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Soil microbial communities play an important role in ecosystems functioning and are on the field scale essen-
tial for plant nutrition and health. On a larger scale, they contribute to global element cycling. Furthermore, they
are involved in the turnover processes of organic matter, the breakdown of xenobiotics and the formation of soil
aggregates. An ecological state of soils depends on the structure and activity of soil microorganisms. The re-
sults of soil monitoring in various ecosystems in different climatic zones of Ukraine showed a clear trend for the
correlation between the agroecological conditions and activity of microbiocenosis. The most significant influ-
ence of agricultural activity on the soil microbiota can be observed on the poorly soddy-podzolic and gray forest
soils, where the crop cultivation without fertilization resulted in a decrease in the total count of microorganisms
by 2.2-4.5 times. Application of agricultural measures aimed at achieving maximum productivity, specifically
the combination of mineral, organic and biological fertilizers, contributes to an average 1.3-4.1 times increase
in the total count of microorganisms in the soil, compared with non-fertilized variants. Soils with low content of
organic matter and acidic medium, soddy-podzolic and gray forest soils were characterized by a high number
of micromycetes, 136-185x10% CFU-g™! soil, and a relatively low number of eutrophic and nitrogen-fixing micro-
organisms. The soil of natural ecosystems is characterized by a high total count of the microorganisms with a
balanced structure of various ecological-trophic groups and balanced processes of mineralization-immobiliza-
tion, organic matter decomposition, and humus accumulation.
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Introduction

Today, the contradictions between the growing needs
of mankind and the limited possibilities of nature are
particularly acute. The results of the impact of human
activity on the environment have become critical. As a
result, degradation of ecosystems, climate change, en-
vironmental pollution, depletion of natural resources,
reduction and loss of biodiversity are occurring (Anand,
2013; Martin et al,, 2016). Anthropogenic load on the
environment in Ukraine is several times higher than in
developed countries of the world. Particularly negative
environmental consequences can be traced in the agro-
sphere, which occupies more than 70% of the territory
of Ukraine.

Agricultural activity primarily affects the soil environ-
ment changing the direction of biogeochemical cycles
of biophilic elements, the content and composition of
organic matter, density and soil structure, water and air
regime, etc. Under these conditions, there are changes
in the structure of microbial communities, the direction
of microbiological processes and biological activity of
the soil (Sun et al., 2016; Deng et al., 2019). The biologi-
cal activity of soils indicates the ability of the soil to per-
form its functions and it is crucial in ensuring the sus-
tainability of ecosystems (Nannipieri et al., 2017; Yang,
et al,, 2018). Changing any function of the soil reduces
its quality and value, and ability to ensure the produc-
tivity of agrocenosis. The ecological status of the soil is
characterized by qualitative and quantitative changes in
the structure of microbial cenosis and the ratio of the
number of microorganisms of certain ecological trophic
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groups, activity of the main biological processes (Symo-
chko, 2020). The impact of agrotechnologies on the mi-
crobiocenosis of the soil can be either direct or indirect
due to changes in the physical and chemical parame-
ters of the microclimate, energy sources (carbon), the
reorganization of the composition of microbial commu-
nities and their functional activity (Auffret et al., 2016).

Biological and biochemical studies of soils have a spe-
cial place in knowledge of the essence of soil fertility, its
ecological status and the prediction of the productivity of
agrocenosis (Qamar, et al., 2018). Soil fertility manage-
ment is, first of all, the management of the microbiologi-
cal processes occurring in it. It is necessary to conduct
depth and comprehensive studies of the basic patterns of
the formation of microbial communities and their func-
tional activity, depending on edaphic and agrotechnical
factors. The aim of the work was to investigate changes
in the structure and activity of soil microbial communities
in agro-transformed and natural ecosystems of Ukraine.

