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ABSTRACT

The purpose of the article was to determine how foliar treatments of plants with environmentally friendly com-
bined-action substances affect the yield of new sunflower hybrids under non-irrigated conditions of the Ukrainian
Steppe zone. The field experiments were conducted in 2021-2022 on the experimental field of the Mykolaiv State
Agricultural Research Station of the Institute of Climate-Smart Agriculture of the National Academy of Agrarian
Sciences of Ukraine under non-irrigated conditions on southern chernozem. The humus content in the arable soil
layer was 2.90%, the depth of the humus layer was 0-30 cm, and the transitional layer was 30—-60 cm. The research
was conducted by establishing a three-factor field experiment, where factor A was sunflower hybrids of the Plant
Production Institute named after V.Ya. Yuriev of National Academy of Agrarian Sciences of Ukraine - Vyrii, Yarylo,
Blysk, Yaskravy and Epikur; factor B — different plant densities (30, 40 and 50 thousand/ha) and factor C — treatment
of vegetative plants in the phase of budding with substances of biological origin (Helafit Combi, Organic Balance
and Biocomplex BTU). The field experiment was located on the winter wheat forecrop. Fertilizers were applied
during the main cultivation at a dose of N30P30K30. Sowing was carried out with a row spacing of 70 cm in the last
decade of April. Yield accounting and the evaluation of the crop structure were carried out by manual threshing of
plants selected from the accounting area of the test plots and recalculation by 8% seed moisture. From the results of
observations, it was found that the foliar treatments of sunflowers with environmentally friendly combined-action
substances contributed to the prolongation of the interphase periods in the second half of the growing season of all
studied hybrids. Treatment of plants with environmentally friendly substances helped to reduce the level of damage
to all hybrids by pathogenic microflora, the highest fungicidal efficacy was observed in Helafit Combi and Organic
Balance. All hybrids formed the highest yields at a density of 40 thousand units/ha. Dense plantings up to 50 thou-
sand units/ha were inferior in yield to the ones with a planting density of 40 thousand units/ha and were almost at the
same level as the ones with 30 thousand units/ha. Hybrids Yarylo, Epikur and Yaskravy were significantly inferior in
productivity; however, their foliar treatments also had a similar tendency to increase their productivity.
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INTRODUCTION

Years with dry conditions during the sum-
mer growing season prevail (60%) in the south-
ern Ukraine. Droughts during the seed formation
phase are particularly common and have a nega-
tive impact on the harvest. Almost every second
year (46%) is characterized by a lack of moisture

during the optimal sowing period, which causes
the problem of achieving timely and healthy ger-
mination. For seven years out of forty-four, there
has been a combination of spring and summer
drought, which undermined all efforts to obtain an
economically valuable crop (Pichura et al. 2017,
Makarova et al. 2021, Osadchyi et al. 2022). In
the southern Ukraine, years with dry conditions
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during the summer growing season are prevalent
(60%). The future food security of Ukraine de-
pends on the efficiency and timeliness of adapta-
tion of agricultural production to the new condi-
tions created by global anthropogenic warming.
Thus, the problem of determining the nature and
scope of the impact of potential climate changes
on agro-climatic growing conditions, productivity,
and overall harvest is especially relevant (Ebi et
al. 2021, Fei et al. 2023). On the basis of the agro-
climatic conditions during the sunflower growing
season under the constant climate change scenario,
it was found that the sowing days and subsequent
development phases will occur earlier than now,
which will lead to a shorter growing season in the
majority of the studied area (Martsinevskaya et al.
2018, Pichura et al. 2018). A comparative analysis
of temperature and precipitation regimes shows
that it is reasonable to believe that the expected
weather conditions will be more favorable for
sunflower cultivation in the Western and Central
Forest-Steppe, as well as on the Right Bank and in
the Donetsk sub-zone of the Ukrainian Northern
Steppe (Medinets et al. 2016, Pichura et al. 2021).
The highest risk of sunflower seed yield decline in
certain years is expected in the Ukrainian South-
ern Steppe (Domaratsky 2021).

