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YIELD AND GRAIN QUALITY OF WINTER WHEAT SOWN AFTER SUNFLOWER DEPENDING
ON THE DATES AND RATES OF AUTUMN AND EARLY SPRING NITROGEN FEEDINGS

Yu. V. Popov, S. V. Avramenko
Yuriev Plant Production Institute of NAAS of Ukraine, 142 Heroiv Kharkova Ave., Kharkiv, 61060, Ukraine

Topicality. In the context of rapid climatic and economic changes, conventional soft wheat cultivation
technology requires optimisation; therefore the dates and rates of nitrogen fertiliser application are of pa-
ramount importance. Purpose. To determine indicators of the grain yield and quality for soft winter wheat
depending on the dates and rates of early spring feedings after sunflower as a predecessor. Materials and
Methods. The research was conducted in the field grain-fallow-row crop rotation system at the Yuriev Insti-
tute of Plant Production of NAAS in 2020-2022 and in 2023-2024. The experiment included five variants of
autumn and early spring feedings of soft winter wheat (Zdobna variety) with ammonium nitrate at rates of
Nzo, Nso, Ngo, and Niy after sunflower as a predecessor by dates: 1) control (no fertilisers), 2) at sowing,
3) seedling stage, 4) 1-2 leaf stage, 5) on frozen-thawed soil. Results. On average over three years, the ma-
ximum yield of 4.56 t/ha was obtained with a rate of Ny, applied to frozen-thawed soil. The content of pro-
tein, gluten and grain hardness increased due to the increase in nitrogen rate during feeding in the 2-3 leaf
stage of winter wheat, reaching its maximum at N, and amounted to 12.7 %, 22 % and 69 %, respectively.
The gluten deformation index (GDI), on the contrary, decreased with increasing nitrogen rate for feeding,
with the highest GDI value being 48 units at a nitrogen rate of N3 in the 2-3 leaf stage of winter wheat. The
dates and rates of nitrogen feeding had no significant effect on the grain test weight, which ranged from 808
to 822 g/l. Conclusions. The study found that the yield of soft winter wheat is primarily dependent on the
fertiliser rate rather than the date of nitrogen fertiliser application. No clear correlation between grain qual-
ity indicators and the rate and date of nitrogen feeding was observed. The date and rate of nitrogen applica-
tion had various effects on wheat grain quality indicators: increasing the nitrogen rate resulted in higher
protein and gluten content, grain hardness, while GDI decreased. Grain test weight did not depend on the
date and rate of feeding.

Key words: nitrogen fertilisers, autumn feeding, winter wheat, yield, sunflower as a predecessor, am-
monium nitrate, phenological stage, protein content, gluten content, GDI, test weight, grain hardness.

Introduction. Wheat (Triticum aestivum L.)
is one of the ancient crops, which is of the

A rich harvest of high-quality grain will
not be achieved without fertilisers. The fertilisa-

greatest importance for food production on a
global scale and ranks first among agricultural
crops in terms of acreage.

The main purpose of wheat is to provide
the population with bread. The advantageous
chemical composition of the grain enhances the
value of wheat bread. Among grain crops, wheat
grain has the highest protein content. Depending
on the variety and growing conditions, the pro-
tein content in soft wheat grain ranges from 9%
to 24%. Wheat grain contains a large amount of
carbohydrates, including 62 to 74 % starch, vita-
mins B, B, PP, E and provitamins A, D, up to
2 % ash minerals [1].

Wheat proteins are complete in terms of
amino acid composition and contain all essential
amino acids. Therefore, growing high-protein
wheat is an important task.

Author information:

tion system for production, developed and rec-
ommended 15-20 years ago, no longer meets
modern cultivation technology requirements. As
a rule, existing recommendations for the appli-
cations of fertilisers for winter wheat are aimed
at obtaining the highest possible yield without
sufficient economic justification. In a market
economy, the parameters of the rates and types
of fertilisers should be determined by the grea-
test economic effect they can have in order to
obtain such yields [2-6].

