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T SRR IR T 07 6 11 AR X ST TS A 2500 5 SR PR LA R R R pe R ik, RS BUE R SD13 I R B (Ml 3k
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Mo (SR, EAR. JLT R, B-1,3-% R ) L AR IMEEE (FBekE . R . BB . HAa L
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Abstract: Cowpea wilt is a soil-borne fungal disease caused by Fusarium oxysporum f.sp. tracheiphilum (FOT), and is
one of the most important diseases of cowpea. In our study, several biocontrol bacteria were isolated and evaluated. One
of the bacteria which were found the best antagonistic effect to FOT was identified and studied on its antagonistic
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mechanism and growth promoting function, while it was evaluated by the control and growth-promoting effects. This
study established the foundation for the research and development of excellent biocontrol agents for cowpea Fusarium
wilt. 93 strains of bacteria were isolated by plate dilution method, and 11 biocontrol strains, which exhibited good in-
hibitory effect on the pathogenic bacteria of cowpea wilt, were screened by plate confrontation method, and the antago-
nistic strain SD13 had the best inhibition rate (the inhibition rate reached 82.0%). SD13 was identified as Bacillus
velezensis based on Morphology and 16S rDNA sequence. Liquid medium co-culture method showed that SD13 could
break down the cell wall of the hyphae, spores, and germinated spores of the FOT. Assay medium test results indicated
that SD13 could secrete cellulase, protease and B-1,3-glucanase, and had the function related to the production of
siderophore, nitrogen fixation and solubilise inorganic phosphorus. Plate confrontation method showed that SD13 had
antagonistic activity against a wide spectrum of pathogenic fungi, with inhibition rate ranging from 66.7% to 82.3%. Pot
experiments indicated that in four treatments in concentration of 10%, 10%, 10%, 10° CFU/mL, there were the best control
effect of SD13 in concentration of 10° CFU/mL, reaching 62.0%, and the growth promotion effect was the second, lower
than that of the concentration of 10* CFU/mL. This study shows that SD13 has good biocontrol and growth-promoting
effects, and is preliminarily clarified the antagonistic mechanism and functions related to growth-promoting ability,
which has potential application value for the prevention and control of Fusarium wilt.

Keywords: Fusarium oxysporum f.sp. tracheiphilum; Bacillus velezensis; antagonistic mechanism; growth-promoting
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W IKHE (Serratia), ELRFFHE ( Pasteuria)
VLK AT @ ( Enterobacteri ) %5131
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112 ARR3E A EARGNERE . Bk
Wik 3.0 g. BilE 4 g KB FI/K 200 mL. pH K
7.0~7.2, 108 Cm EZE KM 15 min,

JLT B AG I R 2 US efARIL T B 1%

(W/\V), B S5 1 g, FALE 02 g, FRAREE
0.2g. BifE 20 g, TLHE/KELZE 1000 mL, pH A
7. IARBARILT F: 20 g S £ T 350 mL ¥
MR, 4 CHUE 24 h, BEISARLUE, JEWOMA 2L
KICIK L BE-20 Cab & J5, 10000 r/min .0
20 min, YIRS E AR AW hYE, HE pH &
i, 20 CEHMALT

B-1,3 -7 SR A A0 4 9 2 0) . B-1,3- 7 SR
2g. RN 2. BEAREA M 1 g, FILH 05 g,
BRFREE 0.5 g, BRIRIEAK 0.01 g, WIS 0.05 g,
BiE 20 g, LHE/KERZE 1000mL, pH Ny 7.2,

21 A R ARG 5 R 3 Y R W IR AT 4 R
10g. EHHM 10g., BEER 10 g, FIbEH S g B
ik A1 g Bk 20 g, TOHKE A E 1000 mL,
pH 4 7.0,

TCRIG TR, HERE 10 g FAkE8 0.12 g,
R E 0.5 g, IRIRES 1 g, BLFREE 0.2 g, I
fIg 20 g, TCH/KEZZE 1000 mL, pH Ky 7.2,

PR AR Y, BiRReR 1.0 g EIKBRIREE
0.5g. AN 0.1 g, BRA 481 2.0 g, K 10 g,

BERER 05g, BIKAM 100g, KHKERZE
1000 mL, pH # 7.2,

TS FE R, iR ek 0.5 g LKA EE
0.5g. AfEH 0.2 g, BERRES 10.0 g, BRIRES 0.5 g
iz 2.0 g FilR4H 0.02 g, BiFRIEAK 0.02 g
ik 20 g, LHE/KEZRZE 1000 mL, pH N 7.2,

