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phenophase, depending on the influence of environmental conditions at different
sowing dates. To describe and summarise the experimental data, the study employed
the method of establishing the significance of the difference in sample means by the
t-criterion (difference analysis) was used. As a result of the study of barley growth and
development, on the example of the analysis of the phenotype of plants with three
formed shoots at the end of the tillering process, a pattern of gradual decrease in
the realisation of the biological potential of shoots was obtained when the sowing
dates were shifted by 10 days starting from the first sowing date - March 10. The
maximum values of the growth and development of shoots of plants of this phenotype
were obtained as a result of ensuring the sowing process on March 10 at the earliest.
According to the order of the biological sequence of formation of the first, second,
and third shoots, the indicators were for crude biomass - 4.2 g, 3.2 g, 2.2 g; dry matter
content - 0.77 g, 0.58 g, 0.43 g, leaf surface area - 37.9 cm?, 34.8 cm?, and 30.9 cm?.
According to the analysis of the factual material obtained as a result of an organised
experiment of growing plants in abiotic conditions at different sowing dates, the process
of modifying the influence on the morphogenesis of barley shoots was established. The
best results of intensification of spring barley tillering according to the parameters
of the established data of shoot development on the example of the indicated plant
phenotype were obtained under environmental conditions at early sowing dates. From
a practical standpoint, the use of favourable environmental resources at early sowing
dates in ensuring consistently high grain yields of spring barley crops continues to be
an underutilised reserve in cultivation technology
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INTRODUCTION

Due to changes in agroclimatic resources in the West-
ern Forest-Steppe of Ukraine, it has become relevant to
investigate the growth and development of early spring
cereals, including barley, at different sowing dates to
improve cultivation technologies. Global barley grain
production depends on vyields under weather condi-
tions and is characterised by data within 140-160 mil-
lion tonnes per year. In the 2023-2024 season, it is es-
timated at around 144 million tonnes, which is down
5.6% year-on-year, according to experts. These results
were influenced by lower yields and, accordingly, pro-
duction volumes in several European countries and
some regions of the African continent due to deteri-
orating weather conditions. Ukraine is a considerable
influence on the global grain market, where the agri-
cultural sector is essential for the global food balance.
Ukraine produces approximately 7-10 million tonnes
of barley annually, depending on weather conditions,
growing technologies and global market conditions,
and maintains its status as a leading barley producer in
the world. Ukraine ranks 3rd in the global barley ship-
ment ranking. Ukraine can produce up to 2.0 million
tonnes of malting barley, of which the internal market
can sell 0.9-1.0 million tonnes under favourable eco-
nomic conditions.

The global climate change that has taken place in
recent decades has markedly affected crop cultivation.
Climate change in Ukraine is a part of global climate
change, and it has its specific regional features, both
as factors affecting barley grain production and the
yield of all grain crops overall (van der Wiel & Bintan-
ja,2021; Appiah et al., 2023). Barley is one of the oldest
cultivated plants, with a history of cultivation span-
ning thousands of years (Lukinac & Juki¢, 2022; Kaur et
al, 2024). It began to be cultivated 10-12 thousand
years ago, along with other cereals, including wheat.
Barley came to Europe in prehistoric times through the
Balkans. It is known on Ukrainian lands according to
the Tripoli culture of the 3-4 millennium BC. S. Tatsu et
al. (2020) noted that barley is one of the leading crops
used for the production of feed, beer, food, etc. Today,
it continues to be one of the key crops in Ukraine’s ex-
ports. D. Rico et al. (2020) argued that compliance with
the requirements of cultivation technology will ensure
stable and high barley yields.

Barley requirements for temperature conditions.
Barley seeds begin to germinate at a temperature of
1-2°C. However, under such conditions, the germination
process is very slow and is mostly directed towards the
root system. At a temperature of 4°C, seed hatching
takes 5 to 7 days, at 10°C - 3 days, and at 16-19°C - 1-2
days. Accordingly, the sowing-germination period de-
pends on the soil temperature regime, as well as on the
biological and physiological quality of the seeds. The
hotter the temperature, the earlier the seedlings ap-
pear on the soil surface. However, the most favourable

Scientific Horizons, 2025, Vol. 28, No. 7

temperature at the beginning of barley development
is 10-15°C, which is slightly lower than the optimal
parameters of seed germination, which are 20-23°C.
R. Shivhare et al. (2020) noted that hot temperature ac-
celerates plant development by shortening the dura-
tion of the tillering phase, which leads to a decrease in
barley ear productivity.

Barley requirements for moisture supply. Barley
seeds germinate when water is absorbed in an amount
equal to half of their weight (Springer & Mornhin-
weg, 2019). This is somewhat less than is required for
wheat, rye, and oats, which reflects the xerophilicity
of barley. With sufficient moisture supply, barley seeds
swell in 24 hours, while with insufficient moisture sup-
ply, this process takes longer. The water requirement of
barley plants is constantly increasing from germination
to earing, with the maximum amount occurring be-
tween the beginning of the tube and the onset of ear-
ing. Moisture deficit during grain filling leads to a loss
of optimal kernel weight parameters, which definitely
reduces the yield level. The accumulation of starch in
the grain decreases, the protein content increases, and
the uniformity and size of the grain decreases.

Barley grain production in Ukraine can increase
due to modernisation of agricultural technology, invest-
ments in modern machinery, use of precision farming
systems, improvement of technological methods, and
logistics approaches in the growing process to adapt
to climate change, creation, and introduction of new
varieties resistant to disease and drought, will help to
increase and stabilise spring barley grain yields. The
purpose of this study was to assess the state of growth
and development of spring barley plants at the end of
the tillering phenophase depending on the influence
of environmental conditions at different sowing dates
to ensure adaptation to climate change, the cultivation
technology, and maximum use of the agro-ecological
resource of the Western Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The study included the phenotype of spring bar-
ley plants of the Sebastian variety with three formed
shoots in terms of growth and development at the end
of the tillering process. The influence factor is abiotic
environmental conditions at five different sowing dates,
10 days after the first one on 10 March. The experimen-
tal studies were conducted in 2018-2020 at the Podil-
skyi State University, in the soil and climatic conditions
of the Western Forest-Steppe of Ukraine. The key de-
termining factors of soil fertility in the experimental
plots included the provision of barley plants with the
necessary nutrients for growth and development. The
soil of the experimental plots was podzolised medium
loamy, structured, with a humus content of 3.2%, pH pa-
rameters were close to neutral, hydrolytic acidity and
the amount of absorbed bases per 100 g of soil were




0.56-0.62 mg-eq and 32-36 mg-eq, respectively. The
presence of macro- and microelements per 1 kg of soil
was as follows: alkaline-hydrolysed nitrogen - 100 mg,
mobile phosphorus - 176 mg, exchangeable potassi-
um - 160 mg.

