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This article presents the results of a study of the effect of complex fertilizers on the productivity
of spring barley. As a result of the research, it was found that in the variants where three times of
plant treatment with preparations were carried out in the most sensitive to nutrition phases of spring
barley vegetation of the mid-season variety Modern, the maximum biometric parameters of plants
were obtained. In the variants where spring barley plants were fertilized in the three phases of
vegetation of tillering, emergence into the tube and at the beginning of earing with Humifriend
potassium humate and Multicomplex StimOrganic, a significant increase in the number of productive
stems by 265 pcs./m? and 273 pcs./m?, respectively, was noted compared to the control. The use of the
preparations stimulated plant growth and this had a positive effect on the formation of ears of spring
barley, the length of which increased by 0,7 — 1,4 cm compared to the control. The highest number of
grains in the ear was observed in the variants where three treatments with complex fertilizers were
used, where this indicator increased by 2,6 — 3,7 pcs. compared to the control. Three times treatment
of plants with preparations also contributed to an increase in grain weight per ear by 0,3 - 0,4 ¢
compared to the control. For three times treatment of spring barley plants with Humifriend potassium
humate, the weight of 1000 seeds increased by 2.4 g compared to the control, when using the
preparation Multicomplex StimOrganic, this indicator increased by 3,8 g compared to the control,
and when using Fulvigum, this indicator increased by 1,8 g compared to the control. An important
indicator of productivity is the weight of the raw aboveground mass of plants, when calculating this
indicator in the phase of earing, the highest values were obtained in the variants where preparations
for fertilizing in two phases of vegetation were used, in particular when using Humifriend potassium
humate, this indicator increased by 631 — 658 g/cm® compared to the control, when using
Multicomplex StimOrganic, this indicator increased by 728 — 735 g/cm? compared to the control, and
when using Fulvigum, this indicator increased by 435 — 436 g/cm? compared to the control. The
highest yield of spring barley grain was obtained in the variant where three treatments of plants with
StimOrganic Multicomplex were applied, where the yield increased by 1,0 t/ha compared to the
control, which is 42%, when using Humifriend potassium humate, the yield increased by 0,9 t/ha
compared to the control, which is 38%, and when using Fulvigum, the yield increased by 0,7 t/ha
compared to the control, which is 29%. The data obtained indicate that the use of complex fertilizers
on spring barley crops contributed to the growth, development of plants and an increase in grain
yield in proportion to the number of plant treatments.

Key words: spring barley, complex fertilizers, yield.

Table 4. Lit. 18.

Problem statement. Spring barley is an important universal grain crop in
Ukraine. It is widely used as a food, fodder and industrial crop. Barley grain contains
an average of 12,2 % protein, 77,2 % carbohydrates, 2,4 % fat, and up to 3 % ash
elements, in particular, the protein is complete in terms of amino acid composition,
and the protein content of barley grain exceeds that of other cereals in terms of the
presence of amino acids such as tryptophan and lysine [9]. Double-row vitreous
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coarse-grained barley grain is used to make cereals containing 9 — 11% protein and
82 — 85% starch, and barley grain is also used to make flour and beer [14]. For all
types of animals, barley grain is used as a highly nutritious feed, as 1 kg of grain
contains 1,2 feed units and 100 g of digestible protein. Green fodder made from
mixtures of barley and legumes, as well as straw and even steamed chaff, is valuable
for livestock [16]. Spring barley is widely used in Ukraine and is a valuable export
crop. Exports account for 12% of the total amount of barley grown in world trade
[11]. Barley vyields depend on a number of factors, including soil and climatic
conditions, weather conditions, and specific cultivation techniques. Barley is
characterized by high economic efficiency of cultivation, but at low yields, its
cultivation can even be unprofitable. The limiting factors in the cultivation of spring
barley are moisture and nutrient content [5]. Moisture availability in the context of
climate change is an important factor that encourages early sowing of this crop for
productive, economical use of soil moisture for crop formation. Barley is a crop that
responds well to fertilization. When plants are provided with sufficient nutrients, this
contributes to the growth of the efficiency of spring barley cultivation and minimizes
the negative impact of stress factors that are exacerbated by climate change and affect
grain yields [13].

In order to obtain high and high-quality yields, modern agricultural production
should be based on technology elements aimed at ensuring high productivity and
unlocking the genetic potential of the crop variety, they should be resource-saving
with minimal negative impact on the environment [16]. One of these elements of
technology is biological products, which are an environmentally friendly and cost-
effective way to increase crop yields; these products allow for a fuller realization of
the genetic potential of the crop varieties grown [17].

