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QUALITY OF SPRING WHEAT
GRAIN VARIETIES UNDER APPLICATION
OF MINERAL NUTRITION ELEMENTS

The article is dedicated to the research of qualitative (technological) indicators of spring wheat grain of different varieties under
application of mineral nutrition elements.

It was found that during the years of research, yield of early-ripening and medium-ripening varieties of spring wheat was
ensured by calculated rates at the level of 4-5 t/ha, however, yield of early-ripening varieties was lower than planned under the
conditions of a dry year. Uliublena variety, among the early-ripening varieties, and Struna Myronivska as a medium-ripening
variety reacted better to the application of mineral nutrition elements.

Calculation of the variation of the weight of 1000 grains depending on the influence of the variety and variants showed that
the share of the variety influence changed from 52.5% in 2021 to 72.6% in 2022, and the share of the influence of fertilizer
backgrounds - from 0.3% in 2021 to 6.6% in 2022. The weight of 1000 grains of all productivity elements was most strongly
related to yield (r = 0.337 in 2021; r = 0.553 in 2022).

Medium-ripening varieties formed grain with a higher nature indicator compared to early-ripening ones. A reasonable influence
of the research variants on grain nature was not found.

The level of gluten content in grain was quite high during the research years: 28.9-32.2% in early-ripening varieties and
25.8-26.5% in medium-ripening ones.

Nitrogen fertilization contributed to the growth of gluten content, and varieties reacted ambiguously. Barvysta variety showed
itself best with combined application of nitrogen and Kristalon, varieties of Uliublena and Elehiia Myronivska — under fractional
application of nitrogen, and Struna Myronivska variety did not react to nitrogen fertilization. Early-ripening varieties of spring
wheat showed themselves best in terms of protein content in grain. The greatest differences between these groups of varieties
were found in the variant with a fertilizer rate of 3 t/ha, regardless of the variety.
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AIKICTb 3EPHA COPTIB MWEHNLI 5POi 3A YMOB BHECEHHSI EJIEMEHTIB MIHEPAJIbHOIO
XXNBJIEHHSA

CratTs NnpucBsiYeHa AOC/IAXKEHHIM SIKICHUX (TEXHOMOMYHMX) MOKa3HNKIB 3€PHA Pi3HUX COPTIB MWeHULi IPOi 3@ YMOB BHECEHHS
€JIEMEHTIB MiHEPAasIbHOIr0 XNBJIEHHS.

BcraHoBeHo, 10 B AOCTAXYBaHi POKWU BPOXaKHICTb paHHbOCTUITINX Ta CEPEAHBbOCTUITINX COPTIB MLUEHMLI poi 3abe3neyyBaaach
pO3paxyHKOBUMU HOPMaMu Ha PiBHIi 4-5 T/ra, o4HaK ypoXavnHiCTb paHHbOCTUIZINX COPTIB byaa HMXYOK 3a /1aHOBY Yepes
YMOBU 10CyL/INBOro poky. Cepesl paHHbOCTUITINX COPTIB Kpalje pearyBaB Ha BHECEHHS €/1eMEHTIB MIHEPasibHOro XWBJ1IEHHS
copt YnwbneHa, cepeaHbocTurinx — CtpyHa MupoHiBcbka.

Po3paxyHok BapitoBaHHs Macu 1000 3epeH 3a/1eXXHO Bif BI/INBY COPTY Ta BapiaHTiB M0Ka3as, Lo YacTKa BI1/IMBy COPTy BapitoBasia
Big 52,5% y 2021 poui go 72,6% y 2022 poui, a 4acTka BramBy ¢oHiB 4obpus - Big 0,3% 2021 p. 4o 6,6% y 2022 poui. Maca
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1000 3epeH 3 ycix enieMeHTIB rnpoAyKTUBHOCTI 6yna HanbibL nos’a3aHa 3 ypoxanHictio (y 2021 poui r = 0,337; y 2022 poui

r=0,553).

