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laboratory, statistical (correlation and regression analysis). Field studies were conducted during 2019-2021 in the
agroecological zone of the Southern Steppe within the Kakhovka Irrigation System. Features of the growth and
development of soybean varieties of different maturity groups were established: fast crops — Monarkh, Arnika,
early crops - Pysanka, Sofia, mid-early - Sviatohor, Evridika. The yield of soybean varieties varied depending on the
timing of sowing, plant density, and varietal characteristics. The maximum productivity of crops of early varieties
Arnika and Monarkh at 2.81-3.39 t/ha was formed during the sowing period of May 1 and the optimal sowing
density of 700 thous. plants/ha. In the group of early crops, Sofiia and Pysanka varieties showed the maximum
yield of 3.17-3.22 t/ha during the sowing period of May 1 and plant density of 700 thous. plants/ha. Varieties of
the mid-early crops Sviatohor, Evridika gave the maximum yield of 3.76-4.28 t/ha for sowing on May 1 and a
density of 500 thous. plants/ha. To obtain the maximum yield of soybeans under irrigation conditions, there is an
optimal sowing period and an optimal density of coenosis for each maturity group of varieties: fast crops showed
the maximum yield when sowing on May 1 and with a density of 700 thous. plants/ha, early and mid-early crops -
when sowing on May 1 and with a plant density of 500 thous. plants/ha. The results of this study can be used in
production conditions to adjust the elements of agricultural technology of soybean seed production and obtain

high yields with a prominent level of profitability

Keywords: sowing period; plant density; yield; dry matter weight; thousand kernel weight

INTRODUCTION

Soybeans have the potential to increase the sustaina-
bility of agricultural production systems, and therefore
more attention is needed to spread this crop, specifi-
cally in the EU. A more profound understanding of the
key determinants that affect soybean germination and
rooting is the first step to facilitate its implementation
in agricultural systems.

The yield of soybean grain is determined by the
interaction of the plant, the external environment and
the growing technology. In agrotechnical activities, re-
search focuses on crop density and row spacing. Hlupak
(2020) found that increasing the density of coenosis to
certain parameters of plant density leads to an increase
inyield, but a further increase in the density of coenosis
causes shading of plants and a decrease in the yield of
individual varieties of different genotypic origin.

Furman et al. (2022) established that in thinned
crops, plants branch intensively, form an excessive
number of leaves, beans, and seeds, under the weight
of which and under the influence of wind gusts, the
branches often break off. Beans in such crops are at-
tached low on the stem and ripen unevenly, which
leads to a decrease in the overall yield, despite the usu-
ally high individual productivity of the crops.

Research conducted in Sichuan Province (China)
established that it is possible to achieve the maximum
accumulation of biomass and its redistribution in favour
of beans and grain during the soybean sowing period,
specifically, the early periods contribute to a greater de-
velopment of biomass and productivity (Ahmed et al.,
2018). In the climatic conditions of Korea, it was found
that the density of soybean crops can regulate the mor-
phometric characteristics of plants and promote more
efficient use of light energy, which can improve the
photosynthesis and increase yield (Lee et al,, 2019).

Janczak-Pienigzek et al. (2021) noted that the cor-
responding variety of soybean crop density is the main
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intangible and environmental factor of agricultural
technology. Studies in Poland proved that the yield was
more affected by weather conditions. Strong plant den-
sity reduced the parameters of the productivity struc-
ture, increased the height of plants.

Lamichhane et al. (2020) carried out field stud-
ies for three sowing periods from mid-March to mid-
April in the northern climatic zone of France to es-
timate the possibility of expanding soybean areas in
the northern part of the country in the future due to
climate changes. Their study indicated that the main
reasons for the decrease in field germination included
soil crust, low-temperature soil, drying of the upper
soil layer. These results necessitate the creation of
soybean varieties with increased cold resistance for
early sowing periods.

Markovska et al. (2023) found that a large amount
of precipitation, a cold, prolonged spring, high humidity
and low soil temperature lead to the lengthening of
individual phenological phases of soybean plant devel-
opment, the occurrence of stressful conditions and, as
a result, a general weakening of soybean plants and
pathogen damage.

