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Soil microorganisms are an important component of agrocenoses, which due to physiological and genetic features respond quickly
to changes in the quality of the soil environment. Each plant in the thizosphere forms a specific composition of the microflora which
depends on the phase of plant development and soil-climatic conditions. The objective of our study was the quantitative composition of
ecological and trophic groups of rhizosphere soil micromycetes of different crops in chemozem soils in the Left-Bank Forest Steppe of
Ukraine. According to the results of research, it was determined that the thizosphere soil under different crops — winter wheat, rye and
oats in Chemihiv region — is characterized by the largest number of pedotrophic micromycetes. This indicates that the soil contains a
sufficient amount of organic matter. The rhizosphere soils under winter wheat and spring barley in Kiev region were characterized by a
larger number of pathogenic micromycetes and amylolytic and cellulolytic ecological-trophic groups. This indicates the intensive use of
plant protection products. The rhizosphere soil under onions in experimental fields in Kharkiv region was characterized by a high num-
ber of the cellulolytic group. This indicates the presence of cellulose-destroying microorganisms. According to the results of statistical
analysis, it was found that the number of micromycetes in the rhizosphere soil of the studied varieties of crops was in direct correlation
with the value of the hydrothermal coefficient (HTC) in the vegetation period. Weather conditions during the research vegetation period
differed by agrometeorological indicators. The characteristic feature was a contrast of differences in air temperature and unequal distri-
bution of rainfall, which affected the composition of the soil mycobiocenosis. The vegetation period of 2021 in Kyiv region was charac-
terized by a sufficiently moist hydrothermal coefficient which increased to1.81 while in Chemihiv, Kharkiv regions drought prevailed,
but in some months the HTC increased to 1.32-1.54. It has been shown that the higher the HTC, the greater the number of micromy-

cetes in all study regions.

Keywords: soil mycobiota; agrocenosis; number of micromycetes; hydrothermal coefficient; the root secretions of the plants; corre-

lation coefficient.

Introduction

The rhizosphere of plants is a dynamic environment in which there
are many factors that determine the structure and composition of the mic-
roorganisms (Bruinsma et al., 2003; Kopylov, 2012). Over the recent
decades, there has been a deterioration of the ecological balance between
the organisms of the thizosphere soil, driven by incorrect use of cultivation
technology and by agro-climatic conditions (Peraica et al., 2002). There-
fore, the relevance and necessity of biological monitoring is increasingly
confirmed and justified, namely the study of biological diversity and the
soil ecosystem (Hardoim et al., 2015).

In agroecosystems, the microbiota is one of the factors of the soil-
forming process. Soil fertility depends on the activity of soil microorga-
nisms, as the microbiota actively functions and forms the upper soil hori-
zon, which concentrates the largest reserves of organic forms and nutrients
(Pida et al., 2003). The theoretical basis of soil structure formation and
functioning of microbiocoenoses was stated in the research by Ukrainian
scientists Tutynska (2006), Kurdysh (2009) and Volkogon (2018). Soil
microbiota is one the most important factors that determines the formation
processes and biological properties of soil, and is a complex microbiologi-
cal system. According to Mishustin (1972), Patyka (2013) and Demya-
nyuk (2018), the content of microorganisms in 1 g of soil is billions of
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cells characterized by an extremely high diversity of species composition.
However, according to Demirel (2005), soil microscopic fungi are mostly
aerobes that inhabit the upper layers of the soil (020 cm), where their
numbers can vary (from 50 to 350 and more CFU thousand/g of soil).
Inlayers below 20 cm, the number of fungi is lower by 40-60%, due not
only to lack of aeration, but also low content of organic matter (Polians-
kaia, 2012). Microbial groups mainly determine soil fertility, growth, and
development of agricultural plants, participating in such important pro-
cesses as the transformation of plant residues and humus formation, provi-
sion of plants with nutrients and the nutrient cycle (Pandey, 2018). There-
fore, the presence of various groups of microorganisms, which differ in
biological and biochemical specificity, in soil ecosystems determines their
important role in soil processes (Shevchenko, 2006).

The most dangerous diseases of agricultural plants are associated with
changes in the soil microbiota, which is affected not only by cultivation
technologies, soil, and climatic conditions but also the root secretions of
the plants (Antonyak et al., 2013). The root secretion is a food substrate for
other components of the biocenosis, based primarily on microorganisms
that reproduce intensively in the root zone of plants, especially in those
parts that are directly adjacent to the root surface within a radius of not
more than 2 mm — the rhizosphere (Davey et al., 2000; Broeckling et al.,
2008). The composition of root secretions includes carbohydrates, organic
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acids, amino acids, peptides, alkaloids, glucosides, vitamins, phenolic
substances, etc. (Pida et al., 2003; Termovy et al., 2018). The organic acids
include malic, succinic, tartaric, citric, fumaric, oxalic and other acids.
Root secretions, in turn, are a food substrate for other components of the
soil biocenosis, in particular, micromycete fungi, which reproduce inten-
sively in the root zone of plants (Ellanska et al., 2017). The rhizosphere of
plants is a dynamic environment in which many factors determine the
structure and composition of microorganisms that colonize it. Soil micro-
flora is an obligate component of biocenosis, where interactions occur
between plants and microorganisms: metabolism, their transformation
(Demchenko, 2008; Dobrovolsky & Nikitin, 2012).

