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REALIZATION OF NODULATION AND NITROGEN-FIXING
ACTIVITIES OF BRADYRHIZOBIUM JAPONICUM

AND RHIZOSPHERE MICROBIOTA THROUGH SEED
TREATMENT WITH PESTICIDE STANDAK TOP

AND SPRAYING PLANTS WITH SOYBEAN SEED LECTIN

The idea of the study was to use soybean lectin as a biologically active compound with a broad spectrum of action to
spray soybean plants for stabilization of the formation and functioning of the soybean-rhizobium symbiosis as well as the
nitrogen-fixing activity of rhizosphere microbiota against the background of seed treatment with chemical plant protection
product Standak Top — an innovative pesticide with fungicidal and insecticidal activity for the control of major diseases
and pests of soybean plants. Aim. To study the peculiarities of formation and functioning of soybean-rhizobium symbiosis
as well as the nitrogen-fixing activity of rhizosphere microbiota under spraying plants with specific soybean seed lectin on
the background of seed treatment with Standak Top and inoculation with nodule bacteria Bradyrhizobium japonicum
634b on the sowing day in the conditions of pot experiments with soil as a substrate. Methods. Physiological, microbiologi-
cal, gas chromatography, and statistical methods were used. Results. It was shown that after seed treatment with Standak
Top (1.5 L/ton of seeds) on the sowing day, there was observed suppression of the process of nodule formation on the roots in
the period of soybean vegetative growth. The nitrogen-fixing activity of the symbiotic system was at the control level, while
the functional activity of soil diazotrophs was suppressed (by 1.2—2.2 times). Spraying plants in the phase of two trifoliate
leaves (V2) with soybean seed lectin (without pesticide) led to an increase in the total mass of nodules on the plant (by 1.5
and 1.9 times as well as by 2.3 and 2.0 times compared to the control of inoculation in the phase of three trifoliate leaves (V3)
and beginning of pod formation (R3), respectively). The increase in the total mass of the symbiotic apparatus on soybean
roots in the phases V3 and R3 respectively was by 1.4 and 1.5 times in comparison with seed treatment with Standak Top,
and the mass of one nodule was higher by 1.3 and 1.6 times, respectively. Soybean seed lectin led to a significant increase in
the actual nitrogenase activity of the soybean-rhizobium symbiosis. It was 2.9 and 1.9 times higher compared to control of
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inoculation and 2.1 and 1.8 times compared to the variant of inoculation + pesticide in the V3 and R3 phases, respectively.
The functional activity of soil nitrogen-fixing microorganisms did not change significantly. The use of soybean seed lectin
against the background of the seed treatment with Standak Top and inoculation contributed to the stabilization and in-
crease in the rhizobia nodulation ability, the suppression of which was due to the influence of such an anthropogenic factor
as pesticides. There was observed an increase in the number (by 1.6 and 1.2 times) and mass of root nodules (by 2.2 and
1.5 times and 1.4 and 1.2 times, respectively, compared to the controls of inoculation and inoculation + pesticide). Soybean
seed lectin significantly increased the nitrogenase activity of the symbiosis against the background of Standak Top (by 1.9
and 1.6 times and 1.4 and 1.5 times, respectively, in the V3 and R3 phases of soybean ontogenesis) compared to the control
of inoculation and inoculation + Standak Top. Conclusions. The obtained results suggest the possibility of using the method
of spraying plants with specific lectin as a means of leveling (or mitigating) the negative effect of pesticides used for the seed
treatment on the formation and functioning of the symbiosis and rhizosphere diazotrophic microbiota. This indicates the
prospects of studying the biological activity of phytolectins in spraying plants in order to regulate the formation and func-
tioning of phytobacterial systems, as well as their responses to various environmental or anthropogenic stress factors, in
particular, to the effect of chemical plant-protecting products used for the seed treatment.

Keywords: soybean-rhizobium symbiosis, Standak Top, soybean seed lectin, nodulation, nitrogenase activity, rhizo-

sphere diazotrophs.

Bacterization and treatment with pesticides of
legume seeds, including soybeans, are two inter-
related technological methods used in the tech-
nology for their cultivation [1—3]. The presowing
treatment of seeds with fungicides minimizes
plant diseases caused by the presence of phyto-
pathogens in them at the early stages of ontogen-
esis, and also ensures the complete development
of plants in the subsequent growing phases of on-
togenesis [1, 2]. Inoculation of soybean seeds with
microbial preparations based on nodule bacteria
causes the formation of symbiotic systems, the
functional significance of which is determined
by the level of molecular nitrogen fixation, which
contributes to a better realization of the produc-
tive potential of this legume [4]. Symbiotic char-
acteristics of nodule bacteria, such as the nodule-
forming (nodulating) ability, nitrogen-fixing
activity, and specificity to the host plant are the
main features that determine the effectiveness
of legume-rhizobium symbiosis under inocula-
tion of seeds [4—6]. It has been found that the
nodulation ability of soybean nodule bacteria
and nitrogenase activity of symbiotic soybean-
rhizobium systems against the background of
using fungicides are significantly weakened, es-
pecially in the first half of the growth [3, 7, 8].
Therefore, it is important to find the ways to sta-
bilize the symbiotic potential of rhizobia against
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the background of such anthropogenic factors as
chemical plant-protecting products used for seed
treatment, especially if such a treatment is car-
ried out on the sowing day.

