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The effectiveness of the soybean plants solution spraying with the soybean seed lectin solution of
during vegetation (against the background of seed inoculation with nodule bacteria and without seed
inoculation), as well as the effectiveness of the winter wheat plants spraying with lectin-bacterial
composition in green-house and field experiments was investigated respectively. It was found that
spraying of soybeans in the phase of two trifoliate leaves development with a specific lectin against
the background of pre-sowing seed inoculation with rhizobia caused a significantly positive effect on
the functional activity of the symbiotic apparatus. The nitrogen-fixing activity of the rhizosphere
microbiota remained unchanged, which may indicate the vector of lectin action when sprayed
through the plant. At the same time, the activation of plants vegetative growth was noted, which was
maximally manifested by the height of their aboveground part. The activity of exogenous sprayed
lectin was less pronounced on the background of seed inoculation with rhizobia compared to non-
inoculated plants. Plants spraying with soybean lectin against the background of seed inoculation
provided an increase in harvest compared to non-inoculated control by 2.13 g/plant, but by the factor
of lectin action this increase was only 0.19 g/plant and was insignificant. Non-inoculated soybean
plants when sprayed with lectin formed a harvest that was significantly higher (by 0.64 g/plant)
than that of plants in the absence of lectin. At this, the increase by the factor of lectin action was
22% . The spraying of winter wheat plants in the phase of mass spring germinations with the Azolec
preparation (without pre-sowing seed inoculation) contributed to a significant increase in harvest by
1.6 c/ha. Therefore, the application of soybean and wheat plants spraying, respectively, with soy-
bean seed lectin and lectin-bacterial Azolec preparation (wheat lectin),without involving pre-sowing
seed inoculation, provided a greater degree of plants productive potential realization compared to
control (without pre-sowing seed inoculation and plants spraying during vegetation).

Key words: soybean, rhizobia, soybean seed lectin, spraying, inoculation, nitrogen fixation,
winter wheat, Azolec preparation, productivity.

Phytolectins are polyfunctional biologically
active compounds[1, 2] which have found their
application in medicine, pharmacy, veterinary
medicine, crop production [3—7]. Active and
comprehensive study of scientific, theoretical
and applied aspects of these proteins in recent
decades [2—4, 7—11] has identified ways of
their practical use in plant biotechnology
to create of biological preparations [7, 12,

13]. It is shown that the phytolectins, if
used for pre-sowing seed treatment, have
a growth-regulatory effect on plants and
microorganisms, contribute to a fuller
realization of the symbiotic and productive
potential of plant-microbial systems and
have a protective, immunomodulatory and
adaptogenic effect on plants [7]. The presence
of insecticidal, bactericidal, fungicidal
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activity in plant lectins [4-7, 11] allows to
consider them as perspective phytoprotective
compounds, they may be the basis for the
methods of biological control of plant diseases
development [11, 14, 15]. All foresaid allowed
us to offer phytolectins as promising biological
agents for the creation of polycomponent
inoculants for the purpose of soybean, pea,
wheat seed bacterization [ 7] or vegetable crops
spraying [14]. Other researchers have also
confirmed the effectiveness of plant lectins
in pre-sowing seeds treatment to increase the
level of symbiotic and productive potential of
legumes realization [10, 13, 15], as well as the
use of phytolectins as protective substances
[12, 15]. It is shown [11, 12, 15] that lectins
isolated from legume seeds— beans, peas,
soybeans were characterized by fungicidal
properties against the Fusarim oxysporum
causative agent of peas root rot. Based on
these proteins, a preparation was created [12],
which has immunomodulatory properties
and the use of which not only increases the
resistance of peas to the pathogen of root rot,
but also reduces the dose of chemical pesticides
application as plant protection products [16].

In most cases these results contain the study
of the biological activity of phytolectins in the pre-
sowing seed treatment, while the assessments of
these proteins usage for spraying plants during
the vegetation are very few[14, 15].

Therefore, the aim of the study was to
investigate the effectiveness of the soybean
plants spraying during vegetation with a
solution of soybean seed lectin (against the
background of seed inoculation with nodule
bacteria and without seed inoculation), as well
as the spraying of the winter wheat plants with
lectin-bacterial composition Azolec.

Materials and Methods

The object of the study was soybean-
rhizobial symbiosis formed by soybean plants
Glycine max (L.) Merr. of early-maturing
variety Almaz of domestic selection with
bacteria Bradyrhizobium japonicum 634b, and
of the winter wheat plants Triticum aestivum
L., variety Podolyanka of domestic selection as
well.

The Almaz variety 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 varieties
from which it was obtained. The owners of the
patent for this variety (No. 07105) are Poltava
State Agrarian Academy and Bilyavska L. G.
Since 2007 it has been included in the State
Register of Plant Varieties of Ukraine [17].
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Nodule bacteria B. japonicum 634b
(symbiotic and associative nitrogen-fixing
microorganisms strains collection of the
Institute of Plant Physiology and Genetics of
the NAS of Ukraine — IPPG of the NAS of
Ukraine) were grown at 28 °C on agar mannitol-
yeast medium (AMY, g/l): K,HPO,— 0,5;
MgS0, 7"H,0 — 0,4; NaCl — 0,1; mannitol —
10.0; yeast extract — 0.5; agar-agar — 16.0;
distilled water — 1 liter; pH 6.8-7.0 for 10
days, the culture was washed with sterile
water, mixed to a homogeneous suspension
and the number of viable (colony-forming
units) bacteria was determined by the classical
microbiological method of serial dilutions
of microorganisms suspension, seeding on
AMY and counting grown colonies. The titer
of bacteria in suspension was 10'° cells/ml.
Inoculation of soybean seeds was performed on
the day of sowing, keeping the sowing seeds in
the inoculant for an hour (1 ml/100 seeds per
variant). The absolute control was the variant
without seed inoculation (seed treatment with
water).