Intensive cultivation technology results in a loss of soil fertility, a decrease in
the availability of nutrients available to plants, etc. Therefore, the elements of crop
cultivation technology are developed and aimed primarily at enhancing the growth
and development of plants, providing them with nutrients and increasing yields. In
recent years, the most noteworthy studies have been aimed at determining the
effectiveness of modern biological products containing a complex of macro- and
microelements, their impact on plant growth and development, biometric parameters
of cultivated grain varieties, yields and grain quality indicators.

Analysis of recent research and publications. At present, the use of
preparations with growth-regulating properties and containing trace elements for
foliar feeding during spring barley cultivation to increase its productivity has not
been sufficiently studied. According to the results of research conducted by scientists
from the Institute of Plant Physiology and Genetics of the National Academy of
Sciences of Ukraine, the effect of natural biostimulants on the root systems of peas
and wheat was first revealed.

Scientists have confirmed that organo-mineral fertilizers have high agrochemical
efficiency and mobilizing ability to dissolve indigestible phosphates, contain plant
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growth stimulants, provide more efficient positional availability of nutrients for
plants, and significantly affect yield growth and product quality [10].

As a result of field studies at Lviv State University, the influence of
biostimulants of domestic production on the phytohormonal state of plant cells was
noted. It is noted that under the influence of biostimulants, plants undergo changes
that contribute to the emergence of plant resistance to pests and diseases by
accelerating the phases of plant development, when the receptors of the plant cell
become immune to the effects of pathogens and pests [8].

The Uman State Agrarian Academy studied the effectiveness of the combined
use of growth regulators and modern herbicides for growing soybeans, wheat, barley,
corn, and peas. They noted the impact on plant growth and development, the
thickness of the epidermis and other cells. When applying these elements of the
technology, a positive effect on plant resistance to pests and an increase in yield was
found. Confirmation of the economic efficiency and environmental feasibility of
these technology elements was obtained [3].

As a result of the research conducted in the conditions of the laboratory of
agriculture of the Kirovograd State Agricultural Research Station of the National
Academy of Agrarian Sciences of Ukraine, where microbial preparations were used
in the cultivation of spring barley (Sozonivsky variety) on different backgrounds of
mineral nutrition, their positive effect on the growth, development of plants, yield and
quality of grain was noted [18].

At present, there are few data provided by scientists on the effect of individual
plant growth regulators and phytohormones on the growth and development of plants
and grain yields of spring barley, in particular Patyk V.F. [12], Vityukov O.0O. [2],
Gyrka A.D. [6], Gamayunova V.V. [4, 5] and others.

Agricultural production is constantly evolving and improving, and new products
with improved properties are constantly being developed to replace old ones that no
longer meet the needs of farmers. Currently, a large number of different natural and
artificial compound fertilizers with growth-regulating properties have been created, but
the mechanism of their action has not yet been fully studied, as research in this area has
not yet been conducted to the fullest extent. Drugs with growth-regulating properties
are complex organic compounds and expensive, so the organization of their research
and production requires constant study and improvement [1]. When developing and
researching growth-regulating substances, it should be taken into account that the same
substance, depending on various factors and amounts, can have a stimulating or
inhibitory effect on vital processes in plants, so when using each individual component,
it is necessary to take into account the results of comprehensive studies, when studying
their effects at the cellular level and mandatory testing in production conditions [4].

The issue of optimizing the plant nutrition process in order to increase the level
of spring barley productivity by influencing the activation of physiological processes
and biometric parameters through the use of growth regulating substances is still
insufficiently studied and requires further research.
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Research conditions and methods. The research was carried out in the conditions
of the farm "Nakoryk V.G." in the village. Leonivka, Tulchyn district, Vinnytsia region
in the conditions of the Pravoberezhny Foreststeppe in during 2021-2022 year.
Hydrothermal conditions during the years of our research were close to the average
long-term data, and were favorable for growing spring barley. The average amount of
precipitation by year varied between 560-570 mm, of which the main part of about 70%
of precipitation fell during the vegetation period of plants in the warm period of the year.
On the territory of the farm there are gray forest soils of light medium loamy texture.
The predecessor for spring barley was corn for grain. The area of the accounting plot
was 25 m?, and the experiment was replicated three times. The agrotechnology of
cultivation in the experiment is generally accepted for the Forest-Steppe zone of
Ukraine, except for the factors that were taken for the study. The research was conducted
with a zoned mid-season spring barley variety Modern. The scheme of the experiment
according to which the research was conducted included the variety of spring barley
Modern and domestic complex fertilizers that have growth-regulating properties (table
1.).

