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ABSTRACT: A total of 25 isolates of Fusarium fujikuroi were obtained from diseased rice plants in Korea from
2006 to 2007 to assess their resistance against fungicides prochloraz and benomyl + thiram. Minimal inhibitory con-
centration (MIC) values of E fujikuroi isolates were examined by agar dilution method. Most of the isolates were
sensitive to the fungicides. Out of 25 isolates, six were resistant to prochloraz and three to benomyl + thiram. In addition,
the isolates CF245, CF249 and CF337 showed resistant to both fungicides. The progenies (F, isolates) obtained through
two different crosses between sensitive parental isolates(CF202, CF232 and CF179) and resistant parental isolate
(CF337) were evaluated for their mycelial growth at different temperatures and resistance against fungicides. Mycelial
growth rate of F, isolates originated from CF202 x CF232 was similar to the parental isolates. However mycelial growth
rate of F, isolates originated from CF179 x CF337 was faster than their parent isolates. In case of prochloraz, dis-
tribution ratio of sensitivity(S) to resistance(R) against to the fungicide of F, isolates originated from CF202 x CF232
and CF179 x CF337 was 86 : 14 and 78 : 22, respectively. In case of benomyl+thiram, all the F, isolates originated from
CF202 x CF232 were sensitive to the fungicide, however ratio of sensitivity(S) to resistance(R) against to the fungicide
of F, isolates originated from CF179 x CF337 was 35: 65.
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W72 S Gibberella fujikuroi (Sawada) Tto in Ito &
K. Kimura(F3AItN : Fusarium fujikuroi Nirenberg)ol] 2]
3 WAk ARl TAKEA WalE XA T E e
F7171A] Agke) 1960 oAl f7192A12] ARS-
o2 w7|ge|ge AR UL, §715-2A4] ARgo] X
H o] Tl EAARI FAALEATL =Y E o] FTIA FA
EAIEA] S HolehEh 5, 2003). 22 H2 W7o
Wlo] Z71sled 20033 2004390 ZH2F 2.9%, 4.3%2] 2
£S5 YR 5, 2005), 2006300 o] F43] Z7}
sked 28.8%71 WA kA th(Han, 2007).
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(A %5, 2008b), prochloraze} fludioxonil E-&ZA| A=) 2]sk
WA 5, 2009) 5 FE SAALES AHE A7 3
= om, ¥ FAfol|A F2|g Fusariumdt2] prochloraz
ofAloll gk A a2 WA A S ZALsle] SAIAEAS +F
S B3 v} AR 5 2008a). SHAIARA ok
1980t U¥EolA benzimidazoleZl 2FA|Q! benomyl Al
P d57F 28] 2 FallE FUck(shii and Takeda,
1989; Ogawa and Takeda, 1990).

ARG 2] E)0) Slotx 58 AtAle] AP 8 AE
A= 7HY 83 8912 ofAlo] digh AAde] fxlol
t}h o2} 714 benzimidazoleZ] Al A& A& At}
o] ofAl g3t A7) Hashs A 9 FF A
(single major gene)] =AMl &) YEPAY S F
el A FRte] ERE s a el osl vERe Sl
WA, et el A o] HRE QL o5 oAt
(polygene)’} #Hodsl= A o2 LA AtkDyer ef al., 2000).
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7} QAERY AREE o] kot H 7|k ] Wle] F7t
SlaL A 2] 8] 7, A BT Ahaekal Qlo] SAA A
ol gk Ate] Hado] tiFE] AL AUTHAL G, 2008).

a2 AellA = Aol A w7t s 7, e
g & o]E #52] prochloraz®} benomyl+thiram 2hgA] o
gk AR S ARSI B3 AR o] A

ZATE flstd A #Fek A IS A A
zgslslen, ol & Fato] Welte] A WS Wsks
S

M2 o HHY

Helw 22 ¥ wHlE H#-

2006139114 2007744 WA-S EElsh] flste] A=
oA oA g o} Bl FAE ST oA =AY A,
AAF-Z F 5mme] 712 sl 1% 2ot E
FOR qHAES &, AR 33] AlFsaL B71E AA
stod =g ul ] (water agar)oll XI7dsIith. EAk2] 739+,
FHAES 3R] R, AtSERE 23] AlFslal £71E AlA
sto] EgdulA] plated 10704 X738ttt 5~79 &, 4%
S ZRE Fusariumd-2 TEAF £-2]31] PDA(potato dextrose
agar)?} SNA(synthetic low nutrient agar) APHBIX]O] &%
HiFslaL, o)F 5 10°Collx] WdRgetrA] Aol AL
ot 2570 A5 TSI, o150 whiE A S
?13ll genomic DNAS F+Z38t3L wHlq Iehg So] Zz}
oJHE PCRS 433} th(Steenkamp et al., 2000).

