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INTRODUCTION

At the current stage of development of Ukraine, as a
country with a strong agro-industrial complex aimed at
integration into the European Community, increasing
the production of agricultural products is impossible
without improving the agricultural sector. The main goal
of reforming the agricultural sector of the country's econ-
omy is to obtain from each hectare of land the largest
amount of high quality, environmentally friendly products
withminimal production costs,while maintainingandin-
creasing soil fertility and environmental protection. The
past decade for Ukraine's agriculture has been charac-
terized with a high rate of intensification of the industry,
which is opposite in the background of excessive anthro-
pogenic pressure on agricultural landscapes and their high
level of depletion [1]. In today's world, more and more
people are thinking about the excessive chemicalization
of agricultural production, contributing to high level of
total harvests. All of it has an extremely negative impact
on the environment and human health. The first in the
world to face the negative consequences of the inten-
sification of agriculture were the advanced economies
of Western Europe, such as the United States, Canada,
Great Britain, and others. Progress in the modern world
not only brings material welfare to mankind, but also
causes an ever-increasing ecological load on the bio-
sphere - soil, natural and artificial reservoirs, rivers, atmo-
sphere, living organisms, etc. [2]. Opinions of scientists
and producers of agricultural products have appealed
to the alternative farming systems, including biological.

The ultimate goal of alternative agriculture is eco-
logically balanced agriculture and animal husbandry in
order to provide people with ecologically clean food. Al-
ternative agriculture does not mean a return to the old
extensive technology, although it does not preclude the
use of some of its elements. However, new systems must
be competitive, i.e. highly productive [3]. However, at the
present stage of agricultural development, the idea of
organic farming requires a new approach, new technical
solutions for the maximum possible returning to the
soil of nutrients in the form of straw, manure, compost,
municipal waste, green manure. The key to the effective
development of agriculture around the world is the de-
velopment and implementation of innovative, adapted
farming systems. According to the National Standard of
Ukraine [4] the term “biological system of agriculture”
is a system of agriculture without the use of chemical
fertilizers and pesticides. In Ukraine, as well as around
the world, the demand for quality and safe food is
growing, and the term “organic products” and “organic
production” has recently become especially popular. In
the nearest future, Ukraine should become a European
leader in the production of organic food, as it has a large
area of highly fertile land in Europe. Organic farming
is a promising way of agricultural development in the
world and in Ukraine. In agricultural science, sufficient
experimental experience has been accumulated of the
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crucial importance of tillage in the system of agriculture.
It is under the action of tillage that the agrophysical
and agrobiological properties of the soil, its water, air,
heat and nutrient regimes are regulated, the number of
weeds, pests and the spread of pathogens in agrophy-
tocenoses of field crops are regulated. Tillage ensures
that the seeds and fertilizers are wrapped to the re-
quired depth,and otheradditional conditions are created
for normal plant growth and development and crop for-
mation [5-7].

In recent decades, Ukraine has carried out an ex-
tensive work to improve existing system and developing
new one, more efficient tillage systems in accordance
with specific soil and climatic conditions. Appropriate
systems of basic, pre-sowing tillage and crop care have
been developed, the need for differentiation of depth
and number of tillage in crop rotation has been substan-
tiated, and a system of soil protection tillage has been
proposed for areas where wind and water erosion are
observed [8-10]. Ukrainian modern agriculture uses dif-
ferentiated tillage for individual crops in crop rotations
using the latest equipment and technologies: a com-
bination of plowing, tilting the soil without or before
ploughing, chiseling, surface tillage (discs and cultivators)
and the method of direct sowing without tillage. Studies
conducted in recent years have shown that mechanical
tillage, which aims to create optimal conditions for growth,
development and crop formation of agricultural plants,
occupies a leading place in the agricultural system. The
main tillage, which uses 60-75% of the total fuel con-
sumption and funds intended for tillage throughout the
growing season is a major element in the overall pro-
cess cycle. The variety and features of existing methods
and systems of tillage solve its main task in creating
optimal conditions in the arable layer, where a signifi-
cant part of the absorbing surface of the root system of
plants is concentrated and it is in this layer of soil should
be sufficient for germination and further development
of plants.and organic compounds. Only by scientifically-
based cultivation adapted to a specific group of agroeco-
logical soil conditions are favorable for the life of field
crops [11-13].

The leading link in any system of agriculture is the
rational structure of areas under cultivation and the sys-
tem of crop rotations. This link acquires special signifi-
cance under the conditions of the biological system of
agriculture. It is responsible for the process of self-reg-
ulation of soil fertility and expanded reproduction of
soil fertility. In Ukraine, crop rotations have a classic eco-
logical basis. One crop rotation includes a large com-
position of crops from different families, i.e. they can
simultaneously grow crops with different biological prop-
erties. Agrotechnical and biological basis of crop rotations
with a wide range of crops is provided by the annual
change of different plants in the field. The sharper the
difference between crops and the greater the period

Scientific Horizons, 2021, Vol. 24, No. 4

41



42

Productivity of short-rotary crop cultivation under different systems...

between the return to the same field of the correspond-
ing group of plants, the higher the effect of the entire
crop rotation. Due to the rotation of crops with different
biological properties, better conditions are created for
the growth and development of plants and increase in
the collection of ecologically clean products of organic
farming. However, the productivity of crop rotations in
organic farming is inferior to crop rotations with orga-
no-mineral fertilizer system by 16-22% [14]. The main
performance by increasing their crop rotation is optimal
saturation of high-yielding crops while maintaining, re-
storing and improving soil fertility. Different crop rotation,
as well as the use of optimal fertilization and tillage
system significantly affect crop productivity in general:
grain and oilseed yields from 1 ha of crop rotation area,
yield of grain, fodder, feed-protein units and digestible
protein from 1 ha of arable land. After all, the productivity
of crop rotations is determined in kind by the collection
of basic products, and for the general assessment of
crop rotation - in the conversion of all products (main
and secondary) into grain, feed, feed protein units and
digestible protein [15; 16].

