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Effects of Biological Fertilizer Applications on Banana Wilt Disease and Soil Microorganisms

DING Wen—juan, CAO Qun, ZHAO Lan—feng, LIU Xiao—feng, LIU Ying, YANG Pan-pan, LI Hua—xing"

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

Abstract : Banana Fusarium Wilt, a soil borne diseases caused by a fungus, has severely affected banana production. Under field conditions,

the effects of biological fertilizer on Banana Fusarium Wilt and soil microorganisms were studied using a completely randomized block de—

sign. At basal and vegetative stages, applying biological fertilizer combined with chemical fertilizer obviously promoted banana growth, lead—
ing to greater stem diameter, blade width and yields of banana after 270 d of transplanting than at other growth stages. When processed in

BOF2, the average output of banana per district was up to 288 kg, significantly higher than the rest treatments. Applying biological fertilizer

during vegetative period significantly reduced the occurrence of banana wilt and delayed the onset of banana wilt. Compared with the chemi—
cal fertilizer control, the disease index was decreased by 54% by biological fertilizer applied at vegetative growth stage. Application of bio—
logical fertilizer at the basal stage improved the population of soil bacteria and actinomycetes, but reduced that of fungi. Soil catalase, inver—
tase, urease and acid phosphatase activities were all improved by biological fertilizer. The disease index was significantly negatively corre—

lated with the number of both bacteria and actinomycetes in soil, but significantly positively with the number of fungi in soil. The findings

suggest that application of biological fertilizer at banana vegetative period could improve soil microorganism structure, promote soil enzyme

activities, and reduce and/or delay banana wilt disease occurrence.

Keywords: biological fertilizer; banana wilt disease; soil microorganism; soil enzymes
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A A A JE E PR X4 B G
SRy SR - e, E TG, KR el R R e 4
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90% Lk 1, TR, 5 il A A A 220 1 & A a8 e JE I
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NERIHE s F— 1, WA R T4 & i, By
W, SOATHEAE -4 ket - LAY . RS RS AR G IRE
RIS E N AR IR 38 E R A Y HLIE X A A
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HEA TP AR SE BRI A P R R KAy R g
LR RARE , (A4 WA HUACAR M7 0] 300 1
AR M, AR 2001 AERC TR TAEY)
NEFORER , A E A FIRE T EX 2 MYk 2
TRIIBTARCR PR A SR R T A A IUE R 2
EBRATER S R &M FARIEARR T S A= YA il
RE X 7 A 2305 ELA — 2 Bl , T AE S PR AE ARt e v
FH 0387t A 0 MLAE A A i, 23 B L™ b 7E S B A
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R B ERR AR K A T A WA HILAE e At A
11, DA 4% A= A MR B FE DO e e A= KA
FH 8 AR BILIEAE FH ) R T AR T o, R S ARl 24
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| MRS

L1 R Bar et
L11 G

TR TT T i B AR 4 S A BN (Fusarium
oxysporum f. sp. cubense ,Foc ) LA T faiFk FOC4, 1R
M K2 PR IR 2 B 22 IR pe At , Al =
TRA7-

A BT TR < AR AR IO AR VER ZF AT T (AF 11D,
B. amyloliquefaciens ) , AR 2 i ¥k 43 25 482 IF
PR, XA FOC Raced A BGRAYFEHIRE S , ILH
BROTMIAR - E N 100 pg - mL, iy 41 W BRI, T
RN 2.1x10° cfug WA, Wk ARAE < 0.25 mm,
1.1.2 it e

PR AL AL BIAE 230 PR 2R (N 45% ) B IR
— (P05 45%) HAMH (K0 50% )

1.1.3 AP

AP ) T 7 B K A LA B =2 7,
HAMFENMT 2 N41.6g-ke?, & P75¢gkg!, & K
16.5 g+ ke, HHLIT 678.5 g+ kg™ ,pH Hy 6.13,

114 YA pUe

M AL B % B A TR B A HUIE (I 1.1.3) FA:
BT (UL 1.1.1) 3 — 7 LR A i, JEASPE T An R -
AN HN4.6gke', 2P RT75g ke, 2K HN165g:
kg™, AL 678.5 g-kg™!,pH oy 5.13, i FIHTAE WA AL
HE AR B B RE AF11Db 3& THECH 3.0x107 cfu-g ™,

1.1.5 50 &5

LERE AR KA T VG S, 39 S KR
4 HIEAE TR pH {H 5.67, AL & i 13.1 g-kg™,
T f 22 (N )72 mg kg™, BEALHE (P)72 mg-kg™, A 24
(K)43.7 mg-kg™',

1.1.6 fE1EY)

