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THE EFFECT OF MONO- AND MIXED
PHYTOPLASMA AND BACTERIAL INFECTIONS
ON GALEGA ORIENTALIS L. PLANTS

In recent years, in regions of intensive agriculture, due to unfavorable agro-ecological conditions, mixed infections have
become a serious threat to the production of high-quality crop products, in particular, Galega orientalis L. Objective. To
investigate the effect of mono- and mixed phytoplasma and bacterial infection on Galega orientalis L. plants. Methods.
Plants of Galega orientalis L. were inoculated with phytoplasma strains: A. laidlawii var. granulum 118 — the causative
agent of pale green dwarfism of wheat; A. laidlawii 101 and A. laidlawii 178 — pathogens of tomato trunk, and Pseu-
domonas syringae pv. atrofaciens D13 — the causative agent of wheat basal bacteriosis. Different schemes of inoculation
of Galega orientalis L. plants were used in the experiments, which were applied both in mono- and mixed phytoplasma
and phytoplasma-bacterial infection. Symptoms were recorded by visual examination starting from the 14" day. Unin-
fected plants of this crop served as a control. Results. Under both mono- and mixed phytoplasma-infection, both typical
(anthocyanin coloration of stems and formation of additional shoots from the base of internodes («witch’s brooms») and
atypical (small leaves and shortened internode spacing, which are characteristic of pale green dwarfism of wheat (PGD)
symptoms of phytoplasmosis, were established on plants of Galega orientalis L. Under the conditions of phytoplasma-
bacterial infection in plants, a noticeable thickening of the stem and stunted growth were observed, i.e., the symptoms
that are characteristic of the development of phytoplasmosis, and were recorded, but their manifestation was atypical
for legumes. Thus, in the case of phytoplasma-bacterial infection, the vast majority of symptoms characteristic of phy-
toplasmosis (namely, pale green dwarfism of wheat) were recorded such as dwarfism, small leaves, shortened distances
between internodes, which are atypical for legumes. Conclusions. Typical and atypical symptoms of phytoplasmosis and
bacteriosis for Galega orientalis L. under mono- and mixed infection have been established. Mono- and especially mixed
infections with phytoplasmas and phytopathogenic bacteria significantly affect the development of Galega orientalis L.
plants. The increase in the infectious load on Galega orientalis L. plants, as well as the priority of the pathogen’s penetra-
tion into plant tissues, leads to a significant inhibition of the development of infected plants of this crop. The obtained
data can be useful for diagnostics of Galega orientalis L. crops affected by phytoplasmosis or bacteriosis.
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Today, to avoid protein deficiency and create a
sustainable fodder base, along with the cultiva-
tion of conventional legumes, Galega orientalis L.,
or Eastern galega, deserves special attention.

Galega orientalis L. is a species of flowering
plant in the legume family. It is known com-
monly as fodder galega and eastern galega. Itisa
valuable high-protein crop capable of perennial
growth, with a high content of protein, vitamins,
nutrients, and amino acids and is resistant to
changing climatic conditions (Zarczynski et al.,
2021; Darmohray et al., 2021).

This crop is extremely promising in modern
ecologically oriented agriculture. Galega orien-
talis L. plays an important role in strengthening
the livestock feed base and restoring soil fertility.

In terms of its fodder qualities, Galega orienta-
lis L. is not inferior to the well-known clover and
alfalfa, significantly exceeding them in terms of
spring regrowth rate, green mass yield, and pro-
ductive longevity. The fodder qualities of Galega
orientalis L. and the possibility of accumulation
of nitrogen (humus, phosphorus) in the soil, a
long period of productive growth in one place
(more than 10 years of cultivation in one field)
put it in a number of promising fodder crops in
the fodder production (Kuzmenko & Zhukov,
2016; Savenko, 2000; Voronetska & Yurchuk,
2023; Ignaczak et al., 2023).

However, the most important property of
Galega orientalis L. is its nitrogen supply through
symbiotic fixation from the atmosphere, and, as a
result, enrichment of the soil with biological ni-
trogen and improvement of the ecological state of
the agrocenosis. Thanks to symbiosis with nodule
bacteria, this crop is able to accumulate up to 300
kg/ha of biological nitrogen in the soil during the
growing season. Therefore, Galega orientalis L. is a
good predecessor for other crops, especially cereals
(Abramov, 1996; Zabolotna et al., 2004; Vorobey &
Kovalevskaya, 2008; Didovych et al., 2008).

However, recently, due to unfavorable agro-en-
vironmental conditions, there has been an increase
in the intensity of the spread of diseases in culti-
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vated plants. As a result, crop yields are decreasing
and the quality of the harvest is deteriorating.

However, in nature, it is usually rare for plants
to be affected by a single pathogen (mono-infec-
tion), and plants usually come into contact with
several phytopathogens at the same time. The se-
verity and nature of the disease symptoms large-
ly depend on how many pathogens the plant is
infected with. Likely, infection with several
pathogens (in the case of mixed infection) leads
to more severe disease symptoms compared to
mono-infection, and the diagnosis becomes
much more difficult (Bianco et al., 1993; Alma et
al., 1996; Bertaccini et al., 2014).

Climate change can also significantly affect the
course of the phytopathological process of Gale-
ga orientalis L. (Anderson et al., 2004; Mohamed
Mahgoub Azooz, Parvaiz Ahmad, 2016; Ignaczak
et al., 2023; Paige Van de Vuurst & Luis E. Esco-
bar, 2023).

Thus, mixed infections pose a serious threat to
the production of high-quality crop products, in
particular, Galega orientalis L., as pathogens of phy-
toplasmosis and bacteriosis can cause significant
harmful effects on Galega orientalis L. crops, aftect-
ing the ground parts of plants and causing prema-
ture leaf fall. This worsens the quality of green mass
and reduces the yield of this crop by 32—42%.

However, the range of phytopathogens of
Galega orientalis L. is not sufficiently studied in
Ukraine and the world, and there is practically
no information on the defeat of this crop by phy-
toplasmosis, there are only a few reports

(Bogoutdinov & Zudilin, 2000; Bogoutdinov,
2013; Bertaccini et al., 2014; Patyka et al., 2016).

Therefore, given the rapid spread of phyto-
plasmosis and bacteriosis to much larger areas
in recent years and the increasing aggressiveness
of the pathogens of these diseases, consideration
of issues related to mixed infection with Galega
orientalis L. is relevant and timely today.