Increasing the yield of agricultural plants and soil fertility is the ratio-
nale for the development of crop rotations for a scientifically sound choice
of crop. This problem cannot be solved without monitoring of microbial
soil cenosis (lutynskaya, 2006; Kopylov 2012). The structure of the plant
microbiome is determined by biotic and abiotic factors, and the microbiota
of the rhizosphere is highly specific, even for different varieties of the
same species of plant (Zhdanova, 2002; Nannipieri, 2003; Netrusov et al.,
2005). Since microorganisms, due to their physiological and genetic fea-
tures, respond quickly to changes in environmental condition and the
action of stressors (increase or decrease in nutrients in the soil) they can be
used to assess the degree and pattern of soil contamination. Therefore, the
objective of our study was the quantitative composition of ecological and
trophic groups of rhizosphere soil micromycetes of different crops in
chemozem soils of Left-Bank Forest Steppe of Ukraine.

Materials and methods

We studied the quantitative composition of the soil micromycetes un-
der different crops: winter wheat of three varieties (Podolyanka, Knyazh-
na, Yuvivata 60), two oat varieties (Svitanok, Tember), spring barley of
two varieties (Sebastian, Helio), rye of two varieties (Synthetic, Dozor)
and onions of four varieties (Tkachenkivska, Mavka, Liubchyk, Ampho-
ra). The study was conducted in 2021 on chernozem soils in the Left-bank
Forest Steppe of Ukraine, namely in the fields the Skvyra Research Sta-
tion of Organic Production (Kyiv regions), Nosiv Selection Research Sta-
tion (Chernihiv region) and the Institute of Vegetable and Melon Growing
(Kharkiv region). Soil sampling for the laboratory analysis was carried out
in accordance with the state standard of Ukraine 7847 (2015). To deter-
mine the amount of microorganisms in the soil from the study area from 3
to 7 individual samples weighing 100200 g were selected and averaged
soil sample was prepared. Soil samples were taken in three phases of
ontogenesis for cereals (tillering, flowering and ripening) and onion (3 true
leaves, bulb development, and ripening). Weather conditions during the
vegetation period of the research differed by agrometeorological parame-
ters. To characterize the hydrothermal conditions, the hydrothermal coef-
ficient of Selyaninov (2000) was calculated for the territories, which de-
termined the total amount of rainfall in the growing period.

The data of regional meteorological stations (Kyiv, Chemihiv, Khar-
kiv regions) was used to study the influence of weather conditions on the
number of soil mycobiomes under different crops (Table 1).

Table 1
Characteristics of weather conditions in terms of hydrothermal conditions of research stations during the growing period
. . . Hydrothermal coefficient (HTC)

Institution Region Type of soil Apil  May  June Tuly
Skvyra Research Station . . . .
of Organic Production of NAAS Kyiv chemozem soils deep low-humus slightly leached medium loam 1.72 1.81 092 0.83
Nosiv Selection Research Station Chemihiv  chemozem soils deep low-humus leached 0.63 0.82 131 0.64
Institute of Vegetable . . . .
and Melon Growing NAAS Kharkiv chemozem soils medium-strong and low-power leached, medium loam 0.12 1.53 021 031

Note: HTC > 1 — sufficient moisture; HTC = 0.8—-1.0 — moderate hydration; HTC = 0.6-0.7 — insufficient hydration.

From the results of the calculation of HTC, which are presented in
Table 1, it can be concluded that the vegetation period of 2021 in Kyiv
Region was characterized by sufficient moisture (HTC 1.81), while
drought prevailed in Chemihiv and Kharkiv Regions. However, in some
months, the HTC increased to 1.31 in Chemihiv Region and to 1.53 in
Kharkiv Region. Adverse weather conditions such as drought or water-
logging are crucial factors for changes in trophic links between micromy-
cetes and other components of the microbiocenosis. Hydrothermal condi-
tions influenced the quantitative composition of ecological and trophic
groups of micromycetes in the studied soils.

Studies were conducted in laboratories of biocontrol of agroecosys-
tems and organic production. The number of microorganisms and the
main ecological-trophic groups were determined by inoculating soil sus-
pension on standard growth media (Mishustin, 1972; Netrusov et al.,
2005): for determining the number of amylolytic soil microorganisms
(those that utilize mineral forms of nitrogen), we used starch-ammonia
agar (SAA); oligotrophic — starvation agar (SA); micromycetes Chapek’s
medium; pedotrophic microorganisms — soil agar (SA); humate-forming —
humate medium (HE); cellulosolytic — Hutchinson's and Clayton’s
(Fig. 1).

Fig. 1. Mycomycetes of the main ecological-trophic groups on standard growth media:
a—amylolytic — starch-and -ammonia agar (SAA), b — cellulosolytic — Hutchinson’s and Clayton’s, ¢ — oligotrophic — starvation agar (SA),
d— pathogenic micromycetes — Chapek’s medium, i — pedotrophic — soil agar (SA), f— humate-forming — humate medium (HA)
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To determine the number of amylolytic, oligotrophic, pedotrophic,
humatid microorganisms and micromycetes, we used the method of deep
inoculation. Using a sterile pipette, we transferred 1 cm’ of the suspension
to a Petri dish. Then, molten agar that had been cooled to 45-50 °C was
poured into the Petri dish and the inoculum was carefully mixed with the
cell suspension in a circular motion. The number of parallel-inoculated
Petri dishes should be no less than 3. For the study, we used dilutions of
10,10, 10°°. Petri dishes were incubated at 28 °C for 3—7 days depen-
ding on the growth rate of microorganisms (Zvyagintsev, 1991; Markov
etal, 2012).

