
Microbial Diversity of Soils Under Anthropogenic Load

ABSTRACT

	Anthropogenic impacts have complex effects on microbial communities in urban soils. These changes can impact key ecosystem functions such as carbon cycling, biodegradation, and the maintenance of ecosystem health. Monitoring and assessing anthropogenic effects, as well as preserving soil biodiversity in urbanized areas, are important tasks to ensure the sustainability of the urban ecosystem in the future. Given the increasing urbanization and ecosystem changes, research in this area is becoming increasingly relevant.
The taxonomic structure of microorganisms in the urban soils of a metropolis has been determined. It has been established that soil microbiocenoses directly depend on the degree of anthropogenic load. Thus, a decrease in the total microbial count was noted in samples with a low organic matter content - locations near busy highways, while park areas have a higher concentration and a wider variety of different groups of microorganisms. It was shown that the intensity of basal soil respiration is directly proportional to the number of viable microbial cells detected.
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1. INTRODUCTION 

Soil microbiota plays a key role in maintaining ecosystem functions, such as organic matter recycling, carbon and nitrogen cycles, and in the fight against pathogenic microorganisms. Thus, up to 80% of the stable fraction of soil organic matter is provided by microbiota components (Wiesmeier et al., 2019). However, anthropogenic impacts, including construction, pollution, intensive land use and climate change, can significantly change the composition of the microbiota. Changes in the ratio of micromycetes and bacteria in the soil can serve as an indicator of the direction of the processes of formation and decomposition of organic matter: with the predominance of bacteria, the processes of organic metabolism shift towards decomposition, since bacteria require a lot of nitrogen, and with an increase in the number of fungi, the process shifts towards accumulation due to greater accumulation of carbon in their biomass with less nitrogen consumption (Habtewold et al., 2020). However, it is very difficult to reliably estimate the ratio of these groups of microorganisms due to the wide range of figures, which depends on the method for determining the number and biomass of fungi and bacteria (Wang et al., 2019). 
In modern cities, special biotopes are formed that primarily affect soil components. The accumulation of various pollutants, changes in the density and moisture saturation of the soil cover due to biogeochemical processes have a significant impact on the composition and functionality of microbial consortia, as the first link in the biodiversity chain. Under the influence of anthropogenic stress, soils degrade, losing the ability to self-regulate. In large cities, there is a decline in biodiversity, especially in central areas where there are high levels of pollution and anthropogenic pressure. Natural ecosystems can only survive in the remaining city parks, the area of which has been rapidly shrinking in recent years.
Under urbanization conditions, natural soil profiles are mixed, buried under layers of anthropogenic origin, large areas are sealed with asphalt, and construction waste enters the soil, which causes changes in bacterial communities in soils along the urbanization gradient (Gorbov et al., 2016).
Various studies conducted around the world indicate that the microbial community responds to anthropogenic pressure by fluctuating the abundance and species composition of individual taxonomic and ecotrophic groups of bacteria, as well as by decreasing biodiversity and changing the functional structure of communities. The detection of a higher proportion of fast-growing species indicates a state of soil stress, and an increase in the number of pigmented forms indicates adaptation to changed environmental conditions (Loeppmann et al., 2018; Fierer et al., 2006; Zaynitdinova et al., 2022).
Thus, in heavily polluted urban soils, microbial communities differ significantly from those in undisturbed zonal soils. In cases of oil and polychlorinated biphenyl pollution, potential dominants are rhodococci (gen. Rhodococcus), in cases of complex household pollution — enterobacteria (gen. Escherichia, Enterobacter, Klebsiella), in cases of cement dust pollution — genera Arthrobacter, Pseudomonas, Streptomyces (Gorovtsov, 2020).
The study of the quantitative and qualitative composition of microbiocenoses is particularly relevant in studies of this kind. Soil microorganisms (bacteria, actinomycetes, microscopic fungi) play a leading role in the self-regulation processes of the natural ecosystem. They, participating in biogeochemical cycles, either exclude substances polluting nature from the biological cycle, or accumulate (Chernov & Zhelezova, 2020).
A widely used informative indicator of the microbiological activity of the soil in research is the respiration of microorganisms.
In general, soil respiration is the formation of carbon dioxide by two main components: soil microorganisms (due to the transformation of organic matter) and plant roots. According to various estimates, about 50-90% of soil respiration is the contribution of microorganisms (Zhao et al., 2016; Tate et al., 1993; Evdokimov et al., 2010).
It is believed that the respiration of native (unenriched) soil (freed from plant roots) is caused only by microorganisms, so it is usually called "basal" or microbial respiration of the soil. The traditional and most frequently used method for determining the metabolic activity of the soil and the physiological state of microorganisms is the determination of basal respiration (BR) (Zibilske, 1994; Alef & Nannipieri, 1995).
However, anthropogenic transformation of ecosystems inevitably affects the respiratory activity of the soil microbial community, which is also an indicator of the physiological state of the soil microbiome (Szili-Kovács & Takács, 2024; Wang et al., 2014).
The soil BR indicator is widely used in monitoring programs in many European countries: Germany, Switzerland, the Czech Republic, Great Britain, Estonia, Finland, Italy, Latvia, Sweden (Nielsen & Winding, 2002; Karvinen et al., 2024).
In connection with the above, we conducted a seasonal microbiological survey of the territories of Tashkent city, which were subject to varying degrees of anthropogenic impact (Guo et al., 2022; Landesman, 2019). 
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2. material and methods 

