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INTRODUCTION

The soil cover of Ukraine has been studied rather 
well, but the intense process of soil degradation has 
not been stopped. Approximately a third of arable 
lands is eroded, about 20 % of organic substances are 
lost, almost half of all the soils have excessive den-
sity, the reserves of nutrients, especially phosphorus 
and potassium, are decreasing. The main reason of the 
mentioned problems is underestimation of the actual 
danger of soil degradation for future generations, lack 
of understanding of the fact that the fertility of soils 
is the actual value of arable lands, which requires 
technological measures, aimed at its preservation [1, 
2]. According to the data of the UN Food and Agri-
culture Organization (FAO), the agricultural activity 
has resulted in considerable degradation processes. 
Soil degradation is a relevant problem for Ukraine, 
directly impacting the fertility of soil and the quality 
of agricultural products, which brings about economic 
loss (over USD 6 billion a year) [3]. The solution of 
problems, related to the management of land resourc-

es, requires the biological monitoring of the rational-
ity of using agrotechnologies.

Microbial cenosis is remarkable for high sensitivity to 
the changes in the technologies of cultivating crops [4]. 
A relevant role of soil microorganisms is conditioned 
by their participation in the formation of soil fertility 
and, in particular, in the transformation of nutrients in 
soil (nitrogen and carbon, � rst and foremost) [5]. Fertil-
izers (organic and mineral) and soil tillage in� uence the 
number and the ratio of different physiological groups 
of soil microorganisms. The impact of mineral fertiliz-
ers on soil biota is of low speci� city; it depends on the 
chemical nature and the dose of introduction [6]. For 
instance, it was demonstrated in the works [7–10] that 
the introduction of a considerable amount of mineral 
fertilizers leads to qualitative and quantitative changes 
in the microbial complex of typical chernozem, which 
is accompanied with the simpli� cation of trophic rela-
tions and the decrease in biodiversity. The introduction 
of organic fertilizers on the background of moderate 
mineral fertilizers under the ecological and biological 
systems of agriculture leads to the increase in the num-
ber of microorganisms by 23 % and 7 % respectively, 
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as they consume organic nitrogen, and to the decrease 
of the groups, consuming the mineral nitrogen, in the 
biological system by up to 36 % [8]. Under these sys-
tems, there are changes in the agrobiocenosis towards 
the decrease in oligotrophicity due to the formation of 
a smaller number of substances in the soil, which are 
notable for the latter stages of organic matter miner-
alization, and the increase in pedotrophs, utilizing the 
water-soluble fractions of organic matter [8, 9]. In con-
ditions of excessive technological burden, chernozem 
soils start degrading with acceleration. It is especially 
true for less stable meadow-chernozem soils. Intense 
application of modern crop rotations on three � elds 
brought about sharp deterioration of their condition. 
The problem is getting more pressing. Living matter is 
a clear reference point of determining the gradient of 
the soil-formation process.

The aim of the studies was to determine the impact of 
different fertilization systems in a crop rotation on the 
number of the main groups of microorganisms, which 
participate in the transformation of nitrogen and carbon 
compounds. 

MATERIALS AND METHODS

The biological evaluation of the 60-year-long ap-
plication of mineral fertilizers in the 10-� eld crop ro-
tation was conducted in the industrial division of the 
National University of Life and Environmental Sci-
ences of Ukraine (ID NULES of Ukraine “Agronomic 
Experimental Station” in conditions of a continuous 
agronomic experiment of the Chair of Agrochemistry 
and Quality of Plant Products named after O. �. Du-
shechkin, which was started in 1956 in a 10-� eld crop 
rotation: clover, winter wheat, sugar beet, corn for silo, 
spring wheat, green peas, winter wheat, sugar beet, 
corn for grain, barley with clover. The experimental 
� eld is located in the Right-Bank Forest-Steppe zone 
and belongs to the Bila Tserkva agrosoil district. The 
relief of the area is � at (Kyiv plateau), the relief of the 
territory is an undulate � at. In addition, the fallow is 
left in the form of protection belts as absolute control.

