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Abstract

The aim of the study was to evaluate the species composition in
the fallow lands in areas heavily degraded by the mining and process-
ing industries. The research was conducted in the western part of the
Matopolska province in the municipality of Trzebinia. The layer C of phy-
tocenosis that is the green layer was analyzed by specifying its all plant
species and by approximately estimating vegetation cover according to
the modified Braun-Blanquet scale. 212 species of vascular plants were
found in the research areas. Species typical of fallow lands and ruder-
al areas i.e. giant goldenrod, couch grass and bush grass are the dom-
inant species in the study areas. Among the species found in the study
areas the species typical of fresh meadows such as false oat-grass,
goosegrass and sorrel as well as thermophilic species such as crown-
vetch, greater knapweed or cypress spurge appear with great frequency.

Keywords: species composition, fallow soil, heavy metals, contaminated
land, the municipality of Trzebinia

INTRODUCTION

The term fallow lands stands for fields uncultivated for a long time and
covered with natural vegetation succession, overgrown with weeds and sub-
jected to far-reaching processes of sodding or shrubbing (Golonka and Swigto-
chowski 1950, Swictochowski et al., 1996). Fallow lands, in the social aware-
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ness, are most often associated with negative economic and structural changes
in the agricultural sector. This belief is confirmed by the facts. The decline in
profitability of agricultural production and the weakening of purchasing and in-
vestment powers of individual farms and cooperatives are the common reasons
for having fallow lands (Marks et al., 2000b). Fallow lands are said to be prone
to the process of soil degradation and agrocenosis. It is difficult to identify a per-
manent scheme of its course. It is characterized by varied dynamics and the
nature and extent depend on the adopted aim of fallowing, the type of mainte-
nance system, the level of previously used agricultural technology, the origin
and type of soil, the initial state of its characteristics and agronomic category as
well as species diversity covering the vegetation (Marks et al., 2000a, Marks et
al. 2002a, Podstawska-Chmielewska and Kurus, 2007). Chemical properties of
the soil also change in the process of fallowing. The acidity of soil environment
increases. A consistent fall in assimilation by plants of various forms of micro —
and macronutrients due to the cessation of supply of nutrient components to the
soil is observed. Initially, the content of nutrient elements, especially nitrogen
ammonia in the lower layers of the soil, increases as a result of the transition of
nitrate form to ammonia. This reduces the total porosity of the soil. Nitrates due to
their ability to migrate easily and to intensify the processes of leaching pollute
deep-seated waters. The pH is not subject to significant fluctuations (Koc et al.,
1996, Dzienia et al., 1997, Sienkiewicz et al., 1998, Marks et al., 2000a, Marks
et al. 2002a, Podstawska-Chmielewska and Kurus, 2007). The process of fallow-
ing results in significant changes in phytocoenosis. These changes are in nature
mostly negative for agriculture, but not necessarily harmful for the meadow eco-
systems. Their pace and direction depend on habitat conditions of communities
and the quality and range of agricultural technology used before excluding the
fields from agricultural use. These changes apply mainly to the succession of flo-
ra in a manner appropriate for the type of habitat. Scrub community is formed on
heavy defective soil whereas thicket community appears on sandy soil (Domans-
ka 1997, Malicki et al., 2002, Kryszak et al., 2007). In addition, these changes
may lead to the emergence of new syntaxons, forest and scrub communities or
secondary plant communities or they may bring about the return of communities
to the formerly existing ones which disappeared as a result of agricultural activ-
ity. (Labza et al. 2003, Zawieja 2007).

