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Abstract 
The aim of this study was to detect disease resistance in melon genetic resources 

collected from different regions (south-eastern Anatolia, middle Anatolia, Aegean, 
Marmara-Thrace and eastern Anatolia) of Turkey. A total of 85 melon and 15 snake 
melon genotypes were tested against Fusarium wilt (races 1 and 2), downy mildew 
and powdery mildew (race 3) as fungal diseases, and Cucumber mosaic virus (CMV) 
and Zucchini yellow mosaic virus (ZYMV) as virus diseases. In the case of Fusarium wilt 
race 1, eight genotypes were found resistant, 86 genotypes were susceptible and one 
genotype was segregating. Fifty-four percent of the genotypes were found to be 
resistant, 28% were susceptible and 18% were segregating for Fusarium wilt race 2. 
In the case of downy mildew, four genotypes (‘Kav 28’, ‘Kav 71’, ‘Kav 237’ and ‘Kav 
255’) were resistant, while 78 genotypes were susceptible and 16 genotypes were 
segregating. Among all the genotypes tested, only two genotypes (‘Kav 60’ and ‘Kav 
277’) were resistant to powdery mildew. While two genotypes (‘Kav 281’ and ‘Ac 33’) 
were found to be resistant to CMV, none of the genotypes were resistant to ZYMV. 
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INTRODUCTION 
Turkey is a rich country in terms of plant genetic resources, having about 163 families, 

1225 genera and 9000 species in the flora, of which 3000 are endemic to Turkey. Therefore, 
the conservation and use of genetic material has a particular importance for Turkey (Özgen 
et al., 2000). 

Melon (Cucumis melo L.) is a member of the family Cucurbitaceae and has a high level 
of morphological diversity (Kirkbride, 1993; Whitaker and Davis, 1962; Pitrat et al., 2000). 
Commercial production in Turkey is approximately 1.7 million tons (FAO, 2012), and the 
country is located in the secondary genetic diversity centre for melon (Pitrat et al., 2000). It 
has been reported that Turkey is rich in melon genetic resources, which are morphologically 
diverse, especially for fruit characters. Cukurova University Department of Horticulture has 
a melon genetic resources collection comprising more than 400 accessions, collected from 
different regions of Turkey and obtained from various countries in the world. Several studies 
have been conducted on morphological characterization of this melon germplasm (Solmaz et 
al., 2004; Sari and Solmaz, 2007). However, resistance to diseases and pests has not yet been 
investigated. 

Diseases and pests are among the most important factors limiting melon production in 
Turkey. Fusarium wilt (Yucel et al., 1994), downy mildew (Koc, 1986), powdery mildew, 
Zucchini yellow mosaic virus (ZYMV) and Cucumber mosaic virus (CMV) (Yilmaz and Davis, 
1984, 1985) cause significant problems in different melon-growing regions (Sari et al., 
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1994). 
Fusarium wilt (Fusarium oxysporum f.sp. melonis) is a soil-borne fungal disease and 

one of the main problems in melon. In Turkey, the pathogen is already widespread in the 
Aegean, Mediterranean, eastern and south-eastern Anatolia regions and threatens 
production in all other areas (Zengin et al., 1975; Yildiz, 1977; Yucel et al., 1994; Kinay et al., 
1995; Demir and Tezcan, 1995; Maden et al., 1998; Erzurum et al., 1999; Baran, 2000; Kurt 
et al., 2002). Use of resistant cultivars was found to be more effective in combination with 
chemical protection (Scherf and Mancab, 1986; Martyn and Gordon, 1996). Downy mildew 
(Pseudoperonospora cubensis) is another fungal disease causing problems in melon 
production areas (Lebeda et Cohen, 2011). P. cubensis isolates collected in various areas of 
Turkey were recently shown to exhibit weak genetic diversity but to be strongly distinct 
from Israeli isolates (Polat et al., 2014). In melon plants, the symptoms begin with necrotic 
lesions on old leaves, then spread to the whole plant and cause death. Powdery mildew is 
one of the first identified diseases, and Podosphaera xanthii and Golovinomyces 
cichoracearum are the main causal agents. CMV and ZYMV are serious virus diseases widely 
distributed in melon-growing areas of Turkey. 

The aim of this study was to evaluate the resistance of Turkish melon accessions to 
Fusarium wilt, downy mildew, powdery mildew, CMV and ZYMV. 

