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Crown gall of grapevine
and prospects for its biological control

Abstract. The relevance of this study is conditioned by the spread of bacterial diseases of grapes
in the south of Ukraine and the necessity of improving methods of pathogen identification and
protection. The purpose of this study was to establish the area of bacterial grape cancer in Odesa
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region and to develop preventive measures based on the biological method. The study involved
the inspection of industrial plantations for symptoms of the disease and its spread in the field. The
molecular biological method of real-time polymerase chain reaction (PCR) was employed to identify
the crown gall pathogen. The study was conducted following a certified methodology. PCR laboratory
equipment was used to identify phytopathogens. As a result of the phytosanitary inspection of grape
plantations of various farms in Odesa region, the study found grape bushes with characteristic
symptoms of crown gall, with tumorous tissue growths in various parts of the plants: on the branches,
stem, and grafting sites. Overall, grape crown gall is characterised by a wide distribution in the study
area. According to the findings of the phytosanitary survey, the spread of bacterial grape cancer on
different varieties ranged between 0.3-35%. The causative agent of the disease, A. tumefaciens, was
identified in real time by PCR. The disease manifested itself in the form of characteristic symptoms
and developed in a latent form. The developed multiplex PCR allowed for the simultaneous analysis
of multiple strains of pathogenic agrobacterial isolates. Two isolates of agrobacteria were identified
among the majority of isolates that were subsequently tested for tumour suppression: ILVM1 and
ILVM2, which had elevated levels of antagonistic properties against the crown gall pathogen.
The pathogenicity of the isolated agrobacteria on test plants of tomato and sunflower confirmed
the findings of these properties obtained in vitro. The isolates of ILVM1 and ILVM?2 agrobacteria
considerably inhibited the growth of tumours on the stems of test plants compared to the pathogenic
strain, and therefore they can be used in the future against the crown gall pathogen and to protect
grape plants from secondary infection by the pathogen from the soil. The findings can be used to
improve methods of biological plant protection against bacterial infections

Keywords: grape diseases; polymerase chain reaction; Agrobacterium tumefaciens; antagonist

bacteria; biological protection

INTRODUCTION

Crown gall of grape, caused by Agrobacterium
tumefaciens (Smith et Townsend 1907) Conn
1942, is a systemic, chronic disease. There is al-
most no means of protection against it, and con-
trol is mainly based on the prevention of plant
damage, prompt diagnosis and identification of
the pathogen. The disease causes a 10-20% de-
crease in yield and an average 15-20% decrease
in sugar content (Sawant, 2023). It also impairs
vine ripening. The factors contributing to plant
damage include frost damage, mechanical dam-
age, infection of planting material, soil infection,
and high rates of disease transmission. As a re-
sult of the development of crown gall, industrial
grape growing technologies may face difficulties
in obtaining high-quality products.

As indicated by Y. Noutoshi et al. (2020) and
LA. Kovaleva et al. (2022), fungal, viral, and bac-
terial diseases are widespread and harmful in
various grape growing regions. Among the lat-
ter, crown gall is characterised by high harmful-
ness in vineyards. This disease can spread rap-
idly among plants, especially under favourable
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conditions for bacteria, which significantly com-
plicates the fight against it. As a result of crown
gall, the overall productivity of vineyards and the
quality of the crop are reduced, whichleads to se-
rious economic losses. The study by A. Konup et
al. (2019) found that among the various infec-
tious diseases in the vineyards of certain dis-
tricts of Odesa region, crown gall accounts for
about 25%. These statistics highlight the rele-
vance of the problem and the importance of de-
veloping effective measures to control and treat
this disease. Furthermore, the high prevalence
of crown gall in the region requires attention
from plant protection specialists and research-
ers to monitor the condition of vineyards and
take prompt action. According to M.G. Thomp-
son et al. (2020), symptoms of the disease are
more likely to occur on bush boles, especially af-
ter damage by abiotic factors. This suggests that
stressful conditions, such as drought, excessive
humidity, or temperature fluctuations, can sub-
stantially weaken plants, making them more
vulnerable to infections. Therefore, monitoring
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environmental conditions and their impact on
the condition of grape bushes is a crucial aspect
in preventing the development of crown gall.
T. Nguyen-Huu et al. (2020) noted that crown
gall weakens grapevines, causes a sharp decline
in yield, and in some cases leads to partial or
complete plant death. This highlights the need
for prompt diagnosis and treatment of the dis-
ease, as a delay in its detection can lead to major
economic losses for viticulturists. Additionally,
agronomic measures to strengthen plants, such
as improved nutrition and water management,
can help reduce the damage caused by crown
gall. T. Meyer et al. (2019) also found that the dan-
ger of crown gall is that the bacterium, accumu-
lating in the soil, can later cause root infection in
new plantations of grape plants.

