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Abstract: Research highlights: In the present survey we examined the sandy grasslands appearing
in the steppe-forest-steppe vegetation in the central part of the Carpathian Basin along the Danube.
Background and objectives: We aimed to answer the following questions: Is it possible to build a
picture of the past form of the vegetation through the examination of these vegetation units based
on dominant grass taxa? Is Festuca wagneri an element of open grasslands or steppes? According to
our hypothesis, these surveys can help reveal the original or secondary woody, shrubby patches
through clarifying dominant taxa. Materials and Methods: We studied the grasslands in terms of
coenology, putting great emphasis on the dominant Festuca taxa. Based on our preliminary surveys
and literature, three vegetation types can be separated based on one single dominant Festuca taxon
in each. The survey was conducted in four different locations in the Carpathian Basin. The cover of
dominant grass species was used as an indicator value. The pedological background was also ex-
amined. Results: F. vaginata grassland is an open vegetation type based on its coenosystematic com-
position and ecological values. It grows in very weakly developed calcareous soil with sandy tex-
ture, with its lowest and highest organic carbon content ranging from 0.2% to 11.3% (0.2%), and the
highest carbonate content (11.3%). Where the grasslands were disturbed, F. pseudovaginata and the
recently discovered F. fomanii appeared. These taxa were also found in forest patches. The soil under
F. pseudovaginata was more developed, in the surface horizon with higher organic carbon content
(1.1%) and lower carbonate content (6.9%). The soil profile under F. wagneri developed the most, as
the presence of deep and humus rich soil material from deflation and degradation showed. Conclu-
sions: the dominant Festuca taxa of these vegetation types are good indicators of the changes in the
vegetation and their ecological background.

Keywords: Festuca vaginata; Festuca pseudovaginata; Festuca wagneri; ecological values; pedological
analysis; diversity

1. Introduction

We analyzed the sandy vegetation along the Danube in the central area of the Car-
pathian Basin, notably the calcareous sandy grasslands, which neighbor forest-steppe
patches. The Pannonian—Pontic environmental zone (PAN) of the Carpathian basin, the
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Middle and Lower-Danube Plains and the Black-Sea. This area within characterized by
natural forest-steppe and steppe vegetation [1-3]. The western borders of the Palaearctic
steppe zone stretches across Eastern Europe, with high coverages of steppe and steppe-
like grasslands in Bulgaria, Hungary, Moldova and Ukraine. The most important grass-
land types and subtypes in Eastern Europe [4] are the steppe grasslands (Festuco-Brometea:
Festucetalia valesiacae), which are primary grasslands in the Eastern European region asso-
ciated with the steppe and forest steppe zones. They are typically distributed in lowlands
and at the foothills, and characterized by the dominance of Festuca and Stipa species.

The origin and history of the vegetation in the Pannonian zone are not always clear
[5]. In the last centuries the original zonal appearance of the vegetation went through sig-
nificant changes and became mosaic-like [6]. In the Carpathian Basin the zonal arrange-
ment of the soil types and climate disbands completely, giving the place a mosaic-like
landscape [6,7]. As a result, a mosaic-like vegetation types appeared. In areas with calcar-
eous soil in the central area of the Carpathian Basin the environmental factors are also
mosaic-like [8-10]. According to [11], in the sandy areas of the Danube-Tisza Interfluve,
different vegetation patches are formed along environmental gradients. These gradients
can be physical parameters, such as soil moisture, soil structure, exposure or temperature
[12-14].

According to [15], in natural forest steppe transitions, trees can have a major effect
on herb vegetation composition. In the understory of the forest and grove patches the
species composition is different but instead of being a refuge of forest-specialized herbs
other grassland-specialized species appear, contradicting the stress-gradient hypothesis
[16,17], which states that competitive partners can change to facilitative ones at higher
stress levels.

