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A significant role in the pathogenesis of diseases of woody plants belongs to phytopathogenic bacteria
and fungi. It has been scientifically confirmed that the organs and tissues of woody plants have a certain
myco- and microbiota, the components of which are systematically interconnected both with each other
and with the plant. The species composition and quantitative ratio are constantly changing both in the
process of ontogenesis of the tree and with changes in its physiology. The aim of the work was to study
the species composition and the formation of diversity and systemic interactions of microbiota associated
with bacterial dropsy in the pathology of Betula pendula Roth. Methods. Classical microbiological,
phytopathological, biochemical, statistical methods were used in the work. Combined diagnostic methods
were also used, in particular careful microscopic examination of the affected parts of plants, isolation and
identification of the pathogen. Results. Bacterial origin of wet wood in the trunk of birches was detected.
Samples of wood and exudate were taken for laboratory studies from plants that had pronounced signs
of pathology (cracks, swellings). It has been experimentally proved that the causative agent of bacterial
dropsy of silver birch is the phytopathogenic polybiotrophic bacterium Lelliottia nimipressuralis, which
causes dropsy of coniferous and deciduous woody plants and experimentally found pathogenic properties
to B. pendula. Xanthomonas campestris, Pantoea agglomerans and Bacillus subtilis are associated with
bacterial dropsy pathology of B. pendula. The pathogenic properties of P. agglomerans and X. campestris
on B. pendula are variable, which indicates the possibility of the expansion of the circle of plants sensitive
for these species of bacteria. It was established that L. nimipressuralis both during spring and autumn
inoculation showed high pathogenicity to B. pendula. In only one case, on isolated on the border of healthy
and affected wood from young B. pendula (bast part) the results of artificial injury were less pronounced.
Other bacteria isolated from bacterial dropsy, in particular X. campestris, were non-pathogenic for
B. pendula. At the same time, we noted traces of artificial infection with X. campestris in the samples
isolated on the border of healthy and affected wood from middle-age B. pendula (cambial part). This may
indicate an expansion of the circle of sensitive plants or the increased sensitivity of certain forms of birch
for the mentioned bacteria, which is quite likely, since the bacteria have a significant forms variety. In
10 places of inoculation no pathology caused by B. subtilis was found. Bacteria of the Bacillus genus were
non-pathogenic for B. pendula in all experiment. Our studies have shown that they can be a regulatory
factor in the development of bacterial dropsy. Conclusions. A certain variability of isolated strains in
the assimilation of some carbohydrates and alcohols can be explained by the specific conditions of the
existence of bacteria, including the influence of environmental factors on their biochemical properties. It
is known that the ecological niche affects even the antigenic composition of bacteria; therefore, such an
effect should also be expected on other properties. Our studies confirmed that causative agent of bacterial
dropsy is L. nimipressuralis and clarified the information about this bacteria cells size.
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Each microorganism is a complex system
of biochemical reactions, which changes its
orientation depending on the living conditions [1].
The mechanisms by which the bacteria properties
evolution is carried out are diverse and not fully
understood, especially the process of transition of
saprotrophic bacterial species to parasitism, their
ability not only to initiate the development of the
infectious process, but also to support it for a long
time period [2, 3]. The presence of phytopathogenic
bacteria in minimal quantities in healthy organs of
plants as an integral component of microbiota was
experimentally proved [4, 5]. Such bacteria are
not only selected by the plant and accompany it at
different stages of ontogenesis, but also perform a
number of useful functions for it. However, under
certain conditions, these components can cause a
pathological process (disease) of a woody plant,
which loses its healing properties. In particular,
the buds and leaves of hanging birch are used in
folk and scientific medicine, they have diuretic,
choleretic, diaphoretic, purifying, bactericidal, anti-
inflammatory and wound-healing effect. Birch buds
are used in the manufacture of creams and other
cosmetics. Essential oil from birch buds is used in
alcoholic beverage production. In addition, birch
sap — a pleasant refreshing drink, contains 0.5—
2 % of sugars, organic acids, salts of potassium,
calcium, iron, trace elements and has a beneficial
effect on metabolism. The juice is also used to
prepare “Birch” lotion and so on. Currently, these
issues are relevant for both science and medical
practice, forestry practice, in particular in terms of
measures to protect plants from phytopathogenic
bacteria. The above are led to the choice of our
research.

Due to the specificity of biology and patho-
genesis, phytopathogenic bacteria differ sig-
nificantly in the nature of their effects from
plant damage caused by fungi and harmful
entomofauna. The key factors in the harmfulness
of phytopathogenic bacteria are the aggressiveness
of the pathogen, the similarity of the pathogen
and the host plant, which are determined by many
morphological, physiological-biochemical and
molecular genetic properties of bacteria, their hosts
(woody plants) and various environmental factors.
Usually they are evolutionarily determined and are
controlled by the time factor [6, 7].

