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Screening and identification of bacterial antagonistic strains
against Cylindrocarpon destructans

SUN Zhuo, YANG Li-min”
(College of Herbal Medicine/Breeding Base of State Key Laboratory-KLUER, Jilin Agricultural University, Changchun 130118, China)

Abstract In order to obtain more effective antagonistic bacteria against Cylindrocarpon destructans ( Zinss.)
Scholtan, 113 bacterial strains isolated from ginseng rhizosphere soil were screened by flat confrontation culture
method. Thirteen strains showed strong antifungal activity against C. destructans. Antibacterial spectrum tests were
performed with bacteria fermentation broth, which was autoclaved and filtrated, by using mycelium growth rate method.
A pot experiment was conducted to evaluate the efficiency of antagonistic bacteria on C. destructans and plant growth.
Strain SZ-2 showed the strongest activity against C. destructans and the inhibition rate of SZ-2 was up to 88.80% .
SZ-2 also displayed broad spectrum of antagonistic activity towards selected pathogenic fungi of ginseng. Pot
experiment also showed that the control efficacy of SZ-2 fermentation broth to C. destructans reached 68.50% (P <<
0.05). The average plant height, plant fresh weight,plant dry weight, root length,root fresh weight and root dry mass of
SZ-2 treated plants were significant higher than that of CK. The plant dry weight, root dry mass and root length were
increased by 79.39%, 131.51% and 86.9% respectively. which were significantly higher than that in water control
(P<<0. 05). According to morphology, physiological and biochemical characteristics, and 16S rDNA and gyrB
sequencing analysis,SZ-2 was identified as Bacillus methylotrophicus (GenBank accession number KC511107) .
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i & K AE 1 B (Cylindrocarpon destructans
(Zinss. ) Scholtan) 51 & #9 A 2 55 I 5 & N\ 2 F i
WM EE LR EZ R ERKAILEAS >
DX HIA KA 9 1 4R R 0 R R R AT Gk 7040 L 1
20 I ELTE LA AR A T AR G NS AR A% TR A L B
B, AR AR K EREEY B R SR EN
BEMEARK T EAR R B R SR AT SR
TR AR B B AR L fE FE RN . BT iR A S
B 2 R AR 2= B I6 30 i P T e AR B
S5 1R A T {E K T AR A 2 R 2 R A A
(BT 25 P 5 A9 R o L 5t [ I A e Ak L 4 0
Tl 285 R Al A5 Tl LR T 3 N S 0 7 R M A o
JATS TE 12545 BRI

A= W B 16 0 v T D B RN 2 R R A
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WA Z 0 A E B A R B
PN ELEE N SR B AN B b 2 s e 3 Y 9 2
SEHUNTF B Bacillus endophyticus N ff V€N 2R 1@
B. amylolique faciens T i 35 31 i 5 < HE A 5 A= K
R ESHI 98I N B, methylotrophicus 3t N Z 5
B8 A T A A s Jang 4E° B B. subtilis (1)l
B. amylolique faciens(yD16) 0] F F B ¥4 8% K #: #0
W51 B9 NSRBI L OF A 25 AT B AR B
T8 0o Ui o 0 75 47 TR PR R T AL s 3 A= W B
RIS TAER RIS L D BRI 88 A B8 b oA
Bt B SR W O L WESE R B A g A ) AN
0 E)AF B AZ U BN B, M W AR BR (Plant
rhizosphere) 42 & J 1% 2K 09 i A= 25 X B, Ay
AR BR - A0 B S AR R R R AT ) B A U T
HEST H AR FR M DG AR BR AN B I8 2L AT B A R
FERiH S 2 EEASEN. BEYRRE L
S A0 T 1 T AL Y S AR R AR e Ak A
B B U ) R AR

M AT AU SE R = B B B 113 Bk A
ZARPR A A T B8 O A 2 A K S
FF NS5 1 s 10 By 1 R 1 X0 R 465 e 4 R 3k
Fr oy e ML E . 5 8 BRI S0 3 R AR B Ak
il I S IR A= B
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NS 3 A NS BA S A TR
/ARG

B - B Ak 1 O S R A B L IRCH
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(LN YGEEN N 1 P RN R Ry ViR PN
R B A S L 16 R i I A A AR AR
B4t . 4 C IRt

