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Abstract
In order to explore the effective control method to tobacco brown spot disease from the biological
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way, an antagonistic bacteria strain Y2 was isolated from tobacco rhizosphere soil by plate con-
frontation method, with an Alternaria alternata strain as indicator. The inhibition rate to A. alter-
nata was 51.5%. By means of morphological, physiological and biochemical characteristics, as well
as 16S rRNA and gyrA sequence analysis, the Y2 strain was finally identified as Bacillus velezensis.
The control effects of Y2 strain on tobacco brown spot In vitro leaf experiment and pot experiment
were 57.17% and 59.81%, respectively. At the same time, it was found that Y2 strain had different
degrees of inhibition also on four tobacco disease pathogens. The results of the experiment laid a
foundation for further study on the antagonistic bacteria on tobacco disease.
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1. 5|

IR L R L A ) 22 T 2N i % 10 3 38 A 7 B (Alternarria allternata) 51 2 ) BB 1 B, R AR TN
FREHA[L] . BRI =TEM i BT S i T /NG £, 8K, B IR s €, R e 5
T, 7% FE BT BRE A LS A £ S, 2008 0T S P R P R i T R [2] o MR R T 1892
CEAESEE B ORI, T ETEARPNAR AR P AT, (EBEE RIS, Pl ot R R, AR
Hi P AZ A AR AR 1S 2 ), O R S S A 3 T AR K AIE X [3] [4]. B E T 1916 4F i RO T %0 5,
1963 A E e MF XRT L ZR Ll XA, FLPmd g o S22 51 T 1 9N AR i G E 5] [6] [7]-

HEO THEF R R PG, FERIUARES R “TbihE, 67087 , JABNEEEARER
B iE EBIR S AEAB IR S, Forh AR Al R 45 & A0 R 25 B A & 4 il i 91 A &L 794 (8] [9] [10],
(A 2E 2GR B Tt 2 0 IR B A SR B R A, T L R 7= AR B 2 [5], FTA R A SR MR B
6 3 B B AN 5 7= LR L2 VR A5 Rs s AR B v AR T A AR AT FE RS [11] . H BT A 350 43 2% 38 R0
FREAEBTG T T T W70, WS T — @ IR, W15 e S [ 12 AR IRp 15 = 4 75 1%, M RE
P B0 H T — o R R R A A A P RS LB Ata28,  LTE BS AR B K 2 Ak B A
73%F1 75.8%. JH AR [13] N MHELAR B 358 b 73 B 97 tH PRI L 27 70 AT 15 (Bacillus. subtilis) BS06-1 £}
SO B 71 R 5 ) P TR 008 10568 R 3R AT T B PO RCR . R R [14] 00 H T — Kk 8 75 B 2R A AT B4 (Bacillus
methylotrophicus) Y37, % B #k ¥ FH [R] B R AR AR, 36 BRI B B0E 2] T 49.86% . (HAH IR 255 1K AE )
B b TR B, FOE BRI R, FEEZYE ML, SE. MARASET AT, AK
P 5 2 BAWE IR BRI 8% . I, A 0 I B AR s b A3 R S A M B VR AT A B L O
e, HE T SAFR R IR B B A — 2 R SCR M RE BB, 2 a o AT B e B R i AR
S8, NN 20 AR R A IR B SRR [ R,  HEE RS N R 5 R BT VA B LT I A P B R

2. MMEHE
2.1 ARt
PRS0 S 2 08 ST 5 L L B SR 1 B A AR 4 R A AR -3
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PR Ak
1) SEARBEPR: MR A% 1 (Alternaria alternate), 2020 £ M 55 M 48 22 I T % 645 4% 3 A0 A0 2 A v b
Hh R TR 2> BT A

2) HAMBER: HHE LA B (Rhizoctonia solani). % 447 B (Ralstonia solanacearum). JH 2 7
J 1 (Phytophthora nicotianae). %% 7% JH % 1 (Colletotrichum nicotianae) #5-J7 B HH B M1 K 2 0 8 22 e 5256
et

Bk IR DR ERGHERE R (PDA). Luria-Bertani £ 5235 (LB). 7B lg 1% 953 (NA).

