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Abstract

The paper presents the diversity of herbaceous vegetation developing in a complex of
soda waste dumps in Krakow, which were reclaimed with a topsoil over 15 years ago
(1995) and left without further treatment. A total of 132 plots were selected using the
systematic method to determine some physical (texture composition, depth) and chemical
parameters (pH, electrolytic conductivity, content of N, C, P, K, Mg, Ca, and C:N) of the
topsoil. Plant species composition in each plot was determined using the Braun-Blanquet
method. In total 133 plant species, predominantly ruderal and meadow ones, were found
in the soda waste dumps. The areas dominated by ruderal species were characterized by
greater depth of the topsoil and abundance in nitrogen and phosphorus, which increased
the average plant height and plant cover. It was concluded that the reclamation method
used for the soda waste dumps gave rise to communities with the predominance of rude-
ral species and halted the succession at this stage. Development of vegetation into me-
adow communities would require the use of a topsoil of low fertility and small depth. The
species composition of the seed mixture intended for sowing on the reclaimed site should
be ecologically matched to local conditions. For satisfactory reclamation effects, it is neces-
sary to define the target characteristics of a plant community when determining the me-
thod of reclamation and land management.

Key words: soda waste dumps, reclamation, topsoil, vegetation.
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ROZWÓJ ROŒLINNOŒCI NA ZREKULTYWOWANYCH OSADNIKACH
POSODOWYCH: WP£YW W£AŒCIWOŒCI WARSTWY GLEBOWEJ

Abstrakt

W pracy przedstawiono zró¿nicowanie roœlinnoœci zielnej rozwijaj¹cej siê na komplek-
sie osadników posodowych w Krakowie zrekultywowanych przez pokrycie osadu warstw¹
nadk³adu glebowego przed 15 laty (w 1995 r.), i pozostawionych bez dalszych zabiegów pie-
lêgnacyjnych. W wyznaczonych metod¹ systematyczn¹ 132 powierzchniach badawczych
okreœlono wybrane parametry fizyczne (sk³ad granulometryczny, mi¹¿szoœæ) i chemiczne
(pH, przewodnictwo elektrolityczne, zawartoœæ N, C, P, K, Mg, Ca i C:N) nadk³adu glebo-
wego. Sk³ad gatunkowy roœlinnoœci na ka¿dym poletku okreœlono metod¹ Braun-Blanquet-
ta. Na osadnikach stwierdzono wystêpowanie 133 gatunków roœlin, wœród których domino-
wa³y gatunki ruderalne i ³¹kowe. Powierzchnie z dominacj¹ gatunków ruderalnych mia³y
wiêksz¹ mi¹¿szoœæ nadk³adu glebowego i zawiera³y wiecej azotu i fosforu, co wp³ynê³o na
wiêksz¹ œredni¹ wysokoœæ roœlin i wiêksze pokrycie powierzchni. Stwierdzono, ¿e metoda
rekultywacji zastosowana na osadnikach posodowych spowodowa³a wykszta³canie siê zbio-
rowisk roœlinnych z przewag¹ gatunków ruderalnych i zatrzymanie siê sukcesji na tym
etapie. Ukierunkowanie rozwoju roœlinnoœci na zbiorowiska ³¹kowe wymaga³oby zastoso-
wania nadk³adu glebowego o niskiej ¿yznoœci oraz niewielkiej mi¹¿szoœci. Sk³ad gatunkowy
mieszanki nasion przeznaczonej do wysiewu na rekultywowanym obiekcie powinien byæ
ekologicznie dostosowany do lokalnych warunków. Aby uzyskaæ zadowalaj¹cy efekt rekul-
tywacji, konieczne jest okreœlenie docelowych zbiorowisk roœlinnych na etapie ustalania me-
tody rekultywacji i zagospodarowania terenu.

S³owa kluczowe: osadniki posodowe, rekultywacja, nadk³ad glebowy, roœlinnoœæ.

