€ IPOIEC iXHbOTO CTapiHHS
(Almeida et al., 2010; Medvidovi¢-Kosanovic¢a, 2010;
Parniakov, Grabovska 2011; Vollmannova et al., 2013).
Busnadyena npsiMa 3aJIeKHICTP MK BMICTOM OCHOBHHX
rpyn BAP (y T. 4. i pyTHHY) y pOCHH Ta piBHEM TXHBOT
MIPOTHIPUOKOBOT AKTHBHOCTI IOJI0 JESIKUX TECT-KYJIBTYP
rpu0iB, SKi BUKIHKAOTH Miko3u mronuan (Kashpur et al.,
2012).

Oxpemi JOCHIJPKEHHSI JIEMOHCTPYIOTh Ol0JIOTiuHY
3HAYUMICTD PYTUHY A Aspergillus flavus sk enuHOTO
JUKepella  BYIVICLIO  3aBISKM HAsBHOCTI B  HBOIO
MO3AKJIITHHHUX €H3UMHHX CHCTEM, 3[aTHUX PYHHYBaTH
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o crionyky (Medina, 2004). ¥V Buais pony Fagopyrum
Mill. BusiBieHa mnpsiMa 3aJEXKHICTH MDK KiJIbKICHUM
BMICTOM PYTHHY, iIHTCHCUBHICTIO 3a0apBICHHS POCIIHHH,
MOP(OJIOTIYUHUME 03HAKAMHU Ta TOCIOJAAPCHKO IIIHHUMHU
sxocTamMu pocnuH (Klykov, 2010). ¥V nmeskux poboTax
JIOCJITHUKM 3BEPTAIOTh yBary Ha MOXJIMBI (DYHTIlHJIHI
Ta aHTHOAKTEpiallbHI BIACTHBOCTI PYTHHY Ta IHIIHX
¢naBonoiniB (Arima et al., 2002; Kalinova 2004).
HasBHiCTh pyTHHY Ta acCKOPOIHOBOI KUCIIOTH MOB'SI3YIOTh
i3 AaKTUBHICTIO ()EPMEHTIB CHHTE3y MENaHiHy Ta
MABUIIECHHAM MPOIYKIIii IbOTO MirMeHTy. BinMidaeTscs
TAKOX PUTMIYHA 3aJIEXKHICTh BMICTYy PYTHHY BiJ 4dacy
mobu (Baumgertel et al., 2010).

Menuko-010JI0TI9HUI CIIEKTP BIACTHBOCTEH BiTaMiHy
P i, BigmoBinHO, pyTHHY JOOpEe BHBUEHHMH Ta HIMPOKO
MpEICTaBICHAN B JiTEeparypi, OJHAK BiIOMOCTI MIONO
HasIBHOCTI PYTHHY B IUIOJJOBUX TillaX IpHOIB 0OMEXeHi.
ToMy MeETOI0 MBOTO MOCHIIKEHHS OyJIO IPOBECTH
CKpUHIHT KaproopiB MaxkpoMilleTiB, 3i0paHMX Ha
tepuropii HIII "TI'ymynemuHa", Ha HasgBHICTH Y HHX
PYTHHY Ta BH3HAYMTH, YW € 3aKOHOMIPHOCTI HOro
HAKOMHMYEHHS y IJIOIOBHX TiJlaX TPHOIB.

Marepianu Ta MeTOIH

Jis mpoBeneHHsS TOPIBHSIBHOTO aHANi3y Ha BMICT
pyTHHY Oyiau BHKOPHCTaHI HEYIIKO/KEHI Kapriodopu
42 Bupu TpubiB: Agaricus arvensis Schaeff., Agaricus
campestris L., Agrocybe vervacti (Fr.) Singer, Amanita
phalloides (Fr.) Link, Antrodia ramentacea (Berk. &
Broome) Donk, Auricularia auricula-judae (Bull.)

J.Schrét., Bjerkandera adusta (Willd.) P.XKarst.,
Boletus  edulis Bull., Clavulina cinerea (Bull.)
J.Schrot., Craterellus  cornucopioides (L.) Pers.,

Daedaleopsis confragosa (Bolton) J.Schrét., Discina
ancilis (Pers.) Sacc., Entoloma incanum (Fr.) Hesler,
Fomes fomentarius (L.) Fr., Hericium alpestre Pers.,
Hygrocybe obrussea (Fr.) Wiinsche, Hypholoma
fasciculare (Huds.) P.Kumm., Leccinum scabrum
(Bull.) Gray, Lycoperdon umbrinum Pers., Marasmius
alliaceus (Jacq.) Fr., M. oreades (Bolton) Fr., Mycena
galericulata (Scop.) Gray, M. leptocephala (Pers.) Gillet,
Panaeolus campanulatus (Bull.) Quél.,, P. foenisecii
(Pers.) J.Schrét., Piptoporus betulinus (Bull.) P.Karst.,
Pleurotus ostreatus (Jacq.) P.Kumm., Polyporus varius
(Pers.) Fr., Ptychoverpa bohemica (Krombh.) Boud.,
Ramaria aurea (Schaeff.) Quél., Russula cyanoxantha
(Schaeft.) Fr., R. farinipes Romell, R. foetens Pers.,
R. grata Britzelm., R. integra (L.) Fr., R. virescens
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TepuTopil, wo esliiwnm 4o HMN "MyuynbwwvHa
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TepuTopil, wo esidwnu 4o HAN "TyuynswmHa"
Ge3 BUnyJYeHHa

il

CIENA

POSTANRSARRR HANSHANSROM NPUHPCLRCTO MARKY "YU MEIHEA"

Y MEAR KOCIBEHNOT0 PAROHY

D Mei JocnigxysaHUX
TepuTOopii:
A - ypounwe "KameHucTtnin"

B - niBHiuHo-cxigHi okonuui
c. Bepboeeub

Puc. 1. Jlokanizauist focmimpkyBanux ainsiHok (A ta B) Ha tepuropii HarionansHoro npupoanoro napky "TI'yiysbmmnsaa"
Fig. 1. Collection sites (A and B) in Hutsulshchyna National Nature Park

(Schaeft.) Fr., Sarcoscypha coccinea (Scop.) Sacc.,
Schizophyllum commune Fr., Spongipellis spumeus
(Sowerby) Pat., Stropharia semiglobata (Batsch)
Quél., Thelephora palmata (Scop.) Fr., Trametes
versicolor (L.) Lloyd. Binbip nmpoBoaminm Ha TepuTOpil
HIIIT "T'yuyneimaa", y HOIBHIYHO-CXITHUX OKOJIHIIIX
c. Bepbogenrs (9 kB. Kocieskoro mic-Ba) (puc. 1, B) Ta
ypouniia "Kamenuctui" (18, 19 kB. KociBcbkoro mic-
Ba) (puc. 1, A). 3amicHeHi TepUTOpii B MBHIYHO-CX1THIX
OKOJIHILSIX ¢. BepOoBers Haexarh /10 30HN PEryaboBaHOl
pekpeartii HIIII, micm TyT mpencraBieHi CMEpPEKOBO-
OykoBHMH, OYyKOBO-SIBOPOBUMH, SUIMIEBO-OYKOBHMHU,
Jy0oBO-OykoBUMHU opmartisiMi.  Teputopist BiIHOCHO
nosiora, MakcuMaipHa Bucora 384 M H.p.M. Tepuropis
ypounina "Kamenuctuii" e 3anosigHow 30HOt0 HIIIT
"T'ymynpmpHA", JTiCH TIPEACTaBICHI CMEPEKO-OyKOBUMH,
OyKOBO-SIBOPOBUMH, SUTMIEBO-OYKOBUMH (hOpMaIlisiMu,
Ha BepIIMHAaX XpeOTa JIOKaIi30BaHi 9ACTI OyIHHU.
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Jts mocmipkeHHS BiTOWpaid MaKpOMIIETH PI3HUX
€KOJIOTO-TPOIYHUX  Tpyln — MIKOPHU30yTBOpPIOBadi,
rymycoBi canporpodu, kcmmorpodu (lansen, 2004;
Zavodovskii, 2011) 3 pi3HOIO KOHCHUCTCHIIIEIO TUIOOBUX
Tid (TBepAi, M'SICHCTI) Ta Pi3HAM BIUTMBOM Ha OpraHi3M
JIIOJIMHY 332 YMOBH BXKMBaHHS 1X y 1Ky (iCTiBHI, HEICTIBHI,
otpyitni) (Iansen, 2004).

3pa3ku inenTudikyBaiu, BHUKOPHCTOBYIOUU
miteparypHi mkepena (Domanski, 1969; Moser, 1978;
Zerova et al., 1979; Dudka, Wasser, 1987; Kibbi,
2009). CyvacHi Ha3Bu TpUOIB Ta IXHIO CHCTEMAaTHYHY
MIPUHAJISKHICTE  Y3TOJUKEHO 3  HOMEHKJIATYPHOIO
6azor0 manux MycoBank (http:// www.mycobank.
org/quicksearch.aspx). [Ilicis imeHTHiKamii 3pasku
310paHUX EK3eMIUIIPIB BHUCYIIYBaJIM 3a TEMIIEpaTypH
3845 °C mns 3anobiranHs mporecaM GepMEHTaTHBHOTO
po3kiany. BucyiieHi miomoBi Tina moapiOHIOBa M 0
¢pakmii 0,3-0,5 mm.
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Bwmict pyTHHY BH3HAYaNd  INCIA  €KCTPAKIii
TUTPUMETPUYHUM METO/IOM. Sk IHIUKATOD
3actocoByBanmu  iHmmrokapmin  (Nikoliuk,  2004;
Azarova, 2014). Ekcnepumentu Oynu TpoOBejeHi

B YOTHPHOX OIONOTIYHMX MOBTOPHOCTIX; M £+ m —
cepeHE 3HAYCHHS + CTaHJApPTHE BIIXWIEHHS B YCIX
Bumaakax. CratuctnyHa obpoOka JaHWUX TPOBEACHA 3
BUKOPUCTaHHSIM IporpamMHoro 3adesnedeHHss Microsoft
Excel 2013.

PesyabraTtn T2 00roBOpeHHs

VY X0f1i IPOBEJCHHUX JOCIIKESHb BUSBIICHO, IO JUIS BCIX
BiZIOpaHUX IUIONOBUX TUI MaKpOMILIETIB XapakTepHa
HaSBHICTH pyTHHY (IuB. TabmI. 1), ae HOro KOHIIEHTpAITis
y PI3HHX BUJIIB BUSIBWJIACH BIIMIHHOIO.

MaxcumanpHAN BMICT pyTUHY (3264457,6 Mkr/100 1)
BUSBJICHO B IUIONOBHX Tinax Thelephora palmata.
3naynuii fioro Bmict (2112-2944 mkr/100 1) BUSBUBCS
TakoOXy 3paskax Hygrocybe obrussea, Agaricus
arvensis, Discina ancilis, Agrocybe vervacti, Boletus
edulis 1 Ramaria aurea. TakuM YUHOM, KOHIICHTpAITis
JIOCJTIJPKYBAHOT CITOJIYKH € BUCOKOIO SIK Y TIJIOIOBUX Tijax
rpubiB, IPUAATHUX 1O CIIOKUBAHHS JIIOMUHOIO (R. aurea,
B. edulis, A. arvensis, D. ancilis), Tak 1 HEICTIBHHX
(T palmata, H. obrussea, A. vervacti).

3a npruHaIeKHICTIO Tprda 710 TOTO UM 1HILOTO MOPSIIKY
9l pOAy HE MOXKHA TepeAdadyuTH WMOBIpHUH piBEHB
HaKOIWYEHHS PYTHHY B IUI0Z0BOMY Tiii. Tak, nBa BUIH
pony Russula Pers. CyTTe€BO Bipi3HAIOTHCS 32 KITBKICTIO
PYTHHY: Yy IIOIOBHX TiNlax R. virescens WOTO BUSIBICHO
BIBiUi OinbINe, HIX Yy R. grata. 3Ha4HA PI3HUI 32 [IUM
IIOKa3HUKOM BinMiueHa i y rpuOiB nopsiaky Agaricales
(tabm. 1).

Takox MaTOIH(POPMATHBHOIO € IPHUHAJICKHICTH TpHba
1o neBHoi Tpo¢iunoi rpynu. Cepen BCiX Ipyl € 3pa3ku,
B sAKuX BMicT pyTuHY miepeBumaye 1000 mxr/100 r abo €
3HAYHO HU>KYUM 34 LIeH [TOKa3HUK.

OTXe, TPUHATICKHICTP MAKPOMIIETIB 1O MEBHOI
TAaKCOHOMIYHOT YM €KOJIOTo-Tpo(iyHOi Tpynmu HE €
YUHHUKOM, IO BIUIMBA€ HAa HAKONUYCHHS DYTHHY B
IUIOIOBUX TUJIaX TPUOIB.

Hesnaunmii  BMIiCT pyTHHY BJACTHBHI  BCIM
JOCII/DKCHUM  TIPEACTaBHUKaM Topsaky Polyporales.
Crnig  3ayBaKuTH, IO YCi BOHM MAalOTh TBEpAY
KOHCHCTEHIIIIO TUIONOBHUX TiJ. HW3bKUI BMICT pyTHHY
BCTAHOBJICHHI TaKOK 1 JUIsi MpPEACTaBHUKA IHIIOIO
nopsinky — Schizophyllum commune (Agaricales), sxuit
TaKO)K Ma€ LIIbHY MIKIPSICTY KOHCHCTEHIIO TIO0BOTO
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Tisa. 3riTHo 3 OTPMMAHUMH JAHUMH MOYKHA TIPHITYCTUTH,
110 TUIOIOBUM TijIaM I'PUOIB i3 TBEPAOK KOHCUCTEHIIIEO
BJIACTUBO HAKOMUYYBATH PYTHH y MEHIIIH KiTBKOCTI,
HDK M'scuctuM  Kapriodopam (BHHSTOK CTaHOBIISITH
Russula grata i Auricularia auricula-judae, y m'sicuctux
TUTOJIOBUX TiJIaX SIKUX TEX BHSBJICHO JIOBOJI HU3BKUH
BMICT PyTHHY — AWB. Ta0I. 1).

BpaxoByroun  mepenbadyBaHi  aHTHOaKTEpiajbHI,
anTH(diTaHTHI Ta QYHTIOUAHI BIACTHBOCTI PYTHHY
(Arima et al., 2002; Medvidovi¢-Kosanovi¢ et al., 2010),
MOJKHA IIPUILYCTUTH, 1[0 BUCOKI TOKa3HUKHU HOTO BMICTY Y
M'SICHCTHX TIIO/IOBHX TiJIaX 3yMOBJIEHI camMe Cenu(iKoro
CTpYKTYpu Kapnoopy, 30KpemMa, BHUILOK IMOBIPHICTIO
iXHBOI ~ KOHTaMiHAmii  MikpoopraHizmMamu. [Ipore
JOCITIKCHI Kapro(opH 3 TBEPIOK KOHCUCTCHIIIEID — 1€
MepeBaXKHO OaraToOpivyHi IJIOMOBI Tijla, TOMI K M'SACHCTI
(hOpMYIOTBCSI, CHOPOHOCSTH 1 PYHHYIOTHCS BIIPOJIOBXK
HE3HAYHOTO YacOBOTO MPOMIXKKY. OCKITBKH PyTHH — II€
MeTabomiT BropurHoro cuHTedy (Dunek, Volk, 2007,
Abdel-Monem et al., 2013; Gupta et al., 2014), To MmoxHa
MPUIYCTUTH, IO 3 BIKOM 3aKOHOMIpHHM Oyi0 Ou Horo
HAKONHMYEHHS Yy IJIOJOBHX TiIaX, 32 BUKJIIOUYCHHAM THX
BUIIAJIKIB, KOJIM PECYpPCH PYTHHY BHYEPITYIOTHCS depes3
IHTCHCHBHI ~OKHCIIIOBaJIbHI TpOIECH, a yTHIIi3alis
TXHIX MPOAYKTIB CYNPOBOKYETHCS 3HWKCHHSIM BMICTY
AQHTUOKCHJIAHTIB, y T. Y. PyTHHY.

