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Gummy stem blight, caused by the fungus Didymella bryoniae, is major disease of watermelons
worldwide. The objective of the present study was to establish an efficient screening system to iden-
tify watermelon resistant to D. bryoniae. An GSB3 isolate was prepared from a watermelon plant
showing typical symptoms of gummy stem blight in Haman-gun and identified as D. bryoniae
based on molecular analysis of internal transcribed spacer sequence. A simple mass-production
technique of inoculum was developed based on spore production of D. bryoniae GSB3 under several
incubation conditions and their virulence on watermelon plants. Resistance degrees of 22 commercial
watermelon cultivars to the GSB3 isolate were evaluated. Among them, four watermelon cultivars
showing different degree of resistance response were selected for further study. Development
of disease on the cultivars according to various conditions including inoculum concentrations,
incubation periods in dew chamber, and incubation temperatures was investigated. From the
results, we suggest an efficient screening method for resistant watermelon cultivars to gummy
stem blight. Seeds of watermelon cultivar are sown and grown in a greenhouse until plant stage of
2-fully expanded leaves. Seedlings are inoculated with D. bryoniae by spraying spore suspension of
the fungus at a concentration of 5.0x10° spores/ml. The infected plants are incubated in humidity
chamber at 25°C for 48 hours and then transferred to a growth chamber at 25°C and 80% relative
humidity with 12-hour light a day. Three to four days after inoculation, disease severity of the plant are
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B2 WAEH] flste] akehA WA B o] At
2 0 2 AHG-E o] AT HHEH F ko] AHE-C = I E)
of FFAY FFE T Ao, FA AFdS Hol= 1
At 2@ = B 5T §lth(Keinath®} Zitter, 1998; Wolukau
5,2007). webA o AE RS A fre 2= A Al A
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74 X130l YA 0 2 A == A H ¢l WA o]
t}(Vakalounakis, 1993, 1995; Wehner£} St. Amand, 1993).
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nt249 A ALl Pl 189225 ¢} ‘Pl 271778 & o] &
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(Samchun Chemical, Pyeongtaek, Korea) 2 30% &< &
He AT Fo 242 A 28 T F A
Streptomycin sulfate (Sigma-Aldrich, St. Louis, MO, USA) 200 ug/
ml7} 32 $}H5 potato dextrose agar (PDA; Becton, Dickinson and
Co, Sparks, MD, USA)°l| &8 11 25°Coll A B Fato] 35
wEstsith ol 5 5 XA FA ol 7HE F2 - (GSB3) 2] 2
25 W Fo] 2 F oW o] 1.5% water agar (Junsei Chemical Co,,
Tokyo, Japan) Hj 2] o] €] =835t S of 333t u| 74 shof A
HiA] ol =T A woj o PDAHR | of] &8 1L
25°Cf| A Bl g Tt

71N EEA S T3l Bed 54 LA GSB3
5 PDA ¥ A| of] 3 F5haL 25°Col| A 7 T mi &t &
of #AHAIE &t Hth 8 E A InstaGene Matrix
#732-6020 solution (Bio-Rad, Hercules, CA, USA) 20 plof] & Er
8o 12,000 rpm S 2 587 A E 2T Tl A5 14l
£ polymerase chain reaction (PCR)ol| AF-&3}ATH G714 E
EXE 93} ITS1 (5-TCCGTAGGTGAACCTGCGG-3') I} ITS4
(5'-TCCTCCGCTTATTGATATGC-3") Z 2}o] H (White 5, 1990)
£ AE519] PCRE 4383} A T} InstaGene Matrix AHE- 1
10 mM dNTP 1 pl, 10x PCR buffer 3 pl, 10 pmol 8] Z&to| ™ Z+
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Z} 1 l, 2.5 unit/pl 2] EF-Tag DNA polymerase (SolGent Co, Ltd,,
Daejeon, Korea) 0.2 I il BHE H71ste] HF 30l
o] Wkg-ol-S utE 3]t} Internal transcribed spacer (ITS) 4 <
L AR} ZZ.2 95°Cof| A] 27} initial denaturationS 2! A] gt
59| denaturation 95°C/30%, annealing 54°C/30%, extension
72°C/1E 2 2 35 cycle2 423Y 3} 1L final extension 72°Co]| A
10827 A A3} ) 18] 21 PCR AHE-L Big Dye” terminator
ver. 3.1 cycle sequencing kits (Applied Biosystems, Foster City,
CA, USA) 2 "8 & Z}7}o] i alo| i 2 DNA Engine Tetrad
2 peltier thermal cycler (Bio-Rad)E ©]-&3}¢] PCREH-S-& 4=
35131 ABI Prism 3730xI Analyzer 96 capillary type (Applied
Biosystems) 0. 2 H7| X E BEAA TS Aot 24 47
A €2 BLAST search ]| 2] 3}] GenBank (www.ncbi.nlm.nih.gov)
o T2 TS o] &7 4 A} vl waksic. GsB3 Foo
GenBank=H- & @42 7| A E-2 CLUSTAL X (Thompson -5,
1994)2} PHYDIT program (Chun, 1995)& ©]-&-&}o] B A35}4]
t}. Neighbor-joining tree+= PHYLIP 3.57c package (Felsenstein,
1985)2] Kimura's 2-parameter distance model (Kimura, 1980)<
o) §3te] 2 stoet,