Table 1
Scheme of the experiment
Ne | Ofthe experiment foliar fertilization (spraying) of spring barley (phases of plant development)
p/p BBCH - 20 - 23 BBCH -30- 32 BBCH -51-55
1 Control (water treatment)
2 |GUMIFREND potassium humate 0,5 I/ha

3 |GUMIFREND potassium humate 0,5 I/ha| =M R=ND potassium
humate 0.5 I/ha

GUMIFREND potassium humate 0,5 |GUMIFREND potassium| GUMIFREND potassium

4 I/ha humate 0.5 I/ha humate 0.5 I/ha
5 Multicomplex StimOrganic 1 I/ha
. . . Multicomplex
6 Multicomplex StimOrganic 1 I/ha StimOrganic 1 I/ha
. . . Multicomplex Multicomplex
! Multicomplex StimOrganic 1 l/ha StimOrganic 1 I/ha StimOrganic 1 I/ha
9 Fulvigum 0,3 I/ha
10 Fulvigum 0,3 I/ha Fulvigum 0.3 I/ha
11 Fulvigum 0,3 I/ha Fulvigum 0.3 I/ha Fulvigum 0.3 I/ha

the source is formed on the basis of own research results

The Modern spring barley variety belongs to the mid-season type, has a two-row
pyramidal ear type, a variety of inerme, and is used for growing for grain. Instead of
awns, the spikelet has outgrowths in the form of teeth. The spike is loose and has a
strong waxy coating. The grain is yellow filmy, elongated-elliptical in shape. The
grain contains 12,9 — 14,9% protein. The variety was developed at the V.Y. Yuriev
Institute of Plant Industry, registered in 2011, and is zoned for cultivation in the
Steppe, Polissya, and Forest-Steppe regions of Ukraine. The vegetation period is 87
—97 days. When sowing, the seeding rate is 4 — 4,5 million seeds per hectare. The
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experiment used domestic complex fertilizers with growth-regulating properties.

Humifriend potassium humate is a preparation based on potassium humate
containing beneficial microorganisms and their metabolic products, manufactured by
BTU-Center. The composition includes potassium salts of humic and fulvic acids, a
complex of microorganisms: Bacillus subtilis, Bacillus megaterium var. p
hosphaticum, Bacillus muciloginosus, Bacillus macerans, Paenibacillus polymyxa
and biologically active substances (amino acids, peptides); succinic (succinic) acid;
polyethylene glycol; trace elements (sulfur, magnesium, zinc, iron, manganese,
boron, copper, silicon, molybdenum, cobalt). The preparation is applied by spraying
the plants with the working solution, avoiding direct sunlight.

StimOrganic Multicomplex is a composition of macro- and microelements in
chelated form based on humic substances, fulvic acids, auscines, phytohormones, and
contains an increased amount of nitrogen. Provides macro- and micro-nutrition in
critical phases of plant development (harvesting, flowering, grain filling). The ratio of
all the necessary chelated trace elements (Fe, Zn, Cu, Mn, Mo, B) with a high content
of ammonia and nitrate nitrogen, as well as chelated magnesium in the composition,
chelating agents and pH of aqueous solutions are selected to maximize the absorption
of all nutrients. The product is manufactured by the Rivne plant of humic fertilizers
TM "StimOrganic"”. Fulvigum is a fertilizer made from organic raw materials of
natural origin. The manufacturer is Life Biochem. The preparation contains a
complex of biologically active compounds, salts of fulvic (8%) and humic acids
(13%), amino acids (5%) and trace elements of natural origin (1%).

The studied preparations were used to fertilize spring barley plants during the
most critical periods of plant development and yield formation. In particular, in the
tillering phase, when plants grow intensively, photosynthetic activity increases, and
the main elements of productivity are formed. During this period, plants need
increased nutrition with macro- and microelements. During the earing phase, when
the grain and its quality indicators are formed: protein and gluten content and quality.
During this period, plants need increased nutrition with macro- and microelements.
And also, the earing phase, when the grain formation is completed, nutrients are
actively accumulated, and growth-regulating agents prolong the ripening period,
which contributes to the formation of a more full grain.

The yield was taken into account from each plot of the experiment by the
method of continuous weighing. The structure of the crop was determined by taking
sheaf samples before harvesting. The yield accounting data were processed by the
method of analysis of variance [7].

Summary of the main research material. At present, the main task of farmers
IS to obtain high and stable yields of grain crops. One of the measures that contributes
to increasing the yield and quality of crop production is the introduction of energy-
saving elements of technologies into agricultural production, one of which is the use
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of preparations containing macro- and microelements and having growth-regulating
properties.

According to the results of the conducted research, it can be noted that the use of
preparations with growth-regulating properties had a positive effect on the biometric
parameters of spring barley plants of the Modern variety (table 2.).

