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The occurrence and relative incidence of viruses includ-
ing Cucumber mosaic virus (CMV), Zucchini yellow
mosaic virus (ZYMY), Papaya ringspot virus (PRSV),
and Watermelon mosaic virus (WMYV), Cucumber green
mottle mosaic virus (CGMMY), Kyuri green mottle
mosaic virus (KGMMY), and Melon necrotic spot virus
(MNSV) were surveyed from main melon (Cucumis
melo L.) production areas in Jeonnam province during
2000-2002. Virus disease incidences of melon cultivating
fields were 0% and 11% in spring and fall 2000; 40%,
2.1%, and 8.8% in spring, summer, and fall 2001; and
6.3% in spring 2002 in main cultivated areas in
Jeonnam province, respectively. Field disease incidences
of melon virus infections were 0% and 18.8% in spring
and fall 2000; 50%, 38.5%, and 82.6% in spring,
summer, and fall 2001; and 47.4% in spring 2002,
respectively. Total of 101 melon samples showing typical
disease symptoms were collected from 2000 to 2002 and
tested for virus infection by RT-PCR. Potyvirus-specific
DNA fragments for WMYV, ZYMYV, and PRSV were
amplified from 46, 5, and 4 samples, respectively.
MNSY specific DNA fragment was amplified from 18
samples. CMV-specific DNA fragment was detected
from only 3 samples.
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Cucurbit crops are of great economic importance in Jeon-
nam province. Melon (Cucumis melo 1..) was cultivated
approximately 478 ha in 2005 in Korea and Jeonnam
province covers a significant portion (38.7%) and thus
plays an important role in overall melon production in
Korea (Ministry of Agriculture and Forestry, 2006). At least
13 different viruses were reported to infect melon world-
wide (Abou-Jawdah et al., 2000; Alonso-Prados et al.,
2003; Avgelis, 1985; Boubourakas et al., 2006; Daryono et
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al.,, 2005; Gonzalez-Garza et al., 1979; Graftin-Cardwell et
al., 1996; Kato et al., 2000; Kubo et al., 2005; Luis-Arteaga
et al., 1998; Mahgoub et al., 1997; Raychaudhuri et al.,
1978; Yuki et al., 2000). Among them, 3 different viruses
including CGMMV (tobamovirus), Melon necrotic spot
virus (MNSYV, carmovirus), and Papaya ring spot virus
(PRSYV, potyvirus) have been reported to infect Melon in
Korea (Cho et al., 2005; Choi et al., 2001; Choi, 2003).

Occurrence of virus and virus-like diseases can limit
production. Investigations of incidence and distribution of
melon viruses are very important in developing diagnostic
systems and appropriate control measures. However, there
is no available information on the virus disease incidences,
periodical disease severity, and the potential economic
impact of virus infection on melon production and thus we
do not know exactly what is the most important viruses
infecting melon in Korea. To determine the most prevalent
viruses infecting commercially grown melon in Jeonnam
province, we collected samples from major melon cultivat-
ing areas from 2000 to 2002 and confirmed virus disease
incidences using RT-PCR analyses.

Survey of virus diseases. Surveys were conducted during
three years (2000-2002) in major melon cultivating areas
in Jeonnam province including Naju city, Damyang,
Gokseong, and Hwasun district (Fig. 1). Virus disease
incidences were surveyed both on spring (April to June)
and on fall (September to October) each year. Disecase
incidence was evaluated based on plants showing virus-like
symptoms by observing at least 300 plants per plastic
house. Samples showing virus-like symptoms were collect-
ed and tested by reverse transcription-polymerase chain
reaction (RT-PCR).

Virus disease incidence of melon-cultivating fields were
0% and 11% in main cultivated area in Jeonnam in spring
and fall 2000, respectively. It was 40%, 2.1%, and 8.8% in
spring, summer, and fall 2001 and 6.3% in spring 2002 in
main cultivated areas in Jeonnam province, respectively.
Field disease incidences of melon virus infections were 0%
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Fig. 1. Surveyed districts of virus diseases on melon in Jeonnam
province.

and 18.8% in spring and fall 2000; 50%, 38.5%, and 82.6%
in spring, summer, and fall 2001; and 47.4% in spring 2002,
respectively (Table 1). Typical symptoms associated with
virus infections include mosaic, chlorotic mottle, vein clear-
ing, vein banding, severe mosaic with CMV, PRSY, WMV,
and ZYMV infections while necrotic spot and stem
necrosis were observed with MNSV infection.

