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A survey for the detection of cucumber mosaic virus (CMV), papaya ringspot virus-W (PRSV-W), squash
mosaic virus (SqMV), melon necrotic spot virus (MNSV), cucumber green mottle mosaic virus
(CGMMV), zucchini yellow mosaic virus (ZYMV) and watermelon mosaic virus-2 (WMV-2) was carried
out in June and July 2005, covering 17 melon fields and 19 watermelon fields in the Tekirdag, Edirne
and Kırklareli provinces of Turkish Thrace. Among all the fields sampled, only one melon field was 
not virus-infected. In all, 502 melon and watermelon samples were tested for the presence of seven
viruses with ELISA tests using polyclonal antisera. Overall, 333 out of 502 samples tested positive for
the investigated viruses: 167 out of 235 plant samples in Tekirdag, 103 out of 187 samples in Edirne,
and 63 out of 80 samples in Kırklareli were positive. Serological tests showed that six out of the seven
tested viruses were present in the Thrace region of Turkey. The following rates of incidence of tested
viruses on watermelon were found: ZYMV (45.5%), WMV-2 (34.2%), CMV (19.9%), PRSV-W (2.1%),
SqMV (1.8%) and MNSV (0.4%), while the rates of incidence on melon were ZYMV (40.3%), WMV-2
(31.2%), CMV (7.2%), PRSV-W (2.3%), SqMV (0.5%) and MNSV (1.8%). The WMV-2+ZYMV mixed infec-
tion type was the most widespread both on melon and on watermelon samples at 16.7% and 11.4%,
respectively. 

Keywords: CMV, cucurbit viruses, PRSV-W, WMV-2, ZYMV. 

[Occurrence des virus des cucurbitacées chez le melon et le melon d'eau dans la région de Thrace en
Turquie]

De juin à juillet 2005, une enquête visant à détecter le virus de la mosaïque du concombre (CMV), la
souche W du virus de la tache annulaire de la papaye (PRSV-W), le virus de la mosaïque de la courge
(SqMV), le virus de la tache nécrotique du melon (MNSV), le virus de la mosaïque à marbrure verte du
concombre (CGMMV), le virus de la mosaïque jaune de la courgette (ZYMV) et le virus 2 de la mosaïque
de la pastèque (WMV-2) a été menée dans 17 champs de melon et 19 champs de melon d’eau des
provinces de Tekirdag, d’Edirne et de Kırklareli de la Thrace turque. Un seul champ de melon parmi tous
les champs testés n’était pas infecté par les virus. À l’aide d’un test ELISA utilisant un anticorps poly-
clonal, la présence des sept virus a été recherchée dans 502 échantillons de melon et de melon d’eau.
En tout, 333 des 502 échantillons de melon et de melon d’eau examinés ont été testés positifs pour les
virus de l’étude, soit 167 des 235 échantillons du Tekirdag, 103 des 187 échantillons de l’Edirne et 63 des
80 échantillons du Kırklareli. Les tests sérologiques ont révélé que six des sept virus à l’étude se trou-
vaient dans la région de Thrace en Turquie. L’incidence des virus à l’étude chez le melon d’eau a été
établie à 45,5 % pour le ZYMV, 34,2 % pour le WMV-2, 19,9 % pour le CMV, 2,1 % pour le PRSV-W, 1,8 %
pour le SqMV et 0,4 % pour le MNSV, alors qu’elle a été établie à 40,3 % pour le ZYMV, 31,2 % pour le
WMV-2, 7,2 % pour le CMV, 2,3 % pour le PRSV-W, 0,5 % pour le SqMV et 1,8 % pour le MNSV chez le
melon. L’infection WMV-2 + ZYMV a été le type d’infection mixte le plus répandu tant chez les échantil-
lons de melon que chez ceux de melon d’eau, avec une présence dans respectivement 16,7 et 11,4 % des
échantillons. 

Mots clés : CMV, PRSV-W, virus des cucurbitacées, WMV-2, ZYMV.
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INTRODUCTION

In Turkey, in 2001, melon (Cucumis melo L.) and
watermelon (Citrullus lanatus (Thunb.) Matsum. and
Nakai) production reached 1 900 000 and 4 020 000
tons, respectively (Anonymous 2004). For the Thrace
region alone, melon production reached 10 211 tons
and that of watermelon reached 211 006 tons
(Anonymous 2003).