INTRODUCTION

One of the problems in many urban and industrial agglomerations is
the reclamation and management of waste dumps of different origin e.g.
industrial. In the past, they were located outside the city boundaries, but as
the cities were growing, they were gradually incorporated into the urban
structure. The soda waste dump in Krakow (Poland) occupies a large area,
which is surrounded by developing housing estates. This should be prefera-
bly managed as an urban green area with recreational infrastructure, con-
sidering the shortage of such objects in the city. However, post-soda wastes
represent extreme conditions for vegetation development. A very high CaCO3
content and strongly alkaline reaction are not found in natural habitats.
Other problems are high salinity, deficit of nitrogen and potassium as well
as solidity of soda waste after sedimentation (TRZCIÑSKA-TACIK 1966, BOROÑ,
NAGAWIECKA 1995, SIUTA 2007). Such harsh conditions induce low floristic di-
versity and morfological deformations of spontaneously occurring plants
(TRZCIÑSKA-TACIK 1966). Application of some reclamation measures to improve
the habitat seems to be indispensable, e.g. the biological reclamation meth-
od worked out for soda waste dumps in Janików using sewage sludge (SIUTA

2007).
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The nature of derelict land determines the method of technical and bio-
logical reclamation, thus entailing further processes that occur in the devel-
oping ecosystem (BRADSHOW 2000). One of the reclamation procedures is to
cover derelict land with a topsoil. This method enables the land to turn
green rapidly by sowing conventional meadow grass seed mixtures (MARTÍNEZ-
-RUIZ, FERNÁNDEZ-SANTOS 2005, MARTÍNEZ-RUIZ, MARRS 2007). In such a situation,
it is necessary to predetermine the target characteristics of the ecosystem
and to adapt the reclamation process as well as  possible cultivation meas-
ures (BLOOMFIELD et al. 1982) needed to form and maintain desired ecosys-
tem types. Most sites can accommodate a variety of plant communities if
provided sufficient topsoil (CARNELL, INSLEY 1982, BRADSHAW 1984 after ROBIN-
SON, HANDEL 1995). However, the sites reclaimed by means of topsoil cover-
ing may create conditions that hinder the development of stable plant com-
munities (ATHY et al. 2006). In the case of capped landfills soil degradation
problems include compaction, decreased permeability, lack of organic mate-
rial, diminished soil fauna, inappropriate soil texture (EWING 2002) and also
shallow soil, water-logging and drought (DOBSON, MOFFAT 1993). The correla-
tion between biomass and soil cover depth is confirmed by research con-
ducted on different sites, e.g. a reclaimed waste dump (BOWEN et al. 2005).

After years, the reclamation of the soda waste dumps with the use of
topsoil gave rise to a mosaic of vegetation patches with different species
composition, plant cover and main biomass height. The technical reclama-
tion combined with seed sowing initially produced a plant cover composed
mainly of the meadow species commonly used in the reclamation of derelict
land, but the abandonment of management measures caused changes in the
species composition, i.e. spontaneous succession. In the case of depositional
soils, it may be either primary succession, because it develops on a substra-
tum that is not typical soil, or secondary succession, because it may contain
plant propagules (REBELE 1992). That is why vegetation development on re-
claimed soda waste dumps differs from succession in natural areas but also
from succession taking place directly on the waste substratum, e.g. on an
unreclaimed soda waste dump (ZARZYCKI, ZAJ¥C 2001) or post-coal mining heaps
(ROSTAÑSKI 2006).

The aim of this study was to evaluate the plant establishment pattern
on soda waste dumps reclaimed by the topsoil method and to determine the
effect of some physical and chemical properties of the soil cover used in the
reclamation on species composition.

MATERIALS AND METHODS

The Krakow Soda Plant Solvay was in operation during 1901-1994. The
basic products were raw soda, soda ash, and caustic soda, the manufacture
of which generated huge amounts of waste deposited into sedimentation la-
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goons, called “white seas” (N 50°00´30½; E 19°56´26½). This waste consisted
mainly of water, compounds of calcium, chloride and silicon dioxide (PA£KA,
SANECKI 1992) and was characterized by high alkalinity and salinity (BOROÑ

et. al. 2000).
At the time of the plant’s liquidation, the area of soda waste dumps in

need of reclamation totalled 84.65 ha (MA£ECKI 1997). Reclamation work was
carried out in the largest complex of soda waste dumps (17.43 ha). It in-
volved levelling of the embankments, strengthening the scarps and covering
with topsoil. Fertilizing and a grass and legume seed mixture were also
applied, but no detailed information is available. The reclamation ended in
1995 and since then the soda waste dumps have been left untreated. At
present, the area is overgrown with herbaceous plants and small clusters of
trees. The only source of water for the vegetation is precipitation. In Kra-
kow, the total annual precipitation usually varies between 650-700 mm. The
sum of average monthly precipitation from May to September reaches
406 mm, with the maximum amount in July. The mean annual air tempera-
ture is 8.7oC. The coldest period of the year is between the second decade
of January and the beginning of February, while the warmest period from
the second half of July to the first decade of August. During the year, west-
ern winds prevail (about 25%), but also a very high frequency of calms
(25.1%) is noted (MATUSZKO 2007).

