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The effects of five fungicides on the spore growth phase of Alternaria dauci, which causes carrot leaf blight,
were tested using the spore viability assay (SVA) and agar dilution method (ADM). The average ECs, values
for chlorothalonil against seven isolates of A. dauci examined by SVA and ADM were 14.21 pug/ml and more
than 100 pg/ml. Dithianon and folpet also had lower ECs, values in SVA than in ADM, while iminoctadine tris-
albesilate had lower ECs, value in ADM. For fluazinam, the ECs, values of SVA and ADM were 1.63 and 2.40 pg/ml,
respectively. As ECs, values of five fungicides according to the spore growth phase of A. dauci KACC 42997,
the efficacy of each fungicide as chlorothalonil, dithianon, and folpet decreased when treated after spore ger-
mination rather than when treated with spores before germination. However, iminoctadine tris-albesilate was
more effective when treated after spores germinated than when treated before treatment. The excellent ef-
fect of fluazinam on the pathogen was maintained until A. dauci KACC 42997 was cultured in potato dextrose
broth for 6 hr and the germ tube grew beyond the size of the spore. However, when treated with iminocta-
dine tris-albesilate and fluazinam after culturing for 12 hr, as the EC, values of the two fungicides increased
to 8.87 and 20.65 pg/ml, their efficacies decreased. The results of this study show that the treatment time of
the fungicide should be determined by considering the effect of the fungicide on the spore growth phase of
pathogens.

Keywords: Alternaria dauci, Fungicide efficacy on the spore growth phase, Spore viability assay

M

rhu

AtAlE A=A YRR AR RS 7L AT At
A(systemic fungicide)} H= P—'.&Zﬂ(contact fungicide)o] &+
FFE U 5 Ok A AL S8 Al )
AlEA WRZ JFE AL, AEA WiRollA ofd o Qle At

(©The Korean Society of Plant Pathology
@@ This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



132 Research in Plant Disease Vol. 30 No. 2

Alolct. o] M T A+tAl= HYatol AEAE MY o
A2jstol = HAFY A-Z Ak AEHE HAY
7] Wzl A= AAlRt AL = E-th(vic, 2010). SHATE H =
A= AEA WHEE JAFshE S40] g7 dleel A=A
FHo A2 FooATt aE Yeli=t, B Yatol AE
AE AYsl7] Aol Agjste] A=A FHA Yo ZA}
roh 7S AAstofoptt BS WAIE 4= itk WHlato] 4
4| W2 Jdsto] HHo] WAEg Sof| HE AHAIE Ast
Al =, AEA WRE JAE7} ofg7] 2ol ¥ A &2t
Hadts @S 7L ok whEkA o]d HE At B
T AA| B o A ARt = B2 o] B3 AtAl=
B eatol thet Z A} Hrof oA A vk= -3t Wb, AL AY
A A &= A 235 A S Bolth(Damicone, 2017; Kapsa,
2003).

AtAlE A5k Wl wheba] et tiet 9A &t
7H A7) izl At A8MS AHEste] A avE
A sljof 2k AEH ol thet A=A aE A=
o 2 Y] FA A AR AE AR s A
Holu, dnjF ez ZA}o ol o 5 £A}S)= 2} Hof
AW Fol ltk vhoF FAF A oA At X3t BT A
Ao ATE PO 2 ZARITHA, 22} ol HA
e AHESHo] AR AdtHTh X3 anE T
(Park 5, 2014). 16| 22} o} A HE @An|7 sfof| A ZAL
st LA} 7|7) 9] ol o RE 2ALS|oF 517] wZof|, B
At ARk B8 2 gtk o]d ol &S s dsl] fisthd]
A} 772 ot -5 HASHA] ¥AL, resazulin 7]5H2] Pre-
stoBlue™ A|oF-& AR8-5h= A} A& FARo] AHEE| L itk
(Parka} Kim, 2022).