Didora et al. (2022) in the conditions of Polissia and
Milenko et al. (2022) in the conditions of the Poltava re-
gion, established the response of fast-growing soybean
varieties to improved elements of cultivation technol-
ogy under conditions of natural moisture availability.
Varietal responses were established for each region,
the best genotypes and improved technology elements
were recommended, which indicates the need to im-
prove varietal technology in each agroecological zone.
The early sowing period (at 10-15°C) led to a delay in
germination and seedling. Early sowing resulted in
more nodes, but shorter internodes. The delay in sow-
ing after May 1 led to a significant linear decrease in
seed yield, which indicates the importance of early




sowing for unleashing the yield potential of the variety
and efficient use of moisture.

Rybalchenko (2018) proved that one of the crucial
elements of soybean plant productivity that affects the
formation of real yield is the thousand kernel weight.
The parameters of this indicator are controlled by
the genotype of the variety, as well as technological
methods of cultivation.

Fellahi et al. (2020) indicate that grain size is an
important feature that determines the yield of a vari-
ety for grain crops. Therewith, selections based on a
set of attributes calculated using index ratios provide
a more reliable assessment. Bizari et al. (2017) found
that index scores for multiple traits when evaluat-
ing the productivity of soybean varieties were more
informative than estimates for individual traits and
yields. For the genotypic characteristics of grain va-
rieties, it is proposed to use several indices, among
which one of the most informative and widespread is
the grain yield index, which is determined by the ratio
of useful products to total biomass. Batashova et al.
(2020) proved that the index characterizes the level of
attraction of useful nutrients from the leaf-stem mass
to the reproductive organs and can be an indicator of
the intensity of the variety and the effectiveness of
cultivation technology under various agroecological
conditions. According to Morgun et al. (2019) a prom-
inent positive correlation of plant biomass with yield
can occur at certain stages of organogenesis, which
can be an additional index indicator for determining
the productivity of promising varieties.

Mazur (2019) studies have found that the assess-
ment of soybean varieties based on indices and corre-
lations of relationships provides an opportunity to as-
sess the productivity potential for plant biomass, yield
index, and the thousand kernel weight in greater detail.
The use of indices to search for valuable genotypes is
widely discussed in scientific circles. Céron-Rojas &
Crossa (2018) proved that the use of correlation-regres-
sion analysis of several quantitative traits helps more
effectively determine the selection value of genotypes,
compared to the assessment of individual indicators.

The purpose of this study was to establish the in-
fluence of sowing time and coenosis density on the
correlation and regression dependences of seed yield
of modern soybean varieties of different ripeness
groups with yield index, biomass, and seed size in the
conditions of irrigation of the Southern Steppe, to es-
tablish the optimal type of variety for unlocking the
potential of productivity with unlimited cultivation
technologies.

MATERIALS AND METHODS

The study was conducted according to the thematic re-
search plan of the State Higher Educational Institution
“Kherson State Agrarian and Economic University” under
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the task “Modern aspects of informatization of agricul-
tural production based on modelling and forecasting of
production processes in agroecosystems” (state regis-
tration number 0120U100997). Field experiments were
conducted during 2019-2021 at the base of the university
on the territory of the “VYKO” Farm in the Novotroitsk
District of the Kherson Region in the agro-ecological
zone of the Southern Steppe (HTC,_,=0.50-0.60) of the
Kakhovka Irrigation System.

The soil of the experimental plot is medium loamy,
dark chestnut. Agricultural techniques for growing soy-
bean varieties in experiments were generally accepted
for the southern zone of Ukraine. Predecessor - corn.
The study was carried out pursuant to the methods of
research on irrigated land described in the studies of
Vozhehova et al. (2014), Ushkarenko et al. (2008). Sta-
tistical processing of research results was performed
using the Agrostat computer software package.

In a three-factor experiment, the following were
studied: sowing dates (factor A) — April 15, May 1, May
15; soybean varieties (factor B); plant density (fac-
tor C) - 500, 700, 900 thous. plants/ha. The material for
the study was modern soybean varieties of Ukrainian
selection of different maturity groups: fast crops -
Monarkh (originator - Institute of Irrigated Agriculture
of the National Academy of Agrarian Sciences, Kherson),
ArniKa (originator - NSC “Institute of Agriculture of
the National Academy of Agrarian Sciences”, Kyiv);
early crops - Pysanka (originator V.Ya. Yuryev Institute
of Plant Breeding of the National Academy of Agrarian
Sciences, Kharkiv), Sofiia (originator - Institute of Irri-
gated Agriculture of the National Academy of Agrarian
Sciences, Kherson); mid-early crops - Sviatohor (origi-
nator - Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences, Kherson), Evridika (orig-
inator - Breeding and Genetics Institute - National
Center for Seed Science and Varietal Research).