When studying the mixed infection of Galega
orientalis L., it is important to establish the degree
of damage to this crop depending on the infectious
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load on plants, in particular, to investigate how the
degree of damage to Galega orientalis plants inoc-
ulated with different phytopathogens will change.
Knowledge of the peculiarities of the develop-
ment of Galega orientalis L. under the influence
of mono- and mixed infection with phytopatho-
genic microorganisms is necessary to under-
stand the degree of development of the patho-
logical process in plants of this crop to assess
possible yield losses. This knowledge will allow
us to establish criteria for the preliminary identi-
fication of a pathogen at the early stages of dam-
age during the examination of Galega orientalis
crops, which will prevent the spread of diseases
and help minimize yield losses from the harmful
effects of phytopathogenic microorganisms.
Visual inspection of crops is a necessary ele-
ment of phytosanitary monitoring. Thus, to pre-
vent massive disease damage, a visual inspection
of crops is carried out, which is necessary when
analyzing the condition of crops and determin-
ing the percentage of affected plants in crops.
Since, unfortunately, the analysis of the phy-
tosanitary condition of legume crops in recent
years has shown its deterioration, it is important
to conduct timely inspections of crops to iden-
tify pathogens of cultivated plants to preserve
their yield. When conducting mass inspections,
the visual method of disease diagnosis should be
widely used, as it makes it possible to understand
the nature of the disease.
Thus, monitoring of Galega orientalis L. diseases
and their diagnosis is of great practical importance.
Aim of this study was to investigate the effect
of mono- and mixed phytoplasmal and bacterial
infection on Galega orientalis L. plants.
Materials and Methods. For inoculation of
Galega orientalis L. plants with different strains
of phytoplasmas and phytopathogenic bacteria,
plants of Galega orientalis L. of the 2" year of
cultivation were used. Plants were grown in the
field at the experimental site of the D.K. Zabo-
lotny Institute of Microbiology and Virology of
the National Academy of Sciences of Ukraine.
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Plants were inoculated with phytopathogenic
microorganisms — phytoplasmas (class Mol-
licutes) and phytopathogenic bacteria of differ-
ent taxonomic groups.

All strains of mollicutes and phytopathogenic
bacteria used in the study were obtained from
the Ukrainian Collection of Microorganisms
(UCM) of the D.K. Zabolotny Institute of Micro-
biology and Virology of the National Academy
of Sciences of Ukraine.

For inoculation of Galega orientalis L. plants
with phytoplasmas, strains isolated from differ-
ent sources were used: Acholeplasma laidlawii
var. granulum 118, the causative agent of pale
green dwarfism of wheat (PGD), isolated from
wheat (UCM BM-34); Acholeplasma laidlawii 101
(UCM BM-45) and Acholeplasma laidlawii 178
(UCM BM-37) — pathogens of tomato trunk, as
well as phytopathogenic bacterium Pseudomonas
syringae pv. atrofaciens D13 — the causative agent
of basal bacteriosis, isolated from wheat.

To obtain an inoculum, phytoplasma strains
were cultivated in selective liquid culture me-
dium SM IMV-72 for 72 hours at a temperature
of 37 °C (Skripal’ & Malinovskaya, 1984). To de-
termine the concentration of the inoculum for
each phytoplasma strain, a turbidity standard
was used. The concentration of the inoculum for
each phytoplasma strain was 1.5x 10’ CFU/mL.

P. syringae pv. atrofaciens D13 was cultivated
on potato agar in a thermostat at 26—28 °C. For
artificial infection, a bacterial suspension accord-
ing to the turbidity standard was prepared. The
concentration of a bacterial suspension of P. sy-
ringae pv. atrofaciens D13 was 1x 10° CFU/mL.

Galega orientalis plants were inoculated with
phytopathogenic strains of microorganisms —
phytoplasmas and/or phytopathogenic bacterium
by subepidermal injection into the stem, at the lev-
el of the 2" internode, using the Klement method
(Klement, 1963).

During the experiments, Galega orientalis
plants were infected on the 21% day after sowing.
Symptoms were recorded by visual examination
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starting from the 14" day. Uninfected plants of
this crop served as a control.

To study the symptoms of one (monoinfec-
tion) or several (mixed infection) diseases —
phytoplasmosis and/or bacteriosis, Galega orien-
talis L. plants were infected by introducing a cul-
ture suspension of one (in the case of monoin-
fection) or several strains (in the case of mixed
infection) of phytopathogenic microorganisms.

During the studies on reproduction of symp-
toms of phytoplasmosis and/or bacteriosis on
Galega orientalis L., depending on the type of
infection (mono- or mixed), different schemes
of inoculation of experimental plants of Galega
orientalis L. were used — simultaneous, staged,
or both simultaneous and staged introduction of
cell suspensions of the studied strains of phyto-
pathogenic microorganisms.

Thus, to reproduce the symptoms of one of the
diseases — phytoplasmosis or bacteriosis on Gale-
ga orientalis L. plants, in the case of monoinfection,
plants of this culture were artificially infected by
introducing a suspension of cells of one of the stud-
ied strains of a phytopathogenic microorganism —
phytoplasma or phytopathogenic bacterium.

In mixed phytoplasma infection, both staged
inoculation and a combination of simultaneous
and staged infection with phytopathogenic mol-
licutes were used.

In the case of using staged inoculation of
Galega orientalis L. plants with the studied phy-
topathogens in mixed infection, inoculation
with the second phytopathogen was carried out
7 days after inoculation with the first pathogen.
Such an interval of 7 days between inoculation
with the first phytopathogen and inoculation
with the second phytopathogen was selected ex-
perimentally taking into account the incubation
period of phytopathogen, the time sufficient for
its penetration, growth, and reproduction in the
tissues of experimental plants.

Thus, in the case of staged infection with mixed
phytoplasma-infection, Galega orientalis L. plants
were first inoculated with phytoplasma of A. laid-
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lawii var. granulum 118, after 7 days — infection
of experimental plants was carried out by simul-
taneous injection of suspensions of phytoplasma
strains A. laidlawii 101 and A. laidlawii 178.

In the case of simultaneous and staged infec-
tion with phytopathogenic mollicutes in mixed
phytoplasma infection, Galega orientalis L. plants
were first infected by simultaneously inoculating
cell suspensions of two strains of phytoplasmas —
A. laidlawii var. granulum 118 and A. laidlawii
101, after 7 days the experimental plants were re-
inoculated with A. laidlawii var. granulum 118.