BN 8 B AS RS 13, B TR
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PECHE IR AR AR PR (NB) A K 77 5
FEHMR10.0 g 4 WFF 4.0 g NaCl 5.0 g,7K 1 000
mL, B 17 g, pH 7. 0~7. 2 ; B £ 55 5] 4 i 7 14 15
F: 3 (Potato Dextrose Agar)!™; BPY %k 1# i (Beel
Prptone Yeast extract)!™,

AW 5027 Z W R BRI AKX A F

B g HPG-320H A\ TS AR5 WG IR 5
AR T RHCARA A .

1.2 HEERHE&E

H PR A0 T e b T I BPY KM .32 °C
190 r/min R 7% 24 h )5 MR KB 4 "C &
MG HEE =0 (10 000 r/min,4 ‘C)10 min, # FiF,
FRAF AR IO 25 85 F K oh ik 3 IR AR B R i &2
10° CFU/mL & H.

1.3 HEFEREERN

DA 2 85 R A0 187 A 48 7 T 5 106479900 9 A 2 0
)0 R IR AT R 2 B AR 8 mm (AT L A5 4 18
At 19 95 LR ) ol T DF 5 JC 1R 4 Bl = PDA S Al CEL
£ 90 mm) BYIE P S [RIIORE 4 7 AR N 1T em B K
PR ARIE 7Rl T RE S AR o 25 mm AR A 4 A £ R
bR 3 RRARIR R B A R 20 oL BN TR R
X R R A B AR B 4 20 L JCRR K, BEA 3
WAPATESE KT M N ENE 28 CRFR 6~7 d
Jei o D L Syl A B D TR ) T T AR L B S A
BB AR . TS PR B ORI T A

SR AR AR LD 4 C AT KRR
YA A B BPY B Bk & BEWK 12 000 r/min § .0
20 min J&, FIE WL 0. 22 pom KA B CFL DB IR S BT
FHUEW 4 CHAAF T . 75 PDA AR b de 3 i
£ 8 mm [ JEUE B P, 28 C R KSR 24 h 5 R
A AT A HEAR T AR L 2 25 mm 1y 4 A
XFFR AR s AR 100 L BECIE R DUIMA SR TR TE
W BPY i IR0 B, B2 3 A, N AURAR N
28 “CHiFE 5 d Jm M IF I sk P I 1 A9 T % 1
1 T2 S S T A RS U bR AR R

MEHE=(A—B)/(A—8) X100%
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1.4 #ZiFHRAw
1.4.1 BA#HRAEKEAFR

BUK S T MR KN 3FEEANSH REMN
BEVEG (R E RIS e R /5, 50 TR PR
Smin), B LR VO -5 : VUER) =
2+ 1RCEHIRAI R . AS WM T 24 cm X 16 cm
AT AL 3 MR A AR R A S B0, % A S
THEREH, REBEASENE. B8 NEES
B PR R W B W (F R R A h 2 X 10°
CFU/mL)90 mL, X A A FEE B TLWH EE T
K. B3 RER , BELZMAT 10 4, TS
TR A, S 45 d, BEHLIE R 3 Bk A ST /N
B SRS I Ve R ARV £ 0 bk L
R i I FIUAR B 0 i AR R AR . SR 180 CHET EE
R T MR

1.4.2 =528 RRE

BR300 WMAKRIKE 3FEEANSH L HEN
R L AL Z R HOR W T SZ-2 R B G
2% 10°CFU/mL) H1,25~30 min J5§ B BT
Al 1.4, 1 645, & a#EATRm I . SRR
WEEE EASH—M HIIEEAS 255 1 om
SO AR ER 38 A 1 TR NS E AR TR AL EVE 5 mL
SR RRE 9 A A6 B R B R 5 < 10 il F/mL).,
B R WHE T B A 15 mL GBSy 3 HMEVE .
JFEWE A 10° CFU/mL) 5 {575 B 5 W CFr T it
2>X 10" CFU/mL) . 10 £% # B J5i W (& B & 107
CFU/mL)) , 25 5 X%F B4 50 %6 £ B R ] i P 4 71
1 0005 25 A X IR R W /K. W b 4% b B, B 4 3
MR BE 10 0 1 AP, 3 RE R . MR 45 d
Ji VA g M O o AR N e BRI B IR O .

