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Grain yield and protein content in different ripening
varieties of soft winter wheat using various types

and doses of fertilizers
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Purpose. To study of yield formation and protein content in the grain of different ripening varieties of soft winter wheat
under the condition of using various types and doses of fertilizers. Methods. Field and laboratory (determination of protein
content), calculation (collection of protein), mathematical and statistical. Results. It was found that different fertilization
systems reliably increased the grain yield of soft winter wheat. The use of N_, increased this indicator by 1.2 times and N_, |
by 1.4 times in the varieties studied, compared with the no-fertilizer variant. Yield with incomplete return of phosphorus-
potassium fertilizer was only 2—3% lower than with complete mineral fertilizer. With the nitrogen-phosphorus and nitrogen-
potassium fertilization systems, the yield was 5-7% higher than with the nitrogen system. At the same time, this indicator
was 6% lower than in the full mineral fertilizer version of the trial. The use of 75 kg/ha nitrogen fertilizer per year increased
the protein content to 13.5%, or by 10% compared to the control. In the double dose nitrogen fertilizer variant, the protein
content increased to 14.2% or by 15%. The use of nitrogen fertilizers with phosphorus-potassium only contributed 2-4% to
the increase of this indicator. Cultivation of winter wheat under the condition of application of N__ increased the collection
of protein up to 724 kg/ha or by 33%, and with a double dose of nitrogen fertilizer — up to 848 kg/ha or by 55% compared to
the option without fertilizer. In the N__P_ K, variant, protein yield increased by 10% compared to the nitrogen system. The
application of a complete mineral fertilizer (N, P, K, ) increased this indicator by 12%. Conclusions. It was found that the
use of N .P_ K increased the grain yield of soft winter wheat by up to 5.9 t/ha, or 7%, compared to the option where only
75 kg/ha of nitrogen fertilizer was applied. Yield development in soft winter wheat varies considerably from variety to
variety. For example, this indicator was 35% higher in the ‘’KWS Emil’ variety than in the ‘Prino’ line. In addition, the grain
yield of both varieties is reliably influenced by the weather conditions during the growing season. The protein content
of soft winter wheat varies considerably depending on the variety and the weather conditions. When growing soft winter
wheat varieties, the protein content can vary by 12.8-15.1%. Weather conditions during the growing season can change
this indicator by 13.1-14.7%. The protein content index in the grain of the ‘Prino’ line is significantly higher than that
of the ‘KWS Emil’ variety. According to the protein yield per hectare indicator, the ‘KWS Emil’ variety (896 kg/ha) has a
significant advantage over the ‘Prino’ line (774 kg/ha).
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cultural technologies, the placement of crops

Introduction in the crop rotation, their saturation with fer-

Common wheat is the main raw material for
the production of high quality cereal products
[1]. According to Eurostat [2], its gross world
production is about 765 million tonnes. The
optimal dose of fertilizer used in soft wheat
cultivation must be determined taking into ac-
count the biological characteristics of the va-
riety and the expected yield level, weather
conditions and soil fertility, the level of agri-
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tilizer and other factors [3].

The productivity of agricultural crops is a
variable and integral indicator of their vital
activity, which reflects their genetic poten-
tial, soil fertility, weather conditions and cul-
tivation technologies [4]. One of the strongest
factors for increasing yield and improving
grain quality is the application of fertilizer
under favorable weather conditions [5].

Nitrogen, phosphorus, potassium fertilizers
[6], microfertilizers and a number of organic
and organo-mineral preparations [7] are com-
monly used in the fertilization system of win-
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ter wheat. However, the use of nitrogen ferti-
lizers has the greatest influence on the deve-
lopment of wheat productivity [8].

