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It is known that the ratio of the main groups of microorganisms in the microbiocenosis form the
biological fertility of the soil. In this regard, it is necessary to take into account the influence of
biologically active substances, including nanoparticles and their derivatives, used in crop production, on
the composition of soil microbiota and its biodiversity. The aim of this study was to investigate the effect of
Galega orientalis plants inoculation with phytopathogenic microorganisms and foliar treatment of plants
with nanochelates on the total amount of microbial groups in rhizosphere of Galega orientalis. Methods.
Acholeplasma laidlawii var. granulum 118 UCM BM-34 was cultivated in the liquid nutrient medium
CM IMV-72 (pH 7.8) in thermostat at 32 °C for 72 hours. Pseudomonas syringae pv. atrofaciens D13 was
cultivated on potato agar in thermostat at 26-28 °C. For artificial infection a bacterial suspension with
a concentration of 1 x 10° CFU/mL according to the turbidity standard was prepared. Galega orientalis
plants were inoculated with phytopathogenic strains of microorganisms by subepidermal injection into
the stem. The total count of microbial groups in the samples was performed by the method of plating on
selective media, the result was expressed in colony-forming units (CFU). For statistical processing of
data, calculations of the arithmetic mean and its standard error were performed. Results. It was found
that the total amount of microorganisms, the number of actinomycetes and oligotrophic microorganisms
increased and the number of micromycetes decreased in the rhizosphere of Galega orientalis plants
infected with phytoplasma. In contrast to phytoplasma infected plants, the number of aerobic nitrogen-
fixing bacteria in the rhizosphere increased in plants infected with P. syringae pv. atrofaciens D1I3.
Foliar treatment of Galega orientalis plants with nanochelate solutions had varying influence on the
composition of microbial groups. The total amount of aerobic nitrogen-fixing bacteria increased after
foliar treatment with nanochelates in the next order: V>Ge>Se, and the total amount of actinomycetes
increased after foliar treatment in the next order: Se>V>Ge. The total amount of micromycetes increased
in the rhizosphere of Galega orientalis after foliar treatment with Ge and Se nanochelates. It should be
noted that the most significant increase in the number of oligotrophic microorganisms was observed
in the rhizosphere of plants after I-Se foliar treatment. Conclusions. The number of actinomycetes,
micromycetes and oligotrophic microorganisms in the rhizosphere of Galega orientalis plants infected
with A. laidlawii and P. syringae increased compared to control plants; this process was associated with
changes in the chemical composition of root secretions, probably due to reducing of carbohydrates and
the presence of stress signal molecules. Plants infection with these pathogens had different effect on
the total amount of aerobic nitrogen-fixing bacteria, the number of which increased in the rhizosphere
after infection with P. syringae and decreased after infection with A. laidlawii, which may be due to the
different chemical composition of the root secretions. Foliar treatment with Se, Ge and V nanochelates
had the most favorable influence on the soil microbiota, causing an increase in the total amount of
microbial groups, including species capable of disease development inhibiting and participating in the
nutrient cycle (aerobic nitrogen-fixing bacteria, actinomycetes, micromycetes). The foliar treatment of
plants with I-Se nanochelates can be considered as conditionally favorable due to a significant increase
in the number of oligotrophic microorganisms, which indicates the depletion of readily available nutrients
in the soil. However, the improvement of root system growth at I-Se foliar treatment of plants affected by
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both phytoplasma and bacterial pathogen may be a sign of stimulation of the absorptive capacity of roots,

which requires further research.

Keywords: Galega orientalis, Acholeplasma laidlawii var. granulum, Pseudomonas syringae pv. atro-

faciens, nanochelates, soil microbiota.

The global degradation of land, which requires
the search for effective measures for the purpose
to restore the soil fertility, is one of the current
problems [1-3]. In many countries of the world,
the problem of soil regeneration is solved with the
methods of ecological restoration, in particular with
application of microbiological technologies [4—8].
It is known that the soil microbiota is quite variable
in its composition, and its number and ratio are
influenced by many factors, ranging from climate
change to human anthropogenic activity [8].
However, the microbiota of the rhizosphere layer
of the soil is quite sensitive to plant metabolism,
as the root secretions of plants are a direct source
of nutrition for microorganisms living in this soil
layer [1]. In this regard, it is necessary to take into
account the impact of new promising technologies
in crop production, in particular on the basis
of nanoparticles and their derivatives, on the
composition of soil microbiota, that influence on
biological activity and fertility of the soil [9].

