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INCREASE IN WINTER BARLEY GRAIN PRODUCTION BY GROWING AT OPTIMAL
SOWING DATES IN THE WESTERN FOREST-STEPPE OF UKRAINE

T. S. Yashchuk, N. P. Samets, H. P. Sydoruk
Ternopil State Agricultural Research Station of the Institute of Agriculture in the Carpathian Region of NAAS
of Ukraine, 12 Troleibusna St., Ternopil, 46027, Ukraine

Topicality. In Ukraine, the leading branch of agriculture is grain production. In the modern grain
crop market, winter barley occupies one of the important places in the country's grain balance. A
sustainable and uninterrupted production of high-quality grain products at low cost ensures the development
of a reliable and powerful foundation for meeting the needs of the population. Purpose. To study and
evaluate individual elements of cultivation technology, in particular to specify the sowing dates for different
varieties of winter barley for the Western Forest-Steppe of Ukraine under field trial conditions, assuming the
favourable effectiveness of the proposed methods, which provides for the achievement of guaranteed and
stable high-quality grain yields. Materials and methods. The research was carried out in the fields of the
Ternopil State Agricultural Research Station of the Institute of Agriculture in the Carpathian Region of
NAAS of Ukraine in 2016-2024. In the experiments, the following winter barley varieties were sown:
Burevii, Deviatyi val, Tutankhamon, Paladin Myronivskyi, Valkiriia, MIP Status. Sowing was carried out in
four dates: 15 and 25 September and 5 and 15 October. Field trials were set up and conducted in
accordance with generally accepted research methodology (field, laboratory, comparative and analytical
methods). Results. The main factors influenced on the formation of winter barley yield were systematised
and identified. The optimal sowing dates in the context of climate change were determined experimentally.
The dependence of the protein content in winter barley grain on the sowing date was established. The results
of the research showed that sowing winter barley at the most optimal dates, namely 15-25 September,
ensured higher yields (5.75 and 5.81 t/ha) compared to October (5.24 and 4.92 t/ha). It was found that the
highest yield of all varieties was obtained in 2024, which was favourable in terms of weather conditions
(6.43 t/ha), and the lowest in the dry year 2020 (3.73 t/ha). The protein content increased from the earliest to
the latest sowing date: from 12.3 to 12.6 %. In years with different weather conditions, regardless of sowing
dates, the highest quality indicators were recorded in 2019 (14.0 %), and the lowest in 2024 (10.4 %).
Conclusions. The highest winter barley yield of 5.75; 5.81 t/ha was achieved by sowing at the optimal dates
for the growing region (15 and 25 September), ensuring the profitability and return on investment of grain
production in variable soil and climatic conditions and organisational and economic conditions of
management.

Key words: weather conditions, variety, impact factor, sowing date, yield, protein content, economic
efficiency.

Introduction. Winter barley (Hordeum vul-
gare L.) is one of the earliest ripening grain
crops, characterised by high yield and valuable
feed properties. This crop ripens 9-14 days
earlier than winter wheat and 12—-16 days earlier
than spring barley, which reduces load during
the harvest period and enables the successful
cultivation of many post-harvest crops [1].
Winter barley is recommended for cultivation in
14 regions of Ukraine. However, most of its
acreage is located in the southern part of the

Author informtion:

country. The main reason for this is the low
winter hardiness and frost resistance of barley
varieties [2]. Numerous research suggests that
thinning of crops of this type is most often cau-
sed by winterkilling. According to Academician
A. A. Linchevskyi, losses of winter barley yield
from frost-killing are more significant than los-
ses from diseases, pests and weeds combined [3].
Long-term research has established that
the critical temperature at the depth of the fil-
lering node for most winter barley varieties is
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-10 to -15 °C, which is 4-5 °C higher than the
critical temperature for winter wheat. In recent
years, according to data from the agrometeo-
rological station located on the territory of the
TSAES of Institute of Agriculture in the Carpa-
thian region of NAAS, this indicator has not
fallen below -7— -8 °C. Thus, climate change
contributes to the successful overwintering of
winter barley and the expansion of its sowing
area. Compared to winter wheat, barley plants
are characterised by slow hardening at above-
zero and below-zero temperatures, which is
explained by the physiological characteristics of
this crop. As a result of intensive growth in
autumn and relatively active life at temperatures
close to 0 °C, winter barley plants accumulate
few soluble carbohydrates and lose them quite
quickly during overwintering. Therefore, the yield

Mnowa nocisy, MnH.ra

of this crop largely depends on overwintering.

