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Abstract

Soil salinization is a growing global environmental problem today. It is possible to cultivate such soils by cultivating
biomeliorant herbs. This aspect has been studied in Western Siberia (where 40% of the territory is occupied by saline soils)
using the example of a shallow medium sodium solonetz, which has been occupied by the forage crop Bromus inermis Leyss
for more than 30 years. Bromus Inermis, referring to grasses with high ecological plasticity and salt tolerance, has been sown
in a crop rotation since 1987: field one is sown with millet, field two is sown with millet and bromegrass, and fields 3-6 are
sown with bromegrass. Such long-term cultivation of B. inermis transformed the shallow solonetz and altered the metagenomic
diversity of microorganisms. The taxonomic composition of the bacterial domain was determined in the 0-15 cm soil layer in
comparison with virgin soil by the method of high-throughput sequencing of the 16S rRNA gene V3-V4 region. Total DNA
was isolated from the samples using the DNeasy PowerSoil Kit (Qiagen), alpha and beta diversity was analyzed by Usearch
v11.0.667. The cultivation of Bromus inermis in a forage crop rotation for 30 years led to the formation of a specific soil
metagenome. It differs from the virgin solonetz shallow in taxonomic richness and uniformity. Under the influence of seeded
cereals, the number of OTUs Gemmatimonadetes in the microbiome increased (they are considered indicators of dryness), the
abundance of genera from the Proteobacteria class increased by 40%, and there were significantly fewer representatives of the
main virgin phylum Actinobacteria (1.7 times). The first representatives indicate a decrease in moisture content of
hydromorphic solonetz soil. The second representatives show an improvement in soil nitrogen exchange.
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BHUOPA3HOOBPA3ME BAKTEPHI1 COJIOHIIA MEJKOTO,
JUIMTEJBHO 3AHSITOTO CEBOOBEOPOTOM C BROMUS INERMIS
(POACEAE)

Hayunas ctatbs

AHHOTAUMSA

3acoseHre M0YB Ha CETOAHSIIHUN J€Hb — pacTymas rrodalibHas 3Kosorunyeckas npobdiaema. OKyJIbTypUTh TaKUE MOYBHI
MOXHO ITyTeM BO3/IENIbIBaHHS TPaB-OMOMEIHMOPAHTOB. JTOT acleKT u3y4eH B 3anagnoi Cubupu (rae 40% TeppuTOpuH 3aHITO
3aCOJICHHBIMHU ITOYBaMH) Ha NPHMEpPE COJIOHIIA MEJIKOTro CpeaHeHaTpueBoro, Ooijee 30 JieT 3aHATOrO KOPMOBOH KYJIBTYpOH
Bromus inermis Leyss. Kocrtpern 6€30CTBIi, OTHOCAIIMHCS K TpaBaM C BBICOKOHW DKOJOTMYECKON IUIACTHYHOCTBIO H
COJIEyCTOHYMBOCTRIO, ¢ 1987 roma BeiceBaeTcsl B ceBoobopoTe: | mosie — mpoco, 2 mojie — Mpoco W KOCTpel, 3-6 moms —
KocTpen. Takoe MIMTENsHOE BO3AeibiBanue B. inermis tpancdopMupoBano CoIOHEN MENKHHA W W3MEHWIO METarcHOMHOE
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pa3HooOpa3re MHKpPOOpraHn3MoB. TaKCOHOMHYECKHH COCTaB JoMeHa Oakrepuii ompezpeneH B cioe mouBsl 0-15 cM B
CPaBHEHHUM C LEJIMHOW METOZOM BBICOKOIPOM3BOJMTEIHLHOTO CEKBEHUPOBaHMS IocienoBarTenbHocTeil yyactka V3-V4 rena
16S pPHK. Toransnast JTHK u3 o6pa3ios BeigeneHa ¢ momouibio Habopa DNeasy PowerSoil Kit (Qiagen), ansda- u Oeta-
pasHooOpasue nmpoananusupoano Usearch v11.0.667.

