SCIENTIFIC HORIZONS

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 28(9), 72-84

UDC 633.11:631.82.015.3:631.559(477.41) DOI: 10.48077/scihor9.2025.72

Features of foliar fertilisation of facultative wheat

Serhii Zhuravel

PhD in Agricultural Sciences
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0003-4627-9898

Mykola Kravchuk

PhD in Agricultural Sciences
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0000-0003-3405-9206

Svitlana Zhuravel

Lecturer
Zhytomyr Agricultural Technical College
10013, 96 Pokrovska Str., Zhytomyr, Ukraine
https://orcid.org/0009-0008-7099-6313

Mykhailo Kyianychenko

Postgraduate Student
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0009-0003-8833-4274

Nazar Ruban

Master
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0009-0000-0440-4609

Valentin Shershunov

Master
Polissia National University
10008, 7 Staryi Blvd., Zhytomyr, Ukraine
https://orcid.org/0009-0008-0294-5258

Article’s History: Abstract. The purpose of the study was to evaluate the effect of foliar fertilisation
Received: 20.05.2025 systems and seed treatment on the productivity and physiological development of
Revised: 01.08.2025 the facultative wheat variety Zymoyarka under the soil and climatic conditions of
Accepted: 27.08.2025 the Polissia region. The research was conducted in 2025 on the experimental field of
Polissia National University using a randomised block design with four fertilisation
variants. The methodology included pre-sowing seed treatment with GROS Korenerist,

Suggested Citation:
Zhuravel, S., Kravchuk, M., Zhuravel, S., Kyianychenko, M., Ruban, N., & Shershunov, V. (2025). Features of foliar
fertilisation of facultative wheat. Scientific Horizons, 28(9), 72-84. doi: 10.48077/scihor9.2025.72.

Copyright © The Author(s). This is an open access article distributed under the terms of the
oy Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author


https://orcid.org/0000-0003-4627-9898
https://orcid.org/0000-0003-3405-9206
https://orcid.org/0009-0008-7099-6313
https://orcid.org/0009-0003-8833-4274
https://orcid.org/0009-0000-0440-4609
https://orcid.org/0009-0008-0294-5258
https://sciencehorizon.com.ua

Zhuravel et al.

foliar applications of ECOLINE Phosphite (K), ECOLINE Boron (organic), and POLYACTIVE Boost, biometric and
phenological observations, laboratory assessment of grain quality, and statistical analysis by ANOVA and
correlation methods. It was established that the combined application of GROS Korenerist and ECOLINE Phosphite
(K) significantly increased yield to 3.46 t/ha (+40.6% compared to control), improved root system depth to 8.5 cm,
and enhanced root biomass to 1.59 t/ha. The positive correlation (r = 0.83) between root development and yield
confirmed the decisive role of underground biomass in nutrient efficiency. The treatment with ECOLINE Boron
(organic) improved grain filling and test weight (780 g/L), while POLYACTIVE Boost enhanced vegetative growth
and physiological stability. Grain quality indicators increased compared with the control: protein content reached
14.2%, gluten - 30.5%, with a reduction in disease incidence by 15-25%. The study generalised that the integration
of macro- and micronutrient phosphite complexes ensures improved morphophysiological structure and yield
stability of facultative wheat under moderate hydrothermal stress. The practical value of the research lies in
developing adaptive fertilisation schemes for farms in regions with low soil fertility, contributing to increased
productivity and stress resilience in grain cultivation systems

Keywords: root biomass; phosphorus efficiency; stress adaptation; nutrient balance; yield optimisation;

physiological development

INTRODUCTION

The optimisation of foliar fertilisation in facultative
wheat cultivation represents a critical aspect of adap-
tive agriculture under climate variability and resource
scarcity in Ukraine. The efficiency of such fertilisation
determines the plant’s resistance to abiotic stressors,
the effectiveness of nutrient uptake, and the stability
of yields under conditions of moisture and temperature
fluctuations. Developing integrated systems of foliar
feeding using phosphite and boron-based fertilisers is
essential for maintaining soil fertility, enhancing plant
resilience, and ensuring sustainable grain production.
Facultative wheat varieties, such as Triticum aestivum
L. var. Zymoyarka, combine traits of both winter and
spring types, providing flexibility in sowing and adapt-
ability to various agroclimatic conditions, which makes
their study particularly important for the Polissia re-
gion of Ukraine.

According to A. Bargaz et al. (2018), the improve-
ment of fertiliser efficiency in integrated nutrient man-
agement systems is achieved through activation of soil
microbial resources, which enhances the bioavailability
of nitrogen, phosphorus, and potassium, leading to bet-
ter plant productivity. In a long-term study, J. Wang et
al. (2024) confirmed that the combined use of organ-
ic and inorganic fertilisers increases soil fertility and
crop yield sustainability by improving the physical and
chemical properties of the soil and its biological activ-
ity. Similarly, A. Yousefi et al. (2025) demonstrated that
facultative wheat outperforms winter and spring types
under moderate nitrogen levels and higher tempera-
tures, showing better adaptability to the effects of glob-
al warming in the regions of West Asia. In multi-envi-
ronment trials, L. Koppensteiner et al. (2022) found that
nitrogen management and sowing time significantly af-
fecttheyield stability of facultative wheat,confirming its
potential as a resilient crop for variable climates. More-
over,S.Dutta et al. (2023) reported that phosphite-based
fertilisers not only improve phosphorus utilisation but

also stimulate root growth and enhance photosyn-
thetic activity, ensuring higher biomass accumulation.

