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Isolation and biological control effects of cotton Verticilium wilt antagonist
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Abstract: Cotton Verticillium wilt is a soil-born fungi disease, resulting in severe yield loss of cotton world wide.
Compared with the routine control on cotton Verticillium wilt, rhizobacteria-mediated biocontrol is a more effective
alternative. Bacteria strains ZJ6 and ZJ1, which were antagonistic to Verticillium dahliae Kleb were screened and
identified and their effects to control cotton Verticillium wilt were studied in pot experiments. Detection of antibiotic
biosynthesis genes of the strains ZJ6 and Z]J1 were also done in this experiment. The results show that: 1) ZJ6 and
ZJ1 are both identified as Bacillus subtilis according to their physiological and biochemical characteristics and 16S
rDNA sequences. 2) The applications of ANT -ZJ6 and ANT —Z]1 which are simply mixed ( ANT -ZJ6 and ANT -
ZJ1) or fermented ( BOF —ZJ6 and BOF —-Z]J1) respectively with organic fertilizers ( pig manure compost:amine acid
fertilizer = 1:1) could control cotton Verticillium wilt effectively. The applications of ANT -ZJ6, ANT -ZJ1, BOF -
7J6 and BOF -ZJ1 could decrease the incidence of cotton Verticillium wilt by 39. 8% —64. 1% and disease index by
56.3%-82. 4% . The biocontrol efficiency to cotton Verticillium wilt by ANT -ZJ6 and BOF -ZJ6 is about 80%.
BOF -ZJ6 or BOF —Z]1 is more effective in control of cotton Verticillium wilt than that of ZJ6 or ZJ1 respectively.
The biocontrol efficiency of BOF —Z]1 is 20. 8% higher than that of ANT -ZJ1. 3) The application of bioorganic
fertilizer could change the microbial population of rhizosphere soil. After applications of BOF -ZJ6 and BOF -Z]J1,
the populations of bacteria are increased by 7.1 and 8.5 times, actinomyces by 11.7 and 32. 6 times, while the
populations of fungi are decreased by 53.0% and 68. 2% , Verticillium dahliae Kleb by 98. 6% and 98. 5% respec-
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tively, compared with those of control. 4) Genes bam, fenB, fenD, ituA, ituB, ituC and ifuD, responsible for syn-

thesis of antibiotics Bacillomycin, Fengycin and Tturin respectively, are detected in strain ZJ6 while Genes fenB,

fenD, sboA and QK, responsible for synthesis of antibiotics Fengycin and Subtilisin respectively, are detected in

strain ZJ1. It is concluded that the application of bacteria strains ZJ6 and ZJ1 being fermented with organic fertiliz-

ers is an effective approach in biocontrol against cotton Verticillium wilt.

Key words: cotton Verticillium wilt; antagonistic bacteria; bio-organic fertilizer; microorganism flora;

antibiotic biosynthesis genes
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[16]; M| Verticillium dahlice Kleb )18k 3% 5%
508 Ausher'” f 5 K,HPO, 1 g KCL 0.5 g,
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DNA 1 pL,.Taq DNA B4 (5 U wl/L)0.5 pL.
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TAEPE 5 min,94°C A5 30 5,52°C #B 2k 30 s,72°C 4t
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Table 1 Primers for amplification of antibiotic genes

PUER R ElkZ)E2] B R BERA

Antibiotics Gene(s) Primer sequences Length of PCR product expected( bp)

. f(5’'-TGCCAGACAGTATGAGGCAG -3")
Tturin ituA 885
r(5'-CATGCCGTATCCACTGTGAC -3")
B f(5’'-TAAAGCAGCGGATAAAGCGT -3") 474
itu
r(5'-AATGGCGACTAACGTATCGG -3")
f(5'-CCGTAATCAACCGTCTCGTT-3")
ituC 640
r(5'-GGGTGAGCTGCAAACTTCTC -3")
f(5’-GATGCGATCTCCTTGGATGT -3")
ituD 647
r(5'-ATCGTCATGTGCTGCTTGAG -3')
. f(5'-CTGCAAACGAATGAGCAAAA -3")

Fengycin fenB 450
r(5'-GGTCTCTTTCAGCTTGTCCG -3")
£(5'-GACGAGCTTGTTTACTCCGC -3")

fenD 654
r(5'-GCTTGCCGAAGAACAGTTTC -3")
f(5'-AAGAAGGCGTTTTTCAAGCA -3")
Bacillomycin bam 508
r(5'-CGACATACAGTTCTCCCGGT -3")
o f(5'-CTTAAACGTCAGAGGCGGAG -3")

