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The main grape producing regions in Korea were sur-
veyed for the occurrence-and relative—incidenceof
crown gall disease on grapevine. The results of the sur-
vey showed that the disease tended to affect tetraploid
cultivars, which produce a large and sweet fruit but are
very weak to cold weather. Incidence of crown gall dis-
ease was high on the tetraploid cultivars, Kyoho (Ger-
bong), Daebong, and Black Olympia while it was low on
the diploid cultivars, Cambell Early and Sheridan. The
disease incidence was very high on Anseong, Cheonan,
and Chincheon, where the major growing areas of tet-
raploid cultivars and grapevines were buried in the win-
ter to protect from freeze injury, whereas it was low in
Yungdong, Kimcheon, and Nonsan. Crown gall disease
did not increased with grapevine age on both Cambell
Early and Kyoho. It remained low in Cambell Early,
but high for all ages on Kyoho. Galls were found on the
crown region and mid part of the trunk, but more galls
were on small branches and canes on Kyoho grape-
vines. More than one third of Kyoho grapevines inspect-
ed had galls on multiple locations on grapevines. On
Kyoho, 56.3% of the galls covered more than 50% of
the circumference of grapevines, which indicates thit
the crown gall disease affects severely on the cultivar.
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Crown gall is a serious disease plaguing grape crops in
many grape-producing regions of the world. This disease
reduces the yield and vigor of grapevine, especially on V.
vinifera and interspecific hybrids where climatic conditions
favor freeze injury (Schroth et al., 1988; Burr et al., 1998).
The predominant pathogen causing the disease is Agrobac-
terium vitis, formerly known as A. tumefaciens biovar 3. It
is well known that A. vitis can infect grapevines through
root decay and stay dormant in grapevines without showing
any symptoms until the grapevine is injured mechanically
or by freezing, conditions which induce to form galls (Burr
et al. 1998). Galls are formed not only on roots but also
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more seriously on the aerial parts, often girdling the trunk
and killing cold-sensitive cultivars (Burr et al., 1987; Bazzi
et al., 1991; Chung & Shim, 1996).

Grape is the 4th common fruit crop in Korea, next to
apple, tangerine, and persimmon in aspect of the cultivation
area. The cultivation area of tetraploid cultivars, Kyoho
(Geobong) and Black Olympia, has been increased in
recent years because these tetraploid cultivars bear large
and sweet fruits although Cambell Early is still the most
widely growing cultivar of grapevine in Korea. The tetrap-
loid cultivars are well known for susceptible to many dis-
eases (Lee et al., 1996; Song & Ko, 1999). Although the
rising incidence of crown gall disease on Kyoho grapevines
have been recently recognized, detailed data concerning the
crown gall disease of grapevine is still lacking. In this study,
the occurrence and relative incidence of crown gall disease
were surveyed in main areas of grapevine cultivation in
Korea.

The aerial parts of individual grapevines on the vineyards
of major grape production areas such as Anseong, Cheo-
nan, Kimcheon, Nonsan, Okcheon, Yongdong, Chincheon,
and Boeun, were inspected. Knowledge of the cultivar, vine
age, and cultural practice were obtained by consulting the
owner of the vineyard. Location of galls on grapevine and
level of coverage by galls were checked in the selected
Kyoho vineyards.

The disease incidence of crown gall was high on tetrap-
loid cultivars while it was low on diploid cultivars (Table
1). The crown gall incidence of Kyoho {Gerbong), a major
tetraploid cultivar in Korea, was 93.4% and those of Daeb-
ong and Black Olympia, other tetraploid cultivars, were
36.8% and 25.1% respectively. However, only 0.2% of
Cambell Early and 0.3% of Sheridan, which are major dip-
loid cultivars in Korea, had galls on vine. These results indi-
cate that almost all of Kyoho grapevines were diseased with
crown gall. A high disease incidence observed in Kyoho is
believed to closely related to cultivation practice. Kyoho is
cultivated mostly on Anseong, Cheonan, and Chincheon
where the vines were buried during the winter to protect
from freeze injury. Burial of vines causes harmful injury to
vines and subsequent injuries allow A. vitis to form galls. A
previous study showed that tieing and burial of vines in soil
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Table 1. Disease incidence of crown gall on major cultivars of grapevine
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Tetraploid cultivars Diploid cultivars
Kyoho Black Olympia Daebong Cambell Early Sheridan
Grapevines inspected 13316 410 1144 16129 5110
Grapevines diseased” 12432 103 421 38 i3
Disease incidence (%) 934 25.1 36.8 0.2 0.3

