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establish the regularities of dependence of spring barley plant growth and development on the influence of
vegetation factors at different sowing dates in the Western Forest-Steppe of Ukraine. To summarise the findings,
the following methods were employed: general scientific methods based on objectivity, evidence, reproduction,
and mathematical and statistical methods for processing experimental data. The study found the dependence
of the processes of growth and development of spring barley plants based on plant biomass, crude biomass, and
dry matter content of the root system and aerial parts of plants, as well as leaf area according to the analysis
at the beginning of the tillering phase, on the influence of sowing time. The study estimated the significance
of the studied factor under the influence of supply conditions for the maximum realisation of spring barley
productivity potential. As a result, a regularity was revealed, according to which a substantial decrease in the
productivity potential of barley plants was established with a delay for each subsequent 10 days starting from
the first sowing date on 10 March. The maximum data values were obtained at the first sowing date, where
the plant biomass was 723.6 mg, the crude biomass of the root system was 67.5 mg, the dry matter of the root
system was 18.0 mg, the crude biomass of the aerial part of the plant was 656.1 mg, the dry matter of the aerial
part of the plant was 130.8 mg and the leaf surface area was 18.1 cm? As a result of the scientific substantiation,
the practical value of the study lies in the favourability of early sowing dates to ensure maximum realisation of
plant productivity potential due to vegetation factors

Keywords: plant biomass; crude biomass; dry matter; root system; aerial part of plants; leaf surface area;

Student’s t-test

INTRODUCTION

The issues of growth and development of spring bar-
ley plants at early sowing dates are insufficiently cov-
ered and understudied, which became the basis for
conducting relevant research. In this regard, it is im-
portant to develop new approaches and improve the
existing elements of crop cultivation technology that
can ensure maximum fulfilment of the biological po-
tential under the existing soil and climatic conditions
as a result of changes in the soil and climate. There-
fore, with climate change and improved agricultural
technology, optimising barley sowing dates is becom-
ing increasingly important.

Barley (Hordeum vulgare L.) is one of the most
widely grown cereals and ranks fourth in the world
in terms of production. Barley grain is widely used not
only for food, technical and feed purposes, but also for
brewing (Bratkovic et al.,2024). Improving existing and
developing new technologies for growing grain crops,
including spring barley, has always been an important
area of agricultural production. That is why one of the
ways to increase barley grain yields is to create favour-
able conditions for the fulfilment of plant productivity
potential. As a rule, the sustainable development of
agricultural production of grain crops, including spring
barley, largely depends on climatic conditions, which
are determined by the ratio of heat, moisture, and
light. They are one of the determining factors of plant
life, which affect not only their growth and develop-
ment, but also productivity in general (Shelkoplyas &
Zhytkov, 2021; Balabukh et al., 2021). Climate change,
which has been observed over the past decades, is af-
fecting the growth, development, and yield of crops.

M.Zulkiffaletal.(2021) noted that the main abiotic
factors limiting global cereal production are drought
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and rising air temperatures. It is the presence of such
conditions that leads to a 10-50% reduction in grain
yields. This problem is also relevant for Ukraine.
V. Balabukh (2023) believes that further changes in
climate conditions are projected, associated with an
increase in the number of extreme events such as
heat, drought, and heavy rainfall. This will negatively
affect the growth and development of crop plants.
As a result of high air temperatures, the dates of on-
set of phenological phases and the duration of grain
growth periods have shifted. Sowing dates should be
shifted to reduce the impact of extreme conditions
(Fatima et al., 2020).

K. van der Wiel and R. Bintanja (2021), M. Appi-
ah et al. (2023) describe that early sowing compared
to late sowing increases the rate of photosynthesis,
seed assimilates and germination activity. Late sow-
ing substantially reduces barley grain yields. For the
formation of yield and grain quality of spring barley,
the tillering period is crucial - the emergence of the
tube, when functional shoots and elements of ear
productivity are laid down - important components
of the future harvest. At low temperatures, the dura-
tion of the tillering period is extended, which leads
to the development of more lateral shoots in plants.
Since the dynamics of tillering is also influenced by
the length of daylight hours, the conditions depending
on the sowing date become a factor influencing the
tillering processes and the number of shoots per unit
area. High yields and good grain quality of barley will
be achieved if the “inputs” are directed to plant devel-
opment at the beginning of the growing season.There
are a series of conditions for plant growth and devel-
opment to achieve high yields and grain quality. At the




beginning of the first stage of plant development, the
main vegetative phase, phyllochrons, roots,and shoots
are formed. The agronomic importance of this stage
lies in the formation of sufficient biomass.

The ability to form leaves and productive shoots
is a significant component of plant biomass accumu-
lation during the vegetative growth phenophase. Leaf
area is considered an indicator of plant growth and
development and is closely related to leaf weight.
These are the main factors that influence growth
rate through leaf thickness and density (Panfilova et
al., 2019a). Leaf area is a significant parameter for as-
sessing intrinsic plant processes, such as photosynthe-
sis and transpiration. Photosynthesis is known to be
the main source of dry matter and crop yields. Above-
ground mass plays a significant role in plant life, as it
mobilises carbohydrates and nitrogen-containing sub-
stances to form the productive part of the crop. During
the process of photosynthesis, energy-rich substances
and organic compounds of various chemical composi-
tions are formed from simple substances (Panfilova et
al., 2019b). As a rule, the intensity of organic matter
accumulation depends on the size of the leaf surface.

Considering the above, the purpose of this study
was to establish the regularities of the influence of
conditions at different sowing dates in the Western
Forest-Steppe of Ukraine on the results of growth and
development of spring barley plants at the beginning
of the tillering phase to effectively fulfil the produc-
tivity potential of the crop.

