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RESEARCH ARTICLE

Type designations for three names applicable to Mexican species
of Dysphania (Chenopodiaceae s. str. | Amaranthaceae s. 1.),
and a new combination

Manuel Higinio SANDOVAL-ORTEGA 1{2)] Silvia ZUMAYA-MENDOZA 2,*

! Universidad de Sonora, DICTUS, Herbario USON, Nifios Héroes, entre Rosales y Pino Sudrez,
Col. Centro, Hermosillo, Sonora C.P. 83000, México

2 Universidad Nacional Auténoma de México, Facultad de Ciencias, Ciudad Universitaria, Coyoacén,
Ciudad de México, C.P. 04510, México

* Author for correspondence: szumaya@ciencias.unam.mx

Abstract. The names Ambrina dissecta, Chenopodium incisum, and Chenopodium stellatum are taxonomically assessed and
their lectotypes are designated, the specimens preserved at P and GH. These three names refer to species currently placed
in the genus Dysphania, but no formal combination was published for the species earlier known as Chenopodium incisum.
Consequently, we here propose the new nomenclatural combination: Dysphania incisa (Poir.) Sandoval-Ortega & Zu-
maya-Mendoza, comb. nov. (based on Chenopodium incisum Poir.).

Keywords: Amaranthaceae, Chenopodiaceae, Dysphania, epazote, herbarium, lectotype, Mexico, nomenclature

Introduction tropical mountainous deserts. Currently, the tribe is

represented by four genera: Dysphania R. Br. (incl.

Species of the tribe Dysphanieae Pax (Chenopodia-
ceae s. str. | Amaranthaceae s. 1.) have a rather wide
distribution in warm temperate to tropical regions
of all continents, excluding Antarctica. They are
especially well represented in the subtropics and

Cycloloma Mogq.), Neomonolepis Sukhor., Suckleya
A. Gray, and Teloxys Mogq. (see Ubotila et al., 2021).
Dysphania, the largest, most widespread and di-
verse genus in the tribe, includes ca. 50 species, with
the greatest species diversity in Australia and South
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America (see an overview in Ubotila et al., 2021, and
references therein).

In Mexico, a total of eight Dysphania species are
reported of which seven are considered native [Dys-
phania ambrosioides (L.) Mosyakin & Clemants, D.
anthelmintica (L.) Mosyakin & Clemants, D. atri-
plicifolia (Spreng.) G. Kadereit, Sukhor. & Uotila,
D. botrys (L.) Mosyakin & Clemants, D. dissecta
(Mogq.) Mosyakin & Clemants, D. stellata (S. Wat-
son) Mosyakin & Clemants, and the species that
until recently was reported mostly as D. graveolens
(with the authorship cited as either “(Willd.) Mo-
syakin & Clemants” or “(Lag. & Rodr.) Mosyakin
& Clemants”) (see, e.g. Clemants, Mosyakin, 2002;
Villasefior, 2016, Sandoval Ortega et al., 2017; Mo-
syakin, 2021; POWO, 2025] and one alien [D. cari-
nata (R. Br.) Mosyakin & Clemants, native to Aus-
tralia] (Sandoval Ortega et al., 2017).

In the country, some species of Dysphania are
part of the folk traditions and diet of people, like
D. ambrosioides (known as “epazote”) consumed
as condiment and used as medicinal, and D. gra-
veolens (known as “epazote de zorrillo”) also used
as medicinal (Sandoval-Ortega, Siqueiros-Delgado,
2019; Sandoval-Ortega et al., 2023).

The study of the members of Amaranthaceae s. 1.
(including Chenopodiaceae) occurring in Mexico
needs a first-step nomenclatural analysis in order
to ensure the proper application of names (Sando-
val-Ortega, Zumaya-Mendoza, 2023a).

As part of the ongoing study of the flora of
Guerrero (Mexico) (see, e.g. Bustamante-Garcia,
Gonzalez-Hidalgo, 2022; Fonseca, 2022) and the
taxonomic revision of the family Amaranthaceae
in Mexico (Sandoval-Ortega, Zumaya-Mendoza,
2023a, 2023b, 2024), we present here a nomencla-
tural note dealing with some names applicable to
species of Dysphania that occur in Mexico.

Material and Methods

Specimens deposited in the Herbaria ENCB,
MEXU, FCME, USON, and HUAA were directly
examined (acronyms follow Thiers, 2025 [continu-
ously updated]). Pertinent literature (protologues
included) was also considered (Clemants, Mo-
syakin, 2003; Uotila et al., 2021, etc.). In addition,
online images of specimens preserved at NY, P,
and US (NY Herbarium, 2025; P Herbarium, 2025;
US Herbarium, 2025), and those occurring in the
Red de Herbarios Mexicanos (RHM, 2025) and the
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JSTOR Global Plants platform (JSTOR, 2025) were
analyzed. The articles of the International Code of
Nomenclature for algae, fungi, and plants cited in
the text follow the currently available published edi-
tion, i.e. the Shenzhen Code (hereafter reported as
the “ICN”; Turland et al., 2018).

Results and Discussion

Dysphania incisa (Poir.) Sandoval-Ortega & Zu-
maya-Mendoza, comb. nov. = Chenopodium inci-
sum Poir., Encycl. [J. Lamarck & al.] Suppl. 1(1):
392. 1810 = Ambrina incisa (Poir.) Mogq., Che-
nop. Monogr. Enum.: 36 1840 = Neobotrydium
incisum (Poir.) M.L. Zhang & G.L. Chu, Pl Di-
versity 38: 326. 2016.

TYPE (lectotype, here designated): Hort. Paris, s.f,
J.L.M. Poiret (P00606423, Fig. 1; image availa-
ble from: https://plants.jstor.org/stable/10.5555/
al.ap.specimen.p00606423).

= Chenopodium graveolens Lag. & Rodr., Anales Ci.
Nat. 5: 70. 1802 = Dysphania graveolens (Lag. &
Rodr.) Mosyakin & Clemants, Ukrayins'k. Bot.
Zhurn. 78(4): 271. 2021, nom. illeg. (later hom-
onym of D. graveolens Mosyakin & Clemants,
2002: 383, Art. 53.1 of the ICN).

TYPE (lectotype designated by Mosyakin, 2021):
Country of origin unknown, culta in hoc regio
horto anno 1801. Floruit Septembri, M. Lagasca
& D.]J. Rodriguez s.n. (MA214007, image avail-
able from: https://plants.jstor.org/stable/view-
er/10.5555/al.ap.specimen.ma214007).

= Chenopodium graveolens Willd., Enum. PI. 1: 290.
1809, nom. illeg., non C. graveolens Lag. & Rodr.,
1802 (Art. 53.1 of the ICN) = Dysphania grave-
olens Mosyakin & Clemants, Ukrayins’k. Bot.
Zhurn. 59(4): 383. 2002.

TYPE: not designated.

Notes on the type of the name Chenopodium
incisum. The protologue of C. incisum (Poiret in
Lamarck, 1810: 392) consists of a short diagnosis
(“Chenopodium foliis ovatis, inciso-angulatis; race-
mis axillaribus, minimis, paucifloris”), a morpho-
logical description, and the provenance as “J’ai ob-
servé cette espéce au Jardin des Plantes. Son lieu
natal ne mest point connu ... (V. v.) [= Vidi vivo]”
(“T observed this species in the Botanical Garden.
I do not know its place of origin”); “Hort. Paris”
was reported after the binomial. We traced at P a
Poiret collection (barcode P00606423) annotated

ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (2)
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Fig. 1. Lectotype (designated here) of Chenopodium incisum Poir., deposited in Muséum National d'Histoire
Naturelle (P00606423). Available at: https://plants.jstor.org/stable/10.5555/al.ap.specimen.p00606423
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: Herbier Muséum Paris
A = P00G0B421

Fig. 2. Lectotype (designated here) of Ambrina dissecta Moq., deposited in Muséum National d'Histoire
Naturelle (P00606421). Available at: https://plants.jstor.org/stable/10.5555/al.ap.specimen.p00606421
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Fig. 3. Lectotype (designated here) of Chenopodium stellatum S. Watson, deposited in Harvard University
Herbaria (GH00037205). Available at: https://plants.jstor.org/stable/10.5555/al.ap.specimen.gh00037205
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with “h. par.” (Hortus parisiensis), the information

matching the protologue. Since no holotype was

indicated in the protologue (see Note 1 of Art. 9.1

of the ICN, as well as comments by McNeill, 2014),

this specimen can be considered for the lectotyp-

ification purpose. Here we designate the speci-
men P00606423 (Fig. 1) as the lectotype (see Art.

9.3 and 9.4 of the ICN). P00606423 corresponds

to the current concept of the species (Clemants,

Mosyakin, 2003; Calderén de Rzedowski, 2005)

showing the following diagnostic characters: leaf

blade margins lobed to pinnatifid, inflorescences
compound cymes, perianth lobes with a subapical
spiniform tubercle.

In POWO (2025-onwards) the name Dysphania
graveolens (Lag. & Rodr.) Mosyakin & Clemants
(basionym: Chenopodium graveolens Lag. & Rodr.;
see Lagasca, Rodriguez, 1802: 70) is listed as an il-
legitimate name and a synonym of the “accepted”
provisional combination D. incisa (as “Dyspha-
nia incisa (Poir.) ined”). In this online resource,
names can be found listed as “nom. ined”, a prac-
tice used to discover synonyms and subsequently
put them under the correct name: see similar cases
discussed by de Lange and James (2024). However,
Mosyakin (2021) provided arguments for a differ-
ent interpretation of the nomenclatural status of
the names applied to this taxon. Despite that, we
think it advisable to propose here the new combi-
nation in Dysphania based on the name Chenopo-
dium incisum Poir. That new combination should
be used for this species if the nomenclatural inter-
pretation of POWO is considered correct, which
we explicitly accept here.

Dysphania dissecta (Moq.) Mosyakin & Clemants,
J. Bot. Res. Inst. Texas 2(1): 429. 2008 = Ambrina
dissecta Moq., Chenop. Monogr. Enum. 38. 1840
= Chenopodium bipinnatifidum Moric. ex Moq. in
DC., Podr. 13(2): 76. 1849. nom. superfl. et illeg.
(Art. 52.2 of the ICN) = Chenopodium dissectum
(Mogq.) Standley, N. Amer. FL. 21(1): 26. 1916.

TYPE (lectotype, here designated): Mexico,
circa Mexico, 15 Aug. 1827, Berlandier 613
(P00606421, Fig. 2; image available from https://
plants.jstor.org/stable/10.5555/al.ap.speci-
men.p00606421); isolectotypes: G00686553,
P00606420, P00606422, P01190882, P01190883,
and P01190884.

- Chenopodium bipinnatifidum Moric. ex Moq.,
Chenop. Monogr. Enum. 38. 1840. nom. inval.
pro syn. (Art. 36.1b of the ICN).
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Notes on the type of Ambrina dissecta Moq.
The protologue of A. dissecta (Moquin-Tandon,
1840: 38) consists of a morphological description,
the provenance (“circa Mexico”) and the name of
the collector (“legit Berlandier”). The name “Che-
nopodium bipinnatifidum in herb. Moricand” was
reported as a synonym and it is, therefore, invalid
according to Art. 36.1b of the ICN. Note that Che-
nopodium bipinnatifidum was validly published
nine years later by the same author, Moquin-Tan-
don (1849: 76), who reported his Ambrina dissecta
in synonymy and cited a Berlandier’s specimen no.
613, which is clearly that reported under Ambrina
dissecta in Chenopodearum Monographica Enumer-
atio. Furthermore, Moquin-Tandon (1849: 76) re-
ported “v. 5. in Delessert. DC. et Moric.” (also cited
in Chenopodearum Monographica Enumeratio).

Most specimens from the three authors cited
(Berlandier, Delessert, and Moricand) by Mo-
quin-Tandon are currently deposited in G (see
HUH-Index of Botanists, 2025). Note that (1)
Moricand’s herbarium that was given to the Con-
servatoire botanique de la ville de Geneve by Mor-
icand’s son in 1908 (see https://plants.istor.org/
stable/10.5555/al.ap.person.bm000005815) and (2)
when Delessert Botanical Museum closed, the her-
barium was also moved to Geneva, where it con-
tributed to the core collection of the Conservatoire
et Jardin Botaniques (Hoquet, 2014).

We found one specimen identified as Chenopodi-
um bipinnatifidum at G-DC (barcode G00686553)
which is annotated with the collection number
(“613”), the locality (“Mexico in montibus”), and the
date of collection (“15.8.1827”); no collector name
is reported.

In P there are six specimens stored under the
name Chenopodium bipinnatifidum (barcodes
P01190884, P01190882, P01190883, P00606421,
P00606420, and P00606422), all collected by Ber-
landier with the collection number “613”; five
of them (P01190882, P01190883, P00606421,
P00606420, and P00606422) reported the collection
date (“15.8.18277).

Thanks to high resolution images kindly provid-
ed by the staft of P and G, we confirmed that the
material deposited at P and G00686553 specimen
refer to the same species. Additionally, the label on
G00686553 shows the same handwriting as the labels
on P00606422 and P01190883. Thus, it is most prob-
able (almost certain) that G00686553 is also part of
the original material collected by Berlandier.
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When Moquin-Tandon described Ambrina dis-
secta he did not cite a collection number in the pro-
tologue, only the collector’s name: Berlandier. How-
ever, more information about the material from
Moricand’s herbarium that Moquin-Tandon con-
sulted to describe A. dissecta was provided by Mo-
quin-Tandon himself when he published the name
Chenopodium bipinnatifidum in De Candolle’s Pro-
dromus systematis naturalis regni vegetabilis (Mo-
quin-Tandon, 1849: 76) where he refers to material
from Moricand’s herbarium collected by Berlandier
under the number “613”, and also cited the name A.
dissecta as a synonym.

Thus, the specimens P01190884, P01190882,
P01190883, P00606421, P00606420, P00606422, and
G00686553 are syntypes (see Art. 9.6 of the ICN).
Here, the specimen P00606421 (Fig. 2) is designat-
ed as the lectotype of the name A. dissecta Moq.
(see Art. 9.3 and 9.4 of the ICN) since it matches the
protologue, is in good condition, and shows flow-
ers and fruits; P01190884, P01190882, P01190883,
P00606420, P00606422, and G00686553 are isolecto-
types. All specimens aforementioned correspond to
the current concept of the species (Uotila et al., 2021)
showing the following diagnostic characters: leaf
blades pinnatisected and perianth segments 5, deeply
split, not contiguous, abaxially swollen in fruit.

Chenopodium bipinnatifidum Moric. ex Mogq., as
published in Candolle’s Prodromus systematis natura-
lis regni vegetabilis, is a superfluous and illegitimate
name since the validly published name A. dissecta
Mogq. was cited as a synonym (Art. 52.2 of the ICN).

Dysphania stellata (S. Watson) Mosyakin &
Clemants, J. Bot. Res. Inst. Texas 2(1): 429. 2008
= Chenopodium stellatum S. Watson, Proc. Amer.
Acad. Arts 18: 146. 1883 = Meiomeria stellata (S.
Watson) Standl., N. Amer. Fl. 21: 7. 1916.

TYPE (lectotype, here designated): MEXI-
CO, Coahuila, “Mts. 21 m. N.E. of Monclova”
[Mountains 21 miles northeast of Monclova],
Sept. 1880, Palmer 1155 (GH00037205, Fig. 3;
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Tumnidikauisa Tpbox Ha3B, AKi CTOCYIOTHCA MEKCMKaHCBKUX BUNIB
pony Dysphania (Chenopodiaceae s. str. | Amaranthaceaes. 1.),
3 HOBOI0 HOMEHK/IaTypPHOI0 KOMOiHaIiero

M.I. CAHJJOBAJIb-OPTETIA !, C. CYMASI-MEHJJOCA 2
! Vuisepcurer Conopu, Epmociiio, mrar Conopa, Mekcnka
2 HarfioHa/IbHIIT aBTOHOMHMIT yHiBepcuTeT MeKcuknm, YHiBepcuTeTChbKe MicTeuko, Mexiko, Mekcuka

Pedepar. Hazsu Ambrina dissecta, Chenopodium incisum i Chenopodium stellatum oniHeHO TaKCOHOMIYHO Ta BCTaHOBIIe-
HO IXHi JIEKTOTUIIM Ha OCHOBI 3pasKiB 3 repbapiiB P ta GH. Lli Tpu Ha3BM CTOCYIOTbCS BUJIB, sKi Ha JaHMII YaC BK/IIOYeH]
1o pony Dysphania, ane nns Bugy, pauiute Bifomoro sik Chenopodium incisum, He iCHyBaIO BifjIIOBiTHOI HOMEHK/IATYPHOI
koM6iHaril y nbomy pogi. ToMy Myt poroHyeMo TyT HOBY HOMEHK/IATypHY KoMbiHarito: Dysphania incisa (Poir.) Sandoval-
Ortega & Zumaya-Mendoza, comb. nov. (6asnonim: Chenopodium incisum Poir.).

KnrouoBi cnosa: Amaranthaceae, Chenopodiaceae, Dysphania, repbapiii, enasor, 1eKTOTuIl, MeKcrnKa, HOMEHKJ/IaTypa
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No short-term benefits of inoculation with ericoid mycorrhizal fungi
for highbush blueberry (Vaccinium corymbosum: Ericaceae)
cultivated under controlled conditions in rhizotrons
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Abstract. Ericoid mycorrhizal fungi (ErMF) enhance nutrient uptake in highbush blueberry (Vaccinium sp.); however, it
is unclear whether inoculating plants with ErMF is actually beneficial. A 40-day rhizotron trial evaluated the effects of two
ErMF isolates (Hyaloscypha hepaticicola and Oidiodendron maius), individually and combined, on growth and root develop-
ment of the ‘Duke’ and ‘Legacy’ varieties of highbush blueberry, Vaccinium corymbosum s. 1. Fungal inoculation increased leaf
nitrogen concentration in the ‘Duke’ cultivar plants; a decrease in root biomass was also recorded for the ‘Legacy’ cultivar
plants compared to the uninoculated plants. The total root length in the ‘Duke’ cultivar was lower with O. maius or combined
inoculum, and leaf potassium concentration in the ‘Legacy’ cultivar decreased with H. hepaticicola or combined inoculum.
These findings suggest no short-term benefits of ErMF inoculation for highbush blueberry under the tested conditions. Fur-
ther research is needed to evaluate potential long-term effects and optimize inoculation strategies.

Keywords: mycorrhizal colonization, nutrient uptake, plant biomass, root architecture, Vaccinium corymbosum

Introduction

Cultivation of highbush blueberry (Vaccinium sp.)
originated in the United States (Coville, 1910).
Production and consumption of blueberries have
increased sharply in the world because of their
high economic value and beneficial effect on

human health (Kalt et al., 2020). Currently, China
is the leading producer of blueberries, followed by
the United States and Peru (International Blueber-
ry Organization, 2023). Alongside development
in these sectors, production and competition for
blueberries are expanding in many countries (Pro-
tzman, 2021).
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No short-term benefits of inoculation with ericoid mycorrhizal fungi for highbush blueberry

Fig. 1. Highbush blueberry growing in rhizotrons. A: plants; B: roots

Ericoid mycorrhizal fungi (ErMF) form symbi-
otic associations with the roots of ericaceous plant
species, including highbush blueberry (Retamales,
Hancock, 2018). They are known to improve growth
and production in the host plants by utilizing organ-
ic or insoluble compounds in the soil (Smith, Read,
2008). ErMF can be found in temperate ecosystems,
including peatlands, forests and heathlands (Scagel
etal.,, 2005). However, inoculating plants with ErMF
could accelerate root colonization and provide ad-
vantages, particularly during early stages of plant
development (Scagel, 2005a, 2005b).

The objective of the present study was to exam-
ine the potential benefits of inoculating highbush
blueberry plants with ErME The plants were grown
in root observation boxes called rhizotrons to de-
termine whether ErMF affected growth in both the
roots and shoots (Martino et al., 2018; Perotto et al.,
2018; Vohnik, 2020; Bertolot et al., 2024).

Materials and Methods

Fungal isolates

Two isolates of ErMF, Hyaloscypha hepaticicola
(Grelet & Croz.) Baral, Huhtinen & J.R. De Sloo-
ver) [Synonyms: Trichopeziza hepaticicola Grelet &
Croz., Pezizella ericae D.J. Read, Hymenoscyphus eri-
cae (D.J. Read) Korf & Kernan, Rhizoscyphus ericae
(D.J. Read) W.Y. Zhuang & Korf, and Pezoloma eri-
cae (D.]. Read) Baral (Fehrer et al., 2019)] and Oidi-
odendron maius G.L. Barron were obtained from the

University of Toronto UAMH Centre for Global Mi-
crofungal Biodiversity collection (UAMH numbers
5828 and 8507, respectively). Both of these ErMF
are commonly associated with blueberry roots (Sca-
gel et al., 2005). The isolates were transferred to Petri
dishes and incubated for 20 days at 25 °C on a modi-
fied Melin-Norkrans medium (MMN).

Plant material

The ‘Duke’ and ‘Legacy’ highbush blueberry cultivars
(Vaccinium corymbosum L. s. 1. and complex hybrids
based on V. corymbosum and V. darrowii Camp.)
were selected as they both are well adapted to nor-
thern climates and readily planted in many countries,
including the Republic of Georgia / Sakartvelo (Tsint-
sadze, Bobokashvili, 2023). The plants were obtained
from a commercial nursery (Nursery Waganowice
Kusibab-Popowicz — Waganowice, Poland) as 2-ye-
ar-old container stock (1.5-L containers). Each plant
was transplanted individually into sterilized rhizo-
trons filled with 3 L of steam-pasteurized proprietary
peat-based growing medium (Fig. 1A). The medium
had pH 5.5 (CaCl,), bulk density 129 g-L™! and 360
gL (dry and wet, respectively), electrical conduc-
tivity (EC) 0.5 dSm™ (H,0), and contained 100
mg L' NO,-N, < 1 mgL™! NH,-N, 125 mg-L™' P,O,,
126 mg-L™" K,0, and 98 mg-L™' Mg. During trans-
planting, plants were either uninoculated (control) or
inoculated with 50 mL of one or both blended ErMF
isolates. MNM agar without fungi was added to the
uninoculated controls (Grelet et al., 2017).
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Table 1. Effects of inoculation with two different isolates of ericoid mycorrhizal fungi (ErMF)
on root development of the ‘Duke’ and ‘Legacy’ blueberry

. . Root length (cm) Root system Root system
Cultivar / EMF inoculum Primary | Lateral | Total width}zcm) depth}zcm)
‘Duke’
No inoculum (control) 13.0 + 4.1 a! 63.0+9.7a 76.0+t124a 99+04a 6.8+05a
Hyaloscypha hepaticicola 9.0+13a 63.0+7.2a 71.6+7.8a 9.7+05a 77+03a
Oidiodendron maius 85+14a 445+87a 529+8.7b 95+0.6a 72+02a
H. hepaticicola + O. maius 82+16a 423+104a 50.5+10.9b 93+03a 6.7+05a
‘Legacy’
No inoculum (control) 55+1.0a 195+3.2a 251+37a 8.0+05a 6.0+04a
Hyaloscypha hepaticicola 63+0.7a 274+120a 33.7+12.1a 7.6+0.6a 54+05a
Oidiodendron maius 49+06a 222+58a 27.1+58a 84+0.6a 58+0.6a
H. hepaticicola + O. maius 46+07a 144+37a 21.3+37a 83x03a 59+04a
Significance
CulthaI' *% *% X% X% *%
EMF inoculum NS NS NS NS NS
Cultivar x inoculum NS NS * NS NS

! Means (+ 1 SE) followed by a different letter within a cultivar are significantly different at P < 0.05 (Tukey’s test).
NS, *, ** — non-significant or significant at P < 0.05 or 0.01, respectively.

Experimental design

The experiment was initiated on 23 April 2023 and
run for 40 days at the Institute of Bio- and Geosci-
ences (IBG), Plants Sciences (IBG-2), Forschungs-
zentrum Jilich GmbH, Jiilich, Germany. Ten plants
(rhizotrons) per treatment (2 cultivars x 4 inocu-
lum combinations) were placed in a greenhouse
and arranged in a completely randomized design.
The plants were grown with 16 h of supplemental
light per day and irrigated as needed. The pH and
EC of the irrigation water were 5.5 and < 1 dS'm™1,
respectively. Temperature and relative humidity in
the glasshouse were maintained at 26/16 °C and
40/60% (day/night), respectively.

Measurements

Images of primary and lateral roots in the rhizo-
trons (Fig. 1B) were captured using a digital camera
and analyzed for the length using PaintRhizo soft-
ware (Nagel et al., 2012). Width and depth of each
root system was also measured. Once the images
were captured, the plants were removed from the
rhizotrons, washed, and divided into roots and
shoots (stems and leaves). Roots and shoots were
immediately weighed to determine fresh biomass,
oven-dried at 60 °C, and reweighed to determine
dry biomass. Leaves from each plants were ground
in a Wiley mill and analyzed for N (nitrogen), P
(phosphorus), and K (potassium), following the
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protocols described by Stebbins and Wilder (1988).
Root colonization by ErMF was quantified under a
microscope (10-40x) using a slight modification of
the root clearing maceration and staining methods
described by others (Walker, 2005; Derkowska et
al., 2015; Vohnik, 2020).

Statistical analysis

Data were analyzed by two-way analysis of variance
(ANOVA) using SAS v. 9.4 (SAS Institute, Cary,
NC, USA). Means were separated within cultivars
using Tukey’s honestly significant difference test
(P £0.05). Data was stored at the Agricultural Uni-
versity of Georgia, Laboratory of Mycology and
Plant Pathology according to FAIR standards.

Results and Discussion

Root development

The total root length measured for the ‘Duke’ variety
plants inoculated with O. maius or with both O. ma-
ius and H. hepaticicola was lower when compared to
the total root length of uninoculated or inoculated
with H. hepaticicola plants (Table 1). Inoculation
with ericoid mycorrhizal fungi, which commonly
form associations with plants in the family Erica-
ceae, including blueberries (Vaccinium spp.), has
also been observed to influence root morphology.
For instance, inoculation with Oidiodendron maius
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Table 2. Effects of inoculation with two different isolates of ericoid mycorrhizal fungi (ErMF)
on shoot and root growth of the ‘Duke’ and ‘Legacy’ blueberry

Cultivar / EMF inoculum Shoot biomass (g/plant) Shoot length Root biomass (g/plant)
Fresh | Dry (cm) Fresh | Dry
‘Duke’
No inoculum (control) 9.3+1.0al 47+03a 27.7+24a 250+ 0.6a 43+09a
Hyaloscypha hepaticicola 73+04b 38+0.1b 279+16a 16.0+3.1b 43+03a
Oidiodendron maius 6.6+0.6b 35+0.2b 272+1.1a 20.7+2.6b 47+07a
H. hepaticicola + O. maius 6.1+£0.5b 34+£02b 22.7+23a 157£5.0b 40+0.6a
‘Legacy’
No inoculum (control) 64+02a 36+0.2a 23.3+1.0ab 26.6+52a 50+0.0a
Hyaloscypha hepaticicola 58+04a 33+£02a 204+£22b 18.0£2.6b 43+03a
Oidiodendron maius 59+03a 37+02a 23.8+2.2a 12.7+1.2b 37+03a
H. hepaticicola + O. maius 65+0.3a 35+02a 241+0.8a 22.3+0.7 ab 47+03a
Significance
Cultivar ot * ot NS NS
EMEF inoculum o * NS * NS
Cultivar x inoculum * e * * NS

! Means (+ 1 SE) followed by a different letter within a cultivar are significantly different at P < 0.05 (Tukey’s test).
NS, *, ** — non-significant or significant at P < 0.05 or 0.01, respectively.

has been reported to affect root length and architec-
ture in blueberries, promoting a more branched
root system, which enhances nutrient uptake effi-
ciency (Wei et al.,, 2022). In nutrient-limited soils,
plants highly dependent on mycorrhiza may lower
their metabolic costs by reducing root growth and
developing a coarser root system (Hetrick, 1991).
This may also be the case in soilless media.

Shoot length and plant biomass

The inoculation with ErMF resulted in less bio-
mass in the shoots and/or roots of both cultivars
(Table 2). Furthermore, H. hepaticicola resulted in
less shoot length than O. maius or the mix of H.
hepaticicola and O. maius in the ‘Legacy’ variety.
Mycorrhizal fungi incur both costs and benefits to
the overall carbon economy of host plants and may
initially reduce growth during establishment (Bu-
walda, Goh, 1982; Koide, 1985; Peng et al., 1993;
Taylor, Harrier, 2000). Controlled variants indicate
that total costs range anywhere from 3 to 36% of the
carbon fixed daily by photosynthesis, with the lar-
gest proportion of the carbon allocated to respira-
tion required by the mycobiont for construction of
new intraradical and extraradical fungal structures,
maintenance and repair of existing fungal tissue,
and cellular processes associated with the absorpti-
on, translocation, and transfer of nutrients from the
soil to the host (Bryla, Eissenstat, 2005).

Leaf nutrients

The inoculation with both ErMF increased the con-
centration of N in the leaves relative to control in
‘Duke’ (Table 3). Although this may have been due
to less growth in the inoculated plants (Table 2),
increased uptake of soil nutrients, including N, has
been observed in young highbush blueberry plants
inoculated with ErMF (Scagel, 2005a). However, in-
oculation had no effect on P in both cultivars in the
present study, and it reduced the concentration of K
in the leaves when the plants were inoculated with
H. hepaticicola or the mix of H. hepaticicola and O.
maius in ‘Legacy’ (Table 3).

Root colonization by ericoid mycorrhizal fungi

Root colonization by ErMF was higher with O. ma-
ius than with H. hepaticicola, the mix of H. hepati-
cicola and O. maius, and control in ‘Duke’ (Table 4).
However, it was similar between the control and the
inoculated treatments in ‘Legacy’. Root colonization
by ErMF is often variable in blueberry, depending
on the cultivar and the environmental conditions
in which the plants are grown (Scagel et al., 2005;
Villarreal-Ruiz et al., 2012; Brody et al., 2019; Al-
bornoz et al., 2021). Time is also a factor and, in
the present study, may have been too short (i.e., 40
days) to develop significant levels of root colonizati-
on in plants inoculated with H. hepaticicola in both
cultivars and with O. maius in ‘Legacy’ (Fig. 2).

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (2) 93



E. KILADZE et al.

Table 3. Effects of inoculation with two different isolates of ericoid mycorrhizal fungi (ErMF)
on the concentration of N, P, and K of the leaves of the ‘Duke’ and ‘Legacy’ blueberry

Cultivar / EMF inoculum Leaf N (%) | Leaf P (%) | Leaf K (%)
‘Duke’
No inoculum (control) 0.90 +£ 0.05 b! 0.37+0.04a 0.54+0.05a
Hyaloscypha hepaticicola 1.57£0.02a 0.54+0.13a 0.65+0.03a
Oidiodendron maius 1.51£0.05a 0.43+0.04a 0.53+0.06a
H. hepaticicola + O. maius 1.50 £ 0.05a 0.48 £0.06 a 0.64+£0.03 a
‘Legacy’
No inoculum (control) 143+04a 0.37+0.04a 0.67 £0.03a
Hyaloscypha hepaticicola 1.33+04a 0.33+0.04a 0.48 £0.04b
Oidiodendron maius 1.39+03a 0.34+0.05a 0.52 £ 0.06 ab
H. hepaticicola + O. maius 1.34+03a 0.35+0.03a 0.51 £0.06 b
Significance

Cultivar NS * bl
EMF inoculum ot NS NS
Cultivar x inoculum bl NS *

! Means (+ 1 SE) followed by a different letter within a cultivar are significantly different at P < 0.05 (Tukey’s test).

NS, *, ** — non-significant or significant at P < 0.05 or 0.01, respectively.

A

Fig. 2. Ericoid mycorrhizal colonization of roots in the ‘Duke’ (A, B) and ‘Legacy’ (C, D) cultivars of highbush blueberry
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Table 4. Root colonization by ericoid mycorrhizal fungi

(ErMF) in the ‘Duke’ and ‘Legacy’ blueberry inoculated

with two different isolates of the fungi

EMF inoculum

Root colonization (%)

Cultivar
EMF inoculum
Cultivar x inoculum

‘Duke’ | ‘Legacy’
No inoculum (control) 1.4 £1.0b! 0.5+02a
Hyaloscypha hepaticicola 13.3+6.3b 94+47a
Oidiodendron maius 440+119a 141%62a
H. hepaticicola + O. maius | 8.5+4.8b 20.2+6.6a
Significance

NS

%%

*

! Means ( + 1 SE) followed by a different letter within a
cultivar are significantly different at P < 0.05 (Tukey’s test).
NS, *, ** — non-significant or significant at P < 0.05 or
0.01, respectively.

Conclusion

Despite the short duration of the present study, we
observed a higher concentration of N (nitrogen) in
the leaves when the ‘Duke was inoculated with O.
maius, which was the only treatment that increased
root colonization by ErMF in the cultivar. However,

Furthermore, O. maius and the mix of H. hepaticicola
and O. maius reduced total root length in ‘Duke’ and
resulted in lower concentrations of K (potassium) in
the leaves of ‘Legacy. Further work is needed to de-
termine whether there are any long-term benefits of
inoculating highbush blueberry with ErME

Acknowledgments

The research was supported by grants from the
Shota Rustaveli National Science Foundation of
Georgia (Grant No. PHDF-22-410), Bayer Founda-
tion, Institute of Plant Sciences, IBG-2, Forschung-
szentrum Jillich GmbH, Agricultural University of
Georgia, and LLC ‘Blue Bash’ We sincerely thank
Dr. Martin Vohnik for providing valuable referen-
ces and for his constructive comments and sug-
gestions, which helped improve the quality of the
manuscript. We also appreciate the valuable feed-
back provided by the anonymous reviewer for
improving the manuscript.

ETHICS DECLARATION

The authors declare no conflict of interest.

we did not observe any immediate benefits of EEMF ~ ORCID

;’n fShOOthor, root lgr,OWth ,”}ll tie 1? K/l{(; ,Orl Legac}zj E. Kiladze: (® https://orcid.org/0009-0001-2138-8417

n fact, the moculation with the ErME isolates and 1 wiciechowski: @ https:/orcid.org/0000-0003-3439-2500
their mixture resulted in less fresh shoot biomass in = pR. Bryla: @ https://orcid.org/0009-0001-2138-8417
‘Duke’ and less fresh root biomass in both cultivars.  N. Bitsadze: @ https://orcid.org/0000-0002-9883-4323

REFERENCES

Albornoz EE., Kingsley W.D., Lambers H. 2021. Revisiting mycorrhizal dogmas: Are mycorrhizas really functioning as they
are widely believed to do? Soil Ecology Letters, 3: 73-82. https://doi.org/10.1007/s42832-020-0070-2

Bertolot M., Buffoni B., Mazzarino S., Hoff G., Martino E., Fiorili V., Salvioli Di Fossalunga A. 2024. The importance of myc-
orrhizal fungi and their associated bacteria in promoting crops' performance: An applicative perspective. Horticulturae,
10(12): 1326. https://doi.org/10.3390/horticulturael0121326

Brody A.K., Waterman B., Ricketts T.H., Degrassi A.L., Gonzalez ].B., Harris ].M., Richardson L.L. 2019. Genotype-specific
effects of ericoid mycorrhizae on floral traits and reproduction in Vaccinium corymbosum. American Journal of Botany,
106: 1412-1422. https://doi.org/10.1002/ajb2.1372

Bryla D.R,, Eissenstat D.M. 2005. Respiratory costs of mycorrhizal associations. In: Lambers H., Ribas-Carbo M. (eds.). Plant
respiration. From cell to ecosystem. Dordrecht, The Netherlands: Kluwer Academic Publishers, pp. 207-224.

Buwalda J.G., Goh K.M. 1982. Host-fungus competition for carbon as a cause of growth depressions in vesicular-arbuscular
mycorrhizal ryegrass. Soil Biology and Biochemistry, 14(2): 103-106. https://doi.org/10.1016/0038-0717(82)90052-9

Coville EV. 1910. Experiments in blueberry culture. U.S. Dept. of Agriculture, Bureau of Plant Industry, Bulletin, 193: 1-89.

Derkowska E., Paszt L.S., Dyki B., Sumorok B. 2015. Assessment of mycorrhizal frequency in the roots of fruit plants using
different dyes. Advances in Microbiology, 5(1): 54-64. https://doi.org/10.4236/aim.2015.51006

International Blueberry Organization. 2023. Global state of the blueberry industry report. Available at: https://www.interna-
tionalblueberry.org/2023-report/

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (2) 95


https://orcid.org/0009-0001-2138-8417
https://orcid.org/0009-0001-2138-8417
https://orcid.org/0000-0003-3439-2500
https://orcid.org/0000-0003-3439-2500
https://orcid.org/0009-0001-2138-8417
https://orcid.org/0009-0001-2138-8417
https://orcid.org/0000-0002-9883-4323
https://orcid.org/0000-0002-9883-4323
https://doi.org/10.1007/s42832-020-0070-2
https://doi.org/10.3390/horticulturae10121326
https://doi.org/10.1002/ajb2.1372
https://doi.org/10.1016/0038-0717(82)90052-9
https://doi.org/10.4236/aim.2015.51006
https://www.internationalblueberry.org/2023-report/
https://www.internationalblueberry.org/2023-report/

E. KILADZE et al.

Fehrer J., Réblovd M., Bambasova V., Vohnik M. 2019. The root-symbiotic Rhizoscyphus ericae aggregate and Hyaloscypha
(Leotiomycetes) are congeneric: Phylogenetic and experimental evidence. Studies in Mycology, 92(1): 195-225. https://
doi.org/10.1016/.simyc0.2018.10.004

Grelet G.-A., Ba R., Goeke D.E, Houliston G.J., Taylor A.ES., Durall D.M. 2017. A plant growth-promoting symbiosis be-
tween Mycena galopus and Vaccinium corymbosum seedlings. Mycorrhiza, 27: 831-839. https://doi.org/10.1007/s00572-
017-0797-5

Hetrick B.A.D. 1991. Mycorrhizas and root architecture. Experientia, 47: 355-362. https://doi.org/10.1007/BF01972077

Kalt W, Cassidy A., Howard L.R., Krikorian R., Stull A.]., Tremblay E.,, Zamora-Ros R. 2020. Recent research on the health
benefits of blueberries and their anthocyanins. Advances in Nutrition, 11(2): 224-236. https://doi.org/10.1093/advances/
nmz065

Koide R.T. 1985. The nature of growth depressions in sunflower caused by vesicular-arbuscular mycorrhizal infection. New
Phytologist, 99(3): 449-462. https://doi.org/10.1111/].1469-8137.1985.tb03672.x

Martino E., Morin E., Grelet G., Kuo A., Kohler A., Daghino S., Barry W.K., Cichocki N., Clum A., Dockter B.R., Hainaut M.,
Kuo C.R,, LaButti K., Lindahl D.B., Lindquist A.E., Lipzen A., Khouja R.H., Magnuson J., Murat C., Ohm A.R., Singer
W.S., Spatafora W.J., Wang M., Veneault-Fourrey C., Henrissat B., Grigoriev V.I., Martin M.E, Perotto S. 2018. Compar-
ative genomics and transcriptomics depict ericoid mycorrhizal fungi as versatile saprotrophs and plant mutualists. New
Phytologist, 217(3): 1213-1229. https://doi.org/10.1111/nph.14974

Nagel K.A., Putz A., Gilmer E, Heinz K., Fischbach A., Pfeifer J., Faget M., Blossfeld S., Ernst M., Dimaki C., Kastenholz B.,
Kleinert A.-K., Galinski A., Scharr H., Fiorani F, Schurr U. 2012. GROWSCREEN-Rhizo is a novel phenotyping robot
enabling simultaneous measurements of root and shoot growth for plants grown in soil-filled rhizotrons. Functional
Plant Biology, 39(11): 891-904. https://doi.org/10.1071/FP12023

Peng S.B., Eissenstat D.M., Graham J.H., Williams K., Hodge N.C. 1993. Growth depression in mycorrhizal citrus at high
phosphorus supply. Plant Physiology, 101(3): 1063-1071. https://doi.org/10.1104/pp.101.3.1063

Perotto S., Daghino S., Martino E. 2018. Ericoid mycorrhizal fungi and their genomes: another side to the mycorrhizal sym-
biosis? New Phytologist, 220(4): 1141-1147. https://doi.org/10.1111/nph.15218

Protzman E. 2021. Blueberries around the globe — past, present, and future. International Agricultural Trade Report. Available
at: https://fas.usda.gov//sites/default/files/2021-10/GlobalBlueberriesFinal 1.pdf

Retamales J.B., Hancock J.F. 2018. Blueberries. 2" ed. Boston, Massachusetts, USA: CABI, 413 pp.

Scagel C.E 2005a. Inoculation with ericoid mycorrhizal fungi alters fertilizer use of highbush blueberry cultivars. HortSci-
ence, 40(3): 786-794. https://doi.org/10.21273/hortsci.40.3.786

Scagel C.F. 2005b. Inoculation with ericoid mycorrhizal fungi alters root colonization and growth in nursery production
of blueberry plants from tissue culture and cuttings. Small Fruits Review, 4(4): 113-135. https://doi.org/10.1300/

301v04n04 11

Scagel C.F, Wagner A., Winiarski P. 2005. Frequency and intensity of root colonization by ericoid mycorrhizal fungi in nurs-
ery production of blueberry plants. Small Fruits Review, 4(4): 95-112. https://doi.org/10.1300/]301v04n04 10

Smith S.E., Read D.J. 2008. Mycorrhizal Symbiosis. 3' ed. New York: Academic Press, 800 pp.

Stebbins R.L., Wilder K.L. 1988. Leaf analysis of nutrient disorders in tree fruits and small fruits. Oregon State University
Extension Service, OSU Extension Catalog: FS 118. Available at: https://extension.oregonstate.edu/catalog/pub/ec-628-
guide-collecting-soil-samples-farms-gardens

Taylor J., Harrier L. 2000. A comparison of nine species of arbuscular mycorrhizal fungi on the development and nutri-
tion of micropropagated Rubus idaeus L. cv. Glen Prosen (Red raspberry). Plant and Soil, 225: 53-61. https://doi.
0rg/10.1023/A:1026519431096

Tsintsadze S., Bobokashvili Z. 2023. Peculiarities of development of phenological phases of some new introduced cultivars
of blueberry (Vaccinium corymbosum) in Georgia (Guria Region). Electronic Journal of Biology, 19(5): 1-8. Available at:
https://ejbio.imedpub.com/articles/peculiarities-of-development-of-phenological-phases-of-some-new-introduced-culti-
vars-of-blueberry-ivaccinium-corymbosum-i-1-in-geo.php?aid=51769

Villarreal-Ruiz L., Neri-Luna C., Anderon I.C., Alexander 1.J. 2012. In vitro interactions between ectomycorrhizal fungi and
ericaceous plants. Symbiosis, 56: 67-75. https://doi.org/10.1007/s13199-012-0161-7

Vohnik M. 2020. Ericoid mycorrhizal symbiosis: theoretical background and methods for its comprehensive investigation.
Mpycorrhiza, 30: 671-695. https://doi.org/10.1007/s00572-020-00989-1

Walker C. 2005. A simple blue staining technique for arbuscular mycorrhizal and other root-inhabiting fung. Inoculum, 56:
68-69.

Wei X., Zhang W.,, Zulfiqar E, Zhang C., Chen J. 2022. Ericoid mycorrhizal fungi as biostimulants for improving propagation
and production of ericaceous plants. Frontiers in Plant Science, 13: 1027390. https://doi.org/10.3389/fpls.2022.1027390

96 ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (2)


https://doi.org/10.1016/j.simyco.2018.10.004
https://doi.org/10.1016/j.simyco.2018.10.004
https://doi.org/10.1007/s00572-017-0797-5
https://doi.org/10.1007/s00572-017-0797-5
https://doi.org/10.1007/BF01972077
https://doi.org/10.1093/advances/nmz065
https://doi.org/10.1093/advances/nmz065
https://doi.org/10.1111/j.1469-8137.1985.tb03672.x
https://doi.org/10.1111/nph.14974
https://doi.org/10.1071/FP12023
https://doi.org/10.1104/pp.101.3.1063
https://doi.org/10.1111/nph.15218
https://fas.usda.gov//sites/default/files/2021-10/GlobalBlueberriesFinal_1.pdf
https://doi.org/10.21273/hortsci.40.3.786
https://doi.org/10.1300/J301v04n04_11
https://doi.org/10.1300/J301v04n04_11
https://doi.org/10.1300/J301v04n04_10
https://extension.oregonstate.edu/catalog/pub/ec-628-guide-collecting-soil-samples-farms-gardens
https://extension.oregonstate.edu/catalog/pub/ec-628-guide-collecting-soil-samples-farms-gardens
https://doi.org/10.1023/A:1026519431096
https://doi.org/10.1023/A:1026519431096
https://ejbio.imedpub.com/articles/peculiarities-of-development-of-phenological-phases-of-some-new-i
https://ejbio.imedpub.com/articles/peculiarities-of-development-of-phenological-phases-of-some-new-i
https://doi.org/10.1007/s13199-012-0161-7
https://doi.org/10.1007/s00572-020-00989-1
https://doi.org/10.12705/Code.2018

No short-term benefits of inoculation with ericoid mycorrhizal fungi for highbush blueberry

Inoxynsuist roxuuu Bucoxopocnoi (Vaccinium corymbosum: Ericaceae)
€PUKOITHUMY MiKOPU3HIMY IpubamMy 3a KOPOTKUIT TEPMiH KyTbTUBYBaHHS
B KOHTPOTbOBAHIX YMOBAaX Y PU3OTPOHAX HE JA€ NepeBar

E. KUIA3E !, T. BOMLIEXOBCKI 2, [1.P. BPAVIJIA 3, H. BILIAJI3E !

! Arpapuwuit yuisepcuter Ipysii, T6inici, [pysisn

2 IHcTUTYT pOocnMHHUX HayK, IOnix, Himeyunna

3 Minicrepctso cinbebkoro rocniogapersa CIIA, Kopsarnic, Operon, CIIIA

Pedepar. Epuxoinni MikopuaHi rpy6u MOKpaIlyIOTh 3aCBOEHHSI IOXKMBHIX PEYOBIH JIOXIMHOIO Bucokopocrnoxw (Vaccinium
Sp.), IpOTe HEBifOMO, Ui IHOKY/IALis POC/INH Li€0 MIKOPU30I0 AiMICHO Ma€e MO3UTUBHUIT epeKT. Brus iHoKymsnii fBoMa
isomsaramn (Hyaloscypha hepaticicola Ta Oidiodendron maius), okpemo i1 pa3oM, Ha PIiCT i PO3BUTOK KOPEHIB Ky/IbTMBapiB
‘Duke’ i ‘Legacy’ moxunu Bucokopocnoi (Vaccinium corymbosum s. 1) BuBuamm BIpomosK 40-7leHHOTO KYNIbTUBYBAaHHA B
pu3oTpoHi. [HOKy/IsALiA rpubaMu migBUIIM/IA KOHIIEHTPALiI0 30Ty B IUCTKaX pociuH copry ‘Duke) a Takox Oyio sadikco-
BaHO 3MEeHIIEHHs 6ioMacy KopeHiB y copTy ‘Legacy’ mOpiBHIHO 3 HEIHOKYIbOBAHVMI POC/IMHAMI. 3aranbHa JOBXIHA KOpe-
HiB pocimH copty ‘Duke’ 6yma Hypkdoro micst iHokyssanii O. maius abo KOMOIHOBaHNM IHOKY/IATOM, @ KOHI[EHTPAList KaJIio
B JUCTKax copTy Legacy sHuswiacs y Bunapky 3 H. hepaticicola abo xombiHoBaHMM iHOKymATOM. 1]i pesynbraty cBigdaTh
IIPO BifICYTHICTb KOPOTKOCTPOKOBMX IlepeBar Bijj iHOKY/ALI] T0OXMHYM BUCOKOPOC/IOl MiKOPM30I0 3a HaBefeHnx ymos. He-
00XimHi mOgabIIi ZOCTIKEHHS I/ OL[iHKM IIOTEHIITHOTO JOBTOCTPOKOBOTO eq)eKTy Ta ONTUMIi3allii IpoIleCy IHOKYIAILII.

KmiouoBi cmoBa: apxiTekTypa KopeHs, 6iomMaca pOCINMH, MIKOpM3HA KOJIOHI3aljisl, IOINMHAHHS MOXWBHUX PEIOBNH,
Vaccinium corymbosum
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Abstract. Based on our thorough analysis of bibliographical and herbarium data and field surveys of historical and existing
localities of Ligularia sibirica, a detailed map of its distribution in Europe is presented, which significantly supplements and
clarifies the previous information, particularly concerning Ukraine, Poland, and partly Russia. The distribution and status of
the species in each European country within its range is described. A special map is also provided for Ukraine, where the spe-
cies has suffered the greatest decline. In some regions, L. sibirica as a relic boreal species is endangered and has been undergo-
ing decline and extirpation at least since the 19" century. The main threat factors are climate changes and anthropogenic ac-
tivity, particularly the drainage amelioration of wetlands. Adverse consequences of climate changes mostly concern localities
in the plain terrain south-westwards from the boreal zone. In general, mountain populations demonstrate better persistence

because the colder and wetter climate conditions in the mountains are more favorable for L. sibirica.

Keywords: boreal species, climate change, drainage amelioration, extinction, locality, relict species

Introduction

Ligularia sibirica (L.) Cass. (Asteraceae/ Composi-
tae) is a boreal Euro-Siberian species with a rather
wide geographical distribution in Eurasia. It occurs
mostly in the boreal zone eastwards from the Gulf
of Finland throughout the northeast of the Euro-
pean part of Russia and Siberia further to the Far
East (Meusel, Jager, 1992). South-westwards from
that area in Europe, the species is very rare and oc-
curs only in small, isolated localities in Estonia, La-
tvia, Ukraine, Poland, Slovakia, Czechia, Romania,
Hungary, Austria, Bulgaria, Croatia, and France.

Ligularia sibirica is included in the Red Lists and
Red Data Books of these countries. It is also listed in
Appendix I of the Bern Convention (Convention...,
1979) for strictly protected flora species, Annex II
of the Habitats Directive of the Council of Europe-
an Communities (Council Directive..., 1992) for the
species of community interest whose conservation
requires the designation of special areas of conser-
vation, and Annex IV of that Directive for species
of community interest in need of strict protection.
The species also occurs in the Great and Lesser
Caucasus. Its rarity, coupled with its noticeable orna-
mental habit, makes L. sibirica an excellent flagship
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species to promote the conservation of wetlands that
harbor many other endangered plant species.

Existing maps of the species’ geographic range
(Hultén, Fries, 1986; Meusel, Jager, 1992; Liu et al,,
1994; Hendrych, 2003; Pigko$-Mirkowa, Mirek,
2003) and descriptions of its distribution in Europe
(Kukk, 2003; POWO, 2024-onward) differ signifi-
cantly, which is caused mostly by non-comprehen-
sive and incomplete chorological data and by incon-
sistencies in the taxonomic circumscription of that
species (see below). Our study is supposed to clarify
the current distribution pattern of L. sibirica in the
European subcontinent and, based on the histori-
cal data from literature and herbaria, to evaluate the
trends in its spatiotemporal changes. Special atten-
tion has been paid to the species’ distribution and the
status of its populations in Ukraine, where it appar-
ently has undergone the most severe decline. Besides,
the Ukrainian localities, both existing and historical,
are of special biogeographical interest because they
can be regarded as milestones of the past east-to-west
colonization route(s) and have an intermediate posi-
tion between the plains in the boreal zone in the east
and mostly mountainous habitats in the west. As L.
sibirica is considered relict beyond the boreal zone
(Smidov4 et al., 2011), studying the distribution of its
extant and extinct populations with regard to habi-
tat conditions helps to reveal the limits of the species’
ecological niche and identify the most vulnerable
populations. Their response to anthropogenically
and naturally driven changes in the habitats allows
to predict the prospects for survival under different
management scenarios (Hampe, Jump, 2011).

The aim of this study is to revise and summa-
rize the knowledge about the distribution patterns
of L. sibirica in Europe and to prepare a detailed
and comprehensive map, to reveal and explain the
causes of local extinction or decline, particularly in
Ukraine and, hopefully, to understand how to miti-
gate these processes.

Materials and Methods

Study species

Ligularia sibirica is a short-rhizomatous tall-herb
perennial hygrophytic species. Flowering plants are
60-180 cm high (Fig. 1). The populations are sus-
tained by seed reproduction; therefore, a sufficient
number of flowering individuals, successful germi-
nation of seeds, and further development of seed-
lings are crucial for effective recruitment. Efficient

Fig. 1. Habit of Ligularia sibirica in the Chornohora Mts,
Ukrainian Carpathians

Fig. 2. Open microsite suitable for seed replenishment of
Ligularia sibirica at the source of a travertine stream in the
Chornohora Mts, Ukrainian Carpathians

replenishment of populations implies the existence
of suitable microsites, i.e. open, unshaded patches
(Kobiv, 2005; Nobis, 2012), which may harbor deve-
loping seedlings or immature plants (Fig. 2).
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Because rhizomatous growth is slow, clonal re-
production is uncommon for the species, though
rhizome fragmentation (i.e. splitting) may oc-
cur in old individuals (Kukk, 2003; Kobiv, 2005;
Evstigneev, Kharlampieva, 2014). Nevertheless,
such disintegration is not accompanied by any re-
juvenation and, therefore, does not prolong the life
span of a genet.