Total RNA extraction and RT-PCR. Total RNAs were
extracted from 20 mg of freeze-dried samples using
RNAgents® Total RNA Isolation System kit (Promega Co.,
USA) according to the manufacture's protocols. The quality
and relative concentrations of transcripts were checked by
electrophoresis on 1.2% (w/v) agarose gel at 4°C and

Table 2. The sense and antisense primer pairs used in this study

Table 1. Occurrence of virus diseases on melon in Jeonnam
province®

No. of fields ) Disease inci-
Year Investing Diseased dence (%)"
times H;v:sg diseased fields (%) (Rangc)
2000  Spring 10 0 0 0
fall 32 6 18.8 11.0(0.5-49.8)
2001  Spring 2 1 50.0 40.0
Summer 13 5 385 2.1(0.6-3.3)
fall 23 9 82.6 8.8(0.4-45.5)
2002  Spring 19 9 474 6.3(0.1-26.5)

*Spring was investigated from April to June, summer from June to
September, fall from September to November, winter in January
each year.

®Disease incidence represent the percentage of mean number of
infected plants per total plants in a field. More than 300 plants were
investigated in each field.

visualized by ethidium bromide staining. Specific oligo-
nucleotide primers for PRSV, WMV, ZYMV, KGMMYV,
CGMMYV, CMV, and MNSV were designed based upon
sequence information given in the literature (Table 2). A
RT-PCR was carried out with one cycle at 42°C for 30
minutes, 95°C for 5 mimutes and 35 cycles of PCR
amplification using the step program (94°C, 60 seconds;
60°C, 60 seconds; 72°C, 80 seconds) followed by a final
extension at 72°C for 7 minutes. Five ul of the amplified
DNA fragments were separated by electrophoresis on a
1.2% agarose gel in 1x Tris-acetate-EDTA (TAE) buffer
and stained with ethidium bromide. A total of 101 samples
that were collected from melon during 2000-2002 were
assayed. As might be suspected, primer sets for WMV,

Target Primer pairs® Sequence Length Product(bp) References
. CMR3-C30(-) CCACACGGTAGAATCAAAT 19 450
CMR3-N40(+) GCTCGCCTGTTGAAGTCGCA 20
COMM-C60—)  AATTAAGTAAAGICCTGACG 20
CGMMYV CGMM-N30(+)  ATGGAACGTACCGGAATC 18 609
KGMM-C10(-) _ GAGAACTTACAGATAG 16
KGMMV ¢ GMM-N60(+)  AGTCGCGCATTGCTGCTTTGAT 2 376 Lee etal. (2003)
WY WM2-C20(-) CTTATAACGACCCGAAATGCTA 2 o1
WM2-N50(+) AGTCCGTATATGCCTAGAT 19
. ZYM-C10() AGGCTTGCAAACGGAGTCTAAT 2 <00
ZYM-N50(+) TATATAGAGATGAGAAATGCAGA 3
PRS-C20() TCACTGTAAAATAGAAGCGGT 21 .
PRSV PRS-N60(+) CAATTTGAGAAGTGGTATGAG 21 600 Jin etal. (2003)
MNS-C10(-) CTCCATAAGCGCCAAGCAACC 21 .
MNSV MNS-N40(+) AGCGGGGGAAAACAGAAGAA 20 485 Kim etal. (2005)

The primers were selected after the alignment of the nucleotide sequences from the known isolates of each virus. *(—), downstream primer; (+),

upstream primer.
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Table 3. RT-PCR detection of virus diseases occurred on melon in Jeonnam province from 2000 to 2002

Year Investing No. of samples

No. of samples detected with®

times tested Nd C CG W Z P M M+P MW W+P  Z+P  Z+W  W+Z+P
2000 Fall 14 0 0 0 4 0 4 5 1 0 0 0 0 0
2001 Spring 3 0 0 0 0 0 0 3 0 0 0 0 0 0
Summer 12 0 0 0 8 0 0 0 0 0 4 0 0 0
Fall 62 0 3 0 3 5 0 2 0 2 13 2 1 1
2002 Spring 10 1 0 0 1 0 0 8 0 0 0 0 0 0

*C, Cucumber mosaic virus; CG, Cucumber green mottle mosaic virus; M, Melon necrotic spot virus; W, Watermelon mosaic virus; Z, Zucchini

yellow mosaic virus; P, Papaya ringspot virus; Nd, not detected.

ZYMYV, and PRSV amplified expected size DNA fragments
from 46, 5, and 4 samples, respectively. In addition, primer
sets for MNSV and CMV also amplified specific DNA
fragment from 18 and 3 samples, respec- tively. The
other primer sets for CGMMV and KGMMYV did not
amplify any specific DNA fragment indicating no infection
of CGMMYV and KGMMV. Double virus infec- tion
was detected in 23 samples of all samples that tested
positive by RT-PCR, and triple virus infection was detected
in only one sample. Double infection with WMV + PRSV
accounted for 73.9%. In some case, non-specific bands are
also detected but the size and the amount of arhplified
DNAs were significantly different. The nature and specifi-
city of amplified DNA fragments for each virus was
confirmed by DNA sequencing analysis (data not shown).
In general, WMV and MNSV were the most prevalent
virus infecting melon in Jeonnam province. Altogether,
these results indicated that the seed-borne and soil-borne
MNSV were prevalently infecting melon plants both in
spring and fall every year. In contrast, the disease incidence
caused by the aphid transmissible potyviruses including
ZYMYV, PRSV, and WMV were high only in summer and
fall 2000 and fall 2001 (Table 3).

