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Abstract: [Background] Alternaria alternate-induced black spot, among the major diseases of Korla
pear during storage, lowers the quality of the fruit, thus causing huge economic loss. [Objective] To
screen strains with strong inhibitory effect on A. alternata, explore the underlying mechanism, and thus
to lay a theoretical basis for postharvest preservation of Korla pear. [Methods] The rhizosphere soil
samples of healthy Korla pear plants were collected and bacteria were isolated and purified by serial
dilution and plating. The antagonistic strains were screened by plate confrontation assay and cylinder
plate method. The preliminary identification of antagonistic bacteria was based on morphological
characteristics and 16S rRNA gene sequence analysis. The antifungal spectrum of antagonistic bacteria
was determined by plate confrontation assay. The extracellular enzyme species of antagonistic bacteria
were detected by specific plate. The enzyme activity was quantified with 3,5-dinitrosalicylic acid
colorimetric method and Folin-phenol method. Spore germination test and scanning electron microscopy
(SEM) were employed to detect the antagonistic effect of the bacteria on A. alternaria. [Results] JE53
and JE56 with strong activity against A. alternaria were screened out from 152 isolates, with inhibition
zone diameters of 22.49 mm and 22.40 mm, respectively. According to phylogeny analysis, they were
identified as Paenibacillus polymyxa (JE53, GenBank accession No. OL966428) and Bacillus subtilis
(JE56, GenBank accession No. OL966429), separately. The results of antifungal spectrum showed that
JES3 and JE56 had different degree of inhibition on 9 plant pathogens such as Rhizoctonia solani. They
produced four kinds of extracellular enzymes. The supernatant of the fermentation broth could
significantly suppress the spore germination of A. alternaria, with inhibition rates of 70.30% and
88.87%, respectively. SEM showed that the suppressed hyphae were rough and distorted. [Conclusion]
JE53 and JE56 inhibit A. alternaria, which have the potential of further development and application.

Keywords: pear black spot; antagonistic bacteria; biological preservation
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DL E A RE OB IRTE R 1, R0
AT B SRR, 9 — 22 i R) 5 JF 4 A0t
R A S 1E S B e B — A BRI &
PRAGEBE R, WRBEIMIFAE s 0 I 100 s B0 23 € 2
J M, AEMABROER, JWEZREY
K, BREED, JEEA, FEREFERRL
BEE i R YRR 20%, FEE A
WAL HRE H AT, & BLURIG 0 B R
FERFEMAFTF IR A RA . 1-MCP
R R (CROM L KR, Bl TFE
LA X RN AT A e R i TR Y
PO ROR A SR B S, SR A R & Ay
e ERET BHAT, AR e IE DI IR
R HLAE A LU ARG a5 28 1R 4 SR B R S
e T A RGN, B SR B R B R R 1Y)
HERRITI

AHHF 5T DR R 8 7 L el BN AR s - B8 v
BE 2 AR X B BB B A RS BUE Y
PFE JES3 FIES6, i@t JEA %M1 16S rRNA
BRI 9] 43 AT 64T 900 20 4 0 I 364 7 40 B AL 2R A
58, VAWM AUR G BB i 8 i B2 5 i ik
YirRE, I s A P 97 T DR A 500 (4 5 5 0 ]
PEALPRIE LA

1 #R5F%

1.1 ##
L11 i E

Fr B4 PR BE N 1A BB SC 4% 1 (A, alternata)
XL2 FHACSL I 3 3 g S8 IR A s TR I
R . FALE LR H (Valsa mali var. pyri) FL
A B R AL 22 e T AR 78 ik /) B (Fusarium
oxysporum) KW2 [ 4% 525 % 4 2 % I {7
17, 4% 2 SRR 1 ST M 22 %% 1 (Rhizoctonia
solani) ZN5 . b 4% 28 By 95 T Al 5 A% 1
(Alternatia solani) ZN6. P4 )JINAEZEH FH 2 Hik

J1 1 (Fusarium oxysporum) ZN10., 7KF5 3 P iR
P 5 BR 8 78 & (Fusarium moniliforme) ZN12 .
R AE A 2590 B 2R 7 5 7 B (Fusarium: oxysporum)
ZN15 ., SESLBE 7 o5 TR £ A% 98 TR (Alternatia
alternata) ZN16 FI 7 i - 5 55 TR i £ A% 60 B
(Alternatia solani) ZN18 H H [ 4 I K24 Fh 1
JFE F O 2 (R S T B
112 EERAFFUBERIERE

