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Productivity of winter wheat varieties depending
on nutrition optimisation

Abstract. The purpose of the study was to establish the influence of optimisation of the nutrition
system on the formation of productivity and quality indicators of winter wheat varieties in the
conditions of the Southern Steppe of Ukraine. The study was conducted in the field in the Mykolaiv
region of Ukraine, with a comparison of wheat varieties and nutrition systems and further
determination of yield, protein, and gluten content in the grain. As a result, it was determined that
the reaction of wheat varieties to nutrition systems had a pronounced differentiated character. In
the control variants, the average yield was 3.75-4.19 t/ha, while with optimised nutrition it grew to
5.2 t/ha for the ‘Blagodarka Odesa’ variety, to 5.23 t/ha for the ‘Astarta’ variety, and to 541 t/ha for the
‘Smuglyanka’ variety. For the varieties ‘Blagodarka Odesa), ‘Astarta’, and ‘Smuglyanka’, the highest
average yield was provided by the option with Organic D2. According to grain quality indicators, the
‘Astarta’variety exhibited the most balanced reaction: the average protein contentincreased to12.67%,
and gluten - up to 26.66% for the combination of Urea K1 and K2. The ‘Blagodarka Odesa’ variety had
the highest average protein content of 12.35%, and gluten content of 25.57%. The ‘Podolyanka’ variety
demonstrated the best quality indicators using Escort-Bio. The practical significance of the findings
lies in the fact that agricultural enterprises, farms, and agronomic services can use them to make
informed choices regarding fertilisation regimes for specific varieties of winter wheat, with the aim
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of increasing yields and improving the protein and gluten content of the grain under the conditions

of the Southern Steppe of Ukraine

Keywords: grain; gluten; protein; yield; fertilisers

INTRODUCTION

The relevance of the study is due to the need to
improve the efficiency of growing winter wheat
in the Southern Steppe of Ukraine. The cultiva-
tion of this crop in the region is accompanied
by a combination of several technologically sig-
nificant restrictions: unstable moisture, high
dependence on the flow of spring vegetation,
a substantial difference between the potential
and factually realised productivity of varieties,
and the need to combine yield growth with an
improvement in grain food indicators. Under
such conditions, the nutrition system acquires
not only the functions of compensating for the
deficiency of mineral nutrition elements but
also the role of a tool for regulating the varietal
reaction, crop stability, and the formation of a
protein-gluten complex of grain. In this regard,
the definition of such approaches to nutrition
optimisation that ensure the realisation of the
productive potential of varieties and improve
the quality of grain in specific agroecological
conditions of the region becomes of scientific
and practical importance.

During 2020-2022, A.V. Drobitko et al. (2025)
investigated the influence of varietal charac-
teristics and pre-sowing treatment of seeds
with biological preparations on the productivity
of winter wheat in the conditions of southern
Ukraine. The work included a three-time field
experiment with four varieties and four seed
treatment options, and the highest yield was ob-
tained with the combined use of Azotofit-R and
Phytocide-R preparations, indicating the impor-
tance of combining the varietal factor with the
biological elements of the technology. V.V. Ga-
mayunova et al. (2024) summarised data on in-
creasing the productivity of winter wheat with
modern energy-saving technologies in the con-
text of climate change and military conditions
in Ukraine. The paper considered the role of re-
source-saving approaches, selection of adapt-
ed varieties, optimisation of nutrition, minimi-
sation of tillage, and use of biologics as ways to
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reduce the gap between potential and actual
crop yields in the steppe zone. The influence of
different levels of nitrogen fertilisation on the
productivity of common winter wheat varieties
in the agroclimatic conditions of the southern
region of Ukraine was examined by A.V. She-
pel (2025). According to the results, for some
varieties, average nitrogen doses were optimal,
which provided high yields in conditions of
moderate moisture and improved grain quality.

The influence of the method of placement
of nitrogen fertiliser and the timing of its appli-
cation on the yield and protein concentration
in winter wheat grain was evaluated by B. Bal-
lagh et al. (2025). The authors compared the
surface application of urea and stabilised urea
with the subsurface placement of fertiliser by
disk systems in different calendar periods, and
the increase in yield with subsurface applica-
tion was recorded only in a part of the media,
which emphasised the dependence of the ef-
fect on soil and weather conditions. Modified
fertilisation strategies aimed at increasing the
protein content in the grain of soft red winter
wheat in the Mid-Atlantic region of the Unit-
ed States were evaluated by N.M. Fiorellino &
L.A. Thorne (2025). The authors compared four
nitrogen nutrition schemes, including the shift
of part of the dose to later phases, post-flow-
ering application, and increased total nitro-
gen dose, and evaluated the reaction of several
wheat varieties, indicating a separate role of the
variety and nutrition regime in the formation of
grain protein content. .M. Hernandez-Ochoa et
al. (2023) conducted a three-year field experi-
ment in Germany to explore the interaction of
genotype, nitrogen nutrition levels, and envi-
ronmental conditions in old and modern win-
ter wheat varieties. In the four-repeat experi-
ment, three nitrogen levels and six varieties of
different breeding periods were compared, af-
ter which the yield, mass of a thousand grains,
number of grains, protein, and test weight were
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analysed; it was established that the intermedi-
ate nitrogen level provided an increase in yield,
and the optimal norms for yield and protein did
not coincide across varieties.

The reaction of winter wheat to a combi-
nation of sowing dates and different levels of
nitrogen fertiliser in Poland was investigated
by W. Jarecki (2024). In a three-year field exper-
iment, delaying sowing for 30 days reduced the
yield, but was partially compensated by an in-
crease in nitrogen nutrition, while the best eco-
nomic result was provided by the recommend-
ed sowing period in combination with the norm
of 150 kilograms of nitrogen per hectare. Opti-
mised winter wheat fertilisation strategies in
the North China Plain, considering yield, qual-
ity, nutrient accumulation, economic impact,
and environmental losses, were evaluated by
X.Jiang et al. (2023). In a field experiment with
arandomised block design and four repetitions,
eight nutrition schemes were compared, result-
ing in an increase in yield and net profit simul-
taneously with a decrease in nitrate leaching
and nitrous oxide emissions, which expanded
the interpretation of nutrition optimisation
from purely productive to complex production
and ecological. The examination of the com-
bined effect of nitrogen fertiliser and high-pro-
tein varieties on protein concentration and
wheat grain yield was conducted by J. Kang et
al. (2026). The study demonstrated that top
dressing increased the concentration and yield
of grain protein, high-protein varieties also en-
hanced this effect, and random forest modelling
confirmed that the largest share of variation in
the indicator was explained by nitrogen nutri-
tion management and varietal characteristics.
X. Lyu et al. (2022), in a two-year field study,
evaluated the effect of various forms of foliar
nitrogen applied during the flowering stage
on protein accumulation and grain quality in
winter wheat. It was determined that nitrogen
forms had different effects on the accumulation
of gluten proteins and quality indicators, and
foliar application of nitrate and amide forms
was more effective than ammonium, which is
of direct importance for the choice of prepara-
tions in corrective feeding technologies.

The analysis of the literature showed that
the influence of pre-sowing seed treatment,
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sowing dates, nitrogen nutrition levels, fertil-
iser application methods, and individual foliar
top dressing schemes on the yield or individual
grain quality indicators is sufficiently covered.
However, there was a lack of systematic analysis
of the combined assessment of varietal char-
acteristics, multi-variant fertilisation regimes,
and simultaneous changes in yield, protein,
and gluten content under the conditions of the
Southern Steppe of Ukraine, where the effec-
tiveness of the technology depended signifi-
cantly on regional agro-ecological constraints.
This study aimed to establish the specifics of the
formation of productivity of winter wheat varie-
ties in the conditions of the Southern Steppe of
Ukraine. The following research objectives were
defined to achieve this goal: establish the influ-
ence of various nutrition systems on the yield of
winter wheat varieties; determine changes in
protein and gluten content in grain depending
on the variety and variant of nutrition; justify
the most appropriate combinations of varie-
ties and nutrition systems for simultaneous in-
crease in yield and improvement of technologi-
cal indicators of grain.

