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This study was conducted to determine the Phytophthora
rot resistance of 514 accessions of watermelon germ-
plasm, Citrullus lanatus var lanatus. About 46% of the
514 accessions tested were collections from Uzbekistan,
Turkey, China, U.S.A., and Ukraine. Phytophthora capsici
was inoculated to 45-day-old watermelon seedlings by
drenching with 5 ml of sporangial suspension (106

sporangia/ml). At 7 days after inoculation, 21 accessions
showed no disease symptoms while 291 accessions of
susceptible watermelon germplasm showed more than
60.1% disease severity. A total of 510 accessions of
watermelon germplasm showed significant disease symp-
toms and were rated as susceptible to highly susceptible
35 days after inoculation. The highly susceptible water-
melon germplasm exhibited white fungal hyphae on the
lesion or damping off with water-soaked and browning
symptoms. One accession (IT032840) showed moderate
resistance and two accessions (IT185446 and IT187904)
were resistant to P. capsici. Results suggest that these
two resistant germplasm can be used as a rootstock and
as a source of resistance in breeding resistant watermelon
varieties against Phytophthora.
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Phytophthora blight and rot caused by Phytophthora capsici

Leon. and P. drechsleri Tuck. have been described as the

most destructive diseases, as they have a wide host range

that include pepper, tomato, eggplant, and most cucurbits

such as cucumber, squash, pumpkins, watermelon and musk-

melons (Erwin and Ribeiro, 1996; Gubler and Davis, 1996;

Islam and Babadoost, 2004; Jee et al., 2000; Kim and Shon,

1991; Tian and Babadoost, 2004). 

P. capsici causes seedling damping-off, leaf spot, foliar

blight, root and crown rot, stem lesion and fruit rot (Erwin

and Ribeiro, 1996; Gubler and Davis, 1996; Hassell and

Hausbeck, 2004; Jee et al., 2000). The first field symptom

on Cucurbita crops is commonly crown rot. The crown rot

of root causes the entire plant to completely collapse and

die in a short period of time. Affected vine tissue turns

brown in color, appears water-soaked, and often collapses.

Infected fruit develops dark, water-soaked lesions that

which are commonly covered with white mold (Erwin and

Ribeiro, 1996; Kim, 1995; Kim and Shon, 1991; Tian and

Babadoost, 2004).

Fruit rot caused by P. drechsleri was first reported in

Colorado and California, USA in the late 1930s. The di-

sease was found sporadically in the U.S. until the 1980s,

except in California where it occurred more regularly.

Incidence increased notably in Florida, Georgia, North

Carolina, New Jersey, Michigan, and the northeastern states.

In some areas, the increase in incidence followed hurricane

damage. Phytophthora blight also commonly affects pepper

and less common on eggplant and tomato (Babadoost,

2004; Erwin and Ribeiro,1996). 

Watermelons are susceptible to major soil-borne diseases

that attack the roots, foliage, and fruits. The most common

diseases of watermelon in all growth stages are anthracnose,

Fusarium wilt, downy mildew, gummy stem blight, Phyto-

phthora blight, root-knot nematode and viral diseases (Davis

et al., 2007; Gunner et al., 2004; Gusmini et al., 2005; Hojo

et al., 1991; Kim and Shon, 1991; Sowell, 1975).

Collar rot infection of watermelon caused by P. drechsleri

was first recorded in Korea in Sungju in 1988 and second in

Goryoung in 1989. The fungal pathogen attacked seedlings

of watermelon, melon, and cucumber, and expectedly, seed-

lings of pepper and squash (Kim and Shon, 1991). Also, the

first report in Korea of Phytophthora fruit and vine rot of

watermelon caused by P. capsici was found in Euseong

in1991 and in Bonghwa in 1993. The pathogen infected

seedlings of watermelon, squash and peppers (Kim, 1995).

No single method currently available provides adequate

control of Phytophthora blight. A combination of measures

should be practiced to reduce Phytophthora blight on

cucurbits (Babadoost, 2000; Hausbeck, 2004; Islam and

Babadoost, 2004). An effective rotational period has not
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been identified yet. Two years has been shown to be insuffi-

cient, therefore the selection of a field where susceptible

crops have not been grown for at least 3 years should be

done (Jang et al., 2008; Kim and Kim, 2002; Noh et al.,

2004).

