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Physiological response of three types of organic small molecule solutes in banana

seedlings to Fusarium oxysporum infection
DONG Xian, ZHENG Qingsong, WANG Min, ZHOU Jinyan, SHEN Qirong, GUO Shiwei *

College of Resources and Environmental Science, Nanjing Agricultural University , Nanjing 210095, China

Abstract: Fusarium wilt of banana is induced by Fusarium oxysporum f. sp. cubense. The initial chlorosis symptoms occur
progressively from lower to upper leaves, and subsequently occurring in the whole plant. To clarify the pathogenesis
mechanism of banana wilt disease, hydroponic experiments with pathogen inoculation were conducted in a greenhouse. The
changes of several substances (amino acids, organic carboxylic acids and phenolic acids) in banana seedlings related to the
growth of the F. oxysporum were studied. The results were showed as follows; (1) After infection, the injury of banana
seedlings was gradually increased. The injury symptom of infected banana seedlings began to be observed at 8" day, and it
was most serious at 16" day. It showed that height and biomass of the plant were significantly decreased after infection.
Compared with non-infected plants, 22% reduction of height was observed in heavy-disease plants. In light-disease plants,
37% , 18% and 23% reduction of dry weight in leaves, pseudostems and roots respectively. The dry weight of leaves,
pseudostems and roots was decreased 43% , 21% and 37% in heavy-disease plants, respectively. The water content of both

leaves and roots was decreased with the disease development. (2) 16 kinds of amino acids were analyzed in both non-
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infected and infected plants during the whole infection stage. The total contents of amino acids in leaves were higher than in
roots. After the F. oxysporum infection, contents of amino acids in leaves were significantly increased whereas they were
decreased in roots. In 16 kinds of amino acids, the contents of serine, valine, histidine, isoleucine and leucine were
changed more significantly in leaves under the pathogenic infection, and were respectively increased by 7.1, 6.2, 4.4 3.5
and 2.3 times in infected leaves compared with non-infected leaves. (3) Oxalic acid, citric acid, malic acid, succinic acid
and fumaric acid were detected in both roots and leaves of bananas. Content of organic carboxylic acids were dramatically
enhanced in leaves and reduced in roots after the pathogenic infection. Contents of oxalic acid, citric acid, malic acid,
succinic acid and fumaric acid in the leaves were increased by 2.6, 1.6, 1.9, 1.8 and 2.3 times after the pathogenic
infection, respectively. However, in infected roots, they were decreased to 81% , 42% , 44% , 28% and 59% of the levels
in non-infected roots, respectively. (4) Ferulic acid, cinnamic acid and salicylic acid were detected in leaves, while in the
roots, hydroxybenzoic acid and eugenol acid were detected. Contents of organic phenolic acids were increased in both the
leaves and roots after the pathogenic infection. Ferulic acid, cinnamic acid and salicylic acid contents in the leaves were
2.9, 1.7 and 2.9 times of those in the non-infected leaves, respectively. In infected roots, contents of hydroxybenzoic acid
and eugenol acid were 4.3 and 1.5 times of those in the non-infected roots, respectively. It is concluded that the interaction
between plants and pathogens could increase the related both beneficial and harmful substances. The banana seedlings have
some resistance to injury caused by F. oxysporum infection. However, higher kinds and contents of promoting-bacterium

substance than those of anti-bacterium substance leads to disease.

Key Words: Fusarium Oxysporum; banana; amino acids; organic carboxylic acids; organic phenolic acids
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TR 22 RN AR AR (A A2 T I B BRI 1 R s , (B FE A MR 2l A5 B IR AR AR I . R0, )2
MR REESMY AR B 2 5 HOR AR BB, AR R B N R, DT RREREEAECE | AT L4
R LA (8 B B AOIR ST 2R AR A 8 R R AR R B B R

