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Abstract

Rahmonov O., Szymczyk A.: Relations between vegetation and soil in initial succession phases in 
post-sand excavations. Ekológia (Bratislava), vol. 29, No. 4, p. 412–429, 2010.

open-mined sand exploitation always leads to the total liquidation of vegetation and soil cover. 
The given study presents the relations between vegetation appearing in the excavation and soil 
development in the initial phases of succession. investigations were carried out in the kuznica 
Warezynska sandpit, located in the Silesian Upland in southern Poland. results obtained indicate 
that at uncovered sands, due to exploitation in unreclaimed places, spontaneous regeneration of 
vegetation-soil cover occurs. in the succession series observed in the excavation, 3 stages were 
distinguished (primary, secondary and terminal), which were divided into 6 phases. The oldest 
observed succession stage was made by communities from the Dicrano-Pinion connection. The 
duration of succession of the oldest surfaces is estimated at 25 years. Considering morphology, 
the forming soil differs at every succession stage. in respect to observed soil formation processes, 
advancing soils, even the oldest surfaces, have initial character; they are poor in nutrients and 
characterized by acidic, slightly acidic to alkaline pH-reaction. Physico-chemical properties of soil, 
forming in the area of the sandpit, are conditioned most of all by the ground water level, its chemical 
composition and the duration of succession. investigations proved that the course of succession at 
habitats fed mainly by waters, originated from the seepage of waters of deep circulation, and this 
differs from this those in places fed by the precipitation of waters. These differences appear most 
of all in the first phase of optimum stage. The sandpit is also characterized by a large differentiation 
of vegetation, resulting from the mosaic character of habitats. Habitat differentiation of the sandpit 
bottom is connected with its diversified relief and hydrogeological situation.

Key words: vegetation succession, primary succession, species differentiation, soil development, 
sand excavations

Introduction

The extractive industry is numbered among the most essential anthropogenic factors 
causing the environment transformation in the world (Jian-Gang et al., 2006; Mannion, 
2001). They are often revealed in the total destruction of hitherto functioning ecosystems, 
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consisting in the distribution of vegetation-soil cover and the uncovering of parent rock or 
covering surface with raw rocky material (Czylok, 2004; Czylok, rahmonov, 1998). Apart 
from waste rock dumping sites and collapses, the effects of mine activity are widespread 
sand excavations (novak, Prach, 2003; Lukešova, 2001; rostański, 2006; Szymczyk 1998; 
Cabała, rahmonov, 2004).

one of the areas of the largest concentration of sandpits in europe is the eastern part of 
the Silesian Upland. its origination is connected with the use of sand to fill empty places after 
black coal exploitation. For almost 200 years, this region has been the centre of the largest 
concentration of black coal mines in Poland. now the area of overexploited sandy fields here 
amounts to about 50 km2 (Czylok, 2004). in the past, the majority of these areas underwent 
reclamation. Scientific research on the regeneration of ecosystems on post-exploitation ter-
rain was rare. Materials referring to the succession at non-reclaimed sandy parts (Czylok, 
1997, 1998; Cieszko, kucharczyk, 1997; Szymczyk, 1998, 1999; Czylok, rahmonov, 1996, 
2004) indicate that vegetation appearing here has the character of primary succession, and 
developing ecological systems - considering the occurrence of many rare vegetation spe-
cies connected with early succession stages - have a unique character (Czylok, rahmonov, 
1996; Czylok, 2004). This fact in these areas creates the possibility to investigate also the 
initial stages of soil formation in connection with vegetation succession. Among the most 
important factors determining the course of vegetation-soil succession at this stage are the 
kind of parent rock, availability and the pH-reaction (elgersma, 1998; Weigelt, 2001; Fromm 
et al., 2002; Jentsch, Beyschlag, 2003). research carried out by Szymczyk (1998, 1999) at 
sandy excavations proved that the physico-chemical properties of flowing waters there are 
of essential importance for the course of succession at the humid and water-logged bottoms 
of sandpits.

The aim of this study was to determine the direction in the course of vegetation succession 
and soil development at excavations after sand exploitation, in places where vegetation-soil 
cover was completely disturbed. it refers to these parts of excavations, in which processes 
of terrestrial ecosystem regeneration were not disturbed by land reclamation exertions and 
had the character of primary succession.

study area

research was carried out in the area of the kuznica Warezynska sandpit, which is one of the largest in southern 
Poland. The area of excavation amounts, in total, to 80 ha. Sands of alluvial and fluvioglacial accumulation were 
exploited here (Gilewska, klimek, 1967). Sand exploitation, in the oldest areas investigated, ended about 1985.

