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Screening and controlling mechanism of antagonistic yeast
against peach brown rot

HOU Yagqian', ZHANG Xiaohong', ZHANG Shu', ZHAO Yating', CHEN Shuangjian®,
DUAN Guofeng '

1 College of Horticulture, Shanxi Agricultural University, Jinzhong 030801, Shanxi, China
2 Institute of Pomology, Shanxi Agricultural University, Jinzhong 030801, Shanxi, China

Abstract: [Background] Brown rot is one of the most destructive diseases in peaches
worldwide, causing serious economic loss of the peach industry. [Objective] To identify the
causative agent of peach brown rot in Taigu District of Shanxi Province and screen efficient
antagonistic yeast against the pathogen causing peach brown rot. [Methods] The fungus causing
brown rot was isolated from the symptomatic fruits of the peach variety ‘Cuiyu’ and identified
by morphological observation, pathogenicity test, and molecular methods. The antagonistic
yeast strains were screened by in vitro and in vivo assays and identified based on morphological,
physiological, biochemical characteristics and molecular evidence. Moreover, the activities of
defense-related enzymes and other indicators were determined to evaluate the effects of the
antagonistic yeast treatment on peach resistance to brown rot. [Results] Monilinia fructicola
was identified as the main fungus causing the brown rot of peach fruits in Taigu District of
Shanxi Province. The optimal antagonistic yeast strain HY A-4.1 was identified as Wickerhamomyces
anomalus, which showed an inhibition rate of 78.31% on the mycelia of M. fructicola and
increased the activities of antioxidant-related enzymes in peach fruits. The results suggested that
the strain inhibited peach brown rot. [Conclusion] We identified the causative agent of peach
brown rot and screened out an antagonistic yeast strain with significant inhibitory effect, which
provided a reference for the screening and application of biocontrol strains.

Keywords: peach; Wickerhamomyces anomalus; brown rot; induced resistance to diseases;
biocontrol yeast

PR E LT R A E 2, Jegiit BER% AL (Monilinia fructicola) . = R BEAR% B

W 2022 4, SEPFSEHAR 95.73 7 hm?,
By 1800 5 ¢, Hor g AR B AU
4.8 J7 hm?, Ey=H 1513 J7 t, B0y 31.52 t/hnt’,
frE A EHE L SR, T 9 R A R
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ERMapFEHRY, Ak, FHmagE

(Monilinia yunnanensis) . A= 4% 42 45 1& (Monilinia
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Mo TSR, MOk AL BRIt
FATA7 . BRI 48 S A A= 77 T 32 A 2
5 (Bacillus) . it £k i J& (Actinomycetes) Fl1
R R (Talaromyces) %57, il il % DIk 5% % 1
ity B ZE AT 1R {8 2 A B A 8L (M. yunnanensis)
W22 I L R MGG ARG, DLk Bk
e JEE e A B VR o TR TR R A R AR R R A
(Sreptomyces rapamycinicus) HCD1-10 FlfE I 7
ZHETSHI(S blastmyceticus) S108 X Bk JiE ik i
D7 JELTR M. fructicola it A K AT e i il 4
PO a1 i BRI 7 (Collimonas pratensis)
121261 PR %48 B I - M. fructicola
BAL—VERIRER, o] 2 ks e i
J 95 F AN U () PN A A AR TS 9 A
Ve R FE P B R A R

ACBIF 5 DL PG ARl K 27 SRR Jilr SR B AR IR
B 8 s SR T g M e HEBUW T, DA BT
SR A R AT 0 22 XA e EL A B S o
VER P FE B BE TR, JF 64T 400 R P A SC AL
PRREY,  DAIARAR X B4 5 9 A Ao By v 7
P FE LI BETA

AR

1.1 #&

HERBE A A I B, RE NS KA KX
LU PG ARl R 2 AR T 5 SRS S 9 i R g 2R
SEHEATIR I B A B, R S A TR
SR BT e R TR 7 16 R 25 (AR ol 1) 16 A o
1.2 EERFIFMEE

