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In the vegetation experiment conditions it was established that the greatest effect of soybean
bacterization can be obtained by two strains of nodule bacteria with slow (Bradyrhizobium
Jjaponicum 46) and intensive (B. japonicum KBI11) growth rates when these strains used in inocu-
lum in the ratio 1 : 1 (binary composition). In compared to the mono-inoculation the combined use
of these strains contributed the formation of balanced symbiotic system, increase the level of mo-
lecular nitrogen fixation, content of chlorophyll in the biomass leaves and above ground mass of
different soybean plants varieties on 7.8—19.6 %. In a field experiment inoculation of soybean seeds
with a composition of B. japonicum strains to increase the soybean yields by 11.1-13.7 % com-

pared to the mono-inoculation.
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An important reserve to increase producti-
vity of legumes is the use of rhizobia, which
functions in plant-microbial interaction are di-
verse: a molecular nitrogen fixation, improved
nutrition of plants, synthesis of biologically ac-
tive substances, increase of plant resistance to
the action of pathogens and abiotic stresses [1; 2].

It is known that in regions of intensive soy-
bean cultivation using biological preparations
based on rhizobia, soils form different popula-
tion of these microorganisms in terms of den-
sity. Local populations are considered as a
source of economically valuable strains, on the
other hand, they can act as competitors of bio-
agents of microbial preparations in soil [2—4].

During the study of populations of soybean
microsymbionts in soils of Ukraine, among their
representatives we found strains with increased
growth rate, which conventionally called
“strains of intense growth”. Method of analyti-
cal selection gave new highly effective strains
of rhizobia from soybean with slow (Brady-
rhizobium japonicum 46) and intensive (B. ja-
ponicum KB11) growth. It has been established
that the strains of intense growth are characte-
rized by increased saprophytic competence
(survival in soil) compared with slowly growing
rhizobia [5]. Property for better survival in soil
characteristic for rhizobia with intense growth
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can be used in practice to develop new micro-
bial preparations with a wide range of perfor-
mance.

It should be noted that the list of biological
preparations for the plant production over the
past decade have expanded to include prepara-
tions based on microorganisms of various func-
tional groups and preparations of binary action,
obtained as a result of a combination of several
microorganisms [6]. Today, it has been experi-
mentally proved the significant stimulating ef-
fect of the mixed cultures of microorganisms on
the growth and development of plants. Com-
pared with pure cultures of diazotrophs, consor-
tia of microorganisms are characterized by in-
creased efficiency and stability of action on
plants, which makes the prospects of their use in
agricultural practice [7; 8].

The possibility of using biological prepara-
tions of several strains of rhizobia belonging to
the same species has been poorly studied. For
example, A. I. Chunderova et al. [9] in field ex-
periments with peas show that multistrain (two
to three strains) inoculation of peas gives higher
and more stable yields than monostrain. The au-
thors made a conclusion about the prospects of
multistrain preparations when growing peas.

We believe that the use of some highly effi-
cient strains of soybean rhizobia with different
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survival strategy in soil for biological prepara-
tions to inoculate soybean seeds can help to not
only increase productivity of the culture, but
also the formation of stable active population of
specific rhizobia in soil.

Considering the above, the objective of our
work was to study the effect of binary composi-
tion of the strains of soybean rhizobia with dif-
ferent rates of growth on soybean symbiotic per-
formance of different varieties.

Materials and methods. The objects of the
study were strains of soybean rhizobia with
slow (B. japonicum 46) and intensive (B. japo-
nicum KBI11) growth, antisera to these strains,
and soybean varieties Ustia and Omega Vin-
nytska.

In vegetation experiments, we studied the
effect of binary composition of strains (B. japo-
nicum 46 + B. japonicum KBI11) on the sym-
biotic parameters, growth, and development of
soybean plants.

Cultures of rhizobia were grown separately
in 250 mL flasks with legume medium on an
orbital shaker at 180-200 rpm at +28 ... + 30° C
for 72 hours. The titre of bacteria was
2-4 x 10° CFU/mL. We studied different ratios
of strains of B. japonicum 46 and B. japonicum
KBI11 in the moculum (1:1, 1:2,2:1, 1:3,
3:1,1:4,4:1). Bacterial load in case of pre-
treatment of seeds in all variants was 200-
300 cells per 1 seed.

