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95 “CHiAE P4 5 min, 95 ‘CAE M 30 s, 58 “Cik k 30 s,
72 “CIEAH 30 s, I 35 KA . 72 CIER LEAH 5 min,
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Table I Gene locus and primer sequences used to molecular identification

B PR A BIE7E2 N 1FH(57-3") 275 30k
Gene locus Primer names Primer sequences(5'-3") References
EF3 GTAAGGAGGASAAGACTCACC
EF-la (BL-8) [20]
EF22T AGGAACCCTTACCGAGCTC
TI1-F AACATGCGTGAGATTGTAAGT
Brtubulin (BL-8) [21]
T22-R TCTGGATGTTGTTGGGAATCC
EF1-728F CATCGAGAAGTTCGAGAAGG
EF-la (BL-18) [22]
EF1-986R TACTTGAAGGAACCCTTACC
1TS1 CTTGGTCATTTTAGAGGAAGTAA
ITS (BL-18) [23]
1TS4 TCCTCCGCTTATTGATATGC
P22 A KA A = 4
o o 2 HRE5HMH
IR A L — ARATEE R | o (3)
IR 2 7k A% ! - =y ) =
R IR A EL 21 HEREFREREENSBELER

1.6 EFBNFERREEKNELEYEN
=A0]

TR 745 1 K BRI S SR A K i A T K
JRURA PR 2255 1 B PDA R 323 1 F 26 CHi R 3 d ),
T A B UE, RO PDA K5 98 31 rp e
W A T AR FEL ) A M (8 e AR R 50 ) s )
0.5.10,15,20.,25.30 pL/L) I 2 B 4% R 20 mm |
B K TH A R i 4K A L, TR HORG I 2 55 5% L
P B TGH B 1 R R L B T A
AEFRVE 3N EA, 26 CHEIREE IR 5 d, E WIS V%
TEAS  H 538 SR S 7 B

DAL 22 1 Wy i T 0 2 R FH SCR [ 25 ] 8 O 9 647
5 S5 B B 22 5 05 3 PDB 3535 56 th 26 °C 120 r/min
fE AR 5 4 9% 24 h, T B BN B 22 FRELL.0 g 1Y
LI HE T 22 38R0 T 100 mL i PDB 5 b, A
— E AR A, A e AR R 43 843 ) A #
12.5.25.50,100,200 pl./L. H4~AbHE ¥ E 348
52,26 °C. 120 r/min 41z 7 55 77 48 h, W 2231 98 Ji FH 7%
TRZK WPk 2 YR, T 60 h, D SR 242 1l .

1.7 BEFHERLENRERGHFEHEFIHE

BEA T AT I K TR, Bk ok B RS R 2R R SR
SEJR , FRkE SN 6P — B, KNS — HIEHL R 1
MRS o R R R T IE S AR S 137 ik —

SR T w PR RSN TN — 0 F R TR AL
J b AR EE S I i S N R AR RS R 80
el /L, DI S5 5 28 1R /K BB 25 25 PO | DAL R Ak
PRI E 3ANER AN EE 3R, B HEFE 16 h,
RS S T A 5638 X 30 min, I FL FL A4 6 st
M 200 P CE 7 dJa #5137 (1 i e
M S 1) & 9 6 5 I R 4K

IR 150 FIUAN [7 A 5 14 A S J e SR 51 v 3 8 3045
I 464 R I TE AR B VR 7E PDA 55580k ERYAE K
AR R 2325, 2t WD SO I E AR A5 T
5 Wk LA B 14 B0 M 95 SR LR , G5 MU BL-
3.BL-8.BL-18.BL-20 1 BL-22, 7E4} & 4lifk it & b
S35 H 36.30,39 .49 1 33 #k
22 WMERBREABREENOERLE
AR AR A 32 ), 4% i 08 e 15 38 194 5 i JBL 1A
TR [ 422 2 i R ) AR S SR 52 b, S TR 7 d S AR
AR L LS B 4 A SE R R 1w A T
{1 B €655 B, A BRI 3R T IR AT 1B SO 21 (Y
R 5 TR R SR S WA R o X i L R
2 2P A T B R o B A R R AR R R E S
WVE LG 5 R —3. 201, BL-
8 FI BL-18 114 25003 3 R 1 18 50034y de i, 00 % 40
51 2R 1009 Fi1 93.33%, 9 1% 4 £ 43 5] oy 68.33 il
63.33, 150 B - 30 Pk A 5, 17 BL-20 A 350 1 5 559
FLHOR R 5 18 B0 R 5%
2 MEREHREREEHBFY

