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DETERMINATION OF MICROBIAL DIVERSITY
OF INDIGENOUS MICROFLORA OF SOIL SAMPLES
CONTAMINATED WITH XENOBIOTICS
AND STUDY OF THEIR MICROBIOLOGICAL PROPERTIES

The microbial community that determines the biochemical properties of the soil is a set of living or-
ganisms of different species that form a certain ecological and trophic unit. Of all the biotic components
of the ecosystem, the microbial community is the most sensitive to changes in environmental conditions
that occur during agricultural development of ecosystems, as well as to the presence of other forms of
anthropogenic impact, including pollutants. The complexity and diversity of the relationships of various
microorganisms with each other and with plants, as well as with other components of the agrobioceno-
sis, determine the phytosanitary state of the soil and its stability as an integral system.

The aim of the work is to determine the microbial diversity of the native microflora of soil samples
contaminated with xenobiotics and to study their biological properties, as well as screening for promis-
ing microorganisms. Study of the microbial diversity of the local microflora of soil samples contaminated
with xenobiotics in the Turkestan and Kyzylorda regions.

Xenobiotics, getting into the soil, directly or indirectly affect microbial communities. According to
modern concepts, microbiological monitoring is a priority area of environmental quality control. Cur-
rently, the most developed methods for assessing the impact of pollutants are based on the study of the
structural reorganization of communities and the consideration of various groups of microorganisms. In
this regard, the work studied the microbial diversity of soils contaminated with xenobiotics in the Turke-
stan and Kyzylorda regions, and selected promising microorganisms.

Keywords: xenobiotics, microorganisms, screening, destructor, diversity.
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GapbliHLLA Ce3iMTaA. OPTYPAI MMKPOOPraHM3mAepAiH 6ip-6ipiMeH XaHe eciMAiIKNeH, COHAal-ak, arpo-
6MOLEHO3AbIH 6acKa KOMIMOHEHTTEPIMEH KapbIM-KaTbIHACTaPbIHbIH, KYPAEAIAITT MEH 8PTYPAIAIri Tombi-
pakTbIH, (DPUTOCAHUTAPABIK, KaFAAlbIH YK8HE TyTacC >Kyihe PeTiHAE OHbIH, TYPAKTbIAbIFbIH aHbIKTARAbI.

KyMbICTbIH MakcaTbl — KCEHOOMOTUKTEPMEH AACTaHFaH TOMbIPAK, YAFiAepiHiH aGopureHAl MUKpod-
AOPACbIHbIH, MUKPOOTbIK, BPTYPAIAITiH aHbIKTAY >KOHE OAAPAbIH OMOAOTUSABIK KACMETTEpiH 3epTTey,
NepCcrneKkTUBaAbl MUKPOOPTraHN3MAEPAT CKPUHUHITEH 6TKi3y. TypkicTaH xxaHe Kbi3biAopaa 0OGAbICbIHAQ-
bl KCEHOOMOTMKTEPMEH AACTaHFaH TOMbIPAK, YAFIAEPIHIH XKepriAikTi MUKPOgAOPAChIHbIH MUKPOOTBIK,
AAyaH TYPAIAITIH 3epTTey.

Tonblpakka TYCeTiH KCeHOBMOTHKTEP MUKPOOBTBIK KAybIMAACTbIKTApFA TiKEAEH Hemece KaHama
acep eTeAi. 3amaHaym Ty>XXKblpbIMAAMaAapFa COMKEC MUKPOBUOAOTUSAbIK, MOHUTOPUHI KOpLUAFaH opTa
canacblH 6akpblAayAblH 6acbiM 6arbiThl GOAbIN TabbiraAbl. Kasipri yakbiTTa AacTaylbl 3aTTapAblH ace-
piH 6araAayAblH €H >KaKCbl AAMblFaH dAICTEPi KAybIMAACTBIKTAPAbIH KYPbIABIMABIK, KaiTa KyPbIAYbIH
3epTTeyre >aHe MMKPOOPraHM3MAEPAIH BPTYPAI TONTapbiH ecernke aayfa HerizaeareH. OcbiraH Oait-
A@HBICTbI >KyMbICTa TypkicTaH oHe Kbi3blaopAa 0OAbICTApbIHAAFbI KCEHOOMOTUKTEPMEH AACTaHFaH
TOMbIPAKTAPbIHbIH, MUKPOOTbIK, aAyaH TYPAIAIT 3epTTeAiN, NepcnekTMBTI MUKPOOPraHM3MAEp ipikTeAin
AAbIHABI.