B =M 87,

22. Bk

221 APENSE

B REFN AR RE S I > 78 IR E), FREL 10 g BINZ RN 250mL (1) = fI A (= AR WA 3
TEER), N 90 mL EH/K, FAFEKZE 20~30 min (180 r\min)J5#% & 10 min, B 1 mL 320 £
B, N9 mL ERAKIRE, BE 107 FRR. RA RIRFERETE, Hilk 107, 1071 107, 107° -k
Wl . MRRREIZ N 107, 107°, 107° () H3EER %X 200 uL 43 BN LB, NA. PDA 35353 F4R, H
SR HE MR A IR 5. 28°CHEFR 24 h, KL KRR SR Shig ok, FPARRIZikaitbE,
B BAE g I B 77 0 L% R ARAT

2.2.2. £BERTFIE

KRR IRg: [ 151565 43 25 HH B B MR EAT R 03, K5 5 mm K/ 7 2993 B B DRI T8CE T PDA FAR
o, AR R 0 B BE B B 20 mm b AR 4 NXSRRAT, 28°CHMF TR S d, MK
PR S AR ROR, A7 H0 TR R I B R BB OR A7 DAL S0 o A7 A5 FH P AROGT U v 0 e s 490 75 11 B ik g 47
S0, PRI B AR TR BE B B 20 mm AT 2 KRR AT B, R S IRER, 28°CHEFE 5 d fE WA B PR
ELIGHIE @ P = 1] <

2.2.3. EBERERE

1) A SEMENR NS E

VPR EVE R IR1E LB 35900k |, MBHEELS, HSR (G LAR KRG EEF M) [16]. (Aah
W ARG RETMY (G AR [1715F Bk EEAT 5 AR B A% e .

2) TEMF S

K A 2w 4 DNA $R KR &SR, A 4 E 16S rDNA i@ H 5l ¥ [18] 27F
(5-AGAGTTTGATCCTGGCTCAG-3"). 1492R (5-GGTTACCTTGTTACGACTT-3)i#47 PCR #"1#. PCR
RNARZ(25 pL): . FiE5I4% 1 ul, 12.5 uL 2xPCR Master mix, 9.5 uL ddH,0, 1 pL DNA Bt . $%
f8 94°C 5min, 94°C 30s, 54°CiB-k 30s, 72°C 90s, 35 MEIR, 72°C 7 min BHATH 8. 72240 HL kA
JEik BRI, CKah BN NCBI R3b3E47 BLAST HIUT FIAG 2 ELxt, 15 435 I B ik aff o2 2

BT — 5 H2 UK DNA, I gyrA 55514 51 #[18] gyrA-5P(5'-CAGTCAGGAAATGCGTACGTCCTT-3).
gyrA-3P (5-CAAGGTAATGCTCCAGGCATTGCT-3)ik47T PCR ¥ . PCR R Nifk REHTIADIR—3. 4%
f8 94°C 5min, 94°C 30s, 53°CiB/k 30s, 72°C 90s, 35 ME¥R, 72°C 7 min #4791,

5 HL K AG I 1) PCR =403 & _EifgA: T3E4T Sanger Il 7 . 5 S 7E NCBI W36 _E 31T BLAST Ext)A,
M GenBank T #H XS N B gyrA JF51 10 2k(F% 1), LABEERTE J& (Streptococcus)fE A4MA T F1l,
MEGA 7.0 ¥ f1:47 Muscle 2 /541 Rl & #1, 484275 (Neighboring-Joinning, NJ) M & R0 K & # .
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Table 1. GyrA gene sequence information used in the experiment
=1 LA gyrA EEFIUER

G B GRS

Species Strain login number
Bacilluscereus AP007209.1
Bacilluspumilus EU138655.1
Bacillusinaquosus EU138634.1
Bacillusmojavensis AY212986.1
Bacillusglycinifermentans KR092203.1
Bacillusamyloliquefaciens KU963797.1
Bacilluslicheniformis DQ995270.1
Bacillusmethylotrophicus KT960038.1
Bacillusvelezensis MNO086821.1
Bacillussubtilis CP028217.1
Streptococcus KM052282.1

224, ERSERFERE AT AR RN
SRECS R RS HERE, 68 7596 0 TTRS ALII FE AT 4, P T B A 5 O A P
R % 6 x 10° cfuml, KRB EME T I 1, CK BUERIAK, 24 h 5 0T HORBR R 10]
PR AR, R 6 AMRER, ACHE 4 JEUE, HAE 37K, IR AL IR R L BRI, 25°C
~28°CARIARITHI I 5 d [12]. ik R R AR (O SR HE L5 2), 1 S0 R HE MO L

Table 2. Grading standard of disease severity of detached leaves

%2 B R A FREERE S RERE[20]

