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A b s t r a c t

The paper evaluates the productivity status in initial soils in reclaimed areas after open-cast
limestone mining. Two research plots were designated in the post-exploitation excavation, 1 year and
5 years post reclamation, respectively. The initial soil productivity was assessed based on the content
of macronutrients such as P, Mg, Ca, K and Na in the surface soil layer, which was 20 cm deep, and
determined by methods commonly used in soil science. Based on the contents of macronutrients in
the initial soils, low abundance of macroelements were observed in the soils under pine trees, this
may be connected with geochemical properties of the mineral material and the pedogenic process that
accelerates weathering in carbonate rocks. A moderate enrichment in macronutrients was observed
over the years in the top layers of the reclaimed excavation, particularly in potassium, calcium and
magnesium.
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A b s t r a k t

W pracy przedstawiono ocenę stanu produktywności gleb inicjalnych na zrekultywowanych
terenach po górnictwie odkrywkowym wapieni. Wyznaczono dwie powierzchnie badawcze na
wyrobisku poeksploatacyjnym odpowiednio zrekultywowane po 1 roku i 5 latach. Stan produk-
tywności tworzących się gleb oceniono na podstawie zawartości makroelementów, tj. P, Mg, Ca,
K i Na w warstwie gruntu do 20 cm, oznaczonych według powszechnie stosowanych metod
w gleboznawstwie. Na podstawie przeprowadzonych badań zauważa się niską zasobność badanych
gleb w wymienione makropierwiastki pod nasadzeniami sosny zwyczajnej. Jest to związane
z właściwościami geochemicznymi mineralnego gruntu oraz kierunkiem procesu pedogenicznego
wpływającego na wietrzenie skał węglanowych. Z upływem kolejnych lat od przeprowadzenia procesu
rekultywacji biologicznej zauważa się umiarkowane wzbogacanie wierzchnich warstw w składniki
pokarmowe, szczególnie potas, wapń i magnez.

Introduction

The most noticeable changes in the natural environment caused by open-
cast extraction of carbonate raw materials include transformation of the land
surface including large areas of limestone mining. The adverse effect on soil is
particularly noticeable on the areas degraded by mining excavations (MIKLA-

SZEWSKI 1972, SZLAGOWSKI 1993, BAILEY and GUNN 1993, DUBEL 2005, KUSZA

2006, JORDÁN et al. 2009, KUSZA and GOŁUCHOWSKA 2009). It is estimated that
lithogenic soil with very low productivity will be formed in the pits where the
external layer of overburden was removed and the solid rock was exposed.
Productivity of degraded soils is defined as a set of physico-chemical and
biological properties of the surface layer soil allowing for the satisfactory
development of vegetation (KOWALKOWSKI and RUBINOWSKI 1991, SZLAGOWSKI

1993). The initial soils formed represented a mosaic of soils with different
profiles, consisting of the exposed bedrock and weathered surface con-
taminated with chippings of stones, dust from drilling blast holes and mechan-
ical processing and detonation gases (SZLAGOWSKI 1993). Restoration of soils
on the new surface is possible with the appropriate reclamation of post-
exploitation excavations. The main effect which is supposed to be achieved
through reclamation of such areas is to restore the original state or to achieve
a new quality in these areas, which provides opportunities for cost-effective
and socially useful activities of agricultural, forestry or other character, while
eliminating the burden on the environment (DULEWSKI and WTOREK 2000,
BENDER and GILEWSKA 2004, STRZYSZCZ 2004, FABIAŃSKA 2005, KUSZA 2007,
JORDÁN et al. 2009, KASZTALEWICZ and PTAK 2011).