B RN E A RGP O 0N R R R R AT G 4R R Y R, B A T BN R A 2R
FET- T W TR B R R AR I R AT g KRR LS A LA B0 F1 0 SRS B IR
BERR K, BRI AR R 2 BT R SRR AR 3R 0 0 0 B IR A ML R A T 1 1) b 28 R B i A
WY 22 5, JF HLX 26 B i) & i SRS FAEY) PO M3 U0 G, AR 7 A6 3 R AR 2 5L A LI T 2
S5 T A PRI R R 1) E PR 3R O P P AR 2 B T 2 A AR () SCRR AR I, = ke T 5L R A PILIRR A
BRI FP A (1 22 515 B Z VR AT XTI BIF ST o R PR A1 56 T 330 S 90 5 14 728 A 50 T sl A ) 22 T 56 2 I F 9
W EEAT i e o A4 5T A8 A S R R AR Ry — > B AR R AT 2 PR 5 AR B i ML o 8 AR AT 308 U 1 A o B
Lo ABFFEBEC T3 a8 1 = e B FEAE AR, A 1A ) UM 0 D T A A 3 A T A ) Jo (i
iR IR A HLER ) RIS A AR 1k, DA DS I B R AR B A B 48 7 7 BE R 8 Bk i) AR EML AR , Ry E
— A ] B A A VR R L 4 (BB AR

http ; //www.ecologica.cn



10 4] HE S AR =AY TR TN ISR T AR e ) AR P 1 3311

1 #MRERFE

1.1 Ak

HHE (Musa paradisiaca) R VA AR FH A 5 A b R 22 15 P 1 0 i M $R A 0 AR A 2S00 A L 2R
ST L ALR (Fusarium oxysporum f. sp. cubense) 4 5= H/NFh | K H BE 5RO K2R S 38 5 it AR
R,

1.2 it Sk

ARG FHFE M FRIAE CE A b R R 2 L DA AR S 2.5 L SRR L, 4 SR HLEG 5% 4
W BG4 d He— B FR, SR Hoagland "SR BC O 5535188 R 28 °C, AHXHEEE A (70£10) %,
RIACHEETE] R 14 b, FEFEMHKZE 5—o6 MR, FEALEEE 30 PR M 7EWREE A 1x10° (9614 7] B 77 T
HRAR 2 h, S BEEL 30 AR TR TSR K R ARAR R B[R], X 2yt 2 AN B, BT B OND) Ao I i Ak 3
(D), #HEMRREZE, T 4.8.12 F1 16 d REE, 43 5ICFIE IR R G0 4 BB, B UCRFEA AP 5 A E R,
BRAE R Z G WA T, R AE T = 20°C VAR B RAE 58 BUG T2 5518 | A LI FN I R Al 28 0 5 2t 1Y
ST AE
1.3 WEdsbr 57k
1.3.1 5 IR A G AR AR 17 7040

IR B R Y 16 d J5 AR A AR I R 2 SR B B XA AR R A T 155 43 %, B 1 SR i bk . 2—3 AN R 3B 2k
532 WM . 4—5 A TR Ak gk,

1.3.2 bR BEE T SAR S KR A e

MR B AR, SeHT B SRk phise , PR ZE IR AR SERE e THIOK 4RI TR K 43, A AR 2R 33850
by 1 AR R WG ER 43, b b4 SR i R ZE R A3, BRAHGE R (FW ), R 25 0 S M S IO A A5 R
=L, ARG AE 105C /T 15 min J5F 75CHET 26 E A5 TE(DW) . MRS KE ARG A,

TR (%)= (ffHE -1 ) /B Hx100
1.3.3  ZERFPSEAS AT E

0.5 g VR TEERR I A AEAEAR M 7 AR RIS AK ] 3% =S BRSO B, FERIR A RTE IR TP CE 1 h, BRD
FE5E 7 10000 r/min &0 15 min, YO8 FIEW,0.45 wm AL IS &, —20 °C vKAE A7 4 1 2 53 B I fige B
U R A R o i T R R 43 BT IX ( Hitachi , Japan ) T 5E | 43 85 3235 1 55 7 A0 #4354 ( # 2622SC
PF) Wi sh#A PF1 PF2 PF3 PF4 PF-RG .R-3.C- 1, i =7 A% i ( Wako, Japan ) , I %2 s FH B B v
A A type ANIL Fll type B( Wako—shi, Japan)