Studies [9] showed that the efficacy of ferti-
lizer application varies considerably depending
on the winter wheat variety. The dose of
N, . P, K,, was effective. Under these fertiliza-
tion conditions, the yield index of the ‘Groma’
variety increased from 4.5 to 7.9 t/ha and that
of the ‘Bezosta 100’ variety from 4.0 to
6.8 t/ha. In work [10] the applicationof N ,.P, K ..
was effective: the grain yield of winter wheat
was 4.5 t/ha, the protein content increased to
13.4% . However, such doses of fertilizers can-
not be recommended for the right bank forest
steppe, as their effectiveness has been studied in
other soil and climatic conditions.

It should be noted that the effectiveness of
fertilizer application is highly dependent on
weather conditions. For example, over the peri-
od 1985-2020, cereal yield varied from 0.7 to
2.9 t/ha in areas without fertilizer. Under the
organic fertilization system (75 t/ha) this indica-
tor was 1.3-6.8 t/ha, mineral (N, P,)
2.3-7.0, organo-mineral (N, P,. + 75 t/ha ma-
nure) — 1.3-7.8 t/ha. In addition, the reliability
of predicting the influence of elements of weath-
er conditions on grain yield was low, as R? =
0.22-0.45 [11]. Therefore, different fertiliza-
tion systems had almost the same effectiveness
in development of winter wheat grain yield.

It should be noted that long-term use of fer-
tilizers has an advantage over short-term use.
The effectiveness of long-term fertilizer ap-
plication at low doses can be at the level of
short-term application at high doses. This
phenomenon is due to the aftereffect of ferti-
lizers applied to previous crop rotations [12].

The use of mineral fertilizers not only has a
positive effect on increasing wheat yield, but
also significantly improves grain quality [13].
Different elements of plant nutrition have dif-
ferent effects on the protein content of grain.
The mineral fertilizer system containing a nit-
rogen component had the greatest influence on
the development of protein content in hard
winter wheat grains. For example, research
[14] found that the protein content increased
from 11.1% in the no-fertilizer version to
11.7% with the introduction of complete mine-
ral fertilizer. The authors note a significant
variation in protein content depending on
weather conditions — from 10.5 to 12.4%.

The analysis of the scientific literature con-
firms the important role of the use of nitrogen
fertilizers in the agronomy of soft winter
wheat. A large variation in their effectiveness
has been observed, depending on weather con-

ditions, variety and fertilizer options. Howe-
ver, such studies are mainly focused on study-
ing the effectiveness of nitrogen fertilizers,
which negatively affect the balance of mobile
compounds of phosphorus and potassium in the
soil. In addition, similar studies were carried
out in short-term trials, which makes it impos-
sible to determine the true productivity of soft
winter wheat under different soil fertility con-
ditions. Therefore, the analysis of the informa-
tion obtained in the long-term experiments on
the patterns of influence of fertilization sys-
tems with different nutrient returns will pro-
vide an opportunity to develop and implement
fertilization systems based on the principles of
protecting soil resources, strengthening self-
regulation processes and restoring the sustain-
able functioning of agroecosystems. In the cur-
rently widespread short rotations with signifi-
cant saturation of cereal crops, the influence of
precursors and fertilization systems on the
yield and grain quality of soft winter wheat has
not been sufficiently investigated.

The purpose of the research is to study the
development of yield and protein content in
the grain of different ripening varieties of
soft winter wheat under different types and
doses of fertiliser.

Materials and methods

The experimental research was conducted in
2020-2022 in the conditions of the right bank
forest steppe of Ukraine in the stationary field
experiment of the Department of Agrochemis-
try and Soil Science of the Uman National Uni-
versity of Horticulture with the geographical
coordinates of Greenwich 48° 46" north latitu-
de and 30° 14’ east longitude. The trial was
established in 2011 at the experimental field of
the Uman National University of Science and
Technology (NAAS Certificate No. 87). The
soil of the experimental field is podozolized
chernozem (heavy loam composition on loess)
with a humus content of 3.4%, the nitrogen
content of easily hydrolysable compounds is
low, the mobile compounds of phosphorus and
potassium are high, the pH,, is 5.8.

