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ABSTRACT

Sorghum halepense (L.) Pers. is an extensively distributed alien weed species that poses a potential threat to
agricultural agrosystems. Infested crops experience large yield losses with secondary problems due to the impact of
Sorghum halepense as an alternative host for diseases and pests. The paper aimed to process the historical and current
distribution and habitats of Sorghum halepense in Slovakia. The results showed that until the 1950s, this weed grass
was rare; localities were found only in southwestern Slovakia. With the intensification of agriculture and the import of
contaminated seeds, Sorghum halepense began to gradually spread, while initially the type of habitats colonised by it was
relatively balanced (fields, ruderal stands and railways and harbours). From the mid-1970s, it established itself mainly in
harbours and railways, and after 2000 mainly on the edges of roads. Currently, it is spreading intensively to the north, and
the first localities in the Carpathians have been recorded. Its intensive spread represents a significant risk for agriculture
in Slovakia.
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ABSTRAKT

Sorghum halepense (L.) Pers. je hojne rozsireny nepévodny druh buriny, ktory predstavuje potencidlnu hrozbu pre
polnohospodarske agrosystémy. Pri napadnutych plodindch dochadza k velkym stratdm Grody a sekundarnym problémom
v dosledku vplyvu ciroku alepského ako alternativneho hostitela pre choroby a Skodcov. Cielom prispevku bolo spracovat
historické a sti¢asné rozsirenie a biotopy Sorghum halepense na Slovensku. Z vysledkov vyplyva, Ze az do 50-tych rokov sa
tato burina vyskytovala vzacne najma v oblasti juhozapadného Slovenska. Intenzifikaciou polnohospodarstva a dovozom
kontaminovaného osiva sa Sorghum halepense zacal postupne Sirit, pricom spociatku bol typ nim osidlovanych biotopov
relativne vyrovnany (polia, ruderalne miesta a Zelezni¢né stanice a pristavy), od polovice 70-tych rokov sa presadil
najma v pristavoch a na Zelezniciach a po roku 2000 predovsetkym na okrajoch ciest. V siicasnosti sa takto intenzivne
$iri na sever a boli zaznamenané aj prvé lokality v Karpatoch. Jeho intenzivne Sirenie predstavuje vyznamné riziko pre
polnohospodarstvo na Slovensku.

KltGcové slova: nepovodny druh, stredna Eurdpa, vyskyt, Poaceae, stanovistia
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INTRODUCTION

Sorghum (Poaceae) is a relatively small genus including
around 30 species of agricultural importance, both
cultivated cereals and forage plants as well as weeds
(Barkworth, 2003; Shouliang and Phillips, 2006; The Plant
List, 2024). Sorghum halepense (L.) Pers., Johnsongrass, is
one of the most widely distributed weed species, posing
a potential threat to agrosystems worldwide. It is native
to the Mediterranean regions of Africa, the eastern
Mediterranean, the Black Sea region, and Asia Minor,
making it well adapted to warmer habitat conditions
(Peerzada et al., 2017; Klein and Smith, 2020). Recently,
the species has been more or less successfully naturalised
in Europe, Central and South Africa, Southwest Asia,
South and North America, and Australia (Groves, 1991;
Jehlik, 1998).

Johnsongrass is a robust, competitive, strong
perennial herb. Mature plants are up to 2.5 metres tall,
and the stems are 0.5 - 2.0 cm in diameter. The leaves
have veins with a prominent midvein and can be up to
60 cm in length. Sorghum halepense flowers 46 days after
emergence and can produce up to 80,000 grains per
plant in one season. They then remain viable in the soil
for up to 10 years (Shouliang and Phillips, 2006; Klein and

Smith, 2020).

