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RESEARCH ARTICLE

A revision of the Coenogonium luteum (Coenogoniaceae) complex
in Aotearoa | New Zealand, with new records and new species,
and a note on C. tomentosum

Campbell J. JAMES * (2, Dan J. BLANCHON 22, Peter J. de LANGE !

' Applied Molecular Solutions Research Group,
School of Environmental and Animal Sciences, Unitec Institute of Technology,
Private Bag 92025, Victoria Street West, Auckland 1142, New Zealand

2 Auckland War Memorial Museum Tamaki Paenga Hira,
Private Bag 92018, Victoria Street West, Auckland, New Zealand

* Author for correspondence: ciames@unitec.ac.nz

Abstract. Coenogonium (lichenized Ascomycota: Coenogoniaceae) was last treated in Aotearoa | New Zealand by Galloway
(2007), who accepted nine species, with a further species subsequently described, bringing the total to 10 species. Since this
treatment, mounting evidence has indicated that Coenogonium luteum (Dicks.) Kalb & Liicking may constitute a species
complex in New Zealand collections, highlighting the need for a comprehensive taxonomic re-evaluation. Specimens of C.
luteum were examined from multiple New Zealand herbaria, with a focus on those from Auckland War Memorial Museum
(AK), University of Otago (OTA) and Unitec (UNITEC). The results of this indicated that collections of C. [uteum sensu lato
included multiple taxa. Here, we present a revised circumscription of C. luteum for New Zealand material, report two new
records for Aotearoa, C. australiense Kantvilas & Liicking and C. pineti (Ach.) Liicking & Lumbsch, and describe two new spe-
cies: C. hepatiphilum C.J. James sp. nov. and C. goniocystosum C.J. James sp. nov. For all five species, we provide morphological
descriptions, ecological notes, distribution data, conservation assessments and a revised key to Coenogonium in Aotearoa. In ad-
dition, we synonymize C. pertenue (Stirt.) Kalb & Liicking with C. luteum and C. tomentosum Miill. Arg. with C. implexum Nyl.

Keywords: Aotearoa | New Zealand, Coenogonium, lichen taxonomy, lichenized mycobiota, new species, new synonyms

Introduction distribution (Rivas Plata et al., 2006; Ferraro, Mi-

chlig, 2013; de Oliveira et al., 2023; Adhikari et al.,
Coenogonium Ehrenb. (lichenized Ascomycota: Coe-  2024). Characterized by biatorine (rarely zeorine)
nogoniaceae) is a large genus consisting of upward  yellow to orange or brown apothecia with para-
of 130 species, with a subcosmopolitan global plectenchymatous excipulum, 1-septate or rarely
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non-septate ascospores, and a trentepohlioid photo-
biont; species in the genus can be crustose to fila-
mentous and occur on various substrates: bark,
bryophytes, leaves, rocks and soil (Rivas Plata et
al., 2006; Ferraro, Michlig, 2013). Coenogonium has
been in the focus of several recent phylogenetic stud-
ies, resulting in the addition of new taxa (de Oliveira
et al., 2023; Malicek et al., 2023; Adhikari et al.,
2024), rapidly raising the genus as one of the most
species-rich genera of lichenized fungi (Liicking et
al., 2017; Kantvilas et al., 2018).

In the most recent revision of Coenogonium for Ao-
tearoa | New Zealand (hereafter Aotearoa), Galloway
(2007) accepted nine species, with the later addition
of an isidiate species, C. fruticulosum L. Ludw. (Lud-
wig, 2014), increasing the total to 10 species. The
variable and widespread species, Coenogonium lute-
um (Dicks.) Kalb & Liicking, is now thought to be a
species complex. In Australia, C. australiense Kant-
vilas & Liicking has been segregated and described
from the complex, with more thought to be likely
(Kantvilas et al., 2018). For Aotearoa, use of the key
in Galloway (2007) results in any crustose speci-
mens with large yellow to yellow-orange apothecia
being identified as C. luteum sensu Galloway (2007),
despite morphological differences being present.
Hence, revision of the species complex (and genus)
was necessary and the following recent revisions
of this genus in Tasmania (Kantvilas et al., 2018;
Kantvilas, 2024) sparked our investigation into the
C. luteum sensu lato of Aotearoa taxa, as well as an
update of the other members of the genus that were
accepted by Galloway (2007) (James, 2024).

In this article, we present a revision of the
Aotearoa members of the C. luteum complex, includ-
ing a refined description of C. luteum for Aotearoa
material, two new records for Aotearoa, C. aus-
traliense and C. pineti (Schrad. ex Ach.) Liicking
& Lumbsch, and two new species: C. hepatiphilum
C.J. James sp. nov. and C. goniocystosum C.J. James
sp. nov. For each species, we provide descriptions,
ecology, and suggest a conservation status using the
New Zealand Threat Classification System (Rolfe et
al., 2022). The focus on the genus also revealed taxa
that merit synonymization. In this article, we syn-
onymize the following species: C. pertenue (Stirt.)
Kalb & Liicking (treated as a synonym of C. luteum
already in Kantvilas et al., 2018), and C. tomento-
sum Miill. Arg. (designated here as a synonym of C.
implexum Nyl.). Finally, we provide a revised key to
the genus Coenogonium in Aotearoa.

74

Materials and Methods

Specimens of Coenogonium luteum sensu lato (in-
cluding those listed under synonyms and previ-
ously applied names) and undetermined collections
within the genus were examined from the herba-
ria AK, OTA and UNITEC (herbarium acronyms
follow Thiers, 2008—onwards). Opportunistic sam-
pling was also conducted in Whangarei: Whanga-
rei Heads (-36.850, 174.571); the Auckland Regi-
on: Hunua Ranges (-37.024, 175.094), Rangitoto
Island (-36.784, 174.863), Schnapper Rock (-36.752,
174.690), Waitakere Ranges (—36.864, 174.490); Cen-
tral Otago: Herbert Forest (—45.251, 170.757), Trot-
ters Gorge (—45.405, 170.777); and Rékohu | Wha-
rekauri | Chatham Island (-43.762, -176.571). The
specimens are cited in the ‘representative speci-
mens’ listings, as well as the distribution maps cre-
ated using ArcGIS v3.6.1 provided for each taxon
in this article. Specimens were examined with stan-
dard microscopic techniques and photographs of
morphological features acquired using a Leica S9i
Leica Application Suite X 3.8.2.27713. In this article,
the microscopic images used may inadvertently ex-
aggerate or provide unreliable colour interpretation
from the collected specimens. Therefore, for colour
reference refer to the descriptions. For each taxon,
we also suggest a Threat Classification status follo-
wing the New Zealand Threat Classification system
(Rolfe et al., 2022) based on information gathered
from collections and preserved specimens, which
we hope will contribute to the eventual threat lis-
ting following on from de Lange et al. (2018).

Taxonomy

Coenogonium luteum (Dicks.) Kalb & Liicking,
Bot. Jahrb. Syst. 122 (1): 32 (2000) = Lichen lu-
teus Dicks., Fasc. Plant. Crypt. Brit. 1: 11 (1785)
= Dimerella lutea (Dicks.) Trevis., Rend. Reale
Inst. Lombardo Sci. 13: 66(1880); type not seen.

= Coenogonium pertenue (Stirt.) Kalb & Liicking,
syn. nov., Fungal Diversity 23: 297 (2006) = Bae-
omyces pertenuis Stirt., Trans. Glasgow Soc. Field
Naturalists 1: 17 (1873); type not seen (BM —
isotype)

Mycobank accession number: 458099

Note. Coenogonium pertenue was treated as a
synonym of C. luteum by Galloway (2007) and re-
instated by Rivas Plata et al. (2006) on account of

longer and wider ascospores. Kantvilas et al. (2018)

examined the isotype of C. pertenue (in BM), and

ISSN 2415-8860. Ukrainian Botanical Journal. 2026. 83 (2)
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Fig. 1. Coenogonium luteum. A: Habit of C. luteum, growing on the trunk of Alsophila dealbata, Waitakere, Tamaki Makaurau
| Auckland, Aotearoa | New Zealand. Photo: Campbell James (iNaturalist: 247582165); B, C: Close up of thallus and
apothecia, growing on the trunk of Alsophila dealbata, Waitakere, Tamaki Makaurau | Auckland, Aotearoa | New Zealand
(UNITEC15298); D: Thallus and apothecia of C. luteun growing on exposed plastic weed mat, Schnapper Rock, Albany
(UNITEC14467)

found that it had uniseriate ascospores, with meas-
urements of 9-11 x 2-3 um. The habitat on a tree
fern trunk, along with anatomy, led Kantvilas et al.
(2018) to suggest that C. pertenue is a poorly devel-
oped specimen of C. luteum. Here, we officially re-
synonymize the name.

Description (Fig. 1). Corticolous (mostly on
the caudex of tree-ferns in the genera Alsophila R.
Br., Dicksonia UHér and Sphaeropteris Wall). Thal-
lus crustose, ecorticate, dull grey to grey-green
when dry, green to brown-green when wet, to 50
pum thick, smooth to rarely unevenly verrucose,
thin, varnish-like, continuous or forming irregular,
undelimited patches to c. 20 cm wide that encrust
the substratum. Prothallus absent. Photobiont
green, cells subglobose to oblong, 7-16 x 7-12 pm.
Apothecia sessile, 0.7-2.5(-3.0) mm wide, when
young: disc plane, orange, margin occasionally in
rolled, cream to concolorous with disc, when ma-
ture: disc plane to subconvex, deep orange, margin
often undulating and creating an irregular shape,

concolorous with disc or slightly paler. Proper ex-
cipulum 100-150 pum thick basally, 50-100 pum
thick laterally. Hypothecium hyaline, 40-75 pm
thick. Hymenium hyaline, 50-75 um thick. Para-
physes 1.0-1.5 um thick, apices swollen to 3-5
pum thick. Asci cylindrical, 55-65 x 4-6 um. As-
cospores uniseriate, narrowly ellipsoidal, 1-septate,
7-11 x 2—4 ym. Pycnidia not seen.

Representative specimens (out of 84). TE IKA-
A-MAUI | NORTH ISLAND: Whangarei, Cor-
onation Reserve, P. Bell-Butler s.n., 1 April 2020,
UNITEC11652; Northland, Tangihua Forest, A.E.
Wright 11674, 29 August 1991, AK204565; Hau-
turu-o-Toi | Little Barrier Island, B.W. Hayward,
August 1981, AK175109; North Kaipara, Tapu
Bush, A.E. Wright 11616, 25 May 1991, AK202429;
Auckland, Schnapper Rock, C.J. James s.n., 4 June
2024, UNITEC14467; Auckland, Schnapper Rock,
C.J. James s.n., 1 September 2024, UNITEC14468;
Auckland, Kohimarama, D.J. Blanchon s.n. ¢ N.
Leddy, 13 April 2015, UNITEC7154; Waitakere

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypHan. 2026. 83 (2) 75
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Coenogonium australiense
Coenogonium goniocystosum
Coenogonium hepatiphilum
Coenogonium luteum
Coenogonium pineti
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Fig. 2. Map showing the distribution of the representative specimens of taxa discussed. A: locations in Te Tai Tokerau |
Northland, Tikapa Moana | Hauraki Gulf, Tamaki Makaurau | Auckland; B: Rékohu | Wharekauri | Chatham Island

Ranges, Mount Donald McLean, G.C. Hayward &
B.W. Hayward s.n., 1977, AK161835; Coromandel,
Mount Moehau, B.W. Hayward H39.70, August
1974, AK154523; Taumaranui, Kuratau, J.K. Bartlett
s.n., 10 July 1981, AK193282. TE WAIPOUNAMU |
SOUTH ISLAND: Marlborough Sounds, Rangitoto
ki te Tonga | D’Urville Island, B.W. Hayward ¢ G.C.
Hayward s.n., 4 January 1998, AK209354; Canter-
bury, Arthurs Pass, A.E. Wright 9313, 5 November
1989, AK187405; Trotter’s Gorge, Central Otago,
T. Aldridge s.n., 31 October 2025, UNITEC15123.
AOTEAROA | NEW ZEALAND, RAKIURA |
STEWART ISLAND: Port Pegasus, Islet Cove,
B.W. Hayward s.n., 3 February 1989, AK187063.
CHATHAM ISLANDS, REKOHU | WHAREKA-
URI | CHATHAM ISLAND: Kopi Bush, C.J. James
s.n., 12 February 2024, UNITEC14276.
Recognition. Coenogonium luteum is a cosmo-
politan species that in Aotearoa was treated in a
broad sense by Galloway (2007). Here, C. luteum

76

can be distinguished from other Coenogonium spe-
cies in Aotearoa by the often thin, varnish-like thal-
lus, larger dark orange apothecia (0.5-3.5 mm)
that become undulate and irregular in shape, and
ascospores smaller than 11 pum in length. Coenogo-
nium australiense is the most similar species, but it
can be distinguished from C. luteum by its slight-
ly thicker hymenium (60-100 pm compared with
50-75 pm), a thinner basal exciple (60-110 pum
compared with 100-150 pm) and larger ascospores
(often longer than 12 pm). In Aotearoa, this species
is usually found on tree fern trunks, as opposed to
C. australiense which is found on a range of bark
substrates.

Distribution. Indigenous to Aotearoa, where
it is known from Te Tka-A-Maui | North, Te Wai-
pounamu | South, and Chatham Islands (Fig. 2). It
is also known from mainland Australia and Tasma-
nia (Kantvilas et al., 2018), Asia, Europe, and North
and South America (Cannon et al., 2021).

ISSN 2415-8860. Ukrainian Botanical Journal. 2026. 83 (2)



A revision of the Coenogonium luteum complex in Aotearoa | New Zealand

Ecology. In Aotearoa, it is mostly found on trunks
of the tree fern, ponga (Alsophila dealbata (G. Forst.)
Corda), occasionally on wheki (Dicksonia squarrosa
(G. Forst.) Sw.), or at the base of rawirinui (Kunzea ro-
busta de Lange & Toelken), forming large patches cov-
ering often the shaded side of the trunk. It has been
found on tree ferns in suburban areas and one collec-
tion from exposed woven weed mat in a native forest
in Albany (Fig. 1D, UNITEC14467). Where C. lute-
um is found, it is locally common, often in shaded to
partly shaded areas. In Tasmania, the species is known
also to grow on shaded rocks (Kantvilas et al., 2018).

Conservation status. Prior to the separation of
species here, Coenogonium luteum was assessed in
the broad sense as “Not Threatened” and “Secure
Overseas” by de Lange et al. (2018), a threat status
we suggest be maintained.

Coenogonium australiense Kantvilas & Liicking,

Lichenologist 50 (5): 575 (2018)

Mycobank accession number: 827258

Type: Tasmania, Little Fisher River, -41°45
146°20' on Nothofagus cunninghamii (Hook.) Oerst.
in rainforest, 880 m, October 1984, G. Kantvilas
691/84; type not seen (holotype HO, isotypes B, F)

Description (Fig. 3). Corticolous. Thallus crus-
tose, ecorticate grey-green when dry, dark green
to brown-green when moist, 50 to 150 pum thick,
smooth to verrucose, often reduced forming con-
tinuous or irregular patches to c. 10cm wide. Pro-
thallus absent. Photobiont green, globose to ob-
long, 7-18 x 7-14 um. Apothecia sessile, 0.5-2.5
mm in diam., when young: disc convex, pale or-
ange, margin, slightly involute, cream, when ma-
ture: disc slightly convex to plane, pale orange,
margin persistent, cream or rarely concolorous with
disc. Proper excipulum 60-110 pm basally, 50-80
um laterally. Hypothecium hyaline, 40-80 um. Hy-
menium hyaline, 60-100 pm. Paraphyses 1.0-1.5
um thick, with apices 3-5 um thick. Asci cylindri-
cal, 50-70 x 5-8 pum. Ascospores 8 per ascus, un-
iseriate, narrowly ellipsoidal to fusiform, 1-septate,
occasionally constricted at septum, 8-14 x 2.5-5.9
um. Pycnidia not seen in material from Aotearoa,
described from Australian material as immersed,
visible as minute, somewhat paler swellings in the
upper surface of the thallus. Conidia not seen, de-
scribed as ellipsoid, 3-5 x 1-3 pum.

Representative specimens. TE IKA-A-MAUI
| NORTH ISLAND: Manukau Heads, Awhitu, PJ.
de Lange 14616, M. Prasad, & P. Bell-Butler, 22

Fig. 3. Coenogonium australiense. A: Habit of C. australiense
growing on Myrsine australis on Swallow Track, Herbert
Forest, Otago, Te Waipounamu | South Island, Aotearoa

| New Zealand. Photo: Liadan Dickie, 02.11.2025

(UNITEC15121) (iNaturalist: https://www.inaturalist.org/
observations/324437150); B: Close up image of thallus and

apothecia, after drying (UNITECI15121); C: Close up of
apothecium (UNITEC15121)

January 2020, UNITEC11428; Kohimarama, Kepa
Bush, A.J. Marshall s.n., D.]. Blanchon, & C. Reyn-
olds, 20 March 2015, UNITEC7259; Auckland,
Henderson, Opanuku Stream, PJ. de Lange s.n.
¢ D.J. Blanchon, 24 March 2017, UNITEC9103;
Auckland, Western Springs, M. Ford s.n., 20 July
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2019, UNITEC10907; Auckland, Manurewa, Bo-
tanic Gardens, H. Nessia s.n. & W.E. Kooperberg, 30
March 2012, UNITEC5216. TE WAIPOUNAMU |
SOUTH ISLAND: Herbert Forest, Otago, C. James
s.n. & L. Dickie, 2 November 2025, UNITEC15121.

Recognition. Of the species discussed in this
article, C. australiense is most similar to C. luteum,
from which it is readily distinguished by the thick-
er often verrucose thallus, smaller apothecia that
remain plane (0.5-2.5 mm compared with 0.5-3.5
mm becoming undulate in C. Iuteum), slightly
thicker hymenium (60-100 pum compared with
50-75 pum), thinner basal exciple (60-110 pm com-
pared with 100-150 um) and larger ascospores (8-
14 x 2.5-5.0 um compared with 7-11 x 2-4 um).
Galloway (2007) included spore measurements of
6-14 x 2-4 pym for C. luteum, and Kantvilas et al.
(2018) indicate the likelihood that those specimens
with the smaller spore measurements might be bet-
ter accommodated in C. australiense.

Distribution. This species has been collected
from the western portion of the Auckland Region
and the Wairarapa Region of Te Ika-a-Maui | North
Island, with a further collection from central Otago,
Te Waipounamu | South Island (Fig. 2). We suspect
that this pattern is an artifact of collector interests
and residences rather than a natural pattern. Coe-
nogonium australiense is also known from Tasma-
nia and South Australia (Kantvilas et al., 2018).

Ecology. This species has been recorded from
a greater diversity of phorophytes than C. luteum,
these include the bark of manawa / mangrove (Avi-
cennia marina subsp. australasica (Walp.) J. Ever-
ett), mapou (Mpyrsine australis (A. Rich.) Allan),
rawirinui, rohutu (Lophomyrtus obcordata (Raoul)
Burret), titoki (Alectryon excelsus Gaertn. subsp. ex-
celsus), and totara (Podocarpus totara G. Benn. ex
D. Don var. totara).

In Tasmania, C. australiense is known from a va-
riety of habitats, including cool temperate rainforest
and drier areas of sclerophyllous vegetation (Kant-
vilas et al., 2018). It has also been collected as sax-
icolous from sheltered dolerite boulders, in dry eu-
calypt forest (Kantvilas et al., 2018), but in Aotearoa
it has only been recorded as corticolous.

Conservation status. As few collections have been
identified as this species in Aotearoa, we suggest it
could be regarded as a “Data Deficient” species. As
it is described and well known from Tasmania and
Southern Australia (Kantvilas et al., 2018), we also
suggest the status of “Secure Overseas”.
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Coenogonium goniocystosum C.J. James sp. nov.
Mycobank accession number: 863462
Holotype: NEW ZEALAND. Chatham Islands,

Rékohu | Wharekauri | Chatham Island, Southern

Tablelands, track to Lake Rangatapu, Waipurua

Valley Headwaters, —44.107560, —176.599290, 259

m a.s.l, PJ. de Lange CH4647 & D. Boyle, 26 De-

cember 2025. Abundant on Hymenophyllum demis-

sum (G. Forst.) Sw. growing on forest floor, on logs,
rocks and on the lower trunks of trees in dense tara-
hinau (Dracophyllum arboreum Cockayne), mataire

(Myrsine chathamica F. Muell.) with karamu hikoa

(Coprosma chathamica Cockayne) and hoho (Pseu-

dopanax chathamicus Kirk) forest. [iNaturalist NZ

Species Identification Number: 332319696 (https://

www.inaturalist.org/observations/332319696)].

UNITEC15158, isotype AK.

Diagnosis. Distinguished from other species of
Coenogonium by the thallus, composed of gonio-
cysts, apothecia that are convex at maturity and
spores that measure 10-15 x 4-5 pm.

Description (Fig. 4). Foliicolous / corticolous.
Thallus thin, grey, granular to dust-like when dry,
dark grey-green gelatinous when wet, continuous
spreading to c. 5cm, consisting of abundant and
evenly dispersed globose goniocysts over the hy-
pothallus. Hypothallus grey, 50-150 pum thick, hy-
phae 1.0-2.5 um wide. Goniocysts evenly scattered
in close-set aggregates, 15-70(-100) um diam., out-
er fungal cells paraplectenchymous, 2-5 pm wide.
Photobiont green, cells globose, 2.5-10(-15) diam.
Apothecia sessile, 0.5-1.0-1.8 mm, when young;
disc convex, orange, margin often in rolled, cream
to pale orange, when mature; disc convex, orange,
margin decurved beneath disc, often becoming ir-
regular in shape, cream. Proper excipulum 50-100
um thick basally, 50-90 pm thick laterally. Hypo-
thecium hyaline, 50-75um. Hymenium hyaline, 75-
100 um. Paraphyses unbranched, colourless, 1.0-2.5
um wide, apices swollen to 3—-5 um. Asci cylindrical,
40-75 x 7.5-12.5 um. Ascospores 8 per ascus, unise-
riate, ellipsoidal, 1-septate, sometimes indistinctly
septate, 10-15 x 4-5 um. Pycnidia not seen.

Representative specimens. TE IKA-A-MAUT |
NORTH ISLAND: Mangonui, Herekino, J.K. Bart-
lett, 1975-1985, AK199555; Whangarei, Onerahi,
J.K. Bartlett s.n., 21 July 1981, AK193283; North
Kaipara, Tapu Bush, A.E. Wright 11574, 23 May
1991, AK202392; Te Hauturu-o-Toi | Little Barrier
Island, B.W. Hayward s.n., May 1990, AK247957;
Aotea | Great Barrier Island, B.W. Hayward s.n.,
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January 1984, AK178105; Aotea | Great Barrier
Island, B.W. Hayward 35, May 1990, AK247960;
Auckland, Rangitoto Island, C.J. James s.n., 23 May
2024, UNITEC 14466; Auckland, Hunua Ranges,
A.J. Marshall s.n., 21 October 2024, UNITEC 14979.
CHATHAM ISLANDS, REKOHU | WHAREKA-
URI | CHATHAM ISLAND: Nikau Bush, PJ. de
Lange CH4653, 29 January 2026, UNITEC15165;
Tuku Nature Reserve, Tuku-a-Tamatea, PJ. de
Lange CH3039, 10 February 2019, UNITECI11475;
Tuku Nature Reserve, Timihonga Catchment, P]J.
de Lange CH4644 ¢ D. Boyle, 26 December 2025,
UNITEC15155; Tuku Nature Reserve, Timihon-
ga Catchment, PJ. de Lange CH4646 ¢ D. Boyle,
26 December 2025, UNITEC15156; Tuku Nature
Reserve, Igloo Track, PJ. de Lange CH4648 ¢ D.
Boyle, 6 January 2026, UNITEC15159; Tuku Na-
ture Reserve, Igloo Track, PJ. de Lange CH4649,
6 January 2026, UNITEC15160; Tuku Nature Re-
serve, Tuku-a-tamatea River, PJ. de Lange CH4649
& D. Boyle, 6 January 2026, UNITEC15161;
Tuku Nature Reserve, Tuku-a-tamatea River, PJ.
de Lange CH4651 ¢ D. Boyle, 6 January 2026,
UNITEC15162; Tuku Nature Reserve, Tuku-a-ta-
matea River, PJ. de Lange CH4652 ¢ D. Boyle, 6
January 2026, UNITEC15163; Southern Tablelands,
Waipurua Valley, PJ. de Lange CH4646 D. Boyle, 26
December 2025, UNITEC15157.

Recognition. In Aotearoa, C. goniocystosum is
easily distinguished by the thallus, which is com-
prised of goniocysts, evident when the thallus is hy-
drated and viewed under a 10x hand lens. Globally,
no other species in Coenogonium are known to pos-
sess goniocysts. Other distinguishing features in-
clude the convex mature apothecia, a thick hymeni-
um (75-100 pm) and large 0-1-septate ascospores
(10-15 x 4-5 um), though independently these
overlap with other species.

Distribution. Possibly endemic to Aotearoa |
New Zealand. Coenogonium goniocystosum is known
from the greater Auckland Region, Te Ika-a-Maui |
North Island and from Rékohu | Chatham Island in
the Chatham Islands (Fig. 2). There is also a cred-
ible iNaturalist record (https://inaturalist.nz/obser-
vations/236447393) of this species growing on the
fronds of Hymenophyllum demissum on Rakiura |
Stewart Island. This pattern suggests this species is
wide ranging and that it will undoubtedly in time
be found throughout the Aotearoa Archipelago.

Ecology. Coenogonium goniocystosum is mostly
known from shaded sites where it is foliicolous on

Fig. 4. Coenogonium goniocystosum. A: Habit of C.
goniocystosum type specimen growing on Hymenophyllum
demissum in dense tarahinau (Dracophyllum arboreum),
at the type locality Waipurua Valley Headwaters, Southern
Tablelands, Rékohu | Chatham Island. Photo: Peter de Lange

(UNITEC15158)  (iNaturalist:  https://www.inaturalist.
org/observations/332319696); B: Close up of thallus and

mature apothecia, showing granular thallus made of
goniocysts, collected from Kunzea robusta Hunua Ranges,
Tamaki Makaurau | Auckland, Aotearoa | New Zealand
(UNITEC14980); C: Close up of thallus and apothecia,
individual goniocysts evident (UNITEC14980)

six species of filmy fern (Hymenophyllaceae): iriran-
gi (Hymenophyllum demissum), matua mauku (H.
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Fig. 5. Coenogonium hepatiphilum. A: Habit of C.
hepatiphilum, growing over leafy liverworts on a shaded
boulder, Peach Cove, Whangarei Heads, Te Ika-A-Maui
| North Island, Aotearoa | New Zealand. Photo: Marley
Ford, 15.07.2024 (UNITEC14470) (iNaturalist: https://

www.inaturalist.org/observations/229420370); B: Close up
of thallus and apothecia (UNITEC14470); C: Close up of

thallus developing into caespitose filaments

dilatatum (G. Forst.) Sw.), H. flabellatum Labill.,
konehu (H. nephrophyllum Ebihara & K. Iwats.) and
H. multifidum (G. Forst.) Sw. There is also a single
collection from bark of rawirinui (Kunzea robusta)
(Hunua Range: UNITEC 14979), suggesting that it
should be looked for on other substrates. Judged by
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herbarium evidence and field work on the Chatham
Islands, the preferred phorophyte is irirangi but this
Coenogonium is a species which would be very eas-
ily overlooked if growing on other substrates such
as bark.

Conservation status. Since its recognition by the
senior author, specific searches for this species have
found it to be locally common, e.g., on the Chatham
Islands. The species has been found misidentified as
C. luteum in Aotearoa | New Zealand herbaria and
iNaturalist NZ (https://inaturalist.nz). According-
ly, we suggest that Coenogonium goniocystosum is
probably best considered as “Not Threatened” but
qualified as “DPR”, [Data Poor Recognition], “DPS”
[Data Poor Population Size] and “DPT” [Data Poor
Trend] as the species is not easily recognised when
colonising bark, and we have no qualitative data
on the population sizes and trends beyond that the
species is found in a range of secure sites spanning
the country.

Etymology. The epithet “goniocystosum” refers
to the distinctive thallus of this species, consisting
of goniocysts that become obvious when hydrated
and observed under a microscope.

Coenogonium hepatiphilum C.]. James sp. nov.
Mycobank accession number: 863463
Holotype: NEW ZEALAND. North Island,

Northland, Auckland, Glorit, Mataia QEII,

-36.491999, 174.425846, PJ. de Lange 15846. 20

September 2025, East of Kauri Track, on root mat

of taraire (Beilschmiedia tarairi (A. Cunn.) Benth.

& Hook.f. ex Kirk) in stream bed (UNITEC15109).
Diagnosis: Distinguished from other species of

Coenogonium by the bryophilous / corticolous hab-

it, an occasional white prothallus, a crustose thallus

developing into pilose filaments, convex apothecia,

and ascospores that measure 12-18 x 2-5 pm.
Description (Fig. 5). Bryophilous / corticolous,

mostly found growing directly on bryophytes

(mosses and leafy liverworts), also covering the

associated non-bryophilous substratum: bark or

rock, occasionally found directly on bark. Thallus
crustose, ecorticate, grey-green when dry, green,
gelatinous when moist, 90-150 pm thick, con-
tinuous, spreading to c. 10 cm patches, encrust-
ing and reflecting the texture of the substratum,
apices of the thallus occasionally developing into
pilose filaments, to 5 mm long, 7-10 um wide,
rarely branched. Prothallus occasionally present,
as a 150-300 pm wide white byssoid extension of
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fungal hyphae to the edge of the thallus. Photo-
biont green, filamentous, 5-15 um wide. Apothe-
cia sessile, 0.8-2.0 mm, when young: disc plane,
pale yellow-orange, reduced, margin rarely inrolled,
cream, when mature: disc plane to convex, pale
yellow-orange to orange, margin often decurved
beneath disc, cream, rarely concolorous with disc.
Proper excipulum 100-200 pm basally, 50-125 um
laterally. Hypothecium hyaline, 60-200 pm. Hyme-
nium hyaline, 70-130 um. Paraphyses unbranched,
colourless, 1.0-2.5 um wide, apices swollen to 2-5
um. Asci cylindrical, 60-90 x 7-10 pm. Ascospores
8 per ascus, uniseriate or biseriate, ellipsoid, 1-sep-
tate, 12-18 x 2-5 um. Pycnidia not seen.

