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RESEARCH ARTICLE

New combinations in Anthoxanthum (Poaceae)
for Aotearoa / New Zealand taxa earlier placed in Hierochloe

Peter J. de LANGE * (), Campbell J. JAMES

School of Environmental & Animal Sciences, Unitec Institute of Technology,
Private Bag 92025, Victoria Street West, Auckland 1142, Aotearoa / New Zealand

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

Abstract. New combinations in Anthoxanthum (Poaceae) are provided for six endemic Aotearoa / New Zealand species earli-
er placed in Hierochloe: Anthoxanthum brunonis (Hook. f.) de Lange & C.J. James, comb. nov. (Hierochloe brunonis Hook. £.),
A. cupreum (Zotov) de Lange & C.J. James, comb. nov. (H. cuprea Zotov), A. equisetum (Zotov) de Lange & C.J. James, comb.
nov. (H. equiseta Zotov), A. fuscum (Zotov) de Lange & C.J. James, comb. nov. (H. fusca Zotov), A. novae-zelandiae Gand.) de
Lange & C.J. James, comb. nov. (H. novae-zelandiae Gand.) and A. recurvatum (Hack.) de Lange & C.J. James, comb. nov. (H.
fraseri Hook. f. var. recurvata Hack.). These six combinations were omitted from Schouten and Veldkamp (1985), in which

the then recognised Hierochloe were transferred to Anthoxanthum and in subsequent treatments.

Keywords: Anthoxanthinae, Anthoxanthum, Aotearoa / New Zealand, Hierochloe, new combinations, Poaceae, taxonomy

Introduction

When Schouten and Veldkamp (1985) elected to
merge Hierochloe R. Br. into Anthoxanthum L. they
left the Aotearoa / New Zealand species treated by
Zotov (1973) in Hierochloe because they felt (p. 346)
that (with our added words in [*]) ‘another revision of
the material [species] is needed. The noted Aotearoa
/ New Zealand agrostologist Henry Connor (de Lan-
ge, 2016) completed that required revision of Hiero-
chloe for Volume V of the Flora of New Zealand series
(Edgar, Connor, 2000). Although he elected to leave
the species in Hierochloe, he stated that (in litt. 1 April
2008 to the senior author — PdL hereafter) T am

looking at Papua N[ew] G[uinea] specimens that the
Dutch now want to include in Anthoxanthum'....“The-
re are floral differences [between both genera] and
I like to keep them distinct but they [the Dutch and
others] may have a point. Connor’s last letter to PdL
on the subject of generic position (29 March 2011)
concerned a set of Hierochloe sent by PdL from the
Chatham Islands for a revision of the species on that
island group planned by Connor and him. Those spe-
cimens prompted him to write, tellingly, ‘it seems cle-
ar others [who is never said] want them [Hierochloe]
in Anthox[anthum], I like them where they are....they
have a different reproductive system and base chro-
mosome number (x =7 c.f. x =5) but when I am gone
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they could go there [i.e. into Anthoxanthum]. Henry
Connor passed on the 26 July 2016 (de Lange, 2016)
after several years of deteriorating health, the revisi-
on he and PdL planned never eventuated. What was
clear though was that despite his private vacillations
to PdL, Connor preferred to retain Hierochloe as di-
stinct from Anthoxanthum citing floral, floral biology
and cytological evidence to keep them apart (Connor
2008, 2012; Connor, Renvoize 2009; Edgar, Connor,
2000, 2010). Not surprisingly then, this viewpoint has
been the one subscribed to mostly within Aotearoa /
New Zealand.

Connor’s views and the preferences of Aotearoa /
New Zealand aside, it seems evident from a perus-
al of world literature on the subject that opinion on
merging Hierochloe or not, remains an unresolved
issue. Those favouring the merger by and large re-
peat the views of Schouten and Veldkamp (1985),
namely, that there are morphological intermediates
between Anthoxanthum and Hierochloe and that the
main morphological distinction between both gen-
era is floral. Anthoxanthum has hermaphrodite apical
florets with no lodicules and two basal, epaleate neu-
tral florets, whereas Hierochloe has bisexual or female
apical florets without lodicules, with the two lower
florets paleate or male (see summary by Lema-Suarez
et al., 2018, 2021; Pimentel et al., 2013; Villalobos et
al.,, 2019). Accordingly, many botanists dealing with
regional flora treatments have simply made the nec-
essary combinations for Hierochloe in Anthoxanthum
without comment e.g., Allred and Barkworth (2007)
for North America species and Chepinoga et al.
(2023) for Asian Russia ones. Further, there seems to
be increasing molecular support for merging Hiero-
chloe into Anthoxanthum, least ways as judged by as-
sessments given in Saarela et al. (2010), Pimentel et al.
(2013), Soreng et al. (2015), Tkach et al. (2020) — to
list but a few of a long list of examples. However, start-
ing with the elegant summaries by Connor (2008,
2012), some botanists, notably from South America,
have maintained that the floral distinctions and dif-
ferences in base chromosome numbers (Anthoxan-
thum x = 5, Hierochloe, x = 7) are more than sufficient
to justify keeping the genera separate (see for example
Lema-Sudrez et al., 2018; Lema-Sudrez et al., 2021).

Recently, in Aotearoa / New Zealand, Ford
(2023) elected to use Anthoxanthum redolens (Vahl)
P. Royen for the ‘taonga’ (Te Reo Maori word
meaning ‘treasure’) karetu / Holy grass — widely
known in that country as Hierochloe redolens (Vahl)
Roem. & Schult. Although Ford did not detail the

260

taxonomic debate on the issue, he went further and
adopted the name in preference to Hierochloe redo-
lens on the New Zealand Plant Conservation Net-
work, adding further that H. brunonis and H. fusca
are probably better regarded as part of A[nthoxan-
thum] redolens (Ford 2024), a view contrary to the
findings of Edgar and Connor (2000, 2010).

When Ford (2023, 2024) made these decisions,
this left six Aotearoa / New Zealand endemic Hier-
ochloe without names in Anthoxanthum. On inves-
tigating these Hierochloe using Plants of the World
Online (https://powo.science.kew.org/), we were
surprised to find unpublished combinations for
these six endemic Hierochloe in Anthoxanthum e.g.,
“A. brunonis (Hook. f.) ined.” (https://powo.science.
kew.org/results?q=Hierochloe%20brunonis).

On questioning Plants of the World Online about
this apparent anomaly, we were told (R. Govaerts,
pers. comm. May 2024) that ‘[Plants of the World
Online] normally leave such names [nom. ined.] as
unplaced but sometimes [they] put in some time
to figure out all the synonymy and then it is more
practical to put them under the correct name, so
that is why there are sometimes ined./unpublished
names. The implication is that the authors of that
website consider that Hierochloe should be reduced
to synonymy in Anthoxanthum.

Whilst the literature suggests that the merger of
Hierochloe proposed by Schouten and Veldkamp
(1985) is still not universally accepted (Lema-Sudrez
et al. 2021), we think it preferrable to provide combi-
nations in Anthoxanthum for those Aotearoa / New
Zealand Hierochloe lacking formal combinations.
This is preferable to having names listed as ‘ined. so
not effectively published on a world database of plant
names. As stated earlier, Schouten and Veldkamp
(1985) refrained from making the necessary combi-
nations because they said a revision of the Aotearoa /
New Zealand species of Hierochloe was needed. This
has now been done (Edgar, Connor, 2000, 2010), and
whilst some questions remain about the species on
the Chatham Islands, there is now no reason not to
make the necessary combinations in Anthoxanthum
here. This situation is similar to that undertaken for
members of the Blechnum vulcanicum (Blume) Kuhn
complex, for which new combinations in that genus
were proposed by Chambers and Wilson (2019) and
then de Lange and Parris (2019) made the necessary
combinations of those taxa in Cranfillia Gasper &
V.A.O. Dittrich to provide legitimate name options
for those preferring the generic segregation of the
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Blechnaceae advocated by the Pteridophyte Phylog-
eny Group (PPG, 2016) and followed by many bota-
nists worldwide.

Therefore, we make the necessary combina-
tions under Anthoxanthum which we accept in the
broad sense.

New Combinations

Anthoxanthum brunonis (Hook. f.) de Lange & C.J.
James, comb. nov.

Basionym: Hierochloe brunonis Hook. f., Bot.
Antarct. Voy. 1 (Fl. Antarct.): 93 (1845) = H. antarc-
tica (Labill.) R. Br. var. brunonis (Hook. f.) Zotov,
Trans. Roy. Soc. New Zealand 73: 234 (1943)

Life Science Identified (LSID): urn:sid:ipni.
org:names:77343403-1

Anthoxanthum cupreum (Zotov) de Lange &
C.]J. James, comb. nov.

Basionym: Hierochloe cuprea Zotov, New Zea-
land J. Bot. 11: 571 (1973)

Life Science Identified (LSID): urn:sid:ipni.
org:names: 773404-1

Anthoxanthum equisetum (Zotov) de Lange &
C.]J. James, comb. nov.

Basionym: Hierochloe equiseta Zotov, New Zea-
land J. Bot. 11: 568 (1973)

Life Science Identified (LSID): urn:sid:ipni.
org:names: 77343405-1

Anthoxanthum fuscum (Zotov) de Lange & C.J.
James, comb. nov.

Basionym: Hierochloe fusca Zotov, New Zealand
J. Bot. 11: 576 (1973)

Life Science Identified (LSID): urn:lsid:ipni.
org:names: 77343406-1

Anthoxanthum novae-zelandiae (Gand.) de
Lange & C.J. James, comb. nov.

Basionym: Hierochloe novae-zelandiae Gand.,
Bull. Soc. Bot. France 66: 300 (1920)

REFERENCES

Life Science Identified (LSID): urn:lsid:ipni.
org:names: 77343407-1

Anthoxanthum recurvatum (Hack.) de Lange &
C.]J. James, comb. nov.

Basionym: Hierochloe fraseri Hook. f. var. recur-
vata Hack,, in Cheeseman, Manual New Zealand
FL: 856 (1906) = H. alpina (Sw. ex Willd.) Roem.
& Schult. var. recurvata (Hack.) Zotov, Trans. Roy.
Soc. New Zealand 73: 235 (1943) = H. recurvata
(Hack.) Zotov, New Zealand J. Bot. 11: 566 (1973)

Life Science Identified (LSID): urn:lsid:ipni.
org:names: 77343408-1
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Hosgi xom6inanii B poni Anthoxanthum (Poaceae)
151 HOBO3€TaHAChKIX BUAIB, sAKi paHillle BKII0Uanucs g0 pony Hierochloe

I1.Jx. me IAHTE, K.JIx. IDKEVIMC
Texniunmii ynisepcurer YuiTek, Oxneny, Hosa 3emanpia

Pedepar. 3anpormoHoBano HOBI KoMbiHawii B poxi Anthoxanthum (Poaceae) pnst mectu enpemivnux st Hosol 3emanpil
BUJIB, AKi paHillle BKIIOYaMnCs o cKnafxy pony Hierochloe: Anthoxanthum brunonis (Hook. f.) de Lange & C.J. James, comb.
nov. (Hierochloe brunonis Hook. f.), A. cupreum (Zotov) de Lange & C.J. James, comb. nov. (H. cuprea Zotov), A. equisetum
(Zotov), de Lange & C.J. James, comb. nov. (H. equiseta Zotov), A. fuscum (Zotov) de Lange & C.J. James, comb. nov. (H.
fusca Zotov), A. novae-zelandiae (Gand.) de Lange & C.J. James, comb. nov. (H. novae-zelandiae Gand.) i A. recurvatum
(Hack.) de Lange & C.J. James, comb. nov. (H. fraseri Hook. f. var. recurvata Hack.). L1i micTp koM6iHa1iit 6yu mpomnyIeHi
[Py TlepeHeceHH] paHime Bu3HaHuX BUAis Hierochloe no popy Anthoxanthum (Schouten, Veldkamp, 1985) i B mopampimx
OIIPAIIIOBAHHSIX.

Kirouosi cnoBa: Anthoxanthinae, Anthoxanthum, Hierochloe, Poaceae, HoBa 3emanpis, HOBi KoM6iHallil, TaKCOHOMisA
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Abstract. In this article we report the first record of Subulicystidium perlongisporum, a noteworthy corticioid fungus, which
has never been previously recorded in Ukraine. A detailed morphological description of the examined specimen, along with
the original photos, ecological specifics and global distribution details of the species are provided. The criteria for delimitati-

on of long-spored species of Subulicystidium are discussed.

Keywords: Basidiomycota, corticioid fungi, Hydnodontaceae, long-spored species, rectangular crystals, subulate cystidia

Introduction

Subulicystidium is a genus of corticioid fungi esta-
blished in 1968 by the Estonian mycologist Erast
Parmasto, with the type species Subulicystidium
longisporum (Pat.) Parmasto. According to the In-
dex Fungorum database (https://www.indexfun-
gorum.org/) (accessed 05 March 2024), the genus
comprises 25 species, including 16 species descri-
bed over the last six years (Ordynets et al., 2018;
Liu et al., 2019, 2022). This genus comprises the
species with resupinate arachnoid fruit-bodies with
a smooth hymenophore, finely velutinous due to
the numerous protruding cystidia, the monomitic
hyphal system with clamps near all septa and uni-
que morphology of the subulate cystidia (Duhem,

Michel, 2001; Gorjon et al., 2011; Ordynets et al.,
2018). The smooth thick crystalline sheath of cys-
tidia is covered with two chains of the bow-tie-sha-
ped crystals, which are seen in the light microscope
as four chains of rectangular crystals along the cys-
tidium body (Jiilich, 1975; Keller, 1985; Ordynets et
al., 2018). Such cystidia type has not been found in
any other fungus. The presence of repetobasidia, as
earlier referred to by some authors (Jiilich, 1968; Li-
berta, 1980; Gorjon et al., 2011), was not confirmed
by further morphological examinations. Ordynets
et al. (2018) found out that it was a hyaline crystal
collar at the base of the mature basidia, which is
formed in some species. Another important featu-
re is the basidiospores shape and dimensions. The
length-to-width ratio (Q) of the spores is used in
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order to distinguish certain species within the ge-
nus. Traditionally, there were two morphological
groups recognized with Q value higher and lower
than four (Boidin, Gilles, 1988; Duhem, Michel,
2001; Gorjon et al., 2011; Ordynets et al., 2020). For
the purpose of convenience, Ordynets et al. (2020)
in their examinations of the genus Subulicystidium
proposed to classify the species under this parame-
ter as short-spored (Q < 4) and long-spored (Q >
4) species. Ordynets et al. (2018) suggested subdi-
viding the short-spored species into three groups
according to the basidiospore shape: species with
fusiform, cylindric and allantoid basidiospores, re-
spectively. Long-spored species have acicular, ver-
micular or fusiform basidiospores (Punugu et al.,
1980; Maekawa, 1994; Bernicchia, Gorjon, 2010;
Gorjon et al.,, 2011; Liu et al., 2019, 2022; Ordynets
etal., 2020).

The genus Subulicystidium belongs to the family
Hydnodontaceae Jilich, order Trechisporales K.H.
Larss. The order Trechisporales has been recently
proposed by Karl-Henrik Larsson (in Hibbett et al.,
2007). Some taxonomic changes were introduced
relying on the recent phylogenetic studies covering
the order Trechisporales (Liu et al., 2022): a new or-
der Sistotremastrales LW. Zhou & S.L. Liu was dis-
tinguished, with the family Sistotremastraceae L.W.
Zhou & S.L. Liu and two genera, Sertulicium and
Sistotremastrum; a new genus Allotrechispora L.W.
Zhou & S.L. Liu separated from Trechispora was
formally arranged within the family Hydnodonta-
ceae, order Trechisporales; the genus Boidinella was
transferred to the order Cantharellales (incertae se-
dis). Moreover, Liu et al. (2022) suggested exclud-
ing the genera Litschauerella and Sphaerobasidium
from the order Trechisporales. However, due to lack
of sufficient molecular data they are still formally
considered within this order. According to the cur-
rent data, one family Hydnodontaceae and 12 inde-
pendent genera, viz. Brevicellicium, Brevicellopsis,
Dextrinocystis, Fibrodontia, Litschauerella, Luellia,
Porpomyces, Pteridomyces, Subulicystidium, Suillo-
sporium, Trechispora and Tubulicium, are accepted
in the Trechisporales (Larsson, 2007; de Meiras-Ot-
toni et al., 2021; Spirin et al., 2021; Liu et al., 2022).
The relationships among these genera within the
order Trechisporales are not fully clarified (Liu et
al., 2022). However, the genus Subulicystidium was
strongly supported as a monophyletic lineage within
Hydnodontaceae in various reports (Ordynets et al.,
2018, 2020; Spirin et al., 2021; Liu et al., 2019, 2022).
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The species of genus Subulicystidium form
fruit-bodies over dead, heavily decayed wood at
the late stages of destruction and over plant debris
in various forest ecosystems (Bernicchia, Gorjon,
2010; Ordynets et al., 2018, 2020). Nevertheless, ex-
act nutrition mode of the genus is still unclear (Hib-
bett et al., 2014; Ordynets et al., 2018). The investi-
gations indicate that this genus reaches the utmost
species diversity in the tropical regions (Ordynets et
al., 2018, 2020; Liu et al., 2019, 2022).

Currently, ca. 290 species of corticioid fungi
have been recorded in Ukraine (Akulov et al., 2003;
Usichenko, 2009; Bernicchia, Gorjon, 2010; Or-
dynets et al., 2017; Shevchenko, 2017, 2018; Dudka
et al., 2019; Bohoslavets, Prydiuk, 2023). As com-
pared to other countries of Northern or Western
Europe, the corticioid fungi diversity in Ukraine
has been still insufficiently studied. No dedicated
examinations of the genus Subulicystidium have
ever been undertaken in Ukraine. Therefore, only
extremely scarce details about occurrence of these
fungi in the country are available.

Material and Methods

The examined specimen is deposited at the Mycolo-
gical collection of the National Herbarium of Ukrai-
ne (KW-M) at the M.G. Kholodny Institute of Bota-
ny, National Academy of Sciences of Ukraine, Kyiv.
The basidiocarp description was based on the dried
specimen. The sections of basidiocarp were prepared
in 5% KOH to observe and measure the microsco-
pic features; Cotton blue was used to identify cyano-
philous element of basidiocarp; Melzer's reagent was
employed to check amyloidity and dextrinoidity. The
micromorphological characteristics were examined
with a Carl Zeiss Jena Amplival light microscope.
The spore dimensions were obtained through at le-
ast 30 spore measurements per fruit-body. The other
microstructures dimensions were obtained through
10 measurements per fruit-body. In the morphologi-
cal descriptions, L stands for the arithmetic average
for length of measured basidiospores, W — for the
arithmetic average for width of measured basidios-
pores, Q — for variation in the ratio of L to W, and
av. Q — for average ratio of L to W.