The aim of the research. The research envisages:
to establish the influence of different systems of basic
tillage and application of bio-decomposers of straw
Ecostern 1.5 l/ha and Cellulad 2 I/ha in short-rotation
crop rotation on the yield of individual crops and over-
all crop rotation productivity in organic farming of the
Southern Steppe of Ukraine.

MATERIALS AND METHODS

Evaluation of crop rotation efficiency should be carried
out comprehensively, taking into account a number of
indicators. To compare the productivity of short-rotation
field crop rotation, depending on the factors studied in the
experiment, the indicators of grain and seed production
of oilseeds, yield of grain, feed, feed protein units and the
availability of digestible protein were taken into account.
Conducting organic farming in the arid Southern Steppe
of Ukraine has certain features and weaknesses and
therefore the focus should be on the implementation of
elements of biologization of agriculture, based on specific
soil and climatic conditions of farms management and

specialization. Undoubtedly, the best conditions for the
biologization of agriculture and the production of envi-
ronmentally friendly products are created in farms of
mixed type with the presence of certain livestock indus-
tries. In farms of grain or grain-oil specialization, which is
the vast majority of farms in the Southern Steppe, there
are problems with the implementation of biologization
measures. Of particular importance, this problem is in
terms of global warming and the conditions for the growth
of harmful effects of drought in the southern region. It is
the lack of precipitation, and sometimes the complete
absence of them in the second half of the growing season,
makes it impossible to obtain seedlings of green crops, low
share of by-products of field crops in drought, low produc-
tivity of lequmes and low share in the structure of sown
areas, all worsens balance of nutrients in the soil. Thus,
according to Ye. Yurkevych [17-20], for four years of re-
search in the Southern Steppe, not even seedlings of
post-harvest green manure crops were obtained, due to
the lack of productive moisture in the soil. The research
is carried out in a grain-rotating short-rotation 4-field
crop cultivation with the following alternation of crops:
peas - winter wheat - winter barley - % sunflower
fields + %2 corn fields. The soil of the experimental plot
is chernozem(blacksoil) ordinary, low-humus, medium-
thick, heavy loam in the forest. Place of research: Ivaniv
district of Odesa region of Ukraine. Scheme of the exper-
iment: two-factor experiment:

Factor A - main tillage systems:

a, differentiated - check;
a, - planar-free multi-depth;
a, — planar-free shallow;
Factor B - bio-decomposers of by-products:
b, — without bio-decomposers
b, - Ecostern 1.5 L/ ha;
b, - Cellulite 2.0 L/ ha.

Variants of the experiment are placed in 3 repeti-
tions by the method of split sections. The total area under
experiment - 7.78 ha land area in the experiment: soil
tillage - 2158 m?, bio-decomposers - 2160 mZ In the
experiment, zoned varieties and hybrids of crops were
sown (Table 1).

Table 1. Scheme of basic tillage systems in the experiment

No. crops in crop rotation

Variants of basic

3 4

tillage systems

Y2 corn for the grain

Peas for grain

Soft winter wheat

Winter barley

% sunflower

Differentiated
(check)

Planar deep,
23-25cm

Shallow,
10-12 cm

Planar-free shallow,
10-12 cm

Planar deep, 25-27 cm
Planar deep, 25-27 cm

Planar-free
different-depth

Planar-free shallow,
12-14 cm

Planar-free shallow,
10-12 cm

Planar-free shallow,
10-12 cm

Planar-free shallow, 12-14 cm

Planar-free shallow, 12-14 cm

Planar-free shallow

Planar-free shallow,
10-12 cm

Planar-free shallow,
10-12 cm

Planar-free shallow,
10-12 cm

Planar-free shallow, 10-12 cm

Planar-free shallow, 10-12 cm
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Agricultural techniques for growing crops in the
experiment, in addition to the options studied, were
recommended for the study area, taking into account
the requirements of organic farming. The total crop rota-
tion productivity was determined in kind by the volume
of main and by-products from 1 ha of crop rotation area,
as well as in the conversion of these products into grain
units by V. Grevtsov [21] coefficients, feed, feed protein
units and digestible protein according to M. Tomme [22]
tables. The obtained results were subjects to statistical
analysis of variance according to B. Dospekhov [23].

RESULTS AND DISCUSSION

In addition to economic, energy and agro-technical as-
sessment of the effectiveness of any crop rotation, farm-
ers and scientists are largely interested in its productivity.
This indicator makes it possible to assess the agro-tech-
nical impact of predecessors, the system of basic tillage,
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fertilizers, ameliorants, biostimulants, etc., on increasing
soil fertility, which determines the yield of each crop
and crop rotation in general. Table 2, Figures 1 and 2
shows the average data for assessing the productivity
of short-rotation oilseed crop rotation for the first ro-
tation, depending on the implementation of different
systems of basic tillage in crop rotation and the use of
bio-decomposers of crop by-products of crop rotation.
LSD (Least Significant Difference). The scheme of
short-rotation crop rotation for research of the impact of
the system of basic tillage and the use of bio-decompos-
ers of straw and after harvest residues in organic farming
was chosen on purpose. Crops grown in crop rotation are
typical are the most common and the most typical for
agriculture in the arid southern region of the Steppe of
Ukraine. The development of measures aimed at increas-
ing the productivity of this crop rotation will improve the
market supply of agricultural products with grain and oil.

