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INTRODUCTION

Dynamically developing lignite mining leads to
numerous significant changes in the hydrography of
the terrain. This is true for both the terrain where
mining ground works are conducted as well as for
the neighbouring areas. Such changes are the result
of the draining influence of the so-called dehydration
barrier which is set up in order to drain deep tertiary
deposits among which a lignite is settled (Mocek et
al. 2000a, 2000b). Dehydrating degradation of soil
productivity caused by the opencast mining proceeds
mainly in hydrogenic soils, where a shallow mirror
of soil-ground water was the crucial soil forming factor
(Rz¹sa et al. 1999). Such process happens to occur,
however, also in mineral soils located in the vicinity
of the opencast mine. The basis of dehydrating pro-
cesses is the presence of so called free water which
leaches out and is not constantly bound with soil solid
phase. The leaching of these waters, which are usually
not productive ones and very often cause a seasonally
harmful excess of moisturization in the arable grounds,
may also be a positive phenomenon which ameliorates
the excessively moisturized farmlands (Rz¹sa et al.
1999). When conducting the assessment of the influence
of a dehydration barrier of deep mining excavations

and any other excavations, it is especially important
to recognize the primary physical properties of the
soils (before the start of opencast mine activity – the
1st stage of the research) and the assessment of changes
which proceed in them, both during the operation and
when the opencast works are done (monitoring) (the
2nd stage of the research) (Kaczmarek et al. 2000, Mo-
cek et al. 2000a). The knowledge about basic physical
and water properties of soil allows for the assessment
of its original productive properties. Among all, on
such a basis it is possible to forecast the vulnerability
of each soil (allotment) to dehydration. The paper
presents the results of the research which were
a representative element of the 1st stage of the research
conducted in the vicinity of the proposed “Drzewce”
opencast lignite mine.

MATERIALS AND METHODOLOGY

The object of the research was located in the
eastern part of Wielkopolskie voivoidship (middle
Poland) and included the territory of four villages:
Konstantynów, Budzis³aw, Budki Stare and Witowo
(province of Kramsk) of total area of 1200 ha
(Kondracki 2009). These grounds were located in the
direct neighbourhood of the proposed excavation of
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the “Drzewce” opencast within a bottom-moraine pla-
in of the last glacial period. They were most often cove-
red with mucky soils, organic mucky soils, black ear-
ths, arenosols, and rusty soils (PSC 2011), which can
be classified as Umbric Gleysol, Sapric Histosol, Gley-
ic Phaeozem, Haplic Arenosol, Brunic Arenosol accor-
ding to WRB (IUSS Working Group WRB, 2015).
Parent rocks were mainly: moraine loams (sandy lo-
ams in near-surface horizons), and fluvioglacial sands.
The investigated soils remained arable lands and repre-
sented wide scopes of land classification (from III to
VI) and complexes of arable soils (from 2z to 7). Six
excavations were completed in the representative po-
ints of large allotments. Their morphology and syste-
matics were described according to PSC (2011), and
their classes and complexes of arable soils were mar-
ked (Mocek and Drzyma³a 2010). The soils studied
represented mucky soils – Umbric Gleysol (profile 1
and 2), arenosol – Haplic Arenosol (profile 3), organic
mucky soil – Sapric Histosol (profile 4), typical black
earth – Gleyic Phaeozem (profile 5), and typical rusty
soil – Brunic Arenosol (profile 6).

