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Abstract

The aim of the work was the determination of productivity index
(PI) of soil in the area of exploitation activity of the Mine-Ener-
getic Plant “Janina” in Libigz using the Zhengi Hu et al. [1992]
method. Studies were carried out in mining subsidence basin in
the Zarki village near Libigz where two soil pits were realised and
material for laboratory investigations was taken. Soil properties
determined in laboratory used the Zhenqi Hu et al. [1992] algo-
rithm method and values of Pl were calculated. Mean value of PI
amounted 0.67, which classifies the investigated area as one of
the conditions for poor agricultural production. Changes of prima-
ry soil properties caused by mining activity of the Mine-Energetic
Plant “Janina” had the highest influence on the calculated Pls.
The determined Pls show the necessity of undertaking reclama-
tion works for restoring primary properties of soil.
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1. INTRODUCTION

Processes taking place on orogens and surface, caused by un-
derground exploitation of coal mine, lead directly to settling and
deformation of ground, obstructing cultivation or excluding soil
from natural use [Dulewski, Wtorek 2000]. This phenomenon
causes additionally hydrological degradation of soil, drying or wa-
ter-logging [Chwastek et al. 1990]. High degree of soil moistness
deteriorates plant vegetation conditions and intensifies expansion
of hydrophilous plant. Rise of groundwater in arable lands may
cause increase of agricultural production, but more often degrada-
tion of soil and decrease of soil quality class and productivity oc-
cur, necessitating change of arable land into meadow and pasture
[Klatka et al. 2004]. According to Kaszowska [2007] who discuss
the influence of mine activity on natural land elements, one cannot
ignore the disadvantageous changes of soil structure caused by
land drying or wetting. They may decrease soil productivity to a
high degree.

The complexity of the problem of evaluation of environment condi-
tions for land reclamation needs is testified by the quantity and va-
riety of methods used [Boron, Klatka 1997]. The productivity index

Streszczenie

Celem pracy byto wyznaczenie indekséw produktywnosci gleb (PI)
na obszarze dziatalnosci eksploatacyjnej Zaktadu Gérniczo-Energe-
tycznego ,Janina” w Libigzu z wykorzystaniem metody Zhengi Hu
et al [1992]. Badania prowadzono na terenie niecki osiadan we wsi
Zarki koto Libigza, gdzie wykonano dwie odkrywki glebowe i pobrano
materiat do badan laboratoryjnych. Wyznaczone w laboratorium wia-
sciwosci gleb wprowadzono do algorytmu metody Zhengi Hu et al.
[1992] i obliczono indeksy produktywnosci. Warto$¢ srednia wyzna-
czonych Pl wynosita 0,67, co klasyfikuje badany obszar jako teren
o stabych warunkach do produkgii rolniczej. Najwigekszy wptyw na po-
ziom wyznaczonych indekséw Pl wywiera zmiana pierwotnych wta-
Sciwosci gleb na skutek proceséw degradacji spowodowanej dziatal-
noscig wydobywczg ZGE ,Janina”. Wyznaczone indeksy wskazujg
takze na konieczno$¢ podjecia prac rekultywacyjnych w celu przy-
wrécenia badanym glebom ich pierwotnych wtasciwosci.

(P1l) method proposed by Zhengi Hu et al. [1992], little known in
Poland, enables the exact determination of current quality of soil
degraded by coal mine exploitation from the point of view of future
land reclamation needs. This method however does not include
fertilisation and abundance of soil. That is why the obtained re-
sults cannot be compared with soil quality classes, but present
land reclamation needs [Klatka 2002]. Taking into account valida-
tion methods classification, the presented method belongs to one-
factor analysis [Koreleski 1979].

The aim of this work was to determine the Pl of soils subjected to
degradation in an area of chosen subsidence trough that came
into being as a result of the Mine-Energetic Plant “Janina” in Libigz
activity using the Zhenqi Hu et al. method [1992].

2. MATERIAL AND METHODS

Negative influence of the Mine-Energetic Plant “Janina” in Libigz
on environment is connected mainly with ground surface defor-
mations and changes of soil and groundwater conditions. The
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largest region of settlement covers the north-eastern part of min-
ing area. Here several subsidence troughs of 3-5 m depth were
raised [Klatka et al. 2004]. Field studies were carried out on one
of subsidence troughs of 9.77 ha area in the Zarki village near
Libigz. Geomechanical deformations of land surface formed here
flood land in an area of 2 ha and mean depth of 3 m. Soils in vicin-
ity undergo high hydrological degradation. For characterisation of
soil properties and evaluation of degradation degree, two soil pits
with description of morphological properties were carried out and
samples taken. Detailed location of soil pit is presented in Fig. 1.
In laboratory, determination of examined soils properties was car-
ried out using standard soil science methods. Texture was deter-
mined by means of the aerometer Casagrande’s in Prészynski
modification method. Granular groups and subgroups were de-
termined based on the PN-R-04033 standard [PKN 1998]. Solid
phase density was determined using the pycnometer method in
distilled water. Examination of bulk density in natural state and to-
tal porosity was determined using rings of 100 cm?® volume. Reac-
tion was analysed by means of potentiometer method in H,0O and
1 m KCL, while electric conductivity was determined in soil sus-
pensions in soil:water ratio of 1:2.5 using conductometer. Content
of organic matter was determined using the Tiurin’s method. The
determined texture and chosen physico-chemical properties of in-
vestigated soils are presented in Table 1, while physical properties
are presented in Table 2.