Ukrainian scientists have also focused on the ef-
ficiency of seed treatment and foliar fertilisation in
wheat production.According to O.Demydov et al. (2021),
Ukrainian winter wheat varieties demonstrate high
ecological plasticity, maintaining stable yields in the
Forest-Steppe and Polissia zones. Their study highlight-
ed that the use of growth stimulants and liquid com-
plex fertilisers enhances root development and photo-
synthetic surface area, leading to a 15-20% increase in
yield. S. Kalenska et al. (2025) observed that pre-sowing
seed treatment and foliar feeding with chelated micro-
nutrients significantly increase the productivity of sugar
beet, indicating that similar approaches may be effec-
tively applied to cereals. A. Kryvenko (2018) empha-
sised that optimising nitrogen fertilisation rates and
timing for winter wheat in southern Ukraine improved
productivity by up to 30%, especially when integrated
with phosphorus and micronutrient foliar feeding.

Research by H. Pantsyreva (2020) in the Right-
Bank Forest-Steppe of Ukraine revealed that foliar
feeding contributes to the improvement of grain crop
productivity primarily through stimulation of photo-
synthetic processes and better nutrient distribution
in the plant-soil system. Furthermore, A. Panfilova and
Ya. Byelov (2022) confirmed that the use of stubble bi-
odestroyers and balanced mineral fertilisation systems
increases the nutrient regime of soils, providing a pos-
itive background for subsequent crops. The integration
of microelement fertilisers, particularly those contain-
ing potassium phosphite and boron, plays a decisive
role in improving physiological resilience to drought
and heat stress. According to F. Saeidnia et al. (2023),
such systems enhance the structure of the ear, grain
filling, and the efficiency of photosynthetic energy con-
version, leading to improved crop performance under
low-fertility soils.
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The synthesis of foreign and domestic research
findings indicates that foliar feeding with phosphite,
boron, and amino acid-based complexes exerts a mul-
tifaceted influence on wheat productivity. These fertil-
isers not only activate photosynthetic metabolism but
also enhance antioxidant protection and water balance,
which are critical for plants in stressful environments.
However, the role of foliar fertilisation systems in fac-
ultative wheat remains insufficiently studied under the
specific soil and climatic conditions of the Polissia re-
gion of Ukraine, where light grey forest soils are char-
acterised by low humus content and limited nutrient
availability. Thus, the purpose of the study was to deter-
mine the effect of pre-sowing seed treatment and foliar
fertilisation with phosphite and boron-based liquid fer-
tilisers on the growth, morphological development, and
productivity of the facultative wheat variety Zymoyarka
under the agroecological conditions of the Polissia re-
gion of Ukraine.

MATERIALS AND METHODS

The study was conducted on the experimental field of
Polissia National University (near the village of Vely-
ka Horbasha, Chernyakhivsky district, Zhytomyr region,
Ukraine) to assess the effect of various foliar fertilisa-
tion options on the growth, development and produc-
tivity of Zymoyarka facultative wheat. Meteorological
data were recorded using the Polissia National Univer-
sity agrometeorological station. During the 2025 grow-
ing season, the mean daily temperature exceeded the

long-term average by 1.6°C, while total precipitation
(April-July) was 240 mm, 15% below the norm. These
conditions were classified as moderate hydrothermal
stress and were taken into account when assessing the
adaptive response of the plants to foliar fertilisation.
The adaptive role of the applied preparations was eval-
uated based on morphological indicators such as root
depth, biomass accumulation, and yield stability under
hydrothermal stress conditions.

The soil cover of the site is represented by light grey
forest soil, which is characterised by low availability of
essential nutrients, slightly acidic soil solution reaction
(pH 5.4-5.6) and reduced humus content (about 1.1%),
which limits natural fertility and necessitates the opti-
misation of mineral nutrition. The main soil cultivation
included two-pass disc harrowing, pre-sowing cultiva-
tion and sowing. Wheat was sown on 25 April 2025
using an SZ-3.6 grain seeder with a sowing rate of
180 kg/ha. Pre-sowing seed treatment, with the excep-
tion of the control variant, was carried out with the
GROS Korenerist preparation (1 l/t), which contains a
balanced complex of macro- and microelements that
stimulates root system development and ensures in-
itial growth. To control weeds, the crops were treat-
ed with Granstar herbicide on 8 May 2025. The liquid
complex fertilizers GROS Korenerist, ECOLINE Phos-
phite (K), ECOLINE Boron (organic), and POLYACTIVE
Boost were used in the experiment (manufactured by
Ecoorganic LLC, Ukraine). The research scheme is pre-
sented in Figure 1.
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Figure 1. Experiment scheme

Source: compiled by the authors
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The scheme of the experiment included the study
of four variants of foliar feeding at the first stage (Ta-
ble 1). Foliar feeding was carried out by fine spraying
under favourable meteorological conditions, taking into
account the phenological phases of crop development.

Zhuravel et al.

In the course of the experiment, biometric measure-
ments, phenological observations, determination of
leaf surface index, density of productive stem, elements
of yield structure and laboratory analysis of grain qual-
ity were carried out.

