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MEHFHRTE TMQ-KSL-1  BLF
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FAR AT AE®RTF M, HOKE, FEW, xeeid! ARE
(LA F AR AR ABRA R, IZT L 110000;2. b ERN2BE Pk BH R A SR, 07 P 110016,
3ALTEMAEYREDIERE, LT W 122000;4. th ERFERE Y, 65T 100049)

B E HJ1H (Fusarium spp.) Fk g & & (Meloidogyne spp.) #RAALM 69 E T 95w R 4h X BA R R EF £
AP HEFEEFTIENEELRZ, TFR P ENHENLERE, ARTHERRLER R ELA GRS
YER 6915 B R Rk, AP R A R B4k 71 B ( Fusarium graminearum) A 3247 9% 8 , KA TR R T E A § F A H
% e 091856 KA IR o B Ao 0 1L B) — ARk A7 T BOR BT 69 £ 7 4 1A T Ak TMQ-KSL-1, 4% 45 S4F4E A 4
A A= 16S tTRNA 25 B ) B 3% B AR A7 5 2 5 ) 58 R R IR JE 09 & B i BOR B b R AR 45 4K k97 Ak &
ABARLE L R S kTR Yh BT AR FR S AR R B LR KRB EGOG SR, EREAN,
Bk TMQ-KSL-1 A AR F & R iEk, LA B Ao X B £ AR AL 48 h & S 90 AL ) £ 55 % 94.76%
F290.72% ; AL 32 24 h FAeAR L K K 4 R AR BT F 5 51 A 100% A= 97.37% ; B #k TMQ-KSL-1 & 8% i&
100 & # B ik 200 1SR st B AR 4 R B R EH S AR A A 59.54%F= 12.14% , B 100 15 & L B &5
T 4 1 % 500 43R AL LI 2 (61.56% ) A8 % ;3 T £ F 4571423 T 90.95%,19.65%, B, B4k TMQ-KSL-1 £
A HERRERRREARD, EATH LB RWR,

KERIE M E AT F F0AFE (Bacillus velezensis) ; M Ia E & ra A B & 2, A M4
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Isolation and Identification of Bacillus velezensis TMQ-VKSL-1 and Its
Use for Biocontrol of Meloidogyne Incognita Infection of Tomato
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Abstract Fusarium spp. and Meloidogyne spp. are important plant pathogens, and the complex interaction between
these two pathogens in the host plant that can lead to serious soil borne plant diseases. In this study, F. graminearum
was used as the target pathogen to explore highly effective strains for biocontrolling of root knot nematode (RKN) dis-
eases in tomatoes. A bacterial strain TMQ-KSL-1 with good antibacterial effect was isolated and screened from a long-

term tomato monoculture greenhouse soil using dilution plating method. The strain was classified based on its morpho-
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logical, physiological and biochemical characteristics, and 16S rRNA gene sequence. The effects of different concen-
trations of TM(Q-KSL-1 fermentation broth and fermentation supernatant on the RKN eggs hatching rate and the lethal
rate of the second instar larvae of RKN were determined. The inhibition effect of the fermentation broth on RKN disea-
ses was also analyzed through pot experiments. The results showed that strain TMQ-KSL-1 had strong nematicidal ac-
tivity, and the inhibition rates of nematode egg hatching were 94.76% and 90.72% after 48 hours of treatment with its
fermentation broth and fermentation supernatant, respectively. The corrected mortality rates of the second instar larvae
of tomato RKN after 24 h treatment of fermentation broth and supernatant were 100% and 97.37%, respectively. The
100 and 200-fold fermentation broth of strain TMQ-KSL-1 reduced tomato RJN disease by 59.54% and 12.14%, re-
spectively, and the biocontrol effect of 100-fold fermentation broth was equivalent to that of 500-fold fermentation broth
of avermectin (61.56% ). Both the fermentation broth and supernatant increased underground fresh weight by 90.95%
and 19.65% respectively, indicating that the strain has a growth promoting effect on tomato roots. Therefore, strain