Xl SF<t &xz2lof wWE =X} WA, G20t
S ZAE F AAs] A 2 A 9] x| of A} &
= HH-S A A5H7] €3] PDA, V8-juice agar (V8A; V8 Juice
[Campbell Soup Co., Camden, NJ, USA] 200 ml, CaCO, [Samchun
Chemical] 3 g, agar 9 g, distilled water 1 I), oatmeal agar (OMA;
Becton, Dickinson and Co.) & @3t 27 8.5 cm<] Petri
disho] F-of v x| & 4|3} tt. D. bryoniae GSB3 &5 2] o+
A2 ZES ZE A 9] ool 122H Fsho] 25°Coll A 7Y
A A o A B Ft AT ZALE F =517 Y5k ol &

2
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o] &t 1Y S 2U7t B i FStAU 1Y &2 29 T
3}l 1241744 33 2](53-58 pmol -m” -s7) &k -0 25°C
7] 2 o] 55t AdH = 297 o Wi gt ZAE 3
AAIZ T 2 a 7)o g YA Re g Fol 3
£ 5 F5taL o] &34 9 7HA ol A8 HAHE Al AR %, 35
& o] 3lof| Al hemocytometer (Paul Marienfeld GmbH & Co.
KG, Lauda-Konighofen, Germany) & A-&-3}o] XA 525 X
AFSH T o] 2 7F plated B4 E Z2H2] 5 AALFSHA
o 22 P A2 3uHE 0 2 23] A Ak

AE TEH., o2 =0l A BAERE D bryonige EA}+2] 4>
g 5o it g o] AYL ‘mAEnl (Asia Seed Co,

Ltd., Seoul, Korea)2} ‘A B} &} (Asia Seed Co, Ltd) Z52 &

AE ZE(Z] 7 5cm, EY 90 ml)o Y- AE 55 (Punong,
Gyeongju, Korea)& 9 1L 7t £5Y TAE 184 FF3¢ &
of] 241(25°C+5°C)ol| A e gt 571HA] A A 7] 9] =8t {5
(AT 29149, 249,39 H 490] TE£3| ANE )5
Aol AHESHATE Ul A7l = S22 Y ZE(FF 5am,
EF o0 mholl A et 2 E AMESHR o, EH 189 E

E(A7 65 cm, 2 200 mh=2 g W o] 4 5ko] Ajufst T
32339 Ee4ge] TE| e e FE=T WY
ME2L ZE(ZZ 9cm, EF 400 mh= o] A sko] Al 5

E A A A

T EFSY dEradaol e A A= e
HlAM Al T2 B FF 2M(RHEE, ASEKP2, &
TE, Y IFEY, =HRAE, A5E, A, 47002, 7
SHHEE YSE F9E 7YHEE, S5, LHL HAEE,
FUUYE, AE702, S8, s, AL, A et
T, AAE)E ATAA Y5t Aol AHgskit &
E ZE(Z] 7 5cm, EF 90 ml)of] ¥ of|-& AFE 535 (Punong)