Both staged and simultaneous inoculation
with two phytopathogens was also used in the
case of mixed phytoplasma-bacterial infection.
Thus, when applying the scheme with staged
inoculation of Galega orientalis L., plants of this
culture were first infected with phytoplasma
of A. laidlawii var. granulum 118, and after 7
days — with phytopathogenic bacterium Pseu-
domonas syringae pv. atrofaciens D13.

In studying the effect of mixed phytoplasma-
bacterial infection on the damage of Galega orien-
talis L. plants, simultaneous inoculation of suspen-
sions of A. laidlawii var. granulum 118 and Pseudo-
monas syringae pv. atrofaciens D13 cells was used.

During the visual inspection of the experi-
mental plants, their condition and signs of phy-
toplasmosis and/or bacteriosis were recorded.

Results. As a result of the research, the effect
of mono- and mixed infections on the symptoms
of Galega orientalis L. plants artificially affected
by phytoplasmosis and bacteriosis was studied,
and both typical and atypical signs of phytoplas-
mosis were identified.

Thus, during the examination of Galega ori-
entalis L. plants infected with A. laidlawii var.
granulum 118, in the case of monoinfection, an-
thocyanin coloration of stems was detected. This
sign is typical in the development of legume phy-
toplasmosis (Fig. 1).

When Galega orientalis L. plants were infected
with another strain, A. laidlawii 178, the following
symptoms typical for legumes were observed in the
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Fig. 1. Galega orientalis L. infected with A. laidlawii var.
granulum 118: anthocyanin coloration of stems (monoin-
fection). On the left — uninfected, control plant (K)

studied plants, such as the formation of additional
shoots from the base of the internode (Fig. 2).

When using a mixed phytoplasma infection
during the staged inoculation of Galega orientalis
L. plants with phytoplasmas (first A. laidlawii var.
granulum 118, after 7 days — A. laidlawii 101 and
A. laidlawii 178), a much wider range of symp-
toms characteristic for phytoplasmosis was re-
corded. Thus, among the affected plants of Galega
orientalis, plants with signs of «witch’s brooms»
prevailed — with the formation of many (from
3 to 7) additional shoots located in «bunches» at
the base of each internode. This main symptom
of witches’ broomstick phytoplasmosis is typical
for legumes affected by phytoplasmosis (Fig. 3).

It is important to note that as a result of mixed
phytoplasma infection Galega orientalis L. plants,
with a staged infection (A. laidlawii var. granulum
118 and A. laidlawii 101, and again — A. laidla-
wii var. granulum 118), the studied plants were
most affected and had more pronounced signs
of phytoplasmosis compared to plants infected
by other schemes. For example, such plants had
leaves of a rich green color (Fig. 4, left), and we
also observed the presence of very branched tops
with anthocyanin-coloured stems and additional
shoots of the same color (Fig. 4).

ISSN 1028-0987. Microbiological Journal. 2024. (5)

Fig. 2. Formation of additional shoots under artificial
infection of Galega orientalis L. plants with A. laidlawii
178 (monoinfection)

Fig. 3. Galega orientalis L. infected with A. laidlawii var.
granulum 118, Acholeplasma laidlawii 101, and Acho-
leplasma laidlawii 178 (mixed phytoplasma-infection,
staged introduction): plants with witch’s broom signs and
many shoots arranged in «bunches» at the base of each
internode; on the right — uninfected, control plant
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A

Fig. 4. Galega orientalis L. after mixed phytoplasma in-
fection with A. laidlawii var. granulum 118 andA. laid-
lawii 101 and repeatedly with A. laidlawii var. granulum
118: branched tops with elongated anthocyanin-col-
ored stems and adventitious shoots of the same color
are present

Fig. 5. Manifestation of lesion symptoms on leaves of
Galega orientalis L. inoculated with the phytopathogen-
ic bacterium P. syringae pv. atrophaciens D13: dry light
cork necrotic spots of irregular shape with a chlorotic
border in the central part and along the perimeter of the
leaf and the burn of the leaf tip (monoinfection)
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A

Fig. 6. Galega orientalis L. under staged mixed phyto-
plasma-bacterial infection with A. laidlawii var. granu-
lum 118 and Pseudomonas syringae pv. atrofaciens D13:
most leaves are of brown or dark anthocyanin color,
with very modified tops of light green color; numerous
additional shoots formed from internode bases, with
small leaves; anthocyanin color of stems

Fig. 7. Symptoms of phytoplasmosis and bacteriosis of
Galega orientalis L. in mixed infection — simultaneous
inoculation with phytoplasma A. laidlawii var. granu-
Ium 118 and phytopathogenic bacterium Pseudomonas
syringae pv. atrofaciens D13: left — affected plant with
signs of stunting and thickened stems; right — unin-
fected, control plant
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It should be noted that such an intense green
color of the leaves that we recorded is a charac-
teristic symptoms of tomato stem blight caused,
in particular, by A. laidlawii 101, the inoculum
of which infected the experimental plants in this
variant, but this feature is atypical for legumes
(Fig. 4, left).

During artificial infection of Galega orienta-
lis L. plants with phytopathogenic bacteria P. sy-
ringae pv. atrofaciens D13 (monoinfection), the
following symptoms of bacteriosis damage to
this crop were recorded: dry light corky necrotic
spots of irregular shape with a chlorotic border
in the central part and along the perimeter of the
leat and the burn of the leaf tip (Fig. 5 ). Such
symptoms are typical for this legume crop when
it is affected by bacteriosis (Savenko, 2000).

As a result of the examination of Galega orien-
talis L. plants inoculated with two different patho-
gens — phytoplasma A. laidlawii var. granulum
118 and phytopathogenic bacterium Pseudomonas
syringae pv. atrofaciens D 13 during their gradual
introduction (mixed phytoplasma-bacterial infec-
tion), it was found that Galega orientalis plants se-
verely damaged by such infection had brown leaves
and highly modified tops, and the formation of ad-
ditional shoots was also observed (Fig. 6).

As a result of the examination of Galega orien-
talis L., infected simultaneously with two phyto-
pathogens — phytoplasma A. laidlawii var. gran-
ulum 118 and phytopathogenic bacterium Pseu-
domonas syringae pv. atrofaciens D 13 (mixed
phytoplasma-bacterial infection, simultaneous
inoculation), signs characteristic of plant damage
by phytoplasmosis were revealed — significant
slowdown in growth and thickened stems, which
are atypical symptoms for legumes (Fig. 7).

