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was conducted under the environmental conditions of Kyiv, Poltava, and Vinnytsia regions from 2010 to 2021.
Cultivation practices for the soybean varieties adhered to standard regional agronomic guidelines. The findings
detail the effects of seed inoculation on the dynamics of formation and productivity of soybean-rhizobial symbiosis
in soils with existing native rhizobial populations. The nitrogen-fixing potential of soybean varieties under
inoculation was identified, showing that inoculation enhances the efficiency of the soybean symbiotic system. It has
been demonstrated that, across varied environmental conditions, seed inoculation with Bradyrhizobium japonicum
enhances the formation and functioning of the soybean symbiotic apparatus, even in soils with existing native
populations of nodule bacteria. The efficacy of seed inoculation is influenced by the hydrothermal conditions of
the year, environmental factors, and soybean variety. Seed inoculation contributes to the development of a greater
mass of active nodules on plant roots, positively impacting nitrogen fixation. The highest nitrogen fixation levels
were observed in the soybean varieties Ametyst, Artemida, and Hoverla across different environmental conditions.
Seed inoculation increased the amount of biologically fixed nitrogen in these varieties by 33.9-36.1 kg/ha.
Varieties Ametyst, Artemida, and Hoverla showed a particularly strong response to inoculation with nitrogen-
fixing bacteria and are recommended for cultivation in diverse environmental conditions. Innovative approaches
to enhancing the efficiency of the soybean legume-rhizobia symbiosis through the use of biological inoculants
based on nitrogen-fixing bacteria will enable the development of biologically-oriented cultivation technologies,
promoting the resilience of agroecosystems

Keywords: nodule number and mass; nitrogen fixation; symbiotic potential; inoculation; hydrothermal coefficient;

rhizobia; biologically fixed nitrogen

INTRODUCTION

Nitrogen is an essential plant nutrient, vital for biomass
accumulation, phytohormonal regulation, and enzyme
function. Nitrogen fixation, the process of converting
atmospheric nitrogen into a plant-available form, plays
a crucial role in maintaining soil fertility. The efficiency
of nitrogen fixation is influenced by various factors, in-
cluding the number and development of root nodules,
the species of nitrogen-fixing microorganisms, the host
plant, and environmental conditions. Soybean (Glycine
hispida Maxim.) is a strategic crop for implementing
the Green Deal in agriculture due to its unique abili-
ty to combine two essential processes: photosynthesis
and biological nitrogen fixation. Therefore, investigat-
ing the efficiency of the legume-rhizobia symbiosis in
soybeans, as influenced by varietal characteristics and
environmental growing conditions, is highly relevant.

E.Kebede (2021) and S. Langyan et al. (2022) noted
that the challenges of plant protein supply and soil fer-
tility preservation can be addressed by cultivating opti-
mal areas of legume crops. However, this is contingent
upon ensuring effective symbiosis between legumesand
rhizobia. Through the fixation of atmospheric nitrogen
by symbiotic systems of legumes and rhizobia, as well
as associative and free-living nitrogen-fixing microbes,
approximately the same amount of biological nitrogen
is annually contributed to the arable layer of the soil
as is introduced through mineral nitrogen fertilisers.

Host plants are colonised by various rhizobia spe-
cies differing in their virulence. Indigenous rhizobial
populations in the arable layer are more mobile and vir-
ulent. However, nitrogen fixation in such legqume-rhizo-
bia symbioses is often inefficient, which is linked to the
sensitivity of rhizobia to moisture conditions. According
to A. Soumare et al. (2020), understanding the diversity

of nitrogen-fixing microorganisms, their fixation mech-
anisms, and developing innovative biofertilizers based
on this knowledge is an alternative approach to ad-
dress this issue and optimise nitrogen fixation. Meas-
ures such as seed inoculation with biofertilizers before
sowing, selecting drought-tolerant cultivars, and ad-
justing sowing dates can help maximise the potential
of the legume-rhizobia symbiosis in soybeans. Optimis-
ing symbiotic nitrogen fixation is becoming increasing-
ly important as it is an environmentally friendly and
cost-effective method for maintaining soil fertility and
increasing crop productivity (Abd-Alla et al.,, 2023).

Soybeans consume more nutrients to produce a
crop compared to other legumes. This legume crop
absorbs mineral nutrients unevenly throughout its
growth and development stages and has the ability to
assimilate nitrogen from the air through symbiosis with
rhizobia. Additionally, soybeans can utilise phosphorus
and potassium from soil-bound, insoluble compounds
and reallocate these reserves from stems to seeds. Ac-
cording to studies by S. Kots (2021) and O. Mazur et
al. (2024), the absence of beneficial, specific microflora
in the root zone of crops encourages colonisation by
other, atypical microorganisms, including phytopatho-
gens. Given this, the ecological and economic viability
of inoculating soybeans and other crops is undeniable
(Panchyshyn et al., 2023).

Inoculation is particularly effective in soils not al-
ready populated by active soybean strains of Rhizobium
japonicum. On fields where soybean has been cultivated
long-term, an indigenous population of nodule bacte-
ria develops that can spontaneously infect the roots of
young plants; however, these bacteria are often low in
activity and efficiency and may inhibit the effectiveness
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of productive strains. As a result, the use of bacterial
inoculants may be ineffective in such cases. Bioinocu-
lants are formulated with specific nodule bacteria for
each type of legume crop. When an unsuitable strain is
applied, it has no effect, as it cannot form nodules on
a non-responsive legume plant. Research by M. Mendo-
za-Suarez et al. (2024) has shown that only competitive,
specific strains of nodule bacteria should be used for
soybean seed inoculation.

Given the interest in and promotion of technologies
aimed at increasing nitrogen availability and legume
crop productivity, seed inoculation with nitrogen-fixing
bacteria is an effective tool for reducing the environ-
mental impact of mineral fertilisers and enhancing plant
nutrition (Sousa et al.,, 2022). Using effective rhizobial
strains with compatible legume varieties can decrease
not only the need for nitrogen fertilisers but also the
greenhouse gas emissions associated with their pro-
duction and use. A better understanding of symbiotic
relationships will contribute to the development of sus-
tainable agriculture and the preservation of biodiversity.

The symbiotic relationship between legumes and
rhizobia is one of the most studied models of nitrogen
fixation, demonstrating a complex interaction between
plants and microorganisms. Most research, includ-
ing work by S. McCormick (2018) and J. Hawkins and
I. Oresnik (2021), has focused on the mechanisms of
nitrogen fixation, which provide benefits to both part-
ners in the symbiosis through nitrogen and carbon ex-
change. The authors noted that the symbiosis between
legumes and rhizobial bacteria is based on a complex
sequence of morphophysiological changes in part-
ner cells. Rhizobia interacting with plants experience

1.80

various stress factors such as decreased pH, osmotic pres-
sure, oxidative stress, and plant antimicrobial peptides.
For the symbiotic process to proceed effectively, protec-
tion against oxidative stress is required at all stages of
legume-rhizobia symbiosis formation (Mamenko, 2021).

However, limited attention has been paid to re-
search on the impact of environmental conditions on
the functioning of legume-rhizobia symbiosis and how
stress tolerance affects the interaction between leg-
umes and bacteria. Such research, combined with the
establishment of parameters for symbiotic apparatus
formation in soybeans, will help in the search for ef-
fective symbiotic systems that ensure maximum reali-
sation of symbiotic potential and high tolerance to ad-
verse growing conditions. This suggests that research
to improve the productivity of nitrogen-fixing symbiotic
systems, their adaptability to environmental conditions
(including stress), and understanding the mechanisms
of interaction between soybean plants and microorgan-
isms under changing climate conditions is relevant and
promising. This study aimed to determine the influence
of seed inoculation, hydrothermal and edaphic condi-
tions, and varietal characteristics of soybean varieties
on the formation of biologically fixed nitrogen.

MATERIALS AND METHODS

The research was conducted under various soil and cli-
matic conditions in Ukraine, specifically in Kyiv, Poltava,
and Vinnytsia regions. In the Vinnytsia Region, the soils
were represented by grey forest soils, in the Poltava Re-
gion by chernozems podzolized, and in the Kyiv Region
by chernozems typical during the period 2010-2021,
which differed in their hydrothermal conditions (Fig. 1).
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Figure 1. Hydrothermal coefficients during the growing season (BBCH 10-99, May-September, 2010-2021)

Source: developed by the authors

The research material consisted of soybean culti-
vars bred by the Krasnohrad Research Station of the
Institute of Grain Management of the National Acade-
my of Agrarian Sciences of Ukraine, specifically Ametyst
(early-maturing); the Prykarpattia State Agricultural Re-
search Station of the Institute of Agriculture of the Car-
pathian Region of the National Academy of Agricultural
Sciences of Ukraine and the Institute of Feed and Ag-
riculture of Podillia of the National Academy of Agrar-
ian Sciences of Ukraine, Hoverla (early-maturing); the
Krasnohrad Research Station of the Institute of Grain
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Management of the National Academy of Agrarian
Sciences of Ukraine and the Institute of Feed and Ag-
riculture of Podillia of the National Academy of Agrar-
ian Sciences of Ukraine, Artemida (mid-early); the
Institute of Agriculture of the Ukrainian Academy of
Agrarian Sciences and the Institute of Feed and Agri-
culture of Podillia of the National Academy of Agrarian
Sciences of Ukraine, Femida (mid-season), and Zolotys-
ta (mid-early), Oriana (mid-early); and the Institute of
Feed and Agriculture of Podillia of the National Acad-
emy of Agrarian Sciences of Ukraine, Vezha (mid-early).




Seed inoculation was performed one day before sowing
using the biopreparation Optimize 200 (2.8 L/t) based
on strains of Bradyrhizobium japonicum. The titre of the
preparation was 2x10° CFU bacteria/g.

The study was conducted under conditions of a
dense soybean rhizobia population, which was estab-
lished in previous years by cultivating soybeans inoc-
ulated with various strains of rhizobia and bacterial
preparations. To determine the presence of nodules
on plant roots at different growth and development
stages, soil monoliths with a diameter of 50 cm and a
depth of 0-20 cm were sampled. Soybean roots were
washed under water on sieves with 1 mm mesh open-
ings. The remaining clay particles were removed with a
soft brush under running water over the sieve. After the
entire root was completely cleared of soil, the nodules
were dried with filter paper, separated from the root,
weighed, and the number of nodules with and without
leghaemoglobin was determined. The active symbiotic
potential (ASP) was calculated using formula 1:

_ MyEM,
T 2xT

ASP : 1)
where ASP is the active symbiotic potential, thousand
kg days/ha; M,, M, is the average mass of nodules with
leghaemoglobin over a period of time, kg/ha; T is the
period between two successive determinations, days.
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The amount of biologically fixed nitrogen was de-
termined as the product of the active symbiotic po-
tential and the specific activity of the symbiosis. The
assessment of the symbiotic apparatus was carried
out according to well-known methods. Mathematical
processing of the research results was performed us-
ing dispersion and correlation-regression analysis on a
personal computer using specialised application pack-
ages such as MS Excel. Experimental studies of plants
(both cultivated and wild), including the collection of
plant material, complied with institutional, national,
or international guidelines. The authors adhered to
the standards of the Convention on Biological Diver-
sity (1992) and the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (1979).

RESULTS

Nodules became visible on soybean roots 7-10 days after
emergence, that is, during the formation of the first tri-
foliate leaf. Approximately 15-25 days after their forma-
tion, the nitrogen fixation process began and continued
until plant senescence. In the early stages of soybean
development, nitrogen fixation was weak, but its activi-
ty increased sharply later, reaching its maximum during
flowering and pod filling. After that, it decreased as ma-
turity approached. The lowest number of active nodules
was observed at the BBCH microstage 51-59 (Table 1).

