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—HREERSRINE MC4-2 BIEE . REEFHMNILRBEY
M E

RN gHRY IRI’ ERE® MEE’ 2MA° %&° REER' #ag”
1 mEf R IR 2= =m BW 650201

2 mHEMEAREAT AR = BU 650051

3 RS —BERRFAmPEERE IR Y 271016

H E.[HxDREZR5% 28 MERE(Phytophthora parasitica var. nicotianae)’| # 6 A B IR E ,
SHREMBAEFHFRTERBMA. (B8] EENKEMEF 5 B HRF— T BERT LA R
AE ) 6 B AR MC4-2, it — 5 B #iZ B vk 4G o K dds . ALK B2 Stk Bt A B 69156 30 R,

[5k) @it A4 4E. A3 A f4FfEFe 16S rRNA 2B A7) 5 7 ik st F vk MC4-2 #4752, vim
B & B R ALK A 600 nm BF &) OD 1A A F84%, KA L E & Ao ik 50K 69 7 &% B MR MC4-2 69 % B
B o R B A AT, B IR N AT AR 6K, AT ZAMATE ZIRR s
MR, [4R]) B PHRATHEREZIEA R MC4A-2 3B EABIF60 405 3R, W4 £ T 153
64.04%; 16S rRNA A B /5 5] o #7 & 90 B #k MC4-2 5 4E 3 3F 384T i (Bacillus subtilis)F40 & 1% 2] 99%,
SR F A AL S Z B A RFS, ARk r h: Bakh 1.0g. BEZH 1.0g.
FAE 1.5 g AABK 100 mL; R A2 K B¥ 4 1F A 34T 8%, /&2 30 mL. #45 pH 6.0, 443% 210 r/min.
MJE 32 °C. AT 60 he REETA] 12 h/d; £ A 28R E R LA, Btk MC4-2 AP WE Z 255
49T ¥ B AT A 5] 63.86%. [ 458 14 AR A6 F 04T 8 MC4A-2 HATAE Y 6 -AET E2AHLIKE.
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Identification, fermentation condition optimization and control
effect of an antagonistic strain MC4-2 against Phytophthora
parasitica var. nicotianae

HE Mingchuan® ZENG Shuquan®’ WANG Zhijiang® ZHAN Youguo® KE Changlei’
LI Weijie® ZHANG Zhong® WU Guoxing' XIE Yonghui *

1 College of Plant Protection, Yunnan Agricultural University, Kunming, Yunnan 650201, China
2 Kunming Tobacco Company of Yunnan Province, Kunming, Yunnan 650051, China
3 College of Life Sciences, Shandong First Medical University, Tai’an, Shandong 271016, China

Abstract: [Background] Tobacco black shank is a fungal disease caused by Phytophthora parasitica var.
nicotianae, which has brought great losses to tobacco production in China. [Objective] In this study, a
strain MC4-2 was isolated from Periplaneta americana intestinal tract, which had antagonistic effect on
P. parasitica var. nicotianae. |[Methods] The strain MC4-2 was identified by morphological
characteristics, physiological and biochemical methods and 16S rRNA gene sequencing. The fermentation
medium and fermentation conditions of strain MC4-2 were optimized by single factor and orthogonal
experiment using the OD value of bacterial fermentation broth at the wavelength of 600 nm as the index.
The control effect of this strain on tobacco black shank was confirmed by potted experiment in
greenhouse. [Results] Through the plate confrontation test, it was found that strain MC4-2 had a good
inhibitory effect on P. parasitica var. nicotianae, and the inhibition rate could reach 64.04%; 16S rRNA
gene sequence analysis showed that the similarity between strain MC4-2 and Bacillus subtilis reached
99%, and the morphological and physiological and biochemical characteristics were basically consistent
with that of strain MC4-2; The optimal medium formula was peptone 1.0 g, yeast extract 1.0 g, sucrose
1.5 g, distilled water 100 mL. The results showed that the optimal fermentation conditions were
inoculation amount of 8%, liquid volume of 30 mL, initial pH of 6.0, rotation speed of 210 r/min,
temperature of 32 °C, culture time of 60 h and light time of 12 h/d. The results of indoor pot experiment
showed that the average control effect of strain MC4-2 on tobacco black shank could reach 63.86%.
[Conclusion] This study provides an important reference for the biological control of B. subtilis MC4-2.