BucnoBkn

[IpoBeneHuii CKPUHIHT BUSBUB HASIBHICTH PYTHHY
y Bcix 0Oe3 BHUHATKY BImIOpaHUX UL JOCIIKCHHS
IJIOAOBUX Tilmax rpuOiB, 3i0panux Ha Teputopii HIIII
"I'yiynpmpmna". HaliBuimmii BMiCT pyTHHY BCTaHOBJICHHH
mis Thelephora palmata (3264 wmxr/100 1), nocuth
BUCOKHI — U1t Ramaria aurea (2944 mMxr/100 1), Boletus
edulis (2560 wmkr/100 1), Agrocybe vervacti (2240
Mkr/100 1), Discina ancilis (2240 mxr/100 1), Agaricus
arvensis (2176 mxr/100 1) i Hygrocybe obrussea (2112
MKr/100 T1). TakuM YWHOM, TUIOMOBI TiIa came IUX
BUJIB MOXKYTh PO3INISAATHCS SK TMOTCHIIHI MPUPOHI
JoKepera pyTHHY, a KUTBKICHI TOKa3HUKH BMICTY PYTHHY
€ BUAOCTICHUDIYHUMHU.

He BusBieHo 3aKOHOMIpHOCTEH  HAKOIMYCHHS
PYTHHY B IUIOIOBHX TiJIaX Pi3HHUX €KOJOTO-TPO(IvHUX,
TaKCOHOMIYHUX Ta TPYI, BIAMIHHMX 3a TPUIATHICTIO
0 BXKHMBaHHSA JIOAMHOIO. HaiuiTkime BiAMIHHOCTI
IIOZ0 BMICTY PYTHHY Oy/lid MPOJCMOHCTPOBAHI ISt
IUTOIOBUX TiNl i3 PI3HOK KOHCHUCTCHIIIEIO: Y INUIBHUX
kapriodopax (Schizophyllum commune, Spongipellis
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Tabmuus 1. Bmict pyTuny B niionoBux tiax rpud6is, Mxr/100 , M £ m
Table 1. Rutin content in fungal fruit bodies, pg/100 g, M £ m

Bun Exonoro-tpodiuna rpymna KOHCHCTeHH_iﬂ Xapyosi SKOCTI KinbkicHuii BMicT pyTHHY
IUIOZOBOTO TiNla
Agaricales
Agaricus arvensis rymycoBuii carporpod Mm'sicucTa icTiBHUIT 21764343
A. campestris T'yMyCOBHii canpoTpod M'SICHCTa iCTiBHUIT 1984+87,3
Agrocybe vervacti TyMYCOBHIi canpoTpod M'sICHCTa HeicTiBHuMA 2240+78,9
Amanita phalloides MIKOPU30y TBOPIOBAY M'sICHCTa oTpyiiHMit 1600+90,7
Entoloma incanum T'yMyCOBHIA canpoTpod M'sICHCTa OTpyHHMIt 832+85,1
Hygrocybe obrussea rymycoBuii carporpod M'sicucra HelCcTIBHUH 2112431,2
Hypholoma fasciculare KCHIIOTPO M'sICHCTa oTpyiiHuit 1152+15,7
Lycoperdon umbrinum T'yMyCOBHIA canpoTpod M'SICHCTa iCTIBHUIT 832+68,1
Marasmius alliaceus ryMycoBuii carporpod M'sicucra icTiBHUI 1280+78,2
M. oreades TyMyCOBHii canpoTpod M'sicHcTa icTiBHMIT 1813+56,2
Mycena galericulata I'yMyCOBHIA canpoTpod M'sCHCTa HEICTiBHUIT 1664+17,6
M. leptocephala TYMYCOBHH carpotpod M'sicucra HelcTiBHUH 907+22,7
Panaeolus campanulatus TyMyCOBHil canpotpod M'sIcHCTa oTpyitHuit 800+84,5
P. foenisecii TYMYyCOBHii canpoTpod M'sICHCTa HeicTiBHUI 1344+12,8
Pleurotus ostreatus KCHIIOTPOd M'sicucra iCTIBHUI 1557+16,4
Stropharia semiglobata TYMyCOBHiT canpotpod Mm'sicHcTa icTiBHMIT 1024+92,7
Schizophyllum commune KCHITOTPOd TBEepAa icTiBHUIT 192+11,4
Boletales
Boletus edulis MiKOPH30y TBOPIOBAY Mm'sicucTa icTiBHMIT 2560+59,4
Leccinum scabrum MiKOPH30y TBOPIOBAY M'scHCTa icTiBHUIT 800+33,6
Auriculariales
Auricularia auricularjudae TyMyCOBHii canpotpod | M'sicucTa icTiBHMIT 256+11,2
Cantharellales
Clavulina cinerea TYMYCOBHH carpotpod M'sicucra HEICTIBHUI 704+31,3
Craterellus cornucopioides MiKOpH30y TBOPIOBAY Mm'sicucra icTiBHUI 640+68,5
Gomphales
Ramaria aurea TyMyCOBHiT canpotpod | Mm'sicucTa icTiBHMIT 2944+56,5
Pezizales
Discina ancilis TyMyCOBHiT canpoTpod M'sicucTa icTiBHUI 2240+32,8
Sarcoscypha coccinea TyMyCOBHiT canpotpod M'sicucra iCTiBHUI 1541£51,6
Ptychoverpa bohemica TYMyCOBHH carpotpod M'sicucra icTiBHUI 1664+42.8
Polyporales
Antrodia ramentacea KCHIIOTPO( TBEpAa HeiCTIBHUIH 480+37,6
Bjerkandera adusta KCUIOTPO( TBEpAa HeiCTiBHUI 480+32,4
Daedaleopsis confragosa KCHIOTPOd TBepra HEICTIBHUI 256+21,3
Fomes fomentarius KCHIIOTPO( TBEpAA HeiCTIBHUIH 320+14,5
Piptoporus betulinus KCUIOTPO( TBEpAA HeiCTiBHUI 576+22,7
Polyporus varius KCHIOTPOd TBepra HEICTIBHUI 480+23,2
Spongipellis spumeus KCHIIOTPO( TBEpAa HeICTIBHUIH 192+18,6
Trametes versicolor KCUIOTPO( TBEpAa HeiCTiBHUI 384+15,1
Russulales
Hericium alpestre KCHIIOTPO( Mm'scHcTa ICTiBHUI 1088+48,7
Russula cyanoxantha MiKOpH30y TBOPIOBAY M'scHCTa icTiBHUIT 704+32,2
R. farinipes MiKOPH30yTBOPIOBAY M'sicucra icTiBHUH 800+65,1
R. foetens MiKOPH30y TBOPIOBAY Mm'scucTa YMOBHO ICTiBHUI 608+76,3
R. grata MiKOPH30y TBOPIOBAY M'scHCTa icTiBHUIT 448+31,1
R. integra MIKOPH30yTBOPIOBAY M'sicucra icTIBHUH 640+49,7
R. virescens MIKOPH30yTBOPIOBAY M'scHCTa iCTiBHUI 960+57,4
Thelephorales
Thelephora palmata TYMYCOBHIf canporpod | M'scHCTa | HeicTiBHMIA | 3264+57,6
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spumeus, Daedaleopsis confagosa, Fomes fomentarius,
Trametes versicolor, Antrodia ramentacea, Bjerkandera
adusta, Polyporus varius, Piptoporus betulinus) BMicT
pytuny OyB momitHO MeHIMM (192-576 mkr/100 1),
HDK y Msacuctux (256-3264 wmxr/100 r1). Otxe,
OiosioriuHa 3HAYUMICTh PYTHHY JUIs I'pHOIB, MeXaHi3M
HOT0 HAKOTIMYCHHA y Kapmodopax, a TaKoK MOKITHBOCTL
MIPAaKTUYHOTO BUKOPHCTAHHS IIMX PEYOBHH NOTPEOYIOTH
MOJAJIBIIIOTO BHBYCHHSL.
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Abstract. This review summarizes the most recent information on the role of lipid peroxidation processes in cell membranes and
lipid peroxidation products in the regulation and formation of plant metabolism under the influence of stress factors. It is emphasized
that plasmalemma permeability is an integral indicator of determining the functional state of plant cells under stress. The importance
of the processes of lipoperoxidation in the formation of protective reactions and maintenance of homeostasis of plants under adverse
effects is considered. It is concluded that activation of lipid peroxidation can cause the development of cell damage and then cell
death, and at the same time induce the activation of protective mechanisms and the development of adaptive responses aimed at
increasing stress resistance. The tasks and prospects of further research of cell membrane lipid peroxide oxidation processes are
discussed in order to clarify the role of lipoperoxidation products in signaling, regulation, and maintenance of homeostasis by
stressors.
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Mawmenko T.I1., Komp C.51. 2020. [lepoxkcuane 0KHMCHEHHS JiNifAiB KJIITHHHUX MeMOpaH y ¢opMyBaHHI Ta peryJsiuii 3aXucHux
peakmiii pocqimH. Yxpaincokuti 6omaniunutl scypran, 77(4): 331-343.

Pedepar. B orsani y3araasHeHO HOBITHI BiIOMOCTI IIOAO POJIi MPOIECIB MEPOKCUIHOTO OKMCHEHHS JIMIIB KIITHHHUX MeMOpaH
Ta MPOIYKTIB JiNonepokcuaauii y GpopmyBaHHi Ta perymsiii Metaboii3My pocinH 3a Jii cTpecoBUX YMHHMKIB. Haromorryetscs,
1110 IPOHHUKHICTH IIIA3MOJIEMH € IHTErPaJIbHUM ITOKa3HHKOM BU3HAUCHHS (DYHKIIOHAJIILHOTO CTaHy POCIMHHUX KIIITHH 32 Jii CTpecy.
PosmisiHyTO 3HAYeHHs mpoleciB Jimomepokcuianii y (opMyBaHHI 3aXHCHHMX pEakiliii Ta MiATPUMaHHI TOMEOCTa3y POCIHH 3a
HECIIPUSITIIMBHX BIUTUBIB. 3p00JIEHO BUCHOBOK IIPO T€, 1110 AKTHUBALLS IIEPOKCHTHOTO OKUCHEHHSI JIiITIIIB MOYXKE CIIPUYNHUTH PO3BHTOK
MOIIKO/DKCHB KIIITHHH Ta ii 3aruberns, 1 BOAHOUAC iH{yKyBaTH BKIIOUEHHS 3aXHCHUX MEXaHI3MIB Ta PO3BUTOK aAITHBHUX PEAKIIiH,
COPSMOBAaHMX Ha MiABUIIECHHS CTPECOCTIMKOCTi. OOrOBOPIOIOTHCS 3aBHAHHS 1 MEPCIEKTHBU IOJAJIBIIOTO BHBYCHHS MPOLECIB
MEePOKCHIHOTO OKMCHEHHS JIINIIB KIIITHHHUX MeMOpaH st 3'sICyBaHHs POJIi MPOIYKTIB JIMONEPOKCHAALIT y CUTHAIHTY, peryIsiii
Ta MiATPUMII TOMEOocTasy 3a JIii CTpecopis.

KutrouoBi ci1oBa: ananTuBHI peaxliiii, romeocTas, IepoKCHIHEe OKUCHEHHSI JiIliIiB, I1a3MoJIeMa, CTPECOCTIHKICTh
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Apantanis  pociMH A0 HECHPHATIMBUX YHHHHUKIB
HABKOJIMIITHBOTO CEPEIOBHIIA TIOB'sI3aHA 31 3MiHAMHU
OoOMiHY pEYOBHH 1 CTPYKTypHUMH IepeOyIoBaMu
pocmuanaux kiaituH (Chaves et al., 2003; Ashraf et al.,
2010; Fathi, Tari, 2016; Kunert et al., 2016; Jemo et al.,
2017). Hns poOCIMHHOTO OpraHi3My y CTaHi CTpecy
XapakTepHa 3MiHa eKCTpecii TeHOMY, ITiIBUIICHHS
AKTHBHOCTI QaHTUOKCHJIAHTHHUX (DePMEHTIB, HAKOTTMYEHHSI
HU3BKOMOJICKYJISIPHUX OpPTaHigHUX OCMOJITIB, CHHTE3
i Buginenns eruneny (Zheng et al., 2010; Muller et al.,
2011; Niu et al., 2012; Ashraf, Foolad, 2013; Cerezini
etal., 2016; Laxa et al., 2019). KirtoqoBiM CHTHAIIOM TSI
3aIyCKY IIbOTO KOMILJIEKCY peaKiliii € 3MiHa BHY TPILIHBOTO
CepeloBHUINa KIIITHHHU, SKa BigOyBa€ThCS IIiJl BIUTHBOM
(dakTopiB cTpecy, 30KpemMa pIiBHS EPOKCHIHOTO
okucHeHHs mnimigie ([IOJI) y craHi TpOOKCHIAaHTHO-
AQHTHOKCHJIAHTHOT piBHOBAry y 0ioyioriuHux MemMOpaHax,
mo OOYMOBJICHO ITOCHJICHOIO MPOMYKIIEI0 aKTHBHUX
dhopm kucHio (ADK) (Baraboi, 1991; Tarchevskyi, 2002;
Finkel, Holbrook, 2000; Tatari et al., 2012; Guo et al.,
2018).

PanHbOIO Hecmeun(pivHOKW BIAMOBIAA0 POCIHHH
Ha pi3Hi 32 MPHUPOIOI0 CTPECOBI BIUIMBU € 301IbLICHHS
piBas ADK, ski iHIIIOIOTh MPOLECH OKHCHIOBAIBHOT
JECTPYKIi MeMOpaHHHUX CTpyKTyp KiitHH (Baraboi,
1991; Veselov et al., 2002; Mittler, 2002, 2017; Apel, Hirt,
2004). OcHOBHHMM iHIIIaTOPOM BUTBHOPAJAUKAIHHOTO
OKHMCHEHHSI MeMOpaH JIIi/iB BBaXKAaIOTh CYNEPOKCH]I,
SKUA JIETKO TeHepyeTbcs y OararboX CHOHTaHHHX
i CH3UMATHMYHMX PEAKIisIX OKHCHEHHS, HPUYOMY
HPOAYKTAaMU HOTO BTOPHMHHOTO IEPETBOPEHHS MOXKYTh
OyTH CHHIJICTHMH KHCEHb, TiJPOKCHIBHMN paJuKal,
TIEPOKCH/] BOIHIO, OPTaHIYHI TEPOKCHIN T IXHi pauKaIIH
(Mynnybaeva, Hordon, 2003; Mittler et al., 2011;
Sies, 2017). V cBoto yepry, nporecu [TOJI npuzBoasaTh
JI0 pyHHYBaHHS TOJIHEHACHYEHUX MXMPHUX KHCIOT i
3MEHILICHHSI BMICTY MOJISIPHUX JIIIJIB Ta HEHACHUCHHX
JKHPHUX KUCJIOT, MOSBH TiAPONEPOKCHIHUX yrpyIyBaHb
y ckuaji rizpodooHoi 3ouu MemOpaH. Taxi nepeOynoBH
3MIHIOIOTh TUTMHHICTH 1 34aTHICTH JO JIaTepajbHOI
qudysii MemMOpaH, 110 NPU3BOAMUTH 1O BIAXHMJICHHS Yy
(yHKIIOHYBaHHI ~MeMOpaHHO-3B'sI3aHUX  (PEPMEHTIB,
30UIBIICHHS NPOHUKHOCTI MeMmOpaH Juisi Oararbox
peuoBuH Ta ioHiB (Chaves et al., 2003; Mittler et al.,
2004; Farooq et al., 2009; Mittler, 2017).