In the context of significant climate change,
due to the value of winter barley, its acreage be-
gan to grow rapidly. A number of Western Euro-
pean countries have almost completely switched
to autumn sowing. The main reason for the spread
of winter barley acreage was its high yield. In
Ukraine, the crop occupied 300,000 hectares in
2000. By 2021, winter barley acreage had in-
creased significantly, reaching 1.3 million hec-
tares, but after 2022, due to Russia's occupation
of part of Ukraine's territory, acreage began to
decline again, reaching 760,000 hectares in
2023 and 506,000 hectares in 2024 [4].

According to data from the Ministry of
Agrarian Policy, Ukrainian farmers sowed 49.6 %
less barley in 2024 than in the pre-war year of
2021 [5] (Fig.1).
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Fig. 1. Dynamics of barley sowing area in Ukraine, thousand hectares, 2000-2024.

Starting in 2022, under the influence of
wartime challenges and their consequences, a
significant reduction in acreage is expected,
primarily due to restrictions on expert logistics.
However, the barley market is quite narrow, and
Europe is not a target buyer for this crop. Our
country usually exported barley to China, and
without the grain corridor (maritime grain ship-
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ments from Ukraine), selling barley through the
former sales channels will be impossible under
the current circumstances. Therefore, barley is
focused on domestic consumption and, in
limited quantities, on neighbouring countries.
According to the analysis of its yield, on
average for this period, spring barley yield
ranged from 1.91 to 3.53 t/ha, and winter barley
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yield ranged from 2.05 to 4.37 t/ha, which
indicates a positive trend in productivity growth.

Undoubtedly, crop productivity is primari-
ly influenced by weather conditions and culti-
vation technology, as evidenced by the average
winter barley yield in Ukraine in 2024, which

was 4.34 t/ha, while in agricultural enterprises it
was 4.70 t/ha. Thanks to more favourable wea-
ther conditions, a particularly high yield of 6.0—
6.5 t/ha was recorded in the western regions of
Ukraine [6, 7] (Fig. 2).

We should not forget about weather con-
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Fig. 2. Dynamics of barley yield in Ukraine, t/ha, 2010-2024.

ditions, which are often unfavourable, and the-
refore, in addition to the ability to form high
productivity, barley plants must demonstrate
high resistance to adverse factors [8]. This ne-
cessitates the targeted selection of agricultural
techniques that would enhance, or at least not
diminish, the natural adaptive properties of mo-
dern winter barley varieties. In any cultivation
technology, great attention is paid to sowing
dates, which directly affect not only the quantity
and quality of the harvest, but also the formation
of plant resistance to many unfavourable fac-
tors [9-11]. On the one hand, plants sown early
are more susceptible to pathogens and pests, and
their most productive main shoots are more
often damaged, while on the other hand, crops
sown late are mostly underdeveloped, poorly
branched, more susceptible to mechanical da-
mage during overwintering, and are more seve-
rely affected by dry winds in spring and summer
[12]. Sowing at the optimal dates should ensure
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that winter barley plants pass through the stages
of organogenesis in the autumn period, on which
the level of vital activity of the agrobiocenosis
and its productivity subsequently depend.
Materials and Methods. The research
was conducted during 2016-2024. Six winter
barley varieties adapted to the Western Forest-
Steppe zone of Ukraine were studied: Valkiriia,
Burevii, Deviatyi Val (originator: Plant Bree-
ding and Genetics Institute — National Centre of
Seed and Cultivar Investigation); MIP Status,
Paladin Myronivskyi, Tutankhamon (originator —
the V. M. Remeslo Myronivka Institute of Wheat
of NAAS), which were sown in four dates: 15
and 25 September and 5 and 15 October (Table 1).
The soil of the experimental plots was
deep, low-humus chernozem with a medium
loamy texture. The humus content was 3.55 %,
and the pH was 5.6. Hydrolytic acidity was
2.21 mg-eq/100 g of dry soil; low soil availability
of alkaline-hydrolysed nitrogen was 126.0 mg/kg
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Table 1. Varietal composition of winter barley by year of research

Years under study Variety
2016-2020 Tutankhamon
Deviatyi Val
Burevii
2020-2023 Paladin Myronivskyi
Valkiriia
2024 MIP Status

of soil (according to the Kornfield method); sul-
phur — 2.3 %, very low; elevated phosphorus
content — 123.0 mg/100 g air-dry soil and
elevated potassium content — 92.0 mg/100 g air-
dry soil (according to the Chirikov method).

