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Abstract. Agroecological substantiation of cereal crops cultivation technologies becomes especially relevant in
conditions of insufficient moisture, as it requires sustainable and efficient agro-production systems that ensure
high yields and preserve natural resources. The aim of the study is to determine the impact of nitrogen fertilisation
on the growth and development of winter wheat in an arid climate. To achieve this goal, a field study was
conducted at the fields of the Educational and Research Centre of Mykolaiv National Agrarian University to study
mineral nutrition and the impact of different nitrogen rates on the structure and quality of winter wheat grain
yield. The study found that increasing nitrogen fertiliser rates has a positive impact on crop growth and yield.
The application of higher nitrogen rates, in particular N,, and N, in spring fertilisation, increases plant height by
3.8 and 4.6 cm, respectively, compared to N, . In addition, a double increase in nitrogen fertiliser rates resulted
ina 3.5% increase in the number of productive stems and a 13.6% increase in the weight of 1,000 seeds. Mineral
fertilisers also had a significant impact on winter wheat yields, with P, K, +N  and P, K, +N, yielding 51.8 and
49.3 c/ha, respectively. The results of laboratory studies confirmed that nitrogen fertilizers in an increased amount
lead to a decrease in the starch content in winter wheat grains, while simultaneously increasing the protein
content. Correlation analysis showed a tendency to increase the yield of winter wheat with higher application
of nitrogen fertilizers, however, in order to avoid deterioration of the quality of crop products, it is important to
follow the recommendations. The practical significance of the obtained results lies in optimizing the cultivation
of grain crops, as well as increasing their yield in conditions of limited water resources and the threat of drought
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INTRODUCTION
In today’s world, agri-environmental issues are becom-  Climate change, population growth and volatile
ing increasingly relevant, as agriculture is a key sector  agricultural markets require the development and
that ensures food security and economic development. implementation of environmentally sustainable and
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productive agricultural technologies. In the Southern
Steppe of Ukraine, which has significant potential for
agricultural production, this relevance is most evident
through the above challenges and opportunities.

Modern agriculture faces numerous challenges,
such as climate change, rapid population growth, glob-
al competition and the need to ensure environmental
sustainability. To address these challenges, new tech-
nologies and crop production strategies are needed.
M. Ivasyk & M. Bakhmat (2023) in their study emphasise
that it is important to strive for high productivity, con-
servation of resources and the environment, as well as
to ensure product quality and access to global markets.

A number of authors, such as J. Wang et al. (2021)
and L.N. Jergensen et al. (2020), argue that the main
aspects of the agroecological approach to crop pro-
duction include site selection, selection of varieties
and hybrids, use of efficient agronomic practices, wa-
ter management, monitoring and control of negative
impacts, biodiversity conservation, and promotion of
environmental awareness among farmers and con-
sumers. Macronutrients, as integral components of
important physiologically active substances, help to
increase the activity of enzymes in plants, improve
their ability to absorb essential nutrients and increase
photosynthetic productivity and assimilation activ-
ity. The addition of mineral fertilisers has a number
of beneficial effects for plants and crops. It increas-
es the resistance of plants to adverse environmental
conditions and makes them less susceptible to pests
and diseases. This leads to higher yields and improved
grain quality (Sallam et al.,, 2019).

The cultivation of winter wheat is crucial for its
yield. The fertilisation system for this crop includes the
application of various types of nutrients. This is neces-
sary due to the fact that winter wheat requires a large
amount of nutrients for its proper growth and develop-
ment, and most of these nutrients are often not availa-
ble to plants in the required quantities in the soil. Nu-
trient deficiencies in the soil can lead to reduced yields,
poor seed quality and an increased risk of disease and
pest infestation. Therefore, it is important to provide
winter wheat with the necessary amount of nutrients
by applying fertiliser in appropriate amounts and at the
optimal time, as shown in study A. Ren et al. (2019).

