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ABSTRACT

	The aim of the research was to identify the influence of plant cultivation on the restoration of degraded soils. The analysis was carried out on the main groups of soil microorganisms and on the salt composition of soils. Microbiological and chemical analysis of degraded soil samples (Republic of Karakalpakistan) was conducted. The research showed that growing plants on degraded soils had a positive effect on soil quality. Thus, an improvement in microbiological indicators was revealed, an increase in the content of denitrifiers and ammonifiers was noted (up to 2.5x102 CFU/g, whereas these groups were not detected in the control sample). An increase in the content of microscopic fungi (up to 1.8x104 CFU/g of soil) with cellulolytic activity was also noted, while the sum of salts in soil samples after growing plants decreased from 3.411% to 1.32%. All this can serve as evidence of the intensification of soil-forming processes, a decrease in total salinity and an increase in soil fertility. In conclusion, it should be noted that growing plants on degraded soils has a positive effect on soil fertility as a result of the activation of soil microorganisms involved in the main soil-forming processes.
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1. INTRODUCTION 

In recent years, the condition of soils in Uzbekistan has been deteriorating due to both climate change and intense anthropogenic pressure (Asilbekova et al., 2023). For example, within Karakalpakstan, located in the northern part of the desert zone, the drying up of the Aral Sea has increased the formation of salt marshes and sands on the dried-up seabed. The area of salt marshes in this republic has increased more than threefold (Matzhanova & Orel, 2025). The drying out and desertification of the lower part of the Amu Darya delta also played a significant role in this. Here, marsh, meadow-marsh and meadow floodplain-alluvial soils were transformed into the corresponding transitional or automorphic soils of the desert zone and salt marshes. Intensive irrigation and drainage reclamation have a certain impact on the transformation of soils.
In the current situation, most of the soils of the Republic of Karakalpakstan are represented by slightly, moderately and highly saline soils. One of the effective methods of restoring degraded soils is agroforestry (Noordwijk et al., 2021; Biswas et al., 2022). Agroforestry is an integrated technology that combines elements of agriculture and forestry to improve environmental conditions and increase the sustainability of agricultural landscapes. Agroforestry helps to increase biological diversity, improve soil structure, increase its water-holding capacity and reduce the negative effects of salinization. Through the use of trees and shrubs in combination with agricultural crops, sustainable ecosystems are created that can regenerate the natural balance even under extreme conditions (Pandao et al., 2024; Fahad et al., 2022; Dagar J. C., et al, 2020; Leontiev A.A., 2024).
Species such as Medicago sativa, Sorghum sudanense, Cynara scolymus, Helianthus tuberosus, Beta vulgaris, Cucumis melo, Abutilon theophrasti, Silphium perfoliatum, and various halophytes were evaluated in the experimental plots as promising candidates for fodder, medical, and technical purposes under moderate to high salinity conditions. In addition, fast-growing trees and shrubs (e.g., Sambucus nigra, Rhus glabra, Catalpa bignoniodes, and Elaeagnus angustifolia) were selected as early colonizers to improve the vegetation cover. Growing plants on degraded soils can improve soil fertility by increasing the organic matter of the soil, increasing humidity, and, as a consequence, increasing microbial biodiversity, while the activity of microorganisms has a great restorative potential and contributes to further improvement of soil quality (Vlasenko et al., 2022). Stable associations should include nitrogen-fixing, phosphate-mobilizing, cellulolytic, silicate and other microorganisms. The composition of such associations should correspond to the normal microbiocenosis of healthy fertile soil. The presence of all these groups contributes to the enrichment of the soil with readily available nutrients due to the increased activity of soil processes, the soil becomes more fertile (Mayer et al., 2010). In this case, mineral fertilizers, pesticides and other chemical plant protection products are not used, and the products become environmentally friendly, completely safe for humans and farm animals (Gorski & Kleiber, 2010).
The soil itself, being a unique niche for the development and coexistence of aerobic and anaerobic microorganisms, is the largest “storage bank” of microbiological diversity on the planet (Gans et al., 2005; Liu et al., 2017). Thus, the multitude of rhizosphere microorganisms is a subset of the soil microorganisms in which the plant grows. Microorganisms and plants interact due to a complex set of chemical compounds they secrete (Rozpądek et al., 2018). To increase the efficiency of root colonization, bacteria (rhizobia, pseudomonads, etc.) are able to produce exopolysaccharides and oligosaccharides that promote the formation of nodules and the creation of biofilms (Oldroyd, 2013; Arora & Mishra, 2016). In other words, plants help improve the condition of the soil and promote the development of microorganisms, which in turn improve soil fertility and promote better plant growth.

