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FLORISTIC DIVERSITY OF MEADOW AND PASTURE COMMUNITIES LOCATED IN
THE KLODZKO COUNTY COMPARED WITH THE ENVIRONMENTAL FACTORS

Summary

The paper presents the phytosociological structure of selected meadows and pastures used agriculturally, located in
Klodzko County, versus environmental factors. The communities of researched grasslands were classified into Molinio-
Arrhenatheret class and two orders: Molinietalia i Arrhenatheretalia. Four groups were distinguished: Angelico-Cirsietum
oleracei, Arrhenatheretum elatioris, Lolio-Cynosuretum and Festuco-Cynosuretum, as well as three communities with
dominant species: Poa pratensis-Festuca rubra community, community with Agrostis capillaris-Festuca rubra and commu-
nity with Trisetum flavescens. Those communities exhibit a rich species diversity, expressed in an average number of spe-
cies in a phytosociological study (21-25). The greatest number of species was found for community with Agrostis capillaris-
Festuca rubra and Festuco-Cynosuretum. The analysed pasture and meadow communities were created mainly on moun-
tainsides with a considerable slope (above 6°) and diverse sunlight exposure, on brown and spodic soils, occurring mainly
in the Sudety Mountains. The average sunlight exposure indicates to a thermophilism of distinguished communities.

Key words: pasture and meadow communities, Klodzko County, environmental factors, GIS

ZROZNICOWANIE FLORYSTYCZNE ZBIOROWISK EAKOWO-PASTWISKOWYCH
W WYBRANYCH MIEJSCACH W POWIECIE KLODZKIM W ODNIESIENIU
DO CZYNNIKOW PRZYRODNICZYCH

Streszczenie

W pracy przedstawiono strukture fitosocjologiczng wybranych lak i pastwisk, wykorzystywanych rolniczo, usytuowanych w
powiecie klodzkim, na tle czynnikow przyrodniczych. Zbiorowiska badanych uzytkow zielonych zaklasyfikowano do klasy
Molinio-Arrhenatheretea i dwoch rzedow: Molinietalia i Arrhenatheretalia. Wyrozniono cztery zespoly: zespol Angelico-
Cirsietum oleracei, zespol Arrhenatheretum elatioris, zespol Lolio-Cynosuretum i zespotl Festuco-Cynosuretum oraz trzy
zbiorowiska z gatunkiem dominujqcym: zbiorowisko Poa pratensis-Festuca rubra, zbiorowisko z Agrostis capillaris-Festuca
rubra oraz zbiorowisko z Trisetum flavescens. Zbiorowiska te charakteryzowaly si¢ zroznicowanym bogactwem gatunko-
wym, wyrazonym Sredniq liczbq gatunkow w zdjeciu fitosocjologicznym (od 21 do 25). Najwiekszq liczbe gatunkow, stwier-
dzono dla zbiorowiska z Agrostis capillaris-Festuca rubra i zespolu Festuco-Cynosuretum. Wyroznione zbiorowiska tqko-
wo-pastwiskowe wyksztalcily sie najczesciej na stokach o znacznym nachyleniu (powyzej 6°) i o zroznicowanej ekspozycji,
na glebach brunatnych i bielicowych, najczesciej spotykanych w Sudetach. Srednia wartos¢ promieniowania catkowitego
wskazuje na cieptolubnos¢ wyroznionych zbiorowisk.

Stowa kluczowe: zbiorowiska lgkowo-pastwiskowe, powiat ktodzki, czynniki przyrodnicze, GIS

1. Introduction mented for increase yield [2]. The research on grasslands

conducted in Poland and abroad indicates a dependency

The area which researches the diversity of botanical
composition of grasslands and occurrence of recurring pat-
terns (communities) is called meadow phytosociology. The
results of phytosociological research are used in the as-
sessment of productivity, environmental valorisation and
evaluation of settlement conditions. Moreover, they are
used in order to draw up area development plans, and to as-
sess the impact on the environment as well as to create pro-
tection plans.

Species composition of plant communities on grasslands
located in the moderate climate zone depends mainly on
environmental and anthropogenic factors.

Among the settlement factors one can distinguish soil
factors, and, in mountainous regions, topographic factors,
considered as absolute height and sunlight exposure of
slopes. The influence of topographic factors on flora was
defined in the work of Howard and Mitchell as phytogeo-
morphology [1]. After the consideration of various factors
of floral production, phytogeomorphology may be imple-
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between occurrence of heterogeneous grass patches and
landform and soil thickness [3, 4, 5].

The main soil factors are: nitrogen and phosphorus satu-
ration and soil pH, while the slope and exposure influence
the value of sunlight and are important factors determining
the purpose of use of the terrain.

The aim of the paper is to present a phytosociological
characteristics of meadows and pastures used in extensive
way, located on farmlands located in the Ktodzko County,
against the environmental factors.