2T 5ol 5% A4S e AR AtAlol tisiA] o2
T A=l Aol SHsHHA B A 2
7} Zraskal Qi kR B35 AbdA|of gt A gt te] Ay
H 1= A Qs Aol By BE AtAof gt #Hilo] =
o}x) 1L QIthKim 5, 2015, 2019; Kwak 5, 2017; Yeon 5, 2019).
I et A% Ao vlR= e AAle] anE o
T Hd RS A5t E Bk Aesial a2 A
U= Ao = Y73t
2 Ao = 559 AAlE At F2d2EY
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A0 ArSet FFEet FFo| BE Ao AR 324
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5
Sh RS20l A Eefiko AR-g-sSiTh 2ok
KACC 42997-& potato dextrose agar (PDA; Difco™; Becton
Dickinson & Co., Sparks, MD, USA) 8|0 E3}o] 25°C2] ¢
Z7ol| A 1097t v Fstgint. B F3-2] AdFo| A FAL
2715 d|oujo] PDA AP i R|of] HES}aL 25°Cof| 4] 77T v
&3t th3, 4°Col| HashHA Aol A-g-sHT

Aol A12E HTHI} X2| Sk
o]Zo4] e 7holl 48t AF#A] Z0A chlorothalonil
(a.i. 75, WP), dithianon (a.i. 75%, WG), folpet (a.i. 50%, WP),
iminoctadine tris-albesilate (a.i. 40%, WP) 18|11 n|EZE=¢]
oF] 4t3H4 QIAES} HF-g-ofl A QIAHSL HE-g-& AAISHE Hh5t
2l fluazinam (a.i. 50%, WG)-& A}-2-51th A}-2-31 mE AA
9] 2% #g] %==0.1, 1.0, 10.0, 100.0 pg/ml2 ZA3}ch

Aol 28]l 5

HAUTO| X} S U X} SHEIH Z=H|. Ao A=
Yoon 5(2023)9] #¥& AHgate] Zujalick FEAL T
Wt A. dauci KACC 429972 PDA vl %o & ZE3}o], 25°C2] ¢F
Zefoll A 797F skt ot Bt Sefo|EatAE 0] 85
o] W] 35 HAHE AATIL, 20°CollA] F7] Aot 124]
ZF 3719 UV A& Ao AAlsh 597F sjeFstiet. B
TFTE AHESt 8t A dEl2 Hatth 4759 A=
of diste] EeES AAT & 22 YEE 2HSA A
Shich ZAF AE AR EAB| Ao A 9] AtA| aatE
H|wsE7] Yafix= Ha), Al BAlA E23t A. dauci -+
= 7z} 243 (CDSGM2-52F CDSGM7-11), 24-3=(CDSJI2-42}
CDSJI3-6), 373(CDSPC2-2, CDSPC2-31} CDSPC6-4)4-S Al
ko] AR5t

PrestoBlue™ A|2f2 Al25t Held ZXt M= A, Park
I} Kim(2023)0] Colletotrichum acutatum s. lat©l| T3t AFA|
w3k ARE $I5tel ALS SR WS Aske] a8tk
96-well microtiter plate (SPL Life Sciences, Pocheon, Korea)
o 7} wellgh o33 #%] 80 pioh E} Fekoiah AgA| 4L
217110 k) % 100 k) B3kt A 24 BE35)
Sfste] wixish BARE) TR WA Pl AL S 2
Attt Y72 A 2= 10%2} 20%2] potato dextrose
broth (PDB; Difco™; Becton Dickinson & Co.) v x|} 10%,
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20%, 50%2] Czapek-dox broth (CDB; Difco™; Becton Dickin-
son & Co.) WX & 22k L8319l e, k0] WE= 1x10°%
5%10% 1x10° spores/ml7} ] =2 A3}tk

A 9] A7 Al7]e] o At HAL 20%2] PDBof|A]
EZA YE=E 5x10* spores/mlZ ZA3}o] A1) A+
Ae BYdS A Aol A OAZHHAY, Bt
= 25°Coll A 1.5A17L, 3AIZE, 6A17E, 12A17F F-9F v FRE 3o
27t stelck A9 AE ol 2AS] Slste] A
AE A2]3taL 24A7F v et 5o, PrestoBlue™ AJ2F-S A
ekt Tha] 12171 e, 7t welle] @S Synergy HTX
microplate reader (BioTek, Winooski, VT, USA)o| Al ZA}
31t} Microplate reader?] &7|(excitation) ZtAa} W&
(emission) TS 530 nm&} 590 nm=Z 2A5}1o] At A &
Y7k (relative fluorescence unit, RFU)E =A3lg o, Y
9] FAF AR A= & 36FE 1|7 (KR-300; Korea Lab Tech,
Seongnam, Korea) & 2 #2514t ZF AMdA| Q) 22} A&
o7 mIbe 18T} 2L Ao 2 ANstth Al B
RE AA ZIH%) = [1 - (SPT, 4 = SPY/(Py o = PJ] X 100;
SPT, 0 BRI ZAHE HF5ho] tAIZ v & AtAIE A
2J5taL, thA] 24417 gt & S3% F33k SP, AR
AEsto] tAIZE et & 2ARRE F34L PTo ., A 74
Z i K]l tAIZE Fof| A E AP ShaL, 24A17F Fof] AL
o FF Pt AHAIE AP 2 FAF A tAIzE
39 H3k