This production can be jeopardized by various
agents. For instance, cucurbits can be infected and
economically affected by more than 35 viruses
(Provvidenti 1996). Cucurbit viruses can infect many
plants belonging to different genera and families, and
only a few are restricted to cucurbits species. Cucurbit
viruses cause reductions in plant vigour and in the
number of flowers and induce mosaics and deforma-
tions in fruits, which result in drastic yield losses in
early infected plants (Alonso-Prados et al. 1997; Luis-
Arteaga et al. 1998). The most widespread viruses
reported are cucumber mosaic virus (CMV), papaya
ringspot virus-W (PRSV-W), watermelon mosaic
virus-2 (WMV-2), and zucchini yellow mosaic virus
(ZYMV) in melon and watermelon producing areas
(Alonso-Prados et al. 1997; Davis et al. 2002; Luis-
Arteaga et al. 1998; Makkouk and Lesemann 1980;
Nogay and Yorgancı 1984; Rosemeyer et al. 1986;
Sammons et al. 1989; Webb and Schott 1965; Yoshida
et al. 1980; Yuki et al. 2000). Squash mosaic virus
(SqMV), cucumber green mottle virus (CGMMV) and
melon necrotic spot virus (MNSV) were also reported
from cucurbits in many cucurbit growing regions
(Faris-Mukhayyish and Makkouk 1983; Ryden and
Persson 1986; Sammons et al. 1989; Tomassoli and
Barba 2000; Yuki et al. 2000). In addition to the trans-
mission by a vector, 26 viruses can be mechanically
transmitted, and nine can be seed-transmitted
(Alvarez and Campbell 1978; Faris-Mukhayyish and
Makkouk 1983; Zitter et al. 1996).

ZYMV induces fruit and seed deformations in zuc-
chini squash (Cucurbita pepo L.), melon, cucumber
(Cucumis sativus L.) and watermelon (Lisa and Lecoq
1984). The virus causes local chlorotic lesions, sys-
temic vein clearing, yellowing, mosaic, leaf deforma-
tion, stunting and occasional necrosis in melon
(Campbell 1971). The virus is transmitted in a non-
persistent manner by aphid species and it is transmit-
ted mechanically (Dodds et al. 1984; Lecoq et al. 1981).

CMV, a virus distributed worldwide, affects most
cucurbits but rarely watermelon. CMV causes, on
cucumber and many other cucurbits, mosaics and
stunting, and it reduces fruit yield since new growth
is cupped downward and leaves are severely mottled
with alternating light and dark green patches
(Provvidenti 1996). More than 60 aphid species,
including Acyrthosiphon pisum (Harris), Aphis crac-
civora Koch, Myzus persicae (Sulzer), Macrosiphum
euphorbiae (Thomas), and Aulacorthum solani
(Kaltenbach) [Aphididae: Homoptera] transmit the
virus in a non-persistent manner (Provvidenti 1996).
CMV can be transmitted by mechanical inoculation
and by seed, to variable extents (Francki et al. 1979). 

SqMV, one of several viruses causing mosaic 
diseases in cucurbits, causes systemic mosaic,
ringspots, severe blister mottle, leaf deformation and,
occasionally, enations in melon, cucumber, zucchini
squash, butternut squash (C. moschata Poir.), and win-
ter squash (Cucurbita maxima Duch.). Some isolates
infect watermelon and may induce local necrotic
lesions (Campbell 1971). The virus is mainly transmit-
ted in a non-persistent manner by Acalymma trivitta-
tum (Mannerheim) and Diabrotica undecimpunctata
howardi Barber [Chrysomelidae: Coleoptera] (Provvi-
denti 1996). SqMV can also be transmitted by mechan-
ical inoculation and by seeds (Alvarez and Campbell
1978; Nolan and Campbell 1984). 

Two types of PRSV are characterized: PRSV-P
infects papaya (Carica papaya L.) and PRSV-W infects
watermelon. PRSV-W is transmitted mechanically
and by more than 20 aphids vectors (Provvidenti
1996). 

WMV-2 causes mosaic and mottle diseases in 
cantaloupe (Cucumis melo L. var. cantalupensis
Naudin), cucumber, pumpkin (Cucurbita pepo L. var.
medullosa Alef.), squash, and watermelon depending
on viral strains and environmental factors. Leaf 
symptoms include greenish mosaic, leaf deforma-
tion, green vein banding, clorotic spots and malfor-
mations (Purcifull et al. 1984a). WMV-2 is transmitted
in a non-persistent manner by aphids (Castle et al.
1992; Provvidenti 1996; Webb and Schott 1965). 

MNSV causes necrotic lesions on inoculated cotyle-
dons of melon and induces dark brown local lesions
on leaves or cotyledons of watermelon (Hibi 1996).
The virus is transmitted by Olpidium bornovanus
(Sahtiyanci) Karling (=Olpidium radicale Schwartz
and Cook) [Olpidiaceae: Spizellomycetales] (Tomlin-
son and Thomas 1986). 

CGMMV induces mosaic in cucumber, melon,
watermelon, and bottle gourd (Lagenaria siceraria
(Mol.)) (Francki 1996). CGMMV is found in the
Eurasian region, India, Japan, and in the UK (Anti-
gnus et al. 1990; Avgelis and Vovlas 1986; Yoshida et
al. 1980). CGMMV is transmitted by mechanical inoc-
ulation (Francki 1996) and by the red pumpkin beetle,
Raphidopalpa foveicollis (Lucas) (=Aulacophora fovei-
collis) [Chrysomelidae: Coleoptera] (Rao and Varma
1984).

