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THE FEATURES OF TAXONOMIC
STRUCTURE FORMATION OF SOIL MICROBIAL BIOME
IN BETA VULGARIS RHIZOSPHERE

The necessity to increase the production of high-quality agricultural products in order to minimize using of agro-
chemicals while maintaining high profitability of production requires a comprehensive study of the determining factor
of soil fertility, its biological component. Research of the microbiocenoses formation in the plants’ rhizosphere at all
ontogenesis stages will allow to uncover the mechanisms of microbial-plant interaction and develop effective ways to
increase crop productivity with high functional activity and homeostasis of the soil microbiome. The aim of the work
is to investigate the structure of the microbial complex and biodiversity of Beta vulgaris rhizosphere during ontogenesis
by classical microbiological and molecular-biological methods. Methods. The number of microorganisms was deter-
mined by the method of inoculation soil microbial suspension on agar nutrient media. The structure of the qualitative
composition of microorganisms was identified by morphologically-cultural properties and the morphology of isolated
isolates — by microscopy of fixed preparations. The diversity of soil microbial complexes was evaluated by the Shannon,
Simpson, and Berger-Parker ecological indices. The taxonomic structure of prokaryotes was determined by pyrose-
quencing. Results. The differentiation of the soil microbiota number was observed during the Beta vulgaris ontogenesis
due to the intensive production of root exudates by the plant. The number of bacteria and micromycetes increased
by 1.8—2.3 times, however, in the phase of leaves closing in-row spacing, the number of fungal microbiota decreased
by 46.4%. Microbial complexes differed in the number of detected morphotypes (27—50) and in the structure of the

Citation: Borko Yu.P, Patyka M.V,, Boiko M.V., Honchar A.M,, Sinchenko V.M. The Features of Taxonomic Struc-
ture Formation of Soil Microbial Biome in Beta vulgaris Rhizosphere. Microbiological journal. 2022 (1). P. 3—16.
https://doi.org/10.15407/microbiolj84.01.003

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2022. This is an open access article under the CC BY-
NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 1028-0987. Microbiological Journal. 2022. (1) 3



Yu.P. Borko, M.V. Patyka, M.V. Boiko, A.M. Honchar, V.M. Sinchenko

distribution of dominant forms (the total number of dominant forms of bacteria decreased during the growing season,
whereas that of micromycetes increased). Analysis of the prokaryotes metagenome by pyrosequencing made it possible
to identify 214 operational taxonomic units, 10.1% of which are forms that are not cultivated on nutrient media, and
23.3% are unclassified. Among the identified taxonomic units, 96.2% were identified at the order level, 85.7% — at
the family level, and 76.7% — at the genus level. Among the identified taxonomic units were 15 phyla bacteria and 1
archaea, among which 96 taxonomic units, families — 167, genera — 214 we found at the level of microbial orders. The
dominant phyla forms were Proteobacteria (65.7%) and Actinobacteria (20.5%); orders — Burkholderiales (38.7%)
and Pseudomonadales (20.1%); families — Alcaligenacea (37.9%), Pseudomonadaceae (20.1%); Gaiellaceae (5.7%),
Nitrososphaeraceae (4.2%); generas — Achromobacter (31.5%) and Pseudomonas (19.9%). According to the indicators
of ecological indices determined on the basis of the results of classical microbiological and molecular biological research
methods, it was established that the microbial complex of the soil is characterized by high biodiversity, although the
Shannon (Ig, = 5.36) and Simpson (I = 0.87)indices based on the pyrosequencing method results were significantly
higher than similar indicators identified by classical microbiological methods. Conclusions. During the ontogenesis
of Beta vulgaris, including due to the intensive production of root exudates by the plants, the number of bacteria and
micromycetes in the rhizosphere of plants increases. It is accompanied by a redistribution of structural composition
and an increase in the microorganisms’ diversity (I, = 5.36). It has been found that among the identified 214 taxo-
nomic units, 10.1% are forms that are not cultivated on nutrient media, and 23.3% are unclassified. Our studies show
that the structure of the microbial complex of the plants’ rhizosphere reflects the characteristics of the soil and can be
used as an indicator of ecological status. The work results (obtained for the first time in the Forest-Steppe of Ukraine)
deepen the knowledge of the true scale of natural genetic diversity of microbial complexes and are a valuable asset for
substantiating practical proposals for effective adaptive interactions in the plant-microorganism system to preserve the
homeostasis of agroecosystems.
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diversity indices.

The most urgent task of agricultural production
today is the increasing production of safe and
high-quality agricultural products against the
background of minimizing the use of mineral
fertilizers and chemical plant protection prod-
ucts [1]. Since the determining component of
crop formation is a biological component of soil
(microbiocenosis) and interaction in the system
“soil — microorganisms — plant” includes the
functioning and agroecosystems’ homeostasis, it
is obvious that the study of microbiome forma-
tion in the plant rhizosphere will allow revealing
the mechanisms of loading the soil microbiome
[2]. The information on changes in the structure
of microorganisms is important in this context
throughout the plants’ ontogenesis and the im-
pact on them of the plant itself, that is, the root
exudates [3]. It will reveal the mechanisms of
plant-microbial interaction and develop effec-
tive systems to increase the productivity of the
crops against the background of high functional
activity of the soil microbial component [4].