Ty#in ce3aep: KCEHOOMOTUKTEP, MUKPOOPraHU3M, CKPUHUHL, AECTPYKTOP.
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OnpeaereHne MUKPOGHOrO pa3Hoo6pasus
a0opUreHHOM MUKPOAOPbI 06PaA3LLOB MOYB, 3arpPsI3HEHHbIX KCEHOOMOTHKAMM,
M U3yyeHue X MUKPOOMOAOrM1ECKMX CBOMCTB

Mukpo6Hoe coobLecTBO, onpeaeAsiolee 6MOXMMUUYECKME CBOMCTBA MOYBbI, MPEACTABASIET COO0
COBOKYMHOCTb >KMBbIX OPraHM3MOB Pa3HbIX BMAOB, 06PA3YIOLIMX OMPEAEAEHHYIO 3KOAOTO-TpoduUe-
CKYIO eAMHMLY. M3 Bcex BMOTUYECKMX KOMIMOHEHTOB 3KOCUCTEMbI MUKPOBHOE Co0bLLecTBO Hanboaee
YYBCTBUTEABHO K M3MEHEHMSIM YCAOBMIA OKPYXKAIOLLIEN CPEAbI, MPOUCXOASLLMM B MPOLECCE CEAbCKOXO-
39MCTBEHHOrO OCBOEHMS SKOCUCTEM, A TakKXKe K HAAMUMIO APYTMX (DOPM aHTPOMOreHHOrO BO3AEMCTBUS,
B TOM umMcAe 3arpssHsiowmx sewects. CAOXKHOCTb M MHOrooOpasue B3aMMOOTHOLLEHWIA Pa3AMUHbIX
MUKPOOPraHM3MOB MEXAY COBO0M 1 C paCcTEHMSIMM, a TAKXKE C APYTMMM KOMITOHEHTaMM arpoburoLieHo3a
OMPeAEASIIOT (PUTOCAHUTAPHOE COCTOSIHME MOYUBbI U €€ YCTOMUYMBOCTb Kak LIEAOCTHOM CUCTEMbI.

LleAbio paboTbl SBASIETCS OMpeAeAeHne MUKPOOHOro pasHoobpasmst abopureHHon MUKPOGAOPDI
006pasLOB MOYB, 3arpsA3HEHHbIX KCEHOOMOTMKAMM, U M3ydyeHUe MX OMOAOIMUYECKMX CBOMCTB, a TakxKe
CKPVHMHT NMepCrekTUBHbIX MUKPOOPraHM3MoB. M3yueHne MUKpPOBGHOro pasHoo6pasms AOKAAbHOM MM~
KpoAOpbl 06pasLIOB MOYB, 3arPA3HEHHbIX KCEHOOMOTMKaMKM B TypkecTaHCKoM M KbI3bIAOPAMHCKOM
obAacTsX.

KceHOOMOTMKM, Monaaas B MOYBY, HAMPAMYIO MAM KOCBEHHO BAMSIIOT Ha MUMKPOOHbIE COOOLEeCTBa.
CoraacHO COBPEMEHHbIM MPEACTABAEHUAM MUKPOOBUOAOTMYECKMIA MOHUTOPUHT SIBASIETCS MPUOPUTET-
HbIM HarpaBAEHMEM KOHTPOAS KauyecTBa OKpy>KatoLLern cpeabl. B HacTosuiee Bpemst Hanboaee paspabo-
TaHbl METOAbI OLIEHKN BO3AEMCTBUS 3arpsi3HSIOLLMX BELLECTB, OCHOBAHHbIE HA U3YYeHMU CTPYKTYPHOM
NepecTpoikn COOBLLECTB M yueTe PasAMUHbIX TPYMN MMKPOOPraHM3MoB. B cBa3u ¢ 3TMm B paboTe
M3y4eHO MMKPOBHOEe pasHoobpasme NMoYs, 3arpA3HEHHbIX KCEHOOMOTHKaMM B TypkecTaHckomn 1 Kbi3bi-
AOPAMHCKOM 06AACTSIX, M OTOOPaHbl NePCreKTUBHbIE MUKPOOPraHM3Mbl.