MATERIALS AND METHODS

The field experiment was organised by laying out
plots in 4 replications with a plot area of 20 m2. Sow-
ing dates: first - 10 March, second - 20 March, third -
30 March, fourth - 9 April, fifth - 19 April. The object of
study is spring barley plants of the Sebastian variety.
The seeding rate is 250 germinating seeds/m2. The soil
temperature was set according to the data from the
Pessl Instruments iMetos IMT300USW weather station
(Austria). The study was conducted during 2018-2020
at the Higher Education Institution “Podilskyi State
University” in the Western Forest-Steppe of Ukraine.
Agrochemical characteristics of the soil of the ex-
perimental plots. The soil type is podzolised gleyey
medium loamy chernozem, which is characterised by
physical and agrochemical properties as favourable
for growing crops. Humus content is 3.2%, provision of
nutrients: alkaline hydrolyzed nitrogen - 100 mg per
1 kg of soil, mobile phosphorus P,O, - 176 mg per
1 kg of soil, exchangeable potassium K,0 - 160 mg
per 1 kg of soil. The reaction of the soil solution is
close to neutral or neutral - the pH of the salt extract
is 6.8-7.0 mg-eq/100 g of soil, the hydrolytic acidity
is low - 0.56-0.62 mg-eq/100 g of soil, the amount of
absorbed bases is 32-36 mg-eq/100 g of soil.
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The content of humus was determined according
to the Tyurin method, alkaline-hydrolysed nitrogen -
by the Cornfield method, mobile phosphorus and
exchangeable potassium - by the Chirikov method,
the sum of absorbed bases by the Kappen-Hilkowitz
method, the reaction of the soil solution pH salt -
by the potentiometric method, and hydrolytic acidi-
ty - by the Kappen method. The experiment was or-
ganised under the condition of forming crops with
a row spacing of 15 cm - a conventional row seed-
ing method. Sowing depth was within 2-3 cm. The
grain weight of barley seeds used for sowing was
48-52 mg. Leaf surface area was determined by the
notching method, crude plant biomass - by weighing
on the FEH-600L balance (Ukraine), and dry matter
mass by the thermogravimetric method (Hrytsaen-
ko et al., 2003; Yeshchenko et al., 2014). For the
mathematical analysis of the obtained findings, the
Student’s t-test was used to determine the depend-
ence of spring barley plant biomass, crude biomass
and dry matter content of the root system and aerial
parts of plants, as well as leaf area on sowing dates.
Experimental studies of plants (both cultivated and
wild), including the collection of plant material, were
following the institutional, national, or international
guidelines. The study adhered to the standards of the
Convention on Biological Diversity (1992) and the
Convention on Trade in Endangered Species of Wild
Fauna and Flora (1979).

RESULTS AND DISCUSSION

The climate has been warming over the past two
decades. In this regard, the issue of analysing early
cereal crops in terms of growth and development at
the beginning of the tillering phenomenon depend-
ing on different sowing dates is relevant. At the first
sowing date of 10 March, the biomass of the barley
plant at the beginning of tillering was 722.3 mg. In
the second sowing term, the same indicator was char-
acterised by a lower value of 593.5 mg, the differ-
ence of 128.8 mg was significant, Student’s criterion
t.-16.97>t, . - 2.01. At the third sowing date, the
plant biomass index was 538.1 mg, which is 55.4 mg
less than the data obtained at the second sowing date.
The difference is significant at t. - 6.70 >t . - 2.01.
At the fourth sowing date, the plant biomass was
significantly lower than at the third sowing date by
56.1 mg (t.- 6.56>t . - 2.01). At the fifth sowing date,
the plant biomass was the lowest and amounted to
433.9 mg, the difference when compared to the data
of the fourth sowing date of 48.1 mg was significant
(t.- 5.58>t, . - 2.01). The obtained findings of spring
barley plant biomass, crude biomass, and dry matter
content of the root system and aerial parts of plants,
as well as leaf area at different sowing dates in 2018
are presented in Table 1.
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Table 1. Characteristics of the growth and development of barley plants
at the beginning of the tillering phenophase at different sowing dates (2018)

Sowing period Plant biomass, Root system, mg Aerial part, mg Leaf area, cm?
mg raw biomass dry matter raw biomass dry matter
1 722.3+49 67.3+2.2 18.0+0.50 655.0£7.0 130.7+3.7 17.9+0.48
2 593.5+5.8 445+2.8 13.2+0.61 549.0+6.3 97.0%2.3 15.6+0.35
3 538.1+5.9 31.5%£33 10.3£0.70 506.6%5.8 83.3%£19 14.2+£0.41
4 482.0%6.2 19.7£2.2 7.5%0.52 462.3%£6.0 71.7%2.6 12.9+0.33
5 433.9+6.0 12217 5.3+0.49 421.7%6.5 63.0£1.8 11.0£0.31

Source: developed by the authors

The weight of the crude biomass of the root sys-
tem of barley plants at the first sowing date was
67.3 mg, while at the second - 44.5 mg. The differ-
ence in the comparison of the 22.8 mg data is signif-
icant, Student’s criterion t_ is 6.40 >t, . - 2.01. When
sowing in the third term, the same indicator of plants
was even lower - 31.5 mg, the difference of 13.0 mg
compared to the data of the second term is significant
(t. - 3.00>t, . - 2.01). At the fourth sowing term, the
crude biomass of the root system was 19.7 mg, which
is 11.8 mg less than the same indicator of the third
term plants (t. - 2.98 >t . - 2.01). The difference be-
tween the data of the fourth and fifth sowing periods
of 7.5 mg was significant, which proves that the param-
eters of the indicator are much lower when sowing in
the fifth period. The difference between the obtained
data on the content of dry matter of the root system
of spring barley plants in the comparison of the first
and second sowing periods was 4.8 mg and was signif-
icant due to the reduced values in the second period
(t.- 6.15>t . - 2.01). When sowing in the third term,
the weight of the root system dry matter was 10.3 mg,
which is significantly less than the data of the second
sowing term by 2.9 mg (t, - 3.15>t . - 2.01). For sow-
ing in the fourth term, the figure was 7.5 mg, which
is significantly less than in the third term by 2.8 mg
(t.-3.22>t . - 2.01). And at the fifth sowing term, the
dry weight of the root system was 5.3 mg and was sig-
nificantly less by 2.2 mg compared to the data for the
fourth term, Student’s criterion t.- 3.10>t . - 2.0.

Analysis of the above-ground plant data in terms of
crude biomass also proves that when the sowing date
is shifted from 10 March to every 10 days thereafter,
plant biomass significantly decreases. Specifically, the
biomass in the second sowing term was 106.0 mg less
than in the first term (t. - 11.26 >t, . - 2.01). In the third
sowing term, the biomass of the aboveground part of
plants was even lower than that obtained in the second
sowing term by 42.4 mg (t, - 4.95>t . - 2.01). Under
the conditions of the fourth sowing term, the biomass
of the aboveground part of barley plants was 462.3 mg,
which is 44.3 mg less than in the third sowing term,
the difference is significant at t. - 531>t . - 2.01.
At the fifth sowing term, the lowest value of the
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biomass parameter was 421.7 mg, which was 40.6 mg
less than the same indicator of the fourth sowing term
(t. - 4.59>t, . - 2.01). The analysis of the data on the
weight of the dry matter of the aboveground part of
the barley plant also shows a pattern of its significant
decrease when the sowing dates are shifted by every
10 days from the first date of 10 March. The respective
values were found to be 130.7*3.7 mg; 97.0% 2.3 mg;
83.3+1.9 mq; 71.7£2.6 mg; 63.0% 1.8 mg. The differ-
ence between the data of the first and second sowing
periods of 33.7 mq is significant (t.- 7.75>t . - 2.01).In
the third sowing term, the dry matter weight was sig-
nificantly lower than in the second term - by 13.7 mg
(t. - 4.60>t, . - 2.01), and in the fourth sowing term
it was even lower than in the third term - by 11.6 mg
(t.- 3.60>t,,, - 2.01). The lowest value for this analysis
was found at the latest sowing date of 63.0 mg, where
the difference was 8.7 mg and was also significant com-
pared to the data obtained at the fourth sowing date
(t.-2.75>t,,, - 2.01).

