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RIAEER YIS IO EEE . xEFHMKL
R Xt A TR B m R B 3T

THEMA, T O®, KBE, #F OB, BEE, NEH, ZEW, THE,
FTER, KER, FTawW, Tz

gl R2a R 22 B, IhVER4 030801)

B E: NN Vaccinium spp.) RS r 2R 65 MRNZEANTA, K BEIEFAR Y HOE I 1% H
1 B A 26 A S RS PUE B RE YT15, SIBARIEMEE. AP IIE A 16S rRNA J74 4317, %
SEZE AR B D AT B (Bacillus siamensis). {ESRFRZIRIG %A L, i Plackett-Burman %71 1%
3 ANKRBEEENZE GRS, pH R o I 55 b MBI I0 R 1 4340 SRR Y15 10 R T 4 A2k
TTRAL, SRR R A %05 20 ¢ - LY, AR 36.01 g+ L7, FeSO41.5¢- L, Hih 1 g- L, K,HPO,
1.5g- L', #ME 1mL, #AKRESE 150 min', ¥ 31.35°C, pH7.43, R0 15 he RAEKH R
PO ERR YIS (R TERORT 9 Fiops Jot B0 B AT IR I, SWEIARAE 43.42% ~ 92.39% L [H] HEHK YI15 &
PRI A FER ARG SRS i, AR (R R R BE AR Y I /N T IR, 52 WA MERARE, THT
A KB BT ¥R o
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Isolation, Identification, Optimization of Fermentation Conditions and
Biocontrol Effects of Antagonistic Bacterium Strain YJ15

WANG Chunwei, WANG Yan', ZHANG Xiqian, DONG Tian, WEN Zhihao, LIU Qianru, LI Tianli,
WANG Yihui, WANG Saifeng, ZHANG Zuogang, WANG Jianming, and WANG Meiqin"
(College of Agriculture, Shanxi Agricultural University, Taigu, Shanxi 030801, China)

Abstract: Sixty-five endophytic bacteria strains were isolated from healthy blueberry fruits.
Antagonistic bacterium strain YJ15 was screened with the agar plate diffusion method, and identified as
Bacillus siamensis based on the morphological, physiological and biochemical characteristics, and 16S
rRNA sequence analysis. Based on single factor tests, three important factors of temperature, pH and
nitrogen source were screened by Plackett-Burman experimental design. The optimal fermentation
conditions for glucose 20 g - L™, yeast powder 36.01 g- L™, FeSO41.5g-L", glycerol 1 g- L, K,HPO,

1.5g-L", inoculation amount 1 mL, rotational speed 150 r - min', temperature 31.35 ‘C, pH 7.43 and
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cultural time 15 hours were determined by steepest ascent experiment and response surface methodology.
The antifungal effects of fermentation broth of strain YJ15 on nine pathogenic fungi were obvious with the
inhibition rate of 43.42% - 92.39%. The fermentation broth of strain YJ15 with lower disease incidence
and lesion diameter had better control effects with no significant difference compared with that of
carbendazim, and could be useful to effectively control Botrytis cinerea causing blueberry gray mold.
Keywords: blueberry gray mold; antagonistic bacterium; identification; fermentation condition;

control effect

4G (Vaccinium spp.) K790 KA %0 (Botrytis cinerea) 1R Y<FTEL, e L —fp 2
W, BRI, a0 2 Hy Rl R O™ 55 45, 2014; BUd &R 55, 2016) , JU
AR VO R B 4 SN (Hong, 2011) o 1924 450l Ak B0 1 YXLE 6 [F e N R B0 I
¥, 2008) , HHEIEMZE K (Hildebrand et al., 2001) . #i[® (Hong, 2011; Kwonetal., 2011) .
BH] (Rivera et al., 2013) XA BIG K& 0 K AESEFERIIE . b E, BRKEE (2012) {5 IRAES
PRAR YK 2 B A PR S b R K B0 B, PG SRy, Z G AE S (4 3025 5%, 2015) | il
TR AR A, 2016) AHERRIL. S35k, Z8 LYEAE (2017) JREACEEIA WA A BRI SR 52 EAAAAE,
ST — P E B ARAR A A

