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An antagonistic bacterial strain CZ1 against southern blight
on Aconitum carmichaelii: isolation, identification,
optimization of fermentation conditions, and evaluation of
control effect

SHI Chunlan', ZHU Guoyuan', QIN Deqiang', YE Kunhao', YANG Li', WEI Zhaoxia',
ZENG Hualan?, YE Pengshengz, WU Guoxing*1

1 College of Plant Protection, Yunnan Agricultural University, Kunming 650201, Yunnan, China
2 Industrial Crop Research Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610066, Sichuan, China

Abstract: [Background] Southern blight is a soil-borne disease caused by Sclerotium rolfsii,
causing serve loss to Aconitum carmichaelii production. [Objective] To clarify the taxonomic
status of an antagonistic strain CZ1 against S rolfsii, and optimize the fermentation conditions
to maximize the control effect on southern blight of A. carmichaelii. [Methods] The dilution-plate
coating method was employed to isolate bacteria from the Malpighian tubules of Cantheconidae
furcellata. The plate confrontation assay was employed to screen out the strain with strong
resistance to S rolfsii, and the inhibitory effects of this strain on other plant pathogenic fungi
were determined. The taxonomic status of the strain was determined based on morphological
characteristics, physiological and biochemical properties, and 16S rRNA gene sequence. With
ODggo value of the fermentation broth as the indicator, single factor and orthogonal experiments
were carried out to optimize the medium components and fermentation conditions. Furthermore,
indoor pot experiment was carried out to evaluate the control effect of the strain. [Results] Six
strains of bacteria were isolated, among which CZ1 had the highest inhibition rate on S rolfsii.
CZ1 had inhibitory effects on other plant pathogenic fungi such as Phytophthora nicotiana and
Fusarium oxysporum and was preliminary identified as Bacillus subtilis. The optimal culture
medium was composed of 15.00 g/L sucrose, 25.00 g/L peptone, and 7.50 g/L yeast extract. The
strain showed the highest biomass when cultured at the inoculation amount of 2%, liquid
loading volume of 90 mL, 210 r/min, 36 °C, and initial pH 8.0 for 120 h. The results of indoor
pot experiment showed that the average control efficiency of CZ1 against the southern blight on
A. carmichaelii reached 59.26%. [Conclusion] CZ1 strain has good potential in the biocontrol
of southern blight on A. carmichaelii.

Keywords: Cantheconidae furcellata Wolff; endophytes; southern blight on Aconitum
carmichaelii; fermentation conditions; control effect

W EfRSgy, X%k, Y, BEE R FREAE. ESEMEESERRE, 8
Pk | Z A RN Y, 2R gy, PR R FE EAEE ., Ko hFE /MR
HAWR ., M. PUEE. BEAKNIEEZ)  (Sclerotium rolfsii)g |2 a4 it 11 289 & + 1% v
PEPEN, R A R R IR ORI, ERRE, MR AR E, At
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fE F AR AR 2L 53, R fi A AR E 34
TR E RN RS AR, X7
B 7 i A 5T AR AR RS e, ™ I AT A
50% Lk F Ay DR Ik R 20 4R F105E “E 2 70k
Bi iR 12 R

W+ F 480 B IG Z it fe /e . I R
KA ZH R . BOars . FbE g 2 3w IR 55 1k
SRR A2, BT LG B A i
feb B 6 R 3 o (HR IR F 24 5 X o0 855 i
BE Y, AR ERE . e R A P
R AE— R M, KUk, F SRR b
AT AP iE X A B A R
ARG HA TORR R . TG SRR, ZEAAT
WL ORE . HRE . BERE WS A Ak I TR
E BRI AR, ST R AR
H Fii T A= Yy B 36 B 5% R0 0 1) 25 FAF T8 A R
B ZE A AT 1 (Bacillus subtilis) . B K ZE AT
(Bacillus megaterium) . %5 /) 2F #1 FF B4 (Bacil lus
pumilis) . 24k ZE AT B (Bacillus polymyxa) Fili
IR ZEIAT R (Bacillus cereus)Z:!"), Chen 251
XA T AT B, K 6 #RXS5F
BN A SRS PUIS PE M B AR . W A TR D)
1 & PR DL ST 2E A0 4 5 (Bacillus velezensis) BS-1
XS AEAE F 2B D i AT 5] LK 3 81.93%.
Ah, AK%5 P (Trichoderma spp. )1 kA= B EL 14
WA IZ W5, EAA ) At 5t o Y
K AR, Hua 20 B —Fka] L™
A i T Z B AR Trichoderma virens T23 Xif 5%
/MG EA BRSPS 71 Li FPE UK i
# (Penicillium griseofulvum) CF3 AS{ AT ARFAE
B AEmEL, T MEdEgkiERK, B
I FF /% T B 55T R O 5 R 2475 JR BR T
T HEE AR, SRR T R AR e R,