TMQ-KSL-1 has the ability to prevent and control tomato RKN diseases, and has market development and application

prospects.
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1.1.2 &% FHammehemZ-1402" W HILT
AR B E G I, B vV Rk
+o viEA =2 01 R R 3 i 1O
1.1.3 Fmfk& k284 % HIITLEARRAE
YRR R A S % AT T, 0 B R &
Hili o

1.1.4 33K NA IR, LB ¥ 953, PDA &%
FRIE KT RE IR AL H AN 20 o, BRI R 10 o, BB
285 20 g, @ ALEN 6 g, 7K 1 000 mL,pH { 7.2,
1.1.5 EZXA5MNE%XE DNA BIGRH &
(T A TR Bl ey A R 7)) 5 Bl 4 i
(3Lt 1.8% , IN AR BRI ARAF) . A1bE:
FEAA (HPS-200 , M5 /R T ZR K HL TR R IF A BR
NED) s AIRAR S (HZQ-Q , WA R T AR T3
RIF KA BRA T 5 5220 S 728 5 K i ( BXM-
30R, BRSO AR A A ) 3 250480 (H1750R,
IR WA S B 2 AN AR T LA PR A ] 5 A9 B
( BK6000, K B AF A AR A R TTAE A F] ) 5 L
Tt RV (FA224, Lo F1E PR A R
NP

12 Ak

1.2.1 B#Had RV BERA I, 2000k
FROY RO A HEAE S 4 PR 10 A% Ho AR YR B i Al
107 ~ 107 Z 516 B BT, IR 100wl B 77 %
e NA B53R 35 | 35 CH55% 48 h, PRBUE A B
ORI A 6] 1 B Y5 07 2l Ak, Al A 5 0 B — T %
b LB AN, RAF T 4 CrKFE L SR X IRE
BRIk e, DR i) B8 n 8, 5 mm 1Y
KEFTFLARFTHCC 6 AL 47 0 48 7 B o 0, Sk i
DB EE Y PDA P-4 h A8 R I, PR FF
DT S BEAE B DR 2.5 em &b LIAURE T BF (- B
xR, 28 CEIE IR 4 d, D FVE BRI
HRA ST BN R D MERR (%) = (KRB
B - AR ) /(N B VR E AR -
7)) x100%

1.2.2 A% OEEUWE i k) 40
WKL A, BOG LR s AR EAT 3 2 e a3l
tE R MmN R ERIE S, @M AL
FE AR CIAZAS A0 56 2 F ) (565 9 ji) ™,
CH DA 2R B8 S5 0 TN X T Rk AR AT R 2B
WA YE R AEMAYEE, @ T%E. K
FH AR HE K 20 DNA 42 B0 & 32 B TMQ-KSL-1

By L4 DNA, JH 4R 16S tRNA K K38 519
27F F1 1492R"™* | gyrB M 5| % UP-1 fl UP-
2RIPIHEAT PCR 9734 PCR PPt B4 TAY T
T2 () B A BR S /2R AT 00 e 2 B, 0 2
G HEAE & GenBank , #] | BLAST # 4 Xt Fir I )
16S rDNA & K Fl gyrB F£ K ¥ 31 5 GenBank H
O A B = 5 Bk o 47 )% 91 L X, i s il
MEGA7.0 4k F i Neighbor Joining 44 # & 48 k&
",

1.2.3  H#k TMQ-KSL-1 %+ & 76 4k 45 2% & 97 4L
o dp Rl AR R T FHAERD AP ORER T B
17 NA PARKIZE 35 CH55% 24 h Jm, k4 ~5 4>
PATHVEAERD T4 100 mL LB WK B 7254149 500
mL =, 35 °C 220 v/min §53% 8 h 152 FE
PO 5 L 6% (ARBR 43 500) e b i 4 b B2 A7 100
ml &R 500 mL =M, 35 °C 220
v/mindf 35 72 h 15 B EE I K W, & TR 12 000
v/min 0 10 min 5 & B DI, KRR K& G
WHE T 4 CokFas . R 96 FLIGF T4
oL R g, AL A R B (1.0% 10
cfu/mL) B FIEW 200 L, B J5 0 A 100 At 5F
PLTJG B 7K B & e R 77 3 3% A IR, A b B 3
W ,28 CHUE 48 h, BEff 12 h Geit F At 4h
2 ORI R S EEIE 5 48 h, T IR 1]
IR AN (%) = (O HRIF Ak 3 - b R 1k
) /% BERIFAE R ) x100%