In natural habitats, flowering usually begins in
4-5-year-old individuals. Despite the possible tem-
porary cessation of the flowering ability, the life cy-
cle is unidirectional and lasts about 10 years (Kukk,
2003; Kobiv, 2005; Evstigneev, Kharlampieva,
2014). Stunted individuals in unfavorable ecologi-
cal conditions (e.g. overshadowing or overdrainage)
are often unable to flower (Olaczek, 2014).

Ligularia sibirica is calcicolous and has a strong
affinity to hygrophytic habitats — alkaline fens,
peatlands, spring-water mires, and wet forests,
particularly from the class Alnetea glutinosae.
During the vegetative season, it requires rather
constant groundwater level, preferably 4-7 cm be-
low the soil surface. Summer droughts or drain-
age amelioration are adverse to its vitality and
cause the rapid decline of populations. There are
literature data (Manzu et al., 2013) that L. sibirica
markedly prefers coldwater habitats. The species
is also rather heliophilic but tolerates semi-shade
as well (Heinken-Smidova, Miinzbergova, 2012;
Olaczek, 2014). However, in the shaded forest un-
derstory, the plants are stunted. Though L. sibir-
ica is a tall-herb species, it is poorly competitive
(Trojecka-Brzezinska, Nobis, 2024) and prone to
replacement by other forbs (e.g. Solidago canaden-
sis L.), shrubs (Salix spp.), trees (Betula spp., Pinus
sylvestris L.), or graminoids that form dense stands
(Cladium mariscus (L.) Pohl, Phragmites australis
(Cav.) Trin. ex Steud., Schoenus ferrugineus L.) and
encroach in the course of vegetation succession
triggered by land abandonment (e.g. cessation of
mowing or grazing) or climate warming.

The combination of all these ecological require-
ments — hygrophytic conditions with a rather
constant groundwater level, cold-water supply, al-
kaline soil, sufficient insolation, and gaps in vege-
tation suitable for seedling recruitment — makes
L. sibirica a highly stenotopic species. In addition,
it is not expansive, i.e., it does not readily colonize
adjacent suitable habitats. Though the achenes are
equipped with a pappus, which is supposed to fa-
cilitate anemochory, particularly in the family
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Asteraceae (Costas et al., 2024), the seedlings usu-
ally emerge close to the parental plants (Kobiv,
2005; Heinken-Smidovd, Miinzbergova, 2012).
Apparently, these biological characteristics of L.
sibirica impose limitations on its past and current
distribution.

Literature data on the germination rate differ
significantly and show that the bulk of seeds ger-
minates within 1.5-8 weeks after sowing in vitro
(Fomina, 2016; Cislariu et al.,, 2018; Budisavl-
jevi¢ et al., 2021). It was established that a small
percentage of seeds can maintain their viability
for two years in the soil seed bank, as can some
‘dormant adults’ without any above-ground organs
(Heinken-Smidov4, Miinzbergova, 2012; Puchal-
ski et al., 2014).

Altogether, this implies that after the cessation
of flowering due to unfavorable changes in a popu-
lation or its habitat, most probably it is doomed to
rapid decline or even extinction.

Ligularia sibirica sensu lato exhibits significant
polymorphism in its pubescence, height, number of
capitula, shape of the leaves, and their edge (Kry-
lov et al., 1949), which gave reasons to describe a
range of taxa of different taxonomic ranks. For in-
stance, based on the narrow species concept used in
the Flora of the USSR (Kirpicznikov, 1969), which
almost does not recognize any infraspecific cat-
egories and does not imply broad within-species
variation over a large geographic range, the Soviet
authors (Minderova, 1957, 1962; Poyarkova, 1961)
distinguished the following closely related species
in Europe: L. lydiae Minderova, L. arctica Pojark.,
L. subsagittata Pojark., and L. bucovinensis Nakai.
However, later authors (Chater, 1976), including
modern Russian botanists (Gubanov et al., 2004;
Illarionova, 2009) recognize only L. sibirica with-
in the infrageneric section Ligularia in Europe but
optionally use the subspecies rank, viz. L. sibirica
subsp. lydiae (Minderova) Tzvelev, referring to pu-
bescent plants. Currently, the wide circumscription
of L. sibirica also prevails in the peri-Caucasian
countries (Eric, 1990; Avetisyan, 1995).

Concerning the relict origin of L. sibirica, there
are paleodata on its occurrence in the Carpathian
region already in the late Pleistocene (Stoicovici,
1982), and it is considered a relict of that period
(Olaczek, 2014; Szatmari, 2022). However, because
the present distribution pattern shows a strong af-
finity to the boreal climate, in Europe outside the
territory of Russia the species is also referred to as
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Fig. 3. Distribution of Ligularia sibirica in Ukraine: ® — existing localities; © — extinct localities

a relict of the early Holocene (Prochazka, Pivnick-
ova, 1999; Hendrych, 2003; Cislariu et al., 2018)
when appropriate conditions were common to
the vast part of today’s temperate zone of the con-
tinent. Therefore, isolated localities of L. sibirica
scattered throughout Europe beyond Russia are
considered remnants of once larger populations
(Smidova et al., 2011).

Data collection

The study involved an extensive survey of biblio-
graphic and herbarium data on the distribution of
Ligularia sibirica. Herbarium vouchers of that spe-
cies were studied in the KRAM, KW, LW, LWS, W,
and WU herbaria (acronyms follow Index Herba-
riorum: Thiers, 2024-onward), as well as in other
collections using online virtual herbaria databases,
viz. JACQ (https://www.jacq.org) and GBIF (https://

www.gbif.org).

A considerable amount of literature concerning
the distribution of L. sibirica was analyzed. It includes
articles on the species’ occurrence in certain countries
(Fischer, 1991; Kukk, 2003; Mirek, Piekos-Mirkowa,
2006; Smidova et al., 2011; Méanzu et al., 2013; Dité,
Elias, 2016; Manzu, Cislariu, 2019), national, regional,
and local floras (Grossheim, 1934; Sofieva, 1961; Flo-
ra severo-vostoka..., 1977; Galushko, 1980; Tabaka et
al., 1988; Avetisyan, 1995; Poluyanov, 2005; Mayevs-
kiy, 2014), relevant Red Data Books and Red Lists
(Andriyenko, 1996; Prochazka, Pivnickova, 1999; Ko-
biv, 2009; Demakhina, 2014; Olaczek, 2014; Banche-
va, 2015; Schratt-Ehrendorfer et al., 2022), etc.

The sites in Ukraine where L. sibirica has been
previously reported were surveyed in 2006-2024 to
check the current status of populations. The species’
localities were also visited in Poland in 2022-2023
during the seminars organized by the Nature and
Man Foundation.
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Botanical nomenclature mainly follows Plants of
the World Online (POWO, 2024-onward).

Results and Discussion

Distribution of Ligularia sibirica in Ukraine

Most of the Ukrainian localities of Ligularia sibirica
(both historical and present) lie in the west of the
country (Fig. 3), which is explained by more humid
climate conditions in that territory (Natsionalnyi
atlas..., 2007).

In spatial terms, the Ukrainian localities of L.
sibirica can be roughly subdivided into those oc-
curring in the plain or mountainous parts of the
country (Fig. 3). The first group of localities lies
mostly in Volyno-Podillya (often Latinized as Vol-
hyno-Podolia), a territory with mainly wavy and
hilly landscapes.

The northernmost data on the species occurrence
in Ukraine come from the Volyn’ Region (Volyns'ka
Oblast) ca. 10 km to the north of the town of Volo-
dymyr (earlier known as Volodymyr-Volynskyi). It
is evidenced by two vouchers gathered in the closely
located sites: near Zamosty and Verba villages in the
mossy fens and alder carrs. Both specimens were col-
lected back in the late 19 century by the renowned
botanists Paczoski (KW025751) and de Montresor
(KW6443-6), while the latter author noted on the
herbarium labels that L. sibirica was very rare already
at that time. Later, Minderova (1957) used his vouch-
ers to describe “Ligularia ucrainica”, a microspecies
that has not been recognized by other authors. These
findings, which are the only available for the Volyn’
Region, have never been confirmed further and be-
cause that area has later undergone drainage ame-
lioration, most probably the species has gone extinct
there (Andriyenko, 1996; Kobiv, 2009).

Another cluster of historical localities lies in the
Lviv Region eastwards from the town of Sheptyts-
kiy (formerly known as Chervonohrad and Krysty-
nopol) between Potorytsia, Pozdymyr, and Volsvyn
villages. These data date back to the 19 — early
20" centuries and are documented by herbarium
vouchers collected by Rehmann (KRAM178603,
KRAM178607-09, WU s. n.) and an article by Wro-
blewski (1917), which describes the habitat of L.
sibirica as a damp alder carr. Though the species
was mentioned from several closely located sites,
we failed to confirm its current occurrence there
during our recent surveys of that area, which im-
plies its extinction because of past amelioration.
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The next cluster comprises localities near the vil-
lages of Shklo, Stavky, and the town of Ivano-Frank-
ove (former Yaniv) in Lviv Region located about 15
km apart from each other. They are evidenced by
Tomaschek (1859) and herbarium vouchers gath-
ered in the middle of the 19t century (LW127549,
LW127553-5, LW127556, LWS99880-1, LWS99886,
KW02572, WU s. n.), whose labels refer to wet-
lands. These findings have never been confirmed
later, and because of the frequent botanical surveys
of the area it is suggested that the species is long-ex-
tinct there. The wetland locality near Ivano-Frank-
ove is well known as a habitat of other rare and
threatened hygrophytic species and belongs to Roz-
tochia Nature Reserve now (Soroka, 2004).

Another cluster of historical localities was also
confirmed by herbarium vouchers (LWS99883-5),
gathered in the middle of the 19" century in two
wetland localities near the village of Lopatyn, Lviv
Region. Later, that area was drained and subjected
to peat excavation, therefore L. sibirica has appar-
ently gone extinct there.

One more species historical locality in Lviv
Region was situated ca. 6 km westwards from the
town of Brody. It was mentioned by Motyka (1947)
and evidenced by herbarium vouchers from 1937
(LW12550, LW12552). The habitat was described as
a moist oak and hornbeam forest with gyttja soil at
the calcium-rich water outflow. The population was
low-numbered already at that time (Motyka, 1947)
and our survey of that area proved that most proba-
bly it has not survived.

There is also a mention of the occurrence of L.
sibirica near the village of Pidlyssya, Zolochiv Dis-
trict, Lviv Region (Kagalo, 2012), referring to the
herbarium record from the 1970s, which, however,
has been lost and therefore these data are unveri-
fied. Former wetlands near that village have been
severely drained, which implies that the species’
persistence in that area is highly unlikely.

The largest cluster of localities lies near the town
of Ostroh (Rivne Region) at the edge of three physio-
graphic regions: the Volynian Upland, Lesser (Male)
Polissya Plain, and Podolian Upland. It is a biodiver-
sity hotspot that harbors many rare and threatened
vascular plant species (Melnik et al., 2001) included
in the Red Data Book of Ukraine (Red Data Book...,
2009). Some of them, similarly to L. sibirica, are both
calcicole and hygrophilic, e.g. Cladium mariscus,
Carex buxbaumii Wahlenb., C. davalliana Sm.,
C. hostiana DC., Dactylorhiza incarnata (L.) Soo,
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Epipactis palustris (L.) Crantz, Iris sibirica L., Liparis
loeselii (L.) Rich., Pinguicula vulgaris L., Schoenus fer-
rugineus, Swertia perennis L., Betula humilis Schrank,
Pedicularis sceptrum-carolinum L., Saxifraga hircu-
lus L., and Salix starkeana Willd. Notably, the latter
four species have also a boreal affinity (Meusel, Jager,
1992). That cluster consists of three patches of distri-
bution of L. sibirica. The westernmost one lies at the
very border between the Rivne and Ternopil Regions
ca. 4 km west of Ruska Huta village, Kremenets Dis-
trict. In the first half of the 20" century, it was doc-
umented by a herbarium record (LW127551) while
the locality was described by Motyka (1947) as the
edge of a peat fen, and according to him the species
was scarce there already at that time. We found out
that this habitat was destroyed due to massive peat
excavation in that area.

Another locality from that cluster is situated about
20 km north-westwards of the previous one near
the village of Derman in the significantly drained
calcareous peatland, which now belongs to the Der-
manska Natural Monument included in Derman-
sko-Mostivskyi Regional Landscape Park (Andri-
yenko, Antonova, 1986; Andriyenko, Pryadko, 2001;
KWO009335). The population inhabiting the edge of
that peatland was quite viable in the 1980s (Andri-
yenko, Antonova, 1986) but according to our obser-
vations, it has declined considerably during the last
decades and is on the brink of extinction now.

The largest existing Ukrainian population of L.
sibirica belongs to the same cluster and lies about
halfway between the two mentioned sites between
the villages of Mosty, Bushcha, and Illyashivka in
the Derman-Ostroh National Nature Park. That en-
tity can be best referred to as a metapopulation, i.e.
a group of local populations inhabiting nearby but
spatially disconnected patches with similar ecologi-
cal conditions required by L. sibirica, i.e. calcareous
wetlands. Thus, the species is scattered in two wet-
land parts of the Derman-Ostroh National Nature
Park, namely in the Zbytynka River Floodplain and
Bushchanskyi Botanical Reserves. The distribution
of L. sibirica is highly discontinuous and the patch-
es where it occurs are situated up to about 2.5 km
apart from each other. The species’ occurrence there
is documented by literature (Andriyenko, Antono-
va, 1986; Andriyenko et al., 2012; Pryroda..., 2015;
Golovko et al., 2020) and herbarium (LW215472,
KW025744, KW096184, LWS113020) data. Here
L. sibirica is distributed in calcareous fens, which
undergo gradual overgrowth with shrubs and trees

Fig. 4. Encroachment of shrubs and trees into the habitat
of Ligularia sibirica in the Derman-Ostroh National Nature
Park, Ukraine

after the abandonment of land use (Fig. 4). That
metapopulation includes several thousand flower-
ing plants (Golovko et al., 2020) distributed within
the patches with a total area of above 200 ha. Ap-
parently, its size is the largest among the lowland
European localities beyond Russia.

One more record comes from the east of Rivne
Region at the edge of Zhytomyr Polissya. It is ev-
idenced by herbarium vouchers (KW138861,
KW138863) gathered in the grassland on the bank
of the Pereveznia River. Though the vouchers date
from 1997, they were added to the KW herbarium
quite recently; therefore, the current status of the
population remains unknown.

The southernmost locality within the plain part
of Ukraine was reported at the end of the 19t centu-
ry by Schmalhausen (1897) from Podillya between
the towns of Medzhybizh and Lityn, Kmnelnytstkyi
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Fig. 5. Distribution of Ligularia sibirica in Europe: ® — existing; 0 — extinct; 0 — introduced localities; ? — status unknown

Region. Its exact location remains unknown, and
the species has never been confirmed in that area
later. As the climatic conditions are distinctly drier
there in comparison with the rest of the localities
(Natsionalnyi atlas..., 2007), it is hardly unlike-
ly that L. sibirica could have survived the ongoing
global warming in that site; therefore, it is consid-
ered extinct (Andriyenko, 1996; Kobiv, 2009).

The easternmost Ukrainian locality, which is also
the only one in the Left-Bank part of Ukraine (east
of the Dnipro River) is documented by the herbari-
um specimen (MW0248941) collected in 1848 near
the town of Yahotyn, which now belongs admin-
istratively to Kyiv Region. It has never been con-
firmed later and most probably is long-extinct.
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In Ukraine, L. sibirica occurs also in the Car-
pathians (Fig. 3). Its mountain populations are sep-
arated from the plainland group of localities by an
over 200 km disjunction. However, they are located
rather close, i.e. 15-65 km from the nearest habi-
tats of L. sibirica in Romania (Manzu et al.,, 2013).
One of the Ukrainian mountain localities is situat-
ed near the village of Lazeshchyna in Zakarpattia
(Transcarpathian) Region on the southern slope of
the Chornohora Range. In 2001 that population in-
cluded about 1500 generative individuals, inhabited
several tufa-forming springs, and stretched along
the travertine stream within the altitude of 915-
1000 m a.s.l. (Kobiv, 2005). Unfortunately, later that
area was subjected to massive clear-cutting, which
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almost destroyed the habitat. As a result, only the
remnants of that population have survived, which
comprise about 40 generative individuals located in
an area of ca. 200 m?. Despite the lack of limestone
bedrock in the Chornohora Mts, there are some cal-
ciferous streams where CaCO, is washed out from
the deeper rocks. That results in the deposition of
travertine on the surface near the springs and fur-
ther downstream. That significantly alkalizes the
soil, whose pH(H,0) value exceeds 7.0, which ena-
bles suitable conditions for L. sibirica (Kobiv, 1999,
2005). Annex I of the Habitats Directive 92/43/EEC
(Council Directive..., 1992) and later documents of
the European Commission (Interpretation man-
ual..., 2013) assign priority conservation status to
that type of habitats — 7220* Petrifying springs
with tufa formation (Cratoneurion).

Another Carpathian locality is in the Chernivt-
si Region, namely in the Chyvchyny Mts (which
belong to the Marmarosh Massif) near the village
of Sarata, a few kilometers from the border with
Romania. The species occupies two nearby hab-
itats in the river valley at the Bilyi Potik Stream
(KW025752, KW139174). These wetland patches
are also related to the calcium-rich stream (Chor-
ney, 1999; Chorney et al., 2008). The site is included
in the Cheremosh National Nature Park; therefore
the population is not threatened.

Distribution in other European countries

The most westward outposts of Ligularia sibirica
in Europe are located in the mountains of France
(Fig. 5), namely in the East Pyrenees, Massif Cen-
tral, and Morvan where over 30 localities have
been documented (Bensettiti et al., 2002). In the
former two mountain systems, some populations
are rather large-sized, and the species occurs
mostly within 1000-1200 m a.s.l. (Danton, Baftrae,
1995; Bensettiti et al., 2002); however, it reaches
1400-1500 m a.s.l. in the Pyrenees (Meusel, Jager,
1992). In several stations, mostly in the Massif
Central, extinctions have been reported (Bensettiti
et al., 2002). In the Morvan Mts (Burgundy), the
species is very scarce and occurs in a single loca-
lity at ca. 350 m a.s.l. (Bugnon, 1952; Bensettiti et
al., 2002).

The main non-Boreal European region of the
species’ distribution is associated with the moun-
tains of Central and Central-East Europe in
Czechia, Slovakia, Poland, Hungary, Romania, and
Ukraine.

In Czechia, L. sibirica occurs in a single locality
in the Sumava Mts at 730 m a.s.l. and in two clusters
at the foothills of the Western Sudetes at 215-260
m a.s.l. (Hendrych, 2003; Heinken-Smidova, Miin-
zbergova, 2012).

The only Austrian locality is situated in the
low-mountain area of the North-Eastern Prealps
(nordostlichen Voralpen) in Lower Austria (Nied-
erosterreich) at 420 m a.s.l. Though L. sibirica is
included in the country’s Red List (Schratt-Ehren-
dorfer et al., 2022), a thorough analysis of all the ex-
isting data proves that most probably the species is
not native there (Fischer, 1991).

In Slovakia, the species occurs in three regions
of the Western Carpathians, viz. the Nizke Tatry,
Slovensky Raj, and Bachuren within 400-1000 m
a.s.l. In one of them, Slovensky Raj, its populations
are rather large-sized and form a cluster of several
localities (Smidova et al., 2011; Heinken-Smidova
Miinzbergova, 2012; Dité, Elias, 2016).

In Poland, five localities were known in the plain
terrain of the central-southern and eastern parts of
the country. Two more stations have been report-
ed from the foothills of the Tatra Mts, Western
Carpathians; however, one of them (in the Zako-
pane Depression) went extinct in the 20" century
(Nobis, 2012). Most of the remaining Polish pop-
ulations are low-numbered and prone to decline
(Mirek, Pieko$-Mirkowa, 1989, 2006). Because the
Polish and Slovak West-Carpathian localities are
only about 40 km away from each other, they can be
treated as the same group.

In addition, we discovered a previously
overlooked herbarium specimen of L. sibirica
(W0276340), collected in 1841 near the town of
Stargard in Pomerania, now NW Poland (Fig.
6). Originally misidentified as “Heloseris palus-
tris Rchb” (= Tephroseris palustris (L.) Schrenk
ex Rchb.), it was distributed by O.C. Schramm as
an exsiccate of that species. Noteworthily, other
vouchers of the same exsiccate issue kept in the
B, BR, K, L, and WAG herbaria do belong to T.
palustris. Their digitized images are accessible
online in JACQ (https://www.jacg.org) and GBIF
(https://www.gbif.org) virtual herbaria databas-
es. Both species, Ligularia sibirica and Tephroseris
palustris, occur in peatlands, and the labels on
corresponding vouchers say that they came from
a peat-cutting site, which might imply that they
grew together, and because of their mutual resem-
blance, the collector confused L. sibirica with T.
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Fig. 6. A newly discovered herbarium specimen (W0276340) of Ligularia sibirica from Pomerania, NW Poland
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palustris in at least one of his herbarium samples.
However, the date on all these herbarium vouch-
ers, viz. “the end of May” corresponds to the flow-
ering period of T. palustris, while L. sibirica pro-
duces generative shoots about 1-1.5 months later,
therefore, the collection date of the above-men-
tioned specimen is hardly correct, though there is
no reason to doubt the place of its origin, because
the collector, O.C. Scramm lived and worked in
Western Pomerania at that time (Breitfeld et al.,
2020). Moreover, calcareous fens, which are suit-
able habitats for L. sibirica, are situated near Star-
gard (Sotek, 2010); therefore, the species’ occur-
rence there (at least in the past) seems very likely.
However, the current status of that population is
unknown (Fig. 5).

The only Hungarian population was situated
at the north-eastern edge of the Pannonian Ba-
sin about 70 km from the Romanian Carpathians
at an unusually low altitude (about 140 m a.s.l),
which is the lowest among the non-boreal locali-
ties of L. sibirica in Europe. Though it occurred in
the long-protected area of the Batorliget mire, the
species went extinct there in the middle of the 20™
century. The attempt of its reintroduction from Slo-
vakia in the 1980s failed (Papp, Dudas, 1989; Papp,
Lesku, 1998; Kiraly, 2007).

Romania is the only country in the non-boreal
territory of Europe where L. sibirica is not very rare.
Thus, about 120 populations are documented and
mapped in that country (Manzu, Cislariu, 2019). Al-
most all of them refer to the territory of the Eastern
and Southern Carpathians, and some of them form
clusters. In the Romanian Carpathians, the species
occurs at the vast altitudinal range within 400-2100
m a.s.l. (Meusel, Jager, 1992) in a wide spectrum of
plant communities (Matei, 2014). There is also a re-
cord from the Transylvanian Basin and another one
from the plain terrain at the eastern foothills of the
Carpathians (Manzu et al.,, 2013).

Ligularia sibirica is known in two countries of
the Balkan Peninsula. One of its stations is sit-
uated in the Plitvice Lakes National Park in the
Dinarides, Croatia, at 660 m a.s.l. (Stanci¢ et al.,
2010). There are also two localities in the Pirin
Mts in Bulgaria at 1140 and 1400 m a.s.l. (Banche-
va, 2015). These Balkan outposts are significantly
separated from the rest of the European stations.
The Bulgarian localities, along with the Caucasian
ones, are the southernmost known records of the
species in Europe.

Ligularia sibirica also occurs in the Baltic coun-
tries Latvia and Estonia where it is rare, low-num-
bered, and prone to extinction. Thus, in Latvia, it
was found only in the northern and eastern parts
of the country (Tabaka et al., 1988), while in Esto-
nia, the species has survived in merely 8 out of 18
previously documented localities (Kukk, 2003).

Distribution of L. sibirica in the boreal part of
the European Russia is usually referred to and pic-
tured as continuous (Meusel, Jager, 1992; Liu et al.,
1994; Piekos-Mirkowa, Mirek, 2003; Smidova et al.,
2011), which might imply that the species is quite
common throughout that part of its range. Howev-
er, it contains significant gaps, especially at its edge.
Thus, the species is rather rare and included in the
local Red Data Books of the Murmansk, Leningrad,
Pskov, Novgorod, Bryansk, Tver, Moscow, Ivanovo,
Yaroslavl, Kostroma, Vologda, Kirov, and Ulyano-
vsk regions, which also concerns the Republics of
Mari El, Chuvashia, Tatarstan, and Udmurtia in the
Russian Federation.

It is worth mentioning that L. sibirica has gone
extinct in the Kursk and Oryol regions of Russia
(Yelenevskiy, Radygina, 1997; Poluyanov, 2005;
Mayevskiy, 2014), i.e. at the southern edge of its
distribution (Fig. 5), where it was documented
in literature (Schmalhausen, 1897) and by her-
barium specimens collected over 100 years ago
(MW0248896-7, MW0248899, MW0248900-3).
The species does not occur in the Voronezh, Sara-
tov, Ryazan, Lipetsk, Kaluga, and Samara regions, as
well as in the Republic of Mordovia, which shows
that it is far from being common across the Europe-
an part of Russia.

In the north of Russia beyond the boreal zone,
L. sibirica occurs also near the coast of the Arctic
Ocean and its northernmost localities reach the 69t
N parallel (Fig. 5), i.e. its range slightly extends into
the Arctic tundra (Demakhina, 2014).

A disjunct part of the species’ range lies in the
Caucasian Mountains (Fig. 5) where L. sibirica is
rather common in the subalpine wetlands through-
out most of the mountain massifs in the Great and
Lesser Caucasus (Grossheim, 1934; Sofieva, 1961)
and reaches 3300 m a.s.l. (Galushko, 1980). The
species occurs in Krasnodar Krai and in all the
North-Caucasian republics of the Russian Fed-
eration (Galushko, 1980), as well as in Georgia /
Sakartvelo, Armenia / Hayastan, and Azerbaijan. In
addition, the species’ range slightly extends into the
Kars Province of Turkey (Erik, 1990).
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Distribution patterns of Ligularia sibirica in
Europe

A general outlook on the species’ distribution in
Europe shows that it is highly disjunctive (Fig. 5).
Its localities scattered beyond the boreal zone, i.e.
south-westwards of Russia and the Baltic states (La-
tvia and Estonia), can be roughly divided into two
groups: those associated with either plain or mo-
untainous terrain. It is noteworthy that in the vast
territory of the non-boreal part of the Great Euro-
pean Plain, which spans the whole continent from
the Atlantic Ocean to the east, Ligularia sibirica
occurs only in Poland and Ukraine. The disjunc-
tion between the existing localities in these coun-
tries on the one hand and those in Russia on the
other is significant, but the chain of documented
extinct stations between them (Fig. 5) implies that
they may be treated as the remnants of an ancient
colonization route, which might have been connec-
ting these parts of the species’ range in the past. The
distribution pattern of L. sibirica infers that it does
not currently inhabit many of the suitable habitats
within the perimeter of its dispersal; moreover, its
occurrence in Central and Central-Eastern Europe
probably was rather limited even in the past periods
when the climatic conditions were more favorable
for the species.

Relict non-boreal plain-inhabiting European
populations of L. sibirica are especially vulnerable
and prone to decline, by contrast to the mountain-
ous or boreal areas with colder climate and, con-
sequently, lower evapotranspiration, which pre-
vents overdrying of the habitats. In that context,
the ongoing climate warming adversely affects the
lowland populations because it causes drying up
of peatlands and the encroachment of shrubs and
trees (Heijmans et al., 2013). However, based on the
literature and herbarium data, the decline of these
populations can be traced already from the 19" —
first half of the 20 century. It could be contribut-
ed by the drying trend in the European peatlands
during the last centuries (Swindles et al., 2019). It is
noteworthy that the verified data on the occurrence
of L. sibirica in the forest-steppe zone, i.e., under
pessimum thermal-humidity conditions in Ukraine
and the European part of Russia (Fig. 5), date back
to the 19th century, and have never been confirmed
later due to their extinction. It concerns the Khmel-
nytskyi and Kyiv Regions of Ukraine as well as the
Kursk and Oryol Regions of Russia. Thus, the doc-
umented climate-driven extinctions of L. sibirica
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have been happening for more than a century. A
similar extinction event occurred in the middle of
the 20t century to a lowland population in the Pan-
nonian Basin, Hungary (Papp, Lesku, 1998). Recent
rapid species’ decline and extinction of range-edge
populations in the Baltic states (Kukk, 2003) can
also be attributed to climate change. Modern stud-
ies (Hdjek et al.,, 2022) show that warming causes
the shift of the pH niche in L. sibirica and some oth-
er rare fen species to more basophilic values, which
makes them more stenotopic and facilitates their
extinction. That could have also contributed to the
narrowing of their geographic ranges during past
Holocene warmings (Hajek et al., 2022).

Another adverse factor, which has an extremely
negative effect on L. sibirica is drainage ameliora-
tion of the habitats. Its consequences are most ev-
ident in Ukraine where the expropriation of land
by the state in the Soviet period allowed the imple-
mentation of gigantic projects of massive amelio-
ration. That process intensified after World War II
and reached an enormous scale in the 1950-1980s
(Balashov et al., 1982). It was aimed mostly at in-
creasing the areas of arable land at the expense of
the territory, which was “overmoisted” in agricul-
tural terms. Eventually, over 3.3 million ha of such
areas were drained in Ukraine (Pankiv, 2008). This
concerns mainly the west of the country where
most of the historical localities of L. sibirica have
been previously reported (Fig. 3). For instance, in
the most affected Lviv, Rivne, and Volyn’ admin-
istrative regions the drained lands account for as
much as 19.5-23.5 % of their total area. Thus, nat-
ural or semi-natural wetlands and humid grass-
lands have mostly been converted into arable land
(Pankiv, 2008). That has been accompanied by the
modification and canalization of riverbeds, which
resulted in a profound transformation of the
floodplains. This caused a huge loss of biodiversi-
ty in the west of Ukraine, including the extinction
and decline of many populations of L. sibirica and
other hygrophytic and mesohygrophytic species
(Balashov et al., 1982).

The above overview of the historical localities of
L. sibirica in Ukraine shows that it has died out in
10 such sites, while at least in 6 of them the main
cause of extinction was habitat disturbance result-
ing from drainage amelioration. Four of these ex-
tinctions happened in Lviv Region (2 in Sheptytskiy,
2 in Yavoriv, 2 in Zolochiv districts), one in Volyn’
Region (Volodymyr District), and one in Ternopil’
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Region (Kremenets District). Thus, most extinc-
tions refer to Lviv Region, where the percentage of
ameliorated lands (23.5 %) is the highest (Pankiv,
2008). In addition, one of the remaining popula-
tions, namely near the village of Derman’ (Rivne
Region) is currently on the brink of extinction due
to intense amelioration of the site. Thus, Ukraine’s
populations of L. sibirica have suffered the severest
losses in comparison to other European countries.

It is worth mentioning that the localities of L.
sibirica are often grouped in clusters, i.e. are situated
only a few kilometers apart, which is most evident
in the Pyrenees and Massif Central in France (Dan-
ton, Baffray, 1995; Bensettiti et al., 2002), Western
Sudetes in the Czech Republic (Heinken-Smidova,
Miinzbergova, 2012), Western Carpathians in Slo-
vakia (Heinken-Smidova, Miinzbergovd, 2012;
Dité, Elias, 2016), Lesser Polissya Plain in Ukraine,
Pirin Mts in Bulgaria (Bancheva, 2015) and in mul-
tiple regions of Romania (Manzu, Cislariu, 2019).
Such a pattern can be attributed to the past coloni-
zation history.

The specificity of the distribution of L. sibirica
in Europe can be revealed by comparison with the
ranges of other relict boreal species with similar
habitat requirements, i.e., occurring in alkaline wet-
lands, e.g. Betula humilis, Pedicularis sceptrum-car-
olinum, and Saxifraga hirculus.

In this regard, the geographic range of L. sibiri-
ca is quite peculiar. Not only is it highly disjoined,
but the species’ isolated localities occur as far to the
west as in the Pyrenees and as far to the south as in
the Balkan Peninsula and the Caucasus.

Unlike most European boreal species, L. sibirica
does not occur in the Scandinavian Peninsula and
Finland. Moreover, there was no evidence of the
species’ occurrence near the southern Baltic coast
until the above-reported locality in Pomerania, Po-
land, which is rather exceptional.

In most countries of Europe beyond the boreal
zone, except Poland and Ukraine, L. sibirica exhib-
its a strong affinity to the mountains. Therefore,
its distribution in Europe to some extent can be
characterized as boreal-montane (boreomontane).
The species’ localities are scattered in the following
European mountain systems: the Pyrenees, Massif
Central, Morvan, Sumava, Western Sudetes, Car-
pathians, Dinarides, Pirin, and Caucasus. Howev-
er, these localities are very isolated and disjoined
and hardly line up in a possible stepwise dispersal
route (Fig. 5). For example, there is a considerable

700-900 km long hiatus between the localities
in Western and Central Europe, viz. between the
mountains in France and in the Czech Republic
caused by their absence in the Alps and low moun-
tain massifs of Germany called Mittelgebirge. A
possible explanation for the absence of L. sibirica
in the Alps and peri-Alpine region is the past exist-
ence of large Alpine ice shields in that territory in
the Pleistocene (Schonswetter et al., 2005).

The size and viability of the mountain popu-
lations does not depend on the distance from the
main part of the species’ range in the boreal zone.
For instance, some outlying populations occurring
in the subalpine zone of the Pyrenees and Massif
Central in France (Danton, Baftray, 1995; Benset-
titi et al., 2002) and the North Caucasus in Russia
(Galushko, 1980) are large-sized and prospering,
which shows that cold and wet mountain climate is
favorable for the species viability.

Conclusion

The geographic range of Ligularia sibirica in Euro-
pe is highly discontinuous, which is most conspi-
cuous beyond the boreal zone (Fig. 5). Because in
that part of Europe the species is considered a Late
Pleistocene — Early Holocene relict (Smidova et al.,
2011), significant disjunctions in its current distri-
bution can be attributed to numerous later extinc-
tion events. It is noteworthy that even in the main
part of the species range, i.e. in the boreal zone, its
distribution can be hardly characterized as conti-
nuous due to its low colonization ability, stenoto-
pic requirements for cold-water alkalic wetlands,
and, consequently, the lack of suitable localities in
many regions. Therefore, the species is also rare in
most regions of Russia and is included in regional
Red Data Books in that country. Apparently, that
refers to the West-, Central- and South-European
countries. Thus, the pan-European conservation
concern for L. sibirica reflected in international do-
cuments, namely Appendix I of the Bern Conventi-
on (Convention..., 1979) and Annexes II and IV of
the Habitats Directive (Council Directive..., 1992) is
completely reasonable.

Nevertheless, the species’ localities are often
gathered in clusters and in some regions, e.g. in the
Romanian part of the Carpathians, in the Caucasus,
North Urals, the eastern shore of the Kola Peninsu-
la, and the Udmurt Republic of Russia it is not rare.
Because of the concentration of localities in the

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (2) 109



Y. KOBIV, I. DANYLYK

territory of the East-South-Carpathian region, that
area may be considered the secondary center of the
species distribution in Europe beyond the boreal
zone. In addition to numerous Romanian localities,
this area also includes the stations of L. sibirica in
the Ukrainian Carpathians.

In some regions, L. sibirica is endangered and
has been undergoing decline and extinction at
least since the 19 century. The main factors of
threat to the species are climate change and an-
thropogenic activity, particularly drainage ame-
lioration of wetlands. Adverse consequences of
climate change (including the long-term period)
mostly concern lowland localities peripheral to the
main (i.e. boreal) range situated in the peri-Baltic
region and in the forest-steppe zone of Ukraine
and Russia where the climatic (thermal-humidity)
conditions have long become unfavourable for L.
sibirica. That also refers to the extinct population
in the Pannonian Basin, Hungary.

Another threat factor, namely drainage ameliora-
tion of the species’ habitats, had the greatest impact
in Ukraine, where it was the main cause of extinc-
tion for at least 6 populations, mostly in the second
half of the 20" century. To that matter, Ukrainian
populations have suffered the most severe losses,
because in total as many as 10 of them have gone
extinct for different reasons, which concerns the
plain part of the country.

Extinction due to anthropogenic habitat altera-
tions has been also reported in France (Bensettiti et
al.,, 2002).
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ITommpenns ta oxopouHmii craryc Ligularia sibirica (Asteraceae)
B EBpori 3 0c061MBOIO YBAroK0 MO0 YKpaiHu

10. KOBIB, I. TAHWMJIMK
IncruryT exonorii Kapnar Hanionanbhoi akagemii Hayk Ykpainm,
Byn. Kosenbuuiipka 4, JIpsiB 79026, Ykpaina

Pedepat. Ha ocHOBI peTenbHOr0 aHami3y 6i6miorpadgidnux i rep6apHUX ZaHMX, a TAKOX ITOIBOBOTO OOCTEXEeHH iCTOpIY-
HUX Ta iCHylouux noxamitetiB Ligularia sibirica yKmajeHO FOKTafHY MaIy IOMIMPEHHS [bOTO BUAY B €BPOII, 110 iCTOTHO
TOTIOBHIOE i IIPOACHIOE NOTIepeiHi BioMOCTi, 30KkpeMa cTocoBHO YKpainy, [Tonpwi i Pocii. Onmcano nommpenna ta cTan
BUJIYy B KOXKHilT Kpaini €Bponu. OkpeMy Maly IOLIMPEeHHs CTBOPEHO /IS YKpaiHu, e BUJ 3a3HaB HailOUIbIINX BTpaT. Y
meAKMx perioHax L. sibirica Ax pemikToBuit 60peanbHMIl BUJ, € 3aTPOXKEHMM i 3a3HAa€ perpecyBaHHA il BUMMPAHHA IIPU-
HaitmHi e 3 XIX cromittsa. OcHOBHMMY dakTOpaMy 3arpos3u € KIiMaTU4Hi 3MiHM Ta aHTPOIOTeHHa AisANbHICTD, 30KpeMa
ocyuryBaibHa Mentiopaist 6oit. HeraruBHI Hac/miaKy KIiMaTHYHIX 3MiH CTOCYIOTBCS 3[,€01/IBIIOr0 PiBHIHHIX JIOKA/TITETIB,
PO3TaIlIOBaHNX ITiBIeHHO-3axifiHile Bifj 60peanbHOi 30HN. HaTOMICTb, TipchKi IIONY/IALil Ha3araj BUAB/IAIOTh 6inbmy CTill-
KiCTb, OCKIZIbKY XOTORHIIINII i BOZIOTILINIT KJIMAT y TOpax € CopusaTanBimmM anst L. sibirica.

KiouoBi cmoBa: 6opeanbHuit Buji, BUMVPAHH:A, 3MiHM KJTiMaTy, TOKaJIiTeT, OCYLIyBalbHa MeTiOpallid, pelTiKToBUIt BU
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Species of the genus Phragmidium (Pucciniales)
as parasites of brambles (Rubus: Rosaceae) in Ukraine
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Abstract. Four species of the genus Phragmidium that parasitize plants of the genus Rubus in Ukraine are reported. Of them,
Phragmidium acuminatum has not been recorded for more than 90 years, since its last report in 1933. This species is a speci-
alized parasite of the stone bramble (Rubus saxatilis), which according to modern views belongs to Rubus subg. Melanobatus.
Three other species are widespread in Ukraine. Phragmidium rubi-idaei parasitizes raspberries (Rubus idaeus) of the subge-
nus Idaeobatus. Phragmidium bulbosum and P. violaceum infect representatives of Rubus subg. Rubus and can both parasitize
plants of the same species. In Ukraine, both species were observed on Rubus caesius, R. candicans, R. canescens and R. hirtus.
However, they clearly differ in morphological features: most teliospores of Phragmidium violaceum are 4-celled with an apical
hemispherical papilla up to 5 pm high, while in P. bulbosum teliospores are mostly 4-8-celled with an apical cylindrical or
conical papilla up to 12 um high. The previously reported twisting of the upper part of the teliospore pedicel in species of the
genus Phragmidium parasitizing species of the genus Rosa was also observed in P. bulbosum, P. rubi-idaei and P. violaceum.
The article is illustrated with photomicrographs obtained using a scanning electron microscope.

Keywords: biodiversity, distribution, mycobiota, Phragmidiaceae, Rubus

Introduction

Almost 50 species of the genus Phragmidium
Link that parasitize plants of the genus Rubus L.
have been described so far. The centre of species
diversity for this fungal group is East Asia. Only
five of its species occur in Europe. Phragmidium
rubi-idaei is an important pathogen of cultiva-
ted raspberries. Phragmidium violaceum has been
used in the biological control of invasive European

species of Rubus in Australia (Marks et al., 1984;
Gomez et al.,, 2008) and Chile (Vargas-Gaete et
al,, 2019). In Ukraine, the genus Phragmidium has
not been specifically studied, except for our recent
article on parasites of roses (Tykhonenko, 2024).
The purpose of this study is to compile data on the
distribution of the species of Phragmidium which
parasitize brambles in Ukraine and to study the
morphology of their spores using a scanning elec-
tron microscope.
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Materials and Methods

The materials of this study include literature data on
the distribution of fungi of the genus Phragmidium
parasitizing plants of the genus Rubus in Ukraine,
as well as their specimens from the Mycological
Herbarium of the M.G. Kholodny Institute of Bo-
tany (KW-M). The species distribution in Ukraine
follows the map of regions proposed in the Flora of
Fungi of Ukraine (Heluta, 1989).

For scanning electron microscopy, the prepared
samples were coated with an ultrathin layer of gold
using a JFC-1100 sputter. Photographs were taken on
a JEOL JSM-6060 LA scanning electron microscope.

Results and Discussion

A key for identification of the species of Phragmidi-
um occuring in Ukraine and parasitizing species of
the genus Rubus is provided below.

Key to Phragmidium species on Rubus in Ukraine

1. Teliospores usually 5-9-celled, on Rubus idae-
US o e e et 3. P rubi-idaei

— Teliospores usually 3-8-celled, on other spe-
CIES o 2

2. Teliospores usually 4-8-celled with apical cy-
lindrical or conical papilla; wall of urediniospores
up to 1.5 um thick; wall of aeciospores thin, echinu-
late or verrucose ............ ...l 3

- Teliospores mostly 4-celled, less often 3- or
5-celled with apical hemispherical papilla; wall of
urediniospores 2-3 pm thick; aeciospores covered
with flat warts bearing small spine . . 4. P. violaceum

3. Urediniospores covered with spines at inter-
vals of 2.0-2.5 pm; aeciospores densely covered
with large, merging warts ......... 2. P bulbosum

- Urediniospores covered with spines at inter-
vals of about 2 um; aeciospores covered with small
spines; on Rubus saxatilis .. ..... 1. P acuminatum

1. Phragmidium acuminatum (Fr.) Cooke, Hand-
book of British Fungi 2: 490. 1871 = Aregma
acuminata Fr., Obs. Mycol. 1: 226. 1815.

- Phragmidium rubi-saxatilis Liro, Bidr. Kénned.
Finl. Nat. Folk 65: 421. 1908.

Spermogonia unknown. Aecia on both sides of
leaves, mainly on the lower side, scattered or in
groups, yellow, pulverulent, round, 0.3-0.5 mm
diam., sometimes up to 0.7 mm, elongated on the
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veins (up to 5 mm long); surrounded by numer-
ous transparent, cylindrical paraphyses, rounded
at the apex, 50-75 um long and 5-8 um thick; ae-
ciospores spherical, broadly ellipsoidal or ellipsoi-
dal, yellow, 14-28 x 14-25 pm; wall colourless, up
to 2-3 um thick, covered with scattered spines at
intervals of 2.0-2.5 um; germ pores 3-7. Uredinia
on the lower side of leaves, scattered or in loose
groups, round, up to 1.5 mm diam., orange-yellow,
pulverulent; urediniospores spherical or broadly
ellipsoid, yellow, 16-28 x 15-23 pm; wall colour-
less, up to 1.5 um thick, covered with spines at in-
tervals of about 2 pm; germ pores unclear; ured-
inja with numerous paraphyses along the edges;
paraphyses clavate, curved, thin-walled, 50-80
um long and up to 16 pm thick at the apex. Telia
on the lower side of leaves, scattered or in groups,
sometimes merging, usually very small, pulver-
ulent, black; teliospores of 4-8, usually 6-7 cells,
60-110 x 25-34 um, at the transverse septa almost
not constricted, rounded at both ends, at the apex
with a blunt, lighter than the wall, clearly delimit-
ed cylindrical or conical papilla (7-18 um long);
wall is yellow-brown or chestnut-brown, up to 5
um thick, irregular and roughly warty; germ pores
2-4 in each cell; pedicel hygroscopic, colourless,
usually longer than the spore, up to 11 pm thick,
thickened to 18 pm in the lower part.

General distribution. I, II, III — on Rubus sax-
atilis L.: Europe and Holarctic Asia; also introduced
in New Zealand, where it develops on Acaena
anserinifolia (J.R. Forst. & G. Forst.) ].B. Armstr.

Distribution in Ukraine. On Rubus saxatilis L.:
Carpathian Forests. Ivano-Frankivsk Region, Ko-
lomyia District, Nyzhniy Verbizh village, 08.1912
(Wréblewski, 1913), 08.1914 (Wréblewski, 1916);
Kosiv District, Kosiv, 06.1914 (Wréblewski, 1916;
Tykhonenko, Heluta, 2014), Hutsulshchyna Na-
tional Nature Park (Dudka et al., 2019). — Central
(Right Bank) Polissya. Kyiv Region, Bucha District,
Teteriv railway station, 22.10.1933 (Girzhytska). —
Left Bank Forest-Steppe. Chernihiv Region, Ich-
nya District, Kachanivka village, 26.07.1916 (Ga-
neshin, Bondartseva-Monteverde, 1922). — Right
Bank Forest-Steppe. Zhytomyr Region, Berdychiv
District, 03.09.1932 (Rechtman). — Western For-
est-Steppe. Ternopil Region, Chortkiv District,
Babyntsi village, 09.08.1913 (Wroblewski, 1914).

2. Phragmidium bulbosum (F. Strauss) Schltdl., Flora
Berolinensis 2: 156. 1824 = Uredo bulbosa F. Strauss,
Ann. Wetter. Gesellsch. Ges. Naturk. 2: 108. 1811
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[1810] = Aregma bulbosum (F. Strauss) Fr. [as 'bul-

bosa'], Observ. mycol. (Havniae) 1: 226. 1815.

— Phragmidium candicantium (Vleugel) Dietel, An-
nls mycol. 25(5/6): 474. 1927. (Fig. 1A-D).
Spermogonia on yellow or reddish spots in small

groups on the upper side of leaves, subcuticular, 75-

100 pm diam. and 40 um high. Aecia on the lower

side of leaves, solitary or in small groups, round,

up to 1 mm diam., elongated on veins, often form-
ing a ring around the spermogonia, orange-yellow,
pulverulent; aecia with numerous paraphyses along
the edges; paraphyses cylindrical or slightly clav-

ate, thin-walled, curved paraphyses, 45-75 x 7-12

pm, almost not thickened at the apex; aeciospores

in short chains, spherical or broadly ellipsoid, 17—

26 x 15-21 um; wall colourless, thin, 1-2 um thick,

covered with hemispherical or elongated warts 0.5-

1.0 um diam., usually merging in groups up to 2.5

pm diam.; germ pores 2—4, inconspicuous. Uredinia

on the lower side of leaves, scattered, up to 0.4 mm

diam., often merging, yellowish, pulverulent, fre-

quently forming yellowish spots on the lower side
of leaves; uredinia with numerous paraphyses along
the edges; paraphyses cylindrical or slightly clav-
ate, usually curved, thin-walled, colourless; ured-
iniospores almost spherical, broadly ellipsoidal or
obovate, 20-28 x 14-21 pm; wall colourless, about

1 um thick, covered with noticeable spines at inter-

vals of 2.0-2.5 um; germ pores 2-4, inconspicuous.

Telia on the lower side of leaves, up to 0.5 mm in

diameter, black, pulverulent; teliospores usually of

4-6, rarely of 7 or 1-3 cells, 60-110 x 27-33 pm,

not constricted at the transverse septa, rounded at

both ends, at the apex usually with a blunt yellow-
ish cylindrical or conical papilla up to 12 pm long;
wall yellow-brown, consists of several layers, up to

6 pm thick, covered, especially in the upper part

of the spore, with irregularities and flat, irregularly

shaped warts; germ pores 2-4 in each cell; pedicel
hygroscopic, colourless, twisted in the upper part,
thickened in the lower part, up to 115 pm long.

General distribution. 0, I, II, III — on species of
the genus Rubus: Europe and Holarctic Asia.

Distribution in Ukraine. On Rubus anatolicus
(Focke) Focke ex Hausskn.: Mountain Crimea.
(Dudka et al, 2004), 02.07.1936, 05.08.1937,
31.08.1937, 23.07.1938 (Gutsevich, 1952).

On Rubus caesius L.: Carpathian Forests. Lviv
Region, Drohobych District, Skole (Krupa, 1889,
Namystowski, 1914); Skole Beskids National Nature
Park (Dudka et al., 2019). Transcarpathian Region,

Mukacheve District, Vovchyi village, 04.06.1954,
28.09.1954 (Smitska). — Central (Right Bank)
Polissya. Kyiv Region, Fastiv District, Boyarka,
19.09.1947 (Lavitska). Zhytomyr Region, outskirts
of Zhytomyr, near the Teteriv River, 21.06.1924
(Matsulevych, 1925); Korosten District, Hladkovy-
chivillage, 28.08.1947, 19.09.1947 (Radzievskyi). —
Donetsk Grass-Meadow Steppe. Donetsk Region,
Kramatorsk District, Holy Mountains National Na-
ture Park (Dudka et al., 2009), 29.09.2004 (Tykho-
nenko, Dudka, 2005a). Luhansk Region, Luhansk
Nature Reserve, Stanytsia-Luhanska Branch (Kon-
dratyuk et al., 1988; Tykhonenko, Dudka, 2005b;
Dudka et al., 2009). — Kharkiv Forest-Steppe.
Kharkiv Region, Chuhuiv, 09.10.1906 (Treboux,
1913). — Left Bank Forest-Steppe. Chernihiv Re-
gion, Pryluky District, Ichnia National Nature Park
(Dudka et al., 2009); Irzhavets village, 02.08.1916
(Ganeshin, Bondartseva-Monteverde, 1922); Av-
gustivka village, 29.08.2006 (Tykhonenko, Dudka,
2007). Kyiv Region, Boryspil District, Nesteriv-
ka village, 16.06.1947 (Trykoz). Poltava Region,
Poltava District, Mykhailivka village, 19.06.1989
(Burdyukova, Dudka). — Left Bank Grass-Mead-
ow Steppe. Dnipropetrovsk Region, Dnipro-Oril
Nature Reserve (Prydiuk et al., 1997a, 1997b;
Dudka et al., 2009). Donetsk Region, Kalmius Dis-
trict, Ukrainian Steppe Nature Reserve, Khomu-
tovsky Step Branch, 23.09.1954 (Morochkovskyi).
Zaporizhia Region, Vasylivka District, Skelky vil-
lage, 12.09.1940 (Tsyatsyuk). — Left Bank Grass
Steppe. Kherson Region, Skadovsk District, Tendra
Island, near Tendra lighthouse, 27.05.2007 (Heluta
et al., 2010). Mykolaiv Region, Mykolaiv District,
Black Sea Biosphere Reserve (Dudka et al., 2009),
Volyzhyn Lis, 17.10.2006 (Heluta et al., 2007). —
Left Bank Polissya. Kyiv, Rybne Ozero, 28.05.1925
(Pidoplichko). — Lesser Polissya. Lviv Region,
Sambir District, Dubliany (Krupa, 1886, Namys-
towski, 1911, 1914). Ternopil Region, Kremenets
District, Velyki Berezhtsi village, 14.06.1958 (Mo-
rochkovskyi). — Right Bank Forest-Steppe. Cher-
kasy Region, Kaniv Nature Reserve (Solomakhi-
na, Prudenko, 1998; Solomakhina et al., 1994;
Dzhagan et al, 2008), 15.06.1940, 23.07.1940,
28.09.1940, 12.07.1944 (Rayevska, Komaretska,
1949); Cherkasy District, Mliiv (Yakovlyev, 1930).
Kyiv, Holosiiv, 09.10.1931 (Pylypenko), 09.10.1932
(Moskovets). Kyiv Region, near Bila Tserkva (Hro-
dzinska, 1929); Rokytne, 20.01.1936 (Berehova);
Bila Tserkva District, Sukholisy village, 07.07.1984;
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Fig. 1. Phragmidium bulbosum on Rubus caesius. A: urediniospores; B: telium; C: teliospore; D: upper part of
teliospore pedicel. Scale bars: 5 um (A, D), 100 um (B), 10 pm (C)
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Fastiv District, Mala Ofirna village, 06.09.1948
(Rozhenko); Mala Snitinka village, 06.09.1948
(Rozhenko). — Roztochchya Forests. Lviv Region,
Yavoriv District, Nemyriv, 23.08.1917 (Wréblewski,
1922a). — South Coast of Crimea. (Dudka et al.,
2004), 16.06.1999 (Kuzub, Tykhonenko, 2000);
Crimea, Feodosia city council, Karadag Nature
Reserve (Heluta, Andrianova, 1984), 20.08.1982
(Heluta). — Transcarpathia. Transcarpathian
Region, Rakhiv District, Dilove village, near Pip
Ivan Mount, 19.09.1953 (Smitska). — Western
Forest-Steppe. Khmelnytskyi Region, near Kami-
anets-Podilskyi, 31.08.1924, 08.10.1924, 04.09.1926
(Panasyuk); Kamianets-Podilsky District, Makiv
village, 19.08.1985, 22.05.1990; Podilsky Tovtry
National Nature Park, Dovzhok village (Heluta et
al., 2016), 25.09.1949, 26.09.1949 (Isaeva). Terno-
pil Region, Buchach, 06.1888 (Wroblewski, 1922b);
Chortkiv District, Hermakivka village, 19.09.1949
(Isaeva); Skala-Podilska town, 15.09.1949 (Isae-
va); Ulashkivtsi village, 14.09.1949 (Isaeva). Near
Vinnytsia, 24.10.1926 (Borysevych); Vinnytsia Re-
gion, Mohyliv-Podilskyi District, Yurkivtsi village,
03.10.1949 (Isaeva); Kotyuzhany village, 12.10.1949
(Isaeva). — Western Ukrainian Forests. Near Lviv
(Krupa, 1886, Namystowski, 1911, 1914), 09.1918
(Wréblewski, 1922a).