The use of nanotechnology in various fields of
agricultural production can minimize the chemical
load on the environment [9—11]. In addition to that,
the more prolonged action of nanoparticles and
their compounds compared to nutrient salts should
be taken into account. However, cost-effectiveness
and environmental safety are important advantages
of using citrates of nanoparticles (nanochelates)
[10, 12].

Therefore, the aim of our work was to study the
effect of Galega orientalis plants inoculation with
phytopathogenic microorganisms and application
of foliar treatment of plants with nanochelates on
the total count of major groups of microorganisms
in the rhizosphere of Galega orientalis.

Materials and methods. In field experiment
Galega orientalis plants were grown on a plot
with a total area of 50 m?, sod-podzolic soil. The
experiments were performed in triplicate.

Artificial inoculation of phytoplasma Acho-
leplasma laidlawii var. granulum 118 UCM BM-—
34 (causative agent of pale-green dwarfism) was
performed using Clement's method (subepidermal
injection into plant stem). A. laidlawii var. granulum
118 was cultivated in the liquid nutrient medium
CM IMV-72 (pH 7.8) in thermostat at 32 °C for
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72 hours. Pseudomonas syringae pv. atrofaciens
D13 (causative agent of basal bacteriosis) was
cultivated on potato agar in thermostat at 2628 °C.
For artificial infection a bacterial suspension with
a concentration of 1x10° CFU/mL according to the
turbidity standard was prepared.

Foliar treatment of plants was carried out using
solutions of nanochelates: Se (1 %), I-Se (0.5 %),
V (0.75 %) and Ge (0.75 %) at the beginning of
the growing season (April). The concentration of
nanoparticles in the initial solution was: Se — 100
mg/L; I-Se (I — 80 mg/L and Se <0.05 mg/L); V —
31 mg/L; Ge — 500 mg/L.

Soil samples from the rhizosphere of control
and inoculated plants of Galega orientalis were
obtained from the experimental plots in triplicate
(in July).

The total count of microbial groups in the
samples was performed by the method of plating on
selective media, the result was expressed in colony-
forming units (CFU). The following determinations
were made: 1. The total amount of microorganisms
in the soil growing on Zvyagintsev medium. 2. The
total amount of aerobic nitrogen-fixing bacteria
(oligotrophic, azotobacter) growing on Ashby
medium. 3. The total amount of microorganisms
that absorb nitrogen from mineral compounds and
actinomycetes growing on starch-and-ammonia
agar. 4. The total amount of microscopic fungi
growing on wort agar. 5. The total amount of
oligotrophic bacteria growing on starvation agar
[13]. Procedure was performed in triplicate.

Sampling of plants for biometric analysis was
performed in the phase of mass flowering, the
beginning of seed formation. To determine the
number of nodules, soil monoliths 30x30x40 cm
was selected. 3 plants were taken from each re-
petition; the roots were washed and dried. The
length of the roots and shoots of the plants were
measured. Nodules were separated from the roots,
their average number per plant was counted.

For statistical processing of data, calculations
of the arithmetic mean and its standard error were
performed.

Results. The total amount of microorganisms

increased 6.4 and 1.8 times in the rhizosphere of
Galega orientalis plants infected with A. laidlawii
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var. granulum 118 and P. syringae pv. atrofaciens
D13, respectively (Fig. 1a). Moreover, the total
aerobic nitrogen-fixing bacteria count in the
rhizosphere of plants infected with phytoplasma
decreased by 6.8 %, and in plants infected with
bacteria, on the contrary, increased by 33.8 %.
The total actinomycetes count in the rhizosphere
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of plants infected with phytoplasma increased
7.6 times, and with bacteria — by 4 times, compared
to the control (Fig. 1a). The total micromycetes
count decreased in plants infected with both
phytopathogens: by 52.6 and 47.4 % at inocula-
tion by phytoplasma and bacteria, respectively
(Fig. 1b).
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Fi g. 1. The total microbial groups count in the rhizosphere of Galega orientalis plants infected
with A. laidlawii var. granulum 118 and P. syringae pv. atrofaciens D13 and treated
with nanochelates

