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Abstract 

Studies on waters and a botanical survey were carried out in 2014 in the vicinity of the 

three open cast mines: "Górażdże" (a limestone quarry), "Nowogród Bobrzański" (a sand 

mine) and "Wójcice" (a gravel mine). It was observed that the chemical composition of waters 

in post-exploited reservoirs and wetlands is determined by the type of rock that is being 

exploited. The hydrological conditions (the degree of the hydration of the excavation, the 

morphometric parameters of water body, etc.) also contribute to the type of vegetation and the 

direction of spontaneous succession in post-exploited areas. The proper choice of reclamation 

should be performed using a modified succession that is adapted to specific hydrological-

hydrochemical conditions. In the case of flow-through-containers, it should provide a good 

quality of water using special technical solutions, i.e. an Olszewski tube. The rehabilitation of 

slurry clarifiers in which sand is a waste requires a modified succession and the use of stress-

tolerating plants that can grow under conditions in which there is a lack of water and a low 

fertility of the substratum such as a forecrop. The vicinity near post-exploited water bodies 

and excavations on limestone ought to undergo reclamation into wetlands or artificial water 

bodies due to the flooding of the floor of excavation. This enables the creation of biotopes for 

fens and aquatic plant communities.  

Introduction 

The studies that were conducted earlier clearly indicated that the direction of the 

spontaneous colonization of excavation pits by vegetation is mainly determined by the type of 

rock that has been exploited in a particular mine. Flooded excavations in which the waters are 

rich in calcium and magnesium ions have the appropriate conditions for forming unique mires 

with calciphiles, some of which are protected plant species. In sand pits and gravel 

excavations in which the hydrological -hydrochemical conditions are different, other type of 

vegetation do well. Temperate sand grasslands and therophyte swards thrive in dry places, 

while on wetter sites reed beds and tall-sedge vegetation flourish. Thus, the choice of the 

appropriate type of reclamation should be preceded by a detailed understandimg of the 



hydrological and hydrochemical conditions in an excavation. The type of substratum in post-

exploited areas is also important. The spontaneous process of succession under natural 

conditions can proceed very slowly and does not always occur over the entire area of an 

excavation. Therefore, the reclamation of these sites is necessary. It is essential that the 

introduction of plant species and the creation of new biotopes conform to the habitat 

requirements of these species and the abiotic conditions of a specific site. Meeting these 

criteria is possible through the rehabilitation of a site using a modified succession. 

Objectives 

The main aim of the research is to answer to the following questions: 

- What are the hydrographic and hydrochemical relations of the excavations that are 

being investigated?  

- What are the morphometric features of post-exploited reservoirs? 

- What is the quality of the waters in post-exploited water bodies? 

- What is the type of vegetation in the excavations and their surroundings? 

- What is the direction of the natural primary succession on the sites that are being 

studied? 

- What are the best methods for the reclamation of specific excavations from the 

viewpoint of their hydrological and hydrochemical conditions? 

Background information 

Three different opencast mines, all of which are located in Poland, were chosen for the 

purpose of the study: 
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 E), a sand mine. 

The following sites were investigated in the vicinity of the above-mentioned mines. In 

the "Górażdże" mine the reservoirs and wetlands that are situated on the floor of the 

excavation were studied (Fig. 1). In the "Nowogród Bobrzański" mine the post-exploited 

water bodies and their surroundings were studied (Fig. 2) and in the "Wojcice" mine 

sedimentation tanks and slurry heaps were studied (Fig. 3).  

Methods 

Measurements of the basic physical and chemical properties of the waters 

(temperature, pH, electrical conductivity, oxygenation and redox potential) were done in the 

field using an EDS 6600 multiparameter probe from the US company YSI (Fig. 4). Prior the 

measurements the probe was calibrated using the standard solutions. The above-mentioned 



water parameters were determined in water columns at 0.5 m (“Nowogród Bobrzański”). The 

profile was located in the deepest parts of the reservoir. Additionally, water transparency was 

determined using a Secchi disk (SD). The studies were carried out at specific times of the year 

– spring and autumn, i.e. during periods of complete water mixing. In the remaining water 

bodies (Górażdże, Wójcice), the measurements were done in the coastal zone (Fig. 2-3).  