The species was identified according to Ber-
nicchia and Gorjon (2010), Ordynets et al. (2018,
2020). The scientific name of the species is provid-
ed according to Index Fungorum database (https://
www.indexfungorum.org/).
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Results

Details on distribution patterns of Subulicystidium
in Ukraine are extremely limited. Prior to our rese-
arch, merely one species, S. longisporum, had been
recorded for the country's territory. GBIF conta-
ins information about 30 occurrences of S. longis-
porum in different regions of Ukraine (https://doi.
org/10.15468/dl.skrexp); particularly, 25 specimens
are preserved in CWU(MYC) (Kharkiv, Ukraine)
and three — in MB (Marburg, Germany). We have
also managed to find two records of this species
in the literature references: (1) Mountain Crimea,
near Sudak, the northwest outskirts of Dachne, on
fallen branch of Cornus sp., August 2001, leg. E.O.
Yurchenko (Akulov et al., 2003); (2) Zakarpatska
(Trans-Carpathian) Region, Carpathian Biosphere
Reserve, outskirts of Mala Uholka, on decayed deci-
duous wood, September 11, 2013, leg. A. Ordynets
(CWU6737) (Ordynets et al., 2018).

Mycological observations conducted in July 2023
in the Hlyboki Balyky Ecological Research Station
resulted in discovering the corticioid fungus identi-
fied as S. perlongisporum, which is the first record of
the species for Ukraine.

We provide below a detailed description and il-
lustrations of the macro- and micromorphological
structures of the collected specimen of S. perlong-
isporum, along with an overview of its ecological
specifics, global distribution and criteria for delimi-
tation of long-spored species of Subulicystidium.

Subulicystidium perlongisporum Boidin &
Gilles, Bull. trimest. Soc. mycol. Fr. 104(3): 197.
1988. — Fig. 1

Basidiome annual, resupinate, thin, up to 75 um
thick, loosely adnate, soft and fragile, arachnoid,
porulose and pubescent under the lens because of
the projecting cystidia, whitish grey when fresh,
light grey to grey when dry (Fig. 1A). Margin not
differentiated. Hyphal system monomitic, all septa
with clamps. Subiculum thin, with richly branched
hyphae 3.5-4.5 um wide, thin-walled to slightly
thick-walled, hyaline and smooth. Subhymenium
thin, hyphae 3.0-3.5 um wide, thin-walled, smooth.
Cystidia numerous, subulate, terminal or pleural,
40-55 x 3.0-3.5 um, projecting up to 30-35 um,
without basal swelling, heavily encrusted except
the apex, covered by rectangular crystals arranged
in longitudinal rows (Fig. 1B-D). Basidia urni-
form, 9-12 x 3.5-4.5 um, thin-walled, with 4 ster-
igmata and a basal clamp, without encrustation.

Basidiospores vermicular, hyaline, thin-walled,
smooth (Fig. 1B(2)), inamyloid, indextrinoid, acy-
anophilous, guttulate, (11.9)16.6-20.7 (21.0) x
(1.2)1.8-2.0(2.2) pm, L = 18.5, W = 1.6 um, Q =
8.6-13.9,av. Q =11.6.

Specimen examined. Ukraine. Kyiv Region,
Obukhiv District, outskirts of Rzhyshchiv town,
Hlyboki Balyky Ecological Research Station,
49°58'09.2" N 31°07'11.5" E, hornbeam-oak forest,
on dead strongly decayed wood of Carpinus betulus,
27 July 2023, leg. M. Zykova (KW-M71581).

General geographical distribution. North
(Central) America (Costa Rica, Cuba, Dominican
Republic, Jamaica, Mexico), South America (Bra-
zil), Africa (Canary Islands, Madagascar, Madeira,
Reunion), Asia (China, Iran, Japan, Russia, Tai-
wan), Europe (Austria, Czech Republic, Estonia,
France, Germany, Italy, Poland, Russia, Slovakia,
Spain, Switzerland, Ukraine), Oceania (Vanua-
tu) (Boidin, Gilles, 1988; Duhem, Michel, 2001;
Maekawa, 2002a, 2002b; Ghobad-Nejhad et al.,
2009; Telleria et al., 2009; Bernicchia, Gorjon, 2010;
Beltran-Tejera et al., 2013; Urbizu et al., 2014; Sait-
ta, Losi, 2016; Tejklova, Zibarova, 2018; Ordynets et
al., 2018, 2020, and references therein; Holec et al.,
2019; Liu et al., 2019, 2022; Zibarova, Pouska, 2020;
Friebes et al., 2023).

Ecological features. According to Ordynets
et al. (2018, 2020), fruit-bodies of this species are
formed over fallen heavily decayed wood of decid-
uous trees. They may be also occasionally found on
conifer wood, particularly of Juniperus communis,
Picea abies, Pinus sylvestris (Duhem, Michel, 2001;
Dammrich, Rodel, 2017).

Discussion

The length of the basidiospores in the examined
specimen does not exceed 21 um, which is generally
slightly less than the value provided in the protolo-
gue (16-25 um, Boidin, Gilles, 1988) and other de-
scriptions (17-23 um, Maekawa, 1994; 16-25 pm,
Bernicchia, Gorjon, 2010). Ordynets et al. (2020)
found two sympatric lineages present in S. perlon-
gisporum that morphologically slightly differed in
the mean length of cystidia. In the examined speci-
men, this value was equal to 47 um which is in ave-
rage slightly less than that reported in the consulted
descriptions (Maekawa, 1994; Bernicchia, Gorjon,
2010). The examined specimen better fits in the cla-
de 1 as defined in Ordynets et al. (2020).
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Fig. 1. Macro- and microscopic features of Subulicystidium perlongisporum (KW-M71581). A: general view of its basidiome
(bar = 2 cm); B: hymenium (1) and basidiospores (2) (bar = 10 um); C, D: hymenium (bar = 20 um)
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Table 1. Morphological criteria for delimitation of long-spored species of Subulicystidium

Species Basidiospores shape Basidiospores dimensions Q P.eculiarities of cxsti- References
(um) dium ornamentation
S. acerosum Narrowly fusiform to | 14.5-20.0 x 1.8-2.2 8.3 Needle-like crystals in | Liu et al., 2019
slightly vermicular the middle part
S. cochleum Acicular with twisted |20.0-27.0 x 2.0-3.0 9.0-10.0 | Needle-like crystals in | Punugu et al.,
and curved distal end the middle part 1980
S. curvisporum | Acicular, spirally 27.0-35.0 x 2.0-2.5 13.5-14.0 | Regularly covered with | Gorjén et al.,
curved rectangular crystals 2011
except for the apex
S. daii Fusiform to slightly | 15.0-18.5 x 2.3-3.0 6.5-6.9 | Regularly covered with | Liu et al., 2022
vermicular rectangular crystals
except for the apex
S. longisporum | Narrowly fusiform, |12.0-16.0 x 2.0-3.0 4.5-7.0 |Regularly covered with | Bernicchia,
usually sigmoid rectangular crystals Gorjon, 2010
except for the apex
S. perlongisporum | Vermicular 17.0-23.0 x 2.0-2.5 9.0-11.0 | Regularly covered with | Maekawa, 1994;
(according to Maekawa); rectangular crystals Bernicchia,
16.0-25.0 x 1.5-2.5 except for the apex Gorjon, 2010;
(according to Bernicchia, Ordynets et al.,
Gorjon, 2010) 2020
S. tropicum Fusiform to slightly | 11.0-13.0 x 1.8-2.0 5.95 Regularly covered with | Liu et al., 2019
vermicular rectangular crystals
except for the apex

The genus-level phylogenetic analyses based on
the ITS+28S dataset completed by Ordynets et al.
(2018, 2020) showed that long-spored Subulicystid-
ium were not closely related. Subulicystidium per-
longisporum was most closely related to S. robustius
K.H. Larss. & Ordynets and S. rarocrystallinum Or-
dynets & K.H. Larss., as well as to S. boidinii Or-
dynets, Striegel & Langer, S. harpagum Ordynets,
Striegel & K.H. Larss., S. parvisporum Ordynets
& Langer and S. tropicum S.H. He & S.L. Liu. Or-
dynets et al. (2020) consider that the presence of
long basidiospores in different phylogenetic lines
results from homoplasy within this genus.

As of the date, seven long-spored species have
been described relying on the morphological and
molecular data (S. acerosum S.H. He & S.L. Liu, S.
cochleum Punugu, S. curvisporum Gorjon, Gresl.
& Rajchenb., S. daii S.L. Liu & L.W. Zhou, S. long-
isporum (Pat.) Parmasto, S. perlongisporum and S.
tropicum) (Parmasto, 1968; Boidin, Gilles, 1988;
Gorjon et al., 2011; Ordynets et al., 2018, 2020; Liu
et al,, 2019, 2022). The major morphological fea-
ture that enables distinguishing these species is the
shape and dimensions of basidiospores, and to the
lesser extent — their length-to-width ratio (Table
1). Moreover, Ordynets et al. (2020) confirmed the
data provided by Boidin and Gilles (1988) and Du-
hem and Michel (2001), whereunder the examined
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specimens of the genus Subulicystidium showed
that the spore length is more variable than the spore
width and the length-to-width ratio.

The longest basidiospores (27-35 x 2.0-2.5 pm)
among the species described to date are reported in
S. curvisporum (Table 1). Additionally to the length
of the spores, S. curvisporum differs from its close-
ly related species, S. longisporum and S. perlongis-
porum, in unique spirally curved basidiospores
(Gorjon et al., 2011). Subulicystidium cochleum has
somewhat shorter spores (20-27 x 2-3 pm), than
that in S. curvisporum, featuring acicular basidio-
spores with twisted and curved distal end (Punugu
et al., 1980; Ordynets et al., 2020).

Subulicystidium perlongisporum resembles S. ace-
rosum, S. longisporum and S. tropicum by sharing
the narrow basidiospores, but differs from S. acero-
sum in lacking the needle-like crystals on the cys-
tidium body, from S. longisporum and S. tropicum
it differs in having longer basidiospores (Maekawa,
1994; Liu et al., 2019; Bernicchia, Gorjon, 2010; Or-
dynets et al., 2020). Subulicystidium tropicum is also
similar to S. longisporum, but differs in having slen-
der basidiospores and a tropical distribution (Liu et
al,, 2019).

According to Liu et al. (2022), S. daii resembles
S. cochleum and S. perlongisporum by the long and
straight or slightly curved basidiospores; however, S.
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cochleum differs in the presence of a bundle of nee-
dle-like crystals at the cystidial crystalline sheath
ends, while S. perlongisporum differs in its narrower
basidiospores. Also, S. daii is distinct from S. ace-
rosum by the absence of needle-like crystals and
by having wider basidiospores (Liu et al., 2019).

Subulicystidium acerosum and S. cochleum dif-
fer from the other long-spored species by sharing
cystidia that are sheathed by needle-like crystals in
the middle part (Ordynets et al., 2020). This crystal
arrangement is different from most species in Sub-
ulicystidium that have rectangular crystals arranged
in longitudinal rows (Ordynets et al., 2018). Subuli-
cystidium cochleum is distinguishable from S. acero-
sum in having larger basidiospores (Punugu et al.,
1980; Ordynets et al., 2018; Liu et al., 2019).

The global distribution patterns of some new-
ly described Subulicystidium species still remain
unclear. Subulicystidium acerosum, S. daii and S.
tropicum are known only from the type locality
from China (Liu et al., 2019, 2022), while S. curvis-
porum is recorded only in the woods of the Pata-
gonian Andes in Argentina (Gorjon et al., 2011).
Subulicystidium cochleum is distributed in the
tropical and subequatorial regions. It was found
in the Hawaiian Islands, Jamaica, Madagascar,
Santa Lucia and Costa Rica (Punugu et al., 1980;
Kisimova-Horovitz et al., 1997; Gilbertson et al.,
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Subulicystidium perlongisporum (Trechisporales),
Tepiia 3HaXigKa B YKpaiHi

Mapis B. IIEBYEHKO, Mapisa O. 3IKOBA

IncturyT 6otaniku im. M.I. Xonogaoro HAH Vkpainu,
By Tepemenkiscbka 2, Kuis 01601, Ykpaina

Pedepar. ¥ crarri HaBepeHi Bifomocti npo nepuy 3Haxigky Subulicystidium perlongisporum — 1iKaBoro KOpTUIOITHOTO
rpuba, AKUIT paHillle He peecTpyBaaM Ha Teputopii Ykpainu. ITogaHo geTanbHmit Mopgomoriynmit onmc ta GoTo FOCTimKe-
HOTO 3pasKa, a TAKOXX 0COOMMBOCTI CyOCcTpaTHOI crelianisariii i 3aranbHe MOMPEHH 1{bOTO BUAY Y cBiTi. HaBemeHo xpure-
pii, sIKi BUKOPUCTOBYIOTBCS [Ls1 PO3MeXYBaHHs BUAiB poxy Subulicystidium i3 poBrumu criopamum.

Kmrouosi cnosa: Hydnodontaceae, Basidiomycota, Bupy 3 [OBIMMM CLIOpaMy, KOPTUILIOIAHMUIT TPK6, MPAMOKYTHI KpucTam,
IMIOOMIOH] MCTUAN
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Artomyces microsporus (Auriscalpiaceae), a rare species
that may be confused with A. pyxidatus
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Abstract. Artomyces microsporus, a lignicolous basidiomycete first reported in Europe from Ukraine almost two decades ago,
is morphologically quite similar to A. pyxidatus, the most commonly encountered species of the genus across the temperate
zone of the Northern Hemisphere. This survey is aimed at defining useful characters for the reliable distinction of these speci-
es in the field, in addition to species identification based on molecular data. Both morphological characters of the basidiomes
and host/substrate preferences of A. microsporus are considered. The defined characters for identification of A. microsporus
can be widely used by citizen scientists providing observations of the fungal occurrences for biodiversity repositories and
social media networks. The reliable data for the species identification will contribute to determining the distribution patterns

of A. microsporus regionally and worldwide.

Keywords: Artomyces, Basidiomycota, citizen science, Clavicorona, distribution, host preference, morphology

Introduction

Data gathering by non-professionals, commonly
known as citizen science or community science,
provides a substantial contribution to the knowled-
ge of biodiversity. Using numerous online applica-
tions, amateur scientists can share their observation
records through various data collection initiatives.
A large amount of species occurrence records on
the world’s fauna, flora and funga is continuous-
ly uploaded to a global publicly available online
platform for sharing biodiversity data, iNaturalist
(https://www.inaturalist.org), and, eventually, to
GBIF (Global Biodiversity Information Facility,

https://www.gbif.org), the largest biodiversity repo-
sitory in the world.

Given the highly restricted number of profession-
al mycologists worldwide, the additional records of
fungi uploaded by volunteers are of particular sci-
entific value. The species observations of fungi are
submitted directly to the major international plat-
forms and/or to some specialised networks dedicat-
ed to documenting fungal records on the national
level. Since recently, they are widely used in my-
cological research, including large-scale studies on
fungal diversity, ecology, distribution and conserva-
tion (Heilmann-Clausen et al., 2016, 2019; Haele-
waters et al., 2024 and references therein).
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The primary data on species occurrence is also
collected by various social media platforms, such
as biodiversity observation groups on Facebook.
They are a valuable source of information for pro-
fessional scientists but still remain largely unex-
ploited, mainly due to less structured data and
the bias of some data. However, the accuracy of
taxa identification is usually assessed by group
moderators and scientific expertise, as, for exam-
ple, is done in the Facebook community “Fun-
gi of Ukraine” (“Ipubu Yxpainu”, https://www.
facebook.com/groups/1054204501266549/);  see
Shevchenko et al., 2021; Heluta et al., 2022; Mar-
tyniuk et al., 2024).

Here below is the case of two similar species of
fungi, a lesser-known species that may be confused
with more familiar one, and some additional data to
reduce taxonomic uncertainty in the online records
of these fungi.

Artomyces or Clavicorona?

The genus Artomyces Jilich (Auriscalpiaceae, Rus-
sulales) is composed of lignicolous species with
coralloid, pyxidately branched basidiomes. Micro-
scopically, basidiomes of the genus are distinguished
by the presence of gloeoplerous hyphae, hymenium
gloeocystidia and small, white to hyaline, amyloid
basidiospores. Formerly, these taxa were placed in
the genus Clavicorona Doty, namely the subgenus
Ramosa Dodd, thus being separated from those in
the subgenus Clavicorona with clavarioid unbran-
ched basidiomes growing on plant litter (Dodd,
1972). Walter Julich (1981) raised Clavicorona sub-
gen. Ramosa to the genus rank and established the
new genus Artomyces, with A. pyxidatus (Pers.)
Julich as the type species. However, the name Arto-
myces was not instantly accepted and A. pyxidatus
was continuously referred to as Clavicorona pyxida-
ta (Pers.) Doty (Wu, Petersen, 1992; Wu et al., 1995).

In the early 2000s, extensive morphological and
molecular studies confirmed the generic segrega-
tion between Artomyces and Clavicorona, and new
combinations in Artomyces were provided (Lickey
et al., 2003). Moreover, it has been demonstrated
that the two genera are not phylogenetically relat-
ed and Clavicorona is a close match to euagarics.
In subsequent phylogenetic research (Birkebak
et al., 2013), a single stem lineage was revealed
for Clavicorona within the Clavaria clade in the
Clavariaceae (Agaricales).

272

Occurrence of Artomyces species globally
and in Europe

Currently the genus Artomyces comprises 17 accep-
ted species (https://www.indexfungorum.org/). Of
them, nine species occur in Australasia (with the
highest species diversity, including endemics, in
New Zealand and Australia), six in North America
(USA, Costa Rica, Canada), three in South America
(Argentina, Chile) and one or two species are re-
ported from each of several countries in Southeast
and East Asia (Lickey et al., 2003; Lee et al., 2014;
Liu et al, 2023; https://www.gbif.org/). About a
half of Artomyces species have a narrowly restricted
range or are known from a single or several col-
lections only. One of such rare species, Artomyces
nothofagi R.J. Kneal & M.E. Sm., recently described
from Chile (Kneal, Smith, 2015), has been assessed
for the IUCN Red List as an Endangered species
globally (Furci, Smith, 2020).

In Europe, at present three species of Artomyces
are known to occur: A. pyxidatus, A. cristatus (Kau-
ffman) Jilich and A. microsporus (Qiu X. Wu &
R.H. Petersen) Lickey. A well-known species of the
genus, A. pyxidatus, is the most common and wide-
ly distributed throughout the temperate zone of the
Northern Hemisphere (Lickey et al., 2002). Arto-
myces cristatus, described from the USA and previ-
ously known from the USA, Canada and Northern
Europe (Lickey et al., 2003), is now repeatedly re-
corded in Norway and Sweden (https://www.gbif.
org/). Artomyces microsporus, originally described
from Japan (Wu, Petersen, 1992) and first report-
ed in Europe from Ukraine (Fraiture et al., 2008),
is apparently also known from several European
countries (GBIEorg, 2024).