Experiments were conducted in the green-
house in 2 L vessels. As the substrate, sod-
podzolic soil (pHyat. 5.5-5.9; humus content —
1.0 % that of easily hydrolyzed nitrogen (by Ti-
urin and Kononova) — 55,0-60,0 mg; P,Os —
150,0-160,0 mg and K,O (by Kirsanov) —
100,0-110,0 mg per 1 kg of soil), in which no
local soybean rhizobia were used. Soybean of
two varieties was cultivated: Ustia and Omega
Vinnytska. Frequency of experiment is fivefold.
Humidity was maintained at 60 % natural hu-
midity.

Efficiency of legume-rhizobia symbiosis
was assessed by the following parameters: con-
tent of dry matter content in the top, plant
height, nodule-forming ability and activity of
symbiotic nitrogen fixation. The content of pho-
tosynthetic pigments in leaves of plants was
measured in the flowering stage by spectropho-
tometry [10].

The competitiveness of the studied strains
(ratio of nodules formed by strain to the total
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number of studied nodules of each variant, ex-
pressed in per cent) was determined by Gruber-
Widal agglutination method [11]. We used an-
tisera, obtained to slowly growing strain B. ja-
ponicum 46 and intensely growing strain B. ja-
ponicum KBI11. To establish the serological
identity of strains of soybean rhizobia, selected
nodules were thoroughly washed with water.
Each nodule was crushed in a penicillin vial
with 1.2 mL of normal saline solution. The re-
sulting homogenate was used as an antigen in
agglutination with specific antisera. Forty-eight
nodules were analysed from each variant. The
following variants were used as the controls:
normal saline solution + antigen (homogenate of
nodules) and antiserum + antigen (pure culture
of rhizobia against which the antiserum was ob-
tained).

The effectiveness of combined use of two
strains of soybean rhizobia with slow and in-
tense growth was studied in the field at the zone
of Polissia of Ukraine (experimental field of the
Institute of Agricultural Microbiology and Ag-
roindustrial Manufacture of the NAAS). The
strains of B. japonicum and B. japonicum KB11
were used in ratio 1: 1. Inoculation load was
200-300 cells per 1 seed. Soil — leached black
soil with small population of soybean rhizobia.
Frequency of experiment — fourfold. Area of
accounting field — 6 m’. Placement of fields —
randomised. Soybean of Ustia variety was culti-
vated.

The activity of symbiotic nitrogen fixation
was determined by acetylene ethylene method
[12] on the gas chromatograph Chrom-4 with a
flame ionization detector (column with B-B'-
oxydipropionitrile). The temperature of the
thermostat is 50 °C. Gas rate: hydrogen —
30 mL/min, nitrogen — 100 mL/min, air —
500 mL/min.

Processing of data was performed by com-
puter programs Microsoft Office Excel and Sta-
tistica 7.0

Results and discussion. Vegetation experi-
ment with soybean of Ustia variety was per-
formed on sod-podzolic soil without soybean
rhizobia, therefore, nodules were not formed on
the roots of plants in the control variant (without
inoculation) (Table 1).

Inoculation of soybean seeds separately for
strains of rhizobia with intense (B. japonicum
KB11) and slow (B. japonicum 46) growth
promoted formation of significant number of
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Table 1. Symbiotic parameters, growth and development of soybean of variety Ustia under
the effect of inoculation with binary composition of strains B. japonicum, vegetation experiment

Activity of
Plant D Number of| Weigh of | symbiotic nitro-
. . . ry top, .
Variants of experiment height, olant nodules, | nodules, gen fixation,
cm &P U/plant g/plant | pg of N per plant
per hour

