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Abstract: Banana Fusarium wilt disease, caused by the fungus Fusarium oxysporum f. sp. cubense race 4, has been
reported to be the most limiting factor in Cavendish-banana production worldwide since 1996. Furthermore, the Cavendish-
banana production comprised about 90% of the banana growing areas in south China, and more than 200,000 ha banana
orchards in this area have been attacked. Among the managements for controlling Fusarium wilt disease, pre-planted
fumigation of soil is one of the effective and stable means for this disease prevention. However, methyl bromide, one widely
used soil fumigant, will be banned internationally in 2015 due to the destruction of the ozone layer. In this study, ammonia,
to our knowledge, has been first applied as soil fumigant to control this soil borne disease as a chemical alternative to methyl

bromide in banana planting field. Traditional plate counting, Real-Time PCR and PCR-DGGE methods were used to
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determine the effects of ammonia fumigation on soil microflora, disease control efficiency and banana yield in a banana
orchard with serious Fusarium wilt disease. Through the estimation by plate counting method, the number of Fusarium in the
soil collected after fumigation with 130 L/667 m® of ammonia decreased 1 and 0.5 log unit, respectively, when compared
with pre-fumigation ( BF) and the non-fumigation control ( CK). The numbers of soil culturable bacteria in the soils from
fumigation treatment (AMO) and CK were significantly lower than that from BF treatment, while there was no significant
difference could be detected among AMO and CK. CK and BF treatments showed significantly higher numbers of soil
culturable fungi than AMO, while no significant difference could be detected among BF and CK treatments. The ratio of
bacteria to fungi (B/F) in AMO was significantly higher than that in CK, but no significant difference was observed among
pre-fumigating treatment ( BF) and ammonia fumigating treatment ( AMO). Through estimation by Real-Time PCR, the
numbers of total bacteria and fungi in AMO were significantly lower than that in the BF and CK, while no significant
difference of total B/F was found. Based on fungi PCR-DGGE fingerprints, the intensities of bands Al, A2 and A3
strengthened and bands of B1, B2 and B3 weakened in the AMO treatment whereas band F related to Fusarium sp. was
obviously weakened in AMO treatment compared to BF and CK treatments. Soil bacteria PCR-DGGE fingerprints also
revealed that the intensities of bands al, a2 and a3 strengthened in AMO treatment and bands b1, b2, b3 and b4 weakened
in the AMO treatment. However, in soil bacteria or fungi community, the three-replicate cluster of AMO treatment
distinguished separately to the other clusters of BF and CK treatments while the clusters of BF and CK grouped together.
Based on DGGE results, the soil bacterial and fungal structure for AMO treatment was obviously altered after fumigation
compared to that of BF and CK. Field experiment showed that the Fusarium wilt disease incidence in AMO decreased about
20% compared to that in the CK and the banana yield per 667 m* for AMO increased 1.25 t due to the disease incidence
decrease. In conclusion, all the results indicated that using ammonia fumigation could effectively improve soil microflora and

control the banana Fusarium wilt disease.
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it , =l N AINA AT I E0K A B8 R & A A 2200 130, B i B VR AR D s i 4G . AR STl i AL S ik
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TR X R R FE R TR T 0K B 78 X5 1 2 At 22 s A el At 22 3 1140 977 428 200 SR R0 A 4 7 o B JB 1
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P R T R B IR R AR, DA YE T . pH 5,63, T 1AL 88.75
mg/ kg, HALH 165.21 mg/ kg, Bf# A 35.90 mg/kg, AHLET 7.43 g/ke.
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PEATE AR UK (A& 16% , A& 12%)  BHSE Ay AR RB 15 (PR A F) |
T R T B Sl A BR A w R AL
1.2 5t

KHHRS T 2010 4F 6 H % 2011 4F 6 JH 7Eifgrg 1Sl A FRA Rl AT, SLge 3t 2 b3 20K B
ZRAbFE (AMO) FIREEZEXT HRAN 38 (CK) o TEBEHG 20 = R & A2 T 2010 4F 6 il 43/ X k47 2K B 7% 4b
P EARERAERTR AT o 1) T BRAR bl URVAHESI AR A5 25 S A5k 5 2) BT S 6 m T8 22T R HEAK YA 53)
TERFAS 1= BEASFRJZ 0—30 em 11 ;4) 120 1458 AR T WK 2 L IR 5) WE 20K, 24750 PRk w7
FUKIFBERRESL, ZUKtH R 130 1/667 m*, 5 /NX L2 667 m*, BENLHES], 3 IRE R, K HEZ 4 H