As known, the level of realization of the sym-
biotic properties of nodule bacteria in the for-
mation of legume-rhizobium systems can be
regulated by biologically active substances of
different nature, including plant lectins [9—11].

Lectins are a group of proteins that combine
the ability to bind carbohydrates and carbohy-
drate determinants of glycosylated biopolymers
without causing their chemical transformations
[12, 13]. Phytolectins, including legumes lectins
(14, 15], are multifunctional biologically active
compounds, which today have found their ap-
plication in various areas of medicine, pharma-
cy, veterinary medicine, and crop production [9,
15—19]. The insecticidal, bactericidal, and fun-
gicidal activities of plant lectins [9, 15—17, 19]
allow us to consider them as promising phyto-
protective compounds, on the basis of which ef-
ficient methods can be developed for biological
control of plant diseases [20—22] or regulation
of plant physiological processes in the condi-
tions of biotic and abiotic stresses [9, 11, 20—23].
The study of the possibility of using soybean
seed lectin (100 pg/mL) in the pre-sowing seed
treatment as a compound with possible anti-
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dote activity or its introduction into the rhizo-
bial inoculum has shown the ambiguity of the
action of this biologically active compound,
which depends on the development of soybean
plant’s phase and the nature of fungicide applied
[8]. Thus, the use of Standak Top and inoculum
based on rhizobia and soybean seed lectin or the
seed treatment with lectin followed by rhizobia
inoculation resulted in a significant reduction in
the nodule formation on plant roots and nitro-
gen-fixing activity of the symbiotic system. At
the same time, against the background of fungi-
cides Maxim XL and Fever, a weaker toxic effect
is established. Basing on the results, the authors
conclude that it is impossible to use soybean
seed lectin (100 ug/mL) for the action on seeds
or bacterial culture as an antidote to fungicides.

The aim of the work was to study the pecu-
liarities of the formation and functioning of
symbiotic systems of soybean plants with nodule
bacteria Bradyrhizobium japonicum 634b as well
as the nitrogen-fixing activity of rhizosphere mi-
crobiota under the seed treatment with the pesti-
cide Standak Top on the sowing day and spraying
vegetative plants with soybean seed lectin.

Materials and methods. The objects of the
study were the soybean-rhizobium symbio-
sis formed by soybean plants (Glycine max (L.)
Merr.) of Ukraine’s breeding (variety Almaz) [24]
and nodule bacteria B. japonicum 634b against
the background of seed treatment with Standak
Top on the sowing day and spraying vegetative
plants with soybean seed lectin during the devel-
opmental phase of two trifoliate leaves.

Variety Almaz, obtained by hybridization of
the varieties Beal'tsi 3/86-x and Fiskebv-840-5-3,
significantly exceeded (by 6—8 c/ha) the harvest
of the parent varieties. The owners of the patent
for this variety (N 07105) are the Poltava State
Agrarian Academy and L.G. Bilyavska. In 2007,
it was included in the State Register of Plant Va-
rieties of Ukraine [24]. Variety Almaz is a grain,
early ripening, drought-resistant, and resistant to
diseases, which provides a stable growing season
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lasting 100—105 days. The content of protein in
the seeds was 38—39% and of oil — 24—26% [24].

Nitrogen-fixing nodule bacteria B. japonicum
634b (symbiotic and associative nitrogen-fixing
microorganisms strains from the collection of the
Institute of Plant Physiology and Genetics of the
NAS of Ukraine (IPPG) were grown for 10 days at
28 °C on an agar mannitol-yeast medium (g/L):
K,HPO, — 0.5; MgSO,-7H,0 — 0.4; NaCl —
0.1; mannitol — 10.0; yeast extract — 0.5; agar-
agar — 16.0; distilled water — 1 L; pH — 6.8—7.0.
The culture was washed with sterile water and ad-
mixed into a homogeneous suspension. The num-
ber of viable bacteria (colony-forming units) was
determined by classical microbiological methods
of serial dilutions of bacteria suspension, seeding
on an agar mannitol-yeast medium, and count-
ing of grown colonies. The titer of rhizobia in the
suspension was 10% cells/mL.

Standak Top (BASF, Germany) is an innovative
pesticide with fungicidal and insecticidal activi-
ties for the control of major diseases and pests of
soybean plants with active substances (Fipronil —
250 g/L; Thiophanate-methyl — 225 g/L; Pyraclos-
trobin — 25 g/L) belonging to chemical classes of
phenylpyrazoles, benzimidazoles, and strobilurins,
respectively [25]. The chemical plant-protecting
product Standak Top, which is recommended to
reduce the damage to seeds and plants by phyto-
pathogens under seed treatment, was used as one
of the technological means in soybean cultivation.
Seed treatment with Standak Top was performed
on the day of sowing, using the recommended
dose of 1.5 L / ton of seeds. Inoculation of soybean
seeds (1 mL / 120 seeds in the variant for 1 h) was
carried out 1 h later the seed treatment with fungi-
cide and followed by sowing in pots (20 pcs/pot). A
solution of commercial soybean seed lectin (SSL,
Lectinotest, Lviv, Ukraine) at a concentration of
50 ug/mL and a dose of 2 mL/plant (50 mL/m?) was
used to spray soybean plants in their development
phase of two trifoliate leaves (V2, 33-day-old plants).