In order to reduce the negative impact on agro-
cenoses of extreme weather conditions caused by
a lack of natural moisture and a high hydrother-
mal coefficient, foliar treatments of plants with
various environmentally friendly substances with
anti-stress effects are increasingly used in techno-
logical schemes of crop production (Domaratskiy
et al. 2022, Mitra et al. 2023). The effectiveness of
foliar fertilization of plants with microelements is
well-known. Nowadays, complex microfertilizers
are quite popular. The transfer of a microelement
into a biologically active chelated form is possible
with the help of special complexing agents (Sajyan
et al. 2020, Kuznetsov et al. 2021, Sabaghnia et
al. 2023). During the plant’s foliar treatment, the
surface of the leaf makes the most contact with a
compound substance. The study of the effect of the
complexonate on leaf biochemistry, namely, on
photosynthesis processes, and the resulting issues
of optimizing foliar treatment may have practical
importance. Moreover, considering that a single
plant has leaves with different levels of maturity
and light exposure, as well as anthocyanin-pig-
mented leaves, the response to the substance may
vary significantly (Agrawal et al. 2022). The most
important requirement of agricultural production
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for modern sunflower hybrids is the ability to con-
sistently display signs of productivity under vari-
ous biotic and abiotic environmental factors, as
well as to respond positively to their improvement,
i.e. to be adaptable (Debacke et al. 2023). Environ-
mental adaptability is caused by the response of the
genotype to changes in environmental conditions,
which are manifested in phenotypic variability. It
characterizes variation in cultivar traits as a result
of the interaction between genotype-environmen-
tal systems in a particular soil and climatic zone
(Vancostenoble et al. 2022, Giannini et al. 2022).
The stability of a hybrid may be associated
either with the high adaptability of each geno-
type to different growing conditions (individual
buffering) or with the adaptability of each of the
genotype groups that make up the hybrid to a spe-
cific environment (population buffering). Stability
characterizes the ability of a genotype to maintain
a certain phenotype under different growing condi-
tions as a result of the organism’s regulatory mech-
anisms (Soleymani 2017, Petrenko et al. 2023).
Thus, the hybrids which maintain high levels of
stability in their productivity and quality of their
oilseeds and are environmentally adaptable, should
be considered the most valuable (Lee et al. 2023).
Application of various growth regulators in
foliar treatments helps to more fully unlock the
genetic potential of crop cultivars and hybrids.
Therefore, foliar application of combined growth
regulators fits into the system of mandatory agro-
technical practices for growing and maintaining
crops and does not require additional costs; thus,
their use will not only increase gross production
but also reduce its cost, which is especially impor-
tant under market conditions (Hussain et al. 2018,
Domaratskiy et al. 2022). The implementation of
such growth regulating substances of biological
origin in production is a way to biologize field crop
cultivation technologies, which can significantly
reduce the chemical exposure of agrophytocenoses
(Niu et al. 2022, Cheng et al. 2023). The purpose
of the research was to determine the effectiveness
of foliar treatments with environmentally friendly
combined-action substances on the productivity
of new sunflower hybrids under the non-irrigated
conditions of the Ukrainian Steppe zone.

MATERIAL AND METHODS

The field experiments were conducted in
2021-2022 at the experimental field of the



Ecological Engineering & Environmental Technology 2023, 24(9), 45-54

Mykolaiv State Agricultural Research Station of
The Institute of Climate-Smart Agriculture of
The National Academy of Agrarian Sciences of
Ukraine under non-irrigated conditions on south-
ern chernozem. The humus content in the arable
soil layer was 2.90%, the depth of the humus
layer as 0-30 cm, and the transitional layer was
30-60 cm. The pH of the soil solution was close
to neutral (pH 6.5-6.8), hydrolytic acidity was in
the range of 2.00-2.52 mg. equiv. per 100 g of
soil. As for the content of mobile elements, the
soil of the experimental plot was characterized by
an average content of nitrogen and phosphorus
and very high potassium content.

The climatic conditions of the experimental
plot are continental, characterized by drastic and
frequent changes in annual and monthly air tem-
peratures, as well as a hard hydrothermal coeffi-
cient of the observation area. The average annual
precipitation is 360-380 mm, and 170 mm during
the spring and summer growing season of winter
crops. Autumn and winter precipitation plays the
main role in the accumulation of moisture in the
soil, when moisture is less consumed by plants
and evaporates less due to relatively high humid-
ity. Precipitation is unevenly distributed through-
out the year, with July being the rainiest month
and March the driest. The annual average air hu-
midity is 60-70%, and 40—-60% in the summer
months. Mild, moderate and strong winds are ob-
served annually, and especially intense winds are
observed in about 4 out of 10 years. The growing
season lasts 230-240 days.

