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Abstract: One of the most important preconditions of ecosystem rehabilitation in post mining landscapes is the process of soil development. In this context, the microbial activity in soil plays an important role.
Microbial activity was studied in several reclaimed post mining sites resulted from the mining activity in Bulgaria. The studied soils are characterized by different biogenicity. The development of the total microflora in soils is higher in the surface layers but in depth, their number decreases due to the inhibiting effect of pollutants (heavy metals) and a change in the physico-chemical conditions. The dominant microorganisms are non-spore bacteria and all studied soils showed the development of pigment types of bacteria resulting from the high content of heavy metals. The composition of the microorganisms is poor, which can be taken as an indicator that the microbicenosis is still in the process of formation. In depth, their number is reduced by applying the effect of contamination.
The mineralization coefficient values are the highest in the field with the greatest age of re-cultivation, where humidification is the most advanced.
The study shows that vegetation type and litter quality seem to be more important for soil microbial activity than the substrate quality on the reclaimed sites.
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Introduction
Extraction of minerals leads to significant changes in the nature of the landscape on large land areas which are partly or wholly disrupted due to soil damage, changes in microbial communities and vegetation (Hou, 2018). Compared to natural soils, mining soils are pedogenically young soils. Тhey are often characterized by poor soil structure, lack of characteristic soil horizons and nutrients, high content of toxic substances and poor moisture retention (Sheoran, 2010). The risk they hide for the environment remains even after the mining activities are completed, which requires their reclamation. Reclamation is a complex activity for the restoration of the damaged lands for the purpose of their future rational use as well as the improvement of the environmental conditions. The process includes the management of all types of physical, chemical and biological parameters of soils such as the content and mobility of heavy metals in soil substrates, acidity regulation, low nutrient content, fertility, microbial community and various soil nutrient cycles that makes the degraded land soil productive (Pasca, 1998). 
One of the most important preconditions of ecosystem rehabilitation in post mining landscapes is the process of soil development with technogenic soil. In this context, soil microflora plays a key role. The type of microorganisms, their quantity and activity are sensitive indicators related to the processes of soil development and the activity in the soil. Мicroorganisms participate in the decomposition of organic materials and nutrient cycling, as well as in the nutrition of the plants (Sourkova, 2005, Powlson,1987, Mummey, 2002). The measurement of process rates regulated by soil microflora and the general metabolic activity of these organisms is used to evaluate recovery efforts (Izquierdo, 2005). A positive linear correlation between the stability of the soil aggregate and the microbial carbon from biomass was found. This suggest that measuring the productivity of the microbial community leads to reasonable assumptions about the quality of the soil structure (Edgerton,1995). 
Soil microbes include several bacterial species (bacilli, non-spore forming bacteria and bacteria digesting mineral nitrogen) that actively participate in the decomposition of organic matter, fungal species whose symbiotic relationship with many plants facilitates the absorption of nitrogen and phosphorus in exchange for carbon, and actinomycetes which participate in the final stages of destruction of organic matter (Sheoran, 2010; Micaela, 2016). Generally, bacteria are the predominant type of microorganisms in the soil microflora. They account for more than 95% of the total microbial population. Soil bacteria produce polysaccharides, improve soil aggregation and they have a positive impact on plant growth. Sites with an active soil microbial community are characterized by stable soil aggregation, whereas sites with reduced microbial activity are densified and poorly aggregated (Yang, 2015; Li, 2013).
Microbial activity decreases with depth and time (Fan, 2011; He, 2012). The diversity and quantity of the bacterial community in the reclaimed lands is lower than in the surrounding lands which have natural soils (Valentín-Vargas, 2009; Moynahan, 2014, Li, 2015, Li, 2014). Many studies have shown that the species and structures of the bacterial community in the reclaimed lands have not fully recovered to the levels of natural even after 15-20 years after the reclamation (Beattie, 2018; Lewis, 2010).