It was proved that the area of leaf surface of bar-
ley plants according to the state of development at the
beginning of the tillering process at different sowing
dates was also at different levels of significance. In the
second sowing term, the index was significantly lower
than in the first term by 2.3 cm? (t, - 3.90 >t . - 2.01).
When spring barley was sown on 30 March, the leaf
area was even significantly smaller by 1.4 cm? com-
pared to the data obtained in the second term, with
t. - 264>t . - 2.01. At the fourth sowing date, 10
days after the third, the leaf area decreased by another
1.3cm? (t.- 2.5>t . - 2.01). Accordingly, under the con-
dition of barley plants development at the fifth sowing
date at the beginning of the tillering process, the leaf
surface area was the smallest - 11.0 cm? Compared to
the data of the fourth sowing term, the difference of
1.9 cm? is significant (t - 4.22>t . - 2.01).

The obtained findings of the growth and devel-
opment of barley plants at the time of the tillering
phenomenon at different sowing dates in 2019 are
presented in Table 2. The established index of barley
plant biomass at the first term sowing is 699.5 mg,
which is 125.8 mg higher than the same index ob-
tained at the second term sowing, the difference is




significant at the level of error significance of 5.0%
(t.- 14.70>t, . - 2.01). In the third sowing term, plant
biomass was 56.8 mg less than in the second sowing
term, a significant difference (t, - 7.11 > t . - 2.01).
Under the condition of sowing the fourth term, the bi-
omass of barley plants was 464.2 mg and, accordingly,
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was significantly less than the biomass of plants of
the third term by 52.7 mg (t.- 6.25 >t . - 2.01).And in
the case of the fifth sowing period, the figure was the
lowest at 415.4 mg. When compared to the data ob-
tained during the fourth term, a significant difference
was 48.8 mg, where t - 5.61>t - 2.01

Table 2. Characteristics of the growth and development of barley plants
at the beginning of the tillering phenophase at different sowing dates (2019)

Plant biomass,

Root system, mg

Aerial part, mg

Sowing period

Leaf area, cm?

mg raw biomass dry matter raw biomass dry matter
1 699.5%£6.3 64727 16.6£0.60 634.8%+6.8 127725 17.5%0.62
2 573.7£5.8 42719 11.6%£0.50 531.0£5.7 94.5+2.0 14.9+0.39
3 516.9%55 29423 9.3£0.44 4875%6.3 81.5+2.1 13.8+0.38
4 464.2+6.4 19.2+1.7 70£0.56 445.0+6.7 69.6+2.4 12.4+0.45
5 415459 11.5%£2.0 5.0£0.48 403.9+5.0 614+23 10.1£0.45

Source: developed by the authors

Next, the indicators of barley growth and develop-
ment were analysed according to the component part
of the plant root system. In the first sowing term, the
crude biomass of the root system of plants (64.7 mg)
was significantly higher than in the second sowing
term. The difference within 22.0 mg is significant at the
error level of 5.0% (t. - 6.67 > t, . - 2.01). The biomass
of the root system of barley plants of the third sowing
period of 29.4 mg was also significantly lower than the
corresponding indicators of the second sowing period
(t.-4.46>t . - 2.01).In an analogous pattern, the bio-
mass of the root system of plants of the fourth sowing
term is significantly lower compared to the biomass
of the root system of the third term, the difference is
10.2 mq (t, - 3.57 >t ,, - 2.01). The lowest biomass of
the root system was found for plants in the fifth sowing
term, where the index of 11.5 mg was lower compared
to the data obtained in the fourth sowing term, the dif-
ference of 7.7 mgq is significant (t, - 2.94>t, - 2.01).
Assessment of barley plants development by indicators
of root system dry matter at different sowing dates fol-
lows the pattern established according to the data of
crude biomass. The highest value was obtained at the
first sowing date - 16.6 mg and the lowest at the fifth
date - 5.0 mg, the difference was 11.6 mg. For each
subsequent sowing period, starting with the first, the
figures have been consistently lower. The difference
analysis for pairwise comparison of adjacent options
is characterised by the following values. Indicators of
the first and second sowing periods differed within
50 mg (t, - 6.41>t . - 2.01). Indicators of the second
and third sowing terms by dry matter weight differed
significantly by 2.3 mg (t. - 3.48 >t . - 2.01). Likewise,
the parameters of the data of the third and fourth sow-
ing periods also differed by 2.3 mg at the established
criterion t, - 3.24 >t .- 2.01. The value of the indicator
for the fifth sowing term compared to the data of the

fourth term was significantly lower by 2.0 mg at the
established criterion t, - 2.74>t, . - 2.01.

