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Abstract

Background and Aim. Soil is an important component of the ecosystem, providing plants with the
nutrients and water resources necessary for their growth and development. The agrochemical properties,
pH, and electrical conductivity of soil determine the viability and biological activity of microorganisms.
The aim of this study is to investigate the agrochemical indicators (pH, electrical conductivity and
nutrient content) of soil samples collected in the Sauran, Zhanakorgan, and Turkestan districts, as well
as to evaluate the composition of soil microflora and the morphological, cultural and physiological-
biochemical properties of microorganism strains.

Materials and Methods. During the study, the agrochemical indicators of soil samples collected in
each district were determined using standard methods. The morphological, cultural, and physiological-
biochemical properties of pure cultures of microorganisms isolated from the soil were examined. The
ability of the strains to utilize carbohydrates, the activity of amylase and gelatinase enzymes, and their
thermo- and salt tolerance were evaluated. In addition, the mutual biocompatibility of the isolated strains
was assessed.

Results. The isolated microorganisms were identified at the family level and were found to belong
to the genera Bacillus spp., Micrococcus spp., and Pseudomonas spp. Strains Snl, Sn5, Sn6, Jnl, Jn2,
TBS583 and TBS588 showed enzymatic activity, the ability to effectively utilise carbohydrates, and
resistance to temperature and salt stress. The biocompatibility results demonstrated their ability to grow
together without antagonism.

Conclusion. The studied strains are promising microorganisms for increasing soil biological fertility
and producing environmentally friendly biofertilizers. Their use in agriculture may contribute to
increased plant productivity and the maintenance of soil ecological balance.

Keywords: agrochemical property; biofertilizer; microorganism; soil fertility; soil microflora.

Introduction

According to a 2024 FAO report, the agrochemical properties of approximately 1.4 billion hectares
of land have deteriorated, and another 1 billion hectares are at risk due to climate change and inefficient
agricultural practices. Other international data and studies (e.g., the Global Saline Soil Map and regional
assessments) show that more than 3% of the world's soils have lost their chemical and physical balance
in the surface layer, and more than 6% in the deeper layer. Such changes are observed mainly in arid
and semi-arid regions [1].

Soil is an important natural resource that ensures the sustainability of natural ecosystems. Its
degradation is caused by the interaction of complex biogeochemical, environmental and anthropogenic
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factors occurring on spatial and temporal scales. The main processes of soil degradation are rapid
erosion, reduction of soil organic carbon (SOC), decline in biodiversity, deterioration of soil fertility,
element imbalance, acidification, and salinisation. These processes can be reversed by transitioning to
restorative land-use practices and applying appropriate management approaches. The main strategy is to
reduce soil erosion, create a positive balance of SOC and nitrogen, increase micro-, meso-. and macro-
biodiversity in the soil, and improve structural stability and pore geometry. Improving soil quality by
increasing SOC, enhancing soil structure, and improving fertility reduces the risks of soil degradation
(physical, chemical, biological, and environmental) and improves environmental conditions [2].

The Turkestan and Kyzylorda regions are among the most important agricultural areas of Kazakhstan,
where farming and horticulture are widely developed. However, the climatic characteristics and diversity
of soil structure in these regions lead to environmental problems such as salinisation, waterlogging, and
wind erosion. Therefore, a comprehensive study of the agrochemical and biological properties of soils
is of great importance for increasing their fertility and productivity, as well as for the efficient use of
land resources. Determining the chemical composition of the soil, including pH, electrical conductivity,
and nutrient levels, as well as studying the soil microflora and the morphophysiological characteristics
of microorganisms, makes it possible to ensure the stability of agricultural production in these regions,
maintain ecological balance, and effectively plan the agricultural development strategy. For these reasons,
the study of soils in the Turkestan and Kyzylorda regions is scientifically and practically relevant and
necessary. Comparing the properties of soil microflora under different natural and climatic conditions
has made it possible to determine the interaction of local strains and select the most suitable ones, which
will allow the development of biological fertilizers in the future [3].

Materials and Methods

The study was conducted at the Kazakh-German-Chinese International Research Laboratory of
Applied Microbiology at Al-Farabi Kazakh National University. Soil samples were collected in the
Turkestan and Kyzylorda regions for the study:

1. Soil sample: Sauran village. Location: Sauran district, Turkestan region. Depth: 0-30 cm. External
morphological characteristics: light brown soil colour, fine-grained structure, dry surface layer, medium
density, no pronounced odour, and a small amount of decaying plant remains.

2. Soil sample: Zhanakorgan district. Location: Zhanakorgan District, Kyzylorda Region. Depth:
0-30 cm. External morphological characteristics: brownish soil colour, granular structure, natural odour,
and a small amount of decaying plant debris. When dry, the soil is dense; when wet, it becomes soft and
homogeneous.

3. Soil sample: Turkestan. Location: Main Botanical Garden of Turkestan Region. Depth: 0-30 cm.
External morphological characteristics: light brown soil colour, fine-grained structure, dry surface layer,
medium density, no pronounced odour, and a small amount of decayed plant debris.

Determination of electrical conductivity. Soil samples weighing 30 g, with an accuracy of no more
than 0.1 g, were mixed in a container, and placed in ten-position cassettes or conical flasks. Distilled
water was added to the samples using a dispenser or measuring cylinder at a volume of 150 cm3. The
soil-water mixture was srirred for 3 minutes using a shaker, rotator, or propeller mixer and then left to
settle for 5 minutes. When using proportional dosing scales for the extractant, it is permissible to use
a sample weighing 25-30 g. It is also permissible to proportionally adjust the mass of the soil sample
and the volume of distilled water while maintaining a ratio of 1:5, with a dosing error not exceeding
2%. After 5 minutes of settling, the conductometer sensor was immersed in the suspension to determine
electrical conductivity. After each measurement, the sensor was thoroughly rinsed with distilled water.

pH measurement. A portion of the soil suspension with a volume of 15-20 cm3 was transferred into
a 50 cm?® beaker and used for pH measurement. The pH meter was calibrated using three buffer solutions
with pH values of 4.01, 6.86, and 9.18, prepared from standard titers. The readings were recorded no
earlier than 1.5 minutes after immersing the electrodes in the solution, once the instrument readings had
stabilised. During operation, the device settings were periodically checked using a buffer solution with
a pH of 6.86.

Determination of mobile forms of phosphorus and potassium in soils using the Kirsanov method.

