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Abstract. The problem of increasing the production of winter barley grain on irrigated lands can be solved
thanks to the improvement of the varietal composition, optimization of sowing dates and improvement of the
nutrition system, in particular through the use of drugs with growth-regulating properties. Taking into account
the important biological role of growth regulators in the plant nutrition system, the aim was to determine the
influence of Gummifield Forte brix, MIR and PROLIS on the content of nitrogen, phosphorus and potassium in
the main phases of plant development of different varieties of winter barley at optimal and late sowing dates. The
research was conducted at the Institute of Irrigated Agriculture (now the Institute of Climate-Oriented Agriculture)
of the National Academy of Sciences according to methodological recommendations for conducting field tests
under irrigation conditions. In the above-ground mass of plants, straw and grain, the total content was determined:
nitrogen - according to Kjeldahl, phosphorus - according to Murphy-Reilly, potassium - using a flame photometer. It
was determined that on the irrigated lands of the South of Ukraine, the use of growth regulators Gumifield Forte brix,
MIR and PROLIS had a significant effect on the accumulation of the main nutrients (especially nitrogen) by plants and
winter barley grains. The highest content of basic nutrients in plants was at the early stages of development (spring
tillering), after which their amount decreased until the end of the growing season of the crop. The maximum nitrogen
content of 2.02% on dry matter on the Dev'iatyi val variety and 1.85% on the Academichnyi variety was provided by
the use of Gummifield Forte Brix.Among the varieties, the Dev'iatyi val, on average, accumulated nitrogen in the grain
for sowing on October 1 and 20 by 9.1 and 9.5 percentage points more than Akademichnyi, according to the plant
growth regulator factor. Thanks to the treatment of winter barley seeds with plant growth regulators Gumifield Forte
Brix and PROLIS and sowing the crop at the optimal time, it is possible to increase the nitrogen content in plants and
grain by 6.0-15.1 and 9.3-22.5 percentage points, respectively, which will have a positive effect on grain formation
and its quality. In further studies, it is necessary to optimize the application doses of mineral fertilizers using new
multi-component growth regulators of winter barley plants under irrigation conditions in the South of Ukraine

Keywords: nitrogen, phosphorus and potassium content, biomass, sowing dates, multi-component preparations,
irrigation

INTRODUCTION

The latest projections from the United Nations sug-
gest that the world’s population could grow to ap-
proximately 8.5 billion in 2030 and 9.7 billion in 2050,
reach a peak of 10.4 billion people in the 2080s [1-3].
Considering that the population will increase by 1.7
billion people by 2050, and another 0.7 billion by 2080,
there is a serious problem of providing them with food,
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a problem that will only worsen with time. Such an in-
crease in the global population will occur under glob-
al climate change [4-6], from the adverse consequences
of which vulnerable population groups will suffer the
most [7; 8], which will require new methods of stabilizing
and increasing the production of agricultural products. It
is important to do this in an environmentally sound way
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by reviewing many existing approaches to agriculture, in-
cluding plant nutrition, variety policies and sowing timing.

Barley is one of the most widespread grain crops in
the world [9-11]. Its grain is widely used for fodder, food
and technical purposes [12-14]. Considering the national
economic importance of this crop, barley requires consid-
erable attention and a careful technological approach.

In recent years, the areas of winter barley sowing
have expanded significantly, both in the EU countries and in
Ukraine. If at the beginning of the 21 century it was sown
in Ukraine on an area of 300-500 thousand hectares, then
in the last ten years - 0.9-1.5 million hectares [15; 16].
Mainly, its areas increase due to the decrease in spring bar-
ley crops. The main factors that give it an advantage over
spring barley are high potential productivity, more efficient
use of moisture and precipitation of the autumn-winter
period, and early ripening [17], which allows growing agri-
cultural crops in repeated crops under irrigation.

In recent years, the yield of winter barley in
Ukraine has increased from 2.0 t/ha to 3.4 t/ha, or 1.7
times, but, unfortunately, it is two times lower than the
indicator in the EU countries - 7.0 t/ha [18; 19]. That is,
domestic agricultural producers are faced with the task
of further increasing its yield.

Increasing and stabilizing the production of win-
ter barley grain is possible only with clear and maxi-
mally effective implementation of all elements of grow-
ing technology. Among the most important and reliable
factors for increasing the yield and quality of barley grain
are the use of high-yielding varieties, their sowing at the
optimal time and the use of biological growth regulators.

