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m = [j"‘il ‘flﬁ%ﬁl A% 8 (Sclerotium rolfsii) 7| A2 89 3k & £8 @ A= 3k i JZ & (Phytophthora capsici)
FlIAGHRME R, PEH AT HRRGZFZASER. [BHIREARRBRAFT N SBEREG B,
VLA R %Kk%iﬁlﬂ/g%m [ 7 % ) AT BPR A 6 S e 4 TR B o T i B — ARt MY R R 3 4
H RIFHI ARG ER SEC-197, s AMREAHE. ABANMF S TLEL, SATHE I 8544
AT A S, BT PCR ¥ 38 4mr HALA M X A, Fi#f—Fidid 2 8RB PM L @R AT
R At AAE R L4 R YE R SEC-197 3¢ F 3\ 4% ) An sk R B 49 T 447 4] F 3] A 76.59%+0.59%
Fa 74.85%+0.35%. 2% Z H Rk SEC-197 A N 3 47 3 7847 i (Bacillus velezensis), % & A& T VAT &,
AW, FFEHEA RO, FHEB. BEMAIB A, FREARARE RO, 2
W EHAREA srfAB. fenB F= ysnE 47 BALA KA, 2K R 7% AT 3R & 45 9% Fe 3R IR
TR By B R 3R 72.08%F 70.42%, HiZAMABERESERSHRBERNES . ST TETF4
Ki54r. (4581 HAR SEC-197 *F 3R & 28 4 Ao SR ARIE 5 3 AR B 2 69 45 4078 1 HAT A 2R RAF,
AT R4 R A IRARGYG A 7 R T BRI R Ie AR a
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Identification and biocontrol potential of a strain against two
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Abstract: [Background] Pepper southern blight caused by Sclerotium rolfsii and pepper blight
caused by Phytophthora capsici have seriously affected the yield and quality of peppers
(Capsicum annuum). [Objective] To obtain efficient antagonistic bacteria for the biocontrol of
two pepper diseases and provide a theoretical basis for the development of biocontrol agents.
[Methods] From the pre-preserved microbial resource library, the strain SEC-197 with strong
inhibitory effects on both pathogens was screened out. It was identified by morphological,
physiological, biochemical, and molecular analyses. The production of extracellular enzymes
and plant growth-promoting effect of the strain were assessed. PCR amplification was employed
to mine the genes associated with the inhibitory and promoting effects. Furthermore, the
biocontrol and plant growth-promoting effects of the strain were evaluated by pot experiments.
[Results] The strain SEC-197 showed inhibitory rates of 76.59%+0.59% and 74.85%+0.35%
against S rolfsii and P. capsici, respectively. Strain SEC-197 was identified as Bacillus
velezensis, which can form biofilms and had the ability to secrete proteases and cellulases,
dissolve organic and inorganic phosphorus, produce siderophores, and fix nitrogen. The strain
carried biocontrol and growth promotion-related genes such as srfAB, fenB, and ynsE. The pot
experiment results showed that the strain had the control effects of 72.08% and 70.42% against
pepper southern blight and pepper blight, respectively. Moreover, the strain’s fermentation
broth significantly increased growth indicators such as stem width, fresh weight, and dry weight
of pepper plants. [Conclusion] The strain SEC-197 has significant antagonistic activity against
both pepper southern blight and pepper blight and an obvious plant growth-promoting effect.
The research finding provide a theoretical basis and experimental foundation for the practical
application of pepper production.

