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INTRODUCTION

The relevance of biological (organic) agriculture 
in the conditions of a stable tendency to the climate 
change which has been rather sharp in the recent de-
cade in the territory of the central part of the Forest-

Steppe of Ukraine, conditioned both by global process-
es and current industrial processes, aimed at � ghting 
the consequences rather than preventing their negative 
manifestation, is rather evident [1]. The idea of organic 
agriculture has emerged as a natural and adequate reac-
tion of agricultural production on rapid and active in-
crease in chemical pressing on the agriculture [2]. The 
concept of organic production proves that it is much 
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crops in a � ve-� eld grain-growing and weeding crop rotation allows avoiding the use of organic fertilizers and 
perennial grasses and using by-products of plant cultivation instead to saturate the crop rotation with legumes 
up to 30–40 %, the application of nitrogen-� xing and phosphate-mobilizing preparations allows ensuring the 
production of organically pure products with simultaneous restoration of both fertility and the natural model of 
the chernozem agrogenesis of the central part of the Forest-Steppe of Ukraine.
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more complicated to achieve the main aim than to 
maintain formal conditions, required for certi� cation of 
the production of organic products, as the certi� cation 
does not guarantee any harmonization and does not 
regulate the anthropogenic burden on agroecosystems 
in general [3]. The main point is to provide the neces-
sary conditions of plant nutrition along with restoration 
of chernozem fertility, which is rather complicated in 
the absence of animal breeding and seeding perennial 
grasses, that is related to the complexity of maintaining 
the positive balance of humus, nitrogen and phospho-
rus. However, there is an urgent issue of elaborating 
such technological means of organic production which 
would allow using the by-products and the saturation 
of crop rotations with legumes up to 30–40 % to ensure 
obtaining of organically pure products with simulta-
neous restoration of fertility and, as a result, to provide 
for the restoration of the natural model of agrogenesis 
of chernozems in the central part of the Forest-Steppe 
of Ukraine [4].

In general, the Forest-Steppe zone is ranked se-
cond in Ukraine by the level of anthropogenic burden 
on natural ecosystems [5]. The diversity of soil and 
ecological conditions is the reason for the versatility 
of lands by their productive capability and hence – for 
different agronomic suitability for organic agriculture. 
Therefore, a structure of soil cover, whose components 
are characterized by speci� c parameters of suitability 
at the level of their kinds, is used to zone Ukraine by 
the suitability for organic agriculture. The territory of 
studies may be related to the group of lands, suitable 
for organic agriculture, where high medium-perennial 
productive capability of soils is ensured (70–100 points 
depending on the agricultural crop).

The aim of the studies was to conduct complex ag-
rophysical, physical-chemical substantiation of the 
ef� ciency of the organic fertilization system in terms 
of nitrogen balance and organic carbon in the agroeco-
system of a � ve-� eld grain-growing and weeding crop 
rotation � lled with cereals and legumes up to 40 % and 
the use of by-products for fertility restoration and im-
provement of the agrogenesis of regraded chernozem 
in the central part of the Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The studies were conducted in the � eld permanent 
experiment of the Cherkasy State Agricultural Experi-
mental Station of the National Scienti� c Center “In-
stitute of Agriculture”, NAAS of Ukraine, established 
in 2010. The soil was regraded chernozem (podzolic 

chernozem) [6], which was low-humus, medium-clay 
on carbonate mole-plowing forest layer. The content of 
humus in the arable layer was 2.76–3.03 according to 
Turin, the amount of absorbed alkali – 24.5–28.1 mg-
eq. per 100 g of soil, the hydrolytic acidity – 1.99–2.19 
mg-eq./100 g of soil, pH of the salt extract – 5.56–6.31. 
The degree of saturation with alkali was 92.8–93.3 %, 
the content of mobile forms of phosphorus (according 
to Truog) – 9 mg per 100 g of soil, exchange potas-
sium (according to Brovkina) – 12 mg per 100 g of 
soil. The physical features of soil are characterized by 
the following indices: relative weight of solid phase – 
2.57–2.62 g/cc, structure density – 1.24–1.30 g/cc, total 
cleavability of humus horizon – 50–53 % [7].