Repetition — three times. Sowing area of
the plot was 28.05 m? (17 m x 1.65 m), regis-
tration area — 25.0 m? (15.15 m x 1.65 m). The
order of placement of plots and repetitions were
single-tier, sequential. A complete mineral ferti-
liser N3oP30K3o (nitroammophoska) was introdu-
ced into the soil for pre-sowing cultivation.
Winter barley plants were fed with nitrogen
fertiliser in the form of ammonium nitrate (N —
34.4 %): early spring feeding (N3o kg a.i./ha) —
on frozen-thawed soil , local feeding (N3p kg
a.i./ha) — at the end of the tillering stage. The
seeds were treated with Avitsenna (0.5 I/t) +
Commandor Extra (0.6 I/t) formulations.
Sowing was carried out using an SN-16 seeder,
with a seeding rate of 5 million germinated seeds
per hectare.

The cultivation technology for winter
barley was generally accepted for the Western
Forest-Steppe zone of Ukraine. The predecessor
was annual grasses. Investigations and related
analyses of soil and plant material were carried
out using recommended methodologies: easily
hydrolysable nitrogen was analysed using the
Tyurin-Kononova method, mobile forms of
phosphorus and potassium — using the Chirikov
method, humus content — using the Tyurin
method, and pH — using the TSINAO method
(GOST 26483-85); field germination, plant
density in autumn, plant survivability during
winter, and plant density before harvesting were
determined on fixed plots with an area of 0.25 m?
in four places diagonally across the plot, total-
ling 1 m2; sheaves were selected one to two
days before harvesting from an area of 0.25 m?
in four locations on the plot. Structural analysis
of the harvest was carried out in accordance
with the ‘Methodology for State Variety Testing
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of Agricultural Crops’; the 1000-seed weight
was determined in accordance with DSTU
4138-2002; the total nitrogen/protein content in
the grain was determined using the Kjeldahl
method; harvest calculation — by the method of
threshing winter barley plots with a Sampo 500
combine harvester, followed by grain cleaning
and recalculation to 100 % purity and 14 % mois-
ture content; mathematical analysis of field trial
results was performed using a program for
analysis of variance and correlation-regression
analysis in accordance with the methodology of
V. O. Yeshchenko ‘Fundamentals of Scientific
Research in Agronomy’ [13] and using the Sta-
tistica 5.0 software program; economic analysis
was based on the application of generally
accepted methods for evaluating technology in
terms of yield, production cost per unit of out-
put, profitability per hectare of sown area, and
profitability level [14].

Study and evaluate individual elements of
cultivation technology, in particular, clarify the
sowing dates for different varieties of winter
barley for the Western Forest-Steppe zone of
Ukraine in field experiment conditions under
favourable conditions for the proposed methods,
which provides for guaranteed and stable yields
of high-quality grain, were the main objectives
of the work.

Results and Discussion. Significant at-
tention is being paid to increasing the yield of
winter barley in order to solve the problem of
increasing and stabilising grain production in
Ukraine, as this crop, together with spring
barley, is strategically important and ranks se-
cond after winter wheat in terms of sowing area.
It is common knowledge that climate warming
requires adaptation of agricultural production
and improvement of agrotechnical practices for
crop cultivation. These conditions should be
taken into account when determining such an
important agrotechnical practice as the sowing
date. This technique does not require any addi-
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tional costs, and the correct date for the sowing
campaign lays the foundation for successful
overwintering and high crop productivity. Agro-
meteorological conditions during the observa-
tion period were characterised by only slight
deviations from the long-term average in terms
of precipitation, temperature regime, and their
distribution during the growing season, with a

tendency towards growth. No particularly extre-
me conditions that would significantly affect the
productivity of winter barley were observed.

According to the results of studies con-
ducted between 2016 and 2024, it was found
that the winter barley yield significantly depen-
ded on the sowing dates (Table 2).

