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INTRODUCTION

Wheat is one of the most important cereals in the
world. Durum wheat ranks second in grain produc-
tion after soft wheat. Currently, the gross production of
soft wheat grain is about 765 million tonnes, of which
almost 5% is accounted for by durum wheat (Food and
Agriculture Organization of the United Nations, n.d.).
Durum wheat grain is the main raw material for the
production of high-quality pasta. Wheat is a source of
carbohydrates, protein, minerals, and fibre (Mefleh et al.,
2019). Wheat straw can be used as a litter in mixtures
with organic fertilisers or as an organic fertiliser. Fur-
thermore, it has prospects for use in bioenergy purposes
(Townsend et al., 2018).

However, wheat grain yield and quality are the
main concern of producers, as these indicators deter-
mine economic efficiency. To achieve the maximum pos-
sible yield and grain quality, agricultural enterprises can
apply and combine a wide range of agrotechnical meas-
ures. Effective measures include the use of fertilisers
(Wang et al., 2017).

The quality of grain products depends on the pro-
tein and gluten content of the grain. Currently, winter
wheat is usually placed after unpaired precursors, which
adversely affects the formation of protein and gluten
content in the grain (Gandia et al., 2021). In addition,
hard wheat reduces grain yields more strongly due to
adverse environmental factors compared to soft wheat
(Laurent et al., 2020). One of the ways to improve the
quality of wheat grain when growing after unpaired
predecessors is to use nitrogen fertilisers (Novak et al.,
2019). In the agrotechnology of grain crops, the use of
fertilisers is the main component that ensures the for-
mation of a high yield of high-quality grain (Hospodarenko
et al., 2019). Nitrogen fertilisers most increase wheat
productivity in modern agricultural systems. However, it
is known that very high doses of nitrogen fertilisers can
pollute the environment, due to the active substance
not used by plants. The effectiveness of fertilisation of
durum winter wheat depends on many factors, of which
weather conditions and the reaction of the variety of this
crop are most strongly influenced (Zhang et al., 2016).

In modern conditions, it is important not only to
implement measures to increase crop yields, but also
to reduce the cost of production, that is, to increase the
production of competitive products. Therefore, it is nec-
essary to maximise the use of low-cost techniques in
agricultural technologies. Reducing the cost of produc-
tion can be achieved by using highly productive wheat
varieties (Mefleh et al., 2019). C. Li et al. (2018) it was
found that with the systematic use of fertilisers, high
yields of agricultural crops can be obtained by apply-
ing considerably lower doses, which is explained by the
after-effect of fertilisers applied for previous crops of
crop rotation. In the system of applying fertilisers for
durum wheat, it is also necessary to consider soil fer-
tility. If the nitrogen content of mineral compounds is
higher, the dose of nitrogen fertilisers should be reduced
so that there is no overspending (Marinaccio et al.,
2016). Prolonged application of fertilisers increases the
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radioactivity of the soil due to the content of “°K and
226Ra. However, this radiation is safe for human health
(Simansky & Jonczak, 2019). Furthermore, the use of fer-
tilisers improves the quality of grain, which is important
for the production of high-quality products (Hrckova
etal., 2018).

Thus, the effectiveness of applying fertilisers
depends on the doses of their application. The optimal
dose of fertilisers should consider the biological fea-
tures of the durum wheat variety and the planned level
of its yield, weather conditions and soil fertility, the level
of agricultural technology, the placement of crops in the
crop rotation and its saturation with fertilisers, the forms
of fertilisers, the timing, and methods of their applica-
tion, and other factors. Therefore, determining fertiliser
doses is one of the most difficult issues of modern agro-
nomic science and practice.

The purpose of this study was to investigate the
yield formation and quality of winter durum wheat grain
under various fertiliser systems in field crop rotation.