KAtoueBble cA0Ba: KCEHOBUMOTUKM, MUKPOOPraHU3Mbl, CKPUHUHT, AECTPYKTOP, pa3HooOpasue.
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Introduction

Humans and their environment, as well as the
nation’s health, have always been a priority for the
state. Human health depends 12% on the healthcare
system, 18% on genetic predisposition, and as much
as 70% on lifestyle, including environmental condi-
tions and nutrition. Environmental pollution contrib-
utes to an increase in genetic burden and mutation
rates within human populations. This is evidenced
by the rising incidence of congenital abnormalities,
hereditary and multifactorial diseases, particularly
in environmentally disadvantaged areas.

In daily life, humans come into contact with
numerous chemical substances, extensively used in
industry, agriculture, medicine, and households. Ex-
perimental studies show that many of these chemi-
cal compounds exhibit mutagenic activity. Food
products derived from plants and animals may also
be contaminated by chemicals used in agriculture
for pest and disease control [1].

The industrialization of agriculture has in-
creased the chemical load on natural ecosystems.
Intensive chemicalization in agriculture boosts pro-
ductivity but simultaneously leads to environmen-
tal contamination with xenobiotics, pesticides, and
other chemical compounds.

Pesticides are widely used in agriculture, as
they prevent up to 40% of crop losses. However,
poor storage practices and the application of up to
95% of pesticides in ways that fail to target the in-
tended organisms result in significant environmen-
tal harm. Misuse of pesticides without considering
the natural and climatic features of treated areas
or adhering to safety regulations raises serious is-
sues, such as declining biodiversity, wildlife and
livestock deaths, poisoning, disruption of natural
pest control mechanisms, accumulation of obsolete
and unusable chemical substances that pose haz-
ardous environmental risks, contamination of food
and feed with pesticide residues, and pollution
of surface and groundwater. Contaminated food,
feed, and drinking water are the primary sources of
pesticide exposure to humans.

Among chemical pollutants in the environment,
persistent organic pollutants (POPs) are particu-
larly dangerous [2]. Recently, POPs have become
a pressing global environmental issue. POPs are
chemical substances containing chlorine, carbon,
and hydrogen. These compounds degrade slowly

and accumulate in living organisms. POPs are often
transported over long distances via air, water, and
migratory species, such as insects, birds, and warm-
blooded animals. Even in small amounts, POPs pose
a threat to humans and nature. They dissolve poorly
in water but readily in fats, allowing them to accu-
mulate in the fatty tissues of living organisms. Their
concentrations can increase thousands or even tens
of thousands of times through food chains [3-4].

In 2001, the Ministry of Natural Resources
and Environmental Protection of the Republic of
Kazakhstan, together with UNEP Chemicals, con-
ducted a preliminary inventory of obsolete and un-
necessary pesticides under a Memorandum of Un-
derstanding dated January 8, 2001. A report was
prepared, providing information on the inventory of
unused pesticide stocks (including POP pesticides)
and an analysis of data collected from the official
statistics of the Republic of Kazakhstan’s Agency
for Health Affairs and the Republican Sanitary and
Epidemiological Station. With the support of the
Central Asia Regional Environmental Center, the
project of the “Greenwomen” Environmental News
Agency (Kazakhstan) was implemented [5].

Soil salinization, particularly in semi-arid re-
gions, has become a global issue. It is a major factor
reducing agricultural productivity worldwide.

Materials and methods

Study of soil samples

We conducted research to study the microbial
diversity of soil samples in the Turkestan and Ky-
zylorda region (Figure 1), contaminated with xeno-
biotics (pesticides) (test samples) and background
territory (control samples).

Collection and preparation of samples for mi-
crobiological analysis

To collect samples, use clean, sterile glass vials
with tightly closing rubber stoppers and thick paper
caps.

