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This scientific paper presents the results of two years of research aimed at analysing the
impact of mineral fertilisers and growth regulators on the development and formation of productive
characteristics of spring wheat varieties grown on grey podzolic soils of Vinnytsia region.

The highest wheat yields were observed in the plots where N4,P4,Ks, fertilisers were applied
as the main fertiliser and nitrogen (N3o) fertilisation during tillering. Additionally, the plants were
treated with the growth regulator Fresh Florid at a dose of 1 I/ha and foliar fertilisation with urea
(N10) at the stage of early earing. The lowest height of spring wheat plants was recorded in areas
where the same mineral fertilisers were used (N42P42K4, and Nzo at the tillering stage), as well as
plants were treated with Fresh Florid growth regulator and foliar feeding with urea.

The highest weight of 1000 grains, which ranged from 41.1-42.0 g, was achieved in the plots
where NgoP4,Kso fertiliser and Ngg fertiliser were used at the tillering stage, and the plants were
treated with Fresh Florid and Fresh Energy growth regulators. In addition, the plants were
fertilised with urea at the tube stage using the foliar method.

The weight of grain per ear of spring wheat varied depending on the dosage of mineral
fertilisers, the timing of their application and the use of growth regulators. In the areas with the
highest fertiliser doses, this figure ranged between 1.19 and 1.21 g.

On average, over two years, the maximum yield of spring wheat grain was observed in plots
where N4P42Ks, mineral fertilisers and Nzo fertiliser were applied during tillering. Plants were
treated with Fresh Florid growth regulator, and at the stage of early tube emergence, foliar feeding
with urea was carried out. This ensured an average yield of 5.2 t/ha.

Keywords: spring wheat, fertilisers, morphological characteristics of plants and grain yield.

Table 8. Lit. 25.

Introduction. The grain industry is the basis for the sustainable development of the
agricultural sector. Despite favourable soil and climatic conditions in Ukraine, which
contribute to high yields, the industry is unable to fully meet domestic needs or export
high quality grain. Spring wheat is becoming an important strategic crop to solve the
problem of high quality grain production.

Given the limited resources and insufficient lending to agriculture, spring wheat
crops are frugal with respect to resources and soil.

From a technological point of view, spring wheat demonstrates increased resistance
to diseases and grain shattering, and its extended ripening period facilitates the
harvesting process. Modern achievements in breeding spring wheat varieties ensure their
productivity at the level of 60-70 c/ha. However, in Ukraine, spring wheat is grown on
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relatively small areas, mainly as a reserve crop in case of partial or complete loss of
winter wheat crops.

Statement of the problem. The natural and climatic zones of Ukraine create
favourable conditions for growing both durum and soft varieties of spring wheat.
However, despite these advantages, the area under this crop remains relatively small,
particularly in Vinnytsia region.

Modern spring wheat varieties have a high yield potential, which in research
reaches 5.0-5.5 t/ha, while in production conditions it is about 3.0-3.5 t/ha. One of the
reasons for this is the insufficient study of the conditions for effective fertiliser
application, taking into account the level of moisture and availability of nutrients in
the soil [13, 22].

To achieve success in growing spring wheat, it is important to take into account its
biological characteristics, which significantly affect agronomic practices. This crop has
specific requirements for environmental conditions, which must be taken into account
when planning crops [5, 9].

Spring wheat is demanding on the content of readily available nutrients in the soil,
which is explained by its short growing season and reduced capacity of the root system to
absorb these elements. The absorption of mineral salts per 1 kg of root weight is 12-14.5
mg, while for barley this figure is 7-9 mg, for oats - 2-4 mg, for millet - 2-3 mg, and for
winter rye - 4-6 mg [16-18].

To produce 1 tonne of grain, spring wheat consumes an average of 4.5-6.0 kg of
nitrogen, 1.0-1.6 kg of P,Os and 2.5-3.0 kg of K,0 [3, 13].

The introduction of new modern durum spring wheat varieties requires
adaptation and improvement of existing cultivation technologies to maximise its
yield. The key aspects of the technology are crop rotation, proper selection of
predecessors, as well as thorough basic and pre-sowing soil preparation and
adherence to optimal sowing dates [7, 14, 15, 25].