Representative specimens. TE IKA-A-MAUI
| NORTH ISLAND: Whangarei, Peach Cove, C.J.
James s.n. & M.Ford,14 July 2024, UNITEC14470;
Northland, Taranga | Hen Island, A.E. Wright
10829, 29 December 1990, AK201104; North-
land, Lady Alice Island, B.W. Hayward 514, Janu-
ary 1982, AK246878; Aotea | Great Barrier Island,
Tryphena B.W. Hayward, January 1984, AK178104;
Aotea | Great Barrier Island, Rangiwhakea Bay,
B.W. Hayward s.n., 5 November 1984, AK178106;
Rodney, Coatesville, A.E. Wright 7336, 3 Novem-
ber 1985, AK171666; South Kaipara, Woodhill
Forest, D.B. Rogan 458, 15 July 2000, AK248697;
Whangaparaoa, Shakespear, PJ. de Lange s.n. &
C.J. James, 18 October 2024, UNITEC15108; Auck-
land, Schnapper Rock, C.J. James s.n., 20 June 2024,
UNITEC15107; Auckland, North Cote, Smith’s
Bush, BioBlitz (s.col.), 5 April 2008, UNITEC3970;
Auckland, Manurewa, W.E Kooperberg s.n., 31
March 2012, UNITEC5217; Waitomo, Mar-
akopa Falls, A.E. Wright 9142, 29 October 1989,
AK187087; Otorohanga, Te Kauri Scenic Reserve,
A.E. Wright 9074, 27 October 1989, AK187074;.
TE WAIPOUNAMU | SOUTH ISLAND: Nelson,
Wharariki, PJ. de Lange14835 ¢ T.J.P. de Lange, 30
November 2019, UNITEC12199; Nelson, Wharari-
ki, PJ. de Lange 14817 & T.J.P. de Lange, 30 Novem-
ber 2019, UNITEC12181.

Recognition. Coenogonium hepatiphilum is eas-
ily distinguished from the other species discussed
in this article, identified by the bryophilous (mainly
hepaticolous) habit, the white prothallus, filamen-
tous algae as the photobiont, thallus occasionally
filamentous, large (0.8-2.0 mm) apothecia that are
often convex when mature, and the large ascospores
(12-18 x 2-5 um). Coenogonium zonatum (Mill.
Arg.) Kalb & Liicking is the only other species in

Aotearoa with a white marginal prothallus (Gallo-
way, 2007), distinguished from C. hepatiphilum by
its foliicolous habit, smaller apothecia (0.25-0.5
mm) and smaller ascospores (6-12 x 2.5-4.5 um).
The Australian species, C. bryophilum Kalb & Apt-
root, has a similar habit in overgrowing bryophytes,
though differs with having a strictly crustose thallus
lacking a prothallus, and smaller spores (7-10 x 2-3
um) (Kalb, Aptroot, 2018). Coenogonium epiphyl-
Ium Vain has a thallus that resembles this species
(mainly crustose, developing algal filaments), aside
from its tropical distribution can be distinguished
by its foliicolous habit and significantly small spores
(5-7 x 1.8-2.5 um) (Kalb et al., 2016).

Distribution. Possibly endemic to Aotearoa.
Currently known from Te Ika-a-Maui | North Is-
land (Whangarei, Auckland Region, Hauraki Gulf),
to the northwest of the Te Waipounamu | South
Island, at Wharariki (Fig. 2). Again, this pattern is
likely an artifact of collector interests and location
rather than a natural pattern.

Ecology. Coenogonium hepatiphilum has been
collected on Porella amoena (Colenso) Martin,
Spruceanthus olivaceus (Hook.f. & Taylor) X.Q. Shi,
R.L. Zhu & Gradst., Radula Dumort sp. and other
leafy liverworts; taxa that are themselves epiphytic
on substrates such as kahikatea (Dacrycarpus da-
crydioides (A. Rich.) de Laub.), kiekie (Freycinetia
banksii A. Cunn.), mapou (Myrsine australis (A.
Rich.) Allan), porokaiwhiri (Hedycarya arborea
J.R. Forst. & G. Forst.), taraire and rock. The thal-
lus often spreads to cover surrounding bryophytes,
substratum, and in one case the lichen Pseudocy-
phellaria dissimilis (Nyl.) D.J. Galloway & P. James.
Commonly associated mosses include Campto-
chaete pulvinata (Hook.t. & Wils.) Jaeg., Echinodi-
opsis hispida (Hook.f. & Wilson) S. Olsson, Enroth
& D. Quandt and Thuidiopsis sparsa (Hook.f. & Wil-
son) Broth. Often this species is collected in heavy
or partial shade, likely reflecting the habit of the
bryophytes, though collections from forest located
in urban Albany (Auckland) suggest this species is
not restricted to areas of dense native vegetation.

Conservation status. The species has a wide dis-
tribution spanning the North and South Islands,
but it is sparse in the localities where it is known.
Hence, we suggest this species could be treated as
“At Risk - Naturally Uncommon”.

Etymology. The epithet “hepatiphilum” refers to
this species’ habit of mainly growing over leafy liv-
erworts (see above).

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypHan. 2026. 83 (2) 81



C.J. JAMES et al.

Fig. 6. Coenogonium pineti. A: Close up of thallus and apothecia of C. pineti, collected from bark of rawirinui, Orokonui
Ecosanctuary, Te Waipounamu | South Island (OTA62069); B: Close up of thallus and apothecia (OTA62069)

Coenogonium pineti (Schrad. ex Ach.) Licking &
Lumbsch, Mycologia 96: 290 (2004) = Lecidea pin-
eti Schrad. ex Ach., Lichenogr. Univ.: 195 (1810)
= Dimerella pineti (Schrad. ex Ach.) Vézda, Lich.
Sel. Exsicc. 52: 1279 (1976); (!BM000500426 —
lectotype) type not handled, image seen.
Mycobank accession number: 488113
Description (Fig. 6). Corticolous. Thallus crus-

tose, ecorticate, pale grey green when dry, dark
green, often inconspicuous when wet, smooth,
thin, to 30 um thick, forming irregular patches
to ¢. 5 cm, in material seen mostly absent. Pro-
thallus absent. Photobiont green, cells oblong
to subglobose, 10-20 x 7-12 um. Apothecia ses-
sile, 0.2-0.4 mm wide, when young: disc plane
light yellow-pink to pale flesh coloured margin in
rolled, white to cream, when mature: disc plane to
subconcave, light yellow-pink to pale flesh colour-
ed, plane, margin white to cream, often in rolled.
Proper excipulum 40-70 um thick basally, 30-60
pum thick laterally. Hypothecium hyaline, 20-60
um thick. Hymenium hyaline, 70-100 um thick;
asci 60-75 x 5-7 um. Paraphyses 1.0-1.5 pum
thick, with apices swollen to 2-4 pum thick. Asci
narrowly cylindrical, 45-70 x 5-7 um. Ascospores
uniseriate, fusiform to ellipsoidal, 1-septate, rarely
indistinct, 8-12 x 3-5 pum. Pycnidia not seen in
material from Aotearoa, exceedingly rare in Tas-
manian specimens (Kantvilas et al., 2018), visible
as minute, pale swellings in the upper surface of
the thallus. Conidia not seen, described as simple,
oblong, mostly slightly constricted in the centre,
3-5x1-2 pm.
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Representative specimens. TE WAIPOUNAMU
| SOUTH ISLAND: Orokonui Ecosanctuary, Dune-
din, J. Steel s.n., 27 August 2011, OTA62069. MOTU
[HUPUKU | CAMPBELL ISLAND: Mt Beeman,
s.col., October 1958, OTA52936.

Recognition. Coenogonium pineti is readily dis-
tinguished from the other species discussed here
by its minute (0.2-0.5 mm diam.) pink apothecia.
Compared with other taxa in Aotearoa, C. pin-
eti is most similar to C. lutescens (Vézda & Mal-
colm) Malcolm, as both have similar small apo-
thecia, though C. pineti can be differentiated from
C. lutescens by the distinctly pink-orange apo-
thecia (compared with yellow), and slightly larg-
er ascospores (9-14 x 3.0-4.5 pm compared with
7-11 x 2.7-4.5 um) that are strictly uniseriate (as
opposed to strictly biseriate) in the ascus.

Kantvilas et al. (2018) state that Tasmanian ma-
terial of C. pineti often has larger spores than Euro-
pean material, though it lacks any other morpho-
logical characters to separate it as a distinct species.
Moreover, several collections of C. pineti from Ao-
tearoa are of another undescribed taxon (Kantvilas
et al, 2018), indicating that further collection of
this species’ variation is needed in Aotearoa.

Distribution. Indigenous to Aotearoa: currently
known from Aotearoa herbaria from two collections
made from Dunedin, Te Waipounamu | South Island
and Motu Thupuku | Campbell Island (Fig. 2). We are
also aware of a specimen of C. pineti (L031247) held
in Uppsala University, Museum of Evolution Her-
barium (UPS), collected from black beech (Nothofa-
gus solandri (Hook.f.) Oerst.) in a southern-beech
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(Nothofagus Blume) forest, Waimakariri, Canterbury
(Te Waipounamu | South Island) by L. Tibell in 1980
(Myrdal, 2025). Though this specimen has not been
viewed by the authors of this article, it is likely to be
C. pineti. It is unlikely that this species is as uncom-
mon as these records imply. Rather we suspect that
it has been overlooked because it is inconspicuous.
Coenogonium pineti was described from Europe,
and is widespread in the Northern Hemisphere (In-
dia: Adhikari et al., 2025; China: Wu et al., 2018)
and the Southern Hemisphere: South America (Bra-
zil: de Oliveira Lima et al., 2023), and recorded from
south-eastern Australia and Tasmania (Kantvilas et
al,, 2018).

Ecology. The Dunedin specimen is said to have
been collected from rawirinui, growing with Chilos-
cyphus muricatus (Lehm.) J.J. Engel & R.M. Schust.
in a damp understorey. There is no ecological infor-
mation associated with the Motu Thupuku | Camp-
bell Island specimen. In Tasmania Coenogonium
pineti is reported from trunks of old Nothofagus
trees (Kantvilas et al., 2018), the same habitat as
reported for the Tibell specimen from Canterbury.
Deliberate searching of Nothofagus trees in Aotea-
roa could be illuminating.

Conservation status. We suggest C. pineti could
be designated “Data Deficient” as it is known from
few collections in Aotearoa. To this we suggest add-
ing the qualifier as “Secure Overseas”.

Coenogonium implexum Nyl., Ann. Sci. Nat. Bot.,
sér. 4, 16: 92 (1862), Australia, Victoria, ‘supra
cortices et muscos’, Dr. Miiller [E].H. von Muel-
ler]: type not seen (H-NYL22093 -holotype; S,
MEL -isotypes)

Mycobank accession number: 371312

Remarks. Coenogonium implexum sensu Gallo-
way (2007) is a common species throughout Aotea-
roa (North, South and Chatham Islands) growing
on a range of bark substrates. It is easily recognized
by the felt-like thallus, comprised of pannose fila-
ments, producing scattered orange-yellow apothe-
cia, with ascospores 7-12 x 2—4 pm. Based on mor-
phological variability observed, it is likely that there
are more taxa in Aotearoa that currently sit within
the broad sense of this species, some with differing
filamental thallus shape (pannose compared with
prostrate, see Rivas Plata et al. (2006) for examples)
or longer spores (to 15 pum long). Further collec-
tions are needed to fully understand the variation
and the potential to segregate other taxa.

= Coenogonium tomentosum Mill. Arg., syn.
nov. (Fig. 7), J. Linn. Soc. Bot., 32:206 (1896);
type: New Zealand, on bark, Colenso C.1615,
('BM001097080-type). However, St. George
(2009) noted that Colenso 1615 was in reference
to a “large grass” Colenso had collected, with no
date and no location.
Mycobank accession number: 383152
Notes. These collections were made between 1847
and 1848, “nr. Patea’, referring to the Mokai Patea
Range, of the west Ruahine Ranges (St. George,
2009). Colenso walked these ranges between 1847
and 1852, likely collecting what would later be the
type of C. subtorulosum Miill. Arg. (C.1614) and
C. tomentosum Mill. Arg. (Miller, 1896). Gallo-
way (1985) synonymized C. subtorulosum with C.
implexum, apparently overlooking the type of C.
tomentosum. Coenogonium tomentosum was de-
scribed with a dense tomentose [pannose], filamen-
tal thallus, with orange apothecia 0.25-1.0 mm in
diameter, and 8 ascospores per ascus, ascospores
1-septate, fusiform, 10-11 x 2.5 um (Miiller, 1896):
these measurements overlapping with the descrip-
tion of C. implexum (Galloway, 1985, 2007; Kantvi-
las et al., 2018). The holotype of C. tomentosum was
later identified as C. implexum by A. Vézda in 1970
(Fig. 7) but no formal synonymization was made;
hence, we officially synonymize the name here.

Aotearoa Coenogonium

Following the revision of the C. luteumn complex
above, Coenogonium in Aotearoa is now represen-
ted by 12 species. Nonetheless, the genus needs a
full revision, especially of those taxa that remain
relatively little-known (C. lutescens and C. rubrifus-
cum (Vézda & Malcolm) Malcolm). These species
were stated as only known from the type locality
by Galloway (2007). While further collections have
been made for C. lutescens, expanding the taxon’s
range to Australia whilst broadening the species de-
scription (Kantvilas et al., 2018), C. rubrifuscum re-
mains poorly known. Furthermore, species discus-
sed here, especially C. australiense and C. pineti (see
above), will likely require further revision in Aotea-
roa. We recommend further targeted collections of
the genus in Aotearoa paired with a comprehensive
morphological and molecular phylogenetic study,
to fully understand species limits.
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Fig. 7. Coenogonium tomentosum (synonymized here with C. implexum). A: Type specimen of C. tomentosum (now a
synonym of C. implexum), C.1615 BM001097080, Natural History Museum (BM). Photo: Muhammad Usman, 09.09.2025; B:
Determination slip of the type specimen of C. tomentosum C.1615 BM001097080, Natural History Museum (BM), identified
as C. implexum in 1970 by the late Antonin Vézda (1920-2008)

Key to Coenogonium in Aotearoa | New Zealand (adapted from Galloway, 2007)

1. Thallus wholly filamental, isidiate, or possessing goniocysts; not appearing crustose ............. 2.
— Thallus wholly or partly crustose (may sometimes develop filaments), patchy or inconspicuous ... 4.
2. Thallus felt-like, consisting of pannose filaments ................... ... ... ...... C. implexum
— Thallus isidiate or possessing GONIOCYSS . . ... .vvutttut ettt et et 3.
3. Thallusisidiate . ........ooooi i e C. fruticulosum
— Thallus possessing gONioCysts .. ............iiuiiiiiiiiiiniiiiien... C. goniocystosum
4. Thallus foliicolous, never corticoloUS .. ... ..ot e 5.
— Thallus corticolous or bryophyllous, never foliicolous .......... ... .. ... ... 9.
5. Apothecia epiphyllous . ... ... ... e 6.
— Apothecia hypophyllous, rarely epiphyllous ......... ... ... i 8.

6. Thallus without a marginal prothallus

— Thalli with a prominent, thick, white, marginal prothallus; apothecia 0.25-0.5 mm diam., brick- red
hymenium 45-65 um tall; ascospores 6-12 x 2.5-4.0(4.5) gm . ...........ccoitiiuiann .. C. zonatum
7. Apothecia 0.2-0.28 mm diam., brick-red; hymenium 60-70 pm tall; ascospores 6-9 x 1.8-2.0 um ..
................................................................................ C. fuscescens
- Apothecia 0.5-0.7 mm diam.; pale yellow-brown; hymenium to 45 um tall; ascospores 6.5-7.5 x 1.8-

U0 I ettt e C. queenslandicum
8. Thalli with pale-yellow, tubular pycnidia ............ .. .. ... .. . oL C. flavum
= Thalli without pycnidia...... ... C. fallaciosum
9. Ascospores often longer than 14 pm; thallus bryophyllous ....................... C. hepatiphilum
— Ascospores less than 14 pm long; thallus corticolous .......... ... ..., 10.
10. Apothecia less than 0.5 mm in diam., pale yellow pink, pink, to flesh coloured, not orange ... C. pineti
- Apothecia over 0.5 mm in diam., often up to 3 mm, yellow to orange, never pale yellow pink .... 11.
11. Apothecia 0.5-2.5 mm in diam., yellow-orange, margins never undulating, disc persistently plane;

basal exciple 60-110 pm tall; ascospores 8-14 X 2.5-5.0 .M .. ..o vuvvenneenneennne.n. C. australiense
- Apothecia 0.7-3 mm in diam., orange, margins undulating at maturity, disc becoming convex to

plane; basal exciple 100-200 pum tall; ascospores 7-11 X 2-4 um .........c..covueeninennnnn... C. luteum
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Iepernapn xommnnexcy BupiB Coenogonium luteum (Coenogoniaceae)
y Hogiit 3enanpii: HoBi Buau, HOBi 3HaxXigku it HoTaTtku mopo C. tomentosum

K.Jx. IDKEVIMC !, I.Ix. BIAHIIOH 2, IT.1Ix. me IAHTE !
1 Texmiunamit yuiBepcuret YHiTex, Oxnenn, Hosa 3enanpis
2 OK/IeH/IChKMIT BilicbKOBO-icTopruHMit Myseit, Okneny, Hosa 3enanpisa

Pedepart. Pig Coenogonium (nixenisoBaHi Ascomycota Coenogoniaceae) B Aoreapoa | Hogiit 3emanpii BocTaHHE JjeTaTbHO
BuBuaB lannoseit y 2007 p., AKuit BU3HaBaB IEeB’ATh BUJIB; pasoM i3 11e OJHMM OIMCAHMM 3IOIOM BUJOM IXHA 3arajb-
Ha KiNbKICTh ckaafana 10 ByfiB. 3 MOYAaTKOM HAIIOTO JOCTIIKeHHs 6Y/I0 BYUSBIEHO 6arato HOKasiB Ha KOPNCTb TOTO, IO
Coenogonium luteum € HactpaB/i KOMIUIEKCOM BUJiB y Hosiit 3enanpii, i 1je 3ymoBuno HeoOXiTHICTh IPOBEeHHs HAIIOTO
TaKCOHOMIYHOTO Ieperysany. byno gocmimxeno 3paskn C. luteum sensu lato y Komekiisx 6araTbox HOBO3€IaH[ICbKUX Tep-
6apiiB, rooBHNM 4nHOM, B OK/IEH[ICBKOMY BilicbkoBo-icTopnunomy Mmysei (AK), YuiBepcureri Oraro (OTA) Ta YuiTexy
(UNITEC). PesynbraTy 1{bOro JOCTIKeHH: IIOKasamu, o 3pasku C. luteum sensu lato BKmoaroTh Aekinbka TakcoHis. Tyt
Mt Tofaemo yrounennit omuc C. [uteum [jis1 HOBO3eaHACHKIX 3Pa3KiB, IOBIOM/IIEMO IIPO ABi HOBI 3HAXifiKM /isi AoTea-
poa — C. australiense Ta C. pineti, a Takoxx onucyemo gBa HoBi Bunu — C. hepatiphilum C.J. James sp. nov. i C. goniocystosum
C.J. James sp. nov. Iy BCiX I'ATY BUZAIB MOJAHO MOPQO/IOTiUHI OMMCH, €KOMOTiuHI 0COOMMBOCTI, AaHi PO MOLIVPEHHS,
OLIiHKM IPUPOJIOOXOPOHHOTO CTATYCY, @ TAKOXK OHOBJIEHWIT K/II0Y [ BU3HadeHHA BusiiB popy Coenogonium B AoTeapoa.
Kpim Toro, 3anponionosano crHoHiMisyBatu C. pertenue 3 C. luteum i C. tomentosum 3 C. implexum.

Kmrouosi cnosa: Coenogonium, Aoreapoa | Hosa 3enanjis, nixenisoBana Miko6ioTa, HOBi BU/, HOBi CMHOHIMM, TAKCOHO-
Mis IMIIATHUKIB
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Fibricium rude (Hymenochaetales) — nepura 3Haxigka B YKpaini

Mapia B. IIEBYEHKO
Incturyt 60Tanixu iM. M.I. Xonoguoro HAH Vkpaiuu,
By Tepemenkiscpka 2, Kuis 01601, Ykpaina

Appeca st nucryBanus: shevchenkomv8@gmail.com

Pedepart. Y cTaTTi HaBOEUTHCA iHbOpMaLlis Ipo Nepliy 3HaXinKy B YKpaiHi kopTurioignoro rpu6a Fibricium rude. Lle Takox
Ieplile NOBiJOM/IEHHS PO 3HAXIAKY pony Fibricium Ha Teputopii Kpainu. Y3araJbHeHO [JaHi IIOJO HOLIVPEHHS 1[bOTO BULY
y CBITi, TOFaHO HeTaNbHUIT OMIC MOPQOIOTIYHNX O3HAK, 3pOOIEHNX HA OCHOBI CBITIOBOI MIKPOCKOIIl, TpoaHamisoBaHo
eKoJIoriuHi 0cob6/MBOCTI Ta cybcTparHi yrnogobaunsa. CTaTTs CyIIPOBOMKYETHCS OPUTiHATBHYMI UTIOCTPALisAMI MaKpO- Ta
MiKpOCKOIIYHMX 0CO6IMBOCTEN Iprbda.

KmiouoBi croBa: guMiTnyHa ridanbHa cucreMa, KopTunioigauit rpu6, HanioHansHuit npupopauit napk 'TonmociiBebkuit',

Basidiomycota

Beryn

Pig Fibricium ]. Erikss. onucannit y 1958 p. i3 Tuo-
BuM BupoM Fibricium rude (P. Karst.) Jilich (Erik-
sson, 1958). 1le HeumciaeHHMIT Pif KOPTUIHOITHMUX
rpubiB, 1110 HameXnThb J0 popuun Hymenochaetaceae
nopsanky Hymenochaetales Binpiny Basidiomycota
(He et al., 2024). [Ins1 mpencTaBHUKIB POy XapaKTep-
Hi posIpoCTepTi Ta pO3IpOCTEPTO-BiirHyTi 6asuii-
omu 6ir10ro abo KpeMoBOro 3abapB/IeHHs, 3 ITIafleHb-
KM 41 OFOHTOIIHNM riMeHO(pOpPOM, pr3oMOpHHIM
KpaeM IUIOOBOTO Tila, AMMITMYHOK TridanpHOO
cucTeMo (reHepaTrBHI ridy TOHKOCTIHHI 3 TIPSDK-
KaMJ, CKEJIETHI — TOBCTOCTIHHI I HepO3TalTy>KeHi,
6e3 IeperopofioK i IPsDKOK), Hepinko 3i cTepuib-
HVUMM €/IeMEHTaMM B TiMeHii, YOTMPUCIIOPOBUMMA

OynaBonofiOHMMM  6asupiiAMM Ta  eTICOITHUMU
IIafeHbKMMI Oasupiocriopamu 6e3 aMinoifgHOL/ek-
crpunoinHoi un wuianodinpHOi pekii (Bernicchia,
Gorjon, 2010; Larsson, Ryvarden, 2021).

Y saranbHOCBiTOBOMY Macwtabi pin Fibricium
Hamiuye cim Bupis (https://www.indexfungorum.
org/, 3amut Bif 24.06.2025), yotupy 3 AKKX Bifo-
mi B €pori (Larsson, Ryvarden, 2021). Ha 1eit gyac
MOJIEKY/IIPHO-T€HETUYHI JIaHi € jinie I JBOX i3
uux — Fibricium rude i F. subceraceum (Hallenb.)
Bernicchia. Ha mymxy K.-I. Jlapcona rta JI. PiBappe-
Ha (2021), pin Fibricium ne € MmoHOdineTMYHUM, a
YOTMPU €BPOIENChKi BUIM, HalliMOBipHille, Hasle-
KaTb O OKPEMUX POXiB.

Hotenep B YKpaiHi He peecTpyBanyu >KOJHOTO
npepncraBHuKa pony Fibricium.

ARTICLE HISTORY. Submitted 25 June 2025. Revised 16 April 2026. Published 30 April 2026

CITATION. Shevchenko M.V. 2026. Fibricium rude (Hymenochaetales), the first record in Ukraine. Ukrainian Botanical
Journal, 83(2): 87-91. [In Ukrainian]. https://doi.org/10.15407/ukrbotj83.02.087

© M.G. Kholodny Institute of Botany, NAS of Ukraine, 2026

© Publisher PH "Akademperiodyka" of the NAS of Ukraine, 2026
This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/)
ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypHan. 2026. 83 (2) 87


https://www.indexfungorum.org/
https://www.indexfungorum.org/
https://doi.org/10.15407/ukrbotj83.02.087
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15407/ukrbotj83.02.087
https://orcid.org/0000-0001-9173-7662
mailto:shevchenkomv8@gmail.com

M.B. ITEBYEHKO

Marepianu Ta MeTOAU

Marepianom s CTaTTi CTaB 3pasoK KOPTULIOif-
HOTo rpuba, 3ibpanuit aBTopoM y kBitHi 2019 p. y
HanjionanbHomy npupopnomy mapky ‘lTomociis-
cokuit” Ta igentudikoannit sik Fibricium rude. lo-
CIimpKeHmit 3pa3ok 30epiraerbes B HanjionanpHOMY
repbapii IncTuryTy 60Taniku im. M.I. XomogHoro
HAH VYxpainu (KW-M).

36ip Ta repbapusallis MiKOJOTiYHOTO Marepia-
Ny 3IiJICHIOBA/IMCA 3a 3arajJIbHONPUITHATUMU Mi-
KOJIOTIYHMMM MeToAukaMu. Makpomopdomoriy-
Hi O3HaKM IJIOIOBUX Ti/l BUBYa/IM 3a JOIOMOIOI0
crepeomikpockona "MBC-9". [lns pmocmimkeHHs
MIKPOCTPYKTYP BUKOPUCTOBYBa/IM CBITIOBMII Mi-
kpockon Carl Zeiss Jena Amplival. Mikponpemna-
paTyu BUTOTOBIAIMN Y 5%-My PO3YMHI TipoKcumy
Kajiio, /I BUSB/IEHHsS peakiii 6asumiocmop Ha
JIOJOBMICHI CIIOIyKM BUKOPUCTOBYBA/IM PEAKTUB
Menbliepa, i1 BCTaHOB/IEHHSA IiaHOGiMbHOI pe-
akuil MikpocTpykTyp — 0,1%-71 po3unH 6aBOBHI-
HOTro CUMHBOro B 60%-171 MONMOYHiit Kucnori. Posmi-
pu criop nopaHi Ha ocHOBi 30 BUMipIOBaHb, IHIINX
MikpocTpykTyp — 10. B onuci Bupy BUKOpMcTaHi
TaKi CKOpo4yeHHs: L — cepenHs moBXmHa 6asni-
ocriop, W — cepegua mmpuHa, Q — cmiBBiffHO-
IIeHHSA JOBXVHM [0 IIVPUHIA).

Cyd4acHa jlaTMHCbKa Has3Ba Ta CHMHOHIMM BUZY
IofaHi BinnoBigHo fo 6asu ganux Index Fungorum
(https://www.indexfungorum.org/).

PesynbraTi Ta 06roBOpeHHA

Hwxye HaBoguMO [eTaNbHMIT ONNUC  BULY,
3po06eHnit Ha OCHOBi JOCII/PKEHOro 3paska, Ta
opuriHajbHi imOcTpamii, a Tako iHpopMaIiio
I[OfI0 TIOMIMPEHHA Ta eKOJMOTiYHMX YIOZOoOaHb
imenTudikoBaHOrO BULY.

Fibricium rude (P. Karst.) Jiilich, Persoonia 8(1):
81.1974 (Puc. 1,2)

= Corticium rude P. Karst., Bidr. Kann. Finl. Nat.
Folk 37: 143. 1882 = Gloeocystidium rude (P.
Karst.) Hohn. & Litsch., Sber. Akad. Wiss. Wien,
Math.-naturw. Kl., Abt. 1 115: 1558. 1906 = Pe-
niophora rudis (P. Karst.) Bourdot & Galzin, Hy-
ménomyc. de France (Sceaux): 302. 1928 [1927]
= Terana rudis (P. Karst.) Kuntze, Revis. gen. pl.
(Leipzig) 2: 872.1891.

= Corticium greschikii Bres., Revue mycol., Toulouse
12(no. 47): 109. 1890 = Fibricium greschikii (Bres.)
J. Erikss., Symb. bot. upsal. 16(no. 1): 114. 1958
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Puc. 1. Fibricium rude, 3araqbHUI BUIJIA IIJIOLOBOTO Tia

Fig. 1. Fibricium rude, general view of basidioma

= Peniophora greschikii (Bres.) Bourdot & Galzin,
Hyménomyc. de France (Sceaux): 300. 1928 [1927].

= Peniophora subcremea Hohn. & Litsch., Sber.
Akad. Wiss. Wien, Math.-naturw. KL, Abt. 1 115:
1600. 1906.