The yield and grain quality of winter
wheat largely depend on compliance with cer-
tain requirements in crop cultivation technolo-
gy. Since the growing season for winter crops is
significantly longer than for spring crops, more
attention should be paid to performing the neces-
sary technological operations during different
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periods of plant growth and development. The
longest (in terms of time) phenological stage for
winter wheat is the tillering stage. During the
tillering stage, plants enter and emerge from
winter dormancy, remaining in this state for an
average of three to six months, depending on
many growing factors [7-9].

The most important nutrient that, to a cer-
tain extent, determines the highest yield increa-
ses and improves the biochemical quality of
grain is nitrogen, which in agronomic practice is
referred to as a growth nutrient [10]. According
to research, modern wheat varieties can produce
high grain yields of good quality only on fertile
soils and with sufficient fertiliser application.
The main reason for low grain quality is a nitro-
gen deficiency in wheat agrocenoses, so without
sufficient nitrogen application, obtaining a high-
quality grain yield is largely impossible [11, 12].

Modern nitrogen management strategies
for winter wheat in arid regions are based on
studies that show that all fertilisers can be ap-
plied to winter wheat in autumn when annual
precipitation does not exceed 480 mm. Con-
versely, it is recommended to divide the nitro-
gen rate between autumn and spring feeding in
areas where precipitation exceeds 650 mm [13].

According to a number of studies, wheat
responded significantly better to autumn appli-
cation of nitrogen fertilisers. The highest yield
of winter wheat was achieved with application
of N1, and when the nitrogen rate was in-
creased to Nigo in autumn, not only was there no
increase in yield, but on the contrary, the yield
decreased significantly. The above-mentioned
results confirm the conclusion that the effective-
ness of nitrogen fertilisation is reduced when the
amount of nitrogen is increased beyond the op-
timal level, which leads to an increase in its
losses to the environment. This is a typical re-
sponse confirmed by studies on wheat [14].

Long-term research by various institu-
tions has shown that the grain quality of field
crops depends primarily on soil and climatic
conditions, biological characteristics of the
variety, and cultivation technology. For soft
wheat, the most important quality indicators
are protein content, as well as gluten content
and quality in the grain [15].

The grain quality of wheat is influenced
by genetic and environmental factors and their
interaction [16-18]. Nitrogen fertilisers used in
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cultivation technology also affect the quality of
the grain obtained, primarily in terms of protein
content and composition. The protein content,
including its gluten fraction, increases with
higher nitrogen application rates [19].

In fact, increasing nitrogen during feeding
does not always affect the level of gluten pro-
teins, where the genetic factor is crucial [20].

An important indicator of winter wheat
grain quality is its test weight, which depends
on many factors: variety, climatic conditions,
and soil fertility. According to V. P. Murygina,
the test weight of grain increases by 5 g/l when
applying a nitrogen rate of 30 kg a. i./ha and by
8 g/l when applying a rate of 60 kg a.i./ha, com-
pared to the control variant [21].

At this stage of research, information on
the relationship between yield and quality indi-
cators of winter wheat depending on the deve-
lopment stage of the plants and the application
rate of autumn nitrogen fertiliser is insufficient;
therefore this issue requires further study.

The research was aimed at determining
the yield and grain quality indicators of soft
winter wheat depending on the development
stage and application rates of autumn and early
spring feeding after sunflower as a previous crop.

Materials and Methods. The research was
conducted in the field grain-fallow-row crop rota-
tion experiment of the V. Ya. Yuriev Institute of
Plant Production of NAAS of Ukraine in 2020
2022 and 2023/2024. The object of the study was
the Zdobna variety of winter wheat. Wheat was
sown after sunflower in the second and third ten
days of October. The experiments included five
variants of pre-spring feeding with ammonium
nitrate in rates of N3o, Nso, Ngo, and N1y after sun-
flower by dates: 1 — control (no fertilisers); 2 — at
sowing; 3 — seedling stage ; 4 — 23 leaf stage; 5 —
in frozen-thawed soil. Total number of experi-
mental variants was 17.