1.3.4  AHURFRFSAE 1 E

2.0 g W T IREARAE S EERER R 5 mL 8 2K BIFBE W51 R, 22 05 72 5% 3 16000 r/min T 250> 20 min,
WCBE 1 T8 B R OB €83 (HPLC ) 43 M A HLAER (SR AP R IR R BE FARR R M R R ) A &t L
FEL AR . XDB-C18 {7543 (4.6 x 250 mm, Agilent, USA) , i Zh4H43 50 5 mmol/L H,S0, (A ) F1{t,i3% 4l F st
(B),

TENAIEEEEE 0 min:95% A Fl 5% B,#i# A 0.4 mL/min, 277 10 min;15 min:90% A Fl 10% B, i
K 0.4 mL/min; 16 min:90% A F110% B, %} 0.4 mL/min;20 min:90% A F110% B,%ii% 4 0.5 mL/min;
ZJ590% A F110% B,Hi# N 0.5 mL/min H EfRFEIE,

LAHMEI PG K R 210 nm , 43 HIEC B4 BAFRUERE S RN 5 B4 BOTR S AR ERE i | ERE S B BRI IR Y
T4 58 BT, AR AR AR 45 A0 T A (L B S I 0 o o DR v A 0 i R 4 R
1.3.5 AR 7 5 AR R A LI R FR 2SR 5 0

2.0 g G IRIRREE S AERIFER FP ] 5 mL (a3 afi H ST I i 2030 W, 2 5 7E 54 16000 r/min 2.0 15 min,
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IEWZE T Z 5 H 2 mL @BAUKE R, Z )5 R RO AR €15 (HPLC) /3 H B R (X & SR | B-FR R HT R | 4 it
iR SRR H R WHERR | T AR BRI KR MR REERR) o

ML N XDB-C18 (G154 (4.6 mm x 250 mm, Agilent, USA) , 7R ShAH K 2% BSHR (A) FIZ N (B) ki
Ve

MR E 0 min:95% A 5% B, 4 0.5 mL/min, i£47 10 min;25 min:95% A f15% B, ifi#
4 1 mL/min ;40 min:87% A F113% B, 3~ 1 mL/min;50 min:65% A F135% B, ¥ii# % 1 mL/min 2|7
1k

LAMEIN PG A 280 nm , 43 L B - B A FRUERE SR 5 BT A TR S A v RR S, R RE B R BRI R Y
{5 B8 s 18], AR A AR S 45 0 T A 5 B s T s T R v A 0 o B A R i
1.4 BS54 Hr

RIS E S H Microsoft Excel A1 SAS 9.0 #4418 AL BE S8 3t 0 B 5k 28 1 /K PR 3, 250l 349 8
P At 227 4% 2K

2 EREH

2.1 RIEHR YRR A Y S &K E AR

R R Y 4 d, WHEREINIL BB A B G5 FRRIE 125 8 d, —SBiik EARRGBUEIR , R YL 12 d, FEREE A B
B A0 16 d, AR A PRAE MRS UIE A SR IA 2 1 22 5 BORE DU 8 A Al 45 31 (3R 1) o R AR LA bk 16 d,
RIFFEARAN ] 8% B 7K R AR A s A T R A= G R 34 AN () R B %) AT, L i B8 ™ B ) R, A AT
Ko MXFFARARYLAGE , TR IRIR R FRAR 22% , 1 F ERZEFIAR T 523 IR 43% 21%H1 37%

F1 RARINERE 16 d WEEEKRKS  EVEMSKENZ N

Table 1 Effects of infection by F. Oxysporum for 16 days on plant height, biomass and water content of banana seedlings

PR A A K RAZ YA {RYLHIR Tnfected plants

Plant height, biomass and water content Non-infected plants 29k Light-disease plants HiJj i Heavy-disease plants
¥R Plant height/cm 11.1620.78 a 9.64+0.23 b 8.76=0.40 ¢

