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THE STUDY OF SOUTH KAZAKHSTAN STRAINS
OF THE GENUS AZOTOBACTER, USED AS BIO-FERTILIZERS

Abstract. In the production of bio-fertilizers, it is important to have a high adaptogenic indicator of pre-
parations isolated from the local soil microflora.In order to avoid waste in the production of bio-fertilizers, the
emphasis is on the use of bacteria isolated from the soil of the local region.The possibility of obtaining bio-fertilizers
in the conditions of local local production certainly deserves close attention from large agricultural complexes.

From this position, the possibility of effectively and quickly solving a number of tasks and improving the
profitability of production and product quality, with minimal attraction of material resources, is particularly
valuable.This article examines the use of bacterial fertilizers of local strains obtained from geographically close
regions of southern Kazakhstan.

In particular, representatives of local strains of the genus Azotobacter, with all indicators of high viability, were
investigated, followed by use as storage bacteria for the production of bacterial preparations. During the experi-
mental work, identification of local strains of the soil microflora of the genus Azotobacter was carried out, and their
morphological and cytological characteristics and high adaptogenic activity to the conditions of Southern
Kazakhstan were revealed.

The conclusions presented in the article are of practical importance in the bacterial industry.

Keywords: bio-fertilizers, bacterial strains, cultivation, morphocytological methods, of microscopic prepara-
tions, colonies, technological productions, soil bacteria, intravital preparation.

Introduction. The study of new bacterial communities that have practical application in the agrarian
sector of the Republic of Kazakhstan and are available economically is an actual problem of modern
agricultural biotechnology.

The productivity and availability of local products aimed at the needs of agriculture solves a number
of issues not only in the agrarian, but also in the production cluster of Kazakhstan.

Currently, there are a number of technological productions aimed for producing high-quality and
competitive products in the fertilizer market.

In particular, clusters are exploited that produce various fertilizers to increase soil fertility and
increase the volume of cultivated crops.

However, the majority of these fertilizers are simply applied to the soil in order to replenish the stock
with nutrients necessary for cultivated plants or to increase the yield of these elements for the soil.

As a result of these manipulations, not only the qualitative but also the quantitative composition of
the soil changes, since the introduced elements are not always fully consumed by plants.

According to the assumptions of a number of authors, among the technologies that will have the
greatest impact are the creation of new food plants capable of assimilating nitrogen from air, without the
need for nitrogen fertilizer [1, p. 253].
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Since traditional fertilizers can have a negative impact on the soil balance of elements, the search for
new alternative solutions became an urgent fask.

In this regard, a number of research laboratories in the field of biotechnology began the development
of innovative methods for producing bacterial fertilizers on an industrial scale.

For example, developments are underway to introduce nitrogen-fixing cyanobacteria into the culture
of plant cells, which could, along the use of genetic engineering methods, solve the problem of nitrogen
fixation |2, page 192].

Bacterial fertilizers occupy a special place among biological fertilizers because they have the
advantages: environmentally friendly production, the ability not to disturb the natural balance of the soil,
resource-saving technologies, natural products based on local strains of soil bacteria, with a high
adaptogenic factor.

The modern representative of bio-fertilizers, characterized by all the above-mentioned advantages, is
recognized worldwide as preparations based on bacteria of the species Azotobacter chroococcum.

According to scientific data, the genus Azotobacter soil bacteria is practically not antagonist with
other inhabitants of the soil, thereby not violating the soil biota.

At the same time, fixation occurs with only a small amount of nitrogen, which does not lead to
nitrogen accumulation in the soil.

The practical significance of the work. Taking into account the practical necessity and demand for
bio-fertilizers in crop production, many scientific laboratories engaged in research in the field of
agricultural biotechnology, including in the Republic of Kazakhstan, are intensively concerned with the
problems of ensuring and improving the quality of biological preparations based on soil bacteria.

Development of genetics of symbiotic nitrogen fixation systems is a necessary stage for their directed
design and wide use [3, p. 160].

Interest in soil microorganisms is largely determined by their exceptional role in the formation of soil
quality — soil "health" [4, p. 72].

At the same time, interest in these studies is also related to the economic side of the issue, since
affordable local bacterial preparations are a key and decisive factor.

In the production of bio-fertilizers, it is also important to have a high adaptogenic indicator of
preparations isolated from the local soil microflora.

In order to avoid waste in the production of bio-fertilizers, the emphasis is on the use of bacteria
isolated from the soil of the local region.

The possibility of obtaining bio-fertilizers in the conditions of local local production certainly
deserves close attention from large agricultural complexes.