METHODOLOGY OF RESEARCH

The research was conducted in the municipality of Trzebinia. Field work
was carried out in each case in June and July in the years of 2010-2012. Field
studies were conducted on the sample plots. Each surface had a shape of square
with a side length of 5m (25 m?). Geographical coordinates using a GPS (Garmin
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GPSMAP 62s) and basic parameters of the habitat such as altitude, slope and
orientation towards the cardinal directions were identified for each area. The
locations of research areas were chosen so as they reflected the diversity of soils
and vegetation in the municipality of Trzebinia. The designated areas used to be
agricultural lands in the 80s whereas now they are fallow lands. This was done
analysing topographic maps at a scale of 1: 10000. In total, 83 areas were select-
ed. The differentiation in number of research areas selected in each of the rural
administrative units results from the uneven distribution of both fallow lands
and historical as well as current mining sites of mineral deposits and emitters
of pollutants. Most areas were designated in Trzebinia (23), the fewest in the
rural administrative unit of Dulowa (1). The assessment of species composi-
tion (phytosociological photograph) was performed according to the method of
Braun-Blanquet (Dzwonko 2007, Wysocki and Sikorski 2002). A phytosocio-
logical photograph is a concise description of phytocenosis containing a list and
share of plant species and the general characteristics of environmental conditions
of vegetation lobe. The layer C of phytocenosis that is the green layer was ana-
lyzed by specifying its all plant species and by approximately estimating vegeta-
tion cover according to the modified Braun-Blanquet scale. This scale takes into
account what percentage of the area of the tested lobe is covered with above-
ground parts of the species as well as the number of individuals of each species
(Table 1).

Table 1. Cover abundance scale according to Braun-Blanquet (Dzwonko, 2007)

r |hardly any, one or a few individuals

+  |rarely, with inconsiderable cover

Plentiful but with small cover value or not so abundant but with higher cover but lower
than 5 % of the

2 cover 5-25% of the research area or abundant with cover less than 5 %

2m |abundant

2a |cover 5-12.5%
2b |cover 12.5-25%
cover 25-50%
4 |cover 50-75%
cover 75-100%

CHARACTERISTICS OF THE RESEARCH AREA

Trzebinia is the urban-rural municipality located in the western part of the
Malopolska province, in the northern part of the Chrzanéw county. A strategic
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railway line from Krakow to Katowice connecting Chrzan6w and numerous lo-
cal factories and mines runs through the municipality (Environment Programme
2013). The municipality of Trzebinia includes the town of Trzebinia and 10 rural
administrative units i.e. Bolecin, Czyzowka, Dulowa, Karniowice, Lgota, Mto-
szowa, Myslachowice, Pita Koscielecka, Ptoki and Pisary (Figure 1).
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Figure 1. Location of Trzebinia (http://www.weather-forecast.com/locations/Trzebinia)

The total area of land in the municipality of Trzebinia adds up 10 540 ha
out of which 9.7% are fallow lands and green areas. 24.1% comprise the remain-
ing agricultural lands (Figure 2).

In total, the cultivated area constitutes 536 ha and the crop structure is as
follows: cereals in total of approximately 70%, potatoes approximately 21%,
fodder approximately 3%, other plants approximately 6% including field vege-
tables around 4%. The economic development of the Trzebinia municipality is
determined by the natural resources which the type and range made the region
of Trzebinia become a thriving mining and processing centre. The economy of
Trzebinia is notorious for water absorption, sources absorption, disorganized,
organized and cross-border emission of pollutants into the atmosphere, a signifi-
cant impact on the structure of soil as well as considerable production of munic-
ipal and industrial waste (Kot-Niewiadomska 2013). Among the most notewor-
thy energy and industrial emitters of pollutants into the atmosphere within the
municipality of Trzebinia the following should be named: the Trzebinia Refinery
Capital Group”, PCC Rail “Szczakowa” SA, the “Siersza” Power Plant in Trze-
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binia, the metallurgical slag heap of the “Trzebinia” Metallurgical Plant and the
stockpile of flotation tailings of the “Trzebionka” Mining plant. The presence of
three groups that is area (urban areas, industrial areas, mines, etc.), line (transpor-
tation lines and railways) and point (waste dumping and wastewater discharges,
municipal waste landfill, etc.) of pollution sources of surface and groundwater
was identified. The degradation of soil structure of the municipality is associated
with the intense activity of entities in the mining, metallurgy, refining and energy
sectors. The metallurgical slag, zinc, copper, lead heaps, the former margle exca-
vations, the stockpiles of coal wastes, flotation tailings, slags, dross and slag casting
among the others have a considerable impact (Motyka and Szuwarzynski 1998,
Environment Programme 2013, Kot — Niewiadomska 2013).
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Figure 2. The structure of land use in the municipality of Trzebinia (according to CSO
data. Local Data Bank 2004-2013)