The process of reclamation of soiless mining areas, with all the appropriate
technical and biological procedures, is utilized to form some properties of the
initial soils which have a significant effect on the success of the whole project.
The essential importance is attached to susceptibility of the rock material to
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weathering processes and properties of the formations found in the upper layers
of the soil (KRZAKLEWSKI and MIKLASZEWSKI 1996, KOWALIK and WÓJCIK 2005,
WÓJCIK and KOWALIK 2006, KUSZA and GOŁUCHOWSKA 2009). The new rock
material formed in the subsequent geological period is soft and prone to
weathering processes that foster reclamation and helps quickly achieve the
desired effect (KUSZA and GOŁUCHOWSKA 2009). Formation of morphological
profile and all the basic characteristics of the soil created is also affected by the
abundance of nutrients which are easily available to plants (WÓJCIK and KOWALIK

2006, DOMSKA and RACZKOWSKI 2008). For this reason, numerous researchers
have considered the quantity and quality of initial nutrients accumulated in initial
soils as one of the main criteria for assessment of the effectiveness of reclamation
and a determinant of soil productivity in mining areas.

The focus of the present study was on the content of such nutrients as carbon,
nitrogen, phosphorus, potassium, magnesium, calcium and sodium in the area of
a post-exploitation excavation in an open-cast limestone mine in Górażdże.

Materials and Methods

The Górażdże deposit of Triassic limestone is located in Opole Silesia,
Poland. Characteristic in the Górażdże Mine is the presence of thinner or
thicker layers of sand and gravel coming from postglacial period, related to
small changes of level of the terrain. Depth of the excavation reaches about
35 metres in relation to surface of the terrain (KUSZA and GOŁUCHOWSKA 2009).
The surface of the Górażdże deposit is covered with overburden as Quaternary
sands and clays and degraded rubble with thickness ranging from 0.3 m to
13.0 m (DRESZER 2003). Mineral waste builds the overburden regular used
to reclamation of post-exploitation excavations. Due to the heterogeneity of
deposition of these materials, the surface of excavation is characterized by
large mosaic of granulation mineral material. The surface of excavation mainly
builds sandy formations reached to solid rock horizon, it is to 30 cm and
a strongly skeletal loam formations that remain particularly in upper horizons
(humic initial horizons).

The mine is mostly surrounded by woodlands and overgrown by coniferous
trees. As a result, the horizon radius is small so landscape and view values are
in significant. Reclaimed land on which mining has been completed, brings
diversity to relief, such as numerous small ponds and depressions of the
terrain. Both the introduced stand and the stand from the succession form
a specific biocoenosis and positively influence soil – formative processes.
Current management strategies for post-mining areas in the Górażdże Mine
are oriented towards forest reclamation (KUSZA and GOŁUCHOWSKA 2009).
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Two research plots with dimensions of 12 x 3.3 m were designated at the
bottom in of the excavation in the Górażdże Limestone Mine, after 1 or 5 years
of reclamation, respectively. The study included just young reclaimed surfaces
objective to showing changes in the properties of soils formed in the first years
of cultivation, decisiving for adroitness introduced seedlings of trees. The
designated areas are located at the bottom of the excavation, just a hundreds
meters from each other, in different habitat conditions. One-year plot is
located in close proximity to the quarry wall and technological road; overgrown
by a single grassy vegetation. Five-year plot located in close proximity to the
pond and drainage ditch; heavily overgrown by scrub and non-forest vegeta-
tion. Before seeding the plants, the authors used fertilizers in the two plots,
containing N, P, K with the following composition: nitrogen (80 kg ha–1) in the
form of 34% ammonium nitrate (90% N, 210 kg ha–1) and 20% ammonium
sulfate (10% N, 40 kg ha–1), phosphorus (100 P2O5 kg ha–1) in the form of 46%
of granulated superphosphate (220 kg ha–1) and potassium (120 kg K2O ha–1) in
the form of 56% of potassium salt (215 kg ha–1). The fertilization is used after
technology reclamation. The experimental plots are now covered with pine
trees (Pinus sylvestris L.) introduced in the planting density 0,6 x 1,2 meters as
a form of biological reclamation. Nine samples were collected randomly from
the surface layer (20 cm) of two plots in the spring of 2011 to represent the
whole surface. The physical and chemical analyses, which are commonly used
in soil science, were carried out for the soil samples (OSTROWSKA et al. 1991)
to determine the status of initial productivity of soils in the areas studied.

