J. Plant Med.

Vol. 61 No. 4, 2019 21
DOI:10.6716/JPM.201912_61(4).0003

H o R AR AL BRI F X AU A

MRAEdE N TR P

B SRS A - DT - B

P T R B Y B R R S RS B B - P - B

S BRI AR T S R R A S P
CRASIEE > email: clwang@nchu.edu.tw

it - 2 -

W =
BRAESE ~ BRI ~ T - 2019 - HinZHFE ST 2
SRS - EPIEE61(4): 21-30
FEHZBIRE (Fusarium oxysporum f. sp. lycopersici) ‘&3
HAVE AR MR E - T RIEER L ik posE
PR RN T — » HEBEE 2GR T8 E R
& WA B S ORAYI 2 IR ST - M E L AR E Y
SRR S SR i 2 R AT A T ST 2 - ARBA TR AR ES
IMEZERUKREE EE I BN E AR TR - N FIRYERE
PRI LR S S PR B N A £ R S8 2 RE DRI IS 22 5%
et ot S N =R O v\ s D S A FR=S SlIEA === =}
B AVEEEE S - SN R - SpHE C BB EE - 58
#HIRE LY R e B MIRAL S T - EB AT rI SR R E
/NG AT © 60°C LA EHYENER I R #8850 ppmHYEE 5 IH R
B E A RN SRR TS EFRE ST - 2 DIEDE B
SR EFR TN BT T BRI ER A T E4AEE - Ba
WS HTIE R I o ANOH 9T 56 B 3 A0 2 8 i 1 2 JE A -39t
NG AT B LI 52 S AR 2 R

R © SR - BT NIRRT BN TR
il

i

FHZ M (Fusarium wilt of tomato) J&HFIHE
Fusarium oxysporum f. sp. lycopersicifii5 |#EMEHIRE > 2
BENM R NSRS E B EENNEZ—
T A SR 6 i O 2R Y HH & S8 AR B TP S R B ol R Y
BEREIA T - FAOE R EES AR ERE S - 5070
SRR AR T o Bk SRR I S A RIEE S

[l

i

4

B

T T IR CEETRE - DIRTE AN ERE
W EZEE - S RGER g T T SOEENERIRE
GERHIHIRREEY - WEE G TEER L8 SRIFER
BRI E R AA S - AR ER AR - S RLEE RS
b > BREE RS BK Ol A i BB K« RERTHHN T i =
b BHEHEZH BT -

PTG N B R0 B Fusarium B 1Y S BE AT 3 AV 4T HE
B > BN Z 2R RN AT » SRS RIIFEER 118
B BYEAREEED - BB EmEISREL > £F
FHRABVIAR EIBRE B &/ D BRIV RN T B AT - Ak
DS P R AB/K 53 B T8V © 57 2 Fusarium &5 =5
HH5 5 RZESRE S 2 HAMR SRR - 2500
At FeE R L SRR TR -

1EF. oxysporum/E AT EIMEIA R F IR - N ES
HEFZREMAT > MAEEZEREF. oxysporum f. sp. vasinfectum
FYE BT TSR R R R RS T ¢ it
A TEINEENRE F. oxysporum f. sp. niveumfy 5 4= fi 1745 DL
38°CE40°C EEHE30E 005 8 - HE g HILBENHRS »
[E AT &R E PR T R B AN B 85 2 > HE W Z240°C
1204388 2042°C 6047 SV EEE RE » MR IERE Ty AR T 5
MErEt s theen = MR EF. oxysporum f. sp. lini 2 JEH
il B0y AR FE T S WE fT E n RRE E A T 100K
DL E o (BB T B S RIS 7 oy A 70 - (E PR B
o fBRORE T Y JEL B A6 - A0 AT DL R B S R Y 3 AR f S Ay
AR BURE R T B RRAEAEEZ: (inoculum
potential ) - th4h » BULIRIWFFEFE ! » DAE IO BRI 2 BB
T R BERERRS  HpHE B s m il Em T -