Without inoculation (control) 39.38 0.98 0 0 0
Inoculation with B. japonicum 46 45.26 1.29 13.22 0.25 11.18
Inoculation with
B. japonicum KB11 44.17 1.23 7.61 0.18 9.42
Inoculation with B. japonicum 46
+ B, japonicum KB11 (1 : 1) 48.58 1.39 15.44 0.29 14.72
Inoculation with B. japonicum 46
1 B. japonicum KB11 (1 : 2) 47.13 1.32 16.72 0.25 10.59
Inoculation with B. japonicum 46
+ B, japonicum KB11 (2 : 1) 45.70 1.30 21.78 0.27 13.24
Inoculation with B. japonicum 46
1 B. japonicum KB11 (1 : 3) 44.12 1.33 16.00 0.29 11.92
Inoculation with B. japonicum 46
+ B. japonicum KB11 (3 : 1) 42.24 1.36 17.00 0.29 12.21
Inoculation with B. japonicum 46
1 B. japonicum KB11 (1 : 4) 44.11 1.30 15.33 0.28 9.42
Inoculation with B. japonicum 46
1 B. japonicum KB11 (4 : 1) 41.81 1.37 10.44 0.28 14.86
HIPys 2.03 0.07 2.33 0.03 2.27

Note. In this and subsequent tables, reliable rise regarding parameters with monoinoculation is in bold.

nodules (8 and 13 units / plant, respectively)
with high nitrogenase activity (9.42 and
11.18 pg N per plant per hour). A positive effect
of the studied cultures on such parameters as
plant height and their top has been noted.

Analysis of the obtained data showed that
the combined use of two strains of soybean
rhizobia with different rate of growth is more
effective than monoinoculation. Thus, in most
variants, regardless of the ratio of strains in the
inoculum, the use of binary composition of
B. japonicum 46 + B. japonicum KB11 provided
a significant increase in the number of nodules
(1.2-2.9 times) and their weight (1.1-1.6 times)
compared with monoinoculation. In addition,
the combination of two strains gave a significant
increase of the level of nitrogenase activity in
the nodules (1.3—1.6 times).

Better than most parameters (height and
top, weight of nodules and activity of symbiotic
nitrogen fixation), was combined use of strains
of B. japonicum 46 and B. japonicum KBI11 in
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equal proportions — 1 : 1. Reliable gain of the
top, weight of nodules and their nitrogenase ac-
tivity has been also noted upon domination of
slowly growing strain B. japonicum 46 in inocu-
lum, when its proportion compared with inten-
sely grown strain B. japonicum KB11 was 4 : 1.
It should be noted that in case of absolute domi-
nance of the strain with slow growth in nodules
(monoinoculation with B. japonicum 46), these
parameters were lower. That is, the interaction
of the host plant with two active strains of soy-
bean rhizobia forms more efficient symbiotic
systems than the use of each strain separately.
This fact can explain the synergistic effect of
the studied microorganisms which functionally
complement each other in binary composition.

Similar results were obtained in vegetation
experiment with soybean of Omega Vinnytska
variety. Concomitant use of slowly and in-
tensely growing strains had a positive effect on
symbiotic parameters, growth, and development
of soybean plants (Table 2).
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Table 2. Symbiotic parameters, growth and development of soybean of variety Omega Vin-
nytska under the effect of inoculation with binary composition of strains B. japonicum, vegeta-

tion experiment

Activity of
Plant Number of| Weigh of | symbiotic nitro-
. . . Dry top, .
Variants of experiment height, Jolant nodules, | nodules, gen fixation,
cm &P U/plant g/plant | pg of N per plant
per hour

Without inoculation (control) 33.98 1.40 0 0 0
Inoculation with B. japonicum 46 43.21 2.06 21.50 0.38 13.83
Inoculation with
B. japonicum KB11 43.07 2.02 21.33 0.38 13.24
Inoculation with B. japonicum 46
+ B, japonicum KB11 (1 : 1) 47.89 2.24 25.00 0.42 25.60
Inoculation with B. japonicum 46
+ B, japonicum KB11 (1 : 2) 44.99 2.11 20.61 0.38 12.07
Inoculation with B. japonicum 46
+ B, japonicum KB11 (2 : 1) 45.34 2.17 20.89 0.40 19.42
Inoculation with B. japonicum 46
+ B, japonicum KB11 (1 : 3) 45.57 2.06 20.94 0.39 14.72
Inoculation with B. japonicum 46
+ B, japonicum KB11 (3 : 1) 47.35 2.13 18.94 0.40 18.54
Inoculation with B. japonicum 46
+ B, japonicum KB11 (1 : 4) 46.37 2.05 18.94 0.35 13.54
Inoculation with B. japonicum 46
+ B, japonicum KB11 (4 : 1) 46.77 2.07 24.11 0.42 25.90
HIPys 1.96 0.13 3.32 0.03 2.62

