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ABSTRACT. The analysis of efficiency’s research of interrelation
between soil’s biomass and tillage systems and fertilizers is done. The
number of microorganisms responsible for the transformation of nitrogen
compounds and their state in typical black soil was studied. There is
evidence-based scientific and practical research on the effectiveness of
these microbiological processes and the improvement of environmental
performance through the various fertilizer systems and soil tillage. The use
of an organic-mineral fertilizer system increases the total number of soil
microorganisms and exponential mobilization processes, compared to the
variant without fertilizers. This pattern is clear in the variants of shelf
tillage for row crop rotation. The number of microorganisms that absorb
mineral compounds of nitrogen decreased by 24%, bacteria
ammonification by 1.5-5.7% compared to plough tillage. The ratio
between the number of microorganisms accounted for the nutrient
laboratory solutions for organic-mineral fertilizer system, compared to
variants without fertilizers, is greater by 20-26% for differentiated and 14—
35% for shallow tillage.

© 2022 Akadeemiline P6llumajanduse Selts. | © 2022 Estonian Academic Agricultural Society.

Introduction

may be used as indicators of soil changes (Ros et al.,

Soil biological activity, especially soil enzymatic
activity, respiration process and microbial biomass, is
related to various soil factors, including pH, soil
organic matter, texture and modifying factors such as
climate, humidity and soil temperature. (Emmerling et
al., 2001; Bastida et al., 2008). Microbial biomass,
metabolic rate (CO,, respiratory activity index per unit
of biomass, CO,-C/MBC) and soil enzymatic activity

2003; Bastida et al., 2008). Enzymes are formed with
soil microorganisms and, despite their relatively low
number, have a crucial role in providing the nutrient
cycle in soils such elements as C, N, P and S. Nutrient
cycling is fundamental for the long-term functioning of
ecosystems. In addition, soil microbial activities,
microbial biomass, and soil AT acid content have been
proven indicators of soil quality (Bending et al., 2004;
Goberna et al.,, 2006; Bastida et al., 2008). Soil
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microbial activity is a sensitive indicator of soil
agricultural practices, the input of fertilizers, organic
matter and crop rotation (Emmerling et al., 2001;
Bending et al., 2004).

The application of a balanced amount of fertilizers
and manures could increase enzymatic activity and soil
respiration (Kanchikerimath, Singh, 2001). Organic
fertilizers usually increase soil microbial biomass
(Liang et al., 2005; Kaur et al., 2005). Organic manure-
stimulated biological activity and soil microbial bio-
mass have been proven to be positively correlated with
improved soil fertility and quality as indicated by
higher crop biomass and higher concentration of soil
available nutrients and plant nutrient uptake (Bending
et al., 2004; 2005; Tu et al., 2006; Kaminskyi et al.,
2021). Furthermore, these biological parameters can be
used as sensitive bio-indicators of soil nutrient
transformation, biological turnover and bio-availability
(Tu et al., 2006). Long-term use or overuse of organic
fertilizers had a relatively less positive effect on soil
microbial biomass and activities than organic fertilizers
(Hopkins, Shiel, 1996; Plaza et al., 2004; Hryhoriv et
al., 2021). Numerous studies showed that microbial
biomass could be decreased by the application of
mineral N fertilizer (Hopkins, Shiel, 1996;
Sarathchandra et al., 2001; Bittman et al., 2005), which
may be caused by direct toxicity and reduced pH
because of ammonium-based fertilizers (Hopkins,
Shiel, 1996).

In the scientific works of Ukraine’s scientists
(Andreyuk, 2001; Tsyuk, 2018) the theoretical bases of
the formation of soil’s structure and the functioning of
their microbic cenoses (Patika et al., 2014, 2015) are
devoted to researching the elements of formation of

Table 1. Soil’'s capacities (mechanical, chemical)

microbic groups in agrocenoses and application of
microbial solutions as well (Bilyavskaya et al., 2010).

In black soils, the total number and species composi-
tion of microorganisms depend on weather and climatic
conditions, crops, e.g. the level of application of mine-
ral fertilizers and plant protection products and agrono-
mic tillages. Changes in the degree of influence of these
factors on the soil are affected by the activity of the
microflora and the products of its metabolism
(Demyanyuk, 2016, 2018a,b,c).

The information available in the scientific literature
are different and indicates that the role of growing crops
in the regulation of soil biodynamics has not been
studied enough. It can be stated the effect of techno-
logies for growing crops on the soil’s microbial popu-
lation is sophisticated. To avoid negative consequen-
ces, it’s necessary to concentrate more attention on this
question.

However, despite the great amount of theoretical and
methodological investigations, some questions about
the transformation processes of nitrogen compounds on
deep typical black soil is too little studied.

Our research aimed to estimate the changes in the
number of microorganisms, and the direction of the
mineralization processes intensity of typical black soil
for different soil’s tillage and fertilizers.