The experiment studied the � ve-� eld grain-growing 
and weeding crop rotation consisting of peas – winter 
wheat – corn – soy – spring barley. The main require-
ment to the organic crop rotation was its saturation with 
legumes of over 30 %. The saturation of the presented 
crop rotation with legumes was 40 %. 

The organic system of fertilization: without the intro-
duction of mineral fertilizers and the use of by-products 
of the predecessor as a fertilizer – 13–14 t/ha, and 24–
25 t/ha considering the root mass. The intense system 
of fertilization: green peas – N30P30K30, winter wheat 
– N60P60K60 + N30, soy – N60P60K60, corn – N60P70K60 + 
N20, spring barley – N60P60K60 + N25 at the introduction 
of 14–15 t/ha of by-products as organic fertilizers, and 
26–27 t/ha considering the root mass. The grain for 
seeding was treated with nitrogen-� xing, phosphorus-
mobilizing biological preparations for variants of the 
experiment. 

To determine the changes in physical, chemical, and 
agrophysical indices while studying the humus and 
agrophysical conditions, mixed samples were selected 
10 cm apart from different land plots following the 
schemes of experiments according to DSTU 7030:2009 
(GSTU 46.001-96). The granulometric composition 
was de� ned according to N. A. Kachynsky (DSTU 
4730:2007), the structure density – by the method of 
cutting rings in the modi� cation of N.A. Kachynsky 
(DSTU ISO 11272:2001); the structural-aggregate 
composition – by the sieve method in the modi� ca-
tion of N.I. Savinov (DSTU 4744:2007), ��KCI – by 
the potentiometric method (DSTU ISO 10390:2007); 
the hydrolytic acidity – according to G. Kappen in the 
modi� cation of CINAO (GOST 26212-91); the total of 
absorbed alkali – by the method of Kappen-Hilkovits 
(GOST 27821-88). The content of total humus was 
determined according to I.V. Turin in the modi� cation 
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of M.V. Simakov (DSTU 4289:2004). The calculation 
method was used to determine : dispersion factor (DF) 
according to N.A.  Kachynsky;  th e degr ee of aggrega-
tion  (��) according to  Baver. The results of � eld stud-
ies were statistically processed by the dispersion analy-
sis method using statistical programs of Statistica-8.

RESULTS OF INVESTIGATIONS
The combined studies of granulometric and microag-

gregate composition allows de� ning the potential capa-
bility of chernozem to structuring under the impact of 
different systems of fertilization. It was determined that 
the least level of dispersion was in the variant where 
soil was used for fallow; it was 7.01 % in the soil layer 
of 0–20 cm, and 5.6 % – in the 30–40 cm layer, which 
is characterized as excellent microaggregation of soil 
mass of chernozem. Out of tilled soils, the soil, which 
was better microaggregated by the dispersion fac-
tor (FD), was in the variant with the application of the 
organic system of fertilization, amounting to 7.3 and 
7.1 % by soil layers, respectively (Table 1). 

The application of the intense system of fertilization, 
using mineral fertilizers mainly, was less favorable 
for the maintenance of microaggregates of regraded 
chernozem. For instance, FD in the upper 10–20 cm 
layer was 13.4, and in the lower 30–40 cm layer – 10 

(Table 1). In case of the organic system of fertilization, 
92.7 % of silt was involved into microaggregates, the 
fraction of � ne dust was involved into microaggregates 
for 76.7 %, the fraction of medium-sized dust – only 
for 44.7 % (Fig. 1). 

Under the intense system of fertilization, the silt was 
involved for 86.6 %, � ne and medium-sized dust – for 
76.3–54.1 % respectively. Many years of using regrad-
ed chernozem as fallow promoted the improvement of 
aggregation of different mechanic elements into struc-
tural units, here the silt fraction was involved for 93 %, 
� ne dust – for 87.1 %, medium-sized dust – for 65.8 %. 
The results of analyses of the lower (30–40 cm) layer 
of the humus horizon of regraded chernozem demon-
strate the tendency to better microstructuring of tilled 
soils both under the system of organic fertilization, and 
the mineral one, especially when fractions of � ne and 
medium-sized dust are involved (Fig. 2). This soil layer 
was practically not touched by soil-tilling devices, only 
by root systems instead, so in some respect it is a con-
server for fresh involved organic substances and the 
active action of microorganisms and soil mesofauna, 
notable for natural lands. 

