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ABSTRACT

For the successful development of the agricultural sector, one of the main tasks during the cultivation of agricul-
tural crops is the rational use of land resources and obtaining the highest possible quality of products with low
labor costs. The practical value of the scientific article lies in the improvement of the elements of the technology
of growing soybean varieties that differ in groups of maturity. The development of ecological and economic tech-
nological parameters made it possible to ensure the seed yield, depending on the maturity groups of high-tech
varieties, up to 2.91 t/ha with high production profitability. The object of researchinvolved the processes of growth,
development and formation of the soybean seed crop, as well as its quality depending on the developed techno-
logical parameters. The subject of research comprised soybean varieties, pre-sowing treatment of seeds with a
bacterial preparation and a growth regulator. It was determined that soybean belongs to the high-protein strategic
agricultural crop of Ukraine and the world. Providing the population with protein food is a global problem, because
the increase in population significantly exceeds the production of protein products. Soy, which is characterized by
a rare chemical composition, plays an important role in solving this problem — its seeds contain 38—42% protein,
18-32% fat, 25-30% carbohydrates, enzymes, vitamins, minerals, many essential amino acids with a significant
degree of solubility and nutrition. This feature has a positive effect on the environment and allows obtaining eco-
logically clean products. The cultivation of soybeans is of great agrotechnical importance, as it is a good precursor
for the cultivation of the vast majority of agricultural crops. However, the determining factor for obtaining a high
yield of soybeans is the variety. On the basis of the research results, their economic analysis and with the aim of
growing high soybean yields at the level of 2.91 t/ha, the agro-forming of the right-bank forest-steppe of Ukraine
recommended sowing the intensive soybean variety Sandra — carrying out pre-sowing treatment of soybean seeds
with the bacterial preparation Rizotorphin in combination with the growth regulator Vermyst. Therefore, the scien-
tific work is devoted to researching the yield and nutritional value of soybeans of different varieties depending on
the inoculation of seeds with bacterial preparations and treatment with growth regulators, which is relevant as well
as of scientific and practical interest in the field of ecologically oriented growing technologies.

Keywords: soybean, variety, seed inoculation, growth regulators, environmentalization of agriculture, economic
efficiency.

INTRODUCTION

The demand for soybeans as a high-protein
oilseed crop has been increasing over the years,
as the spectrum of its use has been expanding
over the years (Petrychenko et al., 2018). Among
legumes and oilseeds, it is one of the highly pro-
ductive crops and, at the same time, one of the
most demanding growing conditions. Therefore,
when introducing new varieties into production,
it is important to develop varietal agricultural
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technology that would ensure highly profitable
production of products (Pantsyreva et al., 2020;
Bakhmat et al., 2023). The development of a
complex of agronomic measures that ensure a
high yield of agricultural crops must be evaluated
according to economic indicators. It is insufficient
to judge the effectiveness of any of the elements
of a complex of agricultural measures only by the
level of productivity, since the costs of obtaining
it should also be taken into account. That is, it
is necessary to improve agrotechnical elements,
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but also determine the payback of these measures
and their economic efficiency for crop cultiva-
tion (Hnatiuk et al., 2019; Honcharuk et al., 2022;
Pryshliak et al., 2022).

The problem of biological nitrogen was and
remains relevant in agriculture. Its role is espe-
cially important under the conditions of deterio-
rating ecological situation and insufficient supply
of agriculture with nitrogen fertilizers. The eco-
logical expediency of using the process of bio-
logical nitrogen fixation for economic purposes is
one of the main directions of modern agriculture
today. This approach finds its technological appli-
cation in the cultivation of grain and leguminous
crops, including soybeans (Mazur et al., 2021;
Pantsyreva, 2019; Choudhury et al., 2015).

Therefore, soybean forms an increased yield
mainly due to symbiotic nitrogen at the early for-
mation of nodules and highly effective symbio-
sis. The amount of nitrogen, which is necessary
for maintaining the growth and development of
plants before being included in the process of ni-
trogen fixation, is small and can be provided by
its soil reserves. The role of starting doses of ni-
trogen fertilizers, especially on poor soils, to pro-
tect plants against a possible lack of nitrogen in
the event of a delay in the appearance of nodules,
their slow development under adverse condi-
tions, is not excluded (Monarkh and Pantsyreva,
2019). Considering that the presence of nitrogen
in the ammonia form in plants is related to ni-
trogen fixation and nitrogen consumption from
the soil, whereas the content of nitrate nitrogen
is exclusively from mineral nutrition, a decrease
in the ratio of ammonia nitrogen to nitrate indi-
cates a decrease in the share of symbiotic nitro-
gen in soybean nutrition when nitrogen fertiliz-
ers are applied (Mazur et al., 2020; Choudhury
et al., 2021).