The features of formation and functioning of
soybean-rhizobium symbiosis to the seed treat-
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ment with fungicide on the day of sowing and
spraying vegetative plants with soybean seed lec-
tin were studied in a pot experiment with the soil
culture. The pot experiments were carried out at
the IPPG under natural light and air temperature
in 10 kg Wagner’s pots on a soil substrate (soil:
sand — 3:1) using Gelrigel’s nutrient mixture
with 0.25 norms of mineral nitrogen according
to the following variants of seed inoculation:

= with bacteria (control for inoculation)

= with bacteria + spraying SSL

» with bacteria + Standak Top (control for
fungicide and inoculation)

= with bacteria + Standak Top + spraying SSL.

There were tested:

= formation of symbiosis owing to the nodula-
tion ability of rhizobia: the activity of root nod-
ule formation, their number and mass per plant,
the mass of 1 nodule, the nodulation scale;

» functional (nitrogenase) activity of soybean-
rhizobium symbiosis and soybean rhizosphere
soil — by an acetylene reductase method accord-
ing to Hardy et al. (1973) [26] using an Agilent
GC System 6850 gas chromatograph (USA) with
a flame ionization detector. To do this, roots with
nodules, washed from the plant growth sub-
strate, or roots without nodules with soil or clean
soil (20 g) were placed in hermetically sealed
glass vials with a volume of 75 mL, in which 10%
acetylene was created. The incubation time of the
sample was 1 or 2 h. After incubation, the gas
mixture containing ethylene formed due to acet-
ylene reduction with nitrogenase was analyzed
on the device. Separation of gases was performed
on a Supelco Porapak N column at a furnace
temperature of 55 °C and a detector temperature
of 150 °C. The carrier gas was helium (50 mL
per 1 min). The analyzed sample volume of the
gas mixture was 1 mL. Pure ethylene (Sigma-
Aldrich, N536164, USA) was used as a standard.
The amount of ethylene formed from acetylene
for 1 h of incubation, when the nitrogenase of the
incubated sample is operated, was expressed in
molar units of formed ethylene per 1 plant for
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1 h. Nitrogenase activity of symbiosis was ex-
pressed in micromoles of C,H, / (plant-h) — ac-
tual activity. Nitrogenase activity of rhizosphere
soil was expressed in nanomoles of C,H, / (20 g
of absolutely dry (a. d.) soil-h). Nitrogenase ac-
tivity of symbiotic systems and soil microbiota in
the different phases of soybean ontogenesis was
determined through 4—6 biological replicates.

Soybean plants were sampled at the growth
stages of one (V1, 30-day-old plants) and three
(V3, 36-day-old plants) trifoliate leaves, and the
beginning of pod formation (R3, 56-day-old
plants). The rhizosphere soil sampling was car-
ried out at the stage of one trifoliate leaf (V1,
30-day-old plants), beginning flowering (R1,
44-day-old plants), and beginning pod forma-
tion (R3, 56-day-old plants) [27].

Statistical processing of experimental data
was performed according to generally accepted
methods using the software package Microsoft
Excel 2019. The significance of the results among
the variants was evaluated using the package
ANOVA. Then, the differences between the
means were compared by Fisher’s Least Signifi-
cant Difference (LSD) test at a probability level
of 95%. Significance levels were expressed as
P =0.05 and data were significant when P < 0.05.

Results. It was found (Fig. 1, Table 1) that the
use of pesticide Standak Top for seed treatment
on the sowing day did not inhibit the process of
infection of soybean roots with nodule bacteria
at the beginning of the formation of symbiotic
structures (phase of development of one trifo-
liate leaf, V1): the number of plants nodulated
with rhizobia was 79.2% vs. 74.8% in the con-
trol, and the number of plants that formed more
than 5 nodules — 9.8% compared to 3.7% in the
control. However, in the phase of three trifoliate
leaves (V3), despite the fact that the number of
plants nodulated with rhizobia was at the con-
trol level (Fig. 1), the number of nodules on the
plant was significantly less (by 24%, Table 2).
This may indicate the suppression of the process
of nodule formation on soybeans by Sandak Top
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Fig. 1. Nodulation activity of B. japonicum after the
seed treatment with Standak Top (ST) and spraying
with lectin of soybean seeds (LSS). X axis: Phases of
plant development: 1 — one trifoliate leaf (V1), 2 —
three trifoliate leaves (V3). Y axis: Part NOD* plants, %.
NOD" plants — the plants with root nodules

directly in the first half of the period of plant
growth (the period of vegetative growth) because
in the phase of the beginning of pod formation
(R3, the period of reproductive growth), which

is far away in time from the application of the
pesticide, the number of nodules on plant roots
exceeded the control value by 1.4 times (Table 2).

Spraying soybean plants in the phase of two tri-
foliate leaves (V2) with a solution of soybean seed
lectin on the background of Sandak Top contrib-
uted to a great extent to the activation of both the
process of nodulating plants with rhizobia (Fig.
1) and the process of root nodules formation (Ta-
ble 2). The number of rhizobia-nodulated plants
(NOD *) increased by 6% (Fig. 1) in phase V3,
the plants that formed more than 5 nodules were
45% against 19.1 and 15.8% in the control variants
with inoculation and inoculation + Sandak Top,
respectively (Table 1). A similar pattern was also
observed in phase R3: the number of plants that
formed more than 20 nodules was 83.3% com-
pared to 16.7 and 33.4% in the control variants
(thizobium and rhizobium + ST) respectively (Ta-
ble 1). The formation of a larger number of symbi-

Table 1. Dynamics of nodule formation on soybean roots due to inoculation
with rhizobia under the action of Standak Top on seeds and spraying plants with lectin

Nodulation scale (number of nodules per plant, pcs.)

