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A.J. Marshall, de Lange, Blanchon & Aptroot (Pyrenulaceae) —
kauri (Agathis australis, Araucariaceae) / tanekaha
(Phyllocladus trichomanoides, Podocarpaceae) forest,

Mataia Queen Elizabeth II Covenant, Mataia Farms, Glorit,
Kaipara, Te Ika-a-Maui / North Island, Aotearoa / New
Zealand, December 2024 (see the article by Marshall et al.
on pages 435452 in this issue).

Photo by © Peter J. de Lange

YKPATHCBKUY BOTAHIYHUI JXYPHAJI ny6nikye
cTaTTi 3 ycix HampsAMiB OOTAaHiKM Ta MIKO/IOril, B TOMY
qiCi i3 3aranpHUX MUTAHb, CUCTEMATHKM, (ropucTukmy,
reo6oTaHiKM, eKoJorii, eBoiowiiiHOI 6iosorii, reorpadii,
icropii ¢opum Ta POCIMHHOCTI, a TakoX Mop¢oorii,
aHarowmii, isionorii, 6ioximii, KJTITUHHOI Ta MOJIEKY/IAPHOI
6iomnorii pocnuH i rpn6is.

CrarTi pyKyI0TbCA aHITICHKOIO Ta YKPAiHCbKOIO MOBaMM

PEJAKIIIVTHA KOJIETIS

TonoBHUIt pegaxTop
Ceprii JI. MOCAKIH

3acTyIHIKI FOTOBHOTO pefakTopa
Tanna B. BOVIKO
Bipa IT. TAIOBA

Hipx K. AJIbBAX (Onbren6ypr, Himequnna)
DIuis 1. YHOPHEN (qepHiBui, YkpaiHa)

Iitep I>x. ne TAHTE (Oxnenn, Hosa 3enanpis)
Sxis I1. JIAYX (Kuis, Ykpaina)

Muxoma M. ®EJTOPOHYVYK (Kuis, Ykpaina)
3irmanTac I'YI)KMHCKAC (Binbuioc, JInutsa)
Bacus I1. TEJIYOTA (Kuis, Ykpaixa)

Borpan AIIKOBAK (ITosHanb, [Tonbiia)

IOpren KEJUIEPMAHH (Azenaifa, ABcTpanis)
Onekcangp €. XOTOCOBIIEB (Xepcon, YkpaiHa)
Cepriit 1. KOHIPATIOK (Kuis, Ykpaina)
Ipnna B. KOCAKIBCBKA (Kuis, Ykpaina)
Kapons MAPTOJIb]I (Bparucnasa, CoBayunsa)
Esiarap HEBO (Xarida, I3pains)

Ilitep PEVIBEH (Cenr-Jlyic, CIIIA)

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

Mapuna M. CYXOMJIVH (Kuis, Ykpaina)
Cycymy TAKAMALLY (Ly, Snowis)

@inin BEPJIOOB (Meiice, Benbris)

Oxcana M. BUHOTPATTOBA (Kuis, Ykpaina)
Conomos IT. BACCEP (Xaitda, I3pains)

Onena K. 30JIOTAPbOBA (Kuis, Ykpaina)

BipnosiganpHmii cekperap
Mapis JI. AJIEVIHIKOBA

Ha o6xmapuuni: Oy i3 Tmosux 6iotomnis Pyrenula
largei A.J. Marshall, de Lange, Blanchon & Aptroot
(Pyrenulaceae) — nic i3 Agathis australis (Araucariaceae)
ta Phyllocladus trichomanoides (Podocarpaceae), 3anosigna
TepuTopis Maraiis koponesu €nusasetu 11, pepmu
Maraiisa, Inopit, Karimapa, IliBrivanit octpis, Hosa
3enmaHpis, rpynens 2024 p. (puB. cTaTTio Mapliuasa Ta iH.
Ha cTop. 435—452 y IIbOMY HOMeEPi).

®oto © Ilitep [Ix. ne Jlanre



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

KRAINIAN
OTANICAL
OURNAL

2025
Vol. 82
5(490)

YKPAIHCbKUM

BOTAHIYHMM XXYPHAT

CONTENTS

General Issues, Reviews and Discussions

SMIRNOV O.E., DZHAGAN V.M., MAZUR N.V,,
DZHAGAN V.V,, TARAN N.Yu., SCHWARTAU V.V.
High potential of biosynthesized nanoparticles as an
efficient and inexpensive tool for SERS-detection of
explosives based on trinitrotoluene ................

Fungi and Fungi-like Organisms

HELUTA V.P,, HAYOVA V.P. Which species of
Sawadaea (Erysiphaceae) parasitise Acer negundo in

Plant Taxonomy, Geography and Floristics

SANDOVAL-ORTEGA M.H., RODRIGUEZ-PEREZ E.J.
A new species of Dysphania (Chenopodiaceae s. str. /
Amaranthaceae s. 1.) from north-central Mexico .....

ORLOV 0.0., SHYNDER O.I, KISH R.Ya.
Distribution, ecological and coenotic features of
Sedum annuum (Crassulaceae) in Ukraine ..........

Fungi and Fungi-like Organisms

MARSHALL A.].,, BLANCHON D.J.,, APTROOT A.,
de LANGE P.J. Four new species of Aotearoa | New
Zealand Pyrenula (Pyrenulaceae) segregated from

P moniliformis ............

PUBLISHED BIMONTHLY

SCIENTIFIC JOURNAL

KYIV

3MICT

3aranpHi Npo6IeMu, OIIARM Ta FUCKYCIT

CMIPHOB O.€., I’KATAH B.M., MA3YP H.B,,
IDKATAH B.B., TAPAH H.1O., IIBAPTAY B.B.
Bucokuii moTeHIian 6i0CMHTE30BAHMX HAHO-
YaCTMHOK 51K e()eKTUBHOTO Ta [JeIIeBOro 3aCo0y A
SERS-BusiB/IeHHs BHOYXOBUX PEYOBUH HA OCHOBI
TPUHITPOTOIYOILY « oo vvvveeeeeeeeeeeeeeeeeeeen

Ipu6m i rpubonopi6Hi opranismmn

TEJIIOTA B.IL., TAVIOBA B.II. SIxi Bunu pony
Sawadaea (Erysiphaceae) ypaxxyoTb Acer negundo B
VKPaTHI? oo

Cucremaruka, ¢propucriuka, reorpadis pocnux

CAHJJOBAJIb-OPTEI'A M.I.,, POIIPITEC-

ITEPEC E.X. Hoswnit Bup popy Dysphania
(Chenopodiaceae s. str. | Amaranthaceae s. 1.) 3 mis-
HIYHO-IIeHTPaNbHOI MeKCUKM .. ..................

ORLOV O.0., SHYNDER O.I., KISH R.Ya.
TToumpeHHsI Ta €KOIOTO-LeHOTIIHI 0COOIMBOCTI
Sedum annuum (Crassulaceae) B YkpaiHi ...........

Ipubu i rpuéonoxi6Hi opranismmn

MAPIIAJTUL A.Jix., BTAHIIOH II.0x.,
AIITPYT A., ge IAHTE II.JIx. Yotupn HOBi BUgN
pony Pyrenula (Pyrenulaceae) 3 Aoteapoa | HoBoi
3emanpil, Bupineni 3 P. moniliformis

FOUNDED IN 1921

398

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

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



KHAN M.N., ALLAWI M.Y., ADNAN B.B,,
AHMAD N.A,, SINANG S.C., MOHD NOOR N.N,,
RAHMAN M.A., KAMARUDDIN N.,

RAHMAD N., KHAIRUDDIN R.ER,,

AL-OBAIDI J.R. Molecular detection and sympto-
matology of Lasiodiplodia theobromae (Ascomycota)
infecting rose apples (Syzygium samarangense) in
Malaysia .....oveei

Structural Botany

TSARENKO O.M., BULAKH O.V,,
SHYKHALEYEVA G.M., SZCZEPANIAK M.,
FELBABA-KLUSHYNA L.M., KUCHER 0.0,
KACZMAREK K., REWICZ A. Morphological
features of flowers and fruits of Valeriana stolonifera
(Caprifoliaceae) and their taxonomic significance.. . ..

Vegetation Science, Ecology and Conservation

DVIRNA T.S., MINARCHENKO V.M.,
TYMCHENKO LA. Structure and dynamics of po-
pulations of Asclepias syriaca (Asclepiadaceae) within
the Left-Bank Forest-Steppe of Ukraine ............

KUZEMKO A.A., PRYLUTSKYI O.V,,
KOLOMYTSEV G.O., DIDUKH Ya.P,
MOYSIYENKO LI, BORSUKEVYCH L.M,,
CHUSOVA 0.0., KHODOSOVTSEV O.Ye. Initial
stages of revegetation at the bottom of the drained
Kakhovka Reservoir (Ukraine): synthesis of field
surveys and remote sensing

460

XAH M.H., AJUTABI M.J1., ATHAH B.B.,

AXMA]JI H.A., CIHAHT C.C.,, MOX]J] HOOP H.H,,
PAXMAH M.A., KAMAPYJIIIH H., PAXMAJI H.,
XAVIPYAAIH P®.P, AJIb-OBAIAI x.P.
MornexynsapHe BUSHa4YeHHA i CUMIITOMM Ypa>keHHS
Syzygium samarangense rpubom Lasiodiplodia
theobromae (Ascomycota) y Mamaisii ..............

CrpykrypHa 60oTanika

ITAPEHKO O.M,, BYJIAX O.B.,

HINMXAJIEEBA I'M., LIEITAHAK M., ®EJIbBABA-
KIIYIIMHA J.M., KYYEP O.0O., KAYMPEK K.,
PEBIY A. Mopdornoriuni 0oco6nmmBocTi KBiTOK i
wiopis Valeriana stolonifera (Caprifoliacaea) Ta ixue
TaKCOHOMIYHE BHAYEHHS . ..o vvvnneeeiinnnnn..s

Teo6oTaHika, €KONIOris, 0XOPOHA POCIMHHOTO CBiTy

IBIPHA T.C., MIHAPYEHKO B.M.,
TVMYEHKO L. A. CtpykTypa Ta AuHaMiKa 1omy-
nsnint Asclepias syriaca B Mexxax JIiBo6epe>xHOTo
Jlicocreny Ykpainu

KY3EMKO A.A., [IPMJIYIIbKIM O.B., KOJIO-
MMULEB I.O., JIIYX S.I1., MOVICIEHKO LI,
BOPCYKEBMY JI.M., YYCOBA 0.0., XOJOCOB-
LEB O.€. Iloyatkosi cTaii BiTHOBNIEHHA POCTNH-
HoCTi Ha Hi ocymenoro KaxoBcbKoro BojocxoBuia
(Vkpaina): cuHTe3 ITOTIbOBYX LOCTIKEHD Ta ANCTaH-
LI/IHOTO BOHZYBAHHA o oo vvvei e eeeeeeeeeeeenn...

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

(Resolution No. 9 of 14 October 2025)

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

2 Tereshchenkivska Str., Kyiv 01601, Ukraine

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

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

Technical editor O.Ye. Bondarenko

Layout N.S. Reshetnykova

Submitted for printing on 10.11.2025. Format 84 x 108/16. Typeface. Minion Pro
Conventional printed sheets 12,18. Physical printed sheets 14,49. Circulation 100 copies. Order no. 7848

Publisher PH "Akademperiodyka" of the NAS of Ukraine

4 Tereschenkivska Str., Kyiv 01024, Ukraine

Certificate of entry to the State Register of Publishing Agents

series [IK No. 544 of 27.07.2001



https://doi.org/10.15407/ukrbotj82.05.387
REVIEW ARTICLE

High potential of biosynthesized nanoparticles
as an efficient and inexpensive tool for SERS-detection
of explosives based on trinitrotoluene

Oleksandr E. SMIRNOV 2* (2, Volodymyr M. DZHAGAN 32, Nazar V. MAZUR (2,
Veronika V. DZHAGAN ! (2, Nataliya Yu. TARAN ! (Z/, Viktor V. SCHWARTAU 2
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3 V. Lashkaryov Institute of Semiconductors Physics, National Academy of Sciences of Ukraine,
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Abstract. This review is focused on overcoming the consequences of the ruscist invasion in Ukraine and exploring solutions
to the problem of contamination by explosives, such as 2,4,6-trinitrotoluene (TNT). Recognizing the need to protect the
civilian and military population, it is most important to develop a simple, rapid, and sensitive detection method that first
responders can use in the field to identify the TNT threats to the environment or human safety. Surface-enhanced Raman
spectroscopy (SERS) is regarded as a novel detection method with high sensitivity, high specificity, and rapid response, which
has been successfully applied to the biochemical detection of toxic analytes or environmental pollutants. Green, in particu-
lar plant- and fungi-mediated, synthesized metallic nanoparticles are capable of enhancing the SERS signal from various
substances, with the ability to register a SERS spectrum from a single target molecule. In general, the method for plant- and
fungi-based nanoparticles fabrication is as follows. First, parts of plant or fungal material are selected and crushed to obtain
the extract which is processed to remove any impurities. The precursor, typically a metallic solution, is then mixed with the
obtained extract, resulting in the production of nanoparticles. Maintaining appropriate pH, temperature, and continuous
stirring,which ensures the production of uniformly sized nanoparticles, is crucial to facilitate the reaction effectively. The
combination of affordable and sustainable production and high analytical capabilities makes this sort of nanostructure a pro-
mising candidate for investigations and decontamination of large territories of Ukraine affected by explosive compounds and
products of their decay.

Keywords: green synthesis, localized plasmon resonance, metallic nanoparticles, SERS substrate, trinitrotoluene detection
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O.E. SMIRNOV et al.

The progress of methods for sighting explosives
based on Surface-Enhanced Raman Spectroscopy
(SERS) is of primary importance from the view-
point of countering potential threats in the field of
national and global security. SERS stands out as a
highly promising method for ultra-sensitive chemi-
cal analysis of both organic and inorganic substan-
ces, bringing it closer to practical utilization (Ma-
zur et al,, 2025). According to the Interpol review
(Klapec et al., 2023), the analysis and detection of
explosives and explosive residues using SERS tech-
nology can be adaptable to the current approaches
to explosives analysis and will be useful in future
real-world applications.

Explosives are widely applied as the explosive
charges in artillery pieces and aerial bombs used
in military activities, as well as in scientific and
technological practice, such as mining and engi-
neering blasting. Incorrect techniques in the man-
ufacturing and use of explosives may be the reason
for the pollution of the environment in some areas.
Among the various explosives-based nitroaromatic
compounds, trinitrotoluene (TNT), cyclotrime-
thylene-trinitroamine (RDX), and cyclotetrame-
thylene-tetranitramine (HMX) are the most mil-
itary-used environmental pollutants (Yang et al.,
2021).

TNT as the substance successively synthesized
by the nitration of toluene was used in weaponry
during World War I in 1914-1918 as it is preferred
over dynamite since the shock waves produced by
TNT can penetrate the steel on armor-plated mili-
tary transport. During World War II, two new ex-
plosives based on toluene were introduced, RDX
and PETN (pentaerythrito-tetranitrate). RDX was
renamed as Composition-4 or C-4 explosive (Awas-
thi et al., 2022).

The TNT is the most widespread explosive used
by industries, militaries, and terrorists. TNT is
widely used in landmines and underwater implod-
ing works, resulting in soil and groundwater con-
tamination. Purification of soil and wastewater
from TNT contamination is always difficult and
rather expensive (Jamil et al., 2015).

Classified as a Class C carcinogen by the Envi-
ronmental Protection Agency (USA), TNT ex-
hibits a toxic effect on all tested living organisms:
in animals causing hepatitis, cataracts, anemia,
skin irritation, and bone marrow hyperplasia; in
soil seriously affecting the microbial diversity and
vegetation. In plants, most of TNT remains in the
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root tissues, where growth and development are in-
hibited, reducing the total biomass (Johnston et al.,
2015).

TNT is classified as a worldwide pollutant at con-
centrations above 2 ug L™! (8.8 nM), contaminating
manufacturing waste sites, industrial mines, cur-
rent and former conflict zones, and military lands
(Alizadeh, Yoosefian, 2023). TNT can penetrate hu-
man skin and enter the bloodstream, furthermore,
as residual TNT in water and soil generally exists at
very low concentrations, it must be detected at trace
levels to safeguard human health and prevent the
environmental pollution (Gao et al., 2022). In order
to protect the civilian and military population, it is
most important to develop an identification proce-
dure that should be simple, rapid, and sensitive, and
which can be applied by first responders in the field
for the identification of TNT threats, whether to the
environment, or human safety (Jamil et al., 2015).

A variety of techniques are presently approach-
able for the TNT assay in water and soil samples
(To et al, 2020). These methods involve infra-
red and luminescence spectroscopy (Banas et al.,
2023; Li et al,, 2023), ion mobility spectrometry
(Li et al., 2022), neutron activation analysis (Silar-
ski, Nowakowski, 2022), immunoassays (Devi et
al,, 2022), electrochemistry (Apak et al., 2023), and
molecularly imprinted polymers (Karadurmus et
al., 2022). Also currently, TNT can be detected by
mass spectrometry (Son, Choi, 2023), electrospray
droplet impact/secondary ion mass spectrometry
(Hiraoka et al., 2023), gas chromatography (Xu et
al., 2023), colorimetry (Junaid et al., 2022), fluo-
rescent polymers (Bener et al., 2022), and sensors
based on plasmon resonance (Chegel et al., 2020).

However, most of these methods are expensive,
non-portable, and potentially limited by extensive
sample preparation. For example, mass spectrome-
try needs isolation and purification of the analytic
probe, usually by chromatography. In addition, the
sensitivity, selectivity, reproducibility, operability,
and time cost of these techniques are inappropriate
for trace detection of TNT. In contrast, Surface-En-
hanced Raman Spectroscopy (SERS) is a novel de-
tection method with high sensitivity, high specifici-
ty, and rapid response, which has been successfully
applied to biochemical detection of toxic analytes
or environmental pollutants (Xu et al., 2017, 2022).

As a physical phenomenon, SERS is the vibra-
tional Raman scattering from molecules or inor-
ganic nanostructures placed in the nm-vicinity of
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a noble metal nanostructure that strongly concen-
trates the electric field of the laser light and thus en-
hances the Raman scattering from the vibrations of
molecular bonds in this spatial area. Such a strong
local electric field can be created by these types of
nanostructured metal because the laser can excite
in them strong oscillations of free electron charges,
that is called Localized Surface Plasmon Resonance
(LSPR). By varying the composition (e.g., Ag, Au, or
their alloy), size, and shape of metal nanostructures,
the spectral position of LSPR can be tuned over the
whole visible and near-infrared range (Demydov et
al,, 2021), while using semiconductors (Llorente et
al., 2017) or some doped oxides allow shifting the
LSPR deeper into the IR. Such a spectral tunabil-
ity of the LSPR, and thus the SERS, allows a reso-
nant detection of certain analytes, employment of
the transparency windows of bio-tissues, avoiding
fluorescent background, and other benefits. The
plasmonic nanostructures capable of the aforemen-
tioned enhancement of the Raman signal are gener-
ally referred to as “SERS-substrates”, even if they are
in the form of colloidal nanoparticles (NPs).

Being based on Raman spectroscopy, SERS is
thus well known for different toxicant analyses
with high specificity — able to provide unique
fingerprint-alike data, high sensitivity — possible
of single molecules identification, rapid detection,
and portability. One of the keys to getting high-
er sensitivity in a SERS assay is to effectively bring
the analyte (target molecule) within the nm-range
distance from the surface of the SERS substrate. In
particular, it can be achieved by removing the stabi-
lizing molecules around the colloidal NPs (Stefancu
et al., 2018) or using additional ions to couple the
analyte to the enhancing metal surface electrostati-
cally (Hu et al., 2023).

When the analyte molecule is in direct contact
with the metal surface, in addition to the “plas-
monic” enhancement described above, the “chem-
ical” enhancement of the Raman signal takes place
due to the change in polarization of the studied
molecules via electronic interaction with a met-
al (Graham et al., 2017). The latter gives rise to a
modification in the electronic structure of mole-
cules, and this modification can manifest itself both
in the shift of electron levels and in the emergence
of new ones. Because of the resonance Raman scat-
tering between ‘new’ electron levels, the selective
enhancement of separate vibrational bands occurs
(Dzhagan et al., 2022a).

The research on the detection and identification
of explosives by SERS began through the analy-
sis of TNT in 1995 (Kneipp et al., 1995), and ex-
panded later to many other explosives (Rozo et al.,
2007; Gong et al., 2014; Zapata et al., 2016; Chio et
al,, 2019; Gao et al., 2020). The exciting sensitivity
of the SERS method has already been reported —
down to 10717 M for TNT and 10'* M for less in-
tensively investigated but also often used explosives
(Zapata et al., 2016).

It has been found that even relatively facile routes
of obtaining plasmonic NPs by chemical reduction
in aqueous solution enable decent levels of TNT
detection, ~107! M. However, this seemed to be
efficient in the solution, because of a pronounced
dependence of the SERS intensity on pH. Thus the
aforementioned low concentration, ~1071% M, was
registered only at pH = 13, while at pH = 12 the in-
tensity dropped significantly and no Raman peaks
were observed at lower pH (Rozo et al., 2007).

Although facile colloidally synthesized NPs
were often applied to TNT detection as mentioned
above, most of the works used more sophisticated
approaches to reach high sensitivity of detection.
Among the reported, there is a novel highly or-
dered nano-micro hierarchical structure on a flex-
ible polydimethylsiloxane (PDMS) layer as a SERS
stamp for ultrasensitive detection, which can gener-
ate high SERS signals with silver nanoparticles (Ag-
NPs) owing to a multiscale coupling electromag-
netic enhancement mechanism (Gao et al., 2020).
Note, however, that, compared to the impressive de-
tection limit of 107! mol/L achieved for a solution
dropped on the substrate, the practical application
proceeded by wiping the cloth bag resulted in the
detection of the TNT residues with an expectedly
much lower limit of 10~ mol/L (Gao et al., 2020).

The reproducibility and selectivity of SERS sensors
for nitroaromatics can be significantly improved via
a hierarchical host-guest self-assembly approach me-
diated by the multifunctional macrocyclic molecule
cucurbit[7]uril (CB[7]) (Chio et al., 2019).

Irrespective of a level of complexity/simplicity of
the SERS substrate design and fabrication proce-
dure, the free-standing NPs produced by colloidal
synthesis can be an essential component in most
cases. The reason is that in many real-life situations,
sampling needs to be performed from a solid sur-
face and thus requires the SERS-substrate in the
form of an elastic polymer or cotton swab (Gong et
al., 2014; Liu et al., 2020).
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Fig. 1. Schematic illustration of the green synthesis of Ag, ZnO, and Ag/ZnO nanoparticles

and its application as SERS substrate

Presently, NPs are characteristically synthesized
by physical and chemical methods, which are usu-
ally costly and environmentally hazardous. That
is why, the eco-safety biosynthesis also known as
a green synthesis of NPs has attracted increasing
attention in the last decade, in parallel with the in-
creased interest in green chemistry approaches and
environmental sustainability (Borovaya et al., 2021;
Pandit et al., 2022). Traditional physical and chemi-
cal methods used for the synthesis of NPs frequently
require scrupulous observance of strict conditions,
whereas green synthesis routes involve simple, non-
toxic, and eco-friendly protocols at an ambient tem-
perature and pressure (Alharbi et al., 2022).

Modern eco-friendly protocols of NPs fabrica-
tion enclose the recent developments in the for-
mulation of plant-mediated and fungal-mediated
nanocomposites by using several plant and fungal
species and the impact of secondary metabolites
on their biocompatible functioning. Phyto (my-
co)-synthesis produces diverse nanomaterials with
biocompatibility, environment-friendliness, and in
vivo actions, characterized by varying sizes, shapes,
and biochemical nature. This process is advanta-
geous to conventional physical and chemical proce-
dures. Diverse plant and fungal species are widely
utilized to produce NPs as they form eco-friendly
bio-factories capable of converting metal ions into
their zerovalent or nanoforms. A variety of second-
ary metabolites, enzymes, and proteins present in
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plant sources act as reducing agents in this process
(Malik et al., 2025; Meera et al., 2025).

We earlier reported on green synthesis and suc-
cessful use as an SERS substrate of Ag, ZnO, and
Ag/ZnO NPs as summarized in Fig. 1 (Smirnov et
al., 2023a).

The based on noble metal NPs with LSPR that
can amplify Raman scattering from the analyte
are commonly referred to as “SERS substrates”. Ra-
man spectroscopy serves as a highly efficient and
non-invasive method for the velocity investigation
of various materials by investigation of their vibra-
tional spectra. The role of SERS is to enhance weak
Raman signals. In contrast to conventional Raman
spectroscopy, SERS enables the detection of mole-
cules even in minute concentrations in solutions or
when deposited onto nanostructured noble metal
films (Langer et al., 2019).

The basis for the synthesis of stable colloidal solu-
tions of NPs were extracts of pericarps of Capsicum
annuum L. (Dzhagan et al., 2022b), rhizomes and
inflorescences of Lathraea squamaria L. (Smirnov
et al, 2022), and fruiting bodies of Ganoderma
lucidum (Curtis) P. Karst. (Dzhagan et al., 2023;
Smirnov et al., 2023a, 2023b).

Green synthesis techniques are based on the bi-
ogenic reduction of metal precursors to produce
corresponding NPs (Fig. 2). This route makes use of
natural resources, often production waste and bioac-
tive molecules, that can act as reducing, capping, and
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Fig. 2. Schematic diagram of the green synthesis route of metallic nanoparticles

stabilizing components in the facile synthesis of na-
noparticles. Green synthesis offers numerous advan-
tages, including the development of processes with
minimal environmental impact and improved safety
for nanoparticle synthesis. Overall, the synthesis of
nanoparticles using green chemistry is a promising
approach for sustainable and efficient production
(Alvarez-Chimal, Arenas-Alatorre, 2023).

Using plant resources, the green synthesis of na-
noparticles is inexpensive, faster, and considered a
facile synthesis while canning or even improving the
physical and chemical properties of the nanoparti-
cles. With the great potential of this method and the
sustainable and efficient production of nanoparti-
cles, different morphology can be synthesized, which
makes it a very attractive option not only for the syn-
thesis of nanoparticles but also for the application of
this method in the synthesis of other compounds.

They are environment-friendly, less expensive,
and free of chemical contaminants for medical and
biological applications where the purity of NPs is
of main concern. Biogenic reduction is a “Bottom
Up” approach similar to chemical reduction where
a reducing agent is replaced by an extract of natural
products (various parts of plants, fungi, yeasts, mi-
crobial cultures) with inherent stabilizing, growth
terminating, and capping properties. Furthermore,
the nature of biological entities in different concen-
trations in combination with reducing and capping
organic agents influences the size and morphology
of green synthesized NPs (Abdelmigid et al., 2022;
Habeeb et al., 2022).

The features used for green synthesis, such as
temperature, pH, the specification of precursor salts,
concentration of the extract, and incubation (reac-
tion) period, have great effects on the formation
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and characteristics of NPs green synthesis (Fig.
3). Among these parameters, the temperature, pH
value, and biological extract play a dominant role in
the eco-friendly fabrication of metallic NPs (Fagier
et al,, 2021; Alharbi et al., 2022).

Temperature is one of the most considerable
features that affect the size and shape of green syn-
thesized NPs. Previous investigations have revealed
that the dimensions of metallic NPs decrease as the
temperature of green synthesis increases, resulting
in a change in their shape. Hence, in NPs fabrica-
tion, it is well established that high temperatures
promote nucleation, whereas low temperatures pro-
mote growth processes (Ying et al., 2022).

Numerous research publications do not men-
tion the pH effect in the green synthesis of NPs.
Nevertheless, a pH value has a vital role in the
synthesis route and characteristics of NPs (Samuel
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et al., 2022). Phytochemicals and other natural
compounds existing in a biological extract are
highly linked to the pH changes and consequent-
ly to a charge change in the solution, which might
change their reducing and capping properties and
then NPs nucleation and growth. In conformity
with this, pH can affect the morphology and pro-
ductivity of the green synthesis of NPs (Elsayed et
al,, 2022).

Previously, we investigated the effects of pH (2.5;
5; 7; 9, and 11) on the green synthesis of AgNPs
using the fruiting bodies of Ganoderma lucidum.
Stable NPs colloids with distinct plasmonic reso-
nance peaked at 408-418 nm are obtained by using
photoreduction in a broad pH range (5 to 11). The
synthesis efficiency drops only at very acidic condi-
tions, pH = 2.5 (Smirnov et al., 2023).

In total, optimal pH for green synthesis of NPs
depends on a substrate and contents of phyto-
chemical molecules as reducing and capping agents
to synthesize nanoparticles. However, Mata et al.
(2009) indicated clearly that higher pH favored a
higher reducing power for the green synthesis of
plasmonic NPs. Notably, the high pH values were
shown to be required for efficient SERS detection of
TNT (Rozo et al., 2007).

The biological extract plays the main role in
NPs green synthesis routes due to the presence of
reducing agents and other stabilizing and capping
agents (Jadoun et al., 2021). As NPs fabrication
includes the use of plant extracts, animal proteins,
agro-waste, pigments, bacterial cultures, fungal
samples, and small viruses, which are difficult to
handle with conventional methods, green synthesis
of nanoparticles is widely recommended. All these
biological objects also include bioactive metabolites
such as proteins, polysaccharides, aldehydes, ke-
tones, carboxylic acids, polyphenols, tannins, flavo-
noids, saponins, terpenoids, amines, and alkaloids,
which serve as bio- reducing, stabilizing, and cap-
ping agents and are capable of transforming metal-
lic ions into plasmonic NPs, synthesizing required
NPs with previously reported beneficial properties
(Naveed et al., 2022).

Although the rapid and eco-friendly green syn-
thetic routes using biological extracts have shown
their great potential in NPs fabrication, the mech-
anism by which bioactive metabolites are involved
in the synthesis and the mode of plasmonic prop-
erties is still not fully understood. In addition, con-
trolling the size range and morphology of green
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synthesized NPs, which has many positive effects
on its capabilities, remained largely unanswered till
today, although chemical methods are already well-
known for shape-controlled synthesis (Vanlalveni
etal., 2021).

Green (bio-) synthesis, which harnesses the pow-
er of biological extracts, has surfaced as a promising
alternative. However, green methods face challeng-
es, including prolonged processing times and a re-
duced ability to control nanoparticle size, morphol-
ogy, and crystallinity (Secario et al., 2024). Despite
these limitations, green-synthesized NPs are in-
creasingly recognized for their potential to mitigate
environmental challenges while offering promising
avenues in the field of medicine, in the agro-in-
dustrial complex, and ecological science. The long-
term stability can also be impacted by strict control
of temperature, light, and pH levels, which can alter
how well they could work in different applications.
The wider use and commercialization of green-syn-
thesized AgNPs depend on addressing these issues
through more research and development (Dheyab
et al., 2025).

In general, the world faces threats that the Unit-
ed Nations has ranked as global problems of hu-
manity into 17 categories with various objectives
as solutions for each challenge that are enclosed in
the Sustainable Development Goals (SDGs). These
responsive solutions involved the prevalence of sci-
ence and technology as pathways to ensure their
implementation. In this regard, sustainability sci-
ence seeks the research community's contribution
to addressing sustainable development challenges.
Specifically, green and eco-friendly nanotechnolo-
gy has been recognized as a key tool for potential
applications in disruptive and effective strategies to
reach the SDGs (Larranaga-Tapia et al., 2024).

Nevertheless, statistical data analysis (see Fig. 4)
depicted the increasing trend of published research
articles in the field of green synthesis of metallic
NPs. These data were collected from the National
Center for Biotechnology Information (NCBI) us-
ing the keywords “Green synthesis of nanoparticles”
in the PubMed database. From a meager number of
689 publications in the year of 2015, it has exponen-
tially increased to 2032 publications in 2024.

Conclusions

The steady growth of interest in the field of green
synthesized NPs can be used for development of a

2000

1500

1000

No of publication

500

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Fig. 4. Publications number per year for green synthesis
of NPs since 2015 to 2024 (data collected from the NCBI
PubMed database)

TNT and other explosives determination procedu-
re that is simple, rapid, and sensitive, which can be
applied for the identification of explosive threats
and contaminations for the implementation of the
Ukraine’s Recovery Plan (https://www.urc-inter-
national.com/past-conferences/urc22/urc2022-re-
covery-plan). In contrast to conventional Raman
spectroscopy, SERS enables the detection of mole-
cules even in minute concentrations in solutions or
when deposited onto nanostructured noble metal
films. This technique can be used to detect contami-
nation in air, soils, and water sources.

At the same time, as the war continues, there
are constant massive missile and drone attacks
throughout Ukraine, and significant areas remain
occupied in the southeast of Ukraine, creating
enormous difficulties for research, education, and
business. The scientific community in Ukraine has
an urgent need to address long-term challenges, to
retain its high standards of research and technolo-
gy and to develop new ideas under the current cir-
cumstances (Duszynski et al., 2022; Kondratov et
al., 2022).
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Pedepar. Lleit orap npucBAYeHMIT 06TOBOPEHHIO IMTAHHA MOJOAHHA HACTIIKIB POCIfICPKOTO BTOPTHEHH:A B YKpaiHy Ta
HDOCIIIKEHHSAM I[Ofi0 BUPILIEHHs IIPpo6ieMu 3a0pyHeHHs BUOYXOBMMI PEYOBMHAMM, TAKUMH SK 2,4,6-TPUHITPOTONYOI
(TNT). s 3abesmedeHHs 3aXUCTy HUBIIBHOTO Ta BiliCbKOBOTO HACeJIeHHs Ha[3BUYAIIHO BXX/IMBOIO € PO3poOKa IpOCToi,
]J_[BI/I,T.IKOI Ta ‘IYTTII/IBOI npouenypm BU3HaAY€HHA OUX PE€YOBMH, AKY MOXXYTb BUKOPMCTOBYBATU CHY)K6I/I TIepmoro pearyBaHn-
HS Ha Micni i BusiBineHHst 3arpo3n TNT 1 HaBKOMMIIHBOTO cepenoBuina abo 6esmekn mopeit. [loBepxHeBO-MificCHTeHe
koMOiHaniiiHe poscifaHHA cBiTaa (SERS) BBaXKaeTbcsi HOBUM METOHOM JeTeKIil 3 BICOKOK YyT/IMBICTIO, BUCOKOIO CIIEI[V-
¢bivyHicTIO Ta MIBUAKOI peakIli€ero, AKNII YCIIIIHO 3aCTOCOBYBaBCA Ji/iA 610XiMiYHOrO BMAB/ICHHA TOKCUYHMX aHAmTiB abo
3a0py/AHIOBaYiB HABKOMMIIHBOTO CepefoBuina. IIpn 1[boMy MOKa3aHO, IJ0 CMHTE30BaHi 3e/ICHNM IIUIIXOM MeTasleBi HaHO-
YaCTMHKY POCTMHHOTO Ta TPMOHOTO ITOXOKEHHs 3[aTHi mocumioBarty curHaa SERS Bif pisHUX pedoBUH, 3 MOXIUBICTIO
peecrpanii ciektpy SERS Bif opHiel 1inpoBoi Motexynu. 3arajbHuii METOJ, CMHTE3Y HAHOYACTMHOK Ha OCHOBI POC/INH Ta
rpubiB € TaKMM: CIIOYaTKy 0OMPAIOTh POCTMHHMIL YU TPUOHNUIT MaTepia, HOAPIOHIOITD i OTPUMYIOTb eKCTPAKT, AKMIT 06po-
6JIA0TD /1 BUAIEHHA 6YJII:-HKI/IX TOMIIIIOK; TIOTiM ITOTIEPEHNK, 3a3BMYall PO3YMH META/IOBMICHOI COJIi, SMIlIYIOTb i3 poc-
JITHHYM €KCTPaKTOM, 110 IPU3BOAINTD IO OTPYMAHHA HaHOYACTUHOK. [TifTpuMka Bignosignoro pisaaA pH, Temneparypu Ta
6e3nepepBHe IepeMilllyBaHH:, 1[0 3abe3Neyye OTPUMAaHHA HAHOYACTVHOK PIBHOMIPHOTO po3Mipy, Ma€ BUpilla/jbHe 3Ha-
YeHH: /I epeKTUBHOTO MPOTiKaHHA cuHTe3y. [loeIHaHHA JOCTYITHOTO i CTanmoro BUPOOHMIITBA Ta BUCOKUX aHATITUIHUX
MOK/IMBOCTEN pOOUTh TaKy HAHOCTPYKTYPY HEPCIEeKTNBHOIO /LA TOCTi/KeHb 1 le3aKTuBallil 3HAYHUX TepUTOPilt YKpainu,
ypaXKeHUX BIOYXOHeOe3IIeYHIMY CIIONTyKaMI Ta IPOAYKTaMM iXHbOTO pO3Iafy.

Knro4oBi croBa: neTekilia TpMHITPOTONYONTY, 3€/IeHII CUHTE3, T0Ka/li30BaHMII IVIa3MOHHMII Pe30HAHC, MeTa/liuHi HaHOYac-
TuHky, SERS migknagkm
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Abstract. A critical re-examination of powdery mildew collections on boxelder maple (Acer negundo, Sapindaceae) in Ukraine
has demonstrated a shift in fungal pathogens of the genus Sawadaea affecting this common tree and introduction of two
Sawadaea species into the country. The East Asian species Sawadaea polyfida was found to have spread on this host plant
within the country since the early 21 century, largely displacing the previously dominant S. bicornis. Considering recent
reports of S. polyfida in Western and Southern Europe on other maple species, specimens of powdery mildew collected on A.
negundo in these regions require further critical study. In October 2025, one more species of East Asian origin, S. negundinis,
was recorded on A. negundo in several locations for the first time in Ukraine. Given the potential for S. negundinis to spread

rapidly within Europe, this fungus is likely to be expected in, or may have already invaded, other European countries.

Keywords: boxelder maple, distribution, Europe, invasion, powdery mildew

Introduction

Sawadaea Miyabe (Erysiphaceae, Helotiales, Asco-
mycota) is a relatively small genus of tree-infecting
powdery mildew fungi that until recently comprised
ten species (Hyde et al., 2024). The majority of them
were described as parasites on various species of
Acer L. (Sapindaceae). However, except for maples as
principal hosts, some of these fungi are also known
to occur on other host genera of Sapindaceae, viz.
Aesculus L., Alectryon Gaertn., Dodonaea Mill. and
Koelreuteria Laxm. (Braun, Cook, 2012).

A most recently published comprehensive phy-
logenetic and taxonomic analysis of powdery mildews

on Acer spp. from East Asia, Europe and North Amer-
ica revealed three more new species of Sawadaea de-
scribed from Asia (Feng et al., 2025). In that article,
a boxelder maple (Acer negundo L.) is listed as a host
plant for three of the 13 species of Sawadaea studied
morphologically and genetically. For two species, S.
bicornis (Wallr.) Homma and S. negundinis Homma,
numerous collections ex A. negundo from different
countries were examined, as well as newly obtained
sequences and those retrieved from NCBI GenBank
database were analysed. Acer negundo as a host is also
listed for the third species, S. polyfida (C.T. Wei) R.Y.
Zheng & G.Q. Chen (Feng et al., 2025); however, for
the specimen used for DNA extraction (GenBank
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accession number MT174231), this host is apparent-
ly mentioned erroneously in the GenBank database
and in the article, since Kiss et al. (2020) reported this
specimen (BRIP68806) from Australia on A. palma-
tum. Sawadaea bicornis is a common and widely dis-
tributed species on a wide range of Acer spp. in Eu-
rope, Asia and North America, introduced in South
America and New Zealand. Sawadaea negundinis
based on the collections confirmed by sequence data,
on the contrary, was demonstrated not to be strictly
confined to A. negundo and known almost exclusively
from Asia (Feng et al., 2025), except for a single record
from the European part of RE, Rostov Region, which
is an area bordering Ukraine.

With respect to the above, a relevant question
can be raised: which species of Sawadaea occur on
A. negundo in Ukraine? The present article provides
the answer to this question.

Materials and Methods

A collection of all specimens of the leaves of A. ne-
gundo infected by powdery mildews (Table 1) depo-
sited at the Mycological Herbarium (Fungarium) of
the National Herbarium of Ukraine at the M.G. Kho-
lodny Institute of Botany, National Academy of Sci-
ences of Ukraine (KW-M), was critically studied. The
samples prepared in distilled water following stan-
dard protocol were examined using light microscopy.
Photographs of all microstructures were taken with
a Canon A 300 digital camera attached to a Primo
Star microscope (Carl Zeiss, Germany). All measure-
ments were made using AxioVision 4.7 software.

Results and Discussion

Prior to this study, only two species of Sawadaea
have been reported in Ukraine, S. bicornis and S. tu-
lasnei (Fuckel) Homma. They both are obligate bio-
trophic fungi infecting various hosts, primarily Acer
spp., although the former species was also occasio-
nally recorded on Aesculus hippocastanum L. (He-
luta, Marchenko, 1984; Heluta, 1989; Heluta, Ani-
shchenko, 2021). Morphologically, these species are
quite close but distinguishable by different infection
appearance on host plant and morphology of chas-
mothecial appendages. In addition, they have rather
distinct host ranges.