During the field research, water samples were collected in polyethylene bottles (0.5 L) 

for chemical analyses in the laboratory. The samples that were collected represented the 

surface layer of water (0.5 m). The water surface layer was collected using a telescopic boom. 

Transport of the water samples to the laboratory was conducted at a temperature of +4°C. The 

samples were filtered using a 0.45 mm filter (Millipore) prior to the analyses. Laboratory 

analyses included the determination of the major cations and anions in the water: Ca
2+

, Mg
2+

, 

Na 
+
, K

+
, NH4

+
, HCO3

-
, SO4

2-
, Cl

-
, NO3

-
 and PO4

2-
. The analyses were performed using a 

Metrohm 850 Professional IC ion chromatograph. The hydrochemical type was determined 

according to the classification by Szczukariew-Prikłoński.  

The depth measurements were made from a pontoon using a sonar LOWRANCE HDS 

5-Gen 2 with a built-in GPS receiver (Fig. 5). The bathymetric plans were plotted using the 

computer program DrDepth based on the measurement results. The basic characteristics and 

morphometric indicators of the reservoirs (length, width, volume, etc.) were calculated based 

on the direct field measurements (laser rangefinder) and the plotted bathymetric plan. The 

formulas that were given in the studies of Bajkiewicz-Grabowska and Magnuszewski (2002) 

as well as Choiński (2007) were used to perform the calculations.  

The botanical survey included mapping of the vegetation in the vicinity of the post-

exploited reservoirs or sedimentation tanks and slurry heaps using the Braun-Blanquet 

approach (1964) (Fig. 6); the estimation of the distribution of rare and protected species 

within the phytocoenoses that were being studied and a description of the succession were 

done using the chronosequence method. The information about the hydrochemical and 

hydrological as well as vegetation that was collected permitted us to propose indications for 

reclamation practices on wetlands, in particular sites on which there are opencast mines. 

Results 

Hydrological conditions of excavations 

The studies that were clearly indicate that the chemical composition of the waters of 

post-exploited reservoirs and wetlands is mainly determined by the type of rock that is being 

exploited in a specific excavation. In excavations in which limes are exploited, the waters are 

rich in bicarbonate ions, sulphate ions and calcic ions. The ponds that are located in the 



vicinity of the "Górażdże" mines are examples of these types of water bodies. The water in 

these reservoirs is representative of a bicarbonate-sulphate-calcic-magnesium type of waters 

(HCO3
-
, SO4

2-
, Ca

2+
, Mg

2+
) (Fig. 7). Thus, they are four ionic waters and they differ from the 

waters that were observed in the sump of the "Górażdże" mine in which the waters are 

representative of a sulphate-bicarbonate-calcic type of waters (SO4
2-

, HCO3
-
, Ca

2+
). 

It can be inferred that even within one excavation (mine) there can be profound 

differences in the hydrochemistry of waters. The mineralization of the waters can also be 

significantly different. There are significant differences in the mineralization of the waters 

among the ponds that are situated in the vicinity of the "Górażdże" opencast mine, which 

results from a differentiation in the water supply of these sites. The ponds that are mainly 

supplied by underground waters are characterized by a higher mineralization (> 0.6 g/L) 

whereas the shallow water bodies that have precipitation as the dominant type of water supply 

are typified by a lower mineralization of the waters (< 0.6 g/L). The highest mineralization 

was found in the underground waters of the sump (>0.7 g/L). The post-exploited reservoirs 

that formed in mineral aggregate excavations are distinct in terms of the physical-chemical 

properties of waters. The waters of these reservoirs are characterized by a lower 

mineralization (0.2 g/L). The waters of these water bodies are three or four ionic. One 

example of such a reservoir is the water body in the vicinity of the “Nowogród Bobrzański” 

mine (Fig. 8) and the reservoir in “Wójcice” (Fig. 9).  

