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r £ 7 . - , > N = 1
KAEHE o FEES R & A2
PR S B R

wW o=

HR IR B Fusarium fujikuroifit5 |[FEAN /KRG GE % (Bakanae disease of rice) & B ZHY/K
TR E 2 — » BELURBTE T AT N E R T EAPE T AR E R E R e 5%
4 o AR R LA A T o SRS R AR O A B DB A 3%
EEAS » (FRETHCHER T R R S E AR - R DR B ARG - K T AR
SRR W ETY » AR r K E RN e A - EXRFFCREE:
Hid 75 520 g Galactose ~ 2 g L-asparagine ~ 1 g K.HPO, ~ 0.5 g MgSO, - 7H,O ~ 0.5 g KC1 ~
0.01 g Fe-Na-EDTA -~ 1 g Na,B,0; - 10H,0 ~ 20 gagar Ei1 L /K - EEHpH{EFE &4.5 K5
S B (RN ppm AR EEHER ~ 2 ppm AT ~ 5 ppmiEEE ~ 10 ppmtEZEE ~ 1 ppmf{k
H[E] ~ 1,000 ppm&EALHE 200 ppm&EfZE o AR EA AT I EE B A Fusarium
TEiE - &2 ATERIPRE i S AH Y E proliferatum

RAE | KREERIN ~ KRERINE ~ SN EE: - EMER

Hl &

K E R R R RN IS2BEN HAEAEARELE| » WS HEEREH KX EEESS
BFE - EEBRENRE » AIREREI0%Y  ITRFR  EFEEHRGMIDERBELE - LU
2R BAE O & i Ry R EE > AR AT BEFS T e A% WUk - BN R R
B AR TN E R R A LRSI R E 2 R/lg - SWAB T L2 EEM v L - 15
TR B A D TR TN AR G LR - SR LU R — 1T PR 38 - AT AW SE B
8 KR A R B Ik T AE LT P RS R 35 S8 (BE se Fi R 15 5 R AR B EEME 07 B
AR HREEEER e — P ETETRE  ENEERFE ZFESE - E— DT
iR R R et el s EE 2T DR RS EE - D H
RITE R RS A R - R B AiKhe RS HE =G - R MR &« th It 2R B
{1 J5 [ e FH 4 7 5 JEL f /i 7 (foundation seed) s (B EERERKEFMEH > &
Hi R A fE T (registered seed) 5 & HHATSRE T L& RIF 2 AW EERBERMEE - DUFEE

TEb R B g E R RIS 101455 -
MTBREEE S gE BN RGIEHEE -
S BT A YR R RIS - B -
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A2 B PRAEAE T (certified seed) » & FEAKRH RIS JF A ~ [ Ao BRFE = TR iR - 1
T ERR R E N AL S 35 A A s g ORI R B (E0R0 R - RIIET DU R R A - B R
T S PR AE AR T TR RE - AR ERE RN E 2 o (OIS TR IR B E R BV 704 2 R A e i
MEs RO T B —MES [ T (0 - Amatulli® A ©)FI] B 7K F5 4 297 5 42 Transcription
elongation facter 1a(TEF 1-a)f & EE ARSI EE - SatKEERWEIVE 5%
RE (R I AE A /K R R s 4H A% B A - PN AV TR BT > (H R VE BT K E AV T-H#E 17RO 5 BRI
HEfAKEREENGEE > AR EZEN T AT S LG o bbb - SEETHHE % Lt
H AR 3 1T 0 45 BE 55 I (I /K R 68 = 1 S 0 M 3 B R » S T o B v 38
RIRE% - RO — e R A s A T B R ETTfHER EE S i 84 -

FE KRG T _E IR S BR 2 R /K R 4 07 B 5] 8 2 Fusarium BB Y > {IF. graminearum ~
F. semitectum * F. oxysporum ~ F. solani%s » H £ EEF/KEERREFEMEL - EBRE.
fujikuroi species complex(FFSC){E & 1&E 2 F. proliferatum¥iF. verticillioides"® » H X DLF.
proliferatumF17KFETE 7 B it i 2 88 HECEDNAFYI &t mE &y - BATE A
ST SR P Fusarium B BH 25 81 2% 8 FE RS B 5L » INash-Snyderk%5 & £ ***? + Malachite Green
Agar '~ PDID (Potato Dextrose Iprodione Dochloran Agar) ® + Rb-UG (Rose Bengal-Glycerine-
Urea Medium) ®® 5z CZID (Czapek Dox Iprodione Dichloran Agar)® % o 2R i3 £b 1 ¥ Fusarium
Fragat AV E R B A ERE S TP IILE Z EH - fOAH — 8P KR E & W s
Fusarium fujikuroi » W75 Komada£% 2 £ "9 7 DUE I 2 B S F. oxysporum ; SSM (Specific
Screening Medium) V5] LUEHI 8k F. pesudograminearum it LA /KFSEEWRE » vE
WhEE ST R 9% AR B — M B 158 00 Bl B2 009 B 2 B L o T BT AIUIE FH 2 Fusarium B R A »
Nash-Snyder % & £ - Komada$% % £ f Rose Bengal-Glycerine-Urea agar & {8 F 7 & B B 5
(Pentachloronitrobenzene, PCNB) » H:E M B S EBHS 2 H") > HATE AR 5 - # s
7t b2 R -