The essential element of the sandpit geological structure is made by the Quaternary deposits (mainly sands 
and gravels interbedded by silts). in the majority of the area, these sands are underlain by the Permian deposits, 
shaped in the form of limestone conglomerates. in a small area at the bottom of the triassic, Carboniferous and 
devonian, deposits (mainly formed as limestone) also occur. in the direct neighbourhood to the north and east of 
the excavation, the triassic outcrops occur, including limestone and dolomite. in the excavation bottom, supplying 
a part of waters of the Quaternary water-bearing horizon, waters connected with the triassic deposits also take 
part. The hydrogeological conditions of the sandpit bottom are presented in Fig. 1.

According to data obtained from the nearest meteorological station, located in Katowice, in the area investigated, 
winds blowing from the south-west and west prevailed. The mean annual air temperature fluctuated between -2.0 
oC in January to 17.9 oC in July. Mean annual temperature amounts to 8.2 oC. The largest sum of precipitation 
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falls in July (101 mm), and the smallest one in February (37 mm). Mean annual precipitation amounts to 721 mm. 
Snow cover occurs here from 75 up to 100 days. Mean annual air humidity amounts to 75%.

Material and methods

investigations were carried out at surfaces within the moistened sandpit bottom, where the ground water level was 
located at a depth of 10 up to 30 cm. The location of the surfaces was conditioned by the type of vegetation and the 
phases of succession, and connected with them, the changeability of the developing soil cover.

Vegetation

to identify plant communities at every typed surface, the phytosociological survey by means of the Braun-Blanquet 
method and floristic descriptions were made (Fukarek, 1967). Stages and phases of succession were determined 
on the basis of archival exploitation maps and the real chronosequence of vegetation, together with soil cover. 
The affiliation of species for particular syntaxonomic groups was determined according to the classification of 
Matuszkiewicz (2001). names of vascular plants were accepted according to Mirek et al. (2002), whereas mosses 
were accepted in accordance with ochyra et al. (2003).

Soils 

Phytosociological relevé was made at surfaces with phases: connected with the development of Algae (profile 1), 
bryophytes, mainly Bryum pseudotriqetrum var. bimum (profile 2), Equisetum variegatum (profile 3), Carex canescens 
(profile 4), Salix repens subsp. rosmarinifolia (profile 5) and pine-birch-aspen (profile 6). At these surfaces, soil pits 
were made to characterise habitats and soil that formed. in the case of profiles 2, 3, 5 and 6, the morphological 
description of them was made (tables 1−4). From every distinguished genetic horizon, samples were taken for 
linen sacks or plastic boxes for laboratory analyses.

in samples taken, the following analyses were made according to standards used in Poland: losses in roasting 
– in a temperature of 550 oC, pH-reaction by means of the potentiometric method with application of glass elec-
trode (in H2o and 1-molar kCl), organic carbon (Corg) in organic horizons by means of Alten’s method, mineral 
horizons by tiurin’s method, total nitrogen (nt) by means of kjeldahl’s method, available phosphorous (Pavail.) by 

Fig. 1. The scheme of hydro-geological conditions in quarry.

1 – Pleistocene river and glacier sands; 2 – triassic marl and limestone; 3 – triassic clay;  4 – carboniferous shale 
and sandstone; 5 – initial vegetations;  6 – the direction of water migration.
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the egner-riehm method, hydrolytic acidity (Hh) by means of kappen’s method, exchangeable aluminium (Al3+) 
and exchangeable hydrogen (H+) by means of Sokolow’s method, total content of P, Mg, na, k after sample extrac-
tion with 1 - molar CH3CoonH4 of pH = 7; measured by means of apparatus ASA (firm Solaar): Ca and Mg – in 
absorption version, and na and k – in the emission version.

t a b l e   1.   Soil morphology under the community with Equisetum variegatum.

Genetic
Horizon

depth
[cm] Profile description

ol/A 0−3.5
organic-humus horizon, composed of litter Equisetum variegatum, Corynephorus 

canescens, Salix repens subsp. rosmarinifolia, in its bottom mineral part living 
roots of the above-mentioned species occur.

A 3.6−6.5 Humus horizon, medium-grained sand with single fractions of gravel, black 
colour, humid, large amount of living roots.

BC 6.6−13 initial forming illuvial horizon, varigrained sand with the admixture of silt, dark-
yellow colour, single parts of reed rootstock.

Abbreviations: ol/A – organic-humus horizon; A – humus horizon and BC – illuvial and parent rock horizon.

t a b l e   2.   Morphology of soil under bryophytes.

Genetic 
horizon

depth
[cm] Profile description

ol 0−6 organic horizon formed from turf of bryophytes and single individuals of Carex 
canescens and Equisetum variegatum.

