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Abstract Leaf blight caused by Stemphylium vesicarium has become an important fungal disease of Allium
genus, which leads to decrease quality and seed production of onion. To establish in vivo bioassay methods
on leaf blight of onion (4. cepa) by S. vesicarium, we conducted to determine optimum conditions for spore
production of S. vesicarium and development of leaf blight on onion plants by the fungus. From the results
of spore production of S. vesicarium according to wound, light, and medium, we suggest a method to
produce spores of S. vesicarium that the fungus are grown on rice bran agar medium at 25°C. And fungal
masses are scratched with a brush and then the plate is incubated for 48 hours in a growth chamber at 25°C
and 80% RH under 12-hour light per day. In addition, development of leaf blight on onion plants caused by
S. vesicarium according to growth stage of plants, inoculum concentration, nutrient source added in spore
suspension, and incubation conditions was tested. To efficiently develop leaf blight on onion seedlings, seeds
have to be sow on horticultural soil and cultivate up to four-leaf stage in a greenhouse (25 £ 5°C). Seedlings
are rubbed with bleached, nonabsorbent cotton and inoculated with spore suspension (1.0 x 10° spores/mL)
made of 1/2 potato dextrose broth, by spray method. The inoculated plants are incubated in a dew chamber
at 20°C for 48 hours, and then the infected seedlings are cultured in a growth chamber at 25°C and 80% RH
with 12-hour light per day. Infected leaf area (%) is measured 7 days after inoculation. The established method
is considered to be useful for in vivo antifungal activity assay and disease resistance assay.
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}711 Sh8kal ATHRyu et al., 2021). 2]
FIH2HE 2 FHLES S B
=Tk Slimestad et al., 2007). L3+ Akt B A ST
4 A JckMishra et al., 2014)

Sfste Al A, A7), Ee et B, A3, ko]
2, A% Tl 9 OH ket A& Wo] WA STH(Mishra
and Gupta, 2012; Paibomesai et al., 2012). Chowdhury et
al. 2015y %ku} ZHEoll= 66714 2]EHo] WA, o]
% Bonytis Qv (Botrytis squamosa), -5
(Alternaria porri), Stemphylium AP+ (Stemphyllum vesi-
carium) ZL2]3L =¥ (Peronospora destructor) 5= 3}t
Arkol]l FA 9 vAE Wallgal stk 53] S
vesicarium®l 2|3t AvFEHE XA Yol 71 2 1 iy
£2 YeR) Ytk Chowdhury et al., 2015; Hay et al., 2019;
Stricker et al., 2021).

S. vesicarium®l 9Jsle] FAs= St AvEHES 9

A Bt 2 T 25 AsHA7IAL ALk
A7l F0.38 Waolth(Leach et al., 2020). 53
&t A ZHEe] Q3 TR 27190 S vesicarium®]
o] dupgro] LA =W oF 80~85%%] &HS
Th(Hassan et al., 2020). Yl =3k, &3 34
A Higo] 7 zebA vl s=t (Basallote-Ureba et al.,
1999; Prados-Ligero et al., 2003), 2] 247 PQE—‘?—F#
U2 ApdEAE dekew M Fa3 93
(Misawa and Yasuoka, 2012). %3}e] rlEH ‘3“394
oﬂ tﬂu}o] xl—/ OQI—E}AHHEi 7LAH0

— ol j=4
o] YA ﬂ“ﬁ, ko] Mz ALGFE, O]‘j}ﬁ‘jé
AEo] Yepdth, 2271 P42 w Wnke] BeYole
ZHA o) A UP{“H AAS w7 Fth(Mishra et al., 2014).
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WA WS T2 ARt ot F 2
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7t B2} 3 9 tH(Aveling et al., 1993b; Hay et al., 2019;
Stricker et al., 2021). oJel] Tgt tiFO.Z A=A AdA| Al
§3 AvAYES o]&3k AESHA WA (Abo-Elyousr et
al., 2017; Hussein et al., 2007; Mishra and Gupta, 2012),
I3 7K ot 22 FEA e A4, I AE
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et al., 2017; Huang et al., 2018). Dangi et al. (2019} 59

