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Dudar 1., Lytvyn O., Pavkovych S., Korpita H., Kozliuk O. Yield of winter barley depending on mineral
nutrition

The article presents the results of studies of the influence of mineral fertilizers on the yield of winter barley in the
Western Forest-Steppe.

It has been found that grain yield depends on providing plants with mineral nutrients throughout the growing season.
The results of scientific research on the influence of mineral nutrition on seed germination, plant survival during the
growing season, grain yield and structure of winter barley cultivated on gray podzolic soils in the Western Forest-Steppe are
described. The authors of the research studied different doses of mineral fertilizers: 1) without fertilizers (control); 2)
N30P30K305 3) NeoPsoKeo; 4) NooPgoKop.

A decrease in field germination by 1.1-2.3 %, with an increase in the level of mineral nutrition was determined.

The positive effect of mineral fertilization on the survival of winter barley has been proved. The lowest level of plant
survival was in the areas without fertilizers, and the highest - under application of mineral fertilizers in the norm NggPgoKa.

The positive effect of fertilization on the number of productive stems, the weight of grain from the ear and the
number of grains in the ear was demonstrated. A positive correlation was established between fertilizer and the number of
grains in the ear (# = 0.96) and fertilizer and grain weight from the ear (+ = 0.77). It was found that the studied rates of
fertilizers were effective for the nutritional regime of winter barley agrocenosis in the Western Forest-Steppe. The optimal
dose of fertilizers which ensures maximum grain yield was determined. Application of phosphorus and potassium fertilizers
(PyoKyg) for plowing and nitrogen (Nsg.30+30) in three steps: during the restoration of spring vegetation, in the phase of tube
emergence and earing provided a significant increase in yield as compared to control (without fertilizers) and options
N30P30K30 and NgoPgoKeo.
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Hdynap L., JIurBun O., IlaBkouu C., Kopnira I'., Koziawok O. YpoxaiHicTh STUMEHI0O 03UMOI0 3aJ1€2KHO Bijl
MiHepaJbHOI0 KUBJICHHS

BinoOpaxkeHO pe3yabTaTH JOCIIKEHb BIUIMBY MIiHEPalIbHOIO yINOOpPEHHS Ha BPOXKaiHICTh SUMEHIO O3UMOrO B
ymoBax JlicocTeny 3axinHoro.

Jocnipkeno myOmikauii o710 BIUIMBY MiHEPAILHOIO yJO0OPEHHS Ha MPOLYKTUBHICT SIMEHIO 03UMOTO0. 3’ sCOBAHO,
110 BPOXKalHICTb 3€pHA 3aJIeXUTh BiJ 3a0€3MEUEHHS POCIUH €JIEMEHTAaMH MIHEPAJbHOIO KHBJIEHHS YIPOIOBXK YCi€el
Bereranii. OnucaHo pe3y/bTaTu HAyKOBUX AOCIIDKEHb 111010 BIUIMBY PiBHS MiHEPAJILHOIO KUBJICHHS Ha [10JbOBY CXOXICTh
HaCiHHA, BWKHMBaHHSA POCIMH 3a Iepioj Bererauii, ypoxaiHICTh 3epHa SUMEHIO O3MMOrO Ta IOro CTpyKTypy Ha Cipux
omif3oseHuX IpyHTax B ymoBax Jlicocremy 3axinHoro. BuBueHO HOpMH MiHepaibHUX NOOpHB, a came: 1) 6e3 noOpus
(xorTpoIb); 2) N3gP30Ks0; 3) NeoPsoKeo; 4) NooPgoKoo-

BusiBiieHO 3HMKEHHS 1OJILOBOT cx0xocTi Ha 1,1-2,3 %, 13 migBUIIIEHHSM PiBHS MiHEPAJIBbHOI'O )KUBJICHHSI.