Discussion. In recent years, in regions of in-
tensive farming, there has been a tendency for
phytopathogens to spread more and more due to
the changes in climatic conditions and disrup-
tion of the symbiotic balance of ecosystems (Gar-
cia-Salazar et al., 1991; Chakraborty et al., 2000;
Anderson et al., 2004; Chakraborty et al., 2008;
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Stephen Cohen & Jan Leach, 2020; Amna M. Al
Ruheili et al., 2021; Clarke et al., 2022).

As known, varieties of phytoplasmosis patho-
gens infect a very wide range of host plants. It
should be borne in mind that the same type of
phytopathogenic mollicute can infect many
plant species (Foissac & Wilson, 2010; Hogen-
hout et al., 2008; Maramorosh & Raychaudhuri,
2013; Bertaccini et al., 2014; Bertaccini, 2022).

However, in nature, it is rare for plants to be af-
fected by one pathogen, and we often deal with
mixed phytoplasma infection, which increases the
harmfulness of the corresponding diseases (Bian-
co et al,, 1993; Banttari & Zeyen, 1979; Alma et
al.,, 1996; Rao et al., 2018; Moreno & Lopez-Moya,
2019). It should be noted that the symptoms of
diseases caused by phytopathogenic mollicutes
vary greatly, especially in the case of mixed infec-
tion (Alma et al., 1996; Banttari & Zeyen, 1979;
Bianco et al., 1993; Bertaccini & Duduk, 2009).
In addition, the condition of such plants deterio-
rates significantly when they are affected by other
pathogens, such as fungi, viruses, etc. (Banttari &
Zeyen, 1979; Alma et al., 1996; Moreno & Lopez-
Moya, 2019; Xu et al., 2022).

Therefore, mixed infections pose a serious threat
to the production of high-quality crop products,
in particular, Galega orientalis L., as pathogens of
phytoplasmosis and bacteriosis can cause signifi-
cant damage to Galega orientalis L. crops.

When studying the effect of mono- and mixed
phytoplasma and bacterial infection on Galega ori-
entalis L. plants, using different schemes of artifi-
cial infection of plants of this legume, we recorded
the manifestation of both typical and atypical signs
of phytoplasmosis and bacteriosis on artificially
infected plants of Galega orientalis L. (Table 1).

As presented in Table 1, when Galega orien-
talis L. plants were inoculated with one phyto-
pathogen, in the case of monoinfection, they
manifested typical symptoms characteristic of
phytoplasmosis or bacteriosis of legumes. At the
same time, there were no symptoms of phyto-
plasmosis or bacteriosis atypical for legumes.
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Let’s take a closer look at the symptoms detected
on the affected plants of Galega orientalis L. after
inoculation with one of the above phytopathogens
(monoinfection).

Thus, when Galega orientalis L. plants were af-
tected by A. laidlawii var. granulum 118 phytoplas-
ma, we recorded the manifestation of such symp-
toms of phytoplasmosis as anthocyanin coloration
of stems and formation of additional shoots from
the base of internodes (Table 1, Fig. 1).

Such a typical symptom as anthocyanin col-
oration of stems in phytoplasma affected Galega
orientalis L. plants is most often found during
the inspection of soybean crops affected by phy-
toplasmosis (Lee et al., 2011; Mollov et al., 2014).

A typical feature of legumes affected by phy-

2011).

Table 1. Manifestation of typical and atypical symptoms of phytoplasmosis
and bacteriosis on artificially infected plants of Galega orientalis L. under different infection schemes

toplasmosis is the formation of additional shoots
from the base of internodes, which we observed
after inoculation of experimental plants of Gale-
ga orientalis L. with A. laidlawii 178 phytoplas-
ma, which causes tomato trunk (monoinfection)
(Table 1, Fig. 2). Such type of lesions as the for-
mation of additional shoots («witch’s brooms»),
in the case of phytoplasmosis infection, is most
often observed in alfalfa and eastern galega
crops (Bogoutdinov & Zudilin, 2000; Bogout-
dinov, 2013; Hosseini et al., 2013; Donkersley et
al., 2018). Around the same time, in 2011, Lava
Kumar et al. first reported the detection of plants
with symptoms of «witch’s brooms» on soybeans
in Malawi and Mozambique (Lava Kumar et al.,

Type of infection

Causative agents

Symptoms of legume damage

Mixed phytoplasma-infec-
tion (staged inoculation)

Mixed phytoplasma-infec-
tion (simultaneous and
staged inoculation)

Monoinfection

Mixed phytoplasma-bac-
terial infection (staged
inoculation)

Mixed phytoplasma-bac-
terial infection (simulta-
neous inoculation with
two pathogens)

A. laidlawii var. granulum
118, later — A. laidlawii
101 and 178 (Fig. 3)

A. laidlawii var. granulum
118 and A. laidlawii 101,
later — A. laidlawii var. gra-
nulum 118 (Fig. 4)

Pseudomonas syringae pv.
atrofaciens D 13 (Fig. 5)

A. laidlawii var. granulum
118, later — Pseudomonas
syringae pv. atrofaciens
D 13 (Fig. 6)

A. laidlawii var. granulum
118 and Pseudomonas sy-
ringae pv. atrofaciens D 13
simultaneously (Fig. 7)

Typical Atypical

Monoinfection A. laidlawii var. granulum | Anthocyanin coloration of stems Not detected
118 (Fig. 1)

Monoinfection A. laidlawii 178 (Fig. 2) Formation of additional shoots from | Not detected

the base of internodes

Signs of «witch's brooms» — the for-
mation of many additional shoots
from the base of internodes

Very branched tops with anthocyanin-
colored stems and the same colour of
the adventitious shoots

Dry light cinnamon necrotic spots of
irregular shape with chlorotic border
in the central part and along the pe-
rimeter of the leaf, burn of the leaf tip

Most of the leaves are of dark anthocy-
anin color, with highly modified light
green apices; formation of numerous
additional shoots from the bases of in-
ternodes; anthocyanin color of the stems

No signs typical for legumes were
found

Shortened distances
between internodes,
Small leavedness

Intense green co-
lour of leaves

Not detected

Shortened inter-
node spacing and
small-leavedness

Significant stunted
growth, thickened
stems
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During the examination of Galega orientalis L.
plants inoculated with the phytopathogenic bac-
terium P. syringae pv. atrofaciens D13 (monoin-
fection), we found the following symptoms: dry
light corky necrotic spots of irregular shape with
a chlorotic border in the central part and along
the perimeter of the leaf and burns of the leaf tips
(Table 1, Fig. 5). Such symptoms are typical for this
legume affected by bacteriosis (Savenko, 2000).

