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Abstract: Loess vegetations of the Carpathian Basin have been ploughed for a thousand years.
Therefore, loess steppes of verges of the Transdanubia have nearly disappeared. Therefore, in
Hungary, it is also important to find out the composition of loess vegetation. The aims of our study
were to date the age of the sample verges and explore types of verges. Is there a correlation between

‘Clrl];iicgt?; the types, location, expanse and vegetation types of the verges? Which of the coenologically important
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Verges as Fragments of Loess analysis of the dominant Festuca species in the vegetation was carried out by analysing 25 parameters.

Grasslands in the Carpathian Basin Our results showed that not only the age of verges was valuable and natural. Most of the loess species
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did not appear in old verges. Consequently, we should not rely only on the age of the verges to make
hypotheses about its natural condition and vegetation. Based on the coenological data, there were

two types of verges, which were the interspaced verge and the border verge. Based on the diversity
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assessment from the survey, data of the interspaced verge showed the highest diversity value, the
diversity value was higher than 4. Among the studied taxa, Festuca pseudovina was separated clearly as
a homogeneous group. The morphotaxonomic parameters were not enough for species identification
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Once, there were wide expanses of wooded steppe with grassland in the Carpathian
Basin and the Great Hungarian Plain. They were characterized by natural forest-steppe and
steppe vegetation [1-5], which were the westernmost occurrence of the Eurasian vegetation
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of Eastern Europe was the Pannonian—-Pontic environmental zone (PAN), which was a
significant zone of the Carpathian basin [10-12].

The extent of the loess bedrock and its vegetation were significant in the Pannonian
area, but nowadays, they have been left in only fragments, mainly because of intensive
agricultural activities and expansion of agricultural areas. Therefore, the patches are
very important, extending mainly over the central plain of the Pannonian area, but also
spreading up to the foothills. Thus, several researchers have investigated these remnant
vegetation patches in the central Carpathian Basin [13], Szerényi and Kalapos [14], Csontos
and Tamas [15] also discovered remnants of this vegetation in the Transdanubia areas
(Balaton-Uplands, Szazhalombatta). However, most of the studies were made in the
Great Hungarian Plain, where the role of the Cumanian mounds was also significant from
among the remnants. These patches of loess remnants are considered as hot spots for
vegetation [16-25]. In addition, verges alongside agricultural areas and roads, where the
vegetation has been reduced, are also very important as relics of the former vegetation [5,26].
The significance of these remnants has already drawn attention to the importance of
conserving the unplowed land strips, earthen fortifications and earthworks and to the
necessity of urgent action by Zélyomi [15] in the last century in order to conserve vegetation
of grasslands through the conservation, management such as grazing and mowing. Kiss [27]
found a complex loess grassland at Tatarsanc in the southern part of the east of the river
Tisza. In spite of the research, these grasslands have disappeared without their values
being known, and due to the missing management, invasive species can colonize and
spread easily [28-30]. As they are often close to agricultural fields, they can be affected by
ploughing, leaching of fertilizers and using chemicals. Despite this, several rare species
have survived in the remnant areas, such as Salvia nutans and Adonis volgensis [31,32].

In order to sustain biodiversity, to pay attention to the role of fragmentation of natural
and semi-natural habitats is also important worldwide [33-35]. Habitat loss reduces
the amount of available space that can be occupied by habitat specialist species, while
fragmentation decreases the functional connectivity between the remaining habitat patches
resulting in a restricted flow of individuals and genes at the metapopulation level [36].
Habitat loss and fragmentation are often coupled with additional effects such as agricultural
activities (e.g., lawn breaking up, use of chemicals, water management) that lead to the
degradation of the habitat [37-39]. However, the work of Dedk et al. [22,23] reveals that
kurgans have still a significant role in the conservation of species, which of traditional
management can help to improve [33,36]. Ecological behaviour and dynamics of species
of habitats can also help to sustain the habitats because existence of ecologically variable
species can form habitats, and to maintain their functional diversity, but degradation of
habitat is possible too [37].

