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The aim of the work was to estimate the action efficiency of pre-sowing soybean seed bacterization
with complex inoculants based on Bradyrhizobium japonicum 634b and Azotobacter chroococcum T79
under influence of phytolectins in vegetation conditions. It was shown, that during all vegetation period
the soybean plants formed vegetative mass more actively: (in 1.2—-1.5 times) above-ground part and in
1.2-1.7 times root system by the the complex seed bacterization as compared to the mono-inoculation.
There is a direct dependence of soybean vegetative height on the functional (nitrogen-fixing) ability of
the symbioses. Advantages of the application of complex compositions for intensification of beans
formations (more early terms of reproductive organs forming, greater amount of beans on plants with
their mass, exceeding control in 1,1-1,7 time) are shown. The middle increase of soybean harvest to
control made from 13% (binary bacterial composition on basis of rhizobium and azotobacter) to 21%
(polycomposition on basis of rhizobium and azotobacter activated by the wheat lectin). The compositions
based on rhizobium activated by the soybean lectin provided 18% increased seed harvest. Polycomposition
containing nitrogen-fixing bacteria activated by appropriate plants lectins led to the 19% increased
harvest. It is shown that the harvest increased with higher values of almost all indexes of its structure.

The compositions based on rhizobia and azotobacter activated by wheat lectin as well as the
compositions based on rhizobia activated by soybean lectin are the most productive for practical use to
increase the soybean yield.

Key words: soybean (Glycine max (L.) Merr.), rhizobia, azotobacter, phytolectins, complex inocu-
lants.

Today, microbial biotechnology is employed
in agriculture to fulfill environmental and
industrial tasks [1-3]. A large segment of
microbial preparations for plant husbandry [1—
6] is bacterial products for bean cultures based
on active, effective and competitive rhizobia
presented to artificially bacterize the seeds. A
promising approach is creation and application
of complex bacterial preparations based on
microorganisms with various specialized
effects on the plant and soil, algae, arbuscular
mycorrhizal fungi, biologically active
substances, microelements and plant growth
regulators [1; 3; 6—14]. Complex preparations
are more stable in the field and have a wider
range of action (poly-vector mechanisms) on
the components of the plant — soil — microbes

system due to the manifold functions of the
biologic agents they include. They are more
efficient in bringing out the productive
potential of phytobacterial symbioses and
associations [1; 6—8; 12; 15] compared to
bacterial monocultures for seed inoculation.
Soybean is one of the strategic food
cultures not only in Ukraine but in many
countries worldwide [16]. According to the
data of the Ukrainian Association of producers
and processors of soybeans, by 2020 soybean
plantations in Ukraine may reach 2.4 million
hectares. Ukraine occupies the sixth place
in its export, after Brazil, USA, Argentine,
Paraguay and Canada. Since the world demand
for non-GMO soybean increases (Europe
alone requires 7 million tons soybean [17]),
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developing environmentally safe ways to
increase the culture’s productivity is currently
an urgent problem. With this in mind, we
conducted research developing the possibilities
of creating multi-component microbial
compositions for pre-sowing inoculation of
soybean seeds based on plant host-specific
rhizobia, agriculturally useful microorganisms
of the genus Azotobacter and phytoproteins
(soybean lectin and wheat germ agglutinin),
which are natural bioactive substances with a
wide range of action [12; 14; 15].

The paper was aimed to evaluate the
efficiency of pre-sowing bacterization of
soybean seeds by complex inoculants based
on host-specific Bradyrhizobium japonicum
634b and bacterium of the genus Azotobacter
as affected by phytolectins (soybean lectin and
wheat germ agglutinin).

Matherials and Methods

The object of our research was symbiotic
systems consisting of soybean plants (Glycine
max (L.) Merr.) of the early-ripening
variety Annushka and B. japonicum 634b
by introduction of rhizosphere diazotrophs
A. chroococcum T79 on the seeds under the
effect of wheat and soybean lectins in complex
inoculants. Annushka is an early-ripening
variety (National standard of Ukraine) which
was included in the State Register of plant
varieties suitable for dissemination in Ukraine
in 2007, in Russia in 2008, in Europe in 2009,
certified as “Organic”. It was created by the
scientific breeding seed-growing firm “Soievyi
vik” (Kropyvnytskyi, Ukraine).