CepeaHbocTurni coptm ¢popmyBasiv 3epHO 3 BifibLL BUCOKUM MOKA3HUKOM HATypu rOPIBHSHO 3 PaHHbOCTUIZIMMU. 3aKOHOMIPHOIro

BI/IMBY BapiaHTiB A0CBIAY Ha HaTypy 3€pHa He BUSIB/IEHO.

PiBeHb BMICTY K/1€AKOBUHN B 3€pHi ByB JOCUTL BUCOKMM 33 POKU AOCTIAXKEHHS: 28,9-32,2% y paHHbOCTUIINX copTiB Ta 25,8-

26,5% y cepeaHbOCTUIINX.

A30THI NigXXUBAEHHS CrIpUSiIN 3DOCTAHHIO BMICTY K/AEHKOBUHM, MPUHYOMY COPTM pearyBain HeoAHO3Ha4yHo. Copt bapsucta
Havikpalye nposiens cebe 3a CriibHOro BHECEHHSI a30Ty Ta KpuctanoHy, coptu YnwobneHa T1a Eneris MupoHiBcbka 3a Ap0o6HOro
BHECEHHSI a30Ty, a copt CTpyHa MupoHiBCbKa He pearyBaB Ha a3OoTHI MigXWB/IEHHS. 3a BMiCTOM 6inlka y 3epHi Hakkpalje
nposiBunu cebe paHHbOCTUITI COPTU reHnYi poi. Hanbinblii BiAMIHHOCTI MiX UAMW rpyrnamu COpTiB BUSIBJIEHO y BapiaHTi

3 HopMoto f06puB Ha 3 T/ra He3asiexHo Bif CopTy.

Knro4yoBi cnoBa: rweHnys sipa, MiHEPaabHE XNBJIEHHS, TEXHOJIOMYHI MOKa3HNKU.

Formulation of the problem. Wheat in terms
of food importance and production scale occupies a
prominent place in the world. Grain production of this
crop on all continents is 615 million tons. Five coun-
tries: Canada, the USA, China, India and Ukraine
account for about half of wheat grain production.

Wheat grain contains: protein - 16.8%, nitro-
gen-free extractive substances (mainly starch) -
63.8%, gluten - 2%, fat - 2%, ash - 1.8%, water -
13.6%, as well as enzymes and vitamins (group B
and provitamin A).

Variety is one of the main factors in the sus-
tainable production of spring wheat grain. First of
all, strong and valuable varieties, which are charac-
terized by high potential yield, good reaction to fer-
tilizers and changes in technology elements, com-
plex resistance to adverse factors, which produce
grain corresponding to high classes of the national
standard, are grown.

Practice shows that not all varieties fully real-
ize their productivity potential in the same way
under the same cultivation conditions. For exam-
ple, high-yielding varieties take a large amount of
nutrients from the soil, use a lot of water, so such
varieties are often more demanding of intensive
elements of technology. If there are no such condi-
tions, then a potentially more productive variety not
only give decrease, but may forgo in terms of yield
to another less productive, but also less demanding
of growing conditions of the variety.

Increase in the production of high-quality food
grain wheat is one of the leading problems of agro-in-
dustrial complex of the country. Correct combination
of early-ripening and medium-ripening varieties in
the sowing structure, rational use of mineral fertiliz-
ers and the possibility of controlling protein content
in grain by applying nitrogen fertilizers in the late
stages of wheat development have important value
for sustainable production of high-quality food grain.

Analysis of recent research and publi-
cations. Grain quality is a complex concept that
includes a large number of indicators. High-qual-
ity grain must meet certain requirements: it must
be healthy, sufficiently hard, glass-like, filled, have
a certain nature indicator, good flour-milling prop-
erties, contain a sufficient amount of protein sub-
stances, primarily gluten.

Nutrition conditions and moisture availability of
crops affect not only the amount of yield, but also
the quality of grain.

