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Background. In order to reduce the negative impact of mineral fertilizers and
pesticides on agroecosystems, environmentally friendly plant protection systems are
increasingly being utilized in soybean cultivation technologies. These systems aim to
provide essential nutrients to plants while minimizing ecological harm.

Materials and Methods. In vegetative studies, the processes of formation and
functioning of symbiotic systems in soybeans with active strains of nodulating bacteria
Bradyrhizobium japonicum (PC07, PCO09, B78, B144) were investigated under the influ-
ence of pre-sowing seed treatment with the biofungicides Mycosan-N and Phytocide-r.
Microbiological, physiological, statistical methods, and gas chromatography were
employed in the research.

Results. The impact of biological fungicides on the nodulation activity of nodule
bacteria has been identified. It was determined that with comprehensive treatment of
soybean seeds with B. japonicum PCO7 and Mycosan-N, the mass of nodules formed
on the roots exceeded that of the control plants by 7—22 %, and under the influence of
Phytocide-r, the mass was lower by 6—20 % throughout the vegetation period. With the
combined application of B. japonicum PC09 and Mycosan-N, a decrease in the number
of root nodules by 8-25 % and a reduction in their mass by 18-35 % was observed
throughout the vegetation period. Under the influence of Phytocide-r, with the inocula-
tion of rhizobia strain PC09, the number of nodules was lower compared to the control
plants only in the full flowering stage. At the same time, the reduction in their mass was
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6-20 % throughout the entire observation period. A stimulating effect of both biofungi-
cides on the formation of the symbiotic apparatus involving strains B. japonicum B78
and B144 has been identified. With the combined application of B. japonicum PCOQ7
and Phytocide-r, nitrogenase activity of symbiotic systems decreased by 7 % only in
the stage of three true leaves compared to plants whose seeds were treated only with
rhizobia. The nitrogenase activity of symbiotic systems formed with the participation
of B. japonicum B78 and under the influence of Mycosan-N increased by 28 %, 15 %,
and 12 % in the stages of three true leaves, budding, and full flowering, respectively.
The action of Phytocide-r, with the inoculation by the nodule bacteria B78, resulted in
an increase in nitrogenase activity by 14 % only in the budding stage. Under the com-
prehensive treatment of soybean seeds with involved biofungicides and B. japonicum
B144, an increase in the intensity of N, assimilation was noted by 29-34 % in the stage
of three true leaves and by 10-16 % in the budding stage.

Conclusions. The application of a scientifically justified selection of rhizobial strains
and biological plant protection agents for pre-sowing treatment of soybean seeds will
enable a more complete realization of their nitrogen-fixing potential and phytoprotective
effects.

Keywords: Bradyrhizobium japonicum, soybeans, inoculation, biological
fungicides, number and mass of nodules, nitrogenase activity

INTRODUCTION

Soybeans are one of the main protein-oil crops with a wide range of applications in
the food, feed, and industrial sectors. It helps increase soil fertility and is one of the best
precursors for other crops (Zhuikov et al., 2020).

Soybean plants in symbiosis with rhizobial bacteria are capable of assimilating
atmospheric nitrogen into forms that are accessible to plants. (Raza et al., 2020).
Inoculating soybean seeds with active, competitive strains of rhizobia contributes to
increased volumes of biologically fixed N,, grain productivity, and raw protein con-
tent. There is a direct relationship and strong positive correlation between the amount
of assimilated nitrogen and the productivity of soybean varieties (Kots et al., 2011;
Petrychenko, et al., 2018). Therefore, pre-sowing seed treatment with biopreparations
made from selected nitrogen-fixing microorganisms is widely used in soybean cultiva-
tion technologies (Kots et al., 2016; Andrews, & Andrews, 2017; Kots et al., 2024).

The drive for the intensification of agricultural production through the use of chemi-
cal agents leads to a range of environmental problems. It results in soil degradation
and the accumulation of residues of pesticides, chemical fertilizers, and other elements
in the obtained products in unacceptable quantities. The main environmentally safe
method of controlling pathogens and pests in agricultural crops is biological control
(Dovgan, 2016). It involves the use of microbial-based products and their by-products
to reduce or maintain harmful organism populations at a safe level. The general advan-
tage of microbial preparations over chemical ones is their lack of accumulative proper-
ties (Thakur et al., 2020).