Table 1. Number of active nodules (number/plant) on soybean roots depending on the variety,
seed inoculation, and environmental conditions at the BBCH microstage 51-59

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region

Ametyst w/i 7.7 10.1 7.0 9.7 104 3.4 6.3 5.6 8.1 79 7.6 9.4
i 12.7 15.3 12.6 15.1 16.0 7.8 11.7 10.2 13.8 12.6 12.7 14.6
Hoverla w/i 9.0 10.8 8.0 9.9 11.2 4.0 77 6.1 9.0 8.2 79 9.7
i 151 16.1 131 15.6 17.5 8.8 12.8 10.9 14.2 13.3 13.1 15.0
Artemida w/i 8.3 10.6 8.2 10.5 10.5 3.7 6.6 5.5 8.6 8.1 79 9.8
i 13.2 15.9 129 154 16.9 8.1 12.3 10.5 14.0 129 12.9 14.8
Femida w/i 8.2 10.5 71 9.9 10.9 34 6.4 5.4 7.8 7.7 7.6 9.3
i 12.2 14.8 12.1 14.6 15.8 7.2 10.8 9.5 12.9 12.2 12.1 14.2
Zolotysta w/i 9.9 10.5 7.0 9.7 10.4 3.1 6.1 5.3 7.8 7.8 73 9.2
i 12.1 14.4 11.7 14.4 15.3 6.9 10.5 9.4 12.6 121 11.8 139
Vezha w/i 7.7 10.6 7.3 10.1 10.8 3.5 6.4 5.6 8.0 7.8 74 9.4
i 12.4 15.1 123 14.8 15.8 7.5 11.4 10.1 13.2 12.4 12.4 14.6
Oriana-standart w/i 7.2 10.4 6.4 9.1 10.4 2.9 6.0 5.0 7.3 7.0 6.9 9.3
i 11.6 14.2 11.2 14.2 15.6 6.7 10.3 9.1 123 11.8 11.5 13.7

Poltava Region
Ametyst w/i 7.5 111 7.5 8.3 8.9 3.8 10.8 6.4 10.6 6.3 6.2 11.6
i 12.6 16.5 12.6 13.7 14.1 8.3 16.5 12.4 16.4 11.8 113 17.8
Hoverla w/i 79 11.6 8.0 8.6 9.2 4.4 114 8.1 11.5 7.0 6.6 12.6
i 13.2 171 13.1 14.1 15.0 8.7 17.2 13.1 17.0 12.2 11.7 18.5
Artemida w/i 83 111 8.2 9.1 9.1 3.9 11.0 7.5 11.1 6.4 6.2 11.9
i 129 17.0 129 14.0 14.6 8.6 16.4 12.6 16.7 121 11.5 18.1
Femida w/i 7.5 10.9 7.5 8.6 9.4 3.6 10.9 74 10.5 6.2 5.9 11.4
i 12.0 16.1 124 13.4 14.1 7.8 15.7 11.9 15.7 11.5 10.8 17.2
Zolotysta w/i 73 10.9 73 8.2 9.0 35 10.6 4.3 10.4 6.0 5.8 11.2
i 11.8 15.8 121 13.1 13.6 7.5 15.5 10.7 15.6 111 10.5 16.7
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Table 1. Continued

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Vezha w/i 79 11.0 8.1 8.6 9.3 37 10.8 7.6 10.5 6.3 6.1 114
i 125 16.2 125 135 14.1 8.0 159 121 l6.1 11.6 111 174
Oriana-standart w/i 73 10.6 7.0 8.1 9.0 3.2 10.5 7.1 10.0 5.8 5.5 113
i 11.7 15.5 11.4 129 135 7.2 15.3 10.6 15.2 10.5 10.2 16.4

Vinnytsia Region
Ametyst w/i 7.7 8.5 6.5 8.4 9.1 3.6 8.4 7.3 109 7.7 7.2 9.3
i 13.2 134 11.5 13.6 14.2 7.8 13.7 135 16.9 13.2 121 16.2
Hoverla w/i 8.1 8.9 7.0 8.8 9.5 4.1 8.9 7.9 121 8.1 7.5 9.6
i 139 14.1 12.0 14.0 15.1 8.4 14.1 13.8 17.8 137 12.6 16.9
Artemida w/i 8.2 8.6 7.2 9.0 9.3 37 8.6 7.2 11.4 8.0 7.5 10.0
i 135 137 11.7 13.8 14.5 8.0 14.0 13.8 17.3 134 123 16.7
Femida w/i 7.7 8.4 6.4 8.7 9.6 3.4 8.4 7.1 10.6 7.5 6.8 9.2
i 12.2 131 11.0 133 13.8 7.3 131 129 159 12.7 11.6 15.3
Zolotysta w/i 7.5 8.3 6.2 8.5 9.3 33 8.2 7.0 10.6 7.6 6.8 9.0
i 121 129 10.7 131 135 7.1 12.8 123 15.6 124 11.2 14.8
Vezha w/i 8.0 8.6 71 8.7 9.5 3.4 8.4 7.2 10.8 7.6 7.0 9.3
i 12.7 13.2 11.2 134 14.0 7.5 13.3 13.2 16.1 12.8 11.8 15.6
Oriana-standart w/i 7.5 8.3 5.9 8.2 9.2 3.0 8.0 6.8 10.1 6.9 6.5 9.1
i 119 12.8 104 12.8 133 6.9 125 12.0 15.2 121 109 14.6

Source: developed by the authors

The number of active nodules depended on seed
inoculation, ecogradient (hydrothermal and edaphic
conditions), and soybean variety characteristics. The
highest number of active nodules was observed in Pol-
tava Region in 2021 following seed inoculation in the
varieties Hoverla (18.5 nodules), Artemida (18.1 nod-
ules), and Ametyst (17.8 nodules). This was 5.9, 6.2,
and 6.2 nodules higher, respectively, compared to un-
treated seeds. In Vinnytsia Region, the highest num-
ber of nodules was observed in 2018 following seed
inoculation in the varieties Hoverla (17.8 nodules),
Artemida (17.3 nodules), and Ametyst (16.9 nodules).
This was 5.7, 5.9, and 6.0 nodules higher, respectively,
compared to untreated seeds. In Kyiv Region, the high-
est number of nodules was observed in 2014 in the
varieties Hoverla (17.5 nodules), Artemida (16.9 nod-
ules), and Ametyst (16.0 nodules), which was 6.3,
6.4, and 6.4 nodules higher, respectively, compared
to non-inoculated seeds. The lowest number of ac-
tive nodules was observed in all soybean varieties in
different growing zones (Kyiv, Vinnytsia, Poltava) un-

der the most drought-prone year (2015). The number
of active nodules in untreated soybean seeds varied
across these regions from 2.9-3.2 per plant (variety
Oriana) to 4.0-4.4 per plant (variety Hoverla). In inoc-
ulated soybean seeds, the number of active nodules
ranged from 6.7-7.2 per plant (variety Oriana) to 8.4-
8.8 per plant (variety Hoverla). It should be noted that
across different growing years, the highest number of
active nodules was observed, primarily with seed in-
oculation in 2021 in the Poltava Region, ranging from
16.4 per plant (variety Oriana) to 18.5 per plant (va-
riety Hoverla). The highest number of active nodules
with seed inoculation was observed in Vinnytsia Re-
gion in 2018, ranging from 15.2 per plant (variety Ori-
ana) to 17.8 per plant (variety Hoverla). In Kyiv Region,
the highest number of active nodules was observed
in 2014, ranging from 15.3 per plant (variety Zolo-
tysta) to 17.5 per plant (variety Hoverla). At the BBCH
microstage 61-62, a higher number of active nodules
on plant roots was established compared to the BBCH
microstage 51-59 (Table 2).

Table 2. Number of active nodules (number/plant) on soybean roots depending
on the variety, seed inoculation, and environmental conditions at the BBCH microstage 61-62

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region

Ametyst w/i 17.0 22.0 14.5 21.0 22.8 5.0 12.5 10.6 16.8 16.4 15.7 20.2
i 35.2 37.2 31.8 374 38.3 20.8 299 27.3 32.1 31.9 30.3 347

Hoverla w/i 19.3 226 16.0 21.6 238 6.2 15.2 11.9 18.9 17.0 16.3 209
i 375 389 33.8 39.0 39.9 224 31.7 29.1 34.8 33.1 32.3 36.8

Artemida w/i 18.2 221 16.2 21.8 23.0 5.6 12.8 10.3 179 16.9 16.5 211
i 36.0 37.8 331 38.2 39.1 21.6 30.7 28.4 33.3 32.3 31.0 36.1
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Table 2. Continued

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Femida w/i 16.3 21.9 14.5 21.5 23.3 5.0 124 10.3 16.5 15.9 14.8 20.1
i 33.2 36.2 30.2 36.2 36.5 19.3 28.4 25.9 31.0 30.4 29.1 32.5
Zolotysta w/i 16.6 219 14.2 20.9 22.8 4.0 11.9 9.8 16.3 16.0 149 19.9
i 31.9 35.2 29.8 35.4 35.4 18.8 28.1 25.3 30.0 29.8 28.4 31.7
Vezha w/i 16.7 221 14.9 21.5 23.1 5.0 12.5 10.4 16.6 16.3 15.1 20.2
i 34.4 36.7 31.1 36.5 374 20.0 29.2 26.6 32.0 31.1 29.6 33.5
Oriana-standart w/i 15.4 21.5 13.4 20.2 22.7 3.6 11.5 9.2 15.1 14.6 141 19.8
i 31.6 34.4 29.2 34.5 34.4 18.3 274 24.6 29.1 289 27.8 30.7

Poltava Region
Ametyst w/i 16.4 25.5 16.2 18.2 18.8 6.7 249 13.3 241 13.1 129 26.4
i 33.6 411 32.2 35.6 371 23.2 40.3 32.9 414 29.3 30.0 433
Hoverla w/i 17.0 26.5 17.3 18.8 19.6 8.2 259 17.8 26.5 14.2 13.7 29.1
i 35.0 44.0 35.5 37.8 38.8 25.2 42.6 35.2 435 31.4 31.4 46.6
Artemida w/i 17.5 25.5 179 19.9 19.2 6.9 25.0 16.1 25.3 129 13.1 27.5
i 344 42.5 33.6 36.9 38.2 244 411 33.6 425 30.1 30.4 44.8
Femida w/i 16.7 253 16.2 18.6 19.7 6.2 248 15.8 23.7 13.0 121 26.5
i 32.5 39.4 30.9 34.1 344 22.3 40.9 31.2 39.2 277 28.0 40.9
Zolotysta w/i 15.7 254 15.7 18.0 19.1 5.9 243 15.6 237 12.6 11.9 259
i 31.4 38.7 29.6 34.2 334 216 39.9 30.4 38.7 289 271 40.1
Vezha w/i 16.8 253 17.7 18.8 19.7 6.6 24.7 16.2 24.0 13.0 12.6 26.4
i 329 40.3 314 35.0 35.6 22.8 39.6 31.7 40.5 284 28.8 41.9
Oriana-standart w/i 16.1 24.9 14.9 17.8 19.2 54 24.0 15.2 22.7 11.8 111 26.2
i 31.0 37.8 294 33.2 32.9 21.0 39.2 29.9 38.2 27.1 26.4 39.5

Vinnytsia Region
Ametyst w/i 16.6 18.7 13.5 18.6 20.3 6.3 18.4 15.6 24.6 16.8 15.2 20.7
i 33.7 33.6 31.0 35.6 37.0 23.0 34.6 31.2 419 33.0 32.0 36.6
Hoverla w/i 17.5 19.5 14.8 19.4 211 74 19.6 171 26.9 174 15.8 21.3
i 34.5 36.3 323 36.7 379 24.5 36.2 34.2 43.4 349 33.1 39.2
Artemida w/i 18.0 19.1 15.2 19.9 21.0 6.5 189 15.4 26.1 17.3 16.2 21.7
i 34.0 34.4 314 35.9 37.5 235 35.4 32.6 42.7 34.2 31.7 37.3
Femida w/i 16.6 18.6 13.5 19.2 21.3 5.5 18.4 15.1 241 16.1 14.1 20.7
i 32.5 32.8 29.6 34.7 35.9 219 33.5 29.7 40.4 31.1 30.4 35.1
Zolotysta w/i 16.2 18.6 13.2 18.6 20.7 5.1 177 14.9 24.1 16.2 14.5 20.3
i 31.9 32.1 29.2 34.1 35.2 214 32.7 29.1 39.6 32.5 29.8 34.2
Vezha w/i 17.3 18.8 14.7 19.2 211 5.6 18.6 15.6 24.6 16.4 15.0 20.7
i 33.3 33.1 30.4 35.0 36.6 22.2 339 30.8 41.1 31.8 31.6 36.1
Oriana-standart w/i 16.2 18.4 12.0 179 20.6 4.6 17.6 14.2 233 14.7 13.6 20.3
i 31.4 31.5 28.4 33.7 34.2 21.0 31.7 27.7 38.8 30.1 28.7 33.6

Source: developed by the authors

In the Poltava Kegion, the highest number of active
nodules following seed inoculation was observed in the
Hoverla variety in 2021 (46.6 nodules), 2011 (44.0 nod-
ules), 2018 (43.5 nodules), and 2016 (42.6 nodules).
This was 16.7-17.5 nodules higher compared to non-in-
oculated seeds. A lower number of active nodules was
observed in 2014 (38.8 nodules), 2013 (37.8 nodules),
2012 (35.5 nodules), 2017 (35.2 nodules), and 2010
(35.0 nodules). This was 17.4-19.2 nodules higher
compared to non-inoculated seeds. The lowest num-
ber of active nodules was observed in 2019 and 2020
(31.4 nodules) and in 2015 (25.2 nodules), which was
17.0-17.7 nodules higher compared to inoculated seeds.
The most favourable hydrothermal conditions for all
soybean varieties in the Poltava Region were observed
in 2021. The number of active nodules following seed

inoculation in the soybean varieties Hoverla, Artemi-
da, Ametyst, Vezha, Femida, Zolotysta, and Oriana was
13.3-17.5 nodules higher compared to non-inoculated
seeds. In the Kyiv Region, the lowest number of active
nodules following seed inoculation was observed in
2015 for the varieties Hoverla (22.4 nodules), Artemida
(21.6 nodules), Ametyst (20.8 nodules), Vezha (20.0 nod-
ules), Femida (19.3 nodules), Zolotysta (18.8 nodules),
and Oriana (18.3 nodules). This is 14.3-16.2 nodules
higher compared to non-inoculated seeds of these va-
rieties. The obtained data correlate with the values of
hydrothermal coefficients in the Poltava Region during
the most favourable (2021) and least favourable (2015)
years. A high number of active nodules was also ob-
served in the Vinnytsia Region. With seed inoculation
in 2018, the number of active nodules in soybean
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varieties Hoverla (43.4 nodules), Artemida (42.7 nod-
ules), Ametyst (41.9 nodules), Vezha (41.1 nodules),
Femida (40.4 nodules), Zolotysta (39.6 nodules), and
Oriana (38.8 nodules) was 15.5-17.3 nodules higher
compared to non-inoculated seeds. In the Kyiv Region,
the highest number of active nodules was observed
in 2014 in soybean varieties Hoverla (39.9 nodules),

Artemida (39.1 nodules), Ametyst (38.3 nodules),
Vezha (37.4 nodules), Femida (36.5 nodules), Zolotysta
(35.4 nodules), and Oriana (34.4 nodules), which was
11.7-16.1 nodules higher compared to non-inoculated
seeds. At the BBCH microstage 68-69, a higher number
of active nodules on plant roots was established com-
pared to the BBCH microstage 61-62 (Table 3).

