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Abstract: The conservation of dry sandy grasslands is a global issue because of the restoration and
conservation of endangered ecosystems to provide a sufficient amount of forage under warming
and drying climatic conditions. Our aim was to explore the impact of military activity on sandy
grasslands in Hungary. The sample areas chosen were the Little Hungarian Plain (I. and II.) and
the Great Hungarian Plain (IIL.), consisting abandoned, restored areas; still-active military exercise
fields; and shooting ranges. In each sample area, six to ten coenological surveys were made. Based
on our survey, the closed natural sandy grassland was documented only in the Little Hungarian
Plain and were found rich in species. The open sandy grassland was described in all studied sites,
Festuca vaginata appeared in all of them, while Festuca pseudovaginata was observed only in the Great
Hungarian Plain. In the open sandy grassland, the natural vegetation had the highest cover value
(78.8%), the sowed grassland area had the least cover value (53.3%), while the III. sample area was
also poor in coverage (56.5%) but consisted of a natural species composition favorable for restoration.
Our results confirmed the indirect role of military activity in the successful habitat conservation of
Pannonian dry sandy grassland ecosystems.

Keywords: conservation restoration; coenology; diversity; Festuca vaginata; Festuca pseudovaginata;
human disturbance

1. Introduction

The conservation of dry sandy grasslands is a global issue, since their biodiversity
is critically vulnerable to fragmentation. The effects of climate change have resulted in
increasing significance of these drought-tolerant ecosystems. They represent an impor-
tant genetic pool too, as biodiversity has been declining in grasslands of the Pannonian
region [1-3]. Biodiversity loss is caused by anthropogenic influences, but also by the im-
proper use or lack of land management [1]. Global warming necessitates the restoration and
conservation of endangered ecosystems which are still able to provide a sufficient amount
of forage under warming and drying climatic conditions too. The Pannonian endemic
dry, sandy grasslands have a low nutrient content in general. Nevertheless, despite their
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low nutrient content and biomass value, these areas are used for grazing in the long term.
The ecosystem of these habitats can provide nutrients even in the context of global warm-
ing. However, the application of sustainable management practices is necessary for their
maintenance, as complete abandonment can cause biodiversity reduction and a decreased
number of species. According to several research studies, this decrease in biodiversity
is often accompanied by a decrease in plant biomass [2,4-18]. Appropriate grazing or
mowing are important management practices for grasslands, especially in low-quality
Pannonian grasslands, as the amount of surface phytomass has a positive effect on the
number of species even with a slight disturbance [14]. The enhancement in productivity
can contribute to species richness, contingent upon various factors such as geographical
location [13], habitat expansion [11], fragmentation [7], biocoenosis type [6], and habitat
successional condition [11].

As in the study of sandy grassland restoration [16], the amount of target species in
sandy grassland was found to be higher in older than in younger fallows. By definition,
fallows are arable areas that have been abandoned for less than 10 years, whereas grasslands
are areas that have been treated as grassland for more than 10 years. The species are
considered “target species” that can be dominant characteristic species in natural grasslands
and that are also important for grassland and nature conservation management purposes.
Most of the target species were already sown in young fallows, but only a few new target
species appeared in older fallows [9]. According to the study by Rehounkova and Prach [16],
the appearance of new target species in sandy areas is probably a propagule-limited process,
which is influenced by the species composition of adjacent grasslands [5,6]. This statement
is confirmed by the experiences of restoration of the Homoktovis Nature Conservation
Area in Hungary [7] too. Therefore, activities of habitat restoration are important to reduce
isolation and increase the expansion of patches of grassland habitats. The final aim of
restoration is to reach the habitats” original condition to the closest extent possible [19].
The relevance of habitat restorations by active intervention has been increasing [20-22],
especially in natural and semi-natural areas of highly transformed environments [21].