MATERIAL AND METHODS

The research on the effect of pre-sowing seed
treatment on the productivity of soybean variet-
ies was conducted during 2021-2023 in the field
experiment of the Vinnytsia National Agrarian
University. The sown area of the plot was 25 m?,
and the accounting area was 20 m?, the experi-
ment was repeated four times. Two varieties of
different maturity groups were chosen for the re-
search: precocious Legenda, precocious Sandra.
Soybean sowing rate was 650.000 similar seeds/

ha. The experiment studied the effectiveness of
the inoculant and growth regulator against the
background of mineral fertilizer N30P60K60.
The method of sowing is wide-row (45 cm), the
depth of sowing seeds is 3—4 cm. The control
option was the treatment of seeds with water at
the rate of 8 1/t of seeds against the background
of mineral fertilizer N, P K . Mineral fertiliz-
ers were used in the form of ammonium nitrate
(34.4%), granular superphosphate (19.8% P,0)
and kalimagnesia (28.0% K,O) for pre-sowing
cultivation. Inoculation of soybean seeds with
a bacterial preparation based on a highly ac-
tive strain of symbiotic nitrogen-fixing bacteria
Bradyrhizobium japonicum with the preparation
Rizotorfin (3 kg/t of seeds) was carried out on the
day of sowing, according to the “Recommenda-
tions for the effective use of biological prepara-
tions of nitrogen-fixing and phosphorus-mobi-
lizing bacteria in modern resource conservation
of agriculture”. The predecessor is winter wheat.
The right-bank forest-steppe zone of Ukraine is
located in the continental region of the climate
zone of moderate latitudes and is characterized
by a moderately continental climate with mild
winters with little snow and hot, dry summers.
The average temperature in January changes from
the southwest to the northeast from —2 to —9°C;
July — from +20 to +24°C. The annual amount of
precipitation in some years decreases from 550 to
500 mm. The annual intake of total radiation is
115-116 kcal/cm?, of which 94-95 kcal/cm? is re-
ceived during the growing season. The arrival of
photosynthetic active radiation during the vegeta-
tion period is equal to 45-50 kcal/cm?. The plants
growing on these soils receive a high amount for
consumption of mobile phosphorus 214 mg/kg
and exchangeable potassium 104 mg/kg (accord-
ing to Chirikov). However, it was established
that the content of easily hydrolyzed nitrogen is
very low and amounts to 43.5 mg/kg (according
to Kornfield) (Puyu et al., 2021; Ivanyshyn et al.,
2021; Ivanov et al., 2019; Bulgakov et al., 2023;
Kaletnik and Lutkovska, 2020).

RESULTS AND DISCUSSION

The increase in the area under soybean crops
and the use of modern technology does not solve
the current problems, because today the main
task is to increase the yield of soybean grain by
introducing modern elements of agricultural
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technology (Honcharuk, 2020). Currently, many
research institutions and agrarian universities of
Ukraine are engaged in selection and research of
elements of soybean cultivation technologies, in-
cluding the Vinnytsia National Agrarian Univer-
sity. Soy is a valuable fodder crop. It can be fed to
animals in the form of cake, soybean meal, grist,
milk, protein concentrates, green fodder, hay, si-
lage, straw. Cake can be used as a universal pro-
tein concentrate feed. It contains 1.26 feed units,
354 g of digestible protein, 28 g of lysine in 1 kg.

Through the conducted research, it was estab-
lished that under the conditions of the right-bank
forest-steppe, the duration of the growing season
and individual phenological phases of growth and
development of soybean plants was largely deter-
mined by the hydrothermal conditions of the year,
varietal characteristics, and the effect of techno-
logical factors. In general, the vegetation period
of the studied soybean varieties under the influ-
ence of fertilization, seed inoculation and weather
conditions varied within 91-119 days, and the
Legend variety ripened earlier than the Sandra
variety (Table 1).

