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RESEARCH ARTICLE

Nomenclatural notes on Poa (Poaceae): Poa pseudoconcinna,
typification and application to P. bulbosa sensu stricto,

and application of diploid chromosome counts ascribed to P. bulbosa
and putatively related taxa

Robert J. SORENG ! ¥, Lydia TASENKEVICH 2*

! Smithsonian Institution, National Museum of Natural History,
Department of Botany, US National Herbarium,
10 Str. & Constitution Ave. NW, Washington, DC 20560, USA

2 Ivan Franko National University of Lviv, Department of Botany, LW Herbarium,
4 Hrushevsky Str., Lviv 79005, Ukraine

* Author for correspondence: tasenkevich@gmail.com

Abstract. The original material of Poa pseudoconcinna is evaluated, and LW00213479 described and is designated as the lec-
totype. The lectotype material appears to be indistinct from P. bulbosa s. str. The taxonomic disposition of P. pseudoconcinna
sensu auct., considered to be a diploid race, subspecies, or variety of P. bulbosa, is evaluated, including its relationships to
P, delicatula, P. carniolica, P. jordanovii, and P. perconcinna. Chromosome count data for P. bulbosa and related diploids are
summarized, and diploid vouchers are noted. Diploid counts for P. bulbosa are doubted. Evidence suggests Nygren’s counts
for P. concinna (= P. perconcinna) belong to P. molinerii. Lectotypes are also designated for the names P. alpina var. multiflora,
P. concinna, P. bulbosa var. colorata, P. concinna var. carniolica, along with an epitype, and P. timoleontis. Poa badensis subsp.
molinerii comb. nov. is validated.

Keywords: Arenariae, bulbous bluegrasses, chromosome numbers, lectotypifications, Schur, taxonomy

Introduction ex Nyman) Stapf mixed. However, sampling in

P. bulbosa and its bulbous and non-bulbous relatives
DNA work on the genus Poa L. has confirmed the  peeds to be expanded beyond what has been publi-
existence of corresponding plastid and nuclear ri- shed to date (Soreng et al., 2010, 2020; Cabi et al.,
bosomal clades, including P. bulbosa L. and various 2016, among others). In continental Europe, there
other species included in Poa sect. Arenariae (He-  are currently up to eight bulbous species of Poa
geschw.) Stapf. and Poa sect. Alpinae (Hegeschw.  accepted by some authors: P. aitosensis Kozuharov
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& Stoeva (= P. timoleontis var. timoleontis propo-
sed here); P. bulbosa L. (*widespread); P. bulbosa
subsp. bulbosa var. bulbosa (the normal-flowered
form of the species); P. bulbosa subsp. pseudocon-
cinna (Schur) Domin (= P. pseudoconcinna Schur, a
putative diploid race of P. bulbosa); P. bulbosa var.
vivipara Koeler; P. carniolica (Hladnik ex Mutel)
Bech. (a Slovenian taxon of uncertain applicati-
on); P. cephalonica H. Scholz (*a narrow endemic
of Greece); P. concinna Gaudin (= P. perconcinna);
P. iconia Azn. (common in the Aegean Islands and
eastward in the Middle East); P. iconia var. pelasgis
(H. Scholz) Soreng (the normal-flowered form of
the species); P. iconia var. iconia Azn. (the pseudo-
viviparous form); P. jordanovii Kozuharov & Sto-
eva (*endemic to Bulgaria); P. pelasgis H. Scholz
(= P, iconia var. pelasgis); P. perconcinna J.R. Edm.
(*endemic to the Alps; or also the Carpathians?);
P. perligularis H. Scholz (a dubious, poorly known
taxon of Mediterranean Europe and perhaps North
Africa); P. sinaica Steud. (sensu. auct. = P. iconia);
P. timoleontis Heldr. ex Boiss. (*Balkan and Gre-
ek Europe and eastward, and in Turkey into the
Levant); P. timoleontis var. dshilgensis Tzvelev (the
pseudoviviparous form of the species); P. timoleon-
tis var. timoleontis (the normal-flowered form). Be-
yond P. delicatula Schrad. of the Transcaucasian re-
gion, only those taxa asterisked above have diploid
counts in the literature. That said, some names need
to be lectotypified, and diploid vouchers assessed
for further taxonomic herbaria, field, and laborato-
ry work. Here we have tried to sort out types and
diploid vouchers for a few names of taxa centered
around the application of the putative diploid ta-
xon supposedly based on P. pseudoconcinna Schur.
Schur published some 47 names in the genus Poa,
mostly in 1866, but only a few are accepted today.
Twenty-two of them were invalid when published,
eight more were homonyms, and most of them have
been consistently subsumed in synonymy. However,
one name in particular, P. pseudoconcinna, has re-
mained in use in the P. bulbosa group as a putative
diploid race. Here we have tried to sort out its ap-
plication and misapplication, and relationships to
diploid P. delicatula and P. perconcinna J.R. Edm.

Materials and Methods

Many herbaria were consulted in person by RJS or
via digital images of specimens in the development
of this paper. Tasenkevich et al. (2024) digitized the
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main herbarium of Philipp Johann Ferdinand Schur
(1799-1878) at LW, which was acquired in 1861.
This included original material of Poa pseudocon-
cinna Schur, a name still in use at various ranks for
the taxon of bulbous Poa considered to be a diploid.
Chromosome counts and their vouchers were com-
piled from the original literature, and checking the
CCDB — Chromosome Counts Database (https://
ccdb.tau.ac.il/home/; Rice et al., 2015), Flora Eu-
ropaea checklist and chromosome numbers index
(Moore, 1982), and Index to plant chromosome num-
bers (IPCN) on Tropicos (http://legacy.tropicos.org/
Project/TPCN). We attempted to track down and ob-
tain images of all diploid vouchers attributed to Poa
bulbosa. Herbarium acronyms follow continuously
updated Index Herbariorum (Thiers, 2009-onward).

Discussion on and typification of Poa
pseudoconcinna

The name Poa pseudoconcinna Schur is variously

accepted as a subspecies, proles (race), or variety

of P. bulbosa L. (Ascherson, Graebner, 1900; Hegi,

1907; Podpéra, 1925; Domin, 1936; Dostal, 1989;

Scholz in Strid, Tan, 1991; Kubat, 1992; Horvath

et al, 1995; Marhold, Hindak, 1998; Poldini, 2006;

Valdés, Scholz, 2009; Dimopoulos et al., 2013), or

treated as a synonym of the species (Nyman, 1882:

836; Nyman, 1890, Suppl. II: 341; Edmondson,

1980; Portal, 2005; Spryiiar, Stépanek, 2024). Here,

we evaluate Schur’s original material to determine

its taxonomic identity.

Poa pseudoconcinna Schur, Enum. Pl Transsilv. 773
(no. 3991). 1866 = P. bulbosa proles pseudocon-
cinna (Schur) Asch. & Graebn, Syn. Mitteleur. FL
2: 392. 1900 = P. bulbosa subsp. pseudoconcinna
(Schur) Domin, Acta Bot. Bohem. 11: 31. 1936
= Poa bulbosa subsp. bulbosa var. pseudoconcin-
na (Schur) Hegi, Ill. F1. Mitt.-Eur. 1(part 9): 308.
1907 = Poa protuberata Schur, Enum. Pl. Trans-
silv. 773 (no. 3991). 1866, nom. inval., pro. syn.
P. pseudoconcinna Schur.

Protologue: “P. protuberata Schur herb. Transs”
[Transylvania] ... “Auf Kalkfelsen des Kapellenberg
und der Salomonsfelsen, nicht gemein, bei Kro-
nstadt, 2000’-3000’. Mai, Jun.”

The distribution of the taxon accepted as “Poa
bulbosa subsp. pseudoconcinna (Schur) Asch. &
Graben” [“proles” was the rank applied between
subspecies and variety], was recorded (with pub-
lished sources cited) in Euro+Med PlantBase
(Valdés, Scholz, 2009; accessed March 2025) from
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Austria (with Liechtenstein), Bulgaria, the Czech
Republic, Greece, Hungary, Italy (with San Mari-
no and Vatican City), and Slovakia. However, the
accepted circumscription [provided by Ascherson
and Graebner (1900) and Podpéra (1925), and fol-
lowed by others, including Nyéarady’s annotations of
1930 of Schur’s herbarium] does not coincide with
the original description or the morphology of avail-
able syntype material. The name was subsequently
applied to vouchers for diploid chromosome counts
in the Pannonian region of Europe. Sprynar and
Stépének (2024) treated the name for the Czech
Republic as a synonym of Poa bulbosa. They com-
mented [Google translation, https://translate.
google.com/?sl=la&tl=en&op=translate]: “The tra-
ditional distinction into two subspecies, subsp. bul-
bosa and subsp. pseudoconcinna, is artificial, practi-
cally difficult to use, and lacking any ecological or
geographical sense” [See Ascherson and Graebner,
1897 (Ascherson, Graebner, 1896-1898), Vorrede p.
VII-VIII for the ranks they applied]. Portal (2005)
included the name in synonymy of P. bulbosa var.
bulbosa.

Here we identify Schur’s original material and
select a lectotype from material matching the pro-
tologue description and cited material. We describe
that material anew and confirm its identity as Poa
bulbosa s. str. Chromosome counts for P. bulbosa,
and in particular diploid counts attributed to P. bul-
bosa, P. concinna Gaudin = P. perconcinna J.R. Edm.,
P pseudoconcinna, and P. delicatula, are explored
concerning the taxonomy of the species sensu lato.

Tasenkevich et al. (2024) digitized the main her-
barium of Philipp Johann Ferdinand Schur at LW
which was acquired in 1861. This includes the orig-
inal specimens cited by Schur (1853, 1866) from
“Transsilvania” BRNU, P, and PC herbaria also have
some Schur’s type material.

Tasenkevich identified six specimens in Schur’s
herbarium associated with the name Poa pseu-
doconcinna or P. protuberata, and shared their im-
ages with Soreng. Schur’s original labels on the six
specimens are as follows, wherein Kronstadt, in Lat-
in, equals Corona (bold text below), corresponding
to the protologue):

LWO00213468: Poa carniolica Hladn. | an var. mi-
nor P. bulbosa L. ? | in rupestribus alpium calcar.
Transsilv. | in monte Koenigstein [Arpas ?]. 6000’

LW00213477: Poa protuberata Schur var. pro-
lifera | in rupestribus prope Coronam Mai | Salo-
monsfelsen. 2000’.

LW00213478A: Poa carniolica Hladn. | an forma
minor P. bulbosa L. ? | micrantha Schur | locis sic
dictis Szokerdk prope Coronam | Transsilv. Med
Junio 1854. 2500

LW00213478B: Poa protuberata Schur var. mi-
crantha triflora | in rupestribus calcareis. prope Tus-
nad | Trachyt. Juli.

LW00213479: Poa protuberata Schur | in rupes-
tribus calcareis prope Coronam | Kapellenberg. Mai.

LW00213480: Poa concinna Gaud. | non Rchb.
nec Host | Poa carniolica Hladn. | In rupium fissuris
mont. Transsilvan | e.g. in monto Arpas. calcar.
Juny 24/1852 | Elevat. 5000’

Each of the above six LW specimens has an an-
notation by Erasmus Julius Nyarady (“Nyarady rev
Clyj 1930”), four of which Nyéarady determined as
P bulbosa subsp. pseudoconcinna: LW00213468,
LW00213478A, LW00213478B, LW00213480. Al-
though these four were annotated as that and rep-
resent Schur collections from Transylvania, they are
not cited as original material. The other two sheets,
LW00213477 and LW00213479, Nyarady identified
as Poa bulbosa L. These two were originally named
by Schur, respectively, as “Poa protuberata Schur var.
prolifera” and “Poa protuberata Schur” (both names
being invalidly published), and their original loca-
tions were cited. Thus, only these qualify as cited
syntypes. The names P. pseudoconcinna and “P. pro-
tuberata” and specimens were not cited in the earlier
Sertum Florae Transsilvaniae (Schur, 1853) or earlier
Schur publications on Siebenbiirgen [Transylvania]
flora (1850, 1851, 1852). The next step to lectotyp-
ification is to compare the original description with
the two identified original specimens.

Original Description in Latin:

3991. P. pseudo-concinna Schur = P. protuberata
Schur herb. Trans. — Rhizomate fibroso sub-
caespitoso. Culmo 6-8 poll., erecto, basi incras-
sato subtriphyllo. Foliis angustis, linearibus; cul-
meis brevissimis, infimis prolumque novellium
longioribus angustioribus subulato-convolutis.
Vaginis inflatis folio suo multo longioribus. Ligu-
la protensa acuta. Panicula ovata, sub anthesi ex-
pansa denique conferta; ramis 1-2 pedicellisque
scabris. Spiculis subsexfloris. Flosculis oblongis
villosulis; infimis lana parca protrahenda cohaer-
entibus; superioribus liberis. Valvis subaequal-
ibus, livescentibus, ovatis, acutis, dorso scabris,
floro infimo dimidio brevioribus. Paleis inferior-
ibus obtusiusculis, obsolete nervosis, viridibus,
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antice hyalino margenatis, ante marginem utrin-
que macula aurea notatis. Media inter P. bulbosa
et P concinna. — Auf Kalkfelsen des Kapellen-
berg und der Salomonsfelsen, nicht gemein, bei
Kronstadt. 2000’-3000> Mai, Jun.

[Google translation from Latin to English, mod-
ified here]:

3991. P pseudo-concinna Schur = P. protubera-
ta Schur herb. Trans. — Fibrous rhizome [roots]
laxly cespitose. Culm 16.2-21.6 cm, erect, base
thickened in sets of three leaves. Leaves narrow,
linear; culm leaves short, the lowest and most of
the young leaves are longer and narrower, con-
volute. The inflated culm sheaths of their leaves
much longer. Ligules prolonged and acute. Pan-
icles ovate, expanded in anthesis and finally
densely contracted; branches 1-2 and pedicels
scabrous. Spikelets subsexflora (< 6-flowered).
Florets small, oblong, and villous; the lowest (cal-
lus) hairs prolonged and cohering together, upper
hairs free. Glumes subequal, bluish-grey, ovate,
pointed, scabrous on the back, lower glume short-
er. Lemmas obtuse, obsoletely nerved, green, with
a hyaline margin at the front, marked with a gold-
en spot on both sides of the front edge. Interme-
diate between P. bulbosa and P. concinna. — Auf
Kalkfelsen des Kapellenberg und der Salomons-
felsen, nicht gemein [not pseudoviviparous], bei
Kronstadt. 2000°-3000’. May, June.

The two  specimens, [LW00213477 and
LW00213479, closely correspond to the original de-
scription, although the LW00213477 sheet “var. pro-
lifera” has more florets per spikelet. Although prolif-
era is sometimes used for pseudoviviparous taxa, the
material shows no evidence of pseudovivipary.

However, subsequent descriptions of Poa pseu-
doconcinna differ from the original description.

Ascherson and Graebner (1900) [Google Trans-
lation from German modified here] recognized the
taxon as Poa bulbosa proles pseudoconcinna (Schur)
Asch. & Graebn.

[Poa bulbosa] 1. pseudoconcinna. Plant usually
small, up to 1.5 dm high, usually clearly grey-
green. Stems fairly thin, erect or ascending, usu-
ally enclosed up to the panicle with the sheaths at
the top, which are slightly inflated. Leaves short,
with very thin, threadlike, bristly, rough blades,
forming dense, tufted turf. Panicle up to 4 cm
long, usually narrow. Spikelets small, 4 mm long,

508

usually 3 to 4 flowers, usually mottled green, vio-
let, and white.

On dry hills only in the area of the Pannonian
flora. So far only Moravia: Brno, limestone rocks
near Julienfeld (Schur!). Transylvania: limestone
rocks of the Kapellenberg and the Solomon's
Rocks near Kronstadt. Perhaps also near Meha-
dia (see p. 394) and Budapest (Borbas Budap. és
korn. nov. 49). BL. April-June.

Podpéra (1925) [Google translation from Czech,
modified here] as Poa bulbosa Rasse 11 pseudocon-
cinna:

[Poa bulbosa] 11. pseudoconcinna Asch. et Gr. In
small densely bundled bunches. Plants up to 15
cm high, mostly distinct, gray-green. The stem is
quite thin, straight or ascending, mostly closed
up to the panicle by a somewhat swollen sheath.
Leaves short, with a very thin blade, filiform,
bristle-like, and rough. Panicle up to 4 cm long,
mostly narrow. Spikelets small, 4 mm long, most-
ly 3- to 4-flowered, mostly green, purple or white
spotted.

P. bulbosa Race 1II. pseudoconcinna Asch. et Gr.
Son. II, 1. 392, 1900; SUPPORT Accessories Sep.
28, 1914. P. pseudoconcinna seu P. protubera-
ta Schur Enum. 773, 1866; Nyman Consp. 836,
1882. Suppl. I1. 341, 1890.

Brno: Specimens cited (= Kalkfelsen bei Julien-

feld Schur loc. class.)!!, Red hill!!, Velatic steppe!!,

Zuran!! Prague. Krumlov: Florianek!!, Leskoun u

Vedrovice!!, Miroslav: Markova hora!! Mohelno,
«q»

on the serpentine. [“!!” indicated Podpéra collec-
tions].

The Ascherson and Graebner’s and Podpéra’s de-
scriptions differ from Schur’s original description in
several respects. Ascherson and Graebner indicated
that they saw the Moravian Brno Julienfeld speci-
men of Schur! (collected around Brno in the early
1870s, before he moved to Poland, where he died
in 1878). The Schur voucher is not in Brno, and we
do not know if it is extant, but it is not original ma-
terial. Podpéra copied the previous description and
applied the name to six of his collections (Jifi Dani-
helka, pers. comm, 2025). Moreover, those newer
descriptions do not match well with syntype mate-
rial in Schur’s herbarium at LW, but coincide some-
what more with LW00213478A, or A & B (teste
Nyarady annotations of 1930).
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These newer descriptions indicate the inflo-
rescences are barely emergent from the upper
sheaths, unlike any of the cited LW material. They
indicate the leaves are very thin, threadlike, bristly,
rough blades, forming dense, tufted turf, where-
as the two LW syntypes have flaccid blades that
are not rough and do not form dense turf. Again,
the spikelets are said to be 3-4 flowered, where-
as in the cited LW specimens these are (3-)4-5,
(or even 6-7-flowered in Schur’s herbarium name
“Poa protuberata var. prolifera” from Salomons-
felsen). The plants are said to be up to 15 cm tall,
whereas Schur indicated the species to be 6 to 8
poll. tall (16.2-21.6 cm; pollex = 2.7 cm). The
plants in the two cited LW sheets are 17-23 cm in
LW00213477 and 19-24 cm tall in LW00213479,
within the range slightly taller than Schur’s mea-
sures, but within tolerance considering the first
joint of thumbs differ in length among people, and
a pollex provides an imprecise ruler.

The spikelets of the var. “prolifera” sample are
not typical of pseudoviviparous plants, but do
show several otherwise normal spikelets in the
tops of the panicles with one or two terminal flo-
rets with slightly elongated lemma apices, whereas
most of the spikelets are quite normal in appear-
ance with 5-7 florets. More to the point, Schur
indicated the species was not pseudoviviparous,
“nicht gemein”. Thus, his “prolifera” presumably
referred to the greater number of florets. The few
oddly shaped lemmas tips might have resulted
from insect or fungal infections (if not incipient
development of bulbils in a few spikelets).

The selection of lectotype material should in-
clude, among them, specimens named Poa pro-
tuberata by Schur, and collected at the only two
places Schur cited, which happen to be within the
elevation range cited (2000’-3000"). LW00213477
and LW00213479 do not disagree with the pro-
tologue location or elevation (not indicated on
LW00213479, but the location fits the elevation
range).

LW00213477 and LW00213479 match the
two cited protologue locations, Salomonsfelsen
and Kapellenberg, and bear Schur’s determina-
tion as Poa protuberata Schur. LW00213468 and
LW00213480 are from much higher elevations and
different locations than cited, and respectively bear
Schur’s determinations as P. carniolica Hladn. and
P. concinna Gaudin (= Poa perconcinna J.R. Edm.,
non R. Br.). However, Nyarady determined the first

two as P. bulbosa L., and the other four as P. pseu-
doconcinna Schur, apparently aligning his concept
with Ascherson and Graebner’s and Podpéra’s de-
scriptions of the taxon.

LW00213478B (label applicable to the upper
plant on the LW 213478 sheet) appears to belong
to another species complex, related to Poa baden-
sis Haenke ex Willd., the shoots are emergent
from a tunic of old sheaths (not from a bulbous
base), the leaf blades appear strongly greyish and
prominently veined/ridged and somewhat firm,
the ligules are long and prominent on the basal
leaves (to 3 mm long, and longer on culm leaves),
the uppermost culm leaf blades are vestigial, the
spikelets are smaller than in the other specimens,
barely reaching 3 mm long, and are 2-3 flow-
ered. Nyarady put one annotation label, “Poa bul-
bosa subsp. pseudoconcinna”, on the sheet near
LW00213478B, possibly due to a lack of suitable
space, but seemingly applying it to A and B. Per-
haps there has been some historical mix-up with
the B sample, as it is clearly not intermediate be-
tween P. bulbosa L. and P. concinna Gaudin. Any-
way, it must be excluded from consideration as
suitable type material.

Description of the Poa pseudoconcinna Schur,
lectotype (here designated): LW00213479 [LW
213479] (Fig. 1):

Perennial. Five tufts, all alike, tufts small, each
tuft with one, erect to basally geniculate flow-
ering shoot, each with a few leafy lateral pear-
shaped bulbs, bulbs ascending divergently from
the flowering shoot at about 10-30° (as is typical
of Poa bulbosa subsp. bulbosa), bulbs short, over-
lapped by old outer sheaths, the inner sheaths up
to 1 cm long, the lower indurate portion 4-6 mm
long; new shoots intravaginal; prophylls with ret-
rorse and mixed directional prickle hairs along
the keels. Culms 19 to 24 cm tall, smooth, with
1 to 2 nodes elevated, uppermost node at about
1/3 the culm height; leaf sheaths smooth, up-
permost sheath 5-7 times longer than its blade,
margins fused ca. 1/5 (1/4?) their length; basal
leaves short, thin (without thickened margins),
abaxially smooth, soon withering, basal blades to
2 cm long, mostly folded, narrow (to 1 mm wide,
or 0.5 mm folded), culm blades to 2 cm long, up-
permost blade 0.5-1.0 cm long; ligules whitish,
smooth to sparsely scabrous abaxially, acute, 1.0-
1.4 mm on basal leaves, to 3.4 mm long on culm
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leaves. Panicles 3.0-3.5 cm long, ovate in anthe-
sis, to elliptical and contracted, branches 1-2(-3)
at lowest node, longest branches to 1.5 cm long
with 5-8 spikelets, naked in the lower 2/5-1/2,
subflexuous, ascending to appressed, pedicles
short and scabrous (noted by Schur). Spike-
lets ca. 4 mm long, with (3-)4-5 florets; glumes
broad, thin, 3-nerved, subequal and shorter than
adjacent lemmas by ca. 1 mm; rachilla inter-
nodes a little exposed (florets not crowded and
divergent as in P, perconcinna); lemmas ca. 3 mm
long, hairs confined to keel and marginal nerves,
appressed, body purplish in distal 1/2-1/3 with
a golden brown band above that extending to
near the acute apex and a narrow, whitish scar-
ious-hyaline margin; palea keels scabrous; an-
thers immature.

Any differences between the two cited specimens
and Poa bulbosa s. str. are obscure and minor at best.
The Schur specimens are quite typical of small-tuft-
ed P, bulbosa s. str. plants and are a good match for
the lectotype of that [LINN 87.57 Poa bulbosa L.;
https://linnean.access.preservica.com/?s=87.57:
first-step designation by Meikle (1985); second-step
designation by Soreng in Cafferty et al. (2000)].

The US National Herbarium has several sheets
originally disseminated with “pseudoconcinna” de-
terminations at different ranks. Unlike Poa delica-
tula types, they all have smooth culms, longer and
smooth ligules, and 3-nerved lower glumes, and all
fit P bulbosa subsp. bulbosa var. bulbosa.

Poa pseudoconcinna, Hungary, Pest, Comit. Pest.
In arena mobili insulae Csepel ad Soroksar. Sol.
aren., 80 m, 25 Mayl904, A. Degen 270 (US-
04071889, US-04071875).

Poa bulbosa subsp. pseudoconcinna, Flora Cecho-
slovenica exsiccata, Moravia australis: montes
Pavlovské kopce, Sibeni¢nik prope urbem Miku-
lov, solo calcareo, 238 m, 16 May1933, E Weber
363 (US-04071880).

Poa bulbosa var. pseudoconcinna, Bohemicae
Slovenicae, Moravia Centr.: Ttebi¢, in praerup-
tis aridis, desertis supra Jihlavka fluvium prope
urbem Mohelno, solo serpent., 250 m, 26 May
1926, E. Novacek 292 (US-04071886).

Poa bulbosa var. pseudoconcinna, Bohemicae
Slovenicae, Moravia Meridionalis, Mikulov:
Svatd hora, in declivio stepposo. Slovakia. Solo
calcario, 360 m, 19 May 1923, G. Sirjaev 86 (US-
04071879, US-04071887).
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Discussion of diploid chromosome counts
sometimes attributed to Poa bulbosa

We have attempted to track down all diploid vou-
chers sometimes attributed to Poa bulbosa.

It has been presumed by some that diploid counts
for European Poa bulbosa (exclusive of P. perconcin-
na) belong to P. bulbosa subsp. pseudoconcinna, but
as noted above, the type of that is P. bulbosa s. str.

Poa perconcinna is a close relative for which
Duckert-Henroid and Favarge (1978) counted
2n = 14 for six populations of Switzerland.

A chromosome number 21 = 14 was reported for
European Poa bulbosa by Guinochet [1943, Medi-
terranean Alps, France, “murs en pierres séches a
Roubion”, herb. Guin. 4107230014 (VIL?). Accord-
ing to Index Herbariorum (Thiers, 2009-onward),
the VIL Guinochet collections were dispersed in
1999 to Ville De Nice Direction Des Espaces Verts
{n.v.}. Although we have been in touch with the
Head of the associated herbaria, NICE and JBVN,
by email, we have not yet received confirmation of
the presence of the voucher or Guinochet’s herbar-
ium. However, as subsp. pseudoconcinna is not re-
ported for France in Euro+Med PlantBase (Valdés,
Scholz, 2009), the Guinochet diploid voucher is
probably P. perconcinna. Portal (2005) noted P. per-
concinna occurred in the Maritime Alps of France
and did not mention 2n = 14 for P. bulbosa.

Kozuharov and Stoeva (1983) reported 2n = 14
for P. pseudoconcinna from Bulgaria, east of Koche-
rinovo at about 700-800 m. alt., [on leached cin-
namon forest soil; translation from 1983, p. 155]
(voucher: MC-140 | Rila, east of Kocherinovo, De-
fileto, | 2n = 14 X =7 | 21.IV 1977 | Leg. KoZuharov
& Stoeva, SOM [SOM1332 image!]): The voucher
looks like the taxon as applied by Ascherson and
Graebner (1900), non Schur (1866). Considering
the filiform leaves in the voucher, it might be P. per-
concinna. We wonder if the authors held the opinion
that P. pseudoconcinna was applicable to P. concinna
Gaudin (non R. Br.). They also reported 2n = 14 for
P, jordanovii Kozuharov & Stoeva, which differs in
smaller, delicate, open panicles with spikelets and
florets lacking callus hairs, the count coming from
the type collection population of Bulgaria: Z. Ro-
dopi, reservat “V. Kolarov” skalisti do r. Suisuza, 28
Aug 1975, Stoeva, MS — No. 120, SOM (SOM1433
image!; Fig. 2).

A diploid number for P. bulbosa was reported
without infraspecies by Hubbard (1954) without
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voucher, and the diploid count was removed from
his second edition (Hubbard, 1968).

Phitos (1988) reported 2n = 14 from the type lo-
cality in Greece of P. cephalonica H Scholz as that
taxon, and 2n = 28 for its (unnamed) viviparous
form. This name is treated in the CCDB server as a
synonym of P. bulbosa, but that is incorrect.

One diploid count was attributed to Caucasian or
Transcaucasian plants (Tzvelev, 1976; Tzvelev, Pro-
batova, 2019) called Poa delicatula Schrad., or P. del-
icatula Wilhelms ex Tzvelev (1973, nom. illeg., a lat-
er homonym) or P. bulbosa subsp. delicatula Tzvelev
(1974, 1976). (At LE, there are specimens annotat-
ed by Tzvelev in the 1970s from Dagestan, Arme-
nia, Azerbaijan, and Georgia). Tzvelev (1976) also
noted P. bulbosa subsp. delicatula occurred in Iran,
but the taxon was not mentioned in Iran by Kavou-
si et al. (2015). Sokolovskaya and Probatova (1979)
published 21 = 14 for subsp. delicatula (Azerbaijan,
E.B. Alekseev s.n., VLA!). The voucher for the dip-
loid count is a clearly bulbous-based plant, but it in-
cludes only vegetative material; it may not belong to
P. delicatula (Tzvelev, 1976, who only suggested the
taxon was diploid). Notably, the greenhouse-grown
plant does not appear to be bulbous (but see A com-
ment on bulbs under P, carniolica).

Voucher: (VLA!). Det. N.S. Probatova. n. 4842
2n = 14 (Sok., p, 1979). “On the right are the origi-
nal plants, on the left are the plants from the green-
house” (Sokolovskaya, Probatova, 1979) [translated
from Russian] (R]S photo USER0340!)

Two other Asian diploid counts for P. bulbosa
without infraspecies were reported from Arme-
nia and India. The voucher cited by Nazarova and
Goukasian (1995, ASIA, Armenia, Nazarova 2018,
ERE) is in the geographic range of P. delicatula, but
this name was not mentioned in the Flora of Arme-
nia (Takhatajan, 2010, where 2n = 14 is noted for P,
bulbosa), despite Tzvelev’s 1970s annotations of ma-
terial at LE from Armenia. The India diploid report
by Mubarik et al. (2017, ASIA, India, N. Mubarik
29338, PUN) was not specific to locality. Our sever-
al requests for images of the ERE and PUN vouch-
ers have not been answered.

All other Poa bulbosa counts tabulated from the
literature by Soreng are higher (sometimes report-
ed with +1 or +2 B chromosomes): 2n = 21(x 3),
24(x 2), 28(x 49), 31(x 1), 32(x 1), 33(x 7), 34(x 1),
35(x 12), 36(x 2), 37(x 3), 39(x 7), 40(x 2), 41(x 2),
42(x 33), 43(x 2), 44(x 3), 45(x 5), 46(x 4), 47(x 1),
48(x 2), 49(x 4), 50(x 2), 54(x 1), 56(x 2), 58(x 1).

So, the species is mainly tetraploid and hexaploid.
Multiple triploid and other odd multiples of 7, and
dysploid counts (off multiples of the base number
of x = 7), are generally indicative of apomixis, but
some variation may be attributable to B chromo-
somes. Some 82 of the higher counts were report-
ed from pseudoviviparous plants, while 17 others
[2n = 21(x 3), 24(x 1), 28(x 2), 35(x 1), 39(x 1),
42(x 4), 44(x 1), 45(x 1), 46(x 2), 48(x 1] were at-
tributed to subspecies or variety bulbosa. Fifty-nine
more were reported without infraspecies. Stoe-
va (1983) evaluated 29 populations of P. bulbosa
(2n = 21 to 54) from Bulgaria and the former Soviet
Union (republics of Georgia and Tajikistan), half
of which exhibited multiple chromosome numbers
within populations. See also Duckert-Henriod and
Favarger (1987) and the CCDB database.

Diploid counts for P. bulbosa attributed to Holub
et al. (1971) were database errors, which were re-
ported as P. badensis or P. crassipes (fide Jifi Danihe-
lka, pers. comm. 2025, and RJS from Holub’s publi-
cation). This has now been corrected in the CCDB
database.

The Flora Europaea Checklist and Chromosome
Index (Moore, 1982) listed one diploid report for
Poa bulbosa from Greece, citing “Edmondson ined”.
However, Moore’s account may have predated Ed-
mondson’s (1980) treatment of Poa in Flora Euro-
paea, where no diploid counts were accepted for
that species. Portal (2005: 84), covering Poa of Bel-
gium, France, and Switzerland, listed “2n = 28, 42
(21, 24, 31-37, 39-46, 48, 49, 59)” under P. bulbosa
var. bulbosa, and noted the numbers were proba-
bly the same for var. vivipara Koeler (cited as “var.
vivipara Borkh” nom. nud.). In Flora Iberica (Poa
by Ortega-Olivencia, 2020), 2n = 21, 28, and 42
were reported for P. bulbosa as Iberian counts, while
2n = 14 was noted as from outside the flora area.
For Russia (Tzvelev, Probatova, 2019), P. bulbosa
was reported as 2n = 42, and var. vivipara, as P, cris-
pa Thuill,, as 2n = 28 and 42.

At this point, we are highly skeptical of any dip-
loid counts being applicable to Poa bulbosa s. str.

Discussion and lectotypification of Poa concinna
= Poa perconcinna

Poa perconcinna J.R. Edm., Bot. J. Linn. Soc. 76(4):
330. 1978 (published as nom. nov.) = Poa concin-
na Gaudin, Agrost. Helv. 196. 1811 (nom. illeg.,
non. R. Br, 1810) = Poa bulbosa var. concinna
Posp., FL. Oesterr. Kiistenl. 1: 97. 1881. (nom.

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (6) 511



R.J. SORENG, L. TASENKEVICH

512

S e
HERBARiUM 11 ERSITATiS

PUBLICA ..,
NOMINIS 5 FHANHGEY

copyright reserved

BoHellroe &

P i - et

foltom.
' N )

i =
A PuC_ DR AN
I yiC ot S
LI peewamdrt:

Fig. 1. Lectotype of Poa pseudoconcinna Schur (LW00213479), courtesy of the Herbarium, Ivan
Franko National University of Lviv, Lviv, Ukraine
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HERBARIUM ACADEMI/

“Flora bulg2rica—

Fig. 2. Holotype of Poa jordanovii Kozuharov & Stoeva (SOM1433), courtesy of the Institute of
Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences
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nov. for P. concinna Gaudin) = Poa bulbosa subsp.

concinna (Posp.) Hayek, Repert. Spec. Nov. Regni

Veg. 30(3): 260. 1933.

Protologue: [Switzerland] Hab. In arenosis Vale-
siae inferioris, et praecipue Seduni. Type specimen.
“Schleicher exs. of Cent. II. No. 12. Poa molineri
Balb” In aridis circa Branson. (lectotype, here des-
ignated by Soreng & Patrice Descombes: G-DC
(G01100147) “12. Poa Molineri Balb. In aridis circa
Branson” {printed ticket} “Schleicher” {handwrit-
ten} (Fig. 3, RJS IMG-4259); isolectotypes: LAU
[LAU31572/Accession: G3169B; plant on left side
of part B], W [W18890246843; plant on left]; W
[W19240005263]).

The lectotype derives from original materi-
al named Poa molinerii Balbis sensu de Candolle
(1805: 62, misapplied, non Balbis, 1801), as noted
by Gaudin (1811), and Mutel (1837). Edmondson
(1978) did not cite a type, nor did Portal (2005).
Portal wrote that the type was at LAU, but there ap-
pear to be two gatherings on the LAU isolectotype
and W lectotype sheets. By comparison of these
and the DC (G) herbarium sheet, we conclude the
smaller plants (syntypes) were gathered by Thomas
f. “prope Seduni” (that sometimes written in pen on
the printed ticket), the larger plants correspond to
the “Schleicher exs” The separate de Candolle her-
barium at G has these on separate sheets, and the
taller plant has “Schleicher” written on it. Both
forms are P. perconcinna.

Poa concinna Gaud., Helvetia in Seduni (ex her-
bier de LAbbe Daenen received in 1864) G-DC (R]S
image 4260) is a syntype. LAU31572 pp. B, right-
hand specimen, corresponds to this smaller form
collected by Thomas f. prope Sedunam.

Poa perconcinna is considered to be a diploid,
dwarfish, bulbous based, close relative of P bulbo-
sa, with a webbed callus (mostly, but sparsely), and
lemmas < 2.8 mm long, the species occurring from
Switzerland and adjacent western valleys in the Alps
of France (Duckert-Henriod, Favarger, 1987; Portal,
2005, with description and illustrations). It differs
from P. bulbosa, P. delicatula, and P. pseudoconcinna,
in the more compact spikelets (rachilla internodes
short, hidden), and florets 4-7(-10), closely imbri-
cated and divergent at a wider angle (see Portal p.
136, middle Fig. 4, {less often like the left Fig. 4}), and
with dense tufts of early withering, threadlike [0.3-
0.4(-0.7, 1.0) mm wide], basal leaf-blades.

Axel Nygren (1962) reported seven counts of
2n = 14 as P. concinna Gaudin (= P. perconcinna)
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from France, Switzerland, and Bulgaria. We tried
to track down his voucher material, which he cited
in detail with collection numbers. None were found
in Sweden’s Virtual Herbarium (http://herbarium.
emg.umu.se/standard search.html). Nygren worked
nearby Upsala at The Royal Swedish Academy of Ag-
ricultural Sciences in Ultuna, but his voucher material
is absent there today (Patrik Spanning Westerlund,
pers. comm. 2025). We requested images of Nygren’s
vouchers from GB (where some Nygren collections
are said to be present, but were not found; Claes Gus-
tafsson, pers. comm. 2025) and also from UPS (no
Nygren cytological vouchers were found by Mats
Hjertson, pers. comm. 2025). Prof. Anna Rosling con-
tinues the search in Uppsala University departments,
but nothing has been found (pers. comm. July 2025).
We surmise that Nygrens (1962 and earlier) hun-
dreds of diploid counts (from: Bulgaria, vic Klisura,
NW of Sophia; France, St. Jean de Marianne, Savoy,
750 m, vic St. Véran, Hautes-Alpes, 2200-2500 m,
vic St. Véran, Hautes-Alpes, 2200-2500 m, vic St.
Veran, Hautes-Alpes, 2200-2500 m; Switzerland,
Sion, Valais, 800 m) for “P. concinna” should at least
in part, except the Swiss population, be attributed to
P. molinerii Balb. It is evident from his Fig. 72 range
map that he precisely duplicated the range of P. mo-
linerii in Buschmann’s well-documented treatment
(1942, Karte 1, pp. 94-95) of the Poa badensis com-
plex, changing the name to P. concinna. Buschmann
included “P. molinerii s. ampl” as one of “Klein-
arten” [small species] of variable morphology and
wide geographic range within his P. badensis s. 1.,
a taxon complex that does not produce bulbs (Ed-
mondson, 1980; Portal, 2005). Nygren (1962) did
not mention bulbs in his paper on the origins of P
alpina L., nor did he mention P. molinerii (but see
Miintzing, Nygren, 1955: 416, where the two authors
provisionally equated P. molinerii with P. concinna).
Poa concinna (= P. perconcinna) is not morphologi-
cally confusable with P. molinerii (although de Can-
dolle did it in 1805). The former taxon has bulbs,
compact spikelets with numerous short florets, and
tender threadlike leaf-blades with intermittent and
weekly developed sclerenchyma bands, the later
lacks bulbs and has larger fewer-flowered spikelets,
rachilla internodes visible, lemmas (2.8-)3.5-3.8(-
4) mm long, and broader and firmer blades usual-
ly with sclerenchyma bands below all primary and
secondary vascular bundles and more or less thick-
ened margins (Buschmann, 1942; Portal, 2005, as
P badensis subsp. molinerii (Balb.) Duck.-Henr. &

ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (6)


http://herbarium.emg.umu.se/standard_search.html
http://herbarium.emg.umu.se/standard_search.html

Nomenclatural notes on the Poa bulbosa group

US NATIONAL HERBARIUM (US)
S92

.. —_—
TYPUS: 2o conc itma, Ernvsl 4
Ac e Hale (520 (&
gel.: R.J. Soreng,2023___

~ Originaux utilisés par A.-P. de Candolle pour la rédaction
de la Flore francaise. -

Jew

\RIUM GENAVENSE (]

L DC.:F{: fr.’-vol_...ZLz

i o i

01100141

Fig. 3. Lectotype of Poa concinna Gaud. (G01100147), courtesy of © Conservatoire et Jardin
botaniques de Geneéve
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Favarger). Nygrens misapplication seems to have
been noticed by Duckert-Henroid and Favarge
(1987) as they did not cite his chromosome reports
for P. perconcinna, and expressed their doubt (p. 38)
concerning his counts under “P. xerophila” sensu
Nygren. Nygren (1962: 5) mentioned “P. alpina sub-
sp. xerophila” of Braun-Blanquet as the basis (in-
tended basionym?), but did not effectively make a
combination, as there is no clear and direct citation
of the place of publication of the basionym (original-
ly P alpina var. xerophila Braun-Blang. [= P. badensis
subsp. molinerii (Balb.) var. xerophila (Braun-Blanq.)
Duck.-Henr. & Favarger, P. badensis subsp. xerophila
(Braun-Blang.) Kerguélen]. It is clear from Nygren’s
Fig. 3 (1962) that the voucher is a broad-leaved plant,
very unlike bulbous relatives, including P. percon-
cinna, but the precise identity of P. concinna (sensu
Nygren) in his Fig. 2 is not obvious.

Nomenclature of Poa badensis subsp. molinerii

Poa badensis Haenke ex Willd. subsp. molinerii
(Balb.) Duckert-Heuriod et Favarger ex Soreng,
comb. et stat. nov. = Poa molinerii Balb., Elen-
co 85. 1801 [= P, badensis subsp. molinerii (Balb.)
Duck.-Henr. & Favarger, 1987, nom. inval., with-
out full and direct citation of the basionym, see
Art. 38.13 and 41.5 of the ICN: Turland et al.,
2025]. Lectotype (Buschmann, 1942, p. 113): G
[“Ex montib. Tenda, misit Balbis”]; isolectotypes:
FI (FI 012615/A: Herb. Webb. 202850, upper
middle plant), BM (BM001067238)) ex herb. de
Candolle ex herb. Nolte)

= Poa badensis var. multiflora (Gaudin) Kerguélen,
Collection Patrimoines Naturels 8: xv. 1993 =
Poa alpina var. multiflora Gaudin, Flora Helvet-
ica 1: 245-246. 1828. Type protologue. “in M.
Sempronio ad pylas vallis Ganter” (lectotype,
here designated by Soreng & Descombes: LAU
31563/A: G3165 “Trovee and Point force a entree
de la vallee de Ganter sur la route du Simplon,
Aug 18097).