When growing soybean variety Omega
Vinnytska, the same as in the experiment with
soybean variety Ustia, B. japonicum 46 and
B. japonicum KBI11 in the ratio of 1:1 were
better for the most parameters. Compared to
monoinoculation, such binary composition sig-
nificantly contributed to increasing the number
of nodules (by 16.3—-17.2 %), their weight (by
11.1 %), and nitrogenase activity (1.85-1.93 ti-
mes). Plant height was increased by 10.8-11.2 %,
and top — by 8.7-10.9 %.

The combination of two studied strains of
rhizobia in inoculum in the ratio of 4 : 1 also
had a positive effect on plant height of soybean
variety Omega Vinnytska, weight of nodules,
and activity of symbiotic nitrogen fixation. In
this variant, a significant increase in these pa-
rameters compared to monoinoculation has been
observed.

It should be noted that in both soybean va-
rieties, inoculation with studied rhizobia both
separately and as part of a binary composition,
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gave a significant intensification of the synthe-
sis of chlorophyll (Table 3). For example, when
growing soybean variety Ustia, in variants with
different ratios of soybean rhizobia strains, con-
tent of chlorophyll ¢ and sum of chlorophyll a
and b in the biomass of leaves were increased
by 3.5-16.6 % and 5.8-20.7 %, respectively,
compared to monoinoculation. The maximum
of these parameters (180.46 mg/ 100 g and
224.51 mg/ 100 g, respectively) was observed
in the variant with concomitant use of the
strains B. japonicum 46 and B. japonicum KB11
in the ratio of 1 : 1.

The greatest accumulation of photosyn-
thetic pigments in biomass of the leaves of soy-
bean of variety Omega Vinnytska was observed
under the use of strains of rhizobia B. japonicum
46 and B. japonicum KBI11 in the ratio of 1: 1
and 1 :4. In other variants reliable, but some-
what lower rise of the content of chlorophyll a
and sum of chlorophyll @ and b compared with
monoinoculation was obtained. Please note that
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Table 3. Content of chlorophyll in the biomass of the leaves of soybean of different varieties
at the influence of inoculation with binary composition of strains B. japonicum, vegetation expe-

riment
Amount of chlorophyll, mg/100 g
Variants of experiment Ustia variety Omega Vinnytska variety

a b atb a b atb
Without inoculation (control) 99.83 27.13 126.96 56.59 15.65 72.24
Inoculation with B. japonicum 46 | 164.97 47.30 212.27 93.39 27.13 120.53
Inoculation with 15474 | 3124 | 18598 | 9800 | 2939 | 127.39
B. japonicum KB11
Inoculation with B. japonicum 46
1 B. japonicum KB11 (1: 1) 180.46 44.06 224.51 134.46 38.56 173.03
Inoculation with B. japonicum 46
1 B. japonicum KB11 (1 : 2) 167.06 46.86 213.91 128.22 30.09 158.31
Inoculation with B. japonicum 46
1 B. japonicum KB11 (2 : 1) 160.14 50.69 210.84 111.74 35.67 147.41
Inoculation with B. japonicum 46
1 B. japonicum KB11 (1 : 3) 163.77 47.61 211.38 120.19 35.97 156.16
Inoculation with B. japonicum 46
+ B, japonicum KB11 (3 : 1) 188.70 3343 222.12 114.81 33.79 148.59
Inoculation with B. japonicum 46
1 B. japonicum KB11 (1 : 4) 167.29 52.61 219.90 128.19 39.55 167.74
Inoculation with B. japonicum 46 | 60 55 | 4509 | 202.64 | 11641 | 32.54 | 148.95
+ B. japonicum KB11 (4 : 1) ’ ’ ’ ) ’ )
HIPgs 9.43 8.76 12.19 4.41 3.48 6.68

in case of combination of two strains in inocu-
lum in the ratio of 4 : 1, despite of the growing
of symbiotic parameters, content of chlorophyll
in the leaves of plants is increased only in soy-
bean of variety Omega Vinnytska.

