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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 
Th e 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-fi xing 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-fi xing activity of rhizosphere microbiota under spraying plants with specifi c 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 aft er 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. Th e nitrogen-fi xing 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). Th e 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 signifi cant 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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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]. Th e 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 signifi cance of which is determined 
by the level of molecular nitrogen fi xation, 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-fi xing 
activity, and specifi city to the host plant are the 
main features that determine the eff ectiveness 
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 signifi cantly weakened, es-
pecially in the fi rst half of the growth [3, 7, 8]. 
Th erefore, it is important to fi nd the ways to sta-
bilize the symbiotic potential of rhizobia against 

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 
diff erent 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]. Th e 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-
fi cient 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]. 
Th e study of the possibility of using soybean 
seed lectin (100 μg/mL) in the pre-sowing seed 
treatment as a compound with possible anti-

inoculation and 2.1 and 1.8 times compared to the variant of inoculation + pesticide in the V3 and R3 phases, respectively. 
Th e functional activity of soil nitrogen-fi xing microorganisms did not change signifi cantly. Th e 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 infl uence of such an anthropogenic factor 
as pesticides. Th ere 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 signifi cantly 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. Th e obtained results suggest the possibility of using the method 
of spraying plants with specifi c lectin as a means of leveling (or mitigating) the negative eff ect of pesticides used for the seed 
treatment on the formation and functioning of the symbiosis and rhizosphere diazotrophic microbiota. Th is 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 eff ect 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.
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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]. Th us, 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 signifi cant reduction in 
the nodule formation on plant roots and nitro-
gen-fi xing activity of the symbiotic system. At 
the same time, against the background of fungi-
cides Maxim XL and Fever, a weaker toxic eff ect 
is established. Basing on the results, the authors 
conclude that it is impossible to use soybean 
seed lectin (100 μg/mL) for the action on seeds 
or bacterial culture as an antidote to fungicides.

Th e 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-fi xing 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. Th e 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, 
signifi cantly exceeded (by 6—8 c/ha) the harvest 
of the parent varieties. Th e 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 

lasting 100—105 days. Th e content of protein in 
the seeds was 38—39% and of oil — 24—26% [24].

Nitrogen-fi xing nodule bacteria B.  japonicum 
634b (symbiotic and associative nitrogen-fi xing 
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 oC on an agar mannitol-yeast medium (g/L): 
K2HPO4  — 0.5; MgSO4 · 7H2O  — 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. 
Th e culture was washed with sterile water and ad-
mixed into a homogeneous suspension. Th e 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. Th e titer of rhizobia in the 
suspension was 108 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; Th iophanate-methyl — 225 g/L; Pyraclos-
trobin — 25 g/L) belonging to chemical classes of 
phenylpyrazoles, benzimidazoles, and strobilurins, 
respectively [25]. Th e 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 μg/mL and a dose of 2 mL/plant (50 mL/m2) was 
used to spray soybean plants in their development 
phase of two trifoliate leaves (V2, 33-day-old plants).

Th e 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. Th e 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. 
Th ere 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 fl ame 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. Th e incubation time of the 
sample was 1 or 2 h. Aft er 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. Th e carrier gas was helium (50  mL 
per 1 min). Th e analyzed sample volume of the 
gas mixture was 1  mL. Pure ethylene (Sigma-
Aldrich, N536164, USA) was used as a standard. 
Th e 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 

1  h. Nitrogenase activity of symbiosis was ex-
pressed in micromoles of С2Н4 / (plant · h) — ac-
tual activity. Nitrogenase activity of rhizosphere 
soil was expressed in nanomoles of С2Н4 / (20 g 
of absolutely dry (a. d.) soil · h). Nitrogenase ac-
tivity of symbiotic systems and soil microbiota in 
the diff erent 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). Th e rhizosphere soil sampling was car-
ried out at the stage of one trifoliate leaf (V1, 
30-day-old plants), beginning fl owering (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 soft ware package Microsoft  
Excel 2019. Th e signifi cance of the results among 
the variants was evaluated using the package 
ANOVA. Th en, the diff erences between the 
means were compared by Fisher’s Least Signifi -
cant Diff erence (LSD) test at a probability level 
of 95%. Signifi cance levels were expressed as 
P = 0.05 and data were signifi cant 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 signifi cantly less (by 24%, Table 2). 
Th is may indicate the suppression of the process 
of nodule formation on soybeans by Sandak Top 
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directly in the fi rst 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). Th e 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 
(rhizobium and rhizobium + SТ) respectively (Ta-
ble 1). Th e formation of a larger number of symbi-
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Fig. 1. Nodulation activity of B.  japonicum aft er 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