IInooose mino posnpocTepre ab0 371€TKa BiflirHy-
Te, IIiBYACTe, Ii/IbHO IPUPOCTIe Ko cybcTpary. ITo-
BepxHs riMeHO(dOpy IafieHbKa, IiC/IA BUCUXaHHS
JELI0 PO3TPICKYEThCH, CIIOYATKY 6inoro, micia mo-
3piBaHHA KpeMoBoro konbopy. Kpait 6asumiomu
pu3oMOpQHNMIL, OFHAKOBOTO KONbOPY i3 CYOiKyImio-
moM. Tligpanvna cucmema nyMiTHYHA, reHepaTUBHI
ridu 3 mpsHKKaMu, Ipo30pi, posranykeHi, MiCLAMI
3 aHaCTOMO3aMM, 3aBIIMPLIKK 3,0-3,5 MKM, CKe/eT-
Hi ri¢m mpsiMi, 6e3 IPSKOK 1 Ieperopofok, TOBCTO-
cTinHi, mmpuHow 1,8-2,2 MKM. I'imenianvnuil wap
Hajicafiuuit, 3i crepuibHUMU eneMeHTamu. Cy6-
2iMeHianvHull WAP CKIAAETbCA i3 TeHepaTUBHUX
rip, TyT IpuUCyTHi O6araTOKyTHi KpUCTamyu, po3Mi-
poM 6,8-9,0 x 6,0-7,5 MmkM. Cy6ikyntom yTBOpeHUI
TeHepaTMBHYIMU Ta CKeJIeTHUMMU Tridpamu, mpoHn3sa-
Huit pusomopdamu. Pusomopdu nymitrdsi, ckia-
JAIOTHCA i3 TUX caMMX TUIIB rid, 1o 71 cybikymom,
oxpeMi ripy BKpuUTi kpyucranamy, mo 3a GopMoro i
PO3MipoM HarafjyloTb KpucTaayu cybriMmeHiaIbHOTO
wapy. Huemudu cnivcononibHi, i3 mewjo MMpIIO0
0a3a/IbHOI0 JAaCTMHOIO Ta TPOXM BY>KUOIO aIliKaslb-
HOI0, BepXiBKa LUCTUAM 3a0KpyIlleHa abo elo
CIUIOIIEHa; OIIBIICTh IMCTUJ TOHKOCTIHHI, aje
TPaIUIAITbCA MOOANHOKI i3 MOTOBIEHNMY K/IiTVH-
HVMM CTiHKaMM; BE€pXiBKa LVICTUAY BKPUTA aMOp-
¢$HOI0 pedoBMHOI0, JOOpe BUIHOIO y BOJ, ajle siKa
mwByuAKo posunHAeTbca y KOH rta 6aBoBHAHOMY
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Puc. 2. Fibricium rude. A, E: pparmenTn riMenito; B: reneparussi rigu; C: cybikymrom; D: 6asupiocriopy; F: pusomopdn

Fig. 2. Fibricium rude. A, E: hymenium fragments; B: generative hyphae; C: subiculum; D: basidiospores; F: rhizomorphs

cuHboMY; 30-45 X 4,5-5,5 Mxm. Basuoii 6ynasoro-
1i6Hi, 12-13 x 3,0-4,4 MKM, i3 YOTMpPMa CTepUrMa-
M1t Ta 6a3a/IbHOIO IPsDKKOI0. Bazudiocnopu By3bko
€JIIICOINHI 1O MalbKe UWIiHAPUYHHUX, IJIaJleHbKI, Ii-
aniHoBi, 3,8-5,8(6) x 1,5-2,3(3) MxM (L = 4,96 MKM,
W =2,09 MxM, Q = 2,27 MKM), HeaMi/IOiHi, HeleKC-
TPUHOIAHI, HelliaHOI/TbHI.

Hocnimxennit 3pasok. KuiBcbka o061, OO6y-
XiBCbKUI p-H, HalioHanpHMil npupomHUIl Mapk
"TonociiBcpkmit’, ypounie Jlicauku, 50°17'30.1"N
30°34'49.4"E, cocHOBMIA JIic, Ha OMaNMX TrinKax Pinus
sylvestris L., 25.04.2019, 3i6p., BusH. M. IlleBueHKO
(KW-M71768).

3aranpHe mommpeHHs:. [liBHivna Amepuka: Ka-
Haza, Mekcnka, CIIIA (Gilbertson, Budington, 1970;
Martin, Gilbertson, 1980; Nakasone, 1990; Volk et
al., 1994; Rajchenberg, 2002; https://www.gbif.org/
species/2519203); IliBmenna Amepmka: Bpaswuis
(De Jesus, 1996); Appuxa: Mapokxo (Telleria et al.,

2016; https://www.gbif.org/species/2519203); Asis:
Kurati, Henan, IliBgenna Kopes, PO, Typeuunna,
Anonis (Pilat, 1937; Hayashi, 1974; Hjortstam, Ry-
varden, 1984, 1988; Jang et al., 2016; https://www.
gbif.org/species/2519203); €spomna: Asctpis, Ecto-
Hig, Icnanis, Itanisa, Himewyunna, Hopseris, Ilop-
tyranisa, P®, CnoayumHa, Ykpaina, Pinmanpis,
®panuis, Isenia (Hallenberg, Bernicchia, 1987;
Hjortstam, Larsson, 1997; Melo, Telleria, 1997; Or-
tega, Lorite, 2000; Damon, 2001; Bernicchia et al.,
2007; Duenas et al., 2009; Bernicchia, Gorjon, 2010;
Kunttu et al., 2018; Friebes et al., 2023; https://www.
gbif.org/species/2519203).

CyOcTpatHi ynmomo6aHHaA. 3a jiTepaTypHUMMU
pauumu (Eriksson, Ryvarden, 1975) Bup sparHmit
pO3BMBAaTHCA Ha HIMPOKOMY CIEKTPi XBOWHMX i
JMCTAHMX JiepeBHUX Iopif. Y €ppormi HajvacTi-
e Tpamisierbcst Ha xBoitHux (Bernicchia, Gor-
jon, 2010), IIpMYOMY B MiBHIiYHiil YacTMHI €Bponn
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M.B. ITEBYEHKO

Bifae nepesary Picea abies (L.) H. Karst., a B iHmmx
perionax — Pinus L., Pseudotsuga Carriére Ta Salix
L. (Larsson, Ryvarden, 2021).

BucHoBxn

Fibricium rude — nepimwii npefcTaBHUK POAY, Bifi-
MideHui1 B YKpaiHi. Ileit Bup BigoMnii 3 yCix KOH-
TUHEHTIB, KpiM ABcTparnii Ta AHTapkTuau. Hessa-
JKalo4) Ha BENMKY Pi3HOMAHITHICTB cyOcTpaTis,
AK1 BiH 3[JaTHUIT KOJIOHI3YBaTH, 110 BCbOMY apeay
TpamIfAeTbca JoBoni pigko. ITpoananisyBaBmn
JITepaTypHi faHi IIOMO JOro MOMMPEHHA Y CBITI,
MOYKHa 3pOOUTHU BUCHOBOK, 110 F rude TsoKie no
IIOMiPHOTO K/IIMAaTMYHOTO I10sCY.

BusBnennit HamMmmu BU HaAeKUTh IO OMHOTO i3
Hebaratbox popiB KopruiioigHux rpubis i3 pu-
MiTM4HOI rihanbHO0O cucTeMoro. Y KoMOiHaril
3 MIiKpOMOpP(OIOTIEId CTEPUIBHNX €/TeMEHTIB i

CITMCOK ITOCUTAHDb

6asumiocop BiH J1€TKO ineHTM(biKyeTbCH 3a oMo-
MOTOIO CBIiT/IOBOI MiKPOCKOIIii.

IIpyuyuHM HMSBKOI YaCTOTU TPAIUIAHHA JOCTe-
MEHHO HEBi[JOMi, TOMy NOJa/IbIli JOCTIKEHHSA
apeajly LbOro BUJY Ha TepuTopii YKpainu 3anu-
IIAI0TbCA AKTya/lIbHUMU. B MailOyTHbOMY Iie lacTb
3MOTY OL|iHWUTH JIOTO IPUPOJOOXOPOHHNIL CTaTYC.

3Ba)KaluM Ha HEPIBHOMIPHICTb BMBYEHOCTi BI-
IOBOTO CK/Iafy KOPTULiOIifHMX rpubiB B YKpaiHi,
CIIiJ, OYiKyBaTM BMABJIEHHA 1 IHINMX BUJIB POAY B
MajiOy THbOMY.

JOTPMMAHHA ETMYHNX HOPM

ABTOp TIOBi[JOM/IA€ TIPO BifICY THICTD OY/b-AKOTO KOHPIIKTY
iHTepeciB.
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Fibricium rude (Hymenochaetales), the first record in Ukraine

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

Abstract. The article reports the first record of the corticioid fungus Fibricium rude in Ukraine. This is also the first report
of the genus Fibricium in the country. A detailed description of morphological characters of the species based on the light
microscopy examination is provided. The ecological characteristics and substrate preferences are analyzed, the worldwide
distribution data is summarized. The macro- and microscopic characters of the fungus are illustrated.

Keywords: Basidiomycota, corticoid fungi, dimitic hyphal system, Holosiiv National Nature Park
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Ranunculus lateriflorus (Ranunculaceae)
within the Prytysianska lowland (Ukraine):
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Abstract. The transformation of landscapes and changes in the hydrological regime of the Tisza River basin amid climate
change have led to the decline or even local extinction of many hydro- and hygrophilous vascular plant species due to the de-
struction or deterioration of their habitats from the lowlands to the subalpine zone of the Eastern Carpathians. One of these
species, Ranunculus lateriflorus (Buschia lateriflora), a rare species known only from five areas within southern and western
Ukraine, was for a long time considered extinct from the territory of Zakarpattia (Transcarpathian) Region of Ukraine. We
analysed the distribution pattern of the species based on our study of herbarium specimens deposited in public herbarium
collections, supported with intensive field surveys in seasons of 2022-2025. The species is locally distributed between Uzhho-
rod, Chop, and Batovo and occupies field depressions with temporary water bodies where salts accumulate, and small saline
marshes. We provide here a list of locations and their characteristics, as well as the species' response to the leading environ-
mental factors. Based on our analysis of the collected data, we determined the conservation status of the species in Ukraine
and, in accordance with the IUCN methodology;, classified it as Endangered (EN). To preserve Ranunculus lateriflorus in our
region, we consider it necessary to expand the area of the existing Prytysiansky Regional Landscape Park to include the iden-
tified locations.

Keywords: conservation, endangered species, floodplain meadows, habitat, IUCN Red List, Pannonic semi-saline meadows,
Ranunculus lateriflorus, Tisza basin

Introduction Oblast (Transcarpathian Region) of Ukraine for

a long time (Margittai, 1933; Boros, 1925-1926;
Marsh vegetation and hygro- and hydrophilic vas-  Felbaba-Klushyna, 2010; Felbaba-Klushyna et al.,
cular plants have been studied in the Zakarpattia =~ 2023). Over the past decades, human activities have
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Ranunculus lateriflorus within the Prytysianska lowland (Ukraine)

affected the hydrological regime of the Tisza River
basin and led to a drop in the water table, drying up
of marshes, and the transformation of moisture-lo-
ving vegetation into vegetation with moderate wa-
ter supply. These phenomena have been observed
in the Ukrainian Carpathians from lowlands to hi-
ghlands (Felbaba-Klushyna et al., 2023). In this re-
gard, a significant number of plant species confined
to habitats with excessive moisture have disappea-
red or are on the verge of extinction locally. In par-
ticular, annuals (therophytes) of the exposed bot-
tom vegetation, such as Eleocharis carniolica W.D.].
Koch, Limosella aquatica L., Lindernia procumbens
(Krock.) Philcox, and Schoenoplectiella supina (L.)
Lye (Scirpus supinus L.), are extremely rare and re-
quire constant monitoring and protection actions
(Felbaba-Klushyna, 2007).

One of the rare species that was considered local-
ly extinct in the territory of Zakarpattia Region of
Ukraine is Ranunculus lateriflorus DC. [= Buschia
lateriflora (DC.) Ovcz.] (Margittai, 1933; Boros,
1925-1926; Krycsfalushy et al., 1999; Hamor et al.,
2009; Felbaba-Klushyna, 2010) — Fig. 1.

The generalized distribution range of Ranun-
culus lateriflorus reaches northwestern Africa, Eu-
rope, western Siberia, and Central Asia (POWO,
2025-onward). For the European part of the for-
mer Soviet Union, it was reported as occurring in
Crimea, Lower Volga, Middle Dnipro and Southern
Transcaucasia floristic regions. Ranunculus lateri-
florus grows in shores of freshwater bodies, flooded
terrain depression in lowlands, muddy riverbanks,
clay saline steppes, and occasionally in moist places
in crops (Ovchinnikov, 1937; Visulina, 1953; Mo-
rozyuk, 1987).

During the fieldwork in southeastern Slovakia
throughout the vegetation season of 2022, when we
focused on monitoring of selected species for the
preparation of a new Slovak Red Data Book, sever-
al previously reported populations of R. lateriflorus
have been confirmed and some new populations
have been found. Because the easternmost popula-
tion were found between Velké Kapusany and Le-
les, only four kilometres from the Slovak-Ukrainian
border, we supposed that the species could be found
in the Ukrainian part of the lowland (Zakarpattia
Region) as well.

This article reports new findings of R. lateriflorus
with a list of selected herbarium specimens, litera-
ture sources, and citizen science database (https://
www.inaturalist.org/). Generalized information on

the species distribution within Ukraine and ad-
jacent territories is presented, and the ecological
conditions of habitats and habitat types are provid-
ed. The conservational status of the species within
Ukraine has been clarified.

Materials and Methods

The field course was held on 18 June 2023, 2 and 9
June 2024, and 9 June 2025 in field depressions be-
tween Uzhhorod, Chop, and Batovo. Herbarium spe-
cimens in several Central European collections (BP,
BRA, BRNU, CL, DE, EGR, KO, LW, LWS, LWKS,
SAV, SLO, UU, ZV, W, WU) were studied; acronyms
of public herbaria follow Thiers (2025-onward).
Ecological characteristics of the species are given
according to the scale of Didukh (2011). Photo do-
cumentation was published on the iNaturalist plat-
form (https://www.inaturalist.org/) and the relevant
observations are cited at localities in the list below.
Herbarium specimens are deposited in the Herbari-
um collection of the Botanical Garden of Pavol Jozef
Saférik University (acronym KO). The assessment
of the conservation status of Ranunculus lateriflorus
was carried out in accordance with the methodo-
logy outlined in the IUCN Red List Categories and
Criteria (IUCN, 2017).

Natural conditions of the research area

The Prytysianska Lowland (Zakarpattia Lowland)
was formed in the northwestern part of the Zakar-
pattia Internal Trough and the northeastern edge of
the Pannonian Basin. Geologically, it corresponds
to the tectonic element of the Chop-Mukachevo
depression, which began to form in the Late Mio-
cene-Pliocene. The territory continued to lower in
the Anthropocene, and in the Holocene, the sub-
mergence of the territory was replaced by an uplift
(Mykyta, Saluyk, 2013). Absolute elevations range
from 105-120 m above sea level. The Mukache-
vo morphostructure is composed of Miocene and
Quaternary sediments. The surface of the morphos-
tructure is a flat lowland alluvial plain, which is a
low terrace of the Tisza and its tributaries and rises
above the current river water level by an average of
5-6 m (Gerenchuk, 1981).

The study area is characterised by a temperate
continental European climate and is influenced by
Atlantic air flows from the plains of Central Europe.
The average monthly air temperature in the Pry-
tysianska Lowland ranges from -0.7 °C in January
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Fig 1. Ranunculus lateriflorus, young flowering plant (left) and fruiting plant (right). Photographed by M. Dudas

to +21.9 °C in July-August, and the average annu-
al temperature is 8.8 °C, which is highest in the
Ukrainian Carpathians. The average annual precip-
itation in the lowlands is 650-750 mm (Ozymko,
Karabiniuk, 2023). This is a warm climatic zone that
covers the Zakarpattia Lowland and Pokutska Plain
in the Dniester and Prut rivers (Milkina, 1988a,
1988b). In areas with constant or prolonged period-
ic moisture, meadow-bog soils are common, char-
acterized by heavy texture, poor filtration, strong
acidity and high humus content.

The main landscape type of this area is the flood-
plain-lower terraced plain. In the past, it was often
flooded by floods and flood waters of the Tisza, La-
torytsia, and Borzhava rivers, which maintained a
high-water table, contributing to the glazing of the
sod soils. To optimize them, significant reclamation
work was carried out in the form of a network of
canals hundreds of kilometres long, and dams were
built along the rivers to protect the plain from cata-
strophic floods.

In the floodplains of the lowland rivers, alluvi-
al meadow-brown loam and sod-brown loam soils
with varying degrees of glaciation were formed,
and meadow-bog and bog soils are sporadically
distributed. In the Tysa-Latoritsa interfluve within
the Chop depression, sod-gley, meadow podzolized
gley and, less frequently, meadow soils are found on
sandy loam deposits (Vovk, Orlov, 2005).

Results and Discussion

During the field research, we found several localiti-
es of R. lateriflorus, which are listed below:
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- Uzhhorod District, between Mali Selmentsi and
Siurte, several populations on the edge of fields
and in flooded terrain depression, 48°29'34.27"N
22°10'39.25"E, 48°29'30.89"N 22°10'33.23"E (here
frequent; Fig. 5), 48°28'46.96"N 22°11'3.51"E
(sporadically), 48°29'57.51"N 22°11'36.69"E (tens
of plants), ca 100 m a.s.l. (M. Dudas, 11.05.2025,
KO38442, 09.06.2025; https://www.inatural-
ist.org/observations/288268038, 280311613,
288267968 and 288268062).

- Uzhhorod District, Tyihlash, flooded terrain
depression on corn field on SE edge of village be-
hind the railway underpass, hundreds of plants,
48°28'37.7"N 22°13'54.2"E, 101 m asl. (M.
Dudas, 18.06.2023, KO37470; https://www.inat-
uralist.org/observations/220518112).

- Uzhhorod District, Mali Heivtsi, field depres-
sion near farm on W edge of village, waterlogged
after storm, rare, 48°29'30.07'N 22°17'21.62"E,
100 m a.s.l. (M. Dudas, 18.06.2023, observation).
- Uzhhorod District, Demechi, waterlogged
field depression on field W from village, tens
of plants, 48°2525.1"N 22°19'12.5"E, 100 m
a.s.l. (M. Dudas, 18.06.2023, KO37476; https://
www.inaturalist.org/observations/194004423;
Fig. 4). - ibid., waterlogged field depression on
field SW from the village, only several plants,
48°24'51.41"N 22°19'31.34"E, 100 m a.s.l. (L. Fel-
baba-Klushyna & M. Dudas, 09.06.2025, https://
www.inaturalist.org/observations/288408400
and 288408405).

- Beregovo District, Batovo, field depression
north from village (old grounded Latoritsa riv-
erbed), scattered, 48°23'32.29"N 22°24'9.92"E,
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Ranunculus lateriflorus within the Prytysianska lowland (Ukraine)

Fig. 2. General distribution of Ranunculus lateriflorus (black triangles) in Ukraine

105 m a.sl. (M. Dudé$ & L. Felbaba-Klushyna,
09.06.2024; https://www.inaturalist.org/observa-
tions/221596332 and 221596353).

All these findings of R. lateriflorus were made
within the elevation range of 100-110 m above sea
level. An average population of this species usually
covers areas of 20-50 m?, with only the population
in the vicinity of the village of Siurte being the larg-
est, covering an area of 80 m?. The number of indi-
viduals per 1 m? varies from 2 to 5 (rarely more).
The distance between populations in the villages of
Mali Selmentsi and Siurte, Mali Heivtsi, and Tyi-
hlash ranges from 2 to 5 km. The other two popula-
tions are located southeast of this distribution cen-
tre. The population in the village of Demechi is 13
km southeast of this centre, and the population in
the village of Batovo is at least 30 km southeast (Fig.
3). The range of R. lateriflorus is here fragmented
and consists of small populations.

In Ukraine (Fig. 2), the species has significant dis-
junction areas — the southern one in Kherson Re-
gion (Dzharylhach Bay) and in Crimea, the western

area in the Forest-Steppe in Ternopil Region (Ho-
rodok District, Lisovody village), and on the Left-
bank Steppe in Zakarpattia Region (Ovchinnikov,
1937; Visulina, 1953; Morozyuk, 1987).

For Zakarpattia Region (Fig. 3), the species has
been reported only from its lowland part, exclu-
sively in the Transcarpathian Lowland (Chopyk,
Fedoronchuk, 2015), where it grows in swamps
and marshes (Fodor, 1974). According to Fodor's
own scale of species abundance in the region, R.
lateriflorus belongs to the category II (not much —
scarce). In general, this species is not widespread
throughout its range, due to the peculiarities of its
ecological characteristics.

We found only several herbarium specimens in
the Ukrainian herbarium collections in Lviv (LW,
LWS, LWKS) and Uzhhorod National Universi-
ty (UU), and small number of specimens in other
significant Central European public herbaria collec-
tions as part of exsiccate collection. The herbarium
specimens are listed below (in original script and
transcription from Cyrillic scripts):
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Fig. 3. Distribution of Ranunculus lateriflorus within the Prytysianska Lowland (Zakarpattia Region): new localities

(black triangles) and herbarium specimens (black circles)

— Flora exsiccate Reipublicae Bohemicae Sloven-
icae. Rossia subcarpathica: Bereg: locis paludosis
aquosisque ad p. Batu, dit. Bereg, solo argiloso, ca.
110 m, V 1926, leg. A. Margittai (BRNU175562;
CL; LW102257; SLO; ZV; BP); - Flora carpat-
ica. Hab. in locis humidis ad pag. Batyu, com.
Bereg, V 1926, leg. A. Margittai (BRNU129309);
- In paludosis ad pad. Batyd, Com. Bereg, V
1926, leg. A. Margittai (CL), (handwritten); — In
locis paludosis inter Kovaszéva — Nagy Bereg”,
VI 1922, leg. A. Margittai (CL), (handwritten);
— Tsehlivka, leg. S.S. Fodor (UU), (handwrit-
ten); — Zakarpatska Region, Ivanivs'ke lisnytst-
vo, hrabova dyubrava, 20.V 1977, leg. O. Dum-
nych (UU), (handwritten); — Esen’, volohyy luh,
28.V 1956, leg. S.S. Fodor (UU), (handwritten);
21.VI 1947, leg. E. Tovt; — Demychevo, volohyy
luh, 21.V 1964, leg. E. Tovt (UU), (handwritten);
- Palad'-Komarivtsi, pole, 16.V 1963, leg. S.S.
Fodor (UU), (handwritten); — Chervone boloto,
15.V 1962, leg. E.S. Tovp (UU), (handwritten);
- Zakarpatska Obl., Uzgorodskyy r-n, okolitsi
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s. Veliki Heivtsi, Zakarpatska nizovyna, zaplava
r. Latoritsya. Peresykhayukhyj osochnik z Carex
vuplina L. pri dorozy bilya mosta cherez r. La-
toritsya, leg. R. Kisch, 18.V 2011 (LWKS033583).

The analysis of herbarium collections shows that
until the middle of the 20" century this species
was quite rare in the Prytysianska Lowland. Her-
barium specimens of R. lateriflorus collected by A.
Margittai in years 1922-1923 and A. Boros in 1923
(Chornyi mocar) are deposited in BP (Kricsfalusy et
al., 1999), and this record was later separately pub-
lished by Boros (1925-1926) and Margittai (1933).
Margittai later collected R. lateriflorus near Batovo
several times during 1922-1928.

Our research has shown that the species can be
preserved in suitable habitats, such as water bod-
ies with temporary water levels in spring and early
summer, which subsequently dry up in summer, as
well as field depressions among crops, especially in
areas where winter crops are grown, the harvest of
which coincides with the beginning of the growing
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Fig. 5. Ranunculus lateriflorus near Siurte. Photo by M. Dud4s, 2025
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season of some annuals, including the species that
we studied. The number of populations could be
higher due to the fact that field depressions are rare-
ly visited by botanists or even overlooked at the end
of spring. On the other hand, the reason may also be
the absence of field flora studies in the given area.

Thus, according to the current state of research
in Ukraine, the Prytysianska Lowland is the place
where the largest number of R. lateriflorus popula-
tions are presently concentrated.

Ranunculus lateriflorus is an annual plant with
a short growing season (May-June). As a rule, a
period of drought begins in late June in the Pryty-
sianska Lowland. However, by this time, the species
individuals are mostly finished with their growing
season, and this circumstance makes it difficult to
detect them to some extent. The main habitat of
this species is swampy depression areas of fields,
where rainwater is retained for a long time, and the
constant alternation of drying and moistening pro-
cesses leads to the accumulation of salts. Therefore,
moist, slightly saline substrates with a sparse herb-
age stand, which is formed on sowing fields after
harvesting winter crops, are particularly favourable
for this species.

According to the requirements for and response
to the main ecological factors (Didukh, 2011), R.
lateriflorus belongs to hygromesophytes in relation
to the soil water regime; to the hyper-hydrocontras-
tophiles in relation to moisture variability; to the
aerophobes in relation to the soil aeration; to the
basophiles in relation to soil acidity; to the glycotro-
phes in relation of plant species to total salt regime;
the acarbonatophiles in relation to carbonate con-
tent in soil to; to the hemi-nitrophiles in relation to
nitrogen content in soil; to the mesotherms in re-
lation to the thermal climate; to the sub-continen-
tals in relation to the continentality of climate (in
Ukraine, this indicator is typical for the Steppe zone
and the Black Sea region); to the acryophytes in re-
lation to the cryo-climate, and to the heliophytes in
relation to light.

The requirements of R. lateriflorus and its re-
sponse to key environmental factors significant-
ly limit its range, primarily due to soil conditions.
Saline floodplain meadows and saline marshes are
rare in Ukraine. Such rare ecological conditions
and habitats existed in the Prytysianska Lowland
before its large-scale drainage amelioration and
plowing (Felbaba-Klushyna, 2009). However, over
the past decades, the decline of agriculture and the
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neglect of the canal system have contributed to the
natural recovery of hydrological and salt regimes in
the lowest areas. Therefore, R. lateriflorus and some
other species with similar ecological characteristics
are also more common here.

To preserve biodiversity in general, and R. later-
iflorus in particular, and to ensure the natural de-
velopment of soil formation processes in the Pry-
tysianska Lowland, the area of the Prytysiansky
Regional Landscape Park should be expanded to
include floodplain meadows and marshes in the vi-
cinity of the villages of Demechi, Batovo, Tyihlash,
Siurte, Mali Heivtsi, and Mali Selmentsi. Intensive
field research will certainly result in findings addi-
tional new localities and populations. We assume
that the species is more widely distributed up to the
Carpathian foothills bordered with the line Uzhho-
rod-Mukachevo-Vynohradiv.

In accordance with the Council Directive 92/43/
EEC on the Conservation of Natural Habitats and
of Wild Fauna and Flora, the habitat with R. later-
iflorus as well as other species we found in these
communities, such as Ranunculus sardous Crantz,
R. sceleratus L., Limosella aquatica, Mentha pulegi-
um L., Rorippa sylvestris (L.) Besser, etc., formed on
floodplain saline meadows of the Transcarpathian
Lowland, are identified as Pannonic semi-saline
meadows, and according to the EUNIS classifica-
tion: B4.31 Pannonic salt steppes and salt marshes;
E 6.2 Continental inland saline grass and herb-dom-
inated habitats; Pal. Hab.: 15.A12 Pannonic saline
meadows. In the Transcarpathian Lowland, this
habitat is critically endangered (CR) and is located
at the northeastern border of its natural distribu-
tion, where it is only fragmentarily represented by
the halophilic meadow vegetation type, which is
characterized by a relatively low dependence on the
degree of salinity and by an impoverished species
composition (Prots, Kagalo, 2012). As we have al-
ready noted, we found that the plant communities
that are the main indicator of the above conditions
are formed in depressed relief forms in fields sown
mainly with winter crops.

Ranunculus lateriflorus has been assessed for The
IUCN Red List of Threatened Species in 2013 as
Least Concern (Lansdown, Rhazi, 2014). However,
after 12 years, this data has become outdated and
needs to be updated. This is especially true given
that plants that grow in excessively moist ecotopes
and have a narrow ecological amplitude in relation
to the hydrological regime, such as the species we
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studied, are increasingly found on lists of endan-
gered species. The species is enlisted in the Czech
and Slovak Red Data Book (Holub, 1999) and in
Slovakia is considered in category Vulnerable (VU)
(Elia$ et al., 2015; Dudas, 2024). In Hungary it is
protected and Near Threatened (Kiraly, 2007). The
species is not listed in the Red Data Book of Ukraine
(Didukh, 2009; https://zakon.rada.gov.ua/laws/
show/z0370-21#n17).

Recently, Ukraine assessed the conservation sta-
tus of plant species according to the IUCN (Ony-
shchenko et al., 2022). Ranunculus lateriflorus was
classified as “Critically Endangered” (CR), but the
quality of this national assessment was rated as
poor, indicating a lack of high-quality data on this
species. The criterion for national assessment (for
species in categories CR, EN, VU, and sometimes
NT) was defined as C2a(i). This means that, based
on observations, conclusions, or projections, it has
been established that the population is continuing
to decline, with no subpopulation exceeding 50
mature individuals. However, the subpopulation
(according to the meaning of this term adopted in
the IUCN methodology) that we studied in Tran-
scarpathia numbers about 1,000 individuals. At the
same time, we assume that there may be more lo-
calities than those we have identified. Over the past
50 years, the number of localities has decreased
due to increased anthropogenic impact. This trend
will intensify due to the war, which has provoked a
mass migration of the population from the east of
the country to Transcarpathia, specifically to the
lowlands, as well as the relocation of production
facilities and the development of residential infra-
structure. Despite this, R. lateriflorus will continue
to occur for some time in suitable conditions in
fields, especially those where winter crops are
grown, which are harvested before the start of its
vegetation period, allowing the formation of halo-
phytic communities of annuals. Therefore, based on
careful analysis of the collected data, we identify R.
lateriflorus as “Endangered” (EN) with the criterion
of the national assessment as “E”. This means that
there is a significant risk of extinction in the wild
due to population decline, habitat loss, and habitat
quality changes. Our quantitative analysis shows
that the species has >20% chance of extinction
within the next 20 years, or 5 generations (which-
ever is longer, but not more than 100 years). Using
this criterion, we recommend adding R. lateriflorus
to the new edition of the Red Data Book of Ukraine.