LITERATURE REVIEW

Nitrogen, phosphorus, potassium, and sulphur fertilisers,
as well as microfertilisers, are most frequently used for
wheat. However, wheat is a nitrogenophilic crop, so
the main part of this study is devoted to studying the
effectiveness of nitrogen fertilisers. It is established
that the application of N, for durum wheat, the grain
yield increased on average from 5.10 t ha in the var-
iant without fertilisers up to 7.01 t ha. Application
of N ,, increased it only to 7.75 t ha, application of
N,,, — up to 8.09 t ha™, while N, , did not increase the
yield (8.05 t ha?). In addition, the effectiveness of fer-
tiliser significantly varied depending on weather con-
ditions. Thus, the yield of durum wheat from the use
of N, it varied from 6.25 to 8.21 t ha™. The trend of
nitrogen fertilisers affecting protein content was differ-
ent. Thus, this indicator grew from 10.5 in the version
without fertilisers to 11.9% per N, , and when applying
N,,, it grew to 14.4%. The protein content also signifi-
cantly varied depending on weather conditions. Thus, in
the variant of application of Ny, this figure ranged from
10.2% to 12.4% (Ma et al., 2019). However, the condi-
tions under which such studies were conducted differ
from the Right-Bank Forest-Steppe of Ukraine. Better
soil and climatic conditions contributed to the formation
of a higher grain yield compared to the experiments of
the authors of this paper.

In studies by F. Orlando et al. (2017) the use
of Ny, ,,, Was effective. The yield of durum winter
wheat under this fertiliser scenario was at the level of
5.30 t ha. Czech scientists L. Hlisnikovsky et al. (2020)
found that winter wheat responds well to the use of
fertilisers, but their effectiveness varies depending on
weather conditions. Thus, in areas without fertilisers, the
yield varied from 2.89 to 6.99 t ha'* depending on the
year of study. In an unfavourable year, the grain yield was
at the level of the fertiliser-free option (2.78-2.86 t ha'l).

Application of mineral fertilisers (N,,,P,.K,,) against the
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background of pus after-effect (40 t ha') was the most
effective. Under this scenario, the average yield of winter
wheat grain increased to 8.10 t ha! against 5.73 t ha
in the control variant. However, there are no variants
using smaller and higher doses of nitrogen fertilisers in
these studies. With such an experiment scheme, only one
experiment option will be effective — N,, P, K. . Fur-
thermore, nitrogen fertilisers were applied in three peri-
ods — before sowing, in the spring, and during the ear-
ing of winter wheat. In the conditions of the Right-Bank
Forest-Steppe, if there is a lack of moisture and hot tem-
perature, such a fertiliser system is ineffective. Notably,
the study was conducted with soft wheat, the fertiliser
system of which differs from durum wheat (Hlisnikovsky
etal.,2020).

The use of phosphorous and potassium fertilisers
is less effective than nitrogen fertilisers. In research by
S.Turebayeva et al. (2022), application of P, increased
the yield of winter wheat grain from 1.28 to 1.76 t ha™.
Increasing the dose to P, provided a yield of 1.96 t ha™.
The highest efficiency of phosphorous and potassium
fertilisers is provided by nitrogen fertilisers (Turebayeva
etal.,2022). Thus, the application of N, R, provided the
receipt of 3.18 t ha* of winter wheat grains (Turebayeva
et al.,2022). However, these studies were conducted with

soft winter wheat. Given the insufficient study of the
issue of optimal fertilisation of durum winter wheat, the
purpose of this study is relevant.

MATERIALS AND METHODS

The study was conducted in 2020-2021 in a station-
ary experiment of the Department of Agrochemistry
and Soil Science. The stationary field experiment was
carried out at the Uman National University of Hor-
ticulture (certificate of the National Academy of Agri-
cultural Sciences No. 87) (Stationary field experiments
of Ukraine, 2014) in the Right-Bank Forest Steppe of
Ukraine with Greenwich geographical coordinates
48° 46’ of northern latitude and 30° 14’ of eastern lon-
gitude. The experiment was launched in 2011. The fol-
lowing crops were cultivated in the four-field crop rota-
tion: winter wheat, corn, spring barley and soya. The
purpose of the field experiment is to establish the effi-
ciency of the action of different types, rates, and propor-
tions of mineral fertilisers on the yielding capacity and
quality of grain and seeds of field crops, and fertility of
the black soil. The scheme of the experiment includes
11 variants of combinations and separate applications
of mineral fertilisers including the control variant without
fertilisers (Table 1).