OFN|MEd HA

A2 SHAAEAE 58S FAFel] flste] oAl thgh
HaAAFEMICYE S ARESt AL
Alg] kA= prochloraz(a.i. 25%, EC)2} benomyl + thiram
(ai. 20 +20%, WP)S AME31ATh A k= Pars
ol-gate] FAskal PDA wiA|OA HFFE7F 22t 0,
0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2 pg/ml’} === 7}
St TS PDA Al vlQFstaL 25°CellA 5
7F ket 3 cork borerZ(27 3 mm) dAF EHE o
ojije] AAlE F=EE 7Kg PDA #iA|ol HE3H3
t}. 25°Ce] a27el 597wt &, wAke] 23S S48t
3 MICHS &ALt Ad 59 444 o478 A
S TH(Table 1).
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Table 1. List of Fusarium fujikuroi isolates from rice plants used
in this study

Isolate Isolated part Location Mating type

CF202  Seedling  Cheonan, Chungnam MAT-2 (male)
CF232  Seedling Sangju, Gyeongbuk MAT-1 (female)
CF179  Seedling  Chuncheon, Gangwon MAT-2 (male)
CF337 Stem Sangju, Gyeongbuk MAT-1 (female)

M #Fo| RN =g U mH FiEF 22

ke 0] H734 AEFE 18t Choi e al.(2009)°]
o g2 wajste] SEHAIHNE A F T Prochloraze}
benomyl + thiram 2FAoll thsll =% 742391 CF2029}F CF232
455 WS, A58 491 CF179F A3 w521
CF337 #+75 27 wefetaict. Soist2] 2 E 91t
FAE Adzhe 3letal, olE wilete] ArdEAE
ZAF s

3
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#A)e] A7 ZAAT Tt Tkl SHIAGHE =
AL Slate] ol AW E o R MICE Z2AIgth,
An Y
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20061351 2007 I71A] =] B A KoM =3
AEZRY Fusariumd-S 2] 3HATE FA18E 2571 5l
thsll prochlorazet benomyl + thiram FA1E thAlo = kA
AEE AR A, o] 57 oAl sl T3S
et} Prochloraz®] 73-%-, MIC 1.5 Lg/ml oS &
71502 3}oq, CF231, CF234, CF238, CF245, CF249, CF337
457+ AFAAS YEPI T, benomyl + thirame] 7% MIC
250 pg/ml ©14L 71502 CF245, CF249, CF337 @57} A
FAS B ATKTable 2). Prochlorazol] ThdF Hat MICZHS <F
0.8 p/ml o] ok, A #5975 2 pg/mle] ST E
AP AlERs Zeg #EEI) B3 benomyl + thiram2)
2%, oRRe] @5} 2 ugimle] MICRS UEfslont A%
A TFE 250 g/mle] FEAXNE dAPT AR Slo=E
ZAE AT} 3], CF245, CF249, CF337 45 prochloraz
9} benomyl+thiram 250l thafl #34S YeERNSITH.

Prochloraz= DMIZ (sterol 14 a-demethylase inhibitor)
AR 1977 A5 AR AlAIH o= oF 507]=ollA
305 ool ZhEoll AREE AL ATKDyer er al,, 2000). L2t
W eyespotS YL71= Oculimacula acuformis (Leroux
and Gredt, 1997)9} 2312 verticillium A1 S-S do7|=
Verticillium dahliae ‘51X A&/ 4571 RAEATHKurt et
al, 2003). B7|ckeHe] 739, 4l 5(2008a)°] SHEA| oA
prochloraz A4 wF7F 13.8%=2 E2]E ATt B3t v}
k. 7 19709t) 2RHEE A= U1 benzimidazole
Al AdstAlel] gk A E5o0] BALE %] o (Staub, 1991),
1980t Qo] ofe] A Hellr FALES AAEIAZol=
w7|ckeHo] giEayst U210 2 benomyl A 9] &
S B33k v Qlo}(Ishii and Takeda, 1989; Ogawa and
Takeda, 1990).
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Table 2. Minimal inhibitory concentration (MIC) of Fusarium
Sujikuroi isolates tested for resistance to prochloraz and
benomyl + thiram
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Table 3. Comparison in mycelial growth of Fusarium fujikuroi
isolates CF202, CF232 and their progeny at different

MIC (ug/ml)” Phenotype”

Isolate  prochloraz Benomyl+thiram  Prochloraz  Benomyl + thiram
(ai. 25%, EC)a.i. 20+20%, WP) (ai. 25%, EC)(ai. 20+20%, WP)