Varieties and hybrids of foreign selection
can ensure the yield of winter barley at the level of
9-10 t/ha [20]. Currently, domestic breeders have also
created new varieties of winter barley, the yield potential
of which reaches 8-9 t/ha and more [21]. The use of these
varieties can significantly increase the level of competi-
tiveness of grain production of this valuable crop.

Global changes in climatic conditions that have
occurred in recent decades require a certain correction
in the technology of growing most agricultural crops, its
adaptation to adverse abiotic factors. The first changes
in the sowing dates of winter grain crops have already
been made towards later dates [22-24].

It is known that the use of metabolites and
phytohormones in crop production contributed to the
development of the industry by stimulating growth
processes and optimizing the ripening of agricultural
crops [25-27], as well as influencing the formation of
the root meristem [28; 29].

In the coming years, among the most priority di-
rections is the increase in the production of high-quality
grain, where plant growth regulators and microbiolog-
ical preparations with growth-regulating properties can
play an important role [30-32]. There are known types
of biostimulants, including amino acids, humic sub-
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stances, algae extracts, preparations based on microbes
and others [33-35]. However, how plant growth regula-
tors change the absorption of winter barley biomass of
the main nutrients: nitrogen, phosphorus and potassium
during irrigation has not been sufficiently studied.
Therefore, the purpose of the research was to
determine the parameters of the accumulation of nutri-
ents by plants in the main phases of the development
of winter barley, depending on the varieties, sowing
dates and multicomponent growth regulators in the
conditions of irrigation in the south of Ukraine.

LITERATURE REVIEW

During an active physiological process, the plant ab-
sorbs nutrients, the content of which depends on both
direct and indirect factors [36; 37]. It is believed that in
order to obtain a higher yield, field crops must absorb a
large amount of nutrients from the soil [38; 39]. How-
ever, the reaction of plants to nutritional conditions in
different periods of vegetation is different, and the ab-
sorption of elements, due to the change in the nature
and orientation of biochemical processes, is uneven.

According to the researches of V.V. Zerling, in the
budding phase of plants, the optimal content of mineral
nutrients in above-ground biomass should be 4.7-5.3%
nitrogen, 0.55-0.65% phosphorus, and 4.2-4.2% potas-
sium [40]. Due to the improvement of mineral nutrition,
the content of these elements in the plant increases [41; 42].

A number of researchers also believe that the
maximum amount of the main nutritional elements of
the winter barley plant is accumulated at the beginning
of spring tillering, and then their content gradually de-
creases and reaches the lowest values at the end of the
growing season of the crop [43-45]. Having data on the
actual content of nutrients at the beginning of spring
bushing, it is possible to adjust the doses of fertilizers
in the subsequent phases of plant development.

Among the main elements of plant nutrition
necessary for the formation of grain yield, nitrogen oc-
cupies the most important place, since it plays a deci-
sive role in almost all metabolic processes of plants,
and its deficiency leads to a decrease in grain produc-
tion [46; 47].1n almost all agricultural soils, including in
Ukraine, nitrogen is at a minimum, or is a universal de-
ficiency [48]. Therefore, when growing agricultural crops,
nitrogen fertilizers should be used in the first place. On
the dark chestnut soils of the south of Ukraine, under the
condition of growing winter barley on irrigated lands, the
optimal application rate should be N90 [49].

Scientists of the EU, USA and other countries
of the world believe that, along with fertilizers and
pesticides, plant growth regulators should occupy an
important place in the technology of production of
plant products. The use in the production of biological
preparations improves the use of nutrients by plants,
promotes the development of the root system and the
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resistance of the culture to adverse climatic conditions,
as aresult of which the condition of plants improves and
their productivity increases [50-52]. Research conducted
in EU countries [53; 54], Japan [55] and Ukraine [56]
on grain crops, their influence on plant growth and de-
velopment has also been documented. Therefore, the
wide use in the production of growth regulators, which
contain a balanced complex of phytoregulators, biolog-
ically active substances and microelements, is one of
the possible factors in the regulation of plant growth
processes and crop formation.

A number of researchers showed the mecha-
nisms of the positive effect of phytohormones on cell
division, the processes of photosynthesis and respira-
tion, assimilation of nutrients by grain crops [57-59]. It
was also established that the use of growth regulators
contributes to the increase of nitrogen absorption by
winter crops [60]. At the same time, the accumulation of
nitrogen and phosphorus in plants was lower than in the
later sowing period [61]. That is, due to late sowing dates,
incorrectly formed sowing parameters have a negative
effect on the growth and development of plants [62; 63],
and therefore on the absorption of nutrients.