Table 1. The design of application of fertilisers in the experiment

Variant of the experiment: Average rates

Application of fertilisers under crops in the crop rotation

of nutrients in the crop rotation

(kg of active substance ha™* per year) Winter wheat Corn Spring barley Soy
Without fertilisers (control) - - - -
N., N.. Ny, N.. 0
N, N, N, N, @
P Keo L P.Ko P.K, P.K,
N, oKeo N, Kgg N, oKy N, Ko, N Koo
N,.oPeo NP N, oPeo N.oPeo NeoPeo
N..P. K, N,.P. K, N P.o Ko N..P. K. N..P..Kep
N, oPoKeg N, oPoKeo N, oPeoKiso N, oP.oKsg NeoPoKeo
NP N, P.Ky N, P.oKeo N P. K NP K
N, oP.oKyuo NP Koo N, oPoKee N, P oKee NP oKag
N, oPoKeo N, P Kqo N, oPoK. 10 N_P. K., N P-.K.,

In the variant of the experiment with an average
rate of nutrients in the crop rotation per ha of N, P, K.,
the total (100%) compensation with fertilisers of aver-
age annual removal of the nutrients by the crops in the
crop rotation is planned. The scheme of the experiment
was developed so that it could be possible to determine
the opportunity to decrease the rates of certain types
of mineral fertilisers. The placement of the variants in
the experiment is successive. Performance of the exper-
iment simultaneously on four fields provides annual
data about yielding capacity of all crops in the four-
field crop rotation. The experiment was repeated three
times. The total area of the experimental plot is 110 m?,
the accounting area is 72 m% Phosphorus (granulated
superphosphate) and potassium (potassium chloride)
fertilisers were applied during fall tillage, nitrogenous

Scientific Horizons, 2022, Vol. 25, No. 3

fertilisers (ammonium nitrate) during pre-sowing cul-
tivation and fertilising of winter wheat. Phosphorous
and potassium fertilisers were used in autumn for
the main tillage, nitrogen fertilisers — in early spring. In
the experiment, winter durum wheat (Andromeda vari-
ety) was grown after soybeans.

Characteristics of durum winter wheat of the
Andromeda variety. Originator — Institute of Irrigated
Agriculture (Ukraine). Type of development — winter,
early ripening. Plant height 75-100 cm. It is recom-
mended for growing in forest-steppe and steppe. The
potential yield is 3.6-6.0 t/ha. Resistance to lodging —
5 points, to shedding — 7, to root rot — 5, to Septoria — 9,
to Fusarium — 7, to brown rust — 8, to powdery mil-
dew — 6 points. Pasta properties are high (4.4 points).

The soil on the experimental plot is the black




podzolised heavy loamy soil on loess with 3.8% of
humus content, the content of nitrogenous hydrolysed
compounds (by Cornfield method) is low (105 mg kg),
the content of mobile compounds of phosphorus and
potassium (by Chirikov method (DSTU 4115-2002, 2003),
extraction 0.5 m CH,COOH) is increased (106 mg kg) and
high (132 mg kg) respectively, pH, . — 5.7.

Combined harvesters were used to harvest the
grain. The accounting of the harvest of non-marketable
produce was conducted by the method of the trial sheaf.
Non-marketable part of the harvest of the crop rotation
plants (straw, stems) was left in the field for fertilising.
Protein and gluten content were determined by infrared
spectroscopy using Infratek 1241.

Statistical data processing was performed using
STATISTICA 10. The null hypothesis was confirmed or
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refuted during the performing of variance analysis. The
p-value was determined for this purpose, which showed
the probability of the corresponding hypothesis. In
cases, where p<0.05, ‘the null hypothesis’ was refuted
and the influence of the factor was significant.

