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: ( ), ,28 5d,
1.4 18]
(
), 10.18 g kg 1.32 gkg !, 16S DNA FCR 16S DNA
28.37mgkg ', 190. 13 mg kg *; 27f11492r [ 5’ 5" AGAGTTT-
DA , 28 GATCCTGGCTCAG-3’ ( Escherichia coli bases 8
170 rmin"* 7 d, 4 27)*1, 3" : 5’ -TACCTTGTTACGACTT-3’
: HJ-5 DF-15 DF-14 (Escherichia coli bases 1 507 1 492) "% ]
NB ,28 170 rmin’* : 10 x Taq 54 1, NTP
48 h 111 (20 mmol I'*) 5y 1,5’ (25 pmoly ') 2 |,
: 3 (25 pmolp I'*) 21 MG " (25 mmol 1'*) 6
, 360.5 g kg ', 3.6 gkg’, Ml DNA (50 ngu I"*) 1 I, Tag DNA
62.8 gkg ; , (5UM I'")0.5u |, H,0 28.5y |, 50 |
2 3 PCR 1 94 2min, 1 94
5 , (CK) + 30 s, 52 30 s 72 1min, 30
(V) + + (VS) PCR (Axyprep DNA Gel Ex-
+ + (VF) + + traction Kit, A xygen B iosciences) ., PMD19-
+ (VFS), 1.5 kg, T-vector 16 10 h, E. coli
0.15 g, 0.194 DH® |, : ,
: DNA , GerBank
(228 x10" g' )
20 g 1.7
5 , ASB.2
(6.7x10 g' ), 2
48 d ,
, 2.1
(105 30 min, 75 ) , 600
1.5 11 ( 1),
HJ-1 HJ-5 DF-6 DF-7 DF-12 DF-13 DF-14 DF-15
(o) NA ' 8 vd ,
(M artin) . 70%
[7] 8
25 ml, KH, PO, 1.5 g, K, HFO, 4 g, vd , HJ-5 DF-
0.2, ( )ig 1gDox 15 DF-14 DF-13 DF-12 5
2ml, TergitNP-10 1 ml, PCNB 0.1 g, 17 g, vd (p<
1000 ml,pH6.4 6.7 1 000 ml 0.05) , 2 HJ-5 DF-15 DF-14
50 mi( 0.05 g 30%,
0.05g -G 0.050) , HJ-5 DF-15 DF-
1.6 14

NB
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1 vd 2.3
Table1l Influence of the islated bacterial strainson growth of Vd
4 W VSVF VFS
Bactereial strain Inhibition rate (%) Inhibition zone (mm) VES
HJ-1 74.6 8ab ’
57%,VS VFS
HJ-2 51.8 4.7¢c
HJ-3 62.6 8. 7ab VF VFS
HJ-4 68. 2 7.1b , VFS
HJ-5 87.4 9.6a 50%;VFS
DF-6 72.5 7.3b
DF-7 78.9 8.5ab
DF-12 75.2 8.8ab 4
DE-13 73.5 7.5b Table 4 Effect of antagonistic bacteria plus organic manure on
control of cotton verticillium wilt in green house
DF-14 84.7 8.3ab
DF-15 86. 6 8. 6ab
Incidence of
Treament o . Control Effect (%)
2 vd Verticillium wilt (%)
Table2 Effect of culture filtrate of the ilated strainson growth of Vd CK 13% -
Y, 88% -
vd VS 50% 43%
Bacterial strain Dianeter of Vd (mm) Inhibition rate (%) VE 63% 28%
CK 70a - VFS 38% 57%
HJ-1 67ab 4.3
HJ5 40c 42.9 2.4
DF-6 62ab 11.4
DF-15 47c 32.9
DF-12 59b 15.7
( 5 ,VSVFVFS CK
DF-13 58b 17.1
DF-14 45¢ 35.7 ! !
DE-7 62ab 11. 4 CK 4.94 9.06 3.56 5.89 7.33 13.44
iVFE  VFS CK ,
2.2
5
Table5 Effect of antagonistic bacteria plus organic manure on il
) ,CK VSVF microflora in cotton fields under consecutive cropping
, VS VF
;CK VFS Bacteria  Actinanyces  Fungi
( 3), Treament  (x10'cfu  (x10°cfu  (x10'clu  Scletia
g’ oil) g * oil) g’ oil) ( g
CK 1.8+0.5b 2.7+1.1b 2.3x0.5ab 87%7b
\% 1.6+1.0b 2.3+1.0b 2.7%1.2a 109 £16a
3 VS 12.6 +3.7a 9.2+0.9a 1.3+0.4bc 79 +23b
Table3 Effect of antagonistic bacteria plus organic manure VF 85+2.1a 58%32b 1.2+1.1bc 81%2lb

VES 18.7+5.5a 12.2+3.7a 1.9+0.3c 78 +7b

on growth of cotton seedling

CK 2.44 4.81 3.15 5.89 ;VS
Treament Plant height (an) Freshweight (g) Dryweight (g)