Subtilisin subQK 704
r(5'-ATTGTGCAGCTGCTTGTACG -3")
f(5’-TCGGTTTGTAAACTTCAACTGC -3")

SubtilisinA sboA 334

r(5'-GTCCACTAGACAAGCGGCTC -3")

TE NA AR 1 ,30C 4K 24 h J5 Y 2)6 WixiE
SHREC,BE, BEER 2 —3 mm, A
W, AR, s TP R AR s 201 WIR IS R
O, B, BEERA 1~ 2 mm, G AR, A5
B, RIEDEW . 206 201 ¥R, 2R b AR B
AL HREDE .

PIMRTE DU B A B A AU RN T - 39BE R TR
ZIE REME M BT  H B R R, B
K FEVE R TR AL B RS , I TR k1) AT R ek
FH FEBE R 348 JR 2 W . V —P( Voges-Proskauer ) [ Y .
M| Sz 35y BA A , TR Ak g L P BE 20 (ML R) OB
A7 BRERA I B

it PCR B J5 69 8 W MR 6 50 I /Y 16S 1D-
NA 2KJFF3F#47 7T, 35 Genbank 4
W AT HEXT 20T, ARG 8 5 MEGA 3.1 3R
ASEELHREREM (B 18 2), RE
B, ZJ6 5 #% BL 28 4 #F B Bacillus subtilis M9B
(DQ323076. 1) WFIRIER 98% ,Z]1 S5H5E
FFB Bacillus subtilis LM61 ( EU571106. 1) [R]85 {
9 98% , A 9] 20 B E 236 L ZI1 3 Oy A R 2F A

I
2.2 ENEMBEEERNBEERR
AT B, St A HLAE A A 3 (CK2 +
OF ) F1 32 A 45 1 B 19 4L 3 ( ANT -ZJ6 . BOF -ZJ6 .
ANT-ZJ1 #1 BOF -ZJ1) X ¥ 18 B E 0w A A [H &
MBI ROR . 5 CK2 1L, s A A YLLK
WRFE(CK2 + OF) , MEEERM KW EREMRT
4.2% Wi tE T8 BREAR T 28. 6% , B 1A SR B/
0 BB A A0 3 (ANT -ZJ6 . BOF —ZJ6 . ANT -
ZJ1 1 BOF -ZJ1) , A 76 88 280 (1) & i PR AR T
39.8% ~ 68. 1% , J5 15 ¥8 L &K T 56.3% —~
82. 4% ,BEVARUR I K T B it F A HLAE I CK2
+OF b3, HITW S HAIIELE T R EBE)E
(BOF -ZJ6 . BOF —ZJ1 ) (¥ 4b 38 & 5 % [L 45 Hi 2 FA
BHNEEE &t — IR K BRI AL 3E (ANT -Z)6 ,ANT
—ZI) A BITRET 7. 9% F0 16. 2% , 9515 8 B w4y
FTFRET 9.1% F1 47. 6% , iR R HE B2, H 3
T 82.4% (BOF -ZJ6) #1 77. 1% ( BOF —ZJ1) (
2). HEAW, FHHESERAEIEET —kE
R B B4R = A B AR M R R
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B 1 &-TF ZJ6 MiEXHE AT 16S rDNA FIRAMEEFEINREXEN
Fig.1 Phylogenetic tree established using the neighbor-joining method, based on 16S rDNA
sequences of ZJ6 and related strains

[ 1 (Note) : FFRAFES 1000 MEHFE 5 MEH B The bar represents 5 nucleotide substitutes per
1000 nucleotides in 16S tDNA sequences. ]

B. subtilis NP10
B. subtilis IMAUB1036 YM5-1

B. subtilis
B. subtilis xm-1

B. subtilis LM 61

68

22 94 yA]|
100 | B. licheniformis BG-B63
100 |B. licheniformis HNLO9
B. licheniformis BG-B11
99 [ B. pumilus BG-B24
B. pumilus BG-B50
100 _| B. pumilus BG-B26
96 B. pumilus B402
B. megaterium rif200884
100 | B. megaterium HDDMGO02
B. megaterium PRE9
B. megaterium EJH-7
B. anthracis 2001039370
69 B. anthracis 2000031244
B. anthracis AMES
100 B. cereus G9667
g3 LUB. cereus H1439
75 'B. cereus G8639
—_
0.005
B2 ETF ZJ1 MiEXE%E 16S rDNA FFIRASEEEINREZ TR

