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1.2 #iXRmEEK

B R s s I TR 5 AT AR R % ( Phytoph-
thora parasitica var. nicotianae ) , 1 == Fg 4l 5 B} %
WF5E Be 2 1, 10°C ok A DR A7 o IO 25 0 g i T4
( Fusarium osyporunm f. sp melonis) . 74 J\ fl 25 5
W% R ( Fusarium osyporunm f. sp niveum ) . 7 £
w2 R R ( Fusarium oxysporum f. sp.
cubense) T JA K4 25 95 75 IR #H ( Fusarium osyporum
f. sp cucumerinum) .5 MU WG N R B ( Phytophtho-
ra capsici) . A T B K 8 W JR B ( Ralustonia So-
lanacerum) | &% JI\ 57 4% 9% 9% J& B ( Rhizoctonia solani
Kulhn) F1 # £6 2 25 95 95 J5 B ( Verticillium dahliae
Kleb. ) 5k B g 504 K 27 V0 95 4 R A HLE #
Yy % PR Ak v B BIF 5T T A L
1.3 IEHFE

PDA ,NB,LB it J5 2 B 2 2% SCHR[ 8 ] o

JUT B s 98 55 (AR JL T Bt 5.0 g, MgSO, -
7H,0 0.5 g,FeS0O, 0.7 g,ZnS0, 0. 001 g,¥ijg 20 ¢,
H,01000 ml,pH 7.2 ~7.4 ) ; JR H HL 2[4k & (CMC)
3% B (CMC-Na 5.0 g, MgSO, - 7H,0 0.1 g,
(NH,),S0, 0.5 g,K,HPO, 0.25 ¢, ¥{Jig 20 ¢, H,0
1000 ml,pH 7.0 ) ; i 25 1 85 57 5 (H & 4% 10 g, B¥
KW 4 ¢, B H 10 ¢, K,HPO, 1 g, MgSO, - 7H,0
0.2 g, 7517k 1000 ml pH 7.0) ,,
1.4 HAEMNSERIE

HEBR A S3 A0 B 1 23 B s 0 b SRR AT R S
TR UR AT B R AR AN B kK e R
I8 95 s It A R EC D R AT 6 AL, AT AL &R (AR S
mm ) 75 B % 2 2 T L SOE fr, #4278 PDA
AR R g, 25 °C B SR 24 b, SR N IR R ) B R
FIR) 24 BT A R B A R A R IR i 5L T T e 20
mm Kb, B L3 AP 4 A B Bk, [ I 3 s B IR O
W), EE 3 W, BETHFM25CHE R 4,0
ek AR R IR 0 TR R TR VR AR, R R T SOR
%5 1Y v AT Al Ak, IR IR A

2 R ST S T B AR A R

MR EAR = X R AR R EAR - 9 R PR
Ry P9 A 552 75 LA

M (%) = (WM E R HZ - SHUE
X IR P I 5 g AR ) /%) SR 2 B AR x 100%
L5 MEERE

YRUAR S 6 = R ) AS [ g D T 1 A R AT 3 AL
PR TEATL &% (AR S mm) 75 76 7% 10 2 DX 3T fL Al

B R, 4 2 PDA PR e 25°C 1557 24 h R
XoF URF 325 4 410 AT 28 2R ] S Y B B ( C-5 TR bR ) AR B
i ST R R 20 mm Kb B ILEERD 3 A E AR (C-5) , [A]
I3 as 0 B AR ) , B R IR R i 3 DA
25°CHEFR T d, W0 I TR Y TR I AR TSR R
1.6 REF pH EZAX C-5 E#k OD EHF M

¥E 4°C 20°C ,30°C 37°C .45°C ,50°C .55°C H L
FME IR B 3 A E A LB R R O K
Y 1/5,76 170 r min ' HE IR 4R 48 b, JH 721 43
S FE AN K S 600nm [ i) OD B, ¥ LB KK
K30 pH 98 R 4.0 ~10. 0, B 250 ml = #f i 4
pH i3 AN, W& = M| 1/5, 7 170 r
min "' 30°C F 4% 48 h, Fl 721 43 Y66 RN I K A
600nm ) OD 1 ,
1.7 LTRE . FERBNEAEFEEENE