In soil samples were used to determine:
– granulometric composition: grain size distribution (soil texture) Casag-

rande aerometric method modified by Proszynski, fractions of sand sieve
method according to Jakość gleby... PN-ISO 11277:2005;

– oil pH: potentiometry method according to Jakość gleby... PN-ISO
10390:1997; conductivity: conductometric method according to Jakość gleby...
PN-ISO 11 265 + ACI: 1997; calcium carbonate content: Scheibler volumetric
method according to Jakość gleby... PN-ISO 10693:2007; organic carbon
content: Tiurin modified method according to Jakość gleby... PN-ISO
14235:2003; total nitrogen content: Kjeldahl method according to Jakość
gleby... PN-ISO 11261:2002;

– content of available phosphorus according to Analiza chemiczno-rol-
nicza... PN-R-04023: 1996;

– content of potassium, magnesium, calcium, sodium: method of emission
spectrometry with inductively coupled plasma (ICP-AES) after prior mineral-
ization in acid mixture of HCl and HNO3 in a ratio of 3:1.

The results obtained from the measurement of macroelement contents
were analyzed with Tukey’s test, with significance level set at p = 0.05.
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Results and Discussion

Granulometric composition

Granulometric composition of the formations that represented the over-
burden layer in the pit for future biological reclamation procedures is an
important factor. This significantly affects grain size distribution in the soils
formed in the post-exploitation areas of the limestone mine as well as their
chemical and physicochemical properties. The specificity of soil conditions
observed in post-exploitation excavation depends on the quality of mineral
tracks deposited in them (KUSZA 2007, KUSZA and GOŁUCHOWSKA 2009).
Heterogeneity of mineral materials and the lack of selectively removed
overburden mean that excavations are characterized by a large mosaic of
grains in the material deposited in the pits (KUSZA and GOŁUCHOWSKA 2009).
Granulometric composition of the 20 cm layer in the research plots desig-
nated in the excavation in the Górażdże Mine was characterized by a domi-
nant share of sandy formations, according to the classification of soil texture
(PTG 2009), belonging to a subgroup of sand (S) in both studied plots
(Table 1).

It should be noted that the soils formed from sandy materials contain
minimum amounts of nutrients and are highly permeable, which consequent-
ly leads to only a small amount of water available to plants (ZAWADZKI 1999).
SIUTA (1998) and STRZYSZCZ (2004) defined sands as a very defective soil-
forming material, where only forest vegetation is able to form the initial soil
and protect it from degradation.

Reaction

Soil reaction (pH) in the soils which were formed in the study represents,
apart from grain composition, another important precondition for availability
of nutrients which affects soil-forming processes (STACHOWSKI 2005, BENDER et
al. 2005, KUSZA 2007, KACPRZAK and BRUCHAL 2012). Soils composed of sand
materials are more vulnerable to changes in pH, which is associated with high
permeability of grounds, lack of humus and poor sorption complex (KUSZA and
GOŁUCHOWSKA 2009). Soil reaction in grounds forming the surface layer in the
research plots was at the alkaline level: 7.8 for the 1-year plot and 7.6 for the
5-year plot (Table 2).
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Table 1
Granulometric composition of analyzed soils

Grain size fraction Percentage share of fraction [by % weight]

Surface (age in years): 1
Deph of sampling: 0–20

> 2 5

< 2 95

Fraction of sand

2–1 10

1–0.5 34

0.5–0.25 23

0.25–0.1 27

0.1–0.05 1

Σ > 0.005 95

Fraction of silt

0.05–0.02 2

0.02–0.005 1

0.005–0.002 0

Σ > 0.002 3

Fraction of clay

> 0.002 2

Group and subgroup pl

Surface (age in years): 5
Deph of sampling: 0–20

> 2 92

< 2 8

Fraction of sand

2–1 12

1–0.5 36

0.5–0.25 23

0.25–0.1 18

0.1–0.05 4

Σ > 0.005 93

Fraction of silt

0.05–0.02 2

0.02–0.005 2

0.005–0.002 0

Σ > 0.002 4

Fraction of clay

> 0,002 3

Group and subgroup ps

pl, ps – sand (S)
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Table 2
Chosen physicochemical properties of soils reclaimed into forest in the pit of limestone mine