TSINGKE 144 DNA $#2BUA7] &, Jbai%
BHEDRHEABRA R LM ORETT, S
owls s TES, IR A RA
Al O B REE, RiESCFEARRR A BR A
1.3 EHFHE

s L LT 35 5% B0 H 5 S A 2 MR I AE 1 57

H:(potato-dextrose agar medium, PDA)RG 73k,
T By SR T bel v AR I H ARG BR A A B 57
Pz 1 7 75 0% [ 74 5% 3% 5 (nutrient yeast dextrose
agar, NYDA) ., & 37 [ £ 3 %5 B W44 15 5 Bk
(nutrient yeast dextrose broth, NYDB)Z % # Ji
E STy
14 REENSBHL

s J TR AT AR B SR S g . SRR
T2 43 B U7 g SR A i R < LAk Y TG 7R
JIUIELZ) 5 mmx5 mm ZLEL, TE 1%IRAREN
HIR I EE 3 min, JERJCEKIEYE 3 K, fEC
TR AR BT AN BT PDA R
B B 3N, REMIE, 28 °ClE
B A SR 3R 5—6 d, BRIV D I R AL
REEFE 4-5 0, R RS AL bR, 7 2 PDA
RHAT 4 °CORAF . PRI 15 MAREPIRTZ (G 5 4,
T 3 A )BT L
1.5 R R B R R A )

TR/ E) | s B 1) fe Bk
PR, 10 BRE R SETE 0. 1% SR FN I W
I 15 min, JHRERHCEK YL 3 0k, =
T 8

FTALIEF DR - ¥ 0 BS R BRTE PDA K5 3%
BB R, IR ITILa i w ik b
SATWRERAN 5 mm MEYE, &H. HIEHEIT
FLARAERSEIRTATALAT 2 4 3 mm IRAGSL, ¥
b A TR o 38 SR S AN A TR 24 ThT B G
TALN, DA PDA HUF ARG, $60P 1d )5
MEEFESEEIR, & 6 MEYFER
1.6 WERENWESEZE

Baifb E AR T PDA I, 7E 28 °C ., 75%
AXHR SRR SR 5 do WA TETE S HIE
OBR . Bifh), W T AT 22 Ffl F I8 %
fit, 28 (EEEEFM) PUWERREREES
o R
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17 REEMS FEMFEE

Pl Ab s I E 7E PDA B35k B3R 5d G
WHEWZIFHEABRA T EBERML K, KA
TSINGKE 4 DNA & Bt 1) 5 3 B bk 2L A
HIFHEAT PCR 738 5190 H @ 514 1TS1
(5-TCCGTAGGTGAACCTGCGG-3')fl ITS4 (5'-TC
CTCCGCTTATTGATATGC-3"), PCR 2 Wik %
(50 uL): DNA #E42(30 ng/uL) 1 uL, 514
(10 umol/L)#% 2 uL, 1xTSE101 Mix 45 pL., PCR
N &4 98 °C 2 min; 98°C 10s, 53°C 10s,
72°C 10s, 38 MEH .

1 PCR =Pk FEA B AE AT B Wl F
A, R4S S F ] BLAST 5 NCBI ¥ %
WP AN HEA T LR, A6 AR A3 v 1) 7 41
T RS R E43HT o 7 MEGA 5.0 B4 A 4R 13
W ZRGRER, KM 1000 K bootstrap H L .
1.8 HEMEEREMNIFE

W R B B R S b T, D 75% 2
BRI 30 s, 2% APRANIHBE | min, JCRKif
BE 3 UK, LARKKE i I R AR TR, AR
Xof R 32 UMK I R A SR S 5 T O ok G e i
T o K R A DRI ST PR 5 g i 7E PDB
WAREFREd, 28 °C. 200 r/min B55% 12 h, #
SRR B IR LIRS 107° 107 R0 1077 BORR BRI
RO BRI 0.1 mL UG B I A g i A
TG NP LT3R5 [, B KR SEAE 28 °CHE ¢
48 hARPEA R T A FRAE BEFR R TRV 7E NYDA
BRI Ak EE SR, HEPARLAEEREY .