B 78 & £ (Musa acuminata AAA Cavendish cv.
Brazil ), W F |~ /48 SR 5E T, PR S 6~7 Frit,
1.2 5t

KHRE T 2012424 J] 1 HZE 2013 4E 6 ] 1
H AR A R 2F IR 77 VU SE b k47, 2013 4F 4 7 1
H2# 6 J1 1 H#Ff ok, A 38a /N A2 13
mx3 m, B EFRE AL 7 FR, BRIE 3 m, 1700 1 m. A28
JRRRIRE Y B a4 2 7 RA S, AR T A AR 1 EL
LIFEZN 3.6 m, FHEMSAHATHAIIRE FOC4, #%
e LI I A R 2R 10° cfu- g™ B SR —
PR AL 4 A T L Il 4 110 g, i (P,05)35 g, B
(K,0)400 g, ZBEH HLGI R 1:0.3:4, FLAEFI 4%
30% 1, FE kA AESE PR AE A 3260 g(JRE 800
g, IR —%7 260 g, S ALH 2200 g), 25 AL FRAL R H
PLARAE &b 3R SR S5 AR 053 AR A WL S A L
HE A4 HL 43 AL CF AR FE AR AL AR FH ) 30%

HRYEA AL — A AR KB, S SR A K (AR
JEHIEE 1~3 AN ) FE I (BERIE5E 4~6 1) 2R
SEREW(BIRIE I 7~9 D) B E A DU A
[) s $0 it , 42 B 6 AL FE : DBOF1 AR jiti A H145 HL
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@BOF2 E 74 K Ijita £ YA HLIE 2038 g, ALt fbIE
245 g, AP B AL 815 ¢; @BOF3 4273 Wit A=
YIAHLIE 2038 g, Br i fLAE 245 ¢, HAv i 3] Bt 1k AR
815 g; WBOF4 52k & Wit 4= WA HLIE 2038 g, i
JitiALHE 245 g, FoAcHT A B AL AL 815 g5 DCF by 45t
WXL 815 ¢; @OF b 4% i i X4yt A5 HLAE 673 ¢,
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M1 AT LA Y ACHE AR PR 1 8 Bore 451> i 4
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(A RERE RIS O R0 L B BRI AR K, & A B 1

SR AE LT MEERR G 26 90 d FF-4R, BOF3 5 BOF4
Qb PRI A FE AR R IR SR T AN A B, o T 46 55
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BOF1 5 BOF2 b PGS FEHOG K 202, w4l
FR T HADA TR, BIFARE 5 150~210 d B, 15 HE 2K
AHB B ETE, BARJEE 270 d B, BOF1 Al
BOF2 KbFRATIETEEL S5 36 129, Lt OF by
BN 25 F1 32, I s8CR s il isik 45%F0 55%
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Figure 1 Effects of different treatments on banana wilt disease

index and disease—control (270 days after transplanting )
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OF Fi1 CF 4b¥f, 2IF54k%55 180 d A}, BOF1 Fl BOF2 4b
T AR TR R TR B R 40 S e OF 340 T 76.7% F11 95.6%
BIJEE 270 d I, BOF2 £ B & & K 23.15x10°
cfu-g™, BT 5 o F HAh b BE At 4% Ah B 28 T 7
80

K% H BOF1>BOF3>BOF4>0F>CF
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TEEARE LIBE, DICF B R NEE N
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Figure 2 Effects of different treatments on bacterium population in soil
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Figure 3 Effects of different treatments on actinomyce population in soil
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Figure 4 Effects of different treatments on fungus population in soil
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R SN A G LIS D N R
2.3 £YEVIEERAPENEEEYTENZN

MRV ATLLE I, URERAT, A[R] it AR A B A B
I 2R T TR A 2R 5 270 d A
i, OF AbFR 2R bk i SE 9K T H A K B,
Jit FF A= A HLAES F 43 Ak B A w8 it R Ak RE AN HIL
NEAREE, i BOF2 b BEA MR 3 F AR 45 4 Ab
B, BOF1 1 BOF2 b ¥ (k=5 (25 [l 58 35 2 iy
FHAALRE, OF LbBEfY 775t eIk, 2 128 kg-/NMX T,
BOF2 4h ¥ {7~ & e &5, 43 4]l BOF1,BOF3 ,BOF4
SEFRYE T 67.73 114 kg, R B & AL A ROCR
AN A HLIE AR 2 0 7 5 35 8 2 = TR IR R L
HE AL B
2.4 E£YAYIBEKE AR L EEE N
2.4.1 X 3 Ak U M A 5 M)