Fig.2 Phylogenetic tree established using the neighbor-joining method , based on
16S rDNA sequences of ZJ1 and related strains

[ (Note) : RS 1000 MEEHFH 5 MR The bar represents 5 nucleotide substitutes per
1000 nucleotides in 16S rDNA sequences. ]
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Table 2 Application of antagonistic bacteria and organic fertilizers on control of cotton Verticillium wilt

AbBH Treatment & JRER Incidence of Verticillium wilt( % ) JHTETE S Disease index Bt 5 Control efficacy( % )

K1 0+0e 0+0e
K2 100.0 0 a 56.8+6.0 a

K2 + OF 95.8+0.072 a 40.8x3.5b 28.2

NT-ZJ6 39.8 £0.040 cd 11.0x1.6d 80. 6

BOF -ZJ6 31.9+0.064 d 10.0+3.3d 82.4

ANT-ZJ1 60.2 +0.040 b 24.8+5.9¢ 56.3

BOF -Z]1 44.0+0.063 ¢ 13.0+£0.8 d 77.1

1 (Note) : [RIFIEE )G A R FRERRLEFIL 5% BE KT Values followed by different letters in the same column mean significant at 5% level.

2.3 AELEXIBIEERKBPZE

FIFH, 5 CK2 ML, it A PR b3
(CK2 + OF ) AN 540 B K9 AL 22 ( ANT -ZJ6 . BOF -
ZJ6 ANT -ZJ1 F1 BOF -ZJ1) 7E& MU E 4545 L3 B
W, ERRE RS B EEE TP
TEHTERAMTHTE 6 M EHHr L, CK2 + OF
LbE AR CK2 AbHRY 1. 18 .1.32.1.09.1.25.1. 30,
1. 39 f%; BRI P 4L B (ANT -ZJ6 . BOF -ZJ6.,
ANT -ZJ1 1 BOF -ZJ1) 435Il 2 CK2 Ab3E M 1.17 —~

1.31.1.36 ~1.56.1.23 ~ 1.34.1.29 ~ 1. 55.1.39 —
1.54.1.61 ~1.92 /%, 5 CK2 + OF Zh#8AH He, b
FEHUEE 236 (¥ALFE (ANT -ZJ6 .BOF -ZJ6 ) 145 T ] 1
FEARIGIN, AR EZR B, B E 21 8
AEFE(ANT -ZJ1 BOF -ZJ1 ) A 45 0 e $5 r s i, 1B
K ERARE, HHESAEIERE "R EE
HIAbTE ( ANT -ZJ6 . ANT -ZJ1) FMFEHE 5 H RS
it ¥R K B ( BOF —ZJ6 . BOF —ZJ1) b FEAH H. , 45 95
M abn 2 R A B

F3 HASERRIREEERAZT
Table 3 Effects of different fertilization on growth of cotton plants

e 3= R Mo bR E WTEE H EARTE WHETE

Treatment Plant height Root length Shoot fresh wt. Root fresh wt. Shoot dry wt. Root dry wt.
(em) (em/plant) (g/plant) (g/plant) (g/plant) (g/plant)

CK1 88.5+£5.6 ¢ 19.5+1.8 ¢ 47.48 £2.8 b 2.10£0.2 ¢ 12.13+0.9 ¢ 0.72+0.1¢

CK2 89.3+£7.9¢ 18.2+2.6 ¢ 46.97 £3.0b 2.12+0.2 ¢ 13.41+1.6 ¢ 0.75+0.1¢
CK2+0F 105.5+8.5b 24.1+4.6 b 51.05+7.0b 2.64+0.3b 17.44 2.6 b 1.04+0.2 b
ANT-ZJ6  116.7+7.2 a 25.9+2.2 ab 61.90+4.1 a 2.90+0.3 ab 20.07 £2.4 ab 1.24 £0.3 ab
BOF -Z]J6 116.2 £11.9 a 28.4+2.6a 62.95+3.8a 3.29+0.4 a 20.68 +2.8 a 1.44+0.2 a
ANT-Z)1 104.8 £3.0 b 24.7+2.8 ab 59.07 £5.4 a 2.74+0.5b 18.68 +1.6 ab 1.21 £0.2 ab
BOF -ZJ]1 105.1£7.1b 26.6+2.6 ab 57.78 £6.3 a 3.12+0.4 ab 18.90 £1.0 ab 1.34+£0.3 a

1 (Note) : [RIFIEE )G A R FRERRLEFIL 5% BE KT Values followed by different letters in the same column mean significant at 5% level.