The highest productivity was observed in

Table 2. Winter barley yield depending on sowing dates, t/ha

Year Sowing date
15 September 25 September 5 October 15 October
2016 4.96 5.42 3.69 3.14
2017 5.47 5.54 5.19 4.66
2018 6.56 6.82 5.63 5.50
2019 6.02 5.91 5.76 5.55
2020 4.02 3.81 3.37 3.73
2021 6.10 6.40 6.14 5.60
2022 6.27 5.66 5.13 4.55
2023 6.10 6.05 5.52 5.29
2024 6.29 6.72 6.73 6.26
Average for years 5.75 5.81 5.24 4.92

variants with sowing dates in September, re-
gardless of the year of research. The maximum
yield — 5.75-5.81 t/ha, on average for all varie-
ties, was recorded for sowing on 15 September and
25 September, slightly lower — for sowing on
5 October — 5.24 t/ha, and the lowest — 4.92 t/ha —
for sowing on 15 October. According to the
data, a delay in sowing beyond 25 September
leads to a decrease in yield by 0.57-0.89 t/ha.

According to annual yield analysis, the
highest results for all winter barley varieties
were obtained in 2024 (6.50 t/ha) due to the
formation of the main components of plant
productivity and yield attributes. A warm win-
ter, very early (1 February) resumption of vege-
tation, and a long period with average daily air
temperatures between 5 and 10 °C, which lasted
more than two months, contributed to the inten-
sive tillering of late-sown plants of winter bar-
ley. These conditions have positively influenced
such a structural indicator of yield as the pro-
ductive stem density, which has hardly de-
creased in late-sown crops. Grain formation and
filling also took place mainly under favourable
agrometeorological conditions, which ultimately
had a direct impact on the formation of winter
barley grain yield.

The lowest yield (3.73 t/ha) was obtained
in the dry year of 2020. Weather conditions
were again a complicating factor: a long dry pe-
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riod in autumn, which made it impossible to ac-
cumulate sufficient moisture in the soil, an ab-
normally snowless and warm winter, and a dry
and warm spring.

According to research results, the yield
potential of barley varieties (7-10.5 t/ha) is uti-
lised on average by 30-50 %, decreasing in
some years and periods to 24-26 %, which indi-
cates the importance of further improving barley
cultivation technology. Therefore, in the context
of climate change, the adaptability of a variety
to unfavourable conditions becomes one of its
most important characteristics.

Today, the focus is not only on increasing
the winter barley yield, but also on improving
its grain quality — the complex of biological,
physical, chemical and technological character-
istics of the grain, which is influenced by the
chosen cultivation technology. Among the fac-
tors that play a decisive role in the formation of
barley grain quality are soil and climatic condi-
tions, variety, and agrotechnical practices. The
latter two factors are most human-controllable.

Based on the average indicators for nine
years, the protein content in winter barley grain
did not significantly depend on the sowing date,
but tended to increase with a later sowing date:
from 12.0 % for sowing on 25 September to
12.6 % for sowing on 15 October (Table 3).

In general, if the tendency of protein con-
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Table 3. Protein content in winter barley grain depending on sowing dates, %

Year Sowing date
15 September 25 September 5 October 15 October
2016 10.9 9.9 11.8 12.9
2017 13.4 12.3 12.2 12.3
2018 13.9 13.1 12.5 13.0
2019 14.2 14.1 14.0 13.7
2020 10.2 10.4 10.8 10.9
2021 12.1 11.5 12.0 12.3
2022 13.6 13.3 14.1 14.4
2023 12,5 12.7 12.9 13.0
2024 9.9 10.3 10.6 10.7
Average for years 12.3 12.0 12.3 12.6

tent change over nine years can be explained by
varietal characteristics and the selection of new
varieties that are more adaptable to local condi-
tions, then individual decreases (for example,
compare quality indicators in 2016, 2020, 2024)
can only be explained by weather conditions
and the response of plants to agroclimatic fac-
tors. Indeed, the winter barley varieties included
in the study are declared by their originators as
being intended for grain production, with a po-
tential yield of 7-10.5 t/ha and a protein content
of 12-14.5 %.

However, in some years, the decrease in
protein content in winter barley grain has at-
tracted the interest of brewers in this grain for
use in brewing production. Very high protein
content (over 13 %) in grain makes it unsuitable
for brewing due to the deterioration of beer taste
and reduction in yield. Good brewing barley
must contain 9-10 % protein.

As is well known, grain yield and quality
are strongly negatively correlated. In particular,
the formation of the protein complex is
significantly influenced by unregulated factors
such as weather conditions during the grain
filling and ripening period, precipitation, air

temperature and humidity, and solar radiation
intensity.

