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in winter wheat cultivation under the conditions of Kyiv Region, at Biotech LTD. Seed treatment with BioZern in
combination with Medax Top + Turbo + MgSQO, resulted in a yield of 9.0 t/ha compared to 6.8 t/ha in the control.
The application of plant growth stimulants (PGS) and micronutrients increased yield by 1.34-2.2 t/ha. The use of
PGS in combination with MgSO, improved plant growth and development indicators, with an 8-10% increase in
plant density, over a 20% rise in the number of productive stems per unit area, and a corresponding increase in the
tillering coefficient. The application of PGS also significantly enhanced key indicators of wheat ear productivity.
The number of spikelets, grains per spike, grain weight per spike, and total grain mass per spike increased in the
studied crop. Growth ranged from 25% to 50% compared to the control. A key practical outcome of the study was
the improvement of most indicators characterising product quality. In addition to an increase in the 1,000-grain
weight, the test weight rose from 737 g/L in the control to 763-766 g/L in treatments with PGS. While vitreousness
remained consistent across all treatments, PGS slightly reduced the grain protein content from 15.6% in the control
to 14.0-14.2% in treated variants. The results confirm the high effectiveness of winter wheat seed treatment with
the BioZern preparation, the application of the Medax Top growth regulator, the Turbo micronutrient fertiliser, and

MgSO, under the conditions of Kyiv Region. These findings can be recommended for winter wheat cultivation
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INTRODUCTION

Winter wheat is a crucial crop in Ukrainian agriculture,
accounting for approximately 45% of the country’s to-
tal sown area. Successful cultivation requires a series
of precise agricultural practices that directly influence
yield potential. However, in recent decades, growth-reg-
ulating substances or plant growth stimulants have be-
come widely used in these operations. Manufacturers of
these substances highlight their beneficial properties,
which affect grain quality andyield indicators,resistance
to adverse conditions, and the plant’s ability to absorb
organic and mineral nutrients. However, the effective-
ness and practical implementation of combining differ-
ent types of agrochemicals, including various forms of
mineral fertilisers, growth regulators, and plant growth
stimulants, remain insufficiently studied. Moreover, new
types and formulations of agrochemicals are continual-
ly being developed and introduced to the market, cul-
tivation conditions are evolving, and new varieties and
hybrids are being introduced. This necessitates the de-
velopment of recommendations for their effective use
in production across different regions and conditions.

As highlighted by A. Panfilova et al. (2023), the im-
plementation of modern agricultural technologies and
high-yielding wheat varieties has the potential to sig-
nificantly increase winter wheat production. However,
the full potential of modern wheat varieties is not yet
realised in production due to several limiting factors,
including climatic conditions, soil properties, pests, and
diseases. The future of the grain market heavily relies
on the continued improvement of agricultural practices
in winter wheat cultivation. In particular, more research
is needed to understand the effects of new plant growth
stimulants on crop development and yield in different
varieties and hybrids. Achieving high yields is challeng-
ing, and adverse climatic conditions are a major cause
of yield reduction. Addressing the impact of climate on
winter wheat yield is a critical issue for researchers, as
noted by S. Shylo et al. (2021).
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V. Sarabi and E. Arjmand-Ghajur (2021) suggest that
the use of plant growth stimulants allows for targeted
regulation of key plant processes, enabling the full re-
alisation of a variety’s genetic potential. According to
M. Korkhova et al. (2021), high-yielding winter wheat
varieties have increased demands for soil fertility,
moisture content, and weed control. When cultivating
highyielding wheat varieties, proper fertilisation be-
comes crucial. Mineral fertilisers play a decisive role in
achieving stable and high yields. The positive effects of
mineral fertilisers applied to winter wheat are evident
across various soil types and regions in Ukraine. This
includes presowing (basic), at-sowing (row), and vari-
ous top-dressing applications (surface, root, and foliar).
A. Elkoussy et al. (2023) highlight that plant growth
stimulants are an additional factor in increasing crop
productivity, including winter wheat. They enhance the
efficiency and return on investment of mineral fertil-
isers and pesticides. R. Kieloch and K. Marczewska-Ko-
lasa (2022) note that plant growth regulators promote
plant growth and development under both optimal
and stressful conditions. They provide plants with re-
sistance to abiotic stresses, mitigating the effects of
herbicide stress and increasing plant tolerance. How-
ever, W. Miziniak and K. Matysiak (2023) indicate that
the combined application of herbicides with mepiquat
chloride only increases winter wheat grain yield in
heavily weed-infested crops. The combined use of her-
bicides and growth stimulants requires careful timing,
as herbicide application depends on the weed develop-
ment stage, which may not coincide with the optimal
timing for PGS application.