Ye. Kuzmenko et al. (2023) believe that the scien-
tific and agro-ecological justification of growing cereal
crops in Ukraine is an important task in the context of
ensuring food security, sustainable use of natural re-
sources and biodiversity conservation. The authors pay
particular attention to the Southern Steppe of Ukraine,
which is an important agricultural area but also faces a
number of agro-ecological challenges and constraints.
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This region has unique natural conditions, but at the
same time is vulnerable to threats such as drought, soil
erosion, waterlogging, water pollution, and others.

According to M. Solodushko et al. (2021), the agro-
ecological justification of grain growing technologies
also affects the conservation of nature and public
health. Healthy ecosystems not only ensure sustain-
able agricultural production, but also provide natu-
ral balance, maintain species diversity, and regulate
climate processes. Prevention of soil and water pol-
lution also affects the quality and safety of food for
the population. Thus, the agro-ecological justification
of crop cultivation technologies has a deep social and
environmental context and relevance, and determines
the future of agriculture and the environment in the
Southern Steppe of Ukraine.

V. Gamayunova et al. (2020) point out that grain
farming in Ukraine is one of the main sectors of the
agricultural complex, and its development largely de-
termines the production of food and feed resources, as
well as affects the economy as a whole. Modern grain
varieties, including winter wheat, have a high potential
yield of up to 7 tonnes of grain per hectare, but average
yields in Ukraine remain significantly lower.

The aim of the study was to investigate the impact
of mineral fertilisation on the growth and development
of winter wheat in the Southern Steppe of Ukraine. To
achieve this goal, the following objectives were set: to
study the peculiarities of mineral nutrition of winter
wheat and its fertiliser requirements, as well as to de-
termine the impact of nitrogen fertiliser rates on the
yield and quality of winter wheat.

MATERIALS AND METHODS

To determine the productivity of winter wheat, a field
experiment was conducted using laboratory and field
observations of the growth and development of the
crop grown under different conditions of mineral fertil-
isation. The study was conducted in 2020-2022 on the
fields of the Educational and Research Centre (ERC) of
Mykolaiv National Agrarian University. The study com-
plies with all ethical standards under The Convention
on Biological Diversity (2022).

The soil of the experimental plots is southern black
soil on carbonate loess, characterised by high potassi-
um, medium phosphorus and low nitrogen content. The
soil has a medium loamy texture, with a humus horizon
of up to 50-65 cm and a humus content of approximate-
ly 3.5%. The content of mobile forms of phosphorus is
8.8-9.6 mg per 100 soil, easily hydrolysed nitrogen in
the soil is about 0.1-0.4 mg per 100 soil, and exchange-
able potassium is about 30.3 mg per 100 soil. The soil
reaction of the experimental plot (pH) is 7.5.



Since climatic conditions have a great influence on
the formation of winter wheat grain yield, it is impor-
tant to note that the study was conducted in an area
that belongs to the zone with insufficient rainfall, and
all years of research were characterised by a shortage
of precipitation. The experiment was replicated three
times, with a total plot size of 350 m? and an area of
80 m? per plot. Perennial grasses were the predecessor
of winter wheat. Winter wheat was sown between 25
and 30 September, with a seeding rate of 220 kg per
1 ha or 4.5-5 million/ha of germinating seeds.

Organic fertiliser (manure) was applied to the soil
for autumn ploughing before sowing winter wheat at a
rate of 25 t/ha in all experimental variants. In addition,
phosphorus-potassium fertilisers were applied at a rate
of P, K., during winter ploughing, and nitrogen fertil-
isers were applied in spring according to the appropriate
scheme: Option | - N, , Option Il - N, , Option Il = N.
The method of fertilisation with nitrogen fertilisers was
to apply them during early spring fertilisation on frozen
soil and at the beginning of the phase of winter wheat
emergence into the tube. Urea was used as a nitrogen
fertiliser, potassium chloride as a potassium fertiliser,
and granular superphosphate as a phosphorus fertiliser.