While preparing the dilution, the test sample for the control was in-
oculated in 1 mL of water in a Petri dish with the addition to the growth
medium. Also, the agar was poured to the control dish. Both control dish-
es were incubated under the same conditions as samples of soil dilutions.
Atthe end of the incubation period, agar should have no visual signs of
microorganisms growth. Cellulolytic microorganisms were inoculated as
follows: from each dilution of the soil suspension, starting from the high-
est, we took 1 cm’ using a sterile pipette and transferred it to the liquid
medium. The number of parallel-inoculated tubes of a certain dilution
should be at least 3. The inoculated test tubes were incubated in a thermos-
tat at 28 °C for 34 weeks.

For the control and experimental samples, we calculated mean arith-
metic values and standard deviations. If the coefficient variation value
exceeded 15%, even for one of the samples, the experiment was repeated.
‘When counting colonies, we chose reproductions not exceeding S0-150.

The number of colonies that had grown was counted using a
SCAN4000 automatic counter (Interscience, France). In cases of higher
numbers of colonies and their even spread, the bottom of the Petri dish
was divided into 4 or more equal sectors to count the number of colonies
in two or three sectors (but not less than 1/3 of the dish surface), the arith-
metic mean of the colonies was determined and multiplied by the total
number of sectors per dish. The number of microorganisms per 1 g of dry
soil in CFU was calculated according to the technique (Mirchink, 1988).

The number of cellulolytic microorganisms was determined by calcu-
lation of the most operative amount (MOA) of cells in units of volume of
the original substrate according to the McCready table. The results were
expressed in colony-forming units (CFU) in 1 g the studied soil sample
(Zvyagintsev, 1991).

The isolates of microscopic fungi were identified to genus and species
using a DN-200D biological microscope. Phytopathogenic fungi were
identified according to the guides (Pitt, 2009; Watanabe, 2010; Guarro,
2012; Colin et al., 2013; Koval et al., 2016). The Latin names of fungi are
consistent with the Fungal Databases Nomenclature and Species Banks
(www.mycobank.org).

We performed single-factor analysis of variance (ANOVA) and Tu-
key test. The difference between the control and experimental parameters
was considered significant when the probability of the difference was P <
0.05. We determined the correlation dependence (Kaminsky et al., 2011)
between the number of micromycetes in the thizosphere soil and the value
of the HTC.

Results

On the research fields of the Nosiv Selection Research Station (Cher-
nihiv Region), in the rhizosphere of winter wheat, oats and rye, we ob-
served an increase in the number of all ecological-trophic groups in the
flowering phase when the hydrothermal coefficient was 1.31, indicating a
high level of moisture. In the ripening phase, the number of micromycetes
almost did not increase, while the hydrothermal coefficient was 0.64,
indicating a drought (Fig. 2).

During the ontogenesis of the plants, the largest group was pedotro-
phic micromyeetes, ranging 14.20 to 9.11 x 10° CFU/g of soil. This con-
firms that the soil contains a sufficient amount of organic matter. The
highest number of pedotrophic micromycetes was found in soil under
winter wheat, where their number reached 19.10 x 10° CFU/g of soil and
the lowest number was under rye sowing — 1031 x 10* CFU/g of soil.
Therefore, we believe that the quantitative composition of the microorgan-
isms may be influenced by metabolites of agricultural crops. At the same
time, the cellulolytic groups of micromycetes significantly increased,

ranging from 0.22 to 1.91 x 10° CFU/g of soil. This indicates the presence
of cellulose-destroying microorganisms that are able to decompose cellu-
lose more intensively. The largest number of cellulolytic micromycetes
was characterized by thizosphere soil under rye, equaling 1.91 x 10°
CFU/g of soil, the smallest number was under oats — 1.11 x 10° CFU/g of
soil. We determined that the most active cellulolytic microorganisms were
Penicillium, Stachybotrys, Trichoderma, Aspergillus, Cladosporium,
Fusarium, which are able to decompose specific substances and do not
require a large amount the nutrients, thus providing an opportunity for the
development of other micromycetes. Thus, pathogenic micromycetes in
the rhizosphere soil under crops increased in the direction oats-wheat-rye,
where their number ranged 6.21 to 8.12 x 10° CEU/g of soil. Also, we
found a small number of amylolytic groups under rye, their number was
the highest and amounted to 3.81 x 10° CFU/g of soil, indicating the pre
soilsence of freely hydrolyzed organic substances. Thus, the number of
basic ecological-trophic groups the micromycetes under the different
crops differed significantly, the greatest diversity of amylolytic, celluloso-
Iytic and pathogenic micromycetes was seen in soil under rye. The largest
number pedotrophic micromycetes was in soil under winter wheat.

Also, the studies were conducted based on the stationary field expe-
riments in the Skvyra Research Station of Organic Production (Kyiv
Region). The number of micromycetes of the main ecological-trophic
groups in the soil was determined during the ontogenesis of different
agricultural crops: winter wheat of Podolyanka variety and spring barley
varieties Sebastian and Helios.

During the ontogenesis of the plants, we observed increase in the
number of all ecological-trophic groups in the flowering phase, when the
hydrothermal coefficient equaled 1.81, which indicates high moisture.
In the ripening phase, the system reached climax — a stable balanced state,
and the number of micromycetes did not increase, the hydrothermal coef-
ficient was 0.83, indicating sufficient moisture (Fig. 3).

