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Abstract 

Common problems and characteristics of sites affected by the mining are land 

occupation, pollution, land degradation, hydrologic changes and landscape change what 

belong to the major environmental problems in many countries. Despite the regulation 

prescribed by the Mining Act which brought significant progress in post mining land 

reclamation, emphasise mostly in recovery of production capability of landscape, many recent 

studies state it may not be so effective in restoration of diversity and ecosystem services.  

In order to properly assess newer approaches in spoil heaps recultivation our research 

is focused on the restoration of species rich meadows using near-nature methods, specifically 

the transfer of turves and seeds-containing hay transfer supported by management (mowing 

and mowing with mulching). Additionally, the research is focused on influence of the plot 

size on restoration success and on effect of management on soil development.  

Both of the applied near-nature methods of species rich meadow recultivation are 

effective in species provisioning and thus succession acceleration. More successful is the 

method of transferred turves where it was possible to establish more than 60% of the species 

from the donor site. The species richness on sites and its spreading is dependent on 

implemented management. The mowed plots are the most species-rich followed by the 

mulched plots. Even though mulch management can be recommended on the spoil heaps 

where supported soil development on transferred turves caused decaying and decrease in 

cover. The positive effect of larger management plots is a result of decreased dominance and 

the survival probability of Calamagrostis epigejos on the experimental plots and the increased 

probability of species establishment on larger sites with management and the spread into 

experimental plots.  

 

Keywords: near-nature restoration methods, transferred turves, transferred seed-containing 

hay, spoil heap, Calamagrostis epigejos 
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Abstrakt 

Jeden z hlavních environmentálních problémů mnohých států jsou plochy ovlivněné 

těžbou, jež sužují problémy často charakteristické pro tyto plochy jako je zábor půdního 

fondu, kontaminace a degradace půdy, narušení hydrologického režimu a změna krajiny. 

Navzdory opatřením předepsaným Horním zákonem, který přinesl mnohá zlepšení při 

rekultivacích území ovlivněných těžbou, jsou tyto obnovy zaměřené na navrácení produkční 

funkce krajině a z pohledu současného výzkumu nejsou tak efektivní při obnově diverzity a 

ekosystémových funkcí.    

Výzkum se proto zabývá novými přístupy při obnovách výsypek zaměřenými na 

obnovu druhově bohatých luk přírodě blízkými metodami, konkrétně přenosem drnů a 

semena obsahujícího sena, což je navíc podpořeno zavedeným managementem (kosením a 

kosením s mulčováním). Navíc se zaměřujeme na vliv velikosti obnovované plochy na 

výsledky obnovy a efekt managementu na rozvoj půdy 

Obě použité metody rekultivace jsou efektivní při dodávání druhů, a tak urychlují 

přirozenou sukcesi. Úspěšnější se jeví metoda přenosu drnů, kde bylo přeneseno a uchytilo se 

více než 60% druhů. Druhová bohatost a šíření druhů do okolí je závislé na zavedeném 

managementu. Nejvíce druhově bohaté jsou kosené plochy následované mulčovanými. 

Přestože mulčování můžeme doporučit na výsypce, kde slouží k rozvoji půdy na přenesených 

drnech, způsobuje snížení pokryvnosti, změnu druhového složení a podehnívání. Pozitivní 

efekt velikosti plochy je výsledek snížení dominance a pravděpodobnosti přežití 

Calamagrostic epigejos na experimentálních plochách a zvýšení pravděpodobnosti uchycení 

druhů na větší ploše s managementem a jejich šíření.  

 

 

Klíčová slova: přírodě blízké metody obnovy, přenesené drny, přenos semena obsahující 

seno, Calamagrostis epigejos 
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1. Introduction 
 

1.1 Background – mining and reclamation 

Sites affected by mining belong to the major environmental problems in many 

countries. Mining causes damage and destruction of the original landscape and reshape the 

appearance of the surrounding areas which are used for overburdened soil deposition (spoil 

heaps) or deposition of the materials left over after the process of separating the valuable 

fraction (mine tailings). Beside the surface and deep coal mines there are remains of the 

mining of peat, stone, sandy gravel and remains after mining bricks and ceramic material. In 

the Czech Republic the dominant mined are energy raw material such as hard coal, brown 

coal, oil and gas, industrial materials – stone, chine clay, limestone etc, and ores and non-

ferrous metals.  The country’s coal resources have been estimated at some 2.4 billion tonnes. 

Brown coal, accounts for more than 70 % of these resources also has the largest effect on the 

environment. Spoil heaps, tailing stockpiles, tailing lagoons and remains buildings are 

classified into Brownfields and defined as “sites that have been affected by the former use of 

the site and surrounding land; are derelict and underused; may have real or perceived 

contamination problems; are mainly in developed or urban areas; and require intervention to 

bring them back to beneficial use” (CABERNET, 2006). In Czech Republic the estimated 

area is from 11000 ha without Brownfields in Prague and mining areas (Czech Invest, 2007) 

up to 38 000 ha mines included (Vráblík, 2009). Common problems and characteristics of 

these sites are land occupation, pollution, land degradation, hydrologic changes and landscape 

change (Pěgřímek et al., 2004).  

One of the biggest areas of Czech Republic (CZ) influenced by brown coal mining is 

located in the west side of the Podkrušnohoří brown-coal basin, situated in the Chomutov, 

Most, Teplice, and Ústí nad Labem. In this area there have been mined about 3.5*10
6
 tonnes 

of coal and removed more than 7*10
6
 m

3
 of overburdened soil which currently creates spoil 

heap occupying more than 9 000 ha (Vráblíková et al., 2009).  For this reason the introduction 

part is mostly associated with this area and our research is located there.  

The remediation of these sites is prescribed by the Mining Act (Act n.41/1957, lately 

Act n. 44/1988) which requires mining companies to carry out remediation and reclamation. 

The mining company has to create the financial reserve to cover all costs related to 
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remediation and recultivation (Horní zákon, 1988). Despite these regulation bring significant 

progress in post mining land reclamation, emphasise mostly recovery of production capability 

of landscape and many recent studies (Řehounek et al., 2010, Řehounková et al., 2011 

Vráblíková et al., 2009) state it may not be so effective in restoration of diversity and 

ecosystem structure. 

In order to properly assess newer approaches our research is focused on the restoration 

of species rich meadows using near-nature methods, specifically the transfer of turves and 

seeds-containing hay transfer. The effect of supported management activities (mowing and 

mowing with mulching) on plant establishment and influence of the plot size on restoration 

success were assessed as well. Additionally, the soil samples from experimental plots were 

collected and analysed to examine the influence of management on soil development.   

1.2  Constrains related to the remediation of spoil heaps 

 For several centuries, mining of industrial minerals (mainly brown coal surface 

mining occupying large-scale areas) has negatively impacted the environment in the relevant 

regions. The most serious negative impacts include total devastation of the areas, where the 

mining activities take place. The influenced components are mentioned in Table 1 

(Vráblíková et al., 2009). 

Table 1: Landscape changes via mining activities (Vráblíková et al., 2009).  

 

As mentioned, mining companies are held responsible for the restoration of these sites. 

One of the most problematic aspects of spoil heaps is the physico-chemical properties of the 

substrates which are being used. At Sokolov coal mining district the overburdened soil 

consists mainly of tertiary clays of cypris series with admixtures of claystones and coal clays, 

Influence of the mining activities on landscape  

Landscape changes New relief 

Stratigraphic changes 

Changes in hydrologic cycle  

Pedosphere – top soil and subsoil devastation 

Microclimate change and air quality degradation 

Biosphere devastation 

Recent shapes After mining: residual pits, spoil heaps 

Recent shapes characteristics: environmentally extreme, non-

stable, non-productive ecosystems 
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which are the most common topsoil-layers of spoil heaps (Vráblíková et al., 2009). These 

plastic illite clays with admixture of kaolinite, smectite, chlorite, mixed layer illite/smectite, 

elastic micas and quartz (Konta and Kuhnel, 1997 in Baburek and Bares, 1969; Bylova et al., 

1981) has a limited amount of recent organic carbon and available nutrients (Kříbek et al., 

1998; Frouz et al, 2006). The remainder of the spoil heaps consist of mixtures of gravel sand, 

loess and clays of different origin with admixtures of coal (Vráblíková et al, 2009).  

Spoil heap substrates originate from depths of hundreds of metres and has varying 

structure and composition. The composition is constantly changing after contact with oxic 

conditions on the top layers (including mouldering of geological substrate, physical, chemical 

and biological changes) (Frouz at al., 2006). Factors which mainly restrict successful plant 

establishment of these sites are high toxicity (pH, redox potential or/and potentially toxic 

elements concentration), water stress and lack of the nutrients (Mench et al., 2010). 

 Frouz et al. (2007) measured composition of dissolved matter in water from the Velká 

Podkrušnohorská spoil heap. The results show a higher content of dissolved matter which is 

potentially available for plants. In this case alkaline substrate with pH above 8 (pH level is 

very variable in dependence on the site; some authors refer to values from 2.7 up to 8.5 (Frouz 

et al., 2007)) will restrict the availability of nutrients that are already lacking. The spoil heap 

water have higher concentration of  Na, Ca, Mg, Fe, Mn, SO4
2-

 which is mainly caused by the 

geological composition, mineralization and soil washing during mining activities (Frouz et al., 

2007). Spreading of these elements by water and wind erosion to watercourses and 

surrounding areas can have negative effect on the environment downstream (Mench et al., 

2010). The water infiltration rate is one of the soil characteristics describing the soil condition 

which is affecting the erosion (Morgan, 2009). In the case of spoil heaps, water infiltration 

ability is a function of the occurrence of soil macropores and its size, which is dependent on 

primary structure. The cypris clays infiltration rate is in the early and medium term high, 

which is caused by the laminar structure (see Figure 1). Nevertheless, the later terms are 

influenced by the weathering of cemented aggregates what causes disintegration of elemental 

particles. Consequently, the weathering leads to cementation of the surface and cracking 

during the dry period as well as potential transport of the fine material during heavy rains or 

windy periods. The disintegration of the elemental particles is accelerated by intensive 

agriculture cultivation (Vráblíková et al, 2009).   
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The lack of nutrients is mainly caused by origin depth of the substrate. These 

substrates do not contain recent organic matter, but can contain the fossilised organic 

materials. Even though this fossil organic matter can be further decomposed by 

microorganisms (Frouz et al., 2011) the main input is dependent on vegetation litter 

decomposition. Soil organic matter is improving the physical properties of the soil, such 

sorption capacity and water holding capacity and supports formation of soil aggregates and 

nutrients amount (Bot and Benites, 2005). The nitrogen amount can also be enhanced by the 

plant N2 fixation. Spoil heap substrate composition and its weathering influences phosphorus 

content (Vráblíková et al., 2009). As mentioned, even though the total nutrient content would 

be sufficient, the availability for plants is restricted by the soil properties such as pH which is 

often very high or low in post mining site (Bradshaw, 2000) and may limit nutrients 

availability.     

 

 

 

The last factor influencing plant establishment is water stress which is linked to high 

radiation by which bare substrate is exposed. Solar radiation is changed into sensible heat 

causing by the overheating of the surface and subsequent high temperature fluctuation. 

Figure 1: Cypris clays (Vráblíková et al., 2009). 
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Therefore, the main step for successful remediation is to return water into this area followed 

by vegetation establishment (Vráblíková et al, 2009).    

1.3  Opportunities of ecosystem restoration 

These extreme conditions on spoil heaps linked to the high toxicity, water stress and 

lack of the nutrients can lead to creation of very valuable ecosystem. As an example can be 

proved Sokolov spoil heap where monitoring showed less species rich community compared 

to the mining uninfluenced areas; however, there were recorded amount of endangered 

species on unrecultiveted plots. Concretely, there were recorded species such as Marasmeillus 

tricolor, Tricholoma cingulatum and T. psammopus, Bufo calamita and B. viridis, Pelobates 

fuscus, Triturus cristatus, Rallus aquaticus, etc. (Frouz et al., 2007).  There were recorded 

Diptera and Trichoptera species newly founded in Czech Republic. It is considered that it is a 

result of spoil heaps heterogeneity. There are patches of different age with high or low pH, 

nutrients and salinity what allowed establishment of different specialized species (Frouz et al., 

2007). 

1.4  Restoration approaches 

The typical approach consists of technical recultivation preceding the own biological 

recultivation. Generally, this method is focused on fast statement into productive function 

(Vráblíková et al. 2009). The technical recultivation comprises of the efforts related to 

landfilling of top soils or soils suitable for plant growth, creation of the hydrologic networks 

(melioration, ponds, ditches etc.), anti-erosion control and creation of the road networks. 

These efforts are followed by biotechnologic recultivations which can be divided into 

agricultural (agricultural land, pastures, orchards), forestry (forests with different purposes), 

hydric (ponds, ditches, wetlands etc.) and other recultivations (sports and recreation areas, 

research areas, housing development and road networks) (Frouz et al., 2007; Vráblíková et al., 

2009).  

At Sokolov, spoil heaps are being formed mostly by forest recultivation (see Figure 2). 

