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The purpose of the work was to evaluate the symbiotic productivity of soybean—rhizobium and wheat—
azotobacter phyto-bacterial systems under the action of N-acetyl-D-glucosamine (0.01 M; 0.1 M) in vitro on the
cultures of nitrogen-fixing microorganisms Bradyrhizobium japonicum 634b and Azotobacter chroococcum
T79. We have used such indicators as plants biological and seed productivity, rhizobia nodulation ability and
nitrogenase activity of soybean symbioses as well as wheat rhizosphere microbiota. It was shown that the
biological activity of N-acetyl-D-glucosamine during incubation with soybean nodule bacteria had a higher
level of realization of the rhizobia nodulation ability: plants were more actively infected (by 12%), a greater
number of nodules were formed (1.2—-2.3 times) with their greater total mass per plant (1.4—2.1 times) and the
mass of each root nodule (1.2 times), as well as the nitrogen-fixing activity of the symbiosis (1.7 times) and the
functional capacity of each morpho-structural symbiotic unit (1.4 times). It provided higher (by 14—29% ) seed
productivity of this system as compared with the symbiosis formed by the rhizobia monoculture. Activation
of basic physiological processes in wheat such as nitrogen fixation (the activity of the rhizosphere microbiota
was increased by 1.1-1.4 times) and photosynthesis (the content of chlorophylls in leaves was increased by
1.1-1.2 times) with N-acetyl-D-glucosamine-modified azotobacter provided a higher level of realization of the
productive potential of this system in comparison with both non-infected plants (by 15% ) and the variant of
seed inoculation with bacteria only (by 7% ). While inoculants bacteria + glucosamine had positive effect on
seed productivity of the symbiotic and associative systems, it was shown no significant change in the biological
productivity of soybean and wheat plants.

So, the use of N-acetyl-D-glucosamine as an additional agent of carbohydrate nature in inoculants
with soybean nodule bacteria and soil diazotrophs of Azotobacter genus led to a more complete realization
of the symbiotic and productive potential of phyto-bacterial symbiosis and association when compared to
using a diazotrophs only.

Our results indicated the possibility of practical use of acetylated glucose-containing aminosaccharide
in the creation of complex inoculants based on nitrogen-fixing bacteria.

Key words: soybean-rhizobium symbiosis, wheat—azotobacterassociation, N-acetyl-D-glucosamine,
nodulation, nitrogen fixation, rhizosphere microbiota, chlorophyll, harvest.

Pre-sowing inoculation of legume and
grain seeds is an environmentally safe
biotechnological technique that promotes the
formation of higher yields and the production
of environmentally friendly crop [1-4].
Beneficial microorganisms, introduction
to the seeds or soil by specially developed

microbiological preparations [3—-5] on the
bases of selected bacterial strains help to
improve the growth and development of
agricultural crops and increase their yield. It
occurs due to stimulation of seed germination,
improvement of mineral, in particular,
nitrogen and phosphorus nutrition of plants,
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activation of their photosynthetic activity,
increase of resistance to diseases and pests,
as well as active formation and functioning
of symbiotic and associative systems [2, 3,
6-9]. The results of recent studies indicated
the prospect and effectiveness of the use of
complex microbiological preparations for the
bacterization of legumes and non-legumes,
which provided stable yields, including
under the influence of stressors of different
nature [3, 10, 11]. Mono-inoculants are
more sensitive to the effects of such factors,
so the stabilization and optimization of
agronomically usefull effects of bacterial
preparations in seed inoculation is achieved due
to the complex action of biological agents —
components of the preparations, which may be
bacteria with different agronomically useful
ecological functions as well as biologically
active substances of natural origin [5].

The search of new biological agents that are
positive exogenous regulators of the symbiotic
and productive potential realization of phyto-
bacterial symbioses and associations is of
great interest. Today, there are a sufficient
number of works indicating the activating
effect of bacterial carbohydrate-containing
substances (exopolysaccharides, capsular
polysaccharides, glucans, lipopolysaccharides,
exometabolites) on the formation and
functioning of legume-rhizobial symbioses
[2, 5, 12-14]. Monosaccharides that are the
component of bacterial polysaccharides may
be promising to be considered from this point
of view, since obtaining the latter for practical
use is a rather labor-intensive process. In
addition, monosaccharides (hexoses, pentoses,
ketoses, acetylated aminosaccharides, etc.),
as products of plant metabolism, are excreted
with root exudates into the rhizosphere
zone [15], affecting the development and
functional activity of the rhizospheric
microbiota in situ, in particular, the bacterial
population reproduction to reach the required
concentration level at which the infection of
the plants occurs; chemotaxis of bacterial cells
to the root of the plant; growth-activating
and nitrogen-fixing ability of microorganisms
[16—18]. Monosaccharides, as components of
nutrient media during bacterial cultivation
under pure culture conditions, are actively
catabolized by microorganisms as energy
substrates [19]. Carbohydrates exogenously
introduced into the growth medium of
microorganisms, in particular galactose- and
glucose-containing, as additional biologically
active substances provide active reproduction
of bacterial culture, which increases the
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inoculant titer [20, 21] and regulate the
physiological activity of bacteria in vitro,
ensuring their survival under stressful
conditions [20].

The works of recent years testify to the
high biological activity of glucose-containing
aminosaccharide N-acetyl-D-glucosamine, as
well as natural biological substances (glucans,
lipochitooligosaccharides, chitin, chitosan)
containing it in its composition, relative to
bacteria, mushrooms, plants and animals
[18, 21-24]. This allowed the development of
biological preparations, one of the components
of which is a glucosamine-containing
compound for practical use in plant growing
[5, 21, 23] and medicine [22]. Examples of
such preparations for plant growing are the
preparation of “Agrinos” company (Norway)
Agrinos A+B, which contains chitin, chitosan
and glucosamine in addition to nitrogen-fixing
bacteria, as well as a preparation of protective
action, developed at the Zabolotny Institute
of Microbiology and Virology of the National
Academy of Sciences of Ukraine, Averkom-
nova which contains 0.01M chitosan along
with streptomycetes, producing the antibiotic
avermectin.