Vegetation in the vicinity of reservoirs 

The chemistry of water bodies has a major impact on riparian vegetation. In the 

immediate vicinity of the reservoirs of each of the mines, reed beds of the Phragmition 

alliance i.e. patches of plant associations: Phragmitetum australis, Typhetum latifoliae, 

Scirpetum lacustris, Sparganietum erecti; however, the surrounding vegetation differs 

significantly. In the area of the "Górażdże" mine plant in spite of cultivation of Scots pine and 

larch in the forest floor species of broad-leaved forest prevail (the Fagetalia alliance) as: 

Anemone nemorosa, Viola reichenbachiana, Primula elatior. These forests grow in habitats 

that have beech forests. Potential natural vegetation in this area is best illustrated by the 

vegetation in the "Kamień Śląski" reserve. Close to bank zone in an adjacent area of rushes 

there are patches of initial fens with Epipactis palustris (Fig. 10) and Centaurium erytharea 

(Fig. 11) of the Scheuzcherio-Caricetea nigrae.  

In the vicinity of the "Nowogród Bobrzański" mine, there are patches of temperate 

sand grasslands and therophyte swards (the Koelerio-Corynephoretea class) in the sandy sites 

in the vegetation zone that is close to the rushes (Fig. 12). Patches of similar plant 



communities also occur in some places in the vicinity of "Wójcice" mine in both the sites of 

the sedimentation tanks and slurry heaps. In a further zone of the reservoirs in the vicinity of 

the "Nowogród Bobrzański" mine, there is a degenerated floodplain forest of the Alno-Ulmion 

alliance, whereas in the vicinity of the "Wójcice" mine, disturbed patches of oak-hornbeam 

forest Tilio-Carpinetum occur.  

Discussion 

Gravel excavation – Nowogród Bobrzański 

The contemporary exploitation of resources uses equipment and ladling methods from 

significant depths, which often go to depths of 45 meters below the water level (Craig et al. 

2003). As a consequence, deep post-exploited water bodies are formed after the cessation of 

the exploitation. A few good examples of the morphometric diversity of the reservoirs are the 

sites in the vicinity of the Nowogród Bobrzański mine (Fig. 13-14). Water body "A" was 

created as a result of the use of old methods of exploitation. Its maximum depth is 5.8 m and 

the bottom is quite diversified (Fig. 13). In turn, water body "B", which was created using 

contemporary methods, is different. Its maximum depth is 21.0 m and the morphometry of its 

bottom is weakly diversified (Fig. 14). The underwater slopes of the reservoir are very steep. 

The morphometric differentiation of post-exploited water bodies has an impact on the 

structure of aquatic vegetation. In the case of older water bodies, e.g., "A", underwater 

plants such as Myriophyllum spicatum L., Ceratophyllum demersum L occur in many areas of 

the reservoir and form underwater meadows. In the case of water body "B", the zone of 

vegetation that is submerged is limited to the narrow coastal belt while in the case of the 

quarries of solid rocks (granites, limes); the depth close the bank is so deep that it prevents 

any development of plants rooted in bottom. Taking into account bathymetric plans and 

vegetation structure, it can be concluded that depth is the main factor that determines the 

development of aquatic plants. 

Indications 

In the last phase of any exploitation, it is advisable to form the bottom in such way so as to 

enable the creation of vegetation zones that are characteristic for natural lakes in a separate 

section of the reservoir, i.e.: 

- A water and marsh zone 

- Rushes 

- Macrophytes with floating leaves 

- Macrophytes with submerged leaves 



Problem of the eutrophication of the waters of post-exploited reservoirs  

Deep post-exploited reservoirs such as water body “B” are vulnerable to the formation 

of anaerobic zones in the summer. This especially concerns water bodies that are supplied 

with poor quality water. The problem of waters eutrophication arises very quickly in such 

reservoirs. Eutrophication limits the utilization of these reservoirs for various purposes, 

mainly recreation. An example of such a site is reservoir “B” in the vicinity of the Nowogród 

Bobrzański mine. The oxygen profile that is depicted (Fig. 15) indicates that the waters of the 

hypolimnion are deoxygenated while toxic hydrogen sulfide (H2S) and ammonia (NH4
+
) 

occur in the demersal zone. In the top-most layer (epilimnion), the waters are characterized by 

a high degree of supersaturation of oxygen (160%), which is the result of the intense 

processes of photosynthesis, which leads to the alkalization of the waters. In the summer the 

water reaction exceeded pH = 9.1, which is a very unfavorable phenomenon because it may 

cause a fish kill. Moreover, water transparency as measured using a Secchi disk was low and 

varied between 1.8 and 1.2. m. Such a low degree transparency is the result of the intense 

development of phytoplankton (algal bloom). With increasing depth the increase of 

electrolytic conductivity (EC) is observed (Fig. 15). 