W 53 B 05 BT TE bR S0 A — R 5 SR TR
PDA #5535 EHFATHEBURE J1 1A o DR S I 1Y
A 75 1 2 B4R S mm (B BF 8 HE2 R F PDA
B e SRS TERE AR g 2.5 em AbEEFPTE
1k 2 d IFEPTRELE RS, XTRCRZS (1, T4 4 2,
HE 3K, T 28°CHiFE 7dEMRIELLT AT
SR

MBI (%)=
O BR TR HA% — 0.5) — (AEFRHETE H A% - 0.5)
XRETRTE EAT - 0.5

1.9 BAEREFEHAINE

7% Zhang 25U 5 1k AR RRE 6 < i 5Bk
IR S 2 B B TR 0T 4 SR e e P R .
TCIEFTFLARFE 2 T T 3 AR S FAT 3 ANEDE
B (B2 5 mm, %3 mm), $ 20 pL A4
JE RSB EE B B R (1107, 1x10°, 1x107,
1x10%, 1x10° 4~/mL)4r Fl4Fp T 45 11, B8N
20 uL WZEMK. 2 hJE, B EmA 20 pL
A5 J5L T 6L ¥R TR (1<10° A~/mL). AR T
o, A RRE RS E T OREE S, 25°C 12 h
JeME s B G IR, 6 d Je Ak AR 5L 1 K R
AR AR B ARE 3N ER, BOERE
10 MR8,
1.10 HFmBSREMESEREESE IR
BN E

W A5 PUIREBE TR Y B T VR 428 T NYDA il
PDA };5R3E I, 28 °CCHARE KSR 24 h, #HATIES
2 K B AR AR I E o A0 TR AR IR WS
SRR PP i, AR B AE AL ARRAE 4 BR(
BER O RRIE S5 5 T ) Uik T
1.11 HERBESENS TEYFEEE

fdi il TSINGKE &%) DNA #2557 £ $ 5
FEPUEELE B DNA JFE17 PCR ¥4, i EE
W59 ITS1 1 1TS4 ¥E47 rDNA ITS F31IRY
PCR ¥4, PCR ¥ ¥4 ik R T4 1.7,
PCR 743k A b 5 R AE WA R /#6470
F, W4 B E T BLAST HexF 4047, 3 H
MEGA 5.0 4R R G R B, R H
1 000 ¥X bootstrap A ,
1.12 Bk SR SCRm 104 B E M BN E

BeAbEE 7 TR 1.9, 7EMAS T Ab R 30 uL
1x10° A~/mL W45 HTRER: BB TR FK , 78

%100,
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25 °C, AHXHE JE (relative humidity, RH) 95%HY
BE A e, 0l TS 0 (2h), 1. 2, 3,
4,56 F1 7 d B E A , AOR R I ERURE I

TR BRI 25 K2l 2 g LA
KEHFER T, A 10 mL 4 °CHUA BEiR £h 2%
ik(pH 7.8)FI/ b A Sy, FRR RS TE VK BB
B IR ENR % 1515 T 4 °C.8 000xg #5.0> 20 min,
WA BG4 °CIRAF -

%M Mohammadi 2P0V 77 B 5E 2 4R
ALl (polyphenol oxidase, PPO)E M ; £ Xiao
SRV 7 vk 2 1L S Ak Y i (peroxidase, POD)
WPk S8 Zhang P AIE B-1,3- A F
Wi B (B-1,3-glucanase, GLU)WGM:; 208 Javadi
SR Jy I 2 2R TN 24 IR ff 2 i (phenylalanine
ammonia-lyase, PAL)J%

1.13  HIELLIE

4% H Excel 2007 4b B )5, SR SPSS 25.0
X 2% A EA T B IR 17 22 0 M, LA P<0.05 A
hy T 5 R

2 HERE4M

2.1 HBETRRIEER D B L E KB
ELER
2.1.1 RIEEMFSHHE

MR & SR S Ay B AR B I T AR M-1 78
PDA }igidt [AE K RAF, WishgBEsT. I

BORACIREE ) . B 2K B A, TR % b Al 2
WIR(E 1A); BRI A& 1B); a4
6 FAE LR BRAR . AR T SCIR A, AR
BEME, TR 10). aEMT N
s, ZRFEIR, 2R, oA
VAR uG(E 1D 1E). 454 JH 5 048 S5 9 v A
LS R T AR = B (RS ETFM) .
AL FI KT 2 T AR M-1 8 M. fructicola.
2.1.2 KEER rDNA ITS B B ER% %
B