Correlation and regression analysis was used to
confirm the reliability of the results. This method is a
powerful tool for establishing relationships between
different variables. In the present study, this analysis
was used to determine the relationship between min-
eral fertiliser use, winter wheat grain yield and starch
and protein content in the grain. In addition, this analy-
sis allowed us to build a model that can predict winter
wheat yields depending on the use of mineral fertilisers.

The data of winter wheat growth parameters, such
as plant height, number of productive stems and weight
of 1,000 seeds, were obtained by measuring, counting
and weighing, and the leaf area was determined by the
method of notching. The starch content of seeds was
determined using a Shimadzu UV-1800 spectropho-
tometer (Shimadzu,Japan), and the protein content was
determined by refractometric method. Winter wheat
grain yield was determined manually from each plot
separately. During the data analysis, statistical analy-
sis was also performed to determine the average and
relative values of the effect of the level of mineral fer-
tilisation on the yield, and comparative analysis was
performed to compare the data obtained.

All experiments were repeated three times for each
variant of the experiment. To verify the reliability of the
research results, the multivariate method of analysis of
variance MANOVA was used, which was conducted us-
ing Microsoft Excel software and Statistica 10 software
package. Differences between the results obtained
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were defined as statistically significant if the signifi-
cance level (P) was less than or equal to 0.05 according
to the Student’s criterion.

RESULTS

An important component of the fertilisation system for
winter wheat is the application of the optimal amount
of macro- and microelements required to meet the
needs of the plants. To achieve this, both organic and
mineral fertilisers can be used. Determining the optimal
fertilisation system for winter wheat is a complex task,
as it depends on numerous factors that can be difficult
to control. These factors include climatic conditions,
soil type, weather, plant variety, soil moisture availabil-
ity, soil nutrient availability, and others. Therefore, the
optimal fertilisation system may vary depending on the
specific growing conditions (Serrago et al,, 2013).

An important aspect is the timely application of ni-
trogen fertilisers at different stages of plant organogen-
esis. This allows to effectively influence the formation
of grain yield structure indicators, such as plant density
and size. Phosphorus and potassium are equally impor-
tant for the growth and development of winter wheat,
particularly in the early stages of growth, when the root
system and winter hardiness of plants are formed. The
use of large doses of nitrogen fertilisers in the early
stages of organogenesis can have a suppressive effect
on young plants, so it is important to avoid their large
application during pre-sowing cultivation and during
sowing. However, a lack of nitrogen at these stages can
negatively affect plant development and reduce yields.

One of the research objectives was to study the
peculiarities of mineral nutrition of winter wheat and
its fertiliser requirements, so it is important to note
that to obtain a winter wheat yield of 1 tonne of grain
per hectare, the following amounts of macronutrients
should be provided: nitrogen - 30-35 kg, phosphorus -
10-13 kg, potassium - 20-25 kg (Holman et al., 2023).
As for the inheritance of plant height, this indicator is
stable and genetically dependent, but environmental
conditions, in particular stress factors, can significant-
ly change this parameter. In addition, plant height can
vary significantly depending on certain factors, includ-
ing the year of cultivation, plant variety and environ-
mental conditions. For example, under ideal conditions
of soil moisture and nutrient supply, plants will be tall-
er than under conditions of drought and insufficient
soil nutrition (Ahmad et al., 2022).

In this study, the application of different rates of
nitrogen fertilisers in winter wheat crops had a sig-
nificant impact on crop height over three years. It was
found that an increase in nitrogen fertiliser rates pro-
motes higher growth of winter wheat plants. Thus,
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in the variant of P, K, +N. application, the average
plant height was 86.8 cm over the years of study. Im-

provement of the nutrition background in the variants

96
94
92
90
88
86
. im
82
P30K30+N30
2020 86.9
m 2021 86.3
2022 87.1

P, Kso+N,, and P, K. +N. contributed to an increase in
the height of winter wheat plants by 3.8 and 4.6 cm,

respectively (Fig. 1).