Methods of water quality improvement in post-exploited reservoirs  

In each reservoir that is a flow-through container, the most rational (and inexpensive) 

method is the installation of an Olszewski tube. Such a solution can only be applied in flow-

through containers such as in reservoir “B” in the vicinity of the Nowogród Bobrzański mine 

(Fig. 16). This type of tube provides leverage. As a result of the separation of the outflow 

through the installation of a weir, the hydrostatic pressure increases which pushes the benthic 

waters. The deoxygenated waters from the demersal zone are removed, which results in a 

decrease in the anaerobic zones; thus the water quality improves. A permanent improvement 

in water quality in a reservoir that has a low capacity can occur in as little as one year after the 

installation of an Olszewski tube. The Olszewski tube should be a permanent element of the 

management of flow-through containers and it should be installed immediately after the 

exploitation has ceased.  

Reclamation of sludge (the case of the site of the “Wójcice” mine) 

The exploitation of gravel deposits creates considerable amounts of wastes. These 

wastes are the fine-grained mineral fractions (loams, dusts, sands), which are formed during 

the screening and washing of spoil. The wastes are transported in the form of water pulp into 

the sedimentation tank. After the sedimentation tank is completely filled, it is desiccated and 

closed. Such an object is situated in the vicinity of the “Wójcice” mine.  



Problem of wastes 

Fine-grained material is blown around by winds and contributes to an increase in the 

dusting area (Fig. 17). Land reclamation of this type of site is very difficult.  

There are unsuitable conditions for vegetation development in old, unexploited 

sedimentation tanks. These are connected with: 

- A lack of organic material and nutrients (Tab. 1-2), 

- Extremely harsh water conditions (a lack of groundwater). 

Colonization by pioneer plants occurs in the vicinity of the Wójcice mine in spite of 

difficult conditions for organisms in the sedimentation tank. The scheme of colonization is 

shown in Figure 18. The succession proceeds along two pathways and direction is connected 

with two things – access to water and relief. In wet, temporarily flooded flat terrain, the 

succession of vegetation process is similar to those described for the Błędów desert 

(Rahmonow 2007), which results in willow scrub. In turn, on the slopes of the “dunes”, the 

final stage of the succession is a black locust forest.  

The estimated time for the formation of this forest is about 25 years (based on 

observations by the mine staff). Some plants that can tolerate extreme stress conditions, i.e. a 

lack of water and nutrients, can be used as forecrop species during the land reclamation. 

These include: the common soapwort Saponaria officinalis and evening primrose Oenotherea 

sp.; the first one is especially easy to cultivate and can be sown in sandy habitats. This plant 

should be used for the rehabilitation of sand heaps. In flat places, it is recommended that 

willow shrubs, e.g., Salix acutifolia be planted. Although the afore-mentioned plants would 

appear naturally on the site, this process can be speeded up and extended for whole area of the 

excavation using the modified succession land reclamation method. Moreover, sowing 

potential pioneer plants as forecrop plants can prevent the so-called arrested succession in 

which unexpected conditions delay or even stop ecological processes. 

The “Górażdże” mine 

The most interesting ecosystems are associated with the transitional zones between the 

land and a water body. There are several protected and rare species (Epipactis helleborine (L.) 

Crantz – not previously registered, Centaurium erythraea Rafn. There are wetland 

ecosystems. The occurrence of species is closely associated with the hydrogeochemical 

conditions. The floor of the excavation pit is permanently wet (the water table during the year 

is no lower than 0.5 m from the surface area). The waters are rich in calcium ions and 

magnesium and therefore they are preferred by calciphilous plants. 