4

Microbial biome and soil metagenome are
complex systems of interacting organisms, ex-
tremely diverse and numerous in species num-
ber, functional activity, and ecological role in the
environment [5]. Classical microbiological meth-
ods based on the cultivation of microorganisms
are important for studying the ecology of soil
microbiota, their functional activity in natural
ecosystems, and agrophytocenoses [6]. They are
the primary link in the assessment of the soil mi-
crobial complex but are not very informative for
assessing microbial genetic diversity by selecting
a specific population of microorganisms, as they
allow assessing only 0.1—10.0% of the soil mi-
crobial stock [7]. The use of molecular-biological
methods for the assessment of soil microorgan-
isms allows one to study the microbial cenosis at
the phylogenetic level, as well as to identify spe-
cies of soil microbiota that are unknown to sci-
ence and are not cultivated on ordinary nutrient
media [8]. However, studies of the soil microbial
biome and metagenome structure using molec-
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ular-biological methods are mostly fragmentary
because today the methodological support is
insufficient. There is no comprehensive descrip-
tion of vegetation, soil and climatic conditions, as
well as applied agricultural measures that deter-
mine the functioning and formation of microbial
groups, their structure, and biodiversity during
plant ontogenesis [9]. In this regard, it is difficult
to conduct any comparative analysis of data on
taxonomic structure and microbial complexes
diversity in agroecosystems obtained by differ-
ent researchers. Therefore, a complex combina-
tion of classical and molecular genetic methods
of analysis is necessary to study the structure
and biodiversity of soil microbiome formed in
the crops’ ontogenesis. The obtained results can
be used to assess and optimize new environmen-
tally reasonable agricultural measures focused
on increasing and disclosing the crops” produc-
tive potential under conditions of high-profitable
production and maintaining soil fertility.

The aim of the work is to investigate the struc-
ture of the microbial complex and biodiversity
of Beta vulgaris rhizosphere during culture onto-
genesis by classical microbiological and molecu-
lar-biological methods.

Materials and methods. Studies of the micro-
bial complex of Beta vulgaris (sugar beet) rhizo-
sphere were conducted based on the National
University of Life and Environmental Sciences
of Ukraine (NULES) “Agronomic Research Sta-
tion” in the Fastiv raion in the Kyiv oblast. Soil
cancellation is represented by chornozem typi-
cal low-humus coarse-dusty-loamy. Soil samples
were prepared in the main phases of culture
ontogenesis: germination, leaves closing in-row
spacing, and technical maturity.

The number of microorganisms was deter-
mined by the method of seeding of soil suspen-
sions on agar nutrient media and expressed by
the number of Colony-Forming Units (CFU) in 1
g of dry soil [10]. The structure of the qualitative
composition of soil microorganisms was studied
by conventional methods for morphologically-
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cultural properties. Basing on the mathematical
calculations of the frequency of morphotypes, we
identified the following groups of microorgan-
isms: dominant (> 10%), subdominant (5—10%),
frequent (1—5%), and rare (<1%) [11]. The di-
versity of soil microbial complexes was evaluated
using ecological indices of Shannon, Simpson,
and Berger-Parker [12]. The prokaryotes taxo-
nomic structure of typical chernozem was de-
termined by the pyrosequencing method, which
includes the following steps: creating a library
with fluorescent primers; double purification of
the PCR product; emulsion PCR; pyrosequenc-
ing; nucleotide sequence analysis; identification
of the taxonomic structure of microbiological
complexes and their comparative analysis [13,
14]. Sample preparation, emulsion PCR, and se-
quencing were performed on a GS Junior instru-
ment (Roche, USA) according to the guidelines
of manufacturers [15, 16]. Computer processing
of nucleotide sequences obtained by sequenc-
ing was carried out on the software module QI-
IME version 1.7.0 [17]. Statistical processing and
mathematical analysis of research results were
realized in MS Excel 10.0 and STATISTICA 7.0.
Results. The quantitative composition of mi-
croorganisms is an integral feature of a com-
prehensive analysis of rhizosphere microbiota
[1]. Microbiological studies of the plants’ rhi-
zosphere on the example of Beta vulgaris have
shown that the number of bacterial and fungal
microbiota is related to the peculiarities of plant
growth and development. Thus, the number of
bacteria and micromycetes in the rhizosphere
was the lowest (9.06 million and 30.35 thousand
CFU/g of soil, respectively) in the germination
phase (Table 1). This # is due to the low produc-
tion intensity of plant root exudates. The num-
ber of root secretions increased with the plant
growth and development (phase of leaves clos-
ing in-row spacing), which was accompanied
by an increase in the bacteria number by 77.5%
compared to their number at the beginning of
the growing season. However, the number of mi-
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cromycetes decreased by 46.4%, which led to the
reduction in the plant residues with high fiber
content in the topsoil. At the end of the growing
season (technical maturity) in the rhizosphere
fresh dead organic residues were accumulated,
which led to a further increase in the bacteria
number (18.86 million CFU) along with a signif-
icant increase in micromycetes (76.03 thousand
CFU) and contributed to the intensification of
soil organic compounds.