Sawadaea bicornis has been reported in Ukraine
on a wide range of hosts including Acer campestre
L., A. negundo, A. platanoides L., A. pseudoplatanus

L., A. saccharinum L., A. velutinum Boiss. and Aes-
culus hippocastanum. Mycelium of this fungus, as
well as conidia and chasmothecia, develop on both
sides of the leaves (amphigenous), at first as irreg-
ular greyish-white patches, later confluent. Chas-
mothecial appendages are 1-2(3) times dichoto-
mously branched in the upper half of the stalk, with
uncinate-circinate apices.

Sawadaea tulasnei was recorded in the country
only on A. platanoides and A. tatarica L. Its mycelium
is mostly (on A. tatarica almost exclusively) epiphyl-
lous, at first forming distinct white patches, later en-
larging to cover the entire leaf surface, so that severe-
ly infected leaves appear as if they are covered with
a talc-like powder. Chasmothecial appendages are of
two types, simple and dichotomously branched, with
those unbranched prevailing, all appendages with
uncinate apices. However, appendages in S. tulasnei
are of a peculiar branching pattern, from the middle
of the stalk upwards. It is also noteworthy that the
two species can simultaneously occur on the same
leaves of A. platanoides, a host common for both spe-
cies. Thus, a careful microscopic examination of the
infected leaves of this host plant is required for cor-
rect identification of the species of Sawadaea.

As already noted, following a recent discovery of
the record of S. negundinis on Acer negundo from
Rostov Region, RF, confirmed by molecular analysis
(Feng et al., 2025), a re-examination of all previous-
ly collected specimens of powdery mildews on this
host in Ukraine has been made, including not yet
identified collections deposited at the Mycological
Herbarium of the M.G. Kholodny Institute of Bot-
any, NAS of Ukraine (KW-M). The outcome of the
present examination was quite unexpected. Based
on morphology of the appendages on chasmo-
thecia, all studied specimens have split into three
groups. The first group consisted of the specimens
with the appendages dichotomously or trichoto-
mously branched 1-2(-3) times, mainly in the up-
per half of the stalk (Fig. 1). These specimens are as-
signed to S. bicornis, a common species in Europe,
including Ukraine. Majority of them were collected
in the second half of the 20t century (Table 1), with
the exception of two specimens dated back to the
early 2000s (KW-M33244 from Donetsk Region
and KW-M71769 from Kyiv City).

The second group of the examined collections
proved to be more interesting. It was expected
that they would belong to S. negundinis. However,
chasmothecia in these specimens have numerous
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Table 1. Specimens of the species of Sawadaea on Acer negundo collected in Ukraine (listed in chronological order)

KW-M71790 | Kyiv, Tereshchenkivska Str.
KW-M71791 | Kyiv, Svyatoshyn
KW-M71794 | Kyiv, Vakhtang Kikabidze Str.
KW-M71795 | Kyiv, Yevhen Chykalenko Str.

. . Collection Species of
Specimen Locality date Collector Sgwa daca
KW-M33761 | Kyiv, John McCain Str. 10.10.1972 | LO. Dudka S. bicornis
KW-M33766 | Kyiv, National Botanical Garden 04.10.1976 | Perehon, Potayenko S. bicornis
KW-M33767 | Kyiv, National Botanical Garden 12.10.1976 | Perehon, Potayenko S. bicornis
KW-M33770 | Kyiv Region, Bucha 06.09.1979 | V.P. Heluta S. bicornis
KW-M33769 | Kyiv, National Botanical Garden 10.09.1979 | H.S. Morochkovska S. bicornis
KW-M140 Volyn Region, Lutsk City 30.09.1981 | P.D. Marchenko S. bicornis
KW-M33762 | Kyiv, Tereshchenkivska Str. 14.09.1987 | V.P. Heluta S. bicornis
KW-M33759 | Kyiv, Velyka Zhytomyrska Str. 05.10.1987 | V.P. Heluta S. bicornis
KW-M33763 | Kyiv, Tereshchenkivska Str. 13.10.1987 | V.P. Heluta S. bicornis
KW-M33764 | Kyiv, Tereshchenkivska Str. 16.10.1987 | V.P. Heluta S. bicornis
KW-M31568 | Kyiv, T.G. Shevchenko park 17.10.1988 | V.P. Heluta S. bicornis
KW-M28199 | Kyiv, Feofania 27.09.1990 | V.P. Heluta S. bicornis
KW-M28198 | Zaporizhzhya Region, Rozivka settl. 26.09.1997 | V.P. Heluta S. bicornis
KW-M33625 | Kyiv Region, Krasne-Pershe village 02.10.2002 | I.O. Dudka S. polyfida
KW-M71775 | Kyiv, National Botanical Garden 30.10.2002 | S.O. Voityuk S. polyfida
KW-M33244 | Donetsk Region, Khomutovskyi Steppe 20.10.2003 | V.P. Heluta S. bicornis
Nature Reserve
KW-M71772 | Donetsk City 30.09.2005 | L.V. Bondarenko-Borysova | S. polyfida
KW-M71776 | Kyiv, National Botanical Garden 04.10.2007 | V.P. Heluta, S.O. Voityuk | S. polyfida
KW-M71782 | Kyiv, Sviatoshyn 12.10.2007 | V.P. Heluta S. polyfida
KW-M71773 | Donetsk City 21.10.2007 | K.G. Savchenko S. polyfida
KW-M71769 | Kyiv, Tereshchenkivska Str. 19.10.2009 | V.P. Heluta S. bicornis
KW-M71785 | Kyiv, Hetman Pavlo Skoropadskyi Str. 12.10.2010 | V.P. Heluta S. polyfida
KW-M71783 | Kyiv, Kyiv-Volynskyi 19.10.2010 | V.P. Heluta S. polyfida
KW-M71777 | Kyiv, Acad. Korolyov Avenue 12.10.2011 | V.P. Heluta S. polyfida
KW-M71781 | Kyiv, Symyrenko Str. 26.10.2011 | V.P. Heluta S. polyfida
KW-M71771 | Kyiv, Vakhtang Kikabidze Str. 30.10.2011 | V.P. Heluta S. bicornis +
S. polyfida
KW-M71774 | Transcarpathian (Zakarpatska) Region, 20.09.2012 | L. Akata S. polyfida
Uzhhorod City
KW-M71778 | Kyiv, Acad. Korolyov Avenue 22.10.2012 | V.P. Heluta S. polyfida
KW-M71784 | Kyiv, Bohdan Khmelnytskyi Str. 01.11.2012 | V.P. Heluta S. polyfida
KW-M71786 | Lviv City 14.09.2013 | O. Kryva S. polyfida
KW-M71788 | Khmelnytskyi Region, Kamianets-Podilskyi |20.09.2013 | V.P. Heluta S. polyfida
District, Sokil village
KW-M71787 | Khmelnytskyi Region, Kamianets-Podilskyi |22.09.2013 | V.P. Heluta S. polyfida
town
KW-M71770 | Kyiv, Acad. Korolyov Avenue 25.10.2015 | V.P. Heluta S. bicornis x
S. polyfida
KW-M71779 | Kyiv, Vakhtang Kikabidze Str. 24.10.2019 | V.P. Heluta S. polyfida
KW-M71780 | Kyiv, Vakhtang Kikabidze Str. 31.10.2022 | V.P. Heluta S. polyfida

10.10.2025 | V.P. Heluta
15.10.2025 | V.P. Hayova
21.10.2025 | V.P. Heluta

22.10.2025 | V.P. Hayova

S. negundinis
S. negundinis
S. negundinis
S. negundinis

appendages (over 100), mostly branched dichoto-
mously, trichotomously to occasionally tetrachoto-
mously from near the middle of the stalk or below,
down to the bottom of the stalk, deeply cleft, rarely
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unbranched (Fig. 2). In S. negundinis,

appendages are

less numerous, usually up to 100 per chasmotheci-
um, branching from almost the middle of the stalk.
With regard to the observed characters, according
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Fig. 1. Sawadaea bicornis ex Acer negundo: chasmothecia (A, B) and appendages (C-G). A-C: KW-M33763; D: KW-M53578;
E-G: KW-M33770. Bars: A, B — 100 pum, C-G — 50 um
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Fig. 2. Sawadaea polyfida ex Acer negundo: chasmothecia (A, B) and appendages (C-G). A-D: KW-M71786; E: KW-M59233;
F: KW-M71772; G: KW-M71787. Bars: A, B — 100 ym, C-G — 50 um
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Fig. 3. Chasmothecia (A, B)
(KW-M71770). Appendages of two different chasmothecia (KW-M71771) morphologically corresponding to S. bicornis (G)
and S. polyfida (H). Bars: A, B — 100 um, C-G — 50 um
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Fig. 4. Sawadaea negundinis ex Acer negundo: chasmothecia (A-C) and appendages (D, E). A: KW-M71794;
B-E: KW-M71795. Bars: A, B — 100 um, C-G — 50 pm

to the morphology-based key in Braun and Cook
(2012), our specimens can be identified as S. polyfida.
This species, originally described from Eastern Asia,
has been recorded in China, Japan and South Korea
on various species of Acer, predominantly on hosts of
Acer sect. Palmata (Zheng, Chen, 1980; Shin, 2000;
Hirose et al., 2005; Lee et al., 2011; Meeboon et al.,
2015; Wan et al., 2022; Feng et al., 2025), and intro-
duced to Australia and North America (USA) (Kiss et
al., 2020; Feng et al., 2025). Recently, S. polyfida was
also reported from two countries in Europe, Austria
and Switzerland, on the ornamental Japanese maples,
Acer japonicum Thunb. and A. palmatum Thunb.
(Beenken et al., 2023; Hofbauer, Braun, 2023), and in
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Germany, on local maples, A. campestre L. and A. pla-
tanoides L. (Wemheuer et al., 2019).

The morphology of appendages in our samples
(Fig. 2) aligns well the descriptions and illustrations
of those for S. polyfida from Switzerland, an iden-
tification confirmed by molecular data (Beenken et
al., 2023). The appendage morphology in our speci-
mens is, however, inconsistent with the description
of S. polyfida on A. australe (Momot.) Ohwi & Mo-
mot. originating from Japan (Meeboon et al., 2015).
The Japanese collection is morphologically dis-
tinct, with chasmothecial appendages that branch
from the approximate midpoint of the stalk. Fur-
thermore, its nucleotide sequences in the Internal
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Transcribed Spacer (ITS) region diverge from other
specimens of S. polyfida (see Fig. 1 in Feng et al.,
2025). This combination of morphological and ge-
netic differences suggests that the Japanese collec-
tion may represent a new, yet undescribed species
within the S. polyfida s. 1. species complex.

Thus, our specimens of the second group ful-
ly correspond to S. polyfida reported on Japanese
maples from Western Europe. In Ukraine, however,
it has apparently expanded its host range to include
A. negundo. As indicated in Table 1, the first docu-
mented occurrences of S. polyfida on this host plant
in the country date to the start of the 21% century. It
is highly probable that this fungus also occurs on A.
negundo further west of Ukraine, in Central, South
and Western Europe. Consequently, a re-examination
of powdery mildew samples collected from this host
plant over the past two decades is recommended.

The third group comprises two specimens, KW-
M71770 and KW-M71771, which can be assigned
neither to S. bicornis nor to S. polyfida. In the first
collection, KW-M71770, some chasmothecia have
deeply cleft appendages as in S. polyfida, but in lower
number (below 100, see Fig. 3A), which does not fit
this species. At the same time, there are chasmoth-
ecia with very numerous appendages (over 100, see
Fig. 3B) typical of S. bicornis (Fig. 3B, C). Interesting-
ly, appendages with the intermediate morphological
characters can be also observed (Fig. 3D-F). There-
fore, this material is apparently of hybrid origin. In
the second specimen, KW-M71771, there are two
types of chasmothecia: one with those typical of S. bi-
cornis (Fig. 3G), other — characteristic of S. polyfida,
with no intermediate forms (Fig. 3H). In this case, it
is evident that both species simultaneously occur on
the same leaves. Notably, these two specimens were
collected in close proximity within Kyiv City, the first
being collected in 2011 and the second in 2015.

Based on the data in Table 1, the first occur-
rence of S. polyfida on A. negundo in Ukraine can
be documented from at least 2002. Since that time,
this species has almost completely replaced S. bicor-
nis on this host, so that the latter is now very rare-
ly found. Both species are easily distinguishable by
their micromorphological characteristics, although
there is no obvious difference in the symptoms;
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SIxi Bupu pony Sawadaea (Erysiphaceae) ypaxyiotsb Acer negundo B Ykpaini?

B.IL. TEJIIOTA, B.IT. TAIOBA
Incruryt 6oraniku im. M.I. Xonogroro HAH Ykpainu,
By Tepemenkiscbka 2, Kuis 01601, Ykpaina

Pedepar. YHaCTIOK KPUTHYHOTO IEPEITIAAY KOMEKI[il OOPOLITHUCTOPOCAHUX IPubiB ZOBEAEHO, 1m0 Ha moyaTky XXI cT. Ha
TepuTOpil YKpaiHM Ha aMepMKaHCbKOMY KileHi (Acer negundo, Sapindaceae) mommpuBcs cXifHOA31iiCbKUIT 60POLIHNUCTOPO-
cstHMit rpub Sawadaea polyfida, sikuit Majke HOBHICTIO 3aMicTUB paHile Bifomuit Tyt S. bicornis. Ockinbku S. polyfida moxxe
TparwmaTKcs i B 3axifuiit Ta [TiBgenHint €spori, To 3i6paHi Tam Ha A. negundo 3pa3ky 6OPOLIHICTOPOCHNUX IPKbiB OTPeOy-
I0Tb JOJATKOBOT'O KPUTMYHOTO IeperARy. Y >KoBTHi 2025 p. aBTopaMu cTaTTi Oyio 3ib6pano Ha Tepuropii Kiea Kinbka cBi-
XKUX 3pasKiB JIUCTKIB Acer negundo, ypakeHUX Ije OfHNUM IpMOOM CXifIHOa3iIcbKOro MOXOMmKeHHA — Sawadaea negundinis,
AKOTO HEI0JIaBHO 3HAXOMIM/IN TOO/M3Y MiBJIeHHO-CXiJTHOTO KOpIOHY YKpaiHu. BpaxoByloun IOTeHIiHI MOXXIMBOCTI 671~
CKaBIYHOTO PO3IIOBCIO/PKEHHS OOPOIIHNCTOPOCSHMX IPUbiB, MOXKHA IIPUITYCTUTH, IO Lieil BUJ, HAOMVDKYIMM YaCOM TaKOX
Oy[ie 3apeecTpOBAHNM i B HIINX €BPOIEIICHKIX KPaiHaXx.

KimrouoBi cmoBa: 60pouHncTa poca, EBpoIIa, iHBasis, K/IeH sCeHeMUCTHI, HOIIPEHHS
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A new species of Dysphania (Chenopodiaceae s. str. | Amaranthaceae s. 1.)

from north-central Mexico
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Abstract. Dysphania siqueirosae Sandoval-Ortega & Rodriguez-Pérez (Chenopodiaceae s. str. /| Amaranthaceae s. 1.) is descri-
bed as a new species from the states of Aguascalientes and Zacatecas (north-central Mexico). The new species is morpholo-
gically similar to D. dissecta but it can be distinguished from the latter by the perianth being subglobose to broadly ovate in
fruit, utricle not visible between basal parts of the perianth segments, the perianth segments linear-lanceolate, keeled, joined

by the scarious, accrescent, and wing-like margins.

Keywords: Aguascalientes, Dysphanieae, flora of Mexico

Introduction

With ca. 50 species, Dysphania R. Br. is the largest
and most widespread genus in the tribe Dysphanieae
Pax (Chenopodiaceae s. str. /| Amaranthaceae s. 1.),
with the greatest species diversity currently recorded
in Australia and South America (see an overview in
Uotila et al., 2021, and references therein).

A total of eight Dysphania species were earlier re-
ported for Mexico (Sandoval-Ortega, Zumaya-Men-
doza, 2025), of which six are considered native [Dys-
phania ambrosioides (L.) Mosyakin & Clemants, D.
anthelmintica (L.) Mosyakin & Clemants, D. atri-
plicifolia (Spreng.) G. Kadereit, Sukhor. & Uotila

(= Cycloloma atriplicifolium (Spreng.) Coult.), D.
dissecta (Moq.) Mosyakin & Clemants, D. stellata
(S. Watson) Mosyakin & Clemants, and D. incisa
(Poir.) Sand.-Ort. & Zumaya (see, e.g., Clemants,
Mosyakin, 2003; Villasefior, 2016; Sandoval-Ortega
et al,, 2017; Mosyakin, 2021; POWO, 2025-on-
ward; Sandoval-Ortega, Zumaya-Mendoza, 2025)]
and two alien [D. carinata (R. Br.) Mosyakin &
Clemants, native to Australia (Sandoval-Ortega et
al., 2017) and D. botrys (L.) Mosyakin & Clemants,
native to Europe and Asia (POWO, 2025-onward)].

In general, the infrageneric taxonomy of Dysphania
is now rather well understood (see Uotila et al., 2021;
Mosyakin, 2021), but several morphologically deviant
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Herbario USON

|
\
4 Dysphania sp.
\ AMARANTHACEAE e
/ DET: Manuel Higinio Sandoval Ortega AGO. 2025
{

MEXICO. Zacatecas, municipio Panuco, 2 km al NE de Pozo de Gamboa,

margenes del poblado Martin Diaz, 22°57°57"°N 102°32°51. 1"W, matorral

xerofilo, 2105 m.
A g . x
\ 1 S | (B Observciones: planta aromitica, ereee cerca de orillas de caminos y en dreas
- 4 il a 3 4 2 0 con disturbio.

cm

COL: Manuel Higinio Sandoval Ortega  No. /308 26/jul 2025

Col. Asoc.: E.). Rodriguez-Pérez

Fig 1. Holotype of Dysphania siqueirosae (USON33715)

and geographically restricted taxa, in particular, D. ~ American D. minuata (Aellen) Mosyakin & Clemants,
stellata (S. Watson) Mosyakin & Clemants and D. dis-  currently remain unplaced to sections or clades (see
secta (Moq.) Mosyakin & Clemants, and the South ~ Mosyakin, Clemants, 2008; Uotila et al., 2021).
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Fig. 2. Dysphania siqueirosae. A: general habit; B: close-up of the inflorescence

As part of the study of the flora of the states of
Aguascalientes and Zacatecas (Mexico) (see, e.g.,
Sandoval-Ortega et al., 2019, 2020) and the taxo-
nomic revision of the family Amaranthaceae s. 1.
of Mexico (Sandoval-Ortega, Zumaya-Mendoza,
2023a, 2023b; Zumaya-Mendoza, Sandoval-Ortega,
2025), we consulted herbarium specimens of Dys-
phania deposited in the main Mexican herbaria and
noticed that some specimens collected in Aguascal-
ientes did not match any of the species previously
described from or reported for the country. Here
we describe a new species of Dysphania and com-
pare it with its morphologically closest relative.

Materials and Methods

From February 2022 to July 2025, the specimens
of the genus Dysphania deposited in the herbaria
ENCB, HUAA, HZAC, MEXU, UAZ (acronyms fol-
low Thiers, 2025-onward) were examined.

Based on information from the specimens con-
sulted, field surveys were carried out in the states
of Aguascalientes and Zacatecas in search of the
undescribed Dysphania. The material was collect-
ed and placed in the herbarium of the University of
Sonora, Mexico (USON). Measurements were tak-
en with a stereoscope, and a morphological descrip-
tion of a new taxon of the genus Dysphania was
drafted.

A distribution map for the new species was pre-
pared using QGIS program (QGIS.org, 2024), and
the coordinates, if missing from a specimen, were
assigned based on the collection location using
Google Earth.

Description of the new species

Dysphania siqueirosae Sandoval-Ortega &
Rodriguez-Pérez, sp. nov.

Type: México, Zacatecas, municipio Panuco, 2 km
al NE de Pozo de Gamboa, margenes del poblado
Martin Diaz, 22°57’57”N, 102°32’51.1”W, 2105 m,
26 Jul. 2025, Sandoval-Ortega 1308 (holotype USON
33715; isotypes HZAC, HUAA, MEXU). — Fig. 1.

Diagnosis:—Dysphania siqueirosae is similar to
D. dissecta but it can be distinguished by the floral
morphology: perianth subglobose to broadly ovate
in fruit, utricle not visible between basal parts of the
perianth segments (versus broadly turbinate in fruit,
utricle visible between basal parts of the perianth seg-
ments), perianth segments linear-lanceolate, keeled,
joined by the scarious, accrescent and wing-like mar-
gins (versus perianth segments spatulate, not contigu-
ous, incurved, margins thin and inconspicuous).

Description:—Herbs, annual, aromatic, 5-20 cm
tall, stems erect, pubescent with glandular and mul-
ticellular trichomes (Fig. 2). Leaves 20-35(50) x 10—
15(25) mm, sparsely pinnatisect, lobes linear, as
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Fig. 3. Dysphania siqueirosae. A: inflorescence detail; B: opened perianth seen from below; C: lateral view of a fruiting
perianth; D: upper view of a fruiting perianth; E: bottom view of a fruiting perianth; F: upper view of an utricle, with the
pericarp attached to the seed; G: lateral view of an utricle, with the pericarp attached to the seed; H: partially naked seed

wide as the rachis or nearly so, with few very short
secondary lobes, apex and lobes obtuse, adaxial sur-
face with pubescence similar to the stems, abaxial
surface with glandular and multicellular trichomes
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and sessile yellow glands. Inflorescences axillar
and terminal, short paniculate, the branches with
pubescence similar to the stems, flowers sessile to
subsessile (Fig. 3A). Perianth subglobose to ovate,
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Fig. 4. Distribution of Dysphania dissecta and D. siqueirosae sp. nov. AGS — Aguascalientes; COAH — Coahuila; DGO —
Durango; EDOMEX — Estado de México; GTO — Guanajuato; HGO — Hidalgo; JAL — Jalisco; MICH — Michoacén;
NL — Nuevo Ledn; QRO — Querétaro; SLP — San Luis Potosi; TAM — Tamaulipas; VER — Veracruz; ZAC — Zacatecas

segments 5, linear-lanceolate (Fig. 3B), 1.2-1.5 x ca.
0.5 mm, keeled on the midvein, basally joined by the
scarious, white to purple, accrescent and wing-like
margins that may extend up to 0.5 mm in fruit (Fig.
3C-E), apex acute, pubescent with glandular and
multicellular trichomes and sessile yellow glands on
the margins. Stamen 1, slightly exserted, ovary sub-
globose ca. 0.5 mm, stigmas 2, filiform, 1.5-2 mm
long. Utricle attached to the seed, white (Fig. 3F, G),
not visible between basal parts of the perianth seg-
ments. Seed ca. 1 mm in diameter, circular in out-
line, fairly thick, margins truncate, surface reticu-
late, black to dark brown (Fig. 3H).

Additional examined material of Dysphania
siqueirosae (paratypes):—México, Aguascalientes,
municipio Asientos, Caliza al S del cerro Palmi-
ra, 4 km al W de Asientos, 1 Sep. 1967, Rzedowski
25089 (ENCB, without catalogue number but labe-
led as paratype); municipio Tepezald, caiada arroyo

Hondo + 2 km al W de Puerto La Concepcion, 10
Sep. 2000, Rosales C. 1460 (HUAA 19463), 1 km al
W de Puerto La Concepcion, 11 Sep. 2000, De la
Cerda 6465 (HUAA 19466). Zacatecas, municipio
Panuco, km 14, carretera Zacatecas-Concepcion del
Oro, 23 Aug. 2002, Balleza 13083 (UAZ 6657).

Phenology:—Flowering and fruiting from July
to September.

Conservation status:—Dysphania  siqueirosae
is known so far only from three localities from the
states of Aguascalientes and Zacatecas in Mexico.
However, it is possible that this species has a wider
distribution, since it occurs in secondary vegetation,
roadsides and margins of crop fields but it is a small
plant not so easy to detect, without showy flowers or
striking color, which makes it go unnoticed among
the neighboring vegetation. More extensive studies
on the species are required to determine its conser-
vation status. Therefore, following the guidelines of
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the IUCN criteria (IUCN, 2025), D. siqueirosae is
here assessed as Data Deficient (DD).
Etymology:—The new species is named after
Maria Elena Siqueiros Delgado, Mexican botanist
who has made great contributions to the study of
the flora of Aguascalientes (see, e.g., Siqueiros-Del-
gado, 1996; Siqueiros-Delgado, Gonzalez-Adame,
2006; Siqueiros-Delgado et al., 2011, 2016, 2017).
Distribution and habitat:—Dysphania siqueirosae
grows on plains with gently sloping terrain and cal-
careous soil in the municipalities of Asientos and Te-
pezald, in the NE of the state of Aguascalientes, and in
the municipality of Panuco, in the central part of the
state of Zacatecas (Fig. 4). From 1800 to 2200 m a.s.l.
Dysphania siqueirosae is a locally common ele-
ment of the open or dense xerophilous scrublands
(Fig. 5) of the crassicaule, spiny, and microphyllous
type in the region. It is also abundant in secondary
vegetation derived from these scrublands, in areas
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Fig. 5. Habitat of Dysphania siqueirosae, in the municipality of Panuco, Zacatecas, Mexico

near crop fields, roads, and urban zones. The tree lay-
er may be represented by Neltuma laevigata (Humb.
& Bonpl. ex Willd.) Britton & Rose, Vachellia schaff-
neri (S. Watson) Seigler & Ebinger, and Yucca spp.
The shrub layer includes Larrea tridentata (DC.) Co-
ville, Vachellia constricta (Benth.) Seigler & Ebinger,
Aloysia gratissima (Gillies & Hook.) Tronc., Brickellia
veronicifolia (Kunth) A. Gray, Baccharis pteronioides
DC., Mimosa zygophylla Benth., Calliandra eriophyl-
la Benth., Dalea bicolor Humb. & Bonpl. ex Willd,,
Buddleja scordioides Kunth, and Condalia ericoides
(A. Gray) M.C. Johnst. Succulent species present in-
clude Opuntia leucotricha DC., Opuntia robusta H.L.
Wendl. ex Pfeiff,, Cylindropuntia imbricata (Haw.)
EM. Knuth, Mammillaria uncinata Zucc. ex Pfeiff.,
and Jatropha dioica Sessé ex Cerv. The herbaceous
layer is composed of Allionia incarnata L., Bouteloua
curtipendula (Michx.) Torr., Muhlenbergia phleoides
(Kunth) Columbus, Muhlenbergia rigida (Kunth)
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Table 1. Morphological comparison between Dysphania dissecta and D. siqueirosae

Shape of perianth segments
gibbose near the apex

Margins of perianth segments

Morphological characters D. dissecta D. siqueirosae
Flowers Subsessile Sessile to subsessile
Perianth shape Broadly turbinate Subglobose to broadly ovate

Oblanceolate to spatulate, incurved and

Scarious, thin, inconspicuous

Linear-lanceolate, keeled, not incurved

Scarious, prominent and wing-like at base

Fig. 6. Detail of inflorescence of an isolectotype of Ambrina
dissecta (= Dysphania dissecta) deposited in Muséum National
d'Histoire Naturelle (P00606420)

Fig. 7. Comparison of fruiting flowers from above between
Dysphania dissecta (left) and D. siqueirosae (right)

Kunth, Castilleja mexicana (Hemsl.) A. Gray, Oeno-
thera hartwegii Benth., Dichondra argentea Humb. &
Bonpl. ex Willd., Gaillardia comosa A. Gray, Zinnia
acerosa (DC.) A. Gray, Mirabilis glabrifolia (Ortega)
L.M. Johnst., and Thymophylla setifolia Lag. In areas
affected by disturbance, Cenchrus ciliaris L., Tagetes
lunulata Ortega, Zinnia peruviana (L.) L., Ama-
ranthus palmeri S. Watson, Dysphania incisa (Poir.)
Sand.-Ort. & Zumaya, Heterosperma pinnatum Cav.,
Malva parviflora L., Eruca vesicaria (L.) Cav., and
Dalea foliolosa (Aiton) Barneby are found.
Notes:—Herbarium specimens of Dysphania
siqueirosae had been identified as D. graveolens
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(now recognized as D. incisa) or D. dissecta. How-
ever, after consulting the protologue of its basionym
Ambrina dissecta (Moquin-Tandon, 1840: 38) and
detailed images of the perianth of its lectotype and
isolectotypes designated by Sandoval-Ortega & Zu-
maya-Mendoza (2025; Fig. 6), we confirm that the
material here referred does not correspond to any
previously described species.

Comparison to Dysphania dissecta. Dysphania
dissecta seems to be the closest relative of D. siquei-
rosae. They can be differentiated from the floral mor-
phology (see the diagnosis above, Table 1, and Figs. 3,
6, 7). The seeds of D. siqueirosae are also reticulated,
a character previously reported only for D. dissecta
within the genus Dysphania (Uotila et al., 2021); the
pubescence is also similar, but in the perianth of D.
siqueirosae is denser and the sessile glands are dis-
tributed on the margins of the segments, especially
towards the base. They do not differ in habit, size or
leaf shape. The habitat and altitudinal range in which
they are distributed is also similar, both species are
found in xerophilous scrublands and are restricted to
the Chihuahuan Desert biogeographic province (sen-
su Morrone et al., 2017). Therefore, they could coexist
at least in some places in the states of Aguascalientes,
Zacatecas, and probably San Luis Potosi.

Examined material of Dysphania dissecta (for
comparison):—México, Hidalgo, municipio Ixmi-
quilpan, Dadho, 12 km al S de Ixmiquilpan, 10 Sep.
1981, Herndndez Magaiia 6432 (MEXU363139).
Nuevo Ledn, municipio Galeana, 118 km al Norte de
Matehual. S.L.P. sobre la carretera que va hacia Saltil-
lo, Coah., 25 Sep. 1978, Garcia P. 688 (MEXU766727).
San Luis Potosi, municipio Santo Domingo, Salineras
de Santa Maria Salinas, aprox. 25 km al NE de Vil-
la de Cos, Zacatecas, 29 Aug. 1983, Villaserior 540a
(MEXU488961); municipio Moctezuma, 35 km al
SO de Venado, 10 Sep. 1973, Banda, Garcia, Rivera
S.N. (MEXU218312). Zacatecas, municipio Concep-
cion del Oro, Campo experimental Noria de Guada-
lupe, CNIZA, 35 km al S de Concepcion de Oro, 12
Jul. 1975, Gonzdlez Medrano 8021 (MEXU275456);
municipio Canitas de Felipe Pescador, km 45 de
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carretera Villa de Cos-Canitas de Felipe Pescador,
19 Sep. 2002, Balleza 13490 (UAZ6648); municipio
Mazapil, 4 km al sur de Camacho, por la terraceria a
Opal, 4 Sep. 2003, Balleza 16530 (UAZ6645).

allowing us to consult the herbaria HUAA and UAZ,
Mexico. The useful comments and advice of Pertti
Uotila (Finnish Museum of Natural History, Univer-
sity of Helsinki, Helsinki, Finland) and an anonymo-

us reviewer are greatly appreciated.
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Hoswuit Bug pony Dysphania (Chenopodiaceae s. str. | Amaranthaceae s. 1.)
3 MiBHIiYHO-IIEHTPAaNTbHOI MeKCHKMI

M.I. CAHITOBAJIb-OPTETA !, E.X. POJIPITEC-TIEPEC ?

! Vuigepcurer Conopu, Epmociiio, mrar Conopa, Mekcuka
2 Fep6api171 mraTy Cakarexac, IBagenymne, mrar CakaTekac, Mekcuka

Pedepar. Omucano nosuit Bup Dysphania siqueirosae Sandoval-Ortega & Rodriguez-Pérez (Chenopodiaceae s. str. /
Amaranthaceae s.1.) 31 mratiB AryackanbenTec i CakaTexac (nmiBHiYHO-IleHTpanbHa Mekcuka). HoBuit Bz € MopgonoriaHo
nopi6bunum go D. dissecta, ane Bifpi3HAETbCA THM, OLBITMHA IPU IIOfAX MarbKe KY/IACTA O LIMPOKOSMIIENORIOHOL, TITif
HENOMITHMIT MDK 6a3a/IbHUMM YaCTVHAMY TUCTOYKIB OLBITVHIY, IMCTOYKY OL[BITMHI KV/IIOBATI, TPV OCHOBI 3'€[HAaHHI pO3-
POCIMMI IUIBYACTUMI KPYUIOTIOLIOHUMI KPasiMIL.

Kirouosi croBa: Dysphanieae, Aryackanbentec, propa Mekcuku
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RESEARCH ARTICLE

IMommpeHHs Ta €KOIOTO-IIEeHOTUYHI 0COOMMBOCTI
Sedum annuum (Crassulaceae) B YkpaiHi

Onexcauap O. OPJIOB ™ (2, Onexcanpp I. IIMHEP 22, Poman 5. KIIII 3
L IV "IncturyT reoximii HaBkommmHuboro cepenouma HAH Ykpainn',
npocn. Akagemika Ilannazina 34A, Kuis 03142, Ykpaina
2 HamioHanbHuMit 60TaHigHMit caf iMeni M.M. Ipnmka HAH Ykpainu,
Byn. CaffoBo-boranivna 1, Kuis 01014, Ykpaina
3 YKropopicbKuit HallioHaTbHMII YHiBEPCUTET,
By/1. Bonomuna 32, Yxropop 88000, Ykpaina

* ABTOp A/ist MUCTYBaHH: orlov.botany@gmail.com

Pedepar. Y crarTi y3aranbHeHO BiJOMOCTI PO MOLIMpPeHHsS apKTo-asblilicbkoro Bupy Sedum annuum (Crassulaceae) B
Mexax YKpaiHu, fesiki 11oro ekomoro-6iooriuti 0co61mBOCTI Ta OnMcaHi CMHAHTPONHI Micrie3pocTaHHs. B YkpaiHChKUX
Kapmatax S. annuum BifgHaueHnit y 16 1okajiteTax y Me)kax IIepBMHHOTO (IPMPOJHOTO) apeainy. 3BaXkKaloun Ha IIOPiBHAHO
HeBeMKY KiZbKiCTb JIOKaJIiTeTiB BUJY, BiH BifTIOBiflae KaTeropii perioHanpHoO pifikicHoi pocimuu. HemopaBHo fexinbka
MiClIe3HAXOMKEHDb S. annuum BTOPMHHOTO XapakTepy Oyno BusiBiIeHO Ha Tepurtopil JKurommpcpkiit obmacti B 6aceriHi
p. ¥k, y mexax JKuromupcokoro Iomicca. Bropunni miciiespocranna S. annuum IpuypodeHi o IPaHITHUX BifCIOHEHDb
B3J0BX OeperiB p. Yk, milaHux y36iu gopir, TpiliuH 6eTOHHMX IUIUT TOLLO, e BUJ TPAIULIETbCA B YIPYIOBAHHIX TPHOX
CUHTAaKCOHIB: HACKeTbHMX IIOHepHMX (iToleH03iB Kiaacy Sedo-Scleranthetea Ta pypmepanbHuX yrpynosaHb Kiacis Digitario
sanguinalis-Eragrostietea minoris i Sisymbrietea. Bup Tparuisierscst y KcepodiTHIX f06pe OCBIT/IEHNX YMOBaX Ha cybcTparax
3 IIMPOKMM Jialla30HOM KMCIOTHOCTI — Bil KMCIMX JIO Y/IBTPAOCHOBHMUX, € HEBMOArMMBUM Ji0 TpodHOCTI IPYHTY.
VIMOBipHUM IIsAXOM iMMirpanii Bumy mo cknany draopu [loiccs € KOMMITHE KyIBTUBYBaHHSA K IeKOPATUBHOI pocnum. Sk
a[IBEHTVBHUIT elleMeHT QrIopy, BiH Ma€ BBaXaTucs Heodirtom, eprasiogirodirom i konoroditom.

Kmrouosi cmoBa: 6GiopisHomanirts, JKurommpcebka obmacts, Kaprarn, Harypanmisanis, momyssinii, momupenHs, ¢mopa,
YY>KOPifHUIT BUJ,

Beryn €KOJIOTO-LJeHOTMYHUX OCOOMMBOCTENl OKpeMUX ii
NIpeNCTaBHUKIB, HacaMIlepes, pifKiCHIX, [HOCi 3a/n-
Ha cporogni ¢mopa YkpaiHm 3arajoM € Jocrar- — IIA€Tbest aktTyanbHuM (Sytnyk et al.,, 1998; Didukh,

HBO BUMBYEHOI0, 0COOMMBO miofo i abopurenHoi  2003; Crain et al, 2015). Bug Sedum annuum L.
CKIMamoBoi. Ase mOCTmipKeHHA TreorpadiuHMX Ta  IPUPOJHO IOLMpeHMit B YKpaiHi y Bucokorip’i
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IMoumpeHHs! Ta €KOIOr0-1[eHOTUYHI 0cO6MMBOCTI Sedum annuum B YKpaini

Yikpaincbkux Kaprnar. Moro perioHasbhi xopono-
riuni BigomocTi pawime OyayM BUCBiT/IeHi nuie B
3aranbHux pucax (Barbarych et al., 1950; Bordzilov-
skyi, 1953; Chopyk et al., 1977; Fedoronchuk, 2023).
Bke maBHO BMC/IOB/IIOBAIacs AyMKa IIPO HeoOXif-
HICTb CIELiaJIBHOTO JOC/PKEHHA IOLIMPEHHA Ta
YMOB pOCTYy LJbOTO BUAY B YKpaiHchbKux KapmaTtax
(Chopyk, 1976), Ta 3rofom itoro 6y1o 3apaxoBaHO
no xateropil pipxicamx pocmuu (Krichfalushiy et
al., 1999). LlinHicTh NPUPORHUX MiCILIe3pOCTaHb S.
annuum TONATaE B TOMY, IO Ieil BUJ, BBOKAIOTb
ITIALiaZIbHUM PETiKTOM Ha MeXi J10T0 HMHINTHbOIO
npupopHoro apeany (Cherepanyn, 2017).

Huni S. annuum odinifiHo 0XOpoHs€TbCA Ha
perioHanbHOMY piBHI B 3akapmarcbkili Ta IBa-
Ho-OpaHkiBcbkilt obmactsax  (Ivano-Frankivsk.. .,
1996; Zakarpattia..., 2015). Y 38’13Ky 31 3HaXifKo0
BTOPMHHMX MiCIIe3HAXOIPKEHb S. annuum Naneko 3a
Me)XXaMyl IIepBMHHOTO apeaiy, a came B JKuromup-
CBKilT 0671acTi, y CTaTTi y3arajbHeHO BifjoMOCTi IIpo
IepBUHHE i BTOpMHHE IIOIIMpPEHHA IIbOTO BUAY B
YkpaiHi Ta Jioro ekonoro-6ionoriuxi 0co6MMBOCTI.

Exonoro-6ionoriuni  oco6miBocri.  Sedum
annuum — OfHOpiuHa abo (pixire) mamopiuHa
TpaB'sHa pocauHa i3 cexuii Epeteium Boiss. pony
Sedum L. pomunu Crassulaceae J. St.-Hil. (Bord-
zilovskyi, 1953; Stephenson, 1994; ’t Hart, 2003).
Sedum annuum mopdonoriyHo € 6mu3bkuM o S.
alpestre Vill. Ta gesaxux iHmmx Bupis cexuii Epete-
ium (Stephenson, 1994). ¥V crnpobax mopinuty 1o
CEKIil0 Ha TaKCOHU HIDKYOTO PAHTY JJOCTiIHUKU
posrApgamu S. annuum y CKaafi pisHux ii psApnis:
ser. Alpestria Berger (’t Hart, 1995, 2003), ser. An-
nua Omelcz. (Omelchuk-Myakushko, 1980, 1981),
ser. Hispanica Boriss. (Borissova, 1970). HuHi S. an-
nuum s. l. BBaXKaOTb MOMITUIIIYHUM BULOM, SKUI
BKJIIOYA€E TUMIOBUI MigBUf S. annuum subsp. annu-
um 1 NiBJJeHHOANIeHHIHCbKUI eHIeMIYHU TiIBU/I
S. annuum subsp. gussonei Brullo & Spamp. (Brul-
lo, Spampinato, 2003). ¥ namwiii ctarTi MoBa iiTuMe
came 1po S. annuum subsp. annuum.

Sedum annuum e pocIMHOI, siKa fOOpe IPUCTO-
COBaHA [0 YTBOPEHHA HACiHHA Ta PO3MHOXKEHHS
3a HeCNPUATIMUBUX IJIA MIePeXpPeCcHOTrO 3allMIeHHA
yMOB. 30KpeMa, B iI KBiTI[i IepHMMU PO3KpUBa-
I0TbCs 30BHIIIHI NWIAKY, BOHU OEpyTb y4acTb Y
HepeXpecHOMY 3alll/IeHHi, a BHYTpilHi 3'ABJIA-
I0ThbCA Ti3Hillle i po3TalloBaHi Ha OJHAKOBIiNl BU-
COTi 3 IPUITMOYKAMM, i TOMY BOHM CIYIyIOTb IS
eeKTMBHOrO CaMO3allWIeHHs pociuHu. B pasi,
AKIIO IJIOAM He JI03PiBaloTh, YTBOPIOIOTLCA OKpeMi

po3eTKoNopiOHi maroxy, Aki 6epyTh y4acTb y BeTe-
TatMBHOMY po3MHokeHHi (Hegi, 1975). Y takomy
BUIIAJIKy POC/IMHA NEePeTBOPIOETHC Ha daKynbTa-
TUBHMIT KOPOTKOXVBYYUII 6araTOpi4yHMK i3 MOHO-
KapHiYHNMY IeHepaTUBHUMY ITaTOHAMIL.

