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Features of Changes in the Number
and Composition of the Microbiome of the Rhizosphere
of Winter Wheat in the Process of Ontogeny

Abstract. In agroecosystems, microorganisms are the main factor in the soil formation process,
plant nutrition and phytosanitary condition of the soil. All measures aimed at restoring soil fertility
and increasing productivity, environmental safety of agricultural production, are closely related to
the activity of microorganisms. Increased local activity, biomass and diversity of microbiota are one
of the most important characteristics that distinguish the rhizosphere from the total soil volume.
The purpose of the research was to study the number and composition of the microbial complex
of the rhizosphere of grain crops (winter wheat of different varieties of domestic selection) in the
process of ontogenesis. To conduct a set of microbiological studies, soil samples (typical chernozem)
were selected and prepared in compliance with standard requirements for sample preparation and
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storage in laboratory conditions. Analysis of rhizosphere soil samples was carried out on variants of
different varieties of winter wheat of domestic selection. The number of soil microorganisms was
determined by seeding suspensions on nutrient media according to generally accepted methods
in microbiology. The determination of the total microbial biomass in the soil was carried out by the
rehydration method, and the intensity of soil “breathing”, in terms of CO, release and O, absorption,
was determined by the manometric method (Warburg apparatus). It was found that winter wheat
varieties affected the formation of the microbiome of typical chernozem. The number and composition
of the microbial complex of the rhizosphere of winter wheat in the process of ontogenesis changes
significantly, especially in terms of the ratio of the number of spore-forming and non-spore forms
of microorganisms under the same conditions of agricultural technology for growing crops. The
rhizosphere’s total pool of saprotrophic microorganisms shows biomass variability and changes in
favour of ecoplastic bacilli. An increase in the number of spore-forming bacteria to 4.2 x 10’ CFU/g
was found in the variants of cultivation of certain varieties. Cultivation of different varieties of winter
wheat demonstrates stable indicators of CO, emission intensity — from 5.2 to 7.0. A similar trend can
be traced in the absorption rate of O, (no more than 5.3-6.8)

Keywords: soil microorganisms, microbial biomass, varietal specificity, the intensity of CO,

emission, dynamics of O, absorption, spore-forming bacteria

RELEVANCE

The microbiome is multifunctional and par-
ticipates in soil formation, plant nutrition and
determines the phytosanitary status of the soil.
Microorganisms respond quickly to changes in
environmental conditions and at a good ecolog-
ical status of the soil is accompanied by restruc-
turing in the microbial cenosis and its function-
al activity, and at a bad - leads to unpredictable
consequences and death of certain groups of mi-
croorganisms. While adapting to new conditions
of habitat, microbial cenosis shows resistance
to them or irreversibly changes its functional
properties, which affects soil fertility (Bulyhin,
Tonkha, 2019). Agricultural technologies directly
or indirectly affect the activity of microorgan-
isms (Patyka, Tonkha et al.,, 2019; Gadzalo, Patyka,
Zarishnyak, 2015; 2019).

The diversity and structure of the bacterial
complex in the rhizosphere is highly differen-
tiated depending on the genotype of the plant,
the type of soil, the level of agriculture, as well as
the characteristics and morphology of the root
system of plants (Berg, 2009). Thus, the level of
genetic potential that determines the formation
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of plant-microbial systems, the effectiveness of
symbiosis, the availability of nutrients and the
likelihood of pathogenic infection depends on
the plantvariety, the group of rhizosphere micro-
organisms. The system of controlling the num-
ber of microorganisms is commonly known to be
dominated by a specific microbiome that com-
petes and exhibits biological activity (for exam-
ple, antagonistic to plant pathogens). Thus, the
ability of spore-formingbacteria of the genus Ba-
cillus to neutralise phytopathogenic organisms
may also be determined by both the high rate of
occupation of their ecological niche in the rhiz-
osphere and the biosynthesis of antibiotic sub-
stances and other antifungal metabolites (Olan-
rewaju, Glick et. al, 2017, Chebotar et al., 2009).