RESEARCH RESULTS AND DISCUSSION

The process of fallowing brings about significant changes in phytocoe-
nosis. Fallow fields are subject firstly to a process of gradual fouling with var-
ious weed species, especially wild and often closely related to the species and
agronomic practices of the last planted crop and secondly to the appearance of
shrubs and trees. Spontaneous and devoid of control weed vegetation, especial-
ly of anemochorous species such as common dandelion (Taraxacum officinale)
dandelions (Sonchus), creeping thistle (Cirsium arvense) poses a real threat to

1403



Agnieszka Petryk

nearby crop fields. Seeds of these plants spread by wind have high fertility which
gives them an advantage over many crop species. Deprived of competition on
their part, weeds manage to take the whole life cycle and spread easily their seeds
to neighbouring lands. A large variety of species, dominated by annual weed spe-
cies, is observed in the first three years of fallowing (Kuraszkiewicz 1994, Majda
1997, Hochot et al., 1998). Over the years, annual species give way to segetal,
perennial and ruderal ones. The number of aphophytes and species of the grass
family (Poaceae) increases. Therefore the relationship between the time period
of fallowing and the increase in prevalence of perennial weed species is noticea-
ble. The authors also point out the fact that together with the spread of weeds the
number of agrophags of crops increases leading to potential weeding (Malicki
and Podstawska-Chmielewska 1998, Marks et al., 2000a, Marks et al., 2002a).
As aresult, after the recommencement of agricultural activity in the fallow lands,
aside from crops also weeds linked with agrophags of the given plant appear
which hinder any agronomic practices. An example of such a pest is black bean
aphid beet which is a pest of sugar beet and which feeds on the weed species of
the goosefoot family (Chenopodiaceae) (Rola and Rola 1998, Niedzwiecki et al.
1998, Zieminska-Smyk 2000, Kostuch et al. 2004). Vegetation of fallow lands
appears spontaneously on abandoned arable lands. In most cases the species are
expansive with a huge ability to multiply. 212 species of vascular plants were
found in the research areas. The diversification of species composition between
particular areas was relatively big. There were no species in the fifth grade of sta-
bility that is occurring on 80-100% of the area. The largest number of species are
the sporadic species, recorded with the frequency of up to 20% of the area among
which 63 appeared only once. The following species were prevalent (Table 2):
ordinary yarrow (Achillea millefolium), couch grass (Elymus repens), false oat-
grass (Arrhenatherum elatius), goosegrass (Galium mollugo). False oat-grass,
couch grass and bush grass (Calamagrostis epigejos), Giant goldenrod (Solidago
gigantea) and ground elder (4degopodium podagraria) belonged to the species
which dominated over the other species (5 in the Braun-Blanquet scale) in some
research areas. Cardaminopsis arenosa, carthusianorum Dianthus, Silene vul-
garis, Viola tricolor, Biscutella laevigata classified as facultative metallophytes
were found among the species occurring in contaminated meadows of the near-
by District Ore of Olkusz (Szarek-tukaszewska and Grodzinska 2011). Among
facultative metallophytes in the fallow lands of Trzebinia only Silene vulgaris
and Dianthus carthusianorum were found. Their occurrence was less frequent
though which disables them from being used as indicators of pollution. Howev-
er, in the subjected fallow lands species which are not typical metallophytes but
accompany them (pseudometallophytes) such as Achillea millefolium, Planta-
go lanceolata, Polygala vulgaris, Ranunculus acris, Rumex acetosella, Thymus
pulegioides, Agrostis capillaris, Holcus lanatus often appear (Baker et al. 2010).
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Table 2. The most common plant species of fallow lands in the municipality of Trze-
binia. Species with stability of occurrence above 30%.