Table 3. Number of active nodules (number/plant) on soybean roots depending
on the variety, seed inoculation, and environmental conditions at the BBCH microstage 68-69

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region
Ametyst w/i 20.3 25.3 17.6 24.2 259 8.3 15.9 139 20.0 19.7 18.9 234
i 36.3 40.9 34.8 379 41.0 243 34.5 30.6 38.8 36.3 35.7 40.1
Hoverla w/i 22.5 26.0 19.2 24.9 26.8 9.6 18.5 15.3 22.2 204 19.6 24.2
i 38.8 43.7 36.4 41.2 43.9 26.2 36.1 32.7 41.2 38.3 379 42.5
Artemida w/i 21.6 25.5 19.6 253 26.2 8.8 16.2 13.8 213 20.3 19.8 24.5
i 37.8 41.8 35.7 38.9 419 25.2 35.5 319 39.5 37.8 36.8 413
Femida w/i 19.8 25.2 17.8 24.8 26.6 8.1 15.9 13.6 19.6 19.2 18.0 234
i 354 39.5 33.1 36.5 39.8 22.8 32.2 29.3 36.5 34.6 34.1 38.5
Zolotysta w/i 19.8 25.1 17.4 24.3 26.0 7.3 15.3 13.2 19.5 194 18.2 231
i 35.0 38.5 32.0 35.5 389 221 31.7 28.5 35.7 33.7 33.6 377
Vezha w/i 20.0 254 18.3 24.8 26.5 8.2 15.9 139 19.9 19.5 18.5 235
i 35.9 40.2 34.2 36.9 40.9 23.6 33.7 29.8 37.8 35.5 34.7 39.4
Oriana-standart w/i 18.8 24.9 16.7 23.7 26.1 6.9 15.0 12.8 18.5 179 174 23.2
i 34.4 39.4 31.2 344 39.5 21.7 31.0 279 34.4 323 32.8 36.9
Poltava Region
Ametyst w/i 19.5 28.7 19.6 21.5 22.2 9.9 28.2 16.6 27.5 16.3 16.1 29.8
i 36.8 45.1 36.9 39.4 39.3 26.1 45.0 35.7 45.5 33.7 32.7 48.2
Hoverla w/i 20.3 29.6 20.8 22.2 229 11.3 29.3 21.0 29.7 17.5 17.0 32.3
i 38.5 471 38.9 414 411 276 46.7 38.4 474 35.7 35.1 50.3
Artemida w/i 20.7 28.7 21.2 23.2 22.7 10.2 28.5 19.5 28.8 16.3 16.2 30.8
i 37.6 45.8 37.8 40.7 40.3 26.6 454 37.2 46.6 34.7 341 49.2
Femida w/i 19.6 28.4 19.4 221 231 9.4 28.2 19.3 271 16.2 154 29.7
i 35.1 43.7 35.1 376 38.5 247 434 35.0 43.9 323 31.1 46.7
Zolotysta w/i 19.0 28.3 19.0 214 226 9.1 27.6 18.9 27.0 15.7 151 294
i 34.3 43.1 34.3 36.4 37.5 237 424 341 42.8 314 311 44.6
Vezha w/i 20.2 28.6 209 221 23.0 9.7 28.2 19.6 274 16.3 15.9 29.8
i 35.9 44.3 36.6 38.3 38.7 25.3 44.2 35.2 44.9 329 31.8 474
Oriana-standart w/i 19.0 28.1 18.3 21.0 226 8.4 27.3 18.5 26.0 15.0 14.3 29.5
i 33.6 41.9 33.3 354 370 22.8 41.7 33.1 41.8 30.4 30.2 441
Vinnytsia Region
Ametyst w/i 20.0 220 16.8 219 237 9.4 21.8 18.8 28.0 20.0 18.5 239
i 36.6 38.5 33.5 384 40.2 255 38.6 35.7 46.0 36.0 34.6 40.3
Hoverla w/i 20.8 22.7 18.0 22.6 244 10.7 229 20.2 30.2 20.7 19.2 24.7
i 38.1 40.3 35.6 39.9 419 26.7 40.3 379 47.8 379 35.6 424
Artemida w/i 21.2 22.2 18.4 23.0 24.2 9.7 221 18.7 29.3 20.6 19.4 25.0
i 37.2 39.5 347 39.3 413 26.3 39.3 36.5 46.9 36.8 34.8 413
Femida w/i 20.1 21.9 16.6 22.5 24.6 8.8 21.8 18.5 27.6 19.5 17.6 239
i 35.0 37.3 32.1 35.8 38.8 241 37.2 33.7 44.1 34.0 33.1 38.4
Zolotysta w/i 19.5 21.8 16.2 22.0 241 8.5 21.2 18.1 27.5 19.7 17.8 23.6
i 33.8 36.6 31.2 34.7 37.8 233 36.5 32.5 434 334 32.3 374
Vezha w/i 20.7 221 18.1 22.5 24.5 8.9 21.8 18.8 27.9 19.8 18.1 24.0
i 35.8 379 32.7 36.9 39.6 247 37.8 34.5 44.7 35.0 339 39.3
Oriana-standart w/i 19.5 21.6 15.5 214 241 7.8 20.9 17.7 26.5 18.2 17.0 23.7
i 34.3 35.5 30.7 33.7 370 22.5 35.3 31.5 424 32.5 319 36.4

Source: developed by the authors
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The highest number of active nodules was observed
in the Poltava Region in 2021 with seed inoculation of
varieties Hoverla (50.3 nodules), Artemida (49.2 nod-
ules), Ametyst (48.2 nodules), Vezha (47.4 nodules),
Femida (46.7 nodules), Zolotysta (44.6 nodules), and
Oriana (44.1 nodules). This is 14.6-18.4 nodules higher
compared to non-inoculated seeds. In the Poltava Re-
gion, on the roots of Hoverla, Artemida, and Ametyst
varieties, the highest number of active nodules formed
in 2021 (48.2-50.3 nodules), 2018 (45.5-47.4 nodules),
2011 (45.1-45.8 nodules), 2016 (45.0-46.7 nodules),
2013 (39.4-41.4 nodules), 2014 (39.3-41.1 nodules),
2012 (36.9-38.9 nodules), 2010 (36.8-38.5 nodules),
2019 (33.7-35.7 nodules), 2020 (32.7-35.1 nodules), and
2015 (26.1-27.6 nodules), compared to other varieties.
In the non-inoculated variants, the number of active
nodules on these varieties decreased by 16.2-19.2 nod-
ules depending on the year of cultivation.

A high number of active nodules was observed in
the Vinnytsia Region in 2018 with seed inoculation
of varieties Hoverla (47.8 nodules), Artemida (46.9

Mazur et al.

nodules), Ametyst (46.0 nodules), Vezha (44.7 nod-
ules), Femida (44.1 nodules), Zolotysta (43.4 nodules),
and Oriana (42.4 nodules). This was 15.9-18.0 nodules
higher compared to non-inoculated seeds. In the Kyiv
Region, the highest number of active nodules was ob-
served in 2014 with seed inoculation of varieties Hov-
erla (43.9 nodules), Artemida (41.9 nodules), Ametyst
(41.0 nodules), Vezha (40.9 nodules), Femida (39.8 nod-
ules),Zolotysta (38.9 nodules),and Oriana (39.5 nodules).
This was 13.2-17.1 nodules higher compared to non-in-
oculated seeds. The lowest number of active nodules
in the Kyiv Region was observed in 2015 with seed in-
oculation of varieties Hoverla (26.2 nodules), Artemida
(25.2 nodules),Ametyst (24.3 nodules), Vezha (23.6 nod-
ules), Femida (22.8 nodules), Zolotysta (22.1 nodules),
and Oriana (21.7 nodules). This was 14.7-16.6 nodules
higher compared to non-inoculated seeds. During soy-
bean maturation, a decrease in nitrogen fixation was
observed. At the BBCH microstage 80-90, a lower num-
ber of active nodules was observed on soybean roots
compared to the BBCH microstage 68-69 (Table 4).
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Table 4. Number of active nodules (number/plant) on soybean roots depending
on the variety, seed inoculation, and environmental conditions at the BBCH microstage 80-90

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region
Ametyst w/i 10.2 12.4 9.8 11.7 13.3 6.1 9.0 8.5 11.2 10.7 10.3 12.4
i 15.6 19.0 147 17.5 20.2 8.7 13.4 12.6 17.0 16.3 15.7 19.0
Hoverla w/i 12.2 14.0 111 12.7 14.5 7.2 10.8 9.3 123 11.4 111 12.9
i 18.5 21.4 16.9 19.6 224 10.6 16.7 14.2 18.7 17.2 16.8 20.9
Artemida w/i 10.9 13.7 11.5 13.7 13.6 6.8 9.5 8.4 11.7 11.0 10.9 13.2
i 15.6 221 174 21.2 20.8 9.9 14.2 12.6 17.8 16.6 16.6 20.4
Femida w/i 10.8 13.2 9.9 12.6 13.8 6.0 9.2 8.2 10.6 10.3 10.1 12.4
i 16.3 21.3 14.8 19.4 211 8.6 13.6 12.3 16.2 15.7 15.2 19.2
Zolotysta w/i 129 13.1 9.7 123 13.1 5.6 8.6 79 10.5 10.5 9.6 12.0
i 18.7 20.1 14.5 19.7 20.3 8.0 13.7 11.8 15.7 15.8 14.6 18.4
Vezha w/i 10.0 13.2 9.8 13.3 13.7 6.7 9.1 8.6 11.0 10.3 9.8 12.5
i 15.1 20.3 14.9 20.1 211 9.6 13.6 12.7 16.6 15.6 14.7 19.1
Oriana-standart w/i 9.6 129 8.7 11.6 13.2 5.2 8.4 7.5 9.9 9.3 9.1 12.2
i 14.5 19.8 13.0 17.5 20.4 7.5 12.5 11.2 14.8 14.2 13.6 18.3
Poltava Region
Ametyst w/i 10.2 14.3 10.1 10.6 11.5 6.4 13.2 9.4 13.4 9.3 8.8 14.8
i 154 220 15.2 16.2 18.4 9.3 204 14.0 20.5 14.2 134 22.6
Hoverla w/i 11.3 15.0 10.7 11.6 11.9 73 144 111 14.5 10.0 9.8 16.1
i 17.2 231 16.3 17.9 19.2 10.8 22.0 16.8 22.2 15.9 14.7 24.8
Artemida w/i 11.5 144 10.8 12.3 11.7 6.6 13.8 10.5 14.0 9.4 8.7 15.3
i 18.4 22.2 17.2 18.7 18.8 10.5 21.1 15.9 21.6 14.9 13.9 23.5
Femida w/i 10.1 13.6 10.5 11.0 12.3 5.9 13.6 10.4 13.1 9.2 8.1 139
i 15.2 20.8 15.8 16.6 179 8.4 20.8 15.6 20.3 13.7 121 21.6
Zolotysta w/i 9.8 13.5 9.9 10.4 11.4 5.7 12.9 7.3 129 9.0 7.8 131
i 147 20.6 14.8 15.5 17.3 8.2 19.7 12.0 19.7 13.4 11.9 20.5
Vezha w/i 10.9 14.0 10.6 11.1 12.1 6.2 13.3 10.6 13.2 9.3 8.5 14.0
i 16.6 21.4 16.2 16.8 18.3 9.0 20.4 16.0 20.2 14.1 12.6 21.4
Oriana-standart w/i 9.7 13.1 9.4 10.2 11.5 5.3 12.7 10.1 12.4 8.0 74 13.1
i 14.5 20.2 14.0 15.3 17.6 7.6 19.3 15.2 19.1 123 11.2 20.3
Vinnytsia Region
Ametyst w/i 10.5 111 9.2 10.9 114 6.2 111 10.3 139 10.5 10.0 11.9
i 16.9 16.8 13.7 16.4 17.3 9.0 17.2 15.7 21.3 17.8 15.2 18.2
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Table 4. Continued