The plant rhizosphere is a unique soil envi-
ronment, the distinctive feature of which is the
constant supply of low molecular weight com-
pounds in the form of root exudates. A large
amount of active microbiota is maintained in
the rhizosphere, the biomass and polymor-
phism of which can be higher by several orders
of magnitude than in the total arable soil layer.
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Long-term experimental material on the diverse
importance of soil microorganisms in the ontog-
eny of higher plants has been accumulated. The
rhizosphere of plants is a promising environ-
mental resource for the search for new univer-
sal agents of microbial preparations that create
a powerful basis for high-tech biotechnological
developments for the formation of plant-micro-
bial interactions in agricultural crops. With the
further development of comprehensive scientif-
ic research, the main focus is on both processes
occurring in the rhizosphere and those related
to human activity, especially agricultural pro-
duction (Patyka, Tonkha et al., 2018; 2019). The
data on the specific features of changes in the
number and composition of the microbiome of
the rhizosphere of cereals (winter wheat) in the
process of ontogeny should be expanded with
regard to the available varieties of winter wheat.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
Today, the mechanisms of colonisation of plant
organisms by microorganisms and the interac-
tion of bacteria with them, which positively af-
fect the growth and development of the plant,
contribute to the process of mineral nutrition,
protection against pathogens, etc. have already
been established (Moshynets, Kosakivska, 2010).
However, the rhizosphere microbe of cultivated
plants is still insufficiently studied. At present,
studies of the microbiome of the winter wheat
rhizosphere, and the properties of the dominant
species of soil microorganisms are of particular
relevance. It is possible to thoroughly investigate
the processes that occur in a particular environ-
ment (for example, the activity of mineralisation
processes in the presence of spore bacteria or
mineralisation of organiccompounds, the availa-
bility of organicnitrogen, high enzymatic activity,
changes in aeration conditions, etc.) Different
variants of cereal crop cultivation and their
varietal diversity reveal both quantitative

%)

differences in the representation of cer-
tain types of microorganisms and qualitative
changesin the composition of the microbiome.

Increased local activity, biomass and diver-
sity of microbiota are one of the most important
characteristics that distinguish the rhizosphere
from the total soil volume. The rhizosphere is
characterised by a large number of nutrient sub-
strates used by soil bacteria. Soil bacteria are
able to competitively colonize plant roots and
can be either biofertilisers or antagonists (the
basis of microbial preparations) or both. Thus,
the diversity of spore bacteria that dominate in
agrocenoses directly or indirectly determines
the processes of formation of productive bio-
mass of cultivated plants - yield (Mandic-Mulec
et. al, 2015; Patyka, Bublik et. al, 2015).

The soil prokaryotic complex is mutually
beneficial for plants due to various mechanisms
of interaction, in particular, through optimisa-
tion of nutrient supply to plants, antagonism to
other microorganisms, especially pathogens,
synthesis of growth regulators or enhancement
of secondary metabolic pathways that are di-
rectly related to the increase of plant stress re-
sistance (Smirnov, 2001). The study conducted
by Gazheeva et al. (2011) revealed that the total
number of rhizosphere microorganisms active-
ly changes according to the phases of grain crop
development (Triticum aestivum L., Hordeum
distichon L., Avena sativa L.). There are certain
uniform changes for barley, wheat in the till-
ering stage, where the total number of micro-
organisms is minimal and further reaches the
maximum at the earing stage. The change in the
number of bacterial communities of the rhiz-
osphere during the growing season is primarily
associated with changes in the composition and
quantity of root exudates of plants, which are a
source of nutrition for microorganisms.

The population of micromycete forms and
their species structure of both rhizosphere and
spikelet can correlate with the rate of development
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of the corresponding isogenic lines (for exam-
ple, those determined by the dominant/reces-
sive state of VRN genes). Therefore, there is an
assumption that genes indirectly, through par-
ticipation in the regulation of physiological and
biochemical processes, can be involved in the
formation and functioning of the mycocenosis
of soft wheat (Mironovskaya 808 variety).

It is proved that virtually any agrotechnical
technique is accompanied by a noticeable and
statistically significant change in the structure of
microbial communities, which in the future can
be used to create new technologies for managing
soil fertility and universal approaches for ana-
lysing the agroecological state of soils according
to metagenomic analysis (Patyka et al, 2016).