Species in Latin Species in English Ociﬁlr];;i?; (Ef/o] Tguicc;;iigf
Achillea millefolium L Yarrow 77.1 +3
Elymus repens (L) Gould Couch grass 71.1 +,5
Arrhenatl;irjlz’( ecl,a;jressl(L) Beauy False oat-grass 63.9 +,4
Galium mollugo L Goosegrass 60.2 + 3
Rumex acetosa L Sorrel 56.6 +, 2m
Dactylis glomerata L Cock’s-foot 54.2 +3
Festuca rubra L Red fescue 53.0 +,3
Solidago gigantea Aiton Giant goldenrod 53.0 + 5
Vicia tetrasperma (L) Schreber Smooth tare 51.8 +, 2a
Convolvulus arvensis L Field bindweed 50.6 +,2m
Melandrium album (Miller) White campion 470 +.2a
Garcke
Crepis biennis L Rough hawksbeard 44.6 +,2m
Equisetum arvense L Field horsetail 43.4 +, 2a
Cirsium arvense (L) Scop Creeping thistle 43.4 +, 2a
Vicia cracca L Tufted vetch 39.8 +, 2m
Plantago lanceolata L English plantain 38.6 +1
Calamagrostis epigeios (L) Roth Bush grass 38.6 + 5
Poa pratensis L Kentucky bluegrass 38.6 +, 2a
Knautia arvensis (L) Coulter Field scabious 36.1 +,2m
Phleum pratense L Timothy-grass 34.9 +,2m
Daucus carota L Wild carrot 32.5 +3
Agrostis gigantea Roth Black bent 325 + 3
Veronica chamaedrys L Germander speedwell 30.1 +, 2a
Coronilla varia L False oat-grass 30.1 +, 2a

The occurrence of particular species is affected by habitat conditions. In
most cases, the habitats associated with high metal content are remnants of min-
ing and processing of ores and have extreme soil conditions (low fertility, high or
low pH, poor moisture) (Krzaklewski and Pietrzykowski 2002, Szarek-L.ukasze-
wska and Niklinska 2002, Wong 2003, Ye et al. 2002). The result is that met-
allophytes are usually species which are resistant primarily to these factors.
These species are often associated with poor dry grasslands (Becker and Brandel
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2007, Baker et al. 2010, Szarek-L.ukaszewska and Grodzinska 2011). The soils
of fallow lands of Trzebinia are of higher quality which enables the growth of
many species and reduces the harmful effects of heavy metals. The main factor
influencing the species composition of the vegetation of fallow lands was the
granulometric composition of the soil. The selective influence of harmful ef-
fects of heavy metals on plants is therefore insignificant. This is confirmed in
other authors’ studies, which found that properties of habitat are usually a much
more important factor influencing the occurrence of species than the content of
metals in the soil, especially when the contamination level is not very high. The
research of Parraga-Aguado, et al. (2014) proved that the main effect on plant
growth on the enriched with heavy metal waste had edaphic conditions, and the
metal content was secondary. The comparison of species composition of vege-
tation on the post-mining areas in the Hartz mountains also indicated a greater
significance of edaphic factors and the altitude than the metal content (Becker
and Dierschke 2008).

CONCLUSIONS

The research results obtained allowed to put forward the following conclusions:

1. Species typical of ruderal areas, fresh meadows and thermophilic spe-
cies were found in the fallow lands in the municipality of Trzebinia.

2. 212 species of vascular plants were found in the research areas
(Annex). The diversity of species composition between particular sur-
faces was immense. There were no species in the fifth grade that is
occurring in the 80-100% of the area. The largest number of species
are the sporadic species noted with the frequency of appearance up to
20% of the area.

3. The species typical of the fallow lands and ruderal areas i.e. giant
goldenrod, couch grass and bush grass are the dominant species in the
study areas.

4. Among the species found in the study areas the species typical of fresh
meadows such as false oat-grass, goosegrass and sorrel as well as ther-
mophilic species such as crownvetch, greater knapweed or cypress
spurge appear with great frequency.

5. The main factor influencing the species composition in the fallow
lands was granulometric composition of the soil.

REFERENCES

Baker M., Alan J., Wilfried H.O., Ernest., Ent A.V.D., Franc., Malaisse O.S., Ginocchio
R. (2010). Metallophytes: the unique biological resource, its ecology and conservational

1406



Species composition of vegetation cover in the fallow lands...

status in Europe, central Africa and Latin America .Published by Cambridge University
Press. British Ecological Society,7-40.

Becker T., Brandel M. (2007).Vegetation-environment relationships in a heavy metal —
dry grassland complex. Folia Geobotanica 42,11-28.