The corresponding area of research was im-
plemented by establishing a three-factor field ex-
periment to study the effect of environmentally
friendly combi-action substances and different
pre-harvest plant density on the productivity of
new sunflower hybrids. Thus, the sunflower hy-
brids selected by the Plant Production Institute
named after V.Ya. Yuriev of National Academy
of Agrarian Sciences of Ukraine — Vyrii, Yarylo,
Blysk, Yaskravy and Epikur — were the factor A;
factor B — different plant densities (30, 40 and 50
thousand/ha) and factor C — treatment of vegeta-
tive plants in the phase of budding with substanc-
es of biological origin (Helafit Combi, Organic
Balance and Biocomplex BTU). Sunflower plants
were sprayed according to the research scheme
using a knapsack sprayer.

The experiment was repeated three times, the
sown area of the first plot was 168 m?, and the ex-
perimental area was 120 m?. The field experiment

was located on the winter wheat predecessor. Fer-
tilizers were applied during the main cultivation
at a dose of N30P30K30. Sowing was performed
with a row spacing of 70 cm in the second ten
days of May. Formation of the plant density in
each row was adjusted manually to achieve the
intended density. Yield accounting and evaluation
of the crop structure were performed by manual
threshing of plants selected from the registered
area of the experimental plots and recalculation
by 8% seed moisture. The yield was in fact re-
calculated to the basic moisture content (8%) and
considering the impurities content. The experi-
mental data were processed by multi-factor anal-
ysis of variance according to V.O. Ushkarenko
(Ushkarenko et al. 2020). Modeling of yield for-
mation was performed using the licensed “Statis-
tica 10.0” software.

RESULTS AND DISCUSSION

The main limiting aspect of unleashing the
genetic potential of sunflower hybrids under the
conditions of severe hydrothermal coefficient in
the southern Steppe zone is the lack of soil and
atmospheric moisture. The analysis of weather
conditions in 2021-2022 proves that they can be
classified as medium-dry, typical for this grow-
ing zone. However, the moisture conditions for
sunflower growing season in 2022 should be clas-
sified as difficult and unfavorable. The weather
conditions during the years of field experiments
in comparison with the average long-term indica-
tors are shown in Figures 1 and 2.

When analyzing the level of moisture sup-
ply during the research years, it should be noted
that the moisture conditions in the spring of 2021
were favorable for the vegetation of the studied
sunflower hybrids in general. The reduced tem-
perature regime along with precipitation in the
first half of plant growth and development had a
positive impact on the productivity of agroceno-
sis later on. As for the soil moisture reserves of
the arable and one-meter layers, they can also be
qualified as quite favorable for crop cultivation.
They amounted to 34 mm in the arable layer and
134 mm in the one-meter layer, respectively. Pro-
ductive precipitation in late May created the con-
ditions for sufficient moisture in the sowing layer
of the soil, and moderate temperature conditions
created favorable conditions for sowing and ob-
taining healthy sunflower seedlings in the future.
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Figure 1. The amount of precipitation during the growing season of sunflower
compared to the long-term average for 2021 and 2022, mm
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Figure 2. Average monthly air temperature during the growing season of
sunflower compared to the long-term average for 2021 and 2022, °C