Bacillus sp. bacteria (B. subtilis, B. circulans, B. thuringiensis, B. pumilus, B. val-
lismortis, B. amyloliquefaciens, B. licheniformis et al.) are used as a basis for biologi-
cal fungicides. The effectiveness of using biological plant protection agents to limit the
development of pathogenic micromycetes Pythium sp., Fusarium sp., Phomopsis sp.,
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Rhizoctonia solani, Aspergillus flavus, Botrytis cinerea, Alternaria alternata et al. has
been noted. Some of the bio-preparations created based on strains Bacillus sp. are
capable of restricting the development of phytopathogenic bacteria belonging to the
genera Xanthomonas, Pseudomonas, Agrobacterium, Erwinia, Pectobacterium et al.
The implementation of the phytoprotective action of such preparations can occur through
mechanisms of competition, direct antibiosis between microorganisms, or by inducing
increased plant resistance to disease pathogens (Shafi et al., 2017). The most impor-
tant biologically active molecules of Bacillus genus bacteria include non-ribosomally
synthesized peptides and lipopeptides, bacteriocins, and siderophores. Their antago-
nistic action can be realized against a wide range of phytopathogens (Fira et al., 2018).

Evidence suggests a successful integrated use of biofungicides with preparations
based on nitrogen-fixing microorganisms. It has been found that treating soybean seeds
with 2.0 liters per hectare of Rhizobofit + 1.0 liter per ton of Phytodoctor (Bacillus sub-
tilis, 5-10° CFU/mL) and spraying plants at the budding stage with 2.0 liters per hec-
tare of Trichodermin (Trichoderma viride (lignorum)) enhances plant nitrogen nutrition
and provides comprehensive biological protection for crops of this culture against the
agents of downy mildew, septoria leaf spot, and ascochyta blight. The use of these bio-
preparations ensures a 13 % increase in soybean grain yield (Zadorozhnyi et al., 2019).

The comprehensive inoculation of soybeans with strains of Bradyrhizobium and
Bacillus subtilis is an effective strategy for enhancing plant growth, thanks to its ben-
eficial impact on root architecture. This allows for increased absorption of water and
nutrients by the roots (Araujo et al., 2021).

According to Monroy-Guerrero et al. (2022), the co-inoculation of Bacillus sp. B02 +
Bradyrhizobium spp. LMHZ L8 and LMHZ L3 promotes the formation of more nodules
on the roots of lupin (Lupinus mutabilis Sweet), increases chlorophyll content in leaves,
enhances plant growth throughout the vegetation period, reduces the susceptibility of
the crop to anthracnose, and contributes to an increase in grain productivity.

Leading countries and organizations are directing their efforts towards the produc-
tion of environmentally friendly products, actively engaging in innovative activities in
the development of agricultural biologization means, and restricting the use of tradi-
tional intensive technologies in agriculture (Krutiakova et al., 2018). Therefore, there is
a growing trend each year towards expanding the range of microbial preparations.

The expediency of combining seed bacterization processes with nitrogen-fixing
microorganisms and seed treatment with environmentally friendly plant protection
agents is beyond doubt. Therefore, research on the impact of biopreparations with vari-
ous properties and mechanisms of action (including fungicidal activity) on the formation
and functioning of symbiotic systems such as soybean-Bradyrhizobium japonicum is
relevant.

MATERIALS AND METHODS

Vegetation experiment was conducted with soybean plants (Glycine max (L.)
Merr.) of the Khutoryanochka variety, which has been included in the Register of Plant
Varieties of Ukraine since 2010. It is early-ripening and recommended for cultivation in
the Forest-Steppe, Polissia and Steppe zones (State register of plant varieties suitable
for dissemination in Ukraine in 2023).