Artomyces microsporus versus A. pyxidatus

Of the three mentioned above species of Artomy-
ces occurring in Europe, A. cristatus can be easily
distinguished by rather small, simple, unbranched
to rarely twice branched basidiomes (Lickey et al.,
2003), whereas A. pyxidatus and A. microsporus
have similar macromorphological characters such
as quite large, coralloid, profusely and pyxidately
branched basidiomes. Microscopically, A. micro-
sporus can be distinguished by its smaller (shorter)
basidiospores, 3.0-3.8 x 2.0-2.8 vs. 3.6-4.8 x 2.4-
2.8 um in A. pyxidatus (Lickey et al., 2003; Fraiture
et al., 2008). The delimitation of these two species
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was also supported by their mating incompatibility
(Wu, Petersen, 1992) and by phylogenetic analysis
of the rDNA ITS sequences (Lickey et al., 2003).
Identification of the Ukrainian specimens of A. mi-
crosporus has been also confirmed by rDNA ITS se-
quencing (Fraiture et al., 2008).

Undoubtedly, the most reliable method for iden-
tification of the Artomyces spp. is microscopic exam-
ination with measuring spore dimensions, followed
by DNA sequencing. However, citizen scientists are
rarely involved in genomic biodiversity research
projects. Volunteers and amateurs usually photo-
graph and post their observation records to social
media platforms without collecting specimens of
fungi for genome sequencing or microscopic exam-
ination. Most of them are not familiar with the field
methods for collecting, preserving and identifying
fungal specimens. However, amateur experts, while
in the field, may notice and record some characters
useful for species identification, if those are defined
and communicated.

Some of the visually distinctive characters of A.
microsporus have been already reported by Fraiture et
al. (2008), e.g. compact habit of basidiomes. In A. mi-
crosporus, the upright branches are tightly clustered
from the base right through the top of the basidiome
(Fig. 1A), in contrast to those of A. pyxidatus, which
are loosely arranged and remain well separated from
each other towards the top (Fig. 3A). Indeed, basid-
iomes of A. microsporus have the appearance, as if
they have been growing in a tightly restricted space.
The branches are usually densely packed from the
very base of basidiomes. Large basidiomes are often
wider at the base than at the top and thus resemble in
shape a half rugby ball with a flat base (Fig. 2).

Another distinguishing character is that in A.
microsporus the branches appear almost not broad-
ened or only slightly broadened towards branching
nods and apices (Fig. 1B), unlike those in A. pyx-
idatus, which appear noticeably wider towards the
nods and apices (Fig. 3B). This feature of the former
species is also notable in less tightly packed basidi-
omes with more slender branches.

Colour of the basidiomes in both species is rather
variable depending on weather conditions and the
development stage. However, the colour of coronate
branch tips is apparently an important morpholog-
ical character. The light orange apices of branches
have been reported previously as a unique character
in A. microsporus (Wu, Petersen, 1992), compara-
tively to pale yellowish apices in A. pyxidatus (Wu

Fig. 1. Artomyces microsporus. A: basidiome; B: a close-up
of its branching pattern (image: E. Singayevskiy)
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Fig. 2. Basidiome of Artomyces microsporus
(image: V. Kavurka)

et al., 1995). With age, the branch tips in A. micro-
sporus become orange brown to dark brown (Frai-
ture et al., 2008). The originally orange coloured
tips (Fig. 1B) upon desiccation under dry weather
conditions turn dark umber to blackish brown, and
then basidiomes of A. microsporus may have the su-
perficial appearance as if they were slightly burnt.
In Ukraine, A. microsporus was first recorded
in 2004 on the outskirts of Kyiv City (Novobilychi
neighbourhood), in a pine forest with admixture of
oak and other deciduous trees and shrubs (Fraiture
et al., 2008). It was repeatedly observed at the same
site in the forest to the north-west of the city sub-
urbs for the subsequent years. Most likely, the fun-
gus could still be found there by now. However, at
present it may be unsafe to access that forest parcel,
as it extends across the area immediately adjacent to
severely affected towns of Irpin and Bucha, where
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Russia’s invaders advancing towards Kyiv have been
stopped in March 2022.

Nevertheless, a long-term personal observation
of the occurrence of A. microsporus in the reported
locality in the late 2000s-2010s provided additional
information on morphology (described above) and
ecology of the fungus, in particular about its tree host
species/substrate preference and position of host trees
(standing tree/fallen trunk). In all observed there re-
cords of A. microsporus, the host plant was the Scots
pine (Pinus sylvestris L., also known as the Baltic pine
or European red pine). The substrate was dead wood,
especially stumps and fallen trunks, but also standing
trees. On dead standing trunks, the basidiomes were
occasionally found at a height up to one metre above
ground. It is also worth noting that the fungus was
frequently observed on relatively undecayed wood
substrate, i.e. bark-covered fallen trunks and cut
stumps at an initial state of decay. This is in contrast to
A. pyxidatus, which is commonly found on well de-
cayed wood, mostly on barkless fallen logs or stumps
at more advanced stages of wood decomposition.

In Europe, A. microsporus is apparently a
host-dependent species occurring on coniferous
(pine) wood. In all known up to now records, in-
cluding those from Ukraine (Fraiture et al., 2008)
and the reliable data on the host substrate accessible
in GBIF (GBIF.org, 2024), A. microsporus shows a
clear preference for Pinus spp. as host plants. It was
also reported on the bark of Pinus densiflora Sie-
bold & Zucc. from Korea (Lee et al., 2014). Howev-
er, the holotype specimen was collected in Japan on
hardwood (Wu, Petersen, 1992) and a recent collec-
tion from China was also reported on a dead angio-
sperm (Liu et al., 2023). On the contrary, A. pyxida-
tus has a wide spectrum of various deciduous hosts,
with only occasional records on coniferous wood.

Current distribution patterns of Artomyces
microsporus

Hitherto, there is limited published data on the
worldwide occurrence of A. microsporus, based
on the specimens identified using molecular mar-
kers. According to the sequence data in GenBank
(https://www.ncbi.nlm.nih.gov/), the sequenced up
to now vouchers of A. microsporus are of Asian and
European origin and represent the following coun-
tries: Japan (Lickey et al.,, 2003), Ukraine (Fraitu-
re et al., 2008), Korea (Lee et al., 2014; Min et al.,
2021) and China (Zhao et al., 2017; Liu et al., 2023).
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Much more extensive information on the distri-
bution of A. microsporus, based on macromorphol-
ogy and host preference of the fungus, is currently
accessible on the global biodiversity platforms. The
GBIF provides over 70 occurrence records for A.
microsporus from 11 countries (GBIForg, 2024);
these include automatically uploaded to GBIF the
“Research Grade” observations from iNaturalist
(https://www.inaturalist.org). Thus, based on the
published data and the information on the distri-
bution pattern deposited in GBIE, A. microsporus is
apparently known from Europe (Austria, Belarus,
Czech Republic, Germany, Lithuania, Poland, RE
Ukraine) and Asia (China, Japan, Korea, RF).

Within Ukraine, observations of the occurrences
of A. microsporus posted by amateurs to the “Fungi
of Ukraine” Facebook group (https://www.face-
book.com/groups/1054204501266549/), have also
greatly expanded the distribution pattern for this
fungus from previously reported Kyiv Region to
much wider areas, mostly in the north and west of
the country, including Cherkasy, Chernihiv, Khmel-
nytskyi, Lviv, Rivne, Volyn and Zhytomyr regions.

Conclusion

Although morphological characteristics of the ba-
sidiomes of A. microsporus are quite variable, some
distinctive characters described above are apparent-
ly species-specific and can be useful for the species
delimitation. In combination with the host/substrate
preference, those characters can help amateurs and
citizen scientists to differentiate the observations
of A. microsporus from those of A. pyxidatus in the
field and to select those specimens that otherwise
need to be collected for DNA sampling.

The advantage of this approach is a minimum
extent of necessary collections that should be pre-
served for further examination and molecular anal-
ysis, while the rest of field data on the occurrence
of these fungi can be simply photographed and up-
loaded directly to the biodiversity repositories or
social media platforms. This will significantly con-
tribute to clarifying and providing regular updates
on the distribution patterns of A. microsporus at the
local, continental and global scales.
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Artomyces microsporus (Auriscalpiaceae) — pigkicumii Bupm,
AKWII MOXKHA cIuryTaTn 3 A. pyxidatus

Bipa TAIOBA
Incturyt 60TaHiky iMm. M.I. Xonoguoro HAH Vkpaiuu,
By Tepemenkincbka 2, Kuis 01601, Ykpaina

Pedepart. Artomyces microsporus yrepiie B €Bpomni 6yB 3HajimeHnii B YkpaiHi Maibke ABa [eCATWITTA ToMy. Lleit xcu-
notpodHmit 6asumieBuit rpubd € MOpdONIOriTHO MOAIGHMM O IHIIOTO BUAY LbOTO POy — A. pyxidatus, sKWil TOBCIOFHO
TpamAeTbca y nomipaomy nosci IliBrivnoi niskyni. Ile gocmimkxeHHsa cnpAMOBaHe Ha BU3HA4YeHHA HaMlilHUX O3HAK I
PO3pi3HeHH: IMX BUJIB y IPUPOi, 1[0 MO>KHA BUKOPUCTOBYBATH K JOAATKOBUIL CIIoci6 imenTudikanii BUAIB 10 3acTOCy-
BaHHs MOJIEKY/IIPHUX METOAIB. PO3IIARAIOTHCS SIK MOPQOIOTiUHI O3HAKY ITOKOBUX Ti/ A. microsporus, Tak i 0co6mmBocTi
cybcrparHoi nprHaneXxHoCTi. Taki 03HAKM MOXXYTh IIMPOKO 3aCTOCOBYBATUCH HEIPODECIiTHIMI HAYKOBILSIMI TP IIPOBe-
IIeHHI CITOCTepeXXeHb PO TPAIIHHS L[UX BUAIB IPpUOIB /I CBITOBUX 0a3 JaHKX 3 BUBYEHH: 610pi3HOMAHITTS i coLjia/IbHUX
MepexX. BUKopucTaHHA HafilHUX O3HAK J/IA BU3HAYEHH:A I[UX BUJIB COPUATVME YTOUYHEHHIO JAHUX W00 MOUIVMPEHHA A.
Microsporus Ha perioHaIbHOMY i CBITOBOMY PiBHi.

KmiouoBi cnoBa: Artomyces, Basidiomycota, Clavicorona, rpoMasiHCbKa HayKa, MOPOJIOTis, MOIMpPeHHs, CYOCTpaTHi yIo-
n00aHHA
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Seed morphology of species of
Spergula and Spergularia (Caryophyllaceae) occurring
in Ukraine and its taxonomic significance
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Abstract. The micro- and macromorphological characteristics of seeds of species of the genera Spergula and Spergularia in
the flora of Ukraine were studied in order to identify new diagnostic characters useful for solving taxonomic issues. The ul-
trastructure of the seed surface was studied using a scanning electron microscope. Seeds of some species of these genera are
similar in appearance (especially with a wide wing — Spergula morisonii and Spergularia marina), which can be one of the
confirmations of the close taxonomic affinity of these genera. The results of our study showed that the ultrastructure patterns
of the surface of seeds of Spergula and Spergularia species differ among themselves within these genera but for some species
can be used as diagnostic characters for their identification. The data obtained confirm the results of our previous research on
the taxonomic status of some representatives of the studied taxa (Fedoronchuk, 2023). In particular, taking into account the
similarity of seed ultrastructure and other characteristics that have been proposed previously, we consider Spergula vulgaris
a synonym of Spergula arvensis subsp. arvensis, S. vernalis — a synonym of S. morisonii, Spergularia media — a synonym of
Spergularia marina, and Spergularia salina — a synonym of Spergularia marina. Differences in the surface ultrastructure of
Spergula sativa and Spergula arvensis subsp. arvensis, which is consistent with our understanding of the taxon (Fedoronchuk,
2023) as Spergula arvensis subsp. sativa, as well as between Spergula maxima and Spergula arvensis subsp. arvensis, accordin-
gly we propose — Spergula arvensis subsp. maxima. Compiled descriptions of the surface ultrastructure of seeds of Spergula
and Spergularia species collected in the territory of Ukraine can be used as a model for assessing the possible variability of the
morphological characters of these species in other regions of the world.

Keywords: macromorphology, micromorphology, Scanning electron microscope (SEM), seed, taxonomy, ultrastructure
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Seed morphology of species of Spergula and Spergularia occurring in Ukraine

Introduction

The genus Spergula L. includes about 10 species
(POWO, 2024), occurring mainly in Europe and
Western Asia; some species were introduced and
naturalised in other continents and parts of the
world. In the flora of Ukraine, five taxa are repor-
ted: Spergula arvensis L. (with four subspecies —
subsp. arvensis, subsp. linicola (Boreau) Janch.,
subsp. maxima (Weihe) O. Schwarz, subsp. sativa)
and S. morisonii Boreau.

The genus Spergularia (Pers.) ]. Presl & C. Presl
contains about 60 species, the native and intro-
duced ranges of which are much wider (spread in
warm, subtropical and partly tropical countries of
both hemispheres). In the flora of Ukraine there are
about four species (Spergularia marina (L.) Besser,
S. media (L.) C. Presl., S. rubra (L.) J. Presl, and S.
syvaschica Tzvelev). Some species of these genera
are weeds of agricultural crops. Based on the results
of morphological studies (Lépez Gonzalez, 2010),
it was proposed to include Spergularia in the ge-
nus Spergula, but molecular data (Kool, 2012) con-
firmed the monophyly of both genera.

Both genera exhibit similar morphological char-
acteristics, including the presence of membranous
stipules, which are otherwise rare within the fami-
ly Caryophyllaceae Juss.; because of that the genera
have been assigned to a separate tribe, Sperguleae
Dumort. These are annual or perennial, low-grow-
ing herbaceous plants with narrowly linear, more or
less fleshy opposite leaves with membranous stip-
ules, in the axils of which there are mostly shortened
shoots with rather long leaves, which creates the im-
pression of the presence of bundle leaves (Spergula);
or such shortened the shoots are few, they are much
shorter or even absent, and the leaves do not form
the impression of bundles, and the membranous
stipules are quite large (Spergularia).

Furthermore, the two genera exhibit differences
in their generative features. The ovary in Spergula is
composed of five stylodia, and the capsule opens by
five spreading to somewhat recurved valves. In con-
trast, the ovary of Spergularia is composed of three
stylodia and the capsule opens by three spreading
valves with recurved tips.

Until now, there was no unequivocal answer re-
garding the species composition and nomenclature
of the species of these genera in the flora of Ukraine.
A different number of species of the genus Spergu-
la was previously indicated for Ukraine: six — S.

linicola Boreau, S. maxima Weihe, S. pentandra L., S.
sativa Boenn., S. vernalis Willd., S. vulgaris Boenn.
(Klokov, 1952); four — S. arvensis L., S. maxima, S.
morisonii Boreau, S. pentandra (Prokudin, 1987); or
five — S. arvensis, S. linicola, S. maxima, S. mori-
sonii, S. pentandra (Mosyakin, Fedoronchuk, 1999).

However, subsequent research (Tsvelev, 2000)
revealed that the species S. pentandra had been er-
roneously identified as S. morisonii. It differs from
S. morisonii in having a smaller number of stamens
in the flower (five instead of seven to ten) and the
absence of papillae at the base of the seed border.
The species name Spergula vernalis Willd. is con-
sidered to be a nomen superfluum (a superfluous
name), and thus an illegitimate name (IPNI, 2024).
According to Art.52.1. “A name, unless conserved
(Art. 14), protected (Art. F2), or sanctioned (Art.
E3), is illegitimate and is to be rejected if it was no-
menclaturally superfluous when published, i.e. if
the taxon to which it was applied, as circumscribed
by its author, definitely included the type (as quali-
fied in Art. 52.2) of a name that ought to have been
adopted, or of which the epithet ought to have
been adopted, under the rules (but see Art. 52.4
and F8.1)” (Turland et al., 2018). Thus, the name
Spergula vernalis Willd. is a synonym of Spergula
pentandra, and for Ukraine the species was also list-
ed erroneously.

The synonym of Spergula arvensis is the name S.
vulgaris Boenn. (POWO, 2024; WFO, 2024).

The species of the genus Spergularia, which
were previously reported for Ukraine, have under-
gone nomenclatural changes. Spergularia margina-
ta (DC.) Kitt. (Klokov, 1952) is now considered a
synonym of S. media (L.) C. Presl, and Spergularia
campestris (L.) Asch. (Klokov, 1952) is treated as a
synonym of S. rubra (L.) ]. Presl & C. Presl. A syno-
nym of Spergularia marina (L.) Besser (Arenaria ru-
bra L. var. marina L. (1753)) is S. salina J. Presl & C.
Presl (1819). However, some authors (Kurtto, 2001;
Rabeler, Hartman, 2005) erroneously consider S.
marina a synonym of S. salina, which contradicts
the rule of priority (Fedoronchuk, 2023). In ac-
cordance with the most recent nomenclatural data
(POWO, 2024), Spergularia salina is synonimized
with Spergularia marina.

In order to ascertain additional features that may
be useful in clarifying the taxonomic status of the
species, we conducted carpological studies of both
well-defined and controversial species that are rep-
resented in the flora of Ukraine. As demonstrated
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by our own research and that of other authors, car-
pological features are a valuable tool for species
identification and taxonomy within the family Car-
yophyllaceae (Crow, 1978, 1979; Fawzi et al., 2010;
Martyniuk et al., 2015a, 2015b, 2015¢, 2018; Ab-
del-Maksoud, Fawzi, 2016; Atazadeh et al., 2017).

A number of scientific publications present in-
formation on the macro- and micromorphological
features of fruits and seeds of some representatives
of Spergula and Spergularia (Klokov, 1952; Salis-
bury, 1958; Ratter, 1986; Wagner, 1986; Telenius,
Torstensson, 1989, 1991, 1999; Adams et al., 2008;
Memon et al., 2010). However, the available data is
incomplete and requires further clarification. Fur-
thermore, the study only concerns a limited num-
ber of species from Ukraine. The objective of the
presented study is to analyse the differences in the
macro- and micromorphological features (based on
scanning electron microscopy — SEM) of the seed
surface of species of Spergula and Spergularia from
Ukraine. The aim is to provide data that will be use-
ful for solving taxonomic problems.

Materials and Methods

Seeds of representatives of the genera Spergula (5
species) and Spergularia (4 species) were studied,
of which 23 herbarium specimens were collected
in the territory of Ukraine and are deposited in the
National Herbarium of Ukraine — the Herbarium
of M.G. Kholodny Institute of Botany, National
Academy of Sciences of Ukraine (KW). At least 30
seeds from each herbarium specimen were studied.
The micromorphological characteristics of the
seeds were studied using a light microscope (MBE-
9) and a scanning electron microscope (SEM, JSM-
6060 LA). The samples were sputter-coated with a
thin layer of gold (4 nm) in accordance with the
standard method. The descriptions of the fruits
and seeds were carried out using the terminology
that has been established in a number of previous
works, including those by Gvinianidze and Fed-
otova (1991) and Ziman et al. (2011). In particular,
attention was paid to the primary, secondary and
tertiary structure, in accordance with the recom-
mendations provided by Barthlott (1981).

