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The paper presents the results of study on the influence of pre-sowing treatment of soybean
seeds with the microbial preparation Rhyzohumin and growth regulator Bioglobine, and their sepa-
rate application (Rhyzohumin was used for seeds bacterization while growth regulator was applied
foliar during different phases of plants organogenesis) on the formation and functioning of a sym-
biotic nitrogen-fixing apparatus in the conditions of the north-eastern forest-steppe of Ukraine.
Separate application of studied preparations has intensively stimulated the formation and activity
of soybean-rhizobial symbiosis, compared to their joint application. Considering their stage-by-

stage application the preparations has a positive action and increase the grain yield of soybeans.
Key words: soybean, bacterization, Rhyzohumin, plant growth regulator Bioglobine, soybean-
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One of the important issues in modern crop
production is the development and implementa-
tion of environmentally adapted technologies
for agriculture crops. Their main peculiarity is
to help plants maximally adapt to environmental
conditions to maximize the genetic capabilities
of modern varieties and highly heterozygous
hybrids. However, the variability of weather
conditions in different years requires constant
correction of the conditions for the development
of plants through the application of particular
agrotechnical means. In addition, it is well
known that the effect of the same agrotechnical
technique in different weather conditions can
provide not only the same effect, and even have
a different direction of action. It should also be
noted that it is not always possible to withstand
all components of different cultivating technol-
ogy in agricultural production. In connection
with this, there 1s a need for the use of certain
agrotechnical techniques that would compensate
to the greatest extent the possible crop losses,
caused by a changes in the previous agro-
technical technique or the terms of their imple-
mentation.
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Considering the ability of soybean plants to
form a symbiosis with nodular bacteria and thus
to improve nitrogen nutrition conditions, many
studies have been conducted in recent years fo-
cusing on the effectiveness of the use of bacteri-
al preparations. According to long-term data,
soybean yield under the use of microbial prepa-
rations can grow by 25-30 %, and protein con-
tent in grain by 2-6 % [1; 2].

Scientific data also claim the significant pro-
spects for soybean seeds treatments with growth
regulators, which contributes to a significant in-
crease in the crop productivity at low cost. How-
ever, the information on the possibility of com-
bining pre-sowing bacterization with the use of
growth regulators is quite controversial.

In this regard, the purpose of our work was
to study the effectiveness of the use of plant
growth regulator alone and in combination with
the bacterial preparation in the cultivation of
soybean under the conditions of the north-
eastern forest-steppe of Ukraine.

Materials and methods. The study was
conducted during 2016-2017 in the field condi-
tions in the Institute of Agriculture of the North-
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East of the NAAS on a typical, low-humus,
slightly leached, large-peal-medium-loamy cher-
nozem on loess, the arable layer of which is
characterized by the following main parameters:
humus content — 4.1 %, pHsa. — 6.3, the
amount of absorbed bases is 31 mg-Eq, content
of the mobile forms of phosphorus is 11.3 mg /
/100 g, exchangeable potassium is 9.2 mg/
/100 g, content of easily hydrolyzed nitrogen by
Cornfield — 11.2 mg / 100 g of soil.

The preparations efficacy was studied on
Siverka soybean variety.

The scheme of two-factor experiments in-
cluded 16 variants (see the tables below), re-
peated four times. Variants in the repetition
were placed systematically. The total area of the
site in the experiment was 137 m?, accounting
area — 67.2 m’. The cultivating technology of
the experiment was similar to the generally ac-
cepted in given soil-climatic zone with winter
wheat pre-crop. Tillage, seeding, crop mainte-
nance and harvesting were carried out according
to zonal recommendations. Soybean seeding
rate was 850 thousand similar seeds per 1 hec-
tare, seeded with ordinary row width 15 cm.
Soybean seeds were treated with Maxim XL
035 FS (1 L/ton) 14 days before sowing and
with microbial preparation and plant growth
regulator at the day of seeding according to the
experimental scheme following the manufactur-
er’s recommendations [3]. For pre-sowing seed
inoculation a biological preparation of complex
action Rhyzohumin (TU U 24.1-00497360-003:
2007) on the basis of Bradyrhizobium japo-
nicum M-8 was used at a rate of 2 kg/ton of
seed. In addition to pre-sowing bacterization,
seeds were treated with a solution of plant
growth regulator Bioglobine (developed by
Medbiocom Ukraine) — 1,000 mL/t of seed and
foliar — 1,000 mL/ha according to the scheme
of experiment. Biometric studies and accounting
for soybeans were conducted according to gen-
erally accepted methods [4]. The effectiveness
of legume-rhizobial symbiosis was estimated at
the flowering and pod filling stage counting the
number, weight and nitrogenase activity of the
nodules per plant. The number and weight of
nodules on the roots of plants were determined
after washing out the soil-plant monoliths [5],
activity of symbiotic nitrogen fixation was
measured using the acetylene method [6]. The
statistical data analysis of the obtained results
was carried out in accordance with the existing
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methods [4] and the use of the software package
Statistica 6.0.