5191, dNTPs Fl Taq BEER50, £ T4
TR AR A 47w 5K ZH DNA 2
B &, KRR AR AR, PCR ¥
A, BTN HRHE e A BR A R SR R s
OHL, CARTEAF BNV, HRE s
BHER A

HHRRZGNB)EFRE(g/L): EHMk 10.0,
A=Ky 3.0, FALEN 5.0 T JES6 FRIHE
Jo BR LB iFR%E(g/L): BERE 10.0, HAK
10.0, MgSO0, 5.0, CaCl, 3.0; JHT JE53 £k
SR S

Y 471 il N 5% 7 4 BE SC R [10-12]BE i o
ST 2 R A I B IR Ak (g/L) R TP AR LT ZE RN
5.0, MgSO47H,0 0.10 , (NH4),SO4 0.5,
K,HPO, 025, g 20.0; & (M A I 1 5%
e NA B 955 100 mL+10%4FE%5 10 mL (5.0 g
JBLIE W3 +50 mL ZE I /K I 0.9%10° Pa KA
15 min); JUT BRAFAG IG5 (e/L): 1% (Fid
R BORARILT R 2.0 mL, MgSO,7H,0
0.50 , FeSO47H,0 0.010 , KH,PO, 0.30 ,
K,HPO4 0.70, ZnSO, 0.001, Fiflg 20.0, pH
7.2-7.4; i RWERER B S (/L) . H R
5.0, M 10.0, NIRLL 040, NaCl 5.0, B
§ 20.0, pH 5.5-6.0.

& Wk B SR (g/L) ] U TR TE A
100, %% M 5.0, Na,HPO, 12H,0 4.0,
KH,PO, 0.30, CaCl, 1.0, pH 7.0; 24Kk
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PR 5L . AN BN () £F 2 = Bl A 35 5 5
pH ik RN L BRI L (g/L): KHLPO,
6.8, K,HPO, 18.0, MEEE 20.0, R 5.0,
pH 7.0; JLT il A ekt 5 A (g/L): BAILT
Jio2.0, BEREE 6.0, K,HPO, 1.0, KH,PO,
1.5, GaCl,-2H,0 1.0, MgS0,0.20, pH .

DL FREFREEI T 1x10° Pa K 20 min.
1.2 A&
121 HARXEMBEEL B

B A SR A IR ) A e v fgdt R A A
PIARPR . SRAIBEBER BRI AT, PRI 10 ¢ 58
FEdT 90 mL JoRKH, fEEREIRQ28 °C.
180 r/min)7E5¥%¥% 30 min, JCRE/KIKIKFGFEE
107, 1074107 6%, 43 B 100 wL 4546 2 7 B
WA T NB B, BOMBEEEL
3R, T 28 CHEIRIEFAR T FEE TR 1-2 d,
PRI LS 22 5 BRIV, 7F NA 5555
e E AT AL R IR I RAT -
1.2.2 HERYE

KPR IR B IR T 28 °C Ky g
3-5d J5, HEWATAASR(ERE 8 mm)FT
e, 58T PDA AR, TEREE DL Z%
2 om Wb s HEEIE AL I FE PO MR LR TR . BERR T R
3K, T 28 CIEIRARIESR, 5-7 dJEMEE
E N =R 1L == 1 S
123 HEREHETH

B A BRI T PDA FAR
28 °C K537 3-5d, JIA 10 mL TG ZEIRK, 1k
ERZ MW TFIREGW, =2 NwiEEgGTEE
Brifizz, BO3RAE R R, ek
TR T4

YL FIE WO A . PREBGE DU BRI VR
A 50 mL/250 mL NB Wik 53, F
28 °C. 180 r/min ¥EIRIEZG A 24 h, Bk
M A G B0 T, 12 000 r/min &0
20 min, BIRAS A FIEW -

K FHBE G AT FLIE XS HEHO A1 35 W 0 T 4L
AT R . B 100 pL 9 Ji B A T 8 PR
(1x10° ~/mL)¥%: A T PDA P4k |, FIJCHFTHL
FAE TR S P AR EFTAL(8 mm), FFLIMA
100 pL FEHRARE FIigW, 28 °C fEil}EFRE 3-5d,
DA B B /N R S BT PR I TR AR,
AP 3 IREH
1.24 HEMERERE