Weather conditions differed in precipitation distri-
bution and air temperature (Table 2). In 2020, 44.9 mm of
precipitation fell in March-April, and in 2020 — 1.8 times
more (82.3 mm). However, in the autumn of 2019,
there was no precipitation, and the total amount was
376.6 mm, which is 1.6 times less than the long-term
average (586 mm). The air temperature in 2021 in March
and April was lower compared to 2020. Notably, winter
durum wheat plants were damaged by frost in the first
decade of May 2020.

Table 2. Weather conditions in 2020-2021

Year
Month 2020 2021 1991-2020 2020 2021 1991-2020
Precipitation (mm) Temperature (°C)

March 239 32.4 36 6.3 2.0 2.5
April 21.0 49.9 41 9.2 7.4 9.7
May 101.0 56.4 52 12.5 14.0 154
June 70.4 107.7 81 20.9 19.8 19.0
July 214 89.8 68 21.6 23.2 20.9

Due to the lack of moisture in autumn 2019,
durum winter wheat seedlings were obtained in January
2020, which affected the formation of fewer productive

stems (Table 3). Furthermore, the adverse impact of frosts
in the BBCH 30 phase led to the formation of lower grain
yields compared to 2021.

Table 3. Winter durum wheat sowing and harvesting time date during trial years

Year of research

Indicators

2020 2021
Sowing time October 17t%,2019 October 30t 2020
BBCH 10 January 25" November 20t
BBCH 20 February 25" April 13™
BBCH 30 May 15t May 10t
BBCH 50 June 5™ June 6"
BBCH 73 June 20t June 20t
Harvesting time July 15t July 220

RESULTS AND DISCUSSION

The results of the research show that all fertiliser systems,
except for phosphorus-potassium in 2020, significantly
increased the yield of winter durum wheat grain com-
pared to the option without fertilisers (p<0.05) (Fig. 1).
The lowest fertiliser efficiency was set in 2020. Thus,
the yield of winter durum wheat grain increased by
1.1-1.2 times (3.9-4.1 t ha*) with long-term use of only

nitrogen fertilisers. Long-term use of complete mineral
fertiliser (N,,,P,K;,) significantly affected the grain yield
(4.3t ha') compared to variant N, . However, the yield
under this fertiliser scenario was only 5 % higher. Paired
combinations of fertiliser use, as well as long-term use
of fertiliser systems with incomplete return of phos-
phorous and potassium fertilisers, provided only 2-5%

lower grain yield compared to N, P, K.

Scientific Horizons, 2022, Vol. 25, No. 3

19



20

Yield and quality of winter durum wheat grain depending on the fertiliser system

Current effect: F(10. 66)=36.5, p=0.001

6.0
5.5 5.4

o 55 52 B o, ®m 52

£ 4.6

£4s

o | 4241l aall 4380 a1 42| 42

< 40f 3939 '

2 3.5

>‘3.5.3.4ﬂ

30 2 o 2 £ 2 2 5 8 8 g 2

N 4 oz ¥ X g M M ¥ M X
“— —_ —_ —_ —_
= 4z oz z =z
o
k= (W] Year 2020
= [T Year 2021

Variant of the experiment

Figure 1. Winter durum wheat grain yield depending on the fertiliser system

In the best weather conditions of 2021, grain yields
were 15% higher in areas without fertilisers compared to
2020. In the variants of long-term application of fertilisers,
it was higher by 18-28%.The yield increased by 1.2 times
with prolonged use of N and 1.3 times — in the variant
with N, . Significantly higher yields (by 4-10%) were pro-
vided by long-term use of the nitrogen-phosphorus system
and variants N, P, K., N, P, K,., N, P, K, compared to

150" 60 "80° " "150° 60 "40°

long-term use of N,,.. Notably, the use of N . P, K, and
N,;,PsKg, in terms of impact on grain yield was at the
level of the variant N, P, K. . Paired combinations of fer-
tiliser application were effective at the level of long-term
application of N, P, K, .Application of N_.P, K, provided
the formation of only 4% lower grain yield compared to
N, ,P5,K,.- The lowest yield was provided by a phosphorus-
potassium fertiliser system (4.2 t ha).