Several virus diseases inducing mosaic symptoms
have previously been reported from Turkey, including
CMV, CVYV, ZYMV, SqMV, PRSV-W, and WMV-2
(Erdiller and Ertunç 1987; Lisa and Lecoq 1984; Nogay
and Yorgancı 1984; Sevik and Arlı-Sökmen 2003;
Yılmaz and Davis 1985). Sevik and Arlı-Sökmen (2003)
determined that the incidence of WMV-2, ZYMV and
CMV on cucurbits was 53.9%, 38.8% and 20.6%,
respectively. Nogay and Yorgancı (1984) also report-
ed, after studying various samples, that disease
occurrence for CMV, WMV-2 and CMV+WMV-2 was
52.8%, 43.9% and 0.03%, respectively.

The occurrence and incidence of CMV, ZYMV,
SqMV, PRSV-W, WMV-2, MNSV, and CGMMV on field-
grown melon and watermelon in the Thrace region of
Turkey are investigated in this study for the first time. 
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MATERIALS AND METHODS

In June and July 2005, a survey was carried out to
determine the incidence rates of CMV, PRSV-W, WMV-
2, ZYMV, SqMV, MNSV, and CGMMV in the Tekirdag
(Center, Çorlu, Malkara, and Hayrabolu counties),
Edirne (Uzunköprü, Kesan, Meric, and Havsa counties)
and Kırklareli (Center and Babaeski counties) provinces
of Turkey (Fig. 1). About 10 plant samples exhibiting
yellowing, dwarfing, leaf streaking and mosaic-like
symptoms were collected from each of the 36 selected
fields (19 watermelon and 17 melon fields). About 3-5
young leaves were collected from different shoots of
selected plants. A total of 502 samples (235 from
Tekirdag, 187 from Edirne and 80 from Kırklareli) were
kept in nylon bags in ice boxes during the survey, and
later at 4ºC in a refrigerator for 1-2 d before being
ELISA-tested. Virus diagnosis was done using DAS-
ELISA tests as described by Clark and Adams (1977).
The antisera and conjugates were purchased from
BIOREBA AG (Reinach, Switzerland) (SqMV, CMV,
ZYMV, WMV-2 and PRSV-W), and LOEWE Biochemica
GmbH (Sauerlach, Germany) (MNSV and CGMMV).
Lyophylized positive controls were obtained from the
above given sources except for CMV, which was
obtained from fresh leaves of infected watermelon
plants available in our laboratory.

The samples were tested in the Plant Pathology
Laboratory, Department of Plant Protection, Tekirdag
Faculty of Agriculture, Tekirdag, Turkey. The melon
and watermelon samples were homogenized using a
mortar and pestle with the addition of the sample
extraction phosphate buffer solution (8.0 g NaCl, 0.2 g
KH2PO4, 2.9 g Na2HPO4.12H2O, 0.2 g KCl, 0.2 g NaN3,
20 g polyvinylpyrrolidone-25 per L, pH 7.4) at a ratio
of 1:5. Plates were precoated with virus antisera that
were diluted in carbonate buffer (1.59 g Na2CO3, 
2.93 g NaHCO3, 0.2 g NaN3 per L, pH 9.6), and incu-
bated for 2 h at 37°C. After washing the plates with
PBST buffer (8.0 g NaCl, 0.2 g KH2PO4, 2.9 g
Na2HPO4.12H2O, 0.2 g KCl, 0.2 g NaN3, 0.5 mL Tween-
20 per L), samples were added to wells and incubated
overnight at 4°C. Alkaline phospahatase conjugated
antibody diluted in conjugate buffer (PBST + 2%
polyvniylpyrrolidone-25 + 0.2% BSA (bovine serum
albumin, Sigma A-4503) pH 7.4) was added after
washing the plates, and incubated for 2 h at 37°C. 
P-nitrophenylphosphate in substrate buffer (97 mL
diethanolamine, 0.2 g NaN3 L-1, pH 9.8) was added to
each well and incubated for 2 h at room temperature.
Absorbance values were measured at 405 nm using
an ELx800 Universal Microplate Reader (Bio-Tek
Instruments Inc., Vermont, USA) at the Department of
Food Engineering. A sample was considered positive
when the mean absorbance value of the two wells
used for each tested sample was greater than twice
that of the healthy or buffer control.

Figure 1. Location of collected melon and watermelon samples in the Thrace region of Turkey. Tekirdag Center (1), Çorlu (2),
Malkara (3), Hayrabolu (4), Kesan (5), Meric (6), Uzunköprü (7), Havsa (8), Kırklareli Center (9), Babaeski (10). Surveyed area 
indicated in black on inset map.
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RESULTS

Surveys were carried out in field-grown melon and
watermelon in the Tekirdag, Kırklareli and Edirne
provinces of Turkey (Fig. 1). A total of 19 watermelon
and 17 melon fields at 17 locations were surveyed.
Symptoms of virus infection were observed in 34
fields but the incidence of symptomatic plants varied
among the fields surveyed. The incidence of virus
infection symptoms was the highest in the Babaeski
county of Kırklareli, followed by the Meric county and
Kesan county of Edirne (results not shown). The most
common symptoms were mosaic and leaf deforma-
tion both on new shoots and leaves of melon and
watermelon. Aphid populations observed on the
abaxial side of leaves exhibiting symptoms were not
identified. 

