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Physiologic Races of Fusarium oxysporum f.sp. melonis in 
the Southeastern Anatolia Region of Turkey and Varietal 

Reactions to Races of the Pathogen 

Sener Kurt, 1 B. Baran, 2 N. Sarl 3 and H. Yetisir 3 

Thirty-four isolates of Fusarium oxysporum f.sp. melonis (F.o.m.) obtained from 205 fields 
in melon-producing areas in the southeastern Anatolia Region of Turkey were identified 
on the basis of colony morphology and pathogenicity by the root dip method. In this 
region the mean prevalence of wilt disease was 88.1% and the mean incidence of disease 
was 47.5%. Physiologic races 0, 1, 2, and 1,2 of the pathogen were determined by their 
reactions on differential melon cultivars 'Charentais T,' 'Isoblon', 'Isovac' and 'Margot' in 
the greenhouse. Race 1,2, representating 58.8% (20/34) of all isolates, was wide!y distributed. 
Of the other pathogenic isolates, eight were identified as race 0, five as race 1, and one as race 
2. This is the first report of physiologic races of Eo.m. in Turkey. Of 44 melon cultivars tested 
in the greenhouse for resistance to F.o.m. races, 36 were found to be moderately resistant to 
race 0, 17 were susceptible to race 1,2, 34.1% were highly resistant to race 1, and 52.2% had 
moderate resistance to race 2. 
KEY WORDS: Melon; Fusarium oxysporum f.sp. melonis; race; varietal reactions. 

INTRODUCTION 

The southeastern Anatolia Region accounts for 10.9% of  the total melon (Cucumis melo 
L.) production of  1,900,000 tons in Turkey. Diyarbaklr,  Mardin and Adtyaman provinces, 
the main melon-producing areas of the region, have the largest sowing area with ca 7,800 
ha, producing 208 kg/da (2). Fusarium wilt of melon, caused by Fusarium oxysporum 
Schlechtend.: Ft. f.sp. melonis (Leach & Currence) W. C. Snyder & H. N. Hansen (Eo.m.), 
is one of  the most prevalent and destructive diseases of melon in Turkey (9,17) and other 
areas of the world (16). On diseased plants, the veins of some leaves turn yellow on one 
side; later these leaves become completely yellow, wilt and die. A longitudinal brown 
necrotic streak and gummy exudates appear on the basal portion of vines (12). 

In the control of  Fusarium wilt of melon, studies indicated that no chemical had a 
significant effect on pathogen population level in the plant (8), and pretreatment of  melon 

seedlings with the herbicide dinitramine induced resistance to subsequent inoculation with 
Eo.m. (7). The most effective and practical means of controlling Fusarium wilt of  melon 
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is by the use of resistant cultivars. As there are at least four races of the pathogen, it is 
necessary to know which race is present in a given area before a cultivar is chosen (12). 

Physiologic races of Eo.m. were identified based on the nomenclature proposed by 
Risser et al. (15) using three differential cultivars. The races are designated as 0, 1, 2, and 
1,2 for the resistance genes they overcome (10); race 0 attacks only cultivars that lack any 
genes for resistance to Eo.m. (e.g. cv. 'Charentais T');  race 1 overcomes the resistance 
gene Foml in cv. 'Doublon'; race 2 overcomes the resistance gene Fom2 in cv. 'CM 17187'; 
and race 1,2 overcomes both resistance genes. Race 1,2 is divided into race 1,2 wilt and 
yellowing strains (16). Two genes for resistance, Foml and Fom2, are currently used to 
identify races of the pathogen (11). Race studies revealed that prior to 1985, only race 2 
was found in North America, and races 0 and 1 in Europe and Israel. Between 1985 and 
1987, races 0 and l were reported in Maryland (USA), race 0 in the Rio Grande Valley in 
Texas (USA) and Mexico, and race 1 in Jalisco, Mexico (10). Races 2 and 1,2 were found 
in Israel (6), and races 0, 1 and 1,2 in Lebanon (1). 

The main objective of this study was to determine the prevalence and distribution of 
Eo.m. races in the southeast Anatolia Region of Turkey. 