In the process of grassland restorations, sown grasslands has gained more impor-
tance [2,5], representing one of the most common interventions of habitat reconstruction
today. However, the sowing of grasslands can be carried out in various ways, including the
adding of hay or the application of seed mixtures of different diversities [23-25]. The selec-
tion of seed mixtures is an important issue for nature conservation, as in ideal cases, species
compatible with the landscape and the most suitable for the environmental conditions of
the area are collected [26,27]. When seed mixtures are sown, different seed mixtures with
low diversities (2-8 species) [28,29] or high diversities (940 species) are used [25,29], if
the determination of dominant species is conducted in controlled conditions. In addition,
burning has also become common in regeneration maintenance works [30-32].

Countries worldwide dedicate vast areas to military exercises. Due to the nature of
the activity, these military training grounds often exceed 100,000 hectares individually.
The perception of these areas is Janus-faced, as on the one hand, the destructive nature of
military training can cause significant environmental damage, while on the other hand,
the restrictions applied to these areas makes it impossible to pursue other (non-military)
human activities [33]. Based on the literature, evaluation of the harmful environmental
effects of activities on training grounds can be grouped into the following main research
areas: ground water pollution, soil degradation (compaction) and soil pollution (especially
due to heavy metal contamination), the entry of pollutants into the food web, and eco-
toxicology [34]. Soil compaction and structure degradation are central issues regarding
vegetation, as decreased pore space and the related reduced hydraulic conductivity directly
affect plant life [35]. Furthermore, the uptake of toxic metals by the roots and shoots of
the grass, forb, and shrub species increases the risk of these substances entering the food
chain [35,36]. The biomass of the vegetation can also be reduced significantly on military
training grounds by the off-road maneuvers of tanks and other heavy military vehicles,
and the bare surfaces may enhance soil erosion 30 times higher than reference plots [37].
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However, the wide variety of damages caused by military training, coupled with their
irregular distribution in space and time, creates a wide variety of microhabitats with diverse
local ecological conditions [38,39]. A striking example of microhabitat diversification is
related to explosion craters that increased species diversity in the Nowa Deba (SE Poland)
military training area [40]. This increased plant diversity on military training grounds
was documented in other localities as well, and these vegetation units often harbored
populations of endangered plant species [33,39]. This special phenomenon is explained by
the “heterogeneous disturbance hypothesis”, which is related to Connell’s intermediate
disturbance hypothesis [40]. Warren’s hypothesis emphasizes the importance of multiple
kinds and frequencies of disturbance, as well as its varying severity, periodicity, and
size. These factors are also suggested to be considered during conservation activities on
abandoned military training grounds.

In the present research, we investigated vegetation types that grow on sandy soils with
poor nutrient content and with questionable economic potential. However, as they are well
adapted to drought, their potential expansion in the future may increase their economic
importance as pasture and forage provider habitats. Among these vegetation types, the
most typical ones are the calcareous perennial open sandy grasslands (Festucetum vaginatae
Rapaics ex 506 1929 em. Borhidi 1996), which grow in very dry and nutrient-poor areas.

Based on the reviewed literature, we sought to answer the following question in
our research: Can military activity serve as a special option of habitat conservation in
natural and semi-natural sandy grasslands of Hungary? This option can be considered
special, as vegetation conservation does not belong to the task of military activities, so
nature conservation in military areas is conducted in an indirect way. Thus, our aim was
to investigate the impact of military activities on highly variable endemic arid vegetation
types in the context of climate change using coenological surveys.

2. Materials and Methods
2.1. Description of the Study Areas

The surveys were carried out in two locations in the Little Hungarian Plain region (1.
Military Shooting Range of Gonyti, and II. Military Exercise Area of Gy&rszentivan) and in
one location in the Great Hungarian Plain (IIl. Tatarszentgyorgy) (Figure 1).
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Figure 1. Sample areas (I.: Little Hungarian Plain Gonyfi (above sea level: 103 m), IL.: Little Hungarian
Plain Gydrszentivan (above sea level: 116 m), III.: Great Hungarian Plain Tatarszentgyorgy (above
sea level: 95 m)). (a). Europe, (b). Hungary.