Weather conditions during the study years
were as follows: in 2020, 479 mm of precipita-
tion fell, which is 25% less than the long-term
average indicator. Air temperature was higher
than the multi-year average and in 2021. The
amount of precipitation in 2021 was higher
than in 2020 - 655.7 mm and in 2022 -
452.0 mm. The air temperature was within the
long-term average, but the distribution of pre-
cipitation was different. Thus, in 2020, during
the growing season of soft winter wheat, only
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187.5 mm of precipitation fell, which is
1.5 times less than in 2021 (281.7 mm)
and in 2022 — 280.3 mm. It should be noted
that for the sowing of soft winter wheat in
2019, seedlings were received on 20 January
2020. In 2020 the plants overwintered at the
stage when the first leaf emerged from the
coleoptile (BBCH 10) and in 2022 at the tille-
ring stage when the lateral shoot was in the
leaf sheath (BBCH 20). Therefore, the weather
conditions in 2022 were more favourable for
the formation of the highest yield.

Crop rotation — winter wheat, maize, spring
barley, soybean. The trial was repeated three
times. The area of the experimental plot is
25 m2. In the version of the production control
experiment (N, P, K. ), the fertilizer dose is
calculated on the basis of the economic removal
of the main nutrients by the crop rotation. The
design of the experiment is such that, based on
the results of the research carried out, it is pos-
sible to determine the feasibility of reducing the
doses of certain types of mineral fertilizer and
to determine their optimum combination.

The fertilizer application scheme in the win-
ter wheat crop rotation included the following
options: no fertilizer (control), N_,,N._ ,P. K

757~ 1150 _ 60_80°
N150K80’ N150P60’ N75P30K40’ 1507 60780
N150 30K40’ N150P60K4O’ N150P30K80' Accordlng

to the experimental design, phosphorus (gran-
ulated superphosphate) and potassium (potas-
sium chloride) fertilizers are applied under au-
tumn tillage, nitrogen (ammonium nitrate) —
as a top dressing, once in spring.

The variety and line of soft winter wheat
were studied in the experiment. The ‘Prino’
line (Uman NUH) was created by hybridization
of Triticum aestivum L. / Triticum spelta L.
It is a high-yielding soft winter wheat variety
(vield up to 9.0 t/ha), early maturing. ‘KWS
Emil’ (KWS SAAT SE & Co. KGaA) is a high-
yielding, late-maturing variety with very good
lodging resistance.

The agrotechnology of growing soft winter
wheat consisted in peeling the soybean stubble
in two tracks after harvesting. According to the
design of the experiment, phosphorus and po-
tassium fertilizers were applied for soil tillage
and nitrogen fertilizers for top dressing in the
II-III decades of January. Seed was sown in the
II-IIT decade of October. In the phase of the
beginning of the emergence of the plants in the
tube (BBCH 31) the herbicide Granstar® Gold
75 WG with the fungicide Madison 26.3%, SC
was used. Harvesting was carried out by direct
harvesting at full grain maturity (BBCH 93).

Yield was determined by direct harvesting
and protein content was determined according

to DSTU 4117:2007 [15]. Statistical proces-
sing of the data was carried out by analysis of
variance, which confirmed or rejected the null
hypothesis. This was done by determining the
“p” value, which indicates the probability of
the corresponding hypothesis. If p < 0.05, the
null hypothesis was rejected and the influence

of the factor was reliable.

Results and discussion

It was shown that the use of different ferti-
lization systems in our trials reliably increased
the yield of soft winter wheat grain (Fig. 1).
The application of N, increased this indicator
by 1.2 times and N, by 1.4 times compared to
the option without fertilizer. The application
of phosphorus, potassium and phosphorus-po-
tassium fertilizers significantly increased
grain yield compared to the nitrogen fertiliza-
tion systems. However, the N, Ps Ky, variant
only increased the yield index by 10% com-
pared to the nitrogen fertilized system.

Yield with incomplete return of phosphorus-
potassium fertilizer was only 2—3% lower than
with complete mineral fertilizer. With the nit-
rogen-phosphorus and nitrogen-potassium fer-
tilization systems, the yield was 5—7% higher
than with the nitrogen system. At the same
time, this indicator was 6% lower than in the
full mineral fertilizer version of the trial.