In addition, the background of plant nutrition is de-
termined by varietal characteristics, since varieties react
differently to the main elements of technology [64; 65].

That is, increasing the yield of agricultural crops
with the use of growth regulators largely depends on
sufficient provision of the nutritional background in
combination with optimal sowing dates, as well as on
the biological properties of the variety.

However, the influence of new multicomponent
plant growth regulators on the accumulation of the
main macronutrients during the growing season of
winter barley, sown at different times on irrigated lands,
has not been investigated before.

The relevance of conducting this research and
summarizing the experimental material is due to the
importance of the biological role of growth regulators
and the limitation of scientific data on their influence
on the content of nitrogen, phosphorus and potassium
in plants of modern varieties of winter barley grown
under irrigation conditions.

MATERIALS AND METHODS

To assess the potential ability of winter barley to accu-
mulate nitrogen, phosphorus and potassium and spend
them during the growing season of plants, the results
of field and laboratory studies of the Department of Ag-
ricultural Technologies and the Laboratory of Analytical
Research of the Institute of Irrigated Agriculture (now
the Institute of Climate-Oriented Agriculture) of the
National Academy of Sciences were used.

The research was carried out under irrigation con-
ditions during 2016-2019 on a dark chestnut medium
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loamy slightly saline soil characterized by the follow-
ing agrochemical and agrophysical parameters: humus
content in the arable layer - 2.3%, density — 1.37 g/cm?,
moisture in humidity - 9.1%, the lowest moisture con-
tent - 20.3%; nitrates (according to Grandval-Liage) 7.9-
24.2 mg/ha, mobile phosphorus (according to Machigin) -
53.8-83.9 mg/kg and exchangeable potassium (on a flame
photometer) - 231-281 mg/kg of soil; the reaction of the
soil solution is close to neutral, the pH of the salt extract is
7.1.Taking into account the low content of nitrogen in the
soil and the high content of phosphorus and potassium,
only ammonium nitrate in the dose of N45 was used for
pre-sowing cultivation and in early spring, N45 was added.

The predecessor was soybeans harvested for
grain. The technology of growing winter barley is gen-
erally accepted for the zone under irrigation conditions
(except for the elements that were studied).

The experiment is three-factor: Factor A (barley
varieties): Academichnyi and DeV'iatyi val, which have been
included in the state register of plant varieties suitable
for distribution in Ukraine since 2011 and 2014. Factor
B (sowing dates): optimal (October 1) and late (October
20). Factor C (growth regulators): control (without treat-
ment); Gumifield Forte Brix (seed treatment 0.8 l/t); MIR
(seed treatment 6 g/t); PROLIS (seed treatment 5 g/t).

Features of the components and characteristics
of the investigated plant growth regulators:

Gumifield Forte Brix, v.s. = highly effective, wa-
ter-soluble, universal growth regulator, adaptogen and
anti-stressor based on ammonium humate, the most
active form of humate, contains 60 g/l of seaweed
extract, which includes a complex of phytohormones
and physiologically active substances, 135 g/l of humic
acid salts, in h.: amino acids - 20 g/l, potassium (K20) -
20 g/l and trace elements - 5 g/L, pH - 10-11 [66].

The drug MIR MARKA Z is a multi-purpose plant
growth regulator created on the basis of synthetic com-
pounds, contains heteroauxin — 10-20%, humic acids -
70-80% and a full range of trace elements useful for
plants in chelated form: Fe - 0.6-0.8%, Mg - 3.6-5.3%,
Mn - 0.7-2.6%, Zn - 1.1-5.0%, Mo - 0.2-1.0%, Cu - 0.6-
0.8%,B - 0.5-1.2%) [67].

Plant growth regulator PROLIS TM - L-a proline
heterocyclic amino acid (pyrrolidine-a-carboxylic acid),
995 g/kg, C5HINO2, water-soluble powder, intended
for biotic and abiotic stress reduction of plants, reg-
ulates the assimilation of macro- and microelements,
and also stimulates immune system of plants [68].

Repeatability in experiments is three times. Vari-
ants were placed by the method of randomization. The
sown area of the plots was 38.8, accounting - 28.6 m2.

