A SR IR Jul. 20, 2023, 50(7): 28922906
Microbiology China DOI: 10.13344/j.microbiol.china.220993
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

MFEEREREMENSE. KEBEEFHNEEINE
R

AARE, REE, KEMNW, FTH, HEZ,
DR AR A B, =~ BB 650201

)
i
N
E
i
e
ot

Tk E, RER, KEM, 6, EE2, LR, el 5% BFAEmmEmiim e . BRI XA AR [I].
AR WpaEiE A, 2023, 50(7): 2892-2906.

TANG Yongyu, WU Guoxing, ZHU Guoyuan, LI Ran, SHI Chunlan, WANG Sijie, YANG Yantong, GAO Xi. Identification,
fermentation condition optimization, and effect of a strain against Sclerotium rolfsii in Aconitum carmichaeli[J]. Microbiology
China, 2023, 50(7): 2892-2906.

B OE:IHx] WTFagsradFE DA (Sclerotium rolfsii)5| A2 —F LE @A MR E, ZRA
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aﬁ%%bﬁ%aﬁ WA FIE. A A KIS, 16S rRNA A F 0 5 o547 #4225 K Hodx
VAR B F X I Af R B A AT AL, PP MR R E 6 H BRI AR R B R
A BRI ROR. [ R] A RO RARE LSS H N2, 55T 4R F F AT H (Bacillus
siamensis); Bk N2 mRAEE SRR BF (g/L): JREAIE 10.0, BEIZH 5.0, F420.0; mMEZHRE
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Identification, fermentation condition optimization, and effect
of a strain against Sclerotium rolfsii in Aconitum carmichaeli

TANG Yongyu, WU Guoxing, ZHU Guoyuan, LI Ran, SHI Chunlan, WANG Sijie,
YANG Yantong, GAO Xi’

College of Plant Protection, Yunnan Agricultural University, Kunming 650201, Yunnan, China

Abstract: [Background] Southern blight of Aconitum carmichaeli is a soil-borne bacterial
disease caused by Sclerotium rolfsii, which seriously affects the production of the medicinal
plant. [Objective] To screen a strain against the S. rolfsii in A. carmichaeli and use it for disease
control. [Methods] The strains were isolated from Tenebrio molitor pupae by plate coating
method and streak plate method. The strain with strong ability against S. rolfsii was identified
by plate confrontation assay, and the taxonomic status was determined based on morphological
observation, physiological and biochemical tests, and 16S rRNA sequencing. Fermentation
conditions were optimized by single factor test. The inhibitory effect of suspension, volatile gas,
and fermentation broth of the antagonistic strain on the mycelia of S. rolfsii was determined.
[Results] An efficient antagonistic strain N2 was screened out and identified as Bacillus
siamensis. The best medium formula (g/L) of strain N2 is tryptone 10.0, yeast extract 5.0 and
sucrose 20.0. The optimum culture conditions were as follows: initial pH 6.0, temperature
36 °C, rotating speed 240 r/min, liquid volume 30 mL, and inoculum 0.05%. The suspension,
volatile gas, and fermentation broth of the strain all can effectively inhibit the growth of
S. rolfsii mycelia. The results of extracellular enzyme assay showed that the strain could produce
protease and cellulase but failed to synthesize siderophore. [Conclusion] Strain N2 has ideal
inhibitory effect on S. rolfsii of A. carmichaeli, which has a good application potential and high
research value in biological control.

Keywords: southern blight of Aconitum carmichaeli; Bacillus siamensis; optimization of
fermentation conditions; inhibitory effect; biological control

W ¥ (Adconitum carmichaeli)y X W 23k 5% [t 15 T ARG, EREE LR, Xﬂﬁ?ﬁ
. mNcET (At ) M) HoERUE . R BB KM S v 8 A S A K
S PR RSB ERY, M AE ﬂﬁ%%ﬁé%ﬁﬂ%ﬁxﬂm,ﬁﬁk%ﬁ

o A XoF B 18 I M B R 2 — e SRR
WO 1JGA H 1955 8/ MZ TR (Sclerotium rolfsii),
H L5 R 9 3 & AL TE BT AR, DR AR wf
FiBh6, 3% B A0 7= R T R
EAK, HTFHRFHIALERIEAS, T
gﬁ%%ﬁW?%iﬁLiﬁm FRF - Fofr A KA
L AR EE T, 3k A N B0 T B AT RS R A

AR S L S g, AT R R AL
PR ER (b2 R T A L )
PR A BRI S, R e IR

fIRBR B A 2% 25 A 5 AT B iey, 9 H.

