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SUMMARY 

The present research aimed at the recognition of the species composition of ectomycorrhizal (ECM) 

fungi  occurring in reclamation forest stands at the limestone quarry "Górażdże" and in the mature, 

undisturbed forest community in the nearby “Kamień Śląski” nature reserve, serving as a reference 

habitat. The field studies consisted of 4 observation visits (from June to September) on permanent 

plots (11 plots in the quarry and 5 in the reserve) complemented with route method surveys. During 

each visit, all sporocarps of ECM fungi were recorded and the material for taxonomical identification 

was collected. Altogether, 44 species of ECM fungi were collected, 29 in the reclamation stands and 

17 in the reference stand. Additionally, saprotrophic fungi were also recorded; 15 species in the 

reclamation area and 16 species in the reserve. In both objects, the presence of fungal species that 

are interesting and valuable for conservation reasons was confirmed, namely the species protected by 

the Polish law, species which are rare in Poland and Europe, and threatened species listed in the 

Polish Red List. The species richness of fungi occurring in the reclamation stands at the Górazdże 

limestone quarry, especially of the ECM species forming symbiotic relations with trees and supporting 

their growth and development, is an important element of the biodiversity at a local, regional and larger 

scale. 

 

1. INTRODUCTION 

Mining areas, especially dumps that are surrounding them, as well as excavations are a special type 

of industrial areas, where new specific habitats are created. They enable the narrowly specialized 

species, which cannot be found in the intact environment, to grow. These often early successional 

habitats provide a specific refuge for protected, endangered and rare species, by creating specific and 

often very diverse environmental conditions (Baszczyńska, Kaźmierczak 2011). Those are places with 

high concentrations of biodiversity, not only plants and animals, but also fungi. The main objective of 

the project was to identify the species diversity of ectomycorrhizal fungi in the forest stands in the 

limestone quarry "Górażdże" and in the neighboring forest habitats of high natural value, which can be 

treated as control or comparative forest stands. Ectomycorrhizal fungi are essential for the normal 

functioning of forest ecosystems. As a result of mycorrhiza - a symbiosis of this group of fungi with the 

roots of trees - the proper development as well as maintenance of good health of forest stands is 

possible (Smith, Read 2008). Heterotrophic fungi provide plants with mineral nutrients and water using 

organic compounds that plants produce during photosynthesis. Moreover, due to this symbiosis trees 

cope better with environmental stress which is associated with extremes of temperature, pH changes 

or the presence of toxic substances in the soil. This is especially important during the forest 

rehabilitation process while the industrial areas are successively afforested. Seedling of trees 

appearing spontaneously or saplings which are used for planting must establish symbiosis with the 

appropriate species of fungi, since because of the mycorrhiza phenomenon they have a chance of 

survival and proper development. The high diversity of mycorrhizal fungi is an indicator of the high 

development potential of the forest stands and can be an evidence of its good health. 

 

2. RESEARCH AREA 



The project was conducted in the limestone quarry “Górażdże” (N 50.52991°, E 18.03304°) as well as 

in the nearby “Kamień Śląski” nature reserve (N 50.53795°, E 18.02966°). Both objects are localized 

in the south-west part of  Poland, in Opolskie voivodship.  

In the quarry site, the mycological research was carried out in the areas, where the extraction of 

limestone had finished and they are reclaimed and afforested. Observations were conducted in pine 

stands, representing different successional stages of forest community development. For comparison 

purposes, the research was also conducted in a mature mixed forest with a high proportion of pine in 

the stand, occurring in the “Kamień Ślaski” reserve, treated as a reference stand.  

 

3. OBJECTIVES 

The research aimed at: 

 Determination of the species composition of ECM fungi based on the occurrence of sporocarps in 

the intentionally planted reclamation forest stands in the quarry “Górażdże” as well as in fully 

developed forest stands of high natural value occurring in the neighboring nature reserve 

“Kamień Śląski”; 

 Comparison of ECM fungal communities in the studied forest stands; 

 Indication of the components of the mycobiota, which are of high natural value – species 

protected by law, little known, rare and endangered fungi listed in the Red List of macrofungi 

threatened in Poland. 

 Giving recommendations for reclamation, aimed at protecting and enhancing the biodiversity and 

ecosystem functions of fungi in the quarry area. 

 

4. METHODS 

Field studies. The research is based on the repeated observations of sporocarps of fungi during the 

growing season from June to September, using a route method and on permanent observation plots. 

We established 16 observation plots, 400 m
2
 each: 11 plots in the 6 to 30 years old reclamation forest 

stands representing subsequent stages of succession, and 5 plots in the nature reserve, in the forest 

area with over a hundred years old pines (Fig.1). 