In contrast, the level of moisture supply in
2022 was quite low in comparison to 2021. The
lack of precipitation due to high temperature con-
ditions led to a significant shortage of moisture
during the critical periods of sunflower growing
season. Over the entire growing season of sun-
flower hybrids in 2022, 90 mm of precipitation
was recorded, which is only 39% of the long-term
average, and their distribution was uneven. Ac-
cording to the first evaluation of soil moisture
reserves, which was conducted on March 28",
2022, the reserves of productive moisture in both
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the arable and one-meter layers of soil were suf-
ficient and amounted to 39 mm and 115 mm,
respectively. In April, the weather was mostly
warm, save for the second ten-day period, when
low temperatures were typical for late March, but
the average air temperature was within norm. Pre-
cipitation in April was noticeably below normal.
Due to the predominance of dry and often windy
weather in April, the upper layers of the soil dried
out. Sowing of the experiment in both years un-
der study was carried out in the second decade of
May. When analyzing the temperature regime of
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2021, it can be characterized as typical for a given
zone. The average monthly temperature was with-
in the range of long-term averages. Only in July
2021, the air temperature exceeded the long-term
average by 3.7°C. As for the temperature regime
during the sunflower growing season in 2022, it
was significantly higher compared to the long-
term average in each month. The recorded high
temperatures along with the deficit of soil and air
moisture created difficult conditions for the main
phenological stages of crop development and the
development of agrocenosis productivity. In July,
hot weather and precipitation deficit sped up the
course of sunflower phenological stages. High
temperatures, low air humidity, and lack of pre-
cipitation resulted in intensive soil moisture con-
sumption for transpiration and evaporation. Dry
winds in the first half of the sunflower growing
season led to weakened plant turgor during the
daytime, so that only at night the plants managed
to recover their condition.

From the results of observations, it was found
that thinning or densening of the plantings did not
have any significant effect on the course of the
main transitional stages of crop development dur-
ing the entire vegetation period of sunflowers. As
for the foliar treatment of plants with substances
of biological origin, it was found that the hybrids
reacted differently to the introduction of biologi-
cal components (Table 1).

The results of the research showed that the
treatment of sunflower plants with substances of
biological origin extended the vegetation period
of all the studied hybrids during the stages from
flowering to full maturity. This prolongation of
the generative phase in 2021 was more effective,
due to more favorable weather conditions dur-
ing the growing season. In the areas where foliar
treatments of plants with Helafit Combi and Or-
ganic Balance were applied on the hybrids, the
period of seed ripening was prolonged by 8-10
days in 2021 and by 2—7 days in 2022 on average.
Sunflower treatments with Biocomplex BTU had
a slightly lesser impact on the extension of the
growing season; the prolongation of the hybrids’
vegetation under such conditions was within 5—8
and 2—4 days, respectively. Extremely unfavor-
able vegetation conditions in 2022 practically
eliminated the positive effect of the substances on
prolonging the vegetation of the crop in the gen-
erative phase. The prolongation of the photosyn-
thetic apparatus activity is explained by the fact
that the studied biological substances included

not only trace elements in chelated form, but also
fungal and bacterial complexes with their meta-
bolic products. Such substances suppressed the
development of pathogenic microflora during the
generative phase of sunflower development and
increased the overall immunity of the agrocenosis.

Later (in August-September), the conditions
for sunflower development were unfavorable. Soil
drought continued to intensify and deepen across
the area. Sunflower was harvested in late Septem-
ber. Difficult weather conditions in 2022 led to
almost simultaneous ripening of all sunflower hy-
brids in the experimental plots. However, in the ar-
eas treated with substances of biological origin, the
ripening of hybrids was slowed down by 47 days
compared to the control (without treatment with
biological substances). Intense precipitation, high
humidity along with low temperature conditions in
2021 in the first half of the growing season in some
way contributed to the spread of diseases in the lat-
er stages of sunflower hybrids’ organogenesis. Dry
weather conditions in 2022, on the contrary, did not
favor the spread of pathogenic microflora. Regard-
ing different pre-harvest plant densities, sunflower
hybrids did not have significant (mathematically
proven) differences in this factor in all variants of
the experiment. However, they reacted differently
to foliar treatments with biological substances of
vegetative plants (Table 2). The research results
showed that the hybrids were similar in their re-
sistance to pathogens of major diseases, but Yarylo
and Epikur hybrids had a slightly lower percentage
of plants affected by phomosis compared to Blysk,
Yaskravy and Vyrii. This pattern was observed in
both 2021 and 2022. Regarding the resistance of
sunflower to downy mildew and gray mold rot, all
the tested hybrids had almost the same high level
of resistance to these pathogens (only a few plants
were affected). Notably, in the severely dry year of
2022, the development of gray mold on the capitu-
lum was not recorded at all.