MATERIALS AND METHODS
The experimental part of the study was con-
ducted during 2017-2020, and the results until
the end of 2025 were summarised. The experi-
ment was conducted on the experimental field
ofthe Educational, Scientific, and Practical Cen-
tre of the Mykolaiv National Agrarian University
(Ukraine). Territorial reference to the Mykolaiv
region and the Southern Steppe of Ukraine
determined the agroecological context of the
study, in which nutrition technology was con-
sidered as a factor in regulating productivity in
conditions of potential moisture deficiency, in-
creased temperature load, and significant de-
pendence of the crop on the spring growing sea-
son.The soil of the experimental siteis Southern
heavy loamy chernozem. In the arable soil layer
(0-30 cm), the humus content was 2.9-3.2%,
the pH of salt extract - 6.8-7.2, the content of
easily hydrolysed nitrogen - 65 mg/kg of soil,
nitrate nitrogen - 22-27 mg/kg, mobile phos-
phorus - 37-40 mg/kg, exchange potassium -
330-340 mg/kg of soil. Weather conditions
in the years of research were characterised
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by unstable moisture, uneven distribution of
precipitation during the growing season, and
increased temperature background in the
spring-summer period, which is typical for the
conditions of the Southern Steppe of Ukraine.
Meteorological data were obtained based on
the materials of the Mykolaiv regional Hydro-
meteorology Centre (Ukrainian Hydrometeor-
ological Centre, 2021). The object of the study
was winter wheat varieties of Ukrainian selec-
tion: ‘Blagodarka Odesa’; ‘Astarta’; ‘Smuglyanka’;
‘Podolyanka’, recommended for growing in the
Southern Steppe of Ukraine and their nutrition
systems. The subject of the study covered the
specific features of yield formation, protein,
and gluten content in grain, depending on the
combination of varietal characteristics and fer-
tiliser schemes.

The experiment was performed according to
a two-factor scheme. The first factor was the va-
riety, the second - the food system. This design
allowed simultaneously assessing both the In-
dependent Influence of each factor and the na-
ture of the combination of varietal reaction with
technological top dressing options. Factor A -
winter wheat variety: ‘Blagodarka Odesa’; ‘Astar-
ta’; ‘Smuglyanka’; ‘Podolyanka’. Factor B - nutri-
tion system: control — without fertilisers, water
treatment; N,,P,, - application for pre-sowing
cultivation, background option; Background +
Urea Klat arate of 1L/ha; Background + Urea K2
at a rate of 1 L/ha; background + Escort-Bio at a
rate of 0.5 L/ha; Background + Urea K1+K2 at a
rate of 0.5 L/ha of each preparation; Background
+Organic D2 at arate of 1L/ha. For foliar feeding,
preparations with different functions were used
inthebaselinemineral nutrition treatment: Urea
K1,Urea K2, and Organic D2 - as organo-mineral
fertilisers for foliar application, and Escort-Bio —
as a biological preparation. This set of options
enabled the comparison of the effectiveness of
fertilising plants with the use of preparations of
different types of action and evaluating the re-
sult of their combination. Application rates of
1 L/ha for Urea K1, Urea K2 and Organic D2 and
0.5 L/ha for Escort-Bio were selected as working
standards for field foliar top dressing of grain
crops. In the combined version of Urea K1+K2,
preparations were introduced at 0.5 L/ha each to
assess their combined effect without increasing
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the total volume of the preparation compared
to single-component variants. Thus, the exper-
iment included 28 combinations of factors. With
three repetitions, the total number of consid-
ered options was 84 sites. This scheme allowed
comparing both between varieties and between
different technological approaches to nutri-
tion within each variety. The total area of one
experimental plot was 80 m? the accounting
area - 30 m?2 The repetition of the experiment
was threefold. The use of a smaller accounting
area than the total was due to the need to min-
imise the marginal effect and ensure compa-
rability of results between options. Threefold
repetition allowed reducing the random influ-
ence of local heterogeneity of field conditions
on the final indicators of grain yield and quality.

The basic element of the technology in the
fertilised versions was the background appli-
cation of N, P,, for pre-sowing cultivation. This
method served as a basis upon which foliar
feeding with various preparations was applied.
The control version did not provide for the appli-
cation of fertilisers; water was used to equalise
the technological regime of crop treatment in
these areas. Foliar treatment of crops with fer-
tilisers was conducted twice. The first treatment
was carried out at the start of the spring growing
season, and the second during the stem elonga-
tion stage. It was these phases that were chosen
as key for regulating plant nutrition, since dur-
ing this period the main elements of the crop
structure were laid and the prerequisites for
further grain filling were formed. The working
solution in all top dressing options was applied
with a flow rate of 200 L/ha. The use of a two-
time foliar top dressing scheme allowed assess-
ing not a one-time, but a prolonged response of
plants to technological adjustment of nutrition.
This methodological construction correspond-
ed to the task of establishing not only the fact of
exposure to the preparations but also the stabil-
ity of the varietal response when reintroduced
into critical phases of plant development. The
protein content of the grain was determined
using the Kjeldahl method in accordance with
ISO 20483:2013 (2013) on a FOSS Kjeltec™ 8400
automatic analyser (Denmark). The crude glu-
ten content was determined mechanically in
accordance with ISO 21415-2:2009 (2009) on
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the Perten Glutomatic® 2200 system (Sweden).
Each sample was examined in three laboratory
repetitions, and the tables show the average val-
ues of the indicators.

The research material was the crop and
grain of winter wheat obtained in each version of
the experiment. Yield, protein content, and glu-
ten content were used to characterise the results
of the experiment. Yield analysis was performed
for the varieties ‘Blagodarka Odesa’, ‘Astarta’, and
‘Smuglyanka’, for which a complete array of ac-
counting data was generated. Grain quality indi-
cators, in particular, the protein and raw gluten
content, were determined for all four varieties —
‘Blagodarka Odesa, ‘Astarta), ‘Smuglyanka’, and
‘Podolyanka’. The ‘Podolyanka’ variety was not
included in the yield analysis due to the lack of
a complete set of experimental data on this in-
dicator. The first group consisted of yield indica-
tors expressed in tonnes per hectare. They were
used to assess the quantitative effect of different
nutrition systems in each variety and to com-
pare varieties with each other. The second group
consisted of indicators of protein content in
grain, expressed as a percentage. This indicator
was used to assess changes in the food value of
grain under the influence of nutrition systems.
The third group consisted of indicators of gluten
content in grain, also expressed as a percentage.
They were used to characterise the technologi-
cal properties of grain and to determine wheth-
er the increase in yield was accompanied by an
improvement in the quality of grain products.
For each year of observations, the results were
presented in two forms: as an absolute value of
the indicator and as a deviation from the control.
The use of an additional indicator “+ to control”
allowed determining the direction and magni-
tude of the response of plants to a specific food
option within the same variety and year, which
was important for further interpretation of the
stability or instability of the technological effect.