The total amount of oligotrophic microorga-
nisms in the rhizosphere of plants infected with
phytoplasma increased 10.2 times, while in plants
infected with bacteria — by 17 %. The number and
ratio of soil microorganisms changed during the
period of active growth of green mass of Galega
orientalis in the variants with foliar treatment with
nanochelates in comparison with the control.

Thus, the total amount of microorganisms
increased in the rhizosphere of plants at foliar
treatment with nanochelates in the following
order: Ge>Se>V>I-Se (Fig. 1a). The total amount
of aerobic nitrogen-fixing bacteria at foliar
treatment increased in the next order: V>Ge>Se>I-
Se; the total amount of actinomycetes increased in
the variants at foliar treatment with nanochelates
in the following order: Se>V>Ge>I-Se (Fig. 1a).

The total micromycetes count in the rhizosphere
increased in the case of foliar treatment with
Ge and Se (Fig. 1b). It should be noted that the
most significant increase of total oligotrophic
microorganisms count was observed in the variant
with [-Se foliar treatment (see Fig. 1a).

It was found that infection of Galega orientalis
with phytoplasma caused significant inhibition
of root system growth: its length decreased
by 22.8 % and the root nodule count decreased
9.2 times (Table 1).

44

Foliar treatment of phytoplasma infected plants
with nanochelates increased root nodule count (to
a greater extent — Se and V): Se — 2.68 times, V —
2.35 times, Ge — by 32.4 %, I-Se — by 29.1 % as
compared to plants without treatment (see Table 1).

The length of the roots increased under the
influence of foliar treatment of plants with: Se
(by 70.6 %), V (by 56.0 %), I-Se (by 20.6 %)
and under the action of Ge — did not change
in comparison with the affected plants without
treatment. It was found only a tendency of
shoot growth decreasing in plants infected with
phytoplasma as well as treated with all nanochelates
except V. Under the influence of V, the growth of
Galega orientalis shoots increased by 9.4 %.

The root length of plants infected with P. sy-
ringae pv. atrofaciens D13 reduced by 24.0 %
compared to control, which was accompanied with
significant reduction in the number of nodules on
the roots. The length of the roots of bacteria-in-
fected plants increased after foliar treatment with
nanochelates 1-Se (by 43.9 %), Ge (by 58.3 %),
and Se (by 18.7 %) and did not change after V
treatment. The length of shoots had tendency
to decrease in bacteria-infected plants. Foliar
treatment of bacteria-infected plants with V and
Ge nanochelates caused an increase in shoot
growth by 17.6 and 10.5 %, respectively. Foliar
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Table 1

The plant biometrics and the number of nodules on the roots of Galega orientalis plants
infected with phytopathogenic microorganisms and treated with chelates of nanoparticles

. . ] B Se 1% + 1-Se 0.5% + | V0.75%+ | Ge 0.75 % +
Plant biometrics Control | A. laidlawii ) B i B ) N ) B
A. laidlawii | A. laidlawii | A. laidlawii | A. laidlawii
Height of the shoot
(cm) 136.3+6.8 | 135.6+6.7 134.5+6.6 129.0+6.5 149.0+7.4 129.0+6.5
cm
Length of the root
(cm) 18.2+0.9 13.9+0.7 16.5+£8.2 20.0+£1.0 13.5+0.7 22.0+1.1
cm
Root nodule count
(pes) 276.0£13.7| 30.2+1.35 81.04+4.1 39.0+1.9 71.0+£3.6 40.0+£2.0
pcs
) ) ) Se 1% + 1-Se 0.5% + [V 0.75% + P | Ge 0.75 % +
Plant biometrics Control | P. syringae ) ] ) ]
P syringae P, syringae syringae P syringae
Height of the shoot
(cm) 136.3+6.8 | 131.7+£6.6 135.746.8 141.3£7.0 160.34+8.0 150.7+£7.5
cm
Length of the root
18.2+0.9 14.1+0.7 24.0£1.2 17.0+£0.8 22.0+1.1 14.5+0.7
(cm)
Root nodule count
(pes) 276.0+£13.7| 23.4+5.1 200.0+10.2 65.843.9 28.0+1.4 50.0+2.6
pcs