SN 8T FH A B BRI, DR i LA o A B
ROR BIAE B BRI Haz F 3025 AR 2R 7
B NEE,
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2 AT T LE A P B O B
PR, HLAT IR R A W A K R & R i A 0
EEAERY, BWMBEAFHA . ARFR
A 2R 08 1Y) A 7 R R 2E AT R
i VAR SEAUAT ™)L R AT B . SOt
HMEE . MR, EEUImARREE
SERIR B AN, HOHS 4 0k U5 T A W AR PR
R A A U MR R, A KR
128 995 19 A= 0 By 16 4 55 /0 o SR e o A B
ZEALFT TR SR T 0905 5 BT VR B, 2B BT TR PR BE
AL 5 B AR AR DB B e R B R Ak
e AT o 2R By B 3R 3 — A 4 o0 1 B 8 R A%
F, ART @I R R T LW, 12
= B AL

A G TR B U A 10 - A R e 7 43 5
FEPUTR . ARG IRE 0 5 B AR IO P P RO, 2
GRS AAARER 16S rRNA HEH 7
05 B 0 T AR Y 2 S 2 Ay 5 dE B R RO
6 ot TR R 110 Rl e T R 9 S R AR & T A
(LEE . Wil pH. HeRhiE . R EERFIR] . BEUCE |
OIS T T I
K= ISR, RS T B ML BRI Y
AR SRy ) 2 R 0T B 7 1 2 A 7 A 0 o s 4
HEHERIE LA

1 MHET%

1.1 #%
1.1.1  Efk

o S TR s BN 1 4 0 i T 5 /A T
AR RTS8 A BN, REET Rk
b KA R R AR S

Vo A AR AR PUE N E N
SRRl TN =X ¥ I -2
R, BG5S N N2, BT T ol
KPR G 2 B LG

1.1.2 EHE

LB }ifebk(g/L): BREEFIR 10.0, BERER By
5.0, NaCl 10.0, pH H¥k; & REEEFERE:
FrAEE(YSP, g/L): R IR 10.0, BEEHRHE 5.0,
HEWE 20.0, pH HAR; A= DU T B 2 i 0 97 2k
(NYBD, g/L): 2= 8.0, EELEEH 5.0, %)
B 10.0, pH HER; HREIIEEFRIENA, g/L):
AWE 3.0, BREFE 10.0, &1Ldh 5.0, pH H
IR SEREEFREL(CM, g/L): #i%ihE 5.0, (NH,),SO4
2.0, FrEEBREN 1.0, MgS0O,7H,0 0.2, K,HPO,
4.0, KH,PO, 6.0, pH AR ; D8 EHAME 57
JE(PDA, g/L): 442 200.0, #ZikE 20.0, 3
JI§ 15.0-20.0, pH B,

L &1 ol 355 P 000 5 97 22 SCRR (151 o

E AR E R R (/L) BIRA: 15.0,
Bl 20.0, 121 °CK B 20 min,

Yk K E R 37 3 (2/L) . (NH,),S0, 2.0,
MgS0, 0.5, KH,PO, 1.0, NaCl 0.5, £F4Ezk;
20.0, WIS 0.2, Bilig 20.0, pH AR, 121°C
K 20 min,

Mg B R KL I B 97 B (CAS, mg/L): R H
60.5, 175kt —HIER{LE (HDTMA) 72.9,
ANIKGEALER 2.645, TUKBERR &4, 295.25,
T TOKBERR A AN 1 213.5, Afbkk 125, B
iz 2B 37.5, EALEN 62.5, Zilg 9 000,
pH 6.8+0.1.

FRELU CAS 53735 10.87 g A 1 L 2818k
e, mAE R 1 min DB, 115 °CKEH
20 min, ¥ % 50-55°C, #&H.

1.1.3  FERFFNLEE

MERRR N . AR RS AR AR, btk
YR A RAE; BilE, b REEEFH AR
ANl ARE, T ARIREHE D RHA R A F
REWE . MIARE . SALEASE, RETTR ALK
A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



DK EEE: MT AR E TSR N . KB KA B BOR 2895

BREAN TAMEAE, TEAMEEARA
Al HEEIR, SRS HEARAR; 206
JCEET, B P AR (DA BRA W] s TAE R,
NGRS SBARAGBR A ] 3 IR,
VLB T BT Sl BRA |l 5 F R XT84
g ER AR A ]

1.2 HEMENS S

W R U 75% RS vhvk 3 Wk B
PR e 3 K, AT E L&Y, TA 1 mL
WK, FEOUFE B ER R0, 107,
107, 107%), 2504 LB [, 28 °CHi
2-4d, KPR LR R,

