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Table 1. Effect of different treatments on banana wilt disease

Incidence of the Disease Control
Treatment

disease/ % index effect/ %
CK 33.57 £2.06 a 19.42 +1.54 a
FB 28.23+£0.41 b 10.74 £1.11 b 44.69
FB + SD 26.97 £4.25 b 7.61 £1.76 ¢ 60. 82
SD 31.24 +1.18 ab 12.69 +0.83 b 34. 67

Different letters in the same column indicate significant difference at the

0. 05 level.

2.2 AECEXMTIEMEY AWCD ER/YE D
Y OB A b K (average well color
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Figure 1. AWCD changes with different sampling time in

different treatments.
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W8GR LG 6 H 4y - 35 2k W A 1 57
72 h ]G Z R Fe 0 W3R 2 After treatment 3f 43 o
iR ],4 AP Simpson 7 Uk B 2 % 7, Q)

4 AN R0 A S Py B R RO B G B 3 %= 5 CK
1 FB AP f¥) Shannon ¥4 & 2 = T FB + SD 1 SD
AL B, WY - T A T W 2 R AR L S B ) B R
B %5 A Mclntosh $E %07 7 W 3%, RILA FB
>FB +SD > CK > SD, ] JL jiti i 1 JIEL % 1 v v 2 %
P LY R B A R AT R s B
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Table 2. Microbial diversity index in different treatments

Before treatment

After treatment

Shannon

index

Simpson

index

Mec intosh

index

Treat Shannon Simpson Mec intosh

index index index
CK 3.267 +0.074a 0.961 £0.002a 8.1 +0.290a
FB 3.318 +0. 006a 0.962 +0.001a 8.442 +0. 162a
FB +SD 3.327 £0. 009a 0.962 £0.001a 8.220 0. 160a
SD 3.324 £0.007a 0.963 £0.002a 8.049 +0.213a

3.328 +0.008a
3.336 +0.007a
3.242 +0.052b
3.209 +0. 055b

0.959 £0.002a
0.963 +0.004a
0.958 £0.010a
0.954 £0.014a

7.412 0. 142¢
8.889 +0.171a
7.919 +0. 143b
6.241 +0.120d

Different letters in the same column indicate significant difference at the 0. 05 level.
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Figure 2. Principal components analysis of carbon utilization of soil
microbial communities under different treatments with different time

period. A ; January; B:June.
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®3. FEAMLEFRS PCL 1 PC2 HHXMEEHRIR

Table 3. Main carbon resources of microbial utilization to PC1 and PC2 in different month

January June
PC1 r pPC2 r PC1 r pPC2 r
Amine Carboxylic acids Amine Saccharides
Phenylethylamine 0.97 D-Galacturonic acid -0.99 Phenylethylamine 0.87 B-Methyl-D-Glucoside 0. 84
Putrescine 0.97 Itaconic acid 0. 86 Putrescine 0.95
Amino acids Polymer Amino acids
L-Arginine 0.99 Tween 40 0.97 L-Arginine 0.95
L-Serine 0.94 Amphiphilic compounds L-Phenylalanine 0.91
Carboxylic acids Phosphoglycerol -0.85 L-Serine 0.99
4-hydroxybenzoic acid 0. 95 Glyeyl-L-Glutamic acid 0.98
Polymer Carboxylic acids
Glycogen 0.98 4-Hydroxybenzoic acid 0.98
Amphiphilic compounds v-Hydroxybutyric acid 0.93
Methyl pyruvate 0.95 Ttaconic acid 0.99
Saccharides a-ketobutyric acid 0.89
i-Erythritol 0.92 D-Malic acid 0.94
D-Mannitol 0.98 Polymer
Lactose 0.94 Tween 40 0.95
Amphiphilic compounds
a-D-Glucose-1-Phosphoric acid 0. 91
Methyl pyruvate 0.99
saccharides
i-Erythritol 0.90
D-Mannitol 0.94
D-Cellobiose 0.95

2.5 AELEXTIEME DNA LR G

Mspl B V) J5 B 1% b A&EA TRFs /05K 1 Fhg
AT, 4% iy B0 o i 1 3 A oA M 2K 2 B U TR R /N I
WJCAH T 2 B, R TR R AL BE T A N R T 1% 11
TRFs #{ & CK % 23 4&,FB 5 24 4 ,FB +SD 4 24
%5 ,SD iy 23 Z% , W R I AL BRI % Ak BEAT: b ) 4
WA — 3, X 5 Biolog M Z FEMES R —3 . &
P AL TS 6 J) 4y 25 Ab B ) 158 DNA i 20, Al
X FEE KT 1% 1f) TRFs $& ,CK 24 24 4 ,FB Jy 31
% ,FB +SD 24 28 45,SD 4 26 4%, it W] FB Ak B ) 41
WRIE %2 FB +SD k2, CK /b s A [R) Fr Br %
FECREDRT = BE R /N Lo, W 18] 3 P s, Ak B i 0 Ak 3 )
/T 250 bp (1) TRFs A5 == B2 38 Je K, 26 W R 43
TIEANG K TREs Jy BAR b AR A &, & R 5 AT A
BIFE 0K 26 SR e 1 VA B R 4% A B R [
Jr B AR N = 8 B AR — B, Tk B AR PR S FBOF
FB +SD 42 /1 300 - 350 bp 1k 500bp (1] TRFs
Jr B B 2 AN A BEA £, AT RE SN 4 PR U
JIE & T S B0 e M 2 AR A i AR KR B
1K,