The following analysis of the empirical data ad-
dresses the issue of plant growth and development ac-
cording to the crude biomass of the aboveground part
of barley plants at the beginning of the tillering process
at different sowing dates. Comparison of the data from
the first and second sowing dates showed a significant
difference of 103.8 mg (t, - 11.70 >t . - 2.01). When
comparing the data of the second and third sowing pe-
riods, the difference was 43.5 mg with the best results
of the second sowing period (t.- 5.12>t, . - 2.01). The
following analysis describes the comparison of the data
from the third and fourth sowing dates, the difference
at a significant level was 42.5 mg (t. - 4.62>t . - 2.01).
And the difference between the data obtained in the
fifth sowing term and the data of the fourth term of
41.1 mg was also significant (t, - 4.92>t . - 2.01). The
analysis of the data on the dry matter content of the
aboveground part of barley plants at different sowing
dates corresponds to the pattern established in the data
on crude biomass. The maximum values of dry matter
in the plants of the first sowing term were established,
where the index 127.7 mg was higher than the parameter
established in the second sowing term by 33.2 mg, the
difference was significant (t. - 10.38 >t . - 2.01). At the
third sowing date, dry matter in the amount of 81.5 mg
was significantly lower than at the second sowing date
by 13.0 mg (t. - 4.48 >t . - 2.01). At the fourth sowing
date, the dry matter content of the aboveground part of
plants was significantly lower by 11.9 mg compared to
the data obtained at the third sowing date, the differ-
ence was proved to be significant (t.- 3.74>t, . - 2.01).
And at the fifth sowing date, the dry matter content in
the plants was the lowest at 61.4 mg. Compared to the
data of the fourth sowing term, the indicator was signif-
icantly lower by 8.2 mg (t. - 2.47 >t . - 2.01).
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A detailed analysis of the data on the leaf area of
spring barley plants shows that with each subsequent
sowing date, 10 days after the first one on 10 March,
the parameter significantly decreased. For instance, at
the second sowing date, the leaf area of 14.9 cm was
significantly lower than that of the first sowing date by
2.6 cm? at the level of significance of the error of 5.0%
(t.- 3.56>t,, - 2.01). When comparing the data of the
second and third sowing terms by this indicator, the dif-
ference of 1.1 cm? was significant (t, - 2.04>t, . - 2.01).
At the fourth sowing date, at the time of the onset of
the phenophase of three developed leaves, their sur-
face area was 12.4 cm? and was significantly less than
the data obtained at the third sowing date by 1.4 cm?,
t. - 241>t . - 201 And in the fifth sowing period,
the value was the smallest - 10.1 cm? Compared to
the data of the fourth sowing term, the difference of
2.3 cm? was significant (t. - 3.65>t, . - 2.01).

The findings of studies of the growth and devel-
opment of spring barley plants at different sowing
dates at the onset of the tillering phenophase in 2020
are presented in Table 3. The index of plant biomass
at the first sowing date was 749.0 mg, at the second
sowing date it was significantly lower at 616.3 mg. The
difference of 132.7 mg is significant, the t, criterion is
14.71>t,,, - 2.01. The biomass of barley plants at the
third sowing term was significantly lower by 53.8 mg
compared to the data obtained at the second sowing
term, with t. - 7.16 >t, . - 2.01. The biomass of plants
in the fourth sowing date was significantly lower than
in the third sowing date. The difference was 60.3 mg
(t.- 756>t ,, - 2.01). The lowest values of biomass of
barley plants were obtained at the fifth sowing date
of 455.3 mg. Accordingly, the difference of 46.9 mg
compared to the data of the fourth term is significant
(t.-5.35>t,,, - 2.01).

Table 3. Characteristics of the state of growth and development
of barley plants at the beginning of the tillering phenophase at different sowing dates (2020)

Plant biomass,

Root system, mg

Aerial part, mg

Sowing period

Leaf area, cm?

mg raw biomass dry matter raw biomass dry matter
1 749.0£7.0 70.5%+2.9 19.5+0.70 678.5%6.6 134131 18.9+0.58
2 616.3+5.7 46.5%2.3 15.0+0.61 569.8+7.3 99.8+2.7 16.1+0.27
3 562.5+4.9 339+27 11.2+0.59 528.6*5.4 85.6*2.9 15.0+0.31
4 502.2%6.3 20.5%2.2 8.0+0.40 481.7%59 73.9%20 13.5+0.37
5 455.3%6.1 13.3%£20 5.9+0.47 442.0%6.5 649+24 11.4%+0.40
Source: developed by the authors
The crude biomass of the root system of plants at 3.8 mg, Student’s criterion t. - 4.52>t_ - 2.01.The fig-

the first sowing date was characterised by the highest
value of 70.5 mg. The difference in comparison with the
same indicator at the second sowing date of 24.0 mg
was significant (t, - 6.49 >t . - 2.01). The index of
crude biomass of the root system of barley plants of
the third sowing period of 33.9 mg was 12.6 mg less
than the data of the second sowing period, the dif-
ference was significant (t, - 3.56 > t, . - 2.01). When
comparing the data from the third and fourth sowing
dates, the difference was also significant at 13.4 mg
(t.- 3.85>t, . - 2.01). The lowest value of the crude bi-
omass of the root system of barley plants was obtained
at the fifth sowing date of 13.3 mg. The difference com-
pared to the data of the fourth sowing period of 7.2 mg
was significant (t. - 2.42 >t . - 2.01). The analysis of
the root system dry matter data depending on the sow-
ing date showed a pattern where with each subsequent
sowing date, 10 days after the first sowing on 10 March,
there was a significant decrease in dry matter weight.
The maximum value obtained in the first sowing period
of 19.5 mg was 4.5 mg higher than in the second sow-
ing period, where t. - 4.89>t, .- 2.01.The value for the
second sowing date of 15 mg was significantly higher
than that of the third sowing date. The difference was
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ure for the third sowing season is significantly higher
than that for the fourth sowing season. The difference
was 3.2 mg (t. - 4.51>t, . - 2.01). And in the fifth sow-
ing term, the value of 5.9 mg was significantly lower
compared to the data of the fourth term. The difference
of 2.1 mg was significant, Student’s t - 3.44>t . -2.01.

The crude biomass of the aboveground part of
plants decreased significantly from the first sowing
date to each subsequent one. The value of 569.8 mg
obtained in the second sowing period was significant-
ly lower than in the first sowing period by 108.7 mg
(t. - 11.05>t, . - 2.01). The index of crude biomass
of the aboveground part of plants in the third sow-
ing term was 41.2 mg lower than that obtained in the
second sowing term. The difference was significant
(t. - 454>t . - 2.01). According to this pattern, the
indicator of the fourth sowing term was significantly
lower than the indicator of the third sowing term by
46.9 mg,t. - 5.86>t, . - 2.01. The lowest value of the
crude biomass of the aboveground part of barley plants
was found when sowing in the fifth term, the difference
to the data of the fourth sowing term of 39.7 mg was
significant, Student’s criterion t. - 4.53>t, . - 2.01.The
results of the analysis of the data on the dry matter




content of the aboveground part of plants depending
on the sowing dates show that with each subsequent
term, starting from the first, the dry matter content of
plants gradually decreased. Thus, in the second sow-
ing term, the index of 99.8 mg was significantly low-
er than the same index obtained in the first sowing
term by 34.3 mg (t, - 8.35 >t . - 2.01). Accordingly,
the third sowing season was significantly lower than
the second sowing season. The difference was 14.2 mg
att, - 3.59 >t . - 2.01. Comparison of the data of the
fourth sowing period with the data of the third one
was characterised by a significant difference of 11.7 mg
(t. - 3.32>t, . - 2.01). The comparison of the data of
the fifth sowing term with the data of the fourth is de-
termined by a significant difference at 9.0 mg, the Stu-
dent’s criterion t, - 2.88 >t . - 2.01.