Table 2
Effect of complex fertilizers on biometric parameters of plants
of spring barley variety Modern (average 2021-2022)

Plant | Number of | Spike | Number off Grain | Weight of
Nutrition background height, | productive | length, | grains per| weight 1000
cm istems, pcs./mi  cm ear, pcs. |perear, g seeds,g

1 Control (water treatment) 67,431 284+13 7,4+0,3| 20,7+1,2 |1,0+0,03/42,5£1,5

o [Ltreatment with Humifriend [ oo ) 54| 431416 | 82+06| 23,2417 |1,1+0,05(44,0+1,1
potassium humate 0,5 I/ha

3 ptreatmentwith Humifriend ) o) o1 503400 | 84+05| 23,7419 |1,2+0,03|44,3+1,7
potassium humate 0,5 I/ha

4 plreatmentwith Humifriend |75 o, 301 549405 | 8,6+0.4| 23,9415 |1,3£0,02|44,9+1,9
potassium humate 0,5 I/ha

1 treatment Multicomplex

StimOrganic 1 I/ha

2 treatment Multicomplex

StimOrganic 1 I/ha

3 treatment Multicomplex

StimOrganic 1 I/ha
8 [ treatment Fulvigum 0,3 I/ha| 74,3+4,0| 396+17 8,1+0,5| 22,9+1,2 |1,1+0,06|43,8+1,2

9 P treatment Fulvigum 0,3 I/ha| 75,1+3,7 | 472+24 |8,1+0,6| 23,219 |1,1+0,03|44,0+1,4

10 3 treatment Fulvigum 0,3 I/ha| 78,7+4,1 498+18 |8,3+0,4| 23,3+1,4 |1,3+0,05|44,3+1,8
the source is formed on the basis of own research results

70,1+41 447+15 | 8,4+0,8| 23,6+1,2 |1,2+0,04|44,8+1,4

72,4+¥44| 536+19 |8,7+0,4| 24,2+1,5 |1,2+0,07|45,9+1,05

749+39| 557+22 |8,8+0,7| 24,4+1,4 |1,4+0,04|46,3+1,9

The formation of the photosynthetic apparatus by a plant is an important
prerequisite for obtaining sustainable yields, so important indicators for characterizing
the effect of growth-regulating preparations on plant development are plant height and
bushiness, since these traits are closely related to other properties and traits, in
particular, plant assimilation of nutrients, resistance to lodging, yield and quality of
grain crops [15].

When determining the height of plants, it was noted that in the control variant the
height of plants was the smallest and amounted to 67,4 cm, and when using
Humifriend potassium humate and Multicomplex StimOrganic in the tillering phase,
this measure contributed to an increase in plant height by 2,0 cm and 2,7 cm in
comparison with the control, when treated in the tillering and emerging phase, this
indicator increased by 4,1 cm and 5,0 cm, respectively, and with three treatments
of vegetative plants in the tillering, emerging and early earing phases, this indicator
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increased by 8,4 cm and 7,5 cm, respectively, compared to the control. Significantly
higher rates were obtained when using Fulvigum in the tillering phase, this measure
contributed to an increase in plant height by 6,9 cm compared to the control, when
treated in the tillering and tube growth phase, this indicator increased by 8,5 cm, and
with three times treatment of vegetative plants, this indicator increased by 11,3 cm
compared to the control.

At the same time, when analyzing the number of productive stems, we noted that
when using Humifriend potassium humate and Multicomplex StimOrganic in the
tillering phase, this measure contributed to an increase in this indicator by 147 cm and
163 pes./m?, respectively, compared to the control, where the number of productive
stems was the lowest and amounted to 284 pcs./m?. When treating plants in the phase
of tillering and emerging into the tube with biological products Humifriend potassium
humate and Multicomplex StimOrganic, the number of productive stems increased by
219 pcs./m? and 252 pes./m?, respectively, and the highest rates were obtained with
three times treatment of vegetative plants in the phase of tillering, emerging into the
tube and at the beginning of earing, this indicator increased by 265 pcs./m? and 273
pcs./m?, respectively, compared to the control. And when applying the biological
product Fulvigum in the tillering phase, this measure contributed to an increase in the
number of productive stems by 112 pcs./m? compared to the control, when treated in
the tillering and tube growth phase, this indicator increased by 188 pcs./m?, and with
three times treatment of vegetative plants, this indicator increased by 214 pcs./m?
compared to the control. Analyzing the results obtained, it can be noted that when
using Humifriend potassium humate and Multicomplex StimOrganic, a slight increase
in the height of spring barley plants was noted, but the number of productive stems
increased significantly, especially in the variant where these preparations were used to
spray plants in three phases of vegetation.