P30K30+Ngo P30K30+Ngo
92.1 94.3
91.2 94.4
92.5 94.7

Figure 1. Effect of fertiliser on the height of winter wheat plants, cm

Source: compiled by the authors

The formation of high-yielding winter wheat crops
depends on the size and photosynthetic activity of its
leaf surface. Optimisation of photosynthesis and effi-
cient use of solar energy are key factors for increasing
grain yields. In the arid conditions of southern Ukraine,
insufficient development of the leaf surface is the main
limiting factor for achieving high crop productivity. The
application of mineral fertilisers, especially nitrogen,
which is part of chlorophyll, plays an important role
in the formation of the leaf apparatus. By improving

Variant of the experiment

1 P30K30+N30
2 P30K30+N60
3 P30K30+N80

Source: compiled by the authors

In addition, it was found that different amounts of
nitrogen fertiliser in winter wheat crops affected the
yield structure of the crop for three years, namely the
number of productive stems and the weight of 1,000
seeds. Productive stems are those stems that develop
and form ears of grain. The number of productive stalks
in winter wheat can vary depending on many factors,
including sowing density, fertiliser use, weather condi-
tions and plant variety. Achieving the optimum num-
ber of productive stems helps to ensure a good winter
wheat harvest and increase the efficiency of agricultural
production.To increase the number of productive stems,
agricultural practitioners can use various agronomic
measures, including optimal sowing density, timely and
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Table 1. Effect of fertilisation on the leaf area of winter wheat, thousand m?/ha (average for 2020-2022)

the nutritional regime, it is possible to increase the size
and productivity of the leaf surface of plants, which
affects their photosynthetic activity. According to the
data obtained as a result of the study, during the grow-
ing season, winter wheat plants fertilised with higher
rates of nitrogen fertilisers in the variants P, K, +N
and P, K. +N., had a larger leaf surface compared to
the variant P, K, +N,. The leaf surface reached its
largest size at the earing stage in all experimental var-

iants (Table 1).

Phase of development

Scheme of application of mineral fertilizers

tillering output tube earing
123 17.2 224
14.4 20.1 271
14.8 23.7 29.1

rational fertilisation, selection of plant varieties with
higher productivity, etc. (Bilousova et al., 2021).

The study found that at the level of fertilisation of
P. K, +N,,, the largest number of productive stems was
formed, which was 561 pcs. It should also be noted that
the use of mineral nutrition also affected the weight
of 1,000 seeds of winter wheat, despite the fact that
this is a genetically determined trait. Thus, at the lev-
el of fertilisation of P, K, +N,, the highest weight of
1,000 seeds was noted - 55.3 g (Table 2). Consequent-
ly, the number of productive stems was 3.5% higher
with P, K, +N  than with P, K, +N_ , and the weight of

1,000 seeds was 13.6% higher, respectively. Therefore,
it should be noted that the increase in the structural
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parameters of the winter wheat crop in the study was
due to the supply of a sufficient amount of nutrients

from mineral fertilisers, which influenced the growth
and development of plants.

Table 2. Number of productive stems and weight of 1,000 seeds of winter wheat (average for 2020-2022)

Scheme of application of

Variant of the experiment mineral fertilizers

Number of productive stems,

Weight of 1,000 seeds, g

1 P30K30+ N 30
2 PZOK 30+ N 60
3 P30K30+ N 80

Source: compiled by the authors

The results of the study also showed that the appli-
cation of mineral fertilisers had a significant impact on
the yield of winter wheat. On average, over three years,
the highest yields were formed by applying P, K, +N,/

30" 730

pieces/m?
542 48.7
561 55.3
553 54.8
and P, K, +N,,,and amounted to 51.8 and 49.3 c/ha, re-

spectively, indicating that the level of mineral fertiliser
supply is adequate. In particular, nitrogen fertilisers,
contributes to the productivity of winter wheat (Table 3).