Materials and Methods

The experimental part of the scientific work was
performed in the research field of the National
University of Life and Environmental Sciences of
Ukraine (2014-2020).

Soil’s type Content
Humus, % Light hydrolyzed nitrogen P (by Chirikov), Cationic-change K, Soil’s density, pH
(by Cornfield), mg 100 g* soil mg 100 g ! soil gem®t
mg 100 g* soil
Black soil typical, deep big 46-48 14.4 15.2 15.2 1.24 6.4

cloggy medium-loam on the loess

The scheme of crop rotation in the field was 1-2.
Alfalfa, 3. Winter wheat, 4. Sugar beets, 5. Barley, 6.
Soybeans, 7. Winter wheat, 8. Corn for silage, 9. Winter
wheat, 10. Sunflower. This crop rotation uses three
levels of fertilizer per 1 ha of crop rotation area:

e for the mineral system — compost 4.5 tonnes +
NsoPosKos;

e organic-mineral system — compost 4.5 tonnes +
NaoPssKss + 3.5 tone by-products and green
manure and organic-compost 4.5 t + 3.0 tone of
secondary products and green mass.

The experiment used fertilizers: compost, ammonium
nitrate, granular superphosphate and potassium chlori-
de. The second factor studied was the system of basic
tillage: 1) differentiated tillage (control), which is
recommended in the Forest-Steppe zone. It provides
five ploughs for crop rotation, two surface tillage for

winter wheat at 10-12 cm after soybeans and corn for
silage and one chisel tillage under barley at 20-22 cm;
2) Plough with unplough system that provides two
ploughs for crop rotation under sugar beets at 28-30 cm
and sunflower at 25-27 c¢cm and unplough cultivation
for other crops; 3) surface unplough tillage at 10-12 cm
for all crops. Our investigations were held in the
biocenosis of winter wheat after alfalfa.

The plot area was 240 m? with four times repetitions.
Soil samples were taken up to deep 20 cm. The number
of microorganisms was determined by the methods of
sowing soil suspension on solid nutrient solutions
(lutinskaya, 2006). Meat-peptone agar was used to
account for the number of nitrogen-absorbing bacteria
in organic compounds; on starch-ammonia agar — the
number of bacteria that assimilate mineral forms of
nitrogen (Zvyagintsev, 1991). The direction of micro-
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biological processes in the soil was determined by the
methods described by Volkogon (2010b).

Statistical analysis of the results was performed using
Statistica 6 software.

Results and Discussion

The functioning of microbial complexes in the soil
provides continuous processes of transformation of
organic matter in terrestrial ecosystems. The study of
the dynamics of their numbers makes it possible to
reveal the mechanisms that determine the general direc-
tions of the soil’s matter transformation and the state of
ecosystems in general (Patika et al., 2010; Loboda et
al., 2019).

The number of soil microorganisms of different
ecological and trophic groups in typical black soils and
their ratio varies depending on the system of tillage and
fertilizer.

It was found that in variants with different tillage
systems, independently of the applied mineral ferti-
lizers, a biologically different tillage layer of the soil is
formed, in some parts of the arable layer the microorga-
nisms are unevenly distributed. There is a decrease in
the number of all groups of microorganisms down the
soil profile, which is associated with changes in ther-
mal, air and nutrient regimes, as well as an increase in
soil density with depth.

The influence of the systems of the basic autumn
processing of the soil on the microbiocenosis of the
typical black soil showed itself differently. Unplough
processing stimulates the rapid development of soil
microorganisms in the upper 0-10 cm soil layer

compared with plough processing, but not in the deeper
layers.

Intensive technologies for growing crops, based on
plough cultivation with the use of high rates of mineral
fertilizers and plant protection chemicals, significantly
change the taxonomic structure of microbial associa-
tions and their functional activity. The biological cycle
of substances and energy are increased with soil’s
biological activity, increasing the mineralization of
organic matter according to maintaining the level of
humification processes (Sherstoboeva, 2017; Rieznik et
al., 2021). So in modern agrocenoses, there is a degra-
dation of humus and a decrease in soil fertility (Saiko,
2002). The use of unplowed tillage with the saving of
stubble and plant remains on the soil surface in combi-
nation with organic and mineral fertilizers, is accom-
panied by the formation of favourable conditions for
microbiological processes and especially humus accu-
mulation. According to (Balaev, Tonhka, 2013; Manko
et al., 2019), the humification coefficients of plant
residues are increased by 20-30% together with un-
plowed cultivation and the processes of their minera-
lization are attenuated compared to ploughed cultiva-
tion.

Another approach is held Nikiforenko (1982), who
believes that unploughed tillage reduces microbio-
logical activity in the soil, changes the group composi-
tion of microorganisms, reduces the number of nitri-
fications organisms and deteriorates the conditions of
plant’s mineral nutrition.