of| thgt A=tA| o] A A A A= Do 5(2020)9] gH 3]
Aol whaba AAISHATE BBt & 25°C] V-8 juice HZ] (V-8
juice, 200 ml; CaCO;, 3 g; Agar, 15 g; 543, 1 ))of| A 10971 vl
&t 7T AR oA 27 3 mmo| AL 2242 o] A
A7} 7}l PDA i R]ofl HE5H3AT PDA v x]ofl= A Fol
AFgEHE AFAIZ HE S57101, 10, 100, 1000 pg/mi7t 5=
= Frlsigon, Wxe] 0@S WIal] 15kl 300 ug/ml
9] streptomycing H7}stict HYwt& L3 PDA vijX|=
25°Coll 4 10903 ok 7, W2 #5 e 2ok
A A oA Bk AL iRlelA e
% A4S AFAS B7FH G PDA WA 5] 27
3} u|wato], heo) 0.2 Austark 24 A A0
= (1 - AFA W7 1KY 250) A/ALRA) R} A
F329] 217) x 100.

A. dauci KACC 42997¢]] T3t zF AR o] Za} 2 oA &
Shob FAF A oAl EIe 2 FRR|S] EC,7he ol Z2
oA Atsto] ]Ik

my

o3 nE
HH Q¥ AZtof| 2 HEF2| I X} 2Ot A. dauci KACC
42997-& 20% PDBe| -3t uieFstaA A|ZPER Wolst=
%5 331 THFig. 1). A. dauci KACC 429972 20% PDAY]]
A& 1.547h-S gt 51 Wopyto] Uehr] A|2s
o, 37t Sofl = BEAY AL T o]4ko = Hrolato] AR5}
At drote] dol= 6A17HS v et $HE EAZALe A

oo,

Fig. 1. Morphological changes in spores of Alternaria dauci KACC 42997 according to the culture period. Spores of A. dauci KACC 42997 were
cultured in 20% potato dextrose broth medium at 25°C and observed microscopically at incubation periods of 0, 1.5, 3, 6, and 12 hr (A-E).
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Fig. 2. Effect of medium-type and inoculated spore density on spore
viability of Alternaria dauci KACC 42997. The culture media used in this
study were 10% and 20% potato dextrose broth (PDB), 10%, 20%, and
50% Czapekdox broth (CDB), and sterile distilled water (SDW). The final
density of spores inoculated in each medium was adjusted to 1x10°
spores/ml (A), 5x10* spores/ml (B), and 1x10* spores/ml (C). Fluores-
cence was measured 24 hr after treatment of Presto Blue™ reagent at
530/590 nm excitation/emission wavelength. All treatment means
were separated using Duncan’s Multiple Range Test (DMRT) according
to the media used in the experiment. Treatments with the same letters
are not statistically different at P=0.05.