Y Kapmarax i bankaHcbkux ropax cropamuy-
HO TpamisieTbest S. annuum var. perdurans Murb.
— 6baraTtopiuHa gopma, Y pOC/IUH SIKOi BereTaTus-
Hi Bi[pOCTKM OCHOBHOTO IIaTOHY BKOPiHIOIOTbCA
(International Crassulaceae Network, 2015). Ba-
raTtopivyHi pocnmun S. annuum BKa3yBamucs i g
[Tipeneis (Stephenson, 1994). Kpim roro, i3 Ipenii
6yno ommcaHno var. epirolicum Bald., a 3 Anpn B AB-
cTpil — var. alpinum Bech. (Meusel et al., 1965), o
BKa3ye Ha [IeBHY OMIMOPQHICTb BULY.

Apean Sedum annuum. leit Buj, XOPOIOTi4HO €
TPeHIaH/IChKO-EBPOIIEIICbKO-CyOcepe3eMHOMOP-
cbkuM reorpadiunnum enemenrom. Y pobori (Hul-
tén, Fries, 1986) jioro oxapakTepu30BaHO SIK apK-
TO-MOHTAHHMIT 1 61M3bKuUit 10 aM(iaTTaAHTUIHOTO
Bup. 3a J1.O. TacenkeBnu (Tasenkevych, 2006) —
1le apKTO-ajbIiiicbkuit Buf. [lepBuHHMIT apean S.
annuum HaNIeXNUTb 10 TOMAPKTUIHOTO THUIIY i CK/Ia-
[AETHCS 3 TPHOX OCHOBHUX (pparmeHTiB (Jansson,
Rechinger, 1970; Gurgenidze, Ter-Khachaturova,
1979; Stephenson, 1994; ’t Hart, 2003; Zernov, 2006;
https://europlusmed.org):

1) Uentpanpua Tta IliBgenna €spoma: Tpamis-
€TbCS MEPEBAXKHO Y TiPCBKMX pailoHaX OinbIIocTi
ripcbkux cucreM Bif Ilipeneis Ta inmux rip Icranii
no Kapmar i bankaHcbkoro nmiBoctpoBa (ABcCTpis,
Anbanis, Awnpoppa, bomrapis, Ipenis, Icnanis, ITa-
misg, KocoBo, Himeuunna, IliBHiuHa MakenoHis,
PymyHnis, Cepb6ist, CroBayunHa, CroBeHis, Typeu-
yiHa (€Bpollelicbka yacTuHa), YKpaina, Opaniis,
Xopgarist, Yopuoropis, IlIBeitiapis).

2) Tpeunanpis Ta IliBHiuHa €Bpoma: OoCTPOBU
[pennanpiss (MoXnMMBO, afiBeHTUBHUII?) Ta IcmaH-
mia y IliBuivniit ATmantuni, CkaHAMHABIA Ta Kpaii-
Hiit miBHiYHWIT 3axiy CxigHOl EBpony — y36epex-
xs1 ta octpoBu Dincbkoi 3aTokn ([lanis, Icnanmis,
Hopgerisi, PO (eBpormericbka yactuna), Qinnsaupis,
[IBersis).

3) 3axigHa Asig: Manma Asig, KaBkas i nmiBHiuHMI
Ipan (Asep6aitmxaHn, Bipmewnis, Ipysia, Ipan, PO
(asificpka yacTnHa), TypeyunHa (asificbka 4acTVHa).

3a MexaMu IepBUMHHOTO apeany S. annuum
3pifika TpalIA€TbCs AK afBEHTNMBHA POCINMHA B
axiguin i Uentpansuiit €spomi (https://www.
gbif.org), soxpema B Yexil sik BumagkoBuit Heodit
(Hegi, 1975; Danihelka et al., 2012) Ta B Himewyunsi
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K JIOKaJIbHO HaTypanisoBanuit sup (Hegi, 1975).
Jlemmo OUCKyCiiHMII CTAaTyC Ma€ IPUPOJHE II0XO-
IPKEHHs JIOKaJiTeTiB S. annuum Ha KpallHbOMY
niBHivHOMY 3axopi CxigHoi €Bpomm. BkasiBka
mns Kapenii (P®) e cymuiBro®O (Byalt, 2012), a B
“Jleninrpazncpkii’” obmacti BiH 6YB HaBemeHMIT Iy
I0BOX ocTpoBiB y (DiHCHKiil 3aToni i AK 3AMYaBi-
mmit — Ha ii niBHiYHO-cXigHOMY y36epexoki (Byalt,
2012). Brim, i mpo nokasniter Ha ocTpoBi Tormanp
(“JTeninrpapcpka” obmacts, PD) BucnosneHo npu-
IyIeHHA IPO JI0r0 BTOPMHHICTD BHAC/IOK BTEYi
3 kynprypu (Budantsev, 2006). OcTtanHiM Yacom
MicliesHaxomKeHHA S. annuum y Ipennanpii Takox
3apaxoByOTh fo 3aHeceHrx (Ohba, 2009; https://
powo.science.kew.org). BkasiBku st MaTepuKOBOI
vgactuay IliBHiunol Amepuku (https://www.gbif.
0rg), OYeBUMIHO, CTOCYIOTbCSA BUK/IIOYHO KY/IbTUBO-
BaHMX POC/IVH.

H. Meusel 3i cniBaBropamn (Meusel et al., 1965)
k1acudikywTb apean S. annuum Ak: (m) — am -
temp + b — arct o 0zZ,_s Eur-Grenl, a giarsos itoro
¢dnopuctudHoro enemeHTy sk: submed - alpisch -
(carp) + norv-grenl.

Y MeXax NepBMHHOrO apeany S. annuum pocre
Ha BiKPUTHX, IIepeBAKHO KaM SHNUCTUX AUIAHKAX:
Ha CKeJIAX, CTiHaX i MypaX, JOPO)KHIX HacMIIax, Lie-
OeHNCTUX OCHIaX, PIYKOBMX BifiKIamax; iHOAI Ha
pifKoriccsx, Ha He HAATO CyXuX, 6araTux ryMycoM
i BartHOM, IpyHTax. ¥ LlenTpanbHiii i IliBgenHiit €B-
poIi BUA TpaIULIETbCA Ha BMCOTax Bif (200-) 300
1o 2800 M H.p.M., ajie IIEPEBAXKHO Y Cy0asIbIIiCbKO-
My Ta a/lbHifiCbKOMy BUCOTHUX Toscax (Meusel et
al., 1965; Hegi, 1975; https://www.floraveg.eu/). ¥
CkanpauHasii Bi# nmifHiMaeTbcs 3 piBHMHM 0 1350 M
H.p.M. (Meusel et al., 1965), a y TypeuunHi pocte Ha
Bucotax 1830-2700 M H.p.m. (Chamberlain, 1972).

IlenoTmyna xapakrepucTuka. Sedum annuum
€ [iarHOCTMYHUM BULOM co103y Sedo-Scleranthion
Br.-BlL et Richard 1950 (Korneck, 1975), a B mmp-
IIOMY KOHTEKCTi BBAXKAETbCA HiarHOCTUYHUM BHU-
nom kiacy Koelerio-Corynephoretea canescentis Kli-
ka in Klika et Novak 1941 (Mucina et al., 2016) Ta
6iororry U32 "Temperate high-mountain siliceous
inland cliff" (Hegi, 1975; https://www.floraveg.eu/).

YrpynoBaHHA 3 S. annuum y KapIaTchbKiil 9acTu-
Hi Jioro apeany Hamexxartb 1o cosy Sedo-Scleranthi-
on, KU1 00’€HY€E IOHEPH] YIPyNOBaHHSA KIC/IUX
MaJIONOTY>KHUX I'PYHTIB Ha BiJJCIOHEHHAX CUIIIKaT-
HUX nopif B Asbmax Ta Kapmarax (Mucina et al.,
2016; Preislerova et al., 2022). Ha >kanb, reobora-
HIYHI ONMCM 3TaflaHMX YIPYNOBaHb 3 TEPUTOPIi
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Ykpainn Ham He Biffomi. Kiac Sedo-Scleranthetea
B3araji IOKM IO € HeJOCTaTHbO AOCTI/PKEHUM B
Ykpaini (Dubyna et al., 2019). Kinpka BizomMux mic-
L[€3HAXO/PKEHD S. annuum y Mexkax YKpaiHu € oKpa-
iHHMMM JToKatiTeTaMy MapMapoChbKOro Kpucramiy-
HOTO MacCKBY, 3 HUX HasBHI Oi/IbIII-MeHII [ieTanbHi
CIIVICKM BUJIB, 30KpeMa, 3 I. UnuBumH (Gorbyk, 1969)
ta I. Kobuma (Kobiv et al., 2007). V¥ nokamirerax S.
annuum rpyHTH Oy MikponpodinbHi, 3 crabko-
KMcnow peakiiiero. VIMoBipHO, ix crtifi posriagaTy
K 30igHeHi BapiaHTM acouiauil Sileno rupestris-Se-
detum annuui Oberd. 1957, ska HaBOGUTHCH, 30-
Kpema, ms ropu Toposiru (PopHsAHCBKI ropu) B
Pymysii (Coldea, 1995, 1996; Sanda et al., 2008). ¥
CnoBauunHi S. annuum TaKoX 3yCTpidaeTbCs Ha
CKeNAX Ta OCUIINMILAX, 3a3BMYAll AK IiOHEPHA POC-
JIMHA, POCTe Ha CWIIKAaTHUX NIOPOJAX, OifHMX Ha Io-
kuBHi pedoBuHu (Bertovd, Zahradnikova, 1985). B
AspIax S. annuum TPaIIAETbCA B PiSHOMAaHITHUX
yrpynoBaHHAX cowo3y Sedo-Scleranthion (Korneck,
1975; Mucina, Kolbek, 1993). 3a mexxamy AJbIniii-
cpko-Kapnarcbkoi cucteMy BUJ, TaKOX CIIOCTepi-
rabca Ha bajkaHax y pisHOMaHITHMX IiOHEPHMX
YIPYHNOBaHHAX B IMIMPOKOMY [iana3oHi peaxiiii
IPyHTIB: Biff Xa3MOQiTHUX YTpyIIoBaHb cow3y Edra-
ianthion Laku$i¢ 1968 Ha ceprenTunax (Assenov,
Pavlova, 2009; Lakusi¢, Karadzi¢, 2010; Dimitrov,
Vutov, 2016), sAKi € yIbTpPaOCHOBHMMY HOPOAAMYU,
Ta PO3pifKeHUX TepMOGIMIPHMUX LeHO3iB Ha Kap-
6onatax corsy Alysso alyssoidis-Sedion Oberd. et T.
Miiller in T. Miiller 1961 (http://e-ecodb.bas.bg/rdb/
en/vol3/01E1.html) no yrpynoBanb anyupodinbHuIX
epemepHux macoBuiy cowsy Romuleion Oberd.
1954 (Carni et al., 2014). Ha mmpoxiit exomoriumiit
aMIUITYAl BUAY IOAO TUIB Ta KUCTOTHOCTI cy6—
crpatiB HarosnouryBanocs panimre (Niculae, Barcd,
2006; Lakusi¢, Karadzi¢, 2010).

Amnanis micup TpamnaHHA S. annuum y PymyH-
cpkux CxigHux Kapmarax (Barcd, 2006) mokasas,
0 3 167 BUABIEHNX JIOKAJIITETIB BUJ, CIIOCTEPiraB-
sl SIK y IPUPORHMX 6i0TOmax — ripChKuX IacMax,
Jie 3aiiMaB CKefli Ta BiJC/IOHEHHS Pi3HOMaHITHMUX
ripcbkux mopip (rpasirtiB, BamHAKIB, MiCKOBU-
KiB, KOHITIOMEPATiB), OKpeMMX CKeJb Yy Jiicax i 1y-
Kax, TaK i B aHTpOIOreHHNX 6ioTomax (HacemeHux
IYHKTaX, Ha y36i44usax HOpir, MapkoBKax) — Iepe-
Ba)KHO Ha OKpeMMX CKeJIAX Ta BificmoHeHHAX. Kpim
TOTO, 3Ha4yHa KiJIbKICTb JIOKAJITETiB BUAY IPUY-
podeHa 10 WITYYHMX 6IOTOIIB 3 KajIbl[ieBMiCHUMU
cybcTparaMu — 6eTOHHMX AaM0 i IUINT, MOCTIB,
CTapMX MYPIB, JaXiB, BaITHAKOBMX Kap €piB TOLLO.
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IMoumpeHHs! Ta €KOIOr0-1[eHOTUYHI 0cO6MMBOCTI Sedum annuum B YKpaini

B Vkpaini BropmuHi nokanitetn Ha Iomicci Ha-
JIeXXaTb [0 MIMPOKOTO Jialla30HY YIPyNOBaHb, fAKi
YTBOPIOIOTbCSI Ha BiJKPUTUX BifICIOHEHHSAX I'PaHi-
TiB, @ TAaKOX MiCIIe3pOCTaHHAX 3 HeCPOPMOBAHN-
M, YaCTO TEXHOT€HHUMU I'PYHTaMU JIETKOTO MeXa-
HiuHOrO cKMagy (mimaHux abo milaHo-rpaBitHKX)
3 KICJIOK0 pEeaKLi€lo, IXHI0 XapaKTePUCTUKY HaBe-
IeHO HIDKYe.

Bukopucranua. Sedum annuum 3pigka BUKO-
PUCTOBYBaBCA SIK IeKOPATMBHA POCINHA, ajle HUHI
BiH He HaJIeXUTD [0 MONYIAPHUX KYIBTYpP, 30Kpe-
Ma BUJ BiJICYyTHIill Y 3BE€JeHHi €BPONENICHKUX JEKO-
paruBHux pocamH (Groendijk-Wilders, Springate,
2011). Yepes mepeBa)kKHO OFHOPIYHMII LUK Bifi-
TBOPEHHS Ll pOC/IMHA PiffKo 30epiraeTbcs B Kyib-
Typi 6inbIle, HiX AeKiTbka Ce30HIB MOCIIiIb, TOMY Y
INEKOPAaTMBHOMY CafliBHULITBI HMHI pO3IOBCIOIKe-
Hi CTiJIKillli HACKe/IbHi BUAM. YCIIIIHUM € BUPOLLY-
BaHHA S. annuum juiie Ipu 3abes3nedeHHi 0cobmu-
BO CHOPMATINBUX JJIA HbOTO YMOB. MOX/IMBUM €
BUPOIIYBAaHHS LIbOTO BUAY B TipChbKUX pailoHAX, a
TaKOXX 3 YMOB KY/IbTMBYBaHHsI JIOr0 OaraTopiuHux
dbopm (Stephenson, 1994). ¥ Cxipniit €spomi S.
annuum 3pigKa KyJIbTUBYIOTb Ha IPUCAfUOHNX fii-
JIAHKaX i IapKax Ha [iBHOYi €BPOIEIChKOI YaCTUHMA
P® (Budantsev, 2006; Byalt, 2012). B Ykpaini HuHi
S. annuum He BUKOPUCTOBYETbCA B O3€/IEHEHHI, BiH
BifICyTHINl Y Konekuisax poxy Sedum y 60TaHiYHMX
cagax i menpponoriunux mapkax (Sydoruk, 2003;
Berezkina, 2007), He 3rafiyeTbcsl cepeli eKOpPaTUB-
Hux pocnuH B3arani (Popovych et al., 2018). Ane B
rep6apii CHER e onnH 3pasok i3 KociBcbkoro p-Hy
IBaHO-®paHKiBCHKOI 0071, Ha KOMY IIpeACTaBIeH]
JIMOBIPHO KY/IBTMBOBaHI pociuHm, 3i6pani B 1963
p. 6ina 3akuHyTOI CagMbM.

Bup e mxepenoM ceforentynosu (IpUpORHUIL
MoHocaxapup) i Biraminy C (Hegi, 1975). Bkasy-
€TbCs, WO 1151 pocnHa € MeffoHocoM (Cherepanyn,
2017).

Marepianu Ta MmeTOgU

BuBueHHs nommpeHHs S. annuum B YKpaiHi 6yno
3MiJICHEHO Ha OCHOBI aHami3y repbapHux Marepia-
niB: HanionanpHoro rep6apito Ykpainu Incturyry
6oraniku im. M.IT. Xonoguoro HAH Ykpainu (KW),
rep6apiiB HarjionanpHoro 60otaniqHoro cajy imeHi
M.M. Ipumka HAH VYkpainun (KWHA), Inctury-
Ty ekornorii Kapmar HAH Vkpainu (LWKS), [ep-
>KaBHOro npupoposHasdoro mysero HAH Ykpainu
(LWS), a Takox jiTepaTypHUX IXKepen Ta iHIIMX

BiZIOMOCTeIT, 30KpeMa elIeKTPOHHNUX 0a3 JaHWUX rep-
6apito Masaryk University, bpxo, Yexia (BRNU)
(Masaryk..., 2025-onward) ta rep6apito Adam Mi-
ckiewicz University in Poznan, ITosHanb, [Tonbia
(POZ) (Adam..., 2025-onward). daHui repbapHux
€TUKETOK HaBeJleHi IIOBHICTIO MOBOIO OpuriHamy. ¥
rep6apii 60TaHIYHOTrO cafy Y>KIrOpofCcbKOro Haljio-
HanmpHOro yHiBepcutery (UU) spaskis S. annuum
He Oy/10 BusAB/IeHO. AKpOHiIMU Trep6apilB HaBeIeHO
3a Index Herbariorum (Thiers, 2025-onward).
Teo6oTaHiyHi OmMCK BMKOHYBAIUCA 32 METO-
mukoro V. Westhoff Ta E. van der Maarel (1973).
O6po6Ky (iTOLEeHOTMYHNX MaTepialiB 37iliCHEHO
3a gonomoroto nporpamu JUICE 7.1 (Tichy, 2002)
3 BUKOPMCTAHHAM MOJM(IKOBAHOTO a/NTOPUTMY
TWINSPAN (Rolecek et al., 2009). Knacudikarito
¢iToleH031B y MicIAX 3pocTaHHA S. annuum mpo-
BeleHO Ha OCHOBI ¢opucTuynol kmacudikanii
pocmaHocTi (Braun-Blanquet, 1964; Mucina et
al., 2016; Dubyna et al., 2019). XapaxkTepuctuxu S.
annuum SK 4y>KOpifHOI pOCIMHM Yy BTOPMHHOMY
apeasi HaBeZleHi 3a Kacudikanismu Tury iMmirpa-
nii (Naegeli, Thellung, 1905) i cTynenis Hatypari-
3anii (Mosyakin, 1996). Ha3Bu cyaMHHMX pOC/IUH
HaBefieHO 3a pecypcoM Plant of the World Online
(https://powo.science.kew.org), MoxiB i nuIaiiHN-
kiB — 3a Catalogue of Life (https://www.catalogue-

oflife.org).

PesynbraTn

IIpupopnnit apean B Ykpaini

Y Mexxax Ykpainu S. annuum OyB HaBefeHUN I/I1
ripcbkux parioniB Cxignmx Kapmar: Ceuposenp,
YopHoropa, YuBumHo-IpuuaBcbKi ropu Ta Map-
mapocbki Anpmu (Chopyk et al, 1977). V "Bu-
3HAYHUKY pocnuH YKpainu" (Barbarych, 1950) Bup
6yno Hasemeno i mna IIpaBo6epexnoro Jlicocte-
1y Ykpaiuu, ane, iMOBipHO, TIOMUIKOBO. Y po6OTi
"Xoponorus ¢nopsr Ykpanusl' (Kondratyuk, 1986)
noumypeHHs S. annuum y Kapnarax HaBefjeHO CiT-
KOBMM METOZIOM i BK/TIOYa€ MIicTh KOMIpOK (po3mi-
pom 10,6 x 11,2 kM) i3 noKamiteTamMn Buny. Huni
TIOKa/MiTeTN S. annuum BKa3yoTbcA e A1 YopHo-
ropu (ropu Hlnuni Ta Bpebeneckyn) i CBumoBist
(ropu bnmsunus ta Jorscka) (Cherepanyn, 2017),
ajle BOHU IIOTPeOYIOTh IepeBipkm. 3a Jocmimxe-
HMMM MaTepiajlaMy HABOAMMO HAMIIOBHIlINII Ha
CbOTOJIHI CIMCOK MiClle3HAaXOMKeHb S. annuum y
MeXKax epPBMHHOTO apeany B YKpaiHi:
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3akapnarcbka o0Omacth. PaxiBchkuit p-n: 1.
Csuposenp, 25.07.1975, B.M. JIwo6uyenko (Kara-
nor KWU54753). 2. . Kobuna, niBgeHHO-CcXimHmi1
cxui, 48.036689° N, 24.094747° E, Bucora 1145 m
H.p.M., 09.07.2005, Kiug; . Kobua, 48.04° N, 24.09°
E, Ha kamensx, 30.06.2010, A. Kovalchuk (https://
ukrbin.com/index.php?id=96523&action=dis-
tribution); r. Kobwma, cxifumit Kpait BepLIMHI,
29.07.2018, R. Gleb (https://www.inaturalist.org/
observations/168635808); saxigHuit Kpail Bep-
mmHY, 12.06.2021, R. Gleb (https://www.inatura-
list.org/observations/170248686). 3. Jopora Ha
ITin Isam Mapmapocbkuii, Bucora 950-1650 M.
H.p.M., 25.07.1967, [B.I.] Yomuk, [O.M.] dy6oBux
(KW s.n.). 4. MapmapocbKuil 3amloBifiHMIT MacuB
Kapmarcpkoro 6iocdeproro 3amosigumka (An-
tosyak et al., 1997). TauiBcbkuit p-H: 5. c¢. Mana
Yronbka, ckeni Yyp., 870 m. H.p.m., 20.06.1973,
Tace[nkeBnu] (LWS111989). 6. Distr. Tjaciv, Te-
resva: pastionis ruderalis ad fluvium Teresva prope
pag. Teresva, 25.05.1995, M. Hajek (BRNU587324)
(umroBaHO 3a Masaryk..., 2025-onward). Y>xro-
poncbKuit p-H: 7. ¢. HoBocenuus, ropa Ckana, Ha
kaMHAX (Bynkaniuamit xpeber), 29.06.1956, B.
Yomuk (KW s.n.); Tam camo (Chopyk, 1957). 8.
Y>xaHCBKWIT [Hal[iOHa/IbHMIT] IPUPORHNMIL IAPK, XP.
Crinka, 11.11.2004, I.M. Jlecbo (LWS111357).

IBaHo-PpaHKiBCbKa 007acTh. BepXOBUHCHKUIL
p-H: 9. Carpati Orientalis, Montes Czywczynenses:
Budyjowska Wielka — po stronie poln.-wsch., na
skalach wybuchowych (cieszynitach) — in rupi-
bus eruptivis (cieszynitis) in latere orient., 15-1550
m, 12.08.1934, E. Czywcz. (KW s.n.); Tam camo
(BRNU279335) (umroBaHo 3a Masaryk..., 2025-
onward); Tam camo (POZ-V0041018) (umrosano
3a Adam..., 2025-onward); c. Bypkyr — oxor.,
. bynudeBcbka, HeBenMKi CKeli Ha IA-CX. CXMIIi
(Velychko, 2005); Yusumncoki ropu (Pawlowski,
1937); r. YnBuMH — NiBOEHHUIT CXWJI, Ha CKEIAX
B cy6anbnil7[CbKOMy nosci, 13.06.1958, K. Mannu-
HoBchkuit (LWS104168); YnBuuH. xp., r. YnBuuH,
IIJ-CX. CXWI, BAIlHAKOBI KaMHi HaJ, BepX. MeXeH
nicy, 1650 M H.p.M., 02.07.1968, anonim (KW s.n.);
. UMBYMH, IJj-CX. CXWI, BaIHJIK HaJ BepX. Me-
xelo jicy, h = 1650 M H.p.M., 02.07.1968, aHOHIM
(KW s.n.); r. UYnBumH, MiBHIYHO-CXiTHUI CXWII,
ckeri, 03.09.1969, B. Yonuk, K. OpHcr, I. Bapenko,
det. 2002, V. Byalt (sub nom. "S. erythraeum Gri-
seb.?") (KW s.n.); r. Unsuun, Ha ckemsx (Gorbyk,
1969); TaM ke, Bif ICOBOrO [I0 aJbIIiICBKOIO IO-
sciB, 1000-1700 M H.p.M., pifko (Chopyk, 1976); r.
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YuunH, 24.07.2003, [L.I.] Yopsreit, [M.B.] Benmny-
Ko, [B.B.] Bymxaxk, [A.L.] Tokapiok (CHER s.n.); r.
YuBumH, cKeli Ha BepxHill Mexi micy, 28.05.2004,
[L.I.] Yopueir, [M.B.] Bemuuko, [A.l] Tokaprok
(CHER s.n.); r. YnBuuH, BepinHa, 04.07.2004, [L.1.]
Yopueii, [M.B.] Bennuxko, [B.B.] Bymxkax, [A.I.] To-
kapwok, [[.A.] Koporuenko (CHER s.n.). 10. Mix
YupunuzoM i "Peczelui”, Ha ckenax (Rehmann, 1868,
1873) [npumimxa: HasBa "Peczelui”, imoBipHoO, cTO-
CyeTbcsA AKoICh rTopu MapMapocbkoro macusy B Py-
MmyHii]. KociBcpkuit p-s: 11. [xomumniin] KyTckmit
p-H, c. benaa bepeska, y ropsl Ilucanbii Kamens,
B e7I0BOM fiecy, 12.07.1954, M. Kotos, 1. Tenmuuko
(sub nom. S. alpestre L.), det. 1971, T. M’saKy1Ko
(sub nom. S. annuum) (KW s.n.). 12. ceno S6mynu-
14, npucinok CeHbKiB [npumimka: cydacHa HasBa
— c. CenbkiBcbKe|, Ha TOABIP’T 3aKMHYTOI caju-
6u, 25.07.1963, leg. I.B. Apremuyk, det. 03.03.1964,
[Hepo36ipnuBmit migmuc] (sub nom. Scleranthus an-
nus L.), det. 08.06.2003, N. Sytschak (sub nom. S.
annum) (CHER s.n.) [npumimka: imoBipHO, pocnu-
HY 6y710 316paHo Ha Miclji Ky/IbTMBYBaHH:].

YepHiBenpka o6macTb. BroxHunbkmit p-H: 13.
Menit-Kamepan, y yarapamukax, 26.06.1965, aHo-
HiM (KW s.n.) [2 repbaphi apkyuii]. 14. c. [lemir,
r. Memumr, 03.07.1966, Kpuce (KWHA106061,
KWHA106062). 15. okoin. c. Censarun ByokHUIb-
KOTO p-HY, snmHoBumit mic, 20.06.1963, I. M. CproM-
Ko (sub nom. S. acre), det. T. M'siky1uko (sub nom.
S. annuum) (CHER s.n.). 16. Ilyruabcbkuil p-H:
ITytunbcpke micHMIITBO, KB. 39, cepefuHa IiB/IeH-
Ho-cxiffHoro cxmmy, 23.07.1962, 3.H. lopoxosa
(sub nom. S. acre L.), det. T. M’ sakymixo (sub nom.
S. annuum) (CHER s.n.). 17. c. Pycckoe, ypounrue
Pycckoe, ceBepo-3amagumit ckios, 07.07.1960, 1.B.
Aptemuyk (CHER s.n.; LWKS016365).

OTxe, 3a repbapHuUMM Martepiamamu Bimomo 14
IPUPOJHUX JIOKAJITETiB BUAY B YKpaiHcbkux Kap-
IaTax Ta OfiuH, KNI Ma€ Ky/IbTUT€HHE IIOXOM)KeHH
(puc. 1). JlitepaTypHi mXepena HepeBaXkHO AyOIIO-
IOTH 1Ii BimoMocTi. JIBa MicClie3HAXOKEHHS 3 Y>KIo-
POACHKOTO paiioHy 3aKapIaTcbKoi 00/1acTi HaBeseHi
IJIs1 KpaliHboTo 3axofy Ykpaincpkux Kapmar i mpu-
ypoueHi o HeBUCOKMX xpeOTiB Ilompuunmit Bepx
(r. Cxana) i Crinka. [Hnni Bigomi Miclie3HaXOmKeHHS
S. annuum 30cepeKeHi y MiB/IeHHIl YacTuHi YKpa-
fHcpkux Kaprmar — Ha mipni Topran, Ceuposli, B
Mapmapocbkux — Anbnax, Iloxyrcbko-bykoBuH-
cokux Kapnarax, YmBumHax. 3Bakaouy Ha HOpiB-
HSHO HEBE/MKY Ki/IbKiCTh JIOKA/IITETIB BUY, BiH Bifi-
IIOBiJla€ KaTeropil perioHaabHO PifIKiCHOI pOCTIMHMA.
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Puc. 1. Iommpenns Sedum annuum B Ykpaincbkux Kapmarax: 1 — npupopHi nokasmitets; 2 — JOKaIiTeT Ky/IbTUTEHHOTO

IIOXOI>KECHH A

Fig. 1. Natural range of Sedum annuum in the Ukrainian Carpathians: 1 — native locations; 2 — a synanthropic location

Exonoro-meHoTHYHi 0COOIMBOCTI MPUPOFHIX
Miclie3pocTaHb

B Vkpaini ¢ironeHOTHYHI YMOBM MiCIe3pOCTaHb
S. annuum y Bucokorip’i Kapnar goci BuB4eHi He-
pocratHbo. B.II. Top6ux (Gorbyk, 1969) nasiB
CIMCOK POC/INH Yy CK/IaJi BUCOKOTIPHOI HaCKeTbHOL
pocMHHOCTI Ha T. UMBYMH y 3akapmarchKiil 06-
7acTi, aze He KnacugikyBas 1ei GiToreHos.
HaBoaumo reo6oTaHiuHMIT OMMC MicIie3poCTaH-
HA S. annuum Ha T. Kobuna y PaxiBcbkomy paiioHi
3akaprnarcpkoni obnmacri. [linaHka posmipom 3 x 1,5
M 3HAaXOJUTBHCA HVDKYE BEPIIVHM, Ha MiBJJ€HHO-CXifI-
HOMY CKeJIICTOMY CXMJIi KpyTicTio 75-80°. 3araymbHe
MIPOEKTUBHE IOKPUTTA HACKETbHOTO YTPYTIOBAaHH:A
— 65%, B T. 4. TpaB’AHOTO ApyCcy — 35-40%, MOXO-
Boro — 15%, numaitaukoBoro — 20%. ITmoma He-
3apOC/INX CKeJbHUX AUIAHOK — 35%. Tpas'sHnmit
nokpus Qopmyiots: Asplenium trichomanes L. (1),
Asplenium ruta-muraria L. (+), Campanula carpatica
Jacq. (+), Dianthus carthusianorum L. (+), Euphorbia
cyparissias L. (+), Festuca sp. (1), Galium intermedi-
um Schult. (+), Hylotelephium vulgare (Haw.) Holub

(= H. argutum (Haw.) Holub) (+), Poa nemoralis L.
(1), Polypodium vulgare L. (+), Saxifraga paniculata
Mill. (1), Sedum annuum (+), S. hispanicum L. (+),
Sempervivum marmoreum Griseb. (2), Valeriana sto-
lonifera subsp. angustifolia So6 (1), Y MmoxoBoMmy sipy-
ci nepeBaxatotb Rhytidium rugosum (Hedw.) Kindb.
(1) Ta Pylaisia polyantha (Hedw.) Schimp. (+).
HesBaxkaroun Ha Te, 1110 Ha I. Kobuna BifcmoHmo-
I0TbCA pifKicHi B YKpaiHcbkyx KapraTax BanmHAKHY,
I'PYHT y TpillMHAX CKeli B MeXax JOCTiJKEHOTo
MICI[€3POCTaHHs1 MOMipHO Kucuit, i3 pHp, ) = 5,2.
KoHrnomeparHa ocHOBa He MIiCTUTb 3HAYHOI Ki/lb-
kocti CaCO,.OnHi€ero 3 Ipn4nH pifKicHOCTI BUAY
B KapmaTax BKa3yeTbcs JI0r0 HU3bKa KOHKYpPEHT-
HO3JATHICTb Ta IPUYPOYEHICTb [0 [AUHAMIYHUX
LIEHO31B Ha IIOYAaTKOBUX Ta INPOMDKHMX CTafifix
cykyecii (Didukh, Chorney, 2016). HemopnasHo
Oyra BMCIOB/IEHA AyMKa PO JOLIJbHICTD BHe-
CEeHHs BUAY IO perioHa/bHOrO YepBOHOTO CIUCKY
Ykpaincpkux Kapnar mig xareropiero DD — Data
Deficient (Cherepanyn, 2017). 3arposolo icHyBaH-
HA S. annuum B YKpaiHcbkux Kapmarax € 3MiHu
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Puc. 2. Pocman Sedum annuum i3 BTOpMHHOTO MicIie3pocTaHHA y [ peBIAHCbKOMY IPUPOZHOMY 3aIlOBiTHUKY, JKuTomup-
cbka 0671. (doro O. Oprosa, 23.06.2018)
Fig. 2. Sedum annuum from a secondary habitat in the Drevlyanskyi Nature Reserve, Zhytomyr Region (photo by O. Orlov,
June 23, 2018)

ocenuiy,. Y MeXXax IPUPOAHUX NOMY/ALIA POCTVHA
BUJIY TPAIUIAIOTHCA IOOAMHOKIMY 0COOMHAMM 260
HEBENMKVMU TPYIIAMM Y HEBEIMKMX 3a IIIOLIEI0
JIOKyCaX, ajie Joro IOmy/AliliHa CTPYKTypa AOCi
3annuaeTbes Hegocmimpkenoro (Cherepanyn, 2017).

Bropunnmnii apean B Ykpaini

Y my6nikanii B.B. MonTpe3opa € BkasiBka, 110
S. annuum (i3 cunonimom S. saxatile DC.) 6yB
sussnenuit V1. CobkeBuueM 6ina M. YKuromump
(OKutomupcepka 061.), a npodecop 1.O. IlImans-
rayseH 3Haimos itoro B M. Ocrpor (PiBHeHCbKa
0671.) (Montresor, 1898). 3rogoM aBTop ofHi€l i3
uux sHaxigok — VI.K. CobkeBuu — y Heomy6ti-
KOBAaHOMY PYKONNCi, IKuit 36epiraerbcs y dhoHmax
JKuroMupcpkoro 06/1acHOro Kpa€sHaB4Oro My3elo,
Hamucas (opienToBHO y 1901-1905 pp.) mpo S. an-
nuum: "m. JKutomup, Ha ckensx, 3guuasino’. ITi-
3Hile S. annuum TYT He 3HAXOJVIIN, i, BilTIOBiHO,
MICIIe3HAXO/)KeHHsI He LUTyBajn. 3okpema, 1.O
[MImanpraysen He HaBiB S. annuum y cBoiit "®mopi”
(Schmalhausen, 1895). Mu He 6auny 3paskiB BULY
B rep6apii KW ra inmmx rep6apisx, Tox 1i BKasis-
K/ 3a/MUINAIOThCs HemigTBepmkeHuMu. Hacmpas-
Ii JOCTeMEeHHO He BifoMo, ski came pocnuun [.O.
lImanbraysen, VI.K. Cobkesud i B.B. MoHTpesop
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HAaBOAM/IN I Ha3BOW S. annuum, OCKiIbKU rep-
6apHi 300pu BiICyTHI.

HemomaBHO JeKinbka BTOPMHHMX JIOKATITETiB S.
annuum 6yno BusBneHo B JKuromupcobkiit 061. B
OaceltHi p. Yk, y Mexxax npupopHoro periony Ku-
tomupcbkoro [Momicest (puc. 2). Briepiite 1110 pocnn-
HY 3 HOBOTO /i1 YKpaincbkoro [lomiccs nokanitery
0.0. Opnos 3i6pas y 2016 p. B okommusx c. Pos-
coxiBcbke KonmmmHboro Hapopmnpkoro paitony
(umui — Kopocrencokuii), Ha tepuropii [Ipupon-
HOTO 3amnoBifHNKa "[IpeBnsHCcbKMit’, i BOHU OyIn
IIOMIIKOBO BusHaueHi Ak S. urvillei DC. Y HacTyn-
Hi pOKM HOBi MiCIIsI 3HaXi/JOK I[bOTO BULAY Oy/M BU-
ABJIeHI Henopanik. YacTuHa i3 HUX — B JJO/MMHI p.
V3K y pisHMX MiCIIIX Ha TPaHiTHUX Bi[JICIOHEHHAX B
OKONMUIIAX C. Po3coxiBCchKe Ta Ha OETOHHUX IIIUTAX
rpe6ri B c. [Tonicbke 3HAYHO BUILe 3a TEUI€I0 P. YK
JIBi mokamnii 6ynmm mpuypodeni mo mimaHMx ys36iu
popir y cenax Poscoxiscbke, Mani Kiimi ta IIne-
nmiBka. Bci 1 Micuie3HaxomKeHHS, 663CYMHiBHO, €
BTOPMHHNMI, A iXHil NIepeTiK HaBe[eHNI HIDKYe.

JKuromupcoka o6mactb. KopocreHcbkuil p-H:
1. M. Kopocrenb, 1jeHTp, y MiCbKOMY ITIapKy Biji-
MOYMHKY, y LITapyHaX Ha IJIaCKUX, KoOpe OCBiT-
JIeHMX BepXiBKaxX TPaHITHUX CKellb, Ha IpPaBOMY
6epesi p. YK, Hepenmmkumu rpymnamu, 10.06.1990,
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Puc. 3. Acriext Sedum annuum Ha TpaHITHOMY BiIC/IOHEHHI
B JONVHI p. YK B JIpeBIAHCEKOMY IPUPOJHOMY 3aIlOBiTHM-
Ky, Kuromupcpka 0611. (poro O. Oprosa, 13.05.2024)

Fig. 3. Aspect of Sedum annuum on a granite outcrop in the
Uzh River valley, Drevlyanskyi Nature Reserve, Zhytomyr
Region (photo by O. Orlov, May 13, 2024)

Puc. 4. Acnext Sedum annuum y CKIafi CUHAHTPOIIHOTO
yrpymnoBaHHsA corsy Eragrostion Ha y36iudi goporu, c. Mai
Komimi, Kurommpcska 0671. (poro O. Oprosa, 13.05.2024)

Fig. 4. Aspect of Sedum annuum as part of the Eragrostion
synanthropic communities on the roadside, Mali Klishchi
village, Zhytomyr Region (photo by O. Orlov, May 13, 2024)

Opnos (non coll.). 2. Ipupopuuit 3amoBigHMK
(I13) "Openancbkuit’, PoscoxiBcbKe MPUPOKOOX0-
pOHHe HaykoBO-pocnifHe Bipminenus (ITHIB), c.
Po3scoxiBcbKke, IIpaBuii Oeper p. Y5k, Ha BifiC/IOHeH-
HAX rpaditis, 09.11.2016, Opnos (sub nom. S. ur-
villei DC.), det. 24.04.2024, HInupep (sub nom. S.
annuum) (KW134325); 0.6 kM 3ax. c. PoscoxiBcbke,
Ha COHAYHMX BiJJC/IOHEHHAX TPAHITIB Ha IPaBOMY
6epesi p. ¥k, 24.05.2018, Opnos (sub nom. S. urvil-
lei), det. 24.04.2024, lunpep (sub nom. S. annuum)
(KW134381); Tam camo, 13.05.2024, Oprnos (https://
www.inaturalist.org/observations/225658038) (puc.
3); II3 "Hpesnsaucpkuit’, PoscoxiBcbke ITHIB,
0,6 xM Bif c. Po3coxiBcbKe, Ha mpaBomy 6epesi p.
Yk, Ha rpanirtax, 23.06.2018, Opnos (sub nom. S.
urvillei), det. 24.04.2024, Iluugep (sub nom. S.
annuum) (KW134378) (https://www.inaturalist.
org/observations/223931769) (puc. 2); tTam camo,
12.05.2024, OpnoB (KW166234). 3. c. Ilomice-
Ke, TOMMHA P. YK, Y LIIApMHAX OeTOHy Ha rpe6i,
25.09.2018, leg. Opnos, det. 04.10.2018, L. Zavialo-
va (sub nom. S. urvillei), det. 24.04.2024, Illuupep
(sub nom. S. annuum) (KW136352). 4. 113 "[pes-
nsacpKuit', basapcpke ITHIB, ¢. Mani Kiuii (anai
BUICeNleHe), Ha y30iuui gopory, 6araro, 01.08.2018,
leg. Oprnos, det. 04.08.2018, JI. 3aB’snoBa (sub nom.
S. urvillei), det. 24.04.2024, Muugep (sub nom. S.
annuum) (KW134368, KW134479); Tam caMo, 3a-
XigHi oKonmmili BuceneHoro cema Mami Kimimri, Ha
mobpe OCBIT/IEHMX BIKPUTKX Ta HaliB3aTiHEHUX,
HilaHux, crabo3afiepHOBaHUX y30i4usax AOpOTIH,
51.122914° N, 29.150508° E, 28.08.2023, Opnos
(KW s.n.); ram camo, 13.05.2024, Oprnos (https://
www.inaturalist.org/observations/223931768) (puc.
4). 5. 113 "peBnsucpkuii”, okor. . [llnieniBka, Ha
nimaHoMy y36iudi gopornu, 6araro, 28.08.2023, Op-
0B (KW163100).