Formal characteristics of the field experiment: row
spacing of 15 cm, depth of seed placement during sow-
ing 2-3 cm, seeding rate of 250 germinating seeds/m?2.
The homogeneity of the used seeds by grain weight
was within 48-52 mg. The area of the accounting plots
was 20 m?, the number of replications was 4 times. The
following indicators were determined: crude plant bio-
mass by weighing on the FEH-600L balance, dry matter
mass by thermogravimetric method, leaf surface area
by the method of notches (Hrytsaenko et al., 2003). For
the mathematical analysis of the obtained research re-
sults, the Student’s t-test was applied to determine the
dependence of spring barley shoots crude biomass, dry
matter content, and leaf surface area on the influence
of sowing dates (Yeshchenko et al., 2014). The conduct-
ed study did not violate the basic standards and pro-
tocols following the Convention on Biological Diversi-
ty (1992) adopted at the Earth Summit in Rio de Janeiro,
as well as the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

In the presented study results, the analysis included in-
dicators of crude biomass of shoots, dry matter content,
and leaf surface area. Crude biomass is a physiological
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indicator that characterises the intensity of photosyn-
thesis, transpiration, and the efficiency of solar ener-
gy use. The dry matter content (DMC) of plants is an
indicator that characterises their productivity and ef-
ficiency of using environmental resources. In the anal-
ysis of the efficiency of crop cultivation technologies,
DMC characterises the state of plant development and
reflects the accumulation of organic substances, which
are products of photosynthesis. A high DMC obtained
at different stages of plant development during culti-
vation reflects intensive growth and development of
the crop. Controlling the dry matter content provides a
reasonable opportunity to adapt the agricultural tech-
nology to the conditions of the region where crop pro-
duction is performed.

The key aspect of the analysis of leaf area was the
assessment of photosynthetic activity. The leaf surface
is the principal organ of photosynthesis. The larger the
leaf area, the more solar energy the plant can absorb
for the synthesis of organic matter. Monitoring the leaf
area at different stages of the growing season provides
objective information on plant growth rates and their
condition, which is an essential element in modern re-
search to ensure the development of spring barley cul-
tivation technology. The analysis of spring barley shoot
biomass data at the end of the tillering process, i.e.,
at the beginning of the fourth stage of organogenesis,
revealed that with each 10-day delay in sowing date,
starting from the first one on March 10, the shoot bio-
mass steadily decreased (Table 1).

Table 1. Evaluation of spring barley growth and development at the end of tillering process
at different sowing dates based on the analysis of the phenotype of plants with three formed shoots (2018)

Sowing period

Indicator
first second third fourth fifth

First shoot
Crude biomass, g 3.88%0.11 3.45+0.12 3.04+0.10 2.65%0.13 2.33%0.06
Dry matter content, g 0.77+0.017 0.61%£0.015 0.51+0.012 0.41%0.010 0.32%£0.016
Leaf surface area, cm? 34.18+0.81 31.82%0.77 29.71+£0.67 27.31+0.55 23.25+0.65

Second shoot
Crude biomass, g 2.89£0.10 2.59£0.09 2.36%0.07 1.92+0.08 1.70£0.06
Dry matter content, g 0.58+0.013 0.46+0.014 0.38+0.016 0.29£0.007 0.24%0.012
Leaf surface area, cm? 32.84%0.69 30.04+0.70 27.76%0.53 24.75+0.77 21.55+0.79

Third shoot
Crude biomass, g 2.11+£0.08 1.85%£0.10 1.53%£0.09 1.23+0.07 1.00£0.08
Dry matter content, g 0.41+0.018 0.32+0.017 0.26+0.011 0.19+0.014 0.15+0.013
Leaf surface area, cm? 28.07+0.32 26.07+0.81 24.05+0.50 22.08+0.83 18.64+0.86

Source: compiled by the authors of this study based on the research results

Specifically, the difference in the biomass of plants
of the first shoot when comparing the data obtained
at the first and second sowing dates was 0.43 g, which
is statistically significant (t; - 2.65 >t - 2.009). When
comparing the data of shoot biomass at the second and
third sowing dates, the difference of 0.41 g was also
significant (t;- 2.62 >t - 2.009). The difference in the

biomass of the first shoot of spring barley at the third
and fourth sowing dates of 0.39 g was statistically sig-
nificant (t;- 2.37 >t - 2.009). And when comparing the
obtained data on the biomass of the first shoot at the
fourth and fifth sowing dates, the difference of 0.32 g
is statistically significant (t; - 2.23 > t, - 2.009). Thus,
with each delay of spring barley sowing by 10 days
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after the first one on March 10, the biomass of the first
shoot at the end of the vegetative state of development
significantly decreased. The obtained indicators of dry
matter of the first shoot under analogous comparison
options also indicate that with each subsequent sow-
ing date, the established indicators were significantly
lower. Comparison of the data obtained during the first
and second sowing periods was characterised by a sta-
tistically significant difference in the dry matter content
of the shoots, which was 0.16 g (t;- 7.07 > t,,; - 2.009).
When comparing the data obtained at the second and
third sowing dates, the difference of 0.10 g was also
significant (t;- 5.20 > t,,, - 2.009). Additionally, the dry
matter content of the shoot at the fourth sowing date
was significantly lower by 0.10 g compared to the data
at the third sowing date (t;- 6.41 > t, . - 2.009). When
sowing in the fifth term, the indicator was 0.32 g,
which was significantly less by 0.09 g compared to the
data for the fourth sowing term, statistical criterion
t-4.78>1,,, - 2.009.

The following is an analysis of the data on leaf area
using an analogous comparison format. When compar-
ing the area of the first shoot according to the data
obtained during sowing on 10 March, the value was
greater and amounted to 34.18 cm? and on 20 March,
where the value was lower - 31.82 cm?, the difference
of 2.36 cm? was significant (t;- 2.11 >t - 2.009). When
analysing the results obtained during the second and
third sowing periods, it was found that the leaf surface
area of the shoot in the third period was significantly
less by 2.11 cm? (t; - 2.06 > t,, - 2.009). When analys-
ing the data obtained at the third and fourth sowing
dates, the leaf surface area of the shoot at the fourth
date was significantly lower by 2.40 cm?, as evidenced
by statistical analysis (t;- 2.77 >t - 2.009). The small-
est leaf surface area for the biological development of
the first shoot was at the fifth sowing date - 23.25 cm?
Comparison with the same indicator obtained at the
fourth sowing date showed a significant difference in
data at the level of 4.06 cm? where the value t; was
4.77 >ty - 2.009.

The following is an assessment of the growth and
development of the second shoot of spring barley
plants depending on the sowing date at the end of the
third stage of organogenesis. The biomass of the shoot
at the first sowing date was 2.89 g, and at the second
sowing date 10 days after the first - 2.59 g. The differ-
ence in the comparison was significant and amounted
to 0.30 g (t;- 2.23>t,,, - 2.009). The biomass of the sec-
ond shoot at the third sowing term of 2.36 g compared
to the index obtained at the second sowing term was
0.23 g less, the difference was statistically significant
(t;- 2.02 > t,,, - 2.009). When barley was grown under
the conditions of the fourth sowing term, the biomass
of the shoot was even lower and amounted to 1.92 g.
Compared to the results of the analysis at the third
sowing date, the difference of 0.44 g was statistically
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significant (t,;- 4.15 > t,,, - 2.009). And under the condi-
tions of the fifth sowing term, the biomass of the sec-
ond shoot of 1.70 g was significantly lower than the
biomass of the shoot when sown in the fourth term.
The difference of 0.22 g was statistically significant
(t-2.20>t,, - 2.009).