Table 2. Productivity of short-rotation crop cultivation depending on the studied factors, average 2015-2018 [t/ha]

Crop capacity, [t/ha]

Yield of arable land, [t/ha]

Tillage Crops rotation . .
system in rotation Cereals Oilseeds Grain units Feed units Feed and Digestible
protein units protein
Without bio-decomposers
Peas 241 3.90 3.85 4.83 0.58
Winter wheat 3.61 4.12 5.35 5.04 0.48
Differentiated | . ier barley 287 2.64 473 374 0.28
(check)
Sunflower 2.20 2.51 0.65 1.36 0.21
Corn 5.68 3.81 6.19 4.85 0.35
Total in crop rotation 16.99 20.77 19.81 1.89
Average in crop rotation 3.64 2.20 4.25 5.19 4.95 0.48
Peas 2.33 3.79 3.74 4.68 0.57
Winter wheat 3.60 4.11 5.34 5.03 0.47
Planar-free .
Multi-depth Winter barley 2.95 271 4.85 3.83 0.28
Sunflower 1.92 2.20 0.57 1.19 0.18
Corn 5.21 3.49 5.67 4.44 0.32
Total in crop rotation 16.30 20.16 19.17 1.82
Average in crop rotation 3.53 1.92 4.08 5.04 4.80 0.46
Peas 2.21 3.58 3.54 4.43 0.53
Winter wheat 3.22 3.67 4.77 4.50 0.42
Planar-free |\ er barley 258 237 424 3.35 0.25
shallow
Sunflower 1.78 2.03 0.53 1.10 0.17
Corn 4.97 3.34 5.43 4.25 0.31
Total in crop rotation 14.99 18.59 17.68 1.68
Average in crop rotation 3.25 1.78 3.75 4.64 4.42 0.42
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Table 2, Continued

Crop capacity, [t/ha]

Yield of arable land, [t/ha]

Tillage Crops rotation . .
system in rotation Cereals Oilseeds Grain units Feed units prf)::?naunngts D;f:_zizi:le
Bio-decomposer Ecostern 1.5 l/ha;

Peas 2.63 4.26 4.20 5.27 0.63

Winter wheat 3.86 441 5.72 5.39 0.51

Diff(ecfgctli?ted Winter barley 3.01 2.78 497 3.93 029

Sunflower 2.32 2.64 0.69 1.43 0.22

Corn 6.01 4.03 6.56 5.14 0.37

Total in crop rotation 18.12 22.13 21.15 2.01

Average in crop rotation 3.88 2.32 4.53 5.54 5.29 0.50

Peas 2.51 4.07 4.02 5.03 0.60

Winter wheat 3.86 4.40 5.72 5.39 0.51

;ﬁ‘gﬁ;;ﬁ Winter barley 3.08 216 2.83 5.06 400 0.30

Sunflower 1.98 2.31 0.61 1.25 0.19

Corn 5.49 3.69 6.00 4.69 0.34

Total in crop rotation 17.30 21.39 20.36 1.93

Average in crop rotation 3.73 2.02 4.33 5.35 5.09 0.49

Peas 2.37 3.84 3.79 4.75 0.57

Winter wheat 3.46 3.95 5.12 4.83 0.46

Planar-free |\ ter barley 272 2.50 447 3.53 0.26
shallow

Sunflower 1.86 2.12 0.56 1.15 0.17

Corn 5.23 3.51 571 4.47 0.32

Total in crop rotation 15.97 19.74 18.80 1.79

Average in crop rotation 3.44 1.86 3.99 4.94 4.70 0.45

Bio-decomposer Cellulad 2.0 l/ha;

Peas 2.67 4.32 4.26 5.34 0.64

Winter wheat 4.03 4.59 5.96 5.62 0.53

Differentiated | . or barley 3.15 2.90 5.19 410 0.30
(check)

Sunflower 2.38 2.72 0.71 1.47 0.22

Corn 6.10 4.09 6.65 5.20 0.38

Total in crop rotation 18.63 22.77 21.73 2.09

Average in crop rotation 3.99 2.38 4.66 5.70 5.43 0.52

Peas 2.54 413 4.08 5.10 0.61

Winter wheat 4.01 4.57 5.94 5.60 0.53

;Lalrt‘f:jgf; Winter barley 3.18 292 5.22 412 0.30

Sunflower 211 241 0.63 1.30 0.20

Corn 5.55 3.72 6.05 4.74 0.34

Total in crop rotation 17.75 2191 20.86 1.98

Average in crop rotation 3.82 2.11 4.44 5.48 5.21 0.50
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Table 2, Continued

Crop capacity, [t/ha]

Yield of arable land, [t/ha]

