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PREVENTION OF GRAPE CROWN GALL

Complex strategies to control crown gall are reviewed: indexing of planting
material, hot water treatment, cultural practices, treatments with chemical
substances and plant extracts. Special attention is paid to the biological
control. The short descriptions of the most well studied antagonistic
strains are listed. The main problems of grape crown gall prevention are
elucidated.
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Crown gall of grape is one of the most dangerous diseases in commercial
nurseries of many grape-growing countries. On the young vineyards of
susceptible cultivars up to 75% of the plants may die from galls surrounding
the trunks and interfering the normal water and nutrients supply [14]. In
adult plants crown gall strongly affects grapevine growth and makes plants
less resistant to unfavorable environmental conditions. Early decline of
grapes also occurs [13]. This leads the investigators to develope the effective
means of crown galled plants treatment and disease spread prevention.

Crown gall of grape is caused by Agrobacterium vitis (Rhizobium
vitis by recently proposed nomenclature [106]) and in some cases — by
A. tumefaciens (R. radiobacter) [13, 59]. Pathogenic agrobacteria have the
ability to transfer the definite segment of Ti plasmid into eukaryotic cells,
where it integrates into the genome [21, 40]. Pathogens induce crown gall
tumors on the representatives of 93 families of dicotyledonous plants [27],
but grape, stone fruits and ornamentals are the most being suffered [13,
38, 65].

Crown gall agents survive in grapevine xylem and are transmitted by
vegetative propagation [60]. If infected plants remain symptomless for a long
time, they may be used by mistake as planting material, and this results in
further spread of pathogens and consequent losses in viticulture [10].
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Pathogenic agrobacteria penetrate into grapevines through the wounds
caused due to planting, grafting, pruning, or through the wounds made
by nematodes [38, 88]. A. vitis survives in soil in plant debris opposite to
A. tumefaciens which is a typical soil saprophyte [13].

None of the modern control methods results in complete pathogenic
agrobacteria eradication, and appropriate control of crown gall for every
stage of viticulture is needed.

The first stage includes selection of pathogen-iree plants for vegetative
propagation, indexing and certification of propagation material. Grapevines
have differences in their susceptibility to crown gall infection [37, 89, 90].
Susceptible rootstocks and cultivars may maintain populations of crown
gall agents and therefore their planting is not recommended especially in
the regions with spring frosts [39].

The highly specific and rapid diagnostics methods are necessary to
ensure healthy planting material selection.

Polymerase chain reaction (PCR) [81] is the most widely used method
for crown gall disease diagnostics, it was started to use in the end of 1980s
— beginning of 1990s [30].

To detect pathogenic agrobacteria species the primers to Ti plasmid
sequences have been employed, for example, FGP ¢mr 530 and FGP ¢mr
701 from the T-DNA region, FGP vir B, ,,, and FGP vir G15 from the in-
tercistronic region between vir B and vir G in the virulence region of the
pTi [68]; VCR/VCF from the vir C of pTi [82]; vir A primers specific for
the virA region, 6a primers specific for 6a gene in pTi [32]; virC primers
specific for the virC region, virE, specific primer pair [92].

There are also known the primers for sequences of chromosomally
localized genes, for example, pehA primers from hydrolase gene [32, 46],
PGF/PGR primers for detection of polygalacturonase gene sequence [46,
92], primers Ab3-F3/Ab3-R4 or F63r16S/F153r16S to specific sequences
of A. vitis 16S rDNA [1, 52, 73].

The investigators offer various primer pairs allowing not only to distin-
guish crown gall agents among other bacterial species but to detect various
opine types of agrobacterial strains [7, 16, 76, 84, 92, 93].

PCR with virD, and ipt primers to the sequences of genes encoding
endonuclease and isopentenyltransferase [41] were applied for the produc-
tion of clean planting material of asters and roses and showed excellent
results [65].

Kumagai L. and Fabritius A.-L. (2008) in comparative study of different
primers showed the best results for A. vitis and A. tumefaciens detection
in grapevines for primers pare VCF3/VCR3 elaborated by Suzaki et al.
(2004) [58, 91].

Due to genetic variability of different agrobacterial strains, the use of
multiplex PCR with mixtures of virulence-, or oncogene specific primers is
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recommended for the most precise pathogen detection [8]. It was proposed
to apply the internal control for effective diagnostics of crown gall [25].

There are two ways in DNA-diagnostics of crown gall agents. The first
means initial isolation of bacterial cultures on semi-selective media and
testing of the isolated strains in PCR (BIO-PCR) [41, 65, 83]. Inmunocapture
of agrobacteria followed by PCR with the DNA of retained cells was proposed
[51].