Keywords: Bacillus velezensis; pepper southern blight; pepper blight; antagonistic activity;
biocontrol effect

B (Capsicum annuum)f2&: 5 2 554 ek KR, MU AR EAE 210 7 hm® LA
Y, HWERYRFES, WZHREER, B b, 2R EMRE R R RN ED . & F
FAMAESN, BARR R e By Fn ol 364 A R, 3R A R, B 1L
W R N AMEY Tk, REHM  OWENEAEGEH R, Hp Rk
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1% 1 (Sclerotium rolfsii ) FlUARE 25 (Phytophthor a
capsici)7 | S 1O 25 5 B A 7E 4 [ 1
AR, N ERZEEMRTERE, B
o AL PRE AR RO LAFES T, 7 R M SRR S5
PRt

F I 2L DU 22 2550 B R0 3 , (B2 5]
) ek e e P 3o o D P B 24 b i | A 245 5% BE AN
—BEPRBE TG e ) A . E A S (R R g 1Y 52
fiti, ARG W L H 2538 . AR AR B e R Bl
TR BRI 0 i g ™ e 5 BT L HEE Pl T R
Sk R B EEE LD AT I (Bacillus
sp.) . 1B B g B (Pseudomonas sp.) . K &
(Trichoderma sp.) Al [# (Gliocladium sp.)5# 1
ZWAEYC 2 T Bia BN 3, RHBRE NS |
Hili 22005 R I 46 3 1 3 I S A R AR
RV, Hp R AR R A SR AR Tz A A
P AR, TESEBRAE ™ th i 3 Z . UL
A B B AT ORI i & 9 8 DE 3 25 6L FF 1 (Bacillus
amyloliquefaciens) B1619 AEfSAG &4 1 14 3 it
Z HPL. SOl T N EE T R A R Y
DA L 25 #0AF  (Bacillus subtilis)hy 3 2 a4,
YT B KRE . NEEEY ErpmE, H
HI, 7E [ 4k 2515 B W (http://www.chinapestici
de.org.cn/) Al E 3| B EIC I ZEEFTF IR AR 25 326 5%
105, Hoh 2 Al R 2 A B RN I 25 46 2 fA A
(Bacillus thuringiensis) , Dl 3¢ 3 2§ 8 #F
(Bacillus velezensis) B ICAA P 5%, H4H DLk
Wi 2E fAT B CGMCC No. 14384 5k, BERSBIIA
HH RN L 2B DI A B I VR 55 22 Rl
F o ABTERC A AR b IR e BT BT 4595 S
FRUE I3 1A )5 8 A8 18 2 FLAT TR T 511

A ST Ry FAT X 3K PR AR A R AT
T AR 0 A B A BT, $UL LA 558 /N T A BB
B AREARIA IR B, S0t RO B B ey 22 5%
V4 v U BT SO 075 228 1) RG22 B AR A B

PEEW SR, Ay | A AR AT
W) T B IR AR A TS, DR A S
Pl | o] 0 A S R AR S T AT BE T 5T
B4 A AR IR R — A5 B IR I AR PR 3 Y
A B RCR A LR RCR , Dokl 2R | S A )
R 711 B 5 HAit

1 MRETE

1.1 #H

T 0 0 D P R R o R Al 2 B vl
ZEVEAEY O B N S 2 BV E AR b 1358
e, B 2R R A A R R ROR

f 3 BB . 5T 98 /) X T (Sclerotium
rolfsii) . HHLEE 7% (Phytophthora capsici) i1 H [ 4%
BB R 7 2B EY D R

KIS EBBRT, KIDFIEFNLA R
1.2 EFHE

LB 55k . B EME NG SRR Ve 8
RIS SCER (151 ;. MER T TCALBER: SR 22
2 SCHRIL6]RC T 5 M 972 5L 225 SOk 1 7]RC ) 5
R R FR IS 2 SCHRI8IEL il s SRR . 4R
fitf . LT JBEEEA B-1,3-73 SROBE S P AG I % 5% 3
S SCHR[19TRCH] s A PLBERE SR LA CAS Faill
B B0 T B A AR A BRA ] .
1.3 FELFIFONEE

WAL B B 55 1, RS 2 Wl
BARIFEABRA T 5 24 o/L WERKTENE , F iRk
AP AR A BR AT 3% F&E R, It
RSN E YR AT RS | s HBL 24T R A1
YTE % MRTRE L BRI FLBE . ONPG FIAS Mk,
S EAEYE ARG R /A A ; 2xEasyTag PCR
Super Mix, JtE @G EYHARARAR, £
fERE A, RS A B A 5 fE R R SRR
Vit ISR B E AT PR A AR
TRAEAE . SR ABR ARl PCR X, A
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PEGIH AR A BR A ] BIKAYL, dbs—4
PR A BRA A 5 SEAMEEIS UG AX, 1R 5 3N
A BRA
1.4 BEHRBITFESHIEE SN E