7HA Allium <5 A1) ekl tigk 4338 23
3l ‘Pusa Soumya’ (Allium fistulosum L.)2} ‘Red Creole
2’ (4. cepa L) FE°] T=AFA olArtal skt &
A9 7R kg el it sk 43S vEll=
e St FFLS A9 gEA JAYTE S vesicariumel
o7l Avkael g A Fot FE5S HEsh] 9
Me A FaAds Adetar, ol It ub 5
I wdljste] A o FAE F ATA
& 0431 Aol AA Faate] 23 Als
‘”E]r M E G&F o) ek A3
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AS fEiFE HEYY UEF AL B 2 gk dnls
v S 98k 248 Sgske slo] T aeit

B Ao s Gutel dnkgHol uist "3%7“4”4% g
Hsl7] sk, S. vesicarium ©] EA} HFE ] Bl
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Qo] AN A4 2 % A S el v SR

E S vesicarium XA AAVFS ZAIE L, Sf dnlE
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Stemphylium vesicarium T3

FoAvE# S vesicariume FENEH FY
ARAAE (KACC, Rural Development Administration, Jeonju,
Korea)ZHE] 67 FF(KACC 40924, KACC 40925, KACC
40926, KACC 40927, KACC 44528 ¥ KACC 44530)%
£ ol Ao A3 S, vesicarium d5-E-S potato
dextrose agar (PDA; Becton, Dickinson and Co.) BjA]el] 3
AL 25°CellA 109 &_F vl Foll, zF 2 At
Z7He Haddt 20% glycerold] WAL -80°C deep freezerdl]
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S. vesicarium 2V &F(KACC 445287 KACC 44530)%
rice bran agar [RA; rice bran 32 g, glucose (Junsei Che-
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mical Co., Ltd.) 10 g, agar (Junsei Chemical Co., Ltd.) 12 g,
distilled water 1L] ¥jA]&] Sl @A} 22+2

25°CollA 14 FRF wisiinh. 2 Fol] Ead ROoE ¥
T TAE FolA AAE WAY 52 AAHE WASAY
31, o]5S F2YFH(25°C, HUFE 80%)1A Petri
dish 5748 GolE Al 3170l 12417 (55 pmol/m’.s)<
AelslA IR 4847 FF vl g Foll EAPA 7
& 2ARBIIE,

ForArkEE TAS UF YA A% HHe A
£ Adslr] $Jske], RA, PDA, VS8 juice agar [V8 juice
(Campbell Soup Co.) 200 mL, CaCO; (Samchun Chem.
Co., Ltd.) 3 g, agar (Junsei Chemical Co., Ltd.) 15g,
distilled water 800 mL], oatmeal agar (OA; Becton,
Dickinson and Co.), malt extract agar (MEA; Becton,

Z7+e HEsha,
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Dickinson and Co.), Czapek solution agar (CA; Becton,
Dickinson and Co.) WIX|& F#slal, ©]& A4 85cm
Petri disholl EF3le] vix|S SIS, S, vesicarium 2
7N FF(KACC 445283 KACC 44530) @52 oAb %7t
S 7 iR Sl 1244 HEste] 25°CM 14 &
s HH%ko}"iUP 83 PAE #FS HuE Bo=
= dAE AASEL, 25°C S5 3SR 80%)°l
/‘1 Petri dish 7245 Fol¥S HH=E shFel 12474 %
(55 pmol/m’.s)yS ZAksAA] 48417 &9 ui gt Sof] 22}
HAES AT
FAG Aol TP B o Fsl7] f1ete] S. vesi-
carium 5 EA} AARERS ZAFSISIY. S. vesicarium
o/l dF(KACC 40924, KACC 40925, KACC 40926,
KACC 40927, KACC 44528, KACC 44530)2 RA BjA] &
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/% wix]el| plated 10 mLe] BtrE XaL Eitd 23} 4
H 7HAE o]&sle] ZAE 483813, hemocytometer (Paul
Marienfeld GmbH & Co.KG, Lauda-Konighofen, Germany)
sle] 4874 (BXS3F; Olympus, Tokyo, Japan)
sl 22 =5 ZARE ol plate & 4 4 FS 7
AReteith. B A3 3uhEA 23] sl on, Al B
47+ H]2ZE 913t Duncan’s multiple range test (p=0.05)
£ A8kt