For better understanding of the effect of
rhizobia on formation of symbiotic system, we
determined the proportion of strains B. japoni-
cum 46 and B. japonicum KBI11 in nodules of
soybean of varieties Ustia and Omega Vinnyt-
ska (Table 4).

Studies have shown that after the use of
strains B. japonicum 46 and B. japonicum 46
KBI11 in the ratio of 1:1 in both varieties of
soybean, number of root nodules formed by
these microorganisms was almost similar —
54.2% :45.8% and 45.8% :54.2%. It has
been established that increasing the proporti-
on of a particular strain in binary composition
(1 »2—-3—4) provided corresponding in-
crease of its proportion in nodules. After inocula-
tion with B. japonicum 46 + B. japonicum KB11
(1 : 2), distribution of strains in nodules was —
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25.0 % : 75.0 %, whereas in case of proportion
of strains B. japonicum 46 and B. japonicum
KBI1 (2:1) — 83.3% :16.7 %, respectively.
The only exception were two variants: on soy-
bean of variety Ustia with the use of strains
B. japonicum 46 and B. japonicum KB11 in the
ratio of 3 : 1 (their proportion in nodules was
similar — 50.0 % : 50.0 %) on soybean of va-
rieties Omega Vinnytska with a ratio of strains
of 2 : 1 (their proportion amounted to 41.7 % :
: 58.3 %). That is, the dominance of a particular
strain of rhizobia in the inoculum is not always
ensured its dominance in the nodules.

It should be noted that regardless of the ra-
tion of rhizobia in binary compositions, there
was no full replacement of one strain by another
one from the nodule populations. Each strain
occupied its ecological niche, which may indi-
cate the presence of close mutual regulation of
the amount of symbiotic nitrogen fixers in the
rhizosphere of soybean, as well as their ability
to compete for specific binding sites on the
roots of plants.
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Table 4. Portion of strains B. japonicum 46 and B. japonicum KBI11 in nodules of soybean
varieties Ustia and Omega Vinnytska, vegetation experiments

Proportion of strains of soybean rhizobia in nodules, %
Variants of experiment Ustia Omega Vinnytska
B. japoni- B. japoni- B. japoni- B. japoni
cum 46 cum KB11 cum 46 cum KB11

Without inoculation (control) 0 0 0 0
Inoculation with B. japonicum 46 100.0 0 100.0 0
Inoculation with B. japonicum
KB11 0 100.0 0 100.0
Inoculation with B. japonicum 46 +
B. japonicum KB11 (1:1) 54.2 45.8 45.8 54.2
Inoculation with B. japonicum 46 +
B. japonicum KB11 (1:2) 250 750 33.3 66.7
Inoculation with B. japonicum 46 +
B. japonicum KB11 (2:1) 83.3 16.7 417 >8.3
Inoculation with B. japonicum 46 +
B. japonicum KB11 (1:3) 125 87.5 4.2 958
Inoculation with B. japonicum 46 +
B. japonicum KB11 (3:1) 500 500 792 208
Inoculation with B. japonicum 46 +
B. japonicum KB11 (1:4) 125 87.5 8.3 L7
Inoculation with B. japonicum 46 +
B. japonicum KB11 (4:1) 792 208 750 250

The effectiveness of soybean inoculation
with strains of B. japonicum 46 and B. japoni-
cum KBI11 and their binary composition (ratio
of strains of 1 : 1) was studied in a field experi-
ment on the background of a small local popula-
tion of specific rhizobia.

Inoculation of soybean seeds with studied
strains helped to increase productivity of culture
by 14.3-17.0 % compared to control (Table 5).
The combined use of these strains in binary
composition — B. japonicum 46 + B. japoni-
cum KBI11 was more efficient. In this variant,
we received the maximum yield of soybean
grain — 2.90 t/ha.

Thus, the results of the conducted studies
showed that the greatest effect from soybean
bacterization can be obtained by a combination
of two strains of rhizobia with slow (B. japoni-
cum 46) and intensive (B. japonicum KBI11)
growth in the ratio of 1 : 1 (binary composition)
in inoculum. Concomitant use of strains con-
tributed to the formation of balanced symbiotic
system, raising the level of fixation of molecular
nitrogen, chlorophyll content in biomass of lea-
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ves and top of soybean of different varieties by
7.8-19.6 % compared with parameters in case
of monoinoculation.

