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HE AAREAARAALEREFRRE  CRTETEER T ERERYTITH -
& yitb eym¥m @ (Fusarium oxysporum f. sp cubense, race 4) B S Er- Bk A

g 3k 21 j’uﬁ b 2 B R R IR n@rﬁxﬁﬁgéﬂﬁ"kﬁ%} 4 ( de Beer et al. 1999
) WA RA%  BITHRERBBE - ARBRBFILGHERDRREAEE T HER
HBE - ARERET BHE—BA R GEEEL  BRARAEREZEHHNZ
BARKGHE - LBREREAE  ZE2 AN RAERRNE  2AREAK

B ERTFERMEI RN EREE  Z2ARK MERFETEMRRKR - B
M L ik 4 iﬁﬁa}%/ﬁ BkH TILE ) BITIUR kﬁmn o ¢ 20,176 #k4a 43T K
WY O RERERS > BEH A ESTETARMENLA BERREERE S A
PR E - Eaﬂim;buua%" GC-1089 - f£E Bl & 4 é GC 1089 &4 g & @ U &
BB 131 % mvenE  SEZF  RRBLETLE B ERESNAE 216
&746%°£’4‘E%§i‘%}%f&ﬂ<é’37£ E #E4E > GC-1089 64 -F34 %% £ 4 10.6~29.8
% > MbimoeiEs 108~232 % - TRERETREE > R L@ > FEFES
Bim A HiummEige o
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FEEE R XBELEER A AL WA 8 (Fusarium oxysporum f. sp cubense (E.F.
Smith ) Snyder and Honsen) Fi3lALey A2 tEmE o B 1967 5= > &40 T L& |
BRI G RE AR R EE R RS RER AR A Y it
FEREALEEREE  RARGTALEFEAERARENMAE - EX AR RBAHKMA
MRARENAZR » BARELET £B 0 I EBIEREEE R MERHEEME - B
FAKAGHAE > TR ER A2 BFHUARBESL BATRERHERE - &
A EM R B 1985 R4 A A B min g £ (somaclonal variation) #4TH% ¥ %
#2HY+ 55k FARTE-R,D Tek=n “YRTFeE YRuanse
R ERMEME O HIETSERAEARERER -

KB mp SRR ARG ERSDBBR S AN GENEL R — -
FAREALETRRRGEREE EF =" — mR ke BE SR
BARGEBEELSTZTHENBRA T HGER T » 844 4~5 B A% > RER
ERAMBIEEN - BRME  BREARBBTASEAYY R ABRMRET -
=~ e D Bk Z.C. de Beet i/ Bk AN U A FERBRE > A4
A BRI BlE B RO ERERTERANBER Y - ERLR R BB
 BEEMGEITAEBILRE - = - REKRTE AR £mex0 Vg
RAEARERRD BHRAGERENBRAFE %2 HE (Multiple-bud-clumps )
TPRITIRME - REFEEAAE - APPRAR LR BHR T L AW T BT
PR ERRRR > ARG H  RREA T MR EETE  KmkHE
SABEEERENRETE > EABBIBEEENKRIE - AXEREF A L H Lk
7T E L umiES T R R

HHR T &

— >~ AR ARERR

ARRAFRAA DM TRE, AR Ekmdn kYRR EERY &
BEBME o Rtk BEPBHRRE ] 23 EA%  BTEERARABERR -

HEMAREARGBYE  AREA TRABLOES Aok B0 K2 maA0
YAk o ARMR R B 45 BT R A Fusarium oxysporum v k3N -
BREBFENBH FEBESRGRE PILARBAHR -

s A ey /8 (Z.C. de Beer AEM) & : & E (2,500 c.c.) +EK# (
500 c.c. )+7& 48K (500 ml) - &A% RAKBHRASRE B AHEEH(1.01 kg/cm2
B 121C) 20 od - dpft > EREBRT BE—PARRERYG - RBREINEK
fMPrEk o BAA 20T > LR 1,000 lux © 48 3 2 EAszAih 0 B4R HEEAEMR o
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B KB TEETRANNE mABES L AoHHZ K E(H 10cc.
) MABAER B R RERE Rl LSRR EBEE L - 4% > 5 A H
BHEHRRLERE - BRBEEREAZ  BITREBRLKRE D BEKRAL  FH
NE > RFBETT IR EAT > BRENIPEE RBILEL (A1) > 2 &~ BUAR
R R VA REEI R -