AW FE A LRSI E 7T N 55 [ il N 25 1 Fusarium spp. e MR g R - = E & /KiEiE
IR AR RV EBE R B AL - MR ISR ) H At PR 2R 42 e i Fusarium spp HYZER| LI L&
AR > 1B PG MK 8 HER 2 Fusarium spp. AE &R0 > itk & @A R R E A
BAZERIEL T » RO EE 2R -

MEIERTTA
—  EHIR I R
AR B 2 AR 8 0 2 2 B R
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(—) B ERAH S B - BREKREERRIE > TR LEERE R L1 em® /) » JRIE1% R E
PR 30FN % - DUR B B 25 B AR 301) - DU B AR EZ 0 B v Komada B &
b NEHI2NEELEE - 28°CT BN EA TR - WRE B FH 45 H s
& ERM - UHE—ESRET T
(D) BRI  HRESREEARN BSIEZ 100445 " IHRERE > BN 1.5%/KEHE
(water agar, WA) I » A H 12/NEFEHE - 28°C » 5 RIRVIHUER B 44 JE S HY BEFE -
it 77 HIEES A ERE > K38 The Fusarium Laboratory Manual®” 2 #7j @ fifult - & kRS HE
@Spezuller Nahrsypffarmer Agar (SNA) EiCarnation Leaf Agar (CLA) > DIERZL ELAWE > & ffE
i f4 18 2 Potato Dextrose Agar (PDA)DIEHZZ HE# 2~ B % 88 - kR Re 8% 2 41 > 1 ¥ Fusarium
spp.Z translation elongatlon factor (TEF 1-a)f%%1] » DLAEF-1 and EF-25| 7%} » fxI AmatulliZ A
a0 WE R (R B TPCRIZ E > I 8 55 B B 52 4 90 4% ffir & 1 0 (National Center for
Biotechnology Information, NCBI)48 ik > 1% i £5 IR [ > 51| B 4H 43 /T F2 2 (Basic Local Alignment
Search Tool, BLAST) &3 5L (Rl EE of (Y Fp 51 4 17 AH L PR 3 -
AR REERIEER
LLBEA i FusariumiSe FEVE RSB (L BRINE P8 ) #4705, £2& Nash-Snyder F2ER®
Komada ’z#E#1? « Tochinaifz & £ « Bilaifz & £ - D.B.GE:&EE Y « parkizg 19
Selective Fusarium agar (SFA) ~ Rose Bengal-Glycerine-Urea BEZEEL(RbGU) S PDARZE AL - M|
SNE IR EBF. fujikuroi TLO1 ~ TJIO1 ~ F. semitectum B FRFSEMI (538 H 3} 7SHY 2 2 8457 HL) ~
F. verticillioides@EIRFVR L F. proliferatum BEIRFP1 o BRIEEFE N 1.5%/KIE 5 (water agar, WA)
ERFEERE > DIRTILES U E TS B SN E S B (E R4 mm) » FEIRE TN R [FEHY AT
BrE AR BIRPERAEIR R R - BREEA4EE - FIRE RS H 127N BERY28°C
TEAE TRIEILRE - DL AHE (D8O, Nikon Ltd, Japan)fiIRECEREEHYPRE - W EHFLLT
TR E LRI AR

L REEEECST REENEL)
Y& AN > - % E (4 mm)
=~ EREBHFIFEF. fujikurof@ 4k 2 M3& Fusarium/B & ¥k 2 HI i &

BEFRILGT -+ TR E Y E - Nk = EDR (B #% (cetyl trimethylammonium bromide,
CTAB)- L 4% B i (cycloheximide) ~ £ 52 i1 (Prochloraz)~ % #815(Benomyl) * & 4& (Thiabendazole)
FEHH E % (pentachloronitrobenzene, PCNB) ~ & 5. [# (Pencycuron) ~ {&%% % (Flutolanil) ~ L%
%%(malachite green) ~ EZBH 4L (rose bengal) ~ & 4% (Thiabendazole) 5z A 52 il (Dicloran) DA%t
KomadaZL 5% & £L (18 Ll dKomada5 B B fE %) » N-&20 g Galactose ~ 2 g L-asparagine~ 1 g
K,HPO, ~ 0.5 g MgSO, - 7TH,O0~ 0.5 g KCI~0.01 g Fe-Na-EDTA ~ 1 g Na,B,0; - 10H,0 ~ 20 g agar
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BLILIK *Uﬁﬁl()%@é@ﬁﬁyPHﬁgHﬁ%4 50 &EBAME(121°C > 151b > 15 min){& - EEFEAR
FE[E 24 F550-60 C Y » #F Lt 867 DL 1 ppm B2 10 ppmB £ EE L B B BB B AR » B KRS
EEWILOITEETION E #E ~ F. semitectum FSEMI1 & & ~ F. verticillioides FVRE K F.
proliferatum FP1HPREFIIEEN1.5% WA > B H 12/8FGEE » 28° R ERMETEELE R B
DSRITFLE UV E S B & I AP (N B84 mm) > BB 44 00 B A R [B] Y BB R B AL Sl R
o o EEERAIEE > BEEAIEE - EPIRERSH12/NFEIEAY28°CE i AH i
BHUXRE - WENEZ AN - 5HEIT[E AT -