In the study were used strains of nodular bacteria obtained through analytical
selection methods — Bradyrhizobium japonicum PCO07, PC09 and Tn5 mutants B78,
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B144. It was obtained by the method of transposon mutagenesis of B. japonicum 646
with Escherichia coli S17-1 containing the plasmid pSUP5011::Tn5 mob.

These nodule bacteria are stored in the collection of symbiotic and associative
nitrogen-fixing microorganisms of the Institute of Plant Physiology and Genetics of the
National Academy of Sciences of Ukraine. The following biofungicides were used in
the studies: Mycosan-N (7 L/t) — 3% alkaline extract of the aphyllophore fungus Fomes
fomentarius and Phytocide-r (2 L/t), which contains viable cells Bacillus subtilis no less
than 1-10° colony forming units/cm?.

The scheme of the experiment included the following variants for pre-sowing
seed treatment: 1) B. japonicum PCOQ7 (control); 2) B. japonicum PC0O7 + Mycosan-N;
3) B. japonicum PCO7 + Phytocide-r; 4) B. japonicum PCQ9 (control); 5) B. japonicum
PC09 + Mycosan-N; 6) B. japonicum PC09 + Phytocide-r; 7) B. japonicum B78 (control);
9) B. japonicum B78 + Mycosan-N; 9) B. japonicum B78 + Phytocide-r; 10) B. japoni-
cum B144 (control); 11) B. japonicum B144 + Mycosan-N; 12) B. japonicum B144 +
Phytocide-r; 7) Without inoculation and biofungicides.

The duration of seed bacterization was 60 minutes. The infectious load was
108 cells/mL. In the control groups, the inoculated of seeds were not treated with bio-
fungicides.

Soybeans were grown in pots (eight plants per pot) with the capacity of 4 kg, pre-
sterilized with a 20 % H,O, solution, on river sand with the introduction of Hellriegel’s
nutrient mixture enriched with microelements such as molybdenum, boron, and copper,
and depleted in nitrogen, under natural light conditions and optimal (60 %) watering.
The pots with plants were placed on a specially equipped site of the Institute of Plant
Physiology and Genetics NAS of Ukraine. The repeatability in the variants of the experi-
ment was six times.

Nitrogenaze activity was determined by acetylene method in terms of acetylene
regeneration activity by root nodules of soybean (Hardy et. al., 1968). A gas mixture
containing ethylene, formed as a result of acetylene reduction by nitrogenase, was ana-
lyzed on Agilent Technologics 6850 Network GC System (USA) gas chromatograph with
a flame ionization detector. Separation of gases was performed on a column Supelco
Porapak N at thermostat temperature of +55 °C and detector +150 °C. The gas carrier
was nitrogen (50 mL per 1 min). Sampling capacity for analysis was 1 cm®. Experiment
with nitrogenase activity determination was repeated 4 times.

The mass of the above-ground part of the plants, roots, and nodules was deter-
mined with tenfold repetition.

The obtained data were processed by generally accepted methods of variation sta-
tistics using Microsoft Excel. The significance of the difference between treatments was
evaluated using ANOVA. The results were presented in the form of mean values and
standard error (x + SE). Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION

The research results indicate that when soybean seeds were inoculated with rhizo-
bia of strain PC07 in combination with biofungicides, the number of nodules in the stage
of three true leaves was comparable to the plants of the corresponding control (grown
without the use of plant protection agents). Under the influence of Mycosan-N, the
investigated indicator in the flowering and full flowering stages in plants of this variant
exceeded the controls by 8 and 29 %, respectively. In soybeans treated with Phytocide-r
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before sowing, the number of nodules in the budding stage was lower by 15 % com-
pared to the control plants, while in the full flowering stage, it was at their level.

The weight of nodules formed with the participation of strain PC0O7 while using
Mycosan-N was greater compared to control plants by 7-22 % throughout the vegeta-
tion period. At the same time, a decrease in this indicator by 6-20 % was noted under
the influence of Phytocide-r.

