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The effects and mechanisms of different banana varieties to Fusarium wilt disease

Ju Hongling' .  Zhang Man', Ruan Yunze', Zhao Yan', Deng Yan', Yin Liyan', He Chaozu®,
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Sustainable Utilization of Tropical Bio-resources, Haikou 570228, China)

Abstract In this study, three varieties of banana were used for investigate the Fusarium wilt disease incidence,
rhizospheric microorganism and defense enzymes activities after inoculated with FocTR4. The results showed
that: Fusarium wilt disease incidence were increased when inoculated with high level of FocTR4, however, the
disease incidence of disease-resistant varieties (RV) were lower than disease-sensitive variety (SV) significantly
when inoculated with the same level of FocTR4. The amount of Fusarium in rhizospheric soil was significant posi-
tive correlated with disease incidence in all cultivated varieties. The defense enzymes activities such as POD, chiti-
nase and f-1,3-glucanase in RV were higher than SV, and certain correlation between disease resistance and PPO
as well as PAL activity. All results showed that the mechanism of different resistance of banana varieties to Fusar-
ium wilt disease was related to the rhizospheric microorganisms and defense enzymes activities.
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1 #R5FE

1.1 ##

FEMZER Fusarium oxysporum {. sp.
cubense (FocTR4) , 1 VL7544 A MUK 354 95 54k
FIF BRI I i S0 00 = T R R iR At R
A B R BURTER) FocTRA B R 1L, 28 CA&IF T
it 3 d JE PR 2 M T8 PDA Al B 1 28°C
KEFEAA 2 A 22 WAl FHTCRDK BRI A,
JER LA kg 3R e HR B S R A T

R R AR A R AR BRI RIS T R
Gy T 1Y M B (AR 25 108°46", b2 18°39") , 4t
AVERTR AL 5. 89 g/kg, BRfHA 25. 20 mg/kg,
HALWE 39. 75 mg/kg. AL 89. 00 mg/kg, pH
5. 55 ZeAa I 3N 5 B R 20 SO A

I 3 AL AL R, o Vg A7 gk
W A RESLFN, Brazil ) 5 5 218 (Pi & A4 £
Pl s ‘ Formosana”) i ¥ w7 B0 S A BR S w] 21 15
HU AL < R E (PUW & 4 £ & A, ¢ Nantian-
huang”) f1 H E G RO BR2E B 4L BE H D3RI

PDA 355755 443 200 g/ L EwE 20 o/ L 3R
518 g/L.pH AR, LB BANM 10 g/ L EERE
B 5 g/L.NaCl 10 g/L.ifg# 18 g/L.pH 7.0, K2
i3 . K, HPO, 1 g/L.KCl 0.5 g/L.Mg0, 0.5 g/L.
FeNa-EDTA 0.01 g/L. L-ASP 2 g/L. D2} # ¥
10 g/L. Bi g ¥ 18 g/L. m QG 77 3k v] i 1 3 B
20 g/L.KNO; 1 g/L.K,HPO, 0.5 g/L.NaCl 0.5 g/L,
MgSO, 0.5 g/L.FeSO, 0. 01 g/L.Bijlg# 18 g/L, pH
7.2~T. 4, BB SR ey 2 2 PR Vs
7. TR RSP 2r g5k, bk
SRR FHRTEIZe 121 C s K 1 20 mint
1.2 RKIEAH*E
1.2.1 FEHREERZRRR

VEEUKA 3~4 F ELH fdR K S — B A [a] by

P EM AR R AT B S ke 0w L.
FERKZR 6~9 i B R ETE A A
FERH T IIMAE RO K. T B IR ek 4%
ERREE 1X10° cfu/mL, BRI 4 4~408E . 500 mL
JomE K (CK),5 mL #i +& % +495 mL JCE /K
GEm 10° cfu/g ), 50 mL 7 F & F % +450 mL
THEKGEHN 10" efu/g 4,500 mL 7B %k G
Jp10°cfu/g 1), R 30 4. FHE 2 K. WiES
25 SCHRE I 2R A 2 S R TR A AR A S
75 FHZAL R i MR B B RR Y HL 9 6 7 0 R
HRBR S AT A W HEICR T 10 5 AR B2 4
R K A ) R B KRR R — e B BV B Y
R B ST A AR ) [ (A 7R 5 T GO R
LB 553758 FRCR A T ERBE R Bk R ek R =y
IR SRR F K2 355750 TR 30 CHEFR 2 d,
LR 28 CHEFE 3 dL ki 30 CHER 7 A Bt BavE AL
1.2.2 FERHZEREENF KL

