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Abstract

Open-pit lignite mining requires drainage of the deposit. The depression cone, formed as a result 
of these activities, has a varied surface and depth, and these features are shaped primarily by the 
geological structure and by the thickness of the caprock layer. In some of the areas covered by the 
depression cone, soil productivity may deteriorate, and a related yield reduction may occur, provid-
ing the basis for the payment of applied compensations for the owners of such areas. The aim of the 
study was to assess the condition of selected soils in the vicinity of the planned excavation (Field B) 
of the Drzewce lignite open pit mine (central Poland). Six profi les were excavated in organic and 
mineral-organic soils. The locations of the test points were chosen to represent soils that meet the 
criteria of habitats prone to drainage degradation. The morphological structure of the studied soils 
and their analysed properties indicate that they have already been drained (probably due to the 
infl uence of climate and cultivation), but does not exclude the possible acceleration and enhance-
ment of this process by the commencement of mining activities. For most of the analysed features, 
a high correlation between their value and organic matter content was observed. Given that the 
possible commencement of opencast mining operations may signifi cantly accelerate and enhance 
the already initiated mursh-forming process, it is reasonable to conduct systematic research at the 
measuring points proposed in the study.
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1. Introduction

Open-pit lignite mining requires drainage of the deposit 
(Rząsa et al., 1999; Panilas et al., 2008). The depression cone, 
formed as a result of these activities, has a varied surface and 
depth, and these features are shaped primarily by the geological 
structure and by the thickness of the caprock layer (Rząsa et al., 
1999). The resulting hydrological transformations are often large-
scale, sometimes reaching an area of   several hundred square kil-
ometres (Panilas et al., 2008; Biemelt et al., 2011). In some of the 
areas covered by the depression cone, soil productivity may de-
teriorate, and a related yield reduction may occur, providing the 
basis for the payment of applied compensations for the owners 
of such areas. Often, it is necessary to change the land utilisation, 
for example, by renovation of the meadow sward, and in some 
cases by the elimination of grassland (Rząsa et al., 1999; Uzaro-
wicz et al., 2014). Rząsa et al. (1999) believe that the reduction 
in soil productivity occurs primarily in organic hydrogenic soils, 
and that mineral soils are much less prone. Several decades of 
field and laboratory experience of the Department of Soil Science 
and Land Protection of the University of Life Sciences in Poznań 
shows that the impact of the depression cone on the properties 

and potential productivity of the soils within its range is a com-
plex issue (Rząsa et al., 1999). Its assessment requires detailed, 
interdisciplinary expert opinions to evaluate the geobotanical 
state of the areas at risk of drainage (Mocek et al., 2004). A very 
important part of them are cyclical (usually monthly) measure-
ments of the level of soil groundwater level, and on this basis, the 
determination of soil water regime type and systematic phytoso-
ciological assessment of the habitats covered by the research. 
The above-mentioned parameters provide key information that 
is used to infer the impact of the excavation operation on the sur-
rounding areas. Such tests should be carried out in stages: before 
the launch of the drainage barrier, during the exploitation of the 
deposit, as well as after backfilling of the pit, so that it is pos-
sible to reliably assess the impact of the pit on the properties of 
adjacent soils and their potential productivity (Owczarzak et al., 
2008). The aim of the study was to assess the condition of select-
ed soils in the vicinity of the planned excavation (Field B) of the 
Drzewce lignite open pit mine, PAK KWB Konin (central Poland).

The results presented in the paper are part of an interdisci-
plinary scientific study. Over a dozen or so years, they will help 
to assess whether and to what extent Field B of the Drzewce 
open pit will affect the properties of the neighbouring soils.
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2. Materials and methods

Field research was carried out during the 2017 growing sea-
son before the implementation of a drainage barrier around the 
pit. Based on soil-agricultural maps (scale: 1:5000) and soil drill-
ings, several research points were selected in which soil profiles 
were made. Among them, six most characteristic locations were 
selected with distinctive soil genesis and land use type. The re-
search points were selected to represent hydrogenic habitats 
that may be subject to mine drainage degradation (Rząsa et al., 
1999). The soil profiles were located in two communes in the 
Konin County: Sompolno (profiles 1, 2, 3, 4 and 5) and Rychwał 
(profile 6; Fig. 1). At these locations, the soil-ground water level 
is systematically checked, and on the basis of these data, soil wa-

ter regimes types were determined in the analysed soils. During 
field studies, taxonomic and soil suitability classifications of the 
analysed soils were carried out.

