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Abstract

This study was conducted to establish an efficient screening method for radish (Raphanus
sativus) cultivars that are resistant to black spot, which is caused by Alternaria brassicicola.
Seven A. brassicicola isolates were selected and investigated for their ability to produce
spores and pathogenicity. Of these isolates, A. brassicicola KACC 40036 and 43923 produced
abundant spores in V-8 juice agar medium and showed pathogenicity and strong virulence
on radish seedlings. We examined the resistance of 61 commercial cultivars of radish to A.
brassicicola KACC40036, and found that there are no highly resistant radish cultivars; however,
some cultivars, such as ‘Geumbong’ and ‘Searom’, showed weak resistance to A. brassicicola.
For further study, we selected four radish cultivars that showed different disease responses to
A. brassicicola KACC40036. According to the growth stage of the radish seedlings, inoculum
concentration, and incubation temperature of radish, development of black spot on four
cultivars has been investigated. The results showed that younger seedlings were more sensitive
to A. brassicicola than older seedlings, and the disease severity depended on the concentration
of the spore suspension. The disease severity of plants incubated in humidity chamber at 25°C
was greater than that of plants grown at 20°C or 30°C. Taken together, we suggest the following
method for screening for radish plants that are resistant to A. brassicicola: 1) inoculate 16-day-
old radish seedlings with an A. brassicicola spore suspension (2.0 x 10’ spores-mL™") using the
spray method, 2) incubate the inoculated plants in a humidity chamber at 25°C for 24 h and then
transfer the plants to a growth chamber at 25°C with 80% relative humidity under a 12 h light/
dark cycle, and 3) assess the disease severity of the plants two days after inoculation.

Additional key words: breeding, disease resistance, inoculation, Raphanus sativus
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Mol
Altemariao]] ©1gH A28 A2 0 2 Tkt 7]50]4 Bt n4 Alteraria®3ei] 015 Z1) 412 o 4
21910] ol ARTHeS H1&-S 275k SIthAgrios, 2005). TE 215 20] ), 71t ohjah AHES 71l

LTS LEAA HoE Tl o B g FARH tofl A A Ert H Wkl 5}2ItHLee and Yu, 1995). A|lAA 0 =
B33} ZFE(Brassicaceae)o]) H-2- Y © 7= Alternaria®+= A, brassicae, A, brassicicola, A. japonica “12]1! A, alternata’} 5.
21E]QItHNowicki et al,, 2012), ©] 5= F-(Raphanus sativus L.)o|| EAYSF= H-LF WS A brassicicola, A, brassicac Z12]| 11
A. japonica (= A. raphani)©|| 2] 2SI Yu et al,, 1991; KSPP, 2009).
7ol Alternaria -7 wto] AW H 7] Qlof Zeh -1 o] JHREE Uit At 527 = EFd e
& o] Shrjj]rA] Aok 2 — S 0] 72 @ dotal W 7Rt of] 2 0] B Bl R F A E AV 1ol =
Al — 5 o] 2|7} 48717 e ot A= ASHAl s A2 of2] Ze] Winte] R iRt 2917t oA — Sl o 2
5l olo| Tt =7 Elck(Yu etal,, 1991),
) 2] 2 RS S1 W9lol k] b Sl} Hlo] WAL ofel olchKing, 1994). o] B M AlsK= 71
QA o] HitH © 7 ShA ARt A7 F ARRE] 31 Q) A TH(Mora and Earle, 2001 ; Tacomi—Vasilescu et al,, 2004), Q14|2} S5 1
T 37| tfgt £4 s}8h 5ok ARgo] tieh 927} 27151 QItHMuto et al,, 2005), 1B o] B vhAlsl7] S5 71
g H o) a1 HAA Q] B2 2] E5-2] A Ao|chlacomi—Vasilescu et al., 2004).