Bacterial cultures (strain collection of
symbiotic and associated diazotrophs of the
Department of symbiotic nitrogen fixation of
the Institute of Plant Physiology and Genetics
(IPPG), NAS of Ukraine, Kyiv, Ukraine) were
grown on yeast mannitol agar and Ashby’s
culture medium [18] for 10 and 3 days,
respectively, at 28 °C. The rhizobium cells titer
was 10° cells/ml, Azotobacter 108 cells/ml.
Bacterial compositions were prepared by
incubation (i) and mixing the components (v:v,
stated for the individual experiments) with
the rhizobium load kept even for different
inoculums.

To activate rhizobia in the inoculum
we used 5 pug/ml soybean lectin (SBL,
LECTINOTEST, Lviv, Ukraine) [19]. Our pilot
studies showed that 5 pg/ml SBL enhanced
the symbiotic properties of plant host-specific
rhizobia and the level of productivity potential
for soybean-rhizobium symbiosis [19]. We
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also found that such amounts of lectin, unlike
the higher concentrations we tried (50 and
500 ng/ml), did not cause accumulation of
lectin proteins (allergenic factors) in the
soybean yield, which is an advantageous
quality of seeds. Rhizobium were incubated
with lectin at 28 °C for one day. The trial also
included co-incubation (1:1) of Azotobacter
with wheat germ agglutinin (WGA,
LECTINOTEST, Lviv, Ukraine) at 10 ng/ml.
Protein-modified diazotrophic microbes were
used to prepare inoculation suspensions.

The efficiency of mono- and complex
inoculation of soybean seeds was evaluated in
vegetation experiments carried out in 2012—
2014 at a plantation of the IPPG in natural
light and temperature conditions, replicated
five times (every variant) in ten-kg Wagner
vessels on sand or soil with Gelrigel nutrient
mixture (0.25 mineral nitrogen requirement)
as follows:

1. No inoculation (water treatment,
absolute control group — AC).

2. Inoculation with Bradyrhizobium
japonicum 634b + water (1:1) (strain-control,
monoinoculant).

Binar inoculants:

3. Inoculation (B. japonicum 634b
+ A.chroococcum TT79)i (1:1, bacterial
composition).

4. Inoculation (B. japonicum 634b + SBL)i
(1:1, lectin-bacterial composition).

Poly-inoculants:

5. Inoculation B. japonicum 634b +
(A. chroococcum + WGA)i, 1: (1:1).

6. Inoculation (B. japonicum 634b + SBL)i
+ A. chroococcum T79, (1:1):1.

7. Inoculation (B. japonicum 634b + SBL)i
+ (A. chroococcum + WGA)i, (1:1):1.

Note: i — the components were incubated at
28 °C for 22—24 hr.

The sand culture experiment included
variants No 1-4 and 6, soil culture — No 2—-7.

The efficiency of soybean -rhizobium
symbioses was evaluated by the growth of the
plant vegetative mass, reproductive organ
formation and the yield of soybean seeds; at
the stages of the primordial, one and three
true leaves, and flowering — start of beans
inception, active beans formation, and seed
full ripeness (Tables 1, 2).

The results were statistically treated using
Statgraphics Plus (V. 3.0) software. The mean
values and standard errors are provided in the
Tables (M = m). The P-value was calculated
after Dospekhov [20]. Dispersion analysis
of the soybean yield was done using DAD
software [21].
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Results and Discussion

We found that in sand culture, the plants
in experimental designs with complex seed
inoculation actively formed vegetative mass
during the whole vegetation period (Table 1).
During practically all studied development
stages (excluding the early ontogenesis)
statistically significant difference was seen
between the inoculated and control plants.