The results of our research have shown a
noticeable influence of weather conditions on
the quality of winter barley varieties in different
years under study. For example, the lowest
protein content over nine years of research was
observed in 2016 and 2024 (especially noti-
ceable for crops sown in September) and in
2020, when the temperature regime was reduced
during the grain formation and filling period, in
combination with cloudy weather.

According to the correlation analysis
between average yield and protein content in
grain during the research period, depending on
the sowing dates, it was found that the protein
content increases when the yield of winter
barley decreases. The correlation coefficient ob-
tained (r = -0.854) confirms the inverse propor-
tional relationship between winter barley yield
per unit area and protein content in grain.

Based on the results of experimental data
on winter barley cultivation, we conducted an
economic analysis by comparing the results of
crop production depending on the sowing dates
(Table 4).

Table 4. Economic efficiency of winter barley cultivation
depending on sowing dates, 2016-2023

. Average yield, Production Self-cost, Revenue from Condltlopal Profitability,
Sowing date tha costs, UAH/t sales, net profit, %
UAH/ha UAH/ha UAH/ha
15 September 5.75 13,975 2,449 25,984 12,120 91.7
25 September 5.81 13,975 2,480 26,302 12,395 93.0
05 October 5.24 13,909 2,721 23,845 10,112 73.6
15 October 4.92 13,858 2,873 22,541 8,794 64.5

According to research results, the sowing
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dates for winter barley largely determined the

https://doi.org/10.31867/2523-4544/0369



economic indicators of its cultivation. The
lowest self-cost of 1 tonne of grain — at 2,449-
2,480 UAH — was obtained when the barley was
sown on 15 and 25 September, compared to
2,721 UAH when the barley was sown on 5 Oc-
tober and 2,873 UAH when the barley was sown
on 15 October. Sowing in September also yiel-
ded the highest conditional net profit per hecta-
re, which amounted to 12,120-12,395 UAH/ha,
with a profitability level of 91.7-93.0 %. For
sowing in October, the conditional net profit
was significantly lower and ranged from 8,794
to 10,112 UAH/ha, with a profitability level of
65.4-73.6 %. According to these data, late
(October) sowing dates were less economically
advantageous because they were accompanied
by a decrease in yield, which in turn affected the
level of efficiency indicators.

Conclusions. The results of the studies
showed that the highest yield — 5.75; 5.81 t/ha —
was achieved by winter barley varieties sown at
the optimal dates for the growing area — 15 and
25 September, respectively. When sowing is dela-
yed beyond 25 September, the crop responds
with a decrease in yield of 0.57 and 0.89 t/ha. It
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3axionozo Jlicocmeny Ykpainu 3a eupowysanus ¢ OnmumaibHi CMpoKu cieou.
3epnosi kynemypu. 2025. 9 (1). 113-120.

Tepuoninbcoka Oepoicasna  CilbCbKO2OCNOOApcbka 00CHiona cmanyis Incmumymy  cilbcbkozo 20cnodapcmed
Kapnamcwvroeo peciony HAAH, eéyn. Tponeiibycna, 12, m. Tepronine, 46027, Yxpaina