On Rubus candicans Weihe: Carpathian Forests.
Transcarpathian Region, near Khust 16-17.09.1953
(Smitska); near Uzhhorod, 17.10.1961 (Fodor);
Uzhhorod District, Kostryna village, 04.09.1953
(Smitska).

On Rubus canescens DC.: Mountain Crimea.
(Dudka et al, 2004), Crimea, Chuchel Pass,
25.07.1938 (Gutsevich, 1952). — South Coast of
Crimea. (Dudka et al., 2004): Crimea, near Yalta,
08.06.1901, 10.07.1901 (Tranzschel, 1902): near Niki-
ta Botanical Garden, 13.08.1901 (Tranzschel, 1902).

On Rubus hirtus Waldst. & Kit.: Carpathian
Forests. Chernivtsi Region, near Storozhynets,
02.07.1958  (Morochkovskyi).  Ivano-Frankivsk
Region, Dolyna District, to the north of Bole-
khiv, 19.05.1988; Kosiv District, Tyudiv village,
25.06.1958 (Morochkovskyi) (Tykhonenko, Heluta,
2014); Hutsulshchyna National Nature Park (Dud-
ka et al.,, 2019). — Lesser Polissya. Lviv Region,
Lviv District, Pidlissya village, 15.08.1985.

On Rubus praecox Bertol: Left Bank Grass
Steppe. Mykolaiv Region, Mykolaiv District, Black
Sea Biosphere Reserve (Dudka et al., 2009), Vo-
lyzhyn Lis, 18.10.2006 (Heluta et al., 2007).

On Rubus tauricus Schlecht. ex Juz.. Crimea
(Tranzschel, 1939; Gutsevich, 1952). Mountain
Crimea. (Dudka et al, 2004); slope of Ai-Petri,
27.08.1986, 01.09.1986. — South Coast of Crimea.
(Dudka et al., 2004); Alupka, 25.10.1989 (Isikov);
Nikita Botanical Garden, 13.09.1960 (Smitska); Fe-
odosia city council, Karadag Nature Reserve (Helu-
ta, Andrianova, 1984), 31.08.1982 (Heluta).

On Rubus sp.: Cis-Carpathian Forests. Iva-
no-Frankivsk Region and District, Rybne vil-
lage, 14.10.1917 (Petrak, 1925). — Crimean For-
est-Steppe. Near Simferopol (Garbowski, 1924).
Crimea, Bakhchisarai District, forest farm, 1945
(Bratus, 1949). — Left Bank Grass Steppe. Kher-
son Region, Skadovsk District, Black Sea Biosphere
Reserve, Ivano-Rybalchanska Parcel, 21.08.1986.
— Right Bank Forest-Steppe. Zhytomyr Re-
gion, Berdychiv, 19.09.1932 (Rechtman). — South
Coast of Crimea. Crimea, near Alushta, 16.08.1916
(Garbowski, 1924); Sudak (Léveillé, 1842); Kras-
nokamyanka, 12.10.1999 (Kuzub, Tykhonenko,
2000); Crimea (Varlikh, 1896). — Western Ukrain-
ian Forests. Near Lviv, 01.11.1911 (Wrdblewski,
Biborski, 1912). Ternopil Region, Ternopil District,
Shybalyn village (Bobyak, 1907).

On Rubus sp. (fruticosus): Crimea (Sredinskiy,
1872-1873). Lviv Region (Namystowski, 1914).

3. Phragmidium rubi-idaei (DC.) P. Karst., Bidrag
till Kinnedom af Finlands Natur och Folk 31: 52.
1879 = Puccinia rubi-idaei DC. [as 'rubi idaei'],
FL frang., Edn 3 (Paris) 5/6: 54. 1815.
Spermogonia subcuticular, 45-90 pm diam. and

20-35 um high, on the upper side of leaves in dense

small clusters, surrounded by aecia. Aecia on the

upper side of leaves, yellow-orange, pulverulent,
about 0.3 mm diam., merge into rounded clusters
up to 1.2 mm diam., surrounding groups of sper-
mogonia; aecia with numerous paraphyses along
the edges; paraphyses slightly clavate, strongly
curved, colourless, thin-walled, 40-70 x 14-18 pm;
aeciospores spherical or broadly ellipsoid, less of-
ten ovoid, 18-26 x 16-23 um; wall colourless, 2-3
pm thick, at intervals of 3-5 um, covered with large
spines with a wide base and a thin apex; germ pores
unclear. Uredinia scattered, on the lower side of
leaves, up to 0.3 mm diam., orange-yellow, pulveru-
lent; uredinia with numerous paraphyses along the
edges; paraphyses slightly clavate, strongly curved,
colorless, thin-walled, 40-70 x 14-24 pm; uredini-
ospores spherical or broadly ellipsoid, 18-23 x 17-
21 um; wall colourless, 2.0-2.5 pm thick, covered
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Fig. 2. Phragmidium rubi-idaei on Rubus idaeus. A: telium; B, C: teliospores; D: upper part of teliospore pedicel.
Scale bars: 100 pm (A), 20 pm (B, C), 5 um (D)
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Fig. 3. Phragmidium violaceum on Rubus hirtus. A: urediniospore; B: telium; C: teliospore; D: upper part of
teliospore pedicel. Scale bars: 5 pum (A, D), 20 um (B, C)

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (2) 121



Yu.Ya. TYKHONENKO

with spines at intervals of 3-4 um; germ pores un-
clear. Telia on the lower side of leaves, usually small,
rarely larger, up to 0.5 mm diam., black; paraphyses
along the edges of telia, clavate, curved; teliospores
usually of 5-9 cells, 70-120 x 27-33 um, not con-
stricted at transverse septa, rounded at the base
and apex, bluntly pointed or with a yellowish sharp
papilla up to 11 pm long; wall chestnut-brown,
two-layered, 3-5 pum thick, densely covered with
small, irregular, flat warts; 3 germ pores in each
cell; pedicel hygroscopic, longer or shorter than the
spore, twisted in the upper part, thickened in the
lower part.

General distribution. 0, I, I, III — on Rubus
idaeus L. and other species of the subgenus Idaeo-
batus (Focke) Focke: Europe, Holarctic Asia and
North America (also introduced into Australia and
New Zealand).

Distribution in Ukraine. On Rubus idaeus L.:
Carpathian Forests. Ivano-Frankivsk Region,
Carpathian National Nature Park (Dudka et al.,
2019); Kolomyia District, Velykyi Klyuchiv vil-
lage, 19.10.1880 (Raciborski, 1888); Nadvirna
District, Chornohora massif (Wrdblewski, 1916);
Gorgany Nature Reserve (Heluta et al., 2011; Tyk-
honenko, Heluta, 2011; Dudka et al., 2019). Lviv
Region, Drohobych District, Skole Beskids Na-
tional Nature Park (Dudka et al., 2019); Sambir
District, Holovetsko village (Namystowski, 1914);
Kryvka village, 03.09.1984 (Heluta); Stryi Dis-
trict, Skole (Namystowski, 1914). Transcarpathi-
an Region, Carpathian Biosphere Reserve (Dudka
et al., 2019); Uzhhorod District, Kostryna village,
04.09.1954 (Smitska); Stavne village, 03.09.1954
(Smitska); Khust District, Synevyr National Na-
ture Park (Dudka et al., 2019; Tykhonenko, Dud-
ka, 2014); near Lake Synevyr, 21.07.1986 (Dudka);
bank of the Chorna river, 30.08.2013 (Dudka).
— Central (Right Bank) Polissya. Zhytomyr
Region, Zhytomyr District, Turchynka village,
05.09.1947, 02.07.1948 (Radzievskyi); Korosten
District, Hladkovychi village, 27.05.1946 (Mosko-
vets), 27.08.1949 (Sokolova); Novohrad-Volynsky
District, Kolodyanka village, 10.08.1985. Kyiv, park
of Kyiv Polytechnic University, 19.10.1923 (Tselle,
1925); Pushcha-Vodytsia, 03.09.1924 (Tselle,
1925). Kyiv Region, Bucha District, Spartak rail-
way station, 11.08.1947 (Yefimova). — Cis-Car-
pathian Forests. Lviv Region, Sambir District,
Rudky, 20.07.1917 (Wroéblewski, 1922a); Stryi Dis-
trict, Pidhirtsi village, 26.07.1917 (Petrak, 1925),
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12.07.1917 (Wrdblewski, 1922a). — Kharkiv
Forest-Steppe. Sumy (Strakhov, 1926). Kharkiv
Region, Bohodukhiv (Jaczewski, 1912). — Left
Bank Forest-Steppe. Chernihiv Region, Nizhyn
District, Borzna (Jaczewski, 1910), 08.08.1909
(Nevodovskyi); Pryluky District, Kykoly village,
31.08.2006 (Tykhonenko, Dudka, 2007); Ichnia
National Nature Park (Dudka et al., 2009). Polta-
va Region, Myrhorod District, Khomutets village,
06.10.1914 (Spangenberg). — Left Bank Polis-
sya. Chernihiv Region, Novhorod-Siverskyi Dis-
trict, Mezynskyi National Nature Park (Dudka et
al., 2009); Mezyn village, 23.09.2005 (Holubtsova,
Tykhonenko, 2005; Holubtsova, 2008); Rohiv-
ka village, 10.07.2004 (Holubtsova, Tykhonenko,
2005; Holubtsova, 2008); Uzruy village, 21.06.2004
(Holubtsova, Tykhonenko, 2005; Holubtsova,
2008). — Lesser Polissya. Lviv Region, Lviv Dis-
trict, Dublyany (Krupa, 1889, Namystowski, 1914).
— Right Bank Forest-Steppe. Kyiv, Fomin Bo-
tanical Garden, 27.07.1926 (Girzhytska, 1926);
Holosiiv, 07.1934 (Berehova); Kyiv Region, near
Bila Tserkva, 06.09.1923 (Hrodzinska, 1929); Bila
Tserkva District, Stavyshche, 20.09.1924 (Hrodz-
inska, 1929). Cherkasy Region, Cherkasy District,
Smila, 12.09.1923 (Girzhytska). — Right Bank
Grass-Meadow Steppe. Zaporizhzhia, 14.09.1931
(Pylypenko). — Roztochchya Forests. Lviv Re-
gion, Lviv District, Maidan village, 04.09.1909
(Rouppert, 1911); Yavoriv District, Ivano-Frankove
village (Krupa, 1888). — Transcarpathia. Tran-
scarpathian Region, Mukacheve District, Svalyava,

14.09.1954 (Smitska). — Western Forest-Steppe.

Khmelnytskyi Region, Kamianets-Podilsky Dis-

trict, Dunaivtsi, 14.10.1925 (Panasyuk); Kami-

anets-Podilskyi, Podilsky Tovtry National Nature

Park (Heluta et al., 2016), 23.09.1932 (Moskovets);

Dovzhok village, 03.11.1925 (Panasyuk); Verb-

ka village, 11.07.1983. Ternopil Region, Chortkiv

District, Babyntsi village, 10.08.1913 (Wrdblewski,

1914); Vynyatyntsi village, 11.08. (Wrdblewski,

1914). — Western Polissya. Rivne Region, Sarny

District, Dubrovytsia, 19.09.1953 (Solomakhina,

1962). — Western Ukrainian Forests. Near Lviv,

12.09.1909 (Raciborski, 1909), 18.06.1917 (Wro-

blewski, 1922a). Ternopil Region, Ternopil Dis-

trict, Lisnyky village (Bobyak, 1907).

4. Phragmidium violaceum (Schultz) Brockm.,
Arch. Ver. Freunde NatGesch. Mecklenb. 17:
236. 1863 = Puccinia violacea Schultz, Prodr. FL
Starg.: 459. 1806.
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Spermogonia subcuticular, in small dense
groups on the upper side of leaves in the centre
of reddish spots. Aecia scattered or in groups, on
the lower side of leaves, round, about 1 mm diam.,
orange-yellow, pulverulent, correspond to purple
spots on the upper side of leaves; paraphyses along
the edges of aecia, clavate or slightly capitate,
straight or slightly curved, thin-walled, 60 x 18
pm; aeciospores spherical or broadly ellipsoid,
24-30 x 17-24 pm; wall 2.5-4.0 pm thick, colour-
less, covered with hemispherical or somewhat flat-
tened warts with small spines at the tops. Uredinia
on the lower side of leaves, round, small, rarely up
to 1 mm diam., often merging several at a time,
orange-yellow, pulverulent; yellow spots form on
the upper side of the leaves, later turning brown;
paraphyses along the edges of uredinia, capitate
or clavate thin-walled, 45-60 x 14-22 pm; ured-
iniospores broadly ellipsoid, spherical or obovate,
24-33 x 18-25 um; wall 3-4 um thick, colourless,
covered with large and noticeable spines at inter-
vals of 3-5 um; germ pores unclear. Telia on the
lower side of leaves, up to 1-3 mm diam., often
merging several at a time into larger clusters, cor-
responding to purple or violet round spots on the
upper side of leaves; teliospores of 4, less often of
3 or 5 cells, 55-100 x 32-36 um, not constricted at
the transverse septa, rounded at the base, rounded
at the apex or with a hemispherical papilla up to 5
pm high; wall yellow-brown, two-layered, 4-7 pm
thick, covered with irregular hemispherical warts
and irregularities on most of the surface; 3-4 germ
pores in each cell; pedicel hygroscopic, colourless,
twisted in the upper part, thickened in the lower
part, up to 140 um long.

General distribution. 0, I, IT, IIT — on species of
the genus Rubus: Europe and Holarctic Asia (also
introduced into many other regions).

Distribution in Ukraine. On Rubus caesi-
us L.: Left Bank Grass Steppe. Mykolaiv Region,
Mykolaiv District, Black Sea Biosphere Reserve
(Dudka et al., 2009), Volyzhyn Lis, 17.10.2006
(Heluta et al., 2007). — Left Bank Polissya. Cherni-
hiv Region, Novhorod-Siverskyi District, Vyshenki
village, 16.08.2004 (Holubtsova, Tykhonenko, 2005;
Holubtsova, 2008). — Right Bank Forest-Steppe.
Cherkasy Region, Kaniv Nature Reserve (Solo-
makhina, Prudenko, 1998; Solomakhina et al.,
1994; Dzhagan et al., 2008).

On  Rubus candicans Weihe: Transcar-
pathia. Transcarpathian Region, near Uzhhorod,

22.08.1961 (Fodor); Berehove District, near Vy-
nohradiv, 31.08.1984 (Heluta); Khust District, near
Khust, 17.09.1953 (Smitska).

On Rubus canescens DC.: Mountain Crimea.
(Dudka et al., 2004); Chuchelsky Pass (Gutsevich,
1952). — South Coast of Crimea. (Dudka et al,,
2004); Sudak (Tranzschel, 1939; Gutsevich, 1952).

On Rubus discolor Weihe & Nees: South Coast
of Crimea. (Dudka et al., 2004).

On Rubus hirtus Waldst. & Kit.: Lesser Polissya.
Lviv Region, Chervonohrad District, near Radekh-
iv, 14.08.1985. — Western Ukrainian Forests. Ter-
nopil Region, Ternopil District, Kuryany village,
16.08.1985.

On Rubus sp.: Right Bank Forest-Steppe. Kyiv
(Tranzschel, 1939). — Roztochchya Forests. Lviv
Region, Yavoriv, 23.08.1917 (Wréblewski, 1922a);
Yavoriv  District, Berdykhiv village, 09.1908
(Namystowski, 1910); Nemyriv, 15.08.1918 (Wré-
blewski, 1922a). — South Coast of Crimea.
Crimea, Alushta, 16.08.1916 (Garbowski, 1924);
near Yalta (Tranzschel, 1902), 21.09.1999 (Kuzub,
Tykhonenko, 2000). — Transcarpathia (Lavitska,
1958). — Western Ukrainian Forests. Near Lviv
(Namystowski, 1914).

Four species of the genus Phragmidium that
parasitize plants of the genus Rubus are known in
Ukraine, of which P. acuminatum has not been re-
corded for more than 90 years (last time reported
in 1933). This species is a specialized parasite of
the stone bramble (Rubus saxatilis), which accord-
ing to modern views (Huang et al., 2023) belongs
to Rubus subg. Melanobatus (Greene) House.
Three other species are widespread in Ukraine.
Phragmidium rubi-idaei parasitizes raspberries
(Rubus idaeus) of the subgenus Idaeobatus. Phrag-
midium bulbosum and P. violaceum infect rep-
resentatives of Rubus subg. Rubus and can both
parasitize plants of the same species. In Ukraine,
they were observed on Rubus caesius, R. candicans,
R. canescens and R. hirtus. However, these species
clearly differ in their morphological features: most
teliospores of Phragmidium violaceum are 4-celled
with an apical hemispherical papilla up to 5 um
high (Fig. 3B, C), while in P. bulbosum teliospores
are mostly 4-8-celled with an apical cylindrical
or conical papilla up to 12 um high (Fig. 1B, C).
The twisting of the upper part of teliospore pedicel
in species of the genus Phragmidium parasitizing
species of the genus Rosa, reported in our earlier
article (Tykhonenko, 2024), is also observed in
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Bupu pony Phragmidium (Pucciniales) — mapasutn oxims
(Rubus: Rosaceae) B Ykpaini

10.4. TMXOHEHKO
Incruryt 6otanikn im. M.I. Xonognoro HAH Ykpaiuu
By Tepemenkiscbka 2, Kuis 01601, Ykpaina

Pedepar. B Ykpaini Bigzomo wotupm Bumm popy Phragmidium, sxi mapasuTyioTh Ha pocamHax pomy Rubus, i3 Hux
P acuminatum He peecTpyBaBcA Bxe IoHaA 90 pokiB (ocTaHHA 3HaxifKa gaToBaHa 1933 p.). Lleit Bux € crieniaisoBaHuM
napasuroM KoctsHuui (Rubus saxatilis), sika 3a CyqacHUMM NOITIAAAMM HAIeKUTD J0 nifpony Melanobatus. Tpu inmn Bupn
€ IIMPOKO POSMOBCIOKeHNMHU B YKpaini. Phragmidium rubi-idaei mapasutye na manusi (Rubus idaeus), Aka HalIeXUThb JO
nigpony Idaeobatus, a Phragmidium bulbosum i P. violaceum po3BMBalOTbCs HA IPEACTABHMKAX Mifpoxy Rubus i MOXYTb
IIapasUTyBaTU Ha POC/IVHAX OJJHOTO if TOro X Bupy. B Ykpaini o6uznsa Bupu BinMiveni Ha Rubus caesius, R. candicans, R.
canescens i R. hirtus. OgHak 3a MOpQOIOTiYHMMY O3HAKaMU BOHU YiTKO BifIpi3HAIOTHCA: O6inbiuicTs Temoctop Phragmidium
violaceum 4-KTiTHHHI 3 BepXiBKOBMM HAINIBKY/IACTUM COCOYKOM 5 MKM 3aBBUIIKH, TOAI 5K ¥ P. bulbosum temiocniopn 3ze-
6inpioro 4-8-KIiTHHHI 3 BepXiBKOBUM NI HAPUYIHUM 260 KOHIYHIIM COCOYKOM 3aBBUIIKM 710 12 MKM. CKpY4eHICTb Bepx-
HBOI YaCTMHU HDKKHU Temiocrop y BuniB pony Phragmidium, siki mapasutyioTb Ha BUAaX pofy Rosa, BimMiueHa Takox iy
Phragmidium bulbosum, P. rubi-idaei ta P. violaceum. Crarts imocTpoBana MikpogoTtorpadisMu, OTpIMaHNMI 32 JOIOMO-
rOI0 CKaHYBaJIbHOTO €/IeKTPOHHOT'O MiKpOCKOIIa.

KirouoBi croBa: 6iopisHoMaHiTHICTD, MiKo6ioTa, monmpenns, Phragmidiaceae, Rubus

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (2) 127


https://doi.org/10.15407/ukrbotj71.02.235
https://doi.org/10.15407/ukrbotj71.04.489
https://doi.org/10.1007/s13313-019-0615-y
https://doi.org/10.1007/s13313-019-0615-y
https://rcin.org.pl/dlibra/publication/49693/edition/39041
https://rcin.org.pl/dlibra/publication/49691/edition/39040
https://rcin.org.pl/dlibra/publication/49689/edition/39038
https://rcin.org.pl/dlibra/publication/49685/edition/39034
https://rcin.org.pl/dlibra/publication/49685/edition/39034
https://doi.org/10.12705/Code.2018

https://doi.org/10.15407/ukrbotj82.02.128
RESEARCH ARTICLE

Brius npaiMiHry Me1aTOHiHOM Ha IPOPOCTAHHA 3€PHiBOK,
MeTa00/1i3M BYITIeBO/iB i CTAaH AaHTMOKCUJTAHTHOI CICTEMI Y
Triticum aestivum (Poaceae) 3a yMOB IIOCYXM Ta COTbOBOTO CTPECY

Omutpo A. TAPABAH -2 (2, I0piit B. KAPITEIID ! (), Terstna O. ICTPEB 22,
Tanna A. JIYTOBA ! (¥, Bikrop M. IIMCAPEHKO 3 (2, I0piit €. KOJIYIIAEB % 3*
! Jlep>kaBHMIt 6i0TEXHOMOTIYHMIT YHIBEPCUTET,

By/1. AmueBcbKux 44, XapkiB 61022, Ykpaina
2 Tucruryt pocmunnaunTsa iM. B.SL. 10p'esa HAAH VYkpainu,

npocnekT lepoip Xapkosa 142, Xapkis 61060, Ykpaina
3 TlonTaBcbKuit ep>KaBHIIL aTpapHUIl YHIBEPCUTET,

By1. CkoBopopu 1/3, Ilonrasa 36003, Ykpaina

* ABTOp A mucryBaHHA: plant biology@ukr.net

Pedepat. O6pobxa pocnuH MenaToHiHOM (N-aljeTiI-5-MeTOKCUTPUIITAMIH) MOXKe HMiABUIYBATH CTiMKiCTh POCIMH 3a Ail
ab610TMYHNX CTPeCiB Pi3HOI IPUPOAN, Y TOMY YNC/I TOCYXM Ta 3aconeHHs. ORHAK HEFOCTATHBO JOCTIIKEHM 3a/IMIIAETHCS
BIIMB TIPAIMiHTy METaTOHIHOM 3€pPHIBOK 3/1aKiB, 30KpeMa IIIEHNIi, Ha IXHE IPOPOCTAHHA i CTaH MPOTEKTOPHUX CUCTEM
IIPOPOCTKIB 32 /Iil OCMOTMYHUX CTPECiB, M0 ¥ BU3HAYM/IO MeTy po6oTu. OLiHI0OBaIN BIIMB 3-TOVHHHOI iHKy0a1lii 3epHiBOK
osumoi M’sakoi mmennni (Triticum aestivum ‘Etana’) y posunHi MenmaToHiHy B KoHIeHTpanii 20 MKM 3 HacTYNmHMM iXHiM
BJCYIIYBaHHAM Ha CXOXXiCTh HaCiHH:A, PiCT IIPOPOCTKIB i CTaH IXHbOI aHTMOKCU/JAHTHOI Ta OCMOIIPOTEKTOPHOI CHCTEM 32 [iil
mopenbHoI mocyxu (15% ITET 3 Mo macoro 6000 [1a) abo 3acomenss (150 MM NaCl). 3a sy ITET 6000 i oco6mmso NaCl
Bifj3HAYaI0CA 3HIDKEHHA CXOXKOCTI HaCiHHA Ta iHTibyBaHHA pocTy mpopocTkiB. ITonepenHa 06pobKa 3epHiBOK pO3UNMHAMY
MEJIATOHIHY ICTOTHO TOMsIKuIyBada I edekt. CTpecoBi UMHHMKM CHPUYMHSIM 3HIDKEHHS aKTMBHOCTI aMimasm y
3epHIBKax i BMICTY I[yKpiB y ITarOHaX MPOPOCTKiB, a 06pOOKa HACIHHs MeTaTOHIHOM ycyBaina 1ji epektn. Takox ImpaitMiHT
ME/IaTOHIHOM 3MEHIIYBaB TeHepalil0 IIarOHaMHU IIPOPOCTKIB AaKTUBHMX (OPM OKCUTEHY Ta HAKOIWYEHHS IMPOAYKTY
IEPOKCUHOTO OKMCHEHHA JIiMifIiB Ma/IOHOBOTO Jia/bJerily 3a CTPeCOBMX YMOB. Biicoka osuTuBHa KOpernAllis I0KasHUKIB
IIPOPOCTaHHSA 3€PHIBOK i pOCTY IIaroHiB 3 aKTUMBHICTIO aMilasy, BMiCTOM IIyKPiB i aKTUMBHICTIO KaTa/la3) BKa3y€e Ha BHECOK
3MIiH MeTaboisMy BYITIeBOAIB Ta (YyHKIIOHYBAaHHS aHTMOKCU[AHTHOI CUCTEMM y peaisalil CTpec-IPOTeKTOPHOI Ail
Me/laToHiHy. BojHOUAaC MOKAa3HMKY BMICTy IPOJIHY IepeOyBaiyu y 3BOPOTHIN KOpeALil 31 CXOXKICTIO HaciHHA i pocToM
Ta HpsAMIN Kopemsauil 3 BenMuMHaMM TeHepauil aKTMBHMX (OPM OKCHUIe€HY Ta BMICTY MAajIOHOBOTO Hia/bAerify, IO
XapaKTepy3yloTb PO3BUTOK OKMCHIOBAIBHOTO CTPeCy. 3po6/IeHO BUCHOBOK IIPO IIEPCHEKTUBHICTh NPAIMIHTY HACiHH:
TIIIEHNI]i METAaTOHIHOM JI/IS TOCUJIEHHA TePMiHaTYBHMX IPOIIECIB 32 HECTIPUATINBUX YMOB.

Kmrouosi cmoBa: Triticum aestivum, aHTMOKCUJAHTHA CUCTEMA, METATOHiH, HACiHHA, MOCYyXa, IPOPOCTAHHHA, COMbOBMUI
CTpeC, CTiMIKiCTh
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BB mparimMinry MenatoHiHOM Ha Triticum aestivum 3a yMOB IIOCYXH Ta COTbOBOTO CTPeCy

Bceryn

OcTaHHiMM poKaMM OFHMM i3 MariCTpaJbHUX Ha-
npsMiB  yHKIioHambHOI Oionorii pocnimMH cTano
BUBYCHHSA POJIi HOBOI TPy CIIO/TYK, YMOBHO 00’€fi-
HAaHUX TepMiHOM 'pOCIVMHHI HelipoTpaHcMiTepn’
(Akula, Mukherjee, 2020). Jo HUX 30KpeMa Hase-
JKaTb MEJIaTOHiH, CepoTOHiH, AodamiH, arermi-
XOJiH, y-aMiHOMAac/IsfHa KICIOTA, SIKi Jobpe Bimo-
Mi HacaMmIepe[ fIK MefiaTopu Iepefiadi HEpBOBOIO
30ymkeHHs y TBapuH (Raza et al., 2022). ITpote Bci
Ui CHONYKM € MyIbTU(YHKIiOHAIbHUMI MeTabo-
nitamu  pocnH. Oco6MMBO [MHAMIYHO HAKOIIN-
YYIOTHCSI 3HAHHS NMPO (YHKUil y pOCIMH MenaTo-
Hiny (N-agermn-5-metokcutpunraminy) (Colom-
bage et al., 2023; Taboada et al., 2023). OcranHnim
YacoM BiH PO3INIAMAETHCA fAK e ONUH iHZONbHUI
TOPMOH, AKUI YTBOPIOETbCA 3i CIIIIBHOTO 3 ayKCH-
HOM nornepenuuka — tpuntodany (Li et al., 2019).
IToxasaHO BIUIMB MeTaTOHIHY Ha ¢isionoriuni npo-
Ljecy y pOC/IMH Ha Pi3HUX eTalaX OHTOreHesy (IIpo-
pOCTaHH:A HACIHHA, PO3BUTOK KOPEHIB, CTapiHHA
JMCTKIB, UBIiTiHHS, BuspiBanHs wioxis Toiuo) (Pan
et al,, 2023; Zhao, Hu, 2023; Wang et al., 2024). Bop-
HOYAC Me/ATOHIH PO3ITIAJAETbCA HE CTIIBKM AK
TOPMOH POCTY POCINH, CKi/IbKY K CTPECOBMII Me-
TabomiT 3 mpsAMuMu (meperyciM aHTMOKCHUJAHT-
HUMMU) Ta OIOCEPEAKOBAHUMU IPOTEKTOPHUMMU
epexramu (Fan et al., 2018; Arnao, Herndndez-
Ruiz, 2019). OcranHi 3yMoB/eHi TicHUMU QYHKIIi-
OHAJIBHVMMI 3B’SI3KaMJ MEJIATOHIHY 3 K/IIOUOBMMM
MOJIeKy/IaMI-II0CePeHNKAMY, TOOTO aKTMBHUM
3a/ly4eHHAM Y CUTHAJIbHY Mepexy i perymAniio
aJanTUBHUX peakiiil. CaMe 1je CTBOPIOE MificTaBu
BBAXKATV MeTATOHIH He JIUIIe CTPeCOBUM MeTabo-
miTOM, a ¥ 1je OHMM IOPMOHOM pociuH (Arnao,
Hernéandez-Ruiz, 2019).

IlokasaHo, 10 peaklid PpocaMH Ha [iio
cTpec-pakTOpiB pi3HOI NPUPOAM YacTO CYIpO-
BOIDKYETbCA IiIBUIIEHHAM BMICTY €HJOT€HHOTO
menatoniny (Hassan et al., 2022). Bognovac y unc-
JIEHHUX [OCTIIPKEHHSIX 3a 00pPOOKM eK30TeHHUM
MenaToHiHOM 3adikcoBaHi eexkTy IifBUIIEeHHS
CTIIKOCTi POCIMH Pi3HUX TaKCOHOMIYHUX TPYII JIO
mii pisHOMaHITHMX abiOTMYHUX CTPECOpiB, 30Kpe-
Ma eKCTpeMaJIbHIX TeMIIepaTyp, IIOCYXU, 3aCOIEH-
H#, BOKKIX MeTaiB, YO ra in. (Agathokleous et al.,
2021; Tiwari et al., 2021; Zeng et al., 2022; Kolupaev
et al., 2024a). 3axucHi edeKTV MeNATOHIHY IIOB'S-
3yI0Tb fAK i3 HOCWIeHHAM Hecrenndiyamx (3a-
rajibHNUX) peaxiill (aKTMBalli€l0 aHTMOKCUIAHTHOI

CHCTeMM, HAKOIIMYEHHAM MY/IbTU(YHKIIIOHATBHUX
CTpecoBMX MeTabOITIB TOIIO), TaK i TOCUTH CIle-
divHNX (HaNpMK/Iaz, IOCUIEHHAM eKcIpecii xo-
nopouyTnuBux redis cimeiicts CBF i COR, Tpan-
CKpUIILI/HUX (PAKTOPiB T'eHIB TEIIOBOrO IIOKY, a
TakoX reHis akBamopuHis) (Fu et al., 2024; Kolupa-
ev etal., 2024a).

3ayBakyMo, 1[0 yBara 0araTboX [OCIiJHUKIB
coxycoBaHa came Ha 3ACYBaHHI BIIMBY MeaTo-
HiHYy Ha CTiJIKiCTb POC/IMH [0 OCMOTUYHMUX CTPECiB
(Siddiqui et al., 2019; Yadav et al., 2022). 3okpe-
Ma, MO3UTUBHI edexTu MEJIaTOHIHY Ha CTiIKiCTh
POCIIMH JI0 HOCYXM MOXYTb OyTum 3yMOBJIeEHi pe-
TyNALEI0 HUM CTaHY aHTUMOKCUJAHTHOI CUCTEMMU
(HampmKIIaz, akTUBAI€ eKcrpecil reHiB ackop-
6at-rnyrarionosoro nukiy) (Cui et al, 2017) y
IIOE€JHAHHI 3 BIUVIMBOM Ha €HEpPreTUYHi Ipouecu
(akTuBallis excmpecii TeHiB psARy ¢epMeHTIB ITi-
komisy) (Cui et al., 2018). BaxxmBoI0 CK/IajOBOIO
BIUIMBY MEJATOHIHY Ha CTIMKiCThb POCIMH [0 3He-
BOJHEHHA € i MopynALia BMicTy nponiny (Zamani
et al., 2019; Li et al,, 2020) Ta iHIMX HU3bKOMOJIE-
kynsapHux conyk (Hossain et al., 2020; Ayyaz et al.,
2022). Takoxx 3a yMOB CONMbOBOTO CTPECy Me/aTo-
HiH 6epe y4acTp y crabinisanii B7MicTy ioHIB B KiIi-
tuHax (Ismaeil et al., 2024).

3epHOBi 3/1aKM BUPiSHAIOTHCA BMCOKOK YYT-
JIMBICTIO [0 €K30T€HHOI'O MEJIATOHIHY i CTanu IIo-
IpPEeHNMI 00’€KTaMM, 10 BUKOPUCTOBYIOTbCA B
TOCTIIPKEHHSX JI0T0 CTpec-mpoTeKTopHoi aii. Taki
JaHi OTPMMAHO Ha Pi3HUX BUJAX 32 YMOB IIOCYXM il
3aCO7IeHHA. 32 YMOB OCMOTUYHOTO CTPeCy, CTBOPIO-
BaHoro IIEI' 6000, mokasaHo MiIBUILIEHHA iHAEKCY
NPOPOCTaHHA 3€PHIBOK MIIEHMNI]i Ta 3MEHIIEHH:
inribyBaHHs iXHBOTO JIHITHOTO POCTY IpU HOfa-
BaHHi B cepepoBuie 300 MxM Mmenatoniny (Li et
al., 2020). V pocnigHomy BapiaHTi Bif3Hauamocs
3POCTaHHA AKTMBHOCTI CYNEPOKCUANMCMYTasy i
3MEHIIEHHA CIPUYMHIOBAHMX COJIbOBUM CTPECOM
HOLIKO/KEHb I/Ta3MaTUYHOI MeMOpaHuL.

3a CcOnmbOBOTrO CTPeCy Y BOAHINl KyIbTypi mopa-
BaHH:A MEJIATOHIHY [0 >KVMBWIBHOTO PO3YMHY CIPU-
A0 MPOPOCTAHHIO 3€PHIBOK IIIEHMI Ta POCTY
OpraHiB IPOPOCTKiB, OfHAK Taki epektn Oymm xa-
PaxTepHi He JyIs BCiX JOCTIIKYBaHUX COPTIiB (Zang
et al.,, 2022). V rizpononHill KynpTypi Takox Bifi-
3HA4YaBCA NO3UTUBHUI BIUIMB JJOJABaHHA MEJATO-
HiHYy Ha PiCT MPOPOCTKIB MIIEHNIIi IIPU COMbOBOMY
crpeci. ITokazoBo, mo 1ji eeKTV CynpOBOIKyBaIN-
CAl IOCUTIEHHAM CUHTE3Y €HJOT€HHOIO MEATOHiHY
Ta 30i1bLIIeHHAM BMicTy nonmiaminis (Ke et al., 2018).

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (2) 129



II.A. TAPABAH ra in.

HonmaBanHa MenatoHiHy o po3unny NaCl, Ha siKo-
My IIPOPOLYBa/IM 3€PHIBKY IIIEHNII, 3SMEHITYBAJIO
HETaTMBHUII BIUIMB CTPeCY, IpU IIbOMY BifI3Haya-
JIOCSL 3pOCTaHHS BMICTY ribeperniHiB y mpopoctkax
(Wang et al., 2022). Ha npuxiaji IpopocTKiB Ky-
KypyZ3W, HiiJaHNX COMbOBOMY CTpecCy, IOKa3aHO
BIUIVIB ME€JIATOHIHY Ha €KCIIPECIIO I'eHiB, OB A3aHUX
3 MeTaboIi3MOM KpoxMasio Ta caxaposu (Wang et
al., 2024). ®oniapHa 06pobka IPOPOCTKIB IMIIEHN-
i Me/IaTOHIHOM 3MeHIIyBasa iHri0yBaHHS IXHBOTO
pocty, cnpuunHioBaHe piero NaCl, mipsumpysana
AKTVMBHICTb aHTMOKCUIAHTHUX (PepMeHTIB y JUCT-
kax (Yan et al., 2023) Ta mifgcuaoBana eKCIpecito re-
HiB TpaHcnoprepiB Na* (Khan et al., 2024).

Hespayxaroun Ha Te, 110 MPOTATOM OCTAHHIX po-
KiB IIPOBENEHO YMMAaJIO JOCHIIJPKEHDb BIUIMBY €K30-
TeHHOTO Me/IaTOHIHY Ha CTIiIKiCTh 3€PHOBMX 3/1aKiB
0 OCMOTMYHOTO ab0 COJIbOBOTO CTpeciB, 3aym-
IIAl0TbCA HEJOCTAaTHBO BVMBYEHVMM HOTO edeKTH
Ipy IpaiiMyBaHHiI HaciHHA. MeTopiMKa OCTaHHBO-
ro, ajJanToBaHa M/ INPAKTUYHOTO BUKOPUCTAH-
HA, Nepefbadae He JIMIIe 3aMOYYBaHHA HAaCiHHA
y BOAi ab0 posuMHax JOCIiKYBaHNUX CIIONYK, a i
000B’13KOBe HACTYIIHE BUCYIIYBAaHHs 3€pHIBOK [1O
BuxifHOI Bormorocti (Waqas et al., 2019). Taxwit mig-
XiJi MalbKe He BUKOPUCTOBYBAaBCA IPU HNOCTI/IKEH-
Hi CTPEeC-IIPOTEKTOPHOTO BIUIMBY MEIATOHIHY Ha
3epHOBi 3maku. IIpu nbomy HaldacTille BUBYaBCA
BIUIVB OOpOOKM HAaCiHHA MeTaTOHIHOM He Ha IIpo-
POCTaHHs 3€PHIBOK B CTPECOBMX YMOBAX, @ Ha picT
POCINH 3a IOMiPHOTO CTPECOBOTO HaBaHTA>KEHH.
Hanpuknaz, nokasaHo, mo 4-rofMHHE 3aMOYy-
BaHHA HACiHHA NIIEHMIi Yy PO3YMHAX MENATOHIHY
3 IXHIM HACTYIIHMM BJCIBOM Y I'PYHT, 3pOLIyBaHNIA
MOPCBHKOIO BOJIOIO, IiJBMINYBA/JIO POCTOBi IIOKa3-
HMKM, BMICT X/10podiny, IykpiB i peHOMbHUX cIo-
JIyK y JUCTKax 3-ToKHeBUX pocmuH (Sadak, 2016).
[Ipore BKasaHa MeTOAMKA He Iepefdadaa IMOBHO-
rO BUCYIIYBaHHA HAaCiHHA IEpef BUCIBOM Y IPYHT,
a TAKOX CIIOCTEPEXXEHHA 33 IIPOPOCTAHHAM 3€pHi-
BOK. HeaBHO Oy/10 1MOKa3aHO MO3UTVBHUI BIUIVB
00pOOKM MeTaTOHIHOM Ha MPOPOCTAHHS 3ePHIBOK
IIIEHNI 3a YMOB cOmboBoro crpecy (Ismaeil et al.,
2024). OpHak mpy LbOMY HACiHHS TPUBAINUIL Yac
(mpotsirom 20 rop) mepe6yBao y po3uMHax Mesa-
TOHIHY i He BUCYIIYBa/lIOCh II€pefl HACTYIIHUM IIPO-
POl yBaHHAM 33 CTPECOBUX YMOB.

Y HemaBHpOMY pocmimxeHHi (Shaheen et al,
2024) moBigomsisiocs, 1o 16-ropmHHA 006pOOKA
3€pHIBOK ME/IATOHIHOM CHpPMANA IXHIN CXOXKOCTi
32 YMOB I'PYHTOBOI IIOCYXM, a TaKOXX ITOJIIIIIyBasa
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picT pocIMH 3a CTpecoBMX i HOPMaJlbHUX YMOB,
3MeHIITyBajIa IOKa3HUKY TeHepallil akTMBHUX pOpM
okcureny (A®O) rta migBMINyBaTa aKTUBHICTb aH-
TUOKCUJIAaHTHUX (pepMeHTiB i BMicT ocMoririB. Op-
HaK y Iiif po6oTi Tak caMoO He KOHTPOJIOBAIach
BOJIOTiCTb IPaliMOBAaHOTO HaciHHA. TakuM 4MHOM,
y OinbLIOCTI HOCTiZ)KeHb BIUIMBY MENATOHIHY Ha
IIPOPOCTAHHSA 3€PHIBOK i PiCT IPOPOCTKIB 3a CTpe-
COBMX YMOB BUKOPUCTOBYIOTbCA METOAMKM JOBIO-
TPUBAJIOTO 3aMOYYBaHHA HAaCiHHA 6e3 HAaCTYITHOTO
JIOro BMCYIIYBaHHs a00 6e3 KOHTPOIO BOJIOTOCTi.
Taxi MeTomMKM He IPUAATHI ANA MPaKTUYHOTO BU-
KopuctanHA. KpiMm Toro, BifiomMo, 110 JOBroTpuBa-
7ie 3aMOYYBaHHA HaCiHHA IIPU IpalIMyBaHHI MOXe
CHpUYVHATU IpoTpysil KopiHns (Sen et al., 2021).
BopHouac TOBiOMIIAETBCA, 1O BUCYLUIYBAaHHA
Mo)Ke OyTM HOZAQTKOBUM UMHHMKOM, KMl IifIBY-
1ly€e CTiMIKiCTb IPOPOCTKiB, IO PO3BMBAITBHCA 3
npaitMoBaHoro Hacinus (Wagqas et al., 2019).

Y 3B’A3Ky 3 BMK/IaJIeHUM MeTor pobotu Oyno
MOCTI/PKeHHA BIUIMBY IIPOLEAYpPM "KIACUYHOrO"
MpajiMiHTy 3€pHIBOK INIEHMIi PO3YMHAMM Mesia-
TOHiHY (BiJHOCHO KOpOTKOYacHa 00poOKa Ta BUCY-
IIyBAaHH:) Ha IXHE IIPOPOCTAHHS i piCT IPOPOCTKiB
3a YMOB MOJI€/IbHMX IIOCYXM Ta COTbOBOTO CTPECY, a
TaKOX MeTabo/i3M BYITIEBOAIB i OKpeMi IOKa3HU-
KM CTaHy QaHTMOKCUJJIAHTHOI CUCTEMIL.

Marepianu Ta MeTOogU

Pocnunnmit marepian Ta itoro o6po6xa

B excriepuMeHTax BMKOPUCTOBYBA/IM HacCiHHA O3M-
Mmoi M'sxol nurennui (Triticum aestivum L.) copty
'Etana’ / 'Etana’ (3asBHuk "[loiue 3aardepenenyHr
AT" (Deutsche Saatveredelung AG), Himeuyunna)
reHepanii 2023 poky. el copt — ofMH 3 HaNIO-
HYpPEHIMNX iHO3€EMHMX COpPTiB, BUPOLIYBaHUX B
Ykpaini (https://agroportal.ua/news/rastenievodst-
vo/nazvano-naypopulyarnishi-sorti-pshenici-v-uk-
rajini). ITIoBiZOM/SIETBCS PO TOTO BifHOCHO
BIUCOKY IIOCYXOCTilIKicTh y monboBux ymosax (Kry-
zhanovsky, 2019). IIpote maHi mpo cTifikicTb 11bOTO
COpPTY Ha paHHIX ¢asax po3BUTKY IO OCMOTUYHMX
cTpeciB y HaKTOPOCTATHUX TaOOPATOPHMUX YMOBaAX
B JIiTepaTypi BiICy THi.

3epHiBKM 3He3apaKyBamu 5%-M PO3UMHOM Ti-
MOXJIOPUTY HATPil0 NMPOTATOM 15 XB i BocbMMpa-
30BO IMPOMMBAIM CTEPUIBHOI IVUCTUIbOBAHONO
BOJIOI0. 3Ba)KAIOUM Ha Te, IO TifApOIpaiMiHT caM
1o cob6i MiBUINYE CXOXICTh HACIiHHA 3/1aKiB (Ko-
lupaev et al., 2024b), Ak KOHTpONbHMIT BapiaHT
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BB mparimMinry MenatoHiHOM Ha Triticum aestivum 3a yMOB IIOCYXH Ta COTbOBOTO CTPeCy

Puc. 1. Cxema eKcIlepyMeHTY 3

TOCTifIKeHHA BIUIMBY Me/aTo-
HiHy Ha IIPOPOCTAHHS 3€PHIBOK
TIIIEHNIIi 32 TOCYXM Ta CONTbOBO-

(20 MKM menatoHiH)

3rog 24 rop, 72 rop,
Mpaiiilly BucyulyEgEEg MpopoLyBaHHA 3epHiBOK B YaluKax MeTpi 3a BapiaHTamu
3epHiBOK 3epHIBOK ROROSY R P P
" 1) KOHTpOb (8 Mma BOAM)
| NOHTRERS ) o 2) nocyxa (8 mn 15% MET 6000)
{rinpanpaHEEy | 3) conbosuii ctpec (8 ma 150 mM NaCl)
BOJIOTICTb
nosiTpA 1
4) menaTtoHiH (8 mn Boamn
0O6pobka 40% ) ( A)

5) menaToHiH + nocyxa (8 ma 15% MNEr 6000)
6) MenaToHiH + conboBuit cTpec (8 ma 150 mM NaCl)

ro crpecy. AO depMeHTN — aH-
THOKCUAAaHTHI depmenty; AQO
— aKTMBHI popMu OKCUTeHY

Fig. 1. Scheme of the experiment
on effects of melatonin on
germination of wheat grains

| 48 :-o,q

under drought and salinity stress.
AO — antioxidant enzymes;
ADO — reactive oxygen species

BMKOPUCTOBYBAaIM 3pasKM HACiHHA, BUTPMMaHI
IpOTATOM 3 Trofi Y TeMHOMY TepMocTaTi 3a 24 °C
B CKJISHKax 3 JUCTWIbOBAHOI BONOK0 (CIiBBigHO-
1reHHs 00’eMiB 3epHiBOK i Boau 1 : 4). 3pasku fo-
CNIIIHMX BapiaHTiB BUTPUMYBA/IN BIPOJOBXK 3 TOJ
y 20 MKM posunHi Menatoniny (Alfa Aesar, CIIIA,
BMICT OCHOBHOI pe4yoBMHM He MeHIue 99%), iHrui
YMOBM, SIK JyI1 KOHTPO/IbHOrO BapianTa (puc. 1).
Pexxum 06poOkm Ta ONTMMaIbHA KOHIEHTpAIlisd
Me/IaTOHIHYy Oynu oOpaHi Ha mificTaBi pe3ynbrariB
nonepenHix ekciepumenTis (Kolupaev et al., 2023a,
2024b). ITicna rigponpaitmMinry (KOHTpO/Ib) Ta 006-
POOKY MeTTaTOHIHOM HaCiHHS Ha CK/IAHIN MOBepXHi
BUCYLIYBa/lIy IPOTATOM 24 TOJ] y TEMHOMY TE€PMOC-
TaTi 3a Temneparypu 24 °C i BifHOCHOI BOIOroCTi
noBitps 40% po BuxigHOI Bosorocti (11-12%).

ITo 80 mpu6IM3HO OZHAKOBMX 3€PHIBOK IIEpEHO-
cywm y vawku Iletpi Ha nonsiriui ¢inbrpu, 3Boso-
>KeHi 8 MJI IMCTUIbOBaHOI BOfiM (KOHTPOJIB), 8 MII
15% IIET 6000 (mocyxa) abo 8 mm 150 MM NaCl
(conpoBmit cTpec). HaciHHA mpopoljyBanyu B TeM-
HOMY TepMocTaTi 3a Temneparypu 24 °C nporarom
72 rop. Yepes 48 roj mpopoIllyBaHHA BM3HaYaIN
3arajibHy aKTMBHICTb aminasu y 3epHiBkax. Ha 3
HoOy mpopouyBaHHs (4epe3 72 Tof) OLiHIOBaIu
CXOXICTb 1 pOCTOBi IOKa3HMKM (BiffHOCHY Ki/lb-
KiCThb INPOPOC/IOr0 HACIHHA, Macy IIarOHOBOI Ta
KOpeHeBOl 4acTMHM HPOPOCTKiB). Takox maroHu
3-1000BMX IIPOPOCTKIB BUKOPUCTOBYBAIM IS
aHaJi3y MOKAa3HMKIB IPO-/aHTMOKCUIAHTHOI PpiB-
HOBAIY Ta BMIiCTy PO3YMHHUX BYIJIEBOJIB i IPOMiHY
(puc. 1). Yci 6ioximMiuHi HOKa3HMKM 32 BUHATKOM
AKTMBHOCTI aMinasy BU3HA4Ya/IM TiIBKM y ITarOHax
IIPOPOCTKIB, OCKi/IbKM TIPAMMUI KOHTAKT KOPEHIB
3 ITIET' 6000 He mae MOX/IUBOCTI Bigibpatu mpobu
KOpeHiB 0e3 IXHIX MeXaHIUYHVX YIIKOKeHb, sKi
CIPUYMHIOIOTD 3MiHM JOCHIPKYBaHMX IIOKA3HUKIB.
AKTHUBHICTb aMi/Iasy aHa/lTi3yBanM y 3epHiBKax.

Amnarni3 6ioxiMiYHMX IIOKa3HUKIB

Busnauenns axmuernocmi aminasu. 3aranbHy aK-
TUBHICTh aMijla3y BU3HaYa/M 3a KIiIbKICTIO Bif-
HOBHMX I[yKpiB, IIIO YTBOPIOIOTBCSA B pe3y/IbTarTi
rifposi3y KpOXMajlo, 3a BiOMUMU IIPOTOKOIAMMU
(Goldstein, Jennings, 1975; Fawzi, El-Fouly, 1979)
3 Hammmu mopubikarismu (Yastreb et al., 2024).
HapaxKky poOCIMHHOrO Martepiamy TrOMOTeHisyBa-
m B 0,2 M anerarHomy 6ydepi (pH 5,6), romore-
Hat ueHTpudyrysamu Ha nentpudysi MPW 350R
(MPW MedInstruments, [Tonpia) npu 8000 g 3a
Temreparypu He Buiie 4 °C npotsarom 15 xB. Cy-
HepHATAaHT po30aB/Is/IN Y HEOOXiTHY KiNbKICTb pa-
3iB TMM caMuM OydepoM i aHanmizyBamn. BUTSKKY
dbepmeHTY 3MiIyBanu 3 5 M1 2%-To pO3YMHY KpoO-
XMao Ta iHKyOyBamm B TepMocTari nporarom 30
xB 3a Temneparypu 25 °C. Ilicna uporo peakuiio
3YNMHSIM OCaIPKeHHsAM OinkiB, mopmaroum 0,1 M
10%-ro amerary cBuHupo Ta 0,1 mm 16%-ro cynb-
¢dary Harpito. Y KOHTpO/IbHI mpo6m Ii CIOTyKn
ToflaBany [0 BHECEHHsA B HUX KpOXMasw. BmicT
BifJHOBHUX LIYKpiB y KOXHill mpo6i (BKIIOYHO 3
KOHTpO/IEM 3 iHaKTMBOBaHMM (epMEHTOM) BU3Ha-
Jasu 3a peakiuieio 3 peakTusoM Peninra. OnTnyuny
TYCTUHY CyIlepHaTaHTY BUMipIOBalM Ha CHEKTPO-
doromerpi UV-1280 (Shimadzu, fAmonist) 3a goB-
sxuan xBuii (A) 670 HM. SIK CTaHZApT BUKOPUCTO-
ByBanu D-Manbrosy.

