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Abstract

Clubroot disease of Brassicaceae, caused by an obligate endo-parasitic slime mold

Plasmodiophora brassicae Woronin, is one of serious problems of cruciferous crop.

Currently, one of major control methods for clubroot disease is to elevate pH value by

adding lime into soil; however, detrimental effects including soil alkalization and

hardening often occur and exhibit impact on plant growth and environment. Thus,

alternative and effective control measures are currently in need. The goal of our study

is to explore bio-control resources and develop new disease control method for

clubroot disease. To achieve this goal, three specific aims include: (i) to investigate

the occurrence of clubroot disease in the high elevation fields of Taiwan; (ii) to collect

and differentiate P. brassicae races; (iii) to isolate myrosinase-producing microbes

and develop a biofumigation control protocol based on degradation products,

isothiocyanate, of glucosinolates. Our field survey revealed that clubroot disease

occurs in the fields of high elevation growth areas with incidence of 10-100%. Twenty

three clubroot samples collected from 8 different counties in Taiwan were subjected to

race differentiation experiments. We failed to differentiate these samples by rDNA

sequence, but samples from plain fields or high mountains can be separated into 2



pathotypes based on specific sequence marker. Furthermore, 19 myrosinase-producing

fungal isolates were isolated from field samples. Among these fungi, 5 isolates were

subjected to growth and disease control assays and one isolate from Beitou,

Aspergillus japonicus var. aculeatus showed good growth ability at 20-30°C and

extensive root colonization capability. In both green house and field tests, this isolate

also exhibited good disease control results when combining with canola meal. In this

study, a myrosinase-producing fungal isolate was identified and combination of this

bio-control agent with other culture control measures may potentially provide an

effective and environmental-friendly method to control the clubroot disease.

Keywords: cluberoot disease of Brassicaceae; Plasmodiophora brassicae; myrosinase;

glucosinolate; isothiocyanate; biofumigation; race
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- ~1zF ?’Ivfiﬁ':)%wﬁs 7 Plasmodiophora brassicae Woronin

- F % T F] 7 (Plasmodiophora brassicae Woronin) % — fap %% 2
4k (Plasmodiophoromycetes ) ; H 2 & #pci (- ) Pk hme 2 4 5 (=)
BRPFALPF AN (2 )B4 F A0 2 BERFHL (2 ) 55 3=
Menikp 3z + (Dixon, 2006 ) - 12 45small subunit ribosomal RNA (SSUrRNA) &
7 F7 % % 0 3 BP. brassicaefr gF#L A ™ (Dinozoa) ~ %= # ™ (Ciliophora)
feBAg & B (Apicomplexa) 2 .M G fpis > @ frE A h ~ f2d B 2R
%k (Castlebury and Domier, 1998 ) o +‘1Fﬂff3,ﬂ9 WA R e L R4 4
# % (Protista ) ~ % 2 3k ) * ( Plasmodiophoromycota ) ~ & 2 4k & %

( Plasmodiophoromycetes ) ~ # 2 #:F P ( Plasmodiophorales ) ~ % # 4k 74

(Plasmodiophoraceae ) ~ # 2 %% (Plasmodiophora) -
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(primary zoospore) it {7 iz % (Macfarlane,1970) - 4= A F2 F > KRR + &
Mk b E R AT (- ) FWORE (D) P EERAERFIRA
W 5 (=Z )pH6~6.5;(2 )E B 20~25°C; (7 ) tp¥HiR AR 70%2 + (Macfarlane,

1970 ; Suzuki et al, 1992 ; Takahashi, 1994 ) o # 3 & epi 2 B fx 3 ’f}ﬁab'? 2 EIEANI
g o ptpER N B2 - A ipie 2 o~ 47 (penetrationpeg) v Ffd ke A2 RS M
B~ grgrre Fria o~ F 3 e (Aist and Williams, 1971) > &~ #8 A9 p 2 {7 5n
b AR S prehie 4 R 2 F A8 (primary plasmodium) 0 2 84 4 R 2 F AR

AT R A R A 2= 5 anrE 4+ . (zoosporangium) o PEA G P e
L A7 e prAd Hyah=t 4 %4 3 (secondary zoospore) » ¥ £ i » 4 ¥ iF
SR AR BSR4 54 T e F e Tk & (plasmogamy ) # 5 B A
(ntn) > T ZARIMAK s BAFwHEpeFEAH A2 I Rfimd 2
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sporangium ) ¥t H o4 &g Bk r S 0 et d P BT - BRLER
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s A ek T FS 0 R (T0-80% 7 k4 ) b kR { LER
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Jz= (Faggianetal, 1999 ; Xue et al, 2008 ) -
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spp.) ~ LF  (Wasabiaspp.) ~ %+ b (Sinapisspp.) # -+ F =484 7 5 2%

B E AR PR R 2 e b 30K e 4o £ I 75 ( Tropaeolum majus)

* A (Carica papaya ) ~ # ¥ (Beta vulgaris) % (Ludwig-Mdeller et al, 1999.) -
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>z % > 4eat & (Allium porrum )~ 2 % (Secale cereale )~ 2. % % ( Lolium perenne )

% (Friberget al, 2006 ) -

PFie™ i

Pafpd REEIp RN BB N8 5 03% 4 & (flusulfamide )
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e F3F SR VR A A e R % ° & 4% Trichoderma spp. (Cheah et
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¥4 E 2T A4 9% (Arie et al, 1998) - A4 £ % 74 & % 12 Gliocladum
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catenulateum £ Bacillus subtilis 2 A& (7 17 ipiRl5E > 7 F 22 in i 198/ 2

# 4 i 80% (Pengetal, 2011)> # ¢ (K AN RS BRSPS L0k R

ﬁg%j&go

= ~ FefiefEde (glucosinolate ) fv7 & A# (myrosinase) & st

N ¥ € F 2o = AP (secondary metabolites) o B2 2K izt 4 B A 2E
PHEAZ BT F g n g BN LR d ey o £ T 5 O R PR

(glucosinolate ) { ¥ - sgicthends F o FifepEd~ L5 K 3+ 0 7 ( mustard oil

glucosides ) » 2 & & # 3+ 3 fo L & A (Brassica spp.) % ALz fgde o ¥ o 2b
L3 e 4ok & &40 (Tropaeolaceae ) ~ % 4 A 4L (Caricaceae) ~ 4 B ¥
(Resedaceae) % 7= 7 2 (Ludwig-Mulleretal, 1999) « %4 5 - ¥ Z #n2 § ~ &
fR o~ P iepEY (glycoside) & 3 » Bt ¥4 L 2384 1 d Fid A(-SH)r
B-D-glucose) & e §HEH A AT« 2 kf & SRR R 4 1955 L SRR
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%k p PhefeTyr) ~ 75 %% frfie pE 48 (aliphatic glucosinolates ; % p Ala ~ Leu, ~ fle »
Metz Val) - v%lvﬁr*’%ﬁﬁaﬁ%%ﬁ (indolic glucosinolates ; % p Trp) - it d=fi ik
s igchain elongation > o w® ¢ %79 (CYP79) # % % f5*5 (aldoxime) & & &
- BEHFHELS S L pepEt (Halkier and Gershenzon, 2006 ) -

FRfepER i e ¥ B 3F 5 A S R pER S S 2 £ & (JAA)
# 5k4 (Ludwig-Miller et al, 1999) » ¥ ¢k a4 cipr @4 4] + > %4 5 & & -
fatE$ 7% (phytoalexin) - camalexins = &4~ (Siemens et al, 2008 ) “,f e
EO: I .?fuf’,}_fi.‘fria (systemic defense ) 5 B u&r:}@} % px (callose) 775 = (Clay et
al, 2009 )o 7t fie pERE 137 E )~ o 1S e £4 47 % (Doughtyet al, 1991) -

e R g erd p RRT AGRER R AR T A 2 e AT Fral e P 2

(ER il S R B 2 S I R N R CRORN- I g SR SR
“ f% (myrosinase) it A fE2F ko K5 A B E-F § 5+ (B-glucosidase )
- g A F AR B i i dmre (myrosin cell) fhime Y pdE g b
TR F A P LG %% o doAspergillus sydowi ~A. niger ~A. oryzae ~Fusarium

oxysporum -~ Enterobacter cloacae % (Ohtsuru et al, 1973 ; Tani et al, 1974 ; Smits et



al, 1993)° K+ [ & fE B £ ¥ MATRPEM T 5 RS+ T 28— 7 R
® & & 4 thiohydroxamate-O-sulfonates » %4 & 7% ek RiE 27 (dopidg E >
epithiospecifier proteinst T; 43+ 5 A2 2 5 ) ¥ U KT F F L 3772 F e
A$ ¢ B i § papn (isothiocyanate ) ~ # #g (nitrile ; epithionitrile ) ~ 7% § & fiq
(thiocyanate )~ v = £1 fit ( Oxazolidine-2-thione )( Halkier and Gershenzon, 2006 ) -
IR A Y 0 B ATRIDL RE Bfig o A4S NS PF fiek S
MpE s RE e pE AT hie B R H TR L 4B o T M2 4 SR A
(allyl type) =% £4] (phenyl type) & #F » & 5 L8 M2 ek o dom o7
o RN AL DI RA M F o Ly HER L R B LV
H13F % B4 4 & > 4o-Aspergillus niger ~ Rhizopus oryzae ( Drobnica et al, 1967 )
Fusarium oxysporum ( Davis et al, 1964 ) ~ Leptosphaeria maculans ( Mithen and
Lewis, 1986 ) - Glomus mosseae ( Vierheilig and Ocampo, 1990 ) % ; =
Plasmodiophora brassicae*+5 ppm=s 4 2 £ £& § ffig (allyl isothiocyanate ) # 2.5
ppmen¥ 2 B £ § fefin (phenyl isothiocyanate)) & » H k|3 3+ (g 7 T ¥ 4dr
F o e ABeHE > A Mk R T (1 ppm) o AR AL Bifig F T OALE RRIE S
% 5 (Hooker et al, 1945 ) -

=

LWk g Fp B ael 3 SR 0 ded A EAE
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etal, 1994 ) iz 1% £4E - F fopifidr 2 ¥ v 2 22 eh > 7oy em £ (Brassica
spp.) i s 2+ b o fr— B H F i 2 4 3 Pseudomonas boreopolis#s iz
W Hovd Ay o &G s FIPythium spp.#tig = 2 % w75 Ep vk (Chung et
al, 2003) o ¥ ebavd ¢k R e R 4 hfch s (urease) o R E A fE
AL EF oW IEBRS F a2k (3 01088) 3% e TR

2 Pip o AT R E A PR A AT -

v~ 1R F) AR (race) a3

FIRR BT &G AR BT RER - AR REF L
g R 0 Fl T R R B tepaT g b 2 £ &1 2 Honig (1931) #
P 1 P. brassicae~ F o] fEz W 0 @ B F AR 5 @ F A F 22 L Williams*t 1965
£ 4973 4 > 1% 4 & (Brassica oleracea L. var. capitata ) £ 3 & i*%“ ( B.
napobrassica Mill.) & & % F S8 $13% }?ﬂ;ﬂ? NE LA ki 7 4 (Williams,
1965 ) ; {6 % ECD ( European Clubroot Differetial Series ) system B~ &
Williams’system= & /| f& 2| W] ji = 2 pt 2 1% = §6 % 5/ (Brassica spp.)

18 47 B. campestris -~ B. napus{rB. oleracea > £ 15@ #3248 - $¥7 /| 82 135
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i AR T Meni B i 74 ¥ (Buczackiet al, 1975) » 4ot~ 33 & A 8 0237 kA
4 % &+ % P. brassicaeit {7 4 ¥ (Hsieh et al, 1988) - {3453%:2 (74w > 4 B
FEAET A & A BECDE » B i L A F 30l 2 T o AT 4 2 AiF20E >

PRI EARMFER D &4 8PR VAT R R

#EWilliams;# & £ ECD# » & B33 A5 #E1 P30tk 2 g7
PN FEFN-BIOMBRLE R PAEFFL  wAFAES N
BB oo A3 A SRR NH BB R LA A IVB R F T
BBk o R E A OB FIDNATE 3 it Finm R L A5 AR T D
AEBB AL A5 H > ol @ B Renik A8 WUAGKRE () A > 2004);
Buhariwalla % + r2 High copy number DNA sequence polymorphism #-& & ~ zh & ~
R EARB PN L kAR AE S X8 UAHKR B (Buhariwalla et al,
1995); Klewer % 4 2 RFLP markers # > ¥ * 7 o lineenfe = i % B3R & i
Rt (Klewer et al, 2001 ); RAPD E_$ g R i % 438 5 ff] | fE A # eha & hse o
T EFFFLIFEFLE ) 78105 1 b % (Moller and Harling et al, 1996 ~Osaki et
al, 2008 ~ Yano et al, 1997 ) ; Manzanares-Dauleux 4| * RAPD marker£ SCAR
markerig 7 4~ ¥ I ¥ 45 12 = f8 74 & 432 8 ( Brassica napus cv. Nevin-~ B. napus cv.