Table 2 Pathogenicity assay of isolated

fungal strains on chestnut

WA HER% BRI iR
Strain number Isolated rate Disease rate Disease index
BL-3 7.76 73.33 30.00
BL-8 6.47 100.00 68.33
BL-18 8.41 93.33 63.33
BL-20 10.56 13.33 3.33
BL-22 7.11 60.00 15.00
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Fig.1 Colony morphology(A), mycelial
morphology(B) and spore characteristics(C)
of five pathogenic fungal strains

BL-3: i % 22 W R SF Y IRE 0008 1 @, By 57
2~3 dJE B R 0, R e S IR A, AR
22 5 A 2R A KBS AR . 2230
B IS, i FE 24 g 3.20~5.30 pm, 7E PDA J5 32 3% ]
PR A R AR /N O A A AT B R 22 A 2 B B
M [ 2 K 460 , K 5.10~18.75 pm, % 1.89~2.50 pm,
W L R AE 45 5 P A E T0) 20 M S Hie At
W& (Fusarium sp.)

BL-8: & #% & 1 G B 5F i AE %1 o B, B
If 2~3 d R B O B 1, R B, Uk
B2ZIER, B EA B, A KRR, Wzh
O 5 BRI, 9 E 2 N 6.46~7.85 ym., B T TE
PDA B 35 5k bR WS B 732 /7, Ml B IR R AR

Fr4h 4 SCik [ 26 JIA R H 5 S 60 14 & (Fusarium sp.)
M S FEAEAR DL, 75 B i — T oy F A e A e
AR LR 2K

BL-18: W& I 5 ARE ST W1 6, 1555 2~3 d
J T W R KRR B I B IR 2 i R R T
LR, B R BRI . 2 N TE
b IS T 22, TR 22 58 JE 29 R 2.46~4.72 pm. B T 7E
PDA 55835 PR EE RN o3R8 4 R IE AR
fEIFE5 G SCHR27] I H 5 e B 18 (Neofusi-
coccum sp.) BB ASFRIEARLL , 75 BEiE— 2l i oy A=
Py e R R

BL-20: RV 2435 M IEDE , AR A K ih
MEEG, ERAER L, AR WERE ., BRELA
i oy S BRI, 98 R 29 0 7.10~9.50 pm, 7 PDA
Rige it B B 2K R A K oAb AT IR 24
BRI = Wi (R <3 0 0 R A S | AN N B
HJE , K 3.92~6.65 pm, 5& 2.46~3.60 pm, 5 ik
FROIE 456 TR 4 8 T W) 20 %508 b 85 )8 ( Geot-
richum sp.) o

BL-22: WG K A8, 3592 2 3 d 5, 3B W
W7 Ry AR (5, SRR A /INIURLAEL - I SR TR 2R
Rk RS W22 5y SRR, TE RN
6.35~9.24 pm, A] WL R BRI A0 T2, 9% K A
ol M 15 JE 1 At 2 1t 5, 461 F 4 0.90~1.57 pm, F&
1.10~1.24 pm, &K L IRIE B RRE , 456 A % E
T8 % 52 b BB & (Mucor sp.) o
24 WMERBREABFREEND FEYFEE