King(1994)o]| OJ&}| A. brassicicola®]| X33 <] Brassica napus®} B, oleracea®] A g o] H 1= ¢t 18] 11 vjSa} 2h=
o1 Camelina sativa®} Capsella bursapastoris? | Alternaria B-d4o] to}o] =2 #9HAd-& UEh = 7 0 2 &% tHConn et
al., 1988; King, 1994). 7121} Tewari and Mithen(1999)+= 71 9] 2= A1 4191 BrassicaS-2 A, brassicicola®} A, brassicae®l|
4540111, B, rapa®} B, juncea= A, brassicaed5-°]| EHEH B, napus®} B, carinata® T} B 7Ado)gkal B st ol
o] o] tigt A do] Al wiFat AhEo] glgollte E6kl A4 © = AdAle Uehle o] wafj=x] 2
5}l Q)= Ao cHlacomi—Vasilescu et al,, 2004 ; Muto et al,, 2005),

whepA] A2l tigh A FE= 75k Slsiie At A1Hd frdabed =, Ao d -frdae] o7, A1d &
7 oFAl dl ZobA] Z2 9410 oot Bt 4] 7l Sofl tigh A7 A5 HBae et al,, 2015; Kim et al., 2016). 015 5
E SfellAl= aadlol A=t 4 Sl T A2 A A W o) F o] B QS B. napus, B, juncea B B, rapa®]|
A AR AR, S 717 A S, AS IR, A 25k 50 =8 813t A, brassicicola®t A. brassicae®]| 2J§F -2

Fo)e didllo]] 6t A7} 498 %] it Mridha and Wheeler, 1993 ; King, 1994; Hong and Fitt, 1995; Hong et al., 1996;
Doullah et al., 2006). SFA[E, ¢-2|uf2te] st A4 5 shel Fof| 2 wshE 511 Q= 7 A2 FH el thalide A2 ¢+
Stolola)x] 2alict

B A TG T AL G AL SRS, T ZAP ) TR A, brassicicola #5E9] FAH 4
A BAVE 210l A 2l AL TS A1, o] BB ol AR 54 617 £52] Ah
A Ao, AR AR A7) B B S AIolo] A8 i, Y B WA £ 5] 3 2740 w2 o]
=59 A. brassicicolaol| I3 251 WS AT

%

n

¢

R

22| A|ZHo]| =2 A, brassicicola 7032 A} 342k ZA}

Z2H A AAAAME (KACC) 2 HE] 5 A2 LWt A, brassicicola Ta5-KACC 40034, 40036, 40857,43923,
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44415, 44877, 44878) 2 %o Fato} Alalo]| AR5}t
A. brassicicola 77 7F52] 33A42] 71710 whe T} JATFRS ZAFSIAIA} ZH2Ee] HFE potato dextrose agar(PDA;
Becton, Dickinson and Co,) HjA]o] &5} 25°C oA 7U7F Aufeksto] PAE 0 2 HE] FARRZES Holy] 217
8.5cm Petri dish®] V-8 juice agar[V8 agar; V-8 Juice (V8 Campbell Soup Co.) 200mL, CaCO, 3g (Samchun Chem, Co.,
Ltd.), Agar (Junsei Chemical Co., Ltd,) 18g, distilled water 800mL] 82| Z0)of| 1 27 =11 AdEnlE SAZ KA &
7SR R ol 25°Cof| A 7 S <T Y ST Bl Rt ATt plate 0] 5742 B 11 25°C P25 IHE
80%)ol14 515200 124178 THSSyamoln s )& AejaleiA] 121 Fi= 292 vlekeh ol Al 2 20mL & 9 B
QHR0 & Fo] AR elslqlnt. 12|11 4750 AZR Aeik] dAHIE Al sk Fetdn]7 stellA] hemocytometerE ©]
83t mL 3'51}4 = AL o5 7t 8l A] plateo]] @/3% ARO] == eHiksIGIT Aol 28] | 379] plate 5 A&
shd o, 7H g2 25] ukEsto] AAHATT