Knitnaaa memOpana 3abesnedye MpoIecH i0HHOTO
TPAHCIIOPTY Ta € CTPATEeriyHO BAXKIMBOIO 1 CTIIKOIO
MEKEI0 MK 30BHIIIHIM Ta BHYTPILIIHIM CEepeIOBUILEM
KJTITHHH. AJie pa3oM i3 THM BOHA € JOCHUTb BPA3JIUBOO
no nii 6arateox ¢akropis (Bandurka, 2014). BeaxaroTh
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(Veselov et al., 2002), mo peakiiss poCIMH Ha Mif0
HECHPUATIUBUX (DAKTOPIB CepeOBUINA Bi0OYBAETHCS HA
piBHI TUTa3Monemu. BusBiIeHO BUCOKY uyTimmBicTh H-
AT®-azu mnasmonemMu 70 3MiH y () a30CTPyKTypHOMY
cTaHi MeMOpaH KIITHHH, a TAKOXK PETYISITOPHUHA BIUIHB
npoLecy JIMONEepOKCHIAlii Ha aKTHBHICTh JaHOTO
(hepMeHTy, B pe3yNbTaTi 4oTro IHIIHIOIOTHCA MEXaHI3MH
roOMeOoCTaTyBaHHs 1 PO3BUTOK 3araJibHOT peakIii pOCINHH
Ha nito crpecy (Veselov et al., 2002; Khoubnasabjafari
etal., 2015).

MeTor0 JaHOTO OISy € y3arajJbHEHHS HOBITHIX
BIIOMOCTEH IOJO POJIi TIPOIECIB  MEPOKCHIHOTO
OKHMCHEHHS JIIMIJIB KIITHHHAX MeMOpaH 1 HpPOAYKTIB
Jminonepokcuaamii 'y (GOpMyBaHHI Ta  PEryIALil
MeTa0oIi3My POCIIHH 3a [Iii CTPECOBUX YNHHUKIB.

Inmencusnicms npouecie nepoKCuUOH020 OKUCHEHHA
Jinidie Kaimunnux memopan 3a oii cmpecy

Axrusanis I10J] € yHiBepcalbHUM MOMIKOIKYIOUUM
MEXaHI3MOM KJIITHHHUX MeMOpaH, SIKMid IpOTiKae
i3 YTBOPEHHSM BUTPHUX TiIPOKCHIBHHUX 1 IIIITHAX
panukaiiB BUCOKOI peakuiiiHoi 3xaTHocTi (Vadymyrov,
2000). [Jnms mepebiry mporecy IMOIEepOKCHAAIT
HeoOXiZIHa HasIBHICTh CyOCTpariB OKMCHEHHS, BUILHOTO
KHCHIO Ta YTBOPEHHS i3 HBOTO y TKaHWHAX aKTUBHHUX
KHCHEBUX PaAJUKaJIiB, @ TAaKOX MEBHUX (EPMEHTHUX
cucreM. Cy6ctparamu mporecy I1OJI y GiomemOpanax
€ TIOJIHEHACHYeHI JKUPHI KHUCIIOTH, @ B OCHOBI CaMoro

MPOIIECY 3HAXOOWTHCA 1HAYKOBAaHE €0 BUIBHUX
paaMKamiB OKHACHCHHS TIONIHCHACHYCHHX IKUPHUX
KACIOT y CKIaal JimiaiB, 30kpema Qocdoimiais

oiomoriuanx memOpaH (Niki et al., 2005). [TomkomkeHHS
MeMOpaHHUX  (ocdouiniiB  BUKIMKAE MOPYLICHHS
"oimok-nmimiganX" B3aemo3B's3kiB (Vladymyrov, 2000).
[TOJI xapaxTepu3yeThcsi FeHepali€lo Hijol rPyIH Pi3HUX
BITPHOPAIMKANBHUX JHIMTHAX (OpM, YaCTHHA SKUX
CIIPOMOXKHA TOIIMPIOBATH YIIKO/UKEHHS Ha CyCigHi
mimigai momekymn (Ostapchenko et al.,, 2016). [IBa
HaiOUIbm mommpenux Bugun ADK, sKi BIUIMBAIOTH
Ha Jimiam, — e rigpoxcwibHuN pamukan (HO') Ta
rigponiepokcuit (HO',). Tigpokcunbnuii pamukan — 1e
HEBEJIMKUH, BUCOKOMOOUTbHMN, BOIOPO3YMHHHUN Ta
XIMIYHO HaWOUTBII PEAKTUBHUN BHI aKTHBOBAHOTO
KUCHIO, SIKMH Bifirpae BaxiuBy pousib y mporeci ITOJI
(Ayala et al., 2014). I'impokCHIBHI paAWKaIl 3aBIAIOThH
OKHCHIOBAJIBHOI IIKOAM KIIITHHAM, OCKIIBKM BOHHU
Hecnenu}ivHO aTaKyITh 010MOJIEKYIH, [0 PO3TANIOBaHI
MEHIIIe HXK Ha KiJIbKa HAHOMETPIB BiJl MiCIIs IX reHepartii
Ta OepyTh ydYacTh Yy KIITHHHHX TOpymeHHsXx (Venero
et al., 2003; Ayala et al., 2014). Bonu € OUIBII CHIIBHIM
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MPOAOBKCHHSA JAHIIOra

0, LH
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Fe** Fe*"+ OH

posrajay:keHHsa LO°

LH Al—> LOH
L

l

HOBHUH JAHIIOT

Puc. 1. Crazii nepokcuHOTO OKUCHEHHS JTiMiAiB (axanrtoBaHo 3a Vladymyrov, 2000).

"OH — rigpokcunbauii paaukan, LH — miniaun, L — niniganit panukan, LO — ankokcunbHui pagnkan, LOO — nepokcuaHui paankai,
LOOH - rigponepoxcu Jiminy, InH — antuokcunantu, Fe?* — 3aiiso, O, — xucenb, H,0, — epokcu BOAHIO

Fig. 1. Stages of lipid peroxidation (based on Vladymyrov, 2000).

‘OH — hydroxyl radical, LH — lipid, L' — lipid radical, LO — alkoxyl radical, LOO" — peroxide radical, LOOH — lipid hydroperoxide,
InH — antioxidants, Fe** — iron, O, — oxygen, H,O, — hydrogen peroxide

OKHCHHMKOM, HIJK CYIEPOKCH]| aHIOH-PaJIMKaJl i MOXYTb
IHIIIFOBaTH JIAHIFOTOBE OKWCHEHHS ITOJIIHCHACHYCHUX
dochonimigiB, MmO NPU3BOAUTH JIO  TOPYIICHHS
MemOparanX (yskmid kmitaan (Kinnunen et al., 2012;
Reis, Spickett, 2012).

[pomec TIOJI MoXHa TORITUTH Ha OCHOBHI
cTaiii: 1HIMiaIio, PO3TANYy>KCHHS Ta OOpPUB JIAHIIOTa
(Vladymyrov, 2000; Ostapchenko et al., 2016) (puc. 1).
Ha nepmriii cranii inimiatopom I10JI Buctymae HO', sk
He3aps/PKeHa 4YacTka, [0 BUIGHO IIPOHMKAE Yy TOBIILY
rizpodoOHOro JIMiHOTO mapy i BCTyMae B XiIMI4HY
B3a€MOJIIO 13 TOMIHEHACHYCHUMH KUPHUMH KUCIOTAMH
B ckiani mimiais (LH). [Ipu npomy B minigHoMy Oirmrapi
YTBOPIOIOTBCS JiininHi paxukanu (L), siki BCTynarooTh
Yy pEaKiio i3 PO3YMHEHHM Yy BOJHOMY CEpEIOBHIII
MOJICKYJIIDHAM ~ KHCHEM 13 YTBOPEHHSM BLIBHOTO
nepokcugHoro pamukamry (LOOY). Ilpu mnpomomxkeHi
JaHIOroBO1 peakiii pamukan LOO' arakye onHy
i3 cycimHiX Mosekyn ¢ocdomniay 3 YTBOPEHHIM
rigponepokcuny mininy (LOOH) Ta HOBOro pamukairy
L". YepryBaHHS IBOX OCTaHHIX PEAKINH € JAHIIIOTOBOIO
peakuieto TIOJI. Cragmis posraimykeHHs JaHIfora
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noTpedy€e HasBHOCTI HEBENMKOI KUIBKOCTI  3aiza
(Fe*"), B pe3ynbrari Bi0YBAEThCS JUXOTOMIS JIAHIIIOTIB
uyepe3 B3aemomito Fe’™ i3 TigpormepoKcHIaMu JIiTiiB
(peakuiss deHTOHA). YTBOPCHI ANKOKCHIIBHI paIHKaIH
LO iHILiIOIOTH HOBI JAHLIOIM OKWUCHEHHS JIIIIIiB.
VY OGionoriuHMX MeMOpaHax JaHIIOTH MOXYTh MaTH
MOHAJl JIECSATh JIAHOK, OJIHAK BPEIITi-PeIuT JIAHIIOT
0o0pHBa€eThCA Yepe3 B3a€MOMII0 BUIBHUX pPATUKaliB i3
antnokcunanramu (InH), iomamu meramiB Ta 3MiHHO]
BaneHTHOCTi (Ostapchenko et al., 2016).

[MocunenHs mpouecy JIMONMEpPOKCHIAIil 3a  ii
CTpPeCy CYIPOBOKYETHCS HAKOITUUCHHSIM HECHACHYCHUX
JKUPHUX KHCIIOT, TIIPOIIEPOKCHUIIB, TIEHOBUX KOH'FOTATIB,
MayioHoBoro miaibraeriny (MJIA), 1o npu3BOIUTH
0 TIABHWINCHHA IUIMHHOCTI JIIIZHOTO MAaTPHUKCY
OiomeMOpaH Ta 30UIBILEHHS PYyXJIMBOCTI MeMOpaHHHX
OILJIKIB, 3MIHIOIOTHCS KIHETHYHI BJIACTHUBOCTI
MeMOpano3anexxHux pepmentis (Veselov, 2001; Veselov
et al., 2002). ITogatkoBum etamom I1OJI € yTBOpeHHS
JiEHOBUX KOH'toratiB. HactymHi eramu mepokcuumarii
TOB's3aHI 31 301IBIIEHHSIM TigPOMEPOKCHIIB JIITiIiB.
lNagponepokenan — JimigiB — SBISIOTH  COOOIO  JIyKe
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IlepoxcuaHe MOMIKOIKEHHS KIITHH
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l
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l

I
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Puc. 2. CxemarnuHe 300pakeHHSI PO3BUTKY INPOLECIB JIITONEPHOKCHAAL], 10 MPU3BOAUTE 10 3aruberi KITHH (a[anToBaHO 3a

Vladymyrov, 2000)

Fig. 2. Scheme of the development of lipoperpoxidation processes leading to cell death (based on Vladymyrov, 2000)

HECTIHKI, peakIifHO3IaTHI CIIOIYKH, SIKi TIOIIKO/UKYIOTh
MeMOpaHH, B3AEMOJIIOYM 3 TXHIMH CTPYKTypHUMH
xommoneHTamu  (Argiielles et al., 2004, 2007).
loponepokcuana rpyma MoXe OyTH TpPHETHAHA [0
PI3HUX JIMTHAX CTPYKTYP, HAIPHUKIIAI BUTBHUX KUPHIX
KHCJIOT, TPHALMIIIIIIEpHHIB, (hocdoimiIiB Ta cTeposIiB
(Negre-Salvayre et al., 2008; Yin et al., 2011). Oxaum
i3 KIHIIEBUX MPOAYKTIB 1boro mpomecy € MJA —
BHCOKOTOKCHYHA CIIONyKa, fKa TOPYIIye MeTadomi3M
kiituan (Domingues et al., 2013).

IIpomec IIOJI mocriliHO mNpOTIKAE B KITITHHAX,
BIZIrpalouyy  KIIOYOBY pOJb y MeTrabomizMi Ta
ajanTaiiifHMX peakiisx opraxiamy. B pesynbrari
MEPOKCUTHOTO OKHCHEHHS B MOJEKydi Qocdomimimin
KJITHHHUX MeMOpaH 3'SIBISIOTHCS MOJISIPHI
TiIpOTIepOKCHTHI TpyITyBaHHS (rimporiepokcuan
JIMIIIB), 10 BOJIOJIIOTH JeTepreHTHOr nieto (Argielles
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et al., 2004, 2007; Negre-Salvayre et al., 2008; Yin et al.,
2011). Ixns nosiBa 36inbIIye PyXIMBICTh TOMIMENTHIHUX
JAHIIOTIB, TOOTO Tmoerurye KoH(pOpMamiiHi 3MiHH
MoJiekys OinkiB. Ile CympoBOIKYETHCS 3pPOCTaHHIM
AKTUBHOCTI MeMOpaHO3B'A3aHUX (EPMEHTIB, O SKUX
BIHOCATBCSL yci (EPMEHTHI CHUCTEMHM KIITHHU. 3a
HaJIMIpHOI ~ aKTHWBAIlii Tpomecy  JNOMEPOKCHIAI]
BiZIOyBaeTbCcsl HOr0 MEPETBOPEHHS 3 PETYISTOPHOIO
MEXaHi3My B JIaHKy IIaTOTeHEe3y, IO IPU3BOIHUTH MO
TIOIITKOJIKCHHS Ta 3aru0elti KINTUH (pHC. 2, aJalTOBaHO
3a Vladymyrov, 2000).

Xapakrepuctuku  pizHEX npoaykrie  I1OJI sk
OiomapkepiB OyJid IMEPErISIHYTI Ha OCHOBI MEXaHi3MiB
1 JWHAMIKKM IXHBOTO YTBOPCHHS, METa0oNi3My Ta
BuMiproBanHs (Schaur, 2003; Agadjanyan et al., 2005;
Onyango, Baba, 2010; Domingues et al., 2013). MIA
€ KIHLEBHM IIPOJIYKTOM, SIKHII yTBOPIOETHCS y KJIITHHI

Ukrainian Botanical Journal, 2020, 77(4)



B pe3ynbraTi (hepMEeHTaTUBHUX a00 HEPEpMCHTATHBHUX
peakuiii (Domingues et al., 2013; Niki, 2014; Barrera
et al., 2018). IIpore OionoriuHi (QYHKIII i€l CIIOIyKH
HEJI0CTaTHhO BUBYEHI. BOHa HIMPOKO 3aCTOCOBYETHCS
Oararo pokiB sk 3pyunuit 6iomapkep mist [1OJI omera-3
Ta oMmera-6 >KMPHHMX KHCJIOT 4epe3 i JIerKy 3JaTHICTh
BCTYIIaTH B peakIilo i3 Tio0apOITypOBOIO KHCIIOTOO
(Yin et al., 2011; Reis, Spickett, 2012; Domingues et al.,
2013). MJIA € omHUM i3 HAWIOMYISAPHIINAX 1 HATIHHIX
MapKepiB sl BU3HAYCHHS! OKHCHIOBAJIBHOTO CTPECY B
KIIITHHAX, a 3aBISKA BUCOKIM peakIiiHil 3MaTHOCTI Ta
TOKCHYHOCTI HOTO BHKOPHCTOBYIOTH [UIS ITPOBEICHHS
Ba)XXJTUBUX OlOMEIMYHMX HOCimKeHb (Agadjanyan et al.,
2005; Onyango, Baba, 2010; Massey, Nicolaou, 2011;
Giera et al., 2012).

