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In order to examine the pathogenicity of Alternaria dauci, the causal agent of carrot leaf blight, it is necessary
to standardize sporulation conditions to ensure the optimal quantity and quality of spore inoculum. There-
fore, in this study, the effects of the growth medium, aeration treatment, and UV treatment with 12-hr photo-
period on the sporulation of A. dauci KACC42997 were investigated. A. dauci KACC42997 was pre-cultured for
7 days in a potato dextrose agar medium at 25°C in the dark condition. When the pre-culture, after removing
aerial mycelia, was re-incubated for 5 days, with simultaneous aeration treatment and 12-hr cycle UV treat-
ment at 20°C, the largest number of spores was produced. One hundred seventy isolates of A. dauci were
isolated from major carrot growing regions such as Pyeongchang, Gumi and Jeju and tested for sporulation
under the conditions established in this study. Except for 20 strains, all strains produced spores. Statistically
significant differences in the extent of sporulation were found among local populations of A. dauci isolates,
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but no difference was observed in their pathogenicity on carrots.
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o WA|7} o]HtHFarrar 5, 2004; Langenberg 5, 1977; Pryor
5, 2002; Soteros, 1979). ol A= 8Y o] 5] 712 Rl
ollA] g o] 70% O1AME AYEIE AE 2 w3} e A= 9
ATk Kwon 5, 2007). F9] AR A-2ukErgo] WA
=P S, HA wle] Gasl o] 0] ot ¢
ol 75’:%‘ 5 opyzt, di = AR A T 71A
T8 o, 257 GA A Wb ] ofes 471
= 3t} (Bounds 5, 2007; Dugdale 5, 2000; Farrar 5, 2004;

Strandberg, 1983). EojA= 7L Ay uat oplg} B 5
29 EY 79(?%‘01]/\1779] o] EAsHHA Ao gt Ba
dol EorAaL JtkKwon 5, 2007). o] B H2ArHE
O FAE Helii = AL FFTY S5 a2l AwtA A

o, A4 A X AA B 5 2L A7 ga
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Slth(Farrar 5, 2004). Bl tiet ¥ A3 AA oI A=A
a3 A4 52 HdAE B Ee A AEoA HedE
Agste A5 Bas) e, Y94 2L EXE o)
o2 99 & Qi wxepE Ak 4 270 Sgo] Wash
t}H(Rodrigues 5, 2010).

v x|of| A Alternaria®] A5 B/d517] olAl= vidst
£ iR, 3, 2% 5 22 921E M 2dstoiof girh
(Rodrigues 5, 2010). Alternaria®] ZA} §3S $Jst iR 2=
V8 juice ¥l ], potato dextrose agar (PDA) HiX], 4l=A2] =
Zojuf 2 55 H7IRE HljA| 5-o] AR&-ETH(Miller, 1955;
Shahini} Shepard, 1979). <] 243} 33 AL 7)7F 22} 3
Aol G BlA7)E sh=d], 25°Col A 24417 AL R o=
FYEL ZAPA, 20°CoIH AL 16417 2712 %
AL, 25°CoIA 12417t 2712 2Bkl EAFE BN
tHDouglas, 1972; Fourtouni 5, 1998). ©|# 42l o] &=
Hate] ALl FAE FAU HiA] 9 =& FF= WA
= 2EYAE ol 22 S F=5P7|% ghrf(Shahintt
Shepard, 1979). LRt ¥R 4] FAJH 29| 79 FE|<t
S/0] ZRollA FAE A} DetA]= A9t itk AAket
EnlE oA AE I FEEE 42o7]= A dlternata= E7
oA BE ZAZ} eR|o| A FAE ZA] BIsiA 27171 H
3, P = #4T A= dHA U=Tl(Grogan 5, 1975),
Hiz]oll Al G ZAHY] FejoF EAS &%, =, WiAY F
o0 22 8919 F¥F= 27]|& grhHoustony} Oswald,
1946; Jimenez2} Miller, 1966; Latham, 1974; Vargas<®} Wilcox-
son, 1969). SFATF T F-20] A7} 22 FAol| A= a9l
o] o] 20| ghEolA QU om, FAE 222 HAA o
ol ot w5 ARt SR Y 584 A5 5
off thgt A= AL A= A] g3k

w2hA 2 dAoA = L Z AT A dauci®| ZAE
e = AL 4= sls S 6] HsiA et vl
&t Hix| 2 F5, B71 A= 2 AL A7 5] A. dauci
o] 22} Ao m|X= BHE 2ANSH o, B x]olA F4H
EAZF FoA BAES et A& AT =3 &
IR RS AHESte] =8 Al A GollA AT B2 o
59 22 FA o F ot FAE ZA9] gt gt HedS
Ak