IREF R B PR, AR K, XGRS e e b gibE GGRER 4, 2013; Saito et al.,
2016) o AEWIBHIR LB IA KB AT VL CAEZE 55, 2017) , {HH §7wA WA S Bugn & by ia
A KBS (R TE o ACTRES: T AR SRS b 73 B N ARG, 0 I8 H AR B0 R IR RS DR, S8k
BIRRIRTERS S oy T2 58, AR ISR AT FEXT RSB0 TR R BT i B X JBAesy A 895 1) 5 03k AT T 49
h W7 V6 AT A A B AT R AR B ot U, A — PR RS B B R B V6B A R B T A

QY i SRS DARF

L1 ey

AARKE T 2017 47 5—12 AL PG ARV R AR A3 B0 27 T a5 S 3 HEAT

R Fh - 82 1 (Botrytis cinerea) ARAHR J1 1 (Fusarium oxysporum ) R4 J1 15 (Fusarium
graminearum)~ fUELZ EM (Pestalotiopsis paeoniicola) BE¥GHL (Alternaria alternata) 5 KAE

(Cylindrocarpon destructans )~ W& J1 % (Fusarium fujikuroi)~ -84 J1 % (Fusarium semitectum)

2Lt (Trichothecium roseum) F)JZ MBI (Fusarium proliferatum), WS 507, %
JE FFARAT o

FHRF TR NA BEFRIEA LB B 7R3 M T30t Al w1 70 3 e g%, KMB BB T piidn wi
(PRI, PDA RiFRIEH T IR B B 054 A5 98 OO7 ik, 1998).

1.2 HEIAENS B St

MITTEE KRR TN E X . SRR, SR iiRiRX . KA E 0 R RS re i, e B 2Rk
TEVEE R s, PR E KR 1 Ik, REKIRA 70% 4BER I 3 min, 2% NaClO 2l 5 min,
70% L EER I 30s, I JE TSR ZKRGE 5 Uk, BTG RO K AR T8 B 7K 73 o 162 0 v 23 05 1 SR Sk
NKFEBET, IADEAIERPF 10 mL TRK, 78008 J5E 200 pL 2 NA B 9858, A5,
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T 28 ClHEEEEFE 2 do WA B MREEIIR, Bita. Kb, 8. 55 BRI, Hun
TR 4l %

H o B2 0 40 18 AR N354T 20 mL LB £5775E0109 50 mL = ffiirh, + 28 'C. 220 r - min’
ZAF T HEFE 10 h, SRAFAH TR KA - 2 BTl K B F5 U4 B (1) JE 770 CEAR 4%, 2010), 4 1 mL
T KN B K B0 (1) PDA PR, AR 75 R, I B (107 spores - mL™) , Jf:
5 PDA iR IR G, BINSEFRIL, RS AR08 B 1)~ o AP EI 4T 4L, 700N 50 pL
RIER, 625 CHEELM FEFE 3 d, AR L0 58 Rl /N e SR AT FE B Ak

1.3 HEREEEREE
1.3.1 AR AER A 32 A fudF bt

FEFEPUAN B AR T NA 8597 0L L, 7 25 C4 A FREFR 48 ho HR 40 B e AR AR K (W v T &
FRAE CRUHE R/ J6PE. BERS. TRAR. @RS 5 RE. A&55), DLRCH 22 [ GL o s B R S s
WL R TE SRR, XK AE B AR (CRFBERFEW I, 2001) SSUHT% .
132 oT%%

KRR T LB WA 35 55T 28 °C, 180 T - min™ 448 F ¥R %5535 10 h, 5 BioFlux BSC12S1
A P FE 2 DNA 32 B0 & (BN HRHAA R A D SEEUSHT4H 1% 1f) DNA.

16S rRNA J¥5173#1: %M 25 uL PCR JX %44 % [10x PCR Buffer 2.5 uL, dNTP (10 mmol - L™)
2 uL, MgCly 1 uL, #J% % 10 mmol - L™ {38 ] 514 27F A1 1492R % 1 uL, #H DNA 1 uL, Tag DNA
FAWE 0.5 uL, ddH,O M2 A 25 pL], 95 CHAEYE 5 min, 34 MEFS (94 °C 45's, 45 °C 1 min, 72 C
90s), 72 °C 10 min, PCR # ¥4/~ Walift.J5 7. J¥4I7E NCBI 4 2 h AT Blast LuXt, I T 3AH
KIS, A MEGA 5.0 BAFHE ARG R EW .