Repetition was fourfold, the sowing area of the
sub-subplot - 200 m?, the accounting area - 150 m2
Irrigation was carried out by a VALLEY sprinkler with
a pre-irrigation soil moisture level in the soil layer of
0-50 cm - 75% field capacity.

RESULTS AND DISCUSSION

A review of literature sources and studies conducted
during 2019-2021 indicates that the yield value de-
pends on the factors under study: the sowing period,
the genotype of the variety, the density of coenosis. One
of the indicators that depends on the genotype of the
variety and the elements of the technology is the thou-
sand kernel weight (TKW).

Over the years of research, the TKW of soybean
seeds on the variants for studying the influence of the
first ultra-early sowing period on April 15 averaged
156.0 g, the second sowing period on May 1 - 158.8 g,
the third sowing period on May 15 - 156.4 g (Table 1).
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Table 1. TKW of soybean seeds depending on the technology elements, g (average for 2019-2021)

Sowing period for

Soybean plant density, thous. plants/ha

I . (factor C) Average by Average by
soybeantva:etles Soy variety (factor B) factor A factor B
(factor 4) 500 700 900
Monarkh 149.9 147.7 145.3 147.6
Arnika 145.6 143.9 140.9 143.5
Pysanka 158.7 155.7 153.7 156.0
April 15 156.0
Sofiia 161.6 158.7 156.7 159.0
Svyatohor 168.7 165.7 161.3 165.4
Evridika 167.7 164.5 160.4 164.2
Average by factor 158.7 156.0 153.1
Monarkh 153.8 150.7 148.8 1511
Arnika 151.8 148.7 145.8 148.8
Pysanka 162.3 159.8 155.7 159.3
May 01 158.8
Sofiia 163.9 160.8 157.8 160.8
Svyatohor 171.8 166.8 162.7 167.1
Evridika 170.4 165.8 161.4 165.9
Average by factor 162.3 158.8 1554
Monarkh 148.9 146.1 144.2 146.4
Arnika 147.7 144.9 143.8 145.5
Pysanka 156.7 155.5 153.4 155.4
May 15 156.4
Sofiia 159.8 157.7 155.6 1577
Svyatohor 170.8 169.7 161.9 167.4
Evridika 169.8 167.5 160.8 166.0
Average by factor 159.0 156.9 153.3

LSD.. g

Factor A - 1.31; factor B - 2.16; factor C - 2.45

Source: compiled by the authors

Therewith, the genotype of the soybean variety had
the maximum effect on the TKW trait. For all sowing pe-
riods and density options, fast-growing varieties Arnika
and Monarkh showed a TKW from 140.9 to 148.8 g,
early crops Pysanka and Sofia - 153.4-155.6 g, mid-
early crops Evridika and Sviatohor - 160.4-161.3 g, i.e.,
the difference between fast and mid-early crops was
12.5-19.5 g. The density of the coenosis also had a sub-
stantial impact on the TKW. In varieties of all ripeness
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groups, the maximum TKW was observed at a density
of 500 thous. plants/ha, with an increase in density to
900 thous. plants/ha, the trait under study tended to
decrease for all sowing periods.

One of the main tasks of the study was to determine
the level of influence of individual elements of soybean
plant productivity on the formation of real yield. There
is a positive correlation of moderate strength between
the TKW sign and yield (Fig. 1).




4.5

Ivaniv et al.

sowing on May 1
y =-0.003x2 + 0.9727x - 76.369, r=0.301

Grain yield, t/ha
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Thousand kernel weight, g

Figure 1. Correlation and regression models of the dependence of seed yield of soybean varieties and the TKW at
different sowing dates

Source: compiled by the authors

Between TKW and grain yield of soybean varieties for
the sowing period on April 15, the correlation coefficient
was 0.426, the optimum TKW was within 161-163 g; for
the sowing period of May 1, the correlation coefficient
was 0.301, the optimum TKW was within 163-167 g; for
the sowing period of May 15, the correlation coefficient
was 0.318, the optimum TKW was within 160-165 g.