Inoculation of soybean seeds of the Khutoryanochka variety with rhizobia of strain
PCO09 resulted in a reduction in the number of nodules on the roots under the influence
of Mycosan-N by 25 %, 13 %, and 8 % in the stages of the three true leaves, budding,
and full flowering, respectively. The action of Phytocide-r led to a decrease in this indi-
cator by 13 % only in the stage of full flowering of soybeans. The mass of root nodules
formed with the participation of B. japonicum PC09 decreased during the vegetation
period by 6-20 % under the influence of both biofungicides compared to the respective
controls.

A stimulating effect on the formation of the symbiotic apparatus was observed
when the seeds were treated with plant protection biological agents and B. japonicum
B78. With the combined application of nitrogen-fixing microorganisms of this strain and
Mycosan-N, the number of nodules on the plant roots was higher compared to the
control plants by 26 % in the stage of three true leaves, 24 % in the budding stage, and
23 % in the full flowering stage. The mass of nodules on the roots of soybeans in this
variant throughout the vegetation period exceeded that of the control plants by 14-31
%. Under the influence of Phytocide-r during the inoculation with B78, there was an
increase in the number of nodules by 13-36 % and their mass by 14-26 % compared
to inoculation without biofungicides.

Under the inoculation of soybean seeds with B. japonicum B144, the number of
root nodules on plants throughout the vegetation period while using Mycosan-N was
higher compared to the control plants (by 26-45 %). The mass of nodules in plants of
this variant exceeded the control plants by 38 and 15 % in the stage of three true leaves
and budding. However, during the full flowering stage, the investigated indicator was at
the level of the control plants. Phytocide-r was found to have a stimulating effect on the
number of nodules formed by B. japonicum B144. Their mass was greater compared to
the control plants by 16 %, 10 %, and 9 % in the stages of the three true leaves, bud-
ding, and full flowering, respectively (Table 1).

With the comprehensive application of B. japonicum PC07 and biofungicides, nitro-
genase activity in symbiotic systems decreased by only 7 % in the stage of the three
true leaves compared to plants whose seeds were treated with nodule bacteria (with-
out plant protection agents). A decrease in nitrogenase activity was observed in plants
inoculated with rhizobia strain PC09 under the influence of Mycosan-N, ranging from
17 % to 24 % during the vegetation period. Under the influence of Phytocide-r in plants
inoculated with this strain, nitrogenase activity during the stages of the three true leaves
and budding was at the level of control plants and decreased by 22 % in the stage of
full flowering.

The stimulating effect of Mycosan-N on the nitrogenase activity level of symbiotic
systems formed with the participation of B. japonicum B78 has been established. This is
evidenced by the increase in the investigated indicator compared to inoculation without
biofungicides by 28 %, 15 %, and 12 % in the stages of three true leaves, budding, and
full flowering, respectively. The combined treatment with Phytocide-r and nodule bacte-
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Table 1. The number and weight of root nodules in soybeans of the Khutoryanochka
variety after seed treatment with biofungicides and inoculation with nodule
bacteria (per 1 plant)

Stage of ontogenesis:

3 true leaves budding full flowering
3 8 3 8 3 8
= = =) =i =] =
Treatment 9 © 9 ° ° =)
e 9 2 9 2 9
S 5 S s S 5
8 < 8 = 8 <
[S o) g D 1S )
2 2 = 2 = =
T 1.7 0.095 24.0 0.356 28.0 0.581
+0.9 +0.004 +1.2 +0.018 +15 +0.029
12.3 0.116* 26.0 0.382 36.0* 0.659*
PO AeEEE I +12  +0007  +20  +0021 %29 +0.033
10.7 0.076* 20.3* 0.314* 29.5 0.547

PR = Fujiseisley +0.8  +0.004 +09  +0015  +17 +0.030
8.0 0.133 213 0.213 46.3 0.320