The analysis of the data on the dry matter content
of the second shoot of spring barley at the end of the
vegetative state of plant development under conditions
of five different sowing dates shows that when com-
paring the data obtained at the first and second sowing
dates, the differences were 0.12 g, which were driven
by substantially lower values obtained at the second
sowing date (t;- 6.28 >t - 2.009). In the third sowing
term, the value of 0.38 g provided a statistically signif-
icant difference of 0.08 g compared to the results ob-
tained in the second sowing term (t,- 3.77 > t, .. - 2.009).
Comparison of the data obtained under the conditions
of the fourth and third sowing terms characterised sta-
tistically significant differences in the parameters of in-
dicators with a lower value when sowing in the fourth
term, the difference was 0.09 g (t,- 5.17 >t - 2.009).
Under the conditions of the fifth sowing term, the dry
matter content was the lowest at 0.24 g, which is 0.05 g
less than the value obtained during the fourth sowing
term, but the difference was statistically significant
(t-3.62>t,, - 2.009).

According to the study results, it was found that
with each 10-day delay in sowing dates, starting from
the first one on 10 March, the leaf surface area of the
second shoot by the degree of development at the end
of the vegetative state of plants became smaller. Spe-
cifically, the indicators according to the first, second,
third, fourth, and fifth sowing dates were 32.84 cm?
30.04 cm?,27.76 cm?,24.75 cm? and 21.55 cm” The dif-
ference of 2.80 cm? between the first and second indi-
cators was significant (t;- 2.85>t, ;- 2.009). When com-
paring the second and third indices, the difference of
2.28 cm? was also statistically significant, i.e., the leaf
surface area of the second shoot at the third sowing
date became smaller (t;-2.59>t, ;- 2.009). At the fourth
sowing term, the index became even smaller, the differ-
ences compared to the data obtained under the condi-
tions of the third sowing term of 3.01 cm? were statis-
tically significant (t,- 3.22 >t - 2.009). And at the fifth
sowing date, the established value of the leaf surface
area of the shoot was 21.55 cm?was the smallest. The
difference in comparison with the data obtained under
the conditions of the fourth sowing date of 3.20 cm?
was significant (t;- 2.90 >t - 2.009).

The development of the third shoot of spring bar-
ley plants, depending on the conditions of sowing
time, was analogous to the established pattern, both
in relation to the first and second shoots. At the first
sowing date, the biomass of the shoot was 2.11 g, at
the second - 1.85 g, which was 0.26 g less, the differ-
ence was statistically significant t,- 2.03 >t - 2.009.




Under the conditions of the third sowing term, the
indicator of 1.53 g was significantly lower by 0.32 g
compared to the data obtained during the second
sowing term (t.- 2.38 > t, . - 2.009). The index of shoot
biomass at sowing in the fourth term was 0.30 g less
compared to the data for the third sowing term, the
difference was significant (t;- 2.63 > t;,, - 2.009). The
conditions of spring barley cultivation at the fifth
sowing term provided a shoot biomass of 1.00 g. The
difference of 0.23 g compared to the data obtained
at the fourth sowing term was statistically significant
(t-2.16>t,,. - 2.009).

Based on the analysis of the data on the develop-
ment of the third shoot of spring barley in terms of dry
matter content, it was found that in the first sowing
period the index was the highest at 0.41 g. Under the
conditions of the second sowing term, it decreased by
0.09 g, where the value of the indicator was at the level
of 0.32 g. The difference was significant based on sta-
tistical calculation (t;- 3.64>t, . - 2.009). The conditions
of the third sowing term led to a further decrease in the
accumulation of dry matter content by the shoot. The
established value at the level of 0.26 g was lower than
the value of the indicator obtained under the conditions
of the second sowing term. The difference of 0.06 g was
significant (t;- 2.97 > t, s - 2.009). When barley was sown
in the fourth term, the accumulation of dry matter by
the shoot decreased by 0.07 g compared to the results
obtained in the third term of sowing. The difference
was statistically significant at the established criterion
t,- 3.93>t,,. - 2.009. Under the conditions of the fifth
sowing date, the dry matter content of the third shoot
was the lowest and amounted to 0.15 g. Compared to
the data obtained under the conditions of the fourth
sowing term, the difference of 0.04 g was statistically
significant (t;- 2.09 > t, .. - 2.009).

When analysing the leaf surface area of the third
shoot of spring barley plants under growing conditions
at sowing on 10 March, an indicator of 28.07 cm? was
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obtained, and upon sowing on 20 March it significant-
ly decreased by 2.0 cm? (t;- 2.29 > t, s - 2.009). The de-
velopment of the shoot at the third sowing date was
characterised by a value of 24.05 cm?, which was signif-
icantly less than the value of 26.07 cm? obtained under
the conditions of the second sowing date. The differ-
ence in the comparison data was 2.02 cm?, which was
statistically significant (t;- 2.12 >t - 2.009). The leaf
surface area of the shoot under the conditions of the
fourth sowing term at 22.08 cm? was 1.97 cm? small-
erthan the leaf surface area of the shoot when grown
under the conditions of the third term. The differenc-
es in the indicators were statistically significant, the
factual value of the Student’s t-test was greater than
the theoretical one (t;- 2.03>t,,, - 2.009). The environ-
mental conditions of the fifth sowing term provided
the smallest size of the leaf surface area of the shoot -
18.64 cm?. The indicator was 3.44 cm? smaller than the
data for barley cultivation under the conditions of the
fourth sowing term, the difference was statistically sig-
nificant (t;- 2.87 >t - 2.009).

The results of the study in 2019 are presented in
Table 2. The biomass of the first shoot during sowing
in the first term was 3.81 g and was 0.41 g greater
than the results of the second sowing term, the differ-
ence was significant (t;- 2.50 >t - 2.009). Under the
conditions of the second sowing term, the indicator
was 3.40 g, which was 0.42 g greater than the value
of the indicator obtained under the conditions of the
third sowing term in terms of statistical significance
(t;-2.65>t,,,-2.009). The development of spring barley
during sowing in the third term provided a biomass of
the first shoot of 2.98 g, which was naturally statistical-
ly higher compared to the value of the same indicator
obtained in the fourth term (t;- 3.28 >t - 2.009). The
parameter of the shoot index at the fourth sowing term
of 2.54 g was greater than the index of 2.13 g obtained
at the fifth sowing term, the differences in the data
were statistically significant (t;- 2.77 >t - 2.009).

Table 2. Evaluation of spring barley growth and development at the end of tillering process
at different sowing dates based on the analysis of the phenotype of plants with three formed shoots (2019)

Sowing period

Indicator first second third fourth fifth
First shoot
Crude biomass, g 3.81%£0.10 3.40%0.13 2.98+0.09 2.54+0.10 2.13+0.11
Dry matter content, g 0.75%£0.016 0.59£0.025 0.48+0.019 0.39£0.015 0.29+£0.018
Leaf surface area, cm? 38.28%0.64 35.51£0.87 33.25%£0.70 28.67%£0.91 22.93£0.75
Second shoot
Crude biomass, g 2.79%0.11 245+0.12 2.13+0.10 1.80+0.09 1.51+0.11
Dry matter content, g 0.57+0.014 0.45+0.021 0.35+0.024 0.27+0.019 0.20£0.020
Leaf surface area, cm? 34.11+0.72 31.54+0.81 28.78+0.82 21.07%0.79 16.85+0.80
Third shoot
Crude biomass, g 2.10£0.08 1.79£0.10 143+0.11 1.13+0.07 0.84%0.12
Dry matter content, g 0.47+0.025 0.34+0.022 0.24+0.025 0.16+0.015 0.10+0.016
Leaf surface area, cm? 29.94+0.67 27.07+0.71 23.20+0.83 18.03£0.70 15.00%£0.73