Methods

Study sites and soil sampling

The study was conducted in the Laboratory of Ecology of
Microorganisms at the Institute of Agroecology and Envi-
ronmental Management of National Academy of Agrar-
ian Sciences of Ukraine and in the Laboratory of Water
and Terrestrial Ecosystems Monitoring at the Uzhhorod

Table 1. Agrochemical characteristics of soil in stationary field experiments, 0-20 cm

Humus,
%

Type of soil

Geographic coordinates PH

Chernozem ordinary
N 48°5'28.972" 65 5.2
E 37°39'00.527"

Gray forest
N 49°11'19.175" 4.2 1.7
E 28°21'16.549"

Soddy-podzolic
N 51°7'00.207" 4.9 1.1
E 31°1007.111"

Content, mg-kg™' of soil

Nitrogen which is Active Exchangeable
easily hydrolyzed phosphorus potassium
114 98 143
76 174 115
74 170 68



Environmental Research, Engineering and Management

National University. The initial data for the analysis, cal-
culations and mathematical analysis were the results of
multi-year studies of soil microbiocenoses in stationary
field experiments of the National Academy of Agrarian
Sciences of Ukraine during 2001-2015. Three types of
soil were studied in different natural and climatic zones
of Ukraine (Steppe zone — Donetsk region, Forest-steppe
- Vinnytsia region, and Polissya — Chernihiv region).

The soil sampling was carried out by standard methods
(ISO 10381-6:1993) in multi-year field experiments, the
characteristics of which are given in Table 1. For com-
parison, the soil was studied in natural ecosystems (fal-
low land).

The soil samples of the agroecosystems were select-
ed from the 0-20 cm layer of the plants over the period
when the system reached its climax - stable, balanced
state. All samples were prepared using the unified proce-
dure: they were air dried and grounded to < 3 mm in size;
visible plant and mesofauna residues were removed. Ex-
periments were performed in 5-fold repetition.

Number of soil microorganisms

For the microbiological analyses, we selected the soil
samples from each variant of the experiment and an
abandoned field in 5-fold replication and prepared an av-
erage sample. Batches of 10 g each were put on sterile
mortar and then the microorganisms were separated
from the soil particles using the method of Zviahyntsev
(1991). We prepared 10-fold solutions of the output soil
suspension, which were used for inoculations to the
elective media for each ecological-trophic or taxonomic
group of microorganisms. The guantitative compound of
the microorganisms of the main ecological-trophic and
taxonomic groups in soil was determined using the meth-
ods of inoculating the soil suspension to standard growth
media, which are generally accepted in soil microbiology
(Zviahyntsev, 1991): the total number of microorganisms
on peptone-glucose agar with soil extraction (PGA), bac-
teria which use organic nitrogen (Norg) to meat infusion
agar (MIA), streptomyces and bacteria which use mineral
nitrogen (N,,;,) to starch-and-ammonia agar (SAA), the
number of pedotrophs to soil agar (SA), nitrogen-fixing
microorganisms on the non-nitrogenous media of Ashby
and Vinogradsky, oligotrophs on purified agar (PA), mi-
cromycetes to Czapek-Dox agar. After the inoculation to
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the media, the bacteria were incubated at the tempera-
ture of 28°C during 5-14 days. The colonies which grew
in these media were calculated on the assumption that
one colony is formed from one vital cell. The results of
measuring the number of microorganisms grown on the
nutrient media were expressed in colony forming units
(CFU) per 1 g of dry soil. For this purpose, we determined
the moisture of the soil samples for the experiments us-
ing the thermostat-gravimetric analysis, and recalculat-
ed the obtained number of colonies taking into consider-
ation the coefficient of moisture and solution of the soil
suspension. The inoculations were repeated three times,
and the obtained data were analyzed using mathematical
statistics, calculating the confidence interval in the num-
ber of microorganisms.

The taxonomic structure of the microbial communities
was determined as a percentage of such taxa: bacteria,
streptomyces and micromycetes (Strickland and Rousk,
2010).