The main symptoms observed in melon and water-
melon grown in the Merkez county of Tekirdag were
yellowing, deformation, mosaic and yellow mottle;
however, reduced growth was rarely observed.
Necrotic spots were observed on melon leaves in a

few fields, but more frequently in the fields of one vil-
lage (location No. 1; Fig. 1). Disease symptoms were
observed only in some parts of the fields. Mosaic
symptoms on young leaves and stunting were rarely
observed on watermelon plants in the Malkara coun-
ty, but leaf deformation, necrotic spots and yellow
mosaic were frequently found on melon leaves (loca-
tion No. 3; Fig. 1). Mosaic and yellowing symptoms
were observed on melon and watermelon samples 
in the Corlu and Hayrabolu counties of Tekirdag 
(locations No. 2 and 4; Fig. 1) and in the Meric and
Havsa counties of Edirne (locations No. 6 and 8; 
Fig. 1). Mosaic lesions, but rarely necrotic lesions,
were observed on watermelon leaves, while severe
yellowing symptoms were observed on older leaves
of melon in the Kesan county of Edirne (location 
No. 5; Fig. 1).

Discoloration and leaf deformation were observed
in melon and watermelon fields in the Uzunköprü
county (location No. 7; Fig. 1). Almost all plants in
tested melon fields were affected, and typical mosaic
and stunting were observed on melon plants. 

Table 2. Number of virus-infected melon fields in the Thrace region of Turkey

Number of melon fields infected by a given virus No. of No. of
Location of tested infected
collected samples CMV SqMV WMV2 CGMMV PRSV-W MNSV ZYMV fields fields

Tekirdag-Center 2 1 2 0 1 0 2 3 2

Tekirdag-Çorlu 1 0 1 0 0 0 1 1 1

Tekirdag-Malkara 3 0 5 0 2 1 5 5 5

Tekirdag-Hayrabolu 1 0 1 0 0 0 1 1 1

Edirne-Kesan 1 0 1 0 0 0 2 3 3

Edirne-Meric 0 0 0 0 0 0 1 1 1

Edirne-Uzunköprü 1 0 2 0 0 0 1 2 2

Kırklareli-Babaeski 0 0 1 0 0 0 1 1 1

Total 9 1 13 0 3 1 14 17 16

Table 1. Number of tested and virus-infected watermelon fields in the Thrace region of Turkey

Number of watermelon fields infected by a given virus No. of No. of
Location of tested infected
collected samples CMV SqMV WMV2 CGMMV PRSV-W MNSV ZYMV fields fields

Tekirdag-Center 3 1 4 0 1 0 4 4 4

Tekirdag-Çorlu 1 0 1 0 1 0 1 1 1

Tekirdag-Malkara 1 1 2 0 0 1 2 2 2

Tekirdag-Hayrabolu 1 0 1 0 0 0 1 1 1

Edirne-Kesan 1 0 3 0 0 0 2 3 3

Edirne-Meric 0 0 1 0 0 0 1 1 1

Edirne-Uzunköprü 0 0 2 0 0 0 2 2 2

Edirne-Havsa 0 1 2 0 1 0 2 2 2

Kırklareli-Center 1 0 1 0 0 0 1 1 1

Kırklareli-Babaeski 1 0 2 0 0 0 2 2 2

Total 9 3 19 0 3 1 18 19 19
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Table 3. Types of infection by cucurbit viruses in watermelon samples tested in 10 counties of the Thrace region in Turkey 

Location of collected samples

Infection types Tekirdag- Çorlu Malkara Hayrabolu Kesan Meric Uzunköprü Havsa Kirklareli Babaeski Total

Center Center

CMV 1 1 2 2 2 0 0 0 1 2 11

SqMV 0 0 0 0 0 0 0 2 0 0 2

WMV-2 10 3 1 2 10 8 7 5 1 6 44

CGMMV 0 0 0 0 0 0 0 0 0 0 0

PRSV-W 1 0 0 0 0 0 0 0 0 0 1

MNSV 0 0 0 0 0 0 0 0 0 0 0

ZYMV 10 1 4 2 6 7 2 7 0 18 57

CMV+ZYMV 5 4 2 1 7 0 0 0 0 1 20

CMV+WMV-2 0 1 0 1 2 0 0 0 1 2 7

WMV-2+ZYMV 6 2 2 3 2 7 5 0 0 5 32

CMV+PRSV-W 1 1 0 0 0 0 0 0 0 0 2

PRSV-W+ZYMV 1 0 0 0 0 0 0 0 0 0 1

SqMV+ZYMV 2 0 0 0 0 0 0 0 0 0 2

CMV+ PRSV-W+ZYMV 2 0 0 0 0 0 0 0 0 0 2

CMV+WMV-2+ZYMV 4 1 0 3 1 0 0 0 0 3 12

CMV+SqMV+ZYMV 0 0 1 0 0 0 0 0 0 0 1

CMV+MNSV+WMV-2+ZYMV 0 0 1 0 0 0 0 0 0 0 1

Positive 43 14 13 14 30 22 14 15 3 37 196

Negative 5 6 5 6 8 12 11 14 5 4 78

Total 48 20 18 20 38 34 25 29 8 41 281

Very clear leaf deformation, mosaic and reduced
growth were observed on watermelon plants grown
in two fields in the Babaeski county of Kırklareli. Most
of the leaves of watermelon plants showed disease
symptoms. Deformation, mottling and yellow mosaic
were observed on melon leaves. Mosaic-like symp-
toms were also observed in watermelon fields in the
Center county of Kırklareli but, in comparison with the
previous location, fewer plants with symptoms were
found (location No. 9; Fig.1). 