The tree species used for forestry reclamation has to fulfil several ecological attributes, 

mainly; substrate conditions requirement, microclimatic tolerance and vitality. Species which 

are in accordance with given requirements are Alnus glutinosa L., Alnus incana (L.) Moench., 

Betula verrucosa Ehrh., Sorbus aucuparia L. and Salix daphnoides Vill (Kupka and 

Dimotrovský, 2011). The other species widely used at Sokolov spoil heaps are Acer 



6 
 

pseudoplatanus, Fraxinus excelsior, Quercus petraea and Q. robus, Pinus sylvestris, Picea 

abies and Larix decidua. Nevertheless, the trend during the recultivation was to use non-

native tree species such as Acer negundo, Pinus contorta v. lat, Pinus nigra, Quercus rubra 

and Robinia pseudoacacia. due to their ability to survive the extreme conditions which are 

fount at spoil heaps (Frouz et al., 2007; Kupka and Dimotrovský, 2011).  Forestry 

recultivation is also considered as the stabilization element of sloping lands in order to avoid 

landslides and erosion. 

Agriculture recultivation consists mainly of technical site preparation dependent on the 

occurance of layered topsoil (Vráblíková et al., 2009). In both cases the substrate has to be 

excavated (if the topsoil is not placed, the substrate should originate from depths up to 200 m 

at Sokolov and therefore does not contain recent soil organic matter and has poor nutrient and 

soil structure (Frouz et al., 2006)), deposited on dumps for years, transferred and managed on 

site. The quality (organic matter content and nutrients) of the topsoil after this practice 

remains questionable. In addition, during this procedure the substrate is subjected to 

mechanical stress which leads to more or less compacted substrate, reducing the yield 

(Krummelbein et al., 2010). These areas are extremely species poor and do not have any 

biological importance (Prach et al., 2009). Due to their instability, these are sites vulnerable to 

external influences such as colonization by invasion species and are therefore dependent on 

human activities (Hodačová and Prach, 2003).  

The trend of biological recultivation at the Podkrušnohorská spoil heap from 1960 to 

2007 was mainly focused on the agricultural followed by forestry recultivations by 59% and 

35% respectively. The hydric recultivations were implemented only on 2.5% of the reclaimed 

area and other recultivation on 3.5% of the area. The planned recultivations on about 3 500 ha 

are focused on the increase of forest and water areas up to 43% and 10% respectively, leaving 

the agriculture area on 58% of newly reclaimed area. The others recultivations are planned 

only on 1.4% (Vráblíková et al., 2009). 

The second method, sometimes classified as others recultivations from the previously 

mentioned technical recultivation is to leave the area to spontaneous succession. This method 

is cheap and creates naturally valuable sites, but takes a long time, especially in mining areas 

where the succession is starting at the bare substrate with lack of the seed bank (Bischoff, 

2002; Tischew et al., 2009). These sites often suffer from limited dispersion of the species 

from the surrounding areas. Řehounková and Prach (2007) claim that species establishment in 
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disturbed sites are mainly determined by their occurrence in the surrounding areas. The 

critical distance is assumed to be 100 m for most of the species (Řehounková and Prach, 

2007). In addition, on some sites with very extreme conditions such as soil threatened by 

landslides, heavy erosion, and water or soil contamination, restoration would not be possible. 

However, dry sites with limited available nutrients and moderate contamination can be 

colonised by low-competitive, stress tolerant species (Prach and Hobbs, 2008). The advantage 

would be local origin of the colonizing species that are expected to be well adapted to the 

local site conditions (Kovář, 2004). Thus, usually no additional care is needed and 

development of the non-productive functions is allowed by the establishment of more natural 

and rich vegetation cover (Hodačová and Prach, 2003).  

Compromise between the technical restoration based on amelioration and fast 

incorporation of the area into the productive phase and spontaneous succession developing all 

natural processes could be initiated by succession (near nature methods) which combine both 

approaches by manipulating succession toward a target (Prach and Hobbs, 2008). Included in 

the consideration is the site preparation during the spoil heaps formation, formation of 

heterogeneous surface, leaving of the semi-natural communities in the spoil heap surrounding 

as species spreading source and potentially directing of the already running succession by 

established management or the sowing of desirable species (Řehounková at al., 2011). 
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Figure 2: Planned and completed recultivations on Podkrušnohorská spoil heap (Valeš et al., 2003). 
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1.5  Spoil heaps as a place for meadows creation – advantages and 

disadvantages 

The amount of grasslands, pastures and meadows has varied during the last few 

centuries mainly due to the changes in agricultural policy and practice. The current situation 

shows the increasing trends mainly due to the political changes at 1989 (Kolejka, 2006). The 

species rich meadows have several advantages which can be used for solving problems of 

spoil heaps mentioned above and they are able return some ecosystem functions to these sites. 

Meadows have productive and non-productive functions and it is mainly these non-

productive functions that can solve several problems of the spoil heaps. Established plants 

reduce land degradation by the roots’ soil stabilisation which reduces erosion. Roots can 

penetrate compact soil, aerate it and improve its structure by roots exudates (Fiala, 2007). 

Another advantage of vegetation establishment is the ability of the plants to reduce water flow 

velocity and increase the infiltration ability of the soil (Mrkvička, et al. 2007). Dead biomass 

increases soil fertility and water holding capacity (Fiala, 2007). Saviozzi at al. (2001) were 

measuring several soil parameters; specifically organic C, water-soluble carbohydrates, 

phenolic substances, biomass C, cumulative CO2-C (soil respiration), enzyme activities 

(alkaline phosphatase, protease, β-glucosidase, urease, catalase and dehydrogenase) on fields, 

forests and grasslands soils. The results were showing higher values of the grassland soil 

quality parameters than forest sites and even higher than fields. This shows the ability of the 

meadows to develop soil faster and in better way. Additionally, meadows are centres of 

biological diversity not only for plants, but also for animals and other organisms (Fiala 2007). 

This also plays a role in pollination of the area and weed and invasion species control (Obrist 

et al. 2010). Many studies also show the role of different plant species on phytoremediation 

which can solve the problem of pollution (Mench et al. 2010).   

On the other hand, spoil heaps can be ideal places for establishment of species rich 

meadows establishment due to their extreme conditions with low fertile soil and very 

heterogenic patches (Háková et al. 2004). The conditions described by Begon et al. (1997) 

determining species occurrence on site are mainly dependent on: “(i) the capability of the 

species reaching a location; (ii) the appropriate site conditions and existing resources; and (iii) 

on the presence of competitors, predators and parasites which would potentially preclude the 

species establishment”. Generally, for creation of a species rich community, it is essential to 

cause disturbance which will open space for new species by changing the physical 
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environment. Succession following disturbance, defined by Begon et al. (1997) as „the non-

seasonal, directional and continuous pattern of colonization and extinction on a site by species 

population“, leads to a stable or self-perpetuating climax stadium.  

During the initial phase the location is established quickly by the ruderal and stress 

tolerating strategists. Their main life strategies include high fecundity, effective dispersal, 

rapid growth when resources are sufficient, as well as poor growth and survival when 

resources are limited (Begon et al. 1997). Podkrušnohorská spoil heaps are rapidly colonized 

by ruderal species after substrate deposition such as Calamagrostis epigeions, Daucus carota, 

Poa compressa, Tanacetum vulgare and Tussilago farfara. Tree species colonization is started 

by such species as Salix caprea, Betula pendula, and Populus tremula (Mudrák, 2012). Their 

presence improves the physico-chemical characteristics of the loction such as soil pH, 

nutrients content, temperature and humidity. Hence, the conditions facilitating the late phase 

plant establishment are improved. In later phases competitor strategists dominate. Their life 

strategies include slow growth, long term life and high ability to compete (Begon et al., 1997). 

Later phases are linked with birch and aspen woodland development with a species rich 

understory, composed from species such as Arrhenatherum elatius, Festuca rubra, Plantago 

lanceolata, and Lotus corniculatus which colonized Podkrušnohorská spoil heaps for more 

than 40 years after substrate deposition. During later stages the competitive strong 

Calamagrostis epigejos increase its dominance and change the species composition on site 

(Mudrák, 2012).  

 The final species composition during single phases is regulated by the biotic factors 

which integrate the relationships among the organisms – competition and facilitation and 

abiotic factors such as pH, temperature, humidity, salinity, latitude, light, nutrients as well as 

contaminants concentration (Begon et al., 1997; Bustamente-Sanchez, 2011).   

Without any human intervention, the development would lead to a climax stadium 

such as the one found in our geographic forest location. The natural grasslands arise only at 

places where extreme conditions do not support the forest genesis (Šantrůček at al., 2007). 

Into this condition limited rain events, cold or hot periods, strong wind can be included, as 

well as disturbances which are caused by the topography (mountains or rock walls) and/or in 

form of fires or extreme grazing (Reichholf, 1999; Coupland, 1979). Therefore, the semi-

natural grasslands need to be supported by management such as mowing, mulching, grazing, 

liming, fertilizing and burning which would further eliminate the establishment of trees and 
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support the rise of species rich grasslands by biotic and abiotic factors modification (Háková 

et al., 2004). 

 In general, in dependence on management are changed the abiotic factors – amount of 

nutrients (mowing – decreasing; mulching, fertilizing, liming and burning – increasing; 

grazing – decreasing and patchy increasing), improved soil properties (liming – increased 

infiltration and heating ability; mulching – anti-erosion effect, evaporation elimination, source 

of organic matter and its advantages). The biotic factors decreasing dominance of some 

species and/or invasive species (mowing, grazing, burning), changing species structure 

(grazing, burning, liming, fertilizing) (Háková et al., 2004; Jongepierová, 2008; Maron and 

Jeffries, 2001; Molinar et al., 2001; Spasojevic et al., 2010). On the other hand, careful 

management selection is necessary For example, mulching is a good choice at arid or semiarid 

areas compared to wet grassland where it would cause decrease of yield and changes in 

species composition as well as grazing which should lead to weed infestation by some less 

tasty plants (Háková et al., 2004).   

1.6 Meadows restoration 

The restored areas which used to be meadows or have meadows in their surrounding 

area have a higher possibility of seeds surviving the in seed bank or disperse from the species 

surrounding it. These areas can be left to spontaneous succession (Kiehl et al. 2010). The 

ability to spread is varied between different species and is dependent on the life strategies of 

the species (Jongepierová, 2008). The species with ruderal and meadows character such as 

Taraxacum sp., Achillea millefolium, Cerastium holosteoides, Plantago lanceolata and 

Ranunculus repens has the ability to disperse to grasslands with success up to 48%. This 

ability is lower when the species has only ruderal or only meadows character (30% and 20% 

respectively). This success is a result of the fast dispersion ability which is done by ruderal 

character of the species, and the meadows character which helps to win later competition. 

Some species with high abundance are the most competitively successful and thus their 

presence is question of the time. Into this species can be incorporated Achillea millefolium, 

Cerastium holosteoides and Plantago lanceolata (Jongepierová, 2008).  

However, many studies concerning to meadows restoration (Bakker et al., 1996; 

Bakker and Berendse, 1999; Kiehl et al. 2010; McDonald et al., 1996; Torok et al., 2011) 

show the problems of restoration of species rich meadows are caused by depletion of the seed 

banks and reduced seeds dispersion ability in nowadays fragmented landscapes. There are 
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several possibilities of how to introduce the target species to the restored areas: seeding of 

site-specific seed mixtures, seed-enriched chaff, threshing and brush harvesting, transfer of 

fresh seed-containing hay, transfer of raked material, vacuum harvesting and transfer of turves 

and seed-containing soil. The explanation of different techniques and advantages, 

disadvantages and limitations are described in Kiehl et al. (2010). Torok et al. (2011) are 

assessing usefulness of these methods, their practical feasibility and costs.  

1.6.1 Transferred turves and seeds-containing hay methods 

Our research is focused on two of those methods: the transfer of turves and its cheaper 

and technically less demanding method: transfer of fresh seed-containing hay. Bullock (1998) 

states different methods of transferring turves and soil, starting at manual hand turfing 

involving cutting and lifting of small turves using spades up to machinery which can be used 

to move large areas of soil, specially designed equipment which is able to cut and lift large 

turves and finally spread excavated soil and vegetation. This method relies on translocation of 

the whole community of soil fauna including micro-organisms (Kirmer and Tischew, 2006). 

Kiehl et al. (2010) sum up several studies using this method stating that most of experiments 

used large turves with minimum size 0.5 x 0.5 m laid out in a wide area close to each other. 

Species transformed the rate of success from 54% up to 100% and was mostly dependent on 

time scale. The only problem referring to these methods was eutrophication due to enhanced 

nutrient mineralisation, leading to ruderalisation in present population, price and destruction 

of the donor site (Kiehl et al. 2010; Torok et al. 2011). Nevertheless, most of these 

experiments were performed on former fields where large translocated areas were supposed to 

be destroyed due to building development, mining or other constructions. 

In this case an alternative method to the one previously described was employed: 

transfer of fresh seed-containing hay mainly due to the referring constrains with direct 

regional seeds sowing caused by the spoil heap substrate properties not supporting plant 

establishment (Kirmer & Mahn, 2001; Schmiede et al., 2009). Transferred hay works as an 

erosion controller and protection of the seeds during the germination phase against 

unfavourable conditions on bare soil on spoil heap ((Kiehl et al., 2010; Morgan, 2009). 