The measurement of the microbial activity in reclaimed lands is important information about the process of soil development for the following reasons: microbial activity is one of the main factors responsible for the decomposition of plant waste and roots resulting in the stabilization of organic matter in the soil and the release of nutrients for the subsequent growth of plants; soil microorganisms behave as both sources of essential plant nutrients and are instrumental in the transformation and flow of Carbon (C), Nitrogen (N) and Phosphorus (P); due to their relatively rapid growth rate, they are potentially capable of quickly immobilizing nutrients which would otherwise be lost through leaching; soil microorganisms have the ability to adapt to unfavorable environmental conditions (Visser, 1987).
This paper focuses on the study of the activity of microflora in reclaimed lands, which are damaged by the mining of copper ores (embankments and tailing pond) to evaluate the process of restoration of these lands.
Methodology and methods 
Study Area
The two areas chosen for the study included the Eastern embankment of Ellatzite mine (Etropole city) and tailing pond “Benkovski 1” (Benkovski village). 
Тhe Ellatzite mine is an open pit deposit for copper and gold located in the West Balkan Mountain. The reclaimed lands in Eastern embankment are situated at an altitude between 1302.5 and 1340 m with an area of 22.042 da. They are steep and they are built of rigid acid rocks and large particle materials (Zheleva, 2015). The Eastern embankment was reclaimed in 2011 with the trees species – Pinus sylvestris and Betula pendula. The tailing pond “Benkovski 1” is located entirely in the village of Benkovski. The disturbed land was reclaimed in 1997 with Robinia pseudoacacia. 
The substrate was characterized with a high content of heavy metals. The analyses showed that copper and cadmium had the highest content in the substrate (above the limit values: Cu:60 mg.kg -1; Cd: 0.6 mg.kg -1).
Soil Sampling
For the purpose of this study three soil profiles were taken into account in June 2018. 
Every profile was taken under different tree species: Profile 1 (Eastern embankment) under Pinus sylvestris, Profile 2 (Eastern embankment) but under Betula pendula, Profile 3 was taken from the tailing pond “Benkovski 1” under Robinia pseudoacacia.   
The samples were stored at 7-8º C.
Soil Analysis
The following analyses were conducted. Soil reaction (pH) was measured potentiometrically by ISO 10390. The organic carbon and humus content were measured in all cases by the Tyurin titrimetric (Tt) method. The total nitrogen in the soil was determined by the Kjeldahl method. The total content of heavy metals, alkaline and alkaline earth metals was determined by dissolving the sample in aqua regia and then measuring with atomic absorption spectrometry (AAS).
The determination of microbiological indicators were determined in the Laboratory of Microbiology at the Department of Soil Science at the University of Forestry - Sofia. Microbiological analyzes have been carried out, using the standard dilution methods and medium culture media (Bacteriological agar and Czapek Dox Agar) in three replicates at a controlled temperature of 27 ºC (Nusturova, 1991; Grudeva, 2007). Microbiological analyzes included the determination of: Ammoxifying bacteria batteries (Czapek Dox Agar) (a), Bacillus (Bacteriological agar), actinomycetes (Czapek Dox Agar), and fungi (Czapek Dox Agar).
The values are expressed in number of colonies /colony forming units (CFU)/ in 1g of substrate.
Microbiological analyzes include the determination of representative physiological and systemic groups of microorganisms from the heterotrophic unit of the microflora:
· Actinomycetes - participate in the final phases of the mineralization processes by obtaining end products (medium - Czapek-Dox) 
· Bacteria digesting mineral nitrogen - the quantity of these bacteria gives us an idea of the degree of mineralization (medium - Czapek-Dox);
· Bacilli - participate in the decomposition of organic compounds with more complex chemical composition (medium - Bacteriological agar);
· Fungi – they are involved in the initial stages of destruction of organic matter (medium - Czapek-Dox);
· Non-spore forming bacteria - participate in the initial phases of degradation of organic compounds;
· Coefficient of mineralization (CM).
The systemic groups of microorganisms are identified by their morphological characterization.
Results
Chemical analyzes shows that the substrates are characterized by an acidic pH, with the exception of Profile 3, which is characterized by an alkaline pH. The analyzes also show a low total nitrogen and carbon content in all profiles, as well as a high copper content. Data from the chemical performed analyzes are presented in Table 1.
	Table 1: Main characteristics of the soil substrates 