The regeneration potential of steppes is considerably lower than that of wet mead-
ows, so mowing alone or intensive grazing is not effective in maintaining the diversity of
the vegetation, though its more effective than abandoning it [18,19]; complex methods of
low-level grazing and mowing should be used [20]. Ref. [21] also mention that richness of
the soil can be a negative factor in the regeneration of arid steppes, since on more fertile
soils the ruderal competitors make the natural recovery of specialist species nearly impos-
sible.

According to [22,23], 45% of woody cover can be considered to be a threshold level,
above which grassland specialist herbs give way to forest-related ones. They state that
forest-steppe mosaics, closed forests and open grasslands also form a mosaic on higher
altitudes, which also has to be taken into consideration when the management and con-
versation of these complex habitats are planned.

Refs. [24,25] summed up the main features and characteristics of Eurasian forest-
steppes in an extensive review in which they describe the highly diverse fine-scale grass-
land-forest mosaics in the Carpathian basin as forest-steppes with characteristic species
(among others) such as Quercus spp., Acer tataricum, Populus alba and herbs like Chrispop-
gon gryllus, Festuca vaginata, F. rupicola, F. valesiaca, Stipa spp. and Astragalus spp.

In the past few centuries, significant changes occurred in the relationship of forests
and grasslands between the Danube and the Tisza. Grasslands appeared to replace forests
and some swamps disappeared [26,27]. In the contact zones or rather, according to the
present results, in places once covered in forests, open sandy surfaces formed then became
inhabited by vegetation in a relatively short period of time [21,28-30]. At the same time,
effects of human interventions can be detected long after they ended [31]. In places once
covered in forests succession begins as a natural way of the regeneration of vegetation
[32-36].

The soil-vegetation relationship in the sandy regions of the Danube-Tisza Interfluve
was described and assessed by [37,38]. Ref. [39] also performed a botanical study of the
Juniperetum of the Bugac area, in which he characterized the different vegetation types,
compiled flora descriptions supplemented with coenological data and provided a guide-
line for the evaluation of the location of the vegetation types of the Hungarian Great Plain.
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Jaré [40] (1974) summarized the types of habitats of the Danube-Tisza Interfluve and de-
scribed soils as an important factor in determining its development.

The close surface geology of the Danube-Tisza Interfluve region is determined by
mainly carbonatic eolian sediments of the Danube River. Based on the grain size distribu-
tion of the parent material (from coarse, medium and fine sand to the silty loess) and the
hydraulic conditions (particularly the depth and quality of the water table) different soil
types were developed in the area. At the high and dry landscape positions carbonatic
shifting sands and humic sandy soils (Arenosols) can be found, which are characterized
by unfavorable physical and chemical properties (high permeability and low water and
nutrient storage capacity), thus they have low fertility [41,42].

Due to the regular redistribution of the eolian sandy deposits in the past buried soil
horizons are quite frequent in the sandy soils of the region. The properties (i.e., grain size
distribution, organic carbon content or the present soil structure) and the depth of the
buried horizons may improve the fertility of the surface sandy soils and can provide in-
formation of the former soil forming environment as well [42]. The presence of soil struc-
ture or the different colors at different depths of the sands are also good indicators of
former soil development under different conditions and vegetation cover of the past
[43,44].

The climate of the region is continental with a sub-Mediterranean influence. The an-
nual precipitation is 500-600 mm (maximum in June) with a mean temperature of approx-
imately 11 °C, and increasing aridity from north to south [45-47].

Ref. [48] separated several new series within the F. ovina group. F. vaginata and F.
pseudovaginata belong to the F. psammophila series [49,50]. The other newly described series
is F. trachyphylla, which F. tomanii belongs to, according to its morphological features [51].

We posed the following questions: (i) How does the present vegetation reflect the
original, natural vegetation? (ii) Are there any proof that there were forests patches in the
area? (iii) Could the present grassland vegetation be a hint of the forest-steppe character?
(iv) What inferences can be drawn when paralleling the present state of the vegetation
with soil data?

