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The role of catalase in resistance to boron toxicity after melatonin application (MEL) was investigated in 
Arabidopsis thaliana plants. Col-0 and cat2-2 plants were exposed to 50 µM MEL followed by boron toxicity 
(BT) in a medium containing 10 mM H3BO3. Pigment loss and accordingly chlorosis were reduced by melatonin 
under BT conditions, while they were more prominent in cat2-2 mutants. Moreover, TBARS and H2O2 
contents, which increased due to BT, decreased as a result of melatonin application and the levels of these 
parameters in cat2-2 mutants were higher than the values in Col-0. Antioxidant enzyme activity of SOD and 
SOD1 gen transcript were induced by MEL under BT. Conversely, APX4, PER10 and CAT1 transcripts were 
down-regulated by MEL under BT. In addition, antioxidant enzyme activities and their transcript levels were 
lower than those of Col-0. Thus, we suggested that MEL scavenged ROS directly under BT. Melatonin also 
reduced the accumulation of boric acid in leaf tissues of Col-0, but not cat2-2. Finally, even though melatonin 
application provided a degree of endurance, the cat2 mutation resulted in increased sensitivity to BT.  
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INTRODUCTION 

Melatonin (N-acetyl-5-methoxytryptamine) has 
been shown to play a role in plant growth and de-
velopment, influencing processes such as seed ger-
mination, shoot and root growth, and flowering. 
Moreover, melatonin (MEL) has been reported to 
delay leaf senescence and promote flower formation 
in some plant species (Pan et al., 2023). Apart from 
its role in plant development, MEL also plays a sig-
nificant role in plant responses to stress. Plants can 
often encounter stressful environmental condi-
tions, and MEL protects plants against damage 
caused by environmental stresses such as expo-
sure to heavy metals (Tan et al., 2007), UV radia-

tion (Afreen et al., 2006), and temperature changes 
(Lei et al., 2004). Besides, MEL (1µM) was found to 
eliminate the negative effects of boron toxicity (BT, 
100 µM) on pepper plants (Sarafi et al., 2017). 
MEL-applied plants exhibit no visual symptoms of 
BT. Boron is essential for the growth of higher 
plants and agricultural production (Villordon and 
Gregorie, 2021). However, BT is a common problem 
for many field crops growing in soils with low pre-
cipitation and high levels of boron (Reid, 2013). 
Based on Keren and Bingham (1985), the maxi-
mum allowable concentrations of B in irrigation 
water are between 0.3 and 1.0 mg L-1 for suscepti-
ble plants such as pear, bean and walnut. It was 
between 1–2 mg L−1 for semi-tolerant plants (e.g., 
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Chromosome numbers of 16 taxa of Hieracium s.str. from Bulgaria, Poland and Romania are specified and 
their metaphase plates are illustrated. Chromosome numbers are published for the first time for H. cam-
korijense subsp. rilae Rech. fil. & Zahn (4x), H. grabowskianum Nägeli & Peter (4x), H. haematopodum var. 
sudeticum Schack & Zahn (3x), H. lomniczkianum Szeląg (4x), H. pseudobifidum var. bucuranum Nyárady 
& Zahn (3x), H. umbellonigritum Szeląg (3x), H. wiesbaurianum subs. herculanum Zahn (3x), as well as six 
undescribed species belonging to the H. bifidum agg. (3x), H. caesium agg. (4x), H. umbrosum agg. (3x, 4x) 
and H. vulgatum agg. (3x) and a new supposed hybrid between H. bifidum s.lat. and H. murorum s.lat. (3x).
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INTRODUCTION

This work is a continuation of the series devoted 
to karyological research on Hieracium L. in Cen-
tral and Southeastern Europe. Knowledge of the 
ploidy level, which in Hieracium s.str. indicates 
the possible mode of reproduction, is of particu-
lar importance for understanding of taxonomic 
and phylogenetic relationships within the genus. 
Hitherto, we have examined the chromosome 
numbers of 105 taxa from over 130 populations 
(Musiał and Szeląg, 2015, 2019, 2023; Musiał et 
al., 2016, 2017, 2018, 2020).

This paper presents the chromosome num-
bers of 16 taxa of Hieracium s.str. from Bulgaria, 
Poland and Romania, including an undescribed 
species of presumably hybrid origin between 
H. bifidum s.lat. and H. murorum s.lat. from Bul-

garia, as well as a new species of the H. umbro-
sum aggregate from Poland.