Keywords: intestinal bacteria of Periplaneta americana, Bacillus subtilis, Phytophthora parasitica var.
nicotianae, fermentation conditions, control effect

K ¥ HE I 9 (Tobacco Black Shank)Je: HH 4K 5%
%5 (Phytophthora parasitica var. nicotianae)i |2 K]
ELMEE , PRI <o R ez
A3 TR S MR X, 23K EAR B e HL S KPR
iz PRI B, I IR A B B
SO AN A7 By a4 T B AR T e Tk A 24
(A P RAS L 2 el Y, LA R AR 5t o ) B — P A
R, TR T PREETE YL | AT AR R AT
PR AR5 Y e LA 7= 2k o 1 g Ak A
(K7 T 5678 BT iR AR TR 2= AT =, HeE
JoEE . RERER | SRR SR, AR Ok B
SerEPL, WS KB, MR SRR A A W B A O ik

FIRA T B0 By A ) A AR A TR . BT L ek
A, o LUAIE E 22 i O A i A
FAUFIEE . SRS FREE . AmE
Bk B

LRI, T4 SR A2 T B3 9 240 7 2 2R
WEFAEIAR PR 1, R Py A it
L Z R, HARRIE B AR L2 1, R85 e
F& HU 38 73 5 AR 2 SR R 50 5 B A R
JLAHSC A o H UL 1Y) B R 3l Gl AR Mk 5T 22 4 P e
X B IR B BN S5 T, X AR T B IR T THTAY
MBI T 12T R A B BB R i . S
ORI SE 888 258 LR A7 0T A A R AP E Y PR 05
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rh, b 1 A AR R DR FH T X D L A g
VEF SR 4T, 0510 e 35 0 K MR ok e i
KIFTES T8 AN 2R N, X 2KR
HURTEAE IR R R AE DU AN A 2, How B RE 75 L
N FHET S .

AR ZH A A TE B B 1 58 Y R Wik 3 v o)
BT A A SR IR A AT R BUSCR Y
B MCA-2, 3 3 A R IR & 1% T ol A
PEFEAMHI R AT KR 64.04%, @I TEEARAE, R
AACFFAEFT 16S TRNA LR 751 43 BT (0 7 T4 A0
FEIZ DA A R ZE AT IR, B T R R AR T
DU RE T 2 TR R AR BRI 1 5 N B 3R 35O - R S
FRLZEARAT I MC4-2 (A 4 EE 2 p AR A, [
BN — 2P R 2 O TR bR MC4-2 4 T4
I3 T B A I AE GBI SR .

1 AR5
1.1 ##)
1.1.1 i EK

2 TR R R A TR 2L I3 A 5 D DR W 1 P 43
BRE], G5k MC4-2, BURAETF =Rl ke
SN LI W 8
112 #ittERE

A R BE R RS SR 3L (YSP) (g/L): Ak
10.0, MEEHZHT 5.0, HEWE 20.0. 4-E L%
BEREFRBE(NYBD) (g/L): 4+ 8.0, BEEHR G 5.0,
HWIERE 10.0. BEFRBUEHEFRENA) (gL): FRE
3.0, FE A 10.0, LA 5.0, 40 LA B FEHRL(LB)
(g/L): MR 10.0, BERER 5.0, E1L84 10.0,
TERREFRIEL(CM) (g/L): %M 5.0, BEREL 2.0,
FRIETRAN 1.0, L/AKEBRREE 0.2, BERRE 4 4.0,
Wi — 4 6.0, A K5 L (OA) (g/L): #EZZ 30.0,
Bifg 18.0 P, DI B FRIEIAE 1x10° Pa KA
30 min,
1.1.3 FERKFIFNEE

B FRE . EER . BEEHRE . NaCl
ST alia, AR AR A IR A R

BEOL AT IR R 70 (64% B RE-ER B ), SEIEIR(RMNIE
YRy A FR /S w3 Biospin Bacteria Genomic DNA
Extraction Kit, UM HBHARA R . PCRAY,
Biometra A vl ; ARG SRA, B fEREAGR
ARRA R HIRREIR, HEREIESARA R 5
SR IO, B EAAR R MDA BR A F
12 FEREMNSE