Table 3. Winter wheat yield, tonnes per hectare

Average

for 2020-2022

Variant of the Scheme of application
experiment of mineral fertilizers
1 PNy, 48.6
2 PooKsotNgo 51.9
3 P50 Ngg 49.4
HIP 1.26

Source: compiled by the authors

The starch and protein content of wheat seeds is
important for the quality and use of this crop. In par-
ticular, starch is the main type of carbohydrate in wheat
grain. The starch content affects the structure and tex-
ture of wheat products. The high starch content helps
wheat grains to form a dense texture, which makes
them excellent for bread making. The protein content
also affects the quality of flour and other wheat prod-
ucts. The higher the protein content, the higher the

49.1 48.9 48.9
52.2 51.4 51.8
48.8 49.6 49.3
1.37 1.31 1.19

nutritional and technological value of the grain. It has
been established that the application of mineral fer-
tilisers, in addition to the yield of winter wheat grain,
has an impact on its starch and protein content. Thus,
according to the data obtained in laboratory conditions,
the starch content decreased with an increase in the
rate of nitrogen fertiliser application, but the protein
content, on the contrary, increased with the application
of higher nitrogen rates (Table 4).

Table 4. Starch content in seeds and protein in winter wheat grain, % (average for 2020-2022)

Variant of the experiment

Scheme of application of mineral fertilizers

Starch content Protein content

1 N, P,K

30" 40 30
2 P30K30+N30
3 P30K30+N60

Source: compiled by the authors

Thus, according to the results obtained, the indi-
cators of crop structure and quality characteristics of
grain, as well as its yield, are significantly influenced
by the rates of nitrogen fertiliser application. Accord-
ing to the correlation and regression analysis, there is
a tendency to increase the yield and protein content
of winter wheat grain with an increase in the level of

66.8 14.8
62.6 16.4
64.4 17.2

mineral fertilisers. The value of reliability for yield is
R?=1, for protein content - R?=0.9643. At the same
time, a tendency to decrease the starch content in
grain with an increase in nitrogen fertiliser applica-
tion was found, with a reliability value of RZ=1. This
means that the model accurately describes the avail-
able data (Fig. 2).
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>3 y=-27x2+ 11x + 406 68 18
2 R*=1 67 175
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Figure 2. Correlation and regression analysis of the effect of mineral fertilisers
Notes: a) grain yield of winter wheat; b) starch content in grain; ¢) protein content in grain

Source: compiled by the authors

Thus, the study found that increasing the dose of
nitrogen fertiliser can lead to an increase in the num-
ber of productive stems, plant height, leaf area, 1,000
seed weight and protein content in winter wheat grain.
In addition, it has also led to increased yields, even in
arid climates. Thus, it can be noted that in the condi-
tions of insufficient moisture in the Southern Steppe
of Ukraine, the methods of growing grain crops have a
scientific agroecological justification.

DISCUSSION

Confirmation of the study can be found in the works of
M. Solodushko et al. (2021), according to which the con-
ditions of insufficient moisture supply in the Southern
Steppe of Ukraine require a scientifically sound agroe-
cological approach to grain growing technologies. This
approach involves taking into account natural condi-
tions, climatic features and water supply sources to en-
sure a stable harvest and preserve the environment.

The Southern Steppe region of Ukraine is charac-
terised by a “non-flushing” water regime. This means
that moisture enters the soil mainly as a result of pre-
cipitation, and there is no significant water flushing
through the soil profile. The growing season of agricul-
tural crops is characterised by a lack of moisture, and
the main factor in replenishing soil moisture is autumn
and winter precipitation, while in summer precipitation
evaporates quickly. That is why a significant part of the
moisture is retained in the surface layers of the soil,
making it difficult for plants to access water. An impor-
tant problem in this region is the conservation and ra-
tional use of moisture reserves to ensure crop yields
(Gamayunova et al., 2020).