The choice of predecessors for durum spring wheat is of great importance, as
this crop is quite demanding on nutritional conditions and weed-free fields due to its
limited root system and low tillering ability. In the Eastern Forest-Steppe, the most
suitable predecessors in long-term crop rotations are grain corn, soybeans and sugar
beet [2].

To achieve the maximum potential yield of modern durum spring wheat
varieties, ploughing is the most effective method of primary tillage, which can
increase yields by 0.25-1.20 t/ha depending on the variety [25].

Fertilisers play a key role in improving the efficiency of grain growing
technologies. The need for their use is confirmed by the ability of soils to gradually
deplete plant nutrients, as well as the direct correlation between mineral fertiliser
application and increased crop yields [8].

Studies conducted within the framework of the All-Union Geographical
Network of Field Experiments have revealed patterns of influence of individual
nutrients on spring wheat yields. Nitrogen is the most important, followed by
phosphorus and potassium [19-21].
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For the healthy functioning of plants, the basic elements of nitrogen, phosphorus
and potassium are not enough. Trace elements are also important because they are
involved in the synthesis of proteins, carbohydrates and vitamins. They help to
Improve photosynthesis, increase drought resistance and strengthen the plant's
Immunity against diseases. As a result, yields can increase by 5-12% and grain
quality improves [6].

One of the most promising methods of increasing crop productivity is the use of
growth regulators. They help to realise the potential of plants, regulate the ripening
period, improve product quality and increase crop yields [1].

With the introduction of intensive plant growing technologies, the role of growth
regulators is becoming increasingly important. They can increase not only yields but
also product quality and plant resistance to adverse conditions, phytotoxic effects of
pesticides and diseases [10, 16].

Studies have shown that biological products activate plant life processes,
including membrane functions, cell division, photosynthesis and respiration. By
activating the rhizosphere, regulators can significantly reduce the negative effects of
adverse conditions. It is important to use environmentally friendly products that come
from natural sources [18].

The purpose of the study. The aim of the study is to scientifically substantiate
and determine the effect of mineral fertilisers and growth regulators on the growth,
development and productivity of spring wheat plants in the experimental field of
Vinnytsia National Agrarian University.

Presentation of the main material. In the conditions of the experimental field
of the VNAU village of Agronomichne, Vinnytsia district, during 2023-2024, we
conducted an evaluation of the spring wheat variety Barvysta under the influence of
mineral fertilizers and plant growth regulators on gray podzolized soils [23, 24].

The climate of the experimental field is temperate continental. The air
temperature during the growing season in 2023 averaged 16.2 °C, which is 1.7 °C
higher than the long-term average. Accordingly, in 2024, the air temperature rose to
17.0 °C, which is 2.5 °C higher than the long-term average.

In terms of precipitation, 387 mm was recorded in 2023, which is 8.0 mm more
than the long-term average (379 mm), while in 2024, 314.5 mm of precipitation fell,
which is 54.5 mm less than the long-term average.

Analysing the data, it can be noted that the highest amount of precipitation was
recorded in May and June, while in July and August there was a certain drought.

Research methods. Field research aimed at studying the effect of fertilisation
options on spring wheat productivity was conducted on grey podzolic soil in
accordance with generally accepted methods [4, 11].

The experimental methodology was based on the use of split plots, where the
main factors were the spring wheat variety Barvysta, as well as various mineral
fertilisers and growth stimulants (Fresh Energy, Fresh Florid). The experimental plot
had an area of 50 m?, and the experiment was conducted in triplicate, which ensured
the statistical reliability of the results [11].
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Accounting and statistical processing of the research results was carried out
according to the Methodology of state variety testing [11].

Spring wheat cultivation techniques were developed taking into account the
predecessor, soybean, and were generally accepted for the growing area [13].

Harvesting and accounting of the crop was carried out according to the method
of a trial sheaf of 1 m? in 3 replications with subsequent manual threshing of seeds
[11, 12].

Results of experimental studies. One of the key technological techniques that
determines the growth and development of crops is optimising plant nutrition. This
issue has become particularly relevant in recent years due to the deterioration of soil
fertility. Many lands are being depleted, and organic and mineral fertilisers are being
applied in insufficient quantities, which hinders the restoration of fertility.