Nitrogen fertilisers are a crucial factor in the agri-
cultural technology of winter wheat. Their use leads to
a considerable increase in grain yield compared to options
without fertilisers (Klikocka et al., 2016). The magnitude
of the impact of nitrogen fertilisers on winter wheat can

be determined by weather conditions. Sufficient moisture

during the wheat growing season contributes to higher
efficiency of nitrogen fertilisers (Tosti et al., 2016). Fur-
thermore, unfavourable conditions of the autumn-winter
period also affect the productivity of the plant. Under con-
ditions of higher individual productivity of wheat plants,
the yield increase from fertilisers will also be greater
(Rossini et al., 2018).

In the conditions of the research conducted by
the authors of this paper in 2020, the lack of moisture
during the sowing period caused late shoots. In addi-
tion, the plants were affected by low temperatures dur-
ing the phase of plants entering the tube. It was found
that winter durum wheat plants formed a larger number
of stems in 2021 compared to 2020 (Table 4). A larger
number of stems is conditioned upon the early resump-
tion of spring vegetation. In addition, the tillering phase
lasted 65 days, and in 2021 the tillering phase lasted
only 27 days. However, the mass of grain in one ear of
winter durum wheat in 2020 was the lowest due to the
influence of sub-zero temperatures. Therefore, the grain
yield in 2020 was the lowest.

Table 4. Number of plants and productive stems of winter durum wheat under different fertiliser systems, pcs/m?

Year of the study

Experiment variant 2020 2021
1 2 1 2
Without fertilisers (control) 291 1.29 239 1.73
N 338 1.27 251 1.98
N, 397 1.14 304 1.75
PoKso 295 1.33 245 1.87
N, .Kgo 404 1.14 310 1.74
N, oPeo 408 1.14 318 1.81
N,.P. K, 346 1.27 274 1.96
N, oPoKeg 415 1.16 320 1.85
N, P2 K,g 410 1.13 310 1.77
N,oPeoKio 404 1.15 319 1.83
N, P. K 401 1.16 317 1.77

Note: 1 — number of productive stems, 2 — weight of grain in one ear, g.
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Research by S. Turebayeva et al. (2022) showed
that wheat has a lower response to the use of phos-
phorous and potassium fertilisers, especially with an
average content of their mobile compounds in the soil.
Therefore, the grain yield in variants with incomplete
return of phosphorous to potassium fertilisers decreases
little compared to full mineral fertilisers. Furthermore,
the higher efficiency of fertilisers may be conditioned
upon their long-term use in crop rotation, which is con-
firmed in the article (Simansky & Jonczak, 2019).

The protein content was most affected by the
nitrogen component of the complete mineral fertil-
iser (Fig. 2). All variants using nitrogen fertilisers sig-
nificantly increased the protein content in the grain.
Thus, this indicator increased by 4-26% in variants
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with 75-150 kg/ha of fertiliser compared to plots with-
out fertilisers. In conditions of less precipitation dur-
ing the ripening period of winter durum wheat grain
and higher air temperatures in 2020, the protein con-
tent was 8-21% higher compared to 2021. Thus, all fertil-
iser systems, except phosphorus-potassium, significantly
affected the growth of protein content in winter durum
wheat grain. Notably, the use of a double dose of nitrogen
fertilisers (N, ) in the composition of a complete min-
eral fertiliser significantly increased the protein content
compared to long-term use of N,.. The protein content
increased by 18% when N, was added, by 21% — upon
adding N_.P, K, .. Application of N, increased protein
content by 23%, and options with full mineral fertiliser —
by 25-26% compared to plots without fertiliser.

Current effect: F(10, 66)=13.256, p=0.001
19 , . . | | | |
= 18y 17.0 170 17.2 174 172 172 171
= 17 ¢ 16.3 i 16.7 @
216t _
S 151 138 143141 || 143143 14.4 {143 |[14.4][ 144 ]
514 12.8 |3 13.0 13.3
s 13} \
e
g =2 Z ¥ ¥ & 2 ¥ 2 £ o
b= Q\‘: kel ke Qr: Q\: & 3 =
E <z 2z z =z
2
= [E] Year 2020
Variant of the experiment (O] Year 2021

Figure 2. Protein content in durum winter wheat grain depending on the fertiliser system

In 2021, protein content in variants using N, increased
by 4%, and the use of N, increased it by 12-13%. The
protein content of the phosphorus-potassium fertiliser
system was at the level of the option without fertilisers
since it did not significantly exceed it. In variants with
incomplete return of phosphorous and potassium fertil-
isers, the protein content was at the level of the nitrogen
fertiliser system.