Disturbed and intact samples (V = 100 cm3) were collected 
from the individual genetic soil horizons. The collected material 
was used to analyse the following soil properties: texture of the 
mineral horizons, using Cassagrande method in the modifica-
tion by Prószyński (Mocek and Drzymała, 2010); particle den-
sity (PD) in the mineral horizons using the pycnometer meth-
od (Blake and Hartge,1986), and with the Zawadzki formula 
(Okruszko, 1971) in the organic and mineral-organic horizons; 
bulk density (BD), using metal cylinders of known volume (100 
cm3 volume); total porosity (TP) was calculated on the basis of 
the determinations of particle density and bulk density (Mocek 

Fig. 1. Location of examined points
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and Drzymała, 2010); drainage porosity (DP) was determined as 
the difference between total porosity and the moisture content 
that corresponds to field capacity (indicated at –10 kPa poten-
tial), which is a corresponding value at pF = 2.0; organic matter 
content (OMC), by placing samples in a muffle furnace at 550°C 
(Grimshaw et al., 1989); maximum hygroscopicity (MH – mois-
ture content at pF 4.5) was determined in a vacuum chamber 
at 0.8 atm. with a potassium sulphate (K2SO4) saturated solution 
(Mocek and Drzymała, 2010); soil water potential using the Ri-
chards pressure chamber method (Klute, 1986); total available 
water (TAW) and readily available water (RAW) were calculated 
on the basis of pF determinations (Mocek and Drzymała, 2010) 
and saturated hydraulic conductivity (Ks) with determined by 
the constant pressure drop method (Klute and Dirksen, 1986). 

A total of 115 intact samples (five from each genetic soil 
horizon) and 23 disturbed samples were collected. All results 
presented here are the mean value of five replications. Morpho-
logical structure and taxonomic classification were described in 
accordance with the Systematics of Polish Soils (SgP, 2019) and 
FAO-WRB (IUSS Working Group WRB, 2015). The Spearman rank 
correlation coefficients were calculated between OMC and se-
lected soil properties, using a 0.05 significance level. 

3. Results and discussion

Among the studied habitats, profiles 1, 3 and 4 represented 
the sapric murshic soils subtype (Murshic Sapric Histosols), pro-
file 5 represented murshic peat soils (Murshic Histosols), and 
profiles 2 and 6 were typical semimurshic soils (Mollic Gleys-
ols Arenic) (IUSS Working Group WRB, 2015; SgP, 2019). The 
epipedons of all the examined soils exhibited features of the 
mursh-forming process; they were composed of mursh in the 
profiles of the sapric murshic soils and murshic peat soils, and 
were composed of semi-murshic deposits in the soils of the semi-
murshic soils. The epipedons of soil profiles 1, 3, 4 and 5 were 
characterised by a strong granular structure, and the epipedons 
in soil profiles 2 and 6 were characterised by a moderate granu-
lar structure. In the case of organic soils, strongly decomposed 
peats (sapric) with an amorphous structure were deposited un-
der the epipedons. The mineral substrate, most often sand (Soil 
Survey Division Staff, 1993; PTG, 2009), lay at a depth of 82–135 
cm; characterised by a single grained structure (Jahn et al., 2006, 
Table 1). At the time of field research the scope of the Field A de-
pression cone did not cover investigated area (Owczarzak et al., 
2018). The presence of murshed epipedons indicates that the an-

Table 1 
Selected physical properties of examined soils 

Soil
profi le

Soil
horizon

Depth

[cm]

Organic matter
content
[%]

Particle
density
[Mg m–3]

Bulk
density
[Mg m–3]

Total
porosity
[% v/v]

Texture class acc. to:

PTG 2008 USDA

1 M 0–32 50.7 1.99 0.45 77.4 n.d. n.d.

Oa1 32–71 84.2 1.62 0.39 75.9 n.d. n.d.

Oa2 71–130 85.5 1.61 0.31 80.8 n.d. n.d.

Cgg 130–200 n.d. 2.65 1.65 37.7 pl S

2 Au 0–31 15.6 2.38 0.92 61.3 n.d n.d.

AC 31–46 2.10 2.53 1.57 37.9 n.d. n.d.

C1 46–67 n.d. 2.65 1.61 39.3 pl S

Cgg2 67–150 n.d. 2.66 1.65 38.0 pl S

3 M 0– 33 31.8 2.20 0.48 78.2 n.d. n.d.

Oa 33–135 22.8 2.30 0.81 64.8 n.d. n.d.

Cgg 135–200 n.d. 2.65 1.61 39.3 pl S

4 M 0– 32 25.4 2.27 0.62 72.7 n.d. n.d.

Oa1 32–57 82.0 1.65 0.27 83.6 n.d. n.d.

