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Abstract: The near elimination of inland salt marshes in Central Europe occurred throughout the 19th
and 20th centuries, and the currently remaining marshes exist in a degraded condition. This work
examines the impact of groundwater level on the growth of plants from a seed bank obtained from a
degraded salt marsh in proximity to still existing one through an ex-situ experiment. An experimental
tank was set up with the sample seed bank experiencing differing levels of water level. There were
1233 specimens of 44 taxa grown from the seed bank, of which 5 species were abundant, and 10 species
are considered as halophytes. Only Lotus tenuis from halophytes was more abundant, and only
five species of halophytes were represented by more than three individuals. The water level has a
significant impact on the number of species (based on linear regression analysis) as well as species
distribution among different water level treatments (a non-metric multidimensional analysis (nMDS)
followed by linear regression). The results show a strong negative relationship between the average
water level and the number of species. The water level did not affect the species composition of
halophytes, but differences in individual species abundances were found among the halophytes.
The species Bupleurum tenuissimum, Crypsis schoenoides, Melilotus dentatus, and Plantago maritima grew
on the drier and non-inundated soils. Tripolium pannonicum, Spergularia maritima, and Lotus tenuis
grew on both wet and dry soils. Trifolium fragiferum and Bolboschoenus maritimus were found in places
with water stagnant at the soil level. Pulicaria dysenterica grew in inundated soil.

Keywords: land use; restoration; soil; salt marshes; water level; vegetation

1. Introduction

Temperate climate inland salt marshes belong to a set of ecologically extreme habitats due to
their high concentration of soluble salts in the soil and a strong water level fluctuation throughout a
year [1]. These salt marshes are typically found in generally arid areas where the soil water vapor
amounts are higher than absorption rates. This imbalance results in salt ions rising through the soil
profile and accumulating near the top. Frequently these favorable for salt marsh conditions occur
primarily near mineral springs or on plains with mineralized groundwater [2,3]. Additionally, these salt
marshes experience considerable water level changes throughout a year; the soil is inundated in winter,
but water levels decrease over the spring, summer, and autumn months, wherein the soil may dry
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out completely [4]. These Central and Eastern European biotopes are predominantly located on the
eastern steppes of the Pontic-Pannonian region [5-7] with a lobe extending into the eastern parts of the
Czech Republic [8,9]. However previously abundant these salt marshes were in the Czech Republic,
they now occupy very small and fragmented patches [1,2].

Inland salt marshes gradually disappeared from the rural landscape starting in the 18th century and
culminated in the destruction of the majority of their original native areas. The Central European annual
halophytic grass vegetation biotopes occupy only 10% of their former 18th-century range and have
largely disappeared from rural landscape [5,10]. Even though some patches remain, the surviving salt
marsh, halophytic reed grass, and sedge vegetation patches experienced abiotic and biotic degradation
that then caused the extinction of some species and the extirpation of entire halophytic habitats [10,11].
This degradation and loss are mostly attributed to the fact that all Czech salt marshes are located in
intensively farmed areas; salt marshes were systematically removed from the landscape in this region
until 1989 [12], which is similar in other Central European regions [5]. The removal of salt marsh wetland
biotopes was primarily achieved through draining and their subsequent transformation to arable
land [13]. If not removed from the landscape entirely, salt marsh habitats also encountered lowered
water tables and the general disruption of the natural hydrological regime that produced decreasing
soil salinity [10]. When livestock grazing and frequent mowing abated, the former extensively used
salt marshes then experienced the retreat of halophytes and the subsequent replacement by plant
species with a greater competitive ability [11,14]. As a result, some habitats, such as inland salt
marshes with annual succulent halophytes, were completely extirpated from the Czech Republic,
e.g., Salicornion prostratae [15]. After 1989 salt marshes, as well as other types of wetland habitats,
are now actively restored at a great financial cost [5,16-19]. Post-socialist rural and agricultural
landscapes are now undergoing programs aimed at supporting biodiversity enhancement [20,21],
changes towards multifunctional agricultural practices [22], organic farming [23], and an appreciation
of the non-productive functions of agricultural lands [24].

