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ABSTRACT 

 

In this summary overview, we present the findings of 

phytosociological surveys conducted in vegetation types subjected 

to goat grazing –excluding the control meadows – across seven 

different study sites in addition to four settlements located in 

Transdanubia and the North Hungarian Mountains. The areas are 

also evaluated from a grassland management perspective. 

Furthermore, we explored the potential use of two invasive species 

(Solidago gigantea and Calamagrostis epigeios) as goat fodder, and 

we included a mown meadow as a control. The primary aim was to 

assess the species richness and ecological value of these areas 

under varying levels of grazing pressure and grassland management 

strategies, particularly in terms of conservation and pasture use. 

The most degraded plant communities were observed in 

Nagyréde and Kaposdada, where overgrazing had occurred. This 

was evident in species composition, as these areas were the least 

species-rich and showed significant infestation by ruderal species. 

In contrast, the most favorable outcomes – both for conservation 

and for grassland management – were found in sites that were 

initially mown and subsequently grazed by goats. The results 

suggest that vegetation types developed under light grazing pressure 

were more beneficial from a grazing perspective. Overall, the study 

indicates that a combination of light grazing and mowing is the most 

suitable management approach for maintaining and utilizing these 

semi-dry grasslands sustainably. 

Additionally, both invasive species may have potential for use 

as fodder when harvested at appropriate phenological stages and 

supplemented with additional feed, although not for meat 

production purposes. 

 

Keywords: productivity of the grassland; Festuca species, 

forage value 

 

Human activity has played a pivotal role in the 
formation and maintenance of Pannonian grasslands. 
In particular, management practices that support the 

long-term persistence of these habitats – most notably 
grazing – are of critical importance (Bartha et al., 
2022). At the same time, the control of invasive 
species remains a key concern (Kárpáti, 2001; Házi  
et al., 2009, 2011, 2012, 2022; Szentes et al., 2012). 

Within the Pannonian region, goat grazing has a 
relatively limited role and is typically practiced 
alongside sheep grazing (Jávor, 1999; Jávor et al., 
1999; Stilling et al., 2022). Nevertheless, from a 
conservation perspective, this grazing type may offer 
distinct advantages. Goat grazing tends to promote the 
development of a mosaic-like vegetation structure 
(Hajnáczki et al., 2021; Póti et al., 2007), as goats – 
especially under conditions of ample forage – exhibit 
highly selective feeding behaviour (Hajnáczki et al., 
2021). Goats may contribute to both biodiversity 
conservation and grassland maintenance  
(Mancilla-Leytón et al., 2012; Rosa García et al., 
2012), although their primary significance lies in their 
economic utility (Yayota and Doi, 2020; Fernández-
Lugo et al., 2013). Additionally, they can play a role 
in controlling shrub encroachment (Krehl, 1997; 
Haumann, 1998; Kukovics and Németh, 2007). Goats 
also consume approximately 30% of conditionally 
undesirable (ruderal) plant species in their diet (Tasi, 
2007, 2011), making them potentially effective agents 
in the suppression of invasive species. However, 
grazing must be managed with great caution, as goats 
may also pose a threat to native plant species (Burney, 
1993; Anderson and Hoffman, 2007; Baraza and 
Valiente-Benuet, 2008; Ramirez, 1999). 

In this study, we examined and compared the 
vegetation of grasslands with varying grazing 
pressures that had been converted from arable fields 
and subjected to long-term goat grazing for  
24-25 years under different grazing intensities and 
grassland management regimes. Additionally, as a 
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control, we analyzed data from a site managed 
exclusively by mowing, and from another area 
initially used as a hayfield but later subjected to 
grazing. The central research question was how 
various grazing pressures and grassland management 
practices – grazing alone, mowing alone, or a 
combination of both – affect species composition in 
the grasslands. Furthermore, we aimed to assess 
species richness and economic value under long-term 
management. 

The study sites were located within the Pannonian 
biogeographical region of the Carpathian Basin, 
specifically in the Northern Hungarian Mountains and 
Southern Transdanubia. The following locations and 
treatment types were included in the research: Site I 
was located at Kaposszerdahely, where an abandoned 
arable field was converted into a goat pasture. Grazing 
began in 2012, and our observations were conducted  
3 to 6 years after abandonment. Site II, at Kaposdada, 
was characterized by natural dry Pannonian 
grasslands. Here, two treatment types were studied: 
II.1, a lightly grazed grassland, and II.2, an overgrazed 
site. Site III was situated at Nagyréde and comprised 
two sub-sites: III.1, a 2.5-hectare pasture dominated 
by Festuca pseudovina and Lolium perenne, managed 
with high grazing pressure by 24 mother goats and 
their offspring continuously since 1999; and III.2, a  
1-hectare hayfield dominated by Lolium perenne, used 
only for mowing. Site IV, at Csokvaomány, also 
included two sub-sites: IV.1, a 2.4-hectare Festuca 
pseudovina-dominated grassland managed with low 
grazing pressure by 12 mother goats and their 
offspring since 2000; and IV.2, a 2.4-hectare meadow 
used as a mixed-use site where the first growth was 
mown, followed by grazing with the same goat 
population. Vegetation surveys were conducted using 
2×2 m quadrats. In parallel, we carried out 
aboveground biomass assessments during May and 
June. To model the impact of goat grazing, a 7 cm 
stubble height was left in place. Biomass production 
was estimated using the method of Balázs (1960), as 
modified by Házi et al. (2022). In evaluating the 
grasslands from an agricultural perspective, we 
assessed the proportions of economically valuable 
versus non-valuable species and species groups. We 
also analyzed the life-form composition of the 
vegetation based on Pignatti’s (2005) system. 
Furthermore, sites were assessed according to 
conservation value, following the classification 
systems of Borhidi (1995) and Simon (2000). To 
compare the vegetation patterns across sample areas, 
we performed multivariate hierarchical cluster 
analysis (UPGMA – Unweighted Pair Group Method 
with Arithmetic Mean, Saitou and Nei, 1987), using 
Euclidean average linkage distance. 