Thus, in the variants without fertilizers, the number
of microorganisms using mineral forms of nitrogen
(potassium ammonium nitrate) increased by 27%, and
on the organic-mineral by 1.6 times (Fig. 1).
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Figure 1. The number of microorganisms (million CFU g~ of absolutely dry soil) of the main ecological and trophic groups in terms
of application of the system of tillage and fertilizer (2014—2020 years) (LSD s for tillage — Fi<Fq0s; LSDo s for fertilizers — 0.1;

LSDq o5 for soil’s layer — 0.15)

Similar indicators were obtained for bacteria using
nitrogen of organic compounds. The increase in their
number, depending on the ground of fertilizer, was,
respectively 1.5 and 1.7 times. In the case of unplough
small tillage, the 0-10 cm layer remained richer in

microorganisms throughout the growing season, due to
the dominance of the plant residues on it, organic and
mineral fertilizers, as well as better temperature condi-
tions, higher moisture supply and good access to
oxygen (Fig. 2).
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Figure 2. The number of bacteria (million CFU g~ of absolutely dry soil) of the main ecological and trophic groups in terms of
application of the system of tillage and fertilizer on 2014—-2020 years (LSDo s for tillage — Fi<Fq0s; LSDq o5 for fertilizers — 1.12;

LSDo.05 — 1.14 for soil’s layer)

It’s necessary to note in terms of unploughed system
the lower part of the treated layer is somewhat more
microflora. Our research has shown a decrease in the
number of microorganisms that absorb nitrogen mine-
ral compounds by 9-24% and ammonifying bacteria —
by 1.5-5.7% compared to plough processing.

The effect of fertilizers on the soil’s microbial grouping
was much stronger than the effect of soil’s tillage. Their
effect both during ploughing and unploughed tillage was
observed in all parts of the treated layer, with a maximum
at a depth of 0-10 cm. Under the influence of organo-
mineral fertilizers, the number of microorganisms using
mineral forms of nitrogen changed most significantly
(1.5-2.0 times). As for bacteria using nitrogen of organic
compounds, their number has decreased.

The organic-mineral fertilizer system increases the
number of microorganisms in the soil and creates
favourable mobilization processes compared to the
variant without fertilizers. This is clear to both variants
for processing at the depth of the treated layer.

The dynamics of the number of microorganisms in
the main groups indicate the direction of microbiolo-
gical processes toward degradation or restoring soil
fertility. Microbiological processes occurring in black
soils typical of the coefficient of mineralization-im-
mobilization of nitrogen compounds were evaluated
(Table 2). This coefficient characterizes their intensity
and direction (Andreyuk, 2001; Parkhomenko et al.,
2021).

Table 2. The intensity of mineralization processes of typical
deep black soil

System of Fertilizer systems  Soil layer, cm Nitrogen
soil’s tillage mineralization-
immobilization
coefficient
Differentiate  Without fertilizer 0-10 2.18
(control) 10-20 2.04
Organic-mineral 0-10 2.74
10-20 2.44
Shallow Without fertilizer 0-10 191
unplough 10-20 1.87
processing Organic-mineral 0-10 2.57
10-20 2.15

The enhancement of mobilization processes on ferti-
lized variants can also be judged from the ratio between
the number of microorganisms recorded on potassium
ammonium nitrate and MPA. According to our data, on
fertilized variants, compared to variants without ferti-
lizers, its value is higher by 20-26% for shelf cultiva-
tion and by 14-35% for shallow cultivation. According
to our investigations, on fertilized variants, compared
to variants without fertilizers, its value is higher by 20—
26% for shelf cultivation and by 14-35% for shallow
cultivation.

As for the absolute values of mineralization-immobi-
lization coefficients, their value, independently of the
agrochemical ground, is 3-13% less than shallow
tillage.

Microbiocenosis, formations in black soil typical for
the variant from differentiated processing is increased
the process of mineralization, due to the mineralization
of organic matter, and a small unploughed processing
is inhibit this process. It pleases with the thought
(Andreetta et al., 2011) obtained results on the content
and reserves of total humus.

On typical deep soils with a low buffering capacity, it
is impractical to apply high rates of mineral fertilizers,
which causes a significant imbalance of microbioce-
nosis and does not contribute to the preservation of
organic matter (\Volkogon et al., 2010a).

Conclusion

A study of the impact of the transformation of
nitrogen compounds of chernozem typical of tillage
and fertilizer systems showed that without the use of
fertilizers microorganisms that use mineral forms of
nitrogen, their number increased by 27%, and the
organo-mineral system — by 1.6 times. There was a
decrease in ammonifying bacteria in non-shelf tillage
by 1.5-5.7% compared to shelf tillage. The coefficient
of mineralization — immobilization of nitrogen is
significantly reduced by 3-13% with shallow tillage
compared to differentiated.
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