1.3 EEMIERRNE

KRR IR 73, 5 mm A K
FIFLERAE T R 3 d BT B AR 4T
fL, IO BUA GHF T 51 1 PDA ~FA h
e PR PR B bR N2 BT V% 470 T1%Z PDA
S O JE R R AR R BE B AL, SRS A
28 °CHFEAA TG 2-4 d, FExt B R A
i Je B TR TR 238 o 25 11 0] BR800 I A
FRL 3,

T (%)=Ch B H Vg B A W% |
)/ % BEZH T V% H AR %100 (1)
14 FHIMEMNEE

141 HEESEHREESEWFE

W3 B aiAL Y N2 B RS FD T [ K LB 3557
JE B, 28 °CHEFE 2-3 d Ja MBS K H I PR Y5 T
Ao IBCRAREYR AT R0, TEMMEE T U
FY O IR BE e SR s R, AR
FEEEMEN E 2 B8 CF LA R g %8 T ) 1)
Jr kAT o
142 HFEE

FHANTR JE H 2H DNA $2 B0 S P2 B N2 Y
FE[H 2] DNA 1A, SEReai e 519 27F
(5'-AGAGTTGACCTGGCTCA-3") X I# #k f 16S

rRNA JEF I gyrB FEH F1 1492R (5-GGTTACCTT
GTTACGACTT-3")i47 PCR ¥ 1. PCR J A
Z(50 pL): 2xTag PCR Mix 25 pL, FiE5l¥
(10 pmol/L) 2 uL, F##514)(10 pmol/L) 2 uL,
DNA #i#7(200 ng/pL) 3 pL, ddH,O 18 uL., PCR
&A% 94.8 °C 2.5 min; 98 °C 10's, 55 °C
10s, 72°C20s, 30 MME¥F; 72 °C 2 min, R
F 1.0%3 R BHEE R FR UK K PCR 7741, SR)5
Wik B WV R A A BR A ml AT I,
WPy 5 S48 58 NCBI 28, 47 BLAST X,
W RGO R, T HAAUE RS T ]
MEGA 7 R AR HE B E R R AR E
B, W R R G0 28 2 O

1.5 REREMENERES

1.5.1 #FRH &

TR 100 mL LB & AR K 25 3L 0 ST i h
BEMP MR N2 (B AV, 28 °C. 180 r/min K55
1dfE#HH.

1.5.2 AREFEMEAENEZN

fidih] LB. NA., YSP, CM. NYBD iX 5 f
WMAREE R4S 100 mL THER A, B4R 972
3T 50 pL, 28 °C. 180 r/min 4§ 3% 15
7% 1d Ja 43 Y66 2 B ODeoo 18, 55
b E 3 ANER, TR,

1.53 FREBEMFEKAS M0

DL 1.5.2 i 3 H 09 fred B 5 56 O Hnty, 22
ZEWE . RIENE . RERE . FLBERIVE R iz SR
FEORRE, PREF A 73 RIEFR A, 1d
J 2 VY ODeoo LA 7E e BRI
1.54 ARREFEMEKEB RN

DA 3 ) el B AR B N A, DRIFBRA
PRSI oA 2H o3 FBE I A ANAS , TERG SR S
A NH4CL, BEEER K . NHANOs ., H 212 g
EAE RS RN R, B3 1 d EllE
PR ODgoo, T2 AR
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1.5.5 #)35 pH M EAEH I

Kol pH fE4 4.0, 5.0, 6.0, 7.0, 8.0, 9.0
1 10.0 B 100 mL §ifiide i py 3537, 34 Rh
50 pL APl TSR, BigR 1 d el
AER UG pH W ODgoo B, VA E ficid
¥Ihh pHo
1.5.6 REMEKERIEZMN

DL R S, 0 oi) i tE R IR Y
TEE R 20, 24, 28, 32, 36 i1 40 °CHEfT 1 d
MREE, G IEFE T 06l & & A
[F) 3t BN BBV ODgoo B, VAT E Fef &
PRI
1.5.7 #EXMNEAERIFMN
DL IR e 25 o SE R, PRFFIE AL IS B 7
SR, 4y VR AR IR AR IR R 120, 150,
180. 210 F1 240 r/min, 3%3% 1 d J5 & A
UM WY ODgoo 18, VA E F2 IR 5 57 1Y)
IR il R R
1.5.8 AREREXNHIKE RN

PLE R ARG 45 S o S, 76 250 mL #EFE R
H oL 30, 60, 90, 120 A1 150 mL A4k
WARKE IR, TR FRE PR, HE
1 d J5 T3 BT It A5 AN [ 2B i kTR )
ODqgoo 1B, VAILH RE AR RS 77 0 ol 25 Wi
159 AEVFREREZENEKE R0