Samples of disturbed and undisturbed structure
(V=100 cm3) were collected from each genetic horizon
and submitted to laboratory research. In the samples
the following properties were studied: texture – with
the aerometric-sieve method (PKN 1998), particle
density – with the pictonometric method (Soil Con-
servation Service 1992), whereas in mineral-organic
and organic horizons – with Okruszko’s pattern
(Okruszko 1971), soils bulk density – with Nitzsh’s
vessels of 100 cm3 capacity, total porosity – calculated
on the basis of density, moisture – with the dryer-
gravimetric method, maximal hygroscopic capacity
– in a vacuum chamber at the vacuum of 0,8 atm and
with K2SO4 saturated solution (Mocek and Drzyma-
³a 2010), the content of organic matter – on the basis
of calcination loss, saturated hydraulic conductivity
– with the method of constant pressure drop (Klute
and Dirksen 1986), water bonding potential – with
Richard’s method of pressure chambers (Klute 1986),
total (TAW) and readily (RAV) available water –
calculated on the basis of pF markings, effective
(drainage) porosity (the sum of soil macro-
and mesopores, called drainage porosity throughout
the text) was defined as a difference between total
porosity and moisture corresponding with field water
capacity (marked at the potential –10 kPa, which
corresponds with the value at pF=2.0) and partial
capacity of pores of >30 µm diameter. The correlation
coefficient was calculated in Microsoft Excel. All the
published results are average values from five repli-
cations.

RESULTS AND DISCUSSION

Texture of the investigated soils was sandy. Within
A horizons, the coarsest texture was found in soil 2
(the content of sandy fraction was almost 94%), and
the heaviest – soil 4 (with the content of sandy fraction
of 78%).Textures from sand (S) through loamy sand
(LS) to loam (L) were found (FAO 2006) (Table 1).
Texture of epipedones was determined by the origin
of parent rocks. Texture was not determined in mineral-
organic and organic horizons.

Apart from texture, a very important feature which
determinates physical and water properties, is the
amount and quality of organic matter. In epipedones
it oscillates between 0.95 and 41.12%. It was also
very high – of 79.25% – in the peat horizon, in profile 4
(Table 2).

Particle density oscillated between 2.63 and 2.65
Mg.m–3 in mineral horizons. Much lower values of
this property were observed in horizons built of
mineral-organic and organic deposits; muck (profile 4)
at the depth of 0–12 cm – 2.10 Mg.m–3; peat (profile
4), at the depth of 12–55 cm – 1.68 Mg.m–3 (Table 2).
The lowest values of dry soil density were found in
profile 4. In the mucky horizon, at the depth of 0–12 cm,
it was 0.49 Mg.m–3 (at total porosity of 76.67%); in
peat (depth of 12–55 cm) – 0.28 Mg.m–3 at the highest
total porosity of 83.33%. In case of other soils, low
bulk density – 1.43 Mg.m–3 – was observed in profile 2;
depth of 0–32 cm (at total porosity of 40.91%). The
highest density – 1.72 Mg.m–3 – was observed in profi-
le 5; depth of 100–150 cm (at the lowest total porosity
of 35.09% (Table 2).

Natural moisture was highly differentiated in the
examined samples and oscillated within the scope of
7.04 (profile 1; depth of 40–150 cm) and 36.97%v/v
(profile 5; depth of 80–150 cm) (Table 3). The presen-
ted values of natural moisture cast light on the rela-
tion between the content of water in soil and its te-
xture and humus. They cannot, however, be the sub-
ject of a detailed analysis as they characterize only
the state of temporary (current) moisturization of each
genetic horizon of the investigated soils and these pa-
rameter undergoes dynamic changes, mainly as a re-
sult of precipitation, tillage, vegetation etc. The only ob-
jective ones are – discusses below – the so called
water-soil constants.

The highest values of the maximal hygroscopic
capacity (MH) were observed in muck and peat horizons
(profile 4) and were, respectively, 15.2412 and
10.8263%v/v, whereas its lowest value was observed
in profile 2 (depth of 32–60 cm) and was 0.3352%v/v
(Table 3). Among mineral horizons, the highest MH
was observed in endopedon of the heaviest texture
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(profile 2; horizon 2Cg). The same rule – the relation
between the size of MH and the content of colloids
(both mineral and organic), caused the differentiation
of hygroscopic moisturization which values oscillated
between 0.1676% v/v in humus-free loose sand (profile
2; horizon C1) and 5.3835% v/v (profile 4; horizon M).

