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Abstract. Wheat is the leading food grain in the global food balance.
Ukraine is among the top 10 world grain producers and therefore the issue
of increasing the production of high-quality, environmentally friendly grain
is extremely relevant. The aim of the work was to study the influence of the
system of agrotechnical measures for the greening of agriculture on the
formation of technological indicators of the quality of winter wheat grain,
which will make it possible to obtain high-quality environmentally friendly
wheat grain in the conditions of the Southern Steppe of Ukraine, as well as
reduce the negative pressure on the environment of modern factors of
intensification of agriculture. The assessment of the quality of winter wheat
grain was carried out according to such technological indicators as the
protein content, the quantity and quality of gluten, the falling number, the
weight of 1000 grains and bulk density. The experiments were carried out
in a grain-rowed short-rotation 5-field crop rotation with alternating crops:
peas — winter wheat — corn — sunflower — winter barley. The soil of the
experimental plot is southern chernozem, low-humus, medium-thick,
difficult loamy in the forest. The conducted studies have shown that the
quality of grain changes both from the system of the main soil cultivation
in the crop rotation, and from the use of spreaders of by-products of the
predecessor, and the influence of these factors manifested itself depending
on the weather conditions over the years of research in different ways. The
best result with the element of biologization of agriculture was obtained
with the use of the biodestructor Cellulad 2 I/ha, which significantly
improves the technological indicators of the quality of winter wheat grain.
So, on average, over the years of research, the best grain was obtained in
the variant with a system of no-till multi-depth tillage against the
background of the introduction of the biodegradable Cellulad 2 I/ha with
the protein content of 12.6%, the crude gluten content of 23.4%, the gluten
quality indicator according to its deformation index is 82.2 conventional
units of the VDC device and the falling number of 334.3 s. With the
introduction of additional nitrogen Nig per 1 ton of by-products, as an
energy material for the efficient decomposition of organic matter by soil
microorganisms, an increase in the quality of winter wheat grain is also
observed, but the results are inferior to the best option. Carrying out a
moisture-saving system of a non-linear mid-depth basic tillage increases
the action of a biodestructor in the conditions of the arid Southern Steppe
of Ukraine.

Keywords: winter wheat, technological indicators of grain quality,
greening of agriculture, crop rotation, tillage systems, destructor of straw.
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Introduction. Formulation of the problem

Wheat, including winter wheat, has always been
and still remains the leading food grain crop in the
world food balance. This season 2022/23, despite
Russia’s military aggression against Ukraine, our state
will remain among the top 10 world grain producers,
and therefore the issue of increasing the production of
high-quality, environmentally friendly grain s
becoming a priority for domestic agricultural
producers.

However, the world experience in the development
of agricultural production in highly developed
countries has shown that, in addition to benefits, the
intensification of agriculture and grain production
leads to significant negative consequences — a drop in
soil fertility, a decrease in the quality of grain, in
particular wheat, as a leading grain crop, saturation of
the food market with products harmful for human
health, deterioration of the ecological state of the
environment, degradation of natural ecosystems,
landscapes, etc.

Therefore, the use of environmentally friendly
farming schemes is an urgent task. It will not only
increase the production of winter wheat and improve
its quality, but also reduce the negative impact on the
ecosystem of our country.

Analysis of recent research and publications

Ukraine is one of the major players in the
international grain markets and its exports help to
improve global grain availability and hence food
security. Developed agricultural traditions, favorable
agro-climatic factors and high quality of land resources
make it possible to grow a variety of grains, legumes
and oilseeds in Ukraine. The most popular agricultural
crop is wheat, which, in terms of production volumes,
which the entire Ukrainian agribusiness is engaged in,
accounts for 40-50% of all grain crops [1].

Leading grain market experts state with concern
that the growth of world wheat production in the last
years of the 21st century, despite the introduction of
modern scientific technologies, has slowed down
significantly. Today, additional investments aimed at
increasing the grain productivity of wheat are much
less effective than it was observed in the 60-90 s of the
last century [2].

Ukrainian grain has a high competitiveness,
significant comparative and trade advantages. Grain
export is one of the main ones in the structure of
Ukraine's foreign trade. However, feed grains dominate
in the structure of grain exports. Therefore, Ukraine
needs to increase the production and export supply of
high-quality grain and products of its processing [3].

Against the background of the growing export
potential of Ukraine, which ranks high among the
world's leading producers and exporters of wheat, such
as the USA, Canada, Australia, EU countries,
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Ukraine's lagging behind the world level in the field of
grain quality looks especially inappropriate [2].

The issues of assessing the quality of wheat grain
for food purposes and changing its individual
technological quantitative and qualitative indicators in
different years have been and are being dealt with by
leading domestic scientists — M.V. Romensky, L.T.
Merko, V.A. Morgun, A.l. Yakovenko, D.A.
Zhigunov, O.l. Rybalko and others.

According to the regulatory document (DSTU
3768:2019 Wheat. Specifications), soft wheat grain
intended for use for food and non-food purposes, as
well as for trade, is divided into 4 classes according to
a number of quality indicators. For grain for food
purposes, these are, first of all, such indicators as bulk
density, protein content, gluten content, gluten quality,
falling number, etc. In addition to the indicated class-
forming quality indicators, such an indicator as the
weight of 1000 grains is used to characterize the size of
grain and seeds.

Studies of the dynamics and trends in the
production and quality of wheat grain in Ukraine,
conducted by ONTU scientists for the period 2004—
2019 [4], showed annual changes in individual wheat
quality indicators. Thus, in the studied period, the
average wheat bulk density in the country ranged from
770 to 808 g/l, which meets the requirements of most
export contracts, which ranged from 750-770 g/l per
batch. According to the data of grain procurement
enterprises in the south of Ukraine, in 2019, there was
an arrival of individual batches of wheat with a bulk
density of 670 g/l. The protein content with certain
fluctuations did not change significantly and amounted
to 11.3-13.0%. According to the data of the
enterprises, batches of wheat of the 4th class with a
protein content of 9.2-10.0% were increasingly
encountered, they most often had an increased content
of grains damaged by the wheat bug — up to 5-6%. The
class-forming indicator "the gluten content" varied
within 21.6-26.9%. The wheat of the studied period
was distinguished by a high falling number, which was
in the range of 292-380 s (with the exception of 2004
and 2015 with the lowest values of 226 and 286 s,
respectively). The increase in the falling number is
associated primarily with climatic conditions and
drying of freshly harvested crops.

Well-known Ukrainian scientist-geneticist Dr.
Biol. Sciences O.l. Rybalka [2], whose scientific
interests are now focused on the creation of varieties of
cereals with improved nutritional value of grain for use
in the field of healthy (functional) nutrition,
emphasizes that recently in the world attention has
noticeably increased to the quality of wheat grain — a
multifaceted problem that has become today for wheat,
this important world food crop, without exaggeration,
the number one issue. He notes that, despite the
significant successes of modern world genetics,
biotechnology, genetic engineering, breeding and
wheat grain cultivation technology, attention should be
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focused on the fact that our Ukrainian national
component in the world technical progress related to
the quality of wheat grain, unfortunately, is still very
insignificant and leaves much to be desired.

According to agricultural scientists, the main
factors that have a significant impact on the yield and
quality of grain, including winter wheat, are the
sufficiency of fertilization of sown areas, seed quality,
pest control and crop rotation. Of course, at the same
time, there must be favorable weather and climatic
conditions that will provide a sufficient amount of
moisture in the soil. Otherwise, sufficient fertilizer
with mineral fertilizers in the absence of moisture, is
leading to even worse consequences.

However, excessive intensification of grain
production through increased use of chemical
fertilizers and weed and pest control can backfire.