Soil samples are collected on each of the areas
studied at five points diagonally or along an “en-
velope” (four points at the corners and one in the
center). To prepare an average sample of 0.5 kg,
the soil of all samples of one area is poured onto a
sterile thick sheet of paper and the soil is thoroughly
mixed in a jar. The size of the collected soil samples
is dictated by the degree of its contamination and the
planned work. Before sowing, the soil is dispersed.
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Figure 1 — Soil sampling points in the Turkestan and Kyzylorda region
(a — Turkestan region, b — Kyzylorda region)

Methods for studying the microbial diversity of
environmental objects in areas contaminated with
xenobiotics

The determination of the number of different
groups of soil microorganisms to identify physi-
ological groups resistant to the pollutant and to
compare the microbiological composition of the
soil microflora was carried out using the method of
successive dilutions of the soil suspension on dense
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nutrient media.The number of cells was determined
using the Koch method. The essence of the method
is to sow a certain volume of the studied suspension
of microorganisms on a dense medium in Petri dish-
es and count the colonies that have grown after incu-
bation. The sowing is carried out on agarized media
in Petri dishes. To determine the total number of
microorganisms, meat-peptone agar (MPA) is used,
to determine the content of fungi in the soil — wort
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agar (WA), to determine the number of different
physiological groups of microorganisms, the corre-
sponding nutrient media are used. Mold fungi were
counted on the agarized Czapek-Dox medium, am-
monifying bacteria were detected on GRM-agar,
nitrogen-fixing bacteria — on Ashby medium, aero-
bic cellulolytic bacteria were counted on the dense
nutrient medium of Hutchinson and Clayton.

The crops were cultivated in a thermostat at 28°C
for 2 days when isolating heterotrophic bacteria, 5-7
days when isolating actinomycetes, nitrogen-fixing
and mold fungi, and 7-9 days when isolating cel-
lulolytic bacteria. After incubation of the crops, a
quantitative count of the grown colonies was carried
out and the number of colony-forming units (CFU)
in 1 g of soil was determined.

Determination of the titer of colony-forming
units of microorganisms

The determination of the number of different
groups of soil microorganisms to identify physi-
ological groups resistant to the pollutant and to
compare the microbiological composition of the soil
microflora was carried out by the method of succes-
sive dilutions of the soil suspension on dense nu-
trient media. Fortiter distribution in samplescolony
forming units of microorganismswere carried out
using the Koch method. The essence of the method
consists of seeding a certain volume of the studied
suspension of microorganisms on a dense medium
in Petri dishes and counting the colonies that have
grown after incubation. The seeding is carried out
on agar media in Petri dishes. After incubation of the
seedings, a quantitative count of the grown colonies
was carried out and the number of colony-forming
units (CFU) in 1 g of the sample was determined.

Methods for isolating pure cultures from soil
samples. Pure cultures were obtained by mechani-
cal separation on the surface of a dense nutrient
medium (the streak method with loop burning) [7].
Individual colonies were checked for purity by mi-
croscopy and were seeded onto slanted nutrient agar
for cultivation.

Methods for determining the morphological-
cultural and physiological-biochemical properties
of isolated pure cultures of microorganisms

The study of morphological, physiological and
biochemical characteristics of bacteria was carried
out using generally accepted methods. The morpho-
logical and cultural properties of the isolated pure
cultures of microorganisms were studied according
to the following characteristics: cell shape and ar-
rangement, cell size, cell motility, presence of endo-

spores, Gram staining, colony description on solid
nutrient media, growth pattern in liquid nutrient
medium, growth pattern on slant agar. Physiologi-
cal and biochemical properties of bacteria and yeast
were determined according to the following char-
acteristics: bacterial growth at 420C, hydrolysis of
gelatin, starch, casein, presence of catalase and use

Pure cultures were obtained by mechanical sep-
aration on the surface of a dense nutrient medium
(the streak method with loop burning). Individual
colonies were checked for purity by microscopy and
were seeded onto slanted nutrient agar for cultiva-
tion. For isolation, heterotrophic bacteria were cul-
tured for 2-3 days, actinomycetes, nitrogen-fixing
bacteria and mold fungi for 7-9 days.

Methods for screening microorganisms of chem-
ical pollutants (xenobiotics)

A wide range of pesticide-resistant microorgan-
isms and their high level of biodegradation capa-
bilities make these organisms promising biotechno-
logical objects for cleaning the environment from
pesticides. Soil microorganisms react extremely ac-
tively to chemical components of the environment.
Screening of sensitive and tolerant microorganisms
allows selecting optimal test organisms and bioin-
dicator organisms for pesticide contamination of
soil[8].