Wilhelmsburger ~ B. napus cv. Brutor ) i & g Jﬁari Btk A & 5~ f8] 8 (Pathotype
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1-8) S & Ha FehM Mm@y » FRAF A ET BAUEF FA &
Pathotype 1 ¥ Pathotype 2-8 & ¥ ( Manzanares-Dauleux et al. 2001 -
Manzanares-Dauleux et al, 2000 ) ; Niwa% B £ 4] * rDNA large subunit® exonfr
gmwl@mwmﬁmmwﬁﬂgﬂﬁ@ﬁgﬁ,mw%pig%ﬁﬁ@%ﬁug
iz 4% = ¥ (Niwaetal, 2011) - 222 B *h @ 5 3% S {3Fpm A A + A #odp o e

RPN W mAp R AR 2 o
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L 2BP R LI THRRRACE BT AT LS| RBAHE
AR AR ATBE R > K 2 48R £ 2Bk o 9 ] Ltk
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2O ERIGCERBRE RIUE ) T A PG Rk T RRER L

-n\¢

FoHERSHA LR EREEIY  FHF L BB Ry B e T
A FE R BR B B2 e e BRI R R
SRS AT @R U FADNAC F RS | RIURAR
7 2 2] 7 T 2R s (9200-300 M) B R AL F 4k SRR ¢ B

5~ ¢ %5 1mLCTAB/% /% (0.1 M Tris» pH 7.5~ 0.7 M NaCl -~ 0.01 M EDTA ~ 1%
SDS - 0.14 M B-mercaptoethanol)s2 mLic & 3o ¥ ¢ > d= 4415 B 5765°C-kig - -
(& PR — BLPFR 452 )ookiB f4 0 4e » Fedkenol-chloroform( phenol:chloroform :
CTAB+# A=1:1:2)> AR £33 (5 > 126,000pmAa4°C ™ g 154 45 » B~
bRt 4o » 2 AR dchloroform s R £353 6 AR iE 2 > o104 4 o A
W fg 0 Peb i 4o ~ 0.6 1% B8 ff chisopropanol i@ DNALE AT 2 = 2 18 » 3t e

iE s 104 48 0 4 isopropanolis o kA 1 TO%IEpH e R R 0 B AR I E
PB4 % L i o LEOTH R B 2 0 B 15 1165°C ddH0 i3 o s

it 2. DNA1Z Nanodrop® 4 % % & 3+ | £ ti ek & & 5% » ¥ 9]* 0.5 x TBE 0.8%
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o 55 RSB0V E - | B 0 SRR R AR

% i {7 P, brassicaesia F 44k A 45 0 2 EH FT HIDNAE B ¢ GalTS A 7] &
72 (®3) - ITS®FBPCR3I & ek 3+ » 2 g Faggian® 4+ 1999# 3 £ = § ¢ #7
w32 513 (WC-682 : 5-AAACAACGA GTC AGC TTG AAT GCT AGT-3’) »
A F - EAFHRERT 2 EF S 285 rDNA * 513+ (WC-35: 5-TCC
TCC GCT TAT TGA TAT GC-3") - st 1513 ¥ & — 13 8 518 =
ITS1-5.8S-1TS2 5 71| « $i e tictr R 1% % f & ¥ 43783 B~ #7118 thgenomic DNA -
113 (FPCRF Ji 5 E 8 7@ PCRA 4 + -] 5850 bp - A& 4 §1* 1 %3 #5589 % 0.5 X

TBE ffrite » & 17 % 4 A 47 o

PCRF Js2- 84 525uL > # ¢ & 3 : 20 ng genomic DNA ~ WC682-WC35
513 % £ 3.2 pmole ~ 2ul 2.5 mM dNTP ~ 2.5 uL 5x PCR buffer + 0.5 uL KAPA®
Polymerase - PCRF Jii% it 5 1 95°C 54 45 > £ i& 798°C 204, ~ 58°C 154 ~ 72°C

17482 35X Tl F s > Bfs £ 2 F72°C 104 & > =+ HFF & -

BB GPCRA F » &7 AkEin s H — 157 18> 2 EasyPure PCR Clean up/Gel

extraction Kit ( BiomanCo. Ltd.) # {*PCRA % » ¥ 3 & x4 3¢ PR T 5 A
PR R TRARE % B 9718 B 7**NCBI BLASTFZ S & Jﬁ:x}gg}?agﬁ y W
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SeqMan ( DNASTARINC.) #c %8 » 22 A NCBIZ~ e R L 2k A B 7] » 2 (74t
Flve gt AT R L B R LG R  o

,ﬁi TIDNAITS A 738 7 A Feh > N ipEnig - B A B 7 A 4w 4 3 i
e T- 51 HE P F TR 732 (FPCRI 54 47 (WC1040 : 5-GTGACAGGC
TGACCC GAAGGATTA- 3’ ~ WC1041 : 5°-GTC ACAGGC TGT GAT CAG TC -
3’) (Manzanares-Dauleux et al, 2000 ) - 4 fx & + #3 + /| 1.2 Kb » 3% & 4 73

» ¥ H-P. brassicae s i 3 E o RO P ok p & 3 423 B 47 (F chgenomic

DNAZ% 2. > 1138 {7PCR > PCRA 4= 41 * 1 %3 "5 52" 2 0.5 X TBE% fiFi > :£{7 &
AR

PCRF 2 i 4# 225ul> 2 # & 3 : 20 ng genomic DNA + WC1040-1041
51+ % 2 3.2pmole ~ 2 uL 2.5 MM dNTP ~ 2.5 uL5x PCR buffer ~ 0.5 uLPrime
Taq®Polymerase = PCRF J& % i+ % : 94°C 104 45 > & i {794°C1A 45 ~ 60°C1A
4~ 72°C 34# 482 35X Pk F i > B8 £ B FT2COL &> R+ HWEF & -

PCRAZ $ 5% Axxin s ¥ — 5+ &4 » r2EasyPure PCR Clean up/Gel extraction

Kit (BiomanCo. Ltd.) * {*PCRA# »# 31 £ * 4 H vV o E I/ LT F %
FRGFMRE > d A AT ANCBILY %40 F) o E@ B 5 /Mrﬂﬂ F 2 B 7|

REH T RERSELT R TR TR R U R B
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4 % pathotype 1-7 5 & it # t§:% 1532 :#PCRA 4 » i{ & pathotype 1 » & & & # R| ¥

it = pathotype 2-8 -

2. EWFPELL L AL M BERER

AT R SRERNIFEBZEE BT SEFARR P o
Lp LGRS o BB L (AT 5~100m ) & IRt 2
ik 1210 g 2 34 ~ 100 mL s ok @ 2 150 rpm B 30~60 4 48 0 - F
B lmb 4 ERERE TS BB IR 1022 10% 5 4% & B 200 ul %
# +* Rose bengal-PDA » 2 3 "/f mF 2 R EE-2 E FT T % (39 gPDA~0.05
g Rose bengal~100 mg Streptomycin ;% ** 1 LddH,O ; Dhingra and Sinclair, 1994 ) -
BA20C THp oMY 3 E2 FFFEARI WA E o EFASED
1/4 PDA £ 5 > &t 4% 5] sinigrin bariumagar ( ™4 = f £ SBA) (5 mM sinigrin ~ 5
mM NH,Cl ~ 2.5 mM BaCl, ~ 1.5% Agar; Sakornet al, 2001) F :& {7 &:E » 5 4_fF
ERF e ¢ BB TRARRREAKRE G A FEEEME o 5 B F 12PDA
BAMFERT R HRIEF R o

FRF A % 0 F A0 PCRi& (749 A F @2 o 11 50 mLPDB - 28°C i

17



f5 % B Fp Bp i8R P 50 & 1 EasyPure Genomic DNA mini kit( Bioman
Co. Ltd.) 44 2~ genomic DNA » i£ {7 PCR» #7% 313 ¥ 5 & 7 DNA ITS &= &
i * 513 WC-33 (5’-TCC GTAGGT GAACCT GCG G-3%)¥ WC-35 (5>-TCC TCC
GCT TAT TGATAT GC-3’)-PCR # b2 44 5 25 ul># # ¢ 5 120 ng genomic
DNA-WC33/WC35 5!+ & 3.2 pmole~2 pL2.5 mM dNTP~2.5 uL. 10x PCR buffer ~

0.5 pLTaq Polymerase - PCR ¥ Ji i it & 1 94°C 3 4 43 » £ & {7 94°C 30 ) ~ 59°C
144 ~72°C1a 3042 35=tialkr & is L 27 T72°C10 448 > = 3 tg
F ot~ @ |TS %3 PCR A4 S0 Arsn s H - 54 (>4 * EasyPure PCR
Clean up/Gel extraction Kit ( Bioman, Co. Ltd.) it PCR 24 » i# 3 4 + 4 # ¢

SPRERAPCRERE O RAIERE > ATE A ZA NCBI T E & {7 BLAST

BV $ 2 4o FR 0 304 FRT B BB A e i 0 R A A0 -

3. FURpARARZ WA 2R

dA VBB F S G HF LB RMAS > PRV RENAL EIREAR
oS AUFEMES L2 c BN BRI RAER AT ERE S ST
(Trigiano et al, 2006 ) : B~ 37 &4 /4 i 1 © f2 4% S s 1 0E WEFk (ks
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R Ak A Bl 5 1ok 400 ML/ 100 g) ¢ v r kTR L o A K Y
F R K DN E RIEP Gt o A %~ 50mL g F oo 2,000 g A
Lags o W R Y BFREATRIEFEL et B A EAF 35D 1
A o WHE RS AR KB B BT kR T 107 spore/ml 3 #

fooo ot BoiB e 3 BFR Y 0L -200C T s 2 Bl B oo

GERER A R > APERER T B E TAM (LR AR 4
i) GRS e F A 1B R E T 3 A48 R 1 RES 4T IRE G
AR CENRPFEMNFR22CI R EF T RF R AN KT R R
(2 80°C 7 F 40 4 ) eh25¢Cn? I = A5% B - FiF » 1ml e + Rign - 1
PR 22°C 16 FER PR 8| FER B IR 0 B B G - K EF T B

A (N-P-K:30-10-10 ; HYPONeX CORP. LTD. ) &85 - B * {$ { ¥ £ N e i

el
—4
o
5

ERFEEROL F e LR p A FHERY PET s R

fa2 /2 0.5cm hf]A) F st 12PDA o A& w3 &7 #88 & (10°C~15°C ~

19



20°C~25°C~30°C)» % 24 -6 8-~ 102 RIZHFFE/L " R2 EeTF R o
F-20 0 SHEAFSLEFRFARE IR 2p R APEP PR LT

BRF R PDA > G- % i) jeBae 3 R FS (KB FS SR AR

3;?
(\x
Jrmb

Bt

1) &k 0.1% Tween 80 | & RiFir » B A MY Er o BE

L L FARRBET

AN

\—'—
P

b SRR R FT B AT B A R A TR

F% 3 4mAcms E 1T Cm R AL R 79 % 0 P SR 0 5 (B 10A) - F £

11 80°C/40 ~ 452 100°C/30 ~ 4&#-% j & (BVB peat moss) = fF > # i@ = — =

UG RGO REERE ol F R

Ji
M
\.
@
ka
5
o
P2
A
'
i
¢

FA R CUBMLEE 026 °C B - a2 20 g4 TR FL L o K-

SOREBIRAIER > fAET e 3 Y w0 B 22°C 16 PR 8]

PR TR B TR KR RAEE AR K B2 o FHRIRIN 2R F

R2EEE R AN TR R Rl e 50 2 9 F L

FHEIIINER A AR APBL LTI fTE ML R

Rose bengal-PDA » L2 7 5 2 FRMAEDE FL & o
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5. LR FIEEME FL R s R

1% Fame W 2 %

FRIEFP*EMEIE05emimiF BB FSH 42 U2PDAR £ A L >
W2CHRALEDY BFAARBRAT MBS LomitiF BB 7 H FSHH - BE
50 mLPDB /% %8 - 12 150 rpm/ 28°C R 3 & > = X (& M P fTAF IR > 2

s w

n‘?;

%I - B F S o B S BeT L RSl e PDB - k&
» 50mL g F 0 12 2,000 g g L A A o EH L FR 0 & FRE ARSI
2o et HHEAF DRI L FREFE L REAEE ML S0OML Fr o F
2% 4 p PDAJeB~32+ » Pl E 02 & F-k & 0.1% Tween 20 & 4 10 mL jf 45+ H
oo FTFIEHEIC P TRS > Er 50 mL g d o XA EERD 107

spore/ml -

52 BREMIcRFLELS
AR DA T fRE N I RANZ L F A AT 0 R
Bt ipptde o MM ELIRMA F 22 A AR EE R FoE

PAPERY TS WD I (AFEN ) BRSO RR > FE L
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WE R AR TR A R § 4 o F & 12 80°C/40 4 42t 100°C/30
A Bk s (BVB peat moss) R FiR - S FH MR 0 L fRiER
B AT F RAFZ R o 3 AN AR TR R PR

1. 4 ¢ ﬁ»]",fé,i‘:/i’?—? RoFi P F4414009:50mL:20g 2 v R &

N
(.

