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Isolation and Identification of the Main Fungal Pathogens of Peach
Fruit and the Antifungal Effect of Cinnamon Essential Qil
on These Pathogens

YU Mingxia, WEI Yingying', HUANG Zhengzheng, CHEN Yi, JIANG Shu, XU Feng,
WANG Hongfei, SHAO Xingfeng

(State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-products, College of
Food Science and Engineering, Ningbo University, Ningbo 315800, China)

Abstract: In 2020 and 2021, peach fruit with natural disease and decay were collected from orchards in Zhejiang Province.
Then the fungal pathogens were isolated from the diseased spots and identified by morphological characteristics, molecular
biological identification (rDNA-ITS sequence analysis) and pathogenicity detection. The antifungal effect of cinnamon
essential oil on the fungal pathogens in vitro and in vivo were also investigated. The results showed that two fungal
pathogens with strong pathogenicity were isolated, and identified as Monilinia fructicola and Rhizopus stolonifer, which
caused brown rot and soft rot, respectively. Cinnamon essential oil inhibited the growth of M. fructicola and R. stolonifer,
and the minimum inhibitory concentrations were 0.4 and 0.8 mL/L, respectively. M. fructicola was more sensitive to
cinnamon essential oil. Cinnamon essential oil fumigation could reduce the disease incidence and lesion diameter of brown
rot and soft rot of peach fruit caused by these two fungal pathogens. Therefore, cinnamon essential oil could be used as a
natural fungicide to control fungal diseases of peach fruit.
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FIRBEIG A, T B30 TR 43 I SR BEAZ 25 T8 (Monilinia
spp.) . TR EL B (Rhizopus stolonifer) Fl JK 75 5 %5
& (Bortrytis cinerea) . XEEJpg JF B AN AE H 8] 1
JSE R, FECRIN ™A K E A T H2RSE B
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HIEEAG0A R |, 22045 al; it 3 Jb
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PoEihidila A TAEMA R F; PIERTH
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Mo MR BGE FR R, S T rRat 5=
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PR e B N R T 1}10° N T-2IF M . ZKEME
RELRECR A 75% LBEHEATIHTRE, KT /S AEIRE AL
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SRR IR FRAIRBE ELAS, P 238 SO SR B
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1.2.3.1 JERSREE S50 (orik, Kalifh
Ja B R B B 3 Al T PDA 53R 3L [ 25 °C 15 3%
5 d, FHICHIEM I HkE E PR 220K, B A 4K
Wy b, 3% FRRPO S TE WA T US4 M AT
TEASFLEFIRFIE, FHFA RIS

1.2.3.2 Sr AR EE RIEER SN ik
BEAEMESEA . W HGE TS B BB, o B T0
PELCE T, AR E R S 2P SRR I DNA, FLBE ITS
X 3438 5 9% 1TS-1(5-TCCGTAGGTGAAC
CTGCGG-3") fll ITS-4 (5'-TCCTCCGCTTATTGAT
ATGC-3"), P IFEFE: 95 °C WA PE 3 min, 95 °C 2%
P 158,57 °C iRk 30s, 72 °C $Ef# 60 s, H: 35 MF
s BeE 72 °C ZEff 5 min, PCR ;=4 2eid BB HHEE
JBE L PRAGI 5 35 A2 B A T, P45 SR AE NCBI
F 1T BLAST 43813F FEAESCEEHE 751, FH MEGA
X SR NJ ARG R B .
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SRR A>T B E PR T RS D B B AR
SRR o B AR I I BN E1 & 60 °CL
A 1% R -80 A9 PDA H, i H 2% ¥k B 43 51 ik 2]
0.1.0.2.0.3,04.05.0.6.0.7 Ff 08 mL/L., &%
FEATIABIABEFR L, F5 35 IR REE [ 1) BB R L
LR — e R BB B D, BT 25 °C BigR, R
UL 22 H AR (mm) o B EST 3 WK, AN S
FOAVE X BRZH (CKO), AP AR 28 20338 v 22 A K