*The number of grapevines inspected
"The number of grapevines having gall

Table 2. Disease incidence of crown gall in main areas of grapevine cultivation

Areas Anseong Cheonan  Kimcheon Nonsan Okcheon  Yungdong Chincheon Boeun
Grapevines inspected® 7945 5426 4817 1692 1085 13816 1089 239
Grapevines diseased” 6835 5120 16 2 116 10 898 10
Disease incidence (%) 86.1 939 03 0.1 10.7 0.1 82.5 4.2

*The number of grapevines inspected
*The number of grapevines having gall

during the winter induced the highest rate of crown gall
incidence among heat conservation treatments (Nam et al.,
1998).

The disease incidence of Black Olympia suggests that tet-
rapolid cultivars are far more susceptible to diploid culti-
vars for crown gall disease. The vineyard of Black Olympia
investigated in this study was on Okcheon where the vines
were not buried during the winter. Twenty-five percent of
Black Olympia had galls on vines while only 0.2% of
Campbell Early had galls (Table 1).

The disease severity was high in Anseong, Cheonan,
Chincheon while it was low in Kimcheon, Nonsan, Yung-
dong (Table 2). We speculate two reasons for the high dis-
ease incidence in the Anseong, Cheonan, and Chincheon
area. One, they are major cultivation areas for tetraploid
cultivars and the other reason is that vines were buried dur-
ing the winter to protect from freeze injury in those areas.

The disease incidence did not vary greatly relative to
grapevine age on both Cambell Early and Kyoho (Table 3,
4). It remained low in Cambell Early, but was high in
Kyoho for all ages. Eight three percent of four-year-old
Kyoho already had galls on vines. Such a high disease inci-
dence on young grapevines suggests that a pathogen was
carried over inside of new seedlings and physical injuries

Table 3. Disease incidence of crown gall on Cambell Early
Grapevine age (yr) 4 5 6 8 10 12

Grapevines inspected® 3163 2907 7742 1042 490 785
Grapevines diseased” 0 15 7 0 5 1
Disease incidence (%) 0 05 0.1 0 10 14

*The number of grapevines inspected
*The number of grapevines having gall

Table 4. Disease incidence of crown gall on Kyoho
Grapevine age (yr) 4 5 6 7 8§ 10 12

Grapevines inspected® 1142 4228 4515 970 2039 190 232
Grapevines diseased® 954 3972 4275 858 1964 173 206
Disease incidence (%) 83.5 94.0 94.7 93.3 963 91.1 88.8

*The number of grapevines inspected
°The number of grapevines having gall

during the burial of grapevines induced the formation of
galls. It is well known that A. vitis can endophytically colo-
nize the plant xylem without showing any visible disease
symptoms and injuries inside the vascular system or outside
of the trunk allow this pathogen to induce galls on vines
(Burr et al., 1987, 1998; Bazzi et al., 1991). Additionally, it
was frequently observed that many galls were initially
formed inside of twisted vine and were pushed to the out-
side (Figure 1C, D). Galls were often found on the pruning
ends of cane as well.

Various sizes and shapes of galls were observed on differ-
ent parts of the grapevine on Kyoho (Figure 1). Galls were
not only on the crown region of the trunk but additional
galls were also found on small branches and canes (Table
5). Thirty four percent of inspected grapevine of Kyoho had
galls on 2 or 3 locations.

The assessment of the level of damage caused by crown
gall on grapevines often vary since a single small gall is not
believed to significantly weaken the grapevine and even
some growers practice cutting around the trunk for early
maturation and to increase sweetness of the fruit. However,
Schroth et al. (1988) concluded based on 3 years study that
galls covering more than 50% of the circumference of the
grapevine weaken the trunk or branch having the galls and
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Fig. 1. Galls were on different parts of the Kyoho grapevines: on the crown region of the trunk (A), on the mid part of the trunk (B), and

on small branches and canes (C, D).

result in great economic loss of grapevines. On average,
56.3% of galls observed on Kyoho cover more than 50% of
the circumference of the vine, which indicates crown gall
disease is a serious problem on the cultivar.