Previously, we showed [24] that in the
presence of 0.01M glucosamine in the culture
medium of soybean nodule bacteria, the
optical density of the suspension (at A 540
and A 560, respectively) in the 13- and 20-
day culture, when compared with the 6-day
culture, changed 1.8-1.9 and 1.6-1.7 times,
respectively, while in the control variant
(without the introduction of carbohydrates) —
1.6 times and 1.3-1.6 times, respectively.
Comparison of control and experimental
variants showed that the optical density of the
culture variant with glucosamine exceeded the
control by 14-16% and 12-20% for 13- and
20-day cultures, respectively, which indicates
the activating effect of this carbohydrate
on bacterial culture in vitro. It was also
found [25] that N-acetyl-D-glucosamine is
a substance of carbohydrate nature, which
is, among other monosaccharides, in plant
root exudates [26], in vitro up to 50% of it is
bound to Azotobacter chroococcum TT9 cells.
As a result, the physiological activity of the
bacteria in seed inoculation could be probably
changed. Therefore, the basis of our work
was the hypothesis that acetylated amino
saccharide N-acetyl-D-glucosamine as a signal
(regulatory) molecule can be used to modify
a bacterial inoculant in order to increase
the level of realization of the symbiotic
and productive potential of phyto-bacterial
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symbioses (soybean — Bradyrhizobium) and
associations (spring wheat — Azotobacter).
Therefore, the aim of the study was to
evaluate the symbiotic productivity of phyto-
bacterial systems soybean — Bradyrhizobium
japonicum 634b and wheat — Azotobacter
chroococcum T79 under the action of N-acetyl-
D-glucosamine (0.01M; 0.1M) in vitro on
diazotrophic microorganism cultures.

Materials and Methods

The degree of realization of the symbiotic
and productive potential of phyto-bacterial
symbioses and associations under seed
bacterization by inoculants based on nitrogen-
fixing bacteria and glucosamine was studied in
pot experiments. Soybean-rhizobial symbioses
formed by plants of early-ripened soybeans
of foreign (Lisabon) and domestic (Almaz)
breeding, as well as spring wheat variety
Rannyaya 93 of domestic breeding [27] were
the object of research.

Diazotrophic bacteria B. japonicum
634b and A. chroococcum T79 (strains from
the collection of symbiotic and associative
nitrogen-fixing microorganisms of the
Institute of Plant Physiology and Genetics
of the National Academy of Sciences of
Ukraine) were grown at 28 °C on mannitol-
yeast and Ashby nitrogen-free solid mediums
respectively. The cultures were washed of
with sterile water, mixed to a homogeneous
suspension. The number of viable bacteria
(colony-forming units) was determined by
serial dilutions, seeding and counting of
grown colonies [19]. The titer of rhizobia
in suspension was 10'° cells/ml, the titre of
azotobacter was 107 cells/ml. The nitrogen-
fixing microorganisms were modified with
N-acetyl-D-glucosamine, conducting a joint
(daily) incubation of the bacteria respectively
with 0.01M or 0.1M carbohydrate solution
(v:v — 1:1) at 28 °C.

Bacterization of soybean and wheat
seeds was carried out on the day of sowing,
keeping the sowing seeds in the inoculum
(1 m1/100 seeds in the variant) for one hour.
In control, bacteria were incubated with water,
thus obtaining a similar inoculation titer of
bacterial cells in all variants. An absolute
control (a.c.) was a variant without seed
inoculation (seed treatment with water).

Pot experiments were carried out at the
Institute of Plant Physiology and Genetics of
the National Academy of Sciences of Ukraine
under natural light and air temperature in
10 kg Wagner pots vessels on sand (Lisabon

soybean variety, 2017) and soil (soil : sand —
3:1, Almaz soybean variety, 2018) substrate
with Gerrigel’s nutrient [2] (0.25 norms of
mineral nitrogen), and also on a soil substrate
with mineral salts according to Pryanishnikov
[2] (with 0.5 norm of nitrogen) for wheat
spring (2010) according to the following
scheme:

1. Without inoculation (water treatment of
seeds — absolute control, a. c.).

2. Seed inoculation with bacteria (strain —
control).

3. Seed inoculation with the composition
bacteria + glucosamine.

The effectiveness of the symbiotic soybean
system, when seeds were inoculated with
rhizobia + glucosamine composition, was
evaluated by vegetative and seed productivity
of plants. There were also analyzed:

+ the formation of symbiosis by nodulation
ability of rhizobia (the activity of root nodule
formation, their mass per plant);

- functional (nitrogenase) activity — by
acetylene reductase method according to Hardy
et al. [28] on a Agilent GC System 6850 gas
chromatograph (USA) with a flame ionization
detector. The amount of ethylene formed from
acetylene per 1 hour of incubation, when the
nitrogenase of incubated sample is operated,
was expressed in molar units of ethylene
formed:

+ in micromoles of C,H,/(plant - hour) —
the actual nitrogenase activity and in
micromoles of C,H, (g of nodules « hour) —
the specific nitrogenase activity of symbiotic
systems.

+ in nanomoles of CyH,/(1 nodule - hour)
and nanomoles of C,H,/(mass of 1 nodule
+ hour) — the nitrogenase activity of the
morpho-structural symbiotic unit (root
nodule).

« in nanomoles of C,H,/(1 g of soil - 2 hours)
or in nanomoles of C,H,/(1 plant with soil -
2 hours, in the absence of root nodules on the
plant) — nitrogenase activity of the rhizospheric
microbiota. Nitrogenase activity was determined
in 4—-6 biological replicates. When evaluating
the symbiotic characteristics of rhizobia —
nodulation ability and nitrogenase activity, the
control was the variant with seed inoculation of
nodule bacteria only (No 2).

Soybean plants and rhizospheric soil were
sampled under soil culture conditions during
one (V1, 20-day-old plants), two (V2, 27-day-
old plants) and three (V3, 33-day-old plants)
trifoliolate leaves, under sandy culture
conditions — during the development phases of
two trifoliolate leaves (V2, 26-day-old plants),
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full flowering (R2, 43-day-old plants) and full
pod (R4, 62-day-old plants).

To assess the seed productivity of soybeans
(Lisabon variety), under inoculation of seeds
with (0.1M) glucosamine-modified rhizobia, a
small-scale field experiment (accounting area
of one plot was 0.6 m?) was conducted in 2016
at the field of the Institute of Plant Physiology
and Genetics of the National Academy of
Sciences of Ukraine in 4-fold replicates by
randomized sowing. We carried out the 2.5-
fold seed-sowing rate. The crop was harvested
by hand and its structure was analyzed.

The sampling of spring wheat plants
was carried out in the phases of seedling
development, tillering, start of beginning of
the heading and ripening stage. The dynamics
of vegetative mass accumulation (above-
ground part, root), chlorophyll content in
leaves (according to Arnon after extraction of
plant material in dimethyl sulfoxide [29] and
expressed in mg/g of fresh tissue) and grain
productivity of wheat (crop structure) were
evaluated. The nitrogen-fixing activity of
the rhizospheric microbiota was determined
by the acetylene reductase method according
to Hardy et al. [28] on a “Chromatograf 504”
device (Poland, “Mera Elwro”) and expressed
in ethanol nanomoles per plant per hour (nmol
of C,H,/(plant - h)).

The results were statistically processed
(Statgraphyc Plus) and presented as mean
values and their errors (M + m), as well as the
significance level P (P <0.05) calculated by
Dospehov [30].