SRR ERRAY ITS #4518 513 bp,
BLAST /&R s, /B HEkE M-1 (GenBank
B35 PP526970) 5 NCBI i 178 Hh it 56 1
¥ B 4% 4% £ 8 (M. fructicola) FHBLE 7E 99% LA
b B M-1 5T ITS R EN RS LB W
ST EE SR (K 2), TkE M-1 5 38 AR L 5
K (M. fructicola)@ T R4 &k & Y 6] — 4>
o FREMAE I 0995 IR A M. fructicola.
2.1.3 REENBRMERE

fAFERELSE F3ERD M-1 S5 (81 3A), R
2 d JE IR RR , BRI B R K BRIk
BES(E 3B), 3 d JEHERIRALBRRIE s Y KT
M4 A 3C. 3D), 5 d IHRSE—ME 4
TEEs, ROk IR ER T (B 3E). &
IR S B ARAE T R — B E X O
M-1 HYJCH PDAMERIS A A 3F-3)).

1 HBERENEELSRIERTES

A: 7E PDA FE:FEAUETE LT ; B: 7£ PDA FR:FRA

T C: S A THE(10%40); D: Z3AEf11(10x40); E: B A M4 T

Figure 1

Colony morphology and conidial morphology of peach brown rot pathogen. A: Fronts of colonies

cultured on PDA. B: Backs of colonies cultured on PDA. C: Conidiophores (10%40). D: The conidium

(10x40). E: Germinated conidia.
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2 ETITS FIMWERNEK M-1 HREZAEN  #E5HM)F SR GenBank &5k 5 ; 735 EiY
Br NEETEE £ AR 0.001 0 8 RSk E W84 I B

Figure 2 Phylogenetic tree of strain M-1 constructed based on ITS sequence. The serial number in bracket:
GenBank accession number; Numbers on branch points: The self expanding value; The scale 0.001 0 in the
lower left corner is the genetic distance of the evolutionary tree.

3 BEMBEEE M-1 EARRKMREBHBEERIEMIERX  A-E: MR E GRS 1-5 d iEIR.
F-J: A4 M-1 fJCH PDA 05 1-5 d BYREAR X 1])

Figure 3 Symptoms from the pathogenicity tests on peach fruit samples at different days after inoculation
with the pathogen M-1. A—E: The symptoms at 1—5 days after inoculation with the M-1. F—J: The control
peach at 1-5 days after inoculation with sterile PDA plugs without the M-1 (control).
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22 HENMEBEBEMNERNRELEER
2.2.1 HERESR S ERENEHHR
AR AR S22 B A A B R P R E S AR
o D A ROR R AR Bk . b, A 3 Rk
L T B TRT e T 5 DR TR A% L B A R TR D o R A
50.00%L4 |, Btk HYQ-4.1 FlH SRR, *f
IRFEEFE 7 d SRR A(78.31£0.93)% (£ 1),
PARR HY Q-4.1 X5 it AT 1~V A X IRp 45 S 4
Bl 4 prn. B4 0H, B HYQ-4.1 X R

T R A KA B SR PR o
222 EEEEE HYQ-4.1 HYSS A RSLRFEUNIE
GHR

FEBUIE R HYQ-4.1 X e Ji o Tl 41 sk
U 5 fin. 28 °CHEME S RE R 6 d Ja kA as
Xof HE2H 11 0 R ik 86.33%, B 1 T AL B,
I FLBE A S PUEE R B v B B, BRAR S &
I AR (B 5A), 1x10° A4 /mL ¥ B8 1Y T bk
HYQ-4.1 X8I B M ISR AT, A 23.33%,
HKA 1x10° 4~ /mL HEERY#VE HYQ-4.1, X
JEG B ISR 5 1x10° 4 /mL ¥ 5 1Y 22 ] G

® 1 EBEX SR RE R HIEIE A

Table 1 Inhibitory activity of antagonistic yeast
strains on the growth of the peach brown rot
pathogen

B 1 B ¢

Strain No. Inhibition rate (%)
HYQ-4.1 78.31+0.93a
HYQ-3.5 66.47+1.02b
HYQ-2.0 53.65+0.69¢
HYQ-1.3 40.98+0.85d
HYQ-5.5 38.74+0.68d

CK 0.00

ARG FBERIRAN R TR B3R HTE 0.05 AKCF B2
S E
The different lowercase letters indicate the significant
difference in the inhibition rate of different strains at the
0.05 level.

