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Table 1 The disease index of banana plantlets treated

with culture filtrates from different media

o A EEEF(E] /b Treatment time

Culture medium 48 96

144

Je e R R E T B AR 12 d S R R ) 5 E
Hw .15 d SRR N R, &5 Ak 3R A 1Y 1 18 4K
FE 15 35 I [R)AH [R) B 22 55 5 3 . O[] 455 3% B [ A 38 X6
W22 R KBS M B R, 3~15 d 52 1 K (3 227
B 0.67~2.62 @) 53 15 d kB H A (2. 62 @)
18 d J5 T A B FRECL. 94 @)

1 23.15+0.93 A 48.1540.93 A 65.744+0.93 A
Il 22.2241.61 A 43.5240.92 B 62.04£0.93 B
I 14.8240.93 B 35.1920.93 C 49.07£0.93 C
v 12.04£0.93 C 29.6340.92 D 42.59+1.85 D
V 9.2640.93 D 24.0740.93 E 35.18+£0.93 E
CK1 0.002=0.00 E 0.00£0.00 G 0.00x£0.00 F
CK2 0.00x=0.00 E 0.93£0.93 G 0.93%£0.93 F
CK3 0.00+0.00 E 2.78+1.61 F 2.78+1.61 F
CK4 0.00+=0.00 E 0.00£0.00 G 0.00£0.00 F
CK5 0.00x=0.00 E 0.00£0.00 G 0.00%£0.00 F
CK6 0.0040.00 E 0.0040.00 G 0.00£0.00 F

D RS EHE 5 1 5= BEAR IR 25 R TE 0. 05 K BT AR

x3 AREFHEAGEFBEELEETESNREER
Table 3 The disease index of banana plantlets treated
with culture filtrates from different incubation times
ffa] /d Kb PEIFE] /b Treatment time
Time 48 96 144
3 23.154+0.93 B 59.26+0.93 D 78.714+0.93 D
6 25.9340.93 AB  67.59£0.92 B  89.82+0.93 C
9 25.9340.93 AB 68.52+0.92 AB 98.15+1.85 A
12 27.78+1.61 A 70.37%+0.93 A 98.1540.93 A
15 24.074+0.93 B 62.0440.93 C 93.524+0.93 B
18 16.67+1.60 C  50.93+0.93 E  71.294+0.92 E
CK1 0.0040.00 D 0.00£0.00 F 0.0040.00 F
CK2 0.00+0.00 D 0.9340.00 F 1.85+1.60 F
24 BEMNBRFEHNZM

I IR 25 R W W BE X Foe 4 77 42 55 2 (1 52 )
BRGE O, L= HEERER 25~30 C,&X 2 4
Tk B 5 L A i R Ak P A [ A 3R] 25 R
R (15~20 “CHORIEHEC 35~40 “C)HABXS I 1 7 2
7 A B IS5 VE ST . 25 i, B 22 77 538 B B K

CFZED .
Data within the same letters in the column are not significantly

different at the level of 5% (the same as following tables).

22 BRAXNERFTEHZM

I A R L] A 3 PRI b PR35 B R B
5 7 DB R0 T B v A S AR BRI ] 5 A 2
A AR B 1 4R B S W (GR 2) Wik e DLR
R IR T AR R R B e S . AR B SR
J7 T 1 22 1 8 5 77 BE BE 1 E L, 227 0y
A 2,41, 1.80, 0.38 g.
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Table 2 The disease index of banana plantlets treated

ith culture filtrates from different incubation modes

Jr

REFREFE] /h - Treatment time

Modes 48 96 144
1 31.49+0.92 A 69.44+1.60 A 92.59+0.92 A
Il 23.154+0.93 B 50.93+0.93 B 75.934+0.93 B
Il 9.26+£0.93 C 22.2241.39C 42.59+£0.92 C
CK1 0.00%0.00 D 0.00£0.00 D 0.00%£0.00 D
CK2 0.00%0.00 D 0.00£0.00 D 0.00£0.00 D

23 BEFEMNHEEN

IR S5 R LW BOE R 6 AW ) 4 BRI A — 8
M7= EE R ), Hoh R 3% 18 d T A5 1 1% 3% B o M e
(R 3., WEEFR 3 d A AR R 6 d

{E(4. 17 @) Ji B BE T g i 52 B A, 24l 3 3k
F 40 “CHF, 7 2277 5 ik B e /IME 0. 28 @) o