2. The area of research

Klodzko County (164,000 ha) is located in the south-west
part of Poland, in Lower Silesian Viovodeship and it is one of
4 Counties located in the Sudety area. According to the Kond-
racki physical-geographical division [6], it is located in the
Czech Massif province, Sudety and Sudety Foreland sub-
province, in macroregions: the Central and Eastern Sudety.
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The entire area of the County is considerably diverse in case of
physiogeography. Its western part consists of the Central
Sudety, while the eastern part is located in the Eastern Sudety
Mountains. Its central part is located in the Klodzko Valley,
which is surrounded with the Bardzkie Mountains in the north,
the Stotowe Mountains in the west, and Zlote Mountains, to-
gether with Snieznik Massif and Krowiarki, belonging to the
Estern Sudety, in the east.

As a result of the climate conditions, the area of the
County belongs to two pluviothermal regions: Watbrzych
and Klodzko [7]. The Walbrzych region displays severe
climate conditions, and is located in two altitude zones of
agriculture usability: zone b — moderately warm, reaching
up to 550 m.a.s.l., with an average annual temperature of air
of 6.1°C, and annual precipitation from 700 to 800 mm, and
zone ¢ — moderately cold, above 550 m.a.s.l., considered as
not agriculturally useful because of lack of a thermal sum-
mer period and high (above 800 mm) annual precipitation.
The Klodzko region is more favourable in case of climate
conditions than the Watbrzych region and it displays a rela-
tively moderate climate. Three altitude zones were distin-
guished in the region: zone a — reaching up to 400 m.a.s.l. —
the most favourable zone for agriculture in the entire
Sudety region, as the average annual air temperature
reaches there 7.4°C and annual precipitation amounts to
700 mm; zone b (400-600 m.a.s.l.) is cooler, as the annual
temperature amounts there from 6 to 6.6 °C, and the pre-
cipitation varies from 700 to 1000 mm. Zone ¢ (600-800
m.a.s.l.) is an area unfavourable for agriculture, with an av-
erage annual temperature of 4.9°C and annual precipitation
reaching 700 mm.

In the Ktodzko County, according to the latest Agricultural

Legend

Medium height
ranges [m.a.s.l]
I =70 - 500
I 500 - 800
800 - 1100
1100 1200
I 1200 - 1300
I 300- 1430
Location of points
identified communities

Pogé

Com. with Agrostis capillaris-Festuca rubra

Arthenatheretum elatioris

¢
&

Festuco-Cynosuretum
Lolio-Cynosuretum

Gom. Poa pratensis-Festuca rubra
Gom. with Trsetum flavescens
Angelico-Cirsietum oleracel

— Border of Sudety’s makroregions

Census [8], permanent grasslands cover the area of 20,390 ha
(including pastures 5,173 ha). They are mainly lands with me-
diocre quality included in 2z soil-agricultural type (65%).
Above 30% of permanent grasslands belong to 3z type (34%)
— lands which are of poor and very poor quality and 1% of
lands display very high quality (1z) [9].

Within the borders of the Klodzko County there are areas
which are legally protected. Among the biggest ones there
are: Stolowe Mountains National Park together with adjacent
protected area (it constitutes 11.0% of the area of the
County), Sowie Mountains Landscape Park (27.0%),
Snieznik Landscape Park (15.7%), Area of Protected Land-
scape of Bystrzyca and Orlica Mountains (14.0%), Area of
Protected Landscape of Bardo and Sowie Mountains (3.3%)
and other 19 Areas of Special Protection.

The study included grasslands in majority belonging to
farmers associated in “Wotowina Sudecka’ production group,
operating on the grounds of Ktodzko County, who breed beef
and dairy cattle. The farmlands where the research was con-
ducted are located in the following mesoregions: Nowa Ruda
Area, Klodzko Valley, Bardo Mountains, Orlica Piedmont,
Stolowe Mountains, Scinawka Area, Bystrzyca Mountains
(Central Sudety macroregion) as well as Snieznik Massif and
Ztote Mountains (Eastern Sudety macroregion). In the Nowa
Ruda Area, the research encompassed meadows and pastures
located in Dzikowiec; in Scinawka Area — Scinawka Srednia;
in Ktodzko Valley — Dlugopole Goérne; on the border be-
tween Ktodzko Valley and Bardo Mountains — Boguszyn; on
the border between Orlica Piedmont and Stolowe Mountains
— Kudowa Zdréj; in Ztote Mountains — Lutynia, Trzebi-
eszowice; in Snieznik Massif — Jodlow, Marcinkéw and
Nowa Wies Klodzka (Fig. 1).