4 EH HYQ-4.1 XX RBZREZEE M-1
HOHNEMER A SEMRAVECREEBTE M-1 %
(CK); B: HFR HYQ-4.1 X 36 AR 45 % 15 1
M-1 i 7

Figure 4 Inhibitory effect of strain HYQ-4.1 on
Monilinia fructicola M-1. A: M. fructicola M-1

colonies (CK). B: Inhibitory effect of strain
HYQ-4.1 on M. fructicola M-1.

WEVEZESE, N 26.67%, 1x10° >/mL ¥k B HH
TR &2, N 56.67%;

UEAL, BT R B Ak AR 9 B AR
0 RACR 5 =4 s B R ROR B e — 3L
Bifi o e 300, AR 0 s BRE T A A DT R A1
(Il 5B). AS[] ¥ B Y TR bR HY Q-4.1 # 5k 35 %
TR MREE R, Hrh, EmKE
(1x10° A~/mL F1 1x10° ~/mL) FE & HYQ-4.1
873 H Xk R T T A AR

BAh 6 d BIBRIRSEAE 25 °C. RH 95%%% 14
FRFE 6 d )5, BERE AR HYQ-4.1 X B4 B 1Y
PR anE 6. Z5R R, BEREEE HYQ-4.1
Xk I A B B S BV E (I 6).
223 EHHYQ41HESELEEREEENK
5

NYDA }igdt BHigR 2 d J5, KMEE
HYQ-4.1 23, BE, REmGHRELR,
JoT A HA 5 AR (B 7A). 8 i B s
FXWMR, RIHANM 2 IPTE | #6ETE (K] 7B).
HRIE Liu 2525055 50 Jal e U £ (W, anomal us)
FRPEREIR, RBLZISHUREEEE S W, anomalus
A A AR RR I — B0 2)
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A S I N Y I I B | 0| T T ) T T Y A
CK 10° 10° 107 108 10° CK 10° 10° 107 10% 10°
Concentration (1xcell/mL) Concentration (1xcell/mL)

ol

5 TRIRERNEIEXMNHBERNLZREOMRLTERB) AN TFEHMUHRZE S B (P<0.05)
Figure 5 Incidence rate (A) and lesion diameter (B) of peach brown rot caused by different concentrations
of antagonistic yeast. Different lowercase letters indicate significant differences among the data (P<0.05).

B C

A

6 EMIENMBEEREEHRIINEIER A KZLEHK HYQ-4.1 MY 6 d JFHERL. B A C: H
B HYQ-4.1 £:Fh 6 d [k HLss

Figure 6 Inhibitory effect of inoculation of antagonistic yeast on peach brown rot. A: Peach wound without
antagonistic yeast HYQ-4.1 treatment for 6 days. B and C: Peach wound treated with HYQ-4.1 after 6 days.

7 MBS HYQ-4.1 MENER S (AR (B)
Figure 7 Colony morphology (A) and cell morphology (B) of antagonistic yeast HYQ-4.1.
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F2 HEHES HYQ-4.1 T4 {4

Table 2 Physiological and biochemical characteristics
of antagonistic yeast HYQ-4.1

Item Result
iR 256 Carbohydrate degradation test
D-#5 A B D-glucose
HEME Sucrose +
JEM Starch -
7 2B Maltose

D-2£F Ml D-galactose +
214 — % Cellobiose -
FLBE Lactose -
37k Raffinose +

%5 [7] 1k Carbon source assimilation
D-#jZjHi D-glucose
p-} FLH# D-galactose
JEM; Starch
T Sucrose
D-A M D-xylose
D-F[$7 1 % D-arabinose _
T BWE Trehalose
AL Sorbitol
7% ZF 4l Maltose
FrEER Citric acid
BEIAMR Succinic acid
HLEE Inositol -
H i Glycerol
i F B Raffinose +
L- 25 L-rhamnose -
Z R [R] 4k Nitrogen assimilation
L-§fi Z R L-lysine +
BRER % Ammonium sulfate (NH,4),SO, +
HER A Potassium nitrate KNO; +
W AEAR 4 Sodium nitrite NaNO, -
HAth Others
TEM 4 77 Starch production -
JRZ KM Urea hydrolysis -
B4k 9258 Gelatin liquification -
+: FHM:; - B

+: Positive; — Negative.