Analysis of the microbiota qualitative compo-
sition of Beta vulgaris rhizosphere based on the
description of morphologically-cultural proper-
ties of microorganisms in the main phases of cul-
ture ontogenesis showed that the studied micro-
bial complexes differ in the number of identified
morphotypes and the structure of distribution of
dominant forms of microorganisms (Figs. 1—3).

Thus, in the germination phase, 36 morpho-
types of bacterial and 27 — fungal microbiota
with a saturation of 1.59—23.44% were evalu-
ated (Fig. 1). Regarding the structure of the dis-
tribution of detected morphotypes, it was found
that the largest share of bacteria (86.1%) and mi-
cromycetes (77.8%) were morphotypes, which
are “common’, the share of dominants was 5.6
and 7.4%, subdominants — 8.3 and 14.8% in ac-
cordance (Fig. 2).

During the leaves’ closing phase, the struc-
ture of the microbial complex was redistributed
between rows, which is due to the intensive exu-
date production by plants. Thus, the total number
of bacterial morphotypes increased by 25.0%,
and the diversity of micromycete morphotypes

Table 1. The number of bacteria
and micromycetes in Beta vulgaris rhizosphere

Phases of plant Bacteria, Micromycetes,
ontogenesis mln CFU/g of soil | ths CFU/g of soil
Germination 9.06+0.75 30.35%+1.56
Leaves closing 16.08+1.03 20.73£1.29
in-row spacing
Technical maturity 18.86+1.00 76.03+3.76

6

decreased by 58.8% (Figs. 1, 2). Besides, in the
middle of the growing season, random species of
microbiota were found in the structure of the mi-
crobial complex of the Beta vulgaris rhizosphere,
which were classified as “others” They are not per-
manent representatives of the microbial complex
and are activated only in the presence of a signifi-
cant amount of easily digestible nutrients in the
soil (exudates, plant remains). Their saturation
among the total number of bacterial morphotypes
was 37.8%, and that for micromycetes was 27.5%.
Morphotypes that “often occur” occupied the
largest share of microbiota (bacteria 48.9%, mi-
cromycetes 41.2%), like in the germination phase.

In the technical maturity phase of Beta vulgar-
is, the qualitative diversity of bacterial and fun-
gal microbiota continued to increase by 11.1 and
64.7%, respectively, compared to the leaves clos-
ing in-row spacing phase. This is due to the ac-
cumulation of organic matter in the soil through
underground and aboveground plant biome.
Thus, the number of bacterial morphotypes was
50 CFU, micromycetes — 28 CFU (Fig. 1). At
the same time, the diversity increase for bacterial
and micromycete morphotypes at the end of the
Beta vulgaris vegetation was due to the increase
in the number of “frequent” representatives (up
to 53.6%) and “others” (up to 37.8%), which was
associated with the increasing amount of readily
available organic compounds that contribute to
the microbial diversity formation (Fig. 2).

The distribution of dominant representa-
tives of microbiota in typical chornozem in Beta
vulgaris ontogenesis was not uniform: the total
number of bacteria dominant forms decreased,
while that of micromycetes increased during
the culture vegetation (Fig. 3). This is due to the
culture peculiarities and indicates the homeo-
static microbial coenoses formation in the soil.
At the beginning of plant ontogenesis, dominant
forms of bacteria and micromycetes were iden-
tified as respectively 2 and 1 during the period
of active culture development and 1 and 4 at the
end of the growing season (Fig. 3). This testifies
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Fig. 3. Distribution of dominant morphotypes of bacteria (a) and micromycetes (b) of in the Beta vulgaris rhizosphere

to the formation of a homogeneous soil micro-
bial complex with a high degree of micromycete
dominance.

To assess the species diversity of microbiota,
the following environmental indicators were
determined: the indices of species richness of
Shannon, Simpson, and the index of the Berger-
Parker dominance. Indicators of the Shannon

8

index, which determines the degree of unifor-
mity in of the distribution of traits of the sample
objects, have shown a high diversity of bacteria
(I, = 1.36-1.43) and 7.9—38.8% lower diversi-
ty of micromycetes (I = 1.02—1.26) (Table 2).
During the growing season, the diversity of bac-
terial microbiota increased slightly, while that of
fungal microbiota decreased.