Fig. 1. The research area and location of selected communities
Rys. 1. Teren badan wraz z lokalizacjq wyroznionych zbiorowisk
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3. Research Methodology
3.1. Methodology of phytosociologocal research

Within the years 2009-2013 the research of flora in
permanent grasslands was conducted in Lower Silesian Re-
search Center in the framework of the statutory tasks led by
Longina Nadolna. The field research was conducted using
Braun-Blanquet method [10]. 221 conducted phytosoci-
ological studies constituted the basis of the aforementioned
research and were the main source for the analysis of diver-
sity of vegetation, as well as identification and classifica-
tion of communities. The decision to affiliate the studies
with particular phytosociological tables was made basing
on the similarity of species composition as well as quantita-
tive share of species in the same syntaxomic units. The
analysis was performed using the Juice computer pro-
gramme [11]. The syntaxomic affiliation of selected com-
munities was determined in accordance with the Matusz-
kiewicz method [12]. The Latin names of vascular plants
were taken from the work of Mirek et al. [13]. The syn-
thetical phytosociological table created for selected com-
munities presents the number of studies, and, for each spe-
cies, the phytosociological constant (S) in the scale of I-V
or the occurrence (O) as well as the cover index (D) [10].
The species richness is determined based on the average
number of species present in a phytosociological study.
What is more, the occurrence of species under environ-
mental protection was also reported in the study [14].

3.2. Methodology of cartographic research

In the study we assumed that the environmental factors
were data concerning soil factors, ways of the terrain use
and Digital Elevation Model (DEM) together with the de-
rivatives (dominant exposition, average slope and sunlight
exposure). In order to determine the environmental condi-
tions of the area of research, as a boarder needed for further
geographic transformations we assumed circles with a radius
of 1 meter, located in places of phytosociological studies.
After preparing a phytosociological classification, for par-
ticular patches located in selected communities we read the
environmental conditions from maps.

The cartographic analyses were conducted on the basis
of database of environmental factors from the Institute of
Technology and Life Sciences in Lower Silesia Research
Centre. The database was expanded and enriched by intro-
ducing to it additional theme of layers representing
Ktodzko County, including the spatial data concerning clas-
sification and types of use of soils and buildings [15].

A vital data required for preparation of characteristics of
the researched area is DEM with its derivatives — slope and
exposure. The DEM measurement was created using the
vector data from the topographic map in the scale of 1:10
000 (National Geodetic System — PUWG 65) [16] with a
minimum level cut of 2.5 meters, where the vertices of vec-
tors were substituted with points. Next, a cloud of points
obtained in such a way underwent the process of spatial in-
terpolation using the method of ordinary kriging and modi-
fied spline method [17]. The created Digital elevation
model with the resolution of 10 meters was transformed
into its derivatives: exposure and slope. The land use map
was prepared using the map of evidence of soils and build-
ings (in a scale of 1:1000) together with the terrain observa-
tions. The data concerning types, kinds and classification of
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soils were obtained based on a soil-agricultural map in a
scale of 1:5000, created by Voivodeship Bureau of Survey-
ing and Agricultural Areas in Wroctaw in 1971 [18]. The
map was implemented into GIS (Geographic Information
System), and next matched with a topographic map. The
map of total sunlight exposure was drawn up using the
Struzka method [19], which enabled determining approxi-
mate, relative values of total sunlight reaching the surface
with any exposure and slope expressed in percentage. In the
aforementioned method, the sum of total sunlight reaching
the horizontal surface was assumed as 100%. The map was
created using parametric transformations of intervals of
both slope and exposure according to the algorithm de-
scribed by Struzka. The data were used to develop the final
map, on which there were assigned the surfaces of slopes
with specific value of sunlight exposure expressed in per-
centage.

The prepared maps were used to read the environmental
conditions in places of phytosociological studies. For
patches of selected communities average values of slope of
mountainsides and total sunlight exposure were calculated,
whereas, in case of remaining environmental factors, their
dominant feature was assumed.

4. Results and discussion
4.1. Phytosociological research

On the basis of the phytosociological analysis, the
communities of researched meadows and pastures were
classified into Molinio-Arrhenatherete class, and two or-
ders: Molinietalia i Arrhenatheretalia. In many regions of
Poland the communities of this class belong to the most
important plant formations [12], and they are also a vital
element of agricultural landscape of the Sudety [20, 21].

Within the Molinietalia order one group of Angelico-
Cirsietum oleracei was distinguished (Tab. 1). It belongs to
humid eutrophic meadows widespread in lowland and
mountainous vegetation zones. It is a community which is
highly anthropogenic, which is created and maintained
solely as a result of mowing, which is a result of traditional
meadow economy [12]. The community was distinguished
based on the dominance of Cirsium oleraceum (O=3,
D=767), on a used hay meadow. On one of the patches of
the community there were observed species characteristic
for Calthion and the group of Molinietalia. Among those
species, the highest degree of constancy and frequency of
occurrence was exhibited by Juncus effusus (O=3, D=350)
and Equisetum palustre (0=3, D=1750) as well as San-
guisorba officinalis (0=3, D=633). In the community there
are numerous species characteristic for Molinio-
Arrhenatheretea class, among them the highest cover index
was reached by Holcus lanatus (D=2000).