OTKe, 3arajioM BUSBIIEHO ITATh OKPEMUX JTOKa-
niteTiB S. annuum Ha JKmurommpcbkomy Ilomicci
(puc. 5). Biporigno, S. annuum xomucp BuUpoILy-
BaBCs K JEKOpaTMBHA POC/MHA Y IIAHCLKOMY Ma-
€TKY, AKMii icHyBaB Hanpukinni XIX cr. B KpaliHin
3axigHin gactuHi c. PoscoxiBcbke KopocTencbkoro
P-HY, ajie 1o HaIIoro yacy He 30epircst. OpHak crifn
IeKOPAaTUBHUX POC/IMH, 5IKi BUKOPMCTOBYIOTHCS B
KBITHUKAX Ta pOKapisiX, B OKOIMIAX cena 30epernm-
cs i JOHUHI Ha TPaHITHMX BifICTOHEHHAX. 30KpeMa
Phedimus spurius (M. Bieb.) ’t Hart Tyt Harypari-
3yBaBCs 1 Ha IUIACKMX, JOOpe OCBIT/IIEHMX TpaHiT-
HUX BiJIC/IOHEHH:X, c(OpPMyBaB KOJIOHII0 Ha IUIO-
mi 6m3bko 150 M%, OOAMHOKO TaM CaMoO TaKOXK
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Puc. 5. Bropuunuit apean Sedum annuum y YKurommpcbkiit obmacti

Fig. 5. Secondary range of Sedum annuum in Zhytomyr Region

TpaIUIATbCs ocobunu P hybridus (L.) ’t Hart. Imo-
BipHO, KO/IMIIH NTAHCbKa cajiuba Oyia mepBUHHUM
MicueM iHTpopykuii S. annuum y gonuHi p. YK, a
3TOJIOM IJ¥0 POCIIHY MOIJIM PO3IOBCIOUTY MiclieBi
JKUTEN IO IPWIEIINX CeNlaX, Jie BUJ, HaTypasisy-
BaBCs Ta HUHI cOpPMYyBaB CTiliKi KOJIOHII.

OCo0MMBICTIO XUTTEBOTO LMKy S. annuum Ha
niBroui JKutommpcpkoi obmacri € Te, 110 Bup, pos-
BIBAETHCA 32 TUIIOM O3MIMOTO OfHOpiuHMKa. Poc-
7mHY [06pe UBITYTh (TpaBeHb — II0YaTOK YEePBH)
i mrogoHOCATH (KiHeUb 4epBHA — IIOYATOK JINII-
H:). HaciHHA mBMaKO mpopocTae i BXe y >KOBT-
Hi-nucTOmazi B MicLsX TpalyIsiHHS Bupy Gopmy-
I0TbCSL MOJIOZI Ky/IemoAibHi iMMaTypHi ocob6uHm,
OiamMeTpoM 1-2 cM 3 III/IBHO PO3TallOBAaHUM JIVC-
TAM KOPMYHEBO-4epBOHOTO Kombopy. Lli oco6mun
YCHILIHO Iepe3uMOBYIOTh (puc. 6) i BXxe y TpaBHi
HaCTYITHOTO oKy GopMyTh KBiTKOHOCH. Ile mae
HifIcCTaBy 3apaxyBaTy S. annuum B OUX YMOBAX [0
03VMIMMX OFHOPIYHMKIB, XaMeiTiB.

Omxe, HUHI B YKpaiHi apean S. annuum cKma-
Haerbesl 3 1BOX parmenTis (puc. 7). Ilpupopganmit
apeasl OXOIUIIOE BUCOKOrip'sa Ykpaincpkux Kapmart
y 3akapnarcbpkiil, IBano-®pankiBebkilt Ta YepHi-
BelbKill obmactax, a B JKurommpcenkiit chopmy-
BaBCA BTOPMHHMII CMHAHTPOIIHUI apeas. Y LboMy
dparmenTi apeany S. annuum € HeodiTom, eprasi-
odirodirom — BrikayeM i3 KyJIbTYpH, 3a CTYIIEHEM
HaTypasnisanii — komoHodirom. JlokamiteTn 3a cra-
poto BKasiBkoto XIX cT. i3 okomuib M. OcTpor Ta M.
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JKuromup mu He HaBOIMMO uYepe3 IXHill HemiATBep-
TPKEHUI CTATYC i, LiIKOM MOXX/IMBO, IIOMUIKOBICTb.
Hatypanisauia S. annuum y JKurommpcpKii
obnacti Hapasi nepebyBae Ha IOYATKOBill cTapil.
VIMOBipHO, eTam 3aKpilieHHs B HOBMX €KOJIO-
rO-LIeHOTUYHNX YMOBAxX y>Ke Oy/I0 IpOoIifieHO, TOX
Hajla/i MOX/IMBE IIOCTYIIOBE PO3MNOBCIOJKEHHA
BUJIY B3[JOBXK JJOJIMHU p. Y>K Ha IIPUJIETTIi TEPUTOPii.
LIbOMy MOXXYTb CIPUATU OCOOIMBOCTI >KUTTEBOTO
nukny S. annuum B ymoBax sKutomupcbkoro Ilo-
miccs. Bup BMKOPUMCTOBYE HOCTAaTHIO BeCHSHY Ta
OCiHHIO BOHOI‘Y 1A pO3BI/ITKy BereTaTMBHOIL YaCTU-
HI, @ BYCOKi TeMIIepaTypy KiHIls BECHM Ta II0YaTKy
JiTa — /1A LBITIHHA Ta JO3PiBaHHA HACiHH:A, 1O
301/IbIIIYE J10T0 KOHKYPEHTOCIIPOMOXKHICTb.
BUHUKHEHHSA BTOPMHHOTO CMHAHTPOITHOTO ape-
aly fK y S. annuum XapaKTepHe i 6araTbox BU-
niB popuuu Crassulaceae. Tax, B YkpaiHi Bizomumn
€ QaxkTy pO3NOBCIOIKEHHA Yy BTOPMHHNX apeajax
S. album L., S. hispanicum, S. pallidum M. Bieb.,
Sempervivum tectorum L. (Bordzilovskyi, 1953;
Derevinskaya et al., 1998; Davydov, 2021; Shynder,
Negrash, 2020; Orlov et al., 2022; Orlov, Shynder,
2024), a TakoX AMYaBiHHA i HaTypamisanii yxo-
pimnux pocmun: Hylotelephium spectabile (Bore-
au) H. Ohba, Petrosedum rupestre (L.) PV. Heath,
P sediforme (Jacq.) Grulich, Phedimus aizoon (L.)
’t Hart, P hybridus, P. spurius, Sedum sarmento-
sum Bunge (Fodor, Yantso, 1984; Myakushko et al.,
1988; Zavyalova, 2008; Moysiyenko, 2011; Boiko,
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Puc. 6. BereraTuBHi posetku Sedum annuum micins nepe-
3MMiB7Ii Ha TPaHITHUX BifICTOHEHHAX y JOMMHI p. YK, OKO-
i c. PoscoxiBepke, JKurommpcepka 0671, (poto M. Be-
cenbchbKoro, 09.03.2024)

Fig. 6. Vegetative rosettes of Sedum annuum after overwin-
tering on granite outcrops in the Uzh River valley, near the
village of Rozsokhivske, Zhytomyr Region (Photo by M. Ve-
selsky, March 09, 2024)

Mulienkova, 2014; Boiko, Kolomiychuk, 2015; Va-
sylyeva et al., 2019; Shynder, Negrash, 2021; Toka-
ryuk et al., 2022; Kalashnik, Shynder, 2024; Shynder
et al., 2024; Andrik et al., 2025).

Exonoro-ueHoTM4Hi 0cO6MMBOCTI y BTOPMHHUX
JOKajiTeTax

Byno petanbHO 06CTEXXEHO YOTUPYU BTOPUHHI Mic-
nespocTtaHHaA S. annuum y KopocTteHcbKkoMy p-Hi
JKuromupcpkoi 0671. Ta onmcaHo IXHilt poCMHHMIT
IIOKPUB, NPE/ICTABIEHNI YyTPYIIOBAHHAMH 3 TPbOX
pisHuX KaciB (Tabm. 1).

3a pesyrpraTamMu (iTOLCHOTMYHOIO aHaJI3y
0y/10 BCTAHOBJIEHO, 1O MiCIe3pOCTaHHs S. annu-
um i3 s3axigHUX oKomuib c. Po3coxiBcbke (ommcu
1-3) npuypo4eHi 10 yTPyIIOBaHHA 3i CKJIafly COI03Y
Hyperico perforati-Scleranthion perennis TOpsIAKY

Sedo-Scleranthetalia xnacy Sedo-Scleranthetea. Lleit
COI03 TIPEACTAB/IAE€ MAJIOBUJOBI MOHEPHI yrpyno-
BaHHA i3 IIOMITHOIO POJUII0 MOXOBO-JIMINAITHUKO-
BOTO SIPYCY, [0 GOPMYIOTbCS Ha BiICIOHEHHSX CHU-
TMiKaTHMX, 30KpeMa TPaHiTHUX ITOPij} Ha OCBITIEHNX
abo, pipmre, 3aTiHeHMX CXWIax pi3HOI KPyTOCTi Ta
excrio3uwii (Dubyna et al., 2019). 1li yrpynoBanHs
B YKpaiHi € TUIIOBMMM Ha BiJICIOHEHHAX YKpaiH-
cbpKoro Kpucraniusoro muta (Kuzemko..., 2018).
Hapasi nopiBHAHO HeBeNMKi po3Mipy BUABIEHUX
MiclespocTanb S. annuum He JAIOTb 3MOTY IPOBe-
cTu K1acudikalilo yrpynoBaHb i3 IXHbOIO y4acTIO
TO piBHA acoujialili, ajie 3a MONEePefHbOI0 OLIHKOIO,
omycaHi ¢iToLeHosu 3i cknany corsy Hyperico per-
forati-Scleranthion perennis TpencTaBieHi iMoBip-
HO acoujauiero Allio montani-Veronicetum vernae
Oberd. 1957. 114 acoujialiis BK/IOYA€ AiarHOCTUYHI
Bupu comsy Sedo albi-Veronicion dillenii Korneck
1974 (Hyperico perforati-Scleranthion perennis sensu
Didukh, 2019), 3oxpema Hylotelephium maximum
subsp. ruprechtii (Jalas) Dostal, Hypericum perfora-
tum L., Poa compressa L., Grimmia pulvinata (Hedw.)
Sm., Hedwigia ciliata (Hedw.) Boucher, a Takox
kinacy Sedo-Scleranthetea B uinomy, B T. 4. Allium
lusitanicum Lam., Arabidopsis arenosa (L.) Lawal-
rée, Draba verna L., Hypnum cupressiforme Hedw.,
Niphotrichum canescens (Hedw.) Bedn.-Ochyra &
Ochyra, Veronica dillenii Crantz. Sedum annuum
XapaKTepU3YETbCA INMPOEKTVBHUM IOKPUTTAM 20-
35%, yTBOPIO€ HEBE/NKI 3a PO3MipOM KypTUHM IIO-
wero 4-6 M2, sKi GOpMYIOThCS Ha BiIKpUTHX, T06pe
OCBIT/IEHVX CKeJIAX Ta BifICIOHEHHAX I'PAHITIB pi3HOL
€KCIIO3M1IiI Ta KPYTUSHU — BiJl Mai>Ke IJIACKUX IO~
PU3OHTA/JIbHUX BifICIOHEHb 1O TPaHITHUX CXWIIB
KPYTM3HOIO 15-20° Ta By3bKUX "HOMMYOK" HA MajbKe
BEPTUKA/IbHUX CTiHKaX. [IpOEKTUBHE MMOKPUTTA CY-
AMHHMX POCIVH CTAHOBUTH 33-37%, dropuctuyna
Hacu4eHicTb — 11-18 Bupis. 14 srafjaHnx yrpymo-
BaHb XapaKTEPHNUM € CUIbHUII PO3BUTOK MOXOBOTO
MIOKPMBY 3 IPOEKTUBHUM IOKPUTTAM Bifi 50 10 95%.

Knacugikaniiina cxema pocnmmHHOCTI 3 yuacTio Sedum annuum 'y JKuromupcpkomy ITomicci

1. CL. Sedo-Scleranthetea Br.-Bl. 1955
Ord. Sedo-Scleranthetalia Br.-Bl. 1955

All. Sedo albi-Veronicion dillenii Korneck 1974 (Hyperico perforati-Scleranthion perennis Moravec 1967
sensu Didukh, 2019; Poo compressae-Rumicion acetosellae Didukh et Kontar 1998) (Didukh, 2019).
2. ClL Digitario sanguinalis-Eragrostietea minoris Mucina, Lososova et Silc in Mucina et al. 2016

Ord. Eragrostietalia J. Tx. ex Poli 1966
All. Eragrostion Tx. in Oberd. 1954
3. Cl. Sisymbrietea Gutte et Hilbig 1975
Ord. Sisymbrietalia sophiae J. Tx. ex Gors 1966

All. Sisymbrion officinalis Tx. et al. ex von Rochow 1951
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Puc. 7. 3arampre nomupenus Sedum annuum B YKpaiHi: MicuespocTaHHA y MeXax mepBuHHOrO (1) Ta BropmHHOrO (2)

apeaiB

Fig. 7. General distribution of Sedum annuum in Ukraine: 1 — native locations; 2 — secondary locations

Hominytote B HboMy Hedwigia ciliata, Niphotrichum
canescens, Hypnum cupressiforme. Takox moctiitau-
MU BUJAMU € TMIIAMHUKY 3 IPOEKTUBHUM ITOKPUT-
TsIM 5-45% — Aspicilia cinerea (L.) Korb., Cladonia
mitis Sandst. Ta iH.

Yuactp S. annuum y cknaji neTpopiTHUX yrpy-
HoBaHb coro3y Sedo-Scleranthion Br.-Bl. et Richard
1950 xnacy Sedo-Scleranthetea 6yno BigmiueHo s
LlentpanbHoi €pporm (Ellenberg, 1986). Otxe,
B YKpaiHi 70Ka/bHe NPOHMKHEHHA S. annuum [o
CK/IaJly HU3OBMHHMX HACKe/IbHMX YTPYyIOBaHb i-
TOLICHOTMYHO € IIOfiOHMM [0 aHAJIOTiYHMX YMOB
LlentpanbHoi €EBponm.

Ocenniiia B okonmuiiax cin Mani K Ta Hlniire-
niBka (ommcu 4 i 5) npuypodeHi £0 yrpymnoBaHHs 3i
cknany coxwsy Eragrostion nopspky Eragrostietalia
knacy Digitario sanguinalis-Eragrostietea minoris.
Leit coros mpencTaBise cereTanbHi i pymepanbHi
yIPYHOBaHHS KcepoiTHMX MiCILIe3pOCTaHb, sKi
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TPAIUIAIOTCA 10 BCill Tepuropii Ykpainn (Kuzem-
ko..., 2018; Dubyna et al., 2019).

OnucaHi yrpynoBaHHs WMOBIPHO BilHOCATbCA
mo acouiauii Digitario sanguinalis-Eragrostietum
minoris Tx. ex von Rochow 1951. Ile muuamiune
pyliepanbHe YIPYIIOBaHH:A, SIK€ XapaKTepU3YeTb-
€ 3HAYHOIO YYacTIO JiaTHOCTMYHMX BUJIB KIIacy
Digitario sanguinalis-Eragrostietea minoris Muci-
na, Lososova et Silc in Mucina et al. 2016, 3okpema
Bromus tectorum L. i Eragrostis minor Host, AKi €
TOMiHaHTaMI J1 CIIiBJJOMiHaHTaMM yTPYIIOBaHb, Ta
Portulaca oleracea L. s. 1. 3a unux ymoB S. annuum
Mae IpoeKTuBHe NMOKpuTTa 10-30% Ta yTBOpIOE
cvyru mypuHow 0,4-8,0 M Ta JOBXMHOIO 5-6 M,
mepeBaXHO Ha Mo6pe OCBiTIEHUX a00 3aTiHEHUX
MEHIIIY YaCTUHY THS y36iqq51x TOPir 3 MilllAHMMM
ab0 rpaBifiHO-MIAHMMM KUCTUMU TE€XHOTE€HHH-
MU IpyHTaMu. IIpoekTuBHE MOKPUTTA CYAMHHUX
pocnuH craHoBuTh 40-50%, QropucTiyHa HacK-
YyeHicTb — 8-10 BuAiB. JHaYHY LIEHOTUMYHY POJb
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Tabmuust 1. @iToleHOTHYHA XapaKTePUCTUKA YIPYIOBaHb 3 yuacTio Sedum annuum 'y JKuromupcokomy Iomicci

Table 1. Relevés containing Sedum annuum in Zhytomyr Polissia

Ne onmcy 1 2 3 4 5 6
Ne cuHTaKCOHY 1 3
I[Tnoma onucy, m> 4 4 4 2 2 2
[IpoexTBHE NOKPUTTS CYAMHHUX POCIUH, % 35 33 37 46 38 50
[IpoexTBHE NOKPUTTA MOXIB Ta IUINANHUKIB, % 70 50 95 0 0 0
KinbKicTh BUAIB CYIMHHUX POCINH 18 16 11 8 8 15
Sedum annuum 2 3 3 3 2 2

HiarHocriyHi Bupn coro3y Sedo albi-Veronicion dillenii Korneck 1974 (Hyperico perforati-Scleranthion perennis sensu

Didukh 2019)

Hylotelephium maximum subsp- ruprechtii
Hypericum perforatum

Poa compressa

Grimmia pulvinata

Hedwigia ciliata

HiarHoctuyHi Bupn xnacy Sedo-Scleranthetea
Veronica dillenii

Allium lusitanicum

Draba verna

Arabidopsis arenosa

Sedum acre

Veronica verna

Niphotrichum canescens

Hypnum cupressiforme

iarnoctuyni Bupu Knacy Digitario sanguinalis-Eragrostietea minoris

Bromus tectorum
Eragrostis minor
Portulaca oleracea
Jiarnoctuyni Bupy Knacy Sisymbrietea
Bromus hordeaceus
Capsella bursa-pastoris
IHmmni Bupm
Psammophiliella muralis
Potentilla argentea
Aspicilia cinerea
Cladonia mitis

Viola tricolor

Poa annua

Viola arvensis

Poa nemoralis

Viscaria vulgaris
Veronica incana
Artemisia scoparia
Erysimum cheiranthoides
Veronica arvensis
Scleranthus annuus
Cerastium semidecandrum
Dactylis glomerata
Elymus repens

Lamium purpureum

Poa pratensis

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (5)

+ r
r r
1 +
. 1 1
2 3 4
+ 1 r
1 1 +
+ +
+
+
+ . .
2 2 1
3
r r r
. r r
1 2 2
1 3
+

—_— = e

427



0.0. OPJIOB, O.I. IMHAEP, P.A. KIII

Omc Ne 1. [Ipesnanceknit [13, PoszcoxiBcbke ITH/IB, 3ax. okort. ¢. PoscoxiBcbke, OCBiT/IeH], Maike TOPM30OHTAIbHI IpaHiTHI
BiICTIOHeHH: Ha IIpaBoMy Oepesi p. Yk, 13.05.2024, Opnos (KW166234). Koopauaatn: 51.130336° N, 29.000547° E.

Ommc Ne 2. [Ipessancokuii I13, PoscoxiBebke ITH]IB, 3ax. okort. c. Po3coxiBcbke, OCBiT/IeHi IpaHiTHI BifiC/IOHeHHS Ha IpaBo-
My bepesi p. ¥k, 13.05.2024, Oprnos. Kooppunarn: 51.130283° N, 29.00075° E (puc. 3).

Ommc Ne 3. [Ipesnancokuii 113, PoscoxiBebke ITH/IB, 160 M 3ax. c. Po3coxiBcbke, Ha BiIKpMTHUX TPaHITHMX BifICTOHEHHAX 3a-
XiJTHOI eKcIIo3uLil, KpyTicTio 15-17°, Ha mpaBoMy 6epesi p. Yok, 12.05.2023, Opnos. KooppunaTu: 51.13015° N, 28.999861° E.
Omnuc Ne 4. [Tpesnsacekuii 113, basapcoke ITH/B, 3axinHi okomuii Bucenenoro ¢. Mani Kimi, Ha go6pe ocBiT/eHuX Bifj-
KPUTHX Ta HaIiB3aTiHeHNX, MIaHKX, CTTab0 3afiepHOBaHNX y36iuwsax gopory, 28.08.2023, Opnos (KW163100). Koopausna-
Ti: 51.122914° N, 29.150508° E.

Omuc Ne 5. [Ipesnsincekuit 113, Basapceke ITH]IB, 3axigui okomuii BuceneHoro c. lllnmenoska, Ha fo6pe OCBiTIeHNX Bif-
KPUTHX Ta HaliB3aTiHeHNX, MIIaHKX, CTab0 3alepHOBAaHNX y36iudusax gopory, 28.08.2023, Opnos (KW163101). Kooppyuna-
Ti: 51.145069° N, 29.222117° E.

Omc Ne 6. Ipesriacokuii [13, c. PoscoxiBcbke, mimane ocsitTieHe y36idds gopory, cMyra mmpuHoo 0,5 M Ta JOBKIHOIO

6 M, 13.05.2024, Opnos. KoopamuaTn: 51.124294° N, 29.002661° E.

BifirparoTh ofHOpiuHMKM. HadgBHa BiNbHA €KOHilIa
IJL BCEJIEHH: IHIINX BUJIIB POC/INH.

YrpynoBaHHA ocenuiua S. annuum B OKOIUI C.
PoscoxiBcbKe, IPMypPOYEHOro 10 MIAaHOTO y36iddst
moporu (Omc Ne 6), kmacudikoBae sIK cOk03 Sisym-
brion officinalis xnacy Sisymbrietea. Bono Mae 03-
Haky acouianii Linario-Brometum tectorum Knapp
1961 (syn. Brometum tectorum Bojko 1934) i Takox
IpefiCTaB/IA€ AMHAMIYHe pyfepasbHe YTPYIIOBaHH:A
3 Y4acTIO [IiaTHOCTMYHUX BUAIB Kiacy Sisymbrietea,
30Kpema Bromus hordeaceus L., Capsella bursa-pas-
toris (L.) Medik., a Takoxx Bupny xmacy Digitario san-
guinalis-Eragrostietea minoris — Bromus tectorum.
YMOBM 3pOCTaHHS S. annuum € MORiOHI 1o TakuX B
acouianii Digitario sanguinalis-Eragrostietum mino-
ris, BUJi Ma€ MPOEKTNBHE NOKpUTTA 20% i 3pocTae
cmyramn (0,4-0,8 X 5-6 M) mepeBaKHO Ha HobOpe
OCBiT/IeHNX Y30i4dsax HOpIr 3 MillfAHMMM KMUCIVIMU
TeXHOTeHHVMM IpyHTaMU. IIpoexTMBHE MOKPUTTA
CYAVHHUX POC/IVH CTaHOBUTb 40-50%, dropucrmy-
Ha HacuyeHictb — 12-15 Bupis. [Io ckmany yrpymo-
BaHb SIK JIOMIIlIKa BXOMATb 4MCIeHHI Me30TpodHi
Me3odiTHi Buam, 3okpema Dactylis glomerata L., Ely-
mus repens (L.) Gould (Elytrigia repens (L.) Nevski),
Poa pratensis L., P. annua L. Ta in. HaaBHa BinbHa
€KOHilIa i1 BCeTIeHHA iHIINX BUJiB POC/IVH.

Orxe, y JKuromupcokomy Ilomicci 6ioronnu, B
SIKUX Bifj3HaueHo S. annuum, € pi3HOMAaHITHUMMA.
Bup cnocrepiraBca Ha IrpaHITHUX CKeNIAX Ta Bifi-
C/IOHEHHSIX pisHOI excriosnuii i kpyrusuu (M. Ko-
pocrens, c. Poscoxiscbke KopocTeHcbkoro p-Hy)
y 6ioromi 8230 "Siliceous rock with pioneer vege-
tation of the Sedo-Scleranthion or of the Sedo al-
bi-Veronicion dillenii" (Council Directive, 2025), a
TaKOXX Ha y36iudi fOpir 3 miljaHNMMM TeXHOTeHHU-
MU IPyHTaMU (c. PoscoxiBcbke, ¢. Benmnki Kmimi,
c. lllnmeniska Kopoctencokoro p-uy). B ogHomy
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nokamireri (c. ITomicpke Kopocrencbkoro p-Hy)
BUJ| TPAIUIABCA Y LINapyHaX 6eTOHHOI faMbu Ha
p- Yx. 3rigHo 3 kmacudikaniero EUNIS, 6iotomnn
CUIIKaTHUX Ta KapOOHATHUX CKesb i BifC/IOHEHDb
i3 miOHEPHOI POCIMHHICTIO, 6araTo0 Ha BUAK PO-
nuuu Crassulaceae, a TAKOX JINIIATHUKA Ta MOXM,
Hajiexarb 1o Tury R122 "Sparsely vegetated wea-
thered rock and outcrop habitats” (EUNIS, 2021).
Taki 6ioTomy OXOPOHSITHCS BifmoBigHO 10 [lo-
matky I Ocemumnoi Tupexktusu €C sk 6ioronn
6110 "Rupicolous calcareous or basophilic grass-
lands of Alysso-Sedion albi" Ta 8230 "Siliceous rock
with pioneer vegetation of the Sedo-Scleranthion
or of the Sedo albi-Veronicion dillenii" (Council
Directive, 2025).

IIpoHuKHeHHA S. annuum [0 CKIafy AK pyge-
PanbHKX, TaK i IPUPOJHMX IIOHEPHUX YIPYIIOBAaHb
Ha Tepurtopil JKurtoMupcpkoi obmacTi CBifuMThH
IIpO YCHIIIHICTh IOYATKOBUX €TaIliB HaTypajisa-
uii Bupy. ¥V Tenepimniil yac BiH € KonoHOGITOM,
3B@)KAIO4M Ha JIOKA/JIbHICTh BUABIEHUX IOIY/IALLINA
BUJIY Ha IPaHITHMX BifICIOHEHHSAX Y HOMNHI p. VK.

BucHoBKn

OTke, BIlepllle HaMJ y3arajbHeHO repOapHi Ta i-
TepaTypHi BifloMOCTi Ipo nommpeHHs S. annuum B
Ykpaiui. Lleit Buj nepebyBae Ha CXifHil Mexi mpu-
ponHoro apeany B YkpaiHcbkux Kapnarax, a Takox,
K 1 B eAKMX IHIIMX KpaiHax, chopMyBaB AiLTHKY
BTOPMHHOTO apeany. 3arajoM B YKpaiHcbkux Kap-
narax BifjoMo 16 NpupOJHNUX JIOKAMITeTiB S. annu-
um, a B JKUTOMMpPCDBKiit 00acTi BUABIEHO IIICTh
JI0TO BTOPMHHMX JIOKJIITETiB, i3 AKMX iBAa 3HAXO-
JATHCA Ha TPAaHITHUX Bi[ICTIOHEHHAX Y IONIMHI P. YK,
OfiMH — Ha 6eTOHHII rpe6i Ha p. Y, a e Tpu — y
IPWIEITIMNX Hace/IeHNX MYHKTaxX Ha y30iudsx JOpir
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Bup € HoBuM uyxopigaum Bugom A Iomices, Ak
Heodit, eprasiodirodit. ¥ Ilomicci cmoyatky BiH
6yB, IMOBIpHO, iHTPOJYKOBaHUII SIK JEKOpaTMBHA
pOC/IHA, a 3rOfJOM HaTypali3yBaBCs Ha CKETbHMX
BiJICTIOHEHHAX TI0 p. YK Ta Y CMHAHTPOIIHUX YIPY-
MOBAHHAX Y3[0BX Jopir. B ymoBax JKutomupcpko-
ro Ilomicea y S. annuum cnocrepiraeTbcs XUTTEBA
¢dhopma 03uMOro ofHOpiYHNMKA, XaMediTa.

BcraHoB/eHO, 1110 BTOPMHHI Ocenuiia S. annuum
IIpUYpOYEHi O YTPYIIOBaHb TPbOX K/IACiB POCIMH-
HOCTi: HaCK€JIbHMX IIIOHEPHMX YTPYIIOBAaHb COIO3Yy
Sedo albi-Veronicion dillenii xnacy Sedo-Scleranthe-
tea Ta MIPUIOPOXKHUX PyHepanbHUX YTPYNOBaHb CO-
103y Eragrostion xnacy Digitario sanguinalis-Eragros-
tietea minoris Ta cowsy Sisymbrion officinalis xnacy
Sisymbrietea. Bci micuiespoctanns y YKuromupcpko-
my ITomicci yrBopunucs Ha HecOpMOBaHIUX, YACTO
TEXHOT€HHMX, IPYHTAX JIEFTKOTO MEXaHIYHOTO CKIafly
(mimraHux ab0 PyXIAKOBO-TPABilTHIX) 3 KUCIIOK pe-
akijiero. 3a CTyIeHeM HaTypaisallil y BTOpMHHOMY
apeasi S. annuum € KOMOHOPITOM.

Iomsaxu

ABTOpPM BNCNIOBNIOIOTH IUpPY TIOAAKY K.0.H.
Ivutpy SAxymenky (BiocepHmit 3anmoBimHmk

CIIMCOK ITOCUTAHb

"Ackanig-Hosa" iMm. @.E. ®anbi-DeliHa, cen. Acka-
Hisi-HoBa, XepcoHcbka 0071.) 32 JOIIOMOTY B aHamisi
(biTOLEHOTMYHNX YMOB 3POCTaHHA JIOCIi/PKEHOTO
Bupy; Oneni Bomyui (YepriBenpkuil HalioHaIb-
Huit yHiBepcuret imeHi IOpia ®egpkosuya, M. Yep-
HiBLi) 3a iHdopMalilo mpo 3paskm S. annuum y
rep6apii CHER; x.6.H. Mupocnasy lesepi (IncTu-
TyT 60TaHikyu im. M.I. Xonogunoro HAH VYkpaiun,
M. KuiB) 3a KpUTHYHUII IeperiAf 3pasKiB BUAY Y
rep6apii KW; Mukoni Becenscpkomy (ITomichkmit
HallioHa/NbHUII yHiBepcutet, YKnuromupcpkuii 06-
JIACHMIT Kpae3HaBumit Myseii, M. JKurtomup) 3a Ha-
maHi ¢ororpadil poCaMH FOCTIIKYBAaHOTO BUAY
IiC/IA TIEpEe3MMIBJIi; @ TAKOXK aHOHIMHIM peLjeH3€eH-
taM 1 K.6.H. [anHi Bojiko 3a cnymHi pekoMenpanii
0 TEKCTY PYKOIIUCY.

JOTPMMAHHA ETYHVX HOPM

ABTOpM TOBIIOM/IAIOTH IPO BiACYTHICTH Oynb-
SIKOTO KOHQITIKTY iHTepeciB.
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Distribution, ecological and coenotic features of Sedum annuum (Crassulaceae) in Ukraine
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Abstract. This article summarizes information on the natural and synanthropic distribution of the arcto-alpine species Se-
dum annuum (Crassulaceae) within Ukraine, its ecological and biological characteristics, and descriptions of its synanthropic
habitats. In the Ukrainian Carpathians, S. annuum has been recorded in 16 localities within its natural range. Given the rela-
tively low number of known occurrences, the species qualifies as regionally rare. Recently, several secondary occurrences of S.
annuum were discovered in Zhytomyr Region, within the Uzh River basin, in the natural region of Zhytomyr Polissia. The se-
condary habitats of S. annuum are confined to roadsides along asphalted roads, cracks in concrete slabs, and granite outcrops
along the Uzh River. The studied secondary habitats of S. annuum are associated with plant communities from three syntaxa:
pioneer rock communities of the alliance Sedo albi-Veronicion dillenii within the class Sedo-Scleranthetea, ruderal roadside
communities of the alliance Eragrostion within the class Digitario sanguinalis-Eragrostietea minoris, and the alliance Sisymbri-
on officinalis within the class Sisymbrietea. The species grows in xerophytic conditions under full illumination, on substrates
with a wide range of soil acidity — from acidic to ultrabasic, is undemanding to soil fertility. As an alien element of the flora,
it is classified as a neophyte, ergasiophygophyte, and colonophyte. The probable pathway of S. annuum’s introduction into the
flora of Polissia is its former cultivation as an ornamental plant.

Keywords: alien species, biodiversity, Carpathians, distribution, flora, naturalization, populations, Zhytomyr Region
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Abstract. The lichen genus Pyrenula (Pyrenulaceae) in Aotearoa | New Zealand was last comprehensively treated by Galloway
(2007), who called for further targeted collecting. Since then, additional material, particularly from northern Te Ika-a-Maui
| North Island and Rékohu | Wharekauri | Chatham Island, has led to revised identifications and an improved understan-
ding of species boundaries within the genus. Among the taxa requiring reassessment is Pyrenula moniliformis, an enigmatic
species known only from the type. The species was recognised in herbarium specimens held in UNITEC from the Tamaki
Makaurau | Auckland Region of Aotearoa | New Zealand. These collections resulted in its rediscovery. Critical study of spe-
cimens and others that had been placed within P. moniliformis enabled detailed morphological comparisons, particularly of
ascospore septation and size, and revealed that P. moniliformis sensu lato encompasses multiple taxa. Here, we present a re-
vised circumscription of P. moniliformis sensu stricto, and describe four new species: P. dalmatioides A.]. Marshall, Blanchon,
Aptroot & de Lange, P, largei A.J. Marshall, de Lange, Blanchon & Aptroot, P quadratolocularis A.]. Marshall, de Lange, Blan-
chon & Aptroot, and P. solomonii A.]. Marshall, de Lange, Blanchon & Aptroot. For all five species, we provide morphological
descriptions, ecological notes, distribution data, conservation assessments and a revised key to the members of Pyrenula
moniliformis complex.

Keywords: lichen taxonomy, lichenized mycobiota, Pyrenula, Pyrenula moniliformis, Pyrenula dalmatioides sp. nov., Pyrenula
largei sp. nov., Pyrenula quadratolocularis sp. nov., Pyrenula solomonii sp. nov., Aotearoa | New Zealand, Rékohu | Chatham
Islands

Introduction (2007) who accepted 12 species. Since then there

has been, as Galloway had hoped, further assiduo-
The Pyrenula Ach. (Pyrenulaceae) of Aotearoa | New  us collecting, especially within northern Aotearoa
Zealand were last given a full treatment by Galloway | New Zealand and the Chatham Islands. This has
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led to publications documenting new records and
clarifying names used previously (Marshall et al.,
2019; Marshall, de Lange, 2025). Inevitably, as our
understanding of Pyrenula grows, earlier conclusi-
ons need revisiting, and Galloway’s 2007 assessment
is now well out of date. For example, we had previ-
ously reported the presence of specimens of P, leu-
costoma Ach., P. pyrenuloides (Mont.) R.C. Harris,
and P, subvariolosa (C. Knight) Aptroot in New Ze-
aland (Marshall et al., 2019), which we now believe
are better accommodated in P. subumbilicata (C.
Knight) Aptroot and P. ravenelii (Tuck.) R.C. Har-
ris. Another enigma has been resolving the status of
Pyrenula moniliformis (C. Knight) Mill. This is the
subject of this paper.

Pyrenula moniliformis (C. Knight) Mill. Arg.
(Fig. 1), first described by Charles Knight in 1860

within the genus Verrucaria Schrad., has been re-
garded as a somewhat enigmatic species, as it was
only known from the type collection. The species
was accepted by Galloway (1985, 2007) and Apt-
root (2012) though even its placement within Pyr-
enula was questioned on the basis of its unusual
ascospores, which have 8 rather than the usual 4
locules and long-fusiform apices (Galloway, 2007).
Without further specimens the species seemed des-
tined to remain in obscurity, assessed as ‘Data De-
ficient’ in two Aotearoa | New Zealand Lichenized
Mycobiota Threat Assessments (de Lange et al,
2012; de Lange et al., 2018).

Over the last 15 or so years the UNITEC Her-
barium (herbarium acronyms follow Thiers 2008—
onwards) has acquired a range of Pyrenula speci-
mens from northern Te Ika-a-Maui | North Island,

Fig. 1. Pyrenula moniliformis. A: P. moniliformis on the trunk of mahoe (Melicytus ramiflorus subsp. ramiflorus) at Jagger’s
Bush, Tamaki Makaurau | Auckland, Te Ika-a-Maui | North Island, Aotearoa | New Zealand; B: Close-up of the thallus
(scale = 2 mm) with ascomata
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Fig. 1 (Continuation). Pyrenula moniliformis. C: Cross-section through ascomatum (scale = 1 mm); D: Charles Knight
watercolour of cross-sectioned ascomatum and spores on the holotype (BM); E: Drawings of spores by Knight; F: Mature
spore showing brown colouration (scale = 10 pm); G: Immature spore showing distinctive locule shape (scale = 10 um)

Aotearoa | New Zealand, and Rékohu | Wharekauri
| Chatham Island. These collections matched to an
extent the description of Pyrenula moniliformis with
respect to ascospore characters but are morpholog-
ically disparate. The rediscovery of Pyrenula monil-
iformis documented by Marshall, de Lange (2025)
in the Auckland Region has however, allowed for a
critical reassessment of that species and a revaluation
of those UNITEC specimens provisionally placed in
that species. This analysis coupled with an investiga-
tion of Pyrenula collections held in Aotearoa | New
Zealand herbaria (AK, CHR, OTA, WELT) con-
firmed that the variation within P. moniliformis s. 1.
cannot be accommodated within a single entity, so to
accommodate this variation we propose a new tax-
onomy which includes a revised description of Pyr-
enula moniliformis s. str. based on fresh specimens
and describe four new species previously assigned
by us to P. moniliformis: P. dalmatioides A.J. Marshall,
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Blanchon, Aptroot & de Lange, P largei A.]. Mar-
shall, de Lange, Blanchon & Aptroot, P. quadratoloc-
ularis A.J. Marshall, de Lange, Blanchon & Aptroot,
P solomonii A.]. Marshall, de Lange, Blanchon &
Aptroot. In addition, the ecology, associations and
conservation status of all five species is provided. As
these species would currently all key out to Pyrenula
moniliformis in Galloway (2007) we provide a revised
key to that species and those described here.

Materials and Methods

For this study, we examined all Pyrenula specimens
held in AK, CHR, OTA, UNITEC and WELT. For
this analysis we selected specimens corresponding
to Pyrenula moniliformis s. 1. and interloaned these
for microscopic analysis at UNITEC. Field work
was also conducted at Te Paki (-34.471, 172.764),
a range of manawa | mangrove (Avicennia marina
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(Forssk.) Vierh. subsp. australasica (Walp.) J. Eve-
rett (Acanthaceae s. 1. subfam. Avicennioideae Miers,
or Avicenniaceae Miq. s. str.) swamps from Te Paki
south to the Kaipara Harbour (-36.602, 174.349),
Mataia Queen Elizabeth II Covenant (-36.493,
174.425), Auckland City, Hunua Range (-37.024,
175.094), and on Rékohu | Wharekauri | Chatham
Island (—43.762, —176.571). Specimens from these
locations are cited under the relevant taxon ‘repre-
sentative specimens’ listings as well as the distribu-
tion maps provided for each taxon in this paper.

At UNITEC specimens were examined with
standard microscopic techniques using a Leica S9i
and Meiji MT4000H with attached Infinity 1 cam-
era. Microscopic images were taken with material
mounted in water and analysed using Infinity Ana-
lyze 6.5.5 and Leica Application Suite X 3.8.2.27713.
All specimens examined were annotated prior to
returning loans.

Taxonomy

Pyrenula moniliformis (C. Knight) Mill. Arg.,
Bull. Herb. Boissier 2, App. 1: 95 (1894) = Ver-
rucaria moniliformis C. Knight, Trans. Linn. Soc.
23: 100 (1860).

Mycobank accession number: 403405

Lectotype: New Zealand. Sine loco [probably
Auckland], Charles Knight 319 — BM ([fide Gallo-
way (1985a: 492)].