MATERIALS AND METHODS 

Disease survey and isolation of Fusarium oxysporum f.sp. melonis Systematic 
surveys for Fusarium wilt were carried out in the melon-growing areas of Diyarbak~r, 
Adlyaman and Mardin provinces of the southeastern Anatolia Region of Turkey in July 
to September 1999 (Fig. 1). A total of 205 fields (ca 3255 ha), sown mostly to local 
cultivars, were inspected. The melon plants with typical Fusafium wilt symptoms were 
collected from fields in the major melon-producing areas of the region and taken to the 
laboratory. Incidence of plants showing foliar symptoms characteristic of Fusarium wilt 
was determined in a minimum of three representative groups of 30 consecutive plants 
(chosen arbitrarily) based on sizes of fields. In addition, prevalence of the disease was 
calculated using the percentage of fields with plants exhibiting disease symptoms. 

Fig. 1. Major melon-producing areas in the southeastern Anatolia Region of Turkey. 

For isolation, root and stem tissues of plants affected with wilt symptoms were washed 
under running tap water. Plant pieces taken from the lower hypocotyls and upper taproot 
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TABLE 1. Classification of Fusarium oxysporum f.sp. melonis races based on Risser et al. (15) 

Fusarium oxysporum Differential Cultivars and Resistance Genes 
f.sp. melonis races 

Charentais T Isoblon Isovac Margot 
(Fom l ) (Fore2) 

0 S R R R 
1 S S R R 
2 S R S R 
1,2 S S S S 

S= susceptible (yellowing and death); R= resistant (no syrnptoms, healthy plants). 

were surface-sterilized in 1% NaOCL solution for 1 to 2 rain, rinsed twice in sterile distilled 
water, and dried between sterile filter papers. Pieces of disinfested tissues were plated on 
potato dextrose agar (PDA) amended with 50 #g m1-1 streptomycin sulfate. The plates 
were incubated at 27~ for 7-10 days (4). Colonies exhibiting the taxonomic features of E 
o x y s p o r u m  were identified according to Nelson et al. (13), and single-spore or byphal tip 
subcultures of these isolates were made on PDA. 

Pathogenicity tests and race determination Field isolates of Eo.m.  were used for the 
pathogenicity tests. To confirm identity of the fungus, pathogenicity tests were conducted 
using the susceptible cv. 'Klrkagac'. Melon seedlings were inoculated by the root-dip 
method using a spore suspension of 106 conidia m1-1 (18). Inoculated seedlings were 
transplanted to plastic pots filled with sterilized potting soil and placed in a greenhouse 
(18-20~ Symptoms were evaluated 10 to 15 days after inoculation. 

Four differential melon cultivars, 'Charentais T' ,  'Isoblon',  'Isovac' and 'Margot' 
(Table 1), were used in virulence tests for race identification according to the systems 
suggested by Risser et al. (15). Charentais T and Margot lack specific resistance genes, 
whereas Isoblon and Isovac carry the resistance genes F o m l  and Fom2, respectively (14). 
Melon seeds treated with 7.5% H202 solution for 10 min were planted in sterilized soil. 
After approximately 10 to 14 days, plants in the cotyledon to first-true-leaf stage were 
removed from the seedling pots and the roots were washed in tap water, pruned to ,-~2.5 cm 
and dipped for 1 min in the inoculum suspension (10 6 conidia m1-1) prepared from 7- to 
10-day-old cultures. The roots of control plants were pruned to ~2.5 cm and dipped only 
in tap water. The inoculated and control seedlings were transplanted into cell-type plastic 
growing trays filled with a sterilized mixture of soil, sand and manure (1:1:1), and placed 
in a greenhouse at 20-27~ by day and 18-22~ by night, with 12 h fluorescent light. 
Race determination was made by observing symptom development (yellowing, necrotic, 
wilted or dead seedlings) of the differential cultivars over a 4-week period (20). Final 
assessments of the wilt reaction were made 30 days after inoculation. Plants free of external 
wilt symptoms were considered resistant (19). 

