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PRERTE ~ FRIEE - #REE - 2012 » SRR BB A A VIR B s EEREGC ER - &
T ELSEITSE 61:241-249 -

FHEEIER (Fusarium wilt) ;& H AT 858 H R B R 2 m K RHIE
T2 o ARG A Y - TRERHE T £ 5 550N . 38 R B e 5
FREEE o BB P AR R AN AT B AT AR B R Glomus clarum
Nicolson & Schenck Bl 53— rii EE G4 WIre SN & FRFE 7] Pseudomonas putida il
Trichoderma asperellum - T HANRRETZ I HEE T EMCTREL - BIMEETERE
SR PTEST o BIMERAERAETA 2009 4F 9 H - FHHEMAMIEESEL 34 Ri%H
fli G. clarum » FFERHFREEZE EEEE 200 0T - HEMBEZESINE 92 K& -
MRS EVIC T ETHERES - RIS E R Pseudomonas putida (1 x
10° cfu per plant) B Trichoderma asperellum (1 x 10° spores per plant) © T HEIHE
FHE 158 KRBl BMEERERA - AR  BEERECEHEEE
HEA RBMRAT - MRS LIRS 12.6% (51 16 cm) » EEELEIGHZ 36.9% (%
24 %) HEMERERERE B HELRIERZINZR (67%) B (P < 0.05) LEE R
(88%) 1 - IR F R AT EMAEYRER B ELSERBRR R ER
J5 B A A (P > 0.05) 72242 o FLL ARSI AT - B A B A R AR B T 19
EH ISR N TS IR (HRHEREIE S BN S BRI
AR BO LAt A7

BASEET | EECEIRE ~ Glomus clarum ~ T ~ Musa acuminata ~ S5EE% ~ Fusarium

oxysporum f. sp. cubense °

=] HUR - 2EREREAALIE 10,184-14,072 ha
AL AG R » MBI AT PEERRy 148,715-287,895 t - EAEHZERT
S AL - IS TEE R B 15,104-23,663 kg » AR LRI RRETL
BlZ PR 90 4R 99 FFRSEHET ARt BRRAR MR SR E i - b
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HFEAFETIEDMEE Jt# [Musa acuminata
Colla (Cavendish Group) cv. ‘Pei Chiao’] fi:fe# f
F - HEJE - BREE - EE2 RIS E
e fH AR HEIHRAEIURNT - BEE
TERRY 1967 8 K BAE BT SRR R & -
A B RFARRE T R R HSURRIE S B fii » 1980
FHMChM e EE R GERE TER - 12
2002 FHEFEEKIET 2 AEHER - ZEE
R EVY T2 At (Hwang 2002) » BEH
HAERZFHERE -

T T R SO 2 2 F5 o Bk e R 22
5 HR R Ry R BRI R B M E A Fusarium
oxysporum Schl. f. sp. cubense (E. F. Smith) Sny-
der & Hansen ° BT HMICHTR 1970 K
I BN HEEIER VA LLE B YR L Ry
FETF  BEAREFTNMYUR LS S8
—HE s HESI R CEEE - alR 1992
F ~ 2000 FFEL 2001 FanLHER o BE—R
Bl B0 R iRR s - E@ETE T
JEERIE ~ HE/K B B s S A E < FE R
1 5 5 B I HE KA R 2R E & 3
e ANEMEE o B R SREJIRIERES E
BRI - RTINS RN E R
HERE » ABAESME HAHER BGAIER] - 4
WFZERTY 2007 FEFFHERS “BHESHR - ThinfE T
BRI SR B R R B 10 bR 1y
TE 0 [ARF X EA S EEEIERIIURRE
JBPURE e - HATEHEE T (GEE N
FCATHIE http://www.banana.org.tw/ ; H H)
JAARH ) RERSR RIS ) IR ) -

FF L TTEE L T A B L P B AR Yy
S YIRS = H A 8] - Alabou-
vette (1986) WFFE+E H % - n] L EY) 1
MR E RERE - B TP EER
E R B R - AR TR HIE RE
e VIR S35 © Amir & Alabou-
vette (1993) WFZEL A R RIRI 2 > 5