THE L

I

AlEst HEHH W HiX|. FEZ1357 A o230l A
A. dauci KACC42997-& AF-8-31¢], B2 24 §

g3 U AR AN P W U7 PDA WA
o HF3tel 25°Col M 10U7F wheFshsic HARY FE Ak
o

Al 3 mmo] AL 275 Hlojljo] PDA AP HiZ|of] HE5}
FU 270 1097 viFEt -, 4°Cof| Eakst A3l
F&-3hick WA 23 g &0 Cryovial (B173: 12 mm, &0
48 mm, Simport Scientific Inc., Beloeil, Canada)E ©]-&-3}¢]
9= PDA AFH i A|of BHatS wiget ¥, 23] B+ 5
shabe F% o) R AL oA Btk Fa A 7o)
o4 BelE BAEE A stel, B, ), AR
2 AR HE G2 Qe A EAE Bsiairt
S Balg A daucie) F5E 7+ A2 5 6970, 577, 447)
¥ 5 70) 278 Belste] #AH B T4 BY P 2
APk gt 7t Aol 4] Ralg Ea oA EA Yol
W BN 1N7tF, 0] 63T AT 89T 5 T 25T
2 Ahrstel Yol thek WU A gshn

B2

>~

HHo| ZX o FES 0lxl= 22 HiXY FF/ &
7] A, 2|1 XA 2|7} A. dauci KACC429972] EA} §
ol v|A]= I ARSI ZAF B4 B = A S Hl
Al(agar, 15 g; 553 1 liter), 20% V8 juice agar HjA](Camp-
bell's V8 juice, 163 ml; CaCO,, 4 g; agar, 20 g; 57, 1 liter)
2} PDA HljZ|(Becton, Dickinson and Company, Difco, Sparks,
MD, USA)E AF-&3}9] A. dauci KACC429972) A} Al A=
£ ZAHATE HYdts wixol HES 5, wijA7}F nlE e A
= HA87] fiste] vl e = wEsho] 25°C] o AdEioll A
A7F vt BLHFY 35 FAHE AASIAL 20°CE &
3, 571 A& HsliA HEY JAIE BESAE HIEH
= AASIeH, 2l A2 E AsiA 12417 HF 2 2 UVE 5
UZF 2SI B719k AFeA Al 50 = 742} A2sHA
U =Sl AR St v Aol A /8| A9 -5 2 AL}
7] $15tod, Bl EF FAI(R7: 9.0 cm) T A 2ZHEE: 5 mm)=
Z 627 HoJUo] 5 mle] BS540l Y1l voltex mixer (Vortex-
Genie 2, Scientific Industries, Inc, Bohemia, NY, USA)Z 357+ 1
HESEATE 322} FEF Ao A 220 =5 DA | S AHEStH
An| o 2 ST dAF 222 FFY SFolA FEFS
B 217} 32715 Hojufo] AHE-SHAIT

N~

2o xHul. o8 AZF 507 ZEE (Bumnong Co.,
Ltd., Jeongeup, Korea)®l| ¥all-8 AE (Baroker, SeoulBio Co.,
Ltd., Eumseong, Korea)& 41, B+t $A 384 ahEste] 2
Ao A AuislAct @22 ‘D230, ‘'K-dream’, ‘Chamjoeun’,
'Sailo' T 47 FF= 7-8%717HA] Aol A Austit
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Fig. 1. Disease index of Alternaria leaf blight. 0, no visible diseased lesion; 1, the case that lesions began to be observed on the leaves and
the lesion area was less than 5% of the total leaf; 3, the case that typical lesions were also observed on the petiole, and the lesion area was
5% to 20% of the total leaf; 5, the case that the lesion area was 20% to 40% of the total leaf; 7, the case that the lesion area was 40% to 60%

of the total leaf; 9, the case that almost all the leaves withered.