Reactions of melon cultivars to races of wilt pathogen Forty-four cultivars of melon 
obtained from Antalya Citrus Research Institute, Menemen Agricultural Research Institute, 
and seed companies (Seminis, Agromar and Altln Seed Co.) were evaluated for resistance 
to the wilt pathogen by the root-dip test. Procedures for sowing and inoculum preparation, 
concentration, inoculation technique, and evaluation were the same as described above. 
The experiment was conducted in a controlled environment chamber set at 23~ by day 
and 18~ by night, with 14 h fluorescent light. As a result of this trial, the cultivars were 
placed in four reaction classes (3): highly resistant (0-10% wilt), moderately resistant (11- 
40% wilt), slightly resistant (41-70% wilt), and susceptible (71-100% wilt). 
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RESULTS 

Disease survey and isolation of Fusarium oxysporum f.sp. melonis In the surveys, 
in which 602 plants obtained from 205 fields (--~3255 ha) were sampled, Fusarium wilt 
of melon was observed early in the growing season as sudden wilting without yellowing. 
Plants infected early in the season often produced poor quality fruits. On diseased plants, 
symptoms resembling root rot or damping off were observed. Necrosis, gum exudates, 
stunting, vine death, and light to dark brown vascular discoloration were recorded on 
diseased plants late in the season. The Fusarium wilt surveys are summarized in Table 
2, and results show that Fusarium wilt of  melon was widespread in Diyarbaklr, Adlyaman 
and Mardin provinces, with disease incidence being 53.3%, 42.5% and 46.6% (average, 
47.5%), respectively; the prevalence of  wilt was 96.0%, 86.8% and 81.5% (average, 
88.1%), respectively. 

TABLE 2. Results of survey on Fusarium wilt of melon carried out in 1999 in the southeastern 
Anatolia Region of Turkey 

Area Field location No. of fields Disease Disease 
evaluated prevalence (%)z incidence (% 

foliar 
symptoms)Y 

Diyarbaklr Central 13 100.0 65.7 
Cinar 40 97.5 37.3 
Ergani 15 86.6 36.5 
Bismil 17 100.0 73.7 
Avg. 21 96.0 53.3 

Adlyaman Central 16 79.4 62.5 
Besni 33 93.6 34.8 
Golbasl 9 88.6 15.4 
Kahta 14 85.6 57.4 
Avg. I8 86.8 42.5 

Mardin Central 10 90.0 54.6 
Nusaybin 17 65.0 38.7 
Midyat 10 80.0 41.7 
Savur 11 91.0 51.4 
Avg. 12 81.5 46.6 

General avg. 17 88.1 47.5 
z Fields with melon plants showing foliar symptoms (%). 
u Assessed late in the melon growing season in a minimum of three groups of 30 adjacent plants that were chosen 
arbitrarily in each field. 

Typical cultures of  F.o.m. were isolated from representative diseased plants with 
external symptoms. Pathogenicity was verified in melon cv. Klrkagac, which is susceptible 
to this wilt pathogen. Of the 34 pathogen isolates of  Eo.m., 15 isolates were identified from 
Diyarbak~r, ten from Mardin, and nine from Ad~yaman (Table 3). The pathogenicity tests 
revealed that these isolates caused 20-85% wilt. Eo.m. was re-isolated from inoculated 
melon plants. 

Race de terminat ion  The race identitification of  34 isolates of  Eo.m. obtained from 
melon-growing areas of  the southeastern Anatolia Region was done according to the 
nomenclature proposed by Risser et al. (15) using the differential melon cultivars. Race 
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TABLE 3. Regional distribution of isolates belonging to physiologic races of Fusarium oxysporum 
f.sp. melonis obtained in surveyed melon fields 

Area Field location No. of No. of Races of Eo.m. 
samples pathogen 
infected isolates 
with 
Eo.m. 

0 1 2 1,2 
Diyarbaklr Central 21 9 2 1 6 

Cmar 10 3 I 2 
Bismil 15 3 1 2 

Mardin Central 11 4 1 3 
Klzlltepe 8 2 1 1 
Nusaybin 6 3 1 2 

Ad~yaman Central 9 3 1 1 1 
Besni 17 6 4 " - 2 
Golbasl 11 1 1 

Total 108 34 8 5 1 20 

0 isolates were pathogenic only to cv. Charentais T, race 1 isolates were pathogenic only 
to cvs. Charentais T and Isovac, and race 1,2 isolates were pathogenic to all differential 
cultivars. On the basis of  the reaction of these four cultivars, the distribution of Eo.m. races 
was determined (Table 3). 