treatment of bacteria-infected plants with Se and
I-Se nanochelates did not have a significant effect
on shoot growth.

Root nodule count increased in plants treated
with chelates of nanoparticles compared to
infected plants without treatment: Se (8.6 times),
I-Se (2.8 times), Ge (2.1 times), V (by 19.7 %)
(Table 1).

Thus, infection with phytoplasma and bacterial
pathogen inhibited the growth of the root system,
also causing a reduction in the number of nodules
on the roots. Treatment of infected plants with
nanochelates reduced the negative effect of
infection with phytopathogens.

Thus, artificial phytoplasma infection caused a
decrease in the number of total aerobic nitrogen-
fixing bacteria and micromycetes count, increased
total actinomycetes count and significantly in-
creased total oligotrophic microorganisms count.
At the same time, a suppression of the root system
growth and root nodule count were observed.
Artificial infection with bacterial pathogen increased
the total actinomycetes and aerobic nitrogen-
fixing bacteria count, less significantly increased
total oligotrophic microorganisms count in plants
rhizosphere, compared to phytoplasma-infected
plants. Bacterial infection significantly reduced
the total micromycetes count in the rhizosphere of
Galega orientalis plants. Under these conditions,
the growth of the root system remained at the level
of control and the root nodule count decreased.
It should be noted that phytoplasma infection of
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Galega orientalis had more significant effect on the
total count of rhizosphere microorganisms. At the
same time, foliar treatment of plants with V, Ge and
Se nanochelates had positive influence on the soil,
improving the content of beneficial for agriculture
microorganisms, including aerobic nitrogen-fixing
bacteria, and positively effects on the weight of
roots and root nodule count on them.

It was found that foliar treatment of phyto-
plasma-infected Galega orientalis plants with Se,
V and I-Se nanochelates had positive effect on the
growth of root system, and V — on the growth of
shoots.

The positive effect of Ge, [-Se and Se treatment
on root growth at bacterial infection and V and
Ge — on shoot growth was observed.

Discussion. It is known that microbiocenosis
is an important part of the soil, which consists
of the main groups of microorganisms, the ratio
of which forms its biological fertility [14, 15].
Some of the soil microorganisms have important
functions in the nutrient and carbon cycles.
Interactive microbial communities are formed
by a variety of microorganisms, such as bacteria,
viruses, micromycetes, and algae [16]. Bacteria
are one of the most common groups of soil
microorganisms, most of which are present in
the rhizosphere layer of the soil. The rhizosphere
contains more gram-negative and denitrifying
bacteria than the soil. Bacteria are part of various
biogeochemical cycles, such as the nitrogen
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cycle and the carbon cycle. Micromycetes found
in the soil are mainly divided into three groups:
destructors, mutualists (mycorrhizal fungi) and
pathogens. Mycorrhizal fungi are mainly found
around the roots of plants, while other groups
of micromycetes are found throughout the soil.
Micromycetes play an important role in the soil,
taking part in the nutrient cycle, water dynamics
and disease suppression, which maintains soil
health and increases yields. Actinomycetes are
a leading group of soil microorganisms that play
an important role in the processing of organic
matter into the environment. They promote plant
growth by improving the availability of nutrients
and minerals, synthesizing growth regulators,
inhibiting phytopathogens through the synthesis
of antibiotics. At the same time, in each of the
groups of soil microorganisms there are pathogenic
species that can adversely affect the growth of
plants and other soil microorganisms, reducing
biodiversity [2, 17, 18]. In addition, there is a close
correlation between the rhizosphere microbiota
and the chemical composition of root exudates.
The composition of exudates contains up to 20 %
of carbon compounds, 15 % of nitrogen, sugars,
organic acids, secondary metabolites and mucus.
The chemical composition of plant exudates varies
depending from the genotype of plants, phase of
development, biotic and abiotic factors action and
is regulated by abiotic stressors [19]. It is reported,
that plant releases into the rhizosphere from 5 to
40 % of carbon, which is fixed by photosynthesis
[20].