The second way means isolation of total DNA and use of such DNA
sample for amplification of certain sequences [24, 32, 57, 77]. During
PCR-evaluation of bacterial quantity in tumour, it should be taken into
considereation that the primed sequence of pathogenic agrobacteria plasmid
gene is also incorporated in plant cell DNA [24].

Both ways have their advantages and disadvantages and can be used
in indexing of disease-free propagation material.

Pathogenic Agrobacteria strains are relatively difficult to differ from
certain types of tumors in which nonpathogenic agrobacteria prevail. The
investigators showed that five different A. tfumefaciens strains initially
isolated from apple tumors produced up to 99% nonpathogenic mutants
following their introduction into plants [5]. Other authors [62] studied tu-
mours in apple, tomato, pepper, plume, cherry, pear and peach, and revealed
much smaller amount of mutant strains (0.01 %) present only in tomato
and pepper tissue. This process has not been studied on grapevines yet.

To prevent the spread of grape pathogens in propagation material
nurseries apply hot water treatment (HWT) [98, 99]. HWT is highly
recommended to serve as the second stage of crown gall control — the
stage concerning propagation material production.

Hot water treatment, or heat treatment means submersion of plant
material in hot water for a fixed period of time. HWT is widely used in many
countries to eliminate pathogens and pests from dormant grapevines. HWT
eradicates or reduces nematodes, phylloxera, mealybugs [43], phytoplasmas
and eggs of their vectors [17] and other pests.

Elimination of endogenous pathogens such as phytoplasmas and crown
gall agents requires longer duration of HWT opposite to external pests
(phylloxera and nematodes) for which shorter duration treatment (52 °C —
55 °C for b min) is sufficient for eradication. In case of long duration HWT
danger of bud mortality exists. Burr et al. (1996) [11] observed bud damage
when dormant cuttings were treated at temperatures greater than 50 °C.
Treatment of samples above 54 °C for 30 min revealed seasonal and cultivar
variabilities in heat tolerance [101]. Therefore standart regimes of 50 °C for
30 min or 50 °C for 45 min are highly recommended for nurseries [11]. Such
HWT significantly reduces the quantity of infected plants — to 2% with
galls compared with 60% of non-treated [11, 70]. Other investigations also
reported about eradication of A. vitis or reducing of its population below
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the level of detection [64], but the further testing of grapevines planted in
fields after HWT is needed for the final conclusions.

Agrobacteria are non heat resistant bacteria. Continuous growth at
37 °C or 42 °C triggers synthesis of heat shock proteins [3]. But the prob-
lem is that the temperature regime 50 °C is not sufficient for complete
eradication of crown gall agents in the plants. Cells of A. vitis surviving in
dormant grape cuttings are more heat-tolerant than cells grown in culture
in stationary phase. Internal tissues of the cuttings reach the temperatures
of water bath within 4—6 minutes, so agrobacteria survival could not be
explained by difference in the temperatures [11]. Further studies of vari-
able heat sensitivities of crown agent strains [11, 64] and efficacy of HWT
in pathogens eradication are needed. But the problem is that if the wound
tissue has been already transformed before heat treatment, eradication of
agrobacteria will not prevent from crown gall development.

Contaminated soil, water and the instruments may result in reinfection
with phytopathogens in an open field nursery [98].

The third stage of crown gall control means prevention of plant tissues
from pathogen penetration, or treatment of infected grapevines to reduce
the symptoms or decline, and to avoid spread of infection from the diseased
plants to the healthy ones. This includes the special cultural practice with
choosing non-infected plot with non-heavy soils, without excessive wet,
which is not situated in low-lying lands. It also is better to use potassium
fertilizers instead of nitrogen ones to improve resistance of grapevines to
cold [13]. Fumigation decreased level of infection on vineyards. Combined
treatments with antagonistic strain A. radiobacter HLB-2 and fumigant
Vorlex had a synergistic effect on crown gall control [75].

Population densities of pathogenic agrobacteria declined within solarized
plots, and incidence of crown gall on cherry rootstocks in solarized plots
was reduced significantly [72].

There are some cultural practices, which help to destroy fresh tumors
by chemicals such as 5% copper sulfate, Bordeux mixture plus 4,6-dinitro-
o-cresol or by pregrafting treatment of oxyquinoline sulphate [13]. The
effects of preparation based on walnut extract, and different concentrations
of cartacide were studied with positive results [56]. In general, the control
of endogenous pathogens is difficult since the traditional techniques such
as chemical sprays and soaking used for the control of surface pathogens
do not allow to penetrate dormant grapevine cuttings sufficiently to control
microorganisms inhabiting the phloem and xylem tissue [98]. The same
difficulties exist also for the treatments with the plant extracts.