Tillage Crops rotation . .
system In rotation Cereals Oilseeds Grain units Feed units Feed and Digestible
protein units protein
Peas 2.39 3.88 3.83 4.80 0.58
Winter wheat 3.66 418 5.42 5.11 0.48
Planar-free |\ ier barley 2.81 259 462 3.65 0.27
shallow
Sunflower 1.90 2.17 0.57 1.17 0.18
Corn 5.30 3.55 5.77 452 0.33
Total in crop rotation 16.36 20.20 19.25 1.83
Average in crop rotation 3.54 1.90 4.09 5.05 4.81 0.46
Factor A 0.03-0.06 0.03-0.08 0.02 0.01-0.03 0.02-0.03 0.02-0.09
LSD Factor B 0.03-0.06 0.03-0.08 0.02 0.01-0.03 0.02-0.03 0.02-0.09
05
Interaction of 5 5544 0.04-0.14 0.04 0.02-0.05 0.03-0.06 0.03-0.15
AB factors

During the years of the first rotation (Table 2,
Fig. 1, 2), the experiment showed the advantages of a
system of differentiated tillage, where even without the
use of bio-decomposers, the highest crop capacity of ce-
reals was obtained - 3.64 t/ha and sunflower - 2.20 t/ha
(check).The application of the system of planar-free shal-
low tillage caused a slight decrease in the yield of grain
crops by 0.11 t/ha and sunflower by 0.28 t/ha. An even
greater decrease in the crop capacity occurred in the
experiment in the version with a system of planar-free
shallow main tillage, where the yield of cereals was -
3.25 t/ha, or 0.39 t/ha less than the check experiment,
and sunflower respectively - 1.78 t/ha, or 0.42 t/ha less.

The productivity of the group of both grain and
oilseeds as a whole, as well as individual crops of short-
rotation field crop cultivation, changed under the influ-
ence of factors that were studied in the experiment and
the weather conditions of the research years. It was found
that without the use of straw bio-decomposers, the highest
grain crop capacity was obtained in the experiment in
the version with a system of differentiated basic tillage
in crop rotation in 2016 - 4.25 t/ha (Fig. 1). This year is
characterized as very favorable in terms of hydrothermal
parameters (hydrothermal coefficient = 2.18). Some de-
crease in grainyield occurred in variants with a system of
planar-free multi-depth and planar-free shallow main
tillage in crop rotation, respectively, by 0.08-0.39 t/ha,
or 1.9-9.2% (LSD,,=0.05 t/ha). Similarly, for oilseeds -
sunflower, the yield in the version with a system of dif-
ferentiated basic tillage in crop rotation was - 2.57 t/ha,
which is 0.36-0.52 t/ha, or 14.0-20.2% more in compar-
ison with the systems of planar-free multi-depth and
planar-free shallow main tillage (LSD,=0.09 t/ha). The
yield of grain and oilseeds was slightly lower in 2015, al-
though this year was generally favorable for the growth
and development of field crops and hydrothermal in-
dicators exceeded the average long-term data (hydro-
thermal coefficient = 1.06), but elevated temperatures

during filling and grain formation winter crops led to its
ignition and the formation of lean grain with a low mass
of 1000 grains. The grain yield without the introduc-
tion of straw bio-decomposers this year was - 4.06 t/ha
in the version with a system of differentiated main tillage
in crop rotation and significantly exceeded the options with
a system of planar-free shallow and pl nar-free shallow
main tillage by 0.07-0.3, or 1.9-8.4% (LSD,=0.03 t/ha).
The cultivation of oilseeds - sunflower on the system
of planar-free shallow main tillage led to a decrease
in seed crop capacity, respectively, by 0.26-0.43 t/ha, or
11.3-18.6% (LSD,=0.05 t/ha). in comparison with the
control variant, with the system of differentiated tillage,
where the seed yield was at the level of 2.31 t/ha.

In the conditions of 2017 (hydrothermal coeffi-
cient=0.91) and 2018 (hydrothermal coefficient = 0.42)
years, which according to weather conditions, namely the
level of moisture and temperature were characterized
as sufficiently unfavorable for the growth and develop-
ment of cereals and oilseeds, the authors observed sig-
nificant reduction of the total productivity of cultivated
crops in short-rotation crop cultivation. But even in these
years, the highest yields of cereals and oilseeds were
obtained without the use of bio-decomposers of straw, in
the version with a system of differentiated basic tillage:
2017 - 3.09 t/ha of grain and 2.08 t/ha - sunflower;
2018, respectively - 3.17 t/ha of grain and 1.83 t/ha of
sunflower. It is the difficult weather conditions of these
years, insufficient moisture and abnormal heat, did not
allow plants to realize their potential productivity. Thus,
compared to the best 2016, in the version without the use
of straw bio-decomposers, with a system of differentiated
basic tillage in crop rotation, the productivity of cereals
decreased by 1.16-1.08 t/ha, respectively, or 27.3-25.4%,
and for sunflower by 0.49-0.74 t/ha, or 19.1-28.8%. The
response of cereals and sunflower to the minimization
of basic cultivation in extreme years was also not the
same. In 2017, the introduction of systems of planar-free
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multi-depth and planar-free shallow main tillage led to
a decrease in grain yields without the introduction of
straw bio-decomposers by 0.19-0.43 t/ha, or 6.1-13.9%
(LSD,,=0.06 t/ha), and oil - sunflower by 0.27-0.41 t/ha,
or 13.0-19.7% (LSD,,=0.08 t/ha). The same pattern was
revealed in the studies of V. Tsikov [24] and S. Tanchyk
et al.[25] under the conditions of the ecological system of
agriculture. Similar changes took place in 2018, where
the use of systems of planar-free shallow multi-depth
and planar-free shallow main tillage without the use of
straw bio-decomposers, led to a decrease in grain yields
by 0.13-0.43 t/ha,or 4.1-13.6% (LSD,=0.05 t/ha). A sim-
ilar pattern of the influence of systems of minimization
of basic tillage in crop rotation on the yield of oilseeds -
sunflower, where its yield in the version with a system
of differentiated basic tillage was - 1.83 t/ha, and in
options with a system of non-planar tillage it signifi-
cantly decreased by 0.21-0.33 t/ha, respectively, or by