AKTyajbHicTh. B YKpaiHi MpoBiTHOO Taly33i0 CLIBCHKOTO TOCIOAapCTBa € BUPOOHHUITBO 3epHa. Ha
CYy4acCHOMY PHHKY 3€pPHOBHX KYJIbTYp SUMIHb O3UMHI 3aiiMa€ OJIHE 3 BRXKJIMBHUX MiCLb B 3€pHOBOMY OanaHci
kpainu. CTBOpeHHS HaMAiiHOI, MOTY>XKHOT 0a3W BHPOIIYBaHHS 3€pHA IS HACETCHHS 1 KOPMIB JUIA TBapHUH
MOKJIMBO JIMIIIE Ha OCHOBI CTaJIoro, Oe3nepebiiiHoro HaAXOKEHHS 36pHOBOI MPOAYKIIT 3 BUCOKOIO SKICTIO 1
HU3BKOIO coOiBapTicTio. MeTta. BUBUMTH Ta OIIIHUTH OKpEMi €IEeMEHTH TEXHOJIOTil, 30KpeMa yTOYHHTH
CTPOKH CiBOM Pi3HMX COPTIB SIMMEHIO 03UMOT0 115 30HH 3axigHoro JlicocTemy YkpaiHu B yMOBaxX MOJIbOBOTO
EKCIICPUMEHTY 3a CIPHUSITINBOI €(QEKTHBHOCTI 3alpOIIOHOBAHMUX MPHHOMIB, HI0 Tependadac OTPUMaHHS
rapaHTOBAaHUX 1 CTAIMX PiBHIB ypOXKalHOCTI 3epHA BUCOKOi sKOCTi. MaTtepianau Tta Meroau. JlocmiKeHHS
BukoHyBa y 2016-2024 pp. Ha momsx TepHOMIBCHKOI JepKaBHOI CLIBCHKOTOCTIONAPCHKOI TOCIiTHOT
crannii ICI" Kapnarcekoro periony HAAH. V pocnmimax BUCIBaIM COPTH SIUMEHIO 03UMOr0 — bBypesiid,
Hew’sstuii Banm, Tyranxamon, [lamania MuponiBebkuii, Banpkipis, MIII Craryc. CiBOy mpoogunu B 4
cTpoku: 15, 25 BepecHs T1a 5, 15 xOBTHA. 3aKiIaaKy 1 BeeHHS MOJbOBUX JOCIIB 3/1CHIOBAIN BiAIOBIIHO
70 3arallbHONPUUHATHX METOIWK AOCTIIHOI crpaBu. MeToaw: TOJBOBHM, JIAOOPATOPHUM, MOPIBHSUTEHO-
aHarmitTnyand. Pe3ynbTaTn. CucTeMaTH30BaHO Ta BHUAUICHO OCHOBHI ()aKTOpH BIUIMBY Ha (hOpMyBaHHS
BpPOXKaI0 SYMEHIO 03MMOTro. EXCIieprMMEHTaIbHO BU3HAYEHO ONTUMAJIbHI CTPOKH CIBOM B KOHTEKCTI 3MiHH
KIiMaTy. BcTaHOBIEHO 3aleXHICTh BMICTy Oinka B 3€pHI SUMEHIO O3MMOTO BiJ CTPOKYy CciBOHW. 3a
pe3ysibTaTaMH JOCITIKEHb BCTAHOBJICHO, IO CiBOA AYMEHIO O3UMOrO B HAWOLIBII ONTHMAaIbHI CTPOKH, a
came 15-25 BepecHs 3abe3mneuyBania GopmyBaHHS BHINOiI BpoxaiHocTi (5,75 i 5,81 1/ra), mOpiBHSIHO 3
xoBTHeBUMHU (5,24 1 4,92 T/ra). Bussneno, mo Oinblly BpOXKaWHHICTH yCiX COPTIB OyJO0 OTpHUMaHO B
CTIPUATIMBOMY, 33 TIoromHuMu ymoBamu, 2024 p. (6,43 1/ra), HaiiMenmry — B nocynumBomy 2020 p. (3,73 1/ra).
Bwicr Oinka B 3epHi 3pOCTaB BiJ HAHOUIBII pAaHHBOTO O Mi3HBOTO CTPOKY ciBOM: 3 12,3 1o 12,6%. V pi3Hi 3a
MOTOJJHUMH yMOBAaMH, POKH, HE3aJeXHO BiJl CTPOKIB CiBOM, HAWBHI TIOKAa3HUKH SKOCTI ypOXKAro
chopmoBano y 2019 p. (14,0%), naitamkui — y 2024 p. (10,4%). BucnoBku. HaiiBuiny yposaitHicTh Ha
piBHi 5,75; 5,81 1/ra hopmyBam copTu SUMEHIO O3MMOTO 3a CiBOM B ONTUMAJIbHI, IJIs1 30HW BHPOIYBaHHS,
cTpoku — 15 Ta 25 BepecHs, 3a0e3nedyroun MPUOYTKOBICTh Ta OKYIHICTh 3€pHOBUPOOHUIITBA Y 3MIHHHX
I'PYHTOBO-KJIIMAaTHYHHUX Ta OpPraHi3amiiHO-eKOHOMIYHHX YMOBaX I'OCIIOAAaPIOBAHHS.

Kntouoei cnoea: nocooui ymosu, copm, paxmop @niugy, cmpox cigou, ypoxcainicms, emicm 0iiKa,
EeKOHOMIYUHA epheKkmusHicmb

120 Grain Crops. Vol. 9. No. 1. 2025. P. 113-120 https://doi.org/10.31867/2523-4544/0369