Management of excavations after the exploitation of limestones and dolomites  



The example of the “Górażdże” mine shows that the reclamation of excavations after 

the cessation of the exploitation of dolomites and limestones should include the creation of 

wetland ecosystems. This is possible in excavation pits in which the floor or the excavation 

overlap with the water table of underground water (Fig. 19). The deeper parts of excavations 

after the discontinuation of exploitation that are subjected to flooding should be preserved as 

water bodies, which can provide habitats for precious rare species such as algae (Charophyta). 

The wetland ecosystems can be also created in sand mine (Fig. 20). 

Conclusions 

1. The conducted studies revealed that direction of spontaneous succession of vegetation 

in open cast mines is determined by two factors: type of an exploited rock and 

hydrological conditions (Fig. 21). 

2. In the case of post-exploited water bodies coastline should be formed in such way to 

create favourable habitat for all aquatic and wetland plant communities. 

3. In order to provide good quality waters of post-exploited reservoirs the Olszewski tube 

is recommended to install. 

4. The rehabilitation of waste tips and slurry clarifiers (sand) need to be carried out by 

application of modified succession using selected forecrop plants 

5. The choice of proper plants always should be preceded by recognition of 

hydrogeochemical conditions. 
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Fig. 1. Localization of investigated objects in limestone quarry “Górażdże”. Explanations:  

1-woodland/thickets, 2- reservoirs, 3- rushes (Phragmition), 4- initial fen communities (the 

Scheuzcherio-Caricetea Nigrae class), 5- forest, 6- roads, 7- sampling points. 

 

Fig. 2. Localization of investigated objects in the sand mine “Nowogród Bobrzański”. 

Explanations: 1-reservoirs, 2- rushes (Phragmition), 3- sand grasslands and therophyte swards 

(the Koelerio-Corynephoretea class), 4- floodplain forest (the Alno-Ulmion alliance), 5- 

reservoir, 6- roads, 7- sites of profile studies and sampling points of water for chemical 

analyses.  



 

Fig. 3. Localization of investigated objects in gravel mine„Wójcice”. Explanations: 1-

reservoirs and the slurry clarifiers, 2- old slurry heaps, 3- degenerated oak-hornbeam forest, 4- 

the contemporary dry slurry clarifier, 5- meadow, 6-ecoton, 7- the area of succession with 

Saponaria oficinalis, 8- the area of succession with willow (Salix sp.), 9- rushes (the 

Phragmition alliance), 10- sampling points of water for chemical analyses. 

 

Fig. 4. Measurement of physical and chemical properties of water using multiparameter probe 

EDS 6600. 



 

Fig. 5. The pontoon with research equipment on the shore of reservoir in “Nowogród 

Bobrzański”. 

 

Fig. 6. Floristic studies in slurry clarifiers in mine “Wójcice”. 



 

Fig. 7. Chemical composition of the waters in the post-exploited reservoir in “Górażdże”. 

 

Fig. 8. Chemical composition of the waters in the post-exploited reservoir in “Nowogród 

Bobrzański”. 

 

Fig. 9. Chemical composition of the waters in the post-exploited reservoir in “Wójcice”.  
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Fig. 10. Marsh helleborine Epipactis palustris (L.) Crantz in the vicinity of pond in the area of 

mine “Górażdże”. 

 

Fig. 11. Common centaury Centaurium erythraea Rafn in the area of mine “Górażdże”. 

 

Fig. 12. Grey hair-grass Corynephorus canescens L – characteristic species of sand grasslands 

(“Nowogród Bobrzański”). 



 

Fig. 13. The bathymetric plan of the water body “A” in “Nowogród Bobrzański”.  

 

Fig. 14. The bathymetric plan of the water body “B” in “Nowogród Bobrzański”. 



 

Fig. 15. The vertical distribution of electric conductivity (EC) and oxygen saturation in the 

waters in “Nowogród Bobrzański”. 

  

Fig. 16. The problem of rehabilitation of post-exploited eutrophic reservoirs.  