When characterising the leaf area data, a pattern
of better results was also found at early sowing dates.
The maximum value was obtained at the first sowing
date of 18.9 cm?. In the second sowing term, the data
value was 2.8 cm? less, and a significant difference was
found (t, - 4.44 >t, . - 2.01). The third sowing season
was characterised by a lower value compared to the
data obtained for the second sowing season. The dif-
ference of 1.1 cm? was significant, the Student’s criteri-
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ont -268>t . - 2.01. At the fourth sowing date, the
leaf surface area of the plants was 13.5 cm?, which was
1.5 cm? less than the value of the third date, the differ-
ence was significant (t. - 3.12 >t . - 2.01). The lowest
value of the leaf area of barley plants was found for the
fifth sowing date - 11.4 cm?. The difference compared
to the data of the fourth sowing term of 2.1 cm? was
significant (t. - 3.89>t . - 2.01).

Thus, the dependence of growth and development
of spring barley plants on sowing dates was estab-
lished. According to the first, second, third, fourth, and
fifth sowing dates, at the time of the tillering pheno-
phase, the parameters of growth and development of
spring barley plants significantly decreased. On average
for three years, the respective values of the indicators
were as follows: plant biomass - 723.6 mg; 594.5 mg;
539.2 mg; 482.8 mg; 434.9 mg; crude biomass of the
root system - 67.5 mg; 44.6 mg; 31.6 mg; 19.8 mg;
12.3 mg; dry matter of the root system - 18.0 mg;
13.3 mg; 10.3 mg; 7.5 mg; 5.4 mg; crude biomass of the
aerial part of plants - 656.1 mg; 549.9 mg; 507.6 mg;
463.0 mg; 422.5 mg; dry matter of the aerial part of
plants - 130.8 mg; 97.1 mg; 83.5 mg; 71.7 mg; 63.1 mg;
leaf surface area - 18.1 cm?; 15.5 cm?; 14.3 cm?
12.9 cm?; 10.8 cm? (Table 4).

Table 4. Characteristics of the state of growth and development of barley plants at the beginning
of the tillering phenophase at different sowing dates (average for 2018-2020)

Root system, mg

Aerial part, mg

Sowing period  Plant biomass, mg

Leaf area, cm?

raw biomass dry matter raw biomass dry matter
1 723.6 67.5 18.0 656.1 130.8 18.1
2 594.5 44.6 13.3 549.9 97.1 15.5
3 539.2 316 10.3 507.6 83.5 143
4 482.8 19.8 7.5 463.0 71.7 129
5 4349 12.3 5.4 4225 63.1 10.8

Source: developed by the authors

Accordingly, the results of the accumulation of
spring barley plants of crude biomass, dry matter, leaf
surface formation as a result of the use of vegetation
factors before the onset of the tillering phenomenon
at different sowing dates are of particular interest,
which is to understand the rational use of environ-
mental resources from the very beginning of growth
and development.

The general theoretical issues of plant growth and
development include changes that occur in the body of
all biological species without exception. All biological
species are characterised by developmental stages, veg-
etation phases,and stages of organogenesis (Kalenska et
al.,2018; Celestina et al., 2023). The changes that occur
in plants during growth and development can be distin-
guished both visually and by various research methods.
Functionally, growth and development are the result
of the interaction between the genotype of a biologi-
cal object and the external environment. The external

environment as an influence factor should be consid-
ered in terms of several important components, the key
of which is the energy factor. Accordingly, the outcome
of the interaction depends on both the structure of the
DNA and the integral or total effect of the constituent
environmental conditions, which results in the forma-
tion of the phenotype (Shaaf et al.,2018). This allows es-
tablishing and evaluating the results of the interaction
of the components based on the parameters of biomet-
ric indicators, dry matter content, plant model, and other
parameters. If the same biological object is evaluated
in an experiment under different environmental condi-
tions, according to their impact on growth and develop-
ment, the result of changes is directed by environmental
or vegetation factors. Such results will provide a basis
for understanding the need for rational and efficient
use of vegetation factors to achieve maximum results
in the formation of highly productive agrophytocenoses.
Growth is usually characterised by quantitative changes
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that increase plant size, volume, and mass of newly
formed cells. Plants grow continuously until the end of
the vegetation cycle. Growth processes are followed by
qualitative changes as a result of increasing plant size
in a natural sequence. This is plant development. Growth
creates a resource for the differentiation of new special-
ised tissues that form new organs, which ensures struc-
tural and functional changes in the entire organism.

A considerable role is played by plant growth char-
acteristics in different phases of their development to
fulfil the productivity potential of grain crops. S. Hark-
ness et al. (2020) note that upon early sowing, plants
use as much precipitation as possible during the winter
period, which reduces plant losses from drought in the
summer. Sowing at a late date usually does not pro-
duce large yields. While early sowing and emergence
of seedlings always lead to faster flowering and mat-
uration, thereby helping to avoid the negative effects
of heat and drought, which usually results in higher
grain yields. High temperatures tend to accelerate plant
growth and development (Kiriziy & Stasik, 2022). The
vegetation period becomes shorter, which leads to less
radiation absorption and less biomass formation,and as
aresult, it leads to lower grain yields (Yadav et al., 2022).
P. Pal et al. (2018) noted that to ensure maximum bar-
ley yields, sowing should be carried out at the appro-
priate time, which must be observed so that the crop
plants germinate well and use soil moisture efficiently.

The lower leaves play an important role in the for-
mation of the root system and the ear in the early stages
of plant development in cereals. The number and size
of leaves, the value of net photosynthetic productivity
directly affect the accumulation of dry matter (Dubyt-
sky et al., 2023; Stasyk et al., 2021). Leaves are the main
part of plant phytomass (Hospodarenko et al., 2020).
The size and dynamics of leaf surface development de-
pends on many factors. In recent years, the sowing date
has become an essential factor in the formation of the
leaf assimilation surface area, which determines the in-
tensity of plant growth and development. Environmen-
tal conditions affect the balance of phytohormones, the
direction of physiological processes, changes in linear
dimensions, plant habitus, etc., in plant growth and de-
velopment, specifically in spring barley.

