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CHEMICAL MUTATION AND SCREENING FOR TOLERANCE TO FUSARIC
ACID ON SHOOT TIP OF Musa AAA Cavendish cv. ‘Baxijiao’
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Abstract ; Fusarium wilt is a devastating disease for banana planting. This work was initiated to develop an in wvitro
technique suitable for mutation induction on ° Baxijiao’ ( Musa AAA Cavendish) using chemical mutagens. The
experiment was to established the optimal dose of chemical mutagenesis for mutagenic induction of the banana cv.
‘ Baxijiao’ for subsequent mutation breeding. Scalps and shoot apices of in vitro-grown cultures of banana cv.
‘Baxijiao® were treated with various concentrations of the mutagens ethylmethanesulfonate ( EMS), sodium azide
(NaN,; ) and fusaric acid to evaluate their effectiveness in inducing mutations and to select variants tolerant to the fungus
Fusarium oxysporum f. sp. cubense. The results showed that the optimal concentration and treatments period of EMS
and NaN; on the scalps was 1. 6% +3h and 2g/L. + 3h, respectively, but on the shoot apices from adventitious buds,
the optimal concentration and treatments period of NaN; was 2g/L + 1h. The suitable concentration range of fusaric acid
on the scalps and adventitious buds was 36 ~45mg/L and 10 ~20mg/L, respectively, for mutation screening. The
selected scalps and adventitious buds still kept resistance to fusaric acid after subcultures. However, further
identification test is needed for a definitive and reliable result. This study provides a valuable data for the breeding of
banana resistance to fusarium wilt.
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T (K) B (Musa spp. ) 5&—FhtH: T 00 2L 0, 2
FEU . EEM | SRR 22 55 R B — B
TEY), 2 BAT 120 220 [ SR X R, 30 20 4F Rk 3%
Pl 7 Al e R, 8 i R A e 1 A Y — A
BELTARY) . AR, 3 AR 22 1) T A% 46 1R 1%
Pl & T EERI 29 R R R TR RO B A T i
TEB B 2293 75 A 0T i AR g DX — ] A AR A i
o A ERIE RN Z g = A0R, BA MEEA T
G M2 B R EMELARE TS A IR EHE) R bt
PEB AR PRIl i B 9K 258 B0 75 28 O e AR AR 4L
SN R BT YU AR E I — AR R R
17,

IR REAAR 2 M 3 AR5 20 T 5 A AR e AR r) B
g8, O /D m M T R ek ) T e
PRAERER  FEMS PRI RR N REBOE F AR
o #e b T 2E 0% Hi 70 TR 125 1K i 2o A AR ot 58
A BB BT LA AL AR T TR R B T 2 T AR A A A
Zh I R A A L E T B AR AR Y B
R N TSR b WL IE , A SCRATR R AR A A
P EPEEE ( Musa AAA Cavendish) B Z 2R IR FIAN E
ZFRMRL, R W OBE R £ TR (EMS) F1& A AL B
(NaN; )2 Fd P A 22175 28 R A T 7572, I8 T T 2
VER L . JH R REARAFIZ R BT E R B, A 24T
HiZE 9 B U I E AR AR 27

1 ARSI

1.1 ##

DIFRE ERFAEMM LA (Musa AAA
Cavendish ) A1, MBI T T AR 44 £l Bl 27 B 2R
RIS T 57 ) [ SRR D i — ) M R 5
AMEAR Ry 22 2K (scalps ) FIANRE 2,

1.2 AEFMEBFEMKS

SRR T i, DN A R AT v 4 L A
AR VTR W EF, DI K SRS, SR TR R
Fe(MS FEA R FREE +22. 2umol/L BAP + 0. 05pumol/L
NAA +30g/L FEBE + 7g/L BiJi§, pHS. 8) S A E %
Ak, o AN G 28 5 7% 30 1 58 5 5 Ak (MS BEAR B
Fi & + 17.8umol/L BAP + 0. 10pmol/L NAA +
29. 85wmol/L I B % + 30g/L BE B + 7To/L BiJIR,
pH5. 8) HATY BIG IR REAE D,

Peik  ELPGAE Ll BORH: AR S 28, DD Bk Lt
ZHEEB 1em 4b B2 BRI A AL S E T P4 5
FEHEE(MS FHAEE TR +100wmol/L 6 — BA + 1pumol/L