Among the factors affecting plant height, the key one is the level of mineral
nutrition. Mineral fertilisers, in particular nitrogen fertilisers, have a positive impact
on plant growth. Research shows that the use of complete mineral fertiliser provides
the best results in plant height.

The effectiveness of mineral fertilisers and growth regulators as components of
spring wheat cultivation technology depends on both growing conditions and weather
factors, as shown in Table 1.

Table 1
Number of productive shoots of spring wheat depending on mineral fertilisers
and growth regulators

: 2
Ne Application option N;(rgt;er of producztlo\/2e43hoots, pAci.égge
1. Control (no fertiliser) 296 280 288
2. N3oP30K30 +N 30 + Fresh Energy 433 421 427
3. N3oP30K30 +N 30 + Fresh Florid 444 427 436
4, NgoP4pKap +N 39+ N 19+ Fresh Energy 447 433 440
5. NaoP4Kao+ N3g + N 10+ Fresh Florid 450 438 444

The source was obtained as a result of own research results

Our studies have shown (Table 1) that in areas without mineral fertilizers, as
well as in those where mineral fertilizers were used at the rate of N4,P4,K4, together
with Ns, fertilization in the tillering phase of spring wheat and growth regulators in
the earling phase, significant changes in the formation of crop productivity elements
were observed.

Thus, when applying mineral fertilisers at the specified rate and applying the
growth regulator Fresh Energy in the tube stage, the average number of productive
shoots was 427 pcs/m? for two years. In contrast, in areas where fertilisers were used
at the same rate together with the growth regulator Fresh Florid in the tube stage, the
number of productive stems increased to 436 pcs/m?2.

Compared to the control plots, where the number of productive stems averaged
288 pcs/m?, the results in the treated plots were significantly better. With additional
foliar treatment with urea in the phase of entering the tube at a rate of Nyo, the number
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of productive shoots increased to 440-444 pcs/m?.

The highest productivity of spring wheat was recorded in areas where the main
fertiliser N3oP3K3o was applied together with N fertilisation in the tillering phase
and Fresh Florid growth regulator at a rate of 1 I/ha. In 2023, the number of
productive shoots reached 450 pcs/m?, and in 2024, under less favourable climatic
conditions, this figure was 438 pcs/m2. On average, over the two years of research,
the number of productive stems was 444 pcs/m?. Studies of the impact of mineral
fertilisers, as well as the treatment of spring wheat plants with growth regulators and
urea fertilisation at the Ny, earing stage on biometric parameters, have shown that
plant height and ear length largely depend on the use of these products, in particular
nitrogen fertilisers. In particular, when applying mineral fertilisers and fertilising
during the tillering phase of spring wheat at N, the plant height varied from 66 to 79
cm, and the spike length ranged from 9.7 to 9.9 cm. It is important to note that the
height of spring wheat plants varied depending on the year, with the best performance
in the more favourable year 2023 in all experimental plots. These indicators depend
not only on weather conditions, but also on the use of growth regulators and mineral
fertiliser application rates (Table 2).

Table 2
Height of spring wheat plants depending on mineral fertilisers
and growth regulators
. . Plant height, cm
Ne Application option 5023 2024 Average
1. Control (no fertiliser) 86 80 83
2. N3oP30K30 +N 39 + Fresh Energy 79 75 74
3. N3oP30K30 +N 30 + Fresh Florid 66 61 63
4, NxPspKa+N 30 + N 10+ Fresh Energy 80 78 79
5. NaoP4Kao+ N3g + N 10+ Fresh Florid 70 63 66

The source was obtained as a result of own research results

The lowest plant height was observed in the plots where mineral fertilisers were
applied at the rate of N4,P4,K4, together with N3, fertilisation in the tillering phase
and Fresh Florid growth regulator with Ny, urea foliar application, with an average
height of 66 cm over two years. The highest height of spring wheat plants was
recorded in the control plots, where no growth regulators or mineral fertilisers were
used, and reached 83 cm on average over two years.

The length of the spike in the control plots, where no fertilisers or growth
regulators were used, averaged 8.5 cm over the two years of research. The
introduction of mineral fertilisers, growth regulators and foliar treatments of spring
wheat crops contributed to an increase in this indicator.