A total of 502 samples from 37 fields were collected
and tested using DAS-ELISA with polyclonal antisera.
ELISA results showed that 36 out of the 37 surveyed
fields were infected at least by one of the viruses
assessed in the present study. Out of the 19 water-
melon fields, WMV-2 was detected in all 19, ZYMV in
18, and CMV in 9 fields (Table 1). Out of the 17 melon
fields, ZYMV was detected in 14, WMV-2 in 13, and
CMV in 9 fields (Table 2).

The highest infection rate was found in watermelon
fields in Babaeski (90.2%), followed by fields in
Tekirdag-Center (89.6%), Kesan (78.9%), Malkara
(72.2%), Çorlu and Hayrabolu (70.0%), Meric (64.7%),
Uzunköprü (56.0%), Havsa (51.7%), and Kırklareli-
Center (37.5%) (Table 3) (results not shown). For
melon, the highest infection rate was observed in
Malkara county (85.7%), followed by Çorlu (77.3%),
Uzunköprü (76.3%), Babaeski (74.2%), Hayrabolu
(66.7%), Kesan (31.6%), Meric (30.0%), and Tekirdag-
Center (27.3%) (Table 4).

The ELISA test results of 129 melon and 106 water-
melon leaf samples indicated that 13.2% of melon
and 31.1% of watermelon samples were infected with
CMV, 0.8% of melon and 1.9% of watermelon samples
were infected with SqMV, 34.1% of melon and 34.9%
of watermelon samples were infected with WMV-2,
6.2% of melon and 6.6% of watermelon samples were
infected with PRSV-W, 3.1% of melon and 0.9% of
watermelon samples were infected with MNSV, while
52.7% of melon and 48.1% of watermelon samples
were infected with ZYMV in the Tekirdag province
(Tables 3 and 4). CGMMV was not detected using
ELISA tests in this province. In the Edirne province,
among the 61 melon and 126 watermelon leaf sam-
ples, 8.2% of melon and 8.7% of watermelon samples
were infected with CMV, 3.3% of melon and 1.6% of
watermelon samples were infected with SqMV, 24.6%
of melon and 35.7% of watermelon samples were
infected with WMV-2, 0.8% of watermelon samples
were infected with PRSV-W, while 22.9% of melon
and 34.9% of watermelon samples were infected with
ZYMV (Tables 3 and 4). CGMMV and MNSV were not
detected in samples from the Edirne province.
Among the 31 melon and 49 watermelon sampled in
the Kırklareli province, 20.4% of watermelon samples
were infected with CMV, 54.8% of melon and 36.7% of
watermelon samples were infected with WMV-2, and
61.3% of melon and 55.1% of watermelon samples
were infected with ZYMV (Tables 3 and 4). SqMV,
PRSV, CGMMV and MNSV were not detected in test-
ed plants from Kırklareli. 
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Out of the 281 watermelon samples tested, 196
were infected in the Thrace region (Table 3). Among
these 281 samples, 115 were found to be infected only
with one virus, 65 samples were infected with two
viruses, 15 samples were infected with three viruses,
and  one sample was infected with four viruses.
Seventy-eight watermelon samples tested negative.

Single viral infection was prevalent among the
watermelon samples as 57 samples were infected
with ZYMV, 44 samples with WMV-2, 11 samples with
CMV, two samples with SqMV, and one sample with
PRSV-W. The most prevalent double viral infection
was WMV-2+ZYM and it was found in 32 samples,
while the pair CMV+ZYMV was detected in 20 sam-
ples. The triple infection types CMV+WMV-2+ZYMV
and CMV+PRSV+ZYMV were detected in twelve and
two samples, respectively (Table 3). 

ZYMV was the most prevalent single infection type
detected in 43 melon samples, followed by WMV-2 in
23 samples, and CMV in six samples. The WMV-
2+ZYMV double infection was detected in 37 samples
whereas the triple infection by CMV+WMV-2+ZYMV
was detected in only two samples (Table 4).

DISCUSSION  

Viruses causing mosaic, leaf deformation and reduced
growth were detected in melon and watermelon plants
in the surveyed area. Reduced growth and yellowing
symptoms caused by mineral deficiency were also
observed in a few fields. Diseases symptoms were
similar to the symptoms previously reported from
virus-infected melon and watermelon fields worldwide
(Alonso-Prados et al. 1997; Davis et al. 2002; Dodds 
et al. 1984; Lecoq et al. 1981; Luis-Arteaga et al. 1998;
Makkouk and Lesemann 1980; Provvidenti 1996;
Sammons et al. 1989). The presence of virus-transmit-
ting vectors, availability of alternative virus-infected
weeds and the growing of a wide range of crops
species hosting cucurbit viruses in the region could
increase the spread of viruses into melon and water-
melon fields. SqMV and MNSV may be imported into
an area via contaminated seeds and can then be
spread mechanically (Alvarez and Campbell 1978;
Faris-Mukhayyish and Makkouk 1983; Zitter et al. 1996).