From this position, the possibility of effectively and quickly solving a number of tasks and improving
the profitability of production and product quality, with minimal material resources, is especially
valuable.

Objective. Considering the practical significance of the object studied in the work and, based on the
achievements of world research centers, we found it relevant to study the use of bacterial fertilizers of
local strainsobtained from geographically closest regions of southern Kazakhstan.

Scientific novelty. For the first time, the isolation and identification of local strains of the genus
Azotobacter living in the soil microflora of the southem region, as well as their cultivation in different
environments, with the determination of their morphocytological characteristics was carried out.

The unique biological composition of bio-fertilizers, their great economic profitability, ecologically
compatible properties and high adaptogenic coefficient, classify local strains of soil microflora of the
genus Azotobacter into the category of natural and beneficial fertilizers.

This fact in combination of the availability of these products is of great importance not only in the
agricultural sector of South Kazakhstan, but also for human health and in maintaining the natural balance
of the environment.

Materials and methods. As the object of the study, local strains of the genus Azotobacter, living in
the soil of southern Kazakhstan, were used.

Soil samples were taken from the rhizosphere of wheat and analyzed on the first day of the expe-
riment. To this end, sample weights of 1G were placed in a flask with a volume of 250 ml with 100 ml of
sterile tap water and intensively shaken for 10 minutes, then allowed to settle coarse soil particles.

— |4 ——
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After settling, dilutions with different soil concentrations were prepared, in the first flask 1 ml of the
suspension corresponded to 10-1 dilution, and subsequent dilutions were carried out at the rate of 90 ml of
sterile water by 10 ml of the previous dilution (10-2,10-3,10-4,10-5 and so on) [5, p. 150].

From the obtained dilutions, the following composition was sown on the agar medium of Ashby (g/1
of tap water): mannitol-20,0; K2HPO4 -0,2;MgS04x7H20 -0,2;NaCl -0,2;K2504 -0,1;CaCO3 - 5,0;
agar — 20,0 [3, p. 137].

Inoculated strains were placed in a thermostat for 24 hours at a temperature of 26°C.After this time,
cultured strains of bacteria of the genus Azotobacter were obtained with the formation on the surface of
the medium of the so-called "canted colonies".

The growth of colonies on the surface of the media was monitored daily. The counting of colonies of
local strains of the genus Azotobacter was carried out after 72-96 hours, since it was at this time that the
bacterial cells began to germinate intensively.

The study of morphocytological signs ofgenus Azotobacter was carried out using the methods of
“Vital” and fixed staining, as well as the micro-specimen according to “Romanovsky-Giemsa” When
stained with vital dye, methylene blue at a concentration of 0.001% was used. The drugs decreased on the
dark visual field. The method is convenient for detecting the mobility of soil bacteria, studying the size
and nature of the location of cells, determining the spare substances in the cell[5, p. 29 ].

In the preparation of the fixed cells firmly attached to a glass and better painted over with gentian
violet, Lugola. Fixation of the bacterial smear was carried out over the flame of an alcohol burner,
followed by staining of the micropreparation[5, p. 30 |.

Results and discussion. After the incubation of the cultures in the thermostat, the dark brown
pigmentation of the cells began to appear on the surface of the medium with colonies of bacteria,
contrasting with the surface of the white nutrient medium.

A number of microscopic preparations were prepared from the grown colonies to study the morpho-
cytological features of local strains of the genus Azotobacter.

Particularly, the following microscopic preparations were prepared:

1) Microdrug on the basis of "Intravital coloration "

2) Microdrug on the basis of "Fixation"

3) Microdrug on the basis of "coloration according to Romanovsky-Giemsa".

Microdrug on the basis of "Intravital coloration”. To prepare a microscope based on “Intravital
coloration”, clean and degreased slides were wiped with an alcohol solution and a drop of water was
applied with the objects to be studied. For the purity of the experimental data, we simultancously applied
several glass slides.

The prepared intravital preparation was stained with a 0.5% solution of fuchsin in the volume of one
drop, then covered with a clean and degreased cover glass.The prepared microscopic specimen was
microscoped with a Levenhuk 720B microscope with a binocular attachment and an integrated digital
camera at low and then at high magnification. With the help of a microscope, the features of the location
and interposition of cells in the colony, as well as morpho-cytological indicators of local Azotobacter
strains were found.