XJ T8 ¥k BL-8 1) EF-Ia Fl 8 -tubulin Jy B \BL-18
() EF-1a FITS i Be#b 4747 1, 1 bk BL-8 431 3k 4%
676 bp F1 1 260 bp By Jr B , Itk BL-18 43 Il 415 282
bp H1 577 bp B F Bt . 78 NCBI& i 12 o -4 7 [R] U5 7k
PO, T 2 R 9 1 5 e B B RR P 91, 5 B RR BL-S il
BL-18 (A I P A B IR RELEW . &
iAo & PR bR BL-8 54388 H £ oKWY F. astati-
cum BRI —7 32 (K 2) , H EF-1a fl f-tubulin %1
W75 5 F. asiaticum &tk HBQHD529 f UL L B 43
FAE] T 99.85% #199.84% . bk BL-18 5438 H
T R AR IR B N parvam M Rl — 532
(E3), HEF-1a fITS # A B2 )7 %1 5 N. parvum 1§
Pk WTS24 (1 VE L Bz 43 513k 21 1 98.89% 1 100% .
K, Bk BL-8 %58 8 Fusarium asiaticum , A BL-
18 %% M Neofusicoccum parvum.
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69[ Gibberella zeae ICMP15495 (Cereal)

Fusarium graminearum 2812

671 Fusarium asiaticum Nep350 (Maize)

100

95

100

Fusarium asiaticum HBQHD529 (Maize)
ABL-S(Chestnut)
Fusarium boothii PPR119324 (Pecan)

— Fusarium culmorum 1CMP15477 (Cereal)

100

Fusarium langsethiae NRRL 46726

Fusarium proliferatum 7ZFLB-01B-2 (Amorphophallus)

Fusarium sacchari ATS97

Fusarium solani FIBX18-3 (Passiflora cdulis)

2 ETFHE#BL-8HI EF-1aF S-tubulin EEFFIMEHNI RE A B
Fig.2 Phylogenetic tree constructed through NJ method based on combined EF-1a and 3-tubulin gene sequences

99

94

Neofusicoccum parvum UCR5314 (Willow)

Neofusicoccum parvum CJA136

66|Neofusicoccum parvum Lijiang23 (Blueberry)

Neofusicoccum parvum CCF109 (Strawberry)
Neofusicoccum parvum WTS24 (Mango)

A BL-18 (Chestnut)

Neofusicoccum parvum UY 118 (Eucalyptus)

80| Neofusicoccum algeriense PE32 (Eucalyptus)

Neofusicoccum italicum MFLUCC15-0900
Neofusicoccum italicum CBS:140889

98|Neofusicoccum cordaticola EL44

Neofusicoccum cordaticola CMW 14124

99| Neofusicoccum macroclavatum NZM353 (Grape)

Neofusicoccum macroclavatum CBS:114149

Neofusicoccum mangiferae 89LY (Mango)

—
2

Neofusicoccum eucalyptorum CAAT14

B3 ETFHEKBL-18M EF-Tafl ITSEEFIIHMENINIRZRZELZBR
Fig.3 Phylogenetic tree constructed through NJ method based on combined EF-1« and ITS gene sequences

2.5 HEYITEH B AH 5 X R EE R B BUS ' A §
1A
KPR T FHT T & B R
SONE R R AT O R P R AR
FEREAE 10 T D A0 A 200 RS 1 B2 43 X6 Al R S I 3
EOB T AN EIE S5 R 3 R, K ZH0E h
20 43 ) 1 Bk BL-8 Fll BL-18 e L T — %2 1 30 1 1%
Mo Bl T A R A SRR | R
T PP AR LA B 95 R A X6 T Pk BL-8 PR L 10
MHVER , HEC [E M ECo fHIK T 100 pl/L, H
B I A B RO S X R AR BL-8 1Y ECy A1