Research results of other scientists (Ostmeyer
et al., 2020) indicate that the use of nitrogen fertilisers
increases the protein content in winter wheat grains.
With a lower grain yield, the protein content may be
higher compared to years where a higher grain yield
was formed. Therefore, at a yield of 3.9-4.3 t ha! protein
content was at the level of 16.3-17.4%, and at a yield of
4.6-5.5 t hat its content was only 13.3-14.4%. However,
the use of nitrogen fertilisers not only increased grain
yield, but also increased protein content.

Long-term use of mineral fertilisers in field crop

rotation significantly increased protein harvesting from
the winter durum wheat crop compared to the vari-
ant without fertilisers (Fig. 3). Protein harvesting from
the 2021 grain harvest was 6-8% higher compared to
2020, except the application of N_, variants. Prolonged
use of N_. increased protein collection by 1.2 times,
and N,.P, K, — by 1.3 times compared to the control.
According to the nitrogen-potassium and nitrogen-
phosphorus fertiliser systems, protein collection was
1.5 times higher. The use of the highest dose of nitro-
gen fertilisers on a phosphorus-potassium background
was 1.5-1.6 times higher. Similarly, protein harvesting
changed in 2020. The use of a phosphorus-potassium
fertiliser system had the least effect on protein harvest-
ing from the winter durum wheat crop. Despite the high
yield of winter durum wheat grain in 2021 variants with
long-term use of N, and N_.P, K, the highest protein col-
lection in 2020. The protein collection rate is conditioned
upon the formation of a higher protein content in 2020.
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Figure 3. Protein harvesting from durum winter wheat crops depending on the fertiliser system

The trend of influence of prolonged fertiliser use
in field crop rotation on gluten content was similar to
that of grain protein (Fig. 4). Furthermore, the gluten
content was influenced by the weather conditions of

the years of experiments. In 2021, the gluten content
in areas without fertilisers was 17% lower compared
to 2020. In fertiliser applications, this indicator was
25-30% lower.

Current effect: F(10, 66)=10.352, p=0.001
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Figure 4. Gluten content in durum winter wheat grain depending on the fertiliser system

Notably, all fertiliser systems that contained the
nitrogen component significantly increased the gluten
content in the grain during both years of experiment.
In 2020, this indicator grew by 17-19% in the cases of
applying N, variants compared to the fertiliser-free
option. In the variants of using the highest dose of nitro-
gen fertilisers, the gluten content increased by 22-23%.
In 2021, this indicator grew by 4-6% for the cases of
N, application. In variants using N, the gluten con-
tent increased by 14-15%. The use of a phosphorus-
potassium fertiliser system did not significantly affect
this indicator.
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The formation of gluten content in winter
wheat grain varies significantly depending on the
weather conditions of the growing season, especially
during its ripening period (Wu et al., 2019). The effect
of nitrogen fertilisers on these indicators also depends
on weather conditions. Usually, precipitation during
this period reduces the gluten content. Furthermore,
an increase in grain yield leads to the formation of
a lower gluten content, since the amount of nitrogen
of mineral compounds in the soil applied with fertil-
isers, which can be used for its synthesis, decreases
(Yang et al., 2019). If the productive stems are reduced,




excess nitrogen mineral compounds can be used by
wheat plants to synthesise gluten (Rossini et al., 2020).
In the experiments of the authors of this paper, the lack
of moisture during the milk ripeness of winter durum
wheat grain in 2020 caused the formation of a higher
protein and gluten content in the grain compared to
2021. In addition, the grain yield in 2020 was the low-
est.In 2021, the grain yield is 5.2-5.5 t ha the gluten
content was at the level of 29.3-29.6%.

