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Intentional introduction of Biscutella laevigata L. on the post-flotation lead-zinc ore

spoil heap in Piekary Slaskie (Upper Silesia, Southern Poland)
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ABSTRACT

The paper presents an account of the successful intentional introduction of the mountain species Biscutella laevigata to a
lowland locality, as a result of field experiment - biological management at the toxic "Dotki" washery spoil heap (Lead and
Zinc Ore Main and Factory) ZGH “Orzet Biaty” (Upper Silesia - Southern Poland). The aim of the presented study was to test
the effectiveness possibilities of using the blend of seeds including a metallophyte - Biscutella laevigata seeds. The
introduction of Biscutella laevigata was a part of an experiment which began in 2009-2010 with plots on the "Dolki" washery
spoil heap. The tested seeds of Biscutella laevigata were examined for germination, growth and development in sites highly
polluted with heavy metals. Biscutella laevigata appeared on two experimental plots. After 4 years there were numerous
individuals of Biscutella - dozens of plants in various stages of development and phenology. Development of a Biscutella
population from year to year (2 plants in 2010 - 58 plants in 2014) is larger and tends to increase. Biscutella individuals are
spreading outside the designated test plots. The obtained results indicate that on sites highly polluted with heavy metals it is
possible to perform a successful introduction of Biscutella laevgata population (increase from 2 individuals in 2010 to 58
individuals in 2014) from seeds. These results are also promising in terms of application as a new reclamation method.

KEY WORDS: mountain plant species, seed germination, biological reclamation, washery wastes Zn-Pb, field experiment

1. Introduction The last method appeared to be the most
successful. For this reason research was conducted,
The search for new methods of revegetation of focused on the development of the newly established
areas with a high content of heavy metals in the Biscutella laevigata population. The aim of the
soil (washery, flotation wastes) should promote presented study was to describe the selected
the use of specific plant species useful in removing characteristics of the successfully introduced
toxic elements, to stabilize or reduce the risk of population of metallophyte - Biscutella laevigata.
the spread of pollutants in the environment (SALT

ET AL., 1995). 2. Material and methods
In 2009-2010 the experiments with plots on
washery waste dump area ZGH "Orzet Biaty" - 2.1. Study object - Biscutella laevigata L. -
"Dotki" in Piekary Slaskie - Brzeziny began description of the species
(ROSTANSKI ET AL., 2012). This experiment tested
four methods of biological reclamation: 1) Biscutella laevigata (Brassicaceae) is a perennial

transplantation of turves, 2) spreading hay plant occurring mainly in the mountains of
(mulching) taken from dry meadows and central and northern Europe and the northern
grasslands, 3) sowing seeds of grassland species, part of the Mediterranean - from the Pyrenees to
which include seeds of mountain plant Biscutella the Transylvanian Alps.

laevigata, originating from the vicinity of Bolestaw Plants form rosette leaves at the root branching
(Matopolska Upland). generative shoots, reaching up to 40 cm in height.
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Rosette leaves are oval-lanceolate, pubescent, numerous, and after flowering produce a rounded
serrated on the edge (up to 10 cm in length.). form with winged, flat sided fruits (siliques) with
Fewer and smaller stem leaves are similar in two flattened seeds (PAwLUS, 1985) (Fig. 1).
shape to the rosette leaves. Flowers are yellow,

A

Fig. 1. The habit of plants of Biscutella laevigata: A) rosette leaves (A. Rostariski), B) flowering plant (A. Rostariski),
C) fruiting shoots (M. Jedrzejczyk-Koryciriska)

Biscutella laevigata is a multi-zonal species of In natural mountain populations Biscutella
Alpine- and central European range-type. In Poland, laevigata is classified as a characteristic species of
this species is known from the Tatra Mountains rocky grasslands in the order of plant communities
(numerous localities) and in the uplands in the Seslerietalia variae (PAwLUS, 1985). This plant is
surroundings of Olkusz and Bolestaw from calamine also classified as a metallophyte (DOBRZANSKA, 1955;
areas (ZAJAC & ZAJAC, eds., 2001; NOWAK ET AL.,, 2011;  WIERZBICKA & ROSTANSKI, 2002; GRODZINSKA &
BABST-KOSTECKA ET AL.,, 2014). An abundant locality = SZAREK-LUKASZEWSKA, 2009; KOWOLIK ET AL., 2010;
of this species is also known from rocky grasslands  SZAREK-LUKASZEWSKA, 2014). Its biological properties
in the surroundings of Kozubéw in Nida Basin and tolerance to high concentrations of heavy
(PRZEMYSKI & PIWOWARCZYK, 2012) (Fig. 2). Other metals in the soil indicates it as an important
localities in Poland are scarce and have an plant in the phytostabilization of calamine
anthropogenic origin (ZAJAC & ZAJAC, eds., 2001). grasslands (WIERZBICKA & ROSTANSKI, 2002).