ECq, 43 514 5.696 1 24.431 pl/L. 17 fr iy &
Ty BRI I SR T P2 40 ) TR P BL-18 B
o A SRR EC, 18 R ECy, 1B 2% T 100
pl /L, [ RE R S B4 A i 9 100 PR 3 1 L L EC 0 A
EC s iMGAE] 2.561 F111.768 pl./1.
26 BEFHXMNRERBHEEREZLEKNIIT
25 2R FH TR ORI IR 22 T 1 e Hr & e B X
M SR 5 P 453508 1R TR Pk BL-8 AT BL-18 A5 K 5%
M, S5 SR 4 B 5 PR . RIEL4A B AAL, &7
Py A ) R PR BL-8 Y P s AR I I T X B Y TR
TEEAR BBy E bR BL-S B VR AR KR L i 2
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Table 3 Inhibitory effects of 10 essential oil components on the dominant pathogenic fungus of postharvest chestnut

ul/L
FEYIAE I 514153 Essential oil components BLS B8
EC;, ECy, EC;, ECy,
# ) Carvacrol 5.696 24.431 2.561 11.768
T#& M Eugenol 17.670 54.685 688.465 1 227.040
J§# H I Thymol 7.920 36.660 5.102 15.174
IR Perillaldehyde 7.606 25.225 7.020 23.401
PAEERE Cinnamaldehyde 13.479 57.879 62.000 129.589
2 -2-C M1 Trans-2-Hexen-1-al 22.622 48.053 20.625 32.251
FrAERE Citral 17.027 57.137 126.227 154.897
F5 45 Linalool 23.955 92.974 83.225 116.434
W B-Citronellol 682.096 1193.017 693.259 1213.280
F G Nerol 550.088 993.411 559.457 1.006.885

AR R, ELICRRA i FH 2 B S R B A5, Y
T AR R0 50k 30 p/L i, bk BL-S Y 7%
ARSI . B b BEXT TR PR BL-18 T 75 4=
K B I 35175 RLEE 5 58 Pk BL-S AR, 2475 Fr i i 1A
B BGRE] 25 pL/L i, PR BL-18 B ¥ A= K 9 5%

70r
60
2 50f
40t
= 30)

© 20F

BL-8F 7% FL12/mm
Colony diameter of BL- 8

0 24 g 73
K5 FEI [8]/h Incubation time

S, RS AT LR & A AL B A T RR
BL-8 M BL-18, H B 22 1 i i i 3 T %, I LRt %5 &
T R K 3 = R 22 T R SR T R R A
o AU AT B R I O BB B R B BL-8
FIBL-18 A AL K e B H o 2 A 3l 7 FH .

701
—0—0 wL/L

60F —O0—2.5 nL/L

B

= ——5 pL/L
£ sob
£2 S0F ——10 pL/L
@3 4l 15
E‘ 5 —0—20 pL/L
£ 30f —*—25pL/L
=
T oz 20f
= -

0 24 48 72
B FE 5} 8] /h Incubation time

B4 FEMAAEEBE#BL-S(AFMBL-18(BHEEEKIER

Fig.4

M %% BL.-8
b (I % #% BIL-18

+ E /g Mycelial dry weight

CK 125 25 50 100 200

FTIFW (W T/T) Carvacrol concentration
B5 FRHAETEKBL-SHMBL-ISELHTHRE
Fig.5 Inhibition of carvacrol on mycelial biomass of

strain BL-8 and BL-18

Inhibition of carvacrol on colony growth of strain BL-8 (A) and BL-18(B)

27 BERFMEHEMNBMEREREMNEFZR
7 I % W SR S 9 5 I B TR AR N ] 6 T
B2 b B Bk BL-8 1 BL-18 AiY X BR 21 SR 52 J8% 0 i IR
W (E 6A (C) , i 15 46 %553 31 24 94.45 #1100 (
6B.D) . M Zat 75ty 5B 75 40 B A Al SR 5L, e
S PR AL 1 6 B0 K T X B R S (I 6A) 5 IR HL
£ 0~80 pL/L By AR 43 B0 Bl Y, B 4 A 7 T vk B
(8 T, M AR S 1 1 i 5 3 R AT, 2 7 T 1Y)
W EE A 80 pL/L i, HERN A BL-8 1 BL-18 YA IR
SR A TR B0 R R 2 19.45 F1 3611, R Je s &4
HlR A BIE RN T 79.4% F163.89% . W W, , F Ay
ZE A0 PR A SR SR S e B B R B IA RIOR
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20 11/1]
@G ¢
50 1. L/L]
Q¢