Busnauenns: emicmy posuunHux eyenesoodis. Cy-
MapHUI BMICT PO3YMHHMX BYIJIEBOIIB y IIarOHax
IIPOPOCTKiB BM3HAa4anM 3a MeTofgoM Mopica-Poe
(Zhao et al.,, 2003) 3 mopgudikanismu. PocmuHHMI
MaTepial TOMOTeHi3yBaly y [OUCTWIbOBAHIN BOQi,
rOMOreHaT KMUIT AT npotrsarom 10 xs. [l ocap-
>)KeHHsA OiIKiB 10 TOMOTEHATY [JOAABAIM OJHAKOBi
06’emn po3unHiB cynbgary nuHKy (30%) i xo0BTOI
KpoB’siHOI comi (15%). [Tpobu dinprpyBamm Ta 3a
HeOoOXi/JHOCTI pO30aB/LsIIN ANCTUIBOBAHOI BOJOI0,
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IC/IA 4Oro 1 MJI eKCTpaKTy 3MillyBaau 3 3 M/ aH-
TPOHOBOTO peakTMBY. PO3unH MOPIBHAHHA 3aMiCTb
€KCTPaKTy MicTuB 1 M guctunboBaHoi Bogu. IIpo-
6V KUITATUIN HA BOJsHIN 6aHi IpOTAroM 7 XB, 0XO-
JIOJKYBAJIU TA BI3HAYA/IY ONTUYHY TYCTUHY IIPU A =
610 HMm. fIK cTaHgapT BUKOPUCTOBYBamy D-T/IioKo3y.

Busnauenns emicmy nponiny. BukopucrosyBanm
merop, onucanuit L.S. Bates 3i criBasrt. (1973) 3 Mo-
pudikanisvm. HaBakky maroHiB romMoreHisyBam y
OVICTV/IbOBaHIN BOAI, MiC/IA 4Or0 FOMOTE€HAT Ofipasy
npotsiroM 10 XB KU ATvim Ha BopisHil 6awi. [Tpo-
0¥ OXOJIO/PKYBasIN, eKCTPAKT QiIbTpyBamm. Y peax-
LiitHMX po6ipKax 3MillyBamy MO 1 MJI eKCTPaKTy,
JIbOJSHOI OLITOBOI KUC/IOTM Ta HiHTiIPMHOBOIO pe-
akTuBy. IIpo6ipkn, 3akputi KoBIaykamu 3 QobI,
HarpiBa/M Ha KUIUIAYiN BOAsHIN 6aHi mporsrom 1
rofi. ONTHYHY I'yCTHHY BU3Ha4Yamm 3a A = 520 HM. Sk
CTaHApT BUKOPVCTOBYBaau L-nipoin.

BusnauenHs cynepokcuoHoz0 aHioH-paouxana.
Tenepanito 02" TKaHMHaMM IIarOHIB OI[iHIOBaJIN
3a peaxuieto 3 HirpocuHim Terpasoniem (HCT) 3
yTBOopeHHAM ¢opmasany (Karpets et al., 2012). ITo
10 maroHiB OZHAKOBOTO pO3Mipy IOMillamy B OIOK-
cu 3 5 M1 0,1 M K, Na-pocdarnoro 6ydepy (pH
7,6), mo mictus 0,05% HCT, 10 mxM EIITA i 0,1%
TputoHy X-100. Yepes 1 rop maroun o6epe>xHO BU-
Ty4any 3 6I0KCiB Ta BUMipIOBa/IM ONITUYHY TyCTUHY
inkyO6ariitHoro posunny 3a A = 530 HM.

Busnauenns emicmy eiopoeen nepokcudy. HaBax-
K IIaTOHIB Ha JIbOJY PO3TUPANy y 5%-My pO34MHi
tpuxopornroBoi kucnotun (TXO). [Ipobu eHTpn-
¢dyrysamu npu 8000 g nmpotsarom 10 xB 3a Temepa-
Typu 2-4 °C i B cynepHaTaHTi BU3HA4YaNIM KOHILIEH-
Tpanito H,O, 3a pomomoroio deporioniaHarHoro
METOJY 3 BUKOPMCTAaHHAM coli Mopa Ta TioniaHary
amoHito (Sagisaka, 1976). OuruuHy rycTuHy Ipo-
IYKTY peakuil BumiproBamm mpu A = 480 HM.

Busnauenns emicmy npodykmie nepokcuoHo2o
okucHenns ninidig (ITOJI). [lns aHamisy NpORYKTiB
[TOJI (mepeBa>kHO MayoHOBMII pianbperim, MJJA)
HABAXXKY IIarOHiB ToMoreHisysamu y posunsi 0,25%
2-tiobapbityposoi kucnoru B 10% TXO (mocnmigna
npo6a) abo y posunni mymre 10% TXO (koHTpOND).
Cyminn xum'sitwim B HpobipkaX, 3aKpUTUX KOB-
maukamy 3 QosbIy, Ha BOAsAHIN OaHi mpoTarom 30
xB. [licns nporo oxonomkysanu i neHTpudyrysamm
nporsaroM 15 xB mpu 10000 g. OnTHYHY IyCTUHY CY-
IIEPHATAHTY BUMIipIOBa/IN 3a JJOBXKUHU XBUI 532 HM
(ocHOBHMIT curHam) Ta 600 HM (HecrenmdiyHe CBiT-
JIOTIOIVIVHAHHA, BEJIMYHY fAKOIO BifHiMamm Biff oc-

HOBHOTO pesynbTary A.,,) (Kolupaev et al., 2024b).
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Ananis axmueHocmi aHMUOKCUOAHMHUX pep-
menmis. Ilpm BM3HAYeHHi AKTMBHOCTI KaTaa-
3u i rBaskonmepokcupgasu (I'TIO) HaBakku ma-
roHiB romorenisysamu Ha npopgy B 0,15 M K,
Na-docdaranomy 6ydepi (pH 7,6), mo mictus 0,1
MM EJIITA ta 1 MM putiorpeitrony (Kolupaev et
al., 2020). Tomorenat nenrpudyrysamu npu 8000 g
npotArom 10 xB 3a TemnepaTypu He Buie 4 °C.

AxTyeHicTh Katamasyu (KO 1.11.1.6) anamisysa-
mu npu pH 7 3a KiJIbKiCTIO IEPOKCHU]TY BOIHIO, PO3-
KJIaleHOTo 3a ofMHMLI0 4Yacy. AxtusHicth I['TIO
(K® 1.11.1.7) Bu3HauammM 3 BUKOPUCTAHHSM TBa-
AKOJY AK JIOHOPA TifpOTeHy Ta TiporeH MepOoKCH-
ny sk cybcrpary. Ilomepemnbo pH peakniiinol
cyMmimi goBopuau no 6,2 3 Buxkopucranuam K, Na-
docdarHoro 6ydepy. OnTmyHy rycTUHY IpORZYKTY
peaxuii BusHayam mpu A = 470 HM.

CraTucruyna o6po0Oka pe3ynpraTis

[Tpu Bu3HaueHHi BIUIMBY 0OpOOKM HaciHHA Mera-
TOHIHOM Ha IIPOPOCTAHH:A HAcCiHHA Ta 6iomacy op-
raHiB IPOPOCTKiB KO)KHE IIOBTOPEHHA CK/Iaflanocs
3 80 3epHiBOK, a B KOOKHOMY BapiaHTi gocriny 6yno
He MeHIlle 3-X MOBTOpeHb. [ 6ioxiMiuHMX aHai-
3iB KO>KHa HaBa)kKa CK/Iafanacs IoHaiMeHIe 3 12
IIPOPOCTKIB, aHaJIi3u IPOBOAMIN Y 3—4-pa3oBOMy
ITIOBTOPEHHI.

3HAYMMICTh BIIMIHHOCTE OI[iHIOBalIM 3a
t-xpurepiem Cr'rofienta npu p < 0,05, BUKOPUCTO-
BYIOUM IaKeT CTAaTMCTMYHOrO aHanisy Statistica,
Bepcia 10.0. Ha pucynkax HaBefieHi cepefHi Be-
MMYMHY Ta iXHi cTaHgapTHI mOXMOKM. Marpuus
Kopernsuin Ilipcona mobygosana y mporpami Mi-
crosoft Excel.

Pesynbratun

CxoicTh 3epHIBOK Ta 6ioMaca opraHiB mpOPOCTKiB

Y KOHTpO Ta BapiaHTi 3 00pOOKOI0 MeTATOHIHOM
3a BiICYTHOCTiI BIIIMBY CTPECOPiB CXOXiCTb 3ep-
HiBOK muIeHnui csarama maioke 100% (puc. 2). 3a
MopiennbHOI nocyxu, cteoprosanoi I1ET 6000, Bona
SHIDKYBajacsa Maibxe 1o 64%, a 3a fIii colmboBOro
cTpecy — 10 56%. Ilonepents o6poOka MenaToHi-
HOM TiIBMIYBa/a BiJHOCHY KiIbKiCTh IIPOPOCIIO-
ro HacinHA Ha 12 i 17% 3a yMOB IIOCYXM Ta COIbO-
BOTO CTPeCy BifIIOBifHO.

3a BigcyTHOCTi Ail cTpecoBMX YMHHUKIB 00-
poOKa HaciHHs MeNTaTOHIHOM CIpPUYMHSNA TeH-
IeHIIio 10 3061/IbIIeHHs MacK OpraHiB IPOPOCTKIB,
OfiHaK 1eil eekT He O6yB BiporigHum npu p < 0,05
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Tabmuus 1. Biomaca opraHiB mpopoCTKiB MiIeHNINi 3a Ail OCMOTIYHOTO i COTBOBOIO CTPECiB Ta METATOHIHY

Table 1. Organ biomass of wheat seedlings under osmotic and salt stresses and melatonin

. Maca, mr 3aranpHa Maca | CIiBBigHOIIIEHHS Mac
Bapianr Ilaria Kopeni IIPOPOCTKA (marin/Kopeni)
KonTponb 24,5+0,8 a* | 46,4+1,4a 70,9+1,6 a 0,528
MemnaTtoHiH, 20 MKM 26,3+0,9a | 48,0+2,0 a 74,3+2,2 a 0,548
IIET 6000, 15% 57+0,3c¢c | 29,6%1,1c¢ 35,3+1,1 ¢ 0,192
NaCl, 150 MM 5,0+0,2c¢c | 26,6t1,2¢ 31,6+1,2 ¢ 0,188
TIET 6000, 15% + menaTtonis, 20 MKM 8,0+0,2b | 37,6+1,4b 45,6+1,4b 0,213
NaCl, 150 MM + MenaTtoHiH, 20 MKM 6,9+0,3 bc | 35,7+1,3b 42.6+1,3b 0,193

* OgHAKOBMMI JTiTepaMy IO3HAYEHi BeMMIMHY, BiMIHHOCTI MK AKMMY He BOCTOBipHi mpu p < 0,05.
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Puc. 2. CxoxicTb 3epHiBOK MiIeHuIii 3a fiii OCMOTMYHOTO Ta
COMbOBOTO CTPECIB i MENMAaTOHIHY: 1 — KOHTPO/b; 2 — Mena-
ToHiH (20 MkM); 3 — ITET 6000 (15%); 4 — NaCl (150 MM);
5 — TIET 6000 (15%) + menmarowin, (20 MxM); 6 — NaCl
(150 MM) + menarowniu (20 MxM). Tyt i Ha puc. 4-7: ogHa-
KOBMMM JIiTepaMM IO3HA4YeHi BeJIMYMHY, BiIMIHHOCTI MiX
AKUMM He JoCTOBipHi pu p < 0,05

Fig. 2. Germination of wheat grains under the influence of
osmotic and salt stresses and melatonin. 1 — control; 2 —
melatonin (20 uM); 3 — PEG 6000 (15%); 4 — NaCl (150
mM); 5 — PEG 6000 (15%) + melatonin (20 uM); 6 — NaCl
(150 mM) + melatonin (20 uM). Here and in Figs. 4-7:
the same letters indicate values whose differences are not
significant at p < 0.05

(tabmmus). ITif BIMBOM MOZeNbHOI MOCYXM Ta
0COOIMBO CONMBOBOTO CTPECy Pi3KO 3HIDKYBAacs
6ioMaca maroHis NIPOPOCTKIB MIIEHNLI (y 4,314,9
pasa BigmoBigHo) (puc. 3). Maca KOpeHiB TakoxX
icroTHO 3HIDKYBanmacA. B minoMmy BifmsHavanocs
6inbIn HiDK 2-pasoBe 3MEHIIEHHS 3araabHOi 6io-
Macy mpopocTkiB (tabm. 1). O6pobka MemaToHi-
HOM 3HAYyHO IIOM SIKIIyBaja iHriOyBaHHS POCTY
OpraHiB INPOPOCTKiB, CIPUYMHIOBAHE IIOCYXOI0
Ta COMpOoBUM cTpecoM (puc. 3, Tabm. 1). Ilpumirt-
HO, IO MiJ BIUIMBOM CTPECOBUX UYMHHUKIB Ta-
KOXX 3HAYHO 3MEHIIYBA/IOCs CIIiBBiJHOIIEHHS MaC
naroHis i Kopenis. IIpy npomy 3a yMoB mocyxmu

00po6Ka 3epHIBOK MeIaTOHIHOM MOMITHO MifBU-
1lyBasa Iie CIiBBiJHOILIEHHS, 0 TAKOX BKa3y€ Ha
CTpec-IIPOTEKTOPHY Jiit0 MenaToHiny. Crip 3ayBa-
JKUTH, IO 32 COIBOBOTO CTPECY TAaKMIi I10ro eexT
0yB MeHII TOMITHUM.

AKTUBHICTb aMiTasn y 3epHiBKax 3a Aii
CTpecopiB i MeTaToOHiHY

O6pobka MenaToOHIHOM 3a BifcyTHOCTI [il cTpeco-
BUX YMHHUKIiB He BIUIMBAajla Ha 3arajJbHy aKTWB-
HiCTh aMizasn y 3epHiBKax 2-70060BUX IIPOPOCTKIB
3nakie (puc. 4). Ilocyxa Ta compoBuil CTpec Ipu-
0/IM3HO OIHAKOBO iHribyBa/MM aKTMBHICTb (hepMeH-
Ty B 3epHiBKax. [Tonepenna o6pobka MemaToHiHOM
JIOCTOBipHO ITOM AIKIITyBajia HETATUBHMII BIUIMB T10-
CyXM Ha aKTMBHICTb aMisa3y, poTe C1abKO BIUIU-
BaJla Ha NIPOsAB e(eKTy CONMbOBOTO CTpecy (puc. 4).

BMmicT po3uynHHKX BYITIeBOfiB i IPONiHy B Maro-
HaX POPOCTKiB MIIeHNILi

3a BiICyTHOCTI CTpecoBMX YMHHUKIB 006poOka Me-
JIATOHIHOM ICTOTHO He BIUIMBaja Ha CYMapHUI
BMICT LlyKpiB y IaroHax NIpOpOCTKiB mueHuni (puc.
5A). MopenbHuUII CTpec MOCYX! Ta OCOOMUBO Ais
NaCl icToTHO 3HMKYBanM BMICT PO3YMHHMX BYT-
NeBOxiB y maronax. ITonepenus o6po6ka sepHiBOK
MeIaTOHiHOM 32 YMOB OCMOTMYHOI'O CTPeCy MifiB1-
1lyBajia BMICT LIYKpiB y IIarOHax MaiiKe [0 piBHA
KOHTPOJII0, 32 YMOB CO/IbOBOTO CTPeCy BMiCT IIy-
KpiB y BapiaHTi 3 IpaliMiHTOM M€JIaTOHiHOM TaKOX
3pOCTaB, X04a i He JocATaB 3Ha4€Hb KOHTPOJIIO.
Bmict mponiHy B IaroHax NpOpOCTKiB, OTpu-
MaHMX 3 HaciHH#A, IpPaiMOBAHOIO MeEJIATOHIHOM,
He BifpisHsBcs Bixg KoHTposo (puc. 5B). Crpecn
HOCYXM Ta OCOOIMBO 3aCOI€HHs iCTOTHO MifBU-
LIyBa/M BMICT IpPOJiHY B ITaroHaX IPOPOCTKiB.
[lepepcTpecoBuil mpaiiMiHI HacCiHHA Me/IaATOHIHOM
He BIUIMBAB Ha BMICT IIPOJIiHY 32 YMOB CO/bOBOTO
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Puc. 3. ®enotun 72-ropMHHNX NPOPOCTKIB MIIEHNIIi 32 [Iii METATOHIHY Ta CTPECOBMX YMHHUKIB: 1 — KOHTPOJb; 2 — Me-
naronin (20 MkM); 3 — TIET 6000 (15%); 4 — NaCl (150 mM); 5 — IIET 6000 (15%) + menaronin, (20 MkM); 6 — NaCl
(150 MM) + menatonin (20 MKM)

Fig. 3. Phenotype of 72 hour-old wheat seedlings under the influence of melatonin and stress factors:
1 — control; 2 — melatonin (20 uM); 3 — PEG 6000 (15%); 4 — NaCl (150 mM); 5 — PEG 6000 (15%) + melatonin (20 pM);

6 — NaCl (150 mM) + melatonin (20 uM)

CTpecy, a 3a YMOB CTpecy MOCYXM Iiell TOKa3HUK
HaBiTh TPOXM 3MEHIIYBABCs, X04a TaKuil eheKkT He
0yB goctoBipHuM 3a p < 0,05 (puc. 5B).

PiBenb renepanii A®O Ta inTeHcuBHicTs IIOJT y
MaroHax IPOPOCTKiB MIIeHNITi

O6pobka HaciHHS MeIaTOHIHOM He BIUIMBala Ha
reHepallilo CyIepOKCUIHOTO aHiOH-pajyKaja Iaro-
HaMyl TIPOPOCTKIB MIeHuIl 3a ¢isionoriuHo HoOp-
MajibHMX YMOB (puc. 6A). Crpecy moCcyxu Ta 0Co-
6/MBO 3aCONEHHsI CIPUYMHSIA Pi3Ke MOCHIEHHS
renepanii O," TKaHmHaMu maroxis. ITomepenHiit
MpajiiMiHI MeJIaTOHIHOM IIOBHICTIO YCyBaB TaKuMit
IPOSAB OKVICHIOBAJIBHOTO CTPEeCy 3a YMOB IOCYXIN.
BopHovac 3a yMOB cO/IBOBOrO cTpecy o6pobka Me-
JIaATOHiHOM JIMIIIe YaCTKOBO 3MEHIIyBala MOCU/IeHHA
YTBOPEHHA CYIepOKCH/JHOTO aHIOH-pafiKarIa.

O6pobxa MenaTOHIHOM 3a BiIICYTHOCTi CTpeco-
BUX BIUIMBIiB JI€IIO0 3MEHIIyBaja BMICT TiiporeH
HePOKCHU/TY B IIATOHAX IIPOPOCTKIB, X04a Iieil edeKT
6yB He moctoBipuuM npu p < 0,05 (puc. 6B). Ilix
BIUIIBOM OCMOTMYHOTO Ta COJIbOBOTO CTPECIB Bif-
3Havanocs nigsumeHas smicry H,O, y maronax, a
nornepefHs 06poOka MeTaTOHIHOM HOM SIKIIyBaja
et epexr.

3a 06po6KY HACIHHS MeTATOHIHOM BMICT OJJHOTO 3
Kinnepux npopykTis I1OJI — MJJA y maronax npo-
POCTKIB mitleHn1i icToTHO He 3MiHIOBaBcA (puc. 6C).
OcMOTHYHUIT Ta OCOONMMBO CONMBOBUIL CTPECH IIPHU-
3BOfMIM o nocuneHHsA iHteHcusHOCTI 1IOJI y ma-
TOHAX, PO IO CBiAUNTh HigBuIleHHA BMicTy MJIA.
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Puc. 4. 3araibHa aKTUBHICTb aMilasy y 3epHiBKaX MILEHMIIE
3a JIil OCMOTMYHOIO Ta COMbOBOIO CTPECIB Ta MEIATOHIHY:
1 — xoHTponb; 2 — MenaToHiH (20 MxM); 3 — ITET 6000
(15%); 4 — NaCl (150 MM); 5 — ITET 6000 (15%) + menaro-
HiH, (20 MkM); 6 — NaCl (150 MM) + menaronin (20 MxM)
Fig. 4. Total amylase activity in wheat grains under osmotic
and salt stresses and melatonin: 1 — control; 2 — melatonin
(20 uM); 3 — PEG 6000 (15%); 4 — NaCl (150 mM); 5 —
PEG 6000 (15%) + melatonin (20 uM); 6 — NaCl (150 mM)
+ melatonin (20 pM)

ITpaiiMiHT HACiHHA MENTATOHIHOM IIOMITHO 3MEHUIY-
BaB CNIPMYMHIOBAHE CTPECOPAaMM HAaKOIMYEHHS IIPO-
pykry ITOJI y naronax npopoctkis (puc. 6C).

AKTHBHICTD KaTajla3y Ta rBasgKOINEPOKCUA3U Y
MaroHax IPOPOCTKiB MIIeHNIIi

Y maroHax HIpOpPOCTKiB, OTPMMaHUX i3 3€pHiBOK,
MpaiiMOBAHUX MEJIATOHIHOM, 3a BIiICYTHOCTI [ii
CTpPEeCcOpiB Bifi3HAYa/lOCA MigBUILEHHA aKTUBHOC-
Ti karamasu (puc. 7A). OCMOTHYHUI TA COMBOBMIT
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Puc. 5. BmicT nykpis (A) i mponiny (B) y maronax npopo-
CTKiB IIIeHnIi 3a fii 0CMOTUYHOTO Ta COIbOBOTO CTPeCiB
i Me/laTOHiHY: 1 — KOHTpOJIb; 2 — MeJIaTOHIH (20 MxM);
3 — TIET 6000 (15%); 4 — NaCl (150 MM); 5 — IIET 6000
(15%) + memaronin, (20 MmxM); 6 — NaCl (150 MM) + me-
nmaToHiH (20 MkM)

Fig. 5. Sugar (A) and proline (B) contents in shoots of whe-
at seedlings under osmotic and salt stresses and melatonin:
1 — control; 2 — melatonin (20 pM); 3 — PEG 6000 (15%);
4 — NaCl (150 mM); 5 — PEG 6000 (15%) + melatonin
(20 uM); 6 — NaCl (150 mM) + melatonin (20 pM)

CTpecy CHPUYMHSAIM IPUOIN3HO OFHAKOBE 3HU-
JKeHHs aKTUBHOCTI pepmenTy. BogHowac 06pobdxa
HACIHHS MeJIaTOHIHOM HaO/IVDKyBala aKTMBHICTD
KaTajasy 1o piBHA KOHTPOJIIO.

Axrusaictb I'TIO y BapianTi 3 06po6KOI0 HaciH-
HS1 Me/IaTOHIHOM 3a (bi3io/oriyHo HOpMaIbHMX YMOB
mewo mipBumysanacs (puc. 7B) Ta Oimbpine BoHa
3pOCTaja 3a BIUIMBY MOJENbHOI IIOCYXM i CONbOBO-
ro crpecy. O6po6Ka HaCiHHA MelaTOHiHOM IIOMIiTHO
3MeHIIyBaJIa CIPUYMHIOBAHE OCMOTUYHNM CTPECOM
nigsuiteHHs akTuBHOCTI I'TIO, npoTe He 3MiHIOBaIa
1€/l TOKA3HYUK 3a YMOB CO/IbOBOTO CTPECY.

Kopenaniitauii anais BI/IMBY MeTaTOHIHY Ha
NPOPOCTaHHA 3€PHiIBOK IIIEHUIIi 32 CTPECOBUX
YMOB Ta 6ioXiMiYHi MOKa3HUKM

TToKasHUKM CXOXKOCTi HaciHHA Ta 6ioMacu Iaro-

HiB y>Ke TiCHO KopenoBamy Mix co6oto (p < 0,01)
(puc. 8). Takox BoHU ItepeOyBa B TiCHII Ipsmiit
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Puc. 6. TeHepaljis cynepoKCUIHOrO aHiOH-papukana (A),
BMICT rigporeH mepoxcuny (B) i MamoHOBOro miampaerizy
(C) y maroHax MpopoCTKiB IIIEeHNI 3a il 0CMOTMYHOTO Ta
COMbOBOTO CTPECIB i MENMaTOHIHY: 1 — KOHTPO/Ib; 2 — Mena-
ToHiH (20 MkM); 3 — ITET 6000 (15%); 4 — NaCl (150 MmM);
5 — TIET 6000 (15%) + memaroHiH, (20 MxM); 6 — NaCl
(150 MM) + menaToHis (20 MKM)

Fig. 6. Generation of superoxide anion radical (A), content
of hydrogen peroxide (B) and malondialdehyde (C) in shoots
of wheat seedlings under osmotic and salt stresses and mela-
tonin: 1 — control; 2 — melatonin (20 uM); 3 — PEG 6000
(15%); 4 — NaCl (150 mM); 5 — PEG 6000 (15%) + melato-
nin (20 uM); 6 — NaCl (150 mM) + melatonin (20 uM)

KOpenAlil 3 aKTUBHICTIO aMilasy B 3epHiBKax i
BMICTOM LIyKpiB y maroHax. l]iTKoM 3aKOHOMipHOI0
BUJIAETBCA 1 Jy>Ke BUCOKA KOpENALiAd BMICTy IIy-
KpiB 3 aKTMBHICTIO aMi/lasy, OCKIJIbKM HaJXOIKEH-
Hs PO3YMHHUX BYITIEBOJIB y IariH €TiONbOBaHMX
NPOPOCTKIB 3aJIeXXUTh HacaMIlepef] Bifi iHTeHCHB-
HOCTI TriZipO/1i3y 3aI1aCHOrO KPOXMaJIIo.
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Ha Bigminy Bij BMicTy IIyKpiB, BMiCT IPO/IiHY B
[IaroHax IIPOPOCTKIB MaB Jly>Ke BUCOKY 3BOPOTHY
KOpeJAL 3 IOKa3HMKAMM CXOXKOCTi 3€pHIBOK i
6iomacu marosiB (puc. 8), 1[0 [03BOJIsIE PO3ITIAfA-
T HAKOIMYEHHS IPOJIIHY AK O3HAKY IHTEHCUBHO-
IO CTPECOBOTO BIIMBY IOCYX) Ta 3aCOJIEHHA IIPU
MpopoCTaHHi 3epHiBOK. [Ipy 1boMy BMicT mpominy
TAaKOX IlepebyBaB y TiCHill 3BOPOTHIl KopenALil 3
aKTMBHICTIO aMi/1a3y i BMiCTOM LIYKpiB.

IToxasuuku renepanii APO (cymepokcugHOro
aHioOH-pajyKama Ta TiporeH HepoKcuay) mepedy-
Ba/Ii Y 3BOPOTHIN KOpesALil 3 IOKa3HUKAMU CXO-
XKOCTi Ta 6ioMacyu IAaroOHiB, OJHAK BEIMYMHIU KOe-
dimienTiB KopenALil BUABWINCA HEBipOTifHUMMU
3a p < 0,05 (puc. 8). BogHouac iHTerpanbHuii 1o-
Ka3HIUK OKVCHIOBAJIBHOTO CTpecy (BMICT KiHIIeBOro
nponykry IIOJI — MJIA) nepe6yBaB y BiporifHiit
npu p < 0,01 3BOpOTHINl KOpenALii 3 MOKa3HMKa-
MI1 TIPOPOCTAHHs 3epHIBOK i 6GioMacyu IaroHis, 1o
TO3BOJIAE€ PO3ITIAJATH OKVMCHIOBAJIbHUI CTpec AK
OIVH i3 YMHHMUKIB, 110 MEepPeIIKO[Ka€ MPOPOCTAH-
HIO 3€pHIBOK i pocTy mpopocTkiB. Takox BMmicT
MJIA nepebyBaB y TicHiif 3BOPOTHIll 3a/IeHOCTI
3 IIOKAa3HMKaM, 110 XapaKTepu3yloTh Mobinisalito
3allaCHOTO KPOXMAJI0 3€PHIBOK, — aKTMBHICTIO
aMijla3y Ta BMiCTOM ITyKpiB.

AKTMBHICTb OJHOTO 3 K/IIOYOBMX aHTUOKCU-
JaHTHUX (epMeHTiB — Karajmasy — mepeOyBaia
y OpAMIil KOpenAlil 3 IOKa3HMKOM CXOXOCTi Ha-
cinna (p < 0,05, puc. 8). Takox aKTUBHICTb IIbOTO
(depMeHTy Mana BipOTiHY 3BOPOTHY KOpEIALil0
3 Bmictom MJIA i H202, IO BKasye Ha Ji0oro BHe-
COK y 3aXMCT KJIiTMH BiJl OKMCHIOBAJIbHOTO CTPECY.
Bopnouac axTuBHicTh ITIO 6yna y 3BoporTHiit Ko-
pensiii 31 CXOXIiCTI0 HaciHHs Ta 6ioMacor maro-
HiB, X04Ya 1i B&IMYVHY BUABWIVICA HE BipOTiZHNMU
3a p < 0,05. IIpumitHo, mo aktusHicTH [TIO 6y}1a
y HpsAMIiil KOpenAlii 3 BelMdnMHaMu TeHepanii cy-
MEPOKCUIHOTO aHiOH-pafuKana Ta BMicty MIIA, a
TAKOXX y 3BOPOTHIIT KOPENALIl 3 aKTUBHICTIO aMifa-
311 Ta BMicTOM 1IYKpiB (puc. 8).

O6roBopeHHs

[IpaiiMiHT 3€pHIBOK IIIEHNI]i METaTOHIHOM IIOMIT-
HO MiZBUIIYBaB IXHIO CXOXIcTh i 6iomMacy opraHiB
IIPOPOCTKIB NIPM NPOPOCTAHHI HACIHHA 3a yYMOB
OCMOTMYHOTO Ta COIBOBOTO CTpeciB (puc. 2, puc.
3, Tabm. 1). Taki pe3ynbratu y3rofpKyHOTbCs 3 He-
maBHO oTpuMaHumu gannmu (Shaheen et al., 2024),
AKi 3aCBif4yIOTb IO3UTUBHMII BIUIMB IIPAiIMiHTy
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Puc. 7. AxruHicts Katamasu (A) i I'TIO (B) y maronax
IIPOPOCTKiB IMUIEHMIN 32 Jil OCMOTMYHOIO Ta COIbOBOTO
cTpeciB i MenmaToHiHy: 1 — KOHTpO/Ib; 2 — MenaToHiH (20
MKM); 3 — TTET 6000 (15%); 4 — NaCl (150 MM); 5 — TIET
6000 (15%) + menaroniH, (20 MkM); 6 — NaCl (150 MM) +
MenmaroHin (20 MKM)

Fig. 7. Activity of catalase (A) and guaiacol peroxidase (B)
in shoots of wheat seedlings under osmotic and salt stres-
ses and melatonin: 1 — control; 2 — melatonin (20 pM);
3 — PEG 6000 (15%); 4 — NaCl (150 mM); 5 — PEG 6000
(15%) + melatonin (20 pM); 6 — NaCl (150 mM) + melato-
nin (20 M)

3epHIBOK M€/IaTOHIHOM Y KOHIIeHTpauiAx 1-5 Mr/n
Ha IOKa3HUKM NPOPOCTAHHA HACIHHA IIIEHNIi Ta
HAKONMYeHHs 6ioMacy IpM OCMOTMYHOMY CTpeci,
crBoproBanomy ITEI" 6000. OpHax y sragaHiit po6o-
Ti BUKOPUCTOBYBa/IaCb METO/IMKA JOBIOTPUBA/IOrO
(16-roguHHOrO) IpaliMyBaHHs HaciHHA. BogHOYac
BUAIB/IeHI Hamy epeKTM LIi/IKOM HOpiBHIOBaHi 3 Jja-
HVMMU PO MO3UTMBHUI BIUIMB IIPaliIMiHTy MeIaTo-
HiHOM Yy KOHIIeHTpalii 20 MKM HaciHHA TpUTHKase
Ha JI0TO IIPOPOCTAaHHA Ta PiCT MPOPOCTKIB 32 YMOB
ocMotuaHoro crpecy (Guo et al., 2022).

30BCiM HE€aBHO OTPMMAHO HU3KY JAHMX CTO-
COBHO BIUIMBY IpPayiMiHIy HaCiHHA Ha CTiliKiCTh
3€pHOBMX 3/1aKiB JI0 OCMOTMYHMUX CTPECIB, OHAK
Yy LMX JOCHIIPKEHHAX BUKOPUCTAHO iHIII MeTOAM-
K1t 00po6ku HaciHHs MenatoHiHoM. Tak, Y. Fu 3i
crmiBaBT. (2024) mokasany, 10 MpaiiMiHT HaCiHHSA
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Puc. 8. Kopemauiitauit anani3 Ilipcona 3B’s13KiB MXK BIUIMBOM ITOCYXU, 3aCOZIEHHsI 1 MeTTaTOHIHY Ha
pocToBi Ta 6ioximiuHi mokasHuku. Biporigso mpu p < 0,05(*) ta p < 0,01(**)

Fig. 8. Pearson's correlation analysis of the relationships between the effects of drought, salinity, and
melatonin on growth and biochemical parameters. Significant at p < 0.05(*) and at p < 0.01(**)

nmeHnti 100 MkM MenTaTOHiHOM MiJBUITYBAB PiCT
KOPEHiB i TarOHiB MOOIMX POCINH 3a [ii CTabKmx
ocmornysoro (2% ITEI 6000) i conboBoro (0,1%
NaCl) crpecis. IIpn 1boMy aBTOpPM BUKOPMCTOBY-
Ba/Ii METORMKY HOBroTpMBajnoro (12-ropuHHOrO)
NpaiiMyBaHHs HaCIHHA Ta CTPECOBI HABAHTAXKEHH,
SIKI ICTOTHO He BIUIMBa/IM Ha IPOPOCTaHH:A HaciH-
Hs. [losutuBHi epexTy mpailMiHry HaciHHs miie-
HUIl MenaToHiHOM 3adikcoBaHi TakoX y poOoTi
EM. Ismaeil 3i cmiBaBr. (2024), B s1Kiit mpaitMoBaHi
3EpHIBKYM IPOPOLIYBaIM 3a Jii CMJIIBHOTO CONbOBO-
ro crpecy (300 MM NaCl). Y ubomy gocmimKeHHi
Bifl3HaYeHO 36iIbIIEHHSA ITOKA3HUKIB HIBUIKOCTI
IIPOPOCTaHHA Ta JIiHIIHMX pO3MipiB OpraHis mpo-
POCTKIB 3a CTpecoBUX yMOB IIif BIUIMBOM MeJa-
ToHiHy. OfHaK C/lifJ 3ayBaXUTHU, 1O B HaBeJeHil
po60Ti 06poOKa HACIHHS MeTaTOHIHOM TaKOX Oy1a
posrorpusanon (20 rox) i He mepepbadanma BUCY-
UIYBAaHHS HACiHHA Iepefl JI0TOo IpOpOlLlyBaHHAM
3a cTpecoBux yMoB. OTKe, He3BaXKalouM Ha BeNlM-
KUl 00CAT OCTiIKeHb BIUIMBY O0OpOOKM MenaTo-
HIHOM HACiHHA IIIEHMIi Ta CHOPiJHEHUX 3/IaKiB,
JoTelep MaibKe BifCyTHi pob6oTH, B SKMX CIOCIO
006po6Ky 3epHIBOK OyB 6U HAOMVDKEHMM [0 TpaK-
TUYHUX TEXHOMOTiit. Y Hamiit po6oTi Brepie 1mo-
Ka3aHO, 110 iCTOTHMII CTPeC-IIPOTEKTOPHMIA BIUINB
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MEJIaTOHIHY, AKMII NPUSBOAUTDL [0 IiIBUIIEHHSA
CXOXXOCTi HACiHHA i POCTY HNPOPOCTKIB IIIEHMUII
32 YMOB MOJIe/IbHMX ITOCYX) Ta 3aCO/I€HH:A, NPOsIB-
JIAETHCA Vi MiC/IA IIOBHOTO BUCYIIYBAHHA 3€PHIBOK,
IIpaiiMOBAaHUX PO3YMHAMM MeNATOHiHy (puc. 2, 3,
Tabm. 1).

Bigsnaunmo, 1mo B feskumx myOmikanisx mosi-
TOMJIAETHCA PO MOSUTUBHNI BIUIMB IPAVIMIHTY 3
HACTYIIHMM BUCYLIIYBaHHAM HAaCiHHA Ha CTilIKiCTh
iHmmx BuAiB pocnuH. Tak, IokasaHo 1O 6-TOAVIH-
Ha 00poOKa 3epHIBOK KYKYPY[3/ MeJIaTOHiHOM B
KoHIleHTpaniax 250-1000 MKM 3 nopanbliuM BU-
CYUIYBaHHAM IifIBUILYBaja CXOXICTb HaCiHHA Ta
POCTOBI MOKa3HUKM IIPOPOCTKIB B YMOBaX MOJI€/b-
Hoi mmocyxu, creoproBanoi ITET 6000 (Muhammad
et al,, 2023). Takox MOKa3aHo, WO TPAVMIHT Ha-
CiHH:A CcOl M€JITaATOHIHOM B KOHIIEHTpaLiax Big 20 go
300 MxkM mpotAroMm 6 rop 3 HaCTYIHUM BUCYIIY-
BaHHAM IPUIIBMJUIYBAB IPOPOCTAHHA HACIHHA Ta
HiBMIYBaB HAKOIYEHHs 6i0oMacy IPOPOCTKIB 3a
mii compoBoro crpecy (Awan et al., 2023). Takum
YUHOM, € MiJCTaBM BBa)XXaT!, 110 BMKOPUCTAHHA
MEJIaTOHIHY caMe y TEeXHOJIOriAX NMpaiiMiHIy HaciH-
HS MOXe OyTM peajibHUM iHCTPYMEHTOM peryis-
Lii CTIMIKOCTI pOC/IMH pi3HUX BUMIB, IPMHAMMHI Ha
paHHIX ¢aszax pO3BUTKY.
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BopHo4yac B jtiTepaTypi NOBiIOMIAETbCA i PO
edexTuBHICTD (omiapHOI 06pOOKM pPOCIUH PO3-
YYHAMIM MeEJIATOHiHy. 30KpeMa, IMOKa3aHO IMiJBU-
IIEHHA COJIECTIMIKOCTI POC/INH NUIEHNUII 33 IXHBO-
ro obnpuckysanus 70 a6o 100 MkM MeaTOHIHOM
(Talaat et al., 2021; Khan et al., 2024). Takoxx Bu-
ABTIEHO TIOM AKIIEHHS CIPUYMHIOBAHUX ITOCYXOIO
BTpaT BOAM Ta IHTiIOYBaHHSA POCTY POCIMH COI 3a
domiaproi 06po6kn 100 MkM menmaroninom (Jahan
et al.,, 2023).

Y uinoMy ex30reHHMII MeNAaTOHIH MifBUILYyeE
CTIIKICTD POC/IMH [0 CTPECOBMX YMHHUKIB Ha pi3-
HMX (pasax po3BUTKY 3a pi3HUX CIIOCOOIB 06POOKN.
OpHak mpajiiMiHT HaciHHS CTAHOBUTb OCOOIMBMIL
iHTepec, OCKIZIbKM € €KOHOMIYHO JIOLIbHIIINM ITO-
piBHAHO 3 iHIMMM criocob6amu 06pobku (Muham-
mad et al., 2023). Kpim Toro, Taka npouegypa 03Bo-
JI5I€E BUKOPUCTOBYBATH BIUIMB MEJIATOHIHY He JIMILE
Ha aJIalITMBHI peakiii pocinH, a it Ha disiomoriuni
Hpolecy, MOB’sI3aHi caMe 3 IPOPOCTAHHAM HACiH-
HA. OcTaHHE MOXKe OyTU 0COOMMBO BaKIMBUM IPU
BJYKOPVICTaHHI HAaCiHHA 3 HEBMCOKMMM IIOCIBHVMM
AKOCTAMM, HaIIPUKJIAJ, TaKOro, IO 3a3HA€E BIUIMBY
crapinns (Kolupaev et al., 2024b).

Opniero 3i CKIaJOBUX IPUTHiY€HHA IIPOPO-
CTaHHA HAaCiHHA 3/1aKiB 3a YMOB OCMOTUYHOIO Ta
COZIbOBOTO CTpecCiB MOXKe OYTV 3HVDKEHHS aKTUB-
HOCTi aminmasm y 3epHiBkax. Came Takuil edekt
criocTepirascA i B Hamux excnepumeHTax. O6po6-
Ka 3€pHIBOK MEJIaTOHIHOM IIOMITHO 3MEHIIyBaja
iHriOyBaHHA aKTMBHOCTI aMinasy, CIpMYVHIOBaHEe
OCMOTUYHMM CTPECOM, a 3a YMOB COJIbOBOTO CTpe-
Cy Takmili edeKT BMABIABCSA Ha PiBHI TeHmeHIIl
(puc. 4). 1i pesynbpraTu B LIi/IOMY Y3TOJKYIOTBCS 3
manumu po6otn EM. Ismaeil 3i cmiBast. (2024), B
SIKiJl ITIOKAa3aHO IIOMiTHE HiB€/IIOBaHHsA CIPUYMHIO-
BAHOTO CONBbOBUM CTPECOM HPUIHiYEHHA AKTUB-
HocTi a- i B-amina3 y sepHiBKax 3a iXHbOI HoIIepe-
IIHBOI 0OPOOKY MeTaTOHIHOM.

SIK 3a3Havanocs, Tifpoi3 3allaCHOr0 KpOXMaslko
aMizIa3on € K/IIY0BOK NEPeflyMOBOK /A HaJXO-
JDKEHHSI PO3YMHHUX BYIVIEBOMIB [0 OPraHiB IIPO-
pocTKa. Y HallMX eKCIEepVMMEHTaX BiJj3Hadasacs
Iy>XKe BJCOKa IIpsAMa KOPEIALiA MK aKTUMBHICTIO
aMinasy y 3epHiBKax i BMICTOM LIYKDiB y ITarOHax
(puc. 8). BogHo4yac akTMBHICTD aminasu Ta BMICT
LYKpiB TIiCHO KOpemoBany 3 IOKaSHUKAMM CXO-
JKOCTi HaciHHA Ta 6iomacu mpopocTkiB. IIpu 1po-
My 00poOKa MeTaTOHiHOM [OCTOBipHO MiBUIINY-
Bajla BMICT pO3YMHHUX BYITIEBOJIB y IIarOHAX 3a
o6ox tumiB crpecy (puc. 5). Cuig 3ayBaKurtu, 1o
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MTO3UTUBHMI BIIJIMB MEIATOHIHY HAa BMICT I[YKpiB
Yy TKaHMHaX MPOPOCTKIB IIIEHNUIi 32 YMOB CO/IbO-
BOTO CTpecy IIOKa3aHMil TAKOX 1€ y KiZTbKOX He3a-
nexxHux pocnimpkennsax (Chen et al., 2020; Zhang et
al., 2022; Ismaeil et al., 2024). Edextu nigBuieHHs
aKTMBHOCTI aMijlasy Ta BMICTy IIYKpiB 3a CTpeco-
BUX YMOB B 00’€KTax, 00pOOIEHNX MeNTaTOHIHOM,
MOXYTb OyTM HACTiIKOM CIPUYMHIOBAHUX HUM
IIMOOKMX 3MiH TOPMOHA/IBHOTO OanaHcy. 30Kpe-
Ma, SIK II0Ka3aHO, Y KYKYPY/3J IIPaiiMiHI 3€pHiBOK
ME/aTOHIHOM IPU3BOAUB [O MiJBUILIEHHA BMICTY
ribepeniniB Ta 2-imgominonrosoi kucinortu (I0K),
110 B CBOIO Yepry IOCKUJIIOBAJIO €KCIIPECiio TeHiB,
OB sI3aHNX 3 MeTa00Mi3MOM KPOXMAJIIO Ta caXapo-
3u (Wang et al., 2024). Ponb ribepeninis i o neBHOI
mipu IOK y npopocTanni HaciHHA, B TOMY 4MCIIi 32
CTPeCOBUX YMOB, BuBUYeHa gocutb gobpe (Kosakiv-
ska et al, 2022), a ocTaHHIMM pOKaMu HOIOBHIO-
€TbCA BAXKIMBVMM BiJOMOCTAMM IIPO y4YacTh CIIe-
1QiYHNX CUTHAIBPHUX Oi/KiB y pearisaliil BIVIUBY
BKa3aHMX TOPMOHIB Ha MeTaboJIi3M 3allaCHUX BYT-
neBopis (Sghayar et al., 2023; Alybayev et al., 2024).

IligBuileHHA BMICTy pPO3YMHHMX BYIJIEBOJIIB
y IaroHax IPOPOCTKiB, OTPUMAHMUX i3 3E€pPHIBOK,
IpajiMOBaHMX METATOHIHOM, HAIIeBHO, € BaK/IN-
BOI0 CK/JIAZIOBOI0 JIOTO CTPeC-IIPOTEKTOPHOI il
Posunnni ByrneBoau, AKi B €TiONbOBaHUX NPOPO-
CTKaX HafXOHATDb i3 3€pHIBOK 3aBAAKM aKTMBaILlil
rifposi3y KpOXMaJllo, BUKOHYIOTb He JIMIIE IIac-
TUYH] Ta eHepreTuyuHi QyHKUii, a il cTpec-IpoTeK-
TOPHi i, MOXnUBO, perynATopHi. Llinkom ouesBup-
HUM € iXHill BHECOK Yy MiJBUIIEHHA OCMOTUYHOIO
TUCKY, 110 HEeOOXifHO I/ ajamTauii KO IOCYXU
Ta COMBOBOTO CcTpecy. Takox po3umHHi ByrneBopn
BUKOHYIOTb MeMOPaHOIIPOTEKTOPHI 11 aHTMOKCU-
nantHi ¢pynkuii (Kolupaev et al., 2023b). ITokasano,
[0 eK30TeHHa IJII0KO03a CIPUYMHSIA iHriOyBaHHS
NIPOPOCTaHHA 3€PHIBOK IIIEHNI]i 32 ONTVMaIbHNX
YMOB, IIPOT€e iCTOTHO IOCU/IIOBAaja PiCT KOpeHiB i
IIarOHiB IIpY IPOPOILYBaHHI 3a YMOB CO/IbOBOIO
crpecy. TakoX y NPUCYTHOCTI ITIIOKO3M MigBUIILY-
Bajlacsi aKTVBHICTh aHTUOKCUJAHTHUX (PEepPMEHTIB
i 3MeHIIyBanmuCA MOKa3HUKM OKMCHIOBA/IbHUX IIO-
mkomkenb (Hu et al., 2012).

He BukmioueHo, 10 3MEHIIEHHS OKMCHIOBA/b-
HJX IOLIKOIKEHb Yy IPOPOCTKIB, OTPUMMAHMX i3
3€pHIBOK, IpaliMOBaHUX Me/IATOHIHOM, IPMHAIMHI
YaCTKOBO MO)Ke OYTM 3YMOB/IEHO BIUIMBOM MeJIa-
TOHiHYy Ha HAKONMYEHHSA PO3YMHHNX BYITIEBOJIB.
BogHoyac BimoOMO, IO MeJIATOHIH, Mawoum 6e3-
IocepelHi aHTMOKCUAAHTHI BIACTUBOCTI, TaKOX
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3/JaTHMI aKTUBYBAaTM aHTUOKCUJJAHTHY CUCTEMY,
mitoun sK curHanbHa Monekyna (Taboada et al.,
2023).

Y Hammx exclepyMeHTaXx o0poOka 3epHiBOK
MeJIaATOHIHOM TIOIepepKaa CIPUYMHIOBAHE OCMO-
TUYHUM i COMbOBUM CTpecaMy 3HVDKEHHS aKTUB-
HOCTI KaTaymasy B [aroHax MpopocTkiB (puc. 7). Bi-
IOMO, 1IJ0 KaTajnasa fy>ke eeKTNBHO 3HEIIKOIKYE
BUCOKi KoHueHTpanii H,O, y TkanuHax (Scandali-
0s, 1997). IIpuMiTHO, 1[0 B YMOBaX HAIIMX €KCIle-
PUMEHTIB BifI3Ha4ya/sacs BUCOKA 3BOPOTHA KOpesd-
IIif MK aKTUBHICTIO KaTa/lasy i BMiCTOM TifipOTeH
nepoxcyupy Ta MJA y maronax mpopoctkiB (r =
0,914 Ta 0,837 BigmoBigHO). 3 aKTUBHICTIO KaTaja-
311 TAaKOX JJOOpe KOPEIOBAIN BEIMYMHI CXOXKOCTI
HaciHHA Ta 6iomacy mpopocTkis (puc. 8). Taki pe-
3Y/IbTaT¥ MOXYTb CBiJ4UTH IIPO 3HAYHMUI BHECOK
KaTajlas¥ B PpeETyIALil0 IPO-/aHTUOKCHAAHTHOI
piBHOBary 3a Jiii MpaiiMiHIy HaCiHHA M€/TATOHIHOM.
HaroMmicTp y HalIMX €KCIIEpMMEHTaX He BUABJIEHO
BipOrifiHOI KOpenAlii MiX IIOKa3HMKaMJ IIPOpPO-
CTaHHS HaCiHHA Ta aKTUBHOCTI iHIIOTrO (epMeHTy,
3a/liIHOTO y 3HEIIKO/KEHHI TipOreH IePOKCULY
(I'TIO). binbue Toro, 3adikcoBaHO BipOrifHy mpsi-
My KopenAnito Mbk axtuBHicTio I'TIO Ta renepa-
L[i€l0 CYNepOKCUIHOTO aHiOH-pajiMKaja MaroHamu
IpOPOCTKiB mueHuIi (puc. 7), o Moxke BKa3yBaTu
Ha (QyHKIIOHYBaHHS IIbOTO (PepMEHTY He AK aHTU-
OKCUJIAHTY, a SIK IPOOKUCUAAHTY. Bifomo, mo I'TIO
Mo)Xe He Tinbky sHemkomkyBatu ADO, a it 6pa-
TU Y4aCTb y TeHepallil CyIepOKCUIHOIO pafiuKaa
(Kolupaev, Karpets, 2014). IIpu 1pomMy nepexwo-
4YeHHS GepMEHTY 3 aHTMOKCUJAaHTHUX Ha MIPOOKCU-
HaHTHI QYHKLII MOXKe 3ayexxaty Bif cybcTpaTHOro
oToueHHs, pH Ta geAKux iHINX YMHHUKIB.

Ile opni€lo cK/IafoOBOIO peaKLili-BifIoBifell Ha
IiI0 CTpecopiB 1 EK30r€HHOTO MEIAaTOHIHY, AKY BaX-
KO iHTepIpeTyBaTu OJIHO3HAYHO, € 3MiHa BMICTY
IIPOJIiHY B IATOHAX IPOPOCTKiB mireHuti. CTpecosi
yyuHHMKN [TET 6000 i NaCl BUK/IMKammM KIacudHy
peakiilo mifBMIeHHs BMicTy mpomniny (puc. 5B).
OpHak 06po6Ka HaCIHHS MeaTOHIHOM, TO3UTHUBHO
BIUIMBAIOYM Ha IIPOPOCTAaHHA 3€PHIBOK 1 picT Ipo-
POCTKIB 3a CTPECOBUX YMOB, IIPAaKTUYHO He 3MiHI0-
BaJIa BMICT IIPOJIiHy IIPY COTTbOBOMY CTpPeCi Ta [eo
3HIDKYBaJa JOr0 3a YMOB OCMOTHUYHOTO CTpECY,
crBopioBanoro ITET 6000. Panime 6yno mokasaHo,
10 MEJIATOHIH IpU JI0TO HA[IXOM)KEHHI Y4epe3 Kope-
Hi 3a il Ha npopocTky nuennni ITET 6000 cnpusas
IiIBUILEHHIO BMICTYy IIPOJIiHY B HECTIIKOIO COPTY
i He 3MiHIOBaB Iieil MOKasHMK Y cTilikoro (Karpets

et al.,, 2023). IIpo BifCyTHICTb 3MiH BMICTY NpOi-
HY B OKPEeMUX COPTIB IILEHUII 32 il MelTaTOHIHY
B YMOBaX COJIbOBOTO CTPECY IOBiJOM/IAETHCA i Y
pobori Z. Zhang 3i cniBast. (2022). Binbure Toro,
IIpY JOC/IiIPKEHHI IIPOLIECiB IPOPOCTAHHA 3€PHIBOK
COPro pisHMX reHOTUIIB Oy/I0 BCTAHOB/ICHO CU/IBHY
3BOPOTHY KOPENALiI0 MK CXOXICTIO 32 yMOB 3a-
COJIEHHSI Ta HAKOIMYEHHAM IIPOJiHY, Ha IifCcTaBi
YOTO IPUITYCKAIOTh, 110 CUHTE3 POy MOXe Oy TH
aJIalITUBHOIO CTPATETIEI0 POCIVH I TIONEPEKEH-
HA IPOPOCTaHHA 3€PHIBOK y CTPECOBOMY Cepefio-
puwi (Thakur, Sharma, 2005).