A 6.1−9.8 Humus horizon, fine-grained sand, black colour, significant contribution of dead 
as well as living roots.

B 10−15
Forming illuvial level, medium-grained sand, with yellow-green spots (traces of 

gleying), with large amount of fine roots of herbaceous vegetation, below this ho-
rizon in sands of features of parent rock rootstock of Phragmites australis occur.

Abbreviations: ol – organic horizon; A – humus horizon and B – illuvial horizon.

t a b l e    3.   Morphology of soil under the community with Salix repens subsp. rosmarinifolia.

Genetic
horizon

depth
[cm] Profile description

ol 0−0.8
litter subhorizon of organic horizon is mainly composed of pine, birch and aspen 

litter. Small amount of litter S.repens subsp.rosmarinifolia is connected with its 
rapid decomposition.

of 0.9−1.4 rotting subhorizon with weakly recognizable remains of the above-mentioned 
plants.

A 2−13 Humus horizon, medium-grained sand, black colour, humid and  mainly over-
grown with willow roots.

A/C 14… transitional horizon, medium-grained sand, in the bottom part of the horizon 
ferruginous pockets and smaller contribution of roots occur. 

Abbreviations: ol – litter subhorizon of organic horizon; of – rotting subhorizon; A – humus horizon and A/C 
– humus and parent rock transitory horizon.
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Description of soil morphology

profile 3 − phase 0: was made on a community with a predomination of Equisetum variegatum, and accompanying 
them singly, such taxa as: Betula pendula, Pinus sylvestris, Alnus incana, Salix repens subsp. rosmarinifolia, Co-
rynephorus canescens and Epipactis palustris. From bryophytes, Bryum pseudotriqetrium var. bimum predominates. 
The profile is situated at the edge of a depression with a slight sloped inlination towards the north. depressions and 
micro-depressions are filled with water. The ground water level was at a depth of 10 cm (table 1). At the terrain 
surface, in places, deposed precipitates of calcium carbonate were observed. 

profile 2 – moss phase 1: in bryophytes, Bryum pseudotriqetrum var. bimum predominate here. Among vascular 
plants, single individuals of Carex canescens, Equiesetum variegatum, Epipactis palustris and fine individuals Salix 
repens subsp. rosmarinifolia occur. The surface is characterized by a valley-clump structure, where clump height 
fluctuates between 7 and 15 cm (table 2).

profile 5 – phase 3 a: Community with a predomination of Salix repens subsp. rosmarinifolia, with the following 
accompanying species: Pinus sylvestris, Populus tremula. From herbaceous vegetation Carex hirta, Calamagrostis 
epigejos, Equiesetum variegatum, Holcus mollis and Deschampsia flexuosa were here noted. The surface is flat; the 
ground water level occurs at a depth of 30 cm (table 3).

profile 6 – phase 4: Biogroup pine-birch-aspen (Pinus sylvestris, Betula pendula, Populus tremula), Salix repens 
subsp. rosmarinifolia, Equiesetum variegatum, Juncus conglomeratus, J. articulatus and Lycopodiella innundata also 
occur singly.
The surface is flat; the ground water level occurs at a depth of 20−22 cm (table 4).

Water

The ground water level at particular surfaces was determined during soil profile development. Chemical analyses of 
the water were made for two springs of the largest yield located at excavation and stream flood waters and depres-
sions supplied with precipitation water, in places where clear vegetation differentiation was observed.
The following analyses were made: water pH-reaction, specific electrical conductivity and the content of Ca2+, 
na+, k+, HCo3

-, Cl-, no3
- and So4

2- ions. The measurement of pH-reaction and specific electrical conductivity was 
made every time during water sampling in field investigations. The measurement of specific electrical conductiv-
ity was made by means of a conductometer of the CC-315 type from the elmetron firm, and the measurement of 
pH-reaction by means of a pH-meter of the CP-315 type from the elmetron firm. Chemical analyses were made 
and checked according to methods described by krawczyk (1999).

t a b l e   4.   Morphology of soil under the pine-birch-aspen community.

Genetic 
horizon

depth
[cm] Profile description

ol 0−0.5 organic horizon with litter subhorizon, composed of pine litter (mainly needles and 
cones – undecomposed), aspen, birch and rosemary-leaved willow.

A 1−6 Humus horizon, varigrained sand, dark-grey colour, humid, small amount of roots.

A/C 7−9 transitional horizon, medium-grained sand, in the bottom part of the level ferrugi-
nous pockets occur. 