R R AT TE RS . g sk
HRA LAY R HE R U A S SOk

5 [ A E A W2 SRR PUR . e &
PRl X 75 1% (Eocanthecona furcel lata,
Wolff) 22 # H (Hemipter )% #l (Pentatomida) 75
i% \V. 7 (Asopinae) 15 #% J& (Eocanthecona) (4 T %
NN N A S o (T o i 10 2 G I
O S 7 s B PO/ N AR TR R S B LT . AR
SCHPLR TR U A 1 7 12 A 9 i 5 ER A O
1 I 2% 3 X B 1 48 0 A BT A P AR
HIARTR , SR 5 XTI S PO 1 & i TR AR T 2
Y, FFRARIZ TR PR i f A e T A I g
ENBIARCR, DU % B 6 M 28 9%
PR

1A

1.1 w4y
1.1.1 =&k

BT RS A U DT S IGE,
SH CZ1, RAFTASLRE,

TRIEE . FPRONZTE (S rolfsii), AEELEEES
(Phytophthora nicotiana) ., 228 /] & (Fusarium
oxysporum) . HEt& L [Alternaria alternate (Fries)
Keisslar], £ F4%417# (Corynespora cassiicola).
Jis¢ 7 7 JH. 4 (Colletotrichum gloeosporioides) .
M A SR 2 3 30 B S IR AT
1.1.2 EFxFE

BIRBARRE TR (NA) . A R L) 6 4
FEFRIL(NYBD). & U REERE R G SR 55 (Y SP)
SEARITIRHL(CM) | N BRI F5 SE (LB FI 8 2
AR SR 5L (PDA) S SCRR[ 1 7]RC 1 -
1.1.3  FEZRXFIFLR

R EER N, db e SR AR YA TR
Nwl FRE, TARWIVEMARA R
B REREAIEARAN, RE ORI

M TAES, M LR IEARARA A
BRI N TAMERE, TR ERA PR A
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SEARZERK R B, VLI e BT an A B ) 5
LG R T4, Bl — R AR A ] 1E
IFEIR, SRR TEARA R et
Sy HAL AR (IR BRAS 7 o
1.2 HERHAEMS S

Z BT I R S, SEN 8 Sk
A i B B T -20 °CUKAf 3-5 min B
677, J5 RS e TR 20 2 15-30 s,
TCRKIEYE 3 W, MRS 78 T X LA
DTS B D R . RIS T, X
0 A TR A R B (107, 107° 1 1077),
Ay S BLE R BT EE M 100 pL T NA “EAR G A,
F 28 cCRiFEMI PSR 24 d. BFALTE 3 KR
2, Tl 2 5IPkBCAEE I T NA Kkt b
I 5%, difb iy RO AT 4 °CUKFE & .
1.3 HidAENEERNE
1.3.1  FHR*FIEE

Z: BRI )1 SV vk s VR R Bl . BB
7% 4 d ST E/IMEETT AL 6 mm FYF, #: T PDA
SRR, 20 BA R TG TR 2 4 X R R A B
BE 2 em 224 AL, T 28 °CY54titsg%, 4d )G
WEZE I 1 S TR P /N o [RLRE B 5 3 i bt
YRR AU IT T . IR . 2 TR AR
U2 A 2 S TR IS A F8L B P S B AR
132 EREEASAKAMMFASREEREE
KB =R % E A &0