' F-] inlie F&/%"ni’u 4009 50 mL 2 vt iR @' ;
3.3 I EF4n1 4009:20g2 R E

4.2 & Rd 0.3%4 A (B &4 190as ; B4 ) 121400g: 20 g2 v bR

v

5, ATz pdl o

WA T 0 P26°CE - o PRFE p IR B o - O BE
FJ2 4 u5emx5cemE B Al R RF TR AMYE v 0 F - gl
Lo Foat gl R 82 mLk & 5 107 spores/ml st T F R T R
cayp % iE 14 522°C < 160 PR BRSL PER W 0 X T E 00 1S T 510007 A7
RS BRI ESFERFENRNG 2 REL S TR A ERERA
%o ¥ dpdc (disease index s DI%) ° s 3 Be€ R:= R RAIEDIZ- X 2 4o

(Donald et al, 2004 ) :

0) &p A+ L2 1375
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(1) ®I47 H BB

(2) R G BB 1R

(3) E AT > R4 BB 1

(4) 497 RATUE - RIS BBl 1B A Bt 4

(5) T TBcE 4 > RI1TF Belh 10

\4

(6) 1UBE AV » 4 F 4 B T
(7) 2EEE > A G iR R

8) © &kt

DI1% = {[nox0]+[mx1]+...+[ ngx8]/no+m+...+ng}x100/8

6. EFFEERE ALy BRIsRE:

BOFREEEA B RN AR ETEPERTORT RN BT IR S 12

R

(1)/(6) Humicola sp.(¥¢ Bl )f 3% = #a7® & /% Humicola sp.(¥* #) ;

(2)/(7) Humicola sp.(i= € 1)4- ¥ & #4;2 & /% Humicola sp.(i= € 1) ;

(3)/(8) Humicola sp.(i= & 5)4r ¥ =+ #a:® & /% Humicola sp.(i= € 5) ;

(4)/(9) Fusarium sp.(¥* Fl)fe % = $a8 &/ Fusarium sp.(¥¢ #) ;
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(5)/(10) Aspergillus sp.(#* #)fv % =+ $a® & [ Aspergillus sp.(#* %) ;

(11) n’__;dt;'f]: S

(12) 7 iz i Al o

BEPCNTREAFINE > DFRANFRDEFH I E TR
Flp R s T A0t F LA o A RREKRY 95332 20 oS24 K
NEHFHT phA ] (£ 120%K) 0 FHREFIE20-2520 4 0 L fEAEJEA £4F 0 1Y
Jelick Apel Augd o THBEHKA G FOLLE6T 2 s A LT A F o LA H
REALZI2B ) F o0 E REFREIONAAY v (£600tk ) F tkIEY30
DR AEAFRZ ] FTRE - BRI P HRLAIL T T EAF oA Sn VR

AR L 2 R (RCBD)AE -

AR TR FRIET O FRIE AT A2 I EREB Y EE R
A0 R OEATE ARSI T W AP Ao r I B AT A E - s
MZEFREG O A ERIOR E R 0 B i -
B 2 2% T30% % F3laadTle > Fdh ot P o s uE L

250 kg2 B2 75 5 o I ru4mEp 2 fod HUR

Rl

I N E S A AT

Z BRI A R EFRERETGEER E2 Dl gty o
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7. Aspergillus japonicus var. aculeatus f§ ¥ @ & i* 2 H o [ »c% 47 45

BB EAH 4T L2 12 PDA iE 7 Aspergillus japonicus var. aculeatus 2 #2
> hEN 28R TE A - S 0 2 10 mUplate 2. 0.19%(v/v) Tween 20 % [f] £ f2
27 3 TF > AEHER T 107 sporesimL e 2 15 4e » & R FeE RE (peat

Moss) ® s ik A4 fofitie et b5 1Kg i A4 1125 mL itk iR £ 305 15

ENEC2AETEESE ML RBARZEAY -

@ ¥ {0 7k & 4 -Aspergillus japonicus var. aculeatus v 48k 23 < o
BAMBEFRYI A E 2RI (4 100-120 kg) > 2 {8 10T FL bR de
BRIPAEHARIRE-FH LREL b2 b 5= T RFEREE R -
A R R EE RN 28-30 AT - B 0 ML F AR BT

A BRRE RS - T S R s e MR R RAET
BECHAFRA T D FHIALEL S RBREFHR I ARFERP AT o
VERPEY TR (30mxIm) s Ak FIE- T ia 450 ¥ 0 &
FRmze il p RFRELS SN TS EEAF L] FLRT o ) RPN
L P fE ST -

LRSI Y B FEA B I RE L R R B0
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1. $34a30kg~ 7 ]+ 30kg > 6% 7305 BREFRE

PP

w
N
4y
e
w
o
by
(@]

Mt RGP ) T AN S AR 1525340 L RRE
AR ER T c 2R BB R EREYy (LA L B F5H
DB ) F ) BN 120 bk T3 25-3 B 1 S FAR ISR TR YT E S B
et LEREE R BRE R Z BT A E(DD)SH R et B 2 2 R RS
ﬂ‘?%’liﬁiﬁﬁi‘%flﬁﬁ%’&ﬁ&% B g dpdcrt o W B e b n Bl R

TR E B ISE HE R PR B

B

day
v
i
TR
&
1\3
4m
=
=
e
-
~zy
R3]
8
B

2N R L I VR B R F h

POFEM R R ELL B E T R F R E o MEL

238 F - ) R A PRSI0 PRtk Y o BRRPNE 3 P E A w2 ¢
E(re B2 ER ) R FTREEFPZER TR ERELE 2

% By f# Aspergillus japonicus var. aculeatus f o & 3 3 endp 7 25 0 2% i 444t
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ERIRE T EBEREFE UL L0 B | R PR & Rt &
TE5cmE 1I5cmiAEEF > F B HFEBESE IBE  Bow {802 109 2 HE b
» 100 mL g F-k @ 2 150 rpm 2 7 30-60 4 4 4 F B 1 mL 2 3R TR e (T

CRERAL o 10 Hr# it 200 uL #% # ** Rose bengal-PDA » r2 327 fm 722 2
£ P2 L F* 7 % (39 gPDA -~ 0.05 g Rose bengal ~ 100 mg Streptomycin 7%
++ 1 LddH,0 ; Dhingra and Sinclair, 1994 ) > 32 %3t 26 C = #cp & » 1 #c 4 12 %
= p Aspergillus japonicus var. aculeatus 7% # > T 42z # CFU/mL & :

CRU/ML= 7% HoxfiF 18 1 o A B 4 e o~ 1 £

8. ottt

BAR LR PR PRk SRR F R 3 B AR L s
AL ARAP (FEAREMAFA ML AR AT R R R
IR F A B LR R o 2 UK B Xk
kBB E D 10°% spores/ml » 2t B~ 1 mL 4e » 15 mL ds § o

Ry w A 2y (Suzukietal, 1992) > ke + 3t i+ 5 T4 iTd 2 K

B RiEang T4 F A A E R KRR o B 30 Hi A A H AR

" 1%eE e R A fES 304 0 SRIE SRS ST RIB RS R S EN R
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FEPMERR2C 3 2R EFY c RS BPUF 22 - AL ERES SRR (7
1.0 mM CaCOg3 ~ 1.0 mM KNO3 ~ 0.4 mM MgSOy4 ~ 0.4 mM KH,PO4) 200 mL 4e »
250 MLE4r > T3 fr o B - i RRFTEWRG T o SR TR
WAL 2 BN B EEOYREN >N 16 PP R 8 PR
22°C* & 20— E I S xBo R % 2 % 30 4 F i g B(Millipore Corporation )
Wit 2 AF TERHEEIML A KGRI RiFRGEPRE -

AFHRATIF A RRRZ B Mg RS FRIER S O
ppm~ 1 ppm ~ 2.5 ppm~ 5 ppm ~ 10 ppm ~ 50 ppm £ 100 ppm ; % i £ fe % 1,000
ppm i i (5 % (100 pL shp A& B F5§ fefin (Sigma Co, Ltd.) 4 » 100 mL &
AFk?)RIEEFF I ML U I 0 SRR FA4AC o 218
EPpE 7 R REkER 7 4e 7 e £ 571,000 ppm 3 FARBEE RS
2 e FRIERERERZ R LS Y o 1512 0.1 M MES buffer( US Biochemicals
Co Ltd.) A& FpekI 60 2 FEFE e+ kR 2 % > %+ RiFip gk
RR G R R R AR R 390 AP 200 plo B iEPURE
IS I R - g ummj\xéiz—:»%f,;—,,z BFimL2mLe

Bber A R R kRT3 BIEREM28C k& 2 x5l 3@

F & %% > DIC (differential interference contrast) &g v ™ LR ¥ - sz + 8 5
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AT R Gedr 8 X o3h K 2 E L OTARTY T AP E 100 B o XA E T ET
e S FMAEBREFTLAFET ooa gt Dir S P aE RS ET
(Suzuki et al, 1992 ) -

FHLEFA PR ZFHRRZE I PR APEFARFE BN R E A

B o FANT A ANT RFRELEPRE L AILAE

1. 25Qik & 5+25 g ¥4 4a+15 mL +38 5 B M Ie 3 B igiR +15 mL
Aspergillus japonicus var. aculeatus 3 + & 5%

2. 250 X E+25 g F a5 mL R F kA S R R

3. 25 giF R EH1S mMLAYE R i RRI2 + ik +15 mL Aspergillus japonicus
var. aculeatus 3 = & %% ;

4. 259k & E+15 mL 12% II‘;‘SBT]I’]‘FE\;?*%/?-/] °

TRk R 5 107 spore/mL e iR & (8 RFER T A G 0 Bt w R

)=
(%
e
A-é\

Feo # A AP~ 1QIR EHRBE- 0 UFRRR EE P 2 OB F AR LT
mEEM o A AR LS chikmRIzF 0 AP BT 32 (Takahashi and
Yamaguchi, 1987 ) : B~ 1 g & a2k At 2 4c ~ 5 mL 0.05% tween 80 p - & i 2-3
S N K B h R P R o £ 04 2,500 rpm e 10 A48 0 2o (8 ok w R A

NN ';J‘uii;:}';' ’ ia‘»ﬁ%ﬁ:i} 2-3 :’;’\‘ ) :_E: ;j‘_ _!— ‘/‘%'_;7% _?'_;' L o
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LA G R AER kRIS 0 A CFW-EBr 4 %4 ¢ 272

( Takahashi and Yamaguchi, 1988 ) - fe ® CFW (1 mg/ml) = EtBr (10 mg/ml) -
B LA Arie S RIER M L1200 GR & KR T E R F N - ] pF> 02 13,000 rpm
o lag B0 ul kwigts » I FREMBRE > FRRFEF S Fo § ¥
RSERFPFEF  FRPFRIPNG I FLAZTEREAFLY O RET