Values of the saturated hydraulic conductivity in
epipedones from the investigated soils were high and
very differentiated. In mineral top horizons they
oscillated between 16.03 (profile 5; depth of 0–32 cm)
and 39.63 µm·s–1 (profile 3; depth of 0–23 cm). Much
higher values were observed in the epipedones of two
soils: 85.03 µm·s–1 (profile 4; depth of 0–12 cm) and
121.17 µm·s–1 (profile 2; depth of 0–32 cm). The lowest
speed of filtration was found in endopedones with
the composition of a loamy sand – 1.43 (profile 1;
depth of 25–40 cm) and loam – 0.87 (profile 2; depth of
60–70 cm). A visible influence of texture on the speed
of filtration was also noticeable – along with the
decreasing content of colloid clay, the speed of filtration
grew. In accordance with this rule, maternity and
underlying rocks with the composition of a loamy sand
carried water with high speed when fully saturated;
the speed usually exceeded 100 µm·s–1 (Table 4). It
provides conditions for fast and effective natural
drainage of precipitation water in these soils.

TABLE 1. Texture of the investigated soils
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n.a. – not analyzed, LS – Loamy sand, S – Sand, L – Loam.

TABLE 2. Basic physical properties

n.a. – not analyzed.
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Correlation coefficients between total
and drainage porosity and the coef-
ficient of filtration were surprisingly
low – Pc/Ks – R2 = -0.14645 and Pd/
Ks – R2 = 0.512977, respectively.

The obtained values of maximal
water capacity (pF = 0) were a bit
(of 2–3%v/v) lower than total porosity.
It resulted from methodological limi-
tations which impeded – or even
precluded – complete dehydration of
a soil sample. The highest values of
this capacity were observed in soils
of the lowest bulk density. Apart from
profiles 6 (of a homogenous sandy
composition) and 4 (muck underlain by
peat), the highest maximal water
capacity was observed in epipedones.
At field water capacity (pF=2.0)
which indicated the upper water
availability limit for plants, moisture
values oscillated between 13.74
(profile 6) and 64.01%v/v (profile 4).
This trait was clearly influenced by
texture and the content of organic
matter (the highest field capacity in
peat and mucky deposits). In lower

horizons the size of field capacity depended basically
only on texture. The highest field capacity was observed
in profile 4, in muck – 64.01% and peat – 77.14%,
and the lowest in two loamy horizons: 28.90 (profile 1;
depth of 25–40 cm) and 33.19% v/v (profile 2; depth
of 60–70 cm). Field capacity in other endopedones
was much lower: from 6.76 – (profile 6; depth of 55–
110 cm) to 17.71%v/v (profile 3; depth of 23–33 cm).
At pF = 2.2 and 2.5 moisture was decreasing syste-
matically by a few (2–4) or by over a dozen (around
10–12) percent. The highest moisture at pF 3.7 and
4.2 were observed in profile 4, in peat: 46.19 and 30.12%
and muck 37.95and 24.33, respectively (Table 5).

The highest values of TAW and RAW were visible
in horizons formed from organic deposits: Oa – TAW
= 47.02%; RAW = 30.95% and M – TAW = 39.68%;
RAW = 26.06% (profile 4). In epipedones of a sandy
texture the values of retention were low, e.g.: TAW =
9.42%, RAW = 7.02% (profile 6; depth of 0–22 cm)
or TAW = 12.80%, RAW = 9.92% (profile 3; depth
of 0–23 cm). In profile 2, at the similar texture, higher
values of TAW and RAW (20.07 and 15.35%) were
determined by strongly mineralized muck. In sandy
endopedones, corresponding values of both coefficients
were much lower – from TAW = 5.05%; RAW =
3.53% (profile 3; depth of 33–150 cm) to TAW =
12.64%; RAW = 9.24% (profile 3; depth of 23–33 cm).
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TABLE 4. Saturated hydraulic conductivity
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TABLE 3. Basic water properties
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Among mineral horizons, only those of loamy texture
(profile 1; horizon Cg and profile 2; horizon 2Cg) had
high retention coefficients (Table 5). The defined va-
lues of potential and effective useful retention were
close to or only slightly different than the values of
these parameters given by Œlusarczyk (1979) and
Kaczmarek (2001a, 2001b) for soils and grounds of
different texture.