Results and discussion. The conducted
studies indicate that the seeds treatment with the
focus preparations improves the conditions for
the formation of nitrogen-fixing nodules on the
roots. Their number in the flowering stage in
variants with microbial preparation, alone and in
combination with the growth regulator, were
significantly higher (1.1-1.2-fold) compared to
control data in 2016 (Table 1).

2017 data show in general the low numbers
of root nodules compared to the previous year,
caused by the arid weather conditions (62 % of
the average multi-year rainfall value during the
vegetation period, HTF — 0.7). Plant growth
regulator, used for seed treatment, contributed
more to the formation of nodules. A significant
increase in the parameters was also obtained
under the use of microbial preparation. Com-
bined, the use of Rhyzohumin and growth regu-
lator Bioglobine for seed treatment has no sig-
nificant increase in the number of nodules.

The study of the nodule activity in the pod
filling phase showed the increase of the number
of nodules in the studied plants, with both mi-
crobial preparation and growth regulator con-
tributed to the increase in the parameters com-
pared with the control variant. Thus, in the
phase of pod filling, the number of nodules in-
creased 1.3—1.4-fold (2016) and 1.3-1.8-fold
(2017), depending on the experimental variants
comparing to the previous period (the flowering
phase).

Significant influence of separate use of
plant growth regulator for seed treatment on the
formation of symbiotic apparatus of soybeans
was noted in 2016. Thus the number of nodules
exceeded the absolute control parameters 1.7—
fold (102.8 versus 61.3 units per plant).

Under the 2017 conditions, the maximum
increase of the number of nodules (10.9 units/
/plant versus 19.8 units/plant in absolute con-
trol) was observed during the pod filling phase
in the experimental variants with seed bacteri-
zation.

The optimal conditions for the formation of
nodules under the influence of both studied fac-
tors were different depending upon the year of
study. Thus, under the foliar use of the growth
regulator on soybeans during the phase of bud-
ding and pod filling on the background of seed
treatment with a microbial preparation in com-
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Table 1. The influence of microbial preparation Rhyzohumin and growth regulator Bioglo-
bine under the different methods of their application on the formation of nitrogen-fixing nodules

] o Number of nodules, U/plant
Seed Plant processing with Bio-

. . . 2016 2017
processing globine solution by - - - -
(factor A) vegetation (factor B) flowering pod filling flowering pod filling

stage stage stage stage
no treatment 62.9 61.3 11.3 19.8
budding stage 66.8 80.7 17.2 19.4
Control grain filling stage 64.9 85.6 16.7 21.8
budding stage + grain filling 65.0 90.6 17.9 279
stage
no treatment 69.4 90.9 19.0 30.7
budding stage 78.1 98.9 17.9 28.9
Rhyzohumin | grain filling stage 80.2 95.1 17.3 24.7
budding stage + grain filling 26.1 1063 197 257
stage
no treatment 63.2 102.8 23.3 26.6
budding stage 70.8 112.4 21.7 28.1

Bioglobine | grain filling stage 65.8 113.2 21.3 25.7
budding stage + grain filling 730 138.8 17.7 314
stage
no treatment 77.9 91.1 15.2 25.0

. |budding stage 89.8 101.2 15.6 22.2
Rhyzohumin + - -

Bioglobine graln'ﬁlhng stage ' ' 79.0 121.9 16.6 30.3
budding stage + grain filling 977 123.6 17.4 247
stage

LSDos for factor A 5.1 13.7 53 6.1
LSDos for factor B 6.1 11.2 1.3 5.5

bination with the growth regulator, the largest
number of nodules (123.6 units per plant) was
obtained, which was more than 2.0-fold higher
compared with the values of absolute control
and 1.4-fold higher in comparison with the simi-
lar treatment of plants in the control variant in
2017, the maximum values for this parameter
(31.4 units/plant versus 19.8 units/plant in abso-
lute control) were obtained at the background of
pre-sowing treatment of the seeds by the growth
regulator with subsequent plant-foliar treat-
ments with the same preparation in two phases
of organogenesis of plants.