Chemical control of vegetable crops gives good results

for some pathogens, poor results against others pathogens

such as bacteria, and practically no effects on viral patho-

gens. Moreover, reduction on the use of chemical treat-

ments consequently lowers the health risks to farmers and

consumers. 

The phase-out of methyl bromide has driven the search

for alternative methods of soil-borne pathogen control in

watermelons. Alternative agricultural pesticides and other

physical treatments are being tested and developed. Graft-

ing with resistant rootstocks offers one of the best ways to

avoid soil-borne disease attack (Babadoost et al., 2008;

Kings et al., 2008).

The Middle Eastern countries and Korea are the major

consumers and major production countries of watermelon

(Lee et al., 2007; Robinson and Decker-Walters, 1997).

Breeding of new varieties must be done taking into con-

sideration consumer preference, yield potential, desired

earliness, fruit size and shape, disease and pest resistance,

and market demands (Jeffrey, 1975; Levi et al., 2001a;

Marr and Tisserat, 1998; Rubatzky, 2001).

Since the early 20th century, breeding for plant disease

resistance has been an important objective of most breeding

programs and a major method for controlling plant di-

seases. Since the 1980s, molecular markers are being

widely used as a principal tool in breeding programs of

major crops. In particular, considerable efforts have been

made to find molecular markers linked to disease and insect

pest resistance genes (Moose and Mumm, 2008). DNA

marker technology has been developed in commercial crop

breeding programs since the early 1990s, and has proved

helpful for the rapid and efficient transfer of useful traits

into alternative varieties and hybrids (Tanksley, 1983).

Nonetheless, the classical screening method for resistance

to several important diseases using greenhouse seedling

tests remains useful, and provides several advantages

(Munger et al., 1984; Norton et al., 1986; Song et al., 2004).

The objective of this study was to estimate the resistance

of 514 accessions of watermelon germplasm to phyto-

phthora rot for improving watermelon breeding efficiency

using biological assay.

In our study, 514 accessions of watermelon germplasm

from 63 countries were obtained from the National Agrobio-

diversity Center in Korea. About 46% of watermelon germ-

plasm originated from Uzbekistan, Turkey, China, U.S.A.

and Ukraine (Table 1).

Twenty seeds (20) of each tested watermelon germplasm

were replicated and disinfected with 2% sodium hypo-

chlorite (NaOCl) for two hours. The disinfected seeds were

vigorously washed three times with distilled water and pre-

germinated on moist filter paper in Petri-dishes at 30 oC for

one-week under light and dark (16 h/8 h) condition. Twenty

seeds of pre-germinated watermelon germplasm were sown

into 70-hole plastic seedling trays filled with a mixture of

peat moss and horticultural soil. The seedlings were grown

for 45 days in the greenhouse. 

The Phytophthora rot pathogen, P. capsici (KACC 44716)

was obtained from the Korea Agricultural Culture Collec-

tion (KACC) of the Rural Development Administration.

We modified the method for the production of Phyto-

phthora sporangia reported by Jee et al. (2000). To induce

sporangia production, the pathogen was grown in 10% V-8

agar for one week. The agar plate with fungal hyphae was

placed under fluorescent light at room temperature. After

one week, the matured sporangia were cold shocked at 4 oC

for one hour, followed by 1 h equilibration at room

temperature. The sporangia and zoospores were harvested

from the mycelia using an autoclaved paint brush, and the

concentration was adjusted to 106 sporangia/ml using a

hemocytometer. About 45-day old watermelon seedlings

were inoculated by drenching with 5 ml of sporangia

Table 1. Origin of 514 accessions of watermelon germplasm tested for resistance to Phytophthora capsici

Origin (Number of Accessions)

More than 
11 accessions

Russia (89), Uzbekistan (43), Turkey (28), China (27), U.S.A. (26), Ukraine (24), Kazakhstan (19), Turkmenistan
(17), Japan (17), Georgia (16), Tajikistan (15), Korea (12), Azerbaijan (11), Unknown (58)*