30 3o P A R R 72 DA A 4 5 D v 7 32
Xof TR /I TR RN B B 2 S RIVE TR R TR R
PeE IO 2 Rtk SEC-197 F T &7,
ST EASREINTR « 76 PDA 5537 5 rp do b I
FPH(0=7 mm), FEREPEIUSE 2.5 cm AbEERP 50 pL
PRIV, MERIICH LB ARG S5 A B XT
M, DAHERD 240 mg/L AYMENK IR R TRk 53
/ZBEXTIRER S A BHPEXT RE, AR 100 mg/L /Y
FH 0 W 8 8 247 30 1 Al kg BB B W IRF X 6 1) B
XTI, IRXIGE 3 W i TR R 1 R
B 22 PRI 24 755 FH A D SORSURS 35 1) FH () B 76
R b 32 JBCP A 245 70 4 A R R S RSUIS 5 %9 BH 1 XoF
HE, TR B A ARt o R B T R AT 22 K
ML BN R, SR (%)=Chf BT T 76 A
b PP 2H B 75 ELAR /OO B 2H B VR ELAR I LR
IR EAZ)*100,
1.5 E#k SEC-197 4 E
151 EESFENBRREBENUETE

B H bk SEC-197 7E LB “E-H ik, 30 °C H537
48 h JEEJEeF A PR IE RS . B
P TULES ; BRECBATE TS 2 LB WA 353, 30°C,
180 r/min 5555 16 h, 4 °C. 8 000xg &.[> 5 min
WA, A 2.5%% — 1/ 4 °C #+8 2h L |,
DL 1xPBS ZE PR EH B 3 WK, F& BRI K
FNG A T 5 2% 2R AR M AT A ], S T4

=1 16S rRNA X gyrA ER5|4F5
Tabel 1

Primer sequences for 16S rRNA and gyrA gene

HL 55 LR TR T S RRAIE o 22 Vi 1 A i B 5 A
CH UL R G55 T ) PO Bk SEC-197 i
P22 RYL TR K i S AR B A AR RRTE A Y
1.5.2 MFEEREHFELEE

Ptk SEC-197 27 2 Xk v 11 JC AL 0 ~F
M, 5 d JaMEHA JoBE W U0 K pR P
EfFEREFRE, sdawsEHa nsmnE; &
PR, ZF4ER M. LT BImgA B-1,3-H0 SR RS
PRGN S 2 0 SCHR AR, R PR A B T e 2
% Sun ZEPY ARSI A YU AT U kR
PN A ML BE A
1.5.3 16S rRNA EE FFI % gyrA EEF 554

SR W AR IR & DNA VE AR, LIS
Y% 27F/1492R F15 | ¥ %} 42F/1066R 43511 % i #k
SEC-197 /1Y 16S rRNA & [F 1 gyr AZE R 3747 PCR
P, SIMFESILE 1, PCR WA R I 5442
HHEHEP, PCR Yk B R ER A Y
ARABRA A HEATIT , 75 NCBI Hr A il 45
FeXt, R MEGA 7.0 4 MUSCLE #17%
A X, i neighbor-joining 444 R 40 A
BH, bootstrap ZUE A 1 000,
1.6 &E# SEC-197 #IE. REHEXERA
PCR #& 7

SN HFED PSR vkt
PRRRIEA TR | fE A= AH DG EE R 4G, JFFF PCR
Pk 2 R A RO A BR S w] AT
B UE . AT O XL 5193 e i e LR )
BEARARA TG H, Hp ysnE e A4 KO
PRI HoAth M I RS (3 2).