Sorghum halepense can effectively colonise new areas,
but it reduces species diversity, and poor germination
occurs in some crops due to toxic exudates from S.
halepense roots or decomposing vegetation (Travlos et
al., 2019). In Central Europe, the species is considered
a neophyte, most often invasive (Medvecka et al. 2012;
Follak and Essl 2012; Csiky et al. 2023), more rarely casual
(Pysek etal. 2022). In Slovakia, it has been found rare in the
past (first data Reuss 1853), but the number of localities is
increasing, and further research is needed (Jehlik, 1998;
Mdjekova and Zaliberova, 2008; Kropac¢ and Mochnacky,
2009). So, detailed analyses of the occurrence and habitat
preferences of S. halepense have not yet been carried out
in Slovakia. The goals of this study were to (a) present
the current and historical distribution, (b) characterise its
typical habitats in Slovakia in different time periods and

(c) estimate ways of its future spreading as a risk factor
for both agroecosystems and natural habitats.

MATERIAL AND METHODS

This research was conducted between 2022 and 2024.
We compiled a dataset of historical and recent localities
for Sorghum halepense by studying herbarium collections,
extracting data from published sources, and conducting
field research. We revised herbarium specimens in 15
public herbaria in Slovakia (BRA, KO, LTM, NI, PMK, SAV,
SLO, SMBB, TTM, ZV) and Czechia (BRNM, BRNU, PR,
PRA, PRC), referring to the abbreviations used by Thiers
(2024) and Vozarova and Sutory (2001).

The methodology of S. halepense mapping is according
to Dudas and Elias (2021) to publish comparable data.
Data on Sorghum halepense occurrence and habitat
preferences were collected for 25-year intervals,
except for the period prior to 1900, due to data scarcity.
These intervals were selected to coincide with major
historical events in (Czecho) Slovakia (World War |
and I, collectivisation during the socialist era, and the
dissolution of agricultural cooperatives after 1990), which
may have influenced the distribution of species. Habitat
data were gathered from published works and herbarium

label information.

The maps follow the grid template described by
NikIfeld (1971) and were created in CorelDRAW. The work
of Futak (1980) was accepted for the phytogeographical
division of Slovakia. Vascular plant nomenclature follows
Marhold and Hindak (1998).

RESULTS

Sorghum halepense in Slovakia

S. halepense has occurred mainly in the areas of
the Pannonian xerothermic flora, especially in the
Podunajska nizina Lowland and partially also in the
Vychodoslovenska nizina Lowland, as well as the Ipel
Basin. It rarely penetrated into some adjacent areas of the
lower Carpathians - the Polana Mts, the Slanské vrchy
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hills, the Vihorlat hills, and the Nizke Beskydy Mts (Figure
1, Appendix 1). In total, it was recorded at 166 localities
(Figure 2), 93% of S. halepense occurrences are located at
an altitude of up to 200 m.

Comparing the occurrence in individual 25-year
intervals (Figure 2), we found very rare (before 1900 and
in the period 1926 - 1950) or no S. halepense presence
(in the period 1900 - 1925) until the period shortly after
World War 1l. Since the 1950s, a gradual, but still slow,
increase in the number of localities in the southwestern
part of Slovakia has begun. An extreme increase in
localities was recorded after 2000 (Figure 3). The spatial
trend of S. halepense spreading from south to north is also
clearly visible, with the first occurrences in the Carpathian
region being recorded only recently in settlements of
Krivan (Central Slovakia), Kosické Olsany, Pod¢i¢va and
Podhorod (E Slovakia) (Appendix 1).

Habitats of Sorghum halepense

Before 1900, Sorghum halepense was recorded at only
one site in a corn field in SW Slovakia (Komarno). Later,
during the period 1926 - 1950, it was found in the field
margin near Komarno (Figure 2, Appendix 1). Even these
sporadic finds indicated what types of habitats it may
have inhabited.