The aim of the work was to study the species
composition and the formation of diversity and
systemic interactions of microbiota associated with
bacterial dropsy in the pathology of Betula pendu-
la Roth.

Materials and methods. Samples of birch affec-
ted by dropsy were collected in the investigated
territories of “Emilchinske”, “Korostenske”,
“Ovruchske”, “Malinske”, “Novograd-Volynske”,
“Olevske” State forestry enterprises.

Affected samples were taken from plants with
different intensity of symptoms, different age
groups (young, middle-age, pre-mature and mature
plants) and from different parts of the trunk in cross
and longitudinal sections — from bark, affected bast,
on the border of healthy and affected wood and
visually healthy tissue (Fig.1, Table 1).

The method of microscopic analysis was used
to define the cause of the disease. All microscopic
studies were performed on fresh plant material. If
the bacterial nature of the disease was suspected,

F i g. 1. Bacterial dropsy of B. pendula: the formation of a pathological nucleus with subsequent
healing of the lesion site (in the left) and a fragment of the dropsy distribution along the trunk
(in the middle and right)
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the diagnostic methods were used to establish the
etiology of the disease: an accurate analysis of
symptoms; a thorough microscopic examination
of affected parts of the plants; isolation and
identification of the pathogen [8—10].

To identify phytopathogenic bacteria, cultural
properties were studied on a solid nutrient medium
— potato agar (PA), on the Omelyansky medium
with bromothymol blue aqueous indicator and the
addition of 0.5 % carbohydrates [11].

Table 1
Symbol designation of strains and characteristics of samples (lesions) from selected
localizations
Strain Localization

1-1

Cb Border of healthy and affected wood from middle-age B. pendula (cambial part)

1-2

Cb Border of healthy and affected wood from pre-mature B. pendula (cambial part)

2-1

Bs Affected wood from mature B. pendula (bast part)

2-2

Bs Border of healthy and affected wood from middle-age B. pendula (bast part)

2-3

Bs Healthy wood from young B. pendula (bast part)

2-4

Bs Border of healthy and affected wood from young B. pendula (bast part)

2-5

Bs Border of healthy and affected wood from pre-mature B. pendula (bast part)

2-6

Bs Affected wood from mature B. pendula (bast part)

3-1

Br Affected wood from middle-age B. pendula (bark)

3-2

Br Border of healthy and affected wood from young B. pendula (bark)

3-3

Br Healthy wood from mature B. pendula (bark)

Sp,,

Border of healthy and affected wood from pre-matured B. pendula (sapwood part)

Sp,.,

Affected wood from middle-age B. pendula (sapwood part)

To check the pathogenic properties of bacteria,
the method of artificial damage to plants (trunks
and cut shoots) was used. For artificial damage,
individual parts of the plant were used (including
those isolated from the plant itself, namely leaves
and young shoots) and whole separate plants [12,
13].

During the artificial infection, the trunks
of 5 model birch trees aged 35-40 years were
mechanically damaged. 2-3 wounds were made
on each plant trunk. The place of injury was
treated with alcohol using cotton swab, after that
a suspension of a daily culture of microorganisms
(8.6-9.9 x 10°FUmD was injected into the trunks in
the amount of 5 ml per test plant.

Infection was also done by introducing a pure
culture of bacterial mass (14.1-21.2 x 10° CFU/ml)
under the bark in places of artificial damage in the
fall (October) at a temperature of + 8° C, humidity
57 %, light wind — 2 m/s, at 6 p.m., taking into
account the circadian rhythms of plant resistance
[14—17] to bacterial pathogens. The bacterial mass
was introduced using bacterial loop preliminary
sterilized over the flame of spirit lamp (dry alcohol)
into the mechanical damage of the trunk section
(incision).
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Bacteria were identified by comparing their
properties with the characteristics of collection
strains, and according to the Bergey’s Manual of
Systematic Bacteriology, according to domestic
and foreign researchers [8, 14, 15]. Data were
statistically processed using Statistica 8.0.

Results. 187 samples were collected from the
studied plants (from B. pendula trees affected by
dropsy), from which 42 isolates were obtained and
19 pathogenic were selected for further studies
(Table 2).

When isolating bacteria from the initial stages
of bacterial pathologies, growth of the same type
of colonies was observed on Petri dishes. This not
only facilitated further work on the establishment of
the pathogen, but also to a certain extent indicated
the presence of L. nimipressuralis in the pathology
of bacterial dropsy, that we established in further
studies (Fig. 2).