Saltmarsh biotopes form a specific niche harboring not only rare plant species but also are home to
many specialized fungi [25,26], invertebrates [27], and bird species [28,29]. However, they have faced
many long term threats, such as drying out, fertilization and subsequent eutrophication, weedy and
ruderal plant species expansion, absence of halophytic species typical for these biotopes, and the
succession of grasses with a greater competitive ability [10]. The high degree of fragmentation and
overall degradation of Czech salt marsh biotypes make restoration and preservation problematic [6].
However, restoration is still possible where degradation is not too severe; it can be accomplished
through hydrological regime change [30,31] influenced by micro-relief [32] and utilizing extant seed
banks in remnant patches or remaining degraded wetlands [33,34]. One documented restoration
method that is often employed over large areas uses the extant seed bank by peeling away the top
layer of turf that has developed [34-36]. By removing the upper layer of soil [37], the restoration of
halophytic plant species is enhanced and further augmented by the grazing of livestock or seed sowing
of desired species [38].

Many of the restoration practices involve changes to the water level [39]. While physical and
chemical properties of the water and soil are important, it is the water level below and above ground as
well as its fluctuation during the year, the most important factor for vegetation formation in wetlands [8].
Differing inundation levels produce different vegetation types that will inherently affect which species
establish and flourish [1,2]; the establishment of certain desirable species and associated vegetation
affects the successful restoration of the wetland to provide an important ecological function on the
landscape [18,19,34,37,40].

Water level differences are one of the most important factors influencing wetland restoration from
the soil seed bank. To examine this more closely, an ex-situ experiment with an inland salt marsh soil
seed bank was conducted where the water level was manipulated to investigate first, the impact of
water level on the number of species grown from a soil seed bank; second, the impact of water level on
species composition grown from a soil seed bank; and third, to assess the impact of water levels on
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halophytes growth. The combination of these three aims will assist in Central European inland salt
marsh restoration, where substantial loss and biotype degradation has occurred.

2. Materials and Methods

2.1. Factors Influencing the Experimental Design

The majority of halophytic plant species descend from families that produce seeds with a
physiological type of dormancy. To sprout, the seeds must be within a specific temperature range to
interrupt the physiological dormancy. Besides, the seeds need to be able to germinate at a higher level
of water saturation in the soil. Once prompted towards growth, the seeds are more receptive towards
various positive factors such as light and hormones [33]. Halophytic plants are often tolerant of a saline
environment during the germination stage while also not sensitive to salination during the reproductive
stage (excluding the early flowering). However, they are most sensitive to salination during the
formation and growth of young seedlings; for those seedlings to reproduce, seed germination must be
initiated at a favorable time with favorable water conditions [41]—some are germinating in autumn,
some during winter, and some in spring [42].

The seeds that germinate in autumn require a period of high summer temperatures so that their
dormancy is terminated, and growth commences. Alternatively, the seeds that germinate in the spring
require a period of low temperatures to terminate their dormancy and commence germination. For both
seasonal germinations, the seedlings can better tolerate an increased salinity level, which is greatly
affected by the amount of rainfall as salinity rises when water levels either increase, causing dilution
or decrease, resulting in elution [33]. This ex-situ experiment aims to mimic those conditions and
therefore sets and follows these rules and guidelines:

e to keep the time of germination consistent, it is better to sample the soil seed bank in autumn;

e the sampling time and outdoor experimental conditions ensure that the seeds experience “natural”
temperatures needed for germination;

e water in a sufficient amount should be present at all times;

e seedsrequire and should experience similar light conditions as they would in their habitat outdoors.