The content of mobile forms of phosphorus and potassium was determined in accordance with GOST
26207-91. The method is based on the extraction of mobile phosphorus and potassium compounds from
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the soil using a 0.2 M HCI solution at a soil-to-solution ratio of 1:5 for mineral soils and 1:50 for peat
soils. The extraction was carried out at a temperature of (18 + 3) °C, followed by filtration of the extract.

Phosphorus was determined by a photocolorimetric method in the form of molybdenum blue at a
wavelength of 710 nm, and potassium was determined by flame photometry using analytical lines at
766 and 700 nm. The quantitative content of phosphorus and potassium was calculated using calibration
curves based on standard reference solutions and expressed in milligrams of P,O, and K,O per 1 kg of
soil.

Modified determination of humus in soils according to the Tyurin method. The humus content
was determined according to GOST 26213-91 using a modified Turin method with photocolorimetric
detection. The method is based on the oxidation of organic matter in the soil with a potassium dichromate
solution in a sulfuric acid medium when heated in a boiling water bath, followed by photocolorimetric
determination of trivalent chromium, which is equivalent to the humus content. For the analysis, a soil
sample (0.05-0.4 g, depending on the estimated humus content) was placed in test tubes, a chromium
mixture was added, and the tubes were kept in a boiling water bath for 1 hour. After cooling, the solution
was diluted with distilled water, thoroughly mixed, and allowed to settle until completely clear. The
optical density of the analyzed and standard solutions was measured on a photoelectric colorimeter at
a wavelength of about 590 nm. The quantitative content of humus was determined using a calibration
scale constructed with Mora's salt solutions and calculated taking into account the conversion factors
from carbon to humus. The results were expressed as a percentage (%). The permissible error in repeated
determinations complied with GOST requirements.

Total nitrogen was determined according to GOST 26107-84 (Kjeldahl method). The method is
based on the decomposition of organic matter in soil with concentrated sulfuric acid in the presence of
catalysts (K,SO,, CuSO,, Se) with the conversion of nitrogen into ammonium form. For the analysis, a
soil sample (2.0-4.0 g, depending on humus content) was mineralised with sulfuric acid until the solution
became completely colourless. After cooling, the ammonium nitrogen was distilled off in an alkaline
medium, captured in a boric acid solution, and determined titrimetrically with a sulfuric acid solution
using a mixed indicator. A control analysis was performed simultaneously. In addition, nitrogen was
determined by the photometric “indophenol green” method. After mineralization of the soil sample,
the optical density of the colored solutions was measured at a wavelength of 655 nm, and the nitrogen
content was calculated using a calibration scale of standard solutions.

Laboratory incubation method. CO, determination method. The determination of CO, content in
soil characterizes the soil's biological activity, the respiration-driven decomposition of organic matter,
and microbiological processes. A known amount (e.g., 100 g) of moist soil was placed in an airtight
container. An open vessel containing an NaOH solution (typically 0.1 N) was placed inside to absorb the
CO,. The jar was sealed and incubated for 5-7 days (25-30 °C). CO, reacts with NaOH to form Na,CO,.
At the end of the incubation period, the excess NaOH was titrated with an HCI solution, and the amount
of CO, absorbed was calculated [4].

During the study, the general microflora of the soil samples was examined using Koch's serial
dilution method, and pure cultures of microorganisms were isolated. MPA, Sabouraud agar, Czapek
agar, Simmons agar, tryptone soy agar, and Pseudomonas agar were used as differential diagnostic
media. These media created favorable conditions for the growth of various groups of microorganisms
and allowed their isolation. The streak method and the Drigalsky method were used to obtain pure
cultures. As a result, the morphological and cultural characteristics of microorganisms grown on nutrient
media, their physiological and biochemical properties, and the qualitative and quantitative composition
of the microflora in the samples were comprehensively studied [5].

Carbohydrate digestion method. This method determines the ability of microorganisms to utilise
carbohydrate compounds as a source of energy. During the analysis, various carbohydrates were added
to the culture medium, and their enzymatic digestion was determined by the colour change of pH
indicators [6].

Gelatin digestion method. The determination of gelatin hydrolysis is used to assess the proteolytic
(protein-splitting) activity of microorganisms. Cultures grown in a nutrient medium containing 12-15%
gelatin were incubated at a temperature of 28-30 °C for 5-7 days. If the medium remained liquid at the
end of incubation, this indicates the hydrolysis of gelatin by proteases [7].
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Amylase activity determination method. This method is used to determine the ability of
microorganisms to break down starch. A nutrient medium containing 1% starch is inoculated, and after
incubation, Lugol's solution was added to the Petri dish. A colourless zone observed around the colony
indicated the breakdown of starch by amylase enzymes [8].

The Glushanov method was used in the study to assess the biocompatibility of the selected strains
of microorganisms. During the procedure, paired combinations of pure cultures obtained from each
region were prepared, and cultures from the same region were compared with each other. For each pair,
the first culture was inoculated onto a solid nutrient medium in a Petri dish, and after its growth, the
second culture was inoculated at a distance of 1-2 mm. The samples were incubated at a temperature of
30 °C, and after 48 hours, the biocompatibility results were evaluated [9]. Based on the results, strains
demonstrating high mutual compatibility were selected.

Results and Discussion

Agrochemical properties of soil and electrical conductivity, pH indicators.

The agrochemical characteristics of soil are among the main factors determining its fertility and the
availability of nutrients to plants. The acidity (pH) and ionic strength (electrical conductivity, EC) of
the soil environment directly affect the vitality, composition, and dominant species of microorganisms.
Therefore, analysis of the agrochemical composition of soil is an important method for predicting the
distribution and functioning of microflora and for assessing the biological potential of soil.

The main elements of the agrochemical composition of the soil are key factors determining its fertility,
biological activity, and ecological stability. A sufficient amount of nutrients (nitrogen, phosphorus,
potassium) and humus maintains soil structure stabiliy and creates conditions for the active development
of microorganisms. The balanced interaction of these elements improves plant nutrition and increases
the intensity of biochemical processes in the soil. In general, the optimal level of agrochemical indicators
ensures the productivity and microbiological stability of the soil ecosystem [10]. Agrochemical studies
were conducted on soil samples from Turkestan, Sauran and Zhanakorgan. The results of the studies are
presented in Table 1.