In order to answer these questions we analyzed the pedological background of the
vegetation types and used the survey of [52], which is the longest examination of sandy
grasslands in the Pannonian Region, being conducted after shrub cutting and afforestation
for 14 years continuously.

2. Materials and Methods

Coenological records were made in the central part of the Carpathian Basin, in 4 ge-
ographic units from northwest towards south and southeast. In the 4 areas dominant
Festuca taxa were Festuca vaginata, F. pseudovaginata and F. wagneri, which were used as a
baseline when differentiating records. The selected grasslands stretch along the Danube
(Figure 1): 1. Little Hungarian Plain, Csallékoz; 2: northern part of the central area of the
Carparthian Basin (Kiskunsag); 3: southern part of the latter (Kiskunsag) and 4: the south-
ernmost sandy area of the Basin (Deliblat). Preferably, we chose sample areas on 3 differ-
ent plain in each vegetation type.
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Figure 1. Location of the sample areas.

Taking this into account, our sample areas were the following:

Festuca vaginata grows everywhere along the Danube, and it appears in every studied
geographic units. We could examine 3 sample areas in each northern part: the Little Hun-
garian Plain (I.1.Fv); northern part of Kiskunsag (1.2.Fv) and southern part of Kiskunsag
(L.3.Fv). On the southernmost part (Deliblato, Serbia) only 1 sample area could be analyzed
(L4.Fv).

Festuca pseudovaginata grows only in the Carpathian Basin, on the northern plane. We
examined 3 vegetation types dominated by it, based on the clearly visible physiognomical
differences. The first one was a degraded type dominated by weeds at Vacratot (IL.1.Fp):
The other one was more diverse, containing also arboreal species at Ujpest (IL.2.Fp): the
third one was a natural grassland at Kunpeszér-Kunadacs (II.3.Fp).

Festuca wagneri was also found everywhere along the Danube in the Pannonian Re-
gion of the Carpathian Basin: in the Csallokoz (III.1.Fw), Northern part of Kiskunsag
(II1.2.Fw), Southern part of Kiskunsag (IIL.3.Fw) and in the southernmost part, at Deliblat
(IIL.4.Fw).

The following relative ecological indicators [53] were used: relative temperature re-
quirements (TB):

1: Subnaval or supraphoric belt;

2: Alpine, boreal or tundra belt;

3: Subalpine or subboreal belt;

4: Montana coniferous forest belt or taiga belt;

5: Belt of Montana deciduous mesophilic forests;

6: Belt of submontane deciduous forests;

7: Belt of thermophilic forests and forest steppes;

8: Sub-Mediterranean shiblets and steppe belt;

9: Plants of the Eumed Mediterranean evergreen zone.

Relative soil moisture requirements (WB):



Forests 2021, 12, 114 5 of 15

1: Plants with high drought tolerance often in areas that are completely dehydrated
or persistently extremely dry (rocky, semi-desert);
2: Drought indicating plants in long dry season production areas;
: Drought-tolerant plants, occasionally found in fresh production areas;
: Semi-arid crops;
: Plants of semi-natural habitats;
: Fresh crops;
: Moisture indicator plants, focused on well ventilated, non-wet soil;
: Humidity indicator, but also tolerant of short flooding;
: Groundwater signaling plants on gravely saturated (air-poor) soils;
10: Aquatic plants of areas with variable water status, dehydrating for a shorter pe-
riod;
11: Aquatic organisms floating, rooted or floating;
12: Submerged aquatic plants.
Nitrogen requirements (NB).
1: Plants of sterile, extremely nutrient-poor areas (e.g., peat moss);
2: Highly nutrient-poor crops;
3: Moderately oligotrophic plants;
4: Plants of submesotrophic habitats;
5: Mesotrophic plants;
6: Moderately nutrient-rich plants;
7: Plants of nutrient-rich areas;
8: N-labeled plants in fertilized soils;
9: Over-fertilized hypertrophic habitats (shepherds’ farms), plants of ruined soils.
Taxon nomenclature was used according to [54]. Association nomenclature was used
according to [5]. Values of digesting extreme climatic conditions (continentality, KB) were
also used based on the 9-level scale of [55], which was based on [56]:

