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Abstract: In order to identify the marine bacteria antagonistic to tomato early blight (Alternaria
solani) and evaluate its biocontrol effect, in this experiment, the species of the antagonistic bac-
terium 221-11 for tomato early blight screened in previous work was used as research object.
Based on the morphological characteristics, physiological and biochemical properties, and 16S
rDNA sequence analysis, the species of antagonistic bacterium was identified. Then, an indoor
pot test was used to detect the growth-promoting effects of marine biocontrol bacteria on tomato
plants and preventive, therapeutic effect on tomato early blight, Finally, the effects of antago-
nistic bacteria on the activities of plant defense enzymes (SOD, POD, CAT) were determined
by using the aziridinium blue tetrazolium method, the guaiacol method, and the UV-absorbance
method. The results showed that the marine antagonistic bacterium 221-11 was Bacillus velezen-
sis. It produced an inhibition zone of 61.24+0.3 mm in diameter with 77.2% of inhibition rate a-
gainst tomato early blight pathogen, and inhibited the spore germination and teratogenesis. Af-
ter potting root inoculation for 35 d, it was found that 5.75X10*—5.75X10° CFU/mL of ma-
rine bacterium 221-11 fermentation solution were able to promote the growth of tomato plants.
Among them, the plant height, fresh weight and dry weight of the plants treated with 5.75 X
10° CFU/mL solution was the highest, which increased by 15.23% , 64.23% and 118.97% , re-
spectively. The preventive and therapeutic effects of the fermentation solution were 63.45% and
45.74%. Compared with the control group, the activities of SOD, POD and CAT after inocula-
tion with biocontrol bacterium 221-11 increased with the increase of fermentation liquid concen-
tration, and the highest increase was 139.82%. In summary, the biocontrol bacterium 221-11
has good control effect on tomato early blight and promotion potential to tomato plants, and is
a potential strain for biological control of tomato early blight.
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e it 2 DAL R T B A AL TR R A T RO B A B AR D B TR A ST, AR SE I EE AR AE. HE PR
R T % N IE = U 0 SR BE SRS AR I 43 B, G S 221-11. R i R IR T4 A TR B K
B 5 o AL W) S ) A B 4% AR A AR AR AR I L X R 0 i TR IS B M e R 7 A
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A1 1 5 A R R JE S BROSCHRT  ik EAT G I KRR
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B QYL 2 AU R e (R & I T R s B T el v A W B R R
Fit % 3 79 G W A R ) AR Y T . A A AR A [ 7 Ay T
1.2 R A&

1.2.1 HH#IFRE 221-11 949 B 15 A

SR P AXH IR V5 T 5 T VR DT B 221-11 X6F S50 e A% 0L R 1) B0 B VE D, X BR A 5 A R 45 R
3, T 28 CHAMLRFRAER R 7 d IR IR S R B 22 KA R (%) = (i IR 4 5
V% EA A ERA B IE A /O BAL BV BHAR — W UFE A X100 %61,

1.2.2 HBHEFERA 221-11 %52

DI ML, R AR 2 BoR 15 U He T PDA BBk, T 28 CHHIRKEF% 24 h, W
FEIFIL T AR B A, (AR 45 22 [ | 67 e 6 R8I 6 e 68 0 V6 04T HE— 2D WL %%

2 A LR ER . 2 BRI 24 S 30 )T RIS 40 B 48 52 B0, K i bk 221-11
O3 EE RN T AT A R NI R AL B SR L A SR b R LR A A I A SEE W BR 221-11 X
ONPG., i % §8 55 5 3= W) i M FHRE ).

DT AP L E. FIH 16S rDNA JPF)#E H 519 27F: 5-AGAGTTTGATCMTGGCT-
CAG-3"F1 1492R: 5-GGTTACCTTGTTACGACTT-3'Z IR & 4t 38 19 77 =0 47 38 A 9 44 Jf
TE B A TAEY) TG BRA / SEAT I, K BTl 15 49 16S rDNA ¥4 5 GenNBank H1 & HIHY /¥

G FEAT IR IEE 53 B PR LR B v 1Y R J5F 51 . MEGA-11.0 8 47 Clustal W £ 7 5)
Xt , 2% F NJ (Neighbour-Joining) B ik 2 R 48 & B M.
1.2.3 HERERE 221-11 X8R A& 5 TR AR E 6 &

W AEPUE 221-11 B T 28 'C'N, 7€ PDA FEFR SR Z 5557 48 h J5 #5803 PDB 55 5, H iR IR
PR FE (28 °C . H53# 180 r/min)24 h J5 . FITCHZK 100 1586 B B BC I 5.75 X 10% ~5.75 X 10° CFU/mL
(RGN AT, B 4 °C PKAE PR A7 I 25 A 806 T T PDA K59 3 b, 28 “CHE3R 5 d Rl B &
6 mm[P) P, & H.