Calcium
Specification pH carbonate

[%]

Conductivity Organic C Total N
[μs cm–1] [%] [%]

Deph: 0–20 cm 1-year plot

Mean 7.8 55.9 0.2 0.028 7.5

Range 7.6–7.8 42.7–77.8 0.1–0.3 0.027–0.028 6.3–10.2

Standard deviation 0.1 9.2 0.1 0.001 1.1

Deph: 0–20 cm 5-year plot

Mean 7.6 82.9 0.6 0.06 6.5

Range 7.4–7.7 55.2–118.8 0.4–0.8 0.03–0.07 4.7–7.9

Standard deviation 0.1 18.3 0.2 0.01 1.2

HSD p = 0.05 0.2 26.9 0.4 0.03 0.9

Over the subsequent years of biological reclamation, the soils formed in the
post-calcareous excavation showed a small decrease in pH in the surface layer,
which is confirmed by the results obtained for pH and studies carried out by
KUSZA and GOŁUCHOWSKA (2009) in two dumping grounds in the area of
a former limestone mine, forested 45 years ago. The initial anthropogenic soils
present in this site exhibited constant alkaline pH at the level of from 7.3 to 7.6
in the Kamień Śląski Mine and 7.3 to 7.9 in Strzelce Opolskie Mine.

Calcium carbonate

The low acidification rate in surface layers of initial soils in post-mining
lands is caused by significant contents of calcium carbonates (SPYCHALSKI and
GILWESKA 2008), which reached the levels of 7.5% and 6.5% in the layer with
thickness of 20 cm in 1-year plot and 5-year plot, respectively. According to
STACHOWSKI (2005), this significant content of calcium carbonate results from
genetic properties of the overburden material used for forming the excavation
surface.

Conductivity

Soils formed from overburden material showed low salinity in surface
layers, which, in both 1-year and 5-year plot studied, did not exceed 100 μs cm–1

(Table 2). Over the subsequent years after biological reclamation, the levels of
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soil conductivity in the post-calcareous excavations remained at an average of
100–280 μs cm–1 in a study carried out by KUSZA (2007) in Opole Limestone
Mines and 275 μs cm–1 in a mine in Spain examined by JORDAN et al. (2009).
A decrease in conductivity of surface levels of soil on older fields should be
associated with an increased content of potassium, magnesium and nitrogen
(KUSZA and GOŁUCHOWSKA 2009).

Organic matter

Enrichment of subsurface layers with organic matter over the years of
forestation is an important factor in the activation of soil forming processes in
post-mining areas (GILEWSKA and OTREMBA 2004, WÓJCIK and KOWALIK 2006).
The source of organic matter in the post-mining areas are dead parts of higher
plants, accompanying vegetation and underground parts of plants. The studied
areas of forestation (1-year and 5-year plants) show significant changes in the
dynamics of organic matter content in the surface layer. In the 5-year surface,
the contents of nitrogen and carbon in the layer with thickness of 20 cm
amounts to 0.06% of total nitrogen, 0.6% of organic carbon and was twice
higher compared to the 1-year surface (Table 2). The noticeable increase in the
content of organic matter in the subsequent years of forestation in reclaimed
areas was also demonstrated in a study by KUSZA (2007). The dumping
grounds in the two limestone mines examined by the author and results of the
studies showed that the content of organic matter in the surface layer was at
a level of 0.72% of organic carbon and 0.018% of total nitrogen in Kamień
Śląski Mine and 0.61% organic carbon and 0.020% total nitrogen in Strzelce
Opolskie Mine. However, these levels of accumulated organic matter were
small considering that these areas were forested 45 years before. The results
obtained by the author showed that the post-mining soil remained over the
years the ecosystem which accumulated and immobilized nitrogen (BENDER

and GILEWSKA 2004, SPYCHALSKI and GILEWSKA 2008).

