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R I TR A M AR S 3 i) R 4R T I b A 22 T T AR
B T BRI M | B 7Y LR k3 b % AR
gl 2 R s R T . T AR B O S 5 1 R
WEkoR A 8 2= BBRAEAR S, S RO IR AT, KRR
F ok T Y ) % BE B (PDA) 85 35 3L 2 X Tagq
PCR Master Mix g H K —# 4 PR+ A BRA A .
BT A A2 AR AR AR B2 A 5 T
i3 ¥ S 43 B 2k, W 1 2 4R AT Ak 2 R A R
NI
12 REESBS54L

R AL 2043 5 10 B0 BT E AT 4 S, HLK
ARUNT - K IE BEBR A Bk S 3R 1w . FH TR ik ) )
VIO i 52 2 A 4L 80 O Fe dH 8LV AE 75 % L BE IR
W5 s, TR/KIEUE 3 K, i 5 ¥ 7F PDA Hi5:5 |,
T 26 CHIRAM T EIE SR, Y EE AR N 1 om
B B A 7 30 2% R 22 5% 1 BT Y PDA R 3 N
F26 CHEAMFTFHEIER I, & 3~5 W05,
L ARAG Al I R T VR L4 CURFEIRAT .
1.3 BmEMENE

R 4l A e X DU A7 S0 P I« Pk k4 B TG
P45 0 AR A B Rk SR 2 L 75 06 & T AR T U
B R IE LG R CEARN 5 mm) , R A A%
VR PHEF T DAL, IEEFN IO A9 PDA #5537 5
YER X IR, F 26 °C TR R IR L 10 5% &1 B 1 R
A O B AR . R T B AL FRR 4y
R )N S RS DS P R 7 S o R e A | e o 8
S — B o A I TR
14 REELEE

DB E . WM& BUSHKIE PDA By
W TR RHIE DG BAUR TR 2B R T LA
617 41 (T IR | 0 L B 22 B B AR R R AT R A
Y

D FHEY K ¥, BB Edwards 1K)
CTAB L2 HUE ¥k DNA, HE rDNA -ITS X ¥
M5l % ITSL (5'-TCCGTAGGTGAACCTGCGG-
3 Ml ITS2 (5-TCCTCCGCTTATTGATATGC-
3OMER PCR Y 519, 51 WIkR R 15 pul

2XTaq PCR Master Mix, 1 pLL DNA, 1 pL 10
mmol/L #5145 1 pL 10 mmol/L TiF5#9,12
pL 4K, PCR PG FAMH 95 CHZEME 5 min,
95 °C 30 5,58 °C 30,72 °C 30 s 3£ 35 MEH,72 C
&2 M 5 min,4 'C 47, PCR =Y H 1% 37 h8
PEATBEREHLIK L HEL T 120 VL B[] 20 min, 78 5 I A
B HH O SE AT 3 BRI . PCR 7= ) 48 35 i 4 it
2 HhL K ARG J 5 R — 3 A ) A B (DO AR 4
A HEAT IO, Wy 25 R AE NCBIL %0 & b i A7
BLAST X 53 #T o i 28 B bR 09 40 S ML f
1.5 & A B 33 SR MRk 2RS0T T RO HD H04E B

SR FH A K Sl 2 3 A R T 6 AR A B A
o B L TR ) O TR AR . K e R T JE T 3R R 2= PDA
BHRELT 26 CHF3IdE. THELLEKLH
7 mm Y AT LA DF L 8 5 DF SO T PDA R 5 Ak
FsBRJE L FE TG UE L A B 0.0.29.,0.58.,0.87
1.16,1.45.1.74 pg & 7 B JF SO T 35 3% LA 36
S PRH P 1 RN R 0L s A O Y 4 o i
WSy 5 M 0.2.9.5.8.8.7,11.6,14.5,17.4 pg/L.
IR E & T AR R E 3AEE .8
F 26 C TR F 72 b J5 D5 % DR B 0 UK
HE.
16 BRIMHEEGTEFBXRERRERNE
#l R