DL B RERIT G O St RE 3R 38, 4y i He A
0.05%. 0.1%. 0.5%. 1%, 2%MIFh T, %
1 d J5 D AN [R) ) 46 42 TR it TR ODgoo,  LABA
E Bl MW G TR
1.5.10 A& B2 AT (8) 3 & A = A9 200

DL RIS RO SRS IR, 7E 0-1 d
PRI 2 h i — vk, 1 d AR RE 12 h &
—W, HEMR 120 h, FHIEET 4
R ERT BT R E ODgoo (o AR T 15 504 2
20 B B AR K R 2

1.6 EERMNMFEERELE KN

W AN T B ARAL S MR YSP iR Sk,
28 °C. 180 r/min }53% 2 d, WEHK 50 uL BIRTE
PDA V- FdEfrieAi, WM HB5%HE 5 mm
(R TR R 0 B9 A1 4 B PDA SEl b e, o BE B
FHEHBA M OERRERE, %E 3 ER,
KA TR LR R AE K HAR, A
L) EI
17 ZEAEBEXNMFEEREZLEKD
A

¥4 YSP Wi iR K 72 5E 28 °C. 180 r/min k5
752 d JEEHR R BT 4 °C. 8 000 t/min &
£ 20 min, A 0.22 pm JEF R R AL g
152 JC P & TR o K T TR 8 U0 YR D R 3 )
Wik 2 F5 RN 4 F51E T, B U R B 5 PDA B
IR IR 124 (9 LB A 35T, B BUHT 5 PDA
A, SRR IR AL S mm BT 2B T A
BHERTE M s o LIRTERE B YSP WA R; 77
BT R BIE XTI . 28 °CHiFE 3 d,
AR AL G oS ek, A B 3 A
HE . FF CK MEEATARET, 758 kil
HEEERE, BAAX)IH R ER IO & B
W . T RE 2 AR 4 RO BT 1 489 18
AT 2
1.8 EAMSENMFEEREZLEKR

A

W

523 Ja i S U TR TG, R 2 A
BRI, —MIEIA YSP AR, 55—
BN T 2 B JE 5L (PDA), £ YSP 55385 —)
FH N2 TEARRI L, Th5% B 3R AL (PD AU 42 b B
T EEM R R, SRR 2 AR5 B 10
WS . URRILR MG FR A AR, 3 RE
52, 28 CCTHERT SR, Fo X HEAR Tl - A s 00 o
wHER, BHAAKXMITEMRE R,
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1.9 BHEF=REIMERTE TN E

W EPURE R A T ER M . S5
MR AT I B 552 5, T 28 ClE R I% 746
BiAE 3 d, SR RSB I . 2F 4k 2 Bl Ao
B R R IR £ 8 20-30 min J5, P
1 mol/L EALSNIZ UL 15 min, 2R WEL S &4
#EWIE
1.10 H#EAIE

K H Excel 2016 X {56 Ficds E 1 7 1L
Excel 2016 .GraphPad 8.02 il €13 ; iz ff] SPSS
20.0 PRI E R AT G T M 2 S 0 A AT

2 EREGHN

21 EMEHSBSHENR

H R B A B A 3] 4 BRIE S AR Y
PR, HAR R N2 X BT 4 R ST A
B B B PUE A, PO IR i 56 ) 5
AN B 20 68.39% (B 1),
22 HMEHEESER
221 HERERESHFERERSE LI

W HMRTE LB K983 ERIZEE 5% 2-3 d e,
TE B Y BT Y B T U AR, TG R A Hoh

B 1 HREHK N2 XMFEEFENIEER
A: XTHRZL. B: FEPUEE N2 SPAROGHIRE X BT 1148
LR RV ER

Figure 1 Antifungal effect of antagonistic strain
N2 on Sclerotium rolfsii. A: Control group. B:
Inhibitory effect of antagonistic N2 plate confrontation
on Sclerotium rolfsii.

DA TR, AEW], BEAT AR
( 2A). 2R EERRY], HIREAPIR,
REF= 2R, SARHPERI(& 2B). AEBEAE LI 2
/N, N2 RWARTER KR . 8405 DIRSRAL |
REZIRE: . HoS 1% AR IKE . Al
B aE RO B, bR KR . AR . FLME
KW MWk HRRZOIR AR 9 B, ANREA
A EBE LR GR 1),

B 2 E#k N2 MRESHEREZREE100%)
A: PHRCERIBETEIEAS. B 2R

Figure 2 Morphological characteristics and Gram
staining of strain N2 (100x). A: Colony morphology
on the plate. B: Gram stain.