The problem of increasing and stabilizing the
production of high-quality spring wheat grain was
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and remains relevant. The concept of “grain quality”
must be considered in two aspects: firstly, from the
point of view of nutritional value, which depends on
the content and quality of protein; secondly, as an
expression of its technological advantages - suita-
bility of grain for bread production [1-3].

There are two main ways to improve wheat
quality - selective, related to selection of new vari-
eties of high-quality wheat, and agrotechnical. It is
important that new high-productive varieties reveal
their valuable properties only against the back-
ground of high agricultural technology [2]. Protein
content in wheat grain not only increases, but also
its fractional and amino acid composition improves,
therefore the baking quality of the flour increases
under the correct fertilization system.

In the conditions of intensification of agricul-
tural production, optimization of mineral nutrition
of plants, which ensures the full realization of the
genetic potential of the variety and obtaining the
maximum possible yield with the specified indica-
tors of product quality, is considered one of the
most important tasks [4]. The most effective factors
for regulating mineral nutrition of plants include a
fertilizer system developed in crop rotations for
specific soil-and-climatic conditions. Nitrogen ferti-
lizers, especially on soils with a higher content of
phosphorus and potassium, take a special place in
a fertilizer system.

The use of fertilizers for spring wheat has a
decisive effect on increasing its yield, since most
soils in all areas of the country have low reserves
of available nutrients, insufficient to create a high
yield. Almost everywhere, it is necessary to apply
fertilizers in optimal proportions and doses taking
into account the properties of soils, previous crops,
climatic conditions, etc. [5-6].

Nitrogen is the most important element that
is a part of proteins, nucleic acids, chlorophyll and
other cell compounds. Wheat begins to absorb it
from the first days after germination, and the high
need for it remains until the milky ripeness of grain.

It is important to ensure sufficient supply of the
plants with nitrogen throughout a growing season in
order to obtain high-quality grain. Pre-sowing appli-
cation of nitrogen in normal rates slightly improves
grain quality. Fertilizers, especially at low rates, are
used by the plant in the initial periods of growth, but
it is lacking in the period of grain filling. Nitrogen
deficiency in the late stages of spring wheat growth
leads to worsening of a number of technological
qualities: nature, glass-likeness, gluten [7-9].
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Flour-milling and bread-making qualities of
spring wheat grain are largely related to the hered-
itary properties of the varieties and are largely
determined by the hydrothermal conditions of the
growing season. A number of technological qualities
is improved with increasing the content of protein
in grain. In combination of available data on the
effect of fertilizers on grain quality, it can be con-
cluded that only nitrogen has a direct effect on pro-
tein content in grain among the elements of mineral
nutrition. Other macro- and microelements are nec-
essary for plants to form yield, but the percentage
of protein content in grain almost does not change
at the same time [3].

An increase in each of the elements sepa-
rately and instead of a sufficient content of other
elements or an increase in the rate of all three ele-
ments at the same time has little effect on yield,
but leads to a sharp increase in protein content
in all cases when the rate of nitrogen increases
[7: 10].

Researches of many scientists note the ambig-
uous reaction of different varieties of grain crops
to the application of fertilizers [11]. Among the
wheat varieties, there are more sensitive to nitro-
gen, depending on belonging to the ripeness group,
features of the development of the root system and
photosynthetic activity. Increasing the yield and
grain quality of spring wheat is largely related to the
influence of fertilizers. At the same time, there is a
number of conditions and factors that strengthen or
restrain this influence.

The purpose of the research is to study the
productivity of early-ripening and medium-ripening
varieties of spring wheat at different levels of min-
eral nutrition.

Research methodology. Research on the
influence of the elements of mineral nutrition on
the productivity and grain quality of spring wheat
was conducted in the scientific-and-research labo-
ratory of the Department of Food Technologies of
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Uman National University of Horticulture during
2021-2022.