Extracts of Orobanche inhibited the growth of crown gall agents [80].
The high antitumor activity of Fagonia cretica extracts was found against
all the tested agrobacterial strains on a model of potato tuber discs, how-
ever, the extract did not show any lethal activity against these strains [49].
Pothomorphe peltata extracts showed 22% of crown gall inhibition [67],
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extracts from Ludwigia hyssophila — 73.5 and 84.14% inhibition, and ex-
tracts from this plant also exhibited a moderate antibacterial activity [26].
Treatment with Albizzia lebbeck extracts resulted in significant decrease
in tumor formation too [42].

To retard certain stages of crown gall pathogenesis, the effect of phyto-
hormone salicylic acid was studied. Nicotiana benthamiana plants treated
with salicylic acid showed the reduced disease symptoms [2].

Treatment with antagonistic bacterial strains is a very promising
trend. As opposed to chemicals, using of antagonistic strains does not
interfere the balance in biocoeones. Antagonists colonize the plant tissues
as effectively as pathogens do, and have clear stimulating effect on the
plants [4]. Antagonistic strains can be easily applied in nursery practice
by submersion of the roots of young grape plants and cuttings into cell
suspension before planting. A. rhizogenes strain K84 is widely used against
A. tumefaciens. The strain can survive in a field environment for at least
two years [87]. A. rhizogenes K84 produces highly specific bacteriocin
agrocin — the analogue of adenine nucleotide [94].

Reader et al. (2005) showed that agrocin K84 acts on leucyl-tRNA
synthetase of susceptible cells, while the producer itself survives by means
of the second own synthetase copy [78].

But this bacteriocin is effective only against nopaline, agrocinopine,
and succinamopine strains, and therefore has no effect on crown galls on
grapevine caused by octopine and vitopine A. vitis strains [44, 54]. In some
cases the use of K84 is effective against gall formation caused even by
agrocin-resistant strains [71].

A. rhizogenes K84 carries three plasmids — pAgK84 responsible for
agrocin K84 synthesis [85], pAgK434 with genes of agrocin 434 [31], and
pNoc encoding catabolism of nopaline [22, 66]. Strain K84 synthesizes
one more antagonistic substance — siderophore ALS84 effective against
agrobacteria at low-iron conditions [71].

Using of A. rhizogenes K84 may be problematic due to possible transfer
of pAgK84 into pathogenic strains. Pathogenic strain with pAgK84 becomes
insensitive to agrocin and biocontrol fails [97]. The stable Tra — deletion
mutant of K84 — the strain K1026 was constructed [50]. This strain is as
efficient as K84 and it can control crown gall without reducing the total
quantity of pathogens in the root system [97]. It would be perspective
to modify other agrobacterial strains to minimize plasmid transfer
possibility.

Despite of the fact that pTi i pNoc belong to one incompatibility group,
spontaneous transfer of pTi to K84 cells is also possible. Such transfer
can be explained by recombination between pTi and pNoc. The resulted
transconjugants are at the same time pathogenic and resistant to agrocin
K84 [63].
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Transfer of plasmids belonging to certain incompatibility groups into A.
tumefaciens cells results in inhibition of oncogenic properties of pathogenic
strains [19, 36].

[t was shown that agrobacteria can undergo natural transformation
under environmental conditions and this also increases their variability
[29].

Pathogenic strains can also produce bacteriocins. For instance,
A. tumefaciens J73, biotype 2 with nopaline type pTi synthesized a
bacteriocin active against A. fumefaciens and A. vitis [104]. Pathogenic
strain A. tumefaciens D286 producing bacteriocin agrocin with wide
spectrum of action, spontaneously lost its pathogenecity and therefore
could be used as a biocontrol agent [45, 109].

Potential antagonists of grapevine crown gall agents are the strains
from Agrobacterium genus and the representatives of other genera as well.
Eastwell et al. (2006) studied the potential of Pseudomonas fluorescens,
Bacillus subtilis and Bacillus sp. isolates as biocontrol agents against crown
gall in planta. All three bacteria reduced gall size if they has been applied
25 or 86 days before the inoculation with R. vitis [33].

Strains of Pseudomonas aureofaciens and P. fluorescens reduced the
occurence and symptoms of crown gall on grapevine and raspberry, and
the effect was cultivar-depended [55].