Foliar plant treatments with substances of
biological origin tended to reduce the damage of
all studied hybrids throughout both years of re-
search. Helafit Combi and Organic Balance had
the highest fungicidal efficiency, and their ap-
plication reduced the level of plant damage by
pathogenic microflora by almost half, both in the
severely dry year of 2022 and in moist year of
2021. The Biocomplex BTU was less effective in
this regard, but it also reduced the number of af-
fected plants compared to the control groups that
did not receive any treatment at all.
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Table 1. The main phenological phases of sunflower hybrids development depending on plant treatment with
substances of biological origin in 2022

The development phase, Date
types of work Control Helafit Combi Organic Balance Biocomplex BTU
Blysk
Sowing 16.05 16.05 16.05 16.05
Seedlings 23.05 23.05 23.05 23.05
Emergence of 2—4 leaves 05.06 05.06 05.06 05.06
Inflorescence emergence 24.06 24.06 24.06 24.06
Flowering 22.07 22.07 22.07 22.07
Fruit maturity 12.09 19.09 19.09 16.09
Harvest 20.09 20.09 20.09 20.09
Vyrii
Sowing 16.05 16.05 16.05 16.05
Seedlings 23.05 23.05 23.05 23.05
Emergence of 2—4 leaves 05.06 05.06 05.06 05.06
Inflorescence emergence 24.06 24.06 24.06 24.06
Flowering 23.07 23.07 23.07 23.07
Fruit maturity 12.09 14.09 14.09 12.09
Harvest 20.09 20.09 20.09 20.09
Yarylo
Sowing 16.05 16.05 16.05 16.05
Seedlings 23.05 23.05 23.05 23.05
Emergence of 2—4 leaves 05.06 05.06 05.06 05.06
Inflorescence emergence 26.06 26.06 26.06 26.06
Flowering 24.07 24.07 24.07 24.07
Fruit maturity 14.09 18.09 18.09 17.09
Harvest 20.09 20.09 20.09 20.09
Epikur
Sowing 16.05 16.05 16.05 16.05
Seedlings 23.05 23.05 23.05 23.05
Emergence of 2—4 leaves 05.06 05.06 05.06 05.06
Inflorescence emergence 26.06 26.06 26.06 26.06
Flowering 24.07 24.07 24.07 24.07
Fruit maturity 14.09 17.09 16.09 17.09
Harvest 20.09 20.09 20.09 20.09
Yaskravy Ackpasui
Sowing 16.05 16.05 16.05 16.05
Seedlings 23.05 23.05 23.05 23.05
Emergence of 2—4 leaves 05.06 05.06 05.06 05.06
Inflorescence emergence 26.06 26.06 26.06 26.06
Flowering 24.07 24.07 24.07 24.07
Fruit maturity 13.09 16.09 16.09 16.09
Harvest 20.09 20.09 20.09 20.09
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Table 2. Degree of sunflower damage by major diseases, depending on plant treatment with biological substances
in 2021 and 2022, %

© Phoma, % Downy mildew, % Gray mold oncthe capitulum,
2 Substance o
I 2021 2022 2021 2022 2021 2022
Control 12 9 6 2 1 0
% | Helafit Combi 5 4 4 0 0 0
f Organic Balance 6 5 3 1 0 0
Biocomplex BTU 10 5 4 0 0 0
Control 13 8 7 4 0 0
;= | Helafit Combi 6 5 2 0 0 0
= Organic Balance 6 5 2 1 0 0
Biocomplex BTU 1 6 3 1 0 0
Control 1 6 7 3 0 0
—g Helafit Combi 4 2 2 1 0 0
£ | Organic Balance 5 3 2 1 0 0
Biocomplex BTU 10 3 3 1 0 0
Control 11 6 8 2 1 0
S | Helafit Combi 4 1 3 0 0 0
E Organic Balance 4 2 4 0 0 0
Biocomplex BTU 9 1 5 1 0 0
Control 14 7 6 2 1 0
g Helafit Combi 4 4 2 0 0 0
;@ Organic Balance 3 2 0 0 0
Biocomplex BTU 10 3 3 1 0 0
Table 3. The height of sunflower hybrids depending on the experimental variants, cm
Hybrid (A)
Substances (C) Blysk Vyrii Yarylo Epikur Yaskravy

2021 2022 2021 2022 2021 2022 2021 2022 2021 2022

Plant density - 30 thousand plants/ha (B)

Control (no treatment) 195 171 180 168 171 155 174 156 177 160
Helafit Combi 196 171 180 168 174 155 178 155 180 159
Organic Balance 198 170 183 168 173 155 177 156 181 159
Biocomplex BTU 198 171 182 167 176 155 181 156 180 160