Yield assessment took place separately for
each variety and variant of the nutrition system.
Within each year, the results were compared
primarily with the control, which allowed es-
tablishing an absolute and relative increase or
decrease in productivity under the influence
of background and foliar top dressing. In addi-
tion, interannual mapping was performed to
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determine the stability of the variety’s response
to each feeding variant. During the stage of an-
alytical generalisation, the average yield values
for the entire presented time series were also
used. This approach helped separate one-time
reactions caused by the conditions of a particu-
lar year from more stable patterns associat-
ed with the variety or nutrition scheme. Grain
quality was characterised by two main indica-
tors - protein content and gluten content. The
assessment was carried out according to the
same principle as the yield assessment: sepa-
rately for each variety, food option and year, fol-
lowed by the determination of deviations from
the control. This approach helped trace whether
the increase in yield was accompanied by a si-
multaneous improvement in the protein-gluten
complex, or whether a compromise was formed
between the quantitative and qualitative char-
acteristics of the crop. Both annual values and
averaging over the entire observation period
were used to interpret the data. The combina-
tion of these two levels of analysis was funda-
mentally important, as protein and gluten are
indicators that are sensitive to the conditions
of the year and to the characteristics of the re-
distribution of plastic substances in the plant.
Statistical processing of experimental data was
conducted by methods of variance analysis for
a two-factor field experiment, where factor A
was the winter wheat variety, and factor B - the
nutrition system. The analysis of indicators was
performed separately by year of research. The
arithmetic mean was determined for each vari-
ant of the indicator. The reliability of differences
between variants was evaluated by LSDO5. In the
tables, the results are presented separately by
variety, which allowed tracking the response of
each variety to food options in different years of
research. The reliability of differences between
the average values was estimated by the method
of variance analysis at the significance level p <
0.05. The results were processed in the IBM SPSS
Statistics programme.

Experimental plant studies, including the
collection of plant material, were in accord-
ance with institutional, national, and inter-
national guidelines. The authors adhered to
the Convention on Biological Diversity (1992)
standards, which are the basis for ensuring the
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sustainable use of bioresources and the con-
servation of biodiversity.

RESULTS
Formation of the yield of winter wheat varieties
depending on the nutrition system. Yield indi-
cators showed that the control options formed a
lower level of realisation of productive potential

compared to most fertilised schemes. The reac-
tion of varieties to different food options varied.
The difference between the effect of a simple
mineral background and combined schemes
with foliar preparations turned out to be funda-
mental since it was the combined variants that
most often provided the transition to a consist-
ently higher level of yield (Table 1).

Table 1. Yield of the variety ‘Blagodarka Odesa’ depending on the food system, t/ha

Fertilisation system 2017 | + to control, % | 2018 |  to control, % | 2019 | * to control, % | 2020 | * to control, %
Control 3.87 - 4.09 - 3.59 - 3.81 -
Background (N30P30) 4.65 0.78 3.75 -0.34 3.9 0.31 4.03 0.22
Background + Urea K1 | 4.63 0.76 4,51 0.42 3.95 0.36 4.63 0.82
Background + Urea K2 4.7 0.83 4.27 0.18 4.43 0.84 4.74 0.93
Background + Escort-Bio | 4.46 0.59 4.37 0.28 4.69 1.1 5.19 1.38
Background + Urea K1+K2 | 4.66 0.79 5.45 1.36 4.77 1.18 4.97 1.16
Background + Organic D2 | 4.76 0.89 5.67 1.58 5.53 1.94 4.82 1.01
LSDO5, t/ha 0.32 0.36 0.38 0.31

Source: compiled by the authors

Analysis of the presented data showed that
for the ‘Blagodarka Odesa’ variety, the most pro-
nounced productive effect was provided by vari-
ants with Organic D2 and the combined applica-
tion of Urea K1 and K2. The simple background
of N,,P,, did not have a stable advantage over
the control over all years, while the combined
schemes maintained a higher level of yield over
the entire observation period. Such dynamics
indicated that for this variety, basic mineral nu-
trition created only initial conditions, and addi-
tional provision of plants in the phases of active
stem growth and the formation of generative
organs was crucial for the realisation of produc-
tive potential. The consequence of this type of
reaction was a shift in yield in the range of con-
sistently higher values and a decrease in the de-
pendence of the final result on the variability of
individual years.

For the ‘Astarta’ variety, the reaction to nu-
trition systems was more selective. A relatively
higher control level indicated good basic pro-
ductivity of the variety, but not every fertiliser
option equally enhanced this advantage. The
most effective schemes were Organic D2, Es-
cort-Bio and the combined use of Urea K1+K2.
In turn, a simple mineral background and in-
dividual monosyllabic top dressing in certain
years not only did not provide additional growth
but also deviated from the control in the direc-
tion of decrease. This ratio of results showed that
the ‘Astarta’ variety needed not just an increased
background of nutrition, butits better synchroni-
sation with the phases of active consumption of
elements. In practical terms, this meant the need
for more accurate technological selection of the
fertilisation system since the universal scheme
did not guarantee the same return (Table 2).

Table 2. Yield of the ‘Astarta’ variety, depending on the fertilisation system, t/ha

Fertilisation system 2017 | + to control, % | 2018 | + to control, % | 2019 | + to control, % | 2020 | £ to control, %
Control 4.37 - 4.31 - 3.86 - 4.21 -
Background (N30P30) 4.3 -0.07 4 -0.31 3.98 0.12 4.46 0.25
Background + Urea K1 4.61 0.24 4 -0.31 4.44 0.58 4.46 0.25
Background + Urea K2 412 -0.25 4.78 0.47 4.24 0.38 4.87 0.66
Background + Escort-Bio | 5.27 0.9 4.74 0.43 5.1 1.24 4.79 0.58
Background + Urea K1+K2 | 5.33 0.96 4.62 0.31 4.57 0.71 5.02 0.81

1)
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Table 2, Continued

Fertilisation system 2017 | + to control, % | 2018 | + to control, % | 2019 | + to control, % | 2020 | £ to control, %
Background + Organic D2 | 4.91 0.54 5.2 0.89 5.69 1.83 5.13 0.92
LSDO5, t/ha 0.34 0.35 0.39 0.33

Source: compiled by the authors

The most contrasting reaction to nutrition
optimisation was formed in the ‘Smuglyanka’
variety. Under the control conditions, this va-
riety showed the lowest yield among the vari-
eties listed; however, it was found to have the
greatest potential for yield increase. Organic
D2 consistently produced the highest or one of
the highest results throughout the entire peri-
od, and the Urea K1+ K2 variant occupied the

second position or approached it. This nature
of changes indicated a high reactivity of the
variety to improved feeding conditions. Pre-
sumably, with limited nutrition, some of its po-
tential remained unfulfilled, while additional
treatments provided faster compensation for
the deficit at critical stages of crop formation
(Table 3). Table 4 presents the average yield of
varieties for 2017-2020.