Mowing is recommended during the maximal seed set between June and August in dependent 

on the type of meadow (Edwards et al., 2007) and immediately transported which eliminated 

the loss of seeds in comparison to dried hay (Kiehl et al., 2010). The recommended amount of 

applied hay varies from 1:2 to 1:10 ratio between the restored area and donor site (Kiehl et al. 
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2010; Torok et al., 2011).  The result amount is dependent on the richness of species, 

propagule richness and quality of the vegetation at the donor site (Edwards et al., 2007). 

However, the thickness of the applied layer can inhibit the germination and colonization of 

favourable species (Donath et al., 2006). Similar to the previous method, most of the 

experiments were performed only in small scale. However, studies are showing high success 

in species transfer which is mainly dependent on species richness of the donor site (Kiehl et 

al., 2010). 

 

1.7 Effect of the plot size 

Due to the practical and financial reasons most of the current manipulations 

experiments are performed only at small scale; even though are widely known The Edge 

Effect and The Theory of Island Biogeography affecting the species amount and its 

composition.  

The Island Biogeography theory first outlined by R.H. MacArthur and E.O. Wilson 

became ground-breaking during 1960s. They discussed the first principles of population 

ecology, biogeography and genetics to explain how distance and area combine to regulate the 

balance between immigration and extinction (species richness) in island populations. Begon et 

al., (1997) summarized the theory: “(i) island size and isolation themselves played important 

roles – the number of species on an island is determined by a balance between immigration 

and extinction; (ii) this balance is dynamic, with species continually going extinct and being 

replaced (through immigration) by the same or by different species; and (iii) immigration and 

extinction rates may vary with island size and isolation“. This theory, on the whole, says that 

larger islands which contain larger and more heterogenic habitats and is closer to the source 

area are supposed to have the biggest species richness with reduced extinction probability.  

Oppositely, the more remote islands to which the immigration is very slow the species 

richness is a result of the in-situ evolutionary change. Species richness can be described by 

the species-area curve. Similar effects are found in landscapes where the isolated patches 

represent the island (MacArthur and Wilson, 1967). Nevertheless, the isolation of a landscape 

is influenced by the impermeability-degree of the surrounding areas. Two different 

neighbouring ecosystems are able to influence each other on their edges where interactions 

arise that are widely known as The Edge Effect. 
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 The Edge Effect is nowadays connected with increasing fragmentation of the 

landscape, decreasing the total area of some ecosystems and increasing of the extinction of 

species. Generally, this effect arises everywhere where there are two contrasting ecosystems 

placed side by side. Edges are causing changes in the biotic and abiotic conditions involving 

changes in abundance and distribution of species. The resulting species composition is a result 

of physical condition near the edge (temperature, moisture, vapour pressure deficit, soil 

moisture and light intensity, etc.), physiological tolerance of species to the condition on the 

edge and changes in biotic relationships (species interactions such as predation, competition, 

herbivory etc.) (Murcia, 1995). The edge even eliminates the core area which results in further 

extinctions.  

Both these theories are widely discussed (Begon et al. 1997; Brown & Lomolino, 

1989; Heaney, 2007; Lomolino, 2000; Murcia, 1995; Rosenzweig, 1995; Whittaker et al., 

2008) but nevertheless, no one has tested the effect of varying experiment plot size on 

restoration success which can be assessed by the richness of species (Godínez-Alvarez et al., 

2009) and the level of area development.  

The only studies were performed according to Debinski and Holt (2000) for 

fragmented landscapes and mainly for the effects of fragmentation on species richness or 

abundance, less for effect of fragmentation in interspecific interaction, the role of corridors 

and landscape connectivity and the edge effect influencing ecosystem services. Debinski and 

Holt (2000) overviewed twenty of those experiments discovering the explanation for the 

different results potentially caused by the edge effect, competition and the spatial scale of 

those experiments.    

On the other hand, studies concerning the use of transferred turves or transferred seed-

containing hay for restoration are mainly focused on the amount of transferred species, seeds 

and in general the success of restoration. For example, Kiehl et al. (2010) summarised the 

studies of transferring seed-containing hay, showing that the size of the experiment, 

management which were in most of the cases not performed and transfer rates. The most 

similar experiment compared to our research was performed by Klimeš et al. (2010) at Bílé 

Karpaty Mountains (CZ), where there were transferred 25 meadow blocks, 0.4 x 0.4 m in size, 

to fallow (unfertile and dry) land. Their main idea was to create something like stepping 

stones where the transferred turves work as sources for valuable species in a uniform, species-

poor area (Bullock, 1998; Kailová 2000; Klimeš et al., 2010). In our case the experiment is 
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enhanced by management of mowing and mulching. Klimeš et al. (2010) monitored the 

transferred turves, the species composition in the source area and in their neighbourhood for 3 

years to assess the vegetative spread and seedling establishment in the transferred turves of 

the adjacent region; nevertheless, the supporting management is not mentioned there, and 

neither is the total affected area. Aradottir (2012) tried to assess the transferred turve size and 

its effect on transferred species. His results are showing the effect of original species cover on 

probability to survive transfer. Rare species or species with negligible cover are more likely to 

disappear than the common species (Aradottir, 2012) which together with grass species have a 

higher ability to tolerate transplant than forbs, shrubs, sedges and rushes limited by the root 

form and higher probability of roots and rhizomes damage (May et al., 1982). 
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2. Aims and objectives 

The aim of this research project is to critically evaluate the effectiveness of the initiated 

succession by the installation of patches of transferred turves and transferred fresh seed-

containing hay for restoration of the species rich meadow on the spoil heap. The main 

objectives are to determine: 

(1) More effective restoration approach (transferred turves or transferred fresh seed-

containing hay). 

(2) The most effective management on these sites which would support plant establishment 

and dispersion of the meadows species. 

(3) The effect of the plot size on result species richness.  

(4) The most effective management which would help to develop soil properties.. 

We expect following hypothesis related to individual aims: 

1) Turves transfer will transfer more species but hay transfer will be more efficient in 

promotion of overburden colonisation by meadow species. 

2) Implemented management will affect species richness and composition. 

3) Transferred turves will work as a source of species spreading into surrounding 

spoil heaps. The speed of spreading will be dependent on management. 

4) Larger area of treated plots will enhance effect of Calamagrostis suppression by 

moving. 

5) The plot size will affects the species richness.  

6) Mulching will support the soil development mainly due to carbon and nutrient 

provisioning. 
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3. Materials and Methods 

3.1 Study area 

The study site is placed in one of the biggest area influenced by brown coal mining in 

Czech Republic in the west side of the Podkrušnohoří brown-coal basin. The project is located 

on the external Podkrušnohorská spoil heaps which are sitiuationally connected to several 

separate spoil heaps, specifically in Lipnice, Pastviny, Týn and Boučí. The use of these spoil 

heaps was finished in 2003 and together with the mining area occupy 4 940 ha with a planned 

expansion of about another 750 ha (Valeš et al., 2003). The area of spoil heaps has a 

heterogeneous surface formed from substrates of different composition originating from up to 

200 m depth (coal seam Antonín), age of deposition and different restoration types (Valeš et 

al., 2003). The deposited substrates are tertiary clays of the cypris formation, but should 

contain variable amount admixtures of claystones and coal etc. Cypris clays were diagnostic 

as a laminated claystones named after widely spread shells of fossil ostracod Cypris augusta. 

Clays have alkaline pH 8–9 and consist mostly of kaolinite, montmorilonite and illite. These 

minerals often contain impregnated calcite, siderite and fossil organic matter, namely type II 

Kerogen originating from algae- and pollen- derived organic matter (Rojík, 2004). The spoil 

heap area is located at an altitude from 450 to 600 m n.m. with a mean annual precipitation of 

650 mm and a mean annual temperature of 6.8 ⁰C (Frouz et al., 2008). The wind direction is 

very variable depending on terrain formation.  

The restoration experiments are located at the Podkrušnohorská spoil heaps close to 

the village of Vintířov in area where in 1990 a landslide took place. Due to this landslide we 

can assume that the restoration project started on bare soil. The location of the experiments 

was not subjected to any recultivation activities. Surrounding areas were recultivated by 

forestry or agriculture (see Figure 2). Mudrák et al. (2010) performed research concerning the 

understory vegetation in forest stands on the spoil heaps. Due to the predominant forestry 

recultivation in surrounding areas we can assume that the mentioned species are dominant and 

characteristic for the location and would have the vability to spread on our experimental plots. 

These species are Calamagrostis epigejos, Deschampsia caespitosa, Euphorbia esula, Rubus 

idaeus, Festuca ovinia, Leontodon hispidus, Medicago lupulina, Phleum pratense, Plantago 

lanceolata, Vicia cracca, Cirsium arvense, Elytrigia repens, Poa compressa, Tanacetum 

vulgare, Urtica dioica, Fagus sylvatica juv., Geum urbanum, Poa nemoralis, Viola 

reichenbachiana and Fragaria vesca. 



18 
 

3.2 Establishment of the experiment  

3.2.1 Transfer of turves 

In May 1995 the top 40cm from the donor location located close to the mining area 

were removed to ensure that transferred species are adapted to local condition (see Figure 3). 

The other selection condition was a low presence of Calamagrostis epigejos. These locations 

used to be fields and gardens left due to the mining activities and at that time the locations 

were occasionally mowed. The soil from the donor location is comprised by brown soil with a 

low amount of skeleton.  

The turves were carefully placed on spoil heaps forming 6 patches of 3 x 10 x 0.3 [m] 

located in two rows. The patches are placed so that the longer side is directed down on a slight 

slope (see Figure 5). The distances between separate plots range from 5 up to 10 m.   

 

Figure 3: Map of turves donor and experiments locations on Podkrušnohorská spoil heap. 

This experiment was originally focused on soil microorganisms, their development 

and potential migration to surrounding spoil heaps. The first phytosociologic monitoring of 

Experiments location 

Turves donor location 



19 
 

these experimental plots were performed by Matoušů in 2005 and continued until 2010. The 

phytosociologic monitoring of the donor locations were in 2007. This research utilises this 

data as a foundation. 

Every turve patch was divided into 3 parts where subsequent management, mowing 

(Mo) and mowing with mulching (Ma), were implemented in 2005. One part was left without 

any management and used as a control group (Co). The order of management activities on 

different patches were selected randomly before the first management activities were 

established (see Figure 4). The first phytosociologic monitoring was performed before 

management was established and subsequently performed after every phytosociologic 

monitoring during the main vegetation season in June and August until 2010. Mowed biomass 

from both parts of the turve patch is used for mulching. The same management activities 

following those on turves patches are performed on surrounding spoil heaps with the same 

plot size. 

 

 

 

Figure 4: Transferred turves experiment diagram. 
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In 2010 the experiment of testifying the effect of plot size on final species richness 

started. In general, it consists of mowing the surrounding area around one row of turve 

patches once a year (see Figure 5). 

 On every turves patch are in the centre of separate plot with management established 

permanent long-term monitoring plots of 1 m
2
 size and others in the surround of the turves. 

The closest edge of the monitoring plots on the spoil heaps are located approximately 0,5 m 

away from the base of the turve patches. Vegetation cover and richness were recorded using 

phytosociologic analysis whereby the cover is estimated by a percentage proportion of the soil 

surface that is covered by plant parts. These plots are phytosociologicly monitored yearly at 

the end of the vegetative season (August-September). The plants nomenclatures were unified 

using Vegetation Field Guide for Czech Republic (Kubát et al., 2010).    

 

3.2.1.1 Transferred turves patches – results from 2005-2009 (Matoušů, 2010) 

Previous phytosociologic analysis performed by Matoušů (2010) from 2005 until 2009 

describes the starting phase before management establishment where the transferred turves 

were mainly covered by Calamagrostic epigejos (90%) with a higher occurrence of Rubus sp., 

Fragaria vesca and Galium mollugo. Rare presence (0,02% - 5%) were Tanacetum vulgare, 

Epilobium augustifolium, Hypericum perforatum, Vicia cracca, Lathyrus pratensis, Cirsium 

arvense, Poa augustifolia, Deschampsia caespitosa and Poa compressa. The number of 

species presenting at the transferred turves were 30, 17 of which were ruderal in 2005. At 

2009 were recorded 22 ruderal species from the total 53 species.  

Following Matoušů (2010), the difference between plots with and without 

management was not obvious until 2008. Nevertheless, five years of management practice 

had statistical significance regarding influence of species composition. Calamagrostis 

epigejos and Rubus sp. decreased their cover on plots with management which lead to 

increased cover of other species such as Poa angustifolia, Festuca pratensis, Trifolium 

repens, Hieracium pillosella, Holcus lanatus, Senecio jacobea, Centaurea stoebe, Fragaria 

vesca, Pimpinella saxifraga, Vicia cracca, Melilotus sp., Lotus corniculatus and 

Leucanthemum vulgare. Mowing with mulching had positive influence, especially on Poa 

trivialis, Veronica chamaedrys, Agrostis sp., Tanacetum vulgare and Ranunculus repens.  
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Management had a positive influence on the establishment of new meadow species 

(due to Chytrý and Tichý, 2003) such as Luzula campestris, Carex hirta, Gnaphalium 

uliginosum, Pimpinella saxifraga, Trifolium repens, Ranunculus repens and Plantago 

lanceolata (Matoušů, 2010). 

