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THE INFLUENCE OF A LONG-TERM RECLAMATION ON THE MIC ROBIOLOGICAL 
PROPERTIES OF SOILS FORMED FROM POST-MINING MATERIA LS 

 

Summary 
 

The aim of the research was to determine an enzymatic activity and the number of bacteria, Actinomycatales and fungi in 
anthropogenic soils formed from post-mining materials. Experimental factors included two crop formations and three levels 
of mineral fertilization. The conducted research showed that higher microbiological activity occurred in the soils from the 
fodder- frumentaceous crop rotation, where lucerne had been cultivated for four years. Important influence of mineral fer-
tilization on the microbiological activity of soils in frumentaceous-rapeseed crop rotation was found, whereas in soils where 
fodder- frumentaceous crop rotation was implemented, no major influence of mineral fertilization on soil’s microbiological 
activity was found.  
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WPŁYW WIELOLETNIEJ REKULTYWACJI NA WŁA ŚCIWO ŚCI MIKROBIOLOGICZNE 

GLEB TWORZ ĄCYCH SIĘ Z GRUNTÓW POGÓRNICZYCH 
 

Streszczenie 
 

Celem przeprowadzonych badań było określenie aktywności enzymatycznej oraz liczebności bakterii, promieniowców i 
grzybów w glebach antropogenicznych wytworzonych z gruntów pogórniczych. Czynnikami doświadczenia były dwa płodo-
zmiany oraz trzy poziomy dawki nawożenia mineralnego. Przeprowadzone badania wykazały, że większą aktywnością mi-
krobiologiczną charakteryzowały się gleby pobrane spod płodozmianu paszowo-zbożowego, w którym przez cztery lata 
uprawiana była lucerna. Stwierdzono istotny wpływ nawożenia mineralnego na aktywność mikrobiologiczną gleb w płodo-
zmianie zbożowo-rzepakowym, natomiast w glebach, na których stosowany był płodozmian paszowo-zbożowy, nie stwier-
dzono istotnego wpływu nawożenia mineralnego na aktywność mikrobiologiczną gleby. 
Key words: grunty pogórnicze, rekultywacja, nawożenie, aktywność enzymatyczna, właściwości mikrobiologiczne 

 
 
1. Introduction 
 
 Brown coal mining in Konin and Turek Basin (pl. 
Konińsko-Tureckie Zagłębie Węglowe) has been function-
ing for more than 60 years. It caused several geomechanical 
transformations of the landscape. Especially terrain mor-
phology and hydrological conditions were changed. This 
changes influence on the local biodiversity (flora, fauna and 
microbial). Removed soil and rock material overlying the 
brown coal deposit are deposited as inner or outer spoil 
dumps. Artificially formed spoil dumps are reclaimed with 
the so called PAN method. Main idea of this model is to 
regulate the chemistry of the deposited material (rock, soil). 
Mineral fertilization and the implementation of agriculture 
plants are used to achieve this objective. According to the 
research conducted by various authors [7, 8, 9, 19] the re-
claimed ground gains the traits of a soil after ten years of 
reclamation operations. The measurement of soils biologi-
cal activity is one of the most important criteria which de-
termines the progress of reclamation process. It depends on 
various elements such as the content of organic matter, 
flora, soil reaction [5]. Biological activity of a soil is 
marked with direct methods – by measuring the concentra-
tion of microbial activity products. This parameter is usu-
ally defined on the basis of enzyme activity, which may be 
also assessed with indirect methods, according to which the 
number of microorganisms that live in the soil is deter-
mined [12]. In fertile soils with proper hydrological condi-

tions, high enzymatic activity is observed. It is the measure 
of soils fertility and productivity [11, 17]. 
 