C 10…. The horizon of parent rock, medium-grained sand, humid, significant contribution of 
limestone crumbs

Abbreviations: ol – litter subhorizon of organic horizon;  A – humus horizon; A/C – humus and parent rock 
transitory horizon and C – parent rock horizon.
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results

Succession course

in the observed succession series at excavation after sand exploitation, 3 stages were distin-
guished (initial, optimal and terminal), which were divided into 6 phases. The duration of 
succession at the oldest surfaces was evaluated at 25 years. The succession at water-logged, 
sandy surfaces of the excavation bottom was initiated by algae and blue-green algae (phase 0). 
The appearance of this stage at humid sands does not depend on physico-chemical properties 
of water, but on the features of material building the substratum, such as the contribution 
of fine-grained fraction. But the physico-chemical properties of water can find their influ-
ence in the species composition of algae, which occupy sand. Patches of algae initiate the 
development of soil through the binding of sand grains and their attachment.

Phase 1 marks the period of algae cover colonization mainly by hydrophilous and hy-
grophilous bryophytes. Among them it is possible to mention: Bryum pseudotriquetrum var. 
bimum, Polytrychum commune, Sphagnum flexuosum, Aulacomnium palustre, Caliergonella 
cuspidate and Campylium stellatum (Fig. 2). Species composition-forming, bryophyte com-
munities are determined by the physico-chemical properties of supplying waters. At surfaces 
fed by waters with pH-reactions similar to neutral and with significant contents of Ca2+ 

ions, bryophytes, such as Bryum pseudotriquetrum var. bimum, mainly appear. in places of 
the influence of waters with acidic pH-reactions and low concentrations of Ca2+ ions, the 
bryophyte stage most often is built of peatmosses Sphagnum sp., Polytrychum commune, 
and sometimes of Aulacomnium palustre.

Phase 2 is characterised by the gradual development of low-sedge bog-springs, which 
can appear early enough at surfaces not occupied yet by bryophytes (Fig. 3). Also in this 
phase, physico-chemical properties of supplied water influence the emerging vegetation. 
in places fed by waters of high concentrations of Ca2+ ions (table 5), communities with 
a predomination of variegated horsetail Equisetum variegatum, and eutrophic low-sedge 
bog-springs from the connection Caricion davallianae, develop. At surfaces fed by acidic 
waters with a low concentration of Ca2+ ions, this phase was represented by oligotrophic 
communities of low-sedge bog-springs from the connection Caricion nigrae (Fig. 2). 

Phase 3 is characterised by the development of bushy communities, such as the associa-
tion, Betulo-Salicetum repentis, with the characteristic contribution of Salix repens subsp. 
rosmarinifolia and species passing from class Thalspietea rotundifolii and Scheuchzerio-
Caricetea nigrae. The appearance of this vegetation as well as the following phases of succes-
sion observed in the sandpit are independent of local changeability of the physico-chemical 
properties of waters supplying the analysed surfaces. 

The introduction of arborescent species begins as early as phase 2 and takes part through 
the formation of biogroups (phase 4). The species initiating the formation of clumps are 
most often bushes of Salix repens subsp. rosmarinifolia. The clumps are composed of Pinus 
sylvestris, Populus tremula and Betula pendula. in such clumps, with time, the predomina-
tion is obtained by Pinus sylvestris, coniferous forest species also appear (phase 5), passing 
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into the terminal stage (Fig. 3). At such a stage of succession, species typical of coniferous 
forest communities are Pyrola rotundifolia, P. minor or Vacccinum vitis-idaea and other. The 
oldest phase of the terminal stage observed in the area investigated was created by plantings 
of a different type – Pinus sylvestris (Fig. 3) – which, in the future, will be transformed into 
a pine coniferous forest.

Fig. 2. The course of succession in the area of kuznica Warezynska.
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Fig. 3. Species changes of plants and communities sequence during succession in kuznica Warezynska: 
A − the species encroachment in the initial stage of succession; 
B − optimum occurrences of species during the succession; 
C − the species withdrawal in terminal stage of succession.
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Among the elements of flora taking part in the formation of initial communities at ex-
cavations after sand exploitation, special attention was paid to numerous contributions of 
protected, rare species and even Polish flora species threatened by extinction. They are as 
follows Pinguicula vulgaris, Liparis loeseli, Epipactis palustris, Tofieldia caliculata, Drosera 
rotundifolia, Lycopodiella inundata and others (Fig. 3).