5 WARTHZHWAIIRKF. oxysporum sy {63
(formae speciales) JEREAFHYRHE - (HEM BB HIZE B R E L
RATEFIVIAE - ARUTZEHH T RIS 774 50 s
H H B4 R RO > AT e 2 B L YA R



22 J. Plant Med.

EEBEMTHEYENTE  HEIER RV ERES ST
Eee B A7 Z 8 A RIBE - THEMER T ZRE B2
EHEER - A HRERBF AT EIE - DARRACGTHER]
TaEMMZERREEITE

MR TTE

HAER B REF R E

EPRCT-Fo-51% 2012 47 12 H 53 B ARG 48 2 %€ (0L
IS ZE R Y AR SR B A IR - &P SR8 R BRI Rl 2 Fy B 0
ZEREF. oxysporum f. sp. lycopersici > H.DL5r T8 E s E
Ry ETR/INTED (race 2) o [EREA VB - ARG /MEBVB
(BioFlora Singapore Pte Ltd.) B4fE -IEZEHUR > WAR010.03%
Wilg#E ((NH,),S0,) DAFFZE £ T o sl i SR
HFRFRETNBLE - (RFIE4CKF -

BREfRFE/ NS F 2 BREE LR

ol E DA R BRSBTS A BRI
A L EREL BN o3 A= 6 - (A V25 ) P A S8 4 1 )R R A
FROF IR RIS E R EME EEAEREE (potato dextrose
agar * DL NSRS PDA » 1 L & potato 200 g7 Hi)t ~ glucose 20
g~ agar 20 g) MU ATETR - SREEEBVBRIENE T > 43 BIlC
BRI B 10° spores/g Z N o BT3B E M (&
301) BE RIAEEE S > BN C AR (12N
J1VNGREE) o BEBEXERIEREE > 2FRA
e A ERIBES « BB NS AT 5 B T3 E
o SEESHEME > BRI -

RERIBH N E R F RN TR R LR

HEE IS B A - 8 N S 2B 1 T B B 5% 10* spores/m Iy 7 -5
VIR 0 HLL00 ulZR 2% /KEAS RS E AL (water agar > DU TR
WA » 1 Lagar 20 g) AR b KeEEEDHIER4 ~ 8~ 12~
16 ~ 20 ~ 24 ~ 28 ~ 32]%36°C 2 EMAL » W DASRSEAR A BB -
24/ N 1% > DOGERBTNER (Olympus BX51) BRZE V8
T sPEHES R $EEREB AT RENE
HEF - FMEERREHIEES - ol 8 - EEEE 42055
fi - HEEFEI100 0T > SHENRERMEMAEITSER - WEEE
HE SR Y R QIR R EZ 808 5 AR T 02 m g
40 ~ 50 ~ 60 ~ T0K80°C » &RiS ST ENFRIE% » A 2% WA
AR CE T 28C E RS E o WA BB R T
TR Ry IERTBRAL - SR 4/ NS IR T AR > JiAR BAT

MR (ERRIEH N B RR 7 B/ N\ R F 85 R 2 i

R 12 B R 85 A AR RS R B A (potato dextrose
broth » LU NfEfE PDB » 1 L & potato 200 g2 Hii+ ~ glucose 20
g) - DIl MEERE (HCL) 301 M@ & B (KOH) 43 AIFE%pH
E%E1+-2-34-5-6~7~8-9~10&11  Hl ml PDBE
2 mIFYBREEE LB N o R R T BN o AR T B AL AR 2X 1 0°
spores/mIAYEEIEIE » HL100 nlimhiZ 1 ml PDBH » BZE &
E] o 8 A/NIF RIS E (28°C ~ 100 rpm ~ SEHEEIE) 1% 0
ZAFTE TR AR » FE LEE 10055
T S{EpH{E R I HEI TS ETE -