A. dauci KACC42997-2 9]ollA A
RO 2 wjopstel TS BHMRL HURY T
300 pug/ml<] Tween 20890 2 =351, Ferl o] 22} 9
=5 1.4x10° 7.0x10% 3.5%10% 1.7x10* 7}/mIZ 243} F=
O] Aol B FFshth FFeh G2 25°Co A 197t
SA At A= §A 257 sk WS =3 F,
H]—tﬂE_E'-_ z,q.f,-]_oﬂq. tﬂ-}:ﬂEL-_ Fig 1_TL} 71—2_ H]—}:ﬂx]__l_ disease

index)& AR&-3to] 2ARSHITE A 02 R 7F A4
787, 1= Sdof| wuto] W=7 AlAFshaA, iRt HAo] A 9
] 5% o5t 7-F, 3 TG ko] ARollM = BEET] Al
ZFsi, tﬂ‘?_ ] Al 919] 5-20%% 737, 5= W HA o]
20-40%81 7-¢, 72 Wgut HAo] 40—60%°1U4 A7 Slo] Als
7] AARE A9 9 A A ool TARRE 9= AAEHT:
HES ZARE RS 7R AL o “01]/\1 A st

% 100

B4, 7+,
A|FE Aol A B3t A. dauci T3 6971, 5770, 44702] AL A
A A A ZAISHITE PDA B A|of| F-3to] 25°CE]

ZHui kSt A, dauci®] w% Aol A 27 3 mm
9 %_L*P = Hojyjo] A|=-& PDA Hix|of HF3taL, T4 5
Uzt HH%@ %2 T59 A7< SHsAH e d5F= 25°C
| PDA HjZ|of| A 7Q7E Bl Rt & &5 TAHE A AL, 20°C
oAl 547t 571 A= 12417 F719] A& X2 E AAlsted]
XA AL festointh 23 AT 2AHE $lote] HE]
Al F 6719] TtAF 2ZHEZ: 5 mm)E Hoftfo] 5 mie] B4
o ¥ar ZsiA wRket ¥, 3 E2H7|E A&t dnlF 8t
oA EAF =5 ZAFSIATE

X948 20| E';""".:J A AL AR AFEEH 1707 5 F
of| Al Adkgt 257 o+ 5=5 PDA uljA|of| A uljFste] A4S B4

] 713,300 pg/mH Tween 20 &4 0 & =3}519ch 4=83t
AL FE AL 47 9] A=o| ofpste] FAL 5 ZHEE AlA
Faz, 22 e 14x10° H/mIE 243 & HS AR AHE
Skt A4 4-58717HA] Aufgt (& F: Chamjoeun)
shof 147 SA APt &, 24 A 253k

H~l

ol

o Welde 1%
AR EHTL PR 2 o] 8 5Fo] HhY w2 2k

EAl XMz2l. SAEAL SPSS 2 I (version 24.0, IBM
Corp., Armonk, NY, USA)2- o835l om, A|g] HH7t vjns
2J5}] Duncan's multiple range test (P=0.05)5 A A|3}A T
2oty oF

HelHo| ZXL Y. 57] Aot A A2 glo] Mt
= WS ol 2e viRloA = A F4EA] %t
o}, ZFe) A A2 9t 6152 wofl= V8 juice agar B |2} PDA Y
Ao A EAZ} ZFZF 6x10* 7H/miI<}F 9x10* 7H/mi7F FAAEI L,
71 A=RkE 39S Woll= 2x10° ZH/mit 1x10° 7H/mi7t 3
A=At sHARE ZReJ A} F7] AEE FAlOl sHls wells,
V8 vl X0l A 2.9x10° 7ll/ml, PDA B X|o| A= 9.8x10° 7i/mIZ,
BE ZAY 71553t (Table 1, Fig. 2).

Shahin} Shepard (1979)%} Rodrigues 5-(2010)- Alternaria
spp.2] A FA4E HsiA HeTES HA FAF A wiA]of
A vjekst & 22} A w2 SAA A} FAS S5
o} A B v R0l A 22} B v 2 HYd S ST
Aol A ALl A E FEsElem, 22 P4 viR]= 18°C
O] QF Al = 20°Ce] ZAMA AL 200 A] BT

Schouten 5(2002) PDA Hix]of 53t W eat& A=20lA
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Table 1. Effects of aeration, UV irradiation and media on sporula-
tion of Alternaria dauci KACC42997

Treatment® Media” used in the experiment
Aeration uv WA V8 PDA
- - 0w’ ow ow
— + ow 6y 9y
+ - ow 2x 1x
+ + ow 29z 98z

°A. dauci KACC42997 was inoculated into the potato dextrose agar
(PDA) medium and cultured at 25°C for 7 days, then moved to 20°C
and subjected to aeration and UV treatment for 5 days. "-" indi-
cated no treatment, and "+" did treatment.

®The media used in the experiment were water agar medium (WA),
V8 juice medium (V8), and PDA medium.

“The number represented the number of spores produced in each
medium, and the unit was 10" conidia/ml.