A large differentiation of habitats at the excavation bottom was mainly conditioned by the 
origin of supplyed water. Among the water physico-chemical parameters investigated, the 
content of calcium ions and pH-reaction is of the most essential importance for the course of 
early succession stages. Their pH-reaction is similar to neutral or alkaline (table 5). Higher 
values of pH-reaction and contents of Ca2+ ions were noted in the water of drying, flooded 
areas fed by outflows. Completely different parameters were typical for waters in depressions, 
which were mainly fed by relatively acidic and weakly mineralised precipitation water. They 
were characterized by low pH-reaction and small content of calcium ions, and their chemical 
composition was varied (table 6).

t a b l e   5.   Some physical and chemical outflow water properties in the area of kuznica Warezynska quarry.

number 
of points pH C [µS/

cm]
M

[mg/l]
tH

[mg/l]

Ca2+ Mg2+ na+ k+ HCo3
- So4

2- no3
- Cl- type of 

water

[mg/l]

1. 6.49 795 492.9 259.3 64.5 32.6 27.5 2.9 195.0 110.0 0.0 54.9
HCo3-

So4-Ca-
Mg

2. 7.3 729 452.0 312.8 78.0 28.7 16.6 1.7 214.2 92.8 12.4 46.2 HCo3-
Ca-Mg

Abbreviations: the points of 1, 2 – water from outflow. 

t a b l e   6.   Some physical and chemical properties of flood water (points: 1,2,3) and water in hollow without 
flow (points: 4,5) in the area of  kuznica Warezynska quarry.

number 
of points pH

C 
[µS/
cm]

M
[mg/l]

tH
[mg/l]

Ca2+ Mg2+ na+ k+ HCo3
- So4

2- no3
- Cl-

[mg/l]

1 7.44 765 474.3 380.0 125.0 16.5 12.5 3.9 314.3 102.3 16.0 23.0
2 7.35 621 385.0 270.3 82.2 15.8 13.0 5.7 181.8 111.1 13.0 28.7
3 7.37 688 426.6 310.3 76.2 29.2 15.4 4.3 265.4 75.0 2.0 31.9
4 5.44 154 95.4 56.1 17.8 2.8 2.0 4.3 19.5 39.5 3.8 2.8
5 6.62 185 114.7 75.1 24.0 3.6 3.0 4.7 33.6 37.4 2.7 11.7

Abbreviations: the points of 1, 2, 3 – flood water and 4,5 – hollow.
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Soil morphology and chemical properties

Soil forming at the excavation bottom in the particular phases of succession reveals the 
variety in respect to morphology into the organic horizon (o) and humus horizon (A). The 
organic horizon (o) is only differentiated into subhorizons ol and of in the cases of soil 
forming under Salix repens subsp. rosmarinifolia (tables 3, 7). initial soils formed under 
this species are characterized by a profile composition of the ol-of-A-A/C-C type. in the 
remaining soils, only the forms o/A (in the case of Algae) ol, and ol/A, in profiles 2, 3 and 
6, were observed. The most thick humus horizons also occur under Salix repens subsp. 
rosmarinifolia, contrary to the remaining soil profiles (soil table 1).

Horizon ol in every case produces undecomposed litter (branches, leaves and other). 
Chemical parameters characterizing this subhorizon are presented in table 7. The content of 
Corg fluctuates between 14 and 50%, of nitrogen nt from 0.375 to 0.980%, and the relation 
C/n amounts to 26.

Soils forming under the investigated plant communities are characterised by pH-reactions 
from acidic to alkaline, fluctuating in mineral horizons within the range of 5.4–7.5 in water 
and 5.1–7.1 in kCl. Hydrolytic and exchangeable acidities (H+, Al3+) are similar and show 
very low values (table 7).

The content of organic carbon and nitrogen on dependence on vegetation type is varied. 
The largest concentration of these elements was stated in horizon A in the bryophyte phase 
(table 7). The relation C/n fluctuates within wide limits in every community investigated, 
which results in the weak process of mineralization and biological activity of soil. The con-
tents of forms P, Mg, k, na available for plants in humus horizons are low, and among them 
the lowest content is typical for phosphorus. The highest contents of elements investigated 
were stated in organic horizons or subhorizons (table 8).

According to the nomenclature of the Systematics of soils in Poland (1989), the soils 
investigated should be determined as lithogenic, mineral initial and weakly shaped, initial 
soils, and after FAo (1988): Haplic Arenosols, after WrB (1998): Protic Arenosols.

discussion

excavations after sand exploitation of large sizes are an example of such drastic environ-
ment deformations that ecosystems (together with soil) should form here again. it resembles 
a situation that happened here after glacier recession in the Pleistocene (Czylok, 1997, 2004). 
excavation bottoms, as well as scarps create barren washed sands and gravel; insertions with 
a significant contribution of silts are also encountered. in places where – during exploita-
tion – the water-bearing horizons were cut, water flows or percolates. regarding the fact 
that the above-mentioned sands often directly contact with the Mesozoic deposits (triassic, 
Jurassic), seepage waters in places are rich in calcium carbonate, magnesium, and hydrogen 
carbonates (Czylok, rahmonov, 1996).
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t a b l e   7.   Some chemical properties of soils forming under various type of vegetation in the area of kuznica 
Warezynska.