S IR RO AR sl , B 100 pL
YU T LB 855k Bk, S50/ MR
B UE PDA KR 3L AT 0085 9%, DR TR A 45
PR AR, T 28 cCHEIRBE SR A h R % 4 d
JE B IL SR VR AR, T 20 d JF g Il R
PR B P A L o
1.4 HEAFEMNEE
14.1 EERERELHHE

PR RR CZ1 HR07E LB K55 |, 28 °Cls 3¢

3d, WECHRRAVR I Ha T 22 QL o, TRTRRAE
A AR AR TS (B2 sl ) MR P e .
142 RFELEWHEE

KA 16S rRNA LK@ 59 27F (5'-A
GAGTTTGATCCTGGCTCA-3")#il 1492R (5'-GGT
TACCTTGTTACGACTT-3")%f ¥k A 16S rRNA
FH AT PCR Y3417, 514 LifgE TRy T
FEHARABR A v G e Bl P45 R4E s 2 NCBI
FEHPEIF AT BLAST Xt , vE8 1 F 2 AH U1
I RS P ClustalX 1.83 F1 MEGA 7 k%
WERGEE BT,

1.5 FHindE A B EKHIFiE
1.5.1 FFiEH &

PRI R CZ1 B R V& 3R T 100 mL LB
B35, 28 °C ., 180 r/min 4514 F 1535 24 h,
.
1.5.2 EFREML
¥ 50 pL B 5182 A 100 mL YSP,
NYBD.NA LB #l CM £;5% 3k, 28 °C . 180 r/min
P 55 5% 24 h J5 N8 40 1 ODgoo fH, i i fief:
R e 59 AN 3 R ER, T,

1.53 BRIBEEBNEKERKENEZM

DL b 3R 1 35 T 45 A A 3 57 56 Oy SE Al 8 57
B, DSR2 . mAanE . rERAEL
BEA TR IR, AR, AR F WG 5
F2 B E I RS R 1.5.2, TR R .
1.54 TEREZBMEKERKENEZM

DA BE I 15 e s 77 i R JE At R R 0k, LA
FmEE . HaEmR. BEa . SRR
By Ve AR, AR, ARG R
Kt RS 1,52, ks,

155 EFEHSERIRE

P FaR BRI e 2 B, AL RERE . R
T A0 B, 1A I e T ot DA A R A RS 92 e 41
Ber, WEIE 1 PR =R E = KFELRE

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



T2 45 T ARSI CZ1 M B 4EE . AL B s R & 4489

x1 EXHABER

Table 1 Orthogonal test factors

JGEL] HEHE 25303} A
Treatment Sucrose (%) Yeast powder (%) Peptone (%)
1 1.50 0.50 1.00

2 2.00 1.00 1.50

3 2.50 1.50 2.00

1.5.6 ARVBERENEKEKENT T

DL R e 25 o iy, o3l AR T
H0.05%. 0.10%. 0.50%. 1.00%F0 2.00%1) Fh
FWF YSP Rigdkrh, BEgR Kl 2
1.5.2, fifidk W G w &t .
157 AREFBREARBRHEHRERKENF T

DL b3 i ik 25 SR Oy Bl , 30, 60, 90,
120 F1 150 mL #E R %W 5 3 %1% T 250 mL =
A, B RS B IR O AR S R
1.5.2, ikt
1.5.8 HESEMNEHKEKENZ N

DL IR BE 25 RO SE At Bl A ik R
120, 150, 180, 210 F 240 r/min, % AFFI5E
BRIk a] Kl g kL 1.5.2 B2, kit
U7
1.59 BESKMEHEKENEZMN
DL b AR G 6 25 SR o0 LAk, R A T
BN 20, 24, 28, 32, 36, 40, 42 f1 44 °C,
e ARG BE g2 i) (8] S 8 i bl 1.5.2 RS
%, s
1.5.10 #0%5 pH M EHE K ERF T

DLk i e 45 5 o Feht, o 0.10%ER R Al
0.10%H) 2 A AL HRE pH {E 7351555 4.0.5.0.
6.0, 7.0, 8.0, 9.0 A1 10.0, $& A5 B 50t
KWL 1.5.2 52, ik EwIeG pHe
1.5.11 ZENEMERERKENEZN