T1 EHRN2EIEBEEEM

Table 1 Physiological and biochemical characteristics
of strain N2

Items Results
Starch hydrolysis +

Oil hydrolysis

Litmus milk +
Gelatin liquefaction +

Urea solution +
Glucose fermentation -
Lactose fermentation -
Hydrogen sulfide +
Indole -
Methyl red test -
Voges-proskauer test

Citric acid decomposition +

+o PHYE; - BT

+: Positive; —: Negative.
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222 HMESTEESER

FEBbE N2 19 168 rRNA FEPM ¥ 4515
GenBank (4 4 i A7 41 2847 BLAST HEXT,
KIiZE 5 Bacillus siamensis strain (NR 117274.1)
HA = BEARARIE . ARBLEE IS 99.39%. M fE bk
N2 I RGEBW, 455 B8 N2 Fkk Y B. siamensi
RIEW— R G 0rX E(# 3). ZiGIESFERAE
PAALSE R, W10 2 i 0w I8 B EF A T
(B. siamensis).
23 ENMEREBEEFZHEMLER
231 mEEFE

W 4A iR, AR N2 78 5 Rl 738 F#E
REAER, JFH WA A S B B 250, 18
PEIR EHRZH SR 1 dJ5, ARk N2 78 YSP Kbk
HE AR TR, ODgoo (HiX ] 2.008; FLIRH LB,
NYBD. NA, f& CM }iFfdk A K&, ODeoo
fEf/he Ik, Btk N2 FREERFREEN YSP.
232 mIERIR

DA e H 09 Je 35 37 5L YSP oy Jfifi 15 77 ik
iR IR, UNE 4B PN, TERR N2 78 5 Rl
IR DI, (HE R N2 78 DL RERE sl i

42

BRI, ODeoo [HFTLLIEE] 2.049; 2 254
Ryt U B TR R B R T RERE, ZE R AN
TERMAE A IRIRET, AR RN, ERKRE.
233 mEARR

WK AC BT, TRARAE SRR h 3 ReA K
{25 LR 1 R R0 P 400 T ) B A R R
WO B f iy, DARERRRY . EAbER . IHPRER A
TR 20 P A R By, (HS 2 A b B
25 MU RN RN, R IEA AN GE
K, S RGN AN . Bk EE N
JRAE Sy e A 05 5 R P R
2.3.4 &iE pH B9L1L

i 4D Fron, AFEE pH X R FE N2 A K
HARKAZ . 1005 pH A 6.0 B, Fkk
N2 iR R, &35 1 d )5, WA B ODsoo
h2.226; WAk N2 7EWIMG pH {Hl 5.0, 7.0 F
8.0 I AR A8 K, ODgoo 4351 2.066.2.105
2.066; 24 pH{E A 4.0, 9.0 Fl 10.0 A B FR B 14
FHHEUIN, ODeo L 0.042. 0.019 F1 0.190, X
. B A A A e 2 At sl ) PR B ARSI ARG
PRI AR N2 1 5Rid pH fE R 5.0-8.0

429‘: Bacillus vallismortis DSM 11031 (NR 024696.1)
36 Bacillus vallismortis NBRC 101236 (NR 113994.1)

45 { Bacillus siamensis PD-A10 (NR 117274.1)
80 N2 (OP808339)

Bacillus nakamurai NRRL B-41091 (NR 151897.1)

Bacillus tequilensis 10b (NR 104919.1)

— Bacillus subtilis DSM 10 (NR 027552.1)
18 ' ———— Buacillus subtilis NBRC 13719 (NR 112629.1)

0.05

Bacillus subtilis JCM 1465 (NR 113265.1)

3 EN2ET grB ERAFIIMENRFLERN 155 N AEINE GenBank JF4%5; 733 m b
RIEHE L bootstrap A SZHeR, RPN P RE —ERMBEE, bootstrap AKX E N 1 000; R
ZIFE 0.05 &7 SIS 53 =0 22 5+

Figure 3 Phylogenetic tree of strain N2 based on gyrB gene sequence. The GenBank sequence number of
the gene is in brackets; The data on the branch point represents the support rate of bootstrap, representing the
probability that classification units are gathered together, and the number of bootstrap times is set to 1 000;
Scale 0.05 is the branch difference of sequence evolution.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