Table 1 — Agrochemical indicators of soil samples from Turkestan, Zhanakorgan and Sauran

Determined indicators, %
Soil sample Total humus Total indicators CO,
Nitrogen Phosphorus Potassium
Turkestan 0.46+ 0.070+ 0.120+ 2.498+ 5.76+
Zhanakorgan 0.49+ 0.098+ 0.140+ 2.326+ 6.32+
Sauran 0.43+ 0.077+ 0.116+ 2437+ 5.76+

Table 1 shows the agrochemical indicators of the three soil samples studied: Turkestan, Zhanakorgan,
and Sauran. These indicators included total humus content, total nitrogen, phosphorus, potassium and
CO,. The soil sample from Turkestan showed a total nitrogen content of 0.070%, while the phosphorus
and potassium contents were 0.120% and 2.498%, respectively. The CO, level was approximately
5.76%, indicating moderate biological activity. Relatively low levels of nitrogen and humus indicate
limited accumulation of organic matter and moderate soil fertility.

For comparison, the soil from Zhanakorgan showed slightly higher fertility values. The total humus
content reached 0.49%, and the total nitrogen content reached 0.098%, exceeding the values observed in
the Turkestan sample. The phosphorus and potassium contents were 0.140% and 2.326%, respectively.
The CO, concentration was the highest among the soils studied (6.32%), indicating increased microbial
respiration and high biological activity. These parameters suggest a more active turnover of organic
matter in the soil and better availability of nutrients.

The Sauran soil showed the lowest humus content (0.43%) among the samples, reflecting a
reduction in organic matter reserves. The total nitrogen content was 0.077%, phosphorus was 0.116%,
and potassium was 2.437%. The CO, content (5.76%) was comparable to that of Turkestan, indicating
similar, moderate biological activity.
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A comparative analysis of the data shows that the soil in Zhanakorgan has the highest fertility
potential among the samples studied. This conclusion is confirmed by its humus and total nitrogen
contents, which reflect better accumulation of organic matter and nutrient reserves. In addition, the
increased concentration of CO, indicates enhanced microbial activity and more intense biological
processes in the soil, which contribute to improved nutrient cycling and availability. In contrast, the
soils from Turkestan and Sauran show lower humus and nitrogen contents, indicating comparatively
lower fertility and moderate biological activity.

A number of foreign studies have demonstrated a correlation between pH and electrical conductivity
indicators and microbiological parameters. For example, according to Y.C. Bai and Y.Y. Chang (2020),
prolonged exposure to mineral fertilizers leads to a decrease in the amount of organic matter in the soil,
which, in turn, affects the structure and diversity of microbial communities [11].

Electrical conductivity is a parameter that measures the concentration of dissolved salts in the soil
and reflects the ecological condition affecting plant growth by indicating the level of salinity. The study
of'the general microflora made it possible to determine the diversity and activity of microorganisms in the
soil and served as the basis for assessing the biological fertility of the soil and the level of mineralisation
of organic matter [12].

The acidity (pH) and electrical conductivity (salinity level) of soil samples from the Turkestan,
Sauran, and Zhanakorgan districts were studied. Table 2 shows the pH and electrical conductivity values
of the soil samples.

Table 2 — pH and electrical conductivity of soil samples

Ne Soil sample pH Electrical conductivity
1 Turkestan 8.1+0.24 290.148.7ms/cm
Sauran 8.18+0.25 157.7+4.7 ms/cm
3 Zhanakorgan 8.61+£0.25 116.5+£3.4 ms/cm

As shown in Table 2, the pH and electrical conductivity of soil samples collected from the Turkestan,
Sauran and Zhanakorgan districts were determined during the study. The pH level of the Turkestan
soil was 8.1 £ 0.24, indicating an alkaline reaction. This pH may affect the absorption of nutrients by
plants and reduce the bioavailability of certain micronutrients. The pH value of the Sauran soil was
8.18 + 0.25, which was similar to that of Turkestan. The Zhanakorgan sample had a higher pH value of
8.61 = 0.25, indicating that this soil was the most alkaline among the samples studied. High pH values
indicate the presence of salinisation and alkalisation problems, which can negatively affect plant growth
and require appropriate agrotechnical measures. A subsequent study by Qiu Xiong and M. Liu (2024)
showed that small changes in pH (approximately +1-2 units) caused significant changes in the structure
of bacterial and fungal communities. The results of the study

showed that changes in acidity had a greater effect on bacteria than on fungi, altering their abundance
and functional activity [13].

Electrical conductivity is an important indicator for assessing the concentration of dissolved salts in
soil. In the Turkestan sample, the electrical conductivity was 290.1 + 8.7 mS/cm, indicating a high level
of'salinity. This may negatively affect the physiological condition of plant roots and exacerbate the effects
of water deficiency and toxic elements. In the Sauran sample, the electrical conductivity was 157.7 +£ 4.7
mS/cm, which is within the normal range of salinity, indicating a relatively low concentration of salts in
the soil. The electrical conductivity of the Zhanakorgan soil was the lowest, at 116.5 + 3.4 mS/cm, indicating
a minimum level of salinity and the possibility of creating a favourable environment for plant growth.

In general, the soils of the studied regions had an alkaline pH and varying degrees of salinity. While
the high electrical conductivity in Turkestan indicates the severity of the salinity problem, the soils of
Zhanakorgan and Sauran are relatively more suitable for agricultural use.
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Figure 1 — Microbial community of soil samples from the Turkestan,
Zhanakorgan and Sauran districts

As shown in Figure 1, the number of colonies grown on six different nutrient media from the soil
microflora of Turkestan was 1.4x107 CFU/ml on the universal nutrient medium MPA. On TSA, a nutrient
medium for broad-spectrum bacteria, it was 2.3x107 CFU/ml, on the Sabouraud nutrient medium for
yeast and fungi, it was 0.8x107 CFU/ml, on Pseudomonas agar for Pseudomonas aeruginosa, it was
0.8x107 CFU/ml; and on Czapek medium for mould fungi, it was 0.5x107 CFU/ml. However, no growth
of microorganisms was observed on Simmons medium used for the cultivation of representatives of the
Enterobacteriaceae family, indicating that members of the Enterobacteriaceae family were absent in the
Turkestan soil sample.

The number of colonies grown on six different nutrient media from the microflora of the Zhanakorgan
soil was 2.7x107 CFU/ml on MPA nutrient medium. On TSA, it was 1.1x107 CFU/ml, and on the
Czapek medium, it was 0.2x107 CFU/ml. However, no growth of microorganisms was observed on
Simmons medium for culturing enterobacteria, or on Sabouraud medium and Pseudomonas agar.