The total content of microorganisms in the
rhizosphere of phytoplasma-infected plants
increased compared to the rhizosphere micro-
biota of control plants. The total amount of mic-
roorganisms that absorb nitrogen from mineral
compounds and actinomycetes increased and the
total amount of micromycetes decreased in the
rhizosphere of phytoplasma-infected plants. It is
also known that phytoplasma is an obligate parasite
of cells with limited metabolism and requires both
carbohydrates and amino acids for its existence
[21]. Thus, infected plant has an increased need
for nitrogen and phosphorus nutrition, and has
lower carbohydrate content in the root secre-
tions. It is known that mycorrhizal fungi enhance
the absorption of mineral nutrients by plants
(e.g. phosphorus and zinc) in exchange for
carbohydrate compounds synthesized by plants in
the process of photosynthesis [18]. Therefore, a
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decrease in total micromycetes count in the case of
infection caused by phytoplasma and bacteria may
indicate the decrease of carbohydrates amount in
the root exudates. The total actinomycetes count
increased in plants infected with phytoplasma and
bacteria. It is known, that actinomycetes in the
rhizosphere of plants are producers of antibiotics.
Most likely the increasing of their amount is
associated with the changes in the chemical
composition of root secretions, which involve the
content of stress signal molecules and reduced
carbohydrates. It is known that actinomycetes are
involved in the carbon cycle and the decomposition
of complex organic compounds [18].

It should be noted that the total oligotrophic
bacteria count in the rhizosphere of Galega
orientalis increased most significantly after
infection with phytoplasma.

It is known that oligotrophic microorganisms
are characterized by their ability to grow at low
concentrations of substrate (nitrogen and carbon in
the nano- and picomolar range) and, as a rule, have
a higher efficiency of substrate use. Compared to
copyotrophic, oligotrophic microorganisms have a
higher biomass yield per unit of substrate consumed
[2]. These groups of microorganisms are identified
mainly at the late stage of succession, when the
resources of easily accessible substrate are depleted
and found in large quantities under conditions of
organic land use [13].

Thus, a significant increase in the number of
oligotrophic microorganisms in the rhizosphere of
plants in the case of infection with phytoplasma
indicates the inhibition of the excretion of nitrogen-
and carbon-containing compounds in the root
excretions of infected plants and evidences the
presence of pathological process at the metabolic
level. It may also be an indirect acknowledgment
of nitrogen-fixing ability reducing of Galega
orientalis plants. It should be noted that a similar
trend was observed after plants infection with P,
syringae pv. atrofaciens D13, but to a much lesser
extent. However, plants infection with P. syringae
isolated from wheat increased the total amount
of nitrogen-fixing bacteria in the rhizosphere of
Galega orientalis, in contrast with rhizosphere
of plant infected with phytoplasma. In the paper
of Rudrappa et al. it was proved that 5 days after
infected of Arabidopsis plants with P. syringae,
isolated from tomatoes stimulated the formation of
biofilms of beneficial rhizobacteria B. subtilis [19].
It was shown in the paper of Lakshmanan et al. that
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infection of Arabidopsis plants with P. syringae pv.
tomato DC3000 strain induced the expression of
malic acid transporter, which led to the increase
of beneficial rhizobacteria Bacillus subtilis FB17
titer. This caused an induced systemic response
against the pathogen [22]. Therefore, both total
actinomycetes count increased at infection with
A. laidlawii and P. syringae and total aerobic nit-
rogen-fixing bacteria count increased at infection
with P. syringae pv. atrofaciens D13, that is most
likely associated with the production of stress-
induced metabolites by roots due to a systemic
response to infection. Foliar treatment of plants
with all experimental solutions of nanochelates led
to total microbial count increasing, which probably
also indicates a change in the chemical composition
of root secretions, its enrichment. In particular, in
the paper of Bledsoe et al. the growth of bacterial
diversity in the rhizosphere of plants with long-
term addition of nutrients was shows. In addition,
the rhizosphere of forbs was enriched with disease-
suppressing bacterial taxa, and the rhizosphere of
grass was enriched with bacterial taxa associated
with complex carbon degradation [20].