Table 3. Yield of the ‘Smuglyanka’ variety depending on the fertilisation system, t/ha

Fertilisation system 2017 | + to control, % | 2018 |  to control, % | 2019 |  to control, % | 2020 | * to control, %
Control 3.68 - 3.53 - 4.27 - 3.53 -
Background (N30P30) 3.88 0.2 461 1.08 3.9 -0.37 3.81 0.28
Background + Urea K1 4.2 0.52 4.16 0.63 3.91 -0.36 3.93 0.4
Background + Urea K2 4.62 0.94 4.76 1.23 4.92 0.65 4.74 1.21
Background + Escort-Bio | 4.73 1.05 4.61 1.08 5.01 0.74 4.61 1.08
Background + Urea K1+K2 | 4.79 1.11 5.02 1.49 5.23 0.96 5.01 1.48
Background + Organic D2 | 5.31 1.63 5.25 1.72 5.47 1.2 5.61 2.08
LSDO5, t/ha 0.35 0.38 0.4 0.37

Source: compiled by the authors

Table 4. Average yield of varieties for 2017-2020, t/ha

Variety Control Background | Background + | Background + Backgrouqd + | Background + Backgrqund +
(N30P30) Urea K1 Urea K2 Escort-Bio Urea K1+K2 Organic D2
B'ggdoe‘ig,rka 3.84 4.08 4.43 4.54 4.68 4.96 5.2
‘Astarta’ 4.19 4.19 4.38 4.5 498 4.89 5.23
‘Smuglyanka’ | 3.75 4.05 4.05 4.76 4.74 5.01 5.41
LSDO5, t/ha
A 0.13
B 0.21
AB 0.36

Note: LSDO5, t/ha - the smallest significant difference for each of the factors, with a significance level of p < 0.05:
a - factor “variety”; B - factor “nutrition system”; AB - interaction of factors

Source: compiled by the authors

Generalisation of average yield indicators
showed that in all three varieties, the lowest
level of productivity was formed at the control,
and the highest - for systems with Organic D2
or for combined application of Urea K1 and K2.
The obtained pattern showed that the effective-
ness of nutrition was determined not only by
the introduction of a basic dose of mineral ele-
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ments but also by the presence of a technolog-
ical mechanism for supporting plants during
periods when soil assimilation could be limited.
The conditions of the Southern Steppe, which
are characterised by fluctuations in humidity
and temperature stress in the spring-summer
period, caused an increased importance of
those schemes that supplemented soil nutri-
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tion with foliar treatments. That is why com-
bined systems often provided not only an in-
crease in yield but also its better stabilisation
over the years.

Formation of protein content in grain

depending on the variety and nutrition system
In contrast to the yield, the protein content
varied less unambiguously. The increase in
productivity was not always accompanied by a

proportional increase in grain protein content.
This indicated a different nature of the forma-
tion of quantitative and qualitative components
of the crop: while the yield increased as a result
of improving the overall supply of plants and
better implementation of the assimilation ap-
paratus, the protein content depended on the
redistribution of nitrogen in the plant and the
intensity of synthesis of spare proteins during
the grain filling period (Table 5).

Table 5. Protein content in the grain of the ‘Blagodarka Odesa’ variety for the period 2017-2020, %

Fertilisation system 2017 | ttocontrol,% | 2018 | £tocontrol,% | 2019 | £to control,% | 2020 | +to control, %
Control 12.39 - 11.06 - 11.4 - 12.34 -

Background (N,,P,,) 12.05 -0.34 12.12 +1.06 12.56 +1.16 11.66 -0.68
Background + Urea K1 | 12.41 +0.02 11.97 +0.91 12.54 +1.14 12.07 -0.27
Background + Urea K2 | 12.64 +0.25 12.27 +1.21 12.49 +1.09 12 -0.34
Background + Escort-Bio | 12.61 +0.22 12.44 +1.38 12.27 +0.87 11.83 -0.51
Background + Urea K1+K2 | 11.98 -0.41 12.91 +1.85 11.79 +0.39 11.55 -0.79
Background + Organic D2 | 11.94 -0.45 12.11 +1.05 12.02 +0.62 12.83 +0.49

Source: compiled by the authors

The protein content of the grain of the ‘Bla-
godarka Odesa’ variety increased more evenly
than that of other varieties. The most consistent
effect was provided by variants with urea K2,
Escort-Bio, and Organic D2. The maximum one-
time indicator was formed not on a more stable
version, but on a combined application of Urea
K1+K2, which indicated a strong dependence of
protein content on the weather background of a
particular year. Therefore, for this variety, addi-
tional nutrition affected not only the gross yield
but also the redistribution of nitrogen com-
poundsinthegrain. Theresultwasacombination
of higher productivity with improved food pa-
rameters, although the degree of this combina-
tion varied depending on the nutrition scheme.

For the ‘Astarta’ variety, the most consist-
ent positive protein response was observed in
the Urea K1+K2 variant. This scheme provided
the highest average protein content over the
years and was combined with one of the high-
est yield levels. This indicated that there was
no strong contradiction between the increase
in crop mass and the accumulation of protein
in the grain. Probably, in this case, there was a
better agreement between the formation of the
yield mass and the supply of nitrogen to plants
in the grain filling phase. For industrial prac-
tice, this result was of particular importance,
as it testified to the possibility of simultane-
ously achieving a quantitative and qualitative
effect (Table 6).

Table 6. Protein content in ‘Astarta’ grain for the period 2017-2020, %

Fertilisation system 2017 | ttocontrol,% | 2018 | +to control,% | 2019 | +to control, % | 2020 | +to control, %
Control 12.23 - 12.39 - 11.97 - 11.19 -

Background (N,,P,,) 11.11 -1.12 11.49 -0.9 12.51 +0.54 12.25 +1.06
Background + Urea K1 | 11.83 -0.4 12.43 +0.04 12.57 +0.6 12.13 +0.94
Background + Urea K2 | 11.48 -0.75 12.09 -0.3 11.32 -0.65 11.38 +0.19
Background + Escort-Bio | 12.81 +0.58 11.54 -0.85 12.04 +0.07 12.21 +1.02
Background + Urea K1+K2 | 12.28 +0.05 12.85 +0.46 12.95 +0.98 12.59 +1.4
Background + Organic D2 | 12.15 -0.08 12.11 -0.28 12.04 +0.07 12.37 +1.18

Source: compiled by the authors

0
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The ‘Smuglyanka’ variety reacted differently
to protein nutrition. On average, the control level
remained one of the highest over the years, and
most of the fertilised options did not show a sta-
ble advantage. Some years were accompanied by
ashort-term increase in protein content, but the
overall picture remained uneven. This indicated
that for this variety, the improvement of nutri-

tion was primarily aimed at increasing yields,
and not at systematically increasing the protein
concentration. A likely consequence of this ratio
was a partial “dilution” of the protein component
against the background of an increase in crop
mass, which is typical for varieties with a high
response to the intensification of the production
process (Table 7).

Table 7. Protein content in ‘Smuglyanka’ grain for the period 2017-2020, %

Fertilisation system 2017 | xtocontrol,% | 2018 | +to control,% | 2019 | +to control,% | 2020 | +tocontrol, %
Control 12.44 - 12.09 - 12.28 - 12.19 -

Background (N,,P5,) 11.85 -0.59 12.43 +0.34 11.35 -0.93 11.76 -0.43
Background + Urea K1 | 11.63 -0.81 12.16 +0.07 12.6 +0.32 11.24 -0.95
Background + Urea K2 | 12.21 -0.23 11.54 -0.55 12.16 -0.12 12.55 +0.36
Background + Escort-Bio | 11.48 -0.96 12.31 +0.22 12.32 +0.04 12.01 -0.18
Background + Urea K1+K2 | 12.86 +0.42 11.65 -0.44 11.71 -0.57 11.73 -0.46
Background + Organic D2 | 11.82 -0.62 11.61 -0.48 12.92 +0.64 12.42 +0.23

Source: compiled by the authors

For the ‘Podolyanka’ variety, the most no-
ticeable improvement in protein content was
provided by Escort-Bio and the combined ver-
sion of Urea K1+K2. Despite the relatively mod-
erate amplitude of changes, the results sho-
wed the orientation of the variety to a positive

reaction, precisely for the qualitative compo-
nent of the grain. Such dynamics indicated that
for ‘Podolyanka’, nutrition optimisation could be
particularly important not so much in the aspect
of gross harvest, but in the aspect of increasing
the suitability of grain for food use (Table 8).