Variants of the research included the study of
rates of mineral fertilizers based on the planned
yield, as well as fractional application of nitrogen
fertilizers before sowing and fertilizing in the earing
phase (variant 4). Kristalon which is recommended
to increase the coefficient of nitrogen absorption by
plants was applied together with ammonium nitrate
as a nitrogen fertilizer in the tank mixture.

Scheme of the experiment was as follows:
1. Control (without fertilizers); 2. NPK of 3.0 t/ha;
3. NPK of 4.0 t/ha; 4. NPK of 4.0 t/ha, includ-
ing nitrogen fertilization N30 (earing phase);
5. NPK of 4.0 t/ha, including nitrogen fertilization
N30 (earing phase) + Kristalon, 1 kg/ha (earing
phase).

Fertilizer rates were calculated using the bal-
ance method for the planned wheat yield. In var-
iants 2 and 3, fertilizers were applied at one time
(before sowing), and in variants 4 and 5 - 30 kg
a.s. of nitrogen from the general rate were applied
as top dressing during the earing phase. In the
fifth variant, fertilizing with ammonium nitrate and
Kristalon preparation was carried out in the earing
phase.

The objects of the research were early-ripen-
ing varieties of spring wheat as Barvysta and Uli-
ublena, as well as medium-ripening varieties - Ele-
hiia Myronivska and Struna Myronivska.

In the post-harvest period, determination of
the following technological qualities of grain were
carried out: moisture — DSTU GOST 29144:2009;
weight of 1000 grains — GOST 10842-89; nature -
DSTU GOST 10840:2019; mass ratio of gluten and
its quality - according to DSTU ISO 5531:2004;
protein content - according to GOST 10846-74.
When conducting statistical processing of experi-
mental data, standard software packages StatSoft
Statistica 13.3.7.704.19 and Microsoft Excel were
used.

Table 1
Yield of spring wheat varieties, t/ha
Variet Research Control NPK of NPK of NPK of NPK of 4 t/ha
y year 3t/ha 4 t/ha 4t/ha+ N + N+ K

2021 1.84 1.45 1.54 1.46 1.63

Barvysta 2022 3.08 4.55 5.53 4.83 5.19

average 2.46 3.00 3.04 3.15 3.41

2021 1.80 1.98 1.96 1.92 1.92

Uliublena 2022 5.05 5.40 5.38 5.27 5.18

average 3.34 3.19 3.67 3.60 3.55

i 2021 2.53 2.84 2.71 2.81 2.68

Elehiia 2022 3.51 5.23 5.35 4.98 5.09
Myronivska

average 3.02 4.04 4.03 3.90 3.88

2021 2.58 2.81 2.58 2.71 2.65

struna 2022 3.47 5.74 6.38 5.77 6.00
Myronivska

average 4.32 4.28 4.48 4.24 4.33

LSD,, 0.52
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Main results of the research. Yield of spring
wheat grain is an indicator that is a combination of
many economic and biological features and prop-
erties of plants. Analyzing obtained data (Table 1),
we can say that the yield of all varieties was
reduced in 2021 precisely because of the weather
conditions.

Early-ripening varieties suffered the most due
to lack of moisture. Yield of Barvysta variety in all
variants with the use of mineral fertilizers was lower
than the control by 0.21-0.39 t/ha. Uliublena vari-
ety was less affected by the drought of 2021 - a
tendency to increase yield in cases with the use of
fertilizers is viewed (0.12-0.18 t/ha).

Over the years of studying early-ripening vari-
eties, the maximum yield was formed in 2022 in
Barvysta variety in the third variant (5.53 t/ha), in
Uliublena variety in the second variant (5.4 t/ha),
and the minimum yield, as mentioned above, in
2021 - in Barvysta variety in the fourth variant
(1.46 t/ha), in Uliublena variety - in the control
(1.8 t/ha).

Struna Myronivska variety stood out in terms
of yield among all varieties. The maximum yield of
this variety was in 2022 with a calculating rate of
fertilizer for the yield of 4 t/ha (6.38 t/ha).