Plant density - 40 thousand plants/ha (B)

Control (no treatment) 208 170 207 168 190 154 188 157 194 160
Helafit Combi 210 171 210 167 190 155 190 156 196 160
Organic Balance 209 170 210 167 193 154 192 156 196 159
Biocomplex BTU 210 170 211 167 193 154 191 155 198 161

Plant density - 50 thousand plants/ha (B)

Control (no treatment) 210 | 171 | 209 | 167 | 191 | 155 | 187 | 157 | 195 | 161
Helafit Combi 211 | 171 | 212 | 167 | 192 | 156 | 189 | 157 | 196 | 160
Organic Balance 211 | 170 | 211 | 168 | 194 | 154 | 190 | 157 | 197 | 161
Biocomplex BTU 213 | 171 | 212 | 168 | 193 | 156 | 190 | 156 | 197 | 161
HIP,, ... (ABC) 3.1 28 | 32 | 27 | 341 24 | 34 | 27 | 33 | 26
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By observing the processes of growth and de-
velopment of sunflower plants in 2021 and 2022,
it was found that the treatment with substances
of biological origin did not have any significant
(mathematically proven) effect on the height of the
studied hybrids, but the increase in height due to
the treatment with the biological substances was
observed in almost all studied hybrids (Table 3).

The height variations were caused by different
pre-harvest densities and genetic characteristics of
a particular hybrid. The analysis of the observa-
tion data revealed that the high level of soil mois-
ture reserves, productive precipitation during the
growing season and favorable temperature condi-
tions in 2021 generally ensured the development
of sufficiently tall plants of the studied hybrids.
Sowing sunflower at a reduced rate of 30 thousand
units/ha formed slightly shorter plants compared
to the rates of 40 and 50 thousand units/ha. There
was no difference in plant height in the groups of
40 and 50 thousand plants/ha. The tallest plants
in the experiment were hybrids Blysk and Vyrii.
Increasing the sowing rate to 40-50 thousand
plants/ha contributed to an increased linear size of
plants of all studied hybrids by 8-10 cm. On the
other hand, as far as the harsh weather conditions
of 2022 are concerned, the lack of moisture due
to high temperature contributed to the formation
of shorter plants. There was no mathematically

proven difference in linear plant size depending on
different planting densities in the experiment as a
whole. This can be said for all the studied hybrids.
A slight difference in plant height occurred only
in relation to a particular hybrid, which is based
on purely genotypic characteristics of a particular
hybrid. When analyzing the results of the related
studies, it can be argued that foliar treatments with
various biological substances are an effective and
efficient way to improve the plant development
conditions (Table 4).

The analysis of previous studies for 2021 shows
that, under the conditions of sufficient moisture, re-
ducing the pre-harvest density of sunflower plants
from 50 thousand plants/ha to 30 thousand plants/
ha is unnecessary, which is true for all the studied
hybrids. The difference in the yield of different sun-
flower hybrids at densities of 40 and 50 thousand
plants/ha is insignificant. Regarding the severely dry
year of 2022, the results of the research showed that
all hybrids produced the highest yield at a density of
40 thousand units/ha. Dense plantings of up to 50
thousand plants/ha were inferior in yield to the ar-
eas with a planting density of 40 thousand plants/ha
and were almost at the same level as the variants of
30 thousand plants/ha. The overall highest produc-
tivity in both years of research was recorded in hy-
brids Blysk and Vyrii. Biological products also had
a positive impact on the productivity of the studied

Table 4. Sunflower yield depending on the experimental variations, tons/ha

Hybrid (A)
Substances (C) Blysk Vyrii Yarylo Epikur Yaskravy

2021 2022 | 2021 2022 | 2021 | 2022 | 2021 2022 | 2021 2022

Plant density - 30 thousand plants/ha (B)
Control (no treatment) 243 1.74 2.84 1.83 1.73 1.58 1.66 1.51 1.71 1.63
Helafit combi 2.79 1.88 3.38 2.05 1.89 1.66 1.76 1.68 1.93 1.81
Organic balance 2.71 1.80 3.07 1.99 1.91 1.70 2.01 1.61 2.09 1.78
Biocomplex BTU 2.68 1.81 3.31 1.94 1.88 1.69 1.93 1.63 2.00 1.77