On the potato agar (PA), different morphotypes
of colonies grew — shiny grayish-white, opaque
white-cream and colonies with a yellow tint
(Fig. 3). Pathogenic bacteria studied and isolated
in the experiments of pure cultures were identified
as the representatives of Lelliottia, Bacillus and
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Xanthomonas genera. Spore-forming bacteria
B. subtilis were identified as belonging to the genus
Bacillus. On the PA they formed creamy-white oily
colonies with uneven edges, which did not shine
through.

Shiny grayish-white cream-colored colonies,
which were assigned to the genus Lelliottia, were
examined in details (Table 3).

A significant variation in the number of
morphotypes of bacteria isolated from various
lesions and at different phases of the infection
process has been established. Thus, when bacteria

Table 2

were isolated from the cortex of freshly affected
peel, brilliant grayish-white colonies (classified
as L. nimipressuralis) were predominant (63 %),
the number of opaque creamy-white colonies
(B. subtilis) was three times less. 16 % of colonies
had other morphotypes (Table 4).

When isolating bacteria from a long-term
lesion of the bast, opaque creamy-white colonies
of B. subtilis (56 %) and slightly less grayish-
white colonies of L. nimipressuralis (35 %) were
obtained. Yellow pigmented bacteria were not
detected, while the ammount of colonies with

The number of pathogenic bacteria studied and isolated in pure cultures
in the experiments

Infection The number of | The number of samples from which | The number of selected pure cultures
localization |studied samples| pathogenic bacteria were isolated of pathogenic bacteria

Bast 11 1 1

Bark , | 7 1 1

Bark , , 4 3 2

Bast , , 13 6 3

Cambium 1 0

Bast 6 4

Sapwood , | 1 0

Fi g. 3. Colonies of microorganisms isolated from wood sawdust (a type of fouling method)
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other morphotypes was 9%. Brilliant grayish-white
colonies of L. nimipressuralis dominated in the
freshly affected sample from the cambial part of
birch (62 %), and there were half as many opaque
creamy-white colonies of B. subtilis. Yellow
pigmented bacteria were absent, while there were
6 % of other morphotypes.

Table 3

Brilliant grayish-white colonies of L. nimip-
ressuralis predominated (59 %) among bacterial
isolates from freshly affected sapwood, while
opaque creamy-white colonies of B. subtilis and
yellow pigmented (5 %) bacteria X. campestris
were present in a smaller amount (9 %).

Morphological and cultural properties of microorganisms isolated from affected woody
organs of B. pendula

Indicators of bacterial colonies (two-day)
Shape Round Round Round
Profile Flat Convex Convex
Size (diameter) 4..3—5.8 mm 1.4-3.6 mm 0.8-2.1 mm
(medium and large) (small and medium) (small)
gn Color (pigment) Yellow Grayish-white Creamy-white with a metallic tint
“ | Transparency Translucent, shiny Translucent, shiny Opaque, matte
Center Raised, compacted Raised Raised
Edges Whole, flat Whole, slightly wavy Whole, slightly wavy
Viscosity — Viscous —
Consistence Dense Mucous Dense
Table 4

The ratio of bacterial colonies morphotypes isolated from lignified organs of B. pendula
at different stages of the pathological process

. o The ratio of bacterial colonies (after 2 days) (%)

Infection localization . . - -
Grayish-white Yellow pigmented Opaque creamy-white Others

Bark | 63 0 21 16
Bark 52 0 34 14
Bark , , 59 11 27 3
Bast | 28 0 11 61
Bast 0 68 8 24
Bast , | 40 12 39 9
Bast 67 0 29 4
Bast , , 35 0 56 9
Bast 59 5 9 1
Cambium |, 62 0 32 6
Cambium 8 0 7 85
Cambium _ 64 0 32 4
Sapwood , | 0 0 38 62
Sapwood , , 0 0 19 81

To determine the concentration (quantity) of
microorganisms in a unit of volume, we plated the
material on a solid nutrient medium (Koch’s meth-
od) with the calculation of the grown colonies — 1
colony is usually formed by 1 cell (Table 5). As a
result of the studies, the average values of CFU/ml
that were isolated from the lignified affected organs
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of B. pendula ranged from 2 to 164 CFU/ml.

The largest number of colonies (164 and 127
CFU/ml, respectively) was formed by bacteria,
which were further identified as L. nimipressuralis.
Yellow pigment bacteria, classified as X. cam-
pestris, were isolated from only two studied
samples — from the bark and bast part (23 and 16
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CFU/ml, respectively). The permanent components
in the pathology of bacterial dropsy were bacteria,
which we classified as B. subtilis.