It was established that seed treatment con-
tributed to the extension of the growing season of
soybeans by 1-4 days, which ensured the accu-
mulation of a larger amount of plastic substances
and their better outflow into the reproductive or-
gans and the formation of a high yield of soybean
grains. It was the creation of an optimal nutrition-
al regime in soybean crops of different maturity
groups through pre-sowing treatment of seeds,
application of mineral fertilizers in the norm of
N, P, K,, that contributed to more intensive de-
velopment and slowing down of aging processes.
The maximum height of the plants was recorded

in the option of applying mineral fertilizer at the
rate of N, P, K, and pre-sowing seed treatment
with Rizotorfin and Vermistim, as a result of
which it was greater than the height of the plants
of the control option by 30.2 cm and 28.6 cm, re-
spectively. Plants of the Sandra variety reached
86.5 cm, of the Legend variety —70.1 cm. Soy-
bean varieties on the control variant had the low-
est plant growth indicators. The lowest indicators
on average were: Sandra variety 56.3 cm, Legend
variety — 41.5 cm. The use of seed inoculation
and growth regulator significantly increased this
indicator in all variants throughout the growing
season in both investigated soybean varieties, ex-
cept for the initial period of development.

According to the research results, it was found
that the more intensive growth of the leaf appara-
tus was observed in the phase of pouring beans.
The highest indicators of the leaf surface area in
the bean filling phase were recorded for the pre-
sowing seed treatment of the bacterial preparation
Rizotorfin and Vermystim, the area was 70.1 in
the Sandira variety and 65.3 thousand m?/ha. Un-
der the control variant, the leaf surface area was
45.3 thousand m*/ha (Table 2).

The maximum photosynthetic potential for
the entire growing season, at the level of 2.86 mil-
lion m? days/ha, was formed by sowing Sandra
soybeans in the experimental variant with the ap-
plication of N, P K fertilizer and seed inocula-
tion with Rhizorthorphin in combination with the
plant growth regulator Vermystym (Table 3).

When evaluating the effectiveness of tech-
nological methods of growing soybeans, an im-
portant criterion is the grain yield and its protein
content. The highest yield of soybeans, depend-
ing on the pre-sowing seed treatment, was 2.91

Table 1. The duration of the main phases of growth and development of soybean plants

The main periods of growth and development
Pre-sowing treatment of seeds fSowing = | Full emergence is Begir_lning of The_enq of Full growth
ull ladder | the beginning of | flowering—the | flowering is full means full
flowering end of flowering ripeness maturity
Sandra
1. No treatment control* 12 35 36 44 117
2. Risothorphine 12 35 37 45 118
3. Vermystym 11 35 37 45 118
4. Risothorphine + Vermystym 11 34 38 46 119
Legend
1. No treatment 11 30 25 37 91
2. Risothorphine 11 30 25 38 92
3. Vermystym 10 30 26 38 92
4. Risothorphine + Vermystym 10 29 26 39 93
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Table 2. Soybean leaf surface area, thousand m*ha

. Phases of growth and development
Pre-sowing treatment of seeds - - -
budding flowering pouring beans

Legend

1. No treatment control* 14.7 29.9 45.3

2. Risothorphine 16.1 43.3 60.4

3. Vermystym 17.8 45.4 65.6

4. Risothorphine + Vermystym 21.9 49.5 70.1
Sandra

1. No treatment 12.8 27.8 43.1

2. Risothorphine 15.2 33.9 54.5

3. Vermystym 16.7 36.7 59.9

4. Risothorphine + Vermystym 19.7 40.3 65.3

Table 3. Dynamics of formation of photosynthetic potential in soybean varieties, thousand m? days/ha

. Variety
Pre-sowing treatment of seeds
Sandra Legend
1. No treatment control* 2.40 2.14
2. Risothorphine 2.61 2.24
3. Vermystym 2.80 2.39
4. Risothorphine + Vermystym 2.86 2.45

t/ha in the middle-early soybean variety Sandra,
and 2.51 t/ha in the early-maturing soybean vari-
ety Legend (Table 4).

When analyzing the yield of soybeans on
the variants of the experiment with the com-
bined application of the factors that were set to
study the yield of inoculated plants on the vari-
ant without fertilizers, it is necessary to note the
increase in grain yield when inoculating seeds
with the strain Br.japonicum 71T with the drug
Rizotorphin — 0.17 and 0.18 t/ha. Therefore, on
average, over two years of research, the high-
est productivity indicators — 2.91 t/ha — were
obtained by the Sandra variety, while the Leg-
end variety achieved 2.51 t/ha. According to the
results of dispersion analysis, it was found that
pre-sowing seed treatment had a significant in-
fluence on the formation of high-yielding soy-
bean crops — 56%, about 34% was allocated to
varieties, and other factors took up to 10%.