f 3% 2 AT%0,0 d i, BOF1 (i Ak S0 I 1 2
T HABAN IR, B4 90 d i, BOF2 4bFH it A A= H)
HHUAE)G , i E AL SR RN T 3.86 1%, &= T
H A AbFE, 180 d B, BOF3 4 FEMES 90 d (1) 0.52 mL-
g FFHE] 1.26 mL-g™, 55 270 d AT, BOF4 4bH
i AL SIS M 0.77 mL-g™ BEME] 0.93 mL-g™,
HARAS AL FRERA T T B
2.4.2 X - HEMR B M 1 5 )

f22 3 1,0 d B, BOF1 A F IR 1% 1 14.61
mg-kg'-d?, 5T HADA AN, 2R ARSSHE 90 d B, BOF1
F1 BOF2 AbFRIRAGES L5351 f 24.37 2647 mg-kg™-d™,
BEE T HABLRE, %5 180 d JHAF I, BOF1 BOF2 .,
BOF3 IR B YE3 55, i CF OF \BOF4 IR 15 1) [
i BIBHIEHE 270 d B, it AR 0 A AR R 5 Ak B R
BEIEPEYE T CF 1 OF b3,

2.4.3 X HERER RS M 5

FH 3R 4 AT, T s AR K, REWR TS 1 38 |

T, HLH A it A= 404 AL Ak 3 F R A e 15 2 450 v

xR 2 AELLEN LT RASERFM(mL-g")

Table 2 Effects of different treatments on activity of soil catalase

Qb3 0d 90 d 180 d 270 d
CF 0.31+0.01b 0.54+0.02¢ 0.73+0.01c 0.64+0.01c
OF 0.33+0.0b 0.56+0.03¢ 0.81+0.02¢ 0.67+0.02¢

BOF1 0.57+0.02a 0.91+0.01b 0.83+0.01c 0.91+0.01b

BOF2  0.29+0.02b 1.12+0.02a 1.42+0.01a 1.12+0.01a

BOF3 0.34+0.01b 0.52+0.01¢c 1.26+0.02b 1.07£0.02a

BOF4  0.31:0.02b 0.56+0.01c 0.77£0.01c 0.93+0.01b

3 AEGEX T IEREERIIE (mg-kg'-d™")

Table 3 Effects of different treatments on activity of soil urease

phsL] 0d 90 d 180 d 270 d
CF 8.21£0.63b  14.75+0.98b  12.73%1.52¢  16.69+1.71d
OF 8.34+0.88b  15.5120.13b  13.35£0.97¢  19.54=1.12d

BOF1  14.61:0.97a 24.37+1.57a 28.32+1.13a  33.05£0.53b

BOF2  7.632031b  26.47x0.78a  30.76x0.64a  36.14+0.49b

BOF3  8.42:033b  15.64x1.01b 24.22+1.87b  42.10£0.50a

BOF4  871x0.57b  16.03£0.37b  14.85:0.75¢c  28.52+0.45¢

& 4 AELLEX TR EEEBR AT (mg g -d)

Table 4 Effect of different treatments on activity of soil invertase

Qb3 0d 90 d 180 d 270 d
CF 2.65+0.18b 6.43+0.57d  10.72+0.42¢  12.72+1.42d
OF 3.47+£0.37b  7.22+0.12be  11.01x0.21c  13.42+1.56d

BOF1 7.31+0.51a  12.33+0.84a  16.73x0.32a  18.39+0.67c¢

BOF2 2.86+0.62b  10.82+0.22b  14.31+0.46b  20.21+1.01b

BOF3 3.13+0.83b 8.18+1.47¢ 14.05+0.28b  24.49+0.86a

BOF4  2.96+0.71b 8.42+0.65¢ 10.60+0.29¢  18.72+1.69¢

F CF H1 OF ZbF . 0 d i, BOF1 &b B e i % 1
7.31 mg-g'-d?, mFHAMARE; BIBFIEE 90d,
BOF2 kb PR FEMEBG IS P4 O d B4 T 3.78 %, M
BOF1 5 BOF2 FEMHREEE VAT = T HAh AL B BOF3 4b
BRBEE RGNS VE A RR 5 180 d Y 14.05 mg-g™'-d”!
F| 270 d PEA BT N3] 24.29 mg- g -d, HE K R B

& | FEGENEEEREKN~EHHNT

Table 1 Effects of different treatments on growth and yields of banana

it ZEHl/em S /em HK:/em %% /em PR kg /NX
CF 71.02+1.08b 202.29+4.65b 198.33x1.76ab 64.67+0.96¢ 162b
OF 66.71+3.10¢ 189.81+4.25¢ 191.33+0.33b 64.57+0.84c 128¢
BOF1 75.33+1.34ab 217.71£3.74a 200.71£3.74a 78.55+1.50a 221ab
BOF2 81.07+1.60a 219.33+4.31a 209.67+5.84a 79.71+1.01a 288a
BOF3 71.52+1.12b 213.29+3.87a 198.67+5.81ab 80.19+1.38a 205ab
BOF4 71.90+0.94b 207.1£3.41b 198.33+3.84ab 72.00+1.13b 174b