The selected study areas are particularly valuable because they belong to the Pannon-
ian endemic grasslands [3].

In the two military areas of the Little Hungarian Plain (Gonyfi, localization: 47.733300,
17.833300; GyOrszentivan, localization: 47.697863, 17.736483), habitat reconstruction and
grassland establishment were carried out using different methods, and military activity is
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inactive at present. In the area of the Great Hungarian Plain (Tatarszentgyorgy, localization:
47.081500, 19.369669), military activities are still active.

In the Military Shooting Range of Gonyfi, three vegetation types were surveyed: an
undisturbed vegetation type, a burnt area (which was burnt for 3 years and abandoned
5 years before the time of the survey), and a manually sown grassland.

In the Military Exercise Area in Gy®6rszentivan, a sown grassland patch was estab-
lished with a dual purpose. One of the aims was to establish a grassland with a high
nature conservation value, supplemented with increased grassland management utilization
as well.

In the sample areas, the studied vegetation types (associations) were the following
with the objectives of the grassland management:

I.  Military Shooting Range of Gonyfi. Its main purpose was the habitat restoration and
establishment of Festucetum vaginatae.

I.1.  FvGE: Festucetum vaginatae, an original, natural, calcareous, open sandy grass-
land, unmanaged.

12.  FvGEE: Festucetum vaginatae, an original, natural, calcareous, open sandy grass-
land, but burnt for 3 years and abandoned 5 years before this study, unmanaged.

1.3.  FvGS: Festucetum vaginatae, a manually sown semi-natural grassland, where

an artificial sandy ridge, rampart, was established.

II. Military Exercise Area of Gy6rszentivan. Its main purpose was to establish a habitat
through grassland establishment for economic and nature conservation values.

IL1.  FvGYV: Festucetum vaginatae, a sown semi-natural grassland.
IL.2.  FrGYV: Festucetum rupicolae, a sown semi-natural grassland.
I1.3.  FrGYI: Festucetum rupicolae, a natural grassland.

II. Military Exercise Area of Tatarszentgyorgy. There is still active military activity
(military exercises) here.

ML1. FpT: Festucetum pseudovaginatae, natural or semi-natural grassland.
MI.2.  FvT: Festucetum vaginatae, natural or semi-natural grassland.

In the areas of the Little Hungarian Plain (Gonyti, Gy&rszentivan), military activities
were terminated in 1989. The restoration of the area was planned in 2006, and then the
reclamation of the grasslands started in 2008 and was carried out in two phases, using
two 5-year plans. Our survey was performed in 2018, 5 years after the termination of
the restoration project. Based on this, the natural sandy grassland (FvGE) was already
a natural grassland before the initial works in 2006. In the natural grassland that was
burnt for 3 years (2010-2013), the activity had been abandoned for 5 years by 2018. On
the other hand, in the two studied sown grassland areas (Gonyti—FvGS, Gy&rszentivan—
FvGYYV, FrGYV), the intervention was carried out in 2015, 3 years before the study period.
Deforestation was applied in the Festucetum rupicolae natural grassland (FrGYI) and the
invasive woody species were also removed in 2015. The only still-active military exercise
area of our study is situated in the Great Hungarian Plain (Tatarszentgyorgy).

Among the natural vegetation types in the sample areas, the calcareous open sandy
grassland is Festucetum vaginatae Rapaics ex So6 1929 em. Borhidi 1996, which can be found
in all sample areas of the three studied locations. Thus, a comparison of this vegetation
type was also conducted, including the effects of the different management practices.