2.6 AELEELIEFEVREFBFLR

EEAE AN /) A BE - S AL 4 M RE L ok 4 o, A
T RV A R T, A AL B A AL AR R A R L —
BoE o b oA Rt RO g W R
( Capnocytophaga ) 154 ¥ 98 1 J& ( Bradyrhizobium ) |
W R B B ( Oceanospirillum ) | 20 8 % 41 Jg &
(Rhodopseudomonas) 25 Jl, KIS, AP )5, & Ab FH
Y TR A0 S 0 189 A7 AN /) 2 B 1) 384 Jn, e e L FB AN
FB +SD At B )AL Rl B e 2, 20 90l 13 Fh A0 11
o, 80 B A 2K AT 8 AT W R ((Flavobacterium ) |
(R ) J& ( Pseudomonas ), 3. MR T
(Lactobacillus ) 55 , FLYG N 1) 3 445 & P A7 S B AR AT
e HERLRR A A MO B R 220 A S pU/E I o 0%
Ak B T AT 2 AT B RN B R B R 2R IR 28y
Frepiad Sz 30 FB + SD Ak BEERT 8 A7 7F 8 28 M AT B A0
FEW AR 2 4 25 Bl FB k2 21 i, CK AT SD
b B RS e > B O 14 R, HUOR A U0 3 BE w5 e
WY Tt P 335 70 1 S A T 9 P LA B 0 P 2 ST R
B Af 2 T I R DA R e g T ) B, X AR
FRY 977 9 5 R B AR — B,
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Figure 3. Relative aboundance analysis of TRFs in different treatments. A is relative aboundance analysis of TRFs in different treatments

before applying Fermentation Fluid; B is relative aboundance analysis of TRFs in different treatments after applying Fermentation Fluid.

#F 4. T-RFLP i R[] 4b 38 T S| E W By R B #hBf

Table 4. Dominant populations of microbial in soil under different treatments by T-RFLP

Dominant populations

CK

FB FB +SD SD

Aeromonas
Bradyrhizobium
Corynebacterium
Capnocytophaga
Cylindrospermopsts
Cytophaga
Eubacterium
Flavobacterium
Flextbacter
Fusobacterium
Lactobacillus
Mycoplasma
Neisseria
Oceanospirillum
Polyangium
Pseudomonas
Rhodobacter
Rhodopseudomonas
Spirochaeta

Streptococcus

+ o+ o+ +

+ +

|

|

|

|
+ 4+ | =
+ + | >

o e+
o+ o+ + + o+ o+
o o+
| + o0+ o+
+ o+
+ o+ 4

|
+
|

+ o+ o+ o+

+
+
+

|
+

|
+

!

!

+ o+
+ o+ o+
|

+ +

«

+ " means this genus exist in the sample;*

3

- "means this genus do

not exist in the sample; “B” is result before treatment; “ A”is result after treatment.
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3 ik

A ST R DL R O 2 A IR A
T TR ARV v 4 B B P B a1 H a2 2
HRL B AE A 86 AL F i i N AR e
AHIFFCA R R, M FE B DR R B S R
PG BRI IC A i, R T A B R 0 1 AR B
8 SRR W Tt T 45 U DR IE A I R L 4
BE 0 1) T A B B R 208 0 1 4R 0, b DL 1 g
T B R 5 R TR TG G e P P 8 R e A, B R AR T
PLIA 81 60. 82%