In the technology of spring barley cultivation, the
results of the implementation of growth and develop-
ment processes during the period from sowing to the
onset of the tillering phenomenon, or the second and
third stages of organogenesis, are of particular inter-
est. The second and third stages of organogenesis are
the period of plant development during which the yield
structure of the first and second elements is laid down.
To produce stable, high-quality crops during the grow-
ing season, one needs favourable weather conditions,
which unfortunately cannot be controlled. It is known
that by changing the timing of sowing, one can influ-
ence the supply of heat and solar radiation to plants.
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That is why sowing at the optimum time will help plants
pass through the stages of organogenesis on which the
future productivity of the agrophytocenosis depends.

CONCLUSIONS

This study established the regularity of reduction of
spring barley biological potential, which provides the
starting resource of plants in terms of development at
the beginning of the tillering phenophase, depending
on the sowing time with a delay of 10 days starting
from March 10. The results of the analysis of the total
biomass of plants for the first sowing period were on
average 723.6 mg, for the second - 594.5 mg, for the
third - 539.2 mg, for the fourth - 482.8 mg, and for the
fifth - only 434.9 mg, which indicates significant chang-
es under the influence of vegetation factors. Analysis of
the development of the root system, which contributes
to the formation of the aerial part of spring barley plants
and characterises the obtained results of the maximum
parameters of crude biomass 67.5 mg and dry matter
18.0 mg at the first sowing term. With each subsequent
sowing date after 10 days, the values of these indica-
tors were significantly lower, and respectively amount-
ed to: crude biomass - 44.6 mg, 31.6 mg, 19.8 mg,
12.3 mg, and dry matter - 13.3 mg, 10.3 mg, 7.5 mg,
5.4 mg. According to the obtained pattern, the aerial
part of plants is best provided with development condi-
tions similarly to sowing on 10 March, when the indica-
tors of plant biomass and dry matter were the best and
were characterised by data of 656.1 mg and 130.8 mg,
respectively. With each subsequent shift of the sowing
date by 10 days, the obtained indicators became sig-
nificantly lower, and accordingly amounted to: crude
biomass - 549.9 mg, 507.6 mg, 463.0 mg, 422.5 mg,
and dry matter - 97.1 mg, 83.5 mg, 71.7 mg, 63.1 mg.
The results of the analysis of the leaf surface area
of plants, on which the photosynthesis process de-
pends, indicate the expediency of early sowing. The
maximum value of 18.1 cm? was obtained at the end
of plant growth and development at the beginning of
the tillering phenomenon at the first sowing date of
March 10. Sowing every 10 days resulted in a signifi-
cant reduction in leaf area, where the indicators were
15.5 cm?,14.3 cm?,12.9 cm?, and 10.8 cm?, respectively.
The described regularities of fulfilment of spring barley
plants development potential at the beginning of tiller-
ing phenophase depending on sowing dates represent
the results of efficient use of environmental resources,
specifically, vegetation factors. Prospects for further in-
vestigation lie in assessing the intensity of the tillering
process of spring barley plants depending on the sow-
ing time. Dependence of plant model formation on the
degree of synchronisation and homogeneity of tillering
shoots development compared to the main shoot. It is
also promising to investigate the fulfilment of the po-
tential of spring barley ear productivity in terms of the
number of grains according to the sowing time.




Klymyshena et al.

ACKNOWLEDGEMENTS CONFLICT OF INTEREST
None. The authors of this study declare no conflict of interest.

REFERENCES

[1] Appiah,M.,Bracho-Mujica, G., Ferreira,N.C.R., Schulman,A.H., & Rotter,R.P.(2023). Projected impacts of sowing
date and cultivar choice on the timing of heat and drought stress in spring barley grown along a European
transect. Field Crops Research, 291, article number 108768. doi: 10.1016/).fcr.2022.108768.

[2] Balabukh, V.O. (2023). Yield shortfall of cereals in Ukraine caused by the changes in air temperature and
precipitation amount. Agricultural Science and Practice, 10(1), 31-53. doi: 10.15407/agrisp10.01.031.

[3] Balabukh, V.O., Tarariko, O.H., Ilienko, T.V., & Velychko V.A. (2021). Influence of changes in air temperature on
crop productivity formation in Ukraine at the turn of XX-XXI centuries (1981-2010). Agricultural Science and
Practice, 8(3), 71-87.doi: 10.15407/agrisp8.03.071.

[4] Bratkovic, K., Lukovi¢, K., Peridi¢, V., Savic, )., Maksimovi¢, J., Adzic, S., Rakonjac, A., & Matkovi¢ Stojsin, M. (2024).
Interpreting the interaction of genotype with environmental factors in barley using partial least squares
regression model. Agronomy, 14(1), article number 194. doi: 10.3390/agronomy14010194.

[5] Celestina, C, et al. (2023). Scales of development for wheat and barley specific to either single culms or a
population of culms. European Journal of Agronomy, 147,article number 126824.doi: 10.1016/j.eja.2023.126824.

[6] Convention on Biological Diversity. (1992, June). Retrieved from https://zakon.rada.gov.ua/laws/
show/995_030#Text.

[71 Convention on International Trade in Endangered Species of Wild Fauna and Flora. (1979, June). Retrieved
from https://zakon.rada.gov.ua/laws/show/995_129#Text.

[8] Dubytskyi,A.,Dubytska,A.,Kachmar, O.,Vavrynovych, O., & Shcherba, M. (2023). Development of photosynthetic
processes and grain productivity of winter wheat under biological fertilization systems. Foothill and Mountain
Agriculture and Stockbreeding, 74(2), 39-49. doi: 10.32636/01308521.2023-(74)-2-4.

[9] Fatima,Z., et al.(2020).The fingerprints of climate warming on cereal crops phenology and adaptation options.
Scientific Reports, 10, article number 18013. doi: 10.1038/s41598-020-74740-3.

[10] Harkness, C., Semenov, M.A., Areal, F., Senapati, N., Trnka, M., Balek, J., & Bishop, J. (2020). Adverse weather
conditions for UK wheat production under climate change. Agricultural and Forest Meteorology,282-283, article
number 107862. doi: 10.1016/j.agrformet.2019.107862.

[11] Hospodarenko, H.M., Cherno, O.D., Ryabovol, Y.S., Liubych, V\V., & Kryzhanovskiy, V.H. (2020). Growth and
development of winter wheat in the spring-summer period of vegetation depending on conditions of mineral
nutrition in the Right-Bank of Lisosteppe of Ukraine. Bulletin of Uman National University of Horticulture, 2, 3-8.
doi: 10.31395/2310-0478-2020-2-3-8.

[12] Hrytsaenko, Z.M., Hrytsaenko, A.O., & Karpenko, V.P. (2003). Methods of biological and agrochemical research of
plants and soils. Kyiv: Nichlava.