The phosphorus-potassium fertilization sys-
tem had the least effect on the grain yield of
soft winter wheat. This indicator increased by
only 7% compared to the control. At the same
time, the influence of the factor was reliable.
It should be noted that the yield varied con-
siderably depending on the type of soft winter
wheat. For example, this indicator was 35%
higher for the ‘KWS Emil’ variety than for
the ‘Prino’ line.

The weather conditions during the study
years also had a significant impact on grain
yield. In the more favourable weather year
2022, it was 20% higher than in 2020. The
grain yield in 2021 was significantly higher
than in 2020, but lower than in 2022.

The studies carried out confirmed the im-
portance of the nitrogen component in the
winter wheat fertilization system. The results
of other researchers confirm the high efficien-
cy of using nitrogen fertilizers for cereal crops
in comparison with phosphorus-potassium
fertilizers [16]. It should be noted that the
efficiency of fertilizer application depends on
the weather conditions during the growing
season. In 2020-2022, the yield of common
winter wheat varied between 5.3 and 6.6 t/ha.
However, this trend is typical of conditions in
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Fig. 1. Yield of different varieties of soft winter wheat as a function of fertilization:

A - No fertilizer (control), B-N_,C-N
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the Right Bank Forest Steppe. In addition, the
grain yield varied according to the winter
wheat variety, which is due to the selection
and genetic characteristics of the variety. For
example, the ‘Prino’ line was early maturing
and the ‘KWS Emil’ variety was late matu-
ring. It is obvious that plants with a longer
vegetation period use more nutrients than
plants with a shorter vegetation period.

The use of nitrogen fertilizer had a reliable
effect on the protein content of the soft winter
wheat grain (Fig. 2). This indicator increased
from 12.3 in the case of no fertilization to
14.7% depending on the fertilization system.
It should be noted that the phosphorus-potas-
sium system did not affect the protein con-
tent. At the same time, the nitrogen fertilizer
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dose had different effects on this indicator.
The application of 75 kg/ha nitrogen ferti-
lizer per year increased the protein content to
13.5%, i.e. by 10% compared to the control.
In the double dose nitrogen fertilizer variant,
the protein content increased to 14.2%, or by
15% . The use of phosphorus-potassium nitro-
gen fertilizers only contributed 2-4% to the
increase in this indicator.

The results of the statistical processing
showed that the protein content varied sig-
nificantly depending on the variety of soft
winter wheat and the weather conditions.
When growing winter wheat varieties, the
protein content can vary from 12.8 to 15.1%.
The weather conditions during the growing
season can change this indicator from 13.1 to
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14.7% . Therefore, the use of nitrogen ferti-
liser not only increases the yield of soft winter
wheat, but also increases the protein content.

The protein content of winter wheat grains
is determined by a number of factors [17]. One

of the effective ways to increase its content is
the use of nitrogen fertilisers [18]. The studies
carried out show that protein content is most
dependent on the nitrogen component of the
complete mineral fertilizer. In addition, its
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Fig. 2. Protein content in grain of soft winter wheat varieties of different maturity as a function of fertilization:

A - No fertilizer (control), B-N_,C- N, soKeyr
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effectiveness is determined by weather condi-
tions, especially during the period of grain ripe-
ning, and by the characteristics of the winter
wheat variety. It should be noted that under
the conditions of the Right Bank Forest Steppe,
the protein content of soft winter wheat grains
varies significantly depending on weather con-
ditions (13.1-14.7%) and variety characteris-
tics (12.8-15.1%). The higher protein content
of ‘Prino’ winter wheat grain is due to the
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formation of a lower yield level. With the same
nitrogen content in the soil and the formation
of a lower yield, the proportion used for pro-
tein synthesis increases and vice versa.
Different fertilization systems reliably in-
creased the protein yield from the grain har-
vest of soft winter wheat (Fig. 3). When win-
ter wheat was grown on the N . nitrogen sys-
tem, this indicator increased to 724 kg/ha, or
33% , and with a double dose of nitrogen fer-
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Fig. 3. Protein extraction from the grain harvest of different maturing varieties of common wheat
as a function of fertilization, kg/ha:
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tilizer — to 848 kg/ha, or 55%, compared to
the no fertilizer option. In the N P, K,
variant, protein yield increased by 10% com-
pared to the nitrogen system. The application
of a complete mineral fertilizer (N K,,)
increased this indicator by 12%.

