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The aim of the work was to determine the quantitative, qualitative composition and taxonomic struc-
ture of the eubacterial complex in the rhizosphere of sugar beet under different fertilizer systems.

Microbiological methods were used to determine the content of microorganisms in the rhizosphere of
sugar beet. Molecular methods were used to determine taxonomic structure as well as metagenome of the
eubacterial complex of microorganisms.

In the agrocenosis of sugar beet under different fertilizer systems the representatives of such families
as: Alcaligenaceae, Pseudomonadaceae, Nitrososphaeraceae, Gaiellaceae, Micrococcaceae,
Solirubrobacteraceae, Streptomycetaceae, Intrasporangiaceae, Solimonadaceae, Syntrophobacteraceae,
Xanthomonadaceae, Enterobacteriaceae, Nocardioidaceae, Hyphomicrobiaceae, Comamonadaceae. 1t
was found that under the biological system of fertilizers the species diversity of soil microbiota increased
due to phyla: Alcaligenaceae, Gaiellaceae, Solirubrobacteraceae, Streptomycetaceae, Solimonadaceae,
Syntrophobacteraceae, Xanthomonadaceae, Enterobacteriaceae, Nocardioidaceae, Hyphomicrobiaceae,
Hyphomicrobiaceae.

Besides, it was detected that the basis of the eubacterial complex of sugar beet included representa-
tives of phyla Proteobacteria, Actinobacteria, Gemmatimonadetes, Chloroflexi, Acidobacteria, Firmicutes,
Planctomycetes, Verrucomicrobia, Bacteroidetes, and the absolute dominants were Proteobacteria —

76.9% , Actinobacteria — 13,4%.
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Soil microbiota is a determining factor in
the processes of transformation and metabolism
of nutrients, and therefore the formation of
a high productivity of plants depends on its
qualitative composition [1]. Accordingly, in
soil agroecosystems, the ratio between the
main phylum and families of soil microbiota
is the main determinant of ecological balance
and an indicator of effective formation of soil
fertility [2]. The relevant data obtained by our
scientists showed that the formation of soil
was influenced significantly by the diversity
of soil microorganisms, their structural
organization and number [3]. This is why the
presence of certain microbial populations in the
soil may indicate the direction of the course of
microbiological processes in it [4, 5]. Therefore,
the homeostasis of agrocenosis directly depends

on the presence of soil microorganisms, which
in turn can offset the impact of harmful
anthropogenic load. Although in the process
of interaction of excitatory factors of
anthropogenic load, the microbiota in turn
responds with changes in the dominant species
of microorganisms. From the other hand, such
changes in the microbiocenosis can serve as an
indicator of the ecological state of the soil [6, 7].

Classical methods of studying the diversity of
soil microbiota are widely used in microbiology,
but they enable to identify only a slight range
from 0.1 to 10% of the total representation for
the soil microorganisms [8, 9]. However, the
use of molecular biological methods to study
the complex of soil microorganisms allows to
determine the course of microbiological processes
in multicomponent ecosystems, regardless of
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the possibility to cultivate the certain species
of microorganisms [10] and to quantify the
prevalence of certain taxa[11].

Materials and Methods

Studies of the eubacterial complex of the
rhizosphere of sugar beet (Beta vulgaris) were
conducted over 2016—-2019 years at the Bila
Tserkva research and the selection station of
the Institute of Bioenergy Crops and Sugar
Beet (IBC&SB) NAAS during the period of the
active vegetation.

To identify the state of the soil microbiota
and the course of the main microbiological
processes, the generally accepted methods in
soil microbiology were used [12, 13].

The microbiological analyzes were
performed with the selection of 10 g of soil
from each variant of the experiment. The
experiments were performed in triplicate. The
samples were transferred into sterile mortars
and microorganisms were dispersed by the
Zvyagintsev’s method.

The number of microorganisms was
determined by sowing the soil suspension on
nutrient agar medium GPA. Establishment
of the structure of microorganisms and
their qualitative composition was performed
according to morphological and cultural
properties by microscopy of the fixed
samples [14].

The scheme of the experiment on sugar beet
fertilization provided application of different
options for organic and mineral fertilizers
treatment (Table 1).

The diversity of soil microbiota was
determined by Shannon and Simson diversity
indices and Chaol saturation (comparison of
the predicted number of operational taxonomic
units (OTUs) by sampling parameters with
the number of experimentally detected in the
samples) [15].

For the analysis of taxonomic structure
and metagenome, nucleic acids were isolated
from soil microorganisms using the method
of pyrosequencing with the following
stages: creation of a library with fluorescent
primers, double purification of PCR product,
pyrosequencing, analysis of nucleotide
sequence, determination of taxonomic
structure and their comparative analysis [16].