The soil Pl was calculated based on the method proposed by
Zhengi Hu et al. [1992]. This method was elaborated for evalua-
tion of soil quality, mainly on areas degraded by hard coal mining.
It is based on the equation of dependence of the PI and physical,

flooded area

Fig. 1. Location of soil pit in the investigated area soil pit nos | and Il
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chemical and water properties of soil. In this method, the following
properties of soil are taken into consideration: texture, bulk density
[Mg+m=], cohesion [MPa], saturated conductivity [cm<+h™'], easily
available water content [%)], infiltration [cm<h™"], porosity [%], re-
action, organic matter content [%)], electric conductivity [mS+cm],
root zone depth [cm], aggregate stability [%], sodium content and
stone content [%]. In calculations of the PI, all the above-men-
tioned or chosen parameters can be regarded, based on the fol-
lowing equation:

Pl = Z":(w,. X7;)
=]

where:

PI — soil productivity index,

n — following soil properties number,

w, — weight coefficient for given soil parameter, but:

n

ZW,-ZI

i=l

r, — coefficient (0-1) for i-th soil parameter in a case of homog-
enous soil profile.

If soil profile consists of many layers, r; coefficient is calculated
according to the equation:

L,
7, =Y (RL,xWL))
Jj=1




EVALUATION OF INFLUENCE OF THE MINE-ENERGETIC PLANT “JANINA” IN LIBIAZ ACTIVITY ON SOIL PRODUCTIVITY INDEX

RL; — sufficiency coefficient (0—1) of i-th soil parameter in j-th layer,
WL, — weight coefficient for j-th layer, and:

S, =1
j=1

L;,— number of following layer of soil profile,
m — number of layer.

For calculations of the PI, the original computer program was
used. Input data composed properties of soil from material taken
in openings and weight coefficients accepted at the same level
for all of the regarded properties. Results of calculations are pre-
sented in Table 2.

3. RESULTS OF INVESTIGATIONS

Based on field and laboratory investigations, one can state that on
the examined areas mineral-muck soils prevail. According to land
classification map, soils were classified as IVb and V soil quality
classes. In the latest guidelines, Systematics of Polish Soils [PTG
2011], soils belonging to type 7.6 are mucky soils and subtype 7.6.1
typical mucky soils. Regarding texture, only sand (S) and loamy
sand (LS) occur. The material is of high permeability and low water
retention [Boron, Klatka 1997]. Solid phase density of investigated
soils amounted on an average to 2.61 gecm= and was similar to
values occurring most often in Polish soils [Zawadzki 1999]. The
determined values of bulk density amounted on an average to
1.51 g=cm and were similar to values occurring most often in Pol-
ish soils [Zawadzki 1999] also. The lowest values of bulk density
were observed in humus horizons of soils. In bottom layers, values
increased as condensation grew. Total porosity of examined soils

amounted on an average to 42.23% for the soil pit | and 43.37% for
pit Il. The value of about 50% is taken as the most optimal one [Za-
wadzki 1999]. The determined values were lower than the optimal
ones. Reaction measured in H,0O and in 1 m KCI was shaped with-
in the range occurring in soils of similar subtype. Specific electric
conductivity does not exceed limitary value for non-irrigated soils
[Boron et al. 2001]. The high content of organic matter in top layer
of investigated soils is worthy of notice. That is why in a case of
future reclamation activity, possibility of removal and repeated use
of humus horizon should be taken into consideration.