In the first phase of its spreading in Slovakia in 1951
- 1975, S. halepense occupied more or less evenly ruderal
areas (4 records), fields (6 records) and railways + harbours
(4 records), and was also found on road edges, but more
rarely (2 localities). In the following period (1976 - 2000),
the species was most frequently found in railways +
harbours (28 records), and significant field localities were
also recorded (18 sites). After 2000, a sharp increase in S.
halepense on roadsides was found (78 localities), which
is now also the most frequent vector of fast S. halepense
spreading to new regions.
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Figure 1. Map of the overall distribution of Sorghum halepense in Slovakia in phytogeographical units (according to Futdk, 1980)
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Figure 2. Number of new localities per habitats occupied and distribution of Sorghum halepense during the 25-year time periods in
Slovakia
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Figure 3. Cumulative numbers of Sorghum halepense localities
in Slovakia

Compared to road edges, the occurrence of S.
halepense in fields (7 localities), ruderal areas (3 localities)
and railways + harbours (3 localities) was only accessory.
By evaluating the typical habitats of the species, it is clear
that the main current vector of S. halepense spread in
Slovakia is along roads.

DISCUSSION

In Slovakia, Sorghum halepense was documented firstin
the second half of the 19t century as a weed and probably
an ornamental plant in gardens (Reuss, 1853; Schiller,
1865). The next occurrence was recorded more than 70
years later. We can therefore conclude that its occurrence
before World War Il was only very sporadic; it is not
mentioned even in significant review works examining
the weed flora just after World War Il (e.g. Oplustilova,
1953). The species began to spread more intensively
along the Pannonian and eastern weed migration routes
only in the mid-20™ century in connection with the
import of cereals from North America and the former
Soviet Union (Jehlik, 1998; Jehlik and Dostalek, 2008).
Later, from the mid-1970s, the species spread intensified,
it was most frequently recorded at railway stations and
harbours in southwestern Slovakia, from where it also
penetrated into its surroundings (Elias, 1985; Svobodova,
1989, 1991). Jehlik (1998) believed the increase in
sites could have been related to the termination of
DDT (dichlorodiphenyltrichloroethane) application in
former Czechoslovakia. Recently, S. halepense has spread
exponentially in Slovakia. As far as Europe is concerned,

in recent years, more and more researchers have pointed

to an increasing tendency of Sorghum halepense spread.
It is frequently found in agricultural fields across almost
all of Europe, where it is established as a serious weed
(Weber and Gut, 2005; Travlos et al., 2019). In Austria,
studies show that habitat affiliation is changing and
only recently has the distribution of Sorghum halepense
increased (Follak and Essl, 2012). A study conducted by
researchers in Romania reports that the species is found
almost throughout the country, attacking vegetable crops
as well as vine and fruit tree plantations (Ramona et al.,
2008). In Hungary, the species spread rapidly in the 1960s
and became one of the most commonly occurring weeds
in the country (Novak et al., 2009). Also, in the Americas,
the species was easily naturalised and spread to the
majority of North America. It occurs in both agricultural
and non-agricultural habitats (Paterson et al., 2020).
Binemelis et al. (2009) reported that the species was
cultivated in the early 20th century for forage purposes
but was banned for agricultural purposes in 1936 due
to its high invasiveness. Initially, it was found only in the
north of Argentina, but nowadays it is found in almost
every agricultural region of the country. Parsons and
Cuthbertson (1992) pointed out that Sorghum halepense
occurs in Australia as an invasive weed in crops and was
first cultivated as a forage plant in the Adelaide Botanic
Gardens in 1871. In recent years, the weed has become a
serious environmental threat to some parts of Australia.

Spatio-temporal patterns of S. halepense spread
showed a clear south-north direction from the warm
Pannonian region to the foothills of the Carpathians, e.g.
very similar to another notable neophyte weed, Ambrosia
artemisiifolia, which has now been recorded in the most
northern regions of Slovakia (Hrabovsky and Micieta,
2014, 2018; Hrabovsky et al., 2016). On the contrary,
data published by Follak and Essl (2012) indicated S.
halepense spreading in the direction east-west in northern
Austria according to suitable environmental conditions in
the Vienna Basin and Northern Alpine and Carpathian
Foreland. The expansion is usually attributed to global
climate change (Travlos et al., 2019), although exact data
has been published in Europe sparsely (e.g. Kleinbauer
et al., 2010). However, we can support this claim with
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data from North America. Based on climate change and
thus increasing temperatures, models predict that the
distribution of Sorghum halepense will expand poleward
by 200-600 km by 2100 in the USA (McDonald et al.,
2009). Reduced rainfall, as another impact of climate
change, can also affect some control methods, such as
herbicide use (Zhai et al., 2024).