Pk KN 58 B A — B H T LA A 15 1
{a FRAR B AR Bk 2R 52, 4% 50 pll 58 mg/L & fr iR
V35 5] W it E ) 2 AR R T L Bt T 5 A S BROBE B SR 5
SRIE BB BT 3R SR R A b, O TR IR
PRURIA S CIRE Dy 25 °C VX Bl 900 54
CE . DA E 3 AEE BN EE 30 4
AL, JCE A AR 2 d SRR Bk SR S A B8
RN I IR T T A8 bR D s . R S A A
GY-4 ALK JE 8 B 100 5, T 9 1 B 9 (SSO) &%
St Al T A OB AN T E R (TA) Y =S
FRSCHR 13 ] 0 R B T A v5 DI A2 . Ve & it R H B
BHIR T , BBy CTP) MBI (T 43 51 &
2 R AN SRR A AR 58 A A ot ok Bk
105 .
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Fig.1 Colony growth in PDA media(a) ,morphological

mycelium(b) and spore characteristics(c)

of five pathogenic fungi

MH-1: 1 229) R 0, 15 5% 3 d Ja AR & ke
Wy SRt R IR NG AR ST VR4 KA T d
Jo B INTR = R W22 A ORI, 2L |
R4 3.55~5.69 pm, KA I A FEAE 25 & SCHR[16 ]
W) 2 % 58 M R % HE I T (Botrytis dothidea)

MH-2: H 225 H @, 0 G5 8 5, B 0] 2R
A AR TR 22 R ik B R R e A K HLAE RO
BN L5 d 5 A TR A TR 22U . 2.45~3.86 pm, 41
A L1 A I AR 10 L 20 I BROE SR BIOIR B 5 7 AR A
Rl N NSRS B 8 NE (VA3 A (0 R NN
(2.07~2.88) pm X (6.21~7.89) pm, KH#E b ikHs
AETFF45 5 SCHR [ 17 190 20 45 52 O #0025 5 %5 1 (Pho-
mopsis sp.) .

MH-3: 8 22 3 K H 50K, 98 5 % o i 1,
TR VR R 57 RUE TR ERR 3 d S TR VR B AR 36

F] 90 mm, 7] A RS B R 22 A TR BRI, HAR
K 6.05~8.28 pm, H AL, Tl 2 1~2 WAk 4
AR ]2 N o 22 VAN AN e 32 N e X
TN JE, K/ (11,08 ~13.23) pmX
(7.88~9.35) pm, MK bR FRAE 45 5 SCHRL18 9]
A U5 5 N KB F T (Botrytis cinerea) o

MH-4 . 8 # #1241, DR 2 8 48 Sy 41 65,
NG RTCFR R AL A6 H RS 2 588 24
K 3.45~5.52 pm, AT NS AR Y. 4
2~5A PR, K /N R (3.59~4.91) pm X (25,45~
33.06) pm ARG FIRERAE 45 A SCHR (19 40 45 %
NEHBRITE (F. proliferatum),

MH-5: & & P18 6 J5 28 RSk 6,3 d 5 4%
Jpaak e, SR AR KGR NG ST R K S
Wb TR 22 A BN L SEE Ol 4.27~5.87 pm A LT
EBY ML MBI RIE. B A, K/ (7,21 ~
8.54) pmX (19.02~23.07) pm, M4 b IR FRAE I 45
B SCHRLL7 19020 %5 08 MBS HL TR (Alternaria sp.) .
22 MBEMRIHREFRERENBRE

5435 i A 0 99 T TR [ S R AR AR B SR 52
FRACE 7 d S5, 5 PR TR I 47 R SR Bk AR S
g L0 BT WD Sl A R e TR T X PR 2 ) DU AS O
B 2A) o X & 955 21 2L 0 D 1T 287 43 5 P8 R U
H R SRR E R 228 8 5 R T — 2., &l 2B 7]
AL, MH-1 5 MH-2 3 Fof I 2 5 1) 9 5 BLAR e K
I3 54 (40,37 40.55) A1 (37.6 +3.31) mm, Bkt
o, 0 MH-3 f1 MH-4 80K P55, Wik, A 6F
LRI 1TS 37 %)% MH-1,MH-2 #17
I FUGE.