Treatment 0 1—-5 6—10 11—15 16—20 21—-25 26—30 31-35
Part of plants with the appropriate number of nodules,%
Phase of one trifoliate leaf’s development (V1)
Rhizobium (control) 25.2 70.0 3.7 0 0 0 0 0
Rhizobium + ST 20.8 68.1 9.8 0 0 0 0 0
Phase of three trifoliate leaves’ development (V3)
Rhizobium (control) 4.8 76.2 19.1 0 0 0 0 0
Rhizobium + SSL 5.3 84.2 10.5 0 0 0 0
Rhizobium + ST 5.3 78.9 15.8 0 0 0 0 0
Rhizobium + ST + SSL 0 55.0 45.0 0 0 0 0 0
Phase of the beginning of pod formation (R3)
Rhizobium (control) 0 0 16.7 66.7 0 16.7 0 0
Rhizobium + SSL 0 0 16.7 16.7 33.3 16.7 16.7 0
Rhizobium + ST 0 0 16.7 16.7 33.3 16.7 16.7 0
Rhizobium + ST + SSL 0 0 0 16.7 0 83.3 0 0

Note: ST — Standak Top, SSL — soybean seed lectin.
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otic structures on soybean roots with a larger total
mass on the plant and the mass of one nodule were
recorded as well (Table 2). The number and mass
of nodules increased by 1.2 and 1.6 times and by
12 and 7%, respectively in phase V3 of soybean
development, compared with the controls of inoc-
ulation and inoculation +ST. During phase R3 of
soybean plants’ ontogenesis, the numbers of root
nodules were by 57 and 15% higher compared to
the control of inoculation and inoculation + ST.
At the same time, their total mass and the mass of

one nodule increased by 2.3 and 1.5 times and by
1.5 and 1.2 times, respectively.

Spraying plants with soybean seed lectin (with-
out fungicides) led to an increase in the total mass
of nodules on the plant and the mass of one root
nodule (Table 2). In the phase of three trifoliate
leaves (V3), these indexes increased significantly
by 1.5 and 1.9 times compared to the control of
inoculation, and in the phase of the beginning of
pod formation (R3) — by 2.3 and 2.0 times. The
increase in the total mass of the symbiotic appa-

Table 2. Characteristics of soybean root nodules under inoculation of seeds with nodule bacteria on the
background of Standak Top’s action and spraying plants with lectin

Treatment Units

% to control Units % to control

Soybean ontogenesis phase [27]

Phase of three trifoliate leaves (V3)

Phase of beginning of pod formation (R3)

Rhizobium (control) 4.1
Rhizobium + SSL 3.3
Rhizobium + ST 3.1
Rhizobium + ST + SSL 4,93¢

LSD® . 0.3
LSD¢ s 0.3

0.05

Number of nodules per plant, pcs.

Mass of nodules per plant, mg

Rhizobium (control) 21.04
Rhizobium + SSL 31.243¢
Rhizobium + ST 21.89
Rhizobium + ST + SSL 23.49

LSD® 4.73
LSDe 441

Mass of one nodule, mg

Rhizobium (control) 4,90
Rhizobium + SSL 9.30%
Rhizobium + ST 7.342
Rhizobium + ST + SSL 5.14
LSD® 0.38
LSD* . 1.64

100 13.7+1.1 100
81/107 18.5+2.5% 135/99
76/100% 18.7+2.4% 137/100%
120/158 21.5+1.4% 157/115

1.1
1.4

100 387.17 100
149/143 892.67%¢ 233/153
104/100% 585.50? 153/100%
112/107 872.00% 228/149
82.04
64.41

100 26.95 100
190/127 53.43%¢ 198/160
150/100% 33.47 124/100%
105/70 40.142 149/120
5.50
524

Note: in Tables 2—4:% before the line — relative to the control (Rhizobium, 100%), after the line — relative to the
variant Rhizobium + Standak Top (ST, 100%). * — significantly (P < 0.05) more than the control of Rhizobium;
b significantly (P < 0.05) less than the control of Rhizobium; ¢ — significantly (P < 0.05) more than the variant of

Rhizobium + ST.
ISSN 1028-0987. Microbiological Journal. 2022. (6)
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ratus on soybean roots was by 1.4 and 1.5 times
in phases V3 and R3 respectively in comparison
with the seed treatment with Standak Top, and
the mass of one nodule was higher by 1.3 and 1.6
times, respectively. The number of root nodules
in the period of vegetative growth of soybean was
less than that for the control with inoculation,
while in the phase of the beginning of pod forma-
tion —by 1.4 times greater than the control value.
A sufficiently high level of nitrogenase activity of
symbiotic apparatus formed by soybean plants and
nodule bacteria was established during all studied
phases of soybean vegetation (Table 3). However, it
was the lowest for Standak Top: the actual nitro-
gen-fixing activity of such a symbiosis was unreli-
ably (by 1.4 and 1.1 times) higher than the inocula-
tion control for phases V3 and R3, respectively.
Spraying plants with soybean seed lectin in the
phase of two trifoliate leaves (without fungicide)

