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FE Gl o AR RS T AE WIS e 2RO RBCHE B 1A A ARG AR I 45 R R W] AR W SRR R i (H + F) 4
PR ARG 2 P B =, AE IR S B SE R CHE (C + F) AN PRSI 18 BRI, B0 A= Py A A 3 B 3558 K 32. 8% , AE IR S
R RECHEAN B 42. 5% , A YIS B A R B INE T FEMZEWHETE . Biolog Eco HCEFARMISR £, AWCD (-3 HfLEI
AEAE ) Fl Shannon 45 4 > Z HEMEAR BB AL H 5 B BCRAR S - B RCR AP AL 2, 39 200 T T B 20 R 48 BUSC NI, 28 A6
& IR JR BL 1A ( Fusarium oxysporum f. sp. cubense) 7] FI| il Biolog Eco VAR b8 RIS M & AL (4L, T 45 9, T-
RFLP #7340 DNA R0 XTI CR AR 380 TREs K omBREIE A Bl /b, AWt S B R R # £, 5™
AR e LA, AR IS 5 e R I T L3 v 2RI AT B R 2E 5N R EOE MR T 2FMAT R 28, 4387 & L, T-RFLP A1
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Effects on controlling banana Fusarium wilt by bio-fertilizer, chitosan,

hymexazol and their combinations
ZHANG Zhihong, PENG Guixiang, LI Huaxing ", CAI Yanfei, ZHANG Xinming, ZHAO Lanfeng

College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642 China

Abstract: The control effect of banana Fusarium wilt ( Fusarium oxysporum f. sp. cubense, Foc) by bio-fertilizer (F),
chitosan degrading liquid (C) , hymexazol (H) and their combinations was studied. The soil bacterial community diversity
was investigated by Biolog Eco plate and T-RFLP techniques under pot experiment. The results showed that banana
Fusarium wilt index in the treatment of the combination of bio-fertilizer and hymexazol (H + F) was the highest, and the
lowest in the combination of bio-fertilizer and chitosan degrading liquid( C + F) , compared with the sterilized bio-fertilizer
treatment ( CK) . The control effect of C + F treatment was 42. 0% , higher than that of single bio-fertilizer (32.8% ).
However, The treatment of H + F increased the severity of Fusarium wilt. The average well color development (AWCD) in
Biolog plate indicated the ability of carbon utilization of microbial communities, while the indices of Shannon, Smipson and
McIntosh were calculated to show the richness, dominance and evenness of the functional diversity. The changes of AWCD
and diversity indices (including to Shannon H, Simpson D, Mcintosh U) were negatively correlated with the control effect
in different treatments. The better effect of controlling disease showed the lower microbial diversity indices in soils, which
further studied by the comparison of AWCD in three samples, including the soil (S), banana pathogenic fungi (Foc) and
the mixture of soil and banana pathogenic fungi (S + Foc) by Biolog Eco plate and bacterial identification plate ( patent

publication number; CN101200755). The resulis suggested that the pathogenic fungal Foc utilized some carbon substrates
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well in two plates, which interfered the final color reaction. Therefore, the type and population of pathogens may be
considered in the determination of the soil bacterial community functional diversity by Biolog plate. T-RFLP results
demonstrated that the number of terminal restriction fragments ( TRFs) was the lowest in CK treatment, and the highest in
C +F, which meant the better effect of controlling disease with the higher soil bacterial genetic diversity. Compared T-
RFLP information with database on the website, the soil bacterial communities traits in the treatments of C + F and F
contained the more Bacillus species (the numbers were 17 and 15, respectively) than H + F and CK (3 and 4,
respectively) in soil, which implied that the more Bacillus species could be used as effective functional microbes on
controlling banana Fusarium wilt. The Biolog and T-RFLP shared the same distribution characteristics by the loadings of
principal component analysis (PCA) in treatments, F and C + F were nearer in the space. The combination of hio-fertilizer
with chitosan degrading liquid, a kind of bio-pesticides, could effectively control banana Fusarium wilt by enhancing the
soil bacterial diversity and improving the community structure, especially the changes of population and diversity of Bacillus

spp.