The capacity and duration of dry matter accumu-
lation depend to an important extent on the genetic

characteristics of the variety, the intensity of plant
growth and the intensity of photosynthetic potential.
With the intensity of growth processes, the formation of
the assimilation surface of leaves accelerates, the pho-
tosynthetic activity of plants increases, and their real
yield increases. The conducted studies have indicated
that the formation of aboveground dry matter of mod-
ern soybean varieties largely depends on both the time
of sowing and the density of plants (Table 2).

Table 2. The mass of dry matter of soybean plants of different genotypes in the phase of bean ripening depending
on the elements of agrotechnology, t/ha (average for 2019-2021)

Sowing period for soybean

Plant density, thous. plants/ha (factor C) Ayerage by Average by

varieties (factor A) Soy variety (factor B) 500 700 900 factor A factor B
Monarkh 7.13 721 721 7.19
Arnika 6.05 6.10 6.17 6.11
Pysanka 6.52 6.56 6.62 6.57
April 15 6.58
Sofiia 6.77 6.48 6.35 6.53
Svyatohor 6.80 7.00 6.87 6.89
Evridika 6.22 6.13 6.20 6.18
Average by factor C 6.58 6.58 6.57
Monarkh 722 721 7.20 721
Arnika 6.34 6.11 6.09 6.18
Pysanka 6.60 6.30 6.42 6.44
May 01 6.86
Sofiia 6.57 6.48 7.02 6.69
Svyatohor 7.78 7.77 7.60 7.72
Evridika 6.96 6.83 6.98 6.92
Average by factor C 6.91 6.78 6.89

Scientific Horizons, 2023, Vol. 26, No. 6
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Table 2, Continued

Sowing period for soybean

Plant density, thous. plants/ha (factor C) Average by Average by

Soy variety (factor B)

varieties (factor A) 500 700 900 factor A factor B
Monarkh 7.07 707 711 7.08
Arnika 6.02 6.17 5.87 6.02
May 15 Pysanka 6.79 6.61 6.77 6.72
Sofiia 6.93 6.79 6.93 6.75 6.88
Svyatohor 7.49 7.20 7.27 7.32
Evridika 6.56 6.45 6.38 6.46
Average by factor C 6.81 6.72 6.72

LSD,., t/ha

052

Factor A - 0.20; factor B - 0.31; factor C- 0.16

Source: calculated by the authors

It was established that the dry matter mass of fast
crops Arnika and Monarkh reached their maximum
values when sowing on May 1 and a density of 500
thous. plants/ha, early crops Pysanka and Sofiia - on
May 15 at a density of 500 thous. plants/ha, mid-early

4.5

crops Evridika and Sviatohor - on May 1 at a density of
500 thous. plants/ha.

A positive correlation of moderate strength was ob-
served between the dry matter mass and the yield of
soybean grain (Fig. 2).

sowing on May 1

y=0.1185x2 - 0.8249x + 3.368

r=0.636
3.5
©
=
=
h-)
L e e
s _ e
5 e
2.5 sowing on May 15
y =0.093x2 - 0.6264x + 3.0815
r=0.691
2
6 6.2 6.4 6.6 6.8

sowing on April 15 \
y =-0.7598x2 + 10.504x - 33.075

r=0.449

7 7.2 74 7.6 7.8

Dry matter weight, t/ha

Figure 2. Correlation and regression models of the dependence of soybean seed yield
and dry matter biomass on different sowing dates

Source: compiled by the authors

During the sowing period of May 01 and May 15,
the correlation coefficients were of moderate strength.
During the sowing period of April 15, the relationship
was positive, but it had a clear curvature, which indi-
cates a certain limited seed yield by excessive biomass.

The productivity index determines the ratio of grain
mass to the total mass of the aerial part of the plant

and characterizes the targeted use of assimilation prod-
ucts for the formation of the grain part of the crop. The
indicator “yield index” of the soybean varieties under
study ranged from 0.39 to 0.55 on average. This indica-
tor of the yield index shows the physiological efficiency
of the plant and its ability to convert the resulting dry
matter into an economic crop (Table 3).