Conclusion

This article presents the results of research on Ra-
nunculus lateriflorus, a rare species in Ukraine that
was long considered extinct in the Zakarpattia Regi-
on of Ukraine. According to current research on the
species in Ukraine, the Prytysianska Lowland is the
place where most of its populations are concentra-
ted. The range in the Prytysianska Lowland is frag-
mented, with populations occupying small areas of
20-50 m?, and only one population covering an area
of 80 m2. Analysis of herbarium specimens, suppor-
ted by intensive field research, shows that R. lateriflo-
rus is locally distributed between Uzhhorod, Chop,
and Batovo. It occupies saline floodplain mead-
ows or small saline marshes. In accordance with the
Council Directive 92/43/EEC, the habitats with R.
lateriflorus are identified as “Pannonic semi-saline
meadows”. The species is characterized by a nar-
row ecological amplitude in relation to the leading
ecological factors of the environment and is parti-
cularly vulnerable to their change. According to the
IUCN criteria, the conservation status of Ranun-
culus lateriflorus within Ukraine is defined as “En-
dangered” (EN), with the criterion of the national
assessment as “E”.
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Ranunculus lateriflorus (Ranunculaceae) Ha IIpUTHCAHCBKIN
Hu30BMHI (YKpaiHa): MOLIpeHHs, eKOOTriYHa Ta CO30/0TiYHA OL[iHKa

M. IYIAIL L, JI. ®EJIbBABA-KJIYIIVHA 2

! Kadenpa 6ionorii pocnun, [ncTutyT 6iosorii Ta ekosorii, pakyabTeT IpUpOJHUINX HAYK,
Vuisepcutet imeni [Tasra Voseda llladapuka (Cnopaipka pecry6rmika)

2 Kadenpa 6oranixn, 6ionoriuamit paxynsrer [BH3 "Yxropopcokuit HanjioHanbHuii yHiBepcurer”

Pedepar. Tpanchopmaris manpuradTis i HOpyLIeHH TiAPOIOriYHOrO pesxxuMy Oaceitty piukn Trcu B yMoBaxX KIiMaTHYHUX
3MiH IIpU3BeNN O 3HUKHEHH: 6araTboX BUMIB Tifipo- Ta rirpodiIbHIX CYAMHHNX POCIVH Yepe3 PYIHYBaHH iXHIX OCe/NI
Bifj HM30BMHY 10 cybasbmilicbKoro noscy Cxiguux Kapnar. Opus i3 Takux Bupnis, Ranunculus lateriflorus, Bigommit mmiue 3
I'ATH JiNAHOK Ha MiBAHI Ta 3axofii YKpaiHu, TpUBaNuii 4ac BBXXaBCA 3HUKIMM Ha TepuTopii 3akaprarcbkoi obmacti. ITo-
MIPEeHHs BUAY OY/I0 IIpOaHaTi30BaHO HA OCHOBI BUBYEHHS 3Pa3KiB, 10 30epiraloTbcsl y lepXKaBHMX repOapHIX KOEeKIi-
AX, Ta IHTEHCUBHUX MOMBbOBUX JOCTiIXeHb y 2022-2025 pokax Ha Teputopii [Iputncancpkoi HusoBnHi. BcTranosneno, mo
R. lateriflorus moxampHO TomypeHuit Mbk MictamMu Y>xropozoM ta HoroM i cenmnieM batboBo i 3aiiMae 0OIbOBI 3amafuum 3
TYMYaCOBUMI BOJOIIMAMIY, Y AKUX HAKOIMYYIOTbCSA COTI, Ta HEBE/MKi COMOHYBari 607oTa. Y CTaTTi HaBeeHO Ieperik Mic-
I[e3HaXO/PKeHb Ta IXHi XapaKTepJMCTUKY, @ TAKOXK IIPOAHa/Ii30BaHO BiTHOLICHH: BUAY O IPOBiJHIX €KOMOTiYHMX PaKTOPiB.
Bignosiguo go Merogosnorii MCOII 6y1o BUsHau4eHO CO30/IOTIYHMII CTAaTyC BUAY B YKpaiHi i1 kiacudikoBaHO J10T0 SK TaKMii,
110 nepebyBae mif 3arposoro suukHeHHs (EN). JI71s1 OXOI/IeHHsI BUSIB/ICHNX MiCLIe3HAaXOfKeHb 1 3abe3IedeHHs 30epexkeHHs
Ranunculus lateriflorus y 3akapriaTcbkiit 001. Myt BBYKa€MO 3a IOL/IbHE PO3LINPUTHU TepUTOpito icHyodoro [IpurucsHcbKO-
TO perioHa/JIbHOrO TaHAUIAGTHOTO IAPKY.

KnrouoBi cnoBa: 6aceitH piukn Trcy, Bup i 3arpo3oro sHUKHEHH:, 3aIUIaBHi YKy, TAHOHCHKI HAIiBCOIOH] TyKM, OCenm-
1a, oxopoHa, Yepsouuit ccok MCOIL, Ranunculus lateriflorus
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Abstract. This article presents the Microalgae Culture Collection of the M.G. Kholodny Institute of Botany, National Aca-
demy of Sciences of Ukraine (IBASU-A), which was established by Professor Nadiya P. Massjuk in 1960. Currently, it is the
largest algal collection in Ukraine and has been designated as an Ukrainian National Heritage unit since 2013. The structure,
history, and development of the collection are described. It maintains 500 strains representing 186 prokaryotic and eukaryo-
tic species from 100 genera and 10 classes, including Cyanobacteria (32 species), Chlorophyta (125), Charophyta (23), Eugle-
nophyta (2), and Heterokontophyta (6). The IBASU-A holdings include halophilic, freshwater, and terrestrial algae, as well as
biotechnologically significant strains, rare taxa, authentic strains (ex-type cultures, etc.), and a unique collection of bacterial
associates of algae. The primary mission of IBASU-A is the isolation, preservation, management, and supply of algal strains
for academic research and biotechnology. Several strains of taxa belonging to the families Chlorellaceae, Scenedesmaceae, and
Selenastraceae have been successfully employed in various applied projects, serving as test objects for assessing the toxicity
and carcinogenicity of organic substances, as well as biological agents for industrial waste treatment and high-yield biomass
producers for biofuel production. A feature of the IBASU-A collection is that, along with algae cultures, strains of bacteria
accompanying microalgae in nature (bacterial consorts) are deposited there: 270 strains isolated from 45 xenic cultures of
green algae.

Keywords: authentic strains, bacterial consorts, biodiversity, biotechnology, collection, cultures, cyanobacteria, ex-type
cultures, IBASU-A, microalgae, National Heritage, rare species

The Microalgae Culture Collection of Ukraine  Professor Nadiya P. Massjuk, initially for the use of
(acronym IBASU-A) marked its 65" year of con-  algal cultures of halophilic flagellate algae in basic
tinuous operation in 2025. It was established by  and applied studies according to scientific priorities
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Microalgae culture collection of the M.G. Kholodny Institute of Botany

of the Department of Phycology at the M.G. Kho-
lodny Institute of Botany, National Academy of
Sciences of Ukraine. The first strains of Dunaliella
salina (Dunal) Teodor. were isolated in 1960 from
Crimean salt waterbodies with a focus on their bi-
ological potential as producers of B-carotene, bio-
active compounds, microalgae mass cultures, and
animal and aquaculture feeds. Then, the diversity
of species of Dunaliella Teodor. in this collection
started to increase in size. Most of the halophi-
lic flagellates were collected by Nadiya P. Massjuk
from various habitats, including salt lakes, lagoons,
pools, and saline soils in Ukraine as well as Azer-
baijan, Kyrgyzstan, Turkmenistan, and Uzbekistan.
Some samples, which were sent by colleagues from
Western Siberia and Israel, enriched the diversity
and scientific value of the collection (Yunger, Tere-
shchuk, 1990).

During the 1960s and 1970s, the IBASU-A col-
lection was extensively explored in research on the
morphology, systematics, ecology, and biogeogra-
phy of Dunaliella species. Such work contributed
to a deeper understanding of the genus, includ-
ing the description of new species and insights
into their adaptation to various saline environ-
ments. Nadiya P. Massjuk is acknowledged as the
author of 12 species within the genus Dunaliella.
These include: Dunaliella asymmetrica Masjuk,
D. carpatica Masjuk (a Carpathian endemic dis-
covered in Romania and Ukraine), D. granulata
Masjuk, D. maritima Masjuk (a marine species),
D. minutissima Masjuk, D. pseudosalina Masjuk
& M.IL. Radcz., D. terricola Masjuk, D. turcoman-
ica Masjuk (Asian endemic from Turkmenistan),
D. baas-beckingii Masjuk, D. gracilis Masjuk, D.
jacobae Masjuk, and D. ruineniana Masjuk (Aus-
tralian endemic). Most of these species were de-
scribed based on strains and specimens collected
from various regions around the world, including
Europe, Asia, and Australia. These taxa make up a
significant portion of the 27 recognized Dunaliella
species globally. In addition to these new species,
two taxa were reclassified by Nadiya P. Massjuk as
new combinations due to their transfer from oth-
er genera: Dunaliella acidophila (Kalina) Masjuk
(previously Spermatozopsis acidophila Kalina), a
European endemic from the Czech Republic, and
D. obliqua (Pascher) Masjuk (formerly Apiochloris
obliqua Pascher), with the respective strain also
originating from the Czech Republic (Borowitzka,
Siva, 2007; Guiry, Guiry, 2026).

Beyond their importance in fundamental scien-
tific research, the Dunaliella strains were extensive-
ly investigated for their potential biotechnological
applications, focusing on their ability to synthesize
valuable compounds, including enzymes, proteins,
and vitamins, especially B-carotene, a pigment of
significant economic and nutritional importance.
The pioneering studies conducted during this peri-
od laid the foundation for future applied research
and commercial applications of the genus Dunal-
iella. In addition to their significant scientific and
biotechnological value, selected strains from the
genera Dunaliella and Pedinomonas Korshikov were
patented (Massjuk et al., 1984; Mikhailyuk et al.,
2010). These patents underscored the importance
of the collection’s strains not only for scientific re-
search but also for their potential in various indus-
trial and commercial applications, including bio-
technology uses.

Throughout the 1980s, the IBASU-A collection
at the M.G. Kholodny Institute of Botany, NAS of
Ukraine, played a pivotal role in advancing applied
scientific research using its halophilic flagellate cul-
tures. These cultures were highly valued for their
pronounced sensitivity to environmental changes,
making them effective bioindicators. As bioindica-
tors, they provided reliable data for assessing envi-
ronmental conditions across various experimental
procedures. Due to their unique biological charac-
teristics, these strains proved excellent models for
investigating the intricacies of algal photomovement
(Massjuk et al., 2007).

In addition to their use in environmental stud-
ies, ten Dunaliella strains were selected for mass
cultivation in space biology projects. These strains
were specifically chosen for a series of space exper-
iments, in which their distinctive biological charac-
teristics made them exceptional models for study-
ing the complexities of algal photomovement. Their
responses to light and other environmental factors
provided valuable insights into biological processes
under the unique conditions encountered in space
(Massjuk et al., 2007).

Moreover, some IBASU-A strains of the Dunal-
iella species were also used in ecological studies
examining interactions between halophilic algae
and their associated bacterial communities. These
investigations explored the complex relationships
within these specialized microbial consortia, shed-
ding light on how halophilic algae interact with
bacteria in their natural environments. The research
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contributed valuable knowledge about the dynam-
ics and ecological significance of these associations,
enhancing the understanding of microbial consor-
tia in saline habitats (Borisova, Tsarenko, 2004).

By 1995, the IBASU-A collection initially con-
tained mainly representatives of halophilic algae
from the family Dunaliellaceae (135 cultures), col-
lected in Ukraine and some other countries, and
significantly fewer species of freshwater algae from
the families Chlorellaceae and Scenedesmaceae (20
cultures), obtained some algal strains from the
Culture Collection of Algae and Protozoa (CCAP,
UK), Culture Collection of Autotrophic Organ-
isms (CCALA, Czech Republic), and the Culture
Collection of Algae at the University of Texas at
Austin (UTEX, USA). These cultures were used for
bioassay testing and some experiments as model or-
ganisms in toxicological studies (Lenova, Stupina,
1990; Lenova et al., 1991). However, this composi-
tion was no longer sufficient for the Department's
subsequent research objectives, which focused on
the study of algal biodiversity in Ukraine. Conse-
quently, the halophilic algal collection was down-
sized by removing duplicate strains and shifting
the focus toward new isolates obtained by individ-
ual researchers from various water bodies across
Ukraine, which were subsequently deposited into
the IBASU-A collection. As a result, the collection
was established in its present state.

The first catalog of the IBASU-A algae collection
was published in 1990 and contained information
on 138 strains of Dunaliella, Asteromonas Artari,
and Platymonas G.S. West (= Tetraselmis F. Stein)
(Yunger, Tereshchuk, 1990). Updated catalogs were
published in 2014 and 2020 (Borysova et al., 2014,
2020), and since 2024 detailed information about
the IBASU-A strains has been available on the web-
site (https://ibasu-a.kiev.ua/). A series of articles ana-
lyzing the collection has also been published (Junger,
Tereshchuk, 1990; Borisova, Tsarenko, 2003, 2004;
Borysova et al., 2016; Tsarenko et al., 2020).

This article presents updated information on
the structure, composition, and potential of the
IBASU-A collection, which maintains strains of cy-
anobacteria and microalgae (i.e., organisms nomen-
claturally treated as algae: see Preamble 8 and Art. 44
of the International Code of Nomenclature for algae,
fungi, and plants (ICN, Madrid Code: Turland et al.,
2025), as well as bacterial consorts of algae.

The IBASU-A collection is continually updat-
ed with new algal strains from various regions of
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Ukraine and other countries. Enrichment cultures
are established from environmental samples. New
strains are isolated by micropipetting individual
cells under a microscope or by serial streaking onto
agar-containing Petri dishes, followed by isolation
of individual colonies (Algae..., 1989; Kostikov et
al., 2001; Andersen, Kawachi, 2005).

The collection is maintained on both liquid and
agar nutrient media, with cultures stored in test
tubes, flasks, and Petri dishes. To ensure reliable
preservation, each strain is kept in 2-3 replicates.
Most cultures are xenic and maintained in illumi-
nated growth chambers at 15-20 °C or in glass-door
incubators at 10-15 °C. Only a small portion of the
collection is axenic (21 strains), and these cultures
are stored on agar media in refrigerators at 4 °C.
Cultures are regularly subcultured onto fresh nu-
trient media (1 to 5 times per year, typically quar-
terly). Depending on the biological characteristics
of the microalgal species, approximately nine nutri-
ent media with different mineral compositions are
used, including Artari, Bold Basal, Burrelli, Tamiya,
Chu 13, BG-11, etc. (Borysova et al., 2016, 2020).
For the cultivation of certain algal species, nutri-
ent media are supplemented with vitamins B, and
B,,, glucose, urea, yeast autolysate, or soil extract.
Microalgal cultures are regularly monitored, both
visually and microscopically, for viability and the
absence of contaminants (such as fungi, protists,
or other algae). Additionally, subculturing onto or-
ganic-rich agar media is used to detect and exclude
fungal contamination. In the event of contamina-
tion, strains are purified by subculturing onto agar
media and subsequently isolating non-contaminat-
ed algal colonies.

Strains of bacterial consorts are cultivated on
meat-peptone agar with 1.0% starch and are main-
tained under refrigeration at 4 °C. Subculturing
is performed 3-4 times a year. The work in the
IBASU-A as well as images of culture collection fa-
cilities and algal cultures are presented on Fig. 1.

At present, IBASU-A is the largest algal collec-
tion in Ukraine. Since 2013, it has been designated
as a Ukrainian National Heritage unit (Resolution...,
2013). Due to its significant size and unique taxo-
nomic composition, the collection is recognized as
a world-class biological resource. It is registered in
the World Federation for Culture Collection with
registration number WDCM1282. In 2024, a web-
site for the collection was launched (https://ibasu-a.
kiev.ua/), providing general information, contact
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Fig. 1. The work in the IBASU-A and images of culture collection facilities and algal cultures. A:
transferring algae on fresh media, work with the laminar flow (Dr. O. Borysova); B: investigation of algal
strains with molecular phylogenetic methods (Dr. T. Mikhailyuk); C: preparation of nutrient media, work
with the steam sterilizer (M. Konishchuk); D: microscopy of algal strains (Dr. O. Burova); E-G: flasks and
tubes with algal cultures in the cultivation chamber (E) and on shelves in the culture rooms (E G)
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Table 1. Taxonomic structure of IBASU-A collection

Phylum Number of
Classes Genera | Species / infraspecific taxa | Strains
Cyanobacteria 1 23 32 50
Euglenophyta 1 2 2
Heterokontophyta 2 6 6 7
Chlorophyta 3 63 124/125 403
Charophyta 3 7 22/23 38
Total 10 100 186/188 500

details, and an online catalog of the IBASU-A algal
strains.

IBASU-A includes 500 strains of 186 prokaryot-
ic and eukaryotic species, including their varieties,
which belong to 100 genera, 10 classes, and repre-
sent Cyanobacteria (32), Chlorophyta (125), Charo-
phyta (23), Euglenophyta (2), and Heterokontophyta
(6 species) (Table 1).

The main part of the collection (403 strains) con-
sists of green algae (Chlorophyta), the leading taxo-
nomic group in the Ukrainian algal flora (Algae of
Ukraine..., 2011; Tsarenko et al., 2024), followed by
Cyanobacteria (50), Charophyta (38), Heterokonto-
phyta (7), and Euglenophyta (2).

The genera with the greatest number of algal spe-
cies and strains are Chlamydomonas Ehrenb. (eight
species and 27 strains), Chlorella Beij. (two species,
20 strains), Coelastrum Négeli (four species and
11 strains), Desmodesmus (Chodat) An, Friedl &
E. Hegewald (17 species, 18 infraspecific taxa and
73 strains), Dunaliella (six species and 38 strains),
Oocystis Nageli ex A. Braun (four species and 13
strains), Tetradesmus G.M. Sm. (five species and 34
strains), Stichococcus Négeli (four species and 17
strains), and Klebsormidium P.C. Silva, Mattox &
W.H. Blackw. (12 species, 13 infraspecific taxa and
25 strains).

The funds of IBASU-A include cultures of hal-
ophilic, freshwater, and terrestrial algae; collec-
tions of algal strains with valuable biotechnological
properties; strains of rare species; authentic strains
(ex-type and other nomenclaturally important cul-
tures); and bacterial strains isolated from algal xen-
ic cultures (Borysova et al., 2016, 2020). The basis
of the collection are the strains isolated from fresh-
water and terrestrial habitats across various Ukrain-
ian regions and in some countries of Europe (the
Czech Republic, Germany, Slovakia, UK, France,
Russian Federation), Asia (Georgia, Israel, Iran),
Africa (Egypt, South Africa), and North and South
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America (the USA, Chile, Peru, Cuba), as well as
the island of Svalbard (Fig. 2).

The halophilic algae (40 strains) from the collec-
tion of Nadiya P. Massjuk are represented by species
of Asteromonas and Dunaliella (Chlorophyta) iso-
lated from halophilic habitats in southern Ukraine,
Azerbaijan, Kyrgyzstan, and Turkmenistan.

The collection of freshwater and terrestrial al-
gae (403 strains) constitutes the largest component
of IBASU-A. It comprises strains isolated from en-
vironmental samples collected by Ukrainian phy-
cologists during investigations of algal diversity in
freshwater and terrestrial habitats across Ukraine
and several other countries (Borysova et al., 2020).
Most strains were gathered in the 1990-2010s dur-
ing numerous expeditions in physiographic regions
of Ukrainian Polissia (Volyn, Zhytomyr, Rivne, Kyiv,
Chernihiv regions), Forest-Steppe (Vinnytsia, Lviv,
Khmelnitsky, Cherkasy regions), Steppe (Donetsk,
Zaporizhzhia, Mykolaiv, Odesa, Kharkiv, Kherson
regions), the Ukrainian Carpathians (Transcarpathi-
an, Chernivtsi regions), and the Crimean Peninsula.
Moreover, a substantial portion of the cultures was
deposited from personal collections, including col-
lection of Scenedesmaceae (107 strains) isolated by
Petro M. Tsarenko while studying the algal diversi-
ty of Shatsk Lakes (Volyn Region) and other regions
of Ukraine, Mecklenburg Lake District (Germany),
Hula Valley (Israel), and algal growth on technogen-
ic materials in Georgia (Tsarenko et al., 1996, 1997,
2005; Borysova et al., 2020, 2024).

From taxonomic and biodiversity perspectives,
the strains from Tatyana M. Darienko's collection
(28 strains) are of particular interest. These primar-
ily include Volvocales species isolated from soils in
the Trakhtemyriv Regional Landscape Park (Kyiv
Region) and on Zmiinyi (Snake) Island (Odesa Re-
gion, Ukraine).

Significant contributions to the collection's
development have been made by Tatiana I

ISSN 2415-8860. Ukrainian Botanical Journal. 2026. 83 (2)



Microalgae culture collection of the M.G. Kholodny Institute of Botany

Fig. 2. Geographical origin of IBASU-A
strains isolated worldwide: ® — strains
from Ukraine; @ — strains from other
countries

Mikhailyuk and Eduard M. Demchenko, who iso-
lated 111 strains from terrestrial habitats across var-
ious regions of Ukraine. These include protected ar-
eas in the Kyiv, Cherkasy, Ivano-Frankivsk, Kharkiv,
Kherson, Zhytomyr, and Odesa regions, as well as
Crimea (Mikhailyuk et al., 2018b, 2021, 2025), and
from Germany, Iran, and some other countries
(Mikhailyuk et al., 2019a). The majority of strains
were isolated as part of a targeted investigation of
algae and cyanobacteria from biological soil crusts.
During this investigation, taxonomic revisions
of algal and cyanobacterial taxa in the genera Ti-
maviella Sciuto & Moro, Oculatella Zammit, Billi
& Albertano, Interfilum Chodat, Klebsormidium,
and others were conducted. New species and gen-
era (Carminoleptolyngbya Mikhailyuk & Vynogra-
dova, Kondratevia Mikhailyuk & Vynogradova,
Streptofilum Mikhailyuk & Lukesova, Streptosarcina
Mikhailyuk & Luke$ova) have been described, and
some strains were proposed as epitypes of known

taxa. Additionally, Tatiana I. Mikhailyuk has depos-
ited in IBASU-A a series of strains obtained from
other culture collections or individual scientists,
e.g., from the culture collections of Rostock Uni-
versity, Germany, and the Institute of Soil Biology at
Ceské Budejovice, Czech Republic.

Overall, the freshwater algae collection compris-
es 48 species, primarily from the families Scened-
esmaceae (12 genera, 37 species), Chlorellaceae (4
genera, 5 species), and Selenastraceae (3 genera, 6
species). The use of IBASU-A strains in basic and
applied research has clarified the roles of algae and
their associated bacteria in the bioremediation of
industrial wastewater. Specifically, studies have ex-
amined the removal of chemical by-products and
mineral fertilizers, as well as the species-specific
transformation of carcinogenic nitrosamines and
other organic compounds in aquatic ecosystems
(Lenova, Stupina, 1990; Lenova et al., 1991; Stupina,
Borisova, 2002; Borysova et al., 2020). The potential
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of algal-bacterial complexes as model systems in
aquatic toxicology experiments was demonstrated
(Borisova et al., 2000, 2020). Additionally, IBASU-A
strains were screened to identify promising candi-
dates for biodiesel production. Selection was based
on key criteria, including rapid biomass growth,
stress tolerance, resistance to contamination, and
significant lipid accumulation. The data were com-
pared with those of known high-biomass producers.
Consequently, a new sub-collection of promising
strains for bioenergy production was established.
It comprises 33 strains of 18 species from the fol-
lowing genera: Botryococcus Kiitz. (four), Chlorella
(nine), Chloroidium Nadson (two), Desmodesmus
(seven), Monoraphidium Komark.-Legn. (three),
Parachlorella Krienitz & al. (three), Raphidocelis
Hindak (one), and Tetradesmus (three) (Borysova,
Tsarenko, 2021). Overall, IBASU-A comprises 80
strains with valuable biotechnological properties,
including the aforementioned specialized bioen-
ergy collection. These consist of both well-known

industrial cultures and unique Ukrainian isolates
(Tsarenko et al., 2012, 2016, 2020) (Table 2, Fig. 3).

The collection of rare species and authentic
strains comprises mostly species and varieties de-
scribed as new to science by Ukrainian and other
authors from Ukraine and some other countries
(Table 3, Figs 4, 5). In preserving authentic strains
(ex-type and other nomenclaturally significant
cultures), we follow the provisions of the Interna-
tional Code of Nomenclature for algae, fungi, and
plants (ICN, Madrid Code: Turland et al., 2025),
specifically its Recommendation 8B.1 (“Whenev-
er practicable a living culture should be prepared
from the holotype material of the name of a new-
ly described taxon of algae or fungi and deposited
in at least two institutional culture or genetic re-
source collections”). Species rare for the algal flora
of Ukraine were found in Turske Lake (Volyn Re-
gion): Desmodesmus curvatocornis (Proshk.-Lavr.)
E. Hegewald, D. histrix (Lagerh.) E. Hegewald, D.
multivariabilis var. turskensis PM. Tsarenko & E.

Table 2. IBASU-A algae strains with biotechnological importance

Species IBAISIEI;;?D:EMIH Origin Field of usage
CYANOBACTERIA
Oscillatoriales, Microcoleaceae
Limnospira platensis (Gomont) 700 unknown Food, pharmaceutical,
K.R.S. Santos & Hentschke medical
Nostocales, Aphanizomenonaceae
Anabaena cylindrica Lemmerm. 816 UK Food, pharmaceutical,
medical
CHLOROPHYTA
CHLOROPHYCEAE

Asteromonas gracilis Artari 65, 66

Dunaliella salina (Dunal) Teodor.

D. viridis Teodor. 22,24,42,56

Haematococcus lacustris (Gir.- 219, 461, 462, 464

Chantr.) Rostaf.

Messastrum gracile (Reinsch) T.S. 316-318, 580
Garcia
Monoraphidium griffithii (Berk.) 493, 494

Komark.-Legn.
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Chlamydomonadales, Asteromonadaceae
Ukraine, Kherson Region; Russian

Chlamydomonadales, Dunaliellaceae
2-4,6,10-12,16,20 Ukraine, Odesa, Kherson regions,

Ukraine, Kherson, Zaporizhzhia

Chlamydomonadales, Haematococcaceae
Ukraine, Kyiv Region, Crimea;

Sphaeropleales, Selenastraceae

Food, pharmaceutical,

Federation medical, aquaculture

Food, pharmaceutical,

Crimea medical

Aquaculture
regions, Crimea

Bioenergetics, food,

Russian Federation, Caucasus pharmaceutical, medical

Ukraine, Kyiv; Germany Bioenergetics
Ukraine, Kyiv Region Bioenergetics,
bioremediation
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Table 2 (continued)

IBASU-A strain

Mikhailyuk & P.M. Tsarenko
T. dimorphus (Turpin) M.J. Wynne

251, 255, 258, 259

Species number Origin Field of usage

M. saxatile Komark.-Legn. 364 Ukraine, Volyn Region Bioenergetics,
bioremediation

Monoraphidium sp. 166, 378, 379, Ukraine, Kyiv, Kharkiv regions  Bioenergetics, food,

572-574 pharmaceutical, medical
Raphidocelis subcapitata 358, 360, 363 Ukraine, Donetsk, Volyn regions ~ Bioenergetics,
(Korshikov) Nygaard & al. bioremediation
Sphaeropleales, Scenedesmaceae

Desmodesmus armatus (Chodat) 263,270, 337 Ukraine, Kyiv Region Bioenergetics,

E. Hegewald bioremediation

D. curvatocornis (Proshk.-Lavr.) 384 Ukraine, Volyn region Bioenergetics

E. Hegewald

D. magnus (Meyen) P.M. Tsarenko 401, 402 Russian Federation, Sakhalin ~ Bioenergetics

D. multivariabilis var. turskensis 398 Ukraine, Volyn Region Bioenergetics

P.M. Tsarenko & E. Hegewald

D. pannonicus (Hortob.) 381, 382 Germany Bioenergetics

E. Hegewald

D. subspicatus (Chodat) 408, 701 Ukraine, Kharkiv, Transcarpathian Bioenergetics

E. Hegewald & A.W.E. Schmidt regions

Scenedesmus obtusus Meyen 297 Germany Bioenergetics,
bioremediation

Tetradesmus arenicola 522,523 Ukraine, Odesa Region; Germany Food, pharmaceutical,

Ukraine, Cherkasy, Khmelnytskyi,
Kyiv, Transcarpathian regions

medical

Food, pharmaceutical,
medical, agriculture,

Chlorella vulgaris Beij.

Parachlorella kessleri (Fott &
Novakovd) Krienitz & al.

Chloroidium saccharophilum
(W. Kriiger) Darienko & al.