In the above-ground mass of plants, straw and
grain, the total content was determined: nitrogen -
according to Kjeldahl, phosphorus - according to
Murphy-Reilly, potassium - using a flame photometer.
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RESULTS AND DISCUSSION
The obtained data indicate that the treatment of win-
ter barley seeds with multi-component plant growth
regulators Gumifield Forte Brix, MIR and PROLIS in-
creased the nitrogen content in plants.Thus, in the phase
of spring bushing in the plants of the Akademichnyi

variety after sowing on October 1 and 20 without the
use of plant growth regulators, nitrogen was contained
on average 3.14% and 3.17% on dry matter, respec-
tively, and when they were applied it was significantly
more - 3.34-4.10% and 3.36-3.65% (Table 1).

Table 1. Dynamics of nitrogen content in winter barley plants depending on the variety,
sowing dates and plant growth requlators, % (average for 2017-2019)

Background of nutrition and

Phases of plant development

Variety Sowing dates plant growth regulators Tillering Launch into the tube Earing Full ripeness
Nitrogen

Nao 3.14 2.05 121 0.38
1 Ny, + Gumifield 3.34 1.88 116 0.39
g October N,,*+ MIR 3.42 2.19 1.23 0.41
= N, + PROLIS 4.10 1.73 1.49 0.38
= Nqo 3.17 237 1.01 0.35
= 20 N, + Gumifield 3.43 229 119 0.36
October Ny, + MIR 3.36 2.03 1.21 0.35
N, + PROLIS 3.65 2.50 1.44 0.33
tilleringN,, 411 2.57 1.47 0.43
1 N, + Gumifield 431 2.63 151 0.44
T October Ny, + MIR 4.15 2.65 1.45 0.45
= Ny, + PROLIS 4,24 239 1.32 0.44
S Ny 3.82 2.57 1.32 0.35
8 20 N, + Gumifield 443 258 1.49 0.41
October Noy*+ MIR 4.05 272 1.42 0.47
Ny, + PROLIS 4.18 2.05 1.21 0.43

Source: developed by the authors

A similar pattern was also observed in the
two-handed variety Dvyatiy val, but with a slightly higher
nitrogen content in the plants. When sowing this variety
on October 1 and 20 without the use of plant growth
regulators, the nitrogen content was 4.11-3.82% on dry
matter, respectively, and when they were applied - 4.15-
4.31 and 4.05-4.43%, or by 0.04-0.20 and 0.23-0.61%
more.At the same time, regardless of the timing of sowing,
the Academichnyi variety provided the largest amount of
this element in plants with the use of the PROLIS drug,
and the Dev'iatyi val - Gummifield Forte Brix.

The data in Table 1 show that the most nitrogen
in winter barley plants was contained in the tillering
phase, after which its amount sharply decreased until
the grain was fully ripe. Thus, during the period of til-
lering, the nitrogen content in plants was 3.14-4.43%,
in the phase of emergence into the tube, its amount de-
creased to 1.73-2.72%, during earing — to 1.01-1.519%,

and at full ripeness - up to 0.33-0.47%, which is due to
its gradual consumption for growth processes and grain
formation. The minimum nitrogen content in relation to
the mass of dry matter was found in the phase of full
ripeness of the grain, which is 88-91% less, compared
to the tillering phase.

This can be explained by the anticipatory con-
sumption of nitrogen by plants for the synthesis of or-
ganic matter in the second half of the growing season
over the arrival of this nutrient through the root system.

It has been established that the process of phos-
phorus accumulation by winter barley plants also takes
place more intensively at the beginning of spring bush-
ing. Thus, in the indicated phase of development, the
content of this element in plants of the Academichnyi
variety,depending on the research options, ranged from
1.05 to 1.32%, and in the two-armed variety, Dev'iatyi
val, 1.14 to 1.28% (Table 2).

Table 2. Dynamics of phosphorus content in winter barley plants depending on the variety,
sowing dates and plant growth regulators, % (average for 2017-2019)

Background of nutrition and

Phases of plant development

Vari Sowing dat
Y owing Gates plant growth regulators Tillering  Launch into the tube  Earing  Full ripeness
Phosphorus
. . Ny, 1.31 0.87 0.63 0.21
Akademichnyi 1 October 5
N, + Gumifield 1.31 0.92 0.55 0.17
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Background of nutrition and