 

3.2.1.2 Transferred turves patches surrounding – results from 2005-2009 (Matoušů, 2010) 

Spoil heaps in the surrounding area of transferred turves were phytosociologically 

analysed before management establishment by Matoušů (2010). The results, similarly to the 

transferred turves, were showing the main Calamagrostis epigejos cover with rare occurrence 

(0.02%-5%) of several other species, specifically Achillea millefolium, Artemisia vulgaris, 

Centaurea stoebe, Cirsium arvense, Daucus carota, Fragaria vesca, Galium mollugo, 

Hieracium pillosella, Hypericum perforatum, Leucanthemum vulgare and Oenothera biennis. 

The statistical analysis proved the influence of management on plant composition 

development. The control plots were dominated by Calamagrostis epigejos with a low 

occurrence of Rumex acetosa, Euphorbia esula, Pimpinella saxifraga and Lathyrus pratensis. 

Mowing and mulching management activities decreased the Calamagrostis epigejos cover 

and thus supported the development of other species. Mowed plots mainly covered 

Campanula rotundifolia, Centaurea jacea, Trifolium repens, Poa trivialis, Alchemilla sp., 

Holcus lanatus and Melilotus sp in comparison to the mulched plots which were mainly 

covered by Vicia craca, Potentilla reptans, Tanacetum vulgare, Ranunculus repens, Poa 

pratensis, Myosotis arvensis, Poa angustifolia and Lotus corniculatus. 

There was recorded 40 species consisting of mostly ruderal species (21 species) in 

2005. In 2009 there was recorded 42 species. Nevertheless, the number of ruderal species 

decreased with 17 on the mulched plots with the highest species richness. 

 

3.2.2 Transfer of fresh seed-containing hay  

The experiment of transferred seed-containing hay was established close to the 

previous experimental patches on non-recultivated spoil heaps (approximately 20 years from 

substrate deposition) in October 2007. Three patches of size 10 x 3 m were placed which were 

further divided into 4 sub-plots. Each of the plots was phytosociologicly analysed before 
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management was established. Three of the plots were mowed and the biomass carefully 

removed. On two of them there was applied fresh seed-containing hay.  

The donor site is a typical submontane mesophilic meadow with typical species of 

Polygono bistortae-Trisetion flavescentis union (Chytrý and Tichý, 2003), located 16 km 

from the stock pile. The species presented are for example Agrostis capillaris, Alchemilla 

vulgaris, Bistorta major, Campanula rotundifolia, Festuca rubra agg., Meum athamanticum, 

Alchemilla vulgaris, Alopecurus pratensis, Anthoxanthum odoratum, Avenella flexuosa, Poa 

pratensis, Potentilla erecta, Ranunculus acris, Rumex acetosa, Trifolium repens, Trisetum 

flavescens, Veronica chamaedrys and Vicia cracca. 

 Finally, the established management on the experimental plots is in subsequent order 

– on the first plot hay was applied only during the first year (HAY 1), on the second plot the 

hay was supplied twice a year for 3 years (HAY 2), one plot was only mowed (Mo) and the 

last plot, without any management activities, works as the control patch (Co). Currently, the 

plots with management are mowed yearly and the biomass is removed from the experimental 

plots.  

The phytosociologic analysis is performed every year during the main vegetation 

season before all management activities.    

3.2.2.1 Transferred seed-containing hay experiment – results from 2007-2009 (Matoušů, 2010) 

The experiment results showed significant differences between management plots after 

two years of established management where the highest species richness were on plots with 

several hay applications. 

  At the time of assessment of the experiment the Calamagrostis epigejos showed no 

significant difference between management plots, and all plots were reaching similar cover. 

Several species were newly recorded on the spoil heaps. These species were classified as 

Dianthus deltoide, Thymus pulegioides and Asperula tinctoria. 

The mowed plots correlated with species such as Fragaria vesca, Taraxacum sp. and 

Cirsium vulgare, HAY 2 plots correlated with Achillea millefolium, Vicia cracca and 

Centaurea stoebe and finally on plots with one hay transfer (HAY1) there were found species 

such as Veronica chamaedrys, Thymus pulegioides, Poa pratensis, Festuca rubra, Poa 

angustifolia, Galium mollugo and Geum urbanum.  
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3.3  Vegetation data analysis 

The experiment with transferred turves research plots were phytosociologically monitored 

during September 2012 and 2013. On these plots the fixed areas of 1m
2
 located in the middle 

of each management plot were monitored. The seed-containing hay experiment was 

monitored during September 2011-2013. Fixed areas of 2m
2
 were located at the middle of 

management plots were monitored.     

Phytosociological monitoring data was analysed using Microsoft Excel, PCA and CCA 

analysis at CANOCO (CANOCO 4.5) (TerBraak and Šmilauer, 2002). Within CCA analysis 

data was adjusted by square-root transformation and downweighted rare species. 

Additionally, species with the highest cover rate were analysed using One-Way ANOVA with 

post-hoc Fisher LSD (STATISTICA software Version 12).  

3.4  Soil analysis 

A bulk of 1 kg composite soil samples consisting of 5 individual sub-samples were 

taken from the top 0-5 cm depth of every experimental plot to assess the physico-chemical 

Figure 5: Map of the experimental area. Black rectangles are showing the seeds containing hay 

transfer experiment on the left side and transferred turves on the right side. The red line is 

showing plot size on experimental plots and area of mowing. 
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properties (pH, electric conductivity, soil moisture content, loss of ignition, total C and N, 

available ortho-phosphorus and nitrates, microbial respiration and biomass) and development 

of the soil influenced by different management in October 2013. 

Every sample was disposed from roots, homogenised and divided into two parts. One 

part was stored in a fridge to maintain the original moisture content. The other one was air 

dried and consequently sieved through 2 mm sieve to ensure uniformity of the samples. 

 The air-dried soil with water in 1:5 sample liquid ratios was shaked for two hours, left 

overnight and filtrated. Consequently, pH and electric conductivity were measured. Soil 

moisture content was determined from known amounts on moist soil which was left overnight 

drying at oven (105⁰C). Consequently, the dry weigh was determined.  

The organic matter was determined by incineration of the samples which were 

previously oven dried (105 °C for 3 hours) in 550 °C for 5 h (LOI; Howard and Howard, 

1990). Soil samples (approximately 20g) for measuring total carbon and nitrogen were 

powdered using a Mixer Mill MM 200 (Retsch, Germany) and prepared for C/N analysis. C 

and N contents were consequently determined using the NC 2100 Soil Analyser 

(ThermoQuest, Italia).  

Available nitrates were extracted from original moisture-containing soil (10 g) by 

water with a ratio of 1:4 and consequently determined spectrophotometrically. The difference 

between two measured wavelengths, 210nm and 275 nm, shows the amount of nitrate-N in 

the sample. Available ortho-phosphorus was determined from air-dried soil (5g) extracted by 

sodium hydrogen carbonate solution (BSI 1995, ISO 11263:1994).  

Microbial respiration was determined using gas chromatography. About 10 g of fresh 

soil was incubated for 72 hours and the headspace gas was analysed for CO2 in a gas 

chromatograph as described by Šimek and Šustr (1995). Microbial biomass was measured by 

the chloroform fumigation and extraction method (Vance et al., 1987).  

All analysis were performed at Institute for Environmental studies, Faculty of Science, 

Charles University, Benátská 2, 128 01 Prague 2. 

http://www.sciencedirect.com/science/article/pii/S0016706104001144#bib20
http://www.sciencedirect.com/science/article/pii/S0016706104001144#bib20
http://www.sciencedirect.com/science/article/pii/S0016706104003489#bib32
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3.5  Soil data analysis 

Statistical differences between plots with the same management (transferred turves 

n=6, transferred fresh seed-containing hay n=3) were evaluated using One-Way ANOVA with 

post-hoc Fisher LSD, using STATISTICA software (Version 12). 
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4. Results  

4.1 Transfer of turves 

4.1.1 Influence of the management on vegetation development and spreading 

4.1.1.1 Transferred turves patches – results 2012 and 2013 

The results of species richness on transferred turves and their surrounding area are 

mentioned in Table 2 showing an increase in species richness mainly at plots with 

implemented management activities. In total, there are 46 species on the transferred turves 

with total average cover 58% from which 32 species are on control plots, 37 species are on 

mulched plots and 40 species are on mowed plots. As can be seen from the number of species, 

composition is more or less stable on the plots during the years of observation, but there are 

noticeable changes in cover of different species.  

Calamagrostis epigejos (average 32% cover) dominates on control plots. Occuring 

less (average cover varying from 5% up to 10%) are Fragaria vesca, Gallium mollugo and 

Rubus sp. and with average cover from 0.2%-5% were Cirsium arvense, Lathyrus pratensis, 

Melilotus sp., Plantago lanceolata, Poa pratensis and Tanacetum vulgare. 

 Mowed and mulched plots are showing higher species richness compared to the 

control plots. Mowed plots have in average the highest average cover (67%) compared to the 

control (62%) and mulched plots (46%) which has the lowest. The species with the highest 

cover are Fragaria vesca reaching up to 18% at mowed plots, Galium mollugo, Poa pratensis 

(at mowed plots) and Calamagrostis epigejos with decreased cover on plots with 

management, averaging about 75%. The average cover from 0.2%-5% are reached by a 

number of species mostly on mowed plots such as Alchemilla sp., Carex hirta, Centaurea 

jacea, Cirsium arvense, Daucus carota, Deschampsia caespitosa, Erucastrum galicum, 

Euphorbia esula, Festuca rubra, Hieracium pillosella, Hypericum perforatum, 

Leucanthemum vulgare, Melilotus sp., Pimpinella saxifraga, Senecio jacobea, Tanacetum 

vulgare, Veronica chamaedrys and Vicia cracca. Complete species list can be found in 

Appendix A. 
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4.1.1.2 Transferred turves patches surrounding – results 2012-2013 

 The surrounding plots are showing lower vegetation cover, averaging about 40% less 

than the transferred turves. The highest cover has control plots (37%) followed by the 

mulched plots (34%). In total, these plots are inhabited by 46 species. The highest richness is 

found on mowed plots (39 species) followed by the mulched plots (37 species) and finally 

control plots (32 species) (see Table 2).  

  All of these plots are mainly covered by Calamagrostis epigejos, Fragaria vesca, 

Hieracium pillosella, Rubus sp., Poa pratensis and Tanacetum vulgare. The highest 

Calamagrostis epigejos cover is found on control plots. The other species have higher cover 

on plots with management. Several species such as Centaurea stoebe, Daucus carota, 

Leucanthemum vulgare, Holcus lanatus, Plantago lanceolata and Veronica chamaedrys are 

occurring on both plots with management but showing higher cover on mowed plots. Higher 

covers on mulched plots are reached by Cirsium arvense, Galium mollugo, Poa angustifolia, 

Taraxacum officinale and Vicia craca. Even though these species has a low cover (in average 

for all plots with the same management less than 1%) their presence is stable. The complete 

species list is at Table_Apx 1. 

Table 2: Number of species and mean cover on transferred turves and on its surrounding 

areas. 

  Transferred turves Surrounding of t. turves 

  Number of species 
Mean vegetation 

cover 
Number of species 

Mean vegetation 

cover 

CO 32 62 ±19.74 32 35 ±18.30 

MA 37 46 ±26.80 37 34 ±21.43 

MO 40 67 ±26.81 39 30 ±23.20 

 

Table 3 is showing species with higher cover on transferred turves and in their 

surroundings. There is statistically significant effect of the management on Calamagrostis 

epigejos and Rubus sp. cover in both experiments what affected other species in terms of 

increase its cover. There should be also seen the variability between years. 
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Table 3: Cover of chosen species on the transferred turves and in its surrounding areas. 

n=6. Within rows, values without the letter or followed by the same letter are not significantly different (p<0,05) 

following One-Way ANOVA and post-hoc Fisher LSD analysis.  

 

4.1.2. Similarity to the donor site 

Matoušů (2010) performed phytosociological monitoring of the donor site in 2006. At 

that time there were recorded 60 species on the donor site which are showing 62% similarity 

to the species recorded in 2012-2013 on transferred turves and 48% similarity to the 

transferred turves in surrounding plots. The species occurring on both donor and receptor sites 

are forming 63% of the species located at transferred turves and on its surrounding area. 