Key Words: banana Fusarium wilt; bio-fertilizer; soil bacterial diversity; Bacillus; control effect

FFEM 2205 (banana Fusarium wilt) WKy B 5 Hyig | B , S0 B 20 A T | SRV S ik IR AR P s
M IR T E A B LA R Fusarium oxysporum f. sp. cubense (E. F.Smith) Snyder and Hansen ]
UM AL E . A REAZ H A TR IR AL e, — Bl i xf LA il 7 o ) 2 A 7 40 el 1 3] B8
K, HHETEFEAZRPIG T E AR T IOR A A8 A6 LR IBGE R0 5555  7EA [F B iR
T AR IR B TN OB A B G HE , OF BLAT & SR 4P FLA HLE 20K (HJ2 B ali A By
RS9 R B, HBCR AR E , i PR T R A B TR R SR T 52 -SSR (50 K, R 5 7 4 338 v B0 R R A0
R EAMIFSEE R B S A RS S IR S AR AR R A B R ASCR

AN A S BT K B — Fh Z DI RE A WU AE KL, o2 I Zh RE T 5 A B R AL ) 4 1T i, 2 B T 7 S HE IR 1
CHCTT BN RET A A AR B R AR R SRR SR AR RN AR AR I T AR A A
il A R R RIOCR , A S PR R A 52 R ANV BUAS W] 1R 25 5 AE W I IC it 7 RJE—Fh T i% A
FR, Xk 22 D L 5 A B R A B A T P A B 8400 ) e A 2 i T B R T 22
LT AN AR S0 IO E T A R P A AR AR 58 3 U 5 R A VRO SR L R A
RIVER O BB e M ERE 2B G 1Y R ek sl . ARSCE YR S kg 2
FAEPIA G BCRE , 73BT AN [RI 25 J7 200 SN T AR R FIRE VA 25 A0 52 W), #a 7 LU W) 5 B AR A 22w B 1R
KR, A AR PG RCR A ISR
1 MRI5HE%®
1.1 Pk

AL - LUJBS A AL IE g 52 B0 2 A, B R XU T I AR 86 90 R 5 70 20 B 2 AT 77 ( R ZF AT T
Bacillus megaterium J5J5 2F MUAT B8 Bacillus mucilaginosus FUKG ¥ 28 KT 5 Bacillus subtilis) , 24 4 HE JE AR
fIE. 4> N(N)21.30 g/kg, 4> P(P,05) 15.30 g/kg, 4> K(K,0) 21.40 g/kg, 3 FINBELNTE S B H 0. 73 x 10°
CFU/g, M4 TA 540 1. 68 x 10°CFU/g,

IR ARSI B0 10% W5 RREMWL, B 4 BRZFMEAT B8 ( Bacillus spp. ) F— R T BE TR 1R A B A 1
A, i FHETRS 20 T S N 6. 8 x 107 CFU/mL, A 2 B R

ALRE R 198 % Wwg RATIRAERY R, A Ry 3-F25E-5-F BE Sk

o i R - SRAR T TR A AL 4 5 AR UINRR (Foc ), B A A AR Ml R 27 TR B B8 27 Bt A 1 s L 3R 22 11
iR,

T VYA ( Musa acuminata AAA Cavendish cv. Brazil) , VIR, B R ARl Be A BF 5T T 4L
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TR AR R R 2 AR i S b, 2 EFRARE T A A LTS & 19. 00 g/kg;pH 7.25; 4 N P K
43R 1.26 g/kg 0.51 g/kg Fl123.88 g/kg.
1.2 BTk
1.2.1 R RRAE