DL R e 4 R O SEREE AR . 7E 0-24 h
WA 2 h & ODgoo fH, J5%E 12 h Wi ODggo
B, hldanmARih, ik e IR,

1.6 MFBEBEFREANZRLLHINE

R 52 a0 ik m A sl . iR g gt
B 6 ANAbFE, BEALER O BMN T, ARAE 1R,
N o S SR Ly QO R AR S v DA R K (e 1
W R B (1x10° CFU/mL), WERKEERE . JoHK
SRR AR HEA THERR AL I, 2 d 3R 5 I B BT
s S R TR A B g b Ry . SRR
o 5t TR B A D B TR R B g, 2.d
Jei FRASHURA & BE MR (1} 10° CFU/mL) | W8k it %
TR K BEATHERR AL B, FERP R IR 20 d X &0
HOL T TIEE . 2% 2 RPN SCEk, wiE o
RAG AR 2 0 4 9 0 ¢
Tt 19 MR/ N T S R B 50%;
2 %% FEMBUR N 50%—100%, HZEFFRALZE;
3% MR 100%, ZEFFREZE. 04T
A A PRI R I AREL , THEI G 8 EOR B AL
1.7 HUEAE

IR F s K ] SPSS 20.0. GraphPad Prism
8.0 A1 Microsoft Excel 2016 ¥F4150#r; Ml frah
JAE NCBI ] BLAST HXF, fi#iff] ClustalX 1.83
FIMEGA 7 44X 20 F 8 0 AR B 3 5 1 1 371
TR G K B R R R
H V% B AR (mm)=(RE 12 +9048)/2 5
PR (%)= BRI 7 AL AR A FL TR 7% AR )/ 6
HE P74 ELAE > 1005
TR A BT R 910 2R (Yo )= (%o HE TR A% 50— A B AT A%
B )0 R B A% E < 1005
I 18 T8 B= 2 (45 GO AR < & AR AR/ A S bk
$x3]1x100;
BI TR (Yo)=[ OF) BRI 15 45 B0 B 15 45 500/ )
HE 1% 16 %51 100,

2 HZRE5OM

21 EHoBSNEEMENE
MU D i o FRAE v A0 A 31 6 BRAN 1R
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SO IREZE LB 6 FRANEEH HC1, C1 Al H1 X%
FE/NMZE LM HREA, M CZ1. Z1 F1 TC1
X FERE/ ML TR YA IR . AP Rk CZ1 Xf5%
B IMZ TP R, A 72.10% (B 1, 3R 2).
AN, Ttk CZ1 XTI II TR . HFET . £
T A i T TR R B R A R A A
H, HAERETE 60%L) (& 2),

H % 3 AT, FEPUE CZ1 43 & SR XT I
128 9 B v AR R B IR T, I S

62.10%; [ HSHE CZ1 ¥4 & S A Al 4l it
TR A 0 R AZ BRI 2R 63.50%.
22 HMBEEES
22,1 HENEARSREBELRR

LB 130k B9 2-3 d TRk CZ1 2314
FHEE TRV, TRVE LGN . IR ZAIR, 68
AR, RECEICPHYER, ES IRy E i 2
Jin. AIfARgs . B R AR WAL, VP, FJRAT
Y RN, AR LRI AN 4 PR

Bl1 CZ1 XFENZEBFMITIFLER A XA B: 4HH

Figure 1
group.

R2 CZ Bt A EEYHEREE /TS R

The results of CZ1 plate confrontation against Sclerotium rolfsii. A: Control group. B: Treatment

Table 2 Plate inhibition effects of CZ1 strain on different plant pathogenic fungi

I 4R o D T V& HAZ ElIGHES
Name of disease Pathogen Colony diameter (mm) Inhibition rate (%)
ISR FERIMZTE 25.10+3.57b 72.10+3.97a
Southern blight on Aconitum carmichaeli Sclerotium rolfsii

RS M 92 g 27.72+0.52b 69.20+0.46a
Tobacco black shank Phytophthora nicotiana

R HE R HERS TR 25.97+0.22b 71.15£0.62a
Tobacco brown spot Alternaria alternate (Fries) Keisslar