2.2. Field Methodology

In the field surveys, we used 2 X 2 m quadrats in each sample area and in each vegeta-
tion type in 2018. During the vegetation period, the modified method of Braun-Blanquet
was followed [41], where vegetation cover is given as a percentage. Each sampling quadrat
was chosen randomly in typical patches of the studied vegetation type. In each patch,
6-10 coenological surveys were carried out in each vegetation period and repeated at the
same sample location. All occurring vascular plant species were noted down and their
cover values were estimated. Finally, the cover values of the species in the three vegetation
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periods (May, June, September) were analyzed together. Species names were provided
based on the nomenclature of Kiraly [42].

2.3. Statistical Analysis

To describe the mean and deviation of vegetation cover of the studied areas, we
averaged the cover of species in each sample area and then we worked with these data in
further steps. For each treatment, we ordered the plant species into different categories
(characteristic species in open sandy grassland, characteristic species in closed natural sandy
grassland, weeds, disturbance-tolerant species) in order to prepare clear diagrams. The
differences in species number between territories were analyzed using one-way ANOVA.
We used an agglomerative cluster analysis technique (Ward’s method by PAST) with
a fusion algorithm as a combinatorial method (minimizing increase in variance), and the
correlation was used as the comparative function. In the analyses, the Kruskal-Wallis test
was used for the variables of the one-way analysis of variance (ANOVA). Tukey’s HSD test
(post hoc test) was used to perform pair-wise multiple comparisons. The data structure
of the coenological surveys was analyzed with detrended correspondence analysis (DCA)
ordination using Bray—Curtis Distance Indices to visualize the species composition of the
F. vaginata, F. rupicola, and F. pseudovaginata series in the three sites. All statistical analyses
were performed using the PAST program [43,44].

3. Results
In order to analyze data easily, we classified the surveyed data into four coenosystem-
atic groups (Table 1) [3]:

1. Characteristic species in open sandy grassland (Festucion vaginatae, Corynephoretalia,
Festucetalia vaginatae & rupicolae, and Festucetalia vaginatae & valesiacae).

2. Characteristic species in closed natural sandy grassland (Brometea, Festuco-Brometea,
Festucetalia valesiacae) refer to the natural condition of the grasslands.

The other two groups include the species that indicate disturbance:

Weeds.
4.  Disturbance-tolerant species (Figure 2).
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Figure 2. Comparison of the sample areas of the three locations based on the mean cover in % of
species belonging to the four vegetation categories.
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Table 1. The recorded species of the four coenosystematic groups.

Disturbance-Tolerant Species

Characteristic Species in Open Sandy Grassland

Characteristic Species in Closed
Natural Sandy Grassland

Weed Species

Acinos arvensis (Lam.)

Adonis vernalis L.

Arabis hirsuta (L.) Scop.

Arabis turrita L.

Ambrosia artemisiifolia L.

Anthemis ruthenica
M. Bieb.

Achillea pannonica
Scheele

Anchusa officinalis L.

Dandy

Allium sphaerocephalon L.

Alyssum alyssoides (L.) L.

Arrhenatherum elatius

(L.) P. Beauv. ex J. Presl

& C. Presl

Asparagus officinalis L.

Apera spica-venti (L.)
P. Beauv.

Agropyron repens (L.)
P. Beauv.

Arabidopsis thaliana (L.)
Heynh.

Bromus tectorum L.

Bothriochloa ischaemum

Alyssum tortuosum

Artemisia campestris L.

Astragalus onobrychis L.

Berberis vulgaris L.

Camelina microcarpa
Andrz. ex DC.

Capsella bursa-pastoris
(L.) Medik.

Calamagrostis epigejos

(L.) Keng
Dactylis glomerata L.

Willd.
Arenaria serpyllifolia L.

Bromus squarrosus L.

Bromus erectus Huds.
(A-D: 4-10%)

Carex humilis Leyss.

Carduus acanthoides L.

Carex stenophylla
Wahlenb.

Centaurea micranthos
(Griseb.) Hayek

(A—D: 2-10%)

(* A-D: 1220%)

Carex liparocarpos
Gaudin

Centaurea arenaria
M.Bieb. ex Willd.