11.5-18.0% (LSD,=0.04 t/ha). The reaction of individual
cereals crop rotation to the systems of basic tillage in
crop cultivation was different depending on their bi-
ological characteristics and weather conditions of the
year. Over the years of research, the best soil conditions
were observed in the case with a system of differenti-
ated basic tillage. However, in the case of winter wheat
and winter barley crops, the experiment did not observe
a clear advantage of the system of differentiated basic
tillage for yield formation in comparison with the sys-
tems of planar-free deep and shallow main tillage. On
the contrary, in winter barley, slightly higher grain yield
was in the variant with the system of planar-free multi-
depth basic tillage, while in winter wheat grain crop
capacity decreased under such a system of basic tillage.
But these crops significantly reduced the capacity in
the option with a system of planar-free shallow main
tillage in short-rotation crop cultivation.
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Figure 1. Crop capacity of cereals and oilseeds depending on tillage and used bio-decomposers for 2015-2018:
a) 2015, b) 2016,c) 2017,d) 2018

Thus, over the years of research, for winter wheat
grain change for systems of planar-free multi-depth and
planar-free shallow main tillage in short-rotation crop
cultivation in comparison with the check variant - system
of differentiated main tillage compared to the background
without bio-decomposers within straw:

2015,+0.09 and -0.41 t/ha, (LSD,=0.03 t/ha);
2016,+0.07 and -0.39 t/ha, (LSD,=0.04 t/ha);

2017,-0.12 and -0.40 t/ha, (LSD,=0.06 t/ha);
2018,-0.06 and -0.38 t/ha, (LSD ,=0.05 t/ha).

The same applies for winter barley, respectively:
2015,+0.19 and -0.29 t/ha, (LSD,=0.03 t/ha);
2016,+0.22 and -0.33 t/ha, (LSD ,=0.04 t/ha);
2017,-0.04 and -0.23 t/ha, (LSD,=0.06 t/ha);
2018,-0.05 and -0.31 t/ha, (LSD ,=0.05 t/ha).

The reaction of spring crops of peas and especially
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corn and sunflower to the use of systems of planar-free
shallow multi-depth and planar-free shallow main tillage
in short-rotation crop cultivation was extremely negative.
Thus, the following decrease in yield was observed in the
experiment, respectively:
2015,-0.04 and -0.08 t/ha, (LSD,,=0.03 t/ha);
2016,-0.09 and -0.14 t/ha, (LSD,=0.04 t/ha);
2017,-0.05 and -0.33 t/ha, (LSD,=0.06 t/ha);
2018,-0.12 and -0.29 t/ha, (LSD,=0.05 t/ha).

The reaction of sunflower culture was much greater
to the use of planar-free systems of different depths and
shallow basic tillage in crop rotation, namely:

2015,-0.26 and -0.43 t/ha, (LSD,=0.03 t/ha);
2016,-0.36 and -0.52 t/ha, (LSD,=0.05 t/ha);
2017,-0.13 and -0.41 t/ha, (LSD,=0.08 t/ha);
2018,-0.21 and -0.33 t/ha, (LSD,=0.04 t/ha).

And the corn crop reacted the most to the mini-

mization of the system of basic tillage in crop rotation:
2015,-0.49 and -0.56 t/ha, (LSD,=0.03 t/ha);
2016,-0.55 and -0.73 t/ha, (LSD,=0.04 t/ha);
2017,-0.61 and -0.81 t/ha, (LSD,=0.06 t/ha);
2018,-0.26 and -0.74 t/ha, (LSD,=0.05 t/ha).

According to the results of the research it is re-
vealed that not only the systems of basic tillage in short-
rotation crop cultivation, but also the use of various bio-
decomposers of straw Ecostern and Cellulad significantly
affected the yield of individual crops and overall crop

rotation productivity as a whole. The efficiency of straw
bio-decomposers was determined by the conditions of
the year, as well as by different ways of post-harvest resi-
dues entering the soil depending on the system of basic
tillage in short-rotation crop cultivation.However, it was
found that the bio-decomposer Cellulad, in terms of ef-
ficiency, exceeds the bio-decomposer Ecostern. Thus, on
average, for all variants of the main tillage systems in
2015, the application of the bio-decomposer Ecostern
1.5 I/ha increased the yield capacity of grain crops by
0.25 t/ha, or 6.4% (LSD,,=0.03 t/ha), and sunflower - by
0.11 t/ha, and 5.3% (LSD,,=0.03 t/ha). When using the
bio-decomposer Cellulad 2.0 I/ha, the yield increased by
0.41 t/ha, or by 9.7% (LSD,,=0.03 t/ha), and 0.13 t/ha
and 5.7 by sunflower, respectively (LSD,=0.03 t/ha). Dete-
rioration of plant moisture conditions due to lack of pre-
cipitation in 2017 significantly reduced the effectiveness
of straw bio-decomposers.Against the background of the
introduction of the bio-decomposer Ecostern 1.5 l/ha on
average for all systems of basic tillage in crop rotation,
the increase in grain yield was only 0.13 t/ha, or 4.5%
(LSD,,=0.06 t/ha), and for sunflower 0.10 t/ha, or 4.5%
(LSD,,=0.08 t/ha). Against the background of the applica-
tion of the bio-decomposer Cellulad 2.0 l/ha, the increase
in grain yield was 0.25 t/ha, or 8.7% (LSD,=0.06 t/ha),
and for sunflower, respectively, 0.23 t/ha and 12.4%
(LSD,,=0.08 t/ha).
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Figure 2. Total productivity of short-rotation crop cultivation depending on tillage and used
bio-decomposers for 2015-2018: a) 2015, b) 2016, c) 2017,d) 2018