Source: developed by the authors of this study based on the research results
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The following is a characteristic of the dry mat-
ter content of spring barley shoots at the end of the
vegetative stage of plant development. The parame-
ter of the first shoot at the second sowing date was
0.59 g less than the one obtained at the first sowing
date, the difference of 0.16 g was statistically signifi-
cant (t;- 5.40 > t, . - 2.009). The result obtained at the
third sowing date was 0.48 g less than the second
sowing date, the difference of 0.11 g was significant
(t;-3.50>t,,,-2.009). The dry matter content of the shoot
at the fourth sowing date was 0.39 g, which was 0.09 g
less than the data at the third sowing date, the differ-
ence was statistically significant (t,- 3.71 > t,, - 2.009).
The results of the data obtained at the fifth sowing date
were the lowest in the study, the dry matter content
was 0.29 g. Differences in comparison with the indica-
tors obtained under the conditions of plant develop-
ment at the fourth sowing date at the level of 0.10 g
were statistically significant (t;-4.27 >t - 2.009).

The characteristics of the development of the leaf
surface area of shoots were highlighted by an analo-
gous comparison scheme. The largest leaf area of the
first shoot at 38.28 cm? was obtained at the first sowing
date. Compared to the data for the second sowing date
at 35.51 cm?, the difference of 2.77 cm? was statistical-
ly significant (t;- 2.56 >t - 2.009). The analysis of the
shoot data obtained under the conditions of the third
sowing term, where the indicator was 33.25 cm?, which
characterised the pattern of a significant decrease in
the leaf surface area of the shoot compared to the data
for the second sowing term by 2.26 cm?, the difference
was significant (t; - 2.02 >t - 2.01). The leaf surface
area of the shoot at the fourth sowing date at 28.67 cm?
was significantly less than that obtained at the third
sowing date. The difference was 4.58 cm?, statistical
criterion t,- 3.98 > t, . - 2.009. And the area of the leaf
surface of the first shoot of spring barley at the fifth
sowing date at 22.93 cm? was the smallest. The differ-
ence was found at the statistical level compared to the
indicator obtained at the fourth sowing date - 5.74 cm?
(t,-4.86>1,, - 2.009).

Statistical analysis of spring barley plants growth
and development based on the biomass of the second
shoot shows that the value of 2.79 g at the first sow-
ing date was significantly greater compared to the data
established when growing plants under the conditions
of the second sowing date (t;-2.09 >t - 2.009). Shoot
biomass at the second sowing date of 2.45 gwas 0.32 g
greater than the index when growing barley at the third
sowing date, the difference was statistically significant
(t;- 2.05 > t,,, - 2.009). The obtained shoot biomass at
the third sowing date of 2.13 g was significantly great-
er than the established biomass results at the fourth
sowing date (t;- 2.46 >t, . - 2.009). And, accordingly, the
biomass of the second shoot of spring barley 1.80 g
in the process of cultivation under the conditions of
sowing in the fourth term at a statistically significant
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level of data discrepancy was 0.29 g greater than the
indicator of 1.51 g obtained in the fifth sowing term
(t;- 2.04 >t - 2.009).

When analysing the data on the dry matter content
of the second shoot under the conditions of the second
sowing term, the value of 0.45 g was lower compared
to the results obtained under the conditions of grow-
ing the first sowing term of 0.57 g. The difference in
data was statistically significant (t,- 4.76 > t, s - 2.009).
The dry matter content obtained at the third sowing
date of 0.35 g was significantly lower than the results
of the index when growing spring barley at the second
sowing date. The difference of 0.10 g was statistical-
ly significant (t; - 3.14 > t,,; - 2.009). According to the
same pattern, the value of the index obtained at the
fourth sowing term of 0.27 g was characterised by a
significantly lower value of the parameter compared to
the data obtained at the third sowing term. The differ-
ence at the level of 0.08 g was statistically significant
(t;- 2.61 >ty - 2.009). In plant development under the
conditions of the fifth sowing term, the dry matter con-
tent of the second shoot was 0.20 g. The established
difference of 0.07 g was statistically significant when
compared to the corresponding values obtained under
the conditions of cultivation of the fourth sowing term
(t;-2.54>1t,,; - 2.009).

The highest value of the leaf surface area of the
second shoot was found at the first sowing date of
34.11 cm? Under the conditions of the second sowing
date,the value was 31.54 cm2.The difference of 2.57 cm?
was significant (t; - 2.37 > t, . - 2.009). The shoot index
at the second sowing date was significantly greater by
2.76 cm? than the result of leaf area established under
the conditions of plant vegetation at the third sowing
date (t;- 2.39 >t - 2.009). Analogously, the indicator of
leaf surface area of the shoot at the third sowing date of
28.78 cm? was greater than the results obtained at the
fourth sowing date by 7.71 cm? The differences in the
data were statistically significant (t;- 6.77 >t ,, - 2.009).
The index of leaf surface area of the second shoot at
the fourth sowing date of 21.07 cm? was greater than
the index of 16.85 cm? of the fifth sowing date. Sta-
tistically, the difference of 4.22 cm? was significant at
t;-3.75>1,,, - 2.0009.

Based on the analysis of the biomass data of the
third shoot of spring barley plants, it was found that
in the first sowing term, the results of the index were
2.10 g greater than those obtained when growing un-
der the conditions of sowing in the second term. When
compared, the difference of 0.31 g was statistically sig-
nificant (t.- 2.42 >t - 2.009). The shoot biomass at the
second sowing date of 1.79 g was significantly greater
compared to the data obtained at the third sowing date,
the difference was 0.36 g (t;- 2.43 > t, . - 2.009). Analo-
gously, when comparing the biomass of the shoot at the
third sowing date, an indicator of 1.43 g was obtained,
which was greater than the biomass of the shoot at




the fourth sowing date. The difference of 0.30 g was
statistically significant (t,- 2.30 > t, .. - 2.009). According
to the same pattern, the index of shoot biomass when
grown under the conditions of the fourth sowing term
was 0.29 g greater than the index obtained at the fifth
sowing term, the difference is statistically significant
(t,-2.10>1t,, - 2.009).

The analysis of the data on the development of the
third shoot of spring barley plants in terms of dry mat-
ter content shows that the second sowing term yielded
a value of 0.34 g, which is lower than the result ob-
tained under the conditions of the first sowing term of
0.47 g, the difference of 0.13 g was statistically signif-
icant (t;- 3.90 >t - 2.009). The figure obtained at the
third sowing date at 0.24 g in the statistical comparison
was also 0.10 g smaller than the result of the second
sowing date (t;- 3.00 >t . - 2.009). As a result of the
analysis of the data on the dry matter content of the
third shoot under the conditions of plant development
of the fourth sowing term, a value of 0.16 g was estab-
lished, which at the statistical level was significantly
less by 0.08 g compared to the data obtained in the
third sowing term (t;- 2.74 > t, .. - 2.009). Under the con-
ditions of cultivation of the fifth sowing term, the value
of the indicator was only 0.10 g, but when statistically
compared with the data obtained under the conditions
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of the fourth sowing term, the difference of 0.06 g was
significant (t;- 2.73 > t, . - 2.009).

