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A comparative analysis of number and diversity of microorganisms of main
physiological groups in typical chernozem in the main phase of the ontogeny of sugar
beet under different agrarian systems and methods of soil tillage is conducted. The
structure of different taxonomic groups and qualitative composition of the ecological
indices is shown.

Soil is the main reservoir and the natural habitats of microorganisms, which are
characterized by a wide specific and functional diversity [1]. The number, structural
organization and functional properties of the microbiota are the basic genofund at the
formation of soil, its structure and fertility [2]. According to the latest scientific data
of scientists’ microbiologists, the number of microorganisms in the soil can reach
several billion in 1 g of soil, and total biomass - up to 10 t/hectare.

Vital activity of microbiotain soil, its qualitative and quantitative structure, the
ratio of physiological groups of microorganisms is defined of soil conditions (soil
type, availability of nutrients, moisture, aeration, pH, temperature, etc.), biotic and
abiotic factors [3-5]. Anthropogenic factors have a considerably affect at the
microbial communities (type and norms of fertilizers, methods of soil tillage,
permanent cultivation of crops and crop rotation application, the use of plant growth
regulators, application of pesticides) [6].

It is known that the quantitative and qualitative composition of soil microbiota is
a sensitive indicator of agroecosystem condition and it reflects the degree of
anthropogenic impact. So it is used as a diagnostic indicator at an estimation of soil
ecological condition, which makes it possible to detect any changes of the ecosystem
at early stage [4, 6-8]. Thus, it is necessary to take into account major role of
microorganisms that have high sensitivity to environment changes and adaptive
sustainability and multifunctionality [7, 8]. Therefore, the researches of quantitative
and qualitative structure of microbial groups of anthropogenic modified
agroecosystems are necessary task for understanding the mechanisms of interaction
between the components of soil microbiota, the impact of soil environmental
factorson biological processes, soil properties, agrotechnical actions, agrarian systems
and soil management processes.

The object of research is to study the features of formation of the structure and
biodiversity of microbial complex in typical chernozem at the sugar beet cultivation
under various agrarian systems and methods of soil tillage in the main phase of
culture ontogeny.



Research methods. The researches of microbiota of typical chernozem are
conducted at the stationary field experiment of the department of agriculture and
herbology of NULES of Ukraine «Agronomic Research Station» in the forest-steppe
zone of beet-grain crop rotation. The sampling of soil was carried out from the top of
the arable root layer (0-20 cm) in the phase of coming-up of sugar beet (Beta
vulgaris) and in the phase of leaves closure in row-spasing.

The scheme of the experiment is included to study of 3 agrarian systems (AS)
and 2 soil tillage (ST), as a whole 6 variants of the experiment:

1) industrial AS - (control) - (application of 300 kg NPK of fertilizer, 12 tons of
manure per hectare of crop rotation, intensive application of chemical measures of
plants protection) + surface ST (cultivation of disk tools to a depth of 8-10 cm under
all crops rotation); 2) industrial AS + differentiated ST (to hold 6 times plowing on
different depth, 2 times the surface tillage under winter wheat after peas and corn
silage and 1 time - the tillage under barley, of crop rotation); 3) ecological AS
(application of 150 kg NPK of fertilizer, 24 tons of organic fertilizer (12 tons of
manure, 6 tons of non-commercial harvest, 6 tons of green manure crop mass) per
hectare of crop rotation, the use of chemical and biological plant protection agents on
the criterion of ecological and economic threshold of presence of harmful organisms)
+ surface ST; 4) ecological AS + differentiated ST; 5) biological AS (application
only organic fertilizers (24 tons), the use of biological measures of crop protection) +
surface ST; 6) biological AS + differentiated ST [9].

The number of microorganisms of the basic physiological and taxonomic groups
was determined by inoculation of soil suspensions on solid culture mediums [3]. The
qualitative structure of the microbial complex were studied on the basis of cultural
representation of morphological types [10]. The ecological indexes of Shannon,
Simpson and Berger-Parker were determined to the ecological condition of
microorganisms in the soil [11]. Statistical analysis of research results were
conducted in Ms Excel.