AL IR Y B R £ 0.5 g BRTRES 0. 5g.
LIOKBRRREE 0.5 g, SAfLEN 0.2 g UUWENR 0.2 ¢,
%I 2.0 g, FilR4H 0.02 g, BiFRIAK 0.02 g.
ik 20 g, JLHE/KEZRZE 1000 mL, pH N 7.2,

RS ARG R F2 3 . ISR RN A BR A
AR A CAS BRAIM R 55 5
12 Fik
121 @A 4B RERBHZTRMILG -
KRR AR 40, SR R B R A P00 B e
Mo M 15 fy HIErP & FRIC 10 g TIEREM, 10g
+ RS 90 mL TRIKIRA, R 30 min, #
1k 15 min, K EHBRARKFERE R 107, 107, 107
107, SRIF4H 100 pL FiFRIEA T LB B 5%
FOEAR b, T 28 CHEERFE 1~2 d, PREUARIE
SHAMEEE R aitb, T-20 CUKFHRAT -
122 HRAGWIHSLE  LIUL G2 R
PR Xt BB R, SRAPERIEEE % 1.2.1
TRAF B BRUEATRD 0% , 76 PDA [8 PR 5% 37 3 AR
JHEFR 0.5 em UL E AN SR WY, BRI
BT+ FREEE 4 MEB H ke 2.5 cm f9 5, 1
4 A SIS S B AR R — B kR, X
FLA 5 PUSSCR I B R RE 8y 2k 0647 52 0 -
1o SR 28 SO B 98 A . A 3=

WAL TA v BLAR — AL BRAL A VR AR/ X IR i 7%
1%x100%

(D FERIEEMLE,
KHEPIHE MR SD13 7F LB 53t F4kits:, T
30 CHERFF 24 h WS EVE B, 220G
B AR B IR T S AR AIE
(2) 43125 . At b st SRR A B
73 FI AN DNA R BUR ) & R IS B vk SD13 1)
DNA, % ] 16S rDNA 4 &6 & H 51 ¥ 27F
( 5'-AGAGTTTGATCCTGGCTCAG-3' Jfl 1492R
( 5-GGTTACCTTGTTACGACTT-3' ) Xt #5154
Pk SD13 47 PCR §" 14, 50 uL S A Z . DNA F
21 L. 514 1492R F1 27F 4% 1 uL. Taq fif 25 pL .
ddH,0 22 pL, W 551 : 94 CHAS 4 5 min, 94 C
A5 30 min, 54 CiEk 30s, 72 ‘CHEfH 1 min,

123 ABH SDI3 #% T
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TEYIR 1 %35 s b 5 s v PR N i 6 22 28 TR
WTR (B B A RARY, 02

il 1 Ezbicloud BHE A 47 [A] U5 7 51 FE X0 B, 1%
T[] Y8 %52 v %) B ko i MEGA 6.06 S48 F 4B
BRMERG LB,

124 #% 10° CFU/mL SD13 # &% ¥ LB
Mo i) SD13 AT VE RN 2 LB WARKE IR,
29 'C. 180 r/min &1 FHE5% 24 h BRI HEWR,
DL 1%3EF A R LB iR, T 29 C.
180 r/min £ N R 24 h Ja, BB B R B
ODgoo=2.3, 1831 10° CFU/mL SD13 2k ( &
WY ODgoo A 2.3 FBEIRMIR G, TR HETE L
H 1x10°~2.5x10° CFU/mL, 3 WEX ), A#F58H
#1485 10° CFU/mL SD13 B I I 78 .

