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Abstract

Wet meadows are transitional habitats between wetlands and dry-mesophilous grasslands; thus, they
are vital in sustaining biodiversity as sources, stepping stones and green corridors of species dispersal.
It is especially valid for inland alkali vegetation, where high landscape-scale patchiness is typical and
rapid shifts between vegetation types occur frequently. Solonetz meadows (Beckmannion eruciformis)
are among the best-preserved open habitats in Europe harbouring a unique flora including several
endemics. Besides their importance, studies on the vegetation of solonetz meadows are scarce even
though this knowledge would be vital for their effective conservation and management. Using own
records and literature data, we provide a synthesis of the alliance Beckmannion eruciformis to charac-
terise its associations floristically and ecologically in five regions along the river Tisza, East Hungary.
We studied three associations of the alliance: (i) Agrostio stoloniferae-Alopecuretum pratensis,
(i1) Agrostio stoloniferae-Beckmannietum eruciformis and (iii) Agrostio stoloniferae-Glycerietum pedi-
cellatae. We found that solonetz meadow associations were separated along a moisture gradient with
Agrostio stoloniferae-Alopecuretum pratensis at the drier end and Agrostio stoloniferae-Glycerietum
pedicellateae at the wet end. This gradient was also justified by the distribution of the phytosociological
groups. The proportion of species of Festuco-Brometea division was the highest in Agrostio stolonifer-
ae-Alopecuretum pratensis, while the proportion of Cypero-Phragmitetea species was the highest in
Agrostio stoloniferae-Glycerietum pedicellateae. Species of Puccinellio-Salicornetea had the highest
proportion in Agrostio stoloniferae-Beckmannietum eruciformis, indicating the high soil salinity of this
association. Our results suggest that Agrostio stoloniferae-Alopecuretum pratensis association plays an
important role in preserving the continental flora elements of the surrounding dry grasslands. The
ecological indicator values for soil moisture and salinity suggest that in case of the studied solonetz
meadow associations, humidity increases with decreasing elevation, while salinity is highest at medium
elevations. Our results suggest that Agrostio stoloniferae-Beckmannietum eruciformis is a transition
towards salt marsh associations, while Agrostio stoloniferae-Glycerietum pedicellatae is a transition
towards freshwater marshes. Our results show that preserving solonetz meadows is an important task
for nature conservation as they have a crucial role in maintaining landscape-scale species and habitat
diversity and act as buffer zones around wetlands.
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1. Introduction

Grassland biodiversity research became a hot topic in vegetation science; in the last few
years several special features were compiled focusing on patterns and processes of grassland
biodiversity in the Palaearctic (BECKER et al. 2013, GALVANEK et al. 2012, HABEL et al.
2013, DENGLER et al. 2014). These special features focused mostly on dry and mesic grass-
lands, because these habitats count to the most species-rich habitats in the world at the small
scale (WILSON et al. 2012). On the other hand, macrophytes became one of the core groups
of water quality assessment in wetlands (EU WATER FRAME DIRECTIVE 2000, TURI et al.
2013). Thus, vegetation research in wetlands became more intensive in the last few decades
(ENGELHARDT & RITCHIE 2001). Wet grasslands as transitional habitats between wetlands
and dry-mesic grasslands gained proportionally less attention, although they harbour high
number of species of adjacent habitats and play an important role in sustaining biodiversity
(mesoecotones, RUSINA et al. 2013), acting as diaspore sources or stepping stones and green
corridors for species dispersal (JANISOVA et al. 2013).

These findings are especially valid for the inland alkali vegetation, where high land-
scape-scale patchiness is typical and rapid shifts between vegetation types occur frequently
(KELEMEN et al. 2013, VALKO et al. 2014). Former studies on inland alkali vegetation dealt
mostly with alkali wetlands and salt marshes (EGAN & UNGAR 2000, WANNER et al. 2014) or
with dry alkaline grasslands (KELEMEN et al. 2013, VALKO et al. 2014). Only a few studies
focused on saline meadows (but see BODROGKOZY 1965, 1970, HEINY 1960, DITE et al.
2012) and these associations are underrepresented in vegetation databases (see ELIAS et al.
2013, WILLNER et al. 2013). Thus, there is an urgent need for a synthetic approach and fine-
tuned studies to analyse biodiversity patters in these type of grasslands.

Continental saline wet meadows (Scorzonero-Juncetalia gerardii Vicherek 1973) are
among the best-preserved open habitats in Europe. They are typical of the Pannonian bioge-
ographical region and harbour several species listed in Annex I of the Habitats Directive and
endemics like Cirsium brachycephalum, Limonium gmelinii spp. hungarica, Plantago
schwarzenbergiana and Puccinellia limosa (ELIAS et al. 2013, TOROK et al. 2012). Continen-
tal saline wet meadows are included in the priority habitat type “Pannonic salt steppes and
salt marshes (1530)” of the Natura 2000 network. For the effective conservation and man-
agement of these meadows, knowledge on their landscape-scale and local patterns of species
composition across regions is necessary.

The “Continental saline wet meadows” habitat group contains the alliances of Pannonian
wet saline meadows on solonetz soils (Beckmannion eruciformis So6 1933) and Pannonian
wet saline meadows on solonchak soils (Scorzonero-Juncion gerardii (Wendelberg 1943)
Vicherek 1973) (BORHIDI et al. 2012, MOLNAR & BORHIDI 2003). In the present study we use
own vegetation records and literature data to provide a synthesis of the alliance Beck-
mannion eruciformis (mentioned as ‘solonetz meadows’ hereafter), and to characterise their
associations floristically and ecologically in five regions along the river Tisza, East Hungary.

2. Materials and Methods

2.1 General description and site characteristics of solonetz meadows

Solonetz meadows are typical for the Great Hungarian Plain along the Tisza River and its tributary
streams in a total extension of around 72,000 hectares (MOLNAR et al. 2008). They are typical of areas
with continental climate and are characterised by a high groundwater level, by at least moderate salt
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concentration in the soil, groundwater and surface water (Na2COs, NaCl, rarely K.COs; and KCI;
TOROK et al. 2012). Their stands are generally inundated from early spring even until midsummer
(KELEMEN et al. 2013). Beckmannion eruciformis alliance is formed on solonetz soils. A moderate salt
accumulation zone is present in the deeper horizons (usually in horizon B), and the mould content of
horizon A is high. The pH near to the soil surface is almost neutral but becomes basic with increasing
depth (BODROGKOZY 1965).

In alkali landscapes, there is a clear vegetation gradient from salt marshes to alkali short grass
steppes based on the elevation, where solonetz meadows are typically situated in an intermediate posi-
tion between salt marshes and alkaline dry grasslands (Appendix Sla; ELIAS et al. 2013, KELEMEN et
al. 2013). Only up to a few metres differences are typical between the endpoints of the whole vegetation
gradient (VALKO et al. 2014). Spatial distribution of alkali vegetation is also influenced by changes in
soil characteristics; thus, the high soil heterogeneity typical for alkali landscapes results in a very com-
plex vegetation mosaic (TOTH & KERTESZ 1996, VALKO et al. 2014). Associations of the Beckmannion
eruciformis alliance can form either a narrow transitional zone or larger homogenous stands between
dry alkali steppes and marshes, composing a mosaic structure with other alkali associations.

Beside the natural stands, there are extensive stands of solonetz meadows which originated by an-
thropogenic influences initiating secondary salinisation processes (MOLNAR & BORHIDI 2003). The
natural stands of solonetz meadows are present in the Pannonian Plain since the Pleistocene with con-
siderable extension (BARCZI et al. 2006, SUMEGI et al. 2013). Secondary solonetz meadows of the
Pannonian Plain are generally the result of the river regulations (like the Tisza and its tributary streams;
19" century) and the landscape-scale water management campaigns (drainage and watering) of the
socialist era (MOLNAR & BORHIDI 2003, TOROK et al. 2012). These secondary solonetz meadows are
generally less diverse, harbouring lower proportion of endemics and salt-tolerant species than pristine
solonetz meadows (MOLNAR & BORHIDI 2003). In our study we focused on pristine solonetz meadows
which were not or just slightly affected by secondary salinisation (BARCZI et al. 2006).

