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INTRODUCTION

Permanent grasslands are among the most 
endangered non-forest ecosystems in the world. 
They are semi-natural habitats, dependent on ap-
propriate use and management. Pastures whose 

vegetation is considerably influenced by livestock 
are a peculiar type of grassland. Pastures have an 
important role in the preservation of biodiversity, 
providing habitat for many rare plants and ani-
mals (Benthien et al. 2018; Dostálek and Frantík, 
2008; Töröka et al. 2016; Warda et al. 2011).
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ABSTRACT
The studies were conducted in a forest settlement in Roztocze National Park (eastern Poland). The aim of the study 
was to evaluate the vegetation of two pastures depending on the type of use in the context of grassland protection, 
identify the trends of species composition changes, and analyse the yield and nutritional value of the biomass in 
the context of animal welfare. The studies were conducted on permanent grasslands varying in terms of fertility 
and location. Both sites were pastures where native breeds of livestock (Polish Lowland sheep of the Uhrusk and 
Polish Konik) were grazing. The fertile pasture was represented by the developing Lolio-Cynosuretum association, 
while the poor dry pasture – by a community with Common Bent (Agrostis capillaris L.) and a community with 
Mouse-Ear Hawkweed (Hieracium pilosella L.). The greatest changes over time were observed in the mowed site 
in the fertile pasture (increased share of tall grasses) and in the abandoned poor dry pasture (increased share of 
herbs and weeds). Livestock grazing conducted from 2010 influenced the stabilisation of the species composition. 
Tree and shrub seedlings were systematically eaten by livestock, which evidences a positive impact of grazing on 
the preservation of permanent grasslands in Roztocze National Park where forest ecosystems predominate. The 
assessment of the species composition and yielding indicated that the fertile pasture was characterised by good 
value while the poor pasture – low or sufficient value. In terms of nutrient yield and content, these pastures were 
poor or very poor, and their nutritive potential was largely dependent on the meteorological conditions. While the 
livestock density in the pastures, ranging from 1.1 to 1.5 LSU ha–1 in the years under study, was appropriate, graz-
ing should be limited in the summer months, particularly in periods of drought, by reducing the number of animals 
or by additional feeding to ensure their welfare.
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The acreage of pastures in Europe has de-
creased considerably during the last several de-
cades as a result of changes in land use, includ-
ing the abandonment of grazing, secondary suc-
cession, or the reforestation of land on poor soils 
(Chabuz et al. 2019; Dostálek and Frantík, 2008; 
Kulik, Warda, and Leśniewska, 2013; Nienartow-
icz et al. 2015; Sewerniak and Jankowski, 2015; 
Steinshamn et al. 2018). That is when undesirable 
plant species, including alien invasive species, 
can appear in the sward of the pastures. Low-
yield pastures located on poor dry soils or with 
difficult to access are the first to be excluded from 
agricultural use. Native livestock species, hardy 
and resilient to difficult habitat conditions, are 
the most suitable for such pastures (Chabuz et al., 
2019; Kulik et al., 2013; Lipiec et al. 2015; Stein-
shamn et al., 2018; Süss and Schwabe, 2007).

Livestock grazing brings a lot of benefits to 
environmentally valuable habitats, animals in the 
pastures as well as farmers. Animals ingest good-
quality feed while the fresh air and sunlight in-
crease the absorption of vitamin D3 and are con-
ducive to the mineralisation of bones, particularly 
in young animals (Patkowski et al. 2018; Pluta 
and Osiński, 2018). Some animals species, par-
ticularly horses, eat plants selectively or choose 
specific parts of pastures where they obtain feed. 
They do not like to grazing in areas where they ex-
crete faeces. This has an impact on the vegetation 
cover of these pastures. That is why, whenever 
possible, it is recommended to alternate the graz-
ing of sheep or cattle with other animals, which 
increases the utilisation of the sward and reduces 
the likelihood of infection with intestinal para-
sites (Pilliner, 2008). Shared grazing also influ-
ences the biological and structural development 
of the soil (Futa et al. 2016). Roztocze National 
Park is one of the areas where various native live-
stock breeds are grazed in order to protect per-
manent grasslands against secondary succession.

The aim of the study in Roztocze National 
Park was to (1) analyse the species composition 
of two pastures depending on the type of use in 
the context of grassland protection, (2) identify 
the trends of flora changes, and (3) analyse the 
yield and nutritional value of the biomass in the 
context of animal welfare.