Elehiia Myronivska variety during all the
years of research formed the lowest yield in the
control, and the maximum in 2021 in the second
variant (2.84 t/ha), in 2022 - in the third variant
(5.35 t/ha).

The maximum vyield by years in Struna
Myronivska variety, as well as in Elehiia Myronivska
variety was recorded in the same variants in 2021
in the variant with a dose of mineral fertilizers cal-
culated for a yield of 3 t/ha (2.81 and 2.84 t/ha,
respectively), and in 2022 - in the third variant
(5.35 and 6.38 t/ha, respectively).

Comparing the average indicators of yield
of early-ripening and medium-ripening varieties,
we can say that variant 3 with a dose of mineral

fertilizers calculated for a yield of 4 t/ha stood apart.
The use of late nitrogen top dressing (earing phase)
did not, generally, increase the yield of wheat. This
could be explained by the fact that the laying of
the elements of the yield took place already in the
tillering phase, and in the variants 4 and 5 (with
top dressing) the rate of pre-sowing nitrogen appli-
cation was reduced compared to the variant 3. Late
foliar top dressing did not contribute to an increase
in yield; it was carried out to improve the quality
of grain.

The weight of 1000 grains characterizes the
density and fullness of grain, that is, a high weight
of 1000 grains indicates a large supply of nutrients
in grain. Lack of moisture in the soil, high temper-
ature and excessively low relative humidity of the
air can interrupt the growth of the dry mass of grain
at any of the moments of its formation, which is
manifested in a reduced weight of 1000 grains and
a low yield. The weight of 1000 grains depends on
the genotype by 42%, and on the vegetation con-
ditions by 24%.

In our research, the weight of 1000 grains
depended on the weather conditions of the grow-
ing season and calculated dose of mineral fertilizers
(Table 2).

In early-ripening varieties, the maximum
weight value of 1000 grains was in 2022: in Barvy-
sta variety — 33.9 g in the control, in Uliublena vari-
ety - 35.2 in the third variant. In medium-ripen-
ing varieties, the maximum indicator was 34.3 g in
Elehiia Myronivska variety in 2022 (control), and
40.9 g in Struna Myronivska variety in 2022 in the
second variant.

The minimum value of the indicator in all vari-
eties was in 2021, which is explained by the dry
conditions of that year.

The effect of mineral fertilizers on the weight of
1000 grains in different years was ambiguous. The
maximum indicator in Barvysta variety in 2021 and
2022 was observed in the control, and after applying

Table 2
Weight of 1000 grains, g
Variet Research Control NPK of NPK of NPK of NPK of 4 t/ha
y year 3t/ha 4 t/ha 4t/ha+ N + N+ K

2021 30.7 32.5 32.9 31.2 31.2

Barvysta 2022 33.9 33.8 33.3 32.8 31.1

average 32.3 33.2 33.6 32.0 31.1

2021 30,7 30.3 31.4 31.5 31.9

Uliublena 2022 35.0 33.8 35.2 33.0 34.0

average 32.9 32.6 33.1 32.3 33.0

i 2021 30.6 32.0 31.8 31.8 31.6

Elehiia 2022 34.3 33.7 31.1 30.9 33.9
Myronivska

average 32.5 32.9 31.5 31.4 32.8

2021 31.7 31.0 30.9 30.7 30.0

struna 2022 37.8 40.9 38.6 37.4 38.0
Myronivska

average 34.8 36.0 34.8 34.1 34.0

LSD,, 1.3
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fertilizers it decreased by 0.6-1.4 g in 2021, by
0.1-2.8 g in 2022. The effect of fertilizers on the
weight of 1000 grains in Uliublena variety was more
significant than in 2022, where fertilizers reduced
the indicator in variant 2, 4 and 5 by 1-2 grams.