NS 60 K R S 2% QA& 1 05 ik
SRAHCGED,
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Table 1 Disease degree of Cylindrocarpon destructans

5y AR UE
Grading standard

93 R &M
Grade of disease Representative value
* 0%
%% 1%
- 2 Y%
*XHRR 19

ERAZ

FBE SRR 25 % L

o o5 S AR B AR 260 ~5000

R BE (5 S AR BT 51 % ~75 %, S W32 7™ 5 5 R

R SRR 76 % DL EUE A

i 8 95 Bl R A DR T 2 5
o
RS = (3 OBt < 102D/

CEBRE X BRI ) X 100 (D
Bi IR RCR / Vo = COM IR 1 4 0 — b BRI 1 8 510 /
Xof BE 155 4 £10O <100 (2)
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45 % T ik

Az B A AR ARRAE I Y R K AR A R IR
B Ry R A R A R B i AR R A TR B L T R K
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IO ) 45 22 T AR B A AR BR iR B

PCR ¥ 1 4 119 16S tDNA J£ 51222 ,PCR #*
12 B B Y R 16S1F A1 16S1R, PCR 4%
B & (50 pl) e P20 DNA 2 pL, ANTP
(10 mmol/L) 2 pL.10XBuffer 5 4L.16SIF 2 pL.
16SIR 2 pl, Taq ®i (2.5 U/pl) 2 pl, BLZE K
35 pl, PCR ¥ #4 £ 1. 94 “C Hi AP 5 min; 94 C
1 min,58 °C 30 s,70 C 90 s,35 MEF ;72 C 2
10 min, 4lifbJ5 ) PCR F=¥pi% 22 Liff A T A T
PEEAR M5 A R A W, 751 b GenBank 3k
5% 5k 5 JF 38 i NCBIL B4 B 38 47 6] U5 P b X
I3t

gyrB SERY 51 ) ¥ 5] e PCR 9§73 5144 =
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A5 R L Bir i 2 38 i NCBI 88 e iF 47 8] 5
BLAST [et, i ] Clustal X k47 2 5 HStHS
FIFH MEGAS. 1Beta2 /LIS B R K AT
W AT R G AT .
1.6 HmEILL®

12 FH AR R S kT X A O T A 40 B B R R AT
PUo iR 8 . (BRI R 1.3
1.7 HIEHH

I3 B DPS 9. 50 F #E B 4k B8 5006 Bt » 22 5 W
F P2 MR H Duncan [GB & M 22 3% .

2 HERESH

2.1 TEMEHSBREREKBGFE

N 2B RORE 6 T 1 475 0T PR D e 4 R R
WY, P00t AR A 13 BRI B i, Horp SZ-2.SZ-29 i
SZ-57 MM Rk 70% LL b (5% 2) 5 E 45 R W
7N (3R 3) A7 10 BRFE DT AH B 19 T8 Ak 1 8 V0 HL AT 411
HIAVE A Horh SZ-2 ,SZ-29 K SZ-57 3% 3 Bk 41 A4
P SEAE 7.47~11. 33 mm IPREPBCRIKAR B F . H
Z2 I R H A T RBOR BN RS E . U R SZ-2,SZ-
29 F SZ-57 W] T it — 05

2 BHEAFRNRRKEBAEERKBING
Table 2 Effect of 13 pathogenic bacteria against Cylindrocarpon destructans

5 i %
Number Inhibition rate
SZ-2 88.80+0.66 a
SZ-57 78.00+4.10 b
SZ -29 70.0043.89 ¢
SZ-26 64.63+0.73d
SZ-55 64.40+0.60 d
SZ-82 54.29+1.45 e
SZ-73 52.0443. 37 ef

5 i Y
Number Inhibition rate
S7-31 50. 134 1. 10 fg
SZ-48 50. 114+ 1. 50 fg
SZ-14 47.69 +1.96 g
S7-8 46.0041.89 g
S7-61 39.8041.11 gh
SZ-112 20.00%1.33 h

TR EE R b2 . R AR R 28 Duncan [T B 2 E K02 F 8% (P<0.05), #3417

il .