Thus, in the case of monoinfection, as a result
of artificial infection of Galega orientalis L. plants
with a phytopathogenic mollicute or phytopatho-
genic bacterium, the manifestations of disease
signs characteristic of plant damage by phytoplas-
mosis or bacteriosis, respectively, were recorded.
It should be noted that even in the case of non-
specific infection of Galega orientalis L. plants
with phytoplasma, symptoms typical of legumes
affected by phytoplasma were reproduced.

Significantly more symptoms were recorded
during the examination of affected plants of
Galega orientalis L. in the case of mixed infec-
tion with the studied phytopathogens.

Thus, in the case of mixed phytoplasma infec-
tion, with the use of staged inoculation (first — A.
laidlawii var. granulum 118, later — A. laidlawii
101 and A. laidlawii 178), both typical and atypi-
cal symptoms for this crop were found during the
examination of infected plants of Galega orienta-
lis L. (Table 1, Fig. 3). In contrast to monoinfec-
tion, in the case of mixed phytoplasma infection
with inoculation, Galega orientalis L. plants were
additionally inoculated with two more strains of
phytoplasmas — tomato trunk pathogens A. laid-
lawii 101 and A. laidlawii 178 (in addition to A.
laidlawii var. granulum 118) (Table 1, Fig. 3). Asa
result of such staged inoculation with two phyto-
pathogenic strains of mollicutes — pathogens of
the tomato trunk A. laidlawii 101 and A. laidlawii
178, the infection load on experimental plants of
this crop increased accordingly, which led to the
appearance of a wider range of symptoms of this
disease. Thus, in addition to the symptoms typical
for legumes (plants with signs of «witch’s brooms»
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(the formation of many additional shoots from
the base of nternodes), atypical symptoms such
as shortening of the distance between internodes
and small leaves were also recorded.

As follows, in the case of mixed phytoplasma
infection, using staged inoculation with two phy-
topathogenic strains of mollicutes — pathogens
of tomato trunk diseases (A. laidlawii 101 and A.
laidlawii 178), the effect of additional infection
load on experimental plants was shown. In ad-
dition to the symptoms typical for legumes with
phytoplasmosis, such as «witch’s brooms», a wide
range of atypical symptoms was observed on
Galega orientalis L. plants, namely, shortening of
the distance between internodes and small leaves.

A significantly higher degree of damage to
Galega orientalis L. plants was observed in
mixed phytoplasma infection with simultaneous
and staged inoculation (first — A. laidlawii var.
granulum 118 and A. laidlawii 101, later — A.
laidlawii var. granulum 118) (Table 1, Fig. 4).
Manifestations of both typical (very strongly
branched tops with anthocyanin-colored stems
and additional shoots of the same color) and
atypical (leaves of intense green color) symp-
toms were recorded. The intense green color of
the leaves has not been previously described for
legumes affected by these phytopathogens. The
presence of such a symptom as the intense green
color of leaves may indicate a disruption of the
photosynthetic process in infected plants.

It should be noted that as a result of the use
of this particular infection scheme (mixed phy-
toplasma infection, simultaneous and staged
inoculation), the degree of damage to the ex-
perimental plants of Galega orientalis L. was the
most significant (Table 1, Fig. 4).

The highest degree of damage by phytoplas-
mas and phytopathogenic bacteria was observed
in Galega orientalis L. plants in the case of mixed
phytoplasma-bacterial infection using staged
inoculation of the studied plants: first — A.
laidlawii var. granulum 118, and later — Pseu-
domonas syringae pv. atrofaciens D 13 (Table 1,
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Fig. 6). When using the above scheme, the larg-
est number of typical symptoms was recorded:
brown or dark anthocyanin color of leaves and
stems, highly modified light green tops, and the
formation of numerous additional shoots from
internode bases. A shortened distance between
internodes and small leaves were noted among
the atypical symptoms (Table 1, Fig. 6).

Interestingly, such an atypical symptom as
the shortened distance between the internodes
was detected on the affected experimental plants
of Galega orientalis L. using staged inoculation
both in the case of mixed phytoplasma-infection
(first — A. laidlawii var. granulum 118, later —
A. laidlawii 101 and A. laidlawii 178) (Table 1,
Fig. 3 ), and in the case of mixed phytoplasma-
bacterial infection (initially — A. laidlawii var.
granulum 118, later — Pseudomonas syringae pv.
atrofaciens D 13) (Table 1, Fig. 6). In both cases,
at the firsta stage, Galega orientalis L. plants were
inoculated with phytoplasma of A. laidlawii var.
granulum 118, which is the causative agent of
wheat pale green dwarfism (PGD).

It is important to note that such a symptom as
the shortened distance between the internodes is
atypical for affected legumes and, in particular,
for Galega orientalis L., but is typical for wheat
plants affected by PGD.

In addition, Galega orientalis L. plants inoculat-
ed with phytoplasma strains isolated from differ-
ent sources clearly show symptoms of phytoplas-
mosis, such as small leaves, dwarfism, chlorosis,
and witch’s brooms (Figs. 1—4, 6, 7; Table 1). Some
of the above symptoms, such as witch’s broom, are
typical for legumes affected by phytoplasma (Figs.
1—4, 6, 7; Table 1). However, symptoms such as
dwarfism, small leaves, and chlorosis are all signs
of PGD. The appearance of these symptoms may
be caused by the inoculation of Galega orienta-
lis L. plants with the phytopathogenic phytoplas-
ma of A. laidlawii var. granulum 118, which is the
causative agent of PGD. Although this is a non-
specific infection, all symptoms characteristic of
cereals affected by phytoplasmosis (in particular,
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PGD) were recorded on plants of G. oryentalis L.
artificially infected with A. laidlawii var. granulum
118. Thus, all symptoms, both typical and atypi-
cal, were reproduced on plants of this crop infect-
ed with phytoplasmas during nonspecific infec-
tion, which confirms their ability to infect many
plant species. This ability of phytoplasma strains
from different sources (tomatoes, wheat) to infect
Galega oryentalis L. with symptoms characteristic
of phytoplasmosis indicates a wide phylogenetic
specialization of these pathogens.

Thus, under conditions of mixed phytoplas-
ma infection, the symptoms of phytoplasmosis
were more intense, and a much wider range of
symptoms characteristic of phytoplasmosis was
recorded.