To search for microorganisms, we used strains
from dominant bacterial populations. For this pur-
pose, all isolated strains were seeded on Petri dishes
with M9 agar medium (composition, g/l: Na,HPO,
- 6.0; KH,PO, — 3.0; NaCl — 0.5NH,CL — 1.0;
distilled water 1000 ml, 2% starvation agar) with
the addition of a pesticide as a carbon source. The
strains were cultured for 5 days at 28 °C [9].

Results and discussion

Determination of microbial diversity of local
microflora of xenobiotic-contaminated soil samples
and study of their biological properties

Isolation of local microorganisms from contam-
inated soil samples, study of biological properties of
isolated microorganisms

Humans and their environment, as well as the
nation’s health, have always been a priority for the
state. Human health depends 12% on the healthcare
system, 18% on genetic predisposition, and as much
as 70% on lifestyle, including environmental condi-
tions and nutrition. Environmental pollution contrib-
utes to an increase in genetic burden and mutation
rates within human populations. This is evidenced
by the rising incidence of congenital abnormalities,
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hereditary and multifactorial diseases, particularly
in environmentally disadvantaged areas.

In daily life, humans come into contact with
numerous chemical substances, extensively used in
industry, agriculture, medicine, and households. Ex-
perimental studies show that many of these chemi-
cal compounds exhibit mutagenic activity. Food
products derived from plants and animals may also
be contaminated by chemicals used in agriculture
for pest and disease control [209].

The industrialization of agriculture has in-
creased the chemical load on natural ecosystems.
Intensive chemicalization in agriculture boosts pro-
ductivity but simultaneously leads to environmen-
tal contamination with xenobiotics, pesticides, and
other chemical compounds.

Pesticides are widely used in agriculture, as
they prevent up to 40% of crop losses. However,
poor storage practices and the application of up to
95% of pesticides in ways that fail to target the in-
tended organisms result in significant environmen-
tal harm. Misuse of pesticides without considering
the natural and climatic features of treated areas
or adhering to safety regulations raises serious is-
sues, such as declining biodiversity, wildlife and
livestock deaths, poisoning, disruption of natural
pest control mechanisms, accumulation of obsolete
and unusable chemical substances that pose haz-
ardous environmental risks, contamination of food
and feed with pesticide residues, and pollution
of surface and groundwater. Contaminated food,
feed, and drinking water are the primary sources of
pesticide exposure to humans.

Among chemical pollutants in the environment,
persistent organic pollutants (POPs) are particu-
larly dangerous [10]. Recently, POPs have become
a pressing global environmental issue. POPs are
chemical substances containing chlorine, carbon,
and hydrogen. These compounds degrade slowly
and accumulate in living organisms. POPs are often
transported over long distances via air, water, and
migratory species, such as insects, birds, and warm-
blooded animals. Even in small amounts, POPs pose
a threat to humans and nature. They dissolve poorly
in water but readily in fats, allowing them to accu-
mulate in the fatty tissues of living organisms. Their
concentrations can increase thousands or even tens
of thousands of times through food chains [11-212].

In 2001, the Ministry of Natural Resources
and Environmental Protection of the Republic of
Kazakhstan, together with UNEP Chemicals, con-
ducted a preliminary inventory of obsolete and un-
necessary pesticides under a Memorandum of Un-
derstanding dated January 8, 2001. A report was
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prepared, providing information on the inventory of
unused pesticide stocks (including POP pesticides)
and an analysis of data collected from the official
statistics of the Republic of Kazakhstan’s Agency
for Health Affairs and the Republican Sanitary and
Epidemiological Station. With the support of the
Central Asia Regional Environmental Center, the
project of the “Greenwomen” Environmental News
Agency (Kazakhstan) was implemented [13].

Soil salinization, particularly in semi-arid re-
gions, has become a global issue. It is a major factor
reducing agricultural productivity worldwide.

Research results. The aim of the work is to de-
termine the microbial diversity of the local micro-
flora of soil samples contaminated with xenobiotics
and to study their biological properties, to screen
promising microorganisms.