2.2 Species pool of the solonetz meadows

Solonetz meadows usually have two herb layers. The upper herb layer is generally formed of tall-
grass species like Agrostis stolonifera, Alopecurus pratensis, Beckmannia eruciformis, Elymus repens
and Glyceria fluitans ssp. poiformis (BORHIDI et al. 2012, TOROK et al. 2012). Characteristic species of
salt marshes (Bolboschoenus maritimus), non-alkali meadows (Phalaris arundinacea) and dry alkali
steppes (Achillea collina and Limonium gmellini ssp. hungarica) are often present in the vegetation.
Several species, like Alopecurus geniculatus, Eleocharis palustris, E. uniglumis, Myosurus minimus,
Pholiurus pannonicus and Plantago tenuiflora frequently occur and indicate silt accumulation process-
es on the soil surface. The most characteristic endemic species of solonetz meadows is Cirsium brachy-
cephalum. This species listed in Annex I of the Habitats Directive can form dense stands up to several
hectares (Appendix S1b).

Solonetz meadows are sensitive to the changes of water availability.

After consecutive dry years their species pool can shift towards Pannonian dry alkaline grasslands
(Appendix Slc; Festucion pseudovinae So6 1933) while after a longer wet period they can have salt
marsh (order Bolboschoenetalia maritimi Hejny 1967) characteristics (MOLNAR & BORHIDI 2003). In
dry years, the cover of Agrostis stolonifera decreases and some dry grassland species (Festuca pseudo-
vina, Poa angustifolia, Scorzonera cana and Trifolium spp.) can increase in cover. In dry years with
some extra nutrient surplus, weedy thistle species (Cirsium arvense and C. vulgare) may invade solo-
netz meadows.

2.3 Studied solonetz meadow associations

The most widespread associations of the alliance Beckmannion eruciformis are: (i) Agrostio stolo-
niferae-Alopecuretum pratensis So6 1933 corr. Borhidi 2003, (ii) Agrostio stoloniferae-Beckmannietum
eruciformis Rapaics ex So6 1930 and (iii) Agrostio stoloniferae-Glycerietum pedicellatae Magyar ex
So6 1933 corr. Borhidi 2003. We abbreviated these association names as Agrostio-Alopecuretum,
Agrostio-Beckmannietum and Agrostio-Glycerietum hereafter in the text.

189



2.3.1 Agrostio stoloniferae-Alopecuretum pratensis

This widespread mesophilous solonetz meadow association is typical at the highest elevations
compared to the other two solonetz meadow associations, on soils with moderate to low salt contents
(TOROK et al. 2012). Soil horizons A and B are generally salt-free; salts and/or CaCOs can accumulate
only in the deeper soil layers (BODROGKOZY 1965). The stands of this association are covered by water
from early spring till early summer. Then they get dry also in the deeper soil layers. Thus, polygonal
patterns of deep cracks are formed in the soil (TOROK et al. 2012). This association is often positioned
between Pannonian dry alkaline grasslands (Festucion pseudovinae) and other solonetz meadow associ-
ations (Agrostio-Beckmannietum or Agrostio-Glycerietum; BORHIDI et al. 2012). Depending on the
amount of winter and spring precipitation, the stands of Agrostio-Alopecuretum can have either dry
grassland or a salt marsh character. Agrostio-Alopecuretum stands are rich in species of neighbouring
associations, and the species composition can be highly variable, driven by changes in site conditions
and water availability (BORHIDI et al. 2012). Agrostio-Alopecuretum stands are usually utilised as hay
meadows or pastures for cattle. In certain cases Agrostio-Alopecuretum stands are grazed by sheep
(TOROK et al. 2012).

Dominant grass species are Alopecurus pratensis, Elymus repens and Agrostis stolonifera. Both
consecutive dry summers and cessation of grazing in formerly grazed areas can result in an increased
dominance of Elymus repens (BODROGKOZY 1965). Steppe species such as Achillea collina, Festuca
pseudovina, Trifolium angulatum, T. retusum and T. striatum may spread into dried stands. Tussocks
are typical in stands with stable water regime, regular water supply and cattle grazing (BORHIDI et al.
2012). In stands where the salt accumulation is higher in the upper horizons, Limonium gmelini ssp.
hungarica may appear (BODROGKOZY 1965). In wet stands of Agrostio-Alopecuretum association,
Juncus species (Juncus effusus, J. conglomeratus, J. compressus and J. gerardi) occur with high fre-
quency and cover (BORHIDI et al. 2012).

2.3.2 Agrostio stoloniferae-Beckmannietum eruciformis

Agrostio-Beckmannietum association is typical of soils with moderate to high salt-content (TOROK
et al. 2012). This solonetz meadow association is usually in an intermediate position between Agrostio-
Alopecuretum and Agrostio-Glycerietum associations. Surface layer of the soil has generally a loose
structure, but in the deeper B horizon there is a thick columnar structure (BODROGKOZY 1965). Agros-
tio-Beckmannietum has a long-lasting surface water cover from spring till early summer, and it dries out
regularly during midsummer (DITE et al. 2011, 2012). Agrostio-Beckmannietum stands are usually not
used for hay-making because their wet soil and tussocks prohibit mechanical harvest. Agrostio-
Beckmannietum stands are generally used for cattle grazing (TOROK et al. 2012).

Similarly to the other two solonetz meadow associations grass dominance is typical in Agrostio-
Beckmannietum caused by the high cover of Alopecurus pratensis, Agrostis stolonifera and Beckmannia
eruciformis. Halophyte species, like Aster tripolium ssp. pannonicum and Puccinellia limosa are typical
in this association. Due to the high salt content and permanent water cover till midsummer species
characteristic of salt marshes like Bolboschoenus maritimus often occur (BORHIDI et al. 2012).

2.3.3 Agrostio stoloniferae-Glycerietum pedicellatae

Agrostio-Glycerietum is typical at the lowest elevations among solonetz meadows, generally cov-
ered by water until late summer (BORHIDI et al. 2012). The soil surface dries out only in very dry sum-
mers (BODROGKOZY 1965). The soil is eluviated without a definite column structure, and a low salt-
content is typical (BODROGKOZY 1965). This association often forms a transition between solonetz
meadow and salt marsh associations. Stands of this association are often unmanaged as they cannot be
mown by machinery because of the permanently wet soil. When the surroundings are grazed, cattle may
feed here accidentally. Tussock formation is not typical in this association (BORHIDI et al. 2012, TOROK
et al. 2012). In this association the dominant grasses are Glyceria fluitans ssp. poiformis and Agrostis
stolonifera. As subordinate species Beckmannia eruciformis, Eleocharis palustris, Epilobium
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tetragonum and Lycopus europaeus are typical. Several species characteristic of salt marshes like
Bolboschoenus maritimus, Schoenoplectus lacustris ssp. lacustris and S. lacustris ssp. tabernaemontani

occurs regularly in the vegetation.

2.4 Study sites

We collected altogether 155 relevés from five regions in the Hungarian Great Plain, along the river
Tisza (East Hungary, Fig. 1). We used published relevés of BODROGKOZY (1965) from the Hortobagy
region and GALLE & KORMOCZI (2004) from the Jaszsag region. The location, number and source of
relevés used in the paper are summarized in Table 1. We studied the following associations: (i) Agros-
tio-Alopecuretum (Fig. 2), (ii) Agrostio-Beckmannietum (Fig. 3) (iii) Agrostio-Glycerietum (Fig. 4). The
nomenclature follows BORHIDI et al. (2012) for syntaxa and KIRALY (2009) for taxa.

A AgrAlo
@® AgrBeck
B AgrGly

Nagykunsag

Jaszsag

Maros-szég

e Kilometers
0 25 50 100

Fig. 1. Location of the study sites in East Hungary. Notations - Abbreviation of associations: AgrAlo —
Agrostio stoloniferae-Alopecuretum pratensis, AgrBeck — Agrostio stoloniferae-Beckmannietum eruci-
formis, AgrGly — Agrostio stoloniferae-Glycerietum pedicellatae.