+ + o+ + o+

+ + + + +

22.4 EHKHYQ4.1 D FEMFLEELER
Ay BB BB MR ITS ¥4k 589 bp, 7E
NCBI ¥4+ BLAST X4 &30, Hkk

HYQ-4.1 554 B e DU bk R L & /0, A
Ik 99%L) |, KA MEGA 5.0 it &
BEBW, GBS FE R, e Wk
HYQ-4.1 (GenBank %554 PP526971)Hh 5+
W E vE DU £ (Wickerhamomyces  anomalus)
(#l 8).

2.3 EFH HYQ-4.1 Mk EILERISIEMHR
=AU

PO TE AR HY Q-4.1 Zb 3Bk SR 52 5 B4R
AR B PE B AR AL A& 9 B/ o R TRk HY Q-4.1
Ab BRI A BESR 52 POD I M 3k = T X R 4
(K1 9A), W4l POD WEMEIET &G EIL, Z
5 TR . A FRZE A POD TETEAESS 2 R,
6134 Ulg, 2-5d FFUE TR, SdEX EF, T
X RRZH Y POD JEMEAESS 3 K, 4 45.89 Ulg,
3-6d I T, 6dEX ET.

WE 9B fis, Wk HYQ-4.1 AbFRAYHE R
5% PPO {E VRS B FHE T B, XF BEZH 1Y PPO T 7%
R Ra . A FRZE Bk R A I e U
PEHRE N, 7E55 5 RIKB|WEME, B PPO &
PERURI TR, RN, R HYQ-4.1
AR S PPO il 6 P 5 X HEAH HE 3
. AbFRZH BBk RS2 PPO 36 P f (B 2 % RE 21
1y 1.45 1%,

PR TR R HYQ-4.1 AP AIBE RS GLU 76
PES X AR B— B, AR ST
ik =3 WG TE VEERAE 25 3 RINFIEAE , AT AL
PRA AR AR 5L GLU {2 B4y 1.12 5.
HAESE 5 RAUPE GLU W& PEXT IR = T A0 # 4
S R S0 0 2 Ak B v X BRH (B 9C) o

FREE 0 KAb, BEREREPE HYQ-4.1 AbFRAYHE
A PAL T34 i 2 5 T4 R ZH (18] 9D) Ab 3R
RN REZA Y PAL {GPEFESS 4 RiBFIEK
8. MeHAbFRH A PAL 3N 103.71 U/g,
XT HRAH 5 52%.
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E 8 ETITS FHHMENEK HYQ-4.1 RZAEWH 5 HHF 5 N GenBank B35 /& b
HIECTFACEE AR A AR 0.002 0 8 250K B W B4 1E 2

Figure 8 Phylogenetic tree of strain HYQ-4.1 constructed based on ITS gene sequence. The serial number
in bracket: GenBank accession number; Numbers on branch points: The self expanding value; The scale
0.002 0 in the lower left corner is the genetic distance of the evolutionary tree.

f(s) 1 1 1 1 1 1 1 1 6 | 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Time (d) Time (d)
4? 1 1 1 1 1 L L 1 LUT— 1 1 1 1 1 1 1 J
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

Time (d) Time (d)

9 FEMBSEN HYQ-4.1 X 25 °CIUf i 12 A ik SR SCBg IE 14 B9 52 M
Figure 9 Effects of enzyme activities in pears treated with antagonist yeast HYQ-4.1 during the storage at
25 °C. CK: Pears treated with sterile distilled water.