Notes: The type material (Fig. 1D, E) is assumed
to have been collected from Auckland (Gallo-
way, 1985, 2007); on the basis that Charles Knight
(1808—1891) was living there when he published a
paper on corticolous Verrucaria species including
“V. moniliformis” (Knight, 1860; Galloway, 2013).
Charles Knight, an early pioneer of Aotearoa | New
Zealand lichenology, collected the more innocuous
species from throughout the country. His herbari-
um contains numerous beautifully presented spe-
cies, usually with hand-coloured sketches of their
internal anatomy, asci and ascospores. However,
frustratingly, Knight rarely provided location de-
tails on his herbarium specimens, leaving modern
users of his herbarium with little choice but to guess
locations on the basis of his various places of resi-
dence, and publications dated from that time (Gal-
loway, 1985, 2007, 2013; Marshall, de Lange, 2025).

Diagnosis: Distinguished from other species of
Pyrenula by having apiculate spores which are 5- to
7-septate in the size range 55-68 x 10.0-12.5 um.
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Description (Fig. 1): Corticolous. Thallus crus-
tose, without pseudocyphellae, cream to pale brown,
rugose, often appearing crystalline, usually cracked,
corticate, spreading along the substrate in vertical
stripes up to 250 mm, 0.4—1.2 mm thick, UV—-. Pro-
thallus not seen. Photobiont green, trentepohlioid,
cells oblong to elongate,12.5-17.5 x 6.25-7.5 pm.
Ascomata solitary, globose, often becoming papil-
liform at maturity, top half emergent from thallus,
black, 1.0-2.3 mm (n = 30) in diameter, ostiole
apical to slightly eccentric, often indistinct, 180-
220 pm wide, wall carbonised, 65-140 pum thick,
K-. Hamathecium hyaline, not inspersed, IKI-,
hamathecium filaments simple or occasionally
branched, 0.8—1.2 um thick. Asci 8-spored, spores
irregularly arranged, cylindrical, 175-225 x 25-35
um. Ascospores fusiform, occasionally with apicu-
late tips, transversely 5-7-septate (mostly 7), cells
rounded (resembling a cylinder that is wider at the
centre of its axis than the ends) with terminal lu-
mina when present adjacent to the endospore wall,
initially hyaline but becoming brown at maturity,
55-68 x 10—12.5 um (n = 30). Pycnidia not seen.

Representative Specimens: — AOTEAROA |
NEW ZEALAND, TE IKA-A-MAUI | NORTH IS-
LAND: Auckland, Titirangi, A.J. Marshall AJM128,
12 June 2025, UNITEC14891; Auckland, Mead-
owbank, Pourewa, O. Er, C. Reynolds & N. Leddy,
20 March 2015, UNITEC9328; Auckland, Point
Chevalier, Jagger’s Bush, P. de Lange ¢ A.J. Marshall
AJM101, 11 March 2025, UNITEC14865; Auckland,
Hunua Ranges, Otau Mountain Road, A.]. Marshall
AJM48AW, 30 November 2018, UNITEC14006.

Recognition: Pyrenula moniliformis differs
from other species of Pyrenula present in Aotea-
roa | New Zealand by having 5- to 7-septate as-
cospores (Fig. 1E, G) that are much larger than
those of P. dalmatioides A.J. Marshall, Blanchon, de
Lange & Aptroot in the range 55-68 x 10.0-12.5
pm rather than 22-30 x 8—10 pm. It differs from
P. largei by having smaller spores with less sep-
ta (70-100 x 10-15 pm for P. largei with 10-18
transverse septa), smaller ascomata (up to 3 mm
for P. largei) and a different thallus appearance
(smooth and much darker brown for P. largei).
From P, quadratolocularis it differs by having much
more prominent ascomata (Fig. 1B, C), those of
P. quadratolocularis being flat in appearance, and
different spore characters (those of P. quadratoloc-
ularis are 38-45 x 12-15 pm, curved and with
distinctive angular locules). It is closest in spore

ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (5)



Four new species of Aotearoa | New Zealand Pyrenula segregated from P. moniliformis

morphology to P. solomonii although spores are
larger (37-52 x 6.0-8.5 pm for P. solomonii) with
fewer septae (5—7 rather than 7-9). It lacks the
characteristic flattened ascomata of P. solomonii
and the thallus colour is quite different, that of P
solomonii appearing pink/orange. Globally, it dif-
fers from the Pantropical species P. sexlocularis
(Nyl.) Mill. Arg. and the Papua New Guinean P,
sexluminata Aptroot by having spores that are
much larger (24-35 um for these two species), and
spores are often 7-septate rather than 5-septate. It
also differs by the lack of hymenial IKI reaction (or-
ange for P. sexlocularis and blue for P. sexluminata).
It is distinguished from the Pantropical P. montag-
nei Mill. Arg. by spore size (25-38 x 5-7 pm for P
montagnei), thallus colour and the size of the asco-
mata (0.4-0.6 mm for P. montagnei). In the course
of collecting specimens in Te Paki (‘Broughton’s
Gully’) we encountered an entity whose growth
habit and thallus morphology is superficially sim-
ilar to Pyrenula moniliformis. However, collections
e.g., A.J. Marshall 108, P]. de Lange, C.]. James &
E. Kaihe-Wetting, UNITEC14928, of this were co-
piously fertile, with 3-septate ascospores, lacked an
obvious photobiont, and so is likely a fungus.

Distribution: Endemic to Aotearoa | New Zea-
land where so far it is known from the Tamaki
Makaurau | Auckland, Te Ika-a-Maui | North Island
(Fig. 2). However, now that it has been rediscovered
(Marshall, de Lange, 2025) it is quite likely to be
found outside this region, especially as to date, there
have been no targeted surveys for it.

Ecology: So far Pyrenula moniliformis appears to
be restricted to a single phorophyte, mahoe (Meli-
cytus ramiflorus JR. Forst. & G. Forst subsp. rami-
florus) (Marshall, de Lange, 2025), with confirmed
specimens collected entirely within the greater
Auckland Region (Fig. 6). The lectotype substra-
tum also appears to be mahoe although there are no
notes with the specimen to confirm this.

In the locations where it has been collected it is of-
ten locally common in shaded situations, and appears
to favour early-stage successional forest, in which
mahoe is predominant either as canopy or subcan-
opy. The sole exception to this is a collection from
a mahoe tree growing in the subcanopy of a taraire
(Beilschmiedia taraire (A. Cunn.) Benth. & Hook. f.
ex Kirk) / tawa (Beilschmiedia tawa A. Cunn.) Benth.
& Hook. f. ex Kirk) forest in the Hunua Ranges.

Conservation Status: Marshall, de Lange (2025)
expressed a confident view that more locations for

Pyrenula moniliformis will be found because it is
easily recognised in the field (due to its distinctive
papilliform ascomata, and apparent restriction to
the bark of mahoe), but since then only one new
population has been recorded (UNITEC14891).
The discovery of an as yet undetermined fungus
with very similar macro-morphology, including
papilliform fruiting structures (see ‘Recognition’
above) to P. moniliformis suggests that field recog-
nition without follow-up microscopy has the po-
tential to misrepresent the species abundance. Ir-
respective that the only known phorophyte mahoe
is one of the most common indigenous trees of
Aotearoa | New Zealand, we feel that the most
conservative assessment of ‘Data Deficient’ sensu
Rolfe et al. (2022), qualified ‘DPR’ [Data Poor Rec-
ognition], ‘DPS’ [Data Poor Size] and ‘DPT’ [Data
Poor Trend] applies, because beyond our rediscov-
ery of the species we still have no concept of its
abundance, population size and trends. Further, at
least for now, the only way to confirm the species
presence is to resort to potentially destructive field
sampling of specimens that will need to be con-
firmed by microscopy.

Pyrenula dalmatioides A.]. Marshall, Blanchon,
de Lange & Aptroot sp. nov.

Mycobank accession number: 860250

Type: AOTEAROA | NEW ZEALAND, TE
IKA-A-MAUI | NORTH ISLAND. North Island,
Northland, Oruaiti River, Mangénui, 35.0120392°S,
173.5607300°E, 0 m, A.J. Marshall (AJM102) &
H.E. Marshall, 17 January 2025. On bark of Av-
icennia marina subsp. australasica (holotype
UNITEC14835, isotype AK).

Diagnosis: Distinguished from other species of
Pyrenula by the apiculate spores which are 5- to
7-septate and 22-30 x 8—10 um.

Description (Fig. 3): Corticolous. Thallus crus-
tose, without pseudocyphellae, white to cream,
minutely roughened (often appearing crystalline),
ecorticate, spreading along the substrate up to
200 mm, 65-165 um thick, UV—. Prothallus of-
ten present between neighbouring thalli although
not seen where thallus edge meets the substrate,
black, 250-650 um wide. Photobiont green, tren-
tepohlioid, cells oblong to elongate, 10.0-17.5 x 7.5
pum. Ascomata mainly solitary, occasionally clus-
tered in groups of up to 5, subglobose with top
half emergent from thallus, black, 0.46-0.75 mm
(n = 30) in diameter, slightly less tall than wide,
ostiole apical, often indistinct, 65-80 pum wide,
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Pyrenula dalmatioides
Pyrenula largei
Pyrenula moniliformis
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Fig. 2. Map showing the distributions of the taxa discussed. A: locations in Te Hiku-o-te Ika | Far North, Te Tai Tokerau |
Northland; B: locations on Rékohu | Wharekauri | Chatham Island — the largest island in the Chathams group

wall carbonised, 80-120 pum thick, K-. Hamathe-
cium hyaline, not inspersed, IKI-, hamathecium
filaments simple, 1.0-1.5 pm thick. Asci 8-spored,
spores irregularly arranged, cylindrical to clavate,
45-80 x 15-22 pum. Ascospores fusiform-citriform,
often with apiculate tips, transversely 5-7-septate,
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cells rounded with terminal lumina when present
adjacent to the endospore wall, initially hyaline
but becoming brown at maturity, 22-30 x 8-10
um (n = 30). Pycnidia common, black, punc-
tiform, 200-250 um. Conidia filiform, curved,
12-19 x 1.0-1.5 um (n = 30)
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Fig. 3. Pyrenula dalmatioides. A: P. dalmatioides growing on the trunk of manawa | mangrove (Avicennia marina subsp.
australasica) at the type locality (Mangonui, Oruaiti River, Te Tai Tokerau / Northland, Te Ika-a-Maui / North Island,
Aotearoa / New Zealand); B: Close-up of the thallus (scale = 2 mm); C: Cross-section through ascomata (scale = 500 pm); D:
Spores in ascus (scale = 20 um); E: Spores showing variation (scale = 20 um); F: Spore (scale = 5 pm)

Representative Specimens (of 15 seen): AO-
TEAROA | NEW ZEALAND, TE IKA-A-MAUI |
NORTH ISLAND, Northland, Kaeo, PJ. de Lange,
C.J. James & A.]. Marshall AJM112, 17 March 2025,
UNITEC14850; Northland, Rawene, PJ. de Lange,
C.]J. James & A.]J. Marshall AJM123, 17 March 2025;
Auckland; Northland, North Kaipara, Paparoa, O.
Er & C. Reynolds, 10 February, UNITEC6431.

Recognition: Pyrenula dalmatioides differs from
all other Pyrenula presently recognised in Aotearoa
| New Zealand by having 5- to 7-septate ascospores
(Fig. 3D-F) in the size range 22-30 x 8—10 um, a
white thallus (Fig. 3A), and by its northern distri-
bution and restriction to coastal manawa | man-
grove habitats. All other novel Pyrenula species dis-
cussed in this paper have larger ascospores that are
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Fig. 4. Pyrenula largei. A: P. largei growing on the trunk of tanekaha (Phyllocladus trichomanoides) at the type locality (Mataia
QEII Covenant, Kaipara, Te Tka-a-Maui | North Island, Aotearoa | New Zealand); B: Close-up of the thallus (scale = 3 mm);
C: Cross-section through ascomatum (scale = 1 mm); D: Spores in ascus (scale = 20 pm); E: Spores showing variation

(scale = 40 um); F: Spore (scale = 20 um)

not citriform (see descriptions) and thalli which are
not white in appearance. The thallus morphology is
similar to that of P. microcarpa Mill. Arg., a species
with which in the field it is easily confused. How-
ever, P. microcarpa has 3-septate ascospores rather
than 5-7-septate. From a global perspective, P. dal-
matioides is distinguished from both P sexlocula-
ris and P. sexluminata by the lack of hymenial IKI
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reaction (orange for P. sexlocularis and blue for P
sexluminata) and the ecorticate thallus (Schumm,
Aptroot, 2022). It also differs from both species
by having lemon-shaped (citriform) spores with
apiculate tips which are less broad (8—10 rather
than 10-15 um). From the South African species P
wilmsiana Mill. Arg. it differs by its thallus coloura-
tion (not olivaceous), 5-7-septate ascospores rather
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than 5-septate, and which are not uniseriately ar-
ranged in the ascus.

Distribution: Presumed endemic to Aotearoa |
New Zealand where so far it is known from Te Hi-
ku-o-te-Ika | Far North south to Tamaki Makaurau
| Auckland, Te Ika-a-Maui | North Island (Fig. 2) in
manawa | mangrove swamps.

Ecology: Pyrenula dalmatioides is so far known
only from two phorophytes; manawa | mangroves
(Avicennia marina subsp. australasica) and two col-
lections from ngaio (Myoporum laetum G. Forst.),
both in the immediate vicinity of manawa forests. It
appears to have a distinctly coastal ecology and has
not been collected from other vegetation associa-
tions. It displays a similar habit to that of the recently
described Lithothelium kiritea A.J. Marshall, Aptroot,
de Lange & Blanchon (Marshall et al., 2024) insofar
as it is an early coloniser species and is most com-
mon on young adult manawa | mangrove or isolated
trees where it is often the only species present. As the
forest ages, other lichen species begin to colonise the
bark and Pyrenula dalmatioides is displaced.

Conservation Status: Pyrenula dalmatioides de-
spite its recognition here as a new species within a
notoriously difficult genus to identify, is fortunately
so specific in its habitat requirements that it is rela-
tively easy to recognise in the field. The only species
with which it could be readily confused, P. microcar-
pa, has so far not been recorded within the same hab-
itat. Although it is not inconceivable that P. microcar-
pa could grow on manawa, it appears so far that P
dalmatioides is the usual white Pyrenula on this host.
This means that we are more confident of providing
a definitive conservation assessment. The species
appears to be abundant and secure throughout its
range. Its only known habitat, manawa | mangrove
ecosystems are widespread (c. 26,000 ha, Spalding et
al,, 2010) and ironically increasing their extent as a
consequence of ongoing sedimentation of harbours
caused by past deforestation of the catchment and
from erosion of exposed ground as a consequence of
intensive dairy farming and urbanisation (de Lange,
de Lange, 1994; de Satgé, 2021). While there has
been some loss of manawa | mangrove ecosystems
through deliberate clearance from some harbours
(de Satgé, 2021), this has been minimal, and so far
has had no obvious impact on the places where Pyr-
enula dalmatioides has been found. Nevertheless, P
dalmatioides has not been found in every manawa |
mangrove ecosystem, but our field work has found
it in some of the key manawa | mangrove areas of

Te Tai Tokerau | Northland. Accordingly, using the
New Zealand Threat Classification System (Rolfe et
al,, 2022) we assess Pyrenula dalmatioides as ‘At Risk
| Uncommon’ (UnCnl [Naturally small population
that is forecast to increase > 10% over the longer of
the next 10 years or three generations (maximum
100 years) (UNCnl)], Criterion T[The total area of
occupancy is 10000-100000ha (100-1000 km?)],
qualified ‘DPR’ [Data Poor Recognition], ‘DPS’ [Data
Poor Size] and ‘DPT’ [Data Poor Trend] because we
lack this data making our assessment on our judge-
ment of populations in the field, their security and
what is happening to their preferred habitat. Finally,
the species should also be marked ‘RR’ [Range Re-
stricted] due to its apparent phorophyte preference.

Etymology: The species epithet refers to the sim-
ilarity of the thallus to the patterning on the coat
of a Dalmatian dog, a breed of dog originating
from historic Dalmatia (now modern-day Croatia)
whose coat is white with numerous black spots (see:
https://en.wikipedia.org/wiki/Dalmatian dog). It
also honours early Dalmatian settlers who began to
emigrate to Aotearoa | New Zealand in waves start-
ing during the 1890s and intensifying during peri-
ods of civil unrest and war in the Balkans between
1900 and 1930, and again in the 1990s (see https://
teara.govt.nz/en/dalmatians). The initial sites of set-
tlement were in Te Tai Tokerau | Northland of Te
Tka-a-Maui | North Island to dig kauri (Agathis aus-
tralis (D. Don) Lindl.) gum from peat bogs that of-
ten abut the manawa | mangrove swamps frequent-
ed by Pyrenula dalmatioides.

Pyrenula largei A.]. Marshall, de Lange, Blan-
chon & Aptroot sp. nov.

Mycobank accession number: 860251

Type: AOTEAROA | NEW ZEALAND, TE
IKA-A-MAUI | NORTH ISLAND. North Island,
Northland, Auckland, Glorit, Mataia, Mataia QEII
Covenant, 36.4932365°S, 174.4248199°E, 30 m, A.J.
Marshall (AJM127) & PJ. de Lange, 11 December
2024. On bark of Phyllocladus trichomanoides (holo-
type UNITEC14864, isotype AK).

Diagnosis: Distinguished from other species
of Pyrenula by the 10-18-transversely septate as-
cospores (rarely submuriform in overmature
spores); these 70-100 x 10—15 um, and ascomata
up to 3 mm in diameter.

Description (Fig. 4): Corticolous. Thallus crus-
tose, without pseudocyphellae, grey-brown to umber,
smooth to minutely rugose, corticate, in semi-circu-
lar to irregular bands and patches on the photobiont
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substratum; these up to 50 mm in diameter, 125-170
um thick, UV-. Prothallus indistinct. Photobiont
green, trentepohlioid, cells oblong to elongate, cells
20-28 x 7.5-8 um. Ascomata prominent, mainly
solitary but occasionally in groups of 2—4, hemi-
spherical, occasionally with a flattened top, black,
1.2-2.9 mm (n = 30) in diameter, ostiole white, apical
to slightly eccentric, prominent, 150-270 pm wide,
wall carbonised, 140-225 um thick, K-. Hamath-
ecium hyaline, not inspersed, IKI-, hamathecium
filaments simple, 1.0-1.5 pm thick. Asci 8-spored,
spores irregularly arranged, cylindrical to clavate
150-180 x 30-40 pm. Ascospores fusiform-musi-
form, often with apiculate tips, with 10—18 transverse
septa and occasionally 1 longitudinal septum in cen-
tral cells, cells rounded to angular, initially hyaline
but becoming brown at maturity, 70-100 x 10-15
um (n = 30). Pycnidia and Conidia not seen.

Specimens seen: — AOTEAROA | NEW ZEA-
LAND, TE IKA-A-MAUI | NORTH ISLAND: Te
Hiku-o-te-Ika | Northland, Ngati Kuri, Te Paki, Ta-
hae | Radar Bush, PJ. de Lange 15833, 3 April 2024,
UNITEC14836; Auckland, Glorit, Mataia, A. McKenzie
& D. Bennett, 11 May 2018, UNITEC10176; Hau-
turu-o-Toi | Little Barrier Island, B.W. Hayward,
August 1981, AK224897. TE WAIPOUNAMU |
SOUTH ISLAND: Ka Ta-Waewae-o-Ta | Secretary
Island, [].] Murray, February 1959, OTA 67696.

Recognition: Pyrenula largei differs from oth-
er species of Pyrenula present in Aotearoa | New
Zealand by having 10- to 18-septate ascospores
(Fig. 4D-F) that are the largest in this group, being
70—-100 x 10—15 pm. All other novel Pyrenula spe-
cies discussed in this paper have smaller ascospores
and fewer septae (see descriptions) and thalli which
lack the shiny brown appearance of P. largei (Fig.
4B). Ascomata are the largest in the group averaging
2.1 mm in diameter, usually with a prominent pale
ostiole (Fig. 3B, C). Without microscopy it could be
confused with Pyrenula ravenelii with which it of-
ten grows and has a similar thallus colour, ascomata
size and habitat preference but very different spores
— those of P. ravenelii being muriform and in the
size range 45—70 x 18-28 um. Keying out at couplet
62 of the world Pyrenula key (Schumm, Aptroot,
2022), it differs from P, cylindrica Kashiw. by having
spores which are larger (70-100 x 10-15 um rath-
er than 45-60 x 4-6 pm), and from P. clavatispora
Common & Aptroot by having much larger asco-
mata (1.2-2.9 mm rather than 0.3-0.5 mm) and a
lack of IKI reaction in the hamathecium.
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Distribution: Presumed endemic to Aotearoa
| New Zealand where so far it is known from Te
Paki, Te Hiku-o-te-Ika | Far North, Te-Ika-a-Maui |
North Island south to Ka Ta-Waewae-o-Ta | Secre-
tary Island, Murihiku | Southland, Te Waipounamu
| South Island (Fig. 2).

Ecology: In the Te Ika-a-Maui | North Island part
of its range Pyrenula largei is best known from kauri
forest associations where it seems to exclusively in-
habit the bark of tanekaha (Phyllocladus trichoman-
oides D. Don) (Fig. 4A) a common coniferous associ-
ate of kauri. On Hauturu-o-Toi | Little Barrier Island,
the species was found in a mixed collection of Pyr-
enula collected from Myrsine L. (probably M. austra-
lis (A. Rich.) Allan) in “kanuka” (Kunzea robusta de
Lange & Toelken) forest. It is not known what phoro-
phyte it was collected from on Ka Ta-Waewae-o-Ta
| Secretary Island, an island well out of the range of
tanekaha and kauri but not Myrsine. That island has a
lowland forest dominated by Nothofagus Blume and
Podocarp trees, with the montane portion covered
in southern rata (Metrosideros umbellata Cav.) and
kamahi (Pterophylla racemosa (L. f.) Pillon & H.C.
Hopkins) forest associations.

In the northern part of its range, where we have
collected Pyrenula largei, it can be locally com-
mon, though in the field it is easily confused with
P. ravenelii (see above), with confident determina-
tions requiring microscopy. Irrespective, at Mataia
QEII Covenant for example, Pyrenula largei, was
usually found in association with Pyrenula rav-
enelii, Ocellularia jacinda-arderniae A.]. Marshall,
Blanchon, Liicking & de Lange, Thelotrema lep-
adinum (Ach.) Ach., Fissurina Fée spp., and Per-
tusaria DC. spp. (see: https://inaturalist.nz/obser-
vations/254844328). At Mataia it was noted that
Pyrenula largei occupied a narrow band within
regenerating kauri forest; namely sites more influ-
enced by and/or exposed to coastal weather. Above
that band P ravenelii dominated. At Te Paki, the
species was part of a generic Pyrenula sampling
from dense kauri forest, noting that all of Te Paki
weather is in effect maritime.

Conservation Status: Using the New Zealand
Threat Classification System (Rolfe et al., 2022),
Pyrenula largei best qualifies as ‘Data Deficient’
qualified DPR’ [Data Poor Recognition], ‘DPS’
[Data Poor Size] and ‘DPT’ [Data Poor Trend] be-
cause we have no concept of this species abundance
and trends, and without resorting to potentially
destructive field sampling for microscopy as field
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recognition is, thus far anyway, impossible. Further,
our best understanding of this species ecology is
based on our field work in kauri forest associations
in which it was first recognised by us as potentially
distinct. The discovery of herbarium specimens on
different phorophytes spanning the range of the two
main islands of Aotearoa | New Zealand, increases
our uncertainty, especially with respect to potential
threats the species may face.

Etymology: Pyrenula largei is named in honour
of the Aotearoa | New Zealand botanist Dr. Mark
Large FLS (31 March 1959 —) (Fig. 5), who special-
ised in pteridology. Mark started his academic ca-
reer at Oxford as Royal Society Endeavour Fellow,
then continued teaching botany at Massey Univer-
sity of New Zealand | Te Kunenga ki Parehuroa in
1993, before moving to what is now Unitec origi-
nally as Head of Department, then in a senior role
(Associate Professor) and teaching Earth Scienc-
es, Botany and Science Philosophy (2002-2024).
During his career Mark supervised and examined
a range of dissertations, including M.Sc. and PhD,
and was an examiner or supervisor of two of the
authors on this article, Andrew Marshall and Dan
Blanchon. Mark’s contributions to global botani-
cal sciences and indeed the history of science have
been remarkable. He is fondly remembered by his
past students and graduates for his unique, dry hu-
mour and engaging lecturing style that helped en-
couraged many students to follow a career in bota-
ny and taxonomy.

Pyrenula quadratolocularis A.] Marshall, de
Lange, Blanchon & Aptroot sp. nov.

Mycobank accession number: 860252

Type: AOTEAROA | NEW ZEALAND, RE-
KOHU | WHAREKAURI | CHATHAM ISLAND:
Te Whanga, Pana | Blind Jim’s, 43.779172°S,
176.557417°W, 15 m, P. ] de Lange (CH4637), 30
January 2025. On bark of Coprosma chathamica
(holotype UNITEC14830, isotype AK).

Diagnosis: Pyrenula quadratolocularis is dis-
tinguished from other species of Pyrenula by the
combination of aggregated ascomata, partially im-
mersed in thallus, and ascospores that are curved,
with square locules in the size range 38—45 x 12-15
tm.

Description (Fig. 6): Corticolous. Thallus crus-
tose, without pseudocyphellae, grey-white (fresh)
fading to light brown to tan on storage, smooth to
minutely rugose (often appearing crystalline), ecor-
ticate (occasionally corticate), in patches along the

Fig. 5. Adjunct Professor, Dr Mark Large FLS (image:
provided by Mark Large)

substrate up to 40 mm in diameter, 350-650 pm
thick, UV-. Prothallus black, 200—-1000 um wide.
Photobiont green, trentepohlioid, cells oblong to
elongate, 20-22 x 9-10 pum. Ascomata usually
confluent but occasionally solitary, flattened, par-
tially immersed in the thallus, black, 1.2-2.1 mm
(n = 30) in diameter, ostiole apical, often indistinct,
180-230 um wide, wall carbonised, appearing cellu-
lar in cross-section, 50—150 pum thick, K—. Hamath-
ecium hyaline, not inspersed, IKI-, hamathecium
filaments simple, 1.0-1.5 pum thick. Asci 8-spored,
spores irregularly arranged, cylindrical to clavate
50-100 x 15-20 pm. Ascospores usually curved,
mostly submuriform but occasionally transverse-
ly septate, often constricted at septa, especially at
maturity, fusiform, 7-9 x 0-3-septate, cells angu-
lar, oblong to square, brown, 38-50 x 5.5-8.0 um
(n = 30). Pycnidia common, black, punctiform,
300-580 um. Conidia ellipsoid, 3.5-4.9 x 1.4-2.0
pm (n = 30).

Specimens seen: — AOTEAROA | NEW ZEA-
LAND, REKOHU | WHAREKAURI | CHATHAM
ISLAND: Te Whanga, Pana | Blind Jim’s, PJ. de
Lange CH4130, 27 June 2021, UNITEC12907; Te
Whanga, Pana | Blind Jim's near Cattle Point, PJ.
de Lange CH4643, 26 August 2025, UNITEC15024;
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Fig. 6. Pyrenula quadratolocularis. A: P. quadratolocularis growing on the trunk of karamu hikoa (Coprosma chathamica) at
the type locality (Pana | Blind Jim’s, Te Whanga, Rékohu | Wharekauri | Chatham Island, Chatham Islands); B: Close-up of the
thallus in fresh state (scale = 3 mm); C: Close-up of the thallus after storage (scale = 2 mm); D: Cross—section through ascomata
(scale = 500 um); E: Spores in ascus (scale = 20 um); F: Spores showing variation (scale = 25 um); G: Spore (scale = 10 um)

Lake Huro, Te Awatea, PJ. de Lange CH4638 & C.J.
James, 3 February 2025, UNITEC14831; Lake Huro,
Te Awatea, PJ. de Lange CH4642 & C.J. James, 3
February 2025, UNITEC15000.

Recognition: Pyrenula quadratolocularis, remark-
ably for an Aotearoa | New Zealand Pyrenula, is eas-
ily recognised in the field on account of the (when

fresh) grey-white (Fig. 6A) thallus (fading to light
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brown or tan on storage: see Fig. 6C), delineated by
a black prothallus (Fig. 6B), and by the black, con-
fluent, semi-immersed (so appearing ‘flat’) ascomata
(Fig. 6B-D, see also: https://inaturalist.nz/observa-
tions/262065399). Spore size is similar to that of P sol-
omonii, but spores are usually curved, submuriform
and have distinctive square/rectangular locules (Fig.
6E-QG), a character lacking in P solomonii that has
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—

Fig. 7. Pyrenula solomonii at the type locality (Nikau Bush Conservation Area, Pana | Blind Jim’s, Te Whanga, Rékohu |
Wharekauri | Chatham Island, Chatham Islands). A: P solomonii growing on the trunk of karamu hikoa (Coprosma
chathamica) tree surrounded by kopi (Corynocarpus laevigatus); B: Close-up of the thallus (scale = 2.5 mm); C: Cross-section
through ascomata (scale = 1 mm); D: Spores in ascus (scale = 20 um); E: Spores showing variation (scale = 20 pm); F: Spore
(scale = 10 um)

a locule shape much more like other species of Pyr-  Aotearoa | New Zealand. It is described here within
enula (Fig. 7). These spore characteristics are unique  Pyrenula although further investigation is warranted
for Pyrenula, at least for those taxa recognised from  to explore this (see comments by Galloway, 2007).
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From P, largei it differs by having smaller ascospores
(70-100 x 10-15 pm for P. largei) and smaller, much
less prominent ascomata (hemispherical rather than
flattened for P. largei). Pyrenula dalmatioides has
smaller ascospores (22—-30 x 8—10 um) and those of
P. moniliformis are larger (55-68 x 10.0-12.5 um),
and both these taxa lack the distinctive locule shape
discussed above. Pyrenula quadratolocularis differs
from the similarly submuriform P. subumbilicata by
having curved ascospores that are far more pointed
at the tips, and lacks the yellow thallus colour and
prominent fused ostioles.

Distribution: Presumed endemic to the
Chatham Islands, Aotearoa | New Zealand (Fig. 2).

Ecology: In the two locations in which Pyrenula
quadratolocularis has been found, it is locally com-
mon on exposed, often isolated trees or ‘stands” of
trees; remnants of a formerly contiguous swamp /
fen forest and/or shoreline forest that once occu-
pied the frequently flooded margins of Te Whanga
and Lake Huro. In these habitats it has been found
on two phorophytes, karama hikoa (Coprosma
chathamica Cockayne) and tapatapa (C. propinqua
A. Cunn. var. martinii W.R.B. Oliv.). The Pyrenula
seems to be strongly photophilous, only colonising
the most exposed portions of the trunks (Fig. 6A)
of these phorophytes and eschewing those shaded
portions or areas of denser branching. In these sites,
the Pyrenula is commonly found associating with
another Pyrenula, possibly endemic to the islands,
P. aff. microcarpa, Lecanora kohu Printzen, Fryday,
Blanchon & de Lange, Physcia adscendens H. Oliver,
P, poncinsii Hue and Ramalina canariensis J. Steiner.

Conservation Status: Pyrenula quadratolocula-
ris has been collected from two sites on Rekohu |
Wharekauri | Chatham Island (Pana | Blind Jims,
on the shores of Te Whanga, and from Te Awa-
tea, on the southeastern shoreline of Lake Huro).
At both sites it was locally common, on exposed
trees of karama hikoa and tapatapa — remnants
from former swamp and shoreline forest. On these
phorophytes, especially on the exposed portions of
their trunks it can be the dominant lichen. Whilst
encouraging these host trees are in reality under
extreme stress due to the loss of surrounding forest
cover, resulting in their exposure, and some of the
trees on which it was found in June 2021 have since
toppled in the strong winds typical of the Chatham
Islands.

Aside from its ease of field identification, Pyrenu-
la quadratolocularis has not yet been surveyed for
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in all potential habitat. Nevertheless it has been op-
portunistically looked for in a range of sites around
Rékohu | Wharekauri | Chatham Island, and as yet
no further locations have been discovered.

The New Zealand Threat Classification System
(Rolfe et al. 2022) requires that assessors try to
avoid assessing taxa as ‘Data Deficient’ if sufficient
data exists to place taxa in a more definitive con-
servation category, such is possible for Pyrenula
quadratolocularis. In the two locations in where it
has been found, as there is no data available on the
number of individuals but there is for area of oc-
cupancy, and, as was done for Lecanora kohu by de
Lange (2021), longevity of phorophyte as a proxy
for population trend of the lichen.

At Pana | Blind Jim’s the Pyrenula occupies an
area of c. 1 ha, where in June 2021 it was found on
11 karamt hikoa. Of those phorophytes, three were
in ill-thrift during an inspection in late January
2025, and one tree had collapsed and was dying.

At Te Awatea, Pyrenula quadratolocularis was
only seen in the unfenced, cattle-pugged, exposed
and seriously degraded fen between the swamp for-
est of the reserve and farmland. Although locally
common on eight karami hikoa and three tapatapa
in an area of c. 1 ha, none of the trees seen were in
good condition, many had partially hollowed out,
rotted trunks, and others were ‘unstable’ in the peat
due to wind ‘rock’ and cattle rubbing themselves on
the exposed trunks.

Using area as an estimate of population, Pyrenula
quadratolocularis has a known area of occupancy of
c. 2 ha, with both subpopulations (Pana | Blind Jim’s
and Te Awatea) of roughly equal size. The decline
rate of the phorophyte ‘hosts’ can be estimated from
the loss of trees at Pana | Blind Jim’s, where four of the
original 11 trees had collapsed and were either in ill-
thrift or dying — a loss of 36% over four years. This
data places the Pyrenula in “Threatened / Nationally
Endangered’ (NEu3h) [‘Small population that is fore-
cast to decline 10-50% over the longer of the next 10
years or three generations (maximum 100 years)’...
‘classified as Nationally Endangered when evidence
indicates that it will experience a decline of 10-50%
over the longer of the next 10 years or three gener-
ations (maximum 100 years) and meets one of the
following size criteria... ‘the total area of occupancy
is 1-10ha (0.01-0.1km?) (h)’] (Rolfe et al., 2022: 26).
To this assessment the qualifiers ‘DPS’ [Data Poor
Size] and ‘DPT’ [Data Poor Trend] cannot be added
as we have no quantitative data for this conservation
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assessment. Other suitable qualifiers suggested here
are IE’ [Island Endemic], ‘PF’ [Population Fragmen-
tation] because the species is currently believed en-
demic to the Chatham Islands, and the only known
sites are smaller fragments of a formerly contiguous
swamp forest / fen system stretching along the shore-
line of Te Whanga and Lake Huro.

Etymology: The species epithet quadratolocula-
ris refers to the square nature of the spore locules
when viewed under the microscope.

Pyrenula solomonii A.]. Marshall, de Lange,
Blanchon & Aptroot sp. nov.

Mycobank accession number: 860253

Type: AOTEAROA | NEW ZEALAND, RE-
KOHU | WHAREKAURI | CHATHAM ISLAND,
Nikau Bush Conservation Area, 43.762203°S,
176.570593°W, 41 m, P. | de Lange (CH4129), 27
June 2021. On bark of Coprosma chathamica (holo-
type UNITEC12906, isotype AK).

Diagnosis: Pyrenula solomonii is distinguished
from other species of Pyrenula by the pinkish thal-
lus, flattened ascomata largely immersed in the sub-
stratum and 7-10 transversely septate ascospores,
37-52 x 6-8.5 pm.

Description (Fig. 7): Corticolous. Thallus crus-
tose, without pseudocyphellae, pink to pink-grey
when fresh, turning beige/orange to pale pink on
storage, surface minutely rugose, corticate, in ir-
regular patches up to 30 mm in diameter, 120-280
um thick, UV-. Prothallus black, 150-500 um
wide. Photobiont green, trentepohlioid cells ob-
long to elongate cells 15.0~-17.5 x 7.5 pm. Asco-
mata solitary to crowded, flattened, black, 0.5-1.4
mm (n = 30) in diameter, partially immersed in
the thallus, ostiole apical, often indistinct, 80-140
pum wide, wall carbonised, 80-300 pum thick, K-.
Hamathecium hyaline, not inspersed, IKI-, ha-
mathecium filaments simple, 0.8—1.3 um thick.
Asci 8-spored, spores irregularly arranged, cylin-
drical to clavate, 55-85 x 12—18 pm. Ascospores
fusiform-musiform, 7-9-septate, cells angular
with terminal lumina adjacent to the endospore
wall, initially hyaline but becoming brown at ma-
turity, 37-52 x 6.0-8.5 um (n = 30). Pycnidia
common, black, punctiform, 180-340 um. Conid-
ia filiform, straight-curved, 12-20 x 0.8—-1.4 pm
(n =30).

Paratype: — AOTEAROA | NEW ZEALAND,
REKOHU | WHAREKAURI | CHATHAM IS-
LAND: Nikau Bush Conservation Area, PJ. de
Lange CH4105, 21 September 2019, UNITEC12866.

Recognition: Pyrenula solomonii is most similar
in its thallus morphology to P. quadratolocularis,
having somewhat flattened ascomata (Fig. 7C), al-
though it differs in the thallus colour being pink-
ish rather than grey-white/brown (Fig. 7A, B) and
having different spore morphology (see recognition
section for P. quadratolocularis above). Spore mor-
phology is closest to P. moniliformis (Fig. 1E, G),
from which it differs by having more septa (7-9
rather than 5-7; Fig. 7D-F) and smaller ascospores
(37-52 x 6.0-8.5 pm rather than 55-68 x 10.0-12.5
pm), and P. largei from which it differs by having
less septa (10—18 for P. largei) and smaller spores
(70-100 x 10—15 um for P. largei). Differences with
internationally recognised taxa are discussed in the
recognition sections above.

Distribution: Presumed endemic to the
Chatham Islands, Aotearoa | New Zealand.

Ecology: Pyrenula solomonii is only known from
three collections (the holotype, isotype and an ear-
lier collection) made from the same phorophyte, a
solitary karama hikoa (Fig. 7A) at the type locali-
ty Nikau Bush Conservation Area, so little can be
said about its ecological preferences and associated
species. When it was discovered in September 2019,
it was considered common on that tree but it was
not seen elsewhere. Since then the adjacent forest
canopy of mostly kopi (Corynocarpus laevigatus J.R.
Forst. & G. Forst.) has thickened around the kara-
mi hikoa, shading it such that it is now in ill-thrift,
possibly even terminal decline. At the time of dis-
covery Pyrenula solomonii was noted growing with
an undetermined species of Arthonia Ach.

Conservation Status: Using the New Zealand
Threat Classification System (Rolfe et al., 2022), Pyr-
enula solomonii could either be assessed as ‘Data De-
ficient’ or “Threatened | Nationally Critical’ As noted
above, the default preference for threat assessments
using this classification system is to pick a more
definitive category wherever possible (Rolfe et al,
2022: 23) ‘Expert panels should use Data Deficient
only when there is extreme uncertainty about the
abundance and population trend of an organism, i.e.
the possible categories it truly occupies cover most
or all of the range from Nationally Critical to Not
Threatened In this case, whilst Pyrenula solomonii
is certainly cryptic, its pinkish colouration does help
distinguish it from other lichens on potential ‘host’
trees, and there have been dedicated surveys for it in
Nikau Bush Conservation Area (between 2020 and
2025) by Peter de Lange, and opportunistic surveys
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Fig. 8. Maui Solomon LLB Canterb. (image provided by
Maui Solomon)

elsewhere on Rékohu | Wharekauri | Chatham Island
so far failing to disclose further specimens. Therefore,
we think it appropriate to recommend a conserva-
tion assessment of “Threatened | Nationally Critical’
(NCnla,g) [Very small population (natural, unnat-
ural or population state unknown) regardless of the
trend (NCnl, NCn2, NCul, NCu2, NCu3, NCu4,
NCu5, NCu6, NCx1, NCx2)'... The total population
size is fewer than 250 mature individuals (a), The to-
tal area of occupancy is less than 1ha (0.01 km?) (g)’]
due to the small area of occupancy <1 ha [one tree],
an estimated population size of 30 ‘individuals’(ex-
cepting that delineation of an individual in this spe-
cies is difficult due to the growth habit) in 2019 down
to three ‘individuals’ in 2025 (decline rate of 90% in
seven years). To this assessment we suggest adding
the qualifiers ‘DPR’ [Data Poor Recognition], TE’ Is-
land Endemic], and ‘OL [One Location].
Etymology: Named in honour of Maui Solomon
(6 September 1960 —) (Fig. 8), a resident of Réko-
hu, who is a barrister (graduate of the University
of Canterbury law school) and indigenous rights
activist, mediator and negotiator. Maui was born
in Te Muka, Te Waipounamu | South Island. His
Moriori hokopapa (descent) is through Tame Ho-
romona Rehe (also known as “Tommy Solomon’)
(7 May 1884 — 19 March 1933) his grandfather, of-
ten referred to as ‘the last full-blooded Moriori, as
well Ngai Tahu and Pakeha [European]. Maui was
instrumental in achieving legal recognition for Mo-
riori as a distinct people from Maori, the revival of
their language (Ta Re) and culture, the building of
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Kopinga Marae, and the Moriori Claims Settlement
Act 2021. He has been chair of the Moriori Hokote-
hi Trust Board and is current chair of the Moriori
Imi Settlement Trust. Aside from being a passion-
ate and committed advocate for Moriori, Maui is a
keen conservationist and together with his hunau
[family] has been restoring the korowai [cloak] of
indigenous vegetation at Manukau, east of Ouenga
| Owenga, on land that was granted by Native Land
Court to Moriori (3% of the island) in the 1870s.