Results and Discussion

A significant increase in the degree of
realization of the nodulation (nodule-forming)
ability of soybean rhizobia under the influence
of glucosamine on microorganisms under the
conditions of sand culture was established
(Table 1): on the roots of the soybean Lisabon
variety the nodules were formed by 2.2; 2.3 and
1.4 times more than in the control variant (one-
component rhizobia inoculant) respectively in
the studied phases of vegetation. The mass of
these nodules on the plant was greater than in
the control by 2.1 and 1.9 times in the phases of
two trifoliolate leaves and flowering, whereas
in the phase of active beans formation it did
not differ from the control.

By weight of one nodule, in the
experimental variant, in the phase of two
trifoliolate soybean leaves, a positive
difference in 1.2 times from the control was
established, whereas in the subsequent phases

18

of plant growth this index was the same or
slightly below of the control one. The results of
studies obtained under soil culture conditions
(Table 1) also indicate an increase in the degree
of nodulation capacity of soybean rhizobia
under the influence of glucosamine. Bacteria
actively entered into symbiosis with plants
Almaz variety at the earliest stage of ontogeny
(the development phase of a trifoliolate leaf).
The number of rhizobia-nodulated plants
(NOD" plants) in the variant with glucosamine
was 76.5% , which was by 12% more than
in rhizobia-only seed inoculation (68.6%
NOD™ plants). In the variant without seed
inoculation, the root nodules were absent,
indicating the absence of the native microbiota
of the soybean nodule bacteria in the sand
and soil used as a substrate for plant growth.
Rhizobia under the influence of glucosamine
formed on the plants of root nodules by 24%
more with their total mass by 41% more than
in the variant with one-component inoculant
in the phase of three trifoliolate leaves.
Glucosamine also contributed to an increase
by 22% of the weight of each nodule formed
(Table 1).

An evaluation of the functional
(nitrogenase) activity of the symbiotic
apparatus of the Lisabon soybean variety under
the conditions of sand culture showed (Table 2)
that in the flowering phase of soybean the
rhizobia under the influence of glucosamine
formed a symbiosis with a functional activity
exceeding the control value by 1.7 times.
However, already in the phase of full pod, the
ability of this symbiotic system to fix nitrogen
was at the level of control.

Under soil culture conditions, in
developmental phase of three trifoliolate
leaves the symbiotic system of the soybean
Almaz variety of this variant was also
characterized by 1.7-fold increased ability to
fix nitrogen than the bacteria not treated with
glucosamine (Table 2). Simultaneously the
functional activity of the morpho-structural
symbiotic unit (root nodule) increased by 1.4
times (NGA/1 nodule-hour) and 1.5 times
(NGA/1 nodule mass-hour). The results
obtained indicate an increase in the level
of actual nitrogenase activity of symbiosis
(NGA/plant - hour) not only by increasing
the number of symbiotic structures on plant
roots (Table 1), but also due to enhancing their
functional capacity (Table 2).

Thus, the functioning of soybean symbiotic
apparatus, when the seeds are inoculated with
rhizobia, under the influence of glucosamine
occurs more intensively, which is due to
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Table 1. Degree of nodulation ability of soybean rhizobia
by the action of N-acetyl-D-glucosamine (0.01 M) on bacteria

No Variant Numb(le)rl ;)Iftl,l;ilsl,les per Weigh;l:)lfl'1 1tl’01(1111;1es per W(;lg(lllltl l(‘)af" llnlg;:OOt
Lisabon variety, sand culture
Development phase of two trifoliolate leaves, 26-day-old plants

Rhizobia + water 15.8+3.9 24.77 = 8.55 1.34 +0.33

Rhizobia + GleNAc? 34.0 = 3.8%2 51.88 + 7.36% 1.57+0.22
Flowering phase, 43-day-old plants

Rhizobia + water 12.3+3.5 155.83 = 46.90 13.24 +1.38

Rhizobia + GlcNAc 28.8 £4.3% 293.27 £ 39.50% 10.88 = 1.45
Full pod phase, 62-day-old plants

Rhizobia + water 29.2=+3.0 720.93 = 65.88 25.41 = 2.56

Rhizobia + GlcNAc 40.5 = 2.7% 723.82 + 25.83 18.15+0.96
Almaz variety, soil culture
Development phase of one trifoliolate leaf, 20-day plants

Rhizobia + water 2.7+0.4 -3 -

Rhizobia + GleNAc 3.1+0.5 - -
Developmental phase of three trifoliolate leaves, 33-day-old plants

Rhizobia + water 13.3+1.6 31.50 = 5.30 2.37+0.31

Rhizobia + GlcNAc 16.5 + 2.6 44.33 = 5.93% 2.89 +0.38

Notes. See here and in the Tables 2, 3, 5, 8: I — GleNAc — N-acetyl-D-glucosamine; 2 * — positively reliable
(P £0.05, where P is the level of significance calculated by Dospehov [30]) to the variant with inoculation of
seeds with bacterial strain (No. 2); 3 — “—*“ — was not defined.

both an increase in the number of symbiotic
structures on the roots of plants and to an
increase in the level of functional capacity of
each symbiotic unit.

Analysis of the nitrogen-fixing activity
of the soil rhizospheric microbiota of soybean
Almaz variety showed (Table 3) a significant
difference between the variants without
inoculation of seeds (No 1) and with pre-
sowing inoculation of seeds (No 2, 3), which
is due to the introduction of soybean nodule
bacteria on seeds and in the soil when they are
seeding. Differences in the ability between
the rhizospheric microbiota of variants with
bacterization of seeds by rhizobia only and
the bacteria treated with glucosamine were
insignificant (with a positive trend) and
were at the level of control (inoculation with
rhizobia only, variant No 2).

Thus, the regulatory effect of glucosamine
on rhizobial culture is manifested in their
joint incubation, resulting in an increased
level of realization of the symbiotic potential
of soybean rhizobial symbiosis (nodule-
forming and nitrogen fixing activity),
whereas on the functional (nitrogenase)

activity of rhizospheric diazotrophic
microbiota there was no significant activating
effect.

It was found (Table 4) that bacterized
soybean seeds characterized more intensive
germination process unlike non-bacterized
seeds: by 1.5-3.6 times (sand culture) and 1.7—
2.0 times (soil culture). On the 10-11*" day
after sowing, the difference in the number of
seedlings was 10-14% for plants in the sand
culture and 43-56% — in the soil culture.
The activating effect of inoculant with
aminosaccharide on the energy of germination
of soybean seeds was noted: the number of
seedlings of the Lisabon variety (sand culture)
significantly exceeded the control 2.0 times
(the 7' day after sowing), 1.9 times (the 8" day
after sowing) and was practically equal to the
indicators of the variant of seed inoculation
with a rhizobial strain only on the 11" day
after sowing.