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



4614 (YIS Gk

Microbiol. China

3 WREER

ABIFSE AR L PG AR IR A SRR T () Bk v
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JF 31 B XoF 43 A e HL Sy 56 YRR A R B A% B TR
(M. fructicola), ffFFT45 R Sa b A A A 1 950
R FAEAZ S (M. fructicola) Ay 1 <646 S 9k 1
PERAFIFISF, (RS RS PIRESE A5 R 1L TG4 4
JEE 1) B I PR AR AR B AZ B (M. fructigena)
5 AR . X ATRE S SEM B G, JRD5
WEFEAPRHE ISR LSS RIS F, T
AT IE IR I A RE, X5 R NP %
BRI JEE o TR A R P SR AR B AZ S (M. fructigena)
FEAR AT IR MR A
(M. fructicola) F £ {2 YAz R RS 98— 3K

M OA SCHER R E SR R s D R B
(W. anormalus) X B Ak SR J5 W 25 95 Fl K 25 9%
ERH R ABE G TERT, Zhu PR
i, 1x10°4~/mL 1 W. anormalus £ [ iG55 4%y
# (Alternaria alternata)ffl i & Al 2545 A4
KIWRE T, A% My ook i it B T s EL A il
R, AT DL 3 A R B o H2 H
P TE T W, anomalus 5546 JE s (14 4 56
il . AR ARSMAR LR T 3 Rk
WA M. fructicola $5HT/EH = T 50% 4,
Bl , Hd W, anormalus 1) i SCR i 55535
Xt M. fructicola i AE AT A< E] 78.31%. A f
M), W. anormalus BB 7E & i i1 1 R
TR PR FE O R B, SR R SR SR
25 (8], MG o Y 2 By 4 1K i (polyphenol
oxidase, PPO). i &AL Wi (peroxidase, POD)Fl
A ALY AL i (superoxide dismutase, SOD)%¥
Z AP BT M, I HURE AT 5% S IV 2SS UK
AARI =P I BRI

TSR AP BT iG ACR AT L S s e

PR B 5 . TEAH SRt LA B it A B
BER A E SMERCR Z B 2 B AHE . Zhang
SFEOMIER TR AREE IR, R IE Y
T ) £ (Pseudozyma. fusiformata) . #AT I 1))@
(Metschnikowia) i1 i} 2 %5 i 25 & (Aureobasidium
pul lulans) 7€ 311 il Bk SR Ji5 5 I 1 A2 S B A% Bk T
(Monilinia laxa) )48 & SUNE 7 44
BEROR . X B LR IS T B R A Ay
A AT S G AR TR A5 5% . — ok Uk, Yt
1x107=1x10°A/mL B, ETHAEIE S A YIBE
REARL, RATE S SRR,

FEPL LR TR 5 S A Py HCHUe i o = et 2
HR ARG R LN Z —,
BT AE SCRRE PR, S AR S R, 1R
EAEYIPL AL RE 11PY . Raynaldo S5 ST &k
W. anormalus 53 1 #Bk A HTIA B2 i 44k
Y) lf§ (ascorbate peroxidase, APX)FIJL T Jit fiff
(chitinase, CHI)I&VE, BEAL TP 6 0 1
(malondialdehyde, MDA) & &, B0 T 755 %) B
BEMT A HTPE . ABFSE & B W. anormalus &b 2 i)
PR SZ] LIS R BE SR POD . PPO. GLU #il PAL
FITEPE, X M. fructicola 5 i i ik
FIPFIAER . X5 Li P08 45 AR R, i
-1 451 3 1% £F (Sporidiobolus pararoseus) Fil #) i
Jit 5 M (alginate oligosaccharides, AOS)H i of
A B2 T PAL . POD 1 PPO %5471
PR AH G Y 35 PR E R Rk i, AR BE I AR
R, AL TR R A

BT TIPS T ORAS X BkAE Tk
PRI i TR R S IR A SRR AZ AL T (M. fructicola) .
A2 Dt R A A , 3 1) — AR X kA s TR 41D
TR EIE 7831 %M HIEERLTH , 2% EME
Hohy S8 B e DU B BE(W. anormalus). 1% Ak
Wit 5 M. fructicola o445 [A] A& 37 DA M H2 v
BEALSZ PPO. POD . GLU #1 PAL (35 1 AR Ak
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