Comparing distribution data on a time-temporal scale,
different habitat affiliation was found. In the first 50 years
of the invasion, S. halepense dominated in habitats of fields
and railway stations; recently, it has been successfully
and massively spreading along roadsides, representing
more than 90% of all localities. This phenomenon has
also been observed in Austria, where the S. halepense
records outside fields account for 68% of all records
(Follak and Essl, 2012). The species has a high genetic
diversity, which helps its spread (Squires et al., 2021).
Sezen et al. (2016) indicate that the species has spread
to agricultural habitats from its original non-agricultural
habitat and shows phenotypically and genotypically
different behaviour in this new environment. Kigel and
Rubin (1985) reported that the western part USA mainly
contains slender plants with small inflorescences and
narrow leaves, while the eastern part contains more
robust plants. In northern latitudes, S. halepense plants
have earlier flowering, which avoids damage from autumn
frosts during reproductive development. It is therefore
clear that S. halepense has a significant ecological valence
thatallowsitto successfully colonise newtypes of habitats.
We believe that the transfer of the species from fields and
railways to semi-ruderal stands (edges of the roads, i.e.,
the opposite of what is stated by Sezen et al., 2016) had
two reasons in Slovakia. First, S. halepense successfully
avoided the application of herbicides, and second, it
occupied an ecological niche to which it has adapted very
well. Road edges represent a very specific man-made
habitat affected by dust and traffic deposits, as well as
disturbance of road maintenance (Sera, 2010), including
regular mowing and the absence of herbicide application.

Perennial grasses are usually well adapted to grazing

and mowing and have strong competitive skills (Stanley,
1999; Linder et al., 2018). S. halepense belongs to a typical
competitor-life strategy plant with clonal spreading (Klein
and Smith, 2020). Rhizomes store carbohydrates and
thus increase the chances of survival in mild cold spells
and tropical dry periods (Paterson et al., 2020). Outside
fields, it spreads circularly with no preferential direction
of growth (Horowitz, 1973). Mowing machines help to
spread rhizomes and promote colonisation of new areas
(Andujar et al., 2012). S. halepense has regenerated rapidly
even from small fragments of underground outcrops; the
potential for successful control is severely limited (Follak
and Essl, 2012). Therefore, we believe that the spread
of S. halepense along roadsides will continue in Slovakia,
which poses a great risk of surrounding field crops in
the future, either directly as a weed or secondarily as an

alternative host for diseases and pests.

CONCLUSION

Sorghum halepense is spreading intensively in Slovakia,
most likely due to climate change. Most of the localities
were recorded mainly in the Podunajska nizina Lowland,
while it is gradually becoming established also in the
Vychodoslovenska nizina Lowland and some adjacent
regions of the Carpathians. Although the species is
capable of inhabiting various types of man-made habitats,
road edges are the most common type of habitat recently
in Slovakia, which is probably also a form of dispersal due
to insufficient mowing, thus leaving rhizomes in the soil
and creating additional new populations. In the future,
we foresee an increasing tendency for Sorghum halepense
to also occur in fields, which may have a negative impact

on crop yields and overall crop quality.
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APPENDIX

Appendix 1. List of localities of Sorghum halepense
in Slovakia (the records are arranged according to the
phytogeographical division of Slovakia published by
Futak, 1980). The localities are arranged in a west-east
direction. The data for each site is listed in the following

order: settlement, elevation, description of site, habitat.