Fol# 3

B G r W 8 T RN ISR R R 2 s
FIPURIZRE » TSI o RS i N e b
JRFEEE - Dominguez et al. (2001) FH#AZEHELH
Ry HIEER Z KERE R (Aggregate water-
stability) B ] F H M SR - s L
AR EC HE R A M SRR R -

Stotzky & Martin (1963) AT SEMEFE K1
AEFEN o7 [ B AEGMIRMR 1 &
Fif) A TR A s TR 2 4 SRR - Hoper
et al. (1995) W7edh - Ja2UEL 3% pH {H ¥ A
WHERE ) 2B R - R A (msEa -

ARG ESER ) » CaCO, TRIMTEEL CaCO, fii
A LIRS s 2 AR AE ST © Ch-
uang (1991) HIEAEFERAEEEY) [CaCl,,
Ca(OH),, CaCO,, CaSO,, Ca,(PO,),, Ca(NO,),]
HE LSRR R TR g8 WS
FHUR CaCO, HIE SR E RT3 2R
HIHISCER T - Peng et al. (1999) BFZE4EH
1 300 g HYE TR 3 ¢ AORGERSS il {5
FHHEEIDEERERER 93% MREE 33% -

Sanjeevk & Eswaran (2008) WF5¢Hs HAEE =
%A HEIEHE (potato dextrose agar, PDA) B33
FHrf A 500 ppm 5% 750 ppm BYARRD ] 5E 4
I SRIEE R E M E PDA 858 LA R -

Thangavelu et al. (2003) FF5eHe HBEFE BN
B B T A B SE R R A I L S T
AT S & - Mohandas et al. (2004) fffZ2tE
FE e e YR B I ] AL S s I S T SRR 4
H72% » R R N TR AR K g A
HRIRES - TESRIR IR B AR E K R
BRI - BRI AR A i -

Getha et al. (2005) 1R =R RAGAEAG SRR
BEMH R ] 2 AR M S MU E B Y S R B
AHUNE 1 2~ 4 BHRRVEETUER - B
PR n] A AR BE AR ISR (index for leaf
symptom, LST) 47% b R &g ffiigs 53% o

Nel et al. (2006) TEHHER = FHIRFFERE RS



FES I 1 ) S s [ L R T PR 7 A v B
AR 8.4-87.4% » R EME TR KT EE
TERG RS SR 83.4-87.4% » KA MR
IR R R 62.4% 0 AEERHEEE RS
TR AER 33.4%62.4% @ BN ERE TR EE
EETEREER 70.8% °

bt R B 0 2 W ST A TN b I
55 ~ MW e E MY R BRI
5o AR BB ER R AR I B E B =
17 » BN EE R Z eI SCEH
o RGBSR G I AT 2T e B FH

17 - THERE A YRR A RSN L
MFER T

B R B 5B R

AGREEAE B A RIS FTR E HEE T
SREFHEJ 13 m x 23 m (HEfER 299 m?) < &
B HHE R ER T B WS ET (randomized com-
plete block design, RCBD) » ifb#EIA 3 ff :
(1) HFH (CK) » NEE 5 (2) TEEEER
RE (AM) 5 (3) B R E B i E
B EME RABE (AM + BIO) - £FEH 6
A (6 i) - FEPEAEAEIE 10 Pk - 23T 180
PR o FEVERERTHAFEAN - 23 ARy 400 kg
FEVATHEND (13.4 t/ha) ~ 24 kg BE#%K3 (0.8 t/ha) »
24 kg BEJiAT » 6 kg 195K » 3 kg H A » 3 kg
RNORE o ENERESEsRFTH o TERE - HENE
fE—E H & —ZGEE - &0 (RFE) H
PR (FRERSH) HFH R ~ e HAEE o3 Fo Rk
VEVIHEAET (Lo 2005) LT -
TIRERE