Direction of soil microbiological process

The direction of microbiological processes in the soil was
determined by the appropriate coefficients (Andreyuk
and Valagurova, 1992):
coefficient of mineralization (K,,;,) was calculated by
the ratio of the number of microorganisms immobiliz-
ing the mineral forms of nitrogen (Cs,,) to the number

of organotrophs (C,,,) by the formula: K, = Copn / Coas

coefficient of oligotrophity (K.) was calculated by the
ratio of the number of microorganisms, which are
able to absorb nutrients from very rarefied solutions
to the total number of eutrophic microorganisms by
the formula: K, = Cps / (Copn + Cyn)i

coefficient of pedotrophity (K., was calculated as
the ratio of the number of pedotrophic microorgan-
isms (Cg,) to the number of microorganisms using
organic nitrogen (Cy): Koy = Cos / Cyai

coefficient transformation of organic matter (K,.)
was calculated by the formula: K, = (Cy, + Copn) *
(CMIA/ CSAA)'

tom

Biodiversity of soil microbiocenosis

Biodiversity of sol microbiocenosis was calculated ac-
cording to the Shannon index and the Simpson index
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(Shannon index, Simpson index) (Magurran, 1988).
Formulas used to calculate diversity measures analyzed:

Shannon diversity index (H):

H=-YP In(P)

where P, - is the proportion of individuals belonging to
species J;
Simpson diversity index (D):

D=1-3P?

Data Analysis

The results of the experimental studies were statistical-
ly analyzed using the Microsoft Excel program package.
The tests were performed in 5-10 times replication. We
determined the mean values (x) and their standard de-
viations (SD). The level of significance selected for the
study was P < 0.05.
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Results and Discussion

The results of many years of research have shown that
the total number of microorganisms in the soil depends
on the type of ecosystem (Table 2). At the same time,
significant fluctuations in the structure of microbio-
cenoses of soils of natural ecosystems have not been
fixed. The smallest pool of microorganisms was in the
soddy-podzolic soils, which correlates with low content
of organic matter and stocks of biogenic nutrients.

The use of soil in agriculture and the application of var-
ious agrotechnologies violate the structure of microbial
cenosis and its functions (Habig and Swanepoel, 2015).
Our studies have shown that the most important impact
of agricultural activity on soil microbiota was on low-
growth soils, i.e., turf-podzolic and gray forest, where
prolonged cultivation of non-fertilized agricultural crops
led to a decrease in the total pool of microorganisms
2.2-4.5 times. In the chernozem, the total number of mi-
croorganisms was reduced only by 1.9 times. Soils with

Table 2. Total pool of microorganisms in soils of natural and transformed ecosystems, x10¢ CFU g”' of dry soil

Type of soil natural ecosystems
(fallow land)
Chernozem ordinary 28.6+0.4
Gray forest 62+0.2
Soddy-podzolic 54+0.2

Transformed ecosystems - Agroecosystem
(arable soil)

14.9+0.3
19.3+0.3

28+0.2
52+02

1.2+0.1
49+0.2

Note: numerator — without fertilizers; denominator — a variant with balanced doses of fertilizers and other agrotechnical measures that
ensure maximum productivity. The data are statistically significant, P < 0.05, x + SD, n = 6.

high content of organic matter, having a higher buffering
capacity, are more resistant to the vulnerability of soil mi-
crobiota to different agro-technical measures.

The application of a balanced combination of different
types of mineral, organic and biological fertilizers posi-
tively influenced soil microbiota. An increase in the total
number of microorganisms was observed on average
by 1.3-4.1 times in comparison with the backgrounds
without fertilization. The greatest positive effect of agro
measures on microbiocenosis was in soddy-podzol-
ic soils. That is, such soils are most susceptible to any

anthropogenic impact. Soils of agroecosystems were
characterized by a decrease in the general pool of mi-
croorganisms and impoverished microbial diversity (Ta-
ble 3). In assessing the taxonomic diversity of microbial
community, the Shannon index shows a greater diversity
of soil microbiome in natural ecosystems, and, hence,
higher resistance to various environmental factors. The
ability to self-regulate and efficient use of energy re-
sources of natural ecosystems is ensured by the numer-
ous trophic levels and high adaptive potential of micro-
organisms that are part of the microbiocenosis, that is,
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Table 3. Diversity indices for soil microbial community
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natural ecosystems Transformed ecosystems - Agroecosystem
Type of soil (fallow land) (arable soil)
Shannon (H) Simpson (D) Shannon (H) Simpson (D)
Chernozem ordinary 6.21+0.29 0.0200 + 0.0016 3.11+0.12 0.1231 + 0.0059
Gray forest 3.43+0.12 0.1530 + 0.0071 1.96+0.10 0.2108 +0.0063
Soddy-podzolic 2.64+0.11 0.1780 + 0.0076 1.64+0.10 0.2530 + 0.0061

The data are statistically significant, P < 0.05, x + SD, n = 5.

conditions are created for compensatory reactions in the
event of violation of certain chains in the system.