Notably, bacterial plant diseases are gener-
ally challenging to control. According to L.M. Ye-
pes et al. (2019), copper bactericides and antibi-
otics are ineffective, while disease prevention
by planting pathogen-free planting material
is complicated by the vegetative propagation
of infected, asymptomatic vines. Under such
conditions, according to AT. Wong et al. (2021),
it is promising to use non-pathogenic strains
of Rhizobium (synonym for Agrobacterium) by
co-inoculationwith pathogenicbacterialisolates
to reduce the damage to grapevine seedlings.

The purpose of this study was to conduct a
phytosanitary inspection of grape plantations
in the Odesa region to determine the spread of
crown gall and identify the causative agent. For
this purpose, it was necessary to extract and
screen agrobacterial isolates for their antago-
nistic properties against A. tumefaciens.

MATERIALS AND METHODS

The study was conducted at the Laboratory of
Virology and Microbiology of the National Sci-
entific Centre “Institute of Viticulture and Win-
emaking named after VE. Tairov” of the Na-
tional Academy of Agrarian Sciences (NAAS) of
Ukraine. The study followed the ethical standards
set out in the Convention on Biological Diversi-
ty (1992) and the Convention on the Trade in En-
dangered Species of Wild Fauna and Flora (1973).
The grape plantations were inspected at the re-
search farms of the National Scientific Centre
“Institute of Viticulture and Winemaking named
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after VEE. Tairov” and industrial farms in Ode-
sa region according to DSTU 3355:1996 (1997)
and DSTU 4390:2005 (2006). Visual phytosan-
itary inspection and assessment of the degree
of crown gall infection was based on the exam-
ination of plants in the plantations. Samples
of grape plants of Cabernet Sauvignon, Merlot,
and Chardonnay varieties were selected based
on external symptoms: the presence of tu-
mours in certain areas of the plants, as well as
asymptomatic plants to detect the latent form
of the disease. The grape plant samples were
collected, stored, and prepared according to
1SO16578:2022(2022). Classical polymerase chain
reaction (PCR)wasused toidentify A. tumefaciens.

The study employed the method of semi-se-
lective nutrient media for the determination of
agrobacteria, original and modified methods
for the isolation of DNA of the crown gall patho-
gen, and PCR for the identification of A. tumefa-
ciens. Bacteria were isolated from grape tissues
according to the Lehoczky method (Lehocz-
ky, 1971). Tumour, ripened vine, strands, or roots
were used as samples for detection of the crown
gall pathogen. The average sample of vines was
formed from 1-3 two-year-old shoot fragments
from several different parts of the bush, which
were selected as close to the perennial wood
as possible. For the extraction of agrobacteria,
discs 0.2-0.5 cm tall were cut from each frag-
ment; 15-20 discs of the average sample were
placed in 3-5 ml of sterile distilled water. The
agrobacteria were isolated from the samples
under aseptic conditions using sterile dishes,
instruments, and culture media. Agrobacteria
were isolated on semi-selective nutrient me-
dium (Roy and Sasser medium) of the follow-
ing composition per 1,000 ml: MgSO, - 0.20 g,
K,HPO, - 0.9 g, KH,PO, - 07 g, adonitol - 04 g,
yeast extract — 0.14 g, NaCl - 0.2 g, boric acid -
10 g, agar - 15 g, pH - 7.2. After autoclaving and
cooling to +50°C, the following were added:
triphenyltetrazolium chloride - 0.08 g, trimeth-
oprim - 0.02 g, d-cycloserine - 0.02 g, cyclohex-
imide - 0.25 g. The colonies of agrobacteria
obtained on the medium in Petri dishes were in-
oculated into tubes with bevelled agar and incu-
bated for 1 day in a thermostat at +28°C. Subse-
quently, isolates of agrobacteria were identified
by PCR (Abolmaaty et al, 2000). The plasmid
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DNA of A. tumefaciens was isolated using cetav-
lon, thermal method or alkaline lysis, and the
resulting preparations were stored at -20°C.
For PCR, reagents qualified as “for molecular
biology”, sterile solutions, and glassware were
used. PCR was performed following the certified
methodology No. MVV 002-85/3 - 2006.

