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MEFEE XY201 M EEELXREWMFNES
J B4 I 3 SR

5 %’%’E‘ﬁx R, KRF, EHAE

A RN R} 22 BEAR 7= AR EERE I, KR 030031)

B E. LIRSA% (Zizyphus jujuba Mill. ‘Dongzao’) Kikht, WF9L T #5HiEMEZTHEEE XY201
Pk (Metschnikowia zizyphicola strain XY201) 443K A 1) 2 A RE 7 B &40 i 5 B 3 SR B
O3 J5UA Alternaria alternate) FIR 25 (5 5L Penicillium expansum) B . G558, M
REB XY201 (1B M SRR A B R el ST A, SRR AE &80 R I KAy Pl AR G 71 25 CHL.
0 AR A T YARI 0 CARHEL AR T 3 FHICOBA A T, A AR YLR RS DU H0 Mk 5 2.2 x 10°~ 2.6 x
10 ($EFP XY201 HiFE 4 d J5) 6.3 x 10°~9.7 x 10° (60 d) F14.0 x 10° ~ 1.1 x 10° CFU (75 d), 735l
BEBIIN IR 34.3 ~ 57.04 15.2 ~25.5 1 4.8 ~20.3 £if s KA RLSAFAMI LIRS HLIRE 514 1.9 % 107~ 3.6 x 107
(8d)y 1.2x10"~1.8x 107 (30d) H18.4x10°~1.2x 10" CFU (60 d), 43 HZHMIN K 34.2 ~ 364.3.
16.9 ~ 1443 1 11.2 ~ 90.0 1. XY201 B4k (1 x 105CFU - mL™) 435155 2% R E AR 50 pg - mL™ Ji{f
AL, RIHTH AL EN O e GE e ) =2 BIHME, S IILA I g W Es . E AL (0 °C,
O, IKJE N 2% ~ 8%, CO,IKIE N 0) 4 FIHE 60 d I,  XY201 Hikk 1 x 10°CFU - mL™ [l 8353 7 113
IR G K BBOR I R A, RIRRIER T 52.5% ~ 59.2%, JRBLELNT 5.9% ~ 10.7%; {EXF 2595
MR AR, R R T 3.6% ~6.1%,  FRBEE AN T 11.3% ~ 19.0%.
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Inhibiting Effects of Metschnikowia zizyphicola Strain XY?201 on Black Spot
and Blue Mold of Fresh Jujube ‘Dongzao’ During Storage
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Abstract: The colonization of Metschnikowia zizyphicola strain XY201 on the surfaces and in the
wounds of jujube ‘Dongzao’ fruits and the biological control of black spot and blue mold of postharvest
jujubes by M. zizyphicola strain XY201 were studied. The results showed that the suspension of M.
zizyphicola strain XY201 and its cooperation with sodium bicarbonate or Sportak had rapid population

growing on the surfaces and in the wounds of fruits. In the conditions of 20 ‘C, controlled atmosphere
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(CA/ 0 °C) storage and modified atmosphere (MA/0 ‘C) storage, the population of antagonistic yeast
XY201 on the surfaces of fruits was 2.2 x 10° - 2.6 x 10° (4 d after inoculated), 6.3 x 10° - 9.7 x 10° (60
d) and 4.0 x 10° - 1.1 x 10°CFU (75 d), respectively, which increased 34.3 - 57.0, 15.2 - 25.5 and
4.8 - 20.3 times respectively compared to the inoculating start point. The population of antagonistic yeast
XY201 in the wounds of fruits was 1.9 x 10" = 3.6 x 10" (8d), 1.2x 10"~ 1.8 x 10’ (30d) and 8.4 x 10° -
1.2 x 10" CFU (60 d), respectively, which increased 34.2 - 364.3, 16.9 - 144.3 and 11.2 - 90.0 times than
that of the inoculating start point, respectively. When M. zizyphicola strain XY201 at 1 x 10° CFU - mL"
concentration was combined with 2% sodium bicarbonate or 50 pg - mL" Sportak, the colonization on the
surfaces and in the wounds of jujube fruits was inhibited in the early period, then had no significant effect
in the later period. When fruits were stored in the condition of CA (0 C, 2% - 8% O, and 0% CO,), the
suspending liquid of M. zizyphicola strain XY201 at 1 x 10 CFU - mL™' concentration provided complete
control of black spot, the disease rate decreased 52.5% - 59.2%, the diameter of spot declined 5.9% -
10.7%. The biological control of blue mold was not obvious, the disease rate only decreased 3.6% - 6.1%,
the diameter of spot declined 11.3% - 19.0%.

