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Abstract: In this study, we analyzed the phytosociological data from four sample sites
located in the Pannonian region. The study areas, ranging from 2.4 to 2.5 hectares, have
been subjected to goat grazing and mowing for 24 years. N1: Nagyréde, an overgrazed
pasture with 24 goats; N2: Nagyréde, a mown field; C1: Csokvaomány, a lightly grazed
pasture with 12 goats; and meadow C2: Csokvaomány, a site that is both mown and grazed.
Six phytosociological surveys were conducted randomly in each area. We also considered
the conservation value, biomass production, and forage values. Phytosociological data
were processed using hierarchical cluster analysis and the non-parametric Kruskal–Wallis
test. The overgrazed pasture (N1) exhibited the most degraded vegetation community,
dominated by weeds and disturbance-tolerant species. The overgrazed (N1) pasture had a
low forage value because of the different timing of treatments. Even in the lightly grazed
pasture (C1), the proportion of species indicative of degradation was significant. The
species composition of the areas indicated that the mown and subsequently grazed area
(C2) had outstanding values. The species richness of C2 was twice that of the mown field
(N2). Based on the present study, a combination of light grazing pressure and mowing is
the most suitable approach for managing and economically utilizing these grasslands.

Keywords: grazing; mowing; meadow management; Festuca species; forage value

1. Introduction
The significant influence of herbivorous species on the pattern and structure of grass-

lands, both historically and currently, has been widely acknowledged [1–4]. Grazing
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animals have played a crucial role in the formation and maintenance of grassland diver-
sity [5]. The co-evolution of grazing and vegetation has been shaped by environmental
factors, a relationship confirmed by numerous studies [6–9], although some findings con-
tradict this [10–14]. According to Díaz et al. [15], centuries of grazing by domestic animals
has favored trampling and deciduous plant species, contributing to the development of
species-rich plant communities. Grazing animals enhance and maintain the spatial het-
erogeneity of grassland structure and vegetation composition [16–21]. Different grazing
animals can exert varying impacts on grasslands [22].

Adaptation to recent climate changes poses a challenge for grassland ecosystems.
Long-term data on this subject are scarce but are crucial for documenting the natural
variability of grassland vegetation [23,24]. In the formation of the Pannonian grasslands,
alongside original co-evolutionary impacts, human activities such as deforestation, burning,
land clearing, and abandonment have played a significant role [25]. Most grassland
vegetation has developed as secondary habitats due to human activities [26]. Therefore,
their persistence depends on appropriate management and use [27–29], typically through
mowing or grazing [30–32]. Activities that ensure the long-term survival of grasslands are
particularly important [14]. In recent years, combating invasive species has also become a
priority [33,34].

Hungary belongs to the continental region, characterized by a permanent grassland
proportion of 10–30% of agricultural land [35]. Hungary also lies within the Pannon-
ian biogeographic region [36–38]. In this biogeographic region, goat grazing is of lesser
significance [39], with its importance primarily in areas with poorer soil, such as heath-
lands [40,41]. Additionally, goat grazing often occurs alongside sheep grazing [42,43]. This
type of grazing has significant conservation advantages, as it promotes the development
of a mosaic-like vegetation structure. Hajnáczki et al. [44] demonstrated that goats are
suitable for grassland maintenance and management. Over the past 250 years, there have
been numerous changes in animal feeding practices, including the forage value of cer-
tain grassland species [45]. For instance, Hajnáczki et al. [44] successfully used invasive
species like Solidago gigantea (giant goldenrod) and Calamagrostis epigeios as mass forage for
goat feeding.

Goat grazing is also prominent in various regions, such as the Mediterranean or in
arid areas [46–52]. In these regions, goats are economically significant, especially as milk
producers [53].

On the basis of the literature cited and our field experience to date, our hypotheses are
as follows:

1. Moderate goat grazing prevents shrub encroachment without reducing grass cover.
2. Due to the combination of different treatments over time, the meadow is the most

valuable site in terms of grassland management.

In this study, we examine and compare the vegetation of areas with long-term, 24-year
grazing and grassland management under varying grazing pressures. The research ques-
tion is how different grazing pressures and grassland management types (grazing, mowing,
and their combination) affect the species composition of grasslands. What is the species
richness and economic value of the grasslands under long-term management?