Within the Arrhenatheretalia group, lowland and moun-
tainous anthropogenic communities of grasslands, devel-
oped on fertile, not severely humid mineral soils [12], three
groups were distinguished: Arrhenatheretum elatioris
group, Lolio-Cynosuretum group and Festuco-Cynosuretum
group, as well as three communities with a dominant spe-
cies: Poa pratensis-Festuca rubra community, Agrostis
capillaris-Festuca rubra community, Trisetum flavescens
community (Tab. 1).

Arrhenatheretum elatioris groups are rich floral com-
munities of fresh highly productive meadows located on
lowlands and lower mountainous locations [12]. On the re-
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searched area, this group was distinguished on extensively
used way, mown and meadows — pasture, basing on the
domination of Arrhenatherum elatius (S=1V-V, D=407-
2300), as well as occurrence of other species typical for the
Arrhenatherion connection, such as: Galium mollugo, Ge-
ranium pratense, Tragopogon pratensis, Campanula
patula, Crepis biennis. The most frequent and numerous
species in the green growth of this community were species
from the Arrhenatheretalia group, i.a.: Achillea mille-
folium, Dactylis glomerata, Taraxacum officinale. In the
patches of the community a considerable share of Agrostis
capillaris was also noted, which manifests itself in high
values of both the degree of constancy and cover index.

Poa pratensis-Festuca rubra community was other
vegetal community distinguished within the Arrhenathere-
talia group. This community was distinguished on grass-
lands used in mown and pasture way. It is an indicator of a
low level of grassland husbandry [22]. The floral composi-
tion of the community is poorer when compared to the Ar-
rhenatheretum elatioris [12, 23] community. The Poa
pratensis-Festuca rubra community was distinguished bas-
ing on the domination of Festuca rubra (S=IV-V, D=333-
750) as well as presence of Poa pratensis (S=1-V, D=20-
688). In some of the patches a considerable share of low
value grasses — Holcus lanatus (S=V, D=275-2250) and
Anthoxanthum odoratum (S=1I-1V, D=13-1406), was re-
corded. According to certain researchers [24], the domination
of those species in green growth may indicate a low level of
fertilization and dryness of the soil. In the patches with a big
share of Holcus lanatus the occurrence of Alopecurus prat-
ensis was noted. This species displays a high degree of con-
stancy and cover index — S=I-V, D=20-688. What is more, it
occurred most numerously and most frequently among
grasses: Agrostis capillaris, Dactylis glomerata, Phleum
pratense, Trisetum flavescens, from the dicotyledon family
Trifolium repens, Taraxacum officinale, Lathyrus pratensis,
Galium mollugo. In the community, the presence of the Car-
lina acauli was noted, a species which, since 2014, is in-
cluded in the list of partly protected species [14].

Another community is the community with Agrostis
capillaris-Festuca rubra. It was distinguished based on the
domination of two species: Agrostis capillaris (S=1I-V,
D=700-2750) and Festuca rubra (S=IV-V, D=1167-3464),
on mown meadows and pasture. According to Grynia and
Kryszak [20], as well as Paszkiewicz-Jasinska and Nadolna
[21] the community is located on poor floristically and not
sufficiently fertilized Arrhenatherion meadows, which is
indicated by occurrence of species proper for the group.

Those species represent a diverse degree of constancy and
cover index. Numerous and frequent are also species charac-
teristic ~ for  Arrhenatheretalia  group and  Molinio-
Arrhenatheretea class. Moreover, in the researched commu-
nity a partly protected species, Carlina acauli, was also noted.

Another community which was qualified to the Ar-
rhenatheretalia group was Trisetum flavescens community
of the Polygono-Trisetion connection, used for hay and pas-
ture purposes. The community was distinguished basing on
the occurrence of species characteristic for the analysed line
— Trisetum flavescens (S=IV, D=1125), as well as Poly-
gono-Trisetion — Alchemilla monticola (S=V, D=456) and
Geranium sylvaticum (S=I, D=6) connections. Species
listed as representative for mountanious polygono-trisetion
meadows occurred in the patch of the community[25].
Among the aforementioned species a high degree of con-
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stancy and cover index was noticed in case of Agrostis
capillaris (S=IV, D=594), Festuca rubra (S=V, D=1538)
and Chaerophyllum hirsutum (S=IV, D=275). A small
share of species typical for Arrhenatherion may indicate a
temporary nature of the community, which is indicated by
the phytosociological research led in the Sudety [21].