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Hoverla w/i 11.2 11.9 10.1 121 12.7 6.9 12.2 111 15.3 11.3 10.7 12.8
i 18.0 18.2 154 18.6 19.6 10.3 18.5 16.8 235 17.3 16.6 195

Artemida w/i 11.5 11.3 10.4 12.2 12.1 6.2 11.7 10.1 14.5 10.9 10.4 12.5
i 174 17.3 15.6 18.5 18.4 9.0 17.6 15.4 221 16.6 15.6 19.1

Femida w/i 10.4 10.9 9.0 11.7 12.8 5.7 111 9.6 13.4 10.0 9.3 11.6
i 16.7 16.4 13.6 17.3 19.5 8.1 16.8 14.5 20.8 16.0 14.2 17.5

Zolotysta w/i 10.1 10.6 8.7 111 11.9 5.5 10.7 9.5 13.2 10.2 9.2 11.2
i 16.3 16.2 13.0 16.6 18.0 7.8 16.5 144 204 15.6 13.7 171

Vezha w/i 10.9 11.0 9.9 114 125 5.8 11.0 9.8 13.7 10.3 9.7 11.8

i 17.5 16.8 14.8 173 19.2 8.2 16.6 14.7 21.2 15.6 14.5 18.2

Oriana-standart w/i 10.0 10.5 8.2 10.6 11.6 5.1 10.4 9.2 12.6 9.2 8.7 11.4
i 16.1 16.4 12.3 16.2 17.8 7.2 15.8 13.9 19.4 13.7 13.2 174

Source: developed by the authors

At BBCH microstage 80-90, a general trend of main-
taining higher nitrogen fixation rates was observed in
the same top-performing treatments as in the previ-
ous microstages (BBCH 61-62 and BBCH 68-69). The
highest number of active nodules was observed in the
Poltava Region in 2021 with seed inoculation of vari-
eties Hoverla (24.8 nodules), Artemida (23.5 nodules),
Ametyst (22.6 nodules), Femida (21.6 nodules), Vezha
(21.4 nodules), Zolotysta (20.5 nodules), and Oriana
(20.3 nodules). This was 7.2-8.7 nodules lower com-
pared to non-inoculated seeds. The lowest number of
active nodules was observed in the Kyiv Region in 2015

with seed inoculation of varieties Hoverla (10.6 nod-
ules), Artemida (9.9 nodules), Vezha (9.6 nodules), Am-
etyst (8.7 nodules), Femida (8.6 nodules), Zolotysta
(8.0 nodules), and Oriana (7.5 nodules). This was 2.3-
3.4 nodules lower compared to non-inoculated seeds.
To assess the effectiveness of the lequme-rhizobia sym-
biosis, not only the number but also the mass of active
nodules per plant is used. At BBCH microstage 51-59 in
the Poltava Region in 2021, the highest active nodule
mass was established in varieties Hoverla (68.6 mg),
Artemida (66.9 mg), and Ametyst (65.7 mg) with seed
inoculation (Table 5).

Table 5. Active nodule mass (mg/pblant) on soybean roots depending on variety,
seed inoculation, and environmental conditions at the BBCH microstage 51-59

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region
Ametyst w/i 339 44.4 30.9 42.5 45.8 14.7 27.3 244 34.7 34.1 32.8 40.8
i 46.9 56.6 46.7 55.7 59.2 28.7 43.4 376 50.9 46.6 46.9 53.9
Hoverla w/i 38.7 46.4 34.4 42.6 48.2 17.2 33.1 26.2 38.7 35.3 34.0 41.7
i 52.9 59.5 48.4 57.8 62.3 324 47.1 40.2 52.6 49.1 48.3 55.6
Artemida w/i 35.7 45.7 35.3 45.2 45.2 15.9 284 23.7 370 34.8 34.0 42.1
i 47.8 58.7 47.8 56.9 60.9 29.8 45.6 38.7 51.7 47.9 47.6 54.8
Femida w/i 35.5 45.2 30.5 42.6 46.9 14.6 27.5 23.2 33.5 33.1 32.7 40.0
i 45.2 54.7 44.7 53.9 58.4 26.8 39.8 35.2 479 45.1 44.9 52.7
Zolotysta w/i 42.6 453 30.1 41.7 44.7 13.3 26.2 22.8 33.5 33.5 31.4 39.6
i 44.6 53.2 43.4 53.2 56.7 257 38.7 34.8 46.8 44.6 43.7 51.6
Vezha w/i 33.1 45.6 31.4 434 46.4 15.1 27.5 24.1 34.4 33.5 31.8 404
i 45.8 55.9 45.6 54.6 58.6 279 40.9 37.2 48.7 459 45.8 539
Oriana-standart w/i 31.0 44.7 27.5 39.1 447 12.5 258 21.5 31.6 30.1 29.7 40.0
i 43.0 52.7 414 52.8 57.7 24.8 38.2 33.6 45.5 43.7 42.5 50.8
Poltava Region
Ametyst w/i 33.3 48.7 33.3 37.7 39.3 17.3 474 32.5 46.6 28.1 277 53.9
i 46.8 60.9 46.7 50.6 51.8 30.6 59.7 45.8 60.7 437 41.7 65.7
Hoverla w/i 35.0 51.0 35.4 38.0 40.6 19.9 50.0 35.8 50.5 31.1 29.4 55.2
i 48.7 63.4 48.2 52.3 53.1 32.1 62.7 48.4 62.9 453 434 68.6
Artemida w/i 357 47.7 35.3 39.1 39.2 16.8 473 32.3 477 27.5 26.7 51.2
i 479 62.8 47.8 51.7 52.6 31.9 60.8 46.5 61.8 44.6 42.6 66.9
Femida w/i 32.3 46.9 32.3 37.0 40.4 15.5 46.9 31.8 45.2 26.7 254 49.0
i 44.5 59.3 45.7 49.4 52.4 28.9 58.2 44.0 58.2 42.4 39.8 63.6

Scientific Horizons, 2024, Vol. 27, No. 11




Mazur et al.

Table 5. Continued

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Zolotysta w/i 314 46.8 314 35.3 38.7 15.1 45.6 18.5 447 25.8 24.9 48.2
i 436 58.6 449 48.3 50.4 27.6 574 39.6 57.6 40.9 38.7 61.9
Vezha w/i 34.0 473 34.8 370 40.0 15.9 46.4 32.7 45.2 271 26.2 49.0
i 46.3 59.7 46.1 49.9 51.1 29.7 58.9 449 59.4 431 40.9 64.4
Oriana-standart w/i 314 45.6 30.1 34.8 38.7 13.8 45.2 30.5 430 24.9 23.7 48.6
i 432 57.5 423 476 49.8 26.5 56.6 39.1 56.4 38.8 37.6 60.8

Vinnytsia Region
Ametyst w/i 39.1 38.6 28.0 38.1 39.1 18.5 39.1 38.4 49.9 38.1 38.0 48.0
i 49.0 49.4 42.6 50.4 52.6 28.7 50.8 50.1 624 48.9 449 59.8
Hoverla w/i 34.8 38.3 30.1 37.8 40.9 17.6 38.3 34.0 52.0 34.8 32.2 413
i 50.9 51.3 445 51.8 54.2 30.9 52.3 51.2 66.0 50.6 46.7 62.4
Artemida w/i 35.3 37.0 31.0 38.7 40.0 15.9 37.0 31.0 49.0 344 323 43,0
i 493 50.6 434 50.9 53.1 29.6 51.6 50.9 63.9 49.7 45.6 61.8
Femida w/i 33.1 36.1 27.5 374 41.3 14.6 36.1 30.5 45.6 32.3 29.2 39.6
i 45.0 48.5 40.8 49.2 50.9 26.9 48.4 47.6 58.7 46.9 431 56.7
Zolotysta w/i 32.3 35.7 26.7 36.6 40.0 14.2 35.3 30.1 45.6 32.7 20.2 38.7
i 443 479 39.5 48.4 50.1 26.3 475 454 57.9 45.8 415 54.8
Vezha w/i 344 370 30.5 374 40.9 14.6 36.1 31.0 46.4 32.8 30.1 40.0
i 46.8 48.8 419 49.7 51.8 27.6 49.1 48.7 59.5 475 438 58.3
Oriana-standart w/i 32.3 35.7 254 35.3 39.6 12.9 344 29.2 434 29.7 28.0 39.1
i 443 47.2 38.4 47.2 49.2 25.4 46.2 443 56.4 44.7 40.3 53.9

Source: developed by the authors

In the non-inoculated variants, the active nodule
mass decreased by 11.8-15.7 mg/plant depending on
the variety. A high active nodule mass with seed inoc-
ulation was also observed in 2011 on the roots of va-
rieties Hoverla (63.4 mg), Artemida (62.8 mg), and Am-
etyst (60.9 mqg), which was 12.2-15.1 mg/plant higher
compared to the non-inoculated variants. In 2016 and
2018, a high active nodule mass was observed with
seed inoculation in varieties Hoverla (62.7 and 62.9 mg,
respectively), Artemida (60.8 and 61.8 mg, respective-
ly), and Ametyst (59.7 and 60.7 mg), which was 12.3-
14.1 mg/plant higher compared to the non-inoculated
variants. The highest active nodule mass was observed
in the Vinnytsia Region in 2018 in varieties Hoverla
(66.0 mg), Artemida (63.9 mg), and Ametyst (62.4 mq).
In the non-inoculated variants, this value decreased
by 12.5-15.7 mg/plant. In the Kyiv Region, the highest
active nodule mass was observed in 2014 in varieties
Hoverla (62.3 mg), Artemida (60.9 mg), and Ametyst

(59.2 mg). In the non-inoculated variants, this value de-
creased by 13.4-15.7 mg/plant.

The formation of higher active nodule mass on the
roots of soybean plants in different regions, depending
on the favourable growing year, is supported by the hy-
drothermal coefficient values for each zone. The lowest
active nodule mass following seed inoculation was ob-
served in the Kyiv Region in 2015, which ranged from
24.8 mg/plant (Oriana) to 32.4 mg/plant (Hoverla). In
the non-inoculated variants, this indicator decreased
by 12.3-15.2 mg/plant. The lowest active nodule mass
was also observed in 2015 in the conditions of the Vin-
nytsia and Poltava regions. Following seed inoculation,
this value ranged from 25.4-26.5 mg/plant (Oriana) to
30.9-32.1 mg/plant (Hoverla). In the non-inoculated
variants, the active nodule mass decreased by 12.2-
13.3 mg/plant. An increase in active nodule mass was
noted at the BBCH microstage 61-62 across all experi-
mental variants (Table 6).