Although this taxon is not a bulbous species, we
bring it up as the name Poa molinerii (sensu DC.)
was confused with what is known as P. perconcin-
na by de Candolle (1805) and Nygren (1962). Gau-
din (1828), under II Poa alpina brevifolia Gaudin
(1828: 245) cited "B multiflora Gaud. Agr. Helv. 1.
p. 194", with description on p. 246, but that name
is not present in either Agrostologia Helvetica (to-
mus 1 or 2), nor in their indices. Duckert-Henroid
annotated the selected var. multiflora lectotype in
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1984, as “Poa badensis ssp. molinerii (Balb.) D.H. et
Favarger var. molinerii”. The subspecies combina-
tion is validated here. Kerguélen (1993) treated Poa
molinerii Balb. as a synonym of his P. badensis sub-
sp. xerophylla (Braun-Blanqg.) Kerguélen (2n = 14)
var. multiflora (2n = 28), the inverse of what Duck-
ert-Henroid and Favarge (1987) proposed. The Poa
epithet molinerii is widely applied, whereas that of
xerophylla is narrowly restricted to diploid popula-
tions from close to the type locality Zernez, Chaste
Muottas, Switzerland.

Discussion of Poa carniolica

Although the names Poa concinna var. carniolica
Hladnik ex Mutel, Fl. Franc. 4: 77. 1837 (= P. carni-
olica (Hladnik ex Mutel) Bech., Ber. Schweiz. Bot.
Ges., 45: 295. 1936), are sometimes equated with P
concinna Gaudin (= P. perconcinna) (e.g., Pignattii,
1982; Portal, 2005), the original material does not
appear to be bulbous based. Mutel (1837) diagno-
sed the new variety as having culms taller, panicles
more lax and elongated, and referred to P. carnio-
lica Hladnik and P. concinna var. carniolica Rchb.
{Agrostogr. Germ., 1834 tab. “11” {error for 81} f.
1618. Reichenbach (1834: 34) cited ‘Tab. LXXXI
f. 1618, var. carniolica Hladnik, and “P carniolica
Hladnik” | “Bie Lagbach in Karin’, without descrip-
tion or diagnosis. (Reichenbach’s second edition,
1850, renumbered this as tab. LCIV, . 384). The Re-
ichenbach figure seems to be the only confirmable
original material for typification, and we here desi-
gnate Agrostogr. Germ., 1834, tab. LXXX1, f. 1618
as the lectotype.

Karin refers to the former Duchy of Carinthia,
which covered parts of southern Austria and adja-
cent northern Slovenia: Laibach, is an older Ger-
man name for Ljubljana, Slovenia. There is a sheet
S$13-29803 in the Agardh herbarium at S (image
available on JSTOR Global Plants) labeled TYPUS,
with a label “Poa carniolica [author illegible] n. sp”
| “Prope Laibach” | “[collector illegible]” | noted as
“Hladn” in a different penciled hand in the upper
right corner. Of the five flowering shoots on the
Agardh sheet, none is a clear match to Fig. 1618
(which has 30 spikelets, large 7-flowered spikelets).
The Agardh specimen panicles are more dense-
ly-flowered and more contracted, with 30 to 40
spikelets, and up to 7-flowered spikelets. Otherwise,
it is quite like Fig. 1618 in habit. Since we cannot
confirm that the Agardh herbarium sheet itself is
original material, we here designate S13-29803 as
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an epitype for P. concinna var. carniolica Hladnik
ex Mutel, Fl. Franc. 4: 77. 1837, to interpret Re-
ichenbach’s (1834) Fig. 1618. Although Edmondson
(1978, p. 330) wrote that the illustration “appears to
be merely a variant of P. bulbosa L, and “Attempts
to typify the name have been unsuccessful’, in his
Poa treatment in Flora Europaea, Edmondson
(1980) applied the Reichenbach figure to P. bulbosa,
and P, carniolica s. auct. to P. perconcinna. The lec-
totypification here establishes the figure as the ba-
sis of Mutel’s name. However, neither the Reichen-
bach figure, nor the epitype specimen (as far as
can be seen online), are bulbous based. We suspect
the more open inflorescence in the figure resulted
from the illustrator’s license to spread the branches.
The taxonomic application of P. carniolica remains
doubtful here, but in our opinion, the name is inap-
plicable to P. bulbosa or P. perconcinna, and perhaps
not to any bulbous Poa.

A comment on bulbs. It is not always possible to
be certain of the absence of bulbs in digital images.
Even with specimens in hand when bulbs are not
obvious (which they usually are), pressing the basal
area with a fingertip to feel for a swollen base is usu-
ally a good test. Beyond that, a dissection of the base
to confirm the presence of thickened, indurate basal
sheaths is rarely needed. However, there was a last
comment by Ascherson and Graebner (1900: 394)
under P. concinna: [Google translation] “As Koch
(Syn. Ed. 1, 802 {1838}) already noted, the bulbous
swelling at the base of the stem (as, incidentally, of-
ten also at the previous one {i.e., P bulbosa}) dis-
appears in cultivation” This might account for the
absence of bulbs in type and epitype material of P
carniolica and type material of P. delicatula.

Discussion of type material of Poa delicatula

The type specimens of Poa delicatula Schrad. and P

delicatula Tzvelev material appears to lack bulbs.

Poa delicatula Schrad., in von Schlechtendal,
Linnaea 12(4): 448. 1838. Type. “H. Petr. pr.
com. P triv. 1832 [lectotype, designated by
Tzvelev in Tzvelev & Probatova, 2019, p. 319):
LE-Herb. Schrader | “H. Petr. pr. com. P triv.
1832, LE00019412 p.p. “c” (http://re.herbariumle.
ru/00019412); isolectotypes LE00019412 p.p. “a, b,
LE-TRIN 2616.01 p.p. “@”] (TRIN = C. B. Trinius
Herbarium; Soreng et al., 1995).

= Poa delicatula Wilhelms ex Tzvelev, Novosti Sist.
Vyssh. Rast. 10: 94. 1973 = P. bulbosa subsp. del-
icatula Tzvelev, (Novosti Sist. Vyssh. Rast. 11:

26. 1974 [holotype: LE-Cauc. Herb. Ledeb. (R]S

image 1899): “Hortus Imperials Petropolitanus

| Herb. Ledebour | Poa delicatula novo Spec. |

Cauc. {“Cauc” penciled in another hand}]”, de-

termined in 1917 by Roshevitz as Poa bulbosa

L.; isotype: US (US04073283) “Ex herbario horti

Petropolitani. | Poa bulbosa L. | Caucasus | Wil-

helms”)] (Fig. 4).

On the US isotype, the two shoots of p.p. “a” are a
perfect match for Tzvelev’s Poa delicatula holotype,
and the lectotype of the Schrader species. Consid-
ering the above comment on bulbs, we tentatively
accept P. delicatula as a bulbous species, following
Tzvelev and Probatova (2019), as the type material
does not match any other species we know of with
or without bulbs. More analysis of the taxon will be
provided in a separate paper.

Discussion of Poa bulbosa var. colorata

Poa bulbosa var. colorata Hack. ex Asch. & Graebn.,
Syn. Mitteleur. FL, 2: 293. 1900. Type: C. Baen-
itz, Herbarium Europaeum (s.n.) P. bulbosa L. f.
colorata Hack. in lit. Flora Hercegovinae: Mos-
tar; Wiese tiber dem Stolacfelssen, 30/5.97 — 500
m. leg. C. Baenitz [lectotype, here designated:
US0472420; isolectotypes: DR058535 [image!],
HBG0524299, KFTA0000140 [image!])].
Protologue: Hackel Prosp. Baenitz Herb. Eur.

XXXIII (1900) 7 (1899). Distribution: Sardinia and

the Balkan Peninsula.

The taxon was effectively described as “Richly
flowered, vividly reddish” variety [Google transla-
tion from German].

RJS identified one specimen at US (US0472420)
as a good match to the Reichenbach Fig. 1618 of P
concinna var. carniolica. A search of https://JACQ.
org revealed three more duplicates of this collec-
tion. The KFTA sheet was annotated as “Isotype”
of var. colorata by Victor Byalt, on 2013-12-23, un-
published. We designate the US sheet as the Lec-
totype of P. bulbosa var. colorata. Presumably, this
collection was among the material redistributed
in additional numbered sets of Baenitz exciccatae.
It has tiny bulbs and small tufts of short, slightly
withered leaves. It has the broad glumes of P. bul-
bosa and P. perconcinna, and compact spikelets with
6-8 divergent florets, with hairs (dense, silky, blunt-
tipped) confined to the keel and marginal nerves,
palea keels that are scabrous without longer hairs
(as is typical of P. bulbosa and bulbous allies), an-
thers 1.2-1.3 mm long, like P. perconcinna. It has
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Fig. 4. Isotype of Poa delicatula Wilhelms ex Tzvelev (US04073283, pp. a), courtesy of the Department of Botany,
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" HERBARIUM ACADE

Fig. 5. Holotype of Poa aitosensis Kozuharov & Stoeva (SOM1378), courtesy of the Institute of Biodiversity
and Ecosystem Research, Bulgarian Academy of Sciences
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only 7-22 spikelets (versus 30-40 in the Reichen-
bach figure of P. concinna var. carniolica), which, as
described, are quite reddish. Previously determined
as P. perconcinna by RJS, its lemmas are 3 mm long,
too long for that, but it also lacks hair on the callus
of florets (variably present or absent in P. perconcin-
na), so it does not belong to P. bulbosa s. str. nor to
P. pseudoconcinna. We tentatively accept P. carniol-
ica (Mutel) Bech. as a separate species, as done by
Valdés and Scholz (2009), and P. bulbosa var. colora-
ta may belong here.

Lectotype for Poa timoleontis and synonymy of P.
aitosensis

Poa timoleontis Heldr. ex Boiss., Fl. Orient. 5: 607.
1884. Type specimen. Attica: in pascuis aridis
regionis inferioris a mediae montis Hymentti,
alt. 500°-2500’, 2 May 1878, Heldreich 104 [lecto-
type, here designated: G (G00382993); isolecto-
types: G (G00382992), G-BOIS (G00330289), LE
(LE00009716), US (US00731019, ex herb. Hack-
el, excl. plant on left in early viviparous stage),
US (US04072742, ex hb. Hackel)].

= Poa aitosensis Kozuharov & Stoeva, Spornik, 90
Godini Akademik Daki Iordanov. 155, f. 6. 1984.
Holotype: Bulgaria, Vallis Tundzae, supra urbem
Aitos, 1.d. Hisar, 10 May 1977, Stoeva MS- No.
150, SOM1378 (image!) (Fig. 5).

Boissier (1884) cited four collections from
Greece and one from Syria of Poa timoleontis, a new
bulbous species of Poa. Although some herbari-
um sheets have been marked as types or syntypes,
to our knowledge, no one has formally published
a lectotype. The lectotype selected was received by
Boissier in 1883 as Poa timoleontis Heldr. spec. nov.

For Poa timoleontis, Nygren (1957) published
2n = 14 + 2B, from a North Macedonia specimen
[Topalka Gorge, 200-300 m elev. (misit. W. Koch,
Zurich)], and Kozuharov and Stoeva (1983) pub-
lished 21 = 14 from a Yugoslavian collection with-
out details. Stoeva and Kozuharov (Love, 1978)
published 2n = 28 for the species from Bulgaria, but
in 1983, they changed the identification of the tetra-
ploid to P, aitosensis. They noted their new species
differed only in the tetraploid chromosome number
from the diploid bulbous taxon P. timoleontis Heldr.
ex Boiss. The P aitosensis type image has every
aspect of the habit, including bulbs, prominent,
broadly decurrent, white ligules, and noted absence
of a web on the callus, like the later taxon, and we
here consider it a synonym of P. timoleontis.
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Conclusions

In summary, it appears from our study of the lectoty-
pe selected here that Poa pseudoconcinna Schur s. str.
is indistinct from P. bulbosa subsp. bulbosa var. bul-
bosa. Furthermore, we do not know if it represented
a diploid population or not. Poa delicatula, as named
by Tzvelev (1973), treated as a P. bulbosa subspecies
in 1974, 1976, or as P. delicatula Schrader (1838) by
Tzvelev and Probatova (2019), appears to be distinct
from P. bulbosa s. str. in having smaller spikelets and
lemmas. We have attempted to track down all diploid
chromosome number voucher material of P. bulbo-
sa s. l. and P, delicatula. It appears the one confirmed
European P. pseudoconcinna sensu auct. diploid vou-
cher is distinct from P. delicatula as applied to bulbo-
us material, and it might be applied to P. perconcinna.
The taxonomic disposition of the eastern diploid po-
pulations reported as P. bulbosa from Armenia and
India remains to be seen. Although we have identi-
fied and established types and lectotypes here for se-
veral taxon names, further study of the diploids of P
bulbosa and putative relatives is needed, but we do-
ubt any diploid counts apply to P. bulbosa s. str.
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HomenknarypHi Hotatku npo Poa (Poaceae): Tunidikanis Hassu P. pseudoconcinna
Ta ii mpuHanexxHicTb g0 P. bulbosa sensu stricto, a Tak0XX TAKCOHOMiYHa MPIHATEKHICTD
IMIUTOTTHUX XPOMOCOMHMX Y¥CeTl, 0 HaBomuucs Jist P. bulbosa ta itMOBipHO CIOpiTHEHNX TAKCOHIB

PJI. COPEHT !, JI. TACEHKEBIY 2

I CmiTcoHiBChbKMIT incTuryT, HanjionanbHmit Myseit Ipupoi03HaBCTBa,
Bammurron, Oxpyr Komym6isa 20560, CIITA

2 JIpBiBCHKMIT HAI[IOHANBHUIT yHiBepcuTeT iM. IBana ®panka, 6ionoriaamii pakynsrer, lep6apiit LW,
By/N. Muxaiina Ipymescbkoro 4, JIpsi 79005, Ykpaina

PosrysanyTo opurinansHnit Marepian Poa pseudoconcinna; 3pazok LW00213479 mop¢omorivHo oxapakTepru3oBaHo i 06paHo
nexToTuoM. O4YeBUIHO, LIO Lieil TeKTOTUI He BinpisHAeTbcs Bify P bulbosa s. str. PO3IIAHYTO TaKCOHOMIYHY IPMHAJIEX-
HicTb P pseudoconcinna sensu auct., IKuit BBaXKaBCsl AUIVIOIFHOI Pacolo, MifBuaoM abo pisnoBupmoM P bulbosa, a Takox
criBBifHOLIeHH: 1iel Has3Bu 3 P. delicatula, P. carniolica, P. jordanovii Ta P. perconcinna. YsaranbHeHO faHi 1[0K0 KiTbKOCTI
xpomocoM st Bupy P. bulbosa Ta criopigHeHNX 3 HUM JUIDIOIAIB, @ TAKOX BKa3aHO KOHTPOJIbHI 3Pa3Ky BKa3iBOK AMILIOIN-
HuX uncen. JIumnoinHi suadenus g P. bulbosa cymuiBHi. [Jani cBigdaTh Ipo Te, 110 XpOMOCOMHI nifjpaxyHku Hiorpena s
P. concinna (= P. perconcinna) HactipaBai Hamexxatb P. molineiri. Takoxx o6paui nekrotuiu fnst Has3s P, alpina var. multiflora,
P. concinna, P. bulbosa var. colorata, P. concinna var. carniolica (pa3om 3 emirtunom), Ta P. timoleontis. 3po6/1eH0 HOBy HOMEH-
KIaTypHYy KoMbiHauito Poa badensis subsp. molineiri, comb. nov.

Knrouosi croBa: Arenariae, Poa, Schur, xpoMocomHi uncrna, nekrorumidikalis, TakcoHoMisA
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Valeriana dacica (Caprifoliaceae), a Carpathian endemic
in Ukraine: distribution, morphology, ecology,
population characteristics, and identification issues
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Abstract. Valeriana dacica, a long-neglected Carpathian endemic species, is widely distributed across the Ukrainian Carpa-
thians; it also slightly penetrates into the adjacent foothills in the Subcarpathian region north-eastwards from the mountains.
A map of the species’ distribution in Ukraine is presented based on a critical revision of the herbarium data, literature, and
the authors’ records. A drawing of V. dacica and identification tips, which help distinguish it from the closely related species
V. tripteris are provided. Morphology, ecology, and population characteristics of V. dacica are described. The species occurs in
moist habitats: stream banks, water springs, micro-depressions in montane woodlands, and herbaceous understory in Alnion
incanae communities. The altitudinal range of V. dacica covers lower and upper montane forest belts and extends into the
subalpine zone. While some of its local populations are prone to decline because of the thickening of the shrub-arboreal layer

during the restoration succession, others undergo expansion, particularly in the subalpine zone due to climate change.

Keywords: altitudinal range, metapopulation, montane species, Ukrainian Carpathians, Valeriana montana group

Introduction

The Carpathian Mountains represent a biodiversity
hotspot harboring many endemic taxa of vascular
plants (Mraz, Ronikier, 2016; Breman et al., 2020).
Though endemic Carpathian taxa have been studied
with special attention by many researchers (Pawlow-
ski, 1970; Stoyko, Tasenkevich, 1993; Chorney, 2011;
Tasenkevich, 2011; Novikoft, Hurdu, 2015; Kliment
et al., 2016), numerous aspects of their taxonomic
identity, distribution, and ecological requirements

remain understudied and unresolved, which also re-
fers to the Ukrainian part of the mountains (Kobiv,
2024). Studies of these problems can help explain the
origin and distribution patterns of endemics. This
article aims to shed light on these issues concerning
one of the “critical taxa” — Valeriana dacica Porcius,
a Carpathian endemic with a complicated nomencla-
tural history whose species’ status has been ultima-
tely confirmed only recently (Krahulec et al., 2023).
Though our research concerns mostly the Ukrai-
nian Carpathians, this article is also meant to draw
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Fig. 1. Habit of Valeriana dacica (A) and V. tripteris (B). Considering that V. tripteris exhibits intraspecific variability
throughout its geographic range (Walther, 1949), the illustration refers to the Carpathian plants

attention to V. dacica to encourage studies on its dis-
tribution in other countries where it occurs.

Materials and Methods

The study species: taxonomy, nomenclatural
issues, and general distribution

A Carpathian species Valeriana dacica belongs to
the V. montana group (Ockendon, 1976), also re-
ferred to as the infrageneric taxon, Valeriana seri-
es Montanae Hock (1882), which includes several
species of Valeriana L. distributed in the mountains

of Europe (Grubov, 1958; Ockendon, 1976). Two
other species of that group also occur in the Carpa-
thians, viz. V. montana L. and V. tripteris L., whose
geographic ranges are rather vast and cover the mo-
untains of Central and Southern Europe (Meusel,
Jager, 1992). In the Carpathians, V. montana occurs
only in Romania; its previous reports from Slovakia
are considered erroneous (Bertova, 1985). Its loca-
lities closest to Ukraine are known from the Rodna
Mts, Romanian Carpathians (Morariu, 1961).
Valeriana tripteris is much more common in the
Carpathians and is distributed across the whole
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mountain system (Meusel, Jager, 1992). Accord-
ing to some authors (Walther, 1949; Bertova, 1985;
Mirek et al., 2020), the Carpathian plants are re-
ferred to as V. tripteris subsp. austriaca E. Walther.

Valeriana montana and V. tripteris are known
as distinctive species with different chromosome
numbers: 2n = 32 and 2n = 16, respectively (Ock-
endon, 1976).

It has also been noticed that some Carpathian
plants from that group, though sympatric with V.
tripteris, differ from that species, particularly by the
second pair of the imparipinnate leaflets of the stem
leaves (Fig. 1A). The following names have been as-
signed to such plants (in the chronological order):
Valeriana transsilvanica (Schur, 1866), V. sisymbrii-
folia (Schur, 1866), V. tripteris var. bijuga (Simko-
vics [= Simonkai], 1878), V. dacica (Porcius, 1885),
V. cardaminis (Zapatowicz, 1889), V. bijuga (Blocki,
1892), V. tripteris var. heterophylla (Morariu, 1961),
V. tripteris subsp. heterophylla (Rostanski, 1967).

The name “Valeriana transsilvanica Schur” for
the taxon in question was applied by Blocki (1896)
and later accepted in the Identification manu-
al of Polish plants (Szafer et al., 1924), Flora of the
Ukrainian SSR (Katina, 1961), Identification manu-
al of higher plants of Ukraine (Opredelitel..., 1987)
and used in some recent articles of the Ukrainian
authors (Dmytrakh, 2000, 2004, 2012, 2013, 2019,
2021; Tsymbalyuk et al., 2022).

Due to the taxon’s similarity to V. tripteris, Polish,
Hungarian, and Romanian authors mostly treated it
as a variety — “var. bijuga” (Simkovics, 1878; Raci-
borski, 1911), “var. heterophylla® (Morariu, 1961),
or a subspecies — “subsp. heterophylla” (Rostanski,
1967, 1970; Mirek et al., 2020) of that species. Other
publications, e.g. Flora of the USSR (Grubov, 1958),
Flora Europaea (Ockendon, 1976), Identification
manual of plants of the Ukrainian Carpathians (Vy-
znachnyk roslyn..., 1977), Flora of the European part
of the USSR (Voroshilov, 1978), Illustrated flora of Ro-
mania (Ciocarlan, 2009), Vascular plants of Romania
(Sarbu et al., 2013), and some internet resources (Eu-
ro+Med, 2025-onward; GBIF, 2025-onward) do not
recognize its separate taxonomic status and treat it
merely as a synonym for V. tripteris or its subspecies
V. tripteris subsp. austriaca common in the Eastern
Alps, Sudety, and Carpathians (Walther, 1949; Ber-
tova, 1985). Thus, not only nomenclature but also
the taxonomic treatment of the taxon of interest has
been different among authors until recently.
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There is even more confusion due to numer-
ous misidentifications of the herbarium specimens.
For example, at the beginning of the 20 century,
sets of herbarium vouchers collected in the East-
ern Carpathians within Flora polonica exsiccata or
Rosliny polskie (Raciborski, 1911) were distributed
among the main European herbaria, where issue
#757 allegedly presented Valeriana tripteris (e.g.,
KWO013850; LW s.n.), but actually belongs to V. da-
cica, whereas issue #758 originally claimed as V. tript-
eris var. bijuga, which is a synonym for V. dacica (e.g.,
KWO013851; LW s.n.) proved to be Valeriana tripteris
sensu stricto. Thus, these issues were confused with
each other.

The problem of the correct name for the valeri-
an in question and its taxonomic status has been
recently convincingly resolved by Krahulec et al.
(2023). A thorough analysis of the abovemen-
tioned publications, as well as typification of the
corresponding names and examination of authen-
tic herbarium specimens made in that publication,
showed that the correct name for the taxon is Vale-
riana dacica Porcius because it has priority over the
other names listed above. In addition, the authors
determined its chromosome number and described
distinguishing characters. They proved that it is
tetraploid (2n = 32) vs. diploid (2n = 16) V. tripteris,
and that it deserves a species status and rank (Kra-
hulec et al., 2023). The authors also hypothesized
that V. dacica is a stabilized hybridogenous taxon of
the V. tripteris x V. montana parentage. As a result,
the name Valeriana dacica Porcius is accepted by
Plants of the World Online (POWO, 2025-onward).

Valeriana dacica is distributed in the Eastern and
Southern Carpathians, and the Apuseni Mts (Kli-
ment et al., 2016), which is confirmed by numerous
herbarium specimens. In addition, Rostanski (1967,
1970) mentioned its localities in Poland up to 35
km westwards from the border of the Eastern Car-
pathians in the Beskid Niski Mts, which belong to
the Western Carpathians. Thus, the species occurs
in all main parts of the Carpathian Mountains and
can be considered a pan-Carpathian endemic. Ac-
cording to the herbarium data, the main part of the
species’ range lies in Ukraine and Romania (mostly
in the Eastern and Southern Carpathians), though
its distribution extends slightly into the Beskid Ni-
ski and Bieszczady Mts in Poland (Blocki, 1892;
Rostanski 1967, 1970) and in the Bukovské Vrchy
Mts in Slovakia (Krahulec et al., 2023). However,
because the main Polish (Zajac, Zajac, 2001) and
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Slovak (Bertova, 1985) publications on chorology
do not recognize its separate taxonomic status, the
detailed distribution of V. dacica in these countries
remains unknown and actually might be wider.

Study region

The Ukrainian Carpathians with an area of about
21 000 km* (Kruhlov, 2008) belong to the Eastern
Carpathians and form a 280 km long and 110 km
wide stripe that stretches from the north-west to
the south-east (Fig. 2). The Ukrainian part accounts
for 10.6% of the total area of the Carpathian Mo-
untains (Niewiadomski, 2004) and is the narrowest
in that chain. Due to the specific mountain climate
and rugged relief, the Carpathian flora and vegeta-
tion differ from those in the adjacent plain and low-
land regions. Therefore, the Carpathian Mountains,
including their Ukrainian part, are an important
center of plant diversity in Europe (Centres of plant
diversity..., 1994). The Ukrainian Carpathians are
medium-high mountains where the high-moun-
tain zone (that includes both subalpine and alpine
altitudinal belts) covers only about 1.7% of the area
(Kruhlov, 2008) while the rest belongs to the upper
and lower montane forest belts. These mountains
are built mostly of sandstone flysch, while other
types of geological bedrock (e.g. volcanic or lime-
stone) occur along the inner edge of the Carpathian
Arch (Kondracki, 1989).

Data collection

To determine the distribution of V. dacica in Ukraine
we performed a critical revision of the herbarium data
on the Valeriana montana group in LW, LWS, LWKS,
KW, CHER, and UU herbaria (acronyms follow Index
Herbariorum: Thiers, 2025-onward), which were most-
ly labelled as V. tripteris but contained many specimens
of V. dacica. We also discovered some specimens of that
species among the plants originally identified as “Vale-
riana simplicifolia”. In addition, we checked out images
of herbarium vouchers and plants in situ in the GBIF
(2025-onward) and the Ukrainian biodiversity infor-
mation network (UkrBin, 2025-onward) datasets. The
authors’ records were used as well.

Morphological and morphometric data are based
on field observations and studying herbarized ma-
terial, whereas information on ecological and phy-
tocoenotic requirements of V. dacica involved the
authors’ surveys in situ and analysis of the herbar-
ium labels and literature (Pawtowski, Walas, 1949;
Krahulec et al., 2023).

c[nuNGARY)
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Fig. 2. Distribution of Valeriana dacica in Ukraine. Thick
black lines — limits of the Carpathian Mountains, thick gray
lines — national borders

Phytosociological relevés using Braun-Blanquet’s
scale (Braun-Blanquet, 1964) were taken at 5 x 5 m
plots in different altitudinal belts. Botanical nomen-
clature follows Plants of the World Online (POWO,
2025-onward); delimitation and names of the Car-
pathian orographic units are in accordance with
Breman et al. (2020).

Results and Discussion

Morphological description of Valeriana dacica

Valeriana dacica is a herbaceous long-rhizomatous
gynodioecious perennial (Fig. 1A). Rhizome long,
creeping, branched, 4-6 mm in diameter. Its thin la-
teral stolon-like branches produce numerous vege-
tative rosette or single-leaved shoots with long-peti-
olate leaves rounded, truncate or subcordate at base.
Flowering stem 25-65(-80) cm high, unbranched,
solitary (rarely 2), ascending, cylindrical, furrowed,
glabrate, bearing 3-4(-5) pairs of opposite leaves.
Lower and middle cauline leaves compound, impa-
ripinnate, usually with two pairs of unequal in size
lateral leaflets (i.e. bijugate) and a wide (20-40 mm)
terminal leaflet ovate or orbicular, usually obtusa-
te. Upper cauline leaves bijugate, ternate or simple.
Bracts at the inflorescence base usually oblong- or
linear-lanceolate, 10-20 mm long, shorter than in-
florescence width. Leaf blades glabrous. Lower and
middle cauline leaves and especially those in steri-
le shoots setaceous on margins and petioles. Leaf
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Fig. 3. Inflorescence in a hermaphrodite individual
of Valeriana dacica, the Chornohora Mts, Ukrainian
Carpathians, 23 June 2023 (photo by R. Dmytrakh)

margins entire, undulate, crenate or dentate. Inflo-
rescence compound, thyrsoid with cymose bran-
ches, dense in female and laxer in hermaphrodite
individuals. Calyx teeth poorly developed, inrolled
in flower at anthesis and expanding into plumose
pappus at fructification. Corolla (wide) infundibu-
lar, 4-5 mm long in hermaphrodite and 2.0-2.5 mm
long in female flowers. Corolla lobes rounded, light
pink (Fig. 3). Stigma and stamens (3) protruding
from corolla. Fruit 3.5-5.0 mm long ribbed achene,
bearing 4.5-5.5 mm long pappus. Flowering period:
late May — June (July at upper elevations).

Valeriana dacica is gynodioecious (Dmytrakh,
2000), which implies the occurrence of both female
and hermaphrodite individuals in each population.
Gynodioecy is peculiar for many valerians, particu-
larly those of the Valeriana montana group (Fran-
zen, 1986).

Although the difference between V. dacica and
V. tripteris is described by Krahulec et al. (2023),
we supplemented and summarized the relevant
information in Table 1 and illustrated it in Fig.
1A-B, which could be used as additional identi-
fication tools. Due to significant variability in the
representatives of the V. montana group, some dif-
ferentiating characters “work with only a majority
of specimens” (Ockendon, 1976: 54). In addition,
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Fig. 4. Valeriana dacica in the riparious habitat on Mt.
Pozhyzhevska (1400 m a.s.l.) in the Chornohora Mts, Ukrain-
ian Carpathians, 20 June 2018 (photo by R. Dmytrakh)

Fig. 5. Valeriana tripteris in the rocky habitat on Mt.
Breskul (1700 m a.s.l.) in the Chornohora Mts, Ukrainian
Carpathians, 23 June 2018 (photo by R. Dmytrakh)

contrasting habitat preferences of both species are
pictured in Figs. 4, 5. It is also worth mentioning
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Table 1. Morphological and habitat characteristics distinguishing between Valeriana dacica and V. tripteris

Characteristic |

Valeriana dacica |

Valeriana tripteris*

Morphological characters

Height of flowering stem (cm)
Rhizomes in live plants

Vegetative mobility (cm/year) 7-15
Structure of clones Mat-forming
Number of flowering stems per individual | 1(-2)

Leaves in sterile shoots
Number of pairs of cauline leaves 3-4(-5)

Middle cauline leaves

Leaf margins
Bracts

width
Inflorescence Dense thyrse
Color of flowers Light pink

Female / hermaphrodite individuals ratio

Number of pappus rays per achene (10-)12(-14)

25-65(-80 at lower elevations)

Greenish or light brown, up to 4-6
mm in diameter

Rounded, truncate or subcordate

Mostly bijugate, with wide (ovate to
orbicular) obtusate terminal leaflet

Entire, undulate, crenate or dentate
Lanceolate, shorter than inflorescence | Linear, longer than inflorescence width

~1/3 (Dmytrakh, 2013)

20-50
Dark brown, 3-5 mm in diameter

3-6

Separate clones

Numerous

Cordate

2-3

Mostly ternate, with lanceolate
acuminate terminal leaflet
Coarsely dentate

Lax thyrse

Light pink or dirty white
~1/1 (Dmytrakh, 2013)
14(~16)

Habitat requirements

Preferable habitats

zones (Fig. 4).
Altitudinal range, m a.s.1
Light requirements

Soil moisture requirements

Shade-tolerant

Riparian or semi-shadow moist sites
in upper and lower montane forest

(250-)600-1500(-1800)

Semi-hygrophytic

Open mesic sites in high-mountain
and upper montane forest zones (incl.
rocks, screes, clear-cuts) (Fig. 5).

(900-)1100-2000
Heliophytic (Ellenberg et al., 1992)
Mesophytic (Ellenberg et al., 1992)

* Considering that V. tripteris exhibits intraspecific variability throughout its geographic range (Walther, 1949), the data refer

to the Carpathian plants.

that in the neighboring habitats, the flowering pe-
riod in V. dacica takes place ca. half a month later
than in V. tripteris.

Distribution in Ukraine

In the Ukrainian Carpathians, the species is distri-
buted over a considerably wide altitudinal range but
most frequently in the lower and upper montane
forest belts within 800-1400 m a.s.l. Sporadically it
penetrates upwards into the subalpine zone along
the streambeds and occurs at 1550-1600 m a.s.l. in
the Chornohora and Chyvchyny Mts (Pawtowski,
Walas, 1949). Noteworthy, there are multiple her-
barium records (Zapyatova, 1947 — KWO013845;
Smirnova, 1960 — MW0525251; Mosyakin, 1985 —
KWO013854), which indicate its occurrence in the
alpine zone of the Svydovets Mts, viz. on the rocks
of Mt. Blyznytsia as high as at 1800-1850 m a.s.l
That altitude is extreme for V. dacica, which might
be attributed to the high calcium content in the

bedrock of that locality. That factor has been repor-
ted as essential for adaptation to adverse environ-
mental conditions in many plant species (White,
Broadley, 2003).

On the other hand, the lower distribution limit of
V. dacica in the Ukrainian Carpathians reaches the
edge of the mountainous area, which is most appar-
ent on the northeastern boundary of the Carpathian
Arch (Fig. 2), where the species’ localities occur at
450-600 m a.s.l. Moreover, V. dacica also penetrates
the territory of Subcarpathia (Prykarpattia). For in-
stance, there are herbarium samples collected with-
in 250-450 m a.s.l. in Lviv Region (here and below,
Regions refer to the main administrative regions of
Ukraine, oblasts in Ukrainian) near Truskavets (Tka-
chyk, 1980 — LW8384) and Morshyn (Tkachyk,
1980 — LW8385); in Ivano-Frankivsk Region
near Lanchyn (Tkachyk, 1978 — LW s.n.), Kniazh-
dvir (Mykhaylova, 1967 — CHER s.n.), and Rud-
nyky (Tkachyk, 1979 — LW s.n.); and in Chernivtsi
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Region near Lukivtsi (Tkachyk, 1980 — LW s.n.).
Whereas most of these localities are situated only a
few kilometers away from the edge of the Carpathi-
ans (Fig. 2), the one near Rudnyky extends by about
20 km, also being the lowermost. All the Subcar-
pathian localities are restricted to the hilly relief,
where thermal-humidity conditions resemble those
in the neighboring mountains. In contrast, on the
opposite, Transcarpathian side of the mountains,
climatic conditions are more xerophytic (Natsion-
alnyi atlas..., 2007), which apparently imposes limi-
tations on the species’ distribution there.

Valeriana dacica has a wide distribution in the
Ukrainian Carpathians (Fig. 2), which embraces
most of the main massifs / mountain ridges: the
Upper-Dnister Beskydy, Stryi-Sian Verkhovyna,
Skole Beskydy, Watershed Ridge, Polonyna Rivna,
Polonyna Krasna, Outer Gorgany, Inner Gorgany,
Zaprutski Gorgany, Svydovets, Chornohora, Poku-
ttya-Bukovyna Mts, Hryniava, and Marmarosh (in-
cluding the Chyvchyny Mts). However, we did not
find any data on the species’ occurrence in the vol-
canic part of the Ukrainian Carpathians, i.e., along
their south-western edge. The distribution map
(Fig. 2) depicts the existing herbarium, literature,
and authors” data on the species occurrence, which
are not comprehensive, i.e., the lack or, on the con-
trary, high concentration of the markings might
reflect merely the level of floristic exploration of a
territory.

Ecology

Valeriana dacica shows a strong affinity for moist
habitats (Dmytrakh, 2004; Krahulec et al., 2023),
e.g. stream banks (Fig. 4), springs, micro-depressi-
ons in montane woodlands, herbaceous understory
in the Alnion incanae communities, etc. These kinds
of habitats are often mentioned on the herbarium
labels as well as in the species’ protologue (Porcius,
1885).

Pawtowski and Walas (1949) considered “V. tript-
eris var. bijuga” (= V. dacica) differential for the asso-
ciation Doroniceto-Cratoneuretum (Doronicum car-
paticum et Cratoneuron commutatum) Pawlowski et
Walas 1949, which they described in the Chyvchyny
Mts, Ukrainian Carpathians. The authors argued
that this endemic to the Eastern Carpathians hy-
grophytic community is restricted to alkaline water
springs in the forest zone up to 1450 m a.s.l.

Considering the variety of the species localities in
the Ukrainian Carpathians, it often occurs on acidic
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or subacidic soil with a pH(H,0) value within 5.0-
6.5, which prevails in the region (Rudneva, 1960).

Valeriana dacica is shade-tolerant and often oc-
curs in semi-shadow moist habitats in montane
forests, but it may also inhabit insolated open sites
along the streams in the subalpine zone.

The following phytosociological relevés recorded
in the habitats of V. dacica situated at different al-
titudinal levels in the Ukrainian Carpathians show
which vegetation conditions it requires.

Relevé 1: Ivano-Frankivsk Region, the Chorno-
hora Mts, Mt. Dantsyr, streambank in the green
alder krummholz, 48°0829.7'N, 24°32'03.7"E,
1575 m a.s.l, aspect N, slope 10°, area 25 m?, 26
June 2014; E2 (30%): Alnus alnobetula (Ehrh.) K.
Koch 3; E1 (70%): Valeriana dacica 3, Cardamine
amara subsp. opizii (C. Presl & J. Presl) Celak. 2,
Carex sempervirens Vill. 2, Caltha palustris L. 2,
Deschampsia cespitosa (L.) P. Beauv. 2, Heliosperma
pusillum (Waldst. & Kit.) Rchb. 2, Anthoxanthum
nipponicum Honda 1, Crepis paludosa (L.) Moench
1, Hypericum richeri subsp. grisebachii (Boiss.) Ny-
man 1, Pedicularis verticillata L. 1, Poa annua L. 1,
Primula elatior (L.) Hill 1, Ranunculus acris L. 1, R.
carpaticus Herbich 1, Alchemilla glabra Neygenf. 1,
Viola biflora L. 1, Achillea distans Waldst. & Kit. ex
Willd. +, Soldanella hungarica Simonk. +.

Relevé 2: Ivano-Frankivsk Region, the Chor-
nohora Mts, Mt. Pozhyzhevska, moist site in the
spruce forest, 48°09'39.0"N, 24°31'52.5"E, 1410 m
a.s.l,, aspect N, slope 4°, area 25 m?, 13 June 2024;
E3 (30%): Picea abies (L.) H. Karst. 3; E2 (10%):
Salix silesiaca Willd. 2, Picea abies 1; E1 (80%): Va-
leriana dacica 3, Caltha palustris 2, Deschampsia
cespitosa 2, Jacobaea subalpina (W.D.]. Koch) Pelser
& Veldkamp 2, Luzula sylvatica (Huds.) Gaudin 2,
Petasites albus (L.) Gaertn. 2, Chaerophyllum hir-
sutum L. 1, Dryopteris dilatata (Hoffm.) A. Gray 1,
Senecio ovatus (G. Gaertn., B. Mey. & Scherb.)
Willd. 1, Viola biflora 1, Aposeris foetida (L.) Less. +,
Vaccinium myrtillus L. +.

Relevé 3: Lviv Region, the Skole Beskydy Mts,
near the settlement of Skhidnytsia, forest edge,
moist slope, 49°14'53.4"N, 23°21'14.5"E, 665 m a.s.L.,
aspect NE, slope 4°, area 25 m?, 19 May 2004; E3
(30%): Alnus incana (L.) Moench 2, Fagus sylvatica
L. 2; E2 (50%): Alnus incana 2, Corylus avellana L.
2, Salix aurita L. 2, Sambucus racemosa L. 2, Abies
alba Mill. 1, Acer pseudoplatanus L. 1; E1 (70%): Ae-
gopodium podagraria L. 3, Rubus glandulosus Bel-
lardi 3, Equisetum sylvaticum L. 2, Glechoma hirsuta
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Waldst. & Kit. 2, Myosotis scorpioides L. 2, Petasites
kablikianus Bercht. 2, Pulmonaria obscura Dumort.
2, Valeriana dacica 2, Asarum europaeum L. 1,
Cardamine bulbifera (L.) Crantz 1, Carex sylvatica
Huds. 1, Chaerophyllum aromaticum L. 1, Euphor-
bia amygdaloides L. 1, Geum urbanum L. 1, Ranun-
culus lanuginosus L. 1, Salvia glutinosa L. 1, Actaea
spicata L. +, Galium intermedium Schult. +.

Population characteristics

Valeriana dacica is a clonal species, and its popu-
lations are replenished mostly due to vegetative
propagation via rhizome growth with annual incre-
ments up to 12-15 cm. The species often forms lax
monodominant mats up to 10-20 m?, which pro-
ves its rather high competitiveness and colonizati-
on ability. The density of flowering shoots in such
mats mostly varies between 2-6 (Dmytrakh, 2021)
but may reach 10 shoots per m”. The ratio between
generative and vegetative ramets usually accounts
for 0.1-0.2. Seed reproduction also takes place, and
seedlings occur in many localities, but apparently,
it is more important for the longer dispersal and
colonization of other suitable habitats. Valeriana
dacica mostly exhibits a metapopulation pattern of
local distribution, i.e., inhabits located nearby but
spatially disconnected suitable moist microhabitats.
For instance, such microhabitats may form inter-
mittent chains along the streambeds. That suggests
that hydrochory could be important for the species’
dispersal. The area of local populations mostly vari-
es within 2-50 m? (Dmytrakh, 2004). Their outlines
are quite unstable and some of them are prone to
decline or extinction because of the thickening of
the shrub-arboreal layer in the course of the resto-
ration succession.

For instance, during the last 25 years, we have
been witnessing this process at the lower limit of
the subalpine belt of the Chornohora Mts as a re-
sult of the overgrowth of open localities of V. da-
cica with shrubby vegetation dominated by Alnus
alnobetula and Salix spp. (Dmytrakh, 2019, 2021).
On the other hand, throughout the same period we
have registered a gradual upward spread of V. da-
cica along the streams in two neighboring glacial
cirques (Mt. Dantsyr — Mt. Pozhyzhevska and Mt.
Pozhyzhevska — Mt. Breskul) in the Chornohora
Mts from 1540 to 1650 m a.s.l. and from 1530 to
1580 m a.s.l, respectively. Apparently, that can be
attributed to global warming (Dmytrakh, 2021) and
is in line with similar data on the climate-triggered

spread of other tall-herb species in the high-moun-
tain zone of the European mountains (Nagy, 2006;
Kobiv, Kobiv, 2020).