Csatho [18] categorized verges based on their bordering objects and their origin.
We can identify three types of verges: I. interspaced verges, II. border verges and III.
periodic verges. Interspaced verges are between two objects (e.g., road-railway, canal-
dirt road). Border verges are situated next to roads, railways, canals so on and so forth.
Periodic verges are grass verges that are in direct contact with agricultural fields from both
sides. He shows the impact on the quality of the grassland that is affected by activities in
contact with the verges. He describes that the vegetation of the border verges has usually
better condition than the vegetation of the periodic verges, which is damaged by leaching
fertilizer. Furthermore, he categorizes the grasslands into two groups based on their origin.
According to his opinion, it could be significant for their conservation value. Primary
verges preserve traces of original loess vegetation. On the other hand, secondary verges
have been left by ploughing (e.g., flood protection embankments). Weeds and generalist
species are dominant in these verges [25].

Besides the vegetation of the Cumanian mounds, there were several research about
ages and structure of their soils [21,40-45]. Soil and botanical studies help to understand
the history of vegetation, too. Knowledge of the current condition and development of
vegetation, which is related to soil processes, can provide much help. A detailed botanical
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survey was carried out on the area of the Csipd mound in the Hortobagy area [16]. Verges
and remnants of loess grassland are also important for their economic utilization, Kiss and
Penksza [46] and Kiss et al. [47,48] have investigated this and provided data for changes of
vegetation of grazed grasslands [49,50]. Nagy and Penksza [51], Nagy et al. [52,53] carried
out mapping of habitats in parts of the east of the river Tisza and carried out a naturalness
assessment of the areas based on the vegetation of the area, which helps to define the origin
of the grasslands.

In the study of the vegetation of the verges, grasses are characteristic of the verges,
as many of them are dominant, among them the taxonomically non-problematic grasses
such as Poa angustifolia, Elymus repens, and Bromus inermis, although one genus was prob-
lematic for identification, and that was the genus Festuca, which includes dominant and
characteristic species on loess associations. Therefore, taxonomic analysis of the species of
this genus was also carried out. During this study, taxa with a transitional sclerenchyma
form were also found in the area, which could be observed in species with a bundle scle-
renchyma [54,55]. The Festuca javorkae, which was related to Festuca rupicola, could also be
problematic, although this species was clarified [55-57] and its species differentiation was
shown using molecular studies by Galli et al. [58-60]. After clarifying the taxa, our aims
were to investigate the multivariate statistical assessment of loess grasslands occurring in
different habitats and to reveal the patterns of occurrence of grasslands in the area of the
Cumanian mounds. According to the description of association Salvio nemorosae-Festucetum
rupicolae, Festuca rupicola is one of the species of the association that appeared in the present
study, it seemed evident that Festuca pseudovina is also abundant, but in addition to other
species of fescue, such as Festuca callieri Margf. [61], which was already doubted to occur in
the area [62]. It seemed all three species can grow together.

In this work, the main question was: is there a probability of developing original loss
species and vegetation on the grassland remnants, verges?

Based on these, the detailed questions and objectives:

Is there a correlation between the different ages of the verges (documented based on maps)
and the patches of remnant vegetation that have developed on them, and whether the older
ones are more valuable?

Is there a correlation between the types, location, expanse and vegetation types of
the verges?

Which of the coenosystematically important species of the genus Festuca occur in the verges
and patches of loess grassland?

2. Materials and Methods
2.1. Surveyed Areas and Their Age

Our surveys were carried out in central lowland area of the Carpathian Basin, in Békés
county, beside Kondoros (the area bordered by the connecting roads of Kondoros with
Szarvas and Kondoros with Nagyszénas) [62]. According to the landscape geography
classification, the settlement is part of the Békés Plain (Figure 1).

Overall, 41 blocks of verges were separated and surveyed in the area (Figure 2). A
section extended until it was interrupted by a perpendicular dirt road or until it was
ploughed away. Signs in the shape of a triangle (e.g., J4, J5) indicate that in these cases not
only verges but a larger patch (old farm sites) have remained.