Table 6. Active nodule mass (mg/plant) on soybean roots depending on variety,
seed inoculation, and environmental conditions at the BBCH microstage 61-62

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region
Ametyst w/i 182.8 2354 1559 2247 2433 535 1340 1134 1798 1761 169.7 2175
i 386.7 4094 3496 4112 4213 2286 3287 3005 3534 3505 3338 3818
Hoverla w/i 2104 2463 1728 2333 2594 670 164.2 1278 2041 1836 1747 2257
i 4123 4278 3718 4289 4387 2459 3489 3198 3831 3627 3548 4045
Artemida w/i 1916 2359 1706 2316 246.1 59.9 1370 1102 1924 1817 166.6 220.0
i 395.6 416.5 3644 4198 4296 2378 3376 3123 366.7 3554 3409 3972
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Table 6. Continued

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Femida w/i 172.8 2321 1552 2311 2493 537 1327 1097 1766 1701 1554 2151
i 364.8 3985 3327 3978 4023 2123 312.8 2854 3409 3346 3198 3579
Zolotysta w/i 1776 2332 1505 2215 2415 420 1267 1039 1728 1715 1579 2070
i 351.2 3876 3279 3897 389.8 206.5 309.5 2776 3298 3278 3127 3487
Vezha w/i 178.7 2365 1609 2301 2472 540 1338 1113 1776 1751 1616 216.1
i 3778 4041 3416 4012 4115 2197 3214 2924 3516 3423 3255 3686
Oriana-standart w/i 161.7 2258 1407 2121 236.1 378 1208 96.6 1584 1533 146.6 2039
i 3479 3788 3216 3795 3789 2013 3012 2707 319.8 3179 305.7 3375

Poltava Region
Ametyst w/i 189.3 2794 189.2 2081 2084 799 2694 1883 2683 1482 1394 2971
i 369.8 4521 3547 3915 4083 2549 4434 3624 4558 3227 3298 4767
Hoverla w/i 192.8 2889 1961 2219 2127 886 2797 1935 2889 1519 1473 3172
i 3845 4845 3908 4156 4267 2767 4689 386.7 4789 3458 3456 5125
Artemida w/i 190.8 2749 1951 2169 2054 742 2688 1732 2732 1378 1402 2984
i 3781 4679 369.6 406.7 4198 2682 4516 3699 4675 3312 3347 4924
Femida w/i 1787 2710 1733 1998 2147 667 2661 1691 2548 1391 1286 2857
i 3579 4334 3396 3745 3789 2456 4501 3435 4312 3046 3079 449.8
Zolotysta w/i 1633 2718 1680 1926 2044 631 2576 1669 2536 1336 1257 2771
i 3456 4256 3259 376.6 3675 2379 4396 3346 4256 3176 2976 4415
Vezha w/i 179.8 2712 1912 2030 2141 703 2648 1750 2582 139.1 1338 2830
i 3614 4434 3455 3845 3915 250.8 4355 3489 4452 3125 3167 461.0
Oriana-standart w/i 169.1 2615 1565 1851 2054 566 2520 162.6 240.6 1239 1160 280.3
i 3412 4156 3238 3657 361.6 230.6 4310 3288 4204 2978 2901 4347

Vinnytsia Region
Ametyst w/i 1876 2107 1597 2111 2192 67.7 1974 1789 2872 1889 1682 2285
i 370.6 369.5 3415 3917 4067 2534 3804 3432 4612 3629 3522 4023
Hoverla w/i 188.1 2112 160.6 2099 2268 80.7 2117 1864 2921 1886 1699 229.2
i 379.8 3998 3548 403.6 4167 269.8 3987 3765 4778 3834 3645 4232
Artemida w/i 1944 2055 164.6 2157 2247 702 2034 1648 280.6 1858 1750 236.5
i 3745 3786 3456 3945 4123 2589 3889 3588 4695 3757 3489 410.5
Femida w/i 178.6 2000 1449 2074 2300 589 1982 1613 259.3 1724 1509 2215
i 3577 3612 3255 3814 3946 2409 3687 3264 4447 3421 3349 3856
Zolotysta w/i 1725 1990 1399 1990 2215 546 1885 1587 2579 1738 1552 2172
i 351.2 3534 3214 3749 3875 2356 3598 3199 4356 3578 3278 376.7
Vezha w/i 185.1  202.3 159.2 2054 2258 599 199.0 1675 2642 1761 1608 2236
i 366.7 3645 3347 3848 402.1 2445 3734 3386 4524 3501 3478 3976
Oriana-standart w/i 1717 1969 1260 1879 2184 483 186.6 1505 2447 1544 1428 2152
i 3456 346.7 3129 3703 376.5 2309 3487 3051 4264 3315 3157 369.3

Source: developed by the authors

The highest active nodule mass was observed in
the conditions of the Poltava Region following seed in-
oculation for the varieties Hoverla, Artemida, and Ame-
tyst in 2021 (476.7-512.5 mg), 2018 (455.8-478.9 mg),
2011 (452.1-484.5 mqg), 2016 (443.4-468.9 mg), and
2014 (408.3-426.7 mq). In the non-inoculated variants,
the active nodule mass on the roots of these varieties
decreased by 172.7-214.4 mg/plant, depending on the
growing year. In the Vinnytsia Region, the highest ac-
tive nodule mass following seed inoculation was not-
ed for the varieties Hoverla, Artemida, and Ametyst in
2018 (461.2-477.8 mg), 2021 (402.3-423.2 mg), 2014
(406.7-416.7 mqg), and 2013 (391.7-403.6 mg/plant).
This was higher compared to the non-inoculated vari-
ants by 173.8-194.0 mg/plant, depending on the grow-
ing year. In the Kyiv Region, the highest active nodule
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mass following seed inoculation was observed for
the varieties Hoverla, Artemida, and Ametyst in 2014
(421.3-438.7 mg), 2013 (411.2-428.9 mg), 2011 (409.4-
427.8 mg), and 2010 (386.7-412.3 mg). In the non-in-
oculated variants, this indicator decreased by 174.0-
204.0 mg/plant, depending on the growing year. The
lowest active nodule mass following seed inoculation in
the conditions of the Kyiv Region was observed in 2015.
This value ranged from 201.3 mg (Oriana) to 245.9 mg
(Hoverla), which was 163.5 and 178.9 mg/plant higher
compared to the non-inoculated variants. In the Poltava
and Vinnytsia regions, the lowest active nodule mass
following seed inoculation was also recorded in 2015
on the roots of all soybean varieties. This value ranged
from 230.6 to 276.7 mg and from 230.9 to 269.8 mg/
plant, respectively. In the non-inoculated variants, the
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active nodule mass on the roots of soybean plants de-  years, the formation of the lowest active nodule mass
creased by 174.0-189.1 mg/plant, depending on the and nodule count was noted. The highest values of
growing region. Thus, in all regions where a significant  active nodule mass on the roots of soybean varieties
precipitation deficit and the lowest hydrothermal co-  were achieved in all experimental variants at the BBCH
efficient values were observed throughout the study microstage 68-69 (Table 7).

Table 7. Active nodule mass (mg/plant) on soybean roots depending on variety,
seed inoculation, and environmental conditions at the BBCH microstage 68-69

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region

Ametyst w/i 2233 2834 2015 2759 2953 930 1830 1585 230.2 2256 2172 266.8

i 395.6 4458 3795 4132 4465 2654 376.0 3340 4230 3960 3895 4376

Hoverla w/i 2545 286.0 220.8 2839 3050 1056 2091 1729 2548 2344 2258 2783

i 4225 4765 3967 4489 4829 2856 3940 3560 449.0 423.0 4137 4630

Artemida w/i 240.6 2846 2134 2779 2885 96.8 186.3 157.2 2449 2337 2179 2722

i 4123 455.7 388.7 4238 4621 2749 3870 3480 431.0 412.0 401.0 44938

Femida w/i 221.8 2822 2029 2822 3027 906 1829 1564 2246 2189 206.3 266.3

i 385.6 430.8 3609 3978 4409 2489 3510 3190 3980 3770 3713 419.2

Zolotysta w/i 2198 2811 2001 2771 2964 829 1760 151.8 2233 2210 2089 2633

i 3814 4198 3486 386.6 4236 2412 3450 3110 389.0 3678 366.6 4113

Vezha w/i 2260 2845 210.5 2827 3018 915 183.2 158.2 2289 2243 2115 2703

i 3914 4379 3723 4023 4397 2567 3670 3250 4120 3870 378.6 4289

Oriana-standart w/i 2124 2789 1921 2699 2970 78.5 1725 1472 2091 2038 1996 2645

i 3746 4296 3405 3754 4398 2364 3380 3040 3750 3529 3576 4024
Poltava Region

Ametyst w/i 2383 3272 2371 2576 2589 1089 3286 1993 3189 186.6 1883 3470
i 401.2 4912 4024 4298 4287 2840 4910 3890 4960 3670 356.7 5257

Hoverla w/i 2424 3360 2450 2729 259.2 1232 3355 2394 3386 2004 1947 369.2
i 419.8 5138 4238 4509 4478 3013 5090 4190 5170 389.0 382.6 5478

Artemida w/i 2370 3260 2417 2659 2572 1112 3258 2219 3272 1855 183.6 3484
i 409.6 4987 4117 4435 4396 2894 4950 4060 5080 3780 3715 5364

Femida w/i 2244 3221 2192 2515 2620 1015 322.0 2193 3073 1839 1742 3356
i 3823 476.7 3826 4098 4198 2690 4730 3810 4790 3520 3384 508.9

Zolotysta w/i 216.8 3218 2147 2427 2565 923 3146 2136 3059 1780 1709 330.8
i 3744 4695 3734 3967 4091 2580 4620 3720 4670 3420 3389 4865

Vezha w/i 2313 3249 2375 2511 2601 105.2 3215 2236 3104 1850 1798 336.7

i 3915 4828 3987 4177 4213 2760 4820 3840 489.0 3590 346.8 516.7

Oriana-standart w/i 216.2 3189 2050 2375 2556 903 3085 2091 2912 1680 160.2 3334

i 366.5 456.6 3629 3855 403.6 2490 4540 3610 4560 331.0 329.2 4810
Vinnytsia Region

Ametyst w/i 2276 2497 199.7 2477 2678 1085 256.6 2198 3375 2298 2079 2810
i 3984 4198 3654 4189 4386 2780 4210 3890 501.0 3920 3769 4390

Hoverla w/i 2369 2577 2045 2563 2760 1166 260.8 2293 3428 2360 2178 280.3
i 4148 4389 3879 4346 4567 2910 4390 4130 5208 4132 3878 462.0

Artemida w/i 2413 2524 2088 2620 2739 1048 2502 2119 3323 2342 2212 2840
i 405.6 430.7 3787 4287 4498 2870 4280 3980 5112 401.0 3795 450.0

Femida w/i 2289 2486 1882 2550 2787 950 2473 2095 3130 2194 1976 2706
i 3815 406.7 349.6 3899 4234 2630 4050 3670 4810 371.0 361.0 4190

Zolotysta w/i 220.7 2472 1831 2490 2731 918 2396 2045 3116 2224 2001 2657
i 368.9 3985 3405 3786 4119 2540 3980 3540 4730 3640 352.0 408.0

Vezha w/i 2356 2511 206.3 2545 2773 961 2468 2130 3167 2237 2031 2712

i 389.7 4136 3567 4025 4312 2690 4120 3760 4870 382.0 369.0 4280

Oriana-standart w/i 2204 2447 1721 2399 2726 835 2341 1990 2995 2038 1904 2678

i 3743 3874 3341 3674 4031 2450 3850 3430 4620 3540 3480 3970
Source: developed by the authors

In the conditions of the Poltava Region, the high-  following seed inoculation, it ranged from 481.0 mg/
est active nodule mass was recorded in 2021, where, plant (Oriana) to 547.8 mg/plant (Hoverla). That year,
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the highest active nodule mass following seed inocu-
lation was observed on the roots of the soybean varie-
ties Hoverla (547.8 mg), Artemida (536.4 mg), Ametyst
(525.7 mg), Vezha (516.7 mqg), and Femida (508.9 mq).
In the non-inoculated variants, this value decreased by
173.7-188.0 mg/plant, depending on the variety. High
values of active nodule mass were also observed in
2011 and 2018, following seed inoculation, for the va-
rieties Hoverla (513.0 and 517.0 mg), Artemida (498.7
and 508.0 mg), and Ametyst (491.2 and 496.0 mg).
These values were 164.0-180.8 mg/plant higher com-
pared to the non-inoculated variants, depending on
the variety and year. In the Poltava Region, high active
nodule mass was observed in 2016 following seed in-
oculation in the soybean varieties Hoverla (509.0 mg),
Artemida (495.0 mg), and Ametyst (491.0 mg). These
values were 162.4-173.5 mg/plant higher compared
to the non-inoculated variants. In the conditions of the
Vinnytsia Region, the highest values of active nodule

mass were recorded in 2018 following seed inoculation
for the soybean varieties Hoverla (520.8 mg), Artemida
(511.2 mg), and Ametyst (501 mg/plant). These values
were 163.5-178.09 mg/plant higher compared to the
non-inoculated variants. In the Kyiv Region, the highest
values of active nodule mass were observed in 2014
in the variants where seed inoculation was carried out
for the soybean varieties Hoverla (482.9 mg), Artemida
(462.1 mg), and Ametyst (446.5 mg/plant). These val-
ues were 151.2-177.9 mg/plant higher compared to the
non-inoculated variants. The lowest active nodule mass
was recorded in the conditions of the Kyiv Region in
2015 on the roots of all soybean varieties. This value
ranged from 236.4 mg/plant (Oriana) to 285.6 mg/plant
(Hoverla) following seed inoculation, which was 157.9-
180.0 mg/plant higher compared to the non-inoculated
variants. At the BBCH microstage 80-90, a decrease in
active nodule mass was observed on the roots of the
soybean plants (Table 8).