The variants were placed using the split-
plot method according to a multifactorial sche-
me. The area of the registration plot was 25 m?,
with 4 repetitions. The soil of the experimental
plot was typical powerful medium-humus cher-
nozem. After harvesting the predecessors, disc
harrowing was carried out with a BDT-7 unit in
two passes. Before sowing, cultivation was car-
ried out using KPS-4 to a depth of 5-6 cm. The
seeds were dressed with Pascal (1 I/t) and sown
with an SN-16M seeder at a rate of 4.5 million
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germinated seeds per hectare. After sowing, the
field was rolled with sprocket packers. The plant
protection strategy for 2021 and 2024 involved
spraying winter wheat crops with the Ahent
herbicide (2,4-D 2-ethylhexyl ester, 452 g/l + flo-
rasulam, 6.25 g/l) — 0.5 I/ha + Mastak (clopyra-
lid, 300 g/l) — 0.3 I/ha during tillering stage. For
crop protection against disea-ses, the Dezaral
Extra fungicide (carbendazim, 250 g/l + flutria-
fol, 125 g/l) was used, as well as the insecticide
Antikolorad Max (imidacloprid, 300 g/l + lambda-
cyhalothrin, 100 g/l) was used to protect crops
from pests.

In spring 2022, due to intense fighting in
the research area, no plant protection treatments
were applied, resulting in a significant reduction
in winter wheat yields compared to 2021. The
decrease in crop yield in 2022 was primarily
associated with the spread of yellow leaf spot in
the late stages of plant growth and development
[22]. The harvest was collected directly using a
Sampo-130 combine harvester. Generally accep-
ted methods and recommendations were used
during the research [23].

Weather conditions varied during the
years of research. In 2020, autumn was warm
and dry. In August, precipitation was 40 mm
below the norm, and rains fell only in the se-
cond ten days of October (30.4 mm). The ave-
rage daily air temperature in September and
October was higher than the long-term average
by 4.3 °C and 5.2 °C, respectively. The autumn
growing season for winter crops ended in the
first ten days of November. In 2021, growth
resumption of wheat began in the first ten days
of April. Spring and summer were moderately
warm, at the level of long-term averages. May
and June were wet, while July and August were
abnormally dry. The autumn period of 2021 was
less wet compared to long-term data, with tem-
peratures at the level of long-term indicators.
Autumn vegetation ceased in the first ten days
of November. Crops overwintered under fa-
vourable hydrothermal conditions. Resumption
of their vegetation began in the first ten days of
April. Spring and summer were warm, at the
level of long-term averages, and very wet [22].
Autumn 2023 was generally warm and wet,
with insufficient rainfall in September (66 % of
the norm) compensated for by wet October and
November (289 % and 141 %, respectively).
Autumn vegetation ceased in the second ten
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days of November. The resumption of vegeta-
tion was abnormally early in the spring of 2024,
beginning in the second ten days of March.
March and April were dry and warm, and in
May there was a frost of -5 °C on the soil sur-
face, which caused significant damage to winter
wheat plants in the stem elongation stage. The
summer was dry and hot, which also had a
negative impact on yield formation. Over the
three %/ears, seedlings appeared on average on
the 8"-9" day [24]. Thus, the conditions for
growing winter wheat varied greatly over the
years of research, which made it possible to
obtain objective results and evaluate them.

Results and Discussion. The experiments
showed that winter wheat responded differently
to nitrogen feeding with ammonium nitrate in
different phenological stages after sunflower as
a predecessor. Thus, an increase in nitrogen rate
resulted in higher yields, regardless of the phe-
nological stage at the time of feeding. During
the years of research in 2021, 2022 and 2024 the
highest yield was obtained with feeding at a rate
of N1y — an average of 6.98 t/ha (on frozen-
thawed soil), 3.17 t/ha (seedling stage), and
3.79 t/ha (at sowing), respectively, for each
year. On average over three years, the maximum
yield was obtained with feeding on frozen-
thawed soil — 4.56 t/ha with an increase of 61 %
compared to the control.