Dianthus giganteiformis
subsp. pontederae
(A.Kern.) So6

Dorycnium lgermanicum
(Gremli) Rikli

Cenchrus incertus M.
A. Curtis

Crepis rhoeadifolia M.
Bieb.

Crataegus monogyna
Jacq.

Cynodon dactylon (L.)
Pers.

Cerastium
semidecandrum L.

Dianthus serotinus
Waldst. & Kit.

Euonymus europaeus L.

Festuca arundinacea
Schreb.
(A—D: 2-8%)

Crepis tectorum L.

Descurainia sophia (L.)
Webb ex Prantl

Eryngium campestre L.

Erysimum diffusum Ehrh.

Festuca pseudovina Hack.

Erophila verna (L.)
CHEW.

Euphorbia seguieriana
Neck.

Festuca rupicola Heuff.
(A—D: 2-15%)

Festuca rubra L.
(A—D: 2-10%)

Echium vulgare L.

Erodium cicutarium (L.)
Hér.

Euphorbia cyparissias L.

ex Wiesb.
(A—D: 2-15%)

Festuca pseudovaginata
Penksza

Festuca vaginata Waldst.
& Kit. ex Willd.
(A—D: 8-65%)

Filipendula vulgaris
Moench

Helianthemum ovatum
(Viv.) Dunal

Lamium amplexicaule L.

Lithospermum arvense
Thunb.

Gagea pusilla
(EW.Schmidt) Sweet

Galium verum L.

(A—D: 10-25%)

Fumana procumbens
(Dunal) Gren. & Godr.

Gypsophila fastigiata L.

Helictotrichon adsurgens
(Schur ex Simonk.)
Conert

Helictotrichon pubescens
(Huds.) Pilg.

Melandrium album (Mill.)
Garcke

Reseda lutea L.

Hypericum perforatum L.

Knautia arvensis (L.)
Coult.

Gypsophila paniculata L.

Helichrysum arenarium
(L.) Moench

Koeleria cristata (L.) Pers.

em. Borbas ex Domin

Linaria genistifolia (L.)
Mill.

Setaria viridis (L.)
P. Beauv.

Taraxacum officinale F. H.
Wigg.

Lotus corniculatus L.

Ononis spinosa L.

Holosteum umbellatum L.

Iris arenaria Waldst. &
Kit.

Linum austriacum L.

Muscari racemosum Mill.

Tribulus terrestris L.

Ornithogalum
umbellatum L.

Plantago lanceolata L.

Iris pumila L.

Koeleria glauca (Spreng.)
DC.

Peucedanum oreoselinum
(L.) Moench
(A—D: 2-15%)

Phleum phleoides (L.)
H.Karst.

Poa angustifolia L.
(A—D: 1-15%)

Rumex acetosella L.

Koeleria majoriflora
(Borbas) Borbas ex
Domin

Medicago minima (L.)
Bartal.

Polygonatum odoratum
(Mill.) Druce

Potentilla arenaria Borkh.

Salsola kali L.

Scabiosa ochroleuca L.

Minuartia glomerata

Minuartia verna (L.)
Hiern

Stachys recta L.

Teucrium chamaedrys L.

Stellaria media (L.) Vill.

Stipa capillata L.

(M.Bieb.) Degen

Moyosotis stricta Link

Oxytropis pilosa (L.) DC.

Thalictrum minus L.

Thesium arvense Horv.

Trifolium campestre
Schreb.

Veronica arvensis L.
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Table 1. Cont.
. L. Characteristic Species in Closed . : ;
Characteristic Species in Open Sandy Grassland Natural Sandy Grassland Weed Species Disturbance-Tolerant Species
o Poa bulbosa L. oy Thymus glabrescens - s S
Plantago indica L. (A—D: 1-10%) Verbascum lychnitis L. Wild Vicia angustifolia L. Vicia hirsuta (L.) Gray

Polygonum arenarium W
etK.