IAA +30g/L BEWE + 7¢/L Biflig, pH5. 8) ' rh i 9%, 8
i 5 ~6 YRR G T 3RS AL R 25 4 1) 22 2F
(N8
1.3 WFFTHI4E
1.3.1 EMS #= NaN, # % % ¥4k EMS % % H
0. 1mol/L pH7. 0 BYWEIR 5% 1% 7 ( PBS) Bt il , 13 1€ K
W ,i%0.4% 0.6% 0.8% 1.0% 1.2% 1.6% 2.0%
ST AR R FE AL VUS55 375 708 5] 0 1l TR 2% oh v T
YER TR, NaN, 7 0 H JC 1 K Be il o 08 K B, 35748
Wit 59.0.5,1,1.5,2,2. 5¢/L, UAEIB R AT
BRI KABCR X BE U B ASH R RS 1 22 2544, TE TR
FMTUIRI K /N R 2mm x 2mm x 1mm (K x FE x
JE2) BSOS [R) v B2 (% EMS A1 NaN, 43 il 12 i
3h, ZJE HICHE K Mk 3 ~4 ¥k, AR AL R AME K
30 4, AR 3 R, KA AT 1 AME R
R T 23 KE SR (MS AR R +
100pumol/L 6 —BA +1pumol/L TAA +30g/L FERE +7g/
L 3, pHS. 8) . 30d JA 4T IREIER
1.3.2 NaN,#FEREF  NaN, & JC B /K Bl
e K, AR N 0.5 .1 2g/L, LI585
FITCE K R IR BURAE 3 ~ 4 AREARE ZE, ISR v
FE () NaN, 1230 1h, Z J5 ISR K ik 3 ~4 W, Bk
JE AL FRAMEARA N 30 A, AR EIE S 3 Kk, HER
TAE AL 57 3 (MS AR FEHE + 17, 8pumol/L
BAP + 0. 10pumol/L NAA + 29. 85umol/L ff M 1% +
30g/L HEME + 7g/L Billg, pHS. 8) . 30d J5 G ANE 2F
HEFEECI I B
1.4 HEEEMNREIERIGRKE

S Lee " WL, ALK £ A 0,18 .36,
45 54 F1 72mg/L SR IT R (FA ) B 2 2RIRG S R 7 5
(BRTITATR (FA) R IEKEMA, TR, BEZF
1Z'§(§4§?12|§i}%jtd\ﬂil 2mm x 2mm X Imm ( £ x T8 x
JE) ) HERh A SR 30 D2 R, BV
F 3 K, 30d Ja it £ AR EIE R AN A K
B 1 B R i ) TR R T

S AEHIE A 0,10,20,30,40 H1 50me/L 4 J] 1
R (FA) WA E 2R3 0E 3G Fe  , BUNGE 3 ~4 R E
TERERD R IR RN 30 DANE S, BN REREE
3, 30d JEGETTANE ZERAEIEIE DL RS 8 2R 8, i 8
TR ] R IG E E , LA BT R R A N L B R
MRAE 25°C £ 1°C , JGHR5R AL 20001x, G RIS [H] 12h/d
L5 BEFITEHEST
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BOLR% = BOLIMEME HEFRSMEREL x 100%

FATH R = Fe b 30d JE AT A E SRRV AR R Y
AEHFEL

X AR = (4R 30d J5 220 IR B - 3R AT
EZRINiN VLI LUHIEZ SUNCTR

SRR 30d J5 AT BN E ZE R B SRR
A 30d e TR AN E 2R

2 HEREM

2.1 HEFFEFN BEE BEFHFE

2.1.1 EMS *‘&®m&’ $¥heiFEL HmaR 1L
F il SRR EE EMS 5728403 3h 19 2 ZEARAEFE RN 2]
FHSEFRI R IR 30d J5 , BOER Y R T R (LB R
LML PRI Z 2R . Bl EMS AR IE R, £
P RUNSE O R SUNRTE /T 50 F A NG A o8 S
HIETS, 43 0.4% .0.6% .0.8% .1.0% .1.2% EMS
VAR 2 2R 7d AR RS2 7d J5 KR 2 2R 1k
THATEF 5 A K. 25 1.6% EMS J578 (10 2 4 R4
il 14d PR AR K RS IFUIR  14d 53000 22 2T HRIE
AR, M 2.0% EMS AR 2 2FAREERN S 20d R
AR, 20d K52 2R R A8 BB T, HUA AN 2 281K
TEG . UL EMS 75728 Kb BRI AT 22 2R ) A A
RS E R . e8I b 3 DL B
VERFARFIIE BOA AR IE . ARE T 1. 6% EMS i
ARG 22 AR BRIk 43. 33% IR EIE R, K&
Wi IS B AR R