O 00 NI O U1 i W

1. Eu-oceanic species, occurs occasionally in Central Europe (not in Hungary);
Oceanic species, occurs mainly in Western end Western Central Europe;
Oceanic/suboceanic species, occurs mainly in Central Europe;

Suboceanic species, occurs mainly in Central Europe and occasionally in Eastern Eu-
rope;

Transitory types, with a slight suboceanic and subcontinental feature;
Subcontinental species, occurs mainly in Central and Eastern Europe;
Continental-subcontinental species, occurs mainly in Eastern Europe;

L

Continental species, occurs occasionally in Central Europe;

O X NG

Eu-continental species, occurs mainly in Siberia and Eastern Europe (not in Central
Europe).

Spatial heterogeneity of soil cover was investigated by the use of a Dutch auger soil
sampler and 2 soil profiles were opened and described in order to characterize the soil
types of the study area. Morphological descriptions and classification of soil profiles were
made on site according to international standards [57,58]. Based on our survey of soil and
vegetation cover, 3 sampling sites were selected. Composite soil samples from the depth
of 0-15 and 15-30 cm were collected for laboratory analysis from each selected sites and
soil parameters that might be connected to vegetation were determined. Soil pH was
measured in 1:2.5 soil-water suspension and in 1 M KCl, CaCO3 was obtained by the
Scheibler Calcimeter, salt concentration was determined by measuring the electrical con-
ductivity of saturated paste [59] and soil organic carbon content (%) was determined by
the wet chemical oxidation method given by [60]. The Walkley and Black method [61]
utilizes a specified volume of acidic dichromate solution reacting with a known quantity
of soil in order to oxidize the organic carbon. The oxidation step is then followed by titra-
tion of the excess dichromate solution with ferrous sulfate, then the organic carbon content



Forests 2021, 12, 114

6 of 15

is calculated using the difference between the total volume of dichromate added and the
volume titrated after reaction.

For data analysis and presenting the results, the PAST [62,63] statistical software was
used. For comparing the vegetation of the different localities, multivariate hierarchic clus-
ter analysis (UPGMA —unweighted pair-group average [64]) was conducted using Eu-
clidean mean distance. In the present study the diversity of vegetation is particularly im-
portant, therefore after collecting, contracting the data based on vegetation types, they
were also analyzed using Rényi diversity profiles [65].

3. Results
3.1. Coenosystematic Results

Based on the coenosystematic results (the role of each species within the association),
association group Festucon vaginatae differed the most from the others (based on mostly
Stipa borysthenica, Alkanna tinctoria, Centaurea arenaria, Dinathus serotinus and Koleria glauca
(Figure 2). In F. vaginata grasslands the proportion of these open sandy grassland species
was particularly high and varied between 40 and 70% in every sample area. In F. pseudo-
vaginata grasslands these taxa covered only 10-20%. In F. wagneri grasslands these ratios
were similar to those found in the central region, although in the northern (I1II.1.Fw, Csal-
16k6z) and southern (II.4.Fw, Deliblato) areas they dropped under 10%.