Table 3. The “yield index” indicator of soybean plants of different genotypes in the bulk phase depending on the
elements of agrotechnology (average for 2019-2021)

i i Plant density, thous. plants/ha (factor C
Sowmg.pe.rlod for soybean Soy variety (factor B) ty, P (f ) Average by factor Average by factor
varieties (factor A) 500 700 900 A B
April 15 Monarkh 0.40 0.42 0.43 0.46 0.42

Scientific Horizons, 2023, Vol. 26, No. 6
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Table 3, Continued

Sowing.pe.riod for soybean Soyvariety (factor B) Plant density, thous. plants/ha (factor C) Average by factor Average by factor
varieties (factor A) 500 700 900 A B
Arnika 0.39 0.40 0.42 0.40
Pysanka 0.42 0.43 0.45 0.43
April 15 Sofiia 0.43 0.46 0.48 0.46 0.46
Svyatohor 0.51 0.52 0.55 0.53
Evridika 0.50 0.53 0.54 0.52
Average by factor C 0.44 0.46 0.48
Monarkh 0.45 0.47 0.44 0.45
Arnika 0.44 0.46 0.43 0.44
May 01 Pysanka 0.48 0.47 0.45 0.48 0.47
Sofiia 0.49 0.48 0.44 0.47
Svyatohor 0.55 0.53 0.52 0.53
Evridika 0.54 0.53 0.51 0.53
Average by factor C 0.49 0.49 0.47
Monarkh 0.43 0.44 0.46 0.44
Arnika 0.41 0.42 0.45 0.43
Pysanka 0.42 0.46 0.43 0.44
May 15 0.46 -
Sofiia 0.43 0.47 0.44 0.45
Svyatohor 0.49 0.54 0.51 0.51
Evridika 0.50 0.53 0.52 0.52
Average by factor C 0.45 0.48 0.47

Source: calculated by the authors

To find a relationship between the productivity highest yield of soybeans was observed with a produc-
indicators of soybean plants, correlation coefficients tivity index of 0.49 to 0.53.There is a direct dependence
were calculated between the grain yield of soybean between these indicators of significant strength - the
varieties of different origins and the yield index. The correlation coefficient was 0.882-0.894 (Fig. 3).

4.5
sowing on May 15
y =54.765x2 - 42.393x + 10.929
4 r=0.882

3.5
(o]
K=
>
3 sowing on May 1
= 5 y =\8.1782x - 0.6865, r = 0.894

= sowing on Aprtil 15
= =-9.4011x2 + 15.215x - 1.9594 r = 0.882
25 =~

0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55
Yield index

Figure 3. Correlation and regression models of the dependence of grain yield of soybean varieties
and the yield index at different sowing dates
Source: compiled by the authors
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The grain yield of soybean varieties of different mat-
uration groups is the main indicator of the effectiveness
of the developed elements of cultivation technology. The

formation of grain yield of soybean varieties is substan-
tially influenced by the genotype of the variety, the sow-
ing period, and the density of plants (Table 4).

Table 4. Yield of soybean seeds depending on the technology elements, t/ha (average for 2019-2021)

Sowing period for

Plant density, thous. plants/ha (factor C)

I . Average by Average by
soybeantva:etles Soy variety (factor B) factor A factor B
(factor 4) 500 700 900
Monarkh 2.85 3.03 311 3.00
Arnika 2.36 2.44 2.59 2.46
Pysanka 2.74 2.82 2.98 2.85
April 15 3.03
Sofiia 291 2.98 3.05 2.98
Svyatohor 3.47 3.64 378 3.63
Evridika 3.11 3.25 3.35 3.24
Average by factor C 291 3.03 3.14
Monarkh 3.25 3.39 3.17 3.27
Arnika 2.69 281 2.62 271
Pysanka 3.17 2.96 2.79 2.97
May 01 3.30
Sofiia 3.22 311 3.02 3.12
Svyatohor 4.28 4.12 3.95 4.12
Evridika 3.76 3.62 3.46 3.61
Average by factor C 3.40 3.34 3.17 3.30
Monarkh 3.04 311 3.27 3.14
Arnika 2.37 2.59 2.64 2.53
Pysanka 2.75 3.04 291 2.90
May 15 311
Sofiia 2.88 3.19 3.05 3.04
Svyatohor 3.57 3.89 371 3.72
Evridika 3.18 342 3.32 3.31
Average by factor C 2,97 3.21 3.15
LSD,,, cm over the years of research Factor A- 0.11; factor B - 0.15; factor C- 0.12