In the group of medium-ripening varieties, the
effect of using mineral fertilizers was observed in
Elehiia Myronivska variety only in 2021 (the weight
of 1000 grains compared to the control increased
by 1.0-1.8 g), and in Struna Myronivska variety,
an increase in the indicator was observed in 2022.

The grain nature is not directly related to the
baking power of the flour, but it is directly related to
its yield. Weather conditions at the end of the grow-
ing season, i.e. during grain filling, significantly
affected the indicator of grain quality. This was also
confirmed by our research (Table 3).

In 2021, grain nature in early-ripening varie-
ties was lower than in the following year, because
its formation was affected by drought. The highest
indicator was noted in Barvysta variety and it was
756 g/l (control), and 746 g/l in Uliublena variety
(variant 3 of the experiment with applying of min-
eral fertilizers calculated for a yield of 4 t/ha). In
2022, grain nature was lower than the basis in the
varieties of Barvysta and Uliublena. The maximum
value of nature was formed in the variant with a
dose of mineral fertilizers, for a yield of 4 t/ha +
nitrogen fertilization in earing phase - 742 and
740 g/I, and the minimum was in the second vari-
ant: 720 and 714 g/I, respectively.

The lower nature value of grain in early-rip-
ening varieties was recorded in 2022. Most likely,
weather conditions during a grain filling phase - the
end of August and the first decade of September
were characterized by high rainfall and low temper-
atures. And as a result, harvesting of grain crops
was delayed until the end of the second decade of
September.

Medium-ripening varieties during research con-
ducting formed grain with higher nature compared
to early-ripening ones.

XAPYOBI TEXHOJOrI

The maximum value of nature was in Elehiia
Myronivska variety in 2021 - 817 g/l (calculated
dose of mineral fertilizers for a yield of 4 t/ha). It
should be noted that the conditions of 2021 for
the formation of the value in the medium-ripen-
ing varieties were the most favourable. Even the
minimum value was 793 g/l (in the control of Ele-
hiia Myronivska variety; 3 and 4 variants in Struna
Myronivska variety). In addition, only in 2021,
mineral fertilizers had a positive impact on the for-
mation of nature in Elehiia Myronivska variety: the
excess over control was 13-24 g/I.

In 2022, the maximum value of nature of
766 g/l in Elehiia Myronivska variety was formed
in the control, and the minimum value of 743 g/I
was in the variant with a calculated dose of mineral
fertilizers for a yield of 4 t/ha.

Analyzing average values during the years of
research, we could conclude that nature of wheat
grain depended mainly on the weather conditions
of the second half of the growing season, while
the use of mineral fertilizers was poorly affected it.
Uliublena variety was the exception, which had a
tendency to increase grain nature when applying
fertilizers.

Gluten content in wheat grain is one of the
main indicators, which determines technological
properties of grain and flour produced from it.

Spring wheat grain in severe dry years at low
yield can be very small and low by nature, but at the
same time, gluten content, as well as the strength
of flour can be the highest.

In our research, the amount of raw gluten was
directly dependent on the rate of mineral fertilizers
and changed under the influence of weather condi-
tions (Table 4). The minimum content of gluten in
all varieties was, generally, in the control variant.

The influence of fertilizers on the content of
raw gluten in Barvysta variety was clearly revealed.
In addition, during the years of research, the max-
imum values were in the variant with top dress-
ing with a nitrogen fertilizer and Kristalon. The

Table 3
Nature of spring wheat grain, g/I
Variet Research Control NPK of NPK of NPK of NPK of 4 t/ha
y year 3t/ha 4 t/ha 4t/ha+ N + N+ K

2021 756 750 739 739 744

Barvysta 2022 735 720 733 742 736

average 745 735 736 740 740

2021 729 731 746 744 732

Uliublena 2022 721 714 722 740 733

average 725 723 734 742 733

- 2021 793 807 817 806 810

Elehiia 2022 766 757 743 746 747
Myronivska

average 780 732 780 776 779

2021 795 796 793 793 796

struna 2022 765 752 736 757 745
Myronivska

average 780 774 765 775 771

LSD,, 8
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Table 4

Mass ratio of gluten in grain of spring wheat varieties, %

Variet Research Control NPK of NPK of NPK of NPK of 4 t/ha
y year 3t/ha 4 t/ha 4t/ha+ N + N+ K