JloBeneHO MO3UTHBHUM BIUIMB MiHEpaJbHUX JOOPUB Ha BMIXKMBAaHHS SUMEHIO o3uMoro. HaliHwxuuii piBeHb
BIDKMBAHHS pOCIIMH OyB Ha UISIHKax 0e3 ynoOpeHHs, a HAaBUIIHHA — 32 BHECEHHS MiHepaJIbHUX 1I0OpUB y HOpMI NogPgoKop.

BusiBneHo BIUIUB yI0OPEHHS Ha KUIbKICTh IPOJYKTUBHUX CTE0E, Macy 3epHa 3 Kojloca Ta KiIbKiCTb 3€peH y KOJIOoci.
BcTaHOBIEHO NO3UTHBHUIN KOPEIALIHHMI 3B’ 130K MK YIOOPEHHSIM Ta KUIBKICTIO 3epeH y komnoci (7 = 0,96) 1 ynobpeHHsIM
Ta Macoro 3epHa 3 konoca (» = 0,77). 3’sicoBaHoO, 110 AOCTIPKYyBaHI HOPMU AOOPUB €PEKTUBHI IJISI IOKUBHOTO PEXUMY
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arpoleHo3y sS4MeHI0 o3uMoro B ymoBax Jlicocreny 3axinHoro. BusHaueHo ontumanbHy HOpMY J0OpHB, 110 3abe3nedye
MaKCHUMaJIbHy BpOXKaliHiCTh 3epHa. BHecenHs ¢ocdopHo-kamiinux n1o6pus (PoKqo) mia opanky ta azoTHUX (N3pi30430) Y
TpU IpuiloMu: i 4Yac BiJHOBJIEHHSA BECHAHOI Bererauii, y ¢asi BUXoqy B TpyOKy Ta KOJOCIHHS 3a0€3MeYMI0 iCTOTHHMH
MIPUPICT YpOXKaro MOPIBHIHO 3 BapianTtamu 0e3 1oOpuB Ta BapiaHTaMu N3oP30K30 ma NgoPeoKeo.

Kio4oBi cjioBa: s;uMiHb 03UMUI, HOPMH MiHEpaJIbHUX NOOPHUB, MOJIbOBA CXOXICTh HACIHHA, BUXKMBAHHS POCIIUH,

YPOXKAMHICTb.

Problem setting. Barley is the main grain crop
in Ukraine. Its yield depends on the intensification of
cultivation technology. Mineral nutrition is one of the
main factors regulating the growth and development
of plants [11].

To form highly productive agrocenoses, it is
important to provide spring barley with available
mineral nutrients, including nitrogen, phosphorus and
potassium. They are needed by plants in a shorter time
as compared to other cereals due to the high rate of
growth and development of barley.

The optimal balance of nutrients is ensured by
applying mineral fertilizers to the soil. Their
efficiency is achieved under the condition of rational
use taking into account the specific conditions of the
economy.

Modern approaches to the peculiarities of
mineral nutrition are due to the biological charac-
teristics of spring barley. Timely and correct
application of fertilizers creates optimal conditions for
winter barley plants and needs to be clarified in
specific soil and climatic conditions.

Analysis of recent research and publications.
Intensification of the technologies for growing cereals
sets increased demands to optimization of soil factors
that significantly affect the growth and development
of plants [4].

An important factor in increasing the yield of
winter barley is to provide plants with a set of
essential nutrients during the growing season. To form
1 ton of grain, winter barley consumes 20-30 kg of
nitrogen, 5-15 kg of phosphorus and 20-30 kg of
potassium [8].

Recently, the attention of many domestic and
foreign scientists has been drawn to the fertilization of
winter barley as a means of increasing the
productivity of agrocenosis [2; 9; 10; 12—14; 17; 18].

Scientists recommend applying phosphorus and
potassium fertilizers once, under the main tillage,
nitrogen — in stages [3]. The first feeding is carried out
on frozen thawed soil, the second — in the spring
tillering phase — the beginning of the tube and the
third — in the earing phase — grain filling. [8; 17].