1.2.5 #HA% SDI3 M e HEmBRA MR L
LiaFagdn sl R S MRS SR At
BRgR e ik, Rk, K R $E R T PDA
WAk FRdtd, T 28 'C. 200 r/min & F R
7d, FALREKMBERERY, 50141
N 10° CFU/MmL, BiWh BT 207 i g . 28
JE W10 mL B 7R 5] 100 mL PDA WA RE 5%
b, (#3607 250k 10° CFU/mL, 4% 1 mL 10°
CFU/mL SD13 &k, i SD13 T & 5k J5t 4 1
THOE 8, BT 28 CHRMAESR, 3IKER.
2L 10 mL 5 5L #3535 90+1 mL LB V% B . 1] b&
12 h WEE— R AE P s X1 F s 2 ikl /e, JF
EiELI TR

1.2.6 4B B SDI3 BAikAe X B R AT 2 4%
SRR Fa T ey R Ak A A R A T BT
W W55 IR R T PDA WA 3R 3 b 7 28 C,
200 r/min 5 FH5E 7 d, JEH 8 E LWL
VETH 22 . FMmEH T AT R, T
B FHCHE KR BEZ 510" CFU/mL,

Hi45 SD13 BIARTEW - #5H145H9 10° CFU/mL
SD13 AW (& &R ) LA 10 000 r/min &L
15 min, P A5 REER T, FHHSEBN T
FKEEIFEA, RAFWE R 10° CFU/mL B H
BT, % H.

il A K BE W . F 0 A5 B Y 2 I E
0.22 pm JCR FLIE A I8 2 Yk, A

P TR AR B VT VR D PR A TR VR (B A
SRR 4], B 1 mL 10° CFU/mL
BB TR 1 mL 5x107 CFU/mL ¥ J5 B ) 7-

TP 5 mL R BE T, DL 1 mL JCR /KN4 &
(145 J B 0 P = TR VR e B FRE 1 mL TG
KA 1 mL 5%107 CFU/mL %% )5 B 760 T B I Tk
FH—A5 mL EEELET, 1 mL LB R
KRR L 45 e R U T BRI X R, R
3K, 28 CHHEEFRFE. #3F 0. 12, 24, 48h
JH It 3K 3 H5HR W8 2 b 3 2H 5 0] BR 2H 110 58 K H T
o,

127 AW#@ SDI3 HasrdsEnl g HH
BitF . LT BB B-1,3-H0 BBERE TS PRI T
PRAE LB [EARKEFRIRL G SR 24 h, P K
P BREC TR Vi o s e TR . LT T
B-1,3- ) SR M il A D 455 R S Al L, 28 CHEIR S
It 3~7 d, WL JE] 1A TG 375 B T = A -0t TRV L
e (d) ALEHEEAE (D), WRIEERE EER
A A B P A A C B M, YR M R/NS HC
i (D/d) ZIEAMHRX.

YR EHE N E . ERE LB AR 3R
FRIZ % 24 b, FEH KAV A V5 5 3%
TEF 2 R B PRI s 752 5 A b, 28 “CHE IR 85
# 3d, H 1 mg/mL W SFLL5 OB 3 AN B 332 5%
IR, YeE 30 min, {HYL, M
1 mol/L NaCl R PE U . W & 7 ik [m] b
1.2.8 A F#A SDI3 #9142 & 4k A 48 % 2 4k 4]
B RAE INAE . % TSP 07, M B
PR TS REE TC RS IR 3 LA K HIBA TE R A& BE T -

V. AR RE T po e, HERRE LB PR
Rige 2 LiGfk 24 h, P KB A AT BREUE VS 43
BT ARG FEIE | OO RS FR LA K
WL b, 28 ClHEEKEFRE 3~7d, ML &k
[7] 1.2.7,

FEREERIRRE ST GE . PRTE LB [EIARRE 5
IR % 24 h, B KEEFER RS T
R R AN IR LA, WK 7~14 d. BERTE
(CAS) ANRAL T Skedk =H 4 (HDTMA ) 5%k
BTRABTUER—FEAY, Rt 4
RS TRl 00 TR PR S A R R A, R R R
G ar B . Rk, TR R
i) BBl 2 5 T A e 11 375 T ] R 48 375 B BBl R /N
JI T B R R 5

IAA EVENE . %07 RIREDIgrg: )
IAA 81 T AR R G AR A AR 2T,
B (048 (R R AR RE RS 77 AE TAA

129 AR SDI3 JigdrAse A e JEHE
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LR SD13 Xt 6 FlAk = - o B0 5 0 I B [ 7 R
HiZERi T ( Fusarium oxysporum ). AR 2595
( F. oxysporum). &ffJASZE 1A (F. oxysporum).,
WORA ZE @ (F solani ). §I &M BE G
( Alternaria alternata ) . 4 &= 9% % 8 &
( Phytophthora nicotianae ) 143 i .