2021 35.3 37.3 36.3 39.9 39.0

Barvysta 2022 32.7 35.6 37.2 36.9 38.0

average 34.0 36.5 36.8 38.4 38.5

2021 30.7 34.7 35.5 33.6 38.0

Uliublena 2022 31.3 32.1 32.6 35.4 34.9

average 31.0 33.4 34.1 34.5 36.5

- 2021 27.3 29.9 34.6 34.3 32.5

Elehiia 2022 24.6 25,8 28.1 34.2 33.9
Myronivska

average 25.9 27.9 31.4 34.2 33.2

2021 27.5 27.2 33.6 33.3 30.9

struna 2022 26.3 26.8 29.2 28.9 28.8
Myronivska

average 26.9 27.0 31.4 31.1 29.9

LSD,, 1.6
Table 5

Indicator of gluten elasticity in grain of spring wheat varieties, a device unit

Variet Research Control NPK of NPK of NPK of NPK of 4 t/ha
Y year 3 t/ha 4t/ha |4t/ha+ N +N+K

2021 70 70 70 75 80

Barvysta 2022 75 72 68 71 66

average 73 71 69 73 73

2021 70 80 85 85 85

Uliublena 2022 73 73 74 72 74

average 72 76 79 78 80

B 2021 87 87 88 90 87

Elehiia 2022 74 79 83 80 82
Myronivska

average 81 83 85 70 85

2021 87 83 87 78 82

struna 2022 81 79 79 79 86
Myronivska

average 84 81 83 78 84

LSD, 1.2

maximum content of gluten was in 2022 - 39.9%
in the fourth variant. Uliublena variety as well as
Barvysta variety showed the best indicators in the
fifth variant of 2021 year of research (it was the
fourth variant of the experiment in 2022). The
maximum gluten value in grain of this variety was
38.0% in the dry 2021.

Medium-ripening varieties in gluten content
were very inferior to early-ripening varieties. The
maximum content of gluten was recorded in 2021
in the third variant - 34.6% in Elehiia Myronivska
variety and 33.6% in Struna Myronivska variety.

It is necessary not only the amount of gluten,
but also its good quality, which is characterized
by the following indicators: the ability to swell in
water; colour; elongation; elasticity - the ability of
gluten to restore the shape after deformation, elas-
ticity is determined on IDK devices.
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To a large extent, the quality of gluten depends
on the temperature and supply of wheat plants
with moisture during the period of filling and rip-
ening of grain, but in most cases it is established
that the quality of gluten is mainly a genotypic
peculiarity.

The best indicator of gluten elasticity in our
research was noted in Barvysta variety (Table 5).

Quality of gluten in all variants of the exper-
iment corresponded to the first group in Barvysta
variety in 2021 (except for the fifth variant) and
2022. Gluten in Uliublena variety in all variants cor-
responded to the first quality group only in 2022.

Medium-ripening varieties during the years of
research mainly formed gluten of the second qual-
ity group (satisfactory weak).

It should also be noted that the tendency for
dissolving gluten was increased by all varieties with
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Protein content in grain of spring wheat varieties, %
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Table 6

Variet Research Control NPK of NPK of NPK of NPK of 4 t/ha
y year 3t/ha 4 t/ha 4t/ha+ N + N+ K

2021 15.80 17.00 17.75 17.85 18.27

Barvysta 2022 11.40 13.34 14.88 15.56 14.19

average 13.00 15.17 16.74 16.41 16.23

2021 14.81 16.59 16.79 16.08 18.10

Uliublena 2022 12.54 14.65 15.90 15.39 14.99

average 13.73 15.62 16.65 15.74 16.54

j 2021 13.18 14.30 16.57 16.40 15.67

Elehiia 2022 12.03 13.85 15.39 15.50 14.76
Myronivska

average 12.62 14.03 15.98 15.95 15.23

2021 13.28 13.03 16.00 15.87 14.82

struna 2022 12.26 13.40 14.59 15.16 14.25
Myronivska

average 12.77 13.22 15.30 15.51 14.54

LSD, 2.4

the increase in the rate of mineral fertilizers — IDK
indicator increased.