AR
ARE B EE 611, W, 1, A, AR, ShoAg s, W, AP, Wy, BAeke), o, 4
FRY, U, B, ukel, T, WRLAR, BPILE, AR, Okl UE, S A, 9L
BRJ, B, WS, 2, YRS LGR, HHR S, e, A, SRR, WAL, e B, Ftola
GRS, ADAPANNE, S, AADF, WAy, geletel, 2l P, N, AR, B, WA,
197, SR, R, AETE, WY, B U, A,

oF, BUE, oMb LAY, BEIE, Y, J5Ege
B TR S AR Pl R g
A, brassicicola 77} #55) 7] theh B ABS stetel (GRS} 052 OPIoFEEIS e
2700 W 5 EF 50| e MY S FH@FR), ME QHED, EF GRS, HBols (b v
EES g

50] 38 o] T LT WA AR S Aole BE Aol B EAE S X 8 3128 2 LEG0mL/pot, s
APl el g HE ST ADE W EE Y TF5T 25 + 5Ol Afstnt B2 o5 Aol 1
27 EE 174 7|3 4ok F9leh S 5 13-1620 59 At 58 o] Agteick, 12l Rl g A
o UE LR M AFL QoMo B HPHO R TSk S5 £ SO0 10,13,16, 199 59t et
£ Ao AHgstoct

yze 24
A, brassicicola 77\ 752 Fol| tiet HYA AH-2 $JolA= ‘A, brassicicola Ta152] 33+ 2] A|7to]| W& 322} FAJTF

ZAF Aof| A 8ot IAFE ARESIo] A} EE715.0 X 105sporesmL ' @1 IAHEIN-S- Z0)5}9it}, 12|11 A, brassicicola
KACC 40036 Thefet AL 51 & HEsto] e AR AdS floiiie ZARAE O] 22 5 7b 242137 X 10°,
11 % 10%,33 x 10°,1.0 X 10°,3.0 X 10%sporesmL0] H5-2 24}t

A, brassicicola d5-5-2] WA AL Al 2lst 2] AS-L A, brassicicola KACC 40036 755 PDA Hl|Z|of] HE5
25°Col|A] 747t et 5 0 R B E] wFALRZES: Hjofo] 217 8.5cm Petri dish 2] V-8 juice agar B Z|of| 3324 &t
J125°CofA 7L FF ST, T12JAl o] Petri dish O] F-74-2 11 25°C 252 (S 80%)0llA4] Skl 124]7F
A ZH55umol'm s )2 FAGHHA] 1 47t vljokst Sof| ‘] 2] Al7tol| WhE A, brassicicola 7i5-2] AL FAF ZAF A9
T RO R TS Sl A S S 2

lzl
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A, brassicicola @5-52) V] ABI HEY o) ME 4] BFE0| A4 Ar AP A9 BE AL mAFet
HOJ A} ELE 2.0 X 10°sporesmL ' = ZAofo] ARSI, 5 Sleof whe AR Y AE-S Qo= 22t
HAetolo] 2} =T 7 7E7E2 5 X 10450 X 104, 1.0 X 105,20 X 10° sporesmL ™! 7} &&= FH[5}9Tt

¥E Y HIA
A, brassicicola 77| w52 31} Afjul] - Leof| wh2 Bt 7 2 L] i HEA A S A @) et RE A F-L2 A, brassicicolaKACC
400362] ZAFAEIR S B {17} F50] A= 75 é%‘a of| 25°C FAV ol A A= 24417 52t BS54

r
10 —{O‘I

ARt e F2dEHQs°C, Yist 80%) 2 oFsd

]

241714 3355 pmol'm 2572 #]2|5hH xﬂﬂﬂo}o:] H

o
T 2
ol
T
2

S RIS, HE 2 Fofl slol R A2 H R o A (6 )e GRS,
A. brassicicola 77| 9552] B YA AL otof|A] Zro] ZdstHPHo 7