Peculiarities of symbiotic soybean system
formation and functioning under conditions
of seed inoculation with rhizobia and spraying
of vegetative plants in the phase of two
trifoliate leaves formation with soybean
seed lectin solution (40 png/ml) calculated as
2 ml/plant (50 ml/m?) were investigated in
the green-house experiment carried out on
the plot of IPPG of the NAS of Ukraine under
natural lighting and air temperature in 4-fold
replicates according to the variants in 10-kg
Wagner pots on soil substrate (soil: sand, 3:1)
with a Helrigel’s nutrient mixture (0.25 norm
of mineral nitrogen).

The experiment was laid out according to
the following scheme:

Inoculation

1. Without inoculation (seed treatment
with water — absolute control).

2. Seed inoculation with rhizobia.

Inoculation + spraying

3. Without inoculation (seed treatment
with water).

4. Seed inoculation with rhizobia.

There were tested:

+ the formation of symbiosis — by the
nodulation ability of soybean rhizobia (the
activity of root nodules formation, their
number and weight on the plant);

- the functional (nitrogenase) activity of
soybean-rhizobial symbioses and rhizosphere
soil of plants —by acetylene reductase method
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according to Hardy et al. [18] on an Agilent
GC System 6850 gas chromatograph (USA)
with a flame ionization detector. To do this,
washed from the plant growth substrate roots
with nodules, 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% concentration of acetylene was
created. The incubation time of the sample
was 1 or 2 hours. After incubation, the gas
mixture containing ethylene formed due to
acetylene reduction with nitrogenase was
analyzed on the device. Gases separation 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 per 1 hour
of incubation, when the nitrogenase of the
incubated sample is operated, was expressed
in molar units of formed ethylene per 1 plant
in 1 h. Nitrogenase activity of symbiosis was
expressed in micromoles of C,H,/(plant « h) —
actual activity, in micromoles of C,H,/(g of
nodules *+ h) — specific activity. Nitrogenase
activity of morpho-structural symbiotic
unit — in nanomoles of Cy,H,/(1 nodule -+ h)
and nanomoles of C,H,/(1 nodule weight - h).
Nitrogenase activity of rhizosphere soil
and roots without nodules but with soil
was expressed in nanomoles of C,H,/(20 g
of absolutely dry (a. d.) soil « 2 h) or in
nanomoles of C,H,/(1 plant with soil + 2 h).
Determinations were performed in
4—6 biological replicates;

+ the effectiveness of symbiosis by the
spraying plants with lectin was evaluated
by the soybean vegetative mass formation,
activity of the beans formation on the plants
and seed productivity of the crop.

Soybean plants were sampled during the
development phases of one (V1, 20-day-old
plants) and three (V3, 33-day-old plants)
trifoliate leaves and full maturity of seeds
(105-day-old plants).The rhizosphere soil was
carried out in the phase of one (V1, 20-day-old
plants), two (V2, 25-day-old plants) and three
(V3, 33-day-old plants) trifoliate leaves [19].

To evaluate the effectiveness of the spraying
of the winter wheat plants variety Podolyanka
with Azolec preparation, we conducted field
small-scale experiment (estimated area of one
plot was 3.4 m?, 3-fold replicates in the variant,
randomized manual sowing) on the territory of
IPPG of the NAS of Ukraine.

Podolyanka variety (originators of variety
are IPPG of the NAS of Ukraine and the
V.M. Remeslo Myronivka Institute of Wheat
of the National Academy of Agrarian Sciences
of Ukraine) is high-harvesting intensive type:
genetic potential of productivity reaches 113.7
c/ha. It is medium-early, has high winter
hardiness, drought resistance, resistance to
grain shedding, medium resistance to lodging
and damage by powdery mildew, brown leaf
rust, root rot. The variety belongs to strong
wheat. It is entered in the State Register of
Plant Varieties of Ukraine since 2003 for
cultivation in Polissya, Forest-Steppe and
Steppe of Ukraine [17].

The composition Azolec (IPPG of the NAS of
Ukraine) of lectin-bacterial nature [ 7] contains
phytolectin—the wheat germ agglutinin
(WGA, Lectinotest, Lviv, Ukraine) and soil
microorganisms Azotobacter chroococcum
T79, which belong to agronomically useful
bacteria of the genus Azotobacter with a wide
range of positive properties regarding of
plants and soil, in particular, the ability to
fixing of molecular nitrogen, the synthesis of
hormones, vitamins, breakdown of sparingly
soluble phosphates, soil bioremediation.
Azolec composition is registered in Ukraine
until 2022 as a bacterial fertilizer Azolec
(State Registration Certificate No. A 03582),
used for pre-sowing inoculation of spring and
winter wheat seeds in order to increase of plant
productivity and improve soil microbiological
condition due to the development of the useful
population of nitrogen-fixing microorganisms
in plant rhizosphere.

Spraying of wheat plants was carried out
in the phase of mass spring germinations
calculated as 3 norms of the preparation/
ha (1 norm of the preparation is 100 ml/
ha). Previously, the Azolec preparation
(bacterial cell titer is 10® cells/ml, final WGA,
concentration is 5 ng/ml) was diluted in water
(v: v, 1:360) according to the manufacturer
recommendations (1 dose, i.e. 100 ml, of the
preparation should be diluted in 2 liters of
water).

The experiment was performed according
to the following scheme:

1. Control (without spraying).

2. Spraying with Azolec preparation.

Wheat grain harvest was estimated by the
weight of grains from the plot of this manual
harvesting and subsequent recalculation per
quintal per hectare (c/ha).