Table 2, Continued
Phases of plant development

Vari Sowing dat
arety R plant growth regulators Tillering  Launch into the tube  Earing  Full ripeness
Phosphorus
N,,+ MIR 132 0.85 0.58 017
=, 1 October
£ N,,+ PROLIS 1.27 0.86 0.65 0.16
E Ngo 1.09 0.81 0.57 0.18
s N, + Gumifield 1.07 0.80 0.56 0.19
E 20 October so " SUMITIE
E N,,+ MIR 1.05 0.75 0.57 017
N,,+ PROLIS 1.08 0.80 0.56 0.19
Ny, 1.14 0.82 0.65 0.22
N,, + Gumifield 125 0.80 0.62 0.21
= 1 October
5 N,,+ MIR 123 0.82 0.59 0.20
% Ny, + PROLIS 1,27 0.87 0.60 0.23
s N,, 1,27 0.82 0.55 0.22
D .
N,, + Gumifield 1.28 0.83 0.57 0.21
20 October s " SUMITIE
N,,+ MIR 128 0.76 0.59 017
Ny, + PROLIS 1.18 0.79 0.56 0.22

Source: developed by the authors

If in plants of the Akademichnyi variety, a greater
amount of phosphorus was accumulated during sowing
on October 1, then in the two-handed variety Dev'iatyi
val, no difference between the sowing dates was ob-
served. Also, there were no changes in the phosphorus
content in plants after seed treatment with growth reg-
ulators Gumifield Forte Brix, MIR and PROLIS, which is ex-
plained by its rather high content in the dark chestnut soil.

When the plants entered the tube, compared to
the beginning of spring bushing, the phosphorus content
decreased by 25-41 percentage points and ranged be-
tween 0.75-0.92%. The minimum amount of phosphorus

in the vegetative organs of plants is noted when the
grainis fully ripe (0.16-0.23%). There was no significant
difference between the experimental variants in the ac-
cumulation of winter phosphorus by barley plants.

Therefore, it can be assumed that the largest
part of phosphorus accumulates in plants at the early
stages of organogenesis (spring tillering) and is suffi-
cient to provide barley plants until the end of the grow-
ing season.

The maximum content of total potassium in win-
ter barley plants of both varieties was also noted during
spring tillering - 3.15-3.71% (Table 3).

Table 3. Dynamics of potassium content in winter barley plants depending on the variety,
sowing dates and plant growth regulators, % (average for 2017-2019)

Background of nutrition and

Variety

Sowing dates

Phases of plant development

plant growth regulators
N90
N, + Gumifield
Ny, + MIR
Ny, + PROLIS
N90
N, + Gumifield
Ny, + MIR
Ny, + PROLIS
N90
N,, + Gumifield
Ny, + MIR
N,, + PROLIS
N90
N,, + Gumifield
Ny, + MIR
N,, + PROLIS

1 October

>
=
=
S
£
(0]
©
o
=
<C

20 October

1 October

Dev'iatyi val

20 October

Source: developed by the authors
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Tillering Launch into the tube Earing Full ripeness
3.48 2.98 1.93 1.62
3.15 3.11 2.08 1.72
3.50 3.20 1.92 1.66
3.25 2.90 2.07 1.58
3.37 3.30 2.10 1.51
3.32 3.23 2.06 1.52
3.42 2.95 1.79 1.46
3.34 2.86 1.95 1.66
3.29 3.34 1.93 1.33
3.26 3.08 2.04 1.43
3.47 3.30 2.10 1.44
3.55 3.31 2.07 1.44
3.51 3.37 1.95 1.52
3.71 3.32 2.05 1.60
3.63 3.38 1.92 1.67
3.33 3.01 2.10 1.56



Starting with spring bushing and before the
plants emerge into the tube, the content of this ele-
ment almost does not change. During the following pe-
riods, a gradual decrease in the amount of potassium
in plants is noted: in the interphase period, ‘exiting the
tube-earing” - up to 1.79-2.10%, and “earing - full grain
maturity” - up to 1.33-1.72% depending on the options
of the experiment.

It should be noted that there was no significant
difference in the content of potassium in the plants in the
experimental variants, due to its high content in the soil.

It was established that on the dark chestnut soil
under irrigation, the highest content of nitrogen, phos-
phorus and potassium in plants was at the early stages
of development (spring bushing), after which their
amount decreased until the end of the growing season.
These data indicate that in the early stages of winter
barley vegetation, nitrogen, phosphorus and potassium
accumulate in plants, creating a reserve of them, due
to which later, in the process of reutilization, the vital
activity of plants is ensured.

A.H. Musatov [69] pointed out that pointed out
that thanks to the repeated use of plants, for some time,
they ensure the growth of new tissues due to the inter-
nal reserves of nutrients formed earlier in the stems, if
they do not come from the outside.