Lolio-Cynosuretum is another community. Formation of
this community is connected mainly with its pasture use.
That is why, according to Grynia [26], ceasing of its pasture
use may lead to its transformation into a different phytoso-
ciological unit. The Lolio-Cynosuretum community forms
low grasses on lowlands and lower mountainous locations,
which are found on wet-ground forest habitats [12]. On the
researched area the community was found on pastures and
on a hay-pasture meadow, it was distinguished based on the
presence of Lolium perenne in all patches; the species
showed a diverse degree of constancy and cover index
(S=I-V, D=10-3542). Moreover, a high share of species
typical for this community was noted, such as: Trifolium
repens (S=IV-V, D=488-3875), Leontodon autumnalis
(S=IV-V, D=4-500), Cynosurus cristatus (S=I-1II, D=4-
800), and a lower share of Bellis perennis (S=I-IV, D=5-
38). Numerous species typical for Arrhenatheretalia group
and Molinio-Arrhenatheretea class. Among them, the most
common in all patches were Dactylis glomerata and
Phleum pratense. Occurrence of those species may indicate
using reseeding, as well as good habitat conditions consid-
erably favouring their occurrence [27].

Festuco-Cynosuretum is a community with a pasture
character, just like the aforementioned community. It oc-
curs in beechwood habitats of the lower wooded section.
According to Matuszkiewicz [12] it presents a more con-
siderable floral diversity than Lolio-Cynosuretum commu-
nity, which is confirmed by own research. Festuco-
Cynosuretum community in the researched area was distin-
guished on pasture grasslands basing on the occurrence of
species typical for the analysed communities and Cynosu-
rion group: Alchemilla monticola (S=1-V, D=140-857), Eu-
phrasia rostkoviana (S=II-11I, D=13-30), Carum carvi
(S=I1I, D=93), Cynosurus cristatus (S=1I-V, D=150-721)
and Leontodon autumnalis (S=IV-V, D=120-1250) and the
domination of Festuca rubra. In all patches of the commu-
nity the species reached the highest degree of constancy
(S=V) and diverse cover index (D=543-1750). In all
patches of the community there was a dense occurrence of
Trifolium repens (S=IV-V, D=364-2750). Similarly as in
the aforementioned community, numerous species typical
for the Arrhenatheretalia  group and  Molinio-
Arrhenatheretea class were noted there. Among them, the
most common in all patches were Dactylis glomerata and
Phleum pratense. In the green growth of the community the
occurrence of Carlina acauli was noted, which is a species
under legal protection.

Species richness of the communities distinguished in the
researched area, determined based on an average number of
species present in a phytosociological study, varied from 21
to 25. It was certainly influenced by the character of a given
community, however, a high number of species is connected
with a transitional character of the community. The commu-
nities with Agrostis capillaris-Festuca rubra and Festuco-
Cynosuretum were the species of highest richness. Similar
results for community with Agrostis capillaris-Festuca rubra
were obtained in studies conducted in the Watbrzych County
by Paszkiewicz — Jasinska and Nadolna [22].
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Table 1. Synthetic phytosociological table of the selected meadow and pasture communities
Tab. 1. Syntetyczna tabela fitosocjologiczna dla wyroznionych zbiorowisk tgkowo-pastwiskowych

Community Communi
Angelico- Community with . ty .
. . .o, Arrhenatheretum y . , with Lolio- Festuco-
Syntaxonomic unit Cirsietum .o Poa pratensis- Agrostis capil- .
. elatioris . Trisetum Cynosuretum Cynosuretum
oleracei Festuca rubra laris-Festuca
flavescens
rubra
Number of relevés 3 23 47 43 10 70 25
o D S D S D S D S D s D S D
ChAss. Angelico-
Cirsietum oleracei
Cirsium oleraceum 3 767 -1 17-90 IV 33-46 1 55
ChAss. Arrhenath-
eretum elatioris
Arrhenatherum elatius IV-V | 407-2300 | v 6-388 |AY, 10-607 1 13 I-II | 50-110
Geranium pratense I 60 -1 17-50 1-15
D. com. Poa praten-
sis - Festuca rubra
Poa pratensis 2 333 jigiit 175-450 -V | 20-688 | I-IV 46-210 i 375 -V 25 - 200-
1938 \4 436
Festuca rubra 1I-v 236-2417 | M-V SR V= Wi v 1538 -V | 8-1519 v ok 85
3750 \ 3464 1750
. 120- 860- 100-
Alopecurus pratensis -V LIr | 7-710 | OI | 881 | IV -V
1680 1458 656
275-
Holcus lanatus 3 2000 \" 436-1333 v v 10-425 |AY 8-750 \Y4 500
2250
D. com. with Agrostis
capillaris-Festuca
rubra
Agrostis capillaris IV-V | 375-2417 | [1-v 125- -V 100- v 594 -V 83- -V 230-
1938 2750 4625 2000
D. com. with Trise-
tum flavescens
. 125-
Trisetum flavescens -1V 92-407 | 11-v 1183 -0 | 100-450 | IV | 1125 | -V | 10410 | I 30
ChaAss. Lolio -
Cynosuretum
Trifolium repens -v 8-2536 \TAY 200- -V 183- \V4 506 Vs 488 V-V 364-
2750 1300 \ 3875 2750
. 1- 10-
Lolium perenne 25-300 I 10 -V I 20
)\% 3542
. 101 - 25- 120-
Leontodon autumnalis -1 8-583 -V | 71-1650 I 69 \aY
\Y 500 1250
Bellis perennis I 13 b 5.38
v
ChAss. Festuco -
Cynosuretum
: : 140-
Alchemilla monticola 2 183 I 10-83 =V | 25-767 | 1-IV 10-900 \V4 456 IRV 4200 | -V
857
Euphrasia rostkovi-
ana I 13 I 71 I 4-6 [T 13-30
Colchicum autumnale \V4 140 il 25
. 150-
Carum carvi -1 I 13 I 92 111 93
194
ChAll. Calthion
Juncus effusus 3 350
Mpyosotis palustris 2 183
Scirpus sylvaticus 1 167 i 250
Geum rivale 1 17 i 13
Juncus conglomeratus 3 350 I 13 1 10 1 4-5
Cirsum rivulare i 25 1 4 I 6-8
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Community