Abb. 1. Lage der Untersuchungsgebiete in Ost-Ungarn. Abkiirzungen der Assoziationen s.o.
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Table 1. Summary of relevés of the solonetz meadows. Notations: * — relevés of GALLE & KORMOCZI

(2004); ** — relevés of BODROGKOZY (1965).

Tabelle 1. Zusammenfassung der Vegetationsaufnahmen des Solonetzgraslands. Anmerkungen:
* — Aufnahmen von GALLE & KORMOCZI (2004); ** — Aufnahmen von BODROGKOZY (1965).

Association Region Location No. of relevés
Agrostio-Alopecuretum Hevesi-sik Heves 5
Jaszsag Rékoczifalva 5*
Nagykunsag Nagyivan 20
Nagykunsag Egyek 10
Hortobagy Balmazujvaros 10
Hortobagy Nagyhegyes 10
Maros-szog Szeged 9
Hortobagy Hortobagy 15%*
Agrostio-Beckmannietum Hortobagy Balmazujvaros 6
Nagykunsag Nagyivan 20
Nagykunsag Egyek 10
Maros-szog Szeged 5
Hortobagy Hortobagy 10%*
Agrostio-Glycerietum Hortobagy Hortobagy 10**
Nagykunsag Egyek 5
Hortobagy Balmazujvaros 5

Fig. 2. Stand of Agrostio stoloniferae-Alopecuretum pratensis (Photo: Balazs Dedk).

Abb. 2. Bestand des Agrostio stoloniferae-Alopecuretum pratensis (Foto: Balazs Dedk).
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Fig. 3. Stand of Agrostio stoloniferae-Beckmannietum eruciformis (Photo: Balazs Deék).

Abb. 3. Bestand des Agrostio stoloniferae-Beckmannietum eruciformis (Foto: Balazs Dedk).

Fig. 4. Stand of Agrostio stoloniferae-Glycerietum pedicellatae (Photo: Balazs Dedk).

Abb. 4. Bestand des Agrostio stoloniferae-Glycerietum pedicellatae (Foto: Balazs Deék).
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2.5 Statistical analysis

Cover-based DCA ordination was used to explore the differences among associations in the five
study regions (CANOCO 4.5; LEPS & SMILAUER 2003). To reveal landscape-scale compositional
differences, we used percentage cover scores from all relevés listed in Table 1 for the DCA. Mean
cover scores of all detected species are listed in Appendix S2. We used phytosociological groups and
flora elements to characterise the composition of the associations (BORHIDI 1995). Flora elements were
categorised based on SIMON (2000) and grouped into the following six merged groups: adventive group
(adventives), cosmopolitan group (cosmopolitans), European group (circumboreal, European, Eura-
sian), Mediterranean group (atlantic-submediterranean, submediterranean and Balkan), continental
group (continental, Pontic-Mediterranean, Pontic, Pontic-Pannonian and Turanian), and endemic group
(Pannonian). Species were assigned into phytosociological groups at the division level (SIMON 2000) to
the following seven categories: Lemno-Potametea, Cypero-Phragmitetea, Molinio-Arrhenatheretea,
Puccinellio-Salicornetea, Festuco-Brometea, Chenopodio-Scleranthetea and Indifferent.

We compared the ecological characteristics of the solonetz meadow, salt marsh (Bolboschoenetum
maritimi Eggler 1933 sensu latissimo, the most similar to Astero pannonici-Bolboschoenetum compacti
see also HROUDOVA et al. 2009) and freshwater marsh (Typhetum angustifoliae So6 1927) associations
(Appendix S1d and Sle). Cover-weighted relative ecological indicator values for soil moisture (WB)
and salinity (SB) were calculated using percentage cover scores based on ELLENBERG et al. (1992)
modified by BORHIDI (1995). For these analyses, we used own relevés (15 relevés per association) from
a single region (Hortobagy) to eliminate the effect of the regional species pools in different landscapes
(DENGLER et al. 2014). Cover-weighted WB and SB scores of the solonetz meadow and marsh associa-
tions were compared using Kruskal-Wallis and Tukey tests in SPSS 20.0 (ZAR 1999).

3. Results and Discussion

3.1 General floristic composition and influence of the regional species pool

In the DCA ordination relevés of the three associations were separated along the 1% axis
(Fig. 5). The 1% DCA axis represented the moisture gradient and showed an increase towards
the highest scores. Accordingly, Agrostio-Alopecuretum was situated at the dry end of the
moisture gradient, Agrostio-Beckmannietum in the middle and Agrostio-Glycerietum was on
the wet end of the moisture gradient. The moisture gradient was also indicated by the distri-
bution of the phytosociological groups along the 1 DCA axis (Fig. 5). The proportion of
Festuco-Brometea species typical for dry grasslands was the highest in Agrostio-Alopecur-
etum association (Fig. 5; Table 2). Conversely, the proportion of Cypero-Phragmitetea spe-
cies characteristic for salt- and freshwater marshes was the highest in Agrostio-Glycerietum
(Fig. 5; Table 2). At the middle of the gradient the relevés of Agrostio-Beckmannietum and
relevés of the wetter stands of Agrostio-Alopecuretum were placed, where we detected
a high proportion of the Puccinellio-Salicornetea species. These species are typical in alkali
landscapes, and are characterised generally by moderate moisture requirements.

The DCA ordination showed that Agrostio-Alopecuretum was a heterogeneous associa-
tion having stands with a dry-mesophilous character. The driest stands of Agrostio-
Alopecuretum formed a compact group (Fig.5) with several dry grassland species like
Festuca pseudovina, Limonium gmelinii, Poa angustifolia, Trifolium angulatum and T. stria-
tum. These species are typical for dry steppes (Festucion pseudovinae So6 1993) and alkali-
grass meadows (Puccinellion limosae Varga & V. Sipos ex Borhidi 2003) (TOROK et
al. 2012). Environmental characteristics of this association offer proper site conditions for
the establishment of species characteristic to the surrounding alkaline dry grasslands; thus,
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Table 2. Cover-weighted proportions of phytosociological groups in the three studied solonetz meadow
associations. Abbreviation of associations: AgrAlo — Agrostio stoloniferae-Alopecuretum pratensis,
AgrBeck — Agrostio stoloniferae-Beckmannietum eruciformis, AgrGly — Agrostio stoloniferae-
Glycerietum pedicellatae.

Tabelle 2. Nach Deckungsgrad gewichtete Anteile pflanzensoziologischer Gruppen in den drei unter-
suchten Solonetzgrasland-Assoziationen. Abkiirzungen der Assoziationen s.o.

AgrAlo AgBec AgrGly

Lemno-Potametea 0.0 0.1 0.3
Cypero-Phragmitetea 3.7 4.2 53.7
Molinio-Arrhenatheretea 6.6 4.1 3.9
Puccinellio-Salicornetea 6.6 26.7 6.5
Festuco-Brometea 1.6 0.0 0.0
Chenopodio-Scleranthetea 0.1 1.0 1.3
Indifferent 81.4 64.0 343

AgrAlo

4 * Hevesi-sik ® Jaszsag

®  Nagykunsag @ Hortobagy JUNCCONG

A Maros-szég

AgrBec

®  Nagykunsag CIRSARVE

® Jaszsag A Maros-szog LYTHVIRG

AgrGly ALISLANC VEROSGUT

®  Nagykunsag e Hortobagy RORIAUST JUNCEFFU
RUMESTEN SCHOLACU

LX)
» ATRIPRES -%ROSTOL BOLBMARI
5 2 - gk @
% . ] & o
p: ELE UL ,glﬁwm' RO.RISYLV
6 GAREMELA Foe . L
a TRIFSTRI L “ % TYPHANGU
Z SUEES depppeori L T, o m,
c POA_ANGUTR|IFANGU ° eoel%e ELEOPALU
~ LIMOGMEL CAREPRAE = o %t
FESTPSEU ® °
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L]
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MENTPULE
INULBRIT
RANUSARD ALOPGENI
LOTUANGU
LEONAUTU
TRIFFRAG
| | | |
0 2 4 6
1st DCA axis

Fig. 5. DCA ordination of the solonetz meadow associations in five regions of East-Hungary based on
percentage cover scores. Abbreviation of associations, see Table 2. Species are abbreviated using the
first four letters of their genus and species names.