HoseneHo, 110 OKHCHIOBAJIbHUMI cTpec
CYNPOBO/DKYETHCS MiBUIIEHUM TeHepyBaHHIM ADK
Ta iHTeHcHpikamieto IIOJI, sKki € yHIBEpcaTbHUMHU
KOMIIOHEHTaMH B 3arajbHOMY MeXaHi3Mi (hOpMyBaHHS
BIJINIOBi/Ii POCTIHH 3a [Iii CTPECOBUX (PaKTOPiB a0i0OTHIHOT
Ta OIOTHMYHOI TPUPOIU: MOCYXH, 3aCOJCHHS, TiNO- Ta
rineprepmii, BipycHOi Ta OakrepianbHOl 1H(DEKIIH
(Agarwal, Shaheen, 2007; Sies, 2017; Guo et al., 2018;
Mhamdi, Van Breusegem, 2018; Segal, Wilson, 2018;
Dongetal., 2019). AkruBaris nux mporecis, B T. 4. [10J],
CYNPOBO/DKYEThCS TepeOynoBaMu  y  (pyHKIIIOHYBaHHI
KIITHH 1 TKAHUH POCIIHH, XapaKTep 3MiHH SIKUX 3aJIC)KUTh
BiJI HAIPY>XEHOCTI il HeCHPUATIMBOIO YMHHHKA, HOTo
IHTCHCUBHOCTI Ta TPUBAJIOCTI Mii, a TAKOXX UYTIUBOCTI
Ta cTajil pO3BUTKY pPOCIMHHOrO opranizmy (Baranenko,
2009). BrutuB cTpecoBux (pakTOpiB BUKIUKAE ITOCHICHE
HaKONWYEHHsS MNEPBHUHHUX (T1IPONEPOKCHUAN JIIMiJIiB)
ta BropuHHHUX (MJA) mpomykrie [IOJI y criiikmx
i HecTifikux copriB pocinuH. OpHaK, y 4YyTIMBHX
TeHOTHIIIB, 30KpeMa KyKypyasu (Zea mays L.) 1 o3umoi
mreHuti (7Triticum aestivum L.), piBeHb IIUX TTOKa3HUKIB
BUpa)XEHHI Habararo CHIIBHIIIE, HIK y MOCYXOCTIMKUX
(Ashraf et al., 2010; Nakashima, Suenaga, 2017; Deka
et al., 2018). Lle cBiguuTh PO 3AATHICTH OCTAHHIX
MiATPUMYBATH CTaOiIbHICTH MIPOOKCHIAHTHO-
AHTHOKCHJAHTHOI PIBHOBAru 3a Jiii cTpecoBuX (hakTopis.
BimznaueHo, 1mo excrpecis 6aratboX TeHiB, sKi OepyTh
yyacTh y THpoLecax CTapiHHA POCIHH, IHIYKY€EThCS
migBUIIeHNM  TponykyBanHsM A®K y  mporeci
oHTOTreHe3Y, a mpoxyktu [10J1 € He nutre BinoOpakeHHIM
OKHCHIOBAJIbHOI JAECTPYKLIi MiMigiB, a MOXYTh OyTH
3ajisiHi Ha erami crapiHHa (Baranenko, 2009). Kpim
TOro e(eKTUBHICTh POOOTH AHTHOKCHAAHTHOI CHCTEMH
3HWKY€THCS BIPOIOBK OHTOTCHE3Y, 1110 CIIPHSIE PO3BUTKY
BIJIbHOPAMKAJIBHOTO ~ OKHUCHEHHs. Tak, I0Ka3aHo
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MiABUICHHS BMICTY TPONYKTIB JIIMONEPOKCHAALIi Yy
POCIHH CyXofinbHOrO exkoruny Sium latifolium L., mo
00yMOBJICHO IPUCKOPEHHMH MpPOLIECAaMH PO3BHUTKY, B
MOPIBHSAHHI 13 TOBITpstHO-BomHUMHE (Baranenko, 2009).
Jocnimkeno, mo y Oyasdoukax coi (Glycine max (L.)
Merr.) inTeHcngikyrotbes mporecu [10J] Ha moyaTkoBUX
eranax iHoKyIsii Bradyrhizobium japonicum, aje pi3ko
3HWDKYIOTBCS ITICIISt 301IBILICHHS] BMICTY JIETTEMOIIO0iHY
Ta mBUAKOCTI ¢ikcamii azory (Nadeem et al., 2019).
Kpim Toro, piBenb MJIA y HeeekTUBHUX OyiabOOYKax
Oy BummnM, HiDK y edexruBHuXx (Mohammadi, Karr,
2001; Nadeem et al., 2019). Taxi mami BKa3ylOTh Ha
y4acTh MPOLECY JIMOMEePOKCUAalli B 3abe3reveHHI
ONTUMANIFHOTO (PYHKIIIOHYBaHHS METa0Oi3My pPOCIUH
3a CUMO10THYHOT B3a€MOIi1 Ta MEPCIIEKTUBH MOATBIIIOTO
BUBYCHHS HOrO PO B JKUTTEMISUIBHOCTI KIITHHU 3a
MYTYyaJiCTHYHUX B3a€MOBITHOCHH.

OTXe, OKHCHIOBAIIbHMH BHOYX € UEHTPaJbHUM
KOMITOHEHTOM B IHTET'POBaHIi CHI'HAJBHIN cUCTeMI, sKa
peaitizye HACTYNHHUI KackaJ BIMOBIACH pPOCIMHHIX
KJIiTHH 32 1ii crpec-gaxropis. [Ipu npomy akrusaris [10J]
€ OHUM i3 ITyCKOBHX MEXaHI3MIiB, IO MPHU3BOAUTH IO
MOPYIIEHHS METa00Ti3MY, TOB'SI3aHHX 13 TTOMITKOPKEHHSIM
KJITHHHUX 1 CyOKIiTMHHUX MeMmOpaH. [linTpumaHHs
OKHMCHIOBAJILHHX ITPOIIECiB HA HEOOX1THOMY i Oe31IeqHOMY
JUIsl KJIITHHU PIBHI € YHUTTEBOIO CTPATEri€l0 POCIMHH
Ta peaii3yeTbCcs 3a JIONMOMOro0 0araTOKOMIIOHEHTHOT
CHCTEMH aHTHOKCHIAHTHOTO 3aXHUCTY.

Ilponuknicme  naazmonemu, AK  IHMeEZPATLHULL
NOKA3HUK (YHKUIOHANIbHO20 CIAHY POCTIUH 34 CHIpECy

[MoniHeHacW4eHi KHUPHI KHUCIOTH € OCHOBHUMH
cyocrparamu st [TOJT (Yin et al., 2011), sxi Hajexarsb
JI0 POAMHU JIMiAiB i3 JBOMAa abo0 OuIbINE MOABIHHUMU
3B's3KaMH 1 IX MOKHa Kiacu(ikyBaTé sk omera-3 (n-
3) ta omera-6 (n-6) >KUpPHI KUCIOTH BIINOBIAHO JIO
Miclsl pO3TalllyBaHHS OCTAHHBOTO IOABIHHOTO 3B'SI3KY
1010 MEeTHIIIFHOTO KiHIg Mojexynu (Massey, Nicolaou,
2011; Domingues et al., 2013). ITocriliHe OKHCHEHHS
OIYHMX JIAHITIOTIB JKUPHUX KHUCIIOT Ta BHUBUIBHCHUX
MOJIIHEHACUYCHI YKUPHUX KHUCIIOT, a TAKOXK (hparMeHTaIris
MEPOKCHUIIB 13 YTBOPCHHSM aJbBJCTiIIB MPU3BOIATH
0O BTpaTH IITICHOCTI MEMOpaHW MUIIXOM 3MiHH 1i
TEKy4OCTi, IO MPHU3BOAUTH 1O IHAKTUBALIl OLJIKIB,
NoB'si3aHUX 13 MeMOpanoro. 3aranom peakunii [1OJ]
MOXYTh BUKIUKATH (PyHKITIOHAIBHI 3MiHH Y MEMOpaHax,
SKi BIUIMBaIOTh Ha IUIMHHICTH 1 pPO0OOTY 1OHHHMX
KaHaIiB i TpaHCIOpTepiB, (QYHKIIi CHTHAIFHUX OLIKIB,
CHONYyYEeHUX 13 MeMOpaHOI0, a TaKOX IIiJBHUIIYBaTH
ionHy nponukHicte (Hohenberger, 2011). Ha Bigminy
BiJl paIiKaIiB, AKi aTaKyIOTh 010MOJIEKYIIH, PO3TAIIOBaHi
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MEHIIIC HIK Ha KiTbKa HAHOMETPIB BiI MicIs IXHBOT
reHepaiii, anpjeriau, ytBopeHi B pesynsrari [10J],
MOXXYTb JIETKO JH(YHTyBaTH 10 MEMOpaHax i KOBAJICHTHO
MoangikyBaTu Oyab-sIKMH OUIOK Y LUTOIIIa3Mi Ta sIpi
JTaJIeKo Bix MicIs ixHboro BuHUKHEHHS (Negre-Salvayre
et al., 2008). Ilpomyxtu IIOJI moxyTe ¢opmyBaTu
MOXi/HI 13 HemimigHUMHU criomykamu — Oinkamu i JTHK,
SKI  TOPYLIYIOTh MeMOpaHOAacOLifoBaHI CUTHAJIBHI
nuAxy, ymkomkyoTs JIHK Ta BUKIMKalOTh MyTarcHes
(Barrera et al., 2018).

IIponyxru [TOJI, sixi HArpOMaKYIOTHCS PU AKTHBAIIIT
IILOTO TIpOIleCy 3a [il CTpecopy, BHSBISIOTH IEBHUH
Mozan(iKyrunii BIUIMB HAa MEMOpaHU Ta Jesiki pepMeHTH.
3okpema, kinmeBmit mpoxykt I[1OJI, MJIA B3aemomie
i3 BUIBHUMH aMiHOTpynamH OLIKiB, KOMIIOHEHTaMH
¢docdomimizis, MO IHAYKYE MOSBY B MEMOpaHaX €THUIICHY
Ta TPHU3BOAUTH 0 3MIH BJIACTMBOCTEH SK OKPEMHX
KOMIIOHEHTIB, Tak 1 MemOpaH y mimomy (Borysova,
2001). Bunukae nedopmaris MeMOpaH, a 3a MoJalbIioro
NPOrPEeCyBaHHS JIAHIIOTOBUX paJUKaIbHUX PeaKii —
MeXaHi4HI JeeKTH MeMOpaHH, a came 'TepOKCHIHI
Kiactepu”, ki € "KaHanaMu'" TaCUBHOI POHUKHOCTI JJIsT
ioniB (Vladymyrov, 2000). loBeneHo, 1o 3a aii crpecopa,
B MEPIIy Yepry, MPUTHIYYEThCS aKTHBHICTh PO3YMHHUX
LUTOIUIa3MaTHYHKX 1 tuiactuaaux depmentiB (Chaves,
2003; Perraki et al., 2014; Zhang et al., 2014). Ilpu
IFOMY IHTETpaNbHi OITKH MeMOpaH e 3a0e3NedyIoTh
CTIMKICTh EJISKTPOHHOTO TPAHCHOPTY 1 BIJHOBJICHHS
HIKOTHHaMi-aJeHiH-TuHyKIeoTua-pochary (HAAD),
aJie CIpsDKEHICTh NEPEHECEHHsI eNISKTPOHIB 13 TPOIECOM
(dochopmimioBaHHS BXKE MOPYNIYeThCcA. TpuBama mis
cTpecopa I1HJYKye IHaKTHBAIil0O CTPYKTypHHX OIJIKiB,
3HIKCHHS TPAHCIIOPTY €IEKTPOHIB, 3MiHY POHUKHOCTI
KIITHHHAX MeMOpaH Ta 3MEHIICHHS aKTUBHOCTI
3BSI3aHMX 13 HUMH (EPMEHTIB, SKI BIAMOBIIAIOTH
30KpemMa 3a cuHTe3 MeMmOpanHux JiniaiB (Farooq et al.,
2009; Kraft, 2013; Bagam et al., 2017; Ott, 2017).

[Iporpecyroue TOpYIICHHS OCHOBHHUX JKHTTEBHX
(YHKIIH pOCIIMHH, IHTyKOBaHE €10 CTPECOBHX (haKkTOPiB,
mepm 3a BCe, CYNPOBOIKYETHCS HEBIIOPSIKOBAHICTIO
cTpykTypu nutoriasmu (Sweeney et al., 2016; Fathi,
Tari, 2017; Nakashima, Suenaga, 2017), o mpu3BoanuTh
10 3MiH y 11 cTpykrypi Ta nponukHocti (Chen et al.,
2006). TlopymeHHS IUTOINIA3MAaTHYHUX  CTPYKTYP
XapaKTepU3YEThCS IMiJBUIICHHSIM BUXO/MY €JIEKTPOJIITIB
13 KITTHHH, MO € (YHKIIEI MPOHUKHOCTI KIITHHHUX
MeMOpaH Ta CTyIeHs IXHboro nomkokeHHs (Rucinska,
Gwozdz, 2005). JloBeneHO iCHYBaHHS ITOCIIIOBHOCTI
3MiH y MeMOpaHax KIITHH 3a Mii HECHPHUSITIHBHX
yMOB: (a30oBHi IepexiJ YacTUHM JIiMmifiB MeMmOpaH,
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MOPYIICHHS CTPYKTYpH Ha TUISHKAX MiK(A3HUX MEX i
MIZABHUIICHHS IXHBOI MPOHUKHOCTI Y MeXax MeHEKTHUX
ninsHOK  (Veselov, 2001).  OckibKM  ITABUIIICHHS
MPOHUKHOCTI IUTOIUIA3MU HACTAE€ PAaHIIIC BUAUMOI
nedopmamii KIITHH, TO II€ TOPYIIEHHS € OIHUM
i3 MepmIMX TMOKA3HWKIB HETaTUBHOI il CTPECOBUX
(hakTOpiB Ha POCIHMHHUHU opraHi3M (Zamzami et al.,
2007). [lecopOuist eNeKTPONITIB POCIUH CBITYUTH PO
CTymHiHb 30€peKEHHS MIKPOCTPYKTYpH ITUTOIIIa3MH
SK IIUTICHOI CHCTEMH, IPOHHUKHICTH $KOi 3pOCTae
0COONHMBO PI3KO B MOMEHT Koarysimii ii komoimiB. 3a
TPHUBAJIOTO BIUIMBY CTPECOPY Ha POCIMHHHUI OpraHizm
CIIOCTEPIraroThCsl HE3BOPOTHI MOPYIICHHS 11 CTPYKTYpH
(Deka et al, 2018). Ha 3pocrtaHHsS eK300CMOCYy
CJICKTPOIITIB  OE3MOCePENHbO BIUIMBAE ITPUTHIUCHHS
MeMOpaHO3B's13aHUX (DEPMEHTIB, y T. Y. TPAHCIIOPTHUX
AT®das3, 3mina pH, aktuBaiis MmemOpanuux (ocdorinasz
i I1IOJI. BBaxkaroTh, 0 BEIMYWHA BUXOAY EJICKTPOJIITIB
MOKE CIIyTyBaTH MOKa3HUKOM CTYIICHS BIIOPSIKOBAHOCTI
BHYTpikmiTHHHUX CTPYKTyp (Rucinska, Gwozdz, 2005).
[lpn 1poMy 3MiHA TPOHMKHOCTI LUTOIUIA3MH JUIS
@JIEKTPOIITIB XapaKTepu3ye ii KOJIOiJHO-XIMIYHUHN CTaH,
a 3HIKEHHS CTPYKTYPOBAHOCTI IIUTOILIA3MH OOYMOBIIIOE
3HWKEHHSI CTIHKOCTI POCIMH 10 HOMIKOKYIOUYOTO
(haxTopy. 3adikcoBaHO, 110 YUM BHIIIE CTIHKICTH POCIUH
0 mil CTpecy, TUM MEHIIUH CTYIiHb MOIIKOMKCHHS
MIKpPOCTPYKTYP LUTOILIA3MHU Ta HWKYMN BUXIJI PEUOBUH
i enekTponiTiB i3 yuctkiB y po3unH (Fathi, Tari, 2017;
Nakashima, Suenaga, 2017).