Examined specimens

Names of taxa are given according to the original
labels; the names that we accepted are indicated in
square brackets.
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Spergula

1. Spergula arvensis L. [Spergula arvensis L. sub-
sp. arvensis]: Spergula arvensis L. Khmelnytskyi
Region, Shepetivsky District, pine forest be-
tween Konotop and Malyovanka, forest road.
08.07.2020. Leg., Det. V.P. Kolomiychuk. No.
151575.

2. Spergula arvensis L. [Spergula arvensis L. sub-
sp. arvensis]: Spergula arvensis Kyiv Region,
Pereyaslav-Khmelnytsky District, behind the
village Divychky, on the felling in a pine forest.
31.05.2015. Leg., Det. D.A. Davydov. No. 124013.

3. Spergula arvensis L. [Spergula arvensis L. sub-
sp. arvensis]: Spergula arvensis L. Poltava Re-
gion, Novosanzhariv District, Sobkivka village,
on the sands of the pine terrace of the Vorskla
River. 21.06.2009. Leg., Det. D.A. Davydov. No.
098859.

4. Spergula arvensis L. [Spergula arvensis L. sub-
sp. arvensis]: Spergula vulgaris Boenn. Rivne
Region, Dubnovsky District, Maidan village,
oak-hornbeam forest. 19.06.1986. Leg., Det. A.V.
Shumylova. No. 096111.

5. Spergula maxima Weihe [Spergula arvensis L.
subsp. maxima (Weihe) O.Schwarz]: Spergula
maxima Weihe. Near the farm Zalessye, Oster
District, Chernigov Province. In the forest, near
the field. 04(17).07.1904. Leg., Det. L.E. Selezhin-
sky. No. 031764.

6. Spergula maxima Weihe [Spergula arvensis L.
subsp. maxima (Weihe) O. Schwarz]: Spergula
arvensis L. Neighborhood of Kyiv. 19.06.1908.
Leg., Det. E. Satsiperov. No. 031762; notae crit-
icae: Spergula maxima Weihe (M. Klokov, 1955).

7. Spergula morisonii Boreau.: Kherson Region,
Tsyuryupinsky District, (Oleshkivskyi) NPP
"Oleshkivsky sands" dunes. 27.04.2013. Leg., Det.
V.P.Kolomiychuk. No. 147649.

8. Spergula morisonii Boreau.. Zhytomyr Re-
gion, Malyn District, Malynske DLH, Malyn-
ske Forestry, quarter 14. On open sands, a lot.
12.05.2017. Leg., Det. O. Orlov. No. 131018.

9. Spergula morisonii Boreau.: Zhytomyr Region,
Ovrutskyi District, Tosoryn Forestry, in pine
forest Al, on a dune, swamp. 15.05.2011. Leg.,
0.0. Orlov. 09.02.2012. Det. M.M. Fedoronchuk.

10. Spergula morisonii Boreau.: Cherkasy Region,
Kaniv District, approx. with. Leplivo, Kaniv Na-
ture Reserve, district islands area, sandy arena
of the left bank of the Dnipro River. 19.05.2016.
Leg., Det. V.P. Kolomiychuk. No. 129421.
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11. Spergula morisonii Boreau.: Spergula vernalis
Willd. Kharkiv Region, Merefa, tract, on the
sands 06.16.1966. Leg., Det. M. Klokov. No.
031695; notae criticae: Spergula vulgaris Boenn.
(Det. O. Dubovyk, 19.11.1968); notae criticae:
Spergula morisonii Boreau (Det. M.M. Fedor-
onchuk, 11.02.2022).

12. Spergula morisonii Boreau.: Spergula vernalis
Willd. Rivne Region, Ostrozhsky District, No-
vomalinsky Forestry, Batkovtsy village, Bush-
chanskoe Bog. 18.06.1985. Leg., Det. A. Shumylo-
va. No. 096378; notae criticae: Spergula morisonii
Boreau (Det. M. Fedoronchuk, 14.02.2024).

13. Spergula sativa Boenn. [Spergula arvensis subsp.
sativa (Boenn.) Celak.]: Spergula vulgaris Boenn.
Rivne Region, Berezino, MAPO. Roadside.
22.06.1978. Leg., Det. V.V. Protopopova. No.
031761; notae criticae: Spergula sativa Boenn.
(Det. M. Fedoronchuk).

Spergularia:

1. Spergularia marina (L.) Besser.: Spergularia sali-
na J. Presl & C. Presl. Poltava Region, Kremen-
chuk District, behind the Kyyashky village, on
salt flats. 21.08.2015. Leg., Det. D.A. Davydov,
T.P. Dzyuba. No. 129710.

2. Spergularia marina (L.) Besser.: Dniester estu-
ary, Karagolskie plavni [wetlands]. August 2000.
Leg., Det. E.Yu. Bondarenko No. 118580.

3. Spergularia marina (L.) Besser. Meotida Re-
serve, Donetsk Region, near the sea, on the sand.
05.29.2002. Leg., Det. I.V. Kovtun. No. 041959.

4. Spergularia marina (L.) Besser.: Spergularia
salina J. Presl & C. Presl. Zaporizhzhia Region,
Yakymivsky District, near village Bogatyr, the
bank of the Molochny Estuary, opposite the
NPB of the Romashka MDPU, on salt marsh
soils. 30.05.2013. Leg., Det. V.P. Kolomiychuk.
No. 00110115; notae criticae: S. marina (L.)
Besser. Det. M. Fedoronchuk, 14.02.2024.

5. Spergularia marina (L.) Besser.. Spergularia
salina J. Presl & C. Presl. Kremenchuk, saline
meadow, between the 2"¢ and 3 terraces of the
Dnipro [Dnieper] valley. 23.07.1921. Leg., Det.
E. Lavrenko. No. 029484.

6. Spergularia media (L.) C. Presl.: Kherson Region,
Skadovsk District, Dzharylgach Island, district
Pindyky, salt flats, common. 10.07.2014. Leg.,
Det. V.P. Kolomiychuk. No. 00112437.

7. Spergularia media (L.) C. Presl.: Poltava Region,
Semenivskyi District, Okrlytsi village. Obolon,

on the shore of the lake Solone. 23.08.2003. Leg.
H.A. Chorna, S.V. Gapon. Det. H.A. Chorna.
No. 039201.

8. Spergularia media (L.) C. Presl: Spergularia
marginata (DC.) Kitt. Crimea, eastern outskirts
of Evpatoria. Along the coast. 10.11.1974. Leg.,
Det. A. Kuzmichev, A. Krasnova.

9. Spergularia rubra (L.) ]. Presl & C. Presl.: Her-
barium LE Selezhansky, Litky [“Letkovo’]
Forestry, Chernigov Province. Oster District.
06.22.1904. No. 032457.

10. Spergularia rubra (L.) J. Presl & C. Presl.: Rivne
Region, Dubno District, Ozeryany railway sta-
tion, near the platform No.l. 07.05.2012. Leg.
V.I. Goncharenko. 03.19.2014. Det. M.M. Fedor-
onchuk. No. 00110926.

Results and Discussion

The morphological features of seeds
of species of Spergula

Spergula arvensis L. (Fig. 1, 1A-C).

Seeds lenticular, slightly laterally compressed,
round to oval in outline, up to 1.0-1.5 mm in diam-
eter, with a narrow (up to 100 pm) light-coloured
wing (margin) on the edge, with a slight notch op-
posite the seed scar. Hilum in the depression, bare-
ly visible. Seed surface (outside the rim) somewhat
uneven, covered in places with short, tan or white,
club-shaped papillae, up to 90 pm high, which,
like the rim, are densely covered with small papil-
lae-shaped formations. On the papillae they are
slightly elongated, up to 5 pm long, on the periclinal
walls they are rounded, up to 10 um, often in a one
or three row arrangement. Edge also densely cov-
ered with papillose formations, irregular in shape, 5
to 10 pm. Surface finely tuberculated, slightly tuber-
ous, tubercles with stellate base, due to the presence
of tortuous anticlinal walls of the testa cells. Con-
tours of the anticlinal walls indistinct, stellate base
almost indistinct. Periclinal walls convex, their mid-
dle part being more convex compared to the "rays",
which gives the surface certain unevenness. Micro-
structure of the surface with lamellar deposits of
wax, which are particularly abundant in the area of
the seed scar. Matte, light black, reddish brown.

We also studied the seeds of S. vulgaris, samples of
which, identified as "Spergula vulgaris", are deposit-
ed in the Herbarium (KW). This species, like the fol-
lowing S. sativa, has a dubious taxonomic status and
is not recognised in modern treatments and online
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Fig. 1. Seeds of Spergula (SEM). A: general view; B, C: surface fragments. 1 — Spergula arvensis [Spergula arvensis subsp.
arvensis] (Sample No. 151575); 2 — Spergula sativa [Spergula arvensis subsp. sativa] (Sample No. 031761); 3 — Spergula vulgaris
[Spergula arvensis subsp. arvensis] (Sample No. 096111); 4 — Spergula maxima [Spergula arvensis L. subsp. maxima] (Sample
No 031764"); 5 — Spergula morisonii (Sample No. 147649); 6 — Spergula vernalis [Spergula morisonii] (Sample No 096378)

resources (WFO, 2024; POWO, 2024 and others).
It was also interesting to check whether there were
any differences at the microcarpological level be-
tween representatives of these taxa (S. arvensis and
S. vulgaris). Our examination of the seeds showed
similarities between S. vulgaris (Fig. 1, 3A-C) and
S. arvensis (Fig. 1, 1A-C), confirming the interpreta-
tion of this taxon as a synonym of Spergula arvensis
L. subsp. arvensis (Fedoronchuk, 2023).

Spergula sativa Boenn. (Fig. 1, 2A-C).

Seeds similar in shape, size and general ultrastruc-
tural characteristics to the previous species. How-
ever, there are some differences in the ultrastruc-
tural features of the surface. Unlike S. arvensis, the
surface of seeds of S. sativa has clear anticlinal cell
walls, distinct tubercles, and a darker colour due to
the absence of light brown club-shaped papillae. No
wax deposits were found on the seed surface. Based
on the results of our previous studies, we consider S.
sativa to be a subspecies of Spergula arvensis L. subsp.
sativa (Boenn.) Celak. (Fedoronchuk, 2023).

Spergula maxima Weihe (Fig. 1, 4A-C).

Seed lenticular, slightly laterally compressed,
round to oval in outline, up to 1.5-1.8(2.2) mm in
diameter, with a narrow (up to 160 um) pale bor-
der (wing on the margin), with a small notch op-
posite the seed scar. Hilum barely visible. Contours
of the anticlinal walls clear, sinuous; periclinal walls
slightly convex, giving the surface a fine tuberculate
appearance; tubercles with a stellate base. Seed sur-
face (up to the margin) densely covered with light
brown club-shaped papillae, up to 100 um high,
which, like the periclinal walls of the testa cells,
are densely covered with rounded papillae-shaped
cuticular formations, up to 10 pum. Border also

densely covered with papillose formations of irreg-
ular shape, from 5 to 10 um. Wax layer in the form
of lamellar formations. Matte, black, reddish brown.
As compared to Spergula arvensis, the seeds of
Spergula maxima have a wider wing and a denser ar-
rangement of club-shaped papillae; in other charac-
teristics they are similar. It also differs from Spergula
arvensis by its taller stems, longer leaves and capsules.
We propose to consider Spergula maxima as a syno-
nym of Spergula arvensis L. subsp. maxima (Weihe) O.
Schwarz (Fedoronchuk, 2023). This subspecies is also
recognized by other authors (Prockow et al., 2011).

Spergula morisonii Boreau (Fig. 1, 5A-C).

Seeds flattened on the sides, almost spherical
in outline, with a submarginal furrow closer to
the margin, up to 1.7 mm in diameter (together
with the margin); margin in the form of a wing-
like, pale, broad (400-460 pum), thin membranous
growth (border) on the margin, almost transparent,
ribbed in radial direction, with almost entire (not
torn) smooth edge, with a notch opposite the seed
scar. Hilum in the hollow, hardly noticeable. Club-
like papillae, up to 30 pum high, arranged in two
or three rows around the seed (closer to the wing).
Seed surface almost smooth or slightly uneven due
to the slight convexity and concavity of the outer
periclinal walls of the testa cells. Contours of the
anticlinal walls indistinct. Papillae and seed surface
densely covered with smaller papillose formations,
varying in shape and size. On the margin these are
smaller (up to 5 pum) and evenly spaced, outside the
margin on the surface of the seeds they are in the
form of shapeless clusters, slightly raised above the
surface, which is also covered with small papillae
(up to 8 um), evenly spaced between these papillose
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formations. There are no wax formations. Matte,
black.

We also examined the characteristics of the seeds
in the plant samples identified as Spergula vernalis.
According to the results of our studies of macro-
and micromorphological characteristics of seeds
of Spergula vernalis (Fig. 1, 6A-C), no differences
were found between them and seeds of Spergula
morisonii. This is one of the confirmations of the
taxonomically correct status of Spergula vernalis
as a synonym of Spergula morisonii, as suggested
by one of the co-authors of our publication (Fedor-
onchuk, 2023) and recognised in modern online
databases (IPNI, 2024; WFO, 2024).

The morphological features of seeds
of species of Spergularia

Some members of the genus are characterised by
the phenomenon of heterospermy — seeds are for-
med within a capsule both with a wide membrano-
us wing on the periphery (located in the lower part
of the capsule) and practically without it (located in
the upper part of the capsule).

Spergularia media (L.) C. Presl (Fig. 2, 1A-C).

Seeds flattened on the sides, almost round in
outline, somewhat asymmetrical, with submargin-
al furrow, 0,6-1,2 mm in diameter, together with
a wide (up to 340-400 um) membranous wing
around the perimeter (border), which has a notch
opposite the seed scar and an uneven contour
(wing-margin denticulate), or rarely wingless. Hi-
lum in the hollow hardly noticeable. Wing surface
radially ribbed. Seed surface smooth or slightly
uneven due to the slight convexity and concavity
of some of outer periclinal walls of testa cells. Con-
tours of the anticlinal cell walls clear. Anticlinal
walls deeply curved, thickened and slightly raised.
Secondary microstructure of seeds papillose, with
densely arranged spherical formations (up to 2 um
in height) on the seed itself; on the wing, the pa-
pillae are of different shape, mostly elongated, not
exceeding 4 um in length, loosely, chaotically ar-
ranged, only around the perimeter of the seed, on %
of its width. There is no wax coating. Matte, brown
to dark brown, lightcolored wing.

Wingless seeds were absent in the studied her-
barium specimens.

Spergularia marina (L.) Besser (Fig. 2, 2A-C).

Herbarium specimens of this species had both
seeds with a broad membranous wing on the pe-
riphery or, rarely, wingless. Seeds with a wing are

284

flattened on the sides, almost spherical in outline,
broadly pear-shaped (without a border) with a sub-
marginal furrow, 1,2-1,4 mm in diameter (togeth-
er with the wing), wing wide (350-400 um) mem-
branous, which has a notch opposite the seed scar
and an uneven contour (wing margin denticulate)
of the edge. Hilum in the depression barely visible.
Wing surface radially ribbed. Seed surface almost
smooth or slightly uneven due to the slight convexi-
ty and concavity of some of outer periclinal walls of
testa cells. Contours of anticlinal walls clear.
Anticlinal walls deeply convoluted, thickened
and slightly elevated. Secondary microstructure
of seeds papillose, with densely arranged spherical
formations (up to 2 um in height) on the seed it-
self; on the wing the papillae are of different shape,
mostly elongated, not exceeding 4 pum in length,
loosely, chaotically arranged, only around the seed,
on % of its width. There is no wax coating observed.
Matte, brown to dark brown, lightcolored wing.
Wingless seeds asymmetrical, laterally com-
pressed, broadly ovoid in outline, slightly smaller
than winged seeds, up to 0.7 mm long, 0.5 mm wide,
with a submarginal furrow around the circumfer-
ence. Hilum in the depression barely visible, rootlet
clearly protruding. Seed surface almost smooth or
slightly uneven due to the slight convexity and con-
cavity of some of the outer periclinal walls of the
testa cells. Microstructure of the surface is the same
as that of the bordered seeds, differing only in the
presence of large warty formations (up to 15 um in
diameter) along the border of the seed, which, like
all other surface cells, are externally covered with
small (up to 2 um in diameter) rounded papillae.
No wax coating was observed. Matte, light brown to
reddish brown, wing distinctly paler than testa.
Spergularia media and S. marina from the flora
of Ukraine showed their similarity in macro- and
micromorphological characteristics. In order to
avoid possible mistakes in identification of her-
barium specimens from which we selected materi-
al for our research, we carefully checked them; all
seed samples from different collection sites had the
same structure and other morphological character-
istics. In photographs (SEM) of the surface micro-
structure of seeds of the Australian specimens of S.
marina and S. media (Adams et al., 2008), we also
found no differences in seed shape, surface orna-
mentation and other micromorphological features.
Sterk (1969), comparing Feekes (1936) and Sterk
(1966), noted that S. media was in fact a synonym
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Fig. 2. Seeds of Spergularia (SEM). A: general view; B, C: surface fragments. 1 — S. media (Sample No. 039201); 2 — S. marina
(Sample No. 118580); 3 — S. salina [S. marina)] (Sample No. 00110115); 4 — S. rubra (Sample No. 00110926)

of S. marina. However, after a subsequent detailed Spergularia salina ]. Presl & C. Presl (Fig. 2,
study of S. media and S. marina in the Netherlands, 3A-C).
he concluded that the taxa S. media and S. marina We have also studied the ultrastructure of the

are morphologically, karyogenetically and also eco-  seed surface of Spergularia salina. In all carpo-
logically distinct. Sterk (1969) also pointed out the  logical characteristics, S. salina is similar to S.
considerable variability and the presence of smooth ~ marina, so we provide only SEM images of the
and tuberculate seeds, which may be winged or  seeds without their description. The absence of
wingless in both species. macro- and micromorphological differences is an
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additional confirmation that they are in fact the
same species, S. marina (Dobignard, Chatelain,
2011; Chang et al., 2021) and S. salina is a syno-
nym, according to the priority of the species-rank
name (see Principle IIT and Art. 11 of the ICN:
Turland et al., 2018).

Spergularia rubra (L.) ]. Presl & C. Presl (Fig. 2,
4A-C).