Various systematic and functional groups of
microorganisms, from pathogenic to saprotrophic,
participate in the pathological processes of forest
woody plants dieback. The only reliable way that
allows us to separate pathogens from saprotrophs
is the determination of pathogenicity, that is,
the ability of microorganism to infect living
cells. Establishing the true causative agent of
the disease is significantly complicated by the
wide systemic interaction of microorganisms
with all living components of the biogeocenosis
against the background of constant changes in

Table 5

environmental conditions, ecological plasticity
and variability of the phytopathogenic bacteria
[18, 19]. Only true pathogens (with varying
degrees of pathogenicity and virulence) are able to
infect plants. Other components of the infectious
process also participate in further pathology, which
settle already on the prepared tissues and actively
colonize the plant, completing its dieback [14].
Pathogens are present in minor amounts in every
living organism, including woody plant. Usually
in a healthy body they are depressed and certain
changes in the plant are necessary to activate them.
The experimental confirmation of this opinion [12,
14, 18] clearly indicates that not always pathogenic
infection penetrates the plant from the outside.

The number of CFU of bacteria isolated from the affected organs of B. pendula

Isolated strains of Strains, the number of CFU/ml

bacteria L. nimipressuralis X. campestris B. subtilis Others
Bast , | 164 0 54 -
Bark | | 68 0 27 15
Bark , , 19 23 18 39
Bast , 41 16 21 24
Cambium 127 0 31 -
Bast 102 0 46 —
Sapwood | | 62 0 41 2
Bast , | 77 0 26 11

Inoculation experiments were aimed at the
artificial damage of B. pendula tree trunks in the
«field» conditions (in vivo) and infection of young
shoots and birch leaves in the laboratory (in vitro). It
is known that the isolation of bacteria from lesions
does not yet indicate that they are the causative
agents of bacteriosis.

Assuming that not all bacteria that were used
in the experiments can cause bacterial diseases
of silver birch, we conditionally divided them
into 2 groups of isolated strains — pathogenic and
nonpathogenic for living birch tissues.

In winter, inoculated plants remained unchanged
in appearance. The first symptoms of the infectious
process were observed 4 months after the artificial
infection of birches and were characterized by very
slow pathological processes. As a result, 6 months
after inoculation, the dynamics of the infectious
process and the final symptoms were similar to
those from which pathogenic microorganisms
were isolated. The control was test plants that
had clear signs of pathology on the surface of
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the bark and under it. As a result of pathogenic
effect of the causative agent of bacterial dropsy
L. nimipressuralis, we noted in spring (April-May)
the initial signs of the development of bacteriosis
on perfectly healthy B. pendula in the forest stands:
soft and slightly noticeable swelling on the trunks,
the bark in such places was light brown in color,
smaller leaf plates and a noticeable liquefaction of
the crown.

We found certain differences in the intensity of
the development of artificial bacterial pathology
(lesion score, infectious class) [19] may be
associated with individual resistance, and possibly
with the varieties of the studied plants (Table 6).
So, from 5 models the most intensive pathology
development was found in 2 birches. We isolated
bacteria in spring from experimental lesions
during the period of intensive sap movement
from inoculated test plants. Re-isolation of
bacteria was a confirmation of the detected patho-
gen, which was identical in biological proper-
ties.
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The yellow pigmented isolates that we isolated
according to the pathology of bacterial dropsy and
identified as the representatives of Xanthomonas
genus did not practically had pathogenicity to B.
pendula in the experiment.

Further studies of Xanthomonas genus bacteria
(Br,, and Bs,, strains) isolated from the bark
and bast of the affected trees showed unexpected
sensitivity of birch Pantoea agglomerans Gav.
to this pathogen, at the same time on other
model trees there were only traces of lesions. In
the literature [16, 21], this bacterium is noted in
many bacterioses of forest woody plants as a
concomitant microbiota. Gram-negative bacteria
P agglomerans (synonyms of Enterobacter
herbicola, Enterobacter agglomerans) is a
constant component of rhizospheric, epiphytic
and endophytic microbiota of plants and affects
crops under certain conditions [30]. Most of the
P agglomerans strains quickly lose their ability
to infect any plants after preserving on artificial
media. Bacteria penetrate the plant through various
injuries, primarily in places of damage by insects.
Tissues in these places are soften and capable
of maceration as a result of hydrolysis of the
intercellular lamella by the protopectinase enzyme
produced by bacteria.

We found that L. nimipressuralis both after
spring and autumn inoculation showed high
pathogenicity to B. pendula. In only one case,
on sample, isolated on the border of healthy and
affected wood from young B. pendula (bast part),
the results of artificial injury were less pronounced.
Other bacteria isolated from bacterial dropsy, in
particular X. campestris, were nonpathogenic for
B. pendula [22, 23].