2.2. Seed Bank

The experimental seed bank was obtained from a degraded salt marsh area (agriculturally
managed wet meadow, 48.7752050 N, 16.7007611 E) in proximity to a still existing salt marsh near
the salt fishpond Nesyt in the cadastre of the Sedlec municipality, South Moravia, Czech Republic
(Figure 1).

i b
location location of the seed
of the experiment bank origin

Figure 1. Location of seed bank origin and the place of the experiment.
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Salt marshes in Sedlec are formed on wet areas near the largest Moravian fishpond, Nesyt,
with mild-salty water. The well-preserved part of salty soils constitutes a Nature reserve of national
importance because many threatened invertebrates [27], birds [29], and plants species [1] are present
there. Many halophytes are reported from this area, such as Triglochin maritima, Tripolium pannonicum,
Crypsis aculeata, Spergularia marina, Taraxacum bessarabicum, and Juncus gerardii; formerly also Salicornia
prostrata and Suaeda prostrata [43].

We obtained our soil sample on 17 October 2017 to make the autumn or winter germination of
certain species possible. Before we obtained the sample, the grass was removed; 15 dm? of soil was
taken from the depth down to approximately 15 cm. The shallow hole created by sampling was filled
with molehill soils, and plants were replaced in their location. The soil sample was put into a plastic
bag and transferred the same day to the Institute of Botany of the CAS (T¥ebori, Czech Republic).

2.3. Experimental Design

An experimental tank with a size of 1100 X 1900 mm and a depth of 400 mm was prepared before
the soil sampling in the Botanic Garden Tfebon (in outdoor conditions, located in The Institute of
Botany of the CAS, 49.0060847 N, 14.7721886 E, Figure 1). A mixture of 100 L of peat, 200 L of sand,
and 100 L of a profi-garden substrate with 8 L of clay was prepared as the substrate. This substrate
was then homogenized and placed in the tank. To test the impact of the water level on the number
and diversity of growing species, the surface of the substrate was sloped so that opposite ends of the
tank would either be above or below the water level (Figure 2). There was a 150 mm substrate height
difference between the two opposing ends, and the substrate thickness was a minimum of 100 mm to
ensure a sufficient amount of nutrients for the seedlings (Figure 2).

water

0 100 200 300 400

scale (mm)

Figure 2. Experimental design—the water level in the tank and position of belts with the different
water levels, longitudinal side view, length units are in mm.

A drainage hole and stopper were provided with the tank. This allowed water to be retained
in the tank but also released during heavier rainfall events. Throughout the experiment, the water
level was kept in such a way that a quarter of the substrate was flooded with water throughout the
experimental period (Figure 2); different inundation levels were +37 mm, +19 mm, 0 mm, —19 mm,
—37 mm, —56 mm, —75 mm, and —94 mm, and further referred to as water level belts.

To prevent contamination by local seeds, the tank was covered by a white non-woven fabric before
the beginning of the experiment and for the duration of the experiment, except for when the species
were being recorded. To prevent the risk of substrate contamination when manipulating the fabric,
a 200 mm inwards buffer area was used in the experiment (Figure 2).
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2.4. Data Collection

Soil from the locality was homogenized and evenly distributed on the soil surface of the prepared
substrate the next day after the sampling. Plant growth in the experimental tank was monitored until
October 2019 at 7- to 21-day intervals, where the range of the interval depended on the vegetative
stages of individual species. Unambiguously identifiable plants were recorded and regularly removed
to provide space for germination and growth of other plants. All large unidentifiable plants were
replanted to individual pots and left to grow until their identification was possible. The number of
specimens of each species was monitored in the water level belts, each 200 mm in width, the positioning
of which was such that it was possible to test the impact of the water level (Figure 2).

2.5. Data Analyses

To accomplish the aims of our study, three sets of analyses were performed. To resolve our first
aim, a linear regression was utilized, where the number of species in a belt was set as the dependent
variable, and the independent variable was calculated as the mean difference between the water level
and surface in each belt (Figure 2).