The obtained data on the content of nitrogen,
phosphorus and potassium in the biomass of plants
during the spring tillering of winter barley can serve as
a basis for diagnosing and correcting the main macro-
nutrient nutrition of the crop, as well as assessing the
quality of agricultural products.

X %51 65 1.80

- 1 63 47154 1.63
b 1.60 151
()
€
s 110
o
g 0.60
g
& 010
=z Akademichnyi

October 1 October 20
m Control 1.10 Gumifield 1.10

m Control 20.10

m Gumifield 20.10
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It was found that the growth and development
of plants of the Academichnyi and Dev'iatyi val variet-
ies was best when the content of nutrients in plants in
the budding phase was: nitrogen 4.10-4.43%, phospho-
rus 1.23-1.32 and potassium 1.44-1.72% on dry matter.

There was no significant difference in the con-
tent of nutrients in plants and the dynamics of their
content by development phase between the Academ-
ichnyiian and Dev'iatyi val varieties. Only in terms of
nitrogen content, it was slightly higher in all phases of
development on the Dev'iatyi val variety. On the other
hand, according to the indicator of phosphorus and po-
tassium in plants, the varieties are quite close.

Seed treatment with complex plant growth reg-
ulators and sowing dates affected the content of total
nitrogen, phosphorus and potassium in winter barley
grains. If during the cultivation of winter barley during
irrigation, the content of potassium in the by-products
(straw) significantly outweighed the values of nitrogen
and phosphorus, then the grain contained the most ni-
trogen, then phosphorus, and the least - potassium.

The lower content of phosphorus and potassi-
um in winter barley grains compared to nitrogen can be
explained by the lack of application of these elements
with fertilizers and their washing out from the arable
layer of the soil due to vegetation irrigation.

The data shown in Figure 1 show that in winter
barley of the Akademichnyi and Dev'iatyi Val varieties
for sowing on October 1, the nitrogen content with the
use of plant growth regulators exceeded the control
options by 9.3-22.5 and 9.4-18.1 relative points de-
pending on the drug.

1.87 189 7

71 I 1 77 177 4 65
Dev'iatyi val
October 1 October 20

MIR 1.10 ®=PROLIS 1.10
MIR 20.10 ®PROLIS 20.10

Figure 1. Nitrogen content in winter barley grains depending on the variety,
sowing dates and plant growth regulators, % on dry matter (average for 2016-2019)

Source: developed by the authors

That is, during the specified sowing period, seed
treatment with plant growth regulators of both variet-
ies of winter barley had a positive effect on the nitro-
gen content in the grain. The use of Gumifield Forte
Brix provided the maximum nitrogen content of 2.02%
on dry matter in the Dev'iatyi val variety and 1.85% in
the Academichnyi variety.

Another regularity was observed for sowing at a
later date, on October 20. No advantages of using plant
growth regulators over variants without them have
been established on the Akademichnyi variety, and
on the Dev'iatyi val variety — an excess of 3.5 relative
points was provided only by the preparations Gumifield
Forte Brix and MIR.
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Among the “two-handed” varieties, the DeV'iatyi
val, on average, accumulated nitrogen in the grain for
sowing on October 1 and 20 by 9.1 and 9.5 relative points
more than the typical winter Akademichnyi, according to
the factor of plant growth regulators. This indicates that
plants of the alternative dicot variety accumulated more
nitrogen during the formation of more developed biomass.

Phosphorus content in winter barley grain com-
pared to nitrogen had the opposite relationship, i.e.treat-
ment of seeds with growth regulators did not lead to an
increase in this nutrient, but on the contrary — in most
cases to its decrease by 1.2-32.5 relative points (Fig. 2).

The largest difference between variants with
plant growth regulators and without them in terms of
the content of the specified nutrient in the grain was

1.02 097

0.5

phosphorus content, %

Akademichnyi
October 1

m Control 1.10
® Propolis 1.10
MIR 20.10

1 II I I 088033
0 I I

October 20

¥ Gumifield 1.10
= Control20.10
m Propolis 20.10

observed in the Academichnyi variety for sowing in the
later period of October 20 and was 25.0-32.5 relative
points. In the other studied options, varietal traits, sow-
ing dates and biological preparations did not affect the
accumulation of phosphorus.

The potassium content in the grain was also
almost unaffected by varietal characteristics. Whereas
during sowing on October 1, treatment of seeds with
plant growth regulators in most cases led to its de-
crease by 2.2-6.8 percentage points (Fig. 3).