It is known that phytopathogenic bacteria in
minimal quantities are components of the normal
microbiota of plants, including woody ones,
without showing noticeable pathology signs of the
latter. Such an assumption is based both on our own
studies and observations, as well as on the reports
of other researchers [20, 22, 23]. It is emphasized
in the studies of other authors [24], that pathogenic
epiphytic and endophytic microorganisms with
normal growth and development of trees do not
cause visible signs of infection in their organs,
because they are in such plants in a depressed state.
In addition, in the tissues of healthy organs their
amount is much (in several orders of magnitude)
less than saprotrophs, and always less than the
threshold concentration required to initiate the
infectious process. So, according to the authors
[12], this is not due to the lack of nutrients, but due
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to the other factors that regulate the reproduction
of bacteria. However, for bacteria, especially
phytopathogenic, their number is not so much
important as their presence.

Under conditions favorable for phytopathogenic
microorganisms in the system «woody plant-
microbiota-environment» they can very quickly fill
an ecological niche to a threshold concentration,
thereby even causing epiphytoties [9], to a
certain extent we can observe this in the modern
phytosanitary state of B.pendula.

Our laboratory studies confirmed that the
causative agent of bacterial dropsy is L. nimi-
pressuralis and specified cell size data. They are
small straight sticks that are located singly or in
pairs, less often in chains or groups, rounded at the
ends (somewhat elliptical in shape), polymorphic,
ranging in size from 0.45 to 1.75 pm, and well
stained. Bacteria are motile, do not form spores,
gram-negative, have long peritrichous flagella.
L. nimipressuralis — facultative anaerobes, grow
well on PA, MPA, MPB.

They grow better on PA, where after 40-48
hours of growth they form round colonies up to
4 mm in diameter, the edge of which is elevated,
hilly or slightly wavy, stands out more sharply from
the middle. Colonies do not form water-soluble
pigments, assimilate carbohydrates (with the
formation of acid and gas), glucose (aerobic and
anaerobic), maltose, rhamnose, sucrose, lactose;
grow on sorbitol, but not on mannitol (Table 7).

Given the unequal absorption rate of certain
alcohols and carbohydrates, the strains were
first isolated and were divided into 2 groups. In
addition to the general properties, strains from the
first group isolated from B. pendula on the 5™ day
slowly absorbed lactose with acid and gas forming.
The strains of this group do not metabolize inositol
and glycerol; they do not grow on a medium with
rhamnose.

Hydrogen sulfide is not produced, but litmus
serum is acidified. The strains of the second group
on glycerol form only acid, produce hydrogen
sulfide, inositol is not absorbed, alkalize litmus
serum with subsequent recovery. Characterizing
the biochemical properties of bacteria of this
species for Carter, Dye, R. I. Gvozdyak [14, 25], it
should be noted that they grow well on the media of
Ushinsky, Eykman, Liske, Fermi, with asparagine
(they form a strongly pronounced or moderate
turbidity, pellicle and sediment). In addition to
the general properties, the strains of B. subtilis,
P. agglomerans, and X. campestris isolated by
us from B. pendula coagulated milk, assimilated
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arabinose, glucose, maltose, lactose, and mannitol
by forming acid, produced catalase. B. subtilis
strains do not absorb inositol and glycerin; do not
grow on medium with rhamnose. Hydrogen sulfide
is not produced, but the litmus serum is acidified.
P. agglomerans associated with bacterial dropsy
showed variability during artificial infection of
birch; this pathogen was similar to those described

in the literature according to the morphological and
physiological-biochemical characteristics [18, 26].

Strains of P. agglomerans on glycerin showed
variable properties, they produced hydrogen sulfide,
did not assimilate inositol, and did not alkalize lit-
mus serum. P. agglomerans cells were 0.5%3 pm in
size, motile with peritrichous flagella. The optimum
temperature for growth was +28° C. Whitish-gray