Colonies grown from the Sauran soil sample showed the following values: on MPA medium -
2.5x107 CFU/ml, on TSA medium - 1.6x107 CFU/ml, on agarised Pseudomonas medium - 0.5x107
CFU/ml, on Czapek medium - 0.5x107 CFU/ml. No microbial growth was observed on Sabouraud and
Simmons media. Therefore, Enterobacteriaceae and fungi were not detected in the Sauran soil samples.
Microbial colonies grew well on MPA, TSA, Czapek, and Pseudomonas media.

Quantitative and qualitative composition of soil microbiocenosis.

The structure and abundance of soil microflora directly depend on agroecological conditions,
soil chemical properties, and the amount of organic matter. Microorganisms play a key role in the
mineralisation of organic matter and nutrient cycling in the soil, therefore, studying their composition is
crucial for improving agricultural productivity. This study made it possible to identify the characteristics
of soil microbiocenosis in various regions [15].

Soils from the Turkestan, Sauran, and Zhanakorgan districts were used for microbiological studies.
The results are presented in Figure 2.
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Figure 2 — Quantitative and qualitative composition of soil microbiocenosis

The results of the study presented in Figure 2 showed that the microbiomes of the soil samples
from Turkestan, Sauran, and Zhanakorgan differed. In the soil from the Turkestan Botanical Garden,
the quantitative composition of the microflora was low. The yeast count in this sample was 2.4x108
CFU/ml, and the heterotrophic bacteria count was 0.9x108 CFU/ml. The counts of mold fungi and
actinomycetes were very low (0.01x108 CFU/ml), while nitrogen-fixing, ammonifying, and cellulose-
degrading bacteria were not detected.

In the soil sample taken from the Sauran region, the yeast count reached the highest value, 9.1x108
CFU/ml. This value indicates intensive decomposition of organic matter in the soil through fermentation
processes. In addition, the heterotroph count was 2.0x108 CFU/ml, while the counts of mould fungi
and actinomycete were 1.0x108 CFU/ml. Nitrogen-fixing, ammonifying, and cellulose-degrading
microorganisms were also not detected in this sample.

It was established that the microbiological composition of the Zhanakorgan soil was dominated
by heterotrophs (8.7x108 CFU/ml) and nitrogen-fixing bacteria (4.4x108 CFU/ml). These indicators
suggest high soil biological activity and intensive nitrogen turnover. However, the number of mould
fungi and actinomycetes (0.01x108 CFU/ml) was extremely low, and other microbial groups (yeast,
ammonifiers, and cellulose decomposers) were also not detected in this sample.

Overall, the obtained data demonstrate the specific structure of the microbiocenosis of the studied
soil samples. Although microbial activity in the soils of Turkestan was limited, the high occurrence
of certain groups in the Sauran and Zhanakorgan districts indicates that these soils are rich in organic
matter and microbiologically active.

The streaking method was used to isolate pure cultures of microorganisms. Eight pure strains isolated
from the soil samples were assigned the following conditional names: Turkestan (TBS83; TBS5S),
Zhanakorgan (Jnl; Jn2), and Sauran (Snl; Sn5; Sn6; Sn9).

Morphological and cultural properties of pure cultures isolated from soil samples.

A study of the morphological and cultural properties of pure cultures isolated from soil samples
was conducted to determine their varietal characteristics and physiological activity. The results make
it possible to characterise the diversity of soil microflora and identify the most common groups of
microorganisms. Morphological and cultural studies allow the determination of cell shape, size, spatial
arrangement, the presence of spores and capsules, and microbial motility. The study determined the
macro- and micromorphological characteristics of bacterial strains isolated from soil samples from
Sauran (Sn), Zhanakorgan (Jn), and the Turkestan Botanical Garden (TBS). A total of eight strains
were studied, and their morphological characteristics are described below. The results are presented
in Table 3.
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Table 3 — Macromorphological and micromorphological properties of pure cultures

Ne | Strain Macromorphology Description Cell micromorphology, Description
name x100

1 Snl Shape: round Shape: rod-shaped
Surface: smooth Size: 1.4 um;
Profile: smooth Arrangement:
Transparency:matte clustered
Color: yellowish Motility: absent
Edge: smooth Nutrient: TSA
Structure: uniform Spore formation:
Consistency: soft spore-forming

2 Sn9 Shape: round Shape: rod-shaped
Surface: smooth Size: 1.8 um; 3.6
Profile: smooth um
Transparency: glossy Location: solitary
Color: white Motility: mobile
Edge: smooth Nutrient medium:
Structure: uniform Czapek
Consistency: soft Spore formation:

non-spore-
forming

3 Sns Shape: round; Shape: rod
Size: 5-7 mm; Size: 1.6 um; 3.2
Surface: smooth; pm
Side view: smooth; Location: solitary;
Transparency: Nutrient medium:
transparent; Sabouraud;
Color: pigmented white; Motility: absent
Edge: smooth; Spore formation:
Texture: uniform; spore-forming
Consistency: soft.

4 Sno6 Shape: round Shape: rod;
Size: 4-6 mm; Size: 1.15 um; 2.3
Surface: rough; pum;
Flatness: convex; Arrangement:
Transparency: powdery; clustered;
Color: pigmented white; Nutrient medium:
Texture: smooth; TSA
Structure: uniform Motility: none
Consistency: soft

5 Jnl Shape: round Shape: rod-
Size: uniform shaped;
Surface: rough Size: 1.4-4.4 pm;
Side view: wavy Arrangement: in
Transparency: glossy groups;
Color: pigmented white Food
Edge: undulate environment:
Structure: homogeneous Czapek;
Consistency: soft Motility: absent
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Continuation of Table 3

6 Jn2 Shape: round Shape: spherical;
Size: 4 mm-1 cm Size: 0.5 um;
Surface: smooth Arrangement:
Width: rough grouped;
Transparency: shiny Nutrient medium:
Color: white TSA;
Edge: smooth Motility: absent
Structure: uniform
Consistency: soft

7 | TBS588 Shape: round; Shape: rod-shaped
Size: 5-10 mm; Size: 1.5 pm; 3
Surface: smooth; um
Side view: smooth; Arrangement:
Transparency: grouped
transparent; Nutrient medium:
Color: pigmented white; Sabouraud
Edge: smooth; Motility: absent;
Texture: uniform; Spore-forming
Consistency: soft.