Table 8. Protein content in ‘Podolyanka’ grain for the period 2017-2020, %

Fertilisation system 2017 | *tocontrol,% | 2018 | + to control, % | 2019 | +to control, % | 2020 | +to control, %
Control 12.48 - 11.82 - 12.05 - 11.99 -

Background (N,,P,,) 12.11 -0.37 12.08 +0.26 11.64 -0.41 12.53 +0.54
Background + Urea K1 | 11.56 -0.92 12.27 +0.45 12.41 +0.36 12.03 +0.04
Background + Urea K2 | 11.85 -0.63 11.79 -0.03 12.6 +0.55 11.93 -0.06
Background + Escort-Bio | 12.35 -0.13 12.37 +0.55 12.17 +0.12 11.93 -0.06
Background + Urea K1+K2 | 11.64 -0.84 12.49 +0.67 12.7 +0.65 11.52 -0.47
Background + Organic D2 | 12.08 -0.4 11.74 -0.08 12.65 +0.6 11.67 -0.32

Source: compiled by the authors

Overall, the protein block showed that the
varieties' response to fertilisation systems was
clearly variety-specific. Whilst certain variants
resulted in a significant improvement in protein
content for ‘Astarta’ and ‘Blagodarka Odesa), this
effect proved to be weaker and less consistent
for ‘Smuglyanka’. Therefore, the protein content
of grain could not be considered as an automatic
consequence of increased nutrition; its chang-
es depended on the extent to which the variety
was able to transform the additional intake of

Plant and Soil Science 17(3)

elements into the accumulation of protein sub-
stances in the grain.

Formation of gluten content in grain
depending on the variety and nutrition system
In terms of gluten content, the effect of nutrition
systems was more pronounced than in terms of
protein. In most varieties, it was the combined
nutrition options that provided a more stable
improvement in this indicator. This demon-
strated that the structural characteristics of the
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protein complex were more sensitive to the
technological support of sowing in the phases

of spring vegetation restoration and the stem
elongation stage (Table 9).

Table 9. Gluten content in grain varieties ‘Blagodarka Odesa’ for the period 2017-2020, %

Fertilisation system 2017 | +tocontrol,% | 2018 | + to control, % | 2019 | +to control, % | 2020 | +to control, %
Control 25.23 - 24.36 - 22.98 - 23.35 -
Background (N,,P,,) 25.79 0.56 22.37 -1.99 23.87 0.89 22.68 -0.67
Background + Urea K1 | 23.35 -2.44 23.51 -0.85 25.12 2.14 22.74 -0.61
Background + Urea K2 | 25.06 1.71 23.6 -0.76 24.91 1.93 25.07 1.72
Background + Escort-Bio | 26.78 1.72 24.75 0.39 25.17 2.19 25.56 2.21
Background + Urea K1+K2 | 23.94 -2.84 24.05 -0.31 26.39 3.41 23.65 0.3
Background + Organic D2 | 25.51 1.57 24.25 -0.11 23.9 0.92 25.24 1.89

Source: compiled by the authors

For ‘Blagodarka Odesa, the most clear in-
crease in gluten was provided by Escort-Bio. This
option held higher values for most years and
had a better average score. The introduction of
Urea K2 and Organic D2 also had a positive effect
on gluten, but less consistently. This distribution
clarified that for this variety, the improvement of
the structural properties of the protein complex
depended not only on nitrogen intake but also
on the general physiological state of the plant
during grain formation. The consequence was
that the nutrition technology had to be select-
ed separately for the task of improving gluten
to obtain both a high yield and the best baking
performance.

In the ‘Astarta’ variety, the most pronounced
gluten effect was formed on the Urea K1+K2
variant, while Escort-Bio and Organic D2 also
provided consistently high indicators. A special
feature of this variety was the combination of a
high level of yield with the simultaneous growth
of gluten. That is why ‘Astarta’ showed the most
balanced type of reaction among the present-
ed varieties. From a practical standpoint, this
meant that a properly selected fertilisation sys-
tem scheme allowed obtaining grain with high-
er technological characteristics without losing
productivity. This response model was most fa-
vourable for directing the technology not only to
gross yield but also to food quality (Table 10).

Table 10. Gluten content in ‘Astarta’ grain for the period 2017-2020 %

Fertilisation system 2017 | ttocontrol,% | 2018 | to control,% | 2019 | +to control,% | 2020 | £to control, %
Control 25.44 - 25.51 - 22.71 - 24.09 -
Background (N,,P,,) 24.34 -1.1 24.94 -0.57 26.12 3.41 23.16 -0.93
Background + Urea K1 | 23.49 -1.95 24.82 -0.69 24.08 1.37 22.94 -1.15
Background + Urea K2 | 24.25 -1.19 23.87 -1.64 26.61 3.9 25.03 0.94
Background + Escort-Bio | 24.49 -0.95 26.79 1.28 27.07 4.36 25.75 1.66
Background + Urea K1+K2 | 26.31 0.87 26.03 0.52 26.91 4.2 27.4 3.31
Background + Organic D2 | 27.69 2.25 25.2 -0.31 25.34 2.63 25.09 1

Source: compiled by the authors

In the ‘Smuglyanka’ variety, the increase
in gluten was more pronounced than the in-
crease in protein. Organic D2 provided the best
average results, while Urea K2 and Urea K1+K2
formed similar values. This meant that with
the intensification of nutrition in this variety,
the improvement in the technological proper-
ties of grain occurred primarily due to changes

in the gluten complex, and not due to a stable
increase in total protein content. The conse-
quence was the possibility of a simultaneous
increase in yield and a partial improvement in
the technological suitability of grain, although
the direct relationship between these two ef-
fects remained less unambiguous than in the
‘Astarta’ variety (Table 11).
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Table 11. Gluten content in ‘Smuglyanka’ grain for the period 2017-2020, %

Fertilisation system 2017 | ttocontrol,% | 2018 | +to control, % | 2019 | +to control,% | 2020 | £to control, %
Control 23.01 - 25.59 - 23.27 - 23.08 -
Background (N,,P,,) 23.5 0.49 25.42 -0.17 24.53 1.26 22.61 -0.47
Background + Urea K1 | 22.75 -0.26 22.94 -2.65 25.38 2.11 26.45 3.37
Background + Urea K2 | 24.91 1.9 26.49 0.9 23.29 0.02 25.68 2.6
Background + Escort-Bio | 24.31 1.3 23.24 -2.35 27.16 3.89 23.89 0.81
Background + Urea K1+K2 | 24.46 1.45 26.15 0.56 25.57 2.3 24.5 1.42
Background + Organic D2 | 25.76 2.75 24.44 -1.15 26.76 3.49 26.66 3.58

Source: compiled by the authors

For the ‘Podolyanka’ variety, Escort-Bio
provided the highest average gluten level, and
Urea K1+K2 and Urea K2 also formed similar
results. This reaction indicated a good sensitiv-
ity of the variety to foliar top dressing precisely
inthe aspect of improving the rheological prop-
erties of grain. Since there are no data on the

yield of this variety in the provided array, the
qualitative reaction acquired an independent
value. It showed that even without an estimate
of the gross harvest, it was possible to trace a
clear increase in the food parameters of grain
against the background of nutrition optimisa-
tion (Table 12).

Table 12. Gluten content in ‘Podolyanka’ grain for the period 2017-2020, %

Fertilisation system 2017 | ttocontrol,% | 2018 | ttocontrol,% | 2019 | +to control,% | 2020 | £to control, %
Control 22.97 - 24.77 - 24.81 - 23.12 -

Background (N,,P,,) 25.35 2.38 23.2 -1.57 23.47 -1.34 25.25 2.13
Background + Urea K1 | 25.51 2.54 23.55 -1.22 25.84 1.03 25.05 1.93
Background + Urea K2 | 25.43 2.46 25.89 1.12 26.55 1.74 23.89 0.77
Background + Escort-Bio | 25.34 2.37 26.6 1.83 25.21 0.4 26.23 3.11
Background + Urea K1+K2 | 26.84 3.87 25.77 1 26.1 1.29 23.96 0.84
Background + Organic D2 | 24.55 1.58 25.27 0.5 26.98 2.17 23.96 0.84

Source: compiled by the authors

A generalisation of this block of results
showed that gluten was more sensitive to nu-
trition systems than protein. For most varieties,
it was not merely a case of an increase in per-
formance being recorded; rather, a consistent
advantage was established for certain hybrid
combinations. This demonstrated that the tech-
nological adjustment of nutrition affected both
the concentration of nitrogen compounds and
the qualitative structure of the protein complex.
In the applied aspect, this pattern was of direct
importance for the choice of fertiliser system in
the production of food grain.