Source: calculated by the authors using the program Agrostat

It was established that the highest grain yield
was formed in the mid-early crop variety Sviatohor
during the sowing period of May 01 and the density
of 700 thous. plants/ha - 4.28 t/ha. Fast crop varie-
ties Arnika and Monarkh gave the highest grain yield
at 2.59-3.11 t/ha with a sowing period of April 15 and
a sowing density of 900 thous. plants/ha. During the
sowing period on May 15, they also showed a maxi-
mum yield of 2.64-3.27 t/ha with a density of 900 thous.
plants/ha. The maximum yield at 2.81-3.39 t/ha was
obtained during the sowing period on May 01, the opti-
mal sowing density was 700 thous. plants/ha.

The increase in grain yield was substantially af-
fected by both the sowing period and the density of
plants.Theincrease in productivityatthe optimalsowing

Scientific Horizons, 2023, Vol. 26, No. 6

date of May 1 and a density of 700 thous. plants/ha and
in comparison with the minimum productivity shown
by Arnika and Monarkh varieties for sowing on May 15
and a density of 500 thous. plants/ha was 11.5-13.7%.

Sofiia and Pysanka varieties in the early crops group
showed an average soybean grain yield of 2.85-3.14 t/ha
over the years of research. The maximum yield of varieties
of this group was shown during the sowing period on May
1 and the plant density of 700 thous. plants/ha - 3.17-
3.22 t/ha. During the sowing period of April 15, the max-
imum vyield was observed with a density of 500 thous.
plants/ha - 2.98-3.05 t/ha, for sowing on May 15 and a
density of 700 thous. plants/ha - 3.04-3.19 t/ha.

The increase in yield for the sowing period of May
1 and the density of 700 thous. plants/ha compared to




the minimum vyield for the sowing period of April 15
and the density of 500 thous. plants/ha was 10.6-15.6%.
The maximum yield in the experiment was shown
by varieties of the mid-early Sviatohor and Evridika
groups sown on May 01 and a density of 500 thousand
plants/ha - 3.76-4.28 t/ha. Upon sowing on April 15, the
maximum yield was observed at a density of 900 thous.
plants/ha - 3,353.78 t/ha, upon sowing on May 15, the
maximum yield of these varieties was observed at a den-
sity of 700 thous. plants/ha - 3.42-3.89 t/ha.

The yield increment during the optimal sowing pe-
riod of May 1 and plant density of 500 thous. plants/ha
compared to the minimum yield during the sowing pe-
riod of April 15 and the density of 500 thous. plants/ha
was 17.1-19.8%.

For each group of maturation of soybean varieties,
the optimal sowing time and optimal plant density
were determined to obtain the maximum yield under
irrigation conditions. Fast varieties of crops showed
the maximum yield upon sowing on May 01 and with a
plant density of 700 thous. plants/ha, early and medi-
um-early varieties of crops sown on May 01 and with a
density of 500 thous. plants/ha.

Notably, the established patterns of influence of
the timing and density of coenosis on the yield of in-
novative soybean varieties under irrigation conditions
are not sufficient, and this issue requires further scien-
tific research. According to the results of the conducted
studies, a substantial increase in soybean grain yield
depends on the maturation group, sowing time, and
plant density. This is consistent with the data of other
researchers, namely, Ivaniv & Hanzha (2021) observed
that the maturity group of soybean varieties has the
greatest influence on the trait “TKW”, while the differ-
ence between fast and mid-early crops is 18-19 g. Plant
density and TKW had a substantial impact on soybean
yield under irrigation conditions. Rybalchenko (2018)
established the relationship between the TKW and soy-
bean yield at the genotypic level. The study conducted by
Naydenova & Georgieva (2019) on non-irrigated lands in
Bulgaria, on the contrary, shown that soybean genotypes
with a shorter growing season have a higher seed yield,
which may be explained by better seed filling.