BRERBR,ARETFRR D (—) SRRABESRANRR T A BEBEKRE —EA
REZMBAAGEARRE - —EARXRESBEANIom AR RE > =B A KE W R
BN 8cm g HBER T - UL ERABEHETHRR - (=) BREARAEBEERAZER
HRAE L E - FE(HFRAENMSE LD RARBER=ZRE N—EHAREHHEAL 4cm
BEZXRBETRR £ARETFRRY  BREX-_FE - BEEA204K - BRE
MZAEE > MU RREIEE (0= [=8BABEM ~2=REHBK) &TI -
BHEHEBE - AABBEAURER X THERBRELEATH P ERRBREEM

(o]

. @FATEERERAR A BTHURERNBR

Fig. 1. Procedure for the mass screening of resistance to Fusarium wilt by
inoculation of pathogen in the net-house. A. Mycelia of Fusarium culture.
B. Inoculation of mycelia at the bottom of plug-holes. C. Tissue-culture
banana plantlets were transplanted to the plug-holes; D. Examination of
disease symptom after 2 months of inoculation; left showing discoloration
of vascular bundles; right: without symptom.
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R ERAHRGESR

BELFHERBER  A—BABE R EE 0O RZRIE (HXREZL4em) » ¥ &
BRABEAMN  EEENEBTIRAEAER KASEARRBZ "ILE ) - £8
%23 EA% RAMEEGIRE ERBRERY - £ 4 8K M RAIRE MBIk
CHRESAABRERBRETETEERATYS BT I S0K - EHEHILR
BHEZEIS A~nd (H=ZEBH)  HEOMEREBITLAILERES - BAR_FE
» B E K 204 » LA RCBD 3% 3t#k7] - @FME 45 A > BT ERERBILRE - &
BRER0~10%  RoBEAZI > 11-30 %A FhL > >30 % ARk - & FltisEe
NEZZH o BREGH 100 % £ kpim ST E IR RER - KRR
PhEwE BB ERERBE 30~50 % - B_REEXANELZ  HLE YL 500 &
CBHURE R AL FREZEEREBETABIRFRAR  BRAEEL 24
100~200 #k » F%ER - &M 9~10BH > 24#8% > RIMLAKRE > AEFTER

X

—~ EY U # R B AN

ARBA—EA A=A G2 " LE Ak P HEE 4em R 8 ocm HAR KR
TRBHERE SRERZ-—BARRER H BEHRU—EASEERK > FILEE
Nigd (k1) - &RHMEAZRETABKRE  HFREE (358 A—MEAHH (1.63
YBE MEB R YRS RIEHA 125 REARBELEL EUBRRHE (£ 1
) WA EAAME - AU A G8eiimE A (GCTCV-105) AR - &%
EER FILRREBICIEE > MABBRNRRE A ©
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Table 1. The effect of the age of plant and pot size on the occurrence of Fusarium wilt.

—fE A& After 1 {8l A 42 After 2 2 ¥ 5% 4% Internal symptom

HE(A) BEKH month months

1 2% 0 0 0 1
e Gmonth) WENT Nooof - KL Nooof RN E L Ry infeeted
Leaves* 7 Leaves* 3 Index
leaves leaves plants plants
,‘é***
ﬂb'"f . 4 3.55£0.13 37.4£14.8 3.34+0.38 53.8+7.1 1.63+0.9 93.449.4 63.4+4.7
(Pei Chiao)
jb% . 8 4.83+0.16 11.443.3 4.81+0.51 30.5£12.0 1.25+£0.1175.0¢11.7 50.0%0.1
(Pei Chiao)
GCTCV-105 3 8 4.03£0.12 17.5£1.2 4.78+0.08 14.3£3.5 0.5+0.27 50.0+£23.6 2.843.9

* AR ER MM BER 12~18 ¥4k - B2 E 5% B B o Means of two replications,
12~18 plants in each replication; Full dosage of inoculum was used.
TR M B L 0= B 1= AUR L 2= E % 2L - Internal symptom : 0 = symptomless
l =mild 2 = heavy.
kkk TILE D A ROE S48 GCTCV-105 & HLJ% & % < 'Pei Chiao' is a susceptible cultivar;
GCTCV-105 1s a resistant clone.