PR R4 I Hs AR BV T AR PR A AE (22-9-9) 30 kg JRZ 45 kg B A HE (15-15-15)30 kg i BRSNS
15 kg JEBEZEAPUIE 320 kg, AALIE S BB 5 1E A L — PR | B R 50 S IR R IC B it A\ 42 2 11 2/
3, R 1/3 VERIB N0 T i 1 K AE7E 13 73 Wit A
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131 FEMRE

HERA 15 R4 ZUK 285 R (AMO) KXt FEAE &L (CK) T 2010 4F 7 A B E REL, FEdh—ABHEZ S em
TR 0—20 em B3R T, 2/ NXFEHLR I 10 SOFRS) 4 C T RAFR L
1.32 HHEE DNA $2H

FREL 0.5 o +3FREN #2218 MoBio 13 B & ( MoBio Power Soil extraction kit, Carlsbad, CA, USA) #
VEUEI] A5 ER L SR T S DNA, 20 CHRFF .
1.3.3 -3 nT R IR 40 B S D B 0 T

A AT RE SR AN P S BT B T PR BRI A A E . PRI 10 g T 3BERE AL 2 90 mL JCE/KH,30 °C |
170 r/min 5% 30 min  F 5235 5 THEEMM B R A 8E MR . W 100 L BRI T AN [R]85 37 B P A, 152
WA, 40K A Luria-Bertani (LB) 55 3£ 35,30 ‘C 1557 36 h; ELE R D T KK 556,28 CH5E 72 h, KiFle
THECT- M T2 1R B 7 50, I 46 il B e T T8 1514 B4 7% %5 ( Colony Forming Unit, CFU) , BUXT4UME, DL log
(CFU/g T 1) 3R . & FEab 50T RO AR A7 A L B BT A, By Al 5 32 o 5 LY B/F HL
1.3.4 3NN KO R RO A9 E

T AN T S LA B0 A SS9 6 E B PCR (Real-Time PCR) M5E' ™ o #4& KIAFF I8 ( Escherichia
coli) 16 S K B HRI I B ( Saccharomyces cerevisiae) 18 S 414 1Y JFURL UEA 746 BE M B, SR H ABI 7500 26 6 3E &
PCR A8, F& EBRAERE Y i AR E T 2 . BCRRE R 39 R 514 5.8s/1TS1f (5'-CGCTGCGTTCTTCATCG-3/5'-
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TCCGTAGGTGAACCTGCGG-3") , 4 1 & w ¥ 15 R FH 519 Eub338/Eub518 (5'-ACTCCTACGGGAGGCAGCAG-
3'/5'-ATTACCGCGGCTGCTGG-3") o ¥ 44 .10 wL SYBR® Premix Ex Taq,0.4 pL FIFES T iS4,
0.4 pL ROX Reference Dye,2 L #4 DNA F1 6.8 WL TG 7K, K FH ABI 7500 26 5E i PCR AL AR ERR P9
B A R S BUE Y 0 BB PCR I AR T SR — 20,95 CC TR 30 ;28 20,95 CHUAEME 5 5,60 C
FEAf 34 s FHFR 40 IR, MRAEAHES Cu A THR G ve I & 948 DU, JT 4053 nl g v 1 0 WL 8 DLER, Bkt
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HT PCR ¥ ¥4 >k H 18 S DNA i@ H 51 % NSI/Fungi ( 5-GTAGTCATATGCTTGTCTC-3'/5'-GC clamp-
ATTCCCCGTTACCCGTTG-3") " Herf GC clamp 4 5'-CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCC-3
PCR 918 2 W /& % . 10x PCR buffer( Mg™ free)5 pL,Mg™ (25 mmol/L)4 pL,dNTPs( 4% 2.5 mmol/L)4 pL,5|#)
(10 pmol/L) £ 1 pL, Bz DNA 1 pL,Taq DNA RA&F(5 U/pwL)0.3 wL, ilA ddH,0 #ME 50 pl, PCR 373
2% :94 °C 5 min;94 °C 45 5,60 C 45 s( HFEIBKIRE N 57 C) ,72 C 45 s, JF5H 32 K72 C 10 min, RH
D-Code 155828k 2245 (D Code Universal Mutation Detection System, BIO-RAD,USA) %} PCR F=#Ji#417 DGGE
G0 RN IO e BE ISR B2 8% , A TR AR MR A6 B2 R 409%0—60% (100% A5 PEF 2 7 mol/L JRZ F1 40%
B PEBAIREY)) , BRASERIBE N 20%—40% , HLUK %180 V HLH (60 CIHIRHLVK 16 h, HL k4,
JE ARG 7 I AT
1.3.7 ARG R I