Military survey maps I-III were applied to determine the age of the verges [63-66].
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Figure 1. Map of the sampled verges.
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Figure 2. Map of the sampled verges and their code. The age group of sampled verges and the
number of their loess species (black numbers), DF: degree of degradation.

Based on the supplemented list of species (Supplementary Materials) in the verges
paths and the recorded species in the coenological surveys, the degree of degradation of
each quadrat was given using the nature conservation value categories (TVK), according to
Simon [67]:

The following formula was used:

YTZ+Y A+YG+YGY

D = S U KV VIY B+ K+ 1 TP

Df is the degree of degradation. Minimum value is 2.2; maximum value is 12.3.
Nature conservation value categories (Simon 2000):

L. group: natural condition indicative taxa
U—unique species, KV—specially protected species, V—protected species, E—constant
species, K—accompanying species, TP—pioneers.

II.  group: degradation indicator taxa
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TZ—natural disturbance tolerant, A—adventive species, G—economic crops,
GY—weeds.

We defined loess species according to category of 5.3 of the Horvath et al. [68] database
because loess species belong to constant species, and within this category they are diagnostic
species of loess grasslands.

Species names are given according to the nomenclature of Kiraly [69].

2.2. Diversity Studies

Floristic and coenological surveys were carried out between 15-21 May and 5-11
September in 2020 on the verges at Kondoros. The reason why these two periods were cho-
sen was that they provided representative data on vegetation for the whole
growing season.

Coenological surveys on the plots of verges were carried out in 2 x 2 m quadrats, of
which were surveyed in each plot along 50 m transects, marked at every 10 m from the
centre of the verges towards the two ends. Quadrats were made according to the method
of Braun-Blanquet [70], but coverage was given in percentage.

Classification and diversity analysis of the verges was carried out according to the
floristic data collection and the species data in the coenological surveys.

During the classification, we analysed 3 verges types. L. interspaced verges, II. border
verges and III. periodic verges. Interspaced verges are between two objects (e.g., road-
railway, canal-dirt road). Border verges are situated next to roads, railways, canals so on
and so forth. Periodic verges are grass verges that are in direct contact with agricultural
fields from both sides. The border verge was divided into wide and narrow verges. Wide
one was wider than 5 m, and narrow one was narrower than 5 m.

For data analysis and presenting the results, PAST (PAleontological STatictics
Version 3.06) [71,72] statistical software was used. For comparing the vegetation of localities,
multivariate hierarchic cluster analysis (UPGMA—Unweighted pair-group average) [73]
was conducted using Euclidean distance. From the point of view of the topic, diversity of
vegetation is particularly important, therefore after contracting the data based on vegetation
types, they were also analysed using Rényi diversity profiles [74].

2.3. Taxonomy Investigations

Specimens from specific taxa were selected for examination where the species were
known with certainty to occur. Thus, individuals from the loess grassland of Tompapuszta
(Szarazér), which is the largest patch of contiguous loess grassland in parts of the east of
the river Tisza, were examined for Festuca rupicola taxon and based on the preliminary
hypothesis, for Festuca callierei. We studied the specimens of Festuca pseudovina from the
saline grassland close to Biharugra, and we examined Fesuca valesiaca individuals from
the Bokény Cumanian mounds, where Penksza [73,75] noticed this taxon. Hence, we
distinguished 4 taxa.