BBEBFIEHNEERFEN DS F TR
A3 B 2 % Nikolaou® APV 2 W58 » 43 Bl LL &AL §k
(NaCl) Kl FA2 BB RpE A > DILALERE (D-sorbitol,
CeH,.0¢) FoIEBEFRUS BRI IRREE - FIH2% WA KA oERs
BE ATERERE S E25-567-8~910~ 15K
20% (wiv) HVEALINEREEL » R F RIBLGHEIRE 27 505 ~ 1~
253 MIYLIFL BRI R AL - IR R T2/ o A fE T IC Bk
5x10" spores/mIAIFEFHIFR > HL20 ulB ARl — MR AT
7o~ A AR AERIER o WA &M - TS
FRbERZ 1% DISESEANE B - B 28°C B -
PAARINEA LI LI AVHE R YW AR Ry IE S HE4H - 80824/ NEE
% IR AIE 0056 T SHEEE R TSEHE -

L PIRH R EERF R/ NS F R R Z LB

A2 E NikolaouF NV ZHEFE » Sy I DL AR
(hydrogen peroxide, H,0,) K HZEME (menadione) i b
Y2 Wit o FIF2% WA REEEIEEE > #3% BmELEE
93 mM FZERRE AR 53 B ARBTG5 R 240 - SOCHIWA > #4pY
JRFE ST AN R50.25 ~ 0.5 ~ 0.75 ~ 1R 1.5 mMAYIE 4L S 250 5%
TRk - BB AR R R Bl DRI R LA
B ZRERAYWATE By IR B IGAE - KB4/ NI 1% » IS A
FE100FE70+ > HERE IR FORfE TS B -

MIRAL BRI ERIA F RN E R FRF R ZLE

A Bg % # Nikolaouw% APV ZBF5E » HEMIE4L (Congo
red ) DAEERZKECHL S 1% 70K - MILAJRE I FER 24940 - 50°C
f92% WA > 53 BIELEE100 ~ 200 ~ 300 ~ 4005500 ppmldl 5
ALRyEFE A o plBR I 7 R BRI R A0 bl G ARSI
BATHIWATE B IES B - 4024/ N5 1% > I EEEETE100
TETOT - EHEPRE RS e TS

TRREHREHNERRT RIS ERTFRFE2 L
is‘z

RIS EEE R £ % (https://otserv2.tactri.gov.tw/ppm/ )



A P06 Fusarium spp. ZEMREIHEE ZER] - AL H
A& E S WER B - B (prochloraz) ~ HZF%
(carbendazim ) -~ BEHEILE (cyprodinil + fludioxonil ) K #F
#7578 (mancozeb ) H%?&i"’“ﬂ?ﬁdfﬁhﬂ@%fﬁi o AR
EFFER 24940 - 50CHI2% WA > Bipk&a1 - ~ 100 ~ 500 ~
1,000 ~ 2,00023,000 ppmAs i By R E AL > 5l m%*ﬁb /Aﬁ/jifw
B R Bl - N AARIRIIAE R HYWALE B IE$ R4H - &8
24/ N5 1% > B ERE TR 10055107 > E{EEE RORE#ETTS
HE -

ERERFE/NSE TR ECER

2% Son% NCOWIRGE o R IR B TSN R TR
W DA (60 mg/ml KI + 10 mg/ml 1, in dH,0) Fefm »
AR AYAFEE (glycogen) AREREARISE T 2 J4EI5TY
PLCalcofluor white (excitation 356 ~ emission 445/50) &R
(Fluka®) Hut4MAmEE & EEE4LT (Nile red 1 mg/l ml MeOH)
JLHEE > VR EERMEE (DE/Axio Imager Al microscope, Carl
Zeiss, Oberkochen, Germany ) FEUEF 40 (Calcofluor white:
excitation 356 ~ emission 445/50 5 Nile red: excitation 546/12 -
emission 590 ) Efi#BEHFE R & » B G AR IER & LK
P s Y - W0 LSS R B RS AxioVision ( Ver 4.8, Carl
Zeiss) MITHEIGZ RHED -