We have noticed that riparian habitats of V. dacica
often suffer from floods, whereas those situated on
overmoistured slopes are prone to landslides, which
can destroy some local populations. On the other
hand, the species readily occupies vacated gaps in
the vegetation resulting from such disturbances. The
colonization process may involve both clonal and
seed reproduction. Barren or mossy patches provide
suitable microsites for seedling recruitment of V.
dacica, which is also common for other mountain-
ous plants including some moisture-loving species
(Kobiv, 1999, 2016; Kobiv, Nesteruk, 2001).

Conclusion

Valeriana dacica is widely distributed across the Uk-
rainian Carpathians and slightly penetrates into the
adjacent foothills in Subcarpathia north-eastwards
from the mountains (Fig. 2). Its altitudinal range is
also significant and covers lower and upper monta-
ne forest belts, extending into the subalpine zone.
The species is related to moist habitats, which is in-
frequent among the endemic plants (Hobohm et al.,
2014). Though some local populations of V. dacica
are subjected to decline because of the encroach-
ment of shrubs and trees into their habitats in the
course of restoration succession, the species cannot
be regarded as threatened in any part of the Ukrai-
nian Carpathians where it occurs, and according to
the ITUCN (2024) criteria its conservation status can
be categorized as Least Concern (LC), which agrees
with the conclusion of Krahulec et al. (2023).
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Kapmatcekuii enpemik Valeriana dacica (Caprifoliaceae) B Ykpaini:
TOIMPEHH s, MOP(OIIOTis, eKOIOTis, MOMYIALiHi 0c00MMBOCTI, IPO6/IeMy B3SHAYEHH S

10. KOBIB, P. IMMTPAX
IacruryT exonorii Kapnar HanionanbHoi akagemii Hayk Ykpainm,
Byn. Kosenbuuupbka 4, JIbeis 79026, Ykpaina

Pedepat. Valeriana dacica — xapnaTcbkuil eHjeMiuHMIT BUJ, 10 TPUBAIMII Yac He BU3HABAaBCA. BiH LIMPOKO po3IoBCIo-
mKeHuit B Ykpaincpkux Kaprmarax i HesHauHO IIpoHMKae y npuersi nepearip's va IlpukapnarTi Ha miBHIYHUIT cXif Bif Tip.
IIpepcTaBIeHO Maly MOLIMPEHHS L{bOTO BUAY B YKpaiHi, 1110 6a3yeTbCst Ha KPUTUYHOMY IIeperiiszi repObapHuX JAHUX, /liTe-
PaTYpHUX JPKepeax i ciocTepexxeHHAX aBTOpiB. IlofaHo MamoHOK V. dacica, a TAKO>X BKa3iBKM O BU3HAYeHHs 1IbOTO BUAY,
1[0 JIO3BOJIAIOTD BiPi3HUTH iforo Bif criopifHenoro V. tripteris. Onucano MOpQoOrivHi, €KOIOriyHi Ta MOMyIALiiHI 0co-
6mBocri V. dacica. 3asHadeHo, 110 1jell BUJ IPUYPOYEHNMIT 1O BOTKIX IPUCTPYMKOBYX i IIPU/PKEPEIbHIX OCENILL, 3aTIafiiH
y TipcbKux ticax i TpaB’AHOTO APYCy B YIPYNOBaHHAX i3 cowosy Alnion incanae. Vloro BUCOTHA aMIUTITY/ia OXOILIIOE HYDKHIiA
i BepxHiil J1icOBi ripchbKi MOsICK Ta PO3MOBCIOKYETHCS B CYOaIbIIIICHEKY 30HY. JesKi T0Ka/mIbHi MOMY/IALIi perpecyioTh Yepes
3aryljeHHs YarapHMKOBO-[I€PEBHOIO APYCy B XOJi BifHOBHOI CYKIleCii, HATOMICTb iHIIi 3a3HAIOTb €KCIIAHCII, 30KpeMa B Cy-
6aIbIIIICHKill 30HI BHACTILOK K/IIMaTMYHNX 3MiH.

KmrouoBi coBa: BrcOTHA aMILIITY/a, Ipyna Valeriana montana, MeTaINoNy/IALiA, MOHTaHHMIT BIJ, YKpaiHnceki Kapmarn
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Abstract. Research on chasmophytic communities of the calcareous cliff of the Dumka Cave complex in the Dniester Regio-
nal Landscape Park (Ivano-Frankivsk Region) has revealed diverse vegetation dominated by ferns, bryophytes, and algae. The
cave complex was examined in three parts: the so-called “karst bridge” (pile of fragments of a cave vault), limestone blocks
at the entrance to the cave, and the walls of the front grotto of the cave. In total, fifty-six species of algae (Cyanobacteria —
21 species, Chlorophyta — 23, Charophyta — 2, Heterokontophyta — 9), 25 species of bryophytes (Marchantiophyta — 8,
Bryophyta — 17), and 21 species of vascular plants (Pteridophytina — 5, Spermatophytina — 16) were found in the studied
habitat. The highest species diversity was recorded on the karst bridge and the walls at the entrance to the cave. In both loca-
tions, the algal cover was dominated by cyanobacteria and green algae. Algae and bryophytes on the walls of the front grotto
were less diverse, vascular plants were completely absent. Cyanobacteria were absent, and trebuxiophycean green algae and
diatoms predominated. A comparison of the species composition of algae and bryophytes using the Serensen-Chekanovsky
index showed a certain resemblance between the karst bridge and the walls at the entrance to the cave and the specificity of
the front grotto of the cave. Among the discovered species of algae, two are first reported for Ukraine (Synechococcus sciophi-
lus and Synechocystis primigenia). Several taxa are rare and noteworthy records (Gloeocapsa coracina, Microcoleus vulgaris,
Scotinosphaera sp., Pseudostichococcus undulatus, etc.). Fifteen species of bryophytes are listed for the first time for the park;
among them, Pedinophyllum interruptum and Fissidens gracifolius are new records for Ivano-Frankivsk Region. For the latter
species, this is the second locality in Ukraine. For Timmia bavarica, a rare species in the Ukrainian Carpathians, this is the
third locality in Ivano-Frankivsk Region. Vascular plants are characteristic of shaded epilithic habitats. Such communities be-
long to the biotope H32¢ “Cabonate rocks of the temperate zone, occurring on the plain and in the lower mountain belt’, are
characterized syntaxonomically as a group of the Polypodietea class, and belong to the second category of rarity and require
protection. The main threat to the existence of this biotope is deforestation, which leads to increased light levels, heating of
rocks, and moisture deficiency, as well as eutrophication due to recreational load.
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Introduction

The Dumka Cave is part of the Odayiv karst cave
complex, located in the territory of the Dniester Re-
gional Landscape Park (RLP), Ivano-Frankivsk Re-
gion, Ukraine. The cave, which was formed by ero-
sion and weathering in a tectonic fault that emerged
during the split of the coastal plateau, is located on
the high bank of the Dniester (Dnister) River among
a hornbeam-oak forest. This is a large natural karst
cavity, which is a cave of linear-horizontal structure.
It begins with an entrance grotto and continues with
a gallery 170 m long. The cave is embedded in a gyp-
sum layer. Druses of gypsum crystals are observed
on the vault and walls of the cave.

The temperature and humidity inside the cave are
relatively constant throughout the year and are 13-
15 °C, the humidity is moderate. Before the entrance
to the cave, 10 m away, there is the so-called "karst
bridge", a cluster of boulders that previously formed
part of the cave vault, but as a result of rock collaps-
es, remained standing separately, forming a natural
arch. The cave is also valuable as an archaeological
site. In particular, there is information about the dis-
covery of flint products, tools, and reindeer bones
from the Paleolithic age (Dniester..., 2023).

On the limestone cliffs of the cave complex, chas-
mophyte communities dominated by ferns, bryo-
phytes, and algae develop in the shaded conditions
of a hornbeam-oak forest. Such communities are
considered a rare biotope and are indexed in Reso-
lution 4 of the Bern Convention as H3.2 Basic and
ultrabasic continental cliffs (Convention..., 1979).

Before the beginning of our research, there were
no data on vascular plants, algae, and mosses of the
Dumka Cave complex. Recently (Nyporko et al.,
2023; Mikhailyuk, Vynogradova, 2024) preliminary
data on terrestrial algae and bryophytes of the Dni-
ester RLP have been published. About twenty spe-
cies of mosses were reported in the pertinent liter-
ature from the territory that is now part of the park
(vicinity of the villages of Nyzhniv, Dibrova, Nezvy-
sko, Chernelytsia, Bukivna, Olesha, Gorodnytsia).
Collectors were J. Krupa, A. Rehmann, and M.P.
Slobodyan (Bachuryna, Melnychuk, 1987, 1988,
1989, 2003).

Materials and Methods

The material for the study (samples of algae, bryo-
phytes, ferns, and vascular plants) was collected in
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May 2024 during an expedition to the Dniester Re-
gional Landscape Park (village Odayiv, Tlumatsky
[Tlumach] District, Ivano-Frankivsk Region). The
Dumka Cave complex was examined in three parts:
the so-called “karst bridge” (pile of fragments of a
cave vault), calcareous boulders at the entrance to
the cave, and the walls of the front grotto of the cave
(Fig. 1). Six complete geobotanical descriptions of
chasmophytic vegetation were carried out, recor-
ding the diversity of vascular plants and bryophytes
on an area of 4 m?, as reccommended by Chytry and
Otypkové (2003).

In the laboratory, algal samples were previously
studied using direct microscopy and then exam-
ined using the method of cultures (Kostikov et al.,
2001). To obtain enrichment cultures, fragments of
algal crusts were placed in Petri dishes with Bold
(IN BBM) agarized medium (Bischoff, Bold, 1963).
The cultures were grown under standard laboratory
conditions: with a 12-hour alternation of light and
dark phases and irradiation of 25 pumol photons
o m?2 e sl at a temperature of +20 + 5 °C. Micro-
scopic observation of enrichment cultures began in
the third week of cultivation. Isolated unialgal cul-
tures were cultivated on Bold and BG-11 nutrient
media (Stanier et al., 1971).

The identification of algae and bryophytes was
carried out using MBS-9 and Olympus BX-53 light
microscopes, according to generally accepted meth-
ods. Photomicrographs were taken using an Olym-
pus LC30 camera. The frequency of occurrence (F)
was defined as the ratio of the number of samples
in which the species was detected to the total num-
ber of studied samples. The species composition
of algae and bryophytes was compared using the
Serensen-Czekanowski floristic similarity index
(Shmidt, 1980).

The names and taxonomic position of revealed
species of cyanobacteria and algae as well as their
ecological characteristics are given according to the
compendium Prodromus of Spore Plants of Ukraine:
Algae (Tsarenko et al., 2024a, 2024b) and AlgaeBase
(Guiry, Guiry, 2025). The names of bryophyte spe-
cies are given according to the Prodromus of Spore
Plants of Ukraine: Bryophyta (Virchenko, Nyporko,
2022). The names of vascular plant species are given
according to the Euro+Med Database (Euro+Med,
2006-onward). The names of higher syntaxa of
chasmophyte vegetation are given according to Mu-
cina et al. (2016).
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Fig. 1. Dumka Cave complex. A, B: maps showing the location of the complex; C: karst bridge; D: boulders at
the entrance to the cave; E, F: view of the front grotto of the cave
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Results and Discussion

As a result of the direct microscopy and cultural
studies of the samples from the Dumka Cave com-
plex, 56 terrestrial species from 4 divisions and 7
classes of cyanobacteria and algae were identified
(Table 1, Figs 2, 3). Representatives of the divisions
Chlorophyta (41.4%) and Cyanobacteria (37.5%)
notably prevailed in the species composition; the
share of Heterokontophyta (17.8 %) and Charophy-
ta (3.6%) in the studied habitats was significantly
lower (Table 2). At the class level, Cyanophyceae
(37.5%) and Trebouxiophyceae (28.6%) predomi-
nated, followed by Bacillariophyceae (14.3%) and
Chlorophyceae (8.9%).

The generic spectrum of the algal flora of the
Dumka complex included 49 genera, of which
the vast majority (93.5%) is represented by one
species. Seven genera had two species each. The
frequency quotients of the identified species var-
ied considerably. Thirty-two species (57.1%) were
found in only one sample, and their proportion
was different for different divisions. The rarest
were yellow-green algae: all of them were found
only once. The most common in the studied hab-
itats were Desmococcus olivaceus and Nannochlo-
ris sp. (for both F = 100%). Frequently occurring
species were Bracteacoccus cf. minor (F = 60%),
Gloeocapsa coracina, Coccomyxa cf. simplex, and
Humidophila contenta (F = 50% for each).

Table 1. Species composition of cyanobacteria and algae of the Dumka Cave complex

(D — dominating species; ¥ — new species for Ukraine)
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Taxon 15 ii;te en(frzfce Grotto
CYANOBACTERIA
Cyanophyceae 13 16 0
Anathece endophytica (W. & G.S. West) Komdrek, Kastovsky & Jezberova + - -
*Synechococcus sciophilus Skuja + - -
*Synechocystis primigenia N.L. Gardner + - -
Gloeocapsa coracina Kiitzing + + -
Gloeocapsa kuetzingiana Nageli ex Kiitzing - + -
Gloeocapsopsis magma (Brébisson) Komarek & Anagnostidis ex Komarek + + -
Chroococcus helveticus Négeli D + -
Pseudocapsa dubia Ercegovi¢ + - -
Cyanosarcina parthenonensis Anagnostidis D + -
Aphanothece castagnei (Kiitzing) Rabenhorst - + -
Gloeothece palea (Kiitzing) Nageli - + -
Leptolyngbya sp. + + -
Phormidesmis sp. + -
Timaviella edaphica (Elenkin) O.N. Vinogradova & Mikhailyuk - + -
Stenomitos frigidus (EE. Fritsch) Miscoe & J.R. Johansen + + -
Potamoline cf. aerugineocaerulea (Gomont) M.D. Martins & L.H.Z. Branco + + -
Microcoleus vulgaris Strunecky, Komarek & J.R. Johansen - + -
Desmonostoc muscorum (Bornet & Flahault) Hrouzek & S. Ventura + - -
Nostoc calcicola Brébisson ex Bornet & Flahault - + -
Nostoc edaphicum N.V. Kondrateva - + -
Nodularia sphaerocarpa Bornet & Flahault + + -
CHLOROPHYTA
Chlorophyceae 3 3
Macrochloris dissecta Korshikov - + +
Chlorosarcinopsis sp. + - -
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Table 1 (continued)

Taxon

Karst
bridge

Cave
entrance

Grotto

Bracteacoccus cf. minor (Schmidle ex Chodat) Petrova
Coelastrella cf. rubescens (Vinatzer) Kaufnerova & Elids
Spongiochloris sp.

Trebouxiophyceae

Muriella terrestris ].B. Petersen

Desmococcus olivaceus (Persoon ex Acharius) J.R. Laundon
Diplosphaera chodatii Bialosuknia

Stichococcus bacillaris Négeli

Pseudostichococcus undulatus (Vinatzer) Van & Glaser
Elliptochloris subsphaerica (Reisigl) Ettl & G. Gértner
Coccomyxa cf. simplex Mainx

Coccomyxa cf. viridis Chodat

Gloeocystis cf. vesiculosa Nageli

Chloroidium sp.

Parietochloris alveolaris (Bold) S. Watanabe & G.L. Floyd
Trochiscia granulata (Reinsch) Hansgirg

Lobosphaera cf. tirolensis Reisigl

Chlorella vulgaris Beijerinck

Chlorella sp.

Nannochloris sp.

Ulvophyceae

Pseudendoclonium cf. arthopyreniae (Vischer & Klement) Darienko & Préschold
Scotinosphaera sp.

CHAROPHYTA

Klebsormidiophyceae

Klebsormidium nitens (Kiitzing) Lokhorst

Klebsormidium cf. subtile (Kiitzing) Mikhailyuk, Glaser, Holzinger & Karsten
HETEROKONTOPHYTA

Xanthophyceae

Botrydiopsis sp.

Heterococcus sp.

Bacillariophyceae

Aerophilia roeseana (Rabenhorst) Danz, Van de Vijver & Kociolek

Humidophila contenta (Grunow) Lowe, Kociolek, Johansen, Van de Vijver, Lange-
Bertalot & Kopalova

Humidophila sp.

Achnanthes coarctata (Brébisson ex W. Smith) Grunow
Luticola cohnii (Hilse) D.G. Mann

Luticola nivalis (Ehrenberg) D.G. Mann

Nitzschia sp.

Hantzschia amphioxys (Ehrenberg) Grunow

Number of species, units

@ + + |

+ o=+ o+

26

+
+

o+ 4+

+ =+

+ + W

35

-+

16
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The studied sites of the cave complex showed
some differences in the species composition and tax-
onomic structure of the epilithic algal flora (Tables 1,
2). If we compare the total number of species found
in each site with the average number of species in
the sample, we get the following distribution: karst
bridge — 26/17.5, entrance to the cave — 35/15.7,
and inside the grotto — 16/6.2 (see Table 2). In-
deed, samples from the calcareous boulders of the
karst bridge were characterized by high diversity,
with an absolute predominance of cyanobacteria
(50%) and green algae (46.2%) in the taxonomic
structure; representatives of xanthophyceans and
diatoms have not been revealed (see Table 2).

As it can be seen from Fig. 1C, the surface of the
calcareous cliffs forming the karst bridge is cov-
ered with a continuous dark green coating. It was
formed by the subaerophytic epilythic cyanobac-
teria Chroococcus helveticus (Fig. 2A), Pseudocapsa
dubia (Fig. 2B), and Cyanosarcina parthenonensis
(Fig. 2D) with the participation of the common ter-
restrial green alga Desmococcus olivaceus (Fig. 3D).
Other representatives of pro- and eukaryotic algae
were observed in insignificant quantities. Only in
this part of the Dumka complex we found cyano-
bacteria Anathece endophytica, Synechococcus scio-
philus (Fig. 2F), Synechocystis primigenia (Fig. 2E),
Desmonostoc muscorum, chlorophytes Chlorosarci-
nopsis sp., Spongiochloris sp., Gloeocystis cf. vesicu-
losa, Chloroidium sp., Parietochloris alveolaris, etc.,
and Klebsormidium cf. subtile from Charophyta.

Calcareous boulders at the entrance to the cave
also turned out to be a favorable habitat for the
epilithic algal flora. A total of 35 species from three
divisions have been identified. The share of cyano-
bacteria is most significant (45.7%), followed by
Chlorophyta (37.1%); the diversity of Heterokonto-
phyta (17.2%) was mainly due to the representatives
of diatoms (14.3%). Charophytes have not been
found in this habitat. Although cyanobacteria rank
first in terms of the number of species found, unlike
the pattern observed on the karst bridge, they did
not participate in the formation of the visible cov-
er on the rock surface. At the same time, a num-
ber of cyanobacterial species were common to the
mentioned sites, namely Gloeocapsa coracina (Fig.
2I), Gloeocapsopsis magma (Fig. 2C), Cyanosarcina
parthenonensis. Various species [G. kuetzingiana,
Aphanothece castagnei (Fig. 2G), Gloeothece palea
(Fig. 2H), Phormidesmis sp., Timaviella edaphica,
Microcoleus vulgaris (Fig. 2L), Nostoc calcicola (Fig.
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2M)] were found exclusively on the boulders at the
entrance to the cave. Of Chlorophyta, ten species
were found at the cave entrance. Abundant bright
green cover on the rocks was formed by Desmococ-
cus olivaceus (Fig. 3D); other species were regis-
tered singly. Those were Macrochloris dissecta (Fig.
3A), Bracteacoccus cf. minor (Fig. 3B), Coelastrella
cf. rubescens, Stichococcus bacillaris, Elliptochloris
subsphaerica (Fig. 2E), etc. Taxa of Heterokontophy-
ta were represented by Botrydiopsis sp. and diatoms
common for terrestrial habitats: Aerophilia roese-
ana, Humidophila contenta, Luticola cohnii, and
Nitzschia sp. In general, the species composition of
the algal communities at the entrance to the cave
was similar to those found on the karst bridge. The
main differences are the presence of heterokonto-
phytes, not found on the bridge, and the absence of
cyanobacteria among the dominant species.

The walls of the front grotto of the cave were
characterized by a significantly lower total diver-
sity of algae. Cyanobacteria were completely ab-
sent, green algae (62.5%) led in species richness;
the most diverse were trebouxiophyceans (43.8%),
among the division Heterokontophyta (31.2%), the
leading group was diatoms, while xanthophyceans
were represented by one species (Heterococcus sp.).
Macroscopic cover on the rock surface was formed
by Desmococcus olivaceus (Fig. 3D), sometimes
Nannochloris sp. (Fig. 3C) or protonema of moss-
es. Trochiscia granulata, Coccomyxa cf. viridis, and
Klebsormidium nitens were found only in this lo-
cality. Green algae were found singly: Macrochloris
dissecta, Bracteacoccus cf. minor, Muriella terrestris,
Pseudostichococcus undulatus (Fig. 3E, F), Cocco-
myxa cf. simplex, etc. Diatoms were represented by
terrestrial forms: Humidophila contenta, Humido-
phila sp. (Fig. 3M), Achnanthes coarctata, Luticola
nivalis (Fig. 3L), and Hantzschia amphioxys.

Our comparison of the species composition of
algae in different sites of the Dumka Cave complex
using the Serensen-Chekanovsky similarity index
showed the grouping of the studied samples into
two clusters (Fig. 4): the front grotto of the cave (first
cluster) and the karst bridge and the entrance to the
cave (second cluster). There is only one exception,
sample 49, which entered the cluster of the front
grotto of the cave, although it was a sample from the
entrance. That indicates the transitional nature of the
algal communities of the entrance to the cave, since
it has features of both the composition of algae from
the karst bridge (predominance of cyanobacteria)
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Table 2. Taxonomic structure of the algal flora of the Dumka Cave complex

Taxon Number of species, units (%)

Karst bridge Cave entrance Grotto In total
CYANOBACTERIA 13 (50.0) 16 (45.7) - 21 (37.5)
Cyanophyceae 13 (50.0) 16 (45.7) - 21(37.5)
CHLOROPHYTA 12 (46.2) 13 (37.1) 10 (62.5) 23 (41.1)
Chlorophyceae 3(11.5) 3(8.6) 2 (12.5) 5(8.9)
Trebouxiophyceae 8 (30.8) 9 (25.7) 7 (43.8) 16 (28.6)
Ulvophyceae 1(3.8) 1(2.9) 1(6.3) 2(3.6)
CHAROPHYTA 1(3.8) - 1(6.3) 2(3.6)
Klebsormidiophyceae 1(3.8) - 1(6.3) 2(3.6)
HETEROKONTOPHYTA - 6(17.2) 5(31.2) 10 (17.8)
Xanthophyceae - 1(2.9) 1(6.3) 2 (3.6)
Bacillariophyceae - 5(14.3) 4 (25.0) 8 (14.3)
Number of species, units (%) 26 (100) 35 (100) 16 (100) 56 (100)
Average number of species in the sample 17.5 15.7 6.2 11.3

Fig. 2. Cyanobacteria of the Dumka Cave complex. A: Chroococcus helveticus; B: Pseudocapsa dubia; C: Gloeocapsopsis
magma; D: Cyanosarcina parthenonensis; E: Synechocystis primigenia (arrows) among the cells of green alga Elliptochloris
subsphaerica; F: Synechococcus sciophilus; G: Aphanothece castagnei; H: Gloeothece palea; 1: Gloeocapsa coracina; J, K:
Nodularia sphaerocarpa (J: chains of akinetes); L: Microcoleus vulgaris; M: Nostoc calcicola. Scale bars: 10 um
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Fig. 3. Eukariotic algae of the Dumka Cave complex. A: Macrochloris dissecta; B: Bracteacoccus cf. minor; C: Nannochloris sp.;
D: Desmococcus olivaceus; E, F: Pseudostichococcus undulatus; G, H: Scotinosphaera sp.; I: Trochiscia granulata (sporangia on
top and vegetative cells on bottom); J: Pseudendoclonium cf. arthopyreniae; K: Coccomyxa cf. viridis; L: Luticola nivalis; M
Humidophila sp. Scale bars: 10 um

Front Grotto Karst Bridge and Walls at the Entrance

51 53 52 54 49 50 46 48 45 47

| 528 51.6

36.8 38.1

222

Fig. 4. Dendrite of the floristic similarity of the species
composition of algae of the Dumka Cave complex according
to the Serensen-Chekanovsky index (%)
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and from the front grotto (exclusive dominance of
the green alga Desmococcus olivaceus). The species
composition of algae on the walls of the front grotto
of the cave is most peculiar, probably due to signif-
icant shading and more stable temperature and hu-
midity conditions throughout the year.

As it is known (Vinogradova, Mikhailyuk, 2009;
Lamprinou et al,, 2012), in the speleological litera-
ture, three zones are distinguished according to the
level of illumination; the present research covered
two of them, the “entrance zone” and the “twilight
zone”. The data we obtained have certain similarities
with the algal flora of similar localities in other coun-
tries, in particular, Slovakia (Sramkova, Kovacik,
2005), Poland (Czerwik-Marcinkowska, Mrozins-
ka, 2011; Czerwik-Marcinkowska et al., 2015), the
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Table 3. Taxonomic structure of the bryoflora of the Dumka Cave complex

Taxon Number of species, units (%)

Karst bridge Cave entrance Grotto In total
MARCHANTIOPHYTA 8 (38.0) 3(23.1) - 8(32.0)
Jungermanniopsida 5(23.8) 2(15.4) - 5(20.0)
Jungermanniales 3(14.2) 2(15.4) - 3(12.0)
Pelliales 1(4.8) - - 1(4.0)
Porellales 1(4.8) - - 1(4.0)
Marchantiopsida 3(14.2) 1(7.7) - 3(12.0)
Marchantiales 3(14.2) 1(7.7) - 3(12.0)
BRYOPHYTA 13 (62.0) 10 (76.9) 2 (100) 17 (68.0)
Bryopsida 13 (62.0) 10 (76.9) 2 (100) 17 (68.0)
Hypnales 8 (38.0) 5(38.5) 1 (50) 9 (36.0)
Bryales 2(9.6) 2(15.4) - 3(12.0)
Pottiales 2(9.6) 1(7.7) 1(50) 2 (8.0)
Dicranales 1(4.8) - - 1(4.0)
Encalyptales - 1(7.7) - 1(4.0)
Timmiales - 1(7.7) - 1(4.0)
Total number of species 21 (100) 13 (100) 2 (100) 25 (100)

Czech Republic (Wipplingerova et al., 2025), Serbia
(Popovic et al., 2017; Nikoli¢ et al., 2020), etc. This
applies to both species composition and taxonomic
structure: in the latter, the greatest similarity is not-
ed with the caves of the Polish Jura (Polish Jurassic
Highland, Jura Krakowsko-Czgstochowska).

Some species of cyanobacteria and algae revealed
on the rocks of the cave complex are new and note-
worthy records. In particular, two species of cyano-
bacteria are first records in Ukraine: Synechococcus
sciophilus (Fig. 2F) and Synechocystis primigenia
(Fig. 2E). Both taxa are typical of calcareous rocks,
the latter is also found in caves (Komarek, Anagnos-
tidis, 1998). For a number of cyanobacterial species,
this is the second record in Ukraine. Among them,
Gloeocapsa coracina, Cyanosarcina parthenonensis
(Fig. 2D), and Microcoleus vulgaris (Fig. 2L) were
reported from the caves and grottoes of the Podil-
sky Tovtry National Nature Park (Vinogradova,
Mikhailyuk, 2010). Aerophyte Pseudocapsa dubia
(Fig. 2B) was found on the rock in the Carpathi-
an Biosphere Reserve (Kovalenko, Kyslova, 2008).
Noteworthy records are cyanobacteria Chroococcus
helveticus (Fig. 2A) and Nodularia sphaerocarpa
(Fig. 2], K), green algae Coccomyxa cf. viridis (Fig.
3K), Scotinosphaera sp. (Fig. 3G, H), Pseudostichoc-
occus undulatus (Fig. 3E, F), Pseudendoclonium cf.
arthopyreniae (Fig. 3]), Macrochloris dissecta (Fig.
3A), and terrestrial diatoms Aerophilia roeseana,

Achnanthes coarctata, and Humidophila contenta
(Tsarenko et al., 2024a, 2024b).

In total, 25 species of bryophytes were found in
different parts of the cave complex, including eight
species of liverworts (Marchantiophyta) and 17 spe-
cies of mosses (Bryophyta; Table 3). Marchantiophy-
ta is represented by 2 classes (Jungermanniopsida,
Marchantiopsida), 4 orders and 6 families (Cono-
cephalaceae and Plagiochilaceae — 2 species each,
Pelliaceae, Lophocoleaceae, Marchantiaceae, Porel-
laceae — 1 species each). All discovered represen-
tatives of Bryophyta belong to the class Bryopsida, 6
orders and 9 families (Brachytheciaceae, Mniaceae,
Plagiotheciaceae — 3 species each, Neckeraceae, Pot-
tiaceae — 2 species each, Fissidentaceae, Encalyptaceae,
Amblystegiaceae, Timmiaceae — 1 species each).

The karst bridge had the highest species richness
of bryophytes (21 species), and 13 species were found
on the calcareous boulders at the cave’s entrance.
Due to the low lighting, cave's front grotto walls had
extremely low bryophytes (2 species, Table 4).

The karst bridge turned out to be richest in bry-
ophytes. A total of 21 species have been found here.
The peculiarity of this site is the diversity of liver-
worts (8 species) of which only three species were
found in other parts of the complex. The richness
of the bryo- and hepaticoflora of the karst bridge
is probably due to the greater variety of conditions,
primarily the surfaces with different exposure and
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Table 4. Species composition of the bryoflora of the Dumka Cave complex

Taxon

Karst bridge Cave entrance Grotto

MARCHANTIOPHYTA

Apopellia endiviifolia (Dicks.) Nebel & D. Quandt
Conocephalum conicum (L.) Dumort.

Conocephalum salebrosum Szweyk., Buczk. & Odrzyk.
Lophocolea heterophylla (Schrad.) Dumort.

Marchantia quadrata Scop.

Pedinophyllum interruptum (Nees) Kaal.

Plagiochila porelloides (Torr. ex Nees) Lindenb.

Porella platyphylla (L.) Pfeiff.

BRYOPHYTA

Anomodon viticulosus (Hedw.) Hook. & Taylor
Brachytheciastrum velutinum (Hedw.) Ignatov & Huttunen
Campylophyllopsis calcarea (Crundw. & Nyholm) Ochyra
Encalypta streptocarpa Hedw.

Fissidens gracilifolius Brugg.-Nann. & Nyholm
Gymnostomum aeruginosum Sm.

Mnium marginatum (Dicks.) P. Beauv.

Mnium stellare Hedw.

Orthothecium intricatum (Hartm.) Schimp.
Plagiomnium rostratum (Schrad.) T.J. Kop.
Plagiothecium cavifolium (Brid.) Z. Iwats.
Plasteurhynchium striatulum (Spruce) M. Fleisch.
Platydictya jungermannioides (Brid.) H.A. Crum
Pseudanomodon attenuatus (Hedw.) Ignatov & Fedosov
Rhynchostegium murale (Hedw.) Schimp.

Tortula muralis Hedw.

Timmia bavarica Hessl.

Total number of species
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different levels of illumination. Only 3 species (Apo-
pellia endiviifolia, Mnium stellare (Fig. 5B), and Pseu-
danomodon attenuatus) were abundant in both shad-
ed and illuminated places. Conocephalum salebrosum
(Fig. 5C) dominated only on horizontal and semi-in-
clined periodically illuminated surfaces. Another
species of this genus (C. conicum) was found only in
shaded conditions of niches and vaults, where it grew
as single thalli. Orthothecium intricatum, Gymnosto-
mum aeruginosum, and Pedinophyllum interruptum
form small turfs in the niches. Fissidens gracilifo-
lius was found only at the foot of the bridge blocks,
where a small layer of soil was formed. The most pe-
culiar is the bryoflora of the horizontal surface of the
top of the bridge arch. Variable lighting due to sparse
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tree stands and a thin layer of soil on the rock surface
form specific conditions. Marchantia quadrata and
Lophocolea heterophylla were found only here.

The species composition of bryophytes on the
rocks near the cave entrance differed from that of the
karst bridge, although the composition of dominant
species was the same. A total of 13 species of bryo-
phytes were found here. Three species (Conocephalum
salebrosum, Pseudanomodon attenuatus, and Mnium
stellare) formed expanded turphs on the rocks.

A characteristic feature of the rocks near the
entrance was also large-sized turfs of Timmia ba-
varica (Fig. 5A) and Anomodon viticulosus (Fig.
5D). These species have relatively large gameto-
phyte and, together with other dominants, create

ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (6)



Algae, bryophytes, and vascular plants of the Dumka Cave complex

Fig. 5. Bryophytes of the Dumka Cave complex. A: Timmia bavarica; B: Mnium stellare; C: Conocephalum salebrosum; D:
Anomodon viticulosus; E: Fissidens gracilifolius; F: Pedinophyllum interruptum

a very characteristic appearance of almost com-  Gymmnostomum aeruginosum with the addition of
pletely moss-covered calcareous walls. They are  Brachytheciastrum velutinum, Campylophyllopsis
joined by small spots of Encalypta streptocarpa,  calcarea, and Platydictya jungermannioides.
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Table 5. Taxonomic structure of vascular plants of the Dumka Cave complex

Taxon Number of species, units (%)

Karst bridge Cave entrance Grotto In total
PTERIDOPHYTINA 3(30.0) 5(31.25) - 5(23.8)
Aspleniaceae 2 (20.0) 3(18.75) - 3(14.2)
Cystopteridaceae 1(10.0) 1(6.25) - 1(4.8)
Polypodiaceae - 1(6.25) - 1(4.8)
SPERMATOPHYTINA 7 (70.0) 11 (68.75) - 16 (76.2)
Araliaceae - 1(6.25) - 1(4.8)
Brassicaceae 1(10.0) 1(6.25) - 1(4.8)
Campanulaceae - 1(6.25) - 1(4.8)
Caryophyllaceae - 1(6.25) - 1(4.8)
Celastraceae - 1(6.25) - 1(4.8)
Asteraceae - 1(6.25) - 1(4.8)
Crassulaceae - 1(6.25) - 1(4.8)
Geraniaceae 1(10.0) 1(6.25) - 2 (9.6)
Grossulariaceae 1(10.0) - - 1(4.8)
Lamiaceae 1(10.0) 1(6.25) - 1(4.8)
Papaveraceae 1(10.0) - - 1(4.8)
Poaceae - 1(6.25) - 1(4.8)
Ranunculaceae 1(10.0) - - 1(4.8)
Rubiaceae - 1(6.25) - 1(4.8)
Viburnaceae 1(10.0) - - 1(4.8)
Total number of species 10 (100) 16 (100) - 21 (100)

The walls of the front grotto of the cave were char-
acterized by a very poor species composition of bry-
ophytes. Only two species (Orthothecium intricatum
and Gymnostomum aeruginosum) have been found
here, growing on vertical surfaces in crevices where
a thin layer of humus was formed. In general, envi-
ronmental conditions in caves are quite unfavorable
for bryophytes, even for sciophyte species. There is
insufficient lighting with limited availability of nutri-
ents, high humidity and relatively small temperature
fluctuations. The bryoflora of cave complexes differs
significantly from the bryoflora of the surround-
ing forest vegetation, and is often relict (Rena et al.,
2021). Therefore, not many species are known from
deep caves in Ukraine (Bachuryna, Melnychuk, 1987,
1988, 1989, 2003; Virchenko, Nyporko, 2022). Of
the species that we discovered, only O. intricatum is
known from other cave complexes in Ukraine. Bryo-
floras of cave complexes in some European countries
are also somewhat similar to the one we discovered
(Kubesova, 2001; Mulec, Kubesova, 2010), although
they are usually richer at the species level.

A comparison of species composition using the
Serensen-Chekanovsky index showed the greatest
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uniqueness of the bryoflora of the front grotto of the
cave (15%), while the bryoflora of the karst bridge
and the cave entrance were quite similar (52%).
There are 9 species shared by the karst bridge and
the cave entrance. Orthothecium intricatum grows
on the walls near the entrance and in the front grot-
to. Only Gymnostomum aeruginosum was found in
all studied sites.

Some of the revealed bryophytes are noteworthy
and rare species. For Pedinophyllum interruptum
(Fig. 5F) and Fissidens gracilifolius (Fig. 5E), this is
the second locality in Ivano-Frankivsk Region, and
for the latter in Ukraine as well. V.M. Virchenko
found E gracilifolius on shaded limestones in Rivne
Region (Virchenko, Nyporko, 2022). For Timmia
bavarica, this is the third locality in Ivano-Frankivsk
region. Previous records were dated by 1928 and
1936, and one of them was from the territory of the
studied RLP: Tlumatsky District, near Nyzhniv vil-
lage (Bachuryna, Melnychuk, 1989). Four species
are rare for the Forest-Steppe: Apopellia endiviifolia,
Porella platyphylla, Plagiothecium cavifolium, and
Plasteurhynchium striatulum (Boiko, 2010). Fif-
teen species of bryophytes (Anomodon viticulosus,
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Table 6. Species composition of vascular plants of the Dumka Cave complex

Taxon

Karst bridge

Cave entrance Grotto

PTERIDOPHYTINA
Asplenium ruta-muraria L.
Asplenium scolopendrium L.
Asplenium trichomanes L.
Cystopteris fragilis (L.) Bernh.
Polypodium vulgare L.
SPERMATOPHYTINA

Lamium galeobdolon (L.) Crantz
Ribes uva-crispa L.

Geranium sanguineum L.
Sambucus nigra L.

Isopyrum thalictroides L.
Chelidonium majus L.
Arabidopsis arenosa (L.) Lawalrée
Geranium robertianum L.
Euonymus verrucosus Scop.
Hylotelephium maximum (L.) Holub
Poa nemoralis L.

Cicerbita muralis (L.) Wallr.
Moehringia muscosa L.

Galium intermedium Schult.
Campanula trachelium L.
Hedera helix L.

Total number of species
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Brachytheciastrum velutinum, Fissidens gracilifolius,
Marchantia quadrata, Mnium marginatum, Or-
thothecium intricatum, Pedinophyllum interruptum,
Plagiomnium rostratum, Plagiothecium cavifolium,
Plasteurhynchium striatulum, Platydictya junger-
mannioides, Porella platyphylla, Pseudanomodon
attenuatus, Rhynchostegium murale, and Tortula
muralis) are reported for the first time from the ter-
ritory of the Dniester RLP.

It should be noted that the identified species
composition of bryophytes turned out to be some-
what similar to the bryofora of previously studied
localities in Western Ukraine, representing shaded
forest limestone outcrops (Nyporko, 2021; Didukh
et al, 2023; Nyporko, Vasheniak, 2024). These
habitats of shaded chasmophyte communities of
Ukraine are classified as biotopes H32¢ (Temper-
ate lowland to montane base rich inland cliff) ac-
cording to the new EUNIS classification (Chytry
et al., 2020). The communities are rare and have a

limited distribution, with low potential for recovery
(Didukh et al., 2023). According to our research,
Conocephalum  salebrosum, Pseudanomodon at-
tenuatus, Anomodon viticulosus, and Mnium stel-
lare frequently occur in such communities. Also
on limestone shaded cliffs, Apopellia endiviifolia,
Gymnostomum aeruginosum, and Pedinophyllum
interruptum are common. Other species found
in this locality mainly prefer calcium-containing
substrates. In Ukraine, Orthothecium intricatum is
quite common in crevices of limestone rocks, ra-
vines, and caves (Bachuryna, Melnychuk, 2003).
Thus, the bryoflora of the Dumka Cave complex is
generally calcephytic and sciophytic.

Vascular plants identified in the studied sites
of the Dumka Cave complex include five species
of Pteridophytina; among them, three species of
the family Aspleniaceae (Asplenium ruta-muraria,
A. scolopendrium, and A. trichomanes). In addi-
tion, 16 species of Spermatophytina are companion
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species of the chasmophytic communities, includ-
ing mainly herbaceous plants of the families Bras-
sicaceae, Campanulaceae, Asteraceae, Poaceae, suc-
culents of the family Crassulaceae (Hylotelephium
maximum), shrubs of the families Celastraceae (Eu-
onymus verrucosus), Viburnaceae (Sambucus nigra),
and Grossulariaceae (Ribes uva-crispa) (Tables 5, 6).

Among vascular plants, the dominant species are
representatives of Pteridophytina (Asplenium scol-
opendrium, Cystopteris fragilis, Polypodium vulgare),
which are characteristic of shaded rocky biotopes
(Didukh et al., 2023), the projective cover of which is
20%. At the same time, the floristic core of chasmo-
phytic communities is formed by representatives of
Spermatophytina with a projective cover of 0.1-2%,
which are mainly forest species (Campanula trache-
lium, Hedera helix, Lamium galeobdolon). Sometimes
synanthropic species (Chelidonium majus, Moehrin-
gia trinervia) are associated in particular with a cer-
tain recreational load of the Dumka Cave complex.

It is worth noting that vascular plants are not cal-
ciphiles and do not indicate peculiar conditions of
calcareous cliffs of the Dumka Cave complex, un-
like mosses and algae. In general, such complexes
of vascular plants and mosses can be classified as
associations of Cystopteridetum fragilis Oberd. 1938
and Asplenio-Phyllidetum scolopendrii Redzi¢ et al.
2002 within the class Polypodietea Jurko et Peciar ex
Boscaiu, Gergely et Codoreanu in Ratiu et al. 1966,
reported for Ukraine (Didukh et al., 2023). They oc-
cur in semi-shaded and shaded conditions of horn-
beam-oak forests, which occupy quite large areas
on the upper terraces of the Dniester River valley.
Such communities belong to the biotope H32¢ “Car-
bonate rocks of the temperate zone, occurring on
the plain and in the lower mountain belt” (Chytry et
al., 2020) and are assessed as rare biotopes belonging
to the second category (Didukh et al., 2023).