ISSN 1028-0987. Microbiological Journal. 2022. (1)



The Features of Taxonomic Structure Formation of Soil Microbial Biome in Beta Vulgaris Rhizosphere

Indicators of the Simpson index, which point
to the share in the species composition of the
biocenosis occupied by common, “background”
species, range from 0.05 to 0.06 (bacteria) and
from 0.06 to 0.13 (micromycetes, germination
phase) and indicate a uniform distribution of
representatives of the microbial complex (Ta-
ble 2). This index increased for micromycetes
(phases of leaves closing in-row spacing and
technical maturity) to 0.12 and 0.13 respectively,
which indicates a decrease in the species rich-
ness of the fungal microbiota and is consistent
with previously obtained data (Shannon index).

The Berger-Parker index, which characterizes
the relative importance of the most numerous
species, was 0.10—0.17 for bacteria and 0.16—
0.24 for micromycetes. This indicates a more
uniform distribution of the bacterial population
compared to the fungal one (Table 2). The in-
creasing Berger-Parker index for micromycetes
during culture ontogenesis indicates a microbio-
ta diversity decrease due to the increasing domi-
nance degree of some morphotypes. However,
due to the increase in the number of representa-

Table 2. Ecological indexes
of diversity and dominance of the microbiota
in Beta vulgaris rhizosphere

Indices
Phases
of plant ontogenesis Shannon | Simpson Berger-
Parker
Bacteria
Germination 1.36 0.06 0.14
Leaves closing in-row
spacing 1.39 0.06 0.10
Technical maturity 1.43 0.05 0.17
Micromycetes
Germination 1.26 0.06 0.16
Leaves closing in-row
spacing 1.02 0.12 0.23
Technical maturity 1.03 0.13 0.24

ISSN 1028-0987. Microbiological Journal. 2022. (1)

tive active forms of random soil microbiome spe-
cies, the diversity of micromycetes was preserved.

There is observed an inverse correlation (r =
= -0.90 for bacteria, r = -0.99 for micromyce-
tes) between the Simpson and Shannon indices
during the growing season. That indicates the
formed systems of microbial complexes and
confirms the reliability of the obtained data.

The diversity of prokaryotes metagenome of
typical chernozem was detected and evaluated
by a pyrosequencing method for the first time in
the Forest-Steppe of Ukraine to assess the taxo-
nomic structure of the microbiome of the rhizo-
sphere of sugar beet. The analysis of prokaryotes
metagenome by pyrosequencing made it possi-
ble to identify 214 operational taxonomic units,
10.1% of which are forms that are not cultivated
on nutrient media, 23.3% are unclassified, but
they are functionally significant in the rhizo-
sphere. Among the identified taxonomic units,
96.2% were identified at the order level, 85.7% —
at the family level, and 76.7% — at the genus
level. Among the identified taxa, 15 phyla were
bacteria, and 1 was archaea. To the dominant
taxa, we included representatives of the micro-
biota, the share of which was > 10%; to the sub-
dominant taxa — 1—10%. The dominant forms
among the identified phyla were representatives
of the bacteria Proteobacteria (65.7%) and Acti-
nobacteria (20.5%); subdominant — Chloroflexi
(2.3%), Acidobacteria (1.9%), Gemmatimonade-
tes (1.2%), and archaea Crenarchaeota (4.2%).
The share of unclassified sequences was 1.0% of
their total number (Fig. 4).

The study of the microbiome at the microbial
orders level, which was detected 96, showed the
absolute dominance of Burkholderiales (sub-
group 3-Proteobacteria) with a content of 38.7%
of the total number of detected prokaryotes and
Pseudomonadales (y-Proteobacteria) with a con-
tent of 20.1% (Fig. 5).

The subdominant orders included Solirubro-
bacterales (6.5%), Gaiellales (5.8%), Actinomy-
cetales (4.7%), Nitrososphaerales (4.2%). The
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spirillales, Xanthomonadales, Myxococcales were
also common (0.6—1.6%). The share of unclas-
sified sequences was 3.8%, and not cultured on
nutrient media — 7.8%.

At the family level, 167 taxa were identi-
fied, 14.3% of which belonged to unidentified
sequences, and 4.7% did to representatives of
families that do not grow on nutrient media.
The most numerous in the number of attributed
nucleic sequences were: Alcaligenacea (37.9%),
Pseudomonadaceae (20.1%), Gaiellaceae (5.7%),
Nitrososphaeraceae (4.2%), less common — Soli-
rubrobacteraceae, Micrococcaceae, Syntropho-
bacteraceae, Pseudonocardioidaceae, Nocardioi-
daceae, Intrasporangiaceae, Streptomycetaceae,
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Comamonadaceae (0.5—1.0%), etc. (Table 3).
10
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Fig. 4. Distribution of the main
phyla of the soil microbial com-
plex
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>- Bacteria