When analyzing the length of the ear, the lowest value of 7,4 cm was noted in the
control, while the use of the preparations showed an increase in this indicator from 0,7
to 1,4 cm compared to the control. It can be noted that the use of preparations during
the growing season had a positive effect on the formation of ears of spring barley.

An important indicator of plant productivity is the number of grains in the ear,
when calculating this indicator, it was noted that when treated with Humifriend
potassium humate, Multicomplex StimOrganic and Fulvigum in the tillering phase of
plants, this indicator increased by 2,2 — 2,9 pcs. in the ear compared to the control, in
the variants where two treatments were used in the tillering and tube emergence phase,
the number of grains in the ear increased by 0,3 — 0,6 pcs. in comparison with the data
obtained during the treatment in the tillering phase, and in the variants where three
treatments were applied in the tillering, earing and earing stage, the number of grains
per ear increased by only 0,1 — 0,2 pcs. per ear compared to the data obtained in the
variants where two treatments were applied. The greatest increase in the number of
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grains per ear was observed in the variant where the preparations were applied in the
tillering phase of plants.

When determining the weight of grain from one ear, it was noted that with one-
time and two-time treatment of plants with Humifriend potassium humate,
Multicomplex StimOrganic and Fulvigum, this indicator increased by 0,1 — 0,2 g per
ear compared to the control, and with three-time treatment of plants with preparations,
the weight of grain from one ear increased by 0,3 — 0,4 g per ear compared to the
control.

An important indicator of the structure of the crop is the weight of 1000 seeds,
when analyzing this indicator, it can be noted that in the variants where fertilization
was carried out, this indicator was significantly higher. In particular, when treating
spring barley plants with Humifriend potassium humate in the tillering phase, the
weight of 1000 seeds increased by 1,5 g compared to the data obtained in the control,
when using the preparation Multicomplex StimOrganik, this indicator increased by 2,3
g compared to the data obtained in the control, and when using Fulvigum, this
indicator increased by 1,3 g compared to the control. With two-time treatment of
spring barley plants with Humifriend potassium humate, the weight of 1000 seeds
increased by 1.8 g compared to the data obtained in the control, with the use of
Multicomplex StimOrganic, this indicator increased by 3,4 g compared to the data
obtained in the control, and with the use of Fulvigum, this indicator increased by 1,5 g
compared to the control. When spring barley plants were treated three times with
Humifriend potassium humate, the weight of 1000 seeds increased by 2,4 g compared
to the data obtained in the control, when using Multicomplex StimOrganic, this
indicator increased by 3,8 g compared to the data obtained in the control, and when
using Fulvigum, this indicator increased by 1.8 g compared to the control.

Analyzing the results obtained, it can be noted that all the studied preparations
had a stimulating effect on the plants to varying degrees, especially when applied in the
first periods of vegetation, in the further development of the treated plants continued to
maintain an advantage over the plants of the control variant.

Thus, in the cultivation of spring barley, the positive effect of optimizing plant
nutrition by using preparations in fertilization was observed throughout the growing
season, as the biometric parameters of the treated plants increased in proportion to the
number of treatments.

One of the main indicators of the effective effect of the preparations is the
accumulation of raw plant mass. This indicator is directly proportional to the provision
of plants with nutrients and, accordingly, an increase in the area of the photosynthetic
apparatus of plants. As a result of the conducted research, a positive effect of fertilizers
on the accumulation of crude biomass of spring barley plants of the Modern variety
was noted (table 3).
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Table 3
Effect of complex fertilizers on the accumulation of crude plant biomass
of spring barley variety Modern (average 2021-2022)

Ne Weight of raw aboveground mass of plants g/m*
" /I_O Nutrition background Phases of plant development
BBCH-30-32 BBCH-51-55
1 | Control (water treatment) 947 +41 1417+73
2 |1 treatment with Humifriend potassium 1730468 1904+98
humate 0,5 I/ha
3 |2 treatment with Humifriend potassium 1734482 2075497
humate 0,5 I/ha
4 | 3 treatment with Humifriend potassium 1728489 2048489
humate 0,5 I/ha
5 | 1 treatment Multicomplex StimOrganic 1 I/ha 1861+95 1972+96
6 | 2 treatment Multicomplex StimOrganic 1 I/ha 1874+86 214579
7 | 3 treatment Multicomplex StimOrganic 1 I/ha 1872471 2152+95
8 | 1 treatment Fulvigum 0,3 I/ha 1496+76 1780+83
9 | 2 treatment Fulvigum 0,3 I/ha 1429463 1853+92
10 | 3 treatment Fulvigum 0,3 I/ha 1498481 1852+86