Oa2 57–105 85.6 1.61 0.22 86.3 n.d. n.d.

Cgg 105–152 n.d. 2.65 1.54 41.9 pl S

5 M 0–27 36.5 2.15 0.49 77.2 n.d. n.d.

Oa1 27–64 75.6 1.72 0.38 77.9 n.d. n.d.

Oa2 64–82 71.4 1.77 0.32 81.9 n.d. n.d.

Cgg 82–150 n.d. 2.65 1.57 40.8 pl S

6 Au 0–43 13.8 2.40 1.17 51.3 n.d. n.d.

C1 43–58 n.d. 2.64 1.54 41.7 pl S

Cgg2 58–74 n.d. 2.65 1.68 36.6 pyi SiC

Cgg3 74–102 n.d. 2.65 1.72 35.1 pl S

Explanation: n.d. – not determined; pl – piasek luźny; pyi – pył ilasty; S – sand; SiC – silty clay
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alysed area was not subject (at the time of the field survey) to an-
thropopressure from mining operations; an important premise 
that indicates that the drainage process in the analysed habitats 
was initiated by other unfavourable changes in the water bal-
ance. During the field work, the soil-ground water level was also 
determined. At the analysed points, these measurements were 
carried out systematically over a period of 12 months, so that it 
was possible to determine the soil water regime types present 
there. According to the division proposed by Rząsa et al. (1999), 
the soil-ground water at the site was at levels that permitted the 
classification of the studied soils into the following types of soil 
water regime: profiles 1, 2, 3, 4 and 6 as an alternate water re-
gime, and profile 5 as a groundwater regime. According to the 
guidelines presented in Rząsa et al. (1999), these areas may be 
subject to drainage degradation, and if included in the depres-
sion cone range (lowering the soil-ground water level), it could 
potentially accelerate and intensify the already initiated de-
composition of organic matter. Previous research around   other 
lignite pits have shown that only changes of a few dozen centi-
metres or more in the soil-ground water level suggest that they 
are caused by the activities of the excavation. Smaller fluctua-
tions most often result from seasonal changes that result from 
climatic conditions, e.g. precipitation, temperature, evaporation 
(Owczarzak et al., 2017). Therefore, if there is a rapid decrease in 
the soil-ground water level after the implementation of the mine 
drainage barrier, this will indicate that the mine is the cause of 
this change (see Rząsa et al., 1999). During the research period, 
all the analysed habitats were used as grassland. Their suitabil-
ity classification and complexes of agricultural suitability were 
as follows: profiles 1, 3 and 4 were assessed to be soil quality 
class IV and agricultural suitability complex 2z, and profiles 2 
and 5 were assessed to be soil quality class V and agricultural 
suitability complex 3z. 

Organic matter in hydrogenic soils plays a key role in shap-
ing their physical, water and chemical properties. At the same 
time, its quality and balance in the soil are dictated by environ-
mental conditions and anthropogenic activity, e.g. agriculture, 
open-pit mining of various raw materials (Kalisz et al., 2010; 
Turbiak and Miatkowski, 2016; Glina et al., 2019; Wiesmeier et 
al., 2019). Glina et al. (2019) reported a significant loss of organic 
matter caused by the activity of a lignite open pit mine, and also 
reported changes in soil morphology in the form of a decrease 
in the thickness of the organic horizon. Similarly, Turbiak and 
Miatkowski (2016) associated the rate of decrease in OMC with 
the dehydration of hydrological habitats, and found more than 
a twofold increase in the rate of mineralization due to the deep 
drainage of the areas covered by the depression cone of the 

“Bełchatów” lignite coal mine. Moreover, when determining the 
loss of organic matter, long-term and multiple measurements 
of its content and the thickness of the organic layer should be 
made (Turbiak and Miatkowski, 2016). The above-described or-
ganic matter transformations are of interest to environmental 
research, as they may contribute to the intensification of climate 
change (Lorenz et al., 2019). 

The content of organic matter in the epipedons of the stud-
ied soils ranged from 13.8% to 50.7% (profiles 6 and 1; Table 1). 
In peats it ranged from 22.8% to 85.6% (Oa, profile 3; Oa2, pro-
file 4). A clear horizontal differentiation in OMC between epi- 
and endopedons was the result of the mursh-forming process 
that is taking place in the upper horizons of the studied soils, 
the key part of which is the loss of organic matter. Similar OMC 
levels and comparable differentiation between the epi- and en-
dopedons of the organic forms were found by Liu et al. (2016), 
while Reeding and Devito (2006) found significantly higher val-
ues   in organic soils. Statistical analysis revealed the clear influ-
ence of OMC on most of the tested parameters. The strongest cor-
relations are presented in Table 2. All the presented correlation 
coefficients were statistically significant.