nr. of 
profiles tickness of horizons Loss 

ignition Corg nt C/n pH
Hy-
drolitic 
acidity

Acidic 
cations

H+ Al3+

[cm] [%] H2o kCl cmol(+).kg-1

Profile 1 Soil under Equisetum variegatum

ol/A   0−3.5 71 35 0.834 42 - - - 0.36 0.21
A 3.6−6.5 14 6.5 0.298 22 7.0 6.9 - 0.09 0.03
BC 6.6−13 1 0.271 0.008 34 7.0 6.8 0.23 0.18 0.57
C 14… 1.51 0.53 0.007 75 7.3 6.7 0.23 0.09 0.0

Profile 2 Soil under Bryum pseudotrigetrum var. bimum

ol 0−6 79 38 0.650 58 - - 0.31 0.0 0.0
A 6.1−9.8 25 9 0.412 22 - - 0.23 0.0 0.0
B 10−15 2.4 0.59 0.014 42 7.1 7.0 0.19 0.09 0.0

Profile 3 Soil under pine-birch-aspen biogroups

ol    0−0.5 71 45 0.597 75 4.3 4.2 1.25 2.61 0.78
A 1−6 3 1.34 0.038 35 5.4 5.1 1.08 0.57 0.18
A/C  7−9 - - - - - - - - -
C 10…. 0.41 0.10 0.004 25 7.3 6.7 0.45 0.09 0.15

Profile 4 Soil under Salix repens subsp. rosmarinifolia

ol 0−0.8 90 50 0.980 51 - - - 2.44 0.86
of 0.9−1.4 67 42 0.926 45 5.7 5.5 - 0.66 0.45
A 2−13 4.1 2.3 0.078 29 6.5 6.1 0.86 0.05 0.05
A/C 14… - - - - - - - - -

Profile 5 Soil under Carex canescens

ol 0−3 52 14 0.375 37 7.4 7.2 - 0.0 0.0
A 3−6 6 2.1 0.104 20 7.5 7.4 0.19 0.0 0.0
C > 7 1.4 0.33 0.029 11 7.5 7.1 0.0 0.0 0.0

Profile 6  Soil under Algae

A 0−3 3.27 1.52 0.041 37 4.9 4.4 2.29 1.2 0.45

Abbreviations: ol – litter subhorizon of organic horizon; of – rooting horizon; ol/A – organic-humus horizon;  
A – humus horizon; A/C – humus and parent rock transitory horizon; BC – illuvial and parent rock horizon ; 
B – illuvial horizon;  and C – parent rock horizon.

vegetation succession is a very slow process, which in many cases enables the direct 
observation of vegetation transformations, happening during it in short time. Therefore, 
to determine vegetation succession and soil development occurring at excavations, the 
chronosequence of real vegetation communities and soil formation was applied, on the 
assumption that older surfaces passed the same development stages as younger ones. This 
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t a b l e   8.   Contents of chosen nutrient elements in soils of kuznica Warezynska.

nr 
profiles tickness of horizons Ptot Pavail. Mg na k

[cm] mg/kg mg/kg

profile 1 – soil under Equisetum variegatum
ol/A 0−3.5 790 147 117 312 226

A 3.6−6.5 238 18 31 70 163
BC 6.6−13 57 8 0,8 34 33
C 14... 110 11 - - -

profile 2 – soil under Bryum pseudotrigetrum var. bimum

ol 0−6 578 98 102 846 1874
A 6.1−9.8 460 12 31 124 372
B 10−15 161 81 7.6 36 57

profile 3 – soil under pine-birch-aspen biogroups

ol 0−0.5 494 72 92 114 926
A 1−6 74 5 0.96 36 52

A/C 7−9 - - - - -
C   10…. 51 1,1 2 25 18

profile 4 – soil under Salix  repens subsp.rosmarinifolia

ol 0−0.8 784 111 239 120 1906
of 0.9−1.4 746 92 117 210 736
A 2−13 93 1.4 9 53 39

A/C 14… - - - - -

profile 5 – soil under Carex canescens

ol 0−3 330 88 - 198 1366
A 3−6 116 10 - 44 50
C > 7 54 6 - 26 21

profile 6 – soil under Algae

A 0−3 81 2.4 0.96 27 43

Abbreviations: ol – litter subhorizon of organic horizon; of – rooting horizon; ol/A – organic-humus horizon;  
A – humus horizon; A/C – humus and parent rock transitory horizon; BC– illuvial and parent rock horizon ; 
B – illuvial horizon;  and C – parent rock horizon.