Key words: jujube; storage; antagonists; black spot; blue mold; inhibitory effect

4 (Zizyphus jujuba Mill. ‘Dongzao’ ) 7 5 ] U2 I 29 3L A R SR IS 2 —,  4EHE 1R
(Alternaria alternate) F1¥ £ % (Penicillium expansum) 5| % (1) 5 B A5 2500 & 4R G 1 2
BT, I8 T T AR o 1T BN 2 P ) AN W e LR AR 27 B ) N A4 R (1) 463 (Bus et al.
1991; El-Ghaouth & Wilson, 1995), AAIATEAT KIS R B AIRDETBG T-B. HATE 4 E
SRR B0 AR v AR SIER S RS PR, A7 Le BT Ok R AL £ H (Roberts, 1990; Wisniewski
& Wilson, 1992; Janisiewicz & Korsten, 2002). HHJAEY)NI 642K 500 I8 TR A1, Aok
HIE R /D> (Wan et al., 2003; Tian et al., 2005) . fF77 R XY201 B £k (Metschnikowia zizyphicola strain
XY201) 2 A ISR 173 B BN 1 — BB RS DR o VR LURJG AN, WU 75 I BE XY201
PRI RAE A A L RN 11 1) 5 B 8 ) DA KON R Ji5 A2 BE B FH 5 808 (AR CR , DU A= Bl v
AACK G AR

QY ViR SRS DARE

1.1 #H

PR &AL (Zizyphus jujuba Mill. ‘Dongzao’) 2008 4£ 10 H 16 HR HILARE LA E, HKiE
2 I PEE MR E BEAR P SRR T ERERIE 2 O HUE . JOH IR A (B SRS
A G 0°CV . FLShfify 11.87 kg - em™, WWATEBETEY) & &4 35.7%.

TSP AT RE XY201 (M. zizyphicola strain XY201) & —#k A AR L 105 A I LB 1 (Xue
etal,, 2006). XWIETE NYDA #5553 CEFEN 8 g, MPRHRE 5S¢, HMi%b 10g, HE15g, /K
1000 mL) A _EXIZEJE T 25 'C FH55% 48 h, PRI IR EM(E NYDB AR FR3Ed, 1£ 28°C,
142 r - min” 4c/F FHRRRE IR 48 hy il XY201 BMRET 72 IR0 AR PR 06 W 1 15 i Jle o 75 b P o

G R BRI (A, alternate) FI9 JETFF (P. expansum) 2055 1 FAR KRG (R A ACTR Sz, YEdior
4 “CIf PDA }ig53t . Al %6445 PDA |, 28 'C NIEEIESE 10 d 5, FHEBE/KE R 1 x 10*
7 - mL! AT R
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1.2 XY201 B#RELERRLREEERE NN E

RIS 3 AL (A) XY201 H55 M (1 x 10°CFU - mL™); (B) XY201 3850 (1 x 10°
CFU - mL™)+ 2%BREHT: (C)XY201 555750 (1 x 10 CFU - mL™)+ 50 pg - mL™ jitif# 5% ( Sportak,
Bayer 23w 7% ) o KEAARLE IR 3 A AL B IR 3 min, BT 4 BIFE R (25°C) AR (0°C)
R, 1 h JE I E R RO R AR (0 dD.