BEIN 44 R EIEZEAR N F1¥1F 51

Gene name Primer name Primer sequence (5'—3")

16S rRNA 27F AGAGTTTGATCCTGGCTCAG
1492R TACGGCTACCTTGTTACGACTT

ogyrA 42F CAGTCAGGAAATGCGTACGTCCTT
1066R CAAGGTA ATGCTCCAGGCATTGCT
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Tabel 2 Primers for functional genes detection in this study

i G b FE LA Bk 2] PG RE
Encoding protein ~ Encoding gene Primer sequence (5'—3’) Amplification size (bp)
Surfactin srfAB F: GTTCTCGCAGTCCAGCAGAAG 308
R: GCCGAGCGTATCCGTACCGAG
Fengycin fenB F: CTATAGTTTGTTGACGGCTC 1 600
R: CAGCACTGGTTCTTGTCGCA
fenD F: CAGCACTGGTTCTTGTCGCA 293
R: TGCTCATCGTCTTCCGTTTC
Iturin ituA F: ATGTATACCAGTCAATTCC 1047
R: GATCCGAAGCTGACAATAG
ituC F: TTCACTTTTGATCTGGCGAT 575
R: CGTCCGGTACATTTTCAC
ituD F: GATGCGATCTCCTTGGATGT 647

R: ATCGTCATGTGCTGCTTGAG

Bacillomycin D bymA

F: AAAGCGGCTCAAGAAGCGAAACCC 1200

R: CGATTCAGCTCATCGACCAGGTAGGC
bymB F: AATAGAAGAACTGCTGGCGT 983
R: GCCTTCCCGACACGACACT

Auxin ysnE

F: GGCTGTGAACCTTTGCTATG 455

R: GCTGTTCGGGTCCTCTTTAT

1.7 SRR EML

IR SEC-197 XFBRBLIE 259 (1) Ak B VA 5L
S e 3 AN AbEE, AEASAbEE 24 BRBRE
43 A 15 mL B AR & B L JCTA LB WA 77 5
240 mg/L WENKIEREHERE ;5 d J& 1 BRASURR JL3
TE 055 1 A4 T 22 e (=7 mm)FF78 b JC AR R AR
Mo 5dFIETARIEEN, ERK KRR . K
T HR B BTG RO 5 2 2% SRk [26].

PR SEC-197 XU IR 1 2Rk BT 1A ROCR «
RIS AL 3 b, AEARER 18 Bk 34 MHAIBARAh
Hi, 23 10 mL WkEABAR . JCR LB A
Frdk. 100 mg/L I FREGE R R ; 2 d J5 R B
HREEFBLL 10 mL 1x10° CFU/mL BRAE 11k
TR, AT S d JRic ARSI, TS gk
PfES% Zhang P, e IERE B BRASCRTA
[k SEC-197 X 25973 1 23 IS
1.8 REMRITEM

AL 3 AR, BEAERE 24 B 34 IR
WA, DL 10 mL BEMRAEER . JCI LB R IAR:

FREAKEE 3 d HEWE 19K, 25 d o WMESHHMRIE R,
[l BP R AR IR e £, AR 2558 |
MK AFIRRE, PREEEE, 50 cCHtEHE Rk ET
IR AR KA PR I K WK (%)=
(Kb BRZH T 7K RS BEZE )T 8 7K % BB 2H < 100011,
1.9 HESITSLE

KA WPS Excel TAEERMITEIRS T, Fl
A SPSS H AT HA R K Jr 22041, Duncan [K
B W 2 AT AL B ) 22 R B PG IR

2 EREM

2.1 E#k SEC-197 3 552 /X H FAERHUIE
B IEENE

20k K PUERR SEC-197 X 19 Ffvig I 1 11
TR ZE 55 54 /I TR B X BEAH EL (&
1A), Wk SEC-197 X% B 1S H 0 il 2 ik
76.59%+0.59% (& 1B), 17 &K Ik e X 122975 7 1)
SER I H R Ky 63.28%+0.72% (F 1C), B AR T
Ak SEC-197 MUHIHRIASCR s @ F 4 Ha sm i ¢
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FEAE/IMZ TR AR R T 22 L bk SEC-197 #il Je5 v
ZLIRAS, AT DL P 2208 A 1 HL R T (B
1D), WPk SEC-197 il J5 T 22 )t B0 48 4 A0 1
o, FLR (A 1E), 5 AR R [ X B L
(F 1F), Hibk SEC-197 X220 18 0 EARAm i
ik 74.85%+0.35% (& 1G), i 755 7 X 1% 0%
PR A 2l 63.28%+0.72% (F 1H),
B RAK T B bk SEC-197 S I B Al 3 i 3R 5