Fig. 5. DCA-Ordination der Solonetzgrasland-Assoziationen in fiinf Regionen Ost-Ungarns basierend
auf Prozent-Deckungswerten. Abkiirzungen der Assoziationen s. Tabelle 2. Die Arten sind durch die
ersten vier Buchstaben des Gattungsnamens und Artepithetons abgekiirzt.
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Agrostio-Alopecuretum association plays a vital role in preserving and maintaining the spe-
cies pool of the surrounding dry grasslands. The analysis of flora element groups also con-
firmed this pattern (Table 3). We found that the proportion of the continental flora elements
was high in Agrostio-Alopecuretum association. These continental elements, like Festuca
pseudovina, Lotus angustissimus, Scorzonera cana and Trifolium retusum were mainly typi-
cal to alkaline dry grasslands. Two Pannonian endemic species, Limonium gmelinii and
Puccinellia limosa were present in Agrostio-Alopecuretum, which are also typical species of
Festuco-Puccinellietea class.

Elymus repens was a typical species of dry and slightly degraded Agrostio-Alopecuretum
stands. High cover of E. repens typically occurs after the cessation of high intensity grazing
(TOROK et al. 2012). All relevés of the southern regions (Jaszsag and Maros-sz0g) were at
the drier end. Some relevés of Agrostio-Alopecuretum were intersected with those of
Agrostio-Beckmannietum. These stands were characterised by sufficient water supply and
were only typical for the regions Hortobagy and Nagykunsag. Their species pool was similar
to Agrostio-Beckmannietum, but they had some differential species, like Lycopus europaeus,
Mentha pulegium and Poa trivialis. As Alopecurus pratensis was typical for both the dry and
wet stands of Agrostio-Alopecuretum and also for Agrostio-Beckmannietum, it was situated
in a central position on the DCA ordination. Even though Agrostis stolonifera was a charac-
teristic species of the Agrostio-Alopecuretum association it was typical for the wettest stands
and also occurred in Agrostio-Beckmannietum which in general had better water supply.

Table 3. Cover-weighted proportions of Flora elements in the three studied solonetz meadow associa-
tions. Abbreviation of associations see Table 2.

Table 3. Nach Deckungsgrad gewichtete Anteile von Florenelementen in den drei untersuchten Solo-
netzgrasland-Assoziationen. Abkiirzungen der Assoziationen s. Tabelle 2.

Flora elements AgrAlo AgBec AgrGly
Adventive group

Adventives 0.1 0.1 0.0
Cosmpolitan group

Cosmopolitans 9.5 46.0 38.8
European group

Circumboreal 17.2 29.6 5,2

Eurasian 61.6 14.7 6.2

European 33 2.1 47.8
Mediterranean group

Atlantic-Submediterranean 0.3 0.0 0.0

Submediterranean 0.5 1.4 0.0

Balkan 0.8 0.0 0.0
Continental group

Continental 3.9 5.0 0.8

Pontic-Mediterranean 1.3 0.3 0.0

Pontic 0.5 0.2 1.2

Pontic-Pannonian 0.0 0.4 0.0

Turanian 0.1 0.0 0.0
Endemic group

Pannonian 1.0 0.2 0.0
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The relevés of Agrostio-Beckmannietum showed a heterogeneous pattern; they were well
separated from Agrostio-Glycerietum but had a considerable overlap with the Agrostio-
Alopecuretum association. Agrostis stolonifera and Beckmannia eruciformis were the most
typical species of this association. Both species demand moist conditions till mid-summer.
Proportion of continental species was considerable here, containing Lythrum virgatum, Ra-
nunculus lateriflorus and Rumex stenophyllus (Table 3). Continental flora elements typical
for dry grasslands were missing except Lotus angustissimus. The endemic Cirsium brachy-
cephalum was found exclusively in Agrostio-Beckmannietum. Species of Puccinellio-
Salicornetea division had the highest proportion in Agrostio-Beckmannietum, because a high
soil salinity is typical in this solonetz meadow association (Table 2).

Agrostio-Glycerietum formed a more homogeneous group compared to the other associa-
tions. Relevés of the two regions (Hortobagy and Nagykunsag) were clearly separated. The
most abundant species of Agrostio-Glycerietum was Glyceria fluitans ssp. poiformis. As this
association was at the wet end of the moisture gradient within the Beckmannion eruciformis
alliance, it formed a transition between the solonetz meadows and the salt marshes. This
position was also confirmed by the high proportion of Cypero-Phragmitetea species (Ta-
ble 3). Several species typical of salt and freshwater marshes were present in high cover in
Agrostio-Glycerietum, e.g. Bolboschoenus maritimus, Eleocharis palustris and Typha an-
gustifolia. Proportion of continental elements was low in Agrostio-Glycerietum, only Carex
melanostachya, Ranunculus lateriflorus and Rumex stenophyllus were present with low
cover and frequency (Table 2). No endemic species were found in this association.

3.2 Relative ecological indicator values for soil moisture (WB) and salinity (SB)

Soil moisture and salinity was found to be important factors affecting vegetation compo-
sition in inland saline communities (DAVY et al. 2011, WANNER et al. 2014, KELEMEN et al.
2013, ELIAS et al. 2013). A recent study proved the relationship between vegetation type,
soil humidity and salinity along an elevation gradient in Festuco-Puccinellietetea associa-
tions in solonchak soils (VALKO et al. 2014). In their study, low humidity and medium sa-
linity was typical at the highest-elevated Artemisio santonici-Festucetum pseudovinae So6 in
Mathé corr. Borhidi 1996 association, while the highest humidity and medium salinity was
typical at the lowest-elevated Scorzonero parviflorae-Juncetum gerardii (Wenzl 1934)
Wendelberger 1943 associations. The highest salinity was associated with a low humidity in
Puccinellietum limosae Magyar ex So6 1933 at intermediate elevations.

Our analyses of relative ecological indicator values for soil moisture showed that cover-
weighted WB scores were lowest in Agrostio-Alopecuretum and highest in Agrostio-
Glycerietum among the studied solonetz meadow associations (Table 4). Cover-weighted
ecological indicator values for soil salinity (SB) scores were highest in Agrostio-
Beckmannietum and lowest in Agrostio-Glycerietum among solonetz meadow associations
(Table 4). These results suggest a similar pattern of moisture-salinity-elevation relationships
in solonetz meadows, like in case of Festuco-Puccinellietea: humidity generally increases
with decreasing elevation, while salinity is the highest at medium elevations, but this obser-
vation needs to be confirmed by further experimental measurements of soil parameters and
elevation.

The relationship between cover-weighted WB and SB scores of the studied associations
showed that Agrostio-Alopecuretum was at the driest end of the moisture gradient, followed
by Agrostio-Beckmannietum, which slightly overlapped with Agrostio-Alopecuretum and
Agrostio-Glycerietum associations (Fig. 6). Agrostio-Glycerietum association was character-
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Table 4. Cover-weighted relative ecological indicator values for soil moisture (WB) and salinity (SB)
scores of the studied solonetz meadow and marsh associations (mean+SD). Different superscripted
letters indicate significant differences (Kruskal-Wallis tests, p < 0.001). Abbreviation of associations:
AgrAlo — Agrostio stoloniferae-Alopecuretum pratensis, AgrBeck — Agrostio stoloniferae-Beckmanni-
etum eruciformis, AgrGly — Agrostio stoloniferae-Glycerietum pedicellatae; Bolmar — Bolboschoene-
tum maritimi sensu latissimo; Typang — Typhetum angustifoliae.

Table 4. Nach Deckungsgrad gewichtete relative 6kologische Zeigerwerte fiir Bodenfeuchte (WB) und
Salinitit (SB) der untersuchten Solonetzgrasland- und Marsch-Assoziationen (Mittelwert+=SD). Unter-
schiedliche hochgestellte Buchstaben zeigen signifikante Unterschiede an (Kruskal-Wallis-Tests,
p <0.001). Abkiirzungen der Assoziationen s.0.