We have found that mono- and especially
mixed infection with phytoplasmas and phyto-
pathogenic bacteria significantly affects the de-
velopment of Galega orientalis L. plants. At the
same time, the types of symptoms are combined
to varying degrees, which depends on which
pathogen of a particular disease penetrates the
plant first. Thus, the most significant damage to
Galega orientalis L. plants was observed when
applying the scheme of mixed phytoplasma-
bacterial infection using a staged inoculation, by
which experimental plants of this culture were
inoculated with the phytopathogenic bacterium
Pseudomonas syringae pv. atrofaciens D13 7 days
after inoculation of Galega orientalis L. plants
with phytoplasma A. laidlawii var. granulum 118.
Due to using such an inoculation scheme, a much
wider range of symptoms typical of legumes af-
fected by phytoplasma was recorded compared
to the use of the other infection schemes.

It should be noted that in the case of mixed
phytoplasma-bacterial infection of Galega orien-
talis L. plants, with the simultaneous introduc-
tion of two pathogens ( simultaneous inocula-
tion with two pathogens) — phytoplasma and
phytopathogenic bacteria — no typical symp-
toms characteristic of legumes were found.
Among the atypical symptoms, a significant
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delay in plant growth and stem thickening were
noted (Table 1, Fig. 7).

Thus, it is likely that in the development of the
pathological process when two phytopathogens
enter the plant, both the aggressiveness of each of
them and the duration of their incubation period
are important. The pathogen that entered the plant
earlier and began to develop actively can displace
another pathogen in the future. So, in such cases,
the phytopathogen that enters the plant earlier and
has a shorter incubation period has an advantage.

Having analyzed the data obtained from the
study of the effect of mono- and mixed phyto-
plasma and bacterial infection on Galega orien-
talis L., it can be concluded that the aggressive-
ness of the studied strains of phytoplasmas and
phytopathogenic bacteria — phytoplasma of A.
laidlawii var. granulum 118 was more aggressive
compared to the phytopathogenic bacterium P
syringae pv. atrofaciens D13 under conditions of
artificial infection of Galega orientalis L. plants.

Thus, as a result of the studies, it was found
that an increase in the infection load on Galega
orientalis L. plants, as well as the priority of the
phytopathogen penetration into plant tissues,
leads to a significant inhibition of the develop-
ment of infected plants of this crop.

It is also important to note that the manifesta-
tions of such symptoms as stunted growth and
thickened stems of Galega orientalis L. plants are
atypical not only for legumes affected by phyto-

REFERENCES

plasmosis but also for plants of these crops af-
fected by bacteriosis. The data obtained as a re-
sult of these studies using plants of the legume
Galega orientalis L. infected with two pathogens
at the same time — phytoplasma and phyto-
pathogenic bacterium showed quite interesting
and unexpected results that require additional
research in the future.

Conclusions. As a result of the conducted
research, both typical and atypical for legumes
symptoms of phytoplasmosis and bacteriosis
were established on artificially infected Galega
orientalis L. plants, both in mono- and mixed in-
fection. All symptoms, both typical and atypical,
were reproduced on plants of this crop infected
with phytoplasmas under nonspecific infection,
which confirms their ability to affect many plant
species and indicates a wide phylogenetic spe-
cialization of these phytopathogens. It has been
shown that mono- and especially mixed infec-
tions with phytoplasmas and phytopathogenic
bacteria significantly affect the development of
Galega orientalis L. plants.

Thus, as a result of the studies, it was found
that an increase in the infectious load on Galega
orientalis L. plants, as well as the priority of the
phytopathogen penetration into plant tissues,
leads to significant inhibition of the develop-
ment of infected plants of this crop.

Conflicts of Interest. The authors declare no
conflict of interest.

Abramov, O. O. (1996). [Eastern galega — from introduction to use]. K.: Naukova Dumka. 139 p. [In Ukrainian].
Alma, A., Davis, R. E., Vibio, M., Danielli, A., Bosco, D., & Arzone, A. (1996). Mixed infection of grapevines in
northern Italy by phytoplasmas including 16S rRNA RFLP subgroup 16SrI-B strains previously unreported in this

host. Plant Dis, 80,418—421.

Amna M. Al Ruheili, Alaba Boluwade, & Ali M. Al Subhi. (2021). Assessing the Impact of Climate Change on the
Distribution of Lime (16srii-B) and Alfalfa (16srii-D) Phytoplasma Disease Using MaxEnt. Plants, 10, 460.

Anderson, P. K., Cunningham, A. A., Patel, N. G., Morales, E. ]., Epstein, P. R., & Daszak, P. (2004). Emerging infectious
diseases of plants: pathogen pollution, climate change and agrotechnology drivers. Trends Ecol Evol, 19,535—544.

Banttari, E. E., & Zeyen, R. J. (1979). Interactions of mycoplasma like organisms and viruses in dually infected leaf-
hoppers, planthoppers, and plants. In K. Maramorosch, & K. E Harris (Eds.). Leafhopper vectors and plant disease

agents. Academic, New York.

Bertaccini, A., Duduk, B., Paltrinieri, S., & Contaldo, N. (2014). Phytoplasmas and Phytoplasma Diseases: A Severe
Threat to Agriculture. American Journal of Plant Sciences, 05(12), 1763—1788.

58

ISSN 1028-0987. Microbiological Journal. 2024. (5)



The Effect of Mono- and Mixed Phytoplasma and Bacterial Infections on Galega orientalis L. Plants

Bertaccini, A., & Duduk, B. (2009). Phytoplasma and phytoplasma diseases: a review of recent research. Phytopathol
Mediterr, 48, 355—378.

Bertaccini, A. (2022). Plants and Phytoplasmas: When Bacteria Modify Plants. Review. Plants, 11, 1425.

Bianco, P. A., Davis, R. E., Prince, J. P, Lee, I-M., Gundersen, D. E., Fortusini, A. (1993). Double and single infections by aster
yellows and elm yellows MLOs in grapevines with symptoms characteristic of flavescence doree. Riv Patol Veg, 3, 69—82.

Bogoutdinov, D. Z., Zudilin, S. N. (2000). [Witch’s broom and mosaic on sown alfalfa and eastern galega]. Agro XXI,
12, 14—16. [In russian].

Bogoutdinov, D. Z. (2013). [Witch’s broom of alfalfa (phytoplasmosis): etiology of the disease, state of research].
Plant Protection Bulletin, 3, 26—33. [In russian].