A significant difference in aboveground
biomass, which was 1.3—1.6 times larger than
AC, and 1.5-1.8 times larger than in case of
rhizobium seeds monoiculation, was noted for
complex bacterization variants at the stages
of flowering, active bean formation and full
seed maturity. A significant difference to
strain control (1.2 times larger aboveground
biomass) during flowering was recorded for
variant No. 4 (rhizobium + lectin)i, with a
symbiotic system also characterized then
by the maximal nitrogenase activity of the
root nodules [22]. A tendency for increase of
aboveground and root biomass by 14 and 10%
was noted in variant No. 6 (the preparation
dose of lectin was half of that in variant No. 4)
compared to variant No. 2 (monoinoculation).
At the stage of active bean formation, the plants
in variants No. 3 and 4 had aboveground mass
1.2 times larger than control (variant No. 2)
(Table 1), and the difference in nitrogenase
activity was 1.5-3.1 and 1.2-2.3 times,
respectively [22], which suggests a direct link

between the development of the photosynthetic
apparatus and nitrogenase activity of the
rhizobium nodules in legumes. At this same
ontogenetic stage there was noted a significant
difference in root mass in plants which had
been inoculated before sowing; root mass was
larger 1.3—1.8 times in relation to AC, and
1.2 and 1.4 times (for variants No. 3, 4) — to
strain control (variant No. 2) (Table 1).

In soil culture (in two-year experiments),
active root nodule formation with high
nitrogen fixation levels [22] in variants with
complex seed inoculation also had a positive
effect on development of plants which actively
formed vegetative mass (Table 2), especially
on the root system which is the bacterial
habitat [23]. Root mass (mean values) during
flowering was 18-70% greater in rhizobium-
inoculated seeds (No. 2) or remained at the
same level (at the stages of one true leaf and
active bean formation). The aboveground mass
of soya (mean values) significantly (14 to 59%)
exceeded the parameters of control plants. In
variants No. 3—5 the symbiotic systems were
characterized by a high level of nitrogenase
activity during soybean vegetation [22] and the
plants substantially differed from the control
in vegetative mass (Table 2). Therefore,
activation of the plants’ development and
vegetative mass accumulation in these variants
occurs, most probably, due to their improved
nitrogen nutrition. Meanwhile, the symbiotic
ability to fix nitrogen was low in variants

Table 1. Vegetative mass (g) formation by soya plants at seed inoculation by complex compositions
(absolute dry mass, sand culture)

Expe- Soybean development stage
riment Flowering — early bean
va- One true leaf arty Active bean formation | Fully mature seeds
riant, formation
No AP R AP R AP R AP R
0.16 = 0.30 = 1.75 = 0.29 = 1.54 = 0.33 =
L 1093=0.05) 545y |1.4420.091 "0 0.12 0.02 0.04 0.01
0.17 = 1.80 = 0.31 = 2.68 = 0.38 = 2.09 = 0.48 =
2 10.96=0.06| "4 oq 0.17% 0.02 0.19% 0.04% 0.05% | 0.01%
3 1.01 = 0.05 0.17 + 1.95 + 0.32 = 3.11 = 0.46 = 2.08 = 0.43 +
e 0.01 0.15% 0.02 0.32% 0.03%*" 0.11%* 0.02%
4 1.01 = 0.06 0.17 = 2.24 + 0.33 = 3.20 = 0.52 + 2.22 = 0.51 =
e 0.01 0.19%" 0.03 0.18*" 0.04%*" 0.07*%" 0.03*
0.18 = 2.05 = 0.34 = 2.58 = 0.43 = 2.04 = 0.48 =
6 |1.06=0.06 505 0.11% 0.02 0.19% 0.04% 0.10% | 0.03%

Note. Here in after: 1. No of the variant (pre-sowing seed treatment) — 1. No inoculation (AC, absolute
control); 2 — rhizobium (strain control); 3 — (rhizobium + Azotobacter)i; 4 — (rhizobium + SBL)i; 5 — rhizobium
+ (Azotobacter + WGA)i; 6 — (rhizobium + SBL)i + Azotobacter; 7 — (rhizobium + SBL)i + (Azotobacter + WGA)
i; 2. * — statistically significant difference (P < 0.05) with AC (variant No 1); © — significant difference (P <
0.05) with strain control (variant No 2), where P is the significance level [20].
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Table 2. Soybean plants vegetative mass at complex seed inoculation (soil culture), g