FEPUE R SD13 BB Dl £« £ LB Bk 537
FAR A 200 uL 10° CFU/mL SD13 &
P50, T 30 CHEIREEFE 24 h, HLE AR,
FHATFLEREL 0.5 cm YRS HLEAR I UF, &

TR IR BE7E PDA 4435 35 7 Az v

JFEFR 0.5 em FE R B DE, T FEXFRIEER 4 4
FEES gL 2.5 cm (Y8, JCE 0.5 cm ) SD13 I F,
DL B IR T B DR E X IR, T 28 CHEIR B3R
7d JE R AR B AR, TS
K, naE 1.2.2,
1.2.10 SDI13 Z&#H B AAR A S8 HL G A T4b
B RIS F T 3% RKERMEEE 10 min, A
Jo HZEBK ST UE 3~5 i, BT B T & A0
WEWAT, ERERAMES 2 FE, Erxre
I, BRI R B —80mah i . 3
B HAR M, i S E R 2 1 Bk
RBE, &H.

AR SD13 Jo & B o A= I W 4% 8
#1459 10° CFU/mL SD13 [# £ ¥ 8000 r/min &5 0>,
WA, P 200 mL Rk EE WK, K5
WP N 10° CFU/mML 0K Be &7,
JC K BE B e Ry 108, 10°, 10* CFU/mL T &
WA B TR,

ST, I A 25 5 G D R TR R VR R A% KA
PDA “F-Hx 4K 3 d B 7% #2702 200 mL 1) PDA
WA B g 76 28 °C 180 r/min &F FH;3E 5d
JE T 8 E it g, FAGH 2w, HH
JCE KRR BER 10° CFU/mML, %M.

AR B R S AR B B AR 4RI 107,
10°, 10°, 10* CFU/mL, H 1kg +2E =450,
10 AMEFE: (1) R IEE LB+ B 10* CFU/mL
(F+10*S ). (2) 5 LB Ab B +/4: 5 14 10° CFU/mL
(F+10°S ), ( 3) o J5U 1A &b i+ 5 14 10° CFU/mL
(F+10°S ). (4) G B AL Fi+E B B 10° CFU/mL
(F+10°S ). (5) SGJEEXTIE (F). (6) 4PiE
10 CFU/mL (10*S). (7) A=Bj# 10° CFU/mL
(10°S). (8) LB 10° CFU/mL (10°S), (9)
AB5TE 10° CFU/mL( 10°S ).( 10 )3 /K % BE ( CK ).

Horb, FGEFEALTE . B 100 mL 5L G A 255 IR
HMTFEFERS 200 mL LHAKRESEH L, ®©
SRR, BHESE RN 10° CFU/g, Hiftbab 3
M A AR R IE AIRTE o H BL AR AR A AR I AL V]
Bk 0.3 ecm WEATARFEAE . Bt , X F A
CK 4 55 mL & /KA EE, FHABALPRER 5 mL A4
Bt 5 50 mL /KRG HEMR A b B 3 AN,
BAER 2 R, 3 DPATEE, WEIRERE
WIEOL, THE R WIERE. BiinseR. o
T I A A bR S BEOSCER[ 1], 9L S A
S Fl S5 30 (R O bR oE S B SCHR[S] . I Bk
L REK . M EEEE, M NEEE ., M ETE, M
T, WA AR AR AR R=R R B
PREL=x100%; 3 15 45 8= X (5% ZOI bR BOAZ0E )
1)/ (AR B R = R AE) < 100 5 B 1ARUR=(CK 51
FE R PR A 45 80)/CK R 18 50 100% .,