To detect A. tumefaciens, specific primers
were used for the ipt isopentenyltransferase
gene: iptl/ipt2 GATCG(G/C)GTCCAATG(CT)TGT/
GATATCCATCGATC(TC)CTT and for the VirD2
endonuclease gene of the pathogenicity plas-
mid: virD2A/virD2C ATGCCCGATCGAGCTCAA-
GT/TCGTCTGGCTGACTTTCGTCATAA (Haas et
al., 1995). Primers were synthesised by Fermen-
tas (Lithuania). Real-time PCR was performed
using forward and reverse primers, fluores-
cently labelled DNA probes, reaction mixture
in the amount of 20 pl (H,0, - 85 pl; 10xPCR
buffer - 2.5 pl; 4mM dNTP - 2.5 pl (176 mM -
2.84 ul); prl - 0.5 uM; pr2 - 0.5 pM; fluorescent
probe - 0.1 uM, Taq polymerase (2.5 u/pl) (Pfu
DNA, Fermentas, Lithuania) - 0.25 ul; Mg - 3.0
mM and 5 pl of NCS, or PCS, or internal control,
or test sample (at the bottom of the tube). The
concentrations of forward and reverse primers
and fluorescent DNA probes were selected em-
pirically. To control the reaction, the study used
a negative control sample (NCS) - 1xPCR buffer
and a positive control sample (PCS) - the ref-
erence strain Fa-2 of the crown gall pathogen.
Amplification was performed in a programma-
ble thermocycler Rotor-Gene 6000 (Corbett
Research Pty Ltd., Australia), which provided
a temperature range within +40-100 °C, in the
following mode:

1. Denaturation 95°C - 30 sec;

2. Annealing 60°C - 1 min;

3. Elongation - 72°C - 1 min (30 cycles);

4. Final elongation - 72°C - 10 min.

The solution with the amplification products
was stored at -20°C. Initial denaturation was
95°C for 12 min. Fluorescence signal accumula-
tion was measured for 4 channels, respectively:
FAM/Green (470 nm/510 nm) for the identifica-
tion of the crown gall pathogen, JOE/Yellow/HEX
(530 nm/555 nm), ROX/Orange (585 nm/610 nm),
Cy5/Red (625 nm/660 nm, and Cy3.5/Orange
(585 nm/610 nm) for the endogenous inter-
nal control signal. The analysis results were
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recorded, and threshold cycles were calculat-
ed using Rotor-Gene 6000 Series Software 17.
The amplification products were detected by
increasing the fluorescence of the intercalat-
ing dye when it forms a complex with the dou-
ble-stranded DNA of the crown gall pathogen.
A positive sample was considered the one that
showed an increase in the fluorescent signal on
one of the colour channels of the amplifier.

To determine the pathogenicity of the ex-
tracted agrobacteria, test plants were used: to-
matoes (Solanum lycopersicum L.) and sunflower
(Helianthus annuus L.). The plants were inoculat-
ed with a suspension of these agrobacteria in the
amount of 10° CFU/ml by cutting the internode
of the stem at the level of 2-3 leaves. The wound
was covered with Parafilm film (USA) to prevent
drying of the bacterial suspension. The inoculat-
ed plants were incubated for 14-28 days at +25°C.
Uninfected plants inoculated with sterile dis-
tilled water were used as a negative control. The
positive control included plants inoculated with
the reference A. tumefaciens pathogenic strain
Fa-2 (isolated from grape roots; kindly provided
by Dr T.J. Burr, USA).

Infection of plants by pathogenic bacte-
ria A. tumefaciens occurs in the soil through
damaged roots. To investigate the antagonis-
tic effect of non-pathogenic isolates of A. tu-
mefaciens ILVM1 and ILVM2, the cut roots of
grape seedlings were soaked for one hour in a
cell suspension (10° CFU/ml). After soaking, the
treated grape seedlings were planted in pots
with soil inoculated with a mixture of three
strains of A. tumefaciens: Fa-2, 271, and IDI with
a final concentration of 108 CFU/g soil and were
grown in greenhouses. The development of tu-
mours formed on the roots and stems of plants
was studied.