Water retention abilities by soils were presented
as the value of total retention in the horizons of 0–50
and 0–100 cm. In both scopes, the highest retention
was observed in a peat-mucky soil (profile 4). In this
soil, RAW and TAW in the horizon of 0–100 cm
reached the values of 201.06 and 294.64 mm, respec-
tively. It proves its ability to retain water after heavy
precipitation at the level which exceeds a half of annual
precipitation in the region. Much lower values of
retention were found in the other analysed soils. Due
to sandy texture of their endopedones, the correspon-
ding values of retention were much – even 4 times –
lower. In the soils of sandy texture, retention was very
low in case of all the analysed variant. Its values (on
the example of Brunic Arenosol – profile 6) were:
for TAW: 0–50 cm – 40.29 mm; 0–100 cm – 69.85
mm; and for RAW: 0–50 cm – 32,89 mm 0–100 cm –
57.51mm, (Table 6).
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29.9
42.9
35.3

4 M
aO
1C
2gC

21–0
55–21
08–55
051–08

45.57
64.08
11.43
47.53

10.46
41.77
36.41
35.11

83.25
97.56
52.01
94.7

86.54
78.65
77.7
62.8

59.73
91.64
64.5
46.4

33.42
21.03
15.3
10.3

47.41
46.11
34.1
32.1

86.93
20.74
21.11
25.8

60.62
59.03
71.9
98.6

5 pA
CA
1C
2gC

G

23–0
54–23
06–54
001–06
051–001

82.04
49.83
07.33
50.43
10.33

36.83
37.51
13.7
14.8
75.8

10.13
00.41
88.6
51.7
93.6

52.72
68.9
92.5
63.5
96.5

37.71
55.6
69.1
18.2
68.4

00.8
87.3
24.1
23.1
19.1

69.6
63.0
45.0
67.0
62.1

36.03
59.11
98.5
90.7
66.6

09.02
81.9
53.5
06.5
17.3

6 pA
vB
1C
2C

22–0
55–22
011–55
051–011

23.53
75.83
05.53
47.33

47.31
27.8
67.6
35.8

14.01
24.8
93.5
40.7

22.8
38.5
91.3
71.5

27.6
91.2
89.1
90.2

23.4
34.1
79.0
64.1

35.1
15.0
63.0
85.0

24.9
99.6
97.5
70.7

20.7
32.6
87.4
44.6

TABLE 5. Soil water potentials and the total and readily available water

TABLE 6. Water retention of investigated soils

eliforP
.oN

citeneG
noziroh

htpeD
)mc(

VAR
=Fpta
7.3–0.2

)mm(

noitneteR
VARta

:sreyalni
dna05–0
mc001–0

)mm(

WAT
=Fpta
2.4–0.2

)mm(

noitneteR
WATta

:sreyalni
dna05–0
mc001–0

)mm(

1 uA
gC

gC2
gC2

52–0
04–52
05–04
001–05

33.64
52.32
25.6
06.23

90.67
96.801

89.15
69.03
18.7
50.93

75.09
08.921

2 uA
1C
1C

gC2
gC3

23–0
05–23
06–05
07–06
001–07

21.94
06.8
87.4
17.9
80.52

27.75

492.79

22.46
17.01
59.5
36.22
94.53

20.62

00.931

3 pA
1C
2C
2C

32–0
33–32
05–33
001–05

28.22
42.9
00.6
56.71

50.83
17.55

44.92
46.21
95.8
52.52

94.03
29.57

4 M
aO
aO
1C
2gC

21–0
05–21
55–05
08–55
001–08

72.13
16.711
84.51
39.22
87.31

88.841

60.102

26.74
86.871
15.32
08.72
40.71

92.622

46.492

5 pA
CA
1C
1C
2gC

23–0
54–23
05–54
06–05
001–06

88.66
20.11
86.2
53.5
04.22

75.08

23.801

20.89
43.41
59.2
98.5
63.82

03.511

55.941

6 pA
vB
vB
1C

22–0
05–22
55–05
001–55

44.51
44.71
21.3
15.12

98.23

15.75

27.02
75.91
05.3
60.62

92.04

58.96
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The analysed soils showed highly differentiated
retention abilities depending on their origin, the content