434,435, 437

bioenergetics,
bioremediation
T. obliquus (Turpin) M.J. Wynne 473,529 Peru Bioenergetics,
bioremediation
Coelastrella sp. 527,528 Ukraine, Kyiv, Khmelnytskyi Bioenergetics
regions
TREBOUXIOPHYCEAE
Trebouxiales, Botryococcaceae
Botryococcus braunii Kiitz. 428,429, 432, 433, Ukraine, Kyiv, Chernihiv, Bioenergetics

Transcarpathian, Volyn, Zhytomyr

regions

Chlorellales, Chlorellaceae

189-192, 452, 472;
453,715-717

197-200, 444

Russian Federation, Caucasus,
Chukotka; Ukraine, Kharkiv

Region

Ukraine, Kyiv Region; Russian
Federation, Saint Petersburg; USA,

Pennsylvania

Watanabeales, Watanabeaceae

187, 481

Ukraine, Kyiv; Germany

Food, pharmaceutical,
medical, agriculture,
bioenergetics,
bioindication,
bioremediation

Food, pharmaceutical,
medical, bioenergetics

Bioenergetics,
bioindication,
bioremediation
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Fig. 3. Some biotechnologically valuable strains of Chlorophyta in the collection. A: IBASU-A-297 Scenedesmus obtusus; B:
IBASU-A-396 Desmodesmus subspicatus; C: IBASU-A-385 D. magnus; D: IBASU-A-572 Monoraphidium sp.; E: IBASU-A-318
Messastrum gracile; F: IBASU-A-464 Haematococcus lacustris; G: IBASU-A-434 Botryococcus braunii. Scale bars: 10 pm

Hegewald, D. perforatus var. iberaénsis (Tell) E. He-
gewald & S.L. Jeon, and D. serratus (Corda) S.S. An,
Friedl & E. Hegewald (Tsarenko et al., 2005). Sev-
eral authentic strains of cyanobacteria and green
algae in the collection were investigated during
studies of biological soil crusts or other terrestrial
habitats in Ukraine, Germany, the Czech Republic,
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Slovakia, South Africa, Chile, and Svalbard. More
detailed information is provided in Table 3.
Moreover, IBASU-A is the only collection in
Europe where, along with cultures of halophilic,
freshwater, terrestrial and soil algae, the strains of
bacteria accompanying microalgae in nature (bac-
terial consorts) are stored. 270 strains of bacterial
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Table 3. Authentic strains in IBASU-A collection
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. IBASU-A .
Species strain number Isolated by Locality References
CYANOBACTERIA
Leptolyngbyales
Carminoleptolyngbya 750 Mikhailyuk T.I,  Germany, Mecklenburg-Vorpommern, Mikhailyuk et
arenaria Mikhailyuk & 2013 Warnemiinde, the coast of the Baltic  al., 2026
Vynogradova Sea, sand dunes, soil biocrust
Oculatellales
Oculatella kazantipica 853 Mikhailyuk TI., Ukraine, Crimea, Kazantyp Nature ~ Vinogradova et
Vynogradova & Mikhailyuk 2012 Reserve, Shyroka Bay, coast of the Sea al., 2017
of Azov, shell sand, soil biocrust
O. ucrainica Vynogradova & 762 Mikhailyuk T.I.,  Ukraine, Crimea, vicinity of the Kazantyp Vinogradova et
Mikhailyuk 2012 Nature Reserve, spit of Aqtas Lake, coast al., 2017
of the Sea of Azov, shell sand, soil biocrus
Timaviella dunensis 754 Mikhailyuk T.I,  Germany, Mecklenburg-Vorpommern, Mikhailyuk et
Mikhailyuk & Vynogradova 2013 Usdom Island, vicinity of Zempin,  al., 2022
coast of the Baltic Sea, sand dunes, soil
biocrust
T. edaphica (Elenkin) 751 Mikhailyuk T.I., Ukraine, Crimea, vicinity of the Vinogradova,
Vynogradova & Mikhailyuk 2012 Kazantyp Nature Reserve, spit of Aqtas Mikhailyuk,
Lake, coast of the Sea of Azov, shell ~ 2018;
sand, soil biocrust Mikhailyuk et
al,, 2022
Oscillatoriales
Kondratevia charkoviensis 845 Demchenko Ukraine, Kharkiv Region, Kupiansk ~ Mikhailyuk et
Vynogradova & Mikhailyuk E.M., 2014 District, vicinity of village Kamianka, al., 2026
the slope of the right bank of the
Oskil River, cretaceous outcrops,
cyanobacterial biofilm on the moss
curtain
Gomontiellales
Crinalium magnum EE. 693 Mikhailyuk T.I., Germany, Mecklenburg-Vorpommern, Mikhailyuk et
Fritsch & R.P. John 2013 Heiligendamm, coast of the Baltic Sea, al., 2019b
sand dunes, soil biocrust
CHLOROPHYTA
CHLOROPHYCEAE
Sphaeropleales
Tetradesmus arenicola 522 Mikhailyuk T.I., Ukraine, Odesa Region, Izmail Mikhailyuk et
Mihkailyuk & P.M. Tsarenko 2013 District, Danube Biosphere Reserve, al., 2019a
coast of the Black Sea, sand dunes, soil
biocrust
TREBOUXIOPHYCEAE
Trebouxiales
Neochloris fusispora Arce & 490 Bold H.C., Arce  Cuba, Villa Clara Province, Ranchuelo, Arce, Bold,
H.C. Bold (= Ettlia fusispora G., 1958 field of sugar cane, soil 1958
(Arce & H.C. Bold) H. Ettl &
G. Girtner)
TREBOUXIOPHYCEAE ordo incertae sedis
Leptochlorella arboricola 812 Mikhailyuk T.I., Ukraine, Kyiv, Holosiiv National =~ Mikhailyuk et
Mikhailyuk 2012 Nature Park, Holosiiv Forest, algal  al., 2025

biofilm growing on the bark of Pinus
sylvestris
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Table 3 (continued)

sandy soil with ash

Species IBASU-A Isolated by Locality References
strain number

Xerochlorella dichotoma (H.P. 764 Mikhailyuk T.I.,  Germany, Mecklenburg-Vorpommern, Mikhailyuk et
Ling & Seppelt) Mikhailyuk 2013 Heiligendamm, coast of the Baltic Sea, al., 2020
& P.M. Tsarenko sand dunes, soil biocrust

CHAROPHYTA

KLEBSORMIDIOPHYCEAE

Klebsormidiales
Interfilum massjukiae 767 Demchenko Ukraine, Crimea, Karadag Nature ~ Mikhailyuk et
Mikhailyuk & al. E.M., 2005 Reserve, Mountain range "Karagach", al., 2008

surface of pyroclastic outcrops
Klebsormidium africanum 771 Dojani S.,2005  Republic of South Africa, Grootderm, Samolov et al.,
Mikhailyuk Karoo Namib, Succulent Karoo, semi- 2019
desert, soil biocrust
K. chilense Mikhailyuk & 949 Samolov E., 2017 Chile, La Campana National Park, ~ Samolov et al,,
Samolov deciduous Mediterranean vegetation, 2019
soil biocrust
K. delicatum Mikhailyuk & 772 Lukesova A., Czech Republic, Slavkovsky Forest, ~ Samolov et al.,
Lukesova 1997 peat bog Krasno, soil 2019
K. delicatum var. deserticum 774 Samolov E., 2017  Chile, Santa Gracia Nature Reserve, Samolov et al.,
Mikhailyuk & Samolov semi-arid shrubland vegetation, soil 2019
biocrust
K. karooense Mikhailyuk 776 Dojani S., 2005  Republic of South Africa, Grootderm, Samolov et al.,
Karoo Namib, Succulent Karoo, semi- 2019
desert, soil biocrust
K. sylvaticum Mikhailyuk & 778 Samolov E., 2017 Chile, Nahuelbuta National Park, ~ Samolov et al,,
Samolov Araucaria temperate forest, soil 2019
biocrust
K. vermiculatum Mikhailyuk 779 Dojani S., 2005 Republic of South Africa, Roscherpan Samolov et al.,
Nature Reserve, Fynbos, soil biocrust 2019
along dripping zone of shrubs

Hormidiellales
Hormidiella parvula M.O.P. 815 Lukesova A., USA, Wyoming, Belle Ayr Mine near Mikhailyuk et
Iyengar & Kanth. emend. 2008 Gillette, natural prairie, soil al,, 2018a
Mikhailyuk & Luke$ova
Streptosarcina arenaria 475 Luke$ova A., Slovakia, Bratislava Region, Malacky =~ Mikhailyuk et
Mikhailyuk & Luke$ovd 1993 District, Lozorno Village, burnt forest, al., 2018a

CHAROPHYTA, class incertae sedis

Lukes$ova

Streptofilum arcticum 781 Mikhailyuk T.I.,
Mikhailyuk, Glaser, 2019

Holzinger & U. Karst.

S. capillatum Mikhailyuk & 521 Luke$ova A.,

2002

Svalbard (Norway), vicinities of the
Ny-Alesund Research Station, Ossian-
Sarsfjellet, tundra top soil, soil biocrust

Czech Republic, near Kamenice nad
Lipou, Benesov, arable field, sandy soil

Glaser et al.,
2025

Mikhailyuk et
al., 2018a

consorts have been isolated from 45 xenic cultures
of algae belonging to the green algal genera Chlorel-
la, Desmodesmus, Klebsormidium, Messastrum 'T.S.
Garcia, Monoraphidium, Oocystis, Raphidocelis, Tet-
radesmus genera (Borysova et al., 2016, 2020; Bo-
rysova, 2022, see Table 4).
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Maintaining the collection has faced significant
challenges in recent years. During 2020-2021, the
COVID-19 pandemic led to strict lockdowns, in-
cluding stay-at-home orders and disruptions to
public transportation. Consequently, essential
maintenance tasks — such as preparing fresh media
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Fig. 4. Some authentic strains of cyanobacteria and green algae (Chlorophyta and Charophyta) of the
collection. A-I: Filamentous Cyanobacteria. A: IBASU-A-762 Oculatella ucrainica; B: IBASU-A-853
O. kazantipica; C: IBASU-A-693 Crinalium magnum; D: IBASU-A-751 Timaviella edaphica; E:
IBASU-A-754 T. dunensis; F, G: IBASU-A-750 Carminoleptolyngbya arenaria; H, 1: IBASU-A-845
Kondratevia charkoviensis. J-L: Chlorophyta. J: IBASU-A-764 Xerochlorella dichotoma; K: IBASU-A-812
Leptochlorella arboricola; L: IBASU-A-522 Tetradesmus arenicola; M-P: Charophyta. M: IBASU-A-521
Streptofilum capillatum; N: IBASU-A-781 Streptofilum arcticum; O: IBASU-A-815 Hormidiella parvula;
P: IBASU-A-475 Streptosarcina arenaria. Scale bars: 10 pm
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Fig. 5. Some authentic strains of green algae (Charophyta and Chlorophyta) of the collection. A-J: Charophyta. A:
IBASU-A-767 Interfilum massjukiae; B: IBASU-A-776 Klebsormidium karooense; C: IBASU-A-771 K. africanum; D, G:
IBASU-A-950 K. chilense; E, H: IBASU-A-772 K. delicatum; F: IBASU-A-774 K. delicatum var. deserticum; I: IBASU-A-778 K.
sylvaticum; J: IBASU-A-779 K. vermiculatum. K, L: Chlorophyta. K, L: IBASU-A-490 Neochloris fusispora. Scale bars: 10 um

and timely subculturing — were delayed, negative-
ly affecting the viability of certain strains. Since
the full-scale invasion by Russia began in February
2022, the collection’s staff has faced unprecedented
challenges. In spring 2022, access to the Institute
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was severely restricted by disrupted public trans-
portation and frequent air raid alerts. In October
2022, missile explosions damaged numerous win-
dows and some other external structures of the
Institute (see Mosyakin, Shiyan, 2022); fortunately,
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Table 4. Strains of bacterial consorts in IBASU-A collection

Taxon or bacterial groups by Number .
phenotypic characteristics of strains Isolated from cultures of algae (genus/species) | Taxonomy
Acinetobacter sp. 10 Comasiella arcuata (Lemmerm.) E. Hegewald  Pseudomonadales,
var. platydisca (G.M. Sm.) E. Hegewald & M.  Moraxellaceae
Wolf, Tetradesmus dimorphus (Turpin) M.].
Wynne
Curtobacterium sp. 30 Desmodesmus spp., Enallax costatus (Schmidle) Actinomycetales,
Pascher, Scenedesmus spp., Tetradesmus spp. Microbacteriaceae
Flavobacterium sp. 13 Chlorella vulgaris Beij., Tetradesmus dimorphus  Flavobacteriales,
(Turpin) M.J. Wynne Flavobacteriaceae
Microbacterium imperiale (Steinhaus) 5 Tetradesmus dimorphus (Turpin) M.]. Wynne  Actinomycetales,
Collins et al. Microbacteriaceae
Micrococcus sp. 12 Dunaliella spp. Actinomycetales,
Micrococcaceae
Pseudomonas aeruginosa (Schroeter) 3 Klebsormidium flaccidum (Kitz.) P.C. Silva, Pseudomonadales,
Migula Mattox & W.H. Blackw. Pseudomonadaceae
Pseudomonas chlororaphis subsp. 8 Coelastrum rugosum (Rich) PM. Tsarenko Pseudomonadales,
aureofaciens (Kluyver) Peix et al. Pseudomonadaceae
(= Pseudomonas aureofaciens Kluyver)
Pseudomonas mendocina Palleroni 12 Dunaliella spp. Pseudomonadales,
Pseudomonadaceae
Pseudomonas sp. 25 Dunaliella spp., Chlorella vulgaris Beij., Pseudomonadales,
Coelastrum rugosum (Rich) P.M. Tsarenko, Pseudomonadaceae
Klebsormidium spp.
Rhodococcus erythropolis (Gray & 40 Chlorella vulgaris Beij., Desmodesmus spp., Mycobacteriales,
Thornton) Goodfellow & Alderson Klebsormidium spp., Scenedesmus spp., Mycobacteriaceae
Tetradesmus spp.
Rhodococcus fascians (Tilford) 30 Chlorella vulgaris Beij., Desmodesmus spp., Mycobacteriales,
Goodfellow Scenedesmus spp., Tetradesmus spp. Mycobacteriaceae
Unidentified Gram (+) colorless 13 Messastrum gracile (Reinsch) T.S. Garcia, -
bacteria Monoraphidium spp., Raphidocelis spp.
Unidentified Gram (+) pigmented 49 Messastrum gracile (Reinsch) T.S. Garcia, -
bacteria (yellow, orange, red, pink Monoraphidium spp., Raphidocelis spp.
colonies)
Unidentified Gram (-) colorless 10 Messastrum gracile (Reinsch) T.S. Garcia, -
bacteria Monoraphidium spp., Oocystis spp.,
Raphidocelis spp.
Unidentified Gram (-) pigmented 10 Messastrum gracile (Reinsch) T.S. Garcia, -
bacteria (yellow, orange, red colonies) Monoraphidium spp., Raphidocelis spp.
Total: 270

the algal collection has not been affected. Subse-
quently, repeated attacks on Ukraine's energy in-
frastructure led to frequent power outages (see UN
Human Rights Monitoring Mission in Ukraine,
2024). These conditions were particularly severe
in summer 2024, making it impossible to maintain
stable light and temperature conditions or to oper-
ate laboratory equipment with long cycles, such as
autoclaves. Similar difficulties persisted through the
winter of 2025-2026, when unpredictable blackouts
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combined with severe frosts caused indoor temper-
atures in the storage rooms to drop below 13 °C.
However, through the tireless dedication of the staff,
significant losses to the collection were avoided.
Despite the ongoing war, the IBASU-A holdings are
regularly expanded with new isolates. However, the
growth of the collection is constrained by limited
personnel, storage equipment, and available labora-
tory space (Borysova et al., 2016). Consequently, a
strategic optimization of the holdings is underway,
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with strains that are both highly resource-intensive
to maintain and of limited scientific value being
gradually phased out, especially if they show poor
resilience to suboptimal storage conditions.

The expansion and use of the collection are
closely aligned with the research interests and sci-
entific programs and projects of the Department
of Phycology, Lichenology, and Bryology at the
M.G. Kholodny Institute of Botany. Furthermore,
IBASU-A serves as a resource for wider scientif-
ic collaboration. In recent years, strains have been
provided to researchers from the D.K. Zabolot-
ny Institute of Microbiology and Virology of the
NAS of Ukraine, V.N. Karazin Kharkiv National
University, Ternopil Volodymyr Hnatiuk Nation-
al Pedagogical University, M.M. Gryshko National
Botanical Garden of the NAS of Ukraine, among
others. Beyond its research functions, the collec-
tion provides algal strains for educational purposes
and science outreach. Additionally, the collection’s
facilities host guided tours for students to promote
phycological knowledge. The collection is used for
practical classes and for the preparing diploma the-
ses by students of the Taras Shevchenko National
University of Kyiv, National University of Kyiv-Mo-
hyla Academy, National Technical University "Igor
Sikorsky Kyiv Polytechnic Institute”, among others.

An important step in the development of the
IBASU-A collection was the EURIZON project, car-
ried out in collaboration with colleagues from the
Taras Shevchenko National University of Kyiv. Since
May 2024 to April 2025, additional funding from the
project enabled a revision of the culture collection,
improvements in culture storage conditions, pro-
curement of necessary materials and equipment, and
development of a website for the collection. During
the project, new connections were established with
European partners, e.g., the Culture Collection at
Gottingen University (SAG, Germany). These con-
nections enabled IBASU-A employees to visit other
algae culture collections to exchange experiences in
the maintenance and investigation of algal strains.
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Konexuisa kynberyp MikpoBogopocrei Incturyry 6oranikm im. M. I. XomogHoro
(IBASU-A): 65 pokiB icropii
0.B. BOPMCOBA 1, 0.B. BYPOBA !, T.I. MUXAWJIIOK !, M.O. KOHIIIYK !, T. ®PIJIJT 2
! Tncruryt 6oraniku im. M.I. Xonoproro HAH Ykpainu, Ykpaina
2 Biggin exciepumenTanbHOi anbroorii ta Konekuist kynbryp Bomopocreit (SAG),
IncturyT pocmmHHNITBa iMeHi AnbbpexTa doH larepa,
yHiBepcutert lerrinrena, lerrinren, Himequnna

Pedepar. Komexuisa kynpTyp MikpoBopopocTeit IncTutyTy 60Taniku im. M.I. Xonognoro HAH Ykpaian (IBASU-A) cTBo-
peHa B 1960-x pokax. CboroziHi Iie ofHa 3 Half61IbIINX KOJIEKIIi/T BOZOpOCTell B YKpaiHi, ska 3 2013 poky BusHana Hargio-
Ha/IbHMM HafbaHHAM Ykpainn. Bona Bkmiodae 500 urraMiB 186 MpOKapiOTMYHNUX i €yKapiOTMYHMX BUAIB BOJOPOCTeIt, 110
HajexxaTb 1o 100 poxis, 10 xiacis, npencraBuukis Cyanobacteria (32), Chlorophyta (125), Charophyta (23), Euglenophyta
(2), Heterokontophyta (6 BuziB). OCHOBHY YaCTMHY KOJIEKIii CTaHOB/ATD 3eneHi Bofopocti (Chlorophyta) — mpoBinHa Tak-
COHOMIYHa IpyIa BofopocTeBoi ¢propy Ykpainu. Bimpuiicts mramis (403 mrtaMu) BUpineHo 3 pisHUX perionis Ykpainu. ®o-
Hu IBASU-A BKIIOYAIOTh KY/IBTYPY raopinbHUX, IPICHOBOFHMX i Ha3eMHIX BOJOPOCTEIT, KOEKIil iHHMX A7IsT 6i0TeXHO-
JI0Tii I TaMiB BOZIOPOCTEIf, a TAKOXK PifIKiCHMX BB i aBTeHTMYHNX mTaMiB. OCHOBHOIO MeTOI0 KoeKii KynbTyp IBASU-A
€ BUJi/IeHH, 30epiraHHs Ta OCTavYaHHs LITaMiB BOJOPOCTEN I/Isl BUKOPUCTAHHS B HOCTIIKeHHAX 1 6ioTexHomorii. [lITamMu
Bupis IBASU-A popun Chlorellaceae, Scenedesmaceae Ta Selenastraceae, Bunineti 3 pisHUX perioHiB YkpailHu Ta iHIIVX KpaiH
€BpoIny, BUKOPUCTOBYBA/INCA B PISHNX NPUKIASHUX IIPOEKTAX 5K TECT-00’€KTH I OLiHKM TOKCUYHOCTI Ta KaHIIEPOTeH-
HOCTi CMHTeTMYHMX OPTaHiYHMX PeYOBNH a00 0i0/NOTiYHNX areHTiB IIpU B3a€MOJii 3 pisHUMM BUIAaMM IIPOMICIIOBYX BifXo-
miB. i cami mTamu, AK aKTUBHI BUPOOHUKY 6ioMacy, 6y/y YCIIITHO BUKOPKCTaHi B OKPeMOMY TIPOEKTI /1A BUPOOHMIITBA
6iomammBa. OcobnuBicTio Konekil IBASU-A € Te, 1110 mopsif i3 Ky/IbTypaMy BOZOPOCTeNL, 36epiraloTbcst mramu 6akTepii,
IO CYNIPOBOMXKYIOTH MiKPOBOZOPOCTI B pMpOpi (6aKkTepiambHi KOHCOPTN); 3araoM 270 mrramis, ski Oymu Bupineni 3 45
KCEHIUYHUX KY/IbTYP 3€JIEHUX BOJOPOCTEIL.

Knrouosi cmoBa: IBASU-A, aBTeHTIuHi mtamu, 6akrepiaabHi KOHCOPTH, 6i0pisSHOMaHITTA, 6i0TEXHOOTiA, KONMEKIid, Ky/IbTypH,
MIKpOBOZOPOCTI, HaljioHanbHe HafOaHHs, PiAKICHI BUAM, [HiaHOOaKTepil
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Abstract. Fluoroquinolone antibiotics are among the most frequently detected xenobiotics in the environment. Flumequine,
a representative of this class, often reaches ecosystems through livestock, where its presence and persistence may harm living
organisms. Fungal biotransformation is a promising alternative way to degrade or transform such xenobiotics. Therefore,
our research aimed to evaluate the ability of five fungal strains from the IBK Mushroom Culture Collection to biotransform
flumequine and to compare their metabolite profiles. Fungal cultures were incubated with flumequine under submerged
conditions, and the transformation products were identified by high-performance liquid chromatography with mass spectro-
metry (HPLC-MS). The research has shown that all studied strains are capable of transforming flumequine. Biodegradation
rates ranged from 87 to 90% within three days. Hydroxyflumequine was identified as the major metabolite for all investigated
strains. Additionally, three other flumequine derivatives were determined: Bjerkandera adusta 2144 formed ethyl ester of flu-
mequine; Coprinus comatus 2325 and 1687 produced methyl ester of flumequine; and Irpex lacteus 2437 formed methyl esters
of flumequine and hydroxyflumequine. This is the first report on the ability of the humicolous saprotroph Coprinus comatus
to transform flumequine. The obtained results highlight species-specific features of the biotransformation process and reveal
the prospects of basidiomycetes as promising agents for fluoroquinolone antibiotic biotransformation.

Keywords: basidiomycetes, biotransformation, chromatography, fluoroquinolone antibiotic, xenobiotic

Introduction

The intensive accumulation of xenobiotics in the
environment has become a significant ecological
challenge, stimulating scientists from all over the
world to find alternative strategies for the remo-
val of these chemicals. Xenobiotics are chemical
substances that are foreign to biological systems
(Stefanac et al., 2021). The particular problem of
xenobiotics is that they do not occur naturally or

contain structural parts that are rarely encounte-
red in nature. As a result, living organisms were
not exposed to these compounds during the evo-
lution of catabolic pathways and therefore cannot
use them as a source of energy (Rieger et al., 2002).
However, fungi possess highly versatile enzymatic
systems, which enable them to transform not just
structurally complex natural compounds, but also
xenobiotics into less toxic products (Dinakarku-
mar et al., 2024).
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Screening of selected basidiomycetes for flumequine biotransformation

White-rot fungi are powerful producers of
non-specific intracellular and extracellular en-
zymes, which are responsible for the transforma-
tion of a large variety of natural and anthropogen-
ic compounds (Rodriguez-Couto, 2017). Among
these mushrooms, Bjerkandera adusta (Willd.) P.
Karst. (Basidiomycota, Polypolares) is the subject of
research as a promising agent for biotransforma-
tion and biodegradation. Bjerkandera adusta can
degrade and transform a wide range of xenobiotics,
such as pesticides (Dhiman et al., 2020), high-den-
sity polyethylene (HDPE) (Kang et al., 2019), and
antibiotics of various classes (Kornittowicz-Ko-
walska et al., 2006; Rybczynska-Tkaczyk et al., 2021;
Befenzi et al., 2025).

Another species, Ganoderma lucidum (Curtis)
P. Karst. (Basidiomycota, Polypolares), is a well-
known medicinal mushroom with diverse biolog-
ical activities. Beyond its medicinal applications,
the presence of lignocellulose-degrading enzymes
makes this fungus a promising candidate for the
degradation and transformation of complex com-
pounds. Several studies have reported the ability of
extracellular enzymes of G. lucidum to transform
natural compounds, such as sweetener mogroside
(Chiu et al., 2020) and saponin ginsenoside (Hsu
et al., 2021). However, only a few works addressed
the degradation of synthetic chemical compounds,
including pesticides (Coelho-Moreira et al., 2018)
and fluoroquinolone antibiotics (Chakraborty,
Abraham, 2017).

The biotransformation potential of Irpex lac-
teus (Fr.) Fr. (Basidiomycota, Polypolares) has also
been confirmed by many studies. This fungus is
capable of degrading polycyclic aromatic hydro-
carbons (Baborova et al., 2006), fluoroquinolones
(Cvancarova et al.,, 2013; Akrout et al., 2024), and
synthetic dyes (Novotny et al., 2004; Tav¢ar et al.,
2006). Its high biodegradation efficiency is strongly
connected with a powerful enzyme system, espe-
cially the production of extracellular oxidative en-
zymes (Sklenar et al., 2010).

In contrast to white-rot fungi, which are the most
commonly studied group in biotransformation re-
search, Coprinus comatus (O.F. Miill.) Pers. (Basidi-
omycota, Agaricales) belongs to a distinct ecological
group — humicolous saprotrophs. This fungus is
known for its ability to produce oxidative enzymes
(Ma, Ruan, 2015; Paludo et al., 2025). Previous
studies have reported the ability of this fungus to
transform and degrade diverse natural compounds

(Huang et al., 2019; Zhang et al., 2024) as well as
synthetic chemicals (Suhara et al., 2011). However,
its capacity to degrade or transform antibiotics, in-
cluding fluoroquinolones, has not yet been report-
ed.

Fluoroquinolone antibiotics are among the most
frequently used antimicrobial agents in animal and
fish farming, veterinary, and human medicine (Du
et al,, 2023). Due to their high environmental per-
sistence and limited removal efficiency, this class of
antibiotics is considered among the most problem-
atic xenobiotic contaminants. Therefore, the aim of
this study was to perform a comparative screening
of five fungal strains of four species from the Mush-
room Culture Collection (IBK) for their ability to
biotransform flumequine, a representative of fluo-
roquinolones. Flumequine was applied as a model
compound to reveal differences in biotransforma-
tion efficiency and metabolite profiles. The strains
were selected based on their taxonomic diversity
and reported oxidative enzyme systems associated
with xenobiotic transformation.

Materials and Methods

Reagents. Acetonitrile (Chemsolute, Germany),
Bacto agar (Saveen Werner, Sweden), Dimethyl sul-
foxide (Sigma-Aldrich, USA) Ethyl acetate (Enami-
ne Ukraine), Ethanol (Enamine, Ukraine), Flume-
quine (Enamine, Ukraine), Formic acid (Enamine,
Ukraine), Glucose (Chimlaborreaktiv, Ukraine),
Magnesium sulfate (heptahydrate) (Chimlaborrea-
ktiv, Ukraine), Methanol (Enamine, Ukraine), Pep-
tone (VWR International, Belgium), Potassium di-
hydrogen phosphate (Chimlaborreaktiv, Ukraine),
Potassium hydrogen phosphate (Chimlaborreaktiv,
Ukraine), Yeast extract (Conda, Spain).

Fungal cultures. The strains (GenBank accession
number in brackets) Irpex lacteus 2437 (PQ740468),
Coprinus comatus 1687 (PQ740475), Coprinus co-
matus 2325 (PQ740476), Ganoderma lucidum 1900
and Bjerkandera adusta 2144 (PQ740472) were
obtained from the Mushroom Culture Collection
(IBK) of the M.G. Kholodny Institute of Botany
of the National Academy of Sciences of Ukraine
(Bisko et al., 2024). Stock cultures of mushrooms
were maintained on beer-wort agar slants at 4 °C.

Inoculum preparation and cultivation condi-
tions. The glucose-peptone-yeast medium (GPY)
was composed of (g/L): glucose — 25; peptone —
3; yeast extract — 3; KH2P04 — 1; KZHPO4 — 1;
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MgSO,-7H,0 — 0.25. The fungal mycelia were first
grown on Petri dishes with GPYA medium, which
additionally contained 20 g/L of agar-agar.

For inoculation, each of the 5 fungal strains was
grown on one GPYA Petri dish at 26 + 1 °C until
full mycelial coverage was achieved. The mycelium
from one Petri dish was suspended in approximate-
ly 200 mL of sterile water and homogenized to use
as an inoculum. For each 250 ml Erlenmeyer flask,
5 ml of inoculum was added to 45 ml of GPY me-
dium (10% v/v), giving a final working volume of
50 mL. All studied cultures were grown on a rotary
shaker at 26 + 1°C and 120 rpm in darkness.

Biotransformation experiments. For each fun-
gal strain, the dynamics of biomass accumulation
were determined in preliminary experiments.
Based on these results, flumequine was added to
the medium during the second-third of the expo-
nential growth phase of each strain. Flumequine
was dissolved in dimethyl sulfoxide (DMSO) and
added to each flask (the final concentration of
flumequine was 200 mg/L, and the final concen-
tration of DMSO did not exceed 0.5%). After that,
the cultures were returned to the rotary shaker for
further cultivation for the next 3 days (Bondaruk
et al., 2025). To avoid abiotic degradation of flum-
equine, all cultivation and extraction were per-
formed in the dark to prevent photodegradation of
flumequine.

Extraction procedure. After cultivation, the pH
of the culture media was adjusted to 4.0 based on
the predicted log D value of flumequine and its me-
tabolites. Culture broth and mycelia were separated
by filtration. The mycelial biomass was extracted
with ethyl acetate at a 1 : 5 (m/v) ratio, while the
culture broth was extracted with ethyl acetate at a
1 : 1 (v/v) ratio. The organic phase was collected,
and the extraction was repeated three times for
both the biomass and the culture liquid. The com-
bined extracts were concentrated using a vacuum
rotary evaporator. The residues were dissolved in 3
mL mixture of methanol, ethanol, and ethyl acetate
(1:1: 4 v/v). Extraction of the abiotic controls was
performed the same way.

Identification of transformed products. To
analyze the composition of extracts obtained from
each of the five fungal strains, analytical high-per-
formance liquid chromatography (HPLC) was per-
formed using an Agilent Technologies 1200 Series
(Agilent, USA) with a C18 column (100 x 4.6 mmy;
particle size 2.7 um). The flow rate was 1 ml/min,

122

and the total run time was 10 min. Eluent A con-
sisted of 0.1% formic acid in water and eluent B
consisted of 0.1% formic acid in acetonitrile. Elu-
ents were applied in the following gradient program
(% v/v): (I) 0-2 min (A : B, (v/v = 95/5), (II) 2-6
min (A : B, from 95/5 to 0/100), (IITI) 6-8 min (B,
100), (IV) 8.0-8.5 min (A : B, from 0/100 to 95/5),
(V) 8.5-10 min (A : B, (v/v = 95/5). A UV detec-
tor and a Quadrupole LC/MS 6120 mass analyzer
(Agilent, USA) were used to identify the obtained
compounds. UV detection was recorded at 215 nm
and 254 nm. The results were obtained and analyz-
ed using Open Lab CDS software (version C.01.10).
The analysis was carried out using flumequine and
hydroxyflumequine as standards.

Percentage of degraded flumequine was calculat-
ed by formula:
0" 100%,
Co
expressed as percents, where C, — initial concen-
tration of flumequine; C, — residual concentration
of flumequine.

Degradation (%) =

Results and Discussion

After 3 days of cultivation, all examined fungal
strains efficiently transformed flumequine. The bio-
degradation rate remained high for all strains and
ranged from 87 to 90% within three days. However,
HPLC-MS analysis revealed notable differences in
the qualitative composition of the metabolites for-
med by individual strains (Fig. 1), suggesting diffe-
rent biotransformation profiles despite similar over-
all removal efficiency.

In our study, among the examined species, G. lu-
cidum 1900 was the only one that formed hydroxy-
flumequine (Fig. 1, F1) and no other derivatives, but
exhibited the highest biodegradation rate of flume-
quine (90.1%). Irpex lacteus 2437 formed hydroxy-
flumequine, as well as two additional derivatives,
including methyl ester of hydroxyflumequine (m/z
292.4; Fig. 1, F2), and methyl ester of flumequine
(m/z 276.4; Fig. 1, F3). Bjerkandera adusta 2144 was
the only culture that converted flumequine into its
ethyl ester (m/z 290; Fig. 1, F4), as shown in Supple-
mentary Material (S1, 1). These results demonstrate
species-specific differences in metabolites. The
qualitative differences are illustrated by the HPLC
chromatograms of I. lacteus 2437 and G. lucidum
1900 (Fig. 2A and 2B, respectively).
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Metabolite formula

HO.