Sanguisorba minor Scop.

Veronica spicata L.

Vicia tetrasperma (L.)

Schreb.
Saxifraga tridactylites L. Secale sylvestre Host
Silene conica L. Silene otites (L.) Wibel
Stipa borysthenica
Solidago virgaurea L. Klokov ex Prokudin
(A—D: 2-25%)
Vincetoxicum

Veronica dillenii Crantz hirundinaria Medik.

Viola kitaibeliana Schult.

* A-D: abundance-dominance values (extreme values in percentage) of the important species.
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Among the study sites, the I. sample area had the lowest mean cover value. Examining
all vegetation types of sample areas of the three locations together, the IIl. sample area,
where military activity is still active, belongs mainly to the open grassland category (61.6%).
At the same time, characteristic species of open sandy grassland were dominant in the I.
and II. sample areas, too. The I. sample area had a quite high mean cover (43%), and it was
followed by the II. sample areas with 32.1%. The closed grasslands of I. and II. sample areas
were rich in species. The proportion of species of natural closed grassland was highest in
the II. sample area (23.1%) but was quite high in the I. sample area (12.8%) as well.

Weeds were found with low cover (3.5-4.6%) in all three sample areas, reaching the
highest proportion in the II. sample area (4.6%). The proportion of disturbance-tolerant
species was low in the I. and III. sample areas. The highest mean cover value of the
disturbance-tolerant species (27.1%) was found in the sown grassland areas of the IL
sample area, followed by the III. sample area with around 10% and the recultivated area of
the I. sample area (FvGS) with only 5.4%.

Based on the sample areas and the coenological records, it can be seen from the figure
of DCA (Figure 3) that the records of the III. sample area are well distinguished. Among
these, the most distinguishable are the records of the Festucetum pseudovaginatae vegetation
type of area III (FpT). The records of the Festucetum vaginatae (FvT) of area III. are close to
but also distinguishable from the sample areas (I. and II.) of the Little Hungarian Plain.
The original sown Festucetum vaginatae (FvGE) and the original but burnt open Festucetum
vaginatae (FvGEE) grassland records form a complete group, whereas the records of the
closed grassland Festucetum rupicolae (FrGYV and FrGYI) are separated significantly in
terms of number of species, vegetation cover, and statistical comparison.

FVGEE

Avis2

1604

T T T T T T
160 200 240 290 30 360
Axis 1

Figure 3. DCA analysis of the coenological records.

Focusing on the five areas with the vegetation type classification of Festucetum vaginatae
association showed that the sown rampart of the I. sample area (FvGS) had the highest
proportion of weed species with 10.5% (Figure 4). It was followed by the sown grassland of
the II. sample area (FvGYV) with 4.2%. However, only a minimal mean cover value (0.3%)
can be seen in the III. of weeds. The proportion of disturbance-tolerant species was high
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in the sown rampart of the I. sample area (7.8%) (FvGS) and in the original vegetation of
the I. sample area (7.3%) (FvGE), but the highest mean cover value (12%) was in the sown
grassland of the II. sample area (FvGYV). The number of species that belonged to the open
grassland category was generally high, around 50%, except for the vegetation type of the
sown rampart of the I. sample area (29.2%) (FvGS), and it was highest in the III. sample
area, where military activities are still active (54.4%). In terms of species of closed grassland,
the richest were the original vegetation of the I. sample area (22.5%). It was followed by the
burnt grassland of the I. sample area with 8.2% (FvGEE), and then the sown rampart of the
L. sample area (FvGS) with 7.8%. The sown grassland of the II. sample area (FvGYV) had a
lower cover value in terms of the characteristic species of closed grassland (7%), but the IIL
sample area (FvT) had almost no species that are characteristic of closed grasslands (0.3%).