Table 3. Nitrogenase activity of soybean-rhizobium
symbiosis after seed treatment with Standak Top
and inoculation and spraying vegetative plants
with soybean seed lectin

Actual nitrogenase activity
of symbiosis
Treatment
Micromoles
of C,H, / (plant-h) | % to control
Phase of three trifoliate leaves (V3)

Rhizobium (control) 0.23 100
Rhizobium + SSL 0.66% 287/213
Rhizobium + ST 0.31 135/100%
Rhizobium + ST + SSL 0.43% 187/139

b
LSD® | . 0.1
LSDE . 0.05

Phase of the beginning of pod formation (R3)
Rhizobium (control) 12.51 100
Rhizobjum + SSL 23.65% 189/178
Rhizobium + ST 13.29 106/100%
Rhizobium + ST + SSL 20.30%¢ 162/153

b
LSD® ;o 1.39
LSD® - 1.07
32

led to a significant increase in the actual nitroge-
nase activity of the soybean-rhizobium symbiosis.
It was 2.9 and 1.9 times higher in the development
phases V3 and R3 compared to the control of in-
oculation and by 2.1 and 1.8 times respectively
compared to the variant of inoculation + Standak
Top. The maximum activating effect of lectin on
the functioning of the nitrogenase complex was
established immediately in the following soybean
ontogenesis period after treatment (by 2.9 and 2.1
times more compared to the control of inocula-
tion and inoculation + fungicide, Table 3). Spray-
ing soybean plants with specific lectin against the
background of Standak Top led to a higher level of
the symbiotic system ability to fixing molecular ni-
trogen during all phases of plant vegetation (Tab-
le 3) compared to the inoculation control (by 1.9
and 1.6 times, respectively) and to the variant of in-
oculation + ST (by 1.4 and 1.5 times, respectively).

Evaluation of the nitrogen-fixing activity of
soil microbiota of diazotrophs during soybean
vegetation showed that seed treatment with
Standak Top resulted in the inhibition of nitro-
gen-fixing microorganisms’ activity both at the
beginning of plant vegetation and in the subse-
quent phases of soybean ontogenesis (Table 4).

Spraying plants with soybean seed lectin against
the background of pesticide action stabilized the
nitrogenase activity of diazotrophic microorgan-
isms compared to the variant of inoculation + ST
in the phase of the beginning of flowering (R1)
and did not affect the activity of diazotrophs in
the phase of the beginning of pod formation (R3).
A significant decrease in the nitrogen-fixing ac-
tivity of soil microorganisms in the variants with
the use of Standak Top compared to the inocula-
tion control was recorded in the period of repro-
ductive growth of soybeans (R3).

Soybean seed lectin in spraying plants in the
phase of two trifoliate leaves (without seed treat-
ment with pesticide) did not significantly af-
fect the nitrogenase activity of soil diazotrophic
microorganisms. However, the nitrogen-fixing
activity of soil diazotrophs in this variant was

ISSN 1028-0987. Microbiological Journal. 2022. (6)
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slightly higher (by 1.1 and 1.4 times) in phases R1
and R3 compared to the variant of seed treatment
with Standak Top. These results indicate a nega-
tive effect of the chemical pesticide in the seed
treatment on the capacity of the diazotrophic
microbiota to the molecular nitrogen conversion,
while the use of soybean seed lectin for spraying
plants did not show a significant difference in the
ability of microorganisms to molecular nitrogen
fixing compared to the inoculation control.
Discussion. It is known that a decrease in the
degree of damage to seeds and plants by phyto-
pathogens and the best rooting of plants in the
soil due to the accelerated growth and develop-
ment of the root system as well as an increase in
the leaf’s assimilation surface and the maximum
disclosure of the biological potential of the plants
are observed due to the treatment of seeds with
Standak Top [25]. Our results suggest that the ap-
plication of the pesticide Standak Top for to soy-
bean seed treatment on the sowing day does not
inhibit the process of soybean roots nodulation
with B. japonicum at the beginning of the forma-
tion of symbiotic structures (the phase of devel-
opment of one trifoliate leaf), however, the num-
ber of nodules on theplant was less in the phase
of the development of three trifoliate leaves. This
may indicate the suppressive action of Sandak
Top directly on the process of nodule forma-
tion on soybean roots in the period of soybean
vegetative growth. Other researchers have also
shown that treatment of seeds with pesticides
of different action spectra leads to inhibition of
the nodulation ability of soybean nodule bacteria
and nitrogenase activity of symbiotic soybean-
rhizobium systems, which is most pronounced in
the first half of the growing stages of plants [1, 3,
7, 8]. Spraying soybean plants in the phase of two
trifoliate leaves with a solution of soybean seed
lectin on the background of pesticide contribut-
ed greatly to the activation of both the process of
nodulating plants with rhizobia and the process
of forming root nodules. The formation of a larg-
er number of symbiotic structures on soybean
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roots with a larger total mass on the plant and
the mass of one root nodule was recorded as well.
Thus, the application of a solution of soybean
seed lectin at a concentration of 50 ug/mL on the
background of seed treatment with Standak Top
and inoculation has contributed to a higher level
of realization of the rhizobia nodulation ability,
the decrease in which was due to an anthropogen-
ic factor — pesticide. At the same time, the nod-
ules with the bigger mass on plants were formed.
Spraying plants with soybean seed lectin (with-
out the use of Standak Top) led to an increase in
the realization of the rhizobia nodule-forming