8. | TBS583 Shape: round; Shape: rod-
Size: 2-8 mm; shaped;
Surface: smooth; Size: 2 um; 4 pm;
Appearance: teardrop- Location:
shaped; clustered;
Transparency: shiny; Nutrient medium:
Color: pigmented white; Pseudomonas;
Edge: smooth; Motility: absent
Texture: uniform;
Consistency: soft

As shown in Table 3, the pure cultures isolated from the Turkestan region were TBS583 and TBS58S.
The pure cultures isolated from the Zhanakorgan district for study were Jnl and Jn2. The pure cultures
isolated from the village of Sauran were Snl, Sn5, Sn6, and Sn9.

Colonies of strains Sni, Snj, and Sn6 isolated from the Sauran soil sample were round, white
or yellowish, with a smooth or rough surface, a uniform structure, and a soft consistency. The cells
were rod-shaped (1.15-4.2 um), arranged singly or in groups, non-motile, and capable of sporulation.
Colonies of strain Sn9 were white, shiny, and round, with rod-shaped cells (1.8-3.6 um) arranged singly
and showing motility. This strain did not form spores.

Colonies of strain Jn, isolated from a soil sample in Zhanakorgan, were white, with a rough surface,
wavy edges, and a soft consistency. The cells were rod-shaped (1.4-4.4 pm), arranged in groups, and
non-motile. Strain Jn2 consists of spherical, motile cells (0.5 um); the colonies were shiny, white, and
uniform in structure.

Colonies of TBS588, isolated from a soil sample in the Turkistan Botanical Garden, were white,
transparent, smooth, and soft, with rod-shaped cells (1.5-3 um), arranged in groups; the cells were non-
motile, and spore-forming. Strain TBS583 formed round, shiny colonies with rod-shaped cells (2-4 pm),
which were non-motile.

Physiological and biochemical properties of promising pure cultures

The physiological and biochemical properties of promising pure cultures isolated during the study
were analysed to assess their metabolic activity. The ability of microorganisms to utilise carbon and
nitrogen sources, their enzymatic activity, and their resistance to stress factors were determined. These
properties indicate the extent of their participation in the turnover of organic matter in the soil and their
ability to stimulate plant growth [16].
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Studying the growth characteristics of microorganisms at different temperatures and salt
concentrations is important for determining their environmental adaptability and physiological resistance.
Such studies make it possible to assess the response of microorganisms to extreme environmental factors
and determine the possibility of their effective use for biotechnological or agroecological purposes.
For example, according to D. Egamberdieva (2019), bacteria capable of surviving under high salinity
conditions play an important role in the decomposition of organic waste and stimulation of plant growth
[17]. In addition, studies of S. Anjney (2021) found that changes in temperature and NaCl concentration
have a significant effect on the metabolic activity and enzyme secretion of microorganisms [18].

During the study, the tolerance of promising pure cultures isolated from different regions to
temperature and salt concentrations was investigated. The growth of pure cultures under different
temperature regimes and NaCl concentrations was determined, and their ability to adapt to extreme
environmental conditions was assessed (Table 4).

Table 4 — Temperature tolerance and salt tolerance of the studied strains

Ne Strain te heat resistance Growth of pure cultures at NaCl
name concentrations
28 °C 37°C 45 °C 2% 4% 6%
1 Snl +++ ++ ++ +++ ++ +
2 Sn9 -+ ++ + +++ ++ +
3 SnS -+ ++ ++ e ++ +
4 Sn6 e ++ + e ++ +
5 Jnl +++ ++ - 4+ ++ ++
6 Jn2 +++ +++ - et -+ +
7 TBS583 +++ ++ + o ++ -
8 TBS588 +++ + + +++ ++ +

Note! +++\very good growth, ++\good growth; +\poor growth; -/no growth

As shown in Table 4, the results of the study on microbial thermostability demonstrated that all
strains - Snl, Sn3, Sn6, Sn9, Jnl, Jn2, TBS583, and TBS588 - maintained a high growth rate at 28 °C. At
37 °C, the Jn2 strain demonstrated exceptional tolerance, showing very high growth. At this temperature,
the Sni, Sn5, Sn6, Sn9, Jnl, and TBS583 strains showed moderate growth, while the 7BS588 strain
exhibited weak growth. At 45 °C, no growth was observed for strains Jn/ and Jn2, whereas the cultures
of Sni, Sn5, Sn6, Sn9, TBS583, and TBS588 showed weak or low growth.

Based on salinity tolerance indicators, all cultures maintained a high level of growth at a 2% NaCl
concentration. At 4% salinity, Jn/ and Jn2 continued to grow well, demonstrating high tolerance. The
Snl, Sn5, Sn6, Sn9, and TBS583 strains showed moderate growth, while the growth of strain 7BS588
decreased. At a 6% NaCl concentration, Jn/ maintained a good growth rate, and strain Jn2 also grew
relatively well. The remaining strains - Snl, Sn3, Sn6, Sn9, and TBS588 - showed weak growth at high
salt concentrations, while TBS583 lost its ability to grow in a 6% salt solution.

These data clearly demonstrate the levels of tolerance of the microorganisms to various temperature
and salinity stresses. Strains Jn/ and Jn2 exhibited relatively high tolerance to elevated temperatures
and saline conditions and can therefore be considered effective strains for use under agroecological
conditions.

The breakdown of carbohydrates by pure cultures is necessary to meet their energy and carbon
requirements. Through this process, microorganisms produce ATP (energy) and synthesize the metabolic
products needed for growth and reproduction [19]. The isolated pure cultures were inoculated into media
containing glucose, fructose, sucrose, lactose, and maltose. The results of the carbohydrate degradation
are shown in Table 5.
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Table 5 — Carbohydrate-degrading activity of pure cultures

Strain name Glucose Fructose Sucrose Maltose Lactose
Snl + + + + +
Sn9 + + + + -
Sn5 + + + + -
Sn6 + + + + -

TBS583 + + + + +
TBS588 + + + + +
Jnl + + + + +
Jn2 + + + + -

Note! +\indicates degradation; -/ indicates no degradation

The carbohydrate utilization properties of the studied pure cultures indicate their metabolic activity
and level of adaptation to the environment. All the strains - Snl, Sn5, Sn6, Sn9, TBS583, TBS588, Jnl
and Jn2 - demonstrated the ability to hydrolyze glucose, fructose, sucrose, and maltose. This indicates
that these microorganisms can effectively utilize major energy substrates and exhibit high adaptability
Win metabolic processes. However, the ability to utilise lactose varied among the strains. Strains Sn/,
TBS583, TBS588, and Jnl effectively hydrolyzed lactose, whereas this ability was not observed in
strains Sn9, SnS, Sn6, and Jn2.