The proportion of Festuco-Brometea Br.-Bl. et R. Tx. ex Klika et Hadac 1944 was higher
on the outer edges of the examined region (I.1.Fv, II1.4.Fw). Based on the common taxa of
Festucetalia valesiacae and vaginatae it was clear that F. pseudovaginata grasslands showed a
transition, especially in the area described as shrub-forest mosaic (I.2.Fp). There were
substantial differences among the elements of subcontinental arid grasslands (Festucetalia
valesiacae Br.-Bl. and R. Tx. ex Br.-Bl. 1949) with regard to their relative proportions, too.
These elements, as key taxa of sandy steppes, occurred primarily in the northernmost F.
vaginata grasslands in the Little Hungarian Plain. In F. pseudovaginata grasslands their pro-
portions were higher in the shrub-forest area (IL.2.Fp). In F. wagneri grasslands, their cover
values were found to be the highest in the northern part of Danube-Tisza Interfluve and
at Deliblato (IIL.2.Fw and IIL.4.Fw). In the Deliblato area the following species were found
in large numbers: Adonis vernalis, Carex humilis and Jurinea mollis. F. tomanii was rated in
Festucetalia valesiacae based on its occurrences. Elements of Festucetum rupicolae were found
only in two sample areas: in the forest parts of F. pseudovaginata grasslands and in the
Northern Kiskunsag patches of F. wagneri.

Weed vegetation elements (Chenopodietea and Secalietea Onopordietea) occurred
mainly in weedy patches of F. pseudovaginata grasslands (I1.1.Fp.) (i.e., Anchusa officinalis,
Aslepias syriaca, Carduus nutans, Portulaca oleracea, Setaria viridis and Tragus racemosus).
Taxa of European sub-Mediterranean and subcontinental forests occurred in the forest-
steppe patches of F. pseudovaginata (Quercetea pubescentis-petreae (Oberd., 1948) Jakucs,
1960) (i.e., Berberis viulgaris, Echinops schaerocephalon, Hierochloé repens and Veronica chamae-
drys). These elements were also found in F. vaginata grasslands, although with lower cover
values, in the northernmost and southernmost areas. Forest taxa occur also in F. wagneri
grasslands, mainly in the northern part of the Sand Ridge (IIL.2.Fw).
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Figure 2. Coenosystematic composition of the grassland types under investigation. (Festuca vagi-
nata vegetation types: I.1.Fv: Little Hungarian Plain, 1.2.Fv: northern part of Kiskunsag, 1.3.Fv:
southern part of Kiskunsag, 1.4.Fv southernmost part. Festuca pseudovaginata I1.1.Fp: degraded type
dominated by weeds, I1.2.Fp: woody patches, I1.3.Fp: natural patches; Festuca wagneri IIL.1.Fw:
Csallokoz, II1.2.Fw: Northern part of Kiskunsag, II1.3.Fw: Southern part of Kiskunsag, II1.4.Fw: in
the southernmost part, Fes vag.: Festucion vaginatae, Fes. vag. and Festucetalia vaginatae and valesi-
acae, F-B.: Festuco—Brometea, Fes.val.: Festucetalia valesiacae, Fes.rup.: Festucion rupicolae, Qu.pub.p.:
Quercetea pubescentis-petreae, P.: Prunion, Ar.: Arrhenatheretea, Ch. and Sec: Chenopodietea and
Secaalietea, Onopordietea. A.-P.: Alno-Padion).

3.2. Diversity Results

Based on the Rényi diversity profile (Figure 3), it was clear that the most diverse veg-
etation type was F. pseudovaginata.
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Figure 3. Rényi diversity of the grasslands (Festuca vaginata vegetation types: 1.1-4.Fv, Festuca pseu-
dovaginata 11.1-3.Fp and Festuca wagneri 111.1-4.Fw).

3.3. Ecological Values

We also analyzed the distribution of the relative ecological indices in the vegetation
units, i.e., relative temperature, water requirements and continentality values.
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F. vaginata grasslands were inhabited by species with the highest temperature re-
quirement (value 8), although taxa with a value of 9 were to be found in secondary, weedy
F. pseudovaginata grasslands (II.1.Fp). In F. wagneri grasslands, value 7 was the most com-
mon. On the two edges of the survey area, the coverages of half-shadow (value 5) and
half-shadow-half-light (value 6) species were the highest. (Figure 4A).