SEPN RIS AR R 75% L BEEVE 3-4 K,
HR 2-3 min, FHICH/KIEVE 3—4 UG #HATIRH
BRAT5E R 1 S YN T A0 18 LA FH o 4 56 Wi
CERA T ECEF, A 1 mL JE@wK, R
VR FE AT WIS I A BB EE AR AL, U107, 107
107, 1077 FRR S5 TR B 0.1 mL 43554 A1 T NA
b, SRS E P ART 28 °C fHIR KRR R R
3-5d, HARE 3 REL. FRAEEL UG
FE PR PR IR AT T 208 4 1Y LB Pl b A T3
AIEFR, ZWEERNAS SRR ICARWE N L,
BORA AL AR VRO T 4 °C vk # AL
1.3 HREIESRNE

R P HRO0F 0s A4 5 1%, K B 94T LA
(6 mm)7E L AL AR S B~ Al B AT AL, PRI JCH
BT PHEM T 5 —8H) OA A H g,
PREU B A B B AR MC4-2 B VE LR T OA
FARAIIUR 2.5 cm Ab, EEFRSEERE A 28 °C H
TEEFRAR h 8 % 35 d, B B ARSI RR %
DIAASPURE s X, A s 3 4
FL,

TR (%)=
RPIECFAR TS 17 — O MARITE 7 |
XA B L O

14 FEMEMEE
1.4.1 FSEHRERE LHHE

PRIy B 4k J5 M B R MC4-2 B E 3R T
LB A3 5E |, 76 28 °C fHIRIEFMH RS
2-3 d LURISFRTAVE , FRTEPARh K i i e
SITEA o RGBS F b Juim—M IS K,
FREFRPRHL MC4-2 BRI T O IC K rh Il vk
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WA, PR TR 2 R o e i
FCY 3% AT B ILER, o Ml AT 25
RANFF IS 22 [R YL A g5 21 o AR A AL AR AR DG A
U IRy W T 1) - D B NS M =Y e ]
ZLSY2 WHRE WS % .
142 AREAEWEE

PERCEF MR MC4-2 JEHZ DNA Wid, %Pk
MEA 1Y 27F (5-AGAGTTTGATCCTGGCT
CAG-3")H1 1492R (5-GGTTACCTTGTTAGACTT-3")
AT PCR 973 . 2lifb 5 iy Wik B VR A YA
BRI ZEATIN Y, 4520 BRI 16S rRNA JE A
tERIE, KA HE3C 2 NCBI (GenBank)H 1T
BLAST [, fieJi, f#H ClustalX 1.83 Fil MEGA 7
B ERGE LT IR,

1.5 HMEAEFHFIE
151 MFREIH &

PRI MC4-2 B4 T 100 mL LB MAES
Fedkrp, 28°C, 180 r/min R 155 24 h 54 .
152 AEEFEIMAERZIN

)l 100 mL () YSP, NYBD., NA, LB,
CM iX 5 iR SR 5L, 40 5IHERD 50 uL MC4-2
P T AR AR IR 3. 28 °C. 180 r/min
PRz EFE 24 h 5, MR R RTEP KN 600 nm Hf
() OD {8, HHAKE 3IANEL, TH.

1.5.3 BRIEXEEFMm

DL bR e i 1 00 e A R Tk R 5RO kA
[#] 2 BRI A HeA ZH 53, 43 S22 200 LM
HIAGHE . R ATE R iR SR BRI, 28 °C.
180 r/min JR¥% 1577 24 h J5 MR AN R E, #iE ik
FERRIR
1.54 TIEXMAER R

DA b AR e 7 24 4 0 i 1 A e i 5 i S Jhi
[#] 2 B AR A HABZE 53, 4330 NHLCL . [k
BH . NHaNO;. H 2B AR 1 RVE i s 92 2 )
AR, 28°C. 180 r/min #k¥% 15 5% 24 h J5 il it 40 A
B, B E AR

155 EFERESHERIRE

HRAE bR aR R R R R 25 R N E 3 R
3K IEASTSS , R RN IR R R 1 PR B
FER SRS TILAL, DA e SR i A 4yl U, 1F
IR E R SR 1 PR,
1.5.6 ¥IAIZEEEXTHE I