An important criterion for the interaction of
plants and bacteria is the mass of nodules on the
roots of legumes. Upon the investigation of pe-
culiarities of the formation of a soybean nitro-
gen-fixing apparatus, it was established that the
nodulation process was active in all variants, in-
cluding control, where the nodules were formed
due to the presence of aboriginal rhizobia in the
soil. However, not all variants of the experiment
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had a positive correlation between the number
and weight of the nodules (Table 2).

It was established that prior to the pod fill-
ing stage the weight of nodules has increased
differently. Thus, at flowering stage the roots of
single soybean plant has accumulated, on aver-
age, from 0.22 to 0.44 mg (2016) and from 0.05
to 0.15 mg (2017) of nodules, while during pod
filling stage, this figure increased 1.6—1.9-fold
(2016) and 2.3-3.2-fold depending on the ex-
perimental variant in 2017 (Table 2).

It should be noted that the studied prepara-
tions influenced the formation of modules in
different ways. In particular, the variant with
pre-sowing seeds treatment with a complex of
preparations was characterized by a greater no-
dular activity, while the nodules, due to such
treatment, were smaller and had a lower weight
compared with similar parameters of the variant
with the seeds inoculation with Rhyzohumin.
A similar feature was noted when comparing
variants of seed treatment with a growth regu-
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Table 2. The influence of microbial preparation Rhyzohumin and growth regulator Bioglo-
bine under the different methods of their application on the dry weight of nodules

) o Weight of dry nodules per one plant, mg
Seed Plant processing with Bio-

. . . 2016 2017
processing globine solution by - - - -
(factor A) vegetation (factor B) flowering pod filling flowering pod filling

stage stage stage stage
no treatment 0.22 0.43 0.09 0.16
budding stage 0.26 0.41 0.10 0.20
Control grain filling stage 0.24 0.47 0.12 0.17
budding stage + grain filling 0.25 0.49 0.13 0.18
stage
no treatment 0.33 0.50 0.13 0.28
budding stage 0.41 0.58 0.12 0.26
Rhyzohumin |grain filling stage 0.38 0.59 0.13 0.35
budding stage + grain filling 0.44 0.71 0.15 0.29
stage
no treatment 0.25 0.48 0.10 0.23
budding stage 0.30 0.68 0.13 0.28

Bioglobine | grain filling stage 0.32 0.67 0.06 0.31
budding stage + grain filling 0.34 0.66 0.05 0.35
stage
no treatment 0.29 0.40 0.08 0.22

, budding stage 0.36 0.48 0.13 0.21
Rhyzohumin + - -

Bioglobine graln'ﬁlhng stage ' ' 0.29 0.50 0.10 0.30
budding stage + grain filling 0.39 0.54 0.11 0.26
stage

LSDos for factor A 0.08 0.05 0.03 0.09
LSDos for factor B 0.09 0.08 0.02 0.06

lator and bacterization.

The most efficient symbiotic system was
formed by plants, inoculated with B. japoni-
cum — the weight of nodules during flowering
and pod filling stages was 1.2- and 1.5-fold
higher, respectively, than control parameter
(2016) (see Tables 1 and 2). The results of 2017
studies showed the same pattern. That is, for the
use of bacterial inoculum, the weight of nodules
was also the highest and increased 1.4- and 1.8-
fold relatively to the stage of development,
compared with the control variant.

Biological nitrogen fixation is an effective
ecological, energy-saving mean to increase ni-
trogen reserves in soils [9]. In this regard, it is
important to have an understanding of the inten-
sity of nitrogen fixation process and ways to
enhance it.

In our experiments the nitrogen-fixing ac-
tivity of the studied symbiotic systems varied
over the years (Table 3).

Plants in the control variant formed sym-
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biotic system due to aboriginal rhizobia present
in the soil, however their nitrogen-fixing activi-
ty was low.

All investigated preparations enhanced ni-
trogenase activity compared to the control vari-
ants. However, during the flowering and pod
filling stages soybean ontogenesis, the growth
of nitrogen-fixation activity was observed main-
ly due to the use of Rhyzohumin. Pre-sowing
seed treatment by the growth regulator signifi-
cantly influenced this parameter only in 2017 —
with the transition of plants to the pod filling
stage.