Summary of inter-varietal differences

based on average grain quality indicators

The average values of protein and gluten for the
entire observation period were calculated to
compare the reaction of varieties by qualitative
indicators. This comparison made it possible to
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separate varieties in which nutrition optimi-
sation mainly affected protein content from
varieties in which the main effect was mani-
fested through gluten or through a combina-
tion of qualitative and quantitative effects (Ta-
ble 13). Comparison of average values showed
the presence of at least three types of varietal
response to nutrition optimisation. The first
type was inherent in ‘Astarta’, for which the
same combined scheme provided an increase
in yield, protein, and gluten. The second type
was typical of ‘Blagodarka Odesa’, where pro-
ductivity and quality indicators also improved,
but the best options for protein and gluten
did not coincide. The third type was typical for
‘Smuglyanka’, where the strongest effect was
observed foryield and gluten, while the average
protein content remained close to the control.
‘Podolyanka’, according to available data, tend-
ed to the option with a predominant qualitative
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effect, especially for gluten. This differentiation
of varieties was of direct technological impor-
tance. It showed that the fertilisation system
could not reach according to a single universal
principle. If the goal was to maximise the in-
crease in gross yield, the priority was primarily
options with Organic D2 and Urea K1+K2. If the

emphasis shifted to improving baking charac-
teristics, the structure of preferences changed,
and Escort-Bio or separate combined schemes
were taken to the leading positions, depending
on the variety. Thus, the results demonstrated
the need for a variety-differentiated approach
to nutrition optimisation.

Table 13. Summary of average grain quality indicators for 2017-2020

Average Ui opt.non eolidy Average Average gluten | Variant with the | Medium gluten
. s the highest C . 3 s
Variety protein in the average protein protein in the in control highest average in the best
control, % e p best variant, % variant, % gluten content variant, %
content
‘Blagodarka Background + Background +
Odesa’ 118 Urea K2 1235 23.98 Escort-Bio 25.57
. , Background + Background +
‘Astarta 11.95 Urea K1+K2 12.67 24.44 Urea K1+K2 26.66
. , Background +
Smuglyanka 12.25 Control 12.25 23.74 Organic D2 25.91
‘Podolyanka’ 12.09 Background + 12.21 23.92 Background + 25.85
Escort-Bio Escort-Bio

Source: compiled by the authors

The totality of these data showed that the
productivity of winter wheat varieties in the
conditions of the Southern Steppe of Ukraine
was formed under the influence of not only the
genetic characteristics of the variety but also the
structure of the nutrition system. A simple min-
eral background did not ensure the maximum
realisation of the potential of any of the ana-
lysed varieties. The advantage shifted to those
schemes in which the basic fertiliser was sup-
plemented with foliar treatments that can sup-
port plants in the phases of intensive growth and
grain formation. That is why combined systems
often provided a more stable increase in yield.
Grain quality indicators were characterised by
more complex dynamics. In contrast to yield,
where the preference for combined schemes
was almost universal, protein, and gluten re-
acted differently depending on the variety. This
meant that the increase in nutrition did not al-
ways automatically translate into an increase in
all quality indicators. The reaction of varieties to
food options was heterogeneous: in ‘Blagodar-
ka Odesa, ‘Astarta, and ‘Smuglyanka, changes
were primarily manifested in the yield level,
while in ‘Podolyanka), shifts in protein and raw
gluten content were more pronounced. Along
with this, for individual varieties, nutrition

1)

optimisation was combined with positive
changes in both productivity and grain quality
indicators. This pattern showed that the quan-
titative and qualitative components of the crop
had different mechanisms of formation and
reacted differently to technological interven-
tion. The most balanced reaction was typical
for the ‘Astarta’ variety, where one of the com-
bined schemes provided not only a high yield
but also an improvement in protein and gluten.
‘Blagodarka Odesa’ was characterised by high
plasticity in terms of yield and manageability
of quality parameters, but the optimal options
for protein and gluten did not coincide. The
‘Smuglyanka’ variety demonstrated the largest
reserve of yield growth, which indicated a high
response to the intensification of nutrition, but
the qualitative reaction of this variety was less
uniform. For ‘Podolyanka’, the presented data
showed that the effect is primarily aimed at im-
proving grain quality indicators.

The results showed that nutrition optimisa-
tion should not be considered solely as a means
of increasing yields. Its significance also con-
sisted in changing the structure of grain pro-
ductivity, increasing or weakening protein con-
tent, forming a gluten complex, and changing
the ratio between quantitative and qualitative
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characteristics of the crop. As a result, there was
a need to choose a fertilisation system not only
for the expected gross harvest but also for the fi-
nal direction of grain use. As a result, the results
of the experiment showed that the greatest ef-
fect in increasing the yield was provided by sys-
tems with Organic D2 and with a combination of
Urea K1+K2, while in improving the quality indi-
cators of grain, the leading role was played by va-
riety-specific reactions to Escort-Bio, Urea K2,
or combined variants. This confirmed the expe-
diency of a differentiated approach to optimis-
ing the nutrition of winter wheat varieties in the
conditions of the Southern Steppe of Ukraine.

DISCUSSION
The results obtained indicate that in the condi-
tions of the Southern Steppe of Ukraine, opti-
misation of winter wheat nutrition affected the
yield and quality indicators of grain, but the na-
ture of this effect was determined by the variety
and composition of the nutrition system. The
highest average yield indicators in the experi-
ment were formed mainly with the application
of Organic D2 and a combination of Urea K1 and
K2, while the reaction for protein and gluten was
more differentiated: the ‘Astarta’ variety had a
combination of high yield with an improvement
in both qualitative parameters, the ‘Blagodarka
Odesa’ variety - a distinction between optimal
options for protein and gluten, and the ‘Smugly-
anka' - a predominance of the yield effect over
the protein one. Integrated cultivation systems
that differed in sowing time, standing density,
fertiliser, and irrigation regimes were compared
by H. Xu et al. (2023). The authors stressed that
integrated management provided almost the
same level of yield as a high-cost system, but
with a better nitrogen balance and higher water
productivity. This interpretation of the optimi-
sation of the technology was consonant with the
results obtained since even in the experiment
with winter wheat, the decisive factor was not
the fact of increasing the dose of nutrients, but
the combination of elements of the technolo-
gy, which ensured a more complete realisation
of varietal potential without losing the quality
indicators of grain. A. Burton et al. (2024) con-
ducted an experiment at three sites in Switzer-
land involving five varieties and six nitrogen
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application regimes, showing that the yield
and nitrogen content in grain were determined
mainly by the total nitrogen dose, and not by the
options for its distribution by application time.
The results obtained in the experiment partially
coincide with this conclusion, since in the con-
ditions of the Southern Steppe, combined nu-
trition schemes with foliar top dressing were
more effective, which indicated a stronger role
of phase adjustment of nutrition in an arid and
more stressful agroecological environment. The
interaction of winter wheat varieties with differ-
ent norms and terms of nitrogen application was
examined by D. Ghimire et al. (2021). Researchers
determined that increasing the nitrogen back-
ground steadily increased the protein content,
while the increase in yield was more dependent
on the year and water supply conditions; at the
risk of nitrogen loss, spring, or fractional appli-
cation gave better results. This corresponded to
the results obtained in the part that the quality
indicators of grain were more closely related to
the nutrition scheme than the yield itself, and
the varietal response to top dressing was not lin-
ear and the same in all variants.