1.2.4 B # TMQ-KSL-1 % & #54R 45 & & & Ml
296 LI MR B AL A3 BN A [R] v B 10 s
REW S I WAS 200 L, #5350 I (150
FEFRRE RN 300 A5 5B, Bl o LA 100 4% 2
AT AR S5 4 R, FH TG TR 7K 5 B P X 1R BT
BRI 500 55 B A BH 1 X B8 A A~ b PR AT 3
W, 28 CIRAAEEE ,24 h IG5 FE T- AR 45 4 sk
RSN NS B E ARSI IET ) 4
NI ARG A IESET- R IE ST R
(%)= ((FHR Lk MALT- % - XF FRAL 28 st T
)/ (1-XF I L HFET-3) ) x100%

1.2.5 B4k TMQ-KSL-1 2+ & #4224 & 09 & &,
Braoml & A EA TR A, 2O KR
WS R L+ A B SE T T d SR AT S
¥, 43l ) Bl 73 A 100 mL TMQ-KSL-1
KEEW 100 5 R B (1.0x 107 ¢fu/mL) 2 200
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5 Fe B R (0.5x% 10’ cfu/mL) , DL T8 7K Ry B P X
R BT 4k TR 2R 500 A5 BRIRCK BH A XS IR Ab 3 24
h J& , BRI AR S S EEA 10 000 45 2 #
Gl R 10 IRER, G TR = (25
C)IEHEH, ML 60 d J5 , F Fih b ik %
GEELEINE D & QUIN/ RE W VE - Ik i S i e o
HRAR R &5 %k, o T ff 5, 4% A =0 0F 5 B IR AR
R BRI (%) = (-39 55 ko0 BRAR 25 -
S 1) g R Ak R 25 550 ) /S 2 g G B AR 25 850) %
100% .,

1.2.6 XIEHIBA I B A I HHE AL HER] H
SPSS(20.0 ki) KA TGE 143 Hr (P<0.05)

2 HERHpH

2.1 HHREITHIE

SR B AlAL 154 BRI RR, P B 41
BRI TE 27 Bk, AT 86 Kk, 48 ad 0 VB X R4S B
JITRAT FEHURCR 14, 23 Bk, 0 B AE 20.00% LA
A 8 R (2 1), b BB B TE 9k A AR
TMQ-KSL-1, 8 %15 45.09% (& 1) .

®1 FRBERBHBOMEE

Table 1 The antibacterial rate of different antagonistic bacteria

G5 AREMITEEER/mm IHE R/ %

papilit 78.34+0.328 5
TMQ-KSL-1 45.27+0.148 1 45.09
TMQ-KSL-2 51.02£0.562 9 37.26
TMQ-KSL-3 62.88+0.425 5 21.08
TMQ-KSL-5 52.15+0.076 4 35.71
TMQ-KSL-8 50.38+0.433 3 38.11
TMQ-KSL-11 60.02+0.033 3 24.98
TMQ-KSL-12 54.50+0.173 2 32.51
TMQ-KSL-16 48.97+0.066 6 40.05

22 BEMESSEEALERE

PEPE TMQ-KSL-1 5 2% Yy (8, 5 [H P | 41 i FT
AR, K/N(0.6~0.8) pmx(2.0~4.0) pm, ZEHIH
A s A, SFRRA K, AT, 16 LB £
FRAk b RIE G, F 6 RER, RImA TR, %
BT 2) o AR AR I 45 5 5 12 B R 42 fil
ity | AECTL T 7K A DA S BRPE 5 IR A8 AR K DR P
it S5 1% A BRI 5 BE R FH 22 2500 TRl 2T 4 — %