(i) A 300 o 1 5 P 0 O 5 L 5 f B T 22 M T
Pk SEC-197 MIJE W22 RA, 4R 5558/ M
A ZZARAARLE 11, 1))
2.2 EFkSEC-197 EEER

16 LB B3R RI£R 5 30 °C 153% 48 h (K
2A), ISR TS HAA2 N 1-3 mm, SMIEAS
R, b TR, HZORI IR EARR,
K/INHA(0.5-1.0) umx(2.0-4.0) um (& 2B).

1 E# SEC-197 MFENEZEFRHESHMEIESE A FFR/MZRBITEX IR, B: EPk SEC-197
X TR NE RIS C: WERRIEINE X 578/ ME R RO RSHUERL. D: FFR/IMER R 2 i Bl . B
WPk SEC-197 M SF 8 /M5 TR 22 i B IR, Fo BBV RIYEXT . G 1AMk SEC-197 X B s
MFEHUEM. He RGBS R0 BB R 45 ST, 1 AU S e 22 B I . T TPk SEC-197 )
BRI 5 1) T 22 i B IR

Figure 1 Inhibition effect of strain SEC-197 on Sclerotium rolfsii and Phytophthora capsici. A: Negative
control of S rolfsii. B: Inhibition effect of strain SEC-197 on S rolfsii. C: Inhibition effect of thifluzamid on S
rolfsii. D: Mycelial growth of S rolfsii. E: Mycelial growth of S rolfsii under the effect of SEC-197
antagonism. F: Negative control of P. capsici. G: Inhibition effect of strain SEC-197 on P. capsici. H:

Inhibition effect of hymexazol on P. capsici. I: Mycelial growth of P. capsici. J: Mycelial growth of P. capsici
under the effect of SEC-197 antagonism.

l".\"_ ‘l
Wl

1130 SEI

20 kV &5 000

2 BE# SEC-197 WSS SH4FIE  A: Wbk SEC-197 3% 48 h JRMEVATEA. B: Witk SEC-197 7610
R IERIEA(S 000%). C: Kk SEC-197 yH:2% [RYL 4
Figure 2 Morphological characteristics of strain SEC-197. A: Colony morphology of strain SEC-197 after

48 h. B: Individual form of strain SEC-197 under scanning electron microscope (5 000x). C: Gram stain of
SEC-197.
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ARG ER, WPk SEC-197 22 [%
Pt XK 2C) . SFRERICIF N . VE R 7K i
IR . ONPG 155 | 42 fil il A1 U fL B 00 45 2R 4
FEAYE, VP IIRES R N BAYE, RITE 7% NaCl #l
pH 5.7 i AEK, RERIFFIERRE: . D-AHE .
L-FIRLArlE . - EEEE . AR, A
FHNERER . FUBEFIFA ZHE(E 3).

AR SEC-197 HUHLHE {2 A8 1 M ik 46 35 W]
(F 4, B 3), FRATLIBE ARG, 450,
Vs A DLBE R TCHLBE , 7 Bk A S 1A, Jo7
JUT Rl B-1,3-7 SR bl S s i Be ) o il
A= DRI S S e I RE AT B I S5 (e
FUZ A IR A P

%3 Bk SEC-197 REBELIRE
Table 3  Physiological and biochemical tests of
strain SEC-197

AT H Test item

ZE . Result
Gram stain +
VP -

Citrate +

Propionate
D-xylose
L-arabinose
D-mannitol

Gelatin liquefaction
7% NacCl

pH 5.7

Nitrate reduction

+ o+ + o+ o+ o+ o+ o+

Starch hydrolysis

Lactose

Raffinose

+

Pine disaccharide

Glycogen
ONPG

Contact enzyme

+ o+ o+ o+

Oxidase
+: FEME; - Bk

+: Positive; —: Negative.