A similar regularity was observed in
soil culture during cultivation of the Almaz
variety. However, no significant difference
in the studied parameters was established
(Table 4).
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Table 2. Nitrogenase activity (NGA) of the symbiotic apparatus of soybean by inoculation of seeds
with rhizobia, modified by glucosamine (0.01 M)

Lisabon variety, sand culture
Flowering phase | Full pod phase
Variant NGA of symbiosis
pmol of CoHy / pmol of CoHy / pmol of CoHy / pmol of C,H, /
(plant + hour) | (g of nodules * hour) (plant + hour) (g of nodules - hour)
Rhizobia + water 1.190 = 0.265 8.397 £0.792 5.870 =0.792 8.059 = 0.694
Rhizobia + GlcNAc| 1.996 = 0.274%* 6.880 = 0.636 6.278 £ 0.537 8.656 = 0.634
Almaz variety, soil culture
Developmental phase of three trifoliolate leaves
Variant NGA of symbiotic system NGA of morpho-structural symbiotic unit
pmol of CoH, / pmol of CoH, / nmol of CoH, / nmol of CoH, /
(plant - hour) | (g of nodules - hour)| (1 nodule - hour) | (1 nodule mass + hour)
Rhizobia + water 0.119 = 0.022 3.795 +0.377 8.716 = 1.130 51.522 = 8.136
Rhizobia + GlcNAc| 0.198 = 0.046* 4.414 = 0.899 12.320 = 2.745 74.824 = 17.537

Table 3. Nitrogenase activity of the rhizospheric microbiota of soybean Almaz variety

under the influence of inoculant based on nodule bacteria and glucose-containing aminosaccharide (0.01 M)

No Variant

Nitrogenase activity,

nmol of Co.H, / (20 g of soil « 2 hours)

Phase of trifoliolate leaves

one leaf (roots + soil)

two leaves (soil )

three leaves (soil )

Without inoculation 12.650 = 0.502 4.187 = 0.459 11.490 +0.734
2 Rhizobia + water 19.773 = 4.086 6.352 = 0.230 11.774 +0.617
3 Rhizobia + GlcNAc 15.133 = 0.925 6.841 = 0.230%* 12.175+0.211

Inoculation of seeds with rhizobia activated
with glucosamine had no significant effect on
the formation of soybean plants vegetative
mass (Table 5). At the same time, in the
phase of one trifoliolate leaf (soil culture),
no significant differences in the formation
of vegetative mass of plants were observed,
which is due to the same level of their nitrogen
nutrition (the nutrient mix of Gelrigel's
contained 0.25 norms of mineral nitrogen) in
the absence of functioning of the symbiotic
apparatus (Table 2). However, in bacterized
plants, rooting was much more intense (by
1.4-1.8 times) (Table 5).

Glucosamine-activated nodule bacteria
stimulated the formation of the soybean root
system compared to rhizobia inoculation
by 32% . In the phase of three trifoliolate
leaves the symbiotic soybean system fixed
nitrogen (Table 2), which was accompanied
by as more active formation of plant green
mass (1.3 times) and root (1.2-1.3 times).
The difference between the weight of soybean
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plants in the variants with seed inoculation
with rhizobia and the rhizobia + glucosamine
composition in the presence of a positive trend
was not significant. There is also no significant
difference in the accumulation of vegetative
mass of soybean Lisabon variety of these
variants in the conditions of sand culture.

Thus, glucosamine-modified rhizobia did
not have a reliably pronounced positive effect
on the vegetative mass formation by the plants
during the soybean vegetation, but activated
the seeds output from the resting state and
their germination energy at the initial stages
of ontogenesis.

When assessing the physiological indicators
of wheat development, a positive effect of
azotobacter modified with glucosamine (0.1 M)
was found in comparison with the variant of
seed inoculation with azotobacter (variant No 3
compared to variant No 2, Table 6, 7). It was
shown (Table 6) that bacterization of wheat
seeds with strain A. chroococcum T79 promoted
the accumulation of green photosynthetic
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Table 4. Dynamics of soybean seeds germination under pot experiments by the action
of the inoculant based on Bradyrhizobium japonicum 634b and N-acetyl-D-glucosamine (0.01 M)
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chlorophyll pigments in plant
leaves, which may indicate the
activation of photosynthetic
processes in plants. At the
beginning of wheat vegetation
(seedling development phase) and
during the heading phase, the
level of chlorophyll in the leaves
of the plants of this variant
significantly (by 10% ) exceeded
the indicator of unbacterized
plants. The significant
difference between the variants
with inoculation of seeds with
azotobacter and composition of
azotobacter with glucosamine
in the content of chlorophyll in
wheat leaves was 13, 11 and 4%
respectively to the investigated
phases of vegetation. The
difference with control (the
variant of seed treatment with
water) was the largest (from
11 to 24%). It was noted that
the composition manifested
the maximal activating effect
(13%) at early stage of plant
ontogenesis (the stage of seedling
development).

Thus, one of the mani-
festations of the activating
effect of glucosamine on bacterial
cells in association with plants
formation was the intense
accumulation of chlorophyll in
the leaves of wheat. At the same
time, an increase in the nitrogen-
fixing ability of rhizospheric
diazotrophic microorganisms
(Table 6) was also associated with
it. The nitrogen-fixing activity
of the microbiota in the variant
azotobacter + glucosamine
significantly exceeded (by 10 and
38%, respectively, in the phases
of tillering and heading of wheat)
the indicators in the variant
with inoculation of seeds with
bacterial strain.

Wheat plants in associations
with glucosamine-modified
bacteria more actively formed a
vegetative mass, however, only
a positive tendency in the change
of this indicator was observed
(Table 6). As with the inoculation
of soybean seeds with the rhizobia
+ glucosamine composition
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Table 5. Formation of soybean plants vegetative mass by seed inoculation
with rhizobia modified by glucosamine

Vegetative mass of plants, g
(aboveground part — AGP, root — R)

Development phase of one
trifoliolate leaf

No Variant AGP R AGP R
Lisabon variety, sand culture
Flowering phase Full pod phase
Without inoculation 3.92 = 0.64 3.32 = 0.46 5.68 = 0.32 4.11 +0.31
Rhizobia + water 4.33+0.63 3.31 +0.25 10.26 = 0.89 5.60+=0.74
Rhizobia + GlcNAc 4.60 = 0.37 2.30 =0.18 10.68 = 0.85 5.46 + 0.49
Almaz variety, soil culture
Variant

Development phase of three
trifoliolate leaves

Without inoculation 1.46 =0.23 0.14 =0.03 4.60 = 0.98 2.01 =0.27
Rhizobia + water 1.57+0.11 0.19 =0.03 5.82+0.16 2.36 = 0.35
Rhizobia + GIcNAc 1.45=+0.16 0.25 +0.05% 6.05 = 0.36 2.56 = 0.28

Table 6. Chlorophyll content in spring wheat leaves, vegetative mass formation by plants,
and nitrogen-fixing ability (NFA) of the rhizospheric microbiota by the seed inoculation
with 0.1 M glucosamine-modified azotobacter