Soil samples from roadside areas in the central part of the city with high traffic (motor transport, construction, proximity to the railway station) and recreational (park) areas were studied. The topsoil with a depth of 0 to 20 cm was used for microbiological analysis. Soil samples were collected using the "envelope" method from 25-point samples. The structure of the bacterial complex was characterized using physiological, biochemical and morphological indicators of individual cultures. 

The soil samples were examined for the presence of eco-trophic groups of microorganisms and were carried out by the dilution method on diagnostic nutrient media manufactured by HiMedia: MPA - to identify the total number of saprophytic microorganisms, Czapek-Dox - to identify micromycetes, microorganisms using mineral nitrogen and actinomycetes - on starch-ammonia agar (SAA); oligonitrophils - on Ashby medium. Denitrification and the number of denitrifiers were determined during cultivation on Giltai medium. The number of cellulolytic bacteria was determined on Hutchinson's elective dense nutrient medium with Na-carboxymethylcellulose (Na-CMC) as the only source of carbon and energy. 

All sowings were carried out from two parallel flasks in two replicates. The number of microorganisms in 1 g (1 ml) of the initial substrate was determined by serial dilutions with seeding on solid and liquid media [Netrusov A.I., et al., 2005]. The number of microorganisms in liquid media was determined using the McCready table. 

After determining the moisture content of each soil sample at 105 0C, the number of microorganisms was recalculated per 1 g of absolutely dry soil and expressed in colony-forming units (CFU g-1).

Samples were collected in the territory of Tashkent in the soils of roadside areas and in the soils of urban recreational areas (Table 1).
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	Sample number
	Selection coordinates
	Sample characteristics

	1
	41°18ʹ15.19ʺN     69°16ʹ14.76ʺE
	Roadside area (parking lot near secondary school #110)

	2
	41°18ʹ08.33ʺN     69°16ʹ33.23ʺE
	Roadside area (intersection of T. Shevchenko Street and Yakob Kolos Street)

	3
	41°17ʹ21.42ʺN     69°15ʹ21.63ʺE
	Friendship Park (by the lake)

	4
	41°17ʹ21.56ʺN     69°15ʹ14.76ʺE
	Friendship Park (forest area)

	5
	41°15ʹ23.74ʺN     69°13ʹ00.58ʺE
	South Station, Sh. Rustaveli Street (island "Deciduous Forest")

	6
	41°15ʹ25.47ʺN     69°13ʹ00.39ʺE
	South Station, Sh. Rustaveli Street (Roadside area)

	7
	41°19ʹ25.78ʺN     69°16ʹ18.93ʺE
	Anchor Park (forest park area between the Courage Monument and the Anchor River)



The formation of CO2 by soil in laboratory conditions was assessed by absorption with an alkali solution with subsequent titration (Artamonova, 2002).