Revised key to Pyrenula moniliformis and
segregates

1. Ascospores under 70 ym long. ............ 2.

— Thallus brown, corticate, ascospores 70—-100 x
I0-15 UM . vve e Pyrenula largei

2. Ascospores greater than 35 umlong ....... 3.

— Thallus white-cream, ascospores 22-30 X
8-10pum ...oovvvien Pyrenula dalmatioides

3. Ascospores transversely septate . . ......... 4.

— Ascospores curved, submuriform with square/
rectangular locules, 38—45 x 12-15pum...........
..................... Pyrenula quadratolocularis

4. Ascomata flattened, ascospores 7-9-septate,

37-52x6.0-85um .......... Pyrenula solomonii

— Ascomata erumpent, ascospores 5—7-septate,
55-68 x 10.0-12.5pum .. ... Pyrenula moniliformis
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Yortupu HoBi Bugu popy Pyrenula (Pyrenulaceae)
3 Aoteapoa | HoBoi 3enaugaii, Bugineni 3 P. moniliformis

A.Jlxx. MAPIIAJIT Y, .. BIAHIIOH 2,

A. ATITPYT 3, I1.Ix. ne JIAHTE !

1 Texniuamit yuiBepcuret YHiTex, Oxnens, Hosa 3enanpis

2 OK/IeH/IChKMIT BilicbKOBO-icTopruHMit Myseit, Okneny, Hosa 3enanpisa
3 Incruryr 6ionoriunux Hayk, Kammy-Ipaugi, Bpasunis

Pedepar. Jlnwaitaviku pony Pyrenula (Pyrenulaceae) B Aoteapoa | Hosiit 3enannii BocTaHHE JieTanbHO BUBYaB [anioseii
(Galloway, 2007), sixmit 3aK/IMKaB [O IOAA/BIIOrO INIAHOMIPHOTO 360py 3paskiB. 3ibpaHi BifTORl FOFATKOBI MaTepiany, 30-
KpeMa 3 MiBHiYHO1 yacTuHy IliBHiYHOrO 0CcTpOBa Ta apxinenary Yarem, npusBeny O KpUTUYHOTO NEPETIANY PaHillIe iieH-
TidikoBaHMX 300piB i JO Kpal[oro po3yMiHHA 00CATY BUAY B MeXKaxX Iboro pony. Cepep TaKCOHIB, 110 MOTpeOyBamy IIe-
pernany, 6ys 3aragkoBuit Bupn Pyrenula moniliformis, Bimommit nuiie 3 TUIIOBOTO Micue3pocTaHHsA. Leit Bup BigHaitmIm y
Konekuisx repbapito UNITEC 3 periony Oxeny y Hoiit 3enmanpil. BifgHaiieHHs Bugy i KpUTHIHe BUBYSHH [IUX Ta IHIINX
3pasKiB, SIKi BK/IOYAMN o cKnany P moniliformis, mosBonmmu mpoBecTn AeTanbHe MOPGOIOridHe MOPIBHAHHS, 30KpeMa
IIeperopofioK i po3Mipy acKocIop, i BCTaHOBUTH, 1o P. moniliformis sensu lato HacrpaBHi MiCTUTD JeKilbKa TaKCOHIB. Y
CTaTTi MU TIOJAEMO yTOYHeHmit onuc P. moniliformis sensu stricto, a TakoX onmcyemMo 4oTupy Hosi Bupu: P dalmatioides
A.). Marshall, Blanchon, Aptroot & de Lange, P. largei A.]. Marshall, de Lange, Blanchon & Aptroot, P. quadratolocularis A.].
Marshall, de Lange, Blanchon & Aptroot, i P. solomonii A.]. Marshall, de Lange, Blanchon & Aptroot. [/ uux 1w'satu Bupis
HaBefleHO MOPOJIOTiYHI OMMCH, eKONOri4Hi 0CO6IMBOCTI, OMVPEHH: Ta OL[iHKA IIPUPOLOOXOPOHHOTO CTAaTYCY, @ TAKOX
K/II0Y [i/Ts BU3HAYEHHsI IIPeACTaBHIKIB KoMIuteKkcy Pyrenula moniliformis.

Keywords: Aoteapoa | Hosa 3enangis, apxinenar YareM, nixeHi3oBaHa MiKo6ioTa, TaKCOHOMIs nuuaiHukis, Pyrenula,
Pyrenula moniliformis, Pyrenula dalmatioides sp. nov., Pyrenula largei sp. nov., Pyrenula quadratolocularis sp. nov., Pyrenula
solomonii sp. nov.
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Molecular detection and symptomatology of
Lasiodiplodia theobromae (Ascomycota) infecting
rose apples (Syzygium samarangense) in Malaysia
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Abstract. Rose apple (Syzygium samarangense, Myrthaceae) is considered one of the main tropical fruits native to Southeast
Asia. In 2024, rose apples with fruit rot symptoms, characterized by dark, sunken circular lesions on ripening fruits, were
observed in two locations in Perak, Malaysia. The identity of the pathogen that was responsible for the diseases was deter-
mined using morphological characteristics, DNA sequences, and phylogenetic analyses of internal transcribed spacer (ITS)
and elongation translation factor 1-alpha (tefl-a). Morphological patterns of fungal isolates were observed on cultured potato
dextrose agar (PDA) plates. The ITS and tefl-a of a fungal isolate were PCR amplified and sequenced, confirming the identity
of Lasiodiplodia theobromae (GenBank accession nos. PQ584813 and PV155110, respectively). To fulfil Koch's postulates, the
fungi were re-isolated and tested for pathogenicity on detached fruits. Symptoms similar to those observed in the market ap-
peared on all inoculated fruits, while control fruits remained symptomless. To our knowledge, this is the first molecular-level
report of L. theobromae infecting rose apples in Malaysia.

Keywords: fruit anthracnose, Lasiodiplodia theobromae, rose apple, Syzygium samarangense

Introduction & L.M. Perry, family Myrtaceae) is one of the
most important tropical fruits that is indigenous
Rose apple (Syzygium samarangense (Blume) Merr.  to Malaysia and other Southeast Asian countries,
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including Thailand and Indonesia, and cultivated in
many other regions, such as Taiwan (Banadka et al.,
2022). Rose apples are rich sources of nutrition, with
carbohydrates, proteins, minerals, and vitamins (Ve-
nkatachalam et al., 2018). The rose apple is also high
in vitamin C, polysaccharides, and antioxidant com-
pounds, all of which have important health benefits
(Cheng et al., 2022). Additionally, rose apples are
used in many value-added products such as candies,
jams, juices, and syrups, contributing significantly
to their economic value (Banadka et al., 2022). In
Malaysia, it is widely cultivated in an area of appro-
ximately 3 300 hectares, with an income of more
than 9 million US dollars per year (Al-Obaidi et al.,
2023). One of the main challenges facing Malaysia's
rose apple industry is fungal-related postharvest los-
ses. Due to their high moisture content, thin skin,
and high chilling sensitivity, rose apples are suscep-
tible to bacterial and fungal infections (Hasan et al.,
2022). Anthracnose disease has significantly affected
rose apple fruits, resulting in the loss of around one-
third of annual production, leading to significant
economic difficulties (Lii et al., 2017).

Previous studies have identified multiple La-
siodiplodia Ellis & Everh. (Botryosphaeriaceae,
Botryosphaeriales, Ascomycota) species involved in
similar infections in other Myrtaceae hosts such
as guava (Psidium guajava L.) (Zee et al, 2021),
but limited data exist on their specific impact on
Syzygium samarangense. Beyond Myrtaceae, La-
siodiplodia species have been documented infecting
a wide range of host plants in Malaysia, including
cacao (Theobroma cacao L., Malvaceae) (Huda-Sha-
kirah et al., 2022) and mango (Mangifera indica L.,
Anacardiaceae) (Munirah et al., 2017), highlighting
their widespread occurrence and adaptability.

In June 2024, dark, sunken circular lesions on
ripening fruits were observed in two locations in
the state of Perak, Malaysia (Fig. 1). To date, no de-
tailed etiological investigation has been conducted
to characterize the causal pathogen responsible for
these symptoms in Malaysian rose apple. The objec-
tive of this study was the identification of the causal
agent of the postharvest disease in rose apples; this
information will be helpful in developing suitable
response mechanisms against postharvest fungal
infections. This research aims to fill research gaps
in the current understanding of fungal infections
affecting this economically significant and promis-
ing fruit and to provide a foundation for integrated
disease management strategies in the region.
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Methodology

To identify the causal agent, infected rose apple fruit
pieces (5x5x5 mm cubes) were surface sterilized
with 1.5% sodium hypochlorite, followed by 70%
ethanol, rinsed with sterile distilled water, and plated
on potato dextrose agar (PDA). PDA plates were in-
cubated at 25 °C, 50% relative humidity for 12 days.
Fungal structures were observed under a microsco-
pe using safranin dye to enhance visualization. The
stained samples were examined using a Trinocular
Microscope Set Model CX33 (Olympus, Japan) to
assess morphological characteristics. For molecular
identification, internal transcribed spacer (ITS) re-
gions 1 and 2 and elongation translation factor 1-al-
pha (tefl-a) were amplified by PCR and sequenced
(Hami et al., 2021). The total reaction volume of 25 pl
contained genomic DNA purified using an in-house
optimized protocol, 0.5 pmol of each primer, deo-
xynucleotides triphosphates (ANTPs, 200 uM each),
0.5 U thermostable DNA polymerase, supplied PCR
buffer, and water. The PCR conditions were as fol-
lows: one cycle of initial denaturation at 98 °C for 2
minutes; 25 cycles of denaturation at 98 °C for 15 se-
conds, annealing at 60 °C for 30 seconds, and exten-
sion at 72 °C for 30 seconds; and a final extension at
72 °C for 10 minutes (Al-Obaidi, 2017).

PCR products were analyzed using 1.5% agarose
gel electrophoresis in 1X TAE buffer. A 100 bp DNA
ladder was used as a molecular weight marker (Lane
M). A total of two PCR amplicons (Lanes A and B)
were loaded, and electrophoresis was performed at
100 V for 40 minutes. The gel was stained with ethid-
ium bromide and visualized under a UV transillumi-
nator using a Bio-Rad Gel Documentation System.

Sequence homology was analyzed using BLAST
(http://blast.ncbi.nlm.nih.gov/) to identify the clos-
est reference sequences from the NCBI GenBank
database. Phylogenetic analysis of ITS and tefl-a
sequences was performed using maximum like-
lihood in MEGA 11 (Ciftci et al., 2023). The PCR
products were purified by the standard PCR clean-
up method. Pathogenicity tests of isolated L. theo-
bromae were performed on detached fruits. Healthy
fruits were washed thoroughly, surface sterilized
with 6% sodium hypochlorite for 10 minutes, and
rinsed with sterile distilled water (Karunamoor-
thy et al., 2023). Rose apple fruits were inoculated
with 10 pl conidial suspension (1x10° spores/ml) of
the pathogens prepared from 2-week-old cultures
on PDA, while sterile water was used to inoculate

ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (5)


http://blast.ncbi.nlm.nih.gov/

Molecular detection of Lasiodiplodia theobromae on rose apples in Malaysia

Fig. 1. Early symptoms of rose apple fruit rot caused by
Lasiodiplodia theobromae

Fig. 2. Morphological characteristics of Lasiodiplodia
theobromae on potato dextrose agar medium, showing a
white to light-cream colony at 6 days (A) and a dark grey to
black colony with fluffy aerial mycelium at 14 days (B)

control fruits using the pin-prick method (Chaud-
hary et al., 2020). Inoculated fruits were placed in
plastic containers and incubated at 27 °C for 7 days.

Results

In the cultured plate, a morphological pattern of
fungi is shown growing from the pieces of rose ap-
ple, initially appearing white and later developing
a darker, textured surface (Fig. 2). Fungal conidia
were predominantly straight, with lengths ranging
from 21-24 pm and widths between 2.2-4.3 um.

The purified PCR products were subjected to
bidirectional sequencing with universal primers
MI13F (-20) and MI13R-pUC (-26) using a Big-
Dye® Terminator v3.1 Cycle Sequencing Kit. The
sequence from the plate identified as L. theobro-
mae (546 bp) (GenBank accession nos. PQ584813
and PV155110) showed 100% similarity with L. the-
obromae (Fig. 3).

Agarose gel electrophoresis confirmed the suc-
cessful amplification of the target gene regions, as
shown in Fig. 4. The DNA ladder (Lane M) provided
size reference bands, with the most relevant mark-
ers at 100 bp, 500 bp, and 1000 bp. PCR products
in Lanes A and B exhibited strong bands, indicating
successful amplification of the target regions. The
absence of non-specific bands or primer dimers sug-
gests the high specificity of the primers used (Fig. 4).
This result confirms that the ITS and TEF-1a regions
were successfully amplified, allowing for further
molecular characterization of the Fusarium strains
through sequencing and phylogenetic analysis.

Phylogenetic clustering revealed a close relation-
ship between our fungal isolates and those from other
countries (Fig. 5A, B). The phylogenetic relationships
among the Lasiodiplodia isolates were analyzed us-
ing Maximum Likelihood (ML) based on two genet-
ic regions: the translation elongation factor 1-alpha
(tefl-a) gene (Fig. 5A) and the internal transcribed
spacer (ITS) regions 1 and 2 (Fig. 5B). In both trees,
the isolates consistently clustered within the L. the-
obromae clade, supported by high bootstrap values
(ranging from 92% to 100%), strongly confirming
their species identity. In the tefl-a tree, representative
isolates such as L. theobromae_PLSB370 and L. theo-
bromae_CMMP4054 grouped tightly with known L.
theobromae reference strains, indicating close evolu-
tionary relatedness. Similarly, in the ITS-based tree
(Fig. 5B), the isolates L. theobromae_PLSB370 and L.
theobromae_PDS88 also clustered with authenticated
L. theobromae sequences, showing congruent topolo-
gies with the tefl-a-based tree. The inclusion of oth-
er Lasiodiplodia species and outgroup taxa, such as
Diplodia seriata De Not. and Lasiodiplodia brasiliensis
M.S.B. Netto, M.W. Marques & A.J.L. Phillips, allowed
for clear delineation of clade boundaries and rooting
of the phylogenetic trees. The consistent placement of
isolates in both gene trees provides robust molecular
evidence that the studied strains belong to L. theobro-
mae. The presence of minor sub-clustering within the
L. theobromae group may reflect underlying genetic
variation, potentially linked to geographical origin or
host specificity.

The inoculated rose apple fruits displayed typical
white/grey (L. theobromae) lesion symptoms after
four days, while the control fruits displayed no symp-
toms (Fig. 6). Koch's postulates were fulfilled when
the pathogen was re-isolated from inoculated fruits
and confirmed to be identical to the original isolates
used in the pathogenicity tests (Al-Obaidi et al., 2023).
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Discussion

The identification of L. theobromae as the causal
agent of postharvest fruit rot in Malaysian rose
apples represents a significant advancement in un-
derstanding the fungal pathogens affecting this eco-
nomically important crop. This study provides the
first molecular-level confirmation of L. theobromae
infecting rose apples in Malaysia, complementing
previous reports of fungal pathogens such as Pes-
talotiopsis samarangensis in Thailand (Maharach-
chikumbura et al., 2013) and Colletotrichum sia-
mense associated with leaf spot disease in the same
region (Khuna et al., 2023). The morphological and
molecular characterization of L. theobromae isola-
tes, supported by phylogenetic analyses of ITS and
tefl-a regions, is consistent with current best practi-
ces in fungal taxonomy, as tefl-a has been shown to
offer better resolution among species of Lasiodiplo-
dia. In our study, BLASTn analysis revealed 100%
sequence identity between our isolate (PLS2S20)
and reference sequences of L. theobromae for both
ITS and tefl-a. Furthermore, our phylogenetic trees
placed the isolate firmly within a well-supported L.
theobromae clade, with high bootstrap values con-
firming its close relationship to authenticated glo-
bal isolates. Overall, the combined morphological
and molecular evidence provides a solid basis for
attributing the observed postharvest rot in Syzygi-
um samarangense to L. theobromae. To the best of
our knowledge, this represents the first confirmed
report of L. theobromae infecting rose apple in Ma-
laysia, filling a significant gap in the regional plant
pathology literature and contributing to the broa-
der understanding of this pathogen’s host range and
geographic distribution.

The pathogenicity tests conducted in this study
fulfilled Koch’s postulates, confirming L. theobro-
mae as the causative agent of the observed symp-
toms (Urbez-Torres et al., 2008). The development
of dark, sunken lesions on inoculated fruits, coupled
with the successful re-isolation of the pathogen, pro-
vides robust evidence of its role in postharvest decay.
These findings are consistent with previous studies
highlighting L. theobromae as a significant posthar-
vest pathogen in tropical and subtropical regions, af-
fecting a wide range of fruit crops, including papaya,
mango, and citrus (Al-Obaidi et al., 2023; Karuna-
moorthy et al., 2025). The economic implications of
L. theobromae infection in rose apples are profound,
given the crop’s growing contribution to Malaysia’s
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Fig. 3. Developmental stages of Lasiodiplodia theobromae
observed under a microscope. A: mycelium; B: mature
conidia. Magnification x100, scale bar 30 um

100

Fig. 4. Agarose gel electrophoresis of PCR-amplified DNA.
A: ITS region (546 bp) using universal ITS1 and ITS2
primers; B: tefl-a gene (533 bp)
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Fig. 5. Phylogenetic tree for L. theobromae generated using translation elongation factor 1-alpha (tefl-a) region (A), and
internal transcribed spacer (ITS) regions 1 and 2 (B)

agricultural economy. The high moisture content,
thin skin, and chilling sensitivity of rose apples make
them particularly susceptible to fungal infections,
exacerbating postharvest losses during storage and
transportation (Zee et al., 2021). Our findings high-
light the urgent need for effective management strat-
egies to mitigate the impact of L. theobromae on rose
apple production. Potential approaches include the
development of resistant cultivars through breeding
programs, the application of biocontrol agents, and
the use of antifungal treatments during postharvest

handling. Additionally, enhancing the activity of
defence-related enzymes in rose apples could im-
prove their resistance to fungal infections, thereby
extending shelf life and reducing losses (McLaugh-
lin et al., 2023). This study also underscores the im-
portance of molecular tools in accurately identify-
ing and characterizing fungal pathogens. The use of
ITS and tefl-a sequences for phylogenetic analysis
not only confirmed the identity of L. theobromae
but also revealed its genetic relationship with iso-
lates from other regions (Pornsuriya et al., 2023).
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Such insights are crucial for understanding the
global distribution and evolution of fungal patho-
gens, informing the development of targeted con-
trol measures. Future research should focus on ex-
ploring the environmental and physiological factors
influencing L. theobromae infection in rose apples.
Investigating the role of temperature, humidity, and
fruit maturity in disease development could provide
valuable insights for optimizing storage conditions
and reducing postharvest losses. Furthermore, ex-
tending this research to other species could broad-
en our understanding of L. theobromae’s host range
and pathogenicity mechanisms. In conclusion, this
study provides the first molecular evidence of L.
theobromae as the causal agent of postharvest fruit
rot in Malaysian rose apples. Our findings contrib-
ute to the growing body of knowledge on fungal
pathogens affecting tropical fruits and highlight the

Fig. 6. Pathogenicity test of L. theobromae on rose apple
fruits: control fruit (left); fruit with signs and symptoms
(right)
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MonekynAapHe BUSHAYEHH: i CUMIITOMU ypasKeHHA Syzygium samarangense
rpubom Lasiodiplodia theobromae (Ascomycota) y Manaiisii

M.H. XAH ', M.JI. AJIIABI 2, B.B. AITHAH 3, H.A. AXMAJ !, C.C. CIHAHT },
H.H. MOXJI HOOP !, M.A. PAXMAH !, H. KAMAPVYIIH !, H. PAXMA]L 4,
P.®.P. XAVPYIOIH !, k. P. AJIb-OBATAT 15

! Ocsitniit ynisepcurer Cynrana Igpica, Tanmkonr-Manim, Ilepak, Manaiisisa

2 Mocynbcbkuii yHiBepcutet, Mocy, Ipak

* Tikpurcpkuit yHiBepcurert, Tikpur, Ipax

* HauionanpHuit Inctutyt 6iorexsosnorii B Maaiisii, Cenanrop, Marnaiisis

> YuisepcuteT MpUKIAfHUX HAYK B AMMaHi, Mopnanis

Pedepar. ITnopu Syzygium samarangense BBaXXaloThCsA OFHUMU 3 OCHOBHUX TPOIIYHUX QPYKTIB, 1110 MOXO#ATH i3 ITiBfieH-
Ho-CxigHoi Asii. Y 2024 p. y gBox nmokaniax y mrati [lepak, Mamaii3is Ha 3pinux maopax BUABUIN CUMIITOMU IITIOfOBOI
THIWII 3 XapaKTepPHUMU OKPYITIMMM OypuMy IAMaMu. InenTndikanito s0ygHNKa THIII IPOBOAVIIN 3 YpaXyBaHHAM MOP-
¢domoriyHux ocobmmBocTelt i dinoreHeTyHOrO aHasmi3y mocmigoBHocteit ITS-periony THK i3 samydennam renis tefl-o.
Mop(bonoro—Kyanypaani O3HaKM BMBYAIM IIPU KyJIbTUBYBAaHHI rpM6a y uamkax IleTpi Ha KapTONIAHO-AEKCTPO3ZHOMY
arapi (PDA). AmmridikoBani 3a gomomororo IIJIP Ta cexBeHOBaHi MOCIIOBHOCTI MiATBEPANIN HAIEXKHICTD JOCTIIKEHIX
Ky/nbTyp rpuba no Lasiodiplodia theobromae (peectpaniiini Homepn y 6asi ganux GenBank PQ584813 i PV155110). Bigmo-
BiffHO 1o mocTynaTiB Koxa, rpuby NOBTOPHO BUAIINIM B KYIBTYPY Ta IepeBipuin iXHIO TaTOTeHHICTh Ha OKPEeMMX IIOfaX.
IToni6Hi KO MOYATKOBMX CMIITOMM 3 SIBM/IVCS Ha BCIX iHOKY/IbOBAHMX IITOAAX, TOZI SIK KOHTPO/IbHI IIOAY 3a/InIIanucs 6es-
CUMNITOMHMMM. HackinbKu HaM BifIoMo, Ije Iepiie MigTBepKeHe MOEKYIAPHAMI METOLAMM IOBiJOMIEHHS PO yPaXKeH-
HA IVIOAIB S. samarangense rpuboM L. theobromae B Manaiisii.

Kmouosi cnoBa: Lasiodiplodia theobromae, Syzygium samarangense, aHTpaKHO3 IIIOIB, “TBaHCHKE AOITYKO”
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Abstract. Results of macro- and micromorphological studies of flowers and fruits of two subspecies of Valeriana stolonifera,
subsp. stolonifera and subsp. angustifolia, are presented. Samples from Ukraine and Poland were studied. The structure of flo-
wers and fruits is described, and their detailed characteristics are identified. Morphological structures were examined using
scanning electron microscopy (SEM). New micromorphological features of the fruit surface of the studied taxa have been re-
vealed, including the characters of outer periclinal and anticlinal walls of exocarp cells, trichomes, and stomata. In flowers of
both subspecies of V. stolonifera, an ovoid protrusion of the connective over the anthers of stamens is present. No significant
differences between the studied taxa in their macro- and micromorphological features of fruits and flowers have been found.
The obtained results, combined with the known characters of vegetative organs, can be used for more accurate identification
of the subspecies of V. stolonifera and for resolving taxonomic issues within the group of V. officinalis aggr.
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Morphological features of flowers and fruits of Valeriana stolonifera and their taxonomic significance

Introduction

The genus Valeriana L., according to molecular phy-
logenetic studies and the APG IV system (2016), is
placed within the family Caprifoliaceae Juss. sensu
lato, including Dipsacaceae Juss., Morinaceae Raf.,
and Diervillaceae (Raf.) N. Pyck (Bell et al., 2001; Bell,
2004; Hidalgo et al., 2004; Bell, Donoghue, 2005). Ac-
cording to various authors, the genus includes from
150 to 350 species in the world flora (Dweck, 1997;
Takhtajan, 1997, 2009; Bell, Donoghue, 2005) and
occurs mainly in Europe, central and northern Asia,
North and South America, and North Africa (Gru-
bov, 1958; Katina, 1961; Weberling, 1970; Voroshilov,
1978; Katina, 1987; Gorbunov, 2002; Takhtajan, 2009).

The distribution of V. stolonifera covers West-
ern and Central Europe, including many Europe-
an countries (e.g., Albania, Austria, Baltic coun-
tries, Belgium, Bulgaria, Czech Republic, Slovakia,
Denmark, France, Germany, Great Britain, Greece,
Hungary, Iceland, Ireland, Italy, Norway, Poland,
and Ukraine) (Kirschner, Raab-Straube, 2017;
POWO, 2025-onward).

The taxonomic status of V. stolonifera as a sep-
arate species within the genus Valeriana remains
problematic and is debated among researchers. It is
listed as an accepted species in the databases World
Flora Online (WFO, 2025-onward), Plants of the
World Online (POWO, 2025-onward), Catalogue
of Life Checklist (2024), and in a number of floris-
tic publications from the territory of Ukraine and
other regions of Europe (Katina, 1961; Mosyakin,
Fedoronchuk, 1999; Kirschner, Raab-Straube, 2017,
etc.). In the Flora of the USSR (Grubov, 1958) most
species readily recognized in Ukraine (Katina,
1961), in particular, V. angustifolia Tausch ex Host,
V. nitida Kreyer, V. rossica P.A. Smirn., V. sambu-
cifolia J.C. Mikan ex Pohl, V. stolonifera Czern., V.
wallrothii Kreyer, and V. wolgensis Kazak., have
been listed only as synonyms of the species V. offic-
inalis L. sensu latissimo. Recently, V. stolonifera has
also been classified within the V. officinalis complex
(Kirschner, Zeisek, 2017).

To date, the taxonomy of entities within the V.
officinalis complex has not been definitively clar-
ified (Buttler et al., 2008; Kirschner, Zeisek, 2017).
Due to differences in taxonomic treatments, some
taxa are recognized as species, subspecies, or vari-
eties, depending on views and species concepts ap-
plied by the authors (Bressler et al., 2017; Kirschner,
Raab-Straube, 2017), therefore, clarifying the much

confusing and complicated nomenclature in the
group remains relevant (Kirschner, Zeisek, 2017).
The reasons for this taxonomic situation is the fact
the V. officinalis complex includes many morpho-
logically variable “narrow” species or, alternatively,
infraspecific entities, which are variable in many of
their characters throughout the vast territory range
of the group, covering almost the entire temper-
ate zone of Eurasia. This complex is represented
by a polyploid series, ranging from diploids to oc-
toploids, but each karyotype was considered mor-
phologically indistinct (Grubov, 1958). According
to a recent taxonomic summary, the V. officinalis
complex in Central Europe includes V. officinalis
(2n = 14, diploid), V. stolonifera (2n = 28, tetra-
ploid), V. pratensis Dierb. (2n = 28, tetraploid), and
V. excelsa Poir. (2n = 56, octoploid) (Kirschner, Zei-
sek, 2017; Kirschner, Raab-Straube, 2017).

On the basis of detailed taxonomic and nomen-
clatural studies of the V. officinalis complex, it has
been found that the correct and accepted name
for tetraploids is V. stolonifera, with two currently
recognized subspecies, subsp. stolonifera and subsp.
angustifolia So6 (Kirschner, Zeisek, 2017; Kirsch-
ner, Raab-Straube, 2017; IPNI, 2025-onward;
POWO, 2025-onward). Valeriana stolonifera subsp.
stolonifera has a limited range and is found only in
Ukraine, whereas the native range of V. stolonifera
subsp. angustifolia is both in Ukraine and in the rest
of Europe where the species occurs.

In Poland V. stolonifera subsp. angustifolia [re-
ported as V. angustifolia Tausch subsp. angustifolia in
Rostanski (1967, 1970), and as V. angustifolia Tausch
in Mirek et al. (2020)] occurs mainly in the south-
eastern part of the country. It is predominantly a
steppe plant and it belongs to the Pontic elements of
the Polish flora (Rostanski, 1970). The isolated relict
sites are located in Central Poland, Silesia, and Po-
merania; in the latter areas, it should be considered
within the group of steppe relics (Rostanski, 1970).

Previously, based on the comprehensive analysis
of herbarium specimens of Valeriana, it has been
found that species occurring in Poland belong to
the section Valeriana, and three subsections: Pin-
natisectae, Heterophyllae, and Officinales (Janchen,
1958; Rostanski, 1970). Within the subsection
Officinales, V. officinalis s. str., V. sambucifolia ].C.
Mikan ex Pohl, and V. angustifolia were placed. The
species earlier accepted as V. angustifolia has been
distinguished on the basis of its morphological and
cytological features (2n = 28; Skalinska, 1950). The
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recent, detailed taxonomic studies of complicated
and inconsistent nomenclature within the group of
taxa related to V. officinalis s. 1. in Central Europe
demonstrated that the name V. angustifolia Tausch
ex Host 1827 is illegitimate, being a later homonym
of V. angustifolia Mill. 1768, the name which prop-
erly applies to the species earlier known as Centran-
thus angustifolius (Mill.) DC. (Kirschner, Zeisek,
2017; Kirschner, Raab-Straube, 2017). Hence, the
correct name of the steppe Valeriana species occur-
ring in Poland is:

Valeriana stolonifera Czern. subsp. angustifolia
So00, Feddes Repert. 83: 208. 1972 = Valeriana
pratensis Dierb. subsp. angustifolia (So6) Kirsch-
ner, Buttler & Hand, Kochia 3: 83. 2008 = Valeri-
ana angustifolia Tausch ex Host, Fl. Austriac. 1:
36. 1827, nom. illeg. [non Valeriana angustifolia
Mill. 1768].

= Valeriana collina var. stolonifera Wallr., Linnaea
14: 537. 1841.

= Valeriana wallrothii Kreyer, Trudy Prikl. Bot. 23:
185.1930.

Valeriana stolonifera subsp. stolonifera is a peren-
nial, widespread subxerophilous species that lives
in rather arid conditions in the ground cover of for-
ests, on forest edges, and in meadows. In Ukraine,
the subspecies is distributed almost throughout
the territory of the country, but it is considered re-
gionally rare in the Dnipropetrovsk, Zaporizhzhia,
Mykolaiv, Odesa, and Kharkiv administrative re-
gions (oblasts) (Andrienko, Peregrym, 2012). Pop-
ulations of this species are usually small, and plants
are weakly competitive, as compared to other spe-
cies. They are used as valuable medicinal raw mate-
rials (Minarchenko, 2005; Kolomiychuk, 2011; An-
drienko, Peregrym, 2012).

Although the species is not currently consid-
ered endangered or vulnerable at the national level
and is not listed in the Red Data Book of Ukraine
(2009), it is actually endangered in many regions of
Ukraine. Valeriana stolonifera subsp. angustifolia is
rare in the Transcarpathian (Zakarpattia) and Iva-
no-Frankivsk regions of Ukraine. In Poland, V. sto-
lonifera subsp. angustifolia (reported as V. angusti-
folia) is listed in the Polish Red List of Pteridophytes
and Flowering Plants with the status of DD (Data
Deficient) (Kazmierczakowa et al., 2016).

In classifying the patterns of infraspecific varia-
bility of V. stolonifera, considerable attention is paid
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to morphological features of vegetative organs, in
particular the life form, the rhizome shape (short,
cylindrical) and stems (ribbed or not) and their
size, details of basal, lower, and stem leaves. Vale-
riana stolonifera subsp. stolonifera is characterized
by well-developed runners, and leaflets often point-
ed, whereas subsp. angustifolia has no underground
runners, or sometimes has short (up to 2 cm max-
imum) runners, which are easily damaged or over-
looked (Katina, 1961; Rostanski, 1967).
Considering that the generative organs of V. sto-
lonifera (both subspecies) from the territory of
Ukraine and V. stolonifera subsp. angustifolia from
Poland are not sufficiently studied morphological-
ly, the detailed study of their flowers and fruits was
carried out, and their morphological features were
compared. An important addition to previous our
research on V. stolonifera (Tsarenko et al., 2021) is
the inclusion of samples collected from the territo-
ry of Poland in order to identify the variability of
characters and to reveal differences between both
subspecies, which are analyzed in the present study.
The aims of the present study were (1) to analyze
and present the macro- and micromorphological
characters of fruits and flowers of both subspecies
of V. stolonifera using SEM microscopy; (2) to iden-
tify and assess the taxonomically significant charac-
ters of generative organs used for distinguishing V.
stolonifera subsp. stolonifera and subsp. angustifo-
lia. The presented results may be useful for further
comparative and morphological studies within the
V. officinalis complex in Europe and, hopefully, will
bring researchers closer to solving its taxonomy.

Materials and Methods

We analyzed the characters of flowers and fruits of
two subspecies of V. stolonifera. The studied sam-
ples have been obtained from Ukraine [V. stoloni-
fera subsp. stolonifera and subsp. angustifolia from
the National Herbarium of the M.G. Kholodny In-
stitute of Botany, National Academy of Sciences of
Ukraine (KW)] and from Poland [specimens of V.
stolonifera subsp. angustifolia collected in Central
Poland (Nizina Potudniowowielkopolska lowland)].

Examined specimens of flowers

Valeriana stolonifera subsp. stolonifera: 1. Khmel-
nytsky Region, Kamenets-Podilskyi District, near
Humentsy village, Mt. Karmalyuka, clearing in an
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oak-hornbeam forest, 24.05.1974, leg. [B.V.] Zave-
ruha, No. 001250 (KW); 2. Khmelnytsky Region,
Vinkovetsky District, Kalyusik village, Kalyusetska
Gora, steppe slope, 07.06.2008, leg. [Y.P.] Didukh,
[T.V.] Fitsaylo, [I.A.] Korotchenko, [Y.] Vasheny-
ak, No. 085520 (KW); 3. Kyiv Region, Myronivs-
kyi District, between V. [Velykyi] and M. [Malyi]
Bukrin, in a ditch, pasture, 17.06.2000, Nsh [N.M.
Shiyan]: 000353, leg., det. N. Drapailo [N.M. Shi-
yan], I. Timchenko (KW s.n.); 4. Kyiv Region, Pe-
reyaslav-Khmelnitsky District, Studenikivsky fo-
rest, 30.05.2001, O. Pryadko, Ne 009929 (KW); 5.
Ternopil Region, Husyatinsky District, near Vykno
village, Mt. Ostra, northwestern slopes of mounta-
ins, bushes, 18.06.1974, B. Zaverukha, Ne 001239
(KW); 6. Ternopil Region, Kremenets District, near
Zholoba village, Mt. Maslyatin, meadow-steppe
marginal-grassy glades on boulders, 25.06.1974,
leg. [B.V.] Zaverukha, Ne 001251 (KW). Valeriana
stolonifera subsp. angustifolia: 7. Ivano-Frankivsk
Region, Tlumachsky District, Oleshiv-Baratyshev,
meadow-steppe slopes of the gypsum mountain,
06.1974, leg. [B.V.] Zaverukha, Ne 001438 (KW);
8. Transcarpathian Region, Uzhhorod District,
Antonivka village, the glade Antonivska Polyana,
09.06.1948, leg. [G.I] Bilyk, Ne 007634 (KW); 9.
[Valeriana officinalis L. s. 1.] Transcarpathian Regi-
on, Perechyn District, Vorochevo village, Mt. Sina-
toriya, meadow, 03.07.1956, leg. V.I. Chopyk, Notae
criticae: V. angustifolia Tausch, 14.05.1971, M. Ko-
tov, Ne 007632 (KW).

Examined specimens of fruits

Valeriana stolonifera subsp. stolonifera: 1. Lviv
Region, Zolochiv District, Bila Gora, 12.07.1980, M.
Fedoronchuk (KW s.n.); 2. Mykolaiv Region, Do-
manivskyi District, near Bogdanivka village, flo-
odplain forest, 20.06.2005, O.F. Shcherbakova, L.IL
Krytska, V.V. Novosad, S.M. Voronova, Ne 081710
(KW); 3. Odesa Region, Rozdilnyanskyi District,
near Kuchurhan, in the floodplains of the Dnies-
ter, 08.2006, O.Yu. Bondarenko, No. 119251 (KW);
4. Ternopil Region, Kremenets District, Kremenets,
Bozhy Gora, oak-hornbeam forest, 21.06.1986, leg.
[A.V.] Shumilova, Ne 096740-096747 (KW); 5. Ter-
nopil Region, Kremenets District, Novoselky vil-
lage, ravine, grassy-shrubby slope, 29.07.1958, M.
Klokov, B. Zaverukha (KW s.n.); 6. Vinnytsia Regi-
on, Yampil District, near Mykhailivka village, sou-
thern steppe slope, 12.06.2009, leg. [Y.] Vashenyak,

Ne 00102996 (KW). Valeriana stolonifera subsp.
angustifolia: 7. Poland, L6dz Voivodeship, Sieradz
District, Wozniki forest District, subarea 266h,
Debowiec Forestry, subcontinental thermophilo-
us oak forest Potentillo albae-Quercetum petraeae,
19.08.2021, leg., det. K. Kaczmarek; 8. [V. angusti-
folia Tausch] Odesa Region, Izmail District, near
Vylkovo, on the road to Primorske, 01.06.1966,
M. Klokov, Ne 007639 (KW).

Micromorphological features of flowers and fruits
were studied using MBS-9 binoculars and examined
under a scanning electron microscope (SEM, JSM-
6060 LA) at the Centre of Electron Microscopy of
the M.G. Kholodny Institute of Botany and under
SEM (Phenom Pro X) at the Department of Inver-
tebrate Zoology and Hydrobiology, University of
Lodz, Poland. The material was fixed on brass tables
and was sputter-coated with a 4 nm layer of gold.

Micromorphological ~descriptions were per-
formed using the generalized terminology (Fedor-
ov, Artyushenko, 1975, 1979; Barthlott, 1981; Arty-
ushenko, Fedorov, 1986; Karcz, 1996; Plisko, 2000;
Zyman et al., 2004). Based on the research results,
characters of the inflorescence, bracts, and flow-
er elements of V. stolonifera were compiled, which
were specified in relation to the data from relevant
floristic treatments (Katina, 1961, 1987; Rostanski,
1967). Photographs of the general appearance of
flowers and fruits and microstructures of the fruit
surface were performed at magnifications of x15 to
x4000. Measurements of inflorescences, bracts and
floral elements (length and width of the perianth
corolla and pistil ovary, length of stamens, column,
and receptacle) and fruits elements were made us-
ing the scale line of the MBS-9 binoculars and the
AxioVision Rel. 4.8 software.

Results and Discussion

Morphological differentiation of the fruit of Va-
leriana stolonifera subsp. stolonifera and subsp.
angustifolia

Despite many carpological studies of Valeriana
species, especially those with a controversial taxo-
nomic status (Karcz, 1996; Gorbunov, 2014; Vaku-
lenko et al., 2016; Al-Dabbagh, Saeed, 2020; Tsaren-
ko et al., 2020, 2021), is still quite a challenge to
identify the diagnostic features distinguishing taxa.
As we have shown in our previous study, the fruits
of all species of the genus, in particular V. stolonif-
era group, are quite similar in appearance. They are
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Fig. 1. Fruit of Valeriana stolonifera subsp. angustifolia (SEM) from Poland. A: adaxial side; B: abaxial side;
C: rib; D-F: fragment of the abaxial surface with hairs; G: simple hair; H: verrucose surface of the fruit

somewhat flattened, especially on the adaxial side, The calyx is attached the top of the fruit, which in
mostly oblong-ovate or ovoid. The fruit apex is  the process of maturing turns into a white feathery
elongated, the base is rounded and slightly widened, = formation similar to a pappus, with long thickened
with a slight depression in the middle, and with a  leathery awns covered by numerous white long soft
basal fruit scar. hairs. The awns are united at the base, forming a
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X188 1885

*1.588 18 mm

Fig. 2. Fruit of Valeriana stolonifera subsp. angustifolia (SEM) from Ukraine. A: abaxial side;
B: fragment of the abaxial surface with ribs and hairs; C, D: fragment of the adaxial surface
with hairs; E: simple hair; F: coarse surface of the hair; G: verrucose microstructure surface

membranous crown. In immature fruits, the awns and two lateral) with vascular bundles, which look
with hair are wrapped down; they unfold only after  like ribs from the outside (Figs 1A, B; 2A, B; 3A, B).
ripening. On the adaxial side of the fruit, there is The fruits of V. stolonifera are brown, dull, ob-
one longitudinal vein in the center; on the abaxial  long-ovate, with a rounded base, slightly flattened
side there are three longitudinal veins (one central on the sides, 2.4-3.7 mm long, 1.3-1.6 mm wide,
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Fig. 3. Fruit of Valeriana stolonifera subsp. stolonifera (SEM). A: adaxial side; B: fragment of the abaxial
fruit surface; C, D: simple hairs; E: coarse surface of the hair; F: verrucose microstructure surface of the

fruit with visible stoma

with narrow borders at sides (Figs 1A, B; 2A; 3A).

