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ARTICLE INFO ABSTRACT

Associative microorganisms live in the zone of direct influence of plants namely in the soil, which is in close contact with the roots.
They form complex communities on the roots of plants in terms of taxonomic composition and structural and functional o8rganization,
which have polyfunctional effect on plants. Rhizosphere biotechnologies with the use of associative bacteria to a specific plant species
allow increasing their productivity and quality, which contributes to the stability of agroecosystems. Therefore, the main goal of the
current study was to isolate associative to Triticum aestivum L. bacteria from the southern chernozem (Haplic Chernozems), which was
sampled in the steppe zone of the Crimea. The methodical approach was used to select associative microorganisms for a specific plant
species. The number of microorganisms of the main ecological-trophic groups for three varieties T. aestivum were determined. The
maximum number of rhizosphere microorganisms was identified for the Ermak variety, as well as the number of morphotypes isolated
from the apical part of the root. As a result of the research, six strains of associative bacteria were obtained. They increased the seed
quality of the studied varieties by 5% and the biomass of the seedlings by 80%. Identification by the 16S rRNA gene showed their
belonging to different bacterial genera. Thus, the quantitative composition of the chernozem southern of the rhizosphere of three
varieties of T. aestivum was determined. Five strains of associative bacteria promising for further biotechnology of the agrocenosis
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rhizosphere were isolated.
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INTRODUCTION

The life cycle of plants passes closely with microorganisms. Associative
microorganisms live in the zone of direct influence of plants namely in the soil,
which is in close contact with the roots. They form complex communities on the
roots of plants in terms of taxonomic composition and structural and functional
organization, which have polyfunctional effect on plants (Sivasakthi et al., 2014;
Souza et al., 2015; Artamonova et al., 2014).

Associative bacteria (PGPB- plant growth promoting bacteria) are naturally
occurring soil bacteria that colonize plant roots and provides growth promotion
and seeds germination either directly by solubilization phosphorus, potassium
and zinc; by production indole acetic acids, gibberellic acid, cytokinin;
phytohormones; biological nitrogen fixation or in-directly by production
ammonia, hydrogen cyanide, siderophore and biocontrol against different plant
pathogens (Dal Cortivo et al., 2017; Singh and Jha, 2016; Yadav et al., 2017).
Currently, there are many approaches to reducing plant stress, with particular
attention to the use of growth stimulating associative rhizobacteria. Among the
useful  associations between plants and microorganisms, biological
transformations of nitrogen are of great interest. This type of interaction is an
important source of nitrogen and is a promising alternative to chemical nitrogen
containing fertilizers.  In addition to fixing nitrogen, these bacteria can also
produce plant growth hormones, and some species improve nutrient intake and
increase plant resistance to biotic and abiotic stresses (Shaposhnikov et al.,
2011; Carvalho et al., 2014).

The use of microorganisms to improve the availability of nutrients for plants is an
important practice and is necessary for sustainable agriculture (Yadav et al.,
2017). At the same time, for every species and even plant variety, it is necessary
to select the strain that is the perfect match to the biological features of the plant
organism, especially to the specificity of the root secretions determining the
survival of the strain in the rhizosphere (Lebedev, 2014). Rhizosphere
biotechnologies with the use of associative bacteria to a specific plant species
allow increasing their productive potential and quality, which contributes to the
stability of agroecosystems (Jha et al., 2013, Huang et al., 2014).
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This study is aimed at studying associative to Triticum aestivum L. bacteria from
the chernozem southern, which was sampled in the steppe zone of the Crimea.

MATERIALS AND METHODS
Plants

Three varieties of Triticum aestivum L. were used in the experiments:
1. Lydia; the originator — is Agricultural Research Centre “Donskoy”
(Zernograd, Russia). It is the middle-early variety high resistant to lodging;
highly productive; resistant to attack by brown rust and Smut (fungus);
increased level of drought and frost resistance.
2. Bagheera; the originator — is Stavropol Research Institute of Agriculture
(Mikhaylovsk, Russia). It is resistant to attack by brown rust and powdery
mildew; moderately stable to Septoria; medium-resistant to drought, frost and
lodging.
3. Ermak; the originator — is Agricultural Research Centre “Donskoy”
(Zernograd, Russia). It is resistant to attack by brown rust and Smut (fungus);
medium-sensitive to powdery mildew; high drought resistant, winter hardiness
is above the average level.

The plants were taken at the booting stage.