However, foliar treatment of plants with
these nanochelates had different influence on the
microbiota composition. It was established an
increase in the total aerobic nitrogen-fixing bacteria
count in plants treated with: V (11.5 times), Ge
(8.8 times), Se (3.3 times), I-Se (by 9.5 %); of the
total actinomycetes count in plants treated with:
V (11.0 times), Se (11.7 times), Ge (10.1 times),
I-Se (by 54.8 %); of the total micromycetes count
in plants treated with: Se (1.6 times), Ge (2 times).
The total micromycetes count decreased by 47.9 %
after foliar treatment with [-Se and V nanochelates.
Moreover, the presence of oligotrophic micro-
organisms in the rhizosphere decreased after foliar
treatment with Se (by 11.1 %) and V (by 18.8 %).
The total oligotrophic microorganisms count
remained at the control level after foliar treatment
with Ge nanochelates, while after I-Se treatment
it increased significantly — 16.8 times. It should
be noted that since oligotrophic microorganisms
are able to grow only on depleted substrate, their
significant development may be an evidence
of important soil microorganisms inhibition, in
this regard, its action cannot be considered fully
favorable for protecting plants from pathogens.

However, infection with phytoplasma, as well as
bacterial pathogens showed significant inhibitory
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effect on the root system growth, also causing a
reduction in the number of nodules on the roots.

Foliar treatment of infected plants with nano-
chelates reduced the negative effect of infection
by these parameters. Thus, the length of the roots
at foliar treatment of pathogen-infected plants
increased in the next order: Se>V>I-Se (in the case
of phytoplasmosis) and Ge>I-Se>Se (in the case of
bacteriosis). Foliar treatment with V nanochelates
of plants infected with phytoplasma contributed to
the growth of shoots. In bacterial infection, foliar
treatment of plants with V and Ge nanochelates
contributed to the enhancement of shoot growth.
The root nodule count of Galega orientalis
increased in the following order: Se>V>Ge>I-Se
(in phytoplasma-infected plants); Se>I-Se>Ge>V
(in bacteria-infected plants) compared to infected
plants without treatment.

Conclusions. The number of actinomycetes,
micromycetes and oligotrophic microorganisms
in the rhizosphere of Galega orientalis plants
infected with A. laidlawii and P. syringae
increased compared to control plants; this process
was associated with changes in the chemical
composition of root secretions, probably due to
reducing of carbohydrates and the presence of
stress signal molecules. Plants infection with these
pathogens had different effect on the total amount
of aerobic nitrogen-fixing bacteria, the number of
which increased in the rhizosphere after infection
with P. syringae and decreased after infection with
A. laidlawii, which may be due to the different
chemical composition of the root secretions.
Foliar treatment with Se, Ge and V nanochelates
had the most favorable influence on the soil
microbiota, causing an increase in the total amount
of microbial groups, including species capable of
disease development inhibiting and participating
in the nutrient cycle (aerobic nitrogen-fixing
bacteria, actinomycetes, micromycetes). The foliar
treatment of plants with I-Se nanochelates can
be considered as conditionally favorable due to a
significant increase in the number of oligotrophic
microorganisms, which indicates the depletion of
readily available nutrients in the soil. However, the
improvement of root system growth at I-Se foliar
treatment of plants affected by both phytoplasma
and bacterial pathogen may be a sign of stimulation
of the absorptive capacity of roots, which requires
further research.
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MIKPOBHHUM CTATYC PU3OC®EPHU
GALEGA ORIENTALIS 3A
YPAKEHHSA ®ITOITATOT'EHAMUA
TA OBPOBKHN HAHOXEJIATAMHU

Ib. I'ynaeea’, LII. Toxosenko ',
J.A. ITaciunux’, B.I1. Ilamuka’,
C.M. I'op6amiox?