Fig. 5. The metagenome of the
prokaryotic complex of soil at the
orders level

214 taxonomic units were identified at the ge-
nus level, 23.3% of which belong to unidentified
sequences and 10.1% — to representatives that
are not cultivated on nutrient media. Among
the identified representatives, Achromobacter
(31.5%) and Pseudomonas (19.9%) were domi-
nant. The representatives of genera Candidatus
Nitrososphaera (4.2%) were found among the
subdominants. Less common genera were Ba-
cillus, Rubrobacter (0.4%), Streptomyces (0.3%),
Pseudonocardia, Thermomonas, Aeromicrobium,
Steroidobacter, Agromyces, Candidatus Solibacter
(0.2%), and Nocardioides, Hyphomicrobium,
Cellulomonas, Staphylococcus, Mycobacterium,
Paenibacillus, Sporosarcina, Clostridium, Nitro-
spira, Alicyclobacillus, Sphingomonas, Kribbella,
Nonomuraea, Rubrivivax, Arenimonas, Salini-
bacterium, Gemmata, Skermanella, Lamia, A4,

ISSN 1028-0987. Microbiological Journal. 2022. (1)
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Table 3. Representation of the most common families
and genera of the prokaryotic complex of Beta vulgaris rhizosphere

Family of microorganisms Representation,% Genera of microorganisms Represen-tation,%
Alcaligenaceae 37.9 Achromobacter 31.5
Uncultivated 0.4
Unclassified 6.0
Pseudomonadaceae 20.1 Pseudomonas 19.9
Unclassified 0.2
Nitrososphaeraceae 4.2 Candidatus Nitrososphaera 4.2
Sinobacteraceae 0.8 Steroidobacter 0.2
Unclassified 0.4
Uncultivated 0.2
Nocardioidaceae 0.6 Aeromicrobium 0.2
Kribbella 0.1
Nocardioides 0.1
Unclassified 0.2
Pseudonocardioidaceae 0.6 Uncultivated 0.4
Pseudonocardia 0.2
Streptomycetaceae 0.5 Streptomyces 0.3
Nonomuraea 0.1
Uncultivated 0.1
Comamonadaceae 0.5 Rubrivivax 0.1
Uncultivated 0.4
Bacillaceae 0.4 Bacillus 0.4
Rubrobacteraceae 0.4 Rubrobacter 0.4
Hanthomonadaceae 0.4 Thermomonas 0.2
Arenimonas 0.1
Uncultivated 0.1
Hyphomicrobiaceae 0.4 Rhodoplanes 0.2
Hyphomicrobium 0.1
Unclassified 0.1
Microbacteriaceae 0.3 Agromyces 0.2
Salinibacterium 0.1
Sphingomonadaceae 0.3 Sphingomonas 0.1
Uncultivated 0.2
Solibacteraceae 0.2 Candidatus Solibacter 0.2
Chthonio-bacteraceae 0.2 Candidatus Xiphinematobacter 0.1
Unclassified 0.1
Gemmataceae 0.2 Gemmata 0.1
Unclassified 0.1
Rhodospirilaceae 0.2 Skermanella 0.1
Unclassified 0.1

ISSN 1028-0987. Microbiological Journal. 2022. (1) 11
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Continuation of table 3

Family of microorganisms Representation,%
Lamiaceae 0.1
Cellulomonadaceae 0.1
Mycobacteriaceae 0.1
Flammeovirgaceae 0.1
Caldilineaceae 0.1
Alicyclobacillaceae 0.1
Paenibacillaceae 0.1
Planococcaceae 0.1
Staphylococaceae 0.1
Clostridiaceae 0.1
Nitrospiraceae 0.1
Bradyrhizobiaceae 0.1
Oxalobacteraceae 0.1
Opitutaceae 0.1
Others * 9.5
Others ** 1.9
Unclassified 14.3
Uncultivated *** 4.7

Genera of microorganisms Represen-tation,%
Lamia 0.1
Cellulomonas 0.1
Mycobacterium 0.1
A4 0.1
Caldilinea 0.1
Alicyclobacillus 0.1
Paenibacillus 0.1
Sporosarcina 0.1
Staphylococcus 0.1
Clostridium 0.1
Nitrospira 0.1
Balneimonas 0.1
Janthinobacterium 0.1
Opitutus 0.1
Others 6.1
Unclassified 16.1
Uncultivated 8.3

Note: * Gaiellaceae (5.7), Solirubrobacteraceae (1.0), Syntrophobacteraceae (0.6), Koll 13, Geodermatophilaceae, Pat-
ulibacteraceae (0.3), Enterobacteriaceae, Rhodobiaceae, Nocardiaceae (0.2), Frankiaceae, Conexibacteraceae, Chi-
tinophagaceae, Rosieflexaceae, Ellin 503, Isosphaeraceae, Pirellulaceae, Burkholderiaceae, Haliangiaceae (0.1), etc.;
** Micrococcaceae (1.0), Intrasporangiaceae (0.5), Nocardiaceae, Micromonosporaceae, Solirubrobacteraceae, Entero-
bacteriaceae (0.1) etc.; *** Uncultivated — microorganisms that are not cultivated on a nutrient medium.

Caldilinea, Opitutus, Balneimonas (0.1%), etc.
(Table 3).