TE FRIARRE SR B, o Rl & il 2%,
4%, 6%. 8%. 10%HFIFi. 28 °C. 180 r/min
PSR 24 hE, MEAEARFPIGE R R T &
BRI P AR R, AT AR R R
1.5.7 EBEFAEAIEN

7E 250 mL — M4 51l E 30.60.90,120,
150 mL AIRALEEFREL, FRAEAS BG FR I h R+
W, 28 °C. 180 r/min JR3%H5 77 24 h J5 I & B IRV
FE, e R
1.5.8 #14 pH %40 & B F2 00

A3 S E pH Hy 4.0, 5.0, 6.0, 7.0, 8.0, 9.0,
10.0 1 100 mL FiRIEAbRTFREE, FEAE& 43Rt
Ay HERD 50 uL Bh 7, 28 °C. 180 r/min Y% 54
3% 24 h i, MEAR pH BB R4 B AR KB, L
1 8 B AW 1R pH.
1.59 #HEMEHAIEZM

Fie B R AL 2 SR B R R 5 IR A B
FEEEFR 5, B A5 R 120, 150, 180, 210,
240 r/min, }iFF 24 h IR WK E, e HdE
P IRFG
1.5.10 BEXMEEAIEMm

TE E R R SR AN R WA R S I, 4351
BEEIREZE 20, 24, 28, 32, 36, 40 °C #1714k BE
g% 24 h, WEAS DR EE S BB ROR L

*1 EXREER
Table 1 Orthogonal test factors

Ab P iz [asarg i) 1
Treatment  Sucrose (%)  Yeast powder (%) Peptone (%)
1 1.5 0.5 1.0

2 2.0 1.0 1.5

3 2.5 1.5 2.0
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1.5.01 A& EER (8] % 4 B A 52 i

K R Ak BRI B R WA, 4y BIHE 12,
24. 36, 48, 60, 72. 96. 108 h AN U S,
FE 0-24 h NEEE]FE 2 h & 1 %k, 24 h J5 &
B 12 hollaE 1 k. AR T A SO 22 o AN A AR
Kk,
1.5.12 St BRRT (8] X 20 & A% 52 0

K R 55 58 I R WA, 43 ik e
W R0, 4. 8, 12, 16, 20, 24 h/d, MEARFDE
HEAC AR A B e B 1R R
1.6 (REERFRERNZFHBHBNE
1.6.1 HEREKREZENGE

PR RR MC4-2 #: A 100 mL LB ¥ i 33 £
28 °C 180 r/min 3% K557 24 h J5 15 B A B R 2,
P TR YRR A T 60 88 4 B I AR A 7 P AR T 30K e
P EL R 1x10° CFU/mL.
1.6.2 REZ SR FEZRNHE

PN FZEREAE OA 5573 FRESE 21 d, WML
228 T 0.1% KNOs il HHiRiE 72 h, 7= fjsinJc
HKIHE, RIFET 4 °C WA ALFE 40 min,
BT 25 °C {HIEAA N ACE 20 min, BUH 5K AR
JHERE g 1x10% A~/mL s 72720, FEA
1% A A Y
1.6.3 ERNPBHRNE

IS TN B AL PR 3 5, RS AR A 7 42 A A
TR A . DA A AN AT T Ak B ) R T
ks UG BR DR TR AR A B A BE P X B i B
B PR 4 AR E R A AR B A R, T
RIGHE . ORI R O BA AR . WE 3 AN ER,
FRALTRE 15 Z M .

AT RBRUE . WA RIR O FAR S (4
N R M ] ] R o AR 24 P[] 24 2550 52 36 E DU ()
GB/T23222-2008 ),

0 g% AFETOHN 5

1 % ZEFIRBEABAEZE /I 1/3, 80 13 IR
HSRESF

3 G ZEIRIRBEALEZEM] 1/3-1/2, B8 1/3-1/2

MR ZE ST R BO IR B

5% ETRBEREAZEFEIR 172, (HRSHALE
L[, 8% 1/2-2/3 MR,

7 K ZEHIRBE AL L[, 5 2/3 DL kot
aREESE

9 G FIRIEAHGIE o

LEPSIE AW IR
ﬁﬁﬁ%ﬂ%ﬂ=a§§§§%§§xIMh
%mwazﬁﬁﬁﬁﬁﬁ%éﬁgﬁﬁﬁﬁxmm

1.7 #HiEaE

% I Microsoft 2010 X 56 s #E 77 4b B DL A7
KIZHIE; DPS BB 6 7 i 5 o i, AR
% Duncan’s #7582 W 22 LA TR 56