Particle density (PD) in organic soils is shaped by OMC (Il-
nicki, 2002). Those parameters are related because PD was cal-
culated basing on the OMC using linear regression. This connec-
tion also applies in part to TP, because when calculating it the 
authors used particulate density and also DP (drainage poros-
ity). In the epipedons of the analysed soils, this property ranged 
from 1.99 to 2.40 Mg m–3 (profiles 1 and 6; Table 1). In the peats 
underlying the surface mursh horizons, PD was usually lower: 
from 1.61 (Oa2, profile 1; Oa2, profile 4) to 2.30 Mg m–3 (Oa, pro-
file 3), which allowed to classify them as muddy depositions 
(Okruszko, 1981). Similar values were found by Alberski et al. 
(2012), although significantly lower values (1.43–1.58 Mg m–3) 
were found in the peats by Redding and Devito (2006). The com-
ponents analysed by the aforementioned researchers were char-
acterised by a very high (approx. 90%) OMC. The variability of 
PD in hydrogenic soils was also analysed by Sammel et al. (2008), 
who noted that, as the degree of decomposition increased, the 
observed PD levels increased. Similar relationships in organic 
soils were also observed by Glina et al. (2013), who reported 
a large PD differentiation in their soils, linking it with the silting 
degree of individual soil horizons and with OMC within them. 
A similar finding was made by Oleszczuk et al. (2009). Some au-
thors, such as Kechavarzi et al. (2010) and Redding and Devito 
(2006) have reported that PD in the peats studied by them, in-
creased in conjunction with decomposition rates. Some authors 
(e.g. Rühlmann et al., 2006) have pointed out that the influence 

Table 2
Spearman rank correlation coefficients among selected soil characteristics and organic matter content

Spearman 
coffi  cient

BD FC RF WP MH RAW TAW Ks

–0.96 0.84 0.86 0.50 0.72 0.41 0.82 –0.54

Explanation: all of the presented values were signifi cant at 0.05 level
BD – bulk density; FC – fi eld capacity (pF 2.0); RF – refi ll point (pF 3.7); WP – wilting point (pF 4.2); 
MH – maximum hygroscopicity (pF 4.5); RAW – readily available water (FC – RF); TAW – total available water (FC-WP); 
Ks – saturated hydraulic conductivity
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of organic matter on PD occurs on two levels: as a direct “mass 
effect” (OMC in the soil), and as the impact of the quality of the 
organic matter (difference in PD of the individual organic com-
ponents).

In the context of drainage degradation of soils developed 
from hydrogenic rocks, BD and TP are important properties. 
Typically, both features change adversely with progressive 
drainage, thus indicating the degree of transformation (e.g. Iln-
icki, 2002), which is also confirmed by other authors who have 
investigated mining anthropogenic pressures (Glina et al., 2016), 
and agricultural pressures (Kalisz et al., 2015). Work by Glina et 
al. (2019) drew attention to the often overlooked, and difficult to 
unambiguously assess, impact of natural climate change, e.g. re-
duced precipitation inputs across years. Therefore, the variabil-
ity of these features is a very complex, multidimensional issue, 
and thus is difficult to assess reliably and unambiguously.

In the epipedons, BD in the investigated soils ranged from 
0.45 Mg m–3 (profile 1) to 1.17 Mg m–3 (profile 6; Table 1). In the 
organic endopedons, this feature ranged from 0.22 Mg m–3 to 
0.81 Mg m–3 in the Oa2 (profile 4) and Oa (profile 3) horizons 
respectively. In the mineral horizons, which constituted the sub-
soil of the analysed soils, the distribution of BD values in the soil 
was narrow and ranged from 1.54 to 1.72 Mg m–3, and these val-
ues were typical of formations with a similar origin and texture 
(Rząsa et al., 1999). The increase in BD in drained hydrogenic 
habitats has been noted, among others, by Holden et al. (2011), 
who found a slight (statistically insignificant) increase in the BD 
values of peats horizons (sampled at a depth of 40 cm) in drained 
hydrogenic habitats. However, a similar, but statistically signifi-
cant, direction of change was observed in the upper horizons. 
Kellner and Halldin (2002) also observed cyclical changes in BD 
in response to the fluctuating height of the soil-ground water 
level. The authors called these processes “mire breathing” and 
reported that a 5-fold increase in BD in endopedons can occur. 
Kennedy and Price (2005) also reported on the seasonal changes 
in BD of hydrogenic deposits and pointed out the danger of losing 
the self-regulating ability by peatlands as a result of long-term 
drainage. This has been confirmed by Lipka et al. (2017), who 
emphasised that the increase in peat density occurs simultane-
ously with the loss of peat mass, which in turn leads to the dis-
appearance of these habitats. Sammel et al. (2008) emphasised 
the strong relationship between OMC and BD in post-murshic 
horizons, where the lowest BD values were observed in the ho-
rizons with the highest OMC. The performed statistical analysis 
showed a very high and negative correlation between OMC and 
BD (Table 2). Similar relationships were noted by Bruland et al. 
(2004) and Ajibola et. al (2018). 