Based on these findings, eight isolates (23.5%) were designated as race 0, five isolates 
(14.7%) as race 1, one isolate (2.9%) as race 2, and 20 isolates (58.8%) as race 1,2. Of the 
isolates recovered from Diyarbaklr, 26.6% were assigned to race 0, 66.7% to race 1,2, and 
6.7% to race 2; race 1 was not detected in this province. In Mardin, 33.3% of the isolates 
obtained were identified as race 0 and 66.7% as race 1,2; in this province races 1 and 2 
were not found. In Adtyaman, 10% of the isolates obtained were classified as race 0, 50% 
as race 1, and 40% as race 1,2; race 2 was not detected in this province. 

Reactions of melon cultivars to races of  wilt pathogen Of the local and commercial 
cultivars of  C. melo tested in the greenhouse for resistance to Eo.m. races 0, 1, 2, and 1,2 
of  Eo.m., 81.8% proved moderately resistant to race 0, but no susceptible cultivar to this 
race was detected (Table 4). While 38.6% of the cultivars were susceptible to race 1,2, no 
cultivar was identified as highly resistant to races 0, 2, and 1,2. However, while 34.1% 
of the cultivars were classified as highly resistant to race 1, 52.2% of  the cultivars proved 
moderately resistant to race 2. 

DISCUSSION 

Fusarium wilt of  melon may affect plants at all stages of  the growing season. Systematic 
surveys in the melon-growing areas of  the southeastern Anatolia Region of  Turkey 
indicated that this wilt is a potentially serious threat to melon production in the region. 
In particular, the disease was determined to be very prevalent under dry conditions. During 
the surveys, sudden wilting, necrosis, gum exudates, stunting, vine death, and light to 
dark brown vascular discoloration were observed on diseased melon plants in the growing 
season. It was found that Eo.m. is widespread in Diyarbaklr, A&yaman and Mardin 
provinces. The figures on disease incidence and prevalence in these provinces (Table 2) 
were similar to those reported for the melon-growing areas of  the Mediterranean Region 
of  Turkey in 1991 and 1992: disease incidence and prevalence of  66.6% and 72.2% in 
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TABLE 4. Reaction of melon (Cucumis melo) cultivars to artificial inoculation with different races 
of Fusarium oxysporum f.sp. melonis (Eo.m.) under greenhouse conditions 

Melon cultivars Varietal reactions to races of F.o.m. 
Race 0 Race 1 Race 2 Race 1,2 

8 F1 Galia type MR HR MR MR 
34 F1 Ananas type MR MR SR MR 
33 F1 Ananas type MR SR MR SR 
Amilara MR MR S SR 
Peteg (Hasocerko) MR S S S 
Azizo MR SR S S 
Diyarbak~r Yuvarlak MR S S S 
Diyarbaklr Uzun MR S S SR 
A&yaman SR MR MR S 
Diyarbaklr Dilimli MR MR SR S 
A&yaman Cumra SR S S S 
Altmbas MR MR S MR 
Klrkagaq MR S S MR 
Cesme melon 7/8 SR HR SR SR 
Cesme melon 1/3 SR MR SR SR 
Cesme melon 1/1 MR MR SR MR 
Cesme melon 5/11 MR HR MR MR 
Ciniklz-98 MR MR S MR 
Hasanbey SR MR MR SR 
Klrkagaq-589 SR MR MR MR 
Klrkagaq-637 MR HR MR MR 
Babieca RZ 929 MR SR MR MR 
Makdimon MR HR SR S 
Alk~do F1 hibrit MR MR MR S 
1051 Rito SR MR MR S 
Bergpass F1 MR MR MR SR 
Altm 2 F1 SR MR MR S 
Altm 4 F1 MR MR MR MR 
Altm 1 F1 MR MR MR S 
Altm 3 F1 MR MR MR SR 
Royal Sluis 4100878 MR HR SR SR 
Royal Sluis RS 455 MR HR SR S 
Royal Sluis RS 605 MR HR MR S 
Royal Sluis RS 296 MR HR MR S 
Royal Sluis RS 692 MR HR MR S 
Royal Sluis RS 894 MR HR MR S 
Royal Sluis RS 895 MR HR MR S 
Royal Sluis RS 537 MR HR SR SR 
Royal Sluis RS 160 MR HR SR SR 
Royal Sluis RS 095 MR HR SR MR 
Agromar Winter melon MR MR MR MR 
Agromar Klrkagaq MR MR MR SR 
Agromar Altmbas MR MR SR MR 
Agromar Hasanbey MR MR MR SR 

HR, highly resistant; MR, moderately resistant; SR, slightly resistant; S, susceptible. 