In the soil of agroecosystems, there was a decrease in
biodiversity and the formation of a homogeneous mi-
crobial complex with a high degree of dominance of
certain morphotypes. In studies by Zhou et al. (2015),
the continued introduction of inorganic fertilizers into

chernozem soil has led to a reduction in the biological
diversity and the number of bacteria. Detailed study of
the quantitative composition of microorganisms of the
main ecological trophic and taxonomic groups showed
a clear differentiation of their content in natural bio-
cenoses depending on the type of soil (Fig. 1).

Fig. 1. Quantitative characteristics of microorganisms of major groups in different types of soil. A - chernozem ordinary; B - gray forest; C -
soddy-podzolic. The data are statistically significant, P < 0.05, x + SD, n = 6.
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Soil with low content of SOM and acidic reaction (pH < 5) is
characterized by a high content of mycelial organisms and
bacteria using mineral nitrogen (N,,..), in particular, in sod-
dy-podzolic soils, a high number of micromycetes (18-5x10°
CFU g™") and streptomyces (3-1x10¢ CFU g') and a relatively
small amount of eutrophic and nitrogen-fixing microorgan-
isms (11-6x10% — 1-0x10% CFU g"), in accordance. Char-
acteristic for chernozem is the low content of pedotrophic
and oligotrophic microorganisms (17-2; 21-9 x10¢CFU g),
high numbers of bacteria using N, and N, (18-5x10° and
17-0x10° CFU g™), nitrogen fixing (7.5x10° CFU g') and mi-
cromycetes (260x10° CFU g). In comparison with natural
ecosystems in arable soils the number of streptomyces
increased significantly by 5.7-7.5 times and bacteria using
N, by 1.8-1.9 times. The highest vulnerability of the soil
microbial ecosystem was in variants without the application
of any nutrients into the soil. Prolonged soil management
without additional fertilization resulted in a decrease in the
content of agronomically useful microorganisms, especial-
ly nitrogen-fixing microorganisms by 1.6-2.7 times. Under
these conditions, in gray forest and soddy-podzolic soils,
the number of oligotrophs and bacteria using N,;,, was in-
creased almost twice, compared with the analogue of the
soil in a natural ecosystem. This indicates intensification
of the destruction processes of soil organic matter (SOM)
and the decomposition of humus substances. The enrich-
ment of gray forest and soddy-podzolic soils with nutrients
has led to the intensification of the growth of the number
of bacteria using N, by 40%, and micromycetes by 30%,
and streptomyces at 6.2-7.9 times. Application of fertilizers
in chernozem of an agrotransformed ecosystem resulted
in no significant differences (P < 0.05) between the number
of bacteria using N, and N,,, compared with the natural
analogue, although the reduction was 5% and 23%, respec-
tively. However, the number of streptomycetes increased
by almost 8 times. In the soil of agroecosystems, not only
the reduction of the content of organic matter and its redis-
tribution in the soil profile were fixed, but also the changes
in the availability of nutrients and a pool of basic nutrients.
This creates new conditions for soil microorganisms and
leads to changes in the structure of their community (Sun
etal, 2018). Therefore, an important direction is the study of
the impact of agricultural land use on the soil microbiome,
the dependence of the number and diversity of microbiota
on environmental and human factors that determine the
stability of agricultural soils (Patyka and Symochko, 2013;
Symochko, 2020).
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It has been established that the edaphic conditions
and factors that determine the soil fertility (SOC, C/N,
NPK content in the soil) correlate with the structure
of the microbial group, the dependence of the number
and diversity of microbiota on the environmental and
human factors that determine the stability of agricul-
tural soil (Symochko et al., 2019). Analysis of the tax-
onomic structure of microbiocenoses of the studied
soils (Fig. 2) showed that the soil of biocenoses was
characterized by a more stable ratio of bacteria, strep-
tomycetes and micromycetes: for chernozem ordi-
nary — 94%:4.5%:1.1%, gray forest — 82.9%:15.3%:1.8%,
soddy-podzolic — 77.2%:20.3%:2.5%, respectively. Bac-
teria are commonly found in soils rich in SOM, while
relatively large amounts of saprophytic fungal commu-
nities tend to increase when soil fertility is reduced.