Some differences on the incidence of the most
prevalent viruses in different countries have been
reported (Davis et al. 2002; Dodds et al. 1984; Luis-
Arteaga et al. 1998; Yoshida et al. 1980; Yuki et al.
2000). The occurrence and incidence of cucurbit 
viruses on melon and watermelon have been studied

Table 4. Types of infection by cucurbit viruses in melon samples tested in 10 counties of the Thrace region in Turkey  

Location of collected samples

Infection types Tekirdag- Çorlu Malkara Hayrabolu Kesan Meric Uzunköprü Babaeski Total

Center

CMV 1 0 2 1 2 0 0 0 6

SqMV 0 0 0 0 0 0 0 0 0

WMV-2 0 6 4 3 1 0 5 4 23

CGMMV 0 0 0 0 0 0 0 0 0

PRSV-W 0 0 0 1 0 0 0 0 1

MNSV 0 0 1 0 0 0 0 0 1

ZYMV 8 8 11 5 2 3 0 6 43

CMV+ZYMV 1 1 1 0 0 0 0 0 3

CMV+WMV-2 0 0 1 0 0 0 2 0 3

WMV-2+ZYMV 1 2 10 2 6 0 3 13 37

CMV+PRSV-W 0 0 0 0 0 0 0 0 0

WMV-2+PRSV-W 0 0 1 1 0 0 0 0 2

PRSV-W+ZYMV 0 0 1 0 0 0 0 0 1

SqMV+ZYMV 0 0 0 0 1 0 0 0 1

MNSV+WMV-2 0 0 1 0 0 0 0 0 1

MNSV+ZYMV 0 0 1 0 0 0 0 0 1

CMV+ PRSV-W+ZYMV 0 0 0 1 0 0 0 0 1

CMV+WMV-2+ZYMV 1 0 1 0 0 0 0 0 2

CMV+ WMV-2+MNSV 0 0 1 0 0 0 0 0 1

Positive 12 17 36 14 12 3 10 23 127

Negative 32 5 6 7 26 7 3 8 94

Total 44 22 42 21 38 10 13 31 221



worldwide, and the presence of CMV, PRSV-W, WMV-2
and ZYMV has been reported from Mediterranean
countries (Alonso-Prados et al. 1997; Luis-Arteaga 
et al. 1998; Makkouk and Lesemann 1980). 

Our results indicate that ZYMV, WMV-2, CMV and
PRSV-W are the four most prevalent viruses in the
region, in decreasing order. The survey of field-grown
watermelon and melon in the Thrace region of Turkey
indicated that mosaic and leaf deformation-causing
viruses should be of special concern in all surveyed
areas even if viral incidences are low in a few locations.
It is important to use certified seeds to prevent trans-
mission, particularly because many farmers produce
their own seeds in the region studied. Additionally,
weed control in seedling-growing greenhouses may
help prevent early infections. The high infection rates
detected in watermelon in the Babaeski, Tekirdag-
Center, Kesan, Malkara, Çorlu, Hayrabolu and Meric
counties may indicate that infection occurred at the
seedling stage or through infected seeds in addition to
the expected vector transmission. Dispersal of plants
with viral symptoms in many surveyed fields was
irregular, and unique symptomatic plants were
observed without symptoms on adjacent plants.
Spraying in order to control vector populations, main-
ly for aphid-transmitted viruses, seems important to
prevent virus transmission to both cucurbits and weed
natural hosts. The fact that some symptomatic plants
did not react to ELISA antisera could be explained by
the presence of other mosaic viruses and/or by the
alteration of the suspected viruses. 

Luis-Arteaga et al. (1998) reported that CMV and
WMV-2 were the most prevalent viruses on melon,
with an incidence of respectively 78% and 65%, in
1995, and of respectively 58% and 55% in 1996. ZYMV
was found in 13% of surveyed fields, infection by a sin-
gle virus was reported for 87% of infected plants, while
CMV and WMV-2 were detected in 94% of the mixed
infections. PRSV-W and ZYMV were the most fre-
quently found viruses, their incidence accounting for
49.1% and 24.8%, respectively (Luis-Arteaga et al.
1998). ZLCV, CMV and WMV-2 were detected in 7.8%,
6.0% and 4.5% of the samples tested in Brasil, respec-
tively (Yuki et al. 2000). Sevik and Arlı-Sökmen (2003)
reported that WMV-2, ZYMV and CMV infection
occurred on cucurbits for 53.9%, 38.8%, and 20.6% of
the 165 samples tested in Samsun province of Turkey.
Nogay and Yorgancı (1984) reported that CMV, WMV-2
and CMV+WMV-2 infections occurred respectively in
52.8%, 43.9% and 0.03% of 269 symptomatic cucurbit
samples collected in the Marmara region in 1979 and
1980. Sammons et al. (1989) conducted a research to
determine the incidence of CMV, PRSV-W, WMV-2,
SqMV and TRSV and found that the infection rate of
WMV-2 can be up to 100% and, in some cases, that this
rate can change from region to region in South
Carolina. Purcifull et al. (1984) reported that among 
39 samples with mosaic symptoms, 17.9% were infect-
ed by PRSV-W (WMV-1) and 53.8% were infected by
WMV-2.