Table 8. Active nodule mass (mg/plant) on soybean roots depending on variety,
seed inoculation, and environmental conditions at the BBCH microstage 80-90

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region
Ametyst w/i 44.9 50.5 39.5 46.7 52.1 254 39.6 374 49.3 47.1 453 54.6
i 81.9 88.5 81.5 95.6 90.2 62.3 75.5 76.0 84.0 81.0 80.1 90.1
Hoverla w/i 56.1 63.0 47.7 55.9 62.4 32.4 46.4 40.0 529 49.0 47.7 55.5
i 90.1 101.0 907 100.8 1043 712 85.1 84.0 89.0 87.2 87.2 95.3
Artemida w/i 49.0 60.3 50.6 61.7 59.8 29.9 40.9 344 51.5 48.4 48.0 56.8
i 81.1 97.3 87.6 99.6 98.7 67.8 78.5 78.0 86.0 83.1 84.5 93.4
Femida w/i 47.0 56.8 41.6 54.2 59.3 25.2 39.6 32.8 44.5 433 434 52.1
i 84.0 92.8 75.6 90.2 91.3 57.0 734 71.0 79.0 75.6 73.0 86.2
Zolotysta w/i 54.2 53.7 37.8 51.7 49.8 23.0 34.4 30.7 42.0 45.2 39.5 48.0
i 91.2 89.7 71.8 87.6 85.8 55.1 70.1 68.0 75.0 73.0 71.3 82.1
Vezha w/i 43.0 55.4 39.2 58.5 57.5 28.8 39.1 36.1 473 42.1 41.2 53.8
i 78.0 934 76.2 94.4 88.5 59.6 74.0 75.0 82.0 78.1 76.0 90.3
Oriana-standart w/i 39.5 51.6 33.1 46.4 51.5 20.8 31.9 28.5 38.8 37.2 36.4 50.0
i 73.5 85.6 69.1 82.4 876 51.4 67.5 63.0 72.0 70.3 68.6 79.9
Poltava Region
Ametyst w/i 42.8 62.9 424 44.5 437 26.9 57.6 36.7 57.6 38.1 38.7 62.2
i 79.8 99.9 80.4 89.4 86.7 63.5 96.1 89.0 95.0 81.3 74.2 95.4
Hoverla w/i 48.6 69.0 48.2 52.2 52.4 32.1 64.4 46.5 62.4 43.0 44.1 70.8
i 865 1080 912 1011 96.2 710 1020 870 1040 894 830 106.7
Artemida w/i 50.6 64.8 49.7 56.6 50.3 28.4 60.7 43.1 60.2 39.5 374 65.8
i 84.6 1028 887 95.5 89.3 66.2 97.0 82.0 98.1 84.2 76.5 1023
Femida w/i 41.4 55.8 45.2 473 54.1 23.6 58.5 41.6 56.3 35.9 33.2 55.6
i 774 92.8 78.2 85.3 81.1 59.3 92.1 79.0 89.2 72.3 69.4 89.5
Zolotysta w/i 39.2 54.0 40.6 42.6 45.6 22.2 52.9 270 55.5 34.2 31.2 51.1
i 75.2 91.0 76.6 78.6 77.6 58 87.6 63.0 86.4 68.7 65.3 85.6
Vezha w/i 46.9 60.2 46.6 48.8 52.0 254 55.4 45.6 56.8 37.2 35.7 574
i 83.9 98.2 79.6 877 85.0 61.2 93.9 81.0 93.3 76.5 72.6 92.2
Oriana-standart w/i 37.8 51.1 36.7 40.8 47.2 20.1 50.8 39.4 53.3 29.6 289 49.8
i 73.8 86.1 72.7 76.9 75.2 56.0 86.1 72.0 83.6 64.1 62.7 81.1
Vinnytsia Region
Ametyst w/i 44.1 46.6 38.6 46.9 45.6 26.7 48.2 44.3 59.8 45.2 41.0 53.6
i 80.1 83.6 80.6 879 83.5 62.5 84.8 76.0 96.0 81.3 78.3 88.7
Hoverla w/i 48.2 52.4 434 52.0 55.9 30.4 54.9 48.8 68.9 48.6 47.1 58.9
i 87.2 924 85.4 98.0 94.8 69.2 94.0 850  107.2 88.5 854  104.5

Scientific Horizons, 2024, Vol. 27, No. 11




Mazur et al.

Table 8. Continued

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Artemida w/i 50.6 48.6 44.7 52.5 52.0 26.0 51.5 424 63.8 46.9 437 56.3
i 87.6 87.6 82.7 91.5 89.0 63.5 89.2 80.0 1024 846 81.2 96.8

Femida w/i 42.6 44.7 36.9 50.3 55.0 22.8 46.6 38.4 57.6 43.0 36.3 49.9
i 78.6 79.7 73.9 86.3 81.0 58.0 81.8 74.0 90.1 75.2 73.1 82.3

Zolotysta w/i 40.4 424 34.8 47.7 48.4 21.5 42.8 371 54.1 439 35.0 448
i 76.4 774 70.8 83.7 773 57.6 779 72.0 87.0 731 70.5 78.4

Vezha w/i 46.9 473 42.6 49.0 52.5 23.8 45.1 40.2 57.5 443 38.8 51.9

i 83.9 81.3 776 85.0 81.4 59.2 82.6 76.0 94.3 79.8 75.6 85.6

Oriana-standart w/i 39.0 41.0 32.0 45.6 441 194 40.6 35.0 50.4 39.6 339 47.9
i 74.0 75.0 68.0 81.5 75.2 55.1 76.1 69.0 85.0 70.2 68.1 75.7

Source: developed by the authors

Nitrogen fixation gradually decreases as soybean
plants approach maturity. However, the best variants
identified in earlier microstages of the soybean devel-
opment scale continued to yield higher values even at
the latest microstage, BBCH 80-90. The highest mass
of active nodules at BBCH microstage 80-90 was ob-
served in the conditions of the Poltava Region. For
seed-inoculated varieties, such as Hoverla, Artemida,
and Ametyst, the active nodule mass in 2021 ranged
from 95.4 to 106.7 mg/plant; in 2011, from 99.9 to
108.0 mg/plant; in 2018, from 95.0 to 104.0 mg/
plant; in 2016, from 96.1 to 102.0 mg/plant; and in
2013, from 89.4 to 101.1 mg/plant. In the non-inocu-
lated variants, this value decreased by 33.2 to 48.9 mg/
plant, depending on the year of cultivation. High val-
ues of active nodule mass were also recorded in the
Vinnytsia Region with seed inoculation in 2018, for the
soybean varieties Hoverla (107.2 mg/plant), Artemida

(102.4 mg/plant), and Ametyst (96.0 mg/plant). These
values were 36.2 to 38.6 mg/plant higher than in the
non-inoculated variants. High active nodule mass
was also observed in 2021 for the varieties Hoverla
(104.5 mqg), Artemida (38.6 mg), and Ametyst (36.2 mg/
plant). In the Kyiv Region, the highest active nodule
mass was observed in 2014 for seed-inoculated varie-
ties, with Hoverla (104.3 mg), Artemida (98.7 mg), and
Ametyst (90.2 mg/plant). These values were 38.1 to
41.9 mg/plant higher than in the non-inoculated vari-
ants. The studies recorded the highest active symbiotic
potential in the Poltava Region in 2021 for seed-in-
oculated soybean varieties: Hoverla (25,109 thousand
kg-day/ha), Artemida (24,267 thousand kg-day/ha), Am-
etyst (23,522 thousand kg-day/ha), and Vezha (22,868
thousand kg-day/ha). These values were 5,824 to
6,456 thousand kg-day/ha higher than in the non-in-
oculated variants (Table 9).

81

Table 9. Active symbiotic potential (ASP) on soybean roots, depending on variety,
seed inoculation, and environmental conditions at BBCH microstage 51-90, thousand kg-day/ha

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region
Ametyst w/i 11,311 14,313 10,019 13,780 14,863 4,405 9,018 7820 11,550 11,295 10,874 13,510
i 18,664 20,255 17,368 20,006 20,644 11,723 16,549 15,102 18,158 17,597 17016 19,335
Hoverla w/i 13,013 14,839 11,100 14,373 15,667 5188 10,545 8,592 12,855 11,749 11,280 14,047
i 20,008 21,472 18,437 21,116 21,718 12,715 17,611 16,141 19,480 18,460 18,097 20,450
Artemida w/i 12,092 14,544 10,891 14,282 14,845 4,732 9,205 7661 12,295 11,676 10,895 13,779
i 19,138 20,791 18,050 20,488 21,185 12,234 17,043 15,682 18,700 18,008 17466 20,018
Femida w/i 11,124 14,334 10,084 14,252 15,342 4,330 8,989 7595 11,224 10,902 10,238 13,406
i 17911 19,795 16,492 19,284 19,938 10,904 15,666 14,336 17,330 16,761 16,207 18,310
Zolotysta w/i 11,330 14,266 9,840 13,864 14,815 3,825 8,564 7306 11,067 11,029 10,287 13,086
i 17,589 19,253 16,100 18,843 19,348 10,582 15,412 13,942 16,795 16,388 15,888 17,845
Vezha w/i 11,276 14,464 10,386 14,329 15,239 4,434 9,010 7745 11,430 11,144 10,467 13,580
i 18,259 20,081 16,924 19,532 20,204 11,287 16,152 14,725 17,890 17,176 16,541 18,843
Oriana-standart w/i 10,464 14,014 9,305 13,352 14,762 3,569 8,297 6,978 10,292 9,994 9,721 13,102
i 17,043 19,040 15,731 18,296 19,033 10,284 15,023 13,537 16,245 15,842 15,495 17,350
Poltava Region
Ametyst w/i 11,852 16,737 11,805 12,856 12,897 5,436 16,486 10,527 16,162 9,377 9,267 17,698
i 18,205 22,369 17,792 19,449 19,890 12,780 22,023 17,988 22,442 16,373 16,278 23,522
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Table 9. Continued

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Hoverla w/i 12,158 17,308 12,297 13,725 13,155 6,147 17,031 12,050 17,267 9,974 9,720 18,920
i 19,033 23,796 19,347 20,672 20,873 13,803 23,156 19,089 23,592 17,509 17,268 25,109
Artemida w/i 11,996 16,643 12,202 13,503 12,907 5421 16,442 11,045 16,563 9,165 9,109 17811
i 18,664 23,010 18,521 20,202 20,427 13,308 22,347 18,307 23,014 16,832 16,671 24,267
Femida w/i 11,195 16,280 11,002 12,558 13,305 4,889 16,236 10,856 15,521 9,071 8,518 16,983
i 17,532 21,478 17,039 18,599 18,825 12,209 21,883 17120 21,358 15,460 15,284 22,378
Zolotysta w/i 10,624 16,254 10,675 12,057 12,780 4,511 15,740 10,291 15,438 8,752 8,325 16,586
i 17,016 21,113 16,479 18,345 18,257 11,797 21,337 16,370 20,977 15,616 14,896 21,745
Vezha w/i 11,534 16,453 11,942 12,634 13,198 5,104 16,135 11,179 15690 9,131 8,840 16,999
i 17905 21,957 17453 19,045 19,263 12,499 21,622 17368 21,991 15873 15,727 22,868
Oriana-standart w/i 10,692 15911 10,079 11,721 12,780 4,281 15,405 10,373 14,692 8,173 7,763 16,705
i 16,753 20,544 16,166 17838 17959 11,412 20,943 16,222 20,610 14,778 14,485 21,373

Vinnytsia Region

Ametyst w/i 11,555 12,709 10,002 12,657 13,408 5,197 12,697 11,150 17,152 11,659 10,523 14,190
i 18,233 18,552 16,867 19,282 19,924 12,609 18,929 17,255 22,709 17,947 17,320 20,016
Hoverla w/i 11,893 13,063 10,265 12,986 13,998 5,752 13,215 11,634 17583 11,882 10,927 14,234
i 18,878 19,876 17,667 20,045 20,689 13,416 19,892 18,722 23,719 18,981 17982 21,263
Artemida w/i 12,192 12,718 10,503 13,285 13,820 5,100 12,662 10,558 16,932 11,742 11,067 14,448
i 18,587 19,053 17211 19,567 20,345 12919 19,363 17914 23,229 18,511 17324 20,583
Femida w/i 11,359 12,420 9,337 12,865 14,129 4,523 12,386 10,344 15,806 10,950 9,738 13,616
i 17,546 18,052 16,041 18,556 19,301 11,938 18,286 16,404 21,800 16,923 16,484 19,100
Zolotysta w/i 10,948 12,316 9,041 12,473 13,668 4,317 11,888 10,117 15,673 11,088 9,812 13,290
i 17,141 17,666 15,724 18,159 18,863 11,650 17,848 15974 21,361 17230 16,086 18,595
Vezha w/i 11,769 12,593 10,283 12,789 13,960 4,593 12,354 10,604 16,015 11,180 10,143 13,714
i 18,043 18,273 16,448 18,802 19,642 12,154 18,540 16,931 22,194 17,395 17,020 19,654
Oriana-standart w/i 10,895 12,175 8,283 11,937 13,514 3,896 11,639 9,769 14,972 10,057 9,313 13,373
i 17,003 17269 15,324 17,819 18,375 11,334 17,302 15,327 20,889 16,265 15,618 18,171