MATERIALS AND METHODS

Study area

Located in eastern Poland, Roztocze National 
Park was established in 1974 to protect diverse 

forest ecosystems of Central Roztocze. Many 
rich forest plant communities occur there. Forests 
cover 93.81% of the Park’s area. The remaining 
area is covered by non-forest ecosystems, among 
which permanent grasslands predominate. Some 
of them constitute valuable natural habitats with-
in the Natura 2000 network.

The studies were conducted in Florianka 
(22°58–59′ E, 50°33′ N), a forest settlement of 
the former Zamoyski Estate, on the edge of the 
Zwierzyniec forest. 

Field study

The studies were conducted in the years 
2014–2017 on permanent grasslands varying in 
terms of fertility and location (1. fertile habitat; 2. 
poor habitat). Both sites under study were pastures 
where native breeds of livestock were grazing. 
The Polish Lowland sheep of the Uhrusk variety, 
bred for the needs of Central-Eastern Poland, was 
the main species. Another species was the Polish 
Konik whose preservation breeding is conducted 
in Zwierzyniec, in Roztocze National Park. It is a 
native horse breed characterised by good health, 
hardiness and adaptation capacity (Gruszecki et 
al. 2013; Patkowski et al. 2018). Various types of 
use were pursued on both pastures: 1. fertile pas-
ture (1a – sheep and horses grazing; 1b – sheep 
grazing; 1c – mowing); 2. poor dry pasture (2a – 
lack of grazing; 2b – sheep grazing; 2c – sheep 
grazing). Fertile pastures (sites 1a, 1b, 1c), with 
an area of 2.0 ha, comprised three sections that 
used to function as hay meadows established on 
former agricultural land in 1996. In two sections, 
(1a, 1b), native breeds of livestock were grazed 
from 2010, while the third one was mowed (1c). 
Sand calcareous grasslands grew on poor dry pas-
tures (sites 2a, 2b, 2c), covering 2.5 ha, and sheep 
grazing was commenced there in 2010 (2b, 2c). 
An area of about 1.2 ha was covered by swards 
with a high concentration of trees, particularly 
Pinus sylvestris. Part of the pasture was fenced 
off, and no actions were carried out there (1a).

In the years 2014–2017, sheep grazing began 
in the first 10 days of May and lasted until the end 
of October. The sheep stayed from 7:30 am until 
2:30 pm in the first site (1a, 1b), and then they 
were driven to the other pasture (2a, 2c) where 
they stayed until 7:00 pm. The animals stayed in 
the sheepfold during the night. The herd consist-
ed of two rams, 25–39 ewes, and 29–55 lambs, 
which corresponds to 5.1–6.8 LSU. In section 1a, 
four Polish koniks, weighing from 380 to 440 kg, 
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were grazing for 15 days per year. Considering 
the area of both pastures, the livestock density in-
dex ranged from 1.1 to 1.5 LSU ha–1.

In 2014, general floristic surveys were con-
ducted using the Braun-Blanquet method (1964) 
by making six phytosociological relevés in an area 
of 25 m2 in representative places within the des-
ignated sites (1abc, 2abc). The phytosociological 
taxonomy was based on Matuszkiewicz (2008), 
and the species names were provided according 
to Mirek et al. (2002). In each site, 1 m2 plots in 
three replications were designated to assess the 
species composition using the quadrat method. 
Representative samples of green biomass from 
two pastures were collected in late May and early 
June in 2016 and 2017 from an area of 1 m2, in 
three replications. The averaged samples subject-
ed to chemical analyses to identify the content of 
dry matter, crude protein, crude fibre and crude 
fat. The results of the analyses were used to as-
sess the dietary value of the green biomass in MJs 
of metabolisable energy, UFL (unité fourragère 
lait) = feed unit for lactation (Jarrige, 1989) and 
net energy fattening – MJs NET (Dobrowolska, 
1993). Samples were also collected from the 
same plots from the second (end of July and early 
August) and third (September) regrowth to esti-
mate the yield potential of pastures. Based on the 
yield potential and animals’ capacity to consume 
the diet, we have recommended the population 
size (in livestock units: LSU ha–1), with regard to 
dietary welfare.

Data analysis

The differences in the chemical composition 
based on dry matter were analysed by means of 
ANOVA and Tukey’s test (p≤0.05) to identify 
groups with significantly different mean parame-
ter values. The comparisons took into account the 
division into four groups depending on the pasture 
(fertile and poor) and study period (2014–2015 
and 2016–2017). Due to the distortion of assump-
tion of the homogeneity of variance in groups 
for certain parameters: ashes, gross energy – GE 
(MJ), metabolisable energy – EM (MJ), the anal-
ysis was carried out for logarithmised values.