Conclusions

The study is the first attempt to assess the floristic
diversity of chasmophytic communities of calca-
reous rocks of the Dumka Cave complex in the
Dniester RLP. Diverse species and taxonomic com-
position of cyanobacteria, algae, cryptogamic and
vascular plants were revealed: 56 species of cyano-
bacteria and algae (Cyanobacteria — 21, Chlorophy-
ta — 23, Charophyta — 2, Heterokontophyta — 9),
25 species of bryophytes (Marchantiophyta — 8,
Bryophyta — 17), and 21 species of vascular plants
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(5 — Pteridophytina, 16 — Spermatophytina). In-
teresting floristic records were made in the studied
biotope. Two species of cyanobacteria (Synechococ-
cus sciophilus and Synechocystis primigenia) are first
reported for Ukraine. Gloeocapsa coracina, Pseudo-
capsa dubia, Cyanosarcina parthenonensis, and Mi-
crocoleus vulgaris have only been found in our co-
untry once before. Among bryophytes, noteworthy
records are Pedinophyllum interruptum and Fissi-
dens gracilifolius, for which this is the second locality
in Ivano-Frankivsk Region, and for the latter in Uk-
raine as a whole. For Timmia bavarica (rare in the
Ukrainian Carpathians) this is the third locality in
Ivano-Frankivsk Region. On the other hand, among
the identified vascular plants there are synanthropic
species, which indicates the presence of certain an-
thropogenic impact. Therefore, further monitoring
of the state of the biotope's vegetation is necessary.

The studied communities belong to the bio-
tope H32c¢ “Cabonate rocks of the temperate zone,
occurring on the plain and in the lower mountain
belt”, according to the new classification of biotopes,
are syntaxonomically characterized as a group of
the Polypodietea class, referring to the second cat-
egory of rarity and needing protection. The main
threat to the existence of this biotope is deforesta-
tion, which leads to increased light levels, heating of
rocks, and moisture deficiency, as well as eutrophi-
cation due to recreational load.
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Bopopocri, Moxomopi6Hi Ta CysMHHI pOCTMHY BaIlHAKIB Ie4epHOro KoMItekcy “Jlymka”
(dHicTpoBCcHKMII perionanbHuil TaHmadTHMIT DapK, YKpaiHa)

T.I. MUXAJJIIOK !, O.M. BUHOTPAJIOBA !, C.O. HUIIOPKO 1, 10.A. BAIIEHAK 2
! Tncruryt 6oraniku iM. M.I. Xonopaoro HAH Ykpainy,

Byn. Tepemenkiscpka 2, Kuis 01601, Ykpaina
2 [loneupknit HaLiOHATbHWIT YHiBepcnTeT iMm. Bacusa Cryca,

By/. 600-pivua 21, Binanua 21000, Ykpaina

Pedepar. JocnimkeHo xa3Mo]iTHI yrpyIoBaHHs BAaIHAKOBMUX CKeJIb Ie4epHOro KoMivlekcy “Iymxa” B JJHICTpOBCBKOMY
perioHanbHOMY nanamapTHOMY Hapky (IBaHO-PpaHKiBCbKa 0671aCTh). BUsBIeHO Pi3HOMAHITHY POCTMHHICTD, B sAKiil ZOMi-
HYBa/Ii NIANOpoOTi, MOXOIOAIOHI Ta BogopocTi. KoMmeke foCIipKyBamm y TpboX YacTMHAX: TaK 3BaHUIT “KapcTOBMIL MicT”
(HarpoMa/KeHHS y/IaMKiB CK/ICNiHHA Iedepy), BaIHAKM Oi/11 BXOAY [0 Iledepy Ta CTiHN HepefHbOro IpoTy Hedepu. 3a-
rajIoM y IeYyepHOMY KOMIUIeKci BusIBIeHO 56 BuAiB Bogopoctelt (Cyanobacteria — 21 Bup, Chlorophyta — 23, Charophyta
— 2, Heterokontophyta — 9), 25 BugiB Moxonogi6uux (Marchantiophyta — 8, Bryophyta — 17) ta 21 Bup, CYAMHHNUX POCINH
(Pteridophytina — 5, Spermatophytina — 16). HaiiBuine BujjoBe pisHOMAHITTs 3apEECTPOBAHO Ha KAPCTOBOMY MOCTI Ta CTi-
Hax IIpM BXOfi 1o medepn. B 060X MicIie3pocTaHHAX Y BOGOPOCTEBOMY IIOKPUBi JOMIHYBa/IM IIPeACTaBHMKM LliaHOOAKTepilt
i 3e7meHux Bogopocrteit. Bogopocti Ta MOX0omoai6Hi Ha CTiHAX MepeAHBOrO IPOTY OYIIN MEHII PiSHOMaHITHUMM, CYAMHHI poc-
JIVHY Ta IfjaHoOaKTepil — B3arai BiACyTHI, TyT mepeBaxkanu Tpebykciediniei 3eneni BogopocTi Ta giatomel. ITopiBHAHHS
BUJOBOTO CK/Ia/{y BOJOPOCTENT Ta MOXOHOAIOHNX 3a KoedirienTom ChopeHceHa-UeKaHOBCHKOTO ITOKA3ajIo IeBHY CIIOPifjHe-
HiCTb KapCTOBOTO MiCTy i OpuI 61711 BXOAY IO Hedepy Ta CreludidHiCTh MepefHbOro rpotTy nedepu. Cepel BUABICHUX BU-
niB Bojopocreii 2 Bumyu — Synechococcus sciophilus ta Synechocystis primigenia — € HoBuMu ina nopu YKpainu, pemra —
pinkicHMMM Ta BapTUMU yBaru TakcoHamu (Gloeocapsa coracina, Microcoleus vulgaris, Scotinosphaera sp., Pseudostichococcus
undulatus Ta iH.). 15 BUiB MOXOIOAIOHNX HAaBORATBHCA BIeplle Wi TepurTopil mapky. [nsa IBano-®PpankiBcbkol 06/acTi
BIleplile HABOAATbCA 2 Bupu — Pedinophyllum interruptum ta Fissidens gracilifolius, 3HaxifKka OCTaHHBOTO € JPYTOI0 JIs
teputopii Ykpainn. [l pifkicHoro B Ykpaincpkux Kapnarax Timmia bavarica ue Tperiit mokaniteT B IBaHo-®paHKiBChKill
o6bmacri. CyfMHHI POCINHN € XapaKTePHNUMN J/Is1 3aTiHEHNX eI THUX MiciiedpocTaHb. Taki yrpynoBaHHs Ha/eXarb 4o 6io-
tony H32c "KaboHaTHi ckesti IOMipHOTO HOSACY, 110 TPAIUIAIOTHCA Ha PiIBHUHI Ta Y HIDKHBOMY IipCbKOMY IOSC", CMHTAKCO-
HOMIYHO XapaKTepu3yITbCA AK YIrpynoBaHH:A Kkinacy Polypodietea 1 HanexaTsb o Apyroi Kareropii pikicHOCTi Ta IoTpeby-
10Tb 0XOpOH!U. OCHOBHOIO 3aTrPO30I10 /I iCHYBaHHSA I1bOTO 6iotomy € BI/Ipy6yBaHHH JICiB, AKe NPU3BOAUTD 0 MiIBUILEHHA
PiBHA OCBiT/IEHOCTI, HarpiBaHH:A CKeNb Ta AedillUTy BOJIOIM, a TAKOXK eBTPOdIKallisd, AKa € pe3yIbTaTOM peKpealilfHoro
HaBaHTA)KEHHS.

KrmiouoBi cnoBa: 6iopisHomaHiTT4, [JHicTep, KapcToBa meyepa “IlyMKa’, MOXONoOfi6Hi, Ha3eMHi BOJOPOCTI, CYAMHHI pOCIMHY,
YkpaiHa, riaHo6aKTepii
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and two new names in Cenchrus and Elymus (Poaceae)
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Abstract. Three new combinations are proposed in two genera of Poaceae following the recent phylogenetic data: Cenchrus
beckeroides (Leeke) Olshanskyi, comb. nov., Cenchrus exiguus (Mez) Olshanskyi, comb. nov., and Cenchrus ledermannii (Mez)
Olshanskyi, comb. nov. Two replacement names are validated: Cenchrus hochstetteri Olshanskyi, nom. nov. (= Pennisetum
humile Hochst. ex A. Rich), honoring Christian Ferdinand Friedrich Hochstetter, a German botanist, and Elymus xirynae Ol-
shanskyi, Shiyan & Antonenko, nom. nov. (= Elymus xkarakabinicus (Kotukhov) Olshanskyi, nom. illeg., xElymotrigia altaica

Kotukhov), honoring Iryna Korotchenko, a Ukrainian botanist and conservationist.

Keywords: Cenchrus, xElymotrigia, Elymus, Elytrigia, hybrid, nothotaxon, Pennisetum, species

Introduction

The family Poaceae Barnhart includes ca. 780 ge-
nera and ca. 12 000 species (Christenhusz, Byng,
2016). The system of this family is now dynamically
changing, especially in response to new molecular
phylogenetic data, which is reflected, in particular,
in new or updated circumscriptions of genera and
nomenclature of many taxa. For example, speci-
es earlier placed in Hierochloé were transferred to
Anthoxanthum L., and Pennisetum Rich. is now
merged into Cenchrus L. (see Donadio et al., 2009;
Chemisquy et al., 2010; Verloove, 2012; de Lange,

James, 2024, etc.). Previously, we have already made
several nomenclatural combinations in Poaceae and
other families of monocots (Danylyk et al., 2017;
Olshanskyi, 2023; Danylyk, Olshanskyi, 2024).
Also, we propose here some new nomenclatural so-
lutions for taxa worth to be accepted and placed in
the proper genera. We found it necessary to make
some of these nomenclature decisions partly thanks
to POWO (2025-onwards). In this source, some
names are listed as “nom. ined, a practice used to
discover synonyms and subsequently put them un-
der the correct name (de Lange, James, 2024; San-
doval-Ortega, Zumaya-Mendoza, 2025, etc.).
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New nomenclatural combinations, and two new names in Poaceae

Nomenclature

Cenchrus beckeroides (Leeke) Olshanskyi, comb.

nov.

Basionym: Pennisetum beckeroides Leeke, Z. Natur-
wiss. 79: 30. 1907.

Type citation (Leeke, 1907): “Abessinien’”.

Type (Leeke, 1907; Phillips, 1995: 273, as
"holo[type]"): FEDERAL DEMOCRATIC RE-
PUBLIC OF ETHIOPIA: “Debra Eski, Schimper
38" (lectotype, designated here): B100167866
[https://herbarium.bgbm.org/object/
B100167866]; isolectotypes: G, K, P, S).

Note. Here and below, in formally designating the

lectotype, we follow the advice of McNeill (2014:

1113).

Cenchrus hochstetteri Olshanskyi, nom. nov.

Replaced synonym: Pennisetum humile Hochst. ex
A. Rich., Tent. F1. Abyss. 2: 383. 1850.

Type citation (Richard, 1850): “in pratis prope
Entchetkab, in provincia Semiene, mense Julio
(Schimper)”.

Type (Richard, 1850; Phillips, 1995: 269, as
"holo[type]"): FEDERAL DEMOCRATIC RE-
PUBLIC OF ETHIOPIA: “Semien, Entchetkab
[Enschedcap], Schimper 1372 (lectotype, des-
ignated here): P00442921 [https://plants.jstor.
org/stable/10.5555/al.ap.specimen.p00442921];
isolectotypes: BR, G, GOET, HAL, K, KW, LG,
M, MPU, P, REG, S, STU, TUB, US, W).

Etymology: The new name honors Christian Ferdi-

nand Friedrich Hochstetter (1787-1860), a German

botanist.

Notes. The new replacement name was necessary

because of the already existing name Cenchrus hu-

milis Hitchc. (Contr. U.S. Natl. Herb. 24: 488. 1927).

During the preparation of this article, we discove-

red an additional original specimen (isolectotype)

of Pennisetum humile Hochst. ex A. Rich. in the
historical collection of Nikolai Turczaninow (KW-

TURCZ), which is kept at the National Herbarium

of Ukraine (KW001003700).

Pennisetum humile is listed at present in Plants
of the World Online (https://powo.science.kew.
org/taxon/urn:Isid:ipni.org:names:415067-1) as
“Cenchrus nanus (Engl.) ined, a provisional no-
menclatural combination based on “Pennisetum
humile var. nanum Engl., Hochgebirgsfl. Afrika:
123 (1892)”. Since an epithet has priority only in its
rank, we decided to provide a new name.

Cenchrus exiguus (Mez) Olshanskyi, comb. nov.

Basionym: Pennisetum exiguum Mez, Bot. Jahrb. Syst.
57(2): 190. 1921.

Type citation (Mez, 1921): “Madagascar (Loher)”.

Type: REPUBLIC OF MADAGASCAR: “[Madagas-
car] Loher” (lectotype, designated here, or per-
haps holotype): B100167865 [https://herbarium.

bgbm.org/object/B100167865]; isolectotypes: M).

Cenchrus ledermannii (Mez) Olshanskyi, comb.

nov.

Basionym: Pennisetum ledermannii Mez, Bot. Jahrb.
Syst. 57(2): 191. 1921.

Type citation (Mez, 1921): “Kamerun (Ledermann
2776)"

Type: REPUBLIC OF CAMEROON: “Kamerun,
Pass Tchiépe, 27 Febr 1909, C. Ledermann 2776”
(lectotype, designated here, or perhaps holo-

type): B100167849 [https://herbarium.bgbm.org/
obiect/B100167849]).

Elymus xirynae Olshanskyi, Shiyan & Antonenko,

nom. nov.

Replaced synonym: xElymotrigia karakabinica
Kotukhov, Bot. Zhurn. (Moscow & Leningrad)
75(12): 1755. 1990.

Type citation (Kotukhov, 1990): “Altaj Australis,
jugum Tarbagataj, depressio Karakabinesis, 1700
m s. m., tumili herbosi morenici, prata gramino-
sa sicca, 3 VIII 1985, J. Kotuchov’.

Type (Kotukhov, 1990): REPUBLIC OF KAZAKH-
STAN: “Altaj Australis, jugum Tarbagataj, de-
pressio Karakabinesis, 1700 m s. m., tumili her-
bosi morenici, prata graminosa sicca, 3 VIII
1985, J. Kotuchov [IO>xH. Anrait, xp. Tapbararait,
Kapakabunckass Bmapmua, 1700M Hap yp. M.,
3ajlepHEHHbIe MOPEHHBIe OYTPbI, CyXOJOJIbHbIE
3makoBble nyra, 3 VIII 1985, 10. Koryxos]”
(holotype: LE; isotype: AA).

Hybrid formula: Elymus fedtschenkoi Tzvelev x
Elymus repens (L.) Gould. [in Kotukhov (1990):
Elymus fedtschenkoi Tzvelev x Elytrigia repens
(L.) Nevski s. L].

Synonyms (Olshanskyi, 2023): Elymus xkaraka-
binicus (Kotukhov) Olshanskyi, Ukrayins'k. Bot.
Zhurn. 80(2): 130 (2023), nom. illeg. (non Ely-
mus karakabinicus Kotukhov, Bot. Zhurn. (Len-
ingrad) 77(6): 89. 1992); xElymotrigia altaica
Kotukhov, Turczaninowia 1(1): 16. 1998.

Etymology: The new name honors Iryna Korot-

chenko (1973-2022), a Ukrainian botanist and

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypran. 2025. 82 (6) 553


https://herbarium.bgbm.org/object/B100167866
https://herbarium.bgbm.org/object/B100167866
https://plants.jstor.org/stable/10.5555/al.ap.specimen.p00442921
https://plants.jstor.org/stable/10.5555/al.ap.specimen.p00442921
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:415067-1
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:415067-1
https://herbarium.bgbm.org/object/B100167865
https://herbarium.bgbm.org/object/B100167865
https://herbarium.bgbm.org/object/B100167849
https://herbarium.bgbm.org/object/B100167849

I.G. OLSHANSKYI, N.M. SHIYAN, S.I. ANTONENKO

conservationist. Iryna Korotchenko's scientific in- ~ ETHICS DECLARATION
terests included biodiversity conservation, phyto-
sociology, plant ecology, and geography (see Mo-
syakin et al., 2022).

Note: A nomenclatural combination in Elymus
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New nomenclatural combinations, and two new names in Poaceae

Verloove E 2012. New combinations in Cenchrus (Paniceae, Poaceae) in Europe and the Mediterranean area. Willdenowia,

42(1): 77-78. https://doi.org/10.3372/wi.42.42108

Hosi HoMeHKIaTypHi KoM6iHawii y poni Cenchrus,
a TakoX ABi HOBi Ha3Bu y popax Cenchrus ta Elymus (Poaceae)

L. ONBITAHCBKII, H.M. IINSH, C.I. AHTOHEHKO
IncruryT 60taniku iM. M.I. Xonogrnoro HAH Ypaiun,
By Tepemenkiscoka 2, Kuis 01601, Ykpaina

Pedepart. Popnna Poaceae Bxmodae 6mm3bko 780 popis i 12 000 Buzis. CrcTema i€l pogyHM JUHAMIYHO 3MIHIOETBCS, 0CO-
6/1MBO 3TiTHO pe3ynbTaTiB MONMEKYNAPHO-(DITOreHeTUYHMX JJOCTiPKeHb. 30KpeMa, Bupy pony Hierochloé 6ynmm nepesereHi
B pin Anthoxanthum, a Bupgu pony Pennisetum — y Cenchrus. Pawniie my 3po6un KinbKa HOMEHK/IATypHIX KOMOiHAIii y
popuHi Poaceae Ta IeIKMX iHIIMX POAVHAX OIHONONBHMX POCINH. Y 1ill CTaTTi MU 3aIIPOIIOHYBA/M 1€ IesIKi HOMEHK/IATYp-
Hi pimrennsa. Tak, My 3po61In Tpu HOBI HOMeHKIATYypHI KoM6inauii: Cenchrus beckeroides (Leeke) Olshanskyi, comb. nov.,
Cenchrus exiguus (Mez) Olshanskyi, comb. nov., Cenchrus ledermannii (Mez) Olshanskyi, comb. nov. Takoxx, 3anpomnoHo-
BaHO 7iBi 3aminHi HasBu: Cenchrus hochstetteri Olshanskyi, nom. nov. (= Pennisetum humile Hochst. ex A. Rich.), Ha sects
HiMenpkoro 6oranika Xpuctnsana Gepaunanna Opinpixa Xoxmrerrepa [Toxmrerrepa] i Elymus xirynae Olshanskyi, Shiyan
& Antonenko, nom. nov. (= Elymus xkarakabinicus (Kotukhov) Olshanskyi, nom. illeg., xElymotrigia altaica Kotukhov), Ha
gecTb Ipuan KopordeHko, ykpaiHCbKOro 60TaHiKa Ta IPMpOKOOXOPOHIA.

Kmrouosi cmoBa: Cenchrus, xElymotrigia, Elymus, Elytrigia, Pennisetum, BUg, TiOpuf, HOTOTaKCOH
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The first records of the Pontic steppe subendemic
Salvia revelata (Lamiaceae) in the Republic of Moldova:
current status and threats
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Abstract. This article reports an addition to the flora of the Republic of Moldova — Salvia revelata, Pontic sage, a recently
described Pontic steppe subendemic species, which previously has been confused with the similar vicariant S. austriaca,
Austrian sage. The fieldwork during the flowering seasons of 2023-2025 has revealed 12 locations where the species occurs
in the Republic of Moldova. Locally, the flowering individuals have been recorded from the first third of May until the se-
cond decade of June, but regional data from neighboring countries demonstrate that multiannual weather variability within
the current climate change conditions can expand this timespan. The typical habitats of this species are rich steppe areas,
but several individuals have also been found in natural or artificial clearings of thermophilous downy oak forests. During
the study, main threats for conservation of S. revelata were identified, especially large-scale agriculture, overgrazing, pasture
abandonment, invasive shrubs, and population isolation by habitat fragmentation. Also, several direct actions, such as halting
afforestation (particularly with allochthonous species), rehabilitating grasslands, and promoting sustainable grazing, have
been recommended to protect Pontic sage and other steppe subendemics within the Republic of Moldova.

Keywords: distribution, new species, phenology, Salvia revelata, steppe vegetation, threats

Introduction new records for the Republic of Moldova (Pinzaru,

2021a, 2023; Cassir, 2022, 2023; Sfecla et al., 2023).

The peculiar geography of the Republic of Moldo-
va, especially combined with insufficient botanical
field research, enables the list of local vascular plant
species to enlarge yearly. During the last eight years,
at least 29 new taxa (22 species, four subspecies,
one variety, and two nothospecies) belonging to
20 families, have been discovered or confirmed as

Moreover, a new species, Thymus coldeae Pinzaru,
which is believed to be endemic to the Middle Sar-
matian limestone outcrops of the Republic of Mol-
dova, was described (Pinzaru, 2021b).

The purpose of the present article is to highlight
the presence of the recently described species,
Salvia revelata Matis & A.Z. Szabé (Lamiaceae),
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The first records of Salvia revelata in the Republic of Moldova

found for the first time in the Republic of Moldo-
va, and to establish its current distribution pattern
in the country. This cryptic species was described
in October 2022 and recognized as representing
a lineage distinct from Austrian sage, S. austriaca
Jacq., with which it can be easily confused (Ma-
tis et al., 2022). These two species can be correct-
ly identified in the field by analyzing the position
of the stamens, or the staminal lever mechanism,
which is lateral in S. austriaca and vertical in S.
revelata (Fig. 1). Thus far, little is known about the
distribution, ecology, and biology of the latter spe-
cies. Distribution-wise, it is accepted that its range
is limited to the true Steppe zone of the Pontic
Steppe, with few exceptional occurrences in the
Fig. 1. Flowers of Salvia revelata with the vertical staminal westernmost and northernmost limits (Matis et al.,
lever mechanism. Zolotievca, Anenii Noi District, 03.05.2024 2022). In addition to identifying the distribution
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Fig. 2. Global known distribution of Salvia revelata. The current distribution classifies the species as a Pontic Steppe
subendemic, judging from the majority of presence points that are located inside the Pontic Steppe ecoregion, or almost
entirely inside the Steppic Bioregion (EEA, 2024-onward). White rhombi represent the known locations of Pontic sage in
the Republic of Moldova, while black triangles represent the known locations according to Matis et al. (2022), Matis, pers.
comm. 2025, and some more recent observations from iNaturalist platform (2024-onward). The ecoregions were classified
and delimited following OneEarth (2024)
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pattern of S. revelata in Moldova, this study also
contributes new insight into the global distribu-
tion of the species, which is currently known only
in four other countries surrounding the Black Sea
(Bulgaria, RF, Romania, and Ukraine) (Fig. 2).
Furthermore, it can provide opportunities to com-
pare the species ranges of S. revelata and S. aus-
triaca in Moldova and to find out if there is any
distribution overlap and potential interactions be-
tween the two species in sympatry. Additionally,
this study aims to highlight some identified limit-
ing factors that may potentially threaten the local
and regional populations of S. revelata.

Material and Methods

The fieldwork for this study has been carried out
in June 2023, May-June 2024, and May-June
2025. The timing of the field trips has been plan-
ned according to personal observation of Salvia
sp. on 15 June 2021 near Zaim village (originally
identified as S. austriaca, but later re-identified as
S. revelata), and to other observations recorded
in the iNaturalist (2024-onward) online resource
by users from Ukraine and Romania. Therefore,
the surveys took place during multiple days. On
3 May 2024, a dedicated trip was made in order
to collect four herbarium specimens, now depo-
sited at the “Anastasie Fatu” Botanical Garden in
Tasi (specimen voucher TAGB47914), “Alexandru
Ioan Cuza” University in Iasi, Faculty of Biology
(specimen voucher 207229), Moldova State Uni-
versity, and “Al. Ciubotaru” Botanical Garden in
Chisinau (specimen vouchers 240414 and 240415,
respectively) (Fig. 3). The first trip was set to re-
confirm the presence of the species in the vicinity
of Zaim village. Some of the survey locations have
been selected using Google Earth satellite image-
ry, in order to match the habitat near Zaim village,
which represents poorly or totally ungrazed pastu-
res. Several proper habitats have been surveyed in
the following districts: Cduseni, Anenii Noi, Stefan
Vodd, and Ceadir-Lunga. The transect sampling
method has been used for efficiently finding the
target species and for estimating the relative abun-
dance of S. revelata in the studied areas. For spot-
ting the species from greater distances, a pair of
10 x 42 Zeiss binoculars has been used. The maps
have been created using QGIS v.3.28 (https://qgis.
org/) software. All figures are original and prepa-
red by the author.
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Fig. 3. Herbarium specimen of Salvia revelata deposited at
the Herbarium of the “Al. Ciubotaru” Botanical Garden in
Chisinau

Results

During multiple field trips, pastures in four di-
stricts (Causeni, Anenii Noi, Stefan Vodd, and Ce-
adir-Lunga) have been surveyed in order to find the
target species. As a result, S. revelata has been recor-
ded in the following 12 locations described below.
The first observation of the species on 15 June
2021 was reconfirmed on 2 June 2023 (46.610024,
29.298758) on an abandoned pasture 1 km away
from the locality of Zaim, Causeni District, close
to the geological and paleontological site “Zaim
Quarry” (David et al,, 2016). This grazing-exclud-
ed and abandoned pasture was almost entirely in-
vaded by the alien species Elaeagnus angustifolia L.
(oleaster), which has negative influence on the dis-
tribution and density of S. revelata. In areas where
oleaster was absent, the density of Pontic sage was
the highest, up to hundreds of flowering individu-
als per hectare. In the dense shrubbery dominated
by E. angustifolia, only several or no individuals of
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Fig. 4. Typical habitats of Salvia revelata. A, C: rich steppes with little woody vegetation (A — Ucrainca, Causeni District,
02.06.2024; C — Zolotievca, Anenii Noi District, 02.06.2024); B, D: abandoned/poorly grazed steppe, invaded mainly by
Elaeagnus angustifolia (B — Baccelia, Cduseni District, 18.05.2024; D — Zaim, Causeni District, 02.06.2023)

S. revelata were observed. Across the R26 road bor-
dering the studied pasture in the northern limit, an
overgrazed pasture is located, with no individuals
of the species found, evidently due to the anthropo-
genic limiting factor of overgrazing.

The second site (46.729835, 29.178485) where S.
revelata was recorded is located near Zolotievca vil-
lage in Anenii Noi District. On 3 June 2023, many
individuals were observed on a hilly pasture (Fig.
4C) used for cattle grazing. The local grass vege-
tation allows the species to develop large patches
of flowering individuals. Due to the lack of bushy
habitat, the local population of this species exceeds
a few hundred flowering individuals. On 24 June
2023, the observed plants in the site near Zolotievca
were already dried up. It is not clear yet if the dry-
ing phenomenon is a normal pattern of the species'

phenology in the area, or if dry weather in late June
affected the local population.

The third site (46.848221, 29.282815) was discov-
ered north of Hirbovétul Nou village in Anenii Noi
District on 9 June 2023. The local vegetation was
composed almost exclusively of herbaceous plants,
while the trees and shrubs were identified only at
the edges of the pasture. Unfortunately, only a sin-
gle patch of a few flowering individuals was found.
It is suggested that grazing might have affected the
local population, although no grazing animals were
seen during the survey. However, this site is one of
the northernmost sites, being 26 km away from the
first location in Zaim and 15 km from the second
one in Zolotievca (Fig. 5). This area is located at the
edge of the northern limit of the Bugeac (also Bud-
jak or Budzhak) Steppe in Moldova (Postolache,
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1995, and references therein). Thus, it is possible
that the local population here is close to the edge of
the species distribution range.

The fourth (46.683645, 29.222132) and fifth
(46.701477, 29.254407) locations were found on
the same day, 18 May 2024, close to Florica village
and 3 km away, near Baccelia village (Cduseni Dis-
trict). These two locations are totally isolated by
large agricultural areas of monocultures between
and around them. The pasture near Florica village
is used for grazing by livestock, mainly sheep, and
many plants were visibly affected by the grazing. On
the other pasture, with shrubs spreading easily due
to almost no grazing, the vegetation cover was taller
and denser (Fig. 4B).

On 19 May 2024, a rather unusual population
was discovered in the middle of a forest domi-
nated by downy oak (Quercus pubescens Willd.),
north-east of Hirbovat village, Anenii Noi District
(46.883636, 29.418432, Fig. 6). The plants of S. rev-
elata were found in two different spots in opened
microhabitats, such as the middle of forest tracks
(Fig. 6B, C) and wooded meadows (Fig. 6A). Our
observations of the species in dry and sparse na-
tive forest habitats confirm earlier reports by Matis
et al. (2022) of its occurrence in similar semi-open
forested ecosystems. This is the northernmost site
within the study area.

The seventh location (46.401296, 29.236471),
documented on 2 June 2024, is near the border with
Ukraine, south-west of Ucrainca village, Causeni
District (Fig. 4A). The plants were found growing
on a rich and hilly steppe with very few invading
oleasters.

The next two locations in Cduseni District are
dated by 16 May 2025, one south of Baccelia village
(46.675597, 29.293918) and another east of Marian-
ca Noud village (46.650093, 29.328093). Both popu-
lations are small and affected to different degrees by
afforestation.

The tenth location was revealed on 18 May 2025
next to Cirndtenii Noi railway, Causeni District,
along an abandoned car track. The site’s vegetation
is mainly woody, with the trail being the only open
area suitable for a few individual plants.

The last two locations were found on pastures
south of Cainari town, Céuseni District, on 30 May
2025 (46.660366, 29.053656; 46.655644, 29.022108).
Due to their proximity, they probably formed once a
single connected population, but following affores-
tation actions, the steppe habitat was fragmented
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and converted into woodland. Less than 10 flow-
ering individuals were observed in both locations
combined.

Discussion

Distribution aspects

Although the global distribution of Salvia revelata is
currently insufficiently understood, the present data
from Romania, Ukraine, RE, and Bulgaria suggests
that its distribution is strongly correlated with the
true Steppe zone of the Pontic Steppe (Fig. 2), with
a very few exceptions (Matis et al., 2022). So far, this
rule also applies to the Republic of Moldova, but
more data is needed about the species distribution.
The currently known distribution in the country is
restricted to Causeni and Anenii Noi districts (Fig.
5), and Gagduzia Autonomous Territorial Unit close
to Bugeac Nature Reserve (https://www.inaturalist.
org/observations/280473673, record from iNaturalist
platform). It is highly probable that S. revelata is also
present in the nearby districts, such as Stefan Voda,
Taloveni, Criuleni, Cimislia, and Basarabeasca. The
species may also occur in other southern districts
— Hincesti, Leova, Cantemir, Cahul, and Taraclia.
Although it is difficult to predict how far its range ex-
tends to the north, it is unlikely that the species will
ever be found in the districts located further north
from the ones previously mentioned, due to the fo-
rest-steppe character of central Moldova.

In further research, two aspects that would ex-
pand the knowledge about the distribution of S.
revelata could be studied. One is the extent of the
distribution pattern of the species in the Republic
of Moldova. This is a matter of fieldwork, combined
with bibliographical search in publications on the
steppe vegetation in southern Moldova. In other
words, some reports of S. austriaca from the south-
ern districts might in fact turn out to be those of
S. revelata, because so far it is widely accepted that
these two species are vicariant, and the Austrian
sage has not yet been recorded in the Pontic Steppe
region (Matis et al., 2022). Also, it would be very in-
teresting to study how far north does S. revelata ex-
tend its range, and if it overlaps there with the range
of S. austriaca.

Overall, the distribution of S. revelata in the Re-
public of Moldova is limited to the southern third
of the country’s territory. We expect the species to
be relatively widespread in the mentioned area, but
locally rare, and very restricted by some limiting
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factors determined in Ciuseni and Anenii Noi dis-
tricts (Fig. 3D), where the species was registered.
These limiting factors can be found in the rest of the
country, and even at a regional level in the neigh-
boring countries.

Phenology aspects

Judging by the limited data we have so far about the
phenology of S. revelata, we can conclude that typi-
cally the flowering season in the Republic of Moldo-
va lasts from the first decade of May until the second
decade of June. However, the actual flowering season
can span from the second decade of April to the se-
cond decade of July, depending on the meteorologi-
cal conditions of each year that can induce earlier or
later flowering. This statement is based on observa-
tions from Romania and Ukraine, recorded on the
iNaturalist online platform during 2020-2024.

In 2024, the species was recorded very early by
more users. The earliest observation was on 19
April 2024 in Kropyvnytskyi city, Kirovohrad Re-
gion (Oblast), Ukraine (https://www.inaturalist.
org/observations/208134041, record from iNatu-
ralist). On the same day, another observation of a
flowering plant came near Targusor, Constanta
county, Romania (https://www.inaturalist.org/ob-
servations/208433170, record from iNaturalist).
More observations were recorded in the second and
third decade of April 2024, in Zaporizhzhia, Ode-
sa, Kherson, and Dnipropetrovsk regions (oblasts)
(iNaturalist, 2024-onward). We also recorded and
collected the first flowering individuals on 3 May
2024, near Zolotievca, Anenii Noi District, Repub-
lic of Moldova, although few by number compared
to the observation on 3 June 2023. On 23 April
2024, one iNaturalist user managed to find a flow-
ering individual (https://www.inaturalist.org/obser-
vations/210651717, record from iNaturalist). These
early sightings might be caused by the abnormal
temperatures during the winter and spring of 2024.
In the Republic of Moldova, the winter of 2023-
2024 was characterized by very high temperatures
that were 3.9-4.9 °C higher than the long-term av-
erage for this period (HSS, 2024-onward).

Consequently, these high values of the aver-
age temperatures might have caused an earlier
end to the flowering season. The latest flowering
individual recorded in the region, in that particu-
lar flowering season, was seen near the locality of
Veseli Bokoven’ky, Kirovohrad Region (Oblast),
Ukraine, on June 1 (https://www.inaturalist.org/
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Fig. 5. Distribution map of the sites of Salvia revelata
reported in this study (9 locations in Céuseni District and 3
in Anenii Noi District)

observations/220410289, record from iNaturalist).
Our last personal observation for 2024 was record-
ed in the study area on June 2, between the locality
of Ucrainca (Moldova) and Chervone (Ukraine).
The latest record for any year was registered on 13
July 2020 in Kyr'yakivka, Mykolaiv Region (Oblast),
Ukraine (https://www.inaturalist.org/observa-
tions/92800073, record from iNaturalist). A simple
analysis of regional records proves that on average
an earlier starting flowering season tends to end
earlier too, with the average flowering time span be-
ing 44 days per season. Another factor that could
influence the recorded start of the flowering season,
is the simple fact that people now are more capable
of correctly identifying this newly described spe-
cies.

Threats and current status

During the fieldwork, a few observations were made
about the state of the habitats, and also about some
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Fig. 6. Salvia revelata in forested habitats. A: native downy oak forest with natural clearings suitable for the species; B, C:
forest tracks made by lodging trucks, an artificial clearing of the forest, apparently also suitable for the species. Hirbova

Landscape Reserve, Anenii Noi District, 19.05.2024

limiting factors that affect the distribution and den-
sity of Salvia revelata in the studied area. The fac-
tors are mentioned in order from the most to the
least pressing in two categories — fast-acting limi-
ting factors (FALF) and slow-acting limiting factors
(SALF). The following IUCN classification threats
(Salafsky et al., 2024) will be described in the next
paragraphs: 2.1 — Annual & perennial non-timber
crops; 2.2 — Wood & pulp plantations; 2.3 — Ter-
restrial animal farming, ranching & herding; 7.6
— Removing / reducing human management (i.e.
Grazing abandonment); 8.1 — Invasive non-native/
alien species.

FALF — fast-acting limiting factors. Agricul-
ture plays an immense role in limiting the local
distribution through habitat fragmentation. Nowa-
days, the large areas of monocultures can be con-
sidered huge geographical barriers between dis-
tant populations of many native plant species. The
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percentage of land used for agriculture in Causeni
and Anenii Noi districts is 76.4%, and 60.58%, re-
spectively, of total land area. In 2025, a substantial
part of the prime steppe habitat near Zaim village,
which is known to host a significant population of
S. revelata, was ploughed. This observation sup-
ports the hypothesis that agriculture is an impor-
tant limiting factor for the species.

Overgrazing drastically affects the local vegeta-
tion, allowing only some ruderal plants to survive in
severely affected plots. According to the official site
of Causeni District (CDC, 2024-onward), in 2022 a
total of 36 732 grazing animals were registered, from
which 32 812 were sheep and goats (mostly sheep),
3 775 bovines, and 145 horses. This large number of
domestic grazing mammals on 12 912 hectares of
pastures results in about 0.35 hectares of pasture for
each animal, or 0.56 GLU (Grazing Livestock Unit)
per ha, which exceeds the carrying capacity of any
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xeric steppe pasture, making the land management
non-sustainable (Marugca et al., 2014). Although
the available area of pasture per grazing mammal is
already too small for sustainable grazing, we have to
keep in mind that more than half of pasture area is
invaded by allochthonous species such as Elaeagnus
angustifolia, meaning that these pastures are una-
vailable for grazing. The presence of oleaster in high
density also proves the abandonment of grazing in
recent decades, allowing this species to thrive un-
disturbed by livestock. In the end, a significant area
of local pastures is very degraded by overgrazing,
meaning that such species as Pontic sage have no
chance to inhabit these ecosystems.

Another common threat to the grassland is the
intentional afforestation of the steppes, mostly with
allochthonous invasive species, usually with black
locust (Robinia pseudoacacia L.). This practice is
very common in the steppe zone of the country,
where primary forests are rare, in order to increase
the woodland surface, mainly for firewood.

SALF — slow-acting limiting factors. Although
complete abandonment of grazing for a short term
is beneficial for vegetation recovery, it is a practice
that leads to significant changes in the structure of
vegetation, with shrubs eventually colonizing the
area and taking over. In some places the abandon-
ment of pastures can lead to a 60% loss in grass-
land plant species (Peco et al., 2006). Currently, in
the Republic of Moldova, all of the pastures that
have been abandoned in the last decades now ex-
perience a fast colonization by the invasive E. an-
gustifolia. Initially planted to minimize soil erosion
and to create windbreaks, the oleaster eventually
managed to escape the plantations and colonize
nearby non-grazed pastures. The same process was
observed and studied in the nearby Kherson Region
of Ukraine by Sudnik-Wojcikowska et al. (2009).
With this phenomenon occurring, the local vegeta-
tion is rapidly changing, and many typical species
of the grasslands are now threatened. In the current
state of rapid oleaster colonization, Pontic sage as a
heliophyte is prone to local declines and even local
extirpation/extinction events. According to Bartha
and Csiszar (2008), the fast spreading of E. angus-
tifolia over natural grassland habitats can cause
declines of typical or rare steppe plant species, cre-
ating more favorable conditions for colonization by
mesophilous species. Also, it is concluded that the
colonization by E. angustifolia contributes to the
persistence of allochthonous and weedy species, by
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increasing the amount of nitrogen in the soil (Sud-
nik-Wéjcikowska et al., 2009).

Population isolation by habitat fragmentation
should also be taken into account, since during the
period of the study the only 12 locations known
with certainty to host S. revelata were located far
away from each other. Generally speaking, these
places act like islets where steppe species remain
isolated in a “sea” of man-made ecosystems, and
thus these locations could be considered more or
less recent relics of a landscape before intensive
agriculture. Continuous and linked spans of grass-
land habitats are rarely found in this region of the
country; therefore, it is a matter of time before these
small and isolated patches of steppe will not be suit-
able anymore for the survival of S. revelata. In the
studied area, the cross-pollination of S. revelata can
only occur with other sages from the same isolat-
ed population, a factor that could lead to slow local
extinction events, similarly to the case of the mead-
ow sage (Salvia pratensis L.) discussed by Ouborg
& Van Treuren (1995). As the authors mention,
long-term isolation of a small population could lead
to inbreeding depression over time. It is also very
probable that these small patches of appropriate
habitat could easily change in the next few years, in
favor of afforestation, agriculture, intensive grazing,
or invasion of allochthonous species. In the future,
we recommend that more studies should be carried
out in Moldova to assess the distribution at the na-
tional level, frequency, and density of S. revelata,
and in order to determine its exact conservation
status. Also, S. revelata should be included in the 4th
edition of the Red Data Book of the Republic of Mol-
dova with a proper status, according to the IUCN
criteria. Regarding this status, it is not generally
enough to assess the level of concern with so little
data about the distribution and population fluctu-
ations, but if all the given limiting factors would be
taken into account, it is safe to assume that most
steppe plant species from Moldova are evaluated
regionally either as Critically Endangered [CR], or
Endangered [EN]. For the conservation of S. revela-
ta and other Pontic steppe subendemics/endemics
on the long term, official actions from the author-
ities should be taken in order to minimize the im-
pact of invasive species such as Elaeagnus angustifo-
lia, Robinia pseudoacacia, Ailanthus altissima Mill.,
and other landscape transformers, or at least halt
the active afforestation schemes with such species
on rich steppe habitats. After persistent clearing of
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Fig. 7. A viable population of Salvia revelata in a steppe ecosystem near Zolotievca village, with only a few pioneering
individuals of Elaeagnus angustifolia in the background and with a moderate amount of grazing livestock, 03.06.2023

the woody plants, the respective abandoned and in-
vaded pastures are to be given back to sustainable
and ecological grazing, resulting in an increase of
grazing surface that would lead to a lower and more
sustainable density of grazers per hectare, similar to
the grasslands near Zolotievca village (Fig. 7).