Adana ,  and  6 6 . 6 %  and  9 2 . 8 %  in Hatay,  respec t ive ly  (17).  The  d isease  is r epor t ed  to be  

long  e s t ab l i shed  in the  cent ra l  Ana to l i a  Reg ion  o f  Turkey  (9). 

Iden t i f ica t ion  o f  F.o.m. on di f ferent ia l  m e l o n  cul t ivars  revea led  four  phys io log i c  races  

in the  region,  wi th  race  1,2 b e i n g  the  m o s t  preva lent .  In eco log ica l  terms,  this  po in t  can  

be exp re s sed  as the  paras i te  b e i n g  capab le  o f  d ive r s i fy ing  its p a t h o g e n i c  po ten t i a l  in the  
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absence of the host, and the host plant playing a dual role in the process of the appearence 
of new races (5). All isolates were highly virulent on susceptible cv. Charentais. Eight 

isolates obtained from three provinces of the region surveyed were virulent only to cv. 

Charentais, and therefore identified as race 0. Of the race 1 isolates, five were recovered 

only from melon fields of Adlyaman. These isolates were avirulent on cvs. Isovac (Fom2) 

and Margot, and virulent on cvs. Charentais T and Isoblon (F o m l ) .  Only one isolate from 

Diyarbaklr was assigned to race 2; this isolate was virulent on cvs. Charentais T and Isovac, 

and avirulent on cvs. Isoblon and Margot. Of the race 1,2 isolates, ten were recovered 

from Diyarbak~r, six from Mardin, and four from Adlyaman; all differential cultivars were 

highly susceptible to these races, races 1 and 2 were not found in two of the three counties 

surveyed. Race 1,2, the most prevalent race in the region, was reported in previous studies 
carried out in other regions of Turkey (9,17). 

Resistance to Eo.m.  is expressed very clearly at the seedling stage and the mechanism 

of action of this resistance is believed to be controlled by genes F o m l  and Fom2 using 

the phenomenon of host-parasite interaction recognition. This study demonstrated that 

local cultivars such as 'Peteg' (Hasocerko) and 'Azizo', which are commonly grown in the 

region, lacked resistance to Fusarium wilt, in particular to race 1,2. In Diyarbaklr, where 

the disease is the most prevalent, local cultivars have been grown repeatedly in the same 

fields. Currently, race 1,2 is responsible for heavy losses in the fields where this race was 

first recorded. In conclusion, because Fusarium strains vary widely with respect to their 

pathogenicity, the resistance of different melon cultivars to Turkish strains of Eo.m.  should 

be evaluated every year in an attempt to develop resistant cultivars carrying genes F o m l  

and Fom2. 

ACKNOWLEDGMENTS 

This research was supported by Project no. Togtag Tarp-205 from the Scientific and Technical Research 
Council of Turkey (Tubitak), Ankara. We thank Mustafa Ozgen for his presubmission review of the manuscript. 

REFERENCES 

1. Abou-Jawdah, Y. and Al-Khoury, A.M. (1996) First report on the identification of races 0, 1, and 1,2 of F.o.m. 
in Lebanon. Plant Dis. 80:711. 

2. Anon. (1999) Agricultural Structure and Production. DIE Publications, No. 1727. Ankara, Turkey. 
3. Barnes G.L. (1972) Differential pathogenicity of Fusarium oxysporum f.sp. niveum to certain wilt-resistant 

cultivars. Plant Dis. Rep. 56:1022-1026. 
4. Bicici, M. and Kurt, S. (1998) Etiology, incidence and prevalence of cotton wilt disease and strains of the wilt 

pathogen in Cukurova. Proc. 2nd World Cotton Research Conf., New Frontiers in Cotton Research (Athens, 
Greece), Vok I1, pp. 914-918. 