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

Treatment

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

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 + SТ 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 + SТ 5.3 78.9 15.8 0 0 0 0 0
Rhizobium + SТ + 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 + SТ 0 0 16.7 16.7 33.3 16.7 16.7 0
Rhizobium + SТ + 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). Th e 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 signifi cantly 
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. Th e 
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)

Number of nodules per plant, pcs. 
Rhizobium (control) 4.1 100 13.7 ± 1.1 100
Rhizobium + SSL 3.3b 81/107 18.5 ± 2.5a 135/99
Rhizobium + SТ 3.1b 76/100st 18.7 ± 2.4a 137/100st

Rhizobium + SТ + SSL 4.9ac 120/158 21.5 ± 1.4a 157/115
LSDab 0.05 0.3 1.1
LSDc 0.05 0.3 1.4

Mass of nodules per plant, mg 
Rhizobium (control) 21.04 100 387.17 100
Rhizobium + SSL 31.24ac 149/143 892.67ac 233/153
Rhizobium + SТ 21.89 104/100st 585.50a 153/100st

Rhizobium + SТ + SSL 23.49 112/107 872.00ac 228/149
LSDab 0.05 4.73  82.04
LSDc 0.05 4.41  64.41

Mass of one nodule, mg 
Rhizobium (control) 4.90 100 26.95 100
Rhizobium + SSL 9.30ac 190/127 53.43ac 198/160
Rhizobium + SТ 7.34a 150/100st 33.47 124/100st

Rhizobium + SТ + SSL 5.14 105/70 40.14a 149/120
LSDab 0.05 0.38  5.50
LSDc 0.05 1.64  5.24

Note: in Tables 2—4:% before the line — relative to the control (Rhizobium, 100%), aft er the line — relative to the 
variant Rhizobium + Standak Top (ST, 100%). a — signifi cantly (P ≤ 0.05) more than the control of Rhizobium; 
b — signifi cantly (P ≤ 0.05) less than the control of Rhizobium; c — signifi cantly (P ≤ 0.05) more than the variant of 
Rhizobium + ST.
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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. Th e 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 suffi  ciently 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-fi xing 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) 

led to a signifi cant 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. Th e maximum activating eff ect of lectin on 
the functioning of the nitrogenase complex was 
established immediately in the following soybean 
ontogenesis period aft er 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 specifi c lectin against the 
background of Standak Top led to a higher level of 
the symbiotic system ability to fi xing 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-fi xing activity of 
soil microbiota of diazotrophs during soybean 
vegetation showed that seed treatment with 
Standak Top resulted in the inhibition of nitro-
gen-fi xing 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 fl owering (R1) 
and did not aff ect the activity of diazotrophs in 
the phase of the beginning of pod formation (R3). 
A signifi cant decrease in the nitrogen-fi xing 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 signifi cantly af-
fect the nitrogenase activity of soil diazotrophic 
microorganisms. However, the nitrogen-fi xing 
activity of soil diazotrophs in this variant was 

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

Treatment

Actual nitrogenase activity 
of symbiosis

Micromoles 
of С2Н4 / (plant · h) % to control

Phase of three trifoliate leaves (V3)
Rhizobium (control) 0.23 100
Rhizobium + SSL 0.66ac 287/213
Rhizobium + SТ 0.31 135/100st

Rhizobium + SТ + SSL 0.43ac 187/139
LSDab 0.05 0.11
LSDc 0.05 0.05

Phase of the beginning of pod formation (R3)
Rhizobium (control) 12.51 100
Rhizobium + SSL 23.65ac 189/178
Rhizobium + SТ 13.29 106/100st

Rhizobium + SТ + SSL 20.30ac 162/153
LSDab 0.05 1.39
LSDc 0.05 1.07
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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. Тhese results indicate а nega-
tive eff ect 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 signifi cant diff erence in the 
ability of microorganisms to molecular nitrogen 
fi xing compared to the inoculation control.

Discussion. It is known that a decrease in the 
degree of damage to seeds and plants by phyto-
pathogens аnd 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. Th is 
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 diff erent 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 fi rst 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. Th e formation of a larg-
er number of symbiotic structures on soybean 

roots with a larger total mass on the plant and 
the mass of one root nodule was recorded as well.