In all ontogenesis phases, in the rhizosphere soil under the spring bar-
ley and winter wheat, we observed a significant increase in the number of
pathogenic micromycetes, ranging 921 to 1441 x 10° CFU/g of soil.
The composition of rhizosphere micromycetes is important for the forma-
tion of plant productivity, since they can have beneficial, neutral, or harm-
ful connections with roots. Also, a high number of pedotrophic groups of
micromycetes was under spring barley, their number reached 9.01 x
10°CFU/g of soil, under winter wheat — 9.51 x 10° CFU/g of soil.
This indicates that soil contains a sufficient amount of organic matter.

There was a significant increase in groups of micromycetes that
grow slowly and begin to develop after all easily available carbohy-
drates are used: Trichoderma, Fusarium, Aspergillus, Penicillium,
which can decompose specific humus substances. During the ontogene-
sis of barley, in the rhizosphere soil, their number ranged 4.41 to 5.61
x10° CFU/g of soil, while under winter wheat it was 7.11 x 10° CFU/g
of soil on average. Also, during the ontogenesis of winter wheat and
spring barley, a small number of the mycobiota of thizosphere soil was
observed for the following groups: amylolytic 2.12 x 10 CFU/g of soil,
cellulolytic 1.51 x 10° CFU/g of soil, which perform degradation of
cellulose-containing substrates in presence of enzymes. They do not
require a large number of nutrients, but thus provide an opportunity for
the development of other mycomycetes that absorb products of hydro-
lysis. Thus the rhizosphere soil under spring barley crops was characte-
rized by a larger number of pathogenic micromycetes, as well as amylo-
Iytic and cellulolytic ecological-trophic groups. At the same time, the
rhizosphere soil under winter wheat was characterized by a larger num-
ber of the pedotrophic and humatid-forming ecological-trophic groups
of micromycetes.

Based on the stationary field experiments at the Research Station of
the Institute of Vegetable and Melon Growing (Kharkiv Region), we
determined the number of soil micromycetes of the main ecological-tro-
phic groups during the ontogenesis of different varieties of onion.

During the growing season, we observed an increase in the number of
all ecological-trophic groups in the phase of bulb development, when the
hydrothermal coefficient was 1.53, indicating high moisture level. In the
ripening phase, the number of micromycetes almost did not increase, the
hydrothermal coefficient was 0.31, indicating severe drought in this period
of plant development (Fig. 4).
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It should be noted that despite the decrease in the hydrothermal coef-
ficient, the cellulosolytic group of micromycetes increased by the end of
the vegetation period. In the phase of ripening, the rhizosphere soil under
the pungent varieties of onions (Lyubchyk, Tkachenkivska) contained a
smaller number of cellulose-destroying micromycetes —0.51 t0 6.51 x 10°
CFU/g of soil. At the same time, semi-pungent varieties of onions Mavka
and Amphora accumulated cellulosolytic micromycetes, which amounted
t0 0.91-7.35 x 10° CFU/g of soil. By decomposing cellulose, cellulose-
destroying microorganisms exude certain enzymes into the environment,
promoting the formation of humic substances from the products of cellu-
lose breakdown, which are consumed by other representatives of soil
biocenosis. A significant role in this process is played by fungi, including
some saprotrophic genera: Trichoderma, Chaetomium, Dicoccum, Sta-
chybotrys, Penicillium, Aspergillus, Alternaria. Therefore, a large amount
of fungi that destroy cellulose leads to increased development of humate-
forming and pedotrophic ecological-trophic groups. A small share of the
mycobiota of thizosphere soil under onions comprised amylolytic ecolog-
ical-trophic group — 0.32-0.61 x 10° CFU/g of soil. In the presence of
enzymes that group is able to decompose complex polysaccharides, which
are often present in plants. Therefore, this group of micromycetes, similar-
ly to cellulose-destroying fungi, can infect plants.

The highest development of pathogenic micromycetes was observed
in the phase of bulb formation — 0.61 to 0.70 x 10° CFU/g of soil under
pungent varieties of onions and 0.71-0.92 x 10° CFU/g of soil in rhizo-
sphere soil under semi-pungent varieties of onions. That is due to suffi-
cient humidity and optimal temperature (HTC — 1.53) for the develop-
ment the soil mycoflora.

At the end of vegetation, there was a decrease in the number of this
ecological and trophic group —0.45-0.58 x 10° CFU/g of soil. The excep-
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tion was Lyubchyk variety: in the rhizosphere soil — despite the drought —
we observed an increased number of micromycetes — 0.71 x 10° CFU/g
of soil. Therefore, there is a reason to believe that root exudes of plants
have a significant effect on spread of certain groups the microorganisms in
the soil.

According to the results of research, the hydrothermal coefficient
changed significantly during the vegetation period of plants in Chemnihiv,
Kharkiv and Kyiv Regions. High moisture supply in Kyiv Region was in
April-May (HTC 1.72-1.81), in June (HTC — 1.31) in Chemihiv Region
and in May in Kharkiv Region (HTC — 1.53). All those months were in
the flowering phase (cereals) and the phase of bulb formation (onion).
In those particular phases, we observed increase in the number of all eco-
logical-trophic groups. Therefore, we determined a correlation between
the number of micromycetes in the rhizosphere soil and the value of the
HTC in the growing season of 2021 (Fig. 5).