Fig. 2. The locations of the known Biscutella laevigata localities in Poland: 1 - Tatra Mts., 2 - Olkusz - Boleslaw Ore-bearing
Region; 3 - Kozubéw (Nida Basin), and i - the place of the introduction - Piekary Slaskie “Dotki” (Upper Silesia)
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2.2. Site of introduction

The site of the Biscutella laevigata seeds
introduction (as a part of the reclamation project
ROSTANSKI ET AL, 2012) was the washery waste heap
from the processing of zinc and lead ores, located
in the settlements “Dotki” at Swiatowida Str. in
Piekary Slaskie - (Figs. 3, 4). The establishment of
the waste heap dates back to 1915-1930 (KUCHARSKI
ET AL, 2010). The area is clearly separated from the
surrounding environment (elevation about 11 m)
and occupies ca. 1.2 ha. The wastes gathered here
are highly toxic and include, among others,

approx. 6% zinc, 1.5% lead and 0.1% of cadmium
(KUCHARSKI ET AL., 2010). Due to its relatively
significant age (approx. 90 years), the dumping
ground has a fairly well developed vegetation,
functioning as a phyto-stabilizer in relation to
accumulated waste. The plant cover is not developed
evenly on the whole surface of the heap. Especially
the top part is not covered with spontaneous
vegetation (Fig. 5).

Waste material deposited on a heap provides
unfavorable conditions for plant growth due to
the significant concentration of heavy metals and
other physico-chemical parameters (Tab. 1, 2).

Fig. 3. The "Dotki" washery spoil heap in the Brzeziny Slaskie n. Piekary
surrounded by its agricultural landscape (A. Rostariski)

280m asl

R77m asl

Fig. 4. Scheme of the research layout - "Dotki" washery spoil heap ZGH "Orzet Bialy" in Piekary Slaskie.
The symbol P indicates the location of the experiment




Table 1. Physico-chemical characteristic of ground (wastes) (after Kucharski et al., 2010, changed)

Physico-chemical parameters

Parameter

pH H20

pHKCl

Electrical conductivity EC [mS]

value

8.2-83

7.9-8.0

0.271-0.430

Table 2. Concentration of heavy metals of ground (wastes) (after Kucharski et al.,, 2010, changed)

Metals
Zn Cd Pb
total bioavailable total bioavailable total bioavailable
[mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg]
73000 - 89900 72.6 - 88.9 388.0 - 447.0 1.60 - 3.50 17700 - 18300 1.50 - 2.97

Fig. 5. The top of the "Dotki" spoil heap without vegetation cover (4. Rostariski)

2.3. Experimental plots

In September 2009, at the "Dotki" spoil heap, in
a place devoid of vegetation cover a plot-experiment
was established (Figs. 5, 6). The research was
designated on an area of 9 x 4 m (36 m?), where
36 plots were located (1m? each). The design of
the field experiment is shown in Figure 7. Within
the individual plots various experimental treatments
were applied (ROSTANSKI ET AL., 2012):

(M) transplantation fragments of turf - 6 plots
(turves were taken from the similar heaps in
Tarnowskie Géry and implemented in the "Dotki"
study area;

(H) spreading hay (mulching) taken from
grasslands and dry meadows was applied to 15
experimental plots (hay was collected from: - the
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Krakow-Czestochowa Upland - near Smolen
village; - a washery waste heap in Tarnowskie Géry,
- a washery heap "Dolki" in the Brzeziny Slaskie, - a
xerothermic grassland in Strzyzowice, in the
Tarnogérskie Hills area):

(S) sowing seeds - 9 plots (grassland plant seeds
were collected directly in the field in 2009 from
plants growing in Naklo Slaskie, in Bolestaw; in
the vicinity of Strzyzowice on Hump
Tarnogérskie Hills, near Pinczéw - Kielce District,
and on the "Dotki" washery spoil heap (the main
aim of the presented study);

(C) control plots (not treated) - 6 plots

designated as controls.

Plots were placed in a random arrangement (Figs.
6, 7).