As D. Nsengiyumva et al. (2019) point out, the high
effectiveness of plant growth regulators is due to their
balanced composition of biologically active substanc-
es. These substances promote the rapid development
of green mass and root systems. Researchers Z. Garban
and G. Ilia (2024) and V. Kryzhanovskiy (2022) add that




improved green mass and root activity lead to more ef-
ficient nutrient utilisation. This, in turn, enhances resist-
ance to diseases, stresses, and adverse weather condi-
tions. In addition to significantly increasing yield, plant
growth stimulants,as highlighted by R.Babu et al.(2022),
also shorten the maturation period, reduce nitrate, pes-
ticide, and heavy metal content in plants, enhance the
nutritional value of the harvested crop, and minimise
losses during harvesting, transportation, and storage.

Therefore, this study aimed to determine the effec-
tiveness of plant growth stimulants on the productivity
and quality indicators of winter wheat grain in the Left-
Bank Forest-Steppe region of Ukraine.

LITERATURE REVIEW

For the past few decades, Ukraine’s agricultural sector
has been a key driver of the country’s economic devel-
opment and a major source of foreign currency earn-
ings (Kyfyak et al., 2022). Winter wheat stands out as
a crucial food and export crop. Winter wheat is one of
the world’s leading cereal crops, valued for its high nu-
tritional and taste qualities, as well as its high produc-
tivity compared to other cereals (Tadesse et al., 2020).
Ukraine is a major agricultural exporter in Europe,
with winter wheat playing a significant role (Kiforen-
ko, 2023). While wheat is grown across various regions
of Ukraine, the main cultivation areas are concentrated
in the ForestSteppe zone, which provides the most fa-
vourable soil and climatic conditions for this crop (Loz-
inskiy & Samoilyk, 2023).

Many factors influence the yield and quality of win-
ter wheat grain, and farmers use various methods to
mitigate these factors. One common practice is the use
of plant growth stimulants. The global market offers
a wide range of these stimulants. However, there is a
lack of information on their effectiveness in specific soil
and climatic conditions. Winter wheat (Triticum L.) is the
most valuable and high-yielding cereal crop. Its tech-
nological properties, including a high protein content
(16%) and carbohydrate content (80%), make it suitable
for use in the baking industry, pasta and confectionery
production, and animal feed manufacturing (Kaplan Ev-
lice, 2021; Ravshanov et al,, 2021).

Significant research has been conducted on the ef-
fects of plant growth stimulants applied either as foliar
sprays or seed treatments on the development and pro-
ductivity of agricultural crops. The application of growth
regulators during seed preparation for sowing has been
shown to increase seed germination energy and field
emergence (Shalygina et al., 2021; Tajdari et al., 2024;
Sethar et al, 2024). Foliar application of products like
the film-forming bioregulator Mars-ELBi, in conjunc-
tion with mineral fertilisers on typical chernozem soils,
consistently increased winter wheat grain productivity
when applied in spring after the resumption of spring
growth (Yarchuk et al,, 2020). Under the influence of
growth regulators, root system mass increased by up to
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57% due to the formation of more secondary roots in
cereals. This led to an increase in the number of spike-
lets per ear and the 1000-grain weight.

It is well-established that plant growth regulators
facilitate plant growth and development under both
optimal and stressful conditions. However, W. Mizin-
iak and K. Matysiak (2023) found that the combined
application of herbicides with mepiquat chloride only
increased winter wheat grain yield in heavily weed-in-
fested crops. The combined use of herbicides and
PGRs requires careful timing, as herbicide application
depends on the weed development stage, which may
not coincide with the optimal timing for PGR applica-
tion. I. Kosakivska et al. (2022) reported that treating
winter wheat seeds with Fulvogumin and succinic acid
increased germination energy to 9496%. Fulvogumin
significantly increased root length. Pre-sowing applica-
tion of Fulvogumin with succinic acid resulted in larg-
er wheat seedlings (12.4 cm) and higher fresh weight
(11.5 g/100 seeds). PGRs based on phytohormones are
differentially distributed within plants.