BopHovac y HusLi JOCTiIKEHb NOBiJOMIAETD-
€A PO TO3UTUBHMUIA BIUIMB €K30T€HHOTO IPOJIiHY
Ha IIPOPOCTaHHA 3€PHIBOK 1 PiCT pOC/INMH 32 YMOB
OCMOTMYHOIO Ta CONMbOBOrO CTpeciB. Hampukmap,
MpaiiMiHI 3€pHIBOK PUCY €K30T€HHMM IIPOTiHOM
Yy HU3bKMX KOHLEHTpaLifX CIpUAB iXHbOMY IIPO-
POCTaHHIO 32 YMOB conboBoro crpecy (Singh et al.,
2018). Ex3oreHHe 3aCTOCYBaHHSA IPOJTiHY 3MEHIIN-
JI0 CHPVYMHIOBaHE IOCYXOI0 iHTiOyBaHHA pOCTy
Brassica napus L., TONINIIy04M IOKa3HUKY BOJIHO-
rO PEXUMY, BMICTy X/10podiny Ta IomnepemKaodn
PO3BUTOK OKMCHIOBa/IbHOTO cTpecy (Jurkoniené et
al., 2023). B ninomy 06roBopeHHA BHECKY MOJY/IA-
LiJl BMICTy IPOJIIHY B IIpOLieCK afamnTalii poCInH
IO OCMOTMYHNX CTPECiB BUXOGUTD 32 paMKU TEMI
niei po6oru. Crij muiie 3ayBaXknTH, 11j0, He3BaXKa-
J04M Ha 3/IaTHICTb POCIAMH iCTOTHO MiBUILyBaTH
BMICT IIPOJIiHY 33 CTPECOBUX YMOB, TAaKOX BifloMO i
IIpo iHriOyBaHHA poCTy Ta iHMMX QYHKILI pocInH
3a HaUIMIIKOBOI'O BMICTY IIPO/HY Ta IPO BUCOKY
TOKCUYHICTb NPOAYKTIiB itoro Metabomismy (Me-
ena et al., 2019). VmoBipHo, 1o edextu mpominy
(3axmcHi abo picT-iHribyBanbHi) 3ameXaTMMYTh
Bifl 10TO K/IITMHHOI KOMIIaPTMEHTALlii Ta CK/IaJHOI
¢dyHKIIOHa/IPHOI B3a€MOJII 3 iHIIMMU KOMIIOHEH-
TaMJ CTPeC-TIPOTEKTOPHIX CUCTEM.

Sk yxe 3asHavanmocsA, BIUIMB MENATOHIHY Ha
BMICT IIPOJIIHy 3a CTPECOBUX YMOB 3aJIEXUTb Bif
BUIOBUX 1 copToBux ocobmusocteil pocnu (Kar-
pets et al., 2023). He BUK/TIOU€HO TaKOX, 110 3a7I€X-
HO BiJl 00’€KTIB i eKCIIepMMEHTaTbHIX YMOB BHECOK
Pi3HMX CTPeC-IPOTEKTOPHUX CUCTEM Y CIIPUYMHIO-
BaHUII MeTTATOHIHOM eeKT MiBUIeHHS CTIIKOCTI
POCIMH MOXe pisHMTHCA. Y paMKax JOCTiIKyBa-
HOI HaMy Mogei (eTionboBaHi MPOPOCTKY 3 IIpaii-
MOBAHOTO MeJIAaTOHIHOM HAcCiHHs, IO INAZAIThCA
Iii OCMOTMYHOrO Ta COBOBOTO CTPeCiB) IMOBIpHO
Haltbi/pIIy porb B afanTalii BigirpaBano 3pocraH-
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Effect of melatonin priming on seed germination, carbohydrate metabolism,
and antioxidant system in Triticum aestivum (Poaceae) under drought and salt stress
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1/3 Skovorody Str., Poltava 36003, Ukraine

Abstract. Treatment of plants with melatonin (N-acetyl-5-methoxytryptamine, MT) can increase plant resistance to various
abiotic stresses, including drought and salinity. However, the effect of melatonin priming of cereal grains, in particular of
wheat, on their germination and the state of seedling defence systems under osmotic stress remains insufficiently studied, and
this determined the aim of our research. The effect of incubating seeds in a melatonin solution at a concentration of 20 M
for 3 hours, followed by drying, on the germination of seeds of winter common wheat (Triticum aestivum 'Etana’), seedling
growth, and the state of their antioxidant and osmoprotective systems under the influence of model drought (15% PEG with
a molecular weight of 6000 Da) or salinity (150 mM NaCl) was evaluated. Under the influence of PEG 6000 and especially
NaCl, a decrease in seed germination and inhibition of seedling growth were observed. Pretreatment of seeds with mela-
tonin solutions significantly alleviated these effects. Stress factors caused a decrease in amylase activity in grains and sugar
content in seedling shoots, and treatment of seeds with melatonin eliminated these effects. Melatonin priming also reduced
the generation of reactive oxygen species (ROS) by seedling shoots and the accumulation of the lipid peroxidation product
malondialdehyde (MDA) under stress conditions. The high positive correlation of seed germination and shoots growth with
amylase activity, sugar content, and catalase activity indicates the contribution of changes in carbohydrate metabolism and
the functioning of the antioxidant system to the stress-protective effect of melatonin. At the same time, proline content in-
versely correlated with germination of seeds and growth but directly correlated with ROS generation and MDA levels, which
characterise the development of oxidative stress. It was concluded that melatonin priming of wheat seeds is promising for
improving germination processes under adverse conditions.

Keywords: antioxidant system, drought, melatonin, resistance, salt stress, seed germination, Triticum aestivum
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HocmimKeHHA reHeTUYHOr0 Pi3HOMAHITTA
Ta MOMYIAIIITHOI CTPYKTYpU pIKilo ApiOHOMIiZHOTO
(Camelina microcarpa: Brassicaceae) B YKpaini

Bnagucnasa I. CAXAPOBA ! ) Poctucnas . BJIIOM *
Amnacracia M. PABOKOHBD ! (), Cepriii JI. MOCSKIH 22, fIpocnas B. BIIIOM !
! IncturyT xapuosoi 6iorexuonorii Ta renomiku HAH Ykpaiun,
By/1. baiiau-Bumnesenbkoro 2a, Kuis 04123, Ykpaina
2 Tncturyt 6oraniku im. M.T. Xonogroro HAH Ykpainu,
By Tepemenkiscbka 2, Kuis 01601, Ykpaina

* ABTOp 1A muctyBaHHA: blume.rostislav@gmail.com

Pedepart. Pig Camelina B Xozi eBOMIOLiIIHOI icTOpii 3a3HAB YMCTIeHHNUX IOA1i ribpruan3anii y moefHaHHi 3 a0NOIIIIOIRIE.
Pwxiit gpi6uonniguuit (C. microcarpa) — muka mpenkoBa ¢opma OJiitHOI KyAbTypu pikito mociBaoro (C. sativa) — €
OIHUM i3 HaliIOIMpPEeHIINX MpefCTaBHMKIB posy. B cBoro 4epry, C. sativa 4epe3 3By>KeHHsA I'€HETMYHOTO Pi3HOMAHITTA
BHACMIOK e(eKTy IMIKM IUIALIKM Ta HOJAJIbLIOTO ONOMALIHEHHS NEMOHCTPYE HM3bKMII piBeHb IHoniMop¢isMy, 110
3HAYHO YCK/IafiHIOE cenekuio uiei Kynprypu. Ionynauii C. microcarpa BBaXXaroTbCA LiHHUM IPUPOSHMM Pe€3€pByapoM
TeHeTUYHOTO MoNiMopdiaMy, kit Moxe Oy Ty eeKTIBHO BUKOPUCTAHMIT L iHTporpecii reHis y C. sativa s IOfoNaHHs
J10T0 HelOCTAaTHBOI FeHeTNYHOI BapiabenbHOoCTi. [TpoTe reHeTMYHe PiSHOMAHITTA Ta MONY/IALiHa cTpyKTypa C. microcarpa
3a/IMIIAIOTHCS HETOCTATHBO BUBUEHUMH, OCOOMMBO B YKpaiHi, SIKa BBOXKAETbCS LIEHTPOM T'eHeTYHOTO PiSHOMAHITTS POAY.
Y nHamomy gocnifxeni Bukopucrano kom6inariro TBP/cTBP- Ta SSR-MapkepiB [/1s1 OLiHKY TeHETHYHOTO PiSHOMAHITTS Ta
BM3HAYEHHsA NMOMNy/ALiitHOI cTpykTypu C. microcarpa B YKpaiHi Ta 4aCTKOBO B IIpMJIEITMX perioHax 3axifnoi €spomnu. Lle
TO3BOIWIO BUABUTK TPU OKpeMi FeHeTUYHi MOIyJIALiil: miBeHHy (epeBakHO momnpeHa B Crenosiit 30Hi) Ta miBHiYHO-
3axigHy (mepeBaxkHo y Jlicocremosiit 30Hi Ta yactkoBo y IIpykapmarti, 30kpema y JIbBiBChbKiil 06macTi) yKpaiHCBKi, a
TAaKOX 3aXiTHOEBpPOIeIchbKy momysalio (ITompura, Yropmmaa, Himewunna). ITiBgeHHa yKpaiHChKa MOMYIALA IeMOHCTPYE
HaJBUIIY TeHeTUYHY Pi3HOMAHITHICTb, MOX/IVBO, ABJIAI0OUN COOO0I0 IIPEIKOBY I'PYILY, TOA1 AK MiBHIYHO-3aXigHa yKpaiHCbKa
Ta 3aXiHOEBPOIeNIChbKA IOMY/IALil BUAB/AIOTH O3HAKM OOMIHY TeHeTMYHUM MaTepialoM 3 IiBJJEHHOK YKPalHCBKOIO
nonynsuieio C. microcarpa. OinmoreHeTNYHNIT aHA/II3 MiATBEPANB 3HAUHY AydepeHLialilo TPbOX NOMY/IALil, TOAI K aHaIi3
CTPYKTYpU IHOIy/IALil BUABUB BICOKWIT piBeHb ribpupamsarnii Mbk momymanismMu. OTpuMaHi pe3yabTaTi 3HAYHOK MipOIo
MOKPAIlYIOTh PO3YMiHHA eBomoLii Ta mommpenHsa C. microcarpa. Bucoka reTepo3SUrOTHICTb i CK/IajjHa IONYALiliHA
CTpyKTypa mifgkpecmiooTs moreHuian C. microcarpa (0CO6MMBO MiBAEHHOI YKpaiHCbKOI MOMY/IALl) A/si BUKOPUCTAHHSA
AK JIOHOpA TeHeTMYHOoro Marepiany mma cenekuii C. sativa. [TpoBefieHe fOCTiIKeHHA [ae HOBE YABIEHHA MPO €BOIOIiI0
reKCaIUIOIAHNUX TpefCcTaBHUKIB popy Camelina Ta IXHE TeHeTHYHe PiSHOMAHITTS, 3aK/IaJal049N OCHOBY AJIs PO3POOIEHHs
CTpATeriii IIOfI0 BMKOPUCTAHHA TE€HETUYHUX PECYpCiB [JUKMX POAMYIB PIDKiI0 IIOCIBHOTO [ JOTO CENeKIiffiHOTO
MOKpAIIeHHA.

KmrouoBi cnoBa: Brassicaceae, Camelina microcarpa, [uki popudi KyIbTYPHUX POCINH, OMilfHI KyIbTYpH, HOLIMPEHHH,
pyoxiit gpibHoUTiAHMI, YKpaiHa
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JlocmimKeHHsI TeHeTUYHOTO PI3SHOMAHITTA Ta HONy/ALiiHOL cTpykTypu Camelina microcarpa B Ykpaini

Bcryn

IIporarom ocraHHix pecatwrite pig Camelina
Crantz (Brassicaceae/Cruciferae) npuepTae Bce
Oimply yBary JOCTiHMKIB, IEBHOI MipoOI0 depes
HOTeHIiliHe BUKOPUCTAHHA prokiio nocisHoro (Ca-
melina sativa (L.) Crantz) six 6aratodyHKI[iOHa/Ib-
Hoi oniitHoi kynprypu (Nguyen et al., 2013; Rakh-
metov et al., 2014; Faure, Tepfer, 2016). 3aBasku
0COOMMBOCTAM CKIAly XKVPHMX KMUCIOT Ol Ha-
CiHHA IJ0 KyJIbTYPy MOXXHa BMKOPMCTOBYBATHU AK
CHPOBMHY IS 6iomanyBa, IPOMUCIOBY Ta HillleBY
npoposonbdy KynpTypy (Yakovleva-Nosar, Lyakh,
2018; Ghidoli et al., 2023; Lykhochvor et al., 2024).
[Tnomi BupouryBaHHA puXilo B €BpoIi NepesBu-
myooTb 10 000 ra mopiyno (Zanetti et al., 2021).
OxynbTypeHuit piokiil 3apeKoMeHAyBaB cebe K
JKepesio pOCIMHHOI O71il /11 BMpoOHUITBa Giope-
AKTMBHOTO TIaJIbHOTO, SIKE BXK€ BUKOPVCTOBYBAJIO-
€Al Y BENVKIill KiIbKOCTi TecToBUX 1onboTis y CIITA
Ta €Bpomi. Ha cborogHi umcineHHi mocmimkeHHs
MigTBEPANIN, 1O PYVKi TOCIBHMII € IEPCIIEKTUB-
HOI0 CMPOBMHOM /Ui BUpoOHUITBa OionanuBa Ha
ocHosi omii y IliBHiyniit AMepuni ta €spormi, 30-
kpeMa 11 B Ykpaiuni (Vollmann, Eynck, 2015; Berti
etal,, 2016; Blume et al., 2022). Buxopucranus 6io-
IajyBa, OTPUMAHOIO 3 PIDKilO, [JO3BO/AE 3HU3M-
TU BUKUJIM ITAPHUKOBMUX rasiB Ha 80% NOPiBHAHO
3 TpaguLiiiHuM aBiariitHuM namusBoM (Mupondwa
etal., 2016).

Camelina sativa — e §aBHA OJiiiHA KYJIbTYpa,
AKa IMPOKO Ky/IbTUBYBaaach B €ppori 1o XX cro-
JTTA, JOKM 1i BUPOLJYBaHHA He CKOPOTUIOCA Ha
KOPMCTD iHIINX OMIMIHMX KY/IBTYP, 10 IPU3BEIIO [0
3HVDKEHHS T€HETHYHOIO Pi3SHOMAHITTA B Cy4acHUX
coprax (Zanetti et al., 2021; Blume et al., 2023). Ha
CBOTO[IHI IIMPOKE BUKOPUCTAHHA L€l KyIbTypu
YaCTKOBO OOMeXeHe duepe3 [esiKi HeCIPUSTINBI
arpOHOMIYHI BJIACTMBOCTI, TaKi K OCUIIAaHHA Ha-
CiHHA i BUIATaHHA, 10 3HVDKYIOTb YPOXKalHICTb, a
TaKOXX 4epe3 BifICYyTHICTD cTabiMbHMUX Ta IHTEHCUB-
HUX CEJIEKIiITHNX MpOorpaM, CIpsAMOBAHUX HA JIO-
CATHEHHs PiBHSA BPOXAITHOCTI, 3iCTaBHOTO 3 Oi/IbII
yCTa/lleHMMM OMiIHUMU KY/IbTypaMM, TaKMMMU SK
pimak (Vollmann, Eynck, 2015; Berti et al., 2016;
Komarova, Rozhkovan, 2020; Zanetti et al., 2021;
Hryhoriv et al., 2023). IIpore, cenexiis 1i€l Kynb-
TYypM 3HAUHOIO Mipol0 OOMeXXeHa Ha/I3BUYAIHO
HU3bKUM FeHETHYHIM PiSHOMAHITTAM, 1O YCKIIafl-
HIOETbCs depe3 ii (pakynbraTMBHE CaMO3alVIIeH-
Ha (Manca et al,, 2012; Kagale et al,, 2014). Oxpim

TOTO, aJIOTeKCaIlJIOifiHa opraHisanisa renomy C. sati-
va (2n = 6x = 40, N°N’H’) we Ginblue ycKIagHioe
TOCTiPKEHHA, CIPAMOBaHI Ha IIOKPAllleHHA L€l
kyneTypu (Kagale et al., 2014; Blume et al., 2023).
3 ornAxy Ha BMIe3a3HayeHe, iHTporpecis reHis Bif
OVMKUX POAUYIB PIDKiI0 BUIIA/IA€ MEpCHeKTUBHOIO
MOXKJIVMBICTIO JJISI TIOO/IaHHSA I0TO HU3bKOT'O reHe-
TUYHOTO Pi3HOMAHITTA.

Pig Camelina € BifHOCHO HEBENIMKUM i CKia-
TAETbCA 3 CEMU-BOCbMM BUAIB, 3 Pi3HIM piBHEM
IIoigHOCTI, Hpu4yoMy OinbuiicTe HOMIIOINiB
MalTh CKJIaJ[HE aJIOTOJIIJIOINHE TIOXOMKEHHS
(Blume et al., 2023). Apean 6impirocti gumIoin-
HUX BUAIB gyxe oomexxennit: C. hispida Boiss. Ta
C. laxa C.A. Mey. noumpesni B Ipano-TypaHcbkoMmy
¢nopuctuunomy perioni, a C. neglecta J.R. Brock,
Mandakova, Lysak & Al-Shehbaz unni 3agikcosa-
Hutt muie y @pannii (Brock et al., 2019; Zerdoner
Calasan et al., 2019). ITpore BujM 3 BUIIOI IIIO-
imHicTiO, Taki sk Terpamnoigumit Bug C. rumelica
Velen., moumpeHi 1joHaiMeHIlle B MeXXaxX yCbOTO
€BpasilicbKoro CTENoBOro MOACY Ta MiBIEHHUX
yacTuMH €Bpomny, a rexcannoigumit Bup C. micro-
carpa Andrz. ex DC. Temep BXXe IIMPOKO PO3MOB-
CIOMBCS Y 6aratbOxX perioHax CBIiTY 5K a/jBeHTUB-
Ha pociuHa (Iljinska et al., 2007; Elias et al., 2014;
Brock et al., 2018, 2022a, 2022b; Zerdoner Calasan
et al,, 2019; Mandakova, Lysak, 2022, etc.). Cameli-
na microcarpa 4acTo pO3IIALAETHCS K HailOiIbII
TepCIEeKTUBHMI UKW POAUY J/1 MIKBULOBOI Ti-
6puausarnii 3 KynbTUBOBaHUMU pocmHamu C. sati-
va. et pUKNI1 poAnd € 1O CYTi JOOLOMAaILIHEHOO
¢$hopMoI0 pIIKiI0 MOCIBHOTO, Ma€ OZHAKOBY 3 HUM
IJIOIHICTh Ta 3HAYHO BUINMII piBEHb TI'€HETUY-
HOro pisHoManiTTs (Blume et al., 2023). Ognak ue
3aBIaHHsA e Oi/iblile YCKIaTHIOETHCS HasBHICTIO
KiZIbKOX BifIMiHHMX MK COO0I0 LIUTOTUIIIB Y MeXKax
36ipaoro Bupy C. microcarpa sensu lato (y mmpo-
KOMY pO3yMiHHi, Ha OCHOBI Mop(bonori'l'), KNI, K
BUABUIOCA, MOXKE ICHYBaTy y BUIJIAZAL OUIIIOIGHOL
dbopmn (HewomaBHO BUSBIEHOI Ta BU3HAHOI Te-
nep sk okpemmit Bup C. neglecta), TeTparuioifHol
(‘C. intermedia, nom. provis.) Ta IpuHaMHi FBOX
TeHeTUYHO PisHMX rekcamnoiguux ¢opm (Manda-
kova et al., 2019; Mandakova, Lysak, 2022). Taxum
4yHOM, Y Mexxax C. microcarpa sensu lato BusBme-
Hi KPUIITUYHI BUY, 3aBJAKM YOMY TaKCOHOMi4He
posyminus C. microcarpa sensu stricto (y BysbKoMy
PO3YMiHHI) 3BYXXYETbCS 10 BK/IIOYCHHS JIMILE I'eK-
cammnoigaux ¢opm. Kpim Toro, HemojaBHE ceKBe-
HyBaHHs pAumtoigHux Bupis Camelina 3Ha4HO
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CIPUAIO CYYaCHOMY PO3YMIiHHIO €BOJIOLIl 1IbOTo
pony (Martin et al., 2022; Chaudhary et al., 2023a;
Wang et al., 2024).

Pesynbpraty HefaBHIX JOCTiIKEHb CTPYKTypu
nonynAninn ta cxiapgy umrorumis C. microcarpa
3acBifuMIM, WO Leil BUJ, TNPEACTaBIEHMUI Kilb-
koma (enornmoBo (MopdonorivHo) mHOpiOHMMMK
¢dbopmaMu 3 BiMiHHOCTAMU y piBHAX IUIOIgHICTI,
KibKOCTi XpoMocoM (2n = 4x = 26, 2n = 6x = 38,
2n = 6x = 40) Ta 3 Pi3HOI CTPYKTYPOIO T'EHOMY,
BigmoBigHo (Martin et al., 2017; Mandakova et al.,
2019; Chaudhary et al., 2020). I[TpegcTaBHUKY [UX
TPbOX LUTOTUIIB 3a3BMYall MOXKYTb TPaIULATHCA
HaBiTh y Me>Xax ofHiei momysunii abo Ha cycifHix
teputopisx (Martin et al., 2017). Byno mokasaso,
mo nuue opuH uurorun C. microcarpa, a came
(uuro)tun 1 (2n = 6x = 40, N°N’H’), Bio6pasxae
MIOXO/PKEHH:A Ta CTPYKTypy TeHomy Bif C. sativa i
MOXXe e(deKTUBHO TiOpuamayBaTu 3 OKYIBTYpe-
HJMM PVOKIEM IIOCIBHMM; HATOMICTb CXpeljyBaH-
HA 3 C. microcarpa i3 MEHIIOI KiTbKiCTIO XpOMO-
coM Mae ayxe obmexenmit ycmix (Martin et al.,
2019). Ha >xanp, NpegcTaBHUKY IIbOTO LUTOTUIY
(2n = 6x = 40) 3pmebinpiroro mommnpeHi B obmMexe-
HoMY apeasti KaBKa3bKoro perioHy, xoua B JeAKUX
TOOC/I/PKEHHAX IOBIJOMJIANIOCHh IIPO IIOTO HasB-
HicTb y IliBHivyHill AMepuni Ta Ykpaini. binbm no-
mypenutt yurotun C. microcarpa — (UUTO)TUII 2
(2n = 6x = 38, N°N’N®) — € momiHywouum i Tpa-
wiAeTbca B €Bpasii ta [liBrivyniin Amepuni (Brock
et al., 2020, 2022a, 2022b). OgHax Lieil LUTOTUII
Ma€ iHIlle TeHOMHe NOoXomKeHHs, HDK C. sativa,
1[0 0OMEXXY€E J10r0 CyMICHICTb IIpU CXpellyBaHHi 3
OKY/IBTYpeHO0 (GOopMOIo proKito mociBuoro (Martin
et al,, 2019; Mandakova, Lysak, 2022).

Cxigna €Bpoma, 3okpeMma 11 YkpaiHa, BBaXa-
€TbCSI BOXXIMBYM OCEPEIKOM T€HeTUYHOTo pi3Ho-
MaHiTTs rekcarmoifuux BupniB Camelina (Iljinska
et al., 2007; Ghamkhar et al., 2010; Blume et al.,
2024a). Ilomepemni AOCHTiIXKeHHS CBif4aTh PO
HAsABHICTb IOHAlIMeHIle MABOX OKPEeMUX TIeHe-
tiuHux nonynauin C. microcarpa (uuto)tumy 2
B YKpaiHi. BogHouac, TakoX NMOBiZOMIIANIOCH PO
HasABHICTb Ha TepuTopii Ykpaiuu i C. microcarpa
(umro)tumy 1 (Brock et al., 2020, 2022a; Blume et
al., 2023, 2024a). Kpim Toro, miBmeHHO-3axiqHa Ya-
CTVHa YKpaiHU € perioHOM, 3BifIKM Iieil TAKCOH OYB
BIIepIIle OINCAHMII 3a repbapHumm 36opamu AH-
ToHis AnmxeitoBcpkoro (Mosyakin, Brock, 2021).
3Ba)Kalouy Ha BUILe3a3HaueHe, KOMIUIEKCHUI aHa-
J1i3 TEHEeTMYHOIO PI3HOMAHITTA Ta IONY/ALIHOI

146

crpykrypu C. microcarpa B LJbOMYy peTioHi Mae
BE/IMKE HAyKOBE Ta IOTEHLi/iHE IPAKTUYHE 3Ha-
yeHHA. IIpore, reHeTYHe PiSHOMAHITTA Ta MOMy-
nanifiHa crpykrypa C. microcarpa 3amuIualoTbes
HENOCTAaTHbO BUBYEHUMM, OCOOINBO B YkpaiHi,
sKa BB@)KA€TbCA LIEHTPOM I'€HETUYHOIO pisHOMA-
HiTTA popy. lle 3HauHO 0OMEXye BUKOPMCTAHHSI
pVKifo ApiOHOIUTITHOTO Y CeNeKIiHIX IporpamMax
C. sativa. Kpallle po3yMiHHA T€HETMYHOTO Pi3HO-
MaHITTA Ta NONYIALIMHOLI CTPYKTYpPU BUJY Ha LI
TepUTOpii B MaiiOyTHbOMY [O3BOTIUTH €(EeKTUBHO
BUKOPUCTOBYBaTU AuKi reHotunm C. microcarpa 'y
cenexuiriHux nporpamax C. sativa, CIpAMOBaHUX
Ha II0J0/IaHH: HM3bKOTO I€HETUYHOIO Pi3SHOMAHIT-
TA OKY/IBTYPEHOTO pIpKito nociBHoro. Tomy MeTor0
HpefcTaBneHol pobotu Oyna OLjiHKa TeHeTUYHOI
pisHOMaHiTHOCTI Ta nomynAuiiHoi crpykrypu C.
microcarpa B YKpaiHi Ta 4aCTKOBO B IPWJIET/INX pe-
rionax 3axifiHoi €sponu.

Marepianu Ta MeTOoaU

Pocnununit marepian

¥ 1poMy BOCIifI)KeHHI IpOaHaji30BaHo 76 3pa3KiB
pocnuH, 6ibuIicTh 3 sAKux Oynu Bifibpani 3 Hami-
OHa/IbHOTO repbapito Ykpainu — rep6apito Inctu-
TyTy 60TaHniky im. M.I. Xonogxoro HAH Ykpaiun
(mbxuapopuuit akponim KW sriguo 3 Index Her-
bariorum, Thiers, 2009-onward), 3 pi3Hux perioHis
Ykpainnu; Ta 6 3paskiB — 3 USDA National Plant
Germplasm System (CIIIA) (PI 633186, PI 633187,
PI 633188, PI 633189, PI 633190, PI 650137). Bix
3pa3KiB 3HAaYHO Bapil0BaBCA: HANCTApIIIl €K3eMII-
JIApU JATYIOTbhCA cepenyHor XIX cTomiTTA, ToAi AK
HaiicBDXimi 3pasku 6ymm 3i6pani y 2020 p. (Blume
et al, 2024a). IToBHMIT CHOMCOK ROCTIIXYBaHUX
3paskiB HaBemieHO B Tabm. 1. Bimbip pocnmmuHOrO
Matepiany 3 repbapHuX 3pasKiB 37iliCHIOBaBCs Mi-
HIMa/IbHO IeCTPYKTUBHUM criocoboMm. Sk mpaBu-
710, Bigbupanu ¢parment nuctka 1x1 Mm. OpHak
repbapHi KOMeKIii 4acTo MICTATh POCINHY, 3i0paHi
Ha Pi3HMX CTaifgX IXHBOIO YKUTTEBOTO LIUKIY, Ya-
CTO 3 MiHIMaJIbHOK Ki/IbKICTIO MUCTKIB ab0 71 B3a-
rani 6esmucti. Tomy y po6oTi 6ymy BUKOpUCTaHI He
TIZIbKI JINCTKMY, A il HACIHHA Ta CTY/IKU CTPYY€UYKiB.
Hns 3paskis, orpumanux i3 USDA-NPGS, y mocni-
IPKEHHI BUKOPMCTOBYBa/IOCA HaCiHHA.

Bupginennsa [IHK Ta ITJIP anamnis

Tenomny JTHK Bupinamm sa sonomororo DNeasy Plant
Mini Kit (QIAgen) 3a mpoTokonoM, MOAMbIKOBaHNM
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Hamy Jyia repbapHux 3paskiB (Sakharova et al.,
2022). 3pasku Baroto npu6mszo 0,1-0,5 Mr momi-
IanM y IIaCTUKOBI mpobipku 06’emom 1,5 My Ta
3aMOpOXXyBanu B pifkomy asori. Ilicma samopo-
JKYBaHHA 3pasKy MOAPiOHIOBA/IN 10 IOPOIIKOIO-
HibHOrO cTaHy 6esmocepenHbO B Npobipkax, BH-
KOPMCTOBYIOYM CTE€PWIBHUI IIACTUKOBUII TOBKAY.
Inky6yBamu 60 xB (3amicTb craHmapTHux 10 XB,
3a3Ha4YeHMX y IIPOTOKOJI 1iboro Habopy) mpu 65 °C.
[Totim y mpobipky nopasamu 450 mxn AP1 6ydepy
(3amicTp 400 MKIT 3TifIHO /IO CTAaHAAPTHOTO IIPOTO-
kony) Ta 4 mx1 RNaseA ta nepeminrysanu Ha Bop-
tekci. Ilicna eramy misucy popmasamu 130 mxn P3
6ydepy Ta inky6ysanu 10 xB (3amicTh 5 XB) Ha /1bO-
ny. byno BcraHoB/IeHO, o nofibHa Mopmikanisa
IIbOTO eTaIly CIIpUsE KPALIOMY OCa/PKeHHIO OiIKiB
ta momicaxapuzis (Drabkova et al., 2012; Costa et
al., 2014). Ina emoroBanug THK nBiui gomasanu
no 15 mxn AE 6ydepy Ha 10 xB (3amicTh 50 MK Ha
5 XB) pu KiMHaTHiil TeMIlepaTypi.

[ToniMepasHy /TaHIIOTOBY peaKlilo IPOBOAM-
mm 3a poromMorowo amimigikaropa Thermal Cycler
2720 (Applied Biosystems, CIIIA), BUKOpUCTOBYIO-
4y crenyivHi npaiMepu 0 MiKpOCaTe/iTHIX I0-
crnipoBHOCTelt (SSR-aHamisy), 10 MPOXEMOHCTPY-
Ba/IM BUCOKY BapiabenbHicTh npu mocmimkenHi C.
sativa, a came waTb SSR-mapkepis (Lib19, P6E4,
P3C3, P4E6, P4C2) (Manca et al.,, 2012; Blume et
al., 2020). Kpim Toro, BUKOpUCTOBYBa/IM BUPOLKe-
Hi mpajiMepu [0 IepIIoro iHTpoHy reuis PB-TyoOy-
niny (TBP-ananis) Ta go apyroro inrpony (cTBP)
(Galasso et al., 2015; Braglia et al., 2023), ockinbkn
iHTpoHN reHiB B-TyOyIiHy 6ynM IPOJEMOHCTPOBA-
Hi sik Hay(iiiHi Mapkepu st Camelina (Blume et al.,
2020).

Ockinpku rep6apna JJHK moxe 6yTu 4acTkoBO
merpajoBanowo, ebexrusHime I[TJIP mpoxomuma 3
BUKOPUCTAHHAM HAbOpy peareHTiB i aMivtii-
kanii THK 3 "rapsumm craprom” (Neogene PCR
mix 2x HOT) sa sasganerigp nigibpanummu mporo-
konmamy 1A TBP/cTBP-ananisy: mouaTkoBa fmeHa-
typauisg npu 95 °C — 12 xs., 40 unkiis amridi-
Kamii (94 °C — 30 ¢, 55°C — 40 ¢, 72°C — 1 xB
30 ¢), xiH1leBe monOBXKeHHs 3a 72 °C mpoTsrom 8
xB, yrpuManHA 3a 15 °C. Ina SSR-ananisy sacro-
COBYBaBCA TaKMil IPOTOKOJ: IIOYATKOBA [IeHATY-
pauis npu 95 °C — 12 xB, 35 unkiiB ammmidikanii
(menarypauis npu 94 °C — 30 ¢, Bigman npaiimepis
IIpM ONTMMAJIBbHIN Temneparypi — 30 ¢, enoHranis
npu 72 °C — 30 c), kiHleBa enoHranis npu 72 °C
— 8 xB, yrpumanna npu 15 °C. IlocnigoBHOCTI

BUKOpUCTaHUX ImpaiiMepiB SSR-mapkepis (P3C3,
P4C2, P6E4, P4E6, Lib19) ta TBP/cTBP Ta ixni
TeMIeparypy Binmany Oymy omy61iKoBaHI Hamu
panime (Blume et al., 2020). IIpogyxtn amiuridi-
Kalil po3OiANIM 3a HOIOMOIOK BEPTUKATbHOIO
eneKTpodopesy B 6%-My IOTiaKpUIAMiTHOMY Teii
3a HefeHarypylounx ymoB B 1x TBE-Oydepi (uac
po3fineHHs1 (parMeHTiB CTAaHOBUB 2-3 TOAMHMU
npu 350 B). BinrBoproBani ¢pparmentn JHK Bisy-
anizyBanu uurixoM ¢apOyBaHHs HiTpaToM cpibma
(Benbouza et al., 2006). Jopxuny ¢pparmeHTiB Bu-
3HaYalM 3a HOIOMOron Mapkepa mowxmum JHK
(O’'Gene Ruler™ 100bp Plus DNA Ladder; Thermo
Fisher Scientific, CIITA) (Braglia et. al., 2023).

OniHka e)eKTUBHOCTI MapKepiB Ta BM3Ha-
YEeHHs CTPYKTYPU FeHEeTUYHOTO Pi3HOMAaHITTA
C. microcarpa

Ilnudposi ¢pororpadii renis aHanisysamm 3a gono-
Mmoroo mnporpamm Gel Analyzer (https://gelana-
lyzer.software.informer.com/1.0/). B orpumanux
npodinax TBP, ¢cTBP i SSR 6ynu ouineni nmuiie
BiTBOPIOBaHI Ta 4iTKi cMyru. ®parMeHTH 3aIUCy-
BaJIi 3a IOIIOMOI'0OI0 [ABiIKOBOI CUCTEeMMU: HasIBHUM
(dparMeHTaM IPUCBOIOBAIN 3HAYEeHHA 1, a BifcyT-
HiM — 0. OTpuMaHi faHi MONEKYIAPHUX MapKepiB
Oy/1u BUKOPUCTAHI IS HOAA/IbLUIOrO (iToreHeTnd-
Horo aHanizy. OnTuMabHi Mofeni A/ Mo0ysoBu
fiepeBa METOZIOM MAaKCMMaJIbHOI IIpaB/IONOfiOHO-
cri (Maximum Likelihood, ML) BusHavanu 3a mo-
nomoroo ModelFinder (Kalyaanamoorthy et al,
2017). Ina Habopy BUKOPUCTAHUX MapKepiB OITHU-
ManpHOI0 Mopento 6yna JC2+FQ+I+G4. dinore-
HeTwuHuit ananis (ML) mpoBofunn 3a OIOMOromw
BeO-Bepcii iHcTpymenTy IQ-TREE (http://igtree.
cibiv.univie.ac.at) (Nguyen et al., 2015; Trifinopo-
ulos et al, 2016) 3 6yrcTpen-migTpumkoro 1000,
Bukopucrosytoun UFBoot mma ynbTpaliBujgKoro
oyrcrpenryBannsa (Hoang et al., 2018). Orpumani
¢inorenernyHi gepesa Oyam BisyanisoBaHi 3a Jo-
momoroio Beb-Bepcii iTOL v6 (https://itol.embl.de)
(Letunic, Bork, 2024).

JInd BU3HauYe€HHA TONYNALIAHOI CTPYKTypHu
Ta TEHeTUYHOrO Pi3HOMAHITTA BUKOPUCTOBYBa-
mn nporpamy STRUCTURE 2.2.3 (Hubisz et al,
2009). Inst peKOHCTPYKILil He BUKOPYCTOBYBAJINCS
IonepenHi laHi MO0 MOXO[)KEeHH:A 3pasKiB. [lia
aHami3y OyaM BCTaHOBJEHI Taki mapamerpum: 10°
irepaniit Bunamosanus (burn-in) ta 2x10° irepa-
iit g 06paxyHky MapkiBcbKuX JyaHIfioris MoH-
te-Kapmo (Markov Chain Monte Carlo, MCMC).
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Ta6muus 1. Jlokanii 360py repoapuux 3paskis Camelina microcarpa (KW) ta 3paskis, orpumannx Big USDA National
Plant Germplasm System, Axi 6y/m1 BUKOpHCTaHi I MOTEKYIAPHO-TEHETUIHOTO AaHAI3Y

Table 1. Collection localities of herbarium specimens of Camelina microcarpa (KW) and accessions

obtained from the USDA National Plant Germplasm System, which were used for molecular genetic analysis

Haspa Kog 3paska Miciie IOXOMI>)KeHH: 3pasKa Pix
3paska 360py
Cml KW134672 VYkpaina, /IbBiBCbKa 0671, 30/104iBCHKUIT p-H, 3 XM Ha cxig Bif c. Kyposnui 2017
(JRB 184)
Cm2 KW134673 YkpaiHa, /IbBiBcbKa 0071., BponiBcbkmii p-H, c. Ilepenicku 2017
(JRB 186)
Cm3 KW134674 YkpaiHa, JIbBiBCbKa 0071, 30/104iBChKMIT P-H, C. ITifraitanku 2017
(JRB 187)
Cm4 KW134675 Ykpaina, TepHominbcbka 0611, M. Kpemererp 2017
(JRB 189)
Cmb5 KW134676 Vkpaina, Uepkacbka 0671., M. TaspHe 2017
(JRB 191)
Cm6 KW134677 Ykpaina, Yepkacbka 0071., 6 KM Ha HiBAeHHNUI 3axix Big M. XKamkis 2017
(JRB 192)
Cm7 KW134678 Ykpaina, BinHnipka o671, Mix cemamu [opogok ta Jleyxu 2017
(JRB 193)
Cms8 KW134679 YkpaiHa, Binunipka o671, cen. Termk 2017
(JRB 194)
Cm9 KW134680 Ykpaina, Binanipka o6, Mixx cemamu IIlnaxosa ta JKynuHka 2017
(JRB 196)
Cml0 KW134681 Ykpaina, KipoBorpazcbka 0651., brarosimencoknit p-H, ¢. CraHicaBoBe 2017
(JRB 197)
Cmll KW140071 Ykpaina, 3anopisbka 0611., BeppsHcbkuit p-H, 3axifHa okomnis ¢. Kynmkiscbke 2013
Cm1l2 KW140096 YkpaiHa, [JHinpoBcbKa 0671., BacuabKiBChKmil p-H, MiBIEHHO-3aXiTHA OKOMNUIIST 2019
c. Jobposinnsa
Cm1l3 KW s.n. YkpaiHa, XapkiBcbka 001., 3MiIBCbKMIL p-H, ¢. bipku 1922
Cml4 KW s.n. YkpaiHa, XapkiBcbka 0611, M. XapkiB (HuHimHI p-H JKypasiiBka) 1863
Cml5 KW5506 Ykpaina, M. KuiB (3anisuuust 6ims bajikoBoro kragoBua) 1921
Cml6 KW00102425 | Ykpaina, CymcbKa 0671, JINITOBOOMMHCHKIIT P-H Micna
2000
Cm18 KW00111922 | Ykpaina, MukonaiBcbka 0671, ¢. BogsiHo-JIopuHe, IpUpOfHIIL 3alI0BifHNK 2014
"€ma"enpkuit cren”
Cm20 KW009202 VYkpaina, M. Knis, baiixoBe — JlemiiBka 1902
Cm21 KW088500 Ykpaina, IBaHo-@paHKiBCcbKa 0011., MK cemamu YKabokpyku Ta lepacumos 2010
Cm23 KW127292 Ykpaina, Onecpka 0671., Mk cenamu IBanose (Cepanose) Ta brarogarse 2005
Cm24 KW127801 YkpaiHa, ITonraBcpka 0671, 61751 ¢. Opokuist Ha p. THnma Opyxnigsa 2016
Cm25 KW132617 YkpaiHa, 3anopisbka 0611., Koca Buprounit octpis 2018
Cm26 KW132616 YkpaiHa, 3anopispka 0611., okonuii c. Bunorpague 2018
Cm27 KW133416 YkpaiHa, XapkiBcbka 001, cen. Kas'sarn 2014
Cm28 KW1461 YkpaiHa, XapkiBcbka 001, 3,2 KM Ha HMiBHIYHWIT cXif Bif M. Ky ssHCbK 1912
Cm29 KW s.n. YkpaiHna, XapkiBcbka 0071., okonmuilst M. XapKis 1921
Cm31 KW005505 Ykpaina, M. KuiB (3anisuuus 6ins BajikoBoro xafoBuiia) 1921
Cm32 KW s.n. Ykpaina, M. KuiB (3anisuuus 6ins bajikoBoro kagoBuiia) 1921
Cm33 KW s.n. Ykpaina, IIpaBo6epexxunii JlicocTen 1921
Cm34 KWO00111932 | Ykpaina, XepcoHcbka 0611., (HoBoTpoinpkmit p-H), c. Bacuiska, o-B Hyprokx 2014
Cm36 KW127242 Ykpaina, Ofecbka 0671., c. Masiku 2004
Cm38 KW127248 Vkpaina, Onecbka 0671., Mix c. Cepbka ta c. HoBommkomnaiBka 2005
Cm40 KW s.n. YkpaiHa, JloHenbKa 0671, ¢. XOMYTOBe, 3aII0BiTHIK XOMYTOBCBKUIT CTEI 1953
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Haspa Kogx 3paska Micie NOXOI>KEeHHA 3pasKa Pix
3paska 360py
Cm41 KW s.n. YkpaiHa, Jlyrancpka o671, c. Kpunnuse, 6eper p. Yepenaxa 1959
Cm42 KW s.n. VkpaiHa, JIyrancbka 061., CTpibLiiBCbKIII CTeIL, TIepesIor 1957
Cm43 KW s.n. Ykpaina, JIyrancoka o611, ¢. Kabaune, p. Kpacha 1932
Cm44 KW s.n. YkpaiHa, Jlyrancpka o671, ITpoBambcbkmii crern, Ha cxui 6anku Kosanesoi 1936
Cm45 KW s.n. VkpaiHa, JIyrancpka o611., [IpoBanbcbknii crert, KoponiBebki ckeni 1936
Cm46 KW s.n. Ykpaina, Jyrancoka o611, c. HoBa Actpaxanp [Crapo6inbebkuii ys.] 1902
Cm47 KW010537 Ykpaina, M. Kuis, ct. M. [leTpiska, 3/1 1991
Cm50 KW s.n. Ykpaina, Jlyrancska 06s1., Crapob6inbekuit p-H [XapkiBcebka ry6., Crapo6ibebkuit Ho
y3.] 1925
Cmb52 KW009659 Vkpaina, IBano-PpankiBcpka 0671, ¢. ITiino 1978
Cm53 KW s.n. Ykpaina, MukonaiBcbka 0671., MukomaiBcbknmii p-H, ¢. Ilerpoo-Cononnxa 1928
[Bamuskosi kam ssHucTi cxvu 1o [ITiBx.] Byry, Comonnxa |
Cmb56 KW s.n. YkpaiHa, MukonaiBcbka 0611 1926
Cm57 KW s.n. Vkpaina, MukomaiBcbka 0671. 1926
Cm58 KW s.n. Ykpaina, Mukonaiscpka 0611., ¢. Inrynka 1949
Cm59 KW s.n. Ykpaina, Muxomnaicbka o671., M. bamrranka 1949
Cm60 KW s.n. Vkpaina, MukonaiBcbka 0671, c. Bomogummpiska 1949
Cm61 KW s.n. Ykpaina, MuxomaiBcbka 067, [lepBoMaricbkuii p-H 1988
Cm62 KW s.n. Vkpaina, Onecbka 0671, c. JKoBTHeBe 1952
Cmo63 KW s.n. VkpaiHa, Omecbka 0671, c. O3epHe, 6eper 03. Smyr 1972
Cmo64 KW s.n. Ykpaina, Omecbka 0671, ¢. 3atoka / c. Kaponino-byras, B3gosx JIHiCTpOBCHKOTO 1971
JIMIMaHy
Cm65 KW s.n. Ykpaina, Ogecpka 0611., okonui M. Bornrpag 1971
Cmo66 KW067401 VkpaiHa, XMenbHuIbKa o671, M. Kam’siners-IToginbepkmit, p. CMoTpud 1996
Cmo67 KW s.n. VYkpaiHa, XepcoHcbKa 0011, AckaHifg-Hosa, ypounmme Kponi 1925
Cm68 KW s.n. YkpaiHa, 3anopisbka o611, M. IIpumopcbk [m. Horaiichk] 1915
Cm69 KW s.n. Vkpaina, 3anopisbka 061, . Binenbke B 6ik c. JIncoripka 1930
Cm?70 KW s.n. YkpaiHa, 3anopisbka 0611., M. [Tomorn 1928
Cm71 KW s.n. YkpaiHa, 3anopisbka 0671, 0-B XopTHiisa 1927
Cm?72 KW s.n. Vkpaina, 3anopisbka 0671., c. HoBobormaHiBka 1911
Cm73 KW s.n. Ykpaina, 3amopisbka 0071., M. BeppsaHcpk 1969
Cm76 KW s.n. Ykpaina, XMenpHuIbKa 0671, M. Kam stHenb-ITominbebkumit 1980
Cm77 KW s.n. VkpaiHa, XMebHUIIbKA 00IL, ¢. JKBaHeIb 1949
Cm78 KW s.n. VkpaiHa, XmenpHuIbKa 0671, . JKBaHerp 1949
Cm82 KW s.n. VkpaiHa, KipoBorpazacbka 0611., M. KponuBanipkuit [?] 1921
Cma83 KW s.n. VkpaiHa, KipoBorpazcbka 0611., M. KponuBanipkuit, paiion banamiska 1921
Cm84 KW s.n. Ykpaina, [IHinponeTpoBcbKa 0671, M. JJHimpo 1853
Cm85 KW s.n. VkpaiHa, [IHinpomneTpoBcbKa 0671, Mbk ¢. OproBuiHa Ta M. HOBOMOCKOBCBK, IO 1926
niBomy bepesi p. Camapu
Cm86 KW s.n. VkpaiHa, Yepkacbka 0671, cena ITpoxopiBka ta Cyuky, Ha 6epesi p. [Tuimpo 1940
Cm98 PI 633186 Yropmuna -
Cm99 PI 633187 IMonpura -
Cm100 P1633188 TTonbia, M. Xenm -
Cm101 P1633189 Tlonpiia, m. Xenm -
Cm102 P1 633190 Himeyunna -
Cm105 PI 650137 Himeuunna -
Cmll13 KW s.n. MongoBa 1886
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[TepenbauyBana Kimpkicts momysniit (K) sapiio-
Banaca Bif 1 po 10. HartimosipHimte snavennsa K
Oyno BM3HaueHe 3a pomomorown StructureSelector
(https://Imme.ac.cn/StructureSelector/) (Raj et
al., 2014; Li, Liu, 2018). Lleit migxig 6asyBaBcs Ha
Metomi AK, SIKUI € CIelliaIbHUM CTaTUCTUYHUM
KpUTepieM, IO OILiHIOE IIBMJKICTb 3MiHM JIOTa-
pudmivHOl JIMOBIpHOCTI JaHMX Ipu pisHill Kinb-
KOCTi K/acTepis, BifimoBigHO mo onucy Evanno et
al. (2005). 11 BUSABIEHHS CTPYKTYPU MOMYIIALIN
Yy MeXax OKpeMOro ILUTOTUIYy Oylo BMKOPNCTa-
HO MeToj, BignosigHo fo omucy Puechmaille et al.
(2016). 1na Bizyanisauii pesynprariB STRUCTURE
BYIKOPJICTOBYBa/IM ITporpamue 3abesnedenHsa Clum-
pak (Kopelman et al., 2015). Ipadix PCA 6yB 06-
upcneHnit B R 3a joromororo 6i6miorexn adegenet
Ta Bidya/isoBaHWIT i3 BUKOpUCTAHHAM 6ibmioTexn
ggplot2 (Jombart, Ahmed, 2011). 3nadeHHs H,
H, F, 064NCITIOBA/IM 3a JOIIOMOTOK 6ibmioTexku
R hierfstat (de Meeis, Goudet, 2007).

Pe3ynbraTy Ta 06roBOpeHHA

B xopmi pgocnmimKeHHA TeHETUYHOIO pPi3HOMaHIT-
1 nonyAuinn C. microcarpa B Ykpaini Hamu 6y1o
MpOaHani3oBaHO 76 repbapHUX 3paskiB, IO MO-
XOJATh 3 Pi3HMX perioHiB Ykpainu Ta 6ymm pani-
nie HaMJ BUKOPMUCTaHI IIpM IIONEPESHHOMY JIO-
CITiJPKEHHI TOMMPEHHs LIbOro BUY Ha TepUTOpil
Ykpaiun (Blume et al., 2024a). IIpu nposenenHi
MOJIEKY/IAPHO-TEHETUYHUX MOCHIIPKEHb MU He
BUABWIN CYTTEBUX 3aKOHOMIPHOCTell MDK BikoM
3paska Ta BuxogoM [JHK 3 Tiei um inmoi TkaHu-
HI aHaTi30BaHUX POCIMH. 32 pe3ynbTaTaMiu Ipo-
BEeJIEHOTO JOCI/PKeHHs1 Hamu Oyl10 OTpMMaHO
TUNIOBI MOJeKy/ApHI mpodini pocmun C. micro-
carpa 3 BUKopuctauaMm Ak SSR- tak i TBP/cTBP-
MapkepiB (Mapkepy, IO I'PYHTYIOTbCS Ha OLHI
noniMopdisMy moBxuHM 1-ro a6o 2-ro iHTpOHY
reHiB -TyOyniny, Binnosiguo) (puc 1). Came KoH-
CepBaTUBHICTD TeHIB TYOYIiHYy pOOUTb MOXXIMBUM
iXHe BUKOPUCTaHHA SAK MOJIEKY/IAPHO-TeHEeTUd-
HIX MapKepiB a60 MapkepHux reuis (Yemets et al.,
2008; Rabokon, 2021; Braglia et al., 2023). Panimre
MJ TIOBiIOMJIANM PO MOK/IMBICTb BUKOPUCTAH-
Hs1 KOMOiHaIl UMX MapKepHUX CUCTEM JJIsl OLiH-
KU TeHeTM4HOro pisHomadirTa C. sativa (Blume
et al., 2020). BigmoBigHO [O pe3yabTATIB HAIINX
TIONIEpEeNHIX JOCTI/KEeHb, KIIbKiCTh I/IbOBUX aMII-
TKOHIB /I BUKOPUCTaHMX SSR-MapkepiB Moske
OyTtu 6inblie OIHOrO, IO MOXKe OyTHU IIOB’SA3aHE 3
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MOJIIIOIJHOK NIPUPOMOI0 JIEAKUX NPENCTaBHUKIB
pony Camelina. Y Toli ke 4ac KiNnbKicTb LibOBMX
amIutikoHiB ansa TBP/cTBP-mapkepis Moke cAratu
6/1M3bKO 34-X, OCKIZIbKM caMe Taka Ki/lIbKiCTb reHiB
B-Ty6yniny 6yna BusABIeHa HaMY paHillle B aJlOTeK-
carnoigaomy reroui C. sativa (Blume et al., 2024b).
OpHak KiZbKiCTb aMIUIIKOHIB MOXKe BapiloBaTi Y
6inpi noniMopduoro gukoro Buny C. microcarpa,
Yepe3 MOXK/IMBY HasIBHICTD ajeniB B-TyOyiHy y re-
TEPO3UTOTHOMY CTaHi, a60 depes 3MiHY KiTbKOCTi
LMX T€HiB Y XO/IiB €BOJIIOLII.