This survey revealed that WMV and MNSV are the most
common viruses causing severe symptoms and yield loss
on melon. Recent surveys of melon fields from the Central
Valley of California indicate that WMV is most prevalent
virus, followed by CMV and ZYMYV (Grafton-Cardwell et
al., 1996). It was CMV and WMV in Spain (Alonso-Prados
et al., 1997, 2003; Luis-Arteaga et al., 1998). But it was
PRSV and ZYMYV in Brazil (Yuki et al., 2000). Melons
were more severely affected in 2001, and WMV was the
most prevalent virus and widespread virus. Similar trend
was apparent in cucumber infected with potyvirus (Ko et
al.,, 2006). Virus infections caused by non-persistently
transmitted viruses such as CMV, WMV, ZYMYV, and
PRSV were in spring, summer, and fall, but, seed- and soil-
borne virus such as MNSV occurred in spring, fall, and
winter. In Japan, the virus was prevalent in winter (Hibi and
Fruki, 1986). It remains to be elucidated to see the effects of

development condition such as weather temperature, fungal
vector, and seed transmission on virus disease incidences.
Based on these results, different management strategies
should be utilized to reduce virus epidemics on melon
depending on the growing region. If melon cultivating
regions show high CMV, WMV, ZYMV, and PRSV
infections, it will require an aggressive program of integ-
rated tactics that repel aphids, such as stylet oils and
reflective mulches when transplanted earlier (Lobenstein et
al., 1966; Mokkouk et al.,, 1986; Summers et al., 1995;
Yudin et al., 1990). However, seed and soil-borne virus
such as MNSV infection is wide-spread, it might need
introduce soil disinfection and sterilized seed. Altogether,
the data reported here provide essential basic information to
establish the basis for the control of virus epidemics in
plastic house-grown melon in Jeonnam province.

References

Abou-Jawdah, Y., Sobh, H., El-Zammar, S., Fayyad, A. and
Lecoq, H. 2000. Incidence and management of virus diseases
of cucurbits in Lebanon. Crop Protection 19:217-224.

Alonso-Prados, J. L., Fraile, A. and Garcia-Arenal, F. 1997,
Impact of cucumber mosaic virus and watermelon mosaic
virus 2 infection on melon production in Central Spain. J.
Plant Pathol. 79:131-134.

Alonso-Prados, J. L., Luis-Arteaga, L., Alvarez, J. M., Moriones,
E., Batlle, A., Lavifia, A., Garcia-Arenal, E and Fraile, A.
2003. Epidemics of aphid-transmitted viruses in melon crops
in Spain. Europ. J. Plant Pathol. 109:129-138.

Avgelis, A. 1985. Occurrence of Melon necrotic spot virus in
Crete (Greece). Phytopath. Z. 114:365-372.

Boubourakas, 1. N., Avgelis, A. D., Kyriakopoulou, P. E. and
Katis, N. L 2006. Occurrence of yellowing viruses (Beet
pseudo-yellows virus, Cucurbit yellow stunting disorder virus
and Cucurbit aphid-borne yellows virus) affecting cucurbits in
Greece. Plant Pathol. 55:276-283.

Cho, J. D., Kim, J. S. and Kim, J. H. 2005. Papaya ring spot virus
inducing vein banding on melon in korea. Plant Pathol. J.
21:426 (abstract).

Choi, G. S. 2001. Occurrence of two tobamovirus diseases in



218 Sug-Ju Ko et al.

cucurbits and control measures in Korea. Plant Pathol. J.
17:243-248.

Choi, G S., Kim, J. H. and Kim. JI. S. 2003. Characterization of
Melon necrotic spot virus Isolated from Muskmelon. Plant
Pathol. J. 19:123-127.

Daryono, B. S., Somowiyarjo, S. and Natsuaki, K. T. 2005. Bio-
logical and Molecular Characterization of Melon-Infecting
Kyuri Green Mottle Mosaic Virus in Indonesia. J. Phytopathol.
153:588-595.

Gonzalez-Garza, R., Gumpf, D. J., Kishaba, A. N. and Bohn G
W. 1979. Identification,, seed transmission, and host range
pathogenicity to a California Isolate of Melon necrotic spot
virus. Phytopathology 69:340-345.

Graftin-Cardwell, E. E., Perring, T. M., Smith, R. E, Valencia, J.
and Farrar, C. A. 1996. Occurrence of mosaic viruses in mel-
ons in the central valley of California. Plant Dis. 80:1092-
1097.