  2012 2013 P 

MO MA CO MO MA CO 

T
ra

n
sf

er
re

d
 t

u
rv

es
 

Calamagrostis epigejos 9.33 10.8 28.3
b
 5 5.5 44.2

a
 0.000002 

Fragaria vesca 12.7
ab

 5.0
b
 7.7

ab
 19.3

a
 6.8

ab
 2.6

 b
 0.13995 

Galium mollugo 1.86 12.6 4.1 14.34 13.17 8.67 0.62043 

Hypericum perforatum 1.84 1.75 0.26 0.34 0.51 0.26 0.20515 

Poa pratensis 3.69 2.17 2.92 17.5
a
  5.84 5.01 0.06311 

Rubus sp. 12.67 3.17 5.51 3.5 4.75 13.17 0.3768 

Tanacetum vulgare 2 0.59 2 2.17 2.08 0.92 0.4654 

Veronica chamaedrys 1.52 1.44 0.09 0.34 0.51 0.01 0.25722 

S
u

rr
o
u

n
d

in
g
 o

f 
tr

a
n

sf
er

re
d

 

tu
rv

es
 

Calamagrostis epigejos 4.4 7 8.67 6.17 8.67 20
a
 0.00407 

Cirsium arvense 0.18 0.51 0.59 0.75 0.59 0.26 0.47743 

Fragaria vesca 3.7
bc

 7.6
ab

 0.9
c
 3.5

bc
 10.4

a
 1.82

bc
 0.02665 

Hieracium pillosella 2.3 0.84 3.75 4 4 5.92 0.57134 

Leucanthemum vulgare 0.82 0.45 0.13 0.67 1.13 0.75 0.6006 

Plantago lanceolata 0.25
ab

 0.03
a
 0.19

ab
 0.6

a
 0.34

ab
 0.42

ab
 0.30369 

Poa pratensis 11.01 6 2.08 3 5.75 1.92 0.57032 

Tanacetum vulgare 1.59 1.67 2.6 1.84 1.34 3 0.81235 
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4.1.3 Spreading efficiency and effect of the plots origin of species composition 

To assess the efficiency of species spreading from the transferred turves to 

surrounding plots all monitoring results were used from transferred turves and its surrounding 

plots and analysed by PCA analysis where environmental variables were determined as a 

management – control (Co), mowing (Mo) and mulching (Ma) and origin of plots – 

transferred turves or surrounding plots. This analysis is showing the variability of individual 

phytosociological monitoring plots where the first axes interpret 22% of the variability and 

the second one interprets 17%. As can be seen in Figure 6 Rubus sp. is a dominant species 

related to transferred turves. On the other hand, species such as Poa augustifolia, Holcus 

lanatus, Crepis tectorum etc. are dominant on surrounding plots. However, this analysis is 

showing all species, even the rare ones. Calamagrostis epigejos, Fragaria vesca and probably 

Poa pratensis and Galium mollugo, which can be influenced by other environmental variables 

as well, are mainly dependent on established management without difference on the location 

of their placement (transferred turves or its surrounding).    

 

Figure 6: PCA analysis showing species following origin of the plots (on transferred turves 

and on its surrounding areas) and management activities. 

Transferred turves 
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Consequently, the unimodal CCA analysis at CANOCO was performed to obtain 

species related to transferred turves or surrounding plots (see Figure 7 showing the 22 most 

correlating species). At the same time rare species were downweighted. The results are 

showing statistically significant influence of the occurrence location (F=4.90; p=0.002). The 

first axes is explaining 6.5% of the variability; however, the second one explains 10,4%. 

Adding environmental variability – year 2013 and control plots into this analysis showed 

statistically significant influence of those environmental variables (p=0.002, F=3.13 and p= 

0.002, F=2.51 respectively).  

   

Figure 7: CCA analysis of the species with chosen environmental variability occurrence 

location. 

4.1.4 Effect of the plot size  

In 2010, the transferred turve patches were divided into two separate experiments 

which showed the effect of plot size on experiment results in terms of number of species and 

their cover. Table 4 is showing the number of species and average vegetation cover on 

different management plots taking into account original experiment without mowing in 

surrounding area as a control and plot size experiment with mowing (marked sp) within two 

years. The results are showing high variability of the cover between separate patches. 

However, the species richness in form of number of species on transferred turves and in their 
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surrounding plots is showing a similar trend and in some cases the species richness is higher 

on the spoil heaps. 

Table 4: Number of species and their total cover on transferred turves and at its surrounding 

areas within two years and separated into control plots without mowing in the surrounding 

areas and with mowing (marked sp). 

 Transferred turves Surrounding of t. turves 

 Number 

of species 

Mean vegetation 

cover 

Number 

of species 

Mean vegetation 

cover 

Total  32 62 ±19.74 32 35 ±18.30 

Co 2012 16 46 ±1.78 15 35 ±25.68 

Co 2012 ps 20 65 ±7.47 22 29 ±29.64 

Co 2013 13 46 ±6.80 20 44 ±9.64 

Co 2013 ps 13 90 ±10.39 20 31 ±0.40 

Total 37 46 ±26.80 37 34 ±21.43 

MA 2012 18 42 ±21.78 20 35 ±31.92 

MA 2012 ps 16 54 ±45.22 18 25 ±23.70 

MA 2013 21 38 ±12.57 26 36 ±14.41 

MA 2013 ps 15 49 ±32.30 22 39 ±14.73 

Total  40 67 ±26.81 39 30 ±23.20 

MO 2012 24 57 ±30.21 28 43 ±45.01 

MO 2012 ps 20 52 ±35.22 21 22 ±19.26 

MO 2013 19 74 ±24.38 24 30 ±13.20 

MO 2013 ps 23 85 ±10.69 23 25 ±1.53 

n=3, mean ± STDEVA 

The effect of management, year and plot size experiment (ps) on species with higher 

cover is shown at Table 5. Statistically significant difference in the results is only for 

Calamagrostis epigejos where were recorded increase in cover at 2012 but rapid decrease at 

2013 at control plots. There can be seen slight increase in Rubus sp. cover at 2013 on 

transferred turves as well as increase of the Tanacetum vulgare on management plots 

compared to the 2012. The other management did not showed significant difference at 

transferred turves. On the other hand, surrounding plots are showing decreasing trend 

(p<0.05) in Calamagrostis epigejos cover at control and mulched plots. There is also 

statistically significant increase of Fragaria vesca cover at the surrounding mulched plots. 

The other analysed species has not significant respond to the management. The significant 

trend of the influence of mowing in surrounding area (plot size experiment) on vegetation 

cover changes can be seen within these chosen species only on Calamagrostis epigejos 

(shown below). 



32 
 

Table 5: Average cover of chosen species within two years and separate into control plots 

without mowing in surrounding areas and with mowing (marked sp). 

  2012 

Co Co ps MA MA ps MO MO ps P 

T
ra

n
sf

er
re

d
 t

u
rv

es
 Calamagrostis epigejos 20

ab
 36.67

a
 5.67 12.33 8.33 10.33 0.035156 

Fragaria vesca 3.33 11.00 7.33 2.67 18.00 7.33 0.458729 

Galium mollugo 7.75 1.67 10.17 15.04 1.67 2.04 0.691196 

Hypericum perforatum np 0.50 2.34 1.17 2.83 0.84 0.500388 

Poa pratensis 3.00 2.84 3.67 0.67 3.00 4.37 0.854304 

Rubus sp. 7.67 3.34 4.67 1.67 8.00 17.33 0.763382 

Tanacetum vulgare 2.33 1.67 1.17 Np 2.00 2.00 0.790979 

Veronica chamaedrys np 0.17 1.37 1.50 3.00 0.04 0.343009 

S
u

rr
o
u

n
d

in
g

 o
f 

tr
a

n
sf

er
re

d
 

tu
rv

es
 

Calamagrostis epigejos 11.33 6.00 9.33 4.67 4.33 4.50 0.364997 

Cirsium arvense 0.67 0.50 0.67 0.34 0.34 Np 0.617256 

Fragaria vesca 0.67 1.03 8.50 7.00 4.33 3.00 0.412976 

Hieracium pillosella 6.34 1.17 1.34 0.34 3.00 1.83 0.401879 

Leucanthemum 

vulgare 
0.06 0.17 0.17 0.73 1.05 0.67 0.754078 

Plantago lanceolata 0.20 0.17 0.04 Np 0.17 0.34 0.562211 

Poa pratensis 1.50 2.67 6.00 4.00 16.67 5.34 0.745174 

Tanacetum vulgare 1.03 4.17 1.01 2.33 1.67 1.50 0.700682 
 

  2013 

Co Co sp MA MA sp MO MO sp P 

T
ra

n
sf

er
re

d
 t

u
rv

es
 

Calamagrostis 

epigejos 
55

a
 33.33

b
 5 6 5 5 0.000058 

Fragaria vesca 0.50 4.67 5.66 8 8.67 30.00
a
 0.083554 

Galium mollugo 2.34 15.00 5.00 21.33 21.33 7.34 0.647505 

Hypericum 

perforatum 
np 0.33 0.17 0.84 np 0.67 0.301468 

Poa pratensis 5.01 5.01 8.34 3.34 31.67 3.34 0.020796 

Rubus sp. 8.00
ab

 18.33
a
 4.16

ab
 5.33

ab
 2.33

b
 4.66

ab
 0.288553 

Tanacetum vulgare 1.5
abc

 0.33
c
 1.33

abc
 2.83

ab
 1

bc
 3.33

a
 0.096197 

Veronica 

chamaedrys 
np np 0.34 0.67 0.17 0.50 0.655946 

S
u

rr
o

u
n

d
in

g
 o

f 
tr

a
n

sf
er

re
d

 

tu
rv

es
 

Calamagrostis 

epigejos 
21.66

a
 18.33

ab
 11.66

ab
 5.66

b
 5.66

b
 6.66

b
 0.128560 

Cirsium arvense 0.50 np 0.50 0.67 0.67 0.84 0.745849 

Fragaria vesca 2.66 0.36 6.83
ab

 14
a
 3 4 0.109654 

Hieracium pillosella 8.67 3.17 2.67 5.33 7.33 0.67 0.495617 

Leucanthemum 

vulgare 
0.50 1.00 0.50 1.00 np 1.34 0.538915 

Plantago lanceolata 0.50 0.34 0.67 Np 0.34 0.84 0.550022 

Poa pratensis 0.84 3.00 8.17 3.34 4.00 1.00 0.529652 

Tanacetum vulgare 3.00 3.00 0.67 2.00 2.00 1.67 0.822229 

n=6. Within rows, values without letter or followed by the same letter are not significantly different (p<0,05) 

following One-Way ANOVA and post-hoc Fisher LSD analysis.  
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For those plots (transferred turves and its surrounding plots) were made CCA analysis 

at CANOCO. Transferred turves experiment is showing statistical significant (F= 2.661, p= 

0.0040) differences between all management plots (mowing, mulching and control) and 

influence of the year (see Figure 8). Nevertheless, those plots do not show the influence of the 

plot size. On the figure 8 can be seen the correlation of the species to the ordination axes. 

Calamagrostis epigejos, Epilobium augustifolium and Symphytum officinale are best 

correlating with the control plots. The positive correlation to the mowing management had 

species such as Alchemilla sp., Fragaria vesca, Taraxacum officinale, Medicago lupulina, 

Artemisia vulgaris, Elytrichia repens, Trifolium repens, Campanula patula, Centaurea jacea, 

Phleum pratense, Euphorbia esula, Leucanthemum vulgare, Poa pratensis and Deschampsia 

caespitosa. The species supported by mulching are Pimpinella saxifraga, Trifolium pratensis, 

Veronica chamaedrys, Leontodon hispidus, Hypericum perforatum, Hieracium pillosella, 

Centaurea stoebe, Erucastrum galicum, Lotus corniculatus, Achillea millefolium, Carex hirta, 

Cirsium vulgare and Melilotus officinalis. 

 Figure 8: CCA diagram showing the response of the species to different management 

activities, year and mowing in surrounding areas at transferred turves.  
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The same analysis was performed for the surrounding plots where was after three 

years of mowing in the surrounding areas shown statistical significant (F= 3.052, p= 0.0020) 

influence of management (no difference between mowing and mulching) compared to the 

control, year and plot size (see Figure 9). The species correlated to the control were 

Calamagrostis epigejos, Taraxacum officinale, Hieracium pillosella, Epilobium 

augustifolium, Centaurea jacea, Vicia cracca, Rumex acetosa, Tanacetum vulgare, Trifolium 

repens, Veronica chamaedrys and Galium mollugo. The species correlated to mowing and 

mulching without statistical difference are species such as Artemisia vulgare, Melilotus 

officinale, Ranunculus repens, Achillea millefolium, Poa pratensis, Euphorbia esula 

Leontodon hispidus, Hypericum perforatum, Lathyrus pratensis, Trifolium pratensis, 

Cerasteum holosteides, Festuca rubra, Potentilla reptans, Campanula patula, Veronica 

officinalis, Elytrichia repens, Fragaria vesca, Daucus carota, Holcus lanatus, Lotus 

corniculatus, Centaurea stoebe, Crepis tectorum, Leucanthemum vulgare, Poa angustifolia. 

 

Figure 9: CCA diagram showing the response of the species to different management 

activities, year and mowing in surrounding areas at surrounding plots of transferred turves. 

 RDA analysis in CANOCO was made to assess the probability of the plot size 

influence of those plots subjected to monitoring in the autumn of 2009 and spring of 2010 
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before the experiment was established. The transferred turves and their surrounding area had 

no statistically significant difference (F= 1.052, p= 0.2720 and F=0.466, p=0.9060 

respectively) between management plots (see Figure 10 and 11). 

 

 

Figure 10: (on the left) RDA diagram showing the response of species to different 

management activities and mowing in surrounding areas at transferred turves (data from 2009 

and 2010; Matoušů, 2010). 

Figure 11: (on the right) RDA diagram showing the response of the species on different 

management activities and mowing at transferred turves and surrounding areas (data from 

2009 and 2010; Matoušů, 2010). 
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4.1. 5 Effect of the mowing and mulching on Calamagrostic epigejos dominancy 

As can be seen in Table 5 there are statistically significant differences between control 

plots on both experiments of transferred turves and their surroundings areas where 

Calamagrostis epigejos is reaching in average up to 55% cover (2013) and plots with 

management. There can be seen considerable decrease in Calamagrostis cover on control 

plots at plot size experiment plots on transferred turves, but no significant difference was 

proved between management plots (see Figure 12).  