L. Skinuliené et al. (2022) consider that the fertilis-
ation system for winter wheat includes the application
of different types of fertilisers with different concen-
trations and amounts, taking into account agronom-
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ic practices, soil type, climatic conditions and other
factors. The main components of fertiliser for winter
wheat include nitrogen, phosphorus, potassium and
various trace elements. This integrated approach to fer-
tilisation helps to achieve optimal results in growing
the crop.Y.Su et al. (2021) in their research believe that
organic fertilisers, unlike inorganic fertilisers, tend to
decompose slowly, which allows them to gradually re-
lease nutrients into the soil over a long period of time.
This ensures that winter wheat is nourished sustaina-
bly and over a long period of time, contributing to its
sustainable growth and development throughout the
growing season. Inorganic fertilisers, on the other hand,
have a more concentrated composition and can provide
a quick, intense boost to plants. They typically contain
significant amounts of nitrogen, phosphorus, potassi-
um and other essential nutrients, which can promote
rapid growth and development of winter wheat. Both
approaches have their advantages and disadvantages,
and the choice between them usually depends on the
specific growing conditions and the purpose of the ag-
ricultural production.

J. Wang et al. (2021) argue that integrated fertil-
isation has a significant effect on the gluten content
of grain, which is explained by an increase in protein
and reserve fractions such as prolamins and glutenins.
This integrated approach helps to improve the quality
of grain, in particular, by increasing the gluten content,
which is an important parameter for the production of
bread and other food products. Similar results were
obtained in the study by M.A. Bukhari et al. (2021),
where the authors indicate that the combined ap-
plication of nitrogen fertilisers together with phos-
phate and potassium fertilisers leads to an increase
in protein content in winter wheat grain. These results
highlight the importance of integrated fertilisation
to improve the quality and productivity of this crop.



However, Ye. Kuzmenko et al. (2023) note that it is im-
portant to consider that excessive nitrogen fertilisa-
tion can have a negative impact on plant development
and crop quality. Excessive amounts of nitrogen can
lead to an increase in plant height and a delay in the
formation of generative organs. In addition, excessive
nitrogen can lead to increased water retention in the
plant and an increased risk of disease and pest spread.
Therefore, it is important to follow the recommenda-
tions on the optimal doses of nitrogen fertilisers to
achieve the best results in winter wheat cultivation.

The results of the study are echoed in the scientific
works of L.N.Jargensen et al. (2020), who argue that the
fertilisation system can affect the weight of 1,000 seeds
of winter wheat. The authors’ research has shown that
the application of phosphorus fertilisers improves the
formation and development of the plant’s root system,
providing the necessary energy for its growth, which af-
fects the increase in seed weight. Potassium is also an
important element for the growth of winter wheat and
maintaining its resistance to stressful conditions such
as high or low temperatures. A lack of potassium in the
soil can lead to a decrease in seed weight and overall
crop yield. The results of the study confirm the impor-
tance of optimal use of these elements to achieve the
best results in winter wheat cultivation.

The results of the study also coincide with the opin-
ion of R.Vozhehova et al. (2021), who call for a careful
consideration of mineral nutrition factors in the South-
ern Steppe of Ukraine. According to their data, winter
wheat can achieve significant yields if the recommend-
ed mineral nutrition rates are met, which highlights the
importance of proper crop care in this region. Accord-
ing to the authors M. Ivasyk & M. Bakhmat (2023), the
application of N, P, in autumn and additional nitrate
fertilisation at N, in spring ensures maximum leaf area
in the tillering and earing phase for cereals, which was
also confirmed in the study.

In the work of Y. Li et al. (2022) noted a very strong
correlation between the leaf surface area in the earing
phase and grain yield for cereals when using pre-sow-
ing seed treatment with the biological product Es-
cort-bio (R?=0.902), as well as between the leaf sur-
face area in the earing phase and plant height at full
grain ripeness (R?=0.931). Optimisation of the nutri-
tional background affects the increase in the photosyn-
thetic potential of winter wheat crops by 14-20%, as
reported by S. Yue et al. (2012). According to the au-
thors, the maximum values were obtained when N, P,/
was applied before sowing. In addition, it was found
that the net productivity of photosynthesis increased
in winter wheat crops by 25-60% when the nutritional
background was optimised. The maximum values of net
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photosynthetic productivity were achieved when K, P,
was applied before sowing and additional fertilisation
with ammonium nitrate at a dose of N, .