Results. Researches of microbiota of typical chernozem are established
significant changes in the formation of the number of basic physiological groups of
microorganisms that connected with the changes of soil nutrient regime and it
properties, which are caused by application of agrarian systems and methods of soil
tillage (table 1).



1. The number of physiological groups of microorganisms in typical chernozem in sugar beet ontogeny

Experiment variants
Physiological groups of L . 2 3 . 4 > . 0
microorganisms Sur. ST Diff. ST Sur. ST Diff. ST Sur. ST Diff. ST
Industrial AS Ecological AS Biological AS
million CFU/1 g. a.d.s.

Ammonifying 4,31+0,32 | 10,25+0,55 | 9,84+0,39 | 6,34+0,28 | 7,99+0,55 | 10,49+0,73
o | Nitrifying 6,34+0,28 | 9,68+0,85 | 13,86+0,85 | 9,03+0,27 | 11,62+1,09 | 11,59+1,37
?» Oligotrophic 8,21+0,84 | 9,10+0,74 | 16,56+£0,43 | 6,43+0,42 | 7,58+0,84 | 12,44+1,00
= Pedotrophic 7,73£t0,42 | 9,43+0,70 | 8,28+0,58 | 4,07£0,57 | 7,99+0,55 | 8,95+0,57
% Oligonitrofying 5,73£0,59 | 7,95+0,32 | 12,30+0,84 | 4,80+0,57 | 6,78+0,54 | 11,63+1,42
4 Phosphate immobilizing | 8,78+0,83 | 10,09+0,84 | 6,40+0,56 | 7,65+0,42 | 10,89+0,55 | 11,35+0,42
@ Streptomycetes 0,81+0,16 | 0,82+0,16 | 1,64+0,43 | 1,30+0,16 | 0,89+0,16 | 0,73+0,00
& Sporeforming 2,28+0,42 | 0,98+0,28 | 1,89+0,32 | 1,55+0,16 | 1,86+0,42 | 2,52+0,42
o Cellulolitic* 43,5+3,07 | 55,76+3,76 | 65,60+2,56 | 57,34+3,45 | 76,23+4,19 | 81,33+5,77

Micromycetes* 17,08+2,76 | 24,19+1,61 | 38,13+2,78 | 28,06+2,76 | 27,83£1,40 | 31,31+2,11
- Ammonifying 18,76+1,55 | 19,33+1,83 | 13,69+1,49 | 14,97+1,33 | 22,37+£1,58 | 15,23+0,67
o Nitrifying 16,47+2,24 | 15,83+1,22 | 10,94+1,67 | 21,17+1,47 | 28,91+1,61 | 21,51+0,41
2 Oligotrophic 5,95+1,10 | 7,08+1,03 | 7,27+1,08 | 6,05+0,46 | 23,07+2,12 | 4,71+0,53
< 2| Pedotrophic 21,2+1,72 | 18,95+0,65 | 14,91+2,08 | 18,61+1,86 | 28,79+2,10 | 14,68+0,81
§ § Oligonitrofying 8,62+0,83 | 13,32+1,72 | 8,57+1,17 | 17,30+0,55 | 26,16+2,00 | 7,77+0,46
E ; Phosphate immobilizing | 12,66+1,87 | 16,21+1,95 | 14,07+0,83 | 18,61+1,50 | 32,28+1,51 | 15,93+0,56
4 | Streptomycetes 1,60+0,26 | 0,68+0,26 | 0,99+0,15 | 0,39+0,15 0,00 1,88+0,27
Q Sporeforming 5,80+0,54 | 5,33+0,15 | 4,59+0,52 | 3,26+0,26 | 5,81+0,26 | 3,22+0,41
& Cellulolitic* 40,79+5,23 | 51,74+£3,95 | 61,18+2,70 | 54,68+3,72 | 73,14+4,55 | 78,50+4,07
o Micromycetes* 16,01+2,59 | 22,45+2,69 | 3556+3,43 | 26,76+3,48 | 26,70+1,31 | 30,22+3,35

* - thousand CFU/1 g. a.d.s.