Pre-sowing treatment of wheat seeds with exoge-
nous phytohormones improves plant growth and devel-
opment. According to O. Hordyna (2021), this treatment
should be carried out simultaneously with seed dressing.
It is recommended to reduce the dosage of seed dress-
ing agents by 30% when used in a tank mixture with
biostimulants. The author also found that biostimulants
enhance metabolic processes in the plant and improve
energy metabolism, contributing to higher field resist-
ance of plants to abiotic and anthropogenic factors,
including diseases. Treatment of winter wheat seeds
of the Duma odeska variety with the natural growth
biostimulant Azotofit-R, which actively fixes molecular
and atmospheric nitrogen, improves seed germination
and stimulates and improves root system development.
Used alongside the biological fungicide Phytocide-R
against fungi, it contributed to a yield of 6.09 t/ha.
The use of growth regulators based on the metabolic
products of micromycete fungi, a balanced complex of
phytohormones of auxin and cytokinin nature, amino
acids, carbohydrates, fatty acids, and micronutrients,
increases germination energy and grain emergence.
It also leads to a more branched root system and im-
proved development of symbiotic microflora in the root
growth zone (Tekaya et al., 2022; Dymytrov et al., 2023).

Anomalies observed in plants subjected to environ-
mental stress include poor photosynthetic activity, the
development of non-functional stomata, reduced wax
deposition, poor root system development, and low re-
sistance to pathogens (Pavlov et al,, 2021; Honchar et
al., 2023). The synthesis of natural antidepressants and
anti-stress factors that confer resistance to drought,
waterlogging, and other adverse environmental condi-
tions in the soil and within the plant itself is promoted
by the use of the biological inoculant PGPM. This can
stimulate the improvement of plant vitality through
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various mechanisms, such as the production of plant
growth hormones, nitrogen fixation, and the reduction
of nitrate levels, among others. Furthermore, these
PGPMs can act as biocontrol agents, helping plants
develop resistance to pathogens at an early stage of
development (Teraiya et al., 2023). Biostimulants based
on benzyladenine, kinetin, indole-3-butyric acid, and
1lnaphthaleneacetic acid are used to accelerate the
breaking of seed dormancy in clonal production of for-
est crops (Dinger, 2023).

MATERIALS AND METHODS

The field studies were conducted in the Kyiv Region,
Ukraine, at the experimental field of “Biotekh LTD”. The
soil of the experimental plot is dark grey podzolic soil
on loess-like loams. The agrochemical and physico-
chemical indicators are presented in Table 1. The cli-
mate of this area is temperate continental with a rela-
tively mild winter. The duration of the growing season
in this region ranges from 198 to 204 days, and the
moisture coefficient is close to one.

Table 1. Agrochemical and physicochemical indicators of dark grey podzolic soil on loess-like loams

Depth of sample collection, cm

Indicator

0-20 20-40
pH 4.8
Humus content,% 2.6
Absorption capacity, mg-equiv/100g 279 24.1
Hydrolytic acidity, mg-equiv/100g 3.1
Base saturation degree, % 86.3 87.1
Available N, mg/kg 37.8 18.8
P,0, mg/kg 305 201
K,0, mg/kg 342 282

Source: developed by the authors

Morphological and biometric observations were
carried out using the state variety testing method (Tk-
achyk et al., 2017). The BBCH scale, which is current-
ly the most common among professionals in Ukraine,
was used to describe the phenological development
of plants. The number of plants (plants/m?), the num-
ber of stems (stems/m?), the tillering coefficient - at
BBCH 29, the height of winter wheat plants at BBCH
29, BBCH 59, BBCH 92, the number of grains in a spike
(grains), the mass of the spike (g), the mass of grains
in the spike (g), and the grain yield per unit area (t/ha)
were determined.

Quality indicators were analysed according to the
standards set out in DSTU 37682019 (2019): protein
content in the grain was determined using the Kjeldahl
method; crude gluten content was measured using the
washing method; and the falling number was deter-
mined using the Hagberg-Perten method. The falling
number is a unit of measurement for the activity of the
o amylase enzyme in wheat grain. This enzyme breaks
down starch into monosaccharides, releasing carbon di-

oxide, which contributes to the porosity of bread during
baking. The value of the falling number can easily indi-
cate the quality of future bakery products:

m a very high falling number indicates low a-amyl-
ase activity, resulting in insufficient carbon dioxide for
dough leavening, leading to dry, low-volume bread;

B a low falling number indicates excessive enzyme
activity, resulting in sticky dough and overly soft bread;

m the optimal falling number for wheat is 250 sec-
onds (Gilissen & Smulders, 2021).