Table 1. Preparations, application rates, and timing according to the experimental design
for growing the facultative wheat variety Zymoyarka

Periods of preparation use

Seed treatment

Tillering stage

Stem elongation stage

Factor A

Factor B

1. Control (treated with water without
preparation)

1. Control (treated with water)
2. ECOLINE Phosphite (K), 1 l/ha
3. ECOLINE Boron (organic), 1 l/ha

2.GROS Korenerist, 1 I/t of seeds

1. Control (treated with water)
2. ECOLINE Phosphite (K), 1 l/ha
3. ECOLINE Boron (organic), 1 l/ha

3. GROS Korenerist, 1 I/t of seeds

ECOLINE Phosphite (K), 1 /ha

1. Control (treated with water)
2. ECOLINE Phosphite (K), 1 I/ha
3. ECOLINE Boron (organic), 1 l/ha

4. GROS Korenerist, 1 I/t of seeds

ECOLINE Phosphite (K), 1 I/ha +
POLYACTIVE Boost, 1 l/ha

1. Control (treated with water)
2. ECOLINE Phosphite (K), 1 l/ha
3. ECOLINE Boron (organic), 1 l/ha

Source: compiled by the authors

Recording and monitoring of plant growth and
development were carried out in accordance with the
current methodological recommendations for conduct-
ing field experiments in crop production, approved by
the Methodology for conducting expert assessments
of cereal..., (2016), with clarification of phenological
phases according to the international BBCH scale (Mei-
er, 2018). Phenological observations included record-
ing the dates of germination, tillering, stem elongation,
heading, and full maturity of plants. Biometric measure-
ments were performed on model plants to determine
height, tillering coefficient, leaf area, and wet and dry
mass of above-ground biomass. The tillering coefficient
and total leaf area per plant were determined accord-
ing to standard procedures. The leaf area index (LAIl)
was calculated as the ratio of total leaf area to the
ground surface area (cm? per plant). These indicators
were used to assess the intensity of vegetative growth
and the photosynthetic potential of the crop.

To assess productivity elements, 133 m? plots were
formed, on which the density of productive stems, the
number of grains in the ear, the length of the ear and
the weight of 1000 grains were determined. Yield was
determined by complete harvesting with conversion to
standard moisture content (14%) and grain purity in
accordance with the requirements of state variety test-
ing. Laboratory analysis of grain quality was performed
according to the current standards of the Ministry of
Agrarian Policy and Food of Ukraine (Methodology for
conducting expert assessments of cereal..., 2016). The
following indicators were determined: protein content
(%) by the Kjeldahl method (DSTU 3768:2019, 2019),

gluten content (%) by washing (DSTU ISO 21415-
1:2009, 2011), and test weight (g/L) (DSTU ISO
520:2015, 2016) using a grain analyser A&D ML-50
(Japan). These parameters were used to evaluate the
technological value of the grain depending on fertilis-
ation systems. The phytosanitary condition of the crops
was assessed during the heading and ripening phases
using the 9-point scale of the Institute of Plant Physi-
ology and Genetics of the National Academy of Agrar-
ian Sciences of Ukraine. The percentage of infection
by Septoria leaf blotch (Septoria tritici), Fusarium head
blight (Fusarium spp.), and brown rust (Puccinia recon-
dita) was determined visually on 50 randomly selected
plants per variant. Statistical data processing was per-
formed using analysis of variance (ANOVA) with the de-
termination of the Least Significant Difference (LSD, ).
Additionally, statistical analysis included correlation
assessment between root biomass and yield to identify
the strength and direction of the relationship between
morphological traits and productivity indicators.

RESULTS AND DISCUSSION

The 2025 growing season in the Zhytomyr region
was characterised by moderately dry conditions. Av-
erage air temperature exceeded the long-term mean
by 1.6°C, and precipitation was 15% below average.
Such conditions created mild hydrothermal stress,
under which foliar fertilisation played an important
adaptive role in maintaining optimal plant growth
and nutrient uptake. It was analysed the effect of
various preparations on the yield of Zymoyarka fac-
ultative wheat depending on different foliar feeding
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systems. At the same time, authors studied the effec-
tiveness of seed treatment with the preparation GROS
Korenerist, its combined interaction with a complex
of foliar fertilisation preparations (in terms of sever-
al preparations), as well as the feasibility of repeated
fertigation of crops. Analysis of the results showed
that seed treatment and foliar fertilisation had a sig-
nificant impact on the yield of Zymoyarka facultative
wheat. Thus, in the control variant (without the use
of biostimulants and microfertilisers), it was recorded
a yield of 2.46 t/ha, which reflects the low potential
of the crop under conditions of limited nutrition. The

use of the preparation GROS Korenerist for treating
seed material before sowing contributed to an in-
crease in indicators. At the same time, the yield in-
crease compared to the control increased by 0.55 t/ha,
which is 22.39% and indicates a positive response of
the variety to the stimulation of the root system and
photosynthetic activity. The highest yield growth was
recorded in the variants with the combined use of
GROS Korenerist + EKOLINE Phosphite (K) and GROS
Korenerist + ECOLINE Phosphite (K) + POLYACTIVE
Boost, where the yield reached 3.28-3.38 t/ha, which
exceeded the control by 28.75-33.55% (Table 2).

Table 2. Effect of foliar fertilisation on the yield of the facultative wheat variety Zymoyarka

Preparations

Deviation by Factor A Deviation by Factor B

Factor A Factor B Vield, vha® t-hat % t-hat %
1. Control 2.46 - - -
1. Control 2. ECOLINE Phosphite (K) 2.89 - - 0.43 17.67
3. ECOLINE Boron (organic) 3.01 - - 0.56 19.31
1. Control 3.01 0.55 22.39 -
2. GROS Korenerist 2. ECOLINE Phosphite (K) 3.37 0.48 16.54 0.36 12.04
3. ECOLINE Boron (organic) 3.16 0.15 4.84 0.15 4.57
. 1. Control 3.28 0.82 33.55 - -
EébGLITSE gﬁ;i;f\:'tset (T() 2. ECOLINE Phosphite (K) 3.46 0.57 19.79 0.18 555
3. ECOLINE Boron (organic) 3.33 0.31 10.42 0.05 1.39
4. GROS Korenerist + 1. Control 3.16 0.71 28.75 - -
ECOLINE Phosphite (K) 2. ECOLINE Phosphite (K) 3.38 0.49 16.96 0.22 6.89
+ POLYACTIVE Boost 3 ECOLINE Boron (organic) 3.18 0.16 5.44 0.02 0.47
LSDy s 0.29 0.17 - 0.15