The United States of America, Canada, Great
Britain and the countries of Western Europe were the
first to face the negative consequences of the
intensification of agriculture, where, as a result of
extremely excessive chemicalization of agricultural
production, which ensured high gross yields, it had an
extremely negative impact on the environment and
human health. That is why, feeling a growing
environmental threat, along with highly intensive
farming, there was the development and
implementation of alternative farming systems for the
production of safe food products that not only support
livelihoods, but also improve people's health while
improving the ecological situation of the environment
and preserving and restoring fertility of soils [5].

This is how the most common alternative farming
systems appeared: organic, biological, organico-
biological, ecological, biodynamic, etc. Their main
concept was the rejection of the use of mineral
fertilizers and chemicals of plant protection, and on the
contrary, the full-scale use of all types of organic
fertilizers, primarily by-products of agricultural crops,
siderates, the introduction into the structure of sown
areas of crop rotation of legumes and perennial
leguminous grasses, the introduction of a system of
shallow tillage soil, taking into account the biological
requirements of cultivated plants. The main goal of
alternative agriculture is to provide people with
ecologically clean food products [6]. Thus, according
to data [7], the use of biologization elements in wheat
cultivation technology ensured an increase in grain
productivity by 13% compared to a full dose of
nitrogen, while the grain quality did not change
significantly.

Other researchers [8] also speak in favor of
biologization of agriculture, who, on the basis of
conducted studies, established the positive effect of the
use of a combination of growth stimulants and
microfertilizers, which gave the largest grain yield and
was the most economically efficient. At the same time,
according to the data of [9], a positive effect was
established due to the inoculation of A. Brasilense on
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the N content in the leaves and grains of winter wheat
on soils with low nitrogen content.

And the reduction of carbon emissions due to its
biological fixation under the influence of consistent
biologization of agriculture  deserves special
attention [8-10].

Unlike the countries of Western Europe, the
United States of America and Great Britain, in Ukraine
the consequences of the powerful intensification of
agriculture, which coincided with the country's
independence, were such phenomena as the use of
unreasonably high rates of mineral fertilizers and
chemical plant protection products, which led to soil
and water pollution by toxic and ballast substances;
rejection of multi-field crop rotations, transition to
monoculture and permanent crops, unsystematic
intensive tillage, decline in animal husbandry and, as a
result, lack of organic fertilizers, destruction of the
scientifically based structure of sown areas with the
rejection of crops of perennial and annual legumes and
their mixtures, etc. Of course, all this has led to a
significant deterioration in the ecological state of the
environment, degradation, and in some cases even the
destruction of natural landscapes and a decrease in soil
fertility.

Land degradation and desertification is one of the
most  serious challenges for the sustainable
development of the country, which entail significant
environmental and socio-economic problems.

However, in order not to repeat the mistakes of the
widespread model of economic development and
intensification of the agricultural sector in
industrialized countries, which in terms of the level of
consumption of natural resources and the amount of
pollution per capita exceeds similar indicators in
developing countries by 20-30 times, Ukraine
followed a different path [11].

Thus, under the pressure of internal and external
requirements of the market of agricultural products and
socio-economic challenges, at first a forced,
spontaneous transition to biological agriculture took
place in Ukraine, but with non-compliance with its
basic principles, which only over time acquired a
certain status and was formalized at the legislative
level [9-11].

Innovative developments of the prerequisites for
the development of organic farming and ways of
ecologization of  intensive  farming, their
implementation in Ukraine were carried out by well-
known domestic scientists, such as P.l. Boyko [7,12],
1.V. Goncharuk [5], V.M. Cool [6], S.P. Lysenko [10],
S.P. Tanchik [13], G.M. Gospodarenko [14], M.K.
Shikula [11], A.l. Shuvar [8] and others.

However, the world experience in the development
of organic farming and the domestic analysis of
analogues of domestic organic farming showed that it
is impossible to effectively solve the food problem and
improve the economic efficiency of management
through organic farming, and that is why at the present
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stage of development of the agricultural business, it is
impossible to give preference to just such a system of

management in its various modifications is not
advisable.
Currently, one of the promising areas for

improving the farming system is its biologization.
Therefore, in the conditions of modern production of
agricultural products, it is necessary to ensure the
ecological orientation of the farming industry,
introduce elements of biologization into existing
intensive farming systems, which are focused mainly
on the use of biological rather than chemical and
technical means of production in order to increase the
economic and  environmental efficiency of
management using environmental and economic
management at the state level [11-13].

The main direction of the greening of modern
agricultural production occurs with the introduction of
innovative technologies for the biologization of
existing farming systems in order to ensure the
sustainable development of agricultural production, the
preservation and restoration of a favorable
environment, the production of environmentally
friendly products, the prevention of soil degradation
and the preservation of their fertility [15].

The biologized farming system of the future
should consist of a scientifically based consistent set of
interrelated agrotechnical, reclamation and
organizational and economic activities that ensure the
efficient use of land for growing crops along with the
preservation and reproduction of soil fertility. Such a
system involves the introduction of an adapted
structure of sown areas and a crop rotation system, the
use of various organic fertilizers, such as manure, by-
products of predecessors, green manure, as well as
microbial and other biological products. A special
component of modern biologization is the use of
processing systems to save energy resources and
minimize the impact on the soil [16]. A certain positive
effect on the yield and grain quality of systems for
minimizing tillage for winter wheat is given in [17,18],
however, according to [19-21], grain quality was
largely influenced by the conditions of the year than
tillage systems, which are more degrees provided
changes in grain evenness and their ash content.

In addition to increasing the productivity of
agricultural crops and preserving and restoring soil
fertility, the main task of biologization is to ensure the
high quality of the products obtained. It is well known
that the level of provision of plants with available
forms of nitrogen in the soil at the time of grain
formation is decisive in improving the quality of winter
wheat grain [22-27].

It is believed that a balanced mineral nutrition of
winter wheat plants throughout the growing season is
the main guarantee of obtaining high and stable yields
of high-quality grain of this crop.

Studies [10,14,26,27] found that the response of
crops to the application of nitrogen fertilizers is limited
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when the content of residual nitrogen in the soil is high
enough, while in conditions of low availability of this
element, more nitrogen is required to increase the yield
and quality of grain and protein in the grain, but the
efficiency of nitrogen fertilizer application increases
significantly.

In the zone of risky farming of the Southern
Steppe of Ukraine, the use of farming biologization
factors is rather limited, their effectiveness has not
been sufficiently studied and requires additional
research to identify and develop the most effective
innovative technologies for biologization of known
adapted high-intensity technologies for growing crops.
About the features of the introduction of factors of
biologization of agriculture were given in the works of
E.A. Yurkevych [12].

Unfortunately, as noted by O.l. Rubalko, our
wheat grain is still far from meeting the level of quality
of the world-wide glory of Ukrainian black soil, on
which it is grown. The issue of the quality of wheat
grain in Ukraine, which should have acquired signs of
an important state strategic program for a long time,
remains today a systemic problem with many
components, the non-solving of which has become
chronic [2].

Thus, solving the problems of production and
improving the quality of winter wheat grain based on
the methods of biologization of agriculture is an
important task of the present, to the solution of which
our research is directed.

The aim and objectives of the study. The aim of
the work is to study the influence of the system of
agrotechnical measures for the greening of agriculture
on the formation of technological indicators of the
quality of winter wheat grain, which will make it
possible to obtain high-quality environmentally
friendly wheat grain in the Southern Steppe of Ukraine.
Also to reduce the negative pressure on the
environment of modern factors of intensification of
agriculture in the conditions of a negative balance of
organic matter in the soil and global climate change.