2t 539 FAE 1HY 5F5to] 24H(25°C+5°0)9

A Eet2E ZE(FA 6.5 cm, EF 200 m)E
o] 4]5te] 2910] 5| HAAE St R E AT o] 483}
ok

2o TE 43 47 BEE 0 YRS A 4
= 2AME SEAFA 271 FF ¥ EE (NongwooBio) 7}
‘2] &’ (Dongbu Farm Hannong, Seoul, Korea), 18] 1 ZH4=4
271 &% ‘3 30} (Asia Seed Co, Ltd.) 2} “A] E]j 2} (Asia Seed Co,,
Ltd)E ol Aot Fa o= Atk

o ol

HS2 FH|. =2 FA W & D bryonige A9
8 2ol A2 913l PDA vl 2] o] GSB3 o 59| FALEZt
= HiA] Sl HFsHAL 25°C A/ ol A 78 T uj
$of 25°C, A5 = 80%2] F2FFAE ol FAIF T 1%
off 12A17H4 247t 3F A 23t v R &} T AR H O 2 FA
23k $of, e of| A 2 &S B (T & =) vl A] of A
FAE ZAE FoAY ZEHORE 551, HF £
2} 5 =5 5.0x10° spores/mI 2 =4 3} %t}

AEd s & d=na T A8 S AL v
A BE AYL 934 = D. bryoniae GSB3 w2 dAMZRZ+
< A7 85 cm2] PDA vl A] 9] plated 3224 A F3}aL 25°C
A H A 79 FeF v Fsk it L8] AL o] & 25°C, A5
T 80%9 F2FE AR o] FAIA sFFof 124744 24 &
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2t 3%(53-58 pmol -m ™ +s )& A 2] 3 A v ¥k, A H
ZAE oMLt FET W o= £851%it o] 5 33 Y
VA2 A7 FAHE A AsHAL Bt n A stol| A Z2t 5
5 ZAE, B4 2 3] 4519 5.0%10° spores/ml 5= 2]
ZAFAEHS Folotth 18 il FF Y o) e 4t
FEEY 32 T AR S e A s = L
Z} 2.0%x10% 1.0x10°, 5.0x10°, 2.5x10° spores/m|7} & =& ZH]

FE Qe A8 o) ALgshar.

¢

Mz o HxAL  $H§Ro) FH]3 D, bryoniae GSB3
#3o] ZAAG L Telfely] A7 BRste] 1%
SHTL 25°C 410l M 29 Bt etk 4l A2 E H 8
© T2FHHRSC AHEE 80%)F ] 53] 3FFf 12
A 7H8 g e she A et

SA A7t mhE e g EuEr T A2 ol
Aot g2 o HFehal, 25°C AN 1Y E=2Y
S AT o FHE FL2FFHERSC LS 80%)
2 o] F5}o] SR o] 12412HK H2 X 2 shu] A et ic.

I HF A 2ol B E F=vEE T AHS
AEF U §BE 2171 20°C 25°C, 30°C Ao A 29 F9t
B g et ol F2FFHRSC AT 80%) 2 °F 5t

Didymella maydis strain MA 0027 (FJ427087)
Didymella exigua (EF192139)
Didymella applanata strain 102634 (AJ428534)
98| Didymella lentis strain AL1 (DQ383953)
— Didymella fabae strain AF1 (DQ383952)
99| Didymella rabiei isolate D/144 (EU595358)
Ascochyta rabiei strain Bakoa (DQ822480)
Didymella vitalbina strain PD 08.04417700.3 (FJ515604)
o Didymella bryoniae isolate TMK-4 (EF160076)
GSB3
? 62| Didymella bryoniae isolate Di-3 (425) (EF107641)

571 Didymella bryoniae isolate TMK-2 (EF160074)

58 Didymella bryoniae (AF297228)

Didymella bryoniae isolate Di-4 (426) (EF107642)

64 [ Peyronellaea pinodes strain CBS235.55 (AY152551)

Ascochyta pinodes isolate AS 24 (FJ194524)
100 Mycosphaerella pinodes isolate 148/95 (EU338435)