In this research, differences in infection rates and
occurrence of viruses were determined between 
fields and locations in the Thrace region of Turkey. The 
global infection rate was up to 89% in some fields, the
most prevalent viruses in melon and watermelon fields

being ZYMV, WMV-2 and CMV. With melon samples,
the infection rate differed among locations, the highest
being from samples collected in Malkara (85.7%), fol-
lowed by Çorlu (77.3%), Uzunköprü (76.3%) and
Babaeski (74.2%). A few melon fields showed severe
yellowing symptoms on older leaves in the Kesan and
Malkara counties. Infection by a single virus was found
in 69.75% of watermelon and 52.1% of melon samples,
while double infections and triple infections were also
found. Considering these results, it seems that the
spread by vectors was the most important transmis-
sion mechanism. SqMV and MNSV were identified in
only a few fields, indicating a putative low rate of seed
transmission. The occurrence and very low incidence
of SqMV and MNSV indicate transmission by seeds in
the region (Hibi 1996; Tomassoli and Barba 2000). The
absence of reactions to CGMMV strongly suggests that
this virus is absent in the region or is present in very
low numbers.

ZYMV and WMV-2 are the most destructive viruses
infecting cucurbits. These viruses are easily transmit-
ted and widely disseminated in a given region. Control
of the vectors may restrict virus transmission at early
growing stages for field-grown melons and watermel-
ons. The presence of MNSV in Malkara and SqMV in
Malkara and Tekirdag-Center is suspected and has to
be further investigated.

ACKNOWLEDGEMENTS  

This research was supported by the Trakya University
Scientific Research Projects Fund.

REFERENCES

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

Alvarez, M., and R.N. Campbell. 1978. Transmission and dis-
tribution of squash mosaic virus in seeds of cantaloupe.
Phytopathology 68 : 257-263. 

Anonymous. 2003. Agricultural structure, production, price,
value. Republic of Turkey, Premiership Institute of
National Statistics. (Tarımsal Yapı, Üretim, Fiat, Deger.
T.C. Basbakanlık Devlet Istatistik Enstitüsü. Ankara, in
Turkish). 577 pp.

Anonymous 2004. FAOSTAT agriculture data. [http://
faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567].

Antignus, Y., M. Pearlsman, R. Ben-Yoseph, and S. Cohen.
1990. Occurrence of a variant of cucumber green mottle
mosaic virus in Israel. Phytoparasitica 18 : 50-56.

Avgelis, A.D., and C. Vovlas. 1986. Occurrence of cucumber
green mottle mosaic virus in the island of Crete (Greece).
Phytopathol. Mediterr. 25 : 166-168.

Campbell, R.N. 1971. Squash mosaic virus. CMI/AAB
Descriptions of plant viruses. No. 43. Commonwealth
Mycological Institute and Association of Applied
Biologists, Kew, England, UK.

Castle, S.J., T.M. Perring, C.A. Farrar, and A.N. Kishaba.
1992. Field and laboratory transmission of watermelon
mosaic virus 2 and zucchini yellow mosaic virus by 
various aphid species. Phytopathology 82 : 235-240.

Clark, M.F., and A.N. Adams. 1977. Characteristics of the
microplate method of enzyme-linked immunosorbent
assay for the detection of plant viruses. J. Gen. Virol. 34 :
475-783.

KÖKLÜ AND YILMAZ: CUCURBIT VIRUSES OF MELON AND WATERMELON IN THE THRACE REGION OF TURKEY

129



Davis, R.I., J.E. Thomas, L.A. McMichael, R.G. Dietzgen, B.
Callaghan, A.P. James, T.G. Gunua, and S. Rahamma.
2002. Plant virus surveys on the island of New Guinea
and adjacent regions of northern Australia. Australas.
Plant Pathol. 31 : 385-390.

Dodds, J.A., J.G. Lee, S.T. Nameth, and F.F. Laemmlen. 1984.
Aphid and whitefly-transmitted cucurbit viruses in
Imperial County, California. Phytopathology 74 : 221-225. 

Erdiller, G., and F. Ertunç. 1987. The effect of watermelon
mosaic virus 1 infection on the physiological and bio-
chemical activities of muskmelon (Cucumis melo L.). J.
Turkish Phytopathol. 16 : 105-118. 

Faris-Mukhayyish, S., and K.M. Makkouk. 1983. Detection of
four seed-borne plant viruses by the enzyme-linked
immunosorbent assay (ELISA). Phytopathol. Z. 106 : 108-
114.

Francki, R.I.B. 1996. Cucumber greeen mottle mosaic
tobamovirus. In A.A. Brunt, K.  Crabtree, M.J. Dallwitz,
A.J. Gibbs, L. Watson and E.J. Zurcher (eds.), Plant
Viruses Online: Descriptions and Lists from the VIDE
Database. Version: August 20, 1996.
[http://biology.anu.edu.au/Groups/MES/vide/].