JlocmikeHo, 1m0 KOPOTKOYACHHM BOIHHUI CTpec
BUKJIMKAE ICTOTHI IIOIIKO/DKEHHS YJIBTPACTPYKTYPHUX
€JIEMEHTIB KIIITHH, SIKi 3HW)KYIOTh IPOHUKHICTH MEMOpaH
Juts Bou (Xue et al., 2006). ITpu iboMy CIOCTEPITatoThCs
YABTPACTPYKTYpHI 3MIHM HaWOIIBII YyTIMBUX JIO
3HEBOJHEHHSI OpraHeNl KIITHH JIMCTKAa — MITOXOHIPiH
1 XJIOpOILIACTIB, MO BiIOOpaXkaeThCsi HA CTaOLIBHOCTI
MeMOpaH 1 IXHIH CTIMKOCTI 10 BOAHOTO Je(iluTy
(Wijewardana et al., 2011; Voothuluru et al., 2016).
BuminieHHs €JeKTPOIITIB i3 JIMCTKIB POCIIUH IMOB'SI3aHE
3 TOcHallieHHSIM IXHBOTO 3B'SI3Ky 13 O1ONOTIYHUME
CTPYKTypaMd Ta 3MiHaMH I[POHUKHOCTI KIIITHHHUX
memoOpan (Rucinska, Gwozdz, 2005). OcobmuBocTi
BOJHOTO PEXUMY POCIMH IEpeBaXHO OOyMOBIIEHI
BJIACTUBOCTAMH TiIpOQITBHAX KONOINiB MHUTOILUIA3MHU.
ToMy, Benmka yBara NPHIUISETHCS BHBYCHHIO 3MIiHHU
KOJIOTIIHO-XIMIYHHMX BJIACTUBOCTEH IMTOIUIA3MATHYHUX
CTPYKTYPp 32 Aii 3HEBOAHEHHS TKaHUH, IIPO CTYIiHb 3MiH
SIKHX MOYKHA CYAMTH 32 BEJIMYMHOIO BUXOAY 3 KIITHH
Yy PO3YHH SIK CINEKTPONITIB, TaK 1 HeeneKTpomiTiB (Xue
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et al., 2006; Wijewardana et al., 2011; Sweeney et al.,
2018a, b).

BBaxaroTh, 110 TOJCPAHTHICTH JO HECIPHATIUBUX
(axropiB HaBKOJIUIITHBOTO cepeoBHUIIa
00yMOBJICHa TIepII 3a BCE CTIMKICTIO 1 MPOHUKHICTIO
KIITHHHAX MeMOpaH SK IHTErpajibHOTO ITOKa3HUKa
(YHKIIOHATTFHOTO CTaHY POCTHH, SKHH CBIAYUTH TIPO
371aTHICTh POCIMHHUX TKAaHWH y MEHILIH Mipi 3HIKYBaTH
¢izionoriyay Ta MeTaboIiYHy aKTUBHICTH 32 3HIDKCHOTO
BogHoro noreHniany (Rossard et al., 2006; Hohenberger
et al., 2011; Auler et al., 2019). 3pocTaHHs €K300CMOCY
CJIEKTPONITIB  3a Jii cTpecy € BiJOOpaKeHHIM
Oararb0X MpoIeCiB. 30KpeMa, 30UTBIICHHS aecoporii
€JIEKTPOITITIB MEMOpaHaMH 1 3BUTFHEHHS iX TPH PO3Maii
nabIbHUX ~ OIOKOMIUIEKCIB, 3HMXKEHHS  COpOLiHHOT
3marHocTi mpoTorutasmMu  (Hohenberger et al., 2011).
JlocnipKeHo, 110  CTIMKI  POCIMHM  BiAPI3HSIOTHCS
CTabimpHICTIO MEMOpaHHOTO amapary 1 3JaTHICTIO
0 TmiATpuUMaHHs Tomeocrtasy kimituH (Ashraf et al.,
2010; Nakashima, Suenaga, 2017; Deka et al., 2018).
Tpuanomy 30epeXeHHIO IIUTICHOCTI MEMOpPaH CIIPUSIOTH
raJbMyBaHHS PO3MaAy iXHIX KOMIOHEHTIB — JIMigiB 1
01JIKiB, 1110 TTOB's13aHO 3 €()EKTHBHOIO POOOTOI0 MEXaHI3MiB
AQHTHOKCHJIAHTHOT'O 3aXUCTY Ta IHr10OyBaHHIM (EpPMEHTIB
posmany OinkiB (CHirkova, 1997; Demir et al., 2013;
Seifert et al., 2014; Gutierrez-Carbonell et al., 2016).
BaxnmuBuMu TakoX € amamnTariifHi mepeOyIoBH KUPHUX
KUCJIOT, KOH(pOpMaliliHI 3MiHK y MeMOpaHHUX OijKax,
PETYIALIS KalbIlieBOro oOMiHy B kiituHax. Lli peakmii
B3a€MO3B's13aHI 3aBASKHM UiTKIH MeMOpaHHIH cucremi
perymsmii, sika Oepe y9acTe y KOOpAMHAINI OOMiHY
pedyoBuH y pocimHax 3a aii crpecy (CHirkova, 1997;
Srivastava et al., 2013).

KiitnHHI MeMOpaHU BiAirparoTh KIIOYOBY pPOIIb Yy
CTIHKOCTI POCIIMH 10 HECTHPHUSATIMBHX BIUIMBIB Ta €
B)XJIMBOIO CKJIAJIOBOIO KOMIUICKCHOI CHCTEMH PETYIISIIT
MeTaboIi3My POCIHMH, HWOro aJanTaliiiHOK O3HAKOIO,
SKa IOUPOKO BHKOPUCTOBYETHCS JUISA OLIHKM CTIHKOCTI
PI3HHX KyJIbTYyp. BiacTuBicTh poCIMH HaKOMMYYyBaTH YU
BHJUTATH Pi3HY KiTBKICTB EKTPOIITIB PO3TIIAIAETHCS SIK
MOKa3HUK JUIsl TIOPIBHSUILHOT OLIIHKK CTYIEHSI CTIHKOCTI
PI3HUX TEHOTHUIIB KYJIBTYPHHUX POCIHH JI0 Iil cTpecy.

3nauenns npouecie ninonepokcuoauii y popmyseanni
Cmpec-3axucHux  peaxkuii ma niompumanui
2omeocmasy pocaun

BusiBiieHO dWiTKY 3aJIeXKHICTh YyTIMBOCTI POCIHUH
J0 J1ii HEeCHPUSTIMBUX YMOB 31 3MEHIICHHSM BMICTY
MEMOpaHHUX JIMiIiB, OCOONUBO THX, IO BXOAATH JIO
CKJIaJly MEeMOpaH XJIOPOIUTACTIB 1 BiIrparoTh BaXKIHBY
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poib y 3a0e3nedeHHi meBHOI KoHpopMallii pepMeHTHIX
OiskiB, a omxke ixHbOI aktuBHOCTI (Veselov et al., 2002;
Haney et al., 2011; Jarsch, Ott, 2011; Takahashi et al.,
2016). 3MeHIIeHHs] BMICTY JIIIJIIB HUKYE KPUTUYHOTO
piBHSI MO)XXE TpPU3BECTH JO BTPAaTH aKTHUBHOCTI
dhepmenTie. Tomy 1iist 30epeKeHHST aKTHBHOCTI MEMOpaH
3a IIii cTpecopy HEOOXiIHO MiATPUMAHHS ONITUMAIEHOTO
CHIBBITHOIIGHHS JTiMiAIB 1 O1KiB y MemOpaHi (Lingwood,
Simons, 2010; Cacas et al., 2012; Li et al., 2012; Fan
etal., 2015).

Y Bignoine Ha IIOJI memOpan Ta BiAMOBITHO
JI0 KOHKPETHHX YMOB, METa0oJi3M KIITHHM Ta HOro
BIHOBJICHHS MOXYTh BHKIHKard a0o 3aruoesb
KJIITHH, a00 CHpPHUATH iXHBOMY BH)KHBaHHIO. 3a
yMOB (i310JI0TIUHUX a00 HHU3BKUX IOKA3HUKIB PIBHS
I[NOJI (cyOTOoKCHYHI YMOBH) KIITHHH CTHMYJIOIOTH
MiATpUMAaHHS CBOTO (DYHKI[IOHYBAaHHS Ta BHIKMBAHHS 3a
JIOIIOMOTOFO KOHCTHTY LI HHOT CHCTEMH aHTHOKCHIAHTHOTO
3axucTy a00 aKkTHWBallii CUTHAJIBHUAX IDISAXIB, SKi
AKTUBYIOTh AHTHOKCHIAHTHI OUTKHM, IO TPU3BOTUTH 10
amanTuBHOI BiamoBini (Ayala et al., 2014; Laxa et al.,
2019). HaBmaku, ipu cepeaHiii a0o0 BUCOKIH MIBUIAKOCTI
ITIOJI (TOKCWYHI yMOBH) CTyIiHb OKHCHIOBAJIHEHOTO
TMOIIKO/KSHHSI TIEPEBUIIYE 3aTHICT 10 BiHOBICHHS 1
MOXKE BUKJIMKATH arlonTo3 ado HEeKpO3, 3alporpaMoBaHy
3arnbenp KiiTHH. OOWABa MPOLECH BPEHITi-perT
NPU3BOIATE IO ITOLIKOMKEHHS MOJICKYJISAPHUX KIITHH,
10 MOXE CIpHUSITH PO3BUTKY PI3HUX MATOJOTTYHUX
CTaHIB Ta MPHCKOPEHHIO TporeciB cTapiHHs (Ayala
et al., 2014). I1OJI € nepBUHHOIO peaKIi€l0 POCINHHUX
KIIITHH Ha JII0 CTPECiB, 10 MPU3BOIUTD 10 PYHHYBaHHI
JIIIJHOTO KOMIUIEKCY MeMOpaH, MOpyIlyloun IXHi
TPAHCIIOPTHI (YHKIII, & TAKOXX MPUTHIYYIOUH TPOLIECH
reHepaii eHeprii, 0 B KIHIIEBOMY PE3yJIbTaTi 3HUXKYE
KUTTEMISIbHICTD KiTiThH (Baraboi, 1991; Takahashi et al.,
2016). Bogrowac 1i mpomecH iHIyKyIOTh CTpec-3aXUCHI
peaxiiii, 0 MalOTh B)KJINBE 3HAYCHHS ISl BITHOBJICHHS
Ta amanTamii (QYHKIIOHYIOYHX CTPYKTYp, BHACIIIOK
MiJIBUIICHHS  e(QEKTUBHOCTI  (DEPMEHTAaTUBHOTO  Ta
HeepMEHTaTUBHOTO  AHTHOKCHIAHTHOTO  3aXHCTY
Ta YITKOTO KOHTPOJIO BMICTY aKTHBHUX KHCHEBHX
pamuKamiB, JIHITHAX TIEPOKCHAIB 1 Karami3aTtopiB
nepokcunaszHux peakuiit (Zhu, 2016; Laxa et al., 2019).

BrmBaroun Ha KOMIOHEHTH 0i0JOTIYHUX MEeMOpaH,
npoxyktu [1OJ] 3amydaroTbesi B MOIYIISAIIIO CUTHAIIBHAX
nuIAxiB y kmituHi. BBaxkatots (Ostapchenko et al., 2016),
110 TaKa MOAYJISILIISL MOXKE 31HCHIOBATHCS [IUISIXOM:

* HCKOBAJICHTHHMX Moaudikamii (3MiH CTPYKTYpHO-

(YHKIIOHATTFHOTO CTaHy MeMOpaHU (ITMHHOCTI), SKi
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BIUTHBAIOTh Ha 3B'S3yBaHHS JIIFaHIIB i3 peLenTopaMu

Ta Ha aKTUBALIO0 TPAHCIIOPTHUX CHCTEM);

° KOBAJIECHTHUX Mo dikamin (6esmocepenHpO1
Moaudikauii BHYTPIIHBO MeMOpaHHUX  OlIKiB-
(bepMeHTiB i TpaHCTIOPTEPIB Uepe3 IXHI aMiHOKHCIIOTHI
3aJIMIIKH);

* aKTHBYIOUHX CHT'HAJIbHHX KacKasiB, 1110
3yMOBIIOIOTE BXifg Ca?* y KIITHHY Ta 3pOCTaHHS
BHYTPIIIHBOKIIITHHHOTO CHHTE3y aKTUBHUX (OpM
a3oTy.

IIpouec TIOJI moxe OyTH BaXKJIMBOIO CKJIAIOBOIO
y MeXaHi3Mi  3arajJbHOTO  CHHIPOMY  aJamTallii,
OCKUIBKH HOT0 TPOAYKTH PO3MISIAIOTH SIK MEPBHHHI 1
BTOPHHHI MENIaTOpH CTPECy, IO TOKa3ye HEOOXiTHICTh
TXHBOTO KUIbKICHOTO BU3HAYEHHS MJIsl CBOEYACHOTO i
e(EKTHBHOTO 3aCTOCYBaHHS aHTHUCTPECOBHX 3aXOMiB
(Terek et al., 2004). MeraboiTH POCIMHHUX KIITHH,
30KkpeMa ¥ BUIBHI paJuKadHd, IO YTBOPIOIOTHCS
BHACIIIOK  (DYHKLIOHYBaHHS  KJIITHHHHX  CHCTEM
OpraHi3My, €JeKTPOHHO-TPAHCHOPTHUX JIAHIIOTIB Yy
XJIOpOIIacTaX, MITOXOHAPISX, EHJOINIa3MaTHIHOMY
peTHKyayMi, SACpHUX MeMOpaHax € iHimiaTopaMu
ITOJI (Tuteja, Sopory, 2008). 3a onTHMaJBbHUX YMOB
pOCTy Ta PO3BHUTKY IXHS KOHICHTpAIlis Ta IHAYKOBaHI
HUMH TIPOICCH JIITOTIEPOKCUAAIl TPOTIKAIOTh Ha
HE3HaYHOMY PiBHI, 1110 € O€3MIEUHUM IS KJIITHH 1 BCbOTO
OoprafiaMy. 3a HECIPHATINBAX yMOB BiIOyBaeThCS
HaKONWYEHHS BUIBHUX paJUKaliB, YHACIiJOK 4YOro
3poctae i iHTeHCHBHICTH mporeciB [10JI y xmiTHHAX,
10 TPU3BOAUTH JIO JECTPYKLil Ta TOIIKOMKECHHS
MemOpanHauX cTpykTyp (DaCosta, Huang, 2007; Savicka,
Skute, 2010; Zhang et al., 2014).

