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T M 22 T B T | B BRI Bk i RN B2 R I BE R X AT g
HENMEARF S MET A2 A, iR
22 [ JE R R R Th B K&, AR 200 24 F
WA HE A X 2L g BA LR SR BT RE ), iR £
B BR T B & AT LA™ A= ff Ah 220 . 5 TR 09 B i e
S BEAR A T RE SR T AT EAT — e SR [R] AR i
WA, s W R Y .

ERINERAE NI EE 7/ F e o 7 L =
30 A EAT B R A FH 00 A= B e B R, 2 B R TR
A Ry B W 28 W TR BRAR VAT T 2R 77, 4 Aspire”
(C. oleophlia 1-182) . “Nexy” (C. olephila strain
0). “Yield Plus” (C. albidus). * Shemer”
(Metschnikowia fructicola) Fl*Candifruit” (C. sake
CPA)EEN . SR, BLA 1 A= By e BE T A I H B 38
FEFELL T AL, 55—, 2E Bl 0% 6 AN fig 58 4 38 3 R
BRI K 258 =, 5 2 B (pH RS IR
SR s B = XTI R EL A R R . AN A B R RE T
Xof S Ay 1R Y R R TE S R R
BOREE R N E W CER KR MIGH 555
B ¥ R ARG 1 % v ER 1 0 TR ORI A7 o 98D 55 45 11
b 22 SR 1) TR B IR ROCRAR 22 . BIEBF ST K PR,
TEAN 52 W0 2R 55 0 5T 08 25 08 o A= B e B T8 22 [R5 5
LA 577 38 T v B A (5 FH AT AR v 7 YA AR (R
A d RORE B b AR R A 7 T B TR B R 80OR R I
ik B T IR AT AL B R B B AL . kA, B
BB LB L 30 A ) T A= By T B T 9 5 ) 07 32 0 B
i A R T B ] O R B S L AT A B
T B TR 7E B 16 08 3 o AR rh P RO LA T T S
i A=Wy % Z R R R K HLER R R 5 4 R,
A XAV A B RS TR AR 2T . 1252
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Az B T B N0 B 22 ) ) 8 37 s ) o 4 A
R di SR A A B ALERD S A By R TR LB
I B AR AN A I SR AR Y R SRR W, AR R g
WA B EE T T R FE R . R
SRR A3 112 A B R T A A R A A Y
ME— B IR . TE SRS AL, AR By R B A bR
Chnit B BB pH D FHE IR A 44 14 38 B g T L
A B 5 B SR S0 45 11 Ak 1 7 R i ST R

HE 5 o AT BRI 43 151 5 ) 5F: 9 #E A BR A4 8 R 9 I
AT 00 1 9 A AR R
11 ERESH

Droby %50 k& BB 1 4% /1 N 2% L 52 B8 O 1% )
(Pichia guilliermondii) 45 R 5 5 15 5 T & i 5%
FRIEPAAAEE RS . TEMG 05 1AL S A IS SR
SRR AR L 1 J65 4R T 76 % 22 AT LA v 97 M A48
Filonow ™" Fl ' C A5 10 5 4 . 4 25 0% 136 W5 19 7
LR IP R BREREE B (Cryptococcus laurentii) H
SRR B SE R R T IX 3 RO ; Janisiewicz 551 R
FH 20 B A A X8 SR 0K it v A A B I8 R TR O B
T % BUAE 7 B T AT L S8 4 0 AR S SR T b A A
MR (IR AR A ATRML AT . WA A il
Vb 48 B F) T B ( Debaryom yces hansenii) Kl £1
B AP EETE T TL B BE (Kloeckera apiculata) 55 %
VA 8758 B B ( Hansenias pora wvarum ) Fl3& H
27 % & B (Metschnikowia pulcherrima) %5 PU
PLERE W KOE FR s
12 =EESH