Hamu BuAB/IEHO, 10 pO3Mip LiIbOBUX aMILIiKO-
HiB, OTPMMaHUX Yy pe3ynbTaTi BUkopuctanasa TBP/
cTBP-mapkepiB, BapitoBaB y Mexax 387-1980 1.H.
mas 1-ro inTpony Ta 280-2020 m.H. gis 2-ro iHTpo-
Hy reHiB B-tyoyniny y C. microcarpa. Ilpu npomy
Iiana3oH po3MipiB HinboBMX aMIuiikoHiB SSR-
MapkepiB OyB 3Ha4HO MeHUIMM: 11t P3C3 BiH cTa-
HOBUB 169-182 m.H., Lib19 — 120-152 n.H., P4E6
— 177-208 m.H., P4C2 — 173-209 m.H., P6E4 —
296-320 n.H. Posmipu amnmikoniB SSR-mapkepis,
inentudikosani g C. microcarpa, cuiBnajjaoTh
3 JaHMMM, 1O paHille MOBiJOM/LA/INCh IJIA aHasli-
3y pisHux renotumnis C. sativa (Manca et al., 2012;
Blume et al., 2020). Ha ocHoBi oTpumanux more-
KY/IAPHO-TeHeTUYHUX Npo¢iniB 6yn0 06paxoBaHO
koedirienTy nomiMopdismy s KOXKHOTO 3 BUKO-
pucranux Mapkepis (PIC — Polymorphic Informa-
tion Content), 1110 £03BO/IM/IO OLIHUTU "PO3LiIIbHY
3IATHICTH" KOXXHOTO 3 MapKepiB IIpU BUBYEHHI Mi-
)KreHotunosoi Bapianii C. microcarpa. Cepep, SSR-
MapKepiB HaiiBuui piBHi momimop¢ismy neMoH-
crpytots P4C2 (PIC = 0,241) i P3C3 (PIC = 0,230),
1[0 CBiIYNTB IIPO Te, 1[0 BOHY € Haitbinpu iHpop-
MaTMBHUMM ISl OLLiIHKYM T€HEeTUYHOIO Pi3SHOMaHIT-
1g. Lib19 (PIC = 0,193) mae HallHM>K4Ye 3HAYEHHS,
[0 BKasdye Ha BiJHOCHO HIDKYY BapiabelbHICTH
LIbOTO JIOKYCYy y pisHux renorumis C. microcarpa.
Inmi SSR-mapkepu BrKasyBany IOMipHi 3HaueHHA
nonimopdismy. 3nauenus PIC pisa P4E6 craHoBU-
1o 0,21, a gna P6E4 — 0,216 BipnosigHo. Mapkepu
TBP (PIC = 0,268) i ¢cTBP (PIC = 0,272) memoH-
CTpyBa/Iyu HaiBuIli 3aranbHi 3HadeHHA PIC, mpo
MOJKe BKAa3yBaTl Ha iXHIO 3HAYHY JMCKPUMIiHAILii-
HY CUIy, 0cobmuBo ms pudepeHuianii BHyTpim-
HBOBMJJOBMX TAaKCOHOMIYHMX TPYIL.

Xoya SSR-Mapkepy MOXXYTb 6yTV KOPUCHUM JO-
MOBHEHHAM [/ YTOYHEHHA IAHUX TeHeTUYHOTO
pisHomanirTs, TBP i cTBP 3abesmeuyiorp 6inb-
Iy PO3Li/NbHY 3aTHICTb, 1[0 € KPUTUYIHO BaXK-
JMBVM TPV BVMBYEHHI IONYIALINHOI CTPYKTypH
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C. microcarpa. Knacnyno, SSR-mapkepu BBaka-
I0TbCsI OiTbII BapiabenbHUMM i, BiAIOBifHO, 611
NIPUAATHYMMU i1 PO3PiSHEHHA 3pa3KiB caMe Ha PiB-
Hi renoumis (Rabokon, 2021; Bog et al., 2022). TTo-
ibHe TBep/PKEHHS € CIIPABEeIIMBUM i J/IS AesSKUX
npencTaBHUKIB pory Camelina, ocKinbKy 3a3BuUvait
TBP/cTBP-mapkepy BUKOPUCTOBYBAINCA [/ PO3-
li/IeHHs] TaKCOHOMIUHMX TPYI Ha piBHi BuAy abo
migsugis (Manca et al., 2012; Galasso et al., 2015).
Paninre mozpi6Ha cTpareris 6y/na 3acTocoBaHa HaMu
Ha npuknaji Brassica rapa L. Ta mpencraBHMKax
pony Prunus L. (Lykholat et al., 2022; Rabokon et al.,
2023). Y Bunagxy Bupy C. sativa, IKUit BUPi3HAETD-
¢s1 GaKy/IbTATUBHOIO CAMO3AIIM/IBHICTIO Ta HU3BKUM
piBHEM T€HETUYHOTO Pi3SHOMAHITTA, BUKOPUCTAHHA
came koM6iHanii mapkepiB SSR ta TBP/cTBP 6yno
Hait6inb1I epeKTUBHMM MiAXOTOM, OCKIIBKY JIMIIIE
OCTaHHIX OYy/I0 HEJOCTaTHBO I BUBYEHHS MiX-
reHoTunoBoro pisHomanitts (Blume et al., 2020).
B xopi manoro pocmimkenus, HaBmaky, 1BP/cTBP
BUABWINCH Oi/blI TOTIMOPQHIMY, aHDK KIacU4Hi
SSR-mapkepy, 10 Mo>ke OyTH OB s13aHe i3 3HAYHO
BUILVM PiBHEM T€HETUYIHOIO PiSHOMAHITTA y IUKO-
ro Bupty C. microcarpa. Bukopucranua TBP/cTBP e
TaKOXX JOLBHUM 332 YMOB OOMEXEHOCTI POCTIMH-
HOro Marepiany (Hampmkian, repOapHi Komekuii),
OCKIJIbKM 1Ii MapKePU JO3BOJIAITH OXOIUTU OJHO-
YacHO BE/IMKY KiIbKiCTb He34eIIeHNX ToKyciB (Bog
et al., 2022; Sakharova et al., 2023).

Hapani orpumani pani Oymm BukopucraHHi
nna nposefieHHA nonynAniiiHoro STRUCTURE-
aHamisy, 3 TecTyBaHHAM 3HadeHb K Big 1 mo 10.
Bbyno BcranoBneHo, mo K = 3 € onTUManbHOIO
KIZIbKICTIO  K/IacTepiB, IO 6y}10 MiITBEPIKEHO
OBOMA pPi3HMMM CTAaTUCTMYHMM IiJXOJaMU OLiH-
K1 foctoBipHOoCTi Knactepusanii (Evanno-method
ta Puechmaille-method). Takum umnOM, Bmepie
0y/10 TOKa3aHo, 10 Ha TepuTopil YKpaiHy HasBHI
TPU OKpeMi IeHeTWYHi HMOmy/IALii puxiio Api6HO-
wrigHoro (pmc. 2A), Xoua paHillle IpuUITycKaa-
¢ HagBHicTh mmire nBox (Brock et al., 2020). Ha
puc. 2A HaBefileHO reorpadidHe poO3TalIyBaHHS
IpeACcTaBHUKIB Tppox mnonynauinn C. microcarpa
0 BCill YKpaiHi: miBJeHHa yKpaiHCbKa MOMY/ALisA
(popl, momapaHdYeBa), NiBHIYHO-3axiiHa yKpaiHCbKa
(pop2, 6makmTHa) Ta 3axigHOEBpOIelicbKa (pop3,
diomerosa). Crif 3a3Ha4UMTH, 110 apeanyt LMX re-
HETUYHMX IOMYJIALIA YaCTKOBO IIE€PEKPUBAIOTHCA,
OCKi/IBKYM BifcyTHI 3Ha4yHi reorpadivuni 6ap’epn,
KOTpi cupysiu 6 4iTKOMYy PO3MeXYBaHHIO OKpe-
MUX I'PYTI IpeficTaBHMKIB C. microcarpa.

M1 23 4 M
\

P3C3

Puc. 1. MonekynsapHo-renetndni npodin 3paskis Carme-
lina microcarpa, orpuMani 3a gomomororo TBP/cTBP- Ta
pisHux SSR-mapkepiB. M — Mapkep MOJIEKyIApHOI MacH,
m.H.; 1 — 3pazok Cm75; 2 — Cm76; 3 — Cm77; 4 — Cm82.
Ha3sBu 3paskiB HaBefeHi y Tabmmi 1

Fig. 1. Molecular genetic profiles of Camelina microcarpa
accessions obtained using TBP/cTBP- and various SSR-
markers. M — molecular weight marker, bp; 1 — accession
Cm75; 2 — Cm76; 3 — Cm77; 4 — Cm82. The names of the
accessions correspond to those in Table 1

IliBfeHHa ykpaiHcbKa momymAuis (popl) mepe-
BAXKHO 37e6i/IbIIOro B MiBAEHHMUX i MMiBIEHHO-CXif-
HUX 00nacTsAX Ykpainu (nepeBakHo Crerosa 30Ha),
OJJHAK TIOOJVHOKI POC/IVHM, WO T€HETHYHO Hajle-
JKaTh [0 JIaHOI IOMY/ALl, TPaIUIAITHCA TAKOX B
LEHTPA/JIbHKX 1 CXiZHMX O0O7ACTsAX, L0 MOXKHA II0-
SICHUTY QHTPOIIOTEHHVMM PO3CETeHHAM (3aHeceH-
HAM) POC/IUH 11032 MeXi npupopHoro apeany. I1is-
HiYHO-3aXiflHa YKpaiHcbKa nonynAnia C. microcarpa
(pop2) 3ocepemKeHa 3HAYHOI MipoOI0 B 3aximHill i
LieHTpa/IbHiil yacTuHax YKpaiHi (mepeBakHo y Jlico-
CTeroBiit 30Hi Ta Ha I[Ipukapmarti), ane ii mpegcTas-
HJKJM TaKO>XK MOXKYTb TPaIULATUCDH i Ha IiBAHI, Ha-
BiTb y3710BX y36epexxoks YopHoro Mopsi. Pocmunm 3
3aXiJHOEBPOIEIICHKOI rFeHe THYHOI romy/AaLii (pop3)
B OCHOBHOMY Oymu BifMiueHi Ha miBpHi YkpaiHu,
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xoya ii mpesicTaBHUKY Oy/nu BUABJIEH i Ha 3axofi
Ta miBHOYI YKpainu. LlikaBUM € TakoX To¥l ¢aKT,
mo y M. Kuesi 6yno 3HaiiieHO IpeAcTaBHUKIB ycix
TPbOX imeHTU(IKOBAHVX IONMY/IALIN, IO MOXe Bi-
Ho6paXkaTy 3HAYHY PO/Ib AHTPOIIOT€HHOTO YMHHIKA
y HommpeHHi TuX uu iHmux pocnus C. microcarpa
mo3a MeXi IXHixX mpupopHux apeanis (puc. 2A). Ile
TaKOX HifiKpecnoe ponb KniBcbKoro Meramnoicy Ax
OJIHOTO 3 IIEHTPiB IIEPBMHHOIO 3aHECEHHA Jiacmop i
CBOEPIAHOTO "MiCIisT aKyMY/LALi" afBEeHTUBHIUX POC-
nuH B Ykpaini (Mosyakin, Mosyakin, 2021; Koniakin
et al., 2023; Shynder et al., 2024, etc.).

ITpencTaBHMKY 3aXi/JHOEBPOIENCHKOI IO /IALL]
(pop3) C. microcarpa mmpoko momypeHi B Llen-
TpanbHIiil i 3axigHiit €Espomni. Cepel aHami30BaHUX
3pasKiB [0 i€l MOMyIALIl MOXKHA BiTHECTY POC/IN-
HI, 1110 IOXOJATH 3 Tepuropil Himewunnmy, Ilonbui
Ta YrOplIMHM, IO BKa3y€ Ha IOTEHLIHO FOBOJi
mpoKe reorpagiuHe IMOMMPEHHA L€l NOonmysAnil
(puc. 2B). Cnig 3a3HauuTy, 1110 HA TepUTOPIl 3axif-
Hoi Ykpaiuu (JIpBiBcbKa, [BaHO-OpaHKiBCbka 0611.,
TOIII0) BiMi4Y€HO [OBOJII Majo MpeACTaBHUKIB 3a-
XigHO€BpoIIericbKoi momysanii (puc. 2A), B TOI 4ac
Ak y Iompuyi, 6/1M3bK0 1O KOpAOHY 3 YkpaiHOlo,
IpeCTaBHUKMU pop3 TpariaTscs (puc. 2B). Hait-
BiporifiHile, y gaHoMy Bunajky Kapmartu cmyry-
I0Tb FeorpadivHnM 6ap'epoM M/ist 3MiLyBaHHS [IUX
MIONY/IALiM, OCKIJIPKM 33 JOBTUII 4ac HOC/i/I)KEeHb
BracHe y Kapnarax npencraBHuku pony Camelina
He Oynu s3adikcosani (Iljinska et al., 2007; Blume et
al., 2024a).

Mo>x/MBO, IOTPAIIAHHA IPEeCTaBHIUKIB 3aXif-
HOEBPOIIEJICHKOI MOMYIALIL Ha TEPUTOpito YKpai-
HM MOXKe OyTH HOSICHEHe iXHIM PO3Ce/IeHHAM, 110
Moryio BinbyBaruch B o6xifg Kapmar uepes Hiok-
HbOJIYHAJICbKy piBHMHY faji fo IJaHHOHCBKOI piB-
HyHK (YropiumHa), ie BKe POCIVHM Li€l HOny/ALil
MOXYTb OyTV HOBOII NomupeHuMHu. IIpuxmasom
TaKOTO IOCTYIIOBOTO PO3CE/IEHHA € HAABHICTD IIpeJ-
CTaBHJKa IiBHIYHO-3aXi/IHOI YKPaiHCbKOI IIOIY/LALI]
C. microcarpa (pop2) Ha tepuropii Monpgosu (puc.
2B). Takox MOXXHa PO3I/IANATI TPAEKTOPiI0 MOMIN-
PEeHHA Y 3BOPOTHOMY HAaIPAMKY, AKIIO BPaxoBY-
BaTU MOJeNb posnoBciomkeHHsa C. microcarpa 3
Ipano-TypaHcbkoro periony (LieHTPY IIOXOXKEH-
H:) Ta KaBkasy mo €sponn uepes Tepuropito Ykpa-
iHy (IepBMHHOrO apeany pO3CeJIeHHA 3a MeXKa-
MU LieHTpy noxomkenHs) (Ghamkhar et al., 2010;
Zerdoner Calasan et al., 2019; Brock et al., 2022b;
Blume et al.,, 2023). ¥ takoMy BUIIafKy Ciify pos-
ITIAJATY 3aXiTHOEBPOIENCHKY IONYIALiI0, K TaKY,
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110 BMHUKIIA B P€3y/bTaTi NOTPAIUIAHHA OKPEMMX
pocmu C. microcarpa 3 TepUTOpii MOMMpPEHHA Of-
Hi€l 3 yKpaiHchbKux nonynAuiin. OgHax, e NMTaHH:A
noTpebye NofanbIINX OCTIPKEHb, [0 OXOIUTIOBA-
TMMYTb 3HAYHO 6i/b1ui apeany nommupenHs C. mic-
rocarpa.

Ha puc. 2C HaBesieHo pgiarpamy PCA, xoTpa
imocTpye reHeTH4Hi 3B’A3KM MIX TpbOMa IIOIY/LA-
uiamu C. microcarpa, fe Ha PC1 npunapnae 10,88%
reHeTUYHOI Bapianii, a Ha PC2 — 8,01%. Ha piarpa-
Mi CHOCTEpIraroTbhCA YiTKi O3HAKM KIacTepusalil,
10 BKa3yIOTb Ha 3HAYHY IeHETUYHY [udepeHLi-
anilo MiXX BCTAaHOBJIEHMMMU IONYIALIAMU. YCi TpU
nomy/ALii GopMyIoTh 4iTKO OKpec/eHi KlacTepn,
110 MOXKe BKa3yBaTy Ha JOBOJII BUCOKY F€HETUYIHY
OJHOPiIHICTh POC/IMH Y JOCTIIPKYBaHMX ITOIY/IALLi-
ax. Cig 3ayBa>kKUTH, IO yCi TpU K/IaCcTepU Ti€ro 4n
iHIIIOI0 MipOIO TIepPeKPUBAIOTHCSI MK coboro. Hait-
OinbLI 3HAYYIe IePEKPUTTS CIOCTEPIra€TbCsl Mk
KJIacTepaMu IONynALuin popl ta pop3, mo Moxe
CBilMMTU TIPO HAABHICTb IIEBHOTO IIOTOKY T€HIB
abo IxHe cminbHe noxomkeHHs. HaBmaky, kmactep
pop2 4iTKO BifOKpeMJIeHMI1 Bif popl i 4acTKoBO
Bifj pop3, 10 MO)XXe BKa3yBaTM Ha Oi/lbIIy reHe-
TUYHY BilOKPEMJIEHICTD L€l MOMy/IALil Bif iHIINX.
3aranom PCA-piarpama migTBepIKye HasABHICTDb
TPbOX I'€HETUYHO AVepeHIiIoBaHNX IOIY/IALl,
MDK AKMMU, OfHAK, € IIeBHMII OOMiH IreHeTMYHUM
marepianom (puc. 2C).

[ToTik reHiB MK AeAKMMMU 3 MOMYILALIN mif-
TBEP/I)KYETbCA TiCTOTPaMOK T€HETUYHOrOo IO-
XOJDKEHHA 3pasKiB, OTPMMAaHOK B pe3y/bTarTi
STRUCTURE-ananisy (puc. 2D), ge KoxHa cMmy-
JKKa IpPeJCTaB/IsgE OKPeMUI 3Pa3soK, a KOIbOpU
BKa3ylOTb Ha YaCTKy BHECKY T€HETHYHOro Mare-
piany Big xoxHol 3 momymAniit (3MmimaHicTb mo-
XOIDKeHHs1). Y MiBIEeHHI Ta MiBHIYHO-3aXigHii
ykpaincpkux nomnynauiax C. microcarpa (popl Ta
POop2 BiANOBifHO) LIOHAVIMEHIIe TPeTHHA 3pas3KiB
Mae 3MilllaHe ITOXO/KEHHA, B TOI 4ac fAK Y 3axXifi-
HOEBPOMENChKIil momynanii (pop3) Takux pocinH
31 3MilIAaHNM TTOXO[>KEHHIM Oy/I0 He MeHIIe T107I0-
BMHI. 3a3HAYMMO, 1[0 HaifyacTillle MpeCcTaBHUKA
MiBHIYHO-3aXiHOI YKPAIHCHKOI ITOMY/IALIl 3Milny-
BaJIVICh 3 IIPE/ICTABHMKAMMU IIiBJIEHHOI YKPaiHChKOL
nonynALii, i HabaraTo pifie 3 npencTaBHMKaMU
3axifHO€eBpormeiicbkol momymanii (puc. 2D), mo
DoOpe MOSICHIOETHCSI Teorpadi€ro LUX IOMyIIsALiit
(puc. 2A).'Y Toit >xe yac npeCTaBHUKY 3aXiTHOEB-
POIENChKOI MOMYIALIL Hall9acTille Maay JOMILIKY
JIMILIE TiB/IEHHOI YKPAiHCHKOI IOy /AL i (popl). Li
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Puc. 2. IlomupenHsa Ta nomynAniiHa ctpykrypa Came-
lina microcarpa. A: mommpenns C. microcarpa B Yxpai-
Hi (mocmimxkeHi spasknu); B: mommpennsa C. microcarpa B
IlentpanbHilt Ta 3axiguiit €Bpomi (Zocmipkeni 3paskiu);
C: piarpama aHamisy ocHoBHuX KommoHeHTiB (Principal
Component Analysis — PCA); D: anmamia nomymAwiii-
Hoi ctpykrypu C. microcarpa. IlpefcTaBHUKN IiBAEHHOI
yKpaincbkoi monynanii (popl) sadap6osani y momapaH-
4eBMIi, MiBHIYHO-3aXigHOI yKpalHChKOI mmomyrsLii (pop2)
— y GaknTHUIL, 3aXifHOEBPOIENCHKOI Iomysiwil (pop3)
— v ¢ionerosuit. Hasy 3paskiB HaBefeHi y Tabmumi 1

Fig. 2. Geographic distribution and population structure
of Camelina microcarpa. A: distribution of C. microcarpa
in Ukraine (sampled specimens); B: distribution of C. mi-
crocarpa in Central and Western Europe (sampled speci-
mens); C: Principal Component Analysis (PCA); D: popu-
lation structure analysis of C. microcarpa. Members of the
Southern Ukrainian population (popl) are colored with
orange; the Northwestern Ukrainian population (pop2),
light blue; and Western European population (pop3), deep
periwinkle. The names of the accessions correspond to
those in Table 1
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pesynbTaTi oOpe Y3rOKyITbCs He JIVIIE 3 Ieo-
rpacieto 3paskis (puc. 2A, B), ane it 3 pesynbrara-
mu PCA (puc. 2C), B AKX IepeKpUBAHHS KIacTe-
piB HalfyacTille BKa3ye Ha 3MillaHe IOXOMKEHHA
3paskiB.

Takox, mepeBaykHMII NOTIK TeHiB Bifi pop2 1o
popl Ta Bix popl no pop3 mobpe MiATBEPHKYETH-
Cs1 MipOI0 TeHeTNIHOI IudepeHTHaril nnx IOITY/IA-
1iil. 3axifHOEBpOIelichbKa Ta MiBJeHHa YKpaiHChbKa

HOMYJIALL € AyXXe reHeTMYHO Omu3bkumn (popl/
pop3, Fst = 0,082). Ananoriyso, miBHiYHO-3aXif-
Ha Ta IiBJeHHa yKpaiHCbKa IOMYJIALil € TaK caMo
reHeTN4YHO Onu3pkuMu rpymamu (popl/pop2,
F, = 0,081). OpHak, miBHIYHO-3aXifHa YKpalHCbKa
Ta 3aXiJTHOEBPOIIEIIChKA IIOIY/IALI € 3HAYHO Oi/IbII
Binganenumu Mix coboro (pop2/pop3, F, = 0,115),
0 MiATBEPIPKYE AYMKY IIPO IXHIO 6inbmy TeHe-
TiyHy (b0 i1 yacTKoBO reorpadiuny) isomsuito i
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nobpe xopemoe 3 pesynpraramu PCA ta STRUC-
TURE (puc. 2C, D). Pazom i3 num, yci Tpu momy-
NIl MalOTh HeraTMBHMII KoedillieHT iHOpUAMHTY
(sarampumit F,; = —0,228), m0 BKasye Ha 3HaIHMIL
IOTIK TeHiB Ta TaK 3BaHMI HaJUIMIIOK IeTe€pPO3U-
ror. IliBgeHHa yKpaiHCbKa IIONY/ALIA Xapakre-
PUSYETbCST HAVHIDKYMM 3HAUYeHHAM Koe(illieHTy
in6pununry (pop2, F, = —0,280), mo Bkasye Ha ii
HajI01/IbIII aKTHBHE OJHOYACHE 3MilllyBaHHA 3 000-
Ma CyCiiHIMI MTONyIALiAMA. Y TOVI >Ke 4ac MiBHiY-
HO-3aXiflHa yKpaiHCbKa Ta 3aXiJJHOEBPOIEIICbKa
IO Y/IALII TAKOXX BUKA3yBajM XapaKTEPHI O3HAKK
ay TOPMAMHTY, X0ua i Jelj0 MeHIIOK Mipoo (pop2,
F. = -0,196; pop3, F, = -0,210).

Hapnuiok reTeposuroTHOCTI BUABIABCA Y BU-
IMX 3HAYEHHAX (PAaKTUYHOI reTepO3NUIOTHOCTI 3a
ouikysany (H >H,). HaiiBuiia reTreposuroTHicTh
Oyna BUABJIEHA Y IiBJIeHHOI YKpalHCbKOI IOMYJIA-
uii (popl, H, =0,226; H, = 0,153), melo HIDKYUM
piBHEM  TeTEPOSUTOTHOCTI  XapaKTepU3yBajacs
niBHiYHO-3axifHa yKpaiHcbka momymanis (pop2,
H_ = 0,206; H, = 0,15), a 3axinHO€BpoMeiicbka —
HaltHIK4uM (pop3, H = 0,166; H, = 0,119). ITo-
HiOHI IIOKa3HUKY CBif4aTh IIPO HASBHICTb IIOTOKY
TeHiB MK mHomynAmnisMu. 3HIDKEHUII piBeHb Te-
HETMYHOIO Pi3HOMAHITTA Y 3aXifIHOEBPOIECHKO]
MO Y/IALII MOXKe CBiYMTH PO Il BTOPMHHE I10XO-
IPKEHHS BiJj 0OMeXXeHOI KilbKOCTi 3pasKiB 3 oIy~
NALii, fKa JJO IIbOrO BXKe iCHyBaja I103a LIEHTPOM
IIOXOJKE€HH: BUAY. Buiuit piBeHb reTepo3UroTHo-
CTi B IBOX yKpaiHcbKux nonynAnisax C. microcarpa
(s1x i cam (pakT HasABHOCTI JBOX reTepOreHHMX II0-
HYJALiN) € JOfAaTKOBUM HifTBepPIKEHHAM HTYMKI,
mo Teputopia CxigHoi €Bpomny, i Ykpainu B ToMy
YVICTi, € IEHTPOM T€HETUYHOTO Pi3HOMAHITTS I'eK-
camnoiguux BupfiB prxkio (Ghamkhar et al., 2010;
Brock et al., 2020; Blume et al., 2023, 2024a).

Hapani, BUKOPUCTOBYIOYM [jaHI TE€HOTUIIY-
BaHHS, OTpuMaHi 3a pomomoroio SSR- ta TBP/
cTBP-mapkepiB, Mu mposemu (ioreHeTUIHNUI
aHaJli3 3a JJOIOMOTOK MeTORy HalOi/mbuIol mpas-
monopi6rocTi (Maximum Likelihood — ML) (puc.
3). 3arajoM OoTpuMaHe IepeBO [00pe KOpPeIieE 3
pesynbpTaTaMy IONY/ALIMHOIO aHamisy, Xo4a Jie-
AKi 3pasky (3MiIIAaHOTO MOXOMPKEHH:A) MOXYThb
TPYIyBaTUCh JIMIIE 3 OfHi€I0 3 6aTbKIiBCHKUX IIO-
Iy/IALIN, Yepe3 10 TOIOJIOTiA JIepeBa MOXKe MaTh
neBHi nmoxu6bku. Pocmun 3 popl (momapandesmit)
YTBOPIOIOTh JIOCTOBipHY MOHO(iNeTn4Hy rpymy
3 BJMCOKOK OyTcTpen-miaTpuMkon (monan 50%),
OJJHAaK IO 1ji€i TPYIM YaCTO IMOTPAIUIAIOTH 3PA3KN 3
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noni¢inernynol rpynu pop3 (dionerosmit), KoTpi
4acTo MalThb 3MillaHe mnoxomkeHHA. IIpencras-
HUKM pop2 (67TaKMUTHI) TPYIYIOTCS OKPEMO, YTBO-
PIOIOYN YiTKY TiIKY, 110 foOpe y3TomKyeThbes 3 ix-
HbOIO 3HaUHOIO AudepeHnnianieo Ha PCA-piarpami
(puc. 2C). Hespaxkarouy Ha 4iTKy KJIacTepusalilo
HOMYJIALIN, fesKi 0COOMHM TPYNyIOTbCA PasoM i3
YIeHaMM iHIINX IOIY/IALIM, O HiATBEPIKYE IXHE
3MillaHe IOXOJ)KEHHA Ta BKa3ye Ha HaABHICTD IIO-
TOKY TeHiB MDX pisHuMM nonynaniamu (puc. 2D).
OTpuMaHa TOIONOTiA TaKOX JOOpe Y3TOmKYeEThb-
cA 31 3HaYEHHAMM T€HeTUYHOI AUCTaHLIl MDK pi3-
My nonynaniavu (F), miaTBepmKXyo04n Te, 110
popl i pop3 6inbi TicHO MOB’sI3aHi, TOAL SIK pop2
€ Hal101/1bII BiTMiHHOIO TeHETUIHOIO IPYIIOI0 Cepex
TPbOX ifleHTH(IKOBAaHUX HOIY/IALI.

3 ornAfy Ha OTpMMaHi faHi MOXKHA IPUITYCTUTH,
IO TiBJIeHHa YKpalHCbKa momy/ania (popl) moxe
OyTM BMXifHOIO OaTbKiBCHKOIO, a00 IIPENKOBOIO,
MIONY/IALIEI0 JIIA IBHIYHO-3aXifHOI YKPaIHChKOL
(pop2) Ta 3axigHOEBpOIIEIICHKOI (pOP3) MOMYJIALLIIL.
IligTBepXeHHAM LIbOTO IPUITYIEHHSA MOXXe BBa-
JKATVICA HAVBUIIUI PiB€Hb T€HETHYHOIO Pi3HOMA-
HITTA Ta T€TEPO3UTOTHOCTI y popl, a TakoX Masa
reHeTHYHa BifJja/IeHiCTh 1i€l NOMmynALil Bif JBOX
iHmMX. Y BUIIaJKYy, AKII0 pOp2 Ta pop3 yTBOPUINCA
B Pe3ynbTaTi PO3CE/IEHHA OKPEMUX IPECTaBHMKIB
popl, iXHs 3HIDKEHA TeTepO3UTOTHICTD MOXKe OyTu
mobpe mosicHeHa eeKTOM IUVIIKM IJIAWKY (popu-
lation bottleneck effect) abo edexrom 3acHoBHMKA
(founder effect), ockinpku B TakOMy BUITQIKy IIpef-
KaMy pop2 Ta pop3 Moriu 6u OyTy Iuiile HeBelIuKi
rpymu pocauH 3 popl. s rimoresa Takox mobpe
Y3TOM)KY€ETbCA 3 BUCYHYTUMU paHillle NPUITYIIEH-
HAMU IIOJ0 OCHOBHUX Tpa€eKTopill poscenenHa C.
microcarpa 3 LeHTPy IOXO/PKEHHH, AKe HalliMOBip-
Hime BinbyBamocss €BpasiliCbKUM CTENOBUM IIO-
SICOM, IO € BAKIVMBUM MITPALiIHNM KOPUIOPOM
ICTOPMYHOTO PO3NOBCIOM)KEHHS BENIMKOI KiJIbKOCTI
BuziB (Zerdoner Calasan et al., 2019; Brock et al.,
2022b; Blume et al., 2023, 2024a). ITiBHiuHO-3axigHa
yKpalHcbKa momynsanis (pop2) icHye B OCHOBHOMY
mo3a Mexxamy CTerroBoi 30HMI, B TOI Yac AK 3axif-
HOeBpoIelicbka (pop3) 3adiliioe KpailHi TOYKM
€Bpasiiicpkoro crenosoro noscy. Ilpu npomy pop2
Ta pop3 € JOBOJIi CMJIBHO T€HETUYHO BifijaneHMN
OJlHA BIiJl OFHOI, IO TaKOXX MOKHA BBaXXKaTU IIifI-
TBEP/KEHHAM IXHbOTO HEe3aJIeXKHOTO IOXOIPKEeHH,
a TAKOX IXHbOI 4acTKOBOI i3omAuii Kapmaramm sk
mirpaniitaum 6ap’epom. IlikaBum Takox € ¢axr,
mo iuBasia C. microcarpa y IliBHiuHill AMepuii
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Puc. 3. ®inorenetndHe gepeBo NOCTIHKYBaHuX 3paskis Camelina microcarpa, peKOHCTpyIioBaHe 3a JOIOMOIOI METOLY
HaiibinbIm01 paBponoaioHocti (Maximum Likelihood — ML) 3 6ytcrpen-nigrpnmxoro y 1000 itepamiit. 3pasku 3abapsiie-
Hi BiAIIOBiAHO /10 IX momysisiniitHol mpuHanexxHocti. Hassu 3paskis HaBepeHi y Tabmi 1

Fig. 3. The phylogenetic tree of the studied Camelina microcarpa accessions, reconstructed using the Maximum Likelihood
(ML) method with bootstrap support of 1000 iterations. The samples are colored according to their population identity. The

names of the accessions correspond to those in Table 1

HaiiBiporifHiiie BigOynacsa came mpefcTaBHUKAMU
MEHIII T€HETVYHO PiSHOMAHITHOI MiBHiYHO-3axXij-
HOI YKPaIHCBKOI IOIY/IALII, a TaKOXX POCIMHAMI
pwxio pgpibrommigHoro 3 KaBkasy, koTpi € mpen-
CTaBHMKaMM iHIIOI XpPOMOCOMHOI pacu (UMTOTHU-
ny) C. microcarpa (Brock et al., 2020). LIi 3akoHo-
MipHOCTI, HailiMOBipHiIlle, BifOMBAIOTh iCTOpPMYHI
0COOMMBOCTI Mirpartii CiTbCbKOTOCITOAPCHKOTO Ha-
cenenHsa CxigHol €Bpomy (HamlpMKIafl, YKpaiHIiB

3axigHoi wactTuHu Ykpainu) ta KaBkasy (mampu-
K1az, BipmeH) fo IliBHiuHOI AMepuky, 3me6inpIno-
ro Hanpukinui XIX — Ha nodatky XX cTOmMTh, Ta
3aMO3MYEHHSA CiTbCHKOTOCIOAPChKMX TPAKTUK i
HACiHHOIO MaTepiajy 3 UX PETioHiB.

HonenaBHa C. microcarpa (y IIMPOKOMY pO3y-
MiHHI) BBa)KaBCA BUK/IIOYHO TI'E€KCAIUIOITHUM BU-
moMm. OpHaK, HEIOflaBHO OYy/IO ONMCAHO TPU pi3-
Hi UMTOTUNMU, ABA 3 SIKUX TeKCAIUIOiMHi, a OmuH
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— TETPAIIOIfHMIL 3 2n = 4x = 26 XpOMOCOMaMMu
(Martin et al,, 2017, 2019; Chaudhary et al.,, 2020).
OcraHHill Hapasi poO3INANAETbCA AK MOTEHIITHO
oxpemuit Bug, ‘C. intermedia’ nom. provis. (Manda-
kova, Lysak, 2022), siknit moku 1110 odirjiiiHo He omm-
CaHMII BiIIOBiTHO 1O M>KHApOJHNMX HOMEHK/IATyp-
Hux BuMor (International Code of Nomenclature for
algae, fungi, and plants: Turland et al., 2018). 3rigHo
3 aKTYalIbHUM focmimkeHHsamy, ‘C. intermedia’ 6yB
BJAIBJIEHUI JIMIIE Y YOTUPbOX NoKanisax: y IliBHiu-
Hil1 Mowronii, IliBgennomy Cubipy, IliBHiuHOMY
KasaxcraHi, a TaKOXX K a[BEHTUBHMIT (3aHECEHIT)
Bup — y Kanapgi (Martin et al,, 2017, 2019; Brock et
al., 2022a; Mandakova, Lysak, 2022). TexcanmoigHi
yurotunu C. microcarpa NpeficTaB/IeHi JBOMa Xpo-
MocoMHuMH pacamu: Tun 1 — 2n = 6x = 40, Axuit
BBAKAETbCA IIPSAMUM HEOKYNbTYPEeHMM IIPefKOM
C. sativa; 1 Tun 2 — gUKNUIT OUTOTUII i3 KiZIBKIiCTIO
xpomocoM 2n = 6x = 38 (Chaudhary et al., 2020;
Brock et al., 2020, 2022a, 2022b; Blume et al., 2023).
BBa’kaeTbcs, 1110 OCHOBHMIT apeas pO3NOBCIOIKeH-
Ha C. microcarpa vy 1 30e6inblIOro 0OMe>XeHMIi
KaBKasbKMM perioHoM, OflHaK IOBiJJOMIAIOCH PO
jioro TpamnAHHA B YkpaiHi Ta IliBHiuHiil Amepn-
ui (Brock et al., 2020, 2022a, 2022b; Blume et al.,
2024a). 3 inmoro 60ky, C. microcarpa tnny 2 €
OL/IBII TIOLIMPEHNM Y BCbOMY CBiTi. 30Kpema, 6y10
MOBiOMJIEHO IPO 3HAXifKM LbOTO LUTOTUILY Y
Cxipniit, LentpanpHiit Ta 3axigniit €spomni (Hampu-
Kaj, B Ykpaini, Himewunsi, [Tonpbiui Ta Yropiumsi),
B a3iiiCbKOMY peTioHi, a TakoX y IliBHiuHiT AMepu-
i (Chaudhary et al., 2020; Brock et al., 2020, 2022a,
2022b). IInrorun 2 C. microcarpa BBa>KaeThCsl Hail-
6inpIn nomypeHyM i 3BudYariHNM B Ykpaini (Blume
et al., 2024a). 3’sacyBaHHA TOYHOI LMUTOTUIOBOI
IPVHAJIKHOCTI OpUriHa/IbHOTO Matepiany (T06-
To, Tuny i cuntunis) C. microcarpa, 3ibpanoro A.
AHJKeT0BCHKYM Ha TepuTopil Ykpainu (a60, MeHII
IIMOBipHO, Ha IpwiIerntiil Tepuropii Mongosu), 3a-
JIMIIAETbCA AKTYa/JIbHUM HUTAHHAM, KOTPe MOIJIO
6 MO3BOMNUTHM BUPILINTU [I€BHI IpobiemMu cucrema-
TUKM i HOMeHKIaTypu pony Camelina (Mosyakin,
Brock, 2021; Blume et al., 2023, 2024a).

Bigomo, mo mBa rekcamoimHux mutotumu C.
microcarpa MalTb CIJIbHE LMTOIIa3MaTUYHE
HOXOKEHHA (3a MaTepMHCBKOK JIiHi€l0), OfHaK
CYTTEBO BifIpi3HAITHCA 3a OpPraHisalli€l0 FeHOMY:
T 1 mae N®N7H’ renom, a Tunr 2 — NON’N® op-
raHisarito resomy (Brock et al., 2022a; Mandakova,
Lysak, 2022; Blume et al., 2023). BaxxaeTbcs, 110
Taki CyTTEBI TeHOMHi BiIMiHHOCTI OOYMOBIIOIOTDH
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PENpPOAYKTUBHY i30/IALII0 MK IUTOTUIIAMU Ta
YHEMOXK/IMB/IIOIOTh IOTIK I€HiB MK AMKMMU IIO-
nynaniamu nux xpomocoMuux pac (Chaudhary et
al., 2020; Brock et al., 2020; Blume et al., 2023). Bix-
MOBIIHO, OHAKOBA OpraHisallisi reHOMIB Ta 6/M3b-
Ka cnopignenictb C. microcarpa tun 1 ta C. sativa
0OYMOBJIIOIOTh iXHIO 3JaTHICTb [O MDKBUJOBOIO
CXpelyBaHHA 3 IOfaIbUM (HOPMYBaHHS XKUTT-
€3[JaTHOTO Ta T€HETUYHO CTAOIILHOTO IIOTOMCTBA
(Chaudhary et al., 2020; Brock et al., 2022a; Man-
dakova, Lysak, 2022; Blume et al., 2023). Tum =He
meni, C. microcarpa TUI 2 PO3ITIANAETHCA TaKOX
AK TMOTEHUiIHMIA JOHOP T€HEeTUYHOIO Pi3HOMAaHIT-
TS Yepes BUILY HOMIMOP(GHICTD IIbOr0 IIMTOTHUITY Ta
MIMPLINIT apeajt, o KO3BOJIsIE 00ypaTy Oiybll re-
HeTMYHO MIiH/INBI pOCTMHM I/IA cXpeltyBaHHA 3 C.
sativa (Blume et al., 2023).

OcHOBHOW0 Tpo67IEMOI0, 1[0 0OMEXYeE eeKTUB-
HY CEJIEKIIII0 V1 TIOfajIblle IMPOKE BIPOBA/KEHHSA
C. sativa y cinbcbKe TOCHOIAPCTBO, € HM3bKa reHe-
THYHAa MIHJMBICTh LbOro Bupy. HemocraTHaA momi-
MOPQHICTb Ky/IbTYpHOTO PIKIiI0 CTa/la pe3y/IbTaToM
CKJIQJTHOI TIOCJIiJIOBHOCTi IIOfil ajIoIOJIMIOIil B
XoJii BUIOYTBOPEHH: Ta OffOMAIlIHEHH: I[bOTO BULLY,
IO IPU3BENO O 3HVDKEHHSA TEHEeTHYHOTO Pi3HO-
MaHITTA (B, NpyHaiMHI Tpuui 3a3HaBaB edeKTy
muiiky wrsamky) (Manca et al,, 2012; Singh et al,,
2015; Luo et al., 2019; Manddakov4 et al., 2019; Blu-
me et al,, 2020, 2023). HemaBHi mocmigyKeHHs reHe-
TYHKUX pecypciB C. sativa BUABWIN HaJ3BUYAHO
HU3bKUI PIBEHb IE€TEPO3UTOTHOCTI y COPTIB Ta ce-
JIEKIVHMX JIiHiM, IO CTa/I0 Pe3y/IbTaToOM OIMCAaHUX
eomoniiiHux nporecis (Brock et al.,, 2024). Came
TOMY IHTPOTpPECiA TeHiB BiJj JUKMX POAMYIB I[HOTO
BURY, Takux Ak C. microcarpa, € OTHUM 3 HaOiIbII
NePCIIeKTYBHYX MiIXOMiB [ yIOCKOHATIEHHA KY/b-
TypHOro puwxiro (Séguin-Swartz et al., 2013; Tepfer
et al,, 2020; Zhang, Auer, 2020; Blume et al., 2023;
Chaudhary et al,, 2023b). SIk anprepHaTuBHMIT -
Xifl pOSINANAETbCA MOYK/IMBICTh CTBOPEHHA CHUH-
TETUYHOTIO A/IOTE€KCAIIOITHOTO PIDKII0 3 F€HOMOM,
noxibunm go C. sativa. Taxmit Tibpup MOTEHIITHO
MOXKe OyTM CTBOpPEHMII 3 BMKOPMCTAHHAM TeTpa-
wioigHoro ‘C. intermedia’ Ta punnoigHoro C. hispida
(Mandékova et al., 2019; Blume et al., 2023).

Ouinka CTPYKTypu HONY/AL{I Ta IeHEeTUYHOro
pisHOMaHITTA mMKMX nonynauinn C. microcarpa 1o-
Kpalllye PO3yMiHHA €BOJIIOLI IPENCTaBHNUKIB poy
Camelina, a TakoXx Hajae ILiHHY iHpopMaLilo m1s
e(peKTMBHOrO BMKOPUCTAHHS T€HETUYHVX pecyp-
ciB pwxito gpibHomnigHoro y cenekuii C. sativa.
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Ockinbky BiIMiHHOCTI B opraHisallii reHOMiB IIUTO-
tunis C. microcarpa € OCHOBHOIO IIE€PELIKONOI0 [JIs
MDKBUOBOI ribpuamsanii nporo supy 3 C. sativa,
MaiOyTHi JOCTI/PKeHHA MOXYThb OyTI 30ceperpKeHi
Ha 3’CYBaHHI TeHeTUYHMX MeXaHi3MiB MDKBUOBOI
HecyMicHOCTI (Blume et al,, 2023; Chaudhary et al,,
2023b). CexBeHyBaHHSA I'eHOMIB pi3HMX LIMTOTUIIIB
C. microcarpa MOITIO 6 TaKOXX HOKPAILUTI PO3YMiH-
HA €BOJIOLII JAaHOTO BULY Ta MEX JI0r0 reHeTUYHOI
minnmBocti (Martin et al; 2022; Chaudhary et al,
2023a; Wang et al., 2024). Kpim Toro, y guxux mo-
IIyALIAX MOXYTb MICTUTUCH I[IKaBi 3 TOYKU 30py
CEJIEKIIIITHOTO BUKOPUCTAHHSA TeHeTU4Hi ab0 deHo-
tuniuHi Bapiautu C. microcarpa, KOTpi MOXKHa 0Y/10
6 BUKOPKCTATH Jyis NPUBHECEHHS I[iHHMX O3HaK,
TaKMX AK CTIMKICTh 0O a0iOTMYHUX CTpeCiB, yHi-
KaJIBHUII CK/Iafl O71il HaciHHA ab60 3amacHuX O1/IKiB y
HacinHi (Blume et al., 2023, 2024¢). Aconjialiis Takux
O3HaK 3i crelMiyHNMY MOJIEKY/LAPHUMM MapKe-
paMu TaKoXX MOI/Ia 6 3HAYHO MiABUIUTH eeKTUB-
HicTp cenexuii C. sativa IUIAXOM iHTPOTpecii TeHiB
inTepecy Bip C. microcarpa.
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Abstract. Taxa of the genus Camelina faced numerous hybridization and allopolyploidy events during their evolutionary
history. Little-pod false flax, C. microcarpa, a direct wild progenitor of the cultivated oilseed crop C. sativa, is one of the most
widespread representatives of the genus. Due to several genetic bottleneck events and subsequent domestication, C. sativa
now exhibits low genetic diversity, which significantly complicates its breeding. Camelina microcarpa wild germplasm seems
to be a valuable pool of genetic diversity that could be effectively used for gene introgression in C. sativa and overcoming its
genetic paucity. However, the genetic diversity and population structure of C. microcarpa remain insufficiently understo-
od, particularly in Ukraine, which is considered among Camelina’s genetic diversity hotspots. Here, we used a combination
of TBP/cTBP and SSR markers to assess the genetic diversity and population structure of C. microcarpa in Ukraine and
partially in adjacent Western European regions. Three distinct genetic populations have been identified: Southern Ukraini-
an (predominantly occurring in the Steppe zone), Northwestern Ukrainian (occurring in the Forest-Steppe zone and Pre-
carpathian region, particularly in Lviv Region), and Western European (Poland, Hungary, Germany). Our findings suggest
that the Southern Ukrainian population exhibits the highest genetic diversity, possibly representing an ancestral gene pool,
while the Northwestern Ukrainian and Western European populations demonstrate evidence of a high gene flow with the
Southern Ukrainian population of C. microcarpa. Our phylogenetic analysis confirmed strong differentiation of these three
populations, while the population structure analysis further indicated a high rate of admixtures between the populations.
These findings enhance our understanding of the evolutionary relationships and geographic distribution of C. microcarpa.
The observed high heterozygosity and complex population structure highlight the potential of C. microcarpa (especially the
Southern Ukrainian population) to be used as a germplasm donor for C. sativa breeding programs. Our study provides new
insights into hexaploid Camelina species evolution and genetic diversity, establishing foundations for future development of
wild germplasm utilization strategies and cultivated false flax breeding improvement.

Keywords: Brassicaceae, Camelina microcarpa, crop wild relatives, distribution, little-pod false flax, oilseed crop, Ukraine
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Sedum sarmentosum (Crassulaceae) y pnopi Ykpainn

€sa . AHIPUK * 2, Onexcannp I. ITUHOEP 2 (2, Mupocnas B. IITEBEPA >!
! 3akaprarcpkuit yropebkuit inctutyt imeni ®@epenua Pakouni 1T,
mwiomta Kouryra 6, Beperose 90200, 3akapmarcpka o671, YKpaina
2 Hauionanpuuit 6oTaniunmit cag imeni M.M. Ipnmka HAH Ykpainu,
Byn. CayjoBo-boTaniuna 1, Kuis 01014, Ykpaina
3 Incruryt 6oranikn im. M.I. Xonogroro HAH Ykpaisn,
By Tepemenkiscbka 2, Kuis 01601, Ykpaina

* ABTOp 1A MuCTyBaHHA: andrik.eva@kmf.org.ua

Pedepar. Brepuie HaBefeHO [aHi IIpO CydacHe IOLIMpeHHA B YkpaiHi MajoBifoMoro Heodira cXimHOa3ilicbKOro
noxomkenHsa Sedum sarmentosum (Crassulaceae). YsarambHeHO BifoMocTi mpo iforo Mopdosoriyni 0cob6amMBoOCTi,
MePBUHHMIT | BTOPUMHHMII apean, eKOJIOro-I[eHOTMYHy IpuypodeHict. Llf0 6araropiuHy CraHKy TpaB’siHy POCIMHY
(MMCTKOBUII CYKYJIEHT) KY/IBTMBYIOTh K JeKOPaTHMBHY Ta I'PYHTOIIOKPMBHY B 0araTbox KpaiHaX CBiTy, HOJeKyAM BOHA
nuuasie. B Ykpaini Bup gocToBipHO BioMuit B Kynbrypi 3 1980-x pp. y HanionanpHOoMy fenpponoriuHoMy mapky "Codiiska”
HAH Vkpaian (M. Ymanb, Yepkacbka o671.). 3qudaBini pociuum Buay Bliepiie BusABieHi y 2012 p. B M. Y>Kropof, 3rofioM
i B iHIIMX HaceleHUX IMyHKTax YKpaiHu. OOroBOPEHO CKIA/HICTD BiffpisHEHHS CIIOHTAHHUX MiCI[e3POCTaHb Bifj KOJIOHII
Ha MiCISIX KynbTUBYBaHHsA. [lofjaHO KapTOCXeMy HMOIIMPEHHA S. sarmentosum B YKpaini. Buj npuypodennii BUK/IIOUHO [10
aHTPOIOTEeHHNX MiClie3pocTaHb. PocTe MoonnHoOKo ab60 HeBeMMKUMHU KOJIOHIAMU y CKajii HecopMOBaHUX yrpyIoBaHb. B
afBeHTHUBHII (rmopi YKpailHu 1eil 4y>KOpifHuUIT BUJ 3a CTyIIeHeM HaTypaisail € konoHoditoM abo epemepoditom.

KmiouoBi cmoBa: Crassulaceae, Sedum sarmentosum, anBeHTMBHMIT BUZ, OlopisHOMaHiTTs, reorpadis, Mopdooris,
HaTypasnisalis

Bupnm pony Sedum L. sensu lato (Crassulaceae) Tpa-
AULIHO HAJIeXaTb IO ACOPTMMEHTY IOMY/IAPHUX
IEKOPaTMBHUX POCINH, KOTPi IIMPOKO KY/IbTH-
BYIOTbCSI Ta aKTUMBHO BIIPOBAJPKYIOTbCS B KYJIb-
TYpPy fAK IeHTpalai3oBaHO (OOTaHIYHMMU cajgaMu
Ta [eHAPOMApKaMM, TOCHOJAPCTBAMMU 3€/IeHOr0
OymiBHMIITBA), TaK i KBITHMKapsIMU JIIOOUTEs-
mu (Stephenson, 1994; Sydoruk, 2003; Katalog...,
2015). Cmocrepiraerbcst 30inblleHHsT KiTbKOCTI

BUJIiB, fIKi CIIOHTAaHHO PO3MHOXYIOTbCA B MiCLIAX
IXHPOTO Ky/JIbTUBYBaHH:A Ta 3a IXHIMM MeXaMl, a
3rOJJOM HATYPayi3yIOTbCs Y aHTPOIIOreHHUX 6ioTO-
nax (Zavyalova, 2008; Protopopova, Shevera, 2014;
Shynder, Negrash, 2020). B Vkpaini B ocranHii
yac B O3€/IeHEHHi K IeKOPaTUBHY Ta IPYHTOIO-
KPUBHY POCIMHY CIOpPafiiuHO BUKOPUCTOBYIOTb
BUJT CXiJJHOA3i1lICBKOTO IIOXOMKeHHS S. sarmento-
sum Bunge (puc. 1) (Katalog..., 2015). Bin 3gaBHa
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Sedum sarmentosum y pnopi Ykpainu

KYJIbTUBYETDHCSA Ta B)Ke HarypanisyBascs y IliBHiu-
Hilt AMepuui Ta feakux kpainax €ppomnu (Ohba,
2009; POWO, 2025-onward). B Ykpaini 1eit Bup
Ma€ HETPUBAJIy iCTOPi0 Ky/JIbTMBYBAHHA Ta 3HAXO-
JIUTbCA Ha IOYATKOBUX CTaJiifX PO3CENEHHHA, TOX
HOJATKOBiI BiJOMOCTI IpO 10r0 BUKOPUCTAHHA Yy
IeKOPaTMBHOMY CaJiBHUIITBi Ta CHOHTaHHE IOMIN-
PEHHA € aKTyaTbHUMMU.

B ocHOBy po6oTy moknmameHi opuriHanbHi m0-
CIIPKEHHs, IIPOBEMIEHI Y Pi3HUX perioHax KpaiHu
y 2012-2024 pp., onmpanpboBaHi TaKOX Marepianu
repbapiiB Incturyry 60Taniku im. M.I. XononHo-
ro HAH VYxpainun (KW) i Hamionansuoro 6ota-
HiyHOTrO cazy iMeni M.M. Ipumxa HAH Vkpainn
(KWHA) Ta 6a3 mauux iNaturalist (2025-onward)
ta UkrBIN (2025-onward). Y po60Ti BUKOpUCTaHO
3ara/IbHONPMITHATI Knacudikalii 4y>KopifHUX BU-
niB (Naegeli, Thellung, 1905; Schroeder, 1969; Mo-
syakin, Yavorska, 2002; Pysek et al., 2004).