2. Materials and methods 
 
 Analytical materials for laboratory research (soil sam-
ples) were collected from a long-term experiment con-
ducted in the outer spoil dump in Pątnów post-mining area. 
This experiment was established in 1978 by professor 
Bender. Experimental factors included two crop rotations: 
rapeseed- frumentaceous crop rotation (the rotation of win-
ter rapeseed and winter wheat) and fodder- frumentaceous 
one (four years of lucerne and orchard grass tillage in rota-
tion with two years of winter wheat tillage), and three levels 
of mineral fertilization (0 NPK, 1 NPK and 2 NPK) 
(Tab. 1). Soil samples were collected in two vegetation sea-
sons: during plants’ intensive growth (May) and at the end 
of the vegetation season (September 2014). Medium-top 
samples from the arable-humus horizon Ap (0-20 cm) of 
the reclaimed outer spoil dump were collected with an 
automatic sampler from fifteen fields. In the collected soil 
material, the following chemical properties were marked: 
soil reaction was determined potentiometrically in potas-
sium chloride (1 M KCl dm–3) and water solutions, total or-
ganic carbon (TOC) content by elementary analysis on 
Vario Max analyzer with previously removal of carbonates 
by phosphoric acid, total nitrogen (TN) on a Vario Max 
analyzer. 
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Table 1. Fertilization combinations and doses of mineral ingredients 
Tab. 1. Kombinacje nawozowe i dawki składników mineralnych. 
 

Rapeseed Wheat Lucerne 
Fertilization treatment 

N P K N P K N P K 
0 NPK Without fertilization 
1 NPK 200 70 90 160 40 80 130 60 100 
2 NPK 400 140 180 320 80 160 260 120 200 

Source: own studies / Żródło: badania własne 
 
 The following microbiological analysis were done: 
• Number of bacteria 
• Number of fungi 
• Number of Actinomycatales 
• Number of Aotobacter sp.  
• Dehydrogenases’ activity with Thalmanmn’s method [22] 
• Protease’s activity with Ladd’s and Butler’s method [15] 
• Alkaline phosphatase’s activity with Tabatabia’s and 
Bremner’s method [21] with the implementation of a substrate 
of 0,8% sodium nitrophenylphosphat solution, expressed in 
millimoles of p-nitrophenol kilogram per hour 
• Ureases’ activity with Hoffmann’s and Teicher’s method 
[10].  
 The obtained results were statistically processed with 
Statistica 12 program.  
 
3. Results and discussion 
 
 An over-30-year-long period of the implementation of 
various fertilization and crop rotations have influenced the 
chemical properties of forming soils. The content of organic 
carbon oscillated between 0,36% (rapeseed- frumentaceous 
crop rotation - control 0NPK) and 1,06% (fodder- frumen-
taceous crop rotation, 2NPK). Mineral fertilization which 
was used in the experiment both in the dose of 1NPK and 
2NPK has led to statistically significant increase of the con-
tent of total organic carbon in the soils of frumentaceous-
rapeseed crop rotation when compared to control (0NPK). 
In the fields of this crop rotation when 1NPK dose was im-
plemented, it was found that the content of total organic 
carbon doubled when compared to control 0NPK. Further 
advance of mineral fertilization to the so called dose of 
2NPK caused some increase of this ingredient, yet not sta-
tistically important (Tab. 2). Varied doses of mineral fertili 