The test weight was determined using a grain test-
er. The 1000-grain weight was calculated. Grain trans-
lucency was measured using a DC3-3 diaphanoscope.
Vitreosity (%) is an indicator that determines the hard-
ness of the grain endosperm. Higher vitreosity indicates
better baking properties and, consequently, higher
wheat quality and value. The total area of the exper-
imental plot was 50 m?, with a recorded area of 26 m?
and four repetitions. Statistical analysis was performed
using the ANOVA method. The fertiliser and PGR appli-
cation scheme is shown in Table 2.

Table 2. Experimental design

Fertilisation variant BBCH growth stage
1. Control (Background): N,, after previous crop harvest - UAN;N,, pre-sowing cultivation - UAN;LCF _
(NgP., - 150 kg/ha pre-sowing; KCL - 100 kg/ha pre-sowing
2.Background + Medax Top (1 L/ha) + Turbo (1 L/ha) + MgSO, (7 kg/ha) BBCH 50-32
) 4 BBCH 37-39
3.Background + BioZern seed treatment 30 (2 L/t) + MgSO, (7 kg/ha) BBC 37-39
4.Background + BioZern seed treatment 30 (2 L/t) + Medax Top (1 L/ha) + Turbo (1 L/ha) + MgSO, (7 kg/ha) ESE: gg:;é

Source: developed by the authors
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Medax Top (BASF) is a growth regulator that reduc-
es plant lodging. It contains active ingredients: prohex-
adione calcium (50 g/L) + mepiquat chloride (300 g/L).
The formulation is a concentrated suspension (CS).
Turbo (TD Hermes) is a micronutrient fertiliser contain-
ing nitrogen (30%), potassium (3%), phosphorus (3%),
magnesium (1.5%), sulphur (0.3%), and iron (0.2%), as
well as humic substances, amino acids, and organic ac-
ids. MgSQO, is a magnesium salt containing MgO (16%)
and SO, (30%). BioZern is a fertiliser for stimulating the
growth and development of cereal crops (wheat seed
treatment): nitrogen (N) - 150 g/L, calcium (CaO) -
20 g/L, copper (Cu) = 10 g/L, manganese (Mn) - 20 g/L.

The experiment focused on the soft, awnless win-
ter wheat (Triticum aestivum L.) variety Mulan, a German
selection from Nordsaat Saatzucht GmbH. This variety
is classified as a valuable, high-yielding, medium-rip-
ening type, with a vegetation period of 275-280 days. It
exhibits medium winter hardiness, increased resistance
to drought, lodging, and diseases. The average plant
height ranges from 80-90 cm. The seeding rate for win-
ter wheat was 4.5 million seeds per hectare. The authors
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conducted the research following generally accepted
methodological recommendations for crop cultivation.
The experimental studies on winter wheat plants, in-
cluding the collection of plant material, comply with
the standards of the Convention on Biological Diver-
sity (1992) and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

The productivity and quality of crops are significantly
influenced by the conditions of plant growth and devel-
opment in the early stages of organogenesis when the
potential of the future harvest is established. Analysis
of the results of observations of the effect of PGRs in
combination with the application of magnesium sul-
phate showed that their application improved plant
development indicators. While the number of plants in
the control variant was 510 plants/m?, the use of PGRs
with magnesium sulphate increased this indicator to
554-566 plants/m?, the number of stems increased
from 915 to 1,210 stems/m?, and the tillering coeffi-
cient increased from 1.79 to 2.14 (Table 3).

Table 3. Effect of fertilisation during spring tillering (BBCH 29) on winter wheat growth indicators

Variant number Number of plants, plants/m?