2 HERESH
21 TEAEMIBL4WL

INTRE R 48 = 0T 2 M DR AR e T Y 5 B
RS HIEREAR 15 47, WA Es 3] 93 #Ri,
Hirp 63 BRANEA, 30 MR H .
22 HENEMGES S

JH T IR 92 X6F 4 5 4l Ak 1) T e 2 7 40 7
SR, TREE AR 11 MR B R A B A
PRI 2 1), Hdh ik SD13 #6128 82.0%,
MR B (1A ),

®1 AEMERBEREKRGIE

Tab. 1  Screening of cowpea Fusarium wilt
antagonistic strains

TR W R iR

Strain Colony diameter/cm Inhibition rate/%
SD19 4.60£1.61°" 49.0+£18.0%
SD13 1.60+0.12¢ 82.0+1.0°
SD05 3.93+0.66%¢ 56.0+7.0%¢
SD08 3.15+0.32° 65.0+4.0%
SD20 3.32+0.16% 63.0+2.0%
SD22 7.22+2.20%° 20.0+28.0°'
SD26 2.82+0.33" 69.0+4.0"
HHO06 6.72+0.55% 25.0£6.0%"
HH06-2 7.72+1.81% 14.0+0.2"
HHO07 5.67+2.39" 37.0£27.0°F
HH09 7.77+1.74% 14.0+19.0%
CK 9.00+0.00° 0.0+0.02

H: FPIAR/NG FRFRRZE R BE (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).
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23 4BiE SDISHERE

23.1 BEFEZ F5PUE SDI3TE LB i F ALk
FE24h )5, BEAAE . EEIE . FE RN Z
AHL K 1A~E 1B ), 822 R, % SD13
e ML R PHMER (B 1C ),

A: TEPR SDI3 SELGANZE R R AWK ; B: Hkk SD13
IRTIEA; C: Bk SDI3 Hi 2[R,
A: The confrontation experiment between SD13 and the pathogenic
bacteria of cowpea Fusarium wilt; B: SD13 colony morphology;
C: SD13 Gram staining results.

B 1 Btk SDI3ESFEWR

Fig. 1 Morphological observation of strain SD13

232 F%E WPLERER, FHEPUE SD13
) 16S rDNA J¥ 3K &4 1452 bp, TE Ezbicloud
BAE R RIS b 25 ] rb, Wtk SD13 1Y 16S
rDNA /7315 D1 3EHT ZF 4T 5 ( Bacillus velezensis)
CR-502 ( B35 AY603658 ) HLIEH 99.5% (K]
2), M Ezbicloud %48 rh#k ik 12 #REA KM
PP S ALK DL 1 #RAME# R Paenibacillus
selenitireducens ES3-24 ( &% . KC815539.1)
5 SDI3 MERGZELKEW, KIME SD13 5 B.
velezensis CR-502 MR —7 ., 5HTEA,
P H R SD13 X 5%E B. velezensis,
24 4%PFiE SD13 MEIEHERFEER £
L FEI D FI R

WAL IR SR 25 R, Rikk SDI13 Xf4k
R )R 2 . T A RBAREN. & 3
e JE B B 2 R R AR . I/ 3A S RS IR IR
BA XS IRAL B, R R R 22 1E %, 24 h )5 g 2
AN SD13 (%&b BEER 5398 S i T 22 R AE R R . W
. EFAMIE (E 3B), 120 h B2 & EBgE i,
IR DR TENED R 22 (K 3C). K 4 AflFRY
R
25 4£ME SDI3EGSABEREMNIIEHE
&5 1R & & 78 F B HD #1 58

TR S5 SRRH, AR IR EE 0~12 h, LG4
F9 I DR R 9 R T % 64.5%, 48 h BFEE 0 h
TR 86.6%. KBEIETRALTE 0~12 h, HLGANZENG

SD13
59

79 | Bacillus velezensis CR-502 (AY 603658)

92 B. amyloliquefaciens DSM 7 (FN597644)
981 L B subrilis NCIB 3610 (ABQL01000001)
97| B. spizicenii NRRL B-23049 (CP002905)
— B. glycinifermentans G0-13 (LECW01000063)
i 91 B. swezeyi NRRL B-4 1294 (MRBK01000096)
oot 65 t B. licheniformis ATCC 14580 (AE017333)
91 B. aerius 24K (AJ831843)
94| B. altitudinis 41KF2b (ASJC01000029)
B. xiamenensis HYC- 10 (AMSH01000114)

100\ B safensis subsp. Safensis FO-36b (ASID01000027)
99 ! B. safensis subsp. Osmophilus BC09 (KY990920)

Paenibacillus selenitireducens ES3-24 (KC815539.1)