“The means followed by the same letter in the same column were
not significantly different (P<0.05) by Duncan's multiple range test.
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o} v AASH =9, sjAloA Ax = g AAE
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AYSHA| = Petri HA] HHF-2] CO,9| ol a5l O, Fol
S7FsFAA A. solani®] A} B/do] F=357] = 5FtHLukens
2} Horsfall, 1973). & A& A v]dH-S A|ASE = A. dauci
KACC429978] A} o] 2F0l7|= St Af53t ol e &
7] Aglof| o3t vjA| o] Az B Y49 avtetal A7t
v | o] g A A7} 22} Al v]R]= B Pyrenophora
semeniperda©| A= ZroHE 4= Q1S1=H], Petri A1) HE<=
A ASHA] &S Wofl= P. semeniperda®] EX} F/do] JA
57| %= 3t3thCampbell 5, 2003). BiA|S] X = g4l
Tk ofuzt F 3 viR| oA AEHEA T3l 24 34
o Q& u|Zt} A. alternata= B 2o] & 739 ZA}F FA
o] AA=]aL, oF AAefjoll A 197 i =N T2 FAhS
E3517)% SFRATHPruB 5, 2014). A. solani] 7% 12A|17F 7]
2 FE A B9 2R FA4o] FEEHUET, F ZAFA
of EAEZA O] FAENUL, o Aefjoll A ZA7L FA=E AT
(Rodrigues 5, 2010). & A& A A. dauci= dAtol AAHE
HSIAL 12407 7|2 UVE ROFEC 2 210 o] f
=ik

A. dauci KACC4299792] X} FAJo] E7] = uve] @& A
2o oA FEE7]= shleu FAE = AR ol mi$-
AL, F AP E FAlol AAEE -5 22 FAdo] W
& 0 2 A5yl o, o] A= V8 juice agar HiA| Ek
= PDA vl oA ZA]| Yepytth o] A2 2} FAdof ofst=
ofg] 71A] Q2le FAlol Ao = viR|o A FE= X
210 & A 7 Y= HolF = Aaetal AZskeith

PDA HHX|0| M SMEI A. dauci KACC429972| HYIM, o

= E% D230 A THEL 15.6%, 'K-dream'Z} 'Sailo'o| A=
33.3%%} 46.7%°]$1.2™, 'Chamjoeun e 71.4%°]%ItHFig. 3).
Fig. 404 B A} 7o), A. dauci KACC429972] A} W=7}
1.7x10* Z}/mloll A 14.0x10* 7H/mIZ2 AF453HHA, 7-847]9)
‘Chamjoeun’ oA EHET 15.1%7 4 60.0%2 Z7}5F4

Fig. 2. Spore production of Alternaria dauci KACC42997 in each medium used in the experiment. (A) Water agar medium. (B) V8 juice agar
medium. (C) Potato dextrose agar medium. The A. dauci KACC42997 inoculated into each medium were cultured at 25°C for 7 days, and
then cultured at 20°C for 5 days while aeration and UV treatment were performed simultaneously. Scale bars=200 pym.
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Fig. 3. Pathogenicity of Alternaria dauci KACC42997 according to
carrot cultivars and leaf stages. The spores of A. dauci KACC42997
formed in the potato dextrose aga medium were inoculated into
7-8 leaf stage carrots. Four kinds of carrot cultivars were used in
the experiment. The spore density of the inoculum suspension was
adjusted to 1.4x10’ conidia/ml, and after spray inoculation of the
suspension, it was kept in a humidity chamber at 25°C for 1 day and
then transferred to a greenhouse. Two weeks after inoculation
with the pathogen, the degree of disease was investigated using
the disease index in Fig. 1.

t} A. dauci KACC429979] HYAL 19 21} HEst=
FAhe] WEo] wheb Petd)7] shgiA), PDA HAoA §
4e TAt g2o] dedntEEe 9od 4 leg B

% qlgiek

Zt X|HollM 22[8 HAHHe| £E4.
Ao A E23t A. dauci +F A 3 *P WG A=e
EUePWﬂE%%ﬂPQNNQZﬂﬂol#ﬂvJ@XPl
7F {3k sHA|RE BA, o), AlS A F5 AT Bt Z
2} FAHL 2.8x10°, 1.6x10%, 0.8x10° 7H/mIZ, B Ao F3=
o] 22} Pl 7P ke, A5 Ao #39] 22} FA
o] Zoick, YETF B2 BN Helg 75 Ueto] U=

