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FEWAE 4 °C,8 000 r/min Z& 1 F B0 10 min, ICEE
UUVEIF F T T A B L K Bk 8 2 U DL 26 B 8% I Jik
5T, SR 5 I JC TR AR B Eh 7K F T B O R 1x10°
cells/mL ) 2 .
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bb 7 HE R R AL B R A A i R R KA K E
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CHFE 48 h, SR JF FH IR /K 78 T 74 )81 16 i 47 22 1K
PR LA B 25 ) BBl A I B, /N0 7 BT 95 0 2% AT
22 T W AUBE T W SR A L TR 22 1) B OB S
1.3.7 A L s B ol B B AE K Bl 2 i D
1.3.7.1 R A H o 6 i 1 Bk R AR 7 i 43 141 Ak 1Y
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(1x10° spores/mL) . 2 ik & Byt 1 /5 23 A T 20 C
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¥, 22 Han SEUI 75 06 0 BB 3 0t 3 11 Ak R
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N RIIRE 3NEE A EL 15 AR
1.3.7.2 R L o 58 ol 1 B 0 PR 75 i 2 1 7 2
KhA 162 0m 2 1 BT A9 BBk 2 0 o AL
FHE S CEA N 15 mm AR, FHCH I3 A0
3 5F 10 WL R A F 5 e o e B AR (1x10°
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spores/mL) ¥4 ) U A T 15 Bl A, 28 0T BT /S 4301

BT 20 CH1 4 C(RH 95% ) e i A6 3 55 248 v v
o I HURE T4 R 1.3.7.1 7 1907 1 0 5E Bk
it 2 T ) LG o BB ol P B 0 B0 i 45 2R DL 1g(CFU/
circle) £/~ , IR IEE 3N EE , HIEE 151
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1.3.8 PR 7 ik HL s A G Jik A1 22 35 7K 1 1) Il
FE 2% T B OE I T BBk R i Rl Ak, A JE AT
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A6 (RH 95% ) W I3, DL G B AR B 4k 7K Ak B g A%
e AR N X B RS Ab R4 HE 3 AN A
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5 BB 7 it 05 AR AL 8T, DA S A
RNA il 42 4l fb 175 & #2 HUEL RNA SR J5 FIH RT-
qPCR 2 A 22 A2 7 Al 470 0 AH O 35 P 9 2% 35 7K
F, RT-qPCR BB 1 piR, DS A
(Tubulin) B KAE WS B BT A 519 B A= T A
Yy TRE () et A FR A R & B, 1 58 1A Hi-
FiScript gDNA Removal RT Master Mix 2[5 A
20 DNA, JfF RNA K% 5 i cDNA, SR )5 fi 1]
ABI PRISM 7500 5B ¢ 't 7 & PCR A & A
Feakdn, Ik 270 Ty B IR DR A A G 2 Ak
I RN AAR R IR 2 R,

%1 RT-gPCRFETH3SI#
Table 1 Primers used for RT-qPCR

AR 318 (53"
. ACACCCTGTTCTCCTGACTG
L
cn AGAGAAAGCACAGCCTGGAT
o TCTTGAGGGGGTTGTCACTC
CGTGAAGTCCAGGAGCAAGT
i GCAGCTCCCAGTTAATGCTC
AGCAGGACGACAAGGATCAA
. AGCAGTTTCCCACCCTCTC
GCTCTGGCTTGTCCTCTCTG
- GCACAATCGGTAACTCTGGC
GCAGGCTCAAACCAATGTGA
i TGGTGGTAGTGCAGGAACAT
TGTCCAGCTCGTTCGTAGTT
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Table 2 PCR reaction system