KB AT E 2N EE RN AERETHABERFEZTFEREZZE
dKomada¥s & B &L =0 = B 12 a01% s Al#E & ~ 2~ 3~ 4805 ppm YK e B 4 5
TR BEREUIE RIREHILO1BATIO N Y B RRAVTE T R R FE4T5%10° spores/mL)20 pLiE
B2 HEE B A AR b o IRAE R DUEOR IS 48 50K 58 i 2 dK omada$i% 28 F A 0% o B aiteEn
B g 28°C R BEET B 12/ - UTHCER AV AR IR E N EI /B LLED 7 B - B RE
PR T Eitm o [ DLEHI A (D5200, Nikon, Japan)ftif » F LA HG Image JHI & 87 52 5
REZFENRE  FEEEENE2SE S EMT > SREA4ERE -

~ At & 1L #8(Lithium chloride) 3 & {# 3= (Chloramphenicol) 2 B & R E

e 22 JBRC D {8 F = S(L 8 (Lithium chloride) & » > dK omadaks 2 5 i 711 4. (L 42
6 5% 251,000-5,000 pprm; i 4282 7] BE A dK omada i # 5t » 3 65 S 4 4 1 550 100
1502%200 ppm » K FEIHRILOTBATION E4ABI B R B 05 |- - BE s Ieih 22 %
BRI /N FIRL -
A~ LEEATRIS H 2 FFCH A 1S B R B Komada 1B R ZHE

seETH B M R AL 7 it 77 5520 g Galactose~2 g L-asparagine~ 1g K,HPO,4~0.5 g MgSO, -
7H,0 ~ 0.5 g KCI ~ 0.01 g Fe-Na-EDTA ~ 1 g Na,B40; - 7TH,O81 LK - FpHIE FHEE Fy4.51%% » 4%
1= B 2 Al R AL ppme JRCER B ER ~ 2 ppmoAKSE M ~ 5 ppm/E4E ~ 10 ppmfEZSEE ~ 1 ppm
R [E ~ 1,000 ppmEA(L#E - 5200 ppmE 2 » KL EFE R ey 2 R FFCEPE A » I B R
A 5 Bl Fusarium By Komada i B ZL 1T LLER » #F /K L S BERYF. fujikuroi (LO1 ~ TIOL ~
TNTNI1132 ~ TNKHI14559 &, SDB2£) ~ F. semitectum(FSEMI1E1E) ~ F. verticillioides(FVR ~
FVCHEIR) K F. proliferatum(FPA2 ~ FPA3 K FPOIE M) BFE 1 1.5% WA LK% » D4 mm T
FLEsTTRE 44 PR - B FIRRERTE AR )79 - BENE H 12/ L IR 28°C i fE i ES
RGHETECH: - W LAE L AH (D8O, Nikon, Japan)fH B EC #% B HY P AR -
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7N ~ FFCHE RIS B B Y F. fujikuroiR Bk B U3 AE Bl &

FEFILO 1 B AR B R RS By 1x10° spores / mLAYH T- &% » HL60 mL7& » il A 12058 /K F5 (2=
FEL15E - INIDRE TR/ - 120 rp.m. jA28°C TIRIE305 8% » BRrAZERINVE
& R T PEEZ INEF > HU60FHFE T~ > DA40 mlfeE /K7E28°C ~ 120 r.p.mEBE#Z 15578 - HLS pL
At 2R - st R M8 EE3AGL Y - [HHE500 pLiEE 2R af 2 K
RINHEFEARERE - BUEETEIEEFEZESH500 pLig 5 & EFFCRI A -
Komada®%$ & 5L ~ dKomadaB5 & EAPAR F o 1228°C » 12/NE IR N EEE MU R R 5T 8s— AR
BE M KEERFEEBEAMFEEB(WAFHEER)  FRHESERE B3 (Recovery
efficiency)fJet B H = & ¢

A% (%) = (B E & + FAREE) x 100
t ERRENBATREFHATIEREFEFFCEMNMBER L2 RE

DA T ERE T8 25 KatoFE ANV A THEET - A THWEET - Bt EE
TEFFCE AR EE E > BMI4FEE T REE408 - HTHEEZEGEMEN RS
Frig it 2 /KR (Z R 1158 - TNID)E A+ FEEE T BEFFCHEE pIME R & A& > B 145
T B 1405 - BT - RHIFEEENR28C T ~ 12N ESKE - s

HE o
plarey

— s A EA R AT

(—)EPRAY 77 e LT R 8 E

S KR R H MRS ERT B E AR IR 128k (R ) - KIPREEE - T EEE I ER
HAERF fujikuroiERILSHR ~ F. proliferatum”Z WRR 36k ~ F. verticillioides 321k J F.
semitectum 15§ o