		Profile
	Dept
	pH
	N
	C
	P2O5
	Mg
	Ca
	K
	Cd
	Cu

	
	cm
	-
	%
	%
	mg/100g
	mg.kg-1
	mg.kg-1
	mg.kg-1
	mg.kg-1
	mg.kg-1

	Profile 1
	5-0
	4.6
	0.22
	2.49
	7.25
	1244
	103
	847
	1.63
	292

	
	0-18
	4.3
	0.14
	1.03
	1.5
	622
	79
	870
	1.33
	264

	
	18-35
	4.4
	0.11
	0.98
	1.5
	902
	147
	1032
	1.17
	320

	Profile 2
	3-0
	5.3
	0.13
	1.19
	3.75
	1960
	220
	993
	1.43
	376

	
	0-25
	4.6
	0.06
	0.42
	2.75
	1528
	174
	1055
	0.91
	306

	
	25↓
	4.9
	0.09
	0.04
	2.5
	1715
	217
	1110
	1.24
	306

	Profile 3
	5-0
	6.1
	0.15
	0.69
	6.5
	4282
	533
	2022
	1.67
	350

	
	0-25
	6.1
	0.10
	0.56
	1
	3827
	965
	3173
	1.28
	146

	
	25↓
	7.9
	0.01
	0.26
	0.75
	5040
	808
	2053
	0.82
	398




	Source: Author


The specificity of industrial activity in the area is characterized by high concentrations of copper (Cu). This element causes different types of reactions in microorganisms. Due to the fact that the pollution is long-term the structure of the microbial populations has undergone changes related to the adaptation to the new living conditions and the various abiotic characteristics of the environment. The results of the microbiological analyzes are presented in Table 2.   
	Table 2: Quantitative and qualitative composition of the soil microflora (103/g substrate)

		Profile
	Depth, cm
	Total microflora
	Bacilli
	Non-spore forming bacteria
	Fungi
	Actino
mycetes
	Bacteria digesting mineral N
	CM

	Profile 1
	5-0
	13 840
	3420
	7740
	180
	920
	1 580
	0.124

	
	0-18
	394
	238
	0
	10
	36
	110
	0.402

	
	18-35
	29
	10.2
	14.2
	1
	3.6
	0.2
	0.008

	Profile 2
	3-0
	5 040
	320
	4 140
	40
	240
	3 04
	0.639

	
	0-25
	988
	32
	944
	2
	10
	100
	0.102

	
	25↓
	38.4
	7.8
	28.4
	1
	1.2
	0.2
	0.006

	Profile 3
	5-0
	4 580
	420
	4 080
	20
	60
	1 560
	0.347

	
	0-25
	612
	62
	540
	2
	8
	172
	0.286

	
	25↓
	2.2
	1.2
	0
	0
	1
	0.8
	0.667




	Source: Author


The quantity and quality composition of soil microflora show some differences in substrates in different profiles and depths. All three substrates show the highest amount of total microflora in the surface layers. The reason for this is probably better aeration, organic matter content and lower contamination in the copper profile compared to deeper layers. The percentage distribution of soil microflora follows the same trend in both the surface and lower soil horizons - the highest amount of non-spore forming bacteria and the lowest amount of the fungi. The percentage distribution of the soil microflora is presented in Figure 1.  
	Figure 1 A: The percentage distribution of the soil microflora in Profile 1

	%


	Source: Author



	Figure 1 B: The percentage distribution of the soil microflora in Profile 2%


	

	Source: Author



	Figure 1 C: The percentage distribution of the soil microflora in Profile 3

	%


	Source: Author


Тhe microflora composition in all substrates is predominantly non-spore forming bacteria, which is a sign of the initial stages of humidification and leads to the accumulation of rust humus compounds. Profile 1 is characterized by a high content of bacilli in the surface layer, whose activity is related to soil self-cleaning processes. The presence of actinomycetes is a sign of the active mineralization processes (Petcova, 2013). It is known that actinomycetes are excellent degradation agents, survive under extreme conditions (e.g. lack of sufficient nutrients) and synthesize surfactants that increase bioavailability and facilitate the biodegradation process (Baek, 2007; Kang, 2009).  
Graphics show low fungi content. The reason for this is the low content of nitrogen and carbon. This group of microorganisms is characterized by the strong dependence on the environmental conditions - the amount of nitrogen, moisture, pH (Nemergut, 2013). In the soil profile which is taken from the Benkovski 1 tailing pond their number is the smallest in comparison with the other soil profiles. In the deepest layer they are even absent. This can be explained by the fact that fungi prefer an acidic developmental environment, and this soil profile is characterized by a pH of 7.9 , at the deepest layer.  
All substrates show the development of pigment-producing bacteria, which is an adaptive mechanism against the strong external effects caused by the high content of heavy metals. In Profile 1 they release a pink pigment, except for the deepest horizon where they are absent. In Profile 2 we see a separation of the yellow pigment in the three horizons, and in Profile 3 we see separation of the yellow pigment in the surface layers, and dark pink in the dept. The presence of these bacteria may cause the degradation of organic matter (Nusturova, 1988). Despite the high amount of total microflora the three substrates are characterized by a low mineralization coefficient due to the slow processes of humus formation and humus accumulation in organic poor substrates.  
Changing physicochemical conditions (reduced aeration, organic matter content) in the deep soil profile causes a reduction in the amount of microorganisms. There is a small number of groups of microorganisms that are adapted for development in the absence of oxygen and nutrients (Eilers, 2010). As oligotrophs, microbial communities from deeper soil horizons participate in processes related to biogeochemical cycles in the soil. Changes in their composition and structure can have a significant impact on soil-development processes.  
The type of tree vegetation is important for the type and quantity of microorganisms due to the composition and quantity of the formed tree litter (Junjian, 2016; Yankova, 2016). The composition of plant communities is a significant factor for fungi communities however is less important for bacterial communities (Cutler, 2014). In this case, increased biogenicity of the embankments reclaimed with Pinus sylvestris is observed, followed by those reclaimed with Betula pendula, and with the lowest activity are characterized the soil substrates from the Benkovski 1 tailing pond, reclaimed with Robinia pseudoacacia.
Profile 1 is characterized by the highest total microflora in the surface layer compared to the other substrates. Microbial flora predominates non-spore forming bacteria, bacteria digesting nitrogen and actinomycetes. The group of bacilli shows a significantly better development in this soil substrate than others. Their quantity is a bioindicator for assessing the degree of the soil- development process. The soil profile is also characterized by a high amount of actinomycetes and this is a sign of a more advanced albeit less active, mineralization. This profile has the largest amount of fungi because of the acidic reaction of the soil substrate.  
	Table 3: Bacterial microflora composition (103/g substrate)