0.01

Fig. 1. Neighbor-joining tree based on internal transcribed spacer
sequences showing relationships among Didymella bryoniae
GSB3 and closely related species. The values above each branch
indicate the percentage levels of bootstrap support (>50%) for
the branch point based on 1,000 resamplings. The bar represents
0.01 substitutions per nucleotide position. GenBank accession
number are parentheses.
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£ 91319 Duncan’s multiple range test (P=0.05)S A A] 3} % T

oF S8 U EH =Xt MM XU FEurEyold
st s=uko 2 HE Hag GSB3 F32E 545124} rDNA-
ITS G 2] ITS1/4 B 7] A @& GenBank®] EF W FE 3} H
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A3}, D. bryoniae w55+ 99.75%-100% 5 L g
A7 AL TR0 shte] 188

oha A A A M o2 Su W 5 kot B4 e
AHH IuhEY WAL Holk Wio e Belg
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2] of ol W A} BAFFS £ AFSE 2 1}, PDA Hi 2], OMA
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Table 1. Spore production of Didymella bryoniae in three media
under some irradiation conditions

Total No. of spores
Irradiation condition*  incubation (X10” spores/plate)
period  ppp vgsA OMA
A: One-day (12-h light/day) 8 48bz 8ay 36bzy
A and then two-day darkness 10 182az 6ay 88abzy
B: Two-day (12-h light/day) 9 152az 5ay 104 abz

B and then two-day darkness 11 153az 27ay 185az

Values in the labeled with the same letter in each column are not
significantly different in Duncan’s multiple range test at P=0.05.
PDA, potato dextrose agar; V8A, V8-juice agar; OMA, oatmeal agar.
*D. bryoniae inoculated on three media was incubated at 25°C in
darkness for 7 days and then further incubated under several ir-
radiation conditions. Experiment was carried out two runs with
three replicates each.
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Table 2. Disease development of watermelon plants inoculated with spores of Didymella bryoniae produced under two irradiation condi-

tions*
Irradiation Plant growth stage (No. of fully expanded leaves)
condition Cultivar 0 2 3 4
A: Two-day Kokoma 100+0.0 az 100+0.0 az 100+0.0 az 100+0.0 az 93+5.8 bz
(12-h light/day) Seotaja 100+0.0 az 97+13 abz 100+0.0 az 97458 az 100+0.0 az
Mean 100 99 100 98 97
A and then two-day Kokoma 100+0.0 az 100+0.0 az 100£0.0 az 98+3.5az 85+18 bcz
darkness Seotaja 100+0.0 az 100+0.0 az 87+15 bz 95450 az 82424 bz
Mean 100 100 94 96 83

Each value represents the mean disease severity+standard deviation of two runs with five replicates each.

Values in the labeled with the same letter in each column are not significantly different in Duncan’s multiple range test at P=0.05.

*Seeds of watermelon cultivar were sown and grown in a greenhouse at 25°C+5°C to be growth stage of cotyledone and 1-, 2-, 3-, and
4-fully expanded leaves. Seedlings were inoculated with D. bryoniae by spraying spore suspension of the fungus at a concentration of
5.0x10° spores/ml. The infected plants were incubated in humidity chamber at 25°C for 48 hours and then transferred to a growth cham-
ber at 25°C and 80% relative humidity with 12-hour light a day. Four days after inoculation, disease severity of the plant was measured us-

ing percentage of infected leaf area.
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Fig. 2. Typic symptomatic images of two watermelon cultivars to
gummy stem blight. (A) ‘Wonderfulggul’ (moderately resistant). (B)
‘Seotaja’ (susceptible).
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Table 3. Resistance degree of 22 commercial watermelon cultivars
to Didymella bryoniae*

Infected leaf Infected leaf

Cultivar Cultivar

area (%) area (%)
Wonderfulggul 39+25d Supergold 93+9.7 abc
Jijonggul 70+34 cd Heukho 94+4.2 abc
Jangchunggul 72+5.7bc  Kokoma 95+6.1 abc
Supergrandprix ~ 80x16abc  Bestggul 95+8.7 abc
Noranbusibok 82+16abc  Nunettineggul 96+4.2 abc
Chilbokggul 83+15abc  SinSeolgang102  96+4.2 abc
Wellbing 84+19abc  Soknoranggul 97+2.7 abc
Seolgang102 84+25abc  Noranbok 98+2.7 ab
Bravoggul 88+27 abc  Seotaja 98+4.5 ab
Nakdonggul 89+6.5abc  Seotajaggul 98+4.5 ab
Hwanggeumggul 91+11abc  Kamchunggul 99+2.2a

Each value represents the mean disease severity+standard deviation.
Values in the labeled with the same letter are not significantly dif-
ferent in Duncan’s multiple range test at P=0.05.