AR N PVC 28 1, 48 O W EN 17% ~ 19%, COL WKFEN 0.1% ~ 0.3%. BERAT
SRS RS PR T W EOEAT I E , RRBEHLE 10 N, 78 100 mL 0.05 mol - L™ pH 6.8 IR 2%
MR REAR (28°C, 1421 min™) 20 min 5 B A IRALEE 10 min, FBTHOEICEL

MU 23 N PVC 48 R R B RVSEAR T (O, W 8%, COLMKRIE N 0D,
15 d s 1 RORBERMFEDUEE, kS H R WIEES 3 K. KR PUE CFU #14h 1g
X H

13 XY201 EHREZREREG OERHNSNE

3FPAbEE: (D) XY201 E¥EM (1x 10°CFU-mL™); (E) XY201 B (1 x 10°CFU - mL™") +
29%REREAN: (F) XY201 &V (1 x 10°CFU - mL™) + jiffs (50 pg - mL™). 2 Janisiewicz
Fl Jeffers (1997) (7735, KA RS 2% G IREIALEE, W5t )5 FI VY 25 Bl A 70 A s g
A3 mm (KD x3mm (56) x 3mm (O M1, B3 FAbEE S 30 pL FRSEG W, BT
Jei 43 BIAE R AR NI, 1 h 5 I AR R AR (0 Do HE (25°C) i K (0°C)
RNV I3 7 9 R s B 1 [ Lo 05 i A AT FL A A% AR B B AR AR FE 2 10 mm 2R
WAL, T AN 1.0 mL (¥ 0.05 mol - L™ (B IRZE 0T (pH 6.8) (KFk b, BB 5 RBP4
T AEAEEE 3 MRS, R ER 3 K. K ITEHE YU CFU 4k 1g X4

1.4 XY201 B3 KA &R BRFFEERMNERERME

T SRR S A H) 3 mm (KD x3mm (35) x3mm () HEGE, 20ER XY201
MBI (1 x 10°CFU - mL™") X (JEEIK) 50 ul TS5 A, 4 h 5 F2 53R 1 x 10*
7 - mL ™ BERS AR R T AR TRV 20 pL, KT R K SRS B BT O R 51N 2%
5% 8% (COLIKFEXIN 00 HIS AT, (REFAINEE 95%4 4, T 0°C R, 60 dJagiit Rk
KR TI BE H A%

RIGHAE L SAS HAFHEAT AT, K] ANOVA HEAT XS K2 22 % 0 Hr o

2 R

2.1 XY201 EHREZERLEREHIEERE
2.1.1 HBTH AL

W (25 °C) XY201 WARAE AR A RO 2 LIHE FREEHE. 4dm), AL BRIC
3 P kb RS AR R T R B RO B A, 20 2.2 x 10%, 2.6 x 10° 71 2.4 x 10° CFU. 6d i,
FACHIAT BT R B, (HEEARYEREAE 1 x 10° CFU AKCF I o FERGFRYIM 1~3 d, A3 B B C (IEERE R
AR TACEE A; 3d 5, ACHE B A C RERFEEG A A BWipal, Xt XY201 BkS 2% IR A
BART 50 pg - mL R TS 4L A TN, BRI B 1 A2 B, (ES T T A ) (1 R
AN K.
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s
HE

212 ARBA TR T 69 24

w1 R, EMREAN TS (CA) I (0°C, 8% 05, 0% CO,) 4R, 3 MNMbHIfFA &
BRI F BRI RS K, 60 d TR B S e KA, b3 AL B Al C RPN EHE
T RE B0 900 9.7 x 10°, 9.0 x 10° F1 6.3 x 10° CFU, 23RNt 152, 25.5 #1209 £, 60d J&
PR BE R HOS T R I DB XY201 TBRTEARHR CA 41 T, BRI TE AR ARG MOE I, ERFVIN
60 d, AbF B FI C A AL E BMK T AL BE A, 11 60 d JSAbHE By C w8 HOE W T b
AL UL 2%BRBRZVENAN 50 pg - mL AR O XY201 ERE A KA IHIVE ], (HEERE BRI A
AL 5 1) 12 T Ik S o
213 KR AR AR T 69 2 Fh R

AR A RS (MA) 7 (0°C, 17%~19% 05, 0.1%~0.3% COy) 44K, 3 ANbBrha
RRMBERE S R IR ES (B 1D, EHFE 15d I, A3 B Fl C BAGEE A A ALK B
WRA P N, TLAE H, AEE By C I 2% IRE BN AT 50 g - mL™ AR vE Xt XY201 Bk KAEK
BIEAEIEFAAAMEIER, HIEAZ IR RE R AR A AR M KA. ER 75 d I, b3 AL
Bl C RN R TG BB 23 90 1.1 x 10°%, 1.1 x 10° 1 4.0 x 10° CFU, J&4% ¥ 11.5. 20.3
4.8 5.