14 ERAENRESEESEMRL
141 REESERAKR. FORALAG LR FiXE

DL KMB Ei 53t (250 20 g, HEEM 20 g, MgSO,- 7TH,0 1.5 g, Huh 10 mL, K,HPO41.5 g,
75K 1000 mL) E 4 M AR Wt gR 58, DURIATRE . JOME. 22200, JLBE. RERE. Nl oKk
VRSB FIRT IR IR, VR IR, AR BERERE . GEIREN. MERREN. SUCERRIR F AN
AU, L ZnSOy - TH,0. MgSO, - 7TH,O MnSO; - H,0. KoHPO, - 3H,0. NaCl Fl FeSOy4 1F 4 Ll Eh,
BRI A i 1 mL, BMOBOKRSE R 108 CFU - mL”, BE3RIE7% 28 C, 250 mL = ff i P v &
50mL, 180r-min", 3537 15h, MERMRREEEAT ODsoo, HIREKELL ODgoo For, FIFREIGR,
RISy o
142 Hia¥aLEeRE

EECBIR . SR CHLEE. Hl. KoHPO,. HFpi. FEIRHE. pH. BRI E, 1L 10 MK
MR 2 2E1T Plackett-Burman 4% (N = 12), LK E N TEIR, R4 K2 1 BBV RIAE
HAERM—RAER, MM 5w R I R 5
1.43 BRI RISX T

SXoF M) TR 1) L PR R AT e B ME B AR o 6o T DR R (W AR A 7 1) RD KR R, 3k
Mg 1 DXk o 35 99 R AR 2 K B I DR TR I 4 A1 A v 2 T R 6 & 45 1 R o
1.4.4  KEEEM 6060 5@ 5T

M4 Box-Behnken HCMH & J5i B, fifi ] Design-Exper.V8.06 #4146, K 3 K2 3 /K°F

A-HIII
>%



Wang Chunwei, Wang Yan, Zhang Xiqian, Dong Tian, Wen Zhihao, Liu Qianru, LiTianli, Wang Yihui, Wang Saifeng, Zhang Zuogang, Wang
Jianming, Wang Meiqin. Isolation, identification, optimization of fermentation conditions and biocontrol effects of antagonistic bacterium strain YJ15.
1908 Acta Horticulturae Sinica, 2018, 45 (10): 1905 - 1916.

Box-Behnken B 4b 5506125, M 3R AT S B 1) A I 451 o
1.5 ERAEMINE L E

K B IE AR H 0 2 5 B0 40 181 A BT 22 Bl S o B AR v Ve o S DU RR R T LB 8%
FeH, T28 C. 220r-min” ¥E¥H%EFE 10h. B0 (100001 -min™', 4 °C) JF, ¥ E3s W FHMILIE
FIL & BRI 1G BIC IR A L. K PDA B R 3IBALIRIEL 2 40 ~ 45 °C, IIAKIRER, HIE 1% 3%,
5% 7% 9% KIEFBIR SR IRHE, 780 RA GBI R TR, LIS R R ) PDA 3% 97 54
TR SR 5 d 19 R OHAS R B R R R (EAR 6 mm), B2 N ECE TP g, T
25 CE4AM TR 5 do WA ELARRIIN R 7228 X0, VR0 B R Rt 9 R Aty B v fe) 0
B, W3 WRERE. IEF (%) =[ GFHEEEER - APFEREE EAS) / FHEEE ES - 6) 1 x 100,
1.6 FEPULATE BT #0E 7 B s BB R 38

Z5 IR R R TR B Bl P e SR R R B GRS (BB 45, 2017) BEA ).

3 P B i B 92, A 2% ) NaClO oA 2 min, FH /KR 3 YRG0 T o 1 K B #2e F
FHE RS R HIEL 3 mm G4 x2mm (55) F50, 45 el AL : (1) 10°CFU - mL™
FEHUAN R R (2) RRZH70 1000 pg - mL' 2R (3) LHEAMNM, &A% 3 KFEHE,
BEALER 10 D HESE. AEBRR BRI A 20 ulo 4 h J5EERF 10 L KEEW L T (10° spores - mL™) &
2GRS T, BT 25 °C, 95%FHATIREE T, 48 F1 72 h JGZe it E R R B AR, i
B (HEIEAL 25, 2014) o B (%) = CoIRATRBETA - ABEALR BEIAD /6F 2 BE AR x
100.