Macroelements

Phosphorus

One effect of changes that occured in the post-exploitation excavation,
besides the accumulation of organic matter and weathering processes in the
overburden material, was an increase in abundance of plant nutrients present
in the surface layers, especially in phosphorus (WÓJCIK and KOWALIK 2006).

Magdalena Szewczyk, Małgorzata Kacprzak42



A moderate increase in abundance of available phosphorus in the 20 cm
surface layer of the soils that was formed was observed over the years in the
research plots designated for the study. This was caused by the progressive
accumulation of organic matter and the change in pH that promotes assimila-
tion of the nutrients. The content of phosphorus in the surface layer in the
analyzed plots (1-year and 5-year) was low: 1.0 and 1.2 mg P2O5 per 100 g soil
(Table 3) and this difference in the content of P2O5 was not statistically
significant. The low content of available phosphorus in the initial phase of
reclamation of post-calcareous excavations was also demonstrated in studies
by KUSZA (2006) (Tarnów Opolski excavation, Poland) and JORDÁN et al.
(2009) (Alicante excavation, Spain). The values of available phosphorus
in the layer of up to 20 cm measured by these authors exhibited at content of
1.5 mg P2O5 per 100 g soil (Tarnów Opolski) and from 1.5 to 1.9 mg P2O5 per
kg soil (Alicante). For a small phosphorus content may correspond to the
higher content of calcium and magnesium, because in an alkaline environ-
ment the phosphate ions react with calcium and magnesium compounds in
the form of sparingly soluble calcium and magnesium phosphates. Losses of
phosphorus in surface levels could be due to washing out or uptake of this
element by the plants (ZAWADZKI 1999). In general, post-mining grounds are
poor in phosphorus available to plants (GILEWSKA and SPYCHALSKI 2004),
hence the need for their fertilization in the form of compost obtained from
sewage sludge or increased doses of mineral fertilizers (KUSZA and
GOŁUCHOWSKA 2009).

Table 3
Content of macronutrients in soils reclaimed into forest in the pit of limestone mine

P2O5 K Ca Mg Na
Specification [mg 100 g–1 [mg 100 g–1 [mg 100 g–1 [mg 100 g–1 [mg 100 g–1

soil] soil] soil] soil] soil]

Deph: 0–20 cm 1-year plot

Mean 1.0 9.1 42.5 6.0 1.7

Range 0.9–1.1 9.0–9.2 40.2–45.5 5.5–6.2 1.4–1.9

Standard deviation 0.1 0.1 1.8 0.2 0.2

Deph: 0–20 cm 5-year plot

Mean 1.2 11.5 48.8 8.5 1.5

Range 1.0–1.4 8.8–15.9 44.1–51.6 7.8–9.1 1.2–1.8

Standard deviation 0.2 2.3 2.6 0.5 0.2

HSD p = 0.05 0.2 2.4 6.3 2.5 0.1
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Potassium

Potassium belongs to macronutrients which significantly affect growth and
development of root systems in plants, especially during the period of adapta-
tion in the first years after planting (KUSZA and GOŁUCHOWSKA 2009).
In contrast to phosphorus, the content of potassium in the layer studied
increased over the years from the biological reclamation, at a level of 9.1 mg
per 100 g soil in the 1-year plot and 11.5 mg per 100 g soil in the 5-year plot
(Table 3). Higher contents of potassium in the 20 cm layer compared to the
content of phosphorus were also found by JORDÁN et al. (2009) in the Alicante
excavation, where the content of potassium ranged from 24 to 79 mg per kg
soil. In the case of high concentrations of calcium ions, as it was on the
analyzed plots, uptake potassium may be limited (ZAWADZKI 1999). This slowly
enrichment of the surface layer in potassium in the post-calcareous areas can
be attributed to decomposition of organic matter supplied to the post-exploita-
tion excavation with mineral overburden obtained from more fertile forest
areas (KUSZA and GOŁUCHOWSKA 2009).