Colonial cells prepared on the basis of “Intravital coloration™ were located predominantly singly or in
pairs, rarely in irregular clusters (picture 1).
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Picture 1 — Cells of local strains of the genus Azotobacter, prepared on the basis of "Intervital coloration"
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Microdrug on the basis of "Fixation". In order to study in detail the cellular structure of Azoto-
bacter under the conditions of laboratory cultivation, methods of studying microscopic preparations with
physical fixation above the burner flame were carried out.

The distributed smear was air dried and fixed in a physical way. To do this, we slid a glass with the
finished product several times conducted through the flame of an alcohol burner.

Due to the effect of high temperature, the inoculum cells began to melt and attach to the glass
surface.

For a detailed study of Azotobacter cells, the preparation was stained with a weak dye solution (0.5%
Lugol solution) for 1 minute. After the time the preparation was rinsed with water, dried and covered with
a cover glass.

Microscopic examination examined the location of cells, methods for the formation of colonies, and
morphocytological indicators of Azotobacter, as well as using a microscope Levenhuk 720B with a built-
in digital camera, a series of microphotographs was carried out on a microscope.

Microscopic examination revealed nitrogen-fixing oval cells capable of forming colonies.

However, on the microscopic field, rod-shaped and spherical shapes were encountered, proving
Azotobacter's propensity for pleomorphism (picture 2.)

Picture 2 — Cells of local strains of the genus Azotobacter, prepared on the basis of "Fixation"

Micropreparation on the basis of "coloration according to Romanovsky-Giemsa". On microscopic
preparations prepared according to the “Romanovsky-Giemsa” method, cells of local strains of the genus
Azotobacter were located mostly singly or in pairs, rarely in irregular clusters.In addition, there were
chains of various lengths. In freshly harvested one-day cultures, Azotobacter cells were motile due to
numerous flagella. When microscopic studies of three-day cultures, colonies formed special resting forms
- cysts. These old cells lost motility, acquiring an almost coccoid form.Cysts in representatives of local
strains of the genus Azotobacter had a central location in the cell and had the shape of a multi-layered
vacuole.

In addition, the three-day culture intensively produced a thick layer of mucus, as a result of forming a
protective shell. Microscopic examination of fixed microscopic preparations in cells showed the formation
of cellular inclusions in large quantitics. Some inclusions were stained with dyes, and some remained
colorless. The stained cell inclusions consisted of reserves of volutin, and non-punctable granules of a
drop of fat.These inclusions were observed only in seven-day cultures and were absent in one-day
strains.

Cultivation of local Azotobacter strains on Ashby medium. During the review of the scientific
literature on our topic, we found that representatives of the genus Azotobacter are able to grow on
nitrogen-free environments. For example, on Ashby medium containing carbon source - sucrose and trace
clements: phosphorus, sulfur. In addition, bacteria of the genus Azotobacter are mesophiles and grow at a
temperature of 21-29 °C.

In this regard, when we were choosing a nutrient medium, we preferred the Ashby medium in Petri
dishes, on which we sowed the soil suspension in four samples. We placed prototypes in a thermostat with
a set temperature of 27 °C. Representatives of the genus Azotobacter on this medium formed colonies in
different quantities. Morphologically, they are represented as flat and mucous colonies (picture 3).
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Picture 3 — One-day azotobacter colonies on Ashby medium

Within 24 hours, these colonies formed in a pasty consistency, reaching a diameter of various sizes
(table 1).

Table 1 — Characterization of Azotobacter colonies on Ashby environment

Prototypes Numbe_r Parameters of colonies
of colonies
Sample 17 The number of grown colonies on Ashby's medium was 17, the shape of four colonies is thready,
No. 1 2-4 mm in length. All other oval with rhizoid edges, and their diameter of colonies is within 1 mm
Sample 13 The number of grown colonies on Ashby's medium was 18, the diameter of the colonies
No. 2 is within 1-3mm, the shape of all the colonies is oval
Sample The number of grown colonies on Ashby’s medium was only 12. The diameter of the colonies was
No p3 12 mainly 1-2mm, 3-5mm, less often 4-7mm. Large colonies with a length of 3 cm and a width of 1.5
’ cm also met
Sample g o
No. 4 8 The number of colonies 8. Length and width: 1-6mm, 1-0.8mm, 1-0.6mm, all oval

To investigate the qualitative composition of the soil microflora and evaluation of soil populations,
contact was also used method of screen sowing on Wednesday Ashby, which is based on the method of
sowing the soil aggregates screen on filter paper [5, p.156].

A pecularity of the representatives of the genus Azotobacter on Ashby's medium, is also
pigmentation of colonies.

In particular, by the end of the first day our colonies began to turn dark brown in color, it means dark
brown water-soluble pigment has been produced (picture 4).