Va- Aboveground biomass Root
riant
No experimentI | experiment II mean ExperimentI | Experiment II mean
One true leaf stage
2 1.07+0.04 2.60=+0.25 1.84+0.77 0.34+0.02 0.43=0.02 0.39=+0.05
3 1.10+0.06 2.10+0.15 1.60+0.51 0.36+0.02 0.39+0.02 0.38+0.01
4 1.18+0.05" 2.49+0.07 1.84+0.66 0.36+0.02 0.45+0.03 0.41+0.05
5 1.18+0.05" 2.50+0.19 1.84+0.67 0.35+0.02 0.51+0.03" 0.43+0.08
6 1.22+0.08" 3.03+0.19 2.13+0.91 0.39+0.02" 0.47+0.03 0.43+0.04
7 1.34+0.06" 2.39+0.13 1.87+0.53 0.38+0.02 0.42+0.01 0.40+0.02
Full flowering — start of bean formation stag
2 3.30+0.15 5.61=0.50 4.46*+1.17 1.79+0.20 2.21+0.30 2.00+0.21
3 4.85+0.36" 5.64+0.39 5.25+0.40 2.25+0.11" 2.44+0.33 2.35+0.10
4 4.00+0.26" 8.94+0.69" 6.47+2.50 2.61+0.21" 4.17+0.36" 3.39+0.79
5 4.03+0.25" 8.51+0.60" 6.27+2.26 2.66+0.10" 3.51+0.40" 3.09+0.43
6 3.63+0.12" 7.27+0.43" 5.44+1.82 1.79+0.27 2.98+0.18" 2.39+0.60
7 3.43+0.33 8.94+0.45" 6.19+2.78 1.57+0.11 3.25+0.47" 2.41+0.85
Active bean formation stage
2 5.19+0.26 9.79+0.60 7.49+2.32 2.39+0.09 3.79+0.33 3.09=+0.71
3 5.95+0.52" 11.15+0.95 8.55+2.63 3.74+0.38" 3.66+0.37 3.70+0.04
4 5.52+0.43 13.09+0.34" 9.31+3.82 2.57+0.11 3.79+0.28 3.18+0.62
5 5.04+0.40 13.36+0.45" 9.20+4.20 2.51+0.24 2.78+0.16 2.65+0.14
6 5.90+0.40" 13.00+0.99" 9.45+3.58 3.00+0.18" 3.55+0.37 3.28+0.28
7 5.83+0.35" 12.70+0.92" 9.27+3.47 2.61+0.07" 2.48+0.20 2.55+0.07

No. 6 and 7 compared to variants No. 4 and 5
[22] while plant biomass exceeded the control
by 22% and 39% (flowering stage), 24% and
26% (active bean formation), suggesting that
polycompositions No. 6 and 7 manifest to a
larger extent as growth factor agents than
as regulators of symbioses’ nitrogen-fixing
ability. Both in sand and in soil, complex
compositions were more efficient compared
to monoinoculant for the vegetative mass
formation.

Evaluating reproductive organs formation
on soybean plants at the active bean formation
stage confirmed the advantages of complex
compositions compared to traditional
monoinoculation of the seeds with rhizobium
(Table 3). We saw an earlier start of bean
formation on the plants (BEAN™ plants) in
variants with the complex seeds bacterization
(Table 3). At the stage of active bean formation
the number of beans formed exceeded that
in the variant with monoinoculation using
rhizobium, and the mass of the beans was
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1.3-1.7 times greater than for soybean
monoinoculated with rhizobium.

At the stage of full seed maturity, bean
mass statistically significantly increased 1.1-
1.3 times in variants with complex inoculation
compared to monoinoculation rhizobium
(Table 3).

Thus, using complex compositions for pre-
sowing treatment of seeds helps to intensify
the formation of soya’s reproductive organs.

At the stage of full maturity of soybean
beans we evaluated the efficiency of complex
inoculants based on plant seeds yield (Table 4).