Table 6
The results of artificial bacteria inoculation of birch trunks
No. of test Localization of The symbol of Identified species of The results of
plants isolated bacteria the strain bacterium inoculation
Artificial infection — October 12, 2018, record — April 15, 2019
Bark Br X. campestris —
Bark Br L. nimipressuralis +
1.1 Cambium Cb | B. subtilis —
Bast Bs || L. nimipressuralis +
Sapwood Sp |, X. campestris +;—
Bark Br | L. nimipressuralis
Bast Bs | B. subtilis -
1.2 Cambium Cb | L. nimipressuralis +
Sapwood Sp ., X. campestris —
Sapwood Sp ., B. subtilis —
Bark Br P agglomerans +;—
13 Cambium Cb B. subtilis -
' Cambium Cb ., L. nimipressuralis +
Sapwood Sp . L. nimipressuralis +
Bark Br , B. subtilis -
1.4 Cambium Cb | L. nimipressuralis +; -
Sapwood Sp ., X. campestris —
Bark Br L. nimipressuralis +—
1.5 Cambium Cb . L. nimipressuralis +—
Sapwood Sp .. L. nimipressuralis +
Artificial infection — May 05, 2019, record — September 19, 2019
Bark Br | X. campestris —
Bark Br | L. nimipressuralis +—
1.1 Cambium Cb | B. subtilis —
Bast Bs . L. nimipressuralis —
Sapwood Sp ., X. campestris —
Bark Br | L. nimipressuralis +—
Bast Bs | B. subtilis —
1.2 Cambium Cb L. nimipressuralis +;—
Sapwood Sp ., X. campestris —
Sapwood Sp ., B. subtilis —
Bark Br P._agglomerans +—
13 Cambium Cb B. subtilis —
' Bast Bs | L. nimipressuralis +
Sapwood Sp, L. nimipressuralis +
Bark Br B. subtilis —
1.4 Cambium Cb | L. nimipressuralis —
Sapwood Sp ., X. campestris —
15 Bark Brv | L. nimipressuralis +—
' Bast Bs | X. campestris —
30 ISSN 1028-0987. Mixpobion. osicypn., 2020, T. 82, Ne 6



colonies were formed on the 4™ day. Strains of hydrogen sulfide. They showed variable ability to
X. campestris absorbed inositol, did not produce produce pectinase, formed catalase (Table 8).

Table 7
Physiological and biochemical properties of bacterial strains isolated from bacterial
dropsy of B. pendula

ochemical Bacterial strains
Biochemical tests Br3-1 Br3_2 Cb1-2 CbS-l BSZ-I Bs2_4 BSZ—6 Sp4-1 Sp4_2

Acetoin formation + + - + — + + + +
Protopectinase — — — — — — — — —
Catalase + + — + + + + + +
Urease + + + + + + + + +
Oxidase — — — — — — — — —
Cellulase + + + + + + + + +
Amylase - - - - - — - - -
Indole — — — — — — — — —
Ammonia — - + - + — - — -
Fermentation of sugar:

glucose ag ag a ag g a ag ag ag
saccharose a a a a a a a a
lactose ag ag g ag g ag ag ag ag
rhamnose a a a a a a a a a
sorbitol ag ag ag ag ag ag ag ag ag
mannitol — - - - - — - — -

Legend: (+) — the presence of properties; (—) — lack of properties; (+,—) — variable properties; *(a) — acid formation;
(ak) —alkali formation; (g) — gas formation.

Table 8
Physiological and biochemical properties of bacteria associated with bacterial dropsy of
birch
Test B. subtilis P agglomerans X. campestris
Gram staining + — -
Spores formation + — —
Milk coagulation + + +
Peptonization + - +
Litmus serum + —
Formation:
indole, ammonia - -
hydrogen sulfide — + —
Assimilation of carbohydrates and alcohols:
arabinose, glucose, maltose, lactose, mannitol a a
mannose, raffinose, fructose — a
salicin — +,— —
glycerin — +,—
rhamnose — a
dulcite, inositol - — +
xylose, sorbitol — —
Formation:
amylase + —
pectinase — — +;—
oxidase — + -
catalase + + +
proteinase — + +

Legend: (+) — the presence of properties; (—) — lack of properties; (+,—) — variable properties; *(a) — acid formation;
(ak) — alkali formation; (g) — gas formation; (r) — reduction; (*) — individual strains have other properties.
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They synthesize proteinases. Cells 0.8%2.6 pm
in size, straight rods, monotrich. The optimum
temperature for growth is +27°C. Large yellow
mucous colonies formed on the PA.

Discussion. Research was directed on
the study of induction of microorganisms of
different dominant functional orientation and the
formation of conditions for their activity in the
rhizosphere of plants. The ability of bacteria to
level phytopathogens can also be due to the high
rate of occupation of their ecological niche in the
rhizosphere, and the biosynthesis of antibiotics and
other antifungal metabolites [2, 4, 20, 26].

The causative agent of bacterial dropsy is an
integrated part of healthy plant organs as epiphytic
and endophytic myco- and microbiota [12, 15,
24]. Therefore, in the presence of pathogens in
the organs of healthy plants, it is inappropriate
to talk about the incubation period, because we
are talking about the so-called vital obligates, as
integral components of healthy plants’ microbiota.
According to morphotypes, brilliant grayish-white,
opaque white-cream and yellow pigment colonies
were identified from the pathological tissues of
B. pendula affected with bacterial dropsy, which
we assigned to the genera Lelliottia, Bacillus,
Xanthomonas and Pantoea. Phytopathogenic
bacterium L. nimipressuralis was pathogenic for
B. pendula in the experiments. The pathogenic
properties of P. agglomerans and X. campestris
were variable (X. campestris showed weak
pathogenic properties in only one variant).
Isolated strains of bacteria according to the main
characteristics were similar to those described in
the literature [27, 28]. Definitely, the variability of
some L. nimipressuralis isolates in the assimilation
of carbohydrates and alcohols may be related to the
specific conditions of bacteria existence. Associated
with bacterial dropsy P. agglomerans, which found
variability in the case of artificial infection of birch,
according to the morphological, physiological and
biochemical characteristics also similar to that
described in the literature [14, 23].