RIGR AR 20,2009 4F 9 A FEAERIAR KA IR IR BT 22 B N = N7, IR IE15 4 S Ab 3R b B 1
IR (CK) , K E YA  Ab B2 R A (F) s A FE 3 S AR W0 5002 R (H + F) , ZbBE 4 2R e 5
FEEWM(C +F) o IR KN A 14em, AR 18em, B 753 KT+ 2. 5ke. AEWIEH & WEAT T+
I 8g, &FMEN KIS LIRS, HIEGK T Sd JE R AR E A, A RK K/N—BEN B, a2 b
FEW RN 12 75,0 4 200 1 A, FAERAR 5d 5 R IR GE AL FR 0 5T , 998 I BR1 PR P R 43 A A
WeBE A4 mL 10°4>, B4 10mL,, A0 3 [R]H 58 ARG RS 3000 558 R 20mL (WA =S Ul 45) b H 4
DEAFGRE S A0 H 52 R PR 20mL, WS A8 A KRN 250 2 AR 1 O, A2 4 60d S AR AE T, LSl |3
25 ARG SO0, VIFFARRIC SRR AR . B ARG S I 48 BOR B SR T3 2 8 M Sk . B
FETARBR LI e P 2 RE T T REVR 2540
1.2.2  HIEAIH Biolog Eco fEAR T

Biolog i FE LA K ZREMEHR B0 T 2 W acmk e
1.2.3 :SE4HE T-RFLP 43#r

PEE 43 DNA 35 [E MO-BIO A {87 & ( UltraClean" Soil DNA Isolation Kit) , EA#EAE Wi, 40
W PCR ¥ 34514 .

E51%(8-27F) 5’ -AGAGTTTGATCMTGGCTCAG-3"

K514 (1378-1401R) 5’ -CGGTGTGTACAAGGCCCGGGAAC-3” , HidiF a5 |9y 5° s 6- R I — 2
P2 (FAM)ARIC, PCR 7 H4H1 Hha 1 BEY) 5118 Lukow Z5SCHRYERS L B4 ih 1SR E R
A BRA AL 45 5 b Al T W) S R S R P - BE (TRFs) |, 3045 B FAZ % hip: //ueflp. limnology. wisc. edu/
assignment. jsp , Zr 1) JF LA I 2 [V A T AR PE RIS 2540 25 57 . B8 /INT 40bp LA KA =F B (AR e 1T
) <1% TRFs HEB  AHXF AR Al = ni/N x100% , 2 Ai F278 B i ARXT TR ni 3812 BE
FIRETIFR , N 267 i FT7E T-RFLP [ s m A
1.2.4 Foc X Biolog 77 T340 R 2+ T-41 70 - 0 it

B PDA il EAE K 10d 2245 B AN ZE 1R (Foc ) , 2 _f_ o #

JCTR 0. 85% NaCl V15 2 1 i A5 it A6 1 B, AR 76+ ‘}
WPER] 590nm WG A 0.1 242 B ER—A b5
FIERE S PR 10 7, R Foe MR 1:1 IR G
(S +Foc) , [FI B Foc A1+ HE# B H C 1 0. 85%
NaCl #7351 F B 1 A5 45 FH . 3 TP BN E) Biolog Eco
T N A T AR Al K 2 1 A S 08 A o 2 iR R &
(L HATFS :CN101200755) 5 .
1.3 ﬁ%ﬁ*ﬁ CK F H+F C+F

W15 Ha %L Disease index
S O8] N w o
S (=] (] (e S
T T T T

1S
T

(=}

JIT AT ISR ] Excel 2003 H1 SAS V8 Stk H1 REAEEE
’/ﬁ‘ﬁ*ﬁ o Fig. 1 Disease index of banana in different treatments
2 #BREHR Vel e AR [ B 367 7 0. 05 7K b3 2 1 22 5k 51 i ; CK
2.1 AS[A) b B R 7 R G 7 e SR 1 B i) KAWL, F A, H + F A0S %% R B, C + F. 4

PR A B S B 0 (1 1) ey e ToERmc
WA (0 + F) 4D 3 7 250 1 15 MO o ok
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e CK,ENTZ 225 B I B 5 vk, YIS H5E R B (C + F) AL B 1§ 15 X0 Ik, 55 H + F A1 CK
POER, 22 iR B e, S M AE I (F) FeA, 255 AN 3 . R A SUH R B ACR  F AL 32.8% ,C + F
AEPEN 42.5% (T H + F ARBEOG AR, BRI, A= PO AE XS B FE RS 2 A — @ SRR, AR L 5 T e R Tt
Je RE S A M P 1R | B R AT BN 5 R S 5 3 % ST , o 155 B T e