il %
" " X2 B 22 (M ELAR - IR TR 2 1 AR
40 1 KA (%) =
£ EACHIIR (%) WTIRALH 2 N EAR - R R B AU E R x100

1.2.5 WK % Alves 25U 14 )7 s W MR ok
Ao KK EMRFRIE 1.2.2 B iR S, R
Jo S L PR 9 7K B R T T B AT A SRR S, PRI
AR ZR W SR 1.2.4 IRIMLEG I ZE I, 455 PP
SR0Ip5 FL A 19 e /NI BRI BE , RN i ) S 7 v 1 oy
0.4 71 0.8 mL/L, XJ FEZH AVEARAaT b3 . FIrAF SR SC &
T 20 °C PYTEIRERRAR 2 BV, 24 h AR RS
JIHECH, AR A2 AR R B EARS . R I BB
PR 3 AT, T AT 5 RS
1.3 HEIE

{8 Jf] Microcal Excel(Microsoft Office, 2019) %X
1EEf 75 dRTTHA . {4 SPSS(Version 26, SPSS Inc.,
Chicago, IL, USA) #R/4 ih B[R 22 7 25 43 BT X 4K
PRI T 22 P43 0T, P<0.05 DA E A W5, R
JH GraphPad Prism 8.0 41 7/EE . AHICEIREL
(B LSE BB R IR ZE RN
2 ZERE5Hh
2.1 HERIPEEMNS SR

W 1 7R, 2020 - RAE M AR SCRE S
SyYESaifit 12 FOAREIE S BB, S Abric Bk
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Fig.1 Isolation and purification of fungal strains from

peach fruit
T (a) R 2020 47\ A SRR 07K BBk 42 Y 12 PR ECRR
(A~L); (b)>h 2021 4F I\ [ SR BERE /K BERE R 2085 19 16 #k
HHF(a~p).

g n, Bt BEAR D BETE S L, EAR; TREE E PETE
FI 0, B350 Bk F B A0, 200K, 25008
Rk G % K, 200K TRIRR H TR ¥ K 4, 22
PR TR T BT ISk, A 200K BRRR T TRIVE K (4,
ZEREHR TRIRR K BA T B4R (0, TR PRIAR L AR R 4%
o, Bk, 2021 HAREAEIFESE RSB glifbih 16 Rl
[FPEASI B, - mbric A B a~p (B 1b), Hohps
T a BWYEFLE (O, SR AR b WEE L, U5
TR TRAIRE o PRV ML (0, 20K TRRR d BAE IKAE 12,
B IR AEFEE0 TR o BT I G TRER IR 6, &
AT ; BRAR g T VR TR (B, JCHT; BAR h YR H
14, SRR TRAR 1 BT Ry 6, Z0IR B RR j TRIVE KA
10, ZUR; BARE k BRITR AR (A, 5 BRs TRIAR 1 BAIv% K
IR TRIRR m RIS kR 6, SR TRIRR n TR
A €, AR ZUIR; BRRR o BETEKAE (A, ZOIR; BRAR p B
&K, 2K
22 D EERREIBURMETEN

2020 A RAEMRPVEES, P, TR0 BI153] 12 #REC
DAL, Horp 11 BRECTRITE SRR IR SE 5 d Je R ich R A
B S e 3, TR AR J FEBERP 2 d JSJF IR &R . TRl
KI5 Ak 3B T K TR S e B, s ol B AR PR
3 d JE SRS Y A 3R IR BE E A 43 B A 100% AN
26.7 mm, 7E55 5 d FPRBEE S5 5] 68.6 mm, WL
RIMBEBJRBE EAEY R, 3R o5 — 2 KA
e BT AR B (& 2b), I T8 BLA0R; 2021
OSSR 16 MREHE Y, A 15 PR/ 2 kR 5
JEWIA LA W R, MR n 28D 2 d Jeai 3l
IKBORFE I BERBE . FEEE 3 d BB L 78 35 984>
SRSC R, K 3N BE B AR 43 0 A 96.7% FH
58.4 mm., FREEPAREGE, B IA KE K A
O R22, JE RS RS I PEA S AR
(El 2d) . @&l 2 Fros, s LR AR T R n 38R0 2
MRS 9e F G DL S R A TG 3 As— 2%, I B IRl
IR BEAL PR 43 B A5 2 T AR TR s R L TR, P11
PRRR L T A 7K S A2 1) T L LB