It should be noted that the combined use of
Rhyzohumin and Bioglobine for seeds treatment
did not stimulated the nitrogen fixation activity,
which was lower compared to the separate use
of studied preparations. This feature was ob-
served during all studied stages in both years.

It should be noted that in 2016, the level of
nitrogenase activity of the nodules reached the
maximum during the flowering stage, decreas-
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Table 3. The influence of microbial preparation Rhyzohumin and growth regulator Bioglo-
bine under the different methods of their application on the nitrogenase activity of soybean root

nodules
] ] ] Nitrogenase activity, nmol C,H4 / plant per hour
Seed Plant processing with Bio- 2016 2017
processing globine solution by - - - -
(factor A) vegetation (factor B) flowering pod filling flowering pod filling
stage stage stage stage
no treatment 423 142 225 210
budding stage 496 371 323 254
Control | grain filling stage 442 398 247 218
budding stage + grain filling 490 400 306 159
stage
no treatment 822 543 440 467
budding stage 1,010 658 460 689
Rhyzohumin | grain filling stage 882 812 420 689
budding stage + grain filling 970 229 555 963
stage
no treatment 677 413 367 579
budding stage 785 438 420 694

Bioglobine | grain filling stage 687 460 345 631
budding stage + grain filling R12 557 755 253
stage
no treatment 514 313 259 342

. budding stage 682 339 345 362
Rhyzohumin + - -

Bioglobine graln'ﬁlhng stage ' ' 491 401 315 464
budding stage + grain filling 639 500 328 444
stage

LSDos for factor A 118 266 52 169
LSDos for factor B 87 255 88 174

ing with the onset of pod filling stage. However,
in the variant, where the microbial preparation
was used for seed treatment, nitrogen-fixing ac-
tivity was the highest and at the same time more
than 3.8-fold higher compared with the absolute
control parameter. The effects of both investi-
gated factors on nitrogen-fixing activity were
achieved under the seeds treatment with Rhyzo-
humin, followed by foliar application of Bioglo-
bine during budding and pod filling stages (this
parameter exceeded the value in the control var-
iant with a similar treatment of plants by the
growth regulator 2.1-fold.

The exploration of the dynamics of symbi-
otic nitrogen fixation in 2017 indicates a signifi-
cant increase in the activity of fixation of at-
mospheric nitrogen during the pod filling stage.
The exception was the parameters of absolute
control, as well as controls, where a growth reg-
ulator was additionally applied in different stag-
es of soybeans development.

Significant growth of the nitrogen fixation
activity (+449 nmol C;H4 / plant per hour) dur-
ing the flowering stage was observed in the var-
iant with the plants treatment with the growth
regulator during the budding stage on the back-
ground of pre-sowing seeds treatment with the
same preparation compared to 306 nmol C;H4 /
/ plant per hour in a control variant with a simi-
lar treatment of plants.

The maximum values of nitrogen fixation
activity in pod filling stage were observed in the
variant with foliar application of growth regula-
tor in both stages on the background of Rhyzo-
humin used for seed treatment, where its growth
in comparison with the similar treatment of con-
trol plants (159 nmol C2Hs / plant per hour) was
6.1 fold.

As a result of the conducted study, it was
established that the soybeans yield was formed
depending on the weather conditions during the
years of study and application methods of plant
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growth regulator and microbial preparation use.
Thus, the conditions in 2016 were more favour-
able for the soybean production, as evidenced
by the average yield — 2.47 t/ha (Table 4).

Pre-sowing seed treatment with microbial
preparation used for optimization of nitrogen
nutrition of plants is an effective agrotechnical
technique used in modern agriculture. Overall,
inoculation of soybean seeds increased the yield
of grain by 0.21t/ha (9.1 %) compared to
2.30 t/ha in absolute control.

Due to unfavourable weather conditions in
2017, soybean yield was relatively low (an av-
erage of 2.28 t/ha). However, even under these
conditions, the significant effect of separate ap-
plication of inoculation and growth regulator for
pre-sowing seed treatment on the formation of
the crop was noted. The yield from these treat-
ments was at a similar level of 2.29 t/ha, which
1s 0.24 t/ha (11.7 %) higher compared to an ab-
solute control.