To study the microbial diversity of the local mi-
croflora of soil samples contaminated with xenobi-
otics in the Turkestan and Kyzylorda regions.

The microbial community, which mainly de-
termines the biochemical properties of the soil, is
a set of coexisting organisms of different species
that form a certain eco-trophic unit. Of all the biotic
components of the ecosystem, the microbial com-
munity is the most sensitive to changes in the envi-
ronmental conditions that occur during the agricul-
tural development of ecosystems and the presence
of other forms of anthropogenic impact, including
pollutants. The complexity and diversity of the rela-
tionships of various microorganisms with each other
and with plants, as well as with other components
of the agrobiocenosis, determine the phytosanitary
state of the soil and its stability as a whole system
[14].

Xenobiotics entering the soil directly or indi-
rectly affect microbial communities. According to
modern concepts, microbiological monitoring is a
priority direction of environmental quality control.
Currently, the most developed methods for assess-
ing the impact of pollutants are based on the study
of the structural reorganization of communities and
the accounting for various groups of microorgan-
isms [15].

From an ecological point of view, soil is a com-
plex heterogeneous system. Soil conditions affect
the number and activity of microfiora, and also de-
termine the degree of manifestation of the toxic ef-
fect of pesticides.

In this regard, the work studied the microbial di-
versity of soils contaminated with xenobiotics in the
Turkestan and Kyzylorda regions. The results of the
study of microbial diversity in the studied soils are
presented in Figure 2.
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Number of CFU/gx107

Aral City

Soil sampling locations

Botanical Garden of Yassawi
University
mMold fungi B Ammonifying bacteria
1 Cellulolytic bacteria B Heterotrophs

Baigekum Village

H Nitrogen-fixing bacteria
B Yeast

Figure 2 — Microbial diversity of soil samples from South Kazakhstan

Analysis of the microbiological composition of
the soil showed that in the contaminated soil of the
Turkestan regionthe dominant number of mold fun-
gi is 3.2x10” CFU/g, heterotrophs 2.9x107 CFU/g,
aerobic cellulolytic bacteria 2.5x107 CFU/g, ammo-
nifying bacteria 2.3x107 CFU/g, also nitrogen-fixing
bacteria 2.1x107 CFU/g, yeast 1.8x107 CFU/g.

The control sample was a soil sample not con-
taminated with xenobiotics. The total number of
mesophilic aerobic and facultative anaerobic micro-
organisms (MAFAnM) is 1.7x10%-6.9x10* CFU/g.
The quantitative indicators of nitrogen-fixing bacte-
ria and microscopic yeasts in the contaminated soil
did not differ significantly from the indicators of the
control sample.

Thus, ppesticides actively affect the vital ac-
tivity of both individual cells of microorganisms
and soil microbiocenoses. In many ways, the na-
ture of the action of pesticides is determined by
their chemical nature and the uniqueness of soil
microbiota. There are groups of extremely sensi-
tive and very tolerant microorganisms. However,
the toxic effect of pesticides, as a rule, is revers-
ible. The degree of inhibitory effect and the rate of
restoration of the original structure of microbioce-
noses depend on the chemical composition, dose

and stability of the xenobiotic in the environment.
Changes in numbers under the influence of pesti-
cides are confirmed by data from other researchers
[215]. Also, during the work, the qualitative and
quantitative composition of the microflora of the
soil sample of the Turkestan region was studied.
The results are presented in Figure 3.

As a result of the study of the qualitative and
quantitative composition of the microflora of the
soil sample of the Turkestan region, it was shown
that the microflora is dominated by mold fungi (17-
28%), ammonifying bacteria (15%), heterotrophic
bacteria (17-18%), yeast (12-18%), and aerobic cel-
lulolytic bacteria (20-27%). The decrease in mold
fungi may be due to the presence of pesticides in the
contaminated soil that inhibit their growth. Analy-
sis of the number of microorganisms in contami-
nated soil showed that heterotrophic bacteria were
the dominant group, so screening and selection of
promising microorganisms was carried out in this
group.