3. results and discussion

The conducted studies of soil samples show the diversity of the identified microbiocenoses, which largely determine its activity and development in the upcoming urbanogenesis. Analyzing the obtained data on the microbiological examination of soil samples in Tashkent, subjected to varying degrees of anthropogenic impact, it was revealed that the microbial communities in the studied samples have their own characteristics and vary depending on the season. Thus, it was noted that samples taken in park zones (No. 3, 4, 5 and 7) are distinguished by a greater microbial diversity (Fig. 1). The difference is especially noticeable in the summer period, when the temperature factor has a strong influence. 

Fig. 1. Microorganisms of samples from the territory of Tashkent in dynamics by season, growing on an MPA medium.
It should be noted that, in qualitative terms, the microbial communities of the studied sites are distinguished by high biodiversity. Compared to the soils of park zones (samples 3, 4, 5, 7), the content of fungal mycelium, the main soil-forming organisms - destructors of organic residues, is reduced in roadside urban soils (samples 1, 2, 6) (Fig.2). At the same time, the conditions for plant growth worsen. A decrease in cellulolytic microorganisms was noted in roadside soils compared to soils in recreational areas, which have a higher plant biomass, which is consistent with the authors’ data (Alef & Nannipieri, 1995).



Fig. 2. Quantitative and qualitative indicators of gray soils in Tashkent.

The total number of bacteria in the soil biomass decreases. However, the number of denitrifiers increases significantly - by 3 orders of magnitude. In the soil microbiocenoses of all the studied samples, the dominant position is occupied by the bacterial complex, in which microorganisms were identified, among which bacteria of the genera Bacillus and Pseudomonas prevail. Coccal forms are rare, mainly of the genus Micrococcus. Thus, it is noted that the species diversity of microorganisms in the studied soils is somewhat reduced. Among the micromycetes of roadside areas, the main share is made up of gen. Fusarium, Penicillium, Aspergillus, Mucor, while in park areas, gen. Trichoderma, Alternaria, Aspergillus prevail. The presence of phytopathogenic fungi on the soil surface increases. The number of actinomycetes increases, mainly pigmented forms (up to 105 CFU/g). More simplified microbial complexes are formed than in natural conditions, with a predominance of fast-growing and pigment-forming forms. 

The activity of microbial biomass in the soil is usually assessed by the "basal" respiration, i.e. the respiration of native (unenriched) soil (freed from plant roots), caused only by microorganisms. It is assessed by the rate of their formation of CO2 or consumption of O2. The determination of basal soil respiration is traditional and is still most often used to assess its metabolic activity and the physiological state of microorganisms. In our studies, we assessed the formation of CO2 by soil in seasonal dynamics in laboratory conditions using the method of absorption by an alkali solution with subsequent titration (Fig. 3).



Fig. 3. Seasonal changes in the respiratory activity of soils in Tashkent.

Assessing microbial parameters that potentially serve as indicators of environmental changes in the context of monitoring seasonal development dynamics and assessing anthropogenic impact, it can be noted that soil samples from disturbed areas (nearby roads - samples No. 1, 2, 6) and park areas (samples No. 3, 4, 5, 7) had some differences in basal respiration intensity of up to 2 or more times. The groups showed differences in the main microbial parameters. The lowest microbial biomass was found in soil samples that were exposed to a greater negative impact and with a low content of organic matter (samples 1, 2, 5, 6). Respiration showed similar results for microbial biomass. Thus, it can be said that the functional diversity and respiratory activity of soils are important indicators of temporal trends, microbial biomass, apparently, reflects the different conditions developing in disturbed areas.

4. Conclusion

Microbiological examination revealed changes in the qualitative composition of urban soil microbiocenoses, especially those located at short distances from transport systems. A decrease in the number of microorganisms actively involved in the self-regulation of the soil cover and an increase in species resistant to adverse conditions are noted, which may subsequently affect the entire biocenosis. It becomes obvious that in order to preserve the natural properties of soils during urban development, it is necessary to reduce the "sealing" of soils and preserve as many interconnected green areas as possible that preserve the specifics of natural ecosystems. It is also necessary to carry out measures to reclaim soils in industrial zones. To do this, it is necessary to develop and apply new methods, including biotechnological ones, and create microbial complexes capable of actively participating in land restoration.
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