B AR g ot JaN: | 29.35+0.27ab 67.39+0.35ab
Tobacco root rot Fusarium oxysporum

BN BT Z FHER 27.17+0.25b 69.81%0.48a
Cucumber target spot disease Corynespora cassiicola

P 2% SR JE A A T 33.1240.07a 63.20+0.26¢

Anthracnose of coffee

Colletotrichum gloeosporioides

) 57 Kt J AN [R) /NS - B3R 7R 28 Duncan FOBT & 22 EE AR B0 7E 0.05 /KK 225+ 2. T[]

Different lowercase letters after data in the same column indicate significant difference between 0.05 level by Duncan’s new

complex range test. The same below.
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* 3 CZ1 BEAMSAMNFTENMIEERENEZ
RO HD IR

Table 3 Inhibitory effect of volatile gas of strain
CZ1 on colony and sclerotia of Sclerotium rolfsii
Item PR MR

Volatile gas CK
34.08+0.62b  90.00+0.00a

R BHiE

Colony diameter (mm)
B 62.10 -
Colony inhibition rate (%)
TR AZ B

Sclerotium amount (dish)
TR AZ ] 5 63.50 -
Sclerotium inhibition rate (%)

- JoldE. TR

—: No data. The same below.

16.67£16.67b 136.67+14.81a

L
=1
5

j % "VE
"l'.'\~" ?' ,.-‘ i.
B
& ,"ﬂ“-:’. &N 'f’ ey'
'.‘n e % '3 N 'il‘

{E‘hﬁfq?’ : z Odl
"'\s"'\!"""ﬁh s
iy ?».,a.f‘i* : ¥
N L e o AN o
&C‘L \w‘:a'“ "o "-05
".’ H PR e
" 0 ‘::\l f\ &% “.

\\.- " INO °l - |

2 B CZ1 BEHRSAREZRFELERB)
Figure 2 Colony morphology (A) of strain CZ1
and the result of Gram staining (B).

R4 EHkCZI £BELEHE
Table 4 Physiological and biochemical characteristics
of strain CZ1

Items Results

Starch hydrolysis +
Grease decomposition -
Litmus milk

Gelatin liquefaction +
Urea decomposition -
Glucose fermentation +
Lactose fermentation -
Indole test -
H;,S hydrolysis +
Methyl red test -
V-P test -

Citric acid decomposition -

+: BAYE; - BAYE
+: Positive; —: Negative.
222 HERESTFETEER

F PR CZ1 KX E 1751143258 2 GenBank
B R AT LR, AT R R R CZ1 5
Hili B ZE AT B A AR PR R, T B R v Y
FE5, {#ifH ClustalX 1.83 Fl MEGA 7 %k {4 #y ¢
RGRBEWME 3), 456 2.2.1 4R KK CZ1
WA B8 5 Ak B2 AT TR (B. subtilis).
23 mEEFAEBEZHML
23.1 BFRESHKEKEWMXAR

WiE 4A BTN, HERE CZ17E 5 R SR E
WA, HRtRmE AR A B 25 R E(F=31.43,
P<0.01), ODgo 2051 1.62., 1.55., 1.52, 1.54 Fil
0.48. YSP J&iZ A bk I Fid 15 97 ik
232 HRESEHKREKEMNXER

FH &L 4B AT, A Rk 655 7 B vk i A KA
BUAFAE B 35 25 5 (F=79.26, P<0.01)., il Ny % %
B A BE ALY, TRARAY ODeoo A 1.59.
1.56 F1 1.38, il Jy BEMHET , BbRA K BT,
ODgoo M 1.71, FEME R Ak A e AL AR U
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—H
36
18 —

Bacillus mojavensis ifo 15718 (NR 118290.1)
Bacillus halotolerans CR-95 (NR 115282.1)
Bacillus mojavensis IFO15718 (NR 024693.1)
Bacillus mojavensis NBRC 15718 (NR 112725.1)

30 35 —— Bacillus spizizenii NRRL B-23049 (NR 024931.1)

21

Ll

 —

e B
0.05

B3 BE#ECZ1 ETF 16S rRNA HEFFIMEBHWREKZL B

Bacillus spizizenii NBRC 101239 (NR 112686.1)
Bacillus inaquosorum BGSC 3A28 (NR 104873.1)
Bacillus tequilensis 10b (NR 104919.1)