RN 1. 2. 185 A F 2 B 2 1X
10° cfu/mlL, i % 76 75 £ M R BT 25 T s B bk
15 mLAFEFR . BRACBE 30 ¥k, 3 ANEE ., R
J& 0.3.6.9.12 d #EF7 HURE , B Yk v 1 A AR AR 0 B
T SR UE IR ERA S /N30 4 7 BB
RP A JFHA—80Cuksih & M. &b
(POD) 15 P 2 R AL B AR By L, DLAG 5o e A 1
I3 Ao 846 0. 01 S — AN 1 5057 (U, BT
U/mg FW, £ B 4 AL i (PPO) & 1 il 2 B 5 4w
ST A U B RSB A 254K 0. 01—
B 1A (U 1067 U/mg FW., R N2 R
R PAL B H A4 Wk, LA so i RE /N
Anso 24 0. 01 S — G J1 B (UD L B U/mg
FW, JLT i (chitinase) 2% Fink™™ [y )5 s, 221
N-Z A A R AE 420 nm S T OB BEAE bR R
2R AR Ao € 772 N-C A B8 I 1 1, DABEZN
BRI L T B4 1 png N-C ot A e Tt L
TR A — NS H (U L B S U/mg FW,
(1. 375 BB (81, 3-glucanase) % Fink 251 )5
e AR 420 nm KT WO BE AR ) A o 1
2 MR Ao B 77 AR A B B Y 1, DA R/ A3 iR R
MR 1 pg MIABERTTT ) B-1. 3 S Y £
F— A FAAL (U B A U/mg FW,
1.2.3 #HELRITE 20

Bt FH Excel 2007 1 SPSS 17. 0 i@ 13 Dun-
can H = M 75 1k 46 56 b B[R] 22 5 2 3 MK (P<<
0. 05) , i1 Pearson #H &1 Hb A [A] 4k 2L ] AH OC
P I K- (1<20. 05),
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2.1 EMARREHREFRERATFEZIANEEHR
EREREN R

AR R E FocTRA 7B IFWUE » AT i
o A 23 50 ot 0 - VB0 JBE 1% 388 o v 4 R 2 1w
TREPEWRE A 107 cfu/g A BF, 8 i © TP 47
RIGHIR 400, TPUHE fh AP F 5 2187 F1 K
RIGTRA R 5% . M FRIFRIE N 10 cfu/g £+
I, BTG AR [ AR TR & 9020, 1 FE 5 2187 &
R R 2500, BRI RWRIUN 20%0 ., MM
TR R 10° clu/g LW, B b b LG £E7 &
IR F 9550, 1 ¢ R 2187 R KB M A R
A3k 55 %0 F1 45 %6 (FR 1)

®1 TEREHEREATRER
MNEEHERRFENZE
Table 1 Effects of different spore concentration on

incidences of different banana varieties

mn K/ % Disease incidence
Variety CK 10° 10* 10°
HE
EE‘ (0£0.00)a (40%5.77)a (90%£5.00)a (9543.33)a
Brazil
E 218 10 00va (50.000b (2543, 33)b (555, 77)b
Formosana
PN
Nantian- (0740.00)a (540. 00)b (20=£3.33)b (4540. 00)b
huang

1) CK:XFHE; 103 10° cfu/g 5 10*: 10 cfu/g +5 10°: 10° cfu/g

to FAP R SR UED W EE S A R 7 R R E
5% K L2 w3,
CK: Control group; 10%; 103 cfu/g soil; 10*; 10* cfu/g soil;
10°: 10° cfu/g soil. Data in the table are mean=standard error
and different letters in the same column indicate significant
difference at 0. 05 level.

2.2 EMARREHZRERTRFENEER
BRI A SRR A MR R

Hi[E 1 Al ) e 4 AP FocTR4 #8180
WBUF - A FARPR AT 55 37 Gl Wy v 4 R e AR R
5 ity o A AR P L T R T R R B M D
PR 1147 38 o0 TR 3 S A R S DY AR AR B
R RO 3 T UM 280 Al R 1) b S R R R
N 10° cfu/ g o R A T B TR IR PSP f
ol i AR AR B - S U TR 22 S A 3 5 LA TR i Ao ] AR
PRt I WA E e A B . BEHE FocTR4
TR SEE S I o B AR B A TR R TR R TR R L
SR LT AR ARPRA A R AR AR TR 2%
TRRRIP I 2187 F1 B KL, LAY FocTRA 11

T A 10° cfu/g I, CELPUAE” 5205 2187 Fll B K
e ARBRAN I 2 580 T 55, 7% 44. 0% 38, 1% M2
Bt 2 B 45 s/ T 58.1%.38. 1% il 28. 6%, J&
o it ol L VG A 7 A B 2 1 R S e T S e 1) R
R TP R,
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S O O O O O
T T T T 1
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Fusarium in rhizosphere soil