Table 4. Nitrogenase activity of soil diazotrophic
soybean microbiota after inoculation of seeds
with rhizobia against the background

of Standak Top action and spraying vegetative
plants with specific lectin

Nitrogenase activity of soil

nanomoles
of C;H,/ (20 g
of a. d. soil -h)

Treatment
% to control

Phase of one trifoliate leaf (V1)

Rhizobium (control) 1.91 100
Rhizobium + ST 1.48° 78/100%
LSD? 0.21

0.05

Phase of the beginning of flowering (R1)

Rhizobium (control) 5.56 100
Rhizobium + SSL 5.07 91/111
Rhizobium + ST 4,55b 82/100%
Rhizobium + ST + SSL 4.83 87/106
ab
LSD® . 0.29
LSD® s 0.54
Phase of the beginning of pod formation (R3)
Rhizobium (control) 3.99 100
Rhizobium + SSL 2.44¢ 61/140
Rhizobium + ST 1.74b 44/100%
Rhizobium + ST + SSL 1.14b 29/66
ab
LSD® . 0.99
LSD¢ . 0.34
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ability, which was manifested by an increase in
the total mass of nodules on the plant and in the
mass of one root nodule. Thus, spraying soybean
plants with a specific lectin affected the mass of
root nodules to a greater extent than the process
of their direct formation. This may be explained
by the ability of phytolectins to regulate division
of cells and increase their mass [28].

A high enough level of nitrogenase capacity
of symbiotic systems formed by soybean plants
and specific for plants nodule bacteria was estab-
lished in all studied phases of the development
of soybean plants. However, it was the lowest in
the case of using Standak Top for seed treatment
on the sowing day. Spraying plants with soybean
seed lectin in the phase of two trifoliate leaves
(without pesticide) led to a significant increase
in the actual nitrogenase activity of the soybean-
rhizobium symbiosis compared to the control of
inoculation and inoculation + Standak Top dur-
ing soybean ontogenesis. The maximum activat-
ing effect of lectin on the functioning of the ni-
trogenase complex was established immediately
in the following soybean ontogenesis period after
spraying. Earlier we showed that spraying soy-
bean plants in the phase of two trifoliate leaves
with soybean seed lectin led to an increase in the
nodule-forming ability of rhizobia and nitrogen-
fixing activity of the symbiotic system soybean-
B. japonicum 634b [29]. The results of this work
confirm the possibility of realization of plant
lectin biological activity against microsymbionts
not only under the conditions of its influence on
bacterial cells in a complex inoculant [9] but also
under spraying plants against the background of
the rhizobium inoculation of seeds.

Spraying soybean plants with specific lectin
against the background of the application of
Standak Top led to a higher level of the symbiotic
system’s ability to molecular nitrogen fixing dur-
ing all phases of plant vegetation compared to the
controls of inoculation and inoculation + pesti-
cide. The activity of lectin in the case of spray-
ing plants on the background of seed treatment
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with Standak Top and inoculation with rhizobia
was lower compared with that in the case of seed
lectin inoculation. The actual nitrogenase activ-
ity of soybean-rhizobium symbiosis during the
studied periods of plant vegetation in the case of
seed treatment with Standak Top on the sowing
day remained at the control level. Spraying plants
with specificlectin led to significant growth of the
nitrogen-fixing level of symbiotic systems both
against the background of pesticide application
and without seed treatment with Standak Top.
The maximum increase in nitrogenase activity
of the soybean-rhizobium symbiotic system was
recorded in the variant with spraying plants with
soybean seed lectin (specific to soybean plants)
against the background of seed inoculation with
a specific strain of nodule bacteria.

Activation of the nitrogenase capacity of the
soybean-rhizobium symbiotic system by spray-
ing plants with specific lectin may be due to its
indirect effect on the functioning of the plant’s
photosynthetic apparatus and metabolism of
photosynthetic products, which are a source of
energy for the functioning of the nitrogenase
complex. We have previously established the
participation of phytolectins with exogenous ef-
fects on seeds in the coordination of two signifi-
cant physiological processes in plants, namely
nitrogen fixation and photosynthesis in phyto-
bacterial systems [9, 30], as well as the possible
direct effect of plant lectin on the auxin/cyto-
kinin balance in plants, which has been shown
in previous studies on the exogenous action of
wheat germ agglutinin on the wheat seeds [9].

The functioning of nitrogen-fixing soil micro-
organisms was suppressed both at the beginning
of plant vegetation and during the subsequent
phases of soybean ontogenesis under the treatment
of seeds with Standak Top followed by inoculation
with rhizobia. Spraying of plants with soybean
seed lectin against the background of pesticide ac-
tion stabilized the functional activity of nitrogen-
fixing microorganisms compared to the variant of
inoculation + Standak Top in the phase of the be-
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ginning of flowering and did not affect the activ-
ity of diazotrophs in the phase of the beginning of
pod formation of soybeans. Spraying plants with
soybean seed lectin in the phase of two trifoliate
leaves (without seed treatment with Standak Top)
did not significantly influence the nitrogen-fixing
activity of soil diazotrophic microorganisms. This
may indicate the absence of direct action of this
biologically active substance onto the soil microbi-
ota in this method of lectin application. However,
the nitrogen-fixing activity of soil diazotrophs was
slightly higher in the phases of beginning flower-
ing and beginning pod formation compared to the
variant with seed treatment with fungicide. This
may be caused by the influence of exogenous lec-
tin on the functioning of the photosynthetic ap-
paratus of plants [9, 30] and the possible indirect
regulation of the quantitative and qualitative com-
positions of their root metabolites — products of
photosynthetic activity, which largely determine
the development and functional activity of soil
microorganisms [31].