Conclusion

A new species for the Republic of Moldova, Salvia
revelata, has been recorded in the territory between
the Dnister / Nistru and Prut rivers, along with some
data about its known and expected distribution. The
Republic of Moldova is now the fifth and probably
the last country in the list to host this Pontic Steppe
subendemic species. In total, 12 locations of S. revela-
ta from Cduseni and Anenii Noi districts are known,
but its actual distribution is thought to spread over
the whole southern third part of the country, perfec-
tly following the general Pontic Steppe range. Howe-
ver, the range is most probably very fragmented, with
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many populations being isolated by vast agricultural
lands. In the Republic of Moldova, limited data about
the flowering season is available, and now we know
that the species is in bloom as early as the first decade
of May and as late as the second decade of June. If
we apply more data recorded on the iNaturalist on-
line platform from nearby regions of neighboring
countries, we can safely assume that the flowering
season in the Republic of Moldova can last anywhere
from the second decade of April to the second deca-
de of July, depending on climatic factors that differ
annually. Some limiting factors have been identified
in the study area, and were categorized into fast-ac-
ting limiting factors (FALF) and slow-acting limiting
factors (SALF). The identified FALF were agriculture
on a large scale and overgrazing. On the other hand,
the recorded SALF were abandonment of grazing,
leading to fast colonization by invasive plant speci-
es, such as the Elaeagnus angustifolia, which are able
to alter completely the local native phytocoenoses.
The last limiting factor is the population isolation by
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habitat fragmentation, which could lead to vulnera-
bility in the face of agriculture, overgrazing, invasive
species, and even inbreeding depression. These li-
miting factors can easily be identified on the whole
territory of the country, and even in the neighboring
countries (Romania and Ukraine). A series of acti-
ons, such as more research of the distribution and
state of the species, are recommended. Additionally,
S. revelata should be added to the 4t edition of the
Red Data Book of the Republic of Moldova with a pro-
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Iepuri sHaXigky cybeHaeMika MoHTiicbKUX cTeniB Salvia revelata (Lamiaceae)
y Pecriy6nini MongoBa: cy4acHuii CTaH i 3arposu

M.TUTAH 5
Sccokuit yniBepcuret im. AV Kyswu, Sccn, Pymynia

Pedepar. Y crarri HaBoguThCs HOBUt Bup st Gnopu Pecrry6niku Mongosa — Salvia revelata, masmist moHTilichka. Le
HeI[OfIaBHO OIMCAHNUII CyOeH/IeMiK OHTIIICPKVIX CTeIiB, IKUI1 paHillle TOMUIKOBO He Bifjpi3Hs/IN Bif mofiOHOro BikapiaHT-
Horo BUAy S. austriaca, masmii aBcTpilicbkoi. I1if yac MonboBUX KOCTiI)KeHb IPOTATOM Ce30HIB IBITIHHA BUAy y 2023-2025
pp. BusBeHo 12 nokamirteti S. revelata B Pecrry6nini Monposa. Ha MiciieBocTi 0cO61MHY 3 KBITKaMI PeECTPyBaIncs 3 IIep-
IO TPETVHM TPABHSA JI0 APYTOi leKa/yl YePBHsI, ajle PerioHa/IbHI jaHi 3 CyCifHIX KpalH CBif4aTh IIpO Te, 1j0 GaraTopidHa
MiHIMBICTh HOTO/Y B YMOBAX Cy4aCHMX 3MiH K/IiMaTy MOyKe POSIIMPUTH Iiell YacoBUIT IPOMIKOK IBiTiHHA BuAY. Tunosumu
6ioTomamm 11bOro BUAy € propucTidHo barati cremny, ane KinbKa 0COOMH TaKoX OY/I0 3HaIeHO Ha JICOBYX Ta/IsIBMHAX a60
Ha BUPyOKax y TepModinbHyx fy6oBux micax. Ilif yac gocmimpkeHb 6y/10 BUSHAYEHO OCHOBHI 3arposi s 36epexxeHHs S.
revelata, 30kpeMa iHTeHCUBHe 3eM/IepOOCTBO, HAIMiIPHNUIT BUIIAC XyA00u, 3aHef0aHH: ITaCOBNUIL, iHBa3iliHi lepeBHI BUAY Ta
isonsAnisa momynALin yepes pparMenTarito 6ioTomis. [l 36epexxeHHsI MaB/Iil HOHTIICHKOI Ta {HIINX CTEHOBUX CyOeHeMi-
KiB y Pecriy6rini Mo/oBa 3aIipOIIOHOBAHO Ji JeKiNbKa iHIINMX peKOMEeHAAIIIi, TAKMX K IPUIVHEHHsI 3amicHeHHs (0cobmn-
BO YY>KOPiJHIIMU BUJJaMI), BITHOBJIEHHA TPAaBAHUX €KOCUCTEM Ta CIPVAHHA CTAJIOMY BUIIACY XYZ0ON.

KmrouoBi croBa: Salvia revelata, 3arposu, HOBUII BUJ, TOMMPEHH, CTEIIOBA POCTMHHICTD, (PEeHOOTist
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Abstract. Fulvifomes siamensis was initially described from Thailand and has been reported from several parts of Southeast
Asia. In the present study, basidiomata of E siamensis were collected during macrofungal surveys conducted in Thiruva-
nanthapuram District of Kerala, India. The specimens were found growing on Peltophorum pterocarpum. Identification was
based on detailed macro- and micromorphological characters, as well as molecular phylogenetic analyses using the nrITS
and nrLSU gene regions. The Indian collections were confirmed to be conspecific with F siamensis. This study presents the
first report of E siamensis from India, supported by comprehensive morphological descriptions, illustrations, nrITS-nrL-
SU-based phylogenetic analysis, and comparisons with closely related taxa.

Keywords: Basidiomycota, Hymenochaetaceae, India, morphology, nrITS, nrLSU, phylogeny, taxonomy

Introduction 2022). Integrative approaches combining morpho-

logical data with multilocus phylogenetic analyses

The family Hymenochaetaceae Donk (Basidiomyco-
ta) comprises wood-decaying fungi, predominan-
tly known for their perennial, resupinate to pileate
basidiomata, dimitic hyphal system, presence of
setae, brown, thick-walled basidiospores, and con-
tains both poroid and non-poroid genera (Liu et al.,
2025). Globally, 32 poroid genera with 672 species
are recognized in this family, and the actual diver-
sity is believed to be significantly higher (Wu et al.,

have led to major taxonomic revisions within the
family, resulting in the identification of new gene-
ra and clarification of species complexes (Wu et al.,
2022; Liu et al., 2025).

The genus Fulvifomes Murrill (Murrill, 1914) is
distinguished by its perennial basidiomata, which
may or may not possess a crust on the pileal sur-
face. It exhibits a monomitic to dimitic hyphal sys-
tem and may show the presence or absence of dark
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lines in the context. The basidiospores are yellow-
ish, subglobose to ellipsoid in shape, sometimes
flattened on one side, and typically darken in po-
tassium hydroxide (KOH) solution (Zhou, 2014;
Salvador-Montoya et al,, 2018, 2022). Historical-
ly, Fulvifomes was long regarded as a synonym of
Phellinus sensu lato or a subgenus within Phellinus
(Dai, 1999). However, molecular phylogenetic anal-
yses later confirmed its status as a separate and well
distinguished genus (Wagner, Fisher, 2001, 2002).

Fulvifomes siamensis T. Hatt., Sakay. & E.B.G.
Jones was described initially from Thailand on the
root or butt of Xylocarpus granatum J. Koenig (Me-
liaceae) (Sakayaroj et al., 2012). Subsequent reports
from Southeast Asia documented this species on
other hardwood hosts (Hong et al., 2023), indicat-
ing a broader host range in tropical forest ecosys-
tems.

During macrofungal surveys conducted in the
tropical evergreen forests of Thiruvananthapuram
District, Kerala, basidiomata of Fulviformes were
collected from Peltophorum pterocarpum (DC.)
Backer ex K. Heyne (Fabaceae). Morphological ex-
amination, combined with phylogenetic analyses
based on nuclear ribosomal ITS and LSU gene se-
quences, confirmed the identity of the specimens
as E siamensis. This constitutes the first report of
E siamensis from India. The present study provides
detailed morphological description, photographic
documentation, and molecular phylogenetic evi-
dence to support this new record.

Materials and Methods

Study area and specimen collection

Basidiomata of Fulvifomes siamensis were collec-
ted during a macrofungal survey conducted in the
Thiruvananthapuram District, Kerala, India (2023-
2025). The specimens grew on the trunks of a living
Peltophorum pterocarpum tree. Collected specimens
were documented in situ, photographed, and depo-
sited at the Mycological Herbarium of Jawaharlal
Nehru Tropical Botanic Garden and Research Insti-
tute, Thiruvananthapuram [TBGT(M)].

Morphological analysis

Each basidioma was individually tagged with per-
tinent information, including locality, habitat, host,
collection number, date of collection, and the type
of rot observed. Detailed macromorphological cha-
racteristics — such as the basidiomata size, shape,
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and color, including features of the pileal surface,
context, tubes, pores, and dissepiments — were do-
cumented. Pore density was determined by count-
ing the number of pores per millimeter. Color no-
tations were standardized using the color chart of
Kornerup and Wanscher (1978). Microscopic ana-
lysis was conducted using freehand sections mo-
unted in a range of diagnostic reagents: 1% Congo
Red (to highlight cell wall structures), 5% KOH (to
test for xanthochroic reactions), Melzer’s reagent
(to identify dextrinoid or amyloid reactions), and
Cotton Blue (to detect cyanophilic structures), fol-
lowing the methodology of Ryvarden (1991). For
spore measurements, 20 basidiospores were measu-
red for length and width to determine size range,
and the spore quotient (Q = L/W) was calculated.
All measurements (n = 20) were performed in 5%
aqueous KOH. Observations were made using an
Olympus CX43 optical microscope (Olympus, Ja-
pan), and microphotographs were captured using
a Magcam DCI10 digital camera mounted on the
same microscope.

DNA extraction, PCR amplification, and
sequencing

Genomic DNA was extracted from fresh basidio-
me tissue following the protocol of Izumitsu et al.
(2012). The nuclear ribosomal large subunit (nrL-
SU) and internal transcribed spacer (nrITS) regi-
ons were amplified and sequenced for the studied
species. PCR amplification of the nrITS region was
carried out using the primer pair ITS1 and ITS4
(White et al., 1990), while LROR and LR7 primers
(Vilgalys, Hester, 1990) were used for the nrLSU re-
gion. PCR amplification and sequencing procedu-
res followed the methodology described by Kumar
et al. (2018). The newly generated sequences have
been deposited in GenBank (nrITS — PV030183,
nrLSU — PV034407).

Sequence alignment and phylogenetic analysis

The molecular phylogenetic analysis was conduc-
ted using both the nrITS and nrLSU sequences.
A combined data matrix was constructed, com-
prising the newly generated nrITS and nrLSU se-
quences of F siamensis from India, along with 70
nrITS and 64 nrLSU sequences representing 33
taxa (including the outgroup; Table 1) retrieved
from GenBank. The sequences were selected ba-
sed on their similarity indices and the sequences
of Fulvifomes used in the previous phylogenetic
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analyses (Sakayaroj et al, 2012; Hattori et al.,
2014; Hong et al., 2023). Phellinus populicola Ni-
emeld and Phellinotus neoaridus Drechsler-Santos
& Robledo (current name Fomitiporella neoarida
(Drechsler-Santos & Robledo) Y.C. Dai & F. Wu)
were chosen as the outgroup for rooting purposes
following Crous et al. (2023). The sequence data
matrix with default settings was aligned using the
online web tool MAFFT (www.ebi.ac.uk/Tools/
msa/mafft/). The aligned data matrix was then
imported into BioEdit v7.2.6.1 (Hall, 1999) for
manual modification. Maximum likelihood (ML)

analysis was performed in the web platform http://
igtree.cibiv.univie.ac.at (Trifinopoulos et al., 2016)
with 1000 ultrafast bootstrap replicates. The trans-
ition model with equal frequency (TNe+G4) was
automatically selected as the best-fit substitution
model per the BIC score in the same web platform.
Bootstrap values > 60% (Jeewon, Hyde, 2016)
were considered significant. The phylogram infer-
red from ML analysis is displayed with MEGA XI
(Tamura et al., 2021).

Table 1. List of species, sources, GenBank accession numbers of nrITS and nLSU sequences used in the molecular analysis

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

No. Species Voucher / Strain no. | GenBank no. nrITS | GenBank no. nrLSU | Geographical location

1 |Fulvifomes azonatus Dai 17203 MH390419 MH390397 China

2 E azonatus Dai 17470 MH390418 MH390395 China

3 | E azonatus Cui 8452 MH390417 MH390396 China

4 | E caligoporus Dai 17668 MH390420 MH390390 China

5 | E caligoporus Dai 17660 MH390421 MH390391 China

6 E centroamericanus JV 0611_IIT KX960763 KX960764 Guatemala

7 | E coffeatoporus JV0904_1 KX960762 KX960765 USA/Florida
(as E krugiodendri)

8 | E coffeatoporus JV0312_24.10] KX960760 KX960766 USA/Florida
(as E krugiodendri)

9 | E coffeatoporus JV1008_21 KX960761 KX960767 USA/Florida
(as E krugiodendri)

10 | E costaricense JV 1607/103 MH390414 MH390386 Costa Rica

11 | E costaricense JV 1407/87 MH390412 MH390387 Costa Rica

12 | E dracaenicola Dai 22093 MW559799 MW559804 China

13 | E dracaenicola Dai 22097 MW559800 MW559805 China

14 | E elaeodendri CMW 47808 MH599093 MH599131 South Africa

15 | E elaeodendri CMW 47825 MH599094 MH599134 South Africa

16 | E elaeodendri CMW 47909 MH599096 MH599132 South Africa

17 | E elaeodendri CMW 48154 MH599097 MH599135 South Africa

18 | E elaeodendri CMW 48610 MH599095 MH599133 South Africa

19 | E fastuosus Dai 18292 MH390411 MH390381 Vietnam

20 | E fastuosus LWZ 20140731-13 KR905674 KR905668 Thailand

21 | E fastuosus LWZ 20140728-29 KR905673 - Thailand

22 | E floridanus JV 0904/65 MH390422 - USA

23 | E floridanus JV 0312/23.1 MH390423 - USA

24 | E floridanus JV 0904/76 MH390424 MH390388 USA

25 | E halophilus JV 1502/4 MH390427 MH390392 USA

26 | F imbricatus LWZ20140728-16 KR905677 KR905670 Thailand

27 | E imbricatus LWZ 20140729-26 KR905679 KR905671 Thailand

28 | E jawadhuvensis MUBL4011 MWO040079 MW048886 India

29 | E karaiensis MUBL4016 ON333609 ON326580 India

30 |E karaiensis CRKK2/2A OP028976 0OP028972 India
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Table 1 (continued)

No Species Voucher / Strain no. | GenBank no. nrITS | GenBank no. nrLSU | Geographical location
31 | E kawakamii CBS 428.86 . AY 059028 USA
32 | E kawakamii PPT152 MHO048095 - Brazil
33 | E lloydii Dai 11978 MH390430 MH390380 China
34 | E lloydii Dai 10809 MH390428 MH390378 China
35 | E lloydii Dai 9642 MH390429 MH390379 China
36 | E malaiyanurensis CAL 1681 MF155651 MWO048883 India
37 | E mangroviensis MUBL4012 MW040083 MW048909 India
38 | E mangroviensis KSM-MP12a OM897221 OM897222 India
39 | E maritimus MUBL1095 OR520888 OR512084 India
40 | E merrillii 6Kout MH390416 MH390383 Thailand
41 | E merrillii Dai 12094 MH390415 MH390382 China
42 | E natarajanii MUBL1047 - 0Q608722 India
43 | E natarajanii MUBL1048 - 0Q608723 India
44 | E nilgheriensis URM 3028 MH390431 MH390384 Brazil
45 | E nilgheriensis CBS 209.36 AY558633 AY059023 USA
46 | E pannaensis MUBL4017 MW040080 OP028971 India
47 | E pannaensis PRF32/2 OP028975 MW048890 India
48 | E rigidus Dai 17507 MH390433 MH390399 China
49 | F rigidus Dai 17496 MH390432 MH390398 China
50 | E siamensis TBGT(M)GWC-05 PV030183 PV034407 India
51 | E siamensis S2T26M1 JX104707 JX104754 Thailand
52 | E siamensis Dai 18309 MH390434 MH390389 Vietnam
53 | E siamensis KBXG3 JX104706 JX104753 Thailand
54 | E siamensis XG3 JX104710 JX104757 Thailand
55 | E siamensis YF166FB1 0Q558847 - Singapore
56 | E siamensis YF166FB2 0Q558849 - Singapore
57 | E siamensis SM135DT 0Q558846 - Singapore
58 | E siamensis YF157FB 0Q558848 - Singapore
59 | E siamensis YF156FB 0Q558850 - Singapore
60 | E subazonatus MUBL1046 OR502858 OR502859 India
61 | E subazonatus ATO03 OR502858 OR502859 India
62 | E subindicus Dai 17743 MH390435 MH390393 China
63 | E subindicus Cui 13908 MH390436 MH390394 China
64 | E submerrillii Dai 17917 MH390406 MH390372 China
65 | E submerrillii Dai 17911 MH390405 MH390371 China
66 | E subramanianii MUBL 4019 OM912447 OM909042 India
67 | E subthailandicus MUBL4025 0Q064102 0Q062657 India
68 | E subthailandicus MEII2_2 PP827158 PP816284 India
69 | E thiruvannamalaiensis MUBL4013 MZ221598 MZ221600 India
70 | E tubogeneratus GXU2468 MT580805 MT580800 China
71 | F tubogeneratus GXU2478 MT580806 MT580801 China
72 | Phellinotus neoaridus URM 80362 KM211294 KM211286 Brazil
(Outgroup)
73 | Phellinotus populicola CBS 638.75 MH860960 MH872729 Finland
(Outgroup)
570 ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (6)
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Results

Molecular phylogeny

The phylogeny inferred from the combined nrITS
and nrLSU dataset, shown in Fig. 1, places E siamen-
sis [TBGT(M)GWC-05] from the present study wi-
thin a strongly supported clade (100% bootstrap)
comprising isolates of E siamensis from Thailand
and Singapore. The Indian isolate forms a well-resol-
ved lineage within this clade, indicating high gene-
tic similarity and confirming its conspecificity with
E siamensis. The close phylogenetic proximity of
TBGT(M)GWC-05 to other Southeast Asian isolates,
without any significant divergence, suggests a geneti-
cally stable and geographically widespread species.

Taxonomy

Fulvifomes siamensis T. Hatt., Sakayaroj & E.B.G.
Jones, Mycoscience 55(5): 346 (2014) — Figs. 2, 3.

Basidiocarps perennial, sessile, broadly attached,
resupinate to effused-reflexed or pileate in form,
solitary or in coalesced imbricate clusters. Pile-
us dimidate, flabelliform to irregular, applanate to
convex, projecting up to 10 cm, up to 13.5 cm wide
and 4 cm thick. Pileus surface slightly velutinous
in young specimens, broadly zonate, becoming ir-
regular, indistinctly sulcate, nodulose, glabrous on
maturity, without a distinct crust, rust brown (6E8)
to dark brown (7F8). Pileus margin entire, acute to
obtuse, off-white to yellowish white (4A2). Context
woody to corky, tough, yellowish brown (5E8) to
brown (6E7), up to 6 mm thick. Tubes stratified,
woody, dark brown (8F6). Pores round, 6-7 mm.
Dissepiments thin and entire. Pore surface yellow-
ish brown to brown (6E7-7F5), with yellowish to
amber colored non-sticky, odorless exudates in the
early morning. Hyphal system dimitic. Generative
hyphae thin- to slightly thick-walled, occasional-
ly branched, septate without clamp-connections,
hyaline to light brown, up to 3.5 um wide. Skel-
etal hyphae thick-walled, unbranched, aseptate,
light brown to brown, up to 4 pm wide. Setae ab-
sent. Basidia clavate, four-sterigmate, thin-walled,
hyaline, 8.5-17.5 x 5-6.5 pum. Basidioles clavate,
thin-walled, hyaline, 9.0-15.5 x 5-6 um. Basidio-
spores subglobose, thick-walled, smooth, yellow in
water, turning rust-brown in KOH, (3.8-)4.2-5.0
(-5.5) x (3.4-)4.0-4.8(-5.2) um (Lm = 4.5 + 0.32, Wm
=43+ 0.13); Q= 1.05-1.15; Qm = 1.10, CB’ IKI"

Specimens examined: India, Kerala, Thiruva-
nanthapuram, Government College for Women,

12.64°54'19.1" N, 79°18'33" E, 24 November 2023,
Manoj TBGT(M)GCW-05; ibid., 6 June 2024,
Manoj TBGT(M)GCW-13; ibid., 28 June 2024,
Manoj TBGT(M)GCW-17; ibid., 7 October 2024,
Gireeshma TBGT(M)GCW-20; ibid., 26 November
2024, Aparna TBGT(M)GCW-24; ibid., 30 April
2025, Gireeshma TBGT(M)GCW-30; ibid., 2 May
2025, Greeshma TBGT(M)GCW-31; ibid., 8 May
2025, Lakshmi TBGT(M)GCW-39; ibid., 7 June
2025, Aparna TBGT(M)GCW-43; ibid., 8 July 2025,
Gireeshma TBGT(M)GCW-88; ibid., 8 July 2025,
Aparna TBGT(M)GCW-89; ibid., 10 July 2025,
Manoj TBGT(M)GCW-91.

Habitat: on the stem of a living angiosperm
tree Peltophorum pterocarpum (DC.) Backer ex K.
Heyne (Fabaceae).

Remarks: Fulvifomes siamensis was originally
described from Thailand on the roots and butt of a
mangrove tree, Xylocarpus granatum (Hattori et al.,
2014), based on both morphological and molecu-
lar evidence. This study was based on the original
materials collected by Sakayaroj et al. (2012). In a
metagenomic survey of wood decay fungi in the
urban trees of Singapore by Hong et al. (2023), the
presence of E siamensis OTUs were detected in soil,
fruiting bodies, and diseased tissues of several host
plants, including Peltophorum pterocarpum. Based
on the morphology and molecular phylogenetic
analysis (combined nrITS and nrLSU dataset), the
Indian specimen of E siamensis is clearly affiliat-
ed with the E siamensis clade originally described
from Thailand (Sakayaroj et al., 2012; Hattori et al.,
2014). The Indian and Thai specimens of E siamen-
sis share many core morphological and microscop-
ic characteristics but exhibit subtle differences that
reflect geographic and possibly ecological variation
within the species. Both exhibit perennial, sessile
basidiocarps that are broadly attached and occur
solitary or in imbricate clusters. The pileus in In-
dian collections is dimidiate, flabelliform to irreg-
ular, and zonate with a rust to dark brown color. In
contrast, the Thai specimens have a semicircular to
irregular, applanate to convex pileus that becomes
rimose and almost black with age. The Indian spec-
imens are slightly larger in pileus dimensions (up
to 13.5 cm wide) and more prominently zonate and
nodulose, while the Thai material is up to 12 cm
wide and lacks distinct zoning. Microscopic com-
parisons show that both are dimitic in trama, but
the Thai context is monomitic, whereas the Indian
material remains dimitic throughout. Generative
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Fulvifomes siamensis TBGT(M)GWC-05India

Fulvifomes siamensis Dail 8309 Vietnam

Fulvifomes siamensis S2T26M1 Thailand

Fulvifomes siamensis XG3 Thailand

96 [Fulvifomes siamensis KBXG3 Thailand

Fulvifomes siamensis YF166FB1 Singapore F siamensis clade
\Fulvifomes siamensis YF166FB2 Singapore

100|Fulvifomes siamensis SM135DT Singapore

\Fulvifomes siamensis YF157FB Singapore

Fulvifomes siamensis YF156FB Singapore

99

100i-Fulvifomes lloydii Dai9642 China
76| Fulvifomes tubogeneratus GXU2468 China
100'Fulvifomes tubogeneratus GXU2478 China
29 M[F ulvifomes merrillii 6Kout Thailand
Fulvifomes merrillii Dai12094 China
100 Fulvifomes fastuosus Dail 8292 Vietnam
65 Fulvifomes fastuosus LWZ 20140731-13 Thailand
880 -Fulvifomes fastuosus LWZ 20140728-29 Thailand
100rFulvifomes imbricatus LWZ 20140728-16 Thailand
‘Fulvifomes imbricatus LWZ 20140729-26 Thailand
100r-Fulvifomes costaricensis JV 1607/103 Costa Rica
-Fulvifomes costaricensis JV 1407/87 Costa Rica
97 Fulvifomes nilgheriensis URM3028 Brazil
-Fulvifomes nilgheriensis CBS 209.36 USA
100 \Fulvifomes kawakamii PPT152 Brazil
-Fulvifomes kawakamii CBS 428.86 USA
100 [Eulvifomes floridanus JV 0904/65 USA
Fulvifomes floridanus JV 0312/23.1 USA
Fulvifomes floridanus JV 0904/76 USA
100;Fulvifomes coffeatoporus IN0904_1 USA
04T ‘Fulvifomes coffeatoporus JV0312_24.10J] USA
00tz ulvifomes coffeatoporus JV1008 21 USA
100 Fulvifomes centroamericanus JV0611_I1I1 Guatemala
100 Fulvifomes elacodendri CMW47808 South Africa
87 Fulvifomes elaeodendri CMW47909 South Africa
99| 'Fulvifomes elaeodendri CMW48610 South Africa
Fulvifomes elaeodendri CMW47825 South Africa
99\ Fulvifomes elaeodendri CMW48154 South Africa
61 Fulvifomes jawadhuvensis MUBL4011 India
Fulvifomes thiruvannamalaiensis MUBL4013 India
Fulvifomes subramanianii MUBL4019 India
100\Fulvifomes pannaensis MUBL4017 India
Fulvifomes pannaensis PRF32/2 India
3 100\Fulvifomes karaiensis MUBL4016 India
Fulvifomes karaiensis CRKK2/2A India
Fulvifomes natarajanii MUBL1047 India
-Fulvifomes malaiyanurensis CAL1618 India
J{F ulvifomes subthailandicus MUBL4025 India
Fulvifomes subthailandicus MEII2_2 India
8 Fulvifomes natarajanii MUBL1048 India
96 ‘Fulvifomes maritimus MUBL1095 India
100 Fulvifomes submerrillii Dail7917 China
Fulvi]f(omes submerrillii Dail7911 China
100 (Fulvifomes mangroviensis MUBL4012 India
“Fulvifomes mangroviensis KSM-MP12a India
——Fulvifomes halophilus JV 1502/4 USA
100 Fulvifomes subindicus Dail 7743 China
Fulvifomes subindicus Cuil3908 China
100,Fulvifomes caligoporus Dail 7668 China
\Fulvifomes caligoporus Dail7660 China
gorFulvifomes azonatus Dail 7203 China
WaFulvifomes azonatus Dail 7470 China
00| Fulvifomes azonatus Cui8452 China
-Fulvifomes subazonatus AT03 India
100 Fulvifomes rigidus Dail7507 China
Fulvz'fmees rigidus Dail7496 China
Phellinus populicola CBS:638.75 Finland Out
Phellinotus neoaridus URM80362 Brazil | 7"8r°UP

e
0.050

Fig. 1. Phylogenetic analysis of Fulviformes species based on combined nrITS and nrLSU sequences. Bootstrap values
(ML > 50%) are shown above or below the branches. Voucher / Strain numbers and geographic locations of the taxa are listed
following the species names. The newly recorded Fulvifomes siamensis accession from India is in bold font

572 ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (6)



First report of Fulvifomes siamensis from India with notes on morphology and phylogeny

Fig. 2. Fulvifomes siamensis. A-C, E, H: habit in situ; D, F: habit — lower surface showing pore surface; G: pore surface
enlarged; H: basidioma showing exudates. Scale bars: A-F, H — 10 mm; G — 5 mm. Photos by K.A. Manoj
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Fig. 3. Fulvifomes siamensis. A: pores on lower surface; B, C, E: generative hyphae of context; D, F: skeletal hyphae of trama;
G, K: basidiospores; H, I: basidioles; J: basidium. Scale bars: A — 100 pm, B — 50 um, C-K — 10 um. Photos by K.A. Manoj
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and skeletal hyphae are similar in wall thickness and
color, though the hyphae in the Thai collections are
slightly broader. Basidia and basidioles were ob-
served in the Indian specimen but not in the Thai
type. Basidiospores in both are subglobose, thick-
walled, and yellowish, but those in the Indian collec-
tion are slightly smaller [(3.8-)4.2-5.0(-5.5) x (3.4-
)4.0-4.8(-5.2) um] compared to those from Thailand
(4.5-6.0 x 4-5 um). Despite these differences, both
specimens share diagnostic features such as the ab-
sence of setae, stratified tubes, and thick-walled
spores that react similarly in chemical reagents (CB-,
IKI-). These results confirm that the Indian speci-
men is conspecific with E siamensis from Thailand,
but the observed slight variations, including spore
size, likely reflect environmental influences or natu-
ral infraspecific variability. Hence, the Indian collec-
tion represents a new regional record of E siamensis
and broadens the known morphological and geo-
graphic distribution of the species.

Conclusion

The present study reports E siamensis from India
for the first time, based on morphological and mo-
lecular evidence (nrITS and nrLSU sequences). The
discovery expands the known geographic and host
range of E siamensis, underlining the rich but unde-
rexplored fungal diversity of the Western Ghats. No-
tably, F siamensis has been associated with stem and
butt rot of Xylocarpus granatum in Thai mangrove
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Ilepma 3Haxigka Fulvifomes siamensis (Hymenochaetaceae) B Inpii
3 HOTATKaMu Ipo Mopdonoriio ta ¢inoreniro Ha ocHOBi nrITS-nrLSU

K.I. TIPEHIMA, C. TPEIIIMA, C.H. AITAPHA, K.P.K. TAKIIMI,
LIL. TAATPL K.C. LIMAM, K.A. MAHOJIDK
Hep>xaBHuit xinounii konemx, TipyBananTtanypam, mrat Keparna, Inpisa

Pedepar. I[pub Fulvifomes siamensis, yrepue omvcaunii 3 Taimanay, BiomMmit Takox i3 Kilbkox micresHaxomxens y IliBgeH-
HO-CxigHiit Asii. Basuniomn F siamensis 6yno 3i6pano Ha Peltophorum pterocarpum mip 9ac FOCTiZKeHb MAaKpOMIL[ETiB y
paitoni TipyBanantanypam mrary Kepana, Iugis. [pn6 6yno ineHTudikoBaHO Ha OCHOBI IeTalIbHUX MaKpo- i MikpoMopdo-
JIOTiYHUX O3HAK Ta MOJIEKY/IAPHO-TeHeTNYHOro aHasisy 3 Bukopuctanuam nrlTS i nrLSU. Byno BcTanosneHo, mjo iHpificpki
3pasku € KoHcnenudiunumu 3 F siamensis. Lle mepiue moBifoMIeHHs PO 3HaxigKy F siamensis B IHpii, migTBepmKene me-
TaJIbHUMM MOP(QOJIOTiYHNMM OIMCaMy, ITIocTpaLiamm, GioreHeTHYHNM aHami3oM Ha ocHoBi nrITS-nrLSU Ta HaBemeHUM
HOPIBHAHHAM i3 67M3bKOCIOPifHEHMY TAKCOHAMI.

KmiouoBi coBa: Basidiomycota, Hymenochaetaceae, nrITS, nrLSU, Ingis, Mop¢ororis, TakcoHOMis, inoreHis
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OcHoBHi TeHpeH1Iil BuUKopucTanHs ¢isionorii y cenexiii,
IigABUILEHHI NPOJYKTUBHOCTI Ta CTPECOCTINKOCTi pOCINH B YKpaiHi

Cepriit 1. KOIIb 9, Oner O. CTACUK @, Tmurpo A. KIPI3II * 9, Bonogumup B. MOPTVH|
IncturyT ¢isionorii pocmus i renernxy HAH Ykpaiun,
Bys1. Bacunbkiscpka 31/17, Kuis 03022, Ykpaina

* ABTOD I INCTYBaHHS: Kiriziy@gmail.com

Pedepar. BucsitieHO OCHOBHI TeHEEHLIl IOZO BMKOPUCTAHHS [JOCATHEHb (i3ionorii poCaMH B CeleKIil Ta BHECOK
HayKoBLiB IHcTUTyTY isionorii pocnus i reneruxky HAH Vkpainu y BupitieHHs Ipo6/eM MifiBUIEHHS IPOSYKTUBHOCTI
Ta CTPECOCTINIKOCTI pOCINH. 30KpeMa, B pe3ynbrari 6araTopidHMX FOCIiKeHb TeHOTUIIOBUX 0CcO6mBOCTell Mopdororii Ta
¢bysKiionyBaHHA GOTOCHHTETMYHOTO allapaTy MIMpPOKOI BUOIPKM COPTIB MIeHNMIIi Ha PIBHAX opraHisanii Bif xopormacty
IO arpoleHo3y BUABIEHO psaf ¢isionorivnmx i Mop¢onoriyHNx 03HaK, SIKi peKOMEHIOBAHO [0 BUKOPUCTAHHA B AKOCTi
(deHOTUIIOBUMX MapKepiB NIpy celeKiil Ijiel HailBaXk/MMBIlIOi CiTbCPKOTOCHOJAPCHKOI KYIBTYpM Ha MPORYKTMBHICTD i
HOCYXOCTINKicTh. TaKOX MpOBeIEeHO HUBKY ZOCTiKeHDb (i3i0noro-6i0xiMivTHNX 0COOMMBOCTEN TeHeTUIHO MOAM(IKOBAHIX
POC/INH MIIEeHNI i3 Mi{BUIEHNM BMICTOM IPOJIHY SIK 34 HOPMAJIbHUX YMOB, TaK i BIUIMBY mOCYX1. 3p06IE€HO BUCHOBOK
IIPO IePCIeKTUBHICTb iXHBOTO 3a/llydeHHA y CeNeKLilHi IporpaMu 3 MiABMINEHHA CTIMIKOCTi KO abiOTMYHMX CTPECOBUX
4MHHMKIB. Ce/leK1iOHOBAHO LIMPOKNIT CIEKTP BIUCOKOe(PEeKTUBHIUX MITaMiB 0y/I1b00YKOBMX GaKTepiil, KOMIITIEMEHTAPHUX IO
HM3KM MPOBITHMX 600OBUX Ky/IBTYp, Y TOMY YHMC/ i3 BUKOPUCTaHHAM TPAHCIIO30HOBOTO MyTareHesy. Po3po6meHo HOBi
TEXHOJIOT11 IXHbOrO BUKOPVCTAHHSA B CKJIaJi iHOKY/IATIB 3 ypaXyBaHHAM reHeTMIHIX 0COOMNBOCTEN KY/IbTYPH, SKi CHPUAITH
MaKCHMaJIbHIll peaisalil moTeHIiany IpOfyKTUBHOCTI 6060BO-p1306iaIbHOrO cMM6i03y Ta 3aXUIAIOTD Bifj HETATMBHOTO
BIUIMBY GiOTMYHNMX i aGIOTUYHMX CTPECOBUX YMHHMKIB. TaKoXX po3po6/IeHO TeXHOMOTII 3aCTOCYBaHHs CyMillleli Crielia/IbHO
CeJIEKIIOHOBAHMX IITAaMiB ACOLIATMBHUX Ta BIIbHOICHYIOUNX a30TO(IKCYBalbHMX MIKPOOpPraHisMiB s iHTeHcupikaiil
BMPOLTYBAHHA PisHUMX COPTiB muIeHuni. Bigomo, mo g posKpUTTsA MOBHOTO T€HETUYHOTO MOTEHIIany MPOAYKTUBHOCTI
CYYaCHMX CiZTbCHKOTOCIIORAPCHKUX KYIBTYP HeOOXifHO po3pobuTy HOBi @60 iCTOTHO HOIMIINTY BXKe iCHYI0Ui TeXHOMOTil
IXHBOTO BHMPOILIYBAaHHs Ta HOAOATH IIPO 3aXWCT Bif XBOpoO, WKIZHMKIB i 6yp’stHiB. 1 1bOro po3po6IeHO TeXHOMOTII
3 MifBUIIEHHA e(peKTUBHOCTI BMKOPMCTAHHA a30Ty CYYaCHMMM BUCOKOIHTEHCHBHUMM copramyu mmreHnni. Haykoo
OOIPYHTOBAHO i BIIPOBA/KEHO y MPAKTUKY 3aCTOCYBaHHA OAaKOBMX CyMillleif I/IA TT03aKOPEHEeBOTO IIifKUBJICHHA POCTNH
pasoM i3 3acob6amy 3aXJCTy Ta Pery/LITOpaMu POCTY, IO Ma€ 3HAYHMIT eKoHOoMiuHMiT epext. OTxe, disionorn pocmuH i
FeHEeTUKM IHCTUTYTY TiCHO CHIiBIPALIOIOTH 5K y (YHIAMEHTA/IBHUX HAYKOBMX HOCIIIKEHHSAX, TaK i Ha 6/1aro arpapHOro
CeKTOpa y Li/IAX 3MilIHeHH: IPOJOBO/IBYOL Oe3neky YKpaiHiL.

KnrouoBi cmoBa: HOBI TexHOOrii, MpojoBoNIbYa Oe3IeKa, TIPOAYKTUBHICTD, CENEKIlif, CTPECOCTINKiCTh, disionorivyni
Mapkepy, ¢isionoris pocnH
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Bcryn

IIle 3 mpapaBHIX 4YaciB JIIOAVMHA YCBiZOMIIA 3a/IeX-
HICTb CBOTO iCHYBaHH:A Bij pocnyH. BBeeHHA poc-
JIMH Y Ky/IbTYpPY, 0COOMMBO XTOHNX 37aKiB, CTazmo
BOK/IMBMM €TAIIOM PO3BUTKY JIIOJCbKOI MBiTi3aLlii
Ha 3emsi (Araus et al, 2007; Abbo, Gopher, 2020;
Katamadze et al., 2023). 3aponuBuincs e 3a Jacis
AHTUYHOCTI, HayKa IIPO POC/IMHM IIiJj 3araabHOIO
Ha3BOI0 "OoTaHika' posBUBajacs O APYrol IO/O-
ByHM XVIII cT. mepeBakHO fAK ommcoBa. Barommit
BHECOK Yy CHMCTeMaTusaliiilo OOTaHIYHMX 3HaHb 3pO-
6us Kapr Jlinneit, sxuit B cepenyni XVIII cT. 3ampo-
BaiuB OiHApHY HOMEHK/IATYPY POCIAMH i OFHUM 3
nepux 3pobus crpody knacugikaiii pocIMHHOro
cirty (Stafleu, 1971). Bunaxiy Mikpockora, ycrminHi
JIOCSATHeHHS B XiMii, isuii, TexHili cTBopmwm ymo-
BI JI/Is1 PO3BUTKY €KCIIePUMEHTAIbHNUX JOCTiKEeHb
pocmuH i Hanpukinni XVIII ct. — Ha nmoyatky XIX
CT. (isiosnoris poc/MH BMOKpeMIIach y caMOCTiiiHY
HayKYy, sKa Ha modarky XX cT. Oy/la BUSHaHa fK Ha-
YKOBa OCHOBa 3eM/IepoOCTBa i pocMHHNIITBA. BoHa
CTa/la IO3UILIOHYBAaTUCA sK HayKa IIpo (QYHKIio-
HajbHi CHCTeMM POCINH, iXHIO OpraHisaliio, iHTe-
rpaito Ta camoperyjuito (Pessarakli, 2021).

Pasom i3 Tum, 6araro acnektiB ¢isionmorii Ta 6i-
OXiMii POC/IMH TiCHO HeperIiTarThcs 3 60TaHIKOIO,
aypke GioximiuHi Ta ¢isionoriuni ocobnmuBocTi poc-
JIH MOXKYTb BUKOPUCTOBYBATUCS AK TAKCOHOMIUH]
O3HaKM, Ta OYTH LiKaBUMM IJIs1 CUCTEMATUKIiB poc-
muH. IIi 0coOMMBOCTI TaKOXX MarOThb Hag3BUYAli-
HO B@K/IMBe 3HAYEHHS /I PO3YMIHHS IPoOIeM
reoboraHiku Ta ekosoril, 6oraHiuyHOI reorpadii,
eKOHOMiuHOI 60TaHiKy Towlo. [eHeTHKa Ta MOMIEKY-
JsipHA G10TIOTiS POCTMH 3a3BUYANl PO3TIAMAIOTHCS
SIK pO3[IIN 3arajbHOI F€HeTUKM, X04a HesAKi IxHi
aCIeKTM TAKOX TiCHO MOB'sI3aHi i3 CUCTeMaTHKOI.

TonoBuumu Hampsimamu  ¢isionorii  pocinuH
Oynu i 3aMMIIAloThCA TaKi, SK: po3poOKa MifXOMiB
[0 KepyBaHHA NPOJYKLIHMM IIPOLECOM Ta fKiC-
TI0O POCAVHHOI IPOAYKLil; BUBYEHHs BIUIMBY aOi-
OTMYHMUX 1 OIOTMYHUX YMHHMKIB HAaBKOIUIIHHOTO
CepefoBMIla Ha POCIMHY; HOIIYK 3acobiB mifBuU-
meHHA BpoxaitHoCcTi. Y XX c¢T. copmyBaBcs e
OIVH Ba)X/IMBUII HANpAM — iHTerpanis i3 cemex-
€10, JOCTiPKEeHHsT KIo4oBMX (isiomoriyHux 03-
HaK, sIKi Oy/u 3MiHeHi B pe3y/brarti cenekuil pisHux
BUJIB KYJIBTYPHUX POCIAMH Ha HPOAYKTUBHICTD,
BU3HAUYEHHA pe3epBiB i NUIAXIB IXHBOTO IOAANb-
IIOTO TIOJITIIIIEHHS Ta PO3POOKa peKOMEeHaIiil i3
BK/IIOYEHHA LMX O3HAK y CENEKUiMIHMIA MpoLec AK
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¢isionorivanx mapkepis (Reynolds et al., 2022; Ro-
ychowdhury et al., 2024).

BaxxnuBuM 3aBjaHHAM (i3i0/noriB € BUABICHHA
AiMITYBaJIbHUX JIAHOK IPOAYKIIITHOTO IPOLECY
Ta IOIYK UUIAXiB ixHboi omrmmisamii ¢isiono-
rO-TeHeTUYHUMY MeTOfjaM! IS OTPUMaHHA 6a-
KaHMX pesynbrariB. ToMy ma mporo HeoOXigHa
crinpHa cmiBnpans ¢isionoriB pociuH, MONEKy-
JAPHUX 6i0710riB, T€eHeTUKIB Ta CeJIeKIIIOHEPIB 1A
BUPpIllleHHs HarajabHOI NMpOO6IeMM IIPOJOBOIbYOL
KpM3M, fAKa Jlefajli 3aTOCTPIOETLCA Y 3B A3KY i3 He-
BIVHHJM POCTOM Hace/leHHA 3eM/i Ta I7mo6anb-
Humu 3miHamu kinimary (Condon, 2020; Neupane
et al., 2022). Bueni Incturyry disionorii pocninu
i renetuxu HAH Vkpaiun (IOPI' HAH Ykpainn)
poO/IATD CBiif BArOMUIT BHECOK y BUPIII€HHSA L[UX
aKTYya/JbHUX IPOO/IeM.