Plant density - 40 thousand plants/ha (B)
Control (no treatment) 257 1.92 2.92 2.01 1.74 1.81 1.69 1.74 1.85 1.77
Helafit combi 2.98 2.1 3.51 2,22 1.95 1,95 1.90 1,91 2.03 1,85
Organic balance 2.99 2,09 3.55 2,19 2.06 1,94 1.97 1,88 1.99 1,84
Biocomplex BTU 2.83 2,10 3.48 2,16 2.01 1,88 2.04 1,80 2.06 1,79

Plant density - 50 thousand plants/ha (B)
Control (no treatment) 2,63 1.77 3,00 1.85 1,83 1.55 1,70 1.58 1,88 1.70
Helafit combi 3,07 1.84 3,61 1.92 2,01 1.64 2,02 1.63 2,13 1.81
Organic balance 3,02 1.80 3,54 1.88 2,03 1.65 2,11 1.64 2,15 1.76
Biocomplex BTU 3,04 1.81 3,60 1.90 1,99 1.60 2,08 1.63 2,09 1.75
HIP, .., (ABC) 0,07 0.05 0,09 0.06 0,07 0.06 0,09 0.07 0,08 0.06
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agrocenoses. In 2021, the highest yield in the ex-
periment of 3.61 tons/ha was formed by the hybrid
Vyrii in the area with a pre-harvest density of 50
thousand plants/ha under the treatment with Helafit
Combi, the degree of influence of the Biocomplex
BTU substance of 3.60 tons/ha in the same hybrid
at a density of 50 thousand plants/ha was almost at
the same level. The analysis of the yield data of the
experimental plots for 2022 showed that the most
productive hybrid was Vyrii on the variant of plant
treatment with Helafit Combi and a pre-harvest den-
sity of 40 thousand units/ha — 2.22 t/ha. The results
of two-year research proved that hybrids Yarylo,
Epikur and Yaskravy were significantly inferior in
the productivity to hybrids Blysk and Vyrii in the
overall experiment for all the variations. However,
foliar treatments of plants with biological agents of
these hybrids also had a similar tendency to increase
their productivity. The lowest yield in 2021 (1.66
tons/ha) was formed by the Epikur hybrid on the
control area with a pre-harvest density of 30 thou-
sand units/ha, and in 2022 — (1.51 tons/ha) also on
the same area. Moreover, low productivity in 2022
was observed in the variations where sowing was
carried out at a rate of 50 thousand units’ha with
hybrids Yarylo (1.55 t/ha) and Epikur (1.58 t/ha).

CONCLUSIONS

According to the results of experimental data
from field research conducted in 2021-2022
aimed at determining the effectiveness of the use
of new environmentally friendly combined-action
substances in sunflower cultivation technologies,
it was found that foliar treatments of sunflower
plants with environmentally friendly combined-
action substances helped to prolong the transition
stages in the second half of the growing season
of all the studied hybrids. Even under unfavor-
able weather conditions, the ripening of plants on
the areas treated with biological substances was
slowed down by 4—7 days compared to the control
area (without treatment with biological agents.

Treatment of plants with environmentally
friendly substances helped to reduce the level of
damage by pathogenic microflora for all hybrids,
the highest fungicidal efficiency was observed in
Helafit Combi and Organic Balance, with their
application the damage by pathogenic microflora
was reduced almost twice. All hybrids produced
the highest yields at the density of 40 thousand
plants/ha. Dense plantings of up to 50 thousand

plants/ha were inferior in yield to the variations
with a planting density of 40 thousand plants/ha
and were almost at the same level as the variations
of 30 thousand plants/ha. The highest productiv-
ity in both years of the experiment was observed
in the Blysk and Vyrii hybrids (2.25-2.89 tons/ha
on average in 2021-2022).

Bological substances also had a positive im-
pact on the productivity of the studied agroceno-
ses. In 2022, the most productive hybrid was Vy-
rii in the variation of plant treatment with Helafit
Combi and a pre-harvest density of 40 thousand
units/ha — 2.22 tons/ha. Hybrids Yarylo, Epikur
and Yaskravy were significantly inferior in pro-
ductivity, but their foliar treatments also had a
similar tendency to increase their productivity.
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