*Seedlings with 2-fully expanded leaves were inoculated with D.
bryoniae by spraying spore suspension of the fungus at a concen-
tration of 5.0x10° spores/ml. The infected plants were incubated
in humidity chamber at 25°C for 48 hours and then transferred to
a growth chamber at 25°C and 80% relative humidity with 12-hour
light a day. Three days after inoculation, disease severity of the
plant was measured using percentage of infected leaf area. Experi-
ment was carried out two runs with five replicates each.

Table 4. Development of gummy stem blight on four watermelon
cultivars according to incubation period in dew chamber after in-
oculation*

Incubation period in dew chamber

Cultivar Trait
24h 48h
Wonderfulggul MR 8+2.7 az 1911 cz
Jijonggul MR 6+2.2az 8+2.7 cz
Kokoma S 5+0.0 ay 77434 abz
Seotaja S 11+6.5 ay 84+26 az

Each value represents the mean disease severity+standard devia-
tion of two runs with five replicates each.

Values in the labeled with the same letter in each column are not
significantly different in Duncan’s multiple range test at P=0.05.
MR, moderately resistant; S, susceptible.

*Seedlings with 2-fully expanded leaves were inoculated with
Didymella bryoniae by spraying spore suspension of the fungus at
a concentration of 5.0x10° spores/ml. The inoculated plants were
incubated in humidity chamber at 25°C for 24 or 48 hours and
then transferred to a growth chamber at 25°C and 80% relative
humidity with 12-hour light a day. Three days after inoculation,
disease severity of the plant was measured using percentage of
infected leaf area.
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Table 6. Development of gummy stem blight on four watermelon
cultivars according to incubation temperature in dew chamber
inoculation*

Incubation temperature in dew chamber

Cultivar Trait
20°C 25°C 30°C
Wonderfulggul MR 3+29az 25t16bz  34+32bz
Jijonggul MR  11+10ay 24+18by  59+12abz
Kokoma S 9+6.5ax  60t13ay  89+15az
Seotaja S 15420 ay 58t14az  59+8.2abz

Each value represents the mean disease severity+standard devia-
tion of two runs with five replicates each.

Values in the labeled with the same letter in each column are not
significantly different in Duncan’s multiple range test at P=0.05.
MR, moderately resistant; S, susceptible.

*Seedlings with 2-fully expanded leaves were inoculated with D.
bryoniae by spraying spore suspension of the fungus at a concen-
tration of 5.0x10° spores/ml. The inoculated plants were incubated
in humidity chamber at 20°C, 25°C, and 30°C for 48 hours and then
transferred to a growth chamber at 25°C and 80% relative humid-
ity with 12-hour light a day. Three days after inoculation, disease
severity of the plant was measured using percentage of infected
leaf area.

Table 5. Development of gummy stem blight on four watermelon cultivars according to inoculum concentration*

Inoculum concentration (spores/ml)

Cultivar Trait
2.0x10* 1.0x10° 5.0x10° 2.5x10°
Wonderfulggul MR 9+4.2 ay 24415 azy 26+12 bzy 68+24 abz
Jijonggul MR 16+£16 az 38+32az 28+11 bz 48+19 bz
Kokoma S 11+£6.3 ay 43+35 azy 58+30 az 81+18az
Seotaja S 17£10 ay 21£11 ay 59+20 az 86+16 az

Each value represents the mean disease severity+standard deviation of two runs with five replicates each.
Values in the labeled with the same letter in each column are not significantly different in Duncan’s multiple range test at P=0.05.

MR, moderately resistant; S, susceptible.

*Seedlings with 2-fully expanded leaves were inoculated with D. bryoniae by spraying spore suspension of the fungus at a concentration
of 2.0x10% 1.0x10°, 5.0x10°, and 2.5x10° spores/ml. The inoculated plants were incubated in humidity chamber at 25°C for 48 hours and
then transferred to a growth chamber at 25°C and 80% relative humidity with 12-hour light a day. Three days after inoculation, disease se-

verity of the plant was measured using percentage of infected leaf area.
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