In the phase of coming-up of culture the number of bacteria of a large part of the
main physiological groups is increased at the application of biological and ecological
AS in comparison with the industrial. Thus, the number of oligotrophic microbiota is
increased by 15,6 and 32,8 % (at the application of biological and ecological AS, as
compared to industrial), ammonifying — by 26,9 and 11,1%, nitrifying - by 44,9 and
42,9 %, oligonitrofying - by 34,5 and 24,9 %, sporeforming - by 34,2 and 5,2 %,
cellulolitic - by 58,7 and 23,8 %, micromicetes - by 43,3 and 60,4 % respectively.
The number of phosphate immobilizing microorganisms is grew to 17,9 % at the
biological, and to 80,1 % at the ecological AS as compared with industrial AS. This
indicates that favorable conditions for the optimal functioning of soil microbial
coenosis creates at the use of organic matter (manure, crop remnants, green manure)
due to the application of biological and ecological AS. The number of pedotrophic
microbiota, however, was raised in the conditions of application of industrial AS, due
to their trophic specificity and lack of interspecific competition.

The method of soil tillage also had a significant impact on the quantitative
composition of the soil microbial complex. Thus, the number of a large part of the
physiological groups of microorganisms was increased at the surface ST by 1,8-19,2
% as compared to differentiated ST (except ammonifying, phosphate immobilizing
and cellulolitic microorganisms, whose number was decreased by 4,7 — 18,3 %) at the
beginning of sugar beet vegetation, that testifies to increase of intensity of
mineralization processes of nitrogen-containing compounds. Soil tillage had no
impact on the number of micromicetes.

In the phase of leaves closure in row-spasing the number of ammonifying,
nitrifying (except variant ecological AS + surface ST), oligonitrofying (except
ecological AS + surface ST and biological AS + differentiated ST), phosphate
immobilizing, pedotrophic, sporeforming microorganisms was increased in 1,28-5,41
times. The number of micromicetes, cellulolitic microorganisms, however, was
decreased by 3,5-7,2 %, oligotrophic (except biological AS + surface ST) and
streptomycetes (except industrial AS + surface ST) - by 22,2-70,2 %. This results
from the fact that the soil microflora (including the influence of plant exudates),
processes of transformation of organic substance becomes more active in active
vegetation of plants.

In general, the total number of all microorganisms in soil layer 0-20 cm during
culture vegetation was the highest at the biological AS. Thus, the total number of
microbiota at this AS in phase of coming-up of culture was on 20,4 % higher than at
the ecological and on 40,2% than at the industrial AS, in the phase of leaves closure
In row-spasing— on 43,5 and 51,6 % respectively. Application of differentiated ST is
promoted to increase the total number of all microorganisms of the soil in the
beginning of sugar beet vegetation by 2,2%, in the period of active vegetation - by
18,0 %. That is, the application of this agrarian measures are increased the content of
readily available organic compounds that can be a source of energy for soil
microbiota.

Analysis of the qualitative structure of the soil bacterial and fungal microflora at
the application of various agrarian systems and methods of soil tillage has shown



significant differences of the number of identified morphotypes and the structure of
distribution of dominant forms of microorganisms (fig. 1, 2).
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Fig. 1 The qualitative structure of microbial complex in typical chernozem