Tnemumym mikpo6ionocii i éipyconoeii
im. J[.K. 3abonomnoco HAH Ykpainu,
8y1. Axademika 3abonomuozo, 154,
Kuis, 03143, Ykpaina
’BinHuybKuil HAYlOHATbHUL MEOUYHUTL
yuigepcumem imeni M. 1. [lupoeosa,
eyn. Ilupozosa, 56, Binnuys, 21018, Vkpaina

Peswome

Binomo, mo CHiBBiAHOIICHHS OCHOBHHUX TIpYyI
MIKpOOpraHi3MiB, 3 SKHX CKJIaJa€ThCI MiKpoOio-
[IEHO3 BU3HA4Ya€ OIOJIOTIYHY POJIOYICTh IPYHTY. Y
3B’s13Ky 3 IMM BapTO BPAXOBYBATH BIUIUB 0i10JIOTIYHO
AKTHBHUX PEUOBHH, B TOMY YHCJIi HAHOYACTOK Ta IX
MOXITHUX, 32 1X 3aCTOCYBaHHS Y POCIMHHHUITBI Ha
CKJIaJ IPYHTOBOT MiKp0oOioTH, ii 610pi3HOMAHITHICTS.
Merta. Metoto poOoTu Oyio JOCIHIKSHHS BILTUBY
iHOKYIsIi1 pociinH Galega orientalis diTonaroreH-
HUMH MIKpPOOpraHi3MaMH Ta M03aKOPEHEBOT 00po0-
KH POCIMH HAaHOXEIaTaMU Ha YUCENBbHICTh OCHO-
BHHUX TPYIN MIKpOOpraHi3miB y puzocepi IpyHTY.
Meronu. Acholeplasma laidlawii var. granulum 118
YKM BM-34 kynsTuBYBany Ha piAKOMY MOKHBHO-
My cepenosuini CM IMB-72 (pH 7,8) y tepmocTari
3a temmeparypu 32 °C pruponomx 72 ron. bakrepii
Pseudomonas syringae pv. atrofaciens J113 xynstu-
BYBaJll Ha KapTOILITHOMY arapi 3a Temreparypu 26—
28 °C B TepMmocTari. [l mMTyYHOTO 3apa)KeHHs 3a-
CTOCOBYBaJiM OaKTepiallbHy CYCIHEH3il0 MIiJIbHiC-
tI0 1x10° KYO/Mmi. Inokymsmito pocnua Galega
orientalis GITOMATOrEHHUMH IITAMAMH MIKPOOPTaHi3-
MiB 3/IIIICHIOBAJIH 32 JIOTIOMOTOO0 Cy0’ eIiIepMalibHOT
10’ ekuii. YncenbHICTh OCHOBHUX I'PYI MIKPOOPTaHi3-
MiB IPyHTY BU3HAYaJIaJIH METOAOM MiKpOOiOIOTidHO-
ro TOCIBY I'PYHTOBOI CyCIieH3ii Ha TBEepAl MOKHUBHI
CEepEe/IOBHUIIIA 1 BUPAKAIH Y KOJIOHIH-YTBOPIOBAJIBHUX
oquHUIIX (KYO). s ctatucTHIHOT 00pOOKH TaHUX
31ACHIOBAJIM PO3PAXYHKU CEPEIHBOr0 apupMeTHy-
HOTo Ta Horo craHaapTHoi nmoxubku. Pe3yabrarTm.
BcranoBieHo, mo 3a iH(QiKyBaHHS (iTOTIA3MOIO
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301IpIIyBajach 3arajbHa YHCeNIbHICTh MIKpOOOpra-
Hi3MiB, aKTHHOMILIETIB 1 OJIIrOTPO(HUX MiKpOOpraHis-
MiB Ta 3HMKYBaBCs BMicT MikpomineTis. Ha Binminy
Bif iH(iKyBaHHS (DITOMIA3MOIO 33 IHOKYIIAIMIT pOCIIHH
P. syringae pv. atrofaciens J]13 crioctepiranu 3poc-