2. Materials and Methods
2.1. Study Areas

The study was conducted on two sample sites within the Pannonian biogeographic
region, located in the Carpathian Basin, Hungary. The sites are situated at the western
foothills of the Mátra Mountains in Nagyréde and the northern foothills of the Bükk
Mountains in Csokvaomány (Figure 1). Based on the Braun–Blanquet method [54], we



Diversity 2025, 17, 13 3 of 15

conducted surveys in six randomly selected 2 × 2 m quadrats per site, recording the GPS
coordinates of each. These surveys took place on 5 and 6 May 2024, at the very start of the
grazing season and before mowing.
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The study sites and their vegetation are characterized as follows:
Nagyréde:
N1: 2.5 ha pasture dominated by Festuca pseudovina and Lolium perenne, with a grazing

pressure of 9.6 mother goats/ha. This area has been grazed by 24 mother goats and their
offspring since 1999, totaling 25 years of continuous grazing.

N2: 1 ha hayfield dominated by Poa angustifolia and Arrhenatherum elatius.
Csokvaomány:
C1: 2.4 ha pasture dominated by Festuca pseudovina with a grazing pressure of five

mother goats/ha. This area has been grazed by 12 mother goats and their offspring since
2000, totaling 24 years of continuous grazing.

C2: 2.4 ha meadow managed by mowing the first growth and grazing the regrowth,
dominated by Festuca pseudovina. After mowing, this area is also grazed by 12 mother goats
and their offspring, with a grazing pressure of 5 mother goats/ha from July to October.

Species classification was based on Simon’s [55] conservation value categories (TVK)
and Borhidi’s [56] sociological behavior types (SBT). Life form analysis was conducted
according to Pignatti’s [57] life form types. Species names followed the taxonomy provided
by Király [58].

2.2. Statistical Analysis

To compare the results across the four sample sites, we performed a multivariate
hierarchical cluster analysis (UPGMA—Unweighted Pair Group Method with Arithmetic
Mean [59]), using Euclidean average distance.

For further analysis, the phytosociological data were grouped as follows:

• A: Four categories based on Simon’s [55] conservation categories and Borhidi’s [56]
species groups: (1) Grasses (Poaceae); (2) Legumes (Fabaceae); (3) Weeds; (4) Other species.

• B: Five categories based on forage value according to Balázs [60], Klapp et al. [61],
and Briemle et al. [62]: (1) Toxic or harmful species; (2) Neutral or low-value species;
(3) Low-value forage plants; (4) Useful forage plants; (5) Forage-enhancing species.

We used non-parametric statistical methods to analyze the species coverage values
across different groups and supplemental materials. The Shapiro–Wilk test indicated that
these variables did not follow a normal distribution (p < 0.05). Therefore, we applied
the non-parametric Kruskal–Wallis test (α = 0.05). The non-parametric Dunn test with
Bonferroni correction was used for multiple pairwise comparisons. Data analysis was
performed using XL-STAT 5.1 V2 software [63].
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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 Shannon, Simpson diversity, and using Rényi diversity profiles [64].

3. Results
Based on the cluster analysis, the quadrats of the individual min areas form uniform

clades; the differences of the sample squares of the individual min areas are almost identical
(Figure 2). The N1 sample area is already separated from the other clades at a level of
more than 80% dissimilarity. The C1 min-area separates from the three-element clade at
the highest level of dissimilarity, which also groups the quadrats of the only grazed area.
The squares of the N2 sample area are closest to the squares of the C2 sample areas; the
vegetation of these two areas is the most similar. In both areas, mowing is also part of
grassland management.
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Figure 2. Classification of quadrats from the studied areas (N1: Overgrazed pasture in Nagyréde;
N2: Hayfield in Nagyréde; C1: Pasture with low grazing pressure in Csokvaomány; C2: Meadow
in Csokvaomány).

Among the sample sites, the N2 hayfield exhibited the lowest species richness, fol-
lowed by the heavily grazed N1 site, then the C1 site, with the C2 sample site being the
most species-rich (Table 1).

Analyzing species composition (Table 1) further revealed significant differences in
vegetation across the sample sites. Festuca arundinacea and Festuca rupicola were only present
in the N2 area, where Arrhenatherum elatius also had the highest coverage. The species
composition analysis showed significant differences compared to the C2 sample site, where
Festuca pseudovina coverage was twice that of the N2 sample site.
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Table 1. Species count per quadrat and average species count per sample site (N1: Overgrazed pasture
in Nagyréde; N2: Hayfield in Nagyréde; C1: Pasture with low grazing pressure in Csokvaomány; C2:
Meadow in Csokvaomány).