The highest values of spike length were recorded in the plots with the
application of mineral fertilisers at the rate of N4,P4,K,, together with Ny, fertilisation
in the tillering phase, as well as spraying with Fresh Florid growth regulator and
foliar application of urea, where this indicator was 11.1 cm. For comparison, in the
control plots, the length of the ear was much shorter - only 8.5 cm (Table 3).
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Table 3
Spike length of spring wheat depending on mineral fertilisers and growth
regulators
" . Spike length, cm
Ne Application option 5003 2024 Average
1. Control (no fertiliser) 8,7 8,3 8,5
2. N3oP30Ks0 +N 39 + Fresh Energy 10,4 9,0 9,7
3. N3oP30K30 +N 30 + Fresh Florid 10,7 9,1 9,9
4. NaPpKgz+N 30 + N 10+ Fresh Energy 11,6 10,2 10,9
5. N42P4Kaot N3p + N 1o+ Fresh Florid 11,8 10,4 11,1

The source was obtained as a result of own research results

Thus, the biometric parameters of spring wheat plants show a dependence on the
application of mineral fertilisers and growth regulators. The formation of productivity
elements, in particular the number of grains per ear, also correlates with weather
conditions and the background of cultivation (Table 4).

During the two years of research in the plots where mineral fertilisers and
growth regulators were applied, the number of grains per ear was significantly higher
than in the control plots where no fertiliser was applied. Thus, in the control plots, the
number of spring wheat grains per ear ranged from 22-25, while in the plots with
fertilisers and growth regulators, this figure increased to 28-36. It is important to note
that with the increase in fertiliser application rates, the number of grains also
increased (Table 4).

Table 4

Number of grains per ear of spring wheat plants depending on mineral

fertilisers and growth regulators
Number of grains per ear, pcs.

Ne Application option 2023 2024 Average
1. Control (no fertiliser) 25 22 24
2. N3oP30K30 +N 30 + Fresh Energy 30 28 29
3. N3oP30K30 +N 30 + Fresh Florid 32 30 31
4, NxPspKa+N 30 + N 10+ Fresh Energy 34 31 33
5. NaoPoKao+ Nag + N 10+ Fresh Florid 36 33 35

The source was obtained as a result of own research results

During the two years of research, a significant increase in the number of grains
per ear was observed in the plots where mineral fertilisers and growth regulators were
applied compared to the control plots where no fertiliser was applied. In the control
plots, the number of spring wheat grains per ear ranged from 22 to 25, while in the
treated plots this figure increased to 28-36 grains per ear. This result confirms the
Importance of agronomic practices in increasing crop productivity, as the number of
grains also increased with increasing fertiliser rates.

Another important indicator that is often used to characterise grain is its grain
size, which is defined as the weight of 1000 grains. This indicator, in turn, depends on
many factors, including the amount of nutrients in the soil, climatic conditions, and
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agronomic practices. The maximum weight of 1000 grains was 41.1-42.0 g in areas
where mineral fertilisers were applied at the rate of N4P4Ks + Ngg in the tillering
phase, and crops were sprayed with Fresh Florid and Fresh Energy growth regulators.
Additional foliar spraying with urea Ny in the tube phase also contributed to the
improvement of this indicator (Table 5).

Table 5

Formation of elements of spring wheat plant productivity depending on the
application of mineral fertilisers and growth regulators

y — . Weight of 1000 grains, ¢
Ne Application option 5023 2024 Average
1. Control (no fertiliser) 30,7 29,5 30,1
2. N3oP30K30 +N 39 + Fresh Energy 38,5 37,1 37,8
3. N3oP30K30 +N 30 + Fresh Florid 40,1 39,1 39,6
4. NoPsKa+N 30 + N 10+ Fresh Energy 41,4 40,8 41,1
5. NaoPoKao+ Nag + N 10+ Fresh Florid 42,4 41,6 42,0

The source was obtained as a result of own research results

In addition, an important aspect is that the use of fertilisers and growth regulators
not only increases the number of grains, but also affects the overall development of
plants, their resistance to diseases and pests, as well as the quality of the products
obtained. Thus, optimising plant nutrition is a critical element in achieving high yields
and ensuring sustainable spring wheat production.

Thus, the formation of elements of spring wheat plant productivity, as well as
their biometric characteristics, largely depended on climatic conditions, the use of
growth regulators and the application of mineral fertilisers, in particular nitrogen
fertilisers. The interaction between agronomic measures and natural conditions is key
to optimising growing processes and ensuring stable productivity.