2 HiRE4h
2.1 HImEHIERR

FEPUE MC4-2 [ A IR 560 25 SR an &l 1 frr
TN, G R, A P A S R R TR R
274 10.00+0.50 mm, # ] 6 AT IK F] 64.04%+3.30%.
PR R MCA-2 o HH i 2 4 il P BOCR B B HARUE
PR I AR A5 TR AR MC4-2 1 R — AR AR B o E AT 9
A, JFEEAT R ZE T .

B 1 FEE MC4-2 FIHIEBR

Figure 1 Antibacterial effect of antagonistic MC4-2
W A: XHEZL; B: AbHdH

Note: A: Control group; B: Treatment group
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22 HEMEYXESER
22,1 HENMBEESHFERERE WFE

PPE MC4-2 78 LB [R5 I 28 °C igt
2-3d 5, JEEEMER N 0.86-2.41 mm, H7&
RETE, BILA6E, FTEEDSREA B,
NG5, WIRAFR, K/N R 0.57 pmx1.70 pm,
PRI 2R, L IR PH R, s R AanE 2
Fs o SARERE MR T3 HLE , AR B AE AR AR 45 SR
2 iR,

2 EHMC4-2 BEHRSRE=REBLER

Figure 2 Colony morphology of strain MC4-2 and the
result of Gram staining

E: A: BVEES: B: F2REALR, B FMEEAR A
MC4-2 BIRRA BRI ZEAL(FAE), 2L EERI 3t BR R (S 1)
Note: A: Colony morphology of MC4-2 strain; B: The result of
Gram staining. The blue and purple part in the figure B is the

bacteria and spore of MC4-2 strain (positive), and the red part is
the control strain (negative)

T2 HHE MC4-2 £IBA LA

Table 2 Physiological and biochemical characteristics of
strain MC4-2

W H £
Test items Results

PR IR ZLSY2 MC4-2

Standard strain ZLSY?2
Starch hydrolysis + +
Grease decomposition - —
Litmus milk A +
Gelatin liquefaction + +
Urea decomposition 4 +
Glucose fermentation - +
Lactose fermentation ot s
H,S hydrolysis - —
Indole test - -
Methyl red test - +
V-P test “F =
Citric acid decomposition  + +

Note: +: Positive; —: Negative

222 HMESFEEER

20 7 AR bk MC4-2 11 16S rRNA JEH T
SR BEN 1451 bp, FFF4E 58 = GenBank H13f
FA%1Z)7 5] (GenBank #5%5 . MW82274), 7E4L
PR HETT BLAST Hext, ZrMr BBk MC4-2
AL B 2R fUAT B (Bacillus subtilis) NJ1 (GenBank
Aok KT588643. DAHMIE ey, K% T 99%.
A MEGA 7 80 R %k F b X
2, HEEA N EIE SR H A LERE, w1 % E
R MC4-2 IAKEZEHIAF IS B. subtilis. 25540
Kl 3 iR
23 ABEHMEER
231 EFEMNMEREERMNEN

WK 4 Fis, Hikk MC4-2 76 5 FplE SR gk R 2y
e, IFHAATERENEES . 424 hIRG ISR
J&, Bk MC4-2 7E YSP HhA: KA, ODgoo fE AT
KE] 2.2655 FLUR R A PR IR A OB 15 5 g
(NYBD). A FLAtRTFRIL(LB), EFRHUEH IR
(NA), 7EsEaR I My A4 Kt Wik,
Pk MC4-2 B3R B 97 30 YSP,
232 FEFGRXMAE L KRN

5 FR RIS R, YSP B ek TP EA
M5 1.0 g, BERERHKT 0.5 g, Z8187K 100 mL (B,
vt AR . QN S iR, S RBR IR Rl DR
e, EAE LATERE A i U5 B ol 45 R AR MC4-2 A K,
ODgoo fEFT LA 2,231, TRAK MC4-2 X242 ZEHEAI
TR 3R B T AL s VERAE R IR A, 2 Ak
JE AR, X U0 W TR AR 43 A 2 B 1) 8 0 AR T At
4 PRI o
2.3.3 FRITRRENAEE KIS0