%1 FEGKEM EMS 3 BEE’ SFEHZMN

Table 1 Effect of EMS concentrations
on the scalps of banana cv. *Baxijiao’
EMS r&ﬁ I L FREL SIE %
concentration number of

lethality (% )

of EMS (% ) lethal scalps

0 (PBS) 0.7 0. 6e 2.22 £1.92e
0.4 2.3 0. 6e 7.78 +1.92e
0.6 3.0x1.7de 10.00 =5. 77de
0.8 6.0 =0. 0cd 20. 00 =0. Ocd
1.0 7.7+1.5¢ 25.56 =5.09¢
1.2 8.0 £2.6¢ 26.67 8. 8c
1.6 13.0 +2.6b 43.33 +8.8b
2.0 27.3 £1.5a 91.11 £5. 09a

A FE/NE FRERIR 225335 0. 05 W& K-, TERF,
Note: The different small letters mean significance at 0. 05 probability level.

The same as following tables.

2.1.2 NaN,x &@m&’ S kayiF R S (U

TCRIKAL BRI Z2 250 M 1L, © P4 2 2R IR 2 AN [F]
WP NaN, 5B A0 3h J5 , Z2 R B R U] B 4 &,
HBE NaN, % JE 03 Rmig L ik m, 22 KLY
NaN, 4b 3 ¥k B2 oy 2g/L W, 2 ZF 16 /9 358 & 3k
46.67% ALV FEHIEA . 4 NaN, Ab K BE 35 2. 5¢/L
i, BOLRIK 68.89% ., HBLHiIAE NaN, 528 2 2K 1Y
WHAE N 2g/L,
£2 AEKRER NaN, 3 BEE’ SFEAZM
Table 2 Effect of NaN, concentrations

on the scalps of banana cv. ‘Baxijiao’

NaN; e B VB
concentration ﬁnufbiiﬁ?& ﬁ%%:
of NaN; (g/L) lethal scalps lethality (%)
0 (7K) 0.3 +£0. 6¢ .11+ 1.92¢
0.5 9.7 +£2.5b 32.22 + 8.39b
1 10.3 +2.5b 34.44 + 8.39b
1.5 11.7 £2. 1b 38.89 + 6.94b
2 14.0 £3.0b 46.67 +10.0b
2.5 20.7 £3.2a 68. 89 £10. 72a

2.1.3 NaNjx @B/ E’ R FMiFEE HEK3 AL
Fil, EPE BN E ZFLN R B Y NaN, 7578 4b
PR Th $2F0 T AN E 2R G B R BL 45 5% 30d J , AN E 2
)14 G RSORT 1S 58 2R B2 BN BRI R, >4
NaN, N 2¢/L B}, BAE Ik 36. 67% , A 5E 2 138 5 8
HAS5. 5, AN 0. 72, ZREE XK RV, NaN,
VAR JE N E ZEMR A A K R B B PRI M, 25 5 BB AL,
IR IET , WG ARG AN E R R AR B P RS
S N (SR Y PE N GRS N S N X EE N
SIHERRIZ /N

2.2 BIEBY BREE BIEFHIFE

2.2.1 HABM CH/E L F R TP
F2° Y 2 ZEIRBERIAE B AN RV B2 i 0 TR IR 1) 5 5
HE LR, Z2FR BB 3 BE ik T DA IR Tk B2 1% 44 e 171
Jn AR A KD (K 4,/ 1), BRI R
18mg/L (5l JTTRIRR S, 43 (1) 22 2R RS 1E A K
FIMGTH , FEHR ) A Rk B R N 2] 36 ~ 45mg/L B, £
ZEARBBERILF] 26.67% ~67. T8% , 5 ZF KL K F
FAGENS  (BAFE I £ 2R R gk AR R P RE I W A A K
JFHETE TR S 2 ARSI J5 ATh DR 0T 88 U0 TR R 1)
PPk, Sl T TR R R BE R SR B R e, W R B R
EPIHEZ R, MEEFRIEP A S4mg/L il 72mg/
LTI FRI , 2 2R 0 A 1K 32 2 4 X i, 308K 1k
B X AE K RN, 23R ARG SR AN g
WMEEK,
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R3 AEKREM NaN, 3 BRE’ REFHFM

Table 3  Effect of NaN, concentrations on the adventitious buds of banana cv. ‘Baxijiao’

NaN & A E L B HF TS
concentration of NaN; (g/L) number of lethal buds lethality (% ) propagation number propagation coefficient
0 (7K) 2.0+0.0b 6.67 + 0.0b 17.5 +3.5a 1.92 +0. 16a
0.5 5.0£3.0b 16. 67 +14. 14b 12.5 +6.4a 1.20 +0. 38ab
1 7.5 +1.5ab 25.0+ 7. 1lab 12.5 +0.7a 0.90 +0. 0b
2 11.0 £1.0a 36.67+ 4.7a 5.5+0.7a 0.72 +0. 12b