Francki, R.I.B., D.W. Mossop, and T. Hatta. 1979. Cucumber
mosaic virus. Description of Plant viruses, No. 213 (No. 1,
rev.). Commonwealth Mycological Institute and
Association of Applied Biologists, Kew, England, UK.

Hibi, T. 1996. Melon necrotic spot carmovirus. In A.A. Brunt,
K.  Crabtree, M.J. Dallwitz, A.J. Gibbs, L. Watson and E.J.
Zurcher (eds.), Plant Viruses Online: Descriptions and
Lists from the VIDE Database. Version: August 20, 1996.
[http://biology.anu.edu.au/Groups/MES/vide/].

Lecoq, H., M. Pitrat, and M. Clement. 1981. Identification et
caractérisation d’un potyvirus provoquant la maladie du
rabougrissement jaune du melon. Agronomie 1 : 827-
834.

Lisa, V., and H. Lecoq. 1984. Zucchini yellow mosaic virus.
CMI/AAB Descriptions of Plant Viruses. No. 282.
Commonwealth Mycological Institute and Association of
Applied Biologists, Kew, England, UK.

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

Makkouk, K.M., and D.E. Lesemann. 1980. A severe mosaic
of cucumbers in Lebanon caused by watermelon mosaic
virus-1. Plant Dis. 64 : 799-801.

Nogay, A., and U. Yorgancı. 1984. Purification and particle
morphology of TMV, CMV and ZYMV isolated from 
various cultivated crops grown along the Mediterranean
coast of Turkey. 1: The identification of viruses infecting
cucurbits in Marmara region. J. Turkish Phytopathol. 14 :
9-28.

Nolan, P.A., and R.N. Campbell. 1984. Squash mosaic virus
detection in individual seeds and seed lots of cucurbits
by enzyme-linked immunosorbent assay. Plant Dis. 68 :
971-975.

Provvidenti, R. 1996. Diseases caused by viruses. Pages 37-
45 in T.A. Zitter, D.L. Hopkins, and C.E. Thomas (eds.),
Compendium of cucurbit diseases. APS Press, St. Paul
Minnesota, USA.

Purcifull, D., E. Hiebert, and J. Edwardson. 1984a.
Watermelon mosaic virus 2. CMI/AAB Descriptions of
Plant Viruses. No. 293 (No. 63, rev.). Commonwealth
Mycological Institute and Association of Applied
Biologists, Kew, England, UK

Purcifull, D., J. Edwardson, E. Hiebert, and D. Gonsalves.
1984b. Papaya ringspot virus. CMI/AAB Descriptions of
Plant Viruses. No. 292. Commonwealth Mycological
Institute and Association of Applied Biologists, Kew,
England, UK

Rao, A.L.N., and A. Varma. 1984. Transmission studies 
with cucumber green mottle mosaic virus. Phytopathol.
Z. 109 : 325-331.

Rosemeyer, M.E., J.K. Brown, and M.R. Nelson. 1986. Five
viruses isolated from field-grown buffalo gourd
(Cucurbita foetidissima), a potential crop for semiarid
lands. Plant Dis. 70 : 405-409.

Ryden, K., and P. Persson. 1986. Melon necrotic spot - a 
new virus disease in Sweden. (Nekrosflacksjuka hos
melon - en ny virussjukdom i Sverige, in Swedish).
Vaxtskyddsnotiser 50 : 130-132.

Sammons, B., O.W. Barnett, R.F. Davis, and M.K. Mizuki.
1989. A survey of viruses infecting yellow summer
squash in South Carolina. Plant Dis. 73 : 401-404.

Sevik, M.A., and M. Arlı-Sökmen. 2003. Viruses infecting
cucurbits in Samsun, Turkey. Plant Dis. 87 : 341-344.

Tomassoli, L., and M. Barba. 2000. Occurrence of melon
necrotic spot carmovirus in Italy. Bull. OEPP 30 : 279-280.

Tomlinson, J.A., and B.J. Thomas. 1986. Studies on melon
necrotic spot virus disease of cucumber and on the con-
trol of the fungus vector (Olpidium radicale). Ann. Appl.
Biol. 108 : 71-80.

Webb, R.E., and H.A. Schott. 1965. Isolation and identifica-
tion of watermelon mosaic virus 1 and 2. Phytopathology
55 : 895-900.

Yılmaz, M.A., and R.F. Davis. 1985. Identification of viruses
infecting vegetable crops along the Mediterranean sea
cost in Turkiye. J. Turkish Phytopathol. 14 : 1-8.

Yoshida, K., T. Goto, M. Nemoto, and T. Tsuchizaki. 1980.
Five viruses isolated from melon (Cucumis melo L.) in
Hokkaido. Ann. Phytopathol. Soc. Jpn. 46 : 339-348.

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

Zitter, T.A., D.L. Hopkins, and C.E. Thomas. 1996.
Compendium of cucurbit diseases. APS Press, St. Paul,
Minnesota, USA. 87 pp.

P
H

Y
T

O
P

R
O

T
E

C
T

IO
N

 8
7
 (

3
) 

2
0
0
6

130