In addition, multidimensional principal com-
ponent analysis – PCA (Jolliffe, 2002) was car-
ried out to detect the variation of species com-
position of the dataset analysed. The first PCA 
concerned functional groups of plants: grasses, 
legumes, sedges and rushes, herbs and weeds, 

mosses. The second PCA took into account the 
division of plants based on their value according 
to Filipek (1973): very good, good, sufficient, low 
and not included.

The PCA method makes it possible to deter-
mine which groups of plants influenced the varia-
tion of species composition as well as to visualise 
species composition depending on the pasture and 
study period. Owing to the similar scale of the 
shares, the covariance matrix was used to estimate 
the principal components. All statistical analyses 
were carried out using StatSoft Statistica ver.13.1.

RESULTS AND DISCUSSION’

Vegetation changes

The phytosociological surveys conducted in 
the pastures indicated plant communities belong-
ing to two classes. The fertile pasture is repre-
sented by the developing Lolio-Cynosuretum as-
sociation with a small share of grassland species. 
It should be noted that mowed meadows were 
established on former agricultural land by sowing 
a mixture of grasses and legumes in 1996, while 
the grazing of sheep began in 2010. The factors 
mentioned above as well as the gradient of the 
slope on which livestock graze have a huge im-
pact on changes of the vegetation cover and the 
production potential. The second pasture, located 
on a flat area, features sand calcareous grasslands 
from the Koelerio glaucae-Corynephoretea ca-
nescentis class. The community with Common 
Bent (Agrostis capillaris L.) and community 
with Mouse-Ear Hawkweed (Hieracium pilo-
sella L.) predominate. These grasslands had not 
been used previously, and grazing there began 
in 2010 as well.

The dominant species in the sward of the first 
pasture were White Clover (Trifolium repens 
L.), Common Meadow Grass (Poa pratensis L.) 
and (Taraxacum officinale F.H. Wigg.), while the 
co-dominant species were Dactylis glomerata, 
Poa trivialis, Lolium perenne and Festuca arun-
dinacea. The dominant species in the sward of 
the second pasture were Agrostis vulgaris, Cir-
riphyllum piliferum, Achillea millefolium and 
Hieracium pilosella. It should be noted that Cir-
riphyllum piliferum moss, which was not ingest-
ed by sheep, had a high cover-abundance. Hypo-
chaeris radicata and Poa pratensis had a smaller 
share (Table 1). 
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No considerable changes were observed in 
the number of species in the two periods ana-
lysed, except for the mowed site (1c) and the 
grassland whose use was discontinued (2a). 
Lolium perenne and Poa pratensis are typical 
pasture grasses characterised by very good nu-
tritional value and willingly ingested by live-
stock, including horses (Allen, Sheaffer, and 
Martinson, 2013). Various farm animal spe-
cies have different ways of foraging for pasture 
sward. Horses graze plant species in the pasture 
selectively. The species most preferred by hors-
es are Festuca pratensis, Lolium perenne, Dac-
tylis glomerata and Trifolium repens (Allen et 
al., 2013; Chabuz et al., 2019). Herbs also play 
a significant role in the nutrition of horses. One 
of such herbs is Taraxacum officinale (Paskud-
ska, Kołodziejczyk, and Socha, 2018), charac-
terised by high cover-abundance, particularly 
in the fertile pasture (Table 1). 

While nibbling vegetation, horses slightly 
draw on some tufts and, due to their greater 
weight, have a stronger impact on the habitat. 
Sheep, on the other hand, nibble at the lowest 
parts of the sward, treading on the dead organ-
ic matter and upsetting the soil. Similarly to 
horses, they first select plants that they prefer 
the most. However, all livestock species can 
complement each other thanks to their differ-
ent impact on the habitat (Barańska, Żmihorski, 
and Pluciński, 2013). To maintain floristic di-
versity, different grazing systems, alternating in 
time and space, should be used (Chabuz et al., 
2019; Töröka et al. 2016).

It should be noted that tree and shrub seed-
lings were not observed in the sward of the pas-
tures because they were systematically nibbled 
by the grazing livestock. The only species from 
this group were tall trees occurring in the poor dry 
pasture, mainly Pinus sylvestris, in whose shade 
the sheep found shelter on hot days.