et RANTTIE

PASPSS 6.1.3 (Statistical Product and Service Solutions, SPSS
Inc., Chicago, USA) HRESHETTERET 3T 43 Bl & E B 2 JE B
HIFBL3 RT3 DULLECEIE0E BAFANOVA Sy
M7 > BEEER/NEEE A= FLE (least significance difference, LSD)
ETRE (p=0.05) » s3h7 R b & E R 7 (M2 I A B
FEHL o

m R

BERFE/NDERTF 2@ BE LR

s LTSRS T30/ 1N 53 A 76 T = A 1 B

3B LB MR F S 2 i T SE AR B
B > W LB BT RE S R BB - BR
LS > B CRMAE AR T T
RS EE AR T SN o JELRT TR A SR
EL86.7% » SRR RE42.7% » /1A T Pei iy L Fa
SRR 66.1% TR E18.7% ([H—) « G558 » A
JEFT B AT TR B BRI ELEE N TR T L
BEREES -

Vol. 61 No. 4,2019 23

60
55
50
45 -
40 -
35
30
25
20
15 |
10 |

—&— chlamydospores

-0 - conidia

Disease severity (%)

Time (week)

B Y [E BT T B 0y A 1 T 3 U B R A 4

Bl ~ I FH & A0 2
TR -

Fig. 1. The disease severity of tomato fusarial wilt of tomato seedlings
inoculated respectively by chlamydospores and microconidia of
Fusarium oxysporum f. sp. lycopersici isolate CT-Fo-5. Vertical
lines represent standard deviation.
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Fig. 2. The effect of temperatures on the germination of chlamydospores and
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Fo-5. (A) Fungal spores were cultured in consistent temperatures; (B)
Fungal spores were treated with a S-minute heating before cultured at
28°C. Check treatment was cultured at 28 C without heating. Bars with
different letters are significantly different at p = 0.05 based on LSD.
Vertical lines represent standard deviation.
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Fig. 3. The effect of osmotic pressure on the germination of chlamydospores
and microconidia of Fusarium oxysporum f. sp. lycopersici isolate
CT-Fo-5. (A) Fungal spores were cultured in media with different
concentrations of NaCl.; (B) Fungal spores were cultured in media
with different concentrations of sorbitol. Bars with different letters
are significantly different at p = 0.05 based on LSD. Vertical lines
represent standard deviation.
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Fig. 4. The effect of oxidative stresses on the germination of chlamydospores
and microconidia of Fusarium oxysporum f. sp. lycopersici isolate
CT-Fo-5. (A) Fungal spores were cultured in media with different
concentrations of H,0,; (B) Fungal spores were cultured in media
with different concentrations of menadione. Bars with different letters
are significantly different at p = 0.05 based on LSD. Vertical lines
represent standard deviation.
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Fig. 5. The effect of pH values, and Congo red on the germination of
chlamydospores and microconidia of Fusarium oxysporum f. sp.
lycopersici isolate CT-Fo-5. (A) Fungal spores were cultured in
potato dextrose broth with different pH values; (B) Fungal spores
were cultured in media with different concentrations of Congo red.
Bars with different letters are significantly different at p = 0.05 based
on LSD. Vertical lines represent standard deviation.
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6. The effect of fungicides on the inhibition of germination of
chlamydospores and microconidia of Fusarium oxysporum f. sp.
Iycopersici isolate CT-Fo-5. (A) Prochloraz; (B) Mancozeb; (C) The
propidium iodide staining of chlamydospores treated with mancozeb.
Bars with different letters are significantly different at p = 0.05 based
on LSD. Vertical lines represent standard deviation. (bar: 10 um)
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Fig. 7. Cellular structure differences between chlamydospores and
microconidia of Fusarium oxysporum f. sp. lycopersici isolate CT-
Fo-5. Chlamydospores and microconidia were stained with iodine
solution (KI + I,) for glycogen, with Calcofluor white for chitin-
containing cell wall, and with Nile red for cellular lipid. Calcofluor
white staining and Nile red staining were examined by a fluorescent
microscope. (bar: 10 um)
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= EREETLS mMEF - BRI TIERIEIRE T 8 RE
85% » (BERERARFAGHY | /N EBTZHFRIE]l mM
WECHEEEEE TR > PRREEE0.75 mMIy 2R A7
ks > W RERMFHNE LR EARESNINZE -
TEY)TE 8 2 95 [ B BRI g R P SR - AR P g Rk
SEYEEAEME (reactive oxygen species, ROS) » WIS AL&E,
HBEAEY) (superoxide, 027 7) ~ BEHHA (hydroxyl radicals,
OH™) % STV A S Fw R E R - R E AT 2L
TE BT HARVERE IR 53 7 > DASS AP SAH B RV B 40
FOHMHRIZE E (pathogenesis-related proteins, PR proteins ) FYEE
4 - phenylpropanoid¥1E £F& MROSEH MRS (ROS detoxifying
enzymes) HIAERE? o FIABIZEIEHE® » &[G T HIHIEE
B2 ERS S SIS ES (biotrophic phase) » A& Hilk - H
HHAFERG S B IEE: (necrotrophic phase) 275 J5 B Al A {2 27
FEEENRER o TIAMIFERY - EEEEIRREE0.T mMEFE
JEREEER Y HERBFE (Bortrytis elliptica) 3254
WA HREREAENINEH Z BEY « F. oxysporum/&?
FEREENER » HwmEART ENRRE ZBEILE R
H—EZ i - FERT R EEF2EE T+ (superoxide
anion-donor) - #EMIEAMEYEBHE » HEHLBEELR
s HAM A LIRS - BAEE R EELE - R
DURE T S A SRR EY > T S B o] B H 1 e 7
EEEE o JERTARIZES Y > HZEER TN RZ 89 (menadione sodium
bisulfite, MSB) 7] FH A EHE I £ HUME » BRI Z 093U
R HHREZFMAAER Z ARSI (in vitro) HIETSE: = HHBH
A REETIHICA RS R EANHI B B AR R AE HIBE -
KU HI B E ARG IREF. oxysporumiIik
BB AETT ARSI WG TR IR R [E)/F AR IR EE ] - B2
STALE IR R A d B R AR & p (FRAC GL) - #EEER /&
FEFESEZ R (F. oxysporum f. sp. gladioli)  HZFikE R HZT
BELER Ty 2 RS - R ATEINEENE (F. oxysporum
» A2 E R BB %55 488 B -tubulin 2 #1113
B (FRAC Bl) - $f /o miELEEER )70 Il £y 25 BEE R 7F F Al
(FRAC M3)  FEGERSE RFEL 8 KRB RGEER - 1