Source: compiled by the authors

Thus, seed treatment and foliar feeding with lig-
uid complex fertilisers ensured high efficiency and
a significant impact on the regulation of the yield
of Zymoyarka facultative wheat. At the same time,
the total impact of the factors studied on crop yield
was 78.7% (Fig. 2). It should be emphasised that seed
treatment with the GROS Korenerist preparation and
foliar feeding in the tillering phase (factor A) were
decisive in terms of their impact on yield, accounting

Factor B
17.38%

Factor A
51.82%

for 51.8% of the total impact. This confirms the re-
searchers’ conclusions regarding the high effective-
ness of foliar feeding, especially in the early stages
of grain crop development. At the same time, repeat-
ed treatment with preparations at the stem elonga-
tion stage (factor B) had a significantly lower impact
on yield formation - 17.3%. The effect of the interac-
tion of the factors studied was also significant and
amounted to 9.5%.

Interaction of factors
9.51%

Other factors
20.70%

Soil heterogeneity
0.59%

Figure 2. Influence of experimental factors on the yield of the facultative wheat variety Zymoyarka

Source: compiled by the authors
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It was also noted that the subsequent applica-
tion of ECOLINE Phosphite (K) in the stem elongation
phase as the second factor (Factor B) also had a posi-
tive effect on increasing the productivity of Zymoyar-
ka facultative wheat. In combination with Factor A,
the yield increase was 0.43-0.57 t/ha (12.04-19.79%).
Authors recorded the highest productivity indicators
when using the combined application of GROS Koren-
erist + ECOLINE Phosphite (K) with repeated treatment
with ECOLINE Phosphite (K), where the yield indica-
tors were 3.46 t/ha. A positive effect was also noted
when using the preparation EKOLINE Boron (organic),
which made it possible to increase the yield increase
compared to the control by 4.57-19.31% depending on
different fertilisation options, However, its effect was
less pronounced, which, in our opinion, is most likely
due to the influence of boron on improving pollination
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and grain filling processes, rather than stimulating the
vegetative development of the crop.

Statistical analysis of the results confirmed the re-
liability of the yield increases obtained (LSD,,,=0.29 t/
ha). One of the important technological indicators is
the development of the plant during the growing sea-
son, not only of the above-ground part, but also of the
root system. In particular, this has a significant impact
on the formation and accumulation of organic matter
in the soil (carbon sequestration), which will further
contribute to the activation of the transformation pro-
cesses of the organic part (its decomposition and min-
eralisation), as well as provide an additional reserve of
organic matter and easily accessible forms of biophilic
elements. In this regard, it was analysed the formation
of the above-ground mass and root system mass of Zy-
moyarka facultative wheat before harvesting (Fig. 3).

Root biomass

mm Aboveground

biomass
= Yield

[ ]
]
P RN N W
(9] v
Yield, t/ha

1. Control

3. ECOLINE Boron (organic)
2. ECOLINE Phosphite (
3. ECOLINE Boron (organic)

2. GROS Korenerist 3. GROS Korenerist 4. GROS Korenerist
+ ECOLINE
Phosphite (K)

+ ECOLINE
Phosphite (K) +
POLYACTIVE Boost

Figure 3. Dynamics of the effect of foliar fertilisation on the formation of aboveground
and root biomass in correlation with the yield of the facultative wheat variety Zymoyarka

Source: compiled by the authors

The results showed that foliar feeding significantly
affected not only wheat yield indicators, but also had
a significant impact on the structure of the crop. Thus,
under conditions of absolute control, where microferti-
lizers were not used, the lowest levels of accumulation
were observed both in the root system (within 1.26 t/
ha) and in the vegetative mass (at 3.59 t/ha), which, in
our opinion, subsequently led to a decrease in the over-
all crop yield to 2.46 t/ha. This gives us the right to say
that intensive wheat cultivation technologies cannot be
implemented without the additional use of foliar feed-
ing with micro- and macroelements, which contribute
to the improvement of plant growth and development
throughout their growing season. At the same time, the
use of the GROS Korenerist preparation contributed to

the enhanced development of the root mass of plants,
which ultimately affected the total root biomass. Fo-
liar fertilisation systems also influenced vegetative de-
velopment parameters. The tillering coefficient in the
control averaged 1.6, while the use of GROS Korenerist
increased it to 2.1. The combination of GROS Korenerist
with ECOLINE Phosphite (K) resulted in a value of 2.3.
The total leaf area per plant increased from 31.2 cm?
in the control to 37.5-38.5 cm? in fertilised variants.
These indicators were positively correlated with above-
ground biomass (r=0.78), confirming the decisive role
of enhanced early growth and photosynthetic surface
formation in yield determination. Depending on the
fertilisation system, this indicator ranged from 1.28 to
1.56 t/ha. It was also recorded this correlation in the

Scientific Horizons, 2025, Vol. 28, No. 9
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above-ground biomass of plants, which varied from
4.15 to 4.69 t/ha.