MATERIALS AND METHODS 
A total of 85 melon and 15 snake melon accessions was selected from the Cukurova 

University Department of Horticulture melon genetic resources collection and used as plant 
material. The origins and local names of the accessions are presented in Table 1. 

Table 1. The origin, name and resistance of Turkish melon and snake melon accessions to 
Fusarium wilt, downy mildew, powdery mildew, CMV and ZYMV. 

Genotype Origin Local name Fusarium 
race 1 

Fusarium 
race 2 

Downy 
mildew 

Powdery 
mildew CMV 

Kav 1 Diyarbakir Asma kavunu S S S S S 
Kav 3 Mardin Unknown S R H S S 
Kav 5 Sanliurfa Unknown S R S S S 
Kav 8 Sanliurfa Unknown S S S S S 
Kav 9 Gaziantep Unknown S R S S S 
Kav 14 Sanliurfa Unknown S R S S S 
Kav 19 Gaziantep Unknown S S S S S 
Kav 23 NCTR Yerli S S S S S 
Kav 26 Manisa Kislik S H S S S 
Kav 27 Kutahya Gonen S S S S S 
Kav 28 Manisa Melemen - - R S S 
Kav 29 Manisa Cengel Tatar R R S S S 
Kav 30 Konya Cumra S S S S S 
Kav 33 Konya Unknown S H S S S 
Kav 34 Konya Unknown S R H S S 
Kav 36 Usak Unknown R R S S S 
Kav 37 Istanbul Unknown S S H S S 
Kav 38 Manisa Dilim S H S S S 
Kav 39 Manisa Lambada S S H S S 
Kav 40 Manisa Dilim S R H S S 
Kav 42 Tekirdag Unknown S S S S S 
Kav 43 Tekirdag Unknown S R H S S 
Kav 44 Tekirdag Unknown S S H S S 
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Table 1. Continued. 

Genotype Origin Local name Fusarium 
race 1 

Fusarium 
race 2 

Downy 
mildew 

Powdery 
mildew CMV 

Kav 45 Tekirdag Suluklu S H S S S 
Kav 46 Usak Unknown S R S S S 
Kav 48 Usak Unknown S R S S S 
Kav 50 Manisa Cavdan S R S S S 
Kav 52 Balıkesir Acur S R S S S 
Kav 53 - Unknown S H S S S 
Kav 54 Manisa Siyah S S S S S 
Kav 56 Canakkale Unknown S R - - S 
Kav 57 Adana Unknown R S H S S 
Kav 59 - Girnogi S H S S S 
Kav 60 NCTR Yerli S S H R S 
Kav 61 Adiyaman Bal S S S S S 
Kav 62 Adiyaman Kelek bal S R S S S 
Kav 63 Sanliurfa Unknown S S S S - 
Kav 64 Mardin Semamok S R S S S 
Kav 65 Sanliurfa Selengo S R S S S 
Kav 66 Sanliurfa Yabani S S S S S 
Kav 67 Ankara Unknown S S S S S 
Kav 70 - Kuscular S R S S S 
Kav 71 - Unknown R S R S - 
Kav 72 Sakarya Unknown S H H S S 
Kav 73 Sanliurfa Unknown S R S S S 
Kav 74 Sanliurfa Unknown S S H S S 
Kav 79 Ankara Unknown S S H S S 
Kav 82 Usak Unknown S R H S S 
Kav 84 Manisa Unknown S R H S S 
Kav 85 Nevsehir Unknown R S H S S 
Kav 87 Nigde Unknown S R S S S 
Kav 90 Elazig Unknown S R S S S 
Kav 170 Antalya Unknown S S S S S 
Kav 191 K.Maras Unknown - - S S S 
Kav 213 Ankara Tirtilli S R S S S 
Kav 214 Ankara Altınbas R H S S S 
Kav 218 Ankara Ipsala S H S S S 
Kav 221 Ankara Kislik S R S S S 
Kav 226 Ankara Altin R H S S S 
Kav 228 Ankara U.Yuva S R S S S 
Kav 232 Ankara Cikolata S H S S S 
Kav 234 Ankara Ipsala S S S S S 
Kav 235 Ankara Muhurlu S R S S S 
Kav 237 Ankara Portakal S R R S S 
Kav 239 Ankara Dilimli S R S S S 
Kav 242 Ankara Muz S R S S S 
Kav 249 Ankara Kirkagac R S S S S 
Kav 250 Ankara Sememe S R S S S 
Kav 252 Ankara Tepekoy S R H S S 
Kav 255 Konya Kislik S R R - S 
Kav 265 Erzurum Unknown S R S S S 
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Table 1. Continued. 