23 MEBEMRIBBRRERNSFEE

DLl 5 917 PCR ¥ 3% 15 %] MH-1 1 MH-
2 WEM rDNA-ITS J3 81, 3K B3 7R 2 A T bk
B rDNA-ITS 54K B K /NHR 500~750 bp(E 3) .
W 45 3 7 MH-1, MH-2 % # B rDNA-ITS 5
G KNG R 552,587 bp. 5 H ik B 45— 2.
KRB0 F 5 5 GenBank o €A 51 347 A J5 Pk
a0 MH-1.MH-2 5 %25 )% B % B. dothidea
(KP183175. 1), #1 2% si % W Phomopsis sp.
(KJ739493. D[RR PE S IR 5] 992, I, MH-1 5
MH-2 P F i J52 181 43 1) 5 5 Ry ) %6 JE8 I TR (B do-
thidea) 5125 55 8 B (Phomopsis sp.) .
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Fig.3 Agarose gel electrophoresis of rDNA-ITS
sequence of MH-1 and MH-2

Infective symptoms (A) and pathogenicity evaluation (B) of kiwifruit soft rot pathogen

2.4 B BRAE RS % E A HF4E B

B TR 8 TR Bk 8 9 s D B TR 24 2E K
AN R R I 1, W3 1 oA B A B AL BE X 8
T A Ak 208 s TR S8 A S 3 VR R G P o O T
XF MH-2 F1 MH-7 (430 il %R ek Hkosg MH-1
A MH-6, H AR (4 EC5, 4051 8 8.78.,10.72,12.15,
12.15 pg/ L, XF Ay 4 Bl 1 19 ECso (¥ 7E 14~
26 pg/L. FRWIF WAL B RS T AT LU R0
A Mk 00T o T P 2R A
25 BEFMEEMEESGETHRBERKERH
RRENZM

1 & 4 W] LA . B T I ] A 4 Ab B2 A

K1 BFREX S FERBROEUE R E R &SN FER

Table 1 Inhibition of carvacrol on the eight kiwifruit soft rot pathogens in vitro

T PR il P& MR FRE(RD ECso i/ (p2g/1)
Strain Virulence regression equation P value Correlation coefficient ECso value
MH-1 y=4.354 4x — 2.901 0.020 9 0.936 3 12.15
MH-2 y=5.154 5x + 4,255 0.017 6 0.963 8 8.78
MH-3 y=4.146 2x — 6.550 0.046 8 0.988 5 25.44
MH-4 y=6.438 9x — 1.266 9 0.009 3 0.982 4 14.03
MH-5 y=5.386 3x—1.691 4 0.007 8 0.992 5 18.69
MH-6 y=5.428 3x + 23.380 0.000 7 0.949 8 12.15
MH-7 y=28.920 6x + 3.389 0.004 9 0.920 6 10.72
MH-8 y=5.081 3x + 25.422 0.000 5 0.972 9 12.58

XS 52 7 ML 57 4% T 1Y 20 6 44 A
(LT A LR S B e A 4 M
TAHIE(P<0.05) . FEHUE 2 d I 4 JEALBIAE B SR
SR O 5 2k 6 d I I8 LB A 21 52
B 995 5 R B 4R v, 3 32,2206, T I B A 2 4L A

TERE S92 K RAUHN 11.11% 38 d it B2 50 Y
KRN 64, 4405, T AL BE 4R S0 K R
32.22% AKX IR 50.17 % (B O, Pk, & i
25 TR UL B AR T A A A 2R S O o
KA



ZEWY Iy G BRA R S s D T R 7 T R HA A R 19

ER
100 o 4bB4H Treatment
—a— X HiZH Control
2 gof
g a
=]
k3} 60
kS
w
> 40
3
I
& 20