According to P. Astrauskas & G. Staugaitis (2022),
mineral fertilisers and fertilisations increased the pro-
tein content of winter wheat grain from 13.5% when
growing plants on unfertilised plots to 15% when op-
timising the nutritional background, which is also re-
flected in the study. O. Sydiakina & V. Dvoretskyi (2020)
state that the application of mineral fertilisers at the
recommended rates and the use of green manure, as
well as manure feeding in the amount of 10 t/ha, led
to an increase in winter wheat yields by 1.45 t/ha of
grain and 1.16 t/ha of straw. Efficiency increases with
the use of foliar fertilisation with complex fertilisers,
in particular with the organomineral complex Organ-
ic D2-M, which additionally ensured the formation of
0.62-0.96 t/ha of grain and 0.50-0.77 t/ha of straw. Op-
timisation of the nutritional background also improved
grain quality by increasing protein and crude gluten
content, but variants using the vitamin BF-3 complex
were less effective.

Considering these studies of the authors and the
results of the study, it can be concluded that a scien-
tifically based agroecological substantiation of grain
crops cultivation technologies is critical in the condi-
tions of insufficient moisture in the Southern Steppe
of Ukraine. Adherence to agroecological principles and
application of scientific methods contribute to increas-
ing the drought resistance of cereals, rational use of
water resources and preservation of soil and environ-
mental quality.

CONCLUSIONS
As a result of the research, it was found that increasing
the nitrogen fertilizer rates has a significant positive
effect on the growth and yield of winter wheat. When
applying higher nitrogen rates (options P, K, +N, and
P, Kso+Ngo), plant height increased by 3.8 and 4.6 cm,
respectively, compared to option P, K, +N.. In addi-
tion, doubling the rates of nitrogen fertilizers helped
to increase the number of productive stems by 3.5%
and the weight of 1,000 seeds by 13.6%. The applica-
tion of mineral fertilizers also had an effect on the yield
of winter wheat. Thus, when applying P, K, +N  and
P, K, +Ngo, the grain yield exceeded the option of ap-
plying P, K, +N, and P, K, +N, by 2.9 and 0.4 t/ha, re-
spectively. This testifies to the important role of nitro-
gen fertilizers in ensuring high productivity of winter
wheat. Laboratory studies have confirmed that increas-
ing the rates of nitrogen fertilizers helps to reduce the
starch content in winter wheat grain, but to increase

the protein content, which can affect the quality and
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use of wheat grain in products. Therefore, increasing
the doses of mineral fertilizers can have a positive ef-
fect on the yield structure of winter wheat and provide
an additional harvest even in the arid conditions of the
Southern Steppe of Ukraine. However, it is important to
follow the recommendations for applying fertilizers in
order not to deteriorate the quality of the products.

In general, science-based agro-ecological ap-
proaches to the cultivation of grain crops not only in-
crease the efficiency of agricultural production, but also
contribute to the sustainable development of the agri-

products in arid climate conditions, which will contrib-
ute to the sustainability of agricultural enterprises. The
conducted analysis revealed a correlation between the
increase in the application of nitrogen mineral fertiliz-
ers and the increase in the yield of winter wheat. This
means that future studies can consider further increas-
es in fertilizer rates of each individual macronutrient,
as well as their combined effects on yield structure and
crop quality of this crop.
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ArpoekorsoriyHe o6rpyHTyBaHHA TEXHOJIOTIN
BUPOLLYBaHHS 3€epHOBUX KynbTyp B yMoBax lMiBaeHHoro Creny YKpaiHu

AHTOHIHa BikTopiBHa [pob6iTbko

[oKTop cinbCcbKorocnoaapCbkmx Hayk, npodecop
MuWKonaiBCbKMI HALLIOHANbHWIA arpapHuUiA YHiBepCuTeT
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa
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TeraHa BonogumupiBHa KauaHoBa