Microbial amylolytic and gelatinolytic activity

Determining the amylolytic activity of microorganisms makes it possible to assess their ability to
break down starch and other complex carbohydrates. This property is important for understanding the
role of microorganisms in the carbon cycle and the mineralization of organic matter. In addition, strains
with amylolytic activity are widely used in biotechnology, especially in the production of enzymes and
biological products [8].

Gelatin degradation is used to determine the proteolytic activity of microorganisms. This property
reflects their ability to enzymatically break down protein substrates. Proteolytic microorganisms make
a significant contribution to the mineralization of organic residues in soil and to nitrogen cycling. In
addition, such microorganisms are used in biotechnology as a source for producing protease enzymes
[20]. The amylolytic activity and proteolytic potential of strains Sni, Sn5, Sn6, Sn9, Jnl, Jn2, TBS583,
and TBS588, isolated from soil samples collected in the Turkestan Botanical Garden, Sauran, and
Zhanakorgan, were studied by assessing starch hydrolysis and gelatin hydrolysis. (Table 6).

Table 6 — Enzymatic activity of isolated pure cultures

Strain Snl Sns Sn6 Sn9 Jnl Jn2 TBS583 | TBS588
name

Starch + + + + + + + +
Gelatin + + + + - + + -

Note! +\ indicates degradation; -/ indicates no degradation

The study of microorganisms' amylolytic activity is shown in Figure 3.

Sné Jn2

Figure 3 — Amylolytic activity of pure cultures
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The isolated pure culture strains were inoculated into an egg-peptone-gelatin (EPG) medium.

The results of the gelatin degradation are presented in Table 6.

Regarding the gelatinase activity, strains Snl, Sn3, Sn6, Sn9, Jn2, and TBS583 hydrolyzed gelatin
and showed enzymatic activity. In contrast, gelatinase activity was not detected in strains Jn/ and
TBS588, indicating their limited potential for degrading protein substrates. Most of the microorganisms
producing amylase also exhibit gelatinase activity, demonstrating broad-spectrum enzymatic potential
and a high capacity for organic matter degradation.

Determining the mutual biocompatibility of prospective strains

Determining the biocompatibility of microorganism strains is important for assessing their
antagonistic or cooperative interactions. The Glushanov method is based on identifying the zone of
growth inhibition between microorganisms. This method is primarily used for selecting biocompatible
microorganisms when establishing a consortium, since compatible strains do not inhibit each other's
growth but instead may enhance their metabolic activity [9].

The biocompatibility of the pure cultures Snl, Sn5, Sn6, Sn9, Jnl, Jn2, TBS583, and TBS588,
isolated from soil samples, was investigated. The biocompatibility results of the Sn5-Sn6 isolates from
the Sauran soil sample are shown in Figure 4.

Figure 4 — Visualization of the biocompatibility of the Sn5-Sn6 cultivars

The Sn5-Sn6 pair exhibited mutually compatible growth. Microscopic examination revealed that
both strains consisted of short, rod-shaped, non-motile cells. The cells were arranged evenly and densely,
and no signs of spore formation were observed. This confirms their physiological similarity and suggests
a predisposition to symbiotic interaction.

When Jnl and Jn2, isolated from the soil of the Zhanakorgan district, were co-cultivated, no zone
of inhibition was observed between them, however, the growth boundaries were clearly defined. This
pattern indicates an interaction of mutual neutrality and was assessed as a low degree of biocompatibility.
Although the cultures grew side by side, no clear signs of compatibility were observed.

Figure 5 — Overview of the biocompatibility of Jn1-Jn2 cultivars

The 7BS583 and TBS588 cultivars, isolated from Turkestan soil, showed good compatibility and
their growth boundaries merged.

Figure 6 — Overview of the biocompatibility of the 7BS583 and TBS588 cultivars
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A positive correlation was observed between the 7BS583 and TBS588 isolated from the Turkestan
soil sample. Microscopically, both consisted of small, thin, rod-shaped cells arranged in single files. The
colony density and structure were also similar, indicating their potential for symbiotic interaction.

Conclusion

An analysis of the agrochemical properties of soils from the Turkestan, Zhanakorgan, and Sauran
regions revealed differences in organic and mineral content, reflecting their fertility and biological
activity. The soil of Turkestan was characterised by an average level of fertility: humus - 0.46%, total
nitrogen - 0.070%, phosphorus - 0.120%, potassium - 2.498%, CO, concentration - 5.76%, pH - 8.1,
electrical conductivity - 290.1 mS/cm. These values indicate moderate biological activity and a high
level of salinity, which may limit nutrient uptake by plants. The soil of Zhanakorgan had the highest
fertility potential among the samples studied: humus - 0.49%, total nitrogen - 0.098%, phosphorus -
0.140%, potassium - 2.326%, CO, concentration - 6.32%, pH - 8.61, electrical conductivity - 116.5 mS/
cm. These indicators point to high microbial activity, intensive organic matter turnover, and minimal
salinity, creating favorable conditions for plants. The soil in Sauran has the lowest humus content -
0.43%, total nitrogen - 0.077%, phosphorus - 0.116%, potassium - 2.437%, CO, concentration - 5.76%,
pH - 8.18, electrical conductivity - 157.7 mS/cm, which corresponds to moderate biological activity and
a relatively low level of salinity. A comparative analysis showed that the soils of Zhanakorgan had the
highest humus and nitrogen content, as well as the highest CO, level and lowest electrical conductivity.
This reflects better accumulation of organic matter, more active microbial life, and optimal conditions
for plant nutrient uptake. In contrast, the soils of Turkestan and Sauran were characterised by lower
humus and nitrogen contents, moderate biological activity, and higher salinity (especially in Turkestan),
which may limit their fertility.

The study of the morphological and physiological characteristics of soil microorganisms plays a
special role in determining their ecological adaptability and biotechnological significance. The growth
characteristics and enzyme activities of pure cultures isolated from soil samples of the Turkestan
Botanical Garden and the Sauran and Zhanakorgan regions of the Turkestan and Kyzylorda oblasts reflect
the influence of regional ecological factors. Such studies make it possible to assess soil microbiological
indicators and to select effective strains for agricultural application.