Long-term use of high doses of mineral fer-
tilisers suppresses the development of nitro-
gen-fixing, cellulose-destroying, ammonifying
microorganisms, while the activity of minerali-
sation and denitrification increases, which leads
to the loss of soil humus and causes a decrease
in its stability (Cerna et al., 2003).

An important characteristic of the rhiz-
osphere microbiome is the ratio of the main
physiological groups of microorganisms. Re-
search conducted by G.V. Dobrovolsky, V.P. Paty-
ka, V.V. Volkogon, G.O. Iutynska, D.G. Tikhonen-
ko, VT. Yemtsev, K.B. Novosad, M.V. Patika and
other scientists created the fundamental basis
of the modern concept of soil microbiota. To-
day, the introduction of ecologically oriented t
echnologies for growing crops requires a de-
tailed study of the characteristics of the func-
tioning of agrocenoses to establish the regulari-
ties of the process of forming the productivity of
terrestrial phytocenosis and ensuring the sus-
tainable development of the agricultural sector.

The purpose of the study is to identify the
number and composition of the microbial com-
plex of the rhizosphere of grain crops (winter
wheat of different varieties of domestic selec-
tion) in the process of ontogenesis.
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MATERIALS AND METHODS

The research was conducted on the basis of the
National University of Life and Environmental
Sciences of Ukraine, Prof. Shykula Department
of Soil Science and Soil Protection and the sep-
arate subdivision of NUBiP of Ukraine “Agro-
nomic Research Station” (Pshenychne, Vasylkiv
district, Kyiv oblast), during the spring and sum-
mer vegetation of winter wheat (2019-2021). Soil
type - typical deep low-humus coarse-dusted
medium loam onloess-likeloam, most common
in the Right-Bank Forest-Steppe of Ukraine. To
conduct a set of microbiological studies, soil
samples (typical chernozem) were selected and
prepared in compliance with standard require-
ments for sample preparation and storage in
laboratory conditions, according to DSTU 4287 :
2004. Soil samples were examined in quadru-
plicate. Samples of rhizospheric soil were tak-
en from the roots of plants after careful shak-
ing, and in dynamics during the main phases
of wheat organogenesis: emergence, earing,
flowering and milky ripeness, repeated three
times. The number of soil microorganisms was
determined by sowing suspensions on nutrient
media according to generally accepted methods
in microbiology: GCU (Zvyagintseva), meat-pep-
tone agar (MPA) to account for microorganisms
that use organic forms of nitrogen; starch-am-
monia agar (SAA) - for microorganisms that
assimilate mainly nitrogen of mineral com-
pounds; oligonitrophilic microorganisms on
Ashby’s medium; Chapek’s medium and wort
agar (WA) - for micromycetes; cellulose-de-
grading microorganisms — on Hutchinson's me-
dium; in addition, bacteria growing on agarised
soil extract (AS) were also taken into account.
The degree of dominance of microorganisms
above 10.0% was determined morphological-
ly. The total microbial biomass in the soil was
determined by the rehydration method (Blago-
datsky, Blagodatskaya, Gorbenko, and Panikov,
1987). The intensity of soil “breathing” was de-
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termined as per CO, release and absorption of
0, by the manometric method on the Warburg
apparatus. Statistical analysis was performed
using Statistica 8.0, and the data were calculated
using MS Excel.

RESULTS AND DISCUSSION
The data on the number of soil microorganisms
under winter wheat indicate the variability of
microbial biomass by varietal variants. Thus, the

number of spore-forming bacteria increased: in
the varieties Trudivnytsia Myronivska, Manera
Odeska, Liner, Legend Bilotserkivska and Poliska
90 was twice as high (4.2 x 107 CFU/g on average)
compared to Mip Valencia, Mip Dnipryanka and
other varieties of the Breeding and Genetic In-
stitute of NAAS of Ukraine (2.0 x 107 CFU/g soil).
This indicates the activation of bacillary forms of
microorganisms during the ontogeny of wheat
plants (Table 1, 1a).