7.0 & A FEFEJEW Cell-culture broth
m B B3R RIS S Cell-culture broth + NaHCO,

6.5
A C BEFEWAMER 5T Cell-culture broth + Sportak
6.0
=}
SEER 2
e e
5.0 -
3 AT CA 45 % Ma
40 ‘ ‘ ‘ ‘ ‘ 4.0 ‘ ‘ ‘ ‘ ‘
0 15 30 45 60 75 0 15 30 45 60 75
HRRHL/d HRRHL/d
Days after inoculation Days after inoculation

1 0 CATSAMBEZSEPET XY201 AL ERE LNEEED

Fig. 1 Population dynamics of M. zizyphicola strain XY201 on the surfaces of jujube fruits in controlled atmosphere (CA)
storage and modified atmosphere (MA) storage at 0 'C

22 XY201 EHREZERE GO LREKRISTE
221 FIRIERK

XY201 BRREARAG 1 EIEROE i, AR BCRINE & FiRT (257C) XY201
BERRAE A 1 5 “ig—pe—18 7 (K% (K 2). #i 1d, &FE M F &840 10 XY201 Hkk
(RRE R B AR T A0 BE D, R WX — I 2B B B AR 2 B, 5 AR X Y201 BRIAR I A&
SHAL; 5d )5 By F ACHE A8 DR RE R I A B D, b T4, SIS nFIAL 2
XS ME AT RE I X Y201 ZE K SEmZ kg ; 8 d i, ALEE DL E Rl F & AAEAMG 1 #5000 51k
3.6x 107, 1.9x 107, 3.4 x 10’CFU. A i, XY201 Bkk5 2%BBREUNA 50 pg - mL™ Hf ro 4l 4t
FAAS S HAE &35 O L A S0e il .
222 JRBALEPEER

TR CA L (0°C, 8% Oy, 0% COy) A1, 30 d i, 3 ANAbIHAAA I RE R HOH 3 1Y
hn, AbBEE M F rp 28 R B TA0 3 D, i fEus sl R, & TP 75 d i, ¥ DL E M
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F AAGAM G EE AN, 23500k 8.7 x 10°, 3.5 x 10° 1 5.1 x 10°CFU, YL 2% iR A4
Rl 50 g - mL™ MEER S LERE TR IR B R 16 A2 AT WS P, 11T 30 d J ol e B 1 A K
AR RS (3D,

10 . —e— D B 7% Cell suspension 10 —*— D &R Cell suspension
o E BIFWi+BEEAEHN Cell suspension + NaHCO, 0 —a— E B+ BRERE SN Cell suspension + NaHCO,
—a— F BRI R 52 Cell suspension + Sportak 4— F B HHEIR 52 Cell suspension + Sportak
8
= =
O o 7
L0 L0
69
.
5&
4
o 1 2 3 4 5 6 7 8 9 0 15 30 45 60 75
HARE/d HARE/d
Days after inoculation Days after inoculation
2 XY201 E#kEE 25 CTEEHDO 3 0 CAISIA (CA) M@ XY201 BHELSFHD
LEIESERE 1 EHEHEER
Fig. 2 Population dynamics of M. zizyphicola strain XY201 in Fig. 3 Population dynamics of M. zizyphicola strain XY201 in
the wounds of jujube fruits at 25°C the wounds of jujube fruits in controlled atmosphere (CA)

storage at 0 'C

223 KB A K SRR

W 4 fros, K (0 CT)YMA (0 °C, 17%~19% 0,5, 0.1%~ 0.3% CO,) I3 [, &A% 11 XY201
B BT RIS B AR K. £ 0~30d, E Al F ALBEATAS 11 XY201 3 @ HK 7407 D,
PERFTR A2 2] H30d f5, ALFEE FIF MR RER £ 5 408 D B2, 60 d i, 4bPE D, E
HIF B3 R BER B3 ik 3] 12.0 x 10%, 9.1 x 10°F1 8.4 x 10°CFU, WIEFEHILAM 11.2. 50.9
90 A%, Ui W58 S IR RIAR 27 25 7000 XY201 BEGE AN K.