The results presented in Figure 5 show that the value of the coefficient
of determination was higher than 0.99 in all the experimental variants.
The value of the Pearson correlation coefficient ranged 0.98 in the variant
with Kharkiv region to 0.99 in the variant with Kyiv and Chernihiv Re-
gions. This indicates increase in the number of all ecological-trophic
groups depending on increase in the hydrothermal coefficient. In addition,
the figure clearly shows that the higher the HTC, the greater the number of
micromycetes in all studied regions.

Discussions
In the global context, the ecological problems of climate changes and
their impact on the soil system and its microbiological component are

some of the main topics of scientific researches (Demyanyuk et al., 2018).
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In particular, soil scientists have proven that the natural potential of soil
fertility is significantly influenced by the qualitative and quantitative com-
position of its microflora (Medkov et al., 2021). The number, biomass and
taxonomic structure of the soil microbial complex depend on many factors
(Kolodiazhniy & Patyka, 2014). Microbial groups in soil are significant in
the functioning of the agroecosystem. The effect of agrotechnical activity
on the number of microorganisms of various ecological-trophic and phy-
siological groups depends on the type of soil (Kurdysh, 2009), moisture
(Banerjee et al., 2016a), presence and availability of nutrients (Banerjee
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a— Chernihiv Region, b — Kyiv Region, ¢ — Kharkiv Region

The root secretions of plants have a significant effect on the distribu-
tion of certain groups of microorganisms in the soil (Yang, 2000). Root
secretions are known to account for about 20% of the total number of
photosynthesis products in plants (Broeckling et al., 2008). The work of
many scientists has shown that the composition of root exometabolites
depends on the conditions and stage of plant development. Differences in
the quantitative and qualitative composition of root secretions and in the
trophic needs of microorganisms cause a significant effect on the growth
of microflora of different taxonomic groups in the root zone, as well as
their antagonistic activity (Cheng, 2015; Dragomir & Nicolae, 2015;
Poliak & Sukharevych, 2019). The microflora of the rthizosphere varies
depending on the species and stage of development plants. Among the
microorganisms that can dissolve mineral phosphates, the most diverse
were genera Penicillium and Streptomyces. In natural conditions, cellulose
is transformed with the participation of groups of microorganisms. A
significant role in this process is played by fungi, including saprotrophic
representatives of genera Trichoderma, Chaetomium, Dicoccum, Stachy-
botrys, Penicillium and Aspergillus (Kurdysh, 2009; Roy, 2005).

We studied the number of the main ecological-trophic groups in
agrocenoses of agricultural crops on the chernozem soils in the Left-Bank
Forest Steppe of Ukraine. The results demonstrate that the structure of the
soil microbiome is determined by biotic and abiotic factors. Thus, the
composition of the microbiocoenosis of soil, content of microflora that is
useful or phytopathogenic for agricultural plants, is a dynamic process in
which significant factors are the hydrothermal coeficient during the gro-
wing season, soil type and root secretions of the agricultural plant. All this
helps to better understand the relationship between plants and microorga-
nisms which determines their role in microbial-plant associations and in
parasite-host systems in nature.

Conclusion

During the ontogenesis of plants in Kyiv, Chemihiv, and Kharkiv re-
gions, we observed increase in the number of all ecological and trophic
groups in the flowering phase (cereals) and the phase of bulb formation
(onions), when the hydrothermal coefficient equaled 1.31 to 1.81, which is
high humidity. In the fields of the Nosivka Research Station (Chemihiv
Region), the number of the main ecological-trophic groups of micromy-
cetes under different crops varied significantly. The soil under rye, winter
wheat, and oats was characterized by the greatest number of pedotrophic
micromycetes. The rhizosphere soils in the Skvyra Research Station (Kyiv
Region) under spring barley and winter wheat were characterized by the
highest number of pathogenic micromycetes. In the fields of the Institute
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of Vegetable and Melon Growing (Kharkiv Region), the soil contained a
high number of the cellulosolytic group of micromycetes, which despite
the decrease in the hydrothermal coefficient grew until the end of the
growing season. Exometabolites of agricultural plants (winter wheat,
spring barley, oats, rye, onion) can influence the number of micromycetes
in the soil by their physiological and biochemical substances. We deter-
mined that each plant species has a specific rthizosphere microbiome,
depending on the plant species, plant development phase and soil-climatic
conditions.

References

Aislabie, J., Deslippe, J. R., & Dymond, J. (2013). Soil microbes and their contribu-
tion to soil services. In: Dymond, J. (Ed.). Ecosystem services in New Zealand:
Conditions and trends. Manaaki Whenua Press, Lincoln. Pp. 143-161.

Antonyak, G. L., Kalinets-Mamchur, Z. 1., Dudka, 1. O., Babych, N. O., & Panas,
N.E. (2013). Ekologija gribiv [Mushroom ecology]. Ivan Franko LNU, Lviv
(in Ukrainian).

Banerjee, S., Helgason, B., Wang, L., Winsley, T., Ferrari, B., & Siciliano, S. (2016).
Legacy effects of soil moisture on microbial community structure and N;O
emissions. Soil Biology and Biochemistry, 95, 40-50.

Banerjee, S., Kirkby, C. A., Schmutter, D., Bissett, A., Kirkegaard, J. A., & Richard-
son, A. E. (2016). Network analysis reveals functional redundancy and keys-
tone taxa amongst bacterial and fungal communities during organic matter de-
composition in an arable soil. Soil Biology and Biochemistry, 97, 188-198.

Broeckling, C. D., Broz, A. K., Bergelson, J., Manter, D. K., & Vivanco, J. M.
(2008). Root exudates regulate soil fungal community composition and diversi-
ty. Applied and Environmental Microbiology, 74(3), 738-744.