The plots were marked with wooden pegs at the corners and a marker tape to make them 

visible and easy to find. Their GPS position was also determined. We performed 4 visits to the plots in 

the quarry site and nature reserve in the same term. During each visit, every observation plot was 

searched very thoroughly and all sporocarps of fungi were recorded; part of them was collected for 

further taxonomical analysis and documentation. We recorded all sporocarp characteristics such as: 

flavor, colors and smell, photographic documentation was also carried out. All of the collections of 

fungi were transported in special plastic boxes or in paper envelopes, and then thoroughly described, 

dried and labeled. 

Laboratory studies. In order to identify the species of fungi, fungal collections were subjected to 

macro- and microscopic analysis, using standard chemical reagents (KOH, Melzer’s reagent), 

stereomicroscope and light microscope, and specialist literature for the determination of fungi. 

Nomenclature of fungi follows Index Fungorum (retrieved at 25.09.2016). 



 

Fig.1 Location of permanent observation plots in “Kamień Śląski” nature reserve (A) and in limestone 

quarry “Górażdże” (B) 

 

 

5. RESULTS 

Despite the observations not being conducted throughout the entire season (production of fungal 

sporocarps usually lasts until the end of November), the number of fungi found in the observation plots 

in „Górażdże” quarry and in “Kamień Śląski” nature reserve was high. In total, 44 species of ECM 

fungi living in symbiosis with trees were recorded and many species of saprotrophic fungi using dead 

organic matter. There were significant differences in the species composition of fungal communities 

occurring in reclaimed (quarry) and undisturbed (nature reserve) sites, resulting mainly from different 

habitat conditions (type of soil and degree of its development) and the age and structure of the tree 

stand. In the reclamation stands, we can observe species with pioneer properties. Those species 

usually accompany young trees, prefer half open communities and mineral soils, and can be found in 

disturbed and early successional habitats. The taxa recorded in the „Kamień Ślaski” nature reserve 

are typical of mature and undisturbed forest communities, with well-developed forest soil, and a large 

amount of litter and dead wood. 

 

5.1. Fungi in reclamation forest stands on the quarry site 

Species belonging to Ascomycota and Basidiomycota were recorded. Twenty nine taxa of 

ectomycorrhizal fungi (64%) (Tab. 1) and 16 species of saprotrophic fungi (36%) were identified. 

 

 



Table 1 

Species of fungi occurring in reclamation forest stands in limestone quarry „Górażdże” 

Observation plots K1 K2 K3 K4 K4a K5 K6 K7 K8 K9 K10 

M 
Age of stands (years) 6 7 

10-
13 

17 
17-
18 

17-
18 

18 18 30 
25-
30 

26 

Chroogomphus rutilus 
(Schaeff.) O.K. Mill 

+ + + +       +  

Cortinarius sp.   +  +        

Geopora arenosa (Fuckel) S. 
Ahmad 

  +  +        

Helvella crispa (Scop.) Fr. +    +    +  +  

Helvella lacunosa Afzel  + +      +    

Hydnellum concrescens 

(Pers.) Banker 
        +    

Inocybe dulcamara (Pers.) P. 
Kumm. 

+ + + + + + + + +  + + 

Inocybe flocculosa (Sacc.)    +         

Inocybe malenconii R. Heim +  +     +     

Inocybe ochroalba Bruyl.    +         

Inocybe subporospora  Kuyper +        +    

Inocybe sp.1 +  +  +        

Inocybe sp.2         +    

Inocybe sp.3 +          +  

Inocybe sp.4      +       

Inocybe sp.5      +       

Inocybe sp.6     + +   +    

Lactarius rufus (Scop.) Fr.   +          

Lactarius sp. +  +    +    +  

Lactarius pubescens Fr.   +       +   

Leccinellum griseum (Quél.) 
Bresinsky & Manfr. Binder 

           + 

Rhizopogon roseolus (Corda) 
Th. Fr. 

  +  +   + + + +  

Russula exalbicans (Pers.) 
Melzer & Zvára 

  +      + +   

Scleroderma aerolatum 
Ehrenb. 

    + +  +     

Suillus granulatus (L.) Roussel +            

Suillus grevillei (Klotzsch) 
Singer 

   +         

Suillus luteus (L.) Roussel +  + +  + +  +   + 



Thelephora caryophyllea 
(Schaeff.) Pers. 

+ + +          

Tricholoma scalpturatum (Fr.) 
Quél. 