245 Level IR R Y 43 bk Classification of disease severity
0% TEAEAR
1% JHEHEEAE 0~0.5 mm (BFRK/N)
2% JiBE 4% 0.5~2.0 mm
3% Ji Bt E 4% 2.0~5.0 mm
4% JHEPEEAE 5.0 mm L |

2.25. EpTEMIIRERA R ABRNUE

P U H T RO ZE R AT R, R R TR 3 A R AT RS, 0 B K AR R R
B B AR IR FER R S 6 x 10° cfulml, FRBSRISTIEH S F b, CK Wi TC /K, 24 h )5 Kl 7k
BER AR R BN, A CE 8 MRER, HE 3K, 25°C~28°CIREESFE 5 d [12]. it &Lk
AR, v B T EORBT 2
2.2.6. EFERRXT 4 MR E R E ROHDHIE R

S0 BRT AR 75 R A AR 5 T T A CE AR [FIRE RPN IR, K 0 12t PR B AR 5 7
A1 4 ol R R T ORI ST BT OB A O R A R R B ) AT T URE, U A 2R

2.2.7. BiELLEE
R (%) = R B/ AL R <100 @)
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T = 3 (% SR 6L ACEOo A8 /(4 B8 9) <100 @)
AR (%) = (PR A — B/ AL ELHE46 50 ) /X B 7 4100 ®)
Fil DPS HH AEFRHR A XS 47 A7

3. ZHRENH
3.1. X ENYESHHE

I ARG IR S 3 R 7 T AR B 32 BRI HEAT R, G5 SRR 3 MR B SR B T BT S ROR
Forp— MR B (F 1) 508 51.5% (% 3), andal Y2.

Figure 1. Inhibitory effect of strain Y2 on Alternaria alternata
B 1. Y2 Bt EETRERE A IIHIR

Table 3. Inhibitory effect of Y2 strain on Alternaria alternata

3. Y2 BB E TR 2R IRE A IHI R

1% % % Bacteriostatic rate
Hikkgi 5 Strain number

@ @ ® TEfE
Y2 472 431 463 51.5a
Y3 313 27.6 25.8 28.2¢
Y4 32.2 356 34.3 34.0b
CK 0 0 0 od

W RPAFRTFRERZEREEE, P<0.05,
Note: Mean with different letters in the table showed significantly at P < 0.05.

32 EpFEREE

321 V2 Btk S R EIBE L EE

B2 %M, Y2 BB E BRI AGREE, BEERUN, REFR, LZNENIR, TNEH, $E2IIK
Yett O NPAME . BRI P04 BRAR A S5 B L 4.
322. V2 EMN TFEPFLE

PEHL Y2 BEPREERI 21 DNA #E4T PCR P va b1, Y2 TEHEI 16S rDNA. gyrA F=#K £ 4124 1500 bp
551000 bp 7244, Sanger #ill4h SRR, 1% F Bk 16S rDNA 5 gyrA [t F BEK 43 %14 1031 bp A1 1003 bp.
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Figure 2. Colony morphology of strain Y2 (Amplification 5 times)
B 2. Y2 EREES(EK 5 &)

Table 4. Physiological and biochemical characteristic of Y2
7= 4. Y2 BEIRBVE IR A LHHIE

itk Y2
B2 R +
V.P +
FRELT +
PR +
WA +
TR K -
THERIL 5 B +
VAR 34 T i +
Gk +
B +
HEeE +
IR AL +
VE: “e” FORME, <" FRBIE

Note: “+” means positive and “—* means negative.

Y2 HFRI 16S rDNA FEHI7E NCBI _EiE4T BLAST FERIELXS, KRELZFHI 5 2 Mk 8 A B
AIATE, RERSHIE I T11 BAR N 2 MIAT 14 )& (Bacillus. sp.), (ETCIEMRIE1ZH BUfE & IRt ¥ gyrA
J7 51 GenBank H AT BLAST 4341, 45 S i 1% 7 71l 5 DUSE T 2F AU AT 14 (B .velezensis) A 1R i (A AHBA T
K3 M ARGKE 45 R Y2 k5 UL 25 AT 14 (B. velezensis) (1) 1 #& LFOL1 (CP058216) 7L [F]— 73 >¢ I,
HHAZ S a5 N 99%, SHABJLANRE, ELUni 16S rDNA () BLAST 45 SEANREIX 23 I MSE K 28 AT B
(B. amyloliquefaciens) #i 5 — & FE &5 .