The chernozem soil of the agroecosystem has a more
stable and balanced structure of microbiocenosis than
soddy-podzolic and gray forest. The percentage of bac-
terial organisms in it is at 90%, and only the use of min-
eral fertilizers reduces it to 88%. The growth of the pro-
portion of micellar organisms occurs in the long-term
application of mineral fertilizers, both individually and
in combination with organic fertilizers. This is due to an
increase in the acidity of the soil, but, as well known,
micromycetes prefer acidic soils (Cheng et al., 2015;
Zhang et al., 2016).

The part of micromycetes and streptomyces in the taxo-
nomic structure of soddy-podzolic soils with an acidic re-
action and a low content of SOM was higher, respectively,
by 2.3 and 4.5 times in comparison with chernozem. Due
to the lack of organic matter in the soil, the microbial
community is restructured in the direction of the growth
of the micellar organisms as more resistant to the envi-
ronmental and anthropogenic factors.

According to the ratio of the number of microorganisms
of certain ecological trophic groups, the direction of mi-
crobiological processes in the soil was analyzed (Table
4). In chernozem soil of natural ecosystems, the activity
of mineralization processes, oligotrophy and pedotro-
phy is low (microbiological coefficient < 1).

It was established that irrespective of the edaphic con-
ditions in the soil of agroecosystems on non-fertilized
backgrounds the activity of mineralization processes
increased by 1.5-1.7 times, as well as coefficient of ol-
igotrophy and pedotrophy by 1.1-3 times, indicating a
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Fig. 2. Community composition of soil bacteria, streptomyces and micromycetes in different soil. A - natural ecosystems (Fallow land), B -
agroecosystem (Arable soil). The data are statistically significant, P < 0.05, x + SD, n = 6.
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Table 4 Direction of microbiological processes in the soil of natural (virgin land) and transformed (arable soil) ecosystems

Coefficient
Treatment Mineralization Oligotrophity Pedotrophity Trj;safgircmr::tc)tr;rof
Ko Ky » ke
Chernozem ordinary
Virgin land 0.92 0.62 0.93 38.63
Arable soil % % % %
Gray forest

Virgin land 0.97 1.62 2.38 23.11

Arable soil Léa 193 215 2L.27
1.23 1.35 2.58 29.58

Soddy-podzolic

Virgin land 1.09 1.73 2.60 22.20

Arable soil 169 185 272 2641
1.20 1.56 2.45 28.81

Note: numerator — without fertilizers; denominator — a variant with balanced doses of fertilizers and other agrotechnical
measures that ensure maximum productivity. The data are statistically significant, P < 0.05.
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deterioration of the nutritional regime and the develop-
ment of processes destruction of organic matter.

In particular, as our studies showed, the application of
mineral fertilizers into chernozem soils has activated
the development of pedotrophic and oligotrophic micro-
organisms and microorganisms using N, by 1.3-1.5
times (Demyanyuk et al.,, 2019). At the same time, growth
of values of coefficients K and K ., was fixed for 18%
and 9%, respectively. The application of balanced doses
of fertilizers reduced the activity of mineralization of or-
ganic matter in the soil by 19-29% and the oligotrophy by
16-33%. Also, there was active development of zymo-
genic microbiota, which decomposes fresh organic com-
pounds and plant remains; the value of the coefficient
pedotrophy decreased by 8-12%. The transformation
of organic compounds increased by 10-70% compared
with the non-fertilized variant, and this process depend-
ed on the type of soil and the type of fertilizer.

Conclusions

The soil of natural ecosystems is characterized by a high
content of the total number of microorganisms with a
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