Thus, the process of nodule formation on the
soybean roots was suppressed in the first half pe-
riod of the soybean growing, while the process
of nodulating plants with rhizobia remained sta-
ble during the seed treatment with Standak Top
on the sowing day. The nitrogen-fixing activity
of the symbiotic system was at the control level,
while the nitrogenase activity of soil diazotrophs
was suppressed. Spraying plants in the phase
of two trifoliate leaves with soybean seed lectin
(without using pesticide) led to an increase in the
total mass of nodules on the plant and the mass
of one root nodule, as well as to a significant in-
crease in the nitrogenase activity of the soybean-
rhizobium symbiosis with the maximum (almost
threefold) activating action directly in the phase
of soybean vegetation following the processing.
Spraying plants with soybean seed lectin in the
phase of two trifoliate leaves (without seed treat-
ment with Standak Top) did not significantly af-
fect the nitrogen-fixing activity of soil diazotro-
phic microorganisms. The application of a solu-
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tion of soybean seed lectin at a concentration of
50 pg/mL on the background of seed treatment
with Standak Top (1.5 L/ton of seeds) and inocu-
lation with B. japonicum 634b (108 cells/mL) con-
tributed to the stabilization and higher level of
realization of the rhizobia nodulation ability, the
decrease in which was due to such an anthropo-
genic factor as pesticides. At the same time, the
root nodules with bigger masses on plants were
formed. The maximum activating effect of lectin
on the functioning of the soybean-rhizobium ni-
trogenase complex was established immediately
in the the following soybean ontogenesis period
after spraying. Soybean seed lectin significantly
increased the nitrogenase activity of the symbio-
sis under the action of Standak Top compared to
the inoculation + pesticide control.

Thus, the obtained results suggest the possibil-
ity of using the method of spraying plants with
specific lectin as a means for leveling (or mitigat-
ing) the negative effect of seed treatment with
pesticides (e.g. Standak Top) on the formation
and functioning of the symbiosis and nitrogen-
fixing activity of rhizosphere diazotrophic mi-
crobiota. This indicates the prospects of studying
the biological activity of phytolectins through
spraying plants in order to regulate processes of
the formation and functioning of phytobacterial
systems, as well as their response to various en-
vironmental or anthropogenic stress factors, in
particular, the effect of chemical plant- protect-
ing products applied to the seed treatment.
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IacTuTyT disionorii pocnuH i renernkn HanioHanbHoI akafeMil Hayk Ykpainu,
31/17, Byn. Bacunbkiscbka, Kuis, 03022, Ykpaina

PEAJII3AIILA HOOYIALIIMHOI TA A3OT®IKCYBAJIBHOI AKTMUBHOCTEN
BRADYRHIZOBIUM JAPONICUM I PU3OC®EPHOI MIKPOBIOTY 3A OBPOBKV HACIHHS
I[MECTUIIMIOM CTAHIAK TOIIOM TA OBIIPMICKYBAHHS POCJIVH JIEKTMHOM HACIHHS COI