Genotype Origin Local name Fusarium 
race 1 

Fusarium 
race 2 

Downy 
mildew 

Powdery 
mildew CMV 

Kav 266 Erzurum Unknown S S S S S 
Kav 267 Erzurum Unknown S R S S S 
Kav 269 Erzurum Unknown S S S S S 
Kav 273 Erzurum Unknown S H S S S 
Kav 274 Erzurum Unknown S H S S S 
Kav 277 Erzurum Unknown S H S R S 
Kav 278 Erzurum Unknown S H S S S 
Kav 279 Erzurum Unknown S H S S S 
Kav 280 Erzurum Unknown S R S S S 
Kav 281 Elazig Sari S R S - R 
Kav 282 Elazig Kis S R S S S 
Kav 284 Elazig Malbora H H S S S 
Kav 286 Elazig Muz S R S S S 
Kav 287 Elazig Kislik beyaz - - S S S 
Ac 1 Ankara Beyaz S R S S S 
Ac 3 Ankara Siyah - - - - - 
Ac 5 Sanliurfa Hitta S R S S S 
Ac 14 Mardin Midyat 1 - - S S - 
Ac 16 Adana Adana S R S S S 
Ac 18 K.Maras Diyarbakır 2 S R S S S 
Ac 21 K.Maras Urfa S R S S S 
Ac 31 AARI, Izmir TR 40517 S R S S S 
Ac 32 AARI, Izmir TR 47782 S R S S S 
Ac 33 AARI, Izmir TR 47808 S R S S R 
Ac 47 AARI, Izmir TR 51559 S R S S S 
Ac 51 Sanliurfa Hitta S R S S S 
Ac 54 Siirt Unknown S - S S S 
Ac 56 Nigde Unknown S R S S S 
Ac 60 Sanliurfa Tuylu S R S S - 
S, Susceptible, R, resistant, H, heterogeneous. -, No germination. 

Fusarium wilt, downy mildew, powdery mildew, CMV and ZYMV tests were conducted 
at INRA, Avignon, France. All tests were performed using the protocol of Pitrat et al. (1991). 
Ten plants for fungal diseases and 15 plants for virus diseases were used. 

All genotypes were tested for F. oxysporum races 1 and 2. ‘Charentais Fom-1’ 
(susceptible to race 1 and resistant to race 2) and ‘Charentais Fom-2’ (resistant to race 1, 
susceptible to race 2) were used as controls. Inoculation was done by a root dipping method. 
Spores of downy mildew were produced on the susceptible line ‘Védrantais’ and used to 
inoculate five leaf discs per accession. ‘Védrantais’ was used as a susceptible control and ‘PI 
124112’ and ‘MR1’ as resistant controls. For powdery mildew screening, a strain of race 3 of 
P. xanthii was used and increased on bottle gourd (Lagenaria) cotyledons. Five leaf discs of 
each accession were inoculated. The susceptible controls were ‘Védrantais’ and ‘PMR 45’, 
and ‘RIL 56’ (‘Védrantais’ × ‘PI 124112’) as a resistant control (Perchepied et al., 2005). CMV 
and ZYMV were tested as virus diseases. ‘Védrantais’ was the susceptible control for both 
viruses, while the resistant controls were ‘Virgos’ for CMV and ‘PI 414723’ for ZYMV. 

RESULTS AND DISCUSSION 
A core collection of 100 melon and snake melon genotypes collected from different 

regions of Turkey (middle Anatolia, Aegean, Mediterranean, eastern Anatolia, south-eastern 
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Anatolia and Marmara-Thrace) and obtained from the National Gene Bank of Turkey (AARI) 
was tested for Fusarium wilt, downy mildew, powdery mildew, CMV and ZYMV at INRA, 
Avignon, France. The results are presented in Table 1. 