DK EEE: MT AR E TSR N . KB KA B BOR 2899

OD, 600

LB YSP NYBD NA CM \\0

c\“
Medium @%

o

QeQ \Qo‘ﬂ $‘<\&$‘<\$ o
RES

Nitrogen source

o

\\
° o C
fb‘ 6\\)0 %06 S \@(

Carbon source

D a a a a F 257
2.0r
sl s1.5¢F
RS g
Q. % 1.0+
0.5
0.0 - 0.0
40 50 6.0 7.0 8.0 9.0 10.0 20 24 28 32 36 40 120 150 180 210 240
pH Temperature (°C) Speed (r/min)
G 257 a a ab b H

30 60 90 120 150
Liquid (mL)

El4 AREIEFFHIER N2 EKEEHFIT

0.05 0.10 0.50 1.00 2.00
Inoculation amount (%)

A: AFEEFEIL. B: ANFEKIE. C:

AFEIE. D: A
[f pH. E: A[FNRE. F: AR #. G: . ARG FRER IR 2 Duncan [GHT
W LR R AE P<0.05 K22 5 0 2%

Figure 4 Effects of different culture conditions on the growth rate of strain N2. A: Culture medium. B:
Carbon source. C: Nitrogen source. D: pH. E: Temperature. F: Rotating speed. G: Liquid loading. H:
Inoculation amount. Different lowercase letters show significant differences at P<0.05 level by Duncan’s new
repolarization method.

ARPZERE. H: AEERE &

235 mEREMK
WK 4E Frn, FEANFFREERET, HiE

Bfl, OB RRAO A K % 7 AR, B
s e I 10 AR B N2 B BRAO A1, TR,

N2 #HgeAE K, 7EIRE R 36 °CHY, bk N2 4K

JEAIXTRL s I\ 20-36 °C, bk B4 i 2
B, YR TF R F) 40 °CHF, T AR ST IR I8
NG 2 TR AR AR DG il ) 35 1 B A O Y R A T

PR N2 1 il A2 KR E N 36 °C.
23.6 =mEFHZERHMMK
Nl 4F iR, FRIR BN TRl 5% O R AR N2 [
AR B R, YR IRE 3 R 240 r/min B,
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e 1 d EEMREIRER K, ODso N 2.382;
HR R H N 210 r/min; 4%k 120 r/min
I TR E AR, ODeoo 4 1.965, L AH I FE K
AR, IR AR AR A S RGO, T
2R A U bR A K B
237 RERBEHML

E 4G Frn, A (]2 a0 TR R N2 Y 2R
KEBF—ERm, MH 250 mL =R
30 mL B, R IR IR G 55 5% 1 d J5 R K
HIR K, ODegoo ik 2.344; FlZE 25 W = A9 A B
K, WIEEZEHRHD, WA 150 mL &,
ODg0 3% 2.018,,
238 HEEREEHMKL

WK 4H fron, YPIIRER N 0.05%HH),
ZPRG TR 1 d R N2 iR TR K, ODgoo
ik 2.307; HUONEEE 2%, AR 52
ZRARE, UL R H 0 AR K
AN K
239 mEAENERKK

WK 5 ps, BB SR A ER, N2
PRI IR R AL L <SR ph 4 . 0-6 h, ik
W/, dNE ODeoo HTC R EHA 1k, FHIZE
IR R AR A K IR 205 6 h LS, AR FE

3.0

251

I ) ) S8 < T 2R ST 4 K, 16 S T VRO B e R
ODyoo fHH M 2.379, I 6-16 h M4 i %
BoE KW, MEEixBR AR Rk, Ak
PP, 16-120 h M4 R, % B a]
WA R, WRREB TR, 120h )5,
20 DA T B AT G T R, e T B SRy 4 R T A
KT .
24 EREEER. TEABKRELZMN
SEXMFEEREZE KIS

HI [ 6A AT DL, BRIBR N2 BRI BT 1 48
TR B 22 K HE B IR RO . Ki R 3 d
BF N2 R TRANBE Y (289 oA B R LA
WK, WUHEIR BN 5.40 mm, 1M CK W
KA BE SR 10L, T4 HA2 8 84.38 mm (¥ B).
i 2% 2 AT, N2 TR 114890 o T 2 A K
P K £ 99.53%.

FH I 6C FTLLE Y, N2 B JC I & T 0T
B 28 TR 22 KA — RO . 5357
3d BFFERE 4 fF B N2 JG B A v Ak FRIF 1 48
e TR K AR 39.68 mm, FEE 2 fF kb
PRI B 4890 V& BAR R 12.91 mm, JRg AL
B VR AR, CK IRTE K H A2 R 77.26 mm
(¥l 6D) N2 Jo T A& I s 8 %o B 11 4R 0 B T

B 5 Bk N2 Kk

Figure 5 Growth curve of strain N2.