Five levels of nitrogen nutrition combined
with sprinkler irrigation under the influence of
dry stress were examined by D. He et al. (2026).
The authors determined that with an increase
in the nitrogen background, the yield, water, and
nitrogen efficiency increased only to a certain
optimum, after which excess nitrogen nutrition
reduced the return on the resource. This pattern
was consistent with the results of this experi-
ment, since the highest performance indicators
were formed not on the simplest or most in-
tense variant in terms of load, but on balanced
combined schemes that provided the best im-
plementation of the production process without
a pronounced deterioration in protein-gluten
characteristics. A.K.M. Hamani et al. (2025), in
a two-year field study, combined two irrigation
regimes with six methods of nitrogen distri-
bution by drip fertigation and showed that the
50:50 scheme between basic application and top
dressing after the resumption of vegetation pro-
vided the highest yield and contributed to im-
proved grain quality. This was close to the results
obtained, in which the preference also shift-
ed to options with distributed and combined
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nutrition, while a single or simplified supply of
nutrients did not provide the same pronounced
effect. J. Chang et al. (2026) examined four ni-
trogen norms in combination with two sowing
methods and found that the norm of 180 kg of
nitrogen per hectare provided the best balance
between yield, water efficiency and acceptable
quality in the arid conditions of the Loess Pla-
teau of China, while the higher norm increased
individual quality characteristics, but increased
the consumption of soil moisture. This coin-
cided with the logic of the results obtained,
according to which quality maximisation and
yield maximisation did not always coincide in
the same technological version, and the choice
of the fertilisation system should be conducted
considering which component of productivity
was a priority.

Various combinations of granular nitrogen
application dates and foliar top dressing were
evaluated by L. Drenjancevi¢ et al. (2026). The
results obtained by the researchers showed that
theresponse of grain yield and quality depended
onthe conditions of the year, while nitrogen effi-
ciency indicators were more sensitive to chang-
es in the variant than absolute yield parameters.
Similar seasonal heterogeneity was observed in
this experiment, where the same fertilisation
system could affect protein, gluten, and yield
differently depending on the variety and year,
which confirmed the need to evaluate the effec-
tiveness of nutrition not only by absolute yield
but also by the stability of the qualitative and
quantitative response. Y. Wang et al. (2023), in a
global meta-analysis, summarised the effects of
nitrogen nutrition on wheat yield, protein con-
tent, and water productivity, and showed that
nitrogen application on average increased all
three indicators, while the best effect was pro-
vided by higher standards, fractional applica-
tion, post-flowering top dressing, and the use of
controlled forms of fertilisers. This is consistent
with the results obtained, since in the experi-
ment, the most pronounced effect was observed
not with a simplified nutrition background, but
with combined schemes in which additional top
dressing supported both grain yield and quality.
M. Li et al. (2026), in a two-year field trial involv-
ing ten varieties of rain-fed wheat, classified
genotypes according to their combination of

)

yield and nitrogen use efficiency, and the best re-
sults were linked to the coordinated functioning
of the root system and the aboveground parts,
more active post-anthesis photosynthesis, and
more efficient remobilisation of assimilates and
nitrogen. This was consistent with the results of
the experiment, where an unequal response to
the same nutrition schemes was also identified
between varieties, which indicated the decisive
role of intra-variety physiological mechanisms
in the implementation of the effect of nutrition
optimisation.

The hypothesis that effective management
of nitrogen nutrition requires determining the
dose of nitrogen and a balanced supply of po-
tassium, magnesium, and sulphur was tested
on winter wheat by A. Andrzejewska et al. (2025).
This expansion of the interpretation of nutrition
corresponded to the results obtained since the
advantage in the experiment was also formed
not by isolated nitrogen solutions, but by com-
bined systems in which nutrition acted as a mul-
ticomponent regulator of grain productivity and
quality. The results obtained are consistent with
the data of R. Wang et al. (2025), which showed
that the combination of irrigation and nitrogen
nutrition in winter wheat contributes to an in-
crease in yield and protein yield, but the impact
on individual grain quality indicators is less
clear. This confirms that it is advisable to consid-
er nutrition optimisation not only as a means of
increasing yields but also as a tool for achieving
a balance between quantitative and qualitative
indicators of grain. C. Li et al. (2025), in a field
experiment, showed that the norm of N210 pro-
vided the highest yield for two seasons, while a
further increase in the nitrogen dose increased
the number of ears, but limited the mass of
grain from the ear and the mass of a thousand
grains. This was consistent with the results of
the experiment, since it also confirmed that the
productive effect was determined not by max-
imising the intensity of nutrition as such, but by
achieving a balanced scheme in which grain fill-
ing improved and the balance between quanti-
tative and qualitative characteristics of the crop
was not disturbed.

The APSIM Next Generation model for re-
producing winter wheat growth, nitrogen yield
response, and nitrogen dynamics was evaluated
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byJ].G. Pinto et al. (2026). The authors determined
that the model accurately predicted the overall
response of yield to nitrogen levels, particularly
at high fertilisation rates, although its accuracy
declined when nitrogen levels were zero. This
was important in the context of the results ob-
tained, as it confirmed the possibility of further
modelling the variety-specific response to fer-
tilisation systems and predicting their effective-
ness in various agroecological scenarios. The
dynamics of protein and starch in winter wheat
grain, depending on irrigation regimes and ni-
trogen nutrition, were examined by B. Zib et
al. (2025). The researchers established that pro-
tein components responded positively to nitro-
gen application, but were suppressed by irriga-
tion, while starch accumulation was increased
by both water and nitrogen. This enabled the
explanation of the results of the experiment by
the fact that a linear relationship was not always
formed between the yield and protein content of
grain, and changes in the nutrition system could
affect individual components of grain quality
in different ways, depending on environmental
conditions and varieties. S. Liu et al. (2022) indi-
cated that moderate supplemental irrigation in-
creased yields, water productivity, and nitrogen
efficiency by improving the nitrogen status of
plants, whereas excessive water supply did not
provide a corresponding crop increase. This was
tangential to the results obtained since it also
confirmed that the implementation of the ef-
fect of nutrition was determined by the general
physiological state of sowing, and not just by the
dose of fertilisers itself, that is, the optimisation
of the technology should account for the inter-
action of nutrition with the water regime.
Different nitrogen doses and ratios during
the development phases of winter wheat were
studied by M.S. Kubar et al. (2022). The research-
ers established that the optimal application was
225 kg of nitrogen per hectare with a distribu-
tion of 60+40%, which provided higher rates of
photosynthesis, nitrogen efficiency, biomass
accumulation, and yield. This was consistent
with the results of an experiment in which the
best outcomes were also linked not to a single
application of nutrients, but to a controlled-re-
lease fertiliser system that supported the
plants during key stages of crop development.
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L. Rempelos et al. (2023) stressed that varieties
created for high-cost intensive systems did not
always combine the productivity, sustainability,
resource efficiency, and quality required for al-
ternative growing systems. This was consistent
with the results of the experiment, as different
varieties reacted differently to the same nu-
trition schemes, which confirmed the need to
consider the variety not as a neutral background
of technology, but rather an active factor in the
formation of grain yield and quality. Research-
ers H. Heinemann et al. (2025) in a multi-site
study conducted along the European climatic
gradient showed that pedoclimatic conditions
had a greater influence on root biomass and
yield than variety, although varietal differences
inyield and the ratio of root to above-ground bi-
omass were also significant. This also explained
the results of the experiment, where the same
fertilisation system did not give an identical re-
sponse in all varieties, and its effectiveness had
to be considered as a result of the interaction of
the genotype with specific soil and climatic con-
ditions of the steppe zone. A. Yousefi et al. (2025)
compared facultative, winter, and spring wheat
at four levels of nitrogen nutrition and showed
that facultative wheat provided higher yields
at traditional nitrogen rates of 100-200 kg/ha,
while increasing nitrogen nutrition further in-
creased the protein and nutrient content of the
grain. This was close to the results obtained, as it
also confirmed that optimal food standards and
regimes are not universal for all genotypes, but
are determined by a combination of the type of
variety, environment, and production goal.
Strategies to create high-quality wheat va-
rieties with increased nutritional value, com-
bining genetic approaches, biofortification
breeding and improved agronomic practices,
including soil management, irrigation, and
post-harvest technologies, were generalised by
X. Zhang & X.M. Liu (2025). This expanded per-
spective on grain quality facilitated the interpre-
tation of the results, considering both the effects
of individual nutrition schemes and their role
within a broader system where nutrient tech-
nology interacted with the variety to determine
protein content, gluten parameters, and overall
nutritional value. Comparison of sources con-
firmed that the results obtained are consistent
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with the modern idea of the need for combined
consideration of the variety, nitrogen nutrition
regime, foliar top dressing, water regime, and
associated mineral supply when evaluating the
productivity of winter wheat. The experiment
specified that in the conditions of the Southern
Steppe of Ukraine, the most appropriate tech-
nological solutions should be obtained not only
by the average yield but also by the nature of the
varietal reaction to individual fertilisation sys-
tems, since this interaction determined the final
combination of yield, protein, and gluten.