A q'kl ney Iy
SR R

100f _I_ C

80f
60T
40t

20F

i 15 48 5L Disease index

CK 20 80

FITEN (pnL/L)

Carvacrol concentration

100F ™

80

60f

401

WIETEH Disease index

20t

i

CK 5 20 80
F B (pL/L)

Carvacrol concentration

B 6 EME#KBL-S(A.C)FABL-18(B.D) IR I Bk & R A fm & e 41
Fig.6 Infective symptoms and disease index of postharvest chestnut inoculated
by strain BL-8(A,C) and BL-18(B,D)

3 i @

P 9 Jirt L T 52 e 5 | %) i S 5 2 il Bl SR
J O e 0 i i R 22— R A SR XY 43 AT
T T R R A 2 N AR G R R AR AR R R
RG22 F 0. TIFE DXk A Eatii = XAy
M SEHEAT 105 B TR 9 0 5 M 0, AR o 45 SR 3R W] 6k
161 7 & AN SE AR 18R 09 BUE A R L I BUwR FF
Mo GEMAASE S NIIAL R LR 8 A E AR
TP XY 6 477 XA SR R AR o B T Bl R A
SR, oA I 53z o R BL-18 W& ARA AR
B e B R DL S, AT B Y SR S R R S AR
Frtgd PR A SRR, AT AE SRR B A AR
TR, 3 R T A 28 RSB T ARHIFSY & B
Pk BL-8 FE K BL-18 TEMR SR Je v 35 1 A ik F vh
EHZAEH, J& 2 Fh EE M BUS T, a5 R S50 At
GEHA—F . FER R % i R D T R BL-S A
PR Bk BL-18 ¥4 7E PDA K532 56 FWREE 5 4314 400,
X B Y RN R AR AR AR A g R B — B, X 2
PR 7R S F2 5 0 PDA S SRS 8 Tk = A A
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Isolation and identification of predominant pathogenic fungi in
postharvest chestnut and control effects of plant essential oils on them

ZHANG Xichen', LI Meng', YANG Shuzhen', PENG Litao', FENG Boru®*, YANG Jingjing”

1.College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2.Guangzhou Mini King Food Co., Ltd., Guangzhou 510600, China

Abstract The pathogenic fungi causing the rot disease of postharvest chestnut were isolated and puri-
fied by tissue separation method to clarify the predominant pathogenic fungi of postharvest chestnut and the
control effect of plant essential oil on them.Further morphological and molecular biological identification of
the predominant pathogenic fungi was carried out by microscopic observation and double-gene phylogenetic
analysis.On this basis, the control effect of a single component of 10 plant essential oils including perillalde-
hyde, cinnamaldehyde, citral, folic aldehyde, eugenol, linalool, nerol, thymol, carvacrol, and citronellol
on the predominant pathogenic fungi in chestnut postharvest was analyzed. The results showed that the pre-
dominant rot-causing fungi of postharvest chestnut included Fusarium sp., Neofusicoccum sp., Geotrichum
sp. and Mucor sp., among which strains BL.-8 and BL.-18 were identified as Fusarium asiaticum and Neofu-
sicoccum parvum by double-gene phylogenetic analysis. The single component of 10 plant essential oils had
a certain degree of inhibitory effect on the predominant rot-causing fungus strain BL.-8 and BL.-18 of posthar-
vest chestnut. Among them, carvacrol had the most obvious antifungal activity against the predominant
pathogenic fungi of postharvest chestnut, with its ECy, value on the strain BL.-8 and BL.-18 of 24.431 pL./L
and 11.768 pl./1., respectively.It was further found that carvacrol significantly inhibited the growth of the
two predominant pathogenic fungi through in vitro pathogen growth inhibition test and natural storage test.
Carvacrol fumigation treatment effectively controlled the occurrence of disease in postharvest chestnut
caused by the infection of strain BL.-8 and BIL.-18.Therefore, carvacrol as a fumigant has potential applica-
tion value in controlling fungal diseases of postharvest chestnut.

Keywords chestnut; postharvest diseases; predominant pathogenic fungi; isolation and identifica-

tion; plant essential oil; antifungal effect
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