way, used many times by research workers to describe vegetation succession and soil devel-
opment in different ecosystems (Pickett, 1989; Fastil, 1995; rahmonov, 2007), allowed the 
observation of transformations at temporally differentiated surfaces characterised by similar 
habitat conditions. The duration of succession was also evaluated on the basis of archival 
exploitation maps, containing the dates of particular finishing levels.
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After exploitation-finishing in the areas where gravitational draining occurs and the surface 
is not disturbed, the colonization of the excavation bottom follows with associations of so-called 
overground soil algae (Shtina, Hollerbach, 1976; rahmonov, Piątek, 2007). The initial phases of 
succession connected with the appearance of algae and observed in the excavation are similar 
to those observed in the sandy substratum, as well as in depressions between dunes (elgersma, 
1998; Picińska-Fałtynowicz, 1997; Cabała, rahmonov, 2004; Czylok, rahmonov, 2004).

At habitats, where the water level is permanently high, the factor inhibiting tree introduc-
tion can be morass built of species from genus Sphagnum sp. and Polytrychum commune or 
Aulacomnium palustre, shaped in earlier succession stages. regarding the problem of the 
inhibition of late succession species introduction by early succession species, Walker, Chapin 
(1987) as well as Armesto, Pickett (1986) lent their attention. This inhibition can happen in 
a different ways. dense cushions of these mosses can physically hinder the supply of seeds 
of arborescent trees to the seed bank, isolating them from the substratum. A similar influ-
ence of dense mossy turf in sandy areas of deep levels of water tables was stated by other 
researchers (osbornová et al., 1990; Symonides, 1986). The phenomenon of the pergelation 
of mossy turf due to the lack of snow cover, which was also observed in sandpits, can cause 
the freezing out of one-year, weakly rooted seedlings. other factors inhibiting arborescent 
species introduction at surfaces of permanent water seepage is the periodical occurrence in 
sandpits of aufeis (ice on top) connected with outflows of underground waters (rzętała, 2008, 
2009), which can cause the freezing out of seedlings and less resistant species. The largest 
and thickest covers of aufeis were formed in places overgrown by mossy communities or 
more rarely by vegetation from the class Scheuchzerio-Caricetea fusce. in these communities 
only stunted pines and birches appeared.

in every case, the succession is initiated by variegated horsetail Equisetum variegatum. 
From the phytogeographical point of view, this species is the Artcic-Alpine element (Zając, 
1996). in Alaska, as well as in the region of western Spitsbergen, this horsetail, together with 
other species, also takes part in the formation of the initial stages of vegetation succession 
(Crocker, Major, 1955; Święs, 1988). in the phytosociological literature (Matuszkiewicz, 
2001), it is considered to be characteristic of the Epilobietalia fleischeri order. These order 
are groups of open pioneer communities, initiating vegetation succession at gravel-banks 
and in the valleys of unregulated mountainous rivers. Among pioneer species in the kuznica 
Warezynska excavation -which in the Carpathians take part in the settling of gravel heaps 
and gravel-banks – Myricaria germanica was noted (Czylok, 2004). At further stages of 
succession, in water-logged parts of excavation bottom, variegated horsetail participated in 
the formation of low-sedge bog-springs from the connection, Caricion davallianae (Czylok, 
1997). in areas where succession has lasted for more than 60 years, more advanced stages 
with birch-willow brushwood of Betulo-Salicetum repentis are observed. 

Soil

Soil pH-reaction in horizon A, as the succession progresses, admittedly does not indicate 
the differentiation (table 7) under predominating species at every stage and phase of suc-
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cession, apart from algocenoses and Pinus sylvestris. The contemporary acidity, especially 
under Pinus sylvestris in organic and humus horizons (o and A), can be caused by organic 
acids produced by decomposing plant litter, especially pine litter. it is connected with the 
chemical composition of this species litter, which influences the process of forming soil 
properties (rahmonov, 2007). in communities tending towards coniferous forest forma-
tion, a clear drop in pH-reaction is observed (Czyżewska, 1992; Jankowski, Bednarek, 2000, 
2002; nierop et al., 2001; Jentsch et al., 2005), whereas in the soils investigated, this trend is 
not observed. Because the parent rock of profiles investigated in every case is characterised 
by varied pH-reactions (table 7), the soils investigated should be determined as acidic, 
slightly acidic and alkaline. it is connected with the presence of carbonates (in the form of 
limestone crumbs of different size, carbonate precipitations and calcium dissolved in water) 
within analysed layers of fluvioglacial sands or proluvial-alluvial sands, originating from 
the period of the Middle Polish and vistulian glaciations (Szczypek, Wach, 1989; Gilewska, 
klimek, 1967; Pełka-Gościniak, 2007), and water from the water-bearing triassic horizons. 
This water is of essential influence on the physico-chemical soil properties at this stage of 
its development. This is also confirmed by investigations carried out by Szymczyk (1999) in 
other excavations. dissolved organic and mineral substances in these waters supply plants 
with nutrients; in the case of other ecosystems, these components originate most often from 
processes of litter mineralization (dziadowiec, 1990), soil processes and mineral weathering 
(Bednarek et al., 2004). The results obtained are very similar to results from habitats with 
plant communities located at similar succession stages of succession series in other areas 
(Czylok, rahmonov, 2005).