In the case of Fusarium wilt race 1, 8 accessions (‘Kav 29’, ‘Kav 36’, ‘Kav 57’, ‘Kav 71’, 
‘Kav 85’, ‘Kav 214’, ‘Kav 226’ and ‘Kav 249’) were found to be resistant, while the others were 
susceptible. Segregation was observed only in ‘Kav 284’. It is worth noting that the 
geographical origins of the resistant genotypes were not the same. Moreover, the wild 
genotype ‘Kav 71’, belonging to C. melo group agrestis, was identified as resistant, while the 
other wild genotype ‘Kav 73’ was found to be susceptible. Regarding Fusarium wilt race 2, 
51 accessions were resistant and 26 were susceptible, while 17 genotypes showed 
segregation. As for race 1, geographical origins were not correlated with 
resistance/susceptibility. While C. melo group agrestis genotypes (‘Kav 63’ and ‘Kav 71’) 
were identified as susceptible, C. melo group dudaim genotypes (‘Kav 64’ and ‘Kav 250’) 
were found to be resistant. 

F. oxysporum f. sp. melonis is an economically destructive soil-borne disease agent, and 
four races (0, 1, 2 and 1-2) have been defined (Risser et al., 1976; Pitrat et al., 1991). The 
most widespread races are 0 and 1 in Turkey (Sari et al., 1994), race 1-2 were observed in 
the Aegean region (Yildiz, 1977) and in the east Mediterranean region (Yucel et al., 1994); 
however, all four races were detected in middle Anatolia (Erzurum et al., 1999). Our results 
are in agreement with the report of Sensoy et al. (2007), who tested 79 melon accessions 
with fusarium wilt race 1 and found only seven resistant genotypes, three genotypes as 
heterogeneous and the rest as susceptible. In another study performed by Pitrat et al. (1996), 
271 melon genotypes from around the world were tested for F. oxysporum f.sp. melonis race 
1, 2 and 1-2 with 20% of the genotypes found to be susceptible to all three races. In their 
study of 271 accessions, resistance to race 2 was 14.7% (22.4% including the heterogeneous 
accessions) and 13.8% for race 1 (22% including the heterogeneous accessions), while only 
3% were found to be resistant to race 1-2. 

Regarding downy mildew, four genotypes (‘Kav 28’, ‘Kav 71’, ‘Kav 237’ and ‘Kav 255’) 
were observed as resistant, 16 were heterogeneous and the other genotypes were 
susceptible. The four genotypes constitute new sources of resistance to downy mildew, 
which have so far been found mainly in Indian accessions, such as ‘PI 124112’ and ‘MR1’ 
(Thomas and Jourdain, 1992; Dhillon et al., 2007). 

Powdery mildew (P. xanthii) is one of the first determined fungal diseases of melon 
(Pitrat et al., 1998), which is damaging both in open fields and under greenhouse conditions. 
Among the Turkish melon and snake melon genotypes, only ‘Kav 60’ and ‘Kav 277’ (which 
were collected from the North Cyprus Turkish Republic and Erzurum, respectively) were 
observed as resistant to race 3. As for downy mildew, most known resistances to powdery 
mildew originate from India (Pitrat et al., 1996), and so our work may have identified 
valuable new sources of resistance to this disease. 

CMV was the first viral disease identified in cucurbits (Doolittle, 1916; Jagger, 1916), 
and has the widest host range of any plant virus, including more than 1200 species in over 
100 families. In this study, two genotypes (‘Kav 281’ and ‘Ac 33’) were determined as 
resistant, while the others were susceptible. This is an interesting result as, to date, high 
levels of resistance to CMV have mainly been reported only in melons from the Far East 
(Dogimont, 2011). Gómez-Guillamón et al. (1998) evaluated landraces and wild varieties 
and reported that none of them were resistant to CMV. Among 36 snapmelon landraces (C. 
melo var. momordica) collected in India, a single one was found resistant to CMV (Dhillon et 
al., 2007). 

ZYMV is an important pathogen in cucurbit-growing regions throughout the world 
(Antignus et al., 1989; Lecoq and Desbiez, 2012). In our collection, all the genotypes were 
found to be susceptible to ZYMV. This result is consistent with the fact that resistance to 
ZYMV is found with a very low frequency in melon, such as the study of more than 500 
accessions by Pitrat et al. (1996), in which only a single accession, ‘PI 414723’, showed 
resistance. 
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CONCLUSIONS 
In this study, we tested 85 melon and 15 snake melon accessions for Fusarium wilt, 

downy mildew, powdery mildew, CMV and ZYMV. Although these accessions represent only a 
small proportion of Turkish melon germplasm, potential new sources of resistance have 
been identified. This valuable genetic material must be conserved for the future, and more 
emphasis given to using these resistant genotypes in future breeding studies. 
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