1.2.4 HEFFRE 221-11 xF & 3 40 ¥ 6942 2 4E A
W 1.2.3 AR BE W & TR e vE BN S AR, [RIB 3% 8 W K O X IR, A B4 10 Bk, REAR



% 5 MERF . RBERTREREFEME 221-11 95T AL A B REFN 21

10 mL, B 7 d FEMR —W, 25K, 1535 35 d JE bR AR ROR . VAR AR Y - AL R, WK
EAi 0 R s 5 5B A 7 =N T e R T
1.2.5 #HHFERE 221-11 sF & 5% 05 9% 69 By 20m &

FEHUTH 221-11 X 7 i 2 90 14 77 265000 7 R FH AR50, B2k )5 1 78 i L e o, AT AL
ar T T WSO, FEBTIE B, 4 10 mL MK EEN 5.75X10° CFU/mL 1% % W X5 2] 55 30 78 48
BRI s BRI 1 d 5 TR T i R 5 0 B B B 40 7E e ih i R s JRYT I E P, e RO
PR 1 d 5 PR A5 5.75 X 10° CFU/mL K BEW. LIE/K A B, B2 AL BRI S 20 BRA 1
FR 3 WL AE 25 °CL 12 hes 12 hoRAMIAM TIRBER 7 dJE, W 3 ALY R R A 1 1R AL

95 15 2 G bR e 5 115 7 IR LA R B, 0~4 2% g bR v V8 2 3 00 400 A 1 1R 5
175 48 B0 = 20 (55 B 50O B 2K 95 SR80 / G A 8t e B0< e v L4 R 98 R BI0D X 1005 TR 4%
FEGQRYTRCR) = Ouf BRI 155 T8 £ — b 3995 175 18 B0 / 4T B 175 48 %1 < 100.
1.2.6 HHFEREREA 221-11 &6 40 G vt 7 By Be & M6 e

3B LFEAR 97 2 BEHE 10 mL 5.75 X 10" CFU/mL. 5.75X 10° CFU/mL ¥ J& B i V¢ 15 31

1 FVEIEE 2 M oE & R TF SEAT AR S . A3 BB . 4% AR AR 1 73k 2 SOD. POD #
CAT %M.
1.3 HEFRITEHH

R0 H G R SPSS 27.0 AT ECHE M. DR /N B 3 25 80k (LSD) 434 22 5 B 5

2 H#RE5HMHh

2.1 EEERE 22111 HNEER

TEVEANTE 221-11 X & Al 52006 T oA s 2L AR T (L TA R0 B). MR HAR S 61.2 £
0.3 mm, WA KGNy 77.2%. SEFERK G FAELZH (B 1 C M E) ., 52106 i
TEAKBR, K E BB, "2WERER, S, 22 (- 1D ~ P.

As TARBERTH s B 2 XHIE R 0% A FAERT B s C. TE W BT A R A AL T 5 D 20000 76 i e L
E: IE% W07 i RS R B B2 Fo SZH0 R 00 7 i T BE0 B 5 C~ F 8 BOBE A% 50 400
B 1 FAHE A E AT LA A9 47 AR A
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2.2.1 WEFIEA A A K AE

BPERS U 221-11 BRI AFAR, 22 QP g BH M s 7 PDA Br o dk L HiivE hal f 6
AW DGAEEST R TRAES, FREg6, MBEREAE 2, B THMTHIE.

A

A: ﬁ%ﬁ%(mﬁ%‘fﬂﬁ), B: ﬁﬁ@%%}*%(mﬁﬁﬁﬁ), C: {@{i?ﬁﬁ% 221*11;
D: WKIES ;s E: ZFER6  F. ELE; A~C, E. F BHBAMEE 100X
A2 HERAE 22111 ABEFUR

WEPERSBUR 221-11 A AR IE B85 R W3 1 MK 3, ZE e A B o2, PmEA
fitg, B W HAR N 37.2+0.2 mm(E 3).