2 ARSI Bt dng e ko] SE5 A%
Ak BEE 244 7HS vkt —?01] FFFS A
T} Fig. 20]| 4] K= 2} o] vix| 8] F7-of JF3tA. dauc:.l
R} U= RFU|| F3FS t)Hch A. dauc14 IR UEE
10°7)/mIZ2 2435t AZE3192 o, 50% CDBoJ|A] 713+ %3
RFUE &5 o= ISITh SFA9E AHE-3F A uljx]<] PDB2} CDB
£ 20%7HA] 345152 o= TAIZ L= o7t Zol7t ¢l
ek W] TS v ol HFoHA] ol Bt SRSl A
Zoto] B 799 RFU= 1,026 0. =, vlj x|l Es}of uf
oF5t9S wjo] RFUL) B|waH S okth A. daucis 99k
Blol g Bl BESlel MFT B2, B EA U
ofe} o] ol 7] wjEo] RFU Zlo] Watel & o 4= 9]
gt AZ31= A dauci®] ZA YxE 7} 5x10°7F 1x10%7)/ml
o] A-0.0)= 20% PDB2] RFU7Z} 7H3F =9ft}. ek H 9l
Colletotrichum acutatum s. lat.2] 73-%-= CDBX.t}= PDBoj| &
S AZE3}ho] vjoFslR-& o resazurin®] resorufin . 2 3+
THA TASE = §3F2Fo] =9kt (Parky} Kim, 2023). TS C.
acutatum s. lat= AEs= =X} Y=o} IA|§lo] CDBoJ| A&
5} w RFUZ} PDBo]| B|5tof ZA| 4 0 2 WQLA|T, A. dauci
= 1x10°7)/mle] =& AUx 2 AZ351992 fjoji= PDBL} CDB
o] RFUZ} 2oz} 91tk skt et Hege] 24 o
7} Lrobd A 20% PDBOA 714 =& RFUE 912 24 93]
o I A dauci®] FRAZAE 1E HiA] Aol FAEA7
1A S ol = v =9 W3}, dARA ol tiet A i F
7] 2 UV A 5 ookt A2 E eAHH o 2 sfjof T qt ofy
E} AHE8t= w0l WEbA = FA4ehe ZARY| ol A2+

5% glgitHYoon 5, 2023). whebd] 2 AT oA HEs
L BT YL S 1x10°7)/miEcHs 5x107)/mIZ 23
Sto] AL 8712 shgom, AL SIeh vhxI 20% PDBE A}
$37)2 sk

EX M=ot SHHS[ Aol 2|8t EC, Zte| Hlm. 3270

A 223t A dauci®] 7455 Adsto] QoA ARG 5%
o A S A AEHI A0 2 stk
Table 194 E= A3} 22} AJ=ZHof| A chlorothalonil, dithi-
anon, folpet®] ECs gko] 3] A 9 EC, giEth R A<
B, 322 A& v]X) = A7 A RS AAlSHE i
t} 243}tk Chlorothalonil, dithianon, folpet 53} Zo] X
5 AN $7)5 AR AFEe] Y e s 7
AL A ETH= 322} dhoto] tiRt oA &7}t -=5rh(Park
=, 2014). R 2502 T2eku o] 187 pg/mls A5ty
& 7, A} wrok= 100% SASHAT, HhAol A AR RS
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Table 1. ECso values of several fungicides” against Alternaria dauci causing carrot leaf blight
Isolates” Chlorothalonil Dithianon Folpet ::::T;tez:i;: Fluazinam
SVA® ADM* SVA ADM SVA ADM SVA ADM SVA ADM
CDSGM2-5 8.00° 20.77 0.72 >100.00 541 23.50 1.73 0.57 <0.01 0.79
CDSGM7-11 6.38 1244 0.23 >100.00 1.64 18.89 1.63 0.19 0.02 0.35
CDSJI2-4 41.49 >100.00 5.05 >100.00 10.89 53.13 15.09 222 11.31 4.51
CDSJI3-6 20.98 >100.00 0.01 >100.00 6.25 67.70 494 213 0.03 1.46
CDSPC2-2 6.07 >100.00 <0.01 >100.00 1.85 66.48 1.58 3.10 <0.01 6.30
CDSPC2-3 494 >100.00 1.61 >100.00 3.34 48.14 3.84 0.86 <0.01 1.36
CDSPC6-4 11.63 >100.00 2.10 >100.00 8.85 60.63 8.85 1.89 <0.01 2.06
Average 14.21 >100.00 1.39 >100.00 5.46 48.35 538 1.57 1.63 240

SVA, spore viability assay; ADM, agar dilution method.

*There were 5 fungicides used in this study such as chlorothalonil (a.i. 75, WP), dithianon (a.i. 75%, WG), folpet (a.i. 50%, WP), iminoctadine

tris-albesilate (a.i. 40%, WP), and fluazinam (a.i. 50%, WG).

bSeven isolates of A. dauci were used in the experiment, including two isolates obtained from Gumi, two isolates from Jeju, and three

isolates from Pyeongchang.

“The effect of the fungicide on A. dauci was investigated using the SVA to test the viability of spores and the agar dilution method to test

the effect of inhibiting mycelial growth. SVA was performed using Presto Blue™

reagent.