. . . Community
. . Ar.tgeiltco i Arrhenatheretum Communlt‘y w{th , with Lolio- Festuco-
Syntaxonomic unit Cirsietum .o Poa pratensis - Agrostis capil- .
. elatioris . Trisetum Cynosuretum Cynosuretum
oleracei Festuca rubra laris - Festuca
flavescens
rubra
Number of relevés 3 23 47 43 10 70 25
ChAll. Molinion
Pimpinella saxifraga v 192 -V | 10-258 IV | 833 | IV | 7320
Briza media 1 4 i 110
. 17-
Potentilla erecta it 1 100
167
ChAll. Filipendulion
Filipendula ulmaria 2 33 I 4
ChAll. Arrhenath-
erion
Campanula patula v 5-307 | 1 | 6-110 | -V | 10200 | 1 25 | LIV | 1033 | LI | 6-110
. 10-
Galium mollugo v 55-1750 | v | 6-1750 | -V 8-229 I 63 -V s Il 60
g 10-
Crepis biennis M-V | 75-293 | m | 20200 | I-ID | 17-200 VoL, | I 81
Knautia arvensis 11 110 IV | 3863 | IV | 17-164 IV | 842 Il 110
Tragopogon pratensis I-v 5-117 -IV | 10-150 I 4-10 I | 4-69 i 13
ChAll. Polygono-
Trisetion
Geranium sylvaticum I 69 1 6 11 157
ChAIll. Cynosurion
. 150-
Cynosurus cristatus I-II 14-50 | 11V | 10-356 I 42 il 319 | LI | 4-800 | IV 1
ChO. Molinietalia
Equisetum palustre 3 1750
Sanguisorba offici-
nalis 3 33 I 130 | IV | 20-767
Lotus uliginosus 1 197
Lychnis flos-cuculi 1 17 -1 6-130 I 50 1 30
Angelica sylvestris 1 17 1T 14 1 140 -1 10-17 \V4 394
Deschampsia caespi- 13-
tosa LIV | 6190 | TV | 17-220 | I | 25 | ILV IV | 13-310
1125
ChO. Arrhenathere-
talia
. 1 e 1I1- 70-
Achillea millefolium -V 86-1035 | v | 17-263 | IV | 33-410 | IV 100 v o3 IV | 29-330
Dactylis glomerata IvV-v 50-910 -V 138- -V 10-910 \V4 1250 - 30- V-V 220-
1667 50 1225 907
. 13-
Lotus corniculatus I 8 I | 6-390 | IHV | 14-470 I 13 |AY 275 11 180
Heracleum sphondy- 15-
lium proney LI 7-160 | Qv | 13381 | LIV | 10-183 | II 25 | IV IV | 30-381
350
Leucanthemum vul-
oare LI 2083 | | 617 | WMV | 25-108 LI | 8100 | III | 620
Taraxacum officinale -v 17-676 n-v 13- -V | 40-1160 \V4 563 - 25 |AY 100-
1150 \4 3250 656
Trifolium dubium il 14 IV | 13250 | 0L | 4-300 LIV | 4310 | IV | 69-240
Daucus carota 11 70 1 6 1 10 -V 12-
267
L . 1I- 12-
Pimpinella major II-111 15-86 I | 20-110 I 17-167
11 175
ChCl. Molinio-
Arrhenatheretea
. 20- 4- 100-
Alopecurus pratensis -V IV | 10467 | 1 250 | IV -V
1850 1005 1600
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Community Communi
Angelico- Community with . ty .
. . .o, Arrhenatheretum y . , with Lolio- Festuco-
Syntaxonomic unit Cirsietum .o Poa pratensis- Agrostis capil- .
. elatioris . Trisetum Cynosuretum Cynosuretum
oleracei Festuca rubra laris-Festuca
flavescens
rubra
Number of relevés 3 23 47 43 10 70 25
Festuca pratensis 3 917 I-v 83-786 -1V 6-40 1 7 11 38
Rhinanthus minor v 36 1184 230- 1-v 20-500 \V4 719 |AY 8- VV 310-
410 1125 600
; 13- 164-
Ranunculus acris 3 350 I 5-8 n-v -V 8-917 v 213 -V 4275 | MHV
1470 270
Lathyrus pratensis 3 200 I-II 8-65 MV | 25-500 | IV | 100371 | V 344 | IV | 6-165 | IV | 25-390
Rumex acetosa 3 200 n-v 15-192 V-V 190- -V 14-617 v 269 |AY 13- mv | 29-850
500 296
Plantago lanceolata 2 183 I 8-71 HV 33-80 |AY 20-350 1 4-8 1 30
Centaurea jacea ! 71 -V | 25913 | I-IV 7-1583 -V 8-320 | I-V 6-330
Trifolium pratense -1v 17-155 1 4-83 \V4 663 1 4-38
17- 20- 400-
Avenula pubescens In-v 1I-vV | 120-650 | III 356 -V VvV
1875 1969 614
Phleum pratense 3 500 1I-v 17-1429 1 4
Leontodon hispidus 11 17 LI | 10-100 LV | 450 | T | 30-100
. 100-
Prunella vulgaris v 475 I 63 I-I11 v 475
800
Poa trivialis i 143 LV | 6267 | IV | 10436 | V | 450 | LIV | 8-183 | HV | 6229
Vicia cracca I-11 83-160 -1 38
129
Agrostis gigantea \% 543 il 138 1 100
Bromus hordeaceus
ChO. Nardetalia 1 4 111 210
Nardus stricta
ChCl. Nardo-
Callunetea -1 8-154 I-1I 4-17 I-II | 30-200
Hieracium pilosella L. LV | 172256 | -1V 7-40 1 4-46
Luzula campestris (L.)
DC. v 108
Towarzyszace i chron- 13- 130-
ione HV 8% 8-320 I-1I 5-296 v
1406 210
Anthoxanthum odora- LIV 33.86 | 3
tum
Cirsium helenioides v 275 1 4 \V4 307
Chaerophyllum hirsu-
tum I1-111 13-30 1 8 I 10
Carlina acaulis 1 10 1 10
Mean number of spe- 2 21 21 25 24 21 25
cies in a relevé