The surrounding area is showing a similar trend as those seen at transferred turves in 

Calamagrostis epigejos with cover increase up to 21.66% at 2013. However, the control and 

mulched plots at plot size experiment have lower cover of Calamagrostis at all places. At 

control plots in 2012 and 2013 and mulched plots in the same years reached an average cover 

11.33%; 21.66% and 9.33% and 11.66% respectively compared to the plot size experiment 

where the cover is about 47%, 15% and 50%. This is respectively 51% lower than the plots 

without mowing in their surrounding area (see Figure 13). 

 

N=3, mean± STDERROR 

Figure 12: Diagram showing Calamagrostis epigejos cover on transferred turves with 

different management within two years. The blue line is showing control plots (without 

mowing in surrounding areas) and the red one shows the result with mowing.  
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N=3, mean ± standard error 

Figure 13: Diagram showing Calamagrostis epigejos cover on surrounding areas of 

transferred turves with different management within two years. The blue line shows control 

plots (without mowing in surrounding areas and the red one with mowing. 
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4.2 Transfer of seed-containing hay 

4.2.1 Influence of the management on vegetation development-results from 2011 to 2013 

In the surrounding area of the transferred turves there was in 2007 an established 

experiment testifying applicability of the fresh seed-containing hay as a near natural 

restoration possibility. The results are showing the establishment of 52 total species which are 

about 15% richer than the donor site. On the donor site there was recorded 44 species by 

Matoušů (2010). There is only 21 species recorded on both donor and receptor sites which is 

forming 40% of the present species on the experimental site. However, there are 40 species 

which are similar on transferred turves from other experiments and on seed-containing hay 

experiments but there are 25 species which are on all three plots together and we can assume 

that they are easily spread and the with highest probability spread into the experimental area 

from the spoil heap but could be supported by spreading from transferred turves. Into these 

species we can include Achillea millefolium, Calamagrostis epigejos, Campanula 

rotundifolia, Centaurea stoebe, Cirsium arvense, Daucus carota, Deschampsia caespitosa, 

Elytrigia repens, Festuca rubra, Fragaria vesca, Galium mollugo, Hieracium pillosella, 

Holcus lanatus, Hypericum perforatum, Leontodon hispidus, Leucanthemum vulgare, 

Medicago lupulina, Plantago lanceolata, Poa pratensis, Tanacetum vulgare, Taraxacum 

officinale, Trifolium repens, Veronica chamaedrys and Vicia cracca.  

 Table 6 is showing the number of species occurring during several years (2011-2013) 

and their cover. The most species rich management plots are HAY1 and HAY 2 where there 

is in total 50 and 46 species followed by the mowing plots where the amount of species is 

slowly growing through the years. There can be also seen an increasing average cover every 

year which almost doubled during those three years.   
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Table 6: Number of species and mean vegetation cover on seeds-containing hay experiment. 

 Number of species Mean vegetation cover (%) 

Total 32 51 ±20.06 

Co 2011 23 37 ±8.42 

Co 2012 24 48 ±18.00 

Co 2013 24 67 ±23.09 

Total 50 50 ±14.71 

HAY1 2011 37 36 ±6.73 

HAY1 2012 35 56 ±13.25 

HAY1 2013 35 57 ±15.28 

Total 46 47 ±16.69 

HAY2 2011 31 30 ±5.02 

HAY2 2012 38 51 ±13.55 

HAY2 2013 36 60 ±13.23 

Total 44 53 ±11.32 

MO 2011 29 41 ±6.52 

MO 2012 27 54 ±8.82 

MO 2013 32 63 ±2.89 

n=3, mean ± standard deviation. 

The highest cover is in average 26% reached Calamagrostis epigejos on control plots. 

Calamagrostis cover has a decreasing trend on plots with management which is highest on 

mowing plots (12%). The cover of other species is maximally reaching in average 5.5%. The 

species which cover 1%-5.5% are Carex hirta with high cover on control and mowing plots 

from which this may with high probability disperse into control plots; Centaurea stoebe, 

Crepis tectorum on HAY2 plots, Festuca rubra on management plots with higher cover on 

mowing plots, Hieracium pillosella, Leucanthemum vulgare and Plantago lanceolata on 

mowing plots, Tanacetum vulgare, Thymus pulegioides on HAY2 plots and Vicia cracca. 

Species which are in low cover, but found on the majority of the management plots can be 

incorporated species such as Achillea millefolium, Cerasteum holosteides, Cirsium arvense, 

Crepis tectorum, Daucus carota, Dianthus carthusianorum, Luzula campestris, Medicago 

lupulina, Plantago lanceolata, Poa pratensis, Taraxacum officinale, Veronica chamaedrys 

and Viola tricolor. These species are reaching from in average 0.2% to 1% cover, but are 

regularly found on the management plots.  

CCA analysis at CANOCO was performed to assess the influences determining 

species composition. Years and management activities were used as an environmental 

variability. Results are showing statistically significant influence in years 2011 and 2013 

(p=0.002, F=2.47 and p=0.002, F=3.88 respectively) and management mowing, application of 
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the hay in the first year (HAY 1) and control (p=0.034, F=1.59; p=0.084, F=1.47 and 

p=0.002, F=2.60 respectively). However, there is no significant influence of hay application 

during several years (HAY 2). 

Subsequently, CCA analysis was performed to assess the species-related management 

activities separately. Therefore, only the management activities were used as an 

environmental variability and the influence of years was subtracted. The results are showing 

significant influence of management (mowing (p=0.058, F=1.59) and hay application without 

statistical difference (p=0.094, F=1.47)) on species composition. Management in general has 

a high influence on vegetation composition compared to the control plots (p=0.002, F=2.72) 

which are linked with species such as Calamagrostis epigejos, Phleum pratense, Holcus 

lanatus and Silene vulgaris. Other species are mostly linked to plots where were hay is 

applied and subsequently mowed. In these species we can include Trifolium sp., Luzula 

campestre, Galium mollugo, Campanula sp., Rumex sp., Veronica sp., Hieracium sp., 

Alchemilla sp., Agrostis capillaris, Potentilla reptans, Dianthus carthusianorum, Thymus 

pulegioides, Poa sp., Cirsium sp., etc. (see Figure 14 and 15). On the other hand, there are no 

species which are mainly bound to mowing plots, but most of species found on HAY plots are 

dependent on mowing.  
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Figure 14: CCA analysis showing the species’ response to the management activities. On this 

diagram are shown the first and second axis.  
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Figure 15: CCA analysis showing the species response to the management activities. On this 

diagram is shown first and third axis. 
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Some species with the highest cover were statistically analysed (see Table 7). There 

can be seen changes in species cover during the years showing higher similarity of years 2011 

and 2013 and slow increase in cover mainly on plots with hay application. Statistically 

significant increases in cover are showing Festuca rubra, Hieracium pillosella and 

Leucanthemum vulgare on management plots in 2013.  

 

 

 

 



43 
 

Table 7: Changes in vegetation cover of chosen species as a result of management within different years. 

 

 2011 2012 2013   

  CO HAY1 HAY 2 MO CO HAY1 HAY 2 MO CO HAY1 HAY 2 MO p 

Calamagrostis epigejos 21.6
bc

 11.0 8.3 14bc 28.6
ab

 9.6 7.3 13
bc

 41.6
a
 8.6 7.6 18.3

bc
 0.010334 

Campanula rotundifolia np 1.16 0.37 0.2 np 0.8 0.3 0.4 np 6.0 0.5 0.3 0.288814 

Carex hirta np np np np 0.2 1.3 0.5 2.0 14.0
a
 4.3

ab
 1.33 8.0

ab
 0.350777 

Centaurea stoebe 1.8 3.66
a
 3.3

ab
 6.0

a
 1.7 0.7 1.8 2.3

ab
 1.66 4.0

ab
 5.7

a
 4.0

a
 0.150547 

Festuca rubra 0.3
d
 3.7

bcd
 1.8

cd
 2.7

cd
 1.2

cd
 3.0

cd
 1.0

cd
 2.0

cd
 np 

d
 4.7

bc
 7.3

ab
 10.7

a
 0.000555 

Hieracium pillosella 3.7
bc

 2.3
bc

 2.2
bc

 3.3
bc

 1.7
bc

 0.7
c
 1.7

bc
 3.3

bc
 7.3

abc
 8.0

ab
 12.7

a
 7.3

abc
 0.042751 

Leucanthemum vulgare 0.53 0.36 0.4 0.3
b
 0.4 0.2 0.7 0.5 0.2 0.7 1.0

ab
 2.0

a
 0.250163 

Plantago lanceolata 0.7
bc

 0.5
bc

 0.4
bc

 1.0
ab

 0.5
bc

 0.03
bc

 0.2
bc

 0.5
bc

 0.5
bc

 np
c
 0.2

bc
 1.8

a
 0.068690 

Tanacetum vulgare 1.7
ab

 4.0
ab

 2.7
ab

 6.0
a
 1.7 0.5 0.3 1.8

ab
 1.8

ab
 6.0

a
 4.3

ab
 4.7

ab
 0.164959 

Vicia cracca  1.0
ab

 1.0
ab

 1.0
ab

 0.7 0.7 0.5 1.2
ab

 np 0.7 1.0
ab

 1.0
ab

 2.7
a
 0.483363 

n=3. Within rows, values without letter or followed by the same letter are not significantly different (p<0,05) following One-Way ANOVA and post-hoc Fisher LSD analysis. 
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4.2.2 Effect of the mowing and mulching for Calamagrostic epigejos dominancy decrease 

The results from the previous monitoring (until 2009) are not showing statistically 

significant effects of the management on Calamagrostis epigejos cover. However, the current 

results are showing significant influence of management on cover decrease (p<0,05). Figure 

16 is showing the means of Calamagrostis cover in different years. The trends in percentage 

cover are increasing on control plots which are significantly higher in the last year (increasing 

from the average 21.6% cover up to 41.6%)  than on plots with applied hay where there is an 

average cover of around 8.7%. Applied hay and current management which carefully 

removed all mowed material has a slow, decreasing trend on Calamagrostis cover during the 

years. Applied hay management is even more effective than mowing management. 

 

 

N=3, mean± STDERROR 

Figure 16: Changes in Calamagrostis epigejos cover in accordance to the management 

activities within years 2011-2013. 
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4.3 Soil response to established management  

To assess the effect of different management practices on soil development and thus 

on plant establishment and development several, physico-chemical properties were measured, 

specifically pH, electric conductivity, organic matter, total carbon and nitrogen content and 

availability of base nutrients – phosphorus and nitrates. Additionally, the microbial biomass 

and respiration was analysed as well.   

4.3.1 Transferred turves 

In comparison to the rest of our experiments, the soil was transferred together with 

turves and therefore has a different origin, structure and soil properties than the soils from the 

spoil heaps (the surroundings of the transferred turves on spoil heaps and experiment with 

transferred seed-containing hay). The soil type corresponding to the brown soils has an 

average pH of 6.76.  

The results are showing the beginning of differentiation between the management 

types, where the plots with management has a lower ability to add organic matter (measured 

as the loss of ignition) in form of carbon and nitrogen to soil, compared to the control. The 

total carbon content is statistically (p<0.05) significant between control (51.10 mg g
-1

) and 

plots with management. Between there is no statistically significant difference corresponding 

to 38.65 mg g
-1 

at mowed plots and 40.03 mg g
-1

 at mulched plots. This trend is followed by 

the total nitrogen with the highest level at control plots 3.84 mg g
-1

 and lowest at mowed plots 

3.23 mg g
-1

. Nevertheless, the differences are not statistically proven (p<0.05). The available 

nutrients are highest on control plots which contain in average 116 mg kg
-1

 ortho-phosphorus 

and 24 mg kg
-1 

nitrates. Ortho-phosphorus is then higher on mulching plots reaching 91 mg 

kg
-1

 compared to the mowing plots (80.5 mg kg
-1

). However, the nitrate differences on these 

plots are not significant and the values are moving around 20 mg kg
-1

. The microbial biomass 

was very variable between patches; nevertheless the results are showing statistical differences 

between control plots and mulched plots corresponding to 40.26 mg g
-1

 and 27 mg g
-1

 

respectively. However, the microbial respiration is showing a different trend, however not 

statistically significant, increasing respiration on plots with management. Mowed plots are 

showing the highest microbial activity (in form of respiration) 179.79 ppm per hour on 

amount of microbial biomass expressed as specific respiration (production or CO2-C per unit 

microbial biomass and unit time) and lowest at control, where there is a high microbial 
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biomass 40.26 mg g
-1

 but lower microbial respiration 170.74 ppm hour 
-1

. All results and 

statistics are found in Table 8. 

 

Table 8: Results from physico-chemical soil analysis of transferred turves experiment.  