		Profile
	Dept,
cm
	B. megatherium
	B. mycoides
	B. subtilis
	B. cereus

	Profile 1
	5-0
	3 950 
	0
	40
	0

	
	0-18
	314
	2 
	30 
	0

	
	18-35
	6.2
	0.6
	3.2 
	0

	Profile 2
	3-0
	280
	20
	0
	20

	
	0-25
	27
	0
	0
	5

	
	25↓
	0.4
	0.2 
	3 
	4.2

	Profile 3
	5-0
	340
	0
	60 
	20

	
	0-25
	42
	6 
	14
	0

	
	25↓
	0.6
	0
	0.4
	0.2




	Source: Author


Profile 2 is characterized by a microbial number 2.7 times less than in Profile 1. It is characterized by a high content of bacilli and non-spore forming bacteria in the deepest horizon. The amount of microflora in depth in this profile being the highest in comparison with the rest, probably due to the Betula pendula root system and the active segregation from it (Gentcheva, 1991).  
Profile 3 is characterized by the highest mineralization coefficient. The probable cause of it is the high amount of tree litter (the main prerequisite for active mineralization activity (Junjian, 2016)), due to the fact that the vegetation on this terrain is of the oldest age. The actinomycetes content is very low compared to the other profiles. The fungi are absent in depth because of the alkaline pH.
Of interest are the composition data of the bacili group. The species of bacilli group are identified by their morphological characterization. They are presented in Table 3.   
The number of bacilli decreases in depth, due to the inhibitory effect of pollutants on them (Naskova, 2016). The bacil group includes species of B. cereus, B. mycoides, B. megatherium, B. subtilis. The composition has very significant differences in the different soil horizons and depths. The predominant species is B. megatherium. However, it is spread unevenly in the depths surveyed. This species has a dominant role in forest soils as it is involved in the decomposition of organic compounds (Nustorova, 1995). For B. megatherium, it is characteristic that they predominate in soils with more active mineralization processes. B. cereus is completely absent from the substrate of Pinus sylvestris plantations. The species is important because it is involved in the absorption of readily available organic compounds. B. mycoides is spread in the smallest quantity which is understandable because it is most sensitive to heavy metal pollution and is typically characteristic of environmentally clean areas (Nustorova, 1995; Gencheva, 1995). Overall, the composition of the bacilli is poor, which can be taken as an indicator that microbicenosis is still in the process of formation.
Conclusions
On the basis of the result, we can draw the following conclusions. The studied substrates are characterized by different biogenicity, which is highest in the soils from the terrain reclaimed with Pinus sylvestris and lowest in the soils from the Benkovski 1 tailing pond with Robinia pseudoacacia. The development of the total microflora in the substrates is greatest in the superficial layers. In all studied substrates there was a decrease the total amount of microflora and the individual systemic groups as depth increased. This is a result of the change in the physicochemical conditions and the increasing amount of heavy metals. The highest is the decrease in Profile 3, where the total amount of microflora in depth decreases over 2000 times, while in Profile 1 it decreases 477 times, and in Profile 2 only 131 times. The qualitative composition of the soil microflora is dominated by the group of non-sprouting bacteria. They play a key role in the process of soil formation. Тhe development of pigment types of bacteria is observed in all studied substrates. This is a result of the high content of heavy metals in the soil. The mineralization coefficient values are highest in the soil with the oldest age of reclamation (Robinia pseudoacacia) where the humidification process is at the most advanced stage. Finally, the composition of the bacilli is poor, which can be taken as an indicator that the microbicenosis is still in the process of formation. Тheir amount decreases in depth, due to the inhibiting effect of pollutants.   
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