O — frequency of occurrense,
D — cover index (min.-max).

Source: own studies / Zrédio: opracowanie whasne
S — degree of constancy (min.-max.): [ — species existing in 1-20% of phytosociological affiliation; II — species existing in 21-40% of phy-
tosociological affiliation; III — species existing in 41-60% of phytosociological affiliation; IV — species existing in 61-80% of phytosoci-
ological affiliation; V — species existing in 81-100% of phytosociological affiliation,

4.2. Cartographic research

Angelico-Cirsietum oleracei community was located in
the Nowa Ruda Area (Central Sudety), on the slopes with
east exposure and the average slope of 2.9°, on the altitude
of 480 m.a.s.] and the value of the total sunlight exposure
reaching 104%. In the surface layer of this community there
are podzols and silt loam.

Arrhenatherum elatioris community was distinguished on
slopes. The dominant azimuth of the slopes is north-east,
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east, south-west and west. The average value of slope and
sunlight amounted to, respectively, 6.4° and 110% and the
height interval amounted to 430-480 m.a.s.l. The community
was formed on brown earth, silt loam and medium silt clay.

Community with Trisetum flavescens was located in the
Ztote Mountains (East Sudety), on the slopes with a north-
west exposure and average slope of 9.9°, in the height in-
terval of 580-590 m.a.s.1. and the total sunlight value reach-
ing 105%. In the surface layer of this community there are
brown earth and medium silt clay.
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Table 2. Environmental characteristics of selected meadow and pasture communities
Tab. 2. Charakterystyka przyrodnicza wyrdznionych zbiorowisk tgkowo-pastwiskowych