Source: developed by the authors

In the Poltava Region, high values of active sym-
biotic potential were recorded in 2011 for seed-inocu-
lated soybean varieties: Hoverla - 23,796; Artemida -
23,010; Ametyst - 22,369; and Vezha - 21,957 thousand
kg-day/ha. In the non-inoculated variants, this value de-
creased by 5,504 to 6,488 thousand kg-day/ha. In 2018,
high values of active symbiotic potential were also ob-
served for seed-inoculated varieties Hoverla, Artemida,
Ametyst, and Vezha, which were 6,301 to 6,451 thou-
sand kg-day/ha higher compared to the non-inoculated
variants. The increase in active symbiotic potential can
be explained by the high values of the hydrothermal co-
efficient in these years of research. In the Vinnytsia Re-
gion, the active symbiotic potential in 2018 for seed-in-
oculated varieties Hoverla, Artemida, Ametyst, and
Vezha ranged from 22,194 to 23,719 thousand kg-day/
ha, which was 5,557 to 6,297 thousand kg-day/ha high-
er compared to the non-inoculated variants. In 2021, for
seed-inoculated varieties Hoverla, Artemida, and Ame-
tyst, this indicator increased by 5,826 to 7,029 thousand
kg-day/ha compared to the non-inoculated variants. In
the Kyiv Region, the highest values of active symbiotic
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potential were recorded in 2014 for the soybean va-
rieties Hoverla (21,718), Artemida (21,185), Ametyst
(20,644),and Vezha (20,204 thousand kg-day/ha). These
values were 4,965 to 6,340 thousand kg-day/ha higher
compared to the non-inoculated variants. The lowest
values of active symbiotic potential were observed in
2015 in the Kyiv Region. For seed-inoculated varieties,
this indicator ranged from 10,284 (variety Oriana) to
12,715 (variety Hoverla), which was directly related to
the lowest values of the hydrothermal coefficient in
that year. The most significant positive effect on the for-
mation of the active symbiotic potential indicator was
achieved through the use of seed inoculation. This pro-
moted a more intensive colonisation of soybean plant
roots by symbiotic bacteria, leading to an increase in
the number of nodules and their potential mass, which
in turn contributed to a higher symbiotic potential. The
magnitude of the active symbiotic apparatus was influ-
enced by hydrothermal and edaphic conditions, seed in-
oculation, and the variety, all of which had a significant
impact on the amount of biologically fixed nitrogen in
soybean crops (Table 10).
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Table 10. Amount of biologically fixed nitrogen depending on variety,
seed inoculation, and ecological growing conditions, kg/ha

Variety Inoculation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Kyiv Region
Ametyst w/i 58.8 744 52.1 71.8 77.3 229 46.9 40.7 60.1 58.7 56.5 70.3
i 97.1 105.3 90.3 1040 1073 609 86.1 78.5 94.4 91.5 88.5  100.5
Hoverla w/i 67.7 77.2 57.7 74.7 81.5 27.0 54.8 447 66.8 61.1 58.7 73.0
i 1040 1117 959 1098 1129 66.1 91.6 839 1013 960 941 1063
Artemida w/i 62.9 75.6 56.6 74.3 77.2 24.6 479 39.8 63.9 60.7 56.7 71.7
i 99.5 1081 939 1065 1102 636 88.6 81.5 97.2 93.6 90.8 104.1
Femida w/i 57.8 74.5 524 74.1 79.8 22.5 46.7 39.5 58.4 56.7 53.2 69.7
i 931 1029 858 100.3 1037 56.7 81.5 74.6 90.1 87.2 84.3 95.2
Zolotysta w/i 58.9 74.2 51.2 721 77.0 19.9 445 38.0 57.5 574 53.5 68.0
i 915 1001 837 98.0 100.6  55.0 80.1 72.5 87.3 85.2 82.6 92.8
Vezha w/i 58.6 75.2 54.0 74.5 79.2 231 46.9 40.3 59.4 57.9 544 70.6
i 949 1044 880 1016 1051 587 84.0 76.6 93.0 89.3 86.0 98.0
Oriana-standart w/i 54.4 72.9 48.4 69.4 76.8 18.6 43.1 36.3 53.5 52.0 50.6 68.1
i 88.6 99.0 81.8 95.1 99.0 53.5 78.0 70.4 84.5 82.4 80.6 90.2
Poltava Region
Ametyst w/i 61.6 87.0 61.4 66.9 67.1 28.3 85.7 54.7 84.0 48.8 48.2 92.0
i 947 1163 925 1011 1034 665 1145 935 1167 851 846 1223
Hoverla w/i 63.2 90.0 63.9 714 68.4 32.0 88.6 62.7 89.8 51.9 50.5 98.4
i 989 1237 1006 1075 1085 718 1204 993 1227 910 89.8  130.6
Artemida w/i 62.4 86.5 63.5 70.2 67.1 28.2 85.5 574 86.1 47.7 47.4 92.6
i 97.1 119.7 963 1050 1062 691 1162 952 119.7 875 86.7  126.2
Femida w/i 58.2 84.7 57.2 65.3 69.2 254 84.4 56.4 80.7 47.2 443 88.3
i 912 1116 886 96.7 97.9 63.5 1138 89.0 1111 804 79.5 1164
Zolotysta w/i 55.2 84.5 55.5 62.7 66.5 235 81.8 53.5 80.3 455 433 86.2
i 88.5 109.8 857 95.4 94.9 613 111.0 851 1091 812 77.5 1131
Vezha w/i 60.0 85.6 62.1 65.7 68.6 26.5 83.9 58.1 81.6 47.5 46.0 88.4
i 931 1142 908 99.0 100,2 650 1124 903 1144 825 81.8 1189
Oriana-standart w/i 55.6 82.7 52.4 61.0 66.6 22.3 80.1 53.9 76.4 425 40.4 86.9
i 87.1 106.8  84.1 92.8 93.4 59.3 1089 844 1072 7638 753 1111
Vinnytsia Region
Ametyst w/i 60.1 66.1 52.0 65.8 69.7 27.0 66.0 58.0 89.2 60.6 54.7 73.8
i 94.8 96.5 877 1003 103.6  65.6 98.4 89.7 1181 933 90.1 104.1
Hoverla w/i 61.8 67.9 534 67.5 72.8 29.9 68.7 60.5 91.4 61.8 56.8 74.0
i 98.2 1034 919 1042 1076 698 1034 974 1233 987 935 110.6
Artemida w/i 63.4 66.1 54.6 69.1 71.9 26.5 65.8 54.9 88.0 61.1 57.5 75.1
i 96.6 99.0 89.5 1017 1058 672 100.7 932 1208 96.3 90.1 107.0
Femida w/i 59.1 64.6 48.6 66.9 73.5 23.5 64.4 53.8 82.2 56.9 50.6 70.8
i 91.2 93.9 83.4 96.5 1004 62.1 95.1 853 1134  88.0 85.7 99.3
Zolotysta w/i 56.9 64.0 471 64.9 71.1 224 61.8 52.6 81.5 57.7 51.0 69.1
i 89.1 91.9 81.8 94.4 98.2 60.6 92.7 831 1111 896 83.6 96.7
Vezha w/i 61.2 65.5 53.5 66.5 72.6 23.9 64.2 55.1 83.3 58,1 52.7 71.3
i 93.8 95.0 85.7 978 1021 632 96.4 88.0 1154  90.5 885 1022
Oriana-standart w/i 56.7 63.3 436 62.1 70.3 20.3 60.5 50.8 77.9 52,3 484 69.5
i 88.4 89.8 79.7 92.7 95.5 58.9 90.0 79.7 1086  84.6 81.2 94.5

Source: developed by the authors

Thehighestvaluesofbiologicallyfixed nitrogenwere
recorded in the Poltava Region in the experimental var-
iant where seed inoculation was applied in 2021 for the
varieties Hoverla (130.6 kg/ha), Artemida (126.2 kg/ha),
Ametyst (122.3 kg/ha), and Vezha (118.9 kg/ha). These
values were 30.3-33.6 kg/ha higher compared to the
non-inoculated variants. High levels of biologically

fixed nitrogen were also observed in 2011 for the va-
rieties Hoverla (123.7 kg/ha), Artemida (119.7 kg/ha),
Ametyst (116.3 kg/ha), and Vezha (114.2 kg/ha). These
values were higher by 33.7,33.2,and 29.3 kg/ha, respec-
tively, compared to the non-inoculated variants. Simi-
larly, high levels of biologically fixed nitrogen were ob-
served in 2018 for the varieties: Hoverla (122.7 kg/ha),
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Artemida (119.7 kg/ha), and Ametyst (116.7 kg/ha).
These values were higher than those in the non-inoc-
ulated variants by 32.9, 33.6, and 32.7 kg/ha, respec-
tively. It is worth noting the relatively high amounts of
biologically fixed nitrogen in 2016 in the experimental
variants with seed inoculation for the varieties: Hover-
la (120.4 kg/ha), Artemida (116.2 kg/ha), and Ametyst
(114.5 kg/ha). These values were higher by 31.8, 30.7,
and 28.8 kg/ha, respectively,compared to the non-inoc-
ulated variants. In the Vinnytsia Region, high levels of
biologically fixed nitrogen were recorded in 2018 with
seed inoculation for the varieties Hoverla (123.3 kg/ha),
Artemida (120.8 kg/ha), and Ametyst (118.1 kg/ha). In
the non-inoculated variants, this value decreased by
28.9-32.8kg/ha.The lowestamountofbiologicallyfixed
nitrogen was observed in 2015 with seed inoculation.
This value ranged from 53.5 kg/ha (variety Oriana) to
71.8 kg/ha (variety Hoverla),which was 34.9-39.8 kg/ha
higher compared to the non-inoculated variants. Seed
inoculation with nitrogen-fixing bacteria has a signif-
icant impact on nitrogen fixation (Fig. 2).

Seed inoculation had the most significant im-
pact on biological nitrogen fixation, accounting for
96.89% of the variation. Hydrothermal conditions

120

contributed 2.3% and varietal differences 0.76%.
The interaction effects of these factors on biological
nitrogen fixation did not exceed 1%. The average
amount of biologically fixed nitrogen with and with-
out seed inoculation under various soil and hydro-
thermal conditions for different soybean varieties is
presented in Figure 3.
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Figure 2. The contribution of factors and their
interactions to nitrogen fixation in soybean plants
Source: developed by the authors
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Figure 3. Average amount of biologically fixed nitrogen under different ecological conditions of cultivation

Source: developed by the authors

The highest amount of biologically fixed nitrogen
was recorded in the Hoverla variety, both in the non-in-
oculated variant (65.1 kg/ha) and with seed inoculation
(101.2 kg/ha). For the Ametyst and Artemida varieties,

Oriana
Vezha
Zolotysta
Femida
Artemida
Hoverla
Ametyst

the amount of biologically fixed nitrogen with seed in-
oculation was 95.5 and 98.1 kg/ha, respectively. Seed
inoculation increased the amount of biologically fixed
nitrogen by 36.1 kg/ha (Fig. 4).

36.06

37

Figure 4. Increase in the amount of biologically fixed nitrogen depending
on seed inoculation and the response of soybean varieties, kg/ha
Source: developed by the authors
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Seed inoculation in the Artemida variety led to an
increase in biologically fixed nitrogen by 35.3 kg/ha.
In the Ametyst variety, the amount of biologically fixed
nitrogen increased by 33.9 kg/ha compared to the
non-inoculated variant. Thus, the selected soybean va-
rieties - Hoverla, Artemida, and Ametyst - showed a
strong response to treatment with nitrogen-fixing bac-
teria, which facilitated the influx of biologically fixed
nitrogen. These varieties are recommended for culti-
vation in various ecological conditions to support the
effective functioning of the soybean’s legume-rhizobia
symbiosis, which will contribute to the increased resil-
ience of agroecosystems.

DISCUSSION

Legumes are competitive crops due to their environ-
mental and socio-economic benefits, such as nitrogen
fixation, soil enrichment with high-quality organic mat-
ter, promotion of nutrient cycling, and water retention
in the soil. Rhizobium bacteria play a crucial role in ni-
trogen fixation and sustainable agriculture (Soumare et
al., 2020). Rhizobia colonise the root system of legumes,
forming nodules where nitrogen fixation occurs, con-
verting atmospheric nitrogen into a plant-available
form (Coba de la Pena et al.,, 2018). nodules are primarily
formed on the main root, where they are larger in size
and mass. Most of them are located in the topsoil. Under
favourable conditions, a single plant can form 21 to 80
or more nodules (Roy Choudhury et al,, 2019). The num-
ber and mass of active nodules on plant roots, especially
during periods of peak photosynthetic activity,are impor-
tant indicators of successful lequme-rhizobia symbiosis
(Savala et al., 2022). According to research by M. Vascon-
celos et al. (2024), biological nitrogen fixation by leg-
umes varies from 21 to 389 kg/ha. This is corroborated
by the results obtained from the study of the impact of
the investigated factors on biological nitrogen fixation
in soybean plants,which varied from 36.3 to 130.6 kg/ha.