Statistical processing of experimental data
was performed according to generally accepted
methods using the software package Microsoft
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Excel 2019. The significance of the results
between the variants was evaluated using the
package ANOVA. Dispersion analysis was
used to calculate the Fisher’s least significant
difference (LSD) test at a probability level of
95% . It was thought that the differences were
significant at P <0.05.

Results and Discussion

It has been found that a soybean symbiotic
apparatus was formed on the plant’s roots in
the development phase of one trifoliate soybean
leaf (V1) by the inoculating seeds with specific
rhizobia (Table 1): 68.6% of plants were
nodulated (NOD™) and contained three nodules
on the roots an average. In the phase of three
trifoliate soybean leaves (V3), all plants, which
seeds were inoculated, form root nodules: an
average by 14.9 nodules with a total weight
of 36.8 mg per plant and the weight of each
root nodule of 2.68 mg (Table 1, Inoculation
block). Plants of the control variant (without
inoculation) did not contain nodules on roots.

Plants spraying in the phase of two
trifoliate leaves (V2, Table 1, Inoculation +
spraying block) led to a positive trend in the
change of values which characterizing of the
rhizobia nodulation ability: the number of
nodules on the plant increased by 26% , total
weight — by 17 % and the weight of one

nodule — by 15% (Fig. 1), but this increase
was insignificant (Table 1).

Evaluation of the functional activity of
the symbiotic apparatus of soybeans in the
development phase V3 showed a significant
increase in the ability to fixing of molecular
nitrogen in the symbiotic system if the plants
were treated with a solution of soybean lectin
in the phase V2 (Table 2, Fig. 1).

Actual nitrogenase activity (nmol of C,H,/
(plant + h)) increased 2.7 times, specific
activity (umol of C,H,/(g of nodules - h))
increased 2.4 times compared to plants that
were not treated with soybean lectin solution.
Nevertheless, the functional activity of the
morpho-structural symbiotic unit (root nodule)
increased 2.3 times (nmol of C,H,/nodule per
hour) and 2.1 times (nmol of C,H,/(nodule
weight per hour). The obtained results indicate
an increase in the level of actual nitrogenase
activity (umol of C,H,/(plant per hour)) not
only by increasing the number of symbiotic
structures on the roots of soybean plants 1.3
times (Table 1), but also by increasing their
functional ability (Table 2).

Thus, spraying soybeans in the development
phase of two trifoliate leaves with lectin specific
for plants against the background of pre-sowing
seed inoculation with nodule bacteria strain
634b had a positive effect on the functional
activity of the symbiotic apparatus.

Table 1. Rhizobia nodulation activity and root nodules characteristics of soybean variety Almaz when the
plants were sprayed with soybean lectin against the background of seed inoculation with specific rhizobia

Number of Weight of Weight of one
. NODT plants | nodules per plant | nodules per plant nodule
No. Variant o1
Yo pes. mg mg
Inoculation
Development phase of one trifoliate leaf, V1, 20-day-old plants
Without inoculation 0 0 0 0
2 Rhizobia 68.6 2.7 «»? «>
Development phase of three trifoliate leaves, V3, 33-day-old plants
Without inoculation 0 0 0 0
2 Rhizobia 100 13.3 31.50 2.37
Inoculation + spraying (in the phase of two trifoliate leaves, V2)
1 Without inoculation 0 0 0 0
2 Rhizobia 100 16.8 36.83 2.72
3LSDO,05 2/2 - 10.76 (-) 8.96 (-) 1.39(-)

Note. 1.% — % to the total number of plants of one variant; 2. See in the Tables 1 and 4: «<—» — was not determined.

3.See in the Tables 1 and 2: LSDy (5 2/2 — reliably (P < 0,05) to the control when spraying (variant without spraying of
plants, with seed inoculation); (+) — the difference is significant, (—) — the difference is insignificant.
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Table 2. Nitrogenase activity of soybean root nodules in the phase of three trifoliate leaves when the plants
were sprayed with soybean lectin against the background of seed inoculation with rhizobia

Nitrogenase (acetylene-reducing) activity of
No. Variant symzil?li(;)ilcoa}pg:ﬁjtus, symbiotic l:llzf(ﬁh;)i:%t;}lll:tural unit,
(plant - h) (g of nodules - h) (nodule - h) (weight of nodule - h)
Inoculation
2 Rhizobia 0.119 3.795 8.716 50.502
Inoculation + spraying (in the phase of two trifoliate leaves, V2)

2 Rhizobia 0.326 8.919 20.423 109.541

LSDyg 5 2/2 0.18 (+) 3.06 (+) 9.58 (+) 52.29 (+)

Evaluation of the nitrogen-fixing
ability of soybean rhizosphere soil showed
(Table 3) that seed inoculation with rhizobia
had a positive effect on the rhizosphere
microbiota activity in the early stages of
plant ontogenesis (development phase V1
and V2). Nitrogenase activity of roots with
soil (in the absence of symbiotic nodules) and
rhizosphere soil increased by 56 and 54%,
respectively, compared to non-inoculated
control. In the development phase V3, the
symbiotic system was actively functioning
(Table 2), while the difference in the activity
of the rhizosphere nitrogen-fixing microbiota
between variants with and without seed
inoculation alleviated simultaneously with
significant growth (almost twice) of absolute
values of rhizosphere diazotrophs nitrogenase
activity compared to the previous phase of

plant development (Table 3, block Inoculation).
When spraying soybeans with a solution of
specific lectin both against the background of
pre-sowing seed inoculation with rhizobia and
without seed inoculation, no difference in the
ability of rhizosphere diazotrophs to fixing
of molecular nitrogen was observed (Table 3,
block Inoculation + spraying, Fig. 1).