100 3z =+ P A B3t 5 & f432 3 #icp o
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22%

5

ES S ST R EE N L

dEB B8R B FEPEEFAEr % EARTIAEE T FHkiEs
ST AT R B A R R EIRL A AT o AR M B B 3 BRI e e s T R
BT MIARET 2 BB A > MR T FRIFEEY o

BAFERE AR BP0 L LR Sk p TR o AR L HAHTTEH
FeRIRL G R P REAR BT F RO ATHRIA L T E IR B INEE L AT R
Ho FAMEH> L9 ST RTEI A EELEH T EI R 5

PR P oM e e BH - FHEH A ARL S XBH R L5 ¥

i“i

EHER & CHBERIE TERM S A HSEE HME R e LA #
LA e 2 P L LR 2 A A F RS R RS LH o 5 kR SR ge

SR (21 F 1o

FRAOFFTAGRET > A RE 3 FRF AL FHO 3 0 il

&

F ¥ % 10-100% (# 2) » 45 B35 b 0 B % I8 0 B8 s 5 4T 100%
L A3NA RN 20-30%; AFHFHB S0 Ho BEBRNEL Sk TS
BRpFF L PRFD D RBEY Fo o2& L4 1R b

Flubd - F TR i) Mg 3 JInR e B BRI F R



&4 4 %L 40-509 ;;;;;g;;tgﬁ;)’;;,gzm@ AL EFfeERECS =BG P (R 2C -
E)epd Kafed o #0 § e 8 Mot d AFREHATH0 2 ) flfs(h
21,000 = = )2 A& (753 1,568 = 7 )- 5 b o IARCE RS SRR o8 N g

X B ATREEE B AR I AR IR TR A R RS

_ﬁ‘ti}gf‘:,ﬂﬁ{/}?—lo
poanm F’a“}‘?iéﬂ\sjria%" AR A LG A A2 G E S ﬂ'i”*%%“—‘fﬁi

TRER EW A Lo s BTy @Y FAE T ARAD S LR o

-“-T.
—=
- \1,

Ak Bt AR B @ RS g 9 5 10%¢ @ ATV AT 2
NEAFRGEIA T B RIFI A R s R R E L A B N (R
2F) e ¥t d M BLB FRILBEFFLAAT ORCEAL TR A Y
FIEL F PR DERT g mH 5B o ? PSR R Ao AR D
Bt R3¢ fod KRFRHIT 2 HANH E5- DRI ¢ 750K
R 2 o d 20iE3 § § 2 pAF K8 (Allium spp.) ¥ 25 3 e 4 4
1B p B R + 2o E 3 4 2 258 (Friberg et al, 2006 ~ Kowalskiand Bochow,

1996) » F4 i 17 % # 5 B (74 L3 AR B P 4 IR R & 05 -
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B2 o (v i B e T AP A BER FRAEDA 2 00

g ooy f oz » 7P R UKL o P E LR BRBYIFEY

RE LA KDL

3«
\\“‘

LA A RnBuow ¥ K Act e FA G Eo R ERETE T 1T

BEE A R R b0 5 - At R FRR KR -

S~ 1R ] DNA 2 40 B B 158 & 5 A2 3

FHRATELAVBHRA - F B FRBFLAHFDA R 5 - FLER- B
* 50 14 CTAB % 4 B~ DN A« “7f {7 42 B 1 5 4 49 B~ DNA> & 9] # rDNA-ITS
513 $tie 7 PCR(R] 3) » B~1¥ -~ ¥ 850 kb cr¥f tf A 4~ (B 4) > & A 2/ 2 v

$HITS AAlchi % > BALRLDE > RF P FEFLBNBREEASNH -

SOMERLRAT TR RATE R E B 2 R %Pﬂm’”‘*’?‘?ﬁg “
A p NCBI FHREPER A g B p AEW SR 8 - ¥ W2 L 58
138 #] IDNAITS A 51> ot B & 3 3 A 38 (7 5 A 15 (B 5) o % #F R4 %
ek & IDNAITS #5230 — 3 (cluster)p » fw ik &2 w2 3% h gl Afr &+

£ (AB526843.1) 2 54 1 (EF195335) 3 5 B 14 b 5 4217 o
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EREE R SERAN e T P S i s d s N

e B A 0 A4~ [ 1.2 kb - Manzanares-Dauleux # * j5d

Ji
TR

differential host #4385 ff 4 & 7 48] 48 (pathotype) » @ % £_RAPD j #1354
o BIA LA 10 Fa NP S P8 2-8 135 ik o AP F g A
SR TRINRERERE P 3 AR RS AN ROE AT FRIRGAS A T
o2 PFE R AR EZA (B 6) 0 Flt 4w 2 % 7 0 P brassicae 2 /| f& 7
e BB LE T (FHEMFHAEF) FF TR o d P AT BT R FG T
B w2 o fes 2o 481 2 P brassicae #rig = > EiZim A F L 5 kT

PRk G G T R AR A5 2-8 ¢ hi B 0 G B A kLA

JHPE R PR 0 2 BT BN hE AN ST A
*ARIE e Bt dofe §) TEHE G 0 g EPihpe ] R FE DI LR
S B 5 AN T FPFL B b e d 2R A A P AEEREER 0 S L 3
AP IR £ pF o ¢ FIRimre gL B pr R 2 (Grob and Matile, 1978) > F)pt -
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44

TAER Y R R RE RO £ A PEHIT o Bt 6 E
SR ELFERES FREIEREFARET AL K IR FOLE L
FERFFERARLT RER L PFrTH e J BT AT
Ey(£3) v A kT et EEUSBFR - %> Rose bengal-PDA > prigE # 1
SHE B F PR4EAET sinigrin barium agar o § A+ fE A fRELfEpEE 0 € AL - B

FRpedl (SO ) i frszss £ AN el g3 A5 0 & Ag > 7 12 2 F

41
i
—_
Pt

RUFIA T A7 2§ @ (] 13A) o (LB RIGELS > A s B g AL 58

2

S A aC L TR LR LTS RS

1h

Mg F(R 13B~ % 4) > f ¢ HEF A+ (B 812)2 g - 29 > 5 17 4%
g2 & 2572 + (aleuroconidia ; 7.2-12 ym) % PDA A 2 ¢ Fiz > H 2 5
Humicola fuscoatra (®] 7A)( Gruyter et al, 1992 );1 k1345 2 PDA } 2 ¥ ¢ Fi% -
#7 k<% 5 (21-50 pm X 3-6.5 pm)% o] 3 = F A5 f 0 # L5 Fusarium
oxysporum(®] 7A) ; 1 13395 2 A 32 5 A% = -] (6-8um X 2.5-4 um) ~ 37 + < -]
(4-5 pm) ~ gk ~ FeF b 2 fR(E H 1 pm) 0 #] LG Aspergillus japonicus var.

aculeatus( % - 2007)(® 7B~ C) -
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Wi A E R EFT A & = ¥ 1 Humicola fuscoatra - Fusarium oxysporum -
Aspergillus japonicus var. aculeatus » % g H ¢ P38 T pRiE (78— ) PRl > @
= # Humicola fuscoatra (- k% p $*F] ~ A Rk p iz € #8) > — kA & p 47
e Fusarium oxysporum - — tk 5 % p #* 3% 11 Aspergillus japonicus var. aculeatus ;
BAEFRRRET A PHET AR AR RRE RO VPR FER
prend EfFA) 0 2 B4 T KRB X0 S HE R F R A E L i
TAeA A EFARGE A A BT R A e He kA A F
AP EEL G RLORERT R FEREIE o AP F FHowe S/
ASRERBEATEF RN EFRZ S RSLE I AR AR Fo s g Rp1E
BEFPFEELI AT AEAR (10-15-20-25-30°C) T2 £ > AT U
Rt M 10°C P 915 B a2 & 9 L Fd] P 3R R B (20-30°C) pF o

4 £ R B - Fiki2 5 Fusarium oxysporum £ Aspergillus japonicus var.
aculeatus(® 14) - fife 4 g &8 B * RE 2 15-25°C > @ § F L chdk 4
BAF B R E 30°C, Fltied A2 AT Y ERAESE > e Bk
B2 & oV ANREERFTE FEed L2RREFAPFRT HILE

PR Fr B L B4 fE> Rose Bengal-PDA 3 % » % ¥ F #&4& Aspergillus
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TR L) SR E NSRS ST LY T

BIpait  APEFIT e XA ERFF XA B oo S PR

I fa# R E R/ (H fuscoatra = & ~ F. oxysporum - $& -~ A. japonicus var.
aculeatus — &) F4r » E3 g B E S e R B R(E B); ¥ =
BAaWg EF2 ATERD JdL2 HRE U JRE S fa bl e L orivifah i
§ (4 6)° @ = = RIFE P » A japonicus var. aculeatus 4r » F 3 fg EJR E o AriF
Flepm g dpdes 0%4.4%~0% Mm%l ie & 55 RET & hi sk (B
11B-D)- 2% HE EFAfrEFFfachpice s » %k R 2 = TRFTER
SAREH A5 H ¢ - ko H. fuscoatra 3 B> = =408 T 4 A B G 55.6% -
0% ~ 10% - %}*—Td BZXEER IR RESTREOM L AP A e P %P

WRE 2 PR (A F ) 2 A japonicus var. aculeatus *r ¥ 7 44 2 fe
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d *t Aspergillus japonicus var. aculeatus £ 3 = #g 2 2 & chkg F ox % > F]pt A

P X RS R 2 P ison S o X 0 e A ari ki Rl

N 'L REEE-N -

Tt sk A E L hed W m R R SRR R R
EFREEFRREIZH LG ook s A A USRS BT R
PSR APER L ILE TR BRE R Z BT dpdky & 90% (4 10)
G i G AIE - (AT ET R RS 152 2 E BRI ¢ A S (W
18E) » H =t % @ = (W5 ¥+ 4a)(W 18G) o A it 5 Bl M {8 > 2 Mi% L
BHRAEE TR AN H S 2 Ak £14 REB 19A-B-D-E) A ¥ & h
Ao fiadl? 5 21 F ks < (B 19C) » HAph ke & o 5k € 700

380 ~ Tk ] 43.4 cm8.5 ~ Tk /T 14.3cm#3.3 ~ 3 F 12 cm2.1(% 11) -
%= 7 f%22 ¢ A. japonicus var. aculeatus z & > Bt AT 52 15 cm

SRR AR AR T RE L B EAIL - (e E S )it ¢
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AH R $9(4 12) 0 B AT R L P AT - ek b R
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ol § MOEF S BRI F TR A A RBER LI §IHAE T S B
Rh BB FBEAL Y §F2 531 BEPIGELT A A PREET &
BRES AREY (224°6-82) HIM o 1 ppmp AR e pmT
CHETRFI2ZFAVEANT AR FARST Bk R Y kB (20.7%64.7% -
64.7%67.7% ) % 1 gl A i 4e % d 2 44 keiz 3 (14.3%32.8%°49%~50.3% ) »
AR kR L 25ppm o g T SR AT £ H B
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46.3%~50.3%~41.7% ~51%) > 42 :® /f]‘ de g S 08 (11.3% ~ 27% ~ 24% ~ 26.3% ~ 24%) ~
7 e A. japonicus var. aculeatus(3% ~ 16% ~ 24.3% ~ 24.3% ~ 21.3%){= 4 *5 iZ @ Jiw
79(1.4% ~ 17% ~ 26.3% ~ 27.6% ~ 26.3%) > ¥ P EfA L L F 2 % KR+ R
% i ek o e A japonicus var. aculeatus e + fa iR £ EILE 0 B B R R

M2 (R TE T 1L b B3 40-50%73 £ F 2 0 Bl E - B @ @B I f o
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AE W A& p it ,‘f‘gé Fr fie &8 (glucosinolate)f= % =+ fi#(myrosinase)

N
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psveEqp 0 FHRES S R ARFE P EIRE o NP AR ET R TR

&

FHAR R g 50 EEF R o

LR EHEELRAR R SRR A L AREB I ERGE B0
e FEpRms g - TRE L - TR EVE R 5 RERTI
R AE TGS AT 7 Rk EY €3 TMpENLF TR L LT
B EARF R LI g SRR R TR AR R
AR R gD LR P EL EHENE E RPN
WF ek P AET PREBAETARASLAER I E e LA
FL-AFRARY > A FEFAGFFRELFT P w2 F AR