R4 FAERENRIEERX BAE ZFEHIME

Table 4 Effect of fusaric acid concentrations on the scalps of banana cv. ‘ Baxijiao’

FA BOEL 2 A i LRSS
concentration of FA (mg/L) number of lethal scalps lethality (% ) relative growth yield

0 0b 0d 4.39 £0.44a

18 0.7 +0.6b 2.22+ 1.92d 1.28 +0.49b

36 8.0 2. 6ab 26.67 + 8.8lc 0.33 £0.0lc¢

45 20.3 £5. 5a 67.78 £18.36b 0.13 £0.02¢

54 29.3 +1.2ab 97.78 + 3.85a 0.04 £0. 04c

72 29.7 £0. 6ab 98.89+ 1.92a 0.04 £0. 06¢

P ASIRI MR BE i ) TR G LV A8 22 2R IR Y 5 il
Effect of fusaric acid concentrations on the scalps of banana cv. ‘Baxijiao’
A KEFRIETDIR N Ome/ L TV IR 3 B Wi R EE T SN 18 meg/ L S JT IR ; C . By FR B P AR N 36mgy/ L. 4 )] B R 5
D BFREE AN 45me/ L T TR B B JR 3 PR N S4me/L BRI TR ; F . 5 R PRI 72mey/ L 4670 TR
A : without fusaric acid in the medium; B: adding 18 mg/L fusaric acid in the medium; C; adding 36mg/L fusaric acid in the medium;
D: adding 45mg/L fusaric acid in the medium; E: adding 54mg/L fusaric acid in the medium; F: adding 72mg/L fusaric acid in the medium

Fig. 1

2,22 HRBHRAN BHE REFGFE KT
VEAE” A 2R 2R T & F 10,20,30,40 F1 50mg/L
S ) DA 1 1 s e Bk | T 1 v R T R R vk
PR R, ANE ZE BB N, 384 58 5OR B ZE BN s
(RS E2), HEFRIETINA 10mg/L i ] 1 2
A, AN GE ZE AT IE I TN 20me/ L S J] BRI
ASE B IERIAF] 76. 67% , A 2 145 R, 2%

NS il A RODE >4 355 3% B b i AR ik ) TR R
h 50mg/ L B, AN AR 22 B 240 X ], SOt R I8 #
100% . PR IHCTE 4 3l 00 B 2 ¥R B2 7E 10 ~ 20mg/ L Ji [
PRI T AS R ZE A5 A 3 L, (L7 36 3R A5 A P AN R 25 P
AEMEMRRIUC A K 8 MR/, el WS 22
TRAH L, BN E 250 ik ) B R B 2R T URR
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K5 ARREMBRIEERX BAE TEFHZME

Table 5 Effect of fusaric acid concentrations on the adventitious buds of banana cv. ‘Baxijiao’
FA W& BOEAE HH BOLHR PRS2
concentration of FA (mg/L) number of lethal buds lethality (% ) total buds
0 0d 0d 89.0 £2.0a
10 7.3+2.5¢ 24.44 £8.39¢ 22.7 £2.5b
20 23.0 £2.0b 76.67 £6.67h 11.0 1. 0c
30 25.5 +2.5b 85.0 +£8.33b 4.5+2.5d
40 29.3 0. 6a 97.78 £1.92a 1.0 £0. Oe
50 30.0 0. 0a 100. 0 £0. 0a Oe

&2 AS[E) e B2 A i D TR AT ¢ ELVE £ AN 27 (952
Fig.2 Effect of fusaric acid concentrations on the adventitious buds of banana cv. ‘Baxijiao’
A FEFRIET SN Omg/L SR JT TR ; B W5 R SE PN 10mgy/ L 4 TR 5 €« B IR BE TPV AN 20mey/ L 4 T TR 5
D B3R LA RN 30mg/ L AR T TR E - B 32 3K PN 40mgy/ L 67D A 5 F - 35 35 3L v A 0 SOmey/ L 46 70 PRI
A : without fusaric acid in the medium; B: adding 10mg/L fusaric acid in the medium; C; adding 20mg/L fusaric acid in the medium;
D: adding 30mg/L fusaric acid in the medium; E: adding 40mg/L fusaric acid in the medium; F: adding 50mg/L fusaric acid in the medium