W CH I, AN IR R B A LB BT R AR
WE(E2),

B 1 TMQ-KSL-13t:R&ENERIERIER
Fig.1 Antifungal activities of TMQ-KSL-1 against
F.graminearum in plate tests
A:TMQ-KSL-1; B X it
A.TMQ-KSL-1;B.CK

2 Btk TMQ-KSL-1 FEZS4HE
Fig.2  Morphological characteristics of strainTMQ-KSL-1
A:NA SEIRHE 35 CHEFR 48 h IVEILAS B B A
A ; Colony morphology was cultured in NA medium at 35 C for
48 h;B: Microscopic cell morphology

R 2 EH TMQ-KSL-1 4 I8 4 L4 1E
Table 2 Physiological and biochemical
characteristics of strain TMQ-KSL-1

ks LIt 4ER A AR AL AR bR ERES

2z fuh it + 3o +
AL + B -
B 4 N i - HEg b +
K E By + b -
75N - eSS +
T + E +
E i + H & B +
HEM + i +
vk + LUE DR (S] L +
kg + REA K -

T +7 B =7



66 oA W E &K 44 %
23 OHFEE AbBE 48 h £k HuOP W 1k R 4 FI b 82. 67% A

FHANEE FH 5 97 %E 16S rDNA Fl gyrB HE[H
JP5, 53531354 1 450 bp 1 1 260 bp AYHED Bz,
P PZERAE GenBank HE1T/7 81 LLXT, N 2R AR IR
Rk 168 rDNA 5 gyrB SEH S, 40K £ R 45

CER, B3 B A PR TMQ-KSL-1 5 B.
velezensis CBMB205 ( & 5% 5. NR 116240.1) A/ —
e, FiE 3L A SR 965 464 B H B #k TMQ-KSL-
1 5 B. velezensis NN95 ( & %5 . MT119763.1) . B.
velezensis SDTB022 (%8555 : OK094681.1) \B. velezen-
sis NNOS (& 55 . MT119758.1) . B. velezensis HS-3
(515 :OR365761.1) RAE—HL, FIRAH 98, [N K
AR Y RE R LS 24T 1 ( Bacillus velezensis)

2.4 B #k TMQ-KSL-1 X} & A #R 45 & R Op i 1k
RIIMEI1E A

HH Il 4 AT JCRDK IS IR0 By b s
HHR 25 2 LB O 1k 2% [ 3 IR (] A 48 4 1 42 w5, 4b
P 24 h £ HUBPIEAL 5y 51k 20.33% F1 18.33%,

58.33% , ABEWAN L EE IS WAL #E 24 h £k Lo
BEALRAT BN 2.67% 1 3.33% , AL FH 48 h £k d1 07
WEAL R 5 4.33% 1 7.67% , 5 3K T Jo 1 K
XTHE 48 h 2k LBk 10 5 43 5 Dl 94.76% il
90.72% ., LA b % 4iE 3R Wl bk TMQ-KSL-1 % ¥
IR T 135 VR RE AR A8 1 R AR 25 2 L B R AL
2.5 HE# TMQ-KSL-1 X&E MR L HiFH

TCTRK XS BRZE BT %R 11.00% , 4N 1A]
5 FfoRn, B Rk TMQ-KSL-1 % W F1 B 4 B & 500
FERR BB T it MR 45 2k LA IEFET- %R 100%
199.25% , i T H AL FE | % B 55 P 4E B &R 500
Ffi B L 22 Sk B K, 150 F5fa B &
PRk 300 A% 7 F 4 e T A L 2 TR A IE BB T % 4%
517k 98.50% ,96.63% ; L& . 150 155 R L iE
1300 F5R L 38 2R R IEAE T 4351 97.
37% .94.01% Fl 89.51%, LA L 4% F: 3 W 1§ #k
TMQ-KSL-1 % FREBO0 T i AR 45 2 e B 30w ) 2%
HUE
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B MT119763.1 Bacillus velezensis strain NN95