BRI A A 3 SR EE 5-15 cm &
+H3 o @A ILERSE 12 B - HAESEERM
158 K& » FAHRMIUTEREE 5-15 om R4 1%
FHENE 3 R fSRESEREE | B o 6 fEmE
(6 HE) HLEREE 18 B - BESRTEL A S
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fi] 158 REgATERSE T3 T E LI B S A B
AV RS B EEE -
HIRIB L EE SR

PR T R R R R T B LS
ST BURE 148 pH {H ~ EC {H ~ Bl ~ H%
B GRS - W B 85 85 B B
i~ $¥5F o T4 pH {HEE EC {HAYHIE 7Ry
KRG T 21 (g/g) - DARRIGRIITE 38 e B SR
EEBHE o HEEM DRSS - B
R LDAEE R T EAE R E AR E S
& o AMIEEASH 2 M KCl & A8
PrEElE o GRS ~ 80 - §5 - 88 8 8
i ~ #F ~ #HLL Mehlich-3 method (Mehlich 1984)
Al - DURERS G B A0 AT (Inductively
coupled plasma spectrometry, ICP) HIE - F&iif
HISE FERY MR BRI 5% By Suntex SP-701 5 FE3E
JEE I RO R R B Y 5% By Denver Instrument
Model 20 5 FARIIHTEEAIRRELAYSE Ky Beckman
Coulter LS 13 320 ; AR T HEAY % B
%R Ry Elementar vario MAX C 5 HEI T
YA B U B by Astoria Analyzer Series 300 ;
JRERL YRR AT RAY R B Y 5% f HORIBA
Jobin Yvon ULTIMA 2C -
HIEMEY 2 SRS EEET

REE TR RIR SR EEL 10 g 1
IO TR 7k TR AT A A R - AR BRI LB G
AR (Agar Plate) 3 BEREE DY) (Wollum 11
1982) » LIS #5808 (Nutrient Agar, NA) K5k
SrEERGE AR - DUSRE R AR ER
(Potato Dextrose Agar, PDA) B2 & 5L/ BfER &= +
B H K DSBS S NS (Starch Casein
Agar, SCA) B R HERS 2 TR RE - &
BRI AR s 1000 mL HIRZKHE 3 g
Beef extract » 5 g Peptone ~ 15 g Agar ; J5$3%
R PR E B BRI By 1000 mL HUREZK
£ 200 g Potato ~ 20 g Dextrose * 15 g Agar ; ¥
Folis AR = A s 1000 mL HYFHZK
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H1Er 10 g Starch ~ 0.3 g Casein ~ 2 g KNO; ~ 2 g
NaCl ~» 2 g K,HPO, ~ 0.05 g MgSO, * 7H,0 »
0.02 g CaCO, ~ 0.01 g FeSO, * TH,0 ~ 15 g Agar °
HHER B EL R AR =0 RS 7 RIS R - il
FRETE R PREEE 14 RIRETHEH - DL Kom-
ada’s medium (Komada 1975) 47 BERZENG T8
BRI Fusarium oxysporum f. sp. cubense
B o DAL ELRE B0 (Daniels &
Skipper 1982) 47+ FRFRE T
EE R TR SR SRR
fi-F-LL PVLG (polyvinyl alcohol lactic glycerol)
(Koske & Tessier 1983) B Melzer’s i (Hawk-
sworth ef al. 1995) TEREARAR - TEGEEAM
B NIRRT RO B R S R AP RE R R E
BRI %A (Schenck & Perez 1990) ©
FEBIILEaE

A RILE - R ENTEFT R LR AR
BEEE - (e BR I A =TI - B
{ERFFTBE B EE B Ry 4 SRR - Aks
Tky 35 MU - BIME 34 RIBETHE X
- B EREK T2 ERaBEEY - B’
GBI R RERELL 3 ¢ 1 FobSaRy 35 R8T -
TEHE 41 RIRFEITHE KB - B2 5 NE
BB, - BIENE RleR TINMERAZES
Yo IRAHIRREREEL 3 1 - BB RBBHE 17
R HE BT EMIC AR -
EREREEHEMEYEBIRRE