The investigations were conducted in 2007-2009. A total of 132 plots,
with an area of 25 m2 each, were designated for characterizing the proper-
ties of the topsoil used for reclamation and the plant cover. The plots were
laid out in a 30 by 30 m grid.

All plant species on each plot were recorded and the plant cover was
estimated according to the Braun-Blanquet scale. Species were classified into
meadow and ruderal ones according to ELLENBERG et al. (1992). Species con-
stancy, i.e. the percentage of plots in which a species occurred, and cover
coefficient (Cc), which describes the proportion of a species in plant cover,
were calculated for each species. The cover coefficient was calculated ac-
cording to Braun-Blanquet (1964), where Cc = 100 Σ cover of the species in
all plots divided by number of plots.

Each of the 132 designated plots was measured for depth of the topsoil
and soil samples (mixed from three sub-samples) were collected for laborato-
ry analysis and tested for:
– grain-size distribution – Bouyoucos-Casagrande method modified by Pró-

szyñski;
– pH in H2O and KCl (soil: water ratio 1:2,5);
– electrical conductivity (EC);
– organic carbon – Tiurin method;
– total nitrogen – Kjeldahl method;
– available phosphorus and potassium – Egner-Riehm method;
– total calcium and magnesium – ICP–AES method (samples were subjected to

wet mineralization, then vaporized to dryness and dissolved in acid (ZAJ¥C 2009).
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Diversity of species composition and the effect of topsoil parameters were
analysed by multivariate analysis. Detrended Correspondence Analysis (DCA)
was performed in CANOCO ver. 4.5 (TER BRAAK, SMILAUER 2002) to order spe-
cies, plots and topsoil parameters along the axis. Significance (percentage of
explained variation) of each axis is expressed through eigenvalues. The gra-
dient length, expressed in standard deviation units, is calculated by nonline-
ar scaling of each axis and expresses the exchange of species relative to the
axis. Correlations between topsoil parameters,  parameters of community
structure and individual DCA axes were computed based on Pearson’s corre-
lation coefficient. For statistical analysis, the Braun-Blanquet scale was trans-
formed into percentage scale. Square root transformation and downweight-
ing of rare species were used. To meet the normal distribution assumption,
the data were in some cases log-transformed prior to statistical analysis.

RESULTS AND DISCUSSION

The basic chemical properties of the topsoil used to reclaim the soda
waste dumps (Table 1) are not significantly different from those found in
natural habitats. During the reclamation process, the soda waste dumps were
covered with a topsoil (average depth 0.25 m) which was composed predomi-
nantly of the clay fraction. The soil cover has a low phosphorus content. On
the other hand, the content of potassium and magnesium is very high, which
may be associated with the dominant soil type and the fertilization carried
out as part of the reclamation operations. Noteworthy is a very high total
calcium content (an average of 18 251.4 mg kg–1 soil), which probably re-
sults from some components of the soda waste permeating into the soil
cover, also with the participation of the soil fauna (POŒPIECH, SKALSKI 2006).
This probably influences the pH, which is close to alkaline. For most sam-
ples, the C:N ratio ranges between 8:1 and 12:1, i.e. within the most com-
mon range found in the mineral soils of Poland (LITYÑSKI et al. 1976). The
topsoil used in the reclamation of depositional sites is usually of low quality,
often comes from deep building excavations (ROBINSON, HANDEL 1995), and
sometimes contains contaminants of different origin. Also in the area of the
investigated soda waste dumps, especially near the embankments, the recla-
mation material cover contained waste components (especially construction
debris, building felt, etc.), which may influence both ecosystem development
and the application of management measures  (ZAJ¥C 2009).

The development of vegetation in the analysed soda waste dumps
showed considerable variation. Over 70% of the plots was characterized by
an incomplete plant cover. The height of the main plant mass ranged from
10 cm to 130 cm. In total133 plant species were found in the investigated
plots, including 47 meadow and 40 ruderal ones (Table 2). The other 46
were species of diverse habitat requirements.
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Although soils with a high content of clay fraction make a good insula-
tion layer, they generally have unfavourable physical properties with poor
aeration and permeability. Water-logging may occur in wet periods and ex-
cessive drying out of the topsoil in dry periods (EWING 2002). The species
composition in the dumps reflected the varying degrees of soil moisture.
Some areas were colonized by species typical of dry habitats (e.g. Campanu-
la rapunculoides, Poa compressa, Filipendula vulgaris) and others by species
typical of wet habitats (e.g. Lysimachia vulgaris, Phragmites australis).