 Control Mowing Mulching 

pH 6.79 ±0.26 6.71 ±0.19 6.77 ±0.13 

Electric conductivity (µS cm
-1

) 80.02 ±19.00 63.02 ±18.38 67.75 ±20.16 

Soil moisture content (%) 29.19 ±1.88 27.12 ±1.82 26.25 ±1.68 

Loss of ignition (mg g
-1

) 117.3
a
 ±10.6 101.0

b
 ±7.2 108.9

ab
 ±11.3 

Total C (mg g
-1

) 51.10
a
 ±8.30 38.65

b
 ±5.48 40.03

b
 ±4.04 

Total N (mg g
-1

) 3.84 ±0.73 3.23 ±0.41 3.41 ±0.23 

C/N 13.39 ±0.86 12.01 ±0.99 11.75 ±1.15 

Nitrate-N (mg kg
-1

) 24.31 ±18.57 21.25  ±13.85 19.58  ±17.53 

Ortho-Phosphorus (mg kg
-1

) 115.77 ±44.89 80.47  ±30.29 90.88  ±28.49 

Microbial respiration (ppm hour
-1

) 170.74 ±31.87 179.79 ±21.95 177.58 ±21.82 

Microbial biomass (mg g
-1

) 40.26
a
 ±11.15 27.96

ab
 ±11.19 27.00

b
 ±8.52 

Specific respiration 4.47 ±1.25 7.67 ±4.33 7.14 ±2.21 

n=6, mean± 1 STDEV. Within rows, values without letter or followed by the same letter are not significantly 

different (p<0,05) following One-Way ANOVA and post-hoc Fisher LSD analysis. 

 

4.3.2 Surrounding research plots to the transferred turves 

The spoil heaps are mainly consisting of the slowly degraded cypris clays showing 

alkaline character (average pH level around 7.8) and higher electric conductivity compared to 

the transferred turves. The results are not statistically significant at p<0.05. Despite this, the 

trends between the plots with different management are similar to the transferred turve 

patches. The loss of ignition (organic matter), total carbon and total nitrogen are highest at the 

control plots 164.4 mg g
-1

, 62.55 mg g
-1

 and 4.35 mg g
-1

 respectively, compared to the plots 

with management, where higher content is achieved at mulched plots 158 mg g
-1

, 60.42 mg g
-

1
 and 4.29 mg g

-1
 as expected. However, the available nitrates are higher on plots with 

management where the nitrates are in average higher but the variability between plots 

represented by the standard deviation is higher as well (see Table 9). High variability is 

showing available ortho-phosphorus results as well where the highest available phosphorus 

content are on the mulched plots with 36.49 mg kg
-1

, compared to the mowed plots where the 
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values are the lowest (32 mg kg
-1

). Microbial biomass comply the trends with highest amount 

at control plots 36.38 mg g
-1

 followed by the mulched and mowed plots (33.25 mg g
-1 

and 

27.71 mg g
-1

 respectively). Specific respiration is highest at the mulched plots 4.63 ppm hour
-

1
 per mg

-1
 g

-1
 of the biomass where is respiration 96.12 ppm hour

-1
 and lowest at control plots 

(2.89 ppm hour
-1 

per mg
-1

 g
-1

 of the biomass). 

 

Table 9: Results from physico-chemical soil analysis of surrounding areas of the transferred 

turves experiment. 

  Control Mowing Mulching 

pH 7.84 ±0.12 7.77 ±0.38 7.86 ±0.08 

Electric conductivity (µS cm
-1

) 151.67 ±24.47 145.97 ±18.50 170.82 ±18.99 

Soil moisture content (%) 29.49 ±1.88 29.60 ±2.12 29.61 ±2.45 

Loss of ignition (mg g
-1

) 164.4 ±4.9 160.3 ±8.0 158.0 ±6.5 

Total C (mg g
-1

) 62.55 ±4.76 59.98 ±3.66 60.42 ±4.53 

Total N (mg g
-1

) 4.35 ±0.57 4.02 ±0.46 4.29 ±0.39 

C/N 14.48 ±1.24 15.03 ±1.38 14.12 ±0.82 

Nitrates-N (mg kg
-1

) 8.7 ±2.62 11.23 ±5.68 10.59 ±7.18 

Ortho-Phosphorus (mg kg
-1

) 34.22  ±7.29 31.82  ±8.37 36.49  ±10.17 

Microbial respiration (ppm hour
-1

) 98.87 ±6.32 90.20 ±17.37 96.12 ±11.68 

Microbial biomass (mg g
-1

) 36.38 ±9.18 27.71 ±12.14 33.25 ±15.17 

Specific respiration  2.89 ±0.95 3.71 ±1.47 4.63 ±4.98 

n=6, mean± 1 STDEV. Within rows, values without letter or followed by the same letter are not significantly 

different (p<0,05) following One-Way ANOVA and post-hoc Fisher LSD analysis. 

 

4.3.3 Transferred seed-containing hay 

The soil analysis results are showing similar base properties as the previous ones 

(average pH around 7.82 and electric conductivity around 169 µS cm
-1, proving the similar 

origin of both substrates. Nevertheless, these patches are showing higher organic matter 

content linked with total carbon and nitrogen. The differences between plots with 

management are not statistically significant at p<0.05. Neither the trends are distinct. Total 

carbon content is showing different trends than the previous experiments. The highest carbon 

content is on experimental plots HAY1 reaching 70.54 mg g
-1

 followed by mowed, control 

and HAY 2 plots in decreasing order of carbon content. The differences of nitrogen content 
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are minimal. Mowed plots are reaching the highest amount of the nitrogen 4.78 mg g
-1

, HAY 

1 and HAY 2 contain 4.59 mg g
-1

 and 4.40 mg g
-1

 respectively and control plots 4.62 mg g
-1

. 

The highest available nutrients are found on HAY1 plots reaching 11.75 mg of NO3
- 
kg

-1
 and 

41.55 mg of PO4
3-

 kg
-1

. HAY2 has the second highest amount of available nitrogen (14.19 mg 

kg
-1

) but lowest available phosphorus content (30.39 mg kg
-1

). The mowed plots have a higher 

nitrate content, 9.7 mg kg
-1

, than control plots, reaching 8 mg kg
-1

. These plots have similar 

available phosphorus content (in average 34.7 mg kg
-1

). The highest specific respiration is 

reached by HAY 1 plots, specifically 3.45 ppm per hour on the amount of microbial biomass. 

These plots have the highest statistically significant (p<0.05) microbial respiration (106.14 

ppm hour
-1

) per microbial biomass (37.36 mg g
-1

). The lowest microbial respiration and 

microbial biomass are found at HAY2 plots (84.69 ppm hour
-1

 and 32.92 mg g
-1

 respectively). 

Nevertheless, these plots have the second highest specific respiration (see Table 10).  

 

Table 10: Results from physico-chemical soil analysis of seeds-containing hay transfer 

experiment. 

  Control Mowing Hay 1 Hay 2 

pH 7.52
a
 ±0.30 7.92

b
 ±0.08 7.97

b
 ±0.06 7.87

ab
 ±0.25 

Electric conductivity 

(µS cm
-1

) 
163.40 ±10.42 170.10 ±3.48 167.97 ±9.74 171.13 ±4.45 

Soil moisture content 

(%) 
32.02 ±1.16 31.71 ±0.75 30.77 ±1.29 30.43 ±0.45 

Loss of ignition  

(mg g
-1

) 
170.88 ±10.79 170.01 ±6.15 170.62 ±11.51 174.65 ±24.13 

Total C (mg g
-1

) 66.35 ±4.61 68.57 ±5.47 70.54 ±6.15 63.43 ±1.38 

Total N (mg g
-1

) 4.62 ±0.34 4.78 ±0.34 4.59 ±0.48 4.40 ±0.70 

C/N 14.46 ±1.94 14.44 ±1.96 15.44 ±1.66 14.64 ±2.01 

Nitrates –N (mg kg
-1

) 7.97 ±0.80 9.74 ±0.59 16.75 ±6.09 14.19 ±5.57 

Ortho-Phosphorus 

(mg kg
-1

) 
34.97  ±0.70 34.39  ±2.34 41.55  ±6.54 30.39  ±1.71 

Microbial 

respiration 

(ppm hour
-1

) 

95.02
ab

 ±4.03 103.28
ab

 ±11.29 106.14
a
 ±3.23 84.69

b
 ±2.85 

Microbial biomass 

(mg g
-1

) 
34.10 ±1.51 39.92 ±14.52 37.36 ±16.95 32.92 ±12.16 

Specific respiration 2.75 ±0.02 2.76 ±0.75 3.45 ±1.48 2.93 ±1.47 

n=3, mean± 1 STDEV. Within rows, values without letter or followed by the same letter are not significantly 

different (p<0,05) following One-Way ANOVA and post-hoc Fisher LSD analysis. 
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5. Discussion 
 

5.1 Restoration approaches assessment 

Success of turves transfer in the amount of transferred species, is in average around 

50-70% (Kiehl et al., 2010) which corresponds to our results where more than 60% of the 

species were transferred however some other studies report lower or higher success up to 

100% (Trueman et al., 2007). The failures in some species establishing during the first years 

after turves are transported are mainly caused by poor depth of transported turves, damages 

caused by transportation causing loss or decline of some species, changes in management, low 

species cover or inefficient translocation of species or environmentally different conditions 

between the donor and receptor sites. This causes the loss of the most sensitive species; 

however, the restored site may be enriched by another species by spreading from surrounding 

areas (Good et al., 1999; Bullock, 1998).   

In transferred turves, several species were found that were not recorded in the donor 

site. However, these species may have originated from the seed bank. Many species from 

pioneer and weedy communities show a long persistency in the seed bank, up to several 

decades, compared to the grassland species which are moderately short-lived (up to a few 

years) (Bakker et al., 1996). Matoušů (2010) is referring to the species increase and changes 

in composition on these plots in the first five years after management establishment which 

could be result of transfer disturbation that supported those species from the seed bank. 

Changes in vertical placement of the seeds in profile after disturbation, access to the water, 

chilling and lower dominancy can enhance the species establishment from the seed bank 

(Bakker and Berendse, 1999; Grime and Curtis, 1976; Kirkham et al., 2012). The current 

situation shows species composition reaching a stable state and the fluctuation in the amount 

of small species is mainly caused by the abundance variability over time. Dodd et al. (1995) 

performed long term monitoring (1920-1979) on plots with consistent management and 

observed variability in absolute and relative abundances of most of species where many 

species went extinct and subsequently recolonized the plots.  

Similar problem concerning to the origin of the species is at the applied hay 

experiment. There are several species which were successfully transferred with hay and were 

recorded during previous monitorings by Matoušů (2010), specifically Thymus pulegioides, 

Hylotelephium telephium, Dianthus deltoids, Campanula rotundifolia, Asperula tinctoria. 
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These species, especially Thymus, Dianthus and Campanula, show an increasing trend in 

cover and are able to spread into surrounding areas, mainly to mowing plots. However, there 

is a lot of species present both on the donor site and acceptor site (see Table_Apx 1), we 

cannot, therefore, with certainty assess the method efficiency due to the similarity of the 

species located at spoil heap. We can assume that species founded on all experimental plots 

have high ability to spread and with highest probability spread into the experimental area 

from the spoil heap and/or from the transferred turves and were enhanced by transferred hay 

application. The number of transferred seeds with hay is questionable. The essential condition 

is the time of hay being removed from the donor site (Edwards et al., 2007; Kiehl and 

Wagner, 2006; Kirkham et al., 2012). 

Other studies reported more successful species transfer – from 10 and up to 29 species 

per plot (Kirkham et al., 2012). However, most of those experiments tried to improve species 

composition of already existing meadows or former fields. In our case, the biggest constrains 

linked with species establishment would be the extreme conditions on spoil heap linked with 

seeds desiccation with low nutrients availability (see below) which are considered as the main 

factors affecting seed germination and plant establishment (Fenner, 1985; Grime and Curtis, 

1976) compared to the experiment on former fields.  

After all we can say that the hay application experiment supports the increase in 

species richness and abundance which is in accordance with our hypothesis. On plots with hay 

application, more species can be found than on the transferred turves and surrounding plots to 

where species richness could be developing there from 1995 when the turves were transferred 

there.   

 

5.2 Management assessment 

 In agreement with other authors ( Bullock, 1998, Rebele and Lehman, 2001, Moog et 

al. (2002) we observed the changes in vegetation composition due to the implemented 

management of the translocated community (see Table 2).  In our case management activities 

supports the species richness and caused changes in species composition. Species on mowing 

plots are showing the highest species richness with presented species of mostly meadow 

society (Kubát et al., 2010), mostly adapted to frequent mowing by rosettes forming and 

nutrients stored in the lower parts or underground (Huhta and Rautio, 1998). 
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The mulched plots reached similar species richness compared to the mowed plots; 

however, the lowest vegetation covers. This is a sign of a negative effect of mulching on 

transferred turves ‒  nutrients are not limiting and mulch creates a poorly decomposable 

material layer causing decay of the underlying vegetation. Higher moisture and nutrient 

content led to respective changes in species composition (Háková et al., 2004) ‒ species 

occurring on these plots (Trifolium pratensis, Galium album and Veronica chamaedrys) are 

typical for wet, nutrient rich meadows (Kubát et al., 2010). V. chamaedrys is relatively shade 

tolerant and able to persist under dense canopy with litter accumulation (Pavlů et al. 2003).  

On the other hand, mulching had a positive effect on the surrounding plots, where it 

led to similar species richness as found on transferred turves, pecifically 46 species 

represented mostly by the species typical for meadows and open space (Kubát et al., 2010). 