2.2 A[EALBEXE A AR T S RE AR LR R 22

Biolog WOPALA WAL ATF U6 £ TSt e Ao 20 b
X B, ZJE KA N T IS A Wi v 2B e oR 12: —*—LiF
54 £L B AR 4k R (average well color development, A 120
AWCD) f S HUE B R T A R b, TR ROE ) 2 O]
FEVE XTRRIER FH B AR D Ao RE AL iR 25 2R 06 -
BR(E2) H+F AHRA R EES T HEWAB, CK.F 3;;:

L C +F 1F 60h ZJ5 BB HIE , (1L 36h Fl 48h ] 5 45 ol “ " 0 -
Rrp CK BEFETHEBWANAB,F A C+F ZE2ZER ] Time/h

BN, WA FAL BB BRI AWCD , 7E AR50 451 2 T EAE AWCD [ 5 AL 2

—F ’ Wj%ﬁ{zﬁ% ;FH fi ’ E[] @iﬁ%{% ﬁ‘jr E]/‘J ALI\ }E ’ AWCD Fig. 2 AWCD changes with incubation time in different treatments
AR B, Fe%E 72h AWCD i1 Shannon %51 4= ) £ k¢

PEFRE( K1) 4 MEBLBER AR - H + F AP B S THELAB, F R C+ F XA, X—455%

W 45 B e B S8R e 2 B AR B, B2 il e DR 490 41 BE D 48058

£1 FELLIE AWCD TR EY S HEMIEH
Table 1 AWCD and microbial diversity index in different treatments(72h)

Lb P AWCD Shannon $5 %1 Simpson 5% Melntosh 5%k
Treatment Shannon index H Simpson index D Mcintosh index U
CK 1.72b 3.23b 0.237b 10.87b
F 1.67b 3.22b 0.234b 10.65¢
H+F 1.85a 3.30a 0.255a 11.30a
C+F 1.70b 3.22b 0.235h 10.55¢

7] —51 o B AN R SR 3R R 0. 05 KF b 28 5 i 3

Xt 72 h 1 Biolo Mt I 31 s I 84T 3 WD 73 . eCK AF oC+F ®mH+F
BT (principal component analysis, PCA) , #2H¢ 2 4~ F1E 2l o "

AT 3) AN Ry T AR 2ER R s
I C+F &, CK Ml H + F 78 PC2 1E3% 7 1], i 7£ PC1
D7 ] AR, 26 BAAS ] b 3 A S5 A E W R R A5 R R R AT
TE— 8 Ve 22 S v, B S8R G 1) Ak 3L 3 A B 8 48

PC2 (29.58%)
I
T

T, H +F 5 CK 2022 5450k, =1 .

2.3 RRGINEHANE DNA SRR S6b000 2 Y

Al -6 —4 -2 0 > 1 6
Hha 1 [i§Y))5 B3 45— TRFs 2/ 0 E—Fh 4 PCI (45.63%)

PR, 2RO S e S A TR M 2 22 5 WA LR/ S 3 REATE AWCD EH A HHTHEE (72h)

AX &&= ﬁ;ﬂ‘ﬁ IR ,CK FIXTZEFE AT 1% TRFs EH Fig. 3 Loadings of principal component analysis of AWCD in
24 %,H + F K26 %,F F1C+F 48508 26 129, different treatments