HocnimxeHHa POTOCHMHTETMYHNX IOKA3HUKIB
SIK MapKepiB JJIA celeKiii Ha NpOAyKTUBHICTb i
CTpecoCTiliKicTh

Ockinpky 6113bko 95% OpraHiuHOI Macy pOCIVHI
YTBOPIOETbCA B Mpolieci GOTOCHHTE3y, 3 MOMEHTY
Jioro BifIKpuTTs i 0 Hamux AHIB pobnema "doTto-
CUHTe3 i IPOAYKTUBHICTD POCIMH" BUK/IMKAE 3HA-
YHII TEOPETUYHMII i IpaKTNYHMII inTepec. fIK Hay-
KOBa rpobeMa BOHa Ma€ JieKi/IbKa acIeKTiB, cepef
AKUX HaOyBalOTb OCOONMMBOrO 3HayeHHs arpodisi-
onoriyumit i ¢isionoro-renernunuit (Stasik et al.,
2021). Ilepinit 3 HUX MOB'SA3aHUI 3 TOCTII>KEHHAM
¢dboTocuHTe3y Ha Pi3HMX piBHSIX JIOro oprasisariil
(Bif MOJIEKY/ISIPHOTO O LIEHOTUYHOTO) 3 METOIO I10-
LYKy LIUIAXIB MiIBULEHHA TPORYKTUBHOCTI Ci/lb-
CbKOTOCIIOIAPCHKIX KY/IBTYP i po3pobku crocobis
YIPpaBaiHHA NPOAYKUiHMM IponecoM. [pyruit
— i3 BUBYEHHAM MOJIEKY/IAPHO-TEHETUYHUX MeXa-
Hi3MiB opraHisanii Ta (QYHKI[iOHYBaHHS IPOLECY
¢dboTocuHTe3y i BU3HAYEHHSM MOXK/IVMBOCTENT JIOTO
reHeTHYHOro mojnimmenHs. [li mBa acmekTu Bax-
NVBi B NIPUK/IAJIHOMY 3Ha4Y€HHi, OCKi/JIbKM YCITillIHE
iXH€e PO3KPUTTSA HaJJaCTh MOXK/IMBIiCTb IOfIa/IbIIOTO
MiIBUIEHHA HPOSYKTUMBHOCTI CiTbChKOTOCIIOAP-
CBKUX KY/IBTYp M 3abe3ledeHHs XapuoBUX IIO-
Tpeb Hace/leHHs 3eMIi.

OcCHOBOIO ~MiATPMMAHHA TIM06aNBHOI  ITPOJO-
BOJIBYOI O€3MeK € MIIEHNIIST — HaitbiIpI moumpe-
Ha Ci/IbCbKOTOCIIOIAPChKA KY/IBTYpPa, OCKiTbKM BOHA
3abesIeuye I'ATYy YaCTUHY Ka/JOPilTHOCTI Xap4oBO-
ro paniony mopcrsa (Pequeno et al.,, 2021). Tomy
IUIST BUPIIIEHHS TIPOJOBOIBYOL TpobmeMn 0cobmu-
BO BaYX/IVIBUM € TIOfIOJIAHHA KPU3M B IIOJA/IBIIOMY
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nigBuileHHi i BpoxxaiHocTi. Ha 1ymMKy excrepTis
Mi>XKHapogHOrO KOHCOPLiyMy 3 BPOXKallHOCTI IIIle-
Huni (Wheat Yield Consortium, WYC), ymnosinb-
HEHHS TeMIIiB 3pPOCTaHHA BPOXKAHOCTI IIOB's3aHe
i3 BUYEPIIAHHAM MOX/IMBOCTEN II MifIBUIEHHA 32
paxyHOK ¢akTopiB, 1o 3abesnedmnn piske 30i1b-
IIEHHSA NPOAYKTMBHOCTI IIIEHMII B pe3ynabTari
"3enenoi pesommonii’ (Parry et al., 2011; Slafer et al.,
2023). JlocATHEeHHA OCTaHHbOI 0a3ylOTbCA Ha IIO-
MiMIIeHH] po3nofiny 6ioMacy poCayHM Ha KOPUCTb
61/IbIIIOTO KOJIOCA 1 IMiJBUIEHHA BiJHOCHOI YaCTKM
3epHa y Maci HaJ3eMHOI YaCTMHM 32 PaXyHOK YKO-
pOueHHs cTeb/a, a TAKOK 3POCTAHHSA IUIOLII JIMCT-
KiB, 1o /j03BOA€ (HOPMYBATU IOCIBM 3 BMCOKU-
MM TIOKa3HVKaMl TIOIJIMHAHHA COHAYHOI pajiamil.
OpHak BeIMYMHY TOCIOAAPCHKOI edeKTUBHOCTI
BPOJXKAIO i IMCTKOBOTO iHMIEKCY IOCIBiB y Cy4YacHMUX
COPTiB BXKe JOCAINIM I'PAHMYHO MOKIMBUX IIOKa3-
HIKIB, TIepeBUIIIEHHA AKMX HETaTUMBHO BIUIMBAE Ha
IpOAYKTUBHiCTb. ToMy cepef; HayKOBLIB yTBepAu-
JI0CsI CIijibHe 6aueHH, BiTIOBIHO 10 SKOTO OJHIM
13 HaVBOXX/IMBIIIMX YMHHUKIB ITOAAJIBIIOrO ITiIBI-
LIeHHs IIOTEeHIia/y IPOAYKTUBHOCTI IIIeHMI] 11 iH-
IINX 3€PHOBUX KY/IBTYP, € 30i/IbLIIEHHA aKTMBHOC-
Ti oTrocuHTE3y Ta eeKTMBHOCTI BUKOPMCTAHHSA
cBitnoBoi eneprii nmociBamu (Faralli, Lawson, 2020;
Araus et al., 2021; Stasik et al., 2021; Murchie et al,,
2023). BaxnuBOo BigsHa4MTHM, IO CTpaTeris IMo-
JaIbIIMX YCIIXiB y CeleKILil MIIeHuLi Ha MPOAyK-
TUBHICTb PO3IJIAfA€ aKTUBi3alilo GoTocuHTE3y B
KOMIIJIEKC] 31 3MiHaMU IPOLIECIB POCTY i PO3BUTKY
POC/IVMHY, HAro/IOMIYI0Y)M HAa HEeOOXiTHOCTI HOIIM-
O7IeHHS iCHYIOUMX YsIB/IeHDb PO TXHi B3aEMO3B'SI3KU
Ta iHTerpoBaHicTh y npopykuiitHomMy npoueci (Sta-
sik et al., 2021, Reynolds et al., 2022).

Ha cvorogui B I®PT HAH VYkpaiunu, sk i B 6ara-
THOX IPOBIHMX HAyKOBUX 3aK/Ia/laX Pi3HMX KpaiH
CBiTY, BeIyTbCsl HOIIYKYU BifHOCHO mpocTux ¢isio-
JIOTIYHMX MOKa3HMUKIB, IIOB'A3aHUX i3 BPOXAIHICTIO
MIIEHNI] B IIMPOKOMY Jlialla30Hi YMOB BUPOILYBaH-
H, SIKi Oy 6 KOPYICHYMIU s IPUICKOPEHHS CeTek-
LITHOTO TIPOLIECY 3 METOI0 IIi/IBUILEHHS IIPOMAYK-
TUBHOCTI 1Ii€l CTpaTeriyHoi CiIbcbKOroCIofapChKol
KynpTypu. IIpy npomy my»ke BaK/IMBOIO € ifleHTH-
dikaris disionorivHux o3Hak, ki 6 cBigummM of-
HOYACHO IIPO BMCOKY IIOTEHLINIHY IPOAYKTUBHICTD
1 CTIMIKICTD JO HECHPUATIMBMX YMHHUKIB. Ile majo
611 3MOTy CTBOPUTY HOBi COPTHU 3 BUCOKOIO TITACTIY-
HICTIO, 3[JaTHi JJaBaTM BUCOKI BpPOXKai y IIMPOKOMY
[ialasoHi yMOB BUPOLIYBAHHSA Ta arpOTEXHIYHOTO
3abesnevenns (Morgun et al., 2016b).

OcranHi 15 poOKiB OCHOBHMIT aKIEHT POOUTHCS
Ha BMBYEHHI OCOOMMBOCTENl PEryIATOPHMUX Me-
XaHi3MiB B cucTeMi (OTOCHHTe3-NIPORYKIITHMI
NpOLeC Y HOBMX BUCOKOIHTEHCUBHUX COPTIB O3M-
Mol numeHuni. Jlocmifi>keHHSI HeflaBHO CTBOPEHUX
B IHcTuTYyTI isionorii pocmuu i renerukn HAH
YKpalHy BUCOKOIHTEHCMBHMX COPTIB, 3JAaTHMUX
¢dbopmyBaTy pexoppHi Bpoxkai Ha moninumeHux ¢o-
HaxX MiHepa/IbHOTO >XMBJIEHHA, IIOPIBHAHO i3 copTa-
M, CENIeKIIIOHOBaHMMM 3HAYHO paHillle, MalOTh Be-
JIMKe HayKOBe 3HAYeHHA J/IA 3'ACYBaHHA OCHOBHUX
3aKOHOMipHOCTell (POpPMyBaHHS arpoueHosiB i3
HiBUIEHOI (OTOCUHTETUYHOI IPOJYKTUBHIC-
TIO Ta BMABJIEHHA CTPYKTYPHO-(QYHKILiOHaTbHUX
ImapaMeTpiB, IO 3a0e3NedyloTb BUCOKY IIPOAYK-
TUBHICTb, i IPOrHO3YBAaHHA HOBUX TEHJEHII B
CENMEKIiIIHO-TeHETUYHOMY IIOJIIIIEHH] KYIbTYpu
(Priadkina et al., 2022, 2024).

BusaBieHo, 110 HOBi BMCOKOIHTEHCUBHI COpTHU
03MMOI IIIEHMIi XapaKTepU3YIOThCA BUIIOK iH-
TEHCUBHICTIO ()OTOCHHTE3y IIPANopLEeBOro JIUCT-
Ka Iif 4ac uBiTiHHS 1 TpMBamiummM 36eperKeHHAM
jioro (QyHKIiOHa/IbHOI aKTMBHOCTi IPOTSAIOM Ha-
JIMBY 3epHA, HDK MEHII IPOAYKTUBHI cOpTU Oi/bIn
paHHbOI cenekuii. BifsHaueHO BaXXK/IMBY PpOJb
inTencudikanii oTocMHTE3y OIA IifBUILEHHS
NIPOAYKTYBHOCTI TIIEHMII; /laHa O3HAKa IIPOIIO-
HY€ETDHCSA I BUKOPUCTAHHA B AKOCTI JJOJATKOBOTIO
KPUTEPiI0 Npy CeNeKlii COpTiB IIUEHNULi 3 BUCO-
KJM IIOTeHIjajioM mpopykTuBHOCTI (Stasik et al.,
2021). CyvacHi BMCOKOIPORYKTUBHI COPTY MAIOTh
HOTY)XHIINI (OTOCHHTETUYHMII amapaT, 1o 3y-
MOBJICHO Oi/IBIIMMIU IDIOLIEI0 Ta IMTOMOI0 MAcCOI0
JIUCTKIB, BMicTOM X70podiny, TpUBaIiCTIO aKTUB-
HOTrO (PYHKIIIOHYBaHHA JMCTKOBOI IIOBEpXHi IIpo-
TATOM BereTalil, IOPiBHAHO 31 CTapUMM COPTaMMU.
30KpeMa, BUSIB/IEHO TiCHUI KOPEIALIHNIL 3B 130K
MK 3¢pHOBOIO IIPOJYKTUBHICTIO Ta XIOPOQITBHUM
IIOTEHI[ia/IOM POCIAMH 03MMOI MIIEeHMII PiSHMX Te-
Hotumis (Stasik et al., 2021; Priadkina et al., 2024).

[enotunm 3 BUCOKOI 3EPHOBOK IIPOAYKTMUB-
HICTI0O XapaKTEPU3YIOTbCA BENMKOI  KiIbKICTIO
XJIOPOIVIACTIB Yy K/ITUMHAX, MiABALIEHUM BMICTOM
x70podiny B OJHOMY X/IOPOIUIACTI IOPiBHAHO 3
MEHII NPOAYKTMBHMMIU. Buina iHTeHCUBHICTH do-
TOCHHTE3yY B POCIVMH BJMCOKOIPOJYKTMBHOIO COP-
Ty NOPiBHAHO 3 MEHII IPOAYKTUBHUM, a TAKOX Y
POC/IMH, Kpalle 3abe3led4eHnX MiHepaTbHUM XKU-
BJIEHHAM Y II€piofi HaJuBy 3€pHA, 3YMOB/IIOETbCA
[OBi/IBHIIIOW Jierpajialiielo romoBHOro depmeH-
1y acumimAnii CO, — Pybicko i sb6epexxeHHAM
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6impmroro jtoro Bmicty B /muctkax (Morgun et al.,
2016a). 36epexxeHHA BMCOKOI aKTMBHOCTI (poTo-
CUMHTETUYHOTIO allapaTy Ha 3aBepllajibHUX eTalax
PEIPOAYKTUBHOIO PO3BUTKY (pPeMOHTAHTHMII e-
HOTUII) € HeOOXif[HMM YMHHUKOM (OpMYBaHHA
BJMICOKOI 3€PHOBOI INPOAYKTMBHOCTI B Cy4YacHMX
BUICOKOIHTEHCHBHMX COPTIB i3 MiJBUILEHOI O3€p-
HEHICTI0O KO/Ioca. Y HOBUX BVCOKOIPOJLYKTUBHIX
COPTiB 03MMOI IIIEHNII] BUABIEHO Mi/BUILEHY iH-
TEHCUBHICTb poTocuHTeTHHOi acuminswii CO, B
PO3paxyHKy Ha Of[MHMIIIO ITOBEPXHi yucTKa i ¢o-
ToximMiuHy akTuBHicTH oTocucTemu II Ha cBiTii,
MEHIIY YaCTKy He()OTOXIMiUHMX BTpAT MOIIMHEHOI
CBIT/IOBOI €Hepril MOPiBHAHO 3 MEHII IPOJYKTUB-
HuMU copramu 6inbin panuboi cenekuii (Priadkina
et al.,, 2023).

OTpuMaHi pesynbTaTH CBif4aTbh, 1O MOXK/IN-
BOCTi moniniteHHs: edeKTUBHOCTI poboTn ¢oro-
CMHTETMYHOIO alapaTy Ta J0ro HpOAYKTMBHOCTI
CEJIeKIiITHO-TEHETUYHNUM IUISAXOM IIle [aJieKo He
Buuepnaui. Bigbip Ha BMCOKY iHTeHCHBHICTB ¢o-
TOCHHTE3y MOXKHAa IPOBOJAUTY HENPAMUMU Me-
TOJaMM, HaIlpUMK/IAJ 33 BENMYMHOIO IIPOANXOBOI
IIPOBIJHOCTI YN 3a TPAJi€EHTOM 3HVDKEHHs TeMIIe-
paTypy MOBEpXHIi IIOCIBY BHaC/IiOK TpaHCIipalii,
a60 BimOmparoum 3pasky 3 IOCUIEHUM BiITOKOM
acuminAris y konoc (Faralli, Lawson, 2020; Araus et
al., 2021; Zhu et al., 2022). Ouikyerbcs, 110 OCTAH-
Hiil 3axifg Mae 301IbIINTY aKTUBHICTH (HOTOCUH-
TETUYHOIO alapary d4epe3 3BOPOTHY pETYIALiIo
3anuToM Ha acuMinaru. Iloganpimi ycmimni goci-
JUKEHHA B LIbOMY HampsMi NpuU3BeAyTh N0 36i/1b-
IIeHHs SIK 3arajJibHOI 6107I0TiYHOI IIPOJYKTUBHOCTI
MOCiBY, TaK i Bpo)Kaw 3epHa. Benuky ponb mMoxe
Bipirpaty 36inblIeHHS IHTeHCUBHOCTI HAPOCTAHHS
IUTOLIi TMCTKOBOI TIOBepXHi Ha paHHIX (daszax poc-
TY i IPUCKOPEHHA 3MUKAHHA JIMCTKOBOTO IIOKPUBY
arpoIeHO3y, a TaKOX IMiIBUIIEHHS e(peKTUBHOCTI
ACUMITIALIHOIL Jis/IBHOCTI IMCTKIB HYDKHIX APYCIB,
10 (PYHKIIOHYIOTb 32 YMOB 3HIDKEHOI OCBiT/IEHO-
cti (Slattery, Ort, 2021; Murchie et al., 2023).

3abesneyeHHs KOIOCA acUMinATaMM O Ta IIif
Yac 1BITIHHA Ma€ BIUIMB HAa KibKICTb >XUTTE3AT-
HUX 3aB's3€ll, Ta, BiAIIOBigHO, i 3€PHIBOK Y KOJIOC,
IO € OOHMM i3 UMHHMKIB, SIKi BU3HAYAIOTh JIOTO
aTparyBajbHy 3[JAaTHICTDb Yy Iepiof HaJIMBaHHA 3€p-
Ha. 3pOCTaHHA MPOAYKTMBHOCTI MIIEHNI MOXKHA
TaKOXX OYIKyBaTy Bif 30imblieHHs QOHAY pe3epB-
HJIX BYIVIEBOJiB, sIKi HAKOIMYYIOTHCA B CTeOIax IO
Ta Mif| yac UBiTiHHA, 3abesnedyoun crabimisaiio
IIOYATKOBOTO €TaIly POCTY 3€PHIiBOK i, BiiMIOBigHO,
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OiTBUIIEHHSA IXHBOI BVDKMBAHOCTI IIC/IA 3arIif-
HEHHA, a TAKOX AK JPKEPeo BYIJIELI0 I MOJalb-
moro HamuBy 3epHa (Morgun et al., 2022; Tarasiuk,
Stasik, 2021, 2022; Kandi¢ et al., 2023). ITpu npo-
MY 3HA4MMICTb (POTOCMHTETMYHOI aKTMBHOCTI Ta
3a0e3MeveHoCTi POCINH aCUMINATaMU B mepiof
HA/IMBY 3epHa /11 pOpMYBaHHA BUCOKOI 3epHOBOI
IIPOAYKTMBHOCTI iCTOTHO MifIBMIIYETbCA Yy Cydac-
HJX BUCOKOIHTEHCUMBHMX COPTIB IIIEHMII BHACIi-
IOK 36iIbLIeHHSA 03epHEHOCTi komoca. Kpim Toro,
BIUICOKa JIeTIOHYBa/lIbHA €MHICTb cTebna [J03BOJIAE
HiTPUMYBaTU BUCOKMII piBeHb POTOCUHTETIIHOI
acuminsnii B ¢asu KomociHHsA 1 1BiTIHHA B mepiof,
1je CTA0KOTo 3aINUTy 3 60Ky OCHOBHOTO aKIelTopa
acuMmisiTiB — komoca (Morgun et al., 2022).

Orpumani pani cBigyaTh Npo Te, IO 3[ATHICTD
JIeTIOHYBaT! BOLOPO3YMHHI BYITIeBOAM Yy cTeOIi 10
HOYaTKy Ha/JIMBaHH:A 3€PHIBOK € BaXIMBUM (ak-
TOpOM, AKUIT 3abe3nedyye GOpMyBaHHA BPOXKAIO i
Moke cnyryBaty ¢isionorivHuM MapKepoM BUCO-
Koi mpopyktuBHOCTL. IlokasaHo, 1[0 HaibimbuIy
JENOHYBa/IbHY €MHICTb MAalOThb MIXKBY3/IA Cepefi-
HbOI yacTVHN cTebma — gapyre i Tpete 3Bepxy (Ta-
rasiuk, Stasik, 2022). ToMy 3 MeTOI0 CIpOLIeHHS i
MIOJIETIIEHHA METONVYHMX IPOLERYP AIA OLiHKK
BEJIMKOI KIIBKOCTI 3pasKiB, HAIIpMK/IAJ, y CeJeK-
LIVHIAI MPaKTUIi, MOXXHa PEKOMEHIyBaTy ITOKa3-
HUK KiJIBKOCTi BOJOPO3YMHHUX BYITIEBOAIB y LIUX
MDKBY3/IAX fAK XapaKTEPUCTUKY JENOHYBa/lbHOI
3maTHOCTI cTebma B winomy. IIpu Bigbopi 3paskiB
Il BU3SHAYEHHA [IETIOHYBAaJbHOI 3[aTHOCTI CTe-
6/1a MINEeHUL CIIif BPaxXOBYBaTHn 0COOMMBOCTI 4a-
COBOI [IMHAMiKM HaKONMYEHHA BOJOPO3YMHHUX
BYIJIEBOZIB 3a [ii CTPecOBMX YMHHMKIB, 0COOINBO
Ha II0YAaTKy PpEeNpOAYKTMBHOIO II€PiOAy, OCKi/b-
KV BHAC/TiIOK IpUTHiYeHHS (POTOCHHTE3Y iCTOTHO
IPUCKOPIOETbCA  peMo6imi3aliis BOLOPO3UMHHIX
BYIJIEBOJIB i CKOPOYYETbCA IEPiof IXHBOTO Ha-
xormueHHs (Liu et al., 2020; Morgun et al., 2024;
Ntawuguranayo et al., 2024). PexoMeHIOBaHO BM-
KOPUCTOBYBAT/ IIOKa3HMK BMICTy BYITIEBOZIB Y
cTe6i mic/st UBITIHHSA B SIKOCTI CENIEKIITHOTO KPM-
Tepifo s cTabimizanii IpofyKTUBHOCT] 3epHOBUX
3/IaKiB 3a 3MiHHUX YMOB JOBKIi/I/IA.

Ha Bigminy Bifi ByIZIEBOJIB, OCHOBHUM [pKepe-
JIOM AKMX 32 HOPMa/JbHUX YMOB IIiJj 4aC Ha/lMBaH-
HA 3€pHA € NpaNopLEBUil TUCTOK, a pe3epBu CTe-
6/1a BUKOHYIOTb JIOIOMDKHY POJIb, NEepepO3HOiT
a30TOBMICHUX CIONYK Y JIOHOPHO-aKLENTOPHI
CHCTeMi POCIVH Ma€ BjIacHi ocobmuBocTi. 3 ormsany
Ha Te, 10 OGIIKOBICT 3epHA € OTHUM i3 K/TIOYOBUX
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YMHHUKIB JI0T0 PMHKOBOI BapTOCTi, a Oiku € aso-
TOBMICHMMU CIONTYKaMM, TO TeHOTHUIIOBi 0cobmu-
BOCTi TIOI/IMHAHHS Ta PO3NOAITY a30Ty B pOCIMHAX
MIIEHNIi € NpeJMeTOM HayKOBOTO iHTepecy. Y 3a-
raJIbHUX pucax BijomMo, mo noHaj 60-70% asory
CTUIJIOTO 3epHa 3a0e3IeYyeThCs 3aBAsIKN PeMOOii-
3alil IbOro €JIeMEHTa, HAKOIMYEHOIO Y BEreTaTuB-
HUX OpraHax poc/yHuU nepep uBitiHaaM (Gaju et al.,
2013). 3rigHO 3 CyYacHUMM [OC/Ii/PKeHHAMU, Hif-
BHILeHHS eeKTUBHOCTI BUKOPUCTAHHS a30TY € He-
00XiTHOI0 YMOBOIO CTBOPEHHS HOBUX COPTIB IIlle-
Huni (Tian et al., 2024). [l 0bOro IpOIOHYETHCS
SMEHIINTY KOHKYPEHIIiI0 MK BereTaTMBHUMM i Te-
HEpaTVBHVMM OpTaHaMI 3a a30T IIiC/IA LBITIHHA Ta
HOCUINTY Jioro normHaHuA (Stasik, Kiriziy, 2011).

Bigomo, 1110 3a oNTMMaJIbHUX YMOB BUPOIyBaH-
H IOTEHIJIHa BPOXKalHICTh IIOCIBiB KY/IbTYPHMUX
POCIMH 3HAYHOK MipOI0 3aleXWUTb Bif HajXxo-
JDKEHHS CyMapHOI COHAYHOI pafianil BIPOROBX
BereTaliii, KiZTbKOCTi TOrMMHYTOI POTOCHHTETUIHO
aKTUBHOI pajianii Ta epeKTUBHOCTI ii mepeTBOpeH-
HA Ha 6iomacy (Slattery, Ort, 2021). Onjinka MOX-
JIMBOCTEN MiIBUILIEHHS KOXXHOI 3 IIUMX CKJIaJOBUX
IJIA MUIeHUIi ITOKasaja, 10 OFHUM i3 peajbHUX
LUIAXIB MiIBUIIEHHA BPOXKalHOCTI 3a/IMIIAETHCA
30inpleHHsT epeKTUBHOCTI BUKOPUCTAHHS IOT/IN-
HeHol papianii (EBP) Ha cTBOpeHHs pOCIMHHOI
6iomacu. BusBieHo, 10 y pi3HUX 3a BPOXAITHICTIO
copriB o3uMol mureHnni sHadeHHsa EBP y mepiop
Bif UBIiTIHHA KO MOMOYHOI cTMINOCTI OymM MeH-
LMY, HDK y Iepiof, MO/OYHA—-MOI0YHO-BOCKOBA
CTUIJICTb. BCTAaHOBIEHO TaKOXK, 1J0 HAa HU3BKOMY
¢oHI MiHepanbHOTO >KMBJIEHHsS MDKCOPTOBI 0co-
6mmBocTi 3a mokasHukamu EBP y koHTpacTHUX 3a
IPOAYKTUBHICTIO cOpTiB 6y/n HesHaunyuMmu. [Ipote
Ha BUCOKOMY (OHi )KVUBJIEHHSI § CY4aCHOTO Oi/bIn
IPOLYKTUBHOIO COPTY B 000X HOCTIIPKeHMX Iiepi-
ojax 3HauyeHHsa EBP 6ym/1 BUIIVMY, HDK y MEHII
BpoXKaltHOro craporo copry. Iloninmienna moxas-
HukiB EBP mpn yTBOpeHHi pocnmuHHOI 6iomack 3a
HiJIBUIEHNX [J03 a30THOTO >KUBJ/ICHHS BifiOyBaeTh-
Csl 32 paxyHOK 301/IbliIeHHs BMIiCTY GOTOCHHTETUY-
HUX TIrMeHTiB i IUIONi MOTAMHAHHSA CBiTIA TOCI-
BoM. OT)Ke, HaABHICTb TEHOTUITHUX BiIMiHHOCTEN
3a IVMMM ITOKa3HUKaMM 3a BJCOKOrO piBHA MiHe-
Pa/IbHOTO JKMBJIEHHS CBiUMUTH IIPO Te, 1[0 POC/IN-
HJ CYYaCHMX FeHOTUIIIB 3aTHi 10 e(eKTUBHILIOro
3acBo€eHHs1 constuHoi eHeprii (Priadkina et al., 2020;
Stasik et al., 2021).

Cepen  HaifbinbIl  IEpCIEKTUBHMX  IUIAXIB
IJid TifBUILIeHHA 3aCBOEHHA BYIJIELIO IOCIBOM

BBXAIOTh IIOCUJIEHHS eKCIIpecil reHiB, I10B’I3aHUX
3 e(eKTUBHININM BUKOPUCTAaHHAM cBiTIa (Slattery,
Ort, 2021; Leister, 2023). 30kpema, IOKa3aHO, 10
Y BMCOKOIPOAYKTMBHOIO COPTY O3MMOI IIIIEHN-
Ii perynaiis eHepreTudHoro 6amancy ¢orocuH-
TeTUYHOTO IpoIlecy edeKTMBHilllA, HDX y MeHII
npoxyktusHoro copty (Priadkina, Morgun, 2016).
BBakaeTbcs, 1110 30i/bIIIEHHS IBU/IKOCTI II€PETBO-
PEHHA 3€aKCaHTMHY Ha BiOTAKCAaHTHH 3a PaXYHOK
36inblIeHHA eKcrpecii TeHiB, mOB’sA3aHMX i3 mmi-
IMEHTaMI BiOJTaKCAaHTMHOBOIO LMKy, € iCTOTHUM
pesepBOM IifBUILIEHHA e(eKTUBHOCTI POTOCHHTe-
3y Ta NPOJYKTUBHOCTI nocisy. IlominmenHsa mexa-
Hi3MiB perynioBaHHsA BUKOPUCTAHHA ITOIIMHEHOL
(DOTOCMHTETUYHNM allapaToM eHepril COHSYHOI
papianii Moxxe cupusaTy O6inbIIil eeKTUBHOCTI II
HepeTBOpeHH:A Ha 6iomacy i, B KiHIleBOMY IificyM-
Ky, 30i/IbILIEHHIO IPOIyKTUBHOCTI pociuH (Slattery,
Ort, 2021).

BusaBneHo TicHy NMOSUTUBHY KOPEALII0 IIOKa3-
HUKIB HOTY>XHOCTi PO3BUTKY (OTOCHHTETUYHOTO
armapary IociBy (Macy JMCTKIB pOCIMH 3 OOVHMULI
wrionti i X10podiNnbHOrO iHAEKCY) B pPeNpOLYKTUB-
HUIA IIepiof] 3 YPOKAMHICTIO COPTIB i JIiHiM 03UMOi
mmennti (Priadkina et al,, 2024). Orpumani pe-
3y/IbTaTH CBifi¥aTh IIPO T€, IO IOKASHUKM IOTYXK-
HOCTi PO3BUTKY aCUMUIALINHOL ITIOBEPXHI — Maca
JIUCTKIB POCIMH 3 OQVHMUII IJIOIIL IIOCIBY i X/10po-
¢binpHMI iHfEKC y a3y MONTOYHO-BOCKOBOI CTHUT-
JIOCTi — MOXXYTb OYTYU BUKOPUCTaHI B SIKOCTi Map-
KepiB 3€pPHOBOI NPOAYKTUBHOCTI O3MMOI IIIE€HMNI],
a TaKOX I pO3pOOKN KpUTepiiB cemeKuii Ta OLiH-
KV T€HOTHUIIB 03MMOI MIIE€HNIII Ha BUCOKY IPOJYK-
TUBHICTB.

Bimomo, mo kmiMaTuyHi 3MiHU € iCTOTHUM
YMHHUKOM CTarHanil piBHA BPOXKAMHOCTI IIlIe-
HULI y CBiTi B OocTaHHI ABa gecATwIiTTA. OpHie0
31 cTparteriit mO#aIbIIOrO 30ibIlIEHHS BUPOOHM-
LTBA IIIEHUI[i, HEOOXigHICTh SKOTO OVIKTYETHCS
3HAYHUM POCTOM CIIO)KVMBAHHS B IN00aIbHOMY
MacmTabi, BBaKAIOTh CTBOPEHHS He TilbKM BUCO-
KOBPOXKaJllHMX, @ JI BMCOKOIIOCYXOCTIIKMX COpPTIB
i3 BUKOpUCTaHHAM Y mporeci cenmekuil ¢isiomoriu-
HUX 03HaK — MapKepiB nocyxoctiitkocti (Bapela et
al., 2022; Raza et al., 2025). IIpu nbomy Heo6XifHO
3HATH, sAKi Qisionoriuni MexaHi3MM Ba>KIMBi HsL
MiATPYMaHHA HPOAYKIIHOIO IIpOIleCy 3a YMOB
BOJHOIO CTpeCy 3a/iisl MOJIIIIeHHA X IIpu 3acTo-
CYBaHHI T'€HETMKO-CeJIeKLiiHMMX MeToxiB (Sena-
pati et al., 2019; Adel, Carels, 2023). ITpoTe, Taka
po60Ta yCK/IaJHIOETbCA TUM, IO IOCYXOCTIMKICTD
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— KOMIIJIEKCHAa O3HaKa, fIKa XapaKTepu3ye 3JaT-
HICTb POCIIMHHOIO OpraHi3My 30epiratu OCHOBHi
¢dyHKLil 3a YMOB fediluTy BOJIOrY, i B mepury yep-
Iy, MAaKCMMaJ/IbHO peasi3yBaTyl T€HETUYHNII ITOTEH-
mian BpoxkartHocti (Alsamman et al.,, 2021; Zahra
etal., 2023).

Peaknjiga pocimH Ha NOCYXy BK/IIOYA€ HUSKY
IpoLecCiB Ha MOJIEKY/IAPHOMY, KIiTUHHOMY, Opra-
Hi3MEHOMY Ta LIEHOTMYHOMY PiBHAX i 3a/IeXKUTb
Bil BUAY 11 COPTY POCIMH, TPUBAJIIOCTI Ta KOP-
CTKOCTi 1OCyxu, a3y OHTOT€HETUIHOTO PO3BUT-
Ky tomo. CkmagHicTh i 6araTOKOMIIOHEHTHICTb
peakuil pOCIMHHOIO OPTraHi3My Ha IOCYXy 3YMOB-
JII0E 3HAa4YHI TPYyJHOLII celeKLil Ha IOCYXOCTiil-
kictp (Farooq et al., 2024). Ilpsama cenexuis Ha
PO YKTUBHICTD 32 YMOB IIOCYX! YCK/IaJJHIOETHCSA
IIOJIIr€HHICTIO O3HAKM Ta AK pe3y/lIbTaT — HU3b-
KOIO Il yCIafKOBYBAHICTIO, €IiCTaTM4YHOI B3ae-
MOJIi€I0 TeHiB, 3HAYHOIO 3aJIEXKHICTIO BiJl B3aEMO-
mii reHoTMII-CepepioBuie. ToMy B OCTaHHI poKu
3HAYHUII iHTepec BUKIMKAIOTh [OCTi>KEHHA
MO>K/IMBOCTel cenekiiil 3a ¢isionorivHumMmu o3Ha-
KaMU, 1[0 BM3HAYATh ab0 TiCHO KOPETIThH i3
NpOAYKTUBHICTIO 3a ymoB nocyxu (Bapela et al.,
2022; Raza et al., 2025). [Ipn nboMy 3pocTae ax-
TYaZbHICTh MOPIBHANbHUX JOCHII/)X€Hb KOHTPACT-
HUX 3a CTilIKicTI0 copTiB (PeHOTHUITYBaHHSA) 3 Me-
TOI0 BUAB/IEHHA (i3i0/IOriYHMX HOKA3HUKIB, IO
BJM3HAYAIOTh IIOCYXOCTIMIKiCTh i MalOTh CTiIKUI
KOpe/IALIHNII 3B’A30K i3 3¢pHOBOI0 IPOJYKTUB-
HicTio 3a ymoB nocyxu (Furbank et al.,, 2019; Wa-
saya et al., 2021).

Buxopstum i3 saranpHO(Di3i07M0TiYHNX MipKyBaHb,
HajOi/IbIII TEPCIEeKTUBHUMM € IOKa3HUKM (yHK-
L[iOHaJIbHOTO CTaHY (POTOCHHTETUYHOIO aIapary,
OCKi/IbKM caMe (POTOCHHTe3 BM3HAYA€ IIPOAYKTUB-
HICTb pociyuHU. YNCIeHHi eKcllepuMeHTalbHi JaHi
cBigyaTh 1po Te, Mo GOTOCUHTETUYHI TOKA3HUKY
KOPEIOTD i3 NMPOJYKTUBHICTIO O3MMO]I ITIIEHNII
AK 33 ONTMMAJIbHUX, TaK i HECHPUATIMBUX YMOB
BupowysanHsa (Priadkina, Morgun, 2016; Stasik
et al, 2021). IlokasaHo icHyBaHHsA 3Ha4YHOI MiX-
COpPTOBOI BapiabempHOCTI CTiliKOCTI (oTOCKHTe-
TUYHOTO alapaTy pPOCAMH IMIIEHNI /0 IOCYyXM,
sKa BioOpakae reHeTHYHO 3YMOBJICHY 3[aTHICTb
POCIMHHOIO OpPraHisMy aflaliTyBaTUCA Ta IigTPU-
MyBaty (pOTOCMHTETNYHY aKTUBHICTD 3a gediunty
3BOJIOKEHHS.

®orocunterndna dikcanis CO, i Tpancmiparia
— HaiYyTAUBIlI O 3HVDKEHHSA BOJIOTOCTi IPYHTY
Yy MOBIiTPA NpoLecy, IPOTe BHYTPIIIHI NPUYMHA
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SHIDKEHHS IXHbOI iHTEHCUBHOCTI PiSHATHCA 3a7eX-
HO Bif TpmBanocti Ta >xopcTkocTi mocyxu (Ban-
durska, 2022; Zahra et al., 2023). Tomy gocmimKeH-
HS OCTaHHIM 4YacoM 30cepelkeHi Ha 3’sACyBaHHi
ocobmmBocTeil (QYHKIIOHYBaHHA (POTOCUHTETHY-
HOTO alapaTy MIIEeHMI PisHMX TeHOTUIIB 3a [ii
IIOCYXM 3 METOI0 PO3SKPUTTA 3aXVMCHUX MEXaHi3MiB,
SKi TOMSIKIIYIOTH II HeraTMBHMI BIUIMB i TakuM
YUHOM CHPUAITH peanisalii TeHeTMYHOTO ITOTEH-
Lia/Ty MIPOAYKTMBHOCTI 3a 3MiHHMX YMOB JOBKIJ/IJIA.
Oco6nuBa yBara NpuOinsgeTbcs momyky ¢isiono-
IiYHMX MapKepiB BUCOKOI IPOMYKTUBHOCTI Ta CTill-
KOCTi 10 Aii cTpecopa, sAKi MOXYTb OyTM BUKOPHU-
CTaHi y CeNeKLifIHUX IIporpamax.

BusBneHo, 110 Ha MificTaBi CYKyIIHOCTi pe3yib-
TaTiB BUMIpIOBaHHS BMicTy xmopodiny it ra3006-
MiHy IPanopUeBuX JMCTKIB POCIMH 32 JIii IIOCYyXu
Ta y BifHOBHUII Iepiof] Pi3Hi COPTM MIIEHMII] MOX-
Ha paH)XyBaT! 3a CTYIEHEM CTilIKOCTi 10 HecTayi
BOJIOTM B IPYHTI Ta B1coKoi TeMneparypu (Kedruk
et al., 2021). B ymoBax BereTawiiiHOro JOCTiny 3a
Oil MoMipHOI IIOCYXM B IIepiof, KOMOCIHHA—-LIBITiH-
Hs BUABJIEHO TiCHMII ITO3UTUBHUI KOPENALIIHNI
3B’130K MDK BMICTOM XJI0podiny, iHTEeHCUBHICTIO
TpaHcmipanii i poToCHHTe3y IparopLeBOro MMCTKa
Ta 3€PHOBOIO IPOJYKTUBHICTIO KOZIOCA COPTIB O3M-
moi mmennni (Morgun et al,, 2016b, 2019). Otxe,
3MiHM POTOCHHTETUYHMX IIOKa3HMKIB 3a ITOMipHOI
I'PYHTOBOI IIOCYXJ) XapaKTepU3YIOTh CTiJIKiCTh COp-
TY i MOXKYTb C/IyTyBaTU MapKepaMI IOCYXOCTIiKO-
cri (Kiriziy et al., 2024a).

Amnanis MOpQOIOriYHNX ITOKAa3HUKIB (HPOTOCHH-
TeTMYHOTO aIlapaTy 3acBifjuye, IO OKpiM 6esIo-
CepeIHbOTO BIUIMBY IIbOTO CTPECOBOTO YMHHMKA
Ha IUIOIY aCHMMINALiHOI IOBEPXHi POCINMHMY, BiH
BIUIBA€ Ha IOIVIMHAHHA Ta e(eKTUBHICTb Ilepe-
TBOPEHHs CBiT/I0BOI eHeprii Ha 6ioMacy, a TaKOX Ha
pemobinmisariito GOTOCMHTETMYHO aCUMiTbOBAHOTO
BYIJIELI0 3 HEMMCTKOBUX opraHiB mueHuri (Pri-
adkina et al., 2020). BucsiTneHo ponp aHTHOKCHU-
maHTHUX (GepMeHTIB XJIOpOIIacTiB, sKi 3amobira-
I0Tb CHPUYMHEHOMY [i€l0 IOCYXM HaKOIMYEHHIO
aKTUBHUX (POPM KVICHIO i TMM caMMM 3a1o06iraioTb
CTPYKTYPHUM i (YHKIIOHa/IbHUM IOPYIIEHHAM Y
xoporacrax i gerpapanii xnopodginy (Priadkina
et al., 2022). Anani3 niTepaTypHMX [JaHMX i Bjiac-
HUX pe3y/IbTaTiB II0Ka3aB, 10 TOJEPAHTHICTb (o-
TOCHMHTETUYIHOTO allapaTy POC/IVH IIIEHNIi PiSHUX
TeHOTHIIIB [I0 IOCYXM 3yMOBJIeHa OaraTbMa MeXa-
HisMamm. ToMy INepcreKTMBHOIO CTpareri€o mif-
BUILIEHHSA CTIMIKOCTI IIOCIBiB IIIEHMII JO IOCYX)
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MOXe 6yTM MOEMHAHHSA KiTbKOX MeXaHi3MiB B Off-
HOMY I'€HOTHIII.