Foliar fertilisation systems also influenced the
formation of tillering and leaf area indices. The use
of GROS Korenerist increased the tillering coefficient
from 1.6 (control) to 2.1, and the combined use of GROS
Korenerist with ECOLINE Phosphite (K) raised it to 2.3,
indicating a stronger vegetative potential of plants. The
total leaf area per plant increased by 14-19%, which
positively correlated (r=0.78) with above-ground bio-
mass accumulation and grain yield. These parameters
confirm the stimulatory effect of phosphite and boron
fertilisers on early growth and canopy development,
providing better utilisation of photosynthetically active
radiation. In the variants where a combination of sever-
al preparations was used, in particular the application
of GROS Korenerist with EKOLINE Phosphite (K) and the
repeated use of EKOLINE Phosphite (K), an optimal ra-
tio between the vegetative growth of wheat plants and
their generative development was recorded. This was
particularly noticeable when using GROS Korenerist in
combination with EKOLINE Phosphite (K), where the
best root mass indicators were achieved within 1.59 t/
ha with a total yield of 3.46 t/ha. It can be assumed
that the use of phosphite forms of potassium not only
helped prevent the negative impact of abiotic factors
in the form of anti-stress protection, but also improved
the energy metabolism of grain in the filling phase.

The use of ECOLINE Boron (organic) had a negli-
gible effect on biomass increase, but ensured better
grain filling (higher natural weight) and formation of
a levelled ear. In the variants where this preparation
was used, the yield ranged from 3.01 to 3.33 t/ha.
However, authors did not observe a significant effect
on root system development - the root mass weighed
only 1.49-1.57 t/ha, which, in our opinion, indicates the
physiological orientation of boron in the development
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of the above-ground part of the plant. It should be
noted that in the variants with the use of POLYACTIVE
Boost, a significant increase in above-ground biomass
and a tendency to decrease root system biomass were
recorded. However, despite this, the yield when using
this preparation remained high (at 3.38 t/ha), which
may be due to the presence of amino acids and growth
regulators in the preparation to maintain the optimal
osmotic balance of the plant. It should be noted that
the use of these preparations had a comprehensive
effect on crops through various mechanisms of action.
In particular, POLYACTIVE Boost affects biomass accu-
mulation, while ECOLINE Phosphite (K) affects root nu-
trition and assimilation processes. In general, authors
have established a pronounced positive correlation be-
tween root system development and yield formation,
which confirms the decisive role of underground bio-
mass as an integral indicator of nutrient efficiency. At
the same time, the highest efficiency was recorded in
variants with the combined use of GROS Korenerist and
ECOLINE Phosphite (K), which contributed to ensuring
the combination of maximum root system productivity
with full grain formation.

In a comprehensive assessment of the impact of
various types of foliar fertilizers, the morphological in-
dicators of the plant, in particular its height and root
system length, play an important role (Fig. 4, Table 3).
At the same time, it was found that foliar fertilisation
systems had different effects on the formation of the
morphological structure of plants, in particular on the
development of the above-ground part and the forma-
tion of the root system. Under conditions of absolute
control, the lowest values of plant height and root sys-
tem penetration depth into the soil were recorded -
76-78 cm and 5.7-6.7 cm, respectively. This indicates
limited possibilities for providing accessible forms of
biophilic elements.
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Figure 4. Effect of foliar fertilisation on plant height (cm) of the facultative wheat variety Zymoyarka

Source: compiled by the authors
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Foliar fertilisation significantly affected plant
height compared to the control. The use of GROS Ko-
renerist increased plant height to 6 cm (7.7%), indicat-
ing enhanced growth activity due to improved root and
nutrient assimilation processes. Among the secondary
factor treatments, Phosphite (K) provided the highest
response — an increase of 4 cm or 5.1% compared to the
control, reflecting its role in stimulating photosynthetic
activity and internode elongation. Overall, the combi-
nation of GROS Korenerist + ECOLINE Phosphite (K) +
POLYACTIVE Boost slightly reduced height (-1.0 cm),
possibly due to a shift of assimilates towards root de-
velopment and ear biomass formation. The maximum
height (83 cm) was observed in the variant with GROS
Korenerist + Phosphite (K),which was statistically signif-
icant compared to the control (LSD,;=3.68 cm, p<0.05).
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Hence, foliar complexes containing phosphite and bo-
ron demonstrate a consistent positive effect on the
vegetative growth of Triticum aestivum var. Zymoyarka.
The depth of the main root mass reflects the physi-
ological adaptability of the wheat plants and the effec-
tiveness of the foliar biostimulants (Table 4). In the con-
trol, root depth reached 5.7+ 0.29 cm, representing the
baseline level.Application of GROS Korenerist increased
it to 6.5+0.33 cm (+14.0%), while its combination with
ECOLINE Phosphite (K) achieved the maximum depth
of 74£0.37 cm (+29.8%), indicating the positive role
of potassium phosphite in stimulating root metabolism
and phosphorus utilisation. The treatment GROS Koren-
erist + ECOLINE Phosphite (K) + POLYACTIVE Boost also
improved root depth to 6.8 *0.34 cm (+19.3%), which
was significantly higher than the control (p <0.05).

Table 4. Effect of foliar fertilisation on the depth of the main root mass (cm) of the facultative wheat variety Zymoyarka

Preparations

Depth of the main

Deviation by Factor A Deviation by Factor B

Factor A Factor B root mass, cm cm % cm %

1. Control 5.7+0.29 - - - -
1. Control 2. ECOLINE Phosphite (K) 6.7+0.34 - - 1.00 17.54
3. ECOLINE Boron (organic) 6.7+0.35 - - 1.00 14.93

1. Control 6.5+0.33 0.80 14.04 - -
2. GROS Korenerist 2. ECOLINE Phosphite (K) 7.7%0.39 1.00 14.93 1.20 18.46
3. ECOLINE Boron (organic) 8.3%£0.42 1.60 23.88 1.80 23.38