In 2018, the use of Ecostern straw bio-decom-
poser 1.5 l/ha provided an increase in grain yield for all
systems of basic tillage in crop rotation at the level
of 0.15 t/ha or 5.0% (LSD,=0.05 t/ha) and sunflower
by 0.11 t/ha, or 6.7% (LSD,,=0.04 t/ha). But the largest
increase in yield this year was observed against the
background of the application of the bio-decomposer
Cellulad 2.0 l/ha and averaged on all systems of basic
tillage, on cereals 0.23 t/ha, or 7.7% (LSD,=0.05 t/ha), and for
oilseed sunflower - 0.17 t/ha, or 10.3% (LSD,=0.04 t/ha).
Also, in the researches of V. Malyarchuk and M. Starodubt-
seva [26], A. Kushnaryov et al. [27] they proved the ef-
fectiveness of bio-decomposers with the background of
a system of differentiated basic tillage in crop rotation.
According to the results of research conducted during
2015-2018.The experiment showed a clear pattern of
the advantage of the system of differentiated tillage in
grain plowing short-rotation crop cultivation in compari-
son with planar-free multi-depth and planar-free shallow
systems of basic tillage (Table 2). Thus, without the use of
straw bio-decomposers in the differential system of ba-
sic tillage, the aver-age crop capacity of cereals was -
3.64 t/ha, which exceeded the options with planar-free
multi-depth and planar-free shallow tillage, respectively,
0.11-0.39 t/ha (LSD, A=0.03-0.06), or 3.0-10.7%. The same
pattern was observed for the influence of basic tillage
systems on the productivity of oilseeds - sunflower, where
the yield of seeds according to the system of differentiated
tillage without the use of bio-decomposers - 2.20 t/ha,
which is 0.28-0.42t/ha (LSD,, A=0.03-0.08), or by 12.7-
19.1% more in comparison with variants with the system
of planar-free different depth and planar-free shallow
tillage.
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The scientific works of A. Kuznetsov [28],V. Losha-
kov [29], O. Tsyuk [30] proved that the productivity of
crop rotation largely depends on its structure, selection
of crops, fertilization system, system of basic tillage.
A similar pattern can be traced in studies on other indi-
cators of crop rotation productivity, namely grain units,
feed, feed protein units and digestible protein, which
are derived from the productivity of individual crops in
crop rotation (Table 2). Thus, high yields of cereals and
sunflower on the background of the system of differen-
tiated main tillage during the first rotation of crop rota-
tion provided the highest yield from 1 ha of arable land
grain units - 4.25 t/ha, feed units - 5.19 t/ha, feed and
protein units - 4.95 t/ha and 0.48 t/ha of digestible pro-
tein. In the case with the system of planar-free multi-
depth basic tillage in crop rotation, the productivity was
lower per 1 ha of arable land by 0.17 tons of grain units,
0.15 tons of feed units, 0.15 tons of feed-protein units,
and digestible protein not significant only by 0.02t
compared to the check experiment (LSD.=0.06 t/ha). The
lowest crop rotation productivity was in the experiment,
which used a system of planar-free shallow main tillage.
In this embodiment, the yield from 1 ha of arable land
grain units decreased by 11.8%, feed units by 10.6%, feed
protein units by 10.7% and digestible protein by 12.5%.
The use of bio-decomposers Ecostern and Cellulad for
all cases of the system of basic tillage in crop rotation has
increased the crop capacity of cereals and sunflower
and crop rotation productivity in general. However, the
effectiveness of these bio-decomposers was different.
Thus, the yield of cereals and sunflower from the use
of bio-decomposer Ecostern at a dose of 1.5 l/ha on the
background of planar-free shallow tillage increased by




0.19t/ha (LSD,, B=0.03-0.06) and 0.08 t/ha LSD,, B=0.03-0.08).

In the variant with the system of planar-free
multi-depth main tillage, the application of the bio-de-
composer Ecostern 1.5 I/ha provided an increase in grain
yield by 0.20 t/ha (LSD,, B=0.03-0.06), and sunflower
by 0.10 t/ha (LSD,, B=0.03-0.08), but the greatest ef-
fect from the use of this bio-decomposer was obtained
for the system of differentiated main tillage, where
the yield of cereals increased by 0.24 t/ha, respectively
(LSD,, B=0.03-0.06),and sunflower - by 0.12 t/ha (LSD,
B=0.03-0.08). A similar trend is observed in the change
in crop rotation productivity under the influence of the
application of the bio-decomposer Ecostern at a dose
of 1.5 I/ha and other indicators, which is due to changes
in crop yields in crop rotation. The largest yield from 1 ha
of arable land of grain units was on the background of
the system of differentiated main tillage - 4.53t, feed
units — 5.54t, feed-protein units - 5.29t and digestible
protein - 0.50t, which significantly exceeded the control
option ( without the use of the bio-decomposer Ecostern),
respectively, by 0.28; 0.35; 0.34; and 0.02t. The smallest
increase in crop rotation productivity in the experiment
from the use of Ecostern bio-decomposer 1.5 I/ha was
observed in the variant using shallow planar-free main
tillage, where crop rotation productivity at the yield of
1 ha of arable land grain units increased by only 0.24t
(LSD,, B=0.02), feed units at 0.30t (LSD,, B=0.01-0.03),
feed protein units at 0.28t and digestible protein at
0.03t (LSD,, B=0.02-0.09). An option of the experiment
with a system of different depth planar main tillage
in crop rotation occupied an intermediate position in
terms of crop rotation productivity, where the increase
from the use of bio-decomposer Ecostern 1.5 |/ha was
grain units - 0.25t (LSD,, B=0.02), feed units - 0.31t
(LSD,, B=0.01-0.03), feed protein units - 0.29t (LSD,
B=0.02-0.03) and digestible protein - 0.03t (LSD, B=0.02-
0.09), which is confirmed statistically.