The high content of protein and its extremely
valuable balance in terms of amino acid compo-
sition make soy an excellent substitute for ani-
mal products in human nutrition (Mazur et al.,
2019; Gundersen et al., 1994; Brzozowska et al.,
2018). Sauces, milk, cheese, cutlets, egg pow-
der substitutes, confectionery, sausages, canned
food, etc. are made from soy. When consuming
soy products, one should listen very carefully
own body, because the specifics of assimilation
of this food depend both on individual properties
and on the production technology (Mazur, 2018;
Didur et al., 2019).

As a result of the investigated technologi-
cal aspects of soybean cultivation, photosyn-
thesis occurs more intensively in the leaves and
the prerequisites for biological nitrogen fixation
by nodule bacteria are created, which in turn is
the foundation for the synthesis of protein, fat,
enzymes, amino acids, vitamins, carbohydrates

Table 4. Soybean seed yield depending on pre-sowing seed treatment, t/ha

. Variety
Pre-sowing treatment of seeds
Sandra Legend
1. No treatment control* 2.45 2.19
2. Risothorphine 2.67 2.29
3. Vermystym 2.85 2.44
4. Risothorphine + Vermystym 2.91 2.51

LSD 0.05 t/ha; 2021-2023 A—0.03; B — 0.12; C — 0.02; AB — 0.09; AC — 0.08; VS — 0.09; ABC — 0.03. Grade — A; Pre-sowing
treatment of seeds — B; Years of research — C.
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Table 5. Chemical composition of soybean seeds depending on pre-sowing seed treatment, %

Variety
. Sandra Legend
Pre-sowing treatment of seeds - -
Content in seeds, % Content in seeds, %
protein fat protein fat
1. No treatment control* 33.01 21.02 32.91 21.00
2. Risothorphine 33.29 21.21 33.24 21.16
3. Vermystym 33.42 21.34 33.40 21.29
4. Risothorphine + Vermystym 33.89 21.44 33.78 21.39

LSD 0.05 t/ha; 2021-2023 A—0.03; B - 0.12; C — 0.02; AB — 0.09; AC — 0.08; BC — 0.09; ABC — 0.03. Grade — A; Pre-sowing
treatment of seeds — B; Years of research — C.

and other compounds. The chemical composition
of soybean seeds, depending on the pre-sowing
treatment of the seeds, is shown in Table 5.

It was found that the field studies confirmed
the positive effect on the chemical composition
of soybean seeds of the use of pre-sowing seed
treatment with bacterial preparations and plant
growth regulators. Depending on these factors,
the protein content in the seeds varied from 32.91
to 33.89%, the fat content from 21.00 to 21.39%.

CONCLUSIONS

Studying the effect of pre-sowing seed treat-
ment on soybean productivity allows drawing
the following conclusions: the duration of the
growing season was significantly influenced by
weather conditions during the growing season of
plants. The longest growing season of plants in
all research variants was noted in 2023 and was
118-120 days in the Sandra variety, 92-94 days in
the Lekenda variety. In 2022, under the influence
of prolonged droughts, the growing season of
plants was significantly shortened. The maximum
height of the plants was recorded in the option
of using mineral fertilizer in the norm N, P, K,
and pre-sowing treatment of seeds with Rizo-
torfin and Vermistim, as a result of which it was
greater than the height of the plants of the control
option by 30.2 cm and 28.6 cm. Plants of the San-
dra variety reached 86.5 cm, while those of the
Legend variety — 70.1 cm. The highest values of
the leaf surface area in the bean filling phase were
recorded with the use of the bacterial drug Rizo-
torfin and Vermystim in the pre-sowing treatment
of seeds, the area was 70.1 cm in the Sandira vari-
ety and — 65.3 thousand m? /ha. Under the control
variant, the leaf surface area was 45.3 thousand
m%*ha. The maximum photosynthetic potential
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for the entire growing season, at the level of
2.86 million m? days/ha, was formed by the sow-
ing of Sandira soybeans on the experimental
variant with the application of N, P K fertil-
izer and seed inoculation with Rhizorthorphin
in combination with the plant growth regula-
tor Vermyst. The high photosynthetic potential
of plants on the specified variant, compared to
non-inoculated plants on a non-fertilized back-
ground (control) — 2.40 million m? days/ha. The
highest yield of soybeans, depending on the
pre-sowing seed treatment, was 2.91 t/ha in the
medium-early soybean variety Sandra, and 2.51
t/ha in the early-maturing soybean variety Leg-
end. It was found that the field studies confirmed
the positive effect on the chemical composition
of soybean seeds of the use of pre-sowing seed
treatment with bacterial preparations and plant
growth regulators. Depending on these factors,
the protein content in the seeds varied from 32.91
to 33.89%, fat — from 21.00 to 21.39%.
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