3 e

3.1 FTHMRIRERE

VEREAE WSS MR B ARIA AR A EH
WEEE 2% R A5 0 110 35 PR | S % e M R P A A
WRIGMES R, < VS AR E R A E LA, AT
BT TR R 20 4 5 A5 BE/INFR 0B 5 AR IR 1K
PP PTG 220 2 AR A B AL sT ik E R, A
SR KB, LA 22 ZE0R R AR A T 528 Rk ) T8 75 2 O
VERCR AN E 2R 4, b B R MRS 5 RS ARG T EL T
AJRAIE R B . R, 2 200 B AS 2 25 5038 AR N
AR R A FME A
3.2 HWRFTHAERE

H LR TR . T ( EMS) F18 Z AL 80 (NaN, ) 1E N 75
ARF A A A Y REAE T I g g
A0 OKARE e H DY SRR T R A A
PUTEZRH, AR AL, C B 2RI E
ZEXF NaN, & EMS B 0%, 7] 582 A ] 9 S 1R X A

] 5 AR T U BE A TR) Rk, 7 LA Y 45 A 2
Hh R AR AN ] (4 S AR RS B A3 AR
3.3 FEFNEEREMBEINEBRESHEREDY
HE

R 5728 3 B AR AR TR R LR B P SRR A R
SR HME A 05 3 R, — MDA O o S
227 Bhagwat 1 Duncan"* JUJTA Ay 3 i 2 EUPE )
0 EE BRI AR R AT A E R, BB
AR PR E AR MK B B SEFE R AR A B, A
R H H 1.6% EMS Hl 2g/L NaN, 75728 40 24 ¢ [ 74
£ Z 2R K 3h, BOER 351 43.33% F1 46.67%
AR TP B A A0 1 2 2R IR A &2 A K Fn v
B, DRI I 4% A R R 3 BT A0 O A vk B A AR s e,
2g/L NaN, P A E ZE B Hy 36. 67% , BARILE
BB, (HEEA 5 JEASE SR A K TG TR 100, 10
BB AT ZER AR IR ER R . ALY LA A
¢ Grand Nain’ ( Musa AAA Cavendish ) 2522~ #1 BT,
EMS 17578 4 P A 38 BV BE IR () 4150 0. 2% + 2h,
SRRSO RS S TR TR] 3 3 2 5 A 4 S Rl
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SMEAA AT C

DT P 1y 1A 9 28 AR i 8 6F , B0 5 7 2 70 15
ELR O e | R RE 2223 % IR A MR RO AR G 4
PR AR OL AR R K A, FH iR ) 1 2 %
X VYRR A2 2R RN RE 28 BEA T 30 5 e I, 35 B
He FE YW L5331 36 ~45mg/L Al 10 ~20mg/L, 1% 45
5 Lee 5™ AR AR BN — L,

FIE0 AT S B2 Bl ) R i 8 2R A R B A A
PRI AR AL AT E RSB R . — i =,
RPN PATHUNEAL S, JLpR A0 555060 M b 2 e A —
SERRBEME AL, AR RRAZ IR it R AR S AR R 4 TE
Y E R b b A B AR AL PR S P P A —
SEREIE A IIBENE T HAE S T b e e i
MY E R INAT T , B HBR AL RE , POR R B
FEAT LI T A R A LR AR R AR AR S 1A 22
THERAFAE — 52 1 G AR SCRYBTFE 45 58 55 i
NHIBFFEA ZEAARY B G , P EHE I AR SC 28 5 9 ) T 12
b A B PLPERL R o] R A T A 5 . (Hdad
FEPR A SNHIIE RN W 5y 52 1 KRIABE AR G 2 T R
U, S 4R e T BB i T — 2 AT o T A
A Z2 A B R L A

4 g

ARAFFEARH,  CLPUAE () 2 2R IR LA 2R T 3E
VA8 R 16 () AL, IAAE Ab B ¢ TP 45 () 22 2
RIS B EMS F1 NaN, ¥ B2 RS [ 2045 5300 R 1. 6%
+3h Fl2g/L + 3h, AR BE ¢ UPU AR 0N SFIE
[ NaN, ¥ B FRst ] 241 A 4 2¢/L + Lh, fifi 1 < PG4
Pk 22 ZEAORIAS 22 250 B A i 0 B R 7 5 VR 43 o
36 ~45mg/L 1 10 ~20mg/L, TZEME—F HMF5EH, I
TR ] TR R 58 R 2 X0 EMS Fl NaN, i 728 f5
RS B ER R 4 5 BB/ (Race 4) 9
Jer TR A2 7 16 R0 O EEL i [ 7 328 , 09 B AR AT T AR UG 22
SRR, AR AR DU ZE R A R AL A A
AR AR 22
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