TE PRI 3 RE I AR DR s [R) U B Jm MR — AR ING PR FOR LR 225 (P>0.05, Duncan's 3£ ). T 1A,
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R T A AN BIFREAREEE 270 d AR, FERE
i 3% 4 M i B ¥ 8 BOF3>BOF2>BOF4>BOF1>
OF>CF,
2.4.4 X A SRR B P 5 e

FHZR 5 FIAL, FRYEWERR BTG PR AR L 5 Rl —
#,0d i}, BOF1 FRYEBERRBEHE VK 218.47 mg-g™-d ™,
B E T HAA AP RIS A 90 d B, BOF1 Al
BOF2 [ 1 134 R it 15 1k 43 01l hy 247.81 mg-g™-d™ Fl
239.65 mg-g™+d”, WA E TIHABA, MK
180 d A, BOF2 5 BOF3 Ah # R P il 15 M 43 Tl £
i 1 8.04.8.97 mg- g™+ d™, T AL AL 3 A IR S 14
KAk, BIREHR)E S 270 d i), BOF3 Ah 33Uk 1 ik 1 T
PERIIA 276.56 mg-g™'-d™, 2 i T HA A AL B, R
8 1R 1 9% 2k DA T B 4K YK o BOF3>BOF2>BOF1 >
BOF4>0F>CF,

RS FRIALIERT + IR REERERRY RS0 (mg - g d ™)
Table 5 Effect of different treatments on activity of soil
acid phosphatase

Qb 0d 90 d 180 d 270 d

CF 189.42+0.68b 209.36+0.85b 194.97+1.76¢ 207.42+0.97d
OF 195.64+1.01b 214.48+1.37b 200.59+1.53¢ 225.82+1.96¢
BOF1 218.47+1.24a 247.81+2.13a 231.38+0.84ab 243.16+2.19bc
BOF2  193.77+1.08b 239.65+0.58a 247.69+2.01a 256.47+0.50b
BOF3  190.12+0.67b 212.74+1.64b 221.72+1.38b 276.56+2.85a
BOF4  187.37+0.94b 209.62+1.21b 201.47+1.93¢ 239.89+1.33bc

25 TIEMEMEEREREY FETERTIREN
GBSl

MeIm 270 d i, 047 1 LSRR Y S e e
B A K IR R ARG B AR 6 FTLUR
PR TERCS AT | R i 5 A TG,

* 6 TEMEMESHEIEH FEFER TIEBNEXST
Table 6 Correlation between soil microbial flora amount and

disease index, banana yields and soil enzymes

izt 4 e HE
VCATEER S -0.760% -0.817% 0.809
FEhE 0.678* 0.677 -0.568
THEWE G 0.544 0.365 -0.135
s 0.587%* 0.556% -0.330

1 AL A i 0.443% 0.254 -0.217
PR R i 0.529% 0.529% -0.248

T FORMSEME IR R K (P<0.01);% FORMZENE 5 B3
IKAF-(P<0.05).

HHEEZEDEIEMX, FE7 R RIEBFREHSEE S
2T i B 2 S TE ARG, MR ) 15 200 1 ek
T T O R A DG, A OCTE B il ik E 0.587
0.556, 1 A A Z G PE S AT & R B 2
(1 T AR, TR G U5 A BT R T 22 TR A LA B f
Y AH OGO 2, T LT W 55 7 1 e 1 49 il 52 B RH OGS
3 itig
3.1 £MEVIEERBNEEE KR FRBERNPMm

ARBFFEFI , K A% Bt A A LA o 7
ARKFRME B ENREER, HhUEREERE
It P A= 0 LR X 7 5 A B RN 7 i g 2 s R
BRSSO, e A5 I A KUt FF A= A LA,
AT L AE SR A AR AR A AT ), 3 R A A A bR
RARARIE , GRS AR 5 )1 4 A S 25 SR
RAM-19, 3R] i B TR AR 2 A I i A A
I HLIE, (B BT & AR AE S e T AR e AR
PR, Bk 3 LRI RS, IR B T A 8 “ A=
WIS R T B AEAR R S S R A (2™, iR
FFREAHAR AR R] ,  [R)Ish S2  FRAIR T B AR e 1
SR AR 1S RIS , AL AT LU A A
Ko, P A BRIE, R, 707 A7 Rk Kt A 2R
YA P SRR, AT R KA B A=A HLIE
FIBTRERE ST , b2 A 25 RNk 2= Rk %) o 1, ik
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