Bruinsma, M., Kowalchuk, G. A., & Veen, J. A. (2003). Effects of genetically modi-
fied plants on microbial communities and processes in soil. Biology and Fertility
of Soils, 37(6), 329-337.

Brygadyrenko, V. V., & Nazimov, S. S. (2015). Trophic relations of Opatrum sabu-
losum (Coleoptera, Tenebrionidae) with leaves of cultivated and uncultivated
species of herbaceous plants under laboratory conditions. Zookeys, 481, 57-68.

Cheng, F., & Cheng, Z. (2015). Research progress on the use of plant allelopathy in
agriculture and the physiological and ecological mechanisms of allelopathy.
Frontiersin Plant Science, 6, 1020.

Colin, K. C.,, Elizabeth, M. J., & David, W. W. (2013). Identification of pathogenic
fungi. 2nd edition. Health Protection Agency, Wiley-Blackwell.

Davey, M. E., & O’Toole, G. A. (2001). Microbial biofilms: From ecology to mole-
cular genetics. Microbiology and Molecular Biology Reviews, 64(4), 847-867.

Demchenko, M. M. (2008). Rizosfemye mikroorganizmy v sisteme pochva-raste-
niye [Rhizosphere microorganisms in the soil-plant system]. Proceedings of the
Nizhnevolzhsky Agro-University Complex: Science and Higher Professional
Education, 3(11), 15-18 (in Russian).

Biosyst. Divers., 2022, 30(2)


http://doi.org/10.1016/j.soilbio.2015.12.004
http://doi.org/10.1016/j.soilbio.2015.12.004
http://doi.org/10.1016/j.soilbio.2015.12.004
http://doi.org/10.1016/j.soilbio.2016.03.017
http://doi.org/10.1016/j.soilbio.2016.03.017
http://doi.org/10.1016/j.soilbio.2016.03.017
http://doi.org/10.1016/j.soilbio.2016.03.017
http://doi.org/10.1128/AEM.02188-07
http://doi.org/10.1128/AEM.02188-07
http://doi.org/10.1128/AEM.02188-07
http://doi.org/10.1007/s00374-003-0613-6
http://doi.org/10.1007/s00374-003-0613-6
http://doi.org/10.1007/s00374-003-0613-6
http://doi.org/10.3897/zookeys.481.7015
http://doi.org/10.3897/zookeys.481.7015
http://doi.org/10.3897/zookeys.481.7015
http://doi.org/10.3389/fpls.2015.01020
http://doi.org/10.3389/fpls.2015.01020
http://doi.org/10.3389/fpls.2015.01020
http://doi.org/10.1128/MMBR.64.4.847-867.2000
http://doi.org/10.1128/MMBR.64.4.847-867.2000

Demirel, R., Lilhan, S., Asan, A., Kinaci, E., & Oner, S. (2005). Microfungi in culti-
vated fields in Eskisehir provience (Turkey). Journal of Basic Microbiology,
45(4),279-293.

Demyanyuk, O. S., Symochko, L. Y., & Tertychna, O. V. (2017). Suchasni meto-
dychni pidkhody do otsiniuvannia ekolohichnoho stanu gruntu za aktyvnistiu
mikrobiotsenozu [Modem methodological approaches to evaluation of the eco-
logical condition of soil by microbial activity]. Problems of Bioindications and
Ecology, 22(1), 55-68 (in Ukrainian).

Dobrovolsky, G. V., & Nikitin, E. D. (2012). Ekologiya pochv [Soil ecology]. Mos-
cow University Publishing House, Moscow (in Russian).

Dragomir, L. B., & Nicolae, E. D (2015). Researches regarding the physiology of
lavendear plants grown on soils with different pH values. Annals of the Univer-
sity of Craiova — Agriculture, Montanology, Cadastre Series, 45(1), 45-50.

Ellanska, N. E., Skrypka, G. I, & Yunosheva, O. P. (2017). Mikrobni hrupy ta biolo-
hichna aktyvnist korenevoho gruntu roslyn Phlox paniculata L. [Microbial
groups and biological activity of the root soil of plants Phlox paniculata 1.].
Visnyk of Odessa National University, 22(2), 67-75 (in Ukrainian).

Guaro, J., Gene, J., Stchigel, M., & Figueras, A. M. (2012). Atlas of soil Ascomy-
cetes. Universitat Roviro I Vigili Reus, Spain.

Hardoim, P. R., van Overbeek, L. S., Berg, G., Pirttild, A. M., Compant, S., Campi-
sano, A., Doring, M., & Sessitsch, A. (2015). The hidden world within plants:
Ecological and evolutionary considerations for defining functioning of microbi-
al endophytes. Microbiology and Molecular Biology Reviews, 79(3), 293-320.

Tutynskaya, G. O. (2006). Mikrobiolohiya gruntu [Soil microbiology]. KNU, Kyiv
(in Ukrainian).

John, I. P., & Hocking, A. D. (2009). Fungi and food spoilage. 3rd ed. Springer, Lon-
don, New York.

Kaminsky, V. F., & Buslaeva, N. G. (2011). Osnovy prykladnoho matematychnoho
analizu v silskohospodarskykh doslidzhennyakh [Fundamentals of applied ma-
thematical analysis in agricultural research]. Edelweiss, Kyiv (in Ukrainian).

Kirschboum, M. U. F. (2006). The temperature dependence of organic-matter de-
composition — still a topic of debate. Soil Biology and Biochemistry, 38(9),
2510-2518.