Number of stems, stems/m? Tillering coefficient

1 510 915 1.79
2 554 1,121 2.02
3 561 1,205 2.14
4 566 1,210 2.14

Source: developed by the authors

The highest indicators were observed in the variant
with the combined application of Background + BioZ-
ern + Medax Top + Turbo + MgSO0,. This indicates an im-
provement in plant development when using PGRs on a
high agricultural background. The largest winter wheat
yield is obtained in the presence of a high stem densi-
ty of productive shoots of plants per square meter of
sown area and a high grain content in each ear (Zhuk &
Stasik, 2024). The formation of the crop yield is signif-
icantly influenced by weather and climatic conditions,
soil fertility, and the biological characteristics of the

C
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varieties being grown. Analysing the results, the tallest
plants at the BBCH 29 stage (spring tillering) were ob-
served in the treatment with Background + BioZern +
Medax Top + Turbo + MgSO,, measuring 29.1 cm (Fig. 1).
This trend continued until the BBCH 92 stage (full ma-
turity), with plants reaching 121 cm.The shortest plants
were observed in the control group (N,, UAN + N,, +
N,P,, + KCl), ranging from 25.1 to 89.4 cm. In the treat-
ment without BioZern, the difference compared to the
control was 2.3 cm at the BBCH 29 stage, and this pat-
tern persisted throughout the entire growing season.

EBBCH 29 " BBCH 59 EBBCH 92

Jb A A

Fertiliser variant in growth and development phase

Figure 1. Winter wheat plant height depending on fertiliser rates, cm

Note: LSD, .
Source: developed by the authors
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Better initial plant development conditions result-
ed in higher ear productivity. For example, the number
of spikelets in the control variant was 11, while in the
second variant, it was 15.1,in the third variant 15.9,and
the fourth variant 16.2 (Table 4).

The grain content per ear increased from 12 grains
in the control to 15.6-17.1 grains with the use of
PGRs. This led to an increase in ear weight and grain
weight per ear. In the control group, the test weight

was 737 g/L, which contributed to an increase in the
1000-grain weight to 42.8 g (Table 5). With a gradual
increase in fertiliser doses and the use of growth-stim-
ulating products, the test weight increased to 763 g/L,
and the 1000-grain weight to 45.4 g. The best results
were observed in the treatment with Background + Bi-
oZern + Medax Top + Turbo + MgSO, compared to the
control. In this treatment, the test weight was 766 g/L,
and the 1000-grain weight was 45.5 g.

Table 4. Influence of fertilisation on the spike productivity of winter wheat

Variant number Number of spikelets per ear Number of grains per ear Ear weight, g Grain weight per ear, g
1 11.0 12.0 4.0 3.15
2 15.1 15.6 4.5 3.8
3 15.9 16.8 5.7 41
4 16.2 171 5.8 4.0
LSD 0.01 0.01 0.02 0.01

Source: developed by the authors

Table 5. Physical indicators of winter wheat grain quality

Variant number Test weight, g/L 1000-grain weight, g Vitreosity,% Mass fraction of protein content, %
1 737 42.8 50 15.6
2 763 454 50 14.2
3 765 46.3 50 14.0
4 766 455 50 141

Source: developed by the authors

The vitreosity index was not influenced by fertil-
isation and remained at 50% across all treatments.
This corresponds to the first-class grain according to
the quality indicators of soft wheat grain. According to
the conducted studies, the falling number ranged from
302 to 305 seconds across all treatments, which is an
optimal indicator for winter wheat (Table 6). According
to DSTU 3768:2019 (2019), the falling number for soft
wheat ranges from 180 to 220 seconds depending on
the class (the higher the class, the higher the falling
number). For the bread-baking process, flour with a
falling number of 250 seconds is most suitable. If the
falling number exceeds 350 seconds, it means that the
flour needs to be supplemented with some type of am-
ylolytic enzyme or malt.

Analysing the combined data on wheat quality indi-
cators across the fertilisation treatments, the treatment
with Background + BioZern 30 + Medax Top + Turbo +
MgSO, was the best across all studied parameters. The
worst treatment was the background fertilisation, where
the grain quality was classified as second-class grain. In
all other treatments, the grain was classified as firstclass
grain. The analysis revealed a pattern: as the protein
content increased, the mass fraction crude gluten con-
tent also increased. The highest gluten content was ob-
served in the control sample (32.9). However,an increase
in gluten and protein content can negatively impact the
baking properties of flour. Therefore, the treatment with
Background + BioZern + Medax Top + Turbo + MgS0O, was
considered the best, as it had a gluten content of 28.8.