% 4 Bk SEC-197 W fRIRE R

Table 4 Disease resistance and growth promotion
experiment of strain SEC-197
AT H Test item

ZE I Result

Protease +
Inorganic phosphate solubilization +
Organic phosphate solubilization +
Cellulase +
+

Siderophores production

Release potassium

+

Nitrogen fixation
Biofilm
Chitinase -

B-1,3-glucanase -

+o PR - B

+: Positive; —: Negative.

3 Bk SEC-197 MRRERE A EO
F: FEEIK. G: AWl

Figure 3 Disease resistance and growth promotion
experiment of strain SEC-197. A: Protease. B:
Inorganic phosphate solubilization. C: Organic
phosphate solubilization. D: Cellulase. E: Nitrogen
fixation. F: Siderophores production. G: Biofilm.

BEiFk SEC-197 () 16S rRNA L[ gyrA %
4143 H7 : ¥ E bk SEC-197 Y 16S rRNA H:[A]
M ogyrA FEHF S5 E NCBI £l e, 315
GenBank & %5437 51 OR398623 il OR405540
(NCBI ¥ EHix itk B_197, 5 SEC-197
e — TRk ) . BE T P AR LR 7 810 43 S A R 4
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REW, K355 B. velezensis strain JIN4  TE[A]—/r3 B(& 4A. 4B), 455 TE R4
(CP087137) . B. velezensis strain FJAT-45028  :{bFRFHZORME SEC-197 %22k D1 3fd 2
(CP047157). B. velezensis strain H1 (OM523097)  #IAFi .

4 ETFHHK SEC-197 16S rRNA EFFFI(A)FN gyrA EEFFIBMEBMNRELERN 5NN
GenBank 585 733 FECT O AR AR RO & %

Figure 4 Phylogenetic tree constructed based on 16S rRNA gene and gyrA gene sequence of strain SEC-197.
GenBank accession numbers in parentheses; The numbers on the branches are bootstrap values; The scale
represents nucleotide substitution rate.
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2.3 ®W#H SEC-197 #l&E. REHEXER
PCR 2 5 R

XTTRAR SEC-197 34T AH AN TR PTG S fe A
RHEFEIA , PCR 7 W) 2858 I H VARSI - ik
T T IFEE, KMEKEA sfAB Fil fenB 5
PR FEH K ysnE fig 25 CHEE R (8] 5), HEi%
BREA ARG ER . 28R, PRREEER.
FFE %R D MN5WE 2R (indoleacetic acid, 1AA)
ZFME AR AP R T
2.4 TE¥ SEC-197 3R B Bm B 2 FBh
AR

PR BBU B IR TR S d e WL EE RITI A B i
(# 5, B 6), SRR, XA T4
W, RIEIEECN 96.88, Tk SEC-197
Qb 33 BRI A8 B 27.09, 5 R XS
HRAL A TS AR BT B B 22 5, B AR
HHXT B RR 72.08%, 42 1T WE WK ok i Ak B A
B R4 o
2.5 Etk SEC-197 XFREUZRHIZTEBAI AR

FEFI R R AT S d 5 WS A A Ko
(F 6, B 7). G5 BN BHPEXT B SGH r With
ML g 4 5, RECRE, HEHERE S
78.89. MM Fk SEC-197 Kby fibsl e 1% 45
ok 23.33, WK T BT B2 1 1 R 4L,
HAXTBIRGL 70.42%, BT H AR R 2y
AL BRI AR o

bp

2000

1 000
750
500

250
100

5 &k SEC-197 I E R £ BXEE PCR =4
EERZEKE M: DL2000 DNA Marker; 1: SfAB
(303 bp); 2: fenD (287 bp); 3: ituC (546 bp); 4: ituD
(620 bp); 5: ysnE(371bp); 6: fenB(1305bp); 7:

ituA (1 033 bp); 8: bymA (1 080 bp); 9: bymB (950 bp)