Based on the analysis of the data of the third
shoot of the leaf surface area, the highest parameter
of the indicator was 29.94 cm? at the first sowing date.
When grown at the second sowing date, the leaf sur-
face area of the shoot was 27.07 cm? The difference
of 2.87 cm? was significant, the statistical value of t;
was 2.94 > t,,, - 2.009. The parameter of the indicator
at the third sowing date of 23.20 cm? was lower than
the results obtained under the conditions of growing
plants of the second sowing date. The difference in
data at the statistical level of 3.87 cm? was significant
(t;- 3.54>t,,, - 2.009). The established value of the leaf
surface area of the shoot at the fourth sowing date at
18.03 cm? was smaller than the data established under
the conditions of the third sowing date. The difference
of 5.17 cm? was significant (t; - 4.76 > t s - 2.009). The
parameter of leaf surface area at the fifth sowing date
at 15.00 cm? was significantly lower than the previous
sowing date. The difference in data at 3.03 cm? was sig-
nificant (t;- 2.99 >t s - 2.009). The analysis of the bio-
logical development of spring barley on the example of
the phenotype of plants with three developed shoots
under different sowing dates at the end of the tillering
process in 2020 is presented in Table 3.

Table 3. Evaluation of spring barley growth and development at the end of tillering process
at different sowing dates based on the analysis of the phenotype of plants with three formed shoots (2020)

Sowing period

Indicator first second third fourth fifth
First shoot
Crude biomass, g 4.81+£0.17 4.11£0.15 3.56%0.12 2.96%0.16 2.48+0.13
Dry matter content, g 0.80+0.018 0.64+0.034 0.55+0.023 0.42+0.027 0.36+0.012
Leaf surface area, cm? 41.13%0.75 38.57+0.78 35.69+0.91 31.00+0.81 25.30+0.83
Second shoot
Crude biomass, g 3.99+0.13 3.32+0.18 2.70+0.11 2.15+0.12 1.70£0.14
Dry matter content, g 0.59£0.031 0.49+0.028 0.40+0.033 0.30£0.020 0.22£0.019
Leaf surface area, cm? 37.51+0.86 34.55+0.90 30.89£0.83 25.83+0.99 19.79+1.00
Third shoot
Crude biomass, g 2.50+0.13 2.09+0.11 1.69%£0.12 1.30+0.13 0.96+0.10
Dry matter content, g 0.42+0.025 0.33+0.029 0.25+0.021 0.19%0.016 0.14+0.015
Leaf surface area, cm? 34.84+1.10 31.67%0.77 27.12%0.98 20.99+1.00 15.25+0.87

Source: compiled by the authors of this study based on the research findings

It was found that the biomass of the first shoot of
4.11 g at the second sowing date was 0.70 g small-
er than the biomass of the shoot of 4.81 g at the first
sowing date, the difference was statistically signifi-
cant (t;- 3.09 >t . - 2.009). Under the conditions of the
third sowing term, the shoot biomass index was 3.56 g.
Compared to the biomass of the shoot at the second
sowing date, the difference of 0.55 g was statistical-
ly significant (t; - 2.86 > t,,. - 2.009). Under the condi-
tions of the fourth sowing term, the value of the indi-
cator was 2.96 g and, accordingly, 0.60 g smaller than
the value of the same indicator obtained under the

conditions of barley cultivation during sowing in the
third term. The differences in the data were statistically
significant (t,- 3.00 >t - 2.009). The index of biomass
of the first shoot at the fifth sowing term of 2.48 g was
0.48 g smaller than the value obtained at the fourth
sowing term, the difference was statistically significant
(t-2.33>t,,, - 2.009).

The study found that the dry matter content of the
first shoot at the first sowing date of 0.80 g was greater
than the parameters of the indicator obtained at the sec-
ond sowing date of 0.64 g, the difference at the level of
0.16 g was statistically significant (t;-4.16 > t,, - 2.009).
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The parameter of 0.55 g obtained under the conditions
of sowing the third term was 0.09 g smaller than the
second sowing term, the difference was statistically sig-
nificant (t;- 2.19 > t,; - 2.009). The value of the shoot
dry matter content at the fourth sowing term of 0.42 g
was 0.13 g smaller than the parameter of the indicator
obtained during sowing at the third term, which char-
acterises the difference in data as statistically signif-
icant (t;- 3.67 >t,,s - 2.009). The dry matter content of
the first shoot at the fifth sowing date of 0.36 g was
0.06 g less than the dry matter content of the shoot of
the fourth sowing date, the difference was significant
(t;-2.03>t,,, - 2.009).

The analysis of the development of the first shoot
by the value of leaf surface area showed that the index
for the second sowing date of 38.57 cm? was smaller
by 2.56 cm? with a statistically significant difference
in data compared to the results of the obtained plant
vegetation conditions when sowing in the first term
(t - 2.36 > t,,s - 2.009). The leaf surface of the shoot
of 35.69 cm? at the third sowing date was 2.88 c¢m?
smaller than the area parameter at the second sow-
ing date, the difference was statistically significant
(t;- 240>t - 2.009). The indicator for the fourth sow-
ing term of 31.00 cm? was smaller than the indicator
obtained in the third sowing term by 4.69 cm?, which
characterised the difference in data as statistically sig-
nificant (t, - 3.85 >t s - 2.01). The data on the leaf sur-
face area of the shoot at the fifth sowing date were
characterised by a value of 25.30 cm?2. The difference
with significantly lower parameters compared to the
value obtained under the conditions of vegetation of
plants of the fourth sowing term was 5.70 cm?, which
was statistically significant (t,-4.91 >t - 2.009).

Based on the assessment of the development of the
second shoot of spring barley plants by biomass param-
eters, it was found that the index for the second sowing
term of 3.32 g was 0.67 g less than the result of 3.99 g
obtained when growing under the conditions of sowing
in the first term. The difference is statistically signifi-
cant (t;- 3.01>t, . - 2.009). The results obtained in the
third sowing term showed that the biomass of the shoot
was 2.70 g less than the value of the index obtained in
the second sowing term, the difference of 0.62 g was
statistically significant (t.- 2.95 > t, s - 2.009). The estab-
lished index of shoot biomass under the conditions of
the fourth sowing term of 2.15 g was 0.55 g less than
the result obtained under the conditions of barley culti-
vation when sown in the third term. In this comparison,
the difference was significant (t;- 3.39>t, . - 2.009). And
in the fifth term of sowing, the biomass of the second
shoot of 1.70 g was 0.45 g less than the figure obtained
during the fourth term, the difference was statistically
significant (t;- 2.44 > t, . - 2.009).

The results of the dry matter content according to
the state of biological development of the second shoot
show that under the conditions of the second sowing
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term, the indicator of 0.49 g was less than the indicator
of 0.59 g obtained during the organisation of sowing in
the first term. The difference of 0.10 g was statistically
significant (t,- 2.39 > t, s - 2.009). Under the conditions
of plant development during sowing in the third term,
the content of dry matter of the shoot was 0.40 g and
was 0.09 g less than the value of the indicator obtained
in the second term of barley sowing, the difference was
statistically significant (t,- 2.08 > t, s - 2.009). The condi-
tions of barley development of the fourth sowing term
provided the content of shoot dry matter at the level
of 0.30 g. The value of this indicator was lower at a
statistically significant level of data discrepancy at the
established difference of 0.10 g compared to the value
obtained at the third sowing date (t;- 2.59 >t, . - 2.009).
The dry matter content of the shoot at the fifth sowing
date was 0.22 g. Compared to the value of the indica-
tor obtained in the fourth term, the difference in the
data discrepancy of 0.08 g was statistically significant
(t-2.90>t,,; - 2.009).