2 4 6 8 10 12 14 16 18 20 22 24 36 48 60 72 84 96 108120
Time (h)
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Be6 EikN2ARESMMFEAERERLEKMANEHER A, C. E:
B (P B 4 ) A 2SR B Y. B. D, F:

AR CK
Figure 6

I3 R 48 TR
ToH Z B (PR R: 4 fi)Fds &

WK
I35 TSR

Inhibitory effect of different components of strain N2 on mycelial growth of Sclerotium rolfsii. A,

C and E: The colonies treated by bacterial suspension, sterile fermentation broth (diluted 4 times) and volatile
gas, respectively. B, D and F: The control of bacterial suspension, aseptic fermentation broth (dilution 4 times)

and volatile gas, respectively.

24 1 K BRI R 100% , i B 2 R0 T 22 4=
KPR hy 83.29%, ikt 4 FH RO B 224 K 1)
FNHIZR Ry 48.64% (£ 2).

M P 6E 7] UL, BRI Bk N2 5 K AR T
[T 245975 TR A1 7 A 1 AT A Akl s 2R . B
3 d i, N2 ARBERN - AN T R TR K H AR
24.84 mm, CK MK H4h 83.84 mm (&l 6F),
N2 4 M AR B 11 48 0 P TR 22 A K 0 1l
HH 70.38%; MEEAEHRE, N2 LM ABK
JEr YA T A5 > N2 TR AR VR Tk AT 0 28R >
245 1) I A A T YR A ) 205 SR> 4 e M AR i 255
TSSO IR SR> B 4 A5 JC TR & R v
HIRCR (R 2).
2.5 HEMMESEIMEIE N ELS R

=R R BoR (1 7), Wk N2 fg

x2 EHEN2AEES MM FEBFREELZEK
R0 I = X B

Table 2 Comparison of inhibition rates of different
components of strain N2 on hypha growth of
Sclerotium rolfsii

Mode of action Inhibition rate

(%)
Flat confrontation 68.39+1.59¢
Suspension coating 99.53+0.05a
Sterile fermentation broth (original) 100.00+0.00a
Sterile fermentation broth (dilution 2 times) 83.29+0.42b
Sterile fermentation broth (dilution 4 times)  48.64+1.91d
Volatile gas 70.38+1.78¢
[F) 51 50408 i AN [F) /N5 7 B3R 7R 28 Duncan PR R 22 HAAG
BAE P<0.05 KV 255 %

Different lowercase letters in the same column indicated
significant difference by Duncan’s new multiple range test
(P<0.05).
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7 FEUER RSN

A, C. E: MBI HEAN ., 4 LZMMEERRLAN - CK. B, D,
F: 0 R I, 21 2 2 g 2k 240 07 Ak B

Figure 7 Detection of extracellular enzymes produced by antagonmistic strains. A, C and E: Protease,
cellulase and siderophore detection plates CK. B, D and F: Treated by protease, cellulase and siderophore

detection plates, respectively.

BRI ER M, AEVIE B, HEER
BMEAS KT 10 mm, HARRESWIEERER
(% 3).

3 WREER

AT R — R R R,
CAFET AR BFERM, ZFAE AR
PEREAEPIE I [EE ROLR KB R E <

=3 Bk N2 RSN E T

Table 3  Extracellular enzyme activity of strain N2

Extracellular enzyme Diameter of degradation ring

Protease ++
Cellulase +++
Siderophore —

—: [l EA=0 mm, +: 0 mm<[4f#/E H#4<10 mm;
++: 10 mm<PEfF B HAE<20 mm; +++: [FEAF B H4£>20 mm
—: Diameter of degradation ring=0 mm, +: 0 mm<diameter
of degradation ring<l10 mm; ++: 10 mm<diameter of
degradation ring<20 mm; +++: The diameter of degradation
ring is >20 mm.

