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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 [14]. 
Beneficial microorganisms, introduction 
to the seeds or soil by specially developed 

microbiological preparations [35] 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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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 
Т79. 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.
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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, 
69]. 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, 1214]. 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 
[1618]. 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 

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, 2124]. 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  540 
and  560, respectively) in the 13- and 20-
day culture, when compared with the 6-day 
culture, changed 1.81.9 and 1.61.7 times, 
respectively, while in the control variant 
(without the introduction of carbohydrates) — 
1.6 times and 1.31.6 times, respectively. 
Comparison of control and experimental 
variants showed that the optical density of the 
culture variant with glucosamine exceeded the 
control by 1416% and 1220% 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 T79 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 1010 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 ml/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 С2Н4/(plant • hour) — 
the actual nitrogenase activity and in 
micromoles of С2Н4 (g of nodules • hour) — 
the specific nitrogenase activity of symbiotic 
systems. 

• in nanomoles of С2Н4/(1 nodule•hour) 
and nanomoles of С2Н4/(mass of 1 nodule 
• hour) — the nitrogenase activity of the 
morpho-structural symbiotic unit (root 
nodule).

• in nanomoles of С2Н4/(1 g of soil•2 hours) 
or in nanomoles of С2Н4/(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 m2) 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 С2Н4/(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 

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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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 1.53.6 times (sand culture) and 1.7
2.0 times (soil culture). On the 1011th day 
after sowing, the difference in the number of 
seedlings was 1014% for plants in the sand 
culture and 4356% — 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 7th day after sowing), 1.9 times (the 8th day 
after sowing) and was practically equal to the 
indicators of the variant of seed inoculation 
with a rhizobial strain only on the 11th 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). 

Notes. See here and in the Tables 2, 3, 5, 8: 1 — GlcNAc — 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.

Table 1. Degree of nodulation ability of soybean rhizobia 
by the action of N-acetyl-D-glucosamine (0.01 M) on bacteria

No Variant Number of nodules per 
plant, pcs.

Weight of nodules per 
plant, mg

Weight of 1 root 
nodule, mg

Lisabon variety, sand culture

Development phase of two trifoliolate leaves, 26-day-old plants

2 Rhizobia + water 15.8 ± 3.9 24.77 ± 8.55 1.34 ± 0.33

3 Rhizobia + GlcNAc1 34.0 ± 3.8*2 51.88 ± 7.36* 1.57 ± 0.22

Flowering phase, 43-day-old plants

2 Rhizobia + water 12.3 ± 3.5 155.83 ± 46.90 13.24 ± 1.38

3 Rhizobia + GlcNAc 28.8 ± 4.3* 293.27 ± 39.50* 10.88 ± 1.45

Full pod phase, 62-day-old plants

2 Rhizobia + water 29.2 ± 3.0 720.93 ± 65.88 25.41 ± 2.56

3 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

2 Rhizobia + water 2.7 ± 0.4 –3 –

3 Rhizobia + GlcNAc 3.1 ± 0.5 – –

Developmental phase of three trifoliolate leaves, 33-day-old plants

2 Rhizobia + water 13.3 ± 1.6 31.50 ± 5.30 2.37 ± 0.31

3 Rhizobia + GlcNAc 16.5 ± 2.6 44.33 ± 5.93* 2.89 ± 0.38
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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 (1.21.3 times). 
The difference between the weight of soybean 

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 

Table 2. Nitrogenase activity (NGA) of the symbiotic apparatus of soybean by inoculation of seeds 
with rhizobia, modified by glucosamine (0.01 M)

No Variant

Lisabon variety, sand culture

Flowering phase Full pod phase

NGA of symbiosis

μmol of С2Н4 / 
(plant • hour)

μmol of С2Н4 / 
(g of nodules • hour)

μmol of С2Н4 / 
(plant • hour)

μmol of С2Н4 / 
(g of nodules • hour)

2 Rhizobia + water 1.190 ± 0.265 8.397 ± 0.792 5.870 ± 0.792 8.059 ± 0.694

3 Rhizobia + GlcNAc 1.996 ± 0.274* 6.880 ± 0.636 6.278 ± 0.537 8.656 ± 0.634

No Variant

Almaz variety, soil culture

Developmental phase of three trifoliolate leaves

NGA of symbiotic system NGA of morpho-structural symbiotic unit

μmol of С2Н4 / 
(plant • hour)

μmol of С2Н4 / 
(g of nodules • hour)

nmol of С2Н4 / 
(1 nodule • hour)

nmol of С2Н4 / 
(1 nodule mass • hour) 