The tasks of the work are the study of the
influence of the factor of the main tillage system and
the factor of the use of straw decomposers on the
technological indicators of the quality of winter wheat
grain:

1) protein content;

2) gluten content and quality of gluten;

3) falling number;

4) weight of 1000 grains;

5) bulk density.

Research materials and methods

The research was carried out on a farm in the
Bilgorod-Dnistrovsky district of the Odesa region of
Ukraine. The soil of the experimental plot is southern
chernozem, low-humus, medium-thick, difficult loamy
in the forest. In the experiments, a grain-rowed short-
rotation 5-field crop rotation with alternating crops was
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used: peas — winter wheat — corn — sunflower — winter
barley.

The experiments were carried out according to a
two-factor scheme.

Factor A of the main tillage system:

Al — differentiated (control);

A2 — no-till multi-depth;

A3 — no-till shallow.

Factor B in the application of straw decomposers:
B1 — water treatment (control);

B2 — introduction of nitrogen Ny, per 1 ton of straw;
B3 — introduction of the biodestroyer Cellulad 2 1/ha.

Variants of experiment are placed in three
repetitions by the method of split plots. The total area
under the experiment was 15 ha, the total area in the
experiment: tillage — 2500m?, straw spreaders — 830m?,
accounting area — 50m?. In the experiment, zoned
varieties and hybrids of agricultural crops were sown,
including the zoned variety of winter soft wheat
Wisdom Odesa.

Agrotechnics for growing crops in the experiment,
in addition to the studied options, was recommended
for the study area.

After growing winter wheat grain according to
generally  accepted  methods, the  following
technological indicators of its quality were determined:

— the protein content in terms of dry matter was
determined according to DSTU ISO 20483:2016
(1SO 20483:2013, IDT) Cereals and legumes.
Determination of nitrogen content and crude protein by
the Kjeldahl method,;

— the gluten content was determined according to
DSTU ISO 21415-1:2009 Wheat and wheat flour.
Gluten content. Part 1. Manual determination of crude
gluten;

— the quality of gluten was determined by the
index of its deformation in conventional units of the
VDC device;

—the weight of 1000 grains was determined
according to DSTU ISO 520:2015 Cereals and
legumes. Determination of the weight of 1000 grains;

— the bulk density of the grain was determined by
the volume-weight method on a liter snowstorm with a
falling weight according to DSTU GOST 10840:2019
Grain. Method of determining bulk density;

— the falling number was determined on the
PChP-7 device in accordance with DSTU ISO
3093:2009 Wheat, rye and flour from them, wheat,
durum and semolina from durum wheat. Determination
of the falling number by the Hagberg-Perten method
(1ISO 3093:2004, IDT). The method is based on rapid
gelatinization of an aqueous suspension of flour in a
boiling water bath, followed by measurement of the
degree of liquefaction of the starch gel under the action
of alpha-amylase.

The statistical significance of the experimental
data obtained was assessed by the least significant
difference (LSDgs) for a probability level of 95%.
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Results of the research and their discussion

Factors of biologization of agriculture, chosen to
determine the impact on the quality of winter wheat
grain, differently influenced the technological quality
indicators, which also changed over the years of
research. There was no significant direct effect of the
processing system on grain quality indicators, but due
to changes in soil conditions under the influence of
various processing systems aimed at optimizing the
moisture supply and mineral nutrition of plants, a
certain positive trend is observed.

So, on average, over the years of research, an
increase in the protein content in the grain of winter
wheat (Table 1) was established from 10.6% in the
variant with the system of shallow tillage to 11.8% in
the variant with the system of no-till deep tillage
without the wuse of measures to improve the
decomposition of by-products in the experience. At the
same time, there were certain changes in the protein
content over the years of research. So, in 2020, these
indicators were at the level of 11.3-11.8%,
respectively (Table 2); in 2021 10.4-11.6% (Table 3)
and in 2022 10.1-11.8% (Table 4).

Similarly, there were changes in the content of
winter wheat gluten. On average, over the years of
research, its content fluctuated in variants without the
use of means of improving the breakdown of by-
products from 19.1% in the variant with a system of
no-till shallow tillage to 21.3% in the variant with a
system of no-till multi-depth soil tillage (Table 1).
Moreover, over the years of the study, fluctuations in
the gluten content in the experiment were at the level
of 19.4-21.3% in 2020 (Table 2); in 2021, 18.7-21.1%
(Table 3) and in 2022, 19.3-21.5% (Table 4),
respectively, depending on the system of the main
tillage in crop rotation.

An important indicator is not only the amount of
gluten in the grain of winter wheat, but also its quality
in terms of conventional units of VDC. According to
the results of the research, it was found that the quality
of gluten was satisfactory, and the VDC index varied
on average from 106.5 in the variant with the system of
non-linear fine processing to 89.5 conventional units in
a system of non-linear mid-depth tillage without the
use of means to improve the decomposition of by-
products of the predecessor (Table 1). Under the
influence of weather conditions during the growing
season of winter wheat, certain changes also occurred
in terms of the quality of gluten, which amounted to
93.7-83.5 for these main tillage systems in the crop
rotation in 2020 (Table2); in 2021 111.8-87.3
(Table 3) and in 2022 114.0-96.5 conv. units VDC
(Table 4).
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Table 1 — Grain quality of winter wheat in a crop short-rotation under the influence of the main soil

cultivation systems and the introduction of straw spreaders, average for 2020-2022

Options Crude Wet gluten
Factor A protein ] Falling
(soil cultivation Factor B dry content, quality, number,
system in crop (application of straw decomposers) matter, % C(i%'clin' ¢
rotation) %
Differentiated with_out_decomposer (control) 114 19.8 97.3 278.7
(control) application of Ny, per 1 ton of straw 116 20.8 94.2 287.4
with decomposer 11,8 21.4 88.9 295.5
without decomposer 11,8 21.3 89.3 300.8
No-till multi-depth application of Ny, per 1 ton of straw 12.0 21.9 85.1 310.6
with decomposer 12.6 234 82.2 334.3
without decomposer 10.6 19.1 106.5 247.1
No-till shallow application of Ny, per 1 ton of straw 11.3 20.3 97.2 259.7
with decomposer 11.4 20.7 93.8 280.6
Factor A 0.18-0.35 0.33-0.68 5.4-7.1 1.8-38
LSDys Factor B 0.18-0.35 0.33-0.68 5.4-7.1 1.8-3.8
Interaction AB 0.37-0.70 0.68-1.31 10.4-14.3 3.8-6.3

Notes: VDC* — gluten deformation meter.

Table 2 — Winter wheat grain quality in short-rotation crop rotation under the influence of the main tillage

systems and the introduction of straw decomposers, 2020

Options Crude Wet gluten
~ Factor A Factor B protein content, quality, Falling
(soil cultivation system (application of straw decomposers) dry % conv. un. | number, ¢
in crop rotation) matter, % VDC
without decomposer (control) 11.4 19.5 92.9 266.5
Differentiated (control) | application of Nyy per 1 ton of straw 11.6 20.8 88.6 284.2
with decomposer 11.7 21.7 83.2 292.0
without decomposer 11.8 21,3 83.8 289.6
No-till multi-depth application of Nyo per 1 ton of straw 12.2 22,8 81.2 300.9
with decomposer 12.7 23.4 80.1 323.8
without decomposer 11.3 194 93.7 263.0
No-till shallow application of Ny, per 1 ton of straw 115 20.7 88.6 274.3
with decomposer 11.6 20.9 86.8 288.0
Factor A 0.21 0.33 2.1 6.7
LSDgs Factor B 0.21 0.33 2.1 6.7
Interaction AB 0.40 0.68 4.7 12.2

Table 3 — The quality of winter wheat grain in short-rotation

crop rotation under the influence of the main
tillage systems and the introduction of straw decomposers, 2021