Chakraborty, S., Luck, J., & Hollaway, G. (2008). Impacts of global change on diseases of agricultural crops and forest
trees. CAB Rev Perspect Agric Vet Sci, Nutr Nat Res, article no. 054.

Chakraborty, S., Tiedemann, A.V., & Teng, P. S. (2000). Climate change: potential impact on plant diseases. Environ
Pollut, 108, 317—326.

Clarke, B., Otto, E, Stuart-Smith, R., & Harrington, L. (2022). Extreme weather impacts of climate change: an attribu-
tion perspective. Environ. Res.: Climate, 1 (01), 012001.

Darmohray, L., Luchyn, I., & Perih, M. (2021). Sustenance, the Safety of Plants and Feed of Galega orienta-
lis (Lam.). AgroLife Sci J., 10, 91—100.

Didovych, S. V., Tolkachova, M. Z., & Butvina O. Yu. (2008). Efficiency of symbiotic nitrogen fixation in agrocenoses
of Ukraine. Sil's'’kogospodars’ka mikrobiologia. Agricultural Microbiology, 8, 117—125. [In Ukrainian].

Donkersley, P, Blanford, J. M., Queiroz, R. B,, Silva, E. W. S., Carvalho, C. M., Al-Sadi, A. M., & Elliot, S. L. (2018).
Witch’s Broom Disease of Lime (Candidatus Phytoplasma aurantifolia): Identifying High-Risk Areas by Climatic
Mapping. ] Econ Entomol, 111, 2553—2561.

Foissac, X., Wilson, M. R. (2010). Current and possible future distributions of phytoplasma diseases and their vectors.
In P. G. Weintraub, & P. Jones (Eds.). Phytoplasmas: genomes, plant hosts and vectors. CAB International, Wallingford.

Garcia-Salazar, C., Whalon, M. E.,, Rahardja, U. (1991). Temperature-dependent pathogenicity of the X-disease myco-
plasma-like organism to its vector, Paraphlepsius irroratus (Homoptera, Cicadellidae). Environ Entomol, 20,179—184.

Hogenhout, S. A., Oshima, K., Ammar, E. D., Kakizawa, S., Kingdom, H. N., & Namba, S. (2008). Phytoplasmas:
Bacteria that manipulate plants and insects. Mol Plant Pathol, 9, 403—423.

Hosseini, S., Bahar, M., & Zirak, L. (2013). Characterization of phytoplasmas related to peanut witches’-broom and
stolbur groups associated with alfalfa diseases in Iran. J Plant Dis Prot, 120, 70—76.

Ignaczak, S., Andrzejewska, J., & Sadowska, K. (2023). Fodder Galega—Persistence as a Special Asset in Sustainable
Agriculture. Agronomy, 13, 2587.

Klement Z. (1963). Rapid detection of the pathogenicity of phythopathogenic pseudomonas. Nature, 199, 299—308.

Kuzmenko, V. E, & Zhukov, V. P. (2016). [Eastern galega — the future of fodder production]. [In Ukrainian]. https://
agroelita.info/kozlyatnyk-shidnyj-majbutnje-kormovyrobnytstva/

Lava Kumar, P, Sharma, K., Boahen, S., Tefera, H., & Tamo, M. (2011). First Report of Soybean Witches-Broom Dis-
ease Caused by Group 16Srll Phytoplasma in Soybean in Malawi and Mozambique. Published Online: 8 March 2011.

Lee, I. M, Bottner-Parker, K. D., Zhao, Y., Villalobos, W., & Moreira, L. (2011). ‘Candidatus Phytoplasma costarica-
numn’ a Novel Phytoplasma Associated with an Emerging Disease in Soybean (Glycine max). International Journal
of Systematic and Evolutionary Microbiology, 61, 2822—2826.

Maramorosh, K., & Raychaudhuri, S. P. (2013). Mycoplasma diseases of crops: basic and applied aspects. Springer Sci-
ence & Business Media: Berlin/Heidelberg, Germany.

Mohamed Mahgoub Azooz, & Parvaiz Ahmad (Eds.). (2016). Plant-Environment Interaction. Responces and Ap-
proaches to Mitigate Stress. WILEY Blackwell.

Mollov, D., Chilvers, M. I., & Jacobs, J. L. (2014). First reports of Aster Yellows Phytoplasma in soybean in Michigan.
Plant Disease, 98(11), 1578.

Moreno, A. B., & Lopez-Moya, J. J. (2020). When Viruses Play Team Sports: Mixed Infections in Plants. Phytopathol-
ogy, 110(1), 29—A48.

Paige Van de Vuurst & Luis E. Escobar. (2023). Climate change and infectious disease: a review of evidence and re-
search trends. Infectious Diseases of Poverty, 12, Article number: 51.

Patyka, V. P,, Pasichnyk, L. A., Zhytkevych, N. V., Huliaieva, H. B., Tokovenko, I. P., Hnatyuk, T. T., Zakharova, O. M.,
& Kirilenko, L.V. (2016). [Diseases of the eastern galega: monitoring, diagnosis, prevention]. Methodical recom-
mendations. Vinnytsia: «Vindruk», 48p. [In Ukrainian].

ISSN 1028-0987. Microbiological Journal. 2024. (5) 59



L.P. Tokovenko, H.B. Huliaieva, L.A. Pasichnyk, V.P. Patyka

Rao, G. P, Madhupriya, Kumar, Manish, Tomar, Sonica, Maya, Bishnu, Singh, S. K., & Johnson, JoyMichal. (2018).
Detection and identification of four 16Sr subgroups of phytoplasmas associated with different legume crops in
India. European journal of plant pathology, 150 (2), 507—513.

Savenko, V. S. (2000). [Eastern galega]. Monograph.Ternopil: Ekonomichna dumka. 292 p. [In Ukrainian].

Skripal, I. G., & Malinovskaya, L. P. (1984). [SM IMB-72 medium for isolation and cultivation of phytopathogenic
mycoplasmas]. Mikrobiol Z, 46(2), 71—75. [In russian].

Stephen P Cohen, & Jan E Leach. (2020). High temperature-induced plant disease susceptibility: more than the sum
of its parts. Current Opinion in Plant Biology, 56, 235—241.

Vorobey, V.S., & Kovalevskaya, T. M. (2008). [Formation and functioning of the symbiotic system of Eastern galega — Rhi-
zobium galegae during the first and second years of cultivation]. Feeds and feed production, 63, 26—34. [In Ukrainian].