Vo el ¢ oor g § RV 4T (calcium cyamide ) z 4Tdr+ 2§ g+ (CN)

( Donald and Poeter, 2009 ) -
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FE R R RGP o TR BERE g

PRARBRER T X2
%?%fjrﬁ’ I/E_'fi?\" 13"4 o ﬁ;:Bé}B ;\m} F T %‘ﬁ?’ﬂ%gﬁjﬁ_ H 3 (Ee, ¥ %

RARES D EIVEH AL L TR RE  FL 3 L AR 2 oA L

v ey v L& E (Capsella bursa-pastoris) » # 5 - 3 fofi® ¥ > ¥ ¢k a 3 3§

¥ v L § (Brassicarapa) - F AT BB A ¢

VR F LR SRR KR FI BB R TR e B REER

¥ ¢k s #1% (crop rotation) ¥ - ﬁﬁr‘ FLR TR 2 7 FiAk RfAfES

f‘}?':;}if%#%gt—Lﬁ—&r— P2 FeAgiT g LE=S N N g‘i\aét » ] 1T

PG R AT SN ARG R ARRE S THAGHT L 36 &

(Wallenhammer, 1996 ) » ]t fesc % * Tipie = ¥ LB 2 sko F 4 2 ehik & >

FIe 3 A R e * 5 E (Lactucasativa) ~ % 3 (Solanum lycopersicum ) ~ &

.\J‘.\._»J_

sam (Alliumspp.) %254 3 ERfE R R AR A B8 F o g fot

FREAFEAEF AP RS TE A0S 7 00 SRR L 5

DESS LI T SSTRN RN T Y SRR T e L TR S

$17 100%™ "% 3 20-30%; 1243 Kowaski s Bochow (1996) #= 3 » 2t % (A. porrum)

BRI S T R RN A R

SHIL S T BT

Az R AR TR AT L g kiRt B E B R
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AR RORBEE DEI I FERENERDD

P pR [ BRE T RREADFLER AEpp st I 3 ER R H
vahw (1988) # & R dpd o LB F TR UR R Ry ECD BT A 5 A
A PR AR AT LR BT o ) 20 £ AP ERL T
FOBR AR £ Y AT 2B S 52 A PE A A SRR R
ADNAITS RAZ R SRATSHUAPFRE  FRIEZ UL T LLH
L entt A REIT R LA AR RR AR AR S R LA e
AR A B R G - AR B 2 A RS IR RS B
RERABREALE [ fhe FFREBEUZIEREALFAFE D TR RF
EiEr A TP Hw R BT H 3 B4tk (single spore inoculum) i 2 R 4

g (pure line) » 2 Z 8- ITS g A 4~ & 7 7 (cloning) > B4 | FE e

"F oL ITS » 27> APy - FZRIRITLFAEFTLSFAFE 15
Manzanares-Dauleux % (2001) =3 » f1* - F 2 R 7|Hhkie2 5 £4Ef- 23
fa+ 3 ol iv 4 e differential host & 7 4 ¥ - 14 RAPD T v ik d 2 3 & 7 #4395
i F)A >~ 23 0 @ differential host R # & 5 8 & fd > 1 HF LA FRe A 2 2 2

B T EHASF Sl BRTALE S A28 AP EER
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BEFNBBARBT A G 2% B E 4828 L ABFERG -
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AR PEFEARBEIL 2 o UPFE R o REREF A FEELE F
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» F] & % = A # R Z F(Humicola fuscoatra ~ Fusarium oxysporum ~ Aspergillus
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dmre e o e pEAE (Halkier and Gershezon, 2006. ) » & iz fc & s fie pE 48

2 L H A

b

HA At A s chBpn§ phpg v oa LML S F Y H A sl i 5 B
#oenie 5L (French, 1992) » fe § 2 B8 £ 5 4a0F &fF >~ £l £
BFoass afas Bmf e SRR BT RRIE I g Y 2 3
PV AR 2 ER sk c AR Y g R F ARFER S R0 2
TR T AR PP IS Rl FA KLY
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PROEF R FH F 3P ERABEZRRIEF o § b FAPIT BRI
EEPE > Vel TiR A T H enB A g iy LvR 0 & F T 5 A japonicus var.
aculeatus ¥ #-rrpepERE 4 2 5 R A § Phfq 2 127 0 ¥ A. japonicus var. aculeatus-
FR A2 RILT MBERIGREER AL S AT 0 d T A E R LA
japonicus var. aculeatus s 4% 4 £ 2 5k i o i@ K EE 0 ad E P E 2R
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Table 1. Collection sites

B E R HEs Fies FE P
oA A3 F TR B HFE 2010.12.22
AP TH TP =R 2010.12.22
A A TR S 2010.12.22
1 B 4 R BT BRE 2010.01.27
R 3 2009.11.03
3775 EA T M PR IRGE BRF 2010.08.26
5T SRR G RN E ®HEFE 2010.08.28
SNOEFRETRINGY B KR E 2010.08.28
e I RTET LA FRE 2010.07.12
frt ®TARE L RS BRF 2010.10.13

o § T 52k = 3 2011.10.22

B BB 5 BREF 2008.12.19
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Table 2. Disease rate in collection sites
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Table 3. List of soil samples
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Table 4. Isolation place and species of myrosinase-producing fungi.
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Humicola sp. Fusarium sp. Aspergillus sp.
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Table 5. Control efficacy of canola meal and biocontrol agent on cabbage clubroot (1%

and 2" trial)

Treatments™
1 2 3 4 5 CK
1% 50% 55.6% 84.1% 33.3% 0% 100%
2nd 55.6% 0% 6.7% 51.1% 4.4% 92.2%

*Canola meal (50% ; w/w) was applied inall treatmants. The biocontrol agents applied
are Humicola fuscoatra from Taoyuan (Treatment 1), H. fuscoatra from Ren’ai
(Treatment 2 & 3), Fusarium oxysporum from Taoyuan (Treatment 4), and Aspergillus

japonicus var. aculeatus (Treatment 5).
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Table 4.The disease index of the third greenhouse test.

Humicola® Humicola® Humicola® Fusarium® Aspergillus®  No fungi
Canola meal 33.3% 10% 3.4% 0% 0% 14.4%
No Canola meal 98.8% 100% 100% 100% 68.8% 100%

*a. From Taoyaun, b &c. From Ren’ai, d. From Taoyaun, e. From Beitou.
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Table 5. The disease index of the fourth greenhouse test.

Aspergillus  Aspergillus  Flusulfamide No
spore mycellium Aspergillus
Canola meal 0% 0% ND 33.3%
No canola meal 93.3% 100% 0% 42.9%
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Table 6. The disease index of field test in Beitou.

Humicola®  Humicola® Humicola® Fusarium? Aspergillus®  No fungi

Canola meal 21.1% 31.7% 66.7% 42.2% 0% 29.2%

No canola meal 78.9% 52.2% 54.7% 80% 64.3% 54.4%

*a. From Taoyaun, b &c. From Ren’ai, d. From Taoyaun, e. From Beitou.
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Table 7. The disease index of field test in Wufeng.

Humicola®  Humicola® Humicola® Fusarium ¢ Aspergillus®  No fungi
Canola meal 42% 45.3% 61.5% 28.7% 0% 14.4%
No Canola meal | 40.1% 60.3% 60.1% 65% 68.8% 100%

*a. From Taoyaun, b &c. From Ren’ai, d. From Taoyaun, e. From Beitou.
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Table 8. Disease index of two blocks in Meifeng field test.

Treatment1?  Treatment2® Treatment3 ¢ Treatment 4 ¢

Block 1 97.5% 100% 99.8% 100%

Block 2 84.1% 99.5% 97.5% 100%

*a: Aspergillus sp. with canola meal, b: Aspergillus sp. without canola meal, c: canola

meal only, d: non-treated.
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Table 9. Length and width of leaves inall treatments (cm).

Treatment 1 2 Treatment 2 ° Treatment 3° Treatment 4 ¢

Block 1 274426 X 27¢3.1 157440 X 14.1+4.3 17.842.2 X 16.8+2.5 15.3+2.8 X 14.1+2.8

Block 2 20+1.3X 26.2¢1.9 16.9+25X 14.7+15 21.5+52X 19.8+5.1 15.5+3.8 X 13.7+2.5

*a: Aspergillus sp. with canola meal, b: Aspergillus sp. without canola meal, c: canola

meal only, d: non-treated.

71



2L ~ABAWEEE Y - fo% - < % 2 E L F Aspergillus japonicus var.

aculeatus z. CFU -

Table 10. CFU of Aspergillus japonicus var. aculeatus in the soil collected from

Miefeng experimental field site.

A
L R E| gt wend AL

1 10° 6x10"

1° 2 2x10*  5x10°
3 1.75x10> 0
1 1.5*10* 1.5x10* '# 259 2 /100 mL -k & #F #71¥

2P 2 0 75x107 2 2 HERFiR > L 1074
3 0 0 200 pL % *> PDA-Rose Bengal -
1 5x10° 0 ) _

3 5 0 5x10° bt A TEH5emiE; TR
3 0 0 i 4TH15emiE -
1 0 0

49 2 0 0
3 0 0

*a: Aspergillus sp.+ canolameal » b: Agpergillus sp.without canolameal > c: canolameal > d: non-treated -

B
fedZ S I L L i
1 25x10*  1.1x10°
18 2 1.5x10° 6.05x10°
3 4.25x10° 3.4x10°
1 0 45x10* 1 259 2 3E/100 mL -k 2§ 78
2° 2 0 100 =2 BB 1 107 110
3 1.4x10° 0 mL)E~ 200 uL % ** PDA-Rose
1 0 0 Bengal -
3° 2 5x10° 0 ‘ B
3 0 0 IR LA ATHECMIES T
1 0 0 M AT I5CMIE -
4 2 0 0
3 0 0

*a: Aspergillussp.4c ¥ = a > b: Aspergillus p.% 4 F 3+ 44 > C:iEF FF 40 > d A iz fp BT o
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Table 11. Germination rates of the resting spore germination rate under different

concentration of isothiocyanate.

Time Isothicyanate concentration (ppm)

0 1 2.5 5 10 50 100
Day 2 14.3% 20.7% 9% 7.3% 1.7% 4% 2%
Day 4 32.8% 64.7% 19.3% 16.5% 11.7% 8.3% 6.7%
Day 6 49% 64.7% 21.3% 15.3% 14% 6.3% 4%
Day 8 50.3% 67.7% 20.7% 16.7% 17% 5% 4.3%
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Table 12. The percentage of non-infectious resting spores in the simulation of

bio- fumigation.

Aspergillus sp. w/it  Aspergillus sp. Canola meal CK
canola meal
Day 2 33+4.6% 11.3+4.2% 3+1% 1.4+0.6%
Day 4 46.3+1.5% 27£1.7% 16+1.7% 17+2.6%
Day 6 50.3+2.1% 24+2.6% 24.3+1.5% 26.3+2.5%
Day 8 41.7+£2.1% 26.3£3.2% 24.3+2.5% 27.6£2.5%
Day 21 51+3.5% 24+3.8% 21.3+3.5% 26.3£0.6%
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Fig. 1. Locations of brassica clubroot sample collected for this study.
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Fig. 2. Clubroot disease condition in fields of Taiwan. A. Root rot in late stage of
disease (Datong Township). B. Large clubroot after infection (Ren’ai Township). C.
Group incidence in fields (shallow color; Ren’ai Township). D. Cabbages wilt after
infection (Alishan Township). E. Disease field (Ren’ai Township). F. Abandoned field

beacuase of serious clubroot disease (Jianshi Township).
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| 185 rDNA [ ITS 1! ITS 2| 28S rDNA |

5.8S rDNA <:J—|

WC 35

B = -~ Plasmodiophora brassicae rDNA ITS %3 PCR 3 g3l + 2 # tg % & 7 &
g] °
Fig. 3. The primer set for amplification of ribosomal ITS region of Plasmodiophora

brassicae.

78



Ble - L3 ?ﬁf;fﬂ%‘fl%:fga“p%—]“ITS ¥ 32 PCR 3 15 5% % 2 & /4 4 17 B - M:1 kb marker; ;

1-3 57 MR A 5460 5% FFRET T A 5 7-9: X FMATREA ;102

e 11 $HRe -

Fig. 4. The results of P. brassicae ITS region amplification. Lane M. 1 kb marker.