Phase of plant development
beginning beginning L ,
seedling | tillering of the tillering of the tillering begmnmg of | full ripeness of
L . . the heading seeds
P eading heading
No
Vegetative mass, g
Chlorophyll content, NFA, nmol of CoH, (aboveground part — AGP, root — R)
mg/g of fresh leaves / (plant - h)
AGP R AGP R AGP R
1 1.15 + 1.78 = 2.08 = 2.00 = 1.03 = 1.90+(0.57+|7.07*(2.28*|4.11+|1.45=+
0.01 0.02 0.05 0.15 0.12 0.09 0.02 0.34 0.11 0.04 0.04
9 1.27 = 1.78 = 2.28 = 4.24 + 256+ |2.09+|0.62=+[7.96+|2.26+|4.42=+|1.52=+
0.01° 0.04 0.04" 0.22" 0.38" 0.12° | 0.03 0.40 0.13 | 0.07" 0.07
3 1.43 = 1.98 = 2.37 =+ 4.68 = 3.3+ |2.14+|0.69=+[7.99+[2.59+[4.51=|1.70=+
0.01"%% | 0.07* 0.02"% 0.29" 0.27"% 0.08" | 0.04" | 0.30" | 0.23 | 0.09" | 0.08"*

Notes. Hereinafter:

1. No — variant number: 1 — without inoculation, seed treatment with water (absolute control); 2 — inoculation
seeds with A. chroococcum T79 (T79, control strain); 3 — inoculation seeds with A. chroococcum T79, preincubated
with N-acetyl-D-glucosamine 0.1M (T79 + GlcNAc, composition);

2. " — positively significant (P < 0.05) compared to variant No 1 (absolute control); * — positively significant
(P £0.05) compared to variant No 2 (control strain).
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Table 7. Formation of spring wheat crop during inoculation of seeds
with glucosamine(0.1 M)-modified azotobacter

Variant (seed inoculation)
Crop structure parameters With
_ Without T79 T79+GlcNAc
inoculation
Spike length cm 7.0+0.0 7.1 +0.0" 7.2=0.0"%
Spike weight g 2.53 +=0.04 2.74 +=0.06" 2.78 =0.04"
Grains number in the spike psc. 31.4+1.3 34.0+0.7" 33.6 =0.6"
Grains mass in the spike g 1.06 = 0.03 1.19 = 0.04" 1.22 = 0.04"
Grain yield from a pot g 15.84 +£0.47 17.20 = 0.56" 18.19 = 0.28"*
Weight of 1000 grains g 39.31 £0.18 40.79 £ 0.52" 42.06 £ 0.77"
Index harvest ih 0.26 = 0.01 0.27 +0.00 0.28 =0.01

Table 8. Structure of soybean crop during bacterization seeds
by composition of rhizobia and glucosamine

Variant (presowing seed inoculation)
Rhizobia IfhiZObia. * Rhizobia Ilihizobia‘ + Rhizobia ]:ithizobia' +
(COHtI‘Ol) g ucosamine (COl’ltI‘OI) g ucosamine (COHtI‘Ol) g ucosamine
(0,01 M) (0,01 M) (0,1 M)
Soybean crop
structure p . Field conditions, small-
ot experiments .
scale experiment
Lisabon variety, Almaz variety, Lisabon variety,
sand culture soil culture soil culture
E“mber of 6.8+0.3 7.9+0.5" 15.0 = 0.6 14.7+0.5 | 5.2+0.3 | 5,9+0,3"
eans, pcs.
. Number of 5.8+0.3 6.6 = 0.3% 9.5=0.7 8.4+0.4 45+0.2 | 4,9+0,2
internodes, pcs. -
=}
. (o]
Weightof | 21 4 04+0.03 | 4.56 = 0.35" 1 - - -
beans, g <
g
Number of 16.0 = 0.5 17.2+1.4 29.5+1.1 29.3+1.3 | 9.8+0.8 | 11,6=0,8
seeds, pcs.
Vzgéﬁgtgf 2.96 +0.05 | 3.38+0.25" | 5.54=0.10 | 5.67+0.19 [1.73 +0.13(2,07 = 0,14*
Weight of
seeds/pot, g 17,80 = 0,31 | 20.25 =1.50" | 33.21 = 0.61 | 34.09 = 1.08 | 33.4 = 1.0 | 43.0 = 2.2%
Harvest, kg/ha
(field)
Weisge};td‘s’féooo 187.17 +4.88 | 199.20 + 0.80°| 199.4=4.3 | 205.0=5.1 |183.1+8.4| 191.6 =4.7
Plant weight, g 6.800.10 | 7.53+0.85 | 10.09 =0.18 | 10.68 = 0.19 - -
Index harvest, ih | 0.44 +=0.01 | 0.45=0.02 | 0.55=+0.01 | 0.53 =0.02 - -
Notes: “~1“ _ not defined.
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(Table 5) as well as the bacterization of wheat
seeds with the azotobacter + glucosamine
composition (Table 6), a more pronounced
effect of the composition on the development
of the root system of plants — the habitat and
life place of rhizospheric microbiota [15].

Thus, in the formation and functioning
of associative systems of wheat plants
with bacteria A. chroococcum TT79, the
manifestation of glucosamine regulatory
activity toward bacterial cells in situ was the
activation of the functional capacity of phyto-
bacterial system — the nitrogenase activity
of the microbiota and the growth-activating
ability of the soil [18], as well as the increase
in the level of chlorophyll in wheat leaves
(Table 6).

Wheat plants in association with bacteria
A. chroococcum TT9 were characterized
by a higher level of productive potential
realization in comparison with unbacterized
plants (Table 7), which was manifested in an
increase in the indicators of spike mass (by
8% ), the number and weight of grains in the
spike (by 8 and 12% , respectively), grain yield
from the pot (by 9% ) and mass of 1000 grains
(by 4%). Azotobacter, in combination with
glucosamine, formed an association with wheat
plants, with significantly higher productivity
then unbacterized plants: by 3 and 10%
(Iength and weight of the spike), by 7 and 15%
(number and weight of grains in the spike), by
15% (grain yield from the pot), by 7% (weight
of 1000 grains). The comparing variants when
seeds are inoculated with azotobacter only and
glucosamine-modified azotobacter, the latter
showed a positive tendency to increase the
indexes of the wheat yield structure, whereas a
significant difference was obtained only in the
index “grain yield from the pot”. In this case,
the maximal value of the crop index was noted
in the variant with the use the composition
azotobacter + glucosamine for the inoculation
of seeds (Table 7).