Voronetska, I., & Yurchuk, N. (2023). Fodder production in Ukraine: Trends, problems and prospects. Ukrainian
Black Sea Region Agrarian Science, 27 (2).

Zabolotna, V. P, Butnytskyi, I. M., & Kots, S. (2004). [The importance of Eastern galega in symbiotic nitrogen fixation
and increased protein harvesting]. Physiology and biochemistry of cultivated plants, 36(4), 291—300. [In Ukrainian].

Zarczynski, P. ., Sienkiewicz, S., Wierzbowska, J., & Krzebietke, S. J. (2021). Fodder galega — A Versatile Plant. Agron-
omy, 11(9), 1797.

Xu, Y., Ghanim, M., & Liu, Y. (2022). Mixed Infections of Plant Viruses in Nature and the Impact on Agriculture.
Front Microbiol, 13. (07 June 2022. Sec. Microbe and Virus Interactions with Plants).

Received 28.09.2024

I I1. Toxosenxo*, I. b. Iynaesa, /1. A. Ilaciunux, B. I1. Ilamuka

IacturyT Mikpobionorii i Bipyconorii im. [I.K. 3a6onotnoro HAH Vkpaiun,
ByN. Akaziemika 3abonoTHoro, 154, Kuis, 03143, Ykpaina

BIUIVIB MOHO- TA 3MIITAHOI ®ITOIIA3MOBOI
I BAKTEPIAJIbHOI THOEKIIIT HA POCJIMHU GALEGA ORIENTALIS L.

OcTaHHIMU POKaMH B perioHax iHTEHCMBHOTO 3eM/IepOoOCTBAa BHACTIIOK HECHPUATIMBUX arpOEKONOTiYHUX YMOB
3MilnaHi iHdeKuii cTalTh CepII03HOI0 3aTPO30I0 AL OTPUMAHHA BICOKOAKICHOI TPOA YKLl pOCTMHHNITBA, 30KpeMa —
Galega orientalis L. Mera. Jloc/iguTy BIUIMB MOHO- Ta 3MilaHoi piTomnnasmMoBoi Ta 6akTepiabHoi iHdekiii Ha pociuan
Galega orientalis L. Metompm. Pocrmum Galega orientalis L. iHokymroBamu mwramamu ¢itortasm: A. laidlawii var. granu-
Ium 118 — 36ypHuK 6/1i0-3e1eHol Kap/nKoBocCTi miennty; A. laidlawii 101 ta A. laidlawii 178 — 36ygHuKu cTOBOYpPY
toMariB Ta ¢ironarorenna 6axrepis Pseudomonas syringae pv. atrofaciens D13 — 36yguuk 6asaibpHOro 6axrepiosy
nueHntyi. Y gocigax BUKOPMCTOBYBaMN pisHi cxemu iHOKy/sAnii pocu Galega orientalis L., siki 3acTocoByBamm 5K
3a MOHO-, TaK i 3a 3MilaHoi ¢irormasmMoBoi Ta gitommasmo-6akrepianbHoi indexiii. Cumnromu dikcyBany MIIAXOM
Bi3ya/IbHOrO OI/LAAY, MouMHaioun 3 14-1 o6u. Konrtponem ciyryBam HeiHdikoBaHi poc/mHM Ti€l X KYIbTYpH.
PesynpraTi. 3a MOHO- Ta 3MilaHoi ¢itommasmosoi iHdekuil Ha pocmuHax Galega orientalis L. BUABNIEHO SK TUIIOBI
(aHTOLIaHOBE 3a6apBIICHH CTEOEN Ta YTBOPEHHA IOMJATKOBYX IIATOHIB BiJi OCHOBU MDKBYSIA («BifbMIHI MiT/IN»), TaK
i HeTunoBi (pibHe NMUCTS Ta BKOPOUYEHI MDKBY3ILA, XapaKTepHi st O7TiI0-3e/IeHOl Kap/IMKOBOCT] MIIEHNI) O3HAKY
¢itommasmosy. 3a yMoB iTorrrazmo-6akrepianbpHOI iH(eKIil B pOCINH CrocTepirai IOMITHe TOTOBIIeHHs CTe6/1a
Ta 3aTPUMKY POCTY, ToOTO Oy 3adpikcoBaHi cuMIITOMM, fAKi € XapaKTepHVMM HPY PO3BUTKY (iTOMNIa3MO3y, aje
HPOsIB iX € HeTUITOBUM A5t 6060BUX KynbTyp. OToXKe, 3a yMOB diTommasmo-6aktepianbHoi iHdekuii 6yno 3adikcoBaHo
HepeBAKHY OUIBIIICTD CUMIITOMIB, XapakTepHuX s ¢iromasmosy Omifjo-3e/IeHOI Kap/aMKOBOCTI IIIEHUIi —
Kap/IMKOBICTb, npi6He JICTA, BKOPOYEHi BifICTaHi MDK MDXBYS/IAMU, AKi € HETUIIOBUMM [ 6060BKX KY/IbTYP.
BucHoBku. BcraHOBeHO THUIIOBI Ta aTMIOBi cuMIIToMu Qitomnnasmosy ta 6akrepiosy ams Galega orientalis L., 3a
MOHO- Ta 3MilraHol indexiil. MoHO- i 0c06/11BO 3MilaHa iH(EKIIis CyTTEBO BIVIMBAIOTH HA PO3BUTOK pocinH Galega
orientalis L., ypaxennx irorrasmamu Ta QitormaroreHHrMM 6aKTepismit. 3611bIIeHH IHPEKIITHOrO HaBaHTaXKEHHsI
Ha pocnunu Galega orientalis L., a TaKoX IPiOPUTETHICTb IPOHMKHEHH: ITATOT€HA B POC/IVHHI TKAHVHY TIPU3BOJIUTD
IO 3HAYHOTO MPUTHIYEHHS PO3BUTKY 3apa>KeHNX POCIVH i€l KynbTypu. OTprMaHi faHi MOXYTb 6yTH KOPUCHUMH B
miarHocTui mocisiB Galega orientalis L., ypakeHux ¢itormmasmMo3oM ta 6akTepio3om.

Kniouosi cnosa: Galega orientalis L., Acholeplasma laidlawii var. granulum 118, Pseudomonas syringae pv. atrofaciens
D13, moHo- ma 3smiwana ingexuii, munosi ma Hemunosi CUMnMoMi.
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