P2 KBRS I 2R ST ECR ) A n A 3 AL
Fig.2 Disease characteristics of main fungal pathogen J and n
in peach fruit
T (a) TP T 5 A K E PR S ERIRILRIRBE; (b) AT
VAR EMERS 5 dJR BRER; (o) I ERIFR n 51 i K EHER

2 BT ERIREEE; (d) TR n R EMER S 3 d SRR .
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2.3.1 BUREPEIERSHE  TEEE J 7€ PDA 1533k
B 9% 4~5 d gAE K 31> 90 mm AYEEIRINL, HE 7%
FEMLEE R, VR B S B S IR B L G IR, 2%
BT (E 1a) . BIEWEL RN, HPR22A Bk,
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SrAE AT A, MR T EIE, SR Btk A T oA 1
TR, o3RRI, oA E AN AL (5] 3a.
3b)o G KB EE TN A1 E S 5% 7
R, BEAR T ARIETEAS AL SR SE M A RIS B 2 P
(Monilinia fructicola) . Wk n 7 PDA PR,
Fig® 1~2 d s Re R 3% IR 1L, B 0 30) 42 1 (A 28
R, Bl BN 2 B A s ki (2 SRR EITR 22

P30 KR b Y T B IR R A TR SRR
Fig.3 Morphological characteristics of main fungal pathogens

isolated from peach fruit
TE: (a) AR T AT 220K R THE(100x) ; (b) FdR T 1953498
T-(400%); () BIFk n HYFLT-E(100%); (d) TR n HIFEHEIE T
(400%)

ARAEREFRRER I, I A R R AR (&l 1b),
TR 22 e Pm s, HAA AR, LT R A Y AR A i Bk
e s E GR35, A A S, IRk Z e

B (E 3c. 3d) . 455 I i 19 PR V& R RIE AT CEL TR
LB FHEHUO, AR n N HIEARERE B (Rhizopus stolo-
nifer) o

2.3.2 JKENL 3B 0 BRI B o T ARy
Br ANz 1 s, 2020 4 SRR S0 S o S
Y 12 BRECEE AL 5 (8B5S 8 (Diaporthe spp.) | #itJ]
& (Fusarium spp.) . #28)& (Cladosporium spp.) .
EJE (Mucor spp.) . W2 )T (Geotrichum spp.) .
%22 B 1 JE (Pestalotiopsis spp.) . 5 )& (Alte-
rnaria spp) . RKE:JE (Trichoderma spp.) . 5240 S
(Monilinia spp.) . BiB%)& (4spergillus spp.) FIT5 5)E
(Penicillium spp.) o 2021 4453 Z 15 F 1Y 16 Fk B B
BLHE Y IR B @ (Pichia spp.) . A DL B8

(Hanseniaspora spp.) . HJI & (Fusarium spp.) . []
152 S| (Diaporthe spp.) . HiBE )& (Geotrichum spp.) .
M ER R (Epicoccum spp.) . BEE®/ (Mucor spp.) . TN
I~5e)E (Calonectria spp.) . FREEE (Rhizopus spp.) Fll
%4 s o B (Botryosphaeria spp.) o TEPRAERIYJE RS
Jos Bk 4328 B A [R] 14 EL R A4S G candidum T M.
irregularis, T 53 2 21— LE B, BUN F. asiaticum
M F. fragilis R FJEAFEFTEE, C. cladosporioides
1 B. dothidea AR @ H B4 o

1 AKENRIREREI > TV e G R
Table 1 Molecular biological identification results of major fungal pathogens isolated from peach fruit