Table 6. Physical indicators of winter wheat grain quality

Variant number Mass fraction of crude gluten

Gluten quality: units of the

gluten strain meter instrument Falling number, s

1 329 821 302
2 29.0 751 302
3 29.7 69 | 303
4 28.8 731 305

Source: developed by the authors
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Considering that the 1000-grain weight in-
creased by 2.0-2.5 grams in the experimental treat-
ments compared to the control, this was undoubtedly
the main factor contributing to the increased winter
wheat grain yield with the use of PGRs. In the con-
trol treatment, the background fertilisation provided
a grain yield of 6.8 t/ha. The additional application
of Medax Top + Turbo + MgSO, increased the yield

M Yield, t/ha

L

O R, NWDMUIONN 0O

Yield increase, t/ha
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to 8.23 t/ha (a 1.43 t/ha increase). The application
of BioZern + MgSO, yielded 6.68 t/ha (a 1.88 t/ha
increase) compared to the control. The application of
BioZern + Medax Top + Turbo + MgSO, resulted in the
highest yield of 9.0 t/ha (a 2.2 t/ha increase or 32.3%
more than the control) (Fig. 2). It should be noted
that all treatments with PGRs resulted in significant
yield increases.

L L

Fertilisation variants

Figure 2. Winter wheat yield with the application of growth-stimulating products, 2020-2022

Note: LSD, . for yield - 0.36, for yield increase - 0.27
Source: developed by the authors

The substantial increase in winter wheat yield with
the use of PGRs, at relatively low additional costs, indi-
cates the economic and agricultural efficiency of using
PGRs in winter wheat crops in the Forest-Steppe region
of Ukraine. However, there are publications that express
scepticism and negativity regarding PGRs in the forma-
tion of grain productivity, not only in winter wheat but
also in other cereal crops. Some researchers believe
that most regulators do accelerate and enhance cer-
tain biochemical reactions in plant organisms (Zaiets &
Onufran, 2021). However, such changes are usually un-
stable and short-lived. Enhancing one or two, even very
important, biochemical reactions lead to a disruption of
homeostasis, i.e., the stability of the organism, but soon
the plant begins to quickly restore it. Hence, the effect
of using this type of stimulant often does not exceed
10%. The complexity of using growth stimulants in ag-
ricultural production lies in the fact that the effective-
ness of many of them can be limited by the peculiarities
of the regulatory processes of plant growth and devel-
opment at different stages of their ontogenesis. This is
because the action of stimulants in ultra-low concen-
trations (e.g.,hormones or other active compounds) can
be compensated by other mechanisms in plants or by
external factors, such as environmental conditions and
nutrient availability (Hamoda, 2024).

The Ukrainian agricultural market is under pres-
sure to reduce fertiliser costs, leading to an intensive
search for alternatives to expensive mineral fertilisers.
Physiologically active substances and preparations are
gaining particular attention (Kraus et al., 2021). Further-
more, unstable weather conditions, characteristic of the

Forest-Steppe zone of Ukraine, which are approaching
those of the Steppe zone, hinder the proper return from
mineral fertilisers. Therefore, it is advisable to use vari-
ous preparations to reduce stress on plants and increase
the efficiency of using nutrients from mineral fertilisers,
especially those that simultaneously increase yield and
grain quality (Amjad Bashir et al., 2021).

Effective cultivation of high-quality winter wheat
varieties requires a sufficient micronutrient sup-
ply, which acts as a stimulant for macronutrients,
particularly nitrogen. Winter wheat’s sensitivity to
micronutrient deficiencies in the soil, mainly cop-
per and manganese, is higher than in other crops
(Radzikowska-Kujawska et al., 2022). The availability
of micronutrients is limited by soil characteristics and
no-till fertilisation systems. Therefore, foliar applica-
tion of micronutrients appears to be more effective
than soil application and is becoming increasingly
popular. When plants were foliar-fed with “ROSTOK”
Macro (2 L/ha) + “ROSTOK” Copper (1 L/ha), the num-
ber of grains per ear increased by 3.3-5.3 grains, the
grain weight per ear increased by 0.22-0.33 g, and
the 1000-grain weight increased by 3.1-5.0 g. Winter
wheat plants developed well throughout the growing
season, resulting in a yield that exceeded the control
by 0.36 t/ha. The use of this type of preparation with
manganese increased the grain yield by 0.45 t/ha,
which is also significantly less than that obtained with
the BioZern + Medax Top + Turbo + MgSO, treatment.
The authors indicate that foliar feeding also contrib-
uted to an increase in technological indicators (vitre-
osity, protein content, gluten quantity and quality) and
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an improvement in the quality class of winter wheat
grain (Yamkovy et al., 2021)