Note:Data in the table are mean & SD. Different letters in the same row by Duncan’s new multiple range test(P<C

0.05). The same as table 3,4 and 7.

R3 EHEAKRMNRRERAENHEEYE

Table 3 Inhibition zone of tested bacteria against Cylindrocar pon destructans

75 461 H /mm
Number Inhibition zone
SZ-2 11.3340.47 a
SZ -29 9.21£0.89 a
SZ-57 7.47+0.56 ¢
SZ -8 6.09+1.10 d
SZ-26 5.9440.28 d
SZ -73 5.33+£1.31 ed
SZ-82 4,4740.70 ¢

75 461/ mm
Number Inhibition zone
SZ -112 4,4740.81 ¢
SZ-14 4,3440.68 e
SZ-61 3.73+0.44 f
SZ-31 —
SZ-48 —
SZ-55 —

T " ROR MR SR T 2 mm,

Note: “—"indicates inhibition zone is lower than 2 mm.
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2.2 EHRMASHBEKNZN

TE AR P, E bk SZ-2.S2-29 f1 SZ-57 ¥y
AR (R 4, Hop SZ-2 R AR el
3 XTI A, N SR T R R T AR B

Jo R FIAR - 5 B 49 A 4 46. 87 946,79, 39 %4 .53. 50 %
A 131,51 0 5 B 40 Bk ve RAR A AT Sz e 1y N S R 119 1
AR BE TR SZ-2 XF NS bk m MR A 62 A2 RICRATS
SR 5, 5 5% HEAR EL 43 3103 im 51. 65 26 1 86. 924,

x4 BREANRNASHREER

Table 4 Growth promoting effect of antagonistic bacteria on Panax ginseng

o Bk T i/ g BART /g MR T 5/ g T Fit/g

yoEl P/ em A BT &/ em

) Plant fresh Plant dry Root fresh Root dry

Treatment Height Root length

weight weight weight weight
SZ-2 32.15+0.49 a 6.334+0.23 a 2.964+0.16 a 4,1940.52 a 1.697+0.09 a 21.12%+0.17 a
SZ-29 30.50+0.97 b 5.8940.55b 2.074+0.27 b 2.887+0.22 ¢ 0.8940.21 b 13.80+0.54 b
SZ-57 26.8040.72 ¢ 4,8440.39 ¢ 1.84=£0.55 b 3.21%+0.16 b 1.17£0.03 ¢ 16.9040.67 ¢
CK 21.2040.56 d 4.31£0.09 d 1.6540.02 ¢ 2.73+£0.04 ¢ 0.7340.02 d 11.3040.20 d

2.3 B SL2XMASERRHABPH AR
FARBTIABORALI 45 R R W W bk SZ-2 BBl
XSG SR IR R R 70, 73 % .5 F5 5 B Bl

BHCRIRBN T 60. 94 %, 10 17 His B W 10 B ¥R S50 AR
SRBEIAF 53. 66 %05 4% He B TR bk & 8% W 17 36 2R
TGRS,

£S5 HEKSL2HASEEROBIERR

Table 5 Control efficiency of stain SZ-2 to Cylindrocarpon destructans

G i BEAG 4L I 17 4 4L Bl ¥R AR/
Sample Dilution factor Disease severity index Control efficacy
SZ-2 1 18. 37 70.73
5 24.52 60. 94
10 29.09 53. 66
2y 1 000 30. 46 51.47
K - 62.77 —

2.4 HKSZ2MBEE ELEE

B WG A SZ-2 W I AR 2L A s
B R B B R AR, K k0. 3~
0.4 pmX3.4~3.5 pm, G, 2 fL#f [ 4b F 74 4 o
R(E6),

PR SZ-2 1A KR Y I 2 20~38 °C L e fE:
ARKEE R 32 C, HAK pHWEN 7.0~7.6,
g AEK pH N 702, HoAth Az B A fb 48 bR LA
6. BB G A A IRAE . bk SZ-2 52
FURT B B 252 DA B A B A A R PR AR AT 45
2.5 HFEMFELETE