Results of this study indicate that crown gall disease is
very severe on tetraploid cultivars, especially on Kyoho in
Anseong, Cheonan, and Chincheon, where are the major
cultivation areas for tetraploid cutivars. Although the dis-
ease caused serious damage, control measures were not
practiced in the areas. Growers usually changed diseased
grapevines with new seedlings that were produced without
paying particular attention to possible contamination of

pathogens inside the seedlings. We believe that replacement
of the diseased grapevines with new seedlings increases the
incidence of crown gall disease and disease severity of
crown gall continue to raise every year.

It is well known that crown gall disease of grapevines is a
difficult disease to control (Burr et al., 1988). Furthermore,
the severeness of the disease on tetraploid cultivars found in
Anseong, Cheonan, and Chincheon urge the regular use of
control measures of the disease, such as the use of patho-
gen-free seedlings, the practice of proper heat conservation
rather than burial of vines in the winter, and the application
of chemicals inhibiting gall formation to vine. The breeding
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Table 5. Locations and percentage of galls covering more than a 50% circumference of Kyoho grapevines

Locations
Crown region of trunk Mid part of trunk Small branch Multiple locations®
Number of grapevines having gall’ 417 400 553 364
Disease incidence (%) 39.2 37.6 51.9 34.2
Rat@ (%) of galls covering more than 50% 67.8 516 496 N
of circumference

*The number of grapevines having gall among 1065 grapevines inspected

® Percentage of grapevines having gall on the location
“Grapevines having galls on 2 or 3 locations

of tetraploid cultivars resistant against crown gall disease is
believed to be the best method in preventing the disease.

Acknowledgement

This work was supported by a research grant from the
Research Center for the Development of Advanced Horti-
cultural Technology, Chungbuk National University, which
is a Regional Research Center of the Korea Science and
Engineering Foundation (KOSEF).

References

Bazzi, C., Stefani, E., Gozzi, R., Burr, T. J., Moore, C. L. and
Anaclerio, F. 1991. Hot-water treatment of dormant grape cut-
tings: Its effects on Agrobacteriun tumefaciens and on grafting
and growth of vine. Vitis 30:177-187.

Burr, T. J., Bazzi, C,, Siile, S. and Otten, L. 1998. Crown gall of
grape: Biology of Agrobacterium vitis and the development of
disease control strategies. Plant Disease 82:1288-1297.

Burr, T. J., Bishop, A. L., Katz, B. H., Blanchard, L. M. and Bazzi,

C. 1987. A root-specific decay of grapevine caused by Agro-
bacterium tumefaciens and A. radiobacter biovar 3. Phytopa-
thology 77:1424-14217.

Chung, K.-J. and Shim, J.-S. 1996. Isolation and identification of
pathogenic bacteria of grapevine crown gall in Korea. Korean
J. Plant Pathol. 12:197-201.

Lee, C.-H., Han, D.-H. and Kim, S.-B. 1996. Effects of GA3 and
Fulmet (KT-30) on fruit set and quality in ‘Kyoho’ grapes. J.
Kor. Soc. Hort. Sci. 37:686-690.

Nam, S.-Y., Kim, S.-K, Kim, K.-M., Jung, J.-H. and Choi, K.-S.
1998. The differences of temperatures, growth and crown gall
occurrence in young ‘Kyoho’ grapevines according to heat
conservation materials during winter. Kor. J. Hort. Sci. &
Tech. 16:517-519.

Schroth, M. N., McCain, A. H., Foott, J. H. and Huisman, O. C.
1988. Reducﬂon in yield and vigor of grapevine caused by
crown gall disease. Plant Disease 72:241-246.

Song, G.-C. and Ko, K.-C. 1999. The characteristics of growth,
nutrient status and berry setting of different aged 'Kyoho'
grapevines. J. Kor. Soc. Hort. Sci. 40:715-718.

Siile, S., Mozsar, J. and Burr, T. J. 1994. Crown gall resistance of
Vitis spp. and grapevine rootstocks. Phytopathology 84:607-
611.