Figure 5 Gel electrophoresis of PCR products of
antagonistic and promote growth genes in strain
SEC-197. M: DL2000 DNA Marker; 1: srifAB (303 bp);
2: fenD (287 bp); 3: ituC (546 bp); 4: ituD (620 bp);
5: ysnE (371 bp); 6: fenB (1 305 bp); 7: ituA (1 033 bp);
8: bymA (1 080 bp); 9: bymB (950 bp).

&5 B SEC-197 MERMB BRI BRBERR
Table 5 The control efficacy of strain SEC-197
against pepper southern blight

Qb3 VALKl B v AR
Treatment Disease index Control efficacy (%)
SEC-197 27.09b 72.08

CK1 (LB) 96.88a /

CK2 (thifluzamid) 18.06b 81.39

TP AFENEG FRHA R Z B AAEZES D E
(P<0.05); /: LR, TIH

Different lowercase letters indicated significant differences
between treatments (P<0.05); /: No data. The same below.

6 B ¥k SEC-197 MRHMIB BRI ARR A FHE SEC-197 KB, B: CK1 (LB). C: CK2

(thifluzamid)

Figure 6 The control efficacy of different treatments against pepper southern blight. A: Fermentation broth of

strain SEC-197. B: CK1 (LB). C: CK2 (thifluzamid).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



F58 F | BAMBERMEE RN EREE RERR DTN

2459

6 Eik SEC-197 X ERHUZ R BI B #BAIA R
Table 6 The control efficacy of strain SEC-197

%7 ¥k SEC-197 3 BREVE KRBV 1R & 1EF
Table 7 Growth promotion effect of strain SEC-197

against pepper blight on pepper plants
Qb3 S TH AR 4L SRR E AT Treatment SEC-197 CKI (LB) CK2 (Water)
Treatment Disease index Control efficacy (%) e 2.85a 1.95¢ 2.22b
SEC-197 23.33¢c 70.42 Stem width (mm)
CK1 (LB) 78.89a / ZETEHR R 28.38 / /
CK2 (hymexazol)  55.56b 29.57 Increase on stem
width (%)
: Y= 22.55a 13.62¢ 16.63b
X, Shoot length (cm)
PR R 35.60 / /
\\ Increase on shoot
R length (%)
j LSS 9.24a 4.13¢ 6.65b
Root length (cm)
7 E#k SEC-197 MEHHUERMAKPARR  MRKRAEHOR 38.95 / /
A: HHFE SEC-197 K##. B: CKI (LB). C: CK2 Increase on root
(hymexazol) length (%)
Figure 7 Effect of different treatments on the root i 3.4la 1.12¢ 1.88b
basal part of peppers. A: Fermentation broth of strain Fresh weight (g)
SEC-197. B: CK1 (LB). C: CK2 (hymexazol). fif AR R 81.38 / /
Increase on fresh
e s weigh (%)
2.6 & ¥k SEC-197 ﬂjﬁﬁﬁﬂﬁ#kﬁ@ﬁﬂ’ﬁﬂ% e 031 0% 017
ZW R SEC-197 HEMR G, MIEMRERE BF& Dry weight (g)
W T X REAL CKL il CK2 (& 8), madiiis  TERKE 82.35 / /
FIFFRBRO 5 TUE IR bR, ROV bR SEC-197 oo e

AhFRAL Y CK2 X RE LM HL, R PR 25 SE B
28.38%, ML TN 38.95%, WhEHIIN 35.60%,
W E AN 81.38%, T-EHIM 82.35% (£ 7). 45
REBIZRE R EA AT AESUR

B8 AEAEMFRHERIIREMER A EK
SEC-197 k. B: CK2 (’K). C: CKI1 (LB)
Figure 8 The strain SEC-197 on the growth

promotion of pepper plants. A: Fermentation broth of
strain SEC-197. B: CK2 (water). C: CK1 (LB).