Thus, in contrast to the functional
ability of the soybean symbiotic apparatus,
which changed positively under the action of
exogenous specific lectin on vegetative plants
(Table 2, Fig. 1), the nitrogen-fixing activity
of the rhizosphere microbiota remained
unchanged, which may indicate the vector of
lectin action by the spraying directly through
the plant.

Soybean plants in the phase of three
trifoliate leaves, by the inoculation seed

Yo
300 274
250 233 234 13
200

5 } 2 !21[\ 117 P — 4
150 7 15 100
100

50 r

0 - T T T ; | T T 7
1 2 3 4 5 6 7 8

Fig. 1. Characteristics of the symbiotic potential realization degree of soybean nodule bacteria strain 634b
when the plants were sprayed with soybean lectin in the development phase of two trifoliate leaves
On the Y axis: % to control (without spraying) by the factor of lectin action
On the X axis: Nodulating ability of rhizobia: 1 — number of nodules per plant; 2 — nodules weight per plant;
3 — weight of one nodule; Nitrogenase activity of symbiosis: 4 — actual: CoH,/(plant -« h); 5 — specific:

CoH,/(g of nodules -

h); Nitrogenase activity of morpho-structural symbiotic unit: 6 — CoH,/(nodule -

h); 7 —

CyoH,/(nodule weight - h); Nitrogenase activity of the rhizosphere microbiota: 8 — CoH,/(20 g of a. d. soil - 2 h).
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Table 3. Nitrogenase activity of soybean rhizosphere soil when the plants were sprayed with a specific lectin

Nitrogenase activity

No. Variant

nmol of Co,H,/(20 g of a. d. soil - 2 h) %

Inoculation

Development phase of one trifoliate leaf, V1, 20-day plants,
root without nodules+ soil: nmol of CoH,/(plant with soil + 2 h)

1 Without inoculation 12.650 100
2 Rhizobia 19773 156
LSDg o5 7.02 (+)
Development phase of two trifoliate leaves, V2, 25-day-old plants, soil
1 Without inoculation 4.108 100
2 Rhizobia 6.352 154
LSDg o5 1.03 (+)
Development phase of three trifoliate leaves, V3, 33-day-old plants, soil
1 Without inoculation 11.490 100
2 Rhizobia 11.774 103
LSDg o5 2.34 ()
Inoculation + spraying (in the phase of two trifoliate leaves, V2)
1 Without inoculation 12.384 100
2 Rhizobia 11.795 95
LSDg o5 1.52(-)
LSDg 05 1/1 1.92 (-)
LSD, 5 2/2 2.03(-)

Note. See in Tables 3—6: LSD, 5 1/1 (variant without seed inoculation); LSD ¢52/2 (variant with seed inocu-
lation) — reliably (P < 0,05) to control by spraying (variant without plants spraying); (+) — the difference is
significant, (-) — the difference is insignificant.

with rhizobia, had a positive tendency in the
formation of green mass: the weight of the
aboveground part differed from that of non-
inoculated plants by 27 and 37% respectively
for raw and absolutely dry matter (Table 4)
which may be due to the beginning of the active
functioning of the symbiotic system in this
period (Table 2). However, the changes in plant
vegetative mass we found were insignificant.
Similar regularities have been established
for the development of soybean root systems:
a positive trend of root weigh change in the
absence of significant differences. In the
phase of one trifoliate leaf, no significant
difference was found in the development of
the experimental and control plants, which
may be due to the same initial level of mineral
nitrogen nutrition (0.25 norm of mineral
nitrogen in Helrigel’s nutrient mixture) in the
plant growth substrate. At the same time, it
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was noted a positive trend in the root system
development of soybeans inoculated with
rhizobia: raw and dry root mass exceeded the
control values by 36 and 14 % in the absence of
a significant difference (Table 4).

Soybeans spraying with specific lectin
significantly stimulated the growth
processes of the plants of control variant
(without inoculation), especially the
aboveground part: height significantly
increased by 55% , weight (raw and absolutely
dry) — by 28 and 33%, respectively (Fig. 2).
Simultaneously, the root system of sprayed
plants developed similarly to plants that
were not exposed to soybean lectin. For the
plants of the variant with pre-sowing seed
inoculation with rhizobia, the difference
in the formation of green mass was not so
pronounced (no significant difference), while
these plants differed significantly from
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Table 4. Formation of soybean plants vegetative and generative organs when the plants were sprayed with
specific lectin against the background of seed inoculation with rhizobia

Vegetative mass of soybeans: .
aboveground part — AGP, root — R Formation of soybean beans
No Variant raw weight of dry weight of The total number of beans per
plant plant Plant plant, pes.
height, cm
AGP,g | R,g | AGP,g| R,g
Inoculation
Development phase of one trifoliate leaf, V1, 20—day—old plants Full seed Ph:izse of fu.ll
- : - hase [19] seed maturity
1 | Without inoculation 1.46 0.14 0.36 0.014 «=» f2—day—ol£i [19],
2 Rhizobia 1.57 0.19 0.36 | 0.016 «» plants 105-day~old
plants
LSDy o5 0.57(-) [ 0.09(-) | 0.24(-) | 0.01(-) «»
Development phase of three trifoliate leaves, V3, 33—day—old plants
1 | Without inoculation 4.60 2.01 0.76 0.19 24.5 7.9 8.7
2 Rhizobia 5.82 2.36 1.04 0.23 28.2 16.3 16.9
LSDy o5 3.32(-) [ 0.96(-) | 0.56 () | 0.11 (-) 7.19 (-) 2.79 (+) 5.10 (+)
Inoculation + spraying (in the phase of two trifoliate leaves, V2)
1 | Without inoculation 5.90 1.58 1.01 0.18 37.9 8.6 8.2
2 Rhizobia 6.07 2.17 1.05 0.22 34.1 15.8 15.7
LSDy o5 1.84(-) | 0.56 (+) | 0.56 () | 0.11 (-) 6.01(-) 2.22(+) 2.58 (+)
LSDy 5 1/1 1.10(+) | 0.75(-) | 0.25(+) | 0.33(-) 6.65 (+) 0.70 (+) 1.27(-)
LSDy 5 2/2 2.86(-) | 0.82(-) | 0.80(-) | 0.52(-) 5.70 (+) 2.74 (-) 4.87(-)
%
160 155