1

2 6

W R R H)/d Storage time
B4 BFHNERHESEET
BBRMRIREREFENZN

Fig.4 Effect of carvacrol on the disease incidence

of Kiwifruit under simulated sales conditions

26 BERFBAENEMEEEGETRRERRI A
R H Mi

N T VE Y T B Ak B R B SR S R Y B
W, AS B ST 0 A8 T Ak B 2H X R 2 SR S B AT A
B 0T TR L Ve & it L Rl it L B SR
ARSI AR bR B R ANEE 2 iR, &F r b
PH A ARGk SR S 0 A LTSS, TP & TF 5 X g 21
SETC A 25 A T AL BRI BRERE R SE Ve
HATA &8 W3 & T R RS, R T A
G SR S i A5 TE RN R 52 ) EL BB 98 A DR R R A Bk
TSR ST, R, A O M Ak B RIS A Ak AR
SEAE SR S B R o 3 ) ORI  J R IS

it BT o

xR2 BFHNBBRRERRMIZIEGRE 25 C,HXEE 90%)
Table 2 Effect of carvacrol on quality attributes of kiwifruits at 25 C and RH 90%
i Aisf ] /d 2H il B/ (ke 2) Ve &5/ (mg/g)
TR/ 415 WL/ (cg/cm TSS/ % TA/ % ¢ AROMBIET Tp(mg/g)  TF/(mg/g)
Storage time Group Hardness V¢ content
0 0.34540.032a 10.340.3a 2.934+0.04a 0.29140.007a 3.51+0.06a 0.17+0.02a
XJ IR 26
Control 0.34540.032a 10.340.3a 2.93+0.04a 0.29140.007a 3.51+0.06a 0.17+0.02a
~ontro
2
JOEZIESN . _ ; ) )
0.32940.014a 10.540.4a 2.754+0.02a 0.346+0.006a 3.724+0.06a 0.184+0.03a
Treatment
X AL
. 0.34540.029b 10.440.3a 2.92+0.05b 0.41940.006b 3.66+0.07a 0.17+0.03a
. Control
JOBLEAE]
0.26540.025a 11.7+0.2a 2.6140.06a 0.40340.012a 4.0240.04a 0.26+0.03a
Treatment
XJ IR 26
Control 0.289-£0.005b 11.1£0.3b 2.65+0.07a 0.432£0.009b 4.10£0.04b 0.2740.02a
~ontro
6
b 321 - . .
0.17240.008a 12.040.2a 2.51+0.03a 0.493740.025a 4.0440.08a 0.274+0.01a
Treatment
X AL
. 0.15040.015b 11.940.3a 2.66+0.07b 0.55640.004b 4.07+0.10a 0.37+0.02b
g Control
JOBLEAE] _ -
0.07740.024a 13.140.2a 2.53+0.03a 0.36640.006a 3.75+0.09a 0.29+0.02a
Treatment

i RIFIASE/NG S8R R 22 57 1.3 (P<0.05) . Note: Different small letters mean significant difference for data in the same column

at 0.05 level.
3 i
BRI e 5 | AR AR SR S B 7 T ) T B LT

T H Z— HATE TR 2 A et X3 A & 1
EERA VNS I AN T I D= N R R S
Li AEH3 ok A b 1L ARt 357 DR B ARk Ak
B89 9 SR 9 i TR 20 AT S R T B A M T
D25 U TR 5 | kA ik I s Y 2 22 B0 T
2 A TR AN U T AR A R S B i 7 A B
R AR AR R 7 AR R O T [