MATERIAL AND METHODS

Seeds for karyological investigations were col-
lected directly from plants in nature or from 
plants previously collected and grown in an 
experimental garden by the third author (ZS). 
They were then germinated on moistened fil-
ter paper in Petri dishes. The 3- or 4-day-old 
seedlings were incubated in saturated aqueous 
solution of 8-hydroxychinoline for 4 h at room 
temperature. They were subsequently fixed 
in a mixture of absolute ethanol and glacial 
acetic acid (3:1, v/v) for 24 h. In the case of 
H. atratum, H. bifidum s.lat., H. caesium s.lat., 
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H. camkorijense subsp. rilae, H. crassipedipi-
lum, H. vulgatum s.lat. and the hybrid species 
(H. bifidum s.lat. x H. murorum s.lat.) the fixed 
material was stained in 2% acetic orcein for 4 
days at room temperature. The stained seed-
lings were transferred to 45% acetic acid and 
heated to boiling over a flame. For slide prepa-
ration, root tip meristems were cut off and 
squashed in a drop of 45% acetic acid. The cov-
erslip was removed after freezing in liquid nitro-
gen and the slide was thoroughly air-dried, and 
mounted in Entellan. For the remaining spe-
cies, i.e., H. grabowskianum, H. haematopodum 
var. sudeticum, H. lomniczkianum, H. piliferum, 
H. pseudobifidum var. bucuranum, H. umbel-
lonigritum, H. umbrosum, H. wiesbaurianum 
subsp. herculanum chromosome staining with 
0.1% aqueous solution of toluidine blue was 
performed after a preliminary procedure ac-
cording to Grabowska-Joachimiak et al. (2021). 
The metaphase chromosomes were counted 
and photographed using a Nikon Eclipse E400 
microscope equipped with a CCD camera. At 
least 10 seedlings were analyzed for each tax-
on and, depending on the species, the somatic 
chromosome number was established on 9–15 
well-spread mitotic metaphase plates in the 
meristematic cells of roots. The vouchers of the 
analyzed taxa are deposited in KRAM.

RESULTS AND DISCUSSION

Hieracium atratum Fries; 2n = 4x = 36 (Fig. 1a) 
Poland, Sudetes, Karkonosze Mts., Łomnica val-
ley, 1140 m a.s.l., Picea abies forest near the 
Domek Myśliwski chalet (counted by KM).

Despite high morphological diversity of the 
H. atratum agg. in the Karkonosze Mts. (Zlatník 
1938, 1939), all of the previously analyzed popula-
tions were represented by tetraploid plants (Chrtek, 
1994; Musiał and Szeląg, 2019; Musiał et al., 2020).

Hieracium bifidum s.lat.; 2n = 3x = 27 and 2n = 4x 
= 36 (Fig.1b) Poland, Wyżyna Krakowsko-Często-
chowska upland, Dolina Brzoskwinki valley, 
290 m a.s.l., calcareous rocks on the left slope 
in Fagus sylvatica forest (counted by KM).

Our results well match those previously 
published for H. bifidum s.lat. from different 
parts of the Wyżyna Krakowsko-Częstochowska 
upland (Musiał et al., 2016, 2017, 2018; Musiał 
and Szeląg, 2019, 2023; Grabowska-Joachimi-

ak et al., 2023). This morphologically very varia-
ble collective species is known from triploid and 
tetraploid populations, while the occurrence 
of two different ploidy levels in the same popu-
lation was rarely found.

Hieracium bifidum s.lat. – H. murorum s.lat.; 
2n = 4x = 36 (Fig. 1c) Bulgaria, Stara Planina 
Mts., Mt. Ispolin, 1500 m a.s.l., calcareous scree 
in Fagus sylvatica forest on north-facing slope 
(counted by KM).

The analyzed plants grow in a mixed popu-
lation with tetraploid H. bifidum s.lat. (Musiał et 
al., 2020) and probably belong to a new hybri-
dogenous species.

Hieracium caesium s.lat.; 2n = 4x = 36 (Fig. 1d)
Poland, Wyżyna Krakowsko-Częstochowska up-
land, along a road from town of Skała to Ojców 
National Park, 260 m a.s.l., north-facing slope 
with Pinus sylvestris thicket (counted by KM).

Previously, a tetraploid chromosome num-
ber for this collective species was reported from 
Austria, Germany, Poland and Sweden (Schu-
hwerk and Lippert, 1999; Chrtek et al., 2007; 
Musiał and Szeląg, 2023).

Hieracium camkorijense subsp. rilae Rech. fil. 
& Zahn; 2n = 4x = 36 (Fig. 1e) Bulgaria, Rila 
Mts., Monastirska reka valley, 1370 m a.s.l., 
open places in Picea abies forest on granite 
(counted by KM).

This is the first chromosome number for 
this endemic to the Rila Mts., a taxon known 
only from the type locality in the Monastirska 
reka valley (Rechinger, 1933).

Hieracium crassipedipilum (Pawł. & Zahn) 
Chrtek fil.; 2n = 4x = 36 (Fig. 1f) Poland, Western 
Carpathians, Babia Góra Massive, Mt. Diablak, 
1690 m a.s.l. (counted by KM).

This is the first karyological data for the spe-
cies from Poland and the first data on its occur-
rence on Mt. Babia Góra. Previously, a triploid 
and tetraploid chromosome counts were given 
by Chrtek et al. (2004) from Slovakia.