With the sowing of the Academichnyi grade in
the later period of October 20 and thanks to the use of
preparations, there was an increase in potassium con-
tent by 2.2-4.1 percentage points, while without them,
on the contrary, a decrease by 8.2.

1.05 1.02
0.98
I I I095 0I87 I
Dev'iatyi val
October 1 October 20

MIR 1.10
B Gumifield 20.10

Figure 2. Phosphorus content in winter barley grains depending on the variety,
sowing dates and plant growth reqgulators, % on dry matter (average for 2016-2019)

Source: developed by the authors
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Figure 3. Potassium content in winter barley grains depending on the variety,
sowing dates and plant growth regulators, % on dry matter (average for 2016-2019)

Source: developed by the authors

Sowing the two-handed variety Vyatiay val in
the specified period, compared to October 1, with the
application of growth regulators, increased the accu-
mulation of potassium in the grain by 4.3-6.4, and also
without them - by 6.4 percentage points. However, such
differences in grain potassium accumulation between
the investigated variants are not significant.

Experimental data show that the use of growth
regulators improved, first of all, nitrogen nutrition of
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winter barley and almost did not affect the accumula-
tion of phosphorus and potassium, both in plants and in
grain. It was found that seed treatment with plant growth
regulators can improve the accumulation of nutrients in
winter barley after earing and increase the transition,
mainly nitrogen, from vegetative organs to grain, thereby
creating a favorable basis for crop formation.

Based on the results of research, we believe that
the use of drugs with growth-regulatory properties for the



cultivation of agricultural crops has a perspective, as it
solves the problems of plant nutrition and environmen-
tal protection by reducing the use of mineral compounds.

CONCLUSIONS

The scientific novelty of this study is that, for the first
time, experimental data were obtained on dark chest-
nut medium loamy soil under irrigation conditions in the
south of Ukraine, which testifies to the significant influ-
ence of the multi-component plant growth regulators
Gumifield Forte Brix, MIR and PROLIS on the variability
of the content of the main nutrients in the biomass, and
also in grain of various varieties of winter barley.

With a low content of nitrogen in the soil and
increased phosphorus and potassium, against the back-
ground of the application of N90, the treatment of win-
ter barley seeds with the indicated preparations, both at
the optimal and late sowing times, increased the nitro-
gen content in plants and grain and practically did not
affect the accumulation of phosphorus and potassium.

The two-handed variety Dev'iatyi val accumulated
more nitrogen in all phases of plant development than
the typical winter Akademichnyi, but they are quite
close in terms of phosphorus and potassium content.

Regardless of the timing of sowing, the Acade-
michnyi grade accumulated the largest amount of ni-
trogen in plants and grain with the use of PROLIS and
Gumifield Forte Brix preparations, and the DevV'iatyi
val - Gumifield Forte Brix.

The practical value of these studies lies in the fact
that the use of multicomponent growth regulators in the
treatment of winter barley seeds will contribute to the in-
crease of nitrogen content in biomass, as one of the most
important elements necessary for plant nutrition, their
growth and development, and the formation of grain yield.

In the further scientific plans on the irrigated
lands of the south of Ukraine, research should be pro-

Zaiets et al.

vided to determine the optimal doses of mineral fertil-
izers for the use of new multicomponent plant growth
regulators of winter barley.
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OuHaMiKa BMICTY efieMeHTIB XXUB/IeHHS B POC/IMHaX iYMEHIO 03UMOro
3aN1e)XXHo Bif COPTY, CTPOKIB CiB6U Ta perynaTopiB pocTy poOC/ivH

Cepriit OnekcanapoBuy 3aeup?, lioamuna IBaHiBHa OHydpaHn?, Katepuna CepriiBHa @yHaupar?,
Cepriit MukonaiioBuu K030k, lloamuna borpanisHa Kucinb?