F. fujikuroifVEEIMRIEPDA b & 2 A R 4L (i AR 4R (B —A) B H B E R o (E—
B) » WU R - HLERE AR E RS - EMEE T2 - RAER SR - 1A Spezirller
Nahrsypffarmer Agar (SNA)_F - H/NT 4 18F B 2 0V 2RI (B —D) » —Iifw F - HEfF
B B 54.8-10.5 pm » EHEIE 6.0 um 5 B52.6-5.2 um » SEHEIE 3.5 um ; NETFEER
BERARE B AR Y 4 A 01 F > 2 rh A s 2 AR PRSI (B —E & F) - K2 BE Pk
HEA KT EMT(E—C) » KT F33-52 pm > FI{E 41 pm ; H5.0-13.5 pm >
I{E 758.9 pm » JEARIE R H il A5 THAMRE (apical cell) 2 & EfiR - EL4fHHE(basal cell)JP
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IRECRBHE - PR E3-5 » BRBIETER A+ - e A geias bE A AR AR
& By A 15 -
F. proliferatum>PDA £ BHEF. fujikuroih » BYERAEFLFLEE » HAN RN E % E
% HHOERZELRKOEHE -
F. verticillioidesAPDA FAE B, fujikuroild > %] AL F% > HHEZERE %
LR m(E T AKB) o BN A R BRI AV E fOAiRE > DU R e U7 = #iR(>3058

INELF)HEFIR EEFRE | BEAh > IR RIEAR R 2 E AR B o > 2P R E A KT (&
“C-F) -

. :.. \ ', / - -I_ b 'l..

[El— ~ Fusarium fujikuroi ILO1 EEIRTIAS - (A)BSE PDA Z E¥% [Fif s (B)EF&EL PDA 2 E %5 1H
(OYKALT 3 (DYIMET 5 (E)ESHIRE AR (FTEER)  (F)/ N B T AadsiRE A -

Fig. 1. Morphology of Fusarium fujikuroi isolate ILO1(A)Colony on PDA medium; (B)Reverse side of
colony on PDA medium; (C)Macroconidia; (D)Microconidia; (E)Polyphialidic conidiogenous cell

(arrowhead); (F)Microconidia in short chains.

=
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B —.. F. verticillioides FVREIRBIFE « (A)EFEPDA Y B % IEH (B ENPDAY B4 E M
(CYNMETREGIRE A © (DYMET © (B-F)/NMET DR ER PR E AR -
Fig. 2. Morphology of F. verticillioides isolate FVR (A)Colony on PDA medium; (B)Reverse side
of colony on PDA medium; (C)Monophialidic conidiogenus cell; (D)Microconidia;

(E-F)Microconidia in long chains.
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Fe— ~ AIAFERTE FHYE R B
Table 1. Fusarium spp. used in this study

. . . GenBank
Fusarium species  Isolate designation Source - -
Identity(%) Species
Fusarium ILO1 Diseased rice stem 100.0 F. fujikuroi
Jujikuroi TJO1 Diseased rice stem 100.0 F. fujikuroi
TNTN1132 Diseased rice stem 100.0 F. fujikuroi
TNKH14559 Diseased rice stem 99.8 F. fujikuroi
SDB2 Nature rice seed 100.0 F. fujikuroi
F. semitectum FSEM1 Nature rice seed 99.0 F. semitectum
F proliferatum FPA2 Nature rice seed 100.0 F proliferatum
FPA3 Nature rice seed 100.0 F. proliferatum
FP1 Orchid 100.0 F. proliferatum
F verticillioides FVR Nature rice seed 100.0 F verticillioides
FVC unknown 100.0 F verticillioides

F 2~ NEFusarium B EEE R FR &R B2 FE K
Table 2. Effect of different media on the growth of different Fusarium species

Colony size (mm)'

Basal
medium’ 1Lo1’ TJO1 FSEMI FVR FP1
dKomada 26.0+£0.6b 29.2+02a 258+0.3b 29.7+04a 25.6+04b
NSBM 28.1+0.4¢ 27.0+£0.2¢ 37.3+£0.2D 46.5+0.6a 443+05a
Tochinai 31.0+£0.2 ¢ 31.7+£ 03¢ 37.5+£2.2D 46.6+0.3a 435+02a
Bilai 24.6+03¢ 26.0+0.4b 43.0+0.2a 43.8+0.6a 283+1.2b
DB.G 18.6+0.2¢ 22.1+£0.2b 28.8+0.6a 26.7+09a 274+08a
Park 13.4+03d 13.5+0.1d 19.6+0.6 ¢ 321+03a 21.2+£0.7b
SFA 304+0.2d 26.6+0.2d 50.7+0.3a 47.7+£0.2b 33.3+09c¢
Rb-UG 33.0+0.6¢ 29.1+0.6d 348+13¢ 423+04a 383+0.7b
PDA 21.1+£0.4¢ 23.7+03¢ 482+13a 454+0.7a 39.6+0.4b

"Mean =+ standard error (n=5) Means within a row followed by the same letter are not significantly different at 5%
level by Fisher’s protected LSD test.

% Antimicrobial agents are excluded.