W C-5 o3 SRR AE LT B 37 3k . CMC #5557 Bk
R SR E i S O TR e O TR S i I X (e 71
W C-5, R IE IR PR A 3 W BN R BRA 9
AN TR 7, 30°C 55 55 AR 88 B g . WEE G5 Tk
FEUL b =P R 5L b AR K A B B0, (R B K
fife P 1Y) B AR KN, T PR T4 7R C-5 kR ™ L
T £ 2 2R RN AR Y AR
1.8 HMAEBEUFSFEE

¥ C-5 BIRRIEFP E NB B 32 34 | ,28 C f
B SR 48 h UL KL SRR . A o 22 IR g
058 KWL 58 TR AT 25 5 T by 7K it 5 2F B AR A il 3
L IR A L A0 T DT R AT

C-5 TR 2r F AW 2 55 8 R AR B9 1
16S rDNA ) )7, PCR ¥ #82| ¥4 ] 16S DN 4
Wl gl 27f /14920 [0S w5l ¥ 5 -
AGAGTTT2GATCCTGGCTCAG-3 ’ ( Escherichia coli
bases 8 ~27 ) P13 CuEE| M. 5 ° -TACCTTGT-
TACGACTT-3 ’ ( Escherichia coli bases 1507 ~1492) "' ]
PR RAR R e 100 x Taq 55 B K 2% vh )
5 wpl, dNTP (20 mmol 17") Sul, 5’ 3% 5] ¥ (25
pmolwl” N 21,37 35| 9 (25 pmolul D 2pJ,Mg2 *
(25 mmol 1~ 1) 6@1,%12'& DNA ()50 ngpl~ 1) Tpl,
Taq DNA 4 HF(5 U ul™ ') 0.5 pl,H,0 28.5 pl,
SAFL S0 wl, PCR S5 : 94°C FZZ 1 2 min,
HEASAEER : 94°C A5 PE 30 5,52°C ik 30 s,72°C %E
it 1 min, 3£ 30 4~ 9F 3. PCR ™ ¥k il 7l &
( Axyprep DNA Gel Extraction Kit, Axygen Biosci-
ences) Zifb )5, 5 PMDI19-T-vector X 1%E 2, 16°C
Y10 h, 564k E. coli DHS«, 25 W5 4 BE 0% v , B AL
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Pk BHE 50 B, B 1 Bk DNA 5641 i, #4700 )%
W7 25 SR AE NCBI 43— A5 ) 27 B8040 122 v gk 47 ] 5
L9 ##FHiAW

P A T iy B M R 2 B B At S 0 R G AR
RRR I R A T ) 3, SR BB A I R A B AR
S5 b AP B ko X Y g - M R 0 ~
30cm, fRF VR, B A4S

IR I L K N S o o s i I
87, % i P o BRI &y B A IRTE B 60 d S
B o

HR 5 VL9508 K b A= 0 IE KA B 2 = 25 4 Bt
AL EWAEY A VUL T 247 LR C-5 41
RETH A A= A HLAE (A BLJIR 360.5 g kg™ ', & &
35.6 g kg™ ', 4B 62.8 g kg™ '), Ke A o A B 2R
T e B2 R R AT LR H R B T A, B AR 0 A AL
HE S HTR AR AT IA 2 1 x 10° 4> g7 LB R it
B