In addition to species diversity and species  
richness, the proportion of plant species and functional 
groups within the vegetation also holds significant im-
portance from an agricultural perspective. In this re-
gard, the most relevant groups for grassland manage-
ment are the grasses (Poaceae) and leguminous spe-
cies (Fabaceae). Across all grazed sites, the abundance 
of grasses was generally lower compared to other 

management types. The highest proportions and  
biomass of grasses were found in the areas managed 
as meadows, particularly in site III.2, as well as in the 
plots subjected to both mowing and grazing, such as 
IV.1. In contrast, the overgrazed areas (II.2 and III.1) 
showed significantly different patterns compared to 
the other sites (p ≤ 0.0001, p = 0.003). In these areas, 
Festuca pseudovina became the dominant species, 
though several other grass species, such as Dactylis 
glomerata, Lolium perenne, and Poa angustifolia, also 
reached high cover values. 

Leguminous species were more prevalent in areas 
exposed to low grazing pressure. Although their 
proportion was also substantial in mown plots, this did 
not differ significantly from that of the lightly grazed 
areas (p = 0.001). The abundance of weedy species 
was highest in the overgrazed vegetation types, where 
their cover could reach 35-40%. Although some weed 
species also occurred in notable quantities in the 
lightly grazed plots, their proportion remained below 
10%. 

Among the surveyed plots, the proportion of 
annual, erect-stemmed species became notably higher 
in the more intensively grazed areas, exceeding 30% 
cover in some cases within the overgrazed types. 
Similarly, stoloniferous perennial species reached 
their highest abundance in these overgrazed plots. The 
presence of annual stoloniferous species, particularly 
Trifolium repens, was significant only under 
conditions of excessive grazing pressure. Rosette-
forming perennial species also showed a marked 
presence in the overgrazed sample areas. Across all 
sites, perennial erect-stemmed species – 
predominantly dicotyledons – were present in 
substantial quantities. Over time, the cover of 
perennial grasses declined, primarily due to 
overgrazing by livestock, which selectively removed 
these species from the sward. Nonetheless, their 
highest coverage was recorded in the meadow plots. 
Shrub species (P caesp) were detected only in 
negligible amounts. 

Based on the Balázs assessment method, which 
evaluates both green biomass and yield, average 
grassland productivity steadily increased throughout 
the study period – from 5.78 t/ha to 9.01 t/ha in green 
mass – accompanied by a notable rise in forage value 
(from 0.71 to 2.77). The lowest values were associated 
with the overgrazed plots, while the most favourable 
results were observed in areas subjected to both 
mowing and grazing. This improvement can be 
attributed to increased total vegetation cover, 
particularly the rise in species richness and cover of 
grass species. Notably, the most substantial increases 
were observed among primary grass species such as 
Dactylis glomerata, Elymus repens, Lolium perenne, 
and Festuca pseudovina. Alongside grasses, 
leguminous species also reached approximately 20% 
cover in these plots, a proportion considered optimal 
from both a forage production and pasture 
management perspective. Among them, Trifolium 
repens consistently achieved the highest cover each 
year, a species well-regarded for its excellent forage 
quality and tolerance to trampling.  
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The total abundance of valuable forage species was 
also greatest in the mown and grazed plot (IV.2), 
where it reached up to 30-35%. 

The forage utilization potential of Solidago 
gigantea and Calamagrostis epigeios was evaluated 
due to their relevance from both agricultural, 
silvicultural, and conservation perspectives. During 
the forage value assessment, we determined the 
chemical composition of both species, including dry 
matter content, crude protein, crude fat, crude fiber, 
and nitrogen-free extractable substances, alongside 
their apparent digestibility coefficients and net energy 
values for maintenance (NEm), growth (NEg), and 
lactation (NEl). Based on these chemical analyses, the 
nutritional values of the two species were compared 
with those of commonly used forage crops. We also 
identified the optimal grazing periods, ideal 
phenological stages, and appropriate regeneration 
intervals for both species. 

The findings suggest that goats are well-suited for 
the forage use of these two species, particularly in the 
case of Calamagrostis epigeios, which is 
characterized by a high dry matter content. In terms of 
energy value – specifically NEm – both species can be 
classified as moderate when compared to standard 
forage crops, rendering them suitable primarily for 
meeting maintenance energy requirements. 
Additionally, Solidago gigantea may also serve as a 
potential energy source during lactation.  

However, neither species is recommended as a 
primary forage for meat-producing livestock. When 
employed as roughage, both require supplementation 
with protein-rich feed to meet the animals’ nutritional 
needs. For optimal utilization by goats, C. epigeios 
should be grazed in its four-leaf stage, while  
S. gigantea is best targeted before the budding phase. 
The regeneration intervals vary depending on the 
intended purpose of grazing. 

Goat grazing can lead to the effective suppression 
of shrubs, as clearly evidenced by vegetation surveys. 
Species richness peaked in the meadow plots. From 
the perspective of species composition and overall 
forage quality, grasslands under light grazing pressure 
proved most suitable. Coenological surveys conducted 
in both natural and sown grasslands confirmed that 
goats are appropriate agents for grassland 
conservation and management. The most ecologically 
and agriculturally valuable plots were those managed 
with light grazing pressure or combined mowing and 
grazing regimes. Furthermore, the targeted, cautious 
use of invasive species such as Solidago gigantea and 
Calamagrostis epigeios as forage for goats represents 
a viable strategy for integrating invasive species 
control with sustainable livestock feeding practices. 
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