PCo9 0.4 +0.007 1.0 +0.010 +3.0 +0.016

6.0* 0.086* 18.5 0.156* 42.7 0.261*

[P0 T SRR +05  +0.003 +10  +0.008 +23 +0.013

10.0* 0.101* 28.1% 0.200 40.1* 0.255*

PRI Py +1.0  +0.005 +25  +0009  £20 +0.012

10.3 0.085 22.9 0.230 30.7 0.304

B78 +0.8 +0.004 +13 +0.012 +1.6 +0.017

13.0 0.097 28.3* 0.271* 37.7* 0.399*

Bt ez +15  +0.003 +14  +0016  +18 +0.021

14.0* 0.107* 26.8* 0.274* 34.7 0.345

B FnesE b +15  +0.005 +15  +0015  +£20 +0.019

9.8 0.064 21.2 0.339 23.7 0.389

B144 +0.7 +0.003 13 +0.017 1.2 +0.021

12.3* 0.088* 30.1* 0.388* 34.3* 0.385

i esa +1.0  +0.005 +15  +0.019  +20 +0.018

13.0* 0.074 29.0% 0.374 3338 0.425*

B144 + Phytocide-r +19 +0.004 +2.0 +0.017 +1.5 +0.021

Without inoculation and
biofungicides

Note: x + standard error, n = 10; * significant difference compared to the inoculation of seeds by the same
strain without biofungicides at P < 0.05 within one column
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ria B78 provided an increase in nitrogenase activity by 14 % in the budding stage and
a decrease of this indicator to the level of the control plants in the full flowering stage.

The comprehensive treatment of soybean seeds with biofungicides and B. japoni-
cum B144 resulted in an increase in N, assimilation intensity by 29-34 % at the three
true leaves stage and by 10—16 % at the flowering stage. During the full flowering stage
of soybeans under the influence of Mycosan-N, the nitrogenase activity indicator of
symbiotic systems formed with the participation of B144 rhizobium strain was higher
compared to the control plants by only 5 % (see Figure).

Stage of ontogenesis:

3 true leaves budding full flowering
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Fig. Nitrogenase activity of soybean plants of the Khutoryanochka variety (umol C,H,-(plant-h)" after seed
treatment with biofungicides and inoculation with nodule bacteria

Note: x + standard error, n = 4; * significant difference compared to the inoculation of seeds by the same
strain without biofungicides at P < 0.05 in groups of three columns

The pre-sowing treatment of soybean seeds with Mycosan-N reduces plant infec-
tion with bacterial diseases under conditions of natural and artificial contamination, stim-
ulates plant growth and development, increases the content of chlorophyll, nitrogen,
phosphorus, and potassium in plants, and ensures an increase in crop yield and grain
quality (Teslyuk et al., 2010).

Inoculation of seeds with nodule bacteria and the combined application of rhizo-
bia with biofungicides contribute to an increase in the aboveground and root mass of
plants compared to plants without this treatment. In the stage of the three true leaves,
regardless of the strain of nitrogen-fixing microorganisms used for inoculation and the
biofungicide applied, the root mass of soybeans was at the level of plants in the control
variants (without the use of biological plant protection agents).
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During the budding stage of soybean plants, inoculation with strain PC07, in com-
bination with Mycosan-N, resulted in a decrease in aboveground mass and root mass
by 11 % and 6 %, respectively. During the full flowering stage, there was an increase
in these indicators in plants of this variant by 7 % and 12 %. Under the influence of
Phytocide-r in conjunction with the treatment with nodule bacteria PCO7 during the bud-
ding and full flowering stages, a 13-27 % increase in soybean root mass was estab-
lished compared to plants of the respective control.

The comprehensive treatment of soybean seeds with rhizobia of PC09 strain and
Mycosan-N contributed to an increase in the aboveground mass of plants by 15 % and
8 %, and root mass by 7 % and 15 % at the budding and full flowering stages, respec-
tively. At the same time, the action of Phytocide-r and the specified inoculant provided
an increase in aboveground mass by only 6 % and 5 % at the budding and full flowering
stages, and an increase in root mass by 21 % during the flowering stage (Table 2).