SERSBETE N HA AL B 1) fa BE A A xR
CK1;2) 3% fE /Y % % 13 CK2;3) OF (CK2 + A HLAE
(SR 1 R LR AT MLAE ) 54) ANT(CK2 + #5114
C-5 W) ;5)MOF(CK2 + C -5 U E A HLE) |, 4
A S0 g IERE S LR S . FEPiE C-5 Wl %
Bk KA PO C-5 #E R T NB #5537 5, 30°C
170 r min ~"JR 3% 15 37 48 h K K AT (0 T RS O L U
LR IEFH TC R K 7 B, A L, (i - g rp 4
YU C-5 MW EIR ] 10%cfu g~ (LT £31H5) . M
b8 MOF e A 55 Sy v, Xof BE R EG At 4k 388 1L TS LA
I RBER IR 4y . B A% 10 kg -, AL S A H
o MHE AR, B A PR, R R
Ha,45 d 5T & 26 R0 Bl IR R T R R R
fif T HE(105°C 37 30min,75C BT EIHE)
R FI B Y6 A0 0 R A 1k S % SOk
(1573047,

B R SASS. 2 et A 4T 40 At o

2 RS0

2.1 FREMSBERHIE
>R 4 T M LA i R R RR AR B R 1S 0

o0 N AN 289 Bkl P AR IR R B O 3R A
HA— @Ry E R w12 bR 1), B 2
BRI LL ] 0 4. 2% L, C-5 B bR R
71 1% W FAR N 2.8 em, & I A 0iff 2 A9 45
USSR e WIS 9 B bk o BT LA, i T C-5 T RRAE
I 2R W0 A BLIE B 3l 5 I B bk . H AT €5
L E H [ B3 2 0 T b R R PR R, TR Rl DR S
& :CGMCC No. 3303,
F1 SEEAMIBERFEEEKHZN

Table 1 Effect of isolates on growth of P. parasitica var. nicotianae

W EA

Inhibition zone

ERRNEEYS

Bacterial strain

BN R

Inhibition rate (% )
diameter (cm)

JAA-6-4 60.0 0. 8de
GC7-2 61.7 1. lcde
2-4-1 64. 4 1.6¢
J2-7-31 67.8 2.2b

J2A-5-1 60.5 0.9de
J2-7-21 67.0 2.0b
J5-5-3 62.2 1. 2cde
J2-7-3 62.8 1.3ed

JAA-7-3 63.3 1. 4c
J5-6-1 59.4 0.7e
J5-6-2 63.9 1.5¢

C-5 71.1 2.8a

T R 5B S AR A RAL B 2 5 2% (p<0.05)
Note: Values in the same column followed by different letters are signifi-

cant difference ( p<0.05)

2.2 C-5 EHRMEENE

oA e 2 SR ARG 8 MR D il I bR E AT C-5 T
BRI 35 0 A2 , 20 J01) 000 6 0 R B LTS R R
TE LG R I] C-5 B R X B TR 2290 L 2SR g
TABUBE Jo i BT 3 AT R A R AR, ATk E
65% LA L 5 0 A A5 b 22 09 9 5L T 1) 40 R B IR
53.3% . C-5 BRI R F P4 JIN Ak 25 005 5 D B8 0 A A T
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Table 2 Antagonistic effect of strain C-5 on some plant pathogenic bacteria and fungi

9o I TR EE RS MW HRE
Pathogen Inhibition rate (% ) Inhibition zone diameter (cm)
A 2 97
73.3 1.5
F. osyporunm f{. sp melonis
Py A 2 o _
F. osyporunm f{. sp niveum
e
53.3 0.8
F. oxysporum f. sp. cubense
YN
55 1.0
F. osyporum f. sp cucumerinum
AR
66.7 2.7
P. capsici
T A
— 2.6
R. solanacerum
5 JI A7 A
53.4 0.9
Rh. solani Kulhn
i 46 85 % 9
66. 8 1.2
V. dahliae Kleb.
2.3 C5MWERFRER pH BEHTHWAKSE
W 1568 LA AR C5 AR OD B a0
A —ERW . k& C-5 ERRAY OD fE, Al DL 1.000 |
b C-5 TR PR AE AN )T AR AR R B, A2 000
30°C PR C-5 19 OD (His B Er ={H 0. 780, M 2 © 0.600 |
Hoal LUA Y, BE pH B R 22 L R AR C-5 1 OD B i Ik 0400
£, 76 pH 9 7.0 I FIR B 1. 119, B % pH 02007
0.000