R4 ARAEFEEMGEFBRELEESESNRERER
Table 4 The disease index of banana plantlets treated
with culture filtrates from different temperatures
WL /°C AEFEEFE] /b Treatment time
Temp. 48 96 144
15 20.3740.93 D  40.74£0.93 D  60.18+0.93 E
20 24.0740.93 BC 44.444+1.60 C 68.52£0.92 D
25 25.934+0.93 AB  62.04+1.85 A 78.71+1.85B
30 26.8540.93 A 64.82%0.93 A 87.04+0.93 A
35 22.2240.00 CD 54.63+0.93 B  73.154+0.93 C
40 14.82+0.93 E  32.41+0.92E  45.37+0.93 F
CK1 0.0040.00 F 0.0040.00 F 0.0040.00 G
CK2 0.0040.00 F 0.93+0.93 F 1.85+0.93 G

25 pHEMNBFEFEHEM

R 45 R B, 7E IR R A O B0 B 3R AT
Foc 4 #RAT LB 2L UL Foc 4 P2 A R MG H
pH Yo 4 %8 . 78 pH {5 3~ 11 B REE B (£ 5).
AEERD 48 b JE . pH {Eh 6~9 F45 Kb B A M 7
[] — B[] B A 9 1 48 B 22 S AN 3. 420 96 h M
144 h 2R E ., 4 pH (HAL B 3 22 4 K
AR, H= 855 4 2,27, 2,089, 3. 02, 3. 14,
3.96, 2.97, 3.78 g.
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Table 5 The disease index of banana plantlets treated

with culture filtrates from different pH values

Ak RS [R] /b
48 96 144

3 21.2940.93 D  60.18%£0.93 D  71.29%£0.93 E
5 23.15+0.93 CD 61.114+1.61 CD 75.00%0.00 D
6 25.004+1.61 ABC 63.89£1.61 C 79.63£0.93C
7 26.8540.93 AB 62.0440.93 CD 84.2640.93 B
8
9

Treatment time
pH

27.78+1.61 A 68.52+0.92 AB 85.184+0.93 B
25.0040.00 ABC 71.29+0.93 A 88.89+0.93 A

11 24.074+3.21 BCD 67.5940.92 B  79.63+0.00 C
CK1 0.0040.00 E 0.00£0.00 E 0.00%1.61 F
CK2 0.0040.00 E 0.00£0.00 E 0.9340.00 F

26 BRBREWNSZSRSENZN

R 25 R R W] FE IR A R % X Foc 4 P ER
B AE T A S MK (3R 6) , % #IA F 140 r/min Bf
PR = A B KRB ) Bk, BT AR K IR U8 VR BOR IS M
B s B R B B AR TR AR R, Y
Bk 140 r/min B, B 22 77 A B i K (2. 68 @)
Wit 1 DR B o T 38 KL TR 22 7 ' A T T L 180, 220
r/ minfif B 22 758 B0 2.53.2.05 g X Al figfE i
IR AR TR 2 E K RE WL A SR
SOESE S

®6 AREEFMESEFEELEFSESNREREY

Table 6 The disease index of banana plantlets treated

with culture filtrates from different rotation speed of shaker

%W/ (r/min) AbBEEF[E] /b Treatment time
Rotation speed 48 96 144

60 17.59£0.92 D 31.484+0.92 E 51.85%+0.93 C
100 28.7140.93 B 50.93%+0.93 C 74.07+0.93 B
140 32.4140.92 A 62.96+0.93 A 84.26+0.93 A
180 5.9340.93 C 59.26+0.93 B 76.85+0.93 B
220 18.52£0.92 D 35.1840.93 D 50.00%1.61 C
CK1 0.004+0.00 E  0.00£0.00 F 0.00+0.00 D
CK2 0.00£0.00 E 1.85+0.93 F 1.854+0.93 D

27 BEMEXBZRTENIM
IS5 R R I 22ROy 5.7.9 St 7E
HEF 48 h R 96 h S5 Ak B A AR 0 1 S % S
AN (R T, BBk 3 15 T At AR 2 5 i A
Kb 3503 A A B AN () 422 i 18] b A 7 A O
®7 TABRMBABERRRLEEESNFEEEY
Table 7 The disease index of banana plantlets treated

with culture filtrates from different inoculation amounts

P He L AL FREFE] /h Treatment time
No. inoculation 48 96 144
1 17.5940.92 C  37.96£0.93 D 59.59+0.76 E
3 21.294£0.93 B 45.3740.93 C 69.44+1.60 C
5 25.93+0.93 A 57.57+1.02 A 82.41+0.92 B
7 25.00£0.00 A 55.56+1.60 A 84.26+0.93 B
9 24.07+£0.93 A 54.634+0.93 A 87.04+0.93 A
11 20.3740.93 B 50.934+0.93 B 65.7440.93 D
CK1 0.0040.00 D 0.00+0.00 E  0.004+0.00 G
CK2 0.00%0.00 D 1.85£0.93 E 2.7840.00 F