Fig. 6. View of the test plots on the "Dotki"” spoil heap - ZGH Orzet Biaty in 2009 (A. Rostariski)

N
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- transplantation of monoliths with turf S -sowing of seeds
-lining of hay C - control plots (lack of treatment)

@ - first individuals of Biscutella (2010)

- main direction of spread of Biscutella

\

Fig. 7. The experimental layout of the plot-experiment research. The research field is divided into 36 squares (plots). Symbols
inside the squares (1x1m2) denote the number of each plot.

3. Results

Observations of the three treatments made
during the development of the plants in the
established experimental plots, (2010-2012) were
analyzed (ROSTANSKI ET AL., 2012) and revealed
differences between the treatments applied.

Transplantation of fragments of turf appeared
to be fully successful. Plants on all fragments of
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turf developed normally (Fig. 8). However, there
was no plant expansion from fragments of turf to
neighboring areas outside the plots.

The use of hay (mulching) - did not give the
expected results. Most of the seedlings that
germinated in 2010 (September) did not survive
(died) until 2011(Fig. 9).

Sowing of the seeds did not bring the expected
result either. Only small numbers of plant species



germinated (Silene vulgaris, Lotus corniculatus, (Fig. 10). In the following years regression and
Daucus carota, Reseda Iutea and Biscutella disappearance of previously germinated seedlings
laevigata), forming few seedlings in the plots was observed (ROSTANSKIET AL., 2012).

Fig. 10. Plots H3, H4 sown with seeds in 2009, in 2013 with growing Biscutella laevigata and Silene vulgaris (A. Rostariski)




On plots where no special treatments were
applied (control plots) - during a 4-year observation,
there was very little or no spontaneous appearance
of any seedlings. In places where the seedlings were
observed - in the following years degeneration and
atrophy took place (ROSTANSKI ET AL., 2012).

The development of individuals of Biscutella
laevigata revealed the most interesting results. In
2010 the seeds (originating from population in
Bolestaw) were sown on two plots (H3 and H4, see
Fig. 6) developed initially into two seedlings. In
2011, two larger rosettes appeared and one
individual started flowering. In spring 2012, the
first 2 individuals came into full reproductive cycle:

produced flowers and fruits. Moreover, several
young seedlings and rosettes of other individuals
were identified. Some young rosettes developed
outside of these plots (Fig. 11). In 2013, 11 new
individuals became fully developed into rosettes,
bloomed and set seeds (Fig. 12). There were
numerous young rosettes around the generative
individuals. In 2014 on plot H3 four generative
individuals grew (1 fully mature, 3 beginning
flowering) and 7 seedlings in the form of differently
developed rosettes. On the plot H4 - apart from
the one mature individual, eight plants started
flowering. In addition, the seven Biscutella

- v) (‘:'. Wi YR \-'\(,_
‘i.’ i o UL P S
b A 4R
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Fig. 12. Flowering plant in the summer of 2013 (A. Rostariski)
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At the end of the 2014 season, all the individuals number of individuals in 2014 was 58. Biscutella
of Biscutella were counted on the "Dotki" spoil heap. individuals are spreading down the slope of the
In 2 plots 13 flowering plants (they had sown seeds) heap (outside the designated test plots). The
and 14 seedlings had been identified. Out of the plot = growing rosettes look healthy and are increasing
area grew 4 specimens of flowering and 27 juveniles in numbers every year (Figs. 6, 14). This indicates
in the form of smaller and larger rosettes. The total a development of the newly established population.

70

60

50

a0

——Seedlings

= Generative plants

30

20

10

sowing2009 2010 2011 2012 2013 2014

Fig. 13. Characteristics of the Biscutella population on the “Dotki”spoil heap in Piekary Slaskie:
A - number of seedlings; B - number of generative plants

Fig. 14. Current (2014) status of the Biscutella population: seedlings of Biscutella laevigata spreading outside the
experimental plots (4. Rostariski)
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4. Conclusion

After 4 years of observations, the presence of
Biscutella laevigata on the experimental plots and
also outside them increased. This phenomenon
can be recognized as a general trend. The studied
Biscutella laevigata population is developing from
year to year indicating a development of the
newly established population. Recently published
research (WASOWICZ ET AL., 2014) showing major
genetic and physiological differentiation between
metallicolous and non-metallicolous populations
of the species in S Poland suggests, that origin of
the seed material might be of major importance
and that seeds from metallicolous populations
may perform better when used in reclamation.
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