In soil culture (for two seasons, 2013 and
2014), mean yield increase was 13% (binary
composition of rhizobium + Azotobacter) to
21% (polycomposition based on rhizobium and
Azotobacter activated by WGA). In variants
Ne 4, 6 (rhizobium activated by SBL) seed yield
increase was 18% . In variant No. 7 (bacterium
activated by lectins of the respective plants),
seed yield increased by 19% . We found that
yield increase occurred due to improvements
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Table 3. Soya bean formation at complex seed bacterization (soil culture)

. BEANT p}ants, Number of seeds formed | Bean mass per 1 bean mass, g
Variant % of all plants in the vessel on a plant plant, g ’
No Start of bean formation Active bean formation stage
stage
2 0 100 7.9+1.1 1.44+0.22 0.26=0.02
3 14.3 100 7.5+0.4 2.50+0.20" 0.36+0.03"
4 66.7 100 13.5+0.9" 2.38+0.18" 0.25=+0.02
5 62.5 100 11.3+0.9" 2.45+0.24" 0.27+0.02
6 62.5 100 14.4+1.8" 1.97+0.21" 0.27+0.01
7 37.5 100 14.6+0.7" 1.87+0.13" 0.25+0.03
Full seed maturity stage
2 100 8.4+0.8 2.90+0.16 0.39=+0.01
3 100 8.8+0.1 3.36+0.09" 0.41+0.00
4 100 9.0+0.1 3.69=+0.07" 0.43+0.01"
5 100 8.7+0.2 3.29+0.12° 0.40+0.01
6 100 9.7+0.2" 3.25+0.11" 0.34+0.02
7 100 8.6+0.6 3.27+0.08" 0.43+0.01"

in practically all its structural parameters
(Table 4).

Conducting the dispersion analysis in
DAD software [21], we isolated the effects of
the composition constituents (Azotobacter —
Factor A, rhizobium modified by SBL —
Factor B, and Azotobacter activated by
WGA — Factor C) and calculated the
influence of every component (Table 5) on
the soybean yield (Table 6). We took seeds
inoculated with rhizobium as control.

The maximal effect was seen for Factor
B (15%) — rhizobium modified with SBL
(2013), and Factor C (42%) — Azotobacter
modified with WGA, and a complex of B
and C (24% ) — bacterium modified with the
respective lectins (2014). The effect of Factor
A was 3%.

Thus, the dispersion analysis showed how
soybean yield was shaped by compositions
containing phytolectins as exogenous
regulators of bioactivity of diazotrophs
and natural regulators of plant growth [15]
(variants No. 4-7).

Clearly, a higher efficiency as reflected in
all studied parameters was seen throughout
vegetation in complex compositions compared
to monoinoculant, as evident by the active
growth of vegetative mass, reproductive
organs and seed yield.

Such effect is linked to the activating
influence of additional components,
agriculturally useful bacterium of the genus
Azotobacter, whose exometabolites contain
a various biologically active substances [24;

25] as well as phytolectins with a growth
factor effect, which are directly involved in
the hormonal regulation of plant’s growth
and development [15]. The growth of soybean
vegetative mass and yield is probably
stimulated on one hand due to the ability of
both rhizobia and Azotobacter to synthesize
substances of growth factor activity, in
particular hormones of citokinine and auxin
nature [24; 25]. Phytolectin, exogenously
applied, also increases the production of auxin
and citokinine hormones by soil microbes and
activates their development [15], and also
benefits the development and increased yield
of the plants [19] by regulating their hormonal
balance among other things [15]. On the other
hand, the effect can be explained by high
nitrogen fixation ability of symbiotic systems
and rhizosphere microbiota in the variants
with complex bacterization of the seeds [22],
which forms a richer-in-nitrogen nutrition
regime and higher productivity of symbioses
between soybean plants and the complex
inoculants.