CONCLUSIONS
As a result of the study, it was established that
the productivity of winter wheat varieties in the
conditions of the Southern Steppe of Ukraine
significantly depended on the combination of
varietal characteristics and nutrition system.
It was confirmed that the use of only a miner-
al background did not ensure the maximum
realisation of productive potential, while the
combination of the background with foliar top
dressing formed higher yield indicators and, in
some cases, improved grain quality. In terms of
yield, the lowest average values were recorded
at the control: 3.84 t/ha for the ‘Blagodarka Ode-
sa’ variety, 419 t/ha for the ‘Astarta’ variety, and
375 t/ha for the ‘Smuglyanka’ variety. The high-
est average values were obtained for the appli-
cation of Organic D2 - 5.2, 5.23, and 541 t/ha, re-
spectively. Consequently, the greatest reserve of
productivity growth was associated with the use
of combined nutrition systems, primarily due to
the inclusion of Organic D2 and the combination
of Urea K1 and K2. According to the qualitative

indicators of grain, the variety-specific nature of
the reaction was established. The most balanced
effect was characteristic of the ‘Astarta’ variety,
in which the average protein content increased
t012.67% by combining Urea K1and K2, and glu-
ten - up to 26.66%. The ‘Blagodarka Odesa’ vari-
ety had the highest average protein content of
12.35% when using Urea K2, and gluten - 25.57%
for the use of Escort-Bio. In the ‘Smuglyanka’ va-
riety, the most pronounced effect was observed
in terms of yield and gluten content, whilst the
average protein content remained highestin the
control treatment, at 12.25%. For the ‘Podolyanka’
variety, the best protein and gluten values were
formed mainly using Escort-Bio and amounted
to 12.21% and 25.85%, respectively. A limitation
of the study was that the dataset provided did
not include yield data for the ‘Podolyanka’ varie-
ty, which meant it was not possible to perform a
comprehensive comparison of this variety with
others across all productivity indicators. Further
research should focus on expanding the range
of varieties, achieving a balance between yield
and quality for all genotypes, and conducting
an economic assessment of the effectiveness of
fertilisation systems depending on the weather
conditions of the year.
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MpoayKTUBHICTb COPTIB NLWEHULi 03UMOI
3a/1e)XKHO Big onTUMI3alii XXUBNEeHHA

AHoTauifa. MeTo0 JOoCTiIKeHHA 6y/I0 BCTAHOBUTY BIUIMB ONTUMIi3allii CCTEMU JKUBJIEHHS Ha
bopMyBaHHS MIPOAYKTUBHOCTI Ta MOKA3HUKIB AKOCTi 3epHA COPTIB IIIEHUIlI 03UMOI B yMOBax
[TiBgeHHOrO CTemny VKpaiHu. JlociiyKeHHS IIPOBOLUIIOCS V ITOJIBOBUX YMOBaX y MUKOIAiBChKIN
obyacti VKpaiHM 3 IIOPiBHAHHAM COPTIB IIIIEHWIN i1 CUCTEM JKUBJIEHHS Ta IIOZAJIbIINM
BHU3HAUEHHAIM BpPOJXKaMHOCTI, BMIiCTY 6i7IKa i KJIeIKOBUHU B 3€pHi. Y pe3ysbrari 6y/10 BCTAHOBJIEHO,
1[0 peakli COpTiB IMIIEeHUIl Ha CUCTEeMU JKUBJIEHHS Majla BUpaKeHUU AudepeHIiNi0oBaHUU
xapakTep. Ha KOHTPOJBHUX BapiaHTax cepefHs BpPOXKaWHICTh cTaHOBUia 3,75-4,19 T/ra, Tomi
K 3a OMNTMMIi30BaHOTO JXUBJIEHHA 3pocTaja Jo 52 T/ra y copty ‘Brarogapka Omechbka, Io0
5,23 T/ra y copty ‘ActapTa’ i mo 541 T/ra y copty ‘CMyrngHKa. [y copTiB ‘Braromapka Omechbka),
‘Actapta’ i ‘CMyIIgHKA HAWBUILY CepelHI0 BpOJKaMHICTh 3abe3medyBaB BapiaHT 3 OpraHik D2. 3a
ITOKa3HUKAMMU SIKOCTi 3epHa HaMbiNMbII 36aIaHCOBAHY PeaKIlilo BUABUB COPT ‘ACTapTa: CepemHil
BMicCT 6isKa MigBUINyBaBcsa A0 12,67 %, a KIEMKOBUHU — 0 26,66 % 3a MoegHAaHHSA ModYeBUHA
K11i K2. V copry ‘Briaromapka Omecbka HaWBULIAM CepeAHill BMIcT 6inka ctaHOBUB 12,35 %, a
KJIeNKOBUHU - 25,57 %. V copty TlomonaHKa HaMWKpalli MOKa3sHUKU AKOCTi ¢opMyBanucsa 3a
BUKOpUCTaHHA EcKopT-Bio. [IpakTU4YHa 3HAaYMMICTh OflepyKaHUX Pe3y/IbTaTiB II0/Ira€e B TOMY, 110
arpapHi migmpueMcTsa, GepMepCchKi rocrogapcTBa Ta arpoHOMIUHI CITy)K61 MOJKYTh BUKOPHUCTATH
ix gy 06IPyHTOBAHOTO LO60PY CUCTEM JKUBJIEHHS 111 KOHKPETHI COPTH IIIIEHUIT] 03UMOi 3 METOIO
MMiJBUIIEHHS BPOXKAaMHOCTI, TIOKpAIIeHHS 6iTKOBO-KJIEMKOBUHHUX IOKa3HUKIB 3epHA B YMOBAaX
IiBpenHoro Crery YKpaiHU

KniouoBi cnoBa: 3epHO; KIIEMKOBUHA; 61JT0K; BpOKANHICTh; J06pUBa
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