“The effect of fungicides on inhibiting mycelial growth against isolates of A. dauci was investigated using the ADM.
“The numbers express the ECs, value of fungicide against each isolate of A. dauci. The ECs, value represents the concentration that inhib-

its the viability or mycelial growth of A. dauci by 50%.

A& AR 7] dizoll, & A=tAlo B4 A8 ¢
AL FAH A o) B2 e sbEslao] ofd o
€ 4% S =5t At Zlo] Tasith Iy RS
AFAY) B AU 28714 25 o] 7HEo] Sk imi
noctadine tri-albesilatet= CDSPC2-2 A+5& A3t 659] +
ZolH EAF A o) EakRchs #AF A oA BT S
3l on, ZHg7|2ko] th5to]| £3)+= fluazinam-2 EX} AY
;o) makeh FAF A o Bt BB $aahir) ol A
Y ArgAle) w3 AAo) shLke] uhg o 2ut agsol iy,
5 AtA 9] ol = Wl tig aapt w4 Frhd 5
7| whizel, 07t B asiel

0>~1

¥0 men

Abtx|o] =X} AixF AX| Z3f  Chlorothalonil, dithianon,
folpet, fluazinam& 100 ug/ml=2 &3} A. dauci KACC
4299794 Fapol) Hefsha Ex7} 43 woks] F5giekFig.

3). 3IAFF Y3t == 2 iminoctadine tris-albesilate S %|2]3t
749, ThE B3 Aok ThEA| 40) 2 AlEA} dolst
A 713¢l Wolto] FA=|gITt Chlorothalonil-& 10 ug/mi= 3
et W7 WERe] EAH S Wolsh RSAA,
dithianon, folpet, fluazinam X g]oj| A= Zx}2] & 37]9

100 pg/ml 10 pg/ml 1 ug/ml

Chlorothalonil Q é /

Fluazinam & Ey,
N e i S
Dithianon & . % \
Folpet : \
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tris-albesilate

~ g e GHRD

Fig. 3. Spore growth inhibition effect of fungicides on Alternaria
dauci KACC 42997. Each fungicide was treated at the same time as
spores were inoculated into 20% potato dextrose broth. Spores of
A. dauci were observed under a microscope 1 day after treatment
of each fungicide.
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72 drolko] FA =Stk 3FX]9E iminoctadine tris-albesilate
A2 Frol| A Fig. 30|14 Hi= A} Zro] Wrolko] AA| Akt
EZAE I = QL) Iminoctadine tris-albesilate2] 1 ug/ml
ATl A Aol B AT AL VA 4 Yo
U, Fig. TE0)A] 1= 213} 22 Bjele] Aol u]wate 7
A Apko] AR 0.2 o] S0iA)K] 91 98-S & 4 Sgick
Chlorothalonil, dithianon, folpet 5 3359 B § AA= W
Y& HiR|ol A LA 717F vt Fofl A H9 ETJr
7} Z+A5F5HFig. 4). Dithianon& v x]o]| LA} & HE35He

Aol Azletl S w2k 1.5412F B et o Hetie ‘IIH

EAL A% A A= v AT, M YwtS 3RS 64]
2k oo stol rolare] o)t B i 47 m 270 e
o Aegt A9 1 a3t= A8 THFig. 4B). Dithianon&
100 pg/ml 522 A FEH EAL xm%} % LR
2 92.4%% o1}, 3X 71} 6A)7F vjoFEl Fof Aa]d Ao
60.3%2} 56.1% 2 ZFAastgon, 1247k k3t Toji= 28.3%
7] 431k o] A= chlorothalonilZ} folpet2] A2
FOIAE SASA LHeRStTFig. 4A, O 1R8] b A4
2 7t= B $ AFA| 2 43A iminoctadine tris-albesilateS

o] wiF Altell mhet AP st o, EAol| gt oA
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Fig. 4. Viability inhibition effect of each fungicide on Alternaria dauci KACC 42997 according to treatment at each spore growth stage. Fungicides
used in the study were chlorothalonil (A), dithianon (B), folpet (C), iminoctadine tris-albesilate (D), and fluazinam (E). Each Fungicide was treated
after incubating spores of A. dauci KACC 42997 in 20% potato dextrose broth medium for 0, 1.5, 3.0, 6.0, and 12.0 hr, respectively.