Ponr mMeMOpaH y CHpHUHHATTI CHTHAliB BakKKO
MEPEOIIHNTH, OCOOINBO BPaxXOBYIOYHM HASBHICTh y HUX
outemrocti craproBux (epmentaux cucrem (Kolupaev,
Kosakivska, 2008). HocmimkeHo, mo 3 MeMmOpaHaAMU
3Bs3ani  ¢ocdosminasyd, OpuYeTHI A0 iHIIarl
KaJbIIi€BOI, JIIOKCHTeHa3Hol, (ocdarua-okcanaTHol
curnanpaux cucteM (Tarchevskyi, 2002; Kaur, Gupta,
2005). ¥V mra3moneMi TakoX JIOKalli30BaHi (epMEHTH,
mo mnpoaykyiote ADK, a came — HAJID-oxcunasa,
nesiki opmu mepokcunas (Minibaeva, Hordon, 2003;
Sagi, Fluhr, 2006; Zhu et al., 2018; Laxa et al., 2019).
V 3B'3Ky 3 UM, JOCUTH iiMOBipHOIO € ydacTs [10JI y
peryisiii akTMBHOCTI CHCTEM IIJTPUMKH TOMEOCTasy
pocnuHHUX KIiTHH. lle M0BOAWTH 3HAYHA KIUIBKICTh
JIOCHI/DKEHb, B SIKMX IIOKa3aHa aKTHUBI3alis IIpoLecy
ITOJI sk yHiBepcalbHa peakilis POCIMHHOI KIITHHH
Ha HECIpPUSTINBI yYMOBH 30BHIIIHBOTO CEPEIOBHUILA
(Baraboi, 1991; Veselov et al., 2002; Agarwal, Shaheen,
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2007; Finkel, Holbrook, 2008; Tatari et al., 2012; Guo
et al., 2018). BBaxarorh, 1m0 3CyB piBHOBarum B OiK
MIPOOKCHIAHTIB € HaliH(OPMATHBHIIINM ITOKa3HIKOM
JUIL OLIHKM CTYINEHs BIUIMBY pi3HUX (DakTopiB Ha
oprauisMm (Baraboi, 1991). Bomnouac axtusaris ITOJI €
OJIHIEIO 3 MEPIIUX HECHEeUU(IUYHUX JTAHOK Yy 3arajibHIH
CTpec-peakxilii OpraHi3mMy i MoJke iHiliFOBaTH BKITFOUCHHS
iHIIMX MexaHi3MiB 3axucty (Baraboi, 1991; Veselov
et al., 2002; Gawet et al., 2004).

30aslaHCOBaHICTh MiX oboma 4aCTUHAMHU
MIPOOKCHIaHTHO-aHTHOKcHIaHTHOI cuctemu — [1OJI, 3
OZIHOTO OOKY, Ta aHTHOKCHJIAHTHOI aKTHBHOCTI 3 1HIIIOTO
— HeoOXximHa ymoBa st 3a0e3ledeHHs HOpMalbHOI
KUTTEMISTbHOCTI KinituHU (Minibaeva, Hordon; 2003;
Sagi, Fluhr, 2006; Agarwal, Shaheen, 2007; Finkel,
Holbrook, 2008; Tatari et al., 2012; Guo et al., 2018;
Laxa et al., 2019). 30epexeHHsT PO-aHTHOKCHIAHTHOT
PIBHOBAard y CTarioHapHOMY PEKUMI € OTHIETO 3 TIEPIITIX
Hecren(iYHUX JIAHOK Y PO3BUTKY 3arajbHoOi peaxiii
OpraHi3My Ha CTpPEC i MOXKe CIyTyBaTH Ti€f0 0i0JIOTIdHO
HaWBaXJIMBIMIOID 3MIHOIO BHYTPIIIHBOTO CEPEIOBHIIA
KJIITHHH, sIKE 3aITyCKa€ iHII MexaHi3Mu 3axucty (Baraboi,
1991). [loBeneHo, 1o MpOMIXHI Ta KiHIEBI MPOLYKTH
[IOJI moxyTth Oyt "iHaykropamu" 1 "NEepBUHHUMH
MemiatopaMu', SKi CBiIYaTh MPO IMEPEXiJ KIITHHHOTO
MeTabomismy B crpecopuuii ctan (Baraboi, 1991), a
TIPOIIEC JIMONEePOKCHIAIIT BiTirpaBaTH KIFOYOBY POIb Y
(hopMyBaHHI CTpeC-3aXMCHUX PEaKIliii Ta MiaTpUMaHHI
rOMEOCTa3y POCIIUH 32 BIUIHBY HECIIPUATIINBHX (aKTOPIB.
Hapasi € unmano BijjoMocTeil mpo CUrHajgbHI (YHKINT
ak ADK, Ttax i mpoxykriB I1OJI (Agarwal, Shaheen,
2007; Finkel, Holbrook, 2008; Tatari et al., 2012; Guo
et al.,, 2018; Laxa et al., 2019), sKi po3mIsAmAIOTHCS
OIHOYACHO SIK MapKepH CTPECOBOTO CTaHy Ta CUTHAIIbHI
nocepennuku (Gawel et al., 2004; Kolupaev, Karpets,
2007), HeoOX1THi AT PO3BUTKY aaIITUBHOIL BiIIOBIII.

HesBakaroun Ha 3HaUHY KUTBKICTh POOIT, TPUCBSIUCHUX
puBueHHIO pormi [IOJI y perymamii cucteM MiATPUMKH
KJIITHHHOTO TOMEOCTa3y B pOCIMHAxX 3a [ii crpec-
(akTopiB, € THUTaHHSA, SKi TOTPEOYIOTH IOJAIBIIOTO
BUBYCHHS. 3QJIUIIAETHCS MAJIOMAOCIIHKEHUM PO3YMIHHS
ydacTi TPOIECIB IIIMOMEPOKCHAAIli y MexaHi3Max
perymsimii  cucteM, Mo 3a0e3NeuyloTh MiATPUMAaHHS
ToMeocTa3y KIITHH y MIKPOOHO-POCITMHHAX B3a€MOISIX
3a CTpecoBMX BIUIMBIB. OCOONMBO aKkTyalbHUM €
BUBYCHHS L[LOTO MUTAHHS 3 TOYKU 30pY €(PEKTHBHOCTI
poboTn cUMOIOTHYHMX CHCTEM 3a yYMOB CTpeEcCy, IO
3aJI©KUTh BIJl 3aTHOCTI Makpo- Ta MiKpOCHMOIOHTIB
y cum0io3l IHAYKyBaTH 3aXHCHI MEXaHI3MH Ta
peayizyBatd CBifi CHUMOIOTHYHMN moTeHmian. Harmri
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JTOCITIIPKCHHS 30CepeKeHI Ha BHBYCHHI IHTEHCUBHOCTI
[IPOLIECIB JINONEePOKCH ALl Y PI3HHUX 32 €PEKTUBHICTIO
cumbiotnyanx cuctemax Glycine max—Bradyrhizobium
Jjaponicum 3a ymoB niocyxu. [Toka3zaHo, 1o HeeeKTUBHI
CUMOIOTHYHI CHCTEMH, YTBOPEHI 3a ydYacTi POCIUH
col Ta HCAKTHUBHHUX INTaMiB PHU300iii, BiI3HAYAIOTHCS
HakonmuueHHsIM BMicTy MJIA y OympOoukax, KOpPEHSIX
i JIMCTKaX 3a YMOB TIOCYXH, IO CBIIYUTH PO
inTencudikamito I1OJI Ta mopymeHHS MUTICHOCTI
KIITHHHUX ~ MeMmOpaH. Jlins  edekTHBHOrO  co€BoO-
pU300iaIbHAOTO CUMOi103y XapakTepHUM € HE3HAYHHUH
PO3BUTOK TIPOILECIB JIMONEPOKCHAALl 3a TpPUBAJIOTO
3HEBOJIHEHHSI Ta LIBU/KE BIHOBJICHHS IXHBOTO PIBHS JI0
ONTHUMAIIEHOTO TICIIS [Iii CTpecy.

Y pe3ysbTrari mpoBeneHOi poO0TH 3p00JICHO BUCHOBKH,
mo akrtuBizamis mporecy IIOJI e yHIBepcanbHOO
peakiiero Ppi3HUX 3a e(EKTUBHICTIO CHUMOIOTHYHHX
CHCTEM Ha [0 TIOCYXH, IHTEHCHBHICTH PO3BHTKY
SIKOTO 3aJISKHUTh BiJl IXHBOT 3/IaTHOCTI peasi3yBaTH CBiil
afanTalifHAN TOTeHIiad 3a HECIPHUSATINBHX YMOB
BUPOIIYBaHHs. 3HAHHSI MEXaHI3MiB peryJsiii romeocrasy
3a ygacti mporeciB [1OJI mo3BomuTh po3poOUTH HOBI
MiIXOAW 1O TOINYyKYy e(EeKTUBHUX CUMOIOTHIHHUX
cUCTEeM, 3[IaTHHX pealli3yBaTd Ta IIATPUMYBATH CBIi
aJanTaniiiHui IMOTEeHIia] 3a BIUIMBY HECHPUSITIUBHX
(baxTOpiB JOBKILIS.

OTXe, ONHUM i3 MEXaHi3MIB [ii aKTHBHHX (QOpM
KHCHIO Ha POCJIMHHI TKAHHHU € aKTHBALlisl IEPOKCUIHOTO
OKHCHEHHS IIMiAiB, HacamMIiepe]] HeHACHUCHIX >KUPHUX
KHCJIOT IJIa3MaTHYHOI MEMOpaHH, 10, 3 OJHOrO0 OOKY,
MOXKE CIIPHYMHIOBATH PO3BHTOK ITOLIKO/KEHb KIITHHH
Ta il 3arnbenb. 3 IHIMIONO — I1HJIYKYBaTH BKJIFOYCHHS
CTpec-3aXMCHUX MEXaHi3MiB Ta PO3BHTOK aJalTHBHUX
peakuii, CIpsIMOBAHUX Ha IMiABHUIIEHHS CTPECOCTIHKOCTI
POCIMHHUX KIMITHUH. TOMy TMOmambIm IOCIHiKSHHS
B IIbOMY HAnpsIMKy € JOCHTh IIE€PCHEKTUBHUMH i
aKTyaJlbHUMH JUIsl  Kpalloro pPO3YMIiHHS —BaKJIMBOL
POJi TEPOKCHIHOTO OKMCHEHHS B Y CHUTHATIHTY,
peryssiiii Ta MiATPUMaHHI TOMEOCTa’y pPOCIMHHHX
KIIITHH 3a Jii cTpec-(paKTopiB.
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IOBineiini natu
\[¢ Anniversary Dates

Eneonopa 3axapisna KOBAJIb
(1o 90-pivus Bix JHSI HAPOIKEHHS)

VY cepmui 2020 poky BumoBHWIOCHE 90 POKIB Bix JHS
HApO/UKEHHS BIIOMOTO MIKOJIOTa, 3HAHOTO (haxiBIld
3 NHUTaHb CHCTEMAaTHKU Ta EKOJIOTIT MIKPOCKOMIYHUX
rpubiB, MOKTOpa OIONOTIYHMX HAyK, JlaypeaTa TMpeMmil
Pagn Minictpie CPCP, aBropa 1 cmiBaBrOpa HH3KH
MoHorpadiif Ta moran 300 HaykoBux crarelt Emeonopn
3axapiBuu Kosaiib.

Eneonopa 3axapiBHa nHapommmacs 10 cepmus 1930
poky B M. YManb (tenep Uepkacbka o06m.). Ha momo 1i
MOKOMIHHS 3 PAaHHBOTO AWTHHCTBA IIPHUINAI0 YHMAJIO
BUNpoOyBaHb: TonofgHi 30-Ti poOKH, BiliHA, XHUTTIA B
OKyTaIlil, MOBOEHHE JIUXOMITTA. JlOBEIOCS TEePEKUTH
i ocobucri Tparemii — 3arumbenp Oarbka, PO3CTPLI
PerpecoBaHoro Jijia — 3HaHOI0 YKPaiHChKOTO Iearora,
eTHOrpada i kpae3Hasi Mapka ['pymeBcsKoro.
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HesBakaroun Ha ckpyTy 1 Bci Herapasnau, Eneonopa
3axapiBHa mparHyia 3700yTH OCBITY 1 Ha IIOYaTKy
50-x pokiB BecTymwia g0 KHIBCBKOTO JIepKaBHOTO
yaiBepcurery iM. T.I. IlleBuenka. 3 AWTHHCTBA BOHA
nosrodmia (isuKy 1 Mpisiiza oOparu came 1eit dax, aje
TOMIIIHI BakKKi YacH BHECIHW KOPEKTHBH B ii IUIaHU:
3riIHO 3 TOTOYACHUMH ITOCTaHOBaMH, 3aHATTS (Hi3UKOIO
Oymo 3abopoHeHe ais 0cib, AKi mepedyBail B OKyIaIlii.
Tak, maiixe Bunankoso, Eneonopa 3axapiBHa ONMHMIIACS
Cepel CTYCHTIB 010I0TO-IPyHTO3HABYOTO (haKyIBTETY.

[Tpore, oueBMIHO, B XUTTI He OyBa€ BHIIAJKOBHX
pedeid. [1in yac HaBuaHHs BoHa oOpaia kadenpy Mikoorii
1 ¢iTomarornorii, e BepIIe 3yCTpiIach i3 3aBigyBaueM
kadeapu, mpopecopom C.d. MopoukoscskuMm. Ls3ycTpiu
CTaja JI0JICHOCHOIO 1 3aKIaja TMepIi iIBATMHH ITPOLECy
(dopmyBanHs ii sik axiBis-mikosnora. 3rogom Eneonopa
3axapiBHa 3ragyBama: "Came CemeH OUINMOHOBUY
HaNpaBUB MEHE 1 OJIAarOCIOBHUB CKCIICAMIIIHHUIA CTUIb
JKUTTS MIKOJIOTa-JA0CTiTHIKA TPUPOAN. 3a0yTH TepIry
3yctpiu i3 CemeHoM @OUIMMOHOBHYEM HEMOXIIUBO 1
nskyTo J{odmi, sika HampaBriIa MeHe 10 Hhoro. J[o6pi cioBa
Horo mpo Moi mepur pUCYHKH JI0Aajdd BIEBHEHOCTI B
CBOTX MOXKJIMBOCTSIX 1 3rOJIOM, KOJIM BUHHUKaa MoTpeda
MIPOUTIOCTPYBATH BU3HAYEHUH MarTepial Jys myOorikamnii,
BUKOHYBaJla BCE cama, SIK 1 JJIsl OCTaHHBbOI MOHOTrpadii
"Tenimumii"...".

HaByaHHs TpHBaJIO He JIMIIE B CTIHAX YHIBEPCHUTETY,
a # i Yac eKCIeWIiHHUX BHI3IIB IiJ KEPiBHUITBOM
npodecopa C.d. MopoukoBCchKOro (BKe sIK 3aBiayBada
Kadenpum  HIDKINX  POCIWH), JONeHTa Kadeapu
3.I. JlaBiTchkoi, a TakoX 3a y4yacTi CHiBPOOITHHKIB
Boraniunoro Mmyseto KwuiBchkoro —yHiBepcuTery. li
nepiia HaykoBa cTarTsi Oyna omyOiikoBana B 1957 p.
3a MarepiajJaMy CTYIEHTCHKUX EKCHEeIUIIHUX 300piB
y xypHrani "bromnerens I'maBHoro Boranuueckoro cana
Ccccp.