In the case of each taxon, 25 floral morphological parameters of 20 plants were mea-
sured and averaged: 1. Inflorescence parameters of investigated Festuca taxa. 1. Length
of the generative stem; 2. Length of inflorescence; 3. Length of the longest branch on the
1st node; 4. Length of the longest branch on the 2nd node; 5. Length of the 4th spikelet
from the top of the branch (1); 6. Length of 4th spikelet from the top of inflorescence;
and 7. Length of the 1st internode of the inflorescence. 8-15 (1): 4th spikelet from the top of
the branch (2): 8. The floral number of spikelets, 9. Length of upper glume, 10. Length of
lower glume, 11. Length of the 2nd flower’s lemma, 12. Length of the 2nd flower’s awn,
13. Hair of spikelet, 14. Length of the 1st flower’s lemma, 15. Length of the 1st flower’s
awn, 16-24. 4th spikelet from the top of inflorescence: 16: Floral number of the spikelet,
17. Length of upper glume, 18. Length of lower glume, 19. Length of the 2nd flower’s
lemma, 20. Length of the 2nd flower’s awn, 21. Hair of spikelet 22. Length of the 1st
flower’s lemma, 23. Length of the 1st flower’s awn, and 24. Length of the 2d flower’s awn.
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Localised sampling was applied following work of Penksza et al. [75], measuring the
length of the fourth spikelet from the top of branch and length of fourth spikelet from the
top of inflorescence.

3. Results
3.1. Ages and Natural Conditions of the Verges

According to the first military survey map [63-66], the area of Kondoros was a con-
tiguous grassland in the first half of the 19th century.

Grasslands have been classified to these groups from this period to nowadays
(Figure 2). Cereals were in high demand in the middle of the 19th century, encourag-
ing landlords to cultivate more fields. At this time, Kondoros also emerged. The first
military survey map includes verges and grasslands in the first group. The second military
survey map [64] was done between 1874 and 1878, so the first shown and border verges
roads on this map are at least 135-140 years old. These verges belong to the second group
(Figure 2).

The following map, which was made in the 1930s, reveals the third group of verges
(Figure 2), a strip of grass that borders the Kondoros-Kisszénds railway line. We certainly
know that this strip of grass is older than that (120 years old), because the railway line was
built in 1893. Fourth and fifth groups are composed by the youngest verges. We classified
in the fourth group those that were already visible on the 1953-1959 map, and in the fifth
group those that emerged even later (Figure 2).

Figure 3 shows the studied units of verges with the already mentioned age groups.
Each unit of verges was identified by the numbers of typical loess occurring species.
Species in groups E and K belong to the loess species. Based on the literature, we can expect
that primary verges might be more valuable than left fallow of secondary verges from a
conservation point of view. Most of the loess species did not appear in one of the old verges
of the first group, but were found in the verges of railway. The three highest values were
related to the three verges of railway (I1, 12, I3), which belong to the third group. Only the
A3, A5 and H3 verges had higher than average amounts of loess within the first group.

( 100 A

90
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60
50
40
30
20
10

0

cover %

13 12 A5 I1 H3 F2 B2 D1 D2 I3
\_ verges Y,

Figure 3. Distribution of species in the ten selected verges according to the nature conservation
value categories of Simon. V: protected species; TZ: disturbance tolerants; TP: natural pioneers;
K: supporting taxa; GY: weeds; G: generalists; E: constant species; A: adventives.

Figure 3 shows the distribution of the five most and five least loess species of the
verges according to their TVK values. It can be seen easily that the number of loess
species represents the natural condition and degradation of the vegetation: the verges
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with more loess species indicate better natural conditions. Nevertheless, due to intensive
anthropogenic effects on nature (based on examined military survey maps and current
agricultural activities), it also shows that even in the most valuable verges according to
these criteria, the number of weed species are significant, and even among the natural
condition indicative species including unique species, specially protected species, protected
species, constant species, accompanying species, pioneers; and the disturbance-tolerant
species are dominant.

Looking at the degree of degradation, we get similar results. On Figure 2, we have
given a number next to each quadrat representing the degree of degradation. The lower
number indicated the lower degree of degradation. Using this indicator also proved that
the field of railway “I” in the second category seemed to be the most natural. E2 verge is
in the first group, although its degree of degradation is 12.3, which is almost the highest
(Table 1).

Table 1. Degree of degradation of sample areas.