Table 2. Changes of ECso value in each fungicide against Alternaria dauci KACC42997 depending on the treatment time

Treatment time

Fungicides® .
0 hr 1.5hr 3hbr 6 hr 12 hr
Chlorothalonil 6.21° 15.40 11.03 43.73 78.31
Dithianon 2.05 4.05 55.07 4431 >100.00
Folpet 7.60 7.57 24.52 42.63 >100.00
Iminoctadine tris-albesilate 10.28 3.21 3.21 2.68 8.87
Fluazim 0.05 0.13 0.10 0.34 20.65

*There were 5 fungicides used in this study such as chlorothalonil (a.i. 75, WP), dithianon (a.i. 75%, WG), folpet (a.i. 50%, WP), iminoctadine

tris-albesilate (a.i. 40%, WP) and fluazinam (a.i. 50%, WG).

®In order to treat each fungicide according to the spore growth phase of A. dauci KACC42997, each fungicide was treated according to
the incubation period in 20% PDB medium. Each number represents the incubation time of A. dauci KACC42997. The case in which
spores of A. dauci KACC42997 were inoculated into 20% PDB and simultaneously treated with fungicide was indicated as 0 hr. When
treated with fungicide after 1.5 hr of incubation, the pathogen began to germinate. When the pathogen was cultured for 3 hrand 6 hr,
the length of the germ tube grew to about the length of the short or long diameter of the spore. The last treatment with the fungicide
was when the pathogen was cultured for 12 hr and the germ tubes were almost in a mycelial state.

“The numbers express the ECs, value of fungicide against A. dauci KACC42997. The ECs, value represents the concentration that inhibits

the viability by 50%.
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o] B35 AdA|19 dA| 3= E3thFig. 4D). Iminocta-
dine tris-albesilate = Y2 A5 HET} FAo] A
SFlS Wi} 3-6A17F vt Fof] A5k elE wol AAlE
o A% A3k oA ATHE Table 2014 B AT o]
chlorothalonil, dithianon, folpet& #|&]3}= A|7]7} =o0jd 4
2 EC, ko] Z715FAIEL, iminoctadine tris-albesilate= 3
Aol ARG 1 71 -2 EC, ghe Holchrl, wholsh e
o Ao AEelAE 1 ECugtol Aaaisich el@e) A=
352 AAISHE fluazinamZ ZAHE 12A17F vl et Sof) A
23t B-E ALstale 27 FARE AAleS HIoHFig. 4E,
Table 2). FluazinamZ Park¥} Kim(2022)0] X 118t A3} Z+Ho]
AZ 355 AAIsHE th5ate] AutAlolHA 28 EAS B
T Akt o} o9 FAFSEATE SHAINE THE BT At 9b= T
EA|, A} obE 5] 43 Fofl A2 ste = Z A}
Ast e et tf-5e avtE Hlrk

o]l A iminoctadine tris-albesilate= ©A| &% 1227}
o} | BE 647), & 1867 EEo] 71X, 7, 1, G A
1 5o FEE o] ZMFHY, AT, AU FFo,
A, 5719, Q7FEE Y WAl AFEE AL JleH, 7
2 A4 YAE A 1580] 5250 gIrHRural De-
velopment Administration, 2024). &= A = =9 A%+
w9l Geotrichum citri-aurantiiol] €]t 3l&3-o|¥ o] WA &
234 iminoctadine tris-albesilate”} A}-8-E 11 ¢lth(Zhang
=, 2024). Iminoctadine tris-albesilate= G. citri-aurantii® =
A} drotof G2 vl =d, 0.05 pg/miet 22 W Fkof
A= ZAF EobE A HAI7]IA]49E, 0.29F 1.0 pug/mle] Lol A
= 120A1ZH71A] wfjFstol = 17.0% olstz Tola& A5t
ATk Iminoctadine tris-albesilate S PDA vj%|o]| & =7}
0.06 pg/mli7} A7¥st & w3t G. citri-aurantii®) w&2) Atk
= TR A}, A Ao A& R Sh= FARY 7 sl
o, 0.12 pg/mie] Aol A= A AtolA =30 Aljh
HIQ/21Q1 dAZE I E T o] HAL FEjo #3HE F3
Al iminoctadine tris-albesilate7} ZAF& Q1 #FAS] AT} A
7150 4 vl AL = SR Iminoctadine
tris-albesilate®] Z{2o]] oJafjA] 2} AEFHL] 7| A=t
AJsz9fo] 4 €] malondialdehyde®] ¢Fo] A5dt= 2 HH,
iminoctadine tris-albesilate= ¥ 2] A|EZ= integrityo]
AL Fol WUF A RIS AL & 4 9t
(Zhang -5, 2024; Zhu 5, 2019). & AA ZX-& HET
SAlof| Aot AHch A7} ol Sof A2t B9 mat
7} o 243k A& 9, iminoctadine tris-albesilate= 7}
&5l= ThE HE AA| 9= HEA|, XA} Wolkth= #AL