zation used in the soils of fodder- frumentaceous crop rota-
tion did not lead to statistically significant growth of the 
content of organic carbon. Similar, not majorly different 
values were obtained in the combinations: 0NPK - 0,84%, 
1NPK- 0,88% and 2NPK - 1,06%. When comparing the 
content of total organic carbon in the soils of both crop ro-
tations, its higher content was found in the soils of the fod-
der- frumentaceous crop rotation. When analysing the val-
ues of humus and total nitrogen, similar values were found 
as in TOC. The research conducted by Spychalski et al. [19, 
20] also showed positive influence of mineral fertilization 
on the growth of organic carbon and total nitrogen in the 
reclaimed post-mining lands. Soils reaction – the concentra-
tion of hydrogenous ions, has an impact on the functioning 
of numerous enzymes, and especially on acid phosphatase. 
The enzyme activity grows when pH is close to neutral, and 
a small number of microorganisms and low enzymatic ac-
tivity in acid soils are observed [12]. The analysed soils 
were characterised by an alkaline reaction both in the 
marked water solution and in the solution of potassium 
chloride (Tab. 2). Its values expressed in pH units oscillated 
from 8,00 to 8,29 when marked in water, and from 7,35 to 
7,55 when marked in potassium chloride. Long-term im-
plementation of mineral fertilization in the dose of 1NPK in 
the soils of frumentaceous-rapeseed crop rotation did not 
result in statistically significant changes of the reaction; 
similar and not statistically varied values of pH were ob-
tained, from 8,29 to 8,14, respectively. Further advance of 
mineral fertilization to the dose of 2NPK resulted in the sta-
tistically significant decrease of the values of this parameter 
when compared to control. Similar regularities were ob-
served in the case of potassium chloride. Long-term imple-
mentation of mineral fertilization in the fodder- frumenta-
ceous crop rotation did not lead to any important changes of 
the soil reaction determined both in H2O and KCl solutions. 

 
 
Table 2. Selected properties of soils forming from post-mining materials - average values for combinations 
Tab. 2. Wybrane właściwości gleb rozwijających się z gruntów pogórniczych. - wartości średnie dla kombinacji 
 

pH Fertilization 
treatment 

Plant 
H2O KCl 

TOC 
[%] 

OM 
[%] 

TN 
[%] 

C/N 

Rapeseed – frumentaceous rotation 

0 NPK rapeseed wheat 8,29b 7,55b 0,354a 0,611a 0,036a 9,8a 

1 NPK rapeseed wheat 8,14a 7,43a 0,607b 1,047b 0,064b 9,5a 

2 NPK rapeseed wheat 8,11a 7,40a 0,615c 1,060c 0,067c 9,1a 

Fodder – frumentaceous rotation 

0 NPK lucerne wheat 8,16a 7,39a 0,83a 1,43a 0,084a 9,8a 

1 NPK lucernę wheat 8,00a 7,42a 0,85a 1,46a 0,088a 9,6a 

2 NPK lucerne wheat 8,02a 7,35a 1,02a 1,76a 0,106a 9,7a 

Explanation: TOC – Total organic carbon, OM – organic matter, TN- total nitrogen  
Source: own studies / Żródło: badania własne 
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 Long-term implementation of varied fertilization in the 
two crop rotations influenced the number of microorgan-
isms in the analysed anthropogenic soils. Only in the case 
of the total number of bacteria it was observed that the im-
plementation of mineral fertilization in the dose of 1NPK 
led to statistically important decrease of their number from 
35,70 (0NPK) to 17,10 (1NPK) (Rapeseed – frumentaceous 
rotation). Further advance of the fertilization to the dose of 
2NPK resulted in the growth of their number; similar values 
were obtained in 0NPK and 2NP combinations. A total 
number of Actinomycatales, fungi and bacteria from 
Azotobacter sp. was presented in tables 3-5. Statistically 
significant influence of varied fertilization on the numeral 
changes of microorganisms was observed neither in the 
soils of frumentaceous-rapeseed crop rotation (Tab. 3), nor 
in the ones of fodder- frumentaceous crop rotation (Tab. 4). 
When comparing the total number of bacteria, their statisti-

cally larger number was found in soil samples collected 
from the fodder- frumentaceous crop rotation, whereas 
there were much more bacteria from Azotobacter sp. in the 
soils of frumentaceous-rapeseed crop rotation. 
 According to numerous authors, the level of enzymatic 
activity may be a reliable indicator of soils’ fertility [14, 16, 
18]. What is more, the indicator informs about the changes 
taking place in the soil environment. The authors pay spe-
cial attention to the beneficial role of Fabaceae in the for-
mation of soils’ fertility enzymatic indicator. Factors used 
in the experiment such as fertilization and crop rotation has 
influenced not only the chemical properties but also soils’ 
different enzymatic activity in various ways.  
 Phosphates are considered an indicator of the intensity 
of mineralization of phosphorus’ organic combinations. 
Soil microorganisms and plants’ roots are the source of 
phosphate in the soil environment.  