Table 1. Microbiological analysis of samples taken from the rhizosphere of winter wheat of different
varieties of domestic selection (SE NUBIP of Ukraine “Agronomic Research Station”, 2019-2020)

Winter wheat varieties (Triticum aestivum L.)
Physiological —
> o] o] ©
groups m/o g = | E= o £ °o_ | =% s ] a
T 5 > £ E 2 2e LA - 2 @ © = 2
e 3 $2 | £:2 £ | 52| 23| &% a 5 3 3
medom/ 5| 82 35 E | EZ Z% 2% 5 2} &
quantitative unit £ e = == z < &= ] 2 S °
K] 7 v ) = [ N
m/o, (SAA), min 10.07+ 10.27+ 15.00+ 10.27+ 15.90+ 11.70% 15.84+ 11.70% 16.08+ 12.18+
CFU/g 0.29 0.90 1.03 0.96 0.87 0.55 0.90 0.46 1.03 0.94
m/o, (SAA), min 15.03% 14.20+ 11.93+ 14.30% 12.30+ 12.0+ 13.90+ 16.25% 14.52+ 13.94+
CFU/g 0.72 0.37 1.01 0.41 1.06 1.02 0.74 0.88 0.78 0.75
Micromycetes 52.30+ 48.5+ 43.5+ 45.8+ 40.1+ 52.8 53.45 44.6% 47.3+ 48.6%
thousand CFU/g 1.02 0.98 1.02 0.96 0.87 +1.00 +1.02 0.95 0.67 0.74
spore bacteria 3.72 2.3t 1.99+ 1.54+ 1.65+¢ 4.20 4.0 2.50+ 1.59+ 1.77+
(LB), mIn CFU/g +1.03 0.67 0.65 0.98 0.78 +0.98 +1.06 0.98 0.82 0.92
Note: m/o — microorganisms; min CFU/g of soil; (thousand CFU/g of soil);
Table 1a. Microbiological analysis of samples taken from the rhizosphere
of winter wheat of different varieties of domestic selection
(SE NUBIP of Ukraine “Agronomic Research Station”, 2019-2020)
L Winter wheat varieties (Triticum aestivum L.)
Physiological
groups m/o © ] < S © ©
R > E‘ 3] 4 4 c > © [} © > ©
/nutrient a S a G 3 28 I B ¥ & < o 2 5=
. S £ sz > c € ® ] S o € o S S 9
medium/ E% 2 s 8¢ S® 2 £3 $3 z3 %3
. . . ‘e > i
quantitative unit > 5 2 g g T =
m/o, (SAA), min | 15.27+ 14.64+ 16.13+% 13.11+ | 20.97+ 14.96% 16.77+ 9.45+ 8.60+
CFU/g 0.71 0.33 1.05 0.16 1.59 1.09 0.71 0.58 0.67
m/o, (SAA), min 14.56% 16.60+ 13.19+ 14.50+ 15.38+% 13.41+ 11.99+ 13.95+ 16.60+
CFU/g 0.87 0.98 0.94 0.78 0.76 0.79 1.02 0.74 0.63
Micromycetes 47.60+ 38.90+ 43.0+ 38.27+ 40.9+ 39.0+ 51.2+ 37.8+ 39.9¢
thousand CFU/g 1.05 1.20 0.98 0.95 1.02 0.93 1.08 0.88 0.91
spore bacteria 1.98+ 1.67+ 4.0% 2.0t 2.1+ 1.88+ 3.79% 1.66% 1.72+
(LB), mIn CFU/g 0.68 0.78 1.05 0.65 0.86 0.92 0.82 0.66 0.83
Note: m/o — microorganisms; min CFU/g of soil; (thousand CFU/g of soil);

°)
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The development of freely existing forms of
microorganismsofthegenusAzotobacterwasob-
served in the rhizosphere of winter wheat varie-
ties. Thenumber of micromycetesbyvarietal var-
iants ranged from 38,270 to 53,450. CFU/g of soil.