The evaluation of the drainage effect of opencast mining on 
the physical properties of soils requires TP analyses. This feature 
largely determines the susceptibility of soils to drainage, and its 
variability usually accompanies the processes of drainage deg-
radation. Such conclusions have been reached, among others, by 
Kechavarzi et al. (2010), who reported unfavourable changes in 
the structure of anthropogenically drained peats, which resulted 
in a decrease in their moisture retention capacity. This finding 
is supported by Schwärzel et al. (2002) who reported that the 
progressive decomposition of organic matter leads to a decrease 

in TP and an increase in BD. Both changes are most often as-
sociated with a simultaneous decrease in the content of organic 
matter, loss of its thickness, which in some cases can occur over 
a short time period – serval dozen years (Rząsa et al., 1999). Ber-
glund (2008) has suggested that a 1-m layer of peat may disap-
pear 50 years after dehydration, while smaller (usually several 
centimetres) loss of thickness in the organic layers were found 
by Glina et al. (2019) over a 10-year period. The latter study ana-
lysed the loss of organic carbon stock in soils subjected to (a) 
agricultural anthropopressure, and (b) anthropopressure result-
ing from the activity of lignite exposure. Berglund and Berglund 
(2011) analysed the properties of two peatlands that had been 
drained for decades and noted that the decomposition of organ-
ic matter was clearly visible in both habitats, especially in the 
upper horizons, as was an increase in BD and a decrease in TP 
(by up to 20%) in comparison to the peat lying beneath them.

In the murshed epipedons, TP ranged from 51.3% v/v (pro-
file 6) to 78.2% v/v. (profile 3), and from 64.8% v/v (Oa, profile 3) 
to 86.3% v/v. (Oa2, profile 4) in the endopedons composed of 
peat horizons. In the mineral substrate, TP ranged from 35.1 to 
41.9% v/v. (Table 1). Comparable results in soils of similar ori-
gin and OMC were obtained by Alberski et al. (2012). Higher TP 
values were reported for peat horizons by Carey et al. (2007), 
while Pawluczyk and Alberski (2011) reported the unfavourable 
effects of the mursh-forming process and organic matter miner-
alization on BD and TP values in organic soils. 

When discussing the physical properties of soils developed 
from hydrogenic deposits, and particularly in the context of the 
drainage degradation of these formations, it is advisable to per-
form analyses of drainage porosity (DP) and water permeability 
of the soil, in addition to TP determinations. The relationship 
between DP and saturated hydraulic conductivity (Ks) and at the 
same time the possibilities of drainage has been noted (e.g. Spy-
chalski et al., 2007; Carey et al., 2007; Zhang and Schaap, 2019). 
Hoag and Price (1997) reported the existence of pores that can 
actively transmit water via “active” pores, and “inactive” pores 
in the soil that can trap a significant amount of water (e.g. plant 
cell remains). In the analysed soils, differences in DP between the 
upper horizons and the peat lying beneath them are clearly vis-
ible (Table 3). In the murshed epipedons, DP values ranged from 
11.8 (profile 5) to 38.2% v/v. (profile 6). In peats horizons, it was 
usually lower, from 6.6 (Oa1, profile 1) to 19.1% v/v. (Oa2, profile 
5). The presented results indicate an increase in DP values as 
a result of the mursh-forming process, which has also been re-
ported by Kamiński (2007) and Wallor et al. (2018), for example. 
Schindler et al. (2003), claim that the progressive mineralization 
of organic matter causes a decrease in the macropore content. 
Interesting observations are presented by Liu et al. (2016), who 
suggest that an important parameter describing PD (apart from 
its size) is the distribution of the shapes of the individual pores. 
The same authors suggest that the proportion of macropores de-
creases, and the continuity between them disappears along with 
the progressive degradation of organic matter. Some of the stud-
ies cited above, and the results from the study reported here, 
lead to contradictory conclusions. This confirms the complicated 
nature of hydrogenic deposits, and the advisability of further re-
search on the relationships discussed above.
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As described above, Ks is an important feature in a group of 
soil properties that shape the susceptibility of the soils to drain-
age (Kennedy and Price, 2005; Liu et al., 2016). The abovemen-
tioned authors also notice the variability in water permeability 
of soils, which appear along with progressive drainage. Water 
permeability in hydrogenic sites can take very different values 
(e.g. Gnatowski et al., 2010). In the literature, one can find re-
ports on the influence on Ks of properties, such as: peat decom-
position degree (Klove, 2000), DP (Quinton et al., 2008), and BD 
(Boelter, 1969) in organic deposits. Kopp et al. (2013) have sug-
gested that the aforementioned properties have a stronger im-
pact on water permeability in natural habitats, although these 
relationships are less clearly defined in drained habitats. This 
opinion is indirectly confirmed by Wallage and Holden (2011) 
and Holden et al. (2006). In the former study, the authors state 
that drainage of the peatland caused a decrease in the propor-
tion of macropores, while in the latter study, an increase was 
observed. In the tested soils, Ks ranged from medium-high to 
high (Mocek and Drzymała, 2010). In the epipedons, it ranged 
from 5.5 to 31.5 μm s–1 (profiles 3 and 6). In peats horizons, it 
was usually lower and ranged from 4.5 to 8.9 μm s–1 (Oa1, profile 
1; Oa2, profile 5; Table 3). The observed results are within the 