g ol&

Foh ey Y 27 SRS A9 RE A &
g} 50 HEAE 1115 EHAoF FR)S AFH 795
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Gyeongju Korea)s A-4-1L, &3} $45 ZTET 194 3
T3P 24 (25 + 5°C)llA AefstATt. AR e} FARE o
gate] 2719 4S yAsIAoH, Fuke] ARl st
N2 XEZ o]2apHA] At 497] 43t 2 EAE A
ol ARg-3F3 T
il Fute] A A7l mE lelEy 3 A
LA, 8 x 16 SHE AAXE 3} FAE 53]
A(25+5°C)elIA 478 717k Aplgk Fol 3%37] A=A =
2}E XE(F7 6.8 cm, EY 160 mL)E o|2)5lo] zjujja}
3, 49719k 597] AEAE 9 & ZuiE XER
9.0 em, ¥ 270 mL)= @ ¥ T o]2}aje] aujaisich. 3¢
7] 3t AEAE 9 Fol 80 U9, 49971 k= 100
9 9] 283 597] %t AEAE 1202 W9 Aulsked
Aol AT
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St dvpeH W 248 E]sh] Qs HE5Y Fhls,
KACC 445289} KACC 44530 455 ARg3le] o] z3}
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S. vesicarium 67 7] WLYH HEY kol
Qulgy A AES AL RE AP A9 X
AL FEE 1.0 x 10° spores/mLE 24 5to] A g0 AM8-3519
o}k S vesicarium 67N 4] WY AFL T FEE
3.0 x 10* sporesmLZ &1, AFY FEo] wE Avks
WO ARE fEike xAEEd e ¥ FEE 7H7t
1.0 x 104, 3.0 x 10%, 1.0 x 10°, 3.0 x 10° spores/mL7} %=

= F)3t0] @) At

Wy B0 mE Qrkey Wy 48N EhAgels
Az ol G2 POB)E H71EAL, FAke) =g
Z7HA0717] 9138 AlEAAl Tween 202 250 pg/mL 37t
slo Zlalgich. 23 HBY Aze) A B
Sl mE dvisd 2 AP SlEie Edd oA
ek (glucose, fructose, galactose, sucrose, maltose, lactose)
o] 1% &5 A8t HEUE Frlskdint. o] otz
© 2 1/2 PDBS} Tween 20 250 pg/mL &% 3HA 295}
itk
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S. vesicarium KACC 445287 KACC 44530 #55 RA
HiA oA i Fg Sl A e} 3 Ao WE 7t #5 X
2L JAFE AR A3}, F 5 B fF AR T4
2 BT AR NS o= 4 plate T 2.7 x 1077]]
9} 2.0 x 10¥7]2] E27}F A= ATk Table 1). o]} B2
Zoll A E FALL 7l 12417 FS ARGS9
e A JAdFo] oF 104 71t plate T 1.7~2.7 x
1071 o]tk 183 F 45 BF EdE R0 ujx] ¢
o] FALE Fol AAE F1, 3170 12417 FS xAta)

&L

A5 | o=
Ae woll= ¥2 FA o] <F 1008 57135F] KACC 44528
a5E plate & 3.0 x 107], KACC 44530 #FE 2.8 x
1070] ZA7}F HA = ch(Table 1).

A FE NS 98 A= A diEAS At
i AP gl diFe] HEdel 28HY, AdA o] =
& A Wyo] aEh Wb S vesicarium®] XA}
AAES ek a82Q1 W s)de] H g3t} Sproston (1971)
= wBole A e fAEAAS AL o zje]Mo]
U 7RI vhES sh, F AdEjolA] wfatsls ol
 BAEA}, A, GEAL, 2R, ARG 2E|a @At
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Table 1. Effect of wound and light treatments on spore
production of Stemphylium vesicarium isolates

No. of spores/plate

Treatment
KACC 44528 KACC 44530
Wound, 12-h light/dark cycle® 3.0 x 10°2a° 2.8 x10%a
No wound, 12-h light/dark 27%10°h 17%10°b
cycle
No wound, dark 2.7x10%¢c 2.0x10%*c

IS vesicarium KACC 44528 and KACC 44530 isolates were
inoculated on rice bran agar plate (diameter: 8.5 cm) and incubated
at 25°C for 14 days. And the fungal masses are scratched with a
brush and then the opened plate is incubated for 48 hours in a
growth chamber at 25°C and 80% RH under 12-hour light per day.
®The data were obtained from two runs with three replicates each.
9Values labeled with the same letter are not significantly different
based on Duncan’s multiple range test at p=0.05.