W F T Leaf DW/ (g TH/#k) 0.80+0.15 a 0.51+0.06 b 0.46+0.04 b
55 7K Leal water content/% 92.46+0.25 a 92.03+0.19 b 91.72+0.42 b
25T E Leaf DW /(g THE/#K) 0.29+0.06 a 0.24+0.03 ab 0.23+0.04 b
ZE 5 7K Leaf water content/% 96.74+0.06 a 96.12+0.19 b 95.81+0.14 b

M Leal DW /(g TH/H) 0.22+0.03 a 0.17+0.04 b 0.14£0.02 b
M5 7K I Leaf water content/% 95.66+0.21 a 94.77+0.24 b 94.75+0.31 b

DW . T Dry weight; 7£ [f]—17 AR 1)/ 5 0E3m 22 5 ik 31 2 KF- (P < 0.05)

22 WA SRR AL

P 1 ATA5 iR v R S L TARAY , OF BARGSA R A rh 2 R A 5 i 28 R, 1EAR
A R ARG 4 d 5 RS IR B W IR T R R AR R Y, Z I X b 22 5 2 i A 3, O HoGig
SEAR AR YA MR ST I R (R YABL IR |, TR A o AR PR ) 2 A — DR AT R 3
2.3 R SRR A AT R AL

RIS T R IR G A AR R IR R W (& 1) o IR R 4 d, e op 0 R B SRR
Jemt i, nTRVE B JR AR (Thr) (EAR JARRR I A A 1, 2 DEETR (Cys) (BEETR (Tyr) (EEZR (Met) 75
P4 BRI AR AN B, AR 1 B IR AR M4 A B rp T REAG I B, JEAR BR T AR (Val ) Sb  FEAR G
FERRIE F A b G IR & B R AN R R RE A TR R UK Ao W BRI 8 d 7 v, Thr £E A [R] b 2
HERASINE] , Cys Al Met 7 S ARA , 200 (AU AR AR GAB R I 7 AR GEAB BRI R m 0 81 5 e SR A A
[l 4b BRI REACIN 2, HLARYAERR I J rp 2% Fh G RE R 75 1 45 AN [A) A B A o TR AR SRABLRR I A9 o LT e
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Fig.1 Effects of infection by F. oxysporum on free amino acid content in both banana leaves and roots

L Bl S5 T AR L 5 NI o M BIVOR B o i Ak 2t

12 d, Val Fl Thr {XFER AR R iR AU E]  (H Cys Ak 2 ; He 2R AE A R AL B e A 0 21, e iR T
2254 1R (Ser) F1 , HARYLAEAR I | rh & P R B S AN R AR BE 1 /8 T AR AR I i), R R G 16 d
TEAZ G AE AR it Cys A1 Thr ARG 2], 76 HAD ARSI 21 0 22802, bR T N RRS , i e mi bk it F v 45 Fh 2 O
iR & e BN R R FE Y TR R AR i (R 2) .

TERR Z T ARG S AR YA AR BB AP IS 22 S AN K (3R 3) |, (H A BE IR Gl i ) 0 10 5 AR (&1 1) o AR
WRY 4 d 5, ERFRT RY R EIE R S TR (B 1), HALL Ser Ala, HZ W2 (Gly) | F5E &R (1le)
FETRER D (FR3), WIEERE 8 12,16 d J57, RIS RBZJMEMR AR B RmEZAZ (F 1) AR
MRS EE F(FR3),
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Table 2 Effects of infection by F. Oxysporum on contents of different amino acid in banana leaves