BREAE —XBEE 35 &R R
FEABETHTRE B B ERE Glomus cla-
rum » FERRE R HERE 200 fEfT - R =X
Rl T EOREE M E TR o T B
iR S RRE % FS-BIO-1 > Fr& ER IR
N (Pseudomonas putida) BIARTE (Tricho-
derma asperellum) - R BRIV EFEERER 1 x
10° cfivg » AEEAMERES 30k 1% 10° spores/g »
MEF i R R FE IS T FH % B e - ohk
HEFE 500 mL FiRE 1000 £5 .2 FRRRIR » PRl F e

1R HEE2 K-
EERERBRERE

HEEBEEABEH A RS
TEE AR o FARRGET R DUIRIZE (Ani-
line Blue) ¥4ff1 (Koske & Gemma 1989) » LIk
TR LT HE R FE RO (Giovannetti &
Mosse 1980) » FEMIEEHAEEH 158 K%kl
& o WHEEIERBWRZFERENT « FE
TR HIREEHEE R L HE RN - 3%
R (%) = BRI + FERRE < 100 - TR
IR AR FUTE 73 R SRR R P B s T -
MR AR TE Pl - RS R R
wiaft - R ELERRIE LD 07 &
o BEREAL T FoR 5 IREREHTR R R
HAEHELLLL ©0” TR » REEREZLL 1 FoR 5
REEHEE A LAE LS 4 #) 0 DL 0” R
b~ 1 R ~ 2 RPEBIL - 3 &%
B E AL 5 TR B R A T R MR S
ERMEL RS 4 8 DL 0 KRS
b~ 1 R~ 2 RPEBL - 3 R
AL o DL LR IR R R B F R
Ry EE T BT L FIETE -
BRRETE ST

AT E BRI SAS EEEMET MR
5 HES T84T (analysis of variance, ANO-
VA) » HR AR (P < 0.05) » HIFFFIA
/N 725 (least significant difference,
LSD) JHIB& DA L2 BRER S (B o2 722 M -
Hrh o AR B A R IR R
1T ANOVA ZHiE T RIEA (square-root

transformation) °

iEREES R
HEETIRBCEE ST
B ET REE LR ER 1 Pror o B
43 pH ik 6.1 (5.8-6.7) » ‘B EWE



Hi+t (SL) - HHEREE R - S 490 mg/kg
(178-694 mg/kg) * W& RIFE 39 0.3 mg/ke
(0.1-0.9 mg/kg) + HE B TR EGEET - H
RIS ECRRS - oA R -
TEBEHE—EHE  =HEHEZT TS
BB S - SUSREELL 500 mL
PRI e E - AR IR B R IR 0.5 mg/L
(B 2000 fEFRFRR) » B A iE—2K - A
HERIR » R =50 R ESLL 1.67 ¢ Wl
MRk - ROBALEH AR - TGRS
EEEk -

RSN 158 RIgfRE HETHL
BT » ATRERAZR 1 frs » =R
TEIAL M E AR RE 5% ME/KHE - (HRE
A R IR R B (AM) & 13 pH {H
GRS E BN S E y —fER T
= (GBS 0.2 unit ~ 16% ~ 43%) »
AR B S 8 2 BB Fy MR B T i
1B (Rl E IR 11% B 11%) -
TIRMEYEE

AU A R B R L~ O~ TR
HR R B A T SRS B (F oxysporum f.
sp. cubense) ZFRVEE - FEIRANER 2 Fior - ffll
B SIS0 1.4 % 10° cfu/g of soilyy (ow, dry
weight) » ELH 2 HEETEECR 2.4 x 10° cfu/g of
soil py * CHR B Z FE VRO 2.5 % 10° cfu/g of
soilpy * JRIRE F oxysporum f. sp. cubense
Bk 6.7 x 107 cf/g of soilyy, © FREE T HEIIGRE#S
FERAR BRI 78 - FLAFH0Ry 35 £ 20 spores/
100 g of soilyy, * EEEE Ry Gigaspora albida B
Glomus mosseae °

