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Abstract. Agricultural technologies aimed at reducing the tillage can be
adopted as safer farming methods to preserve and improve the diversity of
soil microbial communities. The area under the promising resource-saving
no-till system (direct sowing) is increase in the conditions of the Steppe
annually. The use of herbicides in such a farming system causes a negative
effect on the soil biocenosis. But the introduction of agronomically useful
microorganisms into the rhizosphere are increasing the resistance of plants
against stress factors, their yields and product quality, and preserving soil
fertility. The objective of this research was to assess the state of
microbiocenosis of southern chernozem under the influence of no-till
system and a complex of microbial preparations. The influence of direct
sowing and microbial preparations on the state of microbocenosis of
southern chernozem was established. The number of cellulolytic
microorganisms increased under the influence of farming systems in
comparison with the virgin soil. The use of microbial preparations
contributed to an increase in the number of microorganisms of ecological
and trophic groups and the representation of the majority of phyla, which
also depended on the system of agriculture. A decrease in the
representation of Acidobacteria and Verrucomicrobia and an increase in
Firmicutes and Proteobacteria were observed in comparison with virgin
soil.

1 Introduction

Agricultural technologies that aim to reduce tillage can be adopted as safer farming
methods to preserve and improve the diversity of soil microbial communities [1]. Microbial
communities of soil agroecosystems, as well as the direction of microbiological processes
in them, depend on the impact of technological techniques for growing crops. Different
farming methods favor dissimilar microbial strategies of vital functions [2]. The use of
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sustainable farming methods that preserve biological diversity is important for ensuring
long-term patterns of soil use in crop production [3].

An increase in the area under the promising resource-saving no-till system (direct
sowing (DS)) agriculture occurs annually in the conditions of the Steppe [4-5]. The use of
herbicides causes a negative impact on the soil biocenosis in this system of agriculture.

The introduction of agronomically useful microorganisms into the rhizosphere
contributes to the activation of processes that are aimed at increasing the resistance of
plants against stress factors, their productivity and product quality, and preserving soil
fertility [6]. Microorganisms participate in the transformation of mineral and organic
compounds, synthesize biologically active substances, can cause changes in the physical
and chemical properties of the soil and are biological indicators of its state [7-8].

Questions of studying the influence of microorganisms introduced into the rhizosphere
of plants on the state of soil microbiocenosis are relevant in no-till conditions.

The objective of this research was to assess the state of microbiocenosis of southern
chernozem under the influence of no-till system and a complex of microbial preparations.

2 Materials and methods

2.1 Research conditions

The research was carried out in a five-field crop rotation in the stationary experiment on the
study of no-till technology in comparison with the traditional farming system (TS) in the
central steppe zone of Crimea in 2017-2019. The soils are represented by southern
chernozem, which weakly humus, developed on Quaternary yellow-brown loesslike light
clays, by WRB classification Haplic Chernozem, Loamic, Aric. The experimental plot was
divided into two parts: control (C) — without inoculation and pre-sowing treatment of seeds
with a complex of microbial preparations (CMP) developed for each culture. CMP differed
in their strains, but all contained nitrogen-fixing, phosphate-mobilizing and phytopathogen-
protecting microorganisms from the Crimean collection of microorganisms
(http://www.ckp-rfru). Soil sampling for analysis was carried out in the first decade of
October before sowing winter crops from the 0-10 cm layer. 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 by generally accepted
methods [9, 10]. It is shown in colony-forming units (CFU) per g of dry soil.

2.2 DNA extraction and sequencing

Taxonomic analysis of the soil microbiome was performed in 2018 (the second year of no-
till application) using high-throughput sequencing. The research was performed with
equipment of the Core Centrum ‘Genomic Technologies, Proteomics and Cell Biology’ in
ARRIAM. For this, total DNA was isolated from soil samples using the PowerSoil DNA
Isolation Kit (Qiagen, Germany), on a Vortex Genee-2 instrument (Mo-bio, USA)
according to the manufacturer's protocol. DNA purification was carried out
electrophoretically followed by extraction from agarose gel [11]. Purified DNA
preparations were used to create libraries of the 16S rRNA gene by PCR using universal
primers for the V4 variable region: F515 / R806 (GTGCCAGCMGCCGCGGTAA /
GGACTACVSGGGTATCTAAT) [12], as well as by connecting adapters and unique
barcodes of the Illumina. Further library preparation and sequencing was carried out in
accordance with the manufacturer's recommendations on the «Illumina MiSeq» platform
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(Illumina, USA) using the MiSeq® ReagentKit v3 reagent kit (600 cycle) with two-sided
reading (2 * 300 bp).