Seeds flattened at sides, ovate-triangular, broad-
ly pyriform to semicircular in outline, wingless
0,4-0,6 mm long, with a submarginal furrow and
a furrow only on the dorsal side. Hilum in the de-
pression barely visible, radicle clearly protruding.
Seed surface almost smooth or slightly uneven
due to the slight convexity and concavity of some
outer periclinal walls of testa cells. Contours of
the anticlinal walls clear. Anticlinal walls concave,
deeply curved on the dorsal and lateral surfaces
of seed. Periclinal walls of the testa cells with a
slight uniform elevation in the centre, giving the
surface an uneven appearance. Some cells with
large (up to 10 um) warty papillae on the surface
of periclinal walls, in their central part. These in
turn are covered with smaller papillae, as is the en-
tire surface of the periclinal walls. At higher mag-
nification (x10,000), dotted papillose formations
are visible between the papillae of the periclinal
cell walls. There is no waxy coating. Matte, gray-
brown, brown to black.

The results of our studies on the shape and ul-
trastructure of the seed surface of species of the
genera Spergula and Sperularia mainly confirmed
the current literature data on their taxonomy and
nomenclature. In particular, we found no signif-
icant differences in the morphology of the seeds
of Spergula arvensis and Spergula vulgaris, which
is an additional argument for considering Spergu-
la vulgaris as a synonym of Spergula arvensis. No
differences were found in morphology of seeds of
Spergula morisonii and Spergula vernalis, which is
another evidence to interpret Spergula vernalis as
a synonym of Spergula morisonii. At the same time,
the observed differences in seed morphology be-
tween Spergula sativa and Spergula arvensis do not
support the view that Spergula sativa is a synonym
of Spergula arvensis. In contrast to Spergula arven-
sis, the surface of seeds of Spergula sativa has clear
anticlinal cell walls, distinct tubercles and a dark-
er colour due to the absence of light brown club-
shaped papillae. No waxy deposits were found on
the seed surface.
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No differences in the morphology of the seed
samples of Spergularia salina and Spergularia mari-
na were found, which is also evidence for consider-
ing Spergularia salina as a synonym of Spergularia
marina.

Thus, as a result of the study of macro- and mi-
cromorphological features of the seeds of repre-
sentatives of the genera Spergula and Spergularia
occurring in Ukraine, their detailed morphological
characteristics were compiled. The seeds of some
species of these genera are similar in appearance
(especially with the broad-winged Spergula mori-
sonii and Spergularia marina), which confirms the
taxonomic relationship of the genera. However,
at the generic level, some differences were found
between them (characteristics of the wing margin
and ultrastructural tests). The remaining species
of these genera examined differed significantly in
both seed shape and ultrastructure. The revealed
macro- and micromorphological differences con-
firm the literature data (Kool, 2012; Fedoronchuk,
2023; etc.) regarding the lack of reasonable argu-
ments in favor of combining these genera into one
genus. These two genera are also recognized in
modern taxonomic databases (IPNI, 2024; POWO,
2024; WFO, 2024). At the species level, within
each genus, some species differ from each other in
a number of macro- and microstructural charac-
ters. Based on the identified carpological charac-
ters, we consider Spergula sativa and S. maxima to
be subspecies of S. arvensis (S. arvensis ssp. sativa
and S. arvensis ssp. maxima) as suggested, based
on morphological and geographical analysis, by
one co-author of our present publication (Fedor-
onchuk, 2023). However, in modern databases or
species lists they are presented as synonyms of S.
arvensis (POWO, 2024; WFO, 2024).

In our opinion, all the observations on the ultra-
structure of the seeds of Spergula and Spergularia
provide knowledge on the diversity of this group,
as a result of which the characteristics of the seeds
may be useful in the identification of this particular
species. The obtained research results may be im-
portant for further taxonomic studies of representa-
tives of these genera.
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Seed morphology of species of Spergula and Spergularia occurring in Ukraine

Mopdonoris HacinuH BugiB Spergula i Spergularia (Caryophyllaceae)
dmopu Ykpainm Ta 1i cucTeMaTnyHe 3HAYEHH S

O.M. IIAPEHKO !?4, M.M. ®EJJOPOHYVK !,

M. IINXAJIEEBA 2, J1.M. ®EJIbBABA-KJTYIINHA 3,

A BOMAHOBCKA 4 , A. PEB/Y *

IHCTI/ITYT 6oranikn iMm. M.T. Xonopunoro HAH Ykpainu,

By TepemenkiBcbka 2, Kuis 01004, Ykpaina

@izuKo-XiMiUHMIT IHCTUTYT 3aXUCTY HABKOMUIIHBOTO CepeOBNUINA
i mopua MOH VYkpainn Ta HAH Ykpainn,

By IIpeobpaskencbka 3, Oneca 65082, Ykpaina

YKropopcbKuil HaljioHa/IbHMIT YHiBepCUTeT,

By A. Bonommna 32, Yxropozp 88000, Ykpaina

4 JlomspKuit yHiBepcutet, Banacha, 12/16, Jlonss 90-237, ITonbiua

Pedepar. [JocmimxeHo MiKpo- Ta MaKpoMOp(OIOTiuHi XapaKTepUCTUKI HACIHUH BUAIB pofiB Spergula ta Spergularia do-
pu YKpaiHy 3 METOIO BUAB/IE€HHA HOBMX J[iarHOCTMYHUX O3HAK /I BUPilIeHHA TaKCOHOMIYHMX NMUTAHb. YIbTPACTPYKTYPy
MOBEepXHi HACIHMH BUBYA/IM 32 JIOTIOMOTOI0 CKaHYBaJIbHOTO €l1eKTPOHHOTO Mikpockomna. HaciHuHu feaxux BUJIB IUX po-
IiB CXO0XIi 3a 30BHINIHIM BUIILAOM (0COOIMBO Ti, 1[0 MAIOTh LIMPOKe KPUJIO, HApUKIax Spergula morisonii i Spergularia
marina). Lle Mo>xe OyTH OTHUM 3 IifTBep/KeHb TAKCOHOMIYHOI CIIOPifHEHOCT] LIUX pOAiB. PesynbpraTu mokasanmu, Mo yib-
TPAaCTPYKTYpy NOBEPXHi HACIHMH Bifjpi3HAIOTHCS BCepERUHI JOCTIIKEeHNX POAIB 1 A/ AESIKUX BUJIB MOXYTb Oy TH BUKOPHU-
CTaHi SIK JOIIOMDKHI AiarHOCTMYHI O3HaKM M/s1 IXHBOI ifeHTndiKamil. OTprMaHi faHi MiATBEPIKYIOTh Pe3yIbTATH HAIINX
IOIIepeNHIX HOCTiKeHDb MO0 TAKCOHOMIYHOTO CTATYCy NpPeNCTaBHMKIB JOCI/PKEHNX TaKCOHiB. 30KpeMa, BPaxOBYOUN
HOAi6HICTb YIBTPACTPYKTYPM HACiHMH Ta iHIII XapaKTepMCTUKH, sAKi OyIM 3allpoIlOHOBaHi paHillle, BBaxkaeMo Spergula
vulgaris cunonimom Spergula arvensis subsp. arvensis, S. vernalis — cunonimoM S. morisonii, Spergularia media — cuHOHi-
MoM Spergularia marina, Spergularia salina — cunonimom Spergularia marina. BusiBieHi BifMiHHOCTI B y/IBTPacTpyKTypi
HOBepXHi HaciHMH Spergula sativa ta Spergula arvensis subsp. arvensis y3romXyIOTbCs 3 HALIUM PO3YMiHHAM €IVMHOTO TaK-
cony Ak Spergula arvensis subsp. sativa. BifnosifHo, sBaxkaroun Ha BifMiHHOCTI MK Spergula maxima ta Spergula arvensis
subsp. arvensis, My IIPOIIOHYEMO NIPUIIMATI Ha3By Spergula arvensis subsp. maxima. CkrafieHi OMICK yIbTPACTPYKTYPH TI0-
BepxHi HaciHuH BuAiB Spergula Ta Spergularia, 3i6panux 3 TepuTopii YKpaiu, MOKXyTb Oy TV KOPUCHUMM /15 OLI{HKY MOX-
JIMBOI MiH/IMBOCTI O3HAK I[MX BU/IiB 3 iHIINX PETiOHIB CBITY.

Kimro4oBi cnoBa: MikpoMopdosoris, ckaHyrounit eieKTpoHHnii Mikpockor (CEM), yIbTpacTpyKTypa, HACIHUHM, TAKCOHOMIsA
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* ABTOp /s MUCTYBaHH:: plant biology@ukr.net

Pedepar. Ilig wac 36epiranHs mifBuINeHi TeMmIeparypa i BOJMOTICTb CIPUYMHIOITb HPUCKOPEHe CTAPiHHSA i ICYBaHHS
HaCiHHA Pi3HUX BUIiB POCIINH, Y TOMY 9MC/Ti BAXXIMBYUX Ky/IbTYPHMX 3/1aKiB — IIIeHNIH i TpuTukane. IlpopocTanHio crapux
3epHIBOK MOXKYTb CIIPUATH IIPOLEAYPY IpaiiMiHTy HaciHHS (i3i070riYHO aKTUBHUMM PEYOBMHAMY, IO KOPUTYIOTH IpO-/
AQHTMOKCUAHTHY PIBHOBAry, 3MEHIIYIOUM PO3BUTOK OKVCHIOBAIbHOrO cTpecy. lamma-aminomacnsna kmcinora (FTAMK)
HAJIKUTH [IO PETyIATOPHMX CIOYK, IO BUAB/AIOTH HPsIMi Il OIOCEpefKOBaHi aHTHOKCUAAHTHI edexTn. OfHaK il BI/IUB
Ha IIPOPOCTAHHs 3epHIBOK 3/IaKiB i3 HU3BKOIO CXOXICTIO MalbDKe He MOCIiKeHuit. MeToo po6oTu 6y10 JOCTimKeHHs
BruBy npaiiminry TAMK Ha mpopoctaHHs cTaporo HaciHHs o3uMoi M'sikoi murennui (Triticum aestivum ‘Scorpion’)
ta osumoro Tputukane (xTriticosecale ‘Papurer’), IHTEHCUBHICTD OKMCHIOBA/JIBHOTO CTPECYy Ta CTAaH aHTMOKCHUEAHTHOI
CrCTeMH B TPOPOCTKaX. BcTaHOBIEHO, mo 3-ropmHHa 06pobka 3epHiBok TAMK B omrumanbhiit koHIeHTparii (1 MM)
crpuuMHsIa icTotHe (Ha 18-21%) migBMINEHHs HOKa3HMKIB eHeprii IPOpPOCTaHHS Ta CXOXOCTi HAcCiHHA, a TaKOX
36ibLIIeHHsT 6ioMacy MaroHiB i KOpeHiB MPOPOCTKiB 060x BuAiB. BogHovac mix BrymmBoM TAMK sMeHIIyBanucs Benn4nHm
MapKepiB OKVICHIOBAJIBHOTO CTpecy (TeHepallii CynepOKCUIHOTO aHiOH-paiMKala, BMICTY rifiporeH MepoKCUAY Ta MPOAYKTY
MIepOKCUTHOTO OKMCHEHH: JIIifiiB ManoHoBoro mianbpmeriny). Ilim smmBoM I'AMK y mpopocTkax MIIEHNI 3pOCTaB
3araJibHUiT BMICT (eHONBPHUX CIIONYK, a y TPOPOCTKAX TPUTHMKaje Maibke BABidui 36inbplyBaBCcA BMICT aHTOIaHiB. Y
IIPOPOCTKAX, OTPUMAHUX i3 3epHiBOK, npariMoBanux TAMK, Takox icTOTHO 3pocTana akTUBHICTb KaTasasn 3a BifICyTHOCTI
iCTOTHMX 3MiH aKTMBHOCTi CYNEpOKCUIAMCMYTasM 1 HepoKcupasyu. 3poOJeHO BICHOBOK ILIOHO IIePCIEKTMBHOCTI
3acrocyBanHA npaitminry TAMK 14 migBuieHHA cX0KOCTi HaCiHHA 3/1aKiB 31 3HVDKEHVMMU MOCIBHYMU AKOCTAMM.

KmrouoBi cnoBsa: Triticum aestivum, xTriticosecale, aHTMOKCUIAHTHA CHUCTEMa, TaMMa-aMiHOMAac/IsgHa KICIOTa,
OKVICHIOBA/IbHIII CTPEC, MPAIMIHI, IIPOPOCTAHHA 3€PHIBOK, CTapiHHA HaCiHHA
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Increasing germination and antioxidant activity of aged wheat and triticale grains

Beryn

3[aTHICTb HACiHHA [0 MIBUAKOTO i piBHOMipHOTO
IPOPOCTAHHS KPUTUYHO BAXINBA A QoOpMy-
BaHHA MHOCIBiB GI/IBLIOCTI CiTbCHKOTOCIIONAPCHKIX
KynpTyp. HemuHyde 3HVDKEHHA >KUTTE3LATHOCTI
HaCiHHA 3 BIKOM BU3HAYa€ MOXX/IMBY TPUBANiCTh
yioro 36epiranna. IlonminmieHHs i€l xapakTepu-
CTUKM Ma€ IMepUIOpsAfHE 3HAYeHHsA He JMile I
MiJBUINEHHA  YPOXKAHOCTI  CiIbCHKOTOCTIONAP-
CBKUX KY/IBTYP, @ 11 /11 30epe>KeHHs [eHeTUIHOIO
pisHoMaHiTTs gukux BupiB (Pirredda et al., 2024).
36epekeHHA HACiHHAM CXOXKOCTi IPOTATOM IIeB-
HOTO 4Yacy 3a/IeXWUTh fK Bifj BUTOBMX 0COOMMBOC-
Tell, Tak i Bif ymoB 36epiranHs. Sk Bizomo (Probert
et al., 2007), migBuIeHa BOJOTicTb i TeMmepaTypa
IIPUCKOPIOIOTh CTapiHHA HaCiHHA, L0 3PELITON0
IPU3BOAUTD [0 BTPATV HUM >KUTTE3JATHOCTI.

B Vkpaini mpo6rmema [JOTpUMaHHS HajIeXHO-
ro 36epiraHHA 3epHa HMHI Habyma 0co6MMBOI
aKTya/JIbHOCT] yepe3 akTMBHi 0OOBi nii, mo Bif-
OyBatotbcsi 3 miotoro 2022 poky. Takox uepes
¢dopc-Maxopi 06CTaBUHM MOXYTb HOPYLIYBATUCH
perIaMeHTH IepeciBy HaCiHHA KOJIEKIiN BiTYMU3HA-
HUX OaHKIB TeHeTMYHMX pecypciB. 3Baxkaioum Ha
1e, NOIYK (i3ionorivHNx NpuioMisB MigBUIIEHHS
CXOXKOCTi HaCiHHA CTAa€ aKTyaJbHUM NPUKIATHUM
3aBJaHHAM. BogHouac /10ro BUpilleHHIO CIPUAIOTD
3HAYHUIT 06cAT HOBUX (QYHaMEHTAJIbHNUX 3HAaHb
PO MeXaHi3MM CTAapiHHA HACIHHA Ta IHTEHCUBHE
HAKOIIMYEeHHs BijoMOCTell Ipo HOBi Qisionoriyno
akTuBHi peyoByuHu (PAP), mo spaTHi nominmysa-
I 1ociBHi sikocti HacinHA (Deng et al., 2017; Kim
et al., 2017; Sako et al., 2020).

CporopiHi icHye JOCUTD IIMPOKMIL i OCTYITHMIA
apceHas ¢isionoriyHnux mpuitomis i conyk, 3acrto-
CYBaHHA AKUX MOYKEe IiIBUITYBATV CXOXICTh Ha-
cigHA. OfuH 3 TakuX MiAXOAiB — TigpompaliMiHT,
B OCHOBi AKOTO JI&KUTb KOHTPOJIbOBAaHE 3BOJIO-
JKE€HHA 3 HACTYIIHMM BJCYUIYBaHHAM 3€PHIBOK /1A
HOCUJIEHHA Tlepebiry B HUX MeTaboIiYHMX Ipolie-
ciB, HeoOximHuX mas mpopoctranHsa (Wagas et al.,
2019). Edexr rigpompaiiMinry Moxxe 6yTu icTOTHO
IIOCU/IEHMII OTHOYAaCHUM 3aCTOCYBAaHHAM pisHOMa-
HiTHUX PAP. Cepen cronyk, 3gaTHUX ITOCHUIIIOBA-
TU NPOPOCTAaHHA HACiHHA Ta PiCT NPOPOCTKIB Ha
PaHHIX CTafiiX pO3BUTKY 3a HOPMaJIbHMX i Oco-
O/1MBO CTPECOBUX YMOB, € K/IaCU4Hi PiTOrOpMOHI,
Hanpuknag ribepeninn (Kosakivska et al., 2022a) i
untokininu (Vedenicheva et al., 2022), curnanbHi
MmocepemHmKM, 30Kpema comi Kanbiiio (Ashraf et

al., 2019), rigporen nepokcup (Ellouzi et al., 2017),
HiTporen okcup (Bethke et al, 2004), rigporen
cynbdin (Zhou et al., 2018), a Takox iHIIi MOTeKy-
nm-Mepiatopu — MenaroHiH (Jiang et al., 2016; Sim-
lat et al., 2018), aruiromocepurnakronu (Babenko
et al., 2022; Kosakivska et al., 2022b) Tomo. ¥ npax-
Tuli npaniMinry HacinHa QAP 3acTocoByIOTbCA
SK TEXHOJIOTil, W0 Iepep0avaloTh BUCYIIYBAHHS
npaitMoBaHoro HaciHus (Waqas et al., 2019; Gelaw,
Sanan-Mishra, 2024), Tak i BuciBanHs 06po6rieHo-
ro HaciHHA 6e3 IonepegHbOro BucynryBanus (Mao
et al.,, 2018).

Y cy4acHUX MOfe/AX, L0 ONMUCYIOTh 3MiHU i-
310/IOT1YHMX MPOLECIB IIPYM IPOPOCTAHHI 3€pHi-
BOK, ITPOBOJATHCA Tapajieni MDK LMMM IIpolieca-
MU 1 cTpecoBoro peakuieo pocmuuu (Kranner et
al., 2010). ITopi6HicTb MOATae B TOMY, 10 B 060X
BUIIQ/IKAaX Bij0YBalOTbCA CIOPUIHATTA KIiTMHAMU
30BHIIIHIX curHamiB (Hacammepes Mpo 3MiHU TeM-
Heparypy Ta BOJIOTOCTi), aKTMBALifl CUTHAIbHOI
MepexXi i TPAHCAYKIiA CUTHAJIIB Y TeHeTUYHUI ara-
part (Paparella et al., 2015). IIporecu mpopocTaHH:
HaCiHHA CYIPOBOIPKYIOTbCA IIOCHJIEHHSM TeHepa-
uil aktuBHNUX popM okcureny (ADO), saxi GepyTb
y4acTb y opMyBaHHI pelOKC-CUTHAJIB, HeoOXis-
HUX i1 pocTy npopoctka (Kranner et al., 2010).
OpHak came nocunene yrBopeHHsa ADPO y HaciHHi
MO)Ke OyTM OJHIi€I0 3 TOJIOBHUX IIPUYUH IXHBOTO
crapinns (Zhang et al., 2021). IIpu HenpaBUIBHOMY
30epiraHHi HaCiHHS, 1[0 CIIPUYNHIOE HTOTO MIPUCKO-
peHe cTapiHHA, BHAcHioK yrBopeHHA ADPO akTu-
BYETbCS TepoKcuiHe okycHeHHs ninmipis (ITOJI), mo
3pElITO0 NPU3BOANUTD [0 INOPYLIEHHA LilTiCHOCTI
mem6bpaH (Kurek et al., 2019). Po3BUTOK OKUCHIO-
BAJIbHOTO CTPECY TaKOXX CIHPUYMHIOE XapaKTepHe
UL CTapilodoro HAaCiHHA KapOOHiMOBaHH:A OiNKiB
(Rajjou et al., 2008), a B oKpeMMxX BMIAAKax i Io-
mkomkenua JTHK (Kurek et al., 2019; Afzal, 2023).