The study of the structural composition of regraded 
chernozem demonstrated that the application of or-

Table 1. The granulometric and microaggregate composition and potential capability to structuring regraded chernozem 
under different systems of fertilization in case of their long-term application

* The data of granulometric analysis; ** the data of microaggregate analysis.
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42.0
47.4
43.7
38.7
42.0
48.3

7.90
1.87
14.8
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7.02
1.04

17.1
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1.46

17.1*
1.25**
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ganic system of fertilization for 7 years had a positive 
effect on the structural composition. The content of 
lumpy aggregates with the size, exceeding 10 mm, was 
12.7 %, the dispersed fraction under 0.25 cm was at the 
level of 15.6 %, and the content of agronomically valu-
able aggregates – 71.7 %. When these fractions were 
analyzed in � ner detail, the highest amount was regis-
tered for a so called grain fraction with the size of 5–3 
mm – 9.95 %; 3–2 mm – 8.75 % and � ne grain fraction 
of 2–1 mm – 19.5 %. The most valuable fractions in 
terms of absorption and preservation of soil moisture 
and size were most resistant to erosion and de� ation 
processes and amounted to the total of 38.2 %. 

The application of the intense system with the in-
troduction of mineral fertilizers resulted in the forma-
tion of a lumpy fraction – 52 %. The content of the 
dispersed fraction was considerably small – 4.37 %, 
thus the content of agronomically valuable aggregates 
was 43.6 %. The analysis of the content of agronomi-
cally valuable fractions demonstrated that larger frac-
tions with the size of 10–7 cm prevailed, amounting to 
10.7 %; those of 7–5 cm – 7.09 and 5–3 cm – 9.10 %. 

The redistribution of agronomically valuable struc-
tural speci� cities within the range of agronomically 
valuable interval under different systems of fertilization 
demonstrates that long-term application of the organic 
system of fertilization simulates the natural process of 
soil formation and changes towards the preservation of 
the fallow (Fig. 3).

The best structuring was noted for the upper 0–20 
cm layer of regraded chernozem under perennial fal-
low. The samples of this soil had practically no frac-
tions over 1 mm. The dispersed fraction under 0.25 mm 
was 12.9 %, and the content of agronomically valuable 
aggregates was 86.7 %, estimated as a wonderful struc-
tured condition. Here the highest content was noted for 
grain fractions: 5–3 mm – 14 %; 3–2 mm – 16.8 % and 
2–1 mm – 26.3 %.

The estimation of the structural composition of re-
graded chernozem under different systems of fertil-
ization demonstrates a considerable increase in the 
content of a lumpy fraction under the intense system 
of fertilization, though its percentage decreases con-
siderably with depth. As for the organic system of 
fertilization, with depth the content of dust decreases 
considerably from 15.6 % in a 0–10 cm layer to 6.67–
4.02 % in lower layers of chernozem. The content of 
agronomically valuable structural speci� cities under 
dry seeding according to the scale of P.U. Bakhtin and 
N.I. Savinov (1966) was good under the organic sys-

Fig. 1. The degree of involvement (%) of mechanic elements 
into microaggregates under different systems of fertilization 
of regraded chernozem in the soil layer of 10–20 cm (1 – or-
ganic system; 2 – intense system; 3 – fallow)

Fig. 2. The degree of involvement of mechanic elements into 
microaggregates under different systems of fertilization of 
regraded chernozem in the soil layer of 30–40 cm (1 – or-
ganic system; 2 – intense system; 3 – fallow)

Fig. 3. The long-term impact of different systems of fertiliza-
tion on the redistribution of structural aggregates in the 0–20 
cm layer of regraded chernozem
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tem of fertilization: 60–80 %, and under the intense 
system of fertilization: satisfactory (0–20 cm), and in 
lower ones (30–40 cm) – good. In the conditions of a 
fallow, the structuring of chernozem was high in the 
investigated horizon of chernozem which was in the 
range of 83.9–89.3 %, characterized as a great status 
(Table 2).