WG A5 b AR AR 35 MR S it AR A SEIRBE S S i SR, 2200 A 1 AR bR A T A R A R
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1.3.8  FAE o S o il

T 2011 4F 6 HSGRIBINT £ /N X BEHLAR T 30 Mg 7 42 R 52, 7E R Wi sk ik o it OO EAE M 45
INX T REARREE (kg/MR) o AKHE A /INX B AR H 0 BE IS AR 104 it B A A AR AR B30 4% /I XA A R S 1) B o 1 4
HNFFEN R 5 (1667 m”) .
1.4 HdEadr

BARG T Mr 8 Excel 1 SPSS13.0, 3 i Duncan 3 & 22 W A8 46 A B 7] 22 5 (1) 8 M KF . DGGE Hy
VKEE 3BT R T Quantity One 4.4.0 8 @it A AL -2 (UPGMA ) RBURZE 04T Al

2 HR545%

2.1 ZUKEARX H ALY X R 520

UK EZEHTE T EUE MR AR L& 1 R . W BRI A A A5 AR W ZUK TR ZR A0 B (AMO) 5% fE
(CK) Z[H] A BE SR P B A w25 25 55 (1 1) {HAH BT B 2800 ( BF) S 38 BRI ; 20K SE 28 b 3

1) T 3% 97 L D 00 I 3 I T B 2R SO0 B AR B AT 3% SR A TR LD Y LB ( B/F) BV TEZE A AR LA
EVEES AR E R TR, Real-Time PCR MWZ5RF . UK EZES HHEAUIER 16 S MBI 18 S
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Fig.1 Population size of soil microflora for treatments of pre-fumigation ( BF), control (CK) and ammonia fumigation (AMO) estimated
by plate counting method and Real-time PCR
BF; Before Fumigation BEZ&HiALH, CK : Control X H&, AMO : Amomonia Fumigation 2 /K FEZE4b P ; (7 Bacteria 4l , : Fungi H 5, O ; Bacteria/
Fungi (B/F) 4HTHE R LL ; [F]— B 8EE AR E AR R 53158 7RTE 0.05 /KT 1 Duncan ¥ 2 8 LR #2255

(B 1),
SR A 1 4P A R T B (B ] 2 as;
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BOEAT AL 22 5 R EUK AR U ma sk B S s L ) SR

%ﬁi%ﬂj FE DNA 7j(SiZJ:vaftTEﬁ EE’»VQ{JCO EE%T Fig.2 Population size of Fusarium sp. for treatments of pre-

DGGE Fé—]iﬁ( [g 33) q:, %g% B1.B2 M B3 Eﬁjﬁﬁﬁ fumigation ( BF ), control ( CK) and ammonia fumigation
HHE T . \»4 — ‘ . (AMO) estimated by plate counting method

(BF) B JEAE B (CK) s BEROR, WIAE ZUK IR e mn, KT, AMO, UK SR AL, 1 — AR

(AMO) J5 27 il s H Bk . B4 TEEZRJE XS IRAL  AI5 R 1E 0.05 K F 1 Duncan t 2 T HHe A % %% 5

PR R TR 55 . SRl AL A2 S A3 TEZUK R ZE R 19

I RIGER, S0 F O ZN R TE (FOC) B8R 45417 , AR ZUK BB 28 5 (1) g vp J5iy 5 B W] A AR T 0k

R R TR ZE T AL P, 2R B D oA 7 220K TR 28 Bt W ol . 7E4HTA DGGE B35 (81 3b) i, 454 b1 b2 (b3 &

b4 TEEEZEH] (BF) MO R (CK) Hhe BEROR TR ZUK 78 (AMO) J5 2 a5 H B IH R . 2571 al a2 M a3 7

K EZEHG AR5 DCGE B B RS Hr 4 A&l 4 TR, 9 A-RE S BT A 3 2%, it I R (&
da) B JEANEE (& 4b) , ZOK BEZE AL PE ( AMO) J& 19 - HERE 5 B B X 4y F 5 TEZE 1 ( BF) FIXf #R (CK) . X Hid
(CK) 5HEZERT(BF) BURE SR AL K2, U8 IH X 9~ ih B A v S5 A AR R R A v . RIS i 4 R IR
JK BB 7% I 4 B T - 4 TR RN A0 B A R A
2.2 FUKE N F HEAGZENE K 1 R ]
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B
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B3 SKEZMNEFEEEIESER(2) MAME (D) BELEHZ NN DGGE A
Fig.3 The total fungi (a) and total bacteria (b) DGGE fingerprints for treatments of pre-fumigation ( BF), control (CK) and ammonia
fumigation ( AMO)
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Fig.4 Cluster diagram of total fungi (a) and total bacteria (b) DGGE fingerprints for treatments of pre-fumigation ( BF'), control ( CK)