%

I | R AL SR R SR 2R R R
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T AIHRAS 2 15 9 R L 2R R L I B R
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JE BRI B O B A B ST A e B A R s
PR AL 25 R T O 5 RS T A Ok U O 119 T B
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ZEURAE TR S IO 4% 00 25 R T R 2 I T
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WF Y e B0 760 2 160 T J2% Bl 0 TR R B A% A TR A g
5B Bk R 5 O e . 5 SCRBAENT N B K TR
oAk M s SR v o3 B R AR L (RS AR
Bl YIS 2 38 5 1R ) B A8 B0k & A R S 1
BEEOR AR K T AR SRR A . Zhou SFHY A IY
U AGE A 20 R 5 v AN AN 43 5 o ) 26 DA S T S 38 3
LR 09 TR R /DN R A0 S S LR, DL RS
2 W15 R BRI R e AR 0 R R AR 2R 2 R
RS 2% A X R s R AT IR A R 4
AT

BB AE R A 2R T 0 R A AL
B A AR S 2 R R R R I R S A A
JE? - Suwanamornlert 25028 F 35 5 2B 75 M
242 f Ak P TR SR S SR S5 8 i B TR, R A O T X
4 PR IR SR I s D TR A TR 22 A R Ao 2 B D 3
48 FH o JHG e I A1 T e R e A1 S TR ke B 34 AN A
40~80 pL/L, Zhang 55" #fti 20 ~ 120 pL/L &
Jr B Ak SETLLA  OR H  FETE  2 AK T TE
120 pL/L B 52 3 58 44, ELI0 i ROR 5 35 /)

BRI 10 8 v e BT 1Y T 22 A K A 3 A A
FH S I ELXH SR A Ak 5 6 9 114 3 22 B0 A 4025 B e
T 250 e s T ) A RS SR L B 2L L ECs EAL
8.78 pg/L A1 12.15 pg/L, [RIE . B A B %o A5E 40044
B 2 T R B SR 2R IS 8 e LA R A 1 4 1 AL
R G T AL T RS0 R AR B A N IR S
9 50.17% ., Abdollahi %550 % B 75 5 J W6 DL &
TS Ay = B B A3 ) B ARG T B AR UK T KT 4 1
S MR Y/ S5 AR L LR TR R R R
Peretto 581 #3845 A 7 B 1 T £ 1 158 RE A 2k
MR R R IR G R IR R S . MAh, & T
My 0 25 B AR A B ) NP R Y AR R SR S
RER L. LR SR & T SR SR JE R E
18 2 1 ) T B AR TR 4 R R S ARBIFSE T T
T %t 8 Wk S0 L B X 2R 8 3 A VR IR
A B RRAR T ASEABL B 5 4 R T AR A 2R S s 1) &
9o 8 WA R SR S S s EL A R P s AR L T
DA B R SR 52 B /0 9 A T A R L B

AR SEHGT I L DT 2 ) PR 5 b b 2R S | R A 1
HAE A SR AU A ROR
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Identification of soft rot pathogens in postharvest

kiwifruit and its control effect by carvacrol

ZUQO Panpan,FU Su,PENG Litao,FAN Gang, YANG Shuzhen, LI Jie

College of Food Science and Technology s Huazhong Agricultural University sWuhan ,430070,China

Abstract The pathogenic fungi causing kiwifruit soft rots were isolated and identified by examining
the morphological and microscopic characteristics,combined with the results of pathogenicity testing and
rDNA-ITS (internal transcribed spacer) sequencing.The contril effect of carvacrol on kiwifruits soft rot
was studied. The main pathogens causing soft rot of kiwifruit after harvest are Botryosphaeria dothidea
and Phomopsis sp.,followed by Botrytis cinerea s Fusarium proliferatum and Alternaria sp.. Carvacrol
had significant antifungal activity against the eight soft rot pathogens, especially for B.dothidea , with
half effective concentration (EC;,) of 8.87 pg/L.Simultaneously, carvacrol effectively reduced the inci-
dence of kiwifruit soft rot in a simulated sales environment. The incidence of treatment group was only
50.17% of the control fruit when placed for 8 days,and it had no significant effect on the quality of kiwi
fruit (P>>0.05).Therefore,carvacrol has potential application value in controlling soft rot of kiwifruit af-
ter harvest.

Keywords kiwifruit; soft rot; pathogens identification; plant essential oil; carvacrol; green pre-

vention and control
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