3IL01 and TJO1= Fusarium Sfujikuroi, FSEM1= Fusarium semitectum, FVR= Fusarium verticillioides, FP1=
Fusarium proliferatum.
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(D) THEYEEE
Fir A 7K A b o BEfS B RR 2 TEF  1-afp 51 B 35 5 B 22 42 P) 43 i & 5 H 00 (National  Center
for Biotechnology Information > NCBI){% [ & i} & [N e [L %145 51 86 8% € &y Fusarium
Sfujikuroi BEIR » BAESRIE T 2 F. fujikuroifH Ll fE 45 F599%-100% ; L 8E8% 72 By F. proliferatum
2Bk o BRI 1 7 Fusarium proliferatumf{LIE & F5100% 5 FRE8E T8 By F. verticillioides
ZEME  EHEREF ZF. verticillioidestH{LLE 55 £100% « F. semitectumbb ¥ 45 R BEIT &
F. semitectum > FA{LLE £599% - BEFEILO1(F. fujikuroi)~ TIO1(F. fujikuroi)~FP1(F. proliferatum)~
FSEM1 (F. semitectum) ~ FVR (F. verticillioides){E FsBHZ5F. fujikuroifis 5|14 B & FERG Ay F 32
HIENERR o F. fujikuroiB@RTNTN1132 ~ TNKH14559 5 SDB2 » F. proliferatum BEIRFPA2E
FPA3 > F. verticillioides HFRFVCHIT% & i~ 80 M 5 & 5 R /ERE T ME(E—) -
T TAEREEEAHKEERREAEHRERMNTE
F. fujikuroi ILO1EATIO1 G PR{E dKomadaf & A EAYEE A/N26.0 £ 0.6 mm ~ 29.2 + 0.2
mm)EFSEMI1E#£(25.8 £ 0.3 mm) ~ FVRE£(29.7 £ 0.4 mm) & FP1E#£(25.6 £ 0.4 mm)fHE -
ks HY HoAth (st B 3 2 RISV B % A/ » TLO1 ~ TIO1#XFSEMI ~ FVRZFP1/]\  Komadak:
iz E L (dKomada) - > ILOTEATION MR E S B ARG » fAEESR KL » M F. semitectum
RIE 45 % % » TP RE R R 8RR > B Ryl B 11 o U EE AU dKomada 58 5 TR NI (R D) -
= TENENEHKEERFEEMERTE

FofE S R T (2 DR E I M E A & - P e SR E R A RIRE
T ZHNERER - (F R BRI B AR U7 Ry BRI R - B (1) ¥ HARILO1EATIONE PR AL RANH
HR<20%H1(2)HFP1 ~ FSEM1 K FVRAERANHIH>70%  FEHIEPE Byl ppmBYRE 2T - 4R
A - R ~ BESTAL ~ R~ BCRALHFPHIHIRESS %L L - FEN1 ppmiRf& TEILAL
EABETC A TLOTEATIO N bR R s - HEGRALN B PR R A 5 [NILEERE] ppm B4R
] A s (1 [E] 1 B 88 il 5 B AR B T o7 © 1 ppmAYFL 2 SRS TLOT B TION B PRI 22 80% L b
A THRE(ERD) © JELEF 1 ppmFEILOL ~ TIO1 ~ fIHIA(KFL10% > MFPIEAA K > 210 ppm
R Al AT 52 = HIHITI0N ~ TLOLR FPIERR(R = KRk M) - #E— B AR @K E RN E % 2FE
REZZE  EBEHILOIERIS ppmiF BB Il 2R - BHTIOIFERAIE2 ppml i IR4H 4%
ZEFERN) o RTUMINT ppmEF$HILOIEATIONE PR B R 15%LLT » REHE P& HAHUR
FERR I KRR IE R 8 28 2 28 SR ARSOME L0 TIO L PR HY2 ppmiF Y38 SF B R Y
B IR S R o TR H I HARE R RINEA 22 R - FIEERER TRE - ARMH
ETHAERZESE - FrRE AR ppmsi10 ppmis - $ILOTETIONE PRATHIHREHL20%
{EE 2 FERE L FPIE M A E RIMF UZRE R EHA R - [NIMEEE10 ppmig ZE -
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Table 3. Effect of different antimicrobial agents at 1ppm on the growth of different Fusarium

species

Antimicrobial agent

Colony size (Inhibition %)