Becker T., Dierschke H. (2008). Vegetation response to high concentrations of heavy
metals in the Harz Mountains, Germany. Phytocenologia, 38,4, 255-265.

CSO Local Data Bank for 2004-2013. The structure of land use in the municipality of
Trzebinia (accessed on 23 November 2013)

Domanska H. (1997). Ogolna Uprawa Roli i Roslin. PWN, Warsaw.

Dzienia S., Dojss D., Wereszczak J. (1997). Wphw plodozmianu i ugorowania na
wlasciwosci chemiczne gleby lekkiej. Roczniki Gleboznawcze, 48,1/2,15-18.

Dzienia S., Dojss D., Wereszczak J. (1998). Wphw plodozmianu i ugorowania na
wlasciwosci chemiczne gleby lekkiej. Roczniki Gleboznawcze, 48,1/2,15-18.

Dzwonko Z. (2007). Przewodnik do badan fitosocjologicznych, Wydawnictwo Sorus,
seria Vademecum Geobotanicum, Krakow-Poznan.

Environmental Program for the municipality of Trzebinia for the years 2010-2013 together
with strategic environmental impact assessment of the program.

Golonka Z., Swigtochowski B. (1950). Uprawa roli i roslin. PWR i L, Warsaw.

Hochot T., Labza T., Stupnicka-Rodzynkiewicz E. (1998). Zachwaszczenie wieloletnich
odlogow w porownaniu do stanu na polach uprawnych. Bibliotheca Fragmenta
Agronomica,5,115-123.

http://www.weather-forecast.com/locations/Trzebinia

Koc J., Cie¢ko C., Janicka R., Rochwerger A. (1996).Czynnki ksztaltujgce poziom
mineralnych form azotu w wodach obszarow rolniczych. Zeszyty Problemowe Postepow
Nauk Rolniczych, 418,37-44.

Kostuch R., Lipski C., Ryczek M. (2004). Naturalne czynniki ksztattujgce roznorodnosé
sktadu florystycznego uzytkow zielonych. Zeszyty Naukowe Akademii Rolniczej
w Krakowie, Inzynieria Srodowiska,412,25,81-87.

Kot-Niewiadomska A. (2013). Ocena stanu srodowiska gruntowego w rejonie
poprzemystowym  zaktadow metalurgicznych ,, Trzebinia”(ZMI).Zeszyty Naukowe
Inzynieria Srodowiska Uniwersytet Zielonogorski, 31,5-17.

Kryszak A., Kryszak J., Grynia M. (2007). Zmiany degradacyjne na tgkach i pastwiskach
wylgczonych z uzytkowania. Acta Botanica Warmiae et Masuriae, 4,205-214.

Krzaklewski W., Pietrzykowski M. (2002). Selected physico-chemical properties

of zinc and lead ore tailings and their biological stabilisation. Water Air Soil Pollut,
141,125-42.

1407



Agnieszka Petryk

Kuraszkiewicz R. (1994). Jak przywrocic kulture zaniedbanej glebie. Agrochemia,11,3-4.

Labza T., Hochot T., Stupnicka-Rodzynkiewicz E. (2003). Zmiany we florze odltogow
i sgsiadujgcych z nimi pol uprawnych w latach 1993-2001. Zeszyty Problemowe Post
Nauk Rolniczych, 490,143-152.

Majda J. (1997). Zagrozenie pola chwastami po 3-letnim odtogu. Cz.2. Zachwaszczenie
zaoranego odlogu i kolejno uprawianych roslin. Bibliotheca Fragmenta
Agronomica.,3,271-274.

Malicki L., Kurus J., Palys E., Podstawska-Chmielewska E. (2002). Fitocenoza odlogu
na glebie lekkiej i ciezkiej jako element krajobrazu rolniczego. Fragmenta Agronomica,
1,32-39.

Malicki L., Podstawska-Chmielewska E.  (1998).  Zmiany  fitocenozy
i niektorych wlasciwosci gleby zachodzqce podczas odlogowania oraz bedgce efektem
zagospodarowania wieloletniego odfogu. Bibliotheca Fragmenta Agronomica, 5,97-114.

Marks M., Nowicki J., Szwejkowski Z. (2000b). Odlogi i ugory w Polsce. Cz. II. sposoby
zagospodarowania. Fragmenta Agronomica (XVII),1,(65),20-33.