the source is formed on the basis of own research results

The lowest index of crude aboveground mass of plants was noted in the phase of
tubing of spring barley plants in the control variant, where this index was 947 g/cm?.
The use of complex fertilizers contributed to the growth of this indicator, in
particular, in the variants where plants were sprayed in the tillering phase with
Humifriend potassium humate already in the tube phase, an increase in the weight of
the raw plant mass by 781 — 787 g/cm? was noted compared to the data obtained in
the control where no treatment was carried out. In the variant where the preparation
Multicomplex StimOrganik was used for spraying plants in the tillering phase, an
increase in the weight of the raw mass of plants by 914 — 927 g/cm? was noted
already in the tubing phase compared to the data obtained in the control. In the
variant where Fulvigum was used for spraying plants in the tillering phase, an
increase in the weight of the raw mass of plants by 482 — 551 g/cm? was noted
already in the tubing phase compared to the data obtained in the control.

When determining the crude aboveground mass of plants in the phase of early
earing of spring barley plants, the lowest value was obtained in the control variant,
where this figure was 1417 g/cm?. In the variant where the preparation Humifriend
potassium humate was applied in the tillering phase, when calculating the weight of
the crude aboveground mass of plants in the phase of earing, an increase in this
indicator by 487 g/cm® was noted compared to the data obtained in the control where
no treatment was carried out, and when treating plants with this preparation in the
tillering and tubing phases, this indicator increased by 631 — 658 g/cm? compared to
the control. In the variant where the preparation Multicomplex StimOrganic was used
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in the tillering phase, when calculating the weight of the raw aboveground mass of
plants in the phase of earing, an increase in this indicator by 555 g/cm? was noted
compared to the data obtained in the control, and when treating plants with this
preparation in the tillering and tubing phases, this indicator increased by 728 — 735
g/cm? compared to the control. In the variant where Fulvigum was used in the
tillering phase, when calculating the weight of the raw aboveground mass of plants in
the phase of earing, an increase in this indicator by 363 g/cm? was noted compared to
the data obtained in the control, and when treating plants with this preparation in the
tillering and tubing phases, this indicator increased by 435 — 436 g/cm? compared to
the control. It can be noted that the weight of crude aboveground mass increased in
proportion to the treatments, from which it can be concluded that the treatment with
complex preparations contributed to the improvement of plant nutrition, and as a
result, contributed to the growth and development of plants and the accumulation of
crude aboveground biomass.

As a result of the conducted research, a positive effect of preparations with
growth-regulating properties on the yield of spring barley variety Modern was noted
(table 4).

Table 4
Grain yield of spring barley variety Modern depending on
on nutrition optimization, t/ha
Ne .. . Increase to control
o/p Nutrition background Yield, t’/ha Uha %
1 | Control (water treatment) 2,4 - -
5 1 treatment with  Humifriend 27 0.3 13

potassium humate 0,5 I/ha
2 treatment with  Humifriend
3 potassium humate 0,5 I/ha 31 0.7 29

3 treatment with  Humifriend

4 potassium humate 0,5 I/ha 3,3 0.9 38
1 treatment Multicomplex

5 StimOrganic 1 I/ha 3.0 0.6 25
2 treatment Multicomplex

6 StimOrganic 1 I/ha 3.2 08 33
3 treatment Multicomplex

! StimOrganic 1 I/ha 34 1,0 42

8 | 1treatment Fulvigum 0,3 I/ha 2,6 0,2 8

9 | 2 treatment Fulvigum 0,3 I/ha 2,9 0,5 21

10 | 3 treatment Fulvigum 0,3 I/ha 3,1 0,7 29
HIR0.05 0,1

the source is formed on the basis of own research results

The use of complex fertilizers for plant treatment during the growing season
contributed to an increase in the level of spring barley grain yield. In the variant where
the preparation Humifriend potassium humate was applied in the tillering phase, an
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increase in grain yield was noted by 0,3 t/ha compared to the data obtained in the control
where no treatment was carried out, with two times of treatment of plants with this
preparation in the tillering and tubing phases, this indicator increased by 0,7 t/ha
compared to the control, and with three times of treatment of plants with this
preparation, the yield increased by 0,9 t/ha compared to the control, which is 38%. In the
variant where the preparation Multicomplex StimOrganic was applied in the tillering
phase, an increase in grain yield was noted by 0,6 t/ha compared to the data obtained on
the control where no treatment was carried out, with two treatments of plants with this
preparation in the tillering and tubing phases, this indicator increased by 0,8 t/ha
compared to the control, and with three treatments of plants with this preparation, the
yield increased by 1,0 t/ha compared to the control, which is 42%. In the variant where
Fulvigum was applied in the tillering phase, an increase in grain yield by 0,2 t/ha was
noted compared to the data obtained in the control where no treatment was carried out,
with two treatments of plants with this preparation in the tillering and tubing phases, this
indicator increased by 0,5 t/ha compared to the control, and with three treatments of
plants with this preparation, the yield increased by 0,7 t/ha compared to the control,
which is 29%. The yield data indicate that the use of complex fertilizers contributed to
an increase in the level of spring barley grain yield in proportion to the number of
planting treatments. Among the fertilizers we tested, we can distinguish the more
effective Multicomplex StimOrganik 1 I/ha and Humifriend potassium humate 0,5 I/ha,
while Fulvigum 0,3 ml/ha was slightly less effective. Spring barley is characterized by a
short growing season, and the use of fertilizers with a stimulating effect helps to improve
plant nutrition, intensive formation of the assimilation apparatus in plants and is a
prerequisite for increasing the level of grain yield of this crop.