3. GROS Korenerist + 1. Control 74%0.37 1.70 29.82

ECOLINE Phosphite (K) 2. ECOLINE Phosphite (K) 8.5+0.43 1.80 26.87 1.10 14.86
3. ECOLINE Boron (organic) 7.5%0.38 0.80 11.94 0.10 1.18

4. GROS Korenerist + 1. Control 6.8£0.34 1.10 19.30 - -
ECOLINE Phosphite (K) 2. ECOLINE Phosphite (K) 7.5%+0.38 0.80 11.94 0.70 10.29
+ POLYACTIVE Boost 3, ECOLINE Boron (organic) 7.3+0.37 0.60 8.96 0.50 6.67

LSD, 45, €M 0.36 0.16 0.16

Source: compiled by the authors

Among Factor B treatments, organic boron provid-
ed the most substantial effect - +1.80 cm (+23.4%), em-
phasising its contribution to meristem formation and
drought resistance. However, on average, the applica-
tion of phosphite K worked better in terms of factor B -
root depth increased by +0.70-1.20 cm (10.3-18.5%).
Overall, the dynamics of root development demonstrate
a statistically significant increase (LSD,s=0.36 cm) in
response to combined foliar fertilisation, particularly
those integrating phosphite and boron-based compo-
nents, which jointly enhance both nutrient uptake effi-
ciency and plant resilience. Treatment of seed material
before sowing with the preparation GROS Korenerist at
a rate of 1 litre per tonne of seed contributed to an in-
crease in plant height to 79-83 c¢cm, and the root depth
increased to 6.5-8.3 cm, which is practically close to
the optimal values. The most pronounced effect on the
development of the above-ground part was recorded
in the variant where GROS Korenerist and EKOLINE
Phosphite (K) were used. At the same time, growth pro-
cesses, in particular plant height, were recorded within

83 cm, which is 5 cm higher than in the control variant.

In our opinion, this was due to an increase in the inten-
sity of metabolism when using these preparations and
the available form of phosphorus.

Analysis of the results regarding the potential for
root system development showed that the maximum
penetration depth of 8.5 cm was recorded with the
combined use of GROS Korenerist and Phosphite K,
which indicates the ability of phosphites to stimulate
root apical growth. In the variants where organic bo-
ron was used, the root system formed at a depth of
8.3 cm, which ensured its stability, but compared to
the previous variant, it was inferior in terms of the dy-
namics of vertical penetration of the root system. The
use of the POLYACTIV Boost preparation provided only
average values for the formation of the root system
depth within the range of 7.3-7.5 cm. At the same time,
no significant increase in plant height was observed;
in particular, in these variants, this indicator was with-
in the range of 75-78 cm. Overall, the results of our
study confirm a number of findings from scientific
works by Ukrainian and foreign scientists regarding
the effect of foliar feeding on the morphological and
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physiological development of wheat, the nature of the
formation of both above-ground biomass and roots, as
well as the level of yield.

The laboratory assessment of grain quality demon-
strated a consistent improvement under the influence
of complex foliar fertilisation. The combination of
GROS Korenerist and ECOLINE Phosphite (K) resulted
in the highest protein content of 14.2% and gluten of
30.5%, exceeding the control by 1.8 and 3.2 percentage
points, respectively. The test weight reached 780 g/L
compared to 742 g/L in the control, indicating dens-
er and better-filled grain. The treatment with ECOLINE
Boron (organic) mainly improved grain uniformity and
weight, but its effect on protein accumulation was less
pronounced. Overall, phosphite- and boron-based fer-
tilisers enhanced both quantitative and qualitative pa-
rameters of the wheat yield. Phytosanitary monitoring
showed a reduction in the incidence of major wheat
diseases in all fertilised treatments compared to the
control. The combination of GROS Korenerist and ECOL-
INE Phosphite (K) decreased the infection of Septoria
leaf blotch from 18% (control) to 12%, Fusarium head
blight from 10% to 7.5%, and brown rust from 14% to
10%. The best protective effect (up to 25% lower total
infection rate) was achieved with the triple complex
GROS Korenerist + ECOLINE Phosphite (K) + POLY-
ACTIVE Boost, confirming the antistress and fungistatic
role of phosphite-based biostimulants.

The results obtained in this study demonstrate a
clear relationship between the physiological devel-
opment of facultative wheat and the effectiveness of
complex foliar fertilisation systems that combine mac-
ro- and microelements in phosphite and organic forms.
These findings align with a number of contemporary
studies that highlight the growing importance of inte-
grated fertiliser systems in improving plant adaptabil-
ity, yield formation, and soil fertility under stress-prone
environments. According to B. Beres et al. (2020), the in-
tegration of genetic, environmental, and management
factors determines up to 70% of yield variability in ce-
reals, with fertilisation timing and form being among
the most decisive components of this interaction. The
authors emphasised that foliar applications in the till-
ering and stem elongation phases enhance nutrient as-
similation efficiency and contribute to a more uniform
stand structure. The results of the present experiment
confirm this trend: the combination of pre-sowing seed
treatment and foliar fertilisation during these phases
accounted for 69% of the overall yield formation effect,
illustrating the same pattern of physiological synchro-
nisation reported by B. Beres et al.