The soil of the experimental plot is meadow-cherno-
zem, carbonate, low-humus, heavy loamy, medium clay 
on forest-like clay. The amount of total humus in soil of 
the experimental plots was 4.09–4.50 %, and on the fal-
low – 5.50 %. The following fertilization variants were 
studied in the experiment: 1) no fertilizers (control); 
2) phosphate fertilizers; 3) phosphate and potassic 
fertilizers; 4) a single dose of NPK; 5) one-and-a-half 
dose of NPK. The system of soil tillage was traditional, 

presupposing moldboard plowing, and there was sur-
face tillage for winter wheat after green peas. The stud-
ies of soil were conducted in the 0–10 and 10–20 cm 
layers of soil in May. The selection and keeping of the 
soil for the study of aerobic microbiological processes 
in laboratory conditions was performed in accordance 
with DSTU ISO 10381-6-2001. A comprehensive ap-
proach was selected for the evaluation of the process-
es of microbial transformation of carbon-containing 
compounds in typical chernozem, which presupposed 
three stages of implementing the studies: 1 – estimat-
ing the agrochemical state of soil; 2 – investigating the 
quantitative and qualitative composition of the micro-
bial complex, including microorganisms, participating 
in the transformation of carbon compounds in soil; 
3 – determining the biological activity of the micro-
biota of the meadow-chernozem soil and the direction 
of the processes of microbial transformation of carbon-
containing compounds. The selection of indices for 
the evaluation of microbial transformation of carbon 
compounds in soil was based on the following criteria: 
informative value and high sensitivity of indices, pro-
vability of results, high rate of the determination me-
thod, application of novel experience of foreign coun-
tries and compliance with current regulatory standards 
in force [6]. Meat-and-peptone agar (MPA) was used to 
study the total number of microorganisms, decompos-
ing the organic substances; starch-ammonium medium 
(SAM) – to study the microorganisms, assimilating 
mineral nitrogen forms. The number of microorgan-
isms, synthesizing melanin, was studied in Czapek’s 
medium at pH = 5.0; the ones, decomposing humates – 
in the medium with potassium humate; pedotrophs – in 
the soil agar. 

The methods of registering the colonies of micro-
organisms in soil and the composition of media were 
studied according to D. G. Zviagintsev [8]. The results 
of the number of microorganisms were presented with 
the number of forming units in 1 g of absolutely dry 
soil (CFU/g of soil), taking into account the coef� cient 
of soil humidity [8]. The direction of microbial pro-
cesses in soil was determined via the evaluation of the 
following indices: the coef� cient of mineralization-
immobilization of nitrogen (evaluated by the ratio of 
the number of microorganisms, consuming mineral and 
organic nitrogen) [9]; the coef� cient of pedotrophicity 
(the ratio of the number of pedotrophic microorganisms 
to MPA) [8]; the coef� cient of microbial transforma-
tion of organic matter of soil (the ratio of the number 
of microorganisms to MPA and SAM to the minera-
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lization coef� cient) [8]. The statistical processing and 
mathematical analysis of the results of studies were 
conducted using MS Excel 10.0, STATISTICA 7.0 
and QIIME 1.7.0 programs.

THE RESULTS OF INVESTIGATIONS

Nitrogen cycle consists of the process of its micro-
bial � xing from the atmosphere and the introduction 
of the bound nitrogen into a small biological circu-
lation with the destruction of nitrogen-containing or-
ganic compounds to ammonium (ammoni� cation), 
oxidation of ammonium to nitrates (nitri� cation), 
subsequent reduction to free nitrogen (denitri� ca-
tion), which is released into the atmosphere again. 
Microorganisms play the main role in the transforma-
tion of nitrogen in soil [5].