Lane 1-3. Samples from Wufeng Township. Lane 4-6. Samples from Smangus, Jianshi

Township. Lane 7-9. Samples from Cinsibu, Jianshi Township. Lane 10. Positive

control. Lane 11. Negative Control.
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B 4282 %3 ERRBERALZL L BRTRpR AL ITS RGATRE 5 4 4
(MS) ~ & 2 (LG) ~ 23 (BT) ~ 8 #(FS) ~ jL © (L)) ~ & (WL) ~ T #(WF)& % %
4 F{rRTk (CSB ~ SG) » H # B 7uhs 47 B 71 ¢ 32874 (AF231027.1) ~ #& B
(AF353998.1) ~ =z 4 (EF195335) ~ #& ] (Y12831.1) ~ p ~ & ¥ B = B & &
(AB094984.1 -~ AB094980.1 -~ AB094982.1 - AB094977.1 - AB094978.1 -
AB094981.1 ~ AB094983.1) » " 2 p & ¢+ B2 th & (AB526843.1) »

Fig. 5. Phylogenic tree of ITS region of in Taiwan and other countries.
Australia(AF231027.1) -~ Korea(AF353998.1) -~ Switzerland(EF195335) - United
Kingdom(Y12831.1) ~ MS: Meishan. LG: Lugu. BT: Beitou. FS: Fushin. LJ: Luzhu.
WL: Wuling. WF: Wufeng. CSB: Cinsibu. SG: Smangus. Kuk (AB094984.1), Sak2
(AB094980.1), Sto (AB094982.1), DaiF (AB094977.1), Dail (AB094978.1), Sak3
(AB094981.1), and Yuk (AB094983.1) are from Nagano, Japan. AB526843.1 is from

Nagoya, Japan.
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Fig. 6. The results of P. brassicae RAPD marker amplification in Taiwan. 1. Beitou ;

2. Zhiliang; 3. Cinsibu; 4. Smangus ; 5. Wufeng ; 6. Tatung mountain; 7. Rongxing ;

8. Shizilu ; 9. Lidao ; 10. Guanyuan ; 11. Luoshao ; 12. Luzhu ; 13. Meishan ; 14.

Chunyang ; 15. Fushou mountain ; 16. North Donyan mountain ; 17. Lugu. M: 1 kb

DNA ladder ; N: negative control.
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Bl- ~ERFp Rl Al &2 A% B A = i Fusarium oxysporum
(¥ F)) 4 &k > + = Humicola fuscoatra (i= € )4 &tk ; B. Aspergillus japonicus var.
aculeatus 12 ¥ f£.3¢ ; C. Aspergillus japonicus var. aculeatus(#* F)FAIE -

Fig. 7. Growth of myrosinase producing fungi. A. Fusarisum oxysporum from
Taoyuan (left). Humicola fuscoatra from Ren'ai, Nantou (right). B. The sporulation

structure of Aspergillus japonicus var. aculeatus. C. Aspergillus japonicus var.

aculeatus from Beitou.
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Distribution of 100 Blast Hits on the Query Sequence &

IMouse-over to show defline and scores, click to show alignments

Color key for alighment scores
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p ing signi alignments:
Select: All None Selected:0
1 Alignments o

= Max | Total Query E | Max

Accession
sdpre score cover value ident

[F]Humicola fuscoatra strain NRRL 25765 internal transcribed spacer 1, partial sequence: 5.88 ribosomal RNA gene and internal transcribed spa 8 828 100% 0.0 100% JNO031580.1

[E]" Chaetomium piluliferum strain NRRL 38180 internal transcribed spacer 1, partial sequence: 58S ribosomal RNA gene and internal transcribec 828 828  100% 0.0 100% GU183112.1

[F] chaetomium sp. Eis-30 genes for ITS1, 5.88 rRNA, ITS2, partial and complete sequence 822 822 100% 0.0 99% AB7285541
[l Chaetomium sp. Eis-29 genes for TS1, 5.88 rRNA, ITS2, partial and complete sequence 822 822 100% 0.0 99% AB7285531
[E] chaetomium sp. Eis-19 genes for ITS1. 5.85 rRNA, ITS2. partial and complete sequence 822 822 100% 0.0 99% AB7285491

Humicola fuscoatra strain NRRL 25765 internal transcribed spacer 1, partial sequence;
5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and

28S ribosomal RNA gene, partial sequence

B~ ~ p ¥ F 4 2. Humicola fuscoatra 2. 1TS-5.8S rDNA & 7] & NCBI BLAST

LR .

Fig. 8. The 1TS-5.8S rDNA sequence of Humicola fuscoatra isolated from Taoyuan

was BLASTed against NCBI database
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|Mouse-n'.r&r to show defline and scores, click to show alignments |

Color key for alighment scores
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([ Humicola fuscoatra strain NRRL 25785 internal transcribed spacer 1. partial 5.88 ribosomal RNA gene and internal transcribed spacer 2, comp 28 828 100% 0.0 100% JN031580.1
(=] aetornium piluliferum strain internal transcribed spacer 1, partial sequence:; ribosomal ene and internal transcribed spacer 7. © 828 828 100% 0.0 100% GU183112.1

822 822 100% 00 99% AB728554.1

() Chaetomium sp. Eis-30 genes for ITS1. 5.88 rRNA, ITS2, partial and complete sequence

822 822 100% OO0 99% AB728553.1

() Chaetomnium sp. Eis-28 genes for ITS1, 5.85 rRNA, ITS2, partial and complete sequence

822 822 100% 00 99% AB728549.1

[} Chaetomium sp. Eis-19 genes for ITS1. 5.88 rRNA, ITS2, partial and complete sequence

Humicola fuscoatra strain NRRL 25765 internal transcribed spacer 1, partial sequence;
5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and

28S ribosomal RNA gene, partial sequence

B4 ~p =€ %84 32 Humicola fuscoatra z_ 1TS-5.8S rDNA % 7] # NCBI BLAST
E S o
Fig. 9. The ITS-5.8S rDNA sequence of Humicola fuscoatra isolated from Ren’ai was

BLASTed against NCBI database.
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([ Humicola fuscoatra strain NRRL 25785 internal transcribed spacer 1. partial 5.88 ribosomal RNA gene and internal transcribed spacer 2, comp 28 828 100% 0.0 100% JN031580.1
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822 822 100% OO0 99% AB728553.1

() Chaetomnium sp. Eis-28 genes for ITS1, 5.85 rRNA, ITS2, partial and complete sequence

822 822 100% 00 99% AB728549.1

[} Chaetomium sp. Eis-19 genes for ITS1. 5.88 rRNA, ITS2, partial and complete sequence

Humicola fuscoatra strain NRRL 25765 internal transcribed spacer 1, partial sequence;
5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and

28S ribosomal RNA gene, partial sequence

Bl -p =€ 5L 32 ¥ - $k Humicola fuscoatra 2. 1TS-5.8S rDNA % 71| & NCBI
BLAST 14 % -
Fig. 10. The 1TS-5.8S rDNA sequence of Humicola fuscoatra isolated from Ren’ai

was BLASTed against NCBI database.

86



Distribution of 101 Blast Hits on the Query Sequence &

|Mouse-n'.r&r o show defline and scores, click o show alignments

Color key for alignment scores
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1 90 180 270 360 450

a producing signi . -
Select: All None Selected:0
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A Max | Total Quer E Max n
Rasciolon re | score cmrs: value  ident JAocesson
[_J | Fusarium oxysporum isolate FoxySING 188 ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.85 rbosomal RNA gene, and internal | @43  B43 100% 0.0 100% KC577181.1
[ T e oAt o Toosome STIE, Dariar SCUUCTICE, IMeTnaT USNSCDES SPECer 1, 0.0 noosome A ] 3 843 100% 0.0 100% KC577179.1

) Eusarium oxysporum isolate FoxySIN3 18S ribosomal RNA gene, partial sequence: internal transcribed spacer 1, 5.8 ribosomal RNA gene, and internal{ 843 B43 100% 0.0 100% KC577178.1

] Fusarium oxysporum isolate FoxySINZ 185 ribosomal RNA gene, partial sequence: internal transcribed spacer 1, 5.85 rbosomal RNA gene, and internal! 843 843 100% 0.0 100% KC577177.1

[} Fusarium oxysporum isolate IBSD-GF13 188 ribosomal RNA gene, partial sequence; intemal transeribed spacer 1. 5.88 ribosomal RNA gene, and interna 843 843  100% 0.0 100% KC428399.1

Fusarium oxysporum isolate FoxySIN9 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed

spacer 2, complete sequence; and 28Sribosomal RN A gene, partial sequence

B-+-- ~p FFle 32 Fusarium oxysporum 2. ITS-5.8S rDNA E 7] & NCBI

BLAST i 4% % o

Fig. 11. The 1TS-5.8S rDNA sequence of Fusarium oxysporum isolated from Taoyuan

was BLASTed against NCBI database.
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Sequences producing significant alignments:

Select: All None Selected:0
i Alignments ad

o]

Max ' Total Query E

Rascliotion score
Asperqi strain DQ2 internal spacer 1, partial 5.88 RNA gene and internal spacer2.:1 900 § 900

900

Asper isolate A3S1 40 188 ribosomal RNA gene, partial . internal transcribed spacer 1, 5.88 RNA gene. a1 900 900

oo

Asperaillus aculeatus isolate A381 16 18S ribosomal RNA gene, partial sequence: internal transcribed spacer 1, 5.88 ribosomal RNA gene. a1 900 900

Asperaillus aculeatus isolate A2S6 D3 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene.a 900 900

cover  value

100%
100%
100%
100%
100%

0.0
0.0
0.0
0.0
0.0

Max Accession
ident

100% KC621081.1

100% HF545315.1
100% JX501394.1
100% JX501393.1

100% Jx501392.1

Aspergillus aculeatus strain DQ?2 internal transcribed spacer 1, partial sequence; 5.8S

ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and 28S

ribosomal RNA gene, partial sequence

B+ = ~ p A 3K~ 32 Aspergillus japonicus var. aculeatus (f #& £ % : Aspergillus

aculeatus)z. 1TS-5.8S rDNA E 7] & NCBI BLAST 't ¥ % o

Fig. 12. The 1TS-5.8S rDNA sequence of Aspergillus japonicus var. aculeatus isolated

from Beitou was BLASTed against NCBI database.
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Fig. 13. Identification of myrosinase-producing fungi with sinigrin-barium agar. A.
Aspergillus oryzae for control test. Left, colony on SBA.Right, colony on medium

without sinigrin. B. The test of fungi isolated from fields.
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Bl-tw ~ 322 FF+EFAE10-15-20-252 30CT 2 LFRPLITR S &

BARELBERES ASBC D E- $AM-FEELL< ] (Hizem) Lk

T Hc; Fv—- ~ iz— ~ iz 7 % % Humicola fuscoatra > Fusarium 3 €3¢ &l 4~ 72 F

oxysporum - Aspergillus & €4 # 4 & 2_ Aspergillus japonicus var. aculeatus °

Fig. 14. The growth speed of myrosinase-producing fungi under different

temperatures . 3 isolates of Humicola fuscoatra are from Taoyuan and Ren’ai

Fusarium oxysporum is isolated from Taoyuan. Aspergillus japonicus var. aculeatus is

isolated from Beitou. Y-axis: diameter of colonies. X-axis: days.
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B3 ~fI* XL FEFAL A FFE FRB TR PF A #FREFT LES
B. < &R & 4 4 8 ¥ 0 Aspergillus japonicus var. aculeatus A% % Rose
Bengal-PDA & A + e ERin > B4 7Y chi B LA REF N 2 BiFRA R
AR C fABRBEFHZREFIHESRNELBREFR DE p it HEH
Boie R Aedpid 0 W AOX P BT Z B R 0 v % A7 W0ume

Fig.15. Dibbling-tubes planting for the colonization test of myrosinase-producing
fungi. A. The schematic diagram of experiment. B. Conolies of Aspergillus japonicus
var. aculeatus from different soil depth on Rose Bengal-PDA. C. Fugi isolated from

non-inoculated soil and roots in the dibbling-tube. D & E. Spores and sporulation

structure of Aspergillus japonicus var. aculeatus. Bar: 10 pm.
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Bl s B3P ioRiFE e AvC-2 2039 R4 g3 ﬁfg ; B~ D-% Aspergillus
japonicus var. aculeatus fo 3 & g %2 & 2 [# /5 B3 o
Fig. 16. Results of greenhouse prevention test. A & C. Canola meal. B & D.