AgrAlo AgrBec AgrGly Bolmar Typang

Cover-weighted WB scores 6.82£0.45°  7.64+0.48"% 8.17+0.51> 9.83+0.24°  9.89+0.24°
Cover-weighted SB scores 1.3940.48%  3.17+1.60°  1.09£0.51* 2.06+0.63% 1.09+0.36"
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Fig. 6. Relationships between cover-weighted ecological indicator values for soil humidity (WB) and
salinity (SB) in solonetz meadows, salt marshes and freshwater marshes in the Hortobagy region. Ab-
breviation of associations see Table 4.

Fig. 6. Beziehungen zwischen nach Deckungsgrad gewichteten 6kologischen Zeigerwerten fiir Boden-
feuchte (WB) and Salinitit (SB) im Solonetzgrasland, in Salzmarschen und in Stiwassermarschen in
der Hortobagy-Region. Abkiirzungen der Assoziationen s. Tabelle 4.
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ised by the highest cover-weighted WB scores among solonetz meadows. Salt and freshwa-
ter marshes were at the wet end of the gradient with higher cover of hygrophyte species
compared to the solonetz meadows. Species typical for dry and semi-humid habitats
(WB 2-5; Artemisia santonicum, Pholiurus pannonicus and Polygonum aviculare) were
only present with low frequency and cover scores in all the studied associations. Species
typical in fresh soils (WB 6) included Alopecurus pratensis, which had the highest cover in
Agrostio-Alopecuretum, resulting in the shift of this association towards to the driest end of
the moisture gradient. Agrostis stolonifera and Beckmannia eruciformis had the highest
cover scores from the group of plants of moist soils (WB 7-8), especially in Agrostio-
Beckmannietum and Agrostio-Glycerietum. Species characteristic to wet and frequently
flooded soils (WB 9-10) had low cover scores in Agrostio-Alopecuretum and Agrostio-
Beckmannietum. These species included Bolboschoenus maritimus, Glyceria fluitans ssp.
poiformis and Typha angustifolia with a considerable cover in Agrostio-Glycerietum and in
marsh associations, which suggests the similarity of their species pool and environmental
conditions. Aquatic plants (WB 11-12) were present with low cover scores in Agrostio-
Glycerietum (Lemna minor and Ranunculus aquatilis) and they were missing from the other
two solonetz meadows associations.

We found that Agrostio-Beckmannietum was characterised by the highest cover of salt-
tolerant species (Fig. 6, Table 4, see also DITE et al. 2012). The proportion of salt-tolerant
species was the lowest in Typhetum angustifoliae marshes. Our results suggest that Agrostio-
Beckmannietum might be a transition towards salt marsh associations (represented by
Bolboschoenetum maritimi sensu latissimo in our study), while Agrostio-Glycerietum is
a transition towards freshwater marshes (represented by Typhetum angustifoliae in our
study) regarding SB and WB scores. The ratio of the group of species of non-alkaline soils
(SB 0-1) was considerably lower in Agrostio-Beckmannietum and Bolboschoenetum mariti-
mi sensu latissimo associations, which suggests the higher salt content of their soils. Cover
of species of soils with low to medium salt content (SB 2—5) showed no clear trends in the
studied associations. The group of species of soils with middle to high salt content (SB 6)
had high cover scores in Agrostio-Beckmannietum, and it was mainly consisted of Beckman-
nia eruciformis. Polyhalin and euhalin species (SB 7-8; Aster tripolium and Pholiurus pan-
nonicus) were present only in Agrostio-Beckmannietum.

4. Conclusions

We found that the three studied solonetz meadow associations were separated both in
species composition and ecological indicator values along the moisture and salinity gradi-
ents. The association of Agrostio-Alopecuretum was characterised by low moisture and
salinity, Agrostio-Beckmannietum by medium moisture but high salinity, and Agrostio-
Glycerietum by high moisture and low salinity values. The ratio of the dry grassland species
typical for the Pannonian alkaline dry grasslands (Festuca pseudovina, Lotus angustissimus,
Scorzonera cana, Trifolium angulatum and T. retusum) was the highest in Agrostio-
Alopecuretum. The proportion of the salt-tolerant species (like Aster tripolium and Pholiurus
pannonicus) was the highest in Agrostio-Beckmannietum, due to the higher salt content of
the soil compared to the other studied associations. Agrostio-Glycerietum was characterized
by the low cover of salt-tolerant and alkaline dry grassland species and the high cover of
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Cypero-Phragmitetea species. Pannonian endemic species (Cirsium brachycephalum, Limo-
nium gmelinii and Puccinellia limosa) occurred only in Agrostio-Alopecuretum and Agros-
tio-Beckmannietum associations.

Our results suggest that preserving solonetz meadows is an important task for nature
conservation as they have a crucial role in maintaining landscape-scale species and habitat
diversity and act as buffer zones around salt marshes. We found that solonetz meadows
harbour several continental and endemic species (MOLNAR & BORHIDI 2003, TOROK et al.
2012). Our results show that soil moisture considerably affects the species pool and the
spatial distribution of these associations. Thus, for their conservation it is crucial to preserve
or ensure the natural water regime typical for alkali landscapes (TOROK et al. 2012). Region-
al decrease of groundwater level by river regulations or drainage especially threaten Agros-
tio-Alopecuretum and Agrostio-Beckmannietum associations. Our results also suggest that
due to decreased water availability, the cover of Elymus repens, a ruderal competitor, can
increase. In such cases, especially adjacent to degraded grassland stands or arable lands, the
invasion of weedy species can be foreseen (TOROK et al. 2010). Soil salt content is also
expected to decrease due to the decrease in groundwater level (MOLNAR & BORHIDI 2003,
TOTH & KERTESZ 1996), resulting in a decline of salt-tolerant continental elements typical
for alkali landscapes in the future. Besides sustaining adequate water regime, for the mainte-
nance of biodiversity in solonetz meadows, traditional land-use by grazing or mowing is
essential, like in several other open grassland systems (DENGLER et al. 2012, ROSENTHAL et
al. 2012, SCHWABE et al. 2013, TOROK et al. 2012).

Erweiterte deutsche Zusammenfassung

Einleitung — Feuchtwiesen sind Ubergangshabitate zwischen Biotopen nasser Standorte und meso-
philen bis trockenen Graslidndern. Sie sind daher wesentlich zur Erhaltung der Biodiversitét als Ur-
spriinge, Trittsteine und griine Korridore fiir die Ausbreitung von Arten. Dies gilt insbesondere fiir
binnenléndische Alkali-Vegetation, die auf der Landschaftsebene sehr liickenhaft verbreitet ist und bei
denen rasche Wechsel zwischen den Vegetationstypen vorkommen. Solonetz-Grasland (Beckmannion
eruciformis) gehort zu den am besten geschiitzten Offenland-Habitaten in Europa, und es beherbergt
eine einzigartige Flora und Fauna einschlieBlich zahlreicher Endemiten.

Material und Methoden — Unter Verwendung von eigenen Aufnahmen und Literaturdaten (Tab. 1)
legen wir eine Synthese des Verbandes Beckmannion eruciformis vor, um seine Assoziationen floris-
tisch und 6kologisch in fiinf Regionen entlang des Flusses Tisza (Thei3) in Ost-Ungarn zu charakteri-
sieren. Wir untersuchten drei Assoziationen des Verbandes: (1) Agrostio stoloniferae-Alopecuretum
pratensis, (2) Agrostio stoloniferae-Beckmannietum eruciformis und (3) Agrostio stoloniferae-Glyceri-
etum pedicellatae, ab hier als Agrostio-Alopecuretum, Agrostio-Beckmannietum und Agrostio-Glyceri-
etum bezeichnet. Pflanzensoziologische Gruppen und Florenelemente wurden verwendet, um die Ar-
tenzusammensetzung der Assoziationen zu charakterisieren. Die 6kologischen Charakteristika der
Solonetgrasland-Assoziationen, Salzmarschen (Bolboschoenetum maritimi) und SiiBwassermarschen
(Typhetum angustifoliae) wurden anhand Deckungsgrad-gewichteter okologischer Zeigerwerte fiir
Feuchtigkeit und Salinitét verglichen.