A similar observation was made by K. Zeleke (2020),
who evaluated biomass formation and grain yield of
dual-purpose winter wheat and demonstrated that
the balance between above-ground and root biomass
directly determines vyield potential. In the current
study, the most productive variants (GROS Korenerist +
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ECOLINE Phosphite (K)) also exhibited the highest root
biomass (1.59 t/ha) and optimal root depth (8.5 cm),
confirming the direct correlation between root pro-
ductivity and yield performance described by K. Zeleke.
However, in contrast to K. Zeleke’s findings, the present
experiment recorded slightly lower absolute biomass
values, which can be explained by the lighter soil tex-
ture and lower humus content of the Polissia region.
The relationship between foliar phosphite application
and adaptive stress response reported by J. Wang et
al. (2024) further supports the results of this research.
They observed that the combined use of organic and in-
organic fertilisers increased soil enzymatic activity and
plant tolerance to hydrothermal stress. In this experi-
ment, the use of potassium phosphite ensured higher
plant height, deeper root systems, and greater yield sta-
bility under similar moderate drought conditions. The
results therefore extend the conclusions of J. Wang et
al. by confirming that phosphite-based fertilisers are
effective not only in maize-wheat systems but also in
facultative wheat production in temperate regions.

In the study of D. Mullualem et al. (2024), the appli-
cation of multi-environment models (AMMI, GGE biplot)
for wheat yield analysis demonstrated that genotypes
with better nitrogen use efficiency exhibited higher ad-
aptability under changing conditions. The facultative
wheat variety Zymoyarka showed comparable stability
in this experiment: despite moderate moisture deficit,
yield variation among fertilisation systems remained
within #0.3 t/ha, indicating that the integrated fertil-
isation scheme promoted both productivity and resil-
ience. The similarity between the two studies lies in the
role of nutrient balance in mitigating environmental
variability; however, unlike D. Mullualem et al., this work
focuses on physiological rather than genetic factors of
adaptability. Imran (2024) demonstrated that integrat-
ed organic, inorganic, and biofertiliser systems signif-
icantly improve nutrient availability and soil nutrient
balance in the maize-wheat rotation, with potassium
phosphite having an additional stimulating effect on
photosynthetic efficiency. The findings of the current
study are consistent with these results: foliar applica-
tion of ECOLINE Phosphite (K) increased the tillering
coefficient and leaf area, which directly contributed to
yield improvement. Both studies converge on the idea
that phosphite compounds function not only as nutri-
ent carriers but also as metabolic activators enhancing
stress tolerance and energy utilisation.

From aregional perspective,0.Demydov et al. (2021)
reported that the ecological plasticity of Ukrainian win-
ter wheat varieties ensures their high yield stability un-
der variable weather in the Forest-Steppe and Polissia
zones. The present research confirms that the faculta-
tive variety Zymoyarka retains stable productivity even
under moderate drought, but the physiological mech-
anisms differ: in O. Demydov et al’s work, stability was
mainly attributed to genetic plasticity, while the current




study attributes it to enhanced root morphology and
balanced nutrient support. This difference illustrates
the complementarity between genetic and technolog-
ical approaches to improving wheat adaptability. The
conclusions by H. Pantsyreva (2020) regarding the ef-
fect of technological practices on legume productivity
are also consistent with the present findings. The author
demonstrated that optimal nutrient supply during crit-
ical growth stages increases photosynthetic potential
andyield by 18-22%.In the current experiment,the com-
bination of foliar feeding and seed treatment increased
yield by 19.7-33.6%, confirming that well-timed nutri-
ent applications during the early vegetative phases are
decisive for assimilate redistribution and productivity.

The influence of fertiliser systems on the nutrient
regime of soil-plant systems discussed by A. Panfilova
and Ya. Byelov (2022) and M. Honchar (2025) is close-
ly related to the results obtained here. Their research
proved that balanced application of mineral fertilisers
and residue degraders enhances nutrient cycling effi-
ciency and improves soil structure. This experiment
corroborates that conclusion indirectly: increased root
biomass and depth observed under phosphite-based
treatments suggest higher rhizosphere activity and im-
proved nutrient exchange in the upper soil horizons.
Finally, I. Racz et al. (2024) analysed yield variability in
facultative wheat under different sowing times and es-
tablished that soil fertility and water availability were
key limiting factors. The current research confirms this
dependency but adds that appropriate foliar fertilisation
can partially compensate for low natural soil fertility,
ensuring yield increases of up to 40% compared to the
untreated control. Thus, the outcomes demonstrate that
the adaptive potential of facultative wheat can be effec-
tively realised through targeted nutrient management.

The results obtained in this study align with mod-
ern findings on the role of innovative fertilisation sys-
tems in enhancing wheat productivity and physiologi-
cal resilience. According to A. Hudzovskyi et al. (2024),
the use of metal oxide-based nanofertilisers contrib-
utes to improved nutrient assimilation and photosyn-
thetic efficiency, leading to increased biomass and
stress tolerance of plants. This supports the present
conclusion that phosphite-based complexes stimulate
similar metabolic pathways and optimise nutrient up-
take under hydrothermal limitations. In a comparative
analysis, F. Saeidnia et al. (2023) emphasised that fo-
liar feeding efficiency strongly depends on genotype x
environment interactions and sowing conditions, which
explains the observed variability in the yield response
of the Zymoyarka variety.

In summary, all these studies emphasise that pro-
ductivity and stress resistance of wheat depend on syn-
chronising physiological development with balanced
nutrient inputs. The distinct contribution of this work
lies in demonstrating that pre-sowing treatment com-
bined with dual foliar applications of phosphite and
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boron fertilisers significantly enhances both morpho-
logical structure and yield stability of facultative wheat
under Polissia conditions,confirming the decisive role of
integrated fertilisation in sustainable cereal production.