According to Zhengi Hu et al. [1992], the maximum value of the PI
can reach 1.0. Values of Pl < 0.5 testify high soil degradation and
show the necessity of undertaking urgent reclamation treatments.
In turn, values of Pl > 0.8 point to inconsiderable intensification of
degradation processes. The determined mean values of Pl of inves-
tigated soils amount to 0.68 for soil pit no. | and 0.65 for soil pit no. II.
The obtained values of the Pl characterise the investigated area as
having poor conditions for agricultural productivity and that it had a
high level of degradation process. The main cause of low values of
the Pl is unfavourable change of soil properties as a result of rise of
groundwater level, change of base types and subtypes of soil water
management as well as hydrological degradation. Among others el-
ements in determining the value of the PI, soil material (sand) occur-
ring in bottom layers of examined profiles should be mentioned. This
material is characterised by defective water management. Similar
results were obtained for areas undergoing influence of the Hard
Coal Mine “Szczygtowice” in Knurow [Klatka 2002]. At present, in
the examined area, a common reality is stopping of cultivation and
in many cases the ground is lying fallow. Meadows and pastures
belonging to individual farmers are characterised by low level of
crop production technique, which undoubtedly influences the quality
and agricultural usefulness. In future, in case of lack of reclamation

Table 1. Texture and select physico-chemical properties of investigated soils

Soil particle content . . . o Electric
Soil pit no. L[zz::ir loaE <0.002 Soll \'/taluatlon Rea}c(‘,tcl:clm in Reaﬁtlcc;n in conductivity
2-005mm 4 502 mm mm rem : [mS-cm™]
0-30 94 4 2 S* 6.62 7.12 0.13
30-59 85 8 7 LS** 6.83 6.42 0.14
59-102 99 4 0 S 6.86 6.43 0.06
0-40 89 6 5 S 6.15 6.24 0.07
40-75 99 1 0 S 6.29 6.50 0.08
! 75-110 98 2 0 S 6.33 6.75 0.11
110-150 99 1 0 S 5.62 6.18 0.06
*S — Sand (Piasek), **LS — Loamy Sand (Piasek gliniasty)
Table 2. Physical properties and determined values of productivity index of investigated soils
S o L[?/ne;r ZF;ZS:E/C B;\I/Ir den_ssity Total Eorosity mat?;?ig:ﬁent Prqductivity Avgrggg
Mgem-] gem~] [%] (%] index productivity index
0-30 2.59 1.42 4517 97.6 0.74
| 30-59 2.60 1.54 40.77 - 0.68 0.68
59-102 2.65 1.57 40.75 - 0.62
0-40 2.60 1.41 45.77 90.9 0.72
" 40-75 2.65 1.52 40.75 - 0.66 G5
75-110 2.63 1.57 40.30 - 0.62
110-150 2.55 1.57 46.67 - 0.61
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treatments, the area of wastelands will increase and values of the PI
of investigated soils will also gradually decrease.

Among other elements influencing the PI indicators, soil material
(sands) occurring in bottom layers of examined soil profiles should
be mentioned. This material is characterised by incorrect water
management. On mining areas, the ability of soil for rainfall water
retention and its permeability decides to a high degree the extent
and intensity of hydrological degradation [Klatka et al. 2010]. Soil
productivity on areas of coal mine activity is usually measured in
quantity categories (for example yield) [Reith, Charles 1982]. The
criterion considered however does not always show actual soil
productivity. As indicators of soil quality on mining areas, many
morphological, physical, chemical, physical-chemical and biologi-
cal properties are connected with prevailing conditions. The de-
termined soil properties also give information of reclamation need
[Potter et al.]. Depending upon the degree and scope of degra-
dation for PI evaluation, various soil properties can be used. The
determined soil Pls of reclaimed soil in the area of the Horse Creek
Coal Mine contained in source elements apart from soil properties
chosen, root layer height, aggregates stability and stones content
[Chong et al. 1990]. The obtained results showed that essential
elements influencing final evaluation result are proper recognition
form of soil degradation and proper choice of properties for the PI
algorithm. One of the most essential properties is texture [Chong
et al. 1990]. Soil Pls determined by Klatka [2002] in the area of
the Cola Mine “Szczygtowice” were similar to the ones obtained
for the area in the Zarki village. They were also correlated with
soil properties, including texture. The method proposed by Zhengqi
Hu et al. [1992] allows a composite unity to evaluate soil Pl in
an area of coal mining activity. Additionally, it gives a possibility to
eliminate elements influencing quantity evaluation of soil produc-
tivity (yield). For these elements, atmospheric conditions can be
included [Zhenqgi Hu et al. 1992]. At present, in the investigated
area of the Zarki village near Libigz, the common phenomenon
is stoppage of cultivation and in many cases ground lying fallow.
Meadows and pastures are characterised by low agrotechnics
level, which undoubtedly influences their quantity and agricultural
usefulness. The Pls of the examined soils show an urgent need to
undertake reclamation works. Otherwise, an area of wastelands
will decrease as a result of hydrological degradation.
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4. CONCLUSIONS

1. The investigated area undergoes intensive influence of hard
coal mining exploitation. Increasing geomechanical trans-
formations of surface (settlements) led to creation of interior
basin, flood land in central part of the area and global rise of
groundwater. These factors caused hydrological degradation
of soils.