By estimating the average yield of soybeans
for two years, a clear (by 10.1 %) yields

increase compared to the control in the variant
using Rhyzohumin was noted. The use of the
growth regulator for seed treatment increased
this parameter by 9.2 %, while the simultaneous
use of both preparations — by 5.6 %.

According to individual studies [9; 10],
more tangible effects of growth regulators were
detected under their use as seeds treatment sim-
ultaneously with microbial preparations during
the vegetation period. Our study contradicts this
statement. Separately, by the years of study and
on average, the simultaneous pre-sowing seeds
treatment with Rhyzohumin and plant growth
regulator was less efficient in terms of yield
formation. At the same time, foliar application
of growth regulator during the budding and pod
filling stages at the background of seed treat-
ment with Rhyzohumin, resulted in 0.32 t/ha
(14.7 %) yield increase relatively to absolute
control (2.18 t/ha). We explain the reduction of
the studied parameters under the combined soy-
bean seeds inoculation with both preparations
compared with their effectiveness when applied

Table 4. The influence of microbial preparation Rhyzohumin and growth regulator Bioglo-
bine under the different methods of their application on the soybean yield of Siverka variety

Seed pro- Plant processing with Yield, t/ha Increment, t/ha
cessing (factor | Bioglobine solution by
A) vegetation (factor B) 2016 2017 mean |+ by factor A |+ by factor B
no treatment 2.30 2.05 2.18 K K
budding stage 2.32 2.14 2.23 0.06
Control grain filling stage 2.36 2.26 2.31 0.14
E‘lll‘if;nsgt;;ge * grain 2.40 2.30 2.35 0.18
no treatment 2.51 2.29 2.40 0.23 K
budding stage 2.55 2.35 2.45 0.05
Rhyzohumin | grain filling stage 2.57 2.36 2.47 0.06
E‘lll‘if;nsgt;;ge " grain 2.62 2.38 2.50 0.10
no treatment 2.47 2.29 2.38 0.21 K
budding stage 2.50 2.32 2.41 0.03

Bioglobine | grain filling stage 2.55 2.35 2.45 0.07
E‘lll‘if;nsgt;;ge * grain 2.51 2.34 2.43 0.04
no treatment 2.41 2.21 2.31 0.14 K

. budding stage 2.43 2.29 2.36 0.05
Rhyzohumin + - -

Bioglobine grain filling stage 2.47 2.32 2.40 0.09
budding stage + grain 2.48 2.32 2.40 0.09
filling stage

LSDos for factor A 0.15 0.18
LSDos for factor B 0.07 0.05
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separately with the possible overdose of physio-
logically active substances. At separate use of
preparations — pre-sowing seeds bacterization
with Rhyzohumin and foliar application of Bio-
globine, such overdose does not occur, as the
growth regulator is influencing not the seed or
seedling, but enhance the already formed leg-
ume-rhizobial nitrogen fixation system.

Consequently, the stage-by-stage applica-
tion of the studied factors: a microbial prepara-
tion as a seed treatment and a growth regulator
as a foliar treatment of vegetative plants during
the budding and pod filling stages has contribut-
ed the most to the increase of the productivity of
the symbiotic soybean-rhizobial system and
crop yield, while the combined seeds treatment
with Rhyzohumin and plant growth regulator
Bioglobine was shown to be the least effective
for the studied parameters.
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no 1ucmy 8 pasiuyHvle Qaszvl op2aHoceHesd
pacmeHuti) Ha popmuposarue u GYHKYUOHUPO-
ganue cUMOUOMUYECKO20 a30meuKrcupyroue2o
annapama 8 yclio8usx cegepo-60cmourou Jle-
cocmenu Ykpaunvl. Pazoenvnoe npumenenue
07151 NPeOnocesHoll 00pPabOMKU CeMAH MUKDPOO-
Ho2o npenapama u buoznobuna 6onee unmen-
CUBHO CIUMYIUpyem opmuposanue u akmus-
HOCMb C0e80-pU300UANTbHO20 CUMOUO3A, YeM
ucnov3oeanue npenapamos 6 komniekce. llpe-
napamul cnoco6Ccmayom yeeaudeHuio 3epHo8ol
NPOOYKMUBHOCMU COU NPU NOIMANHOM UX NPU-
MeHeHUU.

KiroueBsie cnoBa: cos, 6axmepuzayus, Pu-
302yMUH, pe2ynsmop pocma pacmenui buozno-
OUH, C0eB0-pU30OUANILHBILL CUMOUO3, YPOHCAL-
HOCMb.
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