Conclusions. As a result of the research, it was noted that the maximum
indicators were obtained in the variants where three times treatment with plant
preparations was carried out in the most sensitive to nutrition phases of spring barley
vegetation. In particular, in the variants where spring barley plants were fertilized in
three phases of vegetation with Humifriend potassium humate and Multicomplex
StimOrganic, a slight increase in plant height was noted, but the number of
productive stems increased significantly by 265 pcs/m? and 273 pcs./m?,
respectively, compared to the control. The use of preparations for plant nutrition had
a positive effect on the formation of ears of spring barley, the length of the ear
increased by 0,7 — 1,4 cm compared to the control. In the variants where three
treatments with complex fertilizers were used, the number of grains in the ear was the
highest, this indicator increased by 2,6 — 3,7 pcs. compared to the data obtained in the
control. With three treatments of plants with preparations, the weight of grain per ear
increased by 0,3 — 0,4 g compared to the control. When spring barley plants were
treated three times with Humifriend potassium humate, the weight of 1000 seeds
increased by 2,4 g compared to the control, when using Multicomplex StimOrganic,
this indicator increased by 3,8 g compared to the control, and when using Fulvigum,
this indicator increased by 1,8 g compared to the control.
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When calculating the weight of the crude aboveground mass of plants in the
phase of earing, the highest values were obtained in the variants where fertilizers
were used in two phases of vegetation, when using Humifriend potassium humate,
this indicator increased by 631 — 658 g/cm” compared to the control, when using
Multicomplex StimOrganic, this indicator increased by 728 — 735 g/cm? compared to
the control, and when using Fulvigum, this indicator increased by 435 — 436 g/cm?
compared to the control.

The use of complex fertilizers for plant treatment during the growing season
contributed to an increase in the level of spring barley grain yield, most of all, with
three times treatment with the preparation Multicomplex StimOrganik, the vyield
increased by 1,0 t/ha compared to the control, when applying Humifriend potassium
humate, the yield increased by 0,9 t/ha compared to the control, which is 38%, and
when applying Fulvigum, the yield increased by 0,7 t/ha compared to the control,
which is 29%. The yield data indicate that the use of complex fertilizers contributed to
an increase in the level of spring barley grain yield in proportion to the number of
planting treatments. Among the fertilizers we tested, StimOrganic Multicomplex 1 I/ha
and Humifriend potassium humate 0,5 I/ha were more effective, while Fulvigum 0,3
ml/ha was slightly less effective. Thus, the use of complex fertilizers for the treatment
of spring barley plants during the growing season is an effective measure for its
cultivation in the conditions of the Rightbank Foreststeppe of Ukraine, which makes it
possible to significantly increase the yield.
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) AHOTALIA
BILUIHB OHNTHMIBAIIII KUBJIEHHS POCTHH SYMEHIO APOTO HA