7R AT A o5 Aok A FAdREo] Wtk Al A
Aol &= 170709 = FollA FulollA 221’ A. dauci
CDSGM9-2 F37} 9.3x10° /mIZ 714 e =22 P45t
Rk sHANE 2:=9] Wske} F7] 9 A9 AP E skl
T Eetal Ao A BEd 7 FollA 8L | 5
FHolAE 4771 2 AT #F oAM= 8o 5
= Z27F A A] ekt Rodrigues 5-(2010)2 A. solani®]

0], A2 A
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0 = T T T
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Fig. 4. Pathogenicity of Alternaria dauci KACC42997 according to
spore density of spore suspension and carrot leaf stage. To pro-
duce spores, A. dauci KACC42997 was inoculated into potato dex-
trose agar (PDA) and cultured at 25°C for 7 days. The pathogens
were transferred to 20°C and cultured for 5 days while aeration and
UV irradiation with 12-hr cycles were performed. Spores formed on
the PDA were harvested using 300 pg/ml of Tween 20 solution. The
spore density of the suspension was adjusted to a defined density.
The prepared spore suspension was inoculated into carrots (cv.
Chamjoeun) at the 7-8 leaf stage. The disease incidence was inves-
tigated as disease index 2 weeks after inoculation.

Table 2. Mycelial growth and spore production of Alternaria
dauci on PDA

e
Pyeongchang 264+4.7X 28+2.1x
Gumi 29.5+6.8x 1615y
Jeju 26.1+5.6x 08+09z

*The mycelial growth of A. dauci was compared by measuring
the colony diameter of each isolate cultured in potato dextrose
agar (PDA) medium at 25°C for 5 days.

*Six pieces of mycelium with a diameter of 5 mm were removed
from the PDA medium in which spores were formed, and put
into 5 ml of sterile distilled water and vigorously stirred. The
sporulation of each isolate was compared with the amount of
spores suspended in 1 ml of the spore suspension.

“The means followed by the same letter in the same column are
not significantly different (P<0.05) by Duncan's multiple range
test.

2} S YN BT 20| AAe} EnkEolN Helst
307H9) FFOIE B3 5 xS AT A3, 77} F57)
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Fig. 5. Disease incidence of Alternaria dauci isolated from each re-
gion. As for the pathogens used in the experiment, 11 isolates from
Pyeongchang, 6 isolates from Gumi, and 8 isolates from Jeju were

selected randomly. The result of the experiment was the average
disease incidence of all isolates used in each region.

A S A A&t V8 juice HA| HRX| oA BijoFo] &
A ghot 22} PAdol Aufstlar, U x| 237l o F=qko] 2}
£ JAstothL E stk 2 Ao A= ARSRE AA| 5
9] 88.2%21 1507} w57+ ZZAE FAsH o™, A o5 3
o] Pt 22} FAF = TARY 2|7} ik B+
Aol A 1173, FHuol| A 64, AlF=ollA 835 A s}od
'Chamjoeun’ &%l thet HY4S AT 21 Fig. 5), ZF A
o] FHat W E= AR Faldol YUk ol AH A
oA F3E 2] Bl Zpol7t AT, ZAF A
°ﬂ— FAALE o7 &7} US7] Wil M|t
£ AR lsiAle thFet F 75 AHEshe] 24 34

—@M S B3 2 Tk 54 24 ol 2ok
g 7 o 7 AZsT)
olpe} ATt B AN B A7) LA B4 ES

2t A. daucis W ETH, E4J0] YT ZAE diFo R o
= 5 W e, Bede AFsHok st= 4= 7HA] Al
83 A2 4= e AL = A

o OF

0o =

g AoontEHL ¢l o 7)1 Alternaria dauci) ¥HEA
% =)

2
EAE Y 4 S 22
AlS]
E

AME A T/ &

— =

7] &), UV A2 50| A. dauci KACC429972] 2} gAof|
2= B7E AT A. dauci KACC42997-2 25°C, & AFEl
©] PDA ujZ|ollA] 747t ZulFstct. viA] Aol Yebd Y
9] F5 TAHE AlASEL, 20°CollA 571 A2 12417 F7]
ol UV A& FAlo AAIetH 547t vifataS o, 7HE B
A5 F/dstct B ZA; g4 200N B, o), AR
5 329 F8 AejR oA 225 1707H9] thekst A. dauci
w7 ZAE A=A o FE g1 Ax 2071 7
ZA-E P8R ZohaL, 88.2%2] #F= EAE 45K
o} =3 X9 FF A 7k 22} FAFFoll= &7t A%A
T, gl gt ydAdoll= 2kl 7t gl
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