of organic matter and texture of various horizons.
Hydrogenic soil (profile 4) had high retention, whereas
mineral soils of low humus content and sandy texture
– very low. What is the most important from an agro-
technical point of view – moisture (RAW), the
hydrogenic soil (profile 4) was able to retain even
one third of annual precipitation at once, whereas
mineral soils – much less (even around 5%). The depth
of levelled soil-ground water mirror exceeded 100 cm
in all the profiles, which classifies water management in
all the analysed soils as a precipitation-water type.
Therefore, yielding on them depends strictly on the
sum of annual precipitation and its distribution in the
vegetation season. The possibility of providing arable
plants with water will be clearly connected with the
values of retention.

CONCLUSIONS

1. In the investigated soils, basic physical and water
properties depended mainly on texture and the content
of organic matter.

2. Low retention and high speed of filtration cause
total dependence of some soils on precipitation as
a source of soil water.

3. In the future these soils will not undergo mining
dehydrating degradation, and their system of physical
and water properties will depend on tillage and
climate factors.
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Wybrane w³aœciwoœci fizyczne i wodne gleb przyleg³ych
do planowanej odkrywki wêgla brunatnego „Drzewce” (œrodkowa Polska)

Streszczenie: W pracy przedstawiono w³aœciwoœci fizyczne i wodne szeœciu gleb, znajduj¹cych siê na terenach bezpoœrednio
s¹siaduj¹cych z odkrywk¹ wêgla brunatnego „Drzewce” (KWB Konin). W ramach przeprowadzonych prac, w punktach charaktery-
stycznych dla du¿ych, reprezentatywnych wydzieleñ glebowych wykonano odkrywki ró¿nych typów gleb. Wybrane typy glebowe
reprezentowa³y zarówno gleby mineralne, jak równie¿ organiczne. Z poszczególnych poziomów genetycznych pobrano próbki
o strukturze naruszonej i nienaruszonej, przeznaczone do analiz laboratoryjnych. W próbkach oznaczono takie w³aœciwoœci, jak:
zawartoœæ wêgla ogólnego, sk³ad granulometryczny, gêstoœæ fazy sta³ej, gêstoœæ gleby suchej, porowatoœæ ca³kowit¹ i drena¿ow¹,
wilgotnoœæ, wspó³czynnik filtracji, potencja³ wi¹zania wody przez glebê, potencjaln¹ i efektywn¹ retencjê u¿yteczn¹ oraz retencjê
ca³kowit¹ w warstwach 0–50 i 0–100 cm. Badane gleby wykazywa³y uziarnienie w wiêkszoœci piaszczyste, z lokalnymi, nielicznymi
wstawkami glin, a w przypadku gleb hydrogenicznych, poziomy powierzchniowe zbudowane by³y z murszu o ró¿nym stopniu
przeobra¿enia. Uziarnienie oraz zawartoœæ materii organicznej by³y parametrami najsilniej kszta³tuj¹cymi analizowane w³aœciwoœci.
Morfologia i w³aœciwoœci badanych gleb oraz g³êbokie zaleganie zwierciad³a wody gruntowej zdecydowa³o o ich przynale¿noœci do
typu gospodarki opadowo-wodnej. Gleby takie nie bêd¹ ulegaæ degradacji wywo³anej przez odwodnieniowy lej depresji odkrywki
kopalnianej.

S³owa kluczowe: degradacja gleb, odwodnienie, uziarnienie, gêstoœæ, retencja