Hieracium grabowskianum Nägeli & Peter; 2n 
= 4x = 36 (Fig. 1g). Poland, Western Carpathians, 
Babia Góra Massive, Mt. Kościółek Zachodni, 
1570 m a.s.l., in the Saxifrago-Festucetum ver-
sicoloris association on the NE slope (counted 
by AG-J).
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Fig. 1. Metaphase plates of: (a) Hieracium atratum 2n=4x=36, (b) H. bifidum s.lat. 2n=4x=36, (c) H bifi-
dum s.lat. – H. murorum s.lat. 2n=4x=36, (d) H. caesium s.lat. 2n=4x=36, (e) H. camkorijense subsp. rilae 
2n=4x=36, (f) H. crassipedipilum 2n=4x=36, (g) H. grabowskianum 2n=4x=36, (h) H. haematopodum var. su-
deticum 2n=3x=27. Scale bars = 10 μm
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This is the first chromosome number for 
this rare species known from the Eastern Sude-
tes and Western Carpathians.

Hieracium haematopodum var. sudeticum Schack 
& Zahn; 2n = 3x = 27 (Fig. 1h) Poland, Sudetes, 
Karkonosze Mts., Czarny Kocioł glacial cirque, 
1170 m a.s.l., rocky slope on granite (counted 
by AG-J).

This is the first chromosome number for 
this taxon endemic to the Karkonosze Mts.

Hieracium lomniczkianum Szeląg; 2n = 4x = 36 
(Fig. 2a) Poland, Sudetes, Karkonosze Mts., 
Kocioł Łomniczki glacial cirque, 1370 m a.s.l., 
rocky and grassy slope with Pinus mugo along 
a tourist path on granite (counted by AG-J).

A recently described species of the H. wies-
baurianum agg., known only from the type lo-
cality (Szeląg, 2023a).

Hieracium piliferum agg.; 2n = 4x = 36 (Fig. 2b) 
Bulgaria, Rila Mts., Mt. Golyam Kalin, in gran-
ite crevices on the ridge 2600 m a.s.l. (counted 
by AG-J).

Our data confirm the chromosome number 
published by Vladimirov (2021) for plants from 
the same population and determined as H. am-
phigenum Briq.

Hieracium pseudobifidum var. bucuranum 
Nyárady & Zahn; 2n = 3x = 27 (Fig. 2c) Romania, 
Retezat Mts., Bucura valley, 1650 m a.s.l., Picea 
abies forest on granite, along a tourist path to 
Bucura lake (counted by AG-J).

This is the first chromosome number for this 
very variable collective species of hybrid origin 
between H. transylvanicum Heuffel and differ-
ent taxa of H. bifidum s.lat. The analyzed plants 
were collected in the type locality (Zahn, 1934).

Hieracium umbellonigritum Szeląg; 2n = 3x = 27 
(Fig. 2d) Poland, Sudetes, Karkonosze Mts., NW 
of Wielki Staw glacial lake, along a tourist path 
from Polana glade to main ridge of the moun-
tains, 1280 m a.s.l. (counted by AG-J).

A recently described species intermedi-
ate between H. umbellatum L. and H. nigritum 
R. Uechtr. known only from the type locality 
(Szeląg, 2023b).

Hieracium umbrosum agg.; 2n = 3x = 27 (Fig. 2e), 
2n = 4x = 36 (Fig. 2f) 1. Poland, Western Car-

pathians, Babia Góra Massive, Złotnica ridge, 
1500 m a.s.l. on the margins of Pinus mugo 
thickets along a tourist path, 2n = 3x = 27 
(counted by AG-J). 

The analyzed plants belong to a new species 
characterized by brown-spotted leaves and will 
be the subject of future studies.

2. Poland, Western Carpathians, Babia Góra 
Massive, above the Markowe Szczawiny shelter, 
1200 m a.s.l., Picea abies forest along a tourist 
path to the Brona pass, 2n = 4x = 36 (counted 
by AG-J). 

The analyzed plants are similar morpholog-
ically to H. umbrosum Jordan.

Hieracium vulgatum s.lat.; 2n = 3x = 27 (Fig. 2g) 
Poland, Sudetes, Karkonosze Mts. Mt. Chojnik, 
610 m a.s.l., sandstone rocks on the southern 
slope (counted by KM).

The triploid chromosome number was re-
ported in plants from Great Britain (Marton, 
1974) and from Poland (Morton, 1974; Musiał 
and Szeląg, 2015, 2019).

Hieracium wiesbaurianum subsp. herculanum 
Zahn; 2n = 3x = 27 (Fig. 2h) Romania, Me-
hedinți Mts., Cheile Ţăsnei gorge, 560 m a.s.l., 
shadowed calcareous scree with Pinus banatica 
(counted by AG-J).

This is the first chromosome number for 
this rare, endemic to the Mehedinți Mts. taxon.
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Fig. 2. Metaphase plates of: (a) Hieracium lomniczkianum 2n=4x=36, (b) H. piliferum agg. 2n=4x=36, 
(c) H. pseudobifidum var. bucuranum 2n=3x=27, (d) H. umbellonigritum 2n=3x=27, (e) H. umbrosum agg. 
2n=3x=27, (f) H. umbrosum agg. 2n=4x=36, (g) H. vulgatum s.lat. 2n=3x=27, (h) H. wiesbaurianum subsp. 
herculanum 2n=3x=27. Scale bars = 10 μm
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