In our studies the number of ammonifying and am-
ylolytic microorganisms (Table 1) in the meadow-
chernozem carbonate soil depended on the variant of 
fertilization and decreased with depth. For instance, 
the highest number of microorganisms, decomposing 
the organic forms of nitrogen in all the variants of the 
studies, was obtained in the root-containing layer of 
0–10 cm, with further decrease by 14–87 % in the 
10–20 cm layer. A similar regularity was obtained 
for the number of amylolytic microorganisms, here 
their decrease in the 10–20 cm layer compared to 
0–10 cm layer was 10–67 %. The highest number 

of ammoni-fying microorganisms was obtained in 
the variant with 1.0 dose of NPK which is related to 
the saturation of soil with nitrogen. While evaluat-
ing the degree of saturation by the number of am-
moni� ers using the method of D. G. Zviagintsev [7], 
one should note that all the fertilization variants are 
characterized as poor ones, except for 1.0 dose of 
NPK – a very rich one. 

Therefore, the situation with humus accumulation is 
not very good in all the fertilization variants, except 
for 1.0 dose of NPK. The highest number of microor-
ganisms, using mineral forms of nitrogen in the mead-
ow-chernozem soil, was obtained using PK, 1.5 dose 
of NPK and the fallow. It indicates the intensity of the 
mineralization processes using the abovementioned 
variants of fertilization.

In the opinion of Yu. P. Moskalevska, M. V. Patyka 
[6], H.O. Iutynska [9], I. D. Prymak [10], the pro-
cesses of mineralization of humic substances are con-
ditioned by biochemical activity of the speci� c mi-
cro� ora – humate-decomposing ones, including the 
microorganisms, capable of using carbon of the cyclic 
and heterocyclic bonds, which are most resistant to de-
composition. Other researchers deny the specialization 
of microorganisms in humus decomposition and refer 
these processes to the activity of all the soil microor-
ganisms [8]. According to the data of H. O. Iutynska 

Table 1. The number of ammonifying and amylolytic microorganisms in the meadow-chernozem soil in the crop rotation 
with sugar beet after winter wheat*

* ID NULES of Ukraine “Agronomic Experimental Station”

Fertilization 
variant

Soil layer, 
cm

Ammonifying
microorganisms

(mln CFU/g of soil)

Amylolytic
microorganisms

(mln CFU/g of soil)

No fertilizers (control)

P

PK

1.0 dose of NPK 

1.5 dose of NPK 

Fallow

0–10
10–20

0–10
10–20

0–10
10–20

0–10
10–20

0–10
10–20

0–10
10–20

2.54 ± 0.18
1.76 ± 0.11

3.25 ± 0.27
2.81 ± 0.24

3.03 ± 0.23
2.76 ± 0.17

26.02 ± 1.51
14.23 ± 1.50

2.39 ± 0.24
1.94 ± 0.28

4.59 ± 0.31
3.64 ± 0.34

6.32 ± 0.50
4.32 ± 0.34

10.6 ± 0.43
6.16 ± 0.26

15.25 ± 0.45
11.16 ± 0.64

9.74 ± 0.37
7.56 ± 0.17

11.12 ± 1.63
10.11 ± 0.74

14.42 ± 0.63
9.71 ± 0.41
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[9], the decomposition of peripheral chains of humus 
molecules involves the participation of pedotrophic 
microorganisms, while deep destruction is performed 
by humate-decomposing ones. The number of pedo-
trophs, utilizing water-soluble fractions of organic mat-
ter and microorganisms, conducting deep destruction 
of nuclear aromatic components of humus, is presented 
in Table 2.

The results of investigations demonstrated that the 
highest number of pedotrophic microorganisms was 
observed in case of a single dose of mineral fertilizers, 
and the lowest one – in case of one and a half dose. 
The highest values in terms of the number of humate-
decomposing microorganisms were obtained while us-
ing phosphate and potassic fertilizers both in 0–10 and 
10–20 cm layers.