ThiEs OD {H BEAIK, 76 pHI10. 0 2 f ik, W #k C-5 7E
pH 25 5.0 ] 9.0 XA #ffE A=+, HAE pH 7.0 B OD
35, A IRdE A Ak C-5 AE K 4. £ pH 4.0
#110. 0 B OD {HHEAE,C-5 AEK .,

0.900 -

a

0.800 L
0.700 L
0.600 L
0.500 L

ODfH

0.400 L
0.300 L
0.200 L
0.100

0.000

4 20 30 37 45 50 55

Temperature ('C)

B R AR C-5 Bk AE K R

Fig. 1 Effect of temperature on growth of Strain C-5

4.0 5.0 6.0 7.0 8.0 9.0 10.0
pH

B2 pH Ak} C-5 Hikk OD {95 1
Fig. 2 Effect of pH on growth of Strain C-5

2.4 C-5 FHILT Rl FERENE A EE TN

EMEME

JUT o i 27 4k 2% I R0 2R 1 T 2 MO O K fife T
2 eI R IR AT F Y T 22 A, DT HE A B
A B AR A LR I B 2R K e A e R
KL TR A BT ANAN R 5 O AR R bR AR
PAER B LE Z — " SRR B i
WOUT Bl | 27 4 3% i AR R Oy 322800 %
Ho 8383 dJa, C-5 Bk ™A 3 B, K 18 ik
23 mm; C-5 & bk 7 £F 4k K B, K % Bl 3.1 mm;
CSHAAMRATAILT EF(£3) .
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Table 3  Activities of chitinase, cellulase and protease produced by Strain

C-5 by plate assay

7K fi# V8l 42 Hydrolysis spot diameter( mm)

EE 7S JUT J5T il e E
Strian Chitinase Cellulase Protease
C-5 — 3.1 23

2.5 CHSHEHBKYEE
P RE C-5 78 NB P-4 | 28C 1557 24 h, [ ¥ 3L

L, B, R SOt . BN AR,
G* 7278 WG IR B, B Ak C-5 09 Az A AR AR AE DL
(F4). Ktk C-5 Frill /7 51 $2 52 31 NCBI %4 ¢
HiE 4T BLAST £ %, fi ] MEGA3. 1 3t 2:hl R 42
RER(E3) . REHMEM B, C-5 FHkE ZH
RIEMFF B Paenibacillus polymyxa BMP-11 f) 16S
rDNA J¥ 31 [l Y5 Pk 3 £ 100% . i B Bk C-5 9 2k 21
A AR AE 5 A U 22 G 8 ZF JAT B R A BEAR AR R AR
FAR—H(F4) . FETHEDHRIEM 16S tDNA J
G I3HT K C-5 WL E 2 RG22 JAT 1A .
B. subtilis BN-10

73
B. subtilis B432

100
B. subtilis C8-4

99 B. subtilis ZJ06

99

B. licheniformis CICC 10219

100 B. licheniformis HNL09
B. licheniformis R-13585
B. pumilus BMI
B. pumilus ZH1-6
100 | g, pumilus st9
B. pumilus XJSL5-4
~ B. anthracis 2001039370
6 B. anthracis 2000031244

B. anthracis 2002007621

100 | B, cereus G8639

B. cereus G9667
65
B. cereus H1439
34 P. polymyxa EJS-3
P. polymyxa 1172-1

P. polymyxa BMP-11

0.01

100 |2
C-5

39 P. polymyxa TN80
29 | P. polymyxa AFR0406

73 P. polymyxa JSa-9

K3 C-5 Btk 165 tDNA F4] R 5% % B M

Fig. 3 Phylogenetic tree based on 16S rDNA sequences of strain C-5
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Table 4 Physiological and biochemical properties of Stain C-5
Hi b Rz ti b R
Items Reaction Items Reaction
EX R + M. R +
L + V. P +
[y i - TE M 7K fife +
o + — R +
PHS. 7 Ki %
(EDRIEE 3 + g +
el + iz gt +
i 4 + 2% NaCl +
HEAE + 3.5% NaCl +
g - 5% NaCl -
L - 7.5% NaCl -
W + 10% NaCl -