SLTK 44d 8d 12d 16 d
Amino acids ARPN RRL ORREND RRET RREN O REL RREN Rk 1
KA (Asp)/(g/100g &E ) 5.94:0.29 15.06£6.64 6.44:0.02  9.14x0.80  6.87:0.41  8.31x0.61  8.13x0.71 12.81£2.85
2R (Ser)/(g/100g ETH) 8.70+0.57 19.958.55 9.92+0.41  20.60+2.19 21.020.70  18.09+4.21  7.430.47 52.99+13.81
BAMR (Clu)/(g/100g &) 9.66£0.42  17.03£7.17 11.8£0.06  18.48%3.99  13.00.70  15.50£0.11 11.11x0.50 14.55:1.11
HE® (Gly)/(g/100g ) 0.2240.02  0.49£0.16  0.22£0.00  0.36£0.07  0.27¢0.0  0.470.06  0.17+0.02 1.09+0.37
AR (Ala)/(2/100g i) 2.15£0.15  7.50£3.21  2.55:0.11  2.78£0.37  3.15:0.13  3.50£0.12  2.790.09 2.68+0.22
R (Val)/(g/100g i) 1.47£0.10  1.25:0.76  0.93x0.01  2.19+0.19 nd 3.58+1.13  1.38+0.10 8.5343.25
StrEE R (1le) / (g/100g fE T ) 0.50£0.02  1.060.81  0.35:0.01  1.40+0.16  0.90+0.03  2.55+0.90  1.00+0.07 4.38+1.27
FAR (Leu)/(g/100g B ) 0.77£0.04  0.89:0.49  0.50£0.02  2.47+0.3  1.52£0.04 3.96x1.24  1.67+0.05 3.78+0.88
KNERR (Phe)/ (g/100g fif 5 ) 0.58+0.02  0.85:0.08  0.47+0.01  0.98+0.05  0.86+0.01  1.68+0.32  0.84:+0.04 1.73+0.64
W (His)/ (g/100g i ) 0.71£0.03  1.22:¢0.43  0.84£0.00 170029  1.81x0.07 2.41x0.67  1.89:0.12 6.66+1.54
HIEM (Lys)/(g/100g 5 ) 1.59£0.07  2.67+0.55  0.84£0.00  2.80+0.24  2.10:+0.04  3.29+1.3  1.72+0.06 3.22+1.58
KRR (Arg)/(g/100g BETE) 2.82+0.32 421233  0.85:0.01  1.21£0.17  2.95x0.04  6.00:2.23  1.8720.05 3.38+0.63
ER (Cys)/(g/100g ) nd nd 0.15+0.00 nd 1.1220.32 nd 0.03+0.00 nd
JhEFR (Thr)/(g/100g #EH ) nd 3.89+1.62 nd nd nd 3.43£0.74  1.98+0.10 nd
AR (Tyr)/(g/100g #E ) nd nd 0.220.01  0.87:0.07  0.51x0.01  1.63+0.63  0.56+0.04 2.21£0.86
BRAMR (Met)/(g/100g i) nd nd nd 0.24£0.08  0.22£0.01  0.33:0.10  0.29£0.04 0.36:0.22

NI K AR YAE Bk Non-infected plants; 1; 2 YAE K Infected plants ; nd 102 KA B4R
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Table 3 Effects of infection by F. Oxysporum on contents of different amino acid in banana roots