Items and
Sample Sites N1 N2

No of Quadrats 1 2 3 4 5 6 mean SD 1 2 3 4 5 6 mean SD

No of speceis 27 36 28 26 35 33 31 4.36 19 28 22 24 24 24 24 2.95

C1 C2

No of quadrats 1 2 3 4 5 6 mean SD 1 2 3 4 5 6 mean SD

No of speceis 21 37 33 28 39 39 33 7.17 29 46 35 42 46 44 40 6.89

Beyond species count, the composition of species constituting the vegetation is also
critical. From a grassland management perspective, the most significant groups are the
grasses (Poaceae) and leguminous species (Fabaceae). The coverage of grass species was
lowest in the exclusively grazed areas (N1, C1) (Figure 3A), followed by the meadow-used
area (C2), with the highest grass biomass found in the mown area (N2). Based on these
values, the overgrazed pasture (N1, 17.8 ± 2.4%) differed significantly from the mown
(N, 254.5 ± 4.0%) and meadow-used (C2) areas (p < 0.0001, p = 0.003). The mown area
(N2, 54.5 ± 4.0%) differed significantly from low grazing pressure (C1, 27.0 ± 2.6%) area
(p = 0.003). The mown area (N2, 54.5 ± 4.0%) did not differ significantly from the C2 sample
site (p = 0.141).
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Figure 3. Significant differences in grass (A) and leguminous (B) species at the sample sites, based on
statistical evaluation and Dunn’s post hoc test with Bonferroni correction (N1: Overgrazed pasture
in Nagyréde; N2: Hayfield in Nagyréde; C1: Pasture with low grazing pressure in Csokvaomány;
C2: Meadow in Csokvaomány).

Regarding leguminous species, the highest total coverage was observed in the low graz-
ing pressure (C1, 25.1 ± 2.3%) sample site (Figure 3B), which significantly differed from the
overgrazed (N1, 13.5 ± 3.3%) area (p = 0.000) and the mown and grazed (C2, 14.0 ± 4.4%)
area (p = 0.001). The mown area (N2) had the second-highest legume abundance, but this
did not significantly differ from the low grazing pressure site (C1, 25.1 ± 2.3%) (p = 0.001).
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The coverage of weeds was highest in the overgrazed (N1, 37.1 ± 4.5%) area, reach-
ing 35–40%, which was significantly different from the other sites (p = 0.000, p = 0.001).
Weeds also appeared in significant coverage in the low grazing pressure sample site (C1,
7.0 ± 3.5%) (Figure 4A).
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Figure 4. Mean coverage (mean, standard deviation) and significant differences in weeds (A) and
other species (B) at the sample sites, based on statistical evaluation and Dunn’s post hoc test with
Bonferroni correction (N1: Overgrazed pasture in Nagyréde; N2: Hayfield in Nagyréde; C1: Pasture
with low grazing pressure in Csokvaomány; C2: Meadow in Csokvaomány, *: significant difference).

The coverage of other species was substantial across all four sample sites, but was
lowest in the mown area (N2, 18.1 ± 5.7%), where it did not significantly differ (p = 0.110)
from the overgrazed pasture (N1, 27.8 ± 3.3%). The latter significantly differed from the
low grazing pressure sample site (C1, 33.8 ± 3.8%) and the mown and grazed site (C2,
36.8 ± 7.3%) (p = 0.003, p = 0.000) (Figure 4B). The coverage of other species was highest in
the low grazing pressure (C1, 33.8 ± 3.8%) and mown and grazed (C2, 36.8 ± 7.3%) sites,
exceeding 30%.