Pannonian region (Pannonicum)

1. Burda Hills: Kamenica nad Hronom, 113 m, on
the slope below the railway station to Chlaba
(Svobodova 1987 NI; Svobodova 1989: 22). -
Kamenica nad Hronom, 129 m, road edge (Elias jun.
2012 NI; Kotlarova et Tomovicova 2024 ined.). -
Kovacov, 105 m, along the road to Chlaba, near the
hospice (Elias jun. 2014 NI). - Chlaba, 117 m, along
the road on the western outskirts of the village,
extensive stands (Elias jun. 2007 NI; Kotlarova et

Tomovicova 2024 ined.).

2. Ipelsko-rimavskd brazda Region: between the
villages Cata and Zalaba, 119 m, in the fields
(Hosticka et Zeleny 1957 PRC). - Kamenin, 113 m,
corn field on the left bank of the Perec River (Elids
jun. 2023 NI). - Salka, 105 m, corn field (Svobodova
1987, 1988 NI). - Sikeni¢ka, 117 m, fallow under
the vineyards (Svobodova 1983 NI; Svobodova
1989: 22). - Lucenec, 179 m, in the railway station
(Hrivnak 2012, herb. Hrivnak). - Kmet'ovce, 231 m,
road No. 51 to Levice, south-western outskirts of
the village, by the road (Kotlarova et Elias jun. 2024
NI). - Levice, 156 m, road No. 51 near the military
training ground, by the road (Elias jun. 2023 ined.).
- Jur nad Hronom, 149 m, road No. 76, by the road
(Elids jun. 2024 ined.). - Hontianska Vrbica, 150 m,
road No. 75 from the crossroads to Zbrojniky to
the western edge of the village of Demandice, by
the road (Elias jun. 2024 ined.). - Dolné Semerovce,
152 m, road No. 75 at the crossroads to the village,
by the road (Elias jun. 2024 ined.). - Hrkovce, 117
m, road No. 66 on the north-western outskirts of

the village, by the road (Elids jun. 2024 ined.). -
Ipelsky Sokolec, 117 m, by the road (Kotlarova et
Tomovicova 2024 ined.). - Horné Semerovce, 134
m, north of the village, junction of roads No. 66 and
75 (Elids jun. 2012 NI). - Dolné Turovce, 141 m,
northwest of Sahy, southern foot of the Regisské
hegy hill (Chrtek et Sojak 1957 PRC).