It is important when choosing the timing of
fertilizers to take into account the dynamics of
formation of the yield components [16].
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The works of scientists revealed the patterns of
formation of the structure of the winter barley crop
from the use of mineral fertilizers [2], nitrogen
nutrition [10] and meteorological conditions [13].

The research data indicate both the positive
effect of increased rates of mineral fertilizers
(N120P120K120) on the productivity of winter barley [1]
and negative. Yield losses due to crop thickening and
lodging of plants from Ny application can be
significant [6; 18].

There is no consensus among experts on the
rate of application of mineral fertilizers in the
cultivation of winter barley, as it varies depending on
soil and climatic conditions, the availability of
nutrients in the soil and other factors.

Therefore, finding ways to optimize the
nutrient regime of barley agrocenosis in a particular
farm is of paramount importance.

Setting objectives. The aim of our research
was to study the dependence of field seed
germination, plant survival, winter barley grain yield
on mineral nutrition.

Presenting main material. The research was
conducted in 2019-2021.

The soil is gray podzolic. Humus content —
2.2 %. The reaction medium is close to neutral (pH —
6). The soil is relatively well provided with mobile
forms of nitrogen, phosphorus and potassium.

The scheme of the experiment included:
1) without  fertilizers  (control);  2) N3oP30K30;
3) N30+30P60Ke0; 4) N30+30+30P90Koo.

Phosphorus-potassium fertilizers were applied
in the form of superphosphate (19 %) and potassium
chloride (60 %) under the main tillage. Fertilization
with nitrogen fertilizers (ammonium nitrate (34 %)
was carried out in portions: N3y — during the
restoration of spring vegetation (BBCH-25); Nipi30 —
during the restoration of spring vegetation and in the
phase of entering the tube (BBCH 31); Nspi30430 —
during the restoration of spring vegetation, in the
phase of tube emergence and earing (BBCH 51).

The forecrop of winter barley was winter rape.

The experiments examined the winter barley
variety Vintmalt (originator KWS, in the register
since 2009). Variety — two-row (N. s. Distichum L.).

Yield data and laboratory results were
processed by the analysis of variance. The experiment
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was established and conducted according to the
method of B.A. Dospekhov [4]. Yield data and results
of laboratory tests were processed by the method of
analysis of variance of a one-factor experiment using
the program «Statistica.

The estimated area of the plot was 100 m’.
Repetition of the experiment — three times. Variants of
the experiment were placed systematically, in one tier.

The technology of growing winter barley on
the experimental site, except for the issue studied in
the experiment, is generally accepted for the zone of
the Western Forest-Steppe of Ukraine.

An important task of winter barley cultivation
technology is to ensure high field germination of
seeds and survival of plants during the growing
season. The future harvest of spring barley largely
depends on these indicators.

It is known that the use of intensive cultivation
technologies is possible only with field germination of
at least 80 % [7]. The effect of mineral fertilizers on
the field germination of winter barley has not been
studied enough. Today, there is disagreement about
the effect of fertilizers on seed germination. In some
cases, scientists argue that mineral fertilizers reduce
field germination [12], in others — no such pattern was
found [15]. Field germination of seeds, its
completeness and timeliness, the formation of optimal
plant density depend on a number of soil, climatic and
technological factors.

We found that mineral fertilizers affected the
field germination of winter barley seeds (Fig. 1). High
rates were recorded in all variants of the experiment
(90.8-93.1 %) field germination and survival (83.1—
87.7 %) of plants depending on fertilizer.
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Fig. 1. Field germination and survival of plants depending
on fertilizer (average 2020-2021)

There was a decrease in field germination by
1.1-2.3 %, depending on the level of mineral
nutrition. Thus, for the application of complete
mineral fertilizer N3oP30K30 and a single application of
nitrogen field germination was 92.0 %. With the
increase of fertilizer rates to N3o+30Ps0Keo, it decreased
by 0.5 % (91.5 %). The lowest rate of field germi-
nation (90.8 %) was recorded for N3p.30+30P00Koo. It is
obvious that the increase in the concentration of
chemical elements in the soil somewhat inhibits the
growth and development of young seedlings of winter
barley plants.