10 1 —¢— D &IF¥ Cell suspension
o | —®— E BIRH+BREREHA Cell suspension + NaHCO,
—a— F By +HEfR 5 Cell suspension + Sportak

7
61
s E

0 15 30 i 60 75
HRhRYL/d

Days after inoculation

lg CFU

4 0CHESHE (MA) IET XY201 B#&ELE GO LMERES
Fig. 4 Population dynamics of M. zizyphicola strain XY201 in the wounds of jujube fruitsin
modified atmosphere (MA) storage at0 ‘C

23 AISAFHTXY201 Bk EERKE EWHFE S AHNHI R
23.1 AREZ@RA

MELS AT%n, R (0 'C) CA K 60 d J&, AR BB 19 005 % K 80% LA I, JiBEE %
fE13.6~19.6 mm Z [8], M XY201 FARBIFIRAI ARG, Al W] 5 RRACA L RBER I kA, Fi]
PP RE (P <0.05). L0 AR EL A9 80 T 52.5%~ 59.2%, WL HAZREIK T 5.9%~ 10.7%. ©]
W, XY201 BHEEVFRAE WA, TR RIeFIAERI30)
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1E Oy WRIE A3 A 2% 5%F1 8%, CO, WEESE) N 0 11 3 /A EEAAE T, XY201 kR B0
BT AR R, 3 DAFEIIRE (2%, 5% 8% Oy) [HZERALEE (P>0.05), X
SR AR R XY 201 KRR A BT 250 52 m A K

_ m Alternaria alternate + 7K water (Xt Control) 35
Alternaria alternate + XY201

80
70 25
60 = E 20
40" - B : » 15 - . _
30 ] B : 10
20
5
10
0 0
2 5 8

oz/% 0,/%
5 XY201 BH#R#E 0 CRRIESKRESETHRE ST BB OMHEIER
l&ltPistﬁ'E SEAE O CARASIKEES M T 60 d J& 100 AMF P E. R
Fig. 5 Effects of M. zizyphicola strain XY201 with different oxygen concentrations on black spot of postharvest jujube fruits at 0 °C

Data are means of 100 wounds counted after 60 days in different oxygen concentrations at 0 ‘C. The same below.

R %

In fected wounds
wn
o
WP EL42/mm
Lesion diameter
|

232 HER
HE 6 Fror, e (0 °C) CA WA N, A XY201 WK T — & P BRI 50
R, 15 60 d i ST IEA L, K000 5 b T 3.6% ~ 6.1%, BT HARFFE T 11.3%~ 19.0%, XY201
B 5 R0 (PR RO AN B3, X ] BE S S PR I B A G
3 AARFE IR LB 257 R B (P >0.05), BEUIAS SR 3AT 52 M 1% 9 BE A B 16
ARG H TR .

» Penicillium expansum + 7Kk water (3§ & Control)
100 | Penicillium expansum + XY201 35

90 30
80
70 25
60 5 2
40 =5 15
30 10
20
10| 5t
0 0! :
2 5 8

oz/% 0,/%

R %
In fected wounds
W
(=]
BT FL 4% /mm
Lesion diameter

6 XY201 E#7E 0 CRRIESKRESATHRELESTERMBIHR
Fig. 6 Effects of M. zizyphicola strain XY201 with different oxygen concentrations on blue mold of
postharvest jujube fruits at 0 °C