Each experiment was tested in triplicate.
Statistical analysis of experimental data
was conducted by the method of analysis of
variance using computer software Excel and
Statistica — 10[17].

Results and Discussion

By studying the peculiarities of the
formation of the eubacterial complex of
sugar beet rhizosphere under the influence
of different fertilizer systems in all variants
of the experiment there were identified
the most common representatives of phyla
such as Proteobacteria, Actinobacteria,
Gemmatimonadetes, Chloroflexi, Acidobac-
teria, Firmicutes, Planctomycetes, Verruco-
microbia, Bacteroidetes.

Subjecting to analysis the average
representation of the identified phyla, the most
common were the following: Proteobacteria —
76.9%, Actinobacteria — 13.4%,
Firmicutes — 1.2%, Acidobacteria — 1.1%,
Gemmatimonadetes — 0.8% , Chloroflexi —
0,8% , and the share of other phyla was 5.0%
(Fig. 1).

The use of different fertilizer systems
had an effect on the change in the ratio of
different phyla representatives. Thus, among
large phyla on the variants of the biological
fertilizer system, the share of Proteobacteria
increased to 78.7%, and the number of
representatives of Actinobacteria increased
to 14.5% compared to the control variant,

Table 1. Sugar beet fertilization system in short-rotation of crop rotation

No | System variant Basic fertilizer Pre-sowing fertilizer Fertilizers for
fertilization vegetative growth
1 Biological Crop residues of wheat (8—10 t/ha) Seed treatment with Quantum-HUMAT,
+ Biohumus (vermicompost) biofertilizer Vermisol 0.71/ha
«ECOCHUDO» 1 000 kg/ha 101/t
2 Ecological Crop residues of wheat (8—10 t/ha) Seed treatment with -
+ N90P60K90 biofertilizer Vermisol
101/t + for cultivation
Nb55
3 Industrial P90K120 Under cultivation For revitalization
N120P30K40 N120P20K30
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for which these indicators were 75.2 and
12.1% respectively. Similar growth results
were observed in the variant of the ecological
fertilizer system, which is most likely
because of the activation of microorganisms
responsible for the biological fixation of
nitrogen and the decomposition of organic
matter in the form of plant residues.

In the study of the metagenome of
prokaryotes of the rhizosphere of sugar
beet under different fertilizer variants, the
dominance of such orders as Burkholderiales and
Pseudomonadales was established. Differences in
the structure of the dominant and subdominant
orders depending on the system of sugar beet
fertilization are shown in Fig. 2.

The application of biological and ecological
fertilizer systems contributed to the increase
in the number of representatives of the
Burkholderiales order to 46.8% and 45.5%,
while reducing the number of representatives of
the Pseudomonadales order to 22.6 and 23.6% .

In general, subdominants include the
following orders: Gaiellales, Actinomycetales,
Solirubrobacterales, and Acidimicrobiales.
The largest number among the subdominant
was registered for representatives of
Solirubrobacterales orders.

It was also found that the share
of representatives of such orders as
Acidimicrobiales and Clostridiales in the
structure of soil microbiota was higher

Fig. 1. Distribution of the main bacterial phyla of the microbial complex of the rhizosphere of sugar beet
under different fertilizer systems

Fig. 2. Structure of dominant and subdominant orders of sugar beet rhizosphere prokaryotes
under different fertilizer systems
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when using the industrial system of sugar
beet fertilization in comparison with the
biological and ecological systems. The
use of ecological and biological fertilizer
systems has contributed to the growth of the
number of representatives of such orders
as Actinomycetales, Xanthomonadales,
Myxococcales, Rhodospirillales, Rhizobiales,
Bacillales, Gaiellales, and Sphingomonadales.

The results of the study of the prevalence of
eubacterial complex families under different
sugar beet fertilization systems are shown in
Table 2.

It was established that such families
as Alcaligenaceae and Pseudomonadaceae
were dominant in sugar beet seedings using
different fertilizer variants. Moreover, under
the industrial fertilizer system the share of
members of the family Pseudomonadaceae was
the highest, and with the use of biological and
ecological systems it was decreased, while the
share of members of the family Alcaligenaceae
on the contrary was increased.

Accordingly, it can be affirmed that
under the biological and ecological systems of
fertilizers there was a decrease in the number
of representatives of Pseudomonadaceae
and Nitrososphaeraceae and an increase
in the number of members of the families
Alcaligenaceae, Streptomycetaceae,
Xanthomonadaceae, Enterobacteriaceae,
Nocardioidaeaceae.

According to the results of the research, the
indices of diversity of the eubacterial complex
under different sugar beet fertilization
systems were calculated (Table 3).