3.3. BiEMH KBEHUNE

ZR0EE, PRUROREE IR 5d 5, WA C IR, Hrh B R B E AT, AL O F
T TEMAE ST AR, RO E R R AR R L T A E S . BT Y2 R R R
FEMp RURBE TR, B A SRR AR R AE, R E R BOLR, DERELFEGN . MRS
REEs)ymaeFE H, SABE KR E R, 0T 5 RN 8O0 IR U HA BT BRI, =414k 3
-3 5 %08 57.17%.
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g9 | Bacillus_velezensis_CP058216.1

54| 1y2
100 Bacillus_amyloliquefaciens_KU963797.1
gl Bacillus_methylotrophicus_KT960038.1
42| L—— Bacillus_mojavensis_AY212986.1

{ Bacillus_subtiis_CP0282 171
100 Bacillus_inaquosus_EU138634.1

fo) Bacillus_cereus_AP007209
— Bacillus_pumilus_EU138655.1
5 Bacillus_glycinifermentans_KR092203.1
ﬂdlus_lbheﬁfuﬂs_0m9527o.1

Streptococcus_KM052282.1

0.1
Figure 3. The phylogenetic tree based on gyrA gene sequence of Y2 strain and references from Bacillus sp
E 3. &F Y2 Etk gyrA EEFIFIFRAESEFIMENRGLEH

Table 5. Control effect of Y2 strain on detached leaves
5% 5. Y2 WHREAM R BB AR

Bk bt RIS s TE 4 R %
Strains tseted Handle Incidence Disease index Control effecacy
| 96 92.71
CK I 100 98.96 -
1l 100 97.92
Y2 | 58.3 37.21 57.17

3.4. EFEFHONE

LERBWI(R 6), 4 Y2 WM KRR 1 Fr, RO R 28.61%, TEIRECN 11.67, BiiaRCR
N 59.81%, SRR LR, FAh AL i A0 3 L0 4R B A AN R AR L ARG

Table 6. Control effect of Y2 strain in pot
6. Y2 ERARPIAYR

[E73 KIRHY VAR K5 % (%)
Strains tseted Incidence Disease index Control effect
ck 69.72 29.03 -

Y2 28.61 11.67 59.81

3.5. HEREX A S E RS ER

WIS SRR (] 4), Y2 BRI DU S5 5 PO D 1 A L AT — S AR L O R S A 1
R RBOR B 4 22k 3 7 78.70%, HUGR MRS AL 1A, #0204 54.58%. Y2 TEMRAE 5 M B R
9 R T A T PO OR o, S £ PR 22, SR R B4 15% LT (36 7).
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Figure 4. Inhibition effect of Y2 strain on four kinds of disease pathogens

4. Y 2 TR P Ffem 5 ok B O HD RIS R

Table 7. Inhibition of Y2 strain on four tobacco diseases

7. Y2 BRSSP Feh A B e e O 4

Bk JOH B LA I B JOH B R T B JOH R S I B B R JE I 1
strain Rhizoctonia solani Ralstonia solanacearum Phytophthora nicotianae Colletotrichum nicotianae Averna
CK - - - -
Y2 78.70% 8.40% 54.58% 11.06%
4. Wig

TSR B AR A IR E 22—, O 07 B S A R BRI . Rk, 120w
HR T R R MR A R U B B A R B ) R AR R EE L A A AL 2
Biie, (HPRETEE A — 2 8o, Kimat. 5. TF. SMREEVPHEERECN TR 2
bR B R

AW FAE AR RIS, FART I R R B A A B ROR, IR, AT g
H T B R A v U e SRR TR PR N AR RN A A K SR A A, ITTINEE 1 (R, AR A 1
PRI IR H ORI TEA R AL T I8 B, RN T B BOIIEE LA  BR R ESERE ). BRRRAR
B T ZAACEERT R AT, BT O K G, XL R2 P Fe g 1 T AR .

5. &ip

AT FE A R AR R B RR B - S0 08t 17— o MR R R B T LA R RS P Y2, i
TR FRAE SR B AR RFE AT W) AP 2558, 454 16S rRNA FI gyrA [ M FERE SRIGIE, i 24 Wi bk
Y2 S5 VRS AT IR o AR BRI 907 R 06 A ok B A B b R DL 1 AT A5 R Bl R
50% LA b o RN FEXS SR PO B, IR RO AR R L MR L S AR
FREPI T OB RS B A5 4 MR R U B AR I TN R AR LR . O TR — R AN XGR
KsaiE 1A
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