Picture 4 — Pigmentation of colonies during screen sowing
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This pigment, defined among scientists as melanin, not only stained the colonies themselves, but was
also released into the nutrient medium.

Melanin production in Azotobacter is observed during respiration, during nitrogen fixation.

Presumably, melanin protects the nitrogenase system from oxygen exposure during the
acroadaptation process.

In nature, there may be other representatives of Azotobacter, which produce pigments from yellow-
green to purple.

In addition, there are representatives capable of producing a greenish fluorescent pigment, flashing
vellow-green and white-blue light.

The two-day colonies grown on a stencil on the Ashby medium in the above four samples had the
following features (table 2).

Table 2 — Number of colonies of Azotobacter on Ashby's medium

Prototypes Number of colonies Characteristics of colonies
Sample No. 1 20 Different Sizes, irregular shape
Sample No. 2 23 Large size.irregular shape, round
Sample No. 3 26 Very small and multiple colonies
Sample No. 4 25 Large and small, round

Conclusion. Representatives of the local strains of the genus Azotobacter studied in the course had
all the indicators of high viability and, accordingly, could be proposed as accumulative bacteria for the
production of bacterial preparations.

In addition, local strains of azotobacter had a high adaptogenic activity to the conditions of the
southern region of Kazakhstan.

In the course of the experimental work, identification of local strains of the soil microflora of the
genus Azotobacter was carried out, and their morphological characteristics were studied. The results
presented in the article are of practical importance in the bacterial industry.

In this regard, the proposed methods allow us to use different strains of the Azotobacter bacteria as
the basis for the preparation of bacterial fertilizers.
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10nTycTik KazakcTan MEMJIEKETTIK Meaarorukanbik yausepcureri, ITsivkent, Kazakcran,
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BHOTLIHANTKEIII PETIH/E MANJAJTAHATEIH AZOTOBACTER TYLICEIHBIH
OHTYCTIK KA3AKCTAH/JBIK INTAMM/JIAPEIH 3EPTTEY

AnHoTanust. BHOTHIHANTKBIITAPOHIIPICIHIH MAHBI3AB! (PAKTOPBIHA KEPTITIKTI TOMBIPAK MUKPO(IOPACEHAH
AJaTHIH 9p1 aTANTOTEH I KOPCETKIIII KOFapPhI IPEmapaTTapAbl XKacay OONbI Keneal.OHmipicTe apThIK MBFBIHAAPFA
JKOJ OepMey MAaKCaThIHIA OWOTHIHAMTKBIINTAPABI KCPTLTIKTI TOMBIPAKTAFbl MHUKpO(IOpamaH axyra aca Haszap
ayaapsityna. JKeprijmikTi eHAipicTe SKEPTUTKTI IMHKI 3aTTap KOMETIMEH OHMOTHIHAMTKBIIITAPABI aly — CIiMIi3eri
YJIKEH KeJeMZl aybIImapyamublIblK KeIMEHACPA! KbI3BIKThIpYAa. OCBI TYPFBIIAH THIMIL 9pi XKBUIAAM TYpPAC, Kol
KapaskaTchI3 Oip maMa MOCEICIICP Il Iy aCa KYHABI OOJIBII KEIC L.

Fromevu mMakana OrrycTik Kaszakctan aymarsiHAH OOITiHIN ajbIHFAH IITAMMIAPIBIH HETI3iHAC OakTepHa-
JBITBIHAUTKBIIOTAPABI KOJIAHY MOCCICCIHC apHA/FaH. MOCCICH, TIpIIUTIKKS OCHIMOITIK IOPEKECi KOFApPBI KCIIT,
OakTepuanbapl TpEmapar OHAIPICIHAC >KMHAKTaylbl OaKTepWsIap peTiHAE KoigaHyra OomateiH Azotobacter
TYBICBIHBIH, JKEPTLTIKTI IITAMAAPHI 3ePTTEIHIEH. TOKIPHOCTIK KYMBIC OApPBICHIHAA TONBIPAK MHKPO()IOPACBIHAAFBI
Azotobacter TYBICBIHBIH KEPTLUTIKTI INTAMAAPHIHA HACHTU(PHKAIM KYPTi3UIn, MOP(OMHUTOTOTHIBIK MiHE3ACME-
cimeH OHrycTik Ka3akcTaH sKaFmaHBIHAAFBI SKOFAPhl aAaNTOTCHII OCICCHALTITI aHbIKTamabl. Makanaaa YCHIHBUTFAH
KOPBITHIHIBLIAP OAKTCPHAIBIBI MPEHAPAT OHAIPICIHAC MPAKTHKAIBIK MAHBI3ABI OOJIBIN KCTIC 1.