f. sp. niveum )

BRI FEEZW (F. oxysporum f. sp. cepae) > FL & W]
il A ZEE (methionine) &K (FRAC D1) - #KEHI#

2R REIER 2 sRE#IE (FRAC E2) (Fungicide Resistance
Action Committee, FRAC, http://www.frac.info/) o {F45EEET
RS R R 2 F3,000 ppm. FEGEREE - Mt BT 50Ny
AT 2 BFIRIR S R 4% - (HEHE RS IEE -
BEAZ5r7 - WIHEELE RGN ET 2 E 4 P -
o ae sl R R SRR A DLgE k4 18 HZ R v
FRET o BEZRGS PR B ] - (A R B e
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BRETER > A BEER/D - WP - BSE G RIRE
EIBRE IS AR IR S R SUEEER
FHIEFE-FRYES 2R PEEL o Ryl sy £ SERE 7Y R I 17 Rfs B 86k
EIEH - BURHE TR R LR [ & L R 1% - DAL
PIE O HER AR B EE - LB mk - (EH LR
M BT R DI e 2 AN ES - ARMIEEEET s B
b SR T R A I R R B S I B R A 3R
AREAT Ry B AR FHILAA - S8 T B R A T R A
F > i B T HiL R I 57 S R B 7 1 8 1o EIL T A 0 B 1
}ﬂ °