Theresults of studies of the soil microbiome
in the agrocenosis of winter wheat showed a
significant differentiation in the number of mi-
croorganisms of the main physiological groups
depending on the variety of plants (Table 2). The
number of oligonitrophilic bacteria in the tilth
layer of soil in winter wheat crops during the
growing season increased and varied between
169-302 million CFU/g of soil (except for the
variant with wheat variety MIP Dnipryanka),
which indicates the passage of nitrogen-fixing
processes. Nitrogen significantly affects the
formation of plant productivity elements. Win-
ter wheat is commonly known to have a long
growing season, to bush up heavily in autumn
and develop a powerful root system, to resume
growth in early spring and assimilate a rela-
tively large amount of nitrogen starting from
the beginning of germination to the tube phase
75-90% of its total removal. Thus, the resump-
tion of winter wheat vegetation in spring is

accompanied by intensive growth processes,
and therefore winter wheat plants are in urgent
need of nutrients.

However, due to low temperatures and high
soil moisture, which inhibit nitrification, the ni-
trogen content in the root layer in early spring
is usually insufficient, which causes the onset
of the first critical period in the nitrogen nutri-
tion of plants in winter wheat. Observations of
bacterial biomass (a living and sensitive compo-
nent of organic matter) under different varieties
of winter wheat reveal an increase in this indica-
tor from 6 to 9 t/ha.

It is generally believed that the status of soil
microbial communities depends on the farm-
ing systems (mineral or organic), and the agro-
technical methods used (fertiliser application,
crop cultivation, crop rotation, plant residue
management techniques). Thus, the variants of
the experiment contain 75-132 million strepto-
mycetes per 1 g. The relative quantity of mush-
rooms in the variants MIP Dnipryanka, Polis-
ka 90, Namysto and Shchedrivka Kyivska was
higher compared to other varietal variants (e.g.
Garantiya Odeska, Lisova Pisnya, Trudivnytsya
Myronivska, (Table 2).

Table 2. The number and biomass of soil microorganisms
for the cultivation of different varieties of Triticum (2019-2021)

Bacteria, on media = o D S

= + 9] @

e g o g8z

Biomass of < 23 > g £

Variant bacteria, S & < S @ o =1 = 0°

Ko} S Q S o

t/ha S a0 2 o =2

(@) & ©® 5

o

10° CFU/g of dry soil ES

Namysto 6.9 11 6.0 136 169 3.2 75.0 28.6

Harantiya Odeska 7.7 27 8.1 179 192 2.9 89.3 26.1

Lisova pisnya 8.4 31 9.2 199 223 2.8 92.1 36.5

Trudovnitsya 8.8 36 9.4 217 298 2.9 111.0 33.7
Myronovska

MIP Dnipryanka 6.9 21 7.3 154 1,871 3.6 98.0 22.7

MIP Valenciya 8.5 32 8.8 200 265 2.6 132.0 35.5

Poliska 90 5.7 14 5.8 127 176 3.4 87.0 26.4
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Table 2, Continued

Bacteria, on media L o % 20
£ 2 g 3
Biomass of g S 3 B g £7%
Variant bacteri g Z c % 5 S o >
arian acteria, < % 2 s s g = £E
t/ha S o0 s o 5%
o & E
10° CFU/g of dry soil e
Shchedrivka 6.6 19 6.4 135 183 3.0 79.2 27.5
Kyivska
Tradytsiya 7.1 24 7.4 165 193 2.7 90.4 30.2
Odeska
Manera Odeska 9.1 39 9.1 231 302 2.5 101.2 34.6
Lainer 8.4 33 8.7 202 244 2.8 1123 31.2
Valenciya 8.5 35 8.6 210 276 2.8 130.0 33.0
LSD, . 1.0 2.4 1.2 23.0 20.1 0.4 17.0 2.7

The number of bacteria on different nu-
trient media (SAA, AS, SAA +WA) was not sta-
ble and varied in the range from 5.8 to 231 x 10°
CFU/g of dry soil.

The results of the research revealed that the
cultivation of different varieties of winter wheat

demonstrates stable indicators of CO, emission
intensity - from 5.2 to 7.0. Similarly, the dynamics
of O, absorption did not exceed 5.3-6.8 (Table 3).
This proves that the experiment soil creates op-
timal conditions for the life of microorganisms,
thereby increasing its biological activity.