RESULTS AND DISCUSSION

During the inspection of plantations in the in-
dustrial viticulture zone in the Odesa region, tu-
mours typical of crown gall were found on grape
bushes (Fig. 1). The tumours were identified by
PCR analysis. The latent infection with the crown
gall of grape pathogen on individual grape va-
rieties ranged within 0-30%, depending on the
susceptibility of the variety and the origin of the

planting material.
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Cabernet Sauvignon - up to 35%, Merlot — 25%,
Chardonnay - 15%, which suggests the need to
develop and improve crown gall control meas-
ures. Y. Wang et al. (2018) found that all grape va-
rieties may be at risk of infection with the crown
gall pathogen to some extent, and there are no
varieties entirely resistant to this pathogen.

The use of antagonist microorganisms as
part of a biological method of disease control is
promising. Specifically, in the studies of H. Pan et
al. (2022), the Bacillus megaterium L2 strain ex-
hibited antibacterial activity against A. tumefa-
ciens T-37, as its biologically active substances
can destroy the integrity of the cell membrane,

Figure 1. Symptoms of crown gall damage cellular structures, affect cellular me-

on the grape plant tabolism, and inhibit protein synthesis. In the

Source: photograph taken by the authors of this study study by G.E. Qing et al. (2024), Bacillus amylolig-
uefaciens strain KN-527 had an inhibitory ef-

In studies, symptoms of the disease were ob-  fect on Agrobacterium vitis in the early stages of
served on seedlings with latent infection as ear-  crown gall development. At the same time, it is
ly as 1-2 years after planting. With the affected also interesting to use other isolates of agrobac-
planting material, the crown gall pathogen en-  teria against grape crown gall.
ters the soil, and the infected area can continue To search for antagonist bacteria, 50 bacte-
tobe areservoir of A. tumefaciens foralong time.  rial isolates were isolated from soil in vineyards.

A visual inspection of the vineyards in the  The grown bacteria had a characteristic pink-
study area revealed the presence of varying red colour with a white border when cultivated
degrees of crown gall on young and fruiting on Roy and Sasser medium. The pathogenicity
plantations. The degree of development of the of the agrobacterium isolates was tested by re-
disease on technical varieties was as follows:  al-time PCR (Fig. 2).
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Figure 2. Results of testing isolates of agrobacteria for pathogenic properties
Note: a - bacterial isolates recovered from the soil in the vineyard aisles; b - bacterial isolates from the rhizosphere
of grape bushes: 1 - positive control sample (PCS), reference strain Fa-2; 2 - negative control sample (NCS), PCR
buffer, curves - pathogenic isolates
Source: developed by the authors of this study

It was found that most of the agrobacteria ~ which indicates their high virulence. To deter-
isolated from samples of grape plants collected mine the antagonistic properties, non-patho-
in the vineyards of Odesa region contained frag-  genic agrobacteria were used, which showed a
ments of virD2 and virF genes simultaneously, zone of growth retardation of the test object at
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the level of 17-22 mm on the nutrient medium 25
(Fig. 3). The screening for antagonistic prop- g 22
erties revealed two isolates of A. tumefaciens g E 132
ILVM1 and A. tumefaciens ILVM2, which had an o g ’
elevated level of in vitro activity. 8.8 1
. a9 125

Screening tests for the presence of antag- g qg 0
onistic properties of agrobacterial isolates on =g
test plants (S. lycopersicum, H. annuus) con- E g 7’?
firmed the results of determining these prop- 8 < 9
erties obtained in vitro. It was found that most 0
of the isolates tested for tumour inhibition had AB3 Fa-2 AT
minor antagonistic properties and suppressed A. tumefaciens strains
the disease by 20-30% compared to the positive
control, but isolates of agrobacteria ILVM1 and Figure 3. Antagonistic activity of a non-
ILVM2 considerably inhibited tumour growth on pathogenic isolate of ILVM 1against reference
the stems of test plants (96%) compared to the plant pathogenic strains of A. tumefaciens
pathogenic strain Fa-2 (Fig. 4; 5). Source: developed by the authors of this study

g

| |
%

Figure 4. Influence of A. tumefaciens bacterial isolates

on the manifestation of crown gall on S. lycopersicum
Note: a — disease symptoms after inoculation of the test plant with a suspension of bacteria of the A. tumefaciens
pathogenic strain Fa-2 (10° CFU/ml); b - no disease symptoms after joint inoculation of the S. lycopersicum stem with
a suspension of a mixture of non-pathogenic isolate ILVM1 and A. tumefaciens pathogenic strain Fa-2 (10° CFU/ml)
Source: photograph taken by the authors of this study

Figure 5. Effect of A. tumefaciens bacterial isolates on the manifestation of crown gall of H. annuus