The genera Achromobacter and Pseudomonas
were also found among the dominant microbi-
ota, assessing the diversity of the soil microbial
complex using classical microbiological meth-
ods, which was confirmed by the research results.

The species richness of the microorganisms of
Beta vulgaris rhizosphere, according to the eco-
logical Shannon (I, = 5.36) and Simpson (I =
0.87) indices obtained by pyrosequencing were
significantly higher than the results of classical
microbiology. Therefore, the use of molecular
biological research methods allows investiga-

12

tion to a greater extent of the microbial diversity
structure, mainly due to uncultivated forms. The
Chao saturation index (I = 1312.2) exceeds the
number of detected operational taxonomic units
by 6.1 times. That is, the level of real diversity of
microorganisms in the culture rhizosphere was
much higher than the experimentally detected
metagenome of prokaryotes.

Discussion. In evaluating plant-microbial in-
teractions in the rhizosphere, attention is paid
not only to the quantitative accounting micro-
organisms but also to their qualitative composi-
tion. Despite the importance of classical micro-
biological methods for studying the qualitative
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composition of soil microbes, they are not very
informative in evaluating the genetic diversity of
microorganisms because they can estimate only
0.1—10.0% of the soil microbial fund [8].

A complex combination of classical and mo-
lecular-genetics methods of analysis is relevant
and necessary at present. The works of Rohandi
[13], Andronov [14, 18], Kruglov [19], and Gor-
leknko [20] are devoted to studying the structure
and biodiversity of the soil microbial complex
by classical and molecular-biological methods.
However, the data accumulated in this area are
not sufficient. The pyrosequencing method used
in the present work makes it possible to identify
the real taxonomic diversity of the soil microbial
complex, regardless of functional orientation,
trophism, and cultivation on elective nutrient
media, as well as to determine the quantitative
indicators of certain taxa, including major and
minor phyla of soil microbiota.

On the example of Beta vulgaris, it was shown
that in the process of plant growth and devel-
opment (including due to the root exudates in-
tensity, uneven intake of easily digestible nutri-
ents, and accumulation of plant residues in the
soil), microbial diversity is formed in the culture
rhizosphere and there is a redistribution of the
structure of qualitative composition and diver-
sity of microbial biome of the agroecosystem.
The taxonomic structure of the sugar beet rhi-
zosphere was determined by the pyrosequencing
method. It included 15 phylas bacteria and 1 ar-
chaea. The dominant forms among the identified
representatives were the phylas Proteobacteria
(65.7%) and Actinobacteria (20.5%), and at the
genus level — Achromobacter (31.5%) and Pseu-
domonas (19.9%). It should be noted that the
results of our research coincide with the data of
Andronov [14, 18], Chirak [21], Semenov [22],
and Gorbacheva [23] who study microbiomes of
different soil types by sequencing the libraries of
the 16S-rRNA gene. These scientists found that
the bacterial communities of soils are formed
mainly by phyla Acidobacteria, Actinobacteria,
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Bacteroidetes, Chloroflexi, Firmicutes, Gemmati-
monadetes, Planctomycetes, Proteobacteria, and
Verrucomicrobia, which are representatives of
the cortical component of the soil microbiome.
Dominant among them are Proteobacteria and
Actinobacteria.

The soil microbial complex was established
to be characterized by high biodiversity accord-
ing to the indicators of ecological indexes deter-
mined on the basis of classical microbiological
and molecular-biological research methods.
Although the Shannon and Simpson indices de-
termined by the pyrosequencing method, were
much higher than ones determined by classical
microbiological methods, the assessment of the
microbial biodiversity of the sugar beet rhizo-
sphere is consistent with the previously obtained
data of Musilova [3], Melnichuk [24], Chernov
[25], and Semenov [26]. They also found that
the biodiversity of microorganisms varies de-
pending on the soil type, moisture, organic mat-
ter content, and horizon depth. On average, the
Shannon index varies between 4.3 and 7.5 for
chornozem, according to the above scientists.

It should be noted that the results of our re-
search are of great practical importance for the
evaluation and optimization of new agricul-
tural measures focused on increasing and dis-
closing the crop productive potential under the
conditions of high-profitable production and
maintaining soil fertility. In addition, the new
knowledge of the taxonomic structure of the
prokaryotes metagenome of chornozem typical
in the sugar beet rhizosphere is of fundamental
importance because it makes a significant con-
tribution to the development of modern ideas of
the formation of soil microbial biome.