Bacillus subtilis JCM 1465 (NR 113265.1)

wfmciﬂus sp. (in: Bacteria) NBRC 101236 (OM570591.1)

L\ ITULLU )

Bacillus nakamurai NRRL B-41091 (NR 151897.1)
Bacillus vallismortis NBRC 101236 (NR 113994.1)

}55 N FE R GenBank % 5%5 ; Bootstrap

UHIEE N 1000, 433205 FAEE 2 bootstrap [ 52 F5%; FRR 0.05 £ ok fb 22 5

Figure 3 Phylogenetic tree of strain CZ1 based on 16S rRNA gene sequence. The GenBank accession
number of the gene is in brackets; Bootstrap times are set to 1 000, the numbers on the branch points indicate
the support rate for bootstrap; Ruler represents 0.05 of sequence evolutionary differences.

233 RBESEHEKENXR

Hi ] 4C WAL, AN [R) AU 5 77 B bR 1 A 1
WAFAE B 25 5(F=117.31, P<0.01). & JE Kz
BERE, XV ODeoo i, A 1.65, UiLHA
HNEAFERBE . LA E A . Sbsgm
M2, TRAKRI ODgoo TEMIS R % J AR Fe Ik, X
1 0.74,
234 EFBESERTRBER

IEA IR LS RN 5 B B, HEbE
TR B0 93 %o A A A e s i I v 4 2 vh RAEL
FANHEF R BEERR > TER>E R 456 K
(EI NI RS TR IR R - BERR R 0.75 g,
HERE 1.50 g, FEEAK2.50 g, 7&K 100 mL.
235 VHRBERESEHREKENXR

HIE 4D WA, 3N AR b B2 0 i
i (F=1.02, P<0.50), B#ER ODgoo 7E AT
g 2% e K, A 1.87, 1B 2% 2 IR i

.
LR

ERESEREKENXR

Hi ] 4E AT 1, AN [) 2R 90 ok DA R 1) A A1 1O
ETE 35 25 5 (F=54.75, P<0.01). W &N
30 mL B, BRARAAE K B, ODgoo M 132
BEWEN 60, 90, 120 Al 150 mL B, ODgoo 5
Hk 1.83, 1.85. 1.83, 1.79, #}iH] 90.00 mL
S H R A
237 HERSEHREKRENKXR

H1[&l 4F RIAL, BERRAAE RS R 3
AR EH R (F=6.75, P<0.01). ¥} 210 r/min
i, FMRAERKER K, ODgo M 1.91, TEFEH N
120, 150, 180 #1240 r/min I}, FEFEAY ODgoo
YR 174, 1.79. 1.86 F1 1.84. [Nt fER
R 210 r/min,
238 BESHREKEEMNXAR

M 4G WA, CZ1 WERREEAS R 04
T H ODeoo fAFE R 35 25 5 (F=32.21, P<0.01),
36 °CIcifi A% AR AE K, EET ODgoo M 2.116

2.3.6

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



25 T RIS DUAN CZ1 I 5 0E . ISR AL AL e 9 28 5 4493

A B C
20 20 20

1.5 1.5 1.5

1. 1.0
0 Q

0.5 0.5 0.5

0.0 0.0 :
N 0ot 00 e et o @ \ﬁx’&ﬁoé\“}&e
S

Carbon source Nitrogen source

0.0 YSP NYBD NA LB CM

Medium

Or ab a ab

0.0 0.05 0.01 0.50 1.00 2.00 0.0 30 60 90 120 150 0.0 120 150 180 210 240
Inoculation amount (%) Loading volume (mL) Rotate speed (r/min)
G H
25 4~

OD, 600
OD 600
[\

ab &
20F b
d < 3k a
e
1.5 b p b b
B -

T A 1 | Y BT U
20 24 28 32 36 40 40 5.0 6.0 7.0 8.0 9.0 10.0

Temperature (°C) pH

B4 FEEFFHEN CZI ERERKEENZMW A K B: . C: AWM. D: #E&E E:
Wi F: #%3. G: JRE.H: pH
Figure 4 Effects of different cultural conditions on the growth rate of CZ1 strain. A: Medium. B: Carbon

sources. C: Nitrogen sources. D: Inoculation amount. E: Loading volume. F: Rotate speed. G: Temperature. H:
pH value.
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F5 EXREER
Table 5 Orthogonal test result