HEJIL 25°C S0l 48 AT iRt Sof &
Ko}

LEA5C,JHEE 80%)0lA 1 5t AfuliehFof] R zat opoiet, 1o Al tmof| w7 e R A Ay
A. brassicicolaKACC 40036-& Qo Mo} -2 ¥ 0 & 425171 717120, 25, 30°C 41410l 11 48417591 okt S0

Ao T uby A2 2 AT

Amt 0] BL61 7] ZZ0] A, brassicicola®]| Ti3F A3 A AF-2 1059H24 23] =8ff6}9] 0 ™, Lp 7] E 5 7. ox]
v JhAY ’::_‘%J O 5ukE O 2 23] 4=385}19ict 11217 SAS(SAS 9.1, SAS Institute Inc,, USA) L2 12-9- 0]-85}0] ANOVA £
A2 519 0 W, 2] Wit ) 1S $5}1¢] Duncan’s multiple range test(p = 0.05)5 AA|5F3L}

22ty 2y

A. brassicicola 75-2| F22| AZHof| WHE A} ALk U HAY

K55 pmolm2s) ZAYGH 7|7k W2 A, brassicicola 77} T=E(KACC 40034, 40036, 40857, 43923, 44415, 44877,
44878)0] A} FJkS AT A, 79t BT PdEiolA] 7Y F Rt uieEAS wieli= hemocytometer = EA} FAJRRS
ZARP] ol AR A2 oFe] A IAE L (AT nIAA), -2 Aol ol ARt B 22 4
o] A Z715101 6.0 X 107]2E] 14 X 10°7]9] B EA7H FAE|ITHTable 1), SHAIRF B2 5ol 12A17H4 1Y T
A Aol ofgt 22} P %74]7‘4—3 oA Qe Aol & Holx] ¢ttt webA A, brassicicola ©] A} /S SI7t
(55umol'm2s7") FAR= 1Yo H SEoltial Ay Ztw] Qict.

A A5 % KACC 400369 KACC 439232 71 g 21S @AJslolad] 19 B 2] 5ol 22t plate T 1.1 X 108,
14 X 1087]9] ZAE FA51ItHTable 1). 12]31 KACC 448782 3} FAJo] 714 A%l 0 1Y s3] 2o 2J5] plate T

60 X 10742 A1 Bolgict,

Oﬂ NOXE

A brassicicola T/} @F5] 7ol o e AL AAIIA 2] T BEFHsUere), il BeES 2T
F5H0 PP WS AEG Ak AP FF RFE P AH ERAFL 39 Fol SE A TASIICk Table
1 Fig, 1), W] 7:257-0] Wl Aol BEEH- G} R TARE A8 the AgEo] 24X A e 2 g 484)
ZHERY 4 aAesle] A2 E o] AohA AR 210 2 A7t EISIE, Tel T KACC 40036 #569) BARENE 571 %

=2 51o] T 850] 2 §-Roll LT AR SAAIE 29 Fol ARG TAR AT T BE R HET A
2 ofien]0 2 7 o] MAlArkFie 2) MMV B /03] AIZH 27 Slols o] s epo e, A1
St A, brassicicola d-5= B Sof| thalod 735t HdAo] Qlok= AL ok 2= 9JQjct

RO AIZE-8 A, brassicicola®] EAF FAJ-2- 915} A e ol 4] (Otani et al., 1998 ; Iacomi—Vasilescu et al., 2004 ; Doullah
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Table 1, Spore production of Alternaria brassicicolaisolates by light treatment and pathogenicity of the fungus on two radish cultivars

Photoperiod for spore production” Cultivar’
KACCNO. - .