THESEHM 158 REGERE e 11
MY BYE S  FERAIZR 2 PR - =FEEH
ZATERT ~ FLEAT ~ JEORR R BB AR I R o A R
B BIARE 5% FE /KA - RpEHLZ M
BB 9.7 x 10°-1.3 x10° cfu/g of soilyy * B
BEHARETE R 1.3 x 10-1.7 x 10° cfu/g of soilyy *
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AR EREEEECORy 2.6 x 10°-3.3 x 10° cfu/g of
soilpy * B F oxysporum f. sp. cubense Fi%
Bk 2.8 x 10°-3.8 x 10 cfu/g of soilpy, © FRAET
P BRAR R o AT 880Ry 15 % 13 spores/100 g
of soilpy * FEEME y Gigaspora albida -
EREREEHEMEYERHEELER
HEERREZTEEME

AR HERTE AR 158 K&
AEPFEER 3 fr - BHE 2 AR =R
FRE IR B AR AR R L H MR BE R LT - PR
R o T RS HH TR 2 AR R IRk
o BHERRE < A HEHERERAR Ry 20 £
6% + HHIEH s 0 - FEFEHHHR 158 REGHAHER
R B R AR RBVRLT - RS HLER
FHE 12.6% (15 16 cm) » M EEB LS R %
36.9% (% 2.4 TE) - BAHIH 158 RELFHER
HEE SN AR I BN RAR 4 FoR - i
RIRE R (AM) K EEAEER =R - &
KGR ~ REHEE AL ~ BLEEHEE A
{LRE RS B s =R B B/ N B IRE (90 B/ N
25% ~ 25% ~ 30% > 28% > 21%) © HEEEE
MBI PR Rt T A IR ] (P, putida B T,
asperellum) Z FRPR + FEESERHN AL S K850
SRS ORH 22 SRR -

¥ Whipps (2004) FUEREFEH » ERE
T REALZEVEE (B Rhizoctonia ~ Fusarium B,
Verticillium Fit5 [i#&2) BUARIES (H1 Phytophtho-
ra ~ Pythium B, Aphanomyces Fit5#8) Z #5JK
FHRHERF AR EYE - Whipps (2004) K&
KR EAE ARG _ERIVE B = 43 i
PR« (1) BEHEE TR (2) ek
BHEHYVINAR - BRI EIMNEPRE ¢ (3) B
T R AE B AR bl H RS A AR
T 5 (4) FEPURAYIEET - EARREE AT
RFEFEEREH RHIFRRS - AR AT et
WS R N R - BEIRE I RE -

AReABErh » B A AR R R B
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Table 4. Incidence and severity (leaf yellowing, pseudostem splits, vessel browning of pseudostem and vessel browning
of corm) of Fusarium wilt of banana transplanted in the field for 158 days

Disease Leaf Pseudostem Vessel browning of  Vessel browning of
Treatment * incidence (%) yellowing splits pseudostem corm
CK 88t 15a”’ 091£0.14a 0.83+£0.20a 2.06£027a 2.54%£036a
AM 67£15b 0.68£0.39b 0.62£032a 1.45+£091b 1.83£1.11b
AM + BIO 90t12a 089033 a 0.79+0.28a 2.04£0.77 a 249%093a

“ CK: control; AM: Banana seedlings inoculated with arbuscular mycorrhizal fungus, Glomus clarum; AM + BIO: Banana seedlings
inoculated with Glomus clarum, Pseudomonas putida and Trichoderma asperellum.

¥ Mean * standard error (n = 6). Means within each column followed by the same letter are not significantly different at 5% level by
Fisher’s protected LSD test. Percentage data were square-root transformed prior to analysis.