2 HiIR5 0

2.1 HEEMS BHESEK YIS BEE

NG S SR i P 20 B RAT I AR A B B R 65 BE,  IE S PURRIRR 21 Bk, DUREEFMSHUBE1E A
XTI 15 5 BN AR 4 A R R R e, B R E AT 23 mm (B 1D, B2k YIS,

BIFR YI15 75 NA 85358 FgIn e, dgsEss, ANEW, LA, sk AR E i A
(K 2, A o HRACYEONEERE, NECACHMEE (K2, B) o AFAMRKSEILE 1.
R TS, BANARIR, KR (115 ~1.54) pm x (0.58 ~0.74) pm (& 2, C) . HWHk YJII5
7530 ~40 °C, pH 5.7 1 6.8, 2% ~ 5%NaCl ¥Ju] A4, Be/= 4w, nI R D - fi%5k. L -Blfr
fEbE. D - HEREEM D - ABE. Bfhlg. V-P &, AR WIS IR AR R S MY
AR SR B ORI B S S B, Tz sV AKARUER « AT IR ER R AT, (NHy) ,HPO4.
JElE. REEKZERM (R D. MBS AEBEAIRE SR, YD 5wtk YIS BT 48
)& (Bacillus sp.)

FERIPE YI15 1) 16S rRNA J¥51 (1 451 bp) $4C 4 GenBank #0472, 5% 54 MH118032. [fi]
Vet EL T2k R IA . BERK YT15 5 Bacillus siamensis JIS1SE (KX129844) #HL4 K 100%, 5 Bacillus
siamensis JL8 (KX660755) MR 99%. RGE KT & E#E YI15 5 Bacillus siamensis IS15E

(KX129844) RTH—n3 (K3 .



TEM, £ M TRERE, FOM, R, IS, ST, ERE, EIUR, TRIENI, EEW, SRR
FEPUAN AR YI1S5 (R2) BEREE . RIS AL A BT B AR A A3 003 1R B 2.
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Control Strain YJ15
1 E# YI5 iEERNERER
Fig. 1 Antagonistic effects of strain YJ15 against Botrytis cinerea
C
2 BB YJ15 BB AR HRE
A: 28 C NA HiFRJEHigR 2d; B: RO TEOCERMET T C: B WET.
Fig.2 Morphological characteristics of strain YJ15
A: OnNAat28 C for2days, B: Under optical microscope after gram stain and C: Under transmission electron microscope.
R1 B YIS R IRE LS
Table 1 Physiological and biochemical characteristics of strain YJ15
YT H Test 453 Result YETH Test 453 Result
Al Catalase + 2% NaCl K Growth
V-P Jll5E Voges-Proskauer test + 5% NaCl 4K Growth
V-P 53242 pH pH of V-P production 6.05 7% NaCl A No growth
T4 Ak K % Oxidation-fermentation of glucose  + 10% NaCl A No growth
1221k Motility - 5°C A K No growth
JKA#GER) Starch hydrolysis - 10°C A4 K No growth
WIS AL Gelatin hydrolysis + 30 C K Growth
MR £R14 )it Nitrate reduction + 40 C 4K Growth
pH 5.7 K Growth 50 °C A4 No growth
pH 6.8 4K Growth  55°C A No growth
g Citrate utilization - 60 C ANEK No growth
N A F Malonate utilization + 71511 Indole production +
(NHy) ,HPO, D - #i%i#% D-Glucose +
FIELT Methyl red - B[R4 HE L-Arabinose +
i Lipase D - H#& ¥ D-Mannitol +
itk 5 Hydrogen sulfide production + D - K¥E D-Xylose +
JRA K Anaerobic digestion Y13 ORI Lecithinase +

7 FORBIE, -7 RN,

“+” means positive reaction,

e
Note:

”

means negative reaction.
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100 Bacillus siamensis JS15E (KX129844)
99 YI115

92 L Bacillus siamensis JL8 (KX660755)

83

Bacillus methylotrophicus LK6 (KC790234)

75

Bacillus cereus Suaeda B-001 (KT981877)
Bacillus amyloliquefaciens SDF002 (JQ062535)