Based on relative soil moisture requirements, F. vaginata differed from the others the
most (Figure 4B). In the shrub-forest patches of F. pseudovaginata several species occurred,
which indicated the borders of a wetter environment. Drought-tolerant species, which
also occur in fresh habitats occasionally (value 3), were typical of F. wagneri grasslands.

Based on relative nitrogen requirements, F. vaginata differs again (Figure 4C). They
contained the highest number of nutrient-poor patches. The shrub-forest patches of F.
pseudovaginata were inhabited by species, which indicated larger amounts of nitrogen,
which was also true for F. wagneri grasslands.
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Figure 4. Proportions of the species based on relative ecological indices. (a) TB (relative tempera-
ture), (b) WB (relative water requirements) and (c) NB (nitrogen requirements). Festuca vaginata
vegetation types: I.1.Fv: Little Hungarian Plain, I.2.Fv: northern part of Kiskunsag, 1.3.Fv: southern
part of Kiskunsag, 1.4.Fv southernmost part. Festuca pseudovaginata: I1.1.Fp: degraded type domi-
nated by weeds, II.2.Fp: woody patches, I1.3.Fp: natural patches. Festuca wagneri: II1.1.Fw: Csal-
16koz, I11.2.Fw: Northern part of Kiskunsag, II1.3.Fw: Southern part of Kiskunsag, II1.4.Fw: in the
southernmost part. 1-9: see Materials and Methods.

Species with continentality value of 9 (eucontinental), which occur very rarely in the
Carpathian Basin, were to be found in the weedy grassland of F. pseudovaginata (11.1.Fp).
Taxa with a value of 8, which are continental species marginally appearing in Central Eu-
rope, were also found. Value 7 (continental-subcontinental taxa with an Eastern European
centre) had the largest proportion. Value 6 is a subcontinental category with a Central
European centre; it also appeared along with value 5 (transitional types, with slight sub-
oceanic and subcontinental features) (Figure 5).

KB mo
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Figure 5. Proportion of the taxa based on their ability to tolerate extreme climatic effects. KB: conti-
nentality. Festuca vaginata vegetation types: I.1.Fv: Little Hungarian Plain, 1.2.Fv: northern part of
Kiskunsag, 1.3.Fv: southern part of Kiskunsag, 1.4.Fv southernmost part. Festuca pseudovaginata
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(@)

I.1.Fp: degraded type dominated by weeds, IL.2.Fp: woody area, I1.3.Fp: natural area. Festuca wag-
neri III.1.Fw: Csallokoz, IIL.2.Fw: Northern part of Kiskunsag, II1.3.Fw: Southern part of Kiskunsag,
III.4.Fw: in the southernmost part. 1-9: see Material and Methods.

3.4. Pedological Results

The soil conditions were quite homogenous in the studied areas but small scale dif-
ferences in the rate of development, SOM (soil organic matter) and carbonate content were
detected in the different Festuca spp habitats.

The soil type under F. vaginata was described as Calcaric Arenosol [59] with ACk Ck
profile development [57], which represents a very weakly developed calcareous soil with
sandy texture (Figure 6). Based on our results, F. vaginata usually occurs in areas with the
least developed, strongly calcareous sandy soil patterns, where we measured the lowest
organic carbon (0.2%), and the highest carbonate content (11.3%) (Table 1).

(b) (c)

Figure 6. Soil profiles with genetic horizons [54] and classification according to the World Reference Base for Soil Resources
[55]. (a) Calcaric Arenosol under F. vaginata; (b) Calcaric Arenosol under F. pseudovaginata and (c) Calcaric Brunic Areno-

sol under F. wagneri.

The soil under F. pseudovaginata was more developed with Ak Bwk 2Ck profile de-
velopment [54] showing moderate accumulation of humified organic matter in the surface
horizon with higher organic carbon content (1.1%) and lower carbonate content (6.9%)
than in the topsoil of the F. vaginata habitat (Table 1).