The second aim was to examine the relationship between species composition of the different water
level belts and their mean water level, which was tested in two steps. As species composition consists
of many species (i.e., variables), a multivariate technique was utilized in the first step. Belts were used
as replicates, and a non-metric multidimensional analysis (nMDS) was used to obtain an ordination of
the assemblage. A square root transformation of the input data and the Bray—Curtis distances were
calculated. The value of stress and Shepard diagram with non-metric fit were used for identification of
how well the configuration in the two new dimensions fits the structure of input data. The permutation
test was used to test the relationship between two nMDS axes and water level. All of these calculations
were performed in R using the vegan package [44]. The second step was to use a test whether there
would be a relationship between species composition and water level, the scores of each water level
belt in the first nMDS axis were used as a dependent variable in a linear regression with the water level
being as a predictor variable.

Our last aim was to consider the impact of water levels on halophyte growth. Species growing
mostly on soils with at minimum a moderate salt content (i.e., species with Ellenberg’s indicator values
4 and more) are of special interest. Other species were divided into two groups—species that prefer
salt-free soils or can grow on slightly salty soils (i.e., species with Ellenberg’s indicator values 0 and
1) and species that prefer low salt content (i.e., species with Ellenberg’s indicator values 2 and 3).
A Fisher’s exact test was used to test potential differences in those three species groups across the
different water level belts. Then, a linear regression was used to test whether or not there is a linear
relationship between the abundance of individual species growing on soils of at least moderate salt
content. Finally, Fisher’s exact test for count data with a simulated p-value based on 2000 replicates
was used to test the differences in the number of individual plants among halophytic species and belts.
Fisher’s exact tests were performed in R [45], while the linear regression was carried out in TIBCO
Statistica [46].

3. Results

Three higher taxa and 40 species of vascular plants were determined from the seeds that grew from
the soil seed bank sample in the experimental tank. Many members of the Poaceae family were found.
However, several specimens could not be conclusively determined, as shown in Appendix A. A total of
1233 individual plants were recorded. Appendix A shows the frequency of species by water level belt
location. Many of the species that germinated are rare; approximately 70.1% of species were recorded
were less than or equal to seven in quantity, and more than one-third of all species (36.4% exactly) were
represented by only one individual. Conversely, only six species were abundant—~Mentha aquatica,
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Juncus articulates, Atriplex prostata, Lotus tenuis, Juncus compressus, and Plantago uliginosa (Appendix A)
and represented by 30 individuals or more.

3.1. The Relationship between the Number of Species and Water Level

The number of species varied among the water level belts between 13 and 21 species. The potential
relationship between the number of species and the level of the water in the belts was tested using
linear regression. The results show a strong negative relationship between the average water level in a
belt and the number of species found in a belt. This result shows that when the water level decreases,
the number of species increases (Figure 3). The relationship is statistically significant and tight as
adjusted R? reached the value of 0.726.
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Figure 3. Linear regression results comparing the number of species to the average water level in belts,
regression line with 95% confidence intervals shown.

3.2. Species Composition and Water Level

The nMDS analysis using the square root transformed data and the Bray—Curtis distances
produced a new two-dimensional space that fits the input data very well, as the stress value is very
small at 0.09. A relatively small scatter around the line in the Shepard diagram suggests that the
original dissimilarities are quite well preserved in the two new dimensions; the fit indices indicate and
appropriateness of the transform (Figure 4).

The position of the water level belts corresponds to a somewhat diagonal line from the top left to
the lower right-hand corner in the new two-dimensional space, as there are belts with low water level
near the left-hand side and belts with a high water level on the right-hand side (Figure 5). The cosine
of the angle of the water level to the first axis is 0.86458, and R? is 0.8283 with a permutation-based
p-value of 0.014.
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Figure 4. Shepard diagram. Relationship between a non-metric multidimensional analysis (nMDS)
ordination distance and originally observed distance.
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Figure 5. Ordination diagram based on scores of two-dimensional nMDS. Positions of belts and water

level are shown.