B2 HE#k SDI3ET 16SIDNA FIIM RS L BN
Fig. 2 Phylogenetic tree of strain SD13 based on16S rDNA sequence
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A: CK; B: #:853% 24 h; C: L1532 120 he
A: CK; B: Co-cultivation for 24 h; C: Co-cultivation for 120 h.
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Fig. 3 Inhibitory effect of strain SD13 on mycelium of cowpea Fusarium wilt pathogen
A B C D
vp Y
.
20 pm . 20 pm 20 pm ] 20 pm

A: CK, FLEMZTRNEEMT; B: WNAMBEGDIA M ESNNET; C. MILBEGHEMIMA T, NEYRELLI;
D: {720 BE 58 A PR
A: CK, normal spores of cowpea Fusarium wilt pathogen; B: Spores that became transparent due to the destruction of the cell wall,
C: Cell walls of spores dissolved, and its contents was exposed; D: Cell walls of spores was completely dissolved.

E 4 SDBBEBMIEMZERBREREAFHINHIER

Fig. 4 Inhibitory effect of SD13 bacterial solution on spores of cowpea Fusarium wilt pathogen

93 S R 7R T B0 T % 34.4%, 48 h A#HXT 0 h &
27.2% (£ 2 ), BB SD13 H RS & ek
IRV Ul AL Z R IR T, {2 SDI13 Rk
IR EE T EL SD13 & TREUE W o i

* 2 HPHE SD13 Hfk 5 R EIE R AT F I AL

Tab. 2 Spore inhibition ability of biocontrol bacteria SD13
cells and its fermentation broth filtrate

fhp i F%0E Number of spores/(10° CFU-mL™)

Treatment 0h 12h 24h 48 h
2N 20.7740.82°  7.68+0.71° 5.48+0.17° 2.78+0.90°
JCHIK CK 20.43£0.37* 20.40+£0.15* 19.95+0.11* 20.10+0.25

KU 20.42+0.19* 13.40+0.25° 13.63+1.07° 14.87+0.57°
LB 5353k CK 20.75+0.18° 23.93+0.48° 25.37+2.13" 28.43+1.19"
*: FTARNSFRFRRZR B (P<0.05),

Note: Different lowercase letters in the same row indicate sig-
nificant difference (P<0.05).

2.6 APFiE SD13 HIHI B Al S EE i 14

R g L (& 5 ), 4B SD13 B A 7=
M LFAER B . p-1,3-70 WA BE T,
B-1,3-Hi R PEREAY HC (HREAM . FHERWHN
4~6 1% (£ 3), Ui SDI13 43 B-1,3-7% 5 b il

T T B
2.7 SD13{REE-FHM
Bz R R (B 5, £3), SDI3 fEREHE
S i TTHLBE ARG I 15 52 2 b= AR AR, wT LITETG
RIEFRIE EAK, U SDI3 HAEEHE .
ToHLwE . BEEBETT .
2.8 AHPFE SD13 K iEMEFE MM E
SEMORTIRE SRS 25 SRR B, Rtk SD13 Xt 6 Fif
5 JEL T B R R AE 66.7~82.3% 2 10] (% 4, F 6),
UL R SD13 HAT ) i iE e, HID 6k
L
29 ARERELERE SD13BEAERFGIEE
WAL LW (£S5, B 7), SDI3 4%
B A0 BN U G A AR Y A BRI AR AR RE T, fig
PR AR, RBUOMRERERG &, Rk (E
TA), 5 AlH, 10°S AbFE AR A BE ) S
5 H A E LA R A R 10°S AR BRAY AR AR
RORHE 22, ALSREREAE S o AR AR R 2818, AR AR
BN, ZEARAN/N, AERRIEA S & B SRR AR A AR
K, 35 d JEHHRAS A KIs R AT CK 3 .
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A: HARG; B: SFYERM; C: p-1,3-MRMIM; D: TEHM; E. WREERRRES; F: BARRN; G: MLHLBERE
H: @A HLBERETT; 1. fRETRETT; J: 72 IAABETT.
A: Protease; B: Cellulase; C: B-1,3-glucanase; D: Chitinase; E: Siderophore-producing ability; F: Nitrogen-fixing ability; G: Inorganic phos-
phorus-solubilizing ability; H: Organic phosphorus-solubilizing ability; I: Potassium solubilizing ability; J: IAA-producing ability.