I} o] ALl AR Fgkor, At F AP o] Fo
Aok EA7F FAETAL SISTh. B¢k, Basallote-Ureba et
al. (1999)2} Falloon et al. (1987y S. vesicarium®] XAt
F4S A3 H2F 24 X3 FES SRS, 18~25°C)
Al BEFl 12~18A17H 3-8 ZAFshe Aoletarl B irsigitt.
23 Gedefaw et al. (2019)y= 14U 7k ¥iS3E S, vesicarium
T rubber spatula® FA|Fo] AE Ak

2 AN = A BE AM2lekA edsks wE) Evt
stol 22} FAgFol 108 S7etlon, #Fol A

>
=

= T X

T FILF ZARE s HH 22 @A R 1000 STt
= A5 ¢ & A tK(Table 1). WA S, vesicarium®] E
A AL YallM+= S, vesicarium 45 WSS ol Hat
St Lo2 438 FolFo] HAE WL 25°C, Flss
80% 1A Tl 12717 A 3E AHEsk= Bl 7HE
THHAS & T AA

HiX| {0 M2 ZX} YA

KACC 445287} KACC 44530 452 6714 iAol A ul
3t Fof| LAt FYAFS FAK A}, KACC 44528 45
= OAS} RA H|A|ollA 71 B 2A5 Aitsinon, &
Zrlle BAHCE fo4 A= Abol7t SIATHTable 2),
2 MEA, V8 juice agar, PDA, CA HIX] SAUIE 24}
7} %o] FA AT} 283 KACC 44530 5 RA HjA
A 7HE B EAE FAEAAL, I T2 OA, PDA,
V8 juice agar, MEA, CA WjA] A UIZ 227} Hol 34
HATE F FF BT CA WA A 7P A2 g ZAE
AAFSIAAL, RA HiA A 7S B2 ZA7t A=A o
A S, vesicarium® EAF BAS YsiAE 455 RA H)
Ao A wiFehe o] 7MY E3AdS o AT

SHEAEF T2 AXAEE S vesicarium®] EAF AL 9
ste] RA WIRE A9 ARESFA2EUT). Suheri and Price
(2000)9} Cho and Yu (1998)= V8 juice agar WA & Al
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Table 2. Spore production of Stemphylium vesicarium isolates
according to incubation medium®

Table 3. Spore production of Stemphylium vesicarium 6
isolates”

Medium No. of spores/plate Isolate No. of conidia/plate
KACC 44528 KACC 44530 KACC 40924 (1.3£0.1) x 102 b
Oatmeal agar 3.1 x 10% a9 2.8 x10%b KACC 40925 (5.0+0.08) x 10*b
Rice bran agar 2.7x10%a 3.7x10% KACC 40926 (2.0+0.04) x 10*b
Malt extract agar 1.5x10°b 72x10°¢ KACC 40927 (2.0£0.04) x 10" b
V8 juice agar 13x10°b 75x10°¢ KACC 44528 4.4+0.6)x10%a
Potato dextrose agar 9.6x10°b 2.5x10°b KACC 44530 45+13)x10°a
Czapek solution agar 2.9x10°¢ 6.7x10°c JEach isolate were inoculated on rice bran agar plate (diameter: 8.5

39S vesicarium KACC 44528 and KACC 44530 isolates were
inoculated on each media plate (diameter: 8.5 cm) and incubated at
25°C for 14 days. And fungal masses are scratched with a brush
and then the opened plates were incubated for 48 hours in a growth
chamber at 25°C and 80% RH under 12-hour light per day.

"The data were obtained from two runs with three replicates each.
“Values labeled with the same letter are not significantly different
based on Duncan’s multiple range test at p=0.05.