 
 
Table 3. Selected chemical properties of soils forming from post-mining materials – average values for crop rotations 
Tab. 3. Wybrane właściwości chemiczne gleb rozwijających się z gruntów pogórniczych - wartości średnie dla płodozmianów 
 

pH 
Crop rotation 

H2O KCl 
TOC  
[%] 

OM 
 [%] 

TN 
[%] 

C/N 

Rapeseed – frumentaceous rotation 8,06a 7,39a 0,525a 0,907a 0,056a 9,5a 
Fodder – frumentaceous rotation 8,18a 7,46a 0,899b 1,551b 0,092b 9,7a 

Explanation: TOC – Total organic carbon, OM – organic matter, TN- total nitrogen 
Source: own studies / Żródło: badania własne 

 
Table 4. Average number of selected microorganisms in the top horizon of soil collected from frumentaceous-rapeseed crop 
rotation 
Tab. 4. Średnia liczebność wybranych mikroorganizmów w warstwie wierzchniej gleby pobranej z płodozmianu zbożowo-
rzepakowego 
 

Bacteria Actinomycatales Fungi Azotobacter sp. 
Crop rotation 

Fertilization 
treatment 105 cfu ·g-1 104 cfu ·g-1 103 cfu ·g-1 cfu ·g-1 

0NPK 35,70a 43,96a 32,39a 10,18a 
1NPK 17,10b 23,25a 18,90a 16,79a 

Rapeseed – frumentaceous 
rotation 

2NPK 32,71a 28,45a 61,75a 10,00a 
CFU colony forming units. Explanations: means marked with the same letters did not differ significantly at α=0,05.  

Source: own studies / Żródło: badania własne 

 
Table 5. Average number of selected microorganisms in the top horizon of soil collected from fodder-frumentaceous crop 
rotation 
Tab. 5. Średnia liczebność wybranych mikroorganizmów w warstwie wierzchniej gleby pobranej z płodozmianu paszowo- 
zbożowego  
 

Bacteria Actinomycatales Fungi Azotobacter sp. 
Crop rotation 

Fertilization 
treatment 105 cfu k·g-1 104 cfu ·g-1 103 cfu ·g-1 cfu ·g-1 

0NPK 63,83a 95,54a 47,03a 20,28a 
1NPK 60,55a 56,25a 47,88a 18,16a 

Fodder – frumentaceous 
rotation 

2NPK 56,15a 51,63a 46,61a 18,66a 
Source: own studies / Żródło: badania własne 

 
Table 6. Average number of selected microorganisms in the top horizon of soil collected from two crop rotations 
Tab. 6. Średnia liczebność wybranych mikroorganizmów w wierzchniej warstwie gleby pobranej z dwóch płodozmianów 
 

Bacteria Actinomycatales Fungi Azotobacter sp. 
Crop rotation 

105cfu·g-1 104 cfu ·g-1 103 cfu ·g-1 cfu ·g-1 

Rapeseed – frumentaceous rotation 28,50a 31,89a 37,68a 12,32a 
Fodder – frumentaceous rotation 60,18b 67,81a 47,18a 19,03b 