(1) LT

YU E NA B3R5 B RIZk, 28 °ClH i
B, MHRRIEA . BiE . ST
g% T 2 QY (R B OB B MR

(2) FFEWFEE

TN IE I 2H DNA 2 B0 7] £ 42 it
K41 DNA. LI FEE DNA A, )40
WS 27F (5'-AGAGTTTGATCCTGGCTC
A-3)Fl 1492R (5-GGTTACCTTGTTACGACTT-3')
PCR¥ 4 16S rRNA &K . PCR I WAKZR(50 pL):
FH DNA 2 uL, 10xBuffer (% 2.5 mmol/L Mg”")
25 uL, Tag B AW UpL) 1 pL, dNTPs
(10 mmol/L) 4 uL, 27F 1 1492R (10 pmol/L)4%
1 pL, ddH,0 #M& 50 puL. PCR I 41
95 °C 5 min; 95 °C 30 s, 57 °C 40 s, 72 °C
1.5 min, 30 MME#; 72 °C 5 min, PCR § 1"
W2 1% R SR UK R G, R R T A
Y TR () A BR A w AT T . Prfd )78
P23 % NCBI $dfi /%, #£17 BLAST EoX), FfH
Wi GenBank %55, KM MEGA 11 #ffriy
neighbor-joining ML R G K FH -

1.2.5 HERKp&NE

WP TE LS E2R T 50 mL AHRN )
R FR T, 28 °C. 180 r/min 54 F IR B
24 h £ ODgoo K 0.8—-1.0, HIfSF Tk . ¥
Tl L 2% it 43 51 4570 T 50 mL/250 mL
A AR FR 2, 28 °C. 180 r/min 3% K 1
7%, B2 h FE 6 T 2 600 nm &b It
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FE, DR IG 25 1R AR 85 57 B4R S ) B
FEANALEE 3 A4, ER 2K, 2R
AR
1.2.6 HIEENE

SR FH - AOGT IR 72 000 7 5 0 7T o X6 % B PR
SRR . DR E RN . AN . K
RO TR . AR AERG TR . SR BE S TR R
P BT L RSN TR IR ZE A 9 R
FLI IR EC B B o), AR 3 Y,
1.2.7 HERBEMNEEESRFRANIFER

P55 T B A6 T B IR IR (1x10° > /mL) 23 51 5
FEPUR & B BRI K 10", 102 F 10° 1556
BEWAE 1:1 (RFLE) I A G EP &, LIJCH
NB 485 35 3 5 A1 B 2 W S AR BUR & X
M, BEANAEPRER 3R, 28 °C. 180 r/min k¥
FigE 8 h i TG WieE T A 1 R 1S
B, TR K % A6 R I %
611 & R (%) =11 K R F 50T B 50< 100

TOT 7 55 01 28 (%) =
O AT 0% — BRI RA) |
XA T R R ’

1.2.8 B ¥k RESNEGIE A

LR SRR E PRGN 2 BRAS DA Y
MuAbEERE Sy, B2 L FSP0m A B EA TR
Bty . LFAEZRTG . JLT 5T R A SR A I 5
FVA, 28 CCIHIEEGFR 2 d, £F4E R FAGIN S 77
FEFRISRZL(1 mg/mL)44 €2 20 min J5, H 1 mol/L
NaCl#Z#d 15 min, XWEZE B = R0, R

Fz1 ENEKRSRENREAERSER
Table 1

3,5- i 3K A R b € 10 A AR - T 3% 0 58 A R
PR A B P AT MR E G . LT S . AR
e 05 R AR A S
129 EREMFEREEELEKFMATEHE
B

FRIFE T 28 °C }537 3-5 d i, FHICHTTLAS
(EfE 8 mm)FTHUEEE, #E T PDA Az,
FERETEDE 2.5 cm Wb S S AL O FS B R R A
%, T 28 cCIERMERE R 5-7 do Fifk S H ey
i ECAZ A0 TS T 1) 340 % 20 R I 8 2 2 B
22, BFES B TR G, OB I e
P4t 240 s, 7RSI T EL,

2 BEREAW

2.1 HMEBFEER

MNZEIR AL T3 b oy Al AR A 3 152 BRAm
PR o H 3 PARXTIRRA T BEAS 2] 9 #RXT B A BE
o TR TG 1 2 LSRR TR, b 4 #k
H AR SEE R T 5 mm, HRE JES3 (R5PTRL
Fefefd, MRS AE 6.73 mm (R 1A 1),