3Ba)kao4y Ha iCTOTHMII BHECOK OKMCHIOBAJIb-
HOTO CTpecy B AeCTPYKTMBHI Ipoliecu CTapiHHA
HaCiHHA, MOXKHA OYiKyBaTH, 11O 3aCTOCYBAaHHA aH-
TMOKCUJAHTIB ab0 CIONYK, 3/JaTHUX aKTUBYBAaTH
AHTUOKCUJJAHTHY CHUCTEMY, CIPMUATMME HOPMalb-
HOMY IPOPOCTaHHIO 3epHiBOK. OcTaHHIM dYacoM
OTPMMaHO BifIOMOCTi IIPO MO3UTVBHUI BIIINB Bifi-
HOBJICHOTO IJIyTaTiOHY, acKOpOiHOBOI KMCIOTI Ta
IXHBOI CyMillli Ha IPOPOCTAHHA CTAPUX 3E€PHIBOK
BiBCa Ta BiJIHOB/IEHHA TakuMyu 0OpobKaMyu HOp-
MasbHOI (QYHKIiOHaTBHOI AKTUBHOCTI MiTOXOH-
Ipiit kmiTMH 3apopkoBux KopiHuiB (Xia et al,
2020). 3acToCcyBaHHA €K30T€HHOTO Me/IaTOoHiHY,
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AKMI TAKOXK Ma€ BUCOKY aHTMOKCU/IAHTHY aKTWB-
HICTb, CIPUANO IPOPOCTAHHIO CTApUX 3€PHIBOK
xxuta i rputukane (Kolupaev et al., 2024a).

B ocranHi poku 3pic iHTepec no QpyHKLii y poc-
JIMH 1Ie OJHOTO CTPECOBOr0 MeTaboliTy — raM-
ma-aminomaciaHoi kucnotu (TAMK), saxa wmae
BIaCHy aHTMOKCHJAHTHY Ta aHTMPaJMKaNbHY aK-
tusHicTb (Kozeko et al., 2024). Takox ii cTpec-mpo-
TEKTOPHY [il0 IIOB'A3YIOTh 3 MiATPUMAHHAM Iy
BiTHOBHIKIB 3a paxyHok akrtuBauii [AMK-myHTy
(Bor, Turkan, 2019). Kpim toro, octaHHiM 4acom
OTPMMaHO €KCIIEPYMEHTa/IbHi JIOKasM 3alydeH-
HA AMK y curnanbHi nponecn 3 ydactio ADO ra
ioHiB Kasb1iiio, sIKi IpU3BOJATH 4O aKTUBaLil dep-
MEHTATUBHOI aHTHOKcuaHTHOI cucremu (Jin et al.,
2019; Kolupaev et al., 2024b). [TaBHO BCTaHOBIEHO
i MO3UTUBHMII 3B'A30K MiXK KiJIbKICTIO eHIOTeHHOL
T'AMK, axTuBHicTIO pepmeHTiB ii cuHTe3y i MeTa-
6071i3My B 3epHiBKax Ta IXHBOIO 3[JaTHICTIO IO IPO-
poctanus (Galleschi, Floris, 1978). HemjomaBHo
BCTAHOBJIEHO, 1o npaitMinr TAMK Hacinnsa rap6y-
3a nikapcpkoro (Cucurbita pepo L. subsp. pepo), mo
HiifaBasoCcd WTYYHOMY CTapiHHIO, IE€PENIKOKaB
3HVDKEHHIO Y HbOMY BMIiCTy HEHAaCMYEHUX i IOMTiHe-
HacCUYEHMX JXVPHUX KUCIOT. B KiHIIeBOMY MificyM-
Ky npouenypa npaiimvinry TAMK cnpusina 36epe-
JKEHHIO XMTTe3aTHOCTI HaciHuA C. pepo (Afshari,
Seyyedi, 2020). Y H13Li JOCTIIKeHb ITOKa3aHMII IIO-
3UTVBHMII BIUIVB NIPAJIMiHTy HaciHHA pi3HUX BUJIIB
KynpTypHux pocnud '’AMK Ha npopocTraHHs 3a He-
CIpUATAMBUX YMOB. Hanpukiaj BCTaHOBIEHO, 1O
npaiiminr Hacinua pucy (Oryza sativa L.) cnpuss
JIOr0 MPOPOCTaHHIO 32 YMOB OCMOTVYHOTO CTPECY,
crBoproaHoro ITEI, i saconenns (Sheteiwy et al.,
2019). Ieit epeKT CyIpOBOMKYBABCSA 3POCTAHHAM Y
IIPOPOCTKAaX BMIiCTY TPaHCKPMUIITIB i aKTMBHOCTI aH-
TUOKCUJAHTHUX (DepMEHTIB Ta eH3MMiB MeTaboi3-
My ¢enoniB. O6pobxa TAMK 3epHiBOK KOHIOIIVHNI
6inoi (Trifolium repens L.) 3MeHIIyBa/a 3HVKEHHS
€H/IOT€HHOTO BMICTY ILii€l aMiHOKIC/IOTY, CIIPUYM-
HIOBaHE OCMOTHMYHMM CTPECOM, Ta IifIBMIIyBajia
cxoxxictp Hacimasa (Zhou et al., 2021). Bussmeno
TaKOX, 1O TiIpONpaiiMiHT 3€pHiBOK IIIEHUIIi Y 110-
€[HAaHHI 3 [i€l0 yIbTPa3BYKy MiBUILYBaB €HEPIiio
IIPOPOCTAHHA 1 CXOXICTh 3 OHOYACHUM IOCUJIEH-
HAM IpoleciB cuHTe3y i Metabonmismy TAMK (Sa-
marah Nezar et al., 2023). IIpore, foHNH] 3a/1uIIaB-
€Sl He NOC/TIPKEHVM BIUIMB IIPAJIMiHIy €K30T€HHOIO
I'AMK Ha npopOCTaHHs CTapiloyux 3epHiBOK IIIlIe-
HIIi, HE3BA)KAI04Y! Ha ITOMIMPEHICTD i MPOROBO/Ib-
4y BaX/IMBICTb IJbOTO 371aKy. TaK caMo BifcyTHi
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BigoMocTi mozpo BBy npaiiMinry TAMK Ha sep-
HIBKM TPUTMKalTe — TiOPUIHOTO BUJY, OTPUMAHO-
TO CXpEIIYBAaHHAM IIIEHNI i )KUTA, 10 HOETHYE
B c00i IiHHI BMacTMBOCTI Xap4oBOi Ta KOPMOBOI
KY/IbTYpU, IIPOTE BUPI3HAETbCA NOCUTD HIBUJKUM
3HIDKEHHSIM CXOXKOCTi HacCiHHA mpum 36epiraHHi 3a
HeontuManbHux ymMoB (Kolupaev et al., 2024a).

Y 3B'A3KYy i3 BUK/Ia/IeHUM, MeTOI0 poboTu 6yno
BMBYeHHA BIUIMBY mpaitminry TAMK Ha mpopo-
cTaHHsA 3epHiBOK muteHuui (Triticum aestivum L.)
i Tputukane (x Triticosecale Wittm. ex A. Camus),
10 3asHaju IpupopHoro crapinuig, ta aii TAMK
Ha OCHOBHI MapKepu CTaHy aHTUOKCUJAHTHOI CUC-
TeMu Mif yac pOpMyBaHHS MPOPOCTKIB.

Marepianu Ta MeTogu

PocmmHmit Marepian Ta itforo o6po6xa

A eKCIIepMMEHTIB BMKOPUCTOBYBA/IM  HacCiH-
HA M'siKoi osuMol mureHuni copty ‘Scorpion’ (Ye-
xis, ABcTpis) i TpuTMKane o3umoro copry ‘Papu-
ter (Ykpaina) reHepauii 2020 poxy. Ilmennis
‘Scorpion’ mMae OmMakuTHI 3epHIBKM 3 MifBUILIEHUM
BMicTOM nonideHonbHux cronyk (Martinek et al.,
2013). BogHOYac MOBiMOM/ISETbCH, IO HACiHHA
IIbOTO COPTY HAaBiTb IIpU MPAaBUIBHOMY 30epiranHi
JIETKO BCHXA€, 3MOPUIYETHCA, IO IPUSBOAUTD [0
3HIDKEHHS 1ioro cxoxkocri (Martinek et al., 2013).
Hacinusa tputukane copry ‘Papurer, sk 3acBiguy-
10Th oTpuMaHi paniute gani (Kolupaev et al,, 2024a),
mic/st 30epiraHHsI MPOTATOM KiJIbKOX POKIiB TaKOX
IIOMITHO BTpadae cxoxicTb. Ilepen mposeneHHAM
eKCIIepMMEHTIB HACiHHA MIIeHuIi i TpUTUKase
IPOTArOM 3-X POKiB 30epiranocs B IpUMIillleHHI B
HEKOHTPOJIbOBAHMX yMoBax (y JIiTHil mepion TeM-
neparypa pocarana 30-32 °C, B 3MMOBUII — OITy-
cKanacs fo —6 ... -8 °C; BiTHOCHA BOJIOTiCTb MOBITpsA
mif yac 30epiraHHs HEOJHOPA30BO 3MiHIOBaIacs
Big 25-30 mo 80-85%. BHacmimok 1IbOro CX0XiCTh
HACiHHA 3a 3 poKu 36epiraHHs 3HU3WIACA IPUOIN3-
HO 10 50% y nmennni i fo 40% y Tputukarte.
HacinHa Bcix BapiaHTiB JOCHIfiB 3HE3apaxKy-
Ba/m 5%-M PO3YMHOM TilIOXJIOPUTY HATPil0 IIPO-
TATOM 15 XB i BOCBMUPA3sOBO IPOMUBAIU CTe-
PUIBHOIO IMCTM/IbOBAHOIO Bofolo. IloTiM yacTuHy
HaCiHHA IPOTATOM 3 T BUTPUMYBA/IN B CKITHKAX
3 IUCTUIBOBAHOI0 BOZOMO (rifpormpaiiminr). Sk no-
Ka3aHO paHille, Ti[pONpaiiMiHI JelWo MigBUILYE
(mpubmusHO B Mexxax 10%) cxoxictp Hacinus (Ko-
lupaev et al., 2024a). 3Baxaroun Ha 1€, KOHTPOIEM
BB)Ka/IM CaMe BapiaHT 3 riipONpariMiHTOM.
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Y Bapianrax 3 o6po6koro TAMK nacinus Bu-
TPUMYBA/IM IPOTATOM 3 TOf y il pO3UMHaxX 3 KOH-
nenrpanieno 0,2; 1 i 5 MM y TeMHOMY TepMOCTarTi
npu 24 °C. B okpeMux cepisfix eKCIepuMeHTIB i
noBemenns cruenudiunoi aii TAMK wa mpopo-
CTaHHA HAaCiHHA BUKOPUCTOBYBAIU [Is1 IIOPiB-
HsIHHS [1Bi anbda-aMiHOKMCIOTH — TTIMH 1 BamiH
B KoHUeHTpanii 1 MM. Bci focnimkysani amiHo-
KUCIOTU 6y)11/1 L-isomepamn. Hacinng, nigpane
rigpompaiiminry a6o o6po6ui TAMK un inmmmun
aMiHOKMCIIOTaMM, BUCYIIYBalaX B TEMHOMY Tep-
MocTarti 3a remrneparypu 24 °C i Boorocri nosirps
40% mpoTsroM fo6u. ITicis 11poro 3epHiBKM PO3-
Knaganu B yamku Iletpi 3 ;BoMa Iapamu cTepuib-
HOro (QiNbTPYBaIbHOIO HaIepy, 3BOJIOKEHOTO -
CTUJIbOBAHOIO BOJIOI0, i IPOPOILYBaau B TEMHOMY
TepMOCTaTi 3a Temreparypu 24 °C mpotarom 3 xio.
Yepes 2 nobu mpOpOLyBaHHS OLIHIOBAIN BifHOC-
HY Ki/lIbKiCTb CXO0XKOTO HaCiHHA (ITOKa3HVK eHepril
IPOPOCTaHH:A) i Macy cTe6I0BOI Ta KOpPeHeBOI Ya-
CTUHU TIPOPOCTKiB, OTPMMAHMX BiJi HOPMAaJIbHO
npopocnux 3epHiBok. Ha 3-10 fo0y mpopoiysaH-
Hs1 OL[{HIOBA/IM CXOXKICTb (BiFHOCHY KiNbKicTh Ipo-
pocroro HaciHHsA). [Taronn 3-1060BUX IPOPOCTKIB
BUKOPMCTOBYBAJIM Ji/isL O10XiMiYHUX aHaIi3iB.

AmHanis 6ioXiMiYHMX TOKa3HUKIB

Busnauenus eeHepauii cynepokcuoHozo aHioH-
paduxana. B ocHoBi meromy B3aemopia O,"” 3
HITPOCUHIM TeTpasosnieM 3 yTBOpeHHsIM dopma-
sany (Karpets et al., 2012). ITo 10 narouis opHa-
KOBOTO po3Mipy momimanu Ha 1 rog B 6rokcu 3 5
M1 0,1 M K, Na-¢docdarnoro 6ydepy (pH 7,6), mo
MmictuB 0,05% HiTpOCHMHBOrO TeTpasonimw, 10 MkM
EJTA Ta 0,1% Tpurony X-100. [Ticna sakinueHHA
eKCIIO3MIlii ITaroHu 06epeXKHO BUITyYanu 3 OI0KCiB
Ta BUMIpIOBa/IM ONTUYHY I'yCTUHY iHKyOaliifHOTO
PO34MHY 3a JOBXMHM XBWIi 530 HM Ha CIIEKTPO-
dboromerpi UV-1280 (Shimadzu, Amownis). [Tokas-
HUK reHepanii O,”” pospaxoByBaau B YMOBHUX
onuHuAX (A.,, « 1000/maca cupoi pe4oBMHM Ia-
TOHiB).

Busnauenns emicmy eciopoeen nepoxcudy. Ha-
BAXKM POCIMHHOrO Marepiamy macoro 300 mMr Ha
NIbOJy TOMOTEHi3yBamu y 5%-My pO34YMHi TPUXJIO-
pourosoi kucnoru (TXO). IIpobu uenrpudyry-
Basm nipu 8000 g mporarom 10 XB 3a TeMIiepaTypu
2-4 °C Ha neHTpudysi MPW 350R (MPW MedIns-
truments, ITombia) i B CyIepHATaHTi BU3HAYA/IN
konenTpanito H,0, 3a gonomororo ¢eporioria-
HaTHOro MeToxy (Sagisaka, 1976).

530

Busnauenns emicmy npooykmie nepokcuoHozo
oxucHenns ninioie (IIOJI), wo peazyromv 3 2-mi-
obap6imyposoro kucnomoro (TBK). ns anamisy
npopykris ITOJI (mepeBa>kHO MaJIOHOBUII fiarbpe-
rig — MJIA) HaBaxkky Macoro 300 MI roMoreHisy-
Banu y posundi 0,25% TBK B 10% TXO (mocnigHa
npo6a) abo y poszunsi e 10% TXO (koHTpob).
CyMimi Kunm'stwim B mpobipkax, 3aKpUTUX KOB-
naykamu 3 GoJbry, Ha BOAsAHIN O6aHi nporsarom 30
xB. [Tic/s 1bOTO OXOMOMKyBaM i eHTpudyryBanu
npotarom 15 xB npu 10000 g. OnTuyHy TrycTUHY
CyIepHAaTaHTy BUMIiPIOBA/IN 3a JOBXUHM XBUJIi 532
HM (ocHOBHMIT curHam) ta 600 HM (Hecmenmdiy-
HE CBIiT/IONOITIMHAHHA, BEIMYHY AKOTO BiflHiMann
Bill ocHOBHOTO pesynbTary A.,,) (Kolupaev et al.,
2024a). Bmict MJJA po3paxoByBajy 3a MOJLIPHUM
koedirieatom ekcturKii 1,55 X 10° Mt em™! i Bu-
pakajy B HMOJIB/T CPOI PeYOBMHIA.

AHanis axmueHocmi aHMUOKCUOAHMHUX pep-
meHmig. IIpy BM3HAUYEHHI aKTMBHOCTI aHTMOKCU-
HaHTHUX (PepMeHTiB — CYNepOKUCAIMCMYTasu
(CO[), xaTamasn i rBasSKONIEPOKCUIA3Y HABAXKKI
POCIMHHOTO MaTepialy TOMOTE€HI3yBaIM Ha XOJIO-
ai B 0,15 M K, Na-¢pocdarnomy 6ydepi (pH 7,6),
mo mictus 0,1 MM EJITA Ta 1 MM gutioTpeiitony
(Kolupaev et al., 2020). Tomorenar oxpasy aHasisy-
Ba/IM. AKTUBHICTb pepMEHTIB BU3HAYa/INU Y Cylep-
HATaHTi MiC/s HeHTpudyryBaHHS TOMOTeHATY IpH
8000 g mpotarom 10 xB mpu 4 °C.

AxtysHicts COI (K®: 1.15.1.1) anamizyBamu
npu pH 7,6 3a MeTojoM, B OCHOBI fIKOT'O 3aTHiCTb
(epMeHTy 0o KOHKYpeHIii 3 HiTpOoCKHIM TeTpaso-
JlieM 3a CyNepOKCUIHI aHIOHY, YTBOPeHi aepOoOHOI0
B3aeMopielo (QeHasmHMmerocynbpary ta HAJH.
A6copbrito BumiproBanu npu 540 HM. AKTUBHICTD
BMpa)Kaly B YMOBHUX OfMHUIAX fAK PI3HMIIO Y
3MiHi ONTMYHOI TYCTMHU KOHTpO/IbHOI (6e3 poc-
JVHHOTO Marepiany) i focnigHoi mpo6 y po3paxyH-
Ky Ha 1 T cyxol pe4oBUHM i 9ac peakuil (XB).