Source: own studies / Żródło: badania własne 
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 Phosphates are enzymes which catalyse an organic hy-
drolyse of organic compounds of phosphorus and are used 
for the assessment of the speed of compounds’ mineraliza-
tion [12]. Alkaline phosphate’s activity’s values in fertiliza-
tion combinations oscillated from 24,19 to 0,54,72 mmole 
PNP·kg-1 s.m. soil·h-1. Its especially low activity was ob-
served in the soils of frumentaceous-rapeseed crop rotation 
in the control field – 0NPK. It was found that the imple-
mentation of mineral fertilization in the soils in this crop 
rotation in the dose of 1NPK had a statistically significant 
impact on the growth of these enzyme activity from the 
value of 24,19 mmole PNP·kg-1 s.m. soil·h-1 (control- 
0NPK) to 40,25 mmole PNP·kg-1 s.m. soil·h-1 (1NPK). The 
increase of fertilization to the dose of 2NPK had minor in-
fluence on the changes in phosphates’ activity. Mineral fer-
tilization implemented in the fodder- frumentaceous crop 
rotation did not significantly influence the activity of phos-
phates in the soil. Higher activity of an alkaline phosphate 
was observed in the soil with a fodder crop rotation, how-
ever, the difference was statistically unimportant when 
compared to the frumentaceous-rapeseed crop rotation.  
 Among the enzymes present in the soil, dehydrogenases 
are responsible for the oxidoreducing processes in the proc-
ess of organic compounds’ oxidation. Their appearance is a 
proof of the presence of physiologically active and alive 
microorganisms as they are active only inside living cells 
[12, 13]. Among all the dehydrogenases, the highest activ-
ity was observed in the soils from the fodder- frumenta-
ceous fields crop rotation (Tab. 8). No statistically signifi-
cant differences under the influence of varied mineral fer-
tilization were observed in dehydrogenases’ activity in this 
crop rotation. In the soils of the frumentaceous-rapeseed 
crop rotation, under the influence of mineral fertilization in 
the dose of 1NPK, a significant increase of dehydrogenases 
activity was observed when controlled to the control dose 
of 0NPK. The growth of mineralization to the so called 
dose of 2NPK did not cause any statistically significant in-
crease of these enzymes’ activity when compared to con-
trol. When comparing the activity of dehydrogenases in the 
soils of frumentaceous-rapeseed crop rotation and of fodder 
frumentaceous crop rotation, their statistically higher activ-
ity was observed in the soils from the fodder- frumenta-

ceous crop rotation. In the analysed soil samples, the num-
ber of dehydrogenases is sometimes correlated with the 
content of nitrogen and organic carbon [2, 3, 4, 13]. In the 
soils of the discussed experiment, the correlation between 
the content of organic carbon and dehydrogenases’ activity 
was very high – almost r=0,87. 
 Ureases catalyse the hydrolyse of urea to ammonia and 
carbon dioxide. Ureases’ activity may be a bioindicative 
test in the recognition of the state of soil’s quality. When 
analysing their activity in soil, samples collected from the 
experimental fields, their higher activity was found in the 
soils of the fodder crop rotation where lucerne was culti-
vated. No statistically significant influence of mineral fer-
tilization on the activity of ureases in the soils of this crop 
rotation was observed (Tab. 8). Statistically similar values 
were obtained of 1,30 (0NPK0, 1,07 (1NPK), 1,14 (2NPK) 
µmole urea·ml-1·18h-1, respectively. The implementation of 
mineral fertilization in the soils of frumentaceous-rapeseed 
crop rotation led to the growth of ureases activity. A statis-
tically important increase of ureases’ activity was observed 
after the implementation of fertilization in the dose of 
1NPK (Tab. 7). The increase of the fertilization dose to 
2NPK did not cause any statistically significant growth of 
their activity and statistically similar values were obtained 
from 0,76 (1NPK) and 0,97 (2NPK) µmole urea·ml-1·18h-1. 
The activity of ureases [6] is strictly connected with the 
content of organic carbon and total nitrogen. In the ana-
lysed soils, the activity of ureases was additionally corre-
lated with the content of organic carbon and total nitrogen 
r=0,88, which is confirmed by Bieleńska and Zukowska [6]. 
 Proteases catalyse the hydrolyse of proteins in the soil 
to simpler compounds – polypeptides. During the process, 
they also dissemble peptide bindings (CO-NH) to amino 
acids [1]. The ability to protease formation is characteristic 
to proteolytic microorganisms such as oxygenic and an-
aerobic bacteria, some fungi and Actinomycatales. Prote-
ases’ activity oscillated within average values from 2,44-
4,07 mg tyrosine·g-1 ·h-1 (Tab. 7) in the frumentaceous-
rapeseed crop rotation and from 3,40-5,91 mg tyrosine· 
g-1 ·h-1 in the soils of the fodder- frumentaceous crop rota-
tion (Tab. 8). 