X A AL
dd H,0 35
TB Green 10
Primer-F
Primer-R
50xRox Reference Dye I 0.5
cDNA 2

1.4 HEFItSHH

a0 56 B0 4 R F Microsoft Excel A1 SPSS v. 23
(SPSS Inc., Chicago, IL, USA) #4720 #rab#,
SR A ST T 4G 56 % AN ] Ak B G &5 R R A7 5 22 o
B, P<0.05 & W 41 ) 4775 1 35 1k 22 55
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PDA KR8k 1258 T S0 00 2 (RN 5 Rk IE B 1A 6T
FEAR AR AE R BRI VE T, 25 R AR 1 R o AN TR
KB SR AIERIE Sd i, XREER A K
AIHAER, A Y3(P. caribbica) 3 il 550 B
I, R A 6L A A 265 22.019%, Y5 (BRI % 5F )
W2, M YTORLLERRE) Y2( B R ekl £ ) 5 Y4
(VR B PRk B ) A I O T o 25 e 22 5 IR
Jei 5 1 — 25 30 Ao 1A P A G 2 4R R L e HE R R
(Y3) BRI e BF (Y5) X 25 Mk 7 5k R I 28 B3 (1)
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P25 (P<0.05),

1 FAEEBSHEZE PDA EFRE X g Ml =
Fig.1 Inhibitory rate of different yeasts
for A. alternata on PDA medium
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2.1.2 N[ A TR0 AR B 7 bR i PR R Y 47 A

YEH R A L o B8 iR J B AR RS R o AR Bk 35 Ao
SR e SRBENE P AR 2 BioR . R ke
7 T B 0 R VY e B 340 1 4 3 A I AR P 7 7 2 Bt g
(4 s 2, T ELTIT & i s i ROR B 35 FIa % (P<
0.05) ., A L o B8 A% B Ak 3 0 A 7 it B
KIRFALHR 16.25%, W EALT XTI (68.76%)
(& 2a), 2 BRmEE B AL BE AR Bk T it BE B A% m
BINFXIRA, M=F2ZmMEREEER (K
2b). B, B8R A b v B R R R R
SR I 9 R A 1A BT B S 4 SR A iR

PR S S T R it EAT 2 s ) 8RS
16 a
a
a
Ent
£
5
(5]
s st
=}
£
0
CK Y3 Ys

(b)) BE B A2

T CK X R JE TR A R 7K A 31 BBk 35 0 5 Y3 o R 1L 5 56 AR I B (1x10° cells/mL) &b B4 ¥R MK 35 it 5 Y'S Sy TR T 1%
B (1x10% cells/mL) &b BRAPEBEFE i . ASF/NG F 3R BA B EEZER (P<0.05),

2 AEBESE BTSN REEHRENEH MR
Fig.2 The control efficacy of different yeasts against black spot of postharvest cherry tomatoes
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B, R b v e R R A B AR BE R i A AR
PRI FAR T AL (P < 0.05) , bt BR 21 B AR T
50.94% , AL PUEELERE B AR LA R E R

(P<0.05) , #2& i A Bk Al ) BsE 2 | ] 3 P T2 0
AsA i, XRECA TG FOC B EA RPN
U, R EE o HE R R AN S AT LA AR 2 i R
Jr FRBER , R HORJE F AR B R L A
ROR, FRWIZAE DI B XM K 5 i 3 B
JEBBAT SRR R, B SRS 4 A B AT
AR

®3 FHLTEFRESNERBERIEABEREERRNE N
Table 3 Effects of P. caribbica on natural decay and physiological quality of cherry tomatoes

i . ER-Y:X 7 GRSy AsA/ T E B T 4/
B2 2% R EFE/% N
g (100 )™ g+ (100 g)™ mg- (100g)™ g+ (100 g)™
CK 60.67 + 0.02* 8.93 + 0.00 440+ 1.77* 4.10 £ 0.02* 0.22 +0.00* 22.71 £0.11* 2.6 £0.26
Y 29.76 + 0.00 6.66 + 0.00 5.70 + 1.81* 4.28 £0.02* 0.27 £ 0.00* 24.74 +£2.93° 2.9 +0.16*

TE G 0F i DI 7 A 2 7 A BB AR 5 001 5 Y S IR 1) LU S 52 005 8 R (1x10° cells/mL) b AR BR80T . A TRl /NG SRR3R HAT W 254