6. Podunajska nizZina Lowland: Bratislava, 131 m, the

Nivy city part, the old Danube harbour (Ferdkova
1972 SLO; Jehlik 1973; Elias 1979 SAV; Elias 1985
SAV; Jehlik 1986 PR; Jehlik 1979 - 1981, 1985,
1986, 1988, 1990, 1991 PRA). - Bratislava, 134 m,
street on Trnavka city part (Ferakova et Schwarzova
1974: 42). - Bratislava, 134 m, Tomasikova street
(Ferakova 1973, 1974 SLO; Jehlik 1973 PRA). -
Bratislava, 133 m, Roznavska street (Jarolimek
1980 SAV). - Bratislava, 132 m, Vajnorska street
(Ferakova et Majovsky et al. 1976: 14). - Bratislava,
133 m, construction site near the swimming pool
Delfin (Jarolimek 1981 SAV). - Bratislava, 146 m,
Racianska street on the railway siding from the
railway station Bratislava - Predmestie near the
oilseed processing factory Palma (Jehlik 1980 PRA;
Jehlik et al. 1984, 1985, 1988, 1990, 1991 PRA).
- Bratislava, 145 m, Racianska street, near the J.
Dimitrov Chemical Plant (Jarolimek 1980 SAV). -
Bratislava, 145 m, Racianska street, yard at the mill
Union (Dostalek et Jehlik 1985 in Jehlik 1998). -
Bratislava, 136 m, Petrzalka city part, yards, ruderal
on building site (Ferakova, Drabova et Halada 1984
SLO; Drabova-Kochjarova 1987: 42). - Bratislava,
139 m, ruderal areas around the ice rink (Jehlik
1986, 1987 PRA; Svobodovd 1989: 22). -
Bratislava, 130 m, nature reserve Topolové hony, in
a meadow after the end of field cultivation (Elids
jun. et Galvanek 2021 NI). - Rusovce, 130 m, road
near the state border (Votavova et Majovsky 1971
SLO). - Gabcikovo, 112 m, field edge (Jos. Dvorak
1975 BRA). - Sered, 126 m, railway station
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(Dostalek et Jehlik 1983 in Jehlik 1998). -
Sladdkovi¢ovo, 119 m, in the area of the sugar
factory (Ferdkova 1986 SLO). - Oko¢, on the
southwestern outskirts of the village, edge of the
dirt road (Elias jun. 2016 NI). - Komarno, 107 m,
field edge (Reuss 1853: 454; Ferd. Weber 1936
BRA). - Komarno, 106 m, Danube harbour (Jehlik
1986, 1988, 1990 - 1992 PRA). - Komarno, 108
m, on the road to Chotin (Dostdl 1955 PR). -
Komérno, 105 m, Dulov dvor, west of the Komarno
- Chotin road, in the corn field (Svobodova,
Svobodova et Kropac 1989 NI; Jehlik et Svobodova
1990 NI; Svobodovd 1991: 53). - between
Komarno and Chotin, 106 m, corn field (Svobodova
et Kropac 1989 in Jehlik 1998). - Koméarno, 108 m,
road No. 63 near the west side of the town, edge
of the road (Elias jun. 2012 NI). - Komarno, 108 m,
west of the village in front of Nova Straz, road No.
63, edge of the road (Elias jun. 2024 ined.). -
Komarno - Landor, 109 m, road No. 1463 about
0.5 km south of the settlement, edge of the road
(Elids jun. 2024 ined.). - Hlinik near the village of
Martovce, 106 m, corn field (Dostal 1954 PR). -
Hurbanovo, 110 m, near Hlinik, in corn field
(Osvacilovd 1954 NI). - Hurbanovo, 113 m,
(cultivated?) in gardens (Schiller 1865: 383). -
Hurbanovo, 108 m, part of Zeleny Haj, road No. 63
on the northern outskirts of the village, edge of the
road (Elias jun. 2024 ined.). - Hurbanovo, Zeleny
Ha4j, 107 m, southern outskirts of the village, field
of pea and edge of the road (Elias jun. 2024 ined.).
- Hurbanovo, 123 m, south-eastern edge of the
village, edge of the road to Svaty Peter (Elias jun.
2013 NI; Elias jun. 2024 ined.). - Svéty Peter, 118
m, western outskirts of the village, edge of the
road No. 1467 (Elias jun. 2024 NI). - Zbehy, 151 m,
railway station (Dostéalek et Jehlik 1985 PRA, PR).
- Malé Ciky, 114 m, farmstead near the village of
Palarikovo (Ferd. Weber 1971 PR). - Jatov, 113 m,
southern outskirt of the village, edge of the road
ditch No. 75 (Elias jun. 2018 NI; Elias jun. 2024