Rahnella aquatilis HX2 isolated Irom vineyard soil showed a significant
biocontrol effect. After three years, the amount of diseased plants among
those treated with the antagonist was 30.8% compared to 93.5% in non-
treated plants [18].

Bell et al. (1995) among 851 isolates from xylem sap revealed 24
strains with clear inhibitory effect on A. vitis. These antagonists belonged
to Enterobacter agglomerans (35%), Rahnella aquatilis (30%) and
Pseudomonas spp. (35%) [6].

Rhizosphere bacteria producing the enzyme l-aminocyclopropane-1-
carboxylate deaminase (ACCD), which degrades the immediate precursor
of ethylene in the plants, are perspective in A. tumefaciens or A. vitis
biological control. Treatment with ACCD-producing Pseudomonas putida
UW4, Burkholderia phytofirmans PsJN and Azospirillum brasilense
Cd1843 strains significantly reduced the mass of A. vitis-induced tumours
on tomatoes. Transgenic test-plants expressing bacterial ACCD also showed
the high resistance to crown gall [96].

Bazzi et al. (1999) [4] treated grapevine cuttings with antagonistic
strains A. vitis F2/5 [86], A. vitis 1077 — agrocin-minus mutant of A. vitis
F2/5, A. vitis 523 [12] and A. radiobacter HLB-2 [105]. Alter 24 hours, the
cuttings were infiltrated with a virulent A. vitis strain. There were observed
100 times decreasing of pathogen amount in tissue at the graft point. The
best results of grafting showed HLB-2 strain [4]. A. radiobacter HLB-2
suppresses tumors by competing for sites and nutrients and producing an
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agrocin-like substance [74]. But in case of A. vitis F2/5 the greatest number
of discarded vines occurred due to necroses, though F2/5 is the most
perspective biological control agent [4]. The matter is that inhibitory activity
of this strain against pathogen is not associated with agrocin production
and competition for attachment cells. It is directly related to interaction
with grapevine [12]. The investigators suggest that F2/5 inhibits normal
healing by inducing necrosis in cambium. Callus cells formed in cambium
during wound healing are susceptible to transformation by pathogen.
Wounds inoculated with F2/5 prior to application of the pathogen did not
develop galls due to necroses induced by biological control strain [23]. This
mechanism resembles the hypersensitive response [47].

A. vitis F2/5 inhibits crown gall development only on grapevine and
not on other plants. Transfer of the stable plasmid pT2TFXK encoding an
antibiotic trifolitoxin from Rhizobium leguminosarum biovar trifolii to
A. vitis F2/5 extended the antagonistic properties of the latter. A. vitis
F2/5 strain became able to reduce tumour formation on Nicotiana glauca
and to inhibit the strains resistant to it before [48].

Nonpathogenic strain A. vitis isolated from grapevine roots, E26, is
effective against crown gall on grapevine caused by A. vitis and crown gall
on peach and cherry caused by A. tumefaciens [61]. The strain produces
an antibacterial substance strongly inhibits pathogenic agrobacteria and
their attachment to grape cells [103, 107].

Nonpathogenic strain A. vitis VAR03-1 isolated from nursery stock of
grapevines was tested on tomato seedlings and grapevines. The plants were
treated with antagonist cell suspension for 24 hours, and after soaked for
one hour in pathogen suspension. After the treatments, the test-plants were
planted in the pots with infected soil. Significant reducing of gall formation
on both tomato and grapevines occurred [53].

The agrocin NAS active against the close related strains was isolated
from the soil born A. radiobacter NAS, which was proposed by the authors
for the next field trials [69].

The investigations of A. vitis spread in feral grapevines showed the
interesting results. None of the wild vines studied in Austria were infected
with pathogenic agrobacteria [95]. The same results were obtained when
feral grapevines of Crimea were tested (Limanska N., Milkus B., personal
communication). In Italy, over 50 strains of non-tumorigenic A. vitis were
isolated from feral grapevines. The transfer of pTi plasmid from pathogenic
agrobacteria into nonpathogenic strains from feral grapevines is inhibited
[14].

All agrobacteria isolated from feral grapevines in the USA were non-
tumorigenic as well, and seven strains from 26 studied inhibited pathogen
A. vitis K306 [15]. Such investigations point out the possibility to study the
strains from feral grapevines as a potential source of antagonistic agents.
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There are few studies concerning agrobacterial bacteriophages and
perspectives of their use in biological control of crown gall [9, 20, 28, 35,
100, 108]. Eayre C. (2003) informed about the possibility of walnut crown
gall control using bacteriophages [34].

Further investigations should be carried out to study the possibilities
of biocontrol strains and to search for the new isolates with useful
characteristics.
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