B 5 APFFE SD13 Wil E s EeE I AR 52 £ RE 1K T REAR T
Fig. 5 Biocontrol bacteria SD13 antibacterial extracellular enzyme activity and function detection related to growth-promoting ability
% 3 H4BAE SDI13 BN G M SMEEE M R (R & &8 148 < B F i

Tab. 3 Biocontrol bacteria SD13 antibacterial extracellular enzyme activity and growth-promoting factors

- A F 7 HELR o e A F 7% W e
Item Tre(lit}sparent circle ) Colony HC value Item Trat}sparent circle ) Colony HC value
iameter/mm diameter/mm diameter/mm diameter/mm
HEHME 45.83£5.04 42,5147 1.42£0.06 PR 19.67+0.85 7.83£0.47 2.44+0.11
LT R 28.67£0.47 15.33£0.24  1.87+0.05 filt AL 16.67£0.62 15.5+0.82 1.10£0.04
B-1,3-7 Rk iy 62.33+4.25 5.67+1.70  8.63+1.91
%4 HEFE SD13 X 6w E B 5l &
Tab. 4 Inhibition rate of biocontrol bacteria SD13 against six pathogenic bacteria
9 5 4 9o JEL T Ab PR TS HAR X MR T v AR FINES
Disease name Pathogen Colony diameter of treatment/cm Colony diameter of control/cm Inhibition rate/%
H AL 2R Fusarium oxysporum 2.58+0.65" 7.78+0.08° 66.7+8.6°
PR 2 9 F. oxysporum 1.46+0.12° 8.26+0.19° 82.3+1.1°
LN ES F. oxysporum 2.01£0.12* 7.51£0.02° 73.241.7%
T A 255 F. solani 2.16£0.09" 7.73£0.09° 72.0£1.6°
LG BESR Alternaria alternata 1.18+0.12° 7.16+0.13° 82.3£1.2°
MH¥PEF59%  Phytophthora nicotianae 2.13£0.19™ 8.26+0.19" 74.2+1.9"°

1 FBIAR/NG FREFRR 2257 B3 (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

A B C D E F
A TF)RANZER I B: BB ZNIA ;. C: BIUNASZNIE; D: WA M E: SLXIMBEWNIA: Fo SR80 i
A: F. oxysporum; B: F. oxysporum; C: F. oxysporum; D: F. solani; E: A. alternata; F: P. nicotianae.
Bl 6 4BHE SD13 Xf 6 Fw R BRI HI 3 R
Fig. 6 Inhibitory effect of biocontrol bacteria SD13 against six pathogenic bacteria
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Tab. 5 Potted growth-promoting effects of different concentrations of biocontrol bacteria SD13 on cowpea

LR PR i8IS Hb I fif o Hb T fif o Mo LT R T E
Treatment Plant Root Fresh weight above Undergrpund fresh Dry weight above Underg'round dry

height/cm length/cm ground/g weight/g ground/g weight/g
F+10%S 43.11£0.96" 1.33£0.39° 16.8+0.50% 13.17+2.66 2.87+£0.27° 0.18+0.01e
F+10°S 41.56£1.57" 1.60+0.15% 15.88+1.29¢ 13.17+2.05% 2.03+0.12°% 0.19+0.00°
F+10%S 44.67+7.14° 2.28+0.33% 15.07+1.33¢ 12.83+1.18% 1.65+0.29° 0.28+0.01°
F+10°S 50.17+10.52° 2.29+0.3% 20.23+0.39° 14.33£1.03" 2.05+0.09°% 0.26+0.01°
F 26.00+0.82¢ 2.19+0.25% 10.32+0.35° 10.83+2.25¢ 0.16+0.03¢ 0.27+0.01°
10*s 42.1140.42% 1.87+0.17% 21.49+0.30° 14.44+0.16" 2.42+0.06* 0.28+0.01°
10°s 42.33+0.82% 1.8340.134° 21.99+0.60° 16.61+0.28™ 2.29+0.16% 0.28+0.02°
10%s 56.78+4.43° 2.81+0.07° 5.64+0.89° 18.33+1.19° 2.68+0.06" 0.32+0.00°
10°s 33.89+4.37"¢ 2.14£0.10°¢ 17.82£0.17° 15.44+0.42° 2.00+0.13%" 0.25+0.01%
CK 32.00+1.19% 1.70£0.03°% 16.38+0.17% 14.44£0.21% 1.88+0.04°" 0.24+0.01°