In laboratory and field experiments to determine
the characteristics of seed germination and growth as
a function of temperature, moisture, and soil structure,
Lamichhane et al. (2020) observed that upon sowing in
mid-April, seedling death due to drought was higher,
compared to earlier sowing dates. This is also con-
firmed by our study, when we observed certain risks of
early sowing to unlock the productivity potential of va-
rieties. Grabovsky’s et al. (2023) showed that sowing in
unheated soil can affect a decrease in field germination
due to damage to seeds by fungal pathogens, which is
quite consistent with our study results. Early sowing
dates can also lead to changes in the habitus of soy-
bean plants. This is confirmed by Carciochi et al. (2019),

Ivaniv et al.

who found changes in morphological parameters, an
increase in the number of nodes and shorter inter-
nodes.Vozhehova et al. (2020) observed the effect of in-
creasing the thickening of crops from 600 to 800 thous.
plants/ha on improving the photosynthetic potential,
but already 900 thous. plants/ha led to a decrease in
this indicator. Our research has confirmed this, but only
in certain varieties. Thus, soybean varieties in the early
sowing period had a sufficiently high dry matter mass
at a density of 500 thous. plants/ha, but the yield was
considerably higher at a density of 900 thous. plants/ha,
which indicates excessive branching in the early peri-
ods and a decrease in the attraction of assimilation
products to reproductive organs from lateral branches.
This response to sowing dates and coenosis density is
specific for individual genotypes, which should be es-
tablished by field studies.

In the studies of Fellahi et al. (2020) superior breed-
ing lines showed higher yield compared to control vari-
eties due to TKW, biomass and yield index. Naydenova
& Georgieva (2019) claim that among the important
utilitarian characteristics of soybean varieties, the TKW
is the main one that determines the productivity of the
variety. This trait changes little under different growing
conditions and is caused by 75-80% by the genotype of
the variety and the cultivation technology, the size of
seeds indirectly determines the yield. Our experiments
partially confirm this, but the dependence of the yield
of soybean varieties on the TKW was not linear. For
each variety and sowing period, there is an optimum
seed size,and this indicator is mainly regulated by plant
density and varietal characteristics. In general, the pres-
ent study confirms the findings of previous studies by
Didora et al. (2022) regarding the need to improve va-
rietal technologies to reveal the genotypic potential of
soybean productivity.

Analysing the results obtained, it can be argued
that the authors do not have a common opinion on the
optimal timing of sowing and density of plants, so the
research conducted on Ukrainian modern varieties in
the conditions of the agroclimatic zone of the south of
Ukraine is relevant and quite suitable for further imple-
mentation in production.

CONCLUSIONS

Based on the results of studies of the influence of tech-
nology elements on the productivity of modern soy-
bean varieties of different maturation groups, it was
found that each group of soybean maturation varieties
under irrigation conditions has its own optimal sowing
time and optimal cenosis density to obtain the maxi-
mum vyield.

It was established that the dry matter mass de-
pends on the density of the coenosis and the timing of
sowing: fast crops Arnika and Monarkh reached their
maximum values when sowing on May 1 and a den-
sity of 500 thous. plants/ha, early crops Pysanka and
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Sofiia - on May 15 at a density of 500 thous. plants/ha,
mid-early crops Evridika and Sviatohor - on May 1 at a
density of 500 thous. plants/ha.

The maturity group of soybean varieties showed the
maximum influence on the “thousand kernel weight” trait,
and the mid-early crops Evridika and Sviatogor varieties
showed the maximum values of the indicator - 160.4-
161.3 g. In soybean varieties of all maturity groups, the
maximum TKW was observed at a density of 500 thous.

linear relationship was established between yield indi-
cators and the yield index (correlation coefficient was
0.882-0.894). In the experiment, the mid-early variety
Sviatohor showed the highest grain yield of 4.28 t/ha for
the sowing date of May 1 and a density of 700 thous.
plants/ha, which is related to the genotype of the variety
and optimized technology under irrigation conditions.
Therewith, additional studies are needed to deter-
mine the influence of sowing dates and plant density

plants/ha, with an increase in density to 900 thous.
plants/ha, the TKW decreased during all sowing periods.
Fast varieties of crops showed the maximum yield

on the quality indicators of soybean grain, especially on
protein content.