1 day 2 days Hannongaltari Minongjosaeng
KACC 40034 80" cd” 88 bed 100+0.0" 100£0.0
KACC 40036 110 abc 82cd 100£0.0 100£0.0
KACC 40857 92 bed 91 bed 100£0.0 100£0.0
KACC 43923 140a 120 ab 100+0.0 100£0.0
KACC 44415 93 bed 60d 100+0.0 100£0.0
KACC 44877 67d 71d 100£0.0 100£0.0
KACC 44878 6e Te 100+0.0 100£0.0

“Each isolate inoculated on a V-8 juice agar plate was incubated in darkness at 25°C for 7 days, and then the plates were cultured under a fluorescent lamp (55 pmol-m
*s", 12 h/day) in a growth chamber (25°C, RH 80%).

YSeedlings at the three-leaf stage were inoculated by spraying a spore suspension of the fungus at a concentration of 5.0 x 10’ spores'mL". The infected plants were
incubated in a humidity chamber at 25°C for 48 hr and then transferred to a growth chamber at 25°C and 80% RH with a 12-h light/dark cycle. The percent diseased
leaf arca was scored 3 days after inoculation.

*Each value represents the mean number (% 10°) of spores per plate of two runs with three replicates each.

“Values labeled with the same letter are not significantly different based on Duncan’s multiple range test atp = 0.05.

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

Fig. 1. Disease development on seedlings of radish cultivars ‘Hannongaltari’ (left) and ‘Minongjosaeng’ (right) caused by
Alternania brassicicola KACC 40036. (A) Two-week-old radish plants prior to inoculation; (B) Photograph of plants taken 3
days after inoculation.

Fig. 2. Effects of spore concentration on the occurrence of black spot on seedlings of radish cultivars ‘Hannongaltar’ and
‘Minongjosaeng’. Thirteen-day-old seedlings were inoculated with various concentration of spore suspension by the spray
method: (A) 3.0 x 10% (B) 1.0 x 10%; (C) 3.3 x 10% (D) 1.1 x 10% (E) 3.7 x 10° sporesmL" of Alternaria brassicicola KACC
40036; (F) control. The inoculated plants were incubated in a humidity chamber at 25°C for 24 h and then transferred to a
growth chamber at 25°C and 80% RH with a 12-h light/dark cycle. Photograph were taken two days after inoculation.
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etal,, 2006) 52 <21 9] 7] 2] of| A (Pedras et al,, 2009) S-2 5}=of| 12X]7F34-4] 2] (Babadoost and Gabrielson, 1979; Muto
etal,, 2005; Kohl et al,, 2010)5 5h="5 T}t HIFH O & A, brassicicola= H|QFSIOITT, SEARF A 5.0) F 42T L]H 7]
4 AL ST BRHOR A, brassicicols] TAKE AYISHE o] Za5HeE, ol Sl 120] BA 94 WS
& |10 7P BEHOR A, brassicicola®) FAE RIS 4 9= IS eI 20] Wasieh 71 AAEe)
Ao WS AT o IR 2T, A, brasscicols SPAERONAIRE WIGS1 ol 710] A} oA o2t
theFe] ZALE Aatslr| Slof Y-S S W2 plate 5 A A 524 0 2 s/t efjol| A v Fol= A2 s o2 W2 A
oo e, o|o} e plate b 8748 27 AHaSIEIA] QLAEIollA 7 S el T o5 BAN sl 124
719 225048 RIS Wl b 42 2t
whapa] B G oL 23] AL QIS A. brassicicola®] IR} @S G O R Fe o= O 2 V-8 juice agar HY
2]l 34F5kL 7Y SR R Fof] ShFof 12A17H 1Y F2F 3355 pmolm s )& 2|2} Sh= WS SFskaith oh,
A, brass1czcola_4 race Ho}=oF2 H 15 H} glo g AdstH=E 2= A, brassicicolaKACC 400367} A1) ef|7} <5}
£ PEUC e TS GUS0RE o FRE B AL A9 7S sheke gl Akt 2eln 9
B JSI0R BE B AT 2758 S A 5 G ) A brcioeSoce BT B
A78 S ool

Al 2 615352 A3

Al F21 6171 7 5E2) A. brassicicolaKACC 4003601 thet A3 Frg XAl | flote] Ag@et Axt AHgh5F
T B2 A U= B2 3USIH SRRt olE 501 95% o] HRPHAE-& Hol= Rl ‘T, e, Al
B 52 54-66%2] HRIAAE-& Hof o] 50] A, brassicicola®]] sl 2F1e] A3/d-S ehdithal A2 =] QJTHTable 2).