Options Crude Wet gluten
~ Factor A Factor B protein content, quality, Falling
(soil cultivation system (application of straw decomposers) dry by conv. un. | number, ¢
in crop rotation) PP P matter, % 0 VDC
without decomposer (control) 11.4 19,4 90.8 258.5
Differentiated (control) | application of N per 1 ton of straw 115 21.0 87.7 261.6
with decomposer 11.7 21.1 85.3 273.3
without decomposer 11.6 21.1 87.3 263.2
No-till multi-depth application of Ny per 1 ton of straw 11.8 21.3 83.6 269.3
with decomposer 12.1 224 81.1 294.9
without decomposer 104 18.7 111.8 244.4
No-till shallow application of Ny, per 1 ton of straw 11.3 194 93.1 255.5
with decomposer 114 20.0 87.7 261.6
Factor A 0.35 0.68 1.8 7.1
LSDgs Factor B 0.35 0.68 1.8 7.1
Interaction AB 0.70 1.31 3.8 14.3
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Table 4 — Winter wheat grain quality in short-rotation crop rotation under the influence of the main tillage
systems and the introduction of straw decomposers, 2022

YT Options Crude Wet gluten Falling
(soil cultivation Factor B dr‘;/rr?;[:';tner content, c?)un?/“hyr; number,
system in crop (application of straw decomposers) % ' % VIjC ' c

rotation)

without decomposer (control) 115 20.4 108.1 311.0
Differentiated (control) | application of Nyo per 1 ton of straw 11.7 20.5 106.4 316.3
with decomposer 11.9 214 98.1 321.1
without decomposer 11.8 215 96.9 349.7
No-till multi-depth application of Ny, per 1 ton of straw 119 21.7 90.5 361.6
with decomposer 13.0 245 85.3 384.3
without decomposer 10.1 19.3 114.0 234.0
No-till shallow application of Ny, per 1 ton of straw 11.1 20,8 109.8 249.4
with decomposer 11.3 21.1 107.0 292.3

Factor A 0.18 0.33 3.8 5.1

LSDgs Factor B 0.18 0.33 3.8 5.1
Interaction AB 0.37 0.70 6.3 10.4

In addition to indicators of the protein content,
gluten and its quality, the amylolytic activity of grain,
which is characterized by a falling number, is of
particular importance for baking bread. This indicator
in the experiment over the years of research, depending
on the system of the main cultivation of the soil against
the background without the use of means to improve
the decomposition of by-products of the predecessor in
the crop rotation, on average over the years of research,
ranged from 247.1 s in the variant with a system of
non-linear mid-depth tillage in crop rotation with
fluctuations over the years, depending on weather
conditions (Table 1).

The use of means to improve the decomposition of
by-products of predecessors in the crop rotation,
namely the application of nitrogen fertilizers
(ammonium nitrate NH4NO3) Ny per 1 ton of by-
products and the use of biodegrader Cellulade 2 I/ha,
had a significant impact on the quality of winter wheat
grain. Thus, on average, over the years of research, the
use of these measures ensured an improvement in the
quality of winter wheat grain in all variants of the main
tillage systems (Table 1), but the best grain was
obtained in the variant with a system of no-till mid-
depth tillage against the background of the application
of the biospreader Cellulad 2 I/ha with a protein
content of 12.6%, gluten content of 23.4%, a falling
number of 334.3 s and a VDC of 82.2 conventional
units. The variant with the introduction of Nyq per 1 ton
of by-products also had high quality indicators of
winter wheat grain, but was inferior to the best variant
in accordance with the protein content by 0.6%, gluten
by 1.5%, the falling number by 23.7 s, and the VDC
indicator by 2.9 conventional units. In the variant with
a system of shallow tillage in a crop rotation, winter
wheat grain was obtained from the lowest quality,
which was inferior in terms of quality to both the
control variant and especially the variant with a system
of deep tillage in a crop rotation. It was found that in
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this variant of the main soil cultivation system, against
the background of Ny application per 1 ton of by-
products, grain quality indicators were inferior in terms
of protein content by 0.3%, gluten by 0.5%, the falling
number by 27.7 s and the VDC indicator at 3.0 conv.
unit. When applying the biodegrader Cellulad 2 I/ha,
these indicators of grain quality were also inferior to
the control variant in accordance with the protein
content by 0.4%, gluten by 0.7%, the falling number by
14.9 s and the VDC by 4.5 conventional units . An
even greater drop in the quality of grain occurred in
this variant compared to the system of non-linear mid-
depth tillage in the crop rotation and amounted to the
background of the introduction of N, per 1 ton of by-
products in terms of protein content by 0.7%, gluten by
1.6%, the fall number by 53.6 s and the VDC indicator
by 12.1 conventional units, and against the background
of the introduction of the biodestructor Cellulad 2 1/ha,
these indicators were 1.2%, respectively; 2.7%; 53.7 s
and 11.6 conventional units.

Thus, under the conditions of 2020 (Table 2),
which was noted as unfavorable for the growth and
development of winter wheat plants according to
hydrothermal indicators, the higher crude protein
content was 11.8% and gluten content was 21.3%, with
a falling number of 289.6 s and VDC 83.8 conv. units
in the background without the use of measures to
improve the decomposition of by-products, provided
an option with a system of multi-depth no-till tillage.
This information can be explained by the fact that it is
this system of basic tillage that creates prerequisites for
improving nitrogen nutrition of winter wheat plants, as
it is one of the important factors that increase the
quality of winter wheat grain.

In the variants of the experiment with systems of
differentiated (control) and especially no-till shallow
tillage, these indicators deteriorated by 0.4-0.5%,
respectively; 1.8-1.9%; 23.1-26.6 s and 9.1-9.8
conditional units.
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The wuse of resources to improve the
decomposition of by-products of the predecessor,
including the biodegrader Cellulad 2 I/ha, significantly
improves the quality of winter wheat grains for all
options for basic tillage systems. In the variant with the
system of differentiated basic tillage in the crop
rotation (control), the introduction of Ny 1 t of by-
products of the predecessor ensured an increase in the
content of protein and gluten by 0.2-1.3%,
respectively, and with the introduction of the
biodegradant Cellulad 2 I/ha, these indicators increased
by 0.3-2.2%. The quality of winter wheat grain in the
experiment against the background of the system of
shallow basic soil cultivation was not significantly
inferior to the control variant, but the positive trend of
grain quality growth due to the introduction of Ny, per
1 ton of by-products and Cellulade biodegrader 2 I/ha
remained. So, in this variant of the main soil
cultivation system in the crop rotation, the protein and
gluten content increased by 0.2-1.3 and 0.3-1.5%,
respectively. The best grain was obtained in the variant
of the experiment with a system of no-till mid-depth
tillage in the crop rotation and the very use of the
biodegrader Cellulade 2 I/ha, which provided the
highest protein and gluten content in the grain in the
experiment. So, in comparison with the variant with a
system of differentiated and shallow no-till tillage, the
protein and gluten content in winter wheat grain
increased by 1.0-1.1% and 1.7-2.5%, respectively (the
least significant difference LSDgs=0.40-0.68).

In the conditions of 2021, which was characterized
as favorable in terms of moisture for the growth and
development of winter wheat, a fairly high grain yield
of this crop was obtained, which determined the
regular insignificant deterioration in grain quality
indicators, but the trend in the influence of the systems
of the main cultivation of the soil and the use of a
biospreader, also kept this year. The highest protein
and gluten content was obtained in the variant where
the system of non-soil deep tillage was carried out
against the background of the introduction of the
biodestructor Cellulad 2 I/ha and amounted to 12.1 and
22.4%, respectively (Table 3). As in the previous year,
the variants with a system of differentiated and no-till
tillage for the introduction of the biodestructor
Cellulade 2 I/ha were inferior in these indicators by
0.4-0.7% and 1.3-2.4%, respectively (LSDgy= 0,70-
1,31). The efficiency in the experiment of the variant
of the system of no-till main soil cultivation in crop
rotation against the background of the use of the no-till
Cellulad 2 I/ha is also evidenced by the fact that,
compared with the control variant, the indicators of
grain protein content and gluten content increase by
0.7-3.0%, respectively.