The development of epiphytoties in the context
of environmental science and the theoretical basis
of integrated protection against diseases requires
a detailed study of the complex interactions
between pathogens and plants, ecology studies
of the formation and functioning of biological
systems, starting from the cell level and above.
At the same time, systems of the highest level of
organization have their own specific properties.
This position in general ecology is known as the
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principle of functional integration. In the context
of the problem, the main intellectual efforts in the
current study were aimed at investigation mainly
the features of the life cycle and the development
of the pathogen — its localization in organs. The
patterns of infectious pathology — the reaction of
cells, organs and plants to the colonization of the
pathogen were also partially investigated.

Conclusions. A certain variability of isolated
strains in the assimilation of certain carbohydrates
and alcohols can be explained by the specific
conditions of the existence of bacteria, including
the influence of environmental factors on their
biochemical properties. It is known that the
ecological niche even affects the antigenic
composition of bacteria; therefore, such an effect
should also be expected on other properties.

To determine the concentration (quantity) of
microorganisms in a unit of volume, we inves-
tigated the material in a solid nutrient medium
(Koch’s method) with the calculation of the grown
colonies — 1 colony is usually formed by 1 cell.
As a result of the studies, the average values of
CFU/ml that were isolated from the lignified
affected organs of B. pendula ranged from 2 to 164
CFU/ml.