2. Physical properties of investigated soils are similar to the ones
occurring for Polish soils. The determined values of reaction
and specific electric conductivity do not show chemical degra-
dation of soils. The least advantageous property of examined
soils is texture in a shape of sand. Such material on mining
activity areas is characterised by high susceptibility on hydro-
logical degradation.

3. Analysis of field and laboratory investigations shows that on
the examined area soil material characterised by high suscep-
tibility to hydrological degradation processes prevails. Physico-
chemical properties of soil do not indicate damages as a result
of acidification, alkalisation or salinisation. High content of
organic matter in upper layers of examined soils is worthy of
notice. This is why in a case of future land reclamation activity,
removing and repeated use of humus should be taken into
consideration. Low values of the Pl are influenced by changes
of primary soil properties as a result of following hydrological
degradation processes, connected with global groundwater
rise caused by surface area settlement.

4.The obtained results allow to state that the Pl method pro-
posed by Zhegi Hu et al. [1992] may be a useful tool for the
determination of current degree of soil degradation in areas of
hard coal mining activity. This method however does not take
into account current fertilisation and abundance of soil, which
preclude comparison of obtained results with soil quality clas-
sification, but gives information of land reclamation needs. An
essential element influencing the final result using the algo-
rithm of this method is recognition of forms of soil degradation
and proper choice of their properties. This method however
does not regard actual fertility and abundance of soil, which
does not enable comparison of obtained results with soil qual-
ity classification.

DULEWSKI J., WTOREK L. 2000. Problemy przywracania war-
tosci uzytkowych gruntom zdegradowanym dziatalnoscig gor-
nicza. Polskie Towarzystwo Inzynierii Ekologicznej. Materiaty
Konferencji Naukowej - Ochrona i rekultywacja gruntéw. Inzy-
nieria Ekologiczna nr 1.

KASZOWSKA O. 2007. Wplyw podziemnej eksploatacji gérniczej
na powierzchnie terenu. Problemy Ekologii, vol. 11, nr 1: 52-57.

KLATKA S. 2002. Indeks produktywnosci gleb zdegradowanych
w wyniku dziatalnosci KWK ,Szczygtowice”. Roczniki AR w Po-
znaniu. Serie. Melior. Inz. Srod. 23: 201-209.

KLATKA S., BORON K., BEBENEK A. 2004. Wplyw KWK ,Jani-
na” w Libigzu na gospodarke wodna gleb obszaru eksploata-
cyjnego. Materiaty Sesji Naukowej ,Zastosowanie odpadow
przemystowych i geosyntetykdbw w budownictwie ziemnym”,
AR Krakow: 259-264.

KLATKA S., RYCZEK M., BORON K. 2010. Krzywe charaktery-
styki wodnej gleb zdegradowanych przez przemyst wydobyw-
czy. Ochrona Srodowiska i Zasobdw Naturalnych nr 42. Instytut
Ochrony Srodowiska Warszawa: 130-136.



EVALUATION OF INFLUENCE OF THE MINE-ENERGETIC PLANT “JANINA” IN LIBIAZ ACTIVITY ON SOIL PRODUCTIVITY INDEX

KORELESKI K. 1979. Klasyfikacja i przeglad metod oceny srodo-
wiska naturalnego dla potrzeb roslin uprawnych. Zesz. Nauk.
AR w Krakowie. Seria Geodezja. Z. 6. Nr 155.

PN-R-0403. 1998. Gleby i utwory mineralne. Podziat na frakcje
i grupy granulometryczne. PKN. 1998. Warszawa.

PORTER K.N., CARTER F.S., DOLL E.C. 1988. Physical proper-
ties of constructed and uncostructed soils. Soil Sci. Soc. Am. J.
52: 1435-1438.

REITH, CHARLES C. 1982. Factors related to reclamation suc-
cess on gradem spoi land topdressed surface at two coal mine
in New Mexico. Symposium of Surface Mining. Universytet of
Kentacky, Lexington: 5-10.

SYSTEMATYKA GLEB POLSKI. 2011. Rocz. Glebozn. Wydanie
5. PTG. Warszawa. Tom LXII. Nr 3: 193.

WOLLENHAUP N.C., 1985. Soil-Water Characteristics of Con-
structed Mine Soils and Associated Undisturbed Soils in South-
western North Dakota. Ph.D. Dissertation, North Dakota State
University.

ZAWADZKI S. 1999. Gleboznawstwo. Panstwowe Wydawnictwo
Rolnicze i Le$ne Warszawa.

ZHENQI HU, R.D. CAUDLE & S.K. CHONG. 1992. Evalaution of
farmland reclamation effectivenss based on reclaimed mine soil
properties. International Journal of Surface Mining and Recla-
mation. USA: 129-134.

13