KBEIEFTFLIE R 4 RIS Mo 0 3
PRIEAT 00, 0 & b W A B S
RIHE PR JES3 Fl JES6 K 1 35 W Ao 400 7 25 SR
T HATE R, M E AR R 22.49 mm
122,40 mm, KILEEEGX 2 #RE TS 2050
(F 1A 1),

The inhibition effect of the antagonistic strains against A. alternata

173 W ARSI BT S0 S0 I LR T P A

Strains Strains confrontation inhibition bandwidth (mm) The fermentation supernatant inhibition zone diameter (mm)
P. polymyxa JES3 6.730.10a 22.49+0.42a

B. subtilisJE56 6.44+0.07a 22.40+0.35a

B. velezensis 55-2 5.79+0.07b 8.00+0.00b

B. velezensis 38 5.61+0.15b 8.00:0.00b

T RPEdR - E R . RIS HAN NG FRERIRZE Duncan’s &M ZEAGE:, 18 P<0.05 K FEREE, T

Note: Values are means+standard errors. Different lowercase letters in a column indicate significant difference at 0.05 level by

using Duncan’s test analysis. The same as following.

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



3714 WY

2,
&

DI Microbiol. China

D/\

00

\_/‘

e JE53
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1 HRERGAEEDFERAAFIZER A XTR; B: HEFk JES3 X A alternata F IR ; C:
Rk JES6 %f A. alternata I3 HIZCH; D: FEkk JES3 Fl JES6 K L IE WA A. alternata 3 il &l 5

Figure 1

Inhibition effect of antagonistic strains against A. alternata. A: CK; B: inhibition effect of strain

JE53 on A. alternata; C: inhibition effect of strain JE56 on A. alternata; D: inhibition effect of fermentation

supernatant of strain JE53 and JE56 on A. alternata.

22 HMEREE
22,1 EEFETEER

FEPUERE JES3 F1 JES6 JEASRFAEWN A 2
N, 2 BRIETE NA [BARSE AR FRESE 24 h e,
JES3 WigE A6, FIE, REDLHE .. &N,
NGRS, BEEARZ PR JES6 Mg 7L 1A
A —siE BB, REDGH . 7Eh%
WG T, 2 MREEAR R, PimtE ,

L YA EE
222 HDTFEVMFETELER

W E R TES3 1 JES6 19 16S rRNA JE K]
JP A5 R IEAT T80 43 A AR e XS, MR S
KEWE 3), RFWHR JES3 CBRTH
OL966428) 55 £ Hi 2 ZF 41 # & (P. polymyxa)

2 BRI SSE
A D: R JES6 HIKES

DSM 36T (&5 K HG324077.1) A A PE &
F, 38 99%L B, WK e O 2R R SR AT
I (P. polymyxa) ; & #k JES6 (% %% N
OL966429) 5 #fi H ZF ffl #F & (B. subtilis)
NCIB3610 (£S5} EF191549.1) A0 ML i
w38 99%L B, W KE HON A R AT TR
(B. subtilis).
23 HEMEEKHMZMNESER
PR JES3 Al JES6 WA KA L #a SN
AJfi, GERFN, JES37E2—4 h MIER A K3,

4-14 h XPEE R, 14 h 5 A KR E D
JE56 7E 2—4 h BFMIERAKI, 4-12 h BAX)
BomE W, 12-22 h BERRE, 22 h EEASE
R

A: KR JES3 WKL B: Wk JES6 HIKIER; C: W% JES3 Wik

Figure 2 Morphological characteristics of antagonistic strains. A: colony morphology of strain JES3; B:
colony morphology of strain JE56; C: bacterial morphology of colony JE53; D: bacterial morphology of

strain JE56.
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g1 Bacillus velezensis CR-502" (MZ573380.1)
9\ Bacillus amyloliquefaciens DSM 77 (NR_118950.1)
98 Bacillus subtilis NCIB3610" (EF191549.1)
91 JES6 (0L966429)
Bacillus sonorensis NRRL B-23154T" (AF302118)
99 —— Bacillus pumilus NCTC10337" (LT906438.1)

100

100 [ Bacillus megaterium NBRC15308" (MH071135.1)
Bacillus aryabhattai BSW22T" (EF114313)