205 I RAEFAE R BT 2R T AR
JEPR B IR BRI, Rl A B A BRI
ok, D H AT HA T 0 A s A — 2
A BT PO AR S S PR IR 3 R R 2 2 K R
R 8 B — R B 1 2R 0 i BT S P
R 200 TR TR R N2, 22T B PSR IR 338 %o B 1
LI T 22 A 323K 3 68.39%. R FHANRTE A
FFAE | A FAEJRARAE J2 16S rRNA SEH 7414347,
PR R Y E N IB S AT R(B. siamensis). X
AN T A= 97 B R RIE 38 A B HROR U
A BT R BT AR IR IR R T SR

AT W 5T SR WL 2 25 J A 1A 2 — b E S
AR AT, BAART RIS, BRI ARA
W T (Fusarium graminearum)®" | Th% B 16595
B (Fusarium spp.)™ | RAVGE TR (F. oxysporum).
IK FEREIRIAN TR (Magnaporthe grisea) . FRAEST AR
W(Rhizoctonia solani)., %) (Botryosphaeria
dothidea). KA5i%ifl(Botrytis cinerea)!*4: 2 Fh
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FEL W) L TR 3 R A R B AT R (Pseudomonas
solanacearum) 5 A5 EPY sk &P 14
R A P R AR AR R A A, 2 AR
IRE AR T —ARE DA B % 2E F AT I8 ZHX-10,
HOR R . 1 R SR R B 4 RE A R
A AERE AL AR R EPHED
ZETRFF B 40 Al A A5 2 2 S P B B
K, PR AT R TR ECR S E BTA .

Xof A B A0 A R I S A AR A R T TR R Y B
FRRHUASAL AL 7= o AHIESE R 0 DR 230 0o 7
PR N2 (Rl B IR N R B Ak ik A T T Ak,
R, YSP MEEKE N2 BFolE R 3, ik
R G SR EN A R H R 10.0 g/L. EBEERR
5.0 g/L. JEWE 20.0 g/L. ZEIRK | Ly Fiddisc
S WG pH 6.0 K BEIRE 36 °C. ik %l
240 r/min, 250 mL A =MW 30 mL. ¥Ith
PR 2%, KEERHE 16 h, X S5iRpe e
HRIE B ZE AT G2 b )E i R BEAc N
VIR 3% ®I4G pH 7.0 KEEIRJE 33 °C,
B A 160 r/min, B5FEREIR 33 h M EL, WA
PR P0G pH RNk RS R] EL AR, A mER
R L S SR PRI R B 5
AR WQ-6 T4k )5 19 pH 6.0 F% 3 236.2 r/min
LLEIe AT, WA EE A B L 4% /0, KigRad ]
FLE 1 d b b B IEREPIRIA B D ZF AT
W D1 fefE R Wb F it n] 48 h FiZE R A S50
T Y8 P 25 AT B-6578 Itk BERf[H] 36 h
B, HTE 16 h gt Afe K, KU N2 &
PREEFE AR B SR ZR TR R 2 R,
12 S5 R R0 DI R A T B P AR VR T L A
. il B A, Wk N2 PRk
JE B, AR R N2 T e
FHIRGE T RAF Ay R0 S mt o H BRI RR A 10 B8 40 5
HLASR IR T TR G ™ P 52 R4S v AN 1
T A TIRASZHE

AT, BP AT R N2 B
R JC TR A TR ORI e P AT B 5 1 4R
A 22 K B W R S BUE, X Sk
AR )R R AR USIRIE g IR B 2 SR T TR
W JCTR R B R A REAT Sl 1 48
o5 T T 22 R AZ ARG, DRI 2 R 5 P U 1Y
DU 3 3 2 AT T X 46 A2 40 1R T 22 B
FMHAER AR BT N2 RIS
P, D0 TR K T 0B B A0 11 48 0 TR TR 22 19 A
Ko, TR R T R B ey, A RO B
[IREH, ARBCTRR, JOTR A BB TR B i
TR BT, HEI N2 KRR 1 2R TR T 22 1Y)
0T T R o T R R T R A A A
Yy PaAHOCSCHRARGE , A2 By 25 fUAT T RE ™ A 20
WRP EEYE . R KRB BiRE
EESNE B i iAey/E e AL E kil
FIEPEYI BT . VAR PR R B 2 H A1 JFLLS
MEAC AT B, JERIN 25 FlA
AL, XS Rk B, 2N E2E
ey, wElkawmERieynz, &0
A EE A . AT R 1 B A
TP R R B HLBE AW B P 5 A B, HEml ) A 2R
I | 2F 2 3 55 4 i BE K fig i, 55 You %0
I TH B 225 JAT TR RE ) A A 4E K A
B2 2R — 2 X S R G A 4y 2 ] AR
T I BR PR AR, X5 OB K I B v A 1 T
Pk BRI A R AR ) 5

ERHFFEEE R A A R 2 AT AT A
Yibiin Pt T 22 W, R R E
B E R BIARIEEA IR, FE TRR
RUVEA G740 R BRI AT S, R ITwAR N2 2
— MR B BRI R Wbk . 155 22 ST
e, X A = IR T o0, RO T
Yl T 2R | R AR e I, E— 2Pk
FAERTRHCR, AR - S e S
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