The fruits are pubescent on both sides between the
ribs, with simple, short hairs up to 0.2 mm. Ribs
are without trichomes (Tsarenko et al., 2021) (Figs
1A-F; 2A-E; 3A-D). The fruits of both subspecies
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of V. stolonifera (subsp. stolonifera and subsp. an-
gustifolia) are pubescent with tubular and rib-
bon-like hairs. However, earlier we described for V.
stolonifera only pubescence with ribbon-like hairs
(Tsarenko et al., 2021). The predominance of these
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X1Ea 188km

Fig. 4. Flower of Valeriana stolonifera subsp. angustifolia (SEM) from Ukraine. A: bract and top of the pistil; B: top of
the calyx and base of the corolla; C: corolla; D: anther with projection of the connective; E: pistil; F: trifid stigma

or other hairs in pubescence of the fruit depend- The awns are covered with long, twisted, mostly
ed on the state of maturity and is not a diagnostic ~ ribbon-like hairs.

character — unripe fruits are mostly covered by It should be noted that the use of SEM in our
ribbon-like hairs (Figs 2D-F; 3C-E). The pubes- study revealed important features of the fruits
cence on the awns is similar in all studied samples.  surface microstructure. Both subsp. stolonifera
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Fig. 5. Flower of Valeriana stolonifera subsp. stolonifera (SEM) from Ukraine. A: bract and pistil; B: top of the calyx and
base of the corolla; C: corolla; D: anther with projection of the connective; E: pistil; F: trifid stigma

and subsp. angustifolia are quite similar, having  the surface on the interribs areas are without clear
the small tuberculate type of fruits surface. Exo-  orientation, boundaries between the cells of the
carp cells on the ribs are arranged in rows along  exocarp are clear. The cells are with slightly con-
the longitudinal axis. They are elongated and have  vex periclinal walls, angular, rounded, or in some
slightly convex outer periclinal walls. The cells of  areas elongated, mostly with trichomes, but closer

468 ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (5)



Morphological features of flowers and fruits of Valeriana stolonifera and their taxonomic significance

to the ribs, hairs are absent. The fruit surface of V.
stolonifera subsp. stolonifera is covered with numer-
ous papillae up to 40 um long and with rounded or
linear cuticular formations on the cell surface. In
fruit specimens of V. stolonifera subsp. angustifolia,
papillae were very rare or absent. The presence of
papillae on the fruit surface may be a result of envi-
ronmental factors or physiological processes in the
plant. Oval stomata were found on the surface of all
samples. The stomata are surrounded by two, more
often five lateral cells, located radially relative to the
stomata. The shape and cuticular sculpture of later-
al cells are the same as those of other exocarp cells.
On some areas of the surface of the fruit, plates of
epicuticular wax were found. As shown by our pre-
vious carpological studies of representatives of the
genus Valeriana, the type of wax formation on the
epidermal cell surface cannot be used as an addi-
tional diagnostic character (Tsarenko et al., 2021).
In conclusion, no significant differences were found
in the carpological features between both subspe-
cies. Our study also confirmed that the described
micromorphological characteristics of the fruits are
stable and do not differ from those described by us
(Tsarenko et al., 2021) previously for V. stolonifera
samples from other parts of Ukraine.

Morphological differentiation of the flower of
Valeriana stolonifera subsp. angustifolia and
subsp. stolonifera

Inflorescence in both subspecies is corym-
bose, multiflorous, 5(10)-30 x 5-20 c¢m, branches
of inflorescence arched. Bracts 2-4 x 0.5-0.8 mm,
herbaceous, greenish, paired, opposite, elongated,
lanceolate (subsp. angustifolia) to linear (subsp. sto-
lonifera), acute at the apex, slightly fused at the base,
with dense pubescence of bristly hairs in the form
of spots on the sides, broadly membranous at the
edges and with single cilia (Figs 4A; 5A).

The flowers are solely hermaphrodite, 3.5-6.0
mm long in V. stolonifera subsp. stolonifera and up
to 5 mm in V. stolonifera subsp. angustifolia. We
noted that the calyx has 10-12 awns on its apex that
wrap inward, and the calyx on the surface has scat-
tered pubescence of simple hairs. The corolla is 2.5-
4.5 mm long in both subspecies, white or pale pink
in V. stolonifera subsp. stolonifera and pinkish-lilac
in V. stolonifera subsp. angustifolia, in both subspe-
cies glabrous, funnel-shaped, narrowed at the base.
The corolla above its base has a thickening on one
side, a characteristic place for the accumulation of

nectar (Donoghue et al., 2003). Corolla is tubiform,
with five lobes. The lobes are different in shape:
two lobes are inverted-ovate, 0.50-0.75 x 0.50 mm,
third — oval, 0.75-1.00 x 0.30 mm, making the co-
rolla slightly zygomorphic (Figs 4B, C; 5B, C).

Stamens three, inside the flower, opposite to
corolla petal lobes; their filaments are thin, fila-
mentous, exceeding the corolla, up to 5 mm long;
anthers ellipsoidal, mobile, about 0.5 mm. We re-
corded in the stamens of both subspecies of V. sto-
lonifera the presence of an ovoid projection of the
connective over the anthers, the average length of
which is about 0.5 mm (Figs 4D; 5D).

Ovary 1-3 mm long, oblong-ovate, flat, with one
rib on the adaxial side and three ribs on the abax-
ial side, in V. stolonifera subsp. stolonifera densely
pubescent with conspicuous, short bristly hairs on
both surfaces except the ribs (Fig. 5E), whereas in
V. stolonifera subsp. angustifolia its pubescence was
seen on both sides and on one side of the ovary sur-
face (Fig. 4E); the column is filamentous, exceeding
the corolla; the trifid stigma is having three prongs
extended from the upper part of the column (Figs
4F; 5F).

Our analysis of flower samples from both sub-
species did not reveal significant distinguishing fea-
tures between them. The differences between these
subspecies are only in the color shades of the peri-
anth, in a slight difference in the size of the flowers;
we also noted the presence of carpels without pu-
bescence on the abaxial side in some specimens of
V. stolonifera subsp. angustifolia.

Conclusions

The detailed characteristics of the fruits and flowers
of V. stolonifera subsp. stolonifera and V. stolonife-
ra subsp. angustifolia were compiled based on the
results of a comparative morphological study using
SEM. No significant differences were found in the
macro- and micromorphological features of the
plant reproductive organs examined at the subspe-
cies level. Intraspecific differentiation of V. stoloni-
fera is likely limited to the vegetative parts of plants.

However, the data obtained made it possible to
expand the range of possible morphological charac-
teristics of fruits and flowers. Thus, the revision of
carpological samples showed that the pubescence
of fruits of both subspecies can be either predom-
inantly of flattened ribbon-like hairs or predomi-
nantly tubular, depending on the degree of maturity
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of the fruit. It was also found that the papillose for-
mations revealed on the fruit surface are developed
to varying degrees, regardless of the subspecies and,
possibly, are due to the physiological state of the
plant and environmental factors. It is important to
consider these fruit features when diagnosing other
taxa of the genus Valeriana.

For the first time, this study revealed a feature
of the flowers of both subspecies of V. stolonifera —
the presence of an ovoid protrusion of the connec-
tive above the anthers of the stamens.

The identified morphological characteristics of
generative organs are additional characters that,
along with vegetative ones, can be used for more
accurate identification of the species, as well as in
solving taxonomic issues of the V. officinalis com-
plex. To better understand of the taxonomic issues
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Mopddonoriuni oco6nmBoOCTi KBIiTOK i IIOAiB
Valeriana stolonifera (Caprifoliacaea) Ta ixHe TAKCOHOMiUHe 3HAUEeHH

O.M. HAPEHKO 234, 0.B. BYJIAX !, .M. IIXAJIEEBA 3,

M. LIEMNAHSIK 4, J1.M. ®EJIbBABA-K/IYIIVHA 3,

0.0. KYYEP !2, K. KAUMAPEK 2, A. PEBIY 2

! M.T. Iucturyt 6otaniku Xonognoro HAH Ykpainn,

By TepemenkiBcbka 2, Knis 01601, Ykpaina

Jlonsbkuit yHiBepcuTeT, Kadeipa re0O0TaHIKIL Ta €KOJIOTii poC/uH,
By/L. Banaxa 12/16, Jlogsp 90-237, ITonbia

DisyKo-XiMIYHMIT IHCTUTYT 3aXUCTY 3[OPOB A MIOAMHIY i oBKiIA Ofecbkoro
HalliOHa/IbHOTO YHiBepcuTeTy imMeHi I.I' Meunukosa,

By IIpeobpaskeHchbka 18, Opeca 65082, Ykpaina

Incturyt 6otaniku iMeni B. IlTacdepa ITonbcbkoi akaziemii Hayk,
By JIr06i4 46, Kpakis 31-512, ITonmbia

YKropopChKNit HalliOHAaTbHMII YHiBEPCUTET,

By/1. Bonomuna 32, Yxropop 88000, Ykpaina

2

'S

5

Pedepat. B po6oTi mpepcrapeHi pesyabraTi MaKpo- Ta MiKpoMOpQOJIOriYHOro JOCIiKeHH KBITOK i IUIOAiB [BOX miA-
BupiB Valeriana stolonifera: subsp. stolonifera ta subsp. angustifolia. BusueHo 3pasku 3 teputopiit Ykpainu Ta ITosbii.
Omncano 6yZ0BY KBITOK i I/IOfIiB Ta BIM3HAYEHO IXHi feTa/mbHi xapakTepuctuku. Mophomoriuti CTpyKTypn JOCTIPKEHO 3a
TOIIOMOTOI0 CKaHYBaJIbHOI elIeKTPOHHOI Mikpockomii. BusBieHo HOBi MikpoMop¢oIoriuHi 03HaKM MOBEPXHi IJIOAIB Ipef-
CTaBHMKIB OC/PKYBaHUX TaKCOHIB, BifMi4eHO 0COOMMBOCTI ITOBEPXHI — 30BHINIHIX HEePUKITIHATBHIUX i aHTUK/IiHATbHIX
CTiHOK KIITVH €K30KapIIio, TPMXOM i IIpofuxiB. Y KBiTKax MmpefcTaBHUKIB 060X minBupis V. stolonifera HasBHMit sitieno-
RIOHMIT BUCTYII B’A3a/IbLsA Haj MWIAKaMy THIMHOK. CyTTEBUX BiMIHHOCTeII Y MaKpoO- Ta MiKpoMOp(OIOriYHMX 03HAKaX
IUIOAIB i KBITOK MK JOC/I/PKYBaHMMI TaKCOHaMM He BYAB/IeHO. OTpMMaHi pe3y/IbTaTy B KOMIIEKC] 3 BifloMMMM O3HaKaMu
BereTaTUBHUX OPraHiB POCIMH MOXYTb OYTU KOPUCHUMM AK /1A TouHimo] inentudikanii nigsunis V. stolonifera, Tax i ans
BUpIIIeHHA TAKCOHOMIYHMX IMTaHb y rpymi V. officinalis aggr.

Kro4oBi croBa: ek3oKapriiii, KBiTKa, MikpoMopdooris, MikpocTpyKTypa, Iwiig, CEM Mikpockor, TaKCOHOMIst
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Structure and dynamics of populations
of Asclepias syriaca (Asclepiadaceae)
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Abstract. Asclepias syriaca (Asclepiadaceae) is a clonal plant, a kenophyte native to North America, and it is known for its
ability to form colonies. We present here a modern distribution map of A. syriaca in Ukraine based on extensive research,
including data from numerous herbaria, literature, open biodiversity databases, and our own field observations. Our findings
indicate that the highest concentration of this species is found within the Forest-Steppe region. We conducted a comprehen-
sive population study using traditional methods, identifying the above-ground shoot as the main unit of measurement. Our
research focused on four population sites in the Left-Bank Forest-Steppe (Poltava Region) and one site in Ukrainian Polissya
(Kyiv Region) for comparison. The populations studied are thriving and continuously expanding. Our results indicate that
intraspecific competition (self-thinning) plays a significant role in the species' territorial expansion. Under the influence of
climate change trends (particularly, warming and a decrease in annual precipitation) observed over the past 14 years, a shift
in phenophases has been recorded: shoots of A. syriaca emerge approximately three weeks earlier than before. However, other
population parameters have not shown significant changes.

Keywords: alien species, Asclepias syriaca, common milkweed, invasive species, population structure, population dynamics

Introduction

Phytoinvasions are now recognized as a major
destructive factor negatively affecting the envi-
ronment, particularly the flora (Protopopova et
al., 2002, 2003). This issue has become critical be-
cause invasions are significant drivers of non-native

organisms that inflict irreversible damage on the
survival of species and disrupt the normal func-
tioning of ecosystems (Vitousek et al.,, 1997; Ali-
en species..., 2002; Pejchar, Mooney, 2009; Sesay
et al., 2024). The World Conservation Union has
identified non-native organisms, particularly in-
vasive plants, as the second most significant threat
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to biodiversity, following only the destruction of
habitats. In certain countries, such as the USA and
Australia, this issue is considered the most pres-
sing current threat to biodiversity (Canada.ca.,
2025-onward; Invasives Canada, 2025-onward).
They also present a significant risk to human health
(Dendbile et al., 2023). The global economic cost of
phytoinvasions amounts to billions of dollars each
year, with Europe facing annual losses of 12 billion
Euros (Invasive Species Centre, 2025-onward; Eu-
ropean Commission, 2025-onward).

Several countries have developed national strate-
gies to prevent and control invasions (Genovesi,
Shine, 2004; Ries et al., 2004; Reaser, 2013, etc.).
In Europe, the Invasive Alien Species Regulation
(Regulation (EU) 1143/2014) has been adopted,
which includes measures that must be implement-
ed across the EU regarding invasive alien species.
In Ukraine, this issue remains largely unresolved.
Currently, A Draft Decree from the Cabinet of Min-
isters of Ukraine has been developed, entitled “On
the Approval of the National Strategy for Manag-
ing Invasive Alien Species of the Flora and Fauna
in Ukraine for the Period Until 2030”. This strategy
aims to enhance the country's environmental pol-
icy in line with European regulations. Its goals are
to prevent the entry and control the introduction
of invasive alien species into natural ecosystems, as
well as to eliminate or reduce the negative impacts
of these species on ecosystems, economic activi-
ties, and human health. Such legislative acts ad-
dress a range of issues, emphasizing, among other
aspects, the comprehensive studies of populations.
The specific actions for implementing the Strategy
in Ukraine include reducing the density and popu-
lation numbers of invasive alien species. This aims
to contain their impact at an acceptable level over a
long term, while also ensuring ongoing monitoring
of their populations.

The impact of invasive species is often linked to
their population size, but data on the size of these
populations and the occurrence of high-abundance
and expanding populations are frequently insuffi-
cient or unavailable (Hansen et al., 2013). Alien spe-
cies require time to adapt to new environments, and
characteristics such as taxonomy, biology, and other
ecological factors of alien plants ultimately determine
their success in the new habitat (Sakai et al., 2001).

This topic is widely discussed among scien-
tists (Sakai et al., 2001). For example, researchers
are studying the age structure and dynamics of
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Heracleum mantegazzianum Sommier & Leviev
populations (Pergl et al., 2006, 2007). Some stud-
ies focus on seed productivity and germination dy-
namics, as well as the population structure of Ascle-
pias syriaca L. (Sarkany et al., 2008; Paukova et al.,
2013; Bacieczko, Borcz, 2015); structures of genom-
ic diversity of Reynoutria japonica Houtt in popula-
tions (Guerrero et al., 2021; Kawai et al., 2023, etc.),
among other examples.

Asclepias syriaca is a species that has been spread-
ing across Ukraine in recent years and successfully
occupying new habitats. This species is currently
under active studies in Ukraine. The findings from
these studies reveal various aspects, including the
genetic diversity of the species, its history of cultiva-
tion, its past and current distribution, roles within
plant communities, characteristics of coenopopula-
tions, methods of utilization, and some data from
population studies (Dvirna, 2014, 2015, 2018, 2020,
2021; Dvirna et al., 2023; Didenko et al., 2023; Pa-
shkevich et al., 2023).

Our present research aims are to provide a com-
prehensive study of the structure and dynamics of
populations of Asclepias syriaca, as well as the im-
pact of climate on these populations in the Left-
Bank Forest-Steppe of Ukraine.

Materials and Methods

Study area

The study is based on original data collected from
our field research conducted between 2011 and 2024.

We selected populations of A. syriaca from the
villages of Lelyukhivka, Sudivka, Kuntseve, and the
former village of Pudly in Poltava District, Poltava
Region (Oblast). This territory is located in the cen-
tral and central-northeastern parts of Ukraine (Fig.
1). According to botanical and geographical zon-
ing, the studied territory falls within the Left-Bank
Forest-Steppe zone (Heluta, 1989). According to
the physiographic zoning (Popov, 1968), it belongs
to the Forest-Steppe zone. For comparison, a study
was conducted in Mykolaivka village of Bucha (Bu-
chanskyi) District, Kyiv Region (Oblast) (Fig. 1). It
is located in northern Ukraine, in the Kyiv Polis-
sya zone, which is part of Ukrainian Polissya (the
northern forest zone).

A mix of highlands and lowlands, with lowlands
being more prevalent, characterizes the relief of
the Left-Bank Forest-Steppe. The Dnipro Lowland
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Fig. 1. Distribution map of the studied Asclepias syriaca populations

covers a significant portion of this area, while the
eastern foothills of the East European Upland (also
sometimes referred to as the Central Russian Up-
land) rise in the far east. The locality of the village of
Mykolaivka belongs to the Polissya Lowland (part
of the East European Plain), where flat and slightly
undulating relief prevails, with minor differences in
elevation.

Soils in the Left-Bank Forest-Steppe exhibit
substantial diversity. Chernozems, including both
podzolized and typical types, are predominant,
while gray forest soils are also common. Addition-
ally, meadow-chernozem and meadow soils are
found in the lowlands, while peat soils are present
in certain areas (Balaev et al., 2005). The soils in-
clude black soil in Kuntseve and Lelyukhivka, while
the others consist of sandy and sandy loam types.

The primary soil types in Kyiv Polissya in-
clude sod-podzolic (light sandy loam and sandy),
sod-weakly podzolic sandy loam, swampy and
peat-swampy, and alluvial soils found along river
valleys and streams (Balaev et al., 2005). Gray forest
soils characterize the research area in Mykolaivka.

The territory of the Left-Bank Forest-Steppe be-
longs to the temperate climatic zone (Khilchevskyi
et al., 2014). Based on data from the Branch State
Archive of Hydrometeorological Observation Ma-
terials at the Borys Sreznevsky Central Geophysical
Observatory, we compiled a database that allowed

us to create climate diagrams. These diagrams il-
lustrate the average monthly air temperature, °C
(Fig. 2) and the total monthly precipitation (mm)
recorded at the weather stations closest to the stud-
ied localities. Thus, Lelyukhivka, Pudly, and Sudiv-
ka are closest to Kobelyaky; Kuntseve is closest to
Poltava; and Mykolaivka is closest to Kyiv.

The climate of the studied region features mod-
erately cold winters and warm summers. At the
Poltava weather station (Fig. 2A, D), the average
annual temperature from 2011 to 2016 ranged be-
tween 7 and 9 °C. Since 2017, a clear warming trend
has emerged, with the warmest years being 2020
(about 10.4 °C) and 2023 (approximately 10.9 °C).
The maximum temperature reached 24.5 °C in July
2023. Winters in 2015, 2019, and 2020 were unu-
sually warm, with temperatures staying above zero,
while winters in 2012, 2014, 2016, and 2017 were
colder. Spring is typically warming; from 2019 on-
ward, March averaged above zero, and May was no-
tably warm in 2013 (20.1 °C). From 2016 to 2024,
summers have consistently been warm, averaging
22-24 °C, with rising temperatures noted in July
and August.

In Kobelyaky (Fig. 2B, E), the lowest average
temperature was recorded in 2016 at approximate-
ly 7.3 °C, with a rising trend of about 2.5 °C over
the past 14 years. Winters after 2018 became milder,
with 2016 and 2017 being colder, and 2020 notably

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (5) 475



T.S. DVIRNA, V.M. MINARCHENKO, I.A. TYMCHENKO

Trend of Average Annual Temperature (°C) (2011-2024) A

11

Average Annual Temperature (°C)

2012 2014 2016 2018 2020 2022 2024

Year

Trend of Average Annual Temperature (°C) (2011-2024) B
12

(C)

Average Annual Temperature

2012 2014 2016 2018 2020 2022 2024

Year

Trend of Average Annual Temperature (°C) (2011-2024) C
12

Average Annual Temperature (°C)

2012 2014 2016 2018 2020 2022 2024

Year

Trend of Average Monthly Temperature (°C) (2011-2024) D
25

Average Monthly Temperature (°C)
o

Month

Trend of Average Monthly Temperature (°C) (2011-2024) E
25

Average Annual Temperature (°C)

0 .// 2 J
5

D
R T B R I S
& W ¥ ¥ & & S
SR S

Year

Trend of Average Monthly Temperature (°C) (2011-2024) F
25

Average Monthly Temperature (°C)
o

0 — =
5
D o '
S &HE DS
& & A v & &
= <5 <

Month

Fig. 2. Graphs of the trend of average annual temperature, and the trend of average monthly temperature (°C), 2011-2024. A,
D: at the Poltava weather station; B, E: at the Kobelyaky weather station; C, F: at the Kyiv weather station

warmer. Summer temperatures reached 25.1 °C in
July 2023, with trends showing a steady increase, es-
pecially since 2017.

At the Kyiv weather station (Fig. 2D, F), 2012
was the coldest year (= 9.03 °C), while 2023 was the
warmest (= 11.04 °C). Since 2018, there has been a
noticeable increase in the average temperature. Jan-
uary is the coldest month (around -2.81 °C), and
July is the warmest (about 21.89 °C), with notable
fluctuations including record lows in February 2012
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and peaks in July 2021. The overall trend indicates
ongoing climate warming.

Between 2011 and 2024, the climate has demon-
strated a distinct warming trend. Winter months are
becoming noticeably milder, with fewer frosty peri-
ods, while summers are experiencing more frequent
heat peaks of 22-24 °C. Spring and autumn also
show a gradual increase in temperatures, indicating a
shift in climate norms toward overall warming. Con-
sequently, winters are becoming shorter and warmer,

ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (5)




Structure and dynamics of populations of Asclepias syriaca (Left-Bank Forest-Steppe, Ukraine)

and the annual temperature range is narrowing, with
fewer severe frosts and more pronounced high-tem-
perature peaks during summer.

One characteristic of the climate in the Left-
Bank Forest-Steppe is its unstable moisture levels
(Adamenko, 2014). According to the agro-climat-
ic zoning, the area studied is classified as a weakly
humidified zone (Adamenko, 2014). The highest
peaks at the Poltava station occurred in June 2014
(134.3 mm), June 2021 (133.3 mm), and May 2016
(126 mm). The lowest values were recorded in Sep-
tember 2015 (4.4 mm), September 2016 (2.2 mm),
and August 2018 (1.4 mm). The dynamics are high-
ly variable, with sharp increases alternating with
declines. For example, following the 2014 peak,
values dropped significantly in 2015. After 2021, a
tendency toward reduced fluctuations is observed,
with no extreme values exceeding 100. The most
“stable” years, showing moderate values, are 2019,
2022, and 2023. Data from the Kobelyaky station
demonstrated a pronounced cyclical pattern, with
distinct peaks recorded in 2016, 2018, and 2021.
However, the subsequent period (2022-2024) indi-
cates a downward trajectory. The variability of the
series suggests a lack of stability, as values fluctu-
ate considerably between 28 mm and 73 mm. Data
from the Kyiv station exhibited a wave-like dynamic
with pronounced peaks in 2013 and 2016, followed
by an overall decline in 2024. Thus, the precipitation
dynamics at the selected stations exhibit a wave-like
pattern, where sharp increases alternate with de-
clines. There is a noticeable trend of decreasing an-
nual precipitation.

Analyzing archival climate data and literature
(Adamenko, 2014), we observe that droughts are
advancing into regions with sufficient moisture,
increasingly covering wider areas. The area of the
humid agroclimatic zone (Polissya) and the zone
of unstable moisture (Forest-Steppe) is decreasing,
while the arid zone (Steppe) is expanding. This shift
is occurring alongside a steady increase in air tem-
peratures throughout the year, particularly during
the cold months and especially in July and August.
Additionally, there is a rise in thermal resources in
the region, though some areas are experiencing a
slight decrease in annual precipitation.

This territory of Poltava Region is situated on
the left bank of the Dnipro River. Numerous riv-
ers drain the studied area, the largest being the
basins of the Dnipro, Sula, Psel, and Vorskla rivers
(Khilchevskyi et al., 2014).

Data and methods

Based on the original data of our field research,
the analysis of herbarium specimens from CHER,
CWU, DNU, KHER, KW, KWHA, KWHU, LW,
LWKS, IWS, and PWU (Shiyan, 2011), together
with data from open-access databases such as GBIF
(2025-onward), UkrBin (2025-onward), and iNa-
turalist (2025-onward), and literature data, a com-
prehensive database documenting the distribution
of the common milkweed has been compiled, and
it currently contains over 2.500 localities. A dis-
tribution map was compiled using SimpleMappr
(https://www.simplemappr.net/), and Google Maps
(https://www.google.com/maps).

The populations studied inhabit various types
of habitats. In segetal areas, we found A. syriaca in
Lelyukhivka in a soybean field, and in Pudly and
Kuntseve in areas which feature deserted private
gardens. In Mykolaivka, we observed it in an aban-
doned field. In a semi-natural setting, the popula-
tion in Sudivka is located at the forest edge within a
Pinus sylvestris L. plantation.

We established randomly selected plots within
the population field, each measuring 1 x 1 m. The
number of plots varied based on changes in the
population field, ranging from one plot (Sudiv-
ka, Lelyukhivka, Pudly) to 10 (Kuntseve) and 12
(Mykolaivka) plots.

Population studies were conducted according
to the method of Zlobin (1989, 2009; Zlobin et al.,
2013). Considering the biological characteristics of
the studied species, we use the aboveground shoot
as the accounting unit.

Among the ontogenetic periods, we distinguish
three. Pre-generative is the period that encompass-
es the growth of the plants from seedlings to fully
mature vegetative plants. The generative period
pertains to individuals that are in the flowering and
fruiting stages. Post-generative is a period of senes-
cence, when individuals cease growth and repro-
duction and gradually die out.

During our study of the phenological phases of
the species, we recorded the onset of emergence,
flowering, fruiting, and seed dispersal, using Holdre-
ge’s image and data (Holdrege, 2010) as a reference.

The number of individuals in a population is de-
fined as the total count of population units within
it. For small plots, we conducted a complete count
of shoots. In larger plots, we estimated the total
size of the population area, determined the average
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Fig. 3. Geographical distribution of Asclepias syriaca in Ukraine

population density by counting shoots in sample
plots, and then calculated the average total number
of shoots in the entire population. Population den-
sity is measured as the number of individuals per
unit of area (e.g., 1 x 1 m). When studying the spa-
tial organization of common milkweed populations,
we recorded the locations of individuals within the
population area, as well as in the sample plots.

The spatial structure, i.e., the nature of the indi-
vidual’s placement within populations, was defined
following Kershaw (1964) and Zlobin (1989, 2009).
This is the position of plant individuals (ramets /
above-ground shoots) in the population area.

Based on the accounting method outlined by Mi-
narchenko (2014), we measured the density of the
stock by weighing the freshly harvested raw materi-
als per unit area. The results are expressed in grams
per square meter (g/m?). Additionally, we conduct-
ed a second weighing of the dried raw materials.

Results and Discussion

The species is a kenophyte that was introduced to
Europe during the late 17" and early 18® centuries
(Bagi, 2008). In Ukraine, the wild-growing (esca-
ped) plants were first recorded in Vinnytsia Regi-
on at the end of the 19 century: “Asclepias syriaca
L. Mohileff. Dniester, Podolia gub. ... Montresor,
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16 Aug” [sine datum, probably middle of the
1880-1890s]. Montresor” (KW, s.n.).

Common milkweed is native to North Amer-
ica (Woodson, 1954; Bhowmik, Bandeen, 1976;
POWO, 2025-onward). The species is commonly
found in a variety of habitats in the primary range,
including plains, slopes, ridges, valleys, fields,
meadows, pastures, ditches, and the banks of ponds
and lakes. Additionally, it thrives in swamps, bogs,
parks, urban areas, stream banks, hollows, preci-
pices, sand hills, prairies, and forest clearings and
edges, as well as in coastal forests (Fishbein, 2023).
The species is found in many European countries
(Follak et al., 2021). It is considered invasive in
Hungary (Bagi, 2008; Zalai et al., 2017; Meinhardt
et al., 2024; Tolgyesi et al., 2024), Romania (Sirbu
et al., 2021), Bulgaria (Petrova et al., 2013), Croatia
(Borsi¢ et al., 2008, 2018), Bosnia and Herzegovi-
na (Maslo, 2016), Germany (Nehring, Skowronek,
2017), and potentially invasive in Widuchowa,
Poland (Bacieczko, Borcz, 2015). The European
Union, by Regulation (EU) No 1143/2014, lists the
common milkweed as one of the invasive alien spe-
cies. Since 2017, A. syriaca has been included in the
Union List, which prohibits the keeping, importing,
selling, breeding, and growing of this species with-
in the European Union, as outlined in Article 7 of
the Invasive Alien Species regulation (Commission
Implementing Regulation (EU) 2017/1263). In the
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Fig. 4. Rhizomes of Asclepias syriaca. A: gray forest soils; B: black soil

GBIF database (GBIFE, 2025-onward), there are
available entries for Mexico, Australia, and Kazakh-
stan. However, the records for Australia and Mexico
are considered likely incorrect (Follak et al., 2021).
In recent decades, the species has rapidly spread
and become naturalized in Ukraine. The highest
density of its localities is found in the central region
of Ukraines Forest-Steppe (Fig. 3). It seems to be
completely absent in Crimea, with isolated localities
found in the southern, southeastern, and eastern re-
gions of Ukraine. Asclepias syriaca is distributed in
various types of habitats; ruderal and segetal habitats
predominantly occupy roadsides of transport routes,
areas near cultivation centers (such as botanical gar-
dens, homesteads, and flowerbeds), and semi-natu-
ral areas (including forest edges and meadows).
Asclepias syriaca is a perennial rhizomatous plant
with erect herbaceous, mainly unbranched, and an-
nually dying off above-ground shoots up to 1.5-2.0
cm in diameter, 93-220 cm high. The rhizome of this
species is plagio-orthotropic, highly branched (Fig.
4), which enables it to adapt to various types of soil.

The rhizomes of the plant from different localities
show some variation (Fig. 4). In gray forest soils, the
population is relatively young (established in 2012),
and the plant rhizomes exhibit fewer branches (Fig.
4A) as compared to those of another population on
black soils (Fig. 4B), which has existed for over 20
years. Nevertheless, in both cases, the populations
are thriving.

This species is classified as an implicitly polycen-
tric biomorph, as it possesses multiple growth centers
that are located so closely together that distinguish-
ing between them is quite challenging. The species
under investigation is a typical polycarpic, character-
ized by a life cycle in which the generative phase lasts
significantly longer than both the pre-generative and
post-generative periods (Table 1).

Studying phenology reveals plant’s biological
characteristics, as examining its seasonal develop-
ment and phenological phases helps identify pat-
terns in its life cycle (Stupak, 2023). In addition,
such studies help develop measures to manage in-
vasive species, including common milkweed. Some
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Table 1. The ontogenetic periods for the studied Asclepias syriaca populations

Ontogenetic period Period in 2011

Period in 2024

Pre-generative May 11 — June 9
Generative

Post-generative From August 28

July 4 (by Holdrege) / June 10 — August 15

April 20 — May 30
June 6 (July 10) — flowering and until September 5 fruiting
From September 16

stages of phenological development of A. syriaca
are depicted in Fig. 5.

The data from 2011 are consistent with the North
American findings of Holdrege (2010). We have sup-
plemented his data according to our observations.
The time of sprouting depends on the temperature
regime; the earlier the air temperature rises, the earli-
er the sprouts appear. At present, the first shoots (Fig.
5; April 10) typically appear in late April, when the
air temperature is between 8 °C and 10 °C (Fig. 2), to
early May, when the air temperature is between 12 °C
and 20 °C (Fig. 2). Aboveground shoots develop over
a month, leading to an increase in the plant's height
and the number of leaves. The flowering phase begins
in June and July, followed by fruiting from mid-July
to September (Table 1, Fig. 5). Seed dispersal contin-
ues from September until the first frosts. After this
period, the shoots die off and usually persist in a
dry state until spring. Over 14 years of observation,
we have noted a shift in the timing of phenophases,
likely due to climatic factors, specifically warming.
Consequently, minor shifts in phenological phases,
such as the earlier emergence of seedlings and the
somewhat earlier onset of flowering and fruiting, are
indicative of warming.

2011 May 11
2024 April 20

A @
WYY

201 May 26
2024 May 3

June 1
May 25

June 9 July 4

May 30 June 6 — July 10

Fig. 5. Some stages of phenological development of
Asclepias syriaca (based on Holdrege (2010), with dates
from the present study)

480

Asclepias syriaca exhibits two primary growth
forms, resulting in either the development of a
composite individual or the establishment of a col-
ony. The term “colony” is here synonymous with
the term “clone”, which is widely accepted. The
components of an individual have closely arranged
ramets, maintaining a consistent connection with
the maternal individual and with each other. The
type of clone we are discussing is classified as pop-
ulation-coenotic. In this context, a clone consists of
a collection of ramets that share a common origin
and occupy a specific area. These ramets do not
necessarily exhibit morphological or physiological
similarities with one another, but they collective-
ly represent a distinct morphological and coenotic
integrity. It is important to note that plants of the
same species can produce multiple types of clones
simultaneously. We believe this also applies to com-
mon milkweed. One possible variant of the clone
type is genetic and physiological. However, we have
not conducted studies to confirm the genetic sim-
ilarity of individuals in a clone or the metabolic
differences between ramets. Another type is mor-
phostructural, which refers to a collection of ramets
situated close to the mother plant and connected
through underground or aboveground stem-root
formations. One piece of evidence for the morpho-
structural type is an experiment that involves phys-
ically damaging shoots by completely cutting them.
This leads to the formation of new shoots next to
where the old ones previously grew.

We have examined the spatial structure of pop-
ulations, which has significant ecological implica-
tions. The diversity of spatial organization enables
populations to utilize environmental resources and
minimize intraspecific competition efficiently. As
a result, they can strengthen their positions with-
in their habitats. Additionally, the spatial structure
facilitates interactions among individuals within
populations, a phenomenon commonly observed
during the self-thinning process.

The spatial structure of populations is deter-
mined by the arrangement of individuals within
a habitat, leading to typical distribution patterns.
Our research has identified two types of horizontal
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Fig. 7. The number of the A. syriaca individuals. A: in Kuntseve village; B: in Sudivka village

structures typical of common milkweed popula-
tions: random-contagious and contagious (Fig. 6).
In the random-contagious type of individual
placement within a population field, individuals
are randomly positioned, resulting in clusters of in-
dividuals. Most cases of randomness, or some dis-
tance from shoot accumulation centers, result from
specific impacts, such as mowing, uprooting, or
chemical treatment. The contagious type, or cluster
of individuals — or a group, curtain, or mosaic — is
influenced by their habitat, the unique characteris-
tics of their ontogeny, and reproduction under spe-
cific conditions, as well as various external factors.
It is important to highlight that most populations
exhibit spatial heterogeneity. The populations of the
A. syriaca exhibit a specific phytocoenotic pattern.
Population characteristics are commonly evalu-
ated in terms of size and density. Within the 1 x 1
m sampling plot found in the village of Kuntseve
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(Poltava Region), shoot density ranged from 35 to
55.1In 2011, the occupied area of the studied species
was 3 x 4 m; by 2014, it had expanded to 10 x 10
m, further increasing to 15 x 20 m in 2020, and to
20 x 22 m in 2024. Consistent with this spatial ex-
pansion, the number of A. syriaca shoots increased
from 600 in 2011 to 5 500 in 2014, 16 500 in 2020,
and 24 200 in 2024 (Fig. 7). Overall, the number of
shoots in this population increased nearly 40-fold
over the 14-year observation period.

In the area near Sudivka village in Poltava Re-
gion, the species was first observed at the edge of
an artificial plantation of Pinus sylvestris. In 2012,
there were 15 shoots; by 2018, this number had in-
creased to 33, occupying an area of 2 x 2 m. In 2020,
the number of individuals increased to 107 shoots,
covering 1.5 x 4.0 m. By 2024, the population had
reached 153 shoots, occupying an area of 2 x 8 m
(Fig. 7B).
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Fig. 8. Type of spatial arrangement of the Asclepias syriaca
population in Mykolaivka village (Kyiv Region). A: random
structure; B: photo of the A. syriaca density (photo by V.M.
Minarchenko)

We observed a tenfold increase in the common
milkweed population. Notably, shoots recorded
in 2012 and 2013 did not produce fruits; by 2020,
only nine shoots fruited, whereas by 2024, more
than half had flowered. This delayed reproductive
success is likely attributable to unfavorable micro-
habitat conditions, as the species occurred entirely
beneath the canopy of Pinus sylvestris for several
years. In 2014, however, 50% of the shoots fruited
as most individuals expanded into illuminated ar-
eas, with only four remaining under the pine can-
opy. By 2024, the population was predominantly in
well-lit habitats, with just eight shoots persisting in
shaded conditions.

In 2023, the A. syriaca population was observed
in Pudly. This population consisted of 101 shoots,
occupying an area of 2.7 x 2.6 m, resulting in an
average population density of 25 shoots per square
meter. A notable characteristic of the species in this
area is the curling of the leaves. By 2024, the popu-
lation density had increased to 52 shoots per square
meter. The total area is approximately 3.5 x 4.0 m
with an estimated population size of about 200
shoots. A self-thinning process has been observed
within the population. Shoots were also found
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emerging at a distance of 0.5 m from the main clus-
ter. This year, it is observed that the lower leaves of
all shoots have turned yellow and are gradually fall-
ing off during the flowering period. Over the year,
the number of population individuals has doubled.
The causes of the leaves' yellowing and curling re-
main unidentified.

In 2019, a new locality of common milkweed
was recorded among soybean crops in Lelyukhivka.
The population consisted of 17 individuals, occu-
pying an area of 0.5 x 0.5 m. Of these individuals,
five were flowering and six showed damage char-
acterized by leaf twisting. In 2023, only four shoots
were noted. However, systematic spot chemical
treatments were applied to this site throughout the
entire observation period, and by 2024, the popula-
tion disappeared.

A somewhat different situation was observed in
Mykolaivka village (Kyiv Region). The spatial struc-
tures of this common milkweed population are ran-
dom (Fig. 8).

This population emerged around 2003 and is
gradually expanding its area. In the plots, the num-
ber of individuals varies from five to 24. The spe-
cies occupies an area of approximately one hectare,
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resulting in a population density of about 240.000
shoots per hectare. Based on our analysis of the
data, we conclude that all studied populations of A.
syriaca are growing and expanding. By the type of
vitality, the populations are prosperous.

We also compared our data with similar existing
data. We found that the number of shoots is a vari-
ant trait influenced by biotype types and both biotic
and abiotic factors.

Populations of ruderal habitats in Western Slova-
kia exhibit a high density, with 45 shoots per square
meter recorded. Similarly, an abandoned vineyard
in Central Slovakia showed 33 shoots per square
meter (Valachovi¢, 1987; Paukova et al, 2013).
These high densities are also observed in popula-
tions from Poltava Region. In contrast, a lower den-
sity was noted in an abandoned vineyard in Hunga-
ry, ranging from 7.4 to 18.1 shoots per square meter
in an abandoned field (Csontos et al., 2009). North
American studies report even lower figures, with
only 1.2 to 8.8 shoots per square meter (Bhowmik,
Bandeen, 1976). These lower densities may occur
either during the initial establishment of a species
in a new area or because of self-thinning processes.
Intraspecific competition likely leads to a gradual
decrease in population density and range expan-
sion. This phenomenon is a characteristic of A. syri-
aca populations.

Regarding the determination of stock density,
we obtained the following results. In 2022, when
weighing fresh raw materials (aboveground shoots)
in the village of Kuntseve, the weight ranged from
3.5 to 4.0 kg, while the dry weight ranged from 2.8
to 3.0 kg. The number of shoots per square meter
was 32-36.

Upon re-examination in 2024, the weight of
freshly harvested raw materials ranged from 1.00 kg
to 3.08 kg. Correspondingly, the weight of dry raw
materials varied from 0.47 kg to 2.79 kg. The num-
ber of shoots observed during this period ranged
from 20 to 45.