Ol 5 FEF SARNIA H2FL ol ot A3 0 2 FARHEE-2 Sl 9-219] 213Md A% Aol 7g et 217}
A EFE2 oo s B P2 2t A AARNES iRt 0] wE T A2 A A Slo At
BT T w2 TS BRI ER I ol s =1l o AR Bl B I AlE & Adslsit

2 20| 42 YO [E HEBLE Y

TAETO| 1 A7 15 HhEA 5107 10, 13,16, 199 59 AR -FH ol B et HEohal 7 -F1. 0] A A7 of w2
P DR A B LR B B A, . A 2k 05001 B2 90
&2 BSicHFie, ), ST 109 T 13 Al A B R0l 019 olge) 1l i ag uslo
™, 19 At e 240 5 B T g ol E 0] 212 86%2175%2] tha W2 Huh A a2 L}E}M‘jr(ﬂg 3).

Doullah et al.(2006) A, brassicicola®l] et 2|33 B, rapa £E-2 304 Afuligh-3-1H 9] lofj A= 735t 25kl Leh 3l
ARt 402 B 2] Qo AN ] AR ellon 7148 B AV Bl wief A o2 8w A
£ Kol Hol= glo] ofdl glofl Hlel B 7 g Uit HArskeirt. sEA[RE 2 Aol A+ 10, 13, 16, 19 52t AjH]
S F RO H2FE S AP A F4RF0] W I = 77199, 96, 89, TA% & FUH RS H2 Y
Y-S A4-515IrHFig. 3). o= ARl ARSRHF A= A A rb A e thE 7 fig el 21 0 = A7 QI 2 AT A%
A FF S35 I AN NS maE Adstal] fhzel f-2E AR8SISIAL, Doullah et al.(2006)2- 30-40 2l
et

O
wiiet-gHo] B Hga}nﬂagg 7}7} 98,93, 82, 67%5, zai e =x Eﬂr’ﬂr qinﬂ = —,.%5&22100 99,97,
81%2] IR 8- BTk Fig 3. tlebd] B0 e Aok Alglo] /HAEEAS 7 LR WAdo] sk 2
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Table 2, Resistance degree of 61 commercial radish cultivars to Alternaria brassicicola causing black spot?,

Cultivar Diseased leaf area (%) Cultivar Diseased leaf area (%)
Geumbong 54 +38 Cheongunplus 88+ 17
Baekchun 61+19 Chamjoayeolmu 89+9.5
Gaeulgimjang 62+27 Jeilgeongangsireagilho 89+15
Saerom 66+16 Supermodel 89+13
Jeonmuhumu 67+38 Jeilbora 90+12
Housechungok 69+44 Minongjosaeng 90+11
Baekdong 70+12 Seonbongaltari 90+ 14
Myoungsan 7017 Songbaek 90+15
Jangsaeng 71+40 Chobi 91+13
Boseokaltari 72+11 Giljo 91£6.0
Taechang 73+£2.8 Sireagi 91+8.8
Cheongpungmyeongwol 74+27 Mansahyeongtong 92+12
Hannongaltari 74+28 Bakja 93+5.7
Kangseong 75+29 Daebak 93+53
Alphain 76+22 Dongha 93+64
Geukdong 771+25 Yeoreumchunhyangyiyeolmu 94+32
Myeonggagaeullho 78+£5.7 Asiagaculgimjang 94+8.8
Bitgoeunyeolmu 78+26 Chungilpum 94+78
Jailsupersireagi 79+14 Gwandongyeoreum 944+8.1
Auriwoldong 8027 Tokwang 94+53
Supergiljo 81+20 Chungdu 95+6.7
Ujeongaltari 82+13 Chungsukungjung 95+6.7
Pyeonggimjang 82+19 Daedeulbo 95+53
Baekok 83 +18 Cheongun 96+5.7
Chorong 83+17 Taechung 96+53
Bibariwoldong 84+19 Tamseurun 96+4.9
YR-championyeolmu 84+15 Deadong 96+5.7
Taegwang 85+13 Kangchu 97+42
Backja 86+ 11 Janghyeingbom 98+3.5
Sannariyeolmu 87+12 Daepyeongyeoreum 9+14
Baekselho 88+7.8