2 Rhizobia + water 0.119 ± 0.022 3.795 ± 0.377 8.716 ± 1.130 51.522 ± 8.136

3 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 С2Н4 / (20 g of soil • 2 hours)

Phase of trifoliolate leaves

one leaf (roots + soil) two leaves (soil) three leaves (soil)

1 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
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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 
p l a n t s .  T h e  s i g n i f i c a n t 
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 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

Table 5. Formation of soybean plants vegetative mass by seed inoculation 
with rhizobia modified by glucosamine 

No Variant 

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

AGP R AGP R

Lisabon variety, sand culture

Flowering phase Full pod phase

1 Without inoculation 3.92 ± 0.64 3.32 ± 0.46 5.68 ± 0.32 4.11 ± 0.31

2 Rhizobia + water 4.33 ± 0.63 3.31 ± 0.25 10.26 ± 0.89 5.60 ± 0.74

3 Rhizobia + GlcNAc 4.60 ± 0.37 2.30 ± 0.18 10.68 ± 0.85 5.46 ± 0.49

No Variant

Almaz variety, soil culture 

Development phase of one 
trifoliolate leaf

Development phase of three 
trifoliolate leaves

1 Without inoculation 1.46 ± 0.23 0.14 ± 0.03 4.60 ± 0.98 2.01 ± 0.27

2 Rhizobia + water 1.57 ± 0.11 0.19 ± 0.03 5.82 ± 0.16 2.36 ± 0.35

3 Rhizobia + GlcNAc 1.45 ± 0.16 0.25 ± 0.05* 6.05 ± 0.36 2.56 ± 0.28

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).

No1

Phase of plant development

seedling tillering
beginning 

of the 
heading

tillering
beginning 

of the 
heading

tillering beginning of 
the heading

full ripeness of 
seeds

Chlorophyll content, 
mg/g of fresh leaves

NFA, nmol of С2Н4 
/ (plant • h)

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

AGP R AGP R AGP R

1 1.15 ± 
0.01

1.78 ± 
0.02

2.08 ± 
0.05

2.00 ± 
0.15

1.03 ± 
0.12

1.90 ± 
0.09

0.57 ± 
0.02

7.07 ± 
0.34

2.28 ± 
0.11

4.11 ± 
0.04

1.45 ± 
0.04

2 1.27 ± 
0.01^

1.78 ± 
0.04

2.28 ± 
0.04^

4.24 ± 
0.22^

2.56 ± 
0.38^

2.09 ± 
0.12^

0.62 ± 
0.03

7.96 ± 
0.40

2.26 ± 
0.13

4.42 ± 
0.07^

1.52 ± 
0.07

3 1.43 ± 
0.01^*2

1.98 ± 
0.07*

2.37 ± 
0.02^*

4.68 ± 
0.29^

3.53 ± 
0.27^*

2.14 ± 
0.08^

0.69 ± 
0.04^

7.99 ± 
0.30^

2.59 ± 
0.23

4.51 ± 
0.09^

1.70 ± 
0.08^*
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Table 7. Formation of spring wheat crop during inoculation of seeds 
with glucosamine(0.1 M)-modified azotobacter

Crop structure parameters

Variant (seed inoculation)

Without 
inoculation Т79 Т79+GlcNAc

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

Soybean crop 
structure

Variant (presowing seed inoculation)

Rhizobia
(control)

Rhizobia + 
glucosamine 

(0,01 М)

Rhizobia
(control)

Rhizobia + 
glucosamine 

(0,01 М)

Rhizobia
(control)

Rhizobia + 
glucosamine 

(0,1 М)

Pot experiments Field conditions, small-
scale experiment

Lisabon variety,
sand culture

Almaz variety,
soil culture

Lisabon variety,
soil culture

Number of 
beans, pcs.

p
er

 p
la

n
t

6.8 ± 0.3 7.9 ± 0.5* 15.0 ± 0.6 14.7 ± 0.5 5.2 ± 0.3 5,9 ± 0,3*

Number of 
internodes, pcs. 5.8 ± 0.3 6.6 ± 0.3* 9.5 ± 0.7 8.4 ± 0.4 4.5 ± 0.2 4,9 ± 0,2

Weight of 
beans, g 4.04 ± 0.03 4.56 ± 0.35* –1 – – –

Number of 
seeds, pcs. 16.0 ± 0.5 17.2 ± 1.4 29.5 ± 1.1 29.3 ± 1.3 9.8 ± 0.8 11,6 ± 0,8

Weight of 
seeds, g 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

Harvest, kg/ha 
(field)

17,80 ± 0,31 20.25 ± 1.50* 33.21 ± 0.61 34.09 ± 1.08 33.4 ± 1.0 43.0 ± 2.2*

Weight of 1000 
seeds, g 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 6.80 ± 0.10 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 T79, 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 T79 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% 
(length 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 

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 
a nd 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 [3537].