The scores of each water level belt from the first MDS axis were used as a dependent variable in a
linear regression with the water level as the independent variable (Figure 6). The regression model is
significant, with an adjusted R? equal to 0.636.
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Figure 6. Results for linear regression of scores on the first axis of nMDS on the average water level in
belts, regression line with 95% confidence intervals shown.

3.3. Growth of Halophytes in Water Level Belts

There were 10 species with an Ellenberg’s salinity indicator value equal to or greater than 4. Ten of
the forty species were considered to be halophytes—Pulicaria dysenterica with Ellenberg’s indicator value
for salinity 4, Melilotus dentatus and Bolboschoenus maritimus with 5, Bupleurum tenuissimum, Lotus tenuis
and Trifolium fragiferum with 6, Plantago maritima with 7, Spergularia maritima and Tripolium pannonicum
with 8, and Crypsis schoenoides with 9.

Except for Lotus tenuis, the occurrence of all other species was rare or even unique. In many
cases, the number of growing individuals was very low—Crypsis schoenoides, Plantago maritima,
Pulicaria dysenterica only in one individual, Trifolium fragiferum in two individuals, and Bupleurum
tenuissimum in three individuals.

The distribution of the number of species in three groups is completely independent of water
level belts (X-squared = 3.8849, df = 14, p-value = 0.9961). No linear dependence was found between
the number of species of halophytes and the water level (based on linear regression results). However,
a significant (Fisher’s Exact Test p = 0.0285) difference among the number of halophytic species was
found across water level belts (Figure 7).

There are differences in the number of individuals of halophyte species growing in different water
level belts. Many of these individuals grew in belts with deeper water levels (Figure 7). Almost exclusively,
Bupleurum tenuissimum, Crypsis schoenoides, Melilotus dentatus, and Plantago maritima grew in belts
with water levels below the substrate. A large majority of individuals of Tripolium pannonicum
and Spergularia maritima also grew in belts with water levels below the substrate. Individuals of
two species were predominantly found in a particular belt with the water level just at the soil
surface-Trifolium fragiferum and Bolboschoenus maritimus. Only Pulicaria dysenterica grew in an inundated
belt, and Lotus tenuis grew in all types of belts.
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Figure 7. Number of individuals for halophyte species grown in this experiment ordered by their water
inundation levels.

4. Discussion

4.1. The Impact of Water Level on the Number of Species and Their Distribution

A sufficient amount of soil water is necessary for the seeds of halophytic plant species to
germinate [33], and at the same time, a higher number of seeds will germinate in water with no or low
levels of salt [33,47]. Simultaneously an increase in water salinity reduces the seed germination of the
majority of halophytic species [33,47-49], and also delays the beginning of germination and reduces
the germination speed of those seeds [48]. In our experiment, the salt content was lower in all belts as
the soil seed bank was spread on the prepared substrate and watered. Thus seed from all belts had a
chance to germinate due to reduced salinity. Results from the statistical analysis of the water level belts
support that there is a relationship between the species variety and water levels. This is also confirmed
by Wang et al. [50] in their experiments in wetland restoration using soil seed banks in northeastern
China. More plant species will germinate when the water level is just below the level of the soil rather
than if the soil is permanently inundated. Our results correspond with the results of Wang et al. [46].

Magee and Kentula [51] assume that to maintain the species richness in plant communities of
seasonal wetland ecosystemes, it is essential to understand what type of hydrological regime is required
by plant species. They showed that plant communities rich in indigenous plant species were found in
an environment with higher than the natural water level fluctuations. Even small changes in the natural
hydrological regime might have an impact on species diversity, as more common and non-indigenous
species characterized by growing in a wide range of hydrological conditions would have been favored
over the less common indigenous taxon growing under a narrower range of conditions. According to
Wang et al. [52], to restore the vegetation by utilizing the extant soil seed bank, it is essential first to
determine what hydrological regime is necessary to aid in the germination of individual plant species
from that seed bank.