It was determined that the Chaol saturation
index was greater than the number of identified
operational taxonomic units (OTUs), and
depending on the variant of the experiment
Chaol exceeded this indicator from 5.82 to
6.18 times. The identified differences between
the Chaol index and OTUs indicate really high
levels of biodiversity of the eubacterial complex
compared to the identified metagenome.

The greatest diversity of prokaryotes
according to the Shannon index was in the
biological fertilizer system — 4.98, and the
least — in the industrial version of sugar beet
fertilization. Thus, the use of organic fertilizers,
compared with mineral ones, contributed to the
formation of a variety of bacteria.

The investigations have shown that the ba-
sis of the eubacterial complex of sugar beet were
representatives of the phyla Proteobacteria,
Actinobacteria, Gemmatimonadetes,
Chloroflexi, Acidobacteria, Firmicutes,
Planctomycetes, Verrucomicrobia,
Bacteroidetes. The absolute dominants
were representatives of bacterial phyla
Proteobacteria — 76.9% , Actinobacteria —
13.4% . The application of molecular methods of
analysis enabled to determine that in the agro-
cenosis of sugar beet under different fertilizer

Table 2. Prevalence of eubacterial complex families under different sugar beet fertilization systems, %

Family Industrial Biological Ecological
Alcaligenaceae 41.20 45.63 42.35
Pseudomonadaceae 32.80 24.56 31.00
Nitrososphaeraceae 3.02 2.83 2.99
Gaiellaceae 2.66 2.82 2.54
Micrococcaceae 1.45 1.40 1.47
Solirubrobacteraceae 0.91 1.29 0.84
Streptomycetaceae 7.05 7.23 7.11
Intrasporangiaceae 0.63 0.60 0.65
Solimonadaceae 0.42 0.61 0.33
Syntrophobacteraceae 0.40 0.58 0.24
Xanthomonadaceae 0.51 0.68 0.53
Enterobacteriaceae 0.31 0.43 0.35
Nocardioidaceae 0.28 0.64 0.55
Hyphomicrobiaceae 0.25 0.58 0.39
Comamonadaceae 0.17 0.76 0.39
Others 8.11 10.12 8.66
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Table 3. Variety of eubacterial complex under different sugar beet fertilization systems

Fertilizer system Number of OTUs Chaol Index Shannon Index Simson Index
Industrial 189 1167.34 4.11 4.11
Biological 224 1304.23 4.98 4.98
Ecological 205 1 248.66 4.43 4.43

systems, the predominant distribution included
representatives from families Alcaligenaceae,
Pseudomonadaceae, Nitrososphaeraceae, Gaiel-
laceae, Micrococcaceae, Solirubrobacteraceae,
Streptomycetaceae, Intrasporangiaceae, Soli-
monadaceae, Syntrophobacteraceae, Xantho-
monadaceae, Enterobacteriaceae, Nocardioida-
ceae, Hyphomicrobiaceae, Comamonadaceae.
The use of a biological fertilizer system is ac-
companied by an increase in the species diversity
of soil microbiota due to phyla Alcaligenaceae,
Gaiellaceae, Solirubrobacteraceae, Streptomyce-
taceae, Solimonadaceae, Syntrophobacteraceae,
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®OPMYBAHHS EYBAKTEPIAJBHOI'O
KOMIIJIEKCY PU30C®EPHU IYKPOBUX
BYPARIB (Beta vulgaris) 3A PISHUX
CHUCTEM YOOBPEHHSA

C.0.T'y03v, JI. M. Ckiska

KuiBcbKuit HaIliOHANBHUI YHiIBEPCUTET
imeni Tapaca [IleBuenka,
HHIT «IucturyT 6iosorii Ta Mmegunuam » ,
Ykpaina
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MeToio poboTu 6yJI0 BUSHAUUTY KiJIbKicHUIA Ta
AKiCHUI CKJIaJ i TAKCOHOMIUHY CTPYKTYPY ey0aK-
TepiaJbHOTO KOMILIEKCY B pudocdepi IIyKpoBux 0y-
PAKiB 3 BUKOPUCTAHHSIM Pi3HUX CUCTEM YI00OPEHH.

MikpobiosoriuHuMu MeTomaMu BU3HAUAIU
BMicT y pusocdepi ykpoBux 0ypsakiB MiKpoop-
raHi3MiB, a MOJIEKYJAPHUMU — TaKCOHOMIUHY
CTPYKTYPY Ta MeTareHoM ey6aKTepialbHOTO KOMII-
JIeKCY MiKpoopraHismis.