HHCTUTYT KNIMATUYHO OPIEHTOBAHOIO CiIbCbKOrO rocnoAapcTBa

HauioHanbHOi akageMmii arpapHux Hayk Ykpainu (HAAH)

67667, Byn. Masubka gopora, 24, cen. Xnibogapcbke, Opecbka 0bn., YkpaiHa

2XepCcoHCbKMI1 061aCHUI LEeHTp 3 rigpoMeTeoponorii
73003, Byn. lNepekoncbka, 17, M. XepcoH, YkpaiHa

AHoTauis. [Mpobnemy 3i 36iNblUeHHS BUPOOHULITBA 3€pHA SSUMEHIO 03MMON0 HA 3POLLYBAHMX 3EMJISIX MOXHA BUPILLUTK
3aBASKM NOKPALLEHHIO COPTOBOrO CKIAAY, ONTUMI3aLii CTPOKIB CiBOM Ta MOAINWEHHIO CUCTEMM XKMBIIEHHS, 30KpEMa Yepes
3aCTOCYBaHHS MpenapaTiB i3 pPOCTOPEry/tolYMMU BNACTUBOCTAMK. BpaxoBytoum BaXnuBY 6ionoriuHy ponb perynatopis
pOCTY B CUCTEMIi XXMBJIEHHSI POC/IMH, CTaBMIOCh 33 MeTy BM3Hauutu BnamB lymiding Mopte 6pikc, MUP i PROLIS Ha
BMICT a30Ty, dochopy I Kanito B OCHOBHi $a3n po3BUTKY POC/IMH Pi3HUX COPTIB SYMEHHD 03MMOr0 3a OMTUMA/IBHOTO Ta
Ni3HbOro CTPOKIB CiBOW. [locniokeHHs NpoBoauAMCA B IHCTUTYTI 3poLlyBaHOro 3eMnepobCTBa (HUHI IHCTUTYT KniMaTnyHo
OpIEHTOBAHOrO CinbCcbkoro rocnopapcrea) HAAH 3a MeToaMuYHMMKM peKOMeHAaLisMM LOAO0 MPOBELEHHS MONbOBUX
BMMNpoOyBaHb B YMOBaX 3pOLUEHHS. Y HaA3€MHil Maci poC/IMH, COMOMI | 3€pHi BU3HAYaM BMICT 3arasibHuiA: a3oTy — 3a
Kenbpanem, pocdopy - 3a Mepdi-Peiini, kanito — Ha nonymMaHoMy doTomeTpi. BusHaueHo, Lo Ha 3poLlyBaHUX 3eMAsIX
MiBaHs YkpaiHu 3actocyBaHHa perynstopis pocty [ymiding @opte 6pikc, MUP i PROLIS icToTHO BNMBano Ha akyMynsaLito
OCHOBHMX €NIeMEHTIB XMBNEHHS (0COBAMBO a30Ty) POC/IMHAMKM Ta 3€pHOM SYMEHK 03uMoro. Hanbinblumii BMmicT
OCHOBHWX €/1eMEHTIB XXMB/IEHHS B POC/IMHAX BYB Ha PaHHIX eTanax po3BUTKY (BECHSIHE KYLLEHHS), MiCs YOro ix KinbKicTb
3MeHLLYBanach A0 KiHug BereTauii Kynstypu. MakcumanbHuii BMICT a3oTy 2,02 % Ha cyxy pe4oBuHY Ha copTi [leBaTtuin Ban
Ta 1,85 % Ha copti AkaneMivHui 3abe3neunno BUKopucTaHHs npenaparty ymiding ®opre bpikc. Cepen, coprtis Lesatnit
Ba/ y cepeaHboMy 3a (DaKTOpPOM perynsTopa pocTy poC/IvH aKyMy/0BaB a30Ty B 3epHi 3a ciBbu 1 i 20 oBTHA Ha 9,112 9,5
BiJCOTKOBMX MYHKTH BifbLue, Hixk AKageMidHMi. 3aBasku 06pobLi HACiHHA SYMEHIO 03MMOr0 PerynaTopamu pocTy POCSIMH
[ymiding ®opte bpikc i PROLIS Ta ciBbu KynsTypy B ONTUManbHi TEPMiHM MOXHA NiABULLMTK BMICT a30Ty B POC/IMHAX i
3epHi BignosigHo Ha 6,0-15,1 1a 9,3-22,5 BiACOTKOBMX NMYHKTK, LLLO NO3UTUBHO NO3HAYUTLCS HA HOPMYBAHHI 3epHa Ta MOro
AKOCTI. Y nofanblmx AOCNIOKEHHAX HEOOXiAHO OMTUMI3yBaTU [03M BHECEHHS! MiHEpPaNbHUX LOOPUB 33 BUKOPUCTAHHS
HOBUWX 6araTOKOMMOHEHTHWUX PEryNsSTOpiB POCTY POC/IMH SSIYMEHIO 03MMOr0 B YMOBaXx 3poLueHHs [iBaHa YkpaiHu
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