It was found that when winter wheat was
grown after sunflowers, the yield depended
more on the rate of nitrogen feeding than on the
date of application. Thus, against the back-
ground of nitrogen feeding, regardless of the
rates of ammonium nitrate, there was no signifi-
cant difference between different dates of nitro-
gen application on average over the years. Only
when feeding with rates of N3, and Ngo, the
highest yield (3.63 t/ha and 4.12 t/ha, respec-
tively) with an increase of 28 % and 46 % over
the control was obtained when nitrogen was
applied in the 2-3 leaf stage, compared to other
periods. On average for all fertiliser rates, the
difference between the application dates was
insignificant, with increases to the control of
43-47 % (Table 1).

The effect of ammonium nitrate feeding
during phenological stages with different nitro-
gen rates on grain quality indicators was deter-
mined. Thus, the protein content increased sig-
nificantly when crops were fertilised with nitro-
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Table 1. Winter wheat yield depending on the dates and rates of early spring nitrogen feeding

after sunflower as a predecessor, t/ha; 2021, 2022 and 2024

Application date/ Year (C) Increase to control
Rate (A) phenological stage
(B) 2021 2022 2024 | average t/ha %
Control no fertilisers 4.16 1.92 2.42 2.83 — —
at sowing 5.16 2.11 3.11 3.46 0.63 22
seedling stage 5.14 2.40 3.06 3.53 0.70 25
Nao 2-3 leaf stage 5.07 2.72 3.09 3.63 0.80 28
in frozen-thawed soil 5.15 2.47 291 3.51 0.68 24
average 5.13 2.43 3.04 3.53 0.70 25
at sowing 5.76 2.59 3.44 3.93 1.10 39
seedling stage 5.99 2.61 3.33 3.98 1.15 41
Neo 23 leaf stage 5.78 3.16 341 4.12 1.29 46
in frozen-thawed soil 5.92 2.82 3.24 3.99 1.16 41
average 5.86 2.80 3.36 4.01 1.18 42
at sowing 6.13 3.04 3.64 4.27 1.44 51
seedling stage 6.48 3.01 3.68 4.39 1.56 55
Ngo 2-3 leaf stage 6.58 3.12 3.55 4.42 1.59 56
in frozen-thawed soil 6.50 3.06 3.36 4.31 1.48 52
average 6.42 3.06 3.56 4.35 1.52 54
at sowing 6.76 3.05 3.79 4.53 1.70 60
seedling stage 6.67 3.17 3.65 4.50 1.67 59
Ni20 2-3 leaf stage 6.89 3.12 3.57 4.52 1.69 60
in frozen-thawed soil 6.98 3.13 3.57 4.56 1.73 61
average 6.82 3.12 3.65 4.53 1.70 60
at sowing 5.95 2.70 3.49 4.05 1.22 43
seedling stage 6.07 2.80 3.43 4.10 1.27 45
average 2-3 leaf stage 6.08 3.03 3.40 4.17 1.34 47
in frozen-thawed soil 6.14 2.87 3.27 4.09 1.26 45
average 6.06 2.85 3.40 4.10 1.27 45
LSDos A-0.21;B-0.12; C-0.24; AB - 0.36; BC — 0.39; AC — 0.44; ABC - 0.75

gen rates of Ngg and N1, averaging 11.4 % and
12.2 %, respectively. No significant difference
in rates was found between the autumn fertilisa-
tion variants in the stages: during sowing, the
seedling stage and at 2-3 leaf stage of wheat, the
protein content was 11.2 %, 11.6 % and 11.5 %,
respectively. Under nitrogen feeding in frozen-
thawed soil, the protein content was lower than
when feeding in other phenological stages of
winter wheat development — 11.0 %. Grain
hardness increased significantly with increasing
nitrogen rate, starting from Nsp, and reached
maximum at a rate of N1 during the seedling
stage and at 2-3 leaves stage — 69 %. On ave-
rage in terms of application rates, the highest
values of grain hardness were obtained at fee-
ding during the seedling stage and at the 2-3 leaf
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stage of the crop — 55 % and 54 %, respectively.