As a result of many years of research, scien-
tists came to the conclusion that external factors
that affected protein content in grain are the provi-
sion of plants with nitrogen, water and heat.

It was established that the content of protein
and raw gluten increased with increasing tempera-
ture and decreasing of the relative humidity of the
air during the phase of grain filling, and this action
was increased with insufficient soil moisture.

This information was confirmed by the data of
our research (Table 6). The maximum content of
protein in wheat grain of all varieties was recorded
in the arid 2021.

The influence of variants was obvious. With
some exceptions, protein content in all varieties in
the control variant was minimal.

Early-ripening varieties were different from
the medium-ripening varieties with high pro-
tein content. Barvysta variety was the leader
by indicators. The maximum protein content in
grain was recorded in 2021 in the fifth variant -
18.27% in Barvysta variety and 18.10% - in Uli-
ublena variety.

In the medium-ripening varieties, the maxi-
mum protein content in grain was in the variant with
the calculated dose of mineral fertilizers for the yield
of 4 t/ha - in Elehiia Myronivska variety - 16.57%,
and 16.00% in Struna Myronivska variety (2021).

Depending on weather conditions of the second
half of the growing season, application of mineral
fertilizers gave a different gain in protein content
with respect to control. Excess in Barvysta variety
ranged from 1.14 to 4.56%, from 1.88 to 3.36%
in Uliublena variety, from 3.34 to 3.76% in Ele-
hiia Myronivska variety and from 1.71 to 2.97% in
Struna Myronivska variety. It should be noted that
variants with the use of mineral fertilizers gave a
stable gain of protein in relation to control by years
only in Elehiia Myronivska variety.
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Calculation of the correlation between the con-
tent of protein and gluten showed that the close-
ness of the connection between them was at the
level of an average positive r = 0.529 in 2022, and
in the conditions of 2021, when these indicators
were determined by the lack of precipitation and
high temperatures during the growing season, the
coefficient of correlation approached 1.

Conclusions. Calculated rates of fertilizers
provided adequate yield in early-ripening and medi-
um-ripening varieties of spring wheat in moderately
wet years at the level of 4-5 t/ha. In the dry 2021
conditions, yield in the experiment variants was
lower than the planned and especially reduced in
early-ripening varieties. Uliublena variety reacted
better to the fertilizer among early-ripening vari-
eties, and it was Struna Myronivska among medi-
um-ripening varieties.

Weight of 1000 grains (r = 0.909) among the
productivity elements had the predominant effect
on yield in the conditions of 2021. Grain nature in
early-ripening varieties corresponded to the basic
standards (not lower than 750 g/I) only in the con-
ditions of 2021, and it was significantly reduced
in 2022 (711-728 g/l). Medium-ripening varieties
formed grain with a higher nature indicator com-
pared to early-ripening ones. A regular influence of
the experiment variants on grain nature was not
found.

Medium-ripening varieties were significantly
inferior to early-ripening ones by gluten content in
grain, although the general level of this indicator
in the experiment was quite high: 28.9-32.2% on
average in 2021-2022 in early-ripening varieties,
and 25.8-26.5% in medium-ripening ones.

Early-ripening varieties stood out by pro-
tein content in the grain. The biggest differ-
ences between these groups of varieties were
found in the variant with a fertilizer rate of 3 t/ha
(106.5 kg/ha), the smallest — with a rate of 4 t/ha
(17.9 kg/ha).
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