Therefore, the introduction of nitrogen fertilisers
is an effective way to improve the quality of grain with-
out reducing the yield of durum winter wheat. However,
the results obtained can be applied to conditions similar
to the Right-Bank Forest-Steppe of Ukraine. If individual
weather elements change, the impact of fertiliser sys-
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This should be considered upon conducting research in
other soil and climatic conditions. Furthermore, grow-
ing more productive varieties of this crop will also
change the effectiveness of fertiliser application.

The results of statistical processing of experimental
data confirm that paired combinations and variants with
incomplete return of phosphorus and potassium fertilisers
on the background of N, use have almost the same
effect compared with long-term use of N, P, K., (Fig. 5).
The optimal protein and gluten content ensures the
use of N, regardless of the dose of phosphorous and
potassium fertilisers. Considering the grain yield, pro-
tein content, its collection and gluten content, variants
with prolonged use of N, . P_,N._.P. K, N._P K, and
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Figure 5. Optimisation of the choice of fertiliser system to ensure the formation
of high yield and quality of winter durum wheat grain

CONCLUSIONS

Long-term use of fertilisers, in addition to the
phosphorus-potassium system, in field crop rotation
significantly affects the formation of the winter durum
wheat crop (Andromeda variety). Fertiliser systems
with a nitrogen component have the highest efficiency.
Phosphorus-potassium fertilisers have the least impact
on the yield and quality of winter durum wheat grain.

The effectiveness of fertiliser application varies
depending on the weather conditions of the growing
season. Thus, in less favourable growth conditions, the
yield increases from 3.4 to 3.5-4.3 t ha'!, and in the
best — from 3.9 to 4.2-5.5 t ha?! (p<0.05). Under con-
ditions of hot air temperature and less precipitation,
all fertiliser systems with a nitrogen component sig-
nificantly affected the protein and gluten content in
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the grain. The protein content increases from 13.8 to
16.3-17.4%, depending on the fertiliser system, and

its collection from 465 to 636-750 kg ha?! (p<0.05).

In conditions of sufficient moisture, fertiliser systems
using N, ., had a significant effect. The protein content
in this scenario increases from 12.8 to 14.4%, and its
collection from 493 to 785 kg ha! (p<0.05). Prolonged

use of phosphorus-potassium fertilisers did not signif-
icantly affect the quality of winter durum wheat grain.
The gluten content varies similarly to the protein con-
tent, depending on the fertiliser system. Thus, in 2020,
the gluten content increases from 30.2 to 35.2-37.1%, and
in 2021 — from 30.2 to 36.7-37.1% (p<0.05), depending
on the fertiliser system.
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Ypo)XXanHicTb i AKiCTb 3epHa NweHuUui TBepAoi 03UMOoi
3aN1e)XXHo Big cUcTeMU yao6peHHs

Ipuropiit Mukonaiiosuy lNocnopapeHko, IBaH IBaHoBuY MocToB’siK, Biktop MeTtposuy KapneHko,
Bitaniit Bonogumuposuu Jlio6uy, Bonogummp Biktoposuu Hoeikos

YMaHCbKMI HaLiOHaNbHUI YHIBEPCUTET CaAiBHMLTBA
20305, Byn. IHCTUTYTCBKA, 1, M. YMaHb, YKkpaiHa