In the options with a system of differentiated
(control) and shallow no-till tillage, a significant
decrease in winter wheat grain quality indicators was
noted, due to the deterioration of agrophysical and
agrochemical indicators of soil fertility under the
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conditions of the arid Steppe of Ukraine in these
systems.

In 2022, there were extremely unfavorable
conditions for the growth and development of winter
wheat plants, and therefore a sufficiently low grain
yield was obtained, but the quality of the grain was not
only not inferior to the previous favorable year, but
even somewhat exceeded last year's indicators. The
best prerequisites for obtaining high-protein grain and
a high content of gluten were created in the variant
with a system of no-till multi-depth tillage in crop
rotation against the background of the introduction of
the biodestructor Cellulad 2 I/ha with protein content
of 13.0% and gluten content — 24.5% (Table 4). This
option was characterized by the highest indicators of
the falling number (354.3 s) and the value of VDC
(85.3 cond. units). The variant of the experiment,
which provided for the introduction of Ny, per 1t of
by-products of the predecessor against the background
of a system of no-till multi-depth tillage, was inferior
to the variant with the introduction of Celulad 2 I/ha,
respectively, in terms of protein content by 1.1%,
gluten content by 2.8%, the falling number of 22.7 s
and the VDC value is 5.2 conditional units.

The lowest grain quality indicators of winter
wheat in the experiment, regardless of the application
of measures to increase the efficiency of the
decomposition of by-products of the predecessor, were
obtained in the variant with the system of shallow
tillage, however, even under this system of the main
tillage, the use of the biodestructor Cellulad 2 I/ha
ensured a certain improvement in the quality of grain
of winter wheat in comparison with the variant with the
introduction of Ny per 1 ton of by-products of the
predecessor.

Thus, in the conditions of 2020, there was a
positive trend towards an increase in the content of
protein and gluten in winter wheat grain against the
background of the use of straw biodegrader Cellulad
2 I/ha. So, with the system of a differentiated system of
basic tillage (control), the use of a biodegrader
provided an increase in the protein content by 0.42%
and gluten by 2.13%. In the variants with a system of
shallow tillage in the crop rotation, winter wheat grain
with the lowest quality indicators was obtained,
although the tendency to improve these indicators
against the background of the use of a biodegrader
remained. This version of the processing system
against the background of the use of a biodegrader was
inferior to the control for protein content by 0.12%,
and gluten, respectively, by 0.8% (Table 2). Under the
conditions of 2020, the best grain was obtained in
general in the variants of the experiment with a system
of no-low deep tillage in the crop rotation, and the very
use of the biodegradant Cellulad 2 I/ha provided the
highest protein content and gluten content in the grain
in the experiment. So, in comparison with the variant
with a system of differentiated and shallow non-tillage
treatment, the protein content and gluten content in the
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winter wheat grain increased by 0.93-1.05% and 1.78—
2.58%, respectively (LSDgs = 0.21-0,33). For the
remaining quality indicators, which largely depend and
are determined by the mass fraction of protein and
gluten— the number of falling and the quality of gluten,
the same previous trend of their change according to
the experimental options was established.

In the conditions of 2021, which was characterized
as favorable in terms of moisture for the growth and
development of winter wheat, a fairly high grain yield
of this crop was obtained, which determined the
regular insignificant deterioration in grain quality
indicators, but the trend in the influence of the systems
of the main cultivation of the soil and the use of a
biospreader, also kept this year. The highest protein
content and gluten content was obtained in the variant
where the system of non-soil deep tillage was carried
out against the background of the introduction of the
biodestructor Cellulad 2 1/ha and amounted to 12.1 and
22.4%, respectively (Table 3). As in the previous year,
the variants with a system of differentiated and shallow
tillage were inferior in these indicators by 0.48-0.69%
and 1.28-2.42%, respectively (LSDgs= 0,35-0,68).

In the options with the system of differentiated
(control) and shallow tillage, a significant decrease in
winter wheat grain quality indicators was noted, which
can be explained by the deterioration of agrophysical
and agrochemical indicators of soil fertility under the
conditions of the arid Steppe of Ukraine in these
systems of the main tillage

In 2022, there were extremely unfavorable
conditions for the growth and development of winter
wheat plants, and therefore a rather low grain harvest
was obtained, but the grain quality not only was not
inferior to the previous favorable year, but even
somewhat exceeded last year's figures to a certain
extent. The best prerequisites for obtaining high-
protein grains and a high gluten content were created in
the variant with a system of non-low deep tillage in
crop rotation against the background of the
introduction of the biodestructor Cellulad 2 I/ha with
the protein content 12.96% and gluten content 24.47%
(Table 4).

The lowest indicators of winter wheat grain
quality in the experiment with the use of the
biodestructor Cellulad 2 I/ha were obtained in the
variant with a system of fine no-till tillage.

Similar changes have taken place and are such
indicators of grain quality (Table 5) as the weight of
1000 grains and grain size. On average, over the years
of research, the best grain in terms of these indicators
was obtained in the variant with a system of non-low
deep tillage against the background of the introduction
of the biodestructor Cellulad 2 I/ha, when the weight of
1000 grains was 38.6 g, and the weight was 731.0 g. by
the system of differentiated tillage according to these
indicators by 1.1-9.1 g, and the variant with the system
of shallow no-till tillage in the crop rotation by 2.1
31.7 g, respectively.
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Studies of the change in the weight of 1000 grains
and the bulk density of grain showed that in the
experiment there is a positive trend in improving these
indicators from the use of means of biologization of
agriculture against the background of various systems
of basic soil cultivation.

So, in 2020 (Table 6), with a system of
differentiated basic tillage in a crop rotation, the weight
of 1000 grains and the grain size without the use of
means to improve the decomposition of the by-
products of the predecessor were 35.8 g and 681 gll,
respectively, with a system of non-linear mid-depth
tillage — 36.0 g and 685 g/l, or 0.2 g and 4.0 g/l more
compared to the control, while with the no-till shallow
tillage system, these figures were at the level of 35.4 g
and 670 g/l or 0.4 g and 11 g/l less compared to the
control.

Favorable conditions for the formation and
maturation of winter wheat grain, which developed in
2021, significantly affected the indicators of the weight
of 1000 grains and grain size (Table 7), where they
were the largest over the years of research, but the
trend of the influence of various systems of the main
soil cultivation in the crop rotation on these indicators
of grain quality remained. So, they were respectively at
the level of 39.2 and 761 g/l in the variant with a
system of differentiated tillage (control), without the
use of means to improve the by-products of the
predecessor; 39.8 g and 774 g/l in the variant with the
no-till mid-depth tillage system, or 0.6 g and 13 ¢/l
more compared to the control variant, and the lowest
physical indicators of winter wheat grain quality were
obtained in the variant with the system shallow
treatment and amounted to 38.0 g and 750 g/l
respectively, or 1.2 g and 11 g/l less than the control.