The investigation of the density of regraded cher-
nozem composition after the application of different 
systems of fertilization for 7 years demonstrated that 
its values in the tilled soil layer were not beyond the 
optimal range and amounted to 1.19–1.21 g/cc for the 
organic system of fertilization, and under the intense 
system of fertilization the density range was wider – 
1.18–1.31 g/cc. Under the fallow, the density was ho-

mogeneous and increased with depth from 1.09 g/cc in 
the upper 0–20 cm layer till 1.19 g/cc in the 30–70 cm 
soil layer (Table 3). 

Long-term application of the organic system of fer-
tilization promoted the increase in the level of total 
cleavability up till 54–55 %, and the ratio of the vol-
ume of cleaves, occupied by moisture, to the volume 
of cleaves with air in the 0–20 cm layer of chernozem 
was from 0.81 to 1, which is 1.32 times higher com-
pared to the intense system of fertilization and related 
to qualitative changes in the structural condition due 
to the increase in the content of agronomically valu-
able aggregates and the most valuable structural units, 
sized 2–5 mm. The value of total cleavability in the 
30–40 cm soil layer increased under the organic sys-

Table 2. The structural composition of regraded chernozem under long-term application of different systems of fertilization 

Soil layer, cm
Number of dry aggregates, size, mm; content, %

Cstr Estimation
> 10 10–0.25 < 0.25

The intense system of fertilization:
0–20
30–40

50.9
26.6

45.2
69.2

4.00
4.20

0.83
2.25

Satisfactory
Good

The organic system of fertilization:
0–20
30–40

17.1
13.5

71.8
82.5

11.1
4.02

2.53
4.71

Good
Excellent

Fallow
0–20
30–40

1.00
9.21

88.0
83.9

11.0
6.90

7.43
5.21

Excellent
Excellent

��	0.95 (0–20 cm)
��	0.95 (30–40 cm)

9.0
10.0

5.0
–

–
–

–
–

Depth, cm Density of 
structure, g/cc

Total cleavability, 
vol. %

Volume of cleaves, vol.%:
The ratio, A to B

with moisture A with air 


The intense system of fertilization:
0–20
30–40

1.25
1.25

53.0
53.0

20.0
23.0

33.0
26.0

0.61 to 1
0.88 to 1

The organic system of fertilization:
0–20
30–40

1.19
1.20

55.0
54.0

25.0
24.0

31.0
30.0

0.81 to 1
0.80 to 1

Fallow
0–20
30–40
��	0.95

1.11
1.19
0.03

58.0
55.0
2.0

23.0
23.0

–

35.0
32.0

–

0.64 to 1
0.72 to 1

–

Table 3. The long-term impact of fertilization systems on the agrophysical condition of regraded low-humus medium-clay 
chernozem
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tem of fertilization towards the maintenance of fallow, 
and the ratio of the categories of cleaves with moisture 
and air was in the range of 0.80–0.88 to 1. According 
to N.A. Kachynsky, the estimation of total cleavability 
under the intense system of fertilization was satisfac-
tory, while the systematic application of the organic 
system of fertilization approximated the level of total 
cleavability to the cultural state.

The improvement of agrophysical properties of re-
graded chernozem under the organic system of fertil-
ization is related to the increase in the number of warms 
in the layer of humus horizon of 0–20 cm: their number 
increases 1.65–1.8 times compared to the intense sys-
tem of fertilization, which increases the tillage of the 
processed chernozem layer by 15–25 %, the increase in 
total cleavability and the increase in microaggregation 
similar to the maintenance of fallow.

In recent agricultural practice, the investigation of 
solidness is conducted to characterize the rheological 
state and quality of some kinds of soil tillage as well as 
diagnostics of agrophysical degradation of soils.