        +    

Explanations: K1-K10 – observation plots; M – route method 

 

For ectomycorrhizal species, dominance index was calculated, which expresses the percentage share 

of the sporocarps of each species across the sample. In the reclamation stands, in terms of the 

number of produced sporocarps, fungi of the genus Inocybe (47%), Suillus (17%) and Helvella (11%) 

dominate (Fig. 2). Inocybe are mainly the pioneer species, often associated with disturbed areas, and 

areas in the early stages of succession. At the quarry site, at least 11 species belonging to this genus 

were identified. The species of this genus are very difficult to identified and the use of molecular 

methods is often required. In Table 2, species with numbers instead of names are shown in cases of 

the specimens which could not be determined with the use of microscopic examination. Three species 

of the genus Suillus were found – S. granulatus and S. luteus, which are forming mycorrhizas with 

pine and S. grevillei, forming mycorrhizas witch larch. These fungi show a strong preference for the 

host tree species. In addition, S. luteus associates only with young trees. 

 

 

 

 

Fig. 2. Percentage of sporocarps of most numerous ectomycorrhizal fungi in the sample in the 

reclamation stands at the limestone quarry Górażdże 

 

The greatest number of species of ECM fungi were recorded on the observation plots K1 (13 species) 

and K3 (12 species). Those observation plots were set in the youngest forest stands. 

In the reclamation stands, relatively large number of species of high natural value were found, i.e. 

legally protected species, species rare in the country and those that are listed on the Red List of 

Inocybe sp.

Suillus sp.

Helvella sp.

Lactarius sp.

Russula sp.

Rhizopogon sp.

Thelephora sp.

Hydnellum sp.

Chroogomphus sp.

Scleroderma sp.

Pozostałe



endangered species in Poland. The presence of these species increases the natural value of the 

studied area and is important for the biodiversity at a local and national scale. The most valuable 

components of mycobiota in the limestone quarry "Górażdże" include: 

 Hydnellum concrescens – a species strictly protected by law in Poland, listed on the Red List with 

the category E (endangered species). It means that this species is threatened with extinction. 

Recorded in a 30-year-old stand with a fairly well-developed layer of organic soil. 

 Helvella lacunosa – an ascomycete species, listed on the Red List with the category R (rare 

species). It was present in 3 permanent plots. During the observations span, 126 sporocarps of 

this species were recorded.  

 Thelephora caryophyllea – a species listed on the Red List with the category V (vulnerable 

species). This species was present in 3 permanent plots. During the observations span, 84 

sporocarps of this species were recorded. 

 Rhizopogon roseolus – a species belonging to the hypogeous fungi that produce sporocarps 

under the surface of the soil, which are visible above the surface only in later developmental 

stages. In Poland, this species is rare, and its presence is usually associated with transformed 

areas and mines. It was found in 7 permanent plots in the number of 99 sporocarps. 

 Geopora arenosa – an ascomycete species, known from only 5 localities in Poland. It usually 

occurs in the early stages of succession on calcareous mineral soil. 

 Inocybe malenconii – a species fairly rare in Europe, in Poland it is known to occur in 3 localities 

only. 

 Inocybe ochroalba – a species rather common in Europe, in Poland it is known to occur in less 

than 10 localities. 

 Inocybe subporospora – a species not very common in Europe, in Poland so far known to occur 

in 2 localities. 

 Russula exalbicans – a species common in Europe, but in Poland so far known to occur in 6 

localities. Usually associated with early successional habitats, mineral soil and anthropogenically 

transformed sites. 

 

With the exception of Hydnellum concrescens, all of the above listed species were found to occur in 

the reclamation stands on the brown coal mine spoil heaps (Kałucka et al. 2016). This can prove their 

pioneering characteristics and competitiveness in difficult conditions of reclamation, especially in 

calcareous soils. All of the above species are ECM fungi. The relatively low number of saprotrophic 

fungi in the mycobiota of reclaimed areas and the lack of species of high natural value in this group is 

a result of the young age of trees, and small amount of organic matter accumulated in the form of litter 

and dead wood. 

 

5.2 Fungi in mature mixed forest stand with pine in the “Kamień Śląski” nature reserve  

In the Kamień Śląski nature reserve, we have found 17 ECM species living in symbiosis with trees 

(Tab. 2), and 15 saprotrophic species.  