ranges given by the authors mentioned above. Water perme-
ability of the mineral substrate was also high. Peat water per-
meability has been discussed by Rezanezhad et al. (2016), who 
showed that permeability decreased with depth. The authors 
suggested that this trend resulted from the changes that occur 
in drainage porosity of dehydrated peat. They cite studies that 
show that the upper horizons of hydrogenic habitats are char-
acterised by a pore size structure different to the deeper hori-
zons (Rezanezhad et al., 2010). According to these reports, the 
upper horizons are dominated by large, interconnected spaces 
that facilitate the flow of water, a phenomenon also noted by 
Baird and Waldron (2003). The influence of DP on water perme-
ability was high; Spearman’s correlation coefficient was positive 
and amounted to 0.88. The effect of OMC on permeability was 
less pronounced, Spearman’s correlation coefficient was nega-
tive and amounted to – 0.54 (Table 2). The performed statistical 
analysis showed that the mineralization of organic matter in the 
studied soils resulted in an increase in permeability, which is 
in agreement with the findings of Zeitz and Velty (2002) but in 
contrast with the work of Zongping et al. (2016).

An important property of hydrogenic habitats (in addition 
to water permeability) that has a key impact on their functioning 

Table 3
Saturated hydraulic conductivity of examined soils

Soil 
profi le

Soil 
horizon

Depth

[cm]

Drainage 
porosity
[% v/v]

Ks

[μm s–1]