140

1200 -

100

80 -

60

40 -

1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15
® Against the background of seed inoculation ® Without seed inoculation

Fig. 2. Characteristics of the soybeans productive potential realization when the plants were
sprayed with specific lectin in the phase of two trifoliate leaves

On the Y axis: % to control (without spraying) by the factor of lectin action.

On the X axis: Vegetative mass of the plant: 1 — above ground weight (raw); 2 — above ground weight
(dry), 3 — root weight (raw); 4 — root weight (dry); 5 — height of the aboveground part of the plant; 6 —
weight of plant (dry);

Crop structure: 7T — crop/pot; 8 —beans number/plant; 9 — internodes number/plant; 10 — beans
number/one node; 11 — seeds number/bean; 12 — seeds number/plant; 13 — seeds weight/plant; 14 —
1000 seeds weight; 15 — the harvest index
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control (without spraying) in height (21%).
In the phase of full seed maturity (Table 5,
Fig. 2) the soybeans spraying with lectin of
non-inoculated plants provided a significant
increase in vegetative mass of 20%, while
against the background of pre-sowing seed
inoculation no significant difference in this
indicator change was found.

Our results on the plants vegetative
mass formation at the end of the soybean
vegetation (the phase of full seed maturity)
confirm the regularities of development and
different sensitivity of inoculated and non-
inoculated plants in response to the sprayed
lectin action, which we found in previous
phases of soybean ontogenesis (Table 2,
Fig. 4).

Activation of soybean growth processes
while vegetation under the action of
exogenous plant-specific lectin may be due
to the regulatory activity of these proteins,
activation of photosynthetic processes and
the effect on hormonal (auxin/cytokinin)
balance of plants which was found in previous
studies of phytolectins (soybean seed lectin,
wheat germ agglutinin) exogenous action on
seed [7, 20].

Therefore, spraying soybeans with a
specific lectin solution in the phase of two
trifoliate leaves, both against the background
of inoculation and without seed inoculation,
activates the vegetative growth of plants.
Against the background of seed inoculation
with rhizobia, the activity of exogenous
lectin was less pronounced compared to non-
inoculated plants, as the latter were more
sensitive to lectin spraying.

Evaluation of soybeans beans formation
(Table 4) in the phases of full seed and full
seed maturity [19] showed the advantages
of inoculated plants in the realization of
productive potential compared to non-
inoculated ones: the beans number per plant
significantly increased 2.1 and 1.9 times,
respectively (Table 4, Inoculation block).
The same regularity was maintained under
the action of exogenous lectin against
the background of seed inoculation with
rhizobia compared to non-inoculated control
(Table 4, Inoculation + spraying block,
Fig. 2): the number of beans per plant
significantly increased 1.8 and 1.9 times,
respectively. If we evaluate only the effect
of lectin factor, it can be noted that only
non-inoculated plants reacted to it, which
was manifested in a significant increase

Table 5. The structure of the soybean variety Almaz harvest
when the plants were sprayed with soybean lectin

Number Number .
of inter- Number | Number of Weight Weight | Index
. of formed | of beans of seeds Plant
No. Variant nodes per . seeds per . of 1 000 | harvest,
beans per | in the one per weight, g .
plant, plant, seeds, g ih
plant, pcs. | node, pcs. plant, g
pcs. pcs.
Inoculation
1 Without 6.3 8.0 1.4 14.3 2.96 7.22 200 0.43
inoculation

2 Rhizobia 9.5 15.0 1.8 29.5 5.54 10.09 190 0.55

LSDy o5 2.81(+) 3.32(+) 0.43(-) | 9.49(+) | 0.77(+) | 3.25(-) 40 (=) | 0.07(+)
Inoculation + spraying (in the phase of two trifoliate leaves, V2)
1 Without 5.4 7.7 1.5 15.1 3.59 8.64 240 0.42
inoculation

2 Rhizobia 7.6 14.4 2.1 27.9 5.72 10.25 210 0.57
LSDg o5 1.00 (+) 1.08 (+) 0.23 (+) 5.51(+) | 1.08(+) | 2.28 (-) 10(+) | 0.11(+)
LSDg g5 1/1 1.62 (-) 3.00 (-) 0.32(-) | 4.59(-) | 0.62(+) | 1.38(+) 40(-) | 0.12(-)
LSDg o5 2/2 2.29 (-) 1.80 () 0.37(-) | 9.833(-) | 1.41(-) | 3.07(-) 10(+) | 0.02(+)

64




Experimental articles

Table 6. Harvest of soybean Almaz variety when the plants were sprayed with soybean lectin against the
background of seed inoculation with rhizobia

Harvest/vessel
No. Variant
g +g
Inoculation
1 Without inoculation 17.70 0
2 Rhizobia 33.21 +15.51
LSDy o5 10.82 (+)

Inoculation + spraying (in the phase of two trifoliate leaves, V2)

1 Without inoculation 21.56 0
2 Rhizobia 34.36 +12.80
LSDg o5 5.38 (+)
LSDg g5 1/1 3.08 (+)
LSDy o5 2/2 2.12 (-)

(by 9%) in the index “beans number per
plant” in the phase of full seed (see % by the
spraying).