[13] Kalenska, S.M., Prysiazhniuk, O.I., Polovynchuk, O.Yu., & Novytska, N.V. (2018). Comparative characteristics
of the growth and development of grain crops. Plant Varieties Studying and Protection, 14(4), 406-414.
doi: 10.21498/2518-1017.14.4.2018.151906.

[14] Kiriziy, D.A., & Stasik, 0.0. (2022). Effects of drought and high temperature on physiological and biochemical
processes,and productivity of plants. Plant Physiology and Genetics, 54(2),95-122.doi: 10.15407/frg2022.02.095.

[15] Pal, P., Reddy, M.D., Pandey, G., & Kumar, A. (2018). Effect of different dates of sowing on barley (Hordeum
Valgare L.) varieties under limited irrigation. Journal of Pharmacognosy and Phytochemistry: National Conference
on Conservation Agriculture, SP2, 88-91.

[16] Panfilova, A., Korkhova, M., Gamayunova, V., Drobitko, A., Nikonchuk, N., & Markova, N. (2019a). Formation of
photosynthetic and grain yield of soft winter wheat (Triticum aestivum L.) depending on varietal characteristics
and optimization of nutrition. Research Journal of Pharmaceutical, Biological and Chemical Sciences, 10(2), 78-85.

[17] Panfilova, A., Korkhova, M., Gamayunova, V., Fedorchuk, M., Drobitko, A., Nikonchuk, N., & Kovalenko, O.
(2019b). Formation of photosynthetic and grain yield of spring barley (Hordeum vulgare L.) depend on varietal
characteristics and plant growth regulators. Agronomy Research, 17(2), 608-620. doi: 10.15159/AR.19.099.

[18] Shaaf,S.,Bretani, G.,Biswas,A.,Fontana, |.M., & Rossini, L.(2018). Genetics of barley tiller and leaf development.
Journal of Integrative Plant Biology, 61(3), 226-256.doi: 10.1111/jipb.12757.

[19] Shelkoplyas, T., & Zhytkov,A. (2021). Barley is the food of gladiators and long-lived people. Retrieved from http://
www.agroprofi.com.ua/statti/1917-yachmin-yizha-hladiatoriv-i-dovhozhyteliv.

[20] Stasyk,0.0.,Kirizii,D.A., & Priadkina,H.0.(2021). Photosynthesis and productivity: main scientificachievements
and innovations. Plant Physiology and Genetics, 53(2), 160-184. doi: 10.15407/frg2021.02.160.

[21] van der Wiel, K., & Bintanja, R. (2021). Contribution of climatic changes in Mean and variability to monthly
temperature and precipitation extremes. Communications Earth & Environment,2,article number 1.doi: 10.1038/
s43247-020-00077-4.

Scientific Horizons, 2024, Vol. 27, No. 7

95


https://www.researchgate.net/publication/366021094_Projected_impacts_of_sowing_date_and_cultivar_choice_on_the_timing_of_heat_and_drought_stress_in_spring_barley_grown_along_a_European_transect
https://agrisp.com/index.php/agrisp/article/view/2023_01_04
https://agrisp.com/index.php/agrisp/article/view/2021_03_06
https://www.mdpi.com/2073-4395/14/1/194
https://www.sciencedirect.com/science/article/pii/S1161030123000928
https://zakon.rada.gov.ua/laws/show/995_030#Text
https://zakon.rada.gov.ua/laws/show/995_030#Text
https://zakon.rada.gov.ua/laws/show/995_129#Text
https://phzt-journal.isgkr.com.ua/74-2/4.pdf
https://www.nature.com/articles/s41598-020-74740-3
https://www.sciencedirect.com/science/article/pii/S0168192319304782
https://www.researchgate.net/publication/349500516_GROWTH_AND_DEVELOPMENT_OF_WINTER_WHEAT_IN_THE_SPRING-SUMMER_PERIOD_OF_VEGETATION_DEPENDING_ON_CONDITIONS_OF_MINERAL_NUTRITION_IN_THE_RIGHT-BANK_OF_LISOSTEPPE_OF_UKRAINE
http://lib.udau.edu.ua/handle/123456789/1547
http://lib.udau.edu.ua/handle/123456789/1547
https://journal.sops.gov.ua/article/view/151906
https://doi.org/10.15407/frg2022.02.095
https://www.phytojournal.com/archives/2018/vol7issue2S/PartC/SP-7-2-26-977.pdf
https://www.phytojournal.com/archives/2018/vol7issue2S/PartC/SP-7-2-26-977.pdf
http://dspace.mnau.edu.ua/jspui/bitstream/123456789/5698/1/%5B12%5D.pdf.
http://dspace.mnau.edu.ua/jspui/bitstream/123456789/5698/1/%5B12%5D.pdf.
http://dspace.mnau.edu.ua/jspui/bitstream/123456789/5698/1/%5B12%5D.pdf.
https://agronomy.emu.ee/wp-content/uploads/2019/05/Vol17No2_Panfilova.pdf
https://pubmed.ncbi.nlm.nih.gov/30548413/
http://www.agroprofi.com.ua/statti/1917-yachmin-yizha-hladiatoriv-i-dovhozhyteliv
http://www.agroprofi.com.ua/statti/1917-yachmin-yizha-hladiatoriv-i-dovhozhyteliv
https://www.frg.org.ua/en/2021/160-184N2V53.htm
https://www.nature.com/articles/s43247-020-00077-4
https://www.nature.com/articles/s43247-020-00077-4

Evaluation of barley plants growth and development...

[22] Yadav,M.R., et al.(2022). Impacts, tolerance, adaptation,and mitigation of heat stress on wheat under changing
climates. International Journal of Molecular Sciences, 23(5), article number 2838. doi: 10.3390/ijms23052838.

[23] Yeshchenko, V.O., Kopytko, P.H., Kostohryz, PV., & Opryshko, V.P. (2014). Basics of scientific research in agronomy.
In V.0.Yeshchenko (Eds.) Vinnytsia: PP «TD» Edelweiss and K».

[24] Zulkiffal, M., et al. (2021). Heat and drought stresses in wheat (Triticum aestivum L.): Substantial yield losses,
practical achievements, improvement approaches, and adaptive mechanisms. In A. Hossain (Eds.) Plant stress
physiology. doi: 10.5772/intechopen.92378.