T+ AURBIE, R, A s gtk R ¢
R, AT £

Note:“ +”

R EBIE A

positive, acid-producing, motive, Salt-tolerant, “ - "

negative,, non-acid-producing, not salt-tolerant

2.6 CSEMHEHBEMENEBEEEK

3% M

FIJH C-5 WAk 5 A HLIE 28 =0k B il 4 19 134

A LS 2E AT M R RO . SR AR
FUI(FKS),ANT 5 MOF Ak #l iy i 55 . F 5 0
PR B4 ¥ 22 5 MOF 55 CK2 gy fif . 3
FORR A S 0 22 5 BETE M 1.8 A, T
LT A AR RN 1.4 % s MOF & CK1 ) ff 51
TRk AR5 22 5, a0 s 14 45 1.3 4%, T
A U 22 5 MOF 5 OF it fef 5 A0 bk i A7 W
WS G L ARG L2 FE L. 4
Ul BBl AR W RERE AR T 08 R AR 4R
M 7 R

RS C-5 RIAEW AR R X E & KB R0
Table 5 Influence of C-5-added bio-organic fertilizer on growth of tobacco

ff TI:E i

I\ [l
it 3 Fresh weight Dry weight Plant height
Treatment 1 1
(gpot™") (gpot™') (em)

CK1 106. 07 £20. 3b 11.16 £2. 6ab 40.38 £4. 8¢
CK2 80. 89 +36.4b 9.75 +4.1b 37.65 £4. 5¢
OF 102.94 £49.5b 11.33 £5.2ab 44.92 £10. The
ANT 113. 87 £20. 7ab 13.46 +2.0ab 50.67 £5.3ab
MOF 149.41 +£24. 1a 16.02 £4.7a 54.22 £4.7a

T LA BRI 3 A EE MM = b 2. [ 50 BdE
FHRAFCE AL PR 2 R B 3% ( p<0.05) Note:The mean of three
replicates is shown with their standard deviations ( mean =+ SD). Values
in the same column followed by different letters are significant difference
( p=<0.05)

2.7 CSEMHIZFHNREWEINRERTEEZRR

BIBA B SR

MR 45 R KW (£ 6),0F | ANT #
MOF =/~ Kb X5 8 475 215 95 8 A — 52 B4 B3 33 AR
Horr MOF () B #2534 S d5c 47 7T 35 %) 80% , OF il ANT
P~ A B 7 995 32 43 ) 31, 6% il 42.0% . CK2
RIp I m h 66. 7% ,MOF (1) & 95 % HLE G, H
16. 7% ,CK1 & fd f + 3B A & i Hikk , OF Fil ANT
Ab B ) B %R 33. 3% F1 50. 0% , 45 Ui B % C-5
PRk il 5 9 13 26 A HLAE T A R o A R
I 0 2
F6 C-5HKRHEHMENENIRMNEEZRRHHELR

Table 6 Effect of bio-organic fertilizer containing Strain C-5 on control

of tobacco black shank in the pot experiment

b B ) 5 97 3
Incidence of tobacco
Treatment Control effect( % )
black shank (% )
CK1 — —
CK2 66.7 —
OF 33.3 31.6
ANT 50.0 42.0
MOF 16.7 80.0
N N
K 0 I 7y