Inest moCIIimKeHHs IO/ATaIa Y BUKOPYCTAHHI COEBOTO JIEKTHHY, K 610/I0T1YHO aKTUBHOI CHIOTKM ILIMPOKOTO CIIEKTPY Al
IU1s1 OOTIPUCKYBAHHsI POCTIVH COI 3 MeTO0 cTabimisaliii popMyBaHHs Ta GPYHKIIOHYBaHHS COEBO-PH3061a/IbHOTO CMOi-
03y, @ TAKOXK a30T(IKCYI040l aKTUBHOCTI pusocdepHoi Mikpo6ioTu Ha T/1i 06poOKY HaciHHA XiMiYHMM 3acO0O0M 3axuic-
Ty pociuH Cranpak Toln — iHHOBaLIIHYM IPOTPYITHUKOM i3 pyHIIIMAHOIO Ta IHCeKTULIMAHOIO fiiero A1t 60poThou 3
OCHOBHVIMM XBOPOOaMI Ta IIKiTHMKaMIL POCTNH coi. MeTa. Y BereTarjiifHux yMOBax i3 IPyHTOBOIO Ky/IBTYPOIO ZOCTIi/N-
i1 0c06/mMBOCTI popMyBaHHS Ta PYHKIIOHYBAHHS COEBO-PU306iaTbHOTO CHMOi03Y, @ TAKOXK a30T(IKCYI04y aKTUBHICTD
pusocdepHOi MIKpoOIOTH 3a OOIIPUCKYBAHHS POCTMH Crel(ivHNM JIEKTMHOM HaCiHHs coi Ha T/1i 06pOOKY HaCIHHS
Crangax Torom Ta iHOKyALii 6ynb60ukoBuMY 6akTepissmu Bradyrhizobium japonicum 6346 y menb nocisy. Meropu.
disionorivHi, Mikpobiomoriuti, rasoBa xpomarorpadis Ta craructidHi. Pesyrpraru. I[TokasaHo, mo npy 06po6iyi Ha-
cinna Cranpak ToroMm (1,5 71/T HaciHHA) y ieHb NOCIBY BiOyBaocs NPUTHIYeHH:A Mpoliecy 6yIbO0YKOyTBOPEHH:A Ha
KOPEHsIX V [epiof BereTaTMBHOTO POCTy coi. A30T(iKCyr0ua aKTUBHICTD CMMOIOTHYHOI crcTeMut Oy/ia Ha PiBHI KOHTP-
07110, a HITpOTreHa3Ha aKTUBHICTD Aia30Tpo¢iB IPpyHTY npurHideHa (B 1,2—2,2 pasu). OOIpUCcKyBaHHS POCTIMH TEKTUHOM
HaciHHA col (BapiaHT 6e3 nectuiyny) y ¢gasy nBox Tpirtdactyx mictkis (V2) mpuseno 1o 361IblIeHHs 3araabHOI Macy
6ynp609oK Ha pocrmi (B 1,51 1,9 pasu Ta B 2,3 i 2,0 pasu MOPIBHSIHO 3 KOHTPO/IEM IHOKy/Lil y (asyt pOSBUTKY TPbOX
Tpiitdactyx mcTkis (V3) ta moyarky popmysants 606i8 (R3) BinmosigHO). 361IbIIeHH 3araIbHOI Macu CMOIOTHYIHO-
TO arapary Ha KOPeHsX cOi TPy LIbOMY CTaHOBI/IO BifIOBifHO B 1,4 1 1,5 pasu B mopiBHsAHHI 3 06po6koro HacinHsa CraH-
nax Torom, a Macy opHiei 6ynb6o4uxy — B 1,3 i 1,6 pasu. JIeKTH HaciHHS COI CIIPYSIB 3SHAYHOMY 3POCTaHHIO (PaKTIIHOL
HITpOTreHa3HOI aKTMBHOCT] COEBO-pU3006ianbHOro c1M6io3y, sika B 2,9 i 1,9 pasu nepBuinjyBaza KOHTPO/Ib (IHOKYILALiA)
Tay 2,11i1,8 pasu — pociuHM BapiaHTy iHOKY/IALiA + mectuuup y ¢asax onToreHesy coi V3 ta R3 signosigno. Oynk-
IioHa/IbHA aKTUBHICTDb I'PYHTOBMX a30T(}iKCYI0UMX MiKpOOpraHisMiB icTOTHO He 3MiHIOBa/Iach. BUKOPYCTaHHA TEeKTHHY
HaciHHA col Ha T/1i 06po6xy HaciHHs Crangak TomoM Ta iHOKy Ll cripysiio cTabimisanii Ta mifBUIeHHIO 6y/TbOOYKOYT-
BOPIOIOYO] 3[aTHOCT] pU306iil, IPUTHiYeHHSA AKOI OY/I0 3yMOB/IEHO BIUIMBOM aHTPOIIOTEHHOTO (paKTOpa — ITeCTULVILY.
BinsHavaerbcs 3611bIeHHA KibKocTi (B 1,6 i 1,2 pasn) Ta Macu KopeHeBUX O0ynb6040k (y 2,21 1,5 pasutaB 1,411,2 pasu
BifITOBiTHO y IIOPIiBHAHHI 3 KOHTpO/IeM iHOKY ALl Ta iHOKY/ALil + mectuipy). JIekTMH HaciHHA COI CIIPUAB 3HAYHOMY
MiIBUIEHHIO HITPOreHasHoI akTMBHOCTI cnM6iosy Ha ¢oni Cranzak Tomy (B 1,91 1,6 pasu ta B 1,4 1 1,5 pasu Bifnosiz-
HO Yy ¢asax V3 i R3) mopiBHIHO 3 KOHTpO/IeM iHOKY/IALil Ta iHOKY/IALil + mecTuiyy. BucHoBku. OTpuMaHi pesynbrati
JO3BOJIAIOTH IIPUITYCTUTI MOXJIVBICTb BUKOPUCTAHHS CHOCO0Y OOIIPUCKYBaHHA POC/IVH CIIEIV(IYHIM IEKTHHOM 5K
3aco0y, 1110 HiBemoe (a00 ITOM SIKIITY€) HETaTUBHY il IIeCTULMAY 3a 06pOOKY HaciHHA Ha (OpMYBaHHA Ta PYHKIIOHY-
BaHHs CuM6i03y, a TaKoXX (PYHKIIOHYBaHHs pr3ocdepHOl AiazorpodHoi MikpobioTn. e BKasye Ha IepCreKTUBHICTD
BYBYEHHS 610/I0TYHOI aKTMBHOCTI (DiTOZIEKTIHIB 3a OOIIPUCKYBAHHS POC/IVH i3 METOIO Pery/IALIii IporieciB popMyBaHH:
Ta QYHKIIOHYBaHHA BiToOaKTEpiaTbHIX CUCTEM, 4 TAKOK IXHBOI peakIyii Ha pi3sHOMaHITHI eKoJIoriuHi 200 aHTPOIOTeHHi
cTpec-dakTopy, 30KpeMa Ha JIifo XIMIYHUX 3aC00iB 3aXMCTy POC/IMH IIpK 00po6LIi HaCIHHA.

Kniouosi cnosa: coeso-pusobianvruii cum6bios, Cmanoax Ton, nexmuH HAciHHs coi, Hobyﬂﬂuiﬂ, HimMpozeHasHa
aKmueHicmo, pusocepHi diasompogu.
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