Ergebnisse und Diskussion — Die Solonetgrasland-Assoziationen waren entlang eines Feuchtig-
keitsgradienten mit dem Agrostio-Alopecuretum am trockenen Ende und dem Agrostio-Glycerietum am
nassen Ende getrennt (Abb. 5). Dieser Gradient wurde auch durch die Verbreitung der pflanzensoziolo-
gischen Gruppen bestitigt (Tab. 2). Der Anteil kontinentaler Florenelemente und von Festuco-
Brometea-Arten war im Agrostio-Alopecuretum am hochsten (Tab. 3). Diese Tatsache legt nahe, dass
diese Assoziation eine bedeutende Rolle fiir die Erhaltung der Florenelemente der umgebenden trocke-
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nen Grasldnder spielt. Der Anteil der Cypero-Phragmitea-Arten war im Agrostio-Glycerietum am
hochsten (Tab. 3). Arten der Puccinellio-Salicornetea hatten den hochsten Anteil im Agrostio-
Beckmannietum (Tab. 3), was auf den hohen Salzgehalt im Boden dieser Assoziation hindeutet. Die
okologischen Indikatorwerte fiir Bodenfeuchte und Salzgehalt legen nahe, dass im Fall der untersuchten
Solonetzgrasland-Assoziationen die Feuchtigkeit mit sinkender Hohe steigt, wihrend die Salinitét in
mittlerer Geldndeh6he am hochsten ist (Tab. 4, Abb. 6). Unsere Ergebnisse weisen darauf hin, dass das
Agrostio-Beckmannietum ein Ubergang zu Salzmarsch-Assoziationen ist, wihrend das Agrostio-
Glycerietum einen Ubergang zu SiiBwassermarschen darstellt (Abb. 6).

Schlussfolgerungen — Unsere Ergebnisse zeigen, dass der Schutz von Solonetzgrasland eine wich-
tige Aufgabe des Naturschutzes ist, da sie eine entscheidende Rolle im Erhalt der Arten- und Habitat-
Diversitdt auf der Landschaftsebene haben und als Pufferzonen um Feuchtgebiete herum wirken. Wir
fanden, dass die drei untersuchten Solonetgrasland-Assoziationen sowohl in ihrer Artenzusammenset-
zung wie auch in ihren Okologischen Zeigerwerten entlang des Feuchtigkeits- und Salzgehalts-
Gradienten getrennt waren. Demzufolge ist es entscheidend fiir den Erhalt des Solonetzgraslands, die
natiirlichen Wasserregime und Bodensalzgehalte zu gewahrleisten.

Acknowledgements

We are thankful to Pavol Elias Jr., Milan Chytry and an anonymus reviewer for their useful comments
on the manuscript. The authors were supported by TAMOP 4.2.1./B-09/1/KONV-2010-0007, TAMOP-
422 B-10_1-2010-0024, TAMOP-4.2.2/C-11/1/KONV-2012-0010 and TAMOP- 4.2.4.A/2-11-1-
2012-0001 (O.V., P.T.). The TAMOP projects are implemented through the New Hungary Develop-
ment Plan, co-financed by the European Social Fund and the European Regional Development Fund.
P.T. was supported during writing of this paper by the Hungarian Academy of Sciences and Hungarian
Research Found (OTKA, PD 100 192). O.V. was supported by the Internal Research Grant of the
University of Debrecen.

Supplements and Appendices

Additional supporting information may be found in the online version of this article.

Zusitzliche unterstiitzende Information ist in der Online-Version dieses Artikels zu finden.

Appendix S1. Photos of typical associations of alkali landscapes.

Anhang S1. Fotos typischer Assoziationen der Alkali-Landschaften.

Appendix S2. Relative ecological indicator values for soil moisture (WB) and salinity (SB) and mean
cover scores of detected species in the solonetz meadows.

Anhang S2. Relative &kologische Zeigerwerte (Feuchtezahl WB, Salzzahl SB) und mittlere De-
ckungswerte von im Solonetzgrasland gefundenen Arten.

References

BARCZI, A., TOTH, T.M., CSANADI, A., SUMEGI, P. & CZINKOTA, I. (2006): Reconstruction of the paleo-
environment and soil evolution of the Csipéhalom kurgan, Hungary. — Quaternary International
156-157: 49-59.

BECKER, T., REITALU, T., RUPRECHT, E. & DENGLER, J. (2013): Dry grassland of Europe: biodiversity,
classification, conservation and management — Editorial to the 8" Dry Grassland Special Feature. —
Tuexenia 33: 285-291.

201



BODROGKOZY, G. (1965): Ecology of the halophilic vegetation of the Pannonicum. IL: Correlation
between alkali ("szik") plant communities and genetic soil classification in the Northern Hortobagy.
— Acta Bot. Hung. 11: 1-51.

BODROGKOZY, G. (1970): Ecology of the halophilic vegetation of the Pannonicum VI. Effect of the
soil-ecological factors on the vegetation of the reserve of lake “Dongér” at Pusztaszer. — Acta Biol.
Szeged. 16: 21-41.

BORHIDI, A., KEVEY, B. & LENDVAI G. (2012): Plant communities of Hungary. — Akadémiai Kiado,
Budapest: 544 pp.

BORHIDI, A. (1995): Social behaviour types, the naturalness and relative ecological indicator values of
the higher plants in the Hungarian flora. — Acta Bot. Acad. Sci. Hung. 39: 97-181.

DAVY, A.J.,, BROWN, M.J.H., MOSSMANN, H.L. & GRANT, A. (2011): Colonization of a newly develop-
ing salt marsh: disentangling independent effects of elevation and redox potential on halophytes. —
J. Ecol. 99: 1350-1357.

DENGLER, J., BECKER, T., RUPRECHT, E., SZABO, A., BECKER, U., BELDEAN, M., BITA-NICOLAE, C.,
DOLNIK, C., GOIA, L., PEYRAT, J., SUTCLIFFE, L.M.E., TURTUREANU, P.D. & UGURLU, E. (2012):
Festuco-Brometea communities of the Transylvanian Plateau (Romania) - a preliminary overview
on syntaxonomy, ecology, and biodiversity. — Tuexenia 32: 319-359.

DENGLER, J., JANISOVA, M., TOROK, P. & WELLSTEIN, C. (2014): Biodiversity of Palaearctic grass-
lands: a synthesis. — Agric. Ecosys. Environ. 182: 1-14.

DiTE, D., ELIAS, P. JUN., HRIVNAK, R., MELECKOVA, Z. (2011): Beckmannia eruciformis (L.) Host in
Slovakia — distribution, ecology and coenotic affinity. — Haquetia 10: 171-181.

DITE, D., HRIVNAK, R., MELECKOVA, Z., ELIAS, P. JUN. & DAJIC-STEVANOVIC, Z . (2012): Beckmannia
eruciformis vegetation in the Pannonian Basin (Central and South-Eastern Europe). — Phyton
52:177-194.

EGAN, T.P. & UNGAR, L.A. (2000): Similarity between seed banks and above-ground vegetation along a
salinity gradient. — J. Veg. Sci. 11: 189-194.

ELIAS, P., SOPOTLIEVA, D., DITE, D., HAJKOVA, P., APOSTOLOVA, 1., SENKO, D., MELECKOVA, Z. &
HAJEK, M. (2013): Vegetation diversity of salt-rich grasslands in Southeast Europe. — Appl. Veg.
Sci. 16: 521-537.

ELLENBERG, H., WEBER, H.E., DULL, R., WIRTH, W., WERNER, W. & PAULIBEN, D. (1992): Zeigerwer-
te von Pflanzen in Mitteleuropa. — Goltze, Gottingen, 258 pp.

ENGELHARDT, K.A.M. & RITCHIE, M.E. (2001): Effects of macrophyte species richness on wetland
ecosystem functioning and services. — Nature 411: 687—689.

EU WATER FRAME DIRECTIVE (2000): Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 establishing a framework for Community action in the field of water
policy. — The European Parliament and Council, L327/1: 1-72.