The presented results show that the pre-
sowing treatment of soybean seeds by specific
rhizobium combined with introduction
of diazotrophic microbes belonging to
the genus Azotobacter under the effect of
phytolectins in complex inoculants is more
effective than seed bacterization with a
rhizobium monoculture due to a higher
level of symbiotic potential realization.
In particular, the effect was seen for
nodulation and nitrogenase activity (for the
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Table 4. Yield structure of soybean at complex seeds bacterization (soil culture, mean values for two seasons, 2013 and 2014)
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2. Variant Ne: 2 — rhizobium; 3 — (rhizobium + Azotobacter)i; 4 — (rhizobium + SBL)i; 5 — rhizobium + (Azotobacter + WGA)i; 6 — (rhizobium +

SBL)i + Azotobacter; 7T — (rhizobium + SBL)i + (Azotobacter + WGA)i. 3.IH — index Harvest.

Note. 1. (in parentheses) —% to strain control (Ne 2).

composition based of rhizobia
and Azotobacter, activated by
wheat lectin) as well as growth
regulation effect (for the poly-
inoculant based on rhizobium
activated by soybean lectin
with Azotobacter, and the
composition based on rhizobia
and Azotobacter activated
by the respective lectins),
leading to increased soybean
productivity.

Therefore, the higher level
of the productive potential’s
realization for phytobacterial
systems, established by
soya plants inoculated with
B. japonicum 634b and
Azotobacter under the effect
of phytolectins in complex
inoculants compared to seed
inoculation with rhizobium,
was caused both by the higher
level of symbiotic potential
realization of the systems and
by growth regulation activity
of the biological agents
participating in the inoculation
compositions.

Introduction of additional
biological agents (Azotobacter
chroococcum T7T79, soybean
lectin, wheat germ agglutinin)
into the inoculation suspension
led to yield increase compared
to monoinoculation with
rhizobium by 13% (Azoto-
bacter), by 18% (rhizobium
activated by soybean lectin),
by 21% (Azotobacter, activated
by wheat germ agglutinin)
and by 19% (rhizobium and
Azotobacter, activated by
SBL and WGA, respectively).
Compositions, most pro-
ductive for practical use as
biotechnology for soybean
yield improvement were based
on rhizobium and Azotobacter
activated by wheat lectin
(variants No. 5 and No. 7), and
based on rhizobium activated
by soybean lectin (variants
No. 4 and No. 7).
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Table 5. Effect of the inoculation composition components on soybean yield

Factor 2013 2014

Factor strength, % HCP Factor strength, % HCP

A 3 1.06 3 0.53

B 15 1.06 1 0.53

C 4 1.06 42 0.53

AB 5 1.50 0.75

AC 3 1.50 3 0.75

BC 5 1.50 24 0.75

ABC 5 2.13 1 1.05

Other 58 - 27 -

Experiment precision, % 5.10 1.97
Data variation,% 11.36 5.75

Note. Factor A — Azotobacter; B — rhizobium activated by SBL; C — Azotobacter activated by WGA

Table 6. Soybean yield (g/vessel) at seeds inoculation of compositions based on rhizobium,
Azotobacter and phytolectins

2013 2014
Ne Replications Crop Replications Crop
Mean increase Mean increase
I II II1 + 9%, I II IIT +9%,
2 | 10.44 11.43 11.70 11.19 0 16.18 15.52 15.84 15.85 0
3| 14.31 12.87 14.04 13.74 +23 16.19 17.93 16.48 16,87 +6
4 | 12.69 15.12 15.66 14.49 +29 16.98 18.43 16.65 17.35 +9
5 | 13.41 11.88 16.02 14.13 +26 18.00 18.71 19.10 18.60 +17
6 | 14.04 14.04 14.58 14.22 +27 17.67 18.31 16.78 17.59 +11
7 | 15.39 13.14 14.31 14.28 +28 17.79 17.63 17.92 17.78 +12
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E®EKTUBHICTH
CO€BO-PU30BIAJILHOI'O CUMBIO3Y
3A THOKYJIAIII HACIHHA
KOMITO3HIIIAMHA HA OCHOBI PH30BI,
A30TOBAKTEPA TA ®ITOJIEKTUHIB