Th us, the application of a solution of soybean 
seed lectin at a concentration of 50 μg/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 aft er inoculation of seeds 
with rhizobia against the background 
of Standak Top action and spraying vegetative 
plants with specifi c lectin

Treatment 

Nitrogenase activity of soil

nanomoles 
of С2Н4 / (20 g 
of a. d. soil · h)

% to control

Phase of one trifoliate leaf (V1)
Rhizobium (control) 1.91 100
Rhizobium + SТ 1.48b 78/100st

LSDab 0.05 0.21

Phase of the beginning of fl owering (R1)
Rhizobium (control) 5.56 100
Rhizobium + SSL 5.07 91/111
Rhizobium + SТ 4.55b 82/100st

Rhizobium + SТ + SSL 4.83 87/106
LSDab 0.05 0.29
LSDc 0.05 0.54

Phase of the beginning of pod formation (R3)
Rhizobium (control) 3.99 100
Rhizobium + SSL 2.44c 61/140
Rhizobium + SТ 1.74b 44/100st

Rhizobium + SТ + SSL 1.14b 29/66
LSDab 0.05 0.99
LSDc 0.05 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. Th us, spraying soybean 
plants with a specifi c lectin aff ected the mass of 
root nodules to a greater extent than the process 
of their direct formation. Th is 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 specifi c 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 signifi cant 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. Th e maximum activat-
ing eff ect of lectin on the functioning of the ni-
trogenase complex was established immediately 
in the following soybean ontogenesis period aft er 
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-
fi xing activity of the symbiotic system soybean-
B. japonicum 634b [29]. Th e results of this work 
confi rm the possibility of realization of plant 
lectin biological activity against microsymbionts 
not only under the conditions of its infl uence 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 specifi c lectin 
against the background of the application of 
Standak Top led to a higher level of the symbiotic 
system’s ability to molecular nitrogen fi xing dur-
ing all phases of plant vegetation compared to the 
controls of inoculation and inoculation + pesti-
cide. Th e activity of lectin in the case of spray-
ing plants on the background of seed treatment 

with Standak Top and inoculation with rhizobia 
was lower compared with that in the case of seed 
lectin inoculation. Th e 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 specifi c lectin led to signifi cant growth of the 
nitrogen-fi xing level of symbiotic systems both 
against the background of pesticide application 
and without seed treatment with Standak Top. 
Th e maximum increase in nitrogenase activity 
of the soybean-rhizobium symbiotic system was 
recorded in the variant with spraying plants with 
soybean seed lectin (specifi c to soybean plants) 
against the background of seed inoculation with 
a specifi c strain of nodule bacteria.

Activation of the nitrogenase capacity of the 
soybean-rhizobium symbiotic system by spray-
ing plants with specifi c lectin may be due to its 
indirect eff ect 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 fi xation and photosynthesis in phyto-
bacterial systems [9, 30], as well as the possible 
direct eff ect 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].

Th e functioning of nitrogen-fi xing 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-
fi xing microorganisms compared to the variant of 
inoculation + Standak Top in the phase of the be-
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ginning of fl owering and did not aff ect 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 signifi cantly infl uence the nitrogen-fi xing 
activity of soil diazotrophic microorganisms. Th is 
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-fi xing activity of soil diazotrophs was 
slightly higher in the phases of beginning fl ower-
ing and beginning pod formation compared to the 
variant with seed treatment with fungicide. Th is 
may be caused by the infl uence 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].

Th us, the process of nodule formation on the 
soybean roots was suppressed in the fi rst 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. Th e nitrogen-fi xing 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 signifi cant 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 signifi cantly af-
fect the nitrogen-fi xing activity of soil diazotro-
phic microorganisms. Th e application of a solu-

tion of soybean seed lectin at a concentration of 
50 μg/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. Th e maximum activating eff ect of lectin 
on the functioning of the soybean-rhizobium ni-
trogenase complex was established immediately 
in the the following soybean ontogenesis period 
aft er spraying. Soybean seed lectin signifi cantly 
increased the nitrogenase activity of the symbio-
sis under the action of Standak Top compared to 
the inoculation + pesticide control.