The next year (2022) was very difficult in terms
of weather conditions for the growth and development
of winter wheat plants, the period was especially dry
and hot during grain formation, which is why grain
with low quality indicators was obtained from a weight
of 1000 grains and grain size (Table 8). These
indicators of the quality of winter wheat grain in the
variant with a system of differentiated tillage without
the use of means to improve the decomposition of the
by-products of the predecessor were at the level of
33.6 g and 644 g/l, respectively, in the variant with a
system of no-low deep tillage, respectively, 34.6 g and
656 g/l, or 1.0g and 12.0 g/l more than the control, and
the lowest values of 33.0 g and 638 g/l, respectively,
were obtained in the variant with a no-till shallow
tillage system. The use of means for improving the
decomposition of by-products of the predecessor
provided in the experiment the improvement of the
weight of 1000 grains and the bulk density of winter
wheat grain.

The largest weight of 1000 grains and bulk
density, which amounted to 35.2 g and 672 g/l, which
exceeded the control by 0.3 g and 9.0 g/l, respectively,
were achieved in the variant with a system of medium-
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depth tillage without soil when applying biodestructor
Cellulade 2 I/ha. The use of the biodestructor Cellulad
2 l/ha in the system of shallow tillage led, on the
contrary, to a decrease in these indicators of the quality
of wheat grain, which were inferior to the control
variant and the variant with a system of shallow tillage
in terms of weight of 1000 grains and bulk density 0.6—
0.9 gand 12.0-21 g/l.

Variants of the experiment, where it was used to
improve the decomposition of by-products of the
precursor of applying Ny, per 1 ton of straw, in terms
of the effect on winter wheat grain quality indicators,
to a certain extent, were inferior to the options with the
use of the biodestructor Cellulad 2 I/ha in terms of
weight of 1000 grains and bulk density with

background of the system of differentiated, no-till
multi-depth and no-till shallow tillage, respectively, by
0.4-0.8; 0.6-1.2 and 0.5-0.9 g.

On average, over the years of research, the
experience retains the established patterns on the
influence of various systems of the main soil
cultivation and measures to improve the decomposition
of by-products of the winter wheat precursor on the
quality of the resulting grain, especially in favor of the
use of the biodegrader Cellulad 2 I/ha, as one of the
factors of biologization of agriculture (tables 1, 5).

Approbation of research results. The studies
were carried out in the conditions of a farm located in
the Bilgorod-Dnistrovsky district of the Odesa region,
Ukraine.

Table 5 -The weight of 1000 grains and the bulk density winter wheat grains in a short-rotation crop
rotation under the influence of the main soil cultivation systems and the introduction of straw decomposer,
average for 2020-2022

Options
(soil cuft?\igt)irol: system Factor B weightot 3000 e Bulk density, g/l
. - (application of straw decomposers)
in crop rotation)
without decomposer (control) 36.2 695.3
Differentiated (control) | application of Ny, per 1 ton of straw 37.1 703.3
with decomposer 375 712.3
without decomposer 36.6 705.0
No-till multi-depth application of Nyo per 1 ton of straw 37.7 720.0
with decomposer 38.6 731.0
without decomposer 355 686.0
No-till shallow application of Ny, per 1 ton of straw 36.1 692.3
with decomposer 36.5 699.3
Factor A 0.31-0.42 3.2-6.8
LSDgs Factor B 0.31-0.42 3.2-6.8
Interaction AB 0.63-0.83 6.3-6.8

Table 6 — Weight of 1000 grains and grain size of winter wheat in a short-rotation crop rotation under
the influence of systems of basic soil cultivation and the introduction of straw decomposer, 2020

Options
Factor A Weight of 1000 .
(soil cultivation system N Factor B grains, g Bulk density, g/l
- : (application of straw decomposers)
in crop rotation)
without decomposer (control) 35.8 681
Differentiated (control) application of Ny, per 1 ton of straw 36.6 690
with decomposer 37.2 707
without decomposer 36.0 685
No-till multi-depth application of Ny, per 1 ton of straw 38.0 722
with decomposer 38.7 736
without decomposer 35.4 670
No-till shallow application of Ny, per 1 ton of straw 35.8 680
with decomposer 36.2 687
Factor A 0.40 6.8
LSDys Factor B 0.40 6.8
Interaction AB 0.82 125
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Table 7 — Weight of 1000 grains and grain size of winter wheat in a short-rotation crop rotation under
the influence of systems of basic soil cultivation and the introduction of straw spreaders, 2021

Options
Factor A Weight of 1000 .
(soil cultivation system in I Factor B grains, g Bulk density, g/l
; (application of straw decomposers)
crop rotation)

without decomposer (control) 39.2 761

Differentiated (control) application of Ny per 1 ton of straw 40.1 765
with decomposer 40.4 767

without decomposer 39.8 774

No-till multi-depth application of Ny, per 1 ton of straw 40.4 778
with decomposer 41.8 785

without decomposer 38.0 750

No-till shallow application of Ny per 1 ton of straw 38.8 755
with decomposer 39.1 760

Factor A 0.31 3.2

LSDgs Factor B 0.31 3.2
Interaction AB 0.63 6.3

Table 8 — Weight of 1000 grains and grain size of winter wheat in a short-rotation crop rotation under
the influence of systems of basic soil cultivation and the introduction of straw decomposer, 2022

Options
Factor A Weight of 1000 .
. L . Factor B - Bulk density, g/l
(soil cultivation system in (application of straw decomposers) grains. g 79
crop rotation)
without decomposer (control) 33.6 644
Differentiated (control) application of Nyo per 1 ton of straw 34.5 655
with decomposer 34.9 663
without decomposer 34.0 656
No-till multi-depth application of Nyy per 1 ton of straw 34.6 660
with decomposer 35.2 672
without decomposer 33.0 638
No-till shallow application of Nyo per 1 ton of straw 33.8 642
with decomposer 34.3 651
Factor A 0.42 4.0
LSDgs Factor B 0.42 4.0
Interaction AB 0.83 8.2

Conclusion

The conducted studies on the quality of winter
wheat grain showed that it changes both from the
system of the main tillage in the crop rotation, and
from the use of spreaders of by-products of the
predecessor, and the influence of these factors occurred
depending on weather conditions over the years of
research in different ways.

Particularly noteworthy is the option with the
element of biologization of agriculture, the use of the
biodestructor Cellulad 2 I/ha, which not only is not
inferior to the option with the introduction of N, per 1
ton of by-products, but also significantly improves the
technological indicators of the quality of winter wheat
grain.

So, on average, over the years of research, the best
grain was obtained in the variant with a system of no-
till multi-depth tillage against the background of the
introduction of the biodegradable Cellulad 2 I/ha with a
mass fraction of protein of 12.6%, a mass fraction of
crude gluten of 23.4%, the gluten quality indicator
according to its deformation index is 82.2 conditional

XapuoBa Hayka i Texrosorist / Food science and technology

units of the VDC device and the falling number is
334.3s.

The option with the introduction of additional
nitrogen as an energy material for the effective
decomposition of organic matter by soil
microorganisms is  designed  exclusively  for
microorganisms existing in the soil, while with the
introduction of a biodestructor their number in the soil
increases and, most importantly, they are in an active
form, which saves free soil nitrogen compounds. In
this variant, with the introduction of Ny per 1 ton of
by-products, an increase in the quality of winter wheat
grain is also observed, but the results are inferior to the
best variant in accordance with the protein content by
0.6%, the crude gluten content by 1.5%, its
deformation index gluten 2.9 conv. unit VDC device
and the falling number of 23.7 s .

Carrying out a moisture-saving system of non-
linear mid-depth basic tillage increases the action of
the biodestructor in the conditions of the arid Southern
Steppe of Ukraine.

Volume 17 Issue 2/2023



TexHosnoezis i 6e3neka npodykmie xapuyeaHHsa / Technology and safety of food products

10.

11.
12.

13.
. Hospodarenko HM, Cherno OD. Yakist’' zerna pshenytsi ozymoyi za tryvaloho zastosuvannya dobryv u pol‘oviy sivozmini. Visnyk

15.
16.

17.