Kopylov, E. P. (2012). Gruntovi hryby yak biolohichnyj faktor vplyvu na roslyny
[Soil fungi as a biological factor influencing plants]. Agricultural Microbiology,
15-16, 7-28 (in Ukrainian).

Kostyuchenko, N. 1., & Lyakh, V. A. (2017). Peculiarities of taxonomic structure of
micromycete complex in root zone of sunflower in conditions of Southem
Steppe of Ukraine. Helia, 40(67), 147-159.

Koval, E. Z., Rudenko, A. V., & Voloshchuk, N. M. (2016). Penitsylii: Posibnyk z
identyfikatsii 132 vydiv (redutsentiv, destruktoriv, patoheniv, produtsentiv) [Pe-
nicillii: A laboratory guide to identification of 132 common species (reducents,
destructors, pathogens, producents)]. National Research Research and Restora-
tion Center of Ukraine, Kyiv (in Ukrainian).

Kurdish, 1. K. (2009). Rol mikroothanizmiv u vidtvorenni rodyuchosti gruntu [The
role of microorganisms in the reproduction of soil fertility]. Agricultural Micro-
biology, 9, 7-32 (in Ukrainian).

Markov, L. L., Pasichnyk, L. P., & Gentosh, D. T. (2012). Praktykum iz osnov nau-
kovykh doslidzhen’ u zakhysti rostyn [Workshop on the basics of scientific re-
search in the plant protection]. KNU, Kyiv (in Ukrainian).

McDaniel, M. D., Kaye, J. P., & Kaye, M. W. (2013). Increased temperature and
precipitation had limited effects on soil extracellular enzyme activities in a post-
harvest forest. Soil Biology and Biochemistry, 56, 90-98.

Medkov, A. 1, Stefanovska, T. R., & Borodai, V. V. (2021). Optimization of the
micromycete cultivation process — basics of growth regulators and biotesting
their growth-stimulating activity concering to Miscanthus giganteus. Agrolo-
gy, 4(1),40-46.

Mirchink, T. G. (1988). Pochvennaya mikologija [Soil mycology]. Moscow State
University Publishing House, Moscow (in Russian).

Mishustin, E. N. (1972). Mikroorganizmy i produktivnost’ sel’s’kogo khozyaystva
[Microorganisms and productivity of agriculture]. Nauka, Moscow (in Russian).

Nannipieri, P., Ascher, J., Ceccherini, M., Landi, L., Pietramellara, G., & Renella, G.
(2003). Microbial diversity and soil functions. European Journal of Soil Science,
54(4), 655-670.

Netrusov, A. I, Egorova, M. A., Zakharchuk, L. M., & Kolotilova, N. N. (2005).
Praktikum po mikrobiologii [Practical work on microbiology]. Academy, Mos-
cow (in Russian).

Pandey, S. N., Abid, M., & Khan, A. A. (2018). Diversity, functions, and stress
responses of soil microorganisms. In: Egamberdieva, D., & Ahmad, P. (Eds.).
Plant microbiome: Stress response. Part of the Microorganisms for Sustainabili-
ty book series, 5, 1-19.

Patyka, M. V., & Kolodiazhniy, O. Y. (2014). Formuvannya mikrobnoho komplek-
su chomozemu typovoho v ahrotsenozi ozymoji pshenytsi za riznykh system
zemlerobstva [Formation of microbial complex of typical chemozem in agro-
cenosis of winter wheat under different systems of agriculture]. Bulletin of the
Poltava State Agrarian Academy, 73(2), 26-33 (in Ukrainian).

Patyka, N. V., & Patyka, V. F. (2013). Sovremennye problemy byoraznoobrazija
[Modem problems of biodiversity]. Feed and Feed Production, 76, 10-109
(in Ukrainian).

Peraica, M., Domijan, A.-M., Cvjetkovic, B., & Zeljko, J. (2002). Prevention of
exposure to mycotoxins from food and feed. Arhiv za Higijenu Rada I Toksi-
cology, 53(3),229-237.

Pida, S. V., & Mashkovsjka, S. P. (2003). Korenevi vydilennia: Khimichnyj sklad,
znachennia v alelopatiji ta perspektyvy vykorystannya [Root isolation and che-
mical composition are important in allelopathy and prospects for use]. Agroeco-
logical Journal, 3,47-51 (in Ukrainian).

Polyak, Y. M., & Sukharevich, V. 1. (2019). Allelopaticheskie vzaimootnoshenija
rastenij i mikroorganizmov v pochvennykh ekosistemakh [Allelopathic rela-
tionships of plants and microorganisms in soil ecosystems]. Successes of Mo-
dern Biology, 139(2), 147160 (in Russian).

Polyanskya, L. M., Sukhanova, N. I, & Chakmyazyan, K. V. (2012). Osobennosti
izmeneniya struktury mikrobnoj biomassy pochv v usloviyakh zalezhi [Fea-
tures of changes in the structure of soil microbial biomass under fallow conditi-
ons]. Journal of Soil Science, 7, 792—798 (in Russian).

Roy, A. A, Zaloilo, O. V., Chemova, L. S., & Kurdish, I. K. (2005). Antagonistic ac-
tivity of phosphate-mobilizing bacilli to phytopathogenic fungi and bacteria.
Agroecological Journal, 1, 50-55 (in Ukrainian).