The determination of the solidness of the tilled lay-
er (0–30 cm) of regraded chernozem was conducted 
along with the density of its structure (Table 4). The 

solidness under the intense system of fertilization was 
considerably higher compared to the organic system of 
fertilization which correlates (R=0.67–0.75±0.02) with 
the density of structure, lumpiness, and connectivity of 
chernozem.

The increase in microaggregation, the restoration of 
structural state, qualitative change in cleaved environ-
ment under the organic system of fertilization are relat-
ed to the improvement of humus and physical-chemical 
state of regraded chernozem (Table 5).

For instance, the exchange acidity (��(l)) in the soil 
layer of 0–20 cm increased by 112 %, or by 0.63 units 
of ��, which is remarkable for under-arable horizons 
as well: � ��(l)=+0.95 regarding the intense system of 
fertilization. The value of the hydrolytic acidity under 
the organic system of fertilization decreased 1.38–1.65 
times which resulted in the increase in the sum of ab-
sorbed alkali by 1.0–2.8 mg-eq per 100 g of soil.

The application of the organic system of fertilization 
for 7 years promotes the improvement of the humus 
condition of regraded chernozem. For instance, the 
content of humus in the 0–20 cm layer of chernozem 
increased by 0.31 %, in the 30–40 cm soil layer – by 
0.07 % which affected the reserves of humus that in-

Table 4. The solidness of regraded chernozem depending on fertilization systems under long-term application

The system of 
fertilization

Depth, cm; kg/sq.cm.

5 10 15 20 25 30

Intense
Organic

±
��	0.95

23.5
9.8

–13.7
10.0

25.7
11.5

–14.2
8.0

23.4
13.0

–10.4
7.0

31.2
11.9

–19.3
10.0

17.3
11.5
–5.8
5.0

13.0
10.0
–3.0
3.0

Table 5. The humus and physical-chemical state of regraded chernozem depending on fertilization systems under long-term 
application

Performance, cm Reserves of humus, (tons/ha) ��(�
l)

Hydrolytic acidity (�r) The total of absorbed alkali
Mg-eq/100 g

*The intense system of fertilization:
0–20
30–40
0–40

63.0
28.0
116

5.48
5.80
5.66

2.56
1.87
2.15

27.4
28.0
27.4

The organic system of fertilization:
0–20
30–40
0–40

��	0.95

75.0
26.0
131
13.0

6.11
6.75
6.39
0.05

1.85
1.13
1.55
0.58

30.2
29.0
29.4
1.5
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creased by 12 and 2 t/ha regarding the intense system 
of fertilization. Generally, the content of humus in the 
humus horizon (0–40 cm) increased by 0.15 % which 
impacted the humus reserves that increased by 15 t/ha. 
Under the organic system of fertilization, the content of 
labile humus increased both in the 0–20 cm chernozem 
layer and in the humus horizon in general: the increase 
regarding the intense system of fertilization was 1.19–
1.21 times (Fig. 4).

The improvement of agrophysical, physical-chemical 
properties and humus condition of regraded chernozem 

and the manifestation of agroecosystem performance 
at the level of strong immediate dependence correlates 
with the parameters of nitrogen balance, Corg and the 
intensity of nitrogen-carbon circulation [8–12]. It was 
established that regardless of the system of fertiliza-
tion, the nitrogen balance was positive, but the surplus 
of nitrogen balance under the organic system of fer-
tilization was 1.78 times less and the balance intensi-
ty – by 9–10 % smaller compared to the intense system 
of fertilization.