Table 1. Basic soil chemical parameters of the genetic horizons of the soils profiles sampled under F. vaginata, F. pseudo-
vaginata and F. wagneri sites.

Site Genetic Horizon Depth SOM CaCOs pH pH Salt
(cm) (%) (%) (H20) (KCI) (%)

F. vaginata ACk 0-5 0.2 113 8.2 8.0 0.02
5- 0.1 11.4 8.6 8.2 0.02

F. pseudovaginata 0-5 1.1 6.9 8.1 7.7 0.03
Bwk 5-18 0.6 8.6 8.3 8.1 0.03

2Ck 18- 0.2 10.5 8.8 8.5 0.02

F. wagneri 0-20 13 0 6.7 6.4 0.01
20-60 0.8 0 6.9 6.1 0.01

60-95 0.5 0 7.6 72 0.01

95-125 0.2 0 7.6 7.0 0.01

2Ckl 125- 0.1 52 8.0 7.7 0.02
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The soil profile showed lithic discontinuity under the Ak Bwk horizons at 18 cm
depth, indicated by the presence of common (5-10%) fine and medium (2-10 mm)
rounded gravel content of the surface horizons compared to the underlying gravel free
sand layer. The thin appearance of this surface layer can be explained by deforestation or
other human impacts, which caused deflation and thus the loss of the former surface and
surface close horizons. The recent, weakly developed and humus rich A horizon may have
developed on the top of the remnant B horizon of the truncated soil, which was eroded to
the surface.

As a result of this thin, weakly developed appearance of the described horizons, the
soil under F. pseudovaginata was also classified as Calcaric Arenosol [55] but the morphol-
ogy of the Bw horizon (at a depth of 5-18 cm) still supported our hypothesis of the pres-
ence of a former forest vegetation cover in the area. The olive brown (Munsell 2.5 YR 4/3
moist) color, and the weak granular structure are typical features of pedogenic alteration,
which is characteristic for the weakly developed forest soils of the Carpathian Basin. These
soils are called “Brown earths” in the genetic based Hungarian soil classification system
[42], and “Cambisols” (or “Brunic Arenosols” in case of coarse sandy texture) according
to the World Reference Base for Soil Resources [55].

The most developed soil profile of the studied area was described under F. wagneri.
The solum was 125 cm thick with A AB Bw BC 2Ckl profile development and the soil was
classified as Calcaric Brunic Arenosol [55] indicating obvious signs of soil formation with
horizon differentiation in the sandy subsoil. Both the morphology and the chemical prop-
erties of the genetic horizons were found typical for soils developed under (former) forest
vegetation. The soil showed relatively deep humus rich A horizon (0-20 cm), transitional
character (AB horizon between 20-60 cm) and had a Bw horizon (at 60-95 cm depth) with
brownish discoloration (Munsell 10 YR 4/4 moist), soil structure development (weak to
moderate, medium subangular blocky) and leached, carbonate free characteristics. The
presence of deep, transitional A and AB horizon indicated stabile surface with closed veg-
etation cover, which saved the humus rich soil material from deflation and degradation.

4. Discussion

Due to significant changes in the vegetation taking place in the last few hundred
years, the central sandy grassland, forest-steppe areas of the Carpathian Basin became
mosaic-like [6,66] but the present survey confirmed that several patches of the original
vegetation was still preserved. At the same time, new opportunities opened up for new
species and associations to settle, or even new taxa to form. For the same reason, invasive
species could also invade more easily [31,67].

Based on the results we could confirm that Festuca vaginata was to be found all along
the Danube in sandy soils in the Carpathian Basin but it is still uncertain whether its hab-
itat spreads all the way to the Black Sea [5]. Based on our concurrent surveys it spreads
only to Romania [6,68]. Basically, this species inhabits the open sandy grasslands, in the
association of Festucetum vaginatae Rapaics ex So6 1929 em. Borhidi 1996.