Qb3 BN

Treatment Factors
BV [EREZ) HA
Sucrose  Yeast powder (%) Peptone (%)
(%)

1 0.50 0.25 1.50

2 0.50 0.50 2.00

3 0.50 0.75 2.50

4 1.00 0.25 2.00

5 1.00 0.50 2.50

6 1.00 0.75 1.50

7 1.50 0.25 2.50

8 1.50 0.50 1.50

9 1.50 0.75 2.00

Ky 3.87 3.42 4.14

K, 4.35 4.74 4.53

K; 5.25 5.31 4.80

ki 1.29 1.14 1.38

ky 1.45 1.58 1.51

ks 1.75 1.77 1.60

R 0.46 0.63 0.22

Ki: AERS FAKFS20 0 BT B i g dibn 2 5 ki

Ki P F31E; R 2z

Ki: Sum of the test indicators corresponding to the level
number i on any column; k;: Average value of K;; R: The
extreme difference.

3.0

2.0

2D 600

2.3.9 #1% pH X E 4 CE E BRI 220

i & 4H AT AL, BPRZEASA] pH 2508 T 1A=
KAE M AFAE B % 22 5 (F=76.74, P<0.01), 1E pH
5.0-9.0 ByAT IE# A T AE pH (B4 4.0 1 10.0
i}, ODgoo fEAX N 0.04, 0.05. pH fE K 8.0 Hif
ODgoo N 2.34, HIL pH 8.0 NfiE A=K pH,
2.3.10 AEEBTENMAEEKRER NG

m & 5 BT%n, FE 0—-168 h [N, AN[E A [E] )
bR A KAETE 22 54 (F=319.93, P<0.01), E£/RNHE
Pk CZ1 A K i ODgop 7 0120 h N FE A & 8%
A7) B 58 N T34 0, 120 h 22 J5 ODeoo JT 1R 32
FEAR, TRRRAL T A KT, 7E 120 h A ODggo
wE R, A 2.55, UiB 120 hoR HimaE A K
iNgEI e
24 ERNBRBHX

M= AR L R R 6 s, 7ERD
o rf, {0 R T B ) SF- X B LT LA Gk #
66.67%, FHASDLIE T Pk A I i Ak 2 1 977 2580 AT
PLKE] 53.09%; Ry kg, HHEPIE CZ1
B PR AL B8 S 24 B RCRT AR B 59.26%, {1
I T e Ak B %) ~F- 231 B 30K 58.03%

| &
00— %
B 5 Btk CZ1 £k

Figure 5 Growth curve of strain CZ1.
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Table 6 Results of indoor control effect of strain CZ1 on southern blight
Ab 3 TRy 5 RTINS
Treatment Protection experiment Experimental treatment
U E IR G S F HIEIE SRR
Disease index Average control efficacy (%) Disease index Average control efficacy (%)
CZ1 Wbk A B 46.91£1.24b  53.09+1.24b 40.74+2.14b  59.26+2.14a
CZ1 strain fermentation broth
WE K Pt i Thifluzamide 33.33+2.14c  66.67+2.14a 41.97£1.23b 58.03+£1.23b

X8 CK 100.00+£0.00a —

100.00+0.00a —

—: JogdE
—: No data.

3 WREER

Rl R ZEFAT PR R 12 I L AR R
B IR LR A H H B U R A R
AR SC N A 7 s FRAET PN 43 B8 1) — ARG 5 /N
A B SCR bR CZ1, @t XA
FPIESRAE . A A LFRIEF 16S rRNA JE[A
JENE AT AT RS, KRR D) 25 55 8 N
M B ZFHIAF (B, subtilis), X AU F & T RIR
A AR BB R i LRy HOs A B B R T AR
BRIt 7 5% .