An important condition for further microbio-
logical research was the necessary isolation of
strains of dominant populations of microorganisms
and the production of pure cultures to study their
properties.
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Figure 3 — Qualitative and quantitative composition of the microflora of a soil sample from the
Turkestan region (a — Botanical Garden of Yassawi University, b — Aral city, ¢ — Baigekum village)

Biotechnological methods for preventing ad-
verse factors for the biosphere are based on the
use of microorganisms capable of biotransform-
ing xenobiotic molecules, transforming pollutants
into safe forms, and preventing the formation of
secondary pollution products. Soil microorganisms
play a major role in the decomposition of xenobiot-
ics in the environment. Therefore, the current stage
of research into the microbiological destruction of
xenobiotics is characterized by interest in study-
ing their physiological and biochemical properties
[16].

In this regard, promising strains of microorgan-
isms were isolated in experiments from soil samples
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contaminated with xenobiotics in the Turkestan and
Kyzylorda regions. During the work, 4 strains were
isolated for screening promising microorganisms
isolated from soil samples containing chemical pol-
lutants.

The description and identification of microor-
ganisms was carried out by studying their cultural,
morphological, tinctorial and biochemical proper-
ties [17].

The morphological-cultural and physiological-
biochemical properties of isolated pure cultures of
microorganisms were studied. Table 1 shows the
morphological-cultural properties of microorgan-
isms isolated from soil samples.
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Table 1 — Morphological and cultural properties of microorganisms

Cell morphology Morphological and cultural characteristics

1 2

Gram-negative, rod-shaped, motile bacteria, with straight rods
and bipolar filaments, cell size 0.5-1.0 x 1.5 — 5.0 pum. On dense
nutrient media, they form thin, shiny, hard, smooth-edged,
convex colonies.

T

1
e BT W CLG IR AR S, g
,;.i;_ ’{‘:Vm&i'%@;wﬁi Ry

g &

Gram-negative bacteria. Aerobes, small rods with a cell size of
0.9-1.6 um, a length of 1.5-2.5 pm, do not form spores. On dense
nutrient media, they form solid, smooth-edged, convex colonies.

Gram-positive, spore-forming, aerobic, rod-shaped, cell size
2-5 % 0.4-0.6 um. Spores are oval, not larger than the cell size,
located in the center of the cell. Filaments are peritrichous.
Forms dry colonies with wavy edges on dense nutrient media.

Gram-positive, aerobic rods with centrally or paracentrally
located ellipsoid spores, cell size 0.7-0.8 x 2-3 um. Forms dense,
large colonies on dense nutrient media, with uneven edges.
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According to morphological and cultural prop-
erties, strains T1 and T2 are Gram-negative, short,
non-spore-forming rods, while strains T3 and T4 are

Gram-positive, spore-forming, motile rods. Table 2
shows the characteristics of the isolated strains ac-
cording to the main diagnostic characteristics.

Table 2 — Main morphological, tinctorial and biochemical characteristics of isolated strains

—
- = 8
Q £ S 2 z | s 5 S |es
g = z 8 Z2a | =2 | 22| o2 | 258 ¥ == 5
= 1z = = = = 5 = Q s S &b ] 53 &
No. | Culture | = £ c & | 52 | 85| 28| 85| Eg| = |§2=%
5 g S A | s®| 22| C2| 88| 5E| 3 |5E°%
O S = = = & 2 e |~
=) )
1 Tl p - + - +++ ++ ++ + + +++ | aerobes
2 172 P + + + ++ ++ + + - +++ | aerobes
3 73 p + + + ++ +++ +++ + - +++ aerobes
4 T4 p - + - + + ++ + - - aerobes
Note — p — rod-shaped cells; +positive for this feature; -negative for this feature

Based on the data obtained, gram-positive rods
and gram-negative rod-shaped bacteria were identi-
fied among the cultures of microorganisms isolated
from soil samples. All isolated strains were motile.
All cultures grew well at a temperature of 42°C and
actively utilized molecular nitrogen. When studying
the growth of cultures in the presence of molecu-
lar oxygen, all strains were aerobic. All strains were
catalase positive, hydrolyzed starch and casein, and
liquefied gelatin.

As a result of the study of morphological, cul-
tural and physiological-biochemical properties, the
isolated cultures were conditionally attributed to the
genera Bacillus and Pseudomonas.

Screening and selection of the most promising
strains of soil microorganisms of native crops, anal-
ysis of their properties

One of the urgent tasks of modern biotechnol-
ogy is the development of biological products based
on strains isolated from local microflora to solve a
complex of problems related to the restoration of
soils contaminated with xenobiotics [18].

