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are antibiotic resistant and are the causative agents of foodborne infections. The soil microbiome plays an important role in the 

development and spread of antibiotic resistance in humans. The risk to antibiotic resistance exposure via produce consumption 

should best be managed by ensuring that practices designed to protect bioproduction from contamination with pathogenic mi-

croorganisms are also protective with respect to exposure to antibiotic-resistant bacteria selected for in the digestive tract of 

animals or humans.  

CONCLUSION 

Soil microbiome of plants: Capsicum annuum, Vitis vinifera, Rubus idaeus L., Petroselinum crispum characterized by 

high functional biodiversity. The taxonomic structure of microbial community has been determined by biochemical markers 

and showed significant difference between plant species. The screening of conditionally pathogenic and pathogenic microor-

ganisms of soil microbiome has proved that modern agroecosystems are the source of the spread of pathogenic and opportunis-

tic antibiotic resistant microorganisms. In total from communities of dominanting bacteria were isolated 23% of microorgan-

isms characterized by high level of antibiotic resistance. All of them are pathogenic or conditionally pathogenic for human and 

can cause food borne diseases. 

REFERENCES 

1. Boxall, A. B., Johnson, P., Smith, E. J., Sinclair, C. J., Stutt, E., & Levy, L. S. Uptake of veterinary medicines from 

soils into plants. Journal of Agricultural and Food Chemistry, Vol. 54, no 6, pp. 2288-2297, 2006. 

2. Cavigelli, M. A., & Robertson, G. P. The functional significance of denitrifier community composition in a terrestrial 

ecosystem. Ecology, Vol.81, no 5, pp. 1402-1414, 2000. 

3. Forsberg KJ, Reyes A, Wang B, Selleck EM, Sommer MOA, et al.  The shared antibiotic resistome of soil bacteria 

and human pathogens. Science, Vol. 337, pp. 1107–1111, 2012. 

4. Goldman, E., & Green, L. H. (Eds.). Practical handbook of microbiology , Third Edition. New York: Boca Raton, 

2015, pp. 44-110. 

5. Hammesfahr U, Heuer H, Manzke B, Smalla K, Thiele-Bruhn S. Impact of the antibiotic sulfadiazine and pig manure 

on the microbial community structure in agricultural soils. Soil Biol Biochem, Vol.40, pp.1583–1591, 2008. 

6. Heuer H, Schmitt H, Smalla K. Antibiotic resistance gene spread due to manure application on agricultural fields. 

Curr Opin Microbiol, Vol.14, pp. 236–243, 2011 

7. Heuer H, Smalla K. Manure and sulfadiazine synergistically increased bacterial antibiotic resistance in soil over at 

least two months. Environ Microbiol, Vol. 9, pp. 657–666, 2007. 

8. Kümmerer, K. Resistance in the environment. Journal Antimicrob Chemother, Vol. 54 (2), pp. 311–320, 2004. 

9. Lyudmyla Symochko, Tamara Meleshko, Vitaliy Symochko, Nadiya Boyko. International Journal of Ecosystems and 

Ecology Sciences,Vol. 8, no 3, pp.591-598, 2018. 

10. Martínez, J. L. Antibiotics and antibiotic resistance genes in natural environments. Science, Vol.321, pp. 365-367, 

2008. 

11. Olena Demyanyuk, Lyudmyla Symochko, Dmitry Shatsman Structure and Dynamics of Soil Microbial Communities 

of Natural and Transformed Ecosystems . Environmental Research, Engineering and Management (EREM). 2020; 76 (4):  97-

105. DOI: https://doi.org/10.5755/j01.erem.76.4.23508 

12. Prospero J., Blades E, Mathison G, Naidu R.  Interhemispheric transport of viable fungi and bacteria from Africa to 

the Caribbean with soil dust. Aerobiologia, Vol. 21, pp. 1–19, 2005. 

13. Pruden, A., Pei, R., Storteboom, H., & Carlson, K. H. Antibiotic resistance genes as emerging contaminants: studies 

in northern Colorado. Environmental Science & Technology, Vol. 40, no 23, pp.7445-7450, 2006. 

14. Robinson C.J, Bohannan B.M, Young V.B.  From structure to function: the ecology of host-associated microbial 

communities. Microbiol. Mol. Biol., Rev. 74, pp. 453–476, 2010. 

15. Sannes M., Belongia E., Kieke B, Smith K. Predictors of antimicrobial-resistant Escherichia coli in the feces of vege-

tarians and newly hospitalized adults in Minnesota and Wisconsin. J. Infect. Dis., Vol.197, pp.430–434, 2008. 

16. Thiele-Bruhn, S. Pharmaceutical antibiotic compounds in soils–a review. Journal of Plant Nutrition and Soil Science, 

Vol.166, no 2, pp.145-167, 2003. 

17. Torsvik V, Qvreås L. Microbial diversity and function in soil: from genes to ecosystems. Curr Opin Microbiol, Vol.5, 

pp. 240–245, 2002 

18. Wright, G. D. The antibiotic resistome. Expert opinion on drug discovery, Vol. 5(8), pp. 779-788, 2010. 

19. Zhang L, Kinkelaar D, Huang Y, Li Y, Li X, Wang H. Acquired antibiotic resistance: are we born with it? Appl. 

Environ. Microbiol., Vol. 77:pp.7134–7144, 2011. 