The initial processing of the obtained data, namely, demultiplexing of samples and
removal of adapters, was carried out by Illumina software (Illumina Inc., USA). The
software packages dada2 [13], phyloseq [14], and DECIPHER [15] were used for
subsequent denoising, combining sequences, removing chimeric readings, restoring the
original phylotypes (ASV, Amplicon sequence variant), and further taxonomic
classification of the resulting ASVs, which were carried out in software environment R.
Means of the QIIME software package [16] were used to represent taxonomic analysis data.
The taxonomic and statistical analysis of the results was obtained using the PAST3
software packages [17].

3 Results and discussion

Microbiological analysis of southern chernozem showed quantitative differences in the
composition of microorganisms of ecological-trophic groups in agrocenoses compared to
virgin soil. The differences depended on the weather conditions of the research year (fig. 1,
table 1). A higher number of microorganisms was detected after treatment by the CMP. The
decomposition of organic nitrogen-containing compounds is mainly carried out by
ammonifying bacteria, which can use extracellular enzymes to convert some of the protein
nitrogen into a form accessible to plants [18]. The amount of precipitation was 2.7 times
higher than the annual average in the September 2018. The increase in the number of
ammonifying, amylolytic and pedotrophic microorganisms observed under direct sowing
compared with conventional system in the conditions this year. Reverse trends were
observed in 2019, with quantitative indicators for DS at the level of virgin soil.
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Fig. 1. Influence of farming systems and complex of microbial preparations on the quantity of
ecological-trophic groups microorganisms of southern chernozem. Notes: C — control without
treatment; CMP — complex microbial preparations.
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Oligonitrophilic microorganisms needs the minimum quantity of the organic nitrogen-
containing substances [19]. The maximum number of them is recorded in the version of the
TS with the CMP for two years (2018, 2019). Cellulolytics and actinomycetes decompose
complex polymer compounds and play an important role in the substance turnover [20].
The annual increase in the number of cellulolytics was observed in the southern chernozem
as a result of the action of microbial preparations when using the traditional farming system
by 1.3-2.6 times. The content of micromycetes increased under the influence of farming
systems in 2019 compared to virgin soil. The use of microbial preparations contributed to
an increase in their number in both farming systems.

Table 1. Influence of farming systems and complex of microbial preparations on the number of
microorganisms of southern chernozem, million CFU / g of soil.

Nitrogen-fixing Actinobacteria Micromycetes * Cellulosolytic *
microorganisms
Year
C CMP C CMP C CMP C CMP
Traditional system
2017 9,740,3 7,0£0,3 0,4+0,1 | 0,4+0,0 | 44,5+4,1 58,1+5,0 3,0+0,4 7,9+0,8
2018 5,5+0,4 10,6+05 0,4+0,1 | 0,240,0 | 29,9+2,9 23,722 15,6+1,8 24,1+0,7
2019 29402 | 60404 | 04%00 | 06£0,0 | 192+2,0 | 37,6423 | 311+1,9 | 40,714
Direct sowing
2017 7,240,2 8,0+0,2 | 0,440,1 | 0,2+0,0 | 38,4+2,4 | 42,6%+3,9 8,5+0,4 11,1+0,7
2018 12,3+0,1 8,0+0,6 | 0,740,2 | 0,7+0,1 | 15,8+0,8 | 27,9+4,6 12,9411 14,2+0,8
2019 | 1,3x01 | 25#01 | 05%01 | 04%0,1 | 153+1,0 | 197442 | 334#24 | 325+18
Virgin soil
2017 8,9+0,2 0,5+0,1 66,6+3,2 8,9+1,1
2018 10,7+0,6 0,60,1 30,2+2,9 11,3+1,9
2019 3,840,7 0,5+0,1 11,6+1,3 20,9+1,3
Notes: * — 106 CFU/g of soil; C — control without treatment; CMP — complex microbial preparations.

Today it is possible to use the relative content of taxa as biological indicators of soil
condition [8]. Metagenomic analysis of the taxonomic structure of the southern chernozem
allowed us to identify representatives of 12 prokaryotic phyla. There were eleven of them in
the domain Bacteria, and one among the Archaea (fig. 2).