RS AL 5 1= R AR B IR A A
A A Wy A R 37 B AR XN I AR S R G h L A2 B
P RE TR A B A A B3 AR ) A B S 43R 7
AR E TR, W50 K B A —Fh Uk S O 2
IRSLAFAE R B AT 2o 53 0 — Fh B 2 Tl o 1 1R 5
3R 2 A P R i) S U 2 B — A A X
TR PR R ) SR S S EZ E RS AL
FRR R BE AR R (quorum sensing. QS) , T 32 i 1Y
155 WA FR R BEARZL N 43 F (quorum-sensing mol-
ecule, QSM) ™ Az By 1 B T 38 2o 43 W6 i A 3 s 4
(extracellular polymer substances, EPS) fifi E:AH H.
W B 7E — B, E F 11 R S 3R T A B R (bio-
film) . Ortu %Y W58 K BRI % BE I B0 A= 1 15
A LU RS R . AL, Giobbe 48704l & B
FLIRRERE AT LUTESE S 1 A TR 18— )2 VR 2% T B R 2
2L oS A S BEL 19 T A () 403 10 4 fi s A T 40
i 65 1 K MR e
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Wisniewski 5% % B 2= b, 5¢ Be 5 % BF HL A 0%
RN T K 5 TN 55 TR 22 1 RE T« TE TR BE W B Ak TR 22 B
5T B B 40 L BE 9 R R . Candida saitoana
ALV T R E 22 R B, S BUR 2 W Kk . Al
len %7 g PDA WG T 292 Bl i BE T K 55905 B
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SR AR T B AT O R R 52, R R T B A L
TR 0L R D 22 AR 5 . Az By R D R I Y ] st
M ELAT 43 D0 L A 200 R K St T L SR R LT
il IR D (4 B 7 o 24 A R 40 i BE A I — sk
JRINE Rl 21 e BE B0 2 A8 R Bk e BF (9 -1, 3-7 58 W il
MULT B s o B F 3 Y . Grevesse %5 &
SE BN (Pichia anomala) TE 87 16 350 3 K 55 Bt
W R 1) AR 43 W B-1 . 370 T L B 0 B-1. 3-
R EE ] LU K A R A AE K, L
G R EE A BERE OS5 T R R AR B B-1, 3 R
MRG0 43 W6 . Y075 S0 3l 2 3K 56 UE BA 5 R A0
B 0] DU S A B R B 31, 3R R AL T
o T P 1 T

Segal ZEUY N W Wb R 2 B ( Candida
oleophila) ™ 43 &5 % i -1, 3-%i 2 B i &£ I Co-
EXG1. Yehuda %" 38 i3 X} 0§ i I 22 B B 0F 5% %
PR 5 A0 2 15 CoEXG1 Xt Bl 6 35 4R 75 2 1% 1 &2
5, Castoria S5 I 38 2 240 96 iF S5 g vl {18 24
FER DU P B 95 S 43 W -1, 37 SEOBH B, 10 B-1. 3-
7 SRE BT TR VR T 5 b 240 M R KA R T
B4R B-1 . 3 OB 1Y) 2 A N RE 4R R g (R 22
T RF () DU T RO . Tzgu 2550 % BN S35 B8 o I B
H o B B-1, 3-8 SR OME I 0T LU A S A i Lt
B B RS R 224 K

3 BEFETENN

TR 52 R B 1AL, A By B B T A AR T D
T (18 [) B A % 2F 32 77 AR e, R S T RGPk
(induced systemic resistance, ISR), EI-Ghaouth
LT I B B2 B Candida saitoana W] 5% S 5F
RIUT BB 42 i L R 5 S % B - R
FLIE L LA 35 T 240 L R 8 2 () e 2 400 1) g Dt R 1Y)
NIRRT S IRV s
B-1 . 3% 5 W Mg A0 JL T BT W NG MR A0 B S . A A A
Hh A B I RE TR R DL S S SR R R R R R L 2R
6, 7-—HEEETH, T-HIE--FAFEEEM
FLRDY . Chan %50 IR AL 41209 77 0058 T 16
BERE SRR RE (Pichia membranefaceiens) X Hk 5 SZ 11
SO 45 2R T 7 I B BB i R AT LA S Bk AT
PR 25 1 KM A AH OC i 9 2 3k, DT 42 = Bk e
BHIRE ST . BRAT EPUIE R & S A B B T B IR
VEFIBLER Z 18] Y PR 2R O 2R 30 B A 58 4 1 57 (H Bl
I FHLURBUE W e 4R R BT AL S

i IR LR S

T A A0F 55 A Ay A B T B A 11— A T AL 2
i SR 3 s, Qin 20 K BB AL EER 8 B
L Sk £ B A AL (PPO) . T Ak W il
(POD) , A AL By B Ak i (SOD) K % 15 & R s 4 Tl
(PAL) TG M TH i . Xu S8 % B R 2 B ik [ 1) ]
DL S o Ak U CCAT) 248 JOE 1 K o 401k 4 ity
B-1,3 7 SRMEAG 036 M b, BT R AR AR G i R
e, R AF 3 HL O, 0477 A Sk 3 i % 37 A 4t
PELAME RO H, O, 7 DL 2 85 7 = b dEm
Macarisin 551 % PG I I 22 8% £F 7€ B 14 48 J85 5 i
Aer e Kl O, . 5 QSM 7 5 5 52 36 1 1Y % BF 5
RUE—EERAEYRUIEAENYE T . H 0.1
T 2 R S S A U R 4, IR AR iF POD,
SOD.PR & MR,