There are results of research on the biological properties of the fungus Fomes
fomentarius and its application in medicine, agriculture, cosmetics production, efc.
Various methods of grinding and suspending the fungus are being investigated, which
is associated with significant interest in its practical application and the multifaceted
nature of its biological activity (Darkal et al., 2021; Kalitukha, & Sari, 2022). The basis
of the biofungicide Mycosan is a biologically active composition of fungal glucans. To
obtain chitin-glucan complexes from higher basidiomycete fungi, they are extracted with
an alkali. The biological effectiveness of the product was studied in various soil and
climatic zones of Ukraine on multiple agricultural crops. As a result of the research, it
is recommended for seed treatment and plant application during the vegetation period
of spring and winter wheat, barley, corn, peas, soybeans, sugar beets, sunflowers, and
certain fruit and vegetable crops (Teslyuk, 2011).

In agricultural production, replacing synthetic pesticides with biological ones will
reduce soil contamination with chemical residues, halt the development of pest resist-
ance to plant protection agents, restore and enhance soil quality, and increase the pro-
ductivity of agricultural crops without a negative impact on the environment (Krutiakova
et al., 2018).

In leguminous crops, resistance to pathogens is increased, plant biomass is
enhanced, and grain productivity is improved through pre-sowing seed treatment with
selected strains of nodule bacteria (Volpiano et al., 2019). The functioning of the leg-
ume-rhizobial symbiosis brings about specific changes in the metabolism of the host
plant. The specific activity of key enzymes involved in the metabolism of phenols in
nodules, roots, and leaves of soybeans in symbiotic systems with varying efficiency has
been noted (Nyzhnyk, & Kots, 2023).

The influence of nitrogen-fixing microorganisms on plants and pathogenesis is
associated with the enzymatic activity of bacterial cells and the production of second-
ary metabolites with antimicrobial properties, especially concerning the pathogens that
cause damage to the root system. In addition to the action of antifungal substances, the
restriction of pathogen development can be attributed to the stimulation of plant growth
through the active functioning of symbiosis. It has been found that rhizobia enhance
systemic resistance to phytopathogens by inducing immune responses in plants. This
is a crucial process because, during the vegetation period, the leaf apparatus serves
as a favorable substrate for the development and multiplication of pathogenic fungi,
bacteria, and viruses, leading to various diseases with different symptoms and con-
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Table 2. Aboveground fresh weight and root fresh weight (g/plant) of soybean plants
grown under the action of biofungicides and inoculated with nodule bacteria

Bradyrhizobium japonicum

Stage of ontogenesis:

3 true leaves budding full flowering
[E E [E
= = =
Treatment g = %’ <= g =
(@]
2 B 2 B 2 2
8 > 3 5 8 =
2 g S S 2 3
> > >
o [e] o
e} o) QO
@ @ @
pCo7 3.45 1.84 5.55 3.52 6.58 4.46
+0.14  +007 +024 +0.16 029  +0.21
3.29 1.82 4.93 3.31 7.03 5.01*
P < LiEesEi £015  +007 +020 +013 £031  +020
. 3.35 1.79 5.01 3.98 6.79 5.68*
FOLT > Pl eller +016  +0.06 +024 +017 +029  +0.28
S~ 3.11 1.69 4.06 3.60 475 3.53
+012 +006 +0.16 +0.15 021  +0.16
2.86 1.63 4.67* 3.84 5.11 4.07*
PO L EselE +012  +006 +022 +017 +024  +0.18
. 2.75 1.68 4.30 3.21 4.99 4.26*
P Fl il +010  +0.07 +019 +015 +022  +0.19
578 3.13 1.72 4.36 3.56 4.97 4.02
+015 +0.08 +020 +0.16 +023  +0.20
2.98 177 4.65 3.61 5.32 3.88
0 5= L e 1Y +014  +007 +021 +017 +025 +0.16
. 2.88 1.69 4.26 3.70 6.08* 4.00
ity > Pajiselley +013 +0.06 +018 +017 +027 +0.18
B144 3.17 1.61 5.19 4.04 6.41 457
+014  +007 +025 +0.18 029  +0.21
3.26 1.64 4.60* 3.69 6.05 3.94*
il i b ieesEn 1Y +015  +0.07  +022 +017 +028  +0.17
. 3.25 1.61 460*  3.09% 6.59 433
Bl T Fnyieeieia +0.13 +007 +022 +013 031 020
Without inoculation and 2.47 1.58 3.31 2.58 4.75 3.40
biofungicides +0.1 +0.06 +0.16 +0.12 +0.21 +0.16