Therefore, spraying of plants with soybean
seed lectin against the background of pre-
sowing seed inoculation with rhizobia did
not affect the activity of beans formation by
soybean plants compared to plants that were
not affected by lectin.

Rhizobia-inoculated plants fully realized
their productive potential, which was
manifested in a significant essential increase
(by 15.51 g/plant) in the harvest of soybean
seeds compared to non-inoculated plants
(Table 6, Inoculation block).

Plants spraying with lectin against the
background of seed inoculation provided a
significant increase in harvest by 12.80 g/
plant compared to non-inoculated control
(Inoculation + spraying block), which,
however, was insignificantly higher (by
1.15 g/vessel) by the factor of exogenous
lectin action (Fig. 2). Non-inoculated lectin
sprayed plants formed a harvest that was
by 3.86 g/plant significantly higher than
that of plants without lectin spraying and
the increase by the factor of lectin action
was 22% (Fig. 2), which also confirms our
previously established (Table 4) regularity
in the greater sensitivity of non-inoculated
plants to their exogenous treatment with
specific lectin than inoculated.

Analysis of the soybean harvest structure
(Table 5) showed that in non-inoculated
plants, lectin spraying led to a positive trend
in increasing the number of beans in the node

(by 7%), the number of seeds per plant (by
6% ) and the weight of 1 000 seeds (by 5%)
with an insignificant difference with the
control (without spraying). Notably, the
seed weight from the plant significantly
exceeded (by 21%) the control value. The
effect of lectin by the spraying plants against
the background of seed inoculation (Fig. 2,
Table 5) was manifested in a positive trend to
change such indexes of the soybean harvest
structure as the beans number in the node
(by 17%), seed weight per plant (by 3% ) and
harvest index (by 4% ) with an insignificant
difference with control (without spraying).
At the same time, the weight of 1 000 seeds
significantly increased (by 11% ). The harvest
index for seed inoculation significantly
increased by 28 and 36% compared to the
non-inoculated control, respectively, without
spraying and with spraying of plants with
soybean lectin (Table 5, Fig. 2). In this case,
almost all indexes of the soybean harvest
structure also increased significantly.
Study of the biological activity of a
lectin experimental preparation (107%%)
based on legume lectins [12], which is
characterized by anti-stress, growth-
activating action, as well as reduces
pesticide load in agrophytocenosis,
increases seed germination and biological
productivity [16] with the pre-sowing
treatment Pharaoh and Sofia varieties of
peas and additional spraying of vegetative
plants in the phase of beginning flowering
[19] showed [15] a higher level of productive
potential realization by the spraying plants
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Table 7. Harvest of wheat variety Podolyanka when the plants were sprayed
with lectin-bacterial preparation Azolec (grain moisture 14%)

Grain harvest, ¢/ha
Variant average increase of harvest
Control (without spraying) 25.8 0
Azolec 27.4 +1.6
LSD o5 1.1(+)

against the background of seed treatment.
The seed harvest of pea varieties Pharaoh
and Sophia compared to the variant without
any treatment increased by 11 and 14%,
respectively, the beans number per plant —
by 12 and 11%, the number and weight
of seeds per plant — by 13 and 16% and
9 and 14%, respectively, the weight of
1 000 seeds — by 2% . Evaluation of the
spraying method of vegetative plants
effectiveness as an additional one while
growing peas against the background of
experimental preparation pre-sowing seed
treatment showed that the harvest of peas
varieties Pharaoh and Sophia increased by
4 and 5%, respectively, the beans number
per plant — by 4 and 3%, number and
weight of seeds from the plant — by 2 and
2% and 2 and 3%, respectively, the weight
of 1 000 seeds— by 1% and such an increase
in the values of almost all indexes of the pea
harvest structure was insignificant.

In winter wheat plants Podolyanka
without pre-sowing seed inoculation and
only with spraying plants in the phase of
mass spring germination with the Azolec
preparation based on wheat lectin, received a
significant increase in grain harvest by 1.6 ¢/
ha (Table 7), which was 6% regarding control
(without spraying).

Thus, spraying soybeans of early-
maturing variety Almaz in the phase of two
trifoliate leaves with a specific lectin against
the background of pre-sowing seed inoculation
with rhizobia had a significant positive effect
on the functional activity of the symbiotic
apparatus, while nitrogen-fixing activity of
rhizosphere microbiota remained unchanged,
which may indicate the vector of lectin action
when spraying it just through the plant.
At the same time, significant activation of
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plants vegetative growth was noted. Activity
of exogenous sprayed lectin action against
the background of seed inoculation with
rhizobia was less pronounced compared to
non-inoculated plants. Plants spraying with
soybean lectin against the background of
seed inoculation provided an insignificant
increase in harvest (1.15 g/plant) compared
to the control without spraying, while non-
inoculated soybean plants sprayed with lectin
formed a harvest that was significantly
larger (by 3.86 g/plant) than in plants in the
absence of lectin treatment. In this case the
increase in the factor of lectin action was
22% . The spraying of winter wheat plants
in the phase of mass spring germinations
with the Azolec preparation (without pre-
sowing seed inoculation) contributed to a
significant increase in harvest by 1.6 c/ha.
Therefore, the application of soybean and
wheat plants spraying, respectively, with
soybean seed lectin and lectin-bacterial Azolec
preparation based on wheat lectin without the
use of pre-sowing seed inoculation provides a
greater degree of plants productive potential
realization compared to control (without pre-
sowing seed inoculation and plants spraying
during vegetation).