DLW bk SZ-2 19 5 K 4 DNA #if §7 1 16S
rDNA BBt 551K R 1 373 bp, #2538 GenBank 4

M CEMS . KC511107) 3 47 BLAST o X}, 25
WoR 5 SZ-2 [A J5 M & & 0k ZF L FF )R B.
methylotrophicus & fifi % : KM186185. 1), H ¥ %]
[ Pk 10026,

AT KR SZ-2 (R 240 DNA SHBAR Y3 gyrB
PR B AR B/ 1199 bp 19 PCR RRAE 7 5%
WS gyrB BRI BIS E BE A A AT . DU
JP45 3 5 GenBank 12 AT 315 5] SZ-2 52
K JE B. methylotrophicus C& i 5 : JN896940. 1)
1 gyrB B PR 5 50 WA R 99 240 5 AR % (ND#4
#HEREEBEW B 1), Wk S22 5 B
methylotrophicus C& i 5 : EU194897. 1) [6) J& — 4~
9332
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Table 6 Biochemical and physiological characteristics that differentiate strain

WH PEAR IIRE| R
Item Character Item Character
JEHK Shape FRIR LI/ pm? Cell size 0.3~0.4X3.4~3.5
iz 31 Kinesis — H22 [ YL 6 Gram staining +
JRE K Anaerobic growth — A Ji2 7K i Hydrolyzed gelatin +
L-BfH7 {8 L-Arabinose + M 25 11 7K fit Hydrolyzed casein —
D-AKHE D-xylose — fi% %2 ik 7K it Tyrosine hydrolysis —
D- #jZj$E D-Glucose — i fitf Catalase test
NE Wi B Lipase — V-P i, Voges-Proskauer test
H#FEliE Mannitol + 2% Mt £ iR 5 2% salt resistance test —
i 2 £hi4 )7 Nitrate reduction + ST R % 576 salt resistance test +
M B R £ Citrate tilization — TUMH IR 7% salt resistance test +
TEHMS K MR Starch hydrolysates + 10 %0 £ 385 10%6 salt resistance test —

TE 7 B SR 5 — S B SR 5 7 O 5 P B IR B4R

Note:“+"” positive (growth or reaction) ;*“—" negative (no growth or no reaction) ;“ 4" weak or delay.

Bacillus amylolyticus NRS-290TT(D85396.2)
Bacillus beringensis BRO35T(F1889576.2)

Bacillus amyloliquefaciens DSM T (FN597644.1)
Bacillus atrophaeus JCM 9070"(AB021181.1)

Sz-2

97

Bacillus methylotrophicu CBMB205"(EU194897.1)

[ Bacillus vallismortis DSM110317(AB021198.1)
98
100 g ittus subtitis DSM10T(AT276351.1),
Bacillus aquaemaris TF-12"(AF483625.1)

Bacillus anthracis ATCC 14578T(AB190217.1)

100

100 ||Bacillus alveayuensis TM1T(AY605232.1)
99\~ Bacillus boroniphilus T-152T(AB198719.1)
98 pacillus algicola KMM 3737"(AY228462.1)
Bacillus ginsengisoli DCY53T(HQ224517.1)
Paenibacillus lentimorbus ATCC 14707T(AB073199.1)

97_1j13aenibacillus larvae subsp. larvae DSM 7030
88 Paenibacillus polymyxa IAM 134197(D16276.1)

—
0.02

1 ET gyBEERIHMENERERERXERRELEN

Fig. 1 Phylogenetic tree based on gyrB sequences of antagonistic bacteria and type bacteria
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L A B A AR bR 43 M L 16S rTDNA K gyrB 3
PR 971 L oo 45 2R J 5 R SRR vk AR B8 kB W 0 AT L I
2R bR SZ-2 M E O WAL E SR L ZF AT I (B
methylotrophicus) ,

2.6 EME SZ-2 BINEE
AR SZ-2 xF 16 Fb At TRy 30 25 2R B

7R+ SZ-2 XA AL S B 5 BUAE T X b S =
R T S5 6 o T TR B A5 AR /N T 50 26, X /)
22 7R B B BROHROBE B B AF 8 MO DB 14 410 o
YERI A 5026 ~80 06, % N2 B O KL 4t B 1) 410 o 42
FI Sy 88. 8000 . & I B bk SZ-2 #y H BT 3% X 98
(£ D,