The amount of toxic species was the highest in the overgrazed (C1, 13.0 ± 4.4%) area
(Figure 5A). They occurred in the smallest proportion in the mowing area (N2, 0.6 ± 0.5%),
and their quantity was even higher in the area with low grazing pressure (N1, 15.1 ± 5.3%)
and in the hayfield (N2, 0.6 ± 0.5%). The quantity of indifferent, worthless species (0)
was particularly high in the overgrazed pasture (Figure 5B). It showed significantly higher
values from all areas (p = 0.000–0.003). In the other three sample areas, their quantity was
very small, only a few %. Compared to the mown area (N2, 10.1 ± 5.4%), it also differed
significantly (p = 0.001). The amount of useful forage plants of low value was the most
significant in the overgrazed pasture (N1, 10.1 ± 5.4%) (Figure 5C); this group made up
almost half of the species, and it was also significantly different from the mower (p = 0.0001).
In the other three sample areas, the amount of these species was around 10–25%. The
amount of useful forage plants was the highest in the meadow (C2, 10.1 ± 5.4%), reaching
30–35% (Figure 5D). The amount of forage-improving species in the low grazing pressure
area (N1, 14.5 ± 3.6%) was significantly different from the mowing area (N2, 8.3 ± 3.2%)
(p = 0.007) (Figure 5E).
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Figure 5. Mean coverage (mean, standard deviation) and significant differences in various plant
categories: (A) Toxic species (-1); (B) Neutral, low-value species (0); (C) Low-value forage plants
(1, 2, 3); (D) Useful forage plants (4, 5, 6); (E) Forage-improving species (7, 8), based on statistical
evaluation and Dunn’s post hoc test with Bonferroni correction (N1: Overgrazed pasture in Nagyréde;
N2: Hayfield in Nagyréde; C1: Pasture with low grazing pressure in Csokvaomány; C2: Meadow in
Csokvaomány, *: significant difference).
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Life Form Distributions

The proportion of annual species with ascending stems (T scap) was highest in the
overgrazed N1 sample site, accounting for 36% of the vegetation, while the lowest pro-
portion (3%) was observed in the mown N2 site (Figure 6). Annual species with creeping
stems (T rept), such as Stellaria media, were exclusively found in the N1 site. Perennial
species with creeping stems (H rept) were also most prevalent in the overgrazed N1 site
and had a significant 7% coverage in the C1 grazing site. Among these species, Trifolium
repens was the dominant component. Perennial species with a basal rosette (H ros) were
most common in the low grazing pressure C1 site. Perennial species with ascending stems
(H scap), typically consisting of dicotyledonous plants, were present in significant amounts
(26–45%) across all sample sites. The coverage of perennial grasses was lowest (<10%) in
the two grazing areas. In the N1 site, this was because the lack of regeneration time allowed
the livestock to graze them down. The highest grass coverage was recorded on the hayfield
N2 (51%), and they were also significantly present in the meadow C2 (39%). Shrubs (P caesp)
were negligible, only being found in small quantities in C2. Dwarf shrubs and semi-shrubs
(Ch suffr, Ch rept) were present at a low percentage (2–3%) across all sample sites, including
species like Thymus glabrescens and Teucrium chamaedrys.
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Figure 6. Distribution of species based on Pignatti’s life form types across the sample areas (N1:
Overgrazed pasture in Nagyréde; N2: Hayfield in Nagyréde; C1: Pasture with low grazing pressure
in Csokvaomány; C2: Meadow in Csokvaomány). (H scap: species with ascending stems; H caesp:
tussock-forming species; H ros: rosette-forming perennials; H rept: perennials with stolons, runners,
or rhizomes, H bienn: biennial species, G bulb: geophytes with bulbs; G rhiz: rhizomatous, creeping
geophytes; T scap: annual species with ascending stems; T ros: rosette-forming annual species; T caesp:
annual tussock species; Ch rept: creeping-stem dwarf shrubs; Ch succ: succulent dwarf shrubs).

Based on the Shannon and Simpson indices, the order of areas differ. The values
of Shannon diversity show the order N2 < N1 < C1 < C2, while the order based on the
Simpson index is N1 < N2 < C2 < C1. This difference highlights the important role of the
Rényi’s diversity profiles in the comparing of the studied sites’ diversity (Figure 7).
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Figure 7. Shannon’s and Simpson’s diversity values of the examined sample areas. (N1: Over-
grazed pasture in Nagyréde; N2: Hayfield in Nagyréde; C1: Pasture with low grazing pressure in
Csokvaomány; C2: Meadow in Csokvaomány).

Based on the Rényi diversity profiles, when the entire species list and cover values
are taken into account, we can quite clearly see that the species exposed to low grazing
pressure (C1) has a greater diversity than the meadow (N2). In the breakdown of individual
species groups, the Rényi curve shows clear separations in the case of Fabacea species. The
meadow (C2) is the most diverse with the highest values, surprisingly higher than the
diversity of the pasture exposed to low grazing pressure (C1). These are followed by the
hayfield (N2) and finally with the overgrazed pasture (N1) (Figures 8 and 9):
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4. Discussion
Grazing is very important as a grassland management and maintenance option. Few

data are available on goat grazing, especially in temperate grasslands, which is why this
study is important. Point-by-point answers on how vegetation changes in response to
different grazing pressures and which grassland management method might be most
appropriate are important. The in vegetation in the sample sites, which have been subjected
to the same management for 24 years, align with the findings of Bartha et al. [65,66], who
emphasized that only long-term analysis is suitable for drawing meaningful conclusions in
vegetation studies. Grazing by goats has induced significant changes in the structure of the
vegetation, with grazing intensity being a critical factor influencing plant species diversity.
This finding corroborates several other studies focused on dry grasslands [11,67].