“Thirteen-day-old seedlings of radish cultivars were inoculated with a spore suspension (2.0 x 10° spores-mL") of A. brassicicola KACC 40036 by the spray method.
The plants were incubated in a humidity chamber at 25°C for 24 h and then transferred to a growth chamber at 25°C and 80% RH with a 12-h light/dark cycle. Two
days after inoculation, the percent diseased leaf area of each plant was scored.

*Mean =+ standard deviation of two runs with ten replicates each.

EGeumbong OSaerom O Tokwang [MDaepyeongyeoreum

T ¥ z -

o
o

80

60

40

20

Infected leaf area(%)

10 days 13 days 16 days 19 days
Cultivation period

Fig. 3. Development of black spot on four radish cultivars at different plant growth stages. Spore suspension (2.0 x 10°
sporesmL") of Alternaria brassicicola KACC 40036 was inoculated onto 10-, 13-, 16-, and 19-day-old seedlings of four radish
cultivars were inoculated with by the spray method. The inoculated plants were incubated in a humidity chamber at 25°C
for 24 h and then transferred to a growth chamber at 25°C and 80% RH with a 12-h light/dark cycle. Disease severity was
measured two days after inoculation, and is represented as percentage of infected leaf area. The data were obtained from
five replicates with two repetitions.
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i
ol
2,
n)

AP Aot 71 st A

292 glglon], SRR S A7) 169 AR fEE BEL HLT
SR Aak 2] Aate o] A A7) Azt

MBS0 2 H2PL|y

HEDEEQS5 X 104,50 X 10410 X 10°,2.0 X 10°sporesmL™)of| TH2 471 5 F5-0] 72519 whAh& A gleh 2k
ATT REEFES BE US55 1S B ] ST Fig 4). 7 BER) ) ol
10 X 105spores-mL’l o5 A= 71% o)1) thi LR HHFHA-Z-S- H Gl O} 2.0 X 10%sporesmL™" of|4+=88% o4+
O] =& HuAA S-S B {thFig. 4).

King(1994)-2 OhHH—r(Brasszca oleraceavar, capitata)2}-8-2(B, napus)©]| A. brassicicolad 5523 X 10* 3.7 X 10*, Z12]
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Fig. 4. Effects of inoculum concentration on the occurrence of black spot on four radish cultivars. Sixteen-day-old seedlings were
inoculated with various concentration (2.5 x 10, 5.0 x 10*, 1.0 x 10°and 2.0 x 10° sporesmL") of Alternaria brassicicola
KACC 40036 spore suspension by the spray method. The inoculated plants were incubated in a humidity chamber at 25°C
for 24 hr and then transferred to a growth chamber at 25°C and 80% RH with a 12-h light/dark cycle. Disease severity was
measured two days after inoculation, and is represented as percentage of infected leaf area. The data were obtained from
two runs with five replicates each.
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Fig. 5. Effects of incubation temperature on the development of black spot on four radish cultivars. Sixteen-day-old seedlings
were inoculated with spore suspension (2.0 x 10° sporesmL") of Alternaria brassicicola KACC 40036 by the spray method.
The inoculated plants were incubated at 20, 25, and 30°C in a controlled humidity chambers. Disease severity of the plant
was measured two days after inoculation, and is represented as percentage of infected leaf area. The data were obtained
from five replicates with two repetitions.
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