Physiological studies revealed that all strains maintained high growth activity at 28 °C, indicating their
mesophilic nature. At 37 °C, strain Jn2 exhibited exceptional tolerance, while under high-temperature
stress at 45 °C, strains Snl, Sn5, Sn6, and TBS583 showed weak but stable growth. According to the
salinity tolerance results, all strains grew actively at a 2% NaCl concentration, while at 4% and 6%
salinity, strains Jnl and Jn2 were distinguished by their high adaptability. This indicates that they
possess halophilic or halotolerant properties and suggests that such microorganisms can be used for the
biological restoration and productivity enhancement of saline soils.

In terms of metabolic activity, all of the studied strains were able to efficiently break down glucose,
fructose, sucrose, and maltose. This demonstrates their ability to utilize various carbohydrates as carbon
sources and confirms the high efficiency of their energy metabolism. However, the ability to hydrolyze
lactose varied among the strains. While strains Sn/, TBS583, TBS588, and Jnl showed this activity, it
was not observed in strains Sn5, Sn6, Sn9, and Jn2.

As aresult of the study of enzymatic activity, it was determined that all strains synthesised the enzyme
amylase, which means that they can hydrolyze starch and use it as a source of energy. Amylase activity
plays an important role in the cycling of organic matter in soil and increases the availability of nutrients
in the plant rhizosphere. In addition, gelatinase activity was observed in strains Sni, Sn5, Sn6, Sn9, Jn2,
and TBS583, indicating their ability to degrade protein substrates. However, gelatinase activity was not
detected in strains Jnl and TBS588, suggesting that these strains have limited proteolytic potential.

The results of the study showed that strains Sni, Sn3, Sn6, Sn9, Jnl, Jn2, TBS583, and TBS588,
isolated from soil samples from Sauran, Zhanakorgan and the Turkestan Botanical Garden exhibited
differences in their morphological, physiological, and biochemical characteristics. Strains Snl, SnS5,
and Sn6 isolated from the Sauran soil sample, as well as strains 785583 and 7BS588 isolated from the
Turkestan Botanical Garden, were identified as Bacillus spp. These isolates were homogeneous in colony
morphology, structure, and consistency, and exhibited spore-forming ability and high adaptability.
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The Jnl and Jn2 strains isolated from the Zhanakorgan district were identified as Bacillus spp. and
Micrococcus spp., respectively, while strain Sn9 was identified as a representative of Pseudomonas spp.
These microorganisms, belonging to different genera, demonstrate the biochemical diversity of the soil
and the ecological adaptation of the microbiota.

Overall, the results obtained showed that most of the studied strains have high adaptability, enzymatic
activity, and the ability to efficiently utilize carbon sources. These properties make strains Sni, SnJ,
Sn6, Jnl, Jn2, TBS583, and TBS588 promising microorganisms for biofertilizer production and for
enhancing soil biological fertility.
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Onrycrik KazakcraH TONbIpaKTaApbIHBIH ATPOXMMHSJIBIK KaCHeTTepi
MeH MUKPOOTBIK dPTYPJILIIriH 3epTTey

Ab6mmesa I'.)K., Yanmuesa [1.C., Manix A.M., lllayamuesa K.C., EpmexoBa M.E., Jloynetkan L.E.

Tyiiin

AnFpimaprrap MeH Makcat. TombIpak dKOKYHEHIH MaHBI3AbI Kypamaac 0eiri O0oJbi TaObIaibl,
OCIMIIIKTEP/IiH 6Cy1 MEH JITaMYHI YIIIiH KAXKETTi KOPEKTIK 3aTTapMeH JKOHE Cy pecypCcTapbhIMeH KaMTaMachl3
eteni. TOMBIPaKTHIH arpOXUMUSIIBIK KacueTTepi, pH ’oHe AJIeKTp OTKI3TIMTIrT MUKPOOPTaHU3MAEPAIH
OMIPIICHIITI MEH OUOJIOTHSIIBIK OCIICEH/IITITIH aHBIKTAN/TBI.

By 3eprreyain makcatel Caypan, JKanakopraH skoHe TypkicTaH alilMaKTapblH/1a )KUHAJIFaH TOBIPAK
YATiIepiHiH arpoXUMISITBIK KepceTKimTepiH (pH, ameKTpeTKI3TIMTIK, KOPEKTIK 3aTTapAblH KypaMbI)
3epTTey, COHIAN-aK TOIBIPaK MUKPO(DIOPAChIHBIH KYPaMbIH XKOHE MUKPOOPTaHU3MAEDP ITaMIAPBIHBIH
MOP(DOIOTUATBIK-KYTBTYPAJIBIK JKOHE (U3HUOIOTHSITBIK-OMOXUMUSIIBIK KacHeTTepiH Oaranay OO bIT
TaOBLIAIBI.

Marepuangap MeH oaaicrep. 3epTrey OapbIChIHIA CTaHAAPTTHI OAICTEpAl KOJAaHA OTBHIPHII, Op
allMaKkTaH TaHJAJIFaH TOIBIPAK YJTUIEPiHIH arpOXUMUSUIIBIK KOPCETKIITEPl aHBIKTaNAbl. TONbIpakTaH
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MOP(DONOTUANBIK-KYTBTYPAJIBIK  KoHE  (U3UONOTHSIIBIK-OMOXUMUSIIBIK ~ KAaCHETTepl  3epTTenreH
MUKpPOOPTaHU3MACPAIH Ta3a Jakpuigapbl Oeminmi. [ltammapabiH kemipcymapasl KOJAaHy KaOiyeri,
amMmiIa3a JKoHE JKelaThHa3a (epMeHTTepiHiH OeNCeHITIr KoHE OJIapJAbIH TeMIlepaTypara MXoHe
Ty3ra Te3imainiri Oaramanapl. COHBIMEH KaTap, OKIIayJIaHFaH ITaMIapIblH e3apa OHOoyHIeciMaimiri
3epTTENI.