MERGETT /10" cfu

S W
T

sl
Treatment

[ Ep44 Brazil [0 5% %8218 Formosana M Fj 7% # Nantianhuang
1: XFHE; 2: 10° cfu/g+; 3: 10 cfu/g+; 4: 10° cfu/g+
1: CK; 2: 10° cfu/g soil; 3: 10* cfu/ g soil; 4: 10° cfu/ g soil
[&] A ) = B R R AR S Yok F 2 R B3, TR
Different letters in the same treatment indicate significant
difference at 0.05 level. The same below

Bl 1 FocTR4 HFBiFRRENEERRHEDRZ M
Fig. 1 Effects of different spore concentration on the

amount of microbe in rhizosphere soil
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2.3 BEMARKERERABRTFREZREEEWR

EREARESRETEFMEDHERXE

S

HI3E 2 Al 3 S A B A R R R
T AEARPR 135 ) T AR 2 2 0 2 IR A OGO R L IR
P i P P A7 R 3 5 AR B B A A i 2 O
FHIC A RECR 0. 964, THiHLHs Al 5 5 2187 Fl
R R A 5 AR R B L 1A O R A
0. 854 F1 0. 697, AR K F W FEAKF, “EPEE R E
5 2187 s e 5 AR Br = 40 TR B Bk 4k T A
B3 1P N N PN 3 R S N SN S
it A5G R A 2 —0. 900 F1—0. 711, Rk F|
BEKE,

X2 BEMRERAATFREIREERMEELRES
RIS Z EE XS
Table 2 Correlation analysis between disease incidence and the

amount of culturable microbial after inoculated with FocTR4

Bl FLA TR HRIITE
Bacteria ~ Fungi Actinomycetes Fusarium
¢ R R
3 Eﬁi‘m. Ziﬁ}: —0.963* 0.964* —0.986* 0.969*
Brazil’ incidence
R 2187 B
‘Formosana” —0.925* 0. 854 —0.901* 0. 901~
incidence
PN W RS
‘Nantianhuang” —0. 900 0. 697 —0.711 0.935*
incidence
1) R BAE A Pearson #H¢ R, * F/RAE<C0. 05 N ik i 3
K-

Data in the table means Pearson correlation, * means signifi-

cant level at 0. 05.

TREE A A FEPTI h Fh7E By 1 A A 2R
D5 TRIRR T 52 A S8 (0 st A 0 B T AL i A A R P9
TZATAEA R (1) B AL
2.4 EMHEREXEERRGHEEENZIE
2.4.1 A E (POD) JE M B % 1

AN FHHE R R T AP Z 3 FocTR4 244 )5, POD
AR BL & 2 ffs . R FocTR4 J5 236 3
KA POD Jf PRI TR, 26 3 RENSE 6 RIyR
TG LRSS 9 RENE 12 K ETHI R PO AL A
WEE A2 m T EPE A7, B 6 K MK POD
TP T PR JL AR ] St 2% b
ERARBH.
242 ZEBANE AXAARMAHETEENL

By 1] 3 A%, R 4ERD FocTR4 B, ¢ E P52 PPO,
PALVEMERE ST 55 218 M M RKE ", MiEF

FocTR4 J555 6 KIIH B i fh PPOPAL {544
KM TR L 25 9 RIGPIANPUR M A £ 5
218" F1* {§ K PPO.PAL & M3 58 5 & F 2 g
7,1 EPEAPPO I5PESE E S F R, PAL 36k
—HETHGH, 55 218, ‘F K’ PPO W& #:
TESS 12 RIS 2 IR 30 o W10 < T Ve 467 1Y
2.2 70 2.0 £, HA3 30 s s A 9 15. 6 £%

il 34. 6 f%.
141 aa
a
T O] EL75% Brazil T
g 10k [ 52 5218 Formosana
. W B X # Nantianhuang
= § 8k
@a o N a
g o a a b ab ammd
= = 4r al~ |2
& ol
2
1 | ! 1
" 3 6 9 12
)/ d
Time

B2 #%% FocTR4 EREIEEMFETENLY
EgiE RN
Fig. 2 Changes of POD activity in different banana