PRI R OA AR 09 AR W 0 AR e R R R
{0 0 5 AL 5 2 A 7 AR S pU ) LA A TR R
WA Z bSO SR SE S Y
FEERGYURE S A SCH IRRGE T — bk 2R 3
ZFAUAT IR C-5 REA I il A e 2 2B 5 A K MBI i
MGG F o C-5 X A B0 A A= 8 B FIBROAR P % 50 ot
F4 00 3 £ FH AT BE 5 G RE 08 0 b 2 4 SR A %, 2F 4
R O AT A R A R A A
FUH A0 M BE R RS A LT B, i T AT I B
B C-5 WJLT BB vk (3 3) , AL C-5 X H R i
ERUEININ TSN )N e S N U e ol D &
B P T A TR 4 A L T RE S 0 At
R AT T TR A0 RE JL TR K A T g
B HE KRR SEPURE Y i 70 W — Fh sl 2
FET) T B SR PO I, B R A SR
PIBs IE R A AL X R
JRAD R PO B AN R A R
—BEE R W], 2R 2 AT B R A LR W B 3
Ty, B, w bR HY96-2 FE 4 i 7 7t 75 4 i g It i 2R
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K2 B W3 Y2 X A A Bk K B 5 A A0 ) AR
FH2 B bk PESO8 X 48 B o5 299 /N 22 o B 0 T
AIVEE R b BREF-1 % 8RR B Ak 250
B a E . BRI AN, 2R 8 2E AT 1 7 AR B N
P L A 2 7 38R B N S 34 A e R 1 IR AL A
I, R T B AT RE 05 76 b EERBE v A KA, E T
T AR E LR

5 it C- T A W B A HLIE AR L, C-S 5
HLAE % 1 I o J8 1) Bk 2 4 A WL E oF A0 0 B 12 5 114
AR T . A WL RE 9 15 B0 MUE R 55 4y
i L AE 8 P T A A A K, T s 3 I A 0 R
W0 2R o AR, 2 F T B RE AT B AE E PG
9 491 AR 2, — 9 25 F00 AT 1 26 D7 9 1) [7) BN 77 76 £
HE PR, RE I B A i i A g R
8 TP S AU AR X 95 D B A AR B A P A
WA — SO R AL A A A A0 . ARSI kB
i ) A0 A 0 R TR 9 A BIL S i AU 3 A 5 1 2 KL B
MR = B (R 5) o X 5 /A58 S B & A L
B 45 it FH T AR 6 RE I A 3 250 14 % 9 e 0F g
BRAE K45 R —5

BARXIAR bR S e Z R R B E A
B IS, AEX VR 0 sk 2 90 A HLIE J5 AR B £ e v
LR W 22 R R A0 I BB A AL AR AR R £, A
5 3 WG T 18 2 0 A HLAE B 0% 412 O 1 90 A K 4R
TR BT IRROR 1% 45 R HE 3 R B8 A i AL AR L A=
PR T A (B LB i 0 — 2 A

2 % x
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SCREENING OF ANTAGONIST AGAINST TOBACCO BLACK SHANK AND
BIOLOGICAL EFFECT OF THE STRAIN
Cao Minghui Ran Wei Yang Xingming' Shen Qirong Shen Biao
(Jiangsu Key Laboratory for Organic Solid Waste Utilization, Nanjing Agricultural University, Nanjing 210095 , China)
Abstract Tobacco black shank is one of the most serious soil-borne diseases in tobacco production. Biological

control has been proved effective and environment-friendly, but screening of antagonists against pathogens is the

basic work in bio-controlling. Twelve strains of bacteria antagonist against Phytophthora parasitica var. nicotianae

were isolated by using the plate-confrontation method from rhizosphere soils under healthy tobacco plants in tobacco

fields seriously infected with the pathogen. The averaged inhabiting rates of the antagonists ranged from 59.4% to

71.1% . The best performer Strain C-5, which was identified as Paenibacillus polymyxa (C-5) based on biochemi-
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cal tests and 16S rRNA sequence similarity, was then selected for further experiments. Results from antibiotic spec-
trum experiments show that Strain C-5 was also effective in inhibiting other plant pathogen such as Fusarium osypo-
runm f. sp melonis , Fusartum osyporum f. sp cucumerinum and P. capsici. Pot experiments show that application
of bio-organic fertilizer supplemented with Strain C-5 suppressed the incidence of tobacco black shank by 80% as
compared with the control. To our knowledge, this is the first report on the microbiological antagonism of Strain
Paenibacillus against Phytophthora parasitica var. nicotianae.

Key words Tobacco black shank; Microbial organic fertilizer; Paenibacillus polymyxa ; Phytophthora parasiti-

ca var. nicotianae