K1 BERRE 221-11 £BEWEE

A A AL S A P A A AL R A AP
ONPG - 6.5 % NaCl = A % -
kL + A i +

iz + AL & -

4 ZE + B +

(IEDRIER 3 - Ly -

FLB - ¥ -
AR +

A. FAREZRRLTIES I B, BRIEF I C. s F It
B 3 BEERE 221-11 B ALE
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2.2.2 HBHEFFFE 221-11 4 16S rDNA 5 3| 4547
16S rDNA Wl J¥ B 5 ¥ 51 42

W L H o & B DU SR S 2F A AT 7 (GenBank 5 - MN093876) 4
WU e FHRUEN 99% . RERBW K BIBVFERPUE 221-11 5 51 5 U3 27 J8 AT I (Bacil-
lus velezensis) TR — 3 (K 4. HEHEE
VUSRI 27 AT 1 (B. welezensis).

S WL RN A A A E 2

» BRESEPUA 221-11

86 | Bacillus velczensis B.velezensis(MN093876.1:)

56 |L—221-11

n

Bacillus velezensis CSQXZD26 ( LC617083.1)

" Bacillus amyloliqucfacicns WS-1( LN864483.1)

— Bacillus vallismortis NA53 (LC506467.1 )

Bacillus cereus CCM 2010 (NR 115714.1)

|—Escherichia coli U 5/41( NR 024570.1)

oo | Escherichia coli NBRC 102203 (NR 114042.1)

501 Escherichia coli JCM 1649( NR 112558.1 )

0.020

B4 HERRE 221-11 A5 LFH

23 BERERAE 221 NEHSENREER

HEM 35 d Ja . MRE SRR 2 FroR. 45 3k SRR MR B VR RS DU 0 221-11 TR ON 36 il AR
PRI A KA — R PR VR 45 A K AS AR 5 % BR AR Lo 38 38 22 57 (p<<0.05). M R B IR FE N
5.75X10° CFU/mL B}, Zah iy 0k & . 0 & AT I ik B de oK, 3K 00 15.23% .
64.23 %0 F1 118.97 %6 5 [ B 6 Jo 5% R0 1 Jo0 6 15 G At Ak 3850 21 R % R4 (] 2 S 287 3K B AR 5 35 K OF

(p<<0.001).

BEFRBE 221-11 X &F A 40 EAE AR R R0

R - L) B 5/ em 6 Bt/ TR/
X (CK) 23.17+0.73bA 9.87+0.29cB 1.1640.01eD
5.75X10° 23.6940.94aA 12.23+1.09bAB 1.4340.07dCD
5.75 X 10" 24.10+1.17aA 12.9340.92bAB 1.7370.04cBC
5.75X10° 24.8741.00aA 13.84£1.48bAB 1.940.03bB
5.75X10° 26.7040.90aA 16.2141.90aA 2.5470.18abA

T R P E bR s RSEER R /D

24 EHFERE 221-11 BEHBERWE
WEFT 25 FF W] 221-11 0T I 25 BRATR G 5 48 85, 16 97 4L RN 19 )5 2 A4 9 155 48 85000 591 HL o) TR 4 [
£45.73 % F1 63.36 %, F HL 0B 0K 2 & TR 97 208 (58 3).

G R R R 25 B3 (p<<0.05) , KE PR FRR2EFH B (p<<0.00D).
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R3 BEHYEFRBEREEMHERNRITHE

4k MR R VoA I T i 45 2 HIXS BT 5%/ %6
CK 330 100 92.53+0.62aA

T1 330 45.45 33.90£1.61cC 63.45+1.61aA
T2 350 60.61 50.222.50bB 45.74+2.34bB

TE: T1: BIPTABEL s T2 WAL, FISIEIER/NG FRARFRR 225 0% (p<<0.05) , KEFEARRFRR 2R 5 (p<<0.0D.

2.5 EEFHERE 221-11 XFAM A B HEEEER N

AN TR B8 AR D0 AT 221-11 8 28 0 A PR PN RH SC 97 10 8t 5 1 29 AT — %€ A9 HS . SOD, POD Al
CAT 1% PE#BE S B BE (0, 5.75X 10" F11 5.75 X 10° CFU/mL) B34 K1 T . 24 % B I ik
9 5.75X10° CFU/mL W) 35 3 fge s . W 1 1 20 0] S % BROEY 119,24 00 158.82 00 Fl 239.82%
POD. CAT ¥ 14 5 Xf BRZHAH 1 22 S5 i i 35 (p<<0.001) (5 4).

x4 BEERE221-11 XFMMTH SOD, POD, CAT FHH M

%?ﬁi&fﬁ/ﬁiﬁU-mL”) SOD/(U -« g™") POD/(U -+ g ' * min ") CAT/(U-+g™")
0 299.6734-39.33aA 17£1.00cC 0.45240.02¢C

5.75X 10" 351.596 +-40.90aA 2240.30bB 0.723£0.04bB
5.75X10° 357.333418.07aA 2740.60aA 1.084+0.04aA

A B0 50405 J5 /NG R R TR R 22 51 1835 (p<C0.05) s K5 FHREA R KR 22 ik i 35 (p<<0.0D).