Note: x + standard error, n = 10; * significant difference compared to the inoculation of seeds by the same
strain without biofungicides at P < 0.05 within one column
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sequences for plants (Volpiano et al., 2019). The mechanism of action of biological
plant protection agents may be similar to the influence of diazotrophic microorganisms
on the plant organism. For example, Bacillus strains often demonstrate their ability for
biocontrol through inhibitory activity against the growth of phytopathogens. They also
induce systemic resistance in plants and compete for ecological niches with pathogenic
microorganisms. (Fira et al., 2018).

Tonelli et al. (2017) demonstrated that co-inoculation with bacteria Bacillus sp.
CHEPS5, inducing resistance against Cercospora sojina in soybeans, and B. japonicum
E109 reduced the leaf infection by cercosporosis compared to the application of the
biocontrol agent alone. This method of pre-sowing treatment did not have a negative
impact on the formation and functioning of symbiotic systems and the flavonoid compo-
sition of root exudates in plants.

CONCLUSION

The research results indicate that a scientifically substantiated selection of effec-
tive strains of nodule bacteria and biological fungicides allows for the implementation of
the primary functions of these microbial preparations and contributes to the significant
preservation of ecological balance in agrocoenoses.

As the world faces the need for rational environmentally-oriented nature manage-
ment, it is advisable to use soybean-based preparations with biological plant protection
products in soybean cultivation technologies. This will reduce the anthropogenic (chem-
ical) load on the soil, help preserve its fertility and biodiversity, and introduce micro-
organisms with agronomically useful properties into agrobiocenoses. In addition, the
integrated use of biological products with different mechanisms of action in agricultural
production is a way to biologization of agriculture and production of environmentally-
friendly crops.
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BMJINB BIONON4YHUX ®YHriunaiB HA ®OPMYBAHHA TA ®YHKLIOHYBAHHA
CUMBIOTUYHUX CUCTEM COA-BRADYRHIZOBIUM JAPONICUM

KamepunHa Kykon', [lempo lMyxmaeeuy', Hadisi Bopob6eli', TemsiHa Koyb'?

" IHemumym ¢bizionoeii pocnuH i eeHemuku HAH YkpaiHu
8yn. Bacunbkiecbka, 31/17, Kuie 03022, YkpaiHa

2 JHemumym ykpaiHcbkoi mosu HAH YkpaiHu, syn. M. Ipywescbkoeo, 4, Kuis 01001, YkpaiHa

BcTyn. I3 METO 3HKEHHSI HEraTUBHOTO BMNAMBY HA arpoeKoCUCTEMU MiHEPanbHUX
000puWB i NeCTUUMAIB Y TEXHOMOrISIX BUPOLLYBaHHSA COi Aedari YacTille 3acTOCOBYOTb
€KororiyHo-6e3neyHi cucTeMn 3axXMCTy POCINH i 3abe3neYeHHs1 iX OCHOBHUMMW eneMeH-
TaMU XMBIEHHS.

Matepianu 1 metoau. Y BeretauiiHix gocnigax ByB4any npouecy opmMyBaHHS
Ta (PyHKUIOHYBaHHS CMMOBIOTUYHUX CUCTEM COI 3 aKTMBHMMM LUTaMamMun Byrnb6o4KoBUX
GakTepin Bradyrhizobium japonicum 3a BNnvBy nepennociBHoi 06pobkn HaciHHA bio-
dyHriungammn MikocaH-H i ®itouna-p. 3actocoByBanm MikpobionoriyHi, gisionorivHi,
CTaTUCTUYHI METOOM Ta ra3oBy XpomaTtorpadito.