N-acetyl-D- glucosamine is a derivative 
of glucose as well as bacterial glucans (cyclic 
glucose polymers with (1,2)-, (1,3)-, (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 [3538]. 
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 
IAA 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 IAA 
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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 

of chlorophylls in the leaves (photosynthetic 
activity of plants) provided a higher level of 
realization of the productive potential of this 
phito-bacterial system in comparison with 
both non-bacterial control and variant of seed 
inoculation with a strain of azotobacter. 

Conclusions

The use of glucose-containing amino-
saccharide N-acetyl-D-glucosamine as an 
additional environmentally friendly natural 
agent in inoculants with diazotrophic 
microorganisms (nodule bacteria of the soybean 
and microorganisms of the genus Azotobacter) 
contributes to a fuller realization of the symbiotic 
and productive potential of symbioses and 
associations when compared to using a bacterial 
strain. The presented here results indicate the 
possibility of practical application of N-acetyl-D-
glucosamine as an exogenous regulatory agent of 
a carbohydrate nature in the creation of complex 
inoculants based on nitrogen-fixing bacteria 
to improve the productivity of phyto-bacterial 
symbioses and associations.

The work was funded as the budget topic 
“To study the reaction of legume-rhizobial 
symbiosis to the action of biotic and abiotic 
factors” (0115U007217) (departmental 
topics of the National Academy of Sciences of 
Ukraine, 2016-2020).
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СИМБІОТИЧНА ПРОДУКТИВНІСТЬ 
ФІТОБАКТЕРІАЛЬНИХ СИСТЕМ 

ЗА ДІЇ N-АЦЕТИЛ-D-ГЛЮКОЗАМІНУ 
НА ДІАЗОТРОФНІ МІКРООРГАНІЗМИ

О. В. Кириченко 

Інститут фізіології рослин і генетики 
НАН України, Київ 

E-mail: azoleki@ukr.net

Метою роботи було оцінити симбіотичну 
продуктивність фітобактеріальних систем 
соя—ризобії та пшениця—азотобактер (за 
біологічною та насіннєвою продуктивністю 
рослин, за нодуляційною здатністю ризобій і 
нітрогеназною активністю симбіозу сої, а та-
кож ризосферної мікробіоти пшениці) за дії 
N-ацетил-D-глюкозаміну (0,01 М; 0,1 М) in 
vitro на культури азотфіксувальних мікро-
організмів Bradyrhizobium japonicum 634б й 
Azotobacter chroococcum Т79. Встановлено, 
що біологічна активність N-ацетил-D-глюко-
заміну за інкубації з бульбочковими бакте-
ріями сої виявлялась у більш високому рівні 
реалізації нодуляційної здатності ризобій: 
рослини активніше інфікувались (на 12%), 
формувалась більша кількість бульбочок (в 
1,22,3 раза) з більшою їхньою загальною

СИМБИОТИЧЕСКАЯ ПРОДУКТИВНОСТЬ 
ФИТОБАКТЕРИАЛЬНЫХ СИСТЕМ ПРИ 
ДЕЙСТВИИ N-АЦЕТИЛ-D-ГЛЮКОЗАМИНА 
НА ДИАЗОТРОФНЫЕ МИКРООРГАНИЗМЫ