Analysis of the soybean yield structure
also confirmed the positive effect of the
glucosamine-containing inoculant on the
formation of generative organs (beans)
and seeds by plants (Table 8), which was
particularly pronounced (significant
difference with control) in the conditions of
soybean cultivation in sand culture. In the
seed inoculation with rhizobia + glucosamine
(0.01M) variant, the plants formed internodes
and beans by 14% and 16% more than in the
seed inoculation with glucosamine-unmodified
rhizobia variant. The mass of beans thus
exceeded the control by 13% . Indicators of the
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number and weight of seeds per plant were by
8 and 14% higher than in the control when the
mass of 1 000 seeds was significantly higher
(by 6% ) than the control index.

The seed yield was significantly (by 14%)
higher than the crop formed by the plants
when seeds were inoculated only with nodule
bacteria, which indicates a more complete
realization of the seed potential of soybean-
rhizobial symbiosis formed by soybean plants
and glucosamine-modified rhizobia.

In soil culture, no significant differences
in the parameters of soybean crop structure
of the Almaz variety were obtained, and only
a positive trend was observed in terms of “seed
mass from plant”, “seed mass from pot”, “mass
of 1000 seeds” and “plant mass” (Table 8).
A reliable yield increase (29%) of Lisabon
soybean seeds in the variant with the use of
rhizobia + glucosamine (0.1M) composition was
obtained in the small-scale field experiment
with manual harvesting and 2.5 norms of seed
sowing. At the same time, the number of beans
per plant (by 13% ) and the weight of seeds per
plant (by 20%) changed positively, whereas
for the indicators of “number of internodes per
plant”, “number of seeds per plant” and “mass
of 1000 seeds ”, only a positive trend of 9, 18
and 5%, respectively, was noted (Table 8).

The results obtained by us (Tables 1, 2,
6) indicate the regulatory (activating) action
of N-acetyl-D-glucosamine by co-incubation
with cells of the nitrogen-fixing bacteria B.
japonicum 634b and A. chroococcum T79. This
was manifested in a significant and reliable
increase of the level of the symbiotic potential
realization (nodulation and nitrogenase
activity of rhizobia in the formation of
soybean-rhizobial symbiosis and nitrogen-
fixing ability of the rhizospheric microbiota
of wheat in the formation of wheat-
azotobacter association). The increase in the
level of nitrogen-fixing ability of diazotrophic
microorganisms may be explained by the
activating effect of carbohydrate substances
on the functioning of bacterial nitrogenase.
Thus, it was established in nodules bacteria
of lupine in vitro [31], that the carbohydrate
fraction of metabolites of root nodules
increased the nitrogen-fixing activity of
rhizobia. Under in situ conditions, when
studying the effect of additives of artificial
root exudates and individual saccharides as
carbon sources on the activity and qualitative
composition of nonsymbiotic diazotrophs,
it was shown [17] that only those substances
that contained a carbohydrate component
induced nitrogen fixation in rhizosphere. The
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ability of bacterial carbohydrate-containing
exometabolites and exopolysaccharides,
which are specific for rhizobia culture used as
inoculant [2], as well as lipopolysaccharides
and glucans [12, 13], when acting on cells
of nodule bacteria, increase the level of
symbiotic potential realization of legume-
rhizobial systems. The ability to enhance
the functioning of the nitrogenase complex
of alfalfa root nodules during incubation
of alfalfa seedlings with glucan of specific
rhizobia and their further inoculation with
these bacteria was established [12].

Thus, the results obtained by us (Tables 2, 6
[2, 18]) as well as the works of other researchers
[12, 13, 17] indicate the inductive activity
of carbohydrate substances with respect to
the functional activity of soil diazotrophic
symbiotic and free-living microorganisms, as
in symbiosis with plants and in plant-microbial
associations.

Our findings showed (Table 2) in the phase
of full pod of soybean, the reduction to the
control value of nitrogen fixation ability of
the symbiotic system formed by glucosamine-
modified rhizobia may be due to the small (at
the control level) mass of root nodules in plants
of this variant, since for soybean a direct
positive relationship between the intensity of
nitrogen fixation and the mass of root nodules
on the plant was established [32].

Thus, more active process of nitrogen
fixation in both soybean root nodules (Table
2) and in the rhizosphere of wheat (Table
6) in the variant with seed inoculation with
the composition of diazotrophic bacteria
modified by glucosamine also provides a
higher level of nitrogen nutrition of plants,
which in turn intensifies the synthesis of
green pigments chlorophylls (Table 6) and
photosynthetic activity of plants, resulting in
an increase in the amount of photoassimilates
required for plant metabolism, formation of
vegetative (Tables 5, 6) and grain (Tables 7, 8)
productivity of crops.

One of the manifestations of the activating
effect of glucosamine on bacterial cells
of azotobacter during the formation of
association with wheat plants was the intensive
accumulation of chlorophyll in the leaves
(Table 6), which may be associated not only
with the improvement of nitrogen nutrition of
plants due to symbiotrophic nitrogen of phyto-
bacterial system, but also, probably, with a
change in the level and balance of endogenous
hormones in plant leaves under the influence of
exogenous glucosamine or glucose-containing
regulatory substances [12, 33]. Due to the fact

that the level of hormones of the cytokinin
nature in plants controls chlorophyll content
and photosynthetic activity of plants [34], it
can be assumed that activation of the process
of chlorophyll accumulation in the leaves of
wheat, the variant with seed inoculation with
the composition, is related to the additional
effect of glucosamine on the hormone of
cytokinin nature content. We showed [33] that,
when treating wheat seeds with glucosamine
(0.1 M), the level of cytokinin nature hormones
zeatin and zeatin riboside in the leaves of
vegetative plants in bumping stage of wheat
increased 2.0 and 2.5 times, respectively.
The activating effect of seed bacterization on
the level of chlorophyll in the leaves can also
be explained by the ability of bacteria of the
genus Azotobacter to synthesize hormones of
cytokinin nature [35-37].

N-acetyl-D- glucosamine is a derivative
of glucose as well as bacterial glucans (cyclic
glucose polymers with B(1,2)-, B(1,3)-, B(1,6)-
bonds) are a product of targeted synthesis
of bacterial cells. Glucans of alfalfa nodule
bacteria, when exogenous act on rhizobia, have
the ability to regulate positively the synthesis
of hormones by bacteria. It was shown [12]
that under the influence of a specific glucan
on alfalfa nodule bacteria with subsequent
inoculation of alfalfa seedlings with them,
there is a significant increase in the level
of peroxidase activity in leaves and roots
of plants (by 27 and 22%, respectively). On
this basis, the authors suggest that glucan
activates the hormones synthesis by bacterial
cells, in particular indolyl-acetic acid (IAA), as
well as their ability to stimulate plant growth
through this mechanism.