3 g5t

ARFFERW], IR oy B AR B B AR BB 7 A 2R B W IS R R, O S
fi B AEHTHE A Y AR P e SR AR T T e A ROk R VR, R AR T TR R W
TR 78 S B R 2R 0 A A W B 3 B AT 45 2 — . AT IR DT T £ B R 5 R 4 S Y DL SR
ZEHUATF IR 221-11 285k AR R ORG 15 77, 45 51 38 WX 38 a7 98 s T A5 AR A v TR LA S R VR
' T T W A W Y R TR R B R

AFR T8 2 T L TR R 13 28 AL B2 ) 2P A R BUR R BT i v . B 5 E 7 B SR
5. 5y TR AE N S0 A, i DATH 3 L R A A 45 B0 1 55 K 22 0 ZE AT B 8 L g i 2 A
FFEa @ 40 B . 0% TE M ZEHUFT B (Bacillus amyloliquefaciens)™ . ki# ZEHIFT B (Bacillus sub-
tilis)P) L DUSE 2 AT B (Bl velezensis )™ | Iz 4 2K f0FF B (Bacillus thuringiensis )™ %,
B4R S 2 — R o AR K AR SE R e e R TEE S0, G AR Z R Bt e
JE AR, To 07 S50 B e R WY, DS 28 A6 FF 7 GDND 8 410 il 08 5 5 76 A F 55 7 1) o A~
AR E SR, AR L WA R IR AR E 2 s 16 35 5% B 58 35 3R 18 i 18
2 9 7 it LR TR RS BT 22111 W0 25 5 O DU ST ZE J0FF 1R . A8 5 2 b 4 o) 7 5h 5 A T Y
Ak, BHA LR N A,

12T R85 58 o T 2 a0 R R T 56 2 R DL ST 2F A6 FT T EBVO2 X A A8 B 2205 119 B IR 8K
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OB Ik 68.33 %0 FN 37.25% , HLAT LA 25 4 UEAR B 2R 5 8 g7 S0 DA g VI8 0 5 O 22k
(4 DL ST ZE A 1 CT2628 I LIRS A2 9 K R 1 RO A VE A R EFm WA K. AWF5R 500
NBFFE LS — B, AR50 A DS ZE AP B 221-11 2 8 8 02 A R B iR &), DLSiEd
ZERUAF I 22111 7RI Wk BE T 35 B 08 02 3F 2 i A Ak 2B AL T R T T S X A L 22
.

SOD, POD 5 CAT Al 445 H, O, #REE, B Y 4 i 5 A 0 ik S A VR T D47 4 0 400
GG IR AR — D R E AL AR SR AR R TP-1 K WV AT LA S A A A OC B AR i T
PR SR 1 58 2 X IR B PO KR AT R B K 4 R DS A SR AT I HRH 317
J& s ot By SOD. POD HI CATT i 4 W {E A2 X BRI 1.38~3.35 . AT 5 v ¥ AR I 1 45 bt
W 221-11 BTG . M R BE A SOD, POD. CAT K36 ¥ bt 5 % 1 T Mk BE A9 T 5 i 34 o
CAT #1 POD iGtE R B M B 257, SOD KRB N B E LS, 5RRGEN 70 a5 R0 ML R
AIRE CAT FiIE (2.40 ORI £ . SOD B i RUR B 22 5 K SEDY i iF 52 o SOD 1 sk
Rf i (3.35 /%), POD H e/ (1.38 %), 3X AT B 5 4550 19 Bl 28 5 R kA oG,

AL RADAAAE— SRR . Pl ABESE . F5P0 A AT LAE + HE KO ) 4 4 P8 1647 22 5 DA T
WA Y A B Bl S I S ARG . AR B 5 A AR AR B A S 0 6 o R
MR, MiE R 255, A6 52 PR B AR b W 45 58 0 6 O, DAL Ot A By 200K 36 v niz SR FH 0 =KL
KT 221-11 W 7 e T Bt — L Wh o, TR i 2 W10 B 36 T 0 LA 2 R L
57500 L RSB AE R R AR TS | BE R S e R D R R R A s A O ik, O
HE— 25 R IR A B SR
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