46 Bacillus anthracis ATCC 14578T" (AB190217)
99 \ Bacillus cereus ATCC 145797 (AF290547.1)
Paenibacillus polymyxa DSM 36T T (HG324077.1)
100 \_‘ JE53 (OL966428)
1001 puenibacilius polymyxa JK1 T (KU563771.1)
Escherichia coli X80725T (X80725.1)

0.02

3 EH#RJIES3IFIIES6 BT 16S rRNAEFFFNMBMAZELZEN /0 LN bootstrap {H
TR ERGE AR 1 000 RETERGZ T B3, RERKT 50%M1MHE; 55 NN
GenBank %55 F5 0.02 10 50%A) 168 rRNA FE[F 581 (4 ik 22 5

Figure 3 Phylogenetic tree of strains JE53 and JE56 based on 16S rRNA gene sequences. The bootstrap
values (%) presented at the branches were calculated from 1 000 replications, only showing bootstrap values

higher than 50%. Numbers in parentheses are GenBank accession numbers; The scale bar 0.02 represents
50% evolutionary variation in the 16S rRNA gene sequence.

—= i poimpa L3 *2 FEMEHKY I KEYFRREEEEEKS
1.5 b —— B. subtilis JE56
e A
1.2+ Table 2 Inhibitory effects of antagonistic strains
209} on colony growth of 9 plant pathogenic fungi
Q 06 AR R T B
’ Indicator fungi Inhibition bandwidth (mm)
0.3+ P. polymyxa JE53 B. subtilisJE56
Qo A. solani ZN6 10.02+0.02a 7.54+0.02¢
0246 810121416 182022242628 V. mali var.pyri FL  7.05+0.02b 5.97+0.01g
1 (h) F. moniliforme ZN12  6.65+0.02¢c 8.5420.02¢
4 EHEmEKihsk A. alternata ZN16 6.48+0.02d 9.75+0.06a
Figure 4 Growth curve of antagonistic strains. F. oxysporumKW2  6.12+0.00e 6.03+0.01g
R. solani ZN5 6.08+0.01e 8.18+0.02d
2.4 *Ejﬁj:[l]ijé E"J ;)n‘IJEgE% A. solani ZN18 6.00+0.02f 8.93+0.03b
HEPUE JES3 Fl JES6 Xt 9 AR AL AR 4795 It F. oxysporumzN15  4.53+0.06g 7.02+0.01F

TR 1 32 MR R R R R 2), H F. oxysporumZN10  1.00+0.02h 4.14+0.02h
R ARRENMEERGE 2) e SRR AN PR R 2 Duncan’s B R 22

H, JES3 Xt ZN6 MIMRAE MR ILZENEEE  pm. & p0.0s KEER D%
£k 10.02 mm), XF ZN10 il A 55 (0w Note: Different lowercase letters in a column indicate

significant difference at 0.05 level by using Duncan’s test

W IR N 1.00 mm); FRE JES6 Xt ZN16 I analysis.
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PAE F f s (M B S8 B8 9.75 mm), Xf ZN10
IHIVE RS AR FEE N 4.14 mm), L5
SRR 2 MRS HOR AT R I PERE
25 HMEABRAVREMFERFAL
B =2 Ml

Hi2 3 AT, WKk JES3 F1 JES6 AU A [ He
JE 2 W b3 YO i T AL W X R A
i, Rig% 8 h 5 Bik(20x40) s, Xt BELH 11
W & FEIR B 87.99%0 ,  AbFHA -1 A R P
ICFXFIRLH . kR JES3 I JES6 & I JEUR T S5
AL A 38050 Ry 70.30%H01 88.87%. B
E RS IG R, FEPOR A EIE WO 5

2.6 HEIMESEENMNELER

2.6.1 FHRIE AR BISE XT B £k JES3 #0 JES6 F- i
B E 45 R

4 Pl A/ ARG I 245 2\ 7 (1 5) . TR B JES3
M JES6 TELFAEZR T . 5 1l R 7 2RO Bl A
Fr IR B Rl e A R R R, TE LT R A
D55 77 32 v I B . R B
2.6.2 FREMZRIEIL

HIEBEARE N 2 . N- 2 Tk 20 3 40 78 b s
M4k . L- % 22 B2 b o il 4 %o I e 1 7 43l
H7: y=0.004 6x—0.025 0; y=0.006 1x—0.081 6;
y=0.076 3%+0.035 7. HAFI:ZERI1770.998 9.