The work was performed within the
scientific program of the Department of
General Biology of the National Academy
of Sciences of Ukraine for 2017-2021
“Fundamentals of forecasting and prevention
of climate changes negative effects on
biotic systems of Ukraine” within the theme
“Development of biotechnological means
of regulating the adaptability of soybean-
rhizobial symbioses and their implementation
in production” (state registration
No. 01170004111).
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E®ERTUBHICTD BACTOCYBAHHSA
®ITOJEKTHUHIB I JEKRTHHOBUX
ROMIIO3HIIU OJIA OBITPUCRYBAHHSI
POCJINH ¥ IIEPIO/, BETETAIIII

O. B. Kupuuenko, C.A. Kouyy, I1. I1. [ITyxmaecsuu

TacturyT disiosorii pocsinH i reHeTUKYU
HAH Vxpainu, Kuis

E-mail: azoleki@ukr.net

Hociimxeno e)eKTUBHICTD 3aCTOCYBaHHS CIIO-
coby OOTIPUCKYBaHHS B IepioJ BereTallii pocauH
col (Ha (oHi iHOKYIAIil HaCiHHA OyIL00OUKOBUMU
baxTepiaMU i 6e3 iHOKYJIAIi]l HACIHHA) PO3UMHOM
JeKTUHY HAcCiHHA coi, a TaKOoK OOIIPUCKYBaHHS
POCJIMH 03UMOi IIIEeHUI] JeKTUHOAKTePiaJIbHOI0
KOMIIO3UITI€I0 BiIMOBIAHO y BereTaI[ifHUX 1 ITOJIBO-
BUX yMOBaX. BCTaHOBJIEHO, IO OONPUCKYBAHHSA
coi y (pasi po3BUTKY ABOX TPUJINCHUKIB crerudiu-
HHUM JIEKTUHOM Ha (POHi mepeanociBHOI iHOKYIAIiT
HaciHHSA pu300iAMU CIPUUYUHUIO JOCTOBIpPHO II0-
SUTUBHUY BILJIUB Ha (DYHKIIIOHAJTBHY aKTUBHICTh
cuMbioTrmyHOrO anapary. A3ordikcyBasbHa AaKTUB-
HicTb pusochepHOi MiKpobioTH JuIiajach HE3MiH-
HOIO, III0 MOJK€e BKas3yBaTU Ha BEKTOD il JIEKTUHY
3a 00IPUCKYBaHHS came uepes pocauny. I1pu 1so-
MYy Bif[3HaueHO aKTHBAI[il0 BEeTeTATUBHOTO POCTY
POCJIVH, 1110 MAKCUMAJIbHO BUABJISAIOCS 38 BUCOTOO
ixHbOI HaxzeMHOI yactTuHu. Ha QoHi iHOKymaAmil
HaciHHA pr300iAMU aKTHUBHICTDL Ail €K30T€HHOTO
JIEKTUHY 3a OOIPUCKYBaHHsA OyJia MEHIII BUpasKe-
HOIO MIOPiBHAHO 3 HEIHOKYJILOBAHUMU POCIUHAMU.
OOnprcKyBaHHSA POCJIUH JEKTUHOM coi Ha (GoHi
iHOKyAIii HaciHHA 3a0e3meYmnso IPUPiICT ypo-
YKalo IOPiBHAHO 3 HEIHOKYJIHOBAHUM KOHTPOJIEM Ha
2,13 r/pocauny, ogHaK 3a (GaKTOPOM [ii JeKTUHY
et mpupict cranosBus Juitie 0,19 r/pocauny i 6yB
HemocToBipHuM. HeiHoKymboBaHi pocamHM coi 3a
OOIIPUCKYBAHHSA JEKTUHOM C(pOpMYyBaIHu yposKaii,
axuii Ha 0,64 r/pocauny OYB JOCTOBIpHO OiIbITNM,
Hi}K y POCJIUH 3a BiICYTHOCTi BIJIUBY JIEKTHUHY.
ITpu nromy npupict 3a haxTOpOM fil JeKTUHY CTa-
HOBUB 22% . B 03UMOi IIIIEHUIIi 3a BiICYyTHOCTI I1e-
penmnociBHOI iHOKYJIAIil HaCiHHA OONPUCKYBaHHS
pocyivH y dasi MacoBUX BeCHSHUX CXOJiB IIpela-
paTtom A30JIeK Ha OCHOBi JIEKTUHY MIIIEHUIT CIIPU-
SJIO0 JOCTOBipHOMY 36iJMBITTEHHIO BPOKANHOCTI Ha
1,6 1/ra. OT:ke, 3acTOoCyBaHHsA cHOCO0Yy 00TIpH-
CKYBaHHSA BEreTYIOUMX POCJHUH COI Ta IMINeHUIl]
BiZIOBiAHO JIEKTMHOM HACIHHS COI Ta JIeKTUHOAK-
TepiaabHUM IIpernapaToMm AsoseK (JIeKTHH IIIeH-
i) 6e3 3ajmyyeHHA MPUNOMY IIepeAIociBHOI iHO-
Kyasaiii HaciHHA 3a0e3meunsio 6iJbIuil CTYIiHb
pearisanii TpOAYKTUBHOTO IOTEHI[iAJy POCIUH
TOPiBHAHO 3 KOHTPOJLHUMU (BiCYyTHICTD Ilepes-
MOCiBHOI iHOKYJIAIil HaciHHSA Ta OOIPUCKYBAHHSA
mifg yac BereTairii).