91 I Bacillus subtilis Al-Khrj7 (KY123860)

L Bacillus subtilis HZ-72 (MF136610)

B Bacillus velezensis CSN-1 (KY777720)

L Bacillus velezensis I1S64Y (KX129851)

3 ET 16S rRNA HEEK YJ15 HRRELZ ER
Fig.3 Phylogenetic tree of strain YJ15 based on the 16S rRNA

2.2 K YIS MRIBABEESHMHML
221 KEEERATHRR. RORATAE R LS

DL KMB 5578 0 SEA R 7 58, M A R Bl S5 RITCA LR %5 B IR 300 Ak YIS AE K= IR
Wi (3% 20 fRiETD, FAERERCR S, WK ODgoo A 1.951, H 5 ILAMALEEZE R B2 %, B
BEM ORI UT . TRAKRIY ODgoo 4 2.154, H 5 HAWANEE2ZZ 7 W25 AR, FeSO, MU R IHUT, Wk
(1) ODgoo A 1.738, H 5 HAWANEE2ZZ 5 W24 Kk, W R R IR 38 o M I 2T0E + MERbRy +
FeSO4+ Hi + K,HPO4.

#2 TRIBGE. FUEMTNERE S ER YI15 £ KB

Table 2 Effect of different carbon sources, nitrogen sources and inorganic salts on growth amount of strain YJ15

#75 Carbon source ODyoo ZJH Nitrogen source ODgo0 JEHLER Inorganic salt ODgg0

FkHr Corn meal 0.092+0.022 f  F#EEK) Yeast powder 2.154+0.002a  BiFR%EE Zinc sulfate 0.461+0.010e
/N4 Wheat flour 0.685+0.013d  2*P4F Beef extract 1.985+0.008b  5{L%H Sodium chloride 1.516+£0.009 b
HERE Sucrose 1.797+0.024b & [k Peptone 1.951+0.006b  fiFREE Magnesium sulfate 1.473 +£0.006 ¢
AIVEPEVER) Soluble starch  0.272+0.049 e AilfiR#4Y Sodium nitrate 0.100£0.026 ¢ ffFRE 4 1.452+0.014 ¢
FrERAN Sodium citrate 0.329+0.047¢ /L% Ammonium chloride  0.049 £0.020 de  Potassium phosphate dibasic

Z LB Maltose 1.485+0.003 ¢ JK % Urea 0.063+0.011 cd BRI EL Ferrous sulfate 1.738 £0.041 a
FL¥E Lactose 1.852+0.017ab  fHERHT Potassium nitrate 0.018+0.002¢ %k Manganese sulfate 1.238 +£0.009 d
W% BE Glucose 1.951+0.006 a

WM Fructose 1.519+0.044 ¢

222 AR EEE) 10 A7 E R iR

DL EBERY . FeSOsv HMl. KoHPO4 #EFM S $RIRFLH . IR JE . pH I [E] %% 10 A
% (B-L) #4T /K N =12 ] Plackett-Burman X%, L@ KB BTN T, WE — 1 E
AR (A WATRZEAM . IR PR TP SR 520, P < 0.10 B B 25 4L5% T
90%. i SERLHT P oA 0.0926 (< 0.10), Xl &5 R 15 m kT 90%, Uk pH FlERERy, 24
W24 0.1355 F10.1600. Ktk 10 AN Z RS . pH FIEERER S B R AR KR e ok, A BB 58
2, HAh 7 MRERIALEE (P>0.1739), NYEFFAMAKT (£3).
223 BB IXIEL T

X E S pH FIFERERYIX 3 A Plackett-Burman 56 0126 Hi 19 52 1 A T2 (1) 282 (K] 25 1004 T B B TE 3%
I 3 ANHRFIKPEZ SRR, I SRAF R KR X, 2558 (R 4) KW 2 Al vt
B 30.00 °C, pH 7.50, FE#EEMY 35.00 g - LI, BERRAEKERK, ODgo N 2.357, KILLLES 2



LM, £

M, KRGS, HOM, MRS, XA, R, ERE, EIK, RIENDL R, ER3E

FEUUH R R YI15 (2 B8« B AR AL A6 SOnh Bk Ak & i iR BT 2K

[ 224, 2018, 45 (10): 1905 - 1916. 1911
AT LT DAy e 12 0 R o s R 0 2 T K6
%3 Plackett-Burman &t SMEER (V=12)
Table 3 Experimental design and response of Plackett-Burman (N =12)
U (g-L'D . 5/
Wi v D i roolaton, (1D WEC A
. iy Yeast FeSO,4 K,HPO, Rotational Temperature P Time 600