E: FSIAR/NG FRFRRZR B (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

CJF
100 CZAF+10%S
2 777F+10°S
ERF+10%S
EWF+10°S

He

TS HE 4L Disease index

B5fjE] Time/d

F F+10%S F+10°S F+1083 F+10°S

[ JF+10°S
70| 7 F+10°6S

a EF+10%S
60F a EmF+10°S

o

BHIA3CER Control effect/%

5} [a] Time/d

CK 10*S 10°S 1088 10°S

A GRCER AR ROIRES; B AR SD13 ABA R B A RS FE 4 C: ARIRIVERE SD13 Ab B[R] i ] i BT iA RICR -
AR/NEFHFRRZ 7 B (P<0.05),
A: Plant growth state diagram of pot experiment; B: Disease index of different concentrations of SD13 treatment at different time; C: Control
effect of different concentrations of SD13 treatment at different time. Different lowercase letters indicate significant difference (P<0.05).

B7 ZRZBWHMHESRERR

Fig. 7 Control and growth-promoting effects of pot experiment
TESCH S IIE], F AL BREG 1E 48 BOBERT ) ZUCGEHIZERT R SD13 Al US4 R il 91 5 A

BT, MHIERT R 4 MAEBARETTIREON I FRRRITA LR, 14d )5, FACEBEL AL RROT
g, JFHAE 28~35d fF1ks K (K 7B), Uil fRkdim, BAEM RIOTRASTE . faids, ZEZERK,
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itk R BEAR, ZRHEN 80%. F+10'S, F+10°S,
F+10°S 5 F+10°S b RET S AL KR &9 R 43 51
40%. 30%. 80%. 80%. 35d /5, FACFEAIENG
IR F] 100%, Jiti FHA: B TR Y 4 S0 B R 9% 585 T
Bk, & 7C Fias, F+10°S BiiaRURN 62.0%,
HAREER, SREDTIRRE.

LA BRI S04 me Sk, E BT SD13
(e At FH A BE S 10° CFU/mL, HP G 8UR
i, R AERCRAUKR T 10° CFU/mL,

3 itig

] P ST A 2506 I B TR T B AS AL 24 B R
A Y B IA A AR T /0, JL R AR B 0
5] P A D o A5 A A S R R 11 B
FEPTANEE , X H R R A FE PR SD13 #E AT
TER AR S TUEE, KBRS T Ry DS 2
AT ( Bacillus velezensis ), Ul 3 2 AT
SD13 X 8L SLA, 22 B I FL ok VT TE 1 T 22 | il 5 B
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BRE . A EICHLEE 3 PR e A ThRE, WIS
28 AR FE S UE B DS 2R AP I SD13 X UL Ak
ZHA RIFHBTARCR, JFXTUL G AR B A
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W AR AN, AN B IA UT SR 2 1
BE BT AR R
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s (Bacillus) M—A#iFl, EA T 350 R i
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FFGRR, VSEM 2R AT X NG . B
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WTAN S I . U R B . BRI . B A
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fiff L TR A M RE G A 0 B A S0 B TR R B A
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T B T L B- 1,340 SRH B B R 2

JiRE S B .

A B FEMYAERKMLTF LR, EBRE
YRR R T, REEY &, EWEE . B
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K, AR e B MR B S AR W v i 44 15 3
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SEFR e AR FH BB AL R R 5 i i T A
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EKAE S, MELE (siderophore ) o mY =k ak A,
RERr B A B Tk Al SD13 ek
AT 55005 T P e A Ak TT 2 AR TR B 1 R
W BB HEVES 1) % Ak ol 2 s 1 e Al P i, AR
PEAE A A KPR

LT, RFEHE SDI13 ¥HEAR
6 U1 SR 2 AR EET SR AR A K VR, IF AR
S Ve T RO M, 10° CFU/mL Ry S AR Bl 1A v
JE, 1 10° CFU/mL e e g, W n
10° CFU/mL i, 8L G40 A K sz 23m ], (X
MHDEE R, UL S AR S T & R R fE A A
Ko FRER, ZWHALENH SD13 1] LIf¢s:
AR UL O AE RN AR, I, FER
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