Thus, the complex application of classical mi-
crobiological and molecular-biological methods
of analysis allowed us to fully reveal the features
of microbial metagenome formation of soil:
structure, diversity, and taxonomic composition.
Through the use of classical microbiological
methods, it was found that the number of bacte-

13



Yu.P. Borko, M.V. Patyka, M.V. Boiko, A.M. Honchar, V.M. Sinchenko

ria and micromycetes increased during the onto-
genesis of sugar beet plants due to the intensive
production of root exudates by the plants. It is
accompanied by redistribution in the structure
of their morphotypes and increased diversity of
microorganisms. The diversity of bacteria in the
rhizosphere during plant ontogeny was higher
by 7.9—38.8% compared with micromycetes
and was characterized by a more uniform distri-
bution and low dominance degree. The applica-
tion of the pyrosequencing method allowed us
to detect a high level of microbial diversity (I, =
5.36) and to investigate it to a greater extent. 214
taxonomic units have been identified, of which
10.1% are forms that have not been cultivated on
nutrient media and 23.3% are unclassified, but
they are functionally significant for the rhizo-
sphere. The most numerous at the family level
were Alcaligenaceae, Pseudomonadaceae, Gaiel-
laceae, Nitrososphaeraceae and at at the genus
level — Achromobacter and Pseudomonas.
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OCOBJIMBOCTI ®OPMYBAHHS TAKCOHOMIYHOI CTPYKTYPU
MIKPOBHOI'O EIOMY I'PYHTY B PU3OCOEPI BETA VULGARIS