25 (P<0.05),

2.3 Lk 5e B R B B X S AR AR S A K EY D
i1

2.3.1 R LE v R R TR RE B A A4 T 7 M 2R
FMR IS 7E NYDB iR RA e e
JIR B X B AR A0 90 1 1 SRR 2 A8 K 1 2 T
B3 s, MIEL 3a Al H, 55 5EAS 96 50 15 SR A
P, SR L o B o T B L0 SR A [ I (6] 9 6
R AL T K AR Ak, H3EHE IR 3 h 1 9 h i A
A E VRS (P<0.05) , RAIH T SRR BERE A fiE

B 100 ocK a
& oy
§ 80 ]
M =
BN '% 60 a b
iR = a a
T E
= 40
2§ b
L
g 20 3
wn 3
4
0
3 6 9
Ab B[]
Treatment time/h
(a) 8 & %

D BEAR S ZF AR, SRR L s R R R 2
FiIR O HEAR FR 2R A K R R T X 4L (P<0.05)
(18 3b), X SEZERLH] KA LL v B AR B B e 8
308 S A1 ) S A A 1 I i AR A R T A
HAK, CAMEM R, BRBE S IR EE A (P.
membranaefaciens ) FFF G I i i) vl B (Kloeck-
era apiculata) BE WA BB 16 25 1 4 JE 0 , B ATTX
9 I B Bk A JE 5 B (Monilinia fructicola) B &M
AR 5 A58 B 45 R AR L

ES

oCK a
= ‘}

a

Eate mrfﬂ

6 9
Kb B s (]
Treatment time/h

(b)ZFERE

FEKSE

Length of germ tube/pm
8

T CK HEAR AL AT TR Y . R A L O B R i B 5 AR fR AL IR . ARG T RE 3R BT W38 1 22 5 1 (P < 0.05)
B3 FREEEFEGNERBATHAZRFERENZN

Fig.3 Effects of P. caribbica on rate of spore germination and germ tube length of A. alternata
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Fig.4 The interaction of P. caribbica and the hypha

of A. alternata
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2.4.1  RFIL 5w e AR BE AR 8 5 1 A 1 2R
Kah&  RFEEE (20 C,4 °C) F R A 7ok
Pz B 76 AR MR T 0 7 11 Ab AR K S W S B
R (R R AR T AR S A (HAE 20 CAF T R AL
TG AR REAEATT AR ATS R RE MR GH G A, I 1 d
B, BEA 5.66 1g(CFU/wound) (0 d) FF+% 7.16 lg
(CFU/wound) , Fifi J5i 2% 1 34, W 5% 5 d B, 35 %)
8.20 lg(CFU/wound) , 7 4+ Z I 8 45 o (1] Sa) .,
TE 4 CHRAMT , BARR S DAL A e A% 9 B R
I HE 5w 5 R BB A B H 7E 0~1 d BT R 22 12 1%
T, 1~2 d P 8 %= 7.78 1g (CFU/wound ) , If 7£
ZJE I A v — T M R AR R KO (]
5b).
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oo
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Number of viable cells/lg(CFU-wound™)

3 s
PRI 1]
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Fig.5 Population of P. caribbica in wounds of cherry tomatoes
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P RE e Ak A R T A AR KBS E 6 s, 5
REH A A KBNS, BRI 4R T 5
&, 20 CAAF T R R HE 5 e o I R 70 A Ak 7 il
R RE R B 5, L 0 d (19 3.08 1g(CFU/circle)
Pk T3 3 d # 5.06 1g(CFU/circle) , bt J5 2% 1%
Hihn# 6d (% 5.55 1g(CFU/circle) (K] 6a), 4 C5&
PR R SR MAFTEREAR F I, R F) U v 52 ok e B