Protein yield under nitrogen-potassium and
nitrogen-phosphorus fertilization systems was
only significantly increased by 7-9% com-
pared to long-term application of N, . The
incomplete phosphorus and potassium return
systems gave 1-5% lower protein yields than
the full mineral fertilizer systems.

The results of the research carried out show
that the effectiveness of fertilisation systems

150P60
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depends on the characteristics of the variety
and the weather conditions, which must be
taken into account in the agronomy of soft
winter wheat.

Conclusions

It was found that the applicationof N P, K
increased the yield of soft winter wheat grain
by up to 5.9 t/ha, or 7%, compared to the
variant with only 75 kg/ha AI. In the com-
plete mineral fertilizer variant (N P, K.),
the yield was 11% higher than with long-term
use of N, . Nitrogen-potassium and phospho-
rus-potassium systems and options with in-
complete return of phosphorus-potassium
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fertilizer give 6—7% lower yields compared to
full mineral fertilizer.

The yield development of common wheat de-
pends on the variety. In the ‘KWS Emil’ varie-
ty, this indicator was 35% higher than in the
‘Prino’ line. In addition, the grain yield of both
varieties is reliably influenced by the weather
conditions during the growing season.

The protein content varies considerably de-
pending on the variety of soft winter wheat
and the weather conditions. The protein con-
tent can vary from 12.8 to 15.1% during the
growing season of the investigated common
wheat varieties. The weather conditions du-
ring the growing season can change this indi-
cator from 13.1 to 14.7%. In terms of protein
content, the grain of the ‘Prino’ line is reliab-
ly superior to the ‘KWS Emil’ variety.

According to the protein extraction indica-
tor, the ‘KWS Emil’ variety (896 kg/ha) has
a significant advantage over the ‘Prino’ line
(774 kg/ha). The use of a fertilization system
with a nitrogen dose of 150 kg/ha per year
made it possible to increase this indicator to
848-984 kg/ha. When growing the ‘Prino’
line, the protein yield increased from 529 to
670-924 kg/ha, depending on the fertiliza-
tion system.
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MeTta. BuBuutM dopMyBaHHA BpoOXaiHOCTI Ta BMicTy
6inka B 3epHi pisHOCTUMIMX COPTIB NiWeHULi M'AKOT 03KUMOT 3a
YMOBW BUKOPUCTaHHsA pi3Hux BUAIB i fo3 pobpus. Metoaum.
MonboBuit i nabopatopHuit (BU3HAUeHHA BMicTy 6inka),
po3paxyHKoBuii (36ip 6inka), MaTeMaTWYHO-CTATUCTUYHI.
Pesynbratu. BcTaHOBNEHO, WO pi3Hi cucTeMM ynoOpeHHs
LOCTOBIpHO 36iNblIyBaNyN BpOXaiHiCTb 3epHa NileHULi M'aKOT
03u1Mmoi. TaK, 3actocysaHHa N NifBMILYBAO el NOKA3HUK Y
AocnipkeHux coptisy 1,2 pasu,aN,, -y 1,4 pa3u nopiBHAHO
3 BapiaHToM 6e3 Bo6puB. YpOKaiHiCTb 3 HENOBHMM MOBEp-
HEHHAM tochopHO-KaniHux aobpue Gyna nuuwe Ha 2-3%
MEHLUOI0 MOPIiBHAHO 3 MOBHWUM MiHepanbHUM JobpuBoM. 3a
YMOBW 3aCTOCYyBaHHs a30THO-(ocdopHoi Ta a30THO-KaniitHoi
cucTeM yaobpeHHs ypoxaiiHicTb 6yna Ha 5—7% 6inblwoto Hix
Npyu BUKOPUCTaHHi a30THOi cuctemu. BopHouac ueit nokas-
HUK ByB Ha 6% MeHWKUM NOpiBHAHO 3 BapiaHTOM gocnipy, ae
BUKOPUCTOBYBANU NOBHe MiHepanbHe fO6PUBO. 3acTocyBaH-
HA 75 Kr/ra A. p. a30THUX 4o6puMB NigBULLYBaNo BMicT Ginka
Lo 13,5% abo Ha 10% nopiBHAHO 3 KOHTponeM. Y BapiaHTi
3 NofBiliHOK 03010 a30THUX JOOPUB BMicT 6Ginka 3pocTas
B0 14,2% abo Ha 15%. 3acTocyBaHHA a30THUX RO6pMB i3
thocthopHO-KaniiHUMKU CNPUANO 3POCTAHHIO LbOr0 MOKA3HU-
Ka nuwe Ha 2-4%. BupouwyBaHHA nweHuULi 031UMoi 33 yMOBM
3actocysaHHa N, 36inbwysano 36ip 6inka po 724 kr/ra abo