Po3po6neHo MeTOmMYHI MifXOAM JO CKPMHIHTY
TeHOTHUIIIB MINEeHNIIi Ha IOCYXOCTiMKicTh 3a ¢isi-
ONOTiYHMMM O3HaKaMm. Buxopsym 3 Toro, mo ic-
Hy€ IIeBHA MDKCOPTOBA PiSHMIIA 3a IOKA3HUKAMMU
razooOMiHy IIpamopLeBMUX JIUCTKIB 3a HOpMajb-
HMX YMOB, @ TAKOX IXHIM BapilOBaHHAM IIPOTATOM
OHTOTeHe3y pPOCIVH, abCOMIOTHI 3Ha4eHHA HOCIi-
IPKYBaHMX IIapaMeTpiB 3a CTPECOBMX YMOB He
3aBXIM afIeKBaTHO MOXYTb BioOpa’kaTu CIeru-
¢iky peaxuii okpeMux copTiB Ha fil0 cTpecopa.
ToMy pAnA OLIHKM CTpecTOepaHTHOCTI COpTiB
JOLIZIbHO BUKOPUCTOBYBAaTM PO3PaxXyHKM BilHOC-
HUX 3MiH (i3i0NOriYHIX TOKA3HMKIB 32 CTPECOBUX
YMOB TOPIBHAHO i3 KOHTPOJIbHUMMU 3HAYEHHAMU
OKpeMO JJI KOXXHOIO COpPTYy Ta Ilepiofly BUMiplo-
BaHHA. Hampuknapm, sMmiHum BMicTy xaopodiny B
IPaIopLieBOMY JMCTKY Mic/iss 7 Ai6 mocyxm Kope-
J0Ba/IM 3i 3MiHaMM Macu 3epHa 3 poC/IMHM 3 Koedi-
mientoMm 0,92. OTxe, et (bisionorquMﬁ MOKa3HUK
MO)XHa BMKOPMCTOBYBAaTM B SIKOCTi CENIEKILIiIHOTO
KPUTEPIIO JI/IA OL[iHKM CTPECOTONIEPAHTHOCTI IF€HO-
tunis (Morgun et al., 2016b; Stasik et al., 2021).

VY3ara/JIbHIOOUM DPE3YNbTaTV LUX JOCHiJKEHb,
MOYKHa CTBepPKYBaTH, IO MiATPUMAaHHA (OTOCHH-
TeTUYHOI PYHKLIl pOC/IMHY 32 YMOB HE[IOCTATHHOTO
BOJIOro3abes3nedyeH s 3aBIsAK/ MiHIMi3allii magiHas
OBOJHEHOCTI JIMCTKIB, BMIiCTY X/10podiny, iHTeHCUB-
HOCTI (bOTOCMHTe3y, IOCHJIEHHIO aKTMBHOCTI aH-
TUOKCUJIAaHTHUX (epMEHTIiB Biflirpae BU3HAYAIbHY
pOb y 3MEHIIEHH] BTpaT 3€PHOBOI IIPOAYKTUBHOC-
Ti. BigHOCHI 3MiHM 1yx isionoriyHMx MoKa3HUKIB
Y HifJaHuX IOCYCi pOCIMH MOXYTb CIyTYBaTU Map-
KepaMI IIOCYXOCTIMIKOCTI KOHKPETHOIO T€HOTUILY, &
IXHE MOJIIIIEHHs CeEKI[ITHNM Ta 0i0TeXHOIOriY-
HVM IIJIIXOM CIIPUATVIME CTBOPEHHIO HOBVX Oi/TbIr
IIOCYXOTOJIEPAHTHUX COPTiB mueHuui. B ysaranb-
HEHOMY BUIJIAZIi pe3y/IbTaTy OOTOBOPIOBAHNX BUIIIE
TOCTiKeHb IpefCcTaB/ieHi y Tao. 1.

Cepep, cydacHUX NepCHeKTUBHUX MiIXOfiB y ce-
nexuil HoBUX (OPM CiIbCHKOIOCIOAAPCHKUX POC-
nuH (30KpeMa, MIIeHMIi), CTIKUX [0 OIOTMYHUX
Ta abiOTMYHUX CTPECOBUX UMHHMUKIB JIOBKI/IA, €
3aCTOCYBAaHHA METOMIB €HETHYHOI iHXXeHepil, AKi
TO3BOJLAIOTD MiIBUIINTY €(eKTVBHICTb CTBOPEHHS
HOBUX TeHOTHUIIB, CTiiikux mo mocyxu (El-Mouha-
mady et al., 2023; Raza et al., 2025). Yoponosx oc-
TaHHDBOTO Yacy Oy/I0 JOCATHYTO IIEBHOTO IIPOTPecy
Yy BU3HAYEHHI OCHOBHUX PETYIATOPIB ITOCYXOCTIil-
KOCTi IIIEeHMIi, a TaKOXX 3a JOIOMOIOI0 pi3HUX
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MeTofiB TpaHchopMalii CTBOPEHO TpPaHCreHHi
pOC/IMHY 3i 3MiHEHOI0 €KCIIpeCi€lo IeHiB, IO Bifi-
moBifaTh 3a mocyxocriiikicts (Khan et al., 2019;
Kiriziy et al., 2024c, and references therein).

OpHuM i3 HaOiNbLI MEPCIIeKTUBHUX MiIXO/IiB
70 CTBOPEHHA IOCYXOCTi/IKMX T€HOTUIIB IIIEHMN-
1Ii € BUKOPUCTAaHHA T'€HiB, AKi KOHTPOJIIOTh CUH-
Te3 i karabonism nmponiny (Dubrovna et al., 2022).
VY papi BUIAfKiB JOBefleHAa KOpesAllid MK BMic-
TOM IPOJIiHYy Ta NiIBUIIEHHAM PiBHA CTIiIKOCTi
(OTOCHHTETHYHOrO amapary TPaHCIeHHUX pOcC-
mH (Kiriziy et al., 2021). Tax, nposeneHo nopis-
HSUIBHI JOCTipKeHHs (i3i0/oriyHNX ITOKa3HUKIB
$OTOCHHTETNYHOrO amapary TpaHcHOPMOBAHUX
pOCIMH MIIEHUIi, IO MICTATb [ABONTAHLIIOTOBUI
PHK-cynpecop rena mponiHperifporenasu (ctBo-
pernx renerumkamyu IOPI' HAH Vkpainu), Tta
BUXI[JJHOTO T€HOTUIIy AK 33 YMOB IIOCYXW, TaK i
B IIepiofi BiJHOBJIEHH:, a TaKOX 3€PHOBOI IIPO-
OYKTMBHOCTI pocmmH. OCTaHHI XapaKTepu3yoTb-
CA NiABUILIEHMM BMICTOM IpOJIiHY ITOPiBHAHO 3
OVIKUMM TUIIOM SIK 33 HOPMaJIbHMX YMOB, TaK 1 fii
CTpecopa BHACTINOK iHribyBaHHs Jioro karabois-
My. Bussneno, mo BopHuit gedinur i BmicT xmopo-
¢iniB y mucTkax TpaHCPOPMaHTIB 3a IOCYXU
mpakTUyHO He 3MiHIoBamuch (Kiriziy et al., 2024c).
IaTeHCcHUBHICTD acuMIiAILil CO2 y JAUCTKAX [OCTif-
HUX TpaHCPOPMOBAHUX POCIUH 332 YMOB IIOCYXU
Ta B Ilepiof; BifHOB/IeHHs Oy/la iCTOTHO BUIIOIW,
HDK Yy BOCIiIHUX pOCIAMH BUXifHOI miHii. [Tokasa-
HO, 11O IPU OJJHAKOBiMl IPOAMXOBiNl IPOBiAHOCTI
iHTeHCUBHICTb (POTOCHMHTE3y B JMCTKAX TpaHC-
¢dbopMaHTIB IepeBuUIlyBaja MOKA3HUKY BUXiFHOI
niHii. BignosigHo, mepmi 6y 6inb1r edekTUBHI y
BMKOPUCTAHHI Bogy Ipy GOTOCKHHTE3] 5K 3a YMOB
IOCYXM, TaK 1 B IIEpiofl BiTHOB/IEHHA ONTUMAJIbHOI
BOJIOTOCTI IPYHTY. 3a MajiKe OJHAKOBMX PiBHIB ax-
TUBHOCTI TOMTOBHUX aHTUMOKCUJAHTHUX PEePMEHTIB
— CYNEpOKCUANUCMYTa3y Ta acKopOaTIepoKCcHpa-
311 — XJIOPOIUIACTIB y POC/INH 000X HOCTIIKEHUX
TEHOTUIIIB 3a CTPECOBMX YMOB, Y IIepioj; BiJfHOB-
JIEHHSI y JIMCTKaX TpaHC)OPMAHTIB BOHA IIOBEp-
TajlacsA O KOHTPOJIBHOTO PiBHA HIBMJIIE, HDK Y
pocmmH BuxigHOI minil. Cemmpo6oBa mocyxa B
KPUTUYHMII [JIA MIIEHNII Iepiof KOMOCIHHA-LBi-
TiHHA HETaTMBHO IO3HAYM/IACA Ha NPOJYKTUBHOC-
Ti poCIVH 000X TeHOTUIIIB, ajle BHACI/IOK 3a3Ha-
YeHMX BUIle IepeBar (OTOCHHTETUYHOTO arapary
JINCTKIB y pOC/INH TPaHC(HOPMAHTIB CTYIIiHb IIbOTO
BIUIMBY IPOABMBCA 3HAYHO MEHIIE, HDK Yy BUXif-
Hoi 7inii. Maca 3epHa y poc/iuH TpaHCPOpPMaHTIB,
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Tabmuus 1. @isionoriui Ta MOp¢onoriuHi 03HAKM, peKOMEHOBaHi AK (peHOTUIIOBI MapKepy IMpU CeNeKIil mireHni
Ha IPOAYKTUBHICTb, a TAKOXK HA MOCYXOCTilIKiCTh 3a iXHiMI BifHOCHIMM 3MiHaMII 32 CTPECOBMX YMOB NOPiBHAHO i3

KOHTPOITbHVMMN 3HAYECHHAMN

Table 1. Physiological and morphological traits recommended as phenotypic markers in wheat breeding for
productivity, as well as for drought resistance, according to their relative changes under stress conditions compared

with control values

PiBenb opranisanuii

disionoriuni Ta MOpdororiuHi 03HaAKM

Tlocumanus

Monexynapso-
K/ TMHHU

€Hepril COHAYHOI pajiawii
Opranani

MOBEPXHIi MPOTATOM BereTalii

Opranismennit

TIOCUJIEHHS 10TO ITOTIMHAHHS

LHenoTnunmit

Benmka KinbKicTh XIOpOI/IACTIB Y K/IiTVHAX; MiIBUIEHNIA BMIiCT
x710podiny B OFHOMY XTTOPOIIACTI; BICOK] POTOXIMIUHA AKTUBHICTD
¢dorocucremn II B xmopomnnacTax Ta KapOoKcunasHa akKTUBHICTb Py6icko;
MeHIIIa YacTKa He()OTOXIMIYHUX BTPAT HOIIMHEHOI CBIT/IOBOI eHeprii;
NOBi/IbHiIlIA JeTpajiallis Py6ic1<o i 36epe>KeHHFI 6i/1b11IOTO 10TO BMICTY B
JIMCTKAX IPOTITOM HaVMBaHHsI 3epHa; iHTeHCHiKais GyHKIiOHYBaHHI
AHTUOKCUJAHTHX (DePMEHTIB XTOPOIUIACTiB; eheKTUBHI MeXaHi3MM
PeryIIoBaHHA BYUKOPUCTAHHS HOITIMHEHOI POTOCUHTETIYHNM allapaToM

ITigBumeHi rIoma Ta MMTOMA Maca JIMCTKIB, BMICT xmopodiry Ha
OIMHUILII0 Macy, TPUBATICTh aKTUBHOTO (PYHKIIOHYBaHHs IMCTKOBOI

36inbueHHsA QOH/Y Pe3epBHIX BYITIEBO/IB, SKi HAKOIMYYIOTHC

B cTe6/1ax /10 Ta Iifi Yac UBITIHHS; MiABUILEHHS eeKTUBHOCTI
BMKOPMCTAHH:A a30TY 3a PaXYHOK 3MeHIIIEHHs KOHKYPeHIIii Mi>k
BEreTaTMBHUMIU i FeHePAaTMBHUMM OpraHaMI 32 a30T IIiC/IA LBiTiHHA Ta

IHTeHCMBHe HApOCTAHHSI IIOL] IMCTKOBOI IIOBEPXHi Ha paHHIX ¢dasax
POCTY Ta NPUIIBU/IIEHE 3MUKAHHSA IMCTKOBOTO ITOKPUBY arpOLieHO3Y;
BICOKA e(eKTUBHICTb aCHMINALINHOI Aif/IBHOCTI MMCTKIB HIDKHIX
APYCiB; 301/IbIIIEHHA XTIOPO(IIBHOTO IHAEKCY Ta XTIOpOdiNTbHOTO
(DOTOCHHTETHYHOTO MOTEHIIIaMTy B PEIIPOAYKTUBHILI Iepiof.

Morgun et al., 2016b;
Slattery, Ort, 2021; Stasik
et al., 2021; Priadkina et
al., 2022, 2023; Leister,
2023

Faralli, Lawson, 2020;
Araus et al., 2021; Zhu et
al., 2022

Tarasiuk, Stasik, 2022;
Morgun et al., 2022,
2024; Kandi¢ et al., 2023;
Ntawuguranayo et al.,
2024; Tian et al., 2024

Slattery, Ort, 2021;
Murchie et al., 2023;
Priadkina et al., 2024

miffaHux mocyci, Oyma MaibKe Ha TPeTMHY Oifb-
1010, HiX y BuxigHoi niii (Kiriziy et al., 2024c).

Omxe, pocmimpkenus disiomoro-6ioxiMivHmMx
0CO6MMBOCTEl TeHETUYHO TPAaHCPOPMOBAHMX POC-
JIVH TMIIEHNI 3 MigBUILEHMM BMICTOM IIPOJiHY, 30-
Ty Ha I'PYHTOBY IIOCYXY, JOBE€/IM NEPCIEKTUBHICTD
IXHBOTO 3a/lydyeHHA Yy CeNeKUiHMII TpOouecC i
CTBOPEHH IOCYXOCTIMIKMX COPTiB (Tabm. 2).

Takum umHOM, aHaji3 /MiTepaTypHMX 1 HamMX
BJIACHUX JAHMX CBi4UTH IIPO Te, WO 3HAYHI YCIIi-
XM B NiIBUIIEHH]I BPOXKalHOCTI CI/IbCbKOTOCTIOAApP-
CbKMX KYIBTYp, i 30KpeMa IINIEHMIN, 3a OCTaHHI
HeCATWIITTA IIOB'A3aHi 3 NOJINIIEHHAM XapakTe-
pUCTUK POTOCUHTETNYHOTO anapary. OCHOBOIO /1A
MOZIaIbLIOTO0 T€HETUYHOTO BJOCKOHA/TEHHA HOBUX
COPTiB O3MMOI IIIEHMUII MOXXe CIyryBaTyu IIifIBU-
IIeHHA aKTUBHOCTi (POTOCHHTETMYHOIO amapary
Ha PiBHi JIMCTKA i OCIBY B TiCHOMY B3a€MO3B'A3KY
3 ONTMMI3alli€l0 POCTY Ta Po3noziny biomacyu Mix
OpraHaMy POC/IMHU 3 YPaxXyBaHHAM OHTOT€HeTUY-
HOI IVHAMIKM IIPOJYKI[ITHOTO IIPOLECY.
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®i3i010Tr0-reHe TUIHI JOCTi>KEeHHA 3 MiIBUIIEeH-
Hi epeKTMBHOCTI PyHKIiOHyBaHHA 6060BO-
pu3obianbHOro cumM6io3y

Oxkpim niIeHuni, sHayHe MicClle y CBiTOBOMY 3€eM-
nepo6CTBi mocimatorh 6000Bi KynbTypu, ski 3a-
0e3MevYyI0Th OTPUMAHHs IIePeBaXHOI KiIbKOCTI
pOCIMHHOTO Ginka Ta onii. Ix BupomyooTs Ha BCix
KOHTMHEHTAX, OCKIIbKM BOHM BifirpaloThb BUPI-
LIaJIbHY PO/Ib Y 3€PHOBOMY, Xap4OBOMY Ta KOPMO-
BOMY 0a/laHCax Ta MOJINIIYIOTh PORIOYICTb IPYHTY.
PasoM i3 migBuieHHAM B OCTaHHI [JeCATUIITTA BPO-
XKaMHOCTI 6000BMX 3pOoCia HeOoOXimHICTh MimTpu-
MaHH: BJMCOKOTO piBHA Oi/Ika B POC/IVHHIN Maci Ta
3€pHi, 1J0 y CBOIO Yepry MOCKINIIO ITOTpedy poCnH
B a30ti. Bigomo, 1o 3aBpsku 6ionoriunin dikcarii
a30TY 3 MOBITPs1 6000Bi pocimHM 3a6e3medyoTh 40—
70% HeOoOXiTHOTO a30Ty, @ pelTy — 3 HOCTYIIHOTO
MminepanpHOro asory rpyury (Kots, 2016).

ITpaktuka iHOKymsAnii HaciHHA a3oTogikcy-
Ba/JIbHMMU OakTepisMu 6000BMX KY/IBTYp HAaBHO
YCIINIHO 3alpoBaj/pKeHa B YCbOMY CBiTi, OCKi/b-
KI IOKpaiye asorgikcalilo Ta BpoxaitHicTp. Ie
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Tabmuus 2. @isionoro-6ioxiMivHi 0c06MNBOCTI reHeTHIHO MOAM(IKOBAHMX POCTNMH MINEHNI i3 MiFBIIEHNM BMiCTOM
NMpONLiHy BHACTIZOK 9aCTKOBOI cynpecii reHa nponiHaerifporenasu

Table 2. Physiological and biochemical features of genetically modified wheat plants with increased proline content due

to partial suppression of the proline dehydrogenase gene

Pisenb opranisanii

dizionoro-6ioximiuHi 0cO6MMBOCTI

[locumanusa

TxkaHuHHMIT

Opranuunii

Opranismennit

[iguimennit B 1,5-2,0 pasa BMiCT IposTiHy MOPiBHAHO 3 AMKUM TUIIOM
AK 32 HOPMa/IbHMX YMOB, TaK i Iii cTpecopa; Kpalla ToMeocTaTuyHa
PperyJAlLis akTUBHOCTI aHTUOKCUJAHTHNX (DepMEHTIiB XIOPOIUIACTiB

Cra6inisanis BOGHOTO peXXMMY i BMICTY X710podiiB 3a ITOCyXu; BUIIA
inTencuBHiCTH acuminAnii CO, y mIcTKaX TpaHCHOPMOBAHIX POCIIMH
AK 32 YMOB IIOCYXH, TaK i B II€piofl BiJHOB/IEHHS; 32 OHAKOBOI IIPO/IU-
XOBOI IIPOBIHOCTI iIHTEeHCHBHICTD GPOTOCKHTE3Y Ta eheKTUBHICTb BUKO-
PUCTaHH:A BOAY B IMCTKAX TPAHC(OPMAHTIB BUIIA, HDK Y BUXi/fHOI /TiHii

IligTpyMaHHA 3epHOBOI MPOAYKTUBHOCTI y MiJJaHNX ITOCYCi pPOCTNH-
TpancdopMaHTIB Ha BUIOMY PiBHI, HDK y BUXifHOI miHii

Kiriziy et al., 2021; 2024c;
Dubrovna et al., 2022

Kiriziy et al., 2021, 2024c

Kiriziy et al., 2021, 2024c;

HOCTYIIHE, €KOJIOTIYHO YMCTe Ta BUCOKOe(EeKTVBHE
IPKepeso a30Ty B CiTbCbKOTOCIIOAAPChKUX IPYHTAX.
3acToCcyBaHHs IIpelapaTiB Ha OCHOBI Oy/IbOOYKO-
BUX OaKTepili, CeNeKI[iOHOBAaHNX 3a O3HAKaMJ KOH-
KYPEHTOCIPOMOXHOCTI, aKTMBHOCTI acMMIinALii
aTMOCepHOro a30Ty, FeHeTUYHOI CIIOPifIHEeHOCTI
IO BMUAY 1 COPTY POCINH, TOEPAHTHOCTI fo 6io-
TUYHNX YMHHUKIB JOBKI/IZIA CHpUAE NifBUIIEHHIO
akTMBHOCTI a3oTdikcaril y kopeHeBux 6ynb60uKax
IIPOTATOM BereTaiil pOCIMH, a TAKOXX 3POCTAHHIO
inTencuBHOCTI (oTOCKMHTE3Y, 30i/MbIIEHHIO BpO-
JKalo Ta BMicTy 6inka B pocnuuHii npopykuii (Kots,
2016, 2021).

B I®PT HAH Ykpainu BUKOHaHO GaraTopiuHi
mocmimKeHHsT (i3ionoro-6ioxXiMiYHMX Ta MOJEKY-
JISIPHO-TEHEeTVYHUX 0coOmmBocTell (HOpMyBaHHS
71 GYHKIIOHYBaHHA a30TOQIKCYBalbHMX CHUCTEM
6060Bi pocmuHN-0y1bO0YKOBI OakTepii, 3/1aKOBi
PpOCIMHM-acOLiaTMBHI MiKpOOpPraHi3sMu Ta po3po-
6neHo 3axopu oo iHTeHcudikarii 6ionmorivHOro
3B’sI3yBaHHA MOJIEKY/LIPHOTO a30TY.

BuBeneHo HU3KY BMCOKOIPOAYKTMBHUX COPTIB
col 3 HifiBUIEHOI a30TO(IKCYBa/IbHOK aKTUBHiC-
TI0. MeTofjamMu aHamiTUYHOI cenexiil, Tibpuan3sarii
i1 TPaHCIIO30HOBOTO MYTareHe3y CTBOPEHO BICO-
KOAaKTVBHI KOHKYPEHTOCIIPOMOXXHI IITaMu Oy/ib-
604KOBMX OaKTepiit coi, FOpOXY, JIIONMHY, COUEBMUIL,
KO3JIATHUKY, monepHu i konmomyun (Kots, 2021).
30okpeMa, MeTOZIOM HecClenn@iyHOro TPaHCIO030-
HOBOT'O MYTareHe3y 3 BUKOPMCTAHHAM IIIa3Mifn
pSUP2021::Tn5, mo Hece tpaHcmoszon Tn5 (Rez-
nikoff, 2008), cTBopeHO BMCOKOedeKTUBHI KOHKY-
PEHTOCIIPOMOXHI ITaMy Oy/lIbO00YKOBYUX GaKTepii
TOpOXY, JIIOIlepHU Ta KOHIOUIMHU. Brepiie fosefe-
HO MOXX/IMBICTb 3aCTOCYBaHHA Li€l IUIa3Mifn s
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TPAHCIO30HOBOTO MyTareHesy mramis Bradyrhizo-
bium japonicum 646, 614a, 71T 3 4aCTOTOIO TpaHC-
nosumii 107°-10~7. BcraHoBIIeHO, 110 BUKOPVCTaH-
HA mrasmign pSUP5011:Tn5 edexTuBHime mns
incepuii Tn5-TpaHCIIO30HY B T€HOM IOBiTBHOPOC-
nmux GakTepiit mramiB B. japonicum 646, M6346
i mae sMmory oTpumaTy WIMPOKUil crektp Tn5-
MYTaHTIB. BUsBIeHO HasBHICTb QparMeHTy reHa
HeoMinmHpochorpanchepasnu y Tn5-myranrtis B.
japonicum, 0o MiJTBEPIPKYE iHTETpallilo B iX reHOM
tpaHcnosony Tn5 (Kots, 2021).

3a fomomoror BeKTOpHOi TmasMigm pSU-
P2021::Tn5 6yno oTpuMaHO HM3KY MYTaHTIB Pi3HUX
mTaMiB Oy7bO0YKOBUX OGaKTepiil JIIOMMHY, 30KpeMa
mramis 10, 168, 359a, mpu 11bOMY 9acTOTa YTBOPEH-
H: KaHAMIIMHOCTIMKMX KJIOHIB cTaHoBWIa 107-107°.
TakoX IpoBefieHO MyTareHe3 HU3KY 1uTamiB Rhizo-
bium galegae 3a [OIOMOrOI0 IUIa3MIiTHOTO BeKTOpa
pSUP5011::Tn5mob (Vorobey et al., 2017). Y pesyib-
tati cenexuii Tn5-MyTtauTiB R. galegae 3a o3HaKamMu
"BipyneHTHIiCTB", "as3ordikcanisn’, "epekTUBHICTD cu-
M6i03y" BifiOpaHO TeHeTMYHO MapKoBaHi pu3o0il
3 NOJMNIIeHMMM BAACTUBOCTAMMU. OTpuMaHi AaHi
BKa3yIOTb Ha MOXK/IMBICTb CTBOPEHH:A e(eKTHBHUX
cumbiorrynux cucreM Galega orientalis L.-Tn5-my-
tanTn R. galegae (Vorobey, Kots, 2018).

basyrouncr Ha anamisi BifOMMX METOHIB Bifi-
60py aKTMBHUX wWITaMiB pusobiil pospobieHo
CTpaTerilo IepBMHHOTO CKPUHIHTY OYyIbOOYKOBMX
6akrepiit coi Bradyrhizobium japonicum 3a cum6i-
OTMYHUMM BJIACTUBOCTAMM B yMOBaX MOJEIbHUX
BereTaniHux pocnifis. PocimHm coi iHOKyIO-
BaM OTPMMAHUMM METOIOM TPaHCIIO30HOBOTO
MyTareHesy MyTaHTaMu B. japonicum, 3 BUKOpUC-
TaHHAM IUTa3MigHoro Bekropa pSUP5011:Tn5. 3a
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TOCIIOIAPCbKO-KOPUCHUMY BJIaCTUBOCTAMU  (a30-
To(iKcyBa/bHa aKTMBHICTD, Bipy/IeHTHICTb, HORY-
JALA, CTUMYIIALIA POCTY HA[I3€MHOI Macu poc-
JIVH COi) TIPOBEMIEHO CenexIrio pu3o6iit. Bussneno
BiIMIHHOCTI MiXK TPaHCIO30HOBMMM MYTaHTaMI
B. japonicum mopo 30aTHOCTI BUKIMKATU YTBO-
peHHs O6yIbOOYOK Ha KOPEHSAX POCIMHM-Xa3siHa,
a TaKOX [IMHAMIiKM Ta iHTeHCUMBHOCTI acUMinsALil
aTMoc(epHOro a3oTy CUMMOIOTMYHMMMU CHUCTeMa-
mu coss—pusobii (Kots, 2021). Bxasano Ha powuinb-
HICTb TIPOBeJIeHHsI CeNeKI(ii MiKpOCMMOIOHTIB He
Nulle Ha paHHIX eramax GpopMyBaHHA CUMOIOTIY-
HIX CUCTEM COi, a /I y HallaKTUBHilly ¢asy iXHboro
¢dyukuionyBanus. Lle mosBossie BigibpaTy mramu
3 pisHMMM TMIAMM AVMHAMIiKM a30TO(]iKCyBalbHOI
aKTMBHOCTI, BK/IIOYHO 3 HailO1/IbIII arpeCUBHIMI Ta
BICOKOBIPY/IEGHTHMMM Ha €Talli CTAHOBJIEHH: CUM-
6i03y. byno Bigibpano (tabn. 3) Tn5-myTanTu 3 no-
NIIIEeHNM CUMOIOTUYHNMM (PEHOTUIIOM ITOPiBHAHO
3i mraMoM-KoHTponeM Bradyrhizobium japonicum
6346 (Vorobey, Kots, 2018).

IHmIMM BaXIMBUM HampAMOM CTaly JIOCTi-
JKeHHA MeXaHi3My 6i0/oriqHOro 3B’A3yBaHHA MO-
JIEKY/IIPHOTO a30Ty aTMocdepn 3a cMMOIOTUYHIX
B3a€MOBIJHOCUH 6000BUX POCINH i 6yTbOOUYKOBUX
Oakrepill, momyk BaxeniB iHTeHcn@ikanii 1boro
Ipolecy, po3pobka 3axofiiB 3 omTuMisalii ymMoB
IIA MaKCMMAJIbHOI peanisalii T€éHeTUYHO 3aK/a-
IleHOTO a30TO(IKCYBa/JIbHOTO MOTEHIiaMy Makpo- i
MiKpocuM6ioHTiB — 6000BUX pociuH i 6ynbO0Y-
koBux 6akrepiit (Kots, Gryshchuk, 2019; Kots, My-
khalkiv, 2019).

BcraHoBneHo, o B 6akTepoifax JIONVHY Bif-
HOBifanbHUI 3a ¢iKcalilo MOJNEKY/IIPHOIO a3oTy
(depMeHT HiTporeHasa CK/Iafja€Tbcs 3 IBOX O1IKO-
BUX KOMITOHEHTIB — 3a/Ii30BMiCHOTO i MOJi6IeHo-
3anmizoBmicHoro. [loBefieHO, 1[0 HiTporeHasa Oak-
TepoifiiB MoIMHY 3a 6araTbMa ¢isuko-xiMiyHNIMM
mapaMeTpaMy HOfiOHa [0 HITpOTeHas), BUAITEeHOI
3 iHmmMxX MikpoopraHismiB-azoTdikcaropiB. Buss-
JIEHO TAaKOX, IO YUCTi KyIbTypu OYIbOOYKOBMX
OakTepiil 34aTHI CMHTE3yBaTy HITpOreHasy Ta ¢ik-
cyBatu MoneKynsapHuii a3ot (Kots, 2016, 2021).

3HauymyMu A pus3obiil TaKoXX € KOpeHeBi
BUMIIEHHS. 0000BUX pPOCIMH, SIKi MICTATH HM3KY
PEYOBMH, IO 3[IaTHi CYyTTEBO BIIMBATU Ha IIOIY-
nAnii cuM6ioTMYHMX a30TdikcaTopiB y eKoroi,
CTUMYymMoBaTy ab0 NpPUTHIYYBaTH IXHIO aKTUB-
HicTb. byno mokasaHo, o yMOBM BUPOIyBaHH:A
0000BUX, 30KpeMa BHECEHHsA B CyOCTpar pisHUX
7103 a30THMX HOOPUB, 3HAYHOI MipOI0 BIUIMBAIOTh
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Ha npouec excypanii y pocmun (Kots, 2016, 2021).
JloBezieHO, 10 eKCy/aTi HaciHHA 6000BUX MOXYTh
CTUMY/IIOBATH POCTOBY aKTMBHICTb pu3obiii Ta
BIUIMBATM Ha 3JaTHICTb cnenyugiyHux 6ynb0ouko-
BUX OakTepiit popMyBaTy CUMOIOTIYHI B3a€EMOBIfI-
HOCUHU 3 pocnuHaMu. CIpsMOBaHicTh fil ekcypa-
TiB HaCiHHA BM3HAYA€ThCA IXHDOIO KOHILIEHTPALIIEI0,
TPUBAJIICTIO Iepiofy MPOPOCTAaHHA HACIHHA, COp-
TOM POC/IVH, CUMOIOTMYHVMI XapaKTepUCTUKAMU
LITaMiB-iHOKY/IAHTIB.

ITpu pocmimKeHHi 0cOOMMBOCTEI IEKTUHIB 6000-
BUX POC/IMH 1 IoJticaxapuyiiB pru306iii IokasaHo, 1o
Il CIoyku He yuiile 6epyTh Oe3IOoCepeHIo yIacTh
y Ipoliecax B3a€MHOTO PO3IIi3HaBaHHA CUMOiOHTa-
MU OI¥H OJHOTO Ha IEePBMHHUX eTalaX yTBOPEHH:
Ta PO3BUTKY CUMOIOTMYHMX BiJHOCHH MDK pOCIH-
HOIO-Xa3sATHOM i Oy/nbOOuKOBMMY OakTepiamim, a it
BUKOHYIOTb POJIb CUTHAJIBHUX MOJIEKYTI i 6io/moriuHo
aKTUBHMX PEYOBNH, IO CIpHAE TOfanbpuoMy ¢op-
MYBaHHIO Ta (QYHKI[iOHYBaHHIO a30TO(hiKCyBambHOI
cuMbioTnyHOi cuctemn. BcraHoBneHo crernudiy-
HICTb MOJY/IATOPHOTO BIUIMBY JIeKTMHIB Ha ¢op-
MYBaHHA i mopanbile (QyHKIiOHyBaHHS cuMOi03y,
110 BUABIAETHCA B CTUMYIIOBaHHI TOMOJIOTiYHMM
JIEKTVIHOM TIapTHepiB cuM6io3y Ta 3pe6inbiioro
HeJTpasbHiil a00 CYIpecopHil Ail meKTuHY, HeBin-
HOBIHOTO 1M cuMbionTaM. OTpuMaHi pe3y/nibraTi
3aCBiYYIOTh, IO JIEKTUHU HAK PELIENITOPHI MOJIEKY-
ym 6epyTb y4acTh He JIVIIE Ha MepIINX eTalax B3a-
emoil pu3o06iii i3 KOpeHsMU POCTMHM-Xa3s11Ha, a il
BUKOHYIOTb POJIb CUTHAIBHUX MOJIEKYII i 6ioyoriuHo
aKTUBHUX PEYOBVH Yy HOAA/IbIIOMY (popMyBaHHI Ta
¢dyHKIIOHYBaHHI a30TO(IKCYBaTbHOI CMMOIOTUYHOI
cucreMy. Briepiie BCTaHOBJIEHO IPAMY 3a/I€XKHICTh
MK JIEKTMHOBOIO Ta a30TO(IKCYBalTbHOK aKTUB-
HOCTAMYU Oy/IbOOYOK JIIONMNHY i COi, 10 BKasdye Ha
6e3mocepeHIO YIacTb TeKTHHIB y po6oTi a30To(iK-
cysanbHoro anapary (Kots, 2016, 2021).

Cepep, 4MCTIeHHNX HAayKOBMX HNOPOOOK y ramysi
JIEKTUHOMOrII 0COOMMBE Micllie HaleXXUTh BUBYEH-
HIO 0i07I0TiYHOI aKTMBHOCTI OTPUMAaHUX i3 PiSHUX
COPTIB 1 BUJiIB 6060B1X POC/IVH JIEKTUHIB, IO Ha-
JIEXKaTh IO OfHI€l TPyIM BYI/IEBONHOIL crrenudivHo-
CTi Ta TaKMX, 1[0 MAIOTh IE€BHi BiIMiHHOCTI II[OJO
CTyIEHA IXHbOI B3a€EMOJII 3 OKPEMUMH BYITIEBOJA-
mu. JlocnimkeHHs ocobmmBocTell edeKTOpHOI [il
TaKMX JIEKTMHIB II0Ka3ajI0, W0 IeMaITITUHIHN 110
pi3HOMY BIUIMBAIOTh Ha (OPMYBaHHSA OyIbO0UOK
Ha FOJIOBHOMY Ta 0iYHMX KOPEHAX POC/INH, a TAKOXK
Ha aKTUBHICTb PO3BUTKY cMM06i03y Ha paHHIX eTa-
nax itoro cranosnenus (Kots, 2016, 2021).
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Tabmuus 3. HoBi BicokoedeKTnBHI KOHKYPEeHTO3aTHI mTaMy a30T0(QiKCyBanbHIX MiKpOOPraHi3MiB, ceTeKI[ioHOBaHi
B IncTuryTi disionorii pocnnn i renernxku HAH Ykpainn

Table 3. New highly efficient competitive strains of nitrogen-fixing microorganisms, selected at the Institute of Plant
Physiology and Genetics of the NAS of Ukraine

3eneHa maca 3epHO
IIItam Mertop cenexirii 6 npu6aska o npu6aska o [Ipumirka
A30BOrO IITaMy | 6a30BOro IITaMy
n/ra % u/ra %
Rhizobium leguminosarum bv. Ti6puausanis 34-40 | 14-16 - - ITaTeHT Ha KOPUCHY
trifolii BN9, BucokoBipynentHuit, | (MbkpopgoBa Mopenb Ne 21785
BJMICOKOTEXHOIOTIYHMIL, i3 KOH IOTallid i3 (Ykpaina).
nigBuieHomwo asotdikcysanpuow | Escherichia coli jC5466) Omy61. 10.04.2007.
AKTUBHICTIO Brom. Ne 4
Rhizobium leguminosarum TpaHCcI030HOBMIT - - 3,6-5,2 | 11-15 |IlateHT Ha BuHaxXif
bv. viciae M1, i3 mifBuIeHO0 myTarenes (E. coli Ne 81577 (YkpaiHa).
a30TQiKCyBaIbHOIO AKTUBHICTIO pSUP2021::Tn5) Omny61. 10.01.2008.
Brom. Ne 5

Bradyrhizobium japonicum TpancmosoHoBMI - - 3,2-5,4 | 12,1- |IlareHT Ha KOPUCHY
B20 (B-7538), a3oTOCTiiKmMi1, MyTarenes B. japonicum 23,7 | momenpb Ne126060
i3 posIIMpPEHNM CIIEKTPOM 646 (6asosuit) is E. coli (Ykpaina).
KOMIIJIEMEHTAPHOCTI 10 PisHMX (pSUP 2021::Tn5) Omny65. 11.06.2018.
COpTiB coi brom. Ne 11
Sinorhizobium meliloti AC08 (B- AHamiTUYHa celeKIis 42,6— 11,3~ - - ITaTeHT Ha BUHAXI[
7411), a30TOCTINKMIA (Bupinenus i3 59,5 14,2 Nel11391 (Vkpaina).

KOpeHeBIX 0y1b6040K) Omy6r1. 25.04.2016.

Brom. Ne 8

Rhizobium galegae K50 (B-7551), | TpaHcnosoHOBuit 16,3- | 13,4- - - ITaTeHT Ha KOPUCHY
aJJAlITOBAHNUIL 10 IPYHTOBO- myTareHes Rhizobium 67,4 20,4 Mogerb Ne138542
KTiMatuyHMx ymos Jlicoctemy galegae MC1 (6a3oBmit) (Ykpaina).
Ykpainu is E. coli (pSUP Omy6s1. 25.11.2019.

5011::Tn5mob) Brom. Ne 22
Rhizobium leguminosarum AHamiTiYHa CeneKIfis - - 2,1-2,5| 11,3- |IlaTeHT Ha KOpUCHY
bv. viciae T2 (B-7837), (Bupinenns i3 13,9 | momenn Ne142382
KOHKYPEHTO3/JaTHMIA, i3 KOpeHeBuX 0y/1b6090K) (Ykpaina).
HiBMIIEHOI0 a30TIKCYBaIbHOIO Omy611. 10.06.2020.
aKTUBHICTIO Brom Ne 11
Sinorhizobium meliloti IMB AHamiTi4YHa ceneKiisa 32,5- 11,7- - - ITareHT Ha BUHAXI[
B-7539, KOHKYpEHTO3/JaTHMI, (Bupinenns i3 43,6 16,5 Ne126191 (Vkpaina).
edeKTUBHUII 32 HEOCTATHBOTO KOpeHeBIX 0y/Ib60Y0K) Omy671. 25.08.2022.
BOJIOro3abesneyeHHs Brom. Ne 34
Bradyrhizobium japonicum TpaHcro3oHOBUIT - - 2,2-3,9 | 12,0~ |IligrorosneHo no
B78, KOHKypeHTO3/1aTHMIA, MyTarenes B. japonicum 13,6 |mareHTyBaHH:A
a30TOCTIVIKMII 646 (6asosuii) i3 E. coli

(pSUP 5011::Tn5mob)
Bradyrhizobium japonicum Tpancrio30HOBUIL - - 2,9-4,4 | 12,8- |IligrorosieHo mo
D87, KoHKypeHTO3aTHHIA, MyTarenes B. japonicum 15,2 | mareHTyBaHHA
A30TOCTIVIKMIA 646 (6asosmii) i3 E. coli

(pSUP 5011::Tn5mob)

BusBieHO, 1O KOHIEHTpAL{ifl /NEeKTMHY Beau- CUCTeM. AKTUBHICTD asordikcanii, Oymp6ou-

KOI0 MipOI0 BM3HAuyae XapakTep JOrO BIUIMBY Ha
¢dopmyBaHHs Ta QYHKIIOHYBaHHS CUMOIOTMYHIX

KOYTBOPEHHA Ta (OPMyBaHHA HaJ3eMHOI Macu
pociuH coi 36inbIIyeTbcss ab0 3MEHIIYETbCA Y
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BUIIQIKy BHECEHHS OiHApHMX KOMIIO3MIIil JIeK-
TYUHIB HaCiHHA COi Ta TOPOXY B KY/IBTYPy pU300iil.
Ha ocHOBi oTpuMaHMX pe3ynbTaTiB TEOPETUYIHO
Ta EKCIIEPUMEHTA/IbHO OOIPYHTOBAaHO CTBOPEHHS
HOBOTO KJ/Iacy JIEKTUH-0aKTepia/IbHUX KOMIIO3MILil,
moBefieHO edeKTMBHICTh IXHBOI fil 3a mepenmo-
ciBHOI 0OpOOKM HaCiHHS CilTbCBKOTOCHOIAPCHKUX
POCIMH 5IK 6I0TEXHONOTiYHMX elIeMEHTIB eKOJIOoTid-
Horo 3emnepo6crBa (Kots, 2016, 2021).

3po6/eHO BaroMmit BHECOK Y BUBYEHHS B3a€EMO-
3B’s3KiB asorgikcanil, GpoTOCHMHTe3y Ta AUXaHHA,
BI/IMBY MiHEpa/JbHOIO a30THOTO >XMBJIEHHSH, Pery-
JIATOPIB POCTY POCINH i PyHriumaiB Ha iHTEHCUB-
HicTh Lux mpoecis y 6060Bux kynsryp (Kots et al.,
2022; Kiriziy et al., 2024b). Y pesynbrari nposege-
HUX TOCTIIKeHb PO3POOIeHO 3aXOM 100 iHTEH-
cnikanii npomecy cum6biotnyHol azordikcanii 3
MeTOI0 IIBUIEHHA NPOAYKTUBHOCTI 3epHO6060-
BUX Ky/IbTYp i 6araropigyanx 6060BMx Tpas 3a pa-
XyHOK 6iosoriunoro aszoty (Kots, 2016, 2021).

BaxxmuBuM HampsAMOM [NOCTIIKEHb € BUBYEH-
HSl peakiii poCIMHHO-OaKTepiaTbHUX CUCTEM Ha
Oif0 PiSHOMaHITHMX YMHHMKIB [IOBKUIIA, 30Kpe-
Ma HeJOCTaTHBOIO BOZ03a0e3leyeHHs, Ta IOLIYK
HecnipyusATIuBux ymoB (Lopez et al., 2019). Excre-
PVIMEHTA/IBHO HOBENEHO MOXX/IMBICTD IiJBUILEHHSA
HIPOAYKTUBHOCTI 6000BMX 3a MOCYLUIMBUX YMOB
BHAC/ZIOK PETY/ALil IpPOLIECIB CTAaHOBIEHHA CU-
MOIOTUYHMX B3aEMOBIIHOCUMH MDK POCTMHAMU Ta
MiKpoopraHisaMamy 3a JOIOMOro (isionoriaHo
aKTUBHUX PEYOBUH, a TAaKOX iHTeHcHikamii pyHK-
njonysaHHs asorogikcyBanpHux cucreM (Kiriziy et
al., 2022). ITokaszaHo migBuILeHHS 32 0OPOOKN JIeK-
TUHOM iHTeHCUBHOCTI acumiii CO, Ta BMicTy
(OTOCHHTETUYHYX IIrMEHTIB y POC/IMHAX COi, K 3a
YMOB ONITMMAJIbHOTO BOJIOro3abesneyeHHs, TaK i 3a
HOCYXU, IPUYOMY MaKCUMa/IbHUI eeKT Lieit 6i1ok
BMABJIAB AK KOMIIOHEHT iHOKYJ/IALIHOL CyCIIeH3il.