TE 0~1 d G FEEAN 11 1 d 5 PR G 58, & 2
d B35 B i KAH 3.78 1g(CFU/circle) , 378 2 J5 1)
Uik i v — R R A 1 K F- (18] 6b) o
Perez %5 4% 38 ] % A ¥ 48 1% £ (Clavispora
lusitaniae ) %§ #7452 4 25 5 EAT W] S iy 42 R VE T, i
BEREEAT I O R I ] W e JE R T, TR
FEARIR A2 I T AR 2 A K ARBESE R, ol R A
PR AR S P AL, EARFERD T It T B A
6, AR F v HE R I BEATS AR BE 0 A R S b PR
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Fig.6  Population of P. caribbica on surfaces of cherry tomatoes
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PPN 23 77 A R PR A (ROS) 2k Iz % 5 18 114 4=
YLl SRIM i A ROS 2B i K N A9 A AL
JF A 3 ™ E A AR, S T R AR AR
P8 T ) Bh 25 F- 17, 75 F RN ROS 1 Bk R 4827
Brid i ROS, MifE X ROS M35 bR A f
B, (A5 10 PO RS, e 2= A0 . 1 ROS
T8 R B 7 1 2 5 WA B T 18 J2 R AR A AR 4, v
sEILPURPER, ROS 15 BR R S 6 B AR 5 bk R 46
FARBGE bR R 50, 8 SR LG (SOD) (it ik
2B (CAT) AT IR I 2 2o 48 A6 4 6 (APX) J2& 36 P
S (ROS) B 1 B 7 G0 1) T 2L il 51 27

K Ta T LA HE B S dAh, R H o e ol i
B 4b R PR B e i R SOD I 1 A # AN I ik 7R
¥ E T4, HAE1,3,4,6d BB EEE
S (P<0.05), WA 7b Fow, 5% A, K F
bl 5 58 AR T RE A B B B i h CAT Rk K
FEREA 5 ik 7 b 1 o 25 42 55 (P < 0.05) ;APX 3R
BACEE 2 d Z AT SR E B EM 2R, HE
2 d 5 IF AR W T X IR (P < 0.05), HER
AW (6 ) A MK T X B (K Te), BFE LRI, 5%

SEA A AT B ¥ I SOD (CAT Fl APX Z5 3[R ()
FEIRIKOF S AR S Ak, DT B AR L AE 4 °C¥e
I 1) ¥4 3 LR A28 A A BA R A R R W, Rl
5 11 HE [CBE B (Meyerozyma guilliermondii ) % 74 %
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Abstract

In this study, antagonistic yeast for controlling black spot of postharvest cherry tomato was to be screened by

in vitro and in vivo test, and the biocontrol efficacy of this antagonistic yeast against the natural decay of cherry tomato

and its effects on the quality of fruits were then investigated. The direct and indirect inhibition of this yeast on Alternar-
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ia alternata was explored through its effects on spore germination, germ tube elongation and hyphae structure of this
pathogen, and its growth dynamics on wound and surface of cherry tomato, respectively. Then, the effects of antagonistic
yeast on the expression levels of resistance-related genes in cherry tomato were determined by RT-qPCR technology to
analyze the effect of antagonistic yeast on the disease resistance of the fruits. Results indicated that Pichia caribbica
showed the best control efficacy against postharvest black spot of cherry tomato, and the disease incidence of yeast—treat-
ed fruits was only 16.25% which was significantly lower than that of the control (68.76%). This antagonistic yeast could
also significantly reduce the natural decay of postharvest cherry tomato and slow down the deterioration of quality. P.
caribbica could directly inhibit the growth of A. alternata by inhibiting the spore germination and mycelial elongation as
well as parasitic on mycelia of A. alternata. It also could indirectly inhibit the growth of A. dlternata by competing with
the pathogen for nutrition and space on the wound and surface of cherry tomato. P. caribbica could induce the expression
levels of antioxidant genes (SOD, CAT and APX) and pathogenesis—related genes (PR genes) (GLU and CHI) in cherry
tomato. P. caribbica showed biocontrol efficacy against postharvest black spot and natural rot of cherry tomato, and had
no significant adverse effects on fruit quality. It alleviated postharvest diseases of cherry tomato by inhibiting the growth
of pathogen and increasing the expression of resistance—related genes.

Keywords cherry tomatoes; postharvest disease; biological control; disease resistance