18.

19.

20.
21.
22.
23.
24.
25.

26.

27.

References:
Kobuta I, Sikachyna O, Zhygadl V. Wheat export economyin Ukraine. Budapest, Hungary: Food and Agriculture Organization of the
United Nations; 2012 [cited April 20 2023]. 56 c. Available on:

https://www.academia.edu/38045999/WHEAT_EXPORT_ECONOMY_IN_UKRAINE

Rybalka O. Yakist pshenytsi ta yii polipshennia. K: Lohos; 2011.

Holomsha NY, Dziadykevych QY. Yakist pshenytsi ta yii polipshennia. Konkur Perevahy Produktsii Zernovoi Haluzi Na Svitovomu
Rynk Econ APK. 2017;11(277):61-6. https://doi.org/10.33365/jtk.v11i2.175

Borta AV, Stankevich GM, Penaki AA. Doslidzhennia dynamiky ta trendiv vyrobnytstva i yakosti zerna pshenytsi v Ukraini na pochatku
tretoho tysiacholittia. Sci Work Odes. nats. akad. kharch. tekhnolohii. 2019; 2(83).4-13 https://doi.org/10.15673/swonaft.v2i83.1535
Honcharuk I, Koval'chuk S, Tsytsyura Y, Lutkovs'ka S. Dynamichni protsesy rozvytku orhanichnoho vyrobnytstva v Ukrayini. Vinnytsya:
TOV «TVORY»; 2020. 477 c.

Krut’ VM, Fesenko HP, Alekseyenko TS et al. Naukovi osnovy ekolohichnoho zemlerobstva. K.: Urozhay; 1995.

Boyko PI, Borodan’ VO, Kovalenko NP. Ekolohichno zbalansovani sivozminy — osnova biolohichnoho zemlerobstva. Visnyk ahrarnoyi
nauky. 2005;7:43-45.

Shuvar I, penakrop. Ahroekolohichni osnovy vysokoefektyvnoho vyroshchuvannya pol'ovykh kul'tur u sivozminakh biolohichnoho
zemlerobstva. L'viv: Ukrayins'ki tekhnolohiyi; 2003. 176 c.

Nunes PHMP, Aquino LA, dos Santos LPD, Xavier FO, Dezordi LR, Assungdo NS. Yield of the irrigated wheat crop subjected to
nitrogen application and to inoculation  with Azospirillum  brasilense. Rev. Bras. Ciénc. Sol. 2015;(39):174-82.
https://doi.org/10.1590/01000683rbcs20150354

Lysenko SP, Hevrek HH. Yakist' zerna ta urozhayni vlastyvosti nasinnya ozymoyi m"yakoyi pshenytsi zalezhno vid ahrofonu. Zb nauk pr
Selektsiyno henetychnoho instytutu Natsional’noho tsentru nasinnyeznavstva ta sortovyvchennya UAAN. 2009;54(14):69-77..

Shykula MK. Kontseptsiya gruntozakhysnoho biolohichnoho zemlerobstva v Ukrayini. K.: NAU; 2000: 23-50.

Yurkevych YeO, Boyko PI, Kovalenko NP, Valentiuk NO. Naukovo-tekhnolohichni ta ahrobiolohichni osnovy vysokoproduktyvnykh
ahroekosystem Ukrayiny. Odesa: Vydavnytstvo TOV «lzdatel'skiy tsentr»; 2021. 654 c.

Tanchyk SP, Tsyuk OA, Tsentylo LV. Naukovi osnovy system zemlerobstva : monohrafiya. Vinnytsya: TOV «Nilan-LTD»; 2015. 314 c.

Umans'koho natsional'noho universytetu sadivnytstva. 2016;1:11-5.

Young, LM. Carbon sequestration in agriculture: The U.S. policy in context. Am. J.Agric. Econ; 2003;85:1164-1170.
https://doi.org/10.1111/j.0092-5853.2003.00524.x

Rial-Lovera K, Davies WP, Cannon ND, Conway JS. Influence of tillage systems and nitrogen management on grain yield, grain protein
and nitrogen-use efficiency in UK spring wheat. J. Agric Sci 016;154:1437-1452. https://doi.org/10.1017/S0021859616000058
Turebayeva S, TZhapparova A, Kekilbayeva G, Kenzhegulov S, Aisakulova K, Yesseyeva G, et al. Development of Sustainable
Production of Rainfed Winter Wheat with No-Till Technologies in Southern Kazakhstan. Agronomy.2022;12:950.
https://doi.org/10.3390/agronomy12040950

Pagnani G, Galieni A, D’Egidio S, Visioli G, Stagnari F, Pisante M. Effect of soil tillage and crop sequence on grain yield and quality of
durum wheat in Mediterranean Areas. Agronomy.2019;9:488. https://doi.org/10.3390/agronomy9090488

Artyszak A, Gozdowski D. Is It Possible to Maintain the Quantity and Quality of Winter Wheat Grain by Replacing Part of the Mineral
Nitrogen Dose by Growth Activators and Plant Growth-Promoting Rhizobacteria (PGPR)? Sustainability.2021;13:5834.
https://doi.org/10.3390/su13115834

Giannitsopoulos ML, Burgess PJ, Rickson RJ. Effects of conservation tillage systems on soil physical changes and crop yields in a wheat-
oilseed rape rotation. J. Soil Water Conserv. 2019;74:247-258. https://doi.org/10.2489/jswc.74.3.247

Wozniak A. Chemical properties and enzyme activity of soil as affected by tillage system and previous crop. Agriculture. 2019;9:262.
https://doi.org/10.3390/agriculture9120262

Wozniak A, Stepniowska A. Yield and quality of durum wheat grain in different tillage systems.J. Elem. 2017;22:817-829.
ttps://doi.org/10.5601/jelem.2016.21.4.1304

Wozniak, A. Effect of various systems of tillage on winter barley yield, weed infestation and soil properties. Appl. Ecol. Environ.
Res. 2020;18:3483-3496. https://doi.org/10.15666/aeer/1802_34833496

Andrzej Wozniak, Leszek Rachon. Effect of Tillage Systems on the Yield and Quality of Winter Wheat Grain and Soil Properties.
Agriculture. 2020;10:405 https://doi.org/10.3390/agriculture10090405

Pereira LC, Piana, SC, Braccini AL, Garcia MM, Ferri GC, Felber PH, et al. Wheat (Triticum aestivum) yield response to different
inoculation techniques of Azospirillum brasilense. Rev. Ciénc. Agrar.2017;40:105-113. https://doi.org/10.19084/RCA16089
Hospodarenko H, Cherno O, Prokopchuk 1, Serdyuk M. Technological Properties of Winter Wheat Grain Depending on the Ecological
and Geographical Origin of a Variety and Weather Conditions. Mod Dev Paths Agric Prod. 2019:699-705. https://doi.org/10.1007/978-3-
030-14918-5_68

Ali SA, Tedone L. Verdini L, Cazzato E, De Mastro G. Wheat response to no-tillage and nitrogen fertilization in a long-term faba bean-
based rotation. Agronomy. 2019;9:50. https://doi.org/10.3390/agronomy9020050

Xapuosa Hayka i Texuostorist / Food science and technology 91 Volume 17 Issue 2/2023


https://doi.org/10.15673/swonaft.v2i83.1535
https://doi.org/10.1111/j.0092-5853.2003.00524.x
https://doi.org/10.1017/S0021859616000058
https://doi.org/10.3390/agronomy12040950
https://doi.org/10.3390/agronomy9090488
https://doi.org/10.3390/su13115834
https://doi.org/10.2489/jswc.74.3.247
https://doi.org/10.3390/agriculture9120262
https://doi.org/10.5601/jelem.2016.21.4.1304
https://doi.org/10.15666/aeer/1802_34833496
https://doi.org/10.3390/agriculture10090405
https://doi.org/10.19084/RCA16089
https://doi.org/10.1007/978-3-030-14918-5_68
https://doi.org/10.1007/978-3-030-14918-5_68
https://doi.org/10.3390/agronomy9020050