I3 12 A5 I H3 F2 B2 D1 D2 J3
Df 9.2 12.3 8.4 11.6 2.23 3.37 4.6 4.1 5.1 6.2

3.2. Results of the Diversity Study of the Verges

Based on the coenological data, there were two types of verges, which were the inter-
spaced verge and the border verge, but within these there was a wide one (Figure 4A(II)),
which was wider than 5 m, and a narrow one, which was narrower than 5 m (Figure 4A(III)).
These coenological data were used to generate the classification analysis. In the results,
these data were well distinguished (Figure 4A). Data of 14 quadrats of interspaced verges
could be characterized clearly, although data of 2 quadrats of interspaced verges can be
found in this clade, but their features similar to wide border verge, clade II. Species from
clade III were the most uniform.

1
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s I
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Figure 4. Classification based on the interspaced verge (I) and the wide verge (II) and narrow verge
(IIT) quadrats (A): based on occurrences of cumulative average, (B): based on occurrences of releves).

The number of species was highest in the type I, the interspaced verge (between 80
and 95), compared to surveys of the wide border verge (between 60 and 70) and the narrow
verge (between 40 and 45).
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Based on the diversity assessment from the survey, data of the interspaced verge
showed the highest diversity value (Figure 5). The least diverse was the data of the type of
the narrow verge with the highest number of species in this verge type.

-
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_ o
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|
I

-
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cumulative nhumber of species’ presence
-
o

[ = =

I - interspaced verge Il - wide verge Ill - narrow verge
box with horizontal line - 25-75 percent quartile with median

lower whisker - minimum value
upper whisker - maximum value with outliers (circles)

Figure 5. Diversity based on the interspaced verge (I) and the wide verge (II) and narrow verge
(II) quadrats.

Each occurring protected species in the area (seven species) can be found in the
interspaced verges: Hypericum elegans, Linaria biebersteinii ssp. strictissima, Sternbergia
colchiciflora, Vinca herbacea, Ornithogalum pyramidale, Salvia nutans, and Amygdalus nana. Five
species are in the wide verge (II): Hypericum elegans, Linaria biebersteinii ssp. strictissima,
Sternbergia colchiciflora, Ornithogalum pyramidale, and Amygdalus nana. There are four species
in total in the wider (II) survey of the border verge: Hypericum elegans, Linaria biebersteinii
ssp. strictissima, Sternbergia colchiciflora, and Ornithogalum pyramidale.

3.3. Results of Taxonomy Investigation

Among the studied taxa, Festuca pseudovina was separated clearly as a homogeneous
group. Specimens of Festuca pseudovina show the smallest sizes among all measured
inflorescence and flower parameters (Figure 6). Inflorescence parameters of Festuca rupicola
show the longest values, but the sizes of Festuca rupicola 2 are closer to F. pseudodovina
specimens and to individuals of the suspected Festuca callieri taxon. Within the individual
parameters, the following parameters showed the most significant variation, which was
typical especially for Festuca rupicola. They were much higher and inflorescences were
much longer (1. parameter). There were significantly longer inflorescences (2. parameter),
the longest branch of the first node (3. parameter), and the longest lateral axis on the
second node (4. parameter). In addition, there were also significant differences in the size
of the spikelets. The length of the awn was also significantly different (12., 15., 21., 24.
parameters), which was a useful and easily applicable traits for identification.



Diversity 2022, 14, 510

9of 14

Figure 6. 3D PCA analysis of the studied Festuca specimens.

4. Discussion

Festuca rupicola is a dominant grassland species on the loess grasslands (Salvio nemorosae-
Festucetum rupicolae) and it is the namesake species of the association. However, there is
also a diversity of Festuca taxa on areas of verges and patches of loess grasslands in the
landscape (Tompapuszta, Bokény Cumanian mound) [55,56]. Festuca specimens with nar-
rower leaves than F. rupicola and with more significant differences in size (Penksza 2009)
in inflorescence parameters were also found, which could belong to several species. The
narrow-leaved specimens could be considered to belong mainly to the landscape-dominant
F. pseudovina, but former surveys [55], suggested that Festuca valesiaca also occurred in the
area and that [49,50] it is possible that Festuca callieri, a former potentially indicated taxon,
could also be found in the Pannonian flora [31,60]. Furthermore, taxonomic studies have
been done in order to clarify these species. The question of the species occurring in the
verges was expanded by a taxonomic study and a morphotaxonomic investigation of the
Festuca taxa in the loess fragments of the area.