The following is an analysis of the leaf surface
area according to the biological stage of develop-
ment of the second shoot of spring barley, depending
on the influence of the conditions that developed at
different sowing dates. When growing plants at the
second sowing date, the area of 34.55 cm? was signif-
icantly smaller compared to the 37.51 cm? obtained at
the first sowing date. The difference of 2.96 cm? was
significant (t,- 2.37 > t,,; - 2.009). Upon growing plants,
when sowing was performed in the third term, the
leaf surface area of the second shoot was 30.89 cm?.
Compared to the value of the same indicator obtained
under the conditions of the second sowing term, the
difference of 3.66 cm? was statistically significant
(t - 2.99 > t,,; - 2.009). At the fourth sowing term, the
obtained area of 25.83 ¢cm? characterised the pattern
of decrease in parameters compared to the results ob-
tained at the third sowing term. The difference in data
at the level of 5.06 cm? was statistically significant
(t-3.91>1t,,, - 2.009). The smallest leaf surface area of
the second shoot was found at the fifth sowing date of
19.79 cm?, which was 6.04 cm? smaller than the value
obtained at the fourth sowing date, the difference was
statistically significant (t,- 4.29 >t, . - 2.009).

Analysis of the data on the biomass of the third
shoot according to the biological stage of develop-
ment showd that the conditions at the second sow-
ing date provided a parameter of 2.09 g. Compared
to the results obtained during the cultivation of bar-
ley in the first sowing period, the indicator was 2.50 g,
the difference of 0.41 g was statistically significant
(t;- 2.41>t,,s- 2.009). The index of shoot biomass at the
third sowing term of 1.69 g was naturally characterised
by a decrease in the development potential compared
to the results obtained under the conditions of devel-
opment when sowing in the third term. The difference
in the comparison data was 0.40 g and was statistically




significant (t;- 2.46 >t - 2.009). Under the fourth sow-
ing term, the shoot biomass of 1.30 g was estimated
to be significantly lower than the results obtained
when growing barley plants sown in the third term.
The difference of 0.39 g was statistically significant
(t;- 2.21>t,,5- 2.009). The following difference analysis
showed that the biomass of the shoot at sowing in the
fifth term was 0.96 g statistically less than the biomass
of the shoot at the fourth sowing term, the difference
of data at the level of 0.34 g was statistically significant
(t,-2.07 >, - 2.009).

Characteristics of the development of the third
shoot of spring barley by estimating the dry matter
content shows that the best result of 0.42 g was ob-
tained under growing conditions when sowing in the
first term. The value of the indicator at the second
sowing date of 0.33 g was significantly less by 0.09 g
(t - 2.35 > t, s - 2.009). The dry matter content of the
shoot under the conditions of development of plants
of the third sowing date of 0.25 g compared to the dry
matter content of the shoot at the second sowing date
was lower, the difference of 0.08 g was statistically sig-
nificant (t;- 2.23>t,,, - 2.009). At the fourth sowing date,
the figure was even lower and amounted to 0.19 g. The
difference of 0.06 g in comparison with the data of the
dry matter content of the shoot of the third sowing
term was significant (t, - 2.27 > t,,, - 2.009). The influ-
ence of developmental conditions of the fifth sowing
term provided the lowest accumulation of dry matter by
the third shoot. A result of 0.14 g was obtained, where
the difference of 0.05 g compared to the data of the
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same indicator at the fourth sowing date was statisti-
cally significant (t;- 2.28 > t, . - 2.009).

Based on the characteristics of the parameters of
the leaf surface area of the third shoot at the second
sowing date, a value of 31.67 cm? was established,
which was lower than the result of 34.84 cm? obtained
at the first sowing date. The difference of 3.17 cm?
was statistically significant (t; - 2.36 > t, . - 2.009).
Comparison of the index obtained at the third sow-
ing term of 27.12 cm? with the same at the second
sowing term characterises a decrease of the parame-
ter by 4.55 cm? The statistical difference was signif-
icant at t;- 3.65 >t - 2.009. Under the condition of
plant development at sowing in the fourth term, the
leaf surface area of 20.99 cm? was 6.13 cm? small-
er than that obtained when growing under the con-
ditions of development at sowing in the third term.
The difference in data was statistically significant
(t; - 4.37 >ty - 2.009). The smallest leaf surface area
of the third shoot (15.25 cm?) was obtained under the
conditions of barley development when sown in the
fifth term, which was smaller than the data obtained
at the fourth sowing term. The difference of 5.74 cm?
was significant (t,- 4.33>t,,, - 2.009).

As a result of the conducted study, the dependence
of the processes of growth and development of spring
barley on the state of plants at the end of the tiller-
ing phenophase on the conditions of vegetation fac-
tors of five sowing dates was established according to
the structural analysis of the phenotype of plants with
three formed shoots (Table 4).

Table 4. Evaluation of spring barley growth and development at the end of tillering process at different sowing dates
based on the analysis of the phenotype of plants with three formed shoots (average for 2018-2020)

Sowing period

Indicator first second third fourth fifth
First shoot
Crude biomass, g 417 3.65 3.19 2.72 2.31
Dry matter content, g 0.77 0.61 0.51 0.41 0.32
Leaf surface area, cm? 379 35.3 329 29.0 23.8
Second shoot
Crude biomass, g 3.22 2.79 2.40 1.96 1.64
Dry matter content, g 0.58 0.47 0.38 0.29 0.22
Leaf surface area, cm? 34.8 32.0 29.1 239 194
Third shoot
Crude biomass, g 2.24 1.91 1.55 1.22 0.93
Dry matter content, g 0.43 0.33 0.25 0.18 0.13
Leaf surface area, cm? 30.9 28.3 24.8 204 16.3

Source: compiled by the authors of this study based on the research findings

According to the first, second, third, fourth, and fifth
sowing dates, morphobiological parameters on average
for three years significantly decreased and were charac-
terised by the following data: biomass of the first shoot -
417 g;3.659;3.19q;2.72 g; 2.31 g; the second - 3.22 g;
2.79 g; 2.40 g; 1.96 g; 1.64 g; the third - 2.24 g; 1.91 g;
1.55 g; 1.22 g; 0.93 g; dry matter content of the first