AT % B 10 R A R A 0.9952 #10.994 8, LRMEXFRRAF.

&3 Wtk JES3 1 JES6 LB RIRE R FIAKRE N
Table 3  Effect of the fermentation liquid of strains JE53 and JE56 on spore germination rate

K FIE WU P. polymyxa JE53 B. subtilisJE56

Concentration of fermentation supernatant B & %% 1618 A [y 67 05 A il 5%
Germination rate (%) Inhibition rate (%) Germination rate (%) Inhibition rate (%)

o B8 87.99+0.79a - 87.99+0.79a -

Control

JE 26.13+£0.25d 70.30+0.55a 9.78+0.25¢ 88.87+0.38a

Fermentation supernatant

10 f5%5 Bk 42.60+0.82¢ 51.59+0.72b 24.21+0.30d 72.49+0.09b

Fermentation supernatant diluted 10 times

10% EF B W 72.67+0.29b 17.41+0.49¢ 55.68+0.09¢ 36.71+0.66¢

Fermentation supernatant diluted 10 times

10° f5F B W 73.84+0.39b 16.07+1.08¢c 65.25+0.21b 25.84+0.44d

Fermentation supernatant diluted 10° times
e o EAR. FAEERE PR RENG FREFR R4 Duncan’s H E WM ELRLE, 7 P<0.05 K V2R B E

Note: — No data. Different lowercase letters in a column indicate significant difference at 0.05 level by using Duncan’s test analysis.

JE53 JE56 JE53 . JE56

o TR—
e —

e

B 5 HEMEHKSEIEEEN  A-C: PR . RO, 8RR b
Figure 5 Extracellular enzyme activity detection of antagonistic strains. A—C represent cellulase, protease,
glucanase detection plate, respectively.
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2.6.3 {EHIEFKJES3 0 JES6 BB TR LN ELE R
K6 Z5 9K, kR JES3 Al JES6 ¥ H AT
— I . HRENG . A4EREE AL TR
ERE T o BRILT BAEEAL, 2 RR A 0" B 1
FA—, Hh, JES3 1 JES6 77K S i
75 24(10.02+0.02) U/mL #1(10.08+0.08) U/mL;
JES3 JRLf4E KBS . LT BB AN SR S
Fe JES6 iy, TS 4 ) R (35.5140.03) |
(17.720.14)F1(230.94+0.09) U/mL .,
27 EMEMNEEEEZLE K
HH B R 2B S RE (D 7) R,
Xif HEZH R 22 AR R BRSOk . 35975 FEE R T
PR JES3 AbBHATL P 22 () diiy 52 BEBRAR K
W22 AT . ORI ik . RTE MR . R
S%; WPk JES6 WIS THLMIY . RIHHAEA
AL, IR .

10 + ——P. polymyxa JES3
5t —— B. subtilis JE56

0 24 48 72 96
t(h)

Cellulase activity (U/mL) *
(o8]
n

i

——P. polymyxa JE53
——B. subtilis JE56

—
S W N O N L o
T T T T T T

Chitinase activity (U/mL)

24 48 72 96
1(h)

<

3 & #

R E ARA A, AMUEA R
SRIOHLELERE S, T H X BRI AL . AR &
Y IR TCE , ERBCR )G B R e A B
KL A, Hur, EHNINET 2EMAT R
P R B R J5  E BE S RGE H i 2, i
b A AR A 1 MR B DX 5 45 1) P A 2F 0T TR
(B. subtilisy HM1 HE48 %W 1A 31 st
Kim 55 PP el + 58 vh 43 2R304 2 BRAE AR B
PR TR N ZE AT R, BB R IR R R G
BEIELI RN B A & AU AR 98 DA IR i A
BUpE P A BT Y 2 MR AL SR B SR
A. alternata HA RAFEHUEM R JES3 A
JES6, ZdTEAS2FUEEM 16S rRNA F[K #4143
BRI 45 7 o 2 A5 25 ZEFFF R (P. - polymyxa) FilA
EZEAAT I (B. subtilis).