GALLE, L. & KORMOCZI, L. (2004): Ecological mapping works for the Improvement of the Vasarhelyi-
Plan in 2004 — detailed examination from Szolnok to the national boundary - SZTE Okologiai
Tanszék, Szeged: 42 pp.

GALVANEK, D., BECKER, T. & DENGLER, J. (2012): Biodiversity, syntaxonomy, and management —
Editorial to the 7 Dry Grassland Special Feature (with a bibliometrical evaluation of the series) —
Tuexenia 32: 233-243.

HABEL, J.C., TOROK, P., DENGLER, J., JANISOVA, M., WIEZIK, M., STORK, N. & WELLSTEIN, C. (2013):
European grasslands: A threatened ecosystem biodiversity hotspot. — Biodiv. Cons. 22: 2131-2138.

HEINY, S. (1960): Okologische Charakteristik der Wasser und Sumpfpflanzen in den Slowakischen
Tiefebenen. — Vydavatelstvo SAV, Bratislava, pp. 487.

HROUDOVA, Z., HRIVNAK, R. & CHYTRY, M. (2009): Classification of inland Bolboschoenus-
dominated vegetation in Central Europe. — Phytocoenologia 39: 205-215.

JANISOVA, M., MICHALCOVA, D., BACARO, G. & GHISLA, A. (2013): Landscape effects on diversity of
semi-natural grasslands. — Agric. Ecosys. Environ. 182: 47-58.

KELEMEN, A., TOROK, P., VALKO, O., MIGLECZ, T. & TOTHMERESZ, B. (2013): Mechanisms shaping
plant biomass and species richness: plant strategies and litter effect in alkali and loess grasslands. —
J. Veg. Sci. 24: 1195-1023.

KIRALY, G. (Ed.) (2009): Uj magyar fiivészkényv. Magyarorszag hajtasos névényei. Hatarozokulcsok.
(New Hungarian Herbal. The Vascular Plants of Hungary. Identification key) [in Hungarian] — Ag-
gteleki Nemzeti Park Igazgatsag, Josvafé: 1291 pp.

202


http://www.researchgate.net/researcher/72450841_Daniel_Dit/
http://www.researchgate.net/researcher/76329156_Richard_Hrivnak/
http://www.researchgate.net/researcher/2006230780_Zuzana_Meleckova/
http://www.researchgate.net/researcher/72450841_Daniel_Dit/
http://www.researchgate.net/researcher/76329156_Richard_Hrivnak/
http://www.researchgate.net/researcher/2006230780_Zuzana_Meleckova/
http://www.researchgate.net/researcher/2006231065_Pavol_Elias_ml/
http://www.researchgate.net/researcher/2006226802_Dajic-Stevanovic_Z/
http://www.researchgate.net/journal/0079-2047_Phyton_annales_rei_botanicae

LEPS, J. & SMILAUER, P. (2003): Multivariate analysis of ecological data using CANOCO. —Cambridge
University Press, Cambridge: 269 pp.

MOLNAR, Z. & BORHIDI, A. (2003): Hungarian alkali vegetation: Origins, landscape history, syntaxon-
omy, conservation. — Phytocoenologia 33: 377-408.

MOLNAR, Z., BIRO, M., BOLONI, J. & HORVATH, F. (2008): Distribution of the (semi-) natural habitats
in Hungary I.: Marshes and grasslands. — Acta Bot. Hung. 50 (Suppl): 59-105.

ROSENTHAL, G., SCHRAUTZER, J. & EICHBERG, C. (2012): Low-intensity grazing with domestic herbi-
vores: A tool for maintaining and restoring plant diversity in temperate Europe. — Tuexenia 32:
167-205.

RUSINA, S., PUSPURE, I. & GUSTINA, L. (2013): Diversity patterns in transitional grassland areas in
floodplain landscapes with different heterogeneity. — Tuexenia 33: 347-369.

SCHWABE, A., SUSS, K. & STORM, C. (2013): What are the long-term effects of livestock grazing in
steppic sandy grassland with high conservation value? Results from a 12 - year field study. —
Tuexenia 33: 189 -212.

SIMON, T. (2000): A magyarorszagi edényes flora hatarozoéja. (Herbal of the Vascular Plants of Hunga-
ry) [in Hungarian] — Nemzeti Tankonyvkiadd Rt., Budapest: 848 pp.

SUMEG], P., SZILAGYI, G., GULYAS, S., JAKAB, G. & MOLNAR, A. (2013): The late quaternary paleoe-
cology and environmental history of the Hortobagy, an unique mosaic alkaline steppe from the heart
of the Carpathian Basin, Central Europe. — In: PRIETO, M.B.M. & DiAz, T.B. (Eds.) Steppe ecosys-
tems biological diversity, management and restoration: 165—-194. Nova Publishers Inc., New York.

TOROK, P., DEAK, B., VIDA, E., VALKO, O., LENGYEL, S. & TOTHMERESZ, B. (2010): Conserving
grassland biodiversity by restoration: low diversity seed mixtures, weed control, rapid changes, and
landscape effects. — Biol. Cons. 143: 806-812.

TOROK, P., KAPOCSI, I. & DEAK, B. (2012): Conservation and management of alkali grassland biodi-
versity in Central-Europe. — In: ZHANG W.J. (Ed.) Grasslands: Types, Biodiversity and Impacts:
109-118. Nova Science Publishers Inc., New York.

TOTH, T. & KERTESZ, M. (1996): Application of soil-vegetation correlation to optimal resolution map-
ping of solonetzic rangeland. — Arid Soil Res. Rehab. 10: 1-12.

TURI, Z., NEGYESI, G., TURK, G., LOKI, J., BALAZS, B. & SZABO, S. (2013): Spatiotemporal analysis of
the hydrological factors in the subcatchment of the River Tisza, NE-Hungary. — Adv. Res. Eng. Sci.
1:43-51.

VALKO, O., TOTHMERESZ, B., KELEMEN, A., SIMON, E., MIGLECZ, T., LUKACS, B. & TOROK, P.
(2014): Environmental factors driving vegetation and seed bank diversity in alkali grasslands. —
Agric. Ecosys. Environ. 182: 80-87.

WANNER, A., SUCHROW, S., KIEHL, K., MEYER, W., POHLMANN, N., STOCK, M. & JENSEN, K. (2014):
Scale matters: Impact of management regime on plant species richness and vegetation type diversity
in Wadden Sea salt marshes. — Agric. Ecosys. Environ. 182: 69-79.

WILLNER, W., SAUBERER, N., STAUDINGER, M. & SCHRATT-EHRENDORFER, L. (2013): Syntaxonomic
revision of the Pannonian grasslands of Austria — Part I: Introduction and general overview. —
Tuexenia 33: 399-420.

WILSON, J.B., PEET, R.K., DENGLER, J. & PARTEL, M. (2012): Plant species richness: the world records.
—J. Veg. Sci. 23: 796-802.

ZAR, J.H. (1999): Biostatistical Analysis. — Prentice Hall, New Jersey: 663 pp.

203



Deak et al.: Solonetz meadow vegetation (Beckmannion eruciformis) in East-Hungary

Appendix S1. Photos of typical associations of alkali landscapes.
Anhang S1. Fotos typischer Assoziationen der Alkali-Landschaften.

Appendix Sla. Zonation in an alkali landscape with Pannonian dry alkaline grasslands (Festucion pseudovinae) in the front,
solonetz meadows (Beckmannion eruciformis) in the middle and freshwater marshes (Typhetum angustifoliae) and salt marshes
(Bolboschoenetum maritimi). (photo by Balazs Deék.).

Anhang Sla. Zonierung in einer Alkalilandschaft mit trockenem Pannonischen Alkaligrasland (Festucion pseudovinae) im
Vordergrund, Solonetzgrasland (Beckmannion eruciformis) in der Mitte und SiiBwassermarsch (Typhetum angustifoliae) und
Salzmarsch (Bolboschoenetum maritimi). (Foto von Balazs Deak.).

Appendix S1b. Extended stand of Cirsium brachycephalum (photo by Balazs Deak).

Appendix S1b. Ausgedehnter Bestand von Cirsium brachycephalum (Foto von Balazs Deak).