I, C + FACER R AR AR IR 2 CK f F R H + F AR, KSR BEAR 2 Hi BROR X = B K/ %
(1E14) /T 200bp (9 TRFs AR 3= B R, 2B LS IR M B TREs i B M AR TE RO B, 25 3R 5 SOk 8

http : //www. ecologica. en



4 HRAELL A AEWIAES B e 2 M RO A AR A 2 Y B IR ARCR 1153

ALY H+ F 1 C + F A&7 KT 600bp 14 TRFs, Al BE 2 )80 T 4498 rb 35 e 4 1 1) B0 |, BLA TR Fh 44
FRIEA it — 24087 . XEANTE TRFs A B A ARXT £ E AT A (| 5) 5 R M F A1 C + F 20 A 7E A
W] X3, CK Fll H + F 4345 TSR] X3, Fe ARl vk A8 5 iy A S 45 30 | LA 4 i — 2k

40
K

35

C
F
H
C

BOO0O

+F
® C+F

30 -

25+

R R

FEXF 3 BE Relative abundance/%

S e aaoe]

&

R

TR e ety

T T T T T T T T A T T T

i
B
K
i
i
K
i
s
K
&
K
K
i
i
K
+
i
B
K
K
i
K

T T R R R oL S ]

2

&

T

Y

5
i
% o

G

o

o

,
&
&

AT
255
4
35

40—100bp  100—150bp 150—200bp 200—250bp 250—300bp 400—500bp 500—600bp ~ >G600bp

3
7,
e
B
Eeses

-

El4 AREAIE TRFs KRB EEFLLE

Fig. 4 Relative abundance analysis of TRFs in different treatments

P A TR R TR 25 Fh 25 5 T PAA 2 A A0 1 3. ACK BF @H+F XC+F
-k, A Capnocytophaga spp. F1 Cytophaga spp. 55, H *
JEAL B Z 0] 22 S N R, a3 M B2 AT T ( Bacillus
spp. ) 25 5 i W, CK H ] BEAETE A9 2R MUAT A 3 A
(£2),H+F H4FFRC+TF 55000 15 F117 F I
FLAEL A B 2F MUFE B ( Bacillus subtilis) o 2F MARFE o | X .
T SRV AERSPUE R R e P A P R4 ol , , . , .
TR MR AN, S RGP L, 5 ST s S
B RO , 25 HIAT AR B
2.4 Foc N FIBEIE R MR IS B 5 AREAE TRFs R B ER 45w E
ol RS JECH ( Foo ) 3 7 [ LG Fig. 5 Loadings of principal component analysis of TRFs in
PRI FIE O, 25 R A B0, A I B 7T LAAI T Biolog i I
ZRERIENEY) 31 BRI XS 17 FORTRE 8 . AR S RIEIR A HE (S + Foc) Y AWCD fH b 5
T ERREAE(S) = (18 6) , 45 53R W1 JiE 1 T 44 e A it b B A 0 R T B DS IS P RE 0, PRI Ik 3 1 0 40 7R 7
Biolog TP b @ (S, 155 8 20432 A T 8 7 Al TS ) o T o 4 TR UL, 122 48 7€ AL BT Biolog Eco
HARARL, Foe o RE = 80F L LERR IR (P 7) , S + Foe AEHRBT O ALERIL S £

PC2(43.42%)

different treatments

%2 T-RFLP ST A EI4bIE + 1 vl sE TR 7E B SF AT B 7 36
Table 2 Possible existing Bacillus spp. in soil in different treatments by T-RFLP
AbFE Treatment SEMIAFE Bacillus spp.

CK Bacillus coagulans, Bacillus fusiformis, Bacillus sphaericus

Bacillus alcalophilus, Bacillus amyloliquefaciens, Bacillus badius, Bacillus subtilis, Bacillus benzoevorans, Bacillus coagulans,
F Bacillus vortex , Bacillus pumilus, Bacillus fastidiosus, Bacillus fusiformis, Bacillus licheniformi, Bacillus macroides, Bacillus

methanolicus , Bacillus thermoleovorans, Bacillus tipchiralis
H+F Bacillus arsenicoselenatis, Bacillus sphaericus, Bacillus tipchiralis, Bacillus vortex