Aspergillus japonicus var. aculeatus with canola meal.
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Bl = v dke BRI E L AR B Y RBA B~ & 2-ARKIL; ¢ -Humicola
sp.4r % & #a ;5 +-Aspergillus japonicus var. aculeatus “c 3 3 #3 °

Fig. 17. Samples collected from Beitou. The roots of non-treated (left), treated with
Humicola sp. with rape seed cake (middle), and Aspergillus japonicus var. aculeatus

with rape seed cake (right).
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Bl o~ 5 B BRI R o AN B S RIS WA (S Sk Y

WERSC-DAd €4 % EH S & BdBftkd £ R 2B 5 EJZ 1 Aspergillus

japonicus var. aculeatus % #|% ¥ 3 44 ~ &2 2:% 3 Aspergillus japonicus var.

aculeatus # #| » A2 31 F F e~ AT 4R T e AT 0 5% 11 RCBD %3 o

F BERIEA EAF o

Fig. 18. Condition of field test in Meifeng farm. A & B. The plastic sheetings are

covered on soil before the test. C & D. The areas of two repeats. E. Treatment 1. The

formulation of Aspergillus japonicus var. aculeatus with canola meal. F. Treatment 2.

Only the formulation of Aspergillus japonicus var. aculeatus. G. Treatment 3. Only

canola meal. H. Treatment 4. Non-treated. The experiment is designed with RCBD

method. Every treatment was repeated twice.
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CANBLE-foi - FAFL AAEBRL R d 254
BiAd®1+2-34:C 5%7% @52 1344 FL D Ess-fo¥- &

W2 EA R d 22 LA A1 234

Fig.19. Above-ground parts of cabbage in Meifeng farm. A & B. Plants of the two

repeats. The treatments are 1, 2, 3,and 4 from left to right in the figure. C. All

cabbages in the test. D & E. Leaves of two repeats. The treatments are 1, 2, 3, and 4

from left to right in the figure.
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AITCIE B 4032 3 4 ¥ Ml th

80.00%
70.00% j i i
60.00% / 0PPM

i 50.00% 7 /P —$ I

¥ 40.00% —#&—2.5PPM

4 X / / .

® 30.00% / I —¢—5 PPM
20.00%

—#—10PPM
10.00% ~®—50PPM
0.00% ; ; . " —+—100PPM
Day 2 Day4 Day 6 Day 8
T &

Bl= - 1R E TR 27 FIRERT BT s 7 FITRE T B 5 100X
GHRFERRIZFTEAF T ZBzewd 85 ¢ BfF#EF LA
#5 (284 lum)-e

Fig. 20. The upper chart of resting spore germination rate under different
concentration of isothiocyanate. The lower left picture is the geminated spore. The

lower right one is the non-germinated spore (Black bar is 1 um.)
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FoS- PSR FRETRY 0 7 R AR (e d %) hmIr S

B 475 B g2 1-Aspergillus sp.fe ¥ & a5 AR 2- % 5 445 JZ 3-Aspergillus sp.

..

B2 A- AR o T B RRIEF S CFWr EtBr £ 4 5 s B Y > HEL A

§ ¥ k2 thmIE S o

Fig. 21. The upper chart is about the percentage of uninfectious (red fluorescence)

resting spores. Treatment 1- Aspergillus sp. with canola meal. Treatment 2- canola

meal. Treatment 3- Aspergillus sp. Treatment 4- non-treated. The lower figure is

resting spores stained with CFW and EtBr. The white arrows are red resting spores

stained by EtBr.
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Rose-Bengal PDA

39 gPDA
0.05 g Rose Bengal
100 mg Streptomycin

1 LddH,O

Sinigrin barium agar

5 mMsinigrin
5 mM NH.CI
2.5 mM BaCk

1.5% Agar

Modified Hogland’s Solution 1.0 MM CaCOs3

1.0 MM KNO;
0.4 mM MgSO.

0.4 mM KH2PO4

1/2 PDA 19.5 g Potato dextrose agar powder
7.5 g Water agar powder
1 L Water

FEIE Y-8

Primer Name Sequence

WC-33 5’-TCC GTAGGT GAACCTGCG G-¥’

WC-35 5’-TCC TCC GCT TAT TGATAT GC-3°

WC-682 5’>-AAACAACGA GTC AGC TTG AAT GCTAGT-3’

WC1040 5-GTGACAGGC TGACCC GAAGGATTA- 3’

WC1041

5’-GTC ACAGGC TGT GAT CAG TC - 3°
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=R

ACGTTACCTAAACCGTTGCTTCGGCGGGCGGCCCGGGTCCTTCCCGGCGCCCCTCGGCCCTCGEGEGLGT

L o oY ST TS EP S DS S TN A P S B ST S S

TGCAATGGATTTGGCAACGAAGCLCGCCCGCCGGGLCCAGGAAGGGCCGCGGGGAGCCGGGAGCGLLCGLG
T L P K P L L R R A A R v L P G A P R P S R A

Y v T . T A A s A G G P G P B R R P S A L A G A

CCGCCGGAGGARARCCAAACTATTGCATTGTATGGCCTCTCTGAGTCTTCTGTACTGAATARGTCARARAC

I | ! | | | 1 | 1 l I | 1 |
L B L L e e S e

GGCGGCCTCCTTTTGGTTTGATAACGTARCATACCGGAGAGACTCAGAAGACATGACTTATTCAGTTTTG
P A G G K P N ¥ C I ¥ W P L .V F ¢ T E LV KT
P P E E N Q T ALY G L S E 8 85 vV L N K 8§ K
R R R K T X L L H ¢ ™M A s L s L L Y . I s Q@ N

TTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGRATT

| I ! 1 1 ! Il ! | | 1 I I |
L L L L L B s

AARAGTTGTTGCCTAGAGAACCAAGACCGTAGCTACTTCTTGCGTCGCTTTACGCTATTCATTACACTTAA
F N N G S L G S G I D E E R S E M R . A M . |

GCAGAATTCAGTGRATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTG

| | 1 | 1 | 1 | Il 1 1 | Il I
L I L O L B B e e ey e

CGTCTTAAGTCACTTAGTAGCTTAGARACTTGCGTGTAACGCGGGCGGTCATAAGACCGCCCGTACGGAC
A E F s E S S N L . T H 1 A P A S | L A G M P

TTCGAGCGTCATTTCAACCATCAAGCCCCGGGCTTGTGTTGGGGACCTGCGGCTGCCGCAGGCCCTGRAR

Il l 1 | 1 ! l 1 I Il | | 1 !
LA I L e L [ B e ey

ARGCTCGCAGTARAAGTTGGTAGTTCGGGGCCCGAACACAACCCCTGGACGCCGACGGCGTCCGGGACTTT
vV R A S F Q P S E] P G L v L G T Cc G c R R P . N

s s vV 1 s T | K P R A C vV G o] L R L P Q A L K

TGCAGTGGCGGGCTCGCTGTCACTCCGAGCGTAGTAGTTACATCTCGCTCTGGGCGTGCTGCGGGTTCCG

| | | | | L
L B B B S B [ e e

|
]
ACGTCACCGCCCGAGCGACAGTGAGGCTCGCATCATCAATGTAGAGCGAGACCCGCACGACGCCCAAGGC
A v A G S L S L R A . . L H L A L G v L R v P

GCCGTTAAAAGCCTTATTTACCCAAGGT

1 ] ] | Il
L LA LA L L Mt B S B

CGGCAATTTTCGGAATAAATGGGTTCCA
AV K s L I Y P R

P L K A L F T a g6
G R . K P Y L P K V

Bl- ~ p ¥+ F 4~ %2 Humicola fuscoatra 2 1TS-5.8S rDNA E 71 -

70

210

280

350

420

448

Fig. 1. The ITS-5.8S rDNA sequence of Humicola fuscoatra isolated from Taoyuan.
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ACCTTGGGTARATAAGGCTTTTAACGGCCGGAACCCGCAGCACGCCCAGAGCGAGATGTAACTACTACGE

! | 1 | I 1 1 ] I | ! | | L
+ A L et e L SBL A e

TGGAACCCATTTATTCCGAARATTGCCGGCCTTGGGCGTCGTGCGGGTCTCGCTCTACATTGATGATGLG
T L G K . G F . R P E P A A R P E R ) v T T T

TCGGAGTGACAGCGAGCCCGCCACTGCATTTCAGGGCCTGCGGCAGCCGCAGGTCCCCARCACRAAGCCCE
e
AGCCTCACTGTCGCTCGGGCGGTGACGTAAAGTCCCGGACGCCGTCGGLGTCCAGGGGTTGTGTTCGGGEE
L G W T A S P P H F R A c G S R R S P T Q A R

GGGCTTGATGGTTGARATGACGCTCGAACAGGCATGCCCGCCAGAATACTGGCGGGCGCAATGTGCGTTC

I 1 | | | | | | 1 ] } ! I |
L e R B L B L e L B L Lt

CCCGRACTACCAACTTTACTGCGAGCTTGTCCGTACGGGCGGTCTTATGACCGCCCGCGTTACACGCANG
G L M VvV E M T L E Q A ©C P P E Y W R A Q C A F

AAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGAT

1 Il 1 ! 1 | 1 | ]
L L B e I B L B S B L B S B IS B B |

TTTCTAAGCTACTAAGTGACTTARGACGTTAAGTGTAATGAATAGCGTARAGCGACGCAAGAAGTAGCTA
i< D s M | H . | L Q F T L L | A F R G W L H R

GCCAGAACCAAGAGATCCGTTGTTGARAGTTITTGACTTATTCAGTACAGAAGACTCAGAGAGGCCATACA

J ! I | I | 1 | 1 1 ] 1 |
T e e B S R S B a ke

CGGTCTTGGTTCTCTAGGCRAACARCTTTCARAACTGAATAAGTCATGTCTTCTGAGTCTCTCCGGTATGT
C Q N Q E i R C . K F . L | Q Y R R L R E A | Q

ATGCAATAGTTTGGTTTTCCTCCGGCGEGECECCCGELGAGGGECCGAGGGEGELGCCGEEAAGGACLCCGGELLG

{ | | | 1 | ] ! ! | Il | | |
L e e A e s e B . e B L L

TACGTTATCRARCCARAAGGAGGCCGCCCGCGGGLGCTCCCGGCTCCCCGCGGECCCTTCCTGGGCCCGEE
C N s L v F L R R A P A R A E G R R E G P G P

P A E A T v . v T

Bl- ~ p i=%€ » &2 Humicola fuscoatra 2. ITS-5.8S rDNA 5 71 o

70

140

210

280

350

420

Fig. 2. The ITS-5.8S rDNA sequence of Humicola fuscoatra isolated from Ren’ai.
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ACGTTACCTAARACCGTTGCTTCGGCGGGCGGCCCGGGTCCTTCCCGGCGCCCCTCGGCCCTCGCGGGLGE

!
R ot Mo o S C S RPN BHSVS e SV NS SRS SN P S

TGCAATGGATTTGGCAACGAAGCCGCCCGCCGGGCCCAGGAAGGGCCGCGGGGAGCCGGGAGCGCCLCGLG
T L P K P L L R R A A R v L P G A P R P S R A

Y v T . T v A -] A G G P G P 5 R R P S A L A G A

CCGCCGGAGGAAAACCAAACTATTGCATTGTATGGCCTCTCTGAGTCTTCTGTACTGAATAAGTCAAAAC

I 1 1 | 1 | 1 1 1 I Il | 1 1
L I B B B B B i e e RS B N e e By L S

GGCGGCCTCCTTTTGETTTGATAACGTAACATACCGGAGAGACTCAGAAGACATGACTTATTCAGTTTTG
P A G G K P N Y C I V W P L . Vv F C T E . VN K T
P P E E N Q@ T I A L Y G L S E § S V¥ L N K § K
R R R K T 'K L L H C ™M A s L s L L Y . I8 Q@ N

TTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATT

L | | il J ! ! ! | | | I | |
L I I L L L e I B B e

ARAGTTGTTGCCTAGAGAACCAAGACCGTAGCTACTTCTTGCGTCGCTTTACGCTATTCATTACACTTAA
F N N G S8 L G 8§ @& I D E E R S E M R . vooMo

GCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTG

| | | | | | ! | | | 1 | | |
(AL L B L L I L I B e e e s o

CGTCTTAAGTCACTTAGTAGCTTAGARACTTGCGTGTARCGCGGGCGETCATAAGACCGCCCGTACGGAC
A E F S E S s N L . T H | A P A S I L A G M P

TTCGAGCGTCATTTCAACCATCAAGCCCCGGGCTTGTGTTGGGGACCTGUGGCTGCCGCAGGCCCTGAAR

Il | 1 | 1 1 l 1 I | Il I 1 1
L B L L L R L L L L L R L R N L BN N e o e

ARGCTCGCAGTAAAGTTGGTAGTTCGGGGCCCGARCACAACCCCTGGACGCCGACGGCGTCCGGGACTTT
v R A S F Q P S 5 P G L \ L G T Cc G c R R P . N

s s v | S T | K P R A C v G D L R L P Q A L K

TGCAGTGGCGGGCTCGCTGTCACTCCGAGCGTAGTAGTTACATCTCGCTCTGGGCGTGCTGCGEGTTCCG

| | 1 | 1 | ] | I ! | | | |
L L B B L S e e L o e

ACGTCACCGCCCGAGCGACAGTGAGGCTCGCATCATCAATGTAGAGCGAGACCCGCACGACGCCCAAGGE
A v A G S L S L R A . . L H L A L G v L R v P

GCCGTTAAAAGCCTTATTTACCCAAGGT

1 ] 1 | |
LI L B B

CGGCAATTTTCGGAATAAATGGGTTCCA
AV K s L Y P R

P L K A L F T Q G
G R . K P Y L P K \

)

Jit

~ B =€ & .z Humicola fuscoatra z. 1TS-5.8S IDNA & 7| o

70

210

280

350

420

448

Fig. 3. The ITS-5.8S rDNA sequence of Humicola fuscoatra isolated from Ren’ai.
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ACCTCCCACCCGTGCTTACCGTACCCTGTTGCTTCGGCGGGCCCGCCTTCGGGCGGCCCEGGGLCTGLLe

ettt 70

1 | ! | I
O B o B e e B B
TGGAGGGTGGGCACGAATGGCATGGGACAACGAAGUCGCCCGGGCEGAAGCCCGCCGGECCOCGGACERE
T s H P C L P Y P \ A S A G P P S G G P G D) A

H L P P Vv L T ¥ P ©C C F G G P A F G R P G A C P

CCGGGACCGCGCCCGCCGGAGACCCCAATGGAACACTGTCTGAAAGCGTGCAGTCTGAGTCGATTGATAC
| 1 | | I I | (SN A i | 140

Il Il )
LA A L O S A L B L L N L S L B BN 1
GGCCCTGGCGLGGGEUGGCCTCTGGGETTACCTTGTGACAGACTTTCGCACGTCAGACTCAGCTAACTATG
P G T A P A G D P N G T L ] E S v Q S E s I D T
P G P R P P E T P M E H Cc L K A Cc B L E] R L |
R D R A R R R P Q w N T v . K R A vV . \ o . Y

CAATCAGTCARAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGARGAACGCAGCGARATGCGAT

s e B s = I o T L S N AU S BN SN R B Y

GTTAGTCAGTTTTGAAAGTTGTTACCTAGAGARCCRAGGCCGTAGCTACTTCTTGCGTCGCTTTACGCTA
N Q@ 5 K L s T M B L L V P A S M K N A A K C D

P 1 s Q@ N F @ Q@ W | S W F R H R . R T Q@ R N A

a s v K T F N N G S L G S8 G | D E E R S E M R

AARCTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGARACGCACATTGCGCCCCCTGGTATTCC
— | | | Ly | | | | | I | ! | 280
L L L L L A M M0 B e s e e o

TTGATTACACTTAACGTCTTAAGTCACTTAGTAGCTCAGARACTTGCGTGTRACGCGGGGGACCATAAGG
N . C E L Q N S v N H R v F E R T L R P L Vv F

GGGGGGCATGCCTGTCCGAGCGTCATTTCT CCCCTCCAGCCCCGCTGETTGT TGGECCGCGCCCCCCCGa
ettt et 350
CCCCCCGTACGGACAGGCTCGCAGTARAGAGGGGAGGTCGGGGCGACCARCARCCCGGECECEGGEGEECT
R G A o] L S E R H F S P P A P L A v G P R P P G

G G H A C P S v | S P L Q P R W L L G R A P P
G G M P v R A S F L P S S P A G c w A A P P R

GGGCGGGLCCTCCAGAGARACGGCGGCACCGTCCGGTCCTCGAGCGTATGGGGCTCTGTCACCCGCTCTAT

| ! ll 1
ettt e 420

CCCGCCCGGAGCTCTCTTTGCCGCCGTGGCAGGCCAGGAGCTCGCATACCCCGAGACAGTGGGCGAGATA
G G P R E K R R H R P v L E R M G L c H P L Y

1 | |

GGGCCCGGLCGGGGCTTGCCTCGACCCCCAATCTTCTCAGATTGACCTCGGATCAGGTAGGGATACC
1 I | 1 I 1 | | ! | 1 ] I a87
L L B L L S L e et s

CCCGGGCCGGLCCCGAACGGAGCTGGEGGTTAGAAGAGTCTAACTGCGAGCCTAGTCCATCCCTATGG
G P G R G L P R P P | F S D . P R i R . G Y

Bz ~ p ¥ F A &2 Fusarium oxysporum 2_ ITS-5.8S rDNA E 71 -

Fig. 4. The ITS-5.8S rDNA sequence of Fusarium oxysporum isolated from Taoyuan.
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ccgagtttacaactcccaaacccctgtgaacataccacttgttgectegygcggatcageccgceteceggt

L P N MRS VU S o SRR B SRS SN EEP B v B i)

ggctcaaatgttgagggtttggggacacttgtatggtgaacaacggagececgectagtecgggecgagggeca
P & L @ L P N P C E H T T € C€C L @ G S A R § R

e e e e et 140

ttttgcecctgeccgggeggtetectggggatttgagacaaagatatacattgaagactcattttggtattt
N G T A R Q@ R T P K L ¢ F Y M . L L s K T I N

K R o G P P E 5] P . T L F L Y v T S E . N H K

taaatcaaaacltttcaacaacggatctcttggttctggecatcgatgaagaacgcagecaaaatgecgataag

+ P - ——] + +—} " | f———+ 1 1 ! 1 ] 1 ] I 1 210
T \' LI B LIS AL T A L L B L L L L L L L ) B L B
atttagttttgaaagttgttgcctagagaaccaagaccgtagectacttettgegtegttttacgetatte

K s K L s T T D L L ¥ L A S M K N A A K C D K

| N Q N F Q Q R I s w F W H R . R T Q Q N A | S
I K T F N N G S L G 8 G | D E E R S K M R

taatgtgaattgcagaattcagtgaatcatcgaatcttitgaacgcacattgegeccgecagtattetgge
bt I f—t—t—t— 4 | gttt | ! | I ——t | + 1+ | ] | 280
T I I I T [T | L B B B
attacacttaacgtcttaagtcacttagtagecttagaaacttgegtgtaacgcgggecggtcataagacey
¢ E L Q@ N S8 Vv N H R I F E R T L R P P V¥ F W

\ M . | A E F S E S S N L . T H | A P A S | L A

gggcatgcctgttcgagegtcatttcaaccctcaagecacagecttggtgttgggactegegttaattegeyg

bttt 350

cccgtacggacaagctecgecagtaaagttgggagttcgtgtcgaaccacaaccectgagegcaattaagege
R A ¢ L F E R H F N P Q@ A Q L G v GG T R V¥V N 8§ R

G H A c B s A | 8 T L K H S L v L G L A L | R
G M P \ R A S F Q P 8 s T A w c w b S R . F A

ttcctcaaattgattggecggtcacgtcgagettceccatagegtagtagtaaaaccctegttactggtaate

1 | 1 1 1 L | ]
R o S N U N U SN Sy Yo

aaggagtttaactaaccgccagtgcagctcgaaggtatcgecatcatcattttgggagecaatgaccattag
s s N . L A v T S5 8 F H S VM VvV ¥ K P 5 L L V¥
v P Q | D W R S§ R R A S | A . . . N P R Y W . S

gtcgecggccacgecgttaaaccccaacttctgaatg
N B o o B B B O man m e o 456

cagcgccggtgoggoaatttggggttgaagacttac
vV A A T P L N P N F . M

,

BlZ ~ p A 34 &2 Aspergillus japonicus var. aculeatus (F f& 3% % :Aspergillus

aculeatus)z. 1TS-5.8S rDNA & 71 o

Fig. 5. The ITS-5.8S rDNA sequence of Aspergillus japonicus var. aculeatus
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GTGACAGGCTEACCOGAAGTA I?iﬂ(}{]{.‘t.‘[.‘ﬁ.ﬂlt IGCCOACGOAGGGGAGTACTGTTCCTTG

SCLI4UR
AAAAGCATTOGGCATCOTGOAGCATOCGAAGATOAACAAAGTATGGTCGATGOAGGGAAA
GCCCGCTTATATG TATAACTOAATAGTOTTAGCT TCCCATTAGTOTTACTCACACTAATTAAT

FAGATTCCAATTCCCACCTOC AGCCOGUCTTGAAGCATCTCCACCOGT TG TACCTGAACCTAT
ACCTAAGCGGACTCATAGGGATCACCAAATTTACAGAAAAATTGG TGO TCCCCCCAGOGGTG
CICGGCGTCTCTAATTCTTTGAACGTGTGTCGCCOTGGAGTTGTCCOATCCGACGGCOTCCCA
COCAATTCOGOTGCOCGTTGGOGCGCTACC TATACTC TGTGACAGATC TGO TCAGATC TG TGGTC
COGTTTAAAGACTCTACCTAAACGGTTAGGTATAGGTACAACGGGTGOGGAACGAATTCATT
ATCATTATCTCTAAATCTACGGAAAAATTTAGGTTTAGGTACAACGGGTGAAGATGCTCTTG
ATATGGGTACGTTAGATCTCGGAATGTCCGTGCACCAAGATGACCTCACGGAGTGCGTGGCG
GACACCGCAGGAGAATGGACCCTCAGACTCTTGACGGAATGGACAAATTTCGACTCAACGA
COGACTCCGTTTGCGCCTTCTCGTCATG TGG T TTTCTGGATTOCTOGGATATATCATCTGAAG
TCTTCGACGTTCOTCOGCACATTGCAGCGAGTAAG TCGOGCTCGGGCTGGACGACGTCCTTGA
CAACGGUTTTTGTCGTTGACCGCATACGGGCGTTTGOCGCGGTTGCTCCTGATGGCCGTCGOT
CTTTGATTGTCGTCOCCGTTGGOAACACTATCGGGCGAGCTCCAGTGTTCACTGCCGGAATCA
GCGACATCAATTGCCATCTCGAGCAATGGCTTGTACATCGCTATCGGAAGCGCGAGCGGCCA
COTOTACATCTOOTCOATUAACTACAGGUGCAATGTTATCAACATTCCGTCCTCATCTCAGAC
AAATTUACGTOCTTGCATTCACCGACGATAACGOGTTTCTATGOGC TGG TGGHEAGGACGOT
GITGCTAACGCOTATGCCTTCGCAGATTGTACGCAGGGTTCCTCTCGGTCCTTCGAACCAGTT

[ ?ALI']'I'['CM'E':E'TE_;{H CTGATCACAGOCTGTCAC

SCL14LP

B+ ~ Plasmodiophora brassicaeRAPD 1&:& /i 7| [B] » # 8 ™ 5 A4 % #1741 ¥

51 3 ¥t (Manzanares-Dauleux et al, 2001 )

Fig. 6. RAPD sequence of Plasmodiophora brassicae. Arrows are primer set used in this

research ( Manzanares-Dauleux et al, 2001 ) .
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# — ~ Manzanares-Dauleux % 4 (2001) 4 32 %

Table 1. The grouping of pathotype by Manzanares-Dauleux et al in 2001.

Differential host B. napus

ECD 6 ECD 10
Pathotype cv. Nevin cv. Wilheimsburger cv. Brutor
P + + +
P2 + - -
P3 - - +
P4 - - -
P5 - + +
P& + - -
F7 — - ~
P8 + + -
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