Wik 6 s, Btk MC4-2 76 5 R [A &5
BT DI A A, 2 DAL SRy R0 B 240 o A K e
DR P ey, LR AR A RE I AR . BT 6
Hal DA Y DL 2R S AR 0 T R AR
LA 0.993, iX F/R FAK MC4-2 X iR 432 HL R 1) 43
fif e 1A PR AN BB ATA  [RIL, SEPRmERRE AR
WRAE R MC4-2 KRR R 3L R
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29‘

31

631

Bacillus subtilis NJ1 (KT588643.1)

Bacillus subtilis Md1-37 (MF581443.1)
30 ‘ Bacillus subtilis CICC 10023 (GU980947.1)
‘ Bacillus subtilis X501 (KU240495.1)

MC4-2 (MW822746)

43 ——————— Bacillus tequilensis GD-4 (MH373539.1)

38

Bacillus subtilis ZZY-20-3 (MK905506.1)
Bacillus subtilis HN-2 (MH373533.1)
Bacillus licheniformis W-2 (EF656455.1)

44

44

i
0.000 2

Bacillu subtilis XeM20 (MW559365.1)

Bacillus velezensis DD9 (MW575669.1)
] Bacillus licheniformis L5 (KU179324.1)

Bacillus licheniformis HN-1 (MH373532.1)

| Bacillus tequilensis LZH-J70 (MW477673.1)

691 Bacillus tequilensis jin10-qm (MW692134.1)

3 ET 16S rRNA EFFIIHEZRIE K MC4-2 REXERR L L EH
Figure 3 Phylogenetic tree of strain MC4-2 and related strains constructed based on 16S rRNA gene sequence

11 : Bootstrap W E N 10005 433755 _F TR Bootstrap 32455 ; $55 NK/R GenBank B35%%5 5 £ F AR ER 0.02%

(5 51 A 22 5+

Note: Bootstrap times are set to 1 000; The numbers on the branch points indicate the support rate for Bootstrap; The parentheses
represent the GenBank login number; Ruler represents 0.02% of sequence evolutionary differences

234 EFEAHEXREER

DLREME BRI R AR IR R R 0 TE A8 i
g 3 B, MRIERD R AEMK/NHETFSE S
3 ol DR 2R T A0 R A K 1 T O R B > TR B>
FERRR By s MRPERT K EHRDN, SR ERR

i

YSP NYBD

3.0
2.5
2.0
1.5

ODﬁ(l{J

1.0
0.5

0.0

B4 BFENEK MC4-2 £KAF MM

Figure 4 Effect of medium on the growth of strain
MC4-2

TE: BPARFR/NG F R P<0.05 KTF25 8%, TR
Note: The different lowercase letters in the figure indicate that
the P<0.05 level was significantly different, the same below

FEAOE- LA R (1.5%) . BERHRRY(1.0%).
JR(1.0%), BRAEALEEFRILRC I M ERE 1.5 g EER
¥ 1.0g. BAM 1.0g. ZEM/K 100 mL,
235 VEEEENEREE KN

el 7 R, SPGB 8%, Fkk
MC4-2 143t 24 h YR¥GE TR 5 4058 Wk B e

0.5

ODgoo TH N 2.613, HU MFEFE 10%H 6%5%
3.0 ¢
254 a
2.0 o
g be
% 1.5 c

Maltose Lactose Glucose Saccharose Starch

5 WRIEXE MC4-2 £ KBTI
Figure 5 Effect of carbon sources on the growth of strain
MC4-2
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a
ab
5 15t b ab
aQ b
S 1ot
05F
00 1 1 1 1

NH,CI Yeast NH,NO, Glycine Peptone

6 ZTRMER MC4-2 LAY

Figure 6 Effect of nitrogen sources on the growth of
strain MC4-2

x3 EXREER
Table 3 Orthogonal test results

Ab B [K % Factors ODs0o
Treatment i j: T B A K
Sucrose Yeast powder  Peptone (%)
(%) (%)

1 1.5 0.5 1.0 2.792
2 1.5 1.0 1.5 2.753
3 1.5 1.5 2.0 2.706
4 2.0 0.5 1.5 2.738
5 2.0 1.0 2.0 2.605
6 2.0 1.5 1.0 2.739
7 2.5 0.5 2.0 2.644
8 2.5 1.0 1.0 2.828
9 2.5 1.5 1.5 2.665
K, 2.750 2.724 2.786
K 2.694 2.729 2.718
K; 2.712 2.703 2.651
R 0.056 0.025 0.135

2.70 ¢

265+ a ab

2.60 - s

255t ab
250+
Q 245}

240+

235¢

230 ¢

2.25 . : . .