Po3po6ieHo Ta BIPOBAKEHO y BUPOOHUIITBO
MIKpOOHi IpemapaTyi HOBOTO IOKOMIHHA — pPU30-
CTUM, PU30CTUM-M Ta a307IeK Ha OCHOBi KOMII/IEK-
Cy TaMiB a30TO(iKCyBa/TbHUX MiKpOOpraHi3MiB i
HIpUPOAHNUX 6iomosiMepiB, SKi 3a TEXHOIOTIYHICTIO
71 eeKTMBHICTIO IepeBepIIyIOTh BiTUM3HAHI Ta
3apy6ixui ananoru (Kots, 2016, 2021). CtBopeHo
OfIHY 3 HalbimpIMX B YKpaiHi yHiKa/IbHY KONMEKIIi0
IITaMiB CUMOIOTMYHMX Ta aCOLaTUBHUX a30TO]IK-
CYBaJIbHMX MiKpOOPIraHi3MiB, AKa HiITPUMY€ETHCA Y
JKUTTE3NATHOMY CTaHi, Hajlivye oHaj 880 KynbTyp
1 BM3HaHa HalliOHAJIbHUM HaJOaHHAM.

588

®izionorisa AK HAYyKOBO-NPAKTUYHE MiIPYHT:
PO3BUTKY TEXHOJIOTil I/11 MAKCMMAIbHOTO PO3-
KPUTTS FeHeTUYHOT0 MOTeHIliany IPOJyKTUB-
HOCTi KyIbTYPHUX POCIUH

Bigomo, 1o i1 MaKCMManIbHOIO PO3KPUTTA TeHe-
TUYHOTO IOTEHIIiamy IPOAYKTUBHOCTI KyIbTYPHUX
POC/IMH HeOOXi[HO CTBOPUTH II€BHi yMOBM IIJIA-
XOM 3aCTOCYBAaHHS BUCOKOe(EKTMBHUX CUCTEM IX-
HBOTO )XVB/IEHHA Ta 3axucty. Tomy B IOPI' HAH
YKkpaiHy BenuKa yBara NpUiNA€TbCA TeHETUYHUM
i MOJIEKY/IAPHMM aCIIeKTaM pery/Alii MiHepanbHO-
rO JKUBJIEHHS POC/INH, po3po6lLi Ta BIIPOBa KeH-
HIO IHTErpOBaHMX CUCTEM >KMBJIEHHA 1 3aXuUCTy
BJMICOKOIIPOAYKTUBHMX COPTIB 03MMOI IIIEHNUII] Ta
inmmx kynaeryp. Pisiomoro-6ioximiune 06rpyH-
TYBaHHA IIePeAIIOCiBHOTO 30arayeHHsA HaCiHHA
MIKpO€/IEMEHTaMM OCTAaHHIM 4YacOM PpO3BMHYTO
B HampsMi iHTerpauii cucreM 3abe3ledeHHs [O-
CTYIIHMMM IIyJlaMy MaKpO- Ta MiKPOEJIEMEHTIB i3
Cy4acHMMM IIpenapaTamMy A 3aXVMCTY IOCIBIB Bif
CXOfIiB 10 300py BpOXKalo, B TOMY YUCHI I CHHep-
FiYHMMI KOMIUIEKCAMM NPOTPYIHMUKIB. BuB4aroThb-
CA TaKOX NUTAHHA CTINIKOCTI pOC/IMH f10 3a06pyx-
HEHHSA HAaBKOMMIIHLOIO CepPeJoBUILA BaXKKMMMU
MeTajlaMI Ta PafiOHyK/Iigamy, 3aXUCTy KyIbTyp-
HUX POC/IMH Bifj XBOpoO, WIKiTHMKIB Ta Oyp’sHIB
(Schwartau, Mykhalska, 2016, 2022).

Y paMKax posBUTKY I[bOTO HANpsAMy OOIPYHTO-
BaHO (i3ionoriuHi OCHOBM >KUBJICHHS Ta 3aXMUCTY
CiIbCHKOTOCTIOIAPCHKMX KYNABTYP, Y TOMY YMCI i
BJYICOKOIIPOAYKTVBHMX COPTiB O3MMOI IIIEHNI],
1[0 € HAYKOBVMM (YHITAaMEHTOM CTBOPEHHS BMICOKO-
eeKTMBHIX TeXHOJIOTIN Y pOCIMHHNLTBI YKpaiHL.
BcraHOB/IEHO MeXaHi3MU PETYALil aKTUBHOCTI Iie-
CTULMAIB 3a BIUIVBY (OHY XMBJICHHS, CUHEPTicTiB
ta aHTUROTIB (Schwartau, Mykhalska, 2016).

JIIna HapoulyBaHHSA HPOJYKTMBHOCTI Ji peHTa-
OenmbHOCTI 3epHOBMPOOHMITBA 3a Aii 610TMYHMUX
CTpeciB CTBOPEHO TEXHOJIOTII )KMBJIEHH 3€PHOBUX
KY/IBTYP i3 BMCOKOIO e(peKTMBHICTIO BUKOPYICTAHHS
asory. Po3po06ieHo crocib MOKpUTTA IpaHy/IbOBa-
HOTrO Kapb6amifny mns migBuiieHHS epeKTUBHOCTI
BUKOPUCTAHHA a30TY 3 TOOPUB POCTNHAMI, B TOMY
YMCIIL V1 32 HeCTadi BOJIOTHA.

[l 3amobiraHHA BUHVKHEHHS Pe3UCTEHTHOCTI
30yIHUKIB IIKOIOYMHHNX XBOPOO 0 IeCTULNAIB
CTBOPEHO CHUCTeMM KOHTPOJIIOBAaHHs ajabTepHapi-
03iB i ¢ysapiosiB 3epHOBMX KyIBTYyp KOMIO3MIi-
AMu yHrinuais Ta [ob6pus. BnpoBamkeno cucre-
MU JKUBJIEHHA XJIOPOM JIZIi IPOTUJII yTBOPEHHIO
¢isionoriyHMX IUIAMUCTOCTEl JTMUCTKIB pocimMH i
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BTpaTu X710podiny B Iepiof HaIMBaHHI 3epHa B
II0CiBaxX 3epHOBUX KOJIOCOBMX KYAbTYyp. [lna moci-
BiB COHSIILIHMKA, COI Ta iHIIMX O0PO3aNTe>KHUX KY/Ib-
TYp pO3pOOIEHO TeXHOJIOTii OCHOBHOTO )KVBJICHHS,
SAKi 33663He‘{YIOTb pocnuHu 6op0M Bif cxomiB m0
360py BpOXKal Ta iCTOTHO HiABUILYIOTb YpO>Kaii-
HicTb KynbTyp (Schwartau, Mykhalska 2016).
Po3po6eHo TeXHO/MOril CUHepridyHOro MOCHUJIeH-
HA aKTMBHOCTI CYYaCHMX PETapJaHTiB Ha IIOCiBax
3€pHOBUX KOJIOCOBMX Ky/IbTyp. BusABIeHO 3MiHM
KOHIIEHTPallil BHYTPIIHBOK/IITMHHOTO Ka/IbIII0 AK
NIEPLIOYEPrOBY PEaKIlilo y MexXaHi3mi fii cydacHux
petappanTiB. DyHmaMeHTaIbHI HOCTIKEHH OCHOB
IOHHOTO rOMeOCTa3y Ta MEXaHi3My Jil MecTULI/IIB
Jamy 3MOTy po3poOuTy BuCOKOeeKTVBHI iHTerpo-
BaHi CUCTeMI >KMBJIEHHA Ta 3aXUCTY, sAKi IIMPOKO
BIIPOBAIPKYIOTbCsI 6araTbMa MPOBITZHUMM CiTTbCHKO-
TOCHOJAPChKUMMY MiJIIPUEMCTBAMN YKPAiHNL.

BucHoBK1I

Buicoxopo3BuHyTe arpapHe BUPOOHMITBO € 3aIlo-
PYKOI0 IIpOfI0BOJIBYOI Oe3IIeKu Oyb-sKOi lep>KaBuL.
3 1poro morIAAy YKpaiHa He TiIbKM 3abesmedye
BIaCHI MOTPeOM B OCHOBHMX IMPOAYKTaX Xapdy-
BaHHS, a I poOUTh BarOMMII BHECOK Y BUPILIEHHS
HaHOI pobeMn B rmobanbHOMY Maciutabi. Bona
BIIEBHEHO IIOCifla€ Miclle cepef IPOBIZHMX arpo-
IIPOMUCIOBUX JIEpP>KaB CBITY i YacTKa arpapHOro
CEKTOpa B II EKOHOMIIli Ta eKCIIOPTHOMY ITOTEHIiaIi
HEeBIIVHHO 3POCTa€. BUKMMKM BOEHHOTO Yacy, 30-
KpeMa CKOpO4YeHH: MOCIBHUX IIJION] Yepe3 BefleHH:A

CIIMCOK ITIOCMJIIAHb

00il0BUX [iif, BMMAaralTb iHTeHcM@iKauil BUKO-
PUCTAHHA THX, IO 3aIMIMINCA B 0060pOTi, TOOTO
HifiBUILeHHs 300pY MPOAYKIIi 3 OMHMLI IO Ta
3MEHIIEHHA II BTpaT Bifl BIUIMBY HECHPUATIMBUX
abioTMYHMX i 610TMIHNX YNHHKKIB.

3anopyKkolo OTpMMaHHA BUCOKMX BPOXKaiB Cilb-
CbKOTOCIIOJJAPChKUX KYIBTYP € BUCOKOIHTEHCUBHI
COpPTH, CTiNKi O BIVIMBY CTPECOBUX YMHHUKIB JjO-
BKI/UIA, 1 TEXHOJIOTLII, fAKi CIIPUAIOTh MaKCUMaJIbHO-
MY POSKPUTTIO IXHBOI'O T€HETHYHOTIO ITOTEHLiany
nponykTuBHoCTi. HaBeneHi B ornaxi gaHi ceifyarb
po Te, o ¢i3ionorist pOCINH € BaK/INBOIO CKIIa-
TOBOIO JIOCTI/IKEHD, CIIPAMOBAaHMX Ha Te€HETHYHE
HOJIIIeHHA POCINH i po3poOKy HOBUX TEXHO-
7oriit IXHBOro BUpoLlyBaHHA. HesBakaroum Ha
TPYAHOLI Cy4acHOI COlia/IbHO-€KOHOMIYHOI i BO-
€HHO-IOJITNYHOI cuTyanii, BiTunsHaAHi ¢isionorisa
POC/IVH pa3oM i3 T€HETHKOIO i CEeNeKIi€l0 YTBOPIO-
I0Tb (PYHJAMEHT, Ha SIKOMY IPYHTYETLCS arpapHe
BUPOOHMLTBO KpaiHu i 6e3 AKOro HeMOXK/IUBUIL
J10TO MOJAIbIINI IIPOTPEC.

JOTPMIMAHHA ETUYHNX HOPM

ABTOpPM TIOBiIOMJIAIOTH HPO BifCYTHICTH OYAb-AKOrO
KOHQJIKTY iHTepeciB.
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Main trends in applying physiology to plant breeding,
yield improvement, and stress resistance in Ukraine

S.Ya. KOTS, O.0O. STASIK, D.A. KIRIZIY,|V.V. MORGUN
Institute of Plant Physiology and Genetics, National Academy of Sciences of Ukraine,
31/17 Vasylkivska Str., Kyiv 03022, Ukraine

Abstract. The review highlights the main trends in the use of achievements in plant physiology in breeding and the contribu-
tion of scientists from the Institute of Plant Physiology and Genetics of the NAS of Ukraine to solving the problems of incre-
asing plant productivity and stress resistance. In particular, as a result of many years of research into the genotypic features of
morphology and functioning of the photosynthetic apparatus of a wide range of wheat varieties at the levels from chloroplast
to agrocenosis, a number of physiological and morphological traits have been identified, which are recommended for use as
phenotypic markers in the selection of this most important agricultural crop for productivity and drought resistance. A num-
ber of studies of the physiological and biochemical characteristics of genetically modified wheat plants with an increased pro-
line content both under normal conditions and under the influence of drought were also conducted. A conclusion was made
about the prospects of their involvement in breeding programs to increase resistance to abiotic stress factors. A wide range
of highly effective strains of nodule bacteria, complementary to a number of leading legume crops, were selected, including
using transposon mutagenesis. New technologies for their use in inoculums were developed, taking into account the genetic
characteristics of the crop, which contribute to the maximum realization of the productivity potential of the legume-rhizobial
symbiosis and protect against the negative effects of biotic and abiotic stress factors. Technologies for the use of mixtures of
specially selected strains of associative and free-living nitrogen-fixing microorganisms to intensify the cultivation of various
wheat varieties were also developed. It is known that in order to fully reveal the genetic potential of modern agricultural
crops, it is necessary to develop new or significantly improve existing technologies for their cultivation and take care of pro-
tection against diseases, pests and weeds. Such technologies have been developed to increase the efficiency of nitrogen use by
modern high-intensity wheat varieties. The use of tank mixtures for foliar feeding of plants together with protective agents
and growth regulators has been scientifically substantiated and implemented in practice, which has a significant economic
effect. Thus, plant physiologists and geneticists of the Institute closely cooperate both in fundamental scientific research and
for the benefit of the agricultural sector of Ukraine and strengthening its food security.

Keywords: breeding, food secuirity, new technologies, physiological markers, plant physiology, productivity, stress resistance
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Biotransformation of 2,6-dichloroaniline and 3,5-dichloroaniline
by the mycelium of basidiomycetes
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Abstract. Dichloroanilines are actively used in the synthesis of drugs and pesticides; however, these compounds have been
found to exhibit toxic activity. This study aimed to investigate the ability of the mycelium of Fomitopsis pinicola, Ganoderma
tsugae, Pleurotus ostreatus, and Schizophyllum commune to biotransform two compounds of dichloroanilines under control-
led conditions. The results indicate that the biodegradation rates of the studied compounds ranged from 83.95% to 99.85%.
The highest percentage was recorded for G. tsugae 2566, whereas the lowest percentage was observed for both studied strains
of S. commune. Five metabolites were identified during the biotransformation of 3,5-dichloroaniline: 3,5-dichloronitroben-
zene, 3,5-dichloroacetanilide, 3,5-dichlorophenol, 2-amino-4,6-dichlorophenol, and 4-amino-2,6-dichlorophenol. Three of
these metabolites were found for the first time after biotransformation of the studied compounds by fungal mycelium. This
is the first report on 4-amino-3,5-dichlorophenol obtained as a result of biotransformation of 2,6-dichloroaniline by fungal
mycelium.

Keywords: acetylation, aminodichlorophenol, biodegradation, chromatography, filamentous fungi, xenobiotic

Introduction

Aniline is the simplest aromatic amine and a con-
venient model for studying the ability of various
organisms to destroy aromatic amines. Aniline
(C{H,NH,) is an organic aromatic amine compo-
und with a phenyl ring (C.H.) attached to an amino

group (-NH,). It is widely used for the synthesis of
pesticides (Yen et al., 2008; Thompson et al., 2010),
drugs (Suzuki et al., 1999; Thamer et al., 2013), dyes
(Cooksey, Dronsfield, 2009), plastics (Chen et al.,
2015), and defense products (Wang, Zhang, 2013).
Dichloroanilines are utilized as intermediates
in the commercial synthesis of various azo dyes,
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Biotransformation of 2,6-and 3,5-dichloroaniline by the mycelium of basidiomycetes

herbicides, paints, cosmetics, and other industri-
al chemicals. However, their stability and toxicity
render them hazardous when released into the en-
vironment (Argese et al., 2001; Hejtmancik et al,,
2002; Padmanabhan et al., 2006). 3,4-and 3,5-di-
chloroanilines are especially harmful, while 2,3-,
2,4-, and 2,5-dichloroanilines are also highly toxic
(Valentovic et al., 1995). Chloroanilines can easily
enter the environment. Their concentration in soil
and water increases due to their high persistence
and low biodegradation (Tasca et al., 2018). The
biotransformation of various chloroanilines could
be characterized by the reduction of their environ-
mental impact through the formation of potentially
safer metabolites (Rankin et al., 2021). Biotransfor-
mation is a process by which organic compounds
are transformed from one form to another, reduc-
ing the persistence and toxicity of chemical com-
pounds (Smitha et al., 2017). This can be the fun-
gi-assisted process.

The ability to transform anilines or dichloroan-
ilines has been previously reported for Fusarium
sp., Rhizopus sp. (Emtiazi et al., 2001), Podospora
anserina (Rabenh.) Niessl (Martins et al., 2009),
Trichoderma virens (J.H. Mill, Giddens & A.A.
Foster) Arx, T. reesei E.G. Simmons (Cocaign et al.,
2013), Neocosmospora solani (Mart.) L. Lombard &
Crous (Fusarium solani Mart.) (Chan Ho Tong et
al., 2015), Aspergillus niveus Blochwitz, A. terreus
Thom, and Cladosporium cladosporioides (Fresen.)
G.A. de Vries (Rodrigues et al., 2023). The biodeg-
radation of 3,4-dichloroaniline by some filamentous
fungi has been reported to occur mainly during the
first 7-15 days of incubation. Two strains of Fusar-
ium oxysporum Schltdl. and one strain of Aspergil-
lus niger Tiegh. metabolize 3,4-dichloroaniline into
five metabolites. These compounds can be formed
via oxidation, co-denitrification, N-acetylation, and
polymerization reactions (Castillo et al., 2014).

The biotransformation of anilines mediated by
Basidiomycota fungi has been insufficiently studied.
An extracellular peroxidase from Coprinus cinere-
us (Schaeft.) Gray (= Coprinopsis cinerea (Schaeft.)
Redhead) can catalyze the oxidative oligomeriza-
tion of 4-chloroaniline (Chang et al., 1999). Krem-
er and Sterner (1996) reported that 250 strains of
basidiomycetes were screened for the degradation
and metabolism of 3,4-dichloroaniline, but only
21 strains belonging to the genera Collybia (Fr.)
Staude, Cyathus Haller, Filoboletus Henn., Gloe-
ophyllum P. Karst., Marasmius Fr., Merulius Fr.,

Phellinus Quél., Schizophyllum Fr., Stereum Hill
ex Pers., and Stropharia (Fr.) W. Saunders & W.G.
Sm., and six unidentified strains were able to me-
tabolize this compound. Detailed information is
provided for Filoboletus sp. TA9054 only. This strain
was capable of metabolizing 3,4-dichloroaniline
up to a concentration of 1.2 mM. One millimolar
of the compound was completely removed after
15-17 days of incubation (Kremer, Sterner, 1996).
It has been reported that the strain Phanerochaete
chrysosporium Burds. ATCC 34541 can mineralize
3,4-dichloroaniline only under optimal fermenta-
tion conditions. The mentioned strain was able to
metabolize 3,4-dichloroaniline after 2 days of appli-
cation, but full degradation of that xenobiotic was
established after 21 days of incubation. This trans-
formation did not correlate with lignin peroxidase
activity (Sandermann et al., 1998). The biotransfor-
mation of 3,4-dichloroaniline was also investigated
for two strains of P. chrysosporium ATCC 24725 and
ATCC 20696, Trametes versicolor (L.) Lloyd PV,
and Stereum hirsutum (Willd.) Pers. SH1 in two
different media. The highest rate of 3,4-dichloroan-
iline mineralization was found for the mycelium of
T. versicolor (47.7 ug - g dry weight! - day™') on Kirk
medium, although S. hirsutum could not metabolize
this compound (Morgan et al., 1991). For the other
strain, T. versicolor K-41, the ability to decrease the
concentration of 3,4-dichloroaniline after 2 days of
incubation was reported (Mori et al., 2018). It can
be concluded that the biotransformation of 3,4-di-
chloroaniline is well studied, unlike the biotrans-
formation of other dichloroanilines, which are also
actively used. A better understanding of how basid-
iomycetes can biotransform other dichloroanilines
requires further research.

The present study aimed to analyze the ability of
six strains of four species of wood decay basidiomy-
cetes to biotransform dichloroanilines.

Materials and Methods

Chemicals. Acetonitrile HPLC (Chemsolute, Ger-
many); bacteriological agar (Condalab, Spain); di-
methyl sulfoxide (Sigma-Aldrich, USA); glucose
(Enamine, Ukraine); ethyl acetate (Enamine, Ukra-
ine); formic acid (Enamine, Ukraine); magnesium
sulfate (heptahydrate) (Bio Basic Inc., Canada); pep-
tone (Condalab, Spain); potassium phosphate (mo-
nobasic, anhydrous) (Bio Basic Inc., Canada); po-
tassium phosphate (dibasic, anhydrous) (Bio Basic
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Inc., Canada); sodium sulfate (anhydrous) (Enamine,
Ukraine); yeast extract (Condalab, Spain); 2,6-dichlo-
roaniline (Enamine, Ukraine); 3,5-dichloroaniline
(Enamine, Ukraine); 2-amino-4.6-dichlorophenol
(Enamine, Ukraine); 4-amino-2,6-dichlorophenol
(Enamine, Ukraine); and 4-amino-3,5-dichlorophe-
nol (Enamine, Ukraine).

Fungal strains. The objects of the investiga-
tion were: Fomitopsis pinicola (Sw.) P. Karst. 361
(it was accepted by NCBI with accession number
PQ460591), Ganoderma tsugae Murrill 1848, G.
tsugae 2566, Pleurotus ostreatus (Jacq.) P. Kumm.
297, Schizophyllum commune Fr. 1768 (PQ482381),
S. commune 1769 (PQ482382). All cultures were ob-
tained from the IBK Mushroom Culture Collection
of the M.G. Kholodny Institute of Botany, National
Academy of Sciences of Ukraine (Bisko et al., 2024).

Medium composition. Glucose-yeast-peptone
(GYP) medium, (g/l): glucose — 25; peptone —
3; yeast extract — 3; KHZPO s — L KZHPO  — L
MgSO,-7H,0 — 0.25; H20 — for a final volume of
1 L; pH — 6. Glucose-yeast-peptone agarose (GYPA)
medium (GYP containing 20 g agar) were used.

Inoculum preparation. In the first stage of cul-
tivation, mycelia were grown in Petri dishes for 7
days at 26 + 1 °C on GYPA medium.

Submerged cultivation. The obtained mycelium
was homogenized with sterile water and aseptically
inoculated in 250 ml Erlenmeyer flasks with 45 ml
of liquid GYP medium (10% v/v). Cultivation was
carried out at 26 = 1 °C and 150 rpm during the
predetermined time for each species: S. commune
1768 was cultivated for 4 days; S. commune 1769
was cultivated for 5 days; E pinicola 361, G. tsugae
1848, and G. tsugae 2566 for 6 days, and P, ostreatus
297 for 7 days. These mature cultures were used for
biotransformation.

Biotransformation procedure. After the incu-
bation for a set time, 2,6-dichloroaniline or 3,5-di-
chloroaniline dissolved in dimethyl sulfoxide was
added to the culture at a rate of 0.2 g/l culture me-
dium (Hernik et al., 2023). Dimethyl sulfoxide was
used at a concentration of 0.2 ml/l culture medium
for dissolving compounds and as a negative control
for biotransformation. Ten separate Erlenmeyer
flasks were used for the biotransformation of one
dichloroaniline by one strain of basidiomycetes.

Extraction procedure. The extraction of
metabolites was performed on the 3™ day after the
addition of dichloroanilines. The obtained both my-
celial biomass and fermentation broth were divided
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by filtration. Each sample was extracted with ethyl
acetate (1:1) three times. The obtained extracts were
united, dried over anhydrous sodium sulfate, con-
centrated via a rotary evaporator, and analyzed via
high-performance liquid chromatography.

Analysis procedures. Analytical chromatogra-
phy was used for evaluating the composition of the
prepared samples. High-performance liquid chro-
matography (HPLC) analysis was carried out on an
Agilent Technologies 1200 Series (Agilent, USA).
A chromatographic column made of stainless steel
with a diameter of 4.6 mm, a length of 100 mm, and
a grain size of 2.7 pym was used as the stationary
phase. The column was filled with silica gel mod-
ified with hydrophobic C18 groups. The injection
volume was 5-20 pl. The flow rate was 1 ml/min.
The total run time was 10 min. Gradients of solvent
A (0.1% formic acid in water) and solvent B (0.1%
formic acid in acetonitrile) were prepared as follows
(%): (I) 0-1 min (A:B, 60/40), (II) 1-5 min (A:B,
from 60/40 to 0/100), (IIT) 5-6 min (B, 100), 6-6.5
min (A:B, from 0/100 to 60/40), (IV) 6.5-9 min
(A:B, 60/40). A UV detector and a Quadrupole LC/
MS 6120 mass analyzer (Agilent, USA) were used
to identify the obtained compounds. The UV de-
tection was recorded at 215, 254, and 280 nm. The
results were obtained and analyzed via Open Lab
CDS software (version C.01.10). The analysis of the
obtained metabolites was carried out using 2,6-di-
chloroaniline, 3,5-dichloroaniline, 2-amino-4,6-di-
chlorophenol, 4-amino-2,6-dichlorophenol, and
4-amino-3,5-dichlorophenol as standards.

The biodegradation of the studied compounds
was estimated as follows. The concentration of the
studied substances was established according to the
calibration curve of the standard substance. Con-
version was established in the following way:

% biodegradation = m, - m,/m,-100%,

where m is the initial concentration of the studied
substance, mg; m, is the final concentration of the
studied substance calculated from the peak area, mg.

Preparative chromatography was carried out for
the separation of pure substances in the prepared
samples. The metabolites were isolated and purified
on an Agilent Technologies 1290 Infinity II series
(Agilent, USA). A chromatographic column made
of stainless steel with a diameter of 19.5 mm, a
length of 100 mm, and a grain size of 5 pm was used
as the stationary phase. The column was filled with
silica gel modified with hydrophobic C18 groups.
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Table 1. Biodegradation of dichloroaniline by the mycelium of selected strains of basidiomycetes

(submerged cultivation, GYP, 72 h with dichloroanilines)

Fungal strain Conversion, %
2,6-dichloroaniline 3,5-dichloroaniline
Fomitopsis pinicola 361 97.56%2.04 91.27+4.03
Ganoderma tsugae 2566 98.84+1.06 92.39+0.61
Ganoderma tsugae 1848 99.05%0.45 91.35%3.75
Schizophyllum commune 1769 99.10+0.20 83.95+5.05
Schizophyllum commune 1768 98.50+0.40 85.78+2.72
Pleurotus ostreatus 297 99.85%0.05 89.85%6.95

The injection volume was 300 pl. The flow rate was
25 ml/min. The total run time was 7 min. Gradi-
ents of solvent A (0.1% formic acid in water) and
solvent B (0.1% formic acid in acetonitrile) were
prepared as follows (%): (I) 0-1 min (A:B, 60/40),
(IT) 1-3 min (A:B, from 60/40 to 30/70 ), (III) 3-3.5
min (A:B, from 30/70 to 0/100), 3.5-4.5 min (B,
100), (IV) 4.5-5 min (A:B, 60/40). A UV detector
was used to identify the obtained compounds. The
UV detection was recorded at 215, and 254 nm. The
results were obtained and analyzed via Open Lab
CDS software (version 3.3.65).

The structure was confirmed by 'H NMR and
13C NMR.

4-amino-3,5-dichlorophenol: 'H NMR (600
MHz, DMSO): § (ppm) 4.7 (s, 2H, Ar-H), 6.7 (s,
2H, NH,), 9.3 (s, 1H, OH); 13C NMR (150 MHz,
DMSO): § (ppm) 115.7 (CH), 119.3 (C-Cl), 134.2
(C-NH,), 148.6 (C-OH) (as shown in Supplemen-
tary Material S1).

3,5-dichlorophenol: 'H NMR (600 MHz,
DMSO): § (ppm) 7.33 (t, 1H, Ar-H), 7.87 (d, 2H,
Ar- H), 10.96 (s, 1H, OH); 13C NMR (150 MHz,
DMSO): § (ppm) 118.9 (CH), 124.1 (CH), 134.5
(C-Cl), 140.7 (C-Cl), 158.2 (C-OH) (as shown in
Supplementary Material S2).

Statistical analysis. All experiments were per-
formed in duplicates. The obtained results were
analyzed with Excel statistical functions using the
Microsoft Office XP software. Data were presented
as means + SD (standard deviation).

Results

The biodegradation of dichloroanilines by fungal
mycelium

In this study, the mycelium of six different stra-
ins of four fungal species was evaluated for the
ability to biotransform 2,6-dichloroaniline and

3,5-dichloroaniline. According to Kremer and Ster-
ner (1996), the biodegradation of dichloroanilines
by basidiomycetes takes 15-17 days. At first, based
on this data, a preliminary screening study of the
biotransformation of dichloroanilines was con-
ducted, which indicated a high indicator of biode-
gradation on the third day after the introduction
of the substances. Table 1 shows the results of the
biotransformation of the studied dichloroanilines
by the mycelium of the selected basidiomycetes af-
ter 72 h since the addition of the substances. The
obtained indicator of degradation of 2,6-dichlo-
roaniline ranged from 97.56% to 99.85%, whereas
that of 3,5-dichloroaniline ranged from 83.95 % to
92.39%. These findings indicate that 2,6-dichloroa-
niline is better decomposed by the mycelium of the
investigated strains of basidiomycetes. The obtained
results demonstrate high values, so it can be con-
cluded that even 72 h is sufficient time for the bio-
degradation of dichloroanilines by the mycelium of
P, ostreatus 297.

Biotransformation of 3,5-dichloroaniline by the
mycelium of wood decay basidiomycetes during
submerged cultivation

The biotransformation of 3,5-dichloroaniline oc-
curred in the same pathway for almost all the in-
vestigated strains. The best conversion of 3,5-di-
chloroaniline was established for the mycelium
of G. tsugae 2566. Three days after the addition of
the substance, almost complete degradation of the
tested compound was observed (Fig. 1A). Two
metabolites were detected in this sample. One of
them showed a molecular ion peak at m/z (mass-
to-charge ratio) 192. This molecular weight is ap-
propriate for 3,5-dichloronitrobenzene. The second
detected metabolite had a peak at m/z 204 and was
identified as 3,5-dichloroacetanilide. This evidence
shows that the mycelium of G. tsugae 2566 carried
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Fig. 1. Chromatogram (HPLCs, sig = 215) of metabolites formed after biotransformation of
3,5-dichloroaniline during submerged cultivation of the mycelium. A: Ganoderma tsugae 2566;

B: Schizophyllum commune 1768

out acetylation of the original compound. Both me-
tabolites were also detected after biotransformati-
on by the mycelium of S. commune 1768 (Fig. 1B),
S. commune 1769, E pinicola 361, and P. ostreatus
297. The formation of 3,5-dichloronitrobenzene
during the biotransformation of 3,5-dichloroani-
line was also recorded for the mycelium of F pini-
cola 361. A small amount of 2-amino-4.6-dichloro-
phenol, 4-amino-2,6-dichlorophenol, and probably
5-amino-2.3-dichlorophenol was detected after bio-
transformation by the mycelium of strain F. pinicola
361, which did not occur during biotransformation
by the mycelium of the other studied fungi. Addi-
tionally, the conversion of 3,5-dichloroaniline to
3,5-dichlorophenol by the mycelium of E pinicola
361 strain was performed. Only 3,5-dichloronitro-
benzene was indicated after biotransformation of
3,5-dichloroaniline by the mycelium of G. tsugae
1848. All obtained chromatograms are shown in
Supplementary Material (S3).
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Biotransformation of 2,6-dichloroaniline by the
mycelium of wood decay basidiomycetes during
submerged cultivation

Biodegradation of 2,6-dichloroaniline was ob-
served for the mycelium of the all studied strains.
The highest conversion of 2,6-dichloroaniline was
detected during the biotransformation by the my-
celium of P, ostreatus 297, and the lowest conversi-
on — for the mycelium of E pinicola 361. For the
mycelium of E pinicola 361, G. tsugae 2566, and
G. tsugae 1848, biotransformation of 2,6-dichlo-
roaniline to 4-amino-3,5-dichlorophenol was also
established. Notably, the nitrification of the ami-
no group of 2,6-dichloroaniline did not occur du-
ring the biotransformation by the mycelium of the
studied strains, in contrast to 3,5-dichloroaniline
biotransformation. The mycelium of E pinicola 361
produced out minor acetylation of 2,6-dichloroa-
niline as well as 3,5-dichloroaniline. A comparison
of the biotransformation pathways of both studied
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Fig. 2. Chromatograms (HPLCs, sig = 215) of metabolites formed after biotransformation of 2,6-dichloroaniline
during submerged cultivation of the mycelium. A: Fomitopsis pinicola 361; B: Schizophyllum commune 1768

compounds revealed the formation of fewer me-
tabolites for 2,6-dichloroaniline. The formation of
condensed metabolite was also established for the
mycelium of this strain. However, their amount was
insignificant and insufficient for identification. All
obtained chromatograms are shown in Supplemen-
tary Material (S3).

Discussion

2,6-Dichloroaniline and 3,5-dichloroaniline are
building blocks for the synthesis of different drugs
and pesticides (Lindh et al., 2007; Shaalan, Belal,
2013; Vasileiadis et al., 2018; Shailakshi et al., 2024).
It also means that 2,6-dichloroaniline and 3,5-dichlo-
roaniline are metabolites resulting from the break-
down of diclofenac, iprodione, vinchlozoline, and
other compounds. This is dangerous due to their
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ability to accumulate and cause nephrotoxicity. The
increase in the nephrotoxic potential of dichloro-
aniline compared with that of chloroanilines is as-
sociated with an increase in the number of chlorine
groups and their position. Lo et al. (1990) reported
that the nephrotoxic potential decreases as follows:
3,5-dichloroaniline > 2,5-dichloroaniline > 2,4, 2,6,
and 3.4-dichloroaniline > 2.3-dichloroaniline. These
compounds can be easily transferred to soil and are
difficult to eliminate (Angioi et al., 2005; Droulia et
al., 2011). Therefore, a further research is needed to
elaborate effective, practical, and environmentally
friendly methods for removing dichloroanilines.
There are several approaches for studying the
biotransformation of 3,5-dichloroaniline (1, Fig. 3)
by the mycelium of fungi. In particular, the bio-
transformation of various dichloroanilines has
already been investigated for the pure culture of
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Fig. 3. Pathways of biotransformation of dichloroaniline.
See text for details. The solid lines indicate the metabolites
obtained by fungal biotransformation in our research, the
dashed line shows the metabolite according to literature data
(Rankin et al., 2021)

Filoboletus sp. TA9054 (Kremer, Sterner, 1996). It
has been reported that the studied fungi do not me-
tabolize 3,5-dichloroaniline, but metabolize 3,4-di-
chloroaniline. Dichloroaniline can be acetylated
by some species of fungi. This process involves
N-acetyltransferase (Martins et al,, 2009; Rodri-
gues et al., 2023). Another biotransformation ap-
proach is based on the use of fungal enzymes. The
biodegradation of 3,5-dichloroaniline by a mixture
of laccase (of T. versicolor origin) with MnO, and
mediators was investigated. The best biodegrada-
tion results were found for dichloroaniline with
catechol and the mixture of laccase with MnO,.
In this case, nearly complete degradation was ob-
served (Sarker et al., 2020). However, this meth-
od is quite expensive compared with submerged
cultivation of basidiomycetes. For the first time,
our work reports the biotransformation of 3,5-di-
chloroaniline to 3,5-dichloroacetanilide (7, Fig.
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3), 4-amino-2,6-dichloroaniline (2, Fig. 3), 2-ami-
no-4,6-dichlorophenol (5, Fig. 3), 3,5-dichlorophe-
nol (3, Fig. 3), and 3,5-dichloronitrobenzene (6, Fig.
3) by the mycelium of basidiomycetes.

When fungal biotransformation is compared with
mammalian biotransformation, similar metabolites
can be observed. The biotransformation of 3,5-di-
chloroaniline has been investigated in primary iso-
lated renal cortical cells obtained from male Fischer
344 rats (Racine et al., 2016). In this study, the pres-
ence of several metabolites was explored. Two of the
obtained metabolites were 3,5-dichloroacetanilide
and 3,5-dichloronitrobenzene. Of them, 3,5-dichlo-
roacetanilide is not cytotoxic compared to other re-
ceived metabolites, while 3,5-dichloronitrobenzene
is a potential nephrotoxic metabolite. At the same
time, in our investigation, 3,5-dichlorophenyllhy-
droxylamine (4, Fig. 3) was not identified after fungal
biotransformation, as compared to mammalian bio-
transformation (Rankin et al., 2021).

The ability of Phanerochaete chrysosporium
NRRL 6361 and Pleurotus pulmonarius (Fr.) Quél.
to degrade different aromatic hydrocarbons in soil,
including 2,6-dichloroaniline and 2,4-dichloroani-
line, was investigated during 30 days of incubation.
The mycelium of the selected strains was able to
completely degrade dichloroanilines in soil (D’An-
nibale et al., 2005). A comparison of these results
with our findings demonstrates that the degrada-
tion of 2,6-dichloroaniline by E pinicola 361, G.
tsugae 1848, G. tsugae 2566, P. ostreatus 297, S. com-
mune 1768, and S. commune 1769 is a faster process,
and thus is more promising for future practical use.
The formation of condensed metabolites observed
for E pinicola 361 has been previously described for
Filoboletus sp. TA9054 after 15 days of cultivation
(Kremer, Sterner, 1996). For the first time, our work
reports the formation of 4-amino-3,5-dichlorophe-
nol after biotransformation of 2,6-dichloroaniline
(9, Fig. 3) by the mycelium of basidiomycetes.

According to aforementioned information, for
the biotransformation of 2,6-dichloroaniline (8,
Fig. 3) and 3,5-dichloroaniline (1, Fig. 3), the fol-
lowing pathways are known: acetylation, nitration,
and oxidation on different positions (Fig. 3). In our
investigation, the mycelium of basidiomycetes can
provide almost all of these transformations, except
oxidation of the amino group (4, Fig. 3). The ob-
tained results report for the first time the property
of basidiomycetes to convert the studied dichloro-
anilines to hydroxylated metabolites.
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Conclusions

It was found that the mycelium of all studied strains
could biodegrade toxic dichloroaniline. The degree
of biodegradation of both studied dichloroanilines
was high for all six strains and varied from 83.95%
to 99.85%. Among the studied basidiomycetes, the
mycelium of strain G. tsugae 2566 proved to be the
most effective. For the mycelium of G. tsugae 2566,

The obtained results report for the first time the for-
mation of hydroxylated metabolites during the fun-
gal biotransformation of dichloroanilines.
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Biorpancdopmanis 2,6-guxnopaHininy Ta 3,5-guxnopaHiriny
Mmineniem 6asupgiomineris
C.B. BOHIAPYK 2, C.O. BYJIABA 3, PA. KOPX 2, JI.C. JIECUK 23,
B.B. IIOJIOBMHKO 2, A.B. PEJVK 23, T.A. AJIb-MAAJII 12
1 IncturyT 6otanixu im. M.I. Xonogaoro HAH VYkpainu,
By Tepemenkiscbka 2, Kuis 01601, Ykpaina
2 TOB "Enamin’, By Bincrona Yepunmna 78, Kuis 02094, Ykpaina
3 KuiBchKuit HanlioHanbHMIT yHiBepcuTeT iMeHi Tapaca llleBuenka,
By Bonogummpcnbka 60, Knis 01601, Ykpaina

Pedepar. [JuxnopaHi/liHM aKTUBHO BUKOPMCTOBYIOTBCA LA CHHTE3YBaHHA JIKiB Ta IIeCTULNMJIB; IpoTe Oy/I0 BUABICHO,
IO Iii CIIOTYKM TaKOXX IPOSB/IAIOTh TOKCUYHY aKTUBHICTb. MeTOI0 LIbOTO JOCIIPKEHHS 6Y/I0 BUBUEHHS 3[aTHOCTI Miljetiio
Fomitopsis pinicola, Ganoderma tsugae, Pleurotus ostreatus ta Schizophyllum commune 6ioTpancopmyBaTi SUXTOpaHini-
HIf B KOHTPO/IbOBaHUX yMoBax. OfjepkaHi pe3y/IbTaTu IIOKasasm, o CTYIHb biogerpaganii ABOX HOCTIIKYBaHNX CIOTYK
AUXIOpaHiIiHIB KomMBaBcs Bifx 83,95% 1o 99,85%. HariBuumii BifcoTok 6iogerpagarnii BcTaHOBIEHO A/ist Minerito G. fsugae
2566, a HaITHIDKYMIT — /I Miljentifo 000X JOCTIIPKyBaHKX TaMiB S. commune. BHacmifok 6iorpancdopmanii 3,5-guxio-
paHininy 6yno imeHTn}iKOBaHO II'sITh MeTabOMITIB: 3,5-AUXTOPHITPOOEH30, 3,5-AUXIOpoalieTaHiNiz, 3,5-guxnopdeHor,
2-amiHO-4,6-guxnopdenon Ta 4-amino-2,6-guxmopdenon. Tpy 3 1ux MeTabomiTiB OyM BUsB/IEH] BIiepiie sK MPOXYKTH
6iorpaHchopManii HOCIPKYBaHUX CIONYK IpUOHKMM MinenieM. Ile Takoxx Ieplie IIOBiTOM/ICHHS IPO HAasBHICTb 4-ami-
HO-3,5-uxnopdenony micns 6iorpanchopmariii 2,6-FUXIOpaHiTiHy TPMOHNM MiljenieM.

KimiouoBi croBa: anjeTmmoBaHHs, aMiHOAUxIopdeHor, bioferpananis, KceHo610THK, MilleTianbHi rpuby, xpomaTorpadis
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