Comparing the effect of the use of different bio-
decomposers in the experiment, the authors found that
the bio-decomposer Cellulad at a dose of 2.0 I/ha was
characterized with increased efficiency compared to
the bio-decomposer Ecostern at a dose of 1.5 l/ha. Thus,
with its application, the yield of cereals and sunflower
significantly increased against the background of the
system of differentiated main tillage, respectively, by
0.35 (LSD,, B=0.03-0.06) and 0.18 t/ha (LSD,, B=0.03-0, 08),
thus provided the highest level of crop capacity increase
in the experiment. In the options of the experiment with
the system of planar-free multi-depth and planar-free
shallow main tillage in crop rotation with the application
of bio-decomposer Cellulad at a dose of 2.0 l/ha, there
was also an increase in grain and sunflower yields com-
pared with the application of bio-decomposer Ecostern,
but it tillage. The increase in yield from the use of bio-
decomposer Cellulad at a dose of 2.0 I/ha in these vari-
ants was approximately the same and was cereals and
sunflower - 0.29 and 0.19 t/ha and 0.29 and 0.12 t/ha,
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respectively, and at a significant level. The same pat-
tern is observed in the improve-ment of crop rotation
productivity in general with the use of bio-decomposer
Cellulad at a dose of 2.0 I/ha. The best option in the ex-
periment on the yield from 1 ha of arable land of grain,
feed, feed-protein units and digestible protein was the
option using a system of differentiated basic tillage in crop
rotation where the yield of grain units was - 4.66 t/ha,
feed units - 5.70 t/ha, feed and protein units - 5.43 t/ha
and digestible protein, respectively - 0.52 t/ha.

Thus, under the differential system of basic tillage,
the average yield of cereals without the use of bio-de-
composers was - 3.64 t/ha, which exceeded the options
with planar-free shallow and planar-free shallow tillage,
respectively,0.11-0.39 t/ha (LSD , A=0.03-0.06), or 3.0-
10.7%. The same pattern was observed for the influence
of basic tillage systems on the productivity of oilseeds -
sun-flower, where the yield of seeds according to the
system of differentiated tillage without the use of bio-
decomposers - 2.20 t/ha, which is 0.28-0.42 t/ha (LSD
A=0.03-0.08),0r by 12.7-19.1% more in comparison with
variants with the system of planar-free different depth
and planar-free shallow tillage. This indicates that in
the conditions of the Southern Steppe of Ukraine, heavy
soils in the system of basic tillage in crop rotations require
periodic application of shelf plowing, especially for crops
such as peas, corn and sunflower. Considering the impact
of the introduction of bio-decomposers of straw External
1.5 l/ha and Cellulad 2.0 I/ha on the level of yield of ce-
reals and sun-flower in crop rotation, it was found that
its growth is in the range of 0.13-0.25 t/ha or 4.5-8.7%
for cereals and 0.10-0.23 t/ha or 5.4-12.4% for sunflower.
The introduction of the bio-decomposer Ecostern 1.5 l/ha
provided an increase in the yield from 1 ha of crop rota-
tion area of grain, feed, feed protein units and digest-
ible protein on average in all systems of basic tillage,
respectively, by 4.7; 4.5; 4.3 and 5.4%, and with the in-
troduction of Cellulad 2.0 l/ha, these figures increased
by 9.5, respectively; 8.9; 8.6 and 10.8% compared to
options without the introduction of bio-decomposers.

CONCLUSIONS

The conducted research claimed the possibility and cer-
tain efficiency of introduction of the system of organic
agriculture in the zone of risky agriculture of the arid
Steppe of Ukraine. On the basis of scientific research
and the results obtained, the following preliminary con-
clusions can be made that in the years of research the
system of basic tillage in grain-row short crop rotation in
organic farming have different efficiencies, which largely
depends on the conditions of the year. The experiments
did not confirm the effectiveness of the system of system-
atic shallow non-planar basic tillage in crop rotation, as
one of the main substantive aspects of organic farming.
Considering the influence of different systems of main
tillage in short-rotation grain crop cultivation, the advan-
tage of the system of differentiated main tillage over the
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systems of planar-free multi-depth and planar-free shal-
low main tillage.