Sedum sarmentosum KylIbTUBYIOTb Y Pi3HUX Kpa-
iHax cBiTYy 3e6i/mbIIOr0 13 M’ AKMM i TeIIMM K1iMa-
toM. [lomynAapHOCTi 1jbOrOo BUAY B KBiTHMKApCTBi
CIIPUAIOTD IIBUAKWIL PICT POC/INH, HeBUOATINBICTH
10 YMOB BUPOIIYBaHH:, CBOEPifHNIT TabiTyc, jer-
KiCTb pO3MHOXXEHH:A TOLLO; KPiM TOTO, LiIbHUIA
MIOKPUB, AKUII YTBOPIOIOTH POCIMHM, MOXE CTPHU-
MYBaTy PO3BUTOK OYp siHiB. POCIMHY BUTPUMYIOTH
IIOCYXY Ta HE3HAYHUII 3aTiHOK, ajle 3a CU/IbHOIO 3a-
TiHEHHs BTPadYalOTh NEKOPAaTMBHICTD, HE KBITYIOTb
(Stephenson, 1994).

Bup onmcannit 3 okonuup Ilexina. ITpote, uepes
TpMBaje BUKOPUCTAHHA y JIEKOPAaTMBHOMY CafliB-
HMUITBI MeXi JI0TO IIE€PBMHHOIO apeajy 3ajuuia-
I0TbCSI OCTATOYHO He 3’sicoBaHumu. [IpmpopnHo S.
sarmentosum TMOLWMPEHNI Y CxipHin Ta, 9aCTKOBO,
IliBgenno-Cxigniit Asii, 3okpema y 17 cxigaux i
HiBJIleHHO-CXiflHUX npoBiHniax Kurato, y AnoHii,
Kopei, B'ernami Ta Ha niBHoui Taimanpy. Bimmae
HepeBary 3aTiHeHNM CYXUM KaM STHUCTUM CXMIaM
ro 1600 M H.p.M. (Fu et al., 2001; Ohba, 2009; Su,
Lu, 2014; POWO, 2025-onward). Ha 6aTbKiBIuyHi
pocnuHM BUAY BiflOMi K JEKOPATUBHI, TiKapChKi
ta ictiBHi (Stephenson, 1994; Fu et al., 2001; Qina,
Sun, 2008; Bai et al., 2014, 2016; Lin et al., 2018;
Shi et al., 2020; Zong et al., 2020; Liu et al., 2024).
Yepes mopylieHHA Melo3y pocnuHM S. sarmen-
fosum CTepW/IbHI, 1O, IMOBIpHO, BKa3y€e Ha J10r0o
riopunorenne noxomkeHHss (Uhl, Moran, 1972;
Stephenson, 1994). 3paxarouu Ha MoOpQonoriuny
Ta reorpadiyny mopibuicte mo S. lineare Thunb.,
AKUI Ma€ Jello BY>K4YMII apeas, NPUITYCKAIOTb,

Puc. 1. Sedum sarmentosum Ha KBiTHUKY, Harjionamn-
Huit 6oTaHiyHmit cap iveni M.M. Tpuimka HAH VYipainn,
M. Kuis (poro O. HInupepa, 2012)

Fig. 1. Sedum sarmentosum in a flowerbed at the M.M. Gry-
shko National Botanical Garden, NAS of Ukraine, Kyiv City
(photo by O. Shynder, 2012)

10 OCTAHHIN LIKOM MOXXe OYTY OfHUM i3 6aTb-
KiBcbkUX BUAiB jyis S. sarmentosum (Stephenson,
1994; Fu et al., 2001).

Sedum sarmentosum OyB BimoMMIi1 3aJOBroO 1O
itoro ¢popmanbHOro 6oraniyxoro omnucy (Stephen-
son, 1994). Y kynbpTypi BuA MOMMpPeHNII IepeBax-
HO y TIOMIpHiil 30Hi, pifle y cy6Tpomikax i gysxe
pinko y Tpomikax — B Asii, €spomni, [liBHivHill Ta
Llenrpanbhiit Amepuni (POWO, 2025-onward;
https://www.gbif.org/species/5362004). Sk cnoH-
tTaHo(iT (BTiKay i3 Ky/IbTypu) BioMuit y CXifHiit
Asii (3a Mexxamu nepBmuHHOro apeany) (Miiller,
Okuda, 1998; POWO, 2025-onward), ITiBHiuHii
Awmepnui (Ohba, 2009), €spori, 30xpema: Xopsa-
Tii (Segulja, Regula Bevilacqua, 1994), Cnosenii
(Jogan et al., 1995), Icnanii (Castroviejo, Velayos,
1997), Yexii (Pysek et al., 2002), YropmuHni (Ba-
logh et al., 2004), Bocnii i Tepuorosusi (Stesevic,
Jovanovié, 2005; Soljan, 2011), HIBeitapii (Wit-
tenberg, 2005), Benprii (Verloove, 2006), Acpii
(Fischer et al., 2008), Yopuoropii (Stesevi¢ et al.,
2008), Pymynii (Sirbu et al., 2011), CroBauyun-
Hi (Medvecka et al., 2012), Itanii (Galasso et al.,
2024), Himeuunni (POWO, 2025-onward). 3 2012
p- S. sarmentosum 3abikcoBaHMUII K aTBEHTUBHMIT
Bz iy dopi Ykpainu. Y Meskax BTOPMHHOTO ape-
aJIy BUJ 9acTO IPUYPOUYEHMIT 1O aHTPOIOIeHHUX
Micle3poCcTanb, 30KpeMa y XopBarii pocre Ha Ii-
I[aHMX 260 KaM AHUCTUX aHTPOIIOTeHHNX I'PYHTaX
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E€J1. AHIPUIK Ta in.

1 Ha cTiHaX, [le MOXKe YTBOPIOBATI Mali’ke MOHOJO-
minantHi yrpynosanus (Segulja, Regula Bevilac-
qua, 1994). V IliBHiuHiit AMepu1ii pocTe Ha CyXUX
ckensix Ha Bucoti fo 500 M H.p.M. (Ohba, 2009).
YucenpHiCTh NOMYNALINA BUAY MiTPUMYETbCA
3aBJAKM AKTMBHOMY BeETeTaTMBHOMY PO3MHO-
xennto (Segulja, Regula Bevilacqua, 1994). Poc-
JIVMHYM CXW/IbHI HMIBUJKO PO3POCTATUCA B MiCLIAX
KY/IbTUBYBaHH#A, YTBOPIOIOYM ILIiMbHI KUIMMU 31
CTE€PU/IbHMX IIArOHiB, AKi NOLIMPIOIOTHCA 33 MEXI
pokapiiB abo MOXYTb 3BUCATHU 3 KpaiB KBITKOBUX
AIVKIB. Y 3B'S13Ky 3 MM pOC/IVHA MOXe CTaBaTu
Oyp’saHoM Ha KBiTHuKax (Stephenson, 1994). 3a-
YBOXUMO, 110 S. sarmentosum HaBeJeHUI y CIINC-
Ky RIaTHOCTMYHUX BMJIB Kiacy Asplenietea tri-
chomanis (Br.-Bl. in Meier et Br.-Bl. 1934) Oberd.
1977 (Mucina et al., 2016).

Y kBiTHUKapCTBi 6araTbox Kpaiu S. sarmentosum
€ HalIIOWVPEHIINM cepeJ] iHIINX BUJIIB POJY CXifI-
Hoasiiicbkoro moxomkeHHs (Stephenson, 1994).
MopdornoriqHo 6M3bKMMU 10 HBOTO € CXiTHOKM-
TalICbKO-ATIOHCBKUIL S. lineare, AKMIT TaKOX KYJb-
TUBYIOTh, XOYa i 3HAYHO pijlIe, Ta CXiJHOKMTAI-
cbkmit eHpiemiunmit S. grammophyllum Frod. Bin
000X 1UX BUJIB S. sarmentosum BifpisHIETbCS Ha-
camrieper MUPIIMHK i OibIII COKOBUTUMM JTAHIIET-
HUMU nucTKamy; S. lineare ta S. grammophyllum
MAalOTh JUCTKU Biff MiHIHUX IO JTAHLIETHO-JTiHil-
Hux (Stephenson, 1994; Fu et al.,, 2001). ¥ mexxax
BUNLy BUJiIeHO pisHOBME S. sarmentosum var. sil-
vestre Frod., sxmit mommpennit Ha nipHi Kutaro
(https://powo.science.kew.org/taxon/urn:Isid:ipni.
org:names:77250311-1).

Bup mae aHIIIOMOBHI HasBu: "stringy stonecrop”,
"gold moss stonecrop” i "graveyard moss" (English
Names..., 2015). B Ykpaini ana HpOro BXXKe 6yI0
BUKOPYICTAHO Ha3By "OYMTOK JIO30MOZiIOHMIT [10-
soBupHUi]" (Onuk et al,, 2021; Shynder, 2022a),
AKY MU IIPOIIOHYEMO 3aIMIINTH. AJle TaTMHCbKUIA
emiter (Vademecum..., 1957) "sarmentosum" Iie-
peKIaiaeThCs AK "yTBOPIOIOYMIT TOBIi i 6araroum-
ce/bHi maronu (y103m), Bignpucku abo Byca'", Moxxe
OyTy nepextafenni i Ax "riacruit’, "meructuit’
a60 "xMuzononibHuit", Mo BifoOpaskae yTBOPEHHs
POCIMHOIO BEMUKOI KiIbKOCTI JOBTMX CIaHKMX ITa-
TOHiB.

HaBopumo CMHOHIMIKY By Ta JIOTO KOPOTKY
MOPQOIOriyHy XapaKTepPUCTUKY, CKIaZeHy Ha OC-
HOBI BJIJACHUX CIIOCTEPEXXEHD Y IPUPOJI Ta KYIbTY-
pi it 3a ganumn Flora of China (Fu et al., 2001) ta
Flora of North America (Ohba, 2009).
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Sedum sarmentosum Bunge, Enum. Pl. China Bor.:
104 (1833) [A separately issued preprint of: Bun-
ge, Mém. Acad. Imp. Sci. St.-Pétersbourg Divers
Savans 2: 104 (1835)].

- S. angustifolium Z.B. Hu & X.L. Huang, Acta Phy-
totax. Sin. 19: 311 (1981).

- S. kouyangense H. Lév. & Vaniot, Fl. Kouy-Tchéou:
118 (1914).

— 8. sheareri S. Moore, ]. Bot. 13: 227 (1875).

Hassa Sedum sarmentosum, 3 ommcoMm, Oyna
miiicHo obHaponyBaHa A. Bynre y 1833 p., B okpe-
MOMY HpeNpPUHTi, AKUI OyB PO3IOBCIOIKEHNIT Y
ToMmy X poui (Bunge, 1833), ay 1835 p. BugpykoBa-
HUt y Mémoires présentés a I'’Académie impériale...
(Bunge, 1835); us my6mikanis 1835 p. IOMMIKOBO
HaBefieHa y POWO (2025-onward, accessed 22
March 2025) six mpoToror.

bararopiuHa TpaB’AHa, HeONyIIeHa I'PYHTOIO-
KpuBHa pocnyuHa. CTepu/ibHi IAaroHM INOB3Y4Yi, a
reHepaTUBHI — BUCXiIHI, posrany»KeHi, po>KeByBa-
TOTO KOJIbOPY, IIOCTYIIOBO BKOPIiHIOIOTHCA Y BY3/IaX
1o Mipi pocry, 10-25 cM 3aBoBXKu. JInctku cnpsa-
4i, B MYTOBKax II0 TPW; IMCTKOBA IIACTVHKA CBIiT-
JI0-)KOBTYBATO-3€/IeHa, Bil BY3bKOPOMOidHOeJII-
TUYHOI 0 IMPOKOIaHueTHol, 1,0-2,8 x 0,3-0,7 cMm,
TI0 OCHOBU 3BY>K€Ha, 3arocTpeHa. CylBiTTA MMO3-
He 3-5-posranyskeHe, ManoksiTkose. KBiTkn cups-
qi, 5-wienHi. YallonMmcTUKM aaHIeTHi, 3,5-5,0 MM,
IIPY OCHOBi MEHII 3BY>KeHi, npuTyIeHi. Ilemocr-
KU >KOBTI, JIAaHLIETHi, 5-8 MM 3aBIOBXXKU, OiJbIII-
MeHII rocTpi. TuuymHOK 10, KOPOTII 3a HEeTIOCTKH.
HekTapHMKM KIVMHONOAIOHO-YOTUPUKYTHI, 6/1U3b-
ko 0,5 MM 3aBoBXKU. [IpuiiMoukn posramy>keHi,
OBracTi, 5-6 MM 3aBmoOBXXKN. HaciHuHM sitieno-
#i6Hi, 67m13bKO 0,5 MM 3aBJJOBXXKI, HE[JOPO3BUHYTi.
IIBiTe 3 kiHLA TpaBHA (Ha miBgHI Ykpainn) mo mo-
YaTKy JIUMHA (Ha MiBHOYI).

BukopucranHa y KBiTHHKapcTBi B YKpaiHi.
Bnepure B Ykpaini S. sarmentosum 6yB iHTpOmyKO-
BaHmii (3a ganumy T.M. Cupopyk i T.A. IlIeus) go
HarionanpHoro fenaposnoriynoro napky "Cogiiska”
HAH VYkpainn me Ha noyarky 1980-x pp., e Konmek-
ia BupiB pony Sedum 6yna HaitbinbIow B YKpaiHi
(Sydoruk, 2003), xo4a 3 pisHUX IPUYVH BUJ He OY/I0
BHeceHo fio Karamory pocimuu penppomapky (Ka-
talog..., 2000b). Inmi sragku mpo S. sarmentosum
BiZICyTHi y BiTUM3HAHUX Kepenax mo 2000 p., so-
KpeMa, BiH He OyB BKasaHMII cepef Ky/IbTMBOBaHUX
POCIMH y KaTajorax BeIMKUX LEHTPIB iHTPOLYKIil
pocnuH B Ykpaini: JJoHenbkoro 60TaHi4HOro capgy
HAH Vkpaian (Katalog..., 1988), Kpusopisbkoro
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Sedum sarmentosum y Gpnopi Ykpainu

Puc. 2. Sedum sarmentosum, m. Beperose, By/1. My>aiicbka
(doto M. Illeepn, O. lnuznepa, 2024)

Fig. 2. Sedum sarmentosum, Berehove, Muzhayska Str.
(photo by M. Shevera, O. Shynder, 2024)

6oranivnoro cagy HAH Vkpaian (Katalog...,
2000a), HBC imeni M.M. Ipumka HAH Ykpainn
(Katalog..., 1997) rta HikiTcbkoro 6oTaHi4HOrO
capy — HanionanpHoro HaykoBoro neHtpy HAAH
Ykpainn (Katalog..., 1983), a Tako)x 60TaHiYHOTO
cagy im. akaj. O.B. ®omina KuiBcbKoro HallioHamIb-
Horo yHiBepcurery imeni Tapaca IlleBuenka (Bere-
zkina, 2007). 3a gauumu O.1 IlInupepa B 2005 p. S.
sarmentosum Ky/lIbTUBYBaBCA Y KOJIEKIIiI IPyHTOIIO-
KPUBHMX POC/IMH Ta Ha KiIbKOX KTyM6axX y IeHIpO-
napky "Codiika". ¥ 2007-2008 pp. S. sarmentosum
BMpOIlyBaBCsA Ha Kinbkox gAinAHkax y HBC imeni
M.M. Ipumka HAH Ykpainn (Kolektsiynyi. .., 2008;
iNaturalist, 2025-onward). ¥ 2008 p. iHTpogyKuiii-
Ha TIomynALia S. sarmentosum 6Oyna BinsHadena O.
Jleonom y Kpumy B HikiTcbkoMy 6oTaHiYHOMY
capy (iNaturalist, 2025-onward). Takox, S. sarmen-
tosum TIpefCcTaB/IeHNIT y KONMEKIIiAX XXUBUX POCTINH
6oTaHiuHuX cafiB YepHiBeIbKOro HaljiOHaIBHOTO
yHiBepcutety iMeHi IOpia ®enbkoBnya, Opmecbkoro
HaljioHanbHOro yHiBepcurery imeHi I.I. Meununko-
Ba, KpemeHerpkoro 6oranivnoro cany (Kolektsiy-
nyi..., 2008; Katalog..., 2015; Onuk et al., 2021).
3a paHuMM crenianisoBaHux pecypcis (iNatu-
ralist, 2025-onward; UkrBIN, 2025-onward) Ta
BJIACHVMMM TIOTIbOBMMM 3amucamu aBTopis (Shynder,
2019) y 2010-2024 pp. S. sarmentosum 3’sIBUBCA B
ACOPTUMEHTI CreljiajlisoOBaHMX Maras3yHiB Ta 3pigKa
BifIMivyaBcs i Ha MpMBaTHUX KBiTHMKaX y AP Kpuwm,
M. Kuesi, [JHinmponeTpoBcbKiil, 3akapnaTchKiit, 3a-
110pi3bKiit, IBano-Ppankiscbkilt, Kuiscepkiii, Kiposo-

Puc. 3. Sedum sarmentosum, M. Beperose, Byn. fIHomra Apa-
Hi (poto O. nupepa, 2024)

Fig. 3. Sedum sarmentosum, Berehove, Yanoshi Arany Str.
(photo by O. Shynder, 2024)

rpaficbKill, JIbBiBCbKill, PiBHeHCBKiIl, XapKiBCbKill,
YepHniBerpkiit Ta YepKacbkiit, 06macTsx.

CnioHTanHe nmomupenH:. llepuri 3auyasini ex-
seMIULApK S. sarmentosum B YKpaiHi Oymu 3i6pani
B 2012 p. y M. Yxropoxn 3akapmaTcbKoi o6rmacri,
Ha By IligrpajcpKiif, y minMHax Mi>k TPOTyapoM
Ta CTiHOIO OyAMHKY. BpooBXX HacTyHmHMX POKiB
pocmuy Bupy ikcyBamm fK y pisHMX Mikpopa-
JloHax MicTa (30KpeMa i Ha TepuTopil, Impuertii
[0 MDKHapOIHOTO aeponopry "Yxropop'), Tak i B
iHmMX HacenmeHMX NyHKTax obmacti. Bonn pocnn
y WiMHax MDK OyAMHKaMM Ta TPOTyapoM, Ha By-
JIMYHUX 3aHeq0aHMX KBITHMKAX, B3IOBX MIOPIT, 5K
CIIOHTAHHUIT Oyp’siH cepell TOPOAHIX KYIbTyp. Y
2018 ta 2020 pp. 3pmyaBim pocamHu Bupgy 6yo
3ibpano y YepHiBenpkiit, y 2021 p. — 3amopisp-
Kii1, y 2022 p. — PiBHeHcbKill i Yepkachbkiit, y 2023
— IBaHo-®pankiBcpKilt obmacTsax (3a marepiana-
mu KWj; Tokaryuk et al., 2022; iNaturalist, 2025-
onward; UkrBIN, 2025-onward).

Ockinbku S. sarmentosum € POCINHOI, IO iH-
TEHCMBHO IIOIIMPIOETHCA BETeTaTMBHO, BiH, AK i
OIBLIICTD IHIIMX NPECTaBHMUKIB PO, CXVIbHMUII
PO3pOCTAaTHCA B MICIIAX KYIbTUBYBAaHHA (30KpeMa,
1 Ha 3aKMHYTUX KBiTHMKaX ITiC/IA IPUIMHEHHS JI0-
mIAfy) Ta popMyBaTH KOJIOHII, K Iie MO>KHA mo6a-
YUTK 3 HaBefieHMX y 6as3ax faHux ¢oTo, 30KpeMma,
BifMi4eHVX OCTaHHIMM pOKaMy y MicTax 31010yHiB,
IBano-®pankiBcbk, Kuis, Yepkacu i B iHmmMx Ha-
cenenyx myHkrax (iNaturalist, 2025-onward; Ukr-
BIN, 2025-onward). BigpisuuTy BracHe CoHTaHHi
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Puc. 4. Kaprocxema noumpenss Sedum sarmentosum B
Ykpaini: 1 — CHOHTaHHI MicIle3pocTaHH:A; 2 — CYOCIIOH-
TaHH] MiCIIe3pOCTaHHA

Fig. 4. Schematic distribution map of Sedum sarmentosum
in Ukraine: 1 — spontaneous localities; 2 — subspontane-
ous localities

MicespocTaHHs S. sarmentosum Bif KOJOHil Ha
MICIIIX KY/IbTUBYBaHH:A iHOAi cknanHo. IIpu ABHO
KY/IbTUT€HHOMY IIOXOJPKEHHi KOJIOHIil, KOTpi BMU-
HUKIM HAa MICHAX TMOcajkyu abo 6Oe3mocepenHbo
HaBKOJIO HUX, MICIIe3POCTAaHHSA PO3IIANAEMO SK
CYOCIOHTaHHi. 3Ba)Kalo4uy Ha CTEPUIbHICTb poc-
nvHY, (GOPMYBaHHS CIOHTAHHUX MiCI|e3pOCTaHb
BiZOYBA€ETHCs /MuIlle 3aBISKM BUIIAKOBOMY 3aHe-
CEHHIO BeTeTaTUBHUX JIiacTiop.

HaBopuMo mepesik BijoMMX CIOHTaHHUX Mic-
LIe3HAXOMKeHb S. sarmentosum B YKpaiHi.

3akapmarcpka 006/macTh: M. YXXTOpof, BYIMIi
Baunucpkoro, 3aropcbka, Iligrpaspcpka, Cobpa-
HelbKa, YKpaiHcbKa, fApoupka, 2012, Anppuk
(vidi, non lecta); Byn. baumHcbkoro, Kimbka Kyp-
TMH y Tpasocroi, 19.07.2024, Anppux (https://
www.inaturalist.org/observations/240100979); Tam
e, Byl [pynieBchKOro, Hemomaik mepexpects 3
By/n. 8 bepesHs, mig mapkaHOM MYpY IPUBAaTHOTO
OymMHKY Ta 6i/1s1 3aKMHYTOI TepuTopii npu OyAuH-
Ky, 2015, IlleBepa (vidi); Tam >xe, By/1. JJyxHoBUYa
MIi>XX TPOTYapHOIO IUVINTKOI, CIIOHTAaHHO, HEBE/INKa
KypTuHa, 26.10.2021, Illunapep (Shynder, 2022b);
TaM Xe, BYI. JyXHOBMYA, YV IIi/IMHAX MiX OpPYKiB-
Ko Tporyapy, 20.10.2024, Auppux (https://www.
inaturalist.org/observations/248731335). — Yxro-
poxcbkmit p-H, cemuie Bemmka [lo6poHb, Hemo-
mamik OYAMHKIB, B3OBX [OPOIM, y ABOpax, Ha
LBMHTApi, CIOHTAHHO PO3NOBCIOAUBCA i3 IIBUH-
taps, 2016, Auppux (vidi). — BeperiBcbkuit p-H,
M. DBeperose, 6e3mocepefHbO B3HOBX y30iutds
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OJJHi€l 3 LIEHTpa/bHUX JOpir MicTa, Byl Mikeuna,
01.05.2024, Illesepa, llunpep (https://www.ina-
turalist.org/observations/217267010); Byn. My-
JKalicbKa, Ha KapHM3l Haj BXopoM y mipmisp op-
HOTO 3 IIATUIIOBEpXOBUX OyamHKiB, 02.05.2014,
Illeepa, Amnppuk (https://www.inaturalist.org/
observations/267402063); Tam ke, 01.05.2024, Ille-
Bepa, unpep (https://www.inaturalist.org/obser-
vations/217238813) (puc. 2); Byn. SIHomma ApaHi, y
minnHax Tporyapy, 01.05.2024, Hlungep, Illesepa
(KW s.n.) (puc. 3).

3anopisbka o6macTb: 3anopi3bkuil p-H, ¢. AH-
mpiiBKa, Ha y36iuui Bymuii, 04.05.2021, O. JleBon
(https://www.inaturalist.org/observations/106553500);
HeIofla/liK NoIepefHbOoro, Ha y30iuyi cycifHboi By-
i, 08.05.2021, O. Jleson (https://www.inatura-
list.org/observations/105800032).

Yepkacpka obmacth: M. Yepkacu: Byn. Ornex-
cig ITandenka, 05.06.2022, E. Ilysanosa (https://
ukrbin.com/show image.php?imageid=248853);
By/J. YHIBepCUMTETCbKAa, Ha MOXOBil IOAYIINi Ha
acanpri mob6musy O6ynuHKy, 16.09.2022, M. TaBpu-
mok  (https://ukrbin.com/show image.php?image-
id=264968).

YepHiBenpka o6mactb: M. YepHiBI, €Bpeii-
CHKMII [[BUHTAp Ha KaM siHuX rummirax, 08.10.2018,
IlleBepa, O. Kyuep, JI. 3a8’smoBa (KW136277); Ha
mam6i o By IIpyTchbka, 3quyaBii BeIuKi KOMOHII,
03.09.2020, I. Yopueii, A. Tokaprok (CHER) (Toka-
ryuk et al., 2022).

JlofaTKOBO HaBOAYMMO IIepeNiK CyOCIOHTaHHUX
MicIle3HaXO/KeHb S. sarmentosum B YKpaiHi.

ABroHomHa Pecmy6nmika Kpum: Sntuacpkumit
pavion, HikiTcpknmit 6oTaHiuyHMII cafi, HEBeNMMKa KO-
JIOHiA IHTPOAYKUIHOIO MOXO/mKeHHs, 17.07.2008,
O. Jleson (https://www.inaturalist.org/observati-
ons/129658031).

3akapnarcpka o6macTb: BuHorpaniBcbkumit p-H,
c. Bunok, Ha y36iuui Byn. JKurmonpa, 20.03.2024,
O. Téth (https://www.inaturalist.org/observations/
203208134). — MyxkauiBcbknmit p-H, M. CBansBa,
HajTiCaHUK Iepef IpUBAaTHUM OyAuHKOM, BYIL. To-
70BHa, 47, 2015, [lleBepa (vidi non lecta). — Tsuis-
CbKUIT p-H, c. [lyboBe, kaM’siHUCTe y36iu4st LBODY,
03.10.2024, V. Zorko (https://www.inaturalist.org/
observations/249878048). — XycTCbKMit p-H, M.
Xycr, Byn. IBana Yenpes, 6ina sakunyrtoro Oyzisii
Kade, KOIOHIs Ha y36144i JOPOrM HABKOJIO KOMNIII-
HBOTO KBiTHUKA, 29.04.2024, lIunpep (vidi).

IBaHO-®paHKiBchKa o6macTb: KociBcpknit p-H,
c. Kobakn, Byn. ®enuyka, 3gnyaBino Ha y36iqui
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Sedum sarmentosum y pnopi Ykpainu

Jopory, Hemogjalik KBiTHMKaA, 06.08.2023, Illesepa
(KW164603).

Kwuis: HEC imeni M.M. Ipnuiuka, 3 mH. 60Ky y1a-
6oparopHoro xopycy Ne 2, Ha 1e6eHICTOMY Cy0-
CTpaTi i M0 Mypy, KOJIOHisE po3Mipom 6 M2, Ha MicIii
caminua y 2012 p., 03.06.2019, UInnpep (KWHA
103475); tam ke, 14.12.2021, Hlungep (www.ina-
turalist.org/observations/103152691); HBC imeni
M.M. Tpunika, mixx xoprycamu Ne 2 i Ne 5, Ha cy-
XOMY Ta3oHi Ta Mypax 0ilf KBiTHUKIB, JI0OKa/lbHO
(Shynder, 2019).

KuiBcbka obnacte: BinouepkiBcbkuit p-H, ce-
muie JocnigHuibKe, Ha Kpawo IUIOLIi, HeBeIMKa
KOJIOHisl Ha MICIli KOJIMIIHbOL KHyM6M, 08.04.2023,
O. Jleon (https://www.inaturalist.org/observati-
ons/154344584).

PiBHeHcbKka o6macTh: PiBHeHCbKMiT p-H, M.
3non6yHiB, Ha mepexpecti By Jleci Ykpainku Ta
By 2 JItoToro, Ha y36i44i goporu mig 6araTornosep-
xoBuM 6OymmHKoM, 15.08.2022, O. JleBon (https://
www.inaturalist.org/observations/131178250).

Ha ocHoBi HaBemeHUX Miclle3HaXOmKeHb CKJa-
I€HO KapTOCXEeMy Cy4YacHOro IOIIMpeHHA S. sar-
mentosum B YkpaiHi (puc. 4). 3arasom 3pmyasini
KOJIOHII Ta OKpeMi KypTuHM BUAY 3adikCOBaHO B
14 HaceleHMX IYHKTAaX, ajlé O3HAKM CIIOHTAHHO-
IO IOXO[KEHHA MICLe3POCTaHb Bifi3HA4YEeHi IOKMU
y mictax beperose Ta Yxkropop i cenmmmi Benmka
Hlo6ponp 3akapmaTcbkoi obmacTi, Mictax Yepkacu
i YepHiBui Ta cemuuii AnppiiBka 3amopispkoi 06-
nacTi. [ Micrie3pocTaHHA OyIM BUABJIEHI HA/ITO
6mu3bKo i3 MicuAMM KynbTUBYBaHHA (abo iMoBip-
HUMM MICISIMM KY/IBTMBYBaHH:), 1100 BBaXKaTu ix
MOBHOLIIHHO CIIOHTAaHHMMI.

B VYkpaini S. sarmentosum npuypodeHuil Bu-
K/IIOYHO JO aHTPOIIOIeHHUX MiCLe3pOCTaHb, Je
pOCTe HMOOAMHOKO ab0 HeBeMMKMMM KOTOHiAMU
y cxmazi HecdopMOBaHMX YrpymoBaHb. Bipmo-
BiTHO IO MpUITHATUX Kmacudikaiiit Bugis qyKO-
piZHMX POCHINH, Y CKIaji afBeHTUBHOI (paxiii
¢dnopu Ykpaium S. sarmentosum €: 3a 4acoM 3a-
HeceHHs — Heoditom, 3a crocob6oM immirparii

CIIMCOK ITIOCUJIAHb

— eprasiogirogirom, 3a cTymeHeM HaTypainisa-
uii e HectabinpHMIt enemenT dnopu, y 6inpuro-
CTi CIOHTaHHUX MicLe3poCTaHb — KOMOHOQIT
a6o edemepodir. Bci cnontanni miciespocran-
Hs BUJY IIOB’SI3aHi 3 NOLIMPEHHAM i3 IpUBAaTHUX
KBiTHUKiB. bes cyMmHiBy, y 3gmu4yaBimoMy crani
pocimuHu S. sarmentosum MaloTb OiNbLI IIMPOKe
NOIMPEHHA B KpaiHi, TOMY CJijJj 374ilICHIOBATH
MOHITOPUHT 3 MeToI0 ¢iKcalii 10ro HOBUX JIOKa-
JITETIiB.

[oreHuiiiHi HacmigKM BIUVIMBY Ha MOBKINIA Bif
J10r0 IOIIMPEHHS € He3HayHMMM. B micusax gudga-
BIHHSA KOJIOHII S. sarmentosum 3[aTHI MeBHMUIT Yac
YTPUMYBAT! MICLI€3pOCTaHHA, 32 YMOBM BifICyT-
HOCTi 3apocTaHHs 6i0TONY BMCOKOPOCIMMU Iie-
HOTUYHO-aKTVBHUMU POCIMHAMU. Ajle aKTUBHOTO
PO3IOBCIOIPKEHHSA BUJly B MeXaX YKpaiHM Ta BKO-
piHEHHA y IPUPOJHI LI€HO3M ITOK) He BifI3HA4EHO.

Ilopsaxmu

ABTopu BAsIUHI KypaTOpaM KOJeKIlii 6araTopianmx
pocnuH HanioHanbHOTO [eHPONOriYHOrO MapKy
"Cogiieka" HAH VYkpaimn T.M. Cupopyk ta T.A.
[IBenp 3a 03HAMIOMJIEHHA 3 KOJIEKIIi€I0 BUJIB pO-
puuu Crassulaceae Ta m06'sa3H0 HajaHow iHGOP-
Mallilo moJ0 KyIbTUBYBAaHHA JOCIIJIPKEHOTO BULY,
a takox wi.-kop. HAH VYkpaian C.JI. Mocskiny,
JI.B. 3a'Bsanosiit Ta I.B. Boiiko (IncTutyT 60TaHiKn
im. M.I. Xonognoro HAH VYkpainu) 3a Bucnosne-
Hi peKOMeH/Iallil, fleTa/IbHi CAyIIHi JOIIOBHEHHA i
YTOYHEHHS JI0 TEKCTY PYKOIINCY.

JOTPMMAHHSA ETYHVX HOPM

ABTOpPU TOBiOMJIAIOTH INPO BifCYTHICTD OyAb-
AKOro KOH(MIIKTY iHTepeciB.
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Sedum sarmentosum (Crassulaceae) in the Ukrainian flora
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Abstract. This article presents the first systematized data on the current distribution in Ukraine of the little-known neophyte
Sedum sarmentosum (Crassulaceae), a species of East Asian origin. Information is summarized regarding its morphological
traits, primary and secondary ranges, and ecological-coenotic preferences. This perennial creeping herbaceous plant (a leaf
succulent) is cultivated as an ornamental groundcover in many countries worldwide, and in some regions it has become
escaped and naturalized. In Ukraine, it has been reliably recorded in cultivation since the 1980s at the Sofiyivka National
Dendrological Park of the National Academy of Sciences of Ukraine (Uman, Cherkasy Region). Wild-growing specimens
were first discovered in 2012 in the city of Uzhhorod, and later in other settlements. The difficulty of distinguishing sponta-
neous occurrences from colonies at former cultivation sites is discussed. A distribution map of S. sarmentosum in Ukraine
is provided. The species is strictly confined to anthropogenic habitats. It occurs either as solitary plants or in small colonies
within ruderal communities. In the alien flora of Ukraine, this alien species is classified as a colonophyte or, in some cases, as
an ephemerophyte, based on its degree of naturalization.

Keywords: alien species, biodiversity, Crassulaceae, geography, morphology, naturalization, Sedum sarmentosum
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Brnus nepeanociBHOI 060po0KN HAHOYACTMHKAMU

cpibma Ta Mifii Ha IEKTUH-3a/Ie)KHi AJaNTUBHI peaKIii

Triticum aestivum (Poaceae) mo 36ygHMKa 04YKOBOI IVIAMMCTOCTI
Oculimacula yallundae (Helotiales, Ascomycota)

IOnia M. IMICbMEHHA * &, Onpra O. IIAHIOTA 2,

Bikropis H. BEJTABA &, Onbra I1. OIbXOBUY ', Haranis 0. TAPAH
Kuiscbknmit HanjioHanbHMit yHiBepcuTeT iMeHi Tapaca Illesyenka,

HHIT "IacTturyT 6iomorii Ta MeguuyHu",

By Bonogumupcbka 64/13, Kuis 01601, Ykpaina

* ABTOp [/Is MUCTYBAHHS: pismennayab4@gmail.com

Pedepar. JlocnimpkeHo MmopdomeTprdHi mapaMeTpyu Ta IEKTUHOBY aKTUBHICTh IPOPOCTKIB M sAKOI 03umoi murernti (Tri-
ticum aestivum), iHOKYJIbOBaHUX CYCIIeH3i€l0 KOHifiil rpmba-36ymHuka oukoBoi mwramucrocti (Oculimacula yallundae),
3a YMOB IIepeAnociBHOI 06poOKY HaHOYACTMHKaMu cpibma Ta Mimi. IlokasaHo, o Taka oOpoOKa HaciHHs JBOX Pi3HUX
3a CTijikicTio copriB murennmui (cnpuitsaTanBoro 'Muponiscbka 808' i BigHOCHO crijikoro 'Renan') BImBae Ha picT
IPOPOCTKIiB 060X COPTIB, BMICT 6i/IKa Ta IEKTMHOBY aKTUBHICTD PiSHNX KIITUHHUX dpakiill. BcTaHOB/IEHO, 1110 TeKTIHOBA
aKTMBHICTh (pakuiii KITMHHUX CTIHOK 1 KIITMHHMX OpraHel IPOPOCTKiB HuIeHMIi 3a iH}ikyBaHHA Ta HepefIoCiBHOL
06po6Ky 6y/Ia BULIO0, HDK Y HeiHdikoBaHMX IPOPOCTKIB. [JuHaMiKa TeKTHHOBOI aKTMBHOCTI Pi3HMX KIITUHHMX (paKIii
BHACJTiIOK iH(biKyBaHHﬂ BifpisHsnacs. Peakuis-BigmoBins 6yaa 6ilblI BUPaXKeHO Y MPOPOCTKIB BiTHOCHO CTIiIIKOTO [0
maroreHa copry 'Renan'. IlepennociBHa 06po6ka HanouacTuHKamu Ag i Cu iHZyKyBaa JTeKTHH-3a/IeKHI 3aXMCHI peakIii
IIPOPOCTKIB MIIeHNI[i 060X TOCTIKYBaHUX cOpTiB. OTpUMaHi pe3y/IbTaTi € MepCIeKTUBHUMI IS IIOJA/IBIIOrO BYUBIEHHS
Ta BUKOPYMCTAHHS HAHOYACTMHOK METAIIB [/IsI 3aXVCTY POCINH Bif 610THIHMX Ta a610TMYHIX YNHHUKIB.

KmouoBi cnosa: Pseudocercosporella herpotrichoides, 6imoK, iHieKC TOIEpaHTHOCTI, TeKTMHOBA aKTUBHICTb, MOPpOMeTpis,
HaHOYACTUHKI, 03MMa ITIICHNIIA, TATOTeH

Bcryn SIKa CIOPUYMHAE BWIATAHHA IIIEHUI, AYMEHIO i
XKUTA. 3apakKeHHs POCINH Bij0yBa€ThCS BECHOIO Y
OpHielo 3 HaliHeOe3leuHINMX XBOpoO 3epHOBUX  (asi BUXOAY B TPYOKY. AKTUBHOMY PO3BUTKY XBO-
KY/IBTYp € OYKOBa IUIAMUCTICTD, 00 IiepKocIope-  poOy CIPUSIOTH BOJIOTA XOIO/{HA OCiHb, M'sIKa 31Ma
7bO3, YM MPUKOPEHeBa IIePKOCIIOpe/IbO3HA THUIb,  Ta IIPOXOJIOfiHA BecHa 3 onajgamu (Vusatyy, 2005).
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I0.M. IIMCbMEHHA rta in.

B VYkpaini nepmi noBijOMIEHHA IIPO OYKOBY
IUIIMUCTICTD 3'siBMucs e B 1960-x pokax (Dzu-
mabaev, 1963). Y 2007 p. xBopoba Oyrna mommpeHa
B 3axigHomy Jlicocteny (Kryuchkova, 2007), a Bxe
3a Kizibka pokiB — Ha TepuTopii Bciel kpainu (Kry-
uchkova, 2013).

Ile opHa 3 XBOpOO MINeHNIY], IKY BUK/IUKAE IPUO
Oculimacula yallundae (Wallwork & Spooner) Crous
& W. Gams, Bigommit 3rigHo 3 manumu Mycobank
(https://www.mycobank.org/) Tako>x 3a TaKUMM CH-
HoHiMiuHUMM HasBamm: Cercosporella herpotrichoi-
des Fron, Helgardia herpotrichoides (Fron) Crous &
W. Gams, Pseudocercosporella herpotrichoides (Fron)
Deighton, Ramulispora herpotrichoides (Fron) Arx i
Tapesia yallundae Wallwork & Spooner.

BukopuctaHHs QyHTINVAIB A/ 3aXUCTY POCTINH
Bif O. yallundae 3 4acom BTpadae e(eKTUBHICTb,
OCKIi/NIbKM IIaTOreH HaOyBae€ CTiiikocTi Ko Hux. Bu-
HUKAa€ HEOOXiHICTb MOTATKOBOTO BUKOPUCTAHHSI
xiMiYHMX TIpemnaparis, 10 30i/1blIye 3a0pyIHEHHS
HaBKOJIMIIHBOTO cepefoBuia. Kpim Ttoro, rpu6
30epiraeTbcs y pelTKax pOCIMH, SAKi 3TOXOM BM-
CTYHaloTh JxepenoM iHgexuii. Ha cporopHi abco-
JIIOTHO IMYHHMX [0 30yJHMKA OYKOBOI IUIAMUCTO-
cTi copriB nmuenni Hemae (Vusatyy, 2005).

Y momrykax anbTepHaTHMBHMX 3ac00iB 3axmcTy
POC/IMH HAyKOBL BUMKOPUCTOBYIOTH PiSHOMaHIiTHi
HigXozu, a caMe CTBOPEHHsI TeHeTMYHO 3aXUIIeHNX
copris (Vusatyy, 2005), 3acTocyBaHHs MiKpo6iosio-
rivaux npemnapariB (Kravchenko et al., 2014) i Bu-
KOPUCTaHHS BOJHUX PO3YMHIB HAHOIMCIIEPCHUX
qacTHOK MeTaniB (Lopatko, 2012).

IIpakTyHe 3aCTOCYBaHHA HAHOYACTMHOK 00y-
MOBJIEHE IXHIMM YHIKaJIbBHMMU BIACTUBOCTAMIU:
aHTHOAaKTepiaIbHUMM, AHTUQYHIAIBHUMHU, IIPO-
tuBipycHuMu i pict-ctumymotounmu (Chekman,
2009; Belava et al., 2017; Rizwan et al., 2017; Man-
soor et al., 2021; Tortella et al., 2024). Buxopucran-
Hf HAQHOYACTMHOK MeTaliB [yIi IIepefrociBHOI
06pOOKM HACiHHS CTUMY/IIOE CTilIKiCTP pPOCIUH
Io 30ymHMKIB XBOpoO i HecnpuATINBUX QaKTOpiB
CepeNoBUIA, MiBUINYE IXHIO IPOSYKTUBHICTD i
CIIpMSIE OTPUMAHHIO €KOJIOTiYHO YMCTOI IPOJYKIil
(Masarovicova, Kralov4, 2013; Taran et al., 2016).
Hanouactunkn 6iorennnx Meranis (Cu, Fe, Mn,
Zn) Ta Ag aKTMBi3yI0Tb aHTMOKCUIAHTHI CUCTEMH,
IpPUTHIYYIOTb YTBOPEHHS Ta HAKOIMYEHHs IIPO-
IOYKTiB OKVICHEHHS JIiiJIiB, CIPUYMHEH] ITaTOJIOTi4-
HUM IponecoM 3a iHgikyBaHHs O. yallundae (Pa-
nyuta et al., 2016). [ngyKoBaHy HaHOYACTMHKAMU
MeTajliB CTIKICTh pOCIMH MIIeHNUI 10 30yZHMKa
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OYKOBOI IUIAMMCTOCTI MOXXHa OLIiHUTM 32 POCTO-
BuMM Ta (¢isiosorivHrmMy napamerpamu, fAki Bigo-
Opa>karoTh iXHil CTaH 3a IEBHUX YMOB CepefoBUILa
(Lacko-Bartosova et al., 2010; Qiu et al., 2018).
BaxnmBe 3HaueHHA Yy 3aXMCTi POCIMH Bif Ia-
TOTEeHIB HAJIOKUTb JIEKTVHAM i JIeKTMHONOAIOHNM
6inkam (Hwang, Hwang, 2011), sixi B3aeMOfi0Th 3
MOBePXHeI0 6baKTepiabHUX KITiTUH, ciop i rid rpu-
6iB, BHAC/IIIOK YOT0 3yNMHAETbCS IXHil picT i 6710-
KY€TbCA PO3BUTOK IaTosioriuxHoro mpomecy (Kim
et al., 2015; Moradi et al., 2021). JocmimxeHHs aH-
Tr6aKTepianbHOI Ta aHTUQYHIATbHOI AKTMBHOCTI
JIEKTUHIB II0OKa3ylOTb, IO MIiHIMYM [Bi TpeTUHU
3araJibHOl KiZbKOCTi IIMX POCIMHHUX Oi1KiB i 1O-
Hag 90% pmocmif>KeHuX NeKTHHIB POCIUH POJVHU
Fabaceae BUABNAIOTb GaKTepuLMAHY Ta OakTepi-
OCTAaTMYHY aKTMBHICTb. Bi/lbIIiCTh /IEKTUHIB IIpoO-
IEeMOHCTPYBaIN aHTHOI0THUYIHI BIACTUBOCTI LIMPO-
KOTO CIIEKTPa Jii, IKi OXOIUTIOIOTH I'PaMIIO3UTUBHI
Ta rpaMHeratuBHi Oakrepii. OCHOBHOK YMOBOIO
TOKCUYHOCTI POCIMHHOTO JIEKTUHY /I IpUbiB €
CIIPOMOXKHICTb TepPeXpecHO 3B'A3yBaT/3IINBATH
MOBEPXHEBI IMKOKOH'IOTaTM KIITMHM HAaTOTeHa, B
HepIly Yepry MOJIEKYIM XiTWHY. 3B'sI3yBaHHA Bifi-
OyBaeTbcsi B pasi akTuBauii KiTbKOX aKTMBHUX
LEHTPiB 6araToBa/eHTHOI MOJIEKY/IU JIEKTUHY i
TPU3BOUTD JI0 3arubesTi K THHY maTtoreHa abo iH-
ribyBanHns pocty rpuba (Konozy et al., 2022).
BigmiyeHO cyTTeBe 36inblIeHHA aKTMBHOCTI
POCIMHHMX JIEKTVHIB He TibKY 3a yMOB iH(iKy-
BaHHA O. yallundae, a it K BiANOBI#b 3[OPOBUX
IPOPOCTKIB Ha 0OOpOOKY HEIOHOTeHHUM pO3uu-
HOM HaHO4YacTHMHOK MeTasiB (Ag, Cu, Fe, Mn, Zn)
(Panyuta et al.,, 2016). Lle Bkasye Ha MOXXIMBICTb
MPEBEHTUBHOTO BUKOPUCTAHHA HAHOYACTUHOK JIJIA
nepefajanTUBHOI iHAYKII eHJOTeHHNX 3aXVCHUX
peakuiit Ha MOXK/IVBY IaTOTeHHY iHdeKIio (Ha ri-
MOTETIYHY 3aTrpO3y IaTOTeHe3y).
3axmcHa QYHKIisA IEKTVHIB peasi3yeTbcsl ABOMA
HUIAXaMyt — depe3 Ge3rmocepenHilt KOHTAKT i3 Bifi-
MOBiIHMMM BYIJIEBOGHMMM peLENITOpaMy Ha II0-
BepXHi 4y T/IMBOI KITHHM (aIIOTUHALIA Ta afresis),
ab0 depe3 OIOCEPENKOBAHMII pelielITopaMy MeMO-
PaHM CUTHA/IbHUII LIUIAX, B OCHOBi SIKOTO JI&KUTb
3[ATHICTh JIEKTUHY 3aIlyCKaTH CKIaJHMII JIAaHIIOT
BHYTPIIIHbOK/IITUHHUX II€PETBOPEHD Ta iHIYKyBa-
I peakuilo-Bignosigb (Rudiger, Gabius, 2001).
3aXMCT KITUH POCIVH BiJ XiTMHBMICHUX diTo-
HaroreHis, Ko sAkux Hanexutsb i O. yallundae, o0y-
MOBJIEHMIT cIen(iuHIiCTIO TeKTUHIB O MOHOMepa
(N-agetmn-D-rmokosaminy (GlcNAc) i oniromepis
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XiTUHY, AKI MICTATbCA B KITUHHINA CTiHIIi Iarore-
Ha (Mamenko, 2014; Pusztahelyi, 2018). Kpim Toro,
3axycHi QYHKUIl TeKTUHIB MONATAlOTh y IHepena-
4i CUTHa/IB Ha KIiTMHHOMY piBHi. Ile mOB'A3aH0 3
IOHHMMM ITIOTOKAMH, 5IKi € Pe3Y/IbTaTOM 3MiHU IIPO-
HUKHOCTI MeMOpaH Hpu 3B'A3yBaHHI MOHOMepiB
KIITUHHNX 000MOHOK (iTOMATOreHiB TeKTHHAMMN
pociuu (Belava et al., 2009). Sk Hacnmifku Takoro
CUTHAIIHTY B KTiTVHI BijOyBaloTbCsA 3MiHM B eKc-
Ipecil reHiB; 30KpeMa, ITOKa3aHO aKTMBAL|Il0 €KC-
npecii reHiB IeKTUHIB, CMHTE3 de novo Ta HAKOIM-
yeHHA BipgnosigHux MPHK, a Takox nmpurHidyeHHA
eKcIIpecii reHiB i cyrreBe nafiinua piua MPHK pe-
(dbeH3NHIB Ha MOYATKOBUX eTamax IaroreHesy (Be-
lava et al., 2010).

Mertoto Hamoi po6ortu 6yn10 HOCHIAUTH 3MiHK
MOp}OMeTpUYHMX NapaMeTpiB Ta JIEKTUHOBOI aK-
TUBHOCTI (JIA) pisHUX KTITMHHMX dpaKLiil Ipopo-
CTKiB 031MOT TIlIeHn1Ii 32 00pOOKN HAHOYACTIMHKA-
vu Ag i Cu ra indikysanna Oculimacula yallundae
IJLA OLiHKY 1HAYKIIII CTIMIKOCTI IO IaTOTeHa.

Marepianu Ta MeTOgU

MartepianmoM pocmimpkeHHs Oynyu [gBa pi3HMX 3a
criiikicTio o Oculimacula yallundae coptu o3umoi
msikoi mmenuti (Triticum aestivum L.): cripwmit-
HATIUBUII COPT BiTUM3HAHOI cenekuil 'MupoHis-
cbka 808' i BifHOCHO cTiiikuil 3apyOiKHOI ceneKIil
'Renan’, axuit Mmictutb reH Pchl — onuH i3 BigomMux
reHiB cririkocti o rpuba (Liatukas, Ruzgas, 2008).
Taky Mogie/Tb IMPOKO BUKOPUCTOBYIOTD y (hiToma-
TOJIOTIYHUX AOCITiHKEeHHSIX.

[TpocTepunizoBaHe HaCiHHS IIEHNII 000X COP-
TiB 3aMOYYBa/MM y KOJOIIHUX PO3YMHAX HaHOYAC-
THOK Ag i Cu (1 4acTiHa KOJIOiJHOTO PO3UYMHY Ha-
HOYAacTHHOK : 100 4acTMH BOAM — KOHILEHTpalif,
peKOMeH/IoBaHa BUPOOHMKOM) YIPOROBX 4 rof,
MOTiM BiIMMBaNM AUCTUIHBOBAHOI BOJIOI0 i MOMi-
jamy Ha 100y B TepMocTar 3a temieparypu 25 °C.
KoHTponem 6yno HaciHH:A, 3aMOYeHe Y OMCTUIBO-
BaHi BOI.

Komoighi po3umHM HAHOYACTMHOK OiOT€HHUX
MeTaniB Ag i Cu oTpuMany IIAXOM JUCIIEPry-
BaHHA TPaHy/ BiITOBIJHMX METaliB iMITy/IbCaMM
€JIEKTPUYHOr0 CTPyMy 3 amiiitygono 100-2000
A y Bopi (Lopatko et al., 2009). MakcumanpbHMit
PO3Mip HaHOYaCTMHOK He mepeBuujyBas 100 HM.
BMicT HaHOYAaCTMHOK y KOJIOiZHMX PO3YMHAX CTa-
HoBUB: Ag+Ag,0 — 0,75 mr/n, Cu — 0,37 mr/n.
ITpenaparu Oynmu HagaHi Kademporo TexXHONOTIl

KOHCTPYKIIHUX MaTepialiB i MaTepialo3HaBCTBA
HauionanbHoro yHiBepcutety 6iopecypcis i mpu-
POIOKOPUCTYBaHHA YKpaiHM.

ITpopoctkn (mo 100 opMHMIL) BUPOILLYBAJIN
B XiMiUYHO-HeNTpa/bHNX KOHTelHepax (9 x 8 x 8
CM) Ha 4/5 BUCOTM HAIIOBHEHMX KBapLOBUM IIic-
koM (mapka BC-050-2 3a TOCT 22551-77, dpak-
11ist Ne 4) B 1abOpaTOpHUX YMOBaxX 3a 16-TOUHHOTO
¢doronepiony, iIHTEHCUBHOCTI OCBiT/IEHHS 2-3 KIIK,
Temrieparypu nosirps 25/20 °C (meHb/Hid) Ta BO-
norocti mositpa 60%. ITocrifiny BomoricTh cy6-
crpary (70%) mifTpuMyBanu HOLaTKOBUM BHECEH-
HAM JKMBUIBHOTO cepefioBMia XornaHaa-ApHOHA
(Hoagland, Arnon, 1950).