Thus, more diversity of morphotypes in the phase of coming-up was at the
application of biological and ecological AS, the number of bacteria in which was
higher by 27,5 and 24,5 %, as compared with the industrial AS, micromycetes —
respectively by 61,8 and 50,0 %. There was a redistribution of microbial coenosis
structure in the phase of leaves closure in row-spasing: the total number of
morphotypes of bacteria was the largest at the biological AS (it is increased by 36,9
% in comparison with the beginning of vegetation), and the diversity of micromicetes
was decreased (by 66,7%). Thus, the total number of bacterial morphotypes at the
beginning and in the middle of culture vegetationwas higher by 43,2 and 14,0 % at
the application of surface ST in comparison with the differentiated ST, while the
number of micromicetes was decreased by 29,3 and 8,7 %. The largest share of the
microbiota were morphotypes that «often occur» (50,0-94,4 % were in the phase of
coming-up and 6,7-84,0 % were in the phase of leaves closure in row-spasing), the
share of «other» morphotypes in the phase of active vegetation of culture were 17,6-
56,5 % (except experiment variant ecological AS + surface ST and in the phase of
coming-up at which they were outside of detection).

The analysis of dominant morphotypes has been carried out to the estimation of
a microbic complex. This list of the dominants is one of representative indicators of
taxonomic structure of microbial systems, closely connected with the formed type of
agroecosystems [6]. There were found 4 dominant forms of bacteria, 9 dominants of
micromicetes in the phase of plants coming-up. In the phase of leaves closure in row-



spasing it was a redistribution of structure of dominant by the increasing of the
bacteria number to 9 units and reducing of micromycetes to 6 units.This is indicate at
the impoverishment of bacterial diversity by increasing the level of dominance and
enrichment of micromycetes during the active crops vegetation. The largest number
of dominant micromicetes(4 pcs.) was found in the experiment variant industrial AS
+ surface ST at the beginning of vegetation. It is testifies to formation of a
homogeneous microbial complex of typical chernozem with a high degree of
dominance of fungal microflora. Distribution of bacterial morphotypes was uniform
(2 pcs.) except variant of industrial AS + surface ST (1 pcs.). The most micromicetes
were found at the surface ST during the active vegetation of culture. It should be
noted that a dominant position in all experiment variants in phase of coming-up was
the morphotype number of 1 of bacterial microflora (except ecological AS + surface
ST), and in the phase of leaves closure in row-spasing was morphotype number of 2
of fungal microflora (fig. 2).
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Fig. 2. Distribution of dominant morphotypes of fungal and bacterial
microflora of chernozem typical at various agrarian measures

The magnitude of the Shannon index is established that favorable conditions for
the functioning of microbiota were created in the soil during the vegetation at the
biological AS, besause there were the highest indicators of microflora biodiversity at
this agrarian system (by 1,1-20,5 % more than at the ecological and industrial AS)
(Fig. 3). Application of surface ST also contributes to increase the biodiversity of
microbiotaby 5,2-6,0 %, compared with the differentiated ST, due to the localization



of organic residues and fertilizers in the soil layer. However, the micromycetes
diversity was decreased by 21,2 % in the phase of coming-up of culture at the
application of this ST due to the peculiarities of their metabolism.

The increase of Simpson index of micromicetes in phase of coming-up (0,12) at
the application of industrial AS with the surface ST and bacteria in the phase of
leaves closure in row-spasing (0,16) at the industrial AS with the differentiated ST
are indicated to decrease of biodiversity in the soil. It is necessary to notice that there
are existed a clear inverse relationship between the indexes of Shannon and Simpson
that testifies to formed systems of microbial communities.

The greatest domination index of Berger-Parker was discovered at the industrial
AS, while at the beginning of the biodiversity it was lower at the surface ST and
during the active vegetation - at the differentiated ST. Between Berger-Parker's index
and Simpson's (r = + 0,55-0,93) and Shennon’s indexes (r = - 0,59-0,97) were existed
the close correlation, which is confirmed previously obtained results. That is, the
greatest diversity of bacterial and fungal microflora with the lowest degree of
dominance of one species was discovered at the biological AS.
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Fig. 3. Ecological characteristics of chernozem typical at the sugar beet
cultivation