AxTyBHicTp karamasu (K@ 1.11.1.6) anamisy-
Ba/m npu pH 7,0 3a KUIBKICTIO IIEPOKCUALY BOJ-
HIO, PO3KJ/IaICHOTO 3a OJVHMINIO 4Yacy, i BUpaXKaln
mmonb H)O, / (T cyxoi pedoBUHM X XB).

AxrusHicTb rBasikonnepokcupasu (K& 1.11.1.7)
BM3HAYAIM 3 BUKOPUCTAHHAM TBAAKONY SK JO-
HOpa BOJIHIO Ta NEPOKCUAY BOJHIO AK CyOCTpaTy.
[Monepenubo pH peakuirinoi cymimi gosogunm o
6,2 3 Bukopucranuam K, Na-¢pocdarnoro 6ydepy.
OnTuyHy IyCTUHY TeTparBasKoly BU3HaYaIu IIpU
470 HM. AKTUBHICTb pepMeHTy BUpaXKaiu B YMOB-
HUX OOVHULSAX/ (T CYXOl peYOBUHMU X XB).
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BusHauenns emicmy eHOnvHUxX peuosuH i au-
mouianis. [7s1 BU3HAYEeHHS 3araIbHOTO BMICTY (e-
HOJIPHUX CIIONYK i aHTONjiaHiB 300 MI' pOCIMHHOTO
Marepiany roMoreHisyBanu B 6 Ma 80%-ro eTaHONY,
eKcTparyBanu nporAroM 20 xB 3a KIMHAaTHOI TeM-
nepatypu i nenrpudyrysamu npu 8000 g mpors-
roM 15 xB. JI71s1 O1iHKM BMICTY peHONBHUX CIIONTYK
y peaxuiitHi nmpo6ipku BHocuau 0,5 M/ cynepHa-
TaHTY, 8 MJI JUCTUIbOBaHOI Boiu Ta 0,5 M/ peakTu-
By QostiHa, nepeMinryBanu i yepes 3 XB JofaBann
1 M 10%-ro kapboHary Harpito. Uepes 1 roguuy
abcopO1ito peaxiuiitHOI cyMmilli BUMipioBamu Ipu
725 uM (Bobo-Garcia et al., 2015). Bmict deHons-
HUX CITONTYK BUPa)Kaayu y MKMOJIb Ta/I0BOi KUC/TOTH
Ha 1 T cupoi pe4oBUHM.

Ilepen BM3HAYeHHAM BMICTY aHTOLiaHIiB cynep-
HatauT migkucmoBanu HCI mo xiHIeBoi KOHIIEH-
Tpanii 1%. Ilormnuanna BumsHavamu npu 530 HM
(Nogués, Baker, 2000). Pesympratu BupakeHi B
YMOBHUX OIMHMIAX, K aOCOpOLisA y po3paxyHKy
Ha 1 r pPOCIMHHOrO Marepiany.

CratucTiyna o6po6ka pe3ynpraTis

ITpu Bu3Ha4YeHHi BIUIMBY 00po6ku Hacinua TAMK
Ta {HIIMMYM aMiHOKMC/IOTaMM Ha IPOPOCTaHHA Ha-
CiHHA 1 6ioMacy IPOpPOCTKIB KOXKHa ITOBTOPHICTb
ckaajanaca 3 60 3epHiBOK, a B KOXXHOMY BapiaHTi
mocnify 6yno He MeHIle 4-X moBTopeHb. ITix vac
IpoBefeHH: 6i0XiMiYHMX aHa/Ti3iB KOXKHA HaBaXKKa
CKJIaJlajiacA IIOHAMIMeHIIe 3 12 TpOpPOCTKiB, aHAIII-
31 IPOBOAV/IN Y 3—4-Pa30BOMY IIOBTOPEHHI.

3HAYMMICTb  BIOMIHHOCTEl  OIIHIOBaIM 3a
t-kpurepiem Cr’iofenra npu p < 0,05, BUKOPUCTO-
BYIOYM TaKeT CTAaTUCTMYHOrO aHanisy Statistica,
Bepcia 10.0. Ha pucynkax HaBefeHi cepefiHi Benu-
4yHY Ta ixHi crangapTHi moxn6xn. I1pu mobynoBi
TEIJIOBOI KapTM 3MiH JOC/Ii/PKYBaHUX ITOKa3HUKIB
Bci BenmmuyHm (pa3oMm fijist 000X BUIIB) TIOIEPETHBO
Hopmysanu Bifg 0 1o 1.

Pesynbpratn

ITpopocTaHHs 3epHIBOK i 6ioMaca MpOPOCTKiB
[Tpaiiminr sepriBok TAMK B koHIeHTpaninax 0,2, 1
i 5 MM cnpuYMHIOBAB MiIBUIIEHHSA €HEPTil IPOpo-
CTAaHH:A 1 CXOXKOCTi HAaCiHHA MIIEHNUII i TPUTHUKAJIE
(puc. 1, 2). IIpote 3Haumme npu p < 0,05 3pocran-
H VX IOKa3HUKIB CIIOCTepiraam TibKM IIPU KOH-
nenrpanii TAMK 1 MM. Xoua edekrn 0,2 i 5,0 MM
I'AMK Bigsnavanucss Ha piBHI cTiiiKoi TeHJeHL i
(puc. 2A).
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IIpaiiminr Hacinua mennni TAMK B KoHIIeH-
Tpanisax 0,2 i 1,0 MM mocuioBaB HaKONMYEHHA
6iomacu KopeHiB mpopoctkiB (puc. 2B). Ilpu min-
BuieHHi koHueHTpanii TAMK po 5 MM 1i edexru
3MeHIIyBamcs. Takox 3a 06po6ku Hacinua TAMK
mifBuIyBamacs 6ioMaca aroHiB MpOPOCTKIB Miie-
Huni. [Tpore sHaummmit ipu p < 0,05 edext cro-
cTepiranu Tinbku AnA KoHueHTpanii 1 MM. Taki
3MiHV TIO3HAYWINCS 1 HAa BEIMYMHAX 3aranbHOI Oi-
oMacy NMPOPOCTKiB mueHnui. JJocToBipHO L€ 10-
Ka3HMK 3pOCTaB IIPY BUKOPMCTAHHI KOHIIEHTPALil
0,211,0 MM.

Y HOpOpOCTKiB TPUTHUKAJIE MOKA3HMKU HAKOIM-
4yeHHs1 6ioMacu KOpeHiB 3pocrtanu 3a il 1 i 5 MM
TAMK (pumc. 2B). Bomnouac 3pocranus 6Giomacu
IAroHiB Oy/I0 HOCTOBIpHMM JINIIe J/I KOHI[EHTpa-
iii TAMK 1 MM. IIpoTe npu nopiBHAHHI 3 KOHTp-
oj7leM BeMMYMH OiomMacu LiuMX MpopocTKiB edek-
TV BUABUIUCA 3HaYuMumu npu p < 0,05 mna Bcix
TPbOX JOCTIPKYBaHUX KOHILleHTpaliil. OfHaK Hail-
6inplr OMITHMIT epeKT crocTepiraan 3a KOHILEH-
Tpauii 1 MM.

Y HacTynmHUX cepifX eKCIIEPMMEHTIB JJId JloBe-
menHsa crenudivnoi il TAMK Ha mpopocTanHA
CTapuX 3epHiBOK nopisHioBany Brmnus 1 MM TAMK
3 pii€ro anbda-aMiHOKMCIOT — IIIVHY i BaliHy B
Takill camiii KoHueHTpauii. ITpaiiminr 3epHiBOK
MIIeHNLi i TpUTMKade UUMMM aMiHOKMCIOTaMM He
NIPU3BOJIMB JIO CYTTEBUX 3MiH €Hepril IpOpOCTaH-
Hs i cxoxocTi (puc. 3A). Tak camo 06po6Ka 3epHi-
BOK IVIIIMHOM i Ba/liHOM iCTOTHO He BIUIMBajia Ha
HAKOIMYeHHs 6ioMacu KOpeHiB, MaroHis i mpopo-
CTKiB y Linomy (puc. 3).

Ienepanisa A®O i Bmict MJIA y maronax npopo-
CTKiB IIIEeHNI] i TPUTHKaIe

O6pobka Hacinusg TAMK crnipuunHioBana 3HIKeH-
H# TeHepallil CylepoKCUIHOTO aHIOH-paiuKaJa Ia-
roHamu 060x BUfiB 371akiB (puc. 4A). Pazom i3 uum
mig BmmBoM I'AMK BifsHauyamocsa 3MeHIIEHHS
BMICTY TifipOT€H ITEPOKCUAY B IIarOHaX IIPOPOCTKIB
nmeHuni i rputukane (puc. 4B). Tak camo y mpo-
POCTKIB IIIEHNIH i TPUTHUKAJIE, BUPOLIEHNUX i3 3ep-
HiBOK, npaiiMoBaHux I'AMK, 3HIDKYBaBcsA BMICT
npopykry ITOJI MIJA (puc. 4C).

AKTHBHICTb aHTMOKCUJAHTHUX (PEPMEHTIB Y
IAarOHAaX IPOPOCTKiB MIIEeHNIIi i TPUTUKalIe

[Ipaiiminr 3epriBok TAMK icToTHO He BI/IMBaB
Ha axTuBHicTp COJ] y maroHax mpopoCTKiB Iie-
HIULI i TPUTHUKa/e, X04a IpU LbOMY BiJj3Hadasacs
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Triticum aestivum

(Kontponn)
Konuenrpanis TAMK, MM

xTriticosecale

(Kontposnnb)

Konuenrpauis TAMK, MM

Puc. 1. IIpopocTaHHs 3epHIBOK MIIEHNII] i TpuTHKase Yepes 48 rof mepebyBaHH: Ha BOTIOTOMY IIarepi
Fig. 1. Germination of wheat and triticale grains after 48 h on wet paper

Triticum aestivim *Triticosecale Triticum aestivum xTriticosecale
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§
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B
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Konnenrpartis, MM Kosnuentpatist, MM
¥ Eneprist npopoctanas M CXoxicTh ®Maca kopeHst ™ Maca narona ™ Maca npopocTka

Puc. 2. KoHnenTpaniiina sanexHictsb BImBy npaiiMiary TAMK Ha eHeprito mpopocTaHHA, CXOXIcTb HaciHHA (A) Ta 6ioma-
CY OpraHiB popocTKiB muteHntyi i Tputukae (B). 3ipoukoro mosHadeHi soctosipHi mpu p < 0,05 BigMiHHOCTI MK ITOKa3HI-
KaMI1 KOHTPOJIbHOI Ta €KCIIEPYMEHTAIbHOI IPYII

Fig. 2. Concentration dependence of the effect of GABA priming on germination energy, seed germination rates (A), and
organ biomass of wheat and triticale seedlings (B). Asterisks indicate significant differences at p < 0.05 between the control
and experimental groups
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Puc. 3. IlopiBHaHHA BBy mpaiiminry TAMK i a-amiHOKMCoTaMy B KOHIleHTpariax 1 MM Ha eHeprito mpopoctanHA (A)
Ta 6iomMacy opraHiB IIpOpOCTKiB munerni i Tpurnkane (B). 3ipoukoro mosnaveni gocrosipui mpu p < 0,05 BigMiHHOCTI MiX

IIOKAa3HMKaMI KOHTPOIIbHOi Ta eKCHepI/IMeHTaIII)HOI rpyn

Fig. 3. Comparison of the effect of priming with GABA and a-amino acids at 1 mM on germination energy (A) and organ
biomass of wheat and triticale seedlings (B). Asterisks indicate significant differences at p < 0.05 between the control and

experimental groups

TeHJIeH1isl 10 IesKOTO 3HVDKEHHS aKTUBHOCTI dep-
MeHTY (puc. 5A). BogHovac y maronax mpopocTkis
sIK MIIEHNI, TaK i TpuTuKane 3adikcoBaHO 3HATHE
HifIBUIIIEHHsT aKTUBHOCTI Kartanasu (puc. 5B). Ak-
TVMBHICTD iHIIOTO (hepMEHTY, 3aJiAHOTO y pery/ALil
BMICTY Tif[pOreH IEepPOKCUAY — TBaAKONIEPOKCU-
masu, 3a 06pobkn 3epHiBok TAMK B 060x Bupis
37aKiB 3anuiranacs 6e3 icroraux 3miH (puc. 5C).

Bumict BropnHHIX MeTa00MiTiB y maroHax
IPOPOCTKiB MIIEHUIIi i TpUTHKae

[Ipaiiminr sepniBox nmenuni I'AMK cnpuun-
HIOBAB IIOMIiTHE IiIBMIIEHHA 3arajbHOTO BMICTY
denonpuux crionyk (puc. 6A). Bogaouac o6pobka
sepHiBok TAMK He nosHaumnacp Ha TaKOMY X IO-
Ka3HMKY y TPUTHUKATIE.

IIpoTtunexxumit xXapakTep 3MiH cIocTepiraam
IIpM BM3HA4YEHHI BMICTY aHTOLiaHIiB y IIarOHax
IPOPOCTKiB 3a IpalimMiHry sepHiBok 1 MM 'AMK.
O6pobka nacinus TAMK He BrmmBama Ha BMICT
aHTOLiaHiB y IIarOHaX IPOPOCTKiB mmenni. IIpo-
Te Y IPOPOCTKaX TPUTUKAJE CIIOCTepiraam iCToOTHe
(marybke BpBiui) 30i/MbIIEHHS BMICTY aHTOLiaHiB 3a
06po6xu 3epHiBOK 1 MM TAMK (puc. 6B).

O6roBopeHHs

OrpuMaHi pesynbTaTM CBif4aTb IIpO Te, IO
NpaliMiHI 3€pHIBOK IIIEHMII i TpUTHUKase, AKi
MaIOTh 3HIDKEHI IIOCIBHI fIKOCTI d4epe3 TpuBaje
36epiraHHA 3a HECIPUATINBYX YMOB, CHPUYNHIOE
MiJBUIIEHHA CXOXOCTI Ta €eHeprili NpOpOCTaH-
HA. TakoX y mpopoCTKax, OTpMMaHMX 3 HacCiHHA,
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npaiiMosaHoro I'AMK, crocrepiranmuca Bumii mo-
PIBHAHO 3 KOHTPO/IEM (TiIpoIpaiiMiHT) ITIOKa3HUKNI
6iomacu KopeHiB i maroHiB (puc. 1, 2, 7). Ockinb-
K1t e(eKTMBHUMMU BUSBWINCS BiIHOCHO BUCOKIi
koHuenrpauii TAMK (ontumanbia — 1 MM), s
moBemeHHs crienudivHoCTi 1 Ail MM HOpiBHIOBa-
m edextu TAMK mif BIMBOM IpajiMyBaHHS
3epHIBOK 3BUYAHMMU anbda-aMiHOKUCIOTAaMU B
L-¢opmi — rninuHOM i BaniHoM. Busasunocs, mo
06uABI 1Ii aMiHOKMCIOTY iICTOTHO He BIUIMBAIM Ha
MPOPOCTAHHsI HACIHHS Ta HAKONMMYeHHs Oiomacu
OpraHaMy IPOPOCTKIB IIeHuni i Tputukae (puc.
3). TakuM 4MHOM, € TifcTaBy BBaXKatu, 1o TAMK
BUAB/ISIE crenuiuHuil perynaTopHmit epexT, He
OB’ s13aHMI1 3 T BUKOPUCTAHHAM IIPU IPOPOCTaHHI
3€pHIBOK fIK JIOJJATKOBOTO JIPKEpesia HiTPOreHy.

JIK y>Ke 3a3Ha4asioCs, OfHIE€I0 3 OCHOBHMX IIpU-
YMH 3HIVDKEHHS CXOXKOCTI HaciHHA B d4aci (iioro
CTapiHHs) € OKMCHIOBQ/IbHI IOLIKOJKEHHs JIilTi-
B 6iOMeM6paH i, IK HAC/iJJOK, MOPYIIEHHA IXHbOI
30ATHOCTI BUKOHYBaty BifmoBimHi ¢yuxuii. Ile
CTOCYETBCS i CTPYKTYpH Ta PyHKLiI MeMOpaH Mi-
ToxoHzpiit (Xia et al., 2020). ITopymenns ¢yHKmiit
MeMOpaH, B SIKMX JIOKaTi30BaHi elTeKTPOH-TpaH-
CIOPTHI JIaHUIOTY, AOMATKOBO IiJBMUINYE JIMOBIip-
HicTb yTBOpeHHA ADO i po3BUTKY OKMCHIOBa/IbHO-
ro crpecy. Bigomo, mo 'AMK 3paTHa 3MeHIIyBaTH
OKJCHIOBA/IbHI IOIIKOIPKEHHA B MITOXOHJpifAX Ta
iHIIMX KTTHHHKX cTPYKTYpax (Bouché et al., 2003;
Kolupaev et al., 2024c). Bogrouac Bigomo, 1110 1mo-
YaTOK IPOPOCTAHHA 3€PHIBOK CYIPOBOJKYETD-
ca nocwiaeHHAM yrBopeHHA APO (Kranner et
al., 2010). ITpu pomy 0b6pobka HaciHHA pisHMMU
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Puc. 4. Tenepanisa cynepoKCUHOTO aHiOH-papukana (A) ,
BMICT rigporeH nepokcupy (B) i ManoHoBoro miambperimy
(C) y maroHax HmpOpOCTKiB IueHNi i Tputukae. 3ipod-
KOI0 IO3Ha4eHi mocToBipHi npu p < 0,05 BigMiHHOCTI MiX
MOKa3HMKAMM KOHTPOJIbHOI Ta eKCIIEPUMEHTAIbHOI TPy

Fig. 4. Generation of superoxide anion radical (A), con-
tent of hydrogen peroxide (B) and malondialdehyde (C) in
shoots of wheat seedlings and triticale. Asterisks indicate
significant differences at p < 0.05 between the control and
experimental groups

Puc. 5. Axtusnicte COJI (A) , xatamasu (B) i rBaskoie-
pokcupasy (C) y maroHax IPOPOCTKIB MIIEHUI i Tpu-
Tukase. 3ipo4yKolo IO3HaueHi mocToBipHi mpu p < 0,05
BiIMiHHOCTi MK ITOKa3HMKaMJ KOHTPOJIBHOI Ta €KCII€PU-
MEHTa/IbHOI TPyl

Fig. 5. Activity of SOD (A), catalase (B), and guaiacol pero-
xidase (C) in shoots of wheat and triticale seedlings. Aste-
risks indicate significant differences at p < 0.05 between the
control and experimental groups
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Puc. 6. BumicT dpenonbHux cnonyk (A) i antouianis (B) y maronax npopocTkiB HIeHNIi i TpUTHKase. 3ipOYKOI0 T03HAYEeH]
pocroBipHi pu p < 0,05 BiIMiHHOCTI M)XK ITOKa3HMKaMyU KOHTPOJIBHOI Ta eKCIIEPUMEHTAIBHOI IPYTI

Fig. 6. Content of phenolic compounds (A) and anthocyanins (B) in shoots of wheat and triticale seedlings. Asterisks indicate
significant differences at p < 0.05 between the control and experimental groups

CIIO/IyKaMM 3 aHTMOKCHU/IAaHTHOI0 aKTMBHICTIO, 30-
KpeMa IJIyTaTiOHOM, aCKOpPOIHOBOIO KICTIOTOIO, Me-
JIATOHIHOM, MO)K€ IiIBUILYBaTH >KUTTE3NATHICTDb
craporo Hacinus (Xia et al., 2020; Kolupaev et al.,
2024a). Manux wopo BmBy npaitminry TAMK Ha
IIPOPOCTAHHA CTAPOr0 HACiHHA MOKU IO B JliTepa-
Typi 3amasno. BogHoyac moBefieHO, IO MOIEPEeNHi
npaiivinr TAMK nacinusa C. pepo 3Ha4HO IIOM 'SIK-
LIyBaB HETATVBHUII BIUIMB HAaCTYIIHOTO HITY4YHOTO
CTapiHHA Ha KUPHOKUC/IOTHUIL CK/IA[] 1 HAKOIIMYEH-
Hs npopoctkamu 6iomacu (Afshari, Seyyedi, 2020).