FREOIA WEES . A E R AL B ) T 22 77 A
PZEARK, H =855 2. 84, 3. 26, 2.80, 2. 71,
2.67,2.71 g,
28 RBEUHXNBETENEM
MR EW, 24 h FrELREE R LM T W
B B R B i SO B R R AR AR R
AE S e 55, HA A BRAE AL R 96 h J5 48 A 0 & 2 5
(£ 8), 24 h Fre e M £ W 24 7= & ;I K
(3.12 @) HIR 26/ 38 B H 9% (2. 39 @), 24 h #F
SLREWG HE AR B 227 i e (1. 36 @)
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Table 8 The disease index of banana plantlets treated

with culture filtrates from different illumination conditions

S B8 AhPEEFE] /h Treatment time
Tllumination 48 96 144
1 22.224+1.61 A 56.65+1.09 A 83.33+1.60 A
il 18.524+0.92 B 49.074+1.85 B 65.74+0.93 B
ik 15.74+0.93 B 42.59%+1.85 C 60.35£0.76 C
CK1 0.00=£0.00 C 0.00£0.00 D 0.00%0.00 D
CK2 0.00=£0.00 C 0.00£0.00 D 0.00%0.00 D
3 i i

EHAET AW TAR M SE R 120, 2 BT A
A A SNSRI S N ol
R EOR/N RO TR RE R T A R AR AR
SRAF L N HE SR AL FP S B SRS ] B R R B R
pH E G B A IR 3 5% 1 B8 DR B TR 432 ol i 2
ZH BRG] T 0 Foc 4 TR AR
T T E T Foc 4 WA 8 400 . W1 46 pH {H
7~9 M) Richard ;7 5, M E 0 300 mL B 33 &
S~9TE 22 e, Ji R IR E 25~30 C,24 h #5206
MR, TR 140 r/min $8 IR FIRGHFR 9~12 d. 1&
PR FER R T AR ) B R M EOR (FE D) T M
o ASBIESEEE RN A ARG 22 0 T B R TR A ST 2E
AT A

MAHT B W58 45 H v vl LUR 2 O 8] 1 Y B
=T SRR A FE T AR 1 Foc 4
4 fe A 7 B Ul EAE 25~ 30 °C LMk & P N
20 °C 2 Ml S0 v ™ 75 19 A I IR L X RT RE S B Y
S FEL TR %) T S RN L A BN W) A G, B Sy A iF 5 A
I F 4 A B ol L L AR 4 5 A BN Rl G A A 25
Joa TR S LA P PO RS o e R R AR S
HEGEBOR R S EW AW B TR M
ML S AR 2 K e, H
BAEM A K KA E 2N TR R B
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Optimization of the toxin-producing conditions

for Fusarium oxysporum f. sp. cubense race 4

HUANG Yong-hui LI Yu-ting FAN Jia-ping YANG Mei ZHOU Er-xun

College of Natural Resources and Environment ,

South China Agricultural University ,Guangzhou 510642 ,China

Abstract Banana fusarium wilt, caused by Fusarium oxysporum {. sp. cubense race 4 (Foc 4), is
one of the most destructive diseases of banana worldwide. To obtain the toxin of Foc 4 effectively and
provide the foundation for further research, the culture filtrates of Foc 4 obtained from different culture
media,in different incubation modes, with different incubation time, incubation temperatures, initial pH
values of Richard medium, rotation speeds of shaker, and inoculation amounts, under different illumina-
tion conditions were tested for their bioactivities to banana plantlets in vivo by using root-dipping meth-
od. An optimized system for toxin production of Foc 4 was established, in which the optimal condition
for Foc 4 to produce toxin was obtained when it was cultured in Richard medium with an initial pH 7-9
and 5 mycelial plugs per 300 mL,in an incubation temperatures of 25-30 ‘C under continuous illumina-
tion for 24 h in a shaker at 140 r/min for 9-12 days.

Key words Fusarium oxysporum {. sp. cubense; toxin; toxin-producing condition; bioactivity
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