1.0, Kamal et al. (2008)= PDA HJX|E ARE-3}SIT.
ol & Ao BAQ thF ARE g S vesicarium X
Z} AJAke] o, AR =7 AYolr] YEoE AZE

At

S. vesicarium 67 TF| EXL WM HaAH

23t G2 A RS o] 831 S vesicarium 6
7N #F(KACC 40924, KACC 40925, KACC 40926, KACC
40927, KACC 44528, KACC 44530)9] ¥2} FA &S 2A}
3 A3}, 6 45 F KACC 445283 KACC 44530 3
E plate B 4.4~4.5 x 10702 7P e 271 YA HAH
(Table 3). =L T2 KACC 40924 52 plate & 1.3 x
10° spores/mLE A4kt Th 22132 KACC 40925, KACC
40926, KACC 40927 @-FE 2.0~4.5 x 10* spores/mLE E
2L o] 714 AL) o] XA FA o] 7 Bk
© KACC 445283 KACC 44530 w30l H|3le] 1000] %
< EAE AT

KACCEHE B S vesicarium 6/ 52 HUA
(pathogenicity) -7 % ¥ (virulence)S Haat7] It
o 7} #9] ZAAYN S F FH HESaL ArEH
S 2ALe Ax), A3 o a5 25 Sl thst
of WMol dom, AdFs #+F 5 KACC 445287
KACC 44530 w5 43t ool 7P B2 AnEHe 24
ANAEH, BE 7Y Foll 27} 58% 55%°] WRbH A&
HAthFig. 1). & ole SAZHSE f94 e Aol
AATH I TS KACC 40924 752 42%°] Wy 2 &
S Uehlon, U] 378 dF(KACC 40925, 40926, 40927)
= 31-32%2] 7F W WA S-S B meEbA S
vesicarium 6/ dFE52] HAHL KACC 445287 KACC
44530 771 7P =%oH, 1 tha-2 KACC 40924 +

o rlr wle

cm) was incubated at 25°C for 14 days and KACC 44530 isolate
inoculated on rice bran agar plate was incubated at 25°C for 12
days. And fungal masses are scratched with a brush and then the
opened plate is incubated for 48 hours in a growth chamber at 25°C
and 80% RH under 12-hour light per day.

®The data were obtained from two runs with three replicates each.
9Values labeled with the same letter are not significantly different
based on Duncan’s multiple range test at p=0.05.

80 1 EKACC 40924 BEKACC 40925 KACC 40926
3 O KACC 40927 BKACC 44528 KACC 44530
o
.és 60 1 s a_ab
=
)
>
S 40 A
o
»
P
) 20
[a]
0

5 7
Incubation period (days after inoculation)

Fig. 1. Pathogenicity of Stemphylium vesicarium 6 isolates.
Onion seedlings at four-leaf stage were inoculated with S.
vesicarium by spraying spore suspension of the fungus at a
concentration of 3.0 x 10* spores/mL. The plants were incu-
bated in a humidity chamber at 20°C for 48 hours and then
transferred to a growth chamber at 25°C and 80% RH with a
12-h light/dark cycle. Disease severity was measured 7 days
after inoculation and represented as percentage of diseased leaf
area. The data were obtained from two runs with five replicates
each. Values labeled with the same letter are not significantly
different based on Duncan’s multiple range test at p=0.05.

s

oltt. LA YA I FFE 7P w2 HeES U
e #57US & T AT

ol X AAZRE, S vesicarium KACC 445287 KACC
44530 #7 AP ol 7 T A AANEFE gaten,
Sl gk HYYE Fof o] #E A3 in vivo
W A A Aol ARsIR SISt AEHddES
a5 7rol| WY (virulence)?] ztol7} EA|gtt dHA
Ak, IFSH T Phytophthora capsici®] 73-5-ol= 4
FE 2F FFol AFsHiE W, KPC-7, JHAIL-T,
KPC-1 12|32 MY-1 #5 0.2 o] AahA Bt
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o BEITHJo et al, 2014). 223 AWFFo|H
Botrytis cinerea 167 45 ] 5 AFstaL o5 7
o] 2ol & ERIg A3}, WNG6 39| 735 71 g

-

%

Fusarium oxysporum f. sp. lycopersici (Fol) TNl 455
4 EvfE FFQ c‘heinzdll FEINAS W, Fol400383}
Fold0044 v+ 717 74st WS, Fold0043, Fold0045,
Fol40046 2 Fol40047 @< T7F A=) WIHS et
WAth 28]l A3 4 F Fold0048 #5= 7P et

H9ES BYtH(Kim et al., 2021).