 

Fig. 17. The problem of rehabilitation of slurry clarifiers and slurry heaps. 

 

Fig. 18. Model of the primary succession in the slurry clarifiers (1) and slurry heaps (2) in 

“Wójcice”.  

 



 

Fig. 19. The reclamation of limes and dolomites. Explanations: A- the state before 

exploitation, B- the state during exploitation, C- the state after exploitation cessation, 1- limes 

or dolomites, 2- level of underground waters, 3- outflows of underground waters.  



 

Fig. 20. Wetlands forming within sand mines. Explanations: (A) – the state before 

exploitation, (B) – the state after exploitation, 1-, 2- level of underground waters.   



 

Fig. 21. Hydrological-hydrochemical conditions of the reclamation of various opencast mines 

 



Tab. 1. Granulometric composition of substratum of various succession stages in slurry 

clarifiers (A) and slurry heaps (sand) (B) in mine “Wójcice”. 

 

 >2.0 2.0-1.0 1.0-0.5 0.5-0.25 0.25-0.1 <0.1 

Sand 
A 0.3 23.0 43.4 26.0 6.0 1.4 

B 0.6 17.8 42.5 28.5 8.4 2.1 

Initial stage 
A 0.3 25.9 38.0 23.7 8.1 4.0 

B 1.9 17.3 37.2 26.0 11.7 5.8 

Transitional stage 
A 0.8 9.0 38.1 37.1 12.2 2.8 

B 0.4 8.7 43.7 35.1 9.9 2.2 

Terminal stage 
A 0.0 5.1 28.8 42.4 19.7 3.9 

B 0.2 6.3 31.5 39.3 18.7 4.0 

 

Tab. 2. Chemical composition of substratum of various succession stages in slurry clarifiers 

(A) and slurry heaps (sand) (B) in mine “Wójcice”. 

 

 Loss on 
ignition. 

% 
CaCO3 

(%) 
pH 

(aqua) 
pH 

(KCl) 

Total 
nitrogen 

(%) 
Mg 

(mg/100g) 
P 

(mg/100g) 
K 

(mg/100g) 

Sand 
A 0.46 0.0 6.33 4.59 0.0 0.0 0.0 0.0 

B 0.50 0.0 6.09 4.56 0.0 0.0 0.0 0.0 

Initial stage 
A 0.68 0.0 6.29 4.39 0.0 0.0 0.0 0.0 

B 0.72 0.0 5.67 4.21 0.0 0.0 0.0 0.0 

Transient 
stage 

A 0.96 0.0 6.61 5.82 0.0 0.0 0.0 0.0 

B 0.82 0.0 6.69 5.95 0.0 0.0 0.0 0.0 

Terminal 
stage 

A 0.98 0.0 6.53 5.62 0.0 0.0 0.0 0.0 

B 0.78 0.0 6.27 5.34 0.0 0.0 0.0 0.0 

 

 

Examples of phytosociological relevés: 

Rush beds: 

Date: 13.04.2014 r. Nowogród Bobrzański. Area of relevé (m
2
) 25. Cover of herb layer c (%) 

100; Ch.Ass. Phragmitetum communis: Phragmites australis 5, Ch.Cl. Phragmitetea 

Veronica becca bunga 2, Galium palustre 1, Sculellaria galericulata + Accompanying 

species: Lythrum salicaria +, Lycopus europaeus + 

 

Sand grasslands 

Date: 06.07.2014 r. Nowogród Bobrzański. Area of relevé (m
2
) 25. Cover of herb layer c (%) 

60. Ch.Cl. Koelerio glaucae-Corynephoretea canescentis+Ch.All. Koelerion glaucae 

Corynephorus canescens 4, Trifolium arvense 1, Koeleria glauca 2, Jasione montana + 

Accompanying species: Oenothera sp. 1, Agrostis capillaris +, Artemisia vulgaris + Viola 

tricolor +, Achillea millefolium +, Echium vulgare +, Conyza canadensis +. 