Opniero 3 NpUYMH MiIBUIIEHHA CXOXOCT] i Ha-
KOIYeHHs 6ioMacu IpOpPOCTKaMU Iijfj BIUIMBOM
IT'AMK Mo’kHa BBa)KaTy 3MEHIIIEHHS iHTEHCUBHOC-
Ti PO3BUTKY OKMCHIOBAJIbHOTO CTPecy. 30KpeMa, Y
IPOPOCTKIB IIIEHMII i TPUTUKAIe, OTPYMAHUX 3
IIpaiMOBAHOIO HACIHHSA, SHIDKYBAIUCA BEINYU-
HU TeHepalil CyIepOKCUJHOTO aHiOH-pajyuKasa
Ta BMicTy rigporen nepokcupy i MIA (puc. 4, 7).
ITe Moxxe OyTu IOB'si3aHe 5K 3i 3MEHIIEHHSM re-
Hepanii ADQO, Tak i 3 MigBUIIEHHAM aKTUBHOCTI
AQHTUOKCUAAHTHUX (epMeHTiB. IIpoTe 3HMKEHHS
Bmicty O,"” He CyNpOBOKYBAlOCA MiBUIIEH-
M aktuBHOcTi COJl (puc. 5, 7). O1xxe, MOXXHA
IPUITYCTUTH, IO ICTOTHUI BHECOK Y 3HEIIKOJKEH-
HS CYHNepOKCUIHUIO aHiOH-pajMKana poOwIm
HU3bKOMOJIEKY/IAPHI aHTMOKCUMIAHTU, 30KpEMa,
BTOPMHHI MeTabonmit. Y NpopocTKax MIIeHuIi
B HAallMIX €KCIEPMMEHTAX CIIOCTepiranocs MifiBuU-
I[eHH: 3ara/IbHOI KiIbKOCTI (PeHO/IbHUX CIIONYK, a
y TpUTHKaie — BMICTY OfHI€l 3 rpyn (raBoOHOIA-
HJIX CIIONIYK — aHToLiaHiB (puc. 6, 7). Ili BTopnuHi
MeTaboMiTH MOXYTb e(eKTUBHO 3HELIKOKyBa-
™ ADO, nepenycim ixHi pagukanpHi popmu, B T.
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4. i cynepoxcupgumit anion-papukan (Neill, Gould,
2003). TakuM 4MHOM, IMOBIPHO, IO IIifi BINIUBOM
TAMK 3MeHIIYBanochb YTBOPEHHA CYIEPOKCUJI-
HOTO QaHIOH-pajiMKaja i BOZHOYAC ITOCUJIIOBAJIO-
Csl 3HEUIKOIKeHHSA HM3bKOMOJIEKYIAPHUMHU aH-
THOKCUJaHTaMu (peHonbHOI ab60 momieHONbHOI
npupopu. IIpoTe 3MeHIIEHHA BMICTY TriporeH Ie-
pOKCMAy B IPOPOCTKAX IIIEHMIi i TpUTMKaze 3a
06po6kn HacinHa TAMK moxe 6yTu 3yMOBIEHO
3pOCTaHHAM aKTUBHOCTI KaTanasu (puc. 5, 7). Ilpu
IJbOMY aKTMBHICTb I'BaKO/NINEPOKCHUA3! Y IarOHaxX
JOBOX NOCTIPKYBaHMX BUJIIiB 371aKiB 32 YMOB HAIIMX
€KCIIEpMMEHTIB MiJj BIUIMBOM IIPaliMiHIy HaCiHHA
T'AMK He 3minoBanacs. Bigzomo, mo Hecnenudiy-
Ha TepoKcyjasa (rBasKONIEepOKCH/a3a) MOXKe He
Tinbku 3HemkomkyBatn APO, a it 6partu y4acTb
B TeHepallil CyIepoKCUJHOIO pajiMKana i Tifipo-
TeH IEPOKCHUJY, TOOTO BUABIATY IPOOKCUAAHTHI
edpextu (Kolupaev, Karpets, 2014). Yepe3s ue min-
BUIIEHHA aKTUBHOCTI IEePOKCH/Ia3) He 3aBXKIU €
O3HAKOI0 aKTUBAaLlil aHTMOKCUAHTHUX IPOLECIB.
HaromicTp karamasa eQeKTMBHO BUKOHYE caMe
(yHKII 31 3HEIIKOIP>KEHHSI BUCOKVX KOHIIEHTpaLliil
H,0, (Scandalios, 1997).

3 nmiteparypu BifloMi aHTMOKCH/IAHTHi BIacTH-
BocTi TAMK. 30KpeMa, OCUTb [JTaBHO B CUCTeMi in
vitro 6y/na mokasaHa i 3[jaTHICTb e()eKTUBHO 3B’S-
3yBaTH OfHY 3 Halibinb arpecuBHux A®O — rif-
pokcumpHmit pagukan (Smirnoff, Cumbes, 1989),
AKNI 3HENIKOIKYETbCSA TiIbKM HeepMeHTaTHB-
HuUMM aHTHOKcupaHTamu. Ille ommu MexaHism 3a-
NOGiraHHA pPO3BUTKY OKJCHIOBA/IbHOTO —CTpecy
3a 06pobkn HacinHa TAMK moxe 6yTu symosie-
Huil aktuBaniero peakuiit [AMK-mynry. 3a ymoB
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Puc. 7. TenioBa kapTa 3MiH pOCTOBMX ITOKAa3HMKIB i CTAHY aHTMOKCUIAHTHOI CHCTEMU ITPOPOCTKIB MIIeHNnIi i TpuTHKae 3a

mii 1 MM TAMK. Yci mokasuukn HopmoBaHi Bif 0 mo 1

Fig. 7. Heat map of changes in growth parameters and the antioxidant system of wheat and triticale seedlings under the influ-

ence of 1 mM GABA. All values are normalized from 0 to 1

CTpecy MoXe BinOyBatucs iHriOyBaHHS IMKITY TpHU-
KapOOHOBMX KIUCIIOT, 1110 IPM3BOAUTD O IOPYIIEH-
Hsa guxaHHa Ta HakonmuyenHsa ADPO (Bouche et al,,
2003). Ockimpky TAMK-1yHT 3gaTHMIT TOCTayaTy
BigHoBHUKY HAJTH a6o cykumHar, BiH MOXe KOM-
MEHCYBaTy CHPUYMHIOBAHI CTPeCOM IOpPYIIEHHS
B LUK/ TPUKAPOOHOBMX KMUCIOT. 3aBHAKM LILOMY
T'AMK-uryHT nonomarae 36epertu po6oTy AMXab-
HOTO JIaHIIIOTa Ta 3aIo0irTy HafMipHOMY YTBOPEH-
Hi0o ADO mig gac crpecy (Kolupaev et al., 2024c).

Y Hamiit po6oTi MM 30cepenuaM yBary Ha poji
I'AMK y migTpuMaHHi Mpo-/aHTMOKCUIAHTHOL PiB-
HOBAry Ipy NPOPOCTaHHI CTapUX 3€PHIBOK 3/IaKiB.
besymoBHo, 11e He euHmit miax By TAMK na
IIpOpoCTaHHA 3epHiBOK. Ille ogHie0 BaromMmoro cKa-
mosoro BBy 'AMK Ha mpopocTaHHs 3epHiBOK
MO>ke OyTU IIOCWJIEHHS IIif II BIUIMBOM eKcCIIpecii
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TeHiB 1 aKTMBHOCTI a-aMinasy, 10 IOKa3aHo Ha Ipy-
K1aji sepHiBok stuMeHIo (Sheng et al., 2018). Taxmit
edeKT MOXKe CIPUATY AKTUBHILIOMY 3aTydeHHIO
3aIIaCHMX BYIVIEBOJIB 3€pHIBOK y MeTabomiuHi mpo-
1IeCH, 1[0 AKTUBYIOTHCA IPU IIPOPOCTAHHI HACIHHA.
IIpopocTaHHA 3€pHIBOK iCTOTHO 3a/l€XUTb Biff
cunTe3y enporenHoi TAMK. Bigomo, mo YMHHMKY,
AKI CIIPpUAIOTH MiIBUILEHHIO IPOPOCTAHHA HACIHHA
(HampuK/Iaf;, BIUIUB TigponpaiiMiHIy Ta y/IbTpasBy-
Ky), MOXKYTb IOCIIIOBATY aKTUBHICTb Ta eKCIIpe-
Cilo reHa FHYTaMaT,I[eKap6OKCI/IHa3I/I i, IK HACJIiJIOK,
HakonmyeHHs eHporeHHoi TAMK (Samarah Nezar
et al., 2023). ITigBuILeHHs CXOXKOCTI HACIHHA TOMa-
TiB, CHPUYMHIOBaHe OOPOOKOI0 BYITIELIEBMMU Ha-
HOBOJIOKHaMJ, CYIIPOBOMKYBaJIOCh 30iIbIIEHHAM
BMicTy eHjoreHHoi TAMK Ta mifiBuieHHAM aKTUB-
HocTi epmenTiB 1i cunresy (Alquraan et al., 2021).
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Takox 1moBigoOMIIA€TDCA, 1O i Ipollec MPOpPOCTaH-
HA HACIHHA 3a 3BMYAMHUX YMOB CYIIPOBOIKYETbCA
spocranuaM Bmicty TAMK (Baranzelli et al., 2018).
Bonnouac 3a¢ikcoBaHO IiBMINEHHS BMICTy eHO-
renHoi TAMK y HacinHi KyKypy/su, A4MeHI0, TOMa-
TiB, 6im0i KoHIOIMHY 3a mpaitminry TAMK (Kumar
et al., 2021). He Buksto4ueHo, 1110 BiTHOCHO IIPOJIOH-
rosaHi epextu exsoreHHol 06po6ku TAMK nos’s-
3aHi caMe 3 aKTMBAL€l0 II €H/JOTEHHOTO CUHTESY.
[Migpumennsa smicty enporenHoi [AMK 3a BrnnuBy
TEIVIOBOTO CTPECY y IOEHAHHI 3 [Ji€I0 eK30T€HHOI
I'AMK mnokasaHo Takox y coueBnuti (Lens culinaris
Medik.) (Bhardwaj et al., 2021). 3pemurToto, MO>K/IMBi
IPUYMHY IO3UTUBHOTO eeKTy MpayiMiHry HaciHHs
PisHMMM CITOTTYyKaMM, 11O BIVTMBAIOTh Ha PEJOKC-TO-
MeocTas, BkmouHO 3 TAMK Mo)kHa posrnapgatu
i 3 MO3KILIN emnireHeTMYHUX i TPaHCKPUIITOMHMX
3MiH, fKi 3#aTHi 3yMOBIIOBaTU 30epeXXeHHs TaK
3BaHoi "cTpecoBoi mam’sTi" (Liu et al., 2022; Gelaw,
Sanan-Mishra, 2024) Ta HmOM AKIIYBaTV HACHTiKN
OKIJICHIOBAJIbHOTO CTPeCy NpU NPOPOCTAaHHI 3ep-
HIBOK 3a PaXyHOK HIBMJILIOI aKTMBAIIil cTpec-Ipo-
TeKTOpHUX cucrteM. IIpore y4yacTth mux mpouecis
B peanisanii BrymmBy npaiiminry TAMK na npopo-
CTaHHA CTapMX 3ePHIBOK 37IaKiB MOXKe OyTI 3’5CO-
BaHA JINIIE y CHELia/IbBHNX NOCTIPKEHHAX.

Omxe, npariMinr Hacinasa TAMK HameBHO crpu-
YMHIOE aKTMBAL{I0 IIMPOKOTo crekTpa isiomo-
ro-6ioxiMivHMX MIPOLECIB, AKi pO3BMBAIOTBCA B Yaci,
3okpema: nocuneHHsa TI'AMK-myHTy B MiTOXOH-
ApifaX, W0 CHpuUsAE IMiATPUMAHHIO PENOKC-roMe-
0CTasy i IpolleciB reHepallii BiJHOBHMKIB; CHHTE3
OKpeMMX HU3bKOMOJIEKY/IAPHUX aHTUOKCHUJAHTIB
Ta eKCIpecii TeHiB aHTMOKCUJJAaHTHUX (pepMeHTiB,
a TaKOXX BUK/IMKAE TigpO/i3 3alacHUX IOIiMepiB
y 3epHiBKax. fIK BijomMo, IpolLecu IpOpOCTaHH:A
3€PHIBOK CYNIPOBODKYETHCSA ICTOTHMMM 3MiHAMMU
ropMoHajIbHOro 6anancy. Tak, HeoOXigHa Ayt Mpo-
POCTaHHA 3apojKa aKTMBALA KIITMHHOIO LUKy
IHAYKY€eTbCS MiABUILEHNM BMICTOM eTUIeHY i ribe-
peniHiB Ta 3MEHIIEHHAM BMICTy abCLM30BOI KuC-
notu (Kepczynski et al., 2017). Brmms TAMK Ha i
IIpOLIeCH IIPY IPOPOCTAHHI HACiHHA JOTenep He f10-
CITifpKeHnI. BogHovac jaHi IIpo CKIafiHi epexpec-
Hi 38’s13ku Mi>k TAMK i ocHOBHUMU diToropmoHa-
MM iHTEHCMBHO HakommuyoTbcA (Xu et al, 2021).
3okpeMa, BUAB/IEHO edeKT aHTaroHismy Mk TAMK
i abC1M30BOI0 KMCIOTOIO NIPK PErysiLii HUMM CTa-
Hy npopuxiB (Xu et al., 2021). Llinkom 7iMOBipHO,
mo BB AMK Ha mpopocTaHHA HaciHHA TaKOX
BK/IIOYA€ B cebe dyHKIioHaMbHY B3aeMopio TAMK
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3 K/IIOYOBMMM TOPMOHAMIU, 3aJiAHUMM Y Pery/saLii
1boro npouecy. lle TuTaHHA BUXOZUTD 32 PAMKMU
€KCIIEPMMEHTA/IbHOTO MaTepialy, OTPMMAHOIO B
IaHiit po6oTi, azme Mo)ke 6yTH MEePCIeKTUBHNM Ha-
NIPAMOM NOJAIbIINX JOCTiIKEHb.

BucHoBK1I

IIpajiimMiHr cTapux 3€pHIBOK IIIEHMII] i TpUTHKaIE
FAMK icToTHO nifiBUIIIYBaB €Heprilo IpOPOCTAHHS,
CXOXICThb HaciHHA Ta picT mpopoctkiB. OpHiero
3 INpUYMH TiABMUINEHHA CXOXOCTI HacCiHHA
TOCTipKyBaHMX 3/1aKiB mif BruBoM TAMK Moske
OyTM IIOM'AKLIEHHS OKJCHIOBAJIBHOTO CTpPECy,
IO CyNpOBOMXYye mpopocTaHHA. Ha 1me Bkasye
3MEHUIEHHA TeHepaljili CYIepOKCUIHOIO aHiOH-
pajMKanga Ta BMICTy Hepokcupay BopHwio i MIA vy
npopoctkax. VIMoBipHO, 1eit edekT 3ymoBIeHMI
MEHII iHTEHCMBHMM CTOXaCTMYHUM YTBOPEHHAM
ADPO 3a o06pobkn TAMK Ta mOCUIEHHAM
mif i BIVIMBOM  (YHKIIIOHYBaHHS OKpPEMUX
CK/IaZlOBUX aHTMOKCUIAHTHOI CHCTEMM, 30KpeMa,
IMiABALIEHHAM aKTUBHOCTI Karajmasu Yy 060x
BUJIB 3JIaKiB, 3POCTaHHAM 3arajabHOrO BMiCTy
(eHONMPHUX pEYOBMH Yy MUIEHWII i aHTOIiaHiB
y tputukane. OTKe, NpaiiMiHI 3€pHIBOK 3/IaKiB
I'AMK moxe 6yt epeKTVBHIM 6i0TeXHOMOTiYHNM
IPUITOMOM [/ IIOCU/IEHHS iX IPOPOCTAHHA.
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Abstract. During storage, elevated temperature and humidity cause accelerated aging and deterioration of seeds of various
plant species, including important cultivated cereals, such as wheat and triticale. Germination of old seeds can be facilitated
by seed priming with physiologically active substances that correct the pro/antioxidant balance and reduce the development
of oxidative stress. Gamma-aminobutyric acid (GABA) is a regulatory compound with direct and indirect antioxidant ef-
fects. However, its effect on the germination of grains of cereals with low germination has not been extensively studied. The
objective of this study was to examine the impact of GABA priming on the germination of aged grains of winter bread wheat
(Triticum aestivum ‘Scorpion’) and winter triticale (x Triticosecale ‘Raritet’). the extent of oxidative stress and the state of the
antioxidant system in seedlings. The results indicated that a three-hour treatment of grains with GABA at the optimal con-
centration (1 mM) resulted in a significant (18-21%) increase in germination energy and seed germination rate, as well as an
increase in the biomass of shoots and roots of seedlings of both species. Concomitantly, the influence of GABA resulted in a
reduction in oxidative stress markers, including the generation of superoxide anion radicals, hydrogen peroxide content, and
the product of lipid peroxidation malondialdehyde. In wheat seedlings, the total content of phenolic compounds increased,
while in triticale seedlings, the content of anthocyanins increased almost twofold. In seedlings derived from GABA-primed
grains, catalase activity was also significantly elevated in the absence of notable alterations in superoxide dismutase and pero-
xidase activity. It was postulated that GABA priming is a promising approach for enhancing the germination of cereal seeds
with diminished sowing quality.

Keywords: antioxidant system, gamma-aminobutyric acid, oxidative stress, priming, seed aging, seed germination,
xTriticosecale, Triticum aestivum
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