Table 3. The intensity of CO, emission and O, absorption
in the soil during wheat cultivation using various agrotechnologies

. The intensity of CO, emission and O, absorption, ug/h
Variant

Co, 0,
Namysto 5.7 5.5
Harantiya Odeska 6.4 6.4
Lisova pisnya 5.9 5.7
Trudovnitsya Myronovska 6.0 5.9
MIP Dnipryanka 5.9 5.9
MIP Valenciya 6.1 6.0
Poliska 90 5.2 5.3
Shchedrivka Kyivska 5.6 5.5
Tradytsiya Odeska 6.0 5.9
Manera Odeska 7.0 6.8
Lainer 6.7 6.6
Valenciya 6.7 6.5

Note: x/P = 0.05; t, =311

Thus, by analysing the number of microor-
ganisms of the rhizosphere of winter wheat, it
was determined that varietal specificity had a
significant impact on the formation of the mi-
crobiome in different phases of plant growth and

2)

development, which is obviously an integral in-
dicator of the functional and metabolic activity
of soil microorganisms.

It was established that the number and
composition of the microbial complex of the
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winter wheat rhizosphere in the process of on-
togeny significantly changes, especially in the
ratio of the number of spore-forming and non-
spore forms of microorganisms under the same
conditions of agricultural technology of crop
cultivation. The general pool of saprotrophic
microorganisms of the rhizosphere is chang-
ing in favour of eco-plastic bacilli, therefore, the
exploratory research of bioagents of the genus
Bacillus is relevant for agricultural science and
practices. Further comprehensive examinations
will be carried out through the prism of assess-
ing the diversity of isolates based on the results
of microbiological, physiological, biochemical,
molecular biological research methods.

CONCLUSIONS

The results of microbiological studies to deter-
mine the number and composition of the micro-
biome of winter wheat revealed the variability of
microbial biomass by varietal variants. The acti-
vation of bacillary forms of microorganisms dur-
ing plant ontogeny was established (increase in
the number of spore-forming bacteria to 4.2 x 107

CFU/g in the variants of cultivation of individual
varieties). Significant differentiation is observed
in the analysis of the number of microorganisms
of the main physiological groups depending on
the variety of plants. Thus, the development of
freely existing forms of microorganisms of the
genus Azotobacter was detected. The number of
micromycetes by varietal variants ranged from
38,270 to 53,450. CFU/g of soil. And the number
of oligonitrophilic bacteria in the tilth layer of
the soil in winter wheat crops during the grow-
ing season increased to 169-302 million CFU / g
of soil, evidencing the ongoing nitrogen-fixation
processes. The index of bacterial biomass under
different varieties of winter wheat demonstrat-
ed a stable growth from 6 to 9 t/ha. At the same
time, the number of bacteria on different nutri-
entmedia (SAA, AS, SAA +WA) was not stable and
varied in the range from 5.8 to 231x 10° CFU/g of
dry soil. It was found that the cultivation of dif-
ferent varieties of winter wheat demonstrates
stable indicators of CO, emission intensity -
from 5.2 to 70. Similar results were observed for
the process of O, absorption (less than 5.3-6.8).
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Oco6nMBOCTi 3MiH UMCENbHOCTI Ta CKNaay Mikpo6iomy
pusocdepu 03MMOI NIeHULI B NpoLeci OHToreHesy