.ol TJO1 FSEMI FVR FP1
CTAB(Cetyl 20.2 (14.4) 20.3(-5.4) 24.1(154) 22.9(18.3) 25.3(-4.1)
trimethylammonium
bromide)
Cycloheximide 19.4(17.5) 15.8(18.3) 17.1(39.9) 21.1(24.9) 0.0 (100.0)
Dicloran 20.5(12.8)  18.0(6.5) 25.0(12.3) 22.0(21.6) 24.0(1.2)
PCNB 21.6 (8.5) 16.4 (14.8) 24.1(154) 18.7(33.5) 10.3(58.8)
(Pentachloronitrobenzene)
Thiabendazole 22.5 (4.6) 20.2 (-4.9)  28.4(0.1) 26.1(7.2) 0.0 (100.0)
Rosebengal 20.5(13.1) 12.2(36.9) 26.6(6.5) 25.7 (8.6) 3.4 (86.0)
Malachite Green 3.0 (87.3) 0.3(98.5) 22.5(209) 19.3(31.4) 21.0(13.8)
Flutolanil 19.8 (16.1)  18.5(4.2) 28.7(-0.9)  23.5(16.3) 0.0 (100.0)
Pencycuron 22.5(4.5) 21.1(-9.4)  28.5(-0.2)  26.5(5.5) 36.9(-51.7)
Benomyl 13.4(43.2) 13.0(32.5) 25.8(9.4) 25.8 (8.0) 10.6 (56.5)
Procholoraz 14.3(39.3) 11.7(39.4) 7.7 (72.9) 2.0 (93.0) 0.0 (100.0)
Iprodione 19.9 (15.6) 17.0(11.7)  25.6(10.2) 25.6(8.9) 24.1(100.0)
Control 23.6 (0.0) 19.3 (0.0) 28.5(0.0) 28.1(0.0) 24.3(0.0)
LSD 05 1.0 1.8 1.8 2.1 2.3

"values of at least significant difference are for comparisions of means of mycelial growth within pesticides

at 5% level.

21L01and TJO1=Fusarium fujikuroi, FSEM1= Fusarium semitectum, FVR= Fusarium verticillioides, FP1=

Fusarium proliferatum.
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Table 4. Effect of different antimicrobial agents at 10ppm on the growth of different Fusarium

species

Antimicrobial agent

Colony size (Inhibition %)

.01 ' TJO1 FSEMI FVR FP1
CTAB (Cetyl 16.7 (29.4) 17.7 (8.3) 18.2 (36.1) 22.5(19.9) 22.6(7.0)
trimethylammonium
bromide)
Cycloheximide 15.7 (33.5) 13.6 (29.5) 8.5 (70.3) 18.0 (35.9) 0.0 (100.0)
Dicloran 13.3 (43.7) 10.5 (45.6) 8.8 (69.0) 23.5(16.3) 22.8(6.2)
PCNB 17.8 (24.4) 14.6 (24.4) 14.3 (49.6) 25.1(10.7) 8.7 (67.3)
(Pentachloronitrobenzene)
Thiabendazole 12.7 (46.2) 0.0 (100.0) 22.9(19.5) 0.0 (100.0) 0.0 (100.0)
Rosebengal 16.0 (32.2) 10.9 (43.5) 16.0 (43.7) 15.8 (43.9) 0.0 (100.0)
Malachite Green 0.0 (100.0) 0.0 (100.0) 5.7 (79.9) 14.0 (50.2) 13.5(44.3)
Flutolanil 21.1(10.6) 17.7 (8.5) 26.7 (6.2) 12.6 (55.1) 0.0 (100.0)
Pencycuron 21.2(10.0) 19.5 (-0.9) 27.3 (4.0) 14.7 (47.6)  37.7(-55.1)
Benomyl 8.5 (63.8) 0.0 (100.0) 13.1 (54.1) 0.0 (100.0) 0.0 (100.0)
Procholoraz 10.8 (54.4) 6.0 (69.1) 2.4 (91.4) 0.0 (100.0) 0.0 (100.0)
Iprodione 9.5(59.7) 8.8 (54.3) 17.4 (39.0) 12.6 (55.1) 18.1(25.4)
Control 23.6 (0.0) 19.3 (0.0) 28.5(0.0) 28.1(0.0) 24.3 (0.0)
LSD 05 0.8 1.4 0.8 1.3 0.3

" values of at least significant difference are for comparisions of means of mycelial growth within pesticides

at 5% level.

2IL01 and TJO1=Fusarium fujikuroi, FSEM1= Fusarium semitectum, FVR= Fusarium verticillioides, FP1=

Fusarium proliferatum.

~ Al & 1L £8(Lithium chloride) B3 & {# 3= (Chloramphenicol) 2 B & iR E

AR AR £ RAYLICL > 1,000 ppm LT BILOTELITION B R Y AL R B2 4 EL i i 2
2 E o JIHIRIRHS%(R L) ¢ & A IS4 G A RAY A Z 2200 ppmELT - HILO1EATION

B PRAY B SR R i 2

=
\%ﬂ? é

(FH) -
At > OB R /KR E g i 1 M s BB 5 1R S (5 H * FFCES & 5L (Koamada’s basal

medium amended with 1 ppm cycloheximide, 2 ppm Dichloran, 1 ppm Iprodione, 5 ppm

Thiabendazole, 10 ppm Flutolanil, 200 ppm chloramphenicol, 1,000 ppm lithium choloride)
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Table 5. Effect of different concentrations of Chloramphenicol and Lithium Chloride on colony
size of F. fujikuroi isolates ILO1 and TJO1

Antimicrobial agent' Conc. Colony size (mm)
(ppm) 1L01 TJO1
Chloramphenicol 0 29.8 26.5
50 28.8 23.6
100 31.5 23.3
150 304 20.6
200 29.7 26.7
LSDp0s5° 2.0 1.9
Lithium Chloride 0 20.8 26.5
1000 25.7 25.2
2000 24.3 24.5
3000 23.3 21.9
4000 18.2 22.4
5000 13.3 18.0
LSDy o5 2.0 1.1

! The antimicrobial agent is amended to 20g Galactose, 2g L-asparagine, 1g K,HPO,, 0.5 g MgSO, - 7H,0, 0.5 g KC,
0.01 g Fe-Na-EDTA, 1 g Na,B,0; - 10H,0, 20 g agar and 1L distilled water (adjust to pH 4.5 before autoclaving)
after autoclaving.