Note: a - disease symptoms after inoculation of the test plant with a suspension of the A. tumefaciens pathogenic
strain Fa-2 (10° CFU/ml): b - no disease symptoms after inoculation of the H. annuus stem with a suspension of a

mixture of non-pathogenic isolate ILVM2 and A. tumefaciens pathogenic strain Fa-2 (10° CFU/ml)
Source: photograph taken by the authors of this study

Plant and Soil Science (15)3 @
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The results of the experiment were recorded
30 days afterinoculation. It was found that in the
places of inoculation of the stems of test plants
S. lycopersicum and H. annuus with the A. tume-
faciens pathogenic strain Fa-2, characteristic tu-
mours appeared (Fig. 4a and 5a), which were not
observed on test plants inoculated with a sus-
pension of a mixture of non-pathogenic bacte-
rial isolate ILVM?2 and A. tumefaciens pathogenic
strain Fa-2 (Fig. 4b and 5b).

The authors of the present study believe that
the absence of symptoms of crown gall in test
plants treated with a mixture of pathogenic and
antagonist bacterial isolates is caused by the in-
hibition of pehA gene expression, which ensures
the virulence of A. tumefaciens. It is probable

Cabernet Sauvignon

that this process inhibits the transformation of
host cells, thereby preventing tumour forma-
tion. At the same time, this hypothesis requires
more detailed molecular biological research.

Treatment of the roots of different grape
seedling varieties with ILVM1 isolate resulted in
a 53-86% reduction in the percentage of plants
with disease symptoms. The greatest effect was
observed on Chardonnay plants (Fig. 6).

The efficacy of ILVM2 isolate was slightly
higher and amounted to 66-87% in the varieties
under study (Fig. 7). Thus, it was confirmed that
preliminary inoculation of grape seedling roots
with isolates of ILVM1 and ILVM2 was effective in
reducing the damage to the root system by the
crown gall pathogen.
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Chardonnay

Figure 6. The effect of treatment of grape roots
of different varieties with ILVM isolate on the susceptibility of seedlings to crown gall
Note: a - number of plants, %, affected by A. tumefaciens after treatment with ILVM1; b — control, number of plants,
%, affected by A. tumefaciens without treatment with non-pathogenic isolate

Source: developed by the authors of this study

Cabernet Sauvignon
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Figure 7. The effect of treatment of grape roots
of different varieties with ILVM 2 isolate on the susceptibility of seedlings to crown gall
Note: a - number of plants, %, affected by A. tumefaciens after treatment with ILVM1; b — control, number of plants,
%, affected by A. tumefaciens without treatment with non-pathogenic isolate

Source: developed by the authors of this study

o)
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The positive results obtained in the labora-
tory prompted field trials of the antagonistic ef-
fect of ILVM1 and ILVM?2 isolates. These studies
are a vital part of recent developments, espe-
cially in the search for biological defence prod-
ucts. Although positive results may be obtained
in laboratory experiments, field trials often fail
to produce the expected results, which necessi-
tates such experiments.

To protect grape seedlings from secondary
infection by pathogenic agrobacteria that are

30
25
20
15
10

5

Cabernet Sauvignon

Merlot

soilborne, the roots were treated with a mash of
clay and a mixture of ILVM1 and ILVM?2 isolates at
a concentration of 10° CFU/ml. The effectiveness
was evaluated in a year. It was found that in the
variants with a mixture of non-pathogenic iso-
lates of agrobacteria, the number of plants affect-
ed by A. tumefaciens ranged within 10-27%, which
suggests a decrease in the spread of crown gall by
73-90%, depending on the grape variety (Fig. 8).
The analysis showed the absence of pathogenic
isolates of agrobacteria in the rhizosphere soil.

am b

L

Chardonnay

Figure 8. Influence of combined use of agrobacterium antagonist isolates on the presence
of crown gall pathogen in grape plants of different varieties and in rhizosphere soil
Note: a - number of plants, %, affected by A. tumefaciens after treatment of seedlings with ILVM1 + ILVM 2 mixture;
b - presence, %, of A. tumefaciens in the rhizosphere after treatment of seedlings with ILVM1 + ILVM2 mixture

Source: developed by the authors of this study

The unique action of A. tumefaciens lies in
the possibility of its use as a tool during plant
reproduction (Ben Abdallah et al, 2015). The
use of an agrobacterium not only shortens the
conventional process of plant propagation, but
also allows the introduction of completely new
genes into the plant, which are not typical for
the plant, through genetic engineering (Lacroix
§ Citovsky, 2019; Guo et al.,, 2019).