ined.). - Kolarovo, 108 m, Sady settlement, field by
the shore of the Listové jazero lake (Elias jun. 2020
NI). - Kolarovo, 109 m, edge of the road by the
cemetery (Elias jun. 2013 NI). - Gbelce, 123 m, on
the road to the village of Sarkan, in a field (Elias jun.
et Sirbu 2012 NI). - Gbelce, 128 m, edge of the
road behind the railway viaduct (Elias jun. et Sirbu
2012 NI; Kotlarova et Tomovicova 2024 ined.). -
Dunajska Luzna, 130 m, road No. 63 (Elias jun.
2012 NI). - Kolarovo, 109 m, road No. 573 to the
south, on the outskirts of the town, edge of the
road (Elids jun. 2012 NI). - Kamenicna, 111 m,
Balvany farmstead, road No. 573 south of the
settlement, edge of the road (Elias jun. 2015 NI). -
Kameni¢na, 107 m, Balvany farmstead, field north
of the old graveyard (Elias jun. 2014 NI). - Trstice,
109 m, road No. 651 on the eastern edge of the
village, edge of the road (Elids jun. 2015 NI). -
Travnik, 112 m, edge of the road (Elias jun. 2015
NI). - Ci¢ov, 110 m, edge of the road on the
northern outskirts of the village (Elids jun. 2015
NI). - Komoca, 109 m, road No. 563 on the
southern outskirts of the village, edge of the road
(Elids jun. 2015 NI). - Topol¢any, 173 m, railway
station (Dostalek et Jehlik 1983 in Jehlik 1998). -
Komoca, 109 m, southern outskirts of the village
near the road to Koldrovo (Elids jun. 2013 NI). -
Komoca, 113 m, road No. 563, east of the village
near the Jewish, edge of the road (Elias jun. 2024
ined.). - Nitra, 139 m, Topolova Street opposite the
Topolova Primary School on the area after the tree
was cut down (Elias jun. 2016 NI). - Nitra, 150 m,
edge of the road by the cemetery (Elids jun. 2022
NI). - Nitra, 140 m, edge of the road at the
intersection of DIhd and Spisska streets (Elias jun.
2020 NI). - Pohranice, 213 m, road No. 65 before
the junction with the road to Kolifnansky vrch hill,
edge of the road (Kotlarova et Elids jun. 2023
ined.). - VI¢any, 112 m, northern outskirts of the
village near the road No. 573 to Sala, edge of the
road (Elias jun. 2015 NI). - Kuralany, 150 m, by the
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road to Farna (Elias jun. 2014 NI). - Dvory nad
Zitavou, 120 m, on the road to Kolta (Elias jun.
2014 NI). - Ket, 150 m, by the road to Bina (Elias
jun. 2014 NI). - Kamenny Most, 111 m (Deyl 1976
BRA). - Vozokany (near Dunajska Streda), 116 m,
edge of the bank of the Cierna voda stream, waste
dump (Elias jun. 2012 NI). - Bela, 215 m, edge of
the road ditch on the northern outskirts of the
village (Elias jun. 2020 NI). - Chotin, 108 m, on the
southern outskirts of the village near the farm,
edge of the road (Elias jun. 2020 NI). - Boleraz,
167 m, part of Kl¢ovany, road No 51, southern
outskirts of the village, edge of the road (Elias jun.
2018 NI). - Velky Meder, 110 m, crossroads of
roads E575 (No. 15) and |Zop Pusta, edge of the
road (Elias jun. 2019 NI). - Medvedov, 112 m, road
No. E575 by the Slovnaft petrol station, efge of the
road (Elias jun. 2019 NI). - Kolarovo, 109 m, road
No. 1455 near the Casta farmstead (Casta-Bokor),
edge of the road (Elias jun. 2019 NI). - Telince, 153
m, southern edge of the road (Elias jun. 2022 NiI).
- Okanikovo, 108 m, at the crossroads of roads No.
63 and 1458 (Elias jun. 2024 ined.). - Zlatna na
Ostrove, 108 m, road No. 63 at the junction with
the road to the Horna Zlatna lighthouse, edge of
the road (Elias jun. 2024 ined.). - Nové Zamky, 119
m, road No. 75, edge of the road (Elids jun. 2024
ined.). - Nové Zamky, 109 m, road No. 563 near
the gardening settlement Tekvi¢né pole, edge of
the road (Elias jun. 2024 ined.). - Calovec, 109 m
(Michalko 1951 SLO). - Calovec, 109 m, road
edges in the settlement (Elias jun. 2024 ined.). -
Jatov, 111 m, Kendere$ lighthouse, edge of the
road (Elias jun. 2024 ined.). - Zlaté Moravce, 211
m, road No. 65 to the settlement of Olichov, edge
of the road (Elids jun. 2024 ined.). - Dulovce, 161
m, southern outskirts of the village, edge of the
road (Elids jun. 2024 ined.). - Dulovce, 164 m,
eastern edge of the village, edge of the road (Elias
jun. 2024 ined.). - Pribeta, 130 m, west of the
village, edge of road No. 509 (Elias jun. 2024 ined.).