Less than 
10 accessions 

Mongolia (8), Iran (6), Armenia (6), Vietnam (5), Senegal (5), Laos (5), India (5), Botswana (5), Israel (4), Somalia
(3), Pakistan (3), Nepal (3), Mexico (3), Kyrgyzstan (3), Afghanistan (2), Bulgaria (2), Bolivia (2), Egypt (2), Ethio-
pia (2), Hungary (2), Philippines (2), North Korea (2), Sudan (2), Syria (2), Thailand (2), Taiwan (2), Australia (1),
Brazil (1), Chile (1), Colombia (1), Costa Rica (1), Cuba (1), Algeria (1), Honduras (1), Indonesia (1), Iceland (1),
Jordan (1), Kenya (1), Liberia (1), Libya (1), Moldova (1), Madagascar (1), Myanmar (1), Mozambique (1), Nigeria
(1), Netherlands (1), Tunisia (1), Yugoslavia (1), Zimbabwe (1), South Africa (1)

Total 63 countries (514)

*Unknown : These accessions have no information on origin.



Evaluation for Resistance of Watermelon Germplasm to Phytophthora Rot 89

suspension (106 sporangia/ml) and incubated for two days

under saturated moist condition in the greenhouse (Fig. 1).

We designed that three experiments were performed for

redundancy check and time-saving: a) the mass germplasm

accession broad screening step, b) the early retest of the

positive screening results step, and c) the final retest step.

Seedling screening methods are the most commonly used

among breeders to test new cultivars and lines for resistance

to plant pathogens (Wehner and Shetty, 2000; Zhang et al.,

1997).

Disease severity was determined for 35 days with seven

days interval after the inoculation of sporangia suspension.

We assessed the severity of phytophthora rot symptoms by

assigning symptom grades based on visual inspection, as

well as by measuring healthy and diseased root tissues (Fig.

1). The visible symptoms that appeared sequentially were

crown rot, stem lesions, plant wilt, leaf defoliation, and

damping-off. We determined the level of Phytophthora rot

resistance of watermelon germplasm by scoring the disease

severity: resistant – 0% disease severity; moderately resistant

– < 20% disease severity; susceptible – 20.1% to 90%

disease severity; and highly susceptible – > 90.1% disease

severity (Fig. 1 and Fig. 2). 

Although many watermelon cultivars were developed

throughout the world, there is an existing need to improve

qualitative characteristics, especially for increased disease

Fig. 1. Photographs show the preparation of healthy watermelon seedlings (A) and the occurrence of Phytophthora stem and root rot
caused by Phytophthora capsici after inoculation (B, C) of 106 zoosporangia/ml. Light microscopic observation of zoosporangia of P.
capsici revealed on infected stem and root tissues of watermelon seedlings (D). Development of Phytophthora rots symptoms on
watermelon germplasm at 7 days (E) and 35 days (F) after inoculation in greenhouse. W: wilt of plant, HR: healthy root, SR, RR: infected
stem and root with P. capsici, ZS: sporangia.
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and insect pest resistance (Davis et al., 2007; Gunner et al.,

2004; Gusmini et al., 2005; Hausbeck and Lamour, 2004;

Tian and Babadoost, 2004). 

In this study, the disease symptoms in stems and roots

began to appear in the highly susceptible watermelon germ-

plasm at 7 days after inoculation of P. capsici. From the 514

accessions tested, 139 accessions exhibited more than

90.1% disease severity of stem rot symptoms accompanied

by seedling wilt. On the other hand, 21 accessions of the

tested watermelon germplasm did not show any disease

symptom (Fig. 1 and Fig. 2).

Zoospores of P. capsici were obtained from infected

tissues of inoculated seedlings for microscopy observation.

Observation of epidemiological and phytophthora rot

symptoms was conducted by mounting the specimens in

glass slides with water, without fixation, for the light micro-

scope examination. Light microscopy observation was

made using a Nikon microscope (Eclipse 80i, Japan) fitted

with a 40/0.7 objective and a 2x magnification changer.

Data were recorded on a CCD camera (Nikon, Japan) using

a video generator (Nikon Digital Sight DS-U1, Japan). 

Microscopy observations showed that oospores establish-

ed successfully, with very high population density, on the

surface of the stem and root of susceptible watermelon

germplasm. At 14 days after inoculation, the highly suscep-

tible accessions showed the white fungal hyphae on the

lesion of Phytophthora rot or post-emergence damping off

with water-soaked and brown black lesion near the root

crown (Fig. 1D). Four accessions showed resistance, at 14

days after inoculation, while 18 accessions had moderate

resistance having less than 20% disease severity. Rated

susceptible were 256 accessions having 20.1−80.0% disease

severity, while 237 accessions showed highly susceptible

symptoms (> 90.1% disease severity) such as brownish

lesions, sudden wilt, and leaf defoliation (Fig. 1E and Fig. 2).