Fig. 1. The coef� cient of pedotrophicity in the meadow-chernozem carbonate soil under different variants of fertilization 

Table 2. The number of pedotrophic and humate-decomposing microorganisms depending on the fertilization variants in the 
meadow-chernozem carbonate soil

Fertilization 
variant

Soil layer, 
cm

Pedotrophic 
microorganisms, 

mln CFU/g

Humate-decomposing 
microorganisms, 

mln CFU/g

No fertilizers (control)

P

PK

NPK 1.0

NPK 1.5

Fallow

0–10
10–20

0–10
10–20

0–10
10–20

0–10
10–20

0–10
10–20

0–10
10–20

10.79 ± 1.87
7.12 ± 0.63

15.34 ± 2.13
9.12 ± 1.52

12.34 ± 1.56
8.56 ± 0.46

33.3 ± 2.89
18.43 ± 1.13

4.11 ± 0.24
3.87 ± 0.17

12.70 ± 1.17
8.17 ± 0.41

2.39 ± 0.07
1.19 ± 0.08

1.88 ± 0.12
1.23 ± 0.07

3.28 ± 0.06
2.74 ± 0.36

2.63 ± 0.2
1.19 ± 0.07

2.11 ± 0.08
1.81 ± 0.08

2.65 ± 0.22
1.46 ± 0.18
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The coef� cient of pedotrophicity indicates the degree 
of consumption of organic matter (Fig. 1). According 
to this index in the control and in case of the introduc-
tion of phosphate (variant P), phosphate and potassic 
(PK) fertilizers (Cp. = 3.10–4.72), there is development 
of autochtonous microbiota in the meadow-chernozem 
soil and the mineralization processes from the total 
fund are increased.

The most optimal conditions, according to the trend 
line, are seen in case of one and a half dose of mineral 
fertilizers. In terms of the number of humate-decom-
posing microorganisms, the lowest values and the best 
conditions were obtained under clover. The worst con-
ditions were in the � eld under sugar beet No. 2, which 

had 2.1–5.2 times more humate-decomposing microor-
ganisms compared to the � eld with clover.

The number of micromycetes in the meadow-cher-
nozem carbonate soil depending on the fertilization is 
presented in Fig. 2.

The highest number of micromycetes in the 0–20 cm 
soil layer was obtained at the one-and-a-half dose of 
mineral fertilizers, with other values in the descending 
order: fallow – 1.0 NPK – PK – control – P.

CONCLUSIONS

The optimal conditions for humus accumulation and 
nitrogen transformation are created on the fallow and 

Fig. 2. The number of micromycetes in the meadow-chernozem carbonate soil depending on fertilization, thousand CFU

Table 3. The number of pedotrophic and humate-decomposing microorganisms under different crops in the meadow-cherno-
zem carbonate soil

Fertilization 
variant

Soil layer, 
cm

Pedotrophic 
microorganisms, 

mln CFU/g

Humate-decomposing 
microorganisms, 

mln CFU/g

No fertilizers (control), under sugar beet No. 2

No fertilizers (control) under clover

1.5 NPK, under clover

No fertilizers (control), under sugar beet No. 1

0–10
10–20

0–10
10–20

0–10
10–20

0–10
10–20

10.79 ± 1.87
7.12 ± 0.63

13.73 ± 1.02
9.11 ± 0.74

18.5 ± 0.84
8.44 ± 0.51

14.46 ± 1.45
9.70 ± 0.64

2.39 ± 0.07
1.19 ± 0.08

0.61 ± 0.07
0.42 ± 0.04

0.76 ± 0.06
0.58 ± 0.04

1.16 ± 0.03
0.81 ± 0.07
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in the variant with complete mineral fertilization. The 
use of one-and-a-half dose of fertilizers enhanced the 
mineralized processes in soil 1.2–1.4 times compared 
to the single dose. The highest number of pedotrophic 
microorganisms was observed in case of a single dose 
of mineral fertilizers, and the lowest one – in case of 
one-and-a-half dose. The highest value in terms of the 
number of humate-decomposing microorganisms were 
obtained while using phosphate and potassic fertilizers 
both in 0–10 and 10-20 cm layers. Compared to clover, 
2.1–5.2 times more humate-decomposing microorgan-
isms are formed in the � eld under sugar beet No. 2. The 
application of the 10-� eld crop rotation with legumes 
(clover) and complete mineral fertilizers for 60 years 
ensured non-degradation development of the meadow-
chernozem soil at the quasi-stable level.
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