3 W54

T Y B IR 2 S B e E B
AR TBE, RIEA 2 80 ) 02 St A )96 35 1k
A YIBEIR R ETERY, AR SGE B AR B S
T A 28 8 30 56 AR &5 A 18 O S0 a2 3R AR — Rk X
PRI SBRUIG T 35 500 2R 7 R AR — I AT £5 1Y
R, WkE SEC-197 XF3fUb 1 289 AUz
B F5 AR B IR R 4303k 72.08%F1 70.42%, 522
HIRE A ZE /3 CZ1. CB13 ., BS193 11 CRJ-9
(R B BB AR 2411525200 B S5 (i A 0
AHN, AR EE SEC-197 1E Bk ie
HRORT S5 /N T A 23 s TR RR IR G 245, (R
TE AT H A B TR RO AL T WE R e 2557
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Ul BIZ TR R AR B 7 AN A A A B v S B D g
ZE5t, XATRE S RUEY R EFARE T . PREEIE N 1
FH 2 TERBAOC

WE 5% 4 I AE B 2 AT TR DL A 300 s L A
Zh, WEEHUER L SEER . (R A
YR GEHUPE, b Pi/E ) =2 a7 AR AR ik
Fepi b RN AR ok IR A KUY g
R R F AR R . RIETEIER .
LHENFHER D, Z280EP M aeieH
IF 7 LR PR e A B BR IRZR P AE 3R, X 2L/l
Wy e I B I R SR Y R T DL S
FHFFIE VA ARG R R MY i, XL
Yy )5 e BORBE I TE (Aeromonas salmonicida)
() 200 B AR 28, 3 U L PN S i 2 B A i 5
fEE N X g R B DL ST 2R AT I 3A3-15
B AR SRTENEYER SR Y T, BRI TH
(Fusarium oxysporum) i 2231 . & KR
X0 &Il ik 93.2%. FEPiE 28
Jor FEAAE R A 2T 4R R WAL T 5 A A
REREMRRES , T BUEYR IR 0 22, S A
KM ARBFIE R R SEC-197 BEME 3 2 1t
FNEFAE R, REAE A SO T 555/ I T AN B
HWW22AK; Wi PCR KA L F vk A S
BCRMNETER  ZER | PR AR RS R
D M 7, SR ELASE MR Rh ) o S A iR A
Frift— 2P

T eV R A A 2 A B 2 AT 1 R 5
Ve B E SR A WIFTE R WA 2R A TR 85840
S R B SR U R SR I T AR AR
AL, 38 2F FEABARAR B B AR ) FEE R AR
JER ARG, ABFFE R SEC-197 HAgTE
BUAEYIRERIRE T, RS TE S = B B B g 1 1Y [+
IS SRAR AR IME . FEE IR S, BREART ot
RFEF AN YA — D EEAER, Yu
VRIS BRSNS R 115 2 A MR AU

FIN R, [FIEXHE Y AR KR EEAEA . @
it CAS “PARA I & L E Ak SEC-197 1 B4 78k
ARG RE T, Uk BH AE 5 48 8 D P 38 4 e LA
B M, ARG, Z Bk EE D e R
PR RR 2R 58 | M e AR EE S AR KMtk X T B
BT TAA BT 7 . BRI B R fE

25 b, HME SEC-197 X Fh R 2 (1 b5
BHCR R, fEsA L srfAB, ysnE SR {2 A
SEDR 3 e A 2R A 2T 4k 2 G P e 4 i B
fiff 1t 2 N0 D D 22 B TR T 2L, 9 H L& A= i
B VR R R AR T, RS A
HA R AR A AR o AW 58 0 BTG R 28 0
FBRZE A PR AL T IR IR A , RIS B 4 PR R R
PO E | e UE BB AR A= 4 R S RE A M 06U
HLA R AT FF &R FHVE 7, (RAEAR B 5 A
R T A S I AT IR AR .
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