Heo6xinHicTb 36i/1blIeHHs BUPOOHNIITBA SIKICHOI CLIbCHKOTOCIIOAPCHKOI IPOAYKIIIT 3a YMOBY MiHIMisawil BUKOpuC-
TaHHs arpoXiMiKaTiB 3i 36epeXKeHHAM BUCOKOI peHTabenbHOCTI BUPOOHUIITBA BYMArae IpOBeIeHHs KOMIUIEKCHUX
IOCIiKeHb BU3HAYAIbHOTO (PAaKTOPY IPYHTOBOI POAIOYOCTI — i10ro 6ionoriuHoi ckrnafoBoi. CaMe JOCTIKEeHHS 0Co-
6nuBocTeit popMyBaHH: MIKpo6ioIeHO3iB y pusocdepi pociuH Ha BCIX CTAfisAX OHTOreHe3Y JO3BOMUTb PO3KPUTH
MeXaHi3MI MiKpOOHO-pOCTIMHHOI B3a€MOZII i po3po6uTy eeKTUBHI IUIAXY MiABUILEHHS IPONYKTUBHOCTI CIbCBKO-
TOCHOJAPCHKUX KYIBTYp Ha (OHi BICOKOI (PyHKIIIOHaIBHOI aKTUBHOCTI Ta TOMEOCTa3y CK/IafjoBOI MikpoOHOro 6io-
My IpyHTy. Mera. JlocmipnTyt KIacuaHuMHU MiKpOOionoridHMy i MOMeKy/IApHO-610/10r4HNMIU METOIAMYU CTPYKTYPY
MIKPOOHOTO KOMIUIEKCY Ta biopisHoMaHiTTsI pusocdepu Beta vulgaris mpotsrom oHtoreHe3y. Metomu. UncenbHicTh
MiKpOOPIaHi3MiB BU3HA4a/I/ 3a METOJOM IIOCiBY IPYHTOBMX CYCII€H3iJ1 Ha arapu30BaHi ITO)KMBHI CepeloBUILA; CTPYK-
TYPY SIKICHOTO CKTafly MiKpOOpraHi3aMiB — 3a MOP(OIOTiYHO-KY/IbTYPaIbHUMM BIACTUBOCTAMY; MOP(OTIOTifo BULi-
JIeHVX 1307I51TiB — 3a JOIIOMOTO0 MiKPOCKOII0BaHHsI piKCOBaHUX IMpemnapariB. Pi3HOMaHITTs MiKpOOHMX KOMITTIEKCIB
IDYHTY OLIiHIOBa/M 3a ekosoriuHymy ingexcamu lllennona, Cimicona Ta beprepa-Ilapkepa. TakcoHOMIUHY CTPYKTY-
Py IIpOKapioTiB BU3HaYa/IM 3a METOLOM IipoceKBeHyBaHH:A. Pesynbraru. IIporsarom ontorenesy Beta vulgaris 3a pa-
XYHOK {HTEHCHBHOCTI IIPORYKYBaHH: POC/MHAMY KOPEHEeBUX eKCYHATiB CIIoCTepiramy audepeHmianiio YMceIbHOCTI
rpyHTOBOI Mikpo6ioTn. YucenpnicTs 6akTepiit i Mikpomineris 36ibiryBanacs y 1—2.3 pasn, mpore y ¢asi SMUKaHHS
JIMCTKIB Y MDKPSIAZI 4MCeTbHICTD IpUOHOI MiKpo6ioTH 3MeHITyBamach Ha 46.4 %. Mikpo6Hi KoMIIeKcn BifpisHstmcs
3a KIIbKICTIO BUSIBTIeHUX MopdoTutis (27—50) i 3a CTPYKTYpPOIO pOSIOALTY fOMiHyI04UMX (GopM (IIpOTAroM BereTa-
i KyIpTypy 3arajzbHa KiIbKIiCTb JOMiHYI0UMX GopM GaxTepiil 3MeHIIyBanach, a MiKpoMilleTiB — 36iIblyBanacs).
Amnanis MeTareHoMy ITPOKapioTiB MeTOHOM MipOCeKBEHYBAaHHA [IaB 3MOTY BUABUTHU 214 omepalfiliHIX TAKCOHOMIYHMX
ofiHNLb, 10.1 % 3 AKMX — 1e dopmy, AKi He KYIbTUBYIOTbCA Ha IOXMBHUX CePeOBUINAX, a 23.3 % — He Kmacu-
¢ixoBani. Cepep BUAB/ICHUX TAKCOHOMIYHMX OfMHMUIB 96.2 % imeHTH(diKOBaHO Ha piBHI IOP:AAKY, 85.7 % — Ha piB-
Hi popyay and 76.7 % — Ha piBHi pony. Cepep inenTudikoBaHux TakcoHiB 15 ¢in cranoBmmm 6axrepii, 1 — apxei.
Ha piBHi MiKpOOGHMX MOPSIAKIB BUAAB/IEHO 96 TAKCOHOMIYHMX OfVHUI, POANH — 167, poxiB — 214. Jlominyroun-
mu popmamu cepef BusiBieHuX i 6y npencrasHuKu Proteobacteria (65.7 %) ta Actinobacteria (20.5 %); mopsia-
ku — Burkholderiales (38.7 %) ta Pseudomonadales (20.1 %); poguau — Alcaligenacea (37.9 %), Pseudomonadaceae
(20.1 %); Gaiellaceae (5.7 %), Nitrososphaeraceae (4.2 %); pogu Achromobacter (31.5 %) Ta Pseudomonas (19.9%). 3a
HIOKAa3HMKaMU eKOIOTIYHNX iHeKCiB, B3HAYEHMX Ha OCHOBI pe3y/IbTaTiB KIaCHYHNX MiKpOOiOMOTiYHMX i MOTeKysp-
HO-6i0/IOTiYHMX METOJ[iB IOCTi/I)KeHb, BCTAHOBJICHO, 1[0 MiKPOOHNIT KOMIUIEKC IPYHTY XapaKTepU3yBaBCs BICOKIM
6iopisHOMaHITTAM, X04a mokasHuky innekcy lllennona (I = 5.36) ta Cimncona (I, = 0.87), BusHayeHi Ha OCHOBi
pe3y/IbTaTiB MeTORy IipOCeKBeHyBaHHsA, Oy/IY 3HAYHO BUINVIMI aHAJIOTTYHIX IIOKAa3HUKIB, BUSHAYCHUX KITaCUYHVMMU
Mikpobionoriuanmuy metogamu. Bucnosku. ITpotsirom oHToreHesy Beta vulgaris, y T. 4. 3aBAsKYM iHTEHCUBHOCTI IIPO-
IYKyBaHHs pOCTMHAMI KOPEHEBUX eKCYATIB, YMCeIbHICTb GaKTepiil Ta MiKpoMileTiB y pusocdepi pocius 36inbury-
Basmack. Lle cympoBomXyBalIoCh IepeposMOfiIoM CTPYKTYPHOTO CKIafy Ta 301/IbIIEHHAM PiSHOMAHITTs MiKpoopra-
HisMmiB (I = 5.36). BctanoBneHo, 1110 cepen izenTudikoBanmx 214 rakcoHomivHux oguuuub 10.1 % — dopmuy, 1o He
Ky/IbTUBYIOTbCS Ha MIOKMBHMX cepefoBuIax i 23.3 % — HexmacudikosaHi. I[IpoBeneHi JOCTiIKeHHS OKa3ay, 10
CTPYKTYpa MiKpOOHOTO KOMIIEKCY pr3ocdepu pOCINH Biobpakae 0cOOMMBOCTI IPYHTY i MOe OyTU BUKOPMCTaHA
AK iHEMKaTOp ekomoriyHoro crany. OTpyuMani pe3ynbrati (ki mpoBesieHi Biepiue B ymoBax Jlicocreny Ykpainu) mo-
IIMOJTIOIOTH 3HAHHA LIOJO iCTMHHYX MacIlTabiB IPYPOJHOrO FeHeTUYHOIO Pi3HOMAHITTA MiKpOOHMX KOMIUIEKCIB Ta
€ L[iHHNMM HafOGAHHAM U1l OOIPYHTYBAHHS IPAKTIIHIX IPOIIO3MLIIN 1100 GOpMyBaHHS e(eKTVBHIX aJAIITUBHIX
B3AEMOJIII ¥ CUCTeMI «pOC/IMHA-MIKPOOPraHi3MI» 3 METOIO 30epesKeHHsI TOMEeOCTa3y arpOeKOCUCTEM.

Kniouosi cnosa: memazenom, maxcoHoMiuHa CMpyKmypa, nipocekseHysanHs, mopdomunu, pusocdepa, 6ypsak
UYKPOBUL, OHIMO2eHe3, iIHOeKCU PI3HOMAHIMMA.
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