DPOPMYBAHHA YPO/KAIO B YMOBAX IIPABOBEPE/KHOI O JIICOCTEITY
YKPAITHH

YV oauiti cmammi  nagedeno pe3yrbmamu OOCHIONCEHHST 6NIUBY KOMNIEKCHUX 000pu8 Ha
NPOOYKMUBHICIb P00 stUMeHIo. B pezynomami nposedenux O0ocniodcenv 6Y10 8CMAHOBIEHO, WO Y
sapianmax Oe NPOBOOUIU MPLOX PA306i 0OPOOKU POCIUH Npenapamamu y HAuditbul yymiusi 0o
JdHCUGNeHHs asu eecemayii Apo2o  AUMEHIO cepeOHbocmuno2o copmy Moodepn, 6yiu ompumani
MAKCUMATbHI OioMempuYHi NOKA3HUKU pOCTuH. Y eapianmax 0e npoeoounu NiO#CUGTIEHHS POCTIUH SPO2O
SAYUMEHIO Yy mpbox ¢hazax eecemayii KyweHHs, 8UX00y 8 MpyoOKy ma Ha NoYamxy KOJOCIHHA npenapamamu
Tymighpeno eymam xanito ma Mynemuxomniexc CmumOpeanix 8iOMIYeHO, 3HAUHe 3DOCMAHHS KUIbKOCI
npodyKkmusHux cmeben 6ionogiono na 265 wm./m* ma 273 wm./m® y nopiensnui 00 KoHmpoo.
3acmocysannsa npenapamie cmuMyI08ai0 PiCm POCIUH i Ye MAnio NO3UMUSHUL 6NIUE HA (OPMYBAHHS
KOJIOCKI8 SP020 SUMEHI0, 008xcuHa saxkux 3pocia Ha 0,7 — 1,4 cm y nopisusanui 0o konmponro. Havibinbwa
KIIbKiCMb 3eper ) Koaoci Oyna i0MideHo ) 8apiaHmax 0e 3acmocog8ysaiu mpu 00poOKU KOMNIEKCHUMU
dobpusamu 0e Oarull NOKAZHUK 30iibuuecs Ha 2,6 — 3,7 wim. y nopisHsaHHi 3 koumponem. Tpbox pazosa
00poOKa pociun nPenapamam MaKoHC CNpusia 30ibUEeHHIO MaAcu 3epHa 3 00Ho2o Konoca Ha 0,3-0,4 2y
NOPIBHAHHI 00 KOHMPOJO. 3a MpPboX pa3080i 00POOKU pOCIUH AUMEHIO Apoco npenapamom I ymighpero
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eymam xanito maca 1000 uacinum 3pocna Ha 2,4 2 y nopieHsAHHI 00 KOHMPONIO, NPU 3ACMOCY8AHHI
npenapamy Mynomuxomniexc CmumOpeanik 0anuil nokazHuk 3pic Ha 3,8 2 Y NOPIBHAHHI 00 KOHMPOIO,
a npu 3acmocysanti npenapamy Dynveicym Oauuti nNOKazHuk 3pic Ha 1,8 2y nopisHaHHi 00 KOHMPOIIO.

Baosicnusum nokazHuxom npoOykmusHocmi € 8aza cupoi HA03eMHOI MACU POCTUH, NPU NIOPAXYHKY
0aHO20 NOKA3HUKA y (hazy NoYyamKy KOJNOCIHHA Hatieuwyi NOKA3HUKU OVIU ompumanui y eéapianmax oe
3acmocysanu npenapamu O NiOXCueleHHs Yy 06i aszu eecemayii, 30Kpema, npu 3ACMOCYBAHHI
npenapamy Iymighpeno eymam kaniro Oanuil nokaswuk 3pic Ha 631 — 658 olem? YV NOPIBHAHHI 00
Konmpomo, npu 3acmocyeéanni npenapamy Mynomuxomniexc CmumOpeanix Oanuti NOKA3HUKu 3pic Ha
728 — 735 o/em® V NOPIBHAHHI 00 KOHMPOTII0, a NPU 3aCmMocy8anHi npenapam Dynveicym 0anutl NOKA3HUK
3pic Ha 435 — 436 ofem? V NOPIBHAHHI 00 KOHMPOIO.

Havieuwuii noxasnux ypooicatinocmi 3epHa  SSUMeHIO  sipo2o  OY8 ompumaHuii 'y eapianmi oe
3acmocogyeanu mpboXKpamuy 06pooKy pociun npenapamom Mynvmuxomniexc CmumOpeanix Oe
ypoarcatinicmo 3pocia Ha 1,0 m/2a y nopieHaHHi 00 KOHMPOTIo, Wo cmanosums 42%, npu 3acmocy8anHi
npenapamy I ymighperno eymam xanito ypodxcatinicms 3pocia Ha 0,9 m/ea y nopieHsHHi 00 KOHMPOTIO, WO
cmanosums 38%, a npu 3acmocysanni npenapamy @ynvsicym ypooxrcatinicme 3pocia Ha 0,7 m/ea y
NOPIGHAHHI 00 KOHmMponto, wo cmavosums 29%. Ompumani Oaui ceidyamv, WO 3aACMOCYBAHHS
KOMNIEKCHUX 00OpU8 Ha NOCIBAX APO20 SYMEHIO CHPUSLIO POCHLY, PO3GUMKY DOCIUH M 30L16UUEHHIO
DIBHSL YPOJUCAlO 3ePHA NPONOPYILIHO KITbKOCME NPO8edeHUx 00poOOK pOCIuH.

Knrowuosi cnosa: sumins sputl, KOMnIeKCHI 000pU8a, YpPOICAlHiCMb.
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