O. B. Rupuuenko

IacTuryT disiosorii pociuH i reHeTUKN
HAH VYxkpainu, Kuis

E-mail: azoleki@ukr.net

MeTtoo pobGoTu OyJyio OIiHUTH e(eKTUB-
HicTb mil mepenmociBHOI OakTepuaarlii HaciHHSA
coi KOMIJEKCHUMU iIHOKYJIAHTAMU HA OCHOBi
Bradyrhizobium japonicum 6346 Ta Azotobacter
chroococcum T79 mix BunuBoM GiTOJMEKTUHIB 3a
BereTaliiHUX yMOB. BcTaHOBJIEHO, II[O0 3a KOMII-
JeKcHOI OaxTepusallii HaciHHS POCIMHU HPOTS-
roM BereTallii aKkTUBHilIe (DOPMYBaJu BereTaTUB-
Hy Macy: Hajg3eMHy uactuHy (B 1,2—1,5 pasa) i
KopeueBy cuctemy (B 1,2—1,7 pasa). Bigsuauumo
OpaAMY 3aJeKHICTh BETeTaTUBHOTO POCTY €Ol Bif
dyurmionanpHoi (a30TdhiKCcyBasIbHOI) 3MaTHOCTIL
cumbiosiB. IlokasaHO mepeBaru 3acTOCYBaHHS
KOMILJIEKCHUX iHOKYJIAHTIB IJd iHTeHcudikarii
ILJIOJOYTBOPeHHA (6isbIl paHHI CTPOKU (hopmy-
BaHHSA PENPOAYKTUBHUX OpPTraHiB pocCIMHaAMU,
OinmbIna KigbKicTs 000iB i3 macoro, axka 8 1,1-1,7
pasa mepeBuIllyBaJia KOHTPOJab). Cepente 36iyab-
IIIeHHS BPOKAI0 COI 0 IIITaMy-KOHTPOJIO CTaHO-
BuJyio Big 13% (GiHapHa KOMIIO3UITis HAa OCHOBI pu-
3006i#i i asoTobaxTepa) no 21% (moaikomMmosuIisa
Ha OCHOBi pu300iii Ta asoTobaKTepa, aKTHUBOBAHO-
ro JeKTmHOM mIneHuIli). Kommosuii Ha ocHOBi
O0yJIbOOYKOBUX OAKTEPiil, aKTMBOBAHUX JIEKTUHOM
coi, 3abesnmeuniu 36iJbIIIeHHs Bpokaoo Ha 18%.
ITonikommosuIlisi, AKa MiCTUTH a30TPiKcyBaIbHi
OakTepii, akTHBOBaAHI JIeKTUHAMHU BiAIIOBiZHUX
pocauH, cupusaa 30iabIIeHHI0 Bposkaio Ha 19%.
BceraHoBeHO, 1110 3pOoCTaHHA BPOKAI0 OTPUMAHO
3a paxXyHOK 301JIBIIIeHHSA MaliKe BCiX MOKA3HUKIiB
MOro CTPYKTYPH.

s IpakKTUYHOTO 3aCTOCYBaHHSA PO3pobJie-
HOI 6ioTexHOJOril 3 MeTOIO MiABUIIEHHA BPOKAIO
coi HafbGiNIbII TPOAYKTUBHUMU € KOMIIO3UILil Ha
ocHOBi pu306iii i azoTobaKTepa, aKTUBOBAHOTO
JeKTHUHOM IIIIIeHUIli, a TAKOYK Ha OCHOBi pu300iii,
AKTUBOBAHUX JEKTUHOM COl.

Knrwuwosi cnosa: coa (Glycine max (L.) Merr.),
pu306ii, azoTobaxTep, PiTONEKTUHN, KOMILJIEKCHI
iHOKYJISTHTH.