upon sowing on May 01 and with a plant density of 700 ACKNOWLEDGEMENTS
thous. plants/ha, early and medium-early varieties of None
crops - sown on May 01 and with a density of 500 thous.
plants/ha. The maximum yield of soybean crops was ob- CONFLICT OF INTEREST
served with a yield index of 0.49 to 0.53. A significant  None
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AHortauis. Baxxnusoto nepesaroto coi (Glycine max (L.) Merr.) Hag iHWKWMKM KynbTypaMu € BMCOKMIA BMICT Binka Ta
30a1aHCOBaHICTb aMiHOKMCIOTHOIO CKIAAY, Y 3B513KY 3 YMM aKTyaNbHOCTi HAbyBa€e CTBOPEHHS LWUMPOKOro Habopy CopTiB,
BMPOLLYBaHHSA SKMX 3Morno 6 3abesneuntu notpebu nepepobHMX BUPOOHMLTB, @ TaKOX poO3pobKa ONTUMaNbHUX
COPTOBMX TEXHOMOTIN BUPOLLYBAHHS, WO A03BONSAOTb PO3KPUTU FEHOTUMOBMI NOTEHLian NpoAYKTUBHOCTI. MeToto
[OCNimKEHHS 6yno oBrpyHTYBaHHS 0Co6iMBOCTEN (DOPMYBAHHS MPOAYKTMBHOCTI Cy4aCHUX COPTIB COi 3aleXHO
BiJ, €eneMeHTIB TeXHONOriT BMPOLLYBAHHS B YMOBAaX 3polleHHs. MeToau AO0CNiAKeHHS: Nonbosi, MOphOMETpUYHI,
nabopaTopHi, CTaTUCTUYHI (KopensuiiHo-perpeciiHMii aHanis). MonboBi AoCniakeHHs npoBeneHo npotsarom 2019-
2021 pp. B arpoekonoriyHii 30Hi [iBgeHHoro Creny B Mexax Aii KaxoBcbkoi 3poLyBanbHOi cuctemu. BctaHoBneHo
0COB/IMBOCTI POCTY | PO3BMTKY COPTiB COi Pi3HMX FPyn CTUIIOCTI: CKOPOCTUINUX — MoHapXx, ApHiKa, paHHbOCTUIIUX —
MNucanka, Codis, cepeaHbopanHix — Ceatorop, EBpifika. YpoxalHicTb COpTiB COi 3MiHIOBANacs 3anexHo Bifg CTPOKIB
ciBbu, ryctoTM poC/MH Ta COPTOBMX 0COBNMBOCTEN. MakcMManbHa MPOAYKTUBHICTb POCAMH CKOPOCTUINX COPTIB
ApHika Ta MoHapx Ha piBHi 2,81-3,39 1/ra cdopmyBanach 3a cTpoky ciBbu 01 TpaBHS M ONTMMaNbHOI LWiNbHOCTI
nocisy 700 Tuc. pocnun/ra. B panHbocturniit rpyni coptu Codis i MrucaHka MakcMManbHy ypoxkanHicTb 3,17-3,22 1/ra
nokasanu 3a cTpoky ciBbu 01 TpaBHa Ta ryctotn pocivH 700 Tuc. pocamH/ra. MakcMManbHy ypoXaniHicTb 3,76-
4,28 1/ra copTn cepefHbOopaHHbOI rpynu CesaTorop, EBpifika ganu 3a cis6u 01 TpasHa Ta ryctotv 500 TMC. pocnmH/ra.
[nga oTpMMaHHA MaKCMManbHOrO BPOXAld 3epHa COi B YMOBAX 3POLUEHHS ANS KOXHOI rpynu CTUIAOCTI COpTiB
iCHYE ONTUMANbHWUIA CTPOK CiBOM M ONTUMaNbHA LLINbHICTb LLEHO3Y: CKOPOCTUII COPTU MaKCUMalbHY YPOXaMHICTb
nokasanu 3a cTpoky ciedu 01 TpaeHs Ta ryctoty 700 TUC. poCiMH/ra, paHHbOCTUII Ta CepeAHbOPaHHI COpTM — 3a
ciBbm 01 TpaBHs Ta ryctoti pocimH 500 Tuc. pocauH/ra. Pesynbtati OOCNiIOXEHHS MOXYTb 6YTM BMKOPWUCTaHI Yy
BMPOOHUUYMX YMOBAX AN KOPUTYBAHHS €/1EMEHTIB arpoTeXHiKM HACiHHMLTBA COi M1 OTPUMAHHS BUCOKMX BPOXAiB 3
BMCOKMM piBHEM peHTabenbHOCTi

KntouoBi cnoBa: cTpok CiB6U; rycToTa poOC/IUH; YPOXKaMHICTb; Maca cyxoi pevoBuHu; maca 1000 HaciHMH
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