EARER KRGS, T &M K,
IR 45 A 5 %2 L RS R 58, 5 T A
SCR A BENL AL HE A 3 E SRR g Rk,
BB RE S R AIC B AR 5 72 S i B 45 R 1) 5
Wi o it FH A HUIE e 8 B2 - S 0 A W 2 K 1 (R
AWM EYWRER, &% LEMEDESH
55707 RAE R H] Biolog Jy ik HEAT WF SIS R, A
LN T DS DR T i 7/ I e Sl T SN A
FOC ] LA A ] Eco A2 b 31 Ff fii U5 i 4 H 18 17
ol 20T LA A R AWCED BR T 5
B 22 AL PR D)AH OC A 38 45 2 00 R B I S e, AR
W5 it I v Ak BRI AWCD I 25 v 1 K it
R AL 3T % Ak B (] Simpson F5 £0C W E R
A it FH VY B 1) AR B ) Shannon 45 34 2 Tt H Y
T AL B & Ab PR Mcelntosh #8372 = i 2%, DL H it
R R A B () e v, PR R R A PR BRI U
it FH 35 0 TRT A TR U RT LA v A 0 1 e A I 4
e IR ) A R S ST R it L Y
FUIAH S BEAG T X Mot # . {H CK 4L P 1Y) Shannon
i £ 55 i e R A Ak B S 3 2 e, L A B IR T
A A2 8 A0 I 30, o6F A BE R R R AL, N
Biolog H 4 j= 4= 7 HHAE FH M 45 A . A SR H PCA
Vot e K Vi s VAN S 2 N1 o e 7 Q2 =X/ D R
PRI GO, 2 HE IR R RIR K IR G KR 2
W) AN [ Ak BRI Gl R R SR E R S
R B, B I RS S B o U R
FH IR R ) 5 19 0 34, 32 B DR nT g 2 it 45
DENE A e i e A8 T IR AR W) 1) 2 R P OB VR 4
Ky, A AT B 5 IR R R 2 DR

EERTIDE I ee S D €S A N e o

AR BE i, T A ) A, AT PRI
T BRI 0 R R Y, T-RFLP b R 42 &
iZ T PCR £ DNA BRAGIPEEE D) HAR 96 AR id
FORFN DNA 7 41 B ) 73 1 5 AR 73 01 3k 2 0 1 e %
E 5 E AR A R R
Peog AT 0 s, AR P8 TREs i BUK 5 24
JE LE X, A7 T BE T4 25 5 K i SRS TR [ I i
BORRAE B 9250 4 WL, H o a2 T2t
4Tl PR B8 vf R R I R A M R s AT
AR ) T-RELP 1) 7575 93 #r L3 B i 2 #E 1
R, AR BUR Bl I 55 Bl ROR 2 18 B A — 2
FH AL < BV BIT 93 250 R i B 10 AL BE 40 1R 1) TRFs v B
R 2, [A) It P e B B0 2 A Ak BB 8 0 T 0 A0
Wew | . B %O ( Streptomyces ), 38 A W JE
( Flavobacterium) 5.l % )& ( Pseudomonas) R FT
W ( Lactobacillus ) %5 , 1% L6 12 J& A 35 7 B AR A2 M AR 2R
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Effect of antagonistic bacteria and soil disinfectant on soil
bacterium community in banana fusarium wilt disease
area

Dengbo Zhou'?, Tao Jing >, Xin Tan’, Bo Chen®’, Xiyan Zhang '** | Zhufen Gao’

" College of Horticulture and Landscape of Hainan University, Haikou 571737, China

® Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agriculture Sciences, Haikou 571101,
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* China College of Environment and Plant Protection of Hainan University, Haikou 571737, China

Abstract: [ Objective ] The objective of the present study is to elucidate the effects of the application of cake fertilizer
fermentation fluid with antagonistic bacteria and soil disinfectant chlorine dioxide on the occurrence of banana fusarium wilt
disease and soil bacterium community. [ Method ] Under the field cultivation conditions, the Biolog and T - RFLP method
was used to investigate the soil bacterium diversity and community features in different treatments at different periods.
[ Result] The results show that both cake fertilizer fermentation fluid with antagonistic bacteria and soil disinfectant could
reduce disease index of banana fusarium wilt disease significantly, the highest control effect could reach 60. 82% with the
combined application of these two methods. The result of Biolog eco plate shows that the application of cake fertilizer
fermentation fluid with antagonistic bacteria could improve soil microbial AWCD ( average well color development) and
population uniformity, the use of soil disinfectant significantly reduced the soil microbial population’ s abundance and the
uniformity. Principal component analysis shows that the soil microbial population using carbon source had an increasing
trend throughout the banana growing season, the main carbon sources in the early stage were amino acids, carboxylic
acids, amphiphilic compounds and carbohydrates, and the increased main carbon sources in the later stage were carboxylic
acids and amphiphilic compounds. Soil bacterial diversity analysis by T - RFLP shows that the treatments of cake fertilizer
fermentation fluid with antagonistic bacteria had the highest bacterial TRFs ( Terminal restriction fragment) fragments,
which resulted from the increase of Flavobacterium, Pseudomona and Lactobacillus population in the soil. [ Conclusion ]
The application of cake fertilizer fermentation fluid with antagonistic bacteria combining soil disinfectant could increase
antagonistic microorganisms species, enhance soil microbial diversity, improve soil microbial ecological structure on the
basis of reducing pathogen in soil, finally achieve the goal of improving the control effects of banana fusarium wilt disease.

Keywords: banana fusarium wilt, fermentation fluid, soil disinfectant, soil microbial community, Biolog, T-RFLP
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