The overall survival of plants is extremely
important in the formation of productivity. It depends
on overwintering and plant death in spring and
summer. In contrast to field germination, survival
depended more on fertilizer.
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Application of mineral fertilizers contributed to
better survival of plants on the variant N3o.30+30P90Koo
(87.7 %). High rates were for N3,P30K3 (85.5 %) and
N304+30P60Keo (86.5 %). The lowest survival rate was in
unfertilized areas of the experiment (control)
(83.1 %).

The level of winter barley yield is determined
by the main parameters of its structure: the number of
productive stems and the weight of grain from the ear.
These indicators, depending on the variety and
growing conditions, vary significantly.

The results of our research indicate that the
increase in the rate of mineral fertilizers had a positive
effect on the formation of productive stems (Fig. 2).

With mineral fertilizer, a larger number of pro-
ductive stems was formed in the variant,
N30+30430P90Keg — 619 pieces/mz. In the wvariants
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N30P30K30 and N3p430P60Keo there were less productive
stems by 107 and 38 pieces/m’, respectively.
However, the least (480 pcs/m’) productive stems was
on the control unfertilized variant.

The use of mineral fertilizers had a positive
effect on formation of the number of grains in the ear.

Application of mineral fertilizers N3oP30K30 and
N30+30Ps0Keo ensured the growth of grains in the ear
by 2.8-3.7 units as compared to the control. The
highest indicators of the number of grains in the ear,
on average for 2020-2021, were obtained in the
variant N34+30+30Po0Ko (25.2 pcs.).
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Fig. 2. Elements of the structure of barley harvest depending on the level
of muneral fertilizers (avtgage 2020-2021)
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Fig. 3. Biological yield of winter barley depending on the level
of mineral nutrition, t/ha (average 2020-2021)

Elements of the structure of winter barley yield
depend on the level of mineral fertilizers. The number
of grains in the ear is in strong positive relationship
(= 0.96) with doses of mineral fertilizers.

The analysis of our results showed that the
mass of grain from the ear increased with increasing
rates of mineral fertilizers. Against the background of
N30P30K30 it was 1.01 g, and with the introduction of
N3o+30PsoKeo  and  Nspi30+30P90Koo,  respectively,
increased to 1.05 g and 1.07 g. A positive correlation
was found between fertilizer and grain weight from
the ear (» = 0.77).
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The increase in mineral fertilizer doses from 30
to 90 kg/ha leads to the increase of the grain yield of
winter barley (Fig.3). Thus, on the variant of
N30P30K30 the yield was 5.14 t/ha. Increasing the dose
of fertilizers to N3g+30Ps0Keo kg/ha provided additional
1.78 and 0.96 t/ha of grain as compared to the control
(without fertilizers) and the application of N3oP30Ks.

The highest level of yield was obtained on the
N30+30+30P90K9() and was 6.62 t/ha.

Statistical processing of the research data by the
analysis of variance showed a significant difference
between the options (LSD — 0.27 t/ha).
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Thus, the yield of winter barley depends on the
provision of nutrients to plants. As the fertilizer rate
increased from N3oP30K3g to NogPg9oKgg, the number of
productive shoots, the number of grains per ear and
the weight of grain per ear increased.

Conclusions. The studied doses of fertilizers
are the effective factor in increasing the survival of
plants, improving the structure of the yield of barley.
On gray podzolic soils, the highest grain yield
(6.62 t/ha) was provided by the application of PygKogg
for plowing and Nj3p:30430 — during the restoration of
spring vegetation, in the phase of tube emergence and
earing.
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