According to T. Tzfira et al. (2017), A. tumefa-
ciens is one of the most interesting and impor-
tant bacteria for the detailed investigation of its
antagonistic properties. It can be used to control
crown gall. This is the first and most successful
example of biological protection of grapes from
a disease (Frikha-Gargouri et al., 2017).

Other scientists conducted comparable
studies on biological control of the disease.
V. Stockwell et al. (1996) found that Agrobacte-
rium radiobacter strain K84 controls the dis-
ease caused by A. tumefaciens by producing the
plasmid agrocin 84, an antibiotic with specific

Plant and Soil Science (15)3

activity against certain strains of the pathogen.
In S. Chopra et al. (2016), several non-pathogenic
strains also helped to reduce infection, but es-
pecially A. radiobacter K84, which completely
prevented the disease when added to the wound
sites at a 1:1 ratio with A. tumefaciens cells.
According to R. Pefialver et al. (2000), Agro-
bacterium radiobacter strain K84 has been a
biological control agent for crown gall for many
decades worldwide. Despite its demonstrat-
ed efficacy, the greatest risk of failure with the
K84 strain is the possibility of transferring the
PAgK84 plasmid to pathogenic Agrobacteri-
um strains. Later, the second generation of the
K84 strain was obtained and the genetically
modified strain was named K1026. It contains a
deletion in the pAgK84 transfer region. A con-
siderable amount of research has also been
conducted to compare the two strains in terms
of their ability to control disease, plasmid trans-
fer, antibiotic production, root colonisation, and

rhizosphere survival.
q
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Q. Wei et al. (2009) indicated that Agrobacte-
rium vitis E26 is a promising potential biocontrol
agent for crown gall of grapevine. However, its
safety and environmental risks should be un-
derstood. According to the findings of the study,
the researchers found that the A. vitis E26 strain
does not contain the virA and virG determinants.
This suggests that this strain is unlikely to cause
symptoms in both host and non-host plants.

Y. Hao et al. (2011) found that the avirulent
strain of A. tumefaciens D3 contains a putative
structural gene for ACC deaminase (acdS) and
a regulatory gene (acdR =IrpL). Studies revealed
that under gnotobiotic conditions, wild-type
A. tumefaciens D3 can promote root elongation,
while the acdS and IrpL double mutant A. tume-
faciens strain D3-1 lost this ability. When co-in-
oculated with the virulent A. tumefaciens strain
C58, both A. tumefaciens D3 wild type and A. tu-
mefaciens D3-1 mutant were found in damaged
castor oilseed rape plants, which can substan-
tially suppress the development of crown gall
caused by A. tumefaciens C58.

A. Kawaguchi et al (2017) identified a
non-pathogenic Agrobacterium vitis strain ARK-
1 and found it to be effective in suppressing tu-
mour formation on grapevines. Further studies
of the Rhizobium vitis ARK-1 strain in the field
showed its therapeutic effect and a decrease
in the number of grape plants with symptoms
of crown gall. According to A. Kawaguchi et
al. (2019), co-inoculation of R. vitis ARK-1 with
the pathogenic strain Ti VAT03-9 in a 111 cell ra-
tio in grapevine shoots resulted in a significant-
ly lower expression of the virulence genes virA,
virD3, and virG of VAT03-9.

A. Wong et al. (2021) tested the non-path-
ogenic R. vitis strain ARK-1 (isolated in Japan)
against four pathogenic R. vitis isolates from
grapevines in Virginia (USA). Specifically, co-in-
oculation with ARK-1 significantly reduced the
occurrence of disease symptoms and the average
size of growths, except for the ACMEI15 isolate.

Scientists are also investigating other areas
of biological protection of grapes against crown
gall. D. Ferrigo et al. (2017) conducted experimen-
tal trials to assess the effectiveness of treatments
based on non-pathogenic endophytes. Two-year
in planta trials conducted on rootstocks treated
with endophytic isolates showed the effectiveness

«)

of two bacterial endophytes from the genus Cur-
tobacterium and a fungal isolate from the genus
Acremonium. They led to a reduction in the de-
velopment of disease symptoms. The research-
ers also noted the effectiveness of commercial
biological control agents based on B. subtilis
SR63 and T asperellum T1 strains against A. vitis.

In Ukraine, N. Lemanova § M. Magher (2019)
investigated the biological preparation “Paurin’
based on the bacteria Pseudomonas fluorescens
CNMN-PsB-04. For this, the biological prepara-
tion was used by treating apple MM-106 root-
stock cuttings and fruit seeds before planting
theminthesoil. Thismethod helpedtoreducethe
damage to plants by crown gall by 2.0-2.5 times.