60

50

40

Cover(%)
w
(=]

20

10

0

49

54.4
50.8 19
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225

105
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Figure 4. Comparison of Festucetum vaginatae vegetation types in the three sample areas based on the
mean cover in % of the species belonging to the four vegetation categories.

Based on the classification analysis of the Festucetum vaginatae vegetation types (Figure 5),
the groups of records that belonged to each sample area were organized into individual
clades. The clade of the Great Hungarian Plain area in Tatdrszentgyorgy (FvT) was distinctly
separated from the other studied locations. Based on the clade, the two sown grasslands
(FvGYS and FvGI) were close to each other, and the two areas of the Little Hungarian Plain
(Gonyti, Gyorszentivan) were not classified by geographical separation, but by management.
The lowest difference between the quadrats was shown by the sown rampart of area 1 in
Gonyt (FvGS).

According to the recorded data of the Festucetum vaginatae vegetation type, the vege-
tation of Tatarszentgyorgy (IIl. sample area) was distinguishable from the other sample
areas (Figures 2—4). The highest average number of species was found among the records
of natural grassland at 23. The average number of species in the burnt area (FVGEE) was
significantly lower at 12, and the average number of species of the III. sample area in
Tatarszentgyorgy (FvT) was the lowest at 7, whereas the number of species in the manually
sown rampart (FvGS) in Gonyli was 22. Similarly, the number of species in the sown
grassland (FvGYV) of the II. sample area in Gy&rszentivan was lower at 15 (Figure 6).
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4. Discussion

Among the three sample areas, the I. sample area had the lowest mean cover values in
the vegetation, reflecting the fact that among the studied vegetation types, the manually
sown areas with low species cover reduce the value of total cover of the area. In the Little
Hungarian Plain, the abundance of species in closed grasslands is higher than the species
richness in the sample area of the Great Hungarian Plain. This can be the result of the
specific species composition of closed grasslands (Poa angustifolia, Festuca rubra, Festuca
arundinacea) that were used for grassland sowing [3,45]. In addition, there is also a climatic
context, because the grasslands of the Little Hungarian Plain have more mesophilic species
and vegetation types, indicating Atlantic environmental conditions [1]. The reason is that
the climate of the Little Hungarian Plain within the Pannonian Basin is cooler than in the
Great Hungarian Plain [46].
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Among the studied grasslands, the sown rampart of the I. sample area (FvGS) and
the sown grassland of the II. sample area (FvGYV) are very similar to the study of sandy
fallows, where the amount of target species (plant species of open sandy vegetation) is
greater in older fallows than in younger fallows. Moreover, the target species that are
typical in open sandy grasslands (Festucion vaginatae, Corynephoretalia, Festucetalia vaginatae
& rupicolae, and Festucetalia vaginatae & valesiacae) include most of the species at the start
of succession. On the contrary, in our study target species were already documented at
the beginning of the restoration period [9]. The results of the study by Rehounkova and
Prach [16] are similar to the results of other studies on grasslands [9,22,47]. These studies
suggest that the appearance of open sandy grassland species in the sandy grassland is
probably a propagule-limited process, which can be influenced by the species composi-
tion of adjacent grasslands. Therefore, characteristic species could appear rapidly in our
sample areas.

During the military activity, significant natural propagule sources and patches of
native grassland survived from where species could grow again easily and rapidly. The
fallows which do not have suitable propagule sources can provide target species that may
grow very slowly. Furthermore, it can impede the growing of target species by microhabitat
limitation due to the growth of perennial biomass [33,36]. Our present studies rejected the
possibility of microhabitat limitation, because both fires and active military activity resulted
in low numbers of species, but the occurring species were composed of characteristic plant
species of open sandy grassland vegetation.

The dominant grass species (Festuca, Stipa) have made the territorial conquest. Their
short generation time and faster adaptability are confirmed in the present study. Hence,
they may become dominant at the start of succession, where they occupy mainly open,
disturbed areas first [48]. This is due to species with a short life stage responding quickly
to changes and disturbances, reacting much faster than perennial species. This result refers
to natural annual species and pioneer species. The present study also confirms the results
that during succession, all of these species with short life stages are replaced over time by
perennials [49] due to their better competitive ability [45,47].