shoot - 0.77 g; 0.61 g; 0.51 g; 0.41 g; 0.32 g; the sec-
ond - 0.58 g; 0.47 g; 0.38 g; 0.29 g; 0.22 g; the third -
0.43 g; 0.33 g; 0.25 g; 0.18 g; 0.13 g; according to the
leaf surface area of the first shoot - 37.9 cm?; 35.3 cm?;
32.9 cm?; 29.0 cm?; 23.8 cm?; the second - 34.8 cm?,
32.0 cm?; 29.1 cm?; 239 cm?; 19.4 cm?; the third -
30.9 cm?; 28.3 cm?; 24.8 cm?; 20.4 cm?; 16.3 cm? (Table 4).
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The results of the morphobiological analysis of the
phenotype of spring barley plants with three formed
shoots at the end of the tillering phase in terms of
individual data of shoot biomass, dry matter content,
and leaf surface area at different sowing dates indicat-
ed the effectiveness of the implementation of abiot-
ic resources of the environment when forming crops
during the vegetative state of plant development. The
significance of analysing the growth and development
of spring barley plants from the beginning of the seed
germination process to the end of the tillering pheno-
phase is that this is the period of growth and develop-
ment of vegetative organs. This is a separate part of the
growing season, during which the potential for plant
productivity and the structure of the agrophytocenosis
overall are laid and formed. Next, the generative state
of plant growth and development begins, the effective-
ness of which largely depends on the vegetative state.
Primarily, this applies to the functional element of the
yield structure, namely productive shoots, the number
of which, upon the onset of the generative state of de-
velopment in barley plants, is determined and can no
longer be controlled by both abiotic and technologi-
cal factors. It is also significant that during the vege-
tative state of barley plant growth and development,
the foundations of biological potential are laid by the
number of spikelets in the ear. Therefore, considerable
attention is paid to spring barley before the onset of
the generative state of growth and development, since
with its onset, the determination of this structural ele-
ment of yield also occurs.

Abiotic environmental conditions during the peri-
od of barley vegetative development play a key role. R.
Klymyshena and O. Horash (2024) argued that they are
essential and are always influential on the processes
of seed germination after sowing, on the accumulation
of biological potential by barley plants before tillering,
both from its beginning and its completion. Notably, at
early sowing dates, the tillering process always occurs
much earlier than at later dates. The conditions of abi-
otic factors of vegetation, specifically, such as the du-
ration of daylight hours, which can be characterised by
the process of energy flow of quanta, and temperature
conditions (minimum, maximum, and optimal tempera-
tures), which integrally interact and affect the duration
of the tillering process regardless of sowing dates and
determine their productivity.As a result of the influence
of day length and air temperature, barley shoots enter
a state of generative development, the fourth stage of
organogenesis. Therefore, it is crucial to determine on
which biological resource spring barley completes the
tillering process, depending on the development con-
ditions at different sowing dates, with reference to the
most significant task of the technology process, which
is to maximise the use of environmental resources.

The influence of abiotic factors of vegetation on
the state of growth and development of spring barley
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at the end of the tillering process at different sow-
ing dates can be established by analysing separately
selected plant phenotypes. Accordingly, the results of
barley development at the end of the tillering pheno-
phase, depending on environmental conditions at dif-
ferent sowing dates, were presented on the example
of analysing the phenotype of plants with three devel-
oped shoots according to individual indicators of each
of them. The plant phenotype was the result of the in-
teraction of genotype and environment. Plants with the
same genotype exhibit phenotype traits according to
the conditions of growth and development during the
growing season. The phenotype itself includes morpho-
logical traits, physiological properties, resistance to en-
vironmental factors, and biometric parameters. Pheno-
type in crop production is a set of traits and properties
of plants that are formed by the implementation of the
genotype in the growing environment, which are also
set by technology.

M. Zulkiffal et al. (2021) noted that the technolog-
ical process of spring barley cultivation in the condi-
tions of changes in abiotic factors requires a systemat-
ic solution. The primary types of abiotic factors include
climatic factors, particularly temperature, distribution
and instability of precipitation, reduction of surface
water, intensity and duration of daylight hours, at-
mospheric pressure, and wind. The list also includes
chemical and physical properties of the soil, including
acidity, structure, density, soil porosity, water availabil-
ity for plants and its ability to retain water, macro- and
microelements, and the presence of toxic substances.
S.l.Zandalinas et al. (2021) reported that hydrothermal
conditions play a crucial role, characterising the inter-
action of water and thermal regimes in a particular
area. They provide an opportunity for the development
of vegetation. The key components of hydrothermal
conditions include temperature regime - average, min-
imum, maximum temperatures, duration of the warm
period; humidity - rainfall, soil moisture, groundwater
level. The heat and moisture ratio is the balance be-
tween the amount of heat that ensures vegetation and
the water required for plants. Abiotic factors form the
conditions under which certain organisms can exist.
According to V.0. Balabukh et al. (2021, 2023), the in-
teraction of abiotic factors with biotic factors creates
an ecosystem. In this aspect, the vector of spring bar-
ley breeding is also sufficiently focused on adaptation
to changes in the parameters of abiotic factors that
have occurred in recent decades. Environmental con-
ditions are characterised by a rather significant impact
on the existence and survival of biological organisms.
A. Linchevskyi and |. Legkun (2020) addressed a new
attitude towards culture and breeding in the context
of climate change.

In the analysis of this area of the problem, there are
relevant features that should be considered from the
other perspective. In the southwestern Forest-Steppe of




Ukraine, from 2000 to 2010, there was a tendency for
favourable conditions for spring barley sowing to oc-
cur earlier. In some years, the conventional sowing date
of the first decade of April was shifted to the onset of
favourable conditions after 20 March. Additionally, this
decade saw an increase in the number of opportunities
to sow spring barley in both the first and second dec-
ades of March. Spring conditions for spring barley culti-
vation over 2010-2020 were predominantly favourable
for early sowing in the early part of March.

According to practical results, early sowing enables
the efficient use of winter moisture reserves and fertil-
isers, which positively influences the tillering process
and, ultimately, yields. If sowing is delayed, the field
germination of seeds decreases, the root system of
plants develops less well, and uniform tillering is not
ensured.Based on these conditions, the relevance of the
tasks of scientific research is the need to substantiate
the optimal combination of the biological potential of
spring barley productivity and agroecological resources
in cultivation technology. In modern intensive systems
of cereal crops cultivation, there is a requirement for
increased attention to plants as a biological means of
production. Particular significance is attached to the bi-
ological properties and characteristics of the crop in
connection with the task of cultivation technology to
maximise the potential of crop productivity. A series of
scientific studies revealed that optimisation of plant
growth and development in growing crops cannot be
achieved without paying special attention to the bio-
logical object as the primary factor of technology.

The issue of spring barley cultivation under current
changes in abiotic factors is receiving considerable at-
tention both in Ukraine and around the world. Changes
in the agroclimatic conditions of spring barley cultiva-
tion due to climate change are assessed. A. Polevoy et
al. (2013a, b) showed that the A1B climate change
scenario in Ukraine, the regional climate model MPI-
M-REMO, and the global model ECHAM5-r3 were used
to assess changes, as the most probable for the period
up to 2050. The photosynthetic productivity and fluc-
tuations in the average regional grain yield of spring
barley in the districts of Odesa region, which belong
to the Ukrainian part of the Danube Delta sub-basin,
were also assessed using plant production models.
Specifically, the analysis of spring barley development
by phenological phases under climatic factors and the
impact on spring barley yield in Europe was also given
considerable attention by many scientists, particularly
by M. Bicard et al. (2025).