Bacillus alcalophilus, Bacillus amyloliquefaciens, Bacillus arsenicoselenatis , Bacillus badius, Bacillus benzoevorans, Bacillus
C+F coagulans, Bacillus fastidiosus , Bacillus fusiformis, Bacillus licheniformis, Bacillus macroides, Bacillus methanolicus, Bacillus

pumilus , Bacillus sphaericus , Bacillus subtilis, Bacillus thermoleovorans , Bacillus tipchiralis , Bacillus vortex

http : //www. ecologica. en
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Bt FROACR S IR A 43, S8t 6
fep B RIBYR K BT BT LA R £ |
ik P BRI R U S AU R
A RGBT A A A . M

—— Foc

a 10
ARG ks, LA KRR 2 e ™) Bf ek 2|
PR HE N 550G 0 2 BT TR L 22 4 2E T 181 ( Paenibacillus 06 L
polymyxa) JFRHIAREE ( Trichoderma asperellum ) %5 B fi 04l
A TR B AR A AR BT AR T ol
30 ZMAEXT Foe A W B AEHIE, H 60% LI L 2 .
T M ALOREIR T 0 2 A 0 A4 2 i 3 T it
REZF MIFFRRT, AL MENE A B A0 R, 2 % — PR RN 241
B A5 M LS S, AR YRR S A A 245 W e R RO, — 6 REIRAERE Foc 5+ 7 Biolog #_t AWCD Z54,

ﬁ‘ﬁ ij]l] T‘ j:fé EF‘ ﬁﬂ@ﬁ%ﬁ;@ , 7,l-_—:l, ﬁl\ EF] '}%?F%ﬁﬁr {’f’}_l ;_JF[ Fig. 6 AWCD changes with incubation time in three treatments
LT TR IR A DLCRR R TR
FIRCHG, L35 T4 4200 T PR, RIS R S )
A R S P 4 G0 TG P Y, (P22 7

FERS

ot s et

S S + Foc Foc

B7 SAELERFNEETELENREFABERLE

Fig. 7 Comparison of carbon substrates utilization in different treatments in bacterial identification plate

BRI AT B =, 55 4R 245 it FH B SR IR SR E VR S5 A A G 3l I A3 A I AR a5 R A MR R AR
0 ZE MO BT 55T 25 40 TR I R P X400 A 20 1 43 S 20 1 it B AR AR AR AL DA 255 P AR
Tl A Al & PR B 2E AT T e i R E B IR B AR R 2R T 8 L, T 0 6 O 22 2 AT R A 2
BiT B

I A s T A IR E MRV E R, R E MR IS S5 R S R s A
P P R R, PR, 20 AT - ST AR ) 2 R AR A DA S AR W BT S R R R I 5 A% T O Ak
[A]1, Biolog 77tk Wi {H , & W R 43 M IS W RE TR DI e Z AR PR HL7 i, 2P Biolog GN 5% Eco #i 32
LI W - e 20 TR 22 RE AR AL ARAR SC L B SRR T e B 26 ELRE 1] A Biolog GN BX Eco H I iU IS 4 -
KA @A, L, Biolog B (AR fLIR T 45 e Z REVEA 06, 18 % T IR EUE R, SCHIRIE AWCD
5 BRI A 5  AWCD T, B ROR A Ay 2% (EJE AR S ok b 28 B AR B IE 2 B, AWCD BR T 5
- HEAN P 22 R PR B UIAH G, 8 2 TR SR TR S ), S A AR G ™ | Foe B2 T, T B H X AWCD T, T-
RFLP ¥ 5CH Liu %7E 1997 4EH TRUE 2805 50 R BLEh L A 145 Pl E BB 95 20 i HL e B 9
= YIRETE 2 REPE SRR IE S 2 7 1T, ASSC T-RFLP 4307 & B, B4 B 2 00 5 B i R 2 R A A — 5 %
R PIRSCR IR F AL C + F Ab3Erh - S840 TRFs B B2 ZFMUAT wAh e 2 . Rtk W IE 5 E YR 2500

http : //www. ecologica. en



4 34 HRAELL A AEWIAES B e 2 M RO A AR A 2 Y B IR ARCR 1155

AR R T AR 2R, BB T RN YRR, 5 Ana SERITSESRAMN S ( Rhizoctonia solani)
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