Run item Glucose Glycerol amount

powder speed
1 -1 20.00 20.00 2.50 1.00 2.50 1.50 150 28.00 7.00 20.00  1.924+0.196
2 -1 20.00 30.00 1.50 1.50 2.50 1.00 200 28.00 7.00 15.00  2.393+0.030
3 1 20.00 30.00 2.50 1.00 2.50 1.50 200 25.00 5.00 15.00 1.074+0.976
4 1 20.00 20.00 1.50 1.50 1.50 1.50 200 25.00 7.00 20.00  1.374+0.060
5 -1 30.00 20.00 2.50 1.50 1.50 1.50 200 28.00 5.00 15.00 1.725+0.152
6 1 30.00 30.00 1.50 1.00 1.50 1.50 150 28.00 7.00 15.00 2.412+0.054
7 -1 30.00 30.00 2.50 1.00 1.50 1.00 200 25.00 7.00 20.00  1.156 +0.069
8 1 30.00 20.00 2.50 1.50 2.50 1.00 150 25.00 7.00 15.00  1.843+0.037
9 -1 30.00 30.00 1.50 1.50 2.50 1.50 150 25.00 5.00 20.00 1.524+0.211
10 1 30.00 20.00 1.50 1.00 2.50 1.00 200 28.00 5.00 20.00 2.124+0.153
11 1 20.00 30.00 2.50 1.50 1.50 1.00 150 28.00 5.00 20.00  1.185+0.028
12 -1 20.00 20.00 1.50 1.00 1.50 1.00 150 25.00 5.00 15.00  0.689+0.078
P1H 0.1739 0.1600 0.2276 0.4678 09314 04785 0.7321 0.0926 0.1355 0.3922
P value

F4 EEEKNEEITRMEE
Table 4 Experimental design of steepest ascent and responding value

A5 B2t Run WiJ%/°C Temperature pH WRERY (g- L") Yeast powder ODgoo
1 28.00 7.00 30.00 2.101 £0.152
2 30.00 7.50 35.00 2.357+0.108
3 32.00 8.00 40.00 1.985+0.172
4 34.00 8.50 45.00 1.814+0.119

22.4  REEEAE @A
DL P 2E K 5 ODggo A 1 W AE, A1 H Design-Exper.V8.06 #4111 T 3 K13 3 /K1~ # Box-Behnken
I (R 5. MR L LT Z oA RA, KL Y GERAEKE AmvE, X, GERED.
X, (pHD. X5 (FbRRy) ARSI IR Z IR AHAL: Y =224 + 0.42X, + 0.083X; + 0.38X; - 0.25X,.X,
- 0.32X.X; - 0.094X.X5 - 0.29 X;% - 0.36X,” - 0.43X57,

% 5 Box-Behnken %%t

Table S Box-Behnken experimental design

W EC by Wit rc R
Run Temperature pH (g-LD ODeoo Run Temperature pH (gL ODeoo

Yeast powder Yeast powder
1 28.00 7.50  30.00 0.754 +0.156 10 30.00 7.50 35.00 2.300 +0.148
2 30.00 8.00  40.00 1.856+0.119 11 30.00 7.00 40.00 1.904 +0.073
3 30.00 7.00  30.00 0.845+0.252 12 30.00 7.50 35.00 2.245+0.111
4 28.00 7.50  40.00 2.024+0.087 13 32.00 7.50 40.00 1.642 +0.104
5 30.00 7.50  35.00 2.324+0.071 14 32.00 7.50 30.00 1.650 £ 0.099
6 28.00 8.00 35.00 1.214£0.120 15 32.00 7.00 35.00 2.453 +0.037
7 30.00 7.50  35.00 2.064+0.182 16 30.00 7.50 35.00 2.274 +0.155
8 30.00 8.00 30.00 1.174 £0.096 17 32.00 8.00 35.00 2.145+0.220
9 28.00 7.00 35.00 0.525+0.113