Classes 
of Ks

1 M 0–32 19.3 9.2 mh

Oa1 32–71 6.60 4.5 mh

Oa2 71–130 18.4 5.8 mh

Cgg 130–200 30.3 52.3 h

2 Au 0–31 21.1 16.2 h

AC 31–46 21.4 15.1 h

C1 46–67 30.9 51.3 h

Cgg2 67–150 30.5 44.6 h

3 M 0– 33 13.8 5.5 mh

Oa 33–135 9.40 4.9 mh

Cgg 135–200 32.4 55.7 h

4 M 0– 32 21.8 15.8 h

Oa1 32–57 10.0 6.3 mh

Oa2 57–105 10.7 6.8 mh

Cgg 105–152 34.4 43.8 h

5 M 0–27 11.8 6.4 mh

Oa1 27–64 8.30 7.8 mh

Oa2 64–82 19.1 8.9 mh

Cgg 82–150 33.7 52.4 h

6 Au 0–43 38.2 31.5 h

C1 43–58 32.4 41.7 h

Cgg2 58–74 13.9 5.30 mh

Cgg3 74–102 26.7 30.6 h

Explanation: mh – moderately high; h – high
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and on conditions for plant growth and development is the re-
tention capacity of the soils (Michel, 2010). Maximum water ca-
pacity (MWC) was usually 1–3% lower than TP (Table 4). Similar 
observations have been made by Gajewski et al. (2011). Moisture 
at field capacity (FC; pF 2.0) was high and ranged from 13.1 to 
65.4% v/v. in the epipedons (respectively: profiles 6 and 5), and 
was higher in the peat horizons, where it ranged from 55.4 (Oa, 
profile 3) to 75.6% v/v. (Oa2, profile 4; Table 4). Slightly higher 
moisture content at this potential has been reported for the peat 
horizons by Berglund and Berglund (2011). Spearman’s correla-
tion coefficient between OMC and FC was positive and amounted 
to 0.84 (Table 2). High moisture content at the refill point (pF 3.7) 
was an unfavourable feature of the studied soils from an agri-
cultural point of view (Table 4). In the upper horizons, it ranged 
from 7.2 (profile 6) to 46.3% v/v. (profile 3). In the peat horizons 
it was usually higher: from 35.9 to 53.4%   v/v. (Oa, profile 3; Oa2, 
profile 4). Berglund and Berglund (2011) observed higher mois-
ture content at this potential. Humidity at the wilting point (WP 
– pF 4.2) was also very high, and was most often lower in the 
upper horizons: 3.4 –19.4% v/v. (respectively: profiles 6 and 1; 
Table 4) than in the peats underlying them: from 16.1 to 26.1% 
v/v. (Oa2, profile 5; Oa2, profile 4). Higher values   are provided 

by Berglund and Berglund (2011), as well as by Gnatowski et al. 
(2010), who noted the significant differences in the level of this 
trait between peats of different botanical composition. In their 
research, moisture content at WP ranged from 17 to 50% v. Some 
studies have demonstrated the very high maximum hygroscopic 
moisture content of peat (Zając et al., 2018). In the cited stud-
ies, MH reached a level of almost 30% v. In the tested soils, the 
humidity was lower, and was in the following range: 1.9–7.9% 
v/v. in the epipedons and 10.4–19.6% v/v. in the peat horizons 
(Table 4). The content of strongly bound water (moisture con-
tent at RF, WP and MH) was positively correlated with OMC (Ta-
ble 2). Similar relationships were noted by Monates-Pulido et al. 
(2017).

Based on the humidity values described above, RAW and 
TAW values were calculated. In the tested epipedons, the low-
est RAW value (5.9% v/v.) was observed in the horizon with the 
lowest OMC (profile 6; Tables 1 and 4). On the other hand, the 
highest RAW value (22.5% v/v.) was found in the upper horizon 
of profile 1, where OMC was greatest. In the peat horizons, RAW 
ranged from 17.5% v/v. to 22.9% v/v. (Oa2, profile 5; Oa1, pro-
file 4; Table 4). Water retention capacities of organic soils were 
also investigated by Oleszczuk et al. (2018). The research results 

Table 4 
Soil water potentials of examined soils 

Soil
profi le

Soil
horizon

Depth
[cm]

Moisture at pF [% v/v] RAW
[% v/v]

TAW
[% v/v]