2 4 6 8 10

Inoculation amount (%)

7 EEEXEK MC4-2 EKEF N

Figure 7 Effect of inoculation amount on the growth of
strain MC4-2

23.6 HREXMNMEEE KN

P 8 FirR , AN 7] 2 Y i Xof 4 T A= K 1 52 i) £
TED 225 MAE 250 mL = M2l 30 mL
I, TRk MC4-2 iR 1555 24 h Je Wk B A
ODgoo [H M 2.695. Bl W= AW,
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WK 9 froR, ANERIEG pH X MC4-2 (/)5
Me 7R 25 22 5 S0 pH ol 6.0 I, TI#k MC4-2
AR, 24 h JRGEEFRIG ODgoo (647 2.885, Ttk
MC4-2 7E pH 4 5.0 1 7.0 B A KA, ODgoo H
I3 2.823 F12.692. 4 pH 2k 8.0 #19.0 i, TEik
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Figure 8 Effect of loading volume on the growth of
strain MC4-2
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Figure 9 Effect of initial pH on the growth of strain
MC4-2
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FHARMNER, ODgoo [EALH 0.443 F10.104, X 15 HH
1o R B B A PR B X B R MC4-2 14 A KA Bl
YERL, BkE MC4-2 A K i pH Y 5.0-7.0.
2.3.8 FEMHE A KHI RN

WE 10 Fros, $RRBEAS [ 1) 4 30 T Pk
MC4-2 A KA AT B2 5 SRR N
210 r/min B}, 3557 24 h JG AR E R, ODeoo fH
3 2.515, HIRFEFEH KN 240 t/min Al 180 r/min.
W PRG RS, HR TR SR 5L S, AT
PRI K

239 EREMHAEE KRN
mE 11 fros, FEARRIERE T, Hik

MC4-2 ¥ReAE K, TRl E S 32 °C W), Ttk MC4-2
AKX, TR E 20 °C B TR = 32 °C,
20 A R ROV B R S B T R FE i
F BT E E 40 °C, FRRIE XGZEiEAL . 1E
(R AR Ak 52 ) T A0 DRt P 1, DT S e A G
A o B R R B AR B R MC4-2 A RIS
ANREEm, FILEE MC4-2 Wi tE R iR
h32°C,
23.10 AEERTEITMEEEKNRMN

WE 12 B, Bikk MC4-2 [T B0 B Bt Ta]
AL PLS L . 0-6 h, AHFEMRBERAR, A
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2 TR A A R TR bR, 20 R BT ) A 4 T
BT, R, 6-36 h A0 Xk KA,
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Flgure 10 Effect of rotate speed on the growth of strain
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Figure 11 Effect of temperature on the growth of strain
MC4-2
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Figure 12 Growth curve of strain MC4-2
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Figure 13 Effect of different light duration on the
growth of strain MC4-2

F4 BEHMC4-2 HBEERRBEAHFYER
Table 4 Results of indoor control effect of strain MC4-2
on tobacco black shank

Ab PR VRS SRR RL

Treatment Disease Average control
index effect (%)

MC4-2 optimized 29.63+3.70b  63.86+4.64b

fermentation broth

64% oxadixyl-mancozeb 18.51£3.71c ~ 77.36+4.93a

CK 82.01+1.84a —
Note: —: No data

BT, KA A B R PR G 1) S 2 B AT A s
64%, TR BONZS FIXT IR 82.01 FEAIREE 29.63,
X AR R BRI B A0 R B BT I B TR O o ot e 4
FIFEHUIT MC4-2 PR R 19156 7k, FTLA
B MCA-2 X B J R A — 2 (R T B8R
3 WikE48