Our studies in the laboratory confirmed that
L. nimipressuralis is the causative agent of bacterial
edema and updated data on cell size. Xanthomo-
nas campestris, Pantoea agglomerans and Bacil-
lus subtilis also participate in the pathology of
bacterial dropsy of B. pendula.
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Peswowme
3HayHa poJb Y MaToreHes3i XBOpoO JepeBHUX
POCIIMH HaJeKUTh OakTepianbHUM cTpyKTypam. Ha-
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YKOBO MIATBEPIKECHO, IO OpraHaM i TKaHWHAM Jie-
PEBHUX POCIIHH IMPUTAMaHHA MEBHA MIKO- Ta MIKpO-
0ioTa, CKJIAJHUKN SKOI CHCTEMHO B3a€EMOIIOB’sI3aH1
K MiX co0010, Tak i 3 pociuHo. Ilpn oMy BH-
JIOBUM CKJIaJ 1 KUIBKICHE CITIBBIJIHOIIEHHS [TOCTINHO
3MIHIOIOTBCS SIK y TIPOIIeCi OHTOTCHE3y JepeBa, TaK
i 31 3MiHamHu Horo ¢izionorii. MeTor po6oTH € j0-
CIJIKEHHSI BUJIOBOTO CKJIaay 1 (hopMyBaHHS pi3HO-
MaHITHOCTI Ta CHCTEMHOI B3a€MOJIiil acoIifOBaHNX
3 0aKTepiaJIbHOIO BOASHKOIO MIKpOOIOTH Yy MaToNOTii
Betula pendula. Metomu. B po60Ti BUKOpHUCTAHO KJIa-
CHYHI MiKpOO010JI0T14Hi, (hiITONATOIOT1YH1, 010XIMiYHI,
CTAaTUCTHYHI METOIHU. 3a MiJ03pH Ha OakTepiaibHy
MIPUPOJLy XBOPOOH BHUKOPHCTOBYBAIM MOEIHAHI Me-
TOJIM JIIarHOCTHUKH, 32 JIONIOMOTOI0 SIKMX BCTAaHOBUIIH
€TIOJIOTII0 3aXBOPIOBAHHS: TOYHUH aHaJI13 CUMIITOMIB;
peTerbHe MIKPOCKOIIIUHE JTOCTIKEHHS YpaKeHUX
YaCTHH POCIIMH; BUAUICHHS 1 1IeHTH(DIKALIII0 30y/HH-
ka. Pesyabrarn. BeraHoBieHo, 110 MOKpa iepeBUHA
B cTOBOYpi Oepes — OaxTepialbHOIO MOXOIKEHHS.
BiniGpano 3pa3ku AepeBHHU 1 ekcyaary st jJabo-
PaTOpPHUX OCTIHKEHB i3 POCIHH, SIKi MaJIK SICKPaBO
BHUPaKEHI 03HAKW NAToJOriT (TpiluHy, 30yTTs). EKc-
MEPUMEHTAIBHO JTOBEICHO, M0 30yTHHKOM OakTepi-
03y Oepesu moBUCIIOi € ¢iTonaroreHHa OakTepis-mno-
nibiotpod Lelliottia nimipressuralis, ika CIPUYUHIOE
BOJISTHKY XBOWHHUX 1 JIMCTSIHUX JIICOBUX JIEPEBHUX POC-
JIVH 1 B eKCTIEPUMEHTI BUSIBHIJIA TTATOTCHHI BIIACTUBOC-
Ti 10 B. pendula. Y naronorii 6akTepiaabHOT BOJSH-
KH B. pendula BusBieHi acolifioBaHi 3 Heto GakTepii
Xanthomonas campestris, Pantoea agglomerans ta
Bacillus subtilis. BusBneni BapiabenbHi maToreH-
Hi BnacTuBOCTI P. agglomerans 1 X. campestris Ha
B. pendula, mo BKka3zye Ha MOXXJIMBICTh PO3IMINPEHHS
KUBHJIBHUX POCITUH JIJIS JaHUX BB OakTepiii. BeTa-
HOBJICHO, 10 L. nimipressuralis Sk Mpy BECHSHIH,
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TaK 1 IPU OCIHHIN 1HOKYIIALI{ BUSBUIIA BUCOKY MATO-
TeHHICTb 10 B. pendula. Tinbku B OMHOMY BHUNAJIKY
BH/JIIJICHI HA MEXi 3/I0pOBO1 1 ypakeHOT IEPEBHHH 3
Mononoi B. pendula (;ry0’siHa 9acTuHA) pe3ynabTa-
TH IITYYHOTO YPaXCHHS OyJIH MEHII BHPaXCHUMH.
IH1mi % 130750BaHI 3 OAKTEPiaTbHOI BOJASHKU OaKTe-
pii, 30kpema X. campestris, y nepeBakHii O11bIIOCTI
Oynu HemaTtoreHHUMU 1S B. pendula. PazoM 3 THM,
BHJILJICHI Ha MEXI1 3/I0pOBOi 1 YpakeHOi JIepeBUHU
13 cepeIHbOBIKOBOI B. pendula (kambianbpHa YacTh-
Ha), Hamu BIIMIYCHI CIIM BiJl IITYYHOTO YPaXKCHHS
X. campestris. 1]le Moxe CBITYUTH PO PO3LIMPEHHS
KOJIa XMBHJIBHUX POCIHH a00 PO JEIIO MiABUIICHY
YyTIUBICTh NEBHUX (popM Oepesu 10 3rajjaHuX BUJIB
OaxTepii, 10 LIJTKOM MMOBIpHO, OCKIIBKU OakTepii
MAaroTh 3HAUYHY BHIOBY Pi3HOMaHITHICTh. Tak, y mic-
X 1HOKyIAMIT 3 10 ypakeHb )KOJIHHUX O3HAK ITaTo-
norii Bix B. subtilis e BctaHoBneHO. baktepii poay
Bacillus BusBUIUCH HENIATOTeHHUMH s B. pendula
y BCIX BapiaHTax J0CHiay. SIK mokaszajiy Halli JOCIi-
JOKEHHSI, BOHU TIEBHOIO MipPOIO MOXYTh OyTH Peryiisi-
TOPHUM YMHHHUKOM y PO3BHTKY OaKTepiaabHOT BOMISH-
ku. BucHoBku. [leBHY BapiaOebHICTh 13071bOBAHUX
[ITaMiB y 3aCBOEHHI JIESIKUX BYIJICBOJIB Ta CIIUPTIB
MOYKHA TOSICHUTH KOHKPETHUMH YMOBAMH iICHYBaH-
Hsl OakTepill, y TOMY YHCII 1 BIUINBOM EKOJOTTYHUX
YMHHUKIB Ha 1X 010XiMi4YHI BIaCTUBOCTI. Bigomo, 110
€KOJIOT1YHA Hillla BIUIMBAE€ HABITh HA aHTUTCHHUI
cKkJIa]l OaKkTepiid, TOMY CJIIJT O4iKYBaTH TAKOTO BILTHBY
¥ Ha iHmi BiIactuBocTi. Hammmuy nociioKeHHsIMUA B
n1abopaToOpHUX YMOBAX MiATBEPKEHUH 30y THUK OaK-
TepiabHOI BOASIHKY — L. nimipressuralis Ta yTOUHeHi
JIaHi 110710 pO3MipiB HOTO KIITHH.

Kitouoni cnosa: Lelliottia nimipressuralis, ito-
naToreHHi Oakrepii, Betula pendula, 6axTepiaibHa
BOJISTHKA.
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