0.0 2.0 3.7 4.2 4.5

1 M 0–32 75.2 58.1 35.6 19.4 7.9 22.5 38.7

Oa1 32–71 78.4 69.3 50.2 18.9 13.1 19.1 50.4

Oa2 71–130 73.1 62.4 44.8 18.6 14.3 17.6 43.8

Cgg 130–200 35.9 7.4 2.1 1.3 0.5 5.3 6.1

2 Au 0–31 60.2 40.2 20.1 5.4 2.8 20.1 34.8

AC 31–46 35.4 16.5 9.7 3.4 1.1 6.8 13.1

C1 46–67 38.2 8.4 2.3 1.1 0.4 6.1 7.3

Cgg2 67–150 36.9 7.5 2.4 0.8 0.3 5.1 6.7

3 M 0– 33 75.8 64.4 46.3 16.5 4.1 18.1 47.9

Oa 33–135 68.3 55.4 35.9 24.7 10.4 19.5 30.7

Cgg 135–200 37.8 6.9 2.5 1.1 0.6 4.4 5.8

4 M 0– 32 71.2 50.9 32.4 13.5 7.4 18.5 37.4

Oa1 32–57 81.5 73.6 50.7 25.3 16.2 22.9 48.3

Oa2 57–105 84.2 75.6 53.4 26.1 19.6 22.2 49.5

Cgg 105–152 40.3 7.5 2.4 1.3 0.4 5.1 6.2

5 M 0–27 75.6 65.4 43.7 18.6 6.5 21.7 46.8

Oa1 27–64 78.3 69.6 49.7 19.6 11.5 19.9 50.0

Oa2 64–82 75.4 62.8 45.3 16.1 10.7 17.5 46.7

Cgg 82–150 37.1 7.1 2.2 1.3 0.5 4.9 5.8

6 Au 0–43 49.8 13.1 7.2 3.4 1.9 5.9 9.7

C1 43–58 40.3 9.3 6.2 2.7 0.9 3.1 6.6

Cgg2 58–74 35.2 22.7 13.2 8.4 3.5 9.5 14.3

Cgg3 74–102 33.8 8.4 5.1 2.9 1.8 3.3 5.5

Explanation: RAW – readily available water; TAW – total available water
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cited by them concern the drained sites to a different extent. On 
their basis, they concluded that the progressive process of moor-
shing and mineralization of organic matter leads to deteriora-
tion of the water retention capacities of organic soils. Similar 
observations arise from the analysis of the results obtained in 
the study. Statistical analysis showed a moderate and positive 
Spearman correlation between OMC and RAW (Table 2). Here, 
TAW was very high, in some levels more than double the RAW 
values (Table 4). As in the case of RAW, a positive correlation was 
found between OMC and TAW (Table 2). Monates-Pulido et al. 
(2017) reached similar conclusions, while Gnatowski et al. (2010) 
also drew attention to the high, but also variable levels of TAW 
in peats.

4. Conclusions

The epipedons of all the soils examined in this study exhib-
ited features of the mursh-forming process, which morphologi-
cally revealed in the form of a strong granular structure. They 
were deposited directly on highly decomposed peat or on min-
eral horizons – usually sands with a single grained structure. 
While such a morphological structure indicates that the studied 
soils have already been drained, it does not exclude the possible 
acceleration and deepening of this process by the commence-
ment of mining activities. This claim is supported by the types 
of soil water regimes present in the area during the field study 
period. The murshic and post-murshic formations were usually 
characterised by greater PD and BD values, and by lower TP 
values compared to the underlying peat horizons. In compari-
son to the parent rock material, they were also characterised by 
greater DP, greater water permeability and had a lower water 
content available to plants. Such a relationship suggests that the 
progressive mineralisation of organic matter may significantly 
affect the agricultural properties of soils, which is critical from 
an agricultural point of view, and may reduce the productivity of 
these lands. Given that the possible commencement of opencast 
mining operations may accelerate and deepen these changes, it 
is reasonable to conduct systematic tests at the measuring points 
designated in the study. 
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Streszczenie

Odkrywkowa eksploatacja węgla brunatnego wiąże się z koniecznością odwodnienia złoża. Po-
wstający w rezultacie tych działań lej depresji ma zróżnicowaną powierzchnię i głębokość, a cechy 
te kształtowane są przede wszystkim przez budowę geologiczną i miąższość nadkładu. Powstające 
przekształcenia hydrologiczne często są wielkoobszarowe, osiągając niekiedy powierzchnię rzędu 
kilkuset kilometrów kwadratowych. Na części obszarów objętych zasięgiem leja depresji, może na-
stąpić degradacja produktywności gleb i związana z nią obniżka plonów, dając podstawę do wypła-
ty stosowanych odszkodowań dla właścicieli takich terenów. Często konieczną staje się zmiana spo-
sobu użytkowania gruntu – renowacja runi łąkowej, a niekiedy nawet likwidacja użytku zielonego. 
Celem pracy była ocena stanu wybranych gleb w sąsiedztwie planowanego wyrobiska (Pola B) od-
krywki węgla brunatnego Drzewce (środkowa Polska). Wykonano 6 profi li w glebach organicznych 
i mineralno-organicznych. Lokalizację punktów badawczych dobrano, tak aby reprezentowały one 
gleby, które spełniają kryteria siedlisk narażonych na degradację odwodnieniową. Budowa mor-
fologiczna badanych gleb, jak również poziomy analizowanych właściwości wskazują, że zostały 
one już odwodnione (wskutek oddziaływania czynników klimatycznych i uprawowych), co jednak 
nie wyklucza przyspieszenia i pogłębienia tego procesu przez ewentualne rozpoczęcie działalności 
wydobywczej. W przypadku większości analizowanych cech zauważono wysoką korelację ich war-
tości z zawartością materii organicznej. Zważywszy na to, że, ewentualne rozpoczęcie działalności 
odkrywki, może wydatnie przyspieszyć i pogłębić zainicjowane już murszenie, zasadnym jest pro-
wadzenie systematycznych badań w zaproponowanych w pracy punktach pomiarowych.

Słowa kluczowe

Lej depresji
Degradacja odwodnieniowa
Glebowa materia organiczna
Wyrobisko kopalniane

Wybrane właściwości gleb znajdujących się w zasięgu leja depresji planowanego 
wyrobiska odkrywki Drzewce (środkowa Polska)
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