H 55 2EHOFF B (B, subtilis)VFE R 2 0T 1 o Y
B pakk, B AT S AR, EIREK
7 B S RE A 7™ A HLA L 338 1 AT o T 19 2 0 55
A PO R 2 AT A X D BT 4 I B AL A
L. PSR, i Re e s 20
TR A PUEVE R R, B g Rk R
MaANE . R AR R, BT R
(BT IA A 2R AR OO A I A KR R B —
O HE/E 20 e A Mg b, B HS P/
At B 2 FRUFF B 8 A SRR b 4 B A5 3, AR

BRI o B ) ARGE D AR T AE ) S B R Rz
A7 5 B VIO 2, B MU 2B T8 R EAL A5 45 THITE
YRR B AR T A R s Y, B R
FHESZOR Y, BT LA & 0 B U 3B e e R R
1A % B RO AR g I R sk 5
NI () B v 4y B AR B — AR AN MC4-2, it
Sl R 1 56 2 B2 TR X R e ) o 2R A s )
64.04%, XL PIEARHE . A A CRRIE
F1 16S rRNA B P 81 SEHEA T /0 A R LE, #0202
SE I A B2 FURF IR (B, subtilis)o IXAMIFE T
L U 18 YA RIS, 340 S R P B H D A e 2
HUFF A TAE D PG SAL T S50

HY A B 2R AT TR A A A R P AR AR 2
TGP R 2R 40, DRI I 0 ke s 5 1 A
T vE A ALt AR 2 AR B R RS A
ARSI G BT A B A 1 B0 TR ) AR A 4
ok S ARIIN AP i K TS W S/ W USRS
XTI MC4-2 (LAl TR BT A B4 A T T4
1k, 45 RFEHH R MC4-2 18 YSP B33k FA: K
U, FELARER N AR IR, DATEELE B A AR (A o i
FERR, DUfesEsREEm R A 1.0 g, BEbE
28 1.0 g, BERE 1.5 g Z=18K 100 mL, fefdEkmE
SN AR 8% . FW it 30 mL. ¥J4H pH 6.0,
BEH 210 r/min, JJE 32 °C. KEFEMHE] 60 h, YGHR
FE] 12 h/d. KRR Rk MC4-2 il fedE & e A 15
TP AE I 98 v 43 s 15 2 AR B ZE AT AT S-16 AN
2 6 25 ) WA 00 P 43 5 15 00 A s 0 2 A0 AT T
B47 WA R BEAIEAR L, P AR B = e K R
JERIIERE FARRL, #REERTE 30-34 °C Z[A]; ik
pH & HTE 6.0-7.0 Z[A], Sy PEwidme e ; MC4-2
5 B47 #RI A RERE IR RE BB, T ELRE IR
FEIEASIRIG 25 AL ; MC4-2 5 S-16 #BXF 2 (A
B IF R RRE . B MCA-2 5523 2 (R AF A
FLLEHIFT I ZLSY2 BERE I AE A ALRHEXS L,
FR R e AN B S AR S U VA SR EWL G AR N
AATA) X AT BB BT 2 Bk T 0 4 A 4 1) 20k BE A7
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ZRIE R o £F F s, AT DL& BRI 2 R A A
ZEMUAFTE, (Rl T RARPRIE . ARSI,
AP AE AL IR & P S5 F (R e B A AN AR ]

AR B0 X)L TR PR A R R R R T T E N
FEARBH RN E , 45 F e AL K e J (R TR vk MC4-2
T 2 VX A PRI ) AR B B RGE B T
63.86%, ZIRILE 5 AW O E AR ] 4 458 b 4y
A5 B HE BT A0 MO A By 25 2 B o B O
A5 B B N AR FE DT B = P9 2R B B A SR L
B, AT L BAN [R) A Y58 AR A R 2 AT TR X B
NI AR B R ROR AETE R 22 570 48R, BR TXF
KR FFE R HEA T BB A1 , A [ A U A0 A B ZF AT TR X
At A 995 7 [R)F A AR B A0 6 v 2 I HE A
IR IA R, T HARTER 22 7P,

RS G5 R R A B R AT B 0 A P BT iR A
W Z S AURYE, IFE R T R U A e A
FAWESE, [RIEHLUER Bk MC4-2 2 — R A R
W AR k. 75 T —22a9fFgrh, R X i
T AR B BILT AT ™ 0 89 49 5 ot B i HLARA )
I B U 08 4 TR AR 9T o
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