Soils and climatic conditions

The southern chernozem (by WRB classification Haplic Chernozem, Loamic,
Aric (IUSS Working Group WRB. 2006)) of Crimean Steppe Zone is weakly-
humify. It is developed on Quaternary yellowish-brown loess-like light clays.
The thickness of the humus layer (horizon A) is 24-36 cm, totally 57-70 cm. The
humus content in the plow horizon is 2.4-2.7%. 100 g of dry soil from plow layer
contain 5.2 mg of easily hydrolyzable nitrogen, 1.0-2.5 mg of P,Os, 42 mg of
K,0. The total nitrogen is 0.11 - 0.12%, phosphorus - 0.20%, potassium - 1.96%.
The mechanical composition of the soil is slightly clayey. The structure is lumpy,
dusty-powdery. The volumetric mass of a meter layer of soil is 1.24 g cm?,
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Maximum hygroscopicity is 8.9%. Wilting humidity is 11.5% of dry soil, or
47.3% of the lowest field capacity (LFC). LFC in meter layer of soil - 23,8% of
dry soil. The reaction of the soil solution in the upper horizon is slightly alkaline
(pH 7.7-7.9).

The climate of the Steppe is arid (Hydrothermal coefficient (HTC) — 0,7),
moderately hot with moderately mild winter (Pashtetsky, 2015). The average
annual air temperature is 9.7-10.5 °C. In July, at noon, the temperature rises up to
28.9-30.2 °C, and in some years to 40-42 °C. The average minimum annual
temperatures —19-23 °C. In winter the temperature can decrease to 31 °C below
zero. Vegetation thaw is possible in 35% of winters. The period without frosts is
171 days. The sum of temperatures above +10°C is 3280 °C. The annual
precipitation is 435 mm. During the active vegetation period falls 285 mm. The
annual volatility is 843 mm. The eastern (22%) and northeastern (20%) winds
predominate. Strong winds are 28-30 days per year. The number of days with dry
winds is 10-19. The probability of droughts for most of the territory is 40-50% of
years.

Quantification of rhizosphere microorganisms

Quantity of soil microorganisms of the main ecological-trophic groups
(ammonifying and amylolytic bacteria, nitrogen fixing bacteria, micromycetes,
cellulosolytics, actinomycetes, oligotrophs and pedotrophs) in winter wheat
rhizosphere was determined according to conventional methods (Tepper et al.,
2005; Volkohon et al., 2010). It is shown in colony-forming units (CFU) per g of
dry soil. The results were processed by statistical methods (Dospekhov, 1985).

Isolation of new strains of microorganisms.

To speed up the breeding process, the methodical approach has been used. It
allows to conduct general selection of associative microorganisms for specific
plant species (Sherstoboev and Melnichuk, 2005). The use of the Leonard
system of vessels for growing plants provides obtaining the apical part of the
root, which is free from substrate. This part of the root is populated by those
microorganisms that independently or in cooperation with others are able to
associate with the root system of a given plant species. And, since
microorganisms and plants are in interaction and mutually influence each other,
the conditions of a cumulative culture of microorganisms with the selective
influence of root exudates are created.

Identification of new strains of microorganisms

The DNA of new isolated strains of microorganisms was isolated from diurnal
colonies. Gene JET Genomic Purification Kit (Thermofisher Scientific, Carlsbad,
California, USA) was used to isolate genomic DNA according to protocols for
gram-positive and gram-negative bacteria, respectively. Primers were applied to
16 S rRNA fD1/rD1 (AGA GTT TGA TCC TGG CTC AG/AAG GAG GTG
ATC CAG CC) to identify the bacteria (Weisburg et al., 1991). PCR was carried
out in the Hybaid Omn-E (Ashford, UK) in the following mode: initial
denaturation at 95 °C for 2 minutes, 35 cycles, 94 °C for 30 seconds, 55 °C for 30
seconds, 72 °C for 1 min, the final synthesis - 72 °C - 5 min. Tag DNA
Polymerase (recombinant) (Thermo Scientific, Vilnius, Lithuania) was used. For
purification, the resulting products were transferred to a 1% agarose gel and
electrophoresed in 0.5x TAE buffer. Purified amplicon was isolated from the
targeted gel bands using the Cleanup Standart kit (Evrogen, Moscow, Russia).
Sequencing was performed on Genetic Analyzer 3500 (Applied Biosystems,
Waltham, Massachusetts, USA). The comparison of the obtained sequences was
carried out in the NCBI database using the BLAST.n resource.

RESULTS AND DISCUSSION
Quantity of rhizosphere ecologycal-trophic groups of microorganisms

Among plant factors influencing the diversity of microbial communities of the
rhizosphere, both plant species and variety are distinguished. Significant
influence of the genotype on the formation of bacterial communities of the
rhizosphere is shown on the example of barley (Bulgarelli et al., 2015) and rice
(Edwards et al., 2015). Donn et al. (2015) have shown that changes in the
qualitative and quantitative composition of rhizosphere bacteria of wheat depend
on its genotype and plant age.

The microbiological analysis of the southern chernozem of the rhizosphere of the
studied T. aestivum varieties showed quantitative differences in the composition
of different ecological-trophic groups. In the rhizosphere of the Ermak variety,
the number of microorganisms in most of the studied groups exceeded those of
other varieties. Thus, the number of microorganisms that transform primarily
organic nitrogen compounds (ammonifying agents) in the rhizosphere of this

variety was 2.3 and 1.3 times higher than in Bagheera and Lydia, respectively,
and the number of oligotrophs exceeded those for Bagheera and Lydia twice (Tab
1). The amount of amylolytic microorganisms in the rhizosphere of the Ermak
grade also exceeded 2.8 and 1.4 times the indices of the varieties Bagheera and
Lydia, respectively.