- RARBEAEEER

REEEEENSE - FEAFER (HB) ZRE -BHRRE—Z2REA
%o SRENBEHEFAIIZAI L SREMEHBEEZR - BHAZ—HBA &
ILEHBULEARS > FERZX HEBRYD  -®EAL > FEREHFLEEAH
B A RILEHEEN (XK2) KBREARKEREBILEE  2EAF
TR BREE S NA 147 B 134> MEEZEARKR > mBBRIZAER o U8B FHT
B o ERREMB)R 2ERAFERESANAHII2ZATS % U2 EREALS
cREWERBEAEARLAAMS BRAS8 % ERRK o
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Table 2. The effect of the amount of inoculum on the occurrence of Fusarium wilt

— 1B A1 w18 A 42 After 2 ar
= ¥, & 5 44 Internal symptom
wttE After 1 month months i ymp
Amountof sy w¥maF @EM REEHE . BBEE% EEE%
inoculum No.of  %yellow  No.of % yellow Sin de;** Infected heavily
Leaves* leaves Leaves* leaves plants infected plants
=2
+= 2 4.05+0.07 42.3+11.8 3.99+0.56 47.6+18.7 1.47+0.19 97.2+3.9 44 5+ 7.8
Full dosage
tE 3.89+40.41 30.5+£2.2 4.04+0.06 47.0+17.1 1.37£0.24 75.0£11.7 45.8%¢17.7
Half dosage
0 4.04+0.06 19.3+1.4 4.24+0.22 20.9£11.0 0 0 0
Check

* ARMERNTHME BER 12~18 %k - HERLAE AR LM ILE’ - Means of two
replications, 12~18 plants in each replications. Susccptible cultivar ‘Pei Chiao” was
used in this experiment.

O MRS L O=R R 1= AUR M 2=5 E % L - Internal symptom : O=symptomless
l1=mild 2=heavy.

=~ iRk R R

F£ 1998~99 #£R] > BB — B A Ky TduE | askin Ay AWETHEES
R B EATIUR M > HEE 20,176 %4 - £ 2~3 B AKLBITHRERILKRE B
B 124 B E R RIBMB M EA  HREA RIETE Y 20~40 4 - FE R0 &
R A ACE - B RIUBRERE > FIERBE S 62.6 % H L GC-1089 (6.7
%) > GC-1093 (28.0 %) & GC-1113 (33.3 %) = (8L & ey 5% R ibatm o [ &
B3 (355 %) A& (B 2) @ A GC-1089 a2 5% & V7 10 % » S husstk
c AP HABMETHENE RSB ITS -
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2. 46 ENESL AR IEHRBLEL SRR EGIUR N ER

Fig 2. Performance on the resistance to Fusarium wilt of 46 putative resistant clones
and 3 check cultivars in the disease nursery. TC1 and TC3 are resistant check
cultivars and GC is a susceptible check cultivar.

FoRERETRRERAELAI - ARBEEMEOEAL  BITHRERLKRE - H
P GC-1089 #E A A A MEN  RERMERES 131 % mivknid T4 E=Z%
D B21.6%  RBomhiE TILE | A 746 % RibdmESL A GC-1093 & GC-1113 4 3]
2534 R T71.3%  RimHh REMm#ARK -

#2001 524 B > GC-1089 BRI mH B B, H LGSR ER ZRE BT KEHE
ST BIE > BEAE 100-200 4k - & 10 18 A #H > S REEACHICHR > BITEER
IIAE - R B K 4 GC-1089 ¢T38 % 24 10.6~29.8 % > mIvmHRBLES
10.8~232 % MZEZEFKR - BZFRLABHBRE  BEHGC-108 HEHERELS
ok (B 3) @ HiumHiABE -
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Table 3. Determination of the resistant level of putative resistant clones in the disease

nursery.
2, % R 25 9% % (% infected plants)**
(;;o'n\e No. of plants F Y . 35 R A B E R
observed Symptomless Mild Heavy
GC-1089 35 73.8 £3.4 13.1£11.8 13.1+8.4
GC-1 093 71 21.2 +6.4 25.4+8.5 53.4+14.9
GC-1113 109 11.3£10.5 17.4+6.3 71.3+£16.8
4K =3
wok 9 +13. DE3. 21.6+9.
Tai Chiao #3* 69 63.9+13.6 14.5+3.8 6+9.8
Jb &
- .0 8. S 4. ox12.
Pei Chiao 68 10.0+8.3 15.3£4.0 74.6+12.3

* AW E & T o Means of two replications.

** o fw M AEAE 5~6 18 A 1% #R ¥ 481k & - Internal symptom of the corm after
5~6 months plantmg n the disease nursery.

AT LB =90 R TILE | 55 ATUR R R R B8 b4 o ‘“Tai Chiao #3’and ‘Pei
Chlao are resistant and susceptlble check cultivars, respectively.