Over the past 15 years, the vegetation dominated by species that ap-
pear spontaneously has developed on the investigated area. Urban and in-
dustrial areas are often characterized by the occurrence of a relatively large
number of species in a small area (ANGOLD et al. 2006). Ruderal and meadow
species predominate, but species from very diverse habitats are found. Oc-
currence of both ruderal and meadow species in the course of succession is
typical of many areas of anthropogenic origin (KUTYNA et al. 2007).

On the soda waste dumps the group of meadow species included many
species of high constancy (16 species with constancy above 30%). However,
their cover coefficients were low (770 at most). Ruderal species occurred
with much lower constancy (10 species with constancy above 30%), but of-
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ten dominated in individual plots. The species widely distributed and often
showing a high degree of plant cover was Calamagrostis epigejos. Except
Trifolium medium, the other species occurred sporadically and were charac-
terized by a low degree of plant cover.

Similarities in species composition between individual plots were rela-
tively small, as confirmed by the results of Detrended Correspondence Anal-
ysis (DCA) – Table 3. The gradient length of the first three axes was similar
(about 3 SD). The first two axes account for 13.6% of the total variation and
the first four for 22.5%.

The main gradient in species composition, illustrated by the first DCA
axis, is associated with an increasing depth of the topsoil, nitrogen and phos-
phorus content. This axis correlates positively with the proportion of the
sand fraction and negatively with the proportion of clay fraction. The first
axis also correlates with the proportion of the area covered by ruderal spe-
cies and negatively with the area covered by meadow species. None of the
analysed factors was significantly correlated with the second DCA axis. The
first axis also shows a strong positive correlation with height of the main
plant mass and plant cover (Table 4).

The statistical analysis showed that the proportion of the meadow and
ruderal species in plant cover was related to differences in topsoil proper-
ties. The share of ruderal species increases with growing depth of topsoil
and abundance of nitrogen and phosphorus (Figure 1a). According to PRACH

(2003), the most important factors that influence succession towards ruderal
communities are fertile substratum with high pH and location in urbanized
areas, which is the case in the investigated soda waste dumps. Ruderal spe-
cies (characteristic for class Artemisietea, Agropyretea, Stellarietea) grew
more vigorously, showed higher plant cover and achieved greater biomass.
Clonal species that reproduce by means of stolons, such as Agropyron re-
pens and Calamagrostis epigejos developed particularly strongly. Especially
the latter species show good tolerance to low soil depth and strong expan-
sion on anthropogenic land (KIRNER, MACHN 2001, PRACH, PYSEK 2001).

Meadow species are relatively strongly represented in the soda waste
dumps. Rather than forming typical plant communities, they occur in as-
semblages with ruderal and other species. The occurrence of meadow spe-
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cies was associated with lower fertility and lower depth of the topsoil and
higher content of clay fraction (Figure 1b). Increasing soil fertility causes
high biomass production, which in turn reduces the number of species. That
dependence is commonly observed in grasslands (JANSSENS et al. 1998, MARRS

1993). Another reason why they developed less well in the investigated
dumps, if no mowing is done, is the strong competition from ruderal spe-
cies. This is reflected in a lower plant cover and main biomass height on
the plots dominated by meadow species. Unlike ruderal communities, mead-
ow communities usually show greater biocenotic diversity and have better
aesthetic value (PRACH, HOBBS 2008), which is important in the case of sites
located in urbanized areas.
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Fig. 1. DCA ordination diagram of plots displaying the major variation in species composi-
tion. The share of a – meadow species and b – ruderal species is visualised by the size

of circles. The topsoil parameters were used as passive ones

CONCLUSIONS

1. The topsoil reclamation method applied in the soda waste dumps re-
sulted in their revegetation, but due to the lack of further maintenance,
communities with predominance of ruderal species have developed.

2. For satisfactory reclamation effects, it is necessary to define the tar-
get characteristics of a plant community when determining the method of
reclamation and land management. This makes it possible to adapt techni-
cal reclamation procedures, topsoil conditioning, and plan possible manage-
ment measures.

3. Development of vegetation into meadow communities, which are con-
sidered naturally and aesthetically more valuable, would require the use of
a topsoil of low fertility and small depth. The species composition of the
seed mixture intended for sowing on the reclaimed site should be ecological-
ly matched to local conditions. Species typical of dry meadows (Festuco-Brome-
tea) should be considered in the seed mixture for sites reliant on precipita-
tion water and species typical of wet meadows (Mollinietalia) in constantly
or periodically water-logged areas. Mowing is a necessary practice to hinder
the development of highly competitive ruderal species.
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