Analyses of the species composition of the 
pastures depending on the type of use revealed 
certain changes in the two periods analysed 
(2014–2015 and 2016–2017). The analysis of 
functional plant groups showed that the first two 
principal components account for 85.71% of the 
variation of the dataset (Figure 1). The values of 
the first component are mainly correlated with the 
share of herbs and weeds (positive correlation) 
and grasses and legumes (negative correlation). 
The values of the second component are positive-
ly correlated with the share of grasses and neg-
atively with the share of legumes. The pastures 
differ most by the values of the first component. 
A greater share of grasses and legumes was ob-
served in the sward of the fertile pasture, while – 
herbs and weeds – in the sward of sand calcareous 
grassland. It is worth noting the increasing share 
of grasses in the mowed section (1c) of the fertile 
pasture in the years of the study (Figure 1). 

These were mainly Dactylis glomerata and 
Festuca arundinacea whose share increased as a 
result of mowing (Table 1). Mowing is conducive 
to tall grasses while grazing results in their dis-
appearance and appearance of low grasses (Allen 
et al., 2013; Chabuz et al. 2019). Under grazing 
conditions (sites 1a and 1b), the differences are 

Table 1 Mean share of dominant species (%)

Species NUV
Pasture 1 Pasture 2

1a 1b 1c 2a 2b 2c
Trifolium repens 10 33.4 32.8 14.1 0.7 1.3 0.4
Poa pratensis 10 16.8 12.2 10.5 8.0 6.6 5.1
Taraxacum officinale 6 8.5 10.1 8.4 1.1 1.0 0.4
Dactylis glomerata 9 5.0 2.6 13.4 0.0 0.6 0.1
Poa trivialis 7 6.0 9.4 5.0 0.0 0.0 0.0
Lolium perenne 10 7.9 10.1 4.6 0.0 0.0 0.0
Festuca arundinacea 6 1.0 0.0 14.1 0.0 0.0 0.0
Agrostis vulgaris 6 0.8 1.8 0.6 28.2 30.3 21.7
Cirriphyllum piliferum - 2.1 3.1 2.9 3.7 11.4 25.1
Achillea millefolium 6 2.9 0.0 6.0 20.8 16.5 6.8
Hieracium pilosella 2 0.0 0.0 0.0 1.5 2.2 18.3
Hypochaeris radicata 1 0.0 0.0 0.0 1.3 9.6 4.0
Total number of species
2014–2015 (2016–2017) 23(22) 20(20) 25(19) 22(20) 27(26) 12(12)

NUV – number of use value according to Filipek (1973): 10–9: very good; 8–7: good; 6–4: sufficient; 3–1: low
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small, which indicates a small influence of the 
grazing horses on changes in the species compo-
sition. The observed differences worth mention-
ing include a slightly greater share of Trifolium 
repens and Bellis perennis appearing in the sec-
ond period. These are typical pasture species, 
closely associated with pastures for horses (Allen 
et al., 2013; Matuszkiewicz, 2008). In the other 
pasture, no changes were observed in the years 
under study, except for the lack of use in site 2b 
where an increased share of species from the herb 
and weed group was observed. In some sites (1a 
and 2b), a smaller spread of points was observed 
in the second period (2016–2017) in comparison 
to 2014–2015. This can be a sign of a certain sta-
bilisation of the species composition as a result 
of various environmental factors. The animals 
consume not only grasses, but also shrubs and 
trees, which inhibits overgrowing and second-
ary succession. It also improves the rooting and 
propagation of plants and stimulates their growth 
(Aldezabal et al. 2015).

Biomass value

The PCA carried out to assess the variation of 
the species composition depending on the value 
of the sward according to Filipek (1973) accounts 
for its variation to a greater extent. The first two 
principal components account for 90.45% of the 
variation of the dataset. Species of very good or 
sufficient value are characterised by the biggest 
share in the first principal component (PCA1), 
while species of low and sufficient value – in the 

second principal component (PCA2). The big-
gest share of species of very good value was ob-
served in the sward of the fertile pasture 1a and 
1b (Figure 2). In the case of mowing (site 1c), 
the number of species of very good value de-
creased while the number of those of sufficient 
value increased in the periods under study. This 
indicates a positive influence of grazing on the 
share of valuable species. In the case of sites sub-
jected to grazing, no changes were observed both 
in the case of sheep grazing and mixed grazing. 
This indicates a certain stabilisation of the spe-
cies composition and the persistence of species of 
very good nutritional value. In the case of mixed 
grazing (sheep + horses), a smaller variation of 
the first principal component was observed.

Different trends were observed in the poor 
dry pasture. The biggest share of species of low 
value was observed in section 2c, while species 
of sufficient value had a greater share in section 
2b. The smallest variation was observed in the 
unused section (2a), but an analysis of changes 
over time shows that the lack of use influenced 
the increasing share of species of low functional 
value (Figure 2). The abandonment of use, in-
cluding grazing, results in changes in the species 
composition manifested in the appearance or in-
creased cover-abundance of species of low nu-
tritional value to livestock (Chabuz et al., 2019; 
Dostálek and Frantík, 2008; Kulik et al., 2013; 
Steinshamn et al., 2018).