BosnenbiBanre Bromus inermis B KOpMOBOM C€eBOOOOPOTE B TEUCHHWE TPHALATH JIET TMPHUBEIO K (HOPMHUPOBAHHIO
crenu(puIHOro MOYBEHHOTO MeTareHoMa. OT IENMHHOTO COJIOHIIA MEJIKOTO OH OTJIMYACTCsl TAKCOHOMHYECKHM OOTraTCTBOM H
BBIPABHEHHOCTBIO. [10]] BIMSIHIEM CESHOTO 3J1aKka B cOcTaBe MUKpobHoMa yBenmumiock aucio OTUs Gemmatimonadetes (ux
CUMTAIOT MHIUKATOPaMH cyxocTH), Ha 40% Bo3pocio obmire pomoB u3 kinacca Proteobacteria u cTano CymecTBEHHO MEHbIIE
npecTaBuTeNeil OCHOBHOTO ¢riryMa Tienuubl Actinobacteria (8 1,7 pasa). IlepBoe ykassiBaeT Ha CHIDKEHHE BIIAKHOCTH
ruapoMOopHON CONOHIIOBOH MOYBHI, BTOPOE — Ha YJIYYIIIEHHE B II0YBE a30THOI'O OOMEHa.

KiioueBble cjioBa: CONMOHIIBI, MUKpOOHOM, puToMennopanus, Bromus inermis,16S p-PHK.

1. Introduction

Microflora is a key determinant of soil characteristics and biogeochemical functions of terrestrial ecosystems [1], [2]. Its
contribution to the productivity of phytocenoses and the ecological functions of the soil depends on the biodiversity,
abundance, and functional activity of soil microorganisms [3]. For the development of soil microflora of solonetz soils,
according to the M. Beijerinck’s ecological rules, two points are important: the impact of salts and the specificity of the plant
community.

Solonetz soils often attract researchers in the field of soil microbiology. Sharp gradients of conditions make them
convenient objects for studying the factors affecting the composition and structure of the microbiome. Salinity determines the
dominance of prokaryotes of the phyla Actinobacteria, Bacteroidetes, and Proteobacteria, the representation of Firmicutes
bacteria and archaea Thaumarchaeota [4], [5], [6], [7]. However, the role of vegetation cover is also important in the formation
of soil microbiome features [9], [10], [11]. Changes in bacterial communities caused by the type of plant association can affect
soil formation, the cycle of the main elements of carbon and nitrogen and have a desalinating effect on the soil [12], [13], [14].
In this paper, the cultivation of Bromus inermis Leyss., 1761 will be considered as the main ecological predictor of
ameliorative effects. The purpose of the study is to reveal how the prokaryotic community of the shallow solonetz was
transformed under the influence of thirty years fodder crop rotation with awnless brome.

2. Materials and methods of research

The diversity of microorganisms was studied in the Baraba steppe at the solonetz station of the Siberian Scientific
Research Institute of Fodder Crops of the Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy
of Sciences (55.389° N, 78.927° E). The object of the study was the shallow solonetz (high-columnar, medium-sodium soda-
sulfate type of salinity of heavy granulometric composition) of virgin soil, as well as the solonetz transformed by crop rotation
with awnless brome for 33 years. Soil tillage under crop rotation: milling to a depth of 8-10 cm in layers (or disking with
heavy harrows) once per rotation and moldboard loosening to a depth of 30—35 cm. A sort of awnless brome - SIBNIISKhoz
189. Soil samples for analysis were taken on August 5, 2020, from a layer of 0-15 cm.

The taxonomic affiliation of bacteria was revealed by high-throughput sequencing of the sequences of the V3-V4 region of
the 16S rRNA gene. The analysis was performed at the Center for Collective Use "Genomics" of the Institute of Chemical
Biology and Fundamental Medicine SB RAS. Total DNA was isolated from the samples using the DNeasy PowerSoil Kit
(Qiagen). Samples were sequenced on a MiSeq instrument (Illumina, USA), OTU (operational taxonomic units) sequences
were assigned to taxa using SINTAX [15], a- and B-diversity was analyzed by Usearch v11.0.667. The results obtained were
processed mathematically. Dispersion analysis was performed using the SNEDECOR computer program.