The factors of application rate and date
had no significant effect on test weight indicators.
The gluten content increased with an increasing
nitrogen rate compared to the control. The maxi-
mum gluten content was obtained by feeding at
a rate of Ny during the seedling stage and 2-3
leaves stage — 22 %, but no significant diffe-
rence between the various stages of spring fee-
ding was observed on average, and the gluten
content varied within the range of 18.5-19.2 %.

The gluten deformation index decreased
with increasing nitrogen rate; the maximum was
obtained with feeding in the 2-3 leaf stage with
a rate of N3g — 48 p.p., on average, the feeding
period in the 2-3 leaf stage stood out by the
rate, where the GDI was 44 p.p. (Table 2).
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Table 2. Winter wheat grain quality indicators depending on the dates and rates of early spring

nitrogen feeding after sunflower as a predecessor, average for 2021, 2022 and 2024

Rate (A) Applic_ation date/ Protein Grain _Test Gluten GDl,
phenological stage (B) content % | content, % | weight, g/l | content, % p.p.
control no fertilisers 10.5 46 814 15.8 40
at sowing 10.9 44 816 17.6 40
seedling stage 10.7 35 808 16.6 45
N3o 2-3 leaf stage 10.8 43 826 17.2 48
in frozen-thawed soil 10.8 52 814 19.0 45
average 10.8 43 816 17.6 44
at sowing 10.8 43 814 17.8 40
seedling stage 114 60 820 19.2 38
Neo 2-3 leaf stage 11.0 44 818 17.8 40
in frozen-thawed soil 10.4 41 820 16.8 43
average 10.9 47 818 17.9 40
at sowing 11.6 61 810 19.2 35
seedling stage 11.8 57 822 19.1 40
Ngo 2-3 leaf stage 11.6 62 816 19.6 43
in frozen-thawed soil 10.8 52 816 18.2 33
average 11.4 58 816 19.0 38
at sowing 11.5 56 806 19.2 38
seedling stage 12.5 69 808 22.0 43
Ni20 2-3 leaf stage 12.7 69 816 22.0 45
in frozen-thawed soil 12.0 65 815 21.8 40
average 12.2 65 811 21.3 41
at sowing 11.2 51 812 18.5 38
seedling stage 11.6 55 815 19.2 41
Average 2-3 leaf stage 115 54 819 19.1 44
in frozen-thawed soil 11.0 52 816 19.0 40
average 11.2 53 815 18.9 41

A -0.10; A-1.09; A -32; A -0.16; A-1.6;
LSD 45 B -0.07; B-0.8; B - 26; B-0.11; B-0.7;
AB —0.22 AB —0.25 AB — 68 AB-0.30 |AB-0.21

Conclusions. The results of three-year stu-
dies show that feeding soft winter wheat with am-
monium nitrate after sunflower cultivation at dif-
ferent dates and with different nitrogen rates did not
significantly affect yield, which increased due to
higher nitrogen rates during feeding. Over the three
years of research, the average increase to the cont-
rol ranged from 22 % to 61 %. In terms of grain
quality indicators, no clear dependence on the
rate and date of nitrogen feeding was observed.
Thus, protein content and grain hardness in-
creased significantly at rates of Ngp and Niyo,
and the highest values of these indicators by
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ITnemumym pocnunnuymea im. B. A. FOp’eea HAAH, np. I'epoie Xapkoea, 142, m. Xapkis, 61060, Ykpaina