2.4 AEAXKEXMNBERELTREDR ZHHM
5 CK2 AHLL3E , S e FE A HLAG AL 2 (CK2 +
OF ) 71 4 R 4 Bt B 19 4 3 (ANT -ZJ6.. BOF -ZJ6 ,
ANT -ZJ1 A1 BOF -ZJ1) By By -+ 338 o 40 3 F i
R BEII I, M E W R A T TR (R 4)
HoAr,CK2 + OF Ab A AR PR+ B P I IN T 2.5
&R FRET 25. 1% , W A H 25 A0
B WBIEMAYILER A St — K & BEALH (ANT

-2J6 . ANT -ZJ1) AR B+ 458 4 B B 7 3 im 7
4.4.6.6 %, B4 AT 8.7.9.9 £, AW &4
FTRET 45.5% . 51.5% , WA W o 5 T RET
98.4% .86.7% ; M SHE VL LT Kk
B ( BOF -ZJ6 .BOF -ZJ1) Ab 33, HAR R +- HEh 40
BEINT 7.1.8.5 4%, RIS T 11.7.32.6 /%, &
BRKET 530%.682%, R B T % T
98. 6% .98.5%
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Table 4 Effects of different fertilization on soil microbial population of cotton rhizosphere

Ab3 HI Bacteria JUERT Actinomyces HH Fungi JiJELPH Pathoghy
Treatment ( x107 efu/g soil) ( x10° cfu/g soil) ( x10* cfu/g soil)) ( x10? cfu/g soil)

CK1 2.7+0.5e 1.2+0.3 ¢ 4.1+0.8 be —

CK2 26x0.7 e 1.1+0.3¢ 6.6x1.3a 81.3t£1.1a
CK2 + OF 9.210.5d 2.320.7¢ 5.2+0.5 ab 60.9+£1.0b
ANT -ZJ6 18.3+1.5 be 12.0+1.7b 3.2+0.4 cd 1.3+0.2d
BOF -ZJ6 24.7+6.1a 37.0+9.5a 2.1+1.24d 1.1+0.1d
ANT-ZJ1 14.0+2.0 cd 10.7+2.1b 3.6+0.8 cd 10.8+0.2 ¢
BOF -ZJ1 21.0x4.0 ab 14.05.2b 3.1£0.6 cd 1.2+0.1d

VE(Note) ; [WFIEE IS AT TR 2 F3E 5% 8.3 K Values followed by different letters in the same column mean significant at 5% level.

2.5 HERAGRERNTKE
IR O 5 A R AR RSP e 500514,
1t PCR (e MNAE L 26 Hh 53 7 54T
FH, 4 9 & bam. fenB . fenD. ituA . ituB. ituC Fl
ituD , %F W T BT Y0 R & Bacillomycin, Fengycin FlI
ZJ6

—— 0.1kb

Turin; MFEHUE ZJ1 S 85152 4 NETLEN,
S fenB. fenD | sboA F QK, XF Bf #1541 ¥ i 2
Fengycin # Subtilisin ( [/ 3) , X AW ZJ6 1 ZJ1
BRSO B2 Y B AR AR T EE AR

VA)

2.0kb

2.0kb
1.0 kb 1.0 kb
0.75 kb

0.75 kb
0.5kb 0.5kb
0.25 kb

0.25 kb

0.1kb

3 ZJ6 #n Z)1 AR S K EE PCR = B AR vEE AL R ik E
Fig.3 Agarose gel-electrophoresis of PCR products of antagonistic genes in ZJ6 and ZJ1
[ 1 (Note) : M—DIL2000 Maker; ZE[& 1 -7 B4 4> W3R 2)6 Btk B A BEE bam . ituD fenB fenD . ituC ituA F1 iuB 3R H PCR 7247 ;
AE -4 5500 B 21 S R AL E fenB fenD sbod ) QK 3T 1] PCR 7= 4.
Lane 1 -7 in the left figure represent PCR products specific for bam .ituD fenB fenD .ituC .ituA and ituB of antagonistic genes in ZJ6;

Lane 1 —4 in the right figure represent PCR products specific for fenB fenD sboA and QK of antagonistic genes in ZJ1)