Th us, the obtained results suggest the possibil-
ity of using the method of spraying plants with 
specifi c lectin as a means for leveling (or mitigat-
ing) the negative eff ect of seed treatment with 
pesticides (e.g. Standak Top) on the formation 
and functioning of the symbiosis and nitrogen-
fi xing activity of rhizosphere diazotrophic mi-
crobiota. Th is 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 eff ect of chemical plant- protect-
ing products applied to the seed treatment.
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Інститут фізіології рослин і генетики Національної академії наук України,
31/17, вул. Васильківська, Київ, 03022, Україна
РЕАЛІЗАЦІЯ НОДУЛЯЦІЙНОЇ ТА АЗОТФІКСУВАЛЬНОЇ АКТИВНОСТЕЙ 
BRADYRHIZOBIUM JAPONICUM І РИЗОСФЕРНОЇ МІКРОБІОТИ ЗА ОБРОБКИ НАСІННЯ 
ПЕСТИЦИДОМ СТАНДАК ТОПОМ ТА ОБПРИСКУВАННЯ РОСЛИН ЛЕКТИНОМ НАСІННЯ СОЇ
Ідея дослідження полягала у використанні соєвого лектину, як біологічно активної сполуки широкого спектру дії, 
для обприскування рослин сої з метою стабілізації формування та функціонування соєво-ризобіального симбі-
озу, а також азотфіксуючої активності ризосферної мікробіоти на тлі обробки насіння хімічним засобом захис-
ту рослин Стандак Топ — інноваційним протруйником із фунгіцидною та інсектицидною дією для боротьби з 
основними хворобами та шкідниками рослин сої. Мета. У вегетаційних умовах із ґрунтовою культурою досліди-
ти особливості формування та функціонування соєво-ризобіального симбіозу, а також азотфіксуючу активність 
ризосферної мікробіоти за обприскування рослин специфічним лектином насіння сої на тлі обробки насіння 
Стандак Топом та інокуляції бульбочковими бактеріями Bradyrhizobium japonicum 634б у день посіву. Методи. 
Фізіологічні, мікробіологічні, газова хроматографія та статистичні. Результати. Показано, що при обробці на-
сіння Стандак Топом (1,5 л/т насіння) у день посіву відбувалося пригнічення процесу бульбочкоутворення на 
коренях у період вегетативного росту сої. Азотфіксуюча активність симбіотичної системи була на рівні контр-
олю, а нітрогеназна активність діазотрофів ґрунту пригнічена (в 1,2—2,2 рази). Обприскування рослин лектином 
насіння сої (варіант без пестициду) у фазу двох трійчастих листків (V2) привело до збільшення загальної маси 
бульбочок на рослині (в 1,5 і 1,9 рази та в 2,3 і 2,0 рази порівняно з контролем інокуляції у фази розвитку трьох 
трійчастих листків (V3) та початку формування бобів (R3) відповідно). Збільшення загальної маси симбіотично-
го апарату на коренях сої при цьому становило відповідно в 1,4 і 1,5 рази в порівнянні з обробкою насіння Стан-
дак Топом, а маси однієї бульбочки — в 1,3 і 1,6 рази. Лектин насіння сої сприяв значному зростанню фактичної 
нітрогеназної активності соєво-ризобіального симбіозу, яка в 2,9 і 1,9 рази первищувала контроль (інокуляція) 
та у 2,1 і 1,8 рази — рослини варіанту інокуляція + пестицид у фазах онтогенезу сої V3 та R3 відповідно. Функ-
ціональна активність ґрунтових азотфіксуючих мікроорганізмів істотно не змінювалась. Використання лектину 
насіння сої на тлі обробки насіння Стандак Топом та інокуляції сприяло стабілізації та підвищенню бульбочкоут-
ворюючої здатності ризобій, пригнічення якої було зумовлено впливом антропогенного фактора — пестициду. 
Відзначається збільшення кількості (в 1,6 і 1,2 рази) та маси кореневих бульбочок (у 2,2 і 1,5 рази та в 1,4 і 1,2 рази 
відповідно у порівнянні з контролем інокуляції та інокуляції + пестицид). Лектин насіння сої сприяв значному 
підвищенню нітрогеназної активності симбіозу на фоні Стандак Топу (в 1,9 і 1,6 рази та в 1,4 і 1,5 рази відповід-
но у фазах V3 і R3) порівняно з контролем інокуляції та інокуляції + пестицид. Висновки. Отримані результати 
дозволяють припустити можливість використання способу обприскування рослин специфічним лектином як 
засобу, що нівелює (або пом’якшує) негативну дію пестициду за обробки насіння на формування та функціону-
вання симбіозу, а також функціонування ризосферної діазотрофної мікробіоти. Це вказує на перспективність 
вивчення біологічної активності фітолектинів за обприскування рослин із метою регуляції процесів формування 
та функціонування фітобактеріальних систем, а також їхньої реакції на різноманітні екологічні або антропогенні 
стрес-фактори, зокрема на дію хімічних засобів захисту рослин при обробці насіння.
Ключові слова: соєво-ризобіальний симбіоз, Стандак Топ, лектин насіння сої, нодуляція, нітрогеназна 
активність, ризосферні діазотрофи.
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