N.V. Limanska et al. (2019) investigated the
effect of Lactobacillus plantarum bacteria on tu-
mour formation and survival of A. tumefaciens
pJZonplantsurfacesandtissues. The experimen-
tal results showed that the number of test plants
(of different species) with disease symptoms in
the presence of L. plantarum in the inoculum
decreased by 85-100%. The average weight of tu-
mourswasreducedby?2-12timescomparedtothe
control. On grapes, inoculation with a mixture of
A. tumefaciens and Lactobacillus caused stimula-
tion of plant growth, which was manifested in an
increase in the number of buds that opened, an
increase in the average length of shoots and an
increase in the average area of the leaf apparatus.

The findings of the experiments presented
in this study demonstrated a wide range of an-
tagonistic activity of the studied isolates ILVM1
and ILVM2 against the reference agrobacteri-
um A. tumefaciens. This points to the possibility
of expanding the scope of practical use of these
strains to create a potential effective biological
product as a means of controlling the patho-
gen of crown gall in the south of Ukraine. In the
future, the development and use of a product
based on these bacteria will help reduce the
percentage of plants affected by soil infection
and prevent the spread of the disease, which
will considerably increase the economic level of
seedling production, increase the quantity, and
improve the quality of the crop.

CONCLUSIONS

The study investigated the spread of crown
gall in Odesa region, screened the antagonistic
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activity of non-pathogenic isolates of A. tumefa-
ciens in vitro and in vivo, and determined their
ability to control the disease in the field.

According to the findings of the phytosan-
itary inspection of grape plantations in Odesa
region, the disease prevalence ranged within
15-35% (on Chardonnay, Merlot, and Cabernet
Sauvignon varieties). Using the real-time PCR
method, pathogenic isolates of agrobacteria
were identified, and non-pathogenic isolates
were also recovered. The latter were tested for
antagonistic properties against the crown gall
pathogen. Thus, in vitro on nutrient medium, the
growth inhibition zone of the test object was 17-
22 mm. As a result of the antagonistic properties
study, two isolates of A. tumefaciens ILVM1 and
A. tumefaciens ILVM2 were identified, which had
a pronounced activity level. It was proved that
non-pathogenic isolates of agrobacteria ILVM1
and ILVM2 inhibited the development of crown
gall in vitro and in vivo on test plants S. lycopersi-
cum and H. annuus.

The obtained findings on plants of differ-
ent grape varieties allowed establishing the ef-
fectiveness of treatment of seedling roots with

isolates of non-pathogenic agrobacteria ILVM1
and ILVM2. Specifically, the ILVM1 isolate led to
a 53-86% reduction in the percentage of plants
with disease symptoms. The effectiveness of
ILVM2 isolate was 66-87%. The lowest number
of diseased plants was observed on plants of the
Chardonnay variety.

With the combined use of non-pathogenic
isolates of agrobacteria, the number of plants
affected by A. tumefaciens ranged within 10-
27%, which indicates a decrease in the spread
of crown gall by 73-90%, depending on the
grape variety.

Thus, isolates of agrobacteria ILVM1 and
ILVM2 showed antagonistic properties to the
pathogen of grape crown gall, which in the future
allows using them to develop biological means
of protection against this dangerous disease.
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BakTepiaslbHU paK BUHOrpagHoi /1o3mn
Ta NepcneKTUBU Noro 6ionoriyHoro KOHTponio