CF202 0.5 2 Prc-S Ben-S
CF232 0.5 2 Prc-S Ben-S
CF179 0.5 2 Prc-S Ben-S
CF337 2< 250< Prc-R Ben-R
CF095 0.75 2 Prc-S Ben-S
CF100 0.5 2 Prc-S Ben-S
CF174  0.25 2 Prc-S Ben-S
CF177 0.5 2 Prc-S Ben-S
CF196 0.5 2 Prc-S Ben-S
CF203 0.75 2 Prc-S Ben-S
CF210  0.75 2 Prc-S Ben-S
CF231 2< 2 Prc-R Ben-S
CF234 2< 2 Prc-R Ben-S
CF238 2< 2 Prc-R Ben-S
CF245 2< 250< Prc-R Ben-R
CF247 0.75 2 Prc-S Ben-S
CF249 2< 250< Prc-R Ben-R
CF255  0.25 2 Prc-S Ben-S
CF280  0.25 2 Prc-S Ben-S
CF288 0.75 2 Prc-S Ben-S
CF300 0.5 2 Prc-S Ben-S
CF301 0.5 2 Prc-S Ben-S
CF158 0.5 2 Prc-S Ben-S
CF258  0.25 2 Prc-S Ben-S
CF235 0.75 2 Prc-S Ben-S

“The MIC was determined 5 days after inoculation. EC, emulsifiable
concentrate; WP, wettable powder.

b>Fungicide sensitivity(S) or resistance(R). Prc-S, prochloraz sensitiv-
ity MIC<1.5 gg/ml); Prc-R, prochloraz resistance (MIC > 1.5 ug/ml);
Ben-S, benomyl + thiram sensitivity (MIC <2.0 zg/ml); Ben-R, benomyl +
thiram resistance (MIC > 250 pg/ml).

2 AFdM e AFolA FHE 257 #FE AN
prochloraz®} benomyl+thiram A3 o] 22}t 24%, 12%%
ZATE 7] wol] Thgst S GO oA S
ZAFSAL, o]of] gk AlAQ] BUEH o] Qs Ao = vtk
Hoh. w3 opA g g o] vkl MICHRRS: ©]8-31317] o
ol FAF A 50% A FESQD ECyate] AP o] Foxfof
& Zlo = AJztEh

o =ZF 22| ¥ §4 4%
g 27k s w92 S, A AR

temperatures
Isolate Temperatures
17°C 20°C 23°C 26°C 32°C
Parents
CF202 15+02Y 1.9+0.1 2103 2402 2.0£0.1
CF232 1.6+0.1 1.7+£0.1 20£0.1 24£02 19%0.1
F, isolates
1 1.7£0.1 22+0.1 24+3 25+£00 2.1=£0.0
2 1.6£0.1 2.0+0.1 22+01 23+0.1 1.8+0.1
3 1.5£0.1 1.8+0.1 23+03 25+0.1 1.7+0.1
4 1.5+01 1.8+0.1 23+£03 25+01 18=+0.1
5 20£0.1 24=+0.1 29+03 33+03 24+£0.0
10 21+£00 25+01 29+04 33+03 23£0.0
14 1.7+0.0 2.0+£0.1 22+01 25+£02 1.9+0.0
48 1.7£0.1 19+£0.0 24+£02 24+£00 19+£0.1

al}Colony diameter(cm) of isolates was measured after incubation for
4 days at different temperatures on PDA.

Table 4. Comparison in mycelial growth of Fusarium fujikuroi
isolates CF179, CF337 and their progeny at different
temperatures

Temperatures
17°C 20°C 23°C 26°C 32°C

Isolate

Parents
CF179
CF337

F, isolates

1 23+0.1 3.0+0.0 39+03 4.0+03 2.6=+0.0

4 1.9+0.0 22+0.2 3.0+05 33+02 24+00

8 23+0.1 29+0.0 34+03 3.7+0.1 24+£0.0

9 2.1+0.1 2.7+0.1 34+04 35+01 24=+0.1

20 1.9+0.1 2.1+0.0 25+02 3.0+02 2.0+£0.0

28 23+£00 3.1£01 3.6+02 39+01 2.7+0.0

al}Colony diameter(cm) of isolates was measured after incubation for
4 days at different temperatures on PDA.

16+£02” 2.0+02 24+04 29+04 2.0=+0.1
1.7£0.1 22+01 24+02 24+0.1 2.0+0.1
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Fig. 1. Distribution of minimal inhibitory concentration(MIC) for progeny from two crosses between fungicide sensitive isolates
(CF202, CF232 and CF179) and fungicide resistant isolate(CF337) of F fujikuroi. Mating partner are shown on upper right
of graph, with arrowheads indicating MIC for respective parents, and # is the total number of progeny analyzed from each
cross. (A) and (C), prochloraz; (B) and (D), benomyl + thiram.
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