Ha 33%, a 3a NoABiNHOT ;03U a30THUX [OOPUB — 0 848 Kr/Ta
abo Ha 55% nopiBHAHO 3 BapiaHTOM 6e3 Bo6puB. Y BapiaHTi
N,.P.K,, 36ip 6inka 36inbwysasca Ha 10% nopiHAHO 3
a30THOI CMCTEMOI0. 3aCTOCYBAaHHA MOBHOMO MiHepanbHOro
po6bpusa (N, P, K, ) 36inbuwysanc ueit nokasHuk Ha 12%.
BucHoBku. BcraHosneHo, wo 3actocysaHs N P K
36inbluye BPOXalHiCTb 3epHa nweHWUi M'Akoi 03uMoi Ao
5,9 T/ra abo Ha 7% NOpPiBHAHO 3 BapiaHTOM, ie BUKOPMUCTO-
BYBa/sM Nuwe 75 Kr/ra A. p. a3oTHUX fobpue. PopMyBaHHs
BPOXaMHOCTI NWeHULi M'AKOT 03MMOT LOCTOBIPHO 3MiHIOETLCA
3anexHo Big copty. Tak, y copty ‘KBC Emin’ ueit nokasHuk
6yB Ha 35% pocToBipHO Ginblmid HiX y NiHiT ‘MpiHo’. Kpim
L{bOT0, Ha BPOXXaHiCTb 3epHa 060X COPTiB AOCTOBIPHO BMJ/IK-
BalOTb NOrofHi yMoBW BereTaliiiHoro nepiogy. BmicT Ginka
LOCTOBipPHO 3MiHIOETBCA 3aN€XHO Bif, COPTY NweHuui M'aKoi
03KMOT Ta NOroAHuX yMoB. pyu BUPOLLYBaHHi COPTiB NiIeHML
M'siKOT 03MMOT BMicT 6inKka MOXe 3MiHloBaTUCh Ha 12,8—-15,1%.
MorogHi yMOBM BereTauiiHoOro nepiofy MoXyTb 3MiHIOBaTH
Lei noKka3HuK Ha 13,1-14,7%. Moka3HuMK BMicTy Gifka y 3epHa
niHii ‘MpiHo’ gocToBipHO BMWMI Hix y copTy ‘KBC Emin’. 3a no-
Ka3HWKoM 360py 6inka 3 rektapa copt ‘KBC Emin’ (896 kr/ra)
Ma€ AOCTOBipHy nepeBary Hag niniewo ‘Tpino” (774 kr/ra).

Knrouosi cnosa: copm; npodykmusHicmb; N0200HT yMOBU;
cucmema yoobpeHHs; 36ip 6iIKa.
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