SRR 4d 8d 12d 16 d
Amino acids KRERN BT RERN BT KERN BT KU N R 1
KGR (Asp)/ (/100 g ) nd nd nd 1.08+0.32  0.53%0.10  0.67+0.08  0.55x0.04 nd
2R (Ser)/(2/100 g fEF) 8.06+0.53  3.35:1.04  5.43:035  4.40£0.05 2.69+0.45 3.19+1.57  2.73:0.14 2.63£1.20
BEM (Glu)/(g/100 g i) 1.50£0.09  1.39£0.02  1.64+0.13  1.66x0.06  0.68+0.01  0.79£0.09  0.770.14 0.39+0.22
HAE® (Cly)/(g/100 g BT ) 0.13£0.02  0.07£0.01  0.07+0.00  0.08+0.01  0.08£0.03  0.10£0.02  0.07+0.01 0.060.02
AR (Ala)/(g/100 g ) 279123  1.80+0.11  147£0.36  1.01£029  1.09+0.49  1.36x0.14  0.84+0.06 0.73£0.25
SR (Val)/(g/100 g fiE ) 0.34£0.06  0.230.03  0.27:0.03  0.3320.03  0.28+0.04  0.4020.00  0.29%0.05 0.34+0.23
SEE AR (1le)/ (g/100 g ) 0.1240.02  0.05:0.01  0.08£0.00  0.11x0.00  0.11x0.01  0.17£0.03  0.13+0.01 0.13£0.09
FEEMR (Leu)/(g/100 g ) 0.16£0.03  0.08£0.01  0.12¢0.11  0.11£0.00  0.11x0.01  0.17£0.02  0.13+0.01 0.250.14
TN (Phe)/(g/100 g BET) 0.08£0.01  0.10£0.02  0.09£0.00  0.10£0.00  0.09+0.01  0.14£0.00  0.08+0.00 0.080.00
AR (His)/(g/100 g BEH) 0.21£0.03  0.18£0.05  0.16+0.02  0.23+0.03  0.11x0.01  0.31x0.05  0.120.01 0.50+0.10
BRI (Lys)/(2/100 g ) 0.24£0.03  0.21:0.02  0.23:0.03  0.2740.03  0.18+0.01  0.27+0.01  0.14+0.02 0.20£0.04
FER (Arg)/(g/100 g fiEH) 0.17£0.02  0.15£0.03  0.16+0.01  0.21+0.04 nd nd nd 0.22+0.13
SEPEERR (Cys)/ (/100 g fET) 0.16£0.05  0.07:0.01  0.03:0.01  0.05£0.00  0.0100.00 nd 0.0320.01 nd
FEFR (Thr)/(g/100 g ) nd nd nd nd nd nd nd nd
FEER (Tyr)/(g/100 g fiETH ) nd nd nd nd nd nd 0.06+0.01 nd
BRI (Met)/(g/100 g ) nd nd nd nd nd nd nd nd

nd FRAEAM T SIEHR

2.4 R AR A HLER R R SR B B AR 1k

o IR R R R I B S R R KD Hh G 5 Fl R EAMURIR ARk 22 AR K (B 2) . HER &R rE#
A9 I P R e B, L i A v T IR AR A R R AR Y 4 .8 12 d L E R T B AR R Y
16 d, o i Wi, SRR RIEREREER 12 d 5, HEm R s TX I, 25 Rt 38Hm
FIIERA R & A S B AR L, BRI S IR Bt & A B T R R BB 16 d J5, i B R R
FrREmR AR IR BRI AE SRR o A S AR YA bk B 219 2.6 1.6 1.9 1.8 A1 2.3 £5 (¥ 2) .

B 25 S R A G B [T A B AR PP ) 5 D R B MR IR Fr 4 B 3 NI P R 4 d PR & R D
E TR, M550 4 P HURIR NS (K 3) o MR YA 16 d AR RIR Frigie - R  BEHIR At
R 73 R AR JAEARAR TP & 51 81% \42% 44% 28% F1 59% .,
2.5 i RURR oA ML R Al 2SR A AR Ak

FERARENT v BEATIN 2 3 FPER IR , 4 BZ BRI, NAERR MUK R . BR T 4 d MIPTELRR & i (&1 4) 1
TN SRR AR YT, 3 Bl HLER R & i 3 2 TR YR (] 4) o IR R Y 16 d Z )5, BRI , N
FERR R AA IR H & 5t o il R A= YA AR Y 2.9 (1.7 F12.9 £,

FH LS AT FEAR 2R BB ARSI ) W A B 2 , RG0SR R AN T iR . vl %o P DR A R 5 1 A
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Fig.2 Effects of infection by F. oxysporum on contents of oxalic acid, citric acid, malic acid, succinic acid and fumaric acid in

banana leaves
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Fig.3 Effects of infection by F. oxysporum on contents of oxalic acid, citric acid, malic acid, succinic acid and fumaric acid in

banana roots
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Fig.4 Effects of infection by F. oxysporum on contents of ferulic acid, cinnaric acid and salicylic acid in banana leaves
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Fig.5 Effects of infection by F. oxysporum on contents of P-hydroxybenzoic acid and syringic acid in banana roots
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