4 SDibmEZE

T8 5L 40 A4 B A0 A A BIE 5 2o R R R B 3 AT TR
BTN T Y BT LB, X SRR A T A 4
KRR PR B B A AR B R
PR UL, — MO A P AR P R G R L
WA CRIEWRD, £ DEENESRGE S,
QR SRR N AT I U N A < 7S s e e
Wy Jo A 490 ) A AR A W 4 A A D ARAS Bl L
- E B (Sporothriz flocculosa) W] Lh = A4 1 il JK &
G HE M5 & M4 K B heptadecenoic, methyl-
heptadecenoic acids.4-methyl-7,11-heptadecadienal
1 4-methyl-7,11- heptadecadienoic acid %+t &
Y RN s Tilletiopsis pallescens 53 Wb HI NG B B2
Ram] LLAn ] # %8 # (Podosphaera xanthii ) B 4
KU TR ARIE AR 22 e M AT G R A T T B
A LA A K fife Bl L B A BE IR TR L S LA M TR
CPRAEA Y, n] DB — A AR OT RN AR AR
SR B AR R Calvente ZEMT & BER 21
£ 43 W 1) 41 1% B 12 (rhodotorulic acid) g #01 i £
oo HEL ) L T O it ) L T ORI 22 4 <. Sansone
SEUS R BB AN 7 A LT T R TR 1) Rl 21 1 B 5 2 RE
iR — JEL VS INAE S S 43 11 AT DL e I B 0 A B SO
Tyler Sel0) M OB 2K HE Pseudozyma flocculosa
PR — Fh BT ELTE R TR . Semighini 4550 R B
P €0 AR 22 T B 3 A 14 125 J B (farnesol) 75 4170 ] 8 BE
BRI 22 Ak A K % ) B A8 ] DA ) R T R | R i
RATHR I YR T R B REY
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AL R TR B R T B T 7 A — X K R 4 78 B
HABRSEPUEMNNEREN. Oh W A6
R 22 T £ ] 3 08 I 001 TR R 410 ) 220K L TR A

A 7 T BE T 1Y 23 88 Al AR 2 R in vitro”
H*in vivo " MGE G W7 % BV el i “in vitro ™ ¥
00 ERT B 1Y 0 7 0 E 5 B0 R O R R, PRI O in i
vo "I G BT I I HEAT 0 2 4 AT DR L B O 3k
5 2 A AR 22 4= By 1 B 1 a] DL Bl WY 2 A 400 A L T
25 W00 TR P8 A T R i 5 7 S 4 R B4 AT AR R 5K
B X AT RERE W 1 — A LA L I ) 5SS  5E
RETR 7 A R B B 95 B b, B AR T A BT B
JE B i L RA 2R 1 . Bleve S50 3 DA Sk 410 B 1 1Y)
AT REJE 77 A T R R RN . R PT
PR B BT Fr8TY v 1 vd I B 0 s 1) ACIB 9 2R 47
73 B AL I UE W] I 8 B BE 23 I — Fh 5T R ) o

5 HitEANE

Sipiczki' ™ W58 S B 5 W A 23 18 B T T 16 J)
P T E I E R FTR . RS R ZA A
FEL B 350 rh I A ol < S T AR R R R
TR BRI AT LA e T AT A MR 22 A

L5 L Tk aT LK 2R 5 1 R T A A2 B AL B A 4
T A B B T D - A S CR IO -5 (A AR 3 5%
FOHCAB A ) 9 AR R RS b (& 1) e A i i oy
Mr A B, Az B I B 1 90 K 3 69 Lok JL AR BT HLEE A
e — AR A AEAE T N R R A e A KA R S
WA 22 R oy W T W I TR I A7 300 32 L EA AT
REJE P WAL oo TRIRE A2 ) St A A T B T
Ak PR S — Bt 6] 2 5 A I . R O AR
TR R A Ak B AN (] I S0 B T BIL B R A 22 5 9