OLUiHKa CTaHy POCTY Ta PO3BUTKY POC/TIUH SIMMEHIO
Ha no4yaTtky peHodasm KyLLEeHHS 3a Pi3HUX CTPOKIB CiB6MU

Pita KnumuwieHa
KaHaunpaT CcinbCbKOrocnoaapCbkKnx Hayk, AOLEHT
3aknag, BuLWoi 0cBiTM «IomiNbCbKMIA AEePXKABHUM YHIBEPCUTET»
32316, Byn. LeByeHka, 13, M. KamaHeub-Tominbcbkmi, YKpaiHa
https://orcid.org/0000-0002-4643-7895

Onekcanpp lNopaw

[loKTOp CiNbCbKOrocnoaapcbkmMx Hayk, npodecop
3aknag suwoi ocBiTH «oaiNnbCbKUI AepXKaBHWUIA YHIBEpPCUTET»
32316, Byn. LleBueHka, 13, M. KamaHeub-lNominbcbknii, YkpaiHa

https://orcid.org/0000-0001-9418-0310
PycnaH M’ankoBcbKuit

[loKTOp CiNnbCbKOrocnoaapcbkux Hayk, npodecop

3aknag, BuWoi 0CcBiTM «IomiNbCbKMIA AePXKABHUM YHIBEPCUTET»

32316, Byn. LeBueHka, 13, M. KamaHeub-Tominbcbkmi, YKpaiHa
https://orcid.org/0000-0002-0791-4361

Jioagmuna BinbunHcbka
KaHaunaaT CinbCbKOrocnogapCbKnx Hayk, AOLEHT
3aknag suwoi ocBiTH «MoainbCbKUI AepXKaBHWUIA YHIBEpPCUTET»
32316, Byn. LleBueHka, 13, M. KamaHeub-lNominbCbknii, YkpaiHa
https://orcid.org/0000-0001-6069-2203
OneHa HousiHa
AcnipaHT
3aknapg, BuWoi 0CBiTM «IoMiNbCbKMIA AEePXKABHUM YHIBEPCUTET»

32316, Byn. LleBueHka, 13, M. KamaHeub-TominbCbkmi, YKpaiHa
https://orcid.org/0000-0002-6639-3260

AHoTauis. MobanbHi 3MiHM KNiMaTUYHUMX YMOB, SKi TakoX Biabynuca i B 3axiaHomy Jlicocteny YKpaiHM CnpusitoTh
paHHIM CTPOKaM CiBOM PO3MOYMHAKOUM BXKE 3 CAMOr0 NOYATKY BECHAHOI NOpKM poKy. Y 383Ky 3 UMM Ans 3abe3neyeHHs
HaYKOBOro 0BrpyHTYBaHHS TEXHOMOTIi BUPOLLYBAHHS SUMEHIO SpOro MUTaHHS BUBYEHHS MPOLECIB pOCTY Ta pO3BUTKY
POC/IMH 00 HACTaHHA deHodasn KyleHHs, TO6To Apyroro Ta TPeTbOoro eTaniB opraHoreHesy Habyeae 0cobaMBOI
aKTyanbHocTi. MeTa gocnigkeHb nongrana y BCTaHOBNAEHI 3aKOHOMIPHOCTI 3a1eXHOCTI MpoLeciB pocTy Ta PO3BUTKY
POC/IMH YMEHI0 Aporo Big BniuBy dakTopiB BereTauii 3a pisHMX CTpokiB ciB6M B ymoBax 3axigHoro Jlicocteny
Ykpainu. [Ing y3aranbHeHHS pe3ynbTaTiB AOCNiAXEeHb 3aCTOCOBAHI HACTYMHI MeTOAM: 3arafibHOHAyKOBi, B OCHOBI
SAKUX € 0OEKTUBHICTb, JOKA30BICTb, BiATBOPEHHS Ta MAaTEMATUYHO-CTAaTUCTUYHI — A8 06po6KM ekCcnepuMeHTanbHNX
OaHUX. BCTaHOBNEHO 3aN1eXHiCTb NPOLIECiB POCTY Ta PO3BUTKY POC/IMH SSYMEHIO SpOro Ha OCHOBI MOKa3HuMKiB BioMacu
POCIUH, CMpOi BioMacK Ta BMICTY CyxOi pe4OBMHM KOPEHEBOI CUCTEMM | HAA3EMHOT YACTUHM POC/IMH, @ TAKOX MOLL,
JIMCTKOBOI NMOBEPXHi 33 NPOBEAEHMM aHaNi3oM Ha noyaTky (asu KyLleHHS Bif BNAMBY CTPOKiB CiBOU. OuiHeHo
3HaYYLWLiCTb AOCNimKeHOro (akTopy 33 BMAMBOM YMOB 3abe3nevyeHHs A9 MaKCMManbHOI peanisauii noteHuiany
NPOAYKTUBHOCTI i4MEHI0 poro. B pe3ynbTaTi BUSBNEHO 3aKOHOMIpPHICTb 3@ SIKOK BCTAHOBMIEHO iCTOTHE 3HMXKEHHS
noTeHuiany NPOAYKTUBHOCTI POC/IMH SYMEHKO 3 BiATEPMiHYBAHHAM HA KOXHMX HAacTynHMx 10 OHIB moymMHawouu Big,
neplioro CTpoky ciBbu nposegeHoro 10 6epe3Hs. MakcMManbHi 3HAa4YE€HHS AAHMX OTPUMAHO 33 MEpPLUOro CTPOKY
ciBbu, e 6ioMaca pocanHM CTaHoBuna 723,6 Mmr; cupa bioMaca KopeHeBOi cucteMu — 67,5 Mr; cyxa peyoBMHa
KopeHeBoi cuctemu — 18,0 mr; cupa Biomaca Hafil3eMHOT YacTUHU pocauHK — 656,1 Mr; cyxa pevyoBMHA HAL3EMHOI
YacTuMHM pocamHmn — 130,8 Mr i nnowa nmcTkoBoi noeepxHi — 18,1 cM2 B pesynbtaTi HayKOBOTO 06rpyHTYBaHHS
npakTUYHa LiHHICTb pobOTM NoNdrae B CNpUSTAMBOCTI paHHIX CTPOKiB CiBOM Ans 3abe3nevyeHHsS MaKCMMANbHOI
peani3sauii noTeHuiany NpoayKTUBHOCTI POC/IMH 3@ PaxXyHOK (aKTopiB BereTauii

KniouoBi cnoBa: 6iomaca pocinH; cvpa 6iomMaca; cyxa peqyoBMHA; KOPEHeBa CUCTEMA; HAA3EMHA YacTMHA POCIMH;
naoLLa TMCTKOBOI NOBEPXHI; KpuTepin CTblofeHTa
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