AKTyanbHicTh. B yMOBax CTpIMKHX KJIIMAaTHYHHX Ta €KOHOMIYHHMX 3MiH TpaauliiiHa TEeXHOJOTis
BUPOILYBaHHS M SIKOI MUICHWLI MOoTpe0ye OnTHMi3alii, caMe TOMY TEPMiHH Ta 03U a30THHUX JOOPUB NpH
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ITIDKUBICHHI MAlOTh TIEPIIOUEPTroBe Ta KIIFOYOBE 3HaUCHHs. MeTa gocaigxeHb. Bu3HaunTH yposkaiHICTh Ta
MTOKa3HUKH SKOCTI 3€pHA MIIEHUINI M SIKOI 03UMOi 3aJIeKHO BiJl CTPOKY Ta 1103 JOBECHSHOTO ITiPKUBIICHHS
MIiCHs TMonepeHuKa COHSAIHNK. MaTepiaiu Ta Metomau. JloCiiKeHHS MPOBOAMIN B MOJIBOBIN 3epHO-TIAPO-
npocanHiit ciBo3mini [HctuTyTy pocnuununrTea iM. B.SA. FOp’ea HAAH y 2020-2022 pp. ta 'y 2023/2024 pp.
Hocnian nmependadain ATk BapiaHTIB OCIHHBOTO Ta PAHHOBECHSIHOTO IMIKUBJICHHS ITIICHUITI M’ SIKOT 03UMO1
copTy 3100Ha amiaqHOIO cemiTporo y A03ax Nao; Ngo; Ngo; Nigg micnst monepearnka COHAMHUK: 1 — KOHTPOITb
(6e3 moOpuB); 2 — npu mociBi; 3 — ¢a3a MpopocTKiB; 4 — aza 2—3 JUCTKIB; 5 — MO MEP3JIOTAIOMY IPYHTY.
Pe3yabTaTu. B cepenHpoMy 3a Tpu pOKM MaKCHMalbHA ypOXKalHICTh oTpuMana mpu 11031 Ny — 4,56 1/ra 3a
Mi/PKUBIIEHHS 110 MEp3JI0TAIOMY TpyHTY. BMicT 6inka, KJI€HKOBHHU Ta CKIIOBHAHICTH 3pOCTANU 31 301IbIIEH-
HSIM JI03M a30Ty TPH MiPKUBICHHI Ha0yBatouu cBOro MakcuMyMmy mpH Niz y CTpOK 2—3 JHMCTKIB MIISHMII 1
cranounu 12,7%; 22% ta 69% BinnoBinHo. Inaekc medopmanii KIEHKOBUHU HAaBIAKH — 3MEHIYBABCS MPH
301BIIIEH] TO3M a30Ty HPH IiHKUBIICHH], HaiOU1bine 3HadeHHs [JIK ctanoBuio 48 ox. mp. 3a 1o3u a3oty Nag
y ¢a3i 2-3 nucrtkiB mmenuni. Ha Hatypy 3epHa CTpOK 1 J03a a30Ty NMpH MiDKUBICHHI HE MalH iCTOTHOTO
BILTUBY, — 11 MOKa3HUK KOJUBABCs B Mexax 808—822 r/n. BucHoBku. BcTaHOBICHO, 110 HA yPOKAWHICTH MIlie-
HUIII M’ K01 03UMO1 HaHOIBIINK BILTUB Mae€ J103a I HKUBIICHHS, a HE CTPOK BHECEHHS a30THUX n00puB. Illomo
MTOKA3HUKIB SIKOCTI 3epHA, TO IX YiTKOT 3aJI€KHOCTI BiJl JO3H Ta CTPOKY a30THOTO ITiUKUBIIEHHS HE CIIOCTepira-
su. CTpOK Ta /1032 BHECCHHS a30Ty MaJli Pi3HMIA BILTUB HA MMOKA3HUKH SKOCTI 3€pHA MIICHUII: 31 301IbIICHHIM
JI03M a30Ty BMICT OiNKa, CKIIOBHIHICTh Ta BMICT KielKoBHHH 3pocTamy, a 1/IK 3menmnryBaBcsa. Harypa 3epHa He
3a5erkana BiJf CTPOKY Ta 03U TPH ITiJHKUBIICHHI.

Knwuogi cnosa: azomui 006pusa, ocinHe niOHCUBIEHHS, NUUEHUYST 03UMA, YPOICAUHICMb, NHONEePeOHUK
COHAWMUK, amiauna cenimpa, enonociuna pasza, emicm 6inky, emicm kieuxosunu, I/[K, nHamypa 3epha,
CKI0BUOHICMb
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