ERIEEEE

Biocontrol yeast

Vi lE = BIAD A - AN 7]
Self-induction of
biofilm and filamentation

OQutside environment

WL R IR
Humiture, hormones,
other microbes

GRUATE BT BRI AF TRALLHEY RIS =21

Self-induction of spores
germination and hypha growth

B 1
Fig.1

6 EFESRE

BERR )2 0 A T HARAES RGP IR 5 A E
B BN SN R RO A A SRR K

RREE .
IR Toxins, acids, such as citric acid (inhibition host resistance) FE
Pathogen > Host
i
FHEALG TR, HL kK[ FHATHIR: L. LIRS iEa=E-Eikea

MEF Tk MR, PRIEA. FEHR. 2. JKUEE
Induction (ethylene) or inhibition (antifungal compounds,
PR proteins) of spores germination and hypha growth

Self-induction of resistance

EMEBSEREE. FEERRZEHNEEMER

Possible interactions between biocontrol yeast, pathogen, host and outside environment

H P o A AR AR 0 PR 1 A B 1 i N B B R el
HoAbigge . /W AEBPARILFEREEY LE
P A K i IR (H R B D R A
HET T B KR 3 T A B A A R e Y 8 B T
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(Fik 10° ~10° cfu/g) ., EEALFE Aureobasidium .
Rhodotorula. Cryptococcus. Candida. Metschni-
kowiaHanseniaspora (Kloeckera) %5, Ho B &k
A BREYUEMEERETE . Chalutz 555 & B Bt
AR S 2 2o Al R SR 2 A B 02 o 4% R e R A1 A AR T 2R
WRHEAT U AT B %, B 37 Ak vp AL I A TR 0 40 79 T
o VR SRR R U A B R D2 B R D TR VR
X 1t DR ARG SR S L A 1 R TR AR TR K A T
Ji T B A S SRS 0 T R 2 O I R A A AT A 2 T Y
WM R S5 TR 1. B A B T X
T B 5 110 et 522 o i, I8 1 R T 1) o R OB S5
W E BTN B8 Tz 52 O 2 A B o AH 2 B O T IS
PR IR b

A SRR T O BIIE S8 NS SRR B UL T Cop-
portunisitic infection) , 41 #B 43 fF 2 [ £ F1 I 3b f%
900 Giobbe %5 & BLFL IR B £F (Pichia fer-
mentans) W] LABT 6 SR8 I (8 [R] 32 A5 B % B 1
A AT DU N 2R R0 M TR 22 (Bl EL TR 22) 1B i 7E
ol T E AR B R OE O A T
BAR Z Wb TR A Sk, VRS M 2225,
Saccharomyces fl Candida % J& B, 0] LUJE B AR
[EARNTEIA T SN

WA T B T T DL AR — AT 5 AR 0 A
B I O R e N E T R L TR
SR BR AET WO A P I T RO s B
R NI LR . H ATV 2 B R E R A
AR W oA TR HEAT AR B AL, A N SR
FRIE PR R DR R T BORS PE  A g RUR: R S
R BRSO RN IR BE B b AR W 1 R e AR
1 Az 5 R T A 50T B 22 i I A e A AL B
AN T B FE Al _E AT A% 5 22 4 M T AL
CnEowm v B IR A . B A e e KA
JEE LRI T A 7 1 TR BT 3 e T B [N O R A A
B TER TG

2 % X #
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Research progress on action mechanism of
biocontrol yeast against postharvest fruit pathogen

LIU Pu'* FANG Jing-fan' CHENG Yun-jiang' LONG Chao-an' ZHU Li-wu’
1. College of Horticulture and Forestry Sciences s Huazhong Agricultural University ,
Wuhan 430070,China;
2.College of Horticulture s Anhui Agricultural University , Hefei 230036 ,China

Abstract Postharvest diseases caused considerable losses to harvested fruits during the process of
postharvest storage, transportation and distribution. By now,postharvest pathogens of fruits were con-
trolled primarily by chemical fungicides. Therefore,it is urgent to develop alternative methods because
of the fungicide residual, the development of fungicide-resistant strains of pathogen, the environmental
pollution and the threat on human health. As one of the new and safe methods for postharvest diseases
of fruits,various antagonistic yeasts have been isolated and identified as the potential antifungal biocon-
trol agents against postharvest fungal pathogen in the past thirty years,some yeasts-based products have
obtained the permission to be used commercially. In recent years, mechanism of action of antagonistic
yeast involved in the biocontrol of postharvest pathogens has been researched extensively,including the
yeast's competition for nutrients and space, the production of antifungal compounds, the resistance of
{ruit tissue and mycoparasitism. In this paper, the above-mentioned mechanisms of yeasts were re-
viewed, which will be helpful for selecting appropriate formulations and methods of application.

Key words fruit; postharvest disease; control; biocontrol yeast; action mechanism
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