P WA pH = PR 18] A9 AZ AT HIXT ODeoo 52 M8 Ik A 19 7 B 2 A% v 2k P e e A [
IR R Z R AZ AR =, o AU W] F (e A AR AN 3 o A Bl
pH 22 H 555G m K B (K4~ & 6) , Uil AZ48E. WAL, pH 5 ODgoo f77E 35 541 o



Wang Chunwei, Wang Yan, Zhang Xiqian, Dong Tian, Wen Zhihao, Liu Qianru, LiTianli, Wang Yihui, Wang Saifeng, Zhang Zuogang, Wang
Jianming, Wang Meigin. Isolation, identification, optimization of fermentation conditions and biocontrol effects of antagonistic bacterium strain YJ15.
1912 Acta Horticulturae Sinica, 2018, 45 (10): 1905 - 1916.

Wi I JH T 7 22 43 A 3 B [ REZR fR) P AR 0.0192 (< 0.05), SRR W% . Wik — k2 30 [m] ) i Ay
05 FESK Al AT F03d 44 TR 31.35 °C, pH 7.43, M#EEK) 36.01 g- L7

28.00 29.00 30.00 31.00 32.00
¥ & Temperature

Temperature

B4 BESpH ZXEFME ODg METEMESLE

Fig. 4 Response surface plot and contour plot for the effects of temperature and pH on ODg

EEREK) Yeast powder

28.00 29.00 30.00 31.00 32.00

2000 }
Temperature ¥ & Temperature

00
32.0

5 -
Yeast powder 30.00 28.00

Es5 RESEBESHZEEM 0D, lmEMFTLE

Fig.5 Response surface plot and contour plot for the effects of temperature and yeast powder on ODgy
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2.3 ¥k YJ15 BOHNE L

VTR P AE S5 KR W R IR YI15 SRR, AR RO 9 ke v Ji 0 1 2447 4l 4

HIs HLBEAE A VAR TR, 0T g Jist 0 T 4100 BT 3 08 vy

Horh R RO FE 9% Ny, 0By 41 5. oy 7

(Trichothecium roseum) FHUFLZ B (Pestalotiopsis paeoniicola) WHNHEH K 92.39%F1 91.14%,
S} REC I (Fusarium fujikuroi) WANEE 2 A 43.42%, XF HoAhs J5 B0 A0 3 R AE 48.03% ~ 81.15%

2l (K 6).

F*6 B YI15 MARERE £ EMHRREEMMEER

Table 6 Inhibition effects of different concentration of fermentation broth from strain YJ15 on plant pathogenic fungi

995 JEURRT N[ JBE % LI 90 1% 2% /% Inhibition rate of different concentration of fermentation broth
Pathogenic fungi 1% 3% 5% 7% 9%

AT Fusarium graminearum 5.88 +3.70 ab 752+125¢ 29.08 +2.69 d 4935+432d 50.98+3.11d
{052 B Pestalotiopsis paeoniicola 0.63+1.27b 6.96+8.43 ¢ 53.48+10.76bc  91.46+6.32a 91.14+820a
V-HRHk IV Fusarium semitectum 4.53+£3.03 ab 52.04+8.82a 6448 £1746ab  68.03+4.59bc  7691+£632b
J2 R JIB Fusarium proliferatum 1.88 + 1.44 ab 451+3.13¢ 3.01+1.94d 7331+432bc  80.08+ 1.44 ab
M1 Alternaria alternata 7.73 +7.30 ab 4228 +1226ab  74.48+8.05a 81.94+327ab  81.15+3.85ab
KA Cylindrocarpon destructans 5.77 £ 4.24 ab 12.69+9.43 ¢ 3577 +8.74 cd 45.00 +3.64d 50.00+6.71d
QB TV Fusarium fujikuroi 230+ 1.26 ab 3.29+0.76 ¢ 4276 +6.67 cd 39.47+£10.02d  43.42+443d
RIQHRJIWE Fusarium oxysporum 1.97£0.76 ab 25.66+5.88abc  28.62+4.97d 38.16+5.58d 48.03+3.13d
ML Trichothecium roseum 12.32+£17.09a 435+3.13 ¢ 7935+572a 91.30+2.90a 9239+381a

T ANF/NG FRER IR BN AN R S SO AR A 0] P < 0.05 2257 W
Note: The different lowercase letters show significant difference of the inhibition rate of fermentation broth on different plant pathogenic fungi
at P <0.05.