IPDPERTUBHOCTD
COEBO-PU30OBHUAJIbHOI'O CHMBHUOSA
IIPU UHORY AN CEMAH COU
KOMITO3UIINAMU HA OCHOBE PU30BHU,
A30TOBARTEPA 1 PUTOJEKTHHOB

O. B. Rupuyenko

NuaCcTUTYT PU3MOJIOTUY PACTEHUN 11 TeHeTUK NI
HAH Vkpaunsi, Kues

E-mail: azoleki@ukr.net

ITesnbio paboTh! ObLIA OllEHKA 9(DHOEKTUBHOCTU
IeliCcTBUS IIPEAIIOCeBHON 0aKTepusanuu CeMsH
COM KOMILJIEKCHBIMU MHOKYJISHTAMU Ha OCHOBE
Bradyrhizobium japonicum 6346 u Azotobacter
chroococcum T79 mox BauaAHMEM (PUTOJIEKTUHOB
B BereTalMOHHBIX YCJIOBUAX. Y CTAHOBJIEHO, UTO
IpU KOMILJIEKCHOUM OaKTepu3aIuy CeMsH 110 cpaB-
HEHUIO C MOHOMHOKYJIAIMEN PACTeHUA Ha MPOTH-
JKEeHUU BCETO BEreTaIlMOHHOI0 IIePrUoa aKTUBHEe
dopMUPOBaASIN BET€TATUBHYIO MACCY: HAA3€MHYIO
vacTh (B 1,2—1,5 pasa) u KOpHEBYIO cucrteMy (B
1,2-1,7 pasa). OTmeueHa mpAMasa 3aBUCUMOCTh
BEreTaTUBHOTO POCTA COU OT (PYHKIIMOHAJIbHOI
(asoTuKCcHUpYyIOIeii) CI0COOHOCTH CUMOMO30B.
IToxasaHbl IIpemMYyIlleCTBA NPUMEHEHUS KOM-
MJIeKCHBIX KOMIIO3UIUHN /I MHTeHCU(PUKAIIUU
miaomoobpasoBanus (6ogee paHHUEe CPOKU (op-
MUPOBAHUS PEIIPOSYKTUBHBIX OPraHOB, OOJIbIIIEE
KOJHYecTBO 0000B Ha pacTeHUSIX C Maccoii, mpe-
BBIIIAIOINIEH KOHTPoab B 1,1-1,7 pasa). Cpexguas
npubaBKa ypo:Kas COU K MITaMMY-KOHTPOJIIO CO-
crasuiia oT 13% (OuHapHasa 6aKkTepualbHAS KOM-
MO3UIUA Ha OCHOBe PM300Ui M asoTobaxTepa)
1o 21% (IONUKOMIIOBUIIMS Ha OCHOBE PU300OUIA
U asoTobaKTepa, aKTUBUPOBAHHOIO JEKTUHOM
OIIeHUIbl). KoMIIo3unum Ha OCHOBE KJIYOEeHb-
KOBBIX OaKTepuii, akTUBUPOBAHHBIX JEKTUHOM
cou, obecrneuniu 18% mnpubaBKU yposKas CeMAH.
ITonnkomnosunus, coxepsxaiiad asoTHUKCUPY-
e 0aKTepuu, aKTUBUPOBAHHBIE JEKTHHAMU
COOTBETCTBYIOIIUX pPacTeHUii, cmocoOCTBOBaJa
THOBBIIIEHUIO yporkas Ha 19% . YcTaHOBIEHO, UTO
npubaBKa yposKas MoJyUeHa 3a CUEeT YBeJNUeHU s
3HAUEHU NMPAaKTUYECKUW BCEX IOKas3aTeyeil ero
CTPYKTYDPHI.

A mpakTUUYeCKOTo MpuUMeHeHusa paspado-
TAHHOY O0MOTEeXHOJIOTUH C IeJIbIO TIOBLIIIIEHUS YPO-
JKasd cou HamboJiee MPOAYKTUBHBIMU SABJIAIOTCS
KOMIIO3UIIMY Ha OCHOBEe PU300Uii u a30TO0aKTEpPA,
AKTUBUPOBAHHOTO JJEKTUHOM HIIMEHUIBI, a TaKKe
Ha OCHOBe pu300Uii, aKTUBUPOBAHHBIX JIEKTUHOM
cou.

Knwwuesvte cnoea: cos (Glycine max (L.) Merr.),

pus3obuu, aszoTobaKTep, (PUTOJEKTUHBI, KOMII-
JIEKCHBIE€ NHOKYJIAHTEI.
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