Table 5. Seed productivity of soybean of
variety Ustia under the effect of combined ino-
culation with slowly and intensely growing
strains of rhizobia, field experiment, 2013

Bapiantu 1oci Productivity, Yield
P Aocay t/ha raise, %

Without inoculation 293 3
(control)
Inoculation with
B japonicum 46 261 17.0
Inoculation with
B. japonicum KB11 255 14.3
Inoculation with
B. japonicum 46 2.90 30.0
+ B. japonicum KB11
HIPgs 0.21
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Against the background of soil population
of specific rhizobia, inoculation of soybean by
the composition of strains B. japonicum 46 +
B. japonicum KBI11 provided increase in pro-
ductivity of culture by 11.1-13.7 % compared to
monoinoculation.

Further studies of binary composition of the
strains B. japonicum are promising from a sci-
entific and practical point of view. They allow
reveal the deeper features of formation and fun-
ctioning of efficient symbiotic systems under
the infection of soybean by two strains both at
the absence of soybean rhizobia in the soil, and
at the background of the local populations of
rhizobia.
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KOMIIO3ULUA ITAMMOB BRADYRH-
IZOBIUM JAPONICUM W EE IPUMEHE-
HUE JJIA THOKYJIALUU COU

. B. Kpyruio

HHCTUTYT cenbCKOX03sICTBEHHON MUKPOOUOTIOTHH
Y arponpoMBIIIIeHHOTo mpon3BoacTBa HAAH,
r. UepHuros

B ycnosusix eecemayuonnvix onbimoé noka-
3aHO, umo Hauboavwull 3¢pgexm om baxmepu-
3ayUU Cou MONCHO NOJLYYUMb NPU COYEMAHUU 8
UHOKYTIOMe  08YX  WMAMMOE  KI1YOEHbKOB8bIX
baxmepuil ¢ medneHnvim (Bradyrhizobium ja-
ponicum 46) u ummencusuvim (B. japonicum
KBI11) pocmom 6 coomnowenuu 1:1 (bunap-
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CymicHe BUKOpUCMAHHA YUX WMAMIE CHPUSLILO
dopmysannto 30arancosanoi cumobiomuuHoi cu-
cmemu, NiOBUWEeHHIO PIHA (hiKcayii MOneKyis-
pHO2O azomy, emicmy Xaopoginie y 6iomaci
JUCMSL MA HAO3EMHOI MACU POCIUH COi PI3HUX
copmie na 7,8—-19,6 % 6i0HOCHO MOHOIHOKYIA-
yii. VYV nonvoeomy 00cnioi iHOKYIAYISL HACIHHA
coi’ komno3zuyicro wmamie B. japonicum cnpus-
na 36invwenHio ypoxcaiunocmi coi uma 11,1—
13,7 % nopigHAHO 3 MOHOIHOKYAYIET.

KirouoBi cnoBa: Bradyrhizobium japoni-
cum, OIHapHa KOMNO3UYis wmamie, iHOKYIAYIA,
8POJHCAIHICMY, CO5L.
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Has komnozuyus). CoemecmHoe ucnonb3o8anue
WmMammo8 Cnocoocmeosano  Qopmuposanuio
cOanancupo8anHou CUMOUOMUYECKOU cucme-
Mbl, NOBLIUEHUIO YPOBHS (huKcayuu Moaekyisap-
HO20 a30ma, COO0epHCAHUsL XA0POPULL08 8 OUo-
macce 1ucmves u Ha03eMHOU MAcCCbl pacmeHull
cou paznuyHvix copmos na 7,8—19,6 % omuo-
cUmMenbHO MOHOUHOKYAAYUU. B nonesom onvime
UHOKYTIAYUSL CeMAH COU KOMNO3UYUell mammos
B. japonicum  cnocobcmeosana  ysenuuenuio
ypoorcaunocmu cou va 11,1-13,7 % no cpasHe-
HUIO ¢ MOHOUHOKYIAYUEIL.

KiroueBsie cnoBa: Bradyrhizobium japoni-
cum, OUHAPHASL KOMNO3UYUSL WUMAMMO8, UHOKY-
JIAYUS, YPOHCAUHOCND, COSL.
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