4.2. Halophytes in Experiment

The number of species with a higher Ellenberg’s salinity indicator value is one-quarter of all
germinated species. This is a high proportion of species on the type of locality under study, and it
is much greater than the proportion of halophytes on the native flora of the Czech Republic [53],
thus demonstrating clear evidence that the seed bank was taken from saline habitat. It is important to
note that the possibility of species with a high Ellenberg’s salinity indicator value, as these species are
tolerant of a high or extremely high soil salt content and specialize in tolerating no or low soil salt
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contents [54] and therefore are more endangered by changes to their habitats. Even though almost all
the ten halophyte species that germinated in this experiment (see Appendix B) are extremely rare in the
Czech Republic, all of them are quite abundant on the nearby still existing salt marshes and at margins
of fishponds with mild-salty water. A detailed description of those species is available in Appendix B.

The water level influences the growth of halophytic species, and a higher number of these plant
species are found on medium and low water content soils rather than on permanently flooded soils in
salt marsh biotopes [55]. It is also known that different concentrations of soil salts directly impacts
germination and prosperity species, such as Bupleurum tenuissimum [42] or Trifolium fragiferum [56].
This corresponds well with the results of this experiment, indicating that most halophytic plant species
grown on the non-inundated belts in the experimental area.

5. Conclusions

A soil seed bank obtained from a degraded inland salt marsh was used to test the impact of
the water level on the potential restoration of that biotype. Eight different water levels were tested,
and 1233 individuals of 44 taxa of vascular plants were recorded, of which 10 are considered to be
halophytic. Only 5 species were abundant, of which only Lotus tenuis is the lone abundant halophytic
species, and in total, only five halophyte species were represented by more than three individuals.
The water level has a significant impact on the number of species as well as species distribution.
No effect was found on the composition of halophyte species, but differences in halophyte abundance
were found.

Our experiment has important implications for salt marsh restoration in the Czech Republic.
Where the turf peeling restoration method is utilized, the formation of these re-emergent salt marsh
biotopes is fundamentally affected by the water level, as the amount of water in the soil and the salinity
level both have an impact on the germination of individual species. The water regime is an important
environmental factor that affects inland salt marsh vegetation; it is possible that inundation can cause
extirpation, or with the correct conditions, it can bring about the restoration of these ecologically
critical salt marsh vegetation biotypes. This work can inform on ecological restoration of some salt
marshes; however, it remains unclear if the turf removal and water regime control method is applicable
where salt marshes have experienced long-term degradation; further experimentation is required to
determine optimal methods and conditions for prospering of halophyte plant species.
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Appendix A

Table A1. The frequency of individual species in total and the frequency in the belts.

Species/Belt (mm) -9%6 -75 -56 -37 -19 0 +19 +37 Freztﬁ:Lcy Salfilrz ty
Alopecurus aequalis 1 1 2 2
Atriplex prostrata 7 11 9 4 8 2 6 1 48 3
Bolboschoenus maritimus 1 1 5 1 8 5
Bupleurum tenuissimum 2 1 3 6
Cirsium vulgare 1 1 2 1
Centaurium pulchellum 4 1 1 2 8 3
Cerastium brachypetalum 1 1 2 0
Cerastium dubium 2 2 3
Conyza canadensis 1 1 1
Epilobium hirsutum 1 1 2 1
Epilobium parviflorum 1 1 1
Geranium pusillum 1 1 0
Crypsis schoenoides 1 1 9
Hypericum sp. 1 1 -
Chenopodium album agg. 1 1 1
Inula britannica 3 8 2 2 2 17 3
Juncus articulatus 3 6 9 3 5 8 6 4 44 1
Juncus bufonius agg. 1 7 1 2 5 1 3 1 21 1
Juncus compressus 41 45 20 3 36 27 38 20 262 3
Juncus inflexus 1 2 1 4 2
Lamium purpureum 2 2 0
Lotus tenuis 7 5 12 7 5 13 8 3 60 6
Lycopus europaeus 2 2 1
Medicago lupulina 1 1 1
Melilotus altissimus 1 1 2
Melilotus dentatus 1 2 1 1 5 5
Mentha aquatica 3 5 7 2 6 4 3 2 32 1
Plantago lanceolata 1 1 1
Plantago major 1 1 1
Plantago maritima 1 1 7
Plantago uliginosa 82 92 108 92 73 62 57 32 598 2
Poa annua 2 1 1 1 2 7 1
Poaceae 8 5 4 6 8 4 2 37 -
Potentilla supina 2 2 4 1
Pulicaria dysenterica 1 1 4
Ranunculus sceleratus 1 1 1
Typha sp. 1 1 2 -
Sperqularia media 1 2 4 2 2 1 1 13 8
Taraxacum sp. 1 1 -
Trifolium fragiferum 2 2 6
Tripolium pannonicum » 7 » 6 3 ) » 8