4 FkSL ik GC-1089 £ 5 A& B R W B3k &R

Table 4. Performance of resistant clone GC-1089 in the farmers’ fields in Kao-Ping
region, Taiwan.

5 R
Location Clone oi:)serlz/e d % infected plants
T GC-1089 189 10.6
Chiuju EE=Y
( u) Tai Chlao #3 37 10.8
¥ @ GC-1089 168 29.8
Hsin Yuen &R =5
( ) Tai Chlao #3 82 232
S GC-1089 108 4.6
Formosana )

* 2001 4 A& > 2002 52 B AR FEAE AR L o Planted in April, 2001; the
infected plants were surveyed at the shooting stage in Feburary, 2002.

kT HE =3 R TEFEE | MAHLK S - ‘Tai Chiao #3° and ‘Formosana’ are
res1stant check cultivars.
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3. AR @ E AR EE N LR & & GC-1089

Fig 3. A highly resistant clone, GC-1089 was selected by using the net-house
method. A. Performance of GC-1089 (left) vs a susceptible clone GC-1113
(right) in a Fusarium infected field. B. The fruit bunch of GC-1089.

w4

WARBRERBE T ARETUALEETERBA R AT A ER B8 KD
HRBEHREFHBEEE - —BA K I BHHEL dom BB RBGFEEZR L =18
ARMAEScm BEBRMORKBALE  TEHEFHRATHNEL RERABEERZ

AP ENRBRELLFER > EAREAGEEY  —FHRBREEAFABEE
Blo Agb > UE ERBRRARBHESL —EAAEGETERILBERE > TEREHE
(mass screening) &9 B &) > sbikb B IELZEHAZBARGESHITHEZAAE XK

WMEALBEBRCALOHRELET AR EL > THRKEL - B2LF
FREBBRAWNBE T ®WRLASL AL RBUMBAR > BRI - HiE T ks
A BEKRELLBRAAN - EEMBRANH RS E  RET S B R RIBHE
Behidk 0 EARR (escape) MRS - METHREFAAIEATERRE
XA BRANES > RIBROBRETARRYD - RILAE G REEF A
% ¥ @ (multiple-bud-clumps ) 72 & 8 #8 3R ATHum % > B30 A 20"
R TAEAREGHEN TR - BIERGERE LN @IBE B e EkE
AR IUR R BANRARIBERM > ERFIREPME - MBETATEEL
DRENMAZERZE BBELEHERENL - Bt EERBRAIRIBRER

% o
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B 1997 44T R RBR AR > £ &3R5 TR E R B AR RIUR SAEAE 5 H I -
2S5ARBE 4 ARFRELELRLIMBEAREBEALIEEBERARET > 45
BFAHELER - BRETFELELABRERE (M) BEZTAIEHENEER
BB BARAEMEAGMEYE - EoEsEs (M) #4F HARGHES -
i AR L E RS RFAET T ERMBEARR ISR E (BPEMBHMTR
FRMZBEAR) WL EL L EAMBAMAAY - Bb#H > AWETRITHAILE
NER  TRHEREREK (W) BARAEERE  WRERMBEARTKRE » THE
EHBERMYGLA B WHEEABHMARAIRISHE o "TEEZR A
GCTCV-105 4238w Z a4 107 & 12.8 % e i@ =2 T Rk T » fH o880
MAEAERFTED 625 % TR > WEEALBERETENEELXRADHEARERRK
FAE  EEHAR LA RS AARARGEKR - AR TE > APMRALYHET
BREZEHARKEL QI ERBMABEE - ENEHEKE  ARA# T > H
B BATHREBH - AHEAEF 2 15cm 5 e AR 2 5% B 47w B E Ak
TR TEAR E 0 EKAS R AEAR o ARG e REA KRBT E SO L AIURIEE
oo doph > TRRBGEMEHRERGGLE -

ARERA 1998~99 FR] > AT AT BERTEYH TIE | BTHRERE - #
MBS uBnAY PEEIR LA GC-1089 0 238 45 = F oy w42 £ > GC-1089 345 %
RS EIBEE > EILphTE 88  FRETHREEHTITH - GC-1089 RES
P % LR EAIES A L A B o Z.C. de Beer™ B 1996 442 i Ik B 4518
AEZEAARZEBEABRTHEEN EERHE  SuipEEL > £EE 17 Bt
/At B o T RWEARBMEMSE A HE RIFSER -

£5 EEFELBEAHRRREEATESETIREER LN R
Table 5. Degree of infection of five banana check cultivars in the disease nursery and in
the net-house using artificial inoculation.