Research on the effect of pre-sowing treatment of
winter wheat seeds on biometric indicators of seed-
lings notes a positive effect from the biopreparation
Azotofit at a dose of 0.5 L/t, which is prepared based on
nitrogen-fixing bacteria Azotobacter chroococcum (Ko-
rkhova et al., 2022). The application of micronutrients
in winter wheat fertilisation allows for improved grain
quality, especially when used in conjunction with foliar
nitrogen fertilisation. In this case, the protein content
can increase by 0.7%, and its amino acid composition is
significantly improved (Zhilyak et al., 2024).

Various growth stimulants are widely used in crop
production, contributing to plant resistance to diseases
and adverse environmental factors, affecting seedling
uniformity, increasing the flag leaf area, and enhanc-
ing nitrogen uptake by plants. Their use in combina-
tion with plant protection products allows for reduced
production costs and increased yield by 0.3-0.72 t/ha.
Spraying crops with Emistim C, Agrostimulin, and
Triman at a dose of 0.005 L/ha, or Vermistim (9 L/ha)
during the spring tillering phase, increases plant resist-
ance to septoria by 2.3-7.1%, thus increasing grain yield
(Nepran et al,, 2021). High effectiveness of fumar was
established at the level of 9-36% - a preparation that
contains the active substance dimethyl ether of amino-
fumaric acid, which acts to activate the biosynthesis of
all the most important phytohormones for crop growth
in various cereal crops (Garcia-Molina et al., 2021). The
inclusion of humic stimulants in tank mixtures with
seed dressings ensured an increase in winter wheat
yield relative to the control variant for the Vyshyvanka,
Pryvablyva, Obriad, Trudivnytsia Myronivska varieties by
0.88-1.32 t/ha (Gangur et al., 2020)

Therefore, comparing the results of this study with
the articles of other authors confirms the effectiveness
of using PGRs in the cultivation of winter wheat in the
Forest-Steppe region of Ukraine.The use of PGRs togeth-
er with micronutrients can increase crop yields, reduce
costs, and improve grain quality, which is important for
food security and economic development of the country.

CONCLUSIONS
The conducted research has shown that under the con-

the control. The best indicators for 1000-grain weight,
test weight, protein content, and gluten content were
obtained with the treatment: Background + BioZern +
Medax Top + Turbo + MgSQO,. This fertilisation regime
resulted in first-class quality grain with optimal baking
properties. The results of the field studies indicate the
feasibility and effectiveness of using PGRs in combina-
tion with other types of agrochemicals in winter wheat
cultivation. The treatment Background + BioZern 30 +
Medax Top + Turbo + MgSO, provided the best results
across all studied indicators and ensured first-class
grain. In contrast, the treatment with background fertil-
isation had the lowest quality indicators, and the result-
ing grain was classified as second-class.

The study found a direct correlation between pro-
tein and crude gluten content. As protein content in-
creased, so did crude gluten content, reaching 32.9% in
the control sample.According to the research, excessive
protein and gluten content negatively affect the bak-
ing properties of flour. The treatment with Background
+ BioZern + Medax Top + Turbo + MgS0O, was deemed
optimal, with a crude gluten content of 28.8%. Plant
growth regulators increased the 1000-grain weight by
2.0-2.5 g compared to the control, contributing to high-
eryields.The application of Medax Top + Turbo + MgSO,
increased the yield to 8.23 t/ha, 1.43 t/ha more than the
control. The highest yield of 9.0 t/ha, which was 2.2 t/ha
(32.3%) higher than the control, was achieved with the
BioZern + Medax Top + Turbo + MgSQ, treatment.