Looking at the species numbers, the effects of the current active military activity would
indicate a decline in the vegetation. However, based on the data and the analysis of the
vegetation composition, the conserved open sandy grassland in the Great Hungarian Plain
(FvT) shows natural conditions. It provides the occurrence of pioneer species of the open
surface. In addition, it supports the appearance and maintenance of an endemic association
of Festucetum pseudovaginatae [50], which is unique to the Great Hungarian Plain. It contains
high proportions of species of open sandy grasslands, so it is achieved to conserve the
naturalness of the vegetation, although not as an intended result of the military activity.

The investigation of species that occur in critical habitats in extreme conditions is also
important in the context of climate change as a major vulnerability to species extinction [51,52].
The rise in global temperature may lead to various risks [51,53], and the best prediction for
the near-future is 1.5 °C (2021-2040) [54]. The climatic factors significantly influence the
composition of vegetation, which reflects global climate change [55]. The vegetation of
extreme arid habitats is important in terms of climate change because these habitat types will
probably expand, and their conservation is an international priority [56]. In the investigated
habitat type, mechanical factors also affect the vegetation [57,58], degrading the area, but
nevertheless, based on the investigations, the vegetation of the III. sample area tolerated the
active military activities well. The role of the dominant species in the open sandy grasslands
(Festuca vaginata and the endemic Festuca pseudovaginata) might be enhanced by this condition,
as endemic species can adapt better to climate change [59-63]. Based on our study, we were
able to confirm that these endemic, extreme-drought-tolerant, perennial Festuca species and
the studied vegetation types were well adapted to extreme drought and tolerated the extreme
human disturbance, with changes in soil and climate in the micro-conditions.

In the year of our study, after the 5 years of restoration works were finished, the
vegetation in the two sample areas (I. and II. sample areas) in the recultivated and sown
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Little Hungarian Plain became more natural. This is due to the propagule sources near
the study areas, from where the natural grassland could spread and grow. So, overall,
to answer the question, the military activity indirectly supported the regeneration of the
open sandy grassland vegetation of the studied area. In summary, active military activity
resulted in the conservation of open grassland conditions, which might help the growth of
the relatively low number of species of the potential, native, rare, and endemic open sandy
grasslands of the Pannonian Basin.

5. Conclusions

Despite the previous hypothesis that military activity can cause only vegetation degra-
dation, based on the results of our research, the activities in military areas can beneficially
affect the dry, sandy grassland habitats. The military exercise areas in the open sandy
grasslands of the Pannonian region played a significant role in the vegetation survival, as
these areas were isolated from potentially damaging land uses that often cause their certain
disappearance. Despite their relative undisturbedness, these areas may be threatened by
numerous factors (invasive species, weeding, off-road motorcycling, etc.) that could destroy
their remnant natural values over a few decades.

Long term surveys and well-established nature conservation management plans of
the subjected areas can help to restore and maintain these valuable, endemic vegetation
types. Cooperation between nature conservation and national defense agencies can define
the requirements for military land use in the future and set objectives for nature con-
servation in the affected areas. Despite the different practices applied, all management
methods were suitable for conserving and restoring the natural condition of the studied
grasslands. The results of the coenological records will provide a useful part of long-term
monitoring databases.

Moreover, the present work indicates that these types of grasslands in different regions
around the world will tackle the challenges related to food supply requirements due to
the effect of global warming that will significantly influence the production capacity of
grasslands. Thus, the present results on grasslands’ vegetation components and species
ratios can be subject to caveats. Hence, based on the results and conclusions, the sample
areas are affected by several dependent factors. With all of the aspects considered carefully,
these data are suitable to support the development of nature conservation practices in the
dry sandy grasslands of Hungary in the future.
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