In earlier literature, Festuca vaginata was treated as the only dominant grass taxon of
the open calcareous sandy grasslands. This was debated by [69] when finding F. wagneri
in Hungary for the first time, although he treated it as a forest-steppe species. There was
no consensus on the coenological affiliation of F. wagneri, although its taxonomy was clar-
ified by [70] when describing it as a separate species. Since older specimens lose their ep-
idermal hairs and their sclerenchime becomes annular, a greenish grass taxon was identi-
fied as F. wagneri in samples of F. vaginata grasslands, until [71] described it as a new
species named F. pseudovaginata, which also forms an association new to science [72]. Later
it was confirmed that the soil parameters of this association differ greatly from the others’
[73] in terms of Ca and Mg contents. However, in the present survey soil profile was con-
ducted for the first time, and its analysis confirmed what the environmental backdrop F.
pseudovaginata indicated. This species evolved on forest soils. The soil profile showed 1.5
m deep forest soil and the amount of organic matter was higher. The relative ecological
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indices showed [50] that the vegetation type appeared under wetter conditions and based
on their nitrogen requirement values, the soil was more nutrient-rich, which was also con-
firmed by the soil profiles.

F. pseudovaginata is endemic in the Pannonian region, it inhabits only the central
sandy area of the Carpathian Basin. Ref. [74] provided data from the Romanian border, as
its first occurrence in the country. However, there are still some uncertainties about it be-
cause F. pseudovaginata is tetraploid, while the specimens found were all diploid [75].

Coenosystematic analysis showed F. pseudovaginata mainly in forest-shrub areas and
the samples also contained elements of Quercetea pubescentis-petreae and steppe taxa. In F.
wagneri grasslands, proportion of taxa of Festucetalia valesiacae and Festuco-Brometea was
higher. In addition, all three vegetation types were less diverse at their northern and
southern edges and contained also forest, steppe and closed grassland species in larger
proportions.

The present study was not extended to examine the border areas between sandy
grasslands and forest vegetation, similarly to numerous invaluable and detailed works
[23-25,76,77], although they did not examine the dominant Festuca taxa in detail. The pre-
sent survey is part of a series of investigations, which examine the sandy grasslands along
the Danube and the taxonomic conditions of the Festuca. As a result of our present study
a new species was also discovered. Based on the soil profiles, it was clarified that these
Festuca taxa can be used as indicators of disturbances in the vegetation or the onetime
locations of forest patches.

F. pseudovaginata forms an association [72], not only under artificial circumstances as
seen in Ujpest but also at Kunpeszér-Kunadacs, where the vegetation indicates natural
processes. The later is the largest continuous sandy grassland along the Danube in the
Hungarian Plain, where the chances for vegetation types to evolve were the highest and
its diverse environment gave an opportunity for mosaic-like landscape structure to form.

In conclusion, we answered our questions as follows: (i) According to our results, F.
vaginata and F. wagneri grasslands can be considered as seminatural habitat based on their
species composition and ecological indicators. F. pseudovaginata grasslands are mainly dis-
turbed but natural patches were also found. (ii) Soils of F. pseudovaginata and F. wagneri
indicate the onetime forest patches. (iii) The composition vegetation indicates its relation-
ship with forest-steppes. Coenosystematic analysis showed F. pseudovaginata mainly in
forest-shrub areas and the samples also contained elements of Quercetea pubescentis-petreae
and steppe taxa. In F. wagneri grasslands, the proportions of taxa of Festucetalia valesiacae
and Festuco-Brometea were higher. In addition, all three vegetation types were less diverse
at their northern and southern edges and contained also forest, steppe and closed grass-
land species in higher proportions. (iv) The vegetation follows the aridification of the cli-
mate fast and changes rapidly into dry sandy grasslands form. The pedological results
showed the memories of the changes of the soil. Answering the question in the title, the
dominant Festuca species and their proportions and cover values will be the memory that
indicates the vegetation types of the past in the area.
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