Hibi, T. and Fruki, I. 1986. Melon necrotic spot virus. CMI/AAB
Descriptions of Plant Viruses, no. 302, Kew, United Kingdom.

Jin, T. S, Lee, S. H., Park, J. W., Choi, H. S., Kim, S. M., Shin, D.
B., Cheon, J. U. and Cha, B. J. 2003. Identification of Papaya
ringspot potyvirus type W infecting squash in Korea. Plant
Pathol. J. 19:339 (abstract).

Kato, K., Hanada, K. and Kameya-Iwaki, M. 2000. Melon yellow
spot virus: A distinct species of the genus Tospovirus isolated
from melon. Phytopathology 90:422-426.

Kim, M. I, Jung, J. A., Kim, S. M., Kim, H. R,, Lee, S. H., Choi,
H. S., Park, J. W. and Kim, T. W. 2005. Diagnosis of Melon
necrotic spot carmovirus by using real-time RT-PCR and effi-
ciency comparison with other diagnostic methods Plant
Pathol. J. 21:434 (abstract).

Kishi, K. 1966. Necrotic spot of melon, a new virus disease. Ann.
Phytopathol. Soc. Jpn. 32:138-144.

Ko, S. I, Lee, Y. H,, Cha, K. H,, Lee, S. H., Choi, H. S., Choi, Y.
S., Lim, G C. and Kim, K. H. 2006. Incidence and Distribu-
tion of Virus Diseases on Cucumber in Jeonnam Province dur-
ing 1999-2002. Plant Pathol. J. 22:147-151.

Kubo, C., Nakazono-Nagaoka, E., Hagiwara, K., Kajihara, H.,
Takeuchi, S., Matsuo, K., Ichiki, T. U. and Omura. T. 2005.
New severe strains of Melon necrotic spot virus : symptoma-
tology and sequencing. Plant Pathol. 54: 615-620.

Lee, S. H,, Kim, S. M., Kim, W. C. and Lee, K. W. 2003. Multi-
plex reverse transcription polymerase chain reaction assay for
simultaneous detection of five cucurbit-infecting viruses.
Plant Pathol. J. 19:342 (abstract).

Lobenstein, G., Deutsch, M., Frankel, H. and Sarbar, Z. 1966.
Field tests with oil sprays for the prevention of Cucumber
mosaic virus in cucumbers. Phytopathology. 56:512-516.

Luis-Arteaga, M., Alvarez, J. M., Alonso-Prados, J. L., Bemal, J.
J., Garcia-Arenal, F., Lavifia, A., Batlle, A. and Moriones, E.
1998. Occurrence, distribution, and relative ncidence of
mosaic viruses infecting field-grown melon in Spain. Plant
Dis. 82:979-982.

Mahgoub, H. A., Wipf-Scheibel, C., Delécolle, B., Pitrat, M.,
Dafalla, G. and Lecoq, H. 1997. Melon rugose mosaic virus:
Characterization of an isolate from Sudan and seed transmis-
sion in melon. Plant Dis. 81:656-660.

Malik, A. H., Mansoor, S., Iram, S., Briddon, R. W. and Zafar, Y.
2006. A severe outbreak of melon yellow mosaic disease
caused by Zucchini yellow mosaic virus in the Punjab prov-
ince of Pakistan. Plantpathology. 55:285-285.

Ministry of Agriculture and Forestry. 2006. Achievements of pro-
duction on vegetables in 2005. pp. 165

Mokkouk, K. M. and Menassa, R. E. 1986. Inhibiting aphid-
spread Zucchini yellow mosaic virus with oil sprays. Z. Pflan-
zenkrankh. Pflanzenschutz 93:104-107.

Raychaudhuri, M. and Varma, A. 1978. Mosaic disease of musk-
melon, caused by a minor variant of cucumber green mottle
mosaic virus. Phytopath. Z. 93:120-125.

Summers, C. G, Stapleton, J. J., Newton, A. S., Ducan, R. A. and
Hart, D. 1995. Comparison of sprayable and film mulches in
delaying the onset of aphid-transmitted virus diseases in zuc-
chini squash. Plant Dis. 79:1126-1131.

Yudin, L. S., Wall, G C., Quitugua, R. J., Johnson, M. W. and
Cho, J. 1990. Identification of virus diseases of cucurbits on
Guam. Phytopathology 80:1063.

Yuki, V. A., Rezende, J. A. M., Kitajima, E. W, Barroso, P. A. V,,
Kuniyuki, H., Groppo, G A. and Pavan, M. A. 2000. Occur-
rence, distribution, and relative incidence of five viruses
infecting cucurbits in the state of Sdo Paulo, Brazil. Plant Dis.
84:516-520.