Tyiiin ce3xep: OHOTHIHANUTKBIITAP, OAKTCPHA INTAMAAPHL, TAKBUTAAHIBIPY, MOP(OMHTOIOTHAIBIK OMICTEP,
MHKPOIIPENIApaTTapAbl MHKPOCKONMSUIAY, KOJOHHMSUIAP, TEXHOIOTHSUIBIK OHIIPICTEP, TOMBIPAK OAKTEPHSUIIAPHL, TIpi
Tpernapar.
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HCCIEJOBAHUE I07KHO-KA3AXCTAHCKHX HITAMMOB POIA AZOTOBACTER,
MNPUMEHAEMbBIX B KAYECTBE BUOYJ1OBPEHHUU

Annoramus. B nmpousBoacTee 01OyI00pEHUI BAKHBIM ABIACTCS O0JIATAHUC BBICOKHM ATANITOTCHHBIM TIOKA-
3aTCJICM MPEIAPATOB, BRIACICHHBIX H3 MCCTHOH K¢ MOYBCHHOH MHKPO(DIopsL B memix m30e:kaHuS mepepacxona B
TMPOU3BOCTBS OMOYIOOPCHHUH, AKIICHT ACIACTCA HA HCITIONB30BAHUC OAKTCPHI, BHIACICHHBIX M3 MOYBHI MCCTHOTO
peruoHa. Bo3MOXKHOCTE TOTy4YCHUS OHOYIOOPCHHH B YCIOBHAX MCCTHOTO JIOKAJTBHOTO MPOH3BOACTBA, OC3YCIOBHO
3aCIyKUBACT MPUCTATHLHOTO BHHMAHHA CO CTOPOHBI KPYIHBIX CCIBCKOXO3IHCTBCHHBIX KOMILICKCOB. C 310 mo3u-
IHH 0COOCHHO LCHHBIM ABIACTCSA BO3MOYKHOCTH 3((PCKTHBHOTO W OBICTPOTO PCHICHHS LICJOTO PAAA 3a4aY M MOBHI-
IICHHUC PCHTAOCITBFHOCTH MPOM3BOACTBA M KAYCCTBA MPOAYKIMH, ¢ MHHHMAJIBHBIM HMPHBICUCHHCM MATCPHATBHBIX
CPCICTB.

B crathe M3yUCHBI BOMPOCHI MPUMCHCHHA OAKTCPHATIBHBIX VAOOPCHHI MCCTHBIX IITAMMOB, IMOJIY4YaCcMBIC W3
reorpauUeCkl MAKCHMATBHO MPUOMMKCHHBIX perHoHOB FOkHOoro Kazaxcrana. B 4acTHOCTH MCCICAOBAHBI TPEI-
CTABHUTEIM MECTHBIX ITAMMOB poja Azotobacter, 001aaaroIIKe BCEMH MOKA3ATEIIIMHE BRICOKON KH3HECTIOCOOHOCTH,
¢ TOCICAVIOMMM NPHMCHCHHCM B KA4YCCTBC HAKONMHTCIBHBIX OAKTCPHH M1 HPOW3BOACTBA OAKTCPHATHHBIX
npenapatos. B Xoae sKCIEPUMESHTATBLHOM padoTHI ObIIa MPOBEACHA HACHTH(DUKAIINS MCCTHBIX IITAMMOB TMTOYBEHHOM
Mukpodopel poma Azotobacter, a TaKe BBIABICHA HX MOP(OMHTOIOTHUCCKAT XAPAKTCPHCTHKA M BBICOKAA
a7anTOTCHHAA aKTHBHOCTH K ycmoBmaM FOxuoro Kazaxcrana.

Br1BOABI, IPCACTABICHHBIC B CTATHES, HMCIOT MPAKTHUYCCKOC 3HAUCHHC B OTPACITH MPOM3BOACTBA OAKTCPHAIB-
HBIX MPEIAPATOB.

KimoueBnie ciioBa: O0moynoOpeHus, OaKTEpHANbHBIC INTAMMBL, KyJIbTHBHPOBAHUE, MOP(OIUTOIOTHICCKHC
MCTOABL, MHKPOCKOMHPOBAHHC MHKPONPECIAPATOB, KOJIOHHH, TCXHOJOTHYCCKHC TPOW3BOACTBA, IIOUBCHHBIC
OakTepHH, MPWKU3HCHHBIH PCHapaT.
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