5. Bouhot, D. (1981) Some aspects of the pathogenic potential in Formae speciales and races of Fusarium 
oxysporum on Cucurbitaceae. pp. 3 i8-326, in: Neison, RE.. Toussoun, T.A. and Cook, R.J. [Eds.] Fusarium: 
Diseases, Biology and Taxonomy. The Pennsylvania State University Press, University Park, PA, USA. 

6. Cohen, R., Katan, T., Katan, I. and Cohn, R. (1989) Occurrence of Fusarium oxysporum f.sp. melonis race 
1,2 on muskmelon in Israel. Phytoparasitica 17:319-322. 

7. Cohen, R., Riov, J., Lisker, N. and Katan, J. (1986) Involvement of ethylene in herbicide-induced resistance 
to Fusarium oxysporum f.sp. melonis. Phytopathology 76:1281-1285. 

8. Cohen, R., Yarden, O., Katan, J., Riov, J. and Lisker, N. (1987) Paclobutrazol and other plant growth- 
retarding chemicals increase resistance of melon seedlings to Fusarium wilt. Plant Pathol. 36:558-564. 

9. Erzurum, K., Taner, Y., Secer, E., Yanmaz, R. and Maden, S. (1999) Occurrence of races of Fusarium 
oxysporum f.sp. melonis causing wilt on melon in Central Anatolia. J. Turk. Phytopathol. 28:87-97. 

10. Jacobson, D.J. and Gordon, "12 R. (1991) Fusarium oxysporum f.sp. melonis: A case study of diversity within 
a forma specialis. Phytopathology 81 : 1064-1067. 

Phytoparasitica 30:4, 2002 401 



11. Katan, T., Katan, J., Gordon, T.R. and Pozniak, D. (1994) Physiologic races and vegetative compatibility 
groups of Eo.m. in Israel. Phytopathology 84:153-157. 

12. Martyn, R.D. and Gordon, T.R. (1996) Fusarium wilt of melon, pp. 14-15. in: Zitter, T.A., Hopkins, D.L. 
and Thomas, C.D. [Eds.] Compendium of Cucurbit Diseases. American Phytopathological Society, St. Paul, 
MN, USA. 

13. Nelson, P.E., Toussoun, T.A., Burgess, L.W., Mararas, W. EO. and Liddell, C.M. (1986) Isolating, identifying 
and producing inoculum of pathogenic species of Fusarium. in: Hickey, K.D. [Ed.] Methods for Evaluating 
Pesticides for Control of Plant Pathogens. APS P/~ess, St. Paul, MN, USA. 

14. Pitrat, M. (1998) Gene list for melon. Cucurbit Genet. Coop. Rep. 21:69-81. 
15. Risser, G., Banihashemi, Z. and Davis, D.W. (1976) A proposed nomenclature of Fusarium oxysporum f.sp. 

melonis races and resistance genes in Cucumis meto. Phytopathology 66:1105-1106. 
16. Schreuder, W., Lamprocht, S.C. and Holz, G. (2000) Race determination and vegetative compatibility 

grouping of Fusarium oxysporum f.sp. metonis from South Africa. Plant Dis. 84:231-234. 
17. Yf.icel, S., Pala, H., San, N. and Abak, K. (1994) Determination of Fusarium oxysporum f.sp. melonis races 

in the East Mediterranean Region of Turkey and response of some melon genotypes to the disease. Proc. 9th 
Congr. Mediterranean Phytopathological Union. Turkish Phytopathological Society Publications No. 7, pp. 
87-89. Kuw Aydm, Turkey. 

18. Zink, EW. and Gubler, W.D. (1986) Inheritance of resistance to races 0 and 2 of Fusarium oxysporum f.sp. 
melonis in gynoecious muskmelon. Plant Dis. 70:676-678. 

19. Zink, EW., Gubler, W.D. and Grogan, R.G. (1983) Reaction of muskmelon germ plasm to inoculation with 
Fusarium oxysporum f.sp. melonis race 2. Plant Dis. 67:1251-1255. 

20. Zuniga, T.L., Zitter, T.A., Gordon, T.R., Schroeder, D.T. and Okamoto, D. (1997) Characterization of 
pathogenic races of Fusarium oxysporum f.sp. melonis causing Fusarium wilt of melon in New York. Plant 
Dis. 81:592-596. 

402 S. Kurt et al. 