A strong immediate correlation (R=+0.85±0.03) was 
found between the performance of agroecosystem and 
the capacity of nitrogen balance: under the organic sys-
tem of fertilization the capacity of balance was 1.26 
smaller compared to the intense system of fertilization 
(Table 6). The consideration of the intensity of the ni-
trogen cycle is related to the increase in the terrestrial 
carbon content which is caused by the increased ��2 
content in the atmosphere and the intensi� cation of 
mineralization processes in soil, which results in ter-
restrial accumulation of available mineral nitrogen, 
stimulating the performance of agroecosystems and in-
tensifying the productivity of photosynthesis [13, 14]. 
In case of a suf� cient level of the mentioned processes 
the need for atmospheric carbon in plant aggregations 

Fig. 4. The effect of different systems of fertilization of the 
content of humus and its qualitative composition

Table 6. The indices of performance and balance parameters for nitrogen, organic carbon and CO2 under the application of 
different systems of fertilization in 2016–2010

*f.u. – feed units; f.p.u. – feed protein units.
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starts exceeding the emission of carbon in soil, while 
terrestrial eco- and agroecosystems get transformed 
into systems – accumulators of atmospheric organic 
matter, i.e. the carbon-climate interaction becomes an 
inverse correlation model [15, 16]. As a rule, climate 
warming leads to the decrease in ��2 depositing in 
agroecosystems which is related to the increase in the 
intensity of both productive and destructive processes: 
the rate of organic matter decomposition in soil is en-
hanced, soil breathing is intensi� ed which results in the 
increase in the sensitivity of performance of different 
plant aggregations to soil humidity and air temperature. 
In case of excessive manifestation of the abovemen-
tioned processes, the intensity of soil breathing starts 
exceeding the rate of atmospheric ��2 accumulation by 
plants, and agroecosystems transform into the sources 
of emission of carbon dioxide and nitrous oxide into 
the atmosphere [17, 18].

The application of the organic system of fertilization 
affected the circulation parameters for Corg which tend-
ed to increase, the surplus was 109 % higher which re-
sulted in the increase in the balance intensity by 10–15 
% but at the background of the 1.07–1.1-fold decrease 
in the capacity of balance compared to the intense sys-
tem of fertilization. The estimation of the circulation 
parameter for CO2 in the agroecosystem demonstrated 
that CO2 balance under the organic system of fertiliza-
tion was positive but the balance capacity for CO2 was 
10 tons smaller compared to the intense system of fer-
tilization which testi� ed to the stock nature of Corg and 
CO2 in agroecosystems under the organic system of fer-
tilization. Under the organic system of fertilization, the 
ratio of Corg to N in the agroecosystem was from 27–30 
to 1, whereas under the intense system it was from 22–
23 to 1. In the former case, there is prevalence of the 
processes of reserving Corg in soil, and those of humus 
accumulation, and in the latter – the increase in humus 
mineralization. Taking into consideration the state of 
parameters for nitrogen balance, Corg and CO2 there is 
an explanation of the decrease in the performance for 
the � ve-� eld grain-growing and weeding crop rotation 
with the yield of f.u. and f.p.u.: the decrease in the yield 
was 1.24 and 1.1 t/ha respectively.

The dynamics of the yield for winter wheat and spring 
barley (Fig. 5) demonstrated that the performance of 
grain changed towards the increase regardless of the 
fertilization system. The average performance of win-
ter wheat under the intense system of fertilization was 
5.11 t/ha which was 0.36 t/ha higher than the yield un-
der the organic system of fertilization.

The average performance of spring barley under the 
intense system of fertilization was at the level of 4.59 t/
ha which was 0.78 t/ha higher than the yield under the 
organic system of fertilization. The trends of changes 
in the performance of winter wheat and spring barley 
under the organic system of fertilization are sharper 
compared to the intense system of fertilization: regres-
sion coef� cients for the variable x (t/ha) in the former 
case are 2.43 and 1.96 times higher compared to the 
latter case of fertilization which testi� es to � more in-
tense increase in the performance of cereals under the 
organic system of fertilization. 