[Ile B ymniBepcuterchki pokn E.3. Komams Opaina
yuacth B ekcrieaunisx Ha Jlanexuii CXiJ KOJHIIHBOTO
CPCP. Ilicns 3akiH4eHHs yHiBepcuTeTy B 1955 p. BoHa
3HOBY MOBEPHYJIACH JIO0 LLOTO IIKABOTO JUIS TPOBEACHHS
HayKOBHUX JTOCIIKEHb perioHy i mo 1960 p. mpamtoBana
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y Hamexocximuiii ¢imii Cubipcpkoro BimmineHHs AH
CPCP (M. Brmagmsoctok Ilpumopcekoro kparo, PD).
[IpenmeroMm ii mocmimkeHs OyJIO BHIOBE Pi3HOMAHITTS
rpubiB (Mikoduiopa) 3anoBigHux Tepuropiit [Ipumop's,
Caxaminy, Kypumbcekux  ocTpoBiB.  Bracmimox
peTeNIbHUX MIKOJIOTIYHUX OOCTEKEeHb JIaJIEKOCX1THOTO
perioHy Hero Oynu 3HaiifieHi HOBI, IiKaBi Ta pPiIKicHI
BuaM TpuOiB. Pe3ynbrarn BUBYeHHS rprOIB HA TEPUTOPIT
oxHOro 3 oocrexkennx 3amosigaux 00'ekriB E.3. Kosans
y3arajpHWiIa B AWCEpTaliiiHid poOOTI Ha 3100yTTS
CTyleHsl KaHauaara Oiojoriynux Hayk "Mukodiopa
3anoBeHKKa "Kenposas majap"", sIKy YCIIITHO 3aXUCTHIIA
B 1962 p. Bxe y Kuesi.

[Micns mosepHenHs 1o Kuepa B 1960 p. E.3. Koanb
crioyatky TpaimroBana y Bijini Mikosorii IHcTuTyTy
6oraniku AH YPCP, 3aBimyBadeM sKOro Ha TOH dHac
oyB npodecop C.d. Mopoukoscbkuii. 3 1961 p. Bona
nepeiiia 1o IHCTHTYTY MiKpobiomorii i Bipycomorii
AH VYPCP, a came a0 Bigainy ¢iziosnorii rpubiB, skuid
ouoroBana wieH-kopecnonaeHT AH YPCP B.1. Binaii.
Tyt E.3. Koanp npamoBana g0 1992 p., crnouarky
CTapImIMM HAyKOBHUM  CIIIBPOOITHHKOM, a  3TOIOM
MIPOBITHMM HAayKOBHUM CITIBPOOITHMKOM 1 TpHUBAJIMH yac
Oyna 3aCTYIMHUKOM KepiBHUKA By, Y 1992—-1994 pp.
BoHa Oylla TMPOBITHHM HAyKOBUM CIIBPOOITHHKOM
InnoBamiiiHoro uentpy HAH Vkpaiuu.

Cdepa maykoBux iHTepeciB Emeonopu 3axapiBHH
y Tanmy3l MIKOJNOTii € Haa3BUYaliHO IIUPOKOK 1
OXOIUTIOE pi3HOMaHITHI 00'ektn. Ha mowaTky cBo€ei
HayKOBOI JIisUIBHOCTI BOHA 3aiiManach BUBYCHHSIM
BHIIB  TpHOIB-MATOTCHIB  JepeB 1  YarapHHKIB,
MIKOOIOTH CTENOBUX 3allOBIHUKIB YKpaiHH, rpuOiB K
KOMITOHEHTIB 0i0TeOIIeH031B, MIKPOMIIIETIB pu3ochepu
CUIBCHKOTOCIIONIAPCHKUX POCIMH, 30KpeMa, MIICHUI Ta
0aBOBHHMKA 3a YMOB 3pOIIEHHS y TIBACHHUX pPErioHax
VYKpaiHu, MIKPOCKOMIYHMX TpHOIB y PpI3HUX THIMAX
rpysTiB Tomo. E.3. KoBasb € omHMM i3 CIiBaBTOpIB
30ipanka "Mukpomunersl nous" (bmmait B.U. m np.,
1984), ne HaBeneHO naHi MPO TOMIMPCHHS JACSIKHUX
TaKCOHOMIYHUX TPyl MIKPOMIIETIB Ta iXHIO POJb Y
mporecax TpaHcpopmallii OpraHidHOl PEYOBUHU B
TPYHTI.

HocnimkeHnss  rpubocCTiikocTi  MarepianiB — Oyio
3armoyaTkoBaHO Ha 0a3i  Bimmiry Mikoiorii, sSKuit
ovomoBaB wi.-kop. AH Ykpainn M.M. [linomniuko, Ta
Bijyiity (i3iosorii rpubiB MmiJi KepiBHULITBOM HII.-KOP.
AH Vkpainn B.J. Binait (3 1979 p. — eaunoro Biaminy
¢izionorii 1 cucremaruku Mikpominertis). 3 1960-x
pokiB E.3. KoBanb, BHBUatOYM MIKPOMILIETH IPYHTIB,
30KpemMa, 3a0pyJAHEHHX BYIVIEBOAHSIMH, PO3IIOYHHAE
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JIOCII/DKEHHSI POCTY 1 3aCBOEHHS TPHOaMU IIMPOKOTO
CIEKTpPY BYIVICBOJIHIB, & TAKO)K aMIHOKHCIIOTHOTO CKIIaLy
1 BMicTy Oinka B MimemianpHIM Oiomaci, BUpOIIEHiH
Ha ByIIeBOAHsX. llepma apykoBaHa mpais 3a L€
TEMAaTUKOI0 BHUIIIA ApykoM y 1965 p., a oTke came
el Yac MOKHAa BB@XKAaTH IOYaTKOM MOJANBIINX
JIocTipkeHb mpobmem TpubocTiiikocti. E.3. Komams
TAKOX 3ar104aTKyBasa JOCIIPKeHHS XITHHY 1 XITHHOIZY
y rpu0iB, 1 11eil HanPsIM € aKTyaJIbHUM 1 JOTerep.

[TpoGnema OiONMOIIKO/KEHb MarepiaiiB, BHPOOIB
1 pI3HOMaHITHUX KOHCTPYKIM Oyfna W 3aluIIaeThes
HaJI3BUYaiHO BaYKJIMBOIO BIPOJOBK 0araTbox JeCATHPIY.
Jlis xoopauHAIl KX MOCTIKeHb Hampukiami 60-x
POKIB MHHYJOTO cTONiTTs y KonmimmHboMy CPCP 3a
iHIIaTHBOKO J[ep)kaBHOrO KOMITETY 3 NMUTaHb HAyKH Ta
TexHiku Oyna cTBopeHa HaykoBa paza 3 6i0OIIKOIKEHb,
MOCTIHHUM 4WIEHOM sKoi 10 1992 p. Oyna E.3. KoBab.

[oumnatoun 3 1975 p., 3'IBIAIOTBCS YHUCIICHHI
myOnikarii Ta aBTopchki cinonrsa E.3. KoBaib 3 nutanb
TpUOOCTIMKOCTI Pi3HUX MaTepiaiB — CKIOKPHUCTATIYHHX,
JIOPO’KHBO-Oy/TIBENBHUX, — TIIICOKAPTOHY,  KPEMHiM-
OpraHIYHUX CIOJYK, B TOMY YHCIi 3aXHCHHX
MTOKPUTTIB, TAKUX SK CHUTAJH, IEPIITH, TOHKI METaJeBi
IUTIBKH, aJFOMOCHJIIKATH, IOJIypEeTaHOBI elacTOMepH,
nmaxo(papOOBi MOKPUTTS, a TAKOXK PI3HUX BUJIB IAJIHBA,
MOTOPHUX OJIiff Ta 3MalllyBaIbHO-OXOJOPKYIOUNX PiMH,
i 3araJioM pi3HOMAaHITHUX KOHCTPYKIIIHHHX MaTepiaiB
Ta BUPOOIB, 30KpeMa, B yMOBaX MOPCHKOTO TPOIIYHOTO
KITiMary.

Paszom i3 xonmeramu (T.I. Pemunns, JI.II. Cumopenko,
C.I1. MensauK, O.C. Xapkesud, mizHime PIO. [Tamkesna)
JIOCHI/DKEHHST  TPUOOCTIMKOCTI  pI3HMX ~ MarepiajiB
MPOBOAMJINCE Yy CITIBOpAIli 3 HHU3KOI YCTaHOB SIK B
Vkpaini (Imctutyr mpoOiiemM  Marepiajgo3HaBCTBA
AH YPCP, InctutyT KomoigHoi Ximii Ta ximii Bogu AH
YPCP, [nctutyT Ximil BUCOKOMOJIEKYIISIpHUX crionryk AH
YPCP, HAI "Asromop", KuiBCbkuil MOMITCXHIUYHUI
iHCcTHTYT, KNiBChKUH 1H)KEHEPHO-OYIiBENBHUH IHCTUTYT,
H/I wkipsiHoi npomuciioBocti, HBO "Apcenan", HBO
"Kapar", aepomopr "XKymsuu", VYKpaiHCbKMII LEHTp
cTaHAapTu3allii Ta MeTpoJIorii), Tax i3a ii mexxamu (BH/II
aBiariitanx wmarepianis, BO "KamA3", maGoparopis
Oionectpykuii Incturyty 6otaniku AH JIuroBeskoi PCP).
Ha 3acanax mie€i criBmparti B mogansaiomMy 0yiao CTBOPEHO
BunpoOyBanbHy naboparopilo TEXHIYHMX BHPOOIB Ta
MatepianiB (HUHI — Jlaboparopiss TPUOOCTIMKOCTI Ta
MiKpOOiOJIOTIYHUX JOCTIPKeHb [HCTUTY Ty MiKpoOiosorii
i Bipycosorii im. JI.K. 3abomorHoro HAH VYkpaiuwu).
E.3. KoBanp € cmiBaBTOpOM JEKUIBKOX MoOHOTpadii
3a i€l TeMmarukow, 30kpema, "Poct rpuboB Ha
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yrireBogoponax Hedru" (1980), "MukpoOHas Koppo3us
u ee Bo3Oymutenu" (1980), sxka oTpumana MPEMirO
Pamu Minictpie CPCP y 1983 p., "MukonecTpyKTOpbI
MIPOMBIIITIEHHBIX MaTepuanoB" (1989).

Sk wmikomor-cucrematuk E.3. KoBamp 3aBxman
NpUALIsIa yBary Cy4aCHUM METOJaM MIiKPOCKOMIYHUX
IOCIIKEHDb MIKOJOTIYHUX 00'exkTiB. CBIf 3HAUYHUN
JIOCBiZl Y BHKOPHCTaHHI METOJIB EKCIIEPUMEHTAIbHOT
MIKOJIOTii BOHA BHKJIANa B po3aiii "MUKpOCKOIHIecKoe
n3ydeHue TpuOoB" y TBOX BUIAHHSX JOBiTHHUKA "MeETOIbI
dKCIIepUMeHTabHOM Mukosorun" (1973, 1982).

Ille y CTYmeHTCBHKI POKH, I Yac CKCICTUIIHHUX
BUi3AiB no Ykpaini i Ha KaBkas i3 3.I. JlaBiTchkoto,
jqoueHToM Kadenapum HmwKUMX pociauH  KuiBchkoro
nepkaBuoro  yHiBepcutery iM. T.I. IlleBueHka,
Eneonopa  3axapiBHa  3axonmjachb  BHUBUCHHSIM
eHToMo(inbHUX rpubiB. Ile 3axomieHHs mepepociio y
CIIpaBXXHill HAyKOBH iHTEpEC, i BHACTIIOK PETEILHOTO
BUBYCHHS Iii€l HaJ3BMYAiHO IIKaBOi 1 HEJOCTaTHHO
BHUBYCHOI TPyNu T'pHUOIB YIPOTOBXK OaraTbOX pOKiB Ha
TepeHax konuuHboro Pagsucskoro Corosy E.3. Kopanb
omyOIiKyBata MoHoTpadiro "OnpenenuTennb
sHTOMOQmIBHEIX TpuboB CCCP" (1974). V upomy
BHU3HAUHUKY HABOAATHCS KIFOYl JUIs BHM3HAuCHHS 1
Mopdororiuni omucu 432 BHIIB TPUOIB i3 Pi3HUX
TaKCOHOMIYHMX TpyII, sIKi OyJau 3HaijieHI Ha KoMaxax
i maByKOMOAIOHUX. 3T0JJ0OM BHHIIIA IPYKOM IIIE OTHA
il MoHorpadisi, NpPUCBSIYEHA EHTOMOIATOICHHUM 1
¢itomatoreranm rpubam mopsanky Clavicipitales, —
"KnaBununuraneaeie rpudslt  CCCP"  (1984). VY
1983 p. E.3. KoBanp ycminriHO 3aXHCTHIA JOKTOPCHKY
nucepranito Ha Temy "OHroModuibHbIe rpuosr CCCP".

E.3. Komamp € aBropoM OAHOTO 3 TOMIB
GararoromHoro BujauHs "®dmopa rpuboB YkpanHs",
a came Monorpadii "®dmopa rpubOB VYKpawHBI.
3uromunersl. OHTOMO(TOpanmbHbIe TpHOB" (2007),
sKa cTaja IiJACYMKOM TWPOBEACHUX YIpoaoBx 40
POKIB IOCHiJKeHP Ii€i rpymu TpubiB B YkpaiHi. Y
uii Monorpadii BoHa y3arajbHWIIA IpOaHai30BaHi
naHi 3 MOpQOIOrii, CHCTEMAaTHKH, €BOJNIOIII, eKOJIOTI1,
6iosorii, ¢i3iosorii Ta MOMKMPEHHSI EHTOMO(PTOPATBHUX
rpudiB B YKpaiHi.

E.3. KoBanp € Takoxx CHiBaBTOPOM WI€ JCKUIBKOX
MoHOrpadiif 1  BH3HAUYHUKIB  MIKPOCKOIIYHHUX
rpubiB, 30Kkpema, poniB Aspergillus 1 Penicillium,
AKI € TOUIMPEHUMHU Yy TPHUPOAI 1 MalTh BaXKIWBE
rocrnopapcbke  3HaueHHs:  "Acmeprmuiel"  (1988),
"INeninmnii B HaBKomuimHbOMY cepegoBumn” (2014,
gacturd 1, 2), "Ienmmmumm” (2016).
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Eneonopa 3axapiBHa BHsBWJIA IHTEpec 1 Ine JI0
OJIHOTO ~ aCIeKTy NPHUKIAAHOI Mikoiorii, a came
3allikaBWJIacs  BHUBYCHHSAM  POJi  MIKPOCKOIIYHHUX
rpuOiB y OIOMOUIKO/PKEHHSX PI3HOMaHITHUX TBOPIB
00pa30TBOPYOr0 MUCTEITBA Ta MY3CHHHX IaM'ATOK. 3a
il iHIIATHBU Ta aKTHBHOI Y4acCTi MPOBOMMIIKCS CIIIbHI
HayKoBi JociikeHHsS 13 HarioHansHUM HayKOBO-
JIOCITITHUM pecTaBpaniiHuM [eHTpoM YKpainu i My3eem
HApOIHOI apXiTeKTypH Ta OOyTy YKpaiHH.

3 2002 poky # morenep E.3. KoBanb € mpoBinHuM

HAayKOBHM  CITIBPOOITHMKOM  BIIIMY  OlOJOTIYHUX
OCTiKeHh  HarlioHanpHOTO ~ HAyKOBO-IOCIiTHOTO
pecraBparniifHoro  neHtpy  Ykpainu.  [Ipeamerom

il mocmimkeHb € mpobimema OioyoriuHoi Oe3meKn
KyJABTYPHHUX IIHHOCTEH, 1 30KpeMa, aganTailisi METOJIiB
CKCIICPUMEHTAJIBHOI ~ MIKOJIOTHi 0  HpPOBENCHHS
MIKOJIOTIYHOT ~ €KCIIePTU3U  TBOPIB  MHCTELTBA Ta
BU3HAUCHHS KPHUTEPiiB [UIA OLIHKA KOHTaMiHAIIil
My3eHHHMX eKCIIOHATiB MikpoMileramu. Pesynbratu
i€l pobdoTH y3araapbHeHO B MoHOTrpadii "Mikonorigne
oOctexkeHHs My3eiHux mam'stok" (2014 p.), vy
SIKIH HaBEEHO KJIIOYl Ui ieHTU(IKamii Ta OmUCH
Halmommpenimux 118  BugiB  rpubiB 13 pi3HHX
TAKCOHIB, BWJUICHUX Y KYJIbTYpY 13 TIOIIKODKEHHX
TBOPIB MHCTEITBA 1 MAM'ITOK apXiTEKTYpH B PE3yIIbTaTi
OaraTopiyHUX 00CTEIKECHb MY3CHHUX KOJICKITii.