 

 

UDC 504.2                                                                                                           M. POROS, Master, Geonature Kielce, Poland 

                                                                                                                             W. SOBCZYK, DSc. Ph.D. Eng. Professor,  

                                                                                                                             AGH University of Science and Technology,  

                                                                                                                             Faculty of Mining and Geoengineering, Poland 
 

GEOLOGICAL AND CULTURAL HERITAGE IN GEONATURA KIELCE (POLAND)  
 

The article presents an interesting solution for reclamation in the Geonatura Kielce area, the mining activity of which 
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Geopark Kielce (Poland), operating since March 2021 under a new name - Geonatura Kielce, is a unit of the Kielce City 

Hall, managing the post-mining areas of Wietrznia, Kadzielnia and Ślichowice and the Botanical Garden in Kielce. It is also a 

formula for the sustainable use and promotion of the local geological heritage operating as part of a larger, area geotourist 

product called "Geopark Świętokrzyski" covering the area of 526 km2, located within the administrative boundaries of five 

municipalities: Kielce, Chęciny, Morawica, Nowiny and Piekoszów. On March 21, 2021, the Świętokrzyski Geopark was offi-

cially recognized as a UNESCO Global Geopark [1, 2]. 

The basis for the establishment of the Kielce Geopark (now Geonatura Kielce) were the original conceptual studies of a 

geologist and regionalist - Tymoteusz Wróblewski, created in the 1990s [4].  

Geopark as a unit of the Kielce City Hall was officially established on October 1, 2003 [2].  

The establishment of this institution focused on the management of post-mining areas and the promotion of the city's 

geological values was the result of cooperation between the Świętokrzyskie Branch of the Polish Geological Institute and the 

Environmental Protection Department of the City Hall in Kielce. Initially, the main goal of the newly created unit was to ad-

minister the post-mining areas of Wietrznia, Kadzielnia and Ślichowice. Over time, the unit expanded its activities to large 

investment projects and the management of facilities that were created as a result of their implementation, i.e. the Geoeduca-

tion Center in the Wietrznia nature reserve and the Botanical Garden located on the south-eastern slope of Góra Karczówka. 

The first of these facilities, since its inception in 2012, plays a key role in the functioning of the unit as its administrative seat 

as well as the main information and education facility. The Geoeducation Center, along with the development and network of 

educational paths in the Wietrznia nature reserve, are also a model example of the development of the post-mining area, which 

remained after the opencast mining of carbonate resources, conducted in this area until 1974. The mining of carbonate rocks 

carried out in three multi-level workings as well as the storage of industrial unusable rocks on external dumps resulted in the 

creation of the largest post-mining area in Kielce, with an area of over 18 ha. In the years 1974-1978 various conceptual solu-

tions for the development of such an extensive post-mining area were presented. The development concepts at that time took 

into account the location within the former quarries of a landscape and recreation park with a waterfall and a water reservoir, 

and in the vicinity of the deepest excavation ("Wietrznia"), a sports and entertainment hall, an Olympic swimming pool and a 

cycling track. Ultimately, these concepts were never implemented, and the complex of three post-mining workings functioned 

until 1999 as a poorly developed recreational area subject to renaturalization. In 1999, at the initiative of the scientific commu-

nity, the entire post-mining area with an area of about 18 ha was protected as a nature reserve, Wietrznia im. Zbigniew Rubi-

nowski '' [2, 3]. 

In 2000, a concept for the organization and operation of the Geoeducation Center in Kielce, located in the south-eastern 

part of the post-mining area (reserve), was created [4].  

This concept was implemented in 2012. The design and construction of the Center were an investment task under the 

EU project "Świętokrzyski Archeo-Geological Trail" implemented in 2010-2012. The result of this project was the creation of 

a linear tourist product in the form of a trail called the Świętokrzyski Archeo-Geological Trail. The Geoeducation Center in 

Kielce, along with the surrounding protected area within the Wietrznia nature reserve, has become one of the key elements of 

this product. The facility was officially commissioned in May 2012, becoming the administrative seat of the Kielce Geopark, 

renamed Geonatura Kielce in March 2021. It is worth emphasizing that the Geoeducation Center also serves as the seat and 

main information and education center of the Świętokrzyski Geopark, which has the official status of UNESCO's World Ge-

opark since March 21, 2021.  
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Вивчення способів інтродукції та акліматизації дендрофлори в умовах Рівненщини передбачає ознайомлення з 

деревними видами рослин, які мають декоративне значення і можуть використовуватися у садово-парковому госпо-

дарстві.  Засобами інтродукції можливо та потрібно вирішувати актуальні питання збереження природних екосис-

тем (біорозмаїття), проблеми покращення життєвого простору в умовах сталого розвитку, забезпечення людства 

сировиною і енергією сьогодні та у майбутньому. 
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