Degenerated floodplain forest 

1) 06.07.2014 r. Nowogród Bobrzański. Cover of tree layer a (%) 80, cover of shrub layer b 

(%) 50, cover of herb layer c (%) 80, cover of moss layer d (%) 5. Quercus rubra (a)5, 

Quercus robur (b)3, Alnus glutinosa (b)1, Frangula alnus (b) 2, Impatiens parviflora 3, 

Galeopsis pubescens 2, Urtica dioica 2, Galium aparine 2, Agrostis capillaris 1, Solidago 

gigantea 1, Lapsana communis 1, Circaea lutetiana 1, Padus serotina +, Sorbus aucuparia +. 

 

2) 

06.07.2014 r. Nowogród Bobrzański. Cover of tree layer a (%) 80, cover of shrub layer b (%) 

60, cover of herb layer c (%) 90, cover of moss layer d (%) 5. 

Betula pendula (a)3, Quercus robur (a)2, Quercus robur (b)4, Urtica dioica 4, Symphytum 

officinale 1, Impatiens parviflora 2 , Galeopsis aparine 1, Rubus ideaus 1, Scirpus sylvaticus 

1, Impatiens glandulifera 1, Chaerophyllum aromaticum +, Quercus robur (c)+. 

 

3) 06.07.2014 r. Nowogród Bobrzański. Cover of tree layer a (%) 70, cover of shrub layer b 

(%) 60, cover of herb layer c (%) 60, cover of moss layer d (%) 5. 

Alnus glutinosa (a) 4, Urtica dioica 3, Myosotis palustris 1, Lycopus europaeus 1, Iris 

pseudacorus 1, Juncus effusus +, Glechoma hederacea +. 

 

Plant communities formed on slurry heaps 

08.07.2014. Wójcice. Cover of herb layer c (%) 20%. 

Corynephorus canescens 2, Saponaria officinalis 1, Oenother biennis + 

 

08.07.2014. Wójcice. Cover of herb layer c (%) 30%. 

Saponaria officinalis 2, Senecio viscosus 1, Corynephorus canescens + 

 

08.07.2014. Wójcice. Cover of tree layer a (%) 80, cover of shrub layer b (%) 20, Cover of 

herb layer c (%) 90. 

Robinia pseudoacacia (a)5, Padus serotina (b) 1, Robinia pseudoacacia (b)2, Betula pendula 

(b)+, Calamagrostis epigeios 4, Deschampsia caespitosa 1, Agrostis stolonifera 1, Tanacetum 

vulgare 1, Saponaria officinalis 1, Erigeron annuus +, Trifolium arvense +, Artemisia 

vulgaris +, Quercus robur (c)+ 

 

 



Degenerated oak-hornbeam forest 

1) 15.04.2014. Wójcice. Cover of tree layer a (%) 80, cover of shrub layer b (%) 20, cover of 

herb layer c (%) 80. 

Fraxinus excelsior (a) 4, Fraxinus excelsior (b) 2, Carex brizoides 4, Rubus idaeus 2, 

Chelidonium majus 1, Galeopsis pubescens 1, Galium aparine 1, Urtica dioica 1, Moehringia 

trinervia + 

 

2) 08.07.2014. Wójcice. cover of tree layer a (%) 80, cover of shrub layer b (%) 20, cover of 

herb layer c (%) 80. 

Quercus robur (a)5, Q. robur(b)2, Galeopsis pubescens 4, Urtica dioica 2, Rubus sp 2, 

Calamagrostis epigeios 2, Dactylis glomerata 2, Chelidonium majus 1, Petasites album +, 

Convallaria majalis + 

 

Initial fen communities 

09.07.2014. Górażdże. cover of shrub layer b (%) 10, cover of herb layer c (%) 90, cover of 

moss layer d (%) 70. 

Betula pendula (b)2, Pinus sylvestris b(+), Phragmites australis 4, Briza media 1, 

Calamagrostis epigeios 1, Eupatorium cannabinum 1, Erigeron annuus 1, Trifolium pratense 

1, Centaurea jacea +, Centaurium erythraea ssp. erythraea +, Epipactis palustris +, 

Leontodon hispidus +, Lotus corniculatus 1, Molinia caerulea +, Achillea millefolium + 

 

  

 