Table 1 Number of microorganisms of soft wheat rhizosphere, 10° CFU/g of soil

Variety Ammonifiers ~ Amylolytics Aligotrophs Pedotrophs
Bagheera 5,0+0,3 4,5+0,3 1,5+0,2 4,3+0,4
Lydia 8,8+0,4 9,1£0,5 1,9+0,4 8,5+0,3
Ermak 11,5+0,4 12,6+0,7 4,0+0,3 8,1+0,3

Variety Lydia took the leading positions in the number of Azotobacter and
cellulolytic microorganisms. Excess in comparison with varieties Bagheera and
Ermak was 7.9 and 2.9 times and 2.1 and 5.0 times, respectively (Fig 1 and Tab
2).
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Figure 1 Number of nitrogen-fixing microorganisms of the soft wheat
rhizosphere depending on the variety.

Table 2 Number of microorganisms of the soft wheat rhizosphere depending on
the variety, 10° CFU/g of soil

Variety Actinomycetes Micromycetes Cellulosolytics
Bagheera 0,5+0,0 21,7+1,5 13,8+3,3
Lydia 0,5+0,1 29,24+3,0 40,0£6,6
Ermak 0,8+0,1 49,6+1,4 8,0+0,4
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Isolation and identification of new strains of microorganisms

From the apical part of the root of soft winter wheat variety Bagheera, nine
morphotypes of microorganisms grown on southern chernozems of the steppe
zone of the Crimea has been identified. The frequency of morphotypes
occurrence varied from 17 to 100% and their abundance — from 0.1 to 31%.
Fourteen morphotypes with the same frequency range and an abundance within
0.3-33% were isolated from the Ermak variety. It should be noted that the
number of associative bacteria for this variety was maximum, as well as the
quantity of rhizosphere microorganisms. The minimum number of morphotypes
was isolated from the apical part of the wheat root of the Lydia variety. Five
morphotypes had both high frequency of occurrence (83-100%) and abundance
(10-35%)).

The 16S rRNA gene of predominated in the apical part of the wheat roots
bacteria morphotypes were sequenced. Five new isolated strains belonged to five
species from various phyla and classes (Tab 3). Various kinds of plant growth
promoting bacteria are reported, some of them are as follow: Flavobacterium,
Acetobacter,  Pseudomonas,  Azospirillum,  Azotobacter,  Arthrobacter,
Micrococus, Chromobacterium, Agrobacterium, Bacillus, Burkholderia, Erwinia,
Hypomycrobium, Xanthomonas, Klebsiella (Haghighi et al., 2011). This is
confirmed by our study by the presence of 5 genera from previous list.
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Table 3 Identification of strains from the apical part of the roots of wheat

Nearest homologue

Strains in GenBank NCBI Homology, %  Class Phylum
Paenarthrobacter nitroguajacolicus M3 Paenarthrobacter  nitroguajacolicus . . . .
[MH443746] [ KY292435.1] 99 Actinobacteria Actinobacteria
Bacillus sp. B5 Bacillus thuringiensis - -
[MH443749] [KY316414.1] 99 Bacilli Firmicutes
Agrobacterium tumefaciens R1 Agrobacterium tumefaciens 99

[MH443751] [LT899998.1] -proteobacteria

Sinorhizobium meliloti B2 Sinorhizobium meliloti 99 P Proteobacteria
[MH443743] [KU753918.1]

Pseudomonas koreensis V4 Pseudomonas koreensis .

[MH443744] [CP014947.1] 9 v-proteobacteria

Effectiveness of the new strains of selected microorganisms

The study of the effect of isolated bacteria on the seed quality of wheat showed
that certain strains (V4 and B2) provided an increase in the energy of germination
for Bagheera seeds and improves germination by 5.3% (Fig 2). The reaction of
varieties to inoculation with strains was different. This is shown in the
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development of wheat sprouts. Thus, Bagheera variety was the most responsive;
depending on the strain, the biomass was increased by 0.9-0.19 g for shoots and
by 0.03-0.1 g for root (Fig 3).
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Figure 2 Influence of new strains of microorganisms on sowing quality of T. aestivum seeds.
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Figure 3 Influence of strains on biomass of T. aestivum sprouts.

CONCLUSION

Microbial community of the southern chernozem of three varieties T. aestivum
rhizosphere was studied. Five associative bacteria strains were selected from the
T. aestivum roots. There are Sinorhizobium meliloti; Pseudomonas koreensis;
Paenarthrobacter  nitroguajacolicus; Bacillus sp. and  Agrobacterium
tumefaciens. They are increase the seed quality of the studied wheat varieties by
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5% and the biomass of the seedlings by 80%. New strains are promising for
further rhizosphere biotechnology in the agrocenosis.
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