AHoTauif. B arpoerocucreMax MIKpOOpraHisMH € OCHOBHUM YNHHUKOM IDYHTOYTBODEHH,
JKUBJIEHHS DOCIMH Ta $iTocaHiTapHOro CcTaHy I'PYHTY. Yci 3axomy, CIIpSMOBaHi Ha BifHOBJIEHHS
POZIOYOCTI I'PYHTY Ta MiABUIEHHS IIPOLYKTUBHOCTI, EKOJIOTUHOI 6€3I1eKU CiTbCHKOTOCIIONAPCHKOTO
BUPOBHUIITBA, TICHO ITOB'A3aHi 3 AiAbHICTIO MiKpoopraHisMis. ITifBuIeHa JTOKaIbHA aKTUBHICTB,
biomaca Ta pisHOMaHIiTHiCTP MIKpO6iOTM € OFHMMHU 3 HaMBAKIMBIIINX XapaKTEPUCTUK, fAKi
Bimpi3HAIOT pu3ochepy Bim 3arayspHOro 06'eMy IPYHTY. MeTOI0 IOCIHiIKEHb 6yI0 BUBYEHHS
YMCENIBHOCTI Ta CKIaZy MiKpO6HOTO KOMIUIEKCY PU30Chepy 3ePHOBUX KYIBTYD (03UMOi MIIEHUIT]
pi3HMX COPTIB BITUM3HAHOI CeNleKuii) B mpoueci OHTOreHesy. [Jif MpPOBENEHHS KOMILIEKCY
Mikpo6iosoriunux gociiakenb 6yau Bifi6paHi 3pa3sku IPyHTY (YOpHO3eM TUIIOBUI), AKi 6ynu
TiATOTOBJEH] 3 JOTPUMAaHHSAM CTAaHIAPTHUX BUMOT IO MPOOOMIArOTOBKY Ta 36epiraHHs 3pa3KiB
y 1abopaTopHUX yMOBaX. AHaJI3 pru3ochepHUX 3pa3KiB I'PyHTY IIPOBOIMIN Ha BapiaHTax Pi3HUX
COpTIiB 03UMOI MIIEeHUI] BITYU3HAHOI ceJjleKlil. YKWCeNbHICTh I'PYHTOBUX MIKpOOpraHi3MiB
BU3HAYa/JId METOJOM BHCIBY CYyCIIeH3il Ha IIOKMBHI cepellOBUINA 3a 3araJIbHONPUWHATHMU B
Mikpobiosorii MeTomuKaMu. BusHaueHHs 3arajibHol Mikpo6HOi 6ioMacu B IPYHTI NIPOBOIWIN
perigpaTalli’HMM METOZOM, a IHTeHCUBHICTb "IMxaHHA" TPYHTy 3a BuAUleHHAM CO, Ta
HOINIMHAHHAM O, BM3HAYaaM MaHOMETPHUYHUM MeTozioM (amapar Bap6ypra). BcTaHOBIIEHO, IO
COPTH 03UMOI IMIIEHUII] BIVITUBaIY Ha GOPMYBaHHA MiKpo6ioMy YOpHO3eMY THUITOBOTO. YHUCETBHICT
i crmaz MiKpO6HOTO KOMIUIEKCY pu30chepU MIIEHUI 03MMOi B IIpOIleci OHTOTE€HE3y CYTTEBO
3MiHIOETBCA, OCOBIMBO 3a CIIiBBiIHOUIEHHAM KiIBKOCTI CIIOPOYTBOPIOIOUMX i HECTIOPOBUX GOpM
MiKpOOpraHi3miB 3a OJHaKOBUX YMOB arpoTeXHiKM BHPOLIYBaHHSA KyJIbTYpU. 3arajibHUM ITyI
carmpoTpodHUX MiKpoopraHisMmis pusocdepy JeMOHCTpye BapiabenbHicTb 6ioMacy Ta 3MiHM Ha
KOPUCTh EKOTUIACTUYHUX ALyl BUSABIEHO 361IBIIIEHHS KiJIBKOCT] CIIOPOYTBOPIOIOUNX 6aKTepil 1o
4,2 x107 KYO/r y BapiaHTaxX BUPOLIYBaHHS OKPEMUX COPTiB. BUpoOIyBaHHS pi3HUX COPTIB MIIEHUII
031MOI IeMOHCTPYe CTabibHi MOKa3HUKY iHTEHCUBHOCTI eMicil CO, - Bix 5,2 mo 7,0. AHasoriyHa
TEHJIeHIIisl TPOCTEXXYEThCA i 3a KoedillieHToM nomuHaHHA O, (He 6inbmre 5,3-6,8)

KnouoBi cnoBa: IpyHTOBi MikpoopraHismMu, MikpobHa 6iomaca, copToBa cCIielUdiUHICTBb,
inTeHCHBHicTb eMicii CO,, nrHaMiKa MorMuHaHHA O,, CIOPOyTBOpPIOKOYi 6aKTepii
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