All treatments using PGRs demonstrated statisti-
cally significant yield increases. These results align with
studies highlighting the importance of balanced fertil-
isation and growth regulator application for improving
the quality and yield of winter wheat. Specifically, foliar
feeding with complex fertilisers contributes to an in-
crease in the number of grains per ear, spikelets per ear,
ear weight,and 1000-grain weight, positively impacting
overall crop productivity. Optimising fertilisation sys-
tems and implementing appropriate agricultural prac-
tices are key to achieving highquality and high-yielding
winter wheat. Given the prospect of introducing new
forms of agrochemicals,such as plant growth stimulants,
it is important to continue in-depth research on their
effectiveness in various soil and climatic conditions.
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AHoTauif.MeTa pocnigxeHb - BUSHa4YeHHS ePEKTUBHOCTI 3aCTOCYBAHHA CTUMYNATOPIB POCTY POC/IMH HA YPOXAMHICTb
Ta NMOKAa3HWUKM SKOCTi 3epHa NWeEHMULiI 03MMOT Ha TEMHO-CipOMY OMiA30/1eHOMY Ha NECOBUAHUX CYTMUHKAX IPYHTI. Y
[aHin poboTi Ha GOHI CTaHAAPTHOTO YA0O6PEHHS LOCNIAXKEHO BNAMB 0OPOOKM HACIHHS NWEHUL 03uMOoi ,oBpMBOM
LN CTUMYNAUIi pocTy Ta po3BUTKY 3epHOBMX KynbTyp bio3epH, perynatopy pocty MenakcTon, Mikponobpuea
Turbo Ta MgSO, y nociBax nweHuui o3umoi B ymoBax Kwuiscbkin obnacti, TOB «biotex JITO». O6pobka
HaciHHA bio3epH y noeaHaHHi 3 npenapatamu MepakcTon+Typ60+MgSO, 3abe3neynno BpoXanHiCTb Ha piBHi
9,0 7/ra npu 6,8 T/ra Ha KoHTpoi. [NiABULLEHHS BPOXXAMHOCTI 3@ 3aCTOCYBAHHA CTUMYnaTopiB pocTy pocauH (CPP)
Ta MikpoLo6puBe cknano Bia 1,34 1/ra fo 2,2 1/ra. 3actocyBaHHs CPP B no€aHaHHi i3 MgSO, cnpuano NokpaweHHo
NMOKa3HWKIB POCTY i pO3BUTKY POC/IMH. BcTaHOBNEHO 36inbLieHHs Ha 8-10 % KinbKOCTi pOC/MH y nociBax, 6inbL gk
Ha 20 % KinbKOCTi NPOAYKTUBHUX cTeOen Ha OAMHMLI Mo Ta KoedilieHTY KyLLiHHS BiANOBiIAHO. 3aCTOCYBaHHSA
CPP Takox CyTTEBO MOKPALMIO OCHOBHI MOKA3HUKM, SIKi XapaKTepu3yTb MPOAYKTMBHICTb KONOCA MLUEHML.
36inblmnack KinbKiCTb KOMOCKIB, KiNbKiCTb 3€peH, Bara 3epeH KO0Cy LOCNIAXKYBAHOI KynbTypu Ta Maca 3epHa
B Konoci. Pict cknas Big 25 o 50 % BigHOCHO KOHTpOt0. BanMBUM NpakTUYHMM pe3yNbTaTOM LOCNIOXKEHHS €
NMOKpaLLleHHs BinblOCTi MOKA3HUKIB, AKi XapaKTepu3ykTb AKiCTb Npoaykuii. OKpiM 36inblUeHHS BEIMYMHU MacK
1000 3epeH, 3pocna HaTypa 3epHa 3 737 r/n Ha KOHTPOAbHOMY BapiaHTi A0 763-766 r/n Ha BapiaHTax BHECEHHS
CPP. MNpu ofHaKOBOMY 3HAUYEHHI CKIOBMAHOCTI Ha ycix BapiaHTax, CPP gewo 3HM3MAM BMICT 6inky B 3epHi 3 15,6
% Ha koHTponi no 14,0-14,2 % Ha BapiaHTax BHeceHHa CPP. OTpuMaHi pe3ynbTaTti f0BOASTb BUCOKY ePEKTUBHICTD
3aCTOCYBaHHSA 06pOOKM HACiHHA NweHULi 03MMoi npenapatom bio3epH, BHeceHHs perynstopy pocty MepakcTon,
mikpono6bpusa Turbo Ta MgSO, y nocisax kynbTypu B yMoBax KuiBcbkii 06nacti i MoXyTb 6yTH peKoMeHA0BaHi
npu ii BUPOLLYBaHHI

KniouoBi cnoBa: perynatopu pocTy pOC/MH; SKiCTb 3epHa; OIiOMETPUYHi MOKA3HUKM POCTY; BPOXAMHICTD;
NpOAYKTUBHICTb
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