OH

{Fl) o o (FZ) (o] o]
Mass-to-charge ratio miz 278.2 miz 292.4 m/z 276.4 m/z 290
(m/z)
Name Hydroxyflumequine Methyl ester of Methyl ester of Ethyl ester of

hydroxyflumequine flumequine flumequine
Fungal strain All tested strains Irpex lacteus 2437 Coprinus Bjerkandera adusta
comatus 2325, 2144
Irpex lacteus 2437

Fig. 1. Putative structures of flumequine biotransformation products detected in the tested fungal strains
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Fig. 2. Chromatograms (HPLCs, sig = 215 nm) of biotransformation products of flumequine formed during 3 days of
submerged cultivation of the mycelium with added flumequine. A: Irpex lacteus 2437; B: Ganoderma lucidum 1900
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In the current research, strain-specific differenc-
es were detected within the strains of Coprinus co-
matus. The strain C. comatus 1687 formed hydroxy-
flumequine, and methyl ester of flumequine (see
Supplementary Material S1, 2). Meanwhile, C. co-
matus 2325 produced hydroxyflumequine, methyl
ester of flumequine, and two unidentified metab-
olites that are likely derivatives of flumequine, al-
though this could not be confirmed based on avail-
able literature (see Supplementary Material S1, 3).
The profile of fungal metabolites differed between
the strains as well. The strain C. comatus 1687 pro-
duced only one metabolite, while strain C. comatus
2325 formed at least four metabolites. These metab-
olites were also detected in control samples from
flumequine-free cultures, indicating their fungal
origin rather than their formation as products of
flumequine transformation. Despite these differ-
ences, the biodegradation rates of flumequine were
comparable for both strains (87.9% for C. comatus
2325 and 87.8% for C. comatus 1687). It is impor-
tant to emphasize that the ability of C. comatus to
transform any antibiotics of the fluroquinolone
class has not yet been reported.

Consequently, in the current study, the only
metabolite detected in all five investigated fungal
strains was hydroxyflumequine, indicating a com-
mon biotransformation pathway of flumequine un-
der the applied cultivation conditions. This trans-
formation pathway is well known in mammalian
metabolism, where flumequine undergoes phase
I hydroxylation to form hydroxyflumequine, fol-
lowed by phase II conjugation to acyl glucuronides
(Mevius et al., 1990; Vree et al., 1992; Guyonnet et
al., 1996).

In contrast to mammalian systems, no conjugat-
ed metabolites such as flumequine acyl glucuron-
ides have been reported for basidiomycete fungi.
Likewise, such metabolites were not detected in the
present study. Consistent with previously reported
studies on fungal metabolism, hydroxyflumequine
was identified as the major and, in some cases, the
sole biotransformation product. Thus, results in the
present study align with findings for some fungal
species, including Cunninghamella elegans (Wil-
liams et al., 2007), as well as white rot fungi L. lac-
teus, Panus tigrinus, Dichomitus squalens, Trametes
versicolor, and Pleurotus ostreatus, where hydroxy-
flumequine was also detected as the primary metab-
olite (Cvancarov4 et al., 2013). Hydroxyflumequine
shows substantially lower antimicrobial activity as
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compared to flumequine, retaining only about one-
eighth of the activity of racemic flumequine (Harri-
son et al., 1984). This indicates that hydroxylation
may represent a detoxifying transformation rather
than the formation of an equally active antibacterial
product.

The formation of methylated derivatives of flum-
equine was observed in several of the investigated
strains. The methyl ester of flumequine, detected in
cultures of I. lacteus 2437 and C. comatus 2325 and
1687, is most likely the result of esterification of the
carboxylic group, a transformation previously de-
scribed as a potential self-protection or detoxifica-
tion mechanism in fungi (Cvancarov4 et al., 2013).
In fungi and plants, phase II biotransformation of
xenobiotics often involves modification of function-
al groups aimed at reducing toxicity (Cvanéarova et
al., 2013; Valdés et al., 2025). For certain filamen-
tous fungi, such as Cunninghamella sp., conjugation
with sugars or amino acids is a typical part of sec-
ond phase of biotransformation (Zhang et al., 1996;
Pietrzak et al., 2025).

A similar mechanism may explain the formation
of the methyl ester of hydroxyflumequine identified
in B. adusta 2144, and C. comatus 1687 and 2325.
Methylated flumequine derivatives were reported
as biotransformation products of ligninolytic fungi
and were attributed to methylation of the carboxyl-
ic acid moiety (Cvancarova et al., 2013). Compara-
ble methylation reactions have also been described
in vascular plants during the metabolism of phar-
maceutical compounds, including fluoroquinolones
and macrolides, where methylation is considered
part of a broader detoxification strategy (e.g., oflox-
acin and clarithromycin in lettuce) (Bartikova et
al., 2015; Tadi¢ et al,, 2020). Taken together, these
findings suggest that esterification represents a con-
served, although not universal, adaptive response
to xenobiotic stress, which appears to be strain-de-
pendent in filamentous fungi.

Overall, literature data show that basidiomycete
fungi of the species investigated in this study are
capable to transform and degrade a wide range of
xenobiotics, including antibiotics. In particular, G.
lucidum mycelium was found to be capable of reduc-
ing antibiotic concentrations in contaminated water,
in the experiments performed using mixtures of
19 antibiotics of different classes, including fluoro-
quinolone flumequine (Juarez et al., 2026). Despite
unidentified transformation products, these studies
clearly demonstrated the potential of G. lucidum for
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bioremediation applications. The experiment with
other fluoroquinolones confirmed the ability of G.
lucidum to degrade norfloxacin, but not ciproflox-
acin, highlighting the compound-specific nature of
fungal biotransformation and the need for further
investigation of fluoroquinolone transformation by
this species (Chakraborty, Abraham, 2017).

The potential of Irpex lacteus and Bjerkandera
adusta in fluoroquinolones biotransformation has
been relatively better studied. Thus, our results are
consistent with results reported by Cvancarové et
al. (2013), where the strain I lacteus 617/93 formed
the same three metabolites during flumequine bi-
otransformation. However, in that study, over 90%
removal of flumequine required six days, whereas
in our study, it took three days. It should be noted
that the initial flumequine concentration applied
in our research was substantially higher than that
used by Cvanéarova et al. (2013). In another study
(Akrout et al., 2024), I lacteus did not show poten-
tial to fluoroquinolone biotransformation, while B.
adusta was able to degrade eight fluoroquinolones
totally. Such differences may reflect variations in
fluoroquinolone structure, fungal strain specificity,
and cultivation conditions, emphasizing the impor-
tance of experimental context in evaluating fungal
biotransformation capacity.

The genus Coprinus is well known as an efficient
decomposer of complex organic compounds, par-
ticularly lignocellulosic substrates (Su et al., 2023;
Lv et al., 2025), as well as structurally complex nat-
ural products such as ginkgolides (Ding et al., 2015;
Zhang et al., 2024). In addition, other studies have
demonstrated the capacity of Coprinus enzymatic
systems to transform or degrade persistent synthet-
ic compounds, such as dibenzo-p-dioxins, includ-
ing halogenated ones (Suhara et al., 2011), heavy
metals (Falandysz, 2016), and pesticides (Wang et
al., 2018). However, the ability of Coprinus species
to transform antibiotics remains unexplored. This
is a significant gap, considering that C. comatus is
a humicolous saprotroph. This group of fungi con-
sumes organic matter in soil, where fluoroquinolo-
nes are known to exhibit strong sorption and long-
term persistence (Parente et al., 2019). This makes
C. comatus a highly relevant model for investigat-
ing the ecological impact of these antibiotics. Con-
sequently, the present study expands the current
knowledge on the metabolic capabilities of C. co-
matus, demonstrating for the first time its ability to
transform fluoroquinolones.

Conclusion

Summarizing these findings, all investigated strains
efficiently removed flumequine within three days of
cultivation. However, there were observed differen-
ce in the qualitative profiles of biotransformation
products. Hydroxyflumequine was identified as the
common and dominant metabolite in all cultures,
while additional esterified derivatives were formed
in a species-dependent manner. The results expand
current knowledge on fungal fluoroquinolone me-
tabolism and support the relevance of basidiomy-
cetes as promising agents for antibiotic biotransfor-
mation.
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CKpMHiHT lITaMiB AesAKnx 0a3ugieBuX rpu6iB Ha 3aTHICTH
mo 6ioTpancdopmanii prroMeKkBiHy
A.O. KEPHEP |, T A. AJIb-MAAJII 2, PA. KOPX 2
! Incturyr 6oraniku im. M.I. Xonogaoro HAH Vkpaiuy,
By Tepemenkiscpka 2, Kuis 01601, Ykpaina
2 TOB "Enamin", By Bincrona Yepummna 78, Kuis 02094, Ykpaina

Pedepat. AnTH6I0TUKY HTOPXIHOTIOHOBOTO K/IaCy HAJIEKATh O OFHUX i3 HAaIOMMpPEHINX Y HABKO/IMITHBOMY CEpPefjOBU-
i KCeH0610THKiB. PTIOMEKBIH, IPEICTABHIK I[bOTO K/IACY, AKUIT BUKOPVUCTOBYIOTh y TBAPMHHMUIITBI, 3MATHWII OTPATIATH
IO eKOCHCTeM, e I0r0 IPMCYTHICTh MOXKe 3aBIaBaTy LIKOAM >KMBUM OpraHisamaM. Biorpancdopmaiiis 3a y4acTio KynIbTyp
rpubiB € a/IBTEPHATUBHNM CIIOCOO0M fierpajanii Ta TpaHcopmariii Taknx kceHobioTnkiB. ToMy MeTor0 BocmimKeHHs 6yra
OLiHKa 3[aTHOCTI IIATY LITaMiB YOTUPbOX BUJiB 6asuaieBux rpu6bis i3 Komexuii kynpryp manuukosux rpu6is (IBK) 6io-
TpaHchopMyBaTu QIIOMEKBIH, a TAKOXX IOPIBHAHHS OTPUMAHNX MeTaboiTiB. Mineiit rnb1HHOI KynbTypy rpubiB Kyib-
TUBYBa/IN 3 GIIOMEKBIHOM HPOTATOM TPBHOX i, Mmic/st doro mpopyktn 6iorpancdopmarii ifeHTHdIKyBaaM METOZOM BI-
cokoedeKTMBHOI pifuHHOI XpoMartorpadil 3 Mac-criekTpomerpieio (BEPX-MC). BcraHoBieHo, o0 Bci JOCTimKeH] mTamm
3paTHi TpaHcopMyBaTH (QIIOMEKBiH, IpUIOMY piBeHb biomerpazauii ctanoBuB 87-90%. OCHOBHMM MeTaboIIiTOM, ifeH-
TH}IKOBAaHNM /IS YCIX FOCTIIKEHNUX ITaMiB, € rigpokcudmomexsin. KpiM Toro, BusHau4eHO TPy FORATKOBI MeTaOOMITH
¢momexsiny: wram Bjerkandera adusta 2144 yrBoproBas etuioBuii ectep ¢omexsiny; Coprinus comatus 2325 ta 1687 —
MEeTUIOBUIL ecTep QIOMeKBinY, a Irpex lacteus 2437 — MeTunoBuil ectep GIIOMeKBiHy Ta rigpokcudmoMexsiny. Ile mepire
HOBiIOM/IEHH:A 1po 3aaTHiCTL Coprinus comatus TpaHchopmysaTu dmoMekBin. OTpuMaHi pe3ynbTaTi CBif4aTh PO BUJOBI
ocobmmBocTi 6iorpancdopmarii aHTHOIOTHKA, @ TAKOXK PO3KPUBAIOTH MOXK/IMBOCTI 6asupieBux rpubis 6iorpancdopMmysarn
bTOpPXiHONTOHOBI aHTUOIOTHKY.

KrouoBi croBa: antn6iotnky, 6asuzpiesi rpubn, 6ioTpanchopmaris, KceHO6IOTHK, GIIOMEKBIH, XpoMaTorpadis
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AHTOIliaHOBA MirMeHTalisl TKAHVH BereTaTMBHNUX OPTraHiB
Lamium purpureum (Lamiaceae)

Bonogumup C. PEJEHKO
JHinpoBcbKumit HartioHanbHMI yHiBepcuteT iMeni Onecsa Tonvapa,
npocnekT Hayxu 72, [lninpo 49045, Ykpaina

Anpeca i mucTyBaHHsL: opticlab.fedenko@gmail.com

Pedepat. Ynepuie focmipkeHo MIrMeHTHMIT CKIaJl TKAHMH BereTaTVBHUX OpraHiB Lamium purpureum i3 BUKOPMCTAHHAM
KOMIUIEKCY CIIeKTPaIbHUX METOAMYHMX IiAXOAiB (HepyilHiBHa TBepfodasHa CIeKTPOPOTOMETPIsA, CIEKTPOCKOIMis
IOIVIMHAHHA eKCTPAaKTiB, imeHTM@ikalis XeraTyBanbHOI 3[aTHOCTI IirMeHTiB). BcTaHoBneHo, mo crennivHicTb
mirMeHTanil HAMHIDKYIMX IPUKBITKOBYX JIMCTKIB, HAIBUIUX CT€O/IOBIUX JMCTKIB Iifj OCHOBOIO CYLBITTS Ta YaCTMHY CTebOma
MK HUMU TI0B'sI3aHa i3 JIOKaJIi3alli€l0 Y IOBEPXHEBNX TKaHMHAX (IaBOHOIMIB, aHTOLiaHiB, KAPOTUHOIAIB Ta XIOPOdiNiB y
pisHUX criBBifHOUIEHHsX. [IyprypoBe 3abapB/eHHs TKaHMH 0OYMOB/IEHO HAKOIIIMYEHHAM aHTOLIaHIB, SKi iffeHTHdiKOBaH]
3a XapaKTepHUM MaKCUMYMOM Y CIIeKTpaX BiIOMTTS TKaHMH i CIIeKTpax MOIIIMHAHHs eKCTPAKTiB, KOTOPUMEeTPUIHUMM
HapaMeTpaMi, XeaTyBalbHOIO 3[aTHICTI0. BusHaueHo mapameTpu fudepeHIiiiHNX CIIEKTPIB BifOMTTA AK MapKepHi 03HAKM
crrenndivHoi 0Kami3alil aHTOIaHIB y Pi3HNX TKAaHMHAX POCIMH. MaKcuMaabHe HAaKOIMYEHHA aHTOLiaHIB Bifj3HaueHO y
IIOBEPXHEBMX TKAaHVHAX NPUKBITKOBMX NUCTKiB. KOHTpAcT y cIpuitHATTI 3a6apB/IeHHs BCTAHOB/ICHO LIIIXOM PO3PaXYHKY
KOMipHOI BiIMIHHOCTI MK TKaHMHAaMU. 3aIIpOIIOHOBAHMIT METORMYHIT IAXi/, MO)Ke Oy TH BUKOPUCTAHO A/ ifeHTudiKaril
CUPOBUMHU L. purpureum Tpu OTPMMaHHI 6iO/OTiYHO aKTVMBHUX NperapariB Ta HEPYIHIBHOI AIarHOCTVMKM ITITMEHTHOTO
CK/TaZly pOCIMH.

KmrouoBsi croBa: Lamium purpureum, aHTOLiaHM, BifOMBaIbHI XapaKTEPUCTUKI, 3aXICHII eeKT, KOMOpUMeTpist

Bcryn

Cepep crierpuiuHMX 03HAK POC/IVH IIPUBEPTAE yBa-
ry eHOMeH MypIypoBoi MirMeHTalil Bere TaTMBHUX
oprauiB y geskux Bupis (Davies et al., 2022). Oganm
i3 TaKMX IpefcTaBHUKIB € Lamium purpureum L.
(rTyxa KpomnmBa IypIypoBa, poguHa Lamiaceae) —
HOLIVPpeHNII BUR, pociuH y ¢opi Ykpainn — 1imo-
BipHMit apxeo®diT mMiBHiYHOCEpPEN3eMHOMOPCHKOTO

TIOXOJKEHHs, erleKodiT 3a CTyneHeM HaTypasisaiil
(Protopopova, 1991; Dubyna et al., 2022; Baranov-
ski et al., 2023). Crernudiuna 0cobnmuBicTb pociuH
IIbOTO BUJY OCOOMNBO IPOSABIAETHCA B IMYPITypO-
BOMY 3a0apBJ/IeHHi IMCTKIB i cTe6/1a Ha ITOYaTKOBUX
CTamissx pocTy Ta mif 4dac usitinHa (Mashtaler et
al., 2024). Cnig s3asHaunMTy, 11O BXXe MepIli CXOmU
POCIVH HaBeCHI MalTb IIypIypoBe 3abapBieH-
Hs, 3TOJIOM 3 SABJISAIOTbCS Iepiri KBiTKM Ha (oOHI
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IIypHypOBMUX IPUKBITKOBUX JIMCTKIB, a 3 YacoM
IpY MiABUIIEHHI TeMIIEpaTypy cepefoBuIna Iii
JIUCTKU CTaloTh seneHumu. Ina L. purpureum Xxa-
PaKTepHMII paHHIN Ta TpUBaAUil Nepiof LBITiHHA
(3 kBiTHs 10 >x0BTenb) (Blinkova, 2018). Taka oco-
OMUBiCTH NMPU3BOANUTDH [0 PAHHBOIO 3aBepIICHHSA
JKUTTEBOTO LMKIY: BiJj IPOPOCTaHHA HACiHHA JO
IJIONOHOLIEHHA MMHAE JIMie KinbKa TIOKHIB. IIpo-
OYKyBaHHS BiJHOCHO BENMKOI Ki/IbKOCTi HaCiHHS,
siKe 30epirae >KUTTE3JATHICTD Y 3MMOBMII Iepiof y
I'PYHTi, pO3ITIANAIOTh K OAMH 3 QaKTOpiB iHTEH-
CUBHOTO IOIIMPEHHA LIbOTO BUJy I103a MEXaMM
iioro mpupopguoro apeany (DeFelice, 2005). Came
HaBecHi mnA L. purpureum BCTAaHOBIEHO IIOMiTHE
3HA4YEHHS NIPOEKTUBHOIO MMOKPUTTA BUJY, @ TAKOXK
BiJJHOCHO BMCOKWII IOKa3HVK TPAIUISAHHA Ta i-
TOLIEHOTUYHOI aKTMBHOCTI, HalIpUKIIAZ, Cepefl aj-
BeHTUBHOI ¢pakuii pocanH mapkosoi 3oHu (Liso-
vets, Udzhmadzhuridze, 2022). [l pocnuH 1poro
BUlY SIK cLiioreliodiTy XapakTepHa IUIACTUYHICTb
mo cBiTmoBoro pexumy (Baridi¢ et al., 2006), a Ta-
KOX CTifIKiCTb o Husbkyx Temieparyp (Creech
et al., 2007). 3rigHo 3 3amporoHOBaHO QiToiHANM-
KalilfHow IKanoo 3a tunoMm Emmenbepra s L.
purpureum BCTAaHOBJIEHO BJICOKE 3HAYEHHS ITOKa3-
HyKa cBiTnosoro ¢akropa 7,2 (Tichy et al., 2023).
Y pasi anTpormorenHoi TpaHcopmanii ceperoBu-
ja CHOCTepiraioch (popMyBaHHA MPOLBITAIOUOTO
TUIY NOMyALii L. purpureum i3 MaKCUMaabHOIO
Bapia0eNbHICTIO MOPPOMETPUYHIX NAapaMeTpiB, ¥
TOMY 4MC/Ii KiIBKOCTi KBIiTOK i JIMCTKIB y 0COOMHNI
(Blinkova, 2018). CTiilKicTh KO eKCTpeManbHUX i
HeCIPUATIMBUX YMOB CepeoBMIIa 00yMOBIIa Ha-
SIBHICTD IJbOTO BUALY Y CKJIaJii afiBeHTUBHOI ppaKiii
perionanbHux ¢op Ykpainu (Blinkova, 2018; Pa-
vlyshak, Dankiv, 2022; Baranovski et al., 2023) Ta
IPUCYTHICTD y Pi3HMX CMHTaKCOHAaX ITIOHEPHOI Ta
pynepanbHoi pocnuHHOCTI (Dubyna et al., 2022).
Sk BifoMoO, ypIrypoBe 3a0apB/IeHHs JIMCTKIB IIe-
PeBaXXHO 0OYMOBJIeHe JIOKATi3alli€l0 aHTOLIaHOBYX
nirMeHTiB y noBepxHeByx TKaHuHax (Davies et al.,
2022). Pasom i3 TMM, He3Ba)Xaloul Ha TaKy BUPAsHY
O3HAKY, IIIMEHTHUI CK/IaJ, TKAaHWH BereTaTMBHMX
oprauiB L. purpureum poteriep He OYIO 3’5COBaHO.
Jns pocmifikeHHA LbOro fABMINA, HA HANIy AYMKY,
HaJIO1/IbII aJIeKBAaTHMM € 3aCTOCYBAHHS KOMIUIEKCY
CIIEKTpa/IbHUX METOJIB, AKMI BK/IIOYAE HEPYIIHIBHY
TBepro¢asHy CrIeKTpopOTOMETPII0, CIIEKTPOCKOIIII0
HOIVIVHAHHA IIIIMEHTHUX eKCTPAaKTiB Ta imeHTui-
Kallio Xe/laTyBajIbHOI 37aTHOCTI aHToUiaHiB (Feden-
ko, 2022). IndopmaTnBHa 3HAYYILICTD METONUIHIX
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nigxonis TBepmodasHoi cnekrpodoromerpil Io-
JIATa€E Y MOXXMBOCTI MOJEMIOBAHHA IIPOLIECY B3a-
€MOJil COHAYHOIO BMIIPOMIHIOBaHHA 3aJIEKHO Bifl
TOBXVHM XBWIL 31 CBIT/IONOIIMHAIBHVMMA CIIONY-
KaMM, fIKi JIOKaJli30BaHi y IIOBEPXHEBUMX TKAaHMHAX
(crieKTpOCKOIis BiTOUTTA), @ TAKOXK Y BCTAHOB/ICHH]
CIEKTpPa/IbHMX [TapaMeTpiB, 0 BU3HAYAIOTh CIIPUIA-
HATTA KONbOPY Ta KOJIPHI BifIMIHHOCTI POCIMHHIX
tKaHyH (Komopumetpis) (Fedenko, 2008, 2022).

MeTta po60TM — MOpPIBHANBHUII aHAJI3 CIeEK-
TPa/IbHMX XapaKTePUCTUK Pi3HUX IPYII IMCTKIB Ta
cTebna i3 MypHypoBUM 3abapBlIeHHAM Yy Iepiof
LIBITIHHA Ha IIOYaTKOBUX eTallaX BereTaTUBHOTO
PO3BUTKY L. purpureum.

Marepianu Ta MeTOAU

Pocnununit marepian

3a 06’exT mocmimKeHHs1 0bpaHo Lamium purpure-
um. [Jns1 aHami3y Bigbupanu HatHVKYi TPUKBITKO-
Bi mucTKM (fjani — IPUKBITKOBI TMCTKM), HABUII
CTe6I0BI JIMCTKY IIiJ] OCHOBOIO cynusirTa (mami —
CTe0/IOBi /MMCTKYU) Ta 4acTHHY cTe61a MK HUMM.
Binbip marepiany nmpoBomuay Ha CTafii UBITIHHA ¥
KBiTHi 2024 p. Ha TepuTopii nyku 6ina piukm Mo-
kpa Cypa (c. HoBoonekcanpapiska, [JHinpoBcbkuit
p-H, JHinponeTpoBchbka 001 ).

BusHayeHHA BMiCTy aHTOLliaHiB

BupineHHs eKCTPaKTy i3 TKAaHMH BEreTaTMBHUX Op-
raHiB IPOBOAV/IN i3 BMKOPMCTAaHHAM CyMini i3o-
npomnanon Ta 1%-a HCI (3a 06’emom) ympomox
24 rop 3a remneparypu 4 °C (Fedenko, 2022). Bmict
aHTOILiaHiB BU3HAYa/MM CIEKTPO(YOTOMETPUIHUM
meropoM (Fourati et al., 2017). OntuyHy rycTuny
aHToMiaHiB (A, ) B eKCTPaKTaX PO3paxoByBasiM 3a
¢dbopmyroro:
A = Aszp — (0,24 Aggy) (1),
e A530 Ta A653 — OIITMYHA T'YCTMHA, fKa BU3HAYEHA
npu 530 HM Ta 653 HM, BifIIOBifHO.

3aranbHMIT BMICT aHTOLIIaHiB BU3HAYa/IN SIK €KBiBa-
JIEHT L{iaHigMH 3-TMI0K03uay (Mr) Ha T CHpOI MacH, BUKO-
pucroByioun Koedirient ekctuHkii 26900 meMomblem!
Ta MOJIApHY Macy 449,2 reMonmb ™.
Cop61uiiiHa B3a€MO[isI EKCTPAKTIB 3 OKCUAOM
anoMiHilo

Cop611iio CIIO/TyK 3 eKCTPAKTIiB Ha IOBEPXHi OKCUAY
amoMiHito (HeiTpanbHmit, II cTymiHb akTMBHOCTI
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3a bpokxMaHOM) IpOBOAWIN 32 OJHAKOBOTO CIIiB-
BifHOLIIEHHS 06 €My POCTIMHHOTO eKCTPaKTy (M) i
HaBaXKM copbeHTy (r) (5: 1) ynpomosx 15 XB npu
nocrifinoMy nepeminrysansi. ITicns ¢inbrpyBanHs
ajicop6aT IpOMMBAIY 130IIPOIIAHOIOM Ta BUCYILY-
Bamu. KoHTposb 3a mporecom cop6uii 3aiiicHIoBa-
7Y 3a BEIMYMHOI0 ONTUYHOI TYCTUHU MaKCUMYyMY
npu 540 HM y CIeKTpaX IIOITIMHAHHA €KCTPaKTy
no i micna 06pobxu AlLO,. CrieKTpy TOTNMHAHH
eKCTPaKTiB BMMIpIOBalIM Ha CIEKTPOPOTOMETpi
DU-7HS. [Ina o04MCIIeHHs CTYIeHs BUITYYeHH:
aHToOLiaHiB i3 ekcTpakry (X, %) BUKOPUCTOBYBaIN
TaKe PiBHAHHA:

X = (A0 - Al)-IOO/AO (2),
fie A, — ONTHYHA T'YCTUMHA BUXI[JHOTO €KCTPAKTY;

A, — ONTUYHA IyCTUHA eKCTPAKTY MiC/IA #0r0 06-
po6ku ALO,.

BumiproBaHHs Bif0MBaIbHUX XapaKTePUCTUK

CnexTpanbHi XapaKTepUCTHKY MMCTKIB BUMipIoBa-
7N Ofipasy miciA BifOOpPY pOCIMHHOTO Marepiainy.
AHaroriyni yMOBM BMMIpIOBaHHS BifOMBanIbHUX
I KOJIOPMMETPUYHMX IIapaMeTpiB TKaHMH Ta afi-
copbariB 3abe3nedyBaaich LIIIXOM BUKOPUCTAH-
HA CTaHJApTHMM TpUMadeM TBEPAMX 3PasKiB O
criekTpooTOMeTpa 3a YMOB IOBHOTO IOKPUTTA
noBepxHi (giamerp 2 cm). CrekTpu BibUTTs OTpU-
MyBanu B fiamasoni 350-800 HM Ha cieKTpodoTO-
Mmetpi Specord M40 (HimeuunHa), [OEATKOBO 00-
TTaJIHAHOMY IIPUCTABKOIO 3 POTOMETPIYHOIO KYTIer0
i kaceror "Data Handling I" pnsa maremaTnaHoi 06-
pobku pesynbrariB BuMipioBaHHA. Lle [03BOMMIO
IIPOBOJUTY 3T/IafI)KYBaHH:A CIEKTPaNbHUX KPUBUX
i3 BUK/IIOUeHHAM BUIIA/IKOBUX HIyMOBUX miKiB (Fe-
denko, 2008). Kopexiiito 100%-oi miHii mpoBogumin
3a cTa"gapToM MgO, onTHYHOI HYIbOBOI TOUKY —
3a CTaHIaPTOM YOPHOTO IIOPOXXHMCTOTO Tila. IH-
TEHCUBHICTb CIIEKTPIiB BiflOMTTs HABOOWIN B OfM-
HUISIX a06CopOIil.

Bukopucrosyioun xoedilieHT BifOuTTss npu
550 (R.,,) i 700 um (R,)), Ans MOPiBHAIbHOI Xa-
PaKTepUCTUKY HAKONMYEHHsA QAHTOLiaHiB y IIO-
BEPXHEBUX TKAHMHAX PO3PaXOBYBAIM IIOKa3HUK
mARI (anthocyanin reflectance index) sa piBHAH-
HaM (Sytar et al., 2020) piBHAHHAM:

mARI = [(Ry;) ™" = (Ro) ' xR g (3)

IudepeHuiitumit ceKTp o64McIoOBamM 3a pis-
Huteo abcop6buii AA mpu BigmOBigHIN TOBXMHI
XBUI Y CIIeKTpax BiffOMTTS MPUKBITKOBUX MUCTKIB
BiJHOCHO CTe6IOBMX JIMCTKIB Ta cTeOerL.

KonopumeTpuyHi BuMiproBaHH:A

1 KOmopuMMeTpUYHMX BUMipIOBaHb BUKOPUCTO-
ByBajm crekrpodoromerp Specord M 40 3 inmor
KaceTom0 [isi MareMaTnaHoi 06po6bku "Color Mea-
surement”. Koopaunaru konvopy (X, Y, Z) Ta Ko-
OpAMHATY KOJIbOPOBOCTI (X, ¥) BU3HAYa/IU B CUCTe-
mi CIE XYZ. loMiHyBaJIbHY JOBXWHY XBWIi A 4T
YMOBHY YMCTOTY KOJbOPOBOTO TOHY P, BCTaHOB-
moBanu rpadiyHUM CrTocobOM 3a KOOPAMHATAMU
3paskiB y konbopoBoMy npoctopi (Fedenko, 2008).
Y xonmopumerpuusiit cucremi CIE L*a*b* Busha-
vajm iHTerpanbHMil KoedinieHT sickpaBocti L* Ta
KOJIOpMMeTpIYHi KoediljienTn a* (cniBBifHOIIEH-
Hs1 3€JIeHOI Ta YepPBOHOI KOMIIOHEHT KOIbopy) i b*
(criBBigHOIIEHHS CUMHDBOI Ta >KOBTOI KOMIIOHEHT
KO/bopy). IpyHTYyIOuMCh Ha 3HaYeHHSX KONOPU-
MeTpUYHNX KoedillieHTiB, 00YMCIIOBAaMM IOBHY
KomipHy BigMiHHICTD AE* MK TKaHMHaMM abo af-
copbaramiy, a TaKOX po3mofin 1iei iHTerpanpHOi
BEeMYMHM Ha BiIMIiHHOCTI 3a sckpaBicTio AL¥, Ko-
nbopoBicTio AC* ta konbopoBuM ToHoM AH* (Fe-
denko, 2022).