Community
Aneelico- Community with Community
Phytosociological e Arrhenatheretum | Poa praten- Agrostis with Lolio- Festuco-
. Cirsietum L, . oy . .
unit . elatioris sis-Festuca capillaris- Trisetum Cynosuretum | Cynosuretum
oleracei
rubra Festuca ru- flavescens
bra
Central Su- Central. Central.
dety: Nowa Sudety: Sudety: Central
) Ktodzko Val- Ktodzko Val-
Ruda Area, . Sudety:
o\ ley, Orlica ley, Nowa
Scinawa : Ktodzko Val-
Area, Piedmont, ) Ruda Area ley
. Central Central Sudety: Ktodzko Stoione Scm%}wa Area,
Location Sudety: ; Mountains, Orlica Pied-
Bardo Mountains, Valley
(macrore- Nowa Bardo Moun- mont, Stotowe
. . Bystrzyca Moun- . .
gion,mesoregion) Ruda . tains . Mountains,
tains East Sudety:
Area Bardo Moun-
East Sudety: Ztote . East Sudety:
S East Sudety: . tains o
Snieznik Snicsnik Mountains Snieznik
Ml\?[isliﬁtaziﬁ)ste Massif, Ztote East Sudety: Ml\?[iiﬁtfi?;e
Mountains Snieznik Mas-
sif
450 — 540,
Altitude [m.a.s.1.] 480 430 - 480 430 - 480, 720, 800 - 580 - 590 400 — 500, 690 520~ 590,
800 - 840 310 720
S ot moder.
. . brown earth; silt . > | brown earth; | brown earth; Co brown earth;
Prevailing soil podzol, light clay and | . . ately silty
. loam, moderately light clay in- moderate . moderately
types silt loam . moderately Y . loam, light .
silty loam. . cluding silty silty loam. . . silty loam.
silty loam, ] silty loam, silt
. oam.
silt loam. loam.
. . . PsIV-VLL | PsIV,PsV, LIL LIV,
Soil classification LIV LIV,PsIV v LV LIV Ps IV-VI PsIV,PsV
Dom“:‘fr‘; expo- E E/NE, S/SW, W NE, SW SW, NE NW SW, NW W/SW
Average slope 2.9 6.4 8.4 7.4 9.9 6.6 6.1
Average potential 106 110 109 105 106 107 104
sunlight exposure

Source: own studies / Zrédfo: opracowanie wlasne

E — south, E/NE — south, north-east, S/SW — south, south-east, W — west, NE — north-east, SW — south-west, NW — north-west, W/SW —

west, south-west

The dominant azimuth of the slopes of the Poa praten-

Festuco-Cynesurowisko community was formed on

sis-Festuca rubra Community is north-east and south-west.
The average slope and sunlight exposure amounted to, re-
spectively, 8.4° and 106%. The community was located on
two height intervals: 430-480 m.a.s.l. and 800-840 m.a.s.l.
The most common type of soil was podzols and brown
earth, while the most common kind was light clay and me-
dium silt clay.

Community with Agrostis capillaris-Festuca rubra was
formed mostly in the south-west, in case of one of the patches
north-east slopes. Average slope is 7.4° and with the height in-
tervals amounting to 450-540 m.a.s.l., 710-720 m.a.s.l. and 800-
810 m.a.s.l. The value of total sunlight exposure amounted to
107%. The dominant type of soil was podzol and brown earth,
while the prevailing kind was light clay including silt clay.

Lolio-Cynosuretum community was created on the
south-west and north-west slopes with an average slope of
6.6°, with the height interval of 400-500 m.a.s.l. and aver-
age value of total sunlight amounting to 106%. In case of
one of the patches its average value reached 690 m.a.s.l.
The community was formed on podzol and brown earth, as
well as medium and light slit clay and slit loam.
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slopes with west and south-west exposure, with average
slope amounting to 6.1°, in the height interval between 520-
590 m.a.s.l. and the average value of total sunlight amount-
ing to 109%, on brown earth and medium slit clay. In case
of one patch its average height amounted to 720 m.a.s.l.
The community was formed on podzol and medium silt
clay.

According to the conducted analysis of cartographic
data, the distinguished communities are located mainly on
slopes with high average values of slopes (above 6°), on
poorly permeable soils with a high share of silt fraction in
the granulometric composition. They are composed mainly
of silt loam, as well as light and medium clay, also with silt
features. According to Kostuch [5] silt fraction is conducive
to greater species richness. The dominant type of soils is
proper brown earth as well as podzol. According to
Matuszkiewicz [12], lowland and mountainous anthropo-
genic grassland communities develop on fertile and very
humid mineral soils. The average slope, as well as averaged
values of sunlight exposure, indicates a moderately warm
character of positions of distinguished communities. It is
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also confirmed by other authors who pinpoint the moderate
thermophilic character of grasslands in the mountains [23,
28].

5. Conclusion

1. Grassland communities distinguished on the researched
area located in the Ktodzko County belong to Molinio-
Arrhenatheretea class and Molinietalia and Arrhenathere-
talia group. The most numerous are communities from the
Arrhenatheretalia group of lowland and mountainous an-
thropogenic communities of grassland developed on fertile
and moderately humid mineral soils.

2. The distinguished meadow and pasture communities
were formed mainly on the mountainsides with a consider-
able slope (above 6°) and with a diverse exposure, on soils
with a big share of silt fraction in their granulometric com-
position.

3. The average value of total sunlight for the slopes is
higher than average, which points to the thermophilic ten-
dency of the distinguished communities.

4. The largest number of species in a phytosociological
study was present in community with Agrostis capillaris-
Festuca rubra and Festuco-Cynosuretum. The communities
were formed on the mountainsides mostly “warm” — south-
west and west, with slope from 6 to 7° and with the sunlight
exposure value from 107 to 109.
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