Thus, the highest average grain yield in the ex-
periment, with a differentiated system of basic tillage on
the background of the application of the bio-decomposer
Cellulad 2.0 l/ha was - 3.99 t/ha, which exceeded the
options with planar-free shallow and planar-free tillage,
respectively, by 0.17-0.45 t/ha, or 4.3-11.3%. The same
pattern was observed for the influence of basic tillage sys-

the yield of seeds according to the system of differenti-
ated basic tillage and the use of bio-decomposer Cellu-
lad 2.0 l/ha was - 2.38 t/ha, which is 0.27-0.41 t/ha, or
11.3-20.2% more in comparison with the options with the
system of planar-free shallow and planar-free shallow
tillage. That is necessary statistically. Applying the tech-
nology of accelerated destruction of straw and plant
residues using bio-decomposers Ecostern and Cellulad,
the experiment showed higher efficiency of bio-decom-

tems on the productivity of oilseeds - sunflower,where  poser Cellulad at a dose of 2.0 I/ha.
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MpoAYKTUBHICTb KOPOTKOPOTOPHOIO BUPOLLYBaHHS CiJlbCbKOrocrnogapCcbKUX KyJbTyp 3a
pPi3HMNX cucteM 6a30BoOro o6po6iTKY FPYHTY B opraHiuHOMY 3eMnepo6ceTBi CTeny YKpaiHU

€sreH OnekcaHpposuy KOpkesuny, Hatania OnekcanapiBHa BaneHTiok

Opecbkuin oepxaBHUI arpapHuiA yHiBepcuTeT
65012, Byn. lNaHTenerMoHiBCbKa, 13, M. Opeca, YkpaiHa

AHoTauis. [JoBroctpokoBe pedopMyBaHHS arpapHOro cektopy B YKpaiHi BifOYBA€TbCA Yy CKNAAHWUX EKOHOMIiYHMX
Ta NPUPOAHMX YMOBAX. Y Cy4acCHOMY CiibCbKOMY rOCNoAapCTBi Hanbinbll akTyanbHUMKM € HionorizoBaHi 3axoau 1
TEXHOOTiT BUPOLLYBAHHS CiNlbCbKOTrOCMOAAPCHKUX KY/bTYpP, PECYpPCO-Ta EHEProeKOHOMIYHOrO BiLHOB/IEHHS POAKYOCTI
rpyHTiB. [lOoCNigKeHHs BNAMBY CMCTeMM 6a30BOro o6pobiTKy FpYHTY Ta BUKOPUCTAHHS Biopo3knagadiB conomu i
3auLLKiB Micns 360py BpoKato B OpraHiyHOMY 3eM1epo6CTBi Oynu NpoBeLeHi B HAMMOLLIMPEHiLOMY Ta TUNOBOMY A8
niBAeHHOro perioHy cteny YkpaiHu, KOpoTKOO60POTHOMY BUPOLLYBaHHI CilbCbKOrOCMOAAPChKMUX KYbTYP i3 HACTYMHUM
YyepryBaHHSM MOCIBiB: FOPOX — 03UMa MNWEHULS — 03UMUIA SYMiHb — ¥2 NONIB COHALHMKA + 2 NONIB KYKYPYA3M. 33 pOKM
MepLIOro BUPOLLYBaHHS eKCNepUMEHT NOKa3aB NnepeBaru cuctemMu amdepeHLiioBaHoro o6pobiTky rpyHTy, Ae HaBiTb
6e3 BUKOPUCTaHHS Biopo3kiafadis 6yno OTPMMAHO HAMBULLMIA YPOXKaAl 3epHOBUX — 3,64 T/ra Ta COHAWHMKY — 2,20 T/ra
(nepeBipka ekcnepuMeHTY). 3aCTOCyBaHHA KOMBIHOBAHOMO Pi3HOMMMOUHHOIO 06pOBITKY Yy MOELHAHHI 3 TPYHTY,
OCHOBHWI 06pOBITOK FPYHTY CMPUUYMHMB 3HUXKEHHS BpOXalHOCTI 3epHoBMX Ha 0,11-0,39 T/ra Ta COHSIWHUKY
BignoBigHo Ha 0,28-0,42 1/ra. 3 BMKOPWUCTAHHAM Biopo3knagavis, WO HagawTbcs Mapkamu Ecostern ta Cellulad,
3POCTAHHS BPOXAMHOCTI 3HaxXoauTbecs B AianasoHi 0,13-0,25 1/ra abo 4,5-8,7 % pna 3epHoBux kynbtyp Ta 0,10-
0,23 1/raabo 5,4-12,4 % nnsa COHAWHMUKY. 3aCTOCyBaHHs 6iopo3knagava Ecostern 1,5 n/ra 3a6e3neumno 36inblueHHs
BpOXKaMHOCTI 3 1 ra nniowwi CiBO3MiHM 3epHa, KOPMY, KOPMOBO-0iIKOBMX OAMHULbTA 3aCBOOBAHOIO Bifika B cepeaHbOMY
y BCix cuctemax 6asoBoro obpo6iTky rpyHTy Ha 4,7 BianosigHo; 4,5; 4,3 1a 5,4 %, a 3 BHeceHHsm Cellulad 2,0 n/ra ui
NMOKa3HMKM 3poC/M BignosiaHo Ha 9,5; 8,9; 8,6 1 10,8 % nopiBHAHO 3 BapiaHTaMu 6e3 BNpoBaaXeHHs biopo3knaaayis

Kniouosi cnoBa: 3emMnepo6cTBo, 6iopo3knanayi, EKOHOMIYHI Ta NPUPOAHI YMOBM, BiLHOBNEHHS POAIKYOCTI FPYHTIB,
3pPOCTaHHS BPOXAWHOCTI
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