- Baj¢, Chrast farmstead, 123 m, road No. 509,
edge of theroad (Elias jun. 2024 ined.). - Palarikovo-
Ludovitov, 116 m, road No. 75, edge of the road
(Elids jun. 2024 ined.). - Nova Vieska, 139 m, edge
of the road (Kotlarova et Tomovicova 2024 ined.).
- Batorové Kosihy, 131 m, edge of the road
(Kotlarova et Tomovic¢ova 2024 ined.). - Srobarova,
118 m, edge of the road (Kotlarova et Tomovicova
2024 ined.). - Marcelova, 120 m, edge of the road
(Kotlarova et Tomovicova 2024 ined.). - Nesvady,
112 m, edge of the road (Kotlarova et Tomovicova
2024 ined.). - Holanovo, 108 m, edge of the road
(Kotlarova et Tomovicova 2024 ined.). - Muzla,
125 m, road No. 509 opposite to Dankov vrch hill,
corn field (Elia3 jun. 2013 NI). - Sturovo, Belianske
kopce hills, 257 m, fallow, fields and orchards
(Svobodova 1981, 1982, 1985 NI; Svobodova et
Rehorek 1987 NI; Svobodova 1989: 22). - Sttirovo,
117 m, railway station (Jehlik 1976 PRA). - Stdrovo,
122 m (Svobodova 1982 in Jehlik 1998 Cizi
expanzivni plevele Ceské republiky a Slovenské
republiky).

8. Vychodoslovenska nizina Lowland: Slovenské Nové

Mesto, 109 m, north of the OMW chopping station
(road No. 79), edge of the road (Dudas 2020 KO;
Elidas jun. 2020 NI; Kotlarova, Tomovicova et
Elidas jun. 2024 ined.). - between Novy Ruskov
and TrebiSov, 116 m (Kotldrova, Tomovicova et
Elias jun. 2024 ined.). - Borsa, 107 m, northern
outskirts of the village (Kotlarova, Tomovicova et
Elids jun. 2024 ined.). - Trebisov, 109 m, south-
western outskirts of the village near the road No.
79 (Kotlarova et Elias jun. 2024 NI). - Somotor,
96 m, edge of the road by the railway crossing,
south of the village (Elids jun. 2015 NI). - between
Zaluzice and LuUc¢ky 111 m (Kotlarova, Tomovicova
et Elidas jun. 2024 ined.). - Dobra, 100 m, grain
transhipment site (Jehlik 1977 PRA). - Cierna nad
Tisou, 100 m, railway transfer station (Jehlik et
Krippelova 1966 PR, PRA, SAV; Jehlik 1968 PRA).
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Carpathian region (Carpaticum) Unclear data

10 Malé Karpaty: Bratislava, 280 m, near Lamacska 6. Podunajska nizina Lowland: Komarno - Tén -
cesta road (Oplustilova PRC). Klizska Nema (Majovsky 1951 SLO). The herbarium

14d. Polana Mts: Podkriva, 427 m, road No. 16 and label does not provide further information, so it is

526, edge of the road (Kotlarova, Tomovicova et not clear whether these are separate localities or

Eli4% jun. 2024 ined.). the area between these settlements.

19. Slanské vrchy hills: KoSické Olsany, 189 m, edge of
traffic roundabout west from the village (Kotlarova,
Tomovicova et Elids jun. 2024 ined.).

20. Vihorlat hills: Podhorod, 322 m, near the fence of
the border police building, edge of the road (Elias
jun. 2007 NI).

30c. Nizke Beskydy Mts: Podcicva, part Cicva, 128
m, in the village, edge of the road (Kotlarova,
Tomovicova et Elids jun. 2024 NI).
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