AHoOTaUifl. AKTYaJIbHICTh [HOCTIIKeHHS O06yMOBJIEHa IIOIIMPEHHAM 6aKTepiaJbHUX XBOPO6
BUHOTpaZy Ha MiBOHI YKpaiHM Ta HEOOXigHICTIO YIOOCKOHAJIEHHS MeTOHiB imeHTudirallii
TaToreHy ¥ 3acob6iB 3axucTy. MeToto 6y/10 po6oTu 6y10 BCTAHOBUTU apeasl 6aKTepiaJbHOro paky
BUHOTpazy B OZechbKill 067acTi Ta po3pobuTH MpodillakKTUYHI 3aX04y HAa OCHOBI 6i0JIOTiYHOTO
MeTozy. YV poboTi MpoBOAMIN 06CTEREHHS TTPOMUCIIOBUX HACaIyKeHb Ha HaABHICTb CMMITTOMIB
XBOpo6U Ta il MOUIMPEeHHS Y IMOJIbOBUX YMOBaX. BUKOPUCTOBYBAIU MOJIEKYIAPHO-6i10IOTIUHMIMA
METO[I, MoJIiMepasHoi JIAaHLIOroBoi peaxktiii (IJIP) y peanbHOoMy Yaci mis imeHTrdiKalis 36yaHUKa
HaKTepiasbHOrO paky. JOCIiIKeHHs IPOBOAWINMCH BIfTIOBIIHO [0 aTeCTOBAHOI METOAUKU. s
inenTudirauii ¢iromaroreHiB BUKOpPUCTOByBanu objmamHaHHs I[1JIP-nmaboparopii. V pesymeraTi
diTocaHiTapHOTr0 06CTEREHHS BUHOTPAHUX HACAIKeHb Pi3HUX rOCIIoAapcTB B OIeChKil 0671acTi
6yJIM BUSIBJIEH] KYILi BUHOTPaJHUX POCJIVH 3 XapaKTepPHUMU CUMITTOMaMU 6aKTepiaIbHOTO PaKy, 3
MyXJIMHHUMUY HapOCTaMH TKAHUHH B Pi3HUX MiCIIIX POCIVH: Ha pyKaBaX, ITaMbi, MicLIaX [IeTIeHHS.
3arajioM y paiioHi IIpoBeIeHHs NOCIiIKeHb 6aKTepiaIbHUM pak BUHOIPAAy XapaKTePU3YEThCS
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IIMPOKUM apeajioM. 3a pesyasraTaMu $iTocaHiTapHOTO 06CTEXREHHS ITOUIUPEHHS 6aKTEPiaNbHOTO
PaKy BUHOTpaZy Ha pi3HMX cOpTax CTaHOBUJIO Bif, 0,3 10 35 %. YV pekuUMi peasbHOTO Yacy MeTOHOM
I1JIP 6yro imeHTHdiKOBaHO 36yIHUKA XBOpObU — A. tumefaciens. XBopoba posABsIacs y BUMIALI
XapaKTepHUX CUMIITOMIB, 8 TAKOK PO3BUBAJIACS V JIATEHTHiY dopMi. Po3pobiieHa My/IbTUIIEKCHA
[IJIP [o3BOJIsIE OFpasy aHasli3yBaTH pi3Hi INTAMU ITaTOTeHHUX i3074TiB arpobakrrepiil. Ceper
617BIIOCT] BUAIIEHUX i30IATIB, SIKi B TOAaJIBIIOMY 6TV ITPOTECTOBAHI Ha IPUTHIYEHHS ITyXJINH, 6y710
BUSBJIEHO [IBa i30/1ATH arpobakrTepiti: LIBM1i IJIBM2, Ki MaJiv BUCOKI TOKA3HUKY aHTATOHICTUYHUX
BJIACTUBOCTEM wWIOAO 36yOHMKA 6aKTepiaJbHOTO paky. IlepeBipKa IIATOreHHOCTI BUIyYEHUX
arpob6akTepili Ha TeCT-POCIMHAX TOMATIiB i COHANIHUKY IATBEPAVIN Pe3ylIbTaTy BU3HAYEHHS
I[MX BJIACTUBOCTEMN, OTPUMAaHUX in Vitro. [30/1aTH arpobaxrepivt JIBM1 i JIBM2 3Ha4HO iHTi6yBaniu
picT myxJIMH Ha cTebiax TeCT-pPOCINUH MTOPIBHAHO 3 TATOTeHHUM LITAMOM, TOMY iX B ITOJaJIBIIOMY
MOJKHA BUKOPUCTOBYBATU IIPOTU 36yIHUKA 6aKTEPiaIbBHOTO PaKy i 3aXMCTy BUHOTPALHUX POCIIVH
BiI BTODUHHOIO Ypa’KeHHs I1aTOT€HOM i3 IPYHTY. Pe3ynpraTé MOXYTb OYTH BUKOPHUCTaHI AJIf
BIOCKOHAaJIEHHS MeTOZiB 6i0JI0TTYHOT0 3aXMCTy POCIWH Bifi 6aKTepiabHUX iHPEKIIit

KniouoBi cnoea: xBopobu BHHOTpaAy; IMOJiMepa3Ha JIaHIIOTOBAa peakis; Agrobacterium
tumefaciens; 6arTepii-aHTaroHicTy; 6i0N0riYHII 3aXUCT
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