KaHampaT cinbCbkorocnoaapcbKnx Hayk, AOLEHT
MuMKONaiBCbKMI HALLIOHANbHWIA arpapHuiA YHiBepcuTeT
54008, Byn. leopris loHraase, 9, M. Mukonais, YkpaiHa
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AHoTauif. ArpoekonoriyHe o6rpyHTyBaHHS TEXHOMOTI BUPOLLYBAHHS 3€pHOBUX KYNbTyp CTa€ 0COBAMBO akTyasbHUM
B YMOBAX HELO0CTaTHbOrO 3BOMOXEHHS, OCKINIbKM BUMAra€ CTiMKnx Ta edeKTUBHUX arponpomyKLUiiHUX CUCTEM, WO
3abe3neyyoTb BMCOKY BPOXaMHICTb Ta 36epiraoTb NpuUpofHi pecypcu. MeTa AOCNiAXEHHS — BWM3HAYUTU BI/IMB
BHECEHHS a30THUX MiHepanbHWX JO0OPMB Ha PiCT i PO3BUTOK 03MMOI MLEHMLi B YMOBAaX MOCYLWAMBOrO K/iMarty.
[ng pocarHeHHs Wiei MeTU NpoBeLeHO NONbOBE AOC/IAKEHHS Ha Nonax HaByanbHO-HAyKOBO-NPAKTUYHOIO LLEHTPY
MMKONAIBCbKOr0 HALIOHANBHOMO arpapHOro YHiBEPCUTETY i3 BUBUYEHHS MiHEPANIbHOMO XXMBEHHS Ta BMJIMBY Pi3HUX
HOPM @30Ty Ha CTPYKTYpPY Ta SKiCTb BPOXAMHOCTI 3€pHa 03MMOi NwweHuui. PesynbtataMu gocnigkeHHs BCTAHOBNEHO,
O NiABMLLEHHS HOPM a30THMX A0OPMB MO3MTMBHO BMJIMBAE HA PICT Ta BPOXAMHICTb KYNbTypWU. BHECEHHS BULLMX
HOpM a3oty, 3okpeMa N, Ta Ny, y MiKMBNEHHS HABECHI, BNIMBAE Ha 36i/bWEHHA BMCOTU POC/IMH Ha 3,8 M i
4,6 cM BigNOBIAHO, NOPIBHAHO BHECEHHS Nso. KpiMm Toro, noagiiHe 36inblIeHHS HOPM a30THMX AOBPUB NPU3BENO A0
3POCTaHHSA KiNbKOCTI NpofAyKTUBHMX cTeben Ha 3,5 % Ta macn 1000 HaciHWH Ha 13,6 %. MiHepanbHi 06pUBa TaKOX
CYTTEBO BMIMHYM HA BPOXAMHICTb 03WUMOI MweHuLi, Tak npu 3actocyBanHi P, K, +N i P, K, +N. ypoxaiHicTb
3epHa cTaHoBwmna BignoeigHo 51,8 u/rata 49,3 u/ra. Pesynbrat nabopaTopHUX AOCNIAXKEHDb NiATBEPAMN, WO A30THI
[o6puBa y 36inblUeHIM KiNnbKOCTi NPU3BOAATL A0 3HWXXEHHS BMICTY KpPOXMasto B 3€pHi 03MMOI MWeHMLi, 04HO4YACHO
36inbLWyoYM BMICT 6inka. KopensauiiHmii aHani3 3acBig4mMB TEHAEHL,i 0 4,0 3pOCTaHHS BPOXKaMHOCTi 03MMOIi NLEHMUL,i NpK
6iNnblLLIOMY BHECEHHI HOPM a30THWX fLOOPUB, NPOTE 33419 YHUKHEHHS MOTipLIEHHS SKOCTi NTPOAYKLiT KyNbTypu, BaXXIMBO
[OTPUMYBATUCS peKoMeHAauil. [IpakTUYHe 3HaYeHHS OTPUMAHMX Pe3yNbTaTiB NONAra€ B ONTUMI3aLil BUPOLLYBAaHHS
3epHOBMX Ky/bTyp, @ TaKoX 30i/blUeHHI iX BpOxalw B yMOBax OOMeXeHMX BOLHWMX pecypciB i 3arpo3u Mnocyxu
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