It is known that soil fertility and self-purification
are directly related to the activity of microbiologi-
cal processes, however, as a result of high soil pol-
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lution, autochthonous microflora is inhibited [19].
Therefore, the development of complex technolo-
gies aimed at restoring the basic functions of soils
and increasing their fertility is of significant scien-
tific interest for theoretical and applied microbiol-
ogy. Currently, biological remediation methods
are considered a priority direction for solving the
problems of remediation of contaminated soils [20].
Biodestruction is considered the most promising
direction in the technologies for the remediation of
soil systems contaminated with organic pollutants,
including xenobiotics.

The selection of promising strains was carried
out among cultures obtained from dominant popu-
lations of microorganisms [21]. The activity of the
cultures was assessed by their growth rate and pres-
ervation of cell viability in the presence of xenobiot-
ics. According to the results of screening studies, 4
strains showed growth activity in a medium with the
addition of xenobiotics as the sole source of carbon.
Strains T1, T2, T3, T4 had high growth activity in
relation to xenobiotics. As a result of the screening,
4 promising strains of microorganisms that actively
grow in a nutrient medium containing xenobiotics
were identified. The results are shown in Figure 4.
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Figure 4 — Growth dynamics of crops in xenobiotic-supplemented media

The growth dynamics of cultures in a nutri-
ent medium supplemented with xenobiotics was
studied for 5 days. As can be seen from Figure
4, strains T1, T2, T4 showed active growth com-
pared to strains T3. The cell number of the stud-

T1 T2

ied strains after 24 hours was 1.7x107 -8.6x10’
CFU/g, after 120 hours it was 2.1x107 — 1.2x107
CFU/g.

Figure 5 shows the growth of microbial cultures
in a medium supplemented with a xenobiotic.

&

T3 T4

Figure 5 — Growthcultures of microorganisms on a medium with the addition of a xenobiotic

As can be seen from Figure 5, the strains
formed uniform colonies of 1-2.5 mm in size in
the cultures of microorganisms in the medium with
the addition of xenobiotics. When the cultures of
microorganisms were grown in M9 medium with
the addition of pesticides, the colonies were large,
measuring 1.8—3 mm. The colonies were round,
with even edges and a smooth surface, dark red
in color. The structure of the colonies was homo-

geneous. During surface cultivation, all strains
formed S-type colonies, sometimes mucous (O)
colonies appeared. In M9 medium with pesticides,
transparent zones were formed around the colonies
of all strains.

As a result of the study of promising strains of
chemical pollutants, it was found that strains T1, T2,
T3, T4 are capable of degrading xenobiotics, which
is confirmed by the red color of the colonies and the
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medium around them. Thus, the isolated, promising
strains can be used in bioremediation of soils con-
taminated with xenobiotics.

Conclusion

The microbial diversity of local microflora in soil
samples contaminated with xenobiotics was studied,
and their quantitative and qualitative characteris-
tics were determined. In the contaminated soils of
Turkistan and Kyzylorda regions, the dominant mi-
croorganism populations were found to include fun-
gal molds (3.2x107 CFU/g), heterotrophs (2.9x107
CFU/g), aerobic cellulolytic bacteria (2.5x107
CFU/g), ammonifying bacteria (2.3x10” CFU/g),
and nitrogen-fixing bacteria (2.7x107 CFU/g).

Indigenous microorganisms were isolated from
the contaminated soil samples, and their morpholog-
ical-cultural, physiological-biochemical, and tinto-
rial properties were studied. Based on the analysis
of their morphological, cultural, and physiological-

biochemical characteristics, the isolated cultures
were tentatively identified as belonging to the gen-
era Bacillus and Pseudomonas.

Screening and selection of the most promising
strains from the native soil microorganisms were
performed, followed by an analysis of their prop-
erties. The growth dynamics of the studied strains
showed cell counts of 1.7x107 — 8.6x107 CFU/g
after 24 hours, and 2.1x107 — 1.2x107 CFU/g after
120 hours.

The study of promising strains isolated from
contaminated soils revealed that strains T1, T2, T3,
and T4 are capable of degrading xenobiotics.
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