Z values of at least significant difference are for comparisions of means of mycelial growth within pesticides
at 5% level.
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Table 6. Effect of different concentrations of Thiabendazole and Dichloran on germ tube length
of Fusarium fujikuroi isolates ILO1 and TJO1

Germ tube length (um)

Antimicrobial agent' Conc,

(ppm) 1L01 TJO1

Thiabendazole 0 42.4 36.2
1 40.3 35.8

2 40.6 33.2

3 38.8 33.8

4 37.1 31.7

5 36.8 30.3

LSDp05° 7.8 8.7

Dichloran 0 42.4 36.2

1 41.3 354

2 39.7 34.0

3 36.3 31.7

4 30.5 27.0

5 25.6 21.2

LSDy 05 5.1 4.5

! The antimicrobial agent is amended to 20 g Galactose, 2 g L-asparagine, 1 g K2HPO4, 0.5 g MgSO4 - 7H20, 0.5 g
KCl, 0.01 g Fe-Na-EDTA, 1 g Na,B40; - 10H,0, 20 g agar and 1 L distilled water(adjust to pH 4.5 before
autoclaving) after autoclaving.

Zvalues of at least significant difference are for comparisions of means of mycelial growth within pesticides
at 5% level.

Fi -~ HEEPATBE S 2 E M FFCIEE A lKomada IBEEZHE

RATASE R » BECBERFFCH Bt a A - NI KRS b o il 2 RSk B 4 R 1B TP ([
=~ F£1) F. fujikuroi ~ F. verticillioides ~ F. proliferatum . F. semitectum{FKomadalZi& 5L &7
g4 E > [HFFCEFPEE [ F. verticillioides ). F. proliferatumif; A& & - #11% 41 LLFFC medium
(20 g Galactose ~ 2 g L-asparagine * 1 g K,HPO, ~ 0.5 g MgSO, - 7H,0 ~ 0.5 g KCI ~ 0.01 g
Fe-Na-EDTA -~ 1 g Na,B40; - 10H,0 ~ 20 g agar B11L /K » ¥fpH{E FH%L B4.5 » 4858 = B
B &A1 ppm AR B ~ 2 ppm K52 ~ 5 ppmE4E ~ 10 ppmiE %5 ~ 1 ppm{Ki[&E] ~ 1,000 ppm
FALHEI200 ppm & 2 1F 1% 8 [l MG BB FE AL -
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Table 7. The viability of different Fusarium species on FFC and Komada media

Growth media
Fusarium species Isolate designation
FFC Komada'
Fusarium fujikuroi ILO1 +2 +
TNTNI1132 + +
TNKH14559 + +
TJO1 + +
SDB2 + +
F. semitectum FSEM1 + +
F. proliferatum FPA2 - +
FPA3 - +
FPO1 - +
FE verticillioides FVR - +
FVC - +

'Komada : 20 g Galactose, 2 g L-asparagine, 1 g K,HPO,, 0.5 g MgSO, - 7H,0, 0.5 g KCl, 0.01 g Fe-Na-EDTA, 1
g Na,B,0;- 10H,0, 20 g agar and 1 L distilled(adjust to pH 4.5 before autoclaving). After autoclaving, 1 g PCNB
(Pentachloronitrobenzene), 0.5 g Oxgall, 0.3 g streptomycin sulfate are amended. FFC : 20 g Galactose, 2 g
L-asparagine, 1 g K,HPO,, 0.5 g MgSO, - 7H,0, 0.5 g KCl, 0.01 g Fe-Na-EDTA, 1 g Na,B,0;- 10H,0, 20 g agar
and 1 L distilled(adjust to pH 4.5 before autoclaving). After autoclaving 1 ppm cycloheximide, 2 ppm Dichloran,
1 ppm Iprodione, 5 ppm Thiabendazole, 10 ppm Flutolanil, 1,000 ppm lithium choloride, 200 ppm
chloramphenicol are amended.