Mg A0l BE Yol UotEY wy
Fste] A% A710] WE Yukey WA AEE 2]

£
flsted 3, 4, 5971 Fuk AEAl S. vesicarium KACC
445283} KACC 44530 52| ZAHE NS
9 TS AR A3, A dut
7] FufollM T FF BF 85% o]
ArkErol 7Y Wol BTk A
T2 497] YukE KACC 445287 KACC 44530 750
o8l 7+t 83%St 81%2] WWHHA &S Uelllth(Fig. 2).
SHA|RE Fuke] F AS Al71(@719F 59971) el BAA
O foA zpol= IATh. 2R 3%97] Fube
KACC 4452837} KACC 44530 ool <3 2+ 71%¢<}
62%°] WHMHA S-S Hom, AT Al 7FA] S A7
% Ak Aol 7 AUt 2] aL 7 A5 A7) el
A il A9 ET O E2 WA E(%)S Btk
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Fig. 2. Development of leaf blight on onion plants caused by
Stemphylium vesicarium KACC 44528 and KACC 44530
according to growth stage of plant. Seedlings (3-, 4-, and 5-leaf
stages) were inoculated with S. vesicarium by spraying spore
suspension of each isolate at a concentration of 1.0 x 10°
spores/mL. The plants were incubated in a humidity chamber
at 20°C for 48 hours and then transferred to a growth chamber
at 25°C and 80% RH with a 12-h light/dark cycle. Disease
severity was measured 7 days after inoculation and represented
as percentage of infected leaf area. The data were obtained
from two runs with five replicates each. Values labeled with
the same letter within each isolate are not significantly
different based on Duncan’s multiple range test at p=0.05.
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Fig. 3. Development of leaf blight on onion plants caused by
Stemphylium vesicarium KACC 44528 and KACC 44530
according to concentration of spore suspension. Seedlings at
four-leaf stage were inoculated with S. vesicarium by spraying
spore suspension of each isolate at concentrations of 1.0 x 10%,
3.0 x 10%, 1.0 x 10%, and 3.0 x 10° spores/mL. The plants were
incubated in a humidity chamber at 20°C for 48 hours and then
transferred to a growth chamber at 25°C and 80% RH with a
12-h light/dark cycle. Disease severity was measured 7 days
after inoculation and represented as percentage of infected leaf
area. The data were obtained from two runs with five replicates
each. Values labeled with the same letter within each isolate are
not significantly different based on Duncan’s multiple range
test at p=0.05.
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Fig. 4. Development of leaf blight on onion plants caused by
Stemphylium vesicarium KACC 44528 and KACC 44530
according to environmental conditions. Seedlings at four-leaf
stage were inoculated with S. vesicarium by spraying spore
suspension (1.0 x 10° spores/mL) of each isolate made of 1/2
potato dextrose broth (A, B, C) or Tween 20 250 pg/mL (D, E,
F). The inoculated plants were incubated in a humidity
chamber at 20°C (A, B, D, E) or 25°C (C, F) for 48 hours and
then transferred to a growth chamber at 20°C (A, D) or 25°C
(B, C, E, F) and 80% RH with a 12-h light/dark cycle. Disease
severity was measured 7 days after inoculation and represented
as percentage of infected leaf area. The data were obtained
from two runs with five replicates each. Values labeled with the
same letter within each isolate are not significantly different
based on Duncan’s multiple range test at p=0.05.
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Fig. 5. Development of leaf blight on onion plants caused by
Stemphylium vesicarium KACC 44528 and KACC 44530
according to carbon source contained in spore suspension.
Seedlings at four-leaf stage were inoculated with S. vesicarium
by spraying spore suspension (1.0 x 10° spores/mL) made of
each carbon source (1% glucose, 1% fructose, 1% galactose,
1% sucrose, 1% maltose, 1% lactose). Spore suspensions made
of 1/2 potato dextrose broth and Tween 20 250 pg/mL were
also included. The plants were incubated in a humidity
chamber at 20°C for 48 hours and then transferred to a growth
chamber at 25°C and 80% RH with a 12-h light/dark cycle.
Disease severity was measured 7 days after inoculation and
represented as percentage of infected leaf area. The data were
obtained from two runs with five replicates each. Values
labeled with the same letter within each isolate are not
significantly different based on Duncan’s multiple range test at
p=0.05.
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