and ammonia fumigation ( AMO)
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TEAHTGE AR B An i g e 8] 35 324k 7 7E 0.05 JK°F I+ Duncan 1% £ & LLH A WF % H
YR B, ZOKEZE G, TR B A AR B E T
X R AEURT 35 55 A TR A4S AT 0 3 v 22 S, SRR 1 8 B 2R R A [ 1K - 8 rholi B TR R (R AR R o &
AR T IF P A A, JUHT 4R 52 I 2N T B, Xiao F1 Duniway AIFFY & IRVT 25 55 B2 1) 4 1 78 ZE 78 Aif
REMEAE T IF H AR B M TR Pseudomonas spp. T 3 7% Ji BE 8 PR 2R 51 0 Wk 52, A 1% 28 b 2B 25 1T 1% 2000 A T 44
)RR < T R £2 V7 A o -8 1 10 B i NN [ I 2 1 D25 7 NP R S e 1 5 N I P 1 U 2 D
A SR E MRS S AR PP SRS IR TR A L X SRR T R R 0 0 LR R v RS R
A ER AR IR Y X R R et . TEARIFSE 1, Real-Time PCR AR, FH M £ 38
S A TR R TR B, TC I A TR R LR, R A U T R S5 A TR SR L 4 R SR B 7R I R
TR FTFRAR . 45820 b il 15 3545 R FI Real-Time PCR B AR ARSI 25 S 26 B | vl 5 55 ELTH 5 M AL TE 5
H AR Ak F HA — S 2K 2R R INmT 15 3% B/F (HXTE B/F WA s 25

A BE R AT 5 F Real-Time PCR $ R T4 UFSE T 207K BB 78 RE A KA Jt o B, EL oAb i A= ki
AT SR (HHG - A W I S5 A0 s AT SR AR AT X PRIRIT/F 6 22 o RSP 0 T 9 e I 2 Ak 34
I L TR 5 RN 2 R34 A KA A 17T A TR 2l A 3 X6 2 s I AS T L TR R 2K B 25 50 d i, ELR B
(] - 38 4 PR VR T A 88 % P4 A AR %o B — | Fh s> . PCR-DGGE $ R [ Muyzer 15 W0 F T 4 3587
SRR, — E8) T R s AR . BETENAME A A O DGGE VI
i 6 0 UK TEZE R i X RARAL A . AT A A PCR-DGGE WF5Y 27K B2 28 1 fi A 398 6 40 B L EL B 1Y
EVRGEA A4, 45 R W . EUK BB 78 )5 A0 B M EL A DGGE B35 [ — S0 405 W g 1958 B3 08 55 , H " 5 DGGE
Pl e b 7R I B 1 25t i 3 B S RRAIG , itk — 2D UE B T /K B 28 RE WS A A1 1 398 vh 2 780 181 19 4000 ; DGGE 1)
RIS BRI T 20K S DIERE NI TR 255, ASCHESE Y Yao S8 A HIE BIAHALL, 4 1 A1 A HE
VR EEALRZ HIEEZEFREm T  R B M B A5 U S AR 5T AR R 22 AL, R ok TR B — V)R
I s ) FH L e B 4 M s, RGEE Y ROK BEZE AT R E Y X R AL, Berry R TR A i
FHARERS I D H ISR AU 2 A b im s 7 H R e SHIERL, AT R UK BB 2 BRI T H AR
I 1) 0 35, (A5 A 3 v T ISCER B it BREATL PR i 22 % IR, DA S 2 MG T A AR R

WA S ERIE, i AP HLIX , CEA KR ERAVE T, BeA 5 IE 5 B s 45 5 1 ok, BA TR, AR,
BT AR, 2P S (A EUK EZE 3Rt R ARE AR R , iR A K T3 b 25 b, ARG +3
TAEYIIEYE U0 Deng S54SR 20 G A9 S0 Wy R AR WD TS R AT BTRRAIR ™ ARG B TE R ) AR A

Kb FH Treatment
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