Crarucrimana o6po6ka pesynbraris

ITpu mpoBepeHHi [OCTiKeHb BMOiIpKa CKIajana
10-15 pocnuH, B KOXXHOMY BapiaHTi gocrify 6yno
He MeHIIe 3-X IIOBTOpeHb. Pe3ynbTaTy HaBesleHi AK
cepefHi BeIMYMHMY 3i CTAHAAPTHUM BiIXV/IEHHAM.

3HauyulicTb  BiIMIiHHOCTe}l  OL[iHIOBaIM  3a
t-xpurepiem Cr'iogenTa pu p < 0,05, BUKOpUCTO-
BYIOUlM IIaKeT CTaTMCTMYHOTO aHajisy Statistica,
Bepcia 10.0. Ha puc. 2 HaBefieHi cepefiHi BEIMYNHA
Ta IXHi CTaHJApTHI HOXUOKN.

PesynbraTi Ta 06TOBOpEHHA

A MOpiBHANBHOI XapaKTePUCTUKM TKaHUH La-
mium purpureum BCTAHOBJICHO BinOuBaibHI Ta
KOJIOPYIMETPUYHI XapaKTepUCTUKM, sKi MOB’s3aHi
3 CEJIEKTVBHUM IOITIMHAHHAM IIiIrMEHTaMM 3a JIOB-
JKMHOIO XBJJIL Ta pO3CII0OBaHHAM CBiT/Ia CTPYKTYypa-
mu tKaHuH (De Paola et al., 2026). [Tonpn edexrn
poO3cCiroBaHHA CBIT/IA, NPUCYTHICTh XapaKTePHUX
MaKCUMYMIB y CIIeKTpax BiIOMTTS [O3BOJLAE ifjeH-
TUQIKyBaTH MirMeHTH B iHTakTHMX TKaHuHax (De
Paola et al., 2026). CaiTronornuHanbHa 3JaTHICTDb
TKaHMH L. purpureum XapaKTepusyeTbCs HasABHic-
TIO JleKinbkox Makcumymis (A, - A, ), o6ymoBie-
HUX CIIONyKaMM i3 pisHMMM XpOMOQOPHNMMU CHC-
temamu (puc. 1, Tabm. 1).
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Puc. 1. Crextpu Bigburts (A) ta gudepenuinni cuextpu (B) TkaHuH BereTaTuBHUX oprauiB Lamium purpureum: 1 —
[IPUKBITKOBI TMCTKY; 2 — CcTe61I0BI MUCTKY; 3 — cTebra; 4 — MPUKBITKOBI IMCTKY BiTHOCHO CTEO/IOBUX; 5 — IIPUKBITKOBI

JIMCTKI BiTHOCHO CTeber

Fig. 1. Reflectance spectra (A) and differential spectra (B) of tissues of vegetative organs of Lamium purpureum: 1 — lower-
most floral leaves; 2 — uppermost stem leaves below the verticillaster; 3 — stems; 4 — floral leaves relative to leaves below the

verticillaster; 5 — floral leaves relative to stems

Tabmuis 1. BigGuBanbHi XapaKTepUCTHKY TKaHUH BeTe-
TaTUBHMX OpraHiB Lamium purpureum

Table 1. Reflectance characteristics of tissues of vegetative
organs of Lamium purpureum

Moxassux | [IPMKBITKOBI Cre6m0Bi Cre6na
JIUCTKU JINCTKU
Ilono>xeHHs MaKCUMyMy
A, HM 365, 397 365, 395 363, 395
A, HM - 495 440, 485
A, HM 558 540 540
A, HM 677 677 677
[HTeHCUBHICTD MaKCUMYMY
AL 1,04 1,07 0,96
A, - 1,02 0,94
A, 1,04 0,90 0,85
A, 0,90 1,00 0,80
CniBBijHOIIEHH IHTEHCUBHOCTEl MaKCUMYyMiB
AJA,, 1,16 1,07 1,20
A, /A, - 1,02 1,17
Ay JA, 1,16 0,90 1,06
BusHayasbHOI  OCOOMMBICTIO  HOCHTIIKEHMUX

3pasKiB € HAsIBHICTDb Y CIIEKTPax BifOMTTS MaKCu-
mymy mipu 540-558 um (A, ), sAKMit 06yMOBIEHO
JIOKA/Ti3alli€l0 aHTOLiaHiB y ITOBEPXHEBMX TKAHMN-
Hax (Nakashima, Yamakita, 2023). Iurencusna
cmyra (A,)) i3 [BOMa pO3JiNeHNM MaKCMMyMaMu
npu 363-365 i 395-397 uM BigHeceHa o YO-mo-
rrHanbuux ¢naBonoifgis (Falcioni et al., 2020;
Koski et al., 2024). MakcuMyManbHi IMOKa3HUKY
440-495 um (A,,), ki ToB'A3aHi i3 KapoTMHOIA-
Mu Ta cmyroo Cope xnopodinis (Nakashima,
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Yamakita, 2023), IposB/I/INCH Y CIEKTpax cTe61o-
BMX TUCTKIB i cTeben. BifcyTHicTh MakcuMyMmiB A,
VI TIPUKBITKOBYX JIMCTKIB MOXKe OYyT) IOsACHEHa
IpPOABOM IIMPOKOI CMyTM aHToLiaHiB. [Ina ycix
3pasKiB XapakKTepHa HaABHICTb JOBTOXBUIbOBOIL
Q-cmyru xnopodiny a npu 677 um (A,,) (Nakas-
hima, Yamakita, 2023). Ockinbky iHTEHCUBHICTb
AQHAJITUYHUX MaKCUMYMIB KOPEIATUBHO IIOB'si3a-
Ha i3 B7MicToM mirmenTiB y muctkax (Falcioni et al.,
2020), a1 TOPiBHAIBHOI XapaKTePUCTUKM TKAHUH
BMKOPUCTAHO CIiBBiJTHOIIEHHs ONTUYHOI TYCTUHHA
MakKCMMyMiB A - A, Ta ONTUYHOI IyCTUHU [{OB-
TOXBMIbOBOTO MaKCuMyMy A, xmopodinis (Ta6r.
1). Ina BciX TKaHMH iHTEHCHMBHICTb MaKCUMyMY
(1aBOHOINIB MepeBUIlyBaIa aHATOTIYHMIT TTOKa3-
HuK s xnopodinis (A, /A, > 1). Makcumanbhe
3HA4YEHHA CIIiBBi/IHOIIEHHA iHTEHCMBHOCTEN MaK-
CUMYMiB aHTOLIi:clHiB i xnopoq)'iHiB A, /A, BinsHa-
YEHO [I/ISl IPUKBITKOBUX JIMCTKIB.

BigmiHHOCTI y B3aeMofil BUIIPOMiHIOBaHHA
3QJIEKHO Bifl MOBXWMHU XBUII Y IPUKBITKOBUX
JINCTKAX, HOPIiBHAHO i3 CTE6IOBMMM JIMCTKAMU Ta
cTe6/amy, TMiATBEPIPKEHO 3a BUKOPUCTAHHA -
depenuiitnoi crniekrpodoromerpii (Dewez, Per-
reault, 2013). Y pe3ynbraTi po3paxyHKy pisHMII
MDX CIIeKTpa/JbHMMY KPMBUMM BifOMTTA OTpUMa-
HO BifnoBinHi gudepenuinni cnexkrpu (puc. 1). ¥
mvdepeHIiiHOMY CIIeKTpi IPMKBITKOBUX JIMCT-
KiB, NOpIBHAHO i3 CTeO/IOBYMM JIMCTKAMM, HasB-
HICTb MakcuMMyMy npu 550 HM 3acBigumno mij-
BUILIEHE HAKONMYEHHA AHTOLIaHiB, a MiHIMyMy
npu 680 HM — BiSHOCHE 3HIDKEHHA JIOKaisalil
wiopodiniB. Y pasi audepenuiiiHoro crekrpa
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Tabmuust 2. KomopnMeTpuyHi XapaKTepUCTUKI TKAaHUH BeTreTaTMBHUX OprauniB Lamium purpureum

Table 2. Colorimetric characteristics of tissues of vegetative organs of Lamium purpureum

KonopumeTrpuynuii mapaMeTp | [TpuKBiTKOBI MTMCTKN | Cre610Bi TUCTKU | Crebra
/\d, HM (ZOMiHyBa/IbHa JOBXKIHA XBIJIi) 495,8 *** 579,4 593,5
P, % (ymOBHa 41CTOTa KOTbOPOBOTO TOHY) 8,03 13,46 19,64
L* (koedirieHT sIcCKpaBOCTi) 37,46 41,76 46,54
a* (komopuMeTpUIHNMIT KoedilfieHT) 0,77 -7,00 0,81
b* (xonopumeTpr4HNit KoedillieHT) -38,06 -32,52 -33,01

> TyT i B Tab/1. 5 I03HAYEHO JOJATKOBY JOBXIHY XBIWII B [lialia3oHi Iy pIrypoBUX KOIbOPIB.

Tab6nuus 3. KomipHi BigMiHHOCTI IPUKBITKOBUX TMCTKiB HOPiBHAHO i3 CTe6TOBMMM TMCTKaMU Ta CTe0IaMu

Lamium purpureum

Table 3. Color differences of lowermost floral leaves compared to uppermost stem leaves below the verticillaster

and stems of Lamium purpureum

IToxasHMK KOJTipHOI BiIMiHHOCTi Cre6710Bi TUCTKM Cre6bma
AE* (11oBHa KojipHa BiIMiHHICTB) 10,47 10,39
AL* (BigMiHHICTB 32 SICKpPaBICTIO) -4,30 -9,08
AC* (BigMiHHICTb 3a KOTTbOPOBICTIO) 4,80 5,04
AH* (BigMiHHICTb 32 KOIBOPOBUM TOHOM) 8,25 0,16

IPUKBITKOBMX JIMCTKIB IOpiBHAHO 3i cre6mamu
NPUCYTHICTD MakcuMyMmiB nipu 570 i 690 HM mij-
TBEPAWIO IepeBaKHe HAKOIMYEHHA 000X IlirMeH-
TiB. BifcyTHicTh B 000X nudepeHLiiHNX crieKTpax
BUPa)KEHUX €KCTPEeMYMIB y Aiamasoni Y®-mormm-
Ha/IbHUX ()/IaBOHOIIIB MOXKHA MOACHUTI IIOA16HOIO
TeHIeHIII€I0 JIOKaTi3alii MX CIONYK y MOPiBHAHUX
TKaHnHax. [lapamerpn mudepeHUiHNX CHEKTPIB
BiIOUTTA CMif PO3IIAmATH SIK MapKepHi O3HaKM
crienudivHoi 10Kai3anii aHTOLiaHiB y pisHMX TKa-
HyHax L. purpureum.

Y pesymbraTi [OCHi/I’)K€HHA CIIEKTPaIbHOTO
PO3IIOAIiTy CBITIOBOTO IOTOKY, L0 BifOMBaeTbCs
BiJl MOBEpXHEBUX TKaHMH, BU3HAYEHO BifNOBifHI
KonmopuMmeTpuyHi mapamerpu (tab6m. 2). Crig Bif-
3HAYUTY, IO BCTAHOBJIEHE HAMM 3HAYEHH:A IOMi-
HYBa/IbHOI JIOBXXMHM XBUJ/Ii Y Jlialla3oHi IIyprypo-
BUX KOJIbOPIB BifITIOBila€ 30pOBOMY CIIPUIITHATTIO
NIPUKBITKOBUX NUCTKiB. CK/IaJlaHHA Pi3HUX KOMbO-
POBUX CTUMY/IB IITMEHTIB IIPU3BENIO O HUSbKUX
3HA4YEeHb BEIMYMHM YMOBHOI YMCTOTYU KOIbOPOBO-
ro TOHy pocnimxeHux spaskiB (Ohta, Robertson,
2006). MinimanpHe 3HaueHHs KoediljieHTa sCKpa-
BOCTi BCTAaHOBJIEHO [JI IPUKBITKOBUX JIUCTKIB.
[Mo3nTuBHI 3HaueHHs1 KoedilieHTa a* MPUKBITKO-
BUX JIMCTKIB i cTeben BiAmOBifal0Th JOMiHYBaHHIO
4epBOHOro Konmbopy (Cairone et al., 2020), 1o 06y-
MOBJIEHO ITiIBUILIEHOIO JIOKA/Ti3alli€f0 aHTOIliaHiB i
Y3TOIPKYBaIOCh i3 BenmuunHamn A, /A, ta mARL

HerarnpHe 3HaYeHHs MOKa3HMKA a* /1 CTEOIOBUX
JMUCTKIB CBiJYM/IO IIPO JJOMiHYBaHHA 3€/IEHOTO KO-
npopy (Cairone et al., 2020). JocnimKeHi TKaHWHU
TAaKOXX XapaKTepU3YyBaIUCh HETaTMBHUMM 3HAY€H-
HAMM KoedirieHTa b*.

PisHmii cieKTpanbHUI pO3NOJiN iHTEHCUBHOCTI
BiIOMTTS 3a/IeKHO Bifi HOBXMHM XBUII 00YMOBUB
KOJIipHi BiIMiHHOCTi NPUKBITKOBUX JVCTKIiB Bifi-
HOCHO CTeOI0BUX JIMCTKIB Ta creben (Tabm. 3), mo
BCTAQHOBJICHO i3 BMKOPMCTaHHAM JuQepeHIiiiHoI
KoropuMeTpii. Po3paxoBaHi BeMUMHM iHTerpaib-
HOI KomipHoi BigmiHHOCTI AE* cBifummm npo cyr-
TEBY PISHMIIO Yy KOJIbOPOBUX XapaKTEPUCTMKAX
MOPiBHIOBAaHMX TKaHMH 3TiJHO 3 PeKOMEHMALIAMMU
(Zbik et al., 2023). TTopiBHAHHMIT BHECOK B iHTe-
rpanbHy BennunHy AE* IDpUKBITKOBMX JIMCTKiB
BiTHOCHO CTe6/IOBUX MUCTKIB Bifl3HAUYEHO /IS Bifi-
MiHHOCTI 32 AcKpaBicTio AL* Ta KonboposicTio AC*,
HaJICYTTEBIIMII — I BiIMIHHOCTI 3a KOJIBOPO-
BUM TOHOM AH* (Tab1. 3), OCKI/IbKM LIell TTOKa3HUK
($opMyeTbcsl MepeBaKHO BHACII[IOK Ii/{BUIICHHS
IHTEHCHMBHOCTI MAaKCMMYyMY aHTOLiaHIB y CIEKTpi
BigbutTs (puc. 1, tabn. 1). [Inst konipHol BifMiHHO-
CTi IPUKBITKOBMX JMCTKIB BiJHOCHO cTeben Haii-
CYTTEBIINIT BHECOK Y BenmnunHy AE* BcTaHOB/IEHO
IJ1s BiIMiHHOCTI 3a sAAckpaBicTio ALY, mopiBHAHHMII
— JUI4 BiMiHHOCTi 3a KonboposicTio ACY, HecyT-
TEBUII — IJIA BiIMiHHOCTI 32 KOJIbOPOBUM TOHOM
AH* (Tabm. 3).
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Puc. 2. Bmict anToujanis (A) Ta ciexTpanbuuii ingexc mARI (B) TkanuH Lamium purpureum: 1 — IPUKBITKOBI TUCTKY;

2 — creboBi MUcTKM; 3 — cTebna

Fig. 2. Anthocyanin content (A) and mARI spectral index (B) of tissues of Lamium purpureum: 1 — lowermost floral leaves;

2 — uppermost stem leaves below the verticillaster; 3 — stems
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Puc. 3. CnexTpy IOIMMHAHHA eKCTPAKTY HAMHIDKIMX
IIPUKBITKOBUX MUCTKIB Lamium purpureum: 1 — 1o o6po6-
ku ALO,; 2 — micna o6pobxu AL O,

Fig. 3. Absorption spectra of the extract of lowermost floral
leaves of Lamium purpureum: 1 — before AL, O, treatment;
2 — after Al,O, treatment

0,8

OnTHyHa TYCTHHa
o °

EN [=)}

-

o
o

300 400 500 600 700 %, M

Puc. 4. CnexTpy BifbutTA ajscopbatiB 3 eKCTPaKTiB TKa-
HuH Lamium purpureum Ha okcupi amominiio (ALO,): —
MIPUKBITKOBI IMCTKM; 2 — cTe6I0B1 MCTKI; 3 — cTebrma
Fig. 4. Reflectance spectra of adsorbates from extracts of
tissues of Lamium purpureum on aluminum oxide (Al,0,):
1 — lowermost floral leaves; 2 — uppermost stem leaves be-
low the verticillaster; 3 — stems
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[ IOpiBHANBHOTO aHaMi3y HAKOIMYEHHS aH-
TOIIiaHiB y BereTaTMBHUX OpPraHaX BUKOPUCTOBY-
BaJ/IM 1Ba METOAVYHUX ITiAXOAY, AKi BIPisHAITHCA
pisHOIO iH(pOpMaTuBHOIO 3HauywicTio. Ileprumit
IiJXiZ — BM3HAYEHHA BMICTY IIrMEHTY B pO3pa-
XYHKY Ha CUPY Macy Iic/A eKCTpaKlii pOCIMHHO-
ro mpenapary. JIpyrmit BapiaHT — BCTaHOBJICHHA
cnekTpanbHuX iHgekciB mARI, ski pospaxoBaHi
3i crekTpiB BifOUTTA i Bif0OpaKyIOTh piBeHb JI0-
KaJli3alil aHTOLiaHiB Yy IOBEPXHEBMX TKaHMHAX.
Cepen,  fOCHi>XKeHUX 3pasKiB  MaKCUMaJbHMUIA
BMICT aHTOILjiaHiB CIIOCTEPIraBcsA y 3arajbHill Maci
IPVKBITKOBMX JIMCTKIB Ta OyB 3HVDKEHMII /IS CTe-
670BUX NMUCTKIB ¥ 2,6 pasa, s creben — y 54
pasa (puc. 2). Taka X TeHJIeHI[isl 3HV>KEHHSI TOPiB-
HAHO i3 IPUKBITKOBUMM JIMCTKAaMM MigTBEPIKEHA
I crekTpanbHoro ingekcy mARI: y 2,4 pasa pns
CTeOMOBMX MUCTKIB Ta B 1,9 pasa mys creben (puc.
2). MeHmmMiI CTYIiHb 3HVDKEHHS CIIEKTPaTbHOIO
nokasHuka mARI IOACHIOETbCA NepeBa>kKHOI0 JIO-
KaJli3alli€l0 aHTOLIiaHiB y IMOBEPXHEBUX TKAaHMHAX.
Bognouac inmexc mARI migTBepaus 6imbpin KoH-
TPACTHI BiffMiHM y JIOKaji3alil aHTOLiaHiB /I J10-
CIIPKEHUX TKAHMH IOPIBHAHO 3 IHTEHCUBHICTIO
AHAIITMYHOTO MaKCUMYMY A, Y CTIEKTpax Biiout-
14 (Tabm. 1).

AHTOLiaHN Y CHEeKTpi NMOINMHAHHA EKCTPaKTY
NPUKBITKOBMX JNUCTKIB imeHTHdiKOBaHO 3a Ha-
ABHICTIO XapAaKTEPHOIO MakcumMymy npu 540 HMm,
iHTEHCMBHICTD AKOTrO II€epeBUUIYE iHTEHCUBHICTb
Makcumymy xnopodiny a npu 667 HM y 3,7 pasa
(puc. 3).

BpaxoByroum XemaryBanbHi BIACTMBOCTI aH-
toujaniB (Fedenko et al, 2017), imentudixa-
Lis IMX CIOAYK MOXKe OyTU IIpOBefeHa LIISIXOM
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Tabmuis 4. Bin6uBanbHi XapakTepucTUKM aicop6artis 3 eKCTpaKTiB TKauuH Lamium purpureum na okcui amominiro (AL,0,)

Table 4. Reflectance characteristics of adsorbates from extracts of tissues of Lamium purpureum on aluminum oxide (ALO,)

IToxasHMK | ITpyKBITKOBI TUCTKN Cre6710Bi mucTKN | Cre6bma
ITonoskeHHA MaKCUMYMY
A p» HM 365, 391 365, 387 366, 385
\,,» HM 581 550, 590 567
A, HM 660 670 -
[aTeHCMBHICTD MaKCUMYMY
A, 0,63; 0,64 0,61; 0,61 0,22; 0,21
A, 0,43 0,12; 0,11 0,07
A, 0,21 0,13 -
CriBBiHOIIEHHS iHTEHCUBHOCTEN MaKCUMYMiB

AJAL, 3,07 4,69 -
A, A, 2,05 0,96 -

xemMocop61ii i3 pocmHHOrO eKcTpakTy Ha AlO,
i3 HACTYITHMM BM3HA4YE€HHAM CIIEKTPaIbHUX XapaK-
TePUCTUK IPORYKTY B3aeMopii (apmcopbary) (Fe-
denko, 2022). ¥V pesynbraTi copO1iiiHOi B3aeMopil
CIIOTYK B €KCTPAKTi MPUKBITKOBMUX MUCTKiB 3 AL O,
OTpUMaHO aficopbar cuHbOro Kompopy. [Ipu ipomy
IHTEHCUBHICThP MaKCMMYMy IIOITIMHAHHA aHTOIia-
HiB B eKCTpaKTi 3MeHIIMIach y 2,5 pasu (puc. 3), a
CTYIIiHb BUTyYEHHs aHTOLiaHiB 3 €KCTPAKTY 3a Jja-
HVIMIU CIIeKTPO(OTOMETPUYHOTO KOHTPOJIIO CKIa/Ia
59%. AHa/IOriYHMM YMHOM OTPUMAHO afcopbaTy 3
eKCTPAaKTIiB CTeO/IOBUX JMUCTKIB Ta cTeben. Xapak-
TEPUCTUKY OTPUMAHMX aficOpOaTiB MOCII/KEHO
i3 BMKOpMCTaHHAM TBepHOQa3HOi CIEeKTPOPOTO-
MeTpii. HasiBHICTb pO3IIMpPEHOr0 MaKCUMYMy IpU
550-590 um (A,,) y criekTpax Big6uTTs ajicopbatis
mifTBepAMIa iMMOOimi3alifo aHTOLiaHIB Ha MO-
BepxHi copOeHTy (puc. 4, Tabn. 4).

baroxpomne sMmimenHs Ha 23-40 HM MaKCUMY-
MY aHTOLiaHiB y CIleKTpax BiOUTTs ajcop6artis
O‘za) MOPiBHAHO 3 TKAaHMHAMU (7\3T) HMigTBEPANIIO
XeMOcopO1i0 IMX CHOMYK i3 HeacoLillOBaHUMU
nosepxHeBuMu rpymamu =AlOH copbenty, mo
HifIBUIIVIIO CTYIiHb CHpPSDKEHHA XpOMOQOpHOI
cucremu (Fedenko et al., 2017). IuTeHcuBHicTb
MaKCUMYMy A, 3MeHIIyBalach BiflMOBiZHO 70
BMICTY aHTOLiaHiB y TKaHMHax (puc. 2). Bucoko-
iHTeHCHBHA KOPOTKOXBM/IbOBA CMYyTa A, i3 pos-
MOJiIEHMMI MaKCUMyMaMu ripu 365-366 ta 385-
391 uM migTBepzmiaa apcop6buino ¢raBoHOIAIB
Ha IOBepxHi copbeHTy (puc. 4, Tabn. 4). Panime
nofibHI MaKCMMYMIU y CIIEKTpax BigOUTTA ajcop-
6aTiB BCTAaHOB/IEHO NpPU HOCTIKEHHI XeMocop-
6uii ¢pnasonoinip Ha Al,O, 3 eKCTpakTiB KBiTOK
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inBasiiinux BuUAiB popmuu Asteraceae: Solidago
canadensis L., Ambrosia artemisiifolia L. i Erige-
ron canadensis L. (Fedenko, 2022, 2025a, 2025b).
[IpuCyTHICTD JIOBrOXBM/IBOBOTO MaKCUMyMy A,
npu 670 HM 11 aficopbaTy 3 eKCTPaKTy cTeb10-
BUIX JIMCTKIB CBijumIa po HasABHICTb afgcopboBa-
Hux xnopodinis (puc. 4, Tabn. 4). [Ins agcopbary
3 eKCTPAKTY MIPUKBITKOBUX IMCTKIB MAKCUMYM A,
CriocTepiraBcs AK JOBTOXBUIbOBUII NEeperuH Ipu
660 HM, a y pasi Ipemapary 3 eKCTPakTy creben
BiH OyB BifcyTHIiil. BennuuHy iHTeHCMBHOCTI aHa-
TITUYHUX MAKCUMYMIB Ta IXHi CIBBiJJHOIIEHHS
nigTBepAvIy, 10 (IaBOHOIAY Ta AHTOLAHN € OC-
HOBHUMM KOMIIOHEHTaMM aJcOpOOBAaHNUX CIIOTYK
(puc. 4, Tabn. 4).

Oco6mmBOCTi MIrMEHTHOTO CK/Iagy 0OyMOBMIN
KOJIOpPYMETPUYHI IapaMeTpu afcopbatiB (Tabdm.
5). Cymnepnosunis KOIbOpPOBMX CTUMYIIB afcop-
60oBaHuX GIABOHOIMIB i aHTOI[iaHIB Y X€IaTOBaHil
¢dopmi mpusBena GO HU3BKMX 3HAYeHb BEINYMHU
YMOBHOI YMCTOTM KOJIbOPOBOTO TOHY IIpenapariB
npuKBiTKOBUX NMUCTKIB 1 cTeben (Ohta, Robertson,
2006). Bume sHaueHHs P, i3 KOMbOPOBUM CTUMY-
JIOM Y [iallasoHi >KOBTOTO KO/MbOPY /IS ajcopoa-
TY 3 eKCTPAKTy CTeO/IOBUX JIMCTKIB CJIL] TIOSCHUTHI
IKOMiHYBaHHIM (D1aBOHOINIB HOPIBHSHO 3 AHTOL-
aHaMu Ta xjI0podinamy, IO Y3rofKyBanoch 3 iH-
TE€HCUBHICTIO BifITIOBiTHMX MaKCUMYMIiB y CIIEKTpax
BigbutTsa (puc. 4). MakcumanbHe 3Hau4eHHs Koedi-
I[ieHTa SCKPaBOCTi BCTAHOB/IEHO [JA Ipernapary
MPUKBITKOBUX MMUCTKIB. [locmimkeHi agcopbarn Ta-
KOXK XapaKTepu3yBalalCh HeTaTVBHYMI 3HAYEeHHA-
MU KoedirieHTiB a* i b*, 1110 XapaKTepHO [iis Xena-
toBanux a"ronianis (Fedenko et al., 2017).
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Tabmuis 5. KomopuMeTpiyHi XapaKTepUCTHKH afcopOaTiB 3 eKCTPAKTiB TKaHUH Lamium purpureum

Ha okcupi amominito (AL, O,)

Table 5. Colorimetric characteristics of adsorbates from extracts of tissues of Lamium purpureum on

aluminum oxide (AL,0,)

Konopumerpuynnii nmapamerp | IIpuKBiTKOBI TMCTKYI | Cre6710Bi TUCTKM | Crebma
)Ld, HM (ZoMiHyBa/IbHa JOBKIHA XBIIi) 583,4 579,0 495,8 ***
P, % (ymOBHa 4MCTOTa KOMbOPOBOTO TOHY) 2,88 23,30 2,17
L* (koedilieHT ACKpaBOCTi) 71,30 91,01 95,49
a* (xomopuMeTpuaHU KoedirieHT) -11,00 -13,06 -11,01
b* (xomopymeTpuaHuit KoedirieHT) -61,55 -47,85 -81,17

Tab6bmuis 6. KonipHi BigMiHHOCTI aicop6aTy 3 eKCTPaKTy NPMKBITKOBMX IVNCTKIB MOPIiBHAHO i3 afcop6aramu 3
eKCTPAKTiB CTeGIOBYX MUCTKIB Ta cTeben Lamium purpureumn

Table 6. Color differences of adsorbate from lowermost floral leaves extract compared to adsorbates from
extracts of uppermost stem leaves below the verticillaster and stems of Lamium purpureum

ITokasHMK KOMipHOI BiMiHHOCTI | Cre6710Bi MUCTKM | Cre6bma
AE* (moBHa KO/TipHa BiIMiHHICTB) 24,09 31,15
AL* (BiMiHHICTD 3a ACKpPaBiCTIO) 19,71 24,19
AC* (BigMiHHICTb 32 KOTBOPOBICTIO) -12,92 19,39
AH* (BifMiHHICTb 32 KOTBOPOBUM TOHOM) 4,99 3,00

3a pmanumu pudepenuiiHol KomopumeTpii aj-
copbaT 3 eKCTPaKTy IPUKBITKOBMX JUCTKIB MaB
CYTTEBY KONPHY BiIMiHHICTb IIOPiBHAHO 3 iHIIMMMA
IpenapaTaMiy 3a BEeIMYMHOIO IHTETPAJIbHOL KOJIip-
HOI BifMiHHOCTI AE* (Tab671. 6). CyTTEBUIT BHECOK B
inTerpanpHy BemmunHy AE* M aficopbatamu Bifi-
3HA4YeHO /I BiIMiHHOCTI 3a sicKpaBicTio AL* Ta Ko-
npopoBicTio AC* (Tabm. 6), 1110 OB s13aHO i3 pi3HOO
KiZIBKICTIO aicopOOBaHMX aHTOLiaHiB BifMOBigHO
70 IXHbOI KOHIIEHTPallil Y BUXiIHMX €KCTPaKTax.