The proportion of Proteobacteria and Actinobacteria was an order of magnitude higher
than the other five dominant phyla (above 1%). A decrease in the representation of
Acidobacteria and Verrucomicrobia and an increase in the Firmicutes and Proteobacteria
was observed in comparison with virgin soil. Direct sowing conditions contributed to an
increase in the representation of Bacteroidetes and Thaumarchaeota.

The ability to react to the content of macro- and microelements of the soil and its acidity
is known among the ecologically significant functions of the Acidobacteria [21]. The
Acidobacteria are widely distributed in soils, having genomic, physiological and metabolic
flexibility [22]. The smallest share was observed in DS, which is 1.6 times less than virgin
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land. Inoculation contributed to its increase only under the traditional system of agriculture
(1.2 times).

Representatives of phylum Verrucomicrobia can act as an indicator of soil fertility [23].
Their share decreased by 3.9 times under the influence of the TS, while the use of CMP
increased it by 1.4 times in the conditions of stationary experiment. The decrease was 2.8
times for DS.

The Firmicutes participate in the decomposition of complex organic substances and
play an important role in maintaining the stability of the rhizosphere microbiome [24-25].
The representation of Firmicutes increased under the influence of farming systems by 2.9
times compared to the virgin soil in the conditions of chernozem in our field research. The
influence of microbial preparations depended on the system of agriculture: in the traditional
system, the share decreased by 1.8 times, and the increase by 1.2 times when using direct
sowing.

Microorganisms from the phylum Actinobacteria plays an important role in soil
development and nitrogen cycling in both desert and cultivated agroecosystems [26]. The
Actinobacteria in the conditions of using of the TS had 1.3 times more representation than
in virgin lands.

Representatives of Proteobacteria phylum play a key role in the geochemical cycle of
carbon, nitrogen and sulfur. An increase of 1.3 times in their representation in both systems
was noted in comparison with the virgin soil. The same increase in the share was found
when applying the CMP in DS, while under the traditional system, no changes were found.

Archaea, primarily from the phylum Crenarchaeota, are widely distributed in the soil;
their representation is higher in soils with lower C:N ratios [21]. The Thaumarchaeota are
able to oxidize ammonia low concentrations in the environment where they are located,
which is the difference between ammonia-oxidizing bacteria, and therefore, probably
dominate in oligotrophic conditions. [27-28]. The proportion of phylum Thaumarchaeota
was 1.3 times greater under direct sowing, while under the traditional farming system it was
1.4 times less in comparison with virgin soil. The use of the CMP did not significantly
affect the number of archaea.
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Fig. 2. Taxonomic structure of the southern chernozem of prokaryotic biome under the influence of
the CMP and farming systems according to the analysis of the 16s rRNA metagenome.

Bacteria from the phylum Planctomycetes participate in the decomposition of plant
residues and are sensitive to soil pH [29, 30]. Minor fractions of Chloroflexi and
Planctomycetes were found, which decreased in agrocenoses by 4.6 and 1.7 times under the
TS and 1.5 and 1.1 times under DS, respectively, in comparison with virgin land. In
contrast, increases in the representation of Cyanobacteria from 0% in virgin lands to 0.18%
were observed in TS, Gemmatimonadetes and Nitrospirae by 1.9 times in TS and 1.6 and
2.8 times in DS, respectively. Representatives of Gemmatimonadetes predominate in arable
soils compared with fallow [31] and no-till [32]. The same tendencies were revealed in the
southern chernozem. It was found that the share of this phylum in the traditional system and
direct sowing was higher in 1.9 and 1.6 times than in the virgin soil.

A large percentage of the unclassified prokaryotes was established. It was the maximum
and amounted to 49.2% in virgin lands, with farming systems — 46.3%. The use of
microbial preparations reduced the share of them in the variant without tillage by 1.3 times.

4 Conclusion

Thus, the influence of direct sowing and microbial preparations on the state of
microbiocenosis of southern chernozem was established. Quantity of cellulolytic
microorganisms increased under the effect of farming systems in comparison with the
virgin soil. The use of microbial preparations contributed to an increase in the number of
microorganisms of ecological-trophic groups and the representation of the majority of
phyla, which also depended on the agriculture system. A decrease of the representation of
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Acidobacteria and Verrucomicrobia and an increase of the Firmicutes and Proteobacteria
were detected in comparison with virgin soil.

The work was carried out within the Framework of the State Assignment of Fundamental Research
No. 0834-2019-0004 and with the support of the Core Centrum ‘Genomic Technologies, Proteomics
and Cell Biology’ (ARRIAM).
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