B
g 12 ¢
=10t
z 8t
Z 6t
2
) 4t —— P. polymyxa JE53
g 2t —— B. subtilis JE56
=]
gl: 0 1 L 1 L I L
0 24 48 72 96 120 144
t(h)
D
2 250
S}
> 200}
=
5 150
5 li JE53
2 ——P. polymyxa
g 100r —— B. subtilis JE56
Ssov/f
0 24 48 72 9 120

t(h)

Elo HMEBEENE A: FYERM; B: HAM; C: JLTHAE; D: HRME

Figure 6 Determination of enzyme activity of antagonistic strains. A: Cellulase; B: Protease; C: Chitinase;

D: Glucanase.
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EHT=2.00kV WD=11.6 mm Mag=4.00 KX Signal A=SE2 |l “‘“ EHT=2.00 kV WD=11.5mm Mag=4.00 KX Signal A=SE2

EHT=2.00 kV WD=11.6 mm Mag=4.00 KX Signal A=SE2

LY
Y

-,
2 it
TR EHT=2.00 kV WD=11.5 mm Mag=4.00 KX Signal A=SE2 A

EHT=2.00 kV WD=11.5 mm Mag=4.00 KX Signal A=SE2

7 ARBETHNBEYMFEEEEZEME A FfB: X CK; CH D: JES3; EFIF: JE56

Figure 7 Inhibitory effect of antagonistic strains on A. alternata hyphae under SEM. A and B: CK; C and D:
JES53; E and F: JES6.

ZF AT TR RE A A R i I B R I A KBRS UL 4 Tl I T AT ik v 4 )
i ELEA TR A B RS MR IRI ORGSR AR TR RE AT 2 i K 2
BEMKFGRH M T %, WERBONE AR, R RS 8 RN
S 12 RIS AR RAFROMEIE, X R LT AR AR A R AR PN AR A R
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2 BRI RIS 12, X DR B &
O Tl WA s Ik B XA AR R RIS A, 3
R A= 5 T R 550 1 T R R TR R A
A5 R, kR JES3 Fl JES6 K G
VRO A P B TR A B R LA R A 4 o 1
FH i LB R R A 5 R il R 55 o 1k B
PR R WL R S A I TG P S, AT
B S0 ) i R 96 R AR . SR ] g
P B 2 FE 30 TR I8 1 A B, AR i — 2
WFSE o XoF T 25 FRUFF 17400 1) 255 17 96 7 & 7 T
A HAE P FEBUE AR S e A
AR = B VIR 5E K ARt A 7= A S 2E AT
R FEM AR EE 22—, R
Wi LT BT, £F4E3 . B Jon 55 2% T 4 i RE
P EE B LAY, A SR HRE CUEB LT BT
RGN . RN . B NTAME YN
FIHLEE > — . W Rishad 25 M55 /N ZF F0FF
MCB-7 H4r B alifb JUT i, HoHERAMLifh
g xt et ay . BE A A AE R I A S B
RS PERY . Xu FEREFRIBIFAL T HAE B.
velezensis ZJ20 () B-1,3-1,4-75 B 0HMEE, %A FE
P R B L 2T S s iRl sk Ay
%38 i 0 2F FFT i (Bacillus amyloliquefaciens)
ZL-16 T RF I £F 2 2% AH 42 V00O0) SUABUE 505 1A
HIVHIVER, #H1EHR 79.49%, HESFEEL
TR AW AR ARG R B, HEPiE JES3 M
JES6 ¥y vl jm A R e . ARG . A SR WG 2
JUT UG, 005 B0 v i 2o 7 A 2% 28K i Bl A
FH T B4 2250 B A0 A R, A R A L A0 i
BE WK B AR A 52 4 M TS B CR . (A
PHERMR, A B SR KNS 27 g
Fr B 37 I W S RN Z B 6 R
PEIEAR G, 3 7E 5 B AL 3 o vh A 28 Ul
TH . AT RE D R WG 37 N [R]85 95 4 R an 8% 3 3
RSB, 1T HAS R B0 i ™ B A 1

AR FHE s RoR, AR R AL AR 5
T TR i LT 22 A, RTADHLRE MIBE , X — 45
SVFRERTIM BB — 8, st
MRS PR AT DR T B A M B, 2 - A
SR ) BOR B R L S5 4 B4 ST A I e
YERILELE 5 i — 2 I

Zi ERTIR, ZREEZF AT IR JES3 Rl B 2
JEFFE JES6 X2 MABER B HAT B0 A4 i
M, A BER 5 A Y R EE AL S TR B
Pk, BE—2EXF X 2 AR TR B0 HLER SR T 05T
WIE LA R TR, AT 855
PR 7 A AL LR ) 9 T R i 7R 4 T 2 A0 4 4
B2 BB TER
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