3 it

B TR A A A IR AR R —Fh
BRI E , BT RO B Gt R — B
HME ., BUEYIA S 0BG TR SR A 1
PETT RN 4 52 AN 1R R — AR ek 2

WRPRRARHEZ IR A MmN L%, 54
AR, I TARRBR TIFZ A DR AR FREIL
PSR R T AR MO B AR . AR
T B AR AT AR S M R RE S R e S R B 2 AT
SR FRATTINEE 22 2 0 2 I K R A f
FRAEAEARAR PR 575 L8 2 BT AR FE H1 18 206\ Z)1, 75 F AR
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eI B HP X AR 4K 3% 25 B SR A BB AR Bk
R AW —HETE R EA AR MARERE
TERH AR B, Uppal A K, Berg GI*10%
TSR GG R B PR 26 T - MRS LR
FIMKK AP BB ROR AR A B R R, B
EHMERMET G M. XEH T LR MERE.
K4 pH VE SR LMRIE, ARG B, N
TG S RSP A AR R I R B SR B IR
ROR AT NV RS B TS B B P i T B R B
A3 2 [CRH M = 2R R R B R R A . X
SRR B A KR R BLA RS BB, 7 I
HERE WAL AT E R R A 5 EHH
BATHI BTG RBER o

RXTHY LERELDBEROHMERR
E AN £ 23172 it S: Uz 73l Bl A = )
AEF= & B G BOR LB R S, T ik
FEP R TSI S5 VUEB S BT i S5 A ML
FIE R A B e P 1 i, FE AR R K ARG Hp 1
RIH BIFHIBERCR . AT R T LiRFF
R, BE THERER; EER RSP RAHBMA
TR BV RO, o — BB E R & B
82.4% ., AHLIEIENFETUE MR, e HIBME R
B BB VRIR , R AR 48 P Y AR R (R,
SRR SRR AT A R TR E A K,

A 2RI AR Y B AR
AERPHRAEEREENER . BRaEFEE
FEE A A R B M EER R R
B REE AR, EHRESRG P ML
YIBHARLL F AT EE RS EATESRET,
WA DIRG9 FT B, 5 30R 38 R B sl
FIRE PR B 3 i, AT R AW TR R =
RS P A X R AR L R A AR
TR 0, T B AR A BRI ™ 1 L
it A 255 AT AYE— e R L O A
RGP, f R A 25 T TS S5 B 1,
AV, N & 2 HEAR S, VT AAD ) £
R SR B o DL I 5 A B B Ik e P T LA 5
Xt EERERGE . ARBE BRI,
FRFSPURAAA HLAC A 40 B 5 X FE AR LE , - ek 4
Gi kAT BB AR A R R R I, B
BIBCR/D BT 7 #, i 7 R B 2k
KRBT 1R R R

AT B IR VR L B RRAR R D BE = fh 5 &
B BB AR 30 I P A K B A TS 4 F T L

WIRAEYI T o ARBRAS B SR AU B2 H P g ot
Rz, BN AT 4% — 5% M 51
PR & A O, 3 BB ARV 2 540 1 R i 45
PR, AAEe il at PCR ¥ 389k, IR 3
B AG BE 2F AT R D IR R T 7 MR 4 AN
TP BUE ARG BB, 33X O J5 81T i — 2P
P B S BT AR A T 2R

Berg, Antomopoulos, Uppal 2102731 iy p g 48
REY, FEVHTE TP RIEAERER P 2
e WRARTE S Z W IR AR AL, FE DU
ARG PR R A SRR RN IRE IR A M
Hb, IEBURE T LAE o 35 4 AR R 40 W ) BB SR R A
WD I O R R R A K, AR
O ETTEEMNNEREE O E EEERALREKE
B, T U ERR T B8 8 S o 4
FRE e 5 ) — 0 T, T U TE B A B 4 R
RS, RS A RENRERETY,
FE— P RS XA R ER T I ) BN AR
B, Ul R R BUSCR W RGP AE I
TR AP R, AR A 2 L
AR R - E MR,

YU TE T3 T i T S H R SR TR 32
Timmusk %38 18 GFP FRIZH T T 1 1550 H
YR B R E R O, T 98 B 3550 MR BR
ETREAE LR AP HRBEN— T EEY
Mo, —HEiEHEBARE " EFERZHIEIY
B ABAR A RETE A AR PR A RUE A , A RIS
HFHIBTIARR o A [RAEY) AR R BRI M4 [R)Fh 2k
HYE IR, Horh BBk IE AR I 4 AR AR ], B
AR GIA FF Y el . AT ST
B MARAEAR B 1 rh 0 2 SR 1, A A AR B 43 1 1
BRYREEHEENEROYE, HILENTRES
FEARAE AR PR B, A HE A B R FR SR 17 2Ea
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