7-5000Bi IpOpoCTKM TmIeHuni iHpikyBamm
cycrensieo KoHiniit (tutp 5-7 X 10* KYO/cm?)
BUCOKOBipyneHTHOro mramy 543 7/1 O. yallundae
(Belava et al., 2009), HagaHoro naboparopier imy-
HITeTy CilTbChbKOTOCIIOAPCHKIX POCINH O XBOPOO
IncruryTy saxucry pocnmua HAAH VYkpainn.

BuMmiproBaHHA ~ JOCHiPKyBaHUMX  IIOKa3HUKIB
npoBofvIn 4depes 24, 48, 72, 96 ta 120 rop micna
indikyBaHHS.

ITnomy  nMCTKOBOI  IUIACTMHKM  IEPLIOTO
CIIPaB)XHbOTO JIMCTKA BU3HAYaIM 32 (OPMYIIOI0
(Anikeev, Kutuzov, 1961):

S =2/3xRxx,

Ime S — IUIola JMCTKOBOI IUTACTUHKMU, cM2; R —
MIMPKMHA TUCTKA Oifil OCHOBU, CM; X — JOBXXMHA
JINCTKA, CM.

Inpexc TonepantHocTi (IT, %) BupaxoByBanu 3a
CIIIBBITHOILIEHHAM HOBXMHM (Macu) Hafi3eMHOI Ta
MiJ3eMHOI YaCTMH IIPOPOCTKIB IOCTIJHOTO i KOH-
tponbHoro BapiantiB (Wilkins, 1978):

JOBK1HA (Maca) Hai3eMHOI (ITi3eMHOI) YaCTHHM TOCTTY

= —— - % 100%
IOBXIHA (Maca) Ha/j3eMHOI (IiI3eMHOL) YaCTUHY KOHTPOJIIO

AKTUBHICTD JIeKTMHONOMIOHMX OiNKiB BU3Ha4a-
mm y pBox ¢pakuiax: kaitumHHUX criHOoK (KC) ra
kaitnaHux opranen (KO). Jlektunononi6ui 6imkm
BUJIIIA/N 32 CTAaHZAPTHUM METOIOM 3 HAIIVIMU MO-
mudikanisvm (3aMiHum QinbTpyBaHHA Yepes Ia-
nepoBuit GpinbTp Ha neHTpUdyrysanus) (Pysmen-
naetal., 2014).

JIeKTMHOBY aKTHBHICTb BU3HAYa/I METOZIOM pa-
tycepurpoarmoruHanii (Pogorila et al., 2002) ra
pO3paxoByBanu sK 3Ha4YeHHs, OOepHeHe [0 MiHi-
MaJIbHOI KOHIIeHTpallii 6i/Ka, 110 CIIpUYMHIIA ar-
JIIOTMHALIII0 ePUTPOLUTIB 1Iypa.

BMicT 3arasnpHOro 6i/1Ka BU3HAYa/IM 32 METOLOM
Bpendopna (Bradford, 1976).
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bionoriuna NOBTOpHICTHL [OCHifiB 3-pa3osa,
aHamiTM4Ha — 9-pasoBa. B po6oti mpepcrasieHi
cepenHi faHi, BiTMiHHOCTI MK BapiaHTaMM JOCIIi-
IiB BBa)Ka/ny BipOTiJHMMM IpU PiBHI 3HAYMMOCTI
P < 0,05 3a xpurepiem CrprofieHTa (IIpOorpaMHUi
nakeT Microsoft Excel).

PesynbraTi Ta 06TOBOpeHHA

IndopmaruBHUM MapKepoM (izionoriyHoro craHy
POC/INH € IXHill picT, TOMy raibMyBaHHs ab0 mpu-
CKOPEHHA POCTY € O3HAKOI0 CTPECOBOrO CTaHy. Pe-
aKILilo MPOPOCTKIB MIIEHNI] ABOX HOC/IIIPKYBaHUX
coptiB Ha fil0 HaHOYacTMHOK Ag i Cu Ta iHQiKy-
BaHHA cycnensiero koHifinn O. yallundae, a Takox
Ha CYMICHY [il0 HAaHOYaCTMHOK LUX MeTajiB i3
30YJHIKOM OYKOBOI IUIIMUCTOCTI, OLIiHIOBalIM 3a
3MIHOIO IPUPOCTY NOBXKVMHM Ta Macy IIaroHiB i Ko-
pesiB i Bupaxanu Ak IT. [ngexc TonmepaHTHOCTI KO-
JIMBABCA BIPOJOBXK MOCIIIPKEHHA B YCiX BapiaHTax
mocminy (Tabm. 1).

Y mpopoctki mmennii copry ‘MuponiBcbka
808' ympomoBX Iepnx ABOX Ai6 crocTepiraan
3MEHILIEHHA NPUPOCTY JIMCTKIB BifIHOCHO KOHTp-
07110, 1110 MiATBep/XyI0Tb 3HaYeHHA IT 3a moBxu-
HOI0 i Maco. Ile cBifUuTh Ipo HeraTMBHMII BIIJIUB
HOCIIPKYBAHUX YMHHUKIB Ha PICT MUCTKIB Y IIPO-
poctkiB nporo copry. IIpore, Ha 120-Ty roguny
sHaueHHA IT cranoBmwio 6/mm3pko 100%, 1m0 MoXxe
O6yTU pe3ynbTaTOM BMMKaHHS aJalTUBHUX Mexa-
HI3MIB y POC/IMHI Ha [il0 HAHOYACTMHOK METAJIiB
(Agabo Cu) i/abo 36ygHMKa OYKOBOI IVISIMUCTOCTI.

PoctoBa peakiis KoOpeHiB NPOPOCTKiB COPTY
'MupoHniscbka 808’ Ha f1ifo JOC/TIIKyBaHUX YMHHU-
KiB flemlo BifgpisHsamaca. Crocrepiraay MocTyIoBy
CTUMYJLALi0 pocTy KopeHiB. Ha 120-Ty roguny no-
CIIiy IOBXXMHA KOpEHiB 3pocTana Ha 32, 211 19%
3a 06po6ky HaHouacTMHKamy Ag i Cu Ta iHOKYy-
msauii O. yallundae Bigmosiguo. CymicHa gist iHdi-
KYBAaHHS Ta HAaHOYACTMHOK MeTaliB CIIpUYMHSAIA
spocranHs IT Ha 46% 3a 006pobxu Ag i Ha 25% 3a
06po6xn Cu. Maca xopeHiB mpopocTkiB 'Mupo-
HiBcbka 808' y pasi BUKOPUCTaHHS HaHOYACTMHOK
Ag a6o Cu Oyna Ha piBHi KOHTPOJIIO, TOAi sIK iHO-
Ky/sLis cycrnensiero koHipin O. yallundae cipyan-
H:JIa 3HVDKEHHA Macy Ha 26% BiTHOCHO KOHTPOJIIO.
TakyM 4MHOM, OJHOYACHO 3 BUJOBXEHHAM Kope-
HiB, 3a iH(i)iKyBaHHH BigMideHO 3HIVDKEHHS IXHBOI
MacH, 110 Mo>Ke OyTHU HAC/IiJKOM CUHTe3y IaTore-
HOM ayKCUHOIIOAIOHMX Pery/IATOpPiB POCTY POC/INH,
AKI MOXKYTb IHYKYBaT! CaMe TaKUI PiCT.
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Y upopoctkiB nmenuni 'Renan' BusBieHMit
Ha 24-Ty TOAMHY PiCT-CTUMY/IIOYMI BIJIUB yCiX
JOCTI/PKYBAaHUX YMHHUKIB Ha JIMCTKM IIOCTYIIO-
BO HiBemoBaBcA i Ha 120-Ty ropmuy 3HavenHs IT
cTaHoBMIO Omm3bko 100%; BimnoBifHO, cyTTEBMI
BIUIMB He BusABieHuil. ITpore yepes 120 rop nepexn-
nociBHa 00po6Ka HAHOYACTUMHKAMU Ag CIIPUYMHS-
Jla 3pOCTAaHHA MacH JIMCTKIB Ha 25%, a iIHOKy/ALiA
cycreHsiero KoHifiit rpmba — Ha 17% BigHOCHO
KOHTpomo. Taki 3MiHM OKa3HMKIB POCTOBUX IIPO-
LeCiB MiATBEPIKYIOTh KOPOTKOYACHUM CTUMYIIIO-
FOYNMIl BIUIMB Irpuba Ha TKAaHWHM POCTMHU-Xa3s1Ha
3 MeTOI0 3a/lydeHHs/HaKONMYeHHs OioMacu mis
HiTOTOBKM [O penpopyKTIMBHOro Iepiopy (Pa-
nyuta et al., 2018). ¥ npopocTkiB mureHu1i 1boro
COPTY CIIOCTEepirany NPUTHIYEHHA POCTY KOPEHIB
Ha 11% 3a 06po6xu Hanoyactuakamu Cu, TOAI AK
3a 00poOKM HaHOYACTMHKaMu Ag abo iHOKymALil
CYCIIeH3i€I0 KOHIIiN Ipuba CTaTUCTUIHO JOCTOBIp-
HUX 3MiH He BMABWIN. Maca KOpeHiB IIpOPOCTKiB
nueHuni 'Renan' y pasi BUKOpUCTaHHA HAHOYACTH-
HOK Ag a60 Cu 6y/a Ha piBHI KOHTPOIIO, a iHQiKY-
BaHHA CTUMY/IIOBAJ/IO 3pOCTAHHSA LIbOTO ITOKA3HMKA
Ha 69% y NOPIBHAHHI 3 KOHTPOJIEM.

3a cymicHoi fiii HaHOYaCTMHOK MeTaniB (Ag a6o
Cu) i 36ygHMKa OYKOBOI IUIAMUCTOCTI BiMiueHO
coprocrerudivHnii BIVIMB Ha PICT IPOPOCTKIB
MIIeHNI [OCTiIKyBaHUX copTiB. 3HaueHHA IT
npopoctki 'Renan' Ha 120-1y roguny 6ymo Habmm-
xeHe 0 100%, Topi Ak 1A npopocTKiB 'MupoHis-
cpKa 808' BUSB/IEHO 3POCTAHHS L[bOTO MOKa3HMKA.
e cBigunTh npo iHAyKIi0 HAHOYACTUHKaMM i Ag,
i Cu (y pasi nepenmnociBHoi 06po6Kky HaciHH:A) 3a-
XMCHMX PeaKliil y IPOPOCTKIiB IIIEeHNI JOCTiIKY-
BaHMX copTiB. CIlifi 3a3HaYNTH, IO Y MIPOPOCTKiB
‘Renan' 3a cymicHol fjii HAHOYACTMHOK MeTaliB i
naToreHa 3HadeHH: iHpekcy I'T HIDKYi, HDK y mpo-
POCTKIB CHpUIHATANBOrO CcOpTy 'MupoHiBcbka
808'. IIpn npomy sHauenus IT BigpisHammcs 3a-
nexxHo Bix oprany: IT 3a HOBXMHOI OyB CyTTEBO
6inpunM y Kopensx (3 48-1 roguun), a IT 3a ma-
COI0 — B JMCTKAX (3 72-1 rogyum). TakuM 4MHOM,
cyMicHuii BrnmB iHQIKyBaHHA Ta HAHOYACTHMHOK
CIIPUYMHIOBAB He TiIbKM copTocHerydivHi, a it op-
raHocrenydidHi BifIOBifi pOCIMHHOTO OpraHi3my.

BaxnuBe 3HaueHH:A [ pOCTY POCIMH i peati-
3anil TreHeTUYHO-JETEPMIHOBAHOIO IIOTEHIiamy
NPOJYKTUBHOCTI Ma€ IJIOLIA ITOBEPXHI OCHOBHOTO
oprany OTOCHHTe3y — JIMCTKA.

3rigHO 3 pe3ynbTaTaMy, IIPENCTABICHNMU B
Tab/I. 2, mepeanociBHa oOpo6ka HACIHHA IMIIEHWII
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Tabmuust 1. IHgeKc TomepaHTHOCTI PiSHUX YaCTIH HIPOPOCTKiB 03MMoi mirenni, indikoBanux Oculimacula yallundae,

32 006poOKy HaHOYacTHHKaMu Ag i Cu*

Table 1. Tolerance index of various parts of winter wheat seedlings infected with Oculimacula yallundae and under the

action of Ag and Cu nanoparticles *

IHpieKc To/IepaHTHOCTI 3a JOBXIMHOIO, %
Bapian JInctku Kopeni
24 rop, 48 rop, | 72 rof 96 rop 120 rop 24 rop 48 rop, 72 rop 96 rop 120 rop,
'MuponiBcbka 808'
/K 83 102 107 93 97 84 99 118 94 119
K+Ag/K 97% 92% 115% 108* 95 99* 95 127% 106* 1327
K+Cu/K 98* 90* 109 94 99 99* 104* 105% 87% 122
H+Ag/K 92% 102 1007 100% 107% 89* 117% 112% 116* 146*
HO+Cu/K 98* 101 113% 106* 104* 90* 118* 135% 119% 125%
'Renan’
/K 109 105 110 95 95 90 105 88 96 100
K+Ag/K 107 104 108 96 96 106* 99% 114* 95 99
K+Cu/K 116* 106 107 97 98 91 90* 98* 91* 89*
IO+Ag/K 109 106 107 113* 103* 99* 104 94* 85% 104
HO+Cu/K 114* 103 115% 106* 1007 97* 96* 86 95 95*
[H/1eKC TONIEPaHTHOCTI 32 Macomw, %
Bapiant JIuctku Kopeni
24 rop, 48 rop 72 rof, 96 rog, 120 rog 24 o, 48 rop 72 o, 96 rop, 120 rog,
'Muponicbka 808'
/K 77 85 96 101 100 76 67 91 76 74
K+Ag/K 107* 91* 142% 133* 101 124* 81* 123* 131% 96*
K+Cu/K 94*% 78* 1247 107% 106* 104* 68% 102% 99% 104*
I+Ag/K 81 94* 108* 111% 117% 83* 86* 100* 113* 130%
II+Cu/K 94% 94* 133* 128% 104 83* 100* 114% 113* 90"
'Renan’
/K 99 115 111 118 117 90 111 104 175 169
K+Ag/K 103* 112 103* 113 89% 102% 112 100 161% 95%
K+Cu/K 107% 103* 100% 90* 96* 113* 96* 95* 133* 100*
I+Ag/K 107* 117 105* 139% 125% 129% 100% 113* 2007 183*
I+Cu/K 107% 106* 116 122 90% 114% 89% 100 117% 117%

*TyT i B HACTYIHMX TabMMIAX o3HadeHo: K — xonTpons, [l — mocrix (indikoBaHi MpOpOCTKM); # MO3HAYEHO CTATHCTUYHO

3HAYMMIi BiIMiHHOCTI.

TOCiKYBaHMX COPTiB HAHOYACTMHKaMU Ag, iHOKY-
JIALiA IPOPOCTKiB cycnensieto KoHipiit O. yallundae
Ta CyMicHa Jiis1 HAaHOYACTUHOK MeTasiB (Ag abo Cu) i
36y/{HMKA OYKOBOI IVISIMICTOCTI CIIPUYMHSIN 301/1b-
LIEHHA IO IMCTKOBOI IVTACTUHKM IIPOPOCTKIB.

Y npopocrkis murenniyi 'Muponiscbka 808" mo-
1A JIMCTKOBOI IVTACTVHKY ITOPiBHAHO 3 KOHTPOJIEM
[OCTOBipHO 30impiryBamacsi 3a OOpOOKM HaHO-
yacTMHKaMu Ag (Ha 72-Ty, 96-Ty rogyHm) Ta iHOKy-
7Ll cycreHsi€r KOHifil 36yaHMKa OYKOBOI IIs-
MICTOCTi (Ha 48-My, 72-Ty TOfMHM), TOAi AK y pasi
BUKOPMCTaHHA HaHodacTMHOK Cu [ocToBipHOi
pisHuni He BuABMeHo. CyMicHa flid HAHOYACTMHOK

MeTaniB i maroreHa Ha 120-Ty ropuHy Ccnpus-
j1a 36I/IbIIEHHI0 IUIONIi JIMCTKOBOI IUIACTMHKM Ha
20,5% 3a 06pobku Ag i 17,0% 3a 06pobxu Cu mo-
PiBHAHO 3 KOHTPOJIEM, OTPMMAHMM i3 HaCiHHA, He-
006p06/1€HOr0 HAHOYACTHHKAMIL.

Inst mpopoctkiB mureHuni Renan' cratucTuy-
HO JIOCTOBipHI 3MiHM IJIOIIi JIMCTKOBOI IIACTUH-
KU BUABJEHI 3a iHOKynANii 36yJHMKOM OYKOBOI
WIAMKUCTOCTL Ha 24-Ty i 96-Ty rogmuu (ua 17,0
ta 16,8% BifmoBifHO). 3a 06pOO6KM HAHOYACTHH-
KaMn Ag CTaTUCTUYHO NOCTOBIpHi 3MiHM 3apee-
CTPOBAHO Ha 72-Ty TOAMHY (3pocTaHHA Ha 13,2%).
3a 06pobkyu HanouacTMHKaMyu Cu CTaTMCTUYHO
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Ta6muus 2. Ilnonsa MMCTKOBOI IIACTMHKM MEPLIOTO CIIPAB)KXHBOTO MNCTKA IPOPOCTKIB 03MMO]I MIIEHNITi 32
indikyBannsa Oculimacula yallundae Ta gii Hano4acTinHOK Ag i Cu
Table 2. Leaf area of the first true leaf of winter wheat seedlings infected with Oculimacula yallundae and under the

action of Ag and Cu nanoparticles

Bapiant IInomia MMCTKOBOI IUTACTUHKN, cM?
P 24 rop, 48 rop | 72 Tog | 96 rop, | 120 rop,
‘Muponiscpka 808'
K 3,63+0,17 4,14%0,11 4,42+0,13 4,68+0,15 5,22+0,16
K+Ag 3,82+0,14 4,02+0,17 5,04+0,16" 5,58+0,20" 5,69+0,19
K+Cu 3,49+0,11 4,05+0,10 4,27+0,17 4,74+0,19 5,14+0,20
)il 3,29+0,18 3,76+0,12* 3,76+0,11* 4,92+0,18 5,68+0,20
H+Ag 3,79+0,08 4,08+0,15 4,22+0,19 5,27+0,23" 6,29+0,24"
H+Cu 4,04+0,16 4,06+0,12 4,76+0,22 5,58+0,22* 6,11+0,20"
‘Renan’
K 2,83+0,10 3,57+0,13 3,65+0,15 3,89+0,17 4,27+0,15
K+Ag 2,97+0,11 3,92+0,18 4,13+0,15* 4,17+0,16 4,47+0,21
K+Cu 2,94+0,14 3,93+0,16 4,03%0,15 4,05+0,14 4,37+0,17
)il 3,31+0,15* 3,88+0,15 3,97+0,17 4,51+0,19% 4,75+0,21
H+Ag 3,3240,15" 4,09+0,18" 4,51+0,19* 5,26+0,18* 5,29+0,22"
J+Cu 3,37+0,12* 3,69+0,15 3,98+0,15 4,69+0,20% 4,85+0,18
IIOCTOBipHMX 3MiH YNIPOJOBX eKCIIePMMEHTY He  3HIDKYETbCA HpOAyKTuBHICTH pocmmH (Das et al.,
BUAB/IEHO. Y pasi cymicHoi iii HaHOUacTMHOK Me-  2018), 3HIDKYIOTbCA IHAYKOBAaHWMII MIiTOTVYHUI

Ta/liB i ImaToreHa picT-CTUMY/IIOOUUI eeKT, Io-
PiBHAHO 3 KOHTPOJIEM, CIOCTEPIraBCs BIPOJOBXK
mocmimkeHHs i Ha 120-Ty ropmuy OyB Oinbpunm
3a BUKOPMCTaHHS HAHOYACTUHOK Ag (23,9%), Hix
HanovyacTuHOK Cu (13,6%).

IlopiBHAIbHA OLIiHKA ABOX Pi3HUX 3a CTIMKICTIO
COPTiB IOKa3asa, Ij0 IIOIIA JIMCTKOBOI IIACTUH-
KM, a OIIOCEPEIKOBAHO i IIOTEHIIi/iHA IPOJYKTUB-
HICTb pPOC/IMH, He 3MIiHIOBa/IMCA 3a Jil HAHOYACTU-
Hok Cu, a 3a fiil HaHOYacTMHOK Ag 36i/pIIyBanucs
muire s copry '‘MuponiBebka 808'. Indikysan-
Hs npopoctkiB mienuni O. yallundae BukMKano
36i/IbIIeHHs TIONi TMCTKOBOI IVIACTUHKY V TIPO-
POCTKiB 060X copTiB. 3a cyMicHOI il marorena Ta
HAHOYACTMHOK MeTasliB 30i/IbIlIeHHA TUIOLLi JIMCT-
KOBOI IUTACTUHKY B 060X COpPTiB BigMiueHe y pasi
BUKOpMCTaHHA Ag, a 3axmcHmit BB Cu mpo-
SIBUBCS TIIbKY 711 cOpTY '‘Muponicbka 808'.

OtpumaHi JlaHi y3rOIKYIOTbCA 3 pe3y/nbTaTaMu
THOTIepeiHiX HAyKOBUX JOCIPKeHb. Tak, Oyno mo-
KasaHo, 10 3a 06poOKVM HaHOYACTMHKaMu cpibma
SHIDKYIOTBCS ITOKa3HMKM CXOXKOCTi HACiHHA, CIIO-
BIJIDHIOETBCA PICT 1 HPUPICT CUPOI Barum KOPEHIB
Ta TiMOKOTWIIO, 3MEHIIYETbCS BMICT XI0podiniB,
3aranpHoro 6inka ta 1ykpis (Cvjetko et al., 2017;
Pittol et al., 2017; Al-Huqail et al., 2018), ingyky-
€TbCSl PEAKTUBHUII OKMCTIOBAIBHMII CTpec, iHri0y-
1oTbca mponiecu (otocuntesy (acuminania CO,),
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IHIEKC 1 aKTUBHICTb AHTUMOKCUJIAHTHOI CUCTEMIU,
ciupuunHioeTbes okucHioBanHA JTHK (Cvjetko et al.,
2017). 3arajbHa TOKCUYHICTD CIONYK cpibma Mo>xe
IIPOBOKYBAaTy 3MiHM MOpP(OMETPUYHMX IIOKa3HMU-
KiB, Macy pocimHM (IIOKa3aHO Ha MOJEIbHMX POC-
JIMHAX MSIKOI MILeHuI, copro Ta iH.). Hai6impumit
PerynaTopHuil eeKT CrocTepiraeTbcsl Ha MOYaTKO-
BUIX eTallaX po3BUTKY pocimH (Matras et al., 2022).
BcTaHOBIIEHO, IO 3a/IeKHO Bif mo3u 00pobka
HaHovacTMHKaMy Cu a60 He MO3HAYAETHCA HA IIO-
KasHMKAX POCTY ¥ PO3BUTKY, a00 BMABIAETHCA Ha
Mi3HINIMX eTalax OHTOreHe3dy, a caMe BIUIMBAE Ha
AKICTh TWIOAIB (IHAYKY€E HaKOmM4IeHHs 6i0onoriyHO
aKTUBHMX CcIonyk: Bitaminy C, nmikomiHy, ¢eHo-
7niB, ¢raBOHOINIB) Ta iHAYKYe OiNbIIY aHTMOKCK-
JAHTHY 3[IaTHICTb, 30KpeMa IiBUIIYE aKTUBHICTh
OCHOBHUX (pepMEHTIB — KaTa/lasy i CyImepoKCup-
mucmyTasu (Lopez-Vargas et al., 2018). 3asHava-
€TbCA, 10 3 JOCTIPKEHUX ONHOMONbHMUX POCINH
IHIIeHNIA € HabaraTo MeHII Yy TIMBOIO O IIPUCYT-
HOCTI HAHOYACTMHOK Mifli MOPiBHIHO 3 pucoM abo
KYKYPYZA30I0, i pesynbpraT 3ajieXXuTh Bifj criocoby
BHECEHHS HAHOYACTMHOK i 6a/jaHCy IOKa3HUKIB
KOHIleHTpauii Ta ymoB BupouyBanns (Feigl, 2023).
Huspki KOHIIeHTpalii HAHOYaCTUHOK IIi[IBUIIIYBa-
IV TIOKasHYUKY pOcTy i mpopykTuBHOCTi (Yasmeen
etal., 2018; Badawy et al., 2021), 6ib111 BICOKi KOH-
L€HTPALil 9aCcTO raJibMyIOTh PiCT POCINH IIIEHNII
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(Dimkpa et al., 2012; Kacziba et al., 2023). Takum
YMHOM, fAK i B HAIIOMY JOCIifi, I/IA PiSHUX COPTiB
neHni (i 3ame>xXHo Bifj yMOB 06po6Ku i Bupouyy-
BaHH:) IIOKa3aHO, 0 OJHA JI Ta caMa J03a HaHO-
yacTuHOK Cu MoXke iHinioBary cTuMymoo4i abo
iHribyroui mpouecn.

BaxMBMM TTOKa3HMKOM >KMTTE3TATHOCTI poC-
nuH € BMicT 6inka. ®mykryanii piBHaA 6inka Brpo-
JIOBXX POCTY CBifjuaTh IpO JIOrO CUHTe3 de novo
(Raikhel et al., 1984). 3miHy yMOB HaBKOIUIIHBOTO
CepefoBMIIla, BHECEHHs NOOpUB, 00poOKa perys-
TOPaMU POCTY, NMEeCTULUJAMMU, Jis 6ioTMYHMX Ta
a0l0TMYHNX YMHHUKIB BIUIMBAIOTb Ha KibKiCHUII
BMicT Oinka i COpPMYMHAIOTH 3HAUHi KOMMBaHHSI
IIbOTO ITOKa3HMKA. ToMy 3MiHM BMIiCTy 3ara/sbHOTO
6iKa 3a IaToreHesy € CK/IaJl0BOI0 KOMIUIEKCY 3a-
XUCHUX peaklill pocmuuHoro opranismy (Ferreira
et al., 2007; Dos Santos, Franco, 2023).

Y xoHTpOi Ta 3a iHpiKyBaHHS BMICT 3arajbHO-
ro 6inka y ¢ppakuisx KC i KO y nmucrkax i KopeHsax
mpopocTkiB 'Renan' 6yB HIDKIMM, HIX Y IPOPOCT-
KiB 'MwuponiBcbka 808' (Tabm. 3).

[TepepnociBHa 06pobKka HaHOYacTMHKaMU Ag i
Cu He cCIIpMYMHAIA JOCTOBIPHMX 3MiH Y BMicTi 6i-
Ka B 000X KTITHHHKX (PaKLisgX IPOPOCTKIB FOCTTI-
IPKYBaHMX COPTIB.

3a cymicHoi fiii HaHOYACTMHOK MeTaniB (Ag a6o
Cu) i 36ygHMKa 0YKOBOI IVIAMUCTOCTI 3MiHM BMic-
Ty 6i71Ka B 6i/bIIoCTi JOCTIAHUX BapiaHTiB Oy1u Ha
piBHI TOXMOKY, i OyAb-5AKOI 3a/IeKHOCTI He IIpocCTe-
JKYBanoch.

BusHaueHHA /EKTMHOBOI AKTMBHOCTI IPOPO-
CTKIB NIIeHMII Pi3HMX 3a CTIJKICTIO JO 306ymHuU-
Ka OYKOBOI IVIAMUCTOCTI COPTIB y KOHTPOIBHOMY
BapiaHTi IOKas3aso, M0 Y MPOPOCTKiB copTy 'Mu-
poHiBcbka 808' JIeKTMHOBA aKTUBHICTH (pakIil
KITUHHUX CTiHOK i ¢pakifil KIiTMHHUX OpraHen
Oyna Bumoro y kopensax (puc. 1A, 1C, 24, 2C).
IToni6Hy TeHeHIiI0 CHOCTepiraayM y HpOPOCTKIB
copty 'Renan' mist meKTMHOBOI aKTUBHOCTI dpaxk-
il kmituHHUX opraHen (puc. 2B, 2D), a nektuHOBa
aKTVBHICTh (paxuil KITTUHHNX CTIHOK Y KOpeHsIX
Oyna BuIOI0 BIpORoBX nepumx 48 rop (puc. 1B,
1D). OTpuMaHi pe3ynbTaTyl y3rOIKYIOThCA 3 ITaHM-
mu Raikhel et al. (1984), srifHo 3 sIKMMM Y KOpeHSX
MiCTUTBCA OiIblIa KiZbKIiCTh JIEKTHMHIB, HIX Y CTe-
671ax i mucTKax.

[IopiBHAHHA JIEKTMHOBOI aKTUBHOCTI Pi3HUX
KITMHHYX QpaKLiil IPOPOCTKIB MINeHNIi, BifMiH-
HUX 33 YyT/IMBICTIO/CIPUITHATIMBICTIO 7O 30y7-
HMKa OYKOBOI IUIAMMUCTOCTI COPTIiB, IIOKa3aso, 1o

IIPOPOCTKM TOCTIPKYBAaHUX COPTIB BifIpi3HANNCA
3a BEIMYMHOIO JIEKTMHOBOI aKTMBHOCTI B KOPEHAX
i micTkax. JIekTMHOBA aKTUMBHICTH 000X ppaKiiit y
KopeHsix Oya BULIOIO0 y copTy ‘MupoHiBcbka 808',
aymictkax — y 'Renan'.

IHOKynALiA CycneHsi€ro KoHifii 30ygHUKA 0Y-
KOBOI IVIAMMCTOCTI CHIPUYMHANA MiBUILEHHA JIEK-
TUHOBOI aKTUBHOCTI Pi3HMX KMTHHHMX bpakmii i
B KOPEHSIX, i B JIMCTKAaX MPOPOCTKIB MIIeHNI 060X
copriB (guB. puc. 1, 2).

JlextunoBa aktuBHicTh ¢pakuii KC 36inpurysa-
7acsl IOPiBHAHO 3 KOHTPOJIEM Y IPOPOCTKIB MIIEHN-
11i 060X copTiB. MakcuMasbHi 3HaY€HHS TeKTUHOBOI
AKTMBHOCTI Y IPOPOCTKiB copTy 'MupoHiBcbka 808
3adikcoBani wepes 24 rop (152,17 (mxr/mm)~! y
muctkax i 200,74 (Mxr/mn)~! y kopeHsx), a y mpopo-
crkiB 'Renan' — vepes 48 rog (450,52 (mxr/mn)~ !y
muctkax i 302,22 (Mkr/mm) !y kopensx). [lunamika
neKTHHOBOI akTMBHOCTI ¢pakuil KC 6yna dasHoo
i Bi[pisHA/IacsA B pi3HMX OpraHax IPOPOCTKIB Iie-
HUI JOCTiHUX coptiB. Y mpopocTkie copry 'Mu-
poniBcbka 808' mexTnHOBa aKkTMBHICTH Ppakuii KC
y JIMCTKaxX MaJjia TpU MiKu: 4epes 24, 72 1 120 rog, a
y KOpeHAX — pBa: yepes 24 i 96 rog. Y npopocTkiB
'Renan’ nextuHoBa axktuBHicTh ¢paxuii KC y mucr-
KaxX 1 KOpeHAX Maja /iBa ik — 4depes 48 i 120 rop
Ta gyepes 48 i 96 rof BifIOBiIHO.

JlextuHOBa akTMBHICTH ¢pakuii KO cupinre
3pocCTana y JIMCTKAX i KOPEHAX MPOPOCTKIB COPTY
‘Muponiscpka 808' (y 1,5-3,7 pasa HOpIBHSHO 3
KOHTpO/IeM), HiX y mpopoctkiB ‘Renan' (y 1,4-2,6
pasa MOPiBHAHO 3 KOHTPOIeM). 3MiHa JIEKTMHOBOI
akTMBHOCTI ¢pakuili KO Takox Mana ¢asHuit xa-
paKTep: mepLINii MK crocTepiramu yepes 48 rop (3a
BUHATKOM JIVICTKIiB IpopocTKiB 'Renan' 3 mikom ve-
pes 24 ron), a [pyruit — depes 96 rop.

Ha nodvaTkoBux eramax B3a€MO[il pPOCIMHA->KN-
BUTEJIb 1 IIATOTeH BifOyBa€TbCsl MIKKIITVHHE PO3-
IisHAaBaHHA, B SIKOMY OepyTb yd4acTb JIeKTMHU Ta
nextuHonopi6Hi 6inku KC. Y mpopocrkax Renan'
JIEKTMHOBA aKTMBHICTb, a OTXKE OIOCEPESKOBAHO
i BMmicT nexTMHONONiOHMX OiNKiB, € OiMbUIMMU Y
¢paxuii KC, mio, iMoBipHO, 3a6e3meuye 110ro BULY
CTIlKiCTh [0 MaToreHa, HDK copTy 'MupoHiBcbka
808', y sIKOro JIEKTMHOBA aKTUBHICTD BMINA YV ppak-
il KO. Takum 41MHOM, 3aXVMCHI MeXaHi3MI y CIIpUI-
HATIMBOTO copTy 'MupoHiBcbka 808’ akTuByBamics
nisHille, BXKe 6e3nocepengo B K/IiTVHI, Ha BigMiHy
Bifj crifikoro copty Renan’, y sikoro 1ji MexaHismu
3aITycKajcA 1ie Ha piBHI KIITMHHOI CcTiHKM. MoX-
JIMBO, CYIIpecopy rpuba IPUTHIYyBaIU JEKTUHOBY
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akTuBHicTh ¢pakuiit KC y mpopocTkiB mueHnIi
copty 'Muponiscpka 808, Ha BinmiHy Big 'Renan'.

ITepenmociBHa 06pobka HaHOYacTMHKaMU Ag i
Cu nigBunyBasa 1eKTMHOBY aKTUBHICTD y 6inp10-
CTi BapiaHTiB, ajie 3pOCTAHHA JIEKTUHOBOI AKTVB-
HOCTi 6y/10 MeHIIMM, HDK 3a iHOKy/ALii cycreHsi-
€10 KOHifil1 30yTHMKA OYKOBOI I/ISIMUCTOCTI.

3a mepepnociBHOI O0OpOOKM HaHOYACTMHKA-
mu Ag i Cu MakcuMasbHa JIEKTMHOBA aKTUBHICTb
¢pakuii KC y muctkax npopoctkis nureHnui 'Mu-
poHiBcbka 808' Oyma uepes 24 rop. OpHOYacHO
BOHa Oyla OifbIIOI 3a JIEKTMHOBY aKTMBHICTDH
HeoOpOoOIeHNX TPOPOCTKIB. Y MOJaIbIIOMY BOHA
3HIDKYBanacs i yepes 120 rop Oyma HIUKYOIO, HIX
Y KOHTPOII.

3a 00poOKM HAaHOYACTMHKaMM Ag JIeKTMHOBa
akTuBHicTh ¢pakuii KC y KopeHAX HpOpOCTKiB
nueHnni ‘MuposiBcpka 808' 6yma HyK4om0 (24-96
ro) abo Ha piBHI KOHTPOJIIO, a 32 0OPOOKM HAHO-
vactuaKamy Cu — BUIIO0, HIXK Yy KOHTpOIi, 3 BU-
HATKOM 48 roj.

MakcuManbHa JIeKTMHOBAa aKTUBHICTD ¢pak-
nii KC y nucrkax npopoctkis mmeHuni ‘Renan' 3a
06po6ky HaHOYAaCTMHKaMu Ag yepes 24 rop 6yma
BUILOIO 32 KOHTPOJ/b, a 3TOKOM — Ha piBHi (48 i
96 ron) a6o Hwk4ow (72 i 120 rox) 3a KOHTPOJIb.
3a 06pobku HanouactmHKamy Cu TEKTMHOBA aK-
tuBHicTh Ppakuii KC 6y1a HIDKYOI0 32 KOHTPOIb
YTIPOJOBX BChOTO EKCIIEPMMEHTY.

JlektuHoBa axTmBHicTh (pakuii KC y kopensx
npopoctkiB ‘Renan' 3a fii HaHOwacTMHOK Ag Oyra
BUIIIOI0, 32 BUHATKOM 96 Tofl, a 3a il HAHOYaCTHOK
Cu — HIDKYOIO 3a KOHTPOJIb, 3a BUHATKOM 72 TOf.

JlexTnHOBa akTuBHicTh ¢pakuii KO y mmcrkax
npopocTkiB mienuni ‘Muponiscpka 808' 3a 06-
poOKM HAHOYACTMHKAMU MeTaliB Oyla BUIIOI0
IIOPiBHAHO 3 KOHTponeM y 1,1-5,6 pasa 3a BUKOpH-
cTaHHA Ag (3a BuHATKOM 72 rop) iy 1,2-1,7 pasa
3a BuKopucTaHHa Cu. 3a3HayMMO TaKOX, IO Ye-
pe3 96 rop nexTMHOBA aKTMBHIcTH ¢pakuii KO 3a
06po6Oky HaHOouacTMHKaMu Ag Oynma Bumow y 1,5
pasa, HiX 3a iH}pikyBaHH:A. Y pasi 06po6Ky HaHO-
JacTMHKaMu Ag crocTepiramm fABa IKM JIEKTU-
HOBOI aKTMBHOCTI — 4epes 48 i 96 rog, Topi AK 3a
00po6ky HaHoyactnHKamu Cu — JIyilie OfMH K,
yepes 48 rof.

Y KOpeHAX NpOpOCTKiB mmreHnii 'MupoHis-
cpka 808' nexktmHOBa akTMBHIicTH ¢pakuii KO 3sa
00po6KM HaHouacTMHKaMu Ag depes 24, 48 i 96
ropi Oy/a HIDKYOIO 32 KOHTPOJIb, a depe3 72 i 120
rofi — BMIIO. Y pasi 06poOKY HaHOYACTMHKAMMU
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Cu nextnHOBa akTNBHICTH ¢pakuii KO 6yna Bu-
1010 abo Ha piBHi (48 rof) KoHTpOIO. 32 06POOKU
HaHOYACTMHKaMM MeTaliB y KOPEeHAX IPOPOCTKiB
'MuponiBcbka 808' criocTepiranu oguH mik (96 rop)
JIEKTMHOBOI akTUBHOCTI dpakuii KO.

3a cyMicHoI il HAHOYACTMHOK MeTaliB i 36yx-
HIKa OYKOBOI IJIAMUCTOCTI IEKTMHOBA aKTUBHICTh
¢paxuii KC y npopocrkis mmennii o60ox copris
Oyna BMIOIO, HK Y HeiHpikoBaHMX, ane 06pobite-
HIUX IIPOPOCTKIiB.

His Cu Buxmukana 6inpimii edext, HOK Ag s
copry 'MupoHniBcbka 808'. JIekTMHOBA aKTUBHICTDb
¢pakuii KC iHdikoBaHMX NPOPOCTKIB IIIEHN-
i 'Mupomnicpka 808' i3 HeoOpoOIeHOro HaciHHA
6y}1a BUIOK B 1,3-2,2 pasa 3a il AgiB 1,2-2,6
pasa 3a pii Cu, HiX 3a cymicHoro Brmsy. IIpo-
Te, y 'Renan' 1ekTHOBa aKTMBHICTD iHpiKOBaHMX
HPOPOCTKIiB i3 HeoOPOO/IEHOro HaHOYACTMHKAMMU
HaciHHs Oy/a BUIOI0 a60 Ha PiBHI IEKTMHOBOI aK-
TUBHOCTI iH(iKOBaHNX IPOPOCTKIB i3 HaciHHSA, 006-
pobenoro HanoyactuHkamu Cu, y 1,4-5,9 pasa.

Ounamika nmexTrHOBOI akTMBHOCTI ¢pakuii KC
6yna ¢asHolo i BifpisHsIacsa y copTiB: y IpopocT-
KiB 'MuponiBcpka 808’ miku crocrepiranmu yepes 24
196 rom, a y mpopocTkiB Renan' — 48 i 96 rop.

Y kopeHaAX iHGiKOBaHMX IPOPOCTKIiB MIIEHNI
000X copriB i3 00p06/IeHOr0 HAHOYACTMHKAMY Ha-
CiHHA AMHaMiKa JIEKTMHOBOI aKTMBHOCTI (pakiil
KC 6yna mopi6Ha Ko Takol B IMCTKAX.

Otxe, 00po6Ka HaCiHHA HaHOYACTMHKaMU Ag i
Cu crnpusna HigBUILIEHHIO JIEKTMHOBOI aKTUBHOC-
i ¢ppakuii KC npopoctkis mmennni 060x copris.
[TifBuUIeHHST IEKTUHOBOI aKTUBHOCTI MOXKe OyTH
[OB’s13aHe 3 TUM, L0 KIITMHHA CTiHKA € MepIINM
6ap’epoM, SIKUIT B3aEMOJII€ 3 €K30T€HHIM CTPeco-
POM, a eKTUHM I IeKTMHOMOAIOHI 6iIKM KITiTHH-
HOI CTiHKM 6epyTb y4acTb y CIPUIHATTI Ta Iepe-
Jladi 30BHIIIHBOTO CUTHAY B Pi3Hi KOMIIAPTMEHTH
K/ TUHHA.

3a iHdikyBaHHA IPOPOCTKIB, OTPUMAHUX i3 Ha-
CiHHA, 06pOO/IEHOr0 HAHOYACTMHKAMM MeTAJliB,
JeKTHHOBa akKTuBHicTh Ppakyuii KO y mmcrkax
Oyna BUINOIO, HIK Y HeiH(piKOBaHMX HPOPOCTKIB i3
06p006/IeHOr0 HAHOYACTMHKAMM HACIHHA Yy COPTY
'Muponiscoka 808' B 1,6-2,8 pasa 3a pii Agi 1,1-
2,3 pasa 3a nii Cu, ay 'Renan' — B 1,4-2,9 pasa 3a
nii Ag i B 1,9-3,8 pasa 3a pii Cu. OTxe, Hamu 6y/10
BUABJICHO, 10 Y IMCTKAaX MPOPOCTKIB 000X COpTiB
3a CyMiCHOI J1ii HAHOYACTMHOK i IIaTOreHa JIEKTUHO-
Ba akTMBHICTb Ppaxniit KO 6yna Bumorw, HiX 3a
indikyBaHH: 6e3 06pOOKM HAHOYACTUHKAMIL.
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Puc. 1. JlekTuHOBA aKTUBHICTb (PpaKiil KTITMHHUX CTIHOK IPOPOCTKIB pisHuX coptis Triticum aestivum 3a iHdikyBaHHs
Oculimacula yallundae ta nii Hano4acTrHOK Ag i Cu. A: 'MuponiBcbka 808" (HagsemHa yacTuHa); B: Renan' (HagsemHa 4a-

ctuHa); C: 'Muponiscpka 808' (mifzemHa yactuna); D: 'Renan' (mmijzemHa qacTiHa)

Fig. 1. Lectin activity of cell walls of winter wheat seedlings infected with Oculimacula yallundae and under the action of Ag

and Cu nanoparticles. A: 'Myronivska 808' (shoot); B: 'Renan' (shoot); C: 'Myronivska 808' (root); D: 'Renan’ (root)
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Puc. 2. JlekTMHOBa aKTUBHICTh QpaKIii KIITHHHMX OpraHeN IPOPOCTKiB pisHux coptis Triticum aestivum 3a indixyBaHHA
Oculimacula yallundae ta pii Hano9acTiHOK Ag i Cu. A: 'Muponiscbka 808' (HafgsemHa yacTuHa); B: Renan' (HagsemHa va-
ctuHa); C: 'Muponicpka 808" (migzemua gactnsa); D: 'Renan’ (mmigzemMHa yacTnHa)

Fig. 2. Lectin activity of cell organelles of winter wheat seedlings infected with Oculimacula yallundae and under the action of
Ag and Cu nanoparticles. A: 'Myronivska 808' (shoot); B: Renan' (shoot); C: 'Myronivska 808' (root); D: 'Renan' (root)
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I0.M. IIMCbMEHHA rta in.

3a iH¢iKyBaHHA IPOPOCTKIB, OTPUMAHNUX i3 Ha-
CiHHA 00pO0/IeHOr0 HAHOYACTMHKAMIU MeTaJliB,
JeKTHHOBa akTUBHICTh ¢pakuii KO y xopeHsax
Oyma Ha piBHI a0 BUIOI, HDK y HeiH¢pikoBaHUX
IPOPOCTKIB i3 06pO6IEHOr0 HAHOYACTMHKAMM Ha-
CiHHs: y copTy 'Muponiscbka 808' B 1,4-4,0 pasa
3a pil AgiB 1,6-3,7 pasa 3a gii Cu, a y 'Renan' —
B 1,6-5,6 pasa 3a fiii Agi B 1,2-2,6 pasa 3a zii Cu.
MaxkcumanbHi 3HaYeHHSA JEKTMHOBOI aKTMBHOCTI
¢pakuint KO y kopeHsAX mpopocTkiB 060X copris
BifMideHO 4yepes 48 1 96 ropuH.

3a maHMMM HALIKX JOCIIKEHb, AMHAMIKa JIeK-
TUHOBOI aKTMBHOCTI KJIITMHHUX CTiHOK i Ooprasen
CyTT€BO BifpisHAThCA. LI BiIMiHM XapaKTepHi
He TiIbKM 1715 PI3HMX KIITUHHMX (pakiiit, a i mis
Pi3HMX YacTMH IPOPOCTKiB i pisHmMx copris. Ile
Mo>xe 6yTy 06yMOBJIEHO pi3HUM (PYHKIIOHAIbHUM
3HAYEHHAM JIEKTMHOMNOMIOHMX OiNKiB 3a/IeXXHO Bif
KJIITMHHOI Ta OPraHHOI JIOKajli3alii y IPOPOCTKiB
pisHUX 3a CTiMIKiCTIO cOpTiB. 3a pe3ynbTaTaMy Ha-
VX JOCTIIPKEeHb MOXKHA 3pOOUTU BUCHOBOK, IIO
Y CHCTEMi pOCIMHA-)XMBUTENb-IIATOTEH PeaKLifd-
BIJIIOBIfIb Ha [Iif0 36y,uH1/u<a OYKOBOI IIAMUCTOCTI
Oi/IbII SICKPaBO BUPaKeHAa Y MPOPOCTKIB CTiNIKOTO
copry 'Renan', HiX y cripuitHATINBOTrO copTy 'Mu-
poHiBcbKa 808'.

ITepenmnociBHa 00po6ka HaHOYACTMHKaMM Ag
i Cu migBuiyBasa NeKTMHOBY aKTMBHICTb [JOCTi-
IKYBaHUX KITMHHUX dpakLiil iHpikoBaHUX Ipo-
pocCTKiB mimeHmIi 060X IOCIIKYBaHMUX COPTiB,
aste 6i1b111010 Mipoto Y copTy 'MuposniBcbka 808'.

BucHoBxn

IndixyBaHHA NPOPOCTKIB IIIEHNUIi PiSHUX 3a YyT-
nuBicTio copTiB rpubom O. yallundae BukIMKamo
301/IbIIIEHHA Macy IUCTKIB i KOpeHiB y IPOPOCTKiB
copry 'Renan’, mo o6yMOBIeHO HPOJYKYBaHHAM
IIATOT€HOM PEYOBMH, AKi CTUMYIIOIOTh PIiCT POC-
MUMHU-KUBUTeNA. Bucoki sHayenna I'T mpopocTkis
copry 'Renan' cBigyarh mpo IIBujlIe 3aTydeHHA
HUMU JIEKTMH-33/IE)KHMX aJalTUBHMUX IIPOLECiB
HOPIiBHAHO 3 IPOpPOCTKaMy cOpTy 'MupoHiBcbKa
808" mna smenmenHsa BBy O. yallundae. Ile-
pennociBHa 06pobka HaHowacTuHKamm Ag i Cu
TaKOXK BUABNUIIA TO3UTUBHMII BIVINB Ha MOpdoMe-
TPUYHI MOKa3HUKU NIPOPOCTKIB 060X COPTIB, PO
1[0 CBim4yaTh 3HauHi mokasHuku IT. 3MiHU BMic-
Ty 6inka B 060x kiaitmHHuX ¢pakuiax (KC i KO)
IIPOPOCTKIB Pi3HMX 3a CTIMIKICTIO COPTiB MIIEHNII
He BUABUIM CYTTEBUX BiJMIHHOCTEN ITOKa3HMKA
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3a fiii HaHOYacTMHOK MeTaniB (Ag a6o Cu) i 36yx-
HIKa OYKOBOI IUIAMMUCTOCTI. Peakiiisi-BifimoBigh
HIPOPOCTKiB mureHuIi o60x copTis Ha iHdiKyBaH-
Ha O. yallundae mposBnanaca y mBupmin 3mini
nektuHOBOI akTmBHOCTI ¢pakuii KC, nHaiBumi
3HaYeHHs sKOI 3adikcoBani yepe3 24-48 rop mic-
ns1 3apaxeHHs. Y ¢paxkuii KO makcuManbHa jek-
TMHOBA aKTUBHICTH 3a iH}iKyBaHHA BMUABJIEHA IIi-
3Hime — 4vepes 48 ta 96 rox. 3a iHdixyBanusa O.
yallundae nepennociBHa 06poOka HaHOYACTMHKA-
mu Ag i Cu cripusana akTuBisanii 3aXMCHUX peak-
1[Il y MPOPOCTKIB IMIIEHNI 060x HBOCTIIKYBaHUX
COpTiB, 30KpeMa 30i/IbIlIEHHIO JIEKTMHOBOI aKTVB-
HOCTI KJIITMHHYX CTiHOK i opraHern. ¥ iHdikoBaHMX
MPOPOCTKIB MIEeHNI MepenrociBHa 06pobka Ha-
HOYAaCTMHKAMM MeTajliB INpU3BeNa JI0 iCTOTHOTO
MigBNIIEHHSA JTeKTUHOBOI aKTUBHOCTI, IIPY LIbOMY
BigMiueHO (pakiiiiHy, OpraHO3ajeXxHy Ta cop-
rocnenugiyHy BigMiHHOCTI, a B HeiH¢ikoBaHUX
BIIVIB HAHOYACTMHOK OyB HEOJHO3HAYHVM i 3MiH-
HJM Y 4aci.

OTpuMaHni pesynbTaTé € OCHOBOIO [/ IOfA/Ih-
VX JOCMTiJKEHb, JIETaTbHOTO BMBYEHHSA Ta BU-
KOPMCTaHHA HAaHOYACTMHOK MeETaNiB I/ 3aXNUCTY
POC/INH fK Bif 6i0TMYHNIX, TaK i abiIOTUYHNX YMH-
HMKIB.

Ilogaxmn

Bucnosmoemo nopsaky IHCTUTYTY 3axucTy poc-
nuH HAAH VYkpainm 3a HajlaHMil 1 LOCTiIKeH-
HA IITaM TIpuba. BUCTIOBIIOEMO TaKOX HONSAKY
n. TexH. H. K.I. JlomaTbky, mpocdecopy kadenmpu
TEXHOJIOTil KOHCTPYKLIMHMX MarepiajniB i Mare-
pianosHaBcTBa HanjjionanpHoro yHaiBepcurery 6i-
opecypciB i IpUPOJOKOPUCTYBaHHA YKpaiHu 3a
06’ A3HO HaflaHi I eKCIIePYMEHTY KO/IOiIHI po3-
YHJ HAHOYACTOK cpibra Ta Mifj.

OOTPMMAHHSA ETUYHNX HOPM
ABTOpPM NOBIOM/IAIOTH PO BiACYTHICTH OyHb-

SIKOTO KOHGIIIKTY iHTepeciB.
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Effect of pre-sowing treatment with silver and copper nanoparticles
on the lectin dependent adaptive reactions of Triticum aestivum (Poaceae)
to the eyespot causal agent Oculimacula yallundae (Helotiales, Ascomycota)
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64/13 Volodymyrska Str., Kyiv 01601, Ukraine

Abstract. Morphometric parameters and lectin activity of seedlings of soft winter wheat (Triticum aestivum) inoculated with
conidial suspension of Oculimacula yallundae, an eyespot causal agent, were studied under conditions of pre-sowing treat-
ment with silver and copper nanoparticles. The study revealed that the seed treatment of two wheat cultivars of different
resistance (a susceptible 'Myronivska 808' and a relatively resistant 'Renan’) affects the seedling growth of both cultivars as
well as protein content and lectin activity of various cellular fractions. It has been found that the lectin activity of cell wall
fractions and cell organelles in wheat seedlings at the infection and pre-sowing treatment is higher than in uninfected seed-
lings. The dynamics of lectin activity of various cell fractions during infection differed. The reaction-response effect was more
pronounced in seedlings of the 'Renan' cultivar relatively resistant to the pathogen. Pre-sowing treatment with Ag and Cu
nanoparticles induced lectin-dependent defense responses in wheat seedlings of both studied cultivars. The obtained results
hold potential for further research and use of metal nanoparticles for plant protection against biotic and abiotic factors.

Keywords: lectin activity, morphometry, nanoparticles, pathogen, protein, Pseudocercosporella herpotrichoides, tolerance in-
dex, winter wheat
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