Az B 0 T S R ) ORI A R A R 3 R T
PEFEINE Y, B DO T R WA
(A AR Y ] Y 1] 2T i B R
AP T R AL IR, AERE SR . i
P AR, pH. KRR . ARKEHED ZWIG
F A 55 Ry Ol SR B R LR RS B R AE K
i, DR R B A R . HeAh, TR
JE P F A SR RS PU A HQB-1 UEfT R A
PEPEARET, bk HQB-1 fERRIR . &R . JCHLE:
T EE . pH R 3 A Sy S dil A K SR T AR AR
TR, LA TR AR, F A 0 R R T A
A K S R R R AR R . S H AT A
RAFGE J X CZ1 WK R P B R 3R W5 vk o8
BAAE LA, SR HL A s 3 B R % 2k 1 A

FHAE W) PEA 7 U720 A 3R R 4
Tl TERERY 7.5 o/, BN 15.0 g/L. HERE
20.0 g/L; B R R HAE 2%, R
90 mL . ## 4 210 t/min. IRJF 36 °C. ¥k pH
{5 7.0, B5FRmFE] 120 h M HEAE LB
Rl o ZEFAT TR AT Rk CZ1 5 A A VR o 25 e T
# BVI10Z7 | B8P MC4-21") & i S A kA T
Fe#, w LK PLEBE BV10 FlE R BS 76 30 °C
INFERAEKR, Wk MC4-2 78 32 °Cik 3l
KRR, WEk CZ1 78 36 °CA L E Ak
K AFBRE Z T ARKIEN AR, FHik
BV10.B8 #ll CZ1 = F A% pH {E53%1M 8.0,
8.0 F1 7.0, ZRAK, MEH MC4-2 (#xid pH
{4 6.0; Kk CZ1 [ feid HeFh it 4 2.0%,BV19
H3.0%, MEZRAKR, (HEHK MC4-2 ik
e SR E 22 R AR, N 8.0%; FeE i
FEAEZES, BPk BV10 5454 K 170 r/min,
M # R CZ1 Fl MC4-2 fe %3k 210 t/min;
VU TE fe R SR R AF FE 22 5%, HRE BVI10
5 CZ1 Wi e IR A1 )& 120 h, HPk B8 &
FEREFRITALE 48 h, FEtR MC4-2 1) B AR SR It
84 60 h. Btk BV10, B8, MC4-2 fil CZ1 iX
4 PRUTI AL B ZEAAT R, (AP0 E A ) R
FABRAFFE A 2E S, DR TR MR TR
] 580
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ARG AR . JCTE & B A R SR
Xof 55 /N TR I TR 22 A R TR A i R AT T
FHRHESE . 25 R, kR CZ1 MR, K
PSR T U R0l R 22 K R B0 & . TR
PR TR 22 B 28 dmc g, AT AR E] 72.10%. 1
M CZ1 BERE & FEAE T S 224 o e vk A= AR g
PR o R O SR BH 7 A PR O P ) R 2R A
FF VR 05 Dt o A K i 2 — o LA
PRI E . AR PR AR R
WPEE . B-HEERIENE . JL T s EE A E A
it 25120,

AN B TR A T 5 N A AR e Y
B, &P CZ1 MR & BEmAE AR 3l e
£ 53.09%M9 5538, FEIR YT i AT LLIS F) 59.26%
MBI IA RO o A B PO R S 2R AT B Y 14 X
e VAR R AT B 50 5, 4 s i R i e B
7 d PATEAERRAE ST, AR R Y14 X
A ARG TE LRI IR T 60 d I B AR X Bl R4 AT LA
IKF 47.02%, A FEAERER N R 20 d 510
HXFBTECA 59.26%. 1 LD BV22 Hib#
2y R G, KB A IR XA AR
2895 19 - S8 B 85 b 3 B it PR R A, B
IR EC A S e T LA 5 BV22 XS 128
973 1A A B 5CR

BRI LS R EH] CZ1 AR BT 2B
TSR BT, e — AR A R A BV 1 A
Btk [EEE, AR —rm+EE TRANA
R LA BT 1289 W AE B B, D — T
SR 2R AT B AE A W IR O Y & R AR T
W ZSH TR . RN CZ1 pERACHEH™
Wy BB AL S, 2 —25 T A R SR
JE B B AR AR Z 8] R 2R
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