Shevchenko, 1. P. (2006). Vlijanije sposobov vozdelyvanija i vnesenija udobrenij na
sostojanije mikrobnogo tsenoza i fitotoksicheskije svojstva chemozema tipich-
nogo erodirovannogo [Influence of ways of cultivation and fertilization on the
state of microbial cenosis and phytotoxic properties of typical eroded chomo-
zem]. Bulletin of Agricultural Science, 10, 12-15 (in Ukrainian).

Suseela, V., Conant, R. T., Wallenstein, M. D., & Dukes, J. S. (2012). Effects of soil
moisture on the temperature sensitivity of heterotrophic respiration vary seaso-
nally in an old-field climate change experiment. Global Change Biology, 18,
336-348.

Temovy, Y., Gavlyuk, V., & Parfenyuk, A. (2018). Ekolohichno bezpechni akro-
tekhnolohiji [Ecologically safe achrotechnologies]. Agroecological Journal, 4,
50-58 (in Ukrainian).

Tsuneo, W. (2010). Pictorial atlas of soil and seed fungi: Morphologies of cultured
fungi and key to species. Third edition. Boca Raton.

Volkogon, V. V. (2018). Agricultural microbiology in Ukraine: Achievements, pro-
blems, prospects. Bulletin of Agricultural Science, 11,20-27 (in Ukrainian).

Yang, C. H., & Crowley, D. E. (2000). Rhizosphere microbial community structure
in relation to root location and plant iron nutritional status. Applied and Envi-
ronmental Microbiology, 66(1), 345-351.

Zazharskyi, V. V., Davydenko, P. O., Kulishenko, O. M., Borovik, I. V., & Brygady-
renko, V. V. (2019). Antimicrobial activity of 50 plant extracts. Biosystems Di-
versity, 27(2), 163-169.

Zhdanova, N. M. (2002). Monitorynh miksomitsetiv pry vyznachenni sanitamoho
stanu gruntiv. Ahroekolohichnyy monitorynh ta pasportyzatsiya silskohospo-
darskykh uhid [Monitoring of myxomycetes in determining the sanitary condi-
tion of soils. Agroecological monitoring and certification of agricultural lands].
Phytosociocenter, Kyiv (in Ukrainian).

Zvyagintsev, D. H. (1991). Metody pochvennoy mikrobiologii i biokhimii [Methods
of soil microbiology and biochemistry]. Moscow State University Press, Mos-
cow (in Russian).

Biosyst. Divers., 2022, 30(2) 149


http://doi.org/10.1002/jobm.200410526
http://doi.org/10.1002/jobm.200410526
http://doi.org/10.1002/jobm.200410526
http://doi.org/10.18524/2077-1746.2017.2(41).113306
http://doi.org/10.18524/2077-1746.2017.2(41).113306
http://doi.org/10.18524/2077-1746.2017.2(41).113306
http://doi.org/10.18524/2077-1746.2017.2(41).113306
http://doi.org/10.1128/MMBR.00050-14
http://doi.org/10.1128/MMBR.00050-14
http://doi.org/10.1128/MMBR.00050-14
http://doi.org/10.1128/MMBR.00050-14
http://doi.org/10.1016/j.soilbio.2006.01.030
http://doi.org/10.1016/j.soilbio.2006.01.030
http://doi.org/10.1016/j.soilbio.2006.01.030
http://doi.org/10.1515/helia-2017-0012
http://doi.org/10.1515/helia-2017-0012
http://doi.org/10.1515/helia-2017-0012
http://doi.org/10.35868/1997-3004.9.7-32
http://doi.org/10.35868/1997-3004.9.7-32
http://doi.org/10.35868/1997-3004.9.7-32
http://doi.org/10.1016/j.soilbio.2012.02.026
http://doi.org/10.1016/j.soilbio.2012.02.026
http://doi.org/10.1016/j.soilbio.2012.02.026
http://doi.org/10.32819/021005
http://doi.org/10.32819/021005
http://doi.org/10.32819/021005
http://doi.org/10.32819/021005
http://doi.org/10.1007/978-981-10-5514-0_1
http://doi.org/10.1007/978-981-10-5514-0_1
http://doi.org/10.1007/978-981-10-5514-0_1
http://doi.org/10.1007/978-981-10-5514-0_1
http://doi.org/10.31210/visnyk2014.02.03
http://doi.org/10.31210/visnyk2014.02.03
http://doi.org/10.31210/visnyk2014.02.03
http://doi.org/10.31210/visnyk2014.02.03
http://doi.org/10.31210/visnyk2014.02.03
http://doi.org/10.1134/S0042132419020066
http://doi.org/10.1134/S0042132419020066
http://doi.org/10.1134/S0042132419020066
http://doi.org/10.1134/S0042132419020066
http://doi.org/10.1111/j.1365-2486.2011.02516.x
http://doi.org/10.1111/j.1365-2486.2011.02516.x
http://doi.org/10.1111/j.1365-2486.2011.02516.x
http://doi.org/10.1111/j.1365-2486.2011.02516.x
http://doi.org/10.1201/EBK1439804193
http://doi.org/10.1201/EBK1439804193
http://doi.org/10.31073/agrovisnyk201811-03
http://doi.org/10.31073/agrovisnyk201811-03
http://doi.org/10.1128/AEM.66.1.345-351.2000
http://doi.org/10.1128/AEM.66.1.345-351.2000
http://doi.org/10.1128/AEM.66.1.345-351.2000
http://doi.org/10.15421/011922
http://doi.org/10.15421/011922
http://doi.org/10.15421/011922