cultivars after inoculation with FocTR4

2.4.3 JUT REE.BL,3- A REEEEEL ML

H Il 4 ], 2R FocTRA Z R, 45 i B A 4 JL
TR 51 37 SR B S R B LA, A Foc-
TR4 J5  EPEA JLT Bl p-1, 3-7 5 WH A % M 5
RS T P LT B TESRS 9 KBS HmcRMEH, H
LAY 2. 3 5 . Bl 5 TG PR PR R B A, B0 25
PRI GRS 20. 93 U/mg FW, “m R JLT i
it TG PR TE RS B 1 R R, AR 2B E T
PO H AR M G 55 12 R LG 16 8 Bl d K,
42.87 U/mg FW, Jy[alf] U A7 1) 1. 7 £%, ‘R K
BRI 3.1 A%, BRES 9 RAM T ELVY A il T
HO AR T BRSPS SRR LT
R T VAT, M T WA A, BT
FE7 51, 37 ROM G 5 1 AR b R R /N, E 5 2187
F B KRB AESR 3 K25 -1, 37 JOWH A% M 1 ekt
B0, FLBSASPUE b Rl 51, 371 R OMH 5 1 4R 2
TGRSR BTG, CE G 2187 R
JE g 81, 375 SR B M e KL 4y 3k 165. 78 il
167. 69 U/mg FW, 4 B2 3R i1 2. 9 f1 3. 1 4%,
i ¢ EL VYA 5 B KB R 63. 04 U/mg FW (U
FERRI 1.7 £5.
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Fig. 3 Changes of PPO and PAL activity in different banana cultivars after inoculation with FocTR4
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Fig. 4 Changes of chitinase and f-1,3-glucanase activity in different banana cultivars after inoculation with FocTR4
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T HEA B AL 52 Z2 P I R E5 A R AR AR
BB f HRAR DL | - 3 o J e K R B A5 1
SFHRE RN A B 2 A R IR IR AR
LRI BARAS AR A A R B A g A B
R e A JBE A o T P v o LA ] 4 b ok
T R0 AR A T I A R L PR O
LA I 2 6 3 1 S AR e Sl ) T R0 2 i
FAEAHCCZR . MRS BB A L BOw R 7t 7%
TR 107 cfu/ g A AT 220 A Y s 57k
JEE s ORI T B IF RO AL 107 cfu/g 1T,
A PR s 15 R A i D o 1 B R R MR 3 1Y
TR T 5 21 0 R A 7= Ok B 107 ofu/g £
IR =Y IV S PSSR = & AT R P N
H1,10° cfu/g AL BETR 0 ah A © LY AR LP- 4
JHp s IR B Ko O OB IR BE SR e 2 i
EAE R S 6T U AR AL B IR AT S
K 0.10°,10" 10°cfu/g £ 4 ANIRXIAS BEREAT HLER.
S IREE NZE e —EL, Wang %512 58 o 1 375 45
AR AR A BUAR A AR ) A A A 22 Y ] A 2
WA T 955 JEL B 119 2 8 . Shen 81 i 5 K L it
FH e BE AR A IUAE RT L2 e 4 3 4 ol A= 0 X

RZERE R 25 00 ) N TR, IR 5 K &
A5 DT k25 R A R 2 R AR VT AT i =
ARANFIRGZ R & .

1 E AL (POD) 21 S AL B (PPO) VAR N 24,
T it 2 i (P AL SR AR ) AR P9 5 2 A B ARV JL T I
B 31, 37 A B 1S k0 S 1E D LA — 2 1Y
M. Akila 2509 B BFE & L4 Fl FocTR4 J5
T KR R AR S PPOLPOD Jiff 15 1 (138 i 1E A
%, Damodaran 2575 i 24 22 B Rk B A9 BUME S
Fil J HLSEAR (1 POD, PPO., PAL 3 P 35 155 I8
il AR TP R Foc TRA J5 , P i 6.5 218”7,
‘KRB POD, PPO i A8 fb EE IS KT L7y
B2 U PR LR R AR R B IS B PAL il o B 2
o TR R B SRR LT SRR A 51, 39 R
PEREG RS = KT B A I FEN DS
FEPI A N X S8 Bl AR A TG A DR R .

AGRIGZE R UL B L 55 8 SRR AH HE L Bt S A
WA P9 O] REAFTE 5 A8 5 X 09 I TR 19 i 1z L o) s
BN B F AU A 9 X R TR 4548 2l s K by
AL 2B BT 5 , LABK AR I B AR . X gk
UL ATHUR S A BT EE LS B AT IR 2 IR
PIBIFFY , R B o B2 7R FRATT s A6 A= 7™ b i FH T it A
B B 7575 i I W VR 4544
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(M FE )P T 1963 S, 2 d b BAH 25, P EEAYEY FAF P ERLAFRMAYEYFTRIE 565 RER
o AT HAE P A B BAHE AR RCCSE F B4 5 KRBT P BR LA S IR, b BA 55 L84
(CSCD) EF AR 7 7 4 S LR FI M A EFERBIEENE., §REBFTHF) ERE LGB A BHFAHMF
2 b BAMEEFARIF L F AT LR, 2015 F %3] F BRI TA2RA K.

WEBRT A XD FRE R R R RERREFREDHE LD VAR REFHDRY EFZHRAFTF AL
Fe BRI E AR RRRLE, B ERIFE A FHRBGISFIEA,

EEHIRE: b5 %8 MARE MARMRBASHR FRFTESHR BREEA AETADDEF, AARES &,

EEWNR R LA HRAAR . FRBAXELHIFEARTE SBHEHABAR REAREEFAR HYE
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