 
Table 7. Average enzymatic activity in the top horizon of soil collected from frumentaceous-rapeseed crop rotation 
Tab. 7. Średnia aktywność enzymatyczna w warstwie wierzchniej gleby pobranej z płodozmianu zbożowo-rzepakowego 
 

Alkaline 
phosphatase 

Dehydrogenases Urease Protease 
Crop rotation 

Fertilization 
treatment 

mmol PNP·kg-1·h-1 mmol TPF·kg-1·24h-1 
µmol urea·ml1· 

18 h-1 
mg tyrosine·g-1 ·h-1 

0NPK 24,19a 0,33a 0,37a 2,44a 
1NPK 40,25b 1,36b 0,76b 4,07a 

Rapeseed – frumenta-
ceous rotation 

2NPK 38,76b 0,68ab 0,97b 3,67a 
Source: own studies / Żródło: badania własne 

 
Table 8. Average enzymatic activity in the top horizon of soil collected from fodder-frumentaceous crop rotation 
Tab. 8. Średnia aktywność enzymatyczna w warstwie wierzchniej gleby pobranej z płodozmianu paszowo-zbożowego  
 

Alkaline 
phosphatase 

Dehydrogenases Urease Protease 
Crop rotation 

Fertilization  
treatment 

mmol PNP·kg-1·h-1 mmol TPF·kg-1·24h-1 µmol urea·ml-1·18 h-1 mg tyrosine·g-1 ·h-1 

0NPK 54,72a 1,95a 1,30a 3,74a 
1NPK 45,49a 2,51a 1,07a 3,40a 

Fodder – frumenta-
ceous rotation 

2NPK 49,51a 2,13a 1,14a 5,91a 
Source: own studies / Żródło: badania własne 
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Table 9. Average enzymatic activity in the top horizon of soil collected from two crop rotations 
Tab. 9. Średnia aktywność enzymatyczna gleby pobranej z głębokości 0-20 cm z dwóch płodozmianów 
 

Alkaline 
phosphatase 

Dehydrogenases Urease Protease 
Crop rotation 

mmol PNP·kg-1·h-1 mmol TPF·kg-1·24h-1 µmol urea ·ml-1·18h-1 mg tyrosine·g-1 s.m.gleby·h-1 

Rapeseed – frumentaceous rotation 34,40a 0,79a 0,70a 3,39a 
Fodder – frumentaceous rotation 49,91a 2,20b 1,17a 4,35a 

Source: own studies / Żródło: badania własne 
 
 
No statistically significant influence of the fertilization on 
their activity was observed. The observed differences in the 
activity of proteases between the analysed crop rotations 
turned out statistically unimportant (Tab. 9). According to 
numerous authors [4, 6], both proteases’ and ureases’ activ-
ity correlate with organic carbon and total nitrogen and in 
the analyse experiment was r = 0,81. 
 
 
4. Conclusions 
 
 The obtained results allowed to define final conclusions: 
1. The differentiation of mineral fertilization and crop ro-
tation influenced the content of organic matter and total ni-
trogen positively.  
2. The implementation of mineral fertilization in 1NPK 
dose in a crop rotation had a positive impact on the growth 
of microbiological activity of the forming soils.  
3. Various mineral fertilization implemented in the soils of 
fodder- frumentaceous crop rotation did not have a major 
impact on the differentiation of microbiological parameters 
of the forming soils.  
4. The fodder- frumentaceous crop rotation is more effec-
tive in the reclamation of post-mining materials. Soil tilled 
with this method had better biological and chemical proper-
ties, which was the result of lucerne’s activity in this crop 
rotation.  
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