Hormxkenep. Oximaynanrad MEKpOOPTaHU3MIEP TYBIC JICHTeHiH e aHBIKTAIIbI s)koHe Bacillus spp.,
Micrococcus spp. xoue Pseudomonas spp. TybICTapbiHa )kaTaabl. Snl, Sn, Sn6, Jnl, Jn2, TBS583 xone
TBS588 mramaapsl )KoFapel (PepMEHTATHBTI OENICEHIITIKKE, KOMIpCyIap sl THIMII CiHipy KaliieriHe
JKOHE TeMIlepaTypa MeH TY3IbIH dcepiHe Te3IMIiUTKKe ue. buoyiimeciMailik HOTHXKeNIepi olxapablH
aHTaroHW3Mci3 Oipre ecy KabOimeTiH kepcerTi. KOpBITBIHABI. 3epTTeNreH ITaMaap TOIBIPAKTHIH
OMOJIOTHSITBIK KYHAPIBUTBIFBIH apTTBIPY KOHE OKOJIOTHSIIBIK Taza OMOTHIHANUTKBIIITAp aily VIIH
MIEPCIIEKTUBTI MUKPOOPTaHU3MIEp 0okl TaObmaabl. Onapabl aybll MapyambUTbFRIHIA Taiiiatany
OCIMJIIKTEeP/IIH OHIMJIUTITIH apTTBIPyFa JXOHE TOIBIPAKTHIH SKOJOTHUSAIBIK TeNe-TeHMIITH CcakKTayFa
MYMKIHAIK Oepeti.

Kinr ce3gep: arpoXuMusiIbIK KacHeTTepi; OMOTBIHAWTKBINI; MHUKPOOPTaHHU3MJEP; TOIBIPAK
KYHapPIBUIBIFBL; TOMBIPAK MUKPODIOpaCH.

HN3yyeHue arpoXxMuMH4YeCKUX CBOICTB U MUKPOOHOI0 pa3HO00pa3usi N04YB
IO:xnoro Kazaxcrana

Ab6muesa I'.)K., Yamuesa [1.C., Manmuk A.M., lllayanuesa K.C., EpmexoBa M.E., Jlaynetxan U.E.

AHHOTALUA

[Ipenmoceuiknn u 1enb. [louBa sBIsSETCS BaKHBIM KOMITOHEHTOM DJKOCHCTEMBI, OOecriednBast
pacTeHHs MUTATEIBHBIMH BEIIECTBAMHU U BOJIHBIMU PECypCaMu, HEOOXOIUMBIMH JIJISl POCTA U PA3BUTHS.
ATpOXHMHUYECKHE CBOWCTBA, pH M 3JEKTPOMPOBOTHOCTH TTOYBHI ONPENEISIFOT KU3HECTIOCOOHOCTh U
OMOJIOTMYECKYI0 aKTHBHOCTh MUKPOOPTaHM3MOB. L[ebro TaHHOTO MCCIeOBaHUS SIBISCTCS H3yUYeHHE
arpoOXUMHYECKUX Tokazatenedt (pH, 3JeKTpOmpOBOTHOCTB, CONEp)KaHUE NHUTATEIHHBIX BEIIECTB)
00pa31oB mo4Bkl, coOpaHHbIX B CaypaHckoMm, JKanakopranckoMm u TypkecTaHCKOM paiiOHax, a TaKxkKe
OIIEHKAa COCTaBa TOYBEHHOH MHUKPOQIOPH W MOPQOIOTHUECKUX, KYJIbTypalbHBIX U (DHU3HOIOTO-
OMOXMMHUYECKUX CBOMCTB MITAMMOB MHKPOOPTaHHU3MOB.

Martepuanbsl U MeToqbl. B Xoze wccienoBanusi ObUTH ONpE/IeNIeHbl arpOXUMHAYECKHe TIOKa3aTeln
MTOYBEHHBIX 00pa3IoB, COOpaHHBIX B KaXKIOM paiioHe, C WCIOJIh30BAHMEM CTaHAAPTHBIX METOJOB.
brumn u3ydensr Mmopdonorunyeckue, KyJabTypalbHble U (PH3H0I0T0-OMOXUMHUYECKIEe CBOMCTBA YHCTHIX
KYJIbTYP MUKPOOPTaHMU3MOB, BBIITICHHBIX U3 TIOYBHI. BBIIH OIIeHEHBI CTIOCOOHOCTH IITAMMOB YCBAaUBaTh
YTIIEBOJIBI, aKTUBHOCTHh (DEPMEHTOB aMHJIA3bl M KEJIATHHA3bl, a TAKKe TEPMO- M COJICYCTOMIUBOCTb.
Kpowme Toro, Oplita mpoBejieHa OIIeHKa B3aNMHON O0HOCOBMECTHMOCTH BBIICTICHHBIX IIITAMMOB.

Pesynbrarel. BeineneHHbie MUKPOOPTaHU3MBI OBLTH WICHTH(UIIMPOBAHBI HA YPOBHE CeMeicTBa U
MIpUHAJUIeKAT K ponam Bacillus spp., Micrococcus spp. u Pseudomonas spp. llltamer Snl, Sn5, Sné,
Jnl, Jn2, TBS583 n TBS588 obmamaroT BBICOKOW (epMEHTATHBHOW aKTHBHOCTHIO, CIIOCOOHOCTBHIO
3¢ (heKTUBHO yCBaWBaTh YTIIEBOIBI M YCTOWYHBOCTHIO K BO3JICHCTBHIO TEMITEPATYPhI U COMTH. Pe3ynmbTaThl
OMOCOBMECTUMOCTH TIOKA3aJIi MX CIIOCOOHOCTH PacTH BMECTE 0e3 aHTaroHW3Ma.

3axmroueHue. l3ydeHHBIE MITaMMBI SBISIOTCS TIEPCTIEKTUBHBIMH MHUKPOOPTaHU3MAMH IS
MTOBBIIIIEHUS OMOJIOTHYECKOTO TII0A0POIHS TIOYBBI M TTOTYIESHHUS SKOJIOTUIECKH YHCTHIX OOy T00peHUH.
Wx wcronb3oBaHuEe B CENBCKOM XO3SHCTBE IMO3BOJIACT TIOBBICHTH IPOJIYKTHBHOCTh PACTeHHUH U
MTO/IIEPKUBATH SKOJIOTHUYECKUI OaaHC TTOYBBI.

KuaroueBrble cjioBa: arpoXMMHUYECKHE CBOWCTBA; OMOYIOOpEHHE; MUKPOOPTAaHU3MBI;, TIJIOIOPOJTUE
TIOYBHI; IOYBEHHAS MUKpO(dIIOpa.
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