Thus, the conducted study reflects the norm of
spring barley response to environmental conditions,
which characterises the properties of the crop based
on the results of plant analysis, biologically fixed adap-
tation of ontogeny to changes in agroclimatic resourc-
es, resulting in the regulation of growth and develop-
ment processes.
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CONCLUSIONS

The conducted study established the dependence of
the fulfilment of the biological potential of spring
barley growth and development processes on the ex-
ample of the analysis of the phenotype of plants with
three formed shoots at the end of the tillering phe-
nophase on the influence of vegetation factors at five
equidistant 10-day sowing dates. It was proved that
the key morphophysiological parameters of spring
barley plants growth and development, specifically,
crude biomass, dry matter content, leaf area of shoots,
during the period of vegetative state of plants are
limited by the resource of the environment, which
gradually becomes smaller with the delay of sowing
for every 10 days starting from the first one on March
10. As a result of the study, the maximum values of
indicators were obtained for the first sowing date on
10 March. Accordingly, during the first, second, third,
fourth, and fifth sowing periods, the obtained indica-
tors decreased significantly. On average, according to
the data of three years of research, they were charac-
terised by the following parameters: biomass of the
first shoot - 4.17 g; 3.65 g; 3.19 g; 2.72 g; 2.31 g;
the second shoot - 3.22 g; 2.79 g; 2.40 g; 1.96 g;
1.64 g; the third shoot - 2.24 g; 1.91 g; 1.55 g; 1.22 g;
0.93 g; dry matter content of the first shoot - 0.77 g;
0.61 g; 0.51 g; 0.41 g; 0.32 g; the second shoot -
0.58 g; 0.47 g; 0.38 g; 0.29 g,0.22 g; the third shoot -
0.43 g,0.33 g,0.25 g, 0.18 g, 0.13 g; leaf area of the
first shoot - 37.9 cm?, 35.3 cm?, 32.9 cm? 29.0 cm?,
23.8 cm?; the second shoot - 34.8 cm?, 32.0 cm?
29.1 cm?, 239 cm?, 19.4 cm?; the third shoot -
30.9 cm?, 28.3 cm?, 24.8 cm?, 20.4 cm?, 16.3 cm?. The
obtained findings proved the expediency of ensuring
early sowing in the organisation of the technological
process of spring barley cultivation to favourably im-
plement the productivity of the natural resource of
plants during the vegetative state of the environment
of the Western Forest-Steppe of Ukraine.

Prospects for further research include the assess-
ment of fulfilling the productivity potential of spring
barley plants during their generative state, depending
on the influence of conditions at early sowing on the
biometric parameters of shoots and elements of ear
productivity to establish the degree of synchronisation
and formation of homogeneity of the components of
agrophytocenosis as characteristics of the perfection of
the technological process of cultivation.
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OUiHKa CTaHy POCTY Ta PO3BUTKY POC/IUH SiUMeHIo deHoTuny
3 TpboMa cHOPMOBaHUMM MaroHaMm No 3aBepLUeHHI0 eHoda3mn KyLLEeHHS
3a pi3HUX CTPOKIB ciB6MU

Onekcanap lNopaw
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AHorTauisa. MeTa gocnigkeHb nonsrana B He0OXiAHOCTi 06rpyHTYBaHHS ONTUMAIbHOMO NMOEAHAHHS arpOeKONOTiHHMUX
pecypciB yMOB cepefoBuiwa 3axigHoro Jlicocteny YkpaiHu Ta 6ioforiyHOro noteHuiany npoayKTUBHOCTI SYMEHHO
SIpOro B npoLeci TexHonorii BupoLLyBaHHs. OpraHizoBaHi AOCNIAKEHHS CNPAMOBAHI Ha aHani3 CTaHy poCTy Ta pO3BUTKY
POC/IMH SIYMEHIO SPOro Ha Mpuknafi deHoTuny 3 TpboMa cHOPMOBAHMMM MAroHaMM Ha 3aBeplieHHi deHodasn
KYLLLIHHS 3a/1€XKHO BifL, BMNJIMBY YMOB 30BHILIHbOrO CEPeA0BULLA 3a Pi3HUX CTPOKIB CiBOM. [lns onucy Ta y3aranbHEHHS
eKCNnepurMeHTaNIbHUMX OAaHUX 3aCTOCOBAHO METO[ BCTAHOBJ/IEHHS iCTOTHOCTI Pi3HMLI BMOipKOBMX cepefHix 3a t -
KpUTEpieM (pi3HMLEeBMI aHani3). B pe3ynbTati npoBefeHOro AOCAIAXKEHHS POCTY Ta PO3BUTKY SUMEHIO HA NpuKnagi
aHanisy GeHoTUny pocsivH 3 TpboMa chOpMOBaHMMM NArOHaMu CTAHOM Ha 3aBEPLUEHHI NPOLLECY KYLLEHHS OTPUMAHO
3aKOHOMIpHICTb MOCTYMOBOIO 3HWXEHHS peani3auii 6ion0riYHOro MoTeHLiany MaroHiB Mpu 3MilleHHi CTPOKiB
ciB6bM Ha 10 gHiB po3noyMHaoumM Big neplioro cTpoky ciBou — 10 6epesHs. MakcuMManbHi 3HAYEHHS MOKA3HMKIB
pOCTy Ta PO3BWTKY MaroHiB pOCAMH 03HAYeHOro GeHOTUNY OTPMMaHi B pe3ynbTaTi 3abe3neveHHs npouecy ciBbw,
K HanpaHiwe, 10 6epe3Hs. Y BignoBifZHOCTI A0 nopsaky GionoriyHoi Yyepru GopMyBaHHS NepLuoro, APYyroro Ta
TPETbOro NaroHiB MOKA3HWKKM CTAHOBUAM ONs cupoi biomacn - 4,2 r; 3,2; 2,2 r; BMiCTy Cyxoi pe4yoBuHu - 0,77 T;
0,58; 0,43 r, nnowii nucTkoBoi nosepxHi — 37,9 cM?; 34,8 1a 30,9 cM2 BignoBigHo aHanisy ¢akTMuHoro Matepiany
OTPMMAHOTIO B pe3y/bTaTi OPraHi30BaHOro AOC/iAY BUPOLLYBAHHS POCIMH B aBiOTMUYHMX YMOBAX 3a Pi3HUX CTPOKIB
ciBbu BCcTaHOBNEHO npouec MoamdikauiiHOro BAAMBY Ha MopdoreHes MnaroHiB s4MmeHto. Harkpali pesynbtatu
iHTeHCcHiKaLii KyLeHHS SYMEHI0 Aporo 3a napamMeTpamu BCTAHOBIEHWX OAHWUX PO3BUTKY MAroHiB Ha MpUKNaAi
03HA4YeHoro GeHoTMUNY POC/IMH OTPMMAHO B YMOBaX CEPEAO0BULLA 33 PAHHIX CTPOKIB CiBOM. 3 NpakTUYHOro Nornaay 4o
TenepiwHbOro Yacy 3a/MLWAETbCS HEAOCTAaTHLO peani3oBaHUM pe3epBOM B TEXHOJONiT BUPOLLYBAHHS BUKOPUCTAHHS
CNPpUSTANBMX PeCypCiB CeEpeAoBULLA 33 PaHHIX CTPOKIB CiBbM B 3abe3neyeHHi cTabinbHO BUCOKOT YpPOXKAMHOCTI 3epHa
KYNbTYpU SYMEHI0 pOro

KniouoBi cnoBa: suMiHb spuii; abioTMyHi yMOBM; 6ioMaca; nioLwa AMCTKOBOI NOBEPXHi; t — KpuTepii; 6ionorivyHui
noTeHuian
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