OTXe, 3aCTOCYBaHHs KOMIIIEKCY CIIEKTpPasib-
HIX METOJIB JIO3BOJIM/IO BCTAHOBUTH ITiIrMEHTHUN
CK/IaJj TKaHMH Ppi3HMX Be€reTaTMBHMX OpraHis L.
purpureum. CrenyivnicTp mirMeHTanii npuksir-
KOBUX 1 CcTeOIOBUX JMCTKIB, a TaKOX BEPXHbOI
JacTMHMU cTeOJa IOB'sI3aHa 3 JIOKaJisalieo y Io-
BEPXHEBUX TKAHMHAX (IAaBOHOIMIB, AHTOLAHIB,
KapoTHHOINIB i x/10podiniB y pisHux cmiBBigHO-
meHHsAX. IlypnypoBe 3abapBjeHHs TKaHUH O0O0y-
MOBJIEHO HAKONMYEHHSM aHTOIliaHiB, fAKi iJleH-
tudikoBaHi i3 BMKOPUCTAHHAM HePYIHIBHOTO
MeTony TBeprodasHoi crekTpodoTomeTpii, BCTa-
HOBJIEHHSI XapPaKT€PHOTO MaKCUMYMy IIOIJIMHAH-
HA B €KCTPaKTaX i XenaTyBa/jbHOI 3[JaTHOCTI Ipu
CopOLIiitHiiTl B3a€EMOfII 3 OKCHZOM amoMiHifo. Mak-
CuUMajibHe HaKOIMYEHHs QAaHTOLiaHIB BiJj3HAYEHO
Yy TNOBEPXHEBMX TKaHMHAX NPUKBITKOBUX JMCTKIB
HOPIBHAHO i3 HAVBUIUMMU CT€OIOBUMM JIMCTKAMU
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Ta YaCTUHOIO CTeOeT MXK LIMMU IUCTKAMMY, IO Mif-
TBEPIPKEHO MiIBUIICHNM 3Ha4€HHAM IHTEHCUMBHOC-
Ti aHa/IITMYHOTO MAaKCHMYMY B CIIEKTpPax BifOMTTS
TKaHUH, ClleKTpajabHuUM iHfekcoM mARI, BmicTom
[UX CIIONYK 32 JaHUMU CIIeKTPO(DOTOMETPUIHOTO
aHanmisy. BusHaueHa HUIAXOM KOMOPUMETPUYHMX
BUMIpiB JOMiHyBabHa JOBXMHA XBIJIi Y fiania3oHi
Iy pIYPOBUX KOTbOPIB I MPUKBITKOBUX JTUCTKIB
nigTBepauna crenndiyHy oco6mmMBicTb L. purpure-
um.

BpaxoByrouy BCTaHOBJIEHUI HaMmu (akT HaKo-
NMYEHHA AHTOLiaHiB y BereTaTMBHUX OpraHax,
CIIiJ, IpOaHaIi3yBaTy, AKi JOfaTKOBI BIaCTMBOCTI
MaloTb pOCIMHU L. purpureum 3 ornApy Ha niTepa-
TYPHI JaHi LJOJO CBIT/IONOINIMHAIbHOI 3[JaTHOCTI
nux crnonyk. Sk Bigomo (Dong et al., 2024), cTpyk-
Typa aHTOLjaHiB (I7IiKO3M[iB aHTOLaHiAMHIB) €
TEJIOKATi30BAHOK0 TI-CIIPSXKEHOK CUCTEMOIO, JI/IA
AKOI XapaKTepHi 1Ba OCHOBHMUX MaKCUMYMM ITOI/IN-
HaHHA B YO (260-280 um) Ta Bugumomy (490-550
HM) pianasonax. OKpiM LMX OCHOBHUX CMYT TaKOX
IIPOSAB/IAIOTHCA MEHII iHTEHCMBHI MAaKCUMyMHU Yy
BUIJIAMI MEPErMHIB Ha CIEKTPa/JbHIN KPUBi mpu
310-340 i 400-450 HM 3a/1€XKHO Bifi TUITY aHTOLIi-
aHIVHY, XapaKTepy 3aMillleHHA Ta KiJIbKOCTi BYT-
neBonHMX ¢pparmertiB (Dong et al.,, 2024). Ockinb-
KM aQHTOLiaHiIVHM in Vivo IIEpeBa)KHO iCHYIOTb
AK IIMKO3WUIM, TaKi CIIEKTPa/lbHI XapaKTePUCTUKA
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[O3BOJIAIIOTh  3[iJiCHIOBAaT! (POTOIPOTEKLI0 Bif
Y®-B mo BupyMoro gianasoHy B pocanHax (Agati
et al., 2021). IToegHaHHA iHTEHCUBHOIO IOIJIMHAH-
HA B Y®-miama3oHi Ta HafIIBUIKOI deaKTUBAIlil
LIJIAXOM BHYTPIIIHBOTO IIEPETBOPEHHS i3 BICOKOIO
KBAaHTOBOIO e(DeKTUBHICTIO Ja/o MifiCTaBM BBaXka-
TV QaHTOLiaHU CyIepHOTOKUCIOTaMY i3 3aXVCHOIO
PpOJUIIO Bifi HaJMipHOI COHAYHOI pajialil y TKaHu-
HaxX BereTaTMBHMX OPraHiB POC/IUH, Y TOMY YMUCHIi
BiJJ OKMCHIOBAJIbHOTO CTPeCY 3aBJAKM aHTHOKCU-
maHTHMM BractuBocTaM (Rodrigues et al., 2009).
HasBHICTP MaKCHMMYMY IIOITIMHAHHA B JJOBTOXBM-
npoBoMy pianasoni Y®-C (mo 285 HM) mo3BOIsAE
BiJHECTM aHTOLiAHM [0 OMCUIIATUBHUX CTPYKTYP,
SIKi BUHUK/IU B TIPOIieci eBOMIOLI [yist 3abe3eyeH-
Hs CTiMIKOCTi pOC/IMHHYX OpraHismiB 1o HeOe3med-
Horo YO®-C cBiT/ia 3aBOsAKM 3JaTHOCTI MO 3HAYHOL
abcopOuii BucoKoeHepreTMYHMX GOTOHIB 31 MIBUJ-
KUM IIEpETBOPEHHAM IHYKOBAHOI €HEpTil eleK-
TpOHHOrO 30y/mkeHHs B Terwio (Michaelian, 2024).
BpaxoBytour momiQyHKIiOHaIbHICTD aHTOLi-
aHiB y B3aemopil pocnuH i3 cepepnouieM (Fede-
nko et al., 2020), cnig 3asHaunty, o ¢deHOMeH
Ce30HHOI Bapiallii HAKOMMYEHHS [[UX MeTaboiTiB
paHillle JOCIPKEHO TaKOX MIA JEeAKUX IHIINX
BuAiB pocayH. Tak, y pesynbTaTi HOpiBHANTBHOTO
aHaJi3y JUCTKIB 3 aHTOLIAaHOBUM 3a0apBIEHHAM
Ha IIOYaTKOBMX eTallaX PO3BUTKY Ta 3pilIMX 3ejle-
HMX JIMCTKIB BCTAHOBJIEHO, WO IIpM afialTalil Jo
Ce30HHMX 3MiH aHTOLiaHM OepyThb y4yacTb y Oes-
IIEYHOMY pO3CilOBaHHI eHepril 30y/pkeHHA y BU-
IJISAA] TeTIa Ta MmifcnmoiTh GOTO3axXUCHIIT edeKT
y pocnuH Mangifera indica L. (Gupta et al., 2021),
a Takox Castanopsis chinensis (Spreng.) Hance ta
Syzygium acuminatissimum (Blume) DC. (Acmena
acuminatissima (Blume) Merr. & L.M. Perry) (Yu et
al., 2021). 3MiHM IHTEHCMBHOCTI MakCUMyMy Ipu
535 HM y criekTpi Big6urTs nuctkis Solanum lyco-
persicum L. 3aIIpOIIOHOBAHO K MAapKEPHY O3HAKy
aKTUBallil peryJIb0BaHOIO pO3CiI0BaHHA TeIlIa /A
CTPecoBUX YMOB BupoulyBaHHs pociuH (Pesca-
dor-Dionisio et al., 2025). ITifTBepmKkeHa ponb aH-
TOLIiAHOBMX IIMeHTIB y perynanii ¢orocnHTesy
3a YMOB HaJI/IMIIKY IIOIJIMHEHOI CBITIOBOI pajiallil
y Tradescantia pallida (Rose) D.R. Hunt (Dewez,
Perreault, 2013). 3 ornany Ha Bifomi fasi cif npu-
IIyCTUTY, 110 TKAaHMHMY i3 BUIIMM BMICTOM aHTOLIi-
aHiB OTPUMYIOTb Oi/blile TENIOBOI eHeprii y mepion
panHboOro LBiTiHHA L. purpureum. lleit peHOMEH
Bigomui Ak "leaf warming" (Agati et al., 2021). Bpa-
XOBYIOYM JIiTEPATyPHi aHi, CIifj IPUITYCTUTH, 110

aHTOIiaHM MOXYTb 3abe3IedyBaTy IIACTUYHICTh
[0 CBIiTZIOBOTO PEXUMY POCIMH L. purpureum K
cuiorenioity, 1[0 HMPOSBIAETbCA Y CTabiNbHOCTI
¢isionoriunux GyHKIi K 32 YMOB 3aTiHEHH, TaK
i IIpM IOBHOMY OCBIT/IEHHI.

AHTOLiaHM CIlifi poO3IIAfATU AK HOLATKOBUIT
KOMIIOHEHT y cucTeMi (hOTO3axuCTy, OKpiM ¢rra-
BOHOIJ[iB i3 IPOTEKTOPHOI0 3/[JaTHICTIO BiJHOCHO
YO-A (315-400 M) Ta YO-B (280-315 HM) pa-
pianii (Taniguchi et al., 2023). Ockinbkn pna go-
CTIPKEHNX TKAHMH BCTAHOBJIEHO IOPIiBHAHY a0-
copbuito i ¢dmaBonoinis (tabm. 1), momaTkoBe
HaKOI/MYEeHHs aHTOIliaHiB MOXKe MificumoBaTn ¢o-
tonpoTekTopumit epexr. Lleit dakT minTBepmKEHO
napameTpamu gudepeHIiiiHIX CIIeKTPiB BigOUTTS,
AKI Cify posInAgaTy AK MapKepHi O3HAKM BifiMiH-
HOCTeII y B3a€EMOJII pisHMX TKaHUH i3 BUIIPOMIHIO-
BaHHSM 3aJIe)KHO Bifi JOBXMHMU XxBui (puc. 1). [Tpu
IIbOMY BCTaHOBJICHHs [U(epeHLillHIX CIeKTpiB
BimbuTTA B OofmMHUIAX abCOPOIl TO3BOMUIO BHU-
ABUTY BiIMiHHICTh TKaHUH 6€3 BUJA/IeHHs aHTOLIi-
AQHOBOIO €Mli[lepPMa/JIbHOrO HIapy K/IiTMH, Ha BiMiHYy
BiJl METOIMYHOIO MiJXOAYy, AKMII BUKOPUCTAHO Yy
pobori (Dewez, Perreault, 2013).

3amponoOHOBAaHMI METOAMYHUI MiAXifi HOCHmi-
I>KeHHA HaKONMYEHHsA aHTOLiaHiB y TKaHMHAX Be-
TeTaTMBHIX OPTaHiB IiJ] 4ac LBITIHHA Ha IPUKIA/i
L. purpureum mae nepcrieKTUBY 3aCTOCYBAHHA ITPU
€KCIIepMMEHTA/IbHOMY IiTBEPI KEHH] 3aXMCHOI
CTpaTeril i/1A peNpOAYKTUBHOIO YCIiXy iHIINX BU-
niB (Barrett et al., 2008), a TakoX IS 3 ACYyBaHHSA
posi peHOMbHMX MeTabOoiTIiB Y MifiBUIEHH] KOH-
KYPEHTOCIIPOMO>KHOCTI iHBa3i/IHMX POC/IMH BifiIIO-
BifiHO o rimotesu 3minm 3axucry (shifting defence
hypothesis) (Wan et al. 2019).

[HINIT acleKT OTPYMAHMX pe3y/IbTaTiB IIOB -
3aHMII i3 CyYaCHMM HAIIpAMOM BUKOPMCTAHHSA pe-
CYPCHOTrO IIOTeHLia/Ty Yy>XOPigHMX (aiBeHTVBHIX)
pociue (Lorenzo, Morais, 2023). Imyxa xponmsa
IIypIypoBa IIpMBEPTAE YyBary sAK IpPeJCTaBHUK
IMKOPOCIMX JIKAapChKUX POCIMH, fAKi CTBOpIO-
I0Tb CHPOBUHHY 0asy B YKpaiHi JyIg OTpUMaHHSA
6iomoriuno akTuBHUX peuoBuH (Veretiuk et al.,
2023). Excrpaktu L. purpureum NpOSABIAIOTD iH-
CeKTMLUIHY, AaHTUQYHTILUHY, CEYOTiHHY, IpO-
THU3aMaabHy, NPOTHUHiapeiiHy, 3B'A3yBanbHY, Bif-
XapKyBaJ/IbHYy, IPOTMPEBMATUYHY, KPOBOCIIMHHY,
AQHTUOKCUJIAHTHY Ta QAHTMMIKpPOOHY aKTMBHICTb
(Abdullahi et al., 2019; Vergun et al., 2019; Gruji¢
et al., 2017, 2020). ¥V 3B’A3Ky i3 MM BU3HaueHi fi-
arHOCTUYHI O3HAaKM CUpOBUHU L. purpureum npu
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HOCIipkeHHI  MoOpdosoro-aHaToMiuHOI ~ Oyf0BU
JICTKIB, cTeben Ta kBiToK (Melnyk, Vodoslavskyi,
2023). 3a cy4acHMMM BMMOTaMU IS KOLIMBHOCTI
BUKOPUCTaHHA IHCTPYMEHTANIbHUX METO/IB L1070
YHBOCKOHaJIeHHs ifjeHTHdikanii nikapcpkoi cmpo-
Bunu (Hlushchenko, Kutsenko, 2023) BcTaHOBI€eHi
CIEeKTpPabHi XapaKTePUCTUKU TKAHUH MAIOTh IIep-
CIIEKTUBY /IS TIOAA/IbLIOI PO3POOKN METORMYHIX
HiXOMiB CTaHAApPTU3aLlil TpaByU INYXOl KPOIMBU
IypIypoBOi Ha MOJATOK O BUM3HAUYEHHA BMiCTy
¢denonpHYX cronyk i ¢pnaBonoinis (Matkowski, Pi-
otrowska, 2006; Leja et al., 2007; Gruji¢ et al., 2017,
2020; Vergun et al., 2019; Deniz et al., 2021).

OrpumaHi pesyabTaTi TAaKOX YOCKOHAIOIThH
TeAKi MeTONMYHI MiIXOmM, fAKi CTOCYIOThCA BMKO-
PUCTAHHS CIIEKTPOCKOIII BiffOUTTA /11 KOHTPOJIIO
L. purpureum y mociBax CiITbCbKOIOCIHOJZAPCHKUX
Kynbryp (Vrindts et al., 2002), pudepenuianii Bu-
niB (Falcioni et al., 2020), a Tako>X KomopumeTpmd-
HIUX JOCTIPKEHb MUCTKIB 32 YMOB PiSHUX PEXUMIB
ocsitnenus (Cabahug et al.,, 2017).

BucHoBkn

I3 BUKOpUCTaHHAM KOMIUIEKCY CIEKTPaIbHUX Me-
TOJIiB BIIEpPILE JOCTIKEHO IIIrMEHTHMII CK/IaJ TKa-
HIUH Pi3HMX BereTaTMBHUX OpraHiB L. purpureum.
BignmoBimHO M0 MoMOXKeHHS Ta iIHTEHCMBHOCTI aHa-
NITMYHUX MAaKCUMYMIB y CIeKTpax BifOUTTA BCTa-
HOBJIEHO, 1110 crieluivHICTh MirMeHTallii IPUKBiT-
KOBMX JIVICTKIiB, HaJIO/IVDKYVX KO OCHOBU CYLBITTS
CTe6IOBUX JIMCTKIB Ta YacTUMHU CTeb/1a MK LIMMM
NMCTKaMM IIOB'sI3aHa i3 JIOKami3aljieio y moBepxHe-
BIX TKaHMHaX (IaBOHOIIB, aHTOIliaHiB, KapOTH-
HOIfiiB Ta X70po¢iniB y pisHUX CHiBBifHOIIEHHSAX.
[TypniypoBe 3abapBiieHHS TKaHUH OOYMOBJ/ICHO
HaKOIIMYEeHHAM aHTOIIiaHiB, IKi ineHTM(biKOBaHi 3a
XapaKTepHUM MaKCUMYMOM Yy CIeKTpaX BifOMTTs
TKaHMH 1 CIIEKTpax IOITIMHAHHA eKCTPaKTiB, KO-
JIOPMMETPUYHVMY IIapaMeTpaMM, Xe/IaTyBaIbHOIO

CIIMCOK ITOCUJIAHDb

3JJaTHICTIO. SIK MapKepHi 0O3HaKM KOHTPACTY Y B3ae-
MO/l pi3HMX TKaHVH i3 BUIPOMiHIOBAaHHAM 3a/IeX-
HO BiJi IOB)KMHY XBWJIi 3aIIPOIIOHOBAHO ITApaMeTPH
mudepeHLiHNX ceKTpiB BigourTsa. MakcuMaib-
He HaKOIMYEHHS aHTOLiaHiB BiJl3HAYEHO Y IIOBEPX-
HeBUX TKaHMHAX IPUKBITKOBMX /MMUCTKiB. Crenm-
¢diuHa ocobnmuBicTh L. purpureurn MigTBepm)KeHa
3HAYEHHAM JIOMiHYBaJIbHOI JJOBXXMHM XBWUJIL Y Jia-
[Ia30HI IypIypOBUX KONbOPIB /A NPUKBITKOBMUX
MUCTKiB. [I03NTUBHI 3HaYeHHA KOTIOPUMETPUIHOTO
KoediieHTa a* MPUKBITKOBUX MNUCTKIB i cTebern i3
MiBUIIIEHO0 JIOKajli3alli€el0 aHTOIliaHiB BifilIoBifIa-
JIY JOMiHYBaHHIO YEPBOHOTO KOJIbOPY, @ HEraTMBHE
3HAaYeHHA I CTeONOBMX JMCTKIB — JIOMiHyBaH-
HI0o 3eeHoro. Kontpacr y cipuiinati 3abapsieH-
Hf BCTAHOB/IEHO IJIAXOM PO3PaXyHKY KOIipHOL
BiIMiHHOCTi MK TKaHMHaMM. 3aIlpOIIOHOBAHMII
METORVMYHMIT MifXiZ MOXKe OYTH BUKOPUCTAHO IS
imenTudikanii cupoBUMHM IIyXOI KpOIUBU IIyp-
IypoBOI IIpM OTPUMAHHI OiO/NOTiYHO AKTUBHUX
IpenapaTiB Ta HEPYHIBHOI A1arHOCTUKM IirMEHT-
HOTO CK/IaJjy POC/IMH.

Ilogsaxmn

JocmimKeHHs TIpOBeeHO B paMKaX HAyKOBO-JO-
cnigroi po6orn "Exonoriuna orfiHka iHBasiitHOI
aKTMBHOCTI i ctBopeHHs KapacTpy ajBeHTHB-
HMX BUAIB Qropu i paynn crenosoi 3oun Ykpainu"
(momep pmepxpeectpanii 0121U109771) 3a mipg-
TpuMKM MiHicTepcTBa OCBiTH i HayKM YKpaiHu.

JOTPVMIMAHHA ETUYHNX HOPM

ABTOp TIOBi[JOMJIA€ TIPO BifICY THICTD OY/Ib-AKOr0 KOHPIIKTY
iHTepeciB.
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Anthocyanin pigmentation of tissues of vegetative organs
of Lamium purpureum (Lamiaceae)

V.S. FEDENKO
Oles Honchar Dnipro National University,
72 Nauky Avenue, Dnipro 49045, Ukraine

Abstract. Among the specific features of plants, the phenomenon of purple pigmentation of tissues in vegetative organs in
some species at early stages of development deserves attention. One of such species is the purple dead-nettle Lamium purpu-
reum, a common species of alien plants in the flora of Ukraine. The pigment composition of the tissues in vegetative organs of
L. purpureum has not yet been clarified. In this regard, the pigment composition in tissues of various vegetative organs of L.
purpureum at early stages of development was first studied using a set of spectral methodological approaches (non-destruc-
tive solid-phase spectrophotometry, absorption spectroscopy of extracts, identification of the chelating ability of pigments).
The specificity of pigmentation of the lowermost floral leaves, uppermost stem leaves below the verticillaster, and the highest
part of the stem under the inflorescence is associated with the localization of flavonoids, anthocyanins, carotenoids, and chlo-
rophylls in different ratios in the surface tissues. The purple color of tissues is due to the accumulation of anthocyanins, which
are identified by the characteristic maximum in the reflectance spectra of tissues and the absorption spectra of extracts, co-
lorimetric parameters, and chelating ability. The parameters of the differential reflectance spectra were determined as marker
signs of the specific localization of anthocyanins in various plant tissues. The maximum accumulation of anthocyanins was
registered in the surface tissues of floral leaves. The contrast in the perceived color was established by calculating the color
difference between tissues. The proposed methodological approach can be used for identification of raw materials of the pur-
ple dead-nettle when obtaining biologically active preparations and non-destructive diagnostics of the pigment composition
of plants.

Keywords: anthocyanins, colorimetry, Lamium purpureum, protective effect, reflectance characteristics

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypHan. 2026. 83 (2) 141


https://doi.org/10.1111/jvs.13168
https://doi.org/10.25128/2078-2357.23.1–2.1
https://doi.org/10.25128/2078-2357.23.1–2.1
https://doi.org/10.5281/zenodo.3404149
https://doi.org/10.1023/A:1013326304427
https://doi.org/10.1111/1365-2745.13019
https://doi.org/10.1007/s11120-020-00781-4
https://doi.org/10.12705/Code.2018

Peter Raven (1936-2026): The End of the Journey

Peter Hamilton Raven, a truly great botanist, bio-
logist, ecologist, conservationist, environmentalist,
and science educator of our time, a Member of the
National Academy of Sciences of the US, a Foreign
Member of the National Academy of Sciences of
Ukraine and many other academies and societies,
passed away on 25 April 2026. Came to the end his
long and fascinating journey on this Planet of Life,
the planet he deeply cared about and tried to pro-
tect. His spoken and written words came to many
minds, his personal charm affected many people,
his hands touched many plants, in nature, in the
Garden, in herbaria, in laboratories...

Many people have already written many pages
(both paper and web ones) about Peter Raven, his
life, his science, his environmental activism. Should
I copy-paste here some most important facts of his
life journey, which a reader can anyway easily find
already written in a Wiki or even by AI? No, I will
tell here, briefly, my own short story, give you my
own glimpses of memory, which nobody else can
give you.

Peter Raven during his life left his special im-
pact on life trajectories of many people. His circle
of communication was really immense. He met
and influenced many people: leaders of nations and
religions (in particular, he was a key scientific ad-
viser to the Pope through the Pontifical Academy
of Sciences), government officials, NGO activists,
business people, and, of course, scientists, research-
ers from all continents.

For me, my journey into international plant
science started in St. Louis, Missouri, and I re-
member well that October of 1993, still warm, but
slightly crisp-cool in the morning, bright with the
flaming fall colors of red maples, orange sassafras,
pure-yellow ginkgoes, the truly glorious season at
the Missouri Botanical Garden. (Well, only much
later I read those Thoreau's lines: “Europeans com-
ing to America are surprised by the brilliancy of
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Peter Raven, 2010. Photo by Sergei Mosyakin

our autumnal foliage. <...> October is the month of
painted leaves..”). Indeed surprised, so I started
my six-month stay at MO, invited to prepare tax-
onomic treatments of some taxa for the Flora of
North America (FNA) project, initially mostly Eur-
asian aliens in the Americas, like Salsola or (part-
ly) Corispermum, but later many other groups, in-
cluding Amaranthus, Chenopodium, Dysphania,
Rumex... One of those October days, walking from
the Trelease House to the MO Garden for the first
time on my own, through the impressive but still
homely and cozy Ridgeway Center (demolished in
2020 to be replaced with the new Jack C. Taylor Vis-
itor Center), I, just by coincidence, saw Peter for the
first time. He was talking to a group of some visi-
tors. Of course, I recognized him, I have seen his
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picture before, so I came to him and introduced
myself, rather boldly but formally. To my surprise,
he immediately engaged in a rather vivid commu-
nication, asked several questions, so we had a “small
talk”, with a couple of his friendly jokes, and then he
wished me a nice stay at MO and waved his hand
in the direction of the Lehmann Building and the
FNA office in the Administration Building. After
that first unexpected encounter, we met many times
but I still remember well that October day and my
first impression of this man, undoubtedly a distin-
guished and recognized scientist and a successful
and influential science administrator who never-
theless possessed this ability of establishing friendly
contacts and equal communication with strangers,
people whom he has never met before.

Of course, it was finally his rather risky decision,
following the recommendation of Nancy Morin,
to invite to the FNA team a rather young and little
known visiting botanist from Ukraine, a freshly in-
dependent country the very statehood of which by
many Americans at that time was still perceived as
some political curiosity. For me, it was a wonder-
ful chance, the eye-opening opportunity to feel the
touch of a truly global botany so well represented at
the Missouri Botanical Garden at that time. I well
remember my long day and night hours at the won-
derfully rich and well organized MO Library (now
proudly called the Peter H. Raven Library), among
compactors of the MO herbarium, at the computer
in the FNA basement. And of course, I will always
remember all of you, members of the initial FNA
team and other MO colleagues: Nancy, Allan, Pe-
ter, George, Bruce, Yevonn, Keats, Debbie, Frank,
and many, many others. I also remember the at-
mosphere of friendliness, trust, and freedom, which
was dominant at MO during the directorship and
presidency of Peter Raven. Of course, I knew from
occasional talks of the colleagues that Raven was
sometimes a demanding leader, a harsh adminis-
trator, and a formidable opponent in some scientific
or administrative issues. But first of all - he was a
true visionary who steered the huge botanical Le-
viathan of the Garden in the proper direction to
its planned destinations and achievements, who
shared the resources and experience of the Garden
with hundreds of colleagues and partners around
the Globe. During my visits to MO I met people
from Australia, China, Madagascar, many countries
of Latin America, Africa, and Europe, and I am sure
that their visits to MO also contributed to their new

scientific knowledge, profound human experience,
and unforgettable memories.

After that first meeting, we met many times, at
the MO Garden during my periodical visits, at the
International Botanical Congresses in St. Louis
(1999) and Vienna (2005), on some other occasions.
To a great extent due to the recommendations and
encouragement of Peter Raven and several Kew col-
leagues our Institute and its National Herbarium of
Ukraine (KW) received the important support from
The Andrew W. Mellon Foundation and we joined
the international projects of digitization of herbari-
um specimens, first the African Plants Initiative and
finally the Global Plants Initiative. Peter also often
shared with Ukrainian partners the grant opportu-
nities and was always interested in the development
of science in Ukraine and general news from our
country.

Peter Raven was deeply shocked by the ruscist
aggression against Ukraine, which was evident from
his email messages. On 14 March 2014, when the
hybrid war started and the annexation of Crimea
was underway, Peter wrote:

“Dear Sergei,

We are distressed to read the reports about the sit-
uation of your country, and afraid of what may hap-
pen next. It has become a global mess of the greatest
proportions, but of course unbearable for those like
you who are in the middle of it. I guess we didn’t im-
agine such a thing happening and yet here it is. We
are with you, we are thinking of you, and wish there
were something we could do to help.”

Already on 27 February 2022 he reacted to the
full-scale invasion with these words:

“We keep thinking of you and our colleagues there
and praying for the best possible outcome. It is so aw-
ful and unwarranted”

On 8 March 2022 he added, being worried about
the wartime threats to KW collections and the safe-
ty of people of our Institute:

“We are thinking of you every day, still largely kept
inside by what appear to be the last days of Covid-19,
or so we hope. The brave approach that you and your
colleagues have held in the face of this completely un-
justified invasion is an inspiration throughout the
world. <...> From a narrow scientific point of view
(in the midst of the awful human disaster that is un-
folding) we certainly hope that you will be able to
save your wonderful collections there.
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In Memoriam

Very best wishes from Pat and me, and congratu-
lations on the inspiration that you are giving us all...”

During the recent years I periodically commu-
nicated with Peter Raven by email and, in particu-
lar, we exchanged messages during 2020-2025,
when we, among other things (including, by the
way, such specific botanical issues as rather com-
plicated and “esoteric” details of nomenclature of
New Zealand taxa of Epilobium), discussed var-
ious issues related to our National Herbarium of
Ukraine (KW). He gave me some good ideas re-
garding our important Neotropical and North
American collections, specifically those of Thomas
Nuttall. That was the immediate reason why in the
summer of 2025 I invited him to join as a co-au-
thor our article about KW (“Hidden herbarium
treasures in a wartime Kyiv: an appeal for interna-
tional collaboration, digital preservation, and sup-
port’, to be published in Taxon), in which I used
our joint considerations on Nuttall’s collection at
KW, as well as some general approaches. He im-
mediately agreed (his messages of 4 and 26 August
2025, respectively):

“Of course I agree, and have copied a number of
others informing them about the situation.”

“I'll be glad to add my signature to this article in
whatever capacity youd prefer, and to help in the

proper dissemination of the material in any way you
might find helpful”
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At the end of August 2025 Peter was able to read
the final draft before its submission to Taxon and
accepted that manuscript.

Here is an excerpt from the last email message
sent by Peter Raven to me in January 2026:

“Dear Sergei,

Thanks for the lovely images of Kyiv, which demon-
strate so clearly the importance symbolically of what
Ukrainians are fighting to preserve! We continue to
support you, and hope that [for] an equitable solu-
tion to the grinding conflict that has already drained
many lives and a huge quantity of other resources
from your beautiful land..”

In 2016, when Peter Raven celebrated his 80t
Anniversary, the Ukrainian Botanical Journal pub-
lished his message to Ukrainian colleagues. He cited
in that message the lines from a poem by Mykhai-
lo Dolengo (probably much better known to us as
Mykhailo Klokov, a famous Ukrainian botanist),
which I translated for him into English:

“...With all your efforts, small or large,
You climb to somewhat higher levels,
Giving your work for people to judge.
...And have to start again your travels.
Ways up are harder... but perhaps

My long work hours serve me as steps.”

Peter Raven has climbed to his ultimate summit.
The end of a glorious life journey...

Sergei MOSYAKIN
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