Knwwuwosi cnosa: cosi, pri3obii, IeKTHH HACIHHS cOi,

00IpUCKYBaHHS, iHOKYJIAIisS, a30oT(dikcaris, mie-
HUIS 03UMa, IIpernapat A30JeK, IPOAYKTUBHICT.
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ODODOEKTHUBHOCTDb IPUMEHEHU A
OUTOJEKTHHOB U JIEKTHHOBBIX
RKOMIIOSHIHNHN OJIA OIIPBICKUBAHUNSA
PACTEHHMU B IIEPUOJA BETETAIIUHU

E. B. Rupuuenro, C. 4. Kouy, I1. I1. ITyxmaesuy

NucTUTyT (pU3MOJIOTHUY PACTEHUN U TeHeTUKU
HAH Vkpaunsi, Kues

E-mail: azoleki@ukr.net

Wccnenosana ah(heKTMBHOCTD TPUMEHEHNA CIIO-
co0a OIIPBHICKUBAHUS B IIEPUOJ BETeTAIlU PACTEHUI
cou (Ha (poHe MHOKYJIAIIUN CEMAH KJIYOeHbKOBBIMU
OaxTepuAMU U 03 MHOKYJIAIUN CEMAH) PACTBOPOM
JIEKTUHA CEMSAH COU, a TaKKe ONPHICKUBAHUS pac-
TEHUUN 03MMOI IIIEeHUIbI JeKTUHOAKTepUAaIbHOI
KOMIIOBUIIVEI COOTBETCTBEHHO B BETETAITMOHHBIX 1
TIOJIEBBIX YCJIOBUAX. ¥ CTAHOBJIEHO, UTO OIIPBICKU-
BaHUe cou B (pase PasBUTUA IBYX TPEXJIUCTHUKOB
cuenUu(PUUHBIM JeKTUHOM Ha (hOHe IPeAIIOCeBHOU
WHOKYJIAIINY CEMAH PU300UAMU 0Ka3aJI0 JOCTOBEP-
HO ITOJIO?KUTEIbHOE BINSHNE Ha (PYHKI[MOHAJIbHYIO
aKTUBHOCTb CUMOMOTUYECKOro anmapara. A30T(HuK-
cUpYIOIas aKTUBHOCTD PU30CHEPHON MUKPOOHIOTHI
ocTaBaJiach HeM3MEHHOIT, UYTO MOXKET YKasbIBaTh HA
BEKTOD AEeHCTBUSA JEKTUHA UMEHHO IIPU OIPHICKHU-
BaHUM uepes pacTeHue. IIpu aToM oTMeUeHA aKTHU-
BaIlus BereTaTUBHOT'O POCTa PACTEeHUI, KOTOPLI
MaKCUMaJIbHO IPOSABJAJICA B BBICOTE UX HAI3EM-
HOIT yactu. Ha (poHE MHOKYIAIINYN CeMIH PU300HU-
SIMM aKTHBHOCTH IeHCTBUS dK30T€HHOT0 JEeKTHHA
IIPY OIPHICKUBAHUYU ObLiIa MeHee BBIPAYKEHHOU IIO
CpPaBHEHUIO C HEMHOKYJINPOBAHHBIMU PACTEHUSIMU.
OnphICKMBaHME COU JIEKTUHOM Ha (DOHE MHOKYJIAIINI
ceMsH 00ecTIeunyio MprbaBKy YPOrKas IT0 CPaBHEHUIIO
¢ HeMHOKYJIMPOBAaHHBIM KOHTpoJeM Ha 2,13 r/pac-
TeHUe, OTHAKO 110 (haKTOPy NeHCTBUS JIEKTHUHA 9Ta
mpubaBKa coctaBuia guirb 0,19 r/pacrenue u ObLIa
HeocTOBepHOI. HemHOKy/IMpOBaHHbBIE PACTEHUSA COX
IIPU ONPBICKUBAHUY JIEKTUHOM C(hOPMUPOBAIH YPO-
JKaii, Koropswlil Ha 0,64 r/pacTeHue OBLT JOCTOBEPHO
OoJibIlle, YeM Yy HEOIPBICKAHHBIX JEKTHHOM pac-
Tenuii. IIpu aTom mmpubaBKa 1o PakTopy AeiicTBU
JeKTrHA coctaBmiia 22% . Y TIEeHUIb 03UMOIL TTPU
OTCYTCTBUY IIPEAIIOCEBHOI MHOKYJIAIIUY CEMAH OaK-
TepUaJbHBIMU IIPerapaTaMu OPhICKUBaHUe B (hase
MacCOBBIX BECEHHUX BCXOZOB IperapaToM A3oJieK
Ha OCHOBE JIEKTHHA IIITeHUI[bI CITOCOOCTBOBAJIO JI0-
CTOBEPHOMY yBeJWYeHUIo yporkas Ha 1,6 1/ra. Ta-
KUM 00pasoM, IpUMeHeHe OIPLICKUBAHNSA BETETH-
PYIOIINX PACTEHU COM U IIIIEHUITBI COOTBETCTBEHHO
JIEKTUHOM CEMSH COU U JIEKTUHOAKTePHUATIBLHBIM IIpe-
mapaTtoM A30JIeK (JIEKTUH HITTeHUIIHI) 03 NCII0Ib30-
BaHUA IIPUEMa IIPeANOCeBHON MHOKYJIAINN CEMAH
obecmeunio 0ojiee BHICOKYIO CTEIIeHb peain3alluu
TIPOSYKTHUBHOTO ITOTEHITNAIA PACTEHUI IO CpaBHe-
HUIO ¢ KOHTPOJILHLIMU (OTCYTCTBUE IIPEIIOCEBHOI
VHOKYJISIIIAY CEMSH U OIPBICKUBAHUS PACTEHUI BO
BpeMs BereTarum).

Kntouesuvle cnosa: cosi, pu3oduu, JIEKTUH CEMSH COU,
OIIPBICKUBAaHNE, NHOKYJIAINA, a30T(hHUKCAIMsI, TIIIIe-
HUIIa 03UMasi, rpernapat AsoJeK, TPOayKTUBHOCTD.