The origins of species on the surrounding plots are hard to assess due to their generative 

ability as well as vegetative spread (Fragaria vesca, Galium mollugo, Ranunculus reptans, 

Trifolium reptans or Potentilla reptans). On the other hand, most of species have the ability to 

first spread generatively from the transferred turves and consequently increase their 

abundance generatively (grasses – Festuca rubra, Poa sp., etc.; Cirsium arvense, Centaurea 

stoebe, Lotus corniculatus). Matoušů (2010) considers the origin of Fragaria vesca, Veronica 

chamaedrys, Galium mollugo, Leucanthemum vulgare, Vicia cracca, Centaurea jacea, 

Potentilla reptans, Poa angustifolia, Plantago lanceolata, Trifolium repens on surrounding 

plots as a result of vegetative spreading from transferred turves. However, most of these 

species are currently widely spread on the spoil heaps (Mudrák et al., 2010). These weedy 

plants show a higher competitive and spreading ability than the target meadow plants from the 

transferred turves which can be caused by constrains linked with spreading into poor substrate 

with adverse climatic conditions (Klimeš et al., 2010). 

On transferred turves surrounding plots, the mulch complies the function of 

interception of light, reduction of thermal amplitude in the soil and reduction of water loss via 

evaporation and soil properties development (Facelli and Pickett, 1991). On mulched plots, 

the carbon, nitrogen (total and available) and available phosphorus content are higher due to 

the chopped litter decomposition what is in accordance to Bot and Benites (2005) findings. 

However, this decomposition is lower than on control plots. This can be caused by the fact 

that the mulch forms a layer on mowed vegetation and does not have direct contact with the 

soil microorganisms and therefore the decomposition rate is slower. The decomposition rate is 

also dependent on climate (often expressed as actual evapotranspiration); however, this factor 
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was not measured. Other factors are litter chemistry such as lignin concentration; C, N, P 

concentration and its ratio etc. (Aerts, 1997).   

Decomposition followed by mineralisation is dependent on microbial activity (Bot and 

Benites, 2005). The results show no difference between microbial biomass on transferred 

turves and the surrounding spoil heap. This is most likely an effect of the spreading of 

microorganisms from the transferred turves, which was the original purpose of this 

experiment and/or the result of the succession on plots of this age. There are two explanations 

of the management effect on soil biotic communities. In the first (short-term) effect, mowing 

increases root exudation activity due to plant defoliation, causing carbon allocation into 

growing shoots but a larger amount is remaining in the roots and is used for root growth, 

respiration and exudation (Holland, 1995; Schaufele and Schnyder, 2001). In a second long-

term effect, mowing causes changes in root biomass and its morphology (Uhlířová et al., 

2005). The frequent mowing causes changes in species composition leading towards the 

species tolerating the defoliation and further cause microbial changes (Háková et al., 2004). 

Other studies (Rice et al., 1996; Uhlířová et al., 2005) reported increased microbial biomass in 

the soil of the mowed grasslands. This positive effect is explained as a result of easily 

available carbon (energy source) from root exudates (Holland, 1995; Kuzyakov and 

Domanski, 2000). Nevertheless, these studies were performed on meadows or former 

meadows where the resources are not limited. There is a high probability that the conditions 

on our study plots with management are limiting microbial growth; however, the roots 

exudates are enhancing microbial activity.  

The species composition on control plots is accompanied by the species able to 

survive in the shadow created by Calamagrostis such as Tanacetum vulgare, Cirsium arvense, 

Rubus sp., Lathyrus pratensis, Galium mollugo and Fragaria vesca. Those species have 

spread widely in the surrounding spoil heaps (Mudrák et al., 2010) but were recorded at the 

donor site as well (Matoušů, 2010).  Species occurring on control plots such as Calamagrostis 

epigejos, Epilobium augustifolium or Symphytum officinale are typical ruderal species (Kubát 

et al., 2010). The increasing cover of Crataegus sp., Rosa sp. and Pyrus spinosa on control 

plots and in their surrounding area where the management is not implemented is showing the 

direction of the succession to where it would lead without management. Tischew and Kirmer 

(2007) created a successional model in surface-mined land based on long term monitoring 

where it has been shown Calamagrostis presence during 5-30 years after substrate deposition 
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(starting on bare soil) which is consequently replaced by the pioneer woodlands. This 

corresponds to our experimental area age.  

 

5.3 The effect of the plot size 

Difference in plot size is not significant for transferred turves patches which can be 

explained by the high cover on the patches to where invading of other species would be 

problematic compare to the surrounding plots where large plot size led to increase of species 

richness. The plot size effect can be explained by a higher probability of seed dispersion into 

the site by seed rain (Begon et al.,1997), plant establishment and further spreading on site 

supported by the Calamagrostis epigejos dominancy suppression by increase in mowing area. 

To ensure successful establishment and expansion of the species migrated on the site it 

is essential to overcome the barriers such as abiotic stress, competition, herbivory, parasitism 

and lack of mutualists (Crawley, 1990). Therefore, the mowing of the transferred turves 

surrounding areas which decreases the competition and improves species richness and 

seedling recruitment (Lepš, 1999) seems to be essential in a case where transferred turves are 

used as a sources of species spreading into their surroundings.  

Calamagrostis competitive superiority is given by the ability to tolerate drought and 

nutrients deficiency which is also result of the life strategy of this plant (Tůma et al., 2009). 

Calamagrostis has the ability to win the competition for light and thus excluded other species 

by a dense cover of aboveground biomass and litter accumulation and very efficient systems 

of rhizomes, which was explained as a kind of interference competition (Dolečková and 

Osbornová, 1990 in Tůma et al. (2009); Tůma et al., 2009). Klebingat (1968) observed 

spreading of three Calamagrostis seedlings which cover an area of ca 3 m
2
 during one 

vegetation season and ca 10 m
2
 by the end of the next season. This species has also a wide 

range of morphological and physiological adaptation to survive defoliation (Richards, 1993). 

In general, this is the ability to use internal stores of carbon and nitrogen to re-establish 

photosynthetically active leaves and substitute the losses (Volenec et al., 1996). On the other 

hand, this clonal plant is able to colonize an area up to 50 m wide stand by one clone 

(Oinonen, 1969) and the physical connection between ramets is able to support old to young 

ramets and from more resource-rich locations to a less rich one by the flow of carbohydrates, 

nutrients and water (Březina et al., 2006). However, the inter-ramet connections are very 
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demanding in terms of energy (Březina et al., 2006). There is a higher probability that most 

ramets of one clone would be defoliated in case of big area mowing and the resources would 

not be sufficient. This is probably one of the reasons of further Calamagrostis cover decrease 

on plots with mowing in surrounding areas (plot size experiment) (see Figures 12 and 13). 

Therefore, there would be lower competition for light and nutrients which would have a 

positive effect on the cover of other species and the possibility of open space inhabitation by 

new species. However, the species migration is still highly dependent on weather conditions, 

the variety of the physical environment available and vegetation type (Turner et al., 1998).   
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6. Conclusions 

Both of the applied near-nature methods of species rich meadow recultivation – 

transfer of turves and transfer of seed-containing hay on spoil heaps, are effective in species 

provisioning and thus succession acceleration. More successful is the method of transferred 

turves where it was possible to establish more than 60% of the species from the donor site. 

These species are spreading from the transferred turves; however this spread is slow and 

needs to be supported by established management. The success of seed-containing hay 

transfer is questionable due to the presence of a high number of species similar to the 

transferred turves. Nevertheless, this method is in the end result more species-rich than the 

transferred turves method.  

The main influence on species richness is a result of established management. The 

mowed plots are the most species-rich followed by the mulched plots. Even though mulch 

management can be recommended on the spoil heaps, it cannot be recommended on 

transferred turves where it causes a decrease in abundance. Mulched management can be also 

recommended on spoil heaps from the point of view of soil development. Mulch management, 

even though it happens slowly, is increasing the amount of nutrients on the spoil heaps. This 

will probably improve with increasing species richness and cover similar to what was 

observed in the transferred seed-containing hay experiment. Furthermore, the established 

management successfully decreased the cover of undesirable dominant Calamagrostis 

epigejos which additionally support the abundance of other species. 

Our results are also showing the importance of experiment size on species richness 

and its abundance. The positive effect of larger management plots is a result of decreased 

dominance and the survival probability of Calamagrostis epigejos on the experimental plots 

and the increased probability of species establishment on larger sites with management and 

the spread into experimental plots.   
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Appendixes 

Appendix A List of species 

Table_Apx 1: List of species on donor sites and experimental plots. 

  Donor site 
TT 

Transferred 
turves 

Surrounding 
plots 

Donor 
site AH 

Applied 
Hay Exp. 

Aegopodium podagraria AegPod *     

Agrostis capillaris AgrCap     * 

Agrostis stolonifera AgrSto *     

Achillea millefolium                                           AchMil * * * * * 

Alchemilla sp. AlchSp * *  * * 

Alopecurus pratensis AloPra *   *  

Anthoxanthum 

odoratum 

AntOdo 
   * * 

Antriscus sylvestris AntSyl    *  

Artemisia vulgaris ArtVul  * *   

Asperula tinctoria AspTin    * * 

Avenella flexuosa AveFle    *  

Bistorta major BisMaj    *  

Briza media BriMed    *  

Calamagrostis epigejos CalEpi * * *  * 

Campanula rotundifolia CamPat  * * * * 

Carex hirta CarHir * *  * * 

Carum carvi CarCar *     

Centaurea jacea CenJac * * *   

Centaurea stoebe CenSto * * *  * 

Cerasteum holosteides CerHol   *  * 

Cirsium acaule CirAca *     

Cirsium arvense CirArv * * *  * 

Cirsium vulgare CirVul  *    

Crataegus sp. CratSp * *    

Crepis tectorum CreTec   *  * 

Dactylis glomerata DacGlo *   *  

Daucus carota DauCar * * *  * 

Deschampsia caespitosa DesCae * * *  * 

Dianthus 

carthusianorum 

DiaCar 
   * * 

Elytrigia repens ElyRep * * *  * 

Epilobium angustifolium EpiAng * * *   

Equisetum arvense EquArv *     

Erucastrum galicum EruGal  * *   

Euphorbia esula EupEsu * * * *  

Festuca pratensis FesPra *   *  

Festuca rubra FesRub * * *  * 

Fragaria vesca FraVes * * *  * 

Galeopsis speciosa GalSpe *     

Galium mollugo GalMol * * *  * 
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Geranium pratense GerPra    *  

Geum urbanum GeuUrb *   *  

Gnaphalium sp. GnapSp. *     

Heracleum sphondylium HerSph * *   * 

Hieracium pillosella HierPi  * * * * 

Hieracium sabaudum  HierSa     * 

Holcus lanatus HolLan * * *  * 

Hylotelephium 

telephium 

HylTel 
   * * 

Hypericum maculatum HypMac    *  

Hypericum perforatum HypPer * * *  * 

Juncus sp. JuncSp *     

Knautia arvensis KnaArv   * * * 

Lamium album LamAlb    *  

Lamium sp. LamSp *     

Lathyrus pratensis  LatPra * * *   

Leontodon hispidus LeoHis  * *  * 

Leucanthemum vulgare LeuVul * * *  * 

Lotus corniculatus LotCor  * *   

Lupinus polyphyllus LupPol *     

Luzula campestris LuzCam    * * 

Lychnis vikaria LychVik    *  

Medicago lupulina MedLup * * *  * 

Melampyrum pratense MelPra    *  

Melilotus officinalis MelOff * * *   

Meum athamanticum MeuAth    *  

Myosotis sp. MyosSp *     

Nardus stricta NarStr    *  

Oenothera rubicaulis OenRub     * 

Phleum pratense PhlPra * *  * * 

Pimpinella saxifraga PimSax * *  *  

Plantago lanceolata PlaLan * * *  * 

Plantago media PlaMed    *  

Poa angustifolia PoaAug *  * * * 

Poa compressa PoaCom *     

Poa nemoralis PoaNem    *  

Poa pratensis PoaPra * * * * * 

Poa trivialis PoaTri *     

Potentilla reptans PotRep *  *  * 

Ranunculus acris RanAcr *   *  

Ranunculus repens RanRep *  *   

Rosa sp. RosaSp * * *   

Rubus sp. RubuSp * * * *  

Rumex acetosa RumAce  * * * * 

Rumex acetosella RumAcet *   * * 

Rumex obtusifolius RumObt *     

Sedum maximum SedMax * *   * 

Silene vulgaris  SilVul     * 
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Stellaria graminea SteMed    * * 

Symphytum officinale SymOff * * *   

Tanacetum vulgare TanVul * * *  * 

Taraxacum officinale TaraOff * * *  * 

Thymus pulegioides ThyPul    * * 

Trifolium campestre TriCam   *  * 

Trifolium pratensis TriPra   *  * 

Trifolium repens                                                    TriRep  * * * * 

Tripleurospermum 

maritimum 

TriMar 
    * 

Trisetum flavescens TtiFla    *  

Tussilago farfara TusFar * * *   

Urtica dioica UrtDio *     

Veronica chamaedrys VerCha * * * * * 

Veronica officinalis VerOff   * * * 

Vicia craca VicCra * * * * * 

Viola tricolor Viotri  *   * 
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Appendix B Transferred turves photos 

 

 

Figure_Apx 1: Transferred turves donor site 2006 (Matoušů, 2010). 

 

Figure_Apx 2: Transferred turves at 2005 before management establishment (Matoušů, 2010).
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Figure_Apx 3: Transferred turves area. 
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Appendix C Seed-containing hay experiment photos. 

 

Figure_Apx 4: Seed-contaiming hay experiment donor site at 2007 (Matoušů, 2010). 