Appropriate grazing pressure is crucial, as grazing intensity affects the vegetation
and patch structure of the grassland [5,68,69]. The lowest species richness was found in
the N2 meadow, whereas the grazed areas, including the intensively grazed pasture (N1),
exhibited higher species richness. This increase is partially attributed to the proliferation of
weeds [55,56], but these semi-natural grasslands can still be significant, as low-productivity
grasslands are important biodiversity hotspots [19]. Overgrazing not only leads to the
impoverishment of the grassland but also facilitates soil erosion and the spread of invasive
species [44].

The Pannonian grasslands are dominated by grass species, which serve as the basis
for their cenosystematic classification [38]. Therefore, grasses are a key starting point in
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grassland management [70–72]. In the studied grasslands, the dominant species belonged
to the Festuca genus, particularly Festuca pseudovina, which was present across all sites. The
low forage value of this grass species confirms that the studied pastures are of limited value
from a grassland management perspective. Among the high-value species, Alopecurus
pratensis and Dactylis glomerata were found in the hayfield (N2) and the meadow (C2). Poa
angustifolia and Poa humilis, which are excellent for trampling resistance and have good
forage value due to their rhizomatous nature, had the highest coverage in the overgrazed
area. The grasslands at the study sites exhibited a multi-layered community structure, with
the lowest layer composed of small grasses, tiny legumes, and ephemeral plants that appear
in early spring. The middle layer consisted of medium-sized grasses (Lolium perenne, Festuca
pseudovina, Poa angustifolia) and legumes (e.g., Coronilla varia, Lotus corniculatus). The upper
layer included valuable grass species like Dactylis glomerata and Arrhenatherum elatius. This
structure enhances diversity and the resilience of the grassland. According to Farruggia
et al. [73] and Koczura et al. [74], grazing animals prefer well-digestible vegetative grasses.

The amount of Fabaceae species, which are also economically important, was sig-
nificant in the grazed areas, consistent with numerous studies that report an increase in
legume species under grazing pressure [72]. These species provide a crucial source of raw
protein for livestock, especially when grass species in the sward have aged [75]. Among
the legumes, Trifolium repens became dominant under grazing pressure, supporting the
findings of Steiner and Grabe [76] and Steinshamn et al. [77]. This study also confirms that
grazing leads to an increase in the proportion of annual species [78,79].

Goats can also help suppress weeds [80–83]. However, they may reduce the abun-
dance of legume species [79], though they are particularly effective in controlling shrubs.
Therefore, goats can be successfully used in conservation management [84,85]. In this study,
the lowest amount of shrubs was found in the grazed areas, but timely mowing also helped
keep them under control.

Goats are important for controlling invasive species, but care must be taken during
grazing, as they can also pose a threat to native species [86–89]. There can be a positive
correlation between species richness and phytomass. Several authors, including Kelemen
et al. [26], have found a close relationship between species composition and diversity in
grasslands [90,91], a trend that is also evident in this study. The availability of grazing
biomass and the amount of green plant material actually consumed by animals can differ
due to their preferences [92], which has economic implications. The realized forage diversity
is significantly influenced by the variety of forage available [93].

5. Conclusions
As hypothesized, goat grazing successfully inhibited shrub encroachment. Shrubs

were almost absent in the pastures, with only a few essential oil-rich semi-shrubs remain-
ing. Contrary to our initial hypothesis, grass coverage decreased with increasing grazing
intensity. Pastures exhibited significantly lower grass coverage values compared to mown
areas. Ove the long-term, different pasture uses resulted in significant differences in species
composition and forage value across the sample sites. It is also clear that the combination of
different management practices over time, particularly meadow management followed by
grazing, was the most successful pasture utilization method in terms of species composition,
naturalness, and species richness.

The grazing of goats greatly contributed to the species diversity values of the Pannon-
ian dry pasture sample areas, but their use as a mower and then as pasture proved to be
the highest.
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