TexHonozis i 6e3nexka npodykmie xapyyeaHHs / Technology and safety of food products

®OPMYBAHHS TEXHOJIOI'TYHUX MMOKA3HUKIB IKOCTI 3EPHA
MIIEHWUII O3UMOI 3A YMOB EKOJIOI'I3AIII 3EMJIEPOBCTBA CTEITY
YKPAIHUA

€.0. FOpkeBH4’, JOKTOP CIMBECHKOTOCTIONAPCHKHX HAYK, mpodecop, E-mail: yevgen21@ukr.net
H.O. BajenTiok’, KaHIHIaT TEXHIYHIX HAyK, CTAPLINHA HAYKOBHii criBpobiTHAK, E-mail: naval100@ukr.net
.M. CrankeBuY’ IOKTOp TeXHIYHIX Hayk, mpodecop, Email: georgii.stn@gmail.com

AK. Kaus, KaHMIaT TEXHIYHUX HayK, nqorent, Email: anfisakats20@gmail.com

'Kadenpa moms0Bux i 0BOUEBHX KyIBTYp

OpnecbKkuii AepKaBHUI arpapHUH YHIBEpPCUTET

Byan. Kanartna, 99, M. Ozneca, Ykpaina, 65039

?Binin MepBHHHOTO Ta eMITHOTO HACIHHUIITBA.

[HCTUTYT KITIMaTHYHO OPiEHTOBAHOTO cinbehkoro rocnonapersa HAAH Ykpainuy,

Byn. OmensHoBuua-IlaBnenka Muxaiina, 6yanHok 9, micto KuiB, Ykpaina, 01010

®Kadenpa TexHomorii 3epHa i KOMGIKOpMiB

OpecbKuii HaI[lOHATBHIH TEXHOJIOTIYHHH YHIBEPCUTET

Byn. Kanatna, 112, m. Opneca, Ykpaina, 65039

Anoranis. [IoieHUIs € IPOBIAHOIO MPOJOBOJBYOI0 3€PHOBOIO KYJIBTYPOIO Y CBITOBOMY OajiaHCI IPOJOBOJIBCTBA.
VYxpaiHa BXoauTh y Tom-10 cBITOBHX BUPOOHHKIB 3€pHA 1 TOMY IMHUTaHHs 301bIICHHST 00CATIB BUPOOHHUIITBA BICOKOSIKICHOTO,
€KOJIOTIYHO YHCTOTO 3€PHA € HaJ3BMYallHO aKTyaJ bHUM. MeToro po6oTH OyiI0 HOCITIIKEHHs BIUIUBY CHCTEMH arpoTEeXHIYHHX
3ax0AiB eKkosorizamii 3emiepoOcTtBa Ha (HOpPMYBAaHHA TEXHOJOTIYHHX TIIOKa3HHWKIB SKOCTI 3€pHA IMIIEHHI O3MMOi, IO
JTO3BOJIUTH OTPUMATH BUCOKOSKICHE EKOJOTIYHO YMCTE 3epHO MIIeHUIl B ymMoBax [liBnenHomy Cremy YikpaiHu, a Takox
3MEHIIUTH HETaTHBHUI THCK Ha HABKOJIMIIIHE CEPEeNOBHUINE CydacHUX (hakTopiB iHTeHcUQikamii 3emnepodcTBa. OUiHKY SKOCTI
3epHa MIICHUII 03WMOi MPOBOJMIN 33 TAKUMH TEXHOJIOTIYHUMH TOKa3HHWKH SIK MacoBa YacTKa OilKa, KUIBKICTh Ta SIKICTh
KICWKOBUHH, Yncio maainas, maca 1000 3epeH Ta Harypa. Jlochian mpoBOOMIN y 3€pHOMPOCANHIA KOPOTKOPOTAmidHIA 5-
TUNUIBHIA CIBO3MIHI 3 TaKMM YEPTYBaHHSAM CLIBCHKOTOCHOJAPCHKUX KYIBTYpP: TOPOX — MIICHUIS O3MMa — KYKypya3a —
COHSIIHUK — SYMiHb O3MMHUH. IPYHT MOCHINHOT MiNSHKA YOPHO3€M IMiBJIECHHUH, MAJOTyMyCHH, CEPEIHLONOTYKHHIA,
Ba)KKOCYTTIMHKOBUI Ha Jieci. [IpoBeneHi NOCIIDKEHHS IOKa3aH, IO SKICThb 3epHa 3MIHIOETHCS SIK BiJl CHCTEMH OCHOBHOTO
00poOITKy IPYHTY y CIBO3MIHI, TaK i BiJ 3aCTOCYBaHHS PO3KJIAJIHHUKIB NOOIYHOI NPOAYKIIi ITONEpeIHNUKA, TP YOMY BILIMB IIHX
(axTOpiB MPOSBISBCS 3AJICKHO BiJ IIOTOJHUX YMOB 332 POKHM JOCTIDKEHb 10 pisHOMY. Halikpamuii pe3ynpTar 3 eJIeMeHTOM
Oiosorizamii 3emyiepoOCTBa OTPHMAHO MpPHU 3acTOCYBaHHI Oiogectpykropa Llemomam 2 n/ra, sKuid CyTTEBO MOJIIIIYE
TEXHOJIOT1YHI MOKAa3HUKU SKOCTI 3€pHA IMIIEHHII 03uMoi. Tak, B cepenIHhOMY 3a POKH JOCHTIIKEHb HaWKpamie 3epHO Oyio
OTpUMaHE y BapiaHTi 3 CHCTEMOIO OE3MOJIMIICBOTO Pi3HOTNIMOMHHOTO OOpOOITKY IPYHTY Ha (pOoHI BHECEHHS 010pO3KIaTHUKY
emonan 2 n/ra 3 MacoBor yacTkow Oinka 12,6%, MacoBOI YacTKOK CUpPOI KICHKOBUHH 23,4%, TOKa3HUKOM SIKOCTI
KJIEHKOBUHU 3a iHnekcoM 11 nedopmanii 82,2 ym. on. npunany BJIK ta yucna naninas 334,3 c. I3 BHECeHHSIM J0aTKOBOTO
azoty NjpHa 1T mobGiyHoi mpomykuii, IK eHepreTHYHOro Marepiaiay s e(peKTUBHOTO PO3KJIAaHHS OPraHiuHOI PeYOBHHH
IPYHTOBMMH MIKpPOOpPraHi3MaMH, TaKOX CIIOCTEPIracThCsl MiJBMINCHHS MOKA3HHMKIB SKOCTI 3epHa MIIEHMI[ O3MMOI, aje
pe3yIbTaTH MOCTYHAIOTHCS KpamoMy BapiaHTy. [IpoBeseHHS BOJIOro30epiraloyoi CHCTEMH OE3MONUIIEBOTO Pi3ZHOTTHONHHOTO
OCHOBHOT'O 00pOOITKY IPYHTY IiABHUINYE Iif0 OiomecTpykTopa B yMoBax nocynnmmeoro [lisgenHoro Creny Ykpainu.

KiwouyoBi ciaoBa: mmeHWANS o03MMa, TEXHOJOTIYHI TIOKA3HUKH SKOCTI 3€pHA, €KOJIoTi3amis 3eMiepoOcTBa,
3epHONPOCAITHA CiBO3MiHA, CHCTEMH 00pOOITKY IPYHTY, 010IECTPYKTOP COJIOMHU.
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