More active development of the root
system of plants, both soybean and wheat,
under the influence of seed bacterization with
diazotrophic microorganisms (Tables 5, 6)
may be due to the ability of bacteria of the
genera Bradyrhizobium and Azotobacter to
synthesize hormones of auxin nature [35—-38].
Advantages in the formation of the root system
of plants of the variant with seed treatment
with glucosamine-activated microorganisms,
as compared to inoculation with a bacterial
strain, may be caused by the additional
action of aminosachharide on the content of
endogenous auxins in plants. When treating
wheat seeds with a solution of glucosamine
(0.1M), we noted an increase in the level of
TIAA 3.2 times in the leaves of vegetative plants
of wheat, as well as a shift in the balance of
hormones of cytokinin and auxin nature in the
direction of increasing the proportion of TAA
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(1:2.9 in the experiment as compared with
1:2.2 in control) [33].

So, peculiarities of formation and
functioning of symbiotic systems of early
ripening varieties of soybean domestic
(Almaz) and foreign (Lisabon) breeding under
conditions of pot experiments with sandy
and soil cultures by inoculation of seeds with
glucosamine-modified nodule bacteria, unlike
its bacterization with only rhizobia, there is
a higher level of realization of the nodulation
(nodule-forming) ability of rhizobia (plants
were actively infected, more nodules were
formed with their greater total mass per plant
and the mass of one root nodule), as well as the
nitrogen-fixing activity of symbiosis and the
functional ability of each morpho-structural
symbiotic unit. This is a prerequisite for
improved nitrogen nutrition of soybean
plants and the realization of their biological
and seed productivity. Thus, acetylated
aminosaccharide N-acetyl-D-glucosamine
is an effective regulatory agent that has a
positive effect on the ability of nodule bacteria
to form a symbiotic apparatus on the roots of
soybean plants, its active functioning, and the
formation of productive symbiotic systems.

In the association of wheat plants
with glucosamine-modified azotobacter,
the activation of the basic physiological
processes — the nitrogen-fixing ability of
the rhizospheric microbiota and the synthesis
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CUMBIOTHYHA ITPOJYKTHUBHICTD
®PITOBAKTEPIAJIBHUX CUCTEM
SA III N-AIIETHJI-D-I'J/IFOKOSAMIHY
HA JIA30TPOPHI MIKPOOPT'AHISMH

O. B. Kupuyenko

IncturyT @isiosorii pociuH i reHeTUKHT
HAH Vkpaiuu, Kuis

E-mail: azoleki@ukr.net

MeTo10 pob6oTu 6yJiO OIIHUTH CUMOIOTHUHY
OPOAYKTUBHICTE (piToOOaKTEepiaJlbHUX CHCTEM
cosg—pus3o6ii Ta mmeHunsga—asoTobaxkTep (3a
0i0J0TiUHOI0 TAa HACIHHEBOIO MPOAYKTUBHICTIO
pocauH, 3a HOAYJAIiNHOIO 3gaTHiCTIO pu3006iit i
HiTporeHa3HOI0 aKTUBHicTIO cuM6bio3y coi, a Ta-
KoK pusdochepHoi MikpobioTu mimenuIti) sa mii
N-amerun-D-raorkozaminy (0,01 M; 0,1 M) in
vitro Ha KyJAbTypu a3oT@iKcyBaJIbHUX MiKPO-
oprauismiB Bradyrhizobium japonicum 6346 i
Azotobacter chroococcum T79. BecranosieHo,
1o O0iosioriuna akTuBHicTE N-ameTuii-D-riIoKo-
3aMiny 3a iEKyOarnii 38 6ys1p60uKOBUMU GaKTe-
piamMu coi BusBIAgaCh y OiJIBIII BUCOKOMY PiBHI
peauisamii HoxyaAaIifiHOl 3H4aTHOCTI prU306iii:
pociauHU aKTuBHiNIe indikyBaaucs (Ha 12%),
dopmyBasach OiabIna KimbKicTh 6yIb00U0K (B
1,2-2,3 pasa) 3 0inbIII0I0 IXHBOI 3aTaJIBHOIO
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CHUMBHUOTHYECRASA ITPOAYRTUBHOCTD
OUTOBAKTEPUAJIBHBIX CHCTEM IIPH
AEUCTBHH N-ALETHJI-D-I'/IFOKO3AMHHA
HA TUASOTPOPHBIE MUKRPOOPT'AHHU3SMbI

E. B. Kupuuenko

WucTuTyT GusnoIoTy pacTeHU 1 TeHeTUKHU
HAH Vkpaunusi, Kues

E-mail: azoleki@ukr.net

ITenwrio paboThl OBIJIA OIMEHKA CUMOMOTHUE-
CKOM IIPOAYKTUBHOCTHU (PpUTOOAKTEPUATBHBIX CH-
cTeM COA—pHU300UU W IITeHUIla—Aa30To0aKTep
(mo 6mMoJOTMYEeCKOH U CeMeHHOM MPOAYKTUBHO-
CTU PacTeHUi, 110 HOAYJIAIIMOHHOM CIIOCOOHOCTH
pu300Uil ¥ HUTPOTEHABHON aKTUBHOCTU CUMOMO-
3a cou, a TaKksKe pu3oc(hepHOH MUKPOOMOTHI IIITIe-
HUIBI) 1pu aeiicTBuu N-areTuii-D-raoKo3aMuHA
(0,01 M; 0,1 M) in vitro Ha KyJAbTYPbI a30THPUK-
CUPYIOIINX MUKPOOPraHuamMoB Bradyrhizobium
japonicum 6346 u Azotobacter chroococcum T79.
YcraHOBIEHO, UTO OMoJIoOTUYECKaA aKTUBHOCTD
N-ametun-D-raokodaMuua Tpu MHKyOAIuUU C
KJIYyOeHBKOBBIMHU OAKTEPUSIMHU COU HMPOSABJIAIACD
B 60Jiee BBICOKOM YPOBHE peaausaliuy HOLyIAI-
OHHOI CIIOCOOHOCTHM PU300Mii: paCTEeHUSI aKTUB-
Hee nHpUIUpoBaauch (Ha 12% ), popmMupoBasioch
OoJibIllee KOJMYECTBO KJiybeHBKOB (B 1,2-2,3
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Mmacoio Ha pocauHi (B 1,4-2,1 pasa) i macom
onHiei KopeHeBoi 6ynarboukmu (B 1,2 pasa), a
TaKO0X — a30T(iKcyBaJIbHOI aKTUBHOCTI CHUM-
6iosy (B 1,7 pasa) Ta pyHKI[iOHAJIBLHOI 3JaTHO-
cTi KoyxkHOI MOPGOCTPYKTYPHOI cuMOioTUUHOI
onmuuili (8 1,4 pasa). Ile 3ymoBuI0 migBuiie-
uy (8ix 14% mo 29% ) HaciHHEBY TIPOAYKTUB-
HicTh IIiei cucTeMu mopiBHAHO g0 cum0Oioasy,
YTBOpPeHOTO HeMOAu(piKOBAHMMU BYTJIEBOJOM
pusobiamu. AKTuBisalia asorobakTepoM, MO-
IudikoBaHUM I'JIIOKO3aMiHOM, OCHOBHUX (Hisi-
OJIOTiYHUX IIPOIECiB HITeHUIli — asoTdikcarii
(akTuUBHiCTH pusochepHOi MiKkpobioTH 3pocaa B
1,1-1,4 pasa) i poTocuuTedy (B™MicT xa0podi-
JiB y muctkax — B 1,1-1,2 pasa) 3abesmeuna
0inbIN BUCOKMII pPiBeHb peaJsisarii mIpogyKTHUB-
HOTO IOTeHIliay Iiei cucTeMu MOPiBHAHO K 0
HebaKkTepusoBaHux pocuuH (Ha 15%), Tak i mo
BapiaHTa 3 IHOKYJIAIi€l0 HACIHHA MOHOKYJIBTY-
poio azorobaxTepa (7% ). 3a mosuTuBHOI Ail iHO-
KYJSHTIB 6aKkTepii + rioKo3aMiH Ha HACiHHEBY
MPOAYKTUBHICTL cUMOiOTHYHOI # acomiaTuBHOL
CHCTEeMU He BCTAHOBJEHO JOCTOBIipHMX BigMiH-
HOCTel 6i0J0TiuHOI MPONYKTUBHOCTI POCIUH COI
Ta nmenulli. Takum unHOM, 3acTocyBaHHA N-a-
metuJsi-D-TraoKo3aMiHy AK TOZATKOBOTO areHTa
BYTIJIEBOJHOI IIPUPOAU B iHOKYJIAHTAX i3 OyJIb-
60uKOBUMHU OaKTepisasMu coi Ta I'PYHTOBUMU [i-
asorpodamu pony Azotobacter cipusno 6iabIx
TMOBHIi# peaJsizarii cuM6iOTHYHOTO i TPOAYKTUB-
HOTO moTeHIiany piTobakTepiaibHOTO CUMOio3y
¥ acorianii TOpPiBHAHO 3 BUKOPUCTAHHAM JIUIIIE
niasorpodiB, 10 BKa3ye Ha MOKJIUBICTh HMpakK-
TUYHOTO BUKOPUCTAHHSA alleTUJIbOBAHOTO TJIIO-
KO30BMiCHOTO aMiHOIIYKPY HiJ Yyac CTBOPEHHA
KOMILJIEKCHUX iHOKYJIAHTIiB HA OCHOBi a30T(iK-
CYBaJIbHUX MiKpPOOpPTaHi3MiB.