(AM) Z iR B EE B LS A - 32
T RERE T I L E AR o AR R R R
Mo H A3 pH H - AR S EEA RS
EE R =R R EE - AR R
S B BT RS - EREERE
MR T B A I - T 2 BB SS, - BEplms
(] o $HEL SRR e -3 ({148 pH (K
Fer ° MR Dominguez et al. (2001) FEHEIR
TSN -z 13 pH HES - mEPTHIAE
TR A o Chuang (1988) 44T 135,
pH {H ~ #5 ~ £ ~ 87 - BEEERE S E BB
T3 pH (HELES & BB = TN R R
TR R AR - fEAE T TR LS
FA B S (5 7 A S B S R B AR
AR LA T -

TR R AR B 1% P A T S T E Y R R R
FH -+ WRANFHEARY B T A B N AR A B
BRI - RIMHEE 7R E RN -
Mohandas er al. (2004) TfF5EHE H EERE RO RE
R T R SR 5 I R U SRR SR 72% » Nel et
al. (2006) F5$E ARG T R A =I5 N
AR KRB 2 EMEYER P
putida H T. asperellum FF PDA ¥ 5L | LS
Jos I BRI E IR SRy -+ R mT I SR I il o
A5 (H MRS IE R IR CR -

FHDL EAS SR AT - S AR A T R
HERISN AR R - HEMEREN

BEEEEARERF A HIRAUTREL - BRI
T AHETURAEY) ~ BEHEYISE - RIS
PURA Y B LR & BRI AR SE T
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Using Arbuscular Mycorrhizal Fungus and Other Microorganisms

for Control of Fusarium Wilt of Banana'
Su-Chen Lin**, Chao-Yi Wang’, and Ching-Chung Su’

Abstract

Lin, S. C., C. Y. Wang, and C. C. Su. 2012. Using arbuscular mycorrhizal fungus and other microorganisms for
control of Fusarium wilt of banana. J. Taiwan Agric. Res. 61:241-249.

Fusarium wilt of banana (Musa acuminata) caused by Fusarium oxysporum f. sp. cubense is one
of the important factors limiting the development of banana industry in Taiwan. The objective of this
study was to conduct a field experiment on control of Fusarium wilt of banana by microbial agents.
Three microbial agents were used in this study including one mycorrhizal fungus Glomus clarum,
which was developed at Taiwan Agricultural Research Institute (TARI) and two other agents, Pseu-
domonas putida and Trichoderma asperellum, which were mixed in a commercial product. Banana
tissue culture from Taiwan Banana Research Institute (TBRI), was acclimated in TARI in September
2009. The tissue cultured plantlets, after 34 days acclimation, were inoculated with G. clarum 200
spores per plant, and the seedlings were thereafter 92 days acclimation, transplanted to the trial field
of TBRI, located in Pingtong County. On the same day with transplanting, the seedlings were in-
oculated each with Pseudomonas putida (1 x 10° cfu per plant) and Trichoderma asperellum (1 x 10°
spores per plant). At 158 days after transplanting banana to the field, plants infected by F. oxysporum
f. sp. cubense were recorded and data on disease incidence and severity were collected and analyzed.
Results showed that, compared to untreated control, banana plants treated with G. clarum resulted in
12.6% increase (or 16 cm increase) in plant height and 36.9% increase (or increase of 2.4 leaves) in
number of leaves. Also, treatment of G. clarum resulted in a significant (P < 0.05) reduction in inci-
dence of Fusarium wilt of banana (67%), compared to in untreated control (88%). However, banana
plants pretreated with G. clarum, and then post-inoculated with the commercial product (Pseudomonas
and Trichoderma) did not cause a significant difference (P > 0.05) in the incidence and severity of
Fusarium wilt for banana, compared to the untreated control. This study indicates that the arbuscular
mycorrhizal fungus G. clarum is an effective agent for reducing incidence and severity of Fusarium
wilt of banana, but further studies on other control measures are needed for achieving effective protec-
tion of this devastating disease of banana under field conditions.

Key words: Arbuscular mycorrhizae, Glomus clarum, Banana, Musa acuminata, Fusarium wilt, Fu-
sarium oxysporum f. sp. cubense.
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