A7l gt oA A7 S-ohS BolErh ERE 20] QoA
A e AR TS, Corynespora crassiicola®]] Tia| A olw &
HRoE 25 g3} 45190k o]d EA-L iminoctadine
tris-albesilate7} T2 B & A<tA| = th2 7| ¥o] WAYst=
< I Tof) HPsto= HA S 2 5 U= 55
F54E A 7L AdAIYS & 5 ATk E=3 AEA A
M A= Qs B2 A& AtA|Y AFE-o] AlgtE = Al
Zof| Al iminoctadine tris-albesilate7} oA 471t th59]
fluazinam} B &0 A 3Hd A S8 1t thA A=Al =A
o) 74 BelFm gk e,

£ A7 Aohe B5 APAY EAS 2 559 4FAH

ol

ook

olth(Kim 5, 2015, 2019; Kwak Z, 2017; Yeon =, 2019). £3],
strobilurin] A=tAo]l theh 315, EF5of, Ak gAH et A]
P HEL - Az el vhdof H 3 AstAof thet
A HE2 Ao HilEo] QIA| ¢i7] 2ol A @ /o] 2
T ATA Y A At A=A BE A A7 S A Qloh
At o 2 B35 A= Bo] WAsk] A1, Mol A=
Aol F2Fsto] Wrolslr] A gAoA AR oz A of &
7t e Ao 2 dEA Qlk 29 B3 AAIAE 7he]
431+ iminoctadine tris-albesilate2} t}5atof] &31ARE B
A2} FARRE 2H8 A4S XY= fluazinam & & A+t
Aot GAVE 54 o WA E Holzo] Q7] wEe], o]el A

S AR 2H, M A B4 EElet aeF
A AL 7 e g Ao 2 ARt

2 o

FEASANEE S €271= A dauci®] ZA AR A7)
o] k2 chlorothalonil, dithianon, folpet, iminoctadine tris-
albesilate, fluazinam®] &35 Z X} A& HAHI THI3| 4
o ARsck E4 A2 PR Sas e s 24
3}t A. dauci CDSGM2-5Z 8|23} 77) +32] chlorothalonil
of] gt Hat ECso a2 14.21 ug/mli} 100 ug/ml o]AFol itk
Dithianon} folpet JA] 322} Q& H7H | ECyogto] 23]
AR} HoFR[HE iminoctadine tris-albesilate= 312 3] AW
© & ZARSEEC,gko] o Wtk Fluazinam Z A} A& A%
HI} SEAS| MO EC,,Zko] ZH2F 1.63 pg/mliet 2.40 pg/miz,
= v O EC Zko| vls=st Ttk A. dauci KACC 429972 3Z =}
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A DA o whet 2 AtAlE 22’ 23, chlorothalonil, di-
thianon, folpet-2 3Z2}7} Hrolgt o] 5of] A2jshd Holsr] A
ol A2]stRE wE ot a3} 7148 21, iminoctadine tris-
albesilatet= 322} AE3} FAlof A 2]8% S Wl 10.28 ug/misd
9 ECsogko] AL Hrolgt $of A2|5h 2.68 ug/mlojlA] 3.21
Hg/mi7H2| Zhaxste], LA ot Fof] A2st e o a7t &
551} Fluazinam-& E-5}= ZA}of| 4] Wrolto] A7 Hrk
27| Frolet 27| st 2AFS| FE A AA|st
At} SEA9E iminoctadine tris-albesilate2} fluazinam< 124]
7+S ujoksh Sof) 22)abH EC,,gho] 8.87 ug/mig} 20.65 pg/mi
245 sHA A Bt skl £ A Ak AtA
O A7t A A7) HYate] A} A A7) o] wheka] et
e HojF=an QUek wheha] AtA| 22| A)719] 278 Bt
o] A Al710] et AtA| o] A7 = TEsfjof & Ao
Yz} of 7k
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