Knawouwosi cnosa: coeBo-pudobianbuHuii cumMo0ios,
acoriarmia mimeHuIg—asorobakTep, N-ameru-D-
TJII0OKO3aMiH, HOAYJIAIis, asoTdikcarlisg, puso-
cdepHa MiKkpobioTa, xa0podis, yporkaii.

pasa) c 6oablei ux o0Ie Maccoii Ha pacTeHUe
(B 1,4-2,1 pasda) u maccoii OJHOTO KOPHEBOTO
KJyOoeHbKa (B 1,2 pasa), a TakKe — a30THUKCHU-
pyoleil akTuBHOCTU cuMbuosa (B 1,7 pasa) u
GYHKIIMOHAJBLHOU CIIOCOOHOCTH KaKaoi Mopdo-
CTPYKTYPHOII cUMOMOTUYECKO equHUIEI (B 1,4
pasa). 9To obecneumnyo 6oJiee BBICOKYIO (0T 14 mo
29% ) ceMeHHYIO IPONYKTUBHOCTD JAHHOU CUCTe-
MBI IIO CPaBHEHUIO ¢ cuMO1030M, 00pa3s0OBaAHHBIM
HeMOIU(PUITMPOBAHHBIMHU YTJIEBOJOM PU300UAMMU.
AxKTuBH3anusa a3zorobakTepoM, MOIUMUIIMPOBAH-
HBIM TJIIOKO3aMWHOM, OCHOBHBIX (DMBUOJIOTHUE-
CKUX IIPOIECCOB MIIIEHUITBI — a30TPUKcAINM (aK-
TUBHOCTH PU30Cc(hEePHOR MUKPOOUOTHI BO3POCJIa B
1,1-1,4 pasa) u (porocuHTe3a (COmEPIKAHUE XIIOPO-
¢unnoB B tucThbsax — B 1,1-1,2 pasza) obecrieunia
60J1ee BLICOKHUI YPOBEHD Peaan3aliuu IPOLYKTHUB-
HOT'O IOTEHI[MAaJIa 9TOM CUCTEMBI II0 CDAaBHEHUIO
KaK ¢ He0aKTepU30BAaHHBIMU pACTeHUAMH (Ha
15%), Tak U ¢ BAPpUAHTOM WHOKYJISIUU CEMSH
MOHOKYJIBTYpO#l asorobakrtepa (Ha 7%). Ilpu
TOJIOYKUTEIbHOM BJIUAHUY UHOKYJIAHTOB OaKTe-
puu + rIOKO3aMUH HA CEeMEHHYIO IPOJYKTUB-
HOCTh CUMOMOTHUYECKOI U aCCOIIMAaTUBHOI CUCTEM
He OTMeUYeHO TOCTOBEPHOEe M3MeHeHUe OMOJIOTH-
YeCKOIl HPOAYKTHUBHOCTH PACTEHUU COM U IIIIIe-
Huibl. Takum o6pasom, nmpuMeHeHue N-aleTu-
D-rioko3aMuHa KaK IOIOJHUTEJIHLHOTO areHTa
YTJI€BOAHOM IPUPOJBI B MHOKYJISHTAX C KJIyOeHb-
KOBBIMU 0AKTEePUSIMU COU U ITIOUBEHHBIMU AUA30-
Tpodhamu pona Azotobacter cmocobecTBOBAIO OosIEE
HOJHOM peanmsaluy CUMOMOTHUYECKOTO W IIPO-
IYKTUBHOIO IOTeHI[HAasa PUTOOAKTEePUATIbHOTO
cuM0O103a U acCoIUaI[UH 110 CPABHEHUIO C UCIIOJIb-
30BaHNEM OJHUX AUa30TPOGOB, UYTO YKA3HIBAET HA
BO3MOJKHOCTD IIPAKTUYECKOTO IPUMEHEHUA alle-
TUJIUPOBAHHOTO TIIOK030COIEPIKAIIET0 aMIHOCA-
Xapa IPU CO3MaHUY KOMILJIEKCHBIX MHOKYJISHTOB
Ha OCHOBe a30T(UKCUPYIOIUX OaKTepuii.

Knrouesvle cnosa: coeBo-pu300MaIbHBIN CUMOM-
03, accommanus IIIeHuIa—asorobaxrep, N-aie-
Tuja-D-TIoKo3aMuH, HOAYJANUA, as3oTdurca-
nus, pusochepHas MHUKPoOOMOTA, XJIOPOQPUILI,
YPOIKa.
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