2. material and methods 

The experimental sites are located in the Republic of Karakalpakstan in the southwestern Aral Sea region, in the zone of arid sharply continental climate, which is characterized by high air temperatures in summer (up to +46°C) with large daily fluctuations, low precipitation (on average 100-150 mm/year). Such harsh climatic conditions are aggravated by salinity and alkalinity of soils, high groundwater levels and the drying up of the Aral Sea, as a result of which hundreds of thousands of tons of various salts rise into the air with dust, negatively affecting public health, agriculture and the state of ecosystems. A territory with a total area of ​​6 hectares was selected for the research, on which several small plots were laid out, which were planted with the selected crops.
The studies were conducted in agrocenoses on an experimental plot planted with different plant species in comparison with the undisturbed ecosystem of a control plot of degraded soils (Republic of Karakalpakstan). Sampling was carried out one year after growing plants (beet, alfalfa, artichoke, kochia, amaranth) on the experimental plot using the "envelope" method, in accordance with the standard (Netrusov et al., 2005). The structure of the microbial cenosis was studied in the 0-20 cm layer. The number of ecotrophic groups of microorganisms was determined by inoculation on solid nutrient media. Accounting of organisms assimilating organic forms of nitrogen - inoculation on nutrient agar (NA); account of organisms assimilating mineral forms of nitrogen - inoculation on starch-ammonium medium (SAM); account of microscopic fungi and yeast - Czapek and Saboroud medium; oligonitrophilic microorganisms – Ashby medium; account of ammonifiers – nutrient broth (NB); account of denitrifying microorganisms – Giltay and account of coliform bacteria - Endo.
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 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).
Soil samples for chemical analysis were collected periodically during the growing season. The soil was air-dried for 24 hours, cleaned of plant residues, crushed in a porcelain mortar and sifted through a fine sieve (1-2 mm) (Vorobyeva, 2006). Before chemical analysis, the samples were additionally dried for 24 hours in a drying cabinet at 105°C to an absolutely dry weight. Chemical analysis of the samples was carried out according to the generally accepted method (Vorobyeva, 1998). 
The objectives of the research included studying the effect of plant cultivation on the microbiocenosis of degraded soils.

3. results and discussion

At the stage one year after growing the plants, their potential for restoring degraded soils was assessed. An important component of soil fertility is the composition of soil microflora. The quantitative composition and ratio of individual representatives in the microbial cenosis of the soil significantly depends on both the method of soil cultivation and the entry of plant residues into the soil, which are primarily transformed under the influence of non-spore bacteria and microscopic fungi, and at the later stages of this process - bacilli and actinomycetes. The study of soil biodynamics, which reflects the state of the soil-microorganisms-plants system, is becoming increasingly important. Therefore, data obtained in the conditions of agrocenoses and undisturbed ecosystems seem important. Microbiological analysis of soils revealed an increase in the total microbial number as a result of plant growth (Fig. 1). The increase in numbers occurs mainly due to microorganisms involved in the transformation of nitrogen compounds - nitrifiers, denitrifiers and nitrogen fixers.



Fig. 1. Quantitative and qualitative indicators of soils.

A particularly favorable factor is the high content of the oligonitrophilic microorganism group (5.6 x 105 CFU/ml). It is known that oligonitrophils play an important role in the formation of soil fertility. Low, but generally sufficient content of bound nitrogen in soil samples supports a high number of oligonitrophils. This group of microorganisms is able to be satisfied with substrates that are poor in nutrients and, for the most part, has the ability to cover the lack of nitrogen by fixing it from the atmosphere and immobilizing it in the soil. They also participate in the deep mineralization of organic matter. Representatives of the genus Pseudomonas and some representatives of the genus Bacillus belong to the specific microflora capable of decomposing humic substances. Representatives of actinomycetes are also capable of active growth on humate media and decomposition of humic substances (Artrhobacter, Mycobacterium and Streptomyces), etc. 
The main groups playing a role in soil-forming processes were identified on elective nutrient media. Figure 2 shows the main groups of microorganisms identified on various nutrient media. It is evident from the figure that all the above-mentioned groups of microorganisms are present in large quantities in the experimental samples. Active growth of representatives of the genera Pseudomonas and Bacillus is noted on the NA medium, microscopic fungi on the Chapek medium, and oligonitrophiles on the Ashby medium.
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Fig. 2. Microbial landscape of experimental soil samples on various nutrient media (1-NA, 2- Chapek, 3-Ashby).

Chemical analysis of samples (control and experimental plots), presented in Table 1, show that growing plants has a positive effect on soil quality. Thus, the amount of salts decreased by 3 times - from 3.411% to 1.32%.

[bookmark: _GoBack]Table 1. Chemical analysis of soil samples

	Salt
	Salt composition, %

	
	Control area
	Experimental plot

	Ca (HCO3)
	0,031
	0,049

	CaSO4
	0,961
	0,468

	MgSO4
	0,217
	0,084

	Na2SO4
	1,052
	0,274

	КNO3
	0,10
	0,038

	NaNO3
	0.027
	0,028

	NaCl
	1.022
	0,379

	residual Na
	0,001
	0

	Sum of salts
	3,411
	1,32

	рН
	8,01
	7,0



In this regard, it is important to note that soil salinization is an important problem and it has a negative impact on the microbial activity of soils, as well as on many chemical and physical processes in the soil that are crucial for the health, fertility and productivity of soils. Saline soils contain high concentrations of Na+, Cl-, Ca2+, SO42-, HCO3  ions. In saline areas, there is always increased soil compaction, so the root system of plants suffers from a lack of oxygen. Here, it should be especially noted that as a result of plant growth and an increase in the number of microorganisms, the NaCl content decreases by 3 times, while the NaNO3 content remains virtually unchanged. A decrease in sulfates and carbonates is also noted, which has a positive effect on soil fertility and plant growth.
Moreover, the content of anions, as well as sulfates and chlorides, has noticeably decreased. At the same time, the pH has dropped to a neutral value.

4. Conclusion

The conducted microbiological and chemical analysis of degraded soil samples (Republic of Karakalpakistan) revealed an improvement in microbiological indicators in the experimental variant, such as an increase in the content of denitrifiers and ammonifiers by 1-2 orders of magnitude (up to 2.5x102 CFU/g, whereas these groups were not detected in the control sample). An increase in the content of microscopic fungi (up to 1.8x104 CFU/g of soil) with cellulolytic activity and a decrease in the amount of salts from 3.411% to 1.32% were also noted. All this can serve as indirect evidence of the intensification of soil-forming processes, a decrease in total salinity and an increase in soil fertility.
Thus, the abundance, structure and diversity of the microbial community undergo significant changes as a result of agroforestry practices, which in turn improves soil parameters.
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