Calcium

Of all the macroelements, the greatest abundance in the designated research
plots was found for calcium. The contents of this element in the both 1-year and
5-year plots were by several times greater than the values measured for other
elements (Table 3). This is connected with a high content of this element in the
solid rock, especially their abundance in CaCO3. The presence of calcium in the
initial soils that were formed in the post-exploitation excavation have a neu-
tralizing effect on acidic products of decomposition of organic matter and thus
on the slow decrease in soil reaction in these kinds of grounds (GĄSIOREK and
NICIA 2010). The results obtained during the measurements of calcium content
in the grounds after limestone mining are supported study by JORDÁN et al.
(2009) carried out in one of the limestone mines in Spain, where the content of
calcium in the 20 cm layer was the highest among the macronutrients studied
and reached the values ranging from 2.1 to 3.1 g per kg soil.

Magnesium

Magnesium is another macronutrient which significantly affects the pro-
ductivity of post-mining soils. Combined with calcium, this element has
a buffering effect on decomposition of organic matter and prevents rapid
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changes in pH in the soils formed in the post-calcareous areas (GĄSIOREK and
NICIA 2010). The content of magnesium in the research plots in the initial
phase of reclamation remained at low level (Table 3), which was also reported
by the findings obtained by KUSZA (2006) in the post-exploitation pit of the
Tarnów Opolski Limestone Mine, ranging from 8.9 to 10.5 mg per 100 g soil
in the 20 cm layer. However, one demonstrated positive effect was the
progressive increase in the content of magnesium by 2.5 units observed
during the years that have passed since the biological reclamation. This
slowly enrichment of the mineral surface layers in plant nutrients, especially
magnesium, is undoubtedly the result of the accumulation of the metabolites
of organic matter and weathering processes in the mineral soil material
(WÓJCIK and KOWALIK 2006). Despite concentration of magnesium in the soil,
it may not necessarily be fully absorbed by the plants, because on the uptake
of magnesium affected by a high concentration of Ca ions in the soil solution
(ZAWADZKI 1999).

Sodium

The content of sodium in the mining areas is related to salinity. Grounds
after limestone mining are generally characterized by a low concentration of
inorganic salts present in the soil, this was confirmed by the low values of
conductivityin the studied plots–55,9 μs cm–1 1 year plot and 82,9 μs cm–1 5 year
plot. Similar the values measured in soils from post-calcareous excavations
reclaimed 45 years before, reported in a study carried out by KUSZA (2007),
ranging from 150 to 280 μs cm–1. The surface layers of the soil formed in the
post-exploitation excavation of the Górażdże Mine exhibited very low contents
of sodium, maintained at at similar level in the analyzed surface layers in both
1-year and 5-year plots (Table 3), despite the years that have passed since
reclamation planting. The contents of sodium obtained in the study of the soils
that were formed in the mining pit suggest a low concentration of easily soluble
salts in the soils after open-cast limestone mining, especially in the initial
phase of their reclamation.

Conclusions

The results obtained from the present study, carried out on a excavation of
a limestone mine in Poland, focused on the content of basic macronutrients
after 1 year and 5 years following reclamation planting, lead to the following
conclusions:
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1. Physical and chemical analyzes carried out in the layer of soil with the
thickness of 20 cm confirm a beneficial direction of soil forming processes
stimulated by biological reclamation.

2. Initial soils in the experimental plots designated in the post-exploitation
excavation were characterized by low contents of potassium, phosphorus and
sodium in the 20 cm layer: largely depend on geochemical properties of soil and
the pedogenic process that promotes weathering of carbonate rocks.

3. Among all the elements studied, the highest contents was found for
calcium and magnesium related to limestone properties. The presence of these
cations in the studied layers of soil caused an increase in the pH of the surface
layers.

4. The content of macronutrients (Ca, Mg, K, P, Na) in the surface layer of
the research plots increased moderation with time suggesting the slowly
susceptibility of rock to weathering processes that allow for achievement of
a satisfactory level of soil productivity.

Translated by RAFAŁ WIELGAT
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