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Abstract: [Objective] The aim of the experiment was to completely identify the pathogen diversity of
cherry brown rot (CBR) disease and to investigate the resistance of pathogenic fungi to boscalid [a nov-
el SDHI (succinate ubiquinone reductase inhibitor)], difenoconazole [a SBI (ergosterol synthesis inhibi-
tor)], thiophanate-methyl [a MBC (tubulin inhibitor)] and azoxystrobin [a new Qol (quinine outside in-
hibitor)], so as to provide a scientific basis for the reasonable prevention and control of CBR disease in
Zhejiang province, China. [Methods] According to Koch’ s law, diseased fruit samples with typical
symptoms of CBR were collected from different regions of Zhejiang province and candidate pathogenic
fungi were isolated. Then each candidate isolate was re-inoculated onto healthy cherry fruits to deter-
mine the pathogenicity. Then, the pathogenic fungi were systematically classified by combining analy-
sis of both the morphological characteristics including growth colony, sporulation structures and conid-
ia, and the molecular identification though amplifying the internal transcribed spacer (ITS) of ribosome
gene using the universal primer pair ITS1 (5’ - TCCGTAGGTGAACCTGCGG-3") and ITS4 (5’ -
TCCTCCGCTTATTGATATGC-3"). The resistance status of each isolate to boscalid, difenoconazole,
thiophanate- methyl and azoxystrobin was respectively determined by the method of differential dose.
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Isolates that were unable to grow on potato dextrose agar (PDA) plates amended with 5 mg- L' fungi-
cide were considered as sensitive (S); those that could grow on 5 mg- L' but not on 25 mg- L' were de-
fined as low resistance (LR); those that could grow on 25 mg- L' but not on 50 mg- L' were defined as
moderate resistance (MR); and those that could grow on 50 mg - L' were considered high resistance
(HR). Based on the resistance results, isolates resistant to azoxystrobin were selected to further analyze
the molecular mechanism of resistance to the pathogen of CBR. [Results]Only one kind of fungus was
isolated from all the diseased samples. A total of 32 isolates causing CBR symptoms were got at ran-
dom. They were identified into three fungus species based on morphological and molecular characteris-
tics, which were responsible for causing CBR: Monilinia fructicola accounting for 65.6%, M. laxa ac-
counting for 18.8%, and M. fructigena accounting for 15.6%. Most of the isolates of M. fructicola, the
dominant species causing CBR, were grayish brown or grayish yellow, with neat edges and no rose-petal
structure on PDA plates. The conidia were colorless, single cell, elliptic or lemon-shaped, arranged in
chains, and the conidial size was (7.128-12.534) umx(6.157-9.336) um; The colony morphology of M.
laxa was significantly different from other species, showing a grayish yellow color, a darker color in the
middle, irregular lobes on the edge, thin mycelium thickness. Its conidia were binomial branches, with
clear conidia, monosporin and chain arrangement, and the conidial size was (9.785-12.708) umx (6.867-
10.335) um; M. fructigena was pale or beige. The conidia were colorless, elliptic or lemon, and conidi-
um chain, obviously not bifurcate or binary-shaped branch, and the condial size was (8.549-13.675)
pmx (3.388-9.762) um. For pathogenicity, all isolates could cause disease after inoculation on cherry
fruits, but there were significant differences in the size of disease spots, and the symptoms of inoculated
cherry fruits were consistent with those of natural disease in the fields, among which M. laxa was the
most pathogenic, which was the second frequently isolated fungi from CBR fruits. The following was M.
fructicola, and then M. fructigena. All the isolates of CBR were sensitive to boscalid, thiophanate-meth-
yl and difenoconazole except for two isolates, HF-4-5 and HF-5-4, which were resistant to azoxystrobin
and were detected with resistance frequency of 6.25%. The study on resistance mechanism showed that
no glycine to alanine substitution at amino acid 143 (G143A) in the mitochondrial cytochrome b (cyt b)
gene of the pathogen of CBR occurred in the azoxystrobin HR isolates.[Conclusion] There was diversi-
ty in the pathogen of CBR in Zhejiang, China: M. fructicola (65.6%), M. laxa (18.8%) and M. fructige-
na (15.6%). The pathogenic ability to cherry fruits was M. laxa >M. fructicola >M. fructigena, which
was not consistent with the responding frequency of isolation. The pathogens of CBR were sensitive to
boscalid, thiophanate-methyl and difenoconazole and had the HR frequency of 6.25% to azoxystrobin
with a different resistance mechanism from previously reported G143 A point mutation in the Cyz b.
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Fig. 1 Disease characteristics of brown rot of cherry
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a~d. HF- 1-3.HF- 1-7.HF- 4-5 fl HF-4-3 7E PDA L REMIHEIEE ce. 0 EMTf 4B T8 g 4B T 4R TE. efig=

20 pum;h=100 pmo.

a-d. Colony morphology of HF- 1-3, HF- 1-7, HF- 4-5 and HF-4-3 cultured on PDA; e. Conidia; f. Conidia chain; g. Conidium stalk; h. Conidia

cluster. e, f,g=20 pm;h=100 pm.

B2 EHEEREREEEREZRERER (M. fructicola) WIRASFIFE

Fig.2 Morphological characteristics of M. fiucticola causing cherry brown rot

a~d. HF-3-2\HF- 3-7.HF- 4-7 fll HF- 4-8 {f PDA FI:FEMEEES se. BT f BT g 2B T h AEMTE. efig=

20 um:h=100 pum.

a-d. Colony morphology of HF-3-2, HF- 3-7, HF- 4-7 and HF- 4-8 cultured on PDA; e. Conidia; f. Conidia chain; g. Conidium stalk; h. Conidia

cluster. e, f, 2=20 pm;h=100 pm.

B3 1EBRFEREEZRERERE (M. laxa) FIFSFHEHE

Fig. 3 Morphological characteristics of M. laxa causing cherry brown rot
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o, BERHRFI WL, 73 A i1 K/ 9 (9.785~12.708)
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11.361 pumx9.118 pm. ‘&5 CRkHRIE 8% R 1% 4
B (M. laxa) WTEASFFIEATF,

FLAth 15.6