TaHHs aepoOHMX a3oTdikcaropiB. OOGpoOKa pociIHH
Galega orientalis po34MHaMy HaHOXEJIATiB BIUIMBAJa
Ha CKJaJ{ MIKpoOioTH y pi3Hii Mipi. 3arajgpHa Kilb-
KicTh aepoOHUX a30T(¢iKcaTopiB 3pocTaja y Mocii-
nosHocTi: V>Ge>Se, a yacTka aKTHHOMIIIETIB 301J1b-
IyBajiach Ha BapiaHTaX 0OpOOKH Yy TOCIiOBHOCTI:
Se>V>Ge. 30iablICHHS] MIKPOMIIIETIB BiaMidain
y BUnajaky oopooku Ge i Se. Bapro BiAMITUTH, LI0
HaNOIIbII 3HAYHE MiBUILEHHS OJIroTpO(HUX MIKpPO-
OpraHi3MiB crocTepiraau y Bapianti o6pooku I-Se.
BucnoBku. lndixysanus pocnun Galega orientalis
A. laidlawiii P. syringae CipHauHIOBAIIO 301TBIIICHHS
B pu3ocdepi pOCIUH aKTHHOMIIIETIB, MIKPOMILIETIB 1
OJIrOTPO(HUX MIKPOOPraHi3MiB, IO OOYMOBICHO
3MIHOIO XIMIYHOTO CKJIa/ly KOPEHEBUX BHUJILICHD, HMO-
BIpPHO 13 BMICTOM CTPECOBUX CHUTHAIBHUX MOJICKY i
3HIKEHHM BMICTOM ByIJieBoiB. Pociuam, iH(pikoBa-
Hi IIMMU 30yTHUKaMH PI3HWINCH 32 BIUIMBOM Ha YH-
CEJIBHICTh aepOOHMX a30T(IKCATOPIB, KIIBKICTh SKHX
3pocrana B puzocdepi 3a iHdikyBanus P. syringae i
3MEHITyBaJach 3a iHGiKyBaHHS A. laidlawii, 1110 MOXe
OyTH TOB’s13aHE 3 PI3HUM XIMIYHUM CKJIAZOM KOpe-
HeBuX BHAineHb. OOpoOka HaHoxematamu Se, Ge i
V BUSBHIIACH HAHOUIBII CIIPUSATINBOIO 32 BILTHBOM
Ha IPYHTOBY MIKpOOIOTY, CIIPUYHHIOKOYH 3POCTAHHS
YUCEJIBHOCTI TPYIN MIKPOOPraHi3MiB, cepell AKUX €
BUJM, 37]aTHI IPUTHIYyBaTU PO3BUTOK XBOPOO 1 Opa-
TH y4aCTh Y KPYTOBOPOTi HOKUBHUX PEUOBHH (aepo0-
HUX a30T(iKCaTopiB, aKTHHOMINETIB, MiKPOMIIICTIB).
O06pobOky x pociuH [-Se MOXKHAa Ha3BaTH YMOBHO
CHPHATIHBOIO 32 PaXyHOK CYTTEBOTO ITiBUIICHHS
ONIroTpo(HUX MIKpOOprasmiB, L0 CBIIYUTH MPO
301 JTHEHHS IPYHTY Ha JIETKOJOCTYITHI TOKUBHI peyo-
BUHH. [IpoTe mominmeHHs pocTy KOPEHEBOI CHCTEMH
pu 06podri I-Se pocnuH, ypakeHHX AK ¢iTormas-
MOIO, TaK 1 OakTepiallbHUM 30yJTHHKOM MOXe OyTH
03HAKOIO0 CTUMYJISIII TOTITMHAIBHOL 3IaTHOCTI KOpe-
HIB, 1110 TOTpeOy€ AONATKOBUX JOCHTIIKEHb.

Kurwuosi cnosa: Galega orientalis, A. laidlawii
var. granulum, P. syringae pv. atrofaciens, xenaru
HAHOYACTOK, IPYHTOBA MiKpoOioTa.
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