R7T HEHKSL2WMRFRREFENMHEER

Table 7 Inhibiting effect of SZ-2 against fungal pathogens
97 I L TR i/ % 97 i LT Mkl %
Plant pathogen Inhibition rate Plant pathogen Inhibition rate

NS RIE#E C. destructans 88.80+0.66 a M RARZE IR B F. bulbigenum 50.06+0.62 f
HABZE TN Phytophora capsici 80.13£0.71 b W 9 B Sclerotinia sclerotiorum 42.6940.50 g
INZE TRBEFRH Fusarium graminearum 75.01£0.82 ¢ INAZ BUH R B Rhizoctonia cerealis 42.554+0.71 g
WA ZERR A F. oxysporum 68.82+0.33 d EK/NBEIRE Bipolaris maydis 35.47+1.22 h
FRIK R Botrytis cinema 68.81+0.47 d TR Magnaporthe grisea 34.92+0.84 h
ALK FFIN A B. cinema 68.76+0.54 d HSE B IEIR I Alternaria brassicae 25.65+0.45 1
MAEAZEIN A F. oxyspotium 57.69£0.31 e INFEMRIE SR B. sorokiniana 20.342+0.66 ]
W BN Dothiorella gregaria 56.9840.65 ef | MAEZHIIRE R. solani

E =" RAMERANT 102,

Note:“—" indicates inhibition rate is lower than 10%.

3 4t i

) A= 77 240 BT 1 TR DR 22 4 AL A P R R,
S o (E 2 B - RE N o G S A TR TR <R R
BORARAS L - AR B o L, AR TR AR AR IX
I, AW AR PR 2 R B Ry A % H S A AR AR i ) o
2 T 37 B ) HAE G &R L AR B HE DN 41
e 3E A R AR 25 AL B SR Y 3E 4 ) R AR A fE
71, BA B AR AR PR 40 T B A B e 2 AR fiE
IV R B4 AR B T R 0 T o A v 3 B R AR
P - A0 TR AT S G 0 A B A (B AN R . AR
WF 38 o 3 R 2R 48 1 7 ARt Ie T B WA SR B+
S P U BT 22 AR AN, IR IR SE R Bk SZ-2 X5 R A
SR I B K AL C. destructans FL A 3540
HE T T 1S5 B RE 85 Ry 28 1Y 5 ARk e 4
FW],SZ-2 B WA N 2 85w B A B i &L
F B NS BA B e K AR X B 1
HAE NS00 F B 16 7 i B . @ g s,
AP A AL FD 16S rDNA S HOR T B Lr & %00 i &
S7Z-2 Jy W B E SR ZERIFT B B. methylotrophicus,

VE R AR B 4 S eb i D S Bl A= Py R RE L 2 9
FETE HAT AR SR AT 39 68 1 5 By 9 BE 1 5 R IR HC R
AR % B 6 © L N b7 3 B A R 2
L AR G EEALAT B B VA N S 5 I 11 4 4T
SRS o E 2 AT T 00 B s AL AR i N B R 3
Ve AEPUE R G S PUR Y . 25 E
X7 B. methylotrophicus W &R 47 W B YL E & EH #E 47
Sy egalidl, & BT ] N S8 R e e T
W A B B 22 AR AR A o T AS A 938 5 P AR U
UESE SZ-2 BBk 1Y K T I8 V0T N 2 65 JE8 s T 40 il 2%
g 2 UL B. methylotrophicus W30 # & H 15 B
1B NS E 7 A 52T LR R AR TE H AR AR SR
O A RMRA R R . R AR T A AR IR
B HE T 0 2 SZ-2 TR Bk R, T I R TR AR K 8L F
REERFFERBI T B. methylotrophicus W) B % K
P LERE 3, B A& HEM . B. methylotrophicus Tk AT
AE LA S840 g 3 45 00 M U5 5 0 Al A9 A2 254 R Bl
S AL o HC AT AT 2 AR B A R AR A S T
IFi] 5 A ) B9 LA G 2R o ) 3 4 v 0 D T ) 5
AE 3 o folt g I T A A7 25 ) 32 BR T 238 o [R) P 45 470 40 Jo
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