Marks M., Nowicki J. (2002a). Aktualne problemy gospodarowania ziemig rolniczg
w Polsce. Cz. I. Przyczyny odlogowania gruntow i mozliwosci ich rolniczego
zagospodarowania. Fragmenta Agronomica,(XIX),1(73),58-67.

Marks M., Nowicki J., Szwejkowski Z.( 2000a). Odfogi i ugory w Polsce. Cz. I. Przyczyny
odlogowania i zjawiska towarzyszgce. Fragmenta Agronomica,(XVII), 1(65),5-19.

Motyka J., Szuwarzynski M. (1998). Wplyw sktadowiska odpadow przemystowych
z ZSO Gorka w Trzebini ma jakos¢ wod podziemnych. W: Hydrogeologia obszarow
zurbanizowanych i uprzemystowionych. Publishing House of Univesity of Silesia.
Katowice. 131-141.

Niedzwiecki E., Meller E., Malinowski R. (1998). Wartos¢ i przydatnosé¢ rolnicza
odltogowanych gleb Pomorza Zachodniego. Bibliotheca Fragmenta Agronomica,
5,35-44.

Parraga-Aguado 1., Querejeta J.I., Gonzalez-Alcaraz M.N., Jiménez-Céarceles F.J.,
Conesa H.M. (2014). Usefulness of pioneer vegetation for the phytomanagement of
metal(loid)s enriched tailings: Grasses vs. shrubs vs. trees. Journal of Environmental
Management, Volume 133,15 January 2014, Pages,51-58.

Podstawska-Chmielewska E., Kurus J. (2007). Wplyw wieloletniego odlogowania

pola ornego na wtasciwosci chemiczne gleby. Zeszyty Problemowe Postgpéw Nauk
Rolniczych,520, 845-850.

Rola J., Rola H. (1998). Ograniczenie zarastania chwastami segetalnymi i ruderalnymi
ugorow oraz odlogow. Bibliotheca Fragmenta Agronomica, 5,145-159.

Swictochowski B., Jablonski B., Radomska M., Krezel R. (1996). Ogolna uprawa roli
i roslin. PWR 1 L. Warsaw.

1408



Species composition of vegetation cover in the fallow lands...

Szarek-Lukaszewska G., Grodziniska K. (2011). Grasslands of a Zn-Pb post-mining area
(Olkusz Ore-bearing Region, S Poland). Polish Botanical Journal,56(2),245-260.

Szarek-Lukaszewska G., NiklinskaM. (2002). Concentration of alkaline and heavymetals
in Biscutella laevigata L. and Plantago lanceolata L. growing on calamine spoils (8.
Poland). Acta Biol Cracov Ser Bot, 44,29-38.

Wong MH. (2003). Ecological restoration of mine degraded soils, with emphasis on
metal contaminated soils. Chemosphere, 50,775-80.

Wysocki Cz., Sikorski P. (2002). Fitosocjologia stosowana. Publishing House of Warsaw
University of Life Sciences. Warsaw

YeZH., ShuWS., Zhang ZQ., Lan CY., Wong MH. (2002). Evaluation of major constraints
to revegetation of lead/zinc mine tailings using bioassay techniques. Chemosphere,
4,1103-11.

Zawieja J. (2007). Wphw odlogowania i uzytkowania tlgki na skiad jej fitocenozy. Cz.
1I. Liczebnosé i sklad gatunkowy nasion roslin w glebie. Acta Botanica Warmiae et
Masuriae, 4,441-447.

Zieminska-Smyk M. (2000). Zachwaszczenie pol wylgczonych czasowo z uzytkowania
rolniczego w otulinie Roztoczanskiego Parku Narodowego. Problemy ochrony
i uzytkowania obszarow wiejskich o duzych walorach przyrodniczych. Publishing House
of University of Maria Sktodowska-Curie in Lublin. Lublin.

dr inz. Agnieszka Petryk
Department of Regional Economics
Cracow University of Economics
ul. Rakowicka 27, 31-510 Krakow
agnieszka.petryk@uek.krakow.pl

Received: 5.09.2016
Accepted: 14.10.1016