Ay L7 a5 Pl K (bp) — & T4

A OM538421.1 521 99.62 Diaporthe fusicola

B KY466861.1 480 100 Fusarium asiaticum

C MT635286.1 520 100 Cladosporium cladosporioides

D OL981331.1 560 99.82 Mucor irregularis

E MN394447.1 323 100 Geotrichum candidum
2020 F KP050563.1 535 100 Pestalotiopsis adusta

G OP163735.1 524 99.81 Alternaria destruens

H MN872499.1 567 99.65 Mucor racemosus

I ON927129.1 589 100 Trichoderma harzianum

J MKS566185.1 505 100 Monilinia fructicola

K MT597436.1 566 100 Aspergillus niger

L NR_169981.1 525 99.81 Penicillium estinogenum

a LC431629.2 416 98.32 Pichia bruneiensis

b AB469379.1 635 99.84 Hanseniaspora uvarum

c MK934343.1 507 100 Fusarium tricinctum

d MK335747.1 526 99.81 Diaporthe eres

e KY433560.1 517 99.81 Diaporthe hongkongensis

f MT603294.1 493 100 Fusarium fujikuroi

g MT353978.1 306 99.35 Geotrichum candidum
2021 h MF061768.1 485 99.79 Epicoccum sorghinum

i MWO016557.1 498 99.60 Fusarium stilboides

j KP216929.1 556 99.82 Mucor fragilis

k MH102381.1 553 99.82 Mucor irregularis

1 ONO024647.1 515 99.81 Diaporthe amygdali

m KJ512152.1 493 100 Calonectria hongkongensis

n DQ641317.1 872 98.97 Rhizopus stolonifer

o KP050623.1 549 99.27 Diaporthe arecae

P MN634015.1 518 100 Botryosphaeria dothidea




- 128 - & Tl B 20244 7 A

PRI BT T AN n B9 RGER B AN 4 Fr RS I TIRREE R (Rhizopus stolonifer) .
N, Bk T 5 Monilinia fructicola A R)—43 32, ¥ 2.4 AEERNAEKEEREERNIEER
LS 5 oy 5 MR R AZ R 5 A BT (Monilinia fruc- 2.4.1 MASMITICR AIEL 5 ATA0, PYERRS T PR
ticola); HIRK n 5 Rhizopus stolonifer BN [Rl—5332,  Ji s EL T BOAAS M 5CR 22 52 vk BEARA P, BBl

(a) MH864497.1 Monilinia fructicola (b) A
n
77
A J DQ641317.1 Rhizopus stolonifer
98] 93
AB113023.1 Rhizopus stolonifer
MKS566185.1 Monilinia fructicola 100 {
MH598529.1 Rhizopodopsis javensis
MKS566184.1 Monilinia fructicola 100 LMT590552.1 Rhizopus delemar
100
MNO049481.1 Monilinia laxa AB113021.1 Rhizopus sexualis
100 | ) )
ABI113019.1 Rhizopus sexualis
84 LT615171.1 Monilinia laxa —
OW987309.1 Rhizopus arrhizus
MNO049483.1 Monilinia laxa 100
58 |— AMO33547.1 Rhizopus oryzae
—— AB220062.1 Monilinia ssiori

97
\_l/ OW986680.1 Rhizopus homothallicus

ABI182266.1 Monilinia azaleae 91 U OW987205.1 Rhizopus microsporus

100' AJ853751.1 Rhizopus microsporus

—— ABI182265.1 Monilinia jezoensis

LC317802.1 Trichoderma harzianum

OP810903.1 Aspergillus luchuensis

— A
0.05 0.2
&l 4 FTITS BEFH PR ISR FE R J(@) F n(b) MRELEW

Fig.4 Phylogenetic tree of peach fruit fungal pathogen J (a) and n (b) based on ITS gene sequences
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e [\ | Il

P 5 AT B B PR ik 0 7 g J T R 22 2 R AR
Fig.5 Effects of different concentrations of cinnamon essential oil on mycelial growth of two fungal pathogens
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