Based on the data, the current investigation of the loess grassland fragments and
verges revealed that age was not the primary factor that effect on the richness and di-
versity of the vegetation of the fragments, the preservation or the development of the
original loess vegetation. Based on the used natural condition indicators, some sections
of the “I” and “A” verges represent the most natural patterns, which are not equal in age.
The two groups of verges are very different according to their age. It can be confirmed
through similar publications that besides age, landscape management has an important
role [22,25,76], and that the features of the component species of the vegetation are impor-
tant for species composition, especially in the case of specialist species sensitive to the loss
of metapopulation connections [26,42,77-79].

Based on the current studies, two very important factors in the diversity of vegetation
have been found to be the confinement and isolation of the area, which has been the
best way to conserve species, similarly in the case of the Cumanian mounds, where the
value is conserved by the Cumanian mounds that emerge from the landscape [23,26,76,78].
Moreover, it is important that these verges do not have any direct contact with farmland,
and the structure is very important for biodiversity [43,80,81].

A2 and A5 are sections of verges where the strip of grassland is separated from the
strip of forest by a deep ditch. These living buffer strips help to reduce negative impacts
from agricultural fields such as fertiliser and chemical leaching. Based on the maps, it
is also important to emphasize that the “A” verge with a ditch and a tree line, which is
near Kondoros, has always been considered a significant road (Figure 7). According to our
observations, the occurrence of ditches has also negative effects, such as the expansion of
invasive species and intensive scrub [40,82] (Figure 8).
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Figure 7. Border verge with a protected Anchusa barrelieri population, Kondoros (Photo: Zsuzsanna
Sutyinszki).

Figure 8. Interspaced verge, Kondoros (Photo: Zsuzsanna Sutyinszki).

Another verge with good natural condition is the “I”, which is situated along the
railway line. This verge is 120 years old; it must be secondary in origin. In contrast, it has
the best values for numerous indicators of all the studied verges. It is one of the widest
verges, it is an interspaced verge that does not contact the farmland and so is not affected
by negative impacts [16,43]. However, it has been threatened seriously by suspension of
railway traffic, as shrub growth has been intensive throughout the verges, similarly to other
processes in other areas, which is harmful for grasslands [40,45,49,50,82-85].

During the investigations of the dominant Festuca species on the loess grassland, it
was obvious that Fetsuca pseudovina is not found in the area. Based on the taxon parameters,
it is well distinguishable from other potentially occurring species [40]. Results confirmed
the occurrence of Festuca rupicola. Our studies have also verified that length of the palea
of the second flower of the spikelet is one of the most reliable traits [83]. Occurrence of
Festuca valesiaca and Festuca callieri cannot be concluded by inflorescence parameters only,
because sclerenchyma studies are necessary for this purpose. The probability of Festuca
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callieri Margf. occurrence in the area cannot be refuted according to these studies. Only
after the leaf histology and molecular analyses can it be concluded clearly.

5. Conclusions

Based on our research, age is not the primary factor, but isolation is. In order to sustain
the areas, a buffer zone of half a meter to 1 m and conservation management (mowing,
grazing, shrub cutting) are necessary. Hence, it can be concluded that not only the degree of
age but also landscape use, width and position of verges is important for the composition
of the vegetation. We should not rely only on the age of the verges to make hypotheses
about its natural condition and vegetation.

During our work, we tried to define the Festuca species under field conditions, but
morphological features do not provide a clear identification of the examined Festuca species.
We tried to define these species through the morphological investigation of inflorescence in
order to identify species during coenological survey, although these data were not enough
for definition. Therefore, leaf cross-sectional analysis will be needed for a reliable species
definition in the future.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article /10
.3390/d14070510/s1, Table S1: Species of the coenological survey.
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