A comparison of the value of both pastures 
shows that the fertile pasture contained more 
plants of good or very good value, while the 

Figure 1. Principal Component Analysis (PCA) ordination graph of functional 
plant groups depending on the pasture and study period
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poor pasture featured more species of sufficient 
or low value. The abundance of macro-elements 
and the enzymatic activity of the soil are the 
factors observed in this case (Futa et al., 2016). 
Sand calcareous grasslands usually feature spe-
cies of low value and of low aboveground bio-
mass yield (Benthien et al. 2018; Dostálek and 
Frantík, 2008; Kulik et al., 2013; Süss et al. 
2004; Warda et al. 2011).

Protein content in the biomass analysed 
ranged from 12.64 to 19.70% depending on the 
pasture and study year (Table 2). Greater signifi-
cant differences were observed in crude fibre con-
tent. A significantly higher content of this nutrient 
was recorded in 2017, which indicates a strong 
influence of meteorological conditions and the 
vegetation development phase. An analysis of the 
yield of nutrients (dry mass, UFL and protein), 
pasture 1 has to be regarded as poor despite the 
relatively high biomass yield (6.2–6.5 t ha–1) and 
pasture 2 as poor (Gaweł et al. 2016; Szajda and 
Łabędzki, 2016). Yield is an important criterion 
for choosing forage for animals, but it is only 
one factor in a complex system which also in-
cludes water-use efficiency, nutritive value, costs 
of production and risk (Neal et al. 2009). On the 
other hand, when we look at grasslands as valu-
able habitats (Dostálek and Frantík 2008; Gallet 
and Roze, 2001; Kulik et al., 2013; Süss et al., 
2004), the nutritive value is less important. This 
negative assessment is also linked with the low 
energy and protein content in dry mass (Jarrige, 

1989). A low amount of energy in dry mass also 
influences a low supply of protein digested in the 
small intestine (PDI). This results from the fact 
that in the years 2016–2017, 60 to 70% of the bio-
mass and nutrient yield in the fertile pasture oc-
curred in the spring. In this period, the occupancy 
of the pasture – manifested in the number of ewes 
with lambs – can range from 10 to 14 animals 
per 1 ha (Jarrige, 1989). In the summer months, 
particularly in periods of drought, grazing should 
be limited by reducing the number of animal or 
by additional feeding. In the poor pasture, such a 
situation can occur much earlier (Table 1).

CONCLUSIONS

The studies were conducted in Roztocze Na-
tional Park, in two pastures varying in terms of 
the vegetation cover. The fertile pasture, situated 
on a slope, was represented by the developing Lo-
lio-Cynosuretum association, while the poor dry 
pasture, situated in a flat area, was represented by 
a community with Agrostis capillaris and a com-
munity with Hieracium pilosella.

Trifolium repens, Poa pratensis and Ta-
raxacum officinale were the dominant spe-
cies, also influencing the value of the sward, 
in the fertile pasture, while Agrostis vul-
garis, Cirriphyllum piliferum, Achillea 
millefolium and Hieracium pilosella were 
the dominant species in the poor pasture.

Figure. 2 Principal Component Analysis (PCA) ordination graph of sward value 
according to Filipek (1973) depending on the pasture and study period
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The greatest changes over time were ob-
served in the mowed site in the fertile pasture (in-
creased share of tall grasses: Dactylis glomerata 
and Festuca arundinacea) and in the unused site 
in the poor dry pasture (increased share of herbs 
and weeds). 

Livestock grazing conducted from 2010 in-
fluenced the stabilisation of the species composi-
tion. Tree and shrub seedlings were not observed 
in the sward of the pastures because they were 
systematically eaten by the grazing livestock, 
which evidences a positive impact of grazing on 
the preservation of permanent grasslands in Ro-
ztocze National Park where forest ecosystems 
predominate.

The assessment of the species composition 
and yielding indicated that the fertile pasture was 
characterised by good value while the poor pas-
ture – low or sufficient value. In terms of nutri-
ent yield and content, these pastures were poor or 
very poor, and their nutritive potential was largely 
dependent on the meteorological conditions.

While the livestock density in the pastures, 
ranging from 1.1 to 1.5 LSU ha–1 in the years un-
der study, was appropriate, grazing should be lim-
ited in the summer months, particularly in periods 
of drought, by reducing the number of animals or 
by additional feeding to ensure their welfare.
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