At the experimental site in Mykolaivka village,
we recorded the weight of freshly harvested raw
materials ranging to 1.530 kg, with dry raw mate-
rial weights 0.80 kg. In this instance, the number of
shoots ranged from 10 to 16.

In both locations, we noted that weight loss
was minimal (up to 1 kg). Significant variations
in weight can be attributed to the spatial structure
of the population field and the density of the rafts.
Importantly, climatic conditions do not appear to

== == \Neight of fresh raw materials (kg) == Weight of dry raw materials (kg)

Weight (kg)

2022 2024

Year

Fig. 9. The stock density of Asclepias syriaca

affect the resource density of A. syriaca. The rela-
tively high indicators of stock density suggest prom-
ising potential for utilizing this species in industry,
such as to produce biofuels or in the pharmaceuti-
cal industry.

Conclusion

The monitoring studies described above were con-
ducted for the first time in Ukraine. The analysis
of selected climate data demonstrates a clear shift
in climate over the past 14 years. A trend toward
warming and a reduction in annual precipitation is
observed. However, it is essential to consider local
climatic conditions. For example, in 2018, a flood
occurred in Ukraine, and the common milkweed
population field was submerged. Therefore, the spe-
cies can tolerate temporary waterlogging as well as
dry periods.

Notably, climatic changes have influenced the
phenology of A. syriaca, particularly the earlier
emergence of seedlings. It was hypothesized that
the prolonged lifespan of shoots would lead to in-
creased biomass; however, this expectation was not
supported. Despite consistently high shoot density,
the stock of raw material did not differ substantially
across sites. At the same time, other structural char-
acteristics of the populations appeared unaffected
by climate changes and trends.

Populations of the species are thriving and con-
stantly growing due to their complex biology, eco-
logical timing, and behavior. The gradual expansion
of this species' range observed over the past decade
is likely due not only to the methods of introduc-
tion, whether intentional by humans through seeds
or unintentional during land cultivation, but also
to competition within the species itself. We believe
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this is a regular characteristic of the species, ob-
served not only in Ukraine but also throughout Eu-
rope and the USA.

Thus, conducting population monitoring studies
of invasive species allows for their control and time-
ly eradication, which are effective means of reduc-
ing their further spread. We saw this in one of the
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CrpykTypa Ta guHaMiKa nonynAuiit Asclepias syriaca

B Me>kax JIiBo6epesxnoro Jlicocteny Ykpainu

T.C. IBIPHA 2, B.M. MIHAPYEHKO !?, .A. TUMYEHKO !

1 IncturyT 6oranikn iMm. M.T. Xonognoro HAH Ykpainu,
By TepemenkiBcbka 2, Kuis 01601, Ykpaina

2 HauioHaIbHUIT MEIVYHUIT yaiBepcutet imeni O.O. boromonb1is,
By Ynkanenka 22, Kuis 01601, Ykpaina

Pedepart. Asclepias syriaca — keHOdiT IMiBHiYHOAMEPMKAHCBKOTO MOXO/KEHH:, KIOHAIbHA POCIIVHA, IO 3[jaTHA YTBOPIO-
BaTu Ko/oHil. Ha oCHOBIi ompalioBaHHs 3HAYHOTO MAacHBY repOapHIUX, NiTepaTypHMX BifJOMOCTeIl, BITKpUTUX 0a3 HaHMX 3
610pi3HOMAHITTA Ta BIACHMX ITONbOBNUX JAAaHMX, HAMM CK/IafIeHO CYy4acHy KapTy HOLIpeHHs A. syriaca B YKpaiti. BusisieHo,
1110 HaiiBMIIla KOHLIEHTpallid JIOKa/IiTeTiB BUY criocTepiraerbca B Mexax Jlicocteny. KommniekcHe nonynsiiiiHe OCiKeH-
HsI IIPOBEJIEHO 13 3aCTOCYBaHHAM K/IACMYHIX METO/IB; 0O/TIKOBOK OfMHMIE0 OyB BI3HAYEHWIT Ha3eMHu mariH. OCHOBHY
yBary JOCTIIXeHHsI 30Cepe/PKEHO Ha YOTUPhOX IOMY/IALIHIX MOMAX BUAY ¥ Mexax JliBobepexnoro Jlicocremny (ITonTas-
cbKa 00J1.) Ta, i HOPIBHAHHA, Ha OffHOMY B YKpaiHcbkoMy Ilomicci (KuiBcbka 0671.). JocnipkyBsani momyAtii € mporsi-
TAIOUVMI i ITOCTiITHO 3pOCTatoTh. JJOCTiIKEHHA ITOKA3yIOTh, 110 BHYTPIlIHbOBNMIOBA KOHKYPEHIiA (CaMOIIPOPiIKyBaHHA)
CIIpusie POSIIMPEeHHIO 3aiiMaHoi Tepuropil. ITif BIVIMBOM TeHAeHL il 3MiH KIiMaTy (30KpeMa, MOTeIUIiHHA Ta 3MEHIIeHHs
piuHOi KimbKoCTi omafiB), 3adiKcOBaHMX YIPOROBX OCTaHHIX 14 poOKiB, croctepiraerbcs scys denodas — BifpocTaHHA
maroHiB A. syriaca BifbyBaeTbcs Ha TPU TIDKHI paHinre. BogHodac iHIIi TapaMeTpy IOMY/IALi iCTOTHO He 3MiHIOIOThCA.

KmiouoBi croBa: Asclepias syriaca, afBeHTUBHUIT BT, IHBa31iiHMIT BUA, CTPYKTypa Ta AMHAMIKa IOy ALl
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Abstract. On June 6, 2023, the dam of the Kakhovka Hydroelectric Power Plant was intentionally demolished by Russian tro-
ops, who detonated pre-deployed explosives, causing an environmental catastrophe in the Northern Black Sea region. Despite
the severe environmental and socioeconomic repercussions, the disaster offered unique opportunities to study vegetation
development in the long-flooded but now exposed area. The aim of the present study was to reveal and demonstrate the
initial stages of formation of the flora and vegetation in the area of the former Kakhovka Reservoir, combining field research
data (flora and vegetation surveys and observations, etc.) and remote sensing techniques (calculation of vegetation indices,
supervised machine learning classification, etc.). We visited the area in June and October 2023 and in May 2024; during these
visits we georeferenced and outlined various habitat types. These field data were used for geospatial modeling. Our studies
found that the number of taxa of vascular plants in the area increased nearly 14 times during the year, thus contradicting ini-
tial pessimistic predictions and scenarios of desertification, ruderalization, and large-scale invasions of invasive alien species.
We identified main types of newly formed terrestrial habitats, including willow and poplar thickets, marshy habitats, mud-,
sand- and shell-covered areas with sparse vegetation. Remote sensing methods, augmented by machine learning techniques,
complemented these findings, providing detailed habitat maps for the entire reservoir bed. This study contributes to our un-
derstanding of ecological successions and habitat dynamics in post-catastrophic landscapes, informing future management
strategies for such areas.
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Initial stages of revegetation at the bottom of the drained Kakhovka Reservoir

Introduction

Overexploitation of water resources, including
over-regulation of river basins, is a major concern
both in terms of water quality and biodiversity loss
(Poff et al, 1997). The EU Biodiversity Strategy
sets the target to make at least 25,000 km of rivers
free-flowing again by 2030, by removing primarily
obsolete barriers and restoring floodplains and we-
tlands (European Commission, 2021).

The drawdown of large and small reservoirs is
usually planned and gradual. In the USA, for exam-
ple, more than 450 dams have been removed dur-
ing the last century (Graf, 2003; Aube et al., 2007;
see also updated information in: American Rivers,
2019-onward). There are positive ecological aspects
of reservoir drawdowns, e.g. restoration of natural
flow and habitats of wildlife (such as mule deer), no
barriers to migratory fish passage, etc. (Poff et al,,
1997; Lenhart, 2003; Stanley, Doyle, 2003). Poten-
tial risks include the introduction of invasive alien
species and slow recovery of natural vegetation
(Bednarek, 2001; Stanley, Doyle, 2003; Aube et al.,
2007). However, it has been found that invasive spe-
cies appeared to be much less abundant than initial-
ly expected (Prach et al., 2019). Data on the initial
stages of succession and the formation of new hab-
itats in drained areas following the release of water
as a result of dam failure are reported from the US
(Acker et al., 2008; Peterson et al., 2025). Further-
more, various environmental aspects of dams func-
tioning (Johansson, Sellberg, 2006; Schleiss, Boes,
2011) and consequences of deliberate dam removal
were also considered (Shafroth et al., 2024, etc.).

However, when the Russians blew up the dam of
the Kakhovka Hydroelectric Power Plant on 6 June
2023, similar processes occurred immediately and
catastrophically, which triggered a large-scale eco-
logical disaster (Naddaf, 2023; UNEP, 2023; Stone,
2024; Shumilova et al., 2025), directly or indirect-
ly impacting the ecosystems of the Northern Black
Sea region in Ukraine and adjacent countries. The
socioeconomic connections established in the
transformed landscape of the Black Sea lowland
over the past 70 years since the reservoir's con-
struction were severed and disrupted. Despite the
negative environmental and socioeconomic conse-
quences (Vyshnevskyi et al., 2023), the disaster pre-
sented a unique opportunity to observe vegetation
development over a vast area that had been flooded
for more than six decades. This is what makes the

case of Kakhovka so globally remarkable. Unlike
the aforementioned examples from the USA, renat-
uralization in Ukraine was not planned — it is hap-
pening naturally, creating a unique “natural testing
ground” for science.

Shortly after the water level stabilized, satellite
images revealed large drained areas at the Kakhov-
ka Reservoir site. Speculations regarding further
scenarios at the reservoir’s bed were mostly pessi-
mistic, including the potential release of dried silt
contaminated with heavy metals into the air (Na-
ddaf, 2023), and local territorial and ecological ex-
pansions of invasive alien plants (UNEP, 2023). The
possibility of desertification of this territory is also
still being considered (Pichura et al., 2025). These
hypotheses could only be tested on-site by exam-
ining the actual development of vegetation in the
drained areas of the former Kakhovka Reservoir.

However, due to the area's location in the zone
of active hostilities (the Right Bank has been lib-
erated by the Ukrainian Armed Forces, while the
Left Bank is still occupied by Russian troops), the
majority of its territory remains inaccessible to field
surveys. In this regard, the role of remote methods
for tracking the processes occurring at the bottom
of the former reservoir has increased. Multispectral
optical images, provided by space missions like Sen-
tinel or Landsat, proved to be valuable data sources
for habitat and vegetation mapping (Xie et al., 2008;
Fassnacht et al., 2016). Augmented with machine
learning techniques for supervised image classifica-
tion, e.g., Random Forest (RF), Support Vector Ma-
chine (SVM), or Classification and Regression Tree
(CART), they allow researchers to produce large-
scale habitat maps (Gislason et al., 2006; Myroniuk
et al.,, 2020; Kennedy et al., 2021). However, none of
these methods can produce accurate habitat maps
without reliable and representative on-site training
data (Elmes et al., 2020).

There were attempts to assess the overgrowth rate
at the former reservoir’s bed using satellite imagery
data only (Dovhanenko et al., 2024; Shumilova et
al., 2025) or combined with on-site observations
(Vyshnevskyi, Shevchuk, 2024; Pichura et al., 2025).
Due to the lack of solid on-site data, that research
mostly operated with general or purely descriptive
vegetation categories like “willow” or “dense vegeta-
tion”, and could not reveal exact plant species com-
position at the site. On the contrary, a few purely
on-site research revealing vegetation structure in
situ (Didukh et al., 2024; Lisovets et al., 2025) were
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Table 1. Characteristics of the studied localities within the bottom of the former Kakhovka Reservoir

Location . Coordinates of the studieg locations,
number Location name Date : DD.DDDDDD :
Latitude Longitude
1 Mylivska gully 30 June and 19 October 2023 47.085307 33.651769
2 Mylivska gully 30 June and 19 October 2023 47.084841 33.642884
3 Kamianka gully 30 June and 19 October 2023 47.004603 33.581268
4 Khortytsia Island 21 May 2024 47.812642 35.142283
5 Khortytsia Island 21 May 2024 47.811732 35.143677
6 Khortytsia Island 21 May 2024 47.791329 35.145560
7 Malokaterynivka village 22 May 2024 47.653495 35.248407
8 Kanivske village 22 May 2024 47.681092 35.112919

unable to extrapolate the obtained results over the
whole reservoir’s area. Thus, only a fusion of field,
satellite and machine learning methods can solve
the issue of monitoring of vegetation and habitats at
the drained bottom of the Kakhovka Reservoir.

In this article, we provide an overview and de-
scription of the flora and habitats forming at the
bottom of the former reservoir based on field data.
Combining remote sensing and machine learning
methods together with collected field data, we also
trace habitat dynamics and provide high-resolution
habitat maps for the whole reservoir bed for the
first year after the dam breach. Additionally, we dis-
cuss the habitat transformation processes currently
underway.

Methods

Study area

The former Kakhovka Reservoir was 230 km long,
with an average width of 9.4 km and the maxi-
mum width of 24 km. Its surface area was 2,155
km?. The total coastline length was estimated at
896 km (Heohrafichna..., 1989-1993). The clima-
te of the area is warm and temperate. The mean
yearly temperatures recorded vary from 10.7 °C
(Zaporizhzhia, the northern part of the reservoir)
to 11.6 °C (Nova Kakhovka, at the southern part
of the reservoir). The mean precipitation varies
from 505 mm in Zaporizhzhia to 449 mm in Nova
Kakhovka (Climate-Data.org, 2025-onward). In
the northern part of the reservoir, particularly on
Khortytsia Island, silicate rocks, including grani-
te, are exposed on the surface (Khodosovtsev et
al., 2022), while in the southern part, limestone
outcrops are exposed (Khodosovtsev et al., 2025).
Also, in the northern part of the reservoir within
Zaporizhzhia Region (Oblast), the banks of the
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former reservoir are covered with sand deposits,
and in the southern part, thick shell deposits have
formed at the bottom of the former reservoir. The-
se are the remains of dead mollusks, mainly taxa
of the genus Dreissena, which formed in the wa-
ters of the reservoir during its existence (Didukh
et al., 2024).

An analysis of literature sources showed that be-
fore the creation of the reservoir, there were at least
31 types of habitats corresponding to those listed
in the National Catalogue of Habitats of Ukraine
(2018), including 7 types of tree and shrub, 11 types
of meadow and marsh, 2 psammophytic, 3 petro-
phytic, and 8 aquatic habitat types (Vasyliuk et al.,
2024).

Field sampling

The field data were collected during three field vi-
sits to the territory of the drained reservoir’s bed:
25 days after the destruction of the Kakhovka HPP
dam (June 30, 2023), Kamianska Sich National Na-
ture Park, then 4.5 months (October 19, 2023), and
11.5 months after the dam breach (May 25, 2024).
Eight locations distributed across the two sites were
surveyed: the Kamianska and Mylivska gullies wi-
thin Kamianska Sich National Nature Park in Kher-
son Region (Oblast), the southwestern part of the
reservoir, and Khortytsia Island, vicinities of Malo-
katerynivka and Kanivske villages in Zaporizhzhia
Region (Oblast), the northern part of the reservoir
(Table 1, Fig. 1).

To ensure a comprehensive detection of all vas-
cular plant species, transects were randomly estab-
lished along and across the bottom of the former
bays. Within the surveyed sites, we mapped habi-
tats using GPS and high-resolution satellite images
to prepare ground truth data for machine learning
habitat mapping.
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Fig. 1. The map of the surveyed locations

The nomenclature of higher vascular plants
mainly follows the Plants of the World Online
(POWO, 2024-onward). Habitat identification was
based on the EUNIS (European Nature Informa-
tion System) classification (Schaminée et al., 2018;
EUNIS..., 2019), as well as the Interpretation Man-
ual of European Union Habitats (2013).

Vegetation indices

To analyse the dynamics of water discharge and
vegetation development at the bottom of the re-
servoir, we used a time series of multispectral
data from the Sentinel-2 Level 2A satellite with
a spatial resolution of 10 meters (Copernicus,
2023). The criteria for selecting the images for
analysis were correspondence to the on-site sur-
veys, as well as the absence of optical obstacles
(clouds) that prevent the reflection of the land/
water surface. We acquired five images in total:
taken a day before the dam was blown up (5 June
2023), closest to the first (20 June 2023), second
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(7 November 2023) and third (25 May 2024) sur-
veys, as well as intermediate between the first and
second survey (19 August 2023). For all images,
we calculated two common spectral indices: the
Normalized Difference Water Index (NDWI)
and the Normalized Difference Vegetation Index
(NDVI). NDWTI index is defined as the normali-
zed difference between near-infrared and green
bands, while NDVI index uses the normalized
difference between near-infrared and red bands.
Both indices are widely used for mapping water
and vegetation, respectively (Gao, 1996; Pettorelli
et al., 2005), and they can be used for differentia-
ting moist and vegetated areas (Rogers, Kearney,
2004). We chose this combined approach because
NDWTI effectively masks water bodies before ter-
restrial habitat analysis, while NDVT index allows
us to distinguish between vegetated and sparsely
vegetated surfaces. We calculated both indices
using the raster calculator tool in QGIS 3.4.5-Ma-
deira (QGIS.org, 2024).
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To determine the threshold value of the NDWI
index separating water from other habitat types
(set at -0.04), we performed a visual verifica-
tion. This process involved field photographs and
high-resolution satellite imagery to accurately de-
lineate water and land areas along the Dnipro River
and its tributaries. The absence of urban surfaces
allowed us to clearly separate water surfaces, in-
cluding shallow water surfaces overgrown with
vegetation. To interpret the vegetation index NDVI,
we used habitat mapping data based on the results
of field surveys, as well as on the identification of
photographic materials and their exact location by
characteristic terrain features for locations inacces-
sible to the survey.

We first established distinct training areas for
subsequent classification, relying on on-site habi-
tat mapping and ground-truthing photographs that
were verified based on precise location and time. By
calculating the average spectral reflectance (NDVI)
within these verified habitat samples, we were able
to identify more generalized habitat classes with
clearly discrete NDVI values. As a result, the gen-
eralized classes included habitats with closed vege-
tation (Habitat Group 1), including marshy vegeta-
tion (Habitat 1.2) and willow thickets (Habitat 1.1),
with an average NDVT value of 0.74 as of 7 Novem-
ber 2023, and habitats with open vegetation (Habi-
tat Group 2), including shell and sandy sediments
(Habitat 2.2) with an average NDVI value of 0.08,
as well as muddy sediments with sparse vegetation
(Habitat 2.1) with an average NDVT value of 0.22
at the date. Also, based on the values of all pixels
in the field study and photograph verified areas, we
identified the threshold values of the index that can
be used to separate Habitat Group 1 from Habitat
Group 2 — 0.37, which corresponds to the mini-
mum values of the index for marshy vegetation and
effectively matches the maximum values of the in-
dex for sparse vegetation on shell, sandy, or muddy
sediments. In addition, a group of water bodies and
watercourses (Habitat Group 3) was identified.

Geospatial modelling

Using the Google Earth Engine (GEE) cloud com-
puting platform (Gorelick et al., 2017), we applied
supervised machine learning classification of sa-
tellite multispectral image to make a fine-scale (10
m per pixel) habitat maps of the former Kakhovka
Reservoir bed. As input data, we choose harmoni-
zed Sentinel-2 Level 2A Surface Reflectance images
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(Copernicus, 2023) obtained through the GEE Data
Catalog (https://developers.google.com/earth-engi-
ne/datasets/catalog/ COPERNICUS S2 SR HAR-
MONIZED), for two dates: 18 October 2023 (se-
cond survey) and 25 May 2024 (third survey).
Optical bands (B2-B12) were selected, clipped by
the contour of the pre-dam burst water surface bo-
undaries, defined based on NDWT at the previous
step, cleaned from remaining clouds and cloud sha-
dows, and mosaicked following GEE’s Sentinel-2
routine.

As ground truth data, we used spatial polygons
of the four terrestrial habitat types, mapped during
field sampling (25 for the year of 2023, 31 for 2024).
To expand spatial coverage of training data, we also
added six polygons with known habitat types from
the northern part of the reservoir. To be used for
the modeling, such polygons must have met the fol-
lowing criteria: (i) be applicable to accurate georet-
erencing from input photographic materials and (ii)
represent habitat types that corresponded to habi-
tat types delineated during field surveys. The total
area of ground truth was 40.3 ha. Ground truth
data were randomly split into the 70% training data
used further for model fitting, and 30% validation
data saved for testing model performance. Since
we had only survey data for terrestrial habitat types,
we manually added training data for water bodies
using natural colors Sentinel-2 images and NDWI
values for them, 33 polygons in total. Then, we clas-
sified the composite using a Random Forest algo-
rithm (Ho, 1995) with 30 trees, estimating classifi-
cation performance through the confusion matrix,
overall accuracy, and Cohen's Kappa. The number
of trees was chosen based on preliminary explora-
tion data, as though the values over 30 did not re-
sult in accuracy increase, but caused heavier com-
putational load. The resulting maps did not change
with higher parameters.

Data and code availability

All data, including plant survey results, rasters of
vegetation and water indices, ground truth poly-
gons for Random Forest training, as well as codes
to reproduce satellite image preparation and clas-
sification, are publicly available at https://github.
com/olehprylutskyi/kakhovka vegetation habitats
under the MIT license. The high-resolution habitat
maps for October 2023 and May 2024 are accessible

online at https://ee-olegprill2.projects.earthengine.
app/view/kakhovka-habitat-map-oct-2023.
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Fig. 2. General view of the bottom of the former Kakhovka Reservoir in the drained Respublikanets Bay in the Kamianka
Gully. A: 30 June 2023, with the watercourse (Kamianka River) and shell sediments; B: 19 October 2023, with the willow
forest and marshy vegetation along the watercourse. Photo: O. Khodosovtsev

Results

Plant species composition

In June 2023, we detected 10 species of higher vas-
cular plants in the surveyed areas of the former re-
servoir bottom, while in October 2023 we recorded
68 species (see Supplementary Table S1). The total
number of species detected by the end of the third
survey reached 147, including 145 taxa of vascular
plants and two identified species of bryophytes.

Interpretation of habitats based on survey data

Based on the data from our field surveys, we iden-
tified three distinct habitat groups at the bottom of
the former reservoir: habitats with closed vegetati-
on (Habitat Group 1), habitats with open vegetati-
on (Habitat Group 2), and ponds and watercourses
(Habitat Group 3).

The most prevalent habitat type within the first
group was willow and poplar thickets (Habitat 1.1),
characterized by the dominance of willow, a hybrid
of the native species Salix alba L. and the long-nat-
uralized alien species Salix fragilis L., known as
Salix xrubens Schrank. Alternatively, this hybrid
is treated as Salix xfragilis L. s. str., resulting from
supposed crosses between S. alba and S. euxina
L.V. Belyaeva (S. fragilis sensu auct.) (Belyaeva,
2009; POWO, 2025-onward); for an overview of
the problem, see Marchenko and Kuzovkina (2022)
and StalaZzs (2024), and references therein. Resolu-
tion of these nomenclatural and taxonomic contro-
versies is beyond the scope of the present research;

thus, for purely pragmatic reasons, we follow here
the traditional nomenclatural convention and use
the name S. xrubens for this hybrid that dominates
the willow thickets in the study area.

In other areas, usually with light sandy soils, Po-
pulus nigra L. prevails. Among shrubs, Tamarix ra-
mosissima Ledeb. is the most widespread taxon. The
herb layer is dominated by species characteristic of
natural floodplain willow-poplar forests, such as
Carex otrubae Podp., Epilobium hirsutum L., Lycop-
us europaeus L., Phalaris arundinacea L., Mentha
aquatica L., Lythrum salicaria L. These habitats also
host two species of bryophytes, Funaria hydrometri-
ca Hedw. and Marchantia polymorpha L.

During our initial visit to the former reservoir,
we observed the first stage of formation of this hab-
itat type, with the entire bottom covered in willow
seedlings at a very high density — averaging 90 per
1 m2 Upon our second visit, we witnessed dense
willow thickets spanning large areas of the former
reservoir bottom (see Fig. 2). Over the 111-day pe-
riod between our first and second surveys, the av-
erage plant height increased from 0.5 cm to 190 cm,
with a maximum height of 309 cm. This indicates
highly favorable conditions for the formation of
this habitat type, with an average daily growth rate
of 1.7 cm. In May 2024, the average height of the
willows was already about 3 m, with the maximum
height of 4.7 m recorded. In the northern part of
the former reservoir, we also observed pure poplar
thickets formed by young plants of Populus nigra L.,
which are formed mainly on sandy sediments and
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in drier conditions as compared to those of willow
thickets. The average height of poplar thickets was
about 1.5 m, with the maximum measured height
of 1.97 m.

Visually, much smaller areas were occupied
by another type of habitat with closed vegetation,
namely, the marshy habitat (Habitat 1.2). We did
not observe such habitats during our first visit in
June 2023, only noted a few reed seedlings at that
time. However, these habitats were already well-
formed by October 2023 along the permanent
watercourses. The most common species in these
communities are Phragmites australis (Cav.) Trin.
ex Steud. s.l., Typha angustifolia L., T. latifolia L.,
Oenanthe aquatica (L.) Poir., and Rumex hydrolap-
athum Huds.

The second group of habitats (Habitat Group 2)
consisted of the muddy sediments with sparse vege-
tation (Habitat 2.1), as well as communities formed
on shell and sandy sediments (Habitat 2.2). These
substrates are generally composed of alluvial fine-
and medium-grained sandy, sandy-loamy, and silty
bottom sediments. Polygonal, fissure-divided plates,
mostly pentagonal and hexagonal, are clearly visi-
ble on the redeposited, well-dried sandy loam-clay
deposits. The cracks between these plates were deep
due to the thick drying layer, which represented
the entire thickness of the bottom silt. In June 2023,
the depth and width of the cracks on the still-wet
substrates ranged from 3 to 25 cm and 0.5 to 4 cm,
respectively. The plates of cracked silt averaged 43
cm wide. After 3.5 months, the average depth and
width of the cracks increased by an average of seven
times. This structure indicates intensive drying of
the dense, viscous substrate and insufficient precipi-
tation during the season of 2023. While the silts, de-
spite their structural features and moisture regime,
are intensively overgrown with willow, the vege-
tation on the shell and sandy deposits was rather
sparse and mainly consisted of annuals, e.g., Lactu-
ca tatarica (L.) C.A. Mey. or Portulaca oleracea L. s.1.
In addition, species of plants characteristic of wet
grasslands have been observed on muddy depos-
its. These include, for example, Alopecurus aequalis
Sobol., Dactylis glomerata L., Geum rivale L., Poa
palustris L., Ranunculus sceleratus L., etc. We also
found terrestrial forms of Nuphar lutea (L.) Sm. on
muddy deposits. The species composition on shell
deposits is interesting. In addition to annuals that
are not demanding on soil fertility (e.g., Amaran-
thus albus L., A. retroflexus L., Digitaria sanguinalis

494

(L.) Scop., Eragrostis minor Host), species of plants
characteristic of steppe habitats (Glycyrrhiza echi-
nata L., Medicago falcata L., Coronilla varia L., etc.)
were found here, whose diaspores were obviously
washed away from the surrounding steppe slopes.
Bromus tectorum L., Calamagrostis epigejos (L.)
Roth, Cynodon dactylon (L.) Pers., Plantago indica
L., Trifolium arvense L. are the most characteristic
species for sandy deposits. It should be noted that
shell sediments prevailed in the southern part of
the reservoir, and sandy sediments in the northern
part.

Reservoirs and watercourses (Habitat Group 3)
consisted of the riverbeds of the Dnipro River and
its tributaries, which were flooded by the reservoir
and have re-established their beds following its
disappearance. An example is the Kamianka River,
whose restored riverbed we observed in June and
which, at least visually, remained stable until Octo-
ber 2023, except for the formation of riparian vege-
tation along its banks. In certain areas of the flood-
plain, depressions formed temporary reservoirs that
dried out rather quickly and were also overgrown
with riparian vegetation on their periphery. How-
ever, during the year of observation, we did not find
any aquatic macrophytes in these reservoirs and
watercourses.

Habitat mapping based on remote sensing data

By utilizing an empirically derived threshold va-
lue of the Normalized Difference Vegetation Index
(NDVI), we identified two composite classes of
surface covering the entire territory of the former
reservoir bed, corresponding to the terrestrial ha-
bitats that we identified during field surveys. The-
se classes included conditionally closed vegetation
(Habitat Group 1), comprising willow and poplar
thickets and marshy communities, and conditio-
nally open vegetation (Habitat Group 2), encom-
passing sparse vegetation on muddy, shell, or san-
dy sediments. We also utilized NDWTI water index
thresholds to map open water surfaces, constituting
Habitat Group 3. Four months after the dam's de-
struction, the total area of open water surfaces was
256.5 km?,

By evaluating threshold values of spectral in-
dices from multi-temporal images, we tracked
the dynamics of water level decline and the con-
current development of closed vegetation (Fig.
3). The chronological sequence of vegetation and
water conditions demonstrated an evident and
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Fig. 3. Water release from the Kakhovka Reservoir bed and vegetation growth on the exposed area (based on NDWT index).
In the initial months following the Kakhovka dam breach, the water receded swiftly, gradually revealing old streams and
swampy areas that existed before the reservoir was constructed. As the water drained rapidly at first and then more slowly,
vast stretches of newly formed land became accessible, creating prime conditions for rapid vegetation colonization (based on
NDVI index). In the spring of 2024, the seasonal flood of the Dnipro River has raised the water level again

anticipated restoration process of the natural hy-
drological state of the river floodplain, accompa-
nied by rapid development of green photosynthetic
mass, which correlated with the first group of habi-
tats featuring closed vegetation.

To generate a detailed habitat map for the entire
territory of the former reservoir at the moments
of the second field surveys (refer to Fig. 4, avail-
able for viewing online at https://ee-olegprill2.
projects.earthengine.app/view/kakhovka-habi-

tat-map-oct-2023), we leveraged supervised classi-
fication of Sentinel-2 multispectral satellite images.
The results of the field survey, extended with addi-
tional sites from the northern part of the reservoir
with known habitat types, served as ground truth
for training the Random Forest model. The diag-
nostic performance of the model was exceptionally
high, with an overall accuracy of 0.99 and Cohen's
Kappa coeflicient of 0.98. The Confusion matrices
built on validation datasets (Supplementary Tables
S2, S3) indicated only minor confusion between
willow thickets and marshy vegetation. The distinc-
tion among the other classes was very robust.

The model confirms the findings of the vegeta-
tion indices analysis, indicating that as of October
2023, half of the bottom was covered with closed
vegetation. Different habitat types are distributed

in a mosaic pattern across the territory. Willow and
poplar thickets (Habitat 1.1) covered a total area
of 614.6 km?, mostly located in the southern part
of the former reservoir, as well as in coastal areas
along its entire length. Marshy vegetation (Habitat
1.2) is estimated to cover 332.1 km? and tends to oc-
cur in near-terrace depressions and bottom hollows.
Drying muddy sediments (Habitat 2.1) comprised
a total of 70 km?, with the highest density observed
in the central part of the former reservoir, on the
right bank of the restored Dnipro riverbed. The
largest surface class was shell and sand sediments
(totalling 718.5 km?) (Habitat 2.2), mostly localized
on the left bank of the restored Dnipro riverbed in
the central and northern, the widest, parts of the
former reservoir. The remaining water-covered ar-
eas constituted 406.8 km?.

Seven months later, in May 2024, 48% of the
former reservoir (1031.1 km?) were covered by
water due to a seasonal spring flood of the Dnipro
River. The area covered by sparse vegetation on
shell and sandy sediments decreased near triple
(to 247.9 km?), whereas other terrestrial habitat
types remains generally of the same areas (willow
and poplar thickets — 611.8 km?, marshy vege-
tation — 188.6 km?, sparse vegetation on muddy
sediments — 62.6 km?). At the same time, by-pixel
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Fig. 4. Distribution of habitat types of the former Kakhovka Reservoir, as of the end of the first vegetation season since the
dam breach (October 2023). Pioneer land cover types there seemed to follow the original geomorphology of the Dnipro
River valley. In the central part of the former reservoir (a), mostly on the right bank of the Dnipro River, sparse vegetation on
muddy sediments prevailed. The southern part (b) with narrower valleys got the most developed vegetation cover, primary
willow and poplar thickets. The eastern part (c), which mostly extended across the left bank of the Dnipro River, followed
typical floodplain morphology, with willow and poplar thickets on elevated central part of the terrace, followed by sparse
vegetation on shell and sand sediments, then marshy vegetation on near-terrace depressions, bordered by willow thickets
stretched along the older and higher, not flooded terrace. Spatial prediction based on Random Forest supervised classification
of Sentinel-2 satellite imagery, trained by ground truth data collected in October 2023. A scalable high-resolution web maps
for October 2023 and May 2024 are available online at https://ee-olegpril12.projects.earthengine.app/view/kakhovka-habitat-
map-oct-2023

bottom of the former Kakhovka Reservoir. Our re-
search has revealed that the vegetation cover forma-
tion in this area is remarkably rapid. This is facilita-
ted by the presence of a seed bank and the relatively

change detection (Supplementary Fig. S1) showed
between-class transmission, supposedly owing to
changes in water cover, continuing growing of es-
tablished willow and poplar trees, and alluvial pro-

cesses. high moisture content of the nutrient-rich substra-
te. The rapid regeneration of vegetation, which sta-
Discussion bilizes the soil structure, makes it unlikely for dried

The environmental catastrophe resulting from the
blowing up the dam of the Kakhovka Hydroelectric
Power Plant provided us with a unique opportu-
nity to observe the restoration of vegetation at the
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soil contaminated with heavy metals and other pot-
entially hazardous chemicals to disperse, as concer-
ned in some publications (Naddaf, 2023).

The timing of the dam's detonation in early
June, coinciding with the ripening of willow seeds,
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undoubtedly contributed to the success and com-
petitiveness of this particular plant species in col-
onizing newly formed substrates and establishing
pioneer communities.

We have observed a clear differentiation of hab-
itats in the surveyed areas, with significant are-
as of willow thickets supporting the hypothesis
that it is possible to restore the vegetation cover
present in this area before the reservoir was filled,
known as the Velykyi Luh (meaning the “Great
Meadow”), an area directly related to the history
of the Ukrainian Cossacks. We believe that asser-
tions suggesting that these primary habitats will
be replaced by something entirely different in the
coming years (as mentioned in Stone, 2024) are
premature.

Whereas the habitats observed at the bottom of
the drained reservoir are currently in the process of
formation, they can already be classified according
to different European habitat classification systems.
Thus, the willow and poplar thickets predominant
in the area can be classified as G1.11 Riverine Sa-
lix woodland in Resolution 4 of the Bern Conven-
tion (Revised..., 2019), as well as listed in Annex I
of the EU Habitats Directive under 91E0: Alluvial
forests with Alnus glutinosa and Fraxinus excelsior
(Alno-Padion, Alnion incanae, Salicion albae), and
92A0: Salix alba and Populus alba galleries (Re-
vised..., 2019), and in the European Red List of Hab-
itats as G1.1 Temperate and boreal softwood ripar-
ian woodland (Janssen et al., 2016). Consequently,
this habitat type is protected at the European level.
Its significance lies in its ability to structure and pu-
rify soils and water by filtering nitrogen and phos-
phorus compounds, oil products, and adsorbing
heavy and toxic metals (Gray, Sotir, 1996; Thomp-
son, 1998; Klang-Westin, Eriksson, 2003; Vervaeke
et al., 2003; Mohsin et al., 2021). Similar to the pre-
vious habitat type, marshy vegetation is protected at
the European level, as it is listed in Resolution 4 of
the Bern Convention as C3.2 Water-fringing reed-
beds and tall helophytes other than canes, and as
type C5.1a Tall-helophyte bed in the European Red
List of Habitats (Janssen et al., 2016).

The main limitation for mapping habitats at the
bottom of the former reservoir is the fact that the
majority of the territory remains inaccessible due to
the Russian occupation of a significant part of its
left (eastern) bank and ongoing hostilities. Most of
the territory is reachable for drone attacks, making
field surveys dangerous. Under these circumstances,

remote methods remain the only reasonable op-
tion. Supervised machine learning classifications
of Earth Observation data are robust solutions
(Rodriguez-Galiano et al., 2012), but they require
extensive and representative ground-truth data. In
our case, the data point locations were primarily
determined by safety concerns. Hence, they better
represent the habitats of the southwestern, western,
and northern banks of the former reservoir as com-
pared to the eastern part. For this reason, we had
to treat the communities formed on shell and sandy
sediments (Habitat 2.2) as a single class, since the
majority of sandy sediments were allocated close to
the left, still occupied bank.

The confusion matrix built upon validation data
showed good class separability (Supplementary Ta-
bles S2, $3), likely due to the system's simplicity and
the low number of classes. Minor intermixture took
place only for closed willow and poplar thickets and
marshy vegetation (0.007% of misidentifications for
2023, 0.01% for 2024). The main cause of confusion
is supposedly the tendency for some sites covered
by marshy vegetation to overgrow with willow and
poplar thickets over time and drying.

We can expect the formation of a more complex
habitat system over time, with diverse transitions
among types due to different histories of patch in-
itiation and flooding/overgrowth. That will require
revising the habitat type classification and collect-
ing new ground-truth data for future habitat map-
ping attempts.

The further development of habitats at the bot-
tom of the former reservoir will depend on various
factors, primarily weather conditions in winter and
spring and the magnitude of spring floods. In the
spring—early summer of 2024 we already witnessed
the latter, and detected respective changes in the
vegetation cover. The main changes included ex-
pansion of willow and poplar thickets and shrink-
ing of other habitats, like areas with sparse vege-
tation on muddy, shell, and sandy substrated, and
marshes. Some of these habitats were overgrown
with willow and poplar, while others were flood-
ed. Spring floods, alongside with the progressive
growth of willow and poplar trees, disproves the
idea that this area is destined to be turned into a de-
sert. We intend to continue monitoring the process-
es of vegetation and habitat formation in the areas
we surveyed, as well as in other areas of the former
reservoir bottom, as they become available for sci-
entific research. This information is an important
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component of the overall situation and will help in
establishing the scientific basis for developing sce-
narios and options for the future destiny of this ter-
ritory.
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Pedepar. 6 yepsua 2023 poky rpe6na Kaxoscokoi TEC 6yra mifipsana pociiicbkumu BiiicbKaMmi, 1[0 CIIPUYMHIUIIO €KOJIO-
riuny karactpody B IliBHiuHOMY IIpnuopHomop'i. HesBaxkatoun Ha BaXKKi eKO/IOTiYHI Ta COIjiabHO-eKOHOMIYHI HaC/if-
KI, KaTacTpoda Hafama YHIKaJIbHY MOXIMBICTh BUBYMTY PO3BUTOK POCAMHHOCTI Ha TEPUTOPIl, sIKa TpuBamii 4ac Gyra
3aToIvleHa. Mu BifiBija/M L0 TepUTOPil0 Tpudi: yepe3 Tpu TIOKHI, 3,5 micani Ta 11,5 micanis micna KaTaCTpO(bM. Hai
TOCTifKEeHHS TOKa3a/y, 110 KiTbKICTh CYAMHHMX POCIMH Ha IIiif TepuTopil 36inbIunmacs Maibke B 14 pasis 3a pik, 1o cyIe-
PeYnTDb IOYATKOBMM [IECHMICTUYHIM IIPOTHO3aM PO OITyCTEMIOBAHHA. SIK MaTOpiYHUKM, TaK i 6araTopiuni pociuun 6ynn
IIpefcTaB/IeHi MalhKe OGHAKOBOIO KiZIbKiCTIO, /I O1IBIIOCT] 3 HUX XapaKTepHMM OyJ10 moMmupeHH: BiTpoM. Husbka muroma
Bara 4y>KOPiJHUX BUJIB CIIPOCTOBYE IillOTE3y PO Te, 10 KONMUIIHE BOJOCXOBMILE CTaHE [JPKEPeIoM iHBasiil 9y>KOpigHMUX
pocavH. My BUIINNIN OCHOBHI TUIIM HOBOYTBOPEHNX Ha3eMHMX 610TOIIIB, BKIIOYa04uN 3apOoCTi Bepb i Tomons, mprbepesxHi
6ioTomy, My/MCTi, milaHi Ta BKPUTI YepenanKkaMiy TepuTopii 3 po3pimkeHowo pocanuHicTio. i gocmipkeHus 6y Zomos-
HEHi JaHMMU [IMCTAHIIHOTO 30H/IyBaHHA i3 BUKOPUCTAHHAM METOJiB MAaIIMHHOTO HaBYaHHA, L0 IO3BOJINIO CTBOPUTHU
HeTanbHi KapTyu 6i0TOIIB /1A BChOTo AHA BOfoCXoBMINa. IIpoBefieHe JOCTI/PKEHHA CIIPUAE PO3yMiHHIO €KOJIOTi4HOI CyKIecil
Ta AMHaMIKM 610TOIIB y IocT-KaracTpodivHux naHpmadTax, a TakoX GopMyBaHHIO MaitOyTHIX CTpaTeriil yIpasIiHHA Ta-
KMMMJ TEPUTOPIAMMN.
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