 



Table 2 

Species of ectomycorrhizal fungi occuring in Kamień Śląski nature reserve 

Observation plots R1 R2 R3 R4 R5 M* 

Age of forest stands Over a hundred years 

Amanita virosa Bertill.   +    

Amanita vaginata (Bull.) Lam.   +    

Suillellus luridus (Schaeff.) Murrill      + 

Chroogomphus rutilus (Schaeff.) O.K. Mill +      

Helvella lacunosa Afzel   +    

Inocybe adaequata (Britzelm.) Sacc.  +     

Inocybe sp. 1       + 

Lactarius sp.1  +     

Lactarius sp.2  +     

Lactarius sp.3   + +   

Leccinum sp. + + +    

Ramaria sp.     +  

Russula cyanoxantha (Schaeff.) Fr.  +     

Russula sp.1 +      

Russula sp.2    +   

Scleroderma bovista Fr.      + 

Imleria badia (Fr.) Vizzini    +   

Explanations: R1-R5 – permanent plots; M – route method 

 

For ectomycorrhizal fungi, domination index was calculated, which expresses the percentage of 

sporocarps of each species in the sample. In mature stands, in terms of the number of produced 

sporocarps, the dominant mycorrhizal species belong to the genus Leccinum (30%), Inocybe (20%), 

Lactarius (17%) and Russula (17%) (Fig.3). All recoreded species of ectomycorrhizal fungi which 

occur in the nature reserve are typical forest-dwelling species which develop in old forests, in 

undisturbed forest environment. No pioneer species were recorded.  

The lower number of species of fungi in “Kamień Śląski” nature reserve than in the reclamation 

forest stands partly result from the lower number of observation plots as well as from a lower number 

of species occurring on the plots (max. 5). It is a normal state because in young stands the 

populations of ECM fungi are usually more numerous but small. In mature stands, the populations are 

bigger but less numerous. 

 

 

 



 

 

Fig.3 The percentage of sporocarps of different genera of ectomycorrhizal fungi in the sample in a 

mature stand in Kamień Śląski nature reserve  

 

In the nature reserve some valuable species of fungi were found. Among them are: 

 Amanita virosa – a rare species, listed on the Red List with the category V (vulnerable species). It 

is one of the three most toxic species of macrofungi in Poland, along with Amanita phalloides and 

Amanita verna. 

 Inocybe adaequata – a rare species, listed on the Red List with the category R (rare species). 

 Helvella lacunosa – an ascomycete species mentioned earlier from reclamation forests stands, 

listed on the Red List with the category R (rare species). 

 Geastrum triplex – a rare species, which has been strictly protected by law in Poland until 2014. It 

is listed on the Red List with the category E (endangered species). It means that this species is 

threatened with extinction. Moreover, this is the first record of this species from the “Kamień 

Śląski” reserve, the species has not been known to occur in this area, so far. 

 Geastrum fimbratum – a rare species, which has been strictly protected by law in Poland until 

2014. It is listed on the Red List with the category R (rare species). 

 

6. RECOMMENDATIONS FOR RECLAMATION PRACTICE IN THE LIMESTONE QUARRY 

GÓRAŻDZE 

The study on fungi conducted so far under this project shows that forest restoration practices 

significantly enhance the biodiversity of fungi, especially of ECM species and also increase the natural 

value of the land reclaimed. It reveals that in reclamation tree stands many rare and endangered 

species of fungi occur that are valuable not only for the local mycobiota, but also for mycobiota of the 

entire country. These species are different from the ones that can be found in natural undisturbed 

forest occurring in the neighborhood of the quarry. Specific habitat conditions typical of the reclaimed 

land create a suitable environment to sustain the occurrence of numerous ectomycorrhizal species 

absent in older forests (Kałucka, Jagodzinski 2016). They have the ability to create symbiotic 
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relationships with young trees that support their growth and development in this difficult environment. 

The completed studies and their results point to the following recommendations on reclamation 

treatments, so they can protect and enhance fungal biodiversity, provide the best conditions for 

effective ecosystem functioning for fungi and contribute to faster naturalization of the reclaimed land: 

1. The process of the continuous emergence of seedlings of deciduous trees and enriching the 

composition of the reclamation stands observed in the quarry, also contributes to the appearance of 

associated ECM fungi and increases diversity of mycobiota. It would be advisable to use seedlings of 

deciduous trees for afforestation along with pine (eg. oak, beech, birch, poplar, etc) already at the 

stage of planting. 

2. The diversification of the age of reclamation stands in the area of the quarry also contributes to the 

diversity of species of fungi due to their different preferences towards the host trees and stages of 

forest succession. 

3. It seems that the soil preparation procedure used by the quarry, which includes mixing the mineral 

substrate with a surface layer of forest soil positively affects developing mycobiota. Amendment of 

organic matter improves physicochemical properties of the substrate, enhances microbial activity and 

increases the pool of available fungal propagules. At the same time the presence of the mineral 

fraction on the surface allows the colonization of the substrate and roots of tree seedlings by early 

successional pioneer species of ectomychorrizal fungi, which prefer mineral soil. 
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