® fil % 7% Degree of W E AR R "
7,48 PLm b infection in the field Degree of infection in the net-house
UU' Degree Of ‘%ﬁ.«?‘%{*ﬂig)ﬁ %;S}l}% }%:‘% ‘%ﬁ.«?‘%{*ﬂig)ﬁ = A0 @ A e 14 T A
Cultivars resistance Plants infected Plants ;&S}% #% no i.—;m’t«}% B )%i EEXed
ymptom  %Mild %Heavy
observed plants observed
Pe: Chiao S 176 64.4 104 14.4 8.1 77.4
S E 3%
Tai Chigo £2 S 181 64.4 103 6.4 7.2 86.3
S E—3%
Tai Chiao #1 MR 400 60.1 54 19.3 42.0 38.7
é f‘%ﬁ: _;_ ulb
Tai Chiao £3 R 208 24.2 32 15.6 62.5 21.9
GCTCV-105 R 206 10.7 24 33.3 62.5 4.2
* W R B R R AR (SN o External symptom after planting in the disease nursery for 10
months.

**uE 8 B E (AN ) © Internal symptom: discoloration of vascular bundles
appeared in the rhizome after treatment in the net-house for 2 months..
**% S=pk & Susceptible; MR= 344 Moderately resistant;R=; 1% Resistant.
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100
{2
c o
IS 80
ol
'c &
S 60
o
o 40
K2
()
20
o
0 , l =
Pei Chiao TC #2 TC #1 TC#3  GCICV-105
Cultivars

B Slightly infected pl.%(Pot) 3 No infection % (Pot)

O Diseased pl.%(Field) B Total diseased pl.%(Pot) & Heavily infected pl.%(Pot) ‘

B 4 ZEHBLELERAET BITRAETARTIIREZE
Fig 4. Degree of resistance of 5 check cultivars evaluated in experiments conducted in
the diseased nursery and in the net-house using artificial inoculation. % diseased
plants in the field were determined by the external symptom while those in the
net-house were determined by the internal symptom. TC=Tai Chiao.

&)

Y B o Tk A 3R A B4R M A7 Dr. Z.C. de Beer 324 AT 45 % 3% 7 B
B ok o S I LR L L B B R AR A 2 R R R B R
AME - AMEAEA XML EEE €4 % #H 5 (86AST-1L4-FAD-35 R
90AST-1.1.1-FD-Z5 (7) ) - 4583 -
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Abstract

The objective of this study was to investigate the feasibility of a modified procedure
using artificial inoculation of the Fusarium pathogen for the mass screening of resistant
clones in banana under the net-house environment(de Beer ef al. 1999). After isolation, the
mycelium of Fusarium oxysporum f.sp. cubense (race 4) was cultured in the sand-maize
mixture for 21 days. Small quantity of this Fusarium culture was placed at the bottom of
plug-holes before transplanting the banana tissue-cultured plantlets. After 2 months of
inoculation, the tip of the rhizomes were cut to examine the internal symptom of the
disease. Experiments were designed to evaluate the effect of the plant ages and amount of
the innoculum on the occurrence of the disease. It was observed that the expression of the
disease symptom in 1-month old plantlets was more prominant than that of 3-month old
plantlets. In the experiment to test the amount of inoculum, development of the disease
symptom was faster in the treatment using full dosage of inoculum than that of the half
dosage. However, at the end of the 2-month period, the degree of disease infection in both
treatments was not significantly different. Therefore, half dosage of the inoculum was used
for later experiments. By using the above procedure, selection of resistant clones was
made from 'Pei Chiao', a Giant Cavendish cultivar. After screening of 20,176 plants, 46 of
them were selected as putative resistant plants and were used for multiplication by tissue
culture. These clones were subjected to two subsequent clonal evaluations in the disease
nursery. A resistant clone, designated as GC-1089 was selected. The percentage of
heavily-infected plants of GC-1089 was 13.1% in the disease nursery, while that of the
resistant and susceptible check cultivars were 21.6 and 74.6%, respectively. In three
on-farm experiments, the percentages of diseased plants of GC-1089 and the resistant
check cultivars were 10.6-29.8% and 10.8-23.2%, respectively. The results indicated that
the modified net-house method for screening resistance to Fusarium wilt in banana was
simple and effective. The resistance of the selected clones was stable during several
generations of evaluation.
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