CONCLUSIONS

The conducted research on the facultative wheat vari-
ety Zymoyarka under the soil and climatic conditions
of the Polissia region confirmed the significant influ-
ence of integrated foliar fertilisation systems on the
physiological development, morphological structure,
and productivity of plants. The combined application
of macro- and micronutrients in phosphite and organic
forms ensured an optimised balance of vegetative and
generative growth, contributing to higher yields and
improved adaptability of wheat under moderate hydro-
thermal stress. Pre-sowing seed treatment with GROS
Korenerist at a rate of 1 L/t proved to be a key element
of the nutrition system, stimulating early root growth
and improving tillering. When combined with foliar
feeding by ECOLINE Phosphite (K), the yield increased
to 3.28-3.46 t/ha, exceeding the control by 19.7-33.6%.
The highest productivity was achieved with repeated
application of ECOLINE Phosphite (K) during the stem
elongation phase, which enhanced the depth and mass
of the root system (up to 1.59 t/ha and 8.5 cm, respec-
tively). These parameters were strongly correlated
with yield formation (r=0.83), confirming that the ef-
ficiency of nutrient utilisation largely depends on root
system architecture. In addition, foliar application of
POLYACTIVE Boost and ECOLINE Boron (organic) pos-
itively influenced the physiological balance and grain
quality. Protein content increased to 14.2%, gluten to
30.5%, and test weight to 780 g/L compared with the
control. Phytosanitary assessment showed a decrease
in the incidence of Septoria, Fusarium, and rust by 15-
25%, demonstrating the antistress and protective role
of phosphite-based fertilisers. Overall, the integrated
fertilisation scheme, including pre-sowing treatment
and two foliar applications, provided the best agro-
nomic results and ensured stable productivity of facul-
tative wheat on low-fertility soils. Prospects for further
research Future studies should focus on assessing the
long-term impact of phosphite- and boron-based fertil-
isation on soil microbiological activity, nutrient cycling,
and grain quality in diverse agroecological zones to
optimise adaptive fertilisation strategies for facultative
wheat varieties in Ukraine.
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AHoTauis. MeToto focnigkeHHs 6yno OUWiHUTU BMIMB CUCTEM MO3aKOPEHEBOTrO MiJXXMBMIEHHS Ta MepennocCiBHOI
06po6KM HACIHHA HA NPOAYKTUBHICTb i Pi3ionoro-MopdonoriyHnii pO3BUTOK NLEHWULL ABOPYUKM COPTY 3UMOSIPKA
B ymoBax [lonicca. JocnipxeHHa nposoaunoca y 2025 poui Ha pgocnigHoMy noni MMonicbkoro HawuioHanbHOro
YHIBEPCMTETY 3@ CXEMOK YOTMPbOX BapiaHTIB yAoOpeHHS. MeToponoris BkA4Yana nepennociBHy obpobky
HaciHHs npenapatoM GROS Korenerist, no3akopeHese nigxkusnenHs ECOLINE Phosphite (K), ECOLINE Boron
(organic) Ta POLYACTIVE Boost, 6ioMeTpuuHi Ta (eHONOriYHi crnocTepexeHHs, NnabopaTopHe BM3HAYEHHS
SKOCTi 3epHa Ta CTaTUCTMYHMI aHani3 i3 BUKOpUCTaHHAM aucnepciiHoro (ANOVA) Ta kopensiLitHoro MeToais.
YcTaHoBNEHO, WO NoeaHaHe 3actocyBaHHs GROS Korenerist Ta ECOLINE Phosphite (K) 3a6e3neunno nigBuLLeHHs
ypoxarHocTi fo 3,46 1/ra (+40,6 % BiAHOCHO KOHTpONO), 36inblueHHS rMOUHKM KOpeHeBOi cucTeMun fo 8,5 cm
i HakonuuyeHHsa kopeHeBoi Biomacn o 1,59 1/ra. MNosutueHa kopenauia (r=0,83) Mk po3BUTKOM KOpEHEBOI
CMCTEMU Ta BPOXKAMHICTIO NiATBEPAMIIA KJTHOYOBY PO/b NiA3eMHOT 6ioMacK y BUKOPUCTAHHI e/1eMEHTIB XXMBJIEHHS.
O6pobka ECOLINE Boron (organic) nokpalyBana Hanue 3epHa Ta Hatypy (780 r/n), a POLYACTIVE Boost
CNpusB aKTUBHOMY BeretaTMBHOMY poOCTy Ta i3ionoriyHii cTtabinbHOCTi pociuH. [TOKa3HUKM FKOCTi 3epHa
nepeBuLLYBaNN KOHTPOJIbHI 3HAYEHHS: BMICT 6inka cTaHoBuB 14,2 %, kneikoBuHU — 30,5 %, Npu 3HUXKEHHI
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ypaxkeHHs cenTopio3oM, dy3apio3oM i ipxet Ha 15-25 %. Y3aranbHeHo, WO iHTErpoBaHe 3aCTOCYBaHHS
MaKkpo- Ta Mikpopobpus y docdiTHii dopmi 3abesnedye NigBULLEHHS YPOXXAMHOCTI, IKOCTi Ta aAanTUBHOCTI
nweHuLi 4BOPYYKM B YMOBAX NOMIPHOrO rigpoTepMiyHOro crpecy. lNpakTMyHa LiHHICTb AOCNIOXEHHS NONsArae y
po3pobneHHi afanTMBHUX CXeM yaoOpeHHs AnS rocnofapcTs i3 HU3bKOK NPUPOAHOK POAKYICTIO FPYHTIB, WO
CNpusE NiABULLEHHIO NPOAYKTUBHOCTI Ta CTIMKOCTI 3€pHOBUX KYNbTyp

KniouoBi cnoBa: kopeHeBa 6ioMaca; epekTUBHICTb pocdopy; afanTauia Lo cTpecy; 6anaHC XMBNEHHS; ONTUMI3aLig
YPOXaNHOCTI; Gi3ioNoriYHuni po3BUTOK
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