AHoTauia. HWUHI nweHuuo TBepay 03MMY BUPOLLYIOTb NiCAS HENApOBUX MOMEPesHUKIB. 33 TaKUX YMOB BaXK/MBe
3HaYeHHS Ma€ yao6peHHs. TOMy BUBYEHHS POPMYBAHHS YPOXKAMHOCTI Ta AKOCTi 3epHa MeHULi TBepAoi 03UMOoi
3aNeXHO Bif, cncTeMu yoobpeHHs € akTyanbHUM. MeToto poboTu H6yno BUBYEHHS POPMYBAHHS YPOXAMHOCTI Ta IKOCTI
3epHa MileHuLi TBepAoi 03UMOI 3a pi3HUX cucTeM yaobpeHHs. [locnigkeHHs NpoBOAMAM B YMOBAX CTaLLiOHApHOro
NOMbOBOrO A0CAiAY YMaHCbKOrO HaLiOHaNbHOIO YHiBEpPCUTETY CaAiBHMUTBA, po3MilieHoro B [TpaBobepexxHoMy
Tlicocteny Ykpainun ynpoposx 2020-2021 pp. Oocnia 3aknageHo B 2011 poui. Y YOTMPMNiNbHIA NONbOBIN CiBO3MiHi
BMPOLLYIOTbCS TaKi KyAbTypU: MIIEHULA 03MMa, KYKYPYA3a, A4MiHb apuii, cod. Cxema pgocnify Bkatovae 11 BapiaHTiB
KOMOiHaLiM i OKpeMoro BHeCEHHS MiHepanbHUX AOOPUB i, B TOMY YMCITi, KOHTPOJIbHUIA BapiaHT 6e3 yaobpeHHs.
36MpaHHa BPOXato 3epHa NPOBOAMAN NPSMUM KOMBaMHYyBaHHAM, BMICT Bifka Ta BMIcT 6y0 BUSHAaYEHO METOLOM
iHppauepBOHOi cnekTpockonii, BukopuctoBytouun Infratek 1241. 06pobKy CTaTUCTUUHMX faHKX Byno 3pobneHo 3a
ponomoroto nporpamu STATISTICA 10. YpoxaiHiCTb 3epHa nweHuLi TBepAoi 03MMOi LOCTOBIpHO 36iNbLIyBanach
B, yooOpeHHs. [poTe epeKTUBHICTb iX 3aCTOCYBAHHS 3MiHIOBANACh 3aN1€XKHO Bif poKy AocnimkeHHs. Tak,y 2020 p.
BOHa 36inblwyBanacb y 1,1-1,2 pasu (3,9-4,1 t ha'') 3a TpMBanoro 3acTocyBaHHs nuLie a3oTHMX Ao6puB. Tpueane
3aCTOCyBaHHSA NOBHOrO MiHepanbHoro aobpuea (N, P, K. ) AOCTOBIpHO BNIMBANO Ha BPOXaiHiCTb 3epHa (4,3 t ha)
nopisHAHO 3 BapiaHToM N, .Y 2021 p. BpoxaiHicTb 3epHa 3pocTana B 1,2-1,4 pa3u 3a71eXH0 Bif CUCTEMM yAOBPEHHS.
Bapto Bia3HaunTK, wo 3actocyBanHa N, P, K, i N, P, K 33 BNAMBOM Ha BpOxailHiCTb 3epHa Byno Ha piBHi BapiaHTy
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N, ,P,,Kso- MapHi kKoMGiHauii 3acTocyBaHHa L0BPUB 33 epeKTUBHICTIO Gy/in Ha piBHi TpuBasoro 3actocyBaHHa N, P, K, .

3acrocysaHHa N, P, K, 3abe3neyyBano GopMyBaHHS sinLIe Ha 4 % MEHLOT BPOXaiHOCTI 3epHa nopisHaHo 3 N, P, K, .
Ha BMicT 6inka Ta BMiCT KNeMKOBUHM Halbinblue BNIMBANA a30THA CKAAL0Ba 3 MOBHOIO MiHepanbHoOro Aobpuea.
MpoBeneHi LoCNiAKEHHS NiATBEPAXKYOTb BUCOKY peakLito MeHuLi TBepaoi Ha 3aCTOCYBaHHS a30THUX A00OpuB.
OTpuMaHi pe3ynbTaT MOXHa BUMKOPMCTOBYBATK A5 MPOrHO3yBaHHA NPOAYKTUBHOCTI NLEHMUL TBepAOT 03MMOi

3aN1€XHO Bif pOAKYOCTi FPYHTY

KntouoBi cnoBa: a30THi docdopHi Ta KaniiHi Lo6pmBa, NPOAYKTUBHICTb MILEHUL TBEPA0T 03MMOI, BMICT Binka, 36ip
6inKa, BMiCT KNeMKOBUHMU
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