Pesynbratu. BusiBneHo BnnmB GionoridyHMx QyHriungiB Ha HogynsauiiHy akTuBe-
HiCTb BynbOOYKOBMX GakTepin. BcTaHOBNEHO, LLO 3a KOMMEKCHOT 06POBKM HACIHHA COi
B. japonicum PCO07 i3 MikocaHom-H maca chopmoBaHux Ha KopeHsix 6ynb06o4ok nepe-
BMLLYyBana KOHTPOMbHi pocnuHn Ha 7,3-22,1 %, a 3a gii Pitoungy-p byna meHLwow
MOPIBHSIHO 3 HUMK Ha 5,9-20 % ynpoaoBx BereTaLii.

3a cymicHoro 3actocyBaHHs B. japonicum PCO9 i MikocaHy-H BigMivyanu 3H/KeHHs1
KiNbKOCTi KopeHeBMX Byrbboyok Ha 7,8—25,0 % i ixHbOi Mmacu Ha 18,4—35,3 % ynpoaoBx
BereTauii. 3a gii Pitoumay-p Ha TNi iHOKynAuUii pudobismu wrtamy PCO9 KinbkicTb 6ynb-
60o4oK Oyrna MEHLLOI MOPIBHSIHO 3 KOHTPOSNbHMMMW POCAIMHaMK nuvwe y a3y MOBHOIO
UBITIHHSA, BOOHOYAC 3HWXEHHS IXHbOT Macu ctaHoBurno 6,1-20,3 % ynpoaoBX ycboro
nepiogy cnocTtepexeHb. BusBneHo cTumynioBanbHUin BNAnB o6ox BGiodyHriumais Ha
dopMyBaHHSA CUMBIOTUYHOrO anapaTty 3a yyacTio wramiB B. japonicum B78 i B144.
3a KomnnekcHoro 3actocyBaHHs B. japonicum PCO7 i 6iodyHriumais azoTdikcyBanbHa
aKTUBHICTb CHOPMOBaHUX CUMOIOTUYHMX CUCTEM 3HM3WUNacsa Ha 7,2 % nuwe y casy
TPbOX CNPaBXHIX NUCTKIB 3a BNNnBY PiTouMAy-p NOPIBHAHO 3 POCITMHAMMW, HACIHHS AKUX
obpobnanu Tinbkn pu3obismn. BcTaHOBMNEHO MiABULLEHHSA a30TdiKCyBarbHOI aKTMB-
HOCTi cUMBIOTMYHMX cucTeM, chOpMOBaHMX 3a yvacTio B. japonicum B78, Ta BnnuBy
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MikocaHy-H Ha 28,0, 14,5 i 12,3 % y cdasm TpbOX Crpa’XHix NMCTKIB, ByToHi3auii Ta
NMOBHOTO LBITIHHA BignosigHo. [ia ®itounay-p Ha Tni iHOKynauii 6ynb6o4ykoBrMy GakTe-
pismun B78 3abesnevyBana nigBuLLeHHSA a3oTdikCyBanbHOI akTUBHOCTI Ha 13,6 % nuwe
y hbasy GyToHi3zauji. 3a KoMnneKkcHoi 00pOoOKN HACIHHA COi 3any4yeHuMmn y poboTy Bio-
dyHriugamm Ta B. japonicum B144 Bigmivyanu nigBULLIEHHS iIHTEHCUBHOCTI acuMinauii
N, Ha 29,3-34,2 % y chasy TpbOX cnpaexHix nucTkiB i Ha 9,8—-15,7 % y dasy OyToHisauii.

BucHoBKK. 3acTtocyBaHHS HayKOBO OOrpyHTOBaHOro gobopy wrtamiB Oynb6o4-
KoBMX OakTepin i GionoriyHmx 3acobiB 3axMCTy POCIUH AN NepennociBHOI 06pobku
HaciHHS coi gacTb 3Mory 3abesneynTn GinbLUIOK MipOoH0 pearnisaLito iXHbOro a3oTqikcy-
BaslbHOro NoTeHuiany ta piTonpoTeKTOPHOI Ail.

Knroyoei cnoea: Bradyrhizobium japonicum, cos, iHOKynsiyisi, 6ionoriyHi
dyHriuMan, Kinbkictb i Maca Oynbbo4ok, asoTdikcyBarnbHa
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