The impact of growth regulators and fertiliser application on plant productivity,
in particular on the number of productive shoots and structural yield parameters such
as number of grains per ear and weight of 1000 grains, significantly affected the
overall yield of spring wheat (Table 6).

Table 6
Grain weight per ear of spring wheat depending on
on fertilisation system and growth regulators
Ne Application option 5023 Grain Welgtzwggzr car. g Average
1. Control (no fertiliser) 0,84 0,80 0,82
2. N3oP30K30 +N 30 + Fresh Energy 1,06 1,02 1,04
3. N3oP30K30 +N 30 + Fresh Florid 1,18 1,10 1,14
4, NxPsKa+N 30 + N 10+ Fresh Energy 1,20 1,17 1,19
5. NaoPKao+ N3g + N 10+ Fresh Florid 1,22 1,20 1,21

The source was obtained as a result of own research results

According to Table 6, the weight of grain per ear in the control variant averaged
0.82 g, while in the areas where mineral fertilisers and growth regulators were
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applied, this figure increased to 1.04-1.21 g. This shows that optimisation of
agronomic practices can significantly improve not only the quantitative but also the
qualitative characteristics of the crop.

The weight of grain per ear of spring wheat largely depended on the use of
mineral fertilisers and the timing of their application, as well as on the use of growth
regulators. In particular, in the areas where the maximum dose of mineral fertilisers
was applied, the grain weight ranged from 1.19 to 1.21 g.

The analysis of the results confirms that both growth regulators and fertiliser
background have a significant impact on the yield of spring wheat (Table 7).

Table 7
Seed yield of spring wheat depending on
on fertiliser system and growth regulators
. . Yield, t/ha
Ne Application option 5023 2004 Average
1. Control (no fertiliser) 3,6 3,2 3,4
2. N3oP30K30 +N 39 + Fresh Energy 45 4,1 4,3
3. N3oP30K30 +N 30 + Fresh Florid 4.6 4,2 4.4
4, NgpPaKao+N 30 + N 1o+ Fresh Energy 52 4.8 5,0
5. NaoPoKao+ Nag + N 10+ Fresh Florid 54 5,0 5,2
HIPgs 1,1 1,2

The source was obtained as a result of own research results

The highest productivity and grain quality are achieved when these factors are
optimally combined during all stages of plant growth and development. Taking into
account the elements that affect yields, it is possible to significantly reduce the
negative impact of weather and use controlled cultivation technologies more
efficiently (Table 8).

Studies have shown that in the control variants, the protein content in the grain
was 13.6% and gluten 28.3%. After the application of N4,P4, K4, mineral fertiliser and
foliar feeding with urea, as well as treatment with Fresh Florid growth regulator, the
protein content in spring wheat grain increased to 14.2% and gluten content to 29.2%
(Table 8).

Table 8
Impact of mineral fertilisers and growth regulators on grain quality
of spring wheat (average 2023-2024)

. , +/- Crude gluten +/-
Ne BaplanT BHCCCHHS Protein, % to control contegt, % | to control
1. Control (no fertiliser) 13,6 - 28,3 -
2. N3oP30Ks0 +N 39 + Fresh Energy 13,8 0,2 28,7 0,4
3. N3oP30K30 +N 30 + Fresh Florid 13,8 0,2 28,9 0,6
4, NaPspoKao+N 30+ N 10+ Fresh Energy 14,0 0,4 29,1 0,8
5. NaoP4sKao+ N3g + N 19+ Fresh Florid 14,2 0,6 29,2 0,9

The source was obtained as a result of own research results

In general, the results confirm that the use of growth regulators in combination
with mineral fertilisers during the main fertilisation and fertilisation in the tillering
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phase, as well as foliar feeding with urea, contribute to a significant increase in the
quality and yield of spring wheat grain.

Conclusions. The highest productivity of spring wheat plants was recorded in areas
where N4,P4Ka, was used as the main fertiliser, as well as Ny, fertilisation in the tillering
phase. Additionally, the plants were treated with the growth regulator Fresh Florid at a rate
of 1 I/ha and foliar fertilisation with urea Ny at the beginning of the earing phase.