At 21 days after inoculation, three accessions exhibited

resistance, 11 with moderate resistance, 174 susceptible,

and 326 highly susceptible, which exhibited whole plant

wilt, stem and root rot, and seedling death (Fig. 2).

Of the 514 accessions of watermelon tested, only three

accessions, Au Jubilant (IT185446), K-4976 (IT187904),

and HF (IT032840), showed resistance to Phytophthora rot

28 days after inoculation. Three accessions, namely, Hait

Kara (IT203070) and two accession of unknown origin

(IT203070, and K134377), showed moderate resistance to

Phytophthora rot by scoring less than 10% disease severity.

Meanwhile, 117 accessions showed susceptible reactions to

the disease while 391 accessions showed highly susceptible

symptoms such as leaf defoliation, damping-off, and seedl-

ing death and scored more than 90.1% disease severity

(Fig. 2).

At 35 days after inoculation, three accessions of

watermelon germplasm, Au Jubilant (IT185446), K-4976

(IT187904), and HF (IT032840) showed significantly high-

level of resistance to P. capsici and were scored with 0%

of disease severity with high inoculums density of 106

sporangia/ml under green house (Fig. 1F and Fig. 3).

Phytophthora blight has become a serious threat to

production of cucurbit crops in the world, causing up to

100% yield loss (Babadoost, 2004; Hausbeck and Lamour,

2004). The pathogen can survive between crops as oospores

or mycelium in infected tissues. Zoospores are resistant to

Fig. 2. Evaluation of 514 accessions of watermelon germplasm for resistance to Phytophthora rot at 7-day intervals for 35 days after
inoculation with of 106 sporangia/ml of P. capsici.
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desiccation, cold temperatures, and other extreme environ-

mental conditions, and can survive in the soil, in the

absence of a host plant, for many years. Especially, P.

capsici is a soilborne pathogen that can survive in the field

for several years (Erwin and Ribeiro, 1996; Hausbeck and

Lamour, 2004; Jee et al., 2000; Kim and Kim, 2002; Pavon

et al., 2008).

Sources of resistance to Phytophthora rot must be identi-

fied in the germplasm so the trait can be incorporated into

acceptable cultivars. In our results, the three Phytophthora

rot resistant watermelon germplasm were monitored up to

full flowering or early fruit formation stages and showed no

visible sign or symptoms on the whole plant. Two candidate

watermelon germplasm, Au Jubilant (IT185446) and K-

4976 (IT187904), may be introduced as cultivars for having

improved Phytophthora rot resistance and better quality

than other commercial varieties. 

Au Jubilant cultivar was previously reported as the inbred

line used in the cross Jubilee × PI 271778 which has

performed well in field plantings with high yields of

excellent quality fruits. Also, Au Jubilant, which originated

from PI 271778, has shown multiple resistances to race 2

anthracnose, fusarium wilt, and gummy stem blight in tests

in Alabama and other Southern Agricultural Experiment

States in USA (Norton et al., 1986; Sowell, 1975).

Although conventional plant breeding had a significant

impact on developing crops with disease and insect pest

resistance, the time-consuming process of selection, making

crosses and backcrosses, and the evolution of new virulent

pathogens have always posed challenges (Moose and Mumm,

2008).

The National Watermelon Association, a grower’s con-

sortium, rank Phytophthora fruit rot as a top research

priority in watermelon improvement programs (Morrissey,

2006). Although many watermelon cultivars have been

developed throughout the world during the last century,

there is little information regarding their ancestries (Levi et

al., 2001b). The germplasm base in watermelon has actual-

ly quite narrow genetic diversities in Korea (Huh et al.,

2008).

In our results, two watermelons germplasm resistant to

Phytophthora rot survived past the flowering stage with no

sign or symptoms on the whole plant. These genetic

resources can be used as sources of resistance for new and

existing cultivars, and as rootstock for Phytophthora blight

resistant seedlings. 
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