The activity of rhizobia is influenced by weather
conditions that affect the bacteria through the plant,
as they live in symbiosis. Water scarcity slows down
plant photosynthesis, while waterlogging causes ox-
ygen deficiency in nodules, reducing nitrogen fixation
rates (Sinclai & Nogueira, 2018). The current research
has established a relationship between nodule forma-
tion on soybean roots and the hydrothermal coefficient
of the growing region. During periods of moisture defi-
ciency across all years of the study, the lowest mass and
number of nodules were observed. The increase in the
number of active nodules on plant roots depending on
the growth stage of soybeans aligns with the findings
of other researchers (Cigelske et al., 2020). In the stud-
ies by A. Korobko et al. (2024), the highest number of
active nodules on soybean roots was also confirmed at
the BBCH microstage 68-69.The study also highlighted
a decrease in the number of active nodules on plant
roots during soybean maturation.

Mazur et al.

The publication by D. Krutylo et al. (2021) high-
lights the dependence of the diversity of local rhizobia
on the environmental conditions of the growing region
and host plant genotypes. According to B. Cigelske et
al. (2020),the average number of nodules per plant var-
ied significantly among different soybean varieties de-
pending on the growing year. The researchers attribut-
ed this variation to factors such as soil type, preceding
crop, rainfall, and soil nitrogen levels. This confirms the
data obtained on the variation in the number of nod-
ules depending on the region and year of cultivation
of soybean varieties. In the studies of C.E.N. Savala et
al. (2022), the soybean variety TGx 1904-6F formed
more nodules than the variety Storm. This number var-
ied depending on the year and growing region. Overall,
the application of bioinoculants promoted greater ni-
trogen uptake by plants in areas with the lowest abun-
dance of native rhizobia.

Seed inoculation of soybean varieties resulted in
a significant increase in both the number (by 10-45%)
and mass (by 11-86%) of nodules on plant roots. Re-
searchers have also reported increased levels of sym-
biotic nitrogen fixation (by 1.2-4.2 times) and seed
weight per plant (by 6-29%), depending on the soybean
variety (Krutylo, 2023). The experimental data obtained
regarding the increase in the number of active nodules
on soybean roots following inoculation with bio-prepa-
rations is confirmed by the results of other researchers.
The increase in both the number and mass of nodules
on soybean roots upon inoculation with Rhizobia has
been observed in studies by Z. Getachew Gebrehana
and L. Abeble Dagnaw (2020) and R. Omari et al. (2022).
In the article by E. Szpunar-Krok et al. (2023), the rela-
tionship between increased nodule number and mass
following inoculation with Bradyrhizobia soybean vari-
eties is discussed. The maximum formation of active
nodule mass on the roots of different soybean varieties
in the studies is consistent with the findings of other
researchers (Korobko et al., 2024).

N.M. Gitonga et al. (2021) found that some soybean
varieties responded better to inoculation than others.
The variety SC Squire showed a positive response to
seed inoculation with rhizobia across all studied pa-
rameters, compared to the varieties SB 19 and Gazelle.
This is confirmed by the results obtained from the study
of the impact of seed inoculation on the formation of
the legume-rhizobia symbiosis in soybeans and at-
mospheric nitrogen fixation. D. Miljakovi¢ et al. (2022)
also highlighted the impact of soybean inoculation
with Bradyrhizobia on increased plant height, nodule
number, and nodule mass. In the studies of C.E.N. Sav-
ala et al. (2022), nodule mass per plant increased from
7.7 to 167.6 mg for two soybean varieties, depending
on growing conditions. Scientists believe that the ef-
fectiveness of inoculants in symbiosis depends on the
compatibility of the strain with a specific soybean va-
riety. An assessment of the symbiotic effectiveness of
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eight Bradyrhizobium strains with five soybean vari-
eties (Gishama, Awassa-95, Boshe, Hawassa-04, and
Jalale) showed a significant impact on nodule num-
ber and mass (Beruk et al,, 2024). The formation of a
legume-rhizobia symbiosis induces specific responses
that enhance the functional level of the host plant’s
metabolism and improve its adaptive properties to ad-
verse growing conditions (Nyzhnyk & Kots, 2023). Ac-
cording to M.D. Nakei et al. (2024), the effectiveness of
soybean-rhizobia symbiosis depends on the rhizobium
species, variety characteristics, and biotic factors. This
is corroborated by the obtained data concerning the
variation in inoculation effectiveness across different
soybean varieties inoculated with the same strain.

For the effective functioning of the soybean-rhizo-
bia symbiosis, careful selection of symbiotic partners
is necessary, requiring continuous updating of soybean
varieties and nitrogen-fixing bacterial strains. Accord-
ing to T. Nyzhnyk and S. Kots (2023), the resilience of
the soybean-rhizobia symbiosis to water deficit de-
pends on the active participation of both symbiotic
partners, as well as the ability of the host plant and
bacteria to activate adaptive defence systems for regu-
lating key enzymatic processes involved in the metab-
olism of phenolic compounds. Therefore, the research
findings confirm those of other scientists regarding the
influence of inoculation, varietal characteristics, and
ecological growing conditions on the formation of the
legume-rhizobia symbiosis in soybeans. Optimising the
management of biological nitrogen fixation is crucial
for addressing the challenges of providing plants with
nitrogen, reducing the use of nitrogen fertilisers, and
preserving soil fertility. The use of sustainable alter-
natives will contribute to sustainable agriculture and
biodiversity conservation.

CONCLUSIONS

The number of active nodules formed on plants across
different years of research primarily depended on the
hydrothermal coefficient of the soybean growing region
and its varietal characteristics. The highest number of
active nodules at BBCH microstage 51-59 was formed
on the roots of soybean varieties in the Poltava Region
in 2021, Vinnytsia Region in 2018, and Kyiv Region in
2014 on the varieties Hoverla, Artemida, and Ametyst,
after seed inoculation with the biopreparation Optimize
200.At BBCH microstage 61-62,an increase in the num-
ber of active nodules on the roots of different soybean
varieties was observed after seed inoculation compared
to BBCH microstage 51-59, depending on the year and
growing region. The highest number of active nodules
on the roots of different soybean varieties after seed
inoculation was recorded at BBCH microstage 68-69,
depending on the year and growing region. In the Pol-
tava Region under favourable conditions (2021), the
number of active nodules after seed inoculation ranged
from 46.7 to 50.3 mg/plant depending on the variety,
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which is 17.0-18.4 more compared to non-inoculat-
ed variants. At BBCH microstage 80-90, a decrease in
the number of active nodules on the roots of differ-
ent soybean varieties was observed compared to the
previous microstages (BBCH 61-62 and BBCH 68-69).

The highest active nodule mass at BBCH micro-
stage 51-59 was observed on plant roots in Poltava Re-
gion in 2021, Vinnytsia Region in 2018, and Kyiv Region
in 2014, specifically on the varieties Hoverla, Artemida,
and Ametyst following seed inoculation. These findings
are supported by the hydrothermal coefficient values
for each region during the favourable growing year. An
increase in active nodule mass was observed at BBCH
microstage 61-62 across all varieties following seed
inoculation compared to BBCH microstage 51-59, de-
pending on the year and growing region. The maximum
active nodule mass on soybean roots was recorded at
BBCH microstage 68-69 in Poltava, Vinnytsia, and Kyiv
regions. The most favourable hydrothermal conditions
for all soybean varieties were observed in 2021 in Pol-
tava Region. The mass of active nodules following seed
inoculation ranged from 508.9 to 547.8 mg/plant, de-
pending on the variety, which is 173.7-188.0 mg/plant
higher compared to non-inoculated variants. At BBCH
microstage 80-90, a decrease in active nodule mass on
the roots of different soybean varieties was observed
compared to the previous microstages.

Seed inoculation had the greatest impact on the
formation of active symbiotic potential. The increase in
active symbiotic potential in certain years of the study
can be explained by high hydrothermal coefficient val-
ues. The highest active symbiotic potential was deter-
mined in soybean varieties Hoverla, Artemida, Ametyst,
and Vezha. Cultivation of soybean varieties Ametyst,
Artemida, and Hoverla contributed to the maximum ac-
cumulation of biologically fixed nitrogen when using
seed inoculation with nitrogen-fixing bacteria under
various ecological conditions. Biological nitrogen fix-
ation by soybean varieties was significantly depend-
ent on seed inoculation (96.89%). Varieties Ametyst,
Artemida, and Hoverla provided the highest amount
of biologically fixed nitrogen (95.5-101.2 kg/ha) when
seeds were inoculated. With seed inoculation of varie-
ties Ametyst, Artemida, and Hoverla, biological nitrogen
fixation increased by 33.9-36.1 kg/ha compared to the
non-inoculated variant. The results of this study con-
firm the prospects for further research on the effective-
ness of legume-rhizobia symbiosis under the influence
of seed inoculation in various ecological conditions,
which will contribute to increasing the sustainability of
agroecosystems.
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AHoTauia. JocnipkeHHs iHHOBAUiMHUMX MeToaiB perynauii 6060Bo-pu3obianbHOro cMMBio3y € BaXIUBUM L4
NOKpaLLLeHHs a30TdiKcaLii, Lo cnpuse 36epexeHHI0 340p0B4 I'PYHTIB Ta NiABULLEHHIO BPOXaWHOCTI. Lle 3abe3neuyye
CTane CiNbCbKe rocnofapcTBo, 3HMXKYUYM NoTpeby B XiMiYHMX O0OpMBaXxX i NiABULLYIOUM CTIMKICTb arpoeKoCUCTEM.
MeToto poboTn Byno 39CcyBaTH BMMB iHOKYNALiT HACIHHS, €KONOMiYHMX YMOB i COPTOBMX 0COBAMBOCTEN COPTIB COi
Ha Hakonu4yeHHa BGionorivyHoro asoty. ocnigkeHHs NpoBoAMAM Yy ekonoriyHmx ymoBax KuiBcbkoi, [lonTaBcbkoi Ta
BiHHMUbKOi obnactert npotarom 2010-2021 pp. ArpoTexHika BMPOLLYBaHHA COPTiB COi Byna 3arasbHONPUIAHATA
ONg YMOB perioHiB gocnigpkeHHs. HaBeoeHo pe3ynbratv LOCAIAXKEHb BMAMBY iHOKYNAUiT HACIHHS Ha AWHAMIKY
(hopMyBaHHS Ta NPOAYKTUBHICTb COEBO-PM306ianbHOro cMBio3y 3a HABHOCTI B IPYHTI (DOHOBMX NOMYNALi pu306i
coi. Bu3HaueHo a3oTdikcyBanbHWIA MOTEHLian COPTIB COi 3a Aii iHOKynauii. [HOKynsuia niaBuye ebekTUBHICTb
CUMMBIOTUYHOI cucTeMmn coi. [loBeneHo, WO B Pi3HMX EKOMOriYHMX YMOBAx iHOKynauia HaciHHs Bradyrhizobium
japonicum nokpatye GopMyBaHHS | PYHKLiIOHYBaHHSA CUMBIOTMUYHOIO anapaTy Coi HaBiTb HA QOHI FPYHTOBOI NonynsaLii
6ynbboykoBMx 6akTepin. g iHOKYAALIi HACIHHS 3aNeXuTb Bif rApPOTEPMIYHOIO PEXUMY POKY, EKOMOTYHMUX YMOB i
COPpTY COi. 3aCTOCYBaHHS iHOKYNALiT HAaCiHHA cnpuse GOpPMYBaHHIO BiNblIOT MacK akTUBHUX BynbbHOYOK Ha KOpPEeHsIX
POC/UH, WO MO3UTUBHO BMMHYNO Ha a3oTdikcauito. HamBuLwi nokasHMKKM a3oTdikcauii BCTAHOBMEHO Y COPTIB COi
AmeTunct, ApTemina i foBepna y pisHMX eKonoriyHMx yMoBax. IHOKynAL,is HaciHHs 3abe3neunna 36inbleHHs KinbKoCTi
6ionoriyHoro azoTy umMx copTiB Ha 33.9-36.1 kr/ra. Coptn coi AMetuct, Aptemina i foBepna BiA3HAUMAUCS BULLOKD
peakLi€lo Ha iHOKYNALi0 HACIHHS a30TQiKCyBaNbHUMM BaKTEPiAMU | pEKOMEHAYIOTLCS A5 BUPOLLYBAHHS Y Pi3HUX
€KONOoTiYHMX yMoBaX. |HHOBAUIMHI pilleHHs NigBuLeHHs edeKTUBHOCTI yHKLioHyBaHHS 6060B0-pu30bianbHOro
c1Mbio3y coi 3a BUKOPUCTaHHA BionoriyHMx npenapariB Ha OCHOBI a30TdiKCyBanbHMX 6aKTepilt LO3BONSTL PO3pOOUTH
HionorizoBaHi TeEXHONOTiT BUPOLLYBaHHS KYNbTYpU A8 CTIMKOCTI arpoekocucTeM

KniouoBi cnoBa: KifbKicTb i Maca O6ynbbo4yok; asoTdikcauia; CMMBIOTMYHWMIA MNoTeHuian; iHORynAuin;
rigpoTepmiyHuii KoedilieHT; pn30bii; bionoriyHo-PpikcoBaHM a3oT
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