On average, over two years, the maximum yield of spring wheat grain was observed
when applying mineral fertilisers N4,P4,K4, and fertilising with N in the tillering phase.
Plants were also sprayed with Fresh Florid growth regulator, and foliar feeding with urea
at Nyo was carried out at the beginning of the earing phase. As a result, the grain yield
averaged 5.2 t/ha.
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AHOTAIIS
®OPMYBAHHS MPOJYKTUBHOCTI POCJIMH MINEHUII SIPOi HA
CIPUX OMIJ3OJEHUX IPYHTAX ITIJ BILIUBOM 3ACTOCOBAHMX
BAPIAHTIB YIOBPEHHS B YMOBAX 3MIHU KJIIMATY
MPABOBEPEKHOT'O JIICOCTENY YKPATHU

Y npeocmaeneniti naykositi pobomi HaABeOEHO pe3yibmamu  0BOXPIUHUX OOCAIOHCEHD,
CHPAMOBAHUX HA AHANI3 6NIUBY MIHEPANbHUX 000pU8 ma pe2yisamopié pocmy Ha pOo36UMOK ma
Gopmyeanns NPOOYKMUBHUX XAPAKMEPUCMUK COpMI6 sApoi NueHuyi, SUpPOWjeHuUx Ha CIpux
oniozoneHux pynmax Binnuyuunu.

MaxcumanvHi NOKA3HUKU YPOICAUHOCMI NUEHUYI CNOCmepieanucb HA OLIAHKAX, Oe Oyio
3acmocogano 00opusa NaPiKay 0ns ocnosnozo enecenns, a maxosic niocugnenns azomom (Nao)
nio uac xywinus. [looamkoso npogoounacs oopooka pociun pecyisimopom pocmy Ppewr Dnopio 6
003i 1 1/2a i noszaxkopenese nioicugnenus kapoamioom (Nig) Ha cmadii nouamxy uxody 8 mpyoxy.

Hatimenuiy sucomy pocinun apoi nuenuyi 3aghikco8ano na OLIAHKAX, 0e BUKOPUCTNOBYBAU Mi
ac minepanvhi 00opuea (NgpPpKay ma N3y na ¢azi kywinus), a maxoxc oopobasiniu pociunu
peeynsimopom pocmy Dpew Dopio i 30ilUCHIOBANU NO3AKOPEHEeBe NIOHCUBTIEHHS KAPOAMIOOM.

Hatibinowa maca 1000 sepen, sika sapirosana ¢ mexcax 41,1-42,0 2, 6yra docsenyma Ha
oinaukax, oe suxopucmaiu 000pusa NppPiKay i nioowcuenenns N3y Ha cmadii KywinHA, a maxkooic
npoeenu 0bpobky pociun pezyiamopamu pocmy Ppewr Pnopio i Ppewr Enepeia. Kpim moeo, na
cmaoii 8Uxo0y 8 mpyoKy pociuHu NiOHCUBTIOBAIU KAPOAMIOOM NO3AKOPEHEBUM MEMOOOM.

Baza 3epna 3 00noeo xonoca apoi nueHuyi 8apito68ana 3aieiHCHO 8i0 003)Y8AHHA MIHEPATbHUX
000pu8, mepMminie ix 6HeCeHHs Ma 3ACMOCY8aHHs pecyaamopie pocmy. Ha dinsnkax 3 natibinbuumu
0ozamu 000pus yeii nokasHux Koaueascs midic 1,191 1,21 2.

V cepeonvomy 3a 06a poKku MAKCuMAaibHa 8POACAUHICIb 3ePHA APOT NUEHUY] CNOCMepieanacs
Ha OinauKkax, de 3acmocogyganu MinepanvHi 00opusa NaPsKay ma nioscuenenns Nzg nio uac
Kywinns. Pociunu obpobnsanu pezynisimopom pocmy @pew Pnopio, a Ha emani nouamky 6uxooy 6
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mpyoKy nposoounu nosaxopeuese niodcusieHus kapoamioom. Lle 3abe3neuuno cepeoriu 8poxcaii
Ha pigHi 5,2 m/2a.

Knwuosi cnoea: nwenuys sapa, yoobpenHs, Mmopgonociuni ocobausocmi — pociun ma
8POHCALIHICMb 3EPHA.

Taba. 8. Jlim. 25.
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