Appendix Slc. Stand of Artemisio santonici-Festucetum pseudovinae (photo by Andras Kelemen).

Appendix Slc. Bestand des Artemisio santonici-Festucetum pseudovinae (Foto von Andras Kelemen).

Appendix S1d. Salt marsh stand (Bolboschoenetum maritimi; photo by Istvan H6dor).

Appendix S1d. Salzmarsch-Bestand (Bolboschoenetum maritimi; Foto von Istvan Hodor).



Appendix Sle. Freshwater marsh stand (7yphetum angustifoliae; photo by Balazs Deak).

Appendix Sle. SiiBwassermarsch-Bestand (Typhetum angustifoliae; Foto von Balazs Dedk).
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Appendix S2. Relative ecological indicator values for soil moisture (WB) and salinity (SB) and mean cover scores of detected
species in the solonetz meadows. Notations: AGR-ALO: Agrostio stoloniferae-Alopecuretum pratensis;AGR-BECK: Agrostio
stoloniferae-Beckmannietum eruciformis; AGR-GLY: Agrostio stoloniferae-Glycerietum pedicellatae. Abbreviations of regions:
Hev - Hevesi-sik; Jas - Jaszsag; Nag - Nagykunsag; Hor - Hortobagy; Mar - Maros-sz6g.

Anhang S2. Relative 0Okologische Zeigerwerte (Feuchtezahl WB, Salzzahl SB) und mittlere Deckungswerte von im
Solonetzgrasland gefundenen Arten. Abkirzungen s. oben.

AGR-ALO AGR-BEC AGR-GLY
Species WB SB Hev Jas Nag Hor Mar Nag Hor Mar Nag Hor
Alopecurus pratensis 6 1 308 380 653 379 544 166 09 4.2 - 0.3
Elymus repens 5 1 11.0 80 159 05 188 - - 1.2 - -
Limonium gmelini ssp. hungarica 6 7 23 116 - 0.1 0.7 - - 0.1 - -
Carex praecox 3 1 - 8.2 0.9 - 5.5 - - - - -
Carex melanostachya 9 1 3.0 - - 6.7 - - - - - 0.7
Trifolium angulatum 2 4 7.9 - 0.8 - 0.1 - - - - -
Poa angustifolia 3 0 6.0 - 0.2 - 0.8 - - 0.1 - -
Trifolium fragiferum 7 4 - - - 5.3 - 0.1 - - - -
Juncus conglomeratus 8 0 - - - 4.7 - 1.8 - - - 0.8
Trifolium striatum 2 1 - 4.1 - - - - - - - -
Galium verum 4 0 - 4.0 - - - - - - - -
Ranunculus lateriflorus 4 4 34 - - 0.2 - - 0.5 - - 13
Rorippa sylvestris ssp. kerneri 6 5 3.2 - - 0.1 - 0.1 - - - 0.7
Lotus angustissimus 2 5 0.1 - 0.2 24 0.1 - 1.0 - - -
Inula britannica 7 2 11 - 1.0 0.5 - 0.4 0.1 - - 0.1
Agrostis stolonifera 7 1 7.6 - 10 154 23 392 354 360 78 259
Eleocharis uniglumis 9 4 - - 0.7 7.6 0.9 17 3.8 0.1 - 0.1
Beckmannia eruciformis 8 6 2.4 - 0.1 4.8 - 218 320 510 22 4.1
Mentha pulegium 7 1 1.0 - - 0.4 1.6 11 1.0 2.4 - -
Juncus effusus 9 0 0.2 - - - 1.2 1.6 - 0.6 - -
Veronica scutellata 9 1 1.0 - - - - 21 - - 0.2 0.7
Lythrum virgatum 8 0 0.2 - 0.1 0.2 0.1 6.1 0.2 0.1 - -
Glyceria fluitans ssp. poiformis 9 0 - - - 0.2 - 0.4 0.1 - 61.0 27.0
Bolboschoenus maritimus 10 3 - - - 0.1 - - 39 - 0.6 15
Alisma lanceolatum 10 0 - - - - - 14 - - - 0.5
Eleocharis palustris 10 1 - - - 0.4 0.2 0.1 15 0.3 1.2 4.2
Schoenoplectus lacustris ssp. 10 3 - - - 0.1 - - - - - 4.2
Alopecurus geniculatus 9 2 - - - 0.8 - 0.2 0.5 0.6 - 2.1
Poa trivialis 7 0 - - 1.2 - - - - - - 2.2
Typha angustifolia 10 1 - - - 0.1 - - 0.2 - - 17
Phalaris arundinacea 4 0 - - - - - - - - - 1.4
Potentilla reptans 6 1 - 0.2 - 0.1 - - - - - 0.9

Species with average cover scores lower than 0.5% in the associations. Notations: numbers in brackets refer to the associations; 1 -
Agrostio stoloniferae-Alopecuretum pratensis, 2 - Agrostio stoloniferae-Beckmannietum eruciformis and 3 - Agrostio stoloniferae-
Glycerietum pedicellatae.

Arten mit mittleren Deckungswerten unter 0,5% in den Assoziationen. Anmerkung: Zahlen in Klammern beziehen sich auf die
Assoziationen; 1 - Agrostio stoloniferae-Alopecuretum pratensis, 2 - Agrostio stoloniferae-Beckmannietum eruciformis and 3 -
Agrostio stoloniferae-Glycerietum pedicellatae.

Ajuga genevensis (1); Alisma plantago-aquatica (2); Artemisia santonicum (2, 3); A. vulgaris (1); Aster tripolium ssp. pannonicum
(2); Atriplex prostrata (2); Bidens tripartitus (2); Bromus mollis (1); Bupleurum tenuissimum (1); Carex stenophylla (1); C. vulpina
(1, 2, 3); Centaurea pannonica (1); Cerastium dubium (1); C. glutinosum (1); C. semidecandrum (1); Chenopodium album (1);
Cichorium intybus (1); Cirsium arvense (1, 2); C. brachycephalum (2); Convolvulus arvensis (1); Conyza canadensis (2); Cruciata
pedemontana (1); Crypsis alopecuroides (2); Elatine alsinastrum (2, 3); Eleocharis acicularis (1); Epilobium tetragonum (2, 3);
Erophila verna (1); Euphorbia virgata (1); Festuca pseudovina (1); Galium palustre (1, 2, 3); Gypsophila muralis (1, 2); Hordeum
hystrix (1); Hypericum perforatum (1); Juncus atratus (3); J. compressus (1, 3); J. gerardii (1, 2); Lactuca saligna (1); Lathyrus
tuberosus (1); Lemna minor (1, 3); Leontodon autumnalis (1); Lepidium ruderale (1); Lotus corniculatus (1); Lycopus europaeus (1,
2, 3); L. exaltatus (1, 2); Lysimachia nummularia (1, 2, 3); Lythrum hyssopifolia (1); L. salicaria (3); Mentha aquatica (1, 2, 3); M.
arvensis (1); Myosotis arvensis (1); Myosurus minimus (1, 2); Oenanthe silaifolia (2); Peplis portula (1, 3); Pholiurus pannonicus
(2); Phragmites communis (3); Plantago major (1, 2); P. media (2); P. tenuifolia (1, 2); Poa bulbosa (1); Poa pratensis (1);
Polygonum aviculare (1, 2); Polygonum minus (2); Polygonum mite (2); Potentilla argentea (1); Puccinellia limosa (1); Pulicaria
vulgaris (1); Ranunculus aquatilis (1, 2, 3); R. pedatus (1); R. repens (1, 2); R. sardous (1, 3); Rorippa austriaca (1, 2); Rumex
crispus (1); R. stenophyllus (1, 2, 3); Scorzonera cana (1); Senecio erraticus (1); Solanum nigrum (2); Sonchus oleraceus (1);
Tanacetum vulgare (2); Taraxacum officinale (1); Trifolium repens (1, 2); T. retusum (1); Trigonella procumbens (1);
Tripleurospermum inodorum (1, 2); Typha latifolia (2); Veronica arvensis (1); V. serpyllifolia (3); Vicia hirsuta (1); V. sativa (1); V.
tetrasperma (1).
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