HEOHERE AR HEEREN AR — > Hh X
D IR VAR AR PRRE IR R 20 - 4
B OTCREFTHOR R E AR EER > B awHE N
R o FERTABIFES > 0 - SASYHFR LR E EE4S - 50T -
PR Z B EMEL > SRS/ VAEICCLL L mEEAR
FETTIRD40 - 75% 0 o SRRIITIMEH - HEEREEESD - 60T
B R E R R RS - 100% Y - KRBT > 50°C
WA BRI 1% o [EREFE TR/ NGy A f T 85 5P R B IR AH 26
TG AR FEE60C M LRSS R FREERK  ERT AR
F. oxysporum f. sp. niveumH|E HE AT LT A RS MY HIEOHTER
i1 EEAREREA 38 - 40°C - (EFRHEERERT K30 - 12057 8 HIAE
(B H S SR S R K33% » TRAWIZEVMIEE. oxysporum f. sp.
vasinfectum|EREIFAE SR NIVEER » 1439 - 41°C FHEZEIOR
% > BT %P5 2 IEAEE - ENRARE L > BT R
HORE R T AT — » PRI A0 T DAY - B R
R A R o (EBE G EREIEE -

TEATRAZL st S rp > R B N AT LA AT A e
aREBUNTEMTE - & TEIRBEREREET 2 4k
fAE - & E AN o T ST QR E A R
SRS - AR NIRRT B R AR R AR
s FEEEE (Pyricularia oryzae) ] EHEE Fe T BE Ry H
(glycerol ) ittt 28 (appressoria) Z BB (turgor) “ -
H IR AT B L S e B ER B SR T
BB I T & i BRSBTS M T R A T
Ff o BLAh > ST E B S EE AR £y - PR R
FiL SHEE DA (S B IR A BE ~ PR S35 RAME > at
20 E R TR 4 2 B E AT EE » IR R T
5o ARSI T EEEE - AT EEENH - i
TR R RE AT Ny A A T A R TR A BB R T L
B2 » MR 0 R T 7 & B o
FEZ M= 5T - iR R T B4R AR EE K YR o3 g 2
RO 2R RY B S FHRR AR ER - AR (S BB AW YIS
SEHE L E BRI YE -

E I
AT RN SO B 3 L R EE I R A A SR B A
H/NE K27 B 0 M R R AR B N E T SE R -
EERE IS IR R SR o LET K B R AT
SO0 R RS (MOST 108-2313-B-005-033 ) &8 & #iEh 15
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ABSTRACT
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Fusarium oxysporum f. sp. lycopersici is an important fungal
pathogen of tomato. It is able to survive in soil for several years,
and 1s one of the important factors resulting in continuous cropping
obstacle of tomato. It is considered that chlamydospores are the
important survival structure of the pathogen and are more tolerant to
environmental stresses than conidia. However, the scientific reports
of chlamydospore resistant abilities to environmental stresses are
still lacking in studies of F. oxysporum f. sp. lycopersici. Here,
chlamydospores of F. oxysporum f. sp. lycopersici race 2 isolate
CT-Fo-5 induced from sterilized potting soil broth were used to
compare with microconidia on germination under stress conditions
and on biological structures. Results indicated that chlamydospores
displayed higher inoculum potential of causing tomato seedling wilt
than microconidia. Chlamydospores showed higher germination than
microconidia under high temperatures, high pH values, high osmotic
pressures, high oxidative stresses and high concentrations of Congo
red. Germination of chlamydospores was effectively inhibited by
high temperature (>60°C) and mancozeb (>50 ppm). In addition, it
was observed under fluorescent staining that chlamydospores contain
thicker chitin cell wall and more abundant glycogen and lipid than
microconidia. The study provides evidences that chlamydospores of
F. oxysporum f. sp. lycopersici are more resistant to environmental

stresses than microconidia.

Keywords: Fusarium, chlamydospore, microconidium, stress, spore

germination, spore structure