*+ = viable, - = inviable.
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B = - F. fujikuroi ILO1E R - F. verticillioides FVCE ff ~ F. proliferatum FPA3E FRELF.
semitectum FSEM1E IR FFCESE R (AEB) FVAE BB -

Fig. 3. The appearance of F. fujikuroi isolate 1LO1, F. verticillioides isolate FVC, F. proliferatum isolate
FPA3, and FE semitectum isolate FSEM1 cultured on FFC medium (A and B) at 28°C for 5 days.
FFC medium : 20 g Galactose, 2g L-asparagine, 1 g K,;HPO,4, 0.5 g MgSO, - 7TH,0, 0.5 g KCl,
0.01g Fe-Na-EDTA, 1 g Na,B40; - 10H,0, 20 g agar and 1 L distilled water (adjust to pH 4.5
before autoclaving). After autoclaving 1 ppm cycloheximide, 2 ppm Dichloran, 1 ppm Iprodione,

5 ppm Thiabendazole, 10 ppm Flutolanil, 1000 ppm lithium choloride, 200 ppm chloramphenicol
are amended.
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Fig. 4. Recovery efficiency of Fusarium fujikuroi isolate ILO1 on different media. FFC medium : 20 g
Galactose, 2 g L-asparagine, 1 g K;HPO,, 0.5 g MgSO, - 7H,0, 0.5 g KC1, 0.01 g Fe-Na-EDTA, 1
g Na,B40; - 10H,0, 20 g agar and 1 L distilled water (adjust to pH 4.5 before autoclaving). After
autoclaving 1 ppm cycloheximide, 2 ppm Dichloran, 1 ppm Iprodione, 5 ppm Thiabendazole, 10
ppm Flutolanil, 1,000 ppm lithium choloride, 200 ppm chloramphenicol are amended. Komada
medium : 20 g Galactose, 2 g L-asparagine, 1 g K;HPO,, 0.5 g MgSO, - 7H,0, 0.5 g KCl, 0.01 g
Fe-Na-EDTA, 1 g Na,B,O; - 10H,0, 20 g agar and 1 L distilled water, then adjust pH to 4.5 with
10 % phosphoric acid. After autoclaving, PCNB 1 g, Oxgall 0.5 g, Streptomycin sulfate 0.3 g are

amended. dKomada : Komada medium excluded antimicrobial agents.

* Columns with the same letter are not significantly different at 5% level by Fisher’s protected LSD test.
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Fig. 5. Frequency of contamination in different media.
FFC medium : 20 g Galactose, 2 g L-asparagine, 1 g K,HPOy4, 0.5 g MgSO, - 7H,0, 0.5 g KCI, 0.01 g

Fe-Na-EDTA, 1 g Na,B40; - 10H,0, 20 g agar and 1 L distilled water (adjust to pH 4.5
before autoclaving). After autoclaving 1 ppm cycloheximide, 2 ppm Dichloran, 1 ppm
Iprodione, 5 ppm Thiabendazole, 10 ppm Flutolanil, 1,000 ppm lithium choloride, 200
ppm chloramphenicol are amended. Komada medium: 20 g Galactose, 2 g L-asparagine, 1
g K,HPO,, 0.5 g MgSO, - 7TH,0, 0.5 g KCl, 0.01 g Fe-Na-EDTA, 1 g Na,B,0;- 10H,0, 20
g agar and 1 L distilled water, then adjust pH to 4.5 with 10 % phosphoric acid. After
autoclaving, PCNB 1 g, Oxgall 0.5 g, Streptomycin sulfate 0.3 g are amended. dKomada :
Komada medium excluded antimicrobial agents.

* Columns with the same letter are not significantly different at 5% level by Fisher’s protected LSD test.
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(A) Artificial inoculated seeds (B) Natural seeds (C) Upper
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Fig. 6. The appearance of artificial inoculated seeds and natural seeds grown on FFC differential medium.
(A)Artificial inoculated seeds (arrow: indicating seeds artifitially inoculated with F fujikuroi
isolate ILO1) (B)Natural seeds (arrow: indicating seeds naturally infested by F. fijikuroi ) (C)The
upper side of colony of seed infested by F. fujikuroi (D)The reverse side of colony of seed infested
by F fujikuroi.
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Development of the Differential Medium of
Fusarium fujikuroi, the Causal Agent of Rice
Bakanae Disease’

Ching-Ching Hsu , Chi-Yu Chen * and Jenn-Wen Huang *

ABSTRACT

Bakanae disease is one of the most important rice diseases worldwide, and is endemic in
Taiwan for the recent years. Typical symptoms are on the primary leaves with slender, chlorotic
and elongated appearances, which is caused by the pathogen, Fusarium fujikuroi. Infected plants
can be observed on the seedbed and in the field. This pathogen has long been considered to be
seed-borne. Therefore, seed sterilization is the major approach to control this disease and has been
proved effective. However, this disease still outbreaks from time to time and its occurrence is
hardly predictable. In order to detect F. fujikuroi in seeds, a differential medium, designated as
FFC medium, has been developed in this study. FFC medium contains 20 g Galactose, 2 g
L-asparagine, 1 g K;HPO,, 0.5 g MgSO, - 7H,0, 0.5 g KCI, 0.01 g Fe-Na-EDTA, 1 g Na,B40; -
10H,0, 20 g agar, 1 ppm Cycloheximide, 2 ppm Dichloran, 1 ppm Iprodione, 5 ppm Thiabendazole,
10 ppm Flutolanil, 1,000 ppm lithium choloride, 200 ppm chloramphenicol and 1 L distilled water.
Although both F. fujikuroi and F. proliferatum are morphologically indistinguishable, they could
be easily separated by FFC medium. F. proliferatum can be inhibited on FFC medium.
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