The content of organic carbon and its differentiation at particular succession phases is 
mostly conditioned by the kind of vegetation and ground water level. Such large contents of 
Corg in mineral and organic horizons are strictly connected with organic colloids originating 
from contemporary vegetation litter. At every stage of succession relations C/n (table 7), 
there are disadvantages and processes of mineralization occur very slowly. This is especially 
connected with high ground water level in this terrain (occurring already at a depth of 10 
cm). The contents of elements investigated, such as Ptot, Pavailable, Mg, na and k at this suc-
cession stage, are not conditioned by rock weathering, at which soil is formed, but with the 
mineralization of organic matter in situ, as well as ex situ, and, as was mentioned earlier, 
with waters of deep circulation. The sands, which make the parent rock for soil develop-
ment, contain significant amounts of dusty and silty fraction. This causes such surfaces to 
be colonised by early succession blue-green algae and algae. yearly die-back of their thallus, 
supplies the soil with organic matter (rahmonov, 2007; rahmonov, Piątek, 2007). Therefore, 
the substratum, at which succession is initiated, is not completely devoid of organic matter 
and nutrients, especially of free atmospheric nitrogen (Shtina, Hollerbakh, 1976). The initial 
information of the pioneer role of the algae stage in the initiation of soil-formation proc-
esses at excavations after sand exploitation is also reported by Czylok, rahmonov (2004). 
The stage in which formation apart from algae: fungi, lichens, liverworts, bryophytes take 
part, is called the biological soil crust (Belnap et al., 2003).
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The following source of enrichment in nutrients of excavations after exploitation is the supply 
of allochthonous material from neighbouring forest and meadow complexes. it is conditioned by 
a relatively small size and form of excavations, favouring the deposition of allochthonous organic 
matter, blown in the form of soil particles and plants remains. This matter is mostly deposed 
in terrain depressions, at elevation foothills and in humid places. This interception additionally 
causes the local enrichment of substratum, and it is one of reasons for the quick succession rate 
and floristic richness, in comparison to neighbouring areas (rahmonov, kin, 2007). 

conclusion

initial results of research on processes of spontaneous vegetation introduction into areas 
of excavation after sand exploitation indicate their high value as polygons for research 
on the regeneration of ecosystems, as well as the course of vegetation-soil succession in 
deformed areas, especially at their not-reclaimed parts. At the oldest surfaces investigated 
in the kuznica Warezynska sandpit, the vegetation succession occurred for about 25 years. 
Analysing the species composition of plants spontaneously settling in water-logged bottoms 
of excavations, it appears that the initial succession stages are mainly represented by built of 
species of anemochoric type of diaspors dispersal, mainly including bryophytes, horsetails, 
orchidaceous, and from trees – common birch, aspen and common pine.

in the succession series observed in the excavation, 3 stages (initial, optimal and terminal) 
were distinguished, which were divided into 6 phases. The oldest observed stage of succes-
sion was made by communities from the Dicrano-Pinion union. Considering morphology, 
the forming soil differs in every succession stage. in every stage there are initial soils that 
are poor in nutrients and characterized by slightly acidic to alkaline pH-reactions. Physico-
chemical soil properties in this area are mostly conditioned by the ground water level, the 
content of Ca2+ in water and sometimes the duration of succession. 

investigations proved that the course of succession at habitats, which are mainly fed by 
waters originating from seepages, is different than in places that mainly use precipitation 
water. These differences are primarily revealed in the 1 phase of the optimal stage. The degree 
of sand humidification and physico-chemical properties of seepage waters determines the 
species composition of plant communities forming at the bottom of excavations.

From the point of view of the nature protection unusually important is the fact that ini-
tial stages of succession formation at excavations create conditions for many unique plant 
species to keep relatively numerous populations. They can be convenient places for the 
survival and development of many valuable, rare plant species and species threatened by 
extinction in Poland. despite the legal duty of land reclamation in post-exploitation areas, 
the interesting objects should be left to their fate. The fact, that in post-exploitation terrain, 
substituted habitats for species threatened by extinction are formed, should be regarded in 
species saving programs.

 Translated by the authors
English corrected by D. Reichardt
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