TMQ-KSL-1

0K094681.1 Bacillus velezensis strain SDTB022

MT119758.1 Bacillus velezensis strainNNO5

OR365761.1 Bacillus velezensis strain HS-3

97INZ CP072120.1 Bacillus amyloliquefaciens

70

o0

[ 9B

99

92

NZ CP009679.1 Bacillus velezensis

NZ AJVF01000039.1 Bacillus siamensis KCTC 13613

NZ CP051464.1 Bacillus mojavensis

Il NC 000964.3 Bacillus subtilis subsp. subtilis str.168

NZ CP034943.1 Bacillus spizizenii ATCC 6633 = JCM 2499
NZ CM000745.1 Bacillus pseudomycoides DSM 12442

¥ NZ CP086328.1 Bacillus pacificus

NZ CP101135.1 Bacillus paranthracis

72 NZ FWZG01000025.1 Bacillus mobilis

89 NZ CM000753.1 Bacillus thuringiensis serovar berliner ATCC 10792
NZ CP049019.1 Bacillus tropicus

NC 014810.2 Helicobacter felis ATCC 49179

3 TMQ-KSL-1 MRS LB
Fig.3 Phylogenetic trees of TMQ-KSL-1
A LT 168 J7H;B 3T gyrB T

4 HE#k TMQ-KSL-1 X E AR &%
SR IEAL R B9 D I 4E
Fig.4 Inhibition effect of strain TMQ-KSL-1 on the

hatching rate of tomato root knot nematode eggs

A :for 16S;B:for gyrB

2.6 BE# TMQ-KSL-1 3t &E MR &L A
s

WK 6 Itz , 15 7K B X B8 2 01 SF 44) 4 Bk AR
JAECH 69.20 4, 5 i K X BE %8¢, TMQ-KSL-1
100 57 B A TREVR 200 4755 18 i TR S v 24 1 3
500 15 B Ak B 7 25 it AR R HL A TR /D (AR R
V25 A ok AR R KR 43 il S 28..00 41>, 60. 80 > Al
26.60 >, B ¥k TMQ-KSL-1 100 175 i B¢ & B2
200 57 B A2 T B BT 48 TR R 500 A5 7 BRI 7
AR &5 2 B9 3 1 B TG AR 4 i R 59.54% |
12.14%F1 61. 56% , 100 F5F7 ¢ & e -5 B39 o] 24
PR R BSOS 1 7K B X RSP 35 Ak o T ff o
4.53 g, # bk TMQ-KSL-1 100 %5 B & BE I . 200
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FEAR R R TR BT AE T 2R 500 A5 MR IRAL B34 95.14% , 25 AR B 3KV DA R4S RERWITE
Rk T B T 25008 8.65.5.42 .8.84 ¢, HIH/KXT Bk TMQ-KSL-1 K i B AT B i 25 i AR 445 2 g
MR ERAS M T B EE i B R T 90.95% ,19.65% . EHIRE

5 BE#k TMQ-KSL-1 Bk 3X4 hiFH
Fig.5 In vitro nematicidal activity of strain TMQ-KSL-1
TR/ R FIR N [RI AL B ) 22 57 . 35 (P<0.05) , FIAIIR]

Different lowercase letters indicate significant differences among different treatments ( P<0.05) ,the same below

B 6 HEik TMQ-KSL-1 2%t 4% R
Fig.6 Pot experiment results of strain TMQ-KSL-1
AT PR TMQ-KSL-1 X AR AR 45 28 Hog 3 (W B850 B « BBk TMQ-KSL-1 X 2 A AR A1 A2 500, 5 €2 100 A5 & IR TR AL 317 AT AR
% ;D200 5 A BERAL PIF AR R B PTZAEE R 500 M5 RUAL B AR R F - /K B AR R
A :The control effect of strain TMQ-KSL-1 on tomato Meloidogyne incognita disease;B:The growth promoting effect of strain TMQ-
KSL-1 on tomato roots; C; Treating tomato roots with 100 times fermentation broth ; D ; Treating tomato roots with 200 times fermenta-

tion broth; E; Tomato roots were treated with 500 times Avermectin solution ; F'; Treatment of tomato root system with clear water
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