The dynamics of protein content, regardless of the 
fertilization system, was increasing and the average 
value of the content under the organic system was 
12.83 against 13.63 % under the intense system of fer-
tilization. There were similar changes in the content 
of gluten with the average content of 25.69 against 
27.07 % according to the systems of fertilization. The 
trends of changes in the content of protein and gluten 
under the organic system of fertilization were sharper 
compared to the intense system of fertilization: the re-
gression coef� cients were 1.53–1.56 times higher for 
the variable x (%). The application of the organic sys-
tem of fertilization promotes the increase in the grain 
yield of winter wheat by 0.051 t/ha with simultaneous 
increase in the content of protein and gluten by 0.033–

Fig. 5. The dynamics of the yield of winter wheat and spring 
barley depending on the fertilization system in 2011–2017
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Fig. 6. The dynamics of the grain quality of winter wheat (A) and spring barley (B) depending on the fertilization system in 
2011–2017 

Fig. 7. The clusterization of fertilization systems under short grain growing and weeding crop rotation in the years of studies: 
index (i) – intense system; (or) – organic system of fertilization
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0.034 % per year. Under the organic system of fertiliza-
tion, the average content of protein in a grain of barley 
was 11.99 %, and under the intense system – 12.54 %. 
The dynamics of a trend under the organic system of 
fertilization was increasing, whereas there was a de-
creasing trend under the intense fertilization system. 
In the � rst case the increase in protein content was 
0.0012 % and in the second one – 0.007 % per year 
(Fig. 6).

The conducted clusterization of fertilization systems 
by the parameters of the structure of total phytomass, 
the components of nitrogen, carbon and CO2 circula-
tion (a total of 42 parameters) demonstrated that the 
organic system of fertilization formed a cluster by the 
years of observations at the level of 20 %. Under the in-
tense system of fertilization there is the following clus-
terization by the years of performance manifestation: 
2012–2014, 2016 at the level of 18 %, and 2011, 2015, 
2017 – at the level of 40 % similarity which testi� es to 
a reliable difference between the systems of fertiliza-
tion and the completion of the biologization period of 
soil conditions or a transient period after the end of ap-
plication of the intense system of fertilization (Fig. 7).

CONCLUSIONS

The complex agrophysical, physical-chemical sub-
stantiation and balance estimations proved the increas-
ing ef� ciency of the organic fertilization system in the 
agroecosystem of � ve-� eld grain-growing and weed-
ing crop rotation with the saturation using cereals and 
legumes up to 40 % and the use of by-products for fer-
tility restoration and improvement of the agrogenesis 
of regraded chernozem in the central part of the Forest-
Steppe of Ukraine as a basis for organic production.

The systematic application of the organic system of 
fertilization in a short grain-growing and weeding crop 
rotation with the use of by-products as organic fertiliz-
ers promotes the increase in the points of exchange neu-
trality and the decrease in the unsaturation of regraded 
chernozem with the alkali of the tilled layer, while the 
increase in microaggregation and structure-building is 
conditioned by the approximation of potential acidity 
to the isoelectric state of soil colloids which is a feature 
of the process of biologization and simulation of natu-
ral soil formation in agroecosystems of the central part 
of the Forest-Steppe of Ukraine.

Under the organic fertilization system the decrease 
in the agroecosystem performance is related to the de-
crease in the capacity of nitrogen and organic carbon 
balance which testi� es to the decrease in the intensity 

of its circulation in agroecosystem: the processes of 
enhancing the humi� cation of by-products and the for-
mation of prohumus substances prevail, accompanied 
with the intensi� cation of atmospheric CO2 involve-
ment in the formation of the total phytomass of the har-
vest, which transforms the agroecosystem into a stock 
system, which serves as a basic system for organic pro-
duction of plant cultivation.

The elaborated system of organic fertilization of 
crops in a � ve-� eld grain-growing and weeding crop 
rotation allows avoiding the use of organic fertilizers 
and perennial grasses and using by-products of plant 
cultivation instead to saturate the crop rotation with le-
gumes up to 30–40 %, it allows ensuring the production 
of organically pure products with simultaneous restora-
tion of fertility and restoration of the natural model of 
the chernozem agrogenesis of the central part of the 
Forest-Steppe of Ukraine.

The systematic application of the organic system of 
fertilization for 7 years allows adjusting the condition 
of regraded chernozem to the state of fertility restora-
tion, the completion of the biologization period of soil 
conditions, which is con� rmed by the increasing trends 
for the yield and quality of the production, the rapid-
ness of increase which prevails over the tempos of the 
increase in the yield trends and grain quality under the 
intense system of fertilization.
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