3 maromu ioBinero E.3. Koamp Oyma HemomaBHO
HaropopkeHa [lodecHoro Bin3Hakoro MiHicTepcTBa
KyapTypu Yipainum "3a OaraTopiuHy IUTiIHY TpaIfio B
raiysi Kynsrypu'.

3aramoM yOpOMOBXK CBO€l HAyKOBOi [ISUTBHOCTI
E.3. KoBanb onncana 19 HOBUX JU1st HAYKH BUAIB TPHOIB.
11 imM'ssM HA3BAHO 7BA BHIH rpubiB — Notomitra kovaliae
("kovalii") Raitv. i Sawadaea kovaliana V.P. Heluta.

Mikonorn  YkpaiHW, dJIEHH CEKIii Mikomorii i
¢iTonarosnorii YkpaiHChKOrOo OOTaHIYHOTO TOBApUCTBA,
KEpIBHUILITBO 1 KOJIEKTHB I[HCTUTYTY OOTaHIKM IIUPO
BiTaloTh EnecoHOpy 3axapiBHy 31 CIaBHHM IOBIJICEM.
baxaemo Bawm, nopora Enconopo 3axapiBHO, 100poro
370pOB'sl, PaJIOCTI y JKUTTI, POIXMHHOTO MIACTS, 3aTHIIKY
i 37aroay, HEBHYEPIHOi eHeprii Ta HacHaru s
MOJANTBIIAX TBOPYMX CIPaB Ha MHOTI] JriTa!

H.A. BICBKO, JI.I. BYPJIFOKOBA, B.I1. TAVIOBA,
B.IL. TEJIFOTA, T.J1. TOPOBA, JI.®. TOPOBHIA,
.M. KYPYEHKO, O.C. XAPKEBHUY
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Ykpaincskuii 6oTaniunuii :;kypHasi. 2020 ¢ 77 « 4. HartionanpHa akagemis Hayk Ykpainu. [HetutyT 6oraniku im. M.I. XomoxHoro.
HayxoBwuii xxypHai. 3acHoBanuii y 1921 p. Buxomuts onun pa3 Ha aABa Micsmi (YKpaiHCHKOIO, aHITIHCHKOIO Ta POCIHCHKOI0 MOBaMH).
Tonosuuit penaktop C.JI. Mocsikin

3aTBepIKEHO 10 IPYKY BUCHOIO paaoro [HcTuTyTy 60TaHiku iM. M.I. Xonoxnoro HAH Ykpainu
(mpotokon Nell ot 25 cepnienst 2020 poky)
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Byi1. TepemienkiBcbka, 4, Kuis 01004
CainourBo cy0’ekra BugaBHn4oi cripaBu JIK Ne 544 Big 27.07.2001
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Electronic Supplement to: Mosyakin & Mandak. 2020. Chenopodium ucrainicum (Chenopodiaceae | Amaranthaceae
sensu APG), a new diploid species: a morphological description and pictorial guide. Ukrainian Botanical Journal, 77(4)

o4
e
Fig. E1. Young upper leaves of Chenopodium ucrainicum Fig. E2. Young upper leaves of Chenopodium ucrainicum

with golden-pinkish mealy indumentum. Kyiv Region, with golden-pinkish mealy indumentum. Kyiv Region,
Hrebinky, 16 May 2020 Hrebinky, 6 July 2019

Fig. E3. Young plants of Chenopodium ucrainicum. Kyiv city, locus classicus, 7 July 2018
el



Fig. ES. Plants of Chenopodium ucrainicum. Kyiv Region, Hrebinky, 13 July 2019
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Fig. E6. Plants of Chenopodium ucrainicum collected for the KW herbarium. Kyiv ~ Fig. E7. Plants of Chenopodium ucrainicum. Kyiv city, locus classicus, 17 July 2019
Region, Hrebinky, 13 July 2019
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Fig. E8. Chenopodium ucrainicum. Kyiv Region, Hrebinky, 20 July 2019 Fig. E9. Chenopodium ucrainicum growing together with C. betaceum. Chenopodium
album and C. ficifolium were also present at this site. Kyiv Region, Hrebinky, 26 July 2020
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Fig. E10. Chenopodium ucrainicum growing under trees along the Syrets Rivulet.
Nyvky Park, W part of Kyiv city, 5 August 2020
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Fig. E11. Chenopodium ucrainicum; fully developed plants in fruit. Kyiv city, locus
classicus, 1 November 2019
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Fig. E13. Chenopodium ucrainicum; a lateral branch of a fully developed plant in fruit, close-up. Kyiv city, locus classicus,
1 November 2019
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Fig. E14. Chenopodium ucrainicum; a fully developed plant that was growing at an  Fig. E15. Groups of plants of Chenopodium ucrainicum, still green in the beginning of
open spot. Kyiv city, locus classicus, 1 November 2019. Note that some leaves are ~ November. Kyiv city, locus classicus, 2 November 2018
superficially similar to leaves of C. acerifolium

e7




e8

Fig. E16. A lateral branch of Chenopodium ucrainicum with fruits and still green leaves. Kyiv city, locus classicus,
13 November 2019

Fig. E17. Chenopodium ucrainicum — parts collected for herbarium in mid-November. Kyiv city, locus classicus,
13 November 2019



Fig. E19. Fruits/seeds from one plant of Chenopodium ucrainicum, collected in Kyiv city, locus classicus, 13 November
2019
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Fig. E20. A: fruits with pericarp; B: seed, pericarp removed. SEM, scale bars 500 um (20A) and 200 um (20B)




Electronic Supplement to: Didukh, Kolomiychuk & Futorna. 2020. Vasylkivskyi Steppe is the largest flat interfluve steppe section of the Left Bank Ukraine. Ukrainian Botanical Journal, 77(4)

Tabnuus E1. ®diToneHoTHYHA XapaKTEePUCTHKA COI03iB CTeNnoBoi pocanHHOCTI BacuiabkiBebKkoro cremy
Table E1. Phytocoenotic characteristics of vegetation unions Vasylkivskiy steppe

Howmep onmcy (Tabmums) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Homep onucy (6a3a jaHux) 19073 | 4938 | 4955 | 19065 | 19068 | 19070 | 19072 | 4926 | 4937 | 4953 | 4956 | 4957 | 4958 | 4963 | 4964 | 4965 | 4967 | 4928 | 4936 | 4940 | 4942 | 4943 | 4944 | 4045 | 4946 | 4948 | 4947 | 4941 | 19062 | 4949 | 4950 | 4951 | 4952 | 4954 | 4959 | 4960 | 4966 | 19066 | 19069 | 4931 | 4939 | 4933

Bucora (m) 117 119 | 141 130 131 115 120 103 | 120 | 127 | 141 141 139 | 134 | 124 | 124 | 120 | 132 | 109 | 121 122 | 122 | 126 | 126 | 138 | 137 | 138 | 121 140 137 | 135 | 130 | 129 | 127 | 139 | 139 | 121 131 117 125 | 127 | 117

Acnekr (rpagycu) 350 20 260 0 135 350 | 270 20 350 | 220 | 220 | 220 | 180 | 300 | 300 | 280 | 220 10 120 | 200 | 230 | 220 | 220 | 150 10 15 170 270 10 20 10 350 | 350 | 240 | 250 | 300 225 135 180 | 180 | 140

Haxwuu (rpamycn) 5 1 1 1 7 1 1 2 2 1 1 1 1 1 1 1 1 3 2 3 3 3 2 3 2 2 2 1 2 3 3 2 2 1 1 1 10 5 7 7 3

3arajabHe IPOEKTUBHE TTOKPUTTH, Yo 90 80 90 100 100 100 100 90 85 75 90 80 75 85 70 75 75 85 95 75 65 75 70 65 75 80 65 75 100 70 80 75 70 60 85 75 65 80 90 80 60 50

KinbkicTs BHIIB 13 13 18 26 22 24 26 26 21 18 17 23 22 17 19 20 19 24 18 14 17 18 21 14 15 18 10 21 21 17 20 17 19 21 18 20 14 23 17 16 24 16

Festucion valesiacae, Salvio nemorosae-Festucetum valesiacae var. Vicia tenuifolia
Elytrigia repens s.1. 1 3 3 2 1 1 1 1 1 1 1 1 1 1 1 2
Elytrigia intermedia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Festuca valesiaca 2 1

w | W

4
+ ]+ | w
[38)
+

Lathyrus tuberosus 1 1 2 3 3
1

+

Verbascum lychnitis

Veronica austriaca

Vicia tenuifolia

Euphorbia stepposa

Centaurea adpressa

[T S IS I N ey
+ | w
_

+
+
—+
+
+

Salvia verticillata

Potentilla obscura 1 1 2 3 1 1 2 r

Stipo lessingianae-Salvinion nutantis, Stipo lessingianae-Salvietum nutantis
Stipa lessingiana 1 2 1 1 1 4 4 1 4 4 3 4 4 1 4 3 4 4 4 3 2 3 4 1 2 5 5 2 3
Convolvulus arvensis 1 2 2 2 1 1 1 1 1 + + 1 1 1 1 1 1 1 2 1 1 + 1 1 1
Astragalus onobrychis 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 2 1 1 1 1 1 1 1 + +
Potentilla recta + 1 1 1 1 1 1 1 1 1 . 1 1
Salvia nemorosa 1 1 + 2 2 2 + 1 1 1 1 1 1 1 1 1 2 1 1
Stachys recta 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1
Achillea setacea + 1 3 2 2 + 1 1 + 1 1 1 + 1 1

Coronilla varia + 1 1 1 1 1 1 1 +

+
+
+

—_ | =
—_
—_
—_
—_

N | =N
—
—_
(S}
()
—_

H
s+ |+

Erysimum canescens 2 + 1 1 +

Falcaria vulgaris 1 + +

Gypsophila paniculata 1 + + 1 + 1 +

Koeleria cristata 1
Medicago falcata 1 1 3 4 3 1 4 4 + 1 1 1

Eryngium campestre 1

e+ |+ |+ |+
+
+
+
+
-
+
i
-

Plantago lanceolata 1 1 1 1 r + 1 r r r r +

Stipo lessingianae-Salvietum nutantis var. Poa angustifolia
Scabiosa ochroleuca 1 + + 1 1 + 1 1 1 1 1 +
Poa angustifolia 1 1 1 1 + 1 1 1 1 1 3 1 1 1 1 1 1 1

Otites wolgensis 1 + + + 1 + + + + + + +

Oxytropis pilosa + 1 + + 1 1 1 1 1 1 1
Salvia aethiopis + + + 1 N N N

Senecio jacobaea 1 + + + 1 + + + 1

Tanaceto millefolii-Galatellion villosae, Tanaceto millefolii-Salvietum nemorosae

Crinitaria villosa

Astragalus austriacus

N | W |

Bromopsis riparia

NN | W | W,

Caragana frutex 2

Tanacetum millefolium 1 4 2 1 2

Txnn Buau

Tanacetum vulgare 3 +

Marrubium praecox 1 1 1 1 + + r r

Agrimonia eupatoria 2 + 1 + +

Artemisia austriaca 1 1 1 2 1 2 1

Bromopsis inermis 2 3 2 5 4

Camelina microcarpa + + 1 + +

Centaurea diffusa + 1 +
Chondrilla juncea + 4 1 N

Chondrilla latifolia 1 + +

Echium vulgare 1 2 1 + 1

Euphorbia sequierana 1 1 + 2 1

Euphorbia virgultosa + + +

Galatella dracunculoides 1 1 2 1 1 . +

Hypericum elegans 1 1 1 + 1

Inula oculus-christi 3 2 3

Lavatera thuringiaca + + + +

Melica transsilvanica 2 2 2
Melilotus officinalis + + + + + +

Phlomis pungens 2 + 1 + 2 2

Potentilla argentea 1 1 + +

Silene chlorantha 1 + + + + + + +

Sisymbrium orientale + + + +

Teucrium polium 1 1 1 1

Thymus marschallianus 1 1 1

Verbascum austriacum r 1 1 r r 1

Viola ambigua + 1 1

Prunus spinosa 3 5 2 2 1

Carduus acanthoides 1 + + + + + +

Consolida paniculata 1 1 + 1 + 1 1

[Tnoma ommecy 100 xB. M. Buan, mo tpammsitorses aume B onHoMmy omuci: Carex praecox (4936: 1), Senecio erucifolius (4955:1; 4948:1; 4950: +), Silaum silaus (19070: 1), Achillea leptophylla (4945: +), Achillea nobilis (4926: +), Achillea submillefolium (19073: 1), Ajuga chia (4926: +), Alyssum desertorum
(4949: +), Anchusa procera (19072: 1; 4937: +), Anthemis subtinctoria 19070: 2), Arenaria serpyllifolia (4946: 1), Aristolochia clematitis (19070: 1), Artemisia absinthium (19070: 1), Asparagus officinalis (19065: 1; 4937: +), Asperula cynanchica (4948: +; 4951: +), Astragalus ucrainicus (4939: 1), Bellevalia
sarmatica (19066: 1; 4939: +), Berteroa incana (4926: +; 4952: +), Carex melanostachya (19068: 1), Cephalaria uralensis (4939: +), Cirsium arvense (19072: 1), Convolvulus lineatus (4939: +), Elisanthe viscosa (19065: 2; 4965: 1), Euphorbia agraria (4949: +), Galium album (4938: +), Galium boreale (19068:
1), Galium octonarium (19068: 1), Goniolimon tataricum (19066: 1; 4933: 1), Inula oculus- christi (4939: +), Jurinea arachnoidea (19066: 1), Lappula squarrosa (4926: 1), Linaria genistifolia (4957: +; 4958: +), Linaria vulgaris (19065: 1; 19069: 2), Linum hirsutum (4949: +), Lotus ucrainicus (4953:1), Melica
altissima (19068:1; 19070:1), Nigella arvensis (4941:+), Nonea pulla (4954: +), Otites chersonensis (4951: +), Phlomis tuberosa (19072: 1; 4964: +), Rapistrum rugosum (4955:1; 19065:1), Reseda lutea (19070: 1), Rosa corymbifera (19068:1; 4944:+), Salvia nutans (19066:1; 4939:1), Sideritis montna (4952: +),
Sisymbrium loeselii (4926:+), Sisymbrium altissimum (19065: 1; 4937: +), Stipa pulcherrima (4931: 1), Taraxacum serotinum (4944: +; 19066: 1), Thalictrum minus (4957:+; 4965:+), Thesium arvense (4928: +), Thymus dimorphus (4939: 1), Verbascum phlomoides (4936: +).

Homepu reoboraniunnx onucis 3pobneni S.IT. dixyxom 06.06.2019: 19073; 19062; 19065; 19068; 19070; 19072; 19066; 19069;
Homepu reo6otaniuaux onmcis 3pobneni B.I1. Koxomiitaykom 06. 06. 2019: 4926; 4928; 4931; 4933; 4936; 4937; 4938; 4939 ta num ke 24. 06. 2019: 4946; 4948; 4947; 4941; 4949; 4950; 4951; 4952; 4953; 4954; 4955; 4956; 4959; 4960; 4966; 4957;4958; 4963; 4964; 4965; 4967;. 4940; 4942; 4943; 4944; 4945;
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