3. Results

The biological diversity of microorganisms in the solonetzic soil was rather strongly corrected by the sown perennial grass.
In the virgin lands, the phyla Bacteria decreased in percentage representation in the following order: Actinobacteria (30.3%) >
Acidobacteria (25.1%) > Proteobacteria (13.4%) > unc_Bacteria (10.5%) > Verrucomicrobia (7.2%) > Gemmatimonadetes
(5.8%) > Bacteroidetes (4.4%) > Chloroflexi (1.6%) > Armatimonadetes (1.7%) > Candidatus Saccharibacteria (0.6%). In the
shallow solonetz transformed by a perennial grass, the priority of the dominant phyla changed in comparison with the virgin soil
(figure 1). Significant differences according to the Mann-Whitney U test (from p < 0.05) between this variant and virgin soil
were observed for the phyla Proteobacteria, Actinobacteria, Verrucomicrobia, unc_Bacteria, Gemmatimonadetes.
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Fig.1 — Dominant phyla in the microbiome of shallow solonetz transformed by crop rotation with brome (0-15 cm layer)

Under the influence of brome, the proportion of the phylum Proteobacteria in the bacterial community increased by 40%.
Its representatives are copiotrophs and are associated with improved soil fertility [16]. The content of active hydrolytics of the
Actinobacteria phylum under the brome became 1.7 times lower. Fila Verrucomicrobia left the 5th place in the list of dominants,
moving to 7th. Its representatives are mainly classified as oligotrophic flora, which strongly responds to an increase in soil
organic matter [17], [18]. Therefore, a decrease in the abundance of these microorganisms indirectly indicates the enrichment of
the soil with nitrogen. In the phytomeliorated soil, the seeding by the Gemmatimonadetes group has significantly increased. Due
to the percentage increased to 8.2, it rose to the 5th place in the list of dominants. The latter indicates the partial drying of the
solonetz under the phytomeliorant culture, as the gemmatimonadetes seed the soil more strongly in arid conditions [19]. The
species representing the remaining phyla of the domain and designated in the figure as Others were revealed in the transformed
solonetz by 2 times more than in the virgin soil.

The general differences in the state of the bacterial community in the reclaimed solonetz from the virgin solonetz are well
illustrated by the indices of a-diversity (table 1). The Berger-Parker index, which shows the degree of dominance (and at the
same time is insensitive to slight differences in biota) in the bacterial community changed by phytomelioration, increased by 2.5
times. The Chao 1 index, which estimates the total number of taxa in the community, increased by 1.2 times; the Shannon index,
which describes the evenness of bacterial cenosis along with species richness, increased by 1.1 times. Based on this, it can be
assumed that the community of prokaryotes formed in the solonetze by long-term cultivation of B. inermis became more
complex than in the shallow virgin solonetz.

Table 1 — Characterization of the bacterial community of virgin solonetz and solonetz phytomeliorated with B. inermis through
diversity indices

Diversity indicies Shallow virgin solonetz Solonetz phyFomeh‘orated with
B. inermis
Berger-Parker index 0,04 +0,006 0,1 +0,006
Chao 1 index 2360,4 £264,9 2734,8 £178,9
Shannon index 5,8 £0.1 6,3 0,06

4, Conclusion

Cultivation of Bromus inermis in fodder crop rotation for thirty years led to the formation of a specific soil metagenome. It
differs from fine shallow virgin solonetz in taxonomic richness and uniformity. Under the influence of seed cereals, the
number of OTUs Gemmatimonadetes in the microbiome increased (they are considered indicators of dryness), the abundance
of genera from the Proteobacteria class increased by 40%, and there were significantly fewer representatives of the main virgin
phylum Actinobacteria (1.7 times). The first indicates a decrease in the moisture content of the hydromorphic solonetzic soil,
the second indicates an improvement in nitrogen metabolism in the soil.
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