2.4 TEBK YI15 3 #5045 7K B 0w B B 38

PLB G K 2590 i AR 2 W W S IR, AT RE DU AR YIS X 80 2K 52995 1 B RORE: (R 7D
FE YIS PR 22 TR 8 A 3L 1) 908 2R R0 B T A2 340 IH S /N T3 /KO R . AbEE 48 h Fl 72 h 5, RIFE Y15
KT R A 41.55%F0 67.40%, 1122 B8 RACTR TR0 14 47.87%F1 68.22%, 3 Xk ki Ik 3595 1Y)
B = A .

%7 ¥ YI15 HHABRKBRHIBH
Table 7 Control effects of strain YJ15 on blueberry gray mold

fh 48 h : 72h :

Treatment RAGHY% R EAMm  F% BRI Y% HEEAmm  Bi%
Disease incidence  Colony diameter  Control effect  Disease incidence  Lesion diameter  Control effect

T 7K4 . Water as control ~ 83.33+£5.77 a 6.33+0.65a 100.00 £ 0.00 a 1227+1.15a

FAPE YJ15 Strain YJI15 53.33+£5.77b 3.70+0.40b 41.55a 86.67+5.77b 4.03+0.65b 67.40 a

%R Carbendazim 60.00 +10.00 b 330+1.30b 47.87 a 83.33+5.77b 3.90+0.61b 68.22a

He ARNEFEERRA B 725 B (P<0.05).

Note: The different lowercase letters show significant difference of different treatments at P < 0.05.

H B2 R HTE BAME  WEMERRIE S PRIBERA I . % TT M R EL A TR T 15 917 v Bk K, (B R
W0 Ji BT A AR 2 FL0F DL L 5 PR 25807 42 T LT (Saito etal., 2016) o AZEANTEEAHYI AN A
FeUE WA A7 a], ATRIYIRR e e S TR, A5 SZRIANABER M, 550 T DL B BLAE,
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e RE L AR TR (TR BRI, 2014) o H Ay CRIER TV IR (Serratia marcescens )
R ZFHIMF TS (Bacillus subtilis)« fFUER S HIMF T (Bacillus amyloliquefaciens) 7] FH T 855 25 1)
Bivh (Xuetal, 2007; JE/K5 %, 2008; fRAR 4%, 2009; F#Efh 4%, 2017) .

M AR 2T B e AR 2040, Pridiving, HAEMEEP A DG B, 1EAYIP G sy A
J7NZ o AKHTU MBS SRS 23 B ARAT 1 RO 9 s L3 Jir 0 v LA s A B AR R S 0 P A 4 R T
P, @M MY AT (Bacillus siamensis) . BRMEE (2016) 50K Bacillus siamensis B
AR G BT, RS AEAE (20160 IfE T — BRI AR 8 A B AR FH BB, R i
Y LEMIFF# (Bacillus siamensis). Meidong 45 (2017) MIESEH 43 B 3K15 Bacillus siamensis, %@
e #0240 T P s AT R HIVEH o Bacillus siamensis AE AR B, 0 K f %6 A R HU/E H D7 T A WL
Wi . AR A IRENES AT (Bacillus siamensis) BRRXT K 2 1035 DL R g GG Bl H 2
23 mm), JEHAME G, b 9 Mk I R R AR ACR, 6B K ERE R A, RN
AR HE AR WA TR, 5 20 R MR ROH , Ud W2 AR AT WY T8 K B0 (R BTG

H R LB B R TR 5RO ST, 2 R 3R 4545 IR A5 54T (Rahman et al., 2006; Shih et
al., 2008; Li & Xu, 2011; SH:® 4, 2013), HIRBIF ORI L, Hib 35 %
(B AR B o S 22 DA R B E LG A 8072, al e 22 T R EOn e A A LA, (. B
M I{EE R (Bezerraetal., 2008). ANFFUAE RPN 25050 2 Al F>K H Plackett-Burman T v 10 3
M7 FARSS G, TRde 3 ANEE B DR 22 A 2 0 PR pHL, AR 38 3 e B TG 3% 1 6 18 e A M 1
X3, A ESR I BRI R R, X R YIS BIREER AT ARk, e —%
RN B TR REERE L, REE YIS B8R 2 AP X O T A Az 7= B8 1 24l
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