Conclusions. Thus, the number, the quality, the structure and the ratio of
various physiological groups of soil microorganisms depends on the number, type of
fertilizers (organic, mineral) and soil tillage. Applying of considerable quantity of



mineral fertilizers leads to qualitative and quantitative changes in the microbial
complex of typical chernozem, that is accompanied by a simplification of trophic
connections and biodiversity decrease. Application of biological AS promotes
compensation of basic nutrients of organic nature thanks to receipt of organic
fertilizers. It is cause the activation of microbiological activity of the soil by
increasing abundance and biodiversity of the microbiota, expansion of the trophic
connections of microbial cenosis and, ultimately, the formation of homeostatic
microbial biomes of soil ecosystems.
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10.11. Mockaneeckan, H.B. Ilamuvika
DyHKyuoHanIbHOE PA3HOOOPA3UE MUKPOOUOMBL YEPHO3EMA MURUYHO20 NPU
GbIPAUUGAHUN CAXAPHOU CEEKIIbl
Knwueevie cnoea: MmuxpoopeanHusmvl, Caxapuas C8eKl1d, YepHO3eM
MUNUYHBLU, CUCMeMbl 3eMaedentst, 00pabomrka no4evl
Mukpobouoma—  uHOUKAMOp  COCMOSHUSL ~ IKOCUCMEMbl,  USMEHEHUs.
KOJIUYECMBEHHO20 U KAYeCmMBEeHHO20 COCMAB8A KOMOPO20 YKA3bl8aem HA CMENeHb
8030elicmeuss OUOMuUYecKux, adUOMU4ecKux U aHmMpPONO2eHHbIX (HaKmopos Ha
COCMOsIHUE NOYBEHHOU IKOCUCEMbL 8 YeloM. Ycmanogneno, umo npu eHeceHuu
SHAYUMENbHO20 — KOAUYEeCMmBd  MUHEPAIbHbIX — YOOOpeHUull  yMeHbUAemcs
YUCTIEHHOCb,  OUOPA3HOOOPA3USl, UBMEHAEMC KAYeCMBEHHbIll CcoCmas U
COOMHOULeHUE DPATUYHBIX (DUIUOTIOSUHLECKUX SPYNN MUKPOOP2AHUSMOS. 3a cuem
8HeCceHUsl Op2aHUuyecKux Y0obpeHull npoucxooum ONMUMUIAYUS
MUKDPOOUONO2UHECKOU O0essmelbHOCMU NO48bl U  OPMUPYVIOMCS  YCMOUYUBbLE
2omeocmamuyiecKkue cucmem MUKpoOHbIX YeHO308.

IO.11. Mockaneecoxa, M.B. Ilamuka
DynkuyionanvHe PizHOMAHIMMA MIKPOOIOmMU YOPHO3EMY MUNOBO20 NPU
GUPOULYBAHHI OYPAKA UYKPOBO20
Knwuoei cnoea: mikpoopeanizmu, 0ypsK yykKposuil, 4YOpHO3eM MUNOBUL,
cucmemu 3emaepoocmaea, 0OpobImMoK IpyHmy
Mixpobioma — iHOukamop Ccmaumy eKocucmemu, 3MIHA KIIbKICHO20 |
SAKICHO20 CKAa0y 5KO20 6KA3YE HA CMYNIHb GHAUBY OIOMUYHUX, ADIOMUYHUX |
AHMPONO2eHHUX (akmopie Ha Ccmaw IPYHMOBOI eKocucmemu  BYiIoMY.
Bcmanosneno, wo npu emecenmni 3naumoi KinbKocmi MiHepanrbHux 000pus
3MEHULYEMbCS  YUCETIbHICMb, OIOPIZHOMAHIMMSL, 3MIHIOEMbCS SAKICHUL CKAAO0 |
CNiBBIOHOWEHHS. DI3HUX (DI3I0N02TYHUX 2PYN  MIKPOOp2aHizmMie. 3a paxyHOK
BHECEHHSI OpP2AHIYHUX 000pu8 8i00Y8aAEmMbCs Onmumizayis MIKpoOion02iyHol
OisIbHOCMI IPYHMY 1 QOPMYIOMbC CMIUKI 20Me0CMamu4ti cucmemu MiKpoOOHUX
YEHO3I8.