CcK 18.1+0.7b 14.6 +0.8c 2.1+0.2b VF CK VS CK
v 8.6+1.2¢ 4.1+1.6d 0.61+0. 1c ' VFS v

Vs 20.7+7.98b  17.1+3.1hc 4.4+0.6a 34%

VF 19.9 +1. 4ab 15.0+1.5ab 2.2+0.1b 2.5 16S rDNA

VFS 26.8+1.3a 21.6+1.4a 4.5+0.2a LB , 37 12 h
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HJ-5 DF-15 DF-14 , , V-
,HJ5 DF-15 ,DF-14 P (V oges-Proskauer)
HJ5 DF-14 ( 1) HJ5 DF15 ,
, (G ) 50mgL™ " N&Cl
,HJ5 DF-15 DF-14 , DF-14 , HJ-5
DF-15 , DF-14

Fig. 1

Bl 1 HI-5(Zc) M DF-14(4) B A& 5 L BB A

Thalli photo of bacteria of HJ-5(left) , DF-14(right) (Bar = 1 um)

B. malacitensis CR-95 AY 603656
B. axarquiensis CR- 119 AY603657
Brevi halotolerans LMG 21660 AJ620368
Bacillus mojavensis IFO15718 AB021191
DF-14
B.subtilis subsp. subtilis DSM10 AJ276351
H}S5
B. vallismortis DSM11031 AB021198
Bacillus velezensis CR-502 AY60365
94 B. amyloliquefaciens ATCC 23350 X60605

99

~ Bacillus atrophaeus JCM9070 AB021181
[ Bacillus sp. 28K AJ831844
100 [ B.sonorensis NRRLB -23154 AF302118
777_|2 B. licheniformis DSM13 X68416
Bacillus sp. 24K AJ831843
[ Bacillus sp. 41KF2b AJ831842

71

'Ool_r_nacinus pumilus DSMZ27 AY456263
98
B. pumilus FO-036b AF234854

B. shackletonii LMG 18435 AJ250318
[ B.aquimaris TF-12 AF483625

0.005

1o B. vietnamensis 15-1 AB099708

B2 2T HI-5.DF-14 FIAHSC B #K#Y 16S rDNA 731 857 19 R 58 & & A (R O 3 5k A QB LA 3 , A5 AU 16S (DNA Fr

Fig. 2

F 4 1 000 MEFH A S MEIEFER)

method. The bar represents 5 nucleotide substitutes per 1 000 nucleotides in 16S rDNA sequences)

Phylogenetic tree based on 16S rDNA sequences of HJ-5, DF-14 and related strains( This tree was established using the neighbor-joining
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HJ5 DF-14 57% ( 4),
, 16S DNA HJ-5
1562 bp, DF-14 1 606 bp , ,
GeneB ank BLAST , , (28
MEGA3. 1 ( 2 , :
HJ-5 Bacillus vallisnortis
(AB021198) 9. 8% , DF-14 el
Bacillus subtilis (AJ276351) ,
20,21
97. 7%, HJ-5 ,DF-14 ozl
[22]
3
1996
[23]
1 2007 (
(Ralstonia solanacearum) )
[12] )
0. 1% , ,
(4] CK 7.3 13.4
3 HJ-5 DF-14 DF-15 cK 32 >9
’ ( ) 34%
5) 1
(1) :
, [14]
, [15 17] !
[25,26]
3 1

[14]

,HJ-5 DF-14 DF-15

[27]
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SCREENING OF BACTERIA ANTAGONIST IC AGA INST SO L -BORNE
COTTON VERTICLLL IUM W LT AND THEIR BIOLOGICAL EFFECTSON
THE OL-COTTON SY STEM

Zhang Hui  Yang Xingming RanWei' Xu Yangchun  Shen Qirong
(Jiangsu Key L aboratory for O rganic Solid Waste U tilization, Nanjing Agricultural University, Nanjing 210095, China)

Abstract In an experiment using the flat-stand method, 11 strainsof bacteria antagonistic against Verticillium dahli-
ae Kleb (Vd) were iolated fram healthy cotton plants growing in cotton fields seriously infected with verticillium wilt.
Their verticilliun inhabiting rates ranged fraom 70% t0 87. 4%. Cotton V erticillium wilt disease was effectively suppressed
by 57% over the control by gpplication of a mixture of the antagonistic bacteria along with organic fertilizer. M icrobial
communitieswere significantly changed in cotton rhizgpheric ils in Treatment VS ( goplication of mixed antagonistic
strain lution) , Treament VF (organic manure) , and Treament VFS ( strain lution plus organic manure) , among
which Treaiment VFSwas the highest in disease inhabiting rate, reaching 57%. Significant increase in population of bac-
teria and actinamyces and decrease in population of pathogen microsclerotia were found in these treaiments, as compared
with that in the control. Based on the physiological and biochemical detemination and the 16S IDNA sequence analysis,
HJ-5 and DF-15 strainswere identified asBacillus vallisnortis, while DF-14 strain asBacillus subtilis This is the first pa
per that reportsBacillus vallisnortis is antibiotic against Verticillium dahliae

Key words Cotton Verticillium wilt; Antagonistic bacteria; Rhizogphere microbe