Е. В. Кириченко

Институт физиологии растений и генетики 
НАН Украины, Киев

E-mail: azoleki@ukr.net

Целью работы была оценка симбиотиче-
ской продуктивности фитобактериальных си-
стем соя—ризобии и пшеница—азотобактер 
(по биологической и семенной продуктивно-
сти растений, по нодуляционной способности 
ризобий и нитрогеназной активности симбио-
за сои, а также ризосферной микробиоты пше-
ницы) при действии N-ацетил-D-глюкозамина 
(0,01 М; 0,1 М) in vitro на культуры азотфик-
сирующих микроорганизмов Bradyrhizobium 
japonicum 634б и Azotobacter chroococcum Т79. 
Установлено, что биологическая активность 
N-ацетил-D-глюкозамина при инкубации с 
клубеньковыми бактериями сои проявлялась 
в более высоком уровне реализации нодуляци-
онной способности ризобий: растения актив-
нее инфицировались (на 12%), формировалось 
большее количество клубеньков (в 1,22,3 
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масою на рослині (в 1,4–2,1 раза) і масою 
однієї кореневої бульбочки (в 1,2 раза), а 
також — азотфіксувальної активності сим-
біозу (в 1,7 раза) та функціональної здатно-
сті кожної морфоструктурної симбіотичної 
одиниці (в 1,4 раза). Це зумовило підвище-
ну (від 14% до 29%) насіннєву продуктив-
ність цієї системи порівняно до симбіозу, 
утвореного немодифікованими вуглеводом 
ризобіями. Активізація азотобактером, мо-
дифікованим глюкозаміном, основних фізі-
ологічних процесів пшениці — азотфіксації 
(активність ризосферної мікробіоти зросла в 
1,11,4 раза) і фотосинтезу (вміст хлорофі-
лів у листках — в 1,11,2 раза) забезпечила 
більш високий рівень реалізації продуктив-
ного потенціалу цієї системи порівняно як до 
небактеризованих рослин (на 15%), так і до 
варіанта з інокуляцією насіння монокульту-
рою азотобактера (7%). За позитивної дії іно-
кулянтів бактерії + глюкозамін на насіннєву 
продуктивність симбіотичної й асоціативної 
системи не встановлено достовірних відмін-
ностей біологічної продуктивності рослин сої 
та пшениці. Таким чином, застосування N-а-
цетил-D-глюкозаміну як додаткового агента 
вуглеводної природи в інокулянтах із буль-
бочковими бактеріями сої та ґрунтовими ді-
азотрофами роду Azotobacter сприяло більш 
повній реалізації симбіотичного і продуктив-
ного потенціалу фітобактеріального симбіозу 
й асоціації порівняно з використанням лише 
діазотрофів, що вказує на можливість прак-
тичного використання ацетильованого глю-
козовмісного аміноцукру під час створення 
комплексних інокулянтів на основі азотфік-
сувальних мікроорганізмів.

Ключові слова: соєво-ризобіальний симбіоз, 
асоціація пшениця–азотобактер, N-ацетил-D-
глюкозамін, нодуляція, азотфіксація, ризо-
сферна мікробіота, хлорофіл, урожай.

раза) с большей их общей массой на растение
(в 1,42,1 раза) и массой одного корневого 
клубенька (в 1,2 раза), а также — азотфикси-
рующей активности симбиоза (в 1,7 раза) и 
функциональной способности каждой морфо-
структурной симбиотической единицы (в 1,4 
раза). Это обеспечило более высокую (от 14 до 
29%) семенную продуктивность данной систе-
мы по сравнению с симбиозом, образованным 
немодифицированными углеводом ризобиями. 
Активизация азотобактером, модифицирован-
ным глюкозамином, основных физиологиче-
ских процессов пшеницы — азотфиксации (ак-
тивность ризосферной микробиоты возросла в 
1,11,4 раза) и фотосинтеза (содержание хлоро-
филлов в листьях — в 1,11,2 раза) обеспечила 
более высокий уровень реализации продуктив-
ного потенциала этой системы по сравнению 
как с небактеризованными растениями (на 
15%), так и с вариантом инокуляции семян 
монокультурой азотобактера (на 7%). При 
положительном влиянии инокулянтов бакте-
рии + глюкозамин на семенную продуктив-
ность симбиотической и ассоциативной систем 
не отмечено достоверное изменение биологи-
ческой продуктивности растений сои и пше-
ницы. Таким образом, применение N-ацетил-
D-глюкозамина как дополнительного агента 
углеводной природы в инокулянтах с клубень-
ковыми бактериями сои и почвенными диазо-
трофами рода Azotobacter способствовало более 
полной реализации симбиотического и про-
дуктивного потенциала фитобактериального 
симбиоза и ассоциации по сравнению с исполь-
зованием одних диазотрофов, что указывает на 
возможность практического применения аце-
тилированного глюкозосодержащего аминоса-
хара при создании комплексных инокулянтов 
на основе азотфиксирующих бактерий.

Ключевые слова: соево-ризобиальный симби-
оз, ассоциация пшеница–азотобактер, N-аце-
тил-D-глюкозамин, нодуляция, азотфикса-
ция, ризосферная микробиота, хлорофилл, 
урожай. 