VI 22 R i T3 T b s D Bl ok SR SR T 9 J AL AL LA S TR G A A1, P LAFS PR e 15 0
I ARSI AN R AR IR, JF HIB B ROE I, &g AR ) R/ RN 3= . W RERAE
K AEFEGURE R B R s R TR R R SR M A A, REXVEUR] 8 IR AT B0, 327k el i)
RISEM /N (Wisniewski & Wilson, 1992). 1 TH5H0H 50 J5 i HEAT 8 I F1A5 1) () 55 4 2 IF RS BT
B E P H AL (Wilson & Wisniewski, 1989; Wilson etal., 1993; Limaetal., 1997; Filonow,
1998), FEBEFEHUR AR S 1 AR S AR B RO A BRI ARG HE (Janisiewicz, 1988; Fan
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& Tian, 20000, EAWFFLH, XY201 FAKSE L LR IMEIH R EFHBe )1, RE MBI T
4 d TTIEEERII 1) 34.3 ~ 57.0 £if, iGilh CA 41T 60 d BEREBEEON BRI 15.2 ~25.5 £%, il MA 4
PR 75 d BERERE BN BRI 4.8 ~20.3 £ o 10405 A REECR LT 8 d MR EMIN K 34.2 ~ 364.3 £,
iGiE CA HITREREEL 30 d AHEFRIINT 16.9 ~ 144.3 £, il MA FIREREEL 60 d AHERIIN 11.2 ~90.0 .
R, XY201 BERRGERE M H i . (K CA FIEIE MA 2R 418, 76L& s m A 0 _Eiife
IR BB FEAE D) -

AR, A RHEPURERE B 241G A 2= ) BT 16 SR RS S OB 2 o F5 P04 v B R R
Bl 54 00 G A, DAL 2= 25 71148 FH & (Holmes & Eckert, 1999; Ippolito et al., 2000;
HH AP RIS T 200005 -5 38 057 F0 427 3% B UG B 450 AT USRS v IR BRS04 A2 BT &% ) (Tian et all.,
2001; XHESE 2, 2002). AR, EARFEFIEEAE T XY201 Bk (1 x 10°CFU - mL™) 4351
U 2% BRI AN 50 ng - mL™ e (5 ve 41 FH I, SR T 40 2B KA 0 52 31— s R E (A
R IX M I B R MRS B R e AR R SR I 54 1 ERSGiEE S BB PR S )
ORI P A0 27 2 70041 5 P S B0 9 S SRR S o (0 — e 60 oo X5 HHIRAE (15 mmol - L)
FIBIRAS (238 mmol - L) $2/& 40 EF (Rhodotorula glutinis) F12 & Baski% BFEE (Crytococcus
laurentii) BiiiA2R )5 8499 (P. expansum) (Wan etal., 2003) M C. laurentii A&7 & )10 2% AR H
FFMEEME (imazalil) BYEFEERE (kresoxim-methyl) 454 5l 55 UIE B & 1 OCR J5 A BERS . (A,
alternate) FI12E A% 43 J5% % (Monilinia fructicola) %5 (Qin & Tian, 2004) FIHRIEH —%L.

KT FEBUR A S84 AF R AR S5 5 B0 R 9T, Qin AT Tian (2004) #5iH, C.
laurentii 517 (4L 22 R 45 G AE CA L (0 °C, 10% O, 0% CO,) 4t T ELARIRI K (0 °C,
in air) A5 AT RN HIACR 5 F . ARSI, XY201 BRRLEARIE CA (0 C, 2%~ 8% 051 0% CO,)
TR AR, W 1 x 108 CFU - mL™ (RTINS & A B A B3 I BOR, X%
RS 5550 C. laurentii —FE 1] LLE NSRS GHE CA Wi 4. W R B0, FEAFE/TRE M T
XY201 BT AR f5 BB A 8008 (SR 22 AN S, BEWIR 5 s A 58 rp A O B 1Y) A
IS 52 XY201 BRI A JER i 9 55 1) A= B R4

H1 T XY201 B bR RELE AR A ARG 2 BE, T S5 IRk 2% 5w Rl gs S, RRIE N R
Je AR AN BB Ac A, DRI AT R AN B 76 A AR 5 1 )
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