subsp. pannonicum

Veronica anagallis-aquatica 1 2 2 1 6 2
Veronica anagalloides 1 1 3
Veronica scutellata 1 1 0

Note: EIV = Ellenberg’s salinity indicator value, according to Chytry et al. [53].

Appendix B

Halophyte species grown from the soil seed bank:

e Pulicaria dysenterica is to be found usually on wet and mildly saline soils [57] and is known for
chemicals contained in its oils [58,59]. In the Czech Republic, it is scattered only across the valleys
in southern Moravia and can be rarely seen in the White Carpathians, in Hana region, or the
Moravian Gate and Ostrava regions [60].
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Melilotus dentatus is species the prefers wet saline grasslands, often ruderalized [61]. In the
Czech Republic, it can be found only in dry, warm areas of southern Moravia and central and
north-western Bohemia. It is a species with declined occurrence due to the loss of suitable habitats
in the Czech Republic [62,63].

Bolboschoenus maritimus dominates reed vegetation of saline waters both along the seashore and
inland saltwater bodies in Central Europe [64] as well as in other parts of the world [65]. In the
Czech Republic, it is a rare species with declining occurrence [62] concentrated to the remains
of saline wetlands in dry and warm areas of southern Moravia and central and north-western
Bohemia [66].

Bupleurum tenuissimum is an obligate halophyte that is competitively very weak and thus only
grows in areas with open or disturbed types of vegetation. In the Czech Republic, it can be found
very rarely [62] in the lowlands of the north-western Bohemia and southern Moravia [67].

Lotus tenuis is European species of wet salt-rich soils and quite rare in the Czech Republic [62].
It is naturalized in other parts of the world, where it is known as an important forage crop of
otherwise useless saline soils [68]. It is flood tolerant [69] and well established on restored saline
wetlands [39].

Trifolium fragiferum has many commonalities with the previously mentioned species. It is
flood-tolerant species of alkali and salty wet meadows [62,68,69]. It is also an important forage
crop [70].

Plantago maritima is another obligate halophyte that tolerates being trodden down. However, it is
often found on gradually disrupted saline soils (due to restoration) and in localities overgrown
with other vegetation. Much of this species preferred habitat has disappeared from the Czech
Republic, and thus its occurrence is rare and only in the north-western Bohemia and southern
Moravia [71].

Sperqularia media is a halophyte plant that grows on wet and heavily saline soils and is rarely
seen in the Czech Republic in the north-western Bohemia, southern Moravia, and Ostrava
region [62,72,73].

Tripolium pannonicum subsp. pannonicum grows on wet and saline soils that dry out in summer [74].
In the Czech Republic, it is to be found only on saline soils in southern Moravia [57,62,75].
Crypsis schoenoides is also an obligate halophyte, but it grows on heavily saline soils that accumulate
an extreme amount of salt during the dry season. At the same time, this species is to be found in
full-sun localities with wet soils rich in nutrients. In the Czech Republic, they can be found very
rarely [62], only in southern Moravia [76].
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