B arpomeHos3i IHyKpoBHMX OYpPAKiB
3a pisHHX cucTeM YyAOOpeHHA IIepeBaiK-
He IOIIMPEHHSA MaJu IIPeJCTaBHUKHU PO-
nuu Alcaligenaceae, Pseudomonadaceae,
Nitrososphaeraceae, Gaiellaceae, Micrococcaceae,
Solirubrobacteraceae, Streptomycetaceae,
Intrasporangiaceae, Solimonadaceae,
Syntrophobacteraceae, Xanthomonadaceae,
Enterobacteriaceae, Nocardioidaceae,
Hyphomicrobiaceae, Comamonadaceae. Ioci-
IKeHOo, 10 3a 0iojoriuHoi cucTeMu yHZOOpPeHH:
30imBIIyBaSIOCh BUOBE Pi3HOMAHITTA MiKpO-
OioTu I'pyHTY 3a paxyHoK (Qimx: Alcaligenaceae,
Gaiellaceae, Solirubrobacteraceae,
Streptomycetaceae, Solimonadaceae,
Syntrophobacteraceae, Xanthomonadaceae,
Enterobacteriaceae, Nocardioidaceae,
Hyphomicrobiaceae, Hyphomicrobiaceae.

Bcranosiieno, 110 OCHOBY ey0aKTepiaJbHOTO
KOMILJIEKCY IIyKPOBUX OYPAKIiB CTAHOBUJIU MIPEJ-
craBHUKU Qinm Proteobacteria, Actinobacteria,
Gemmatimonadetes, Chloroflexi, Acidobacteria,
Firmicutes, Planctomycetes, Verrucomicrobia,
Bacteroidetes, a abCOJIOTHUMU JOMiHaHTaAMU

oyau: Proteobacteria — 76,9% , Actinobacteria —
13,4%.

Knwuosi cnosa: r'pyHToBa MiKkpobiora, cucremMu

ynoOpeHHsA, MeTareHoM, IIipOCeKBeHYBaHHA,
pusocdepa.
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ITenpio paboThl OBIJIO OMPENESUTH KOJUYEe-
CTBEHHBIN U KAQUEeCTBEHHBIN COCTAB, a TaKKe TaK-
COHOMHUYECKYIO CTPYKTYPYy 5yO0aKTepualbHOTO
KOMILJIeKca B pusochepe caxapHOIl CBEKJLI IPU
MCIOJIb30BAaHUY PA3JINUHBIX CUCTEM YAOOpEeH! .

Murpo61oJIOTHYeCKIMU METOJaMU OIIpeje-
JISLIIN COZlepIKaHIe B pusochepe caxapHOM CBEKJIbI
MHUKPOOPTaHU3MOB, a MOJEKYJIAPHBIMI — TaKCO-
HOMHUYECKYIO CTPYKTYPY U MeTareHoM sy0aKTepu-
aJIbHOT0 KOMILJIeKCa MUKPOOPTaHI3MOB.

B arporeHo3ax caxapHO¥W CBEKJIBI IPU pas-
JUYHBIX CHUCTEeMaX yAOOpPeHUs IPerMYyIlecTBeH-
HOe pacIpoCTpaHeHMNe HMeJIN MIpPeICTABUTEeJIN
cemeii Alcaligenaceae, Pseudomonadaceae,
Nitrososphaeraceae, Gaiellaceae, Micrococcaceae,
Solirubrobacteraceae, Streptomycetaceae,
Intrasporangiaceae, Solimonadaceae,
Syntrophobacteraceae, Xanthomonadaceae,
Enterobacteriaceae, Nocardioidaceae,
Hyphomicrobiaceae, Comamonadaceae. [lokasaHo,
YTO IPU OMOJIOTUUECKOM cucTeMe ya00peHUs yBe-
JUYUBAJIOCH BIIOBOE Pa3HOOOpasmne MUKPOOUOTEI
mOuBHI 3a cuetT ¢u: Alcaligenaceae, Gaiellaceae,
Solirubrobacteraceae, Streptomycetaceae,
Solimonadaceae, Syntrophobacteraceae,
Xanthomonadaceae, Enterobacteriaceae,
Nocardioidaceae, Hyphomicrobiaceae,
Hyphomicrobiaceae.

YcTaHOBJIEHO, UTO OCHOBY 9ybOaKTepUaib-
HOTO KOMILJIeKCa CcaXapHO#l CBEKJLI COCTaB-
asgau nupepcraBsurtenu dua Proteobacteria,
Actinobacteria, Gemmatimonadetes, Chloroflexi,
Acidobacteria, Firmicutes, Planctomycetes,
Verrucomicrobia, Bacteroidetes, a abCOJIOTHBIMU
moMuHaHTamMu Owvliu: Proteobacteria — 76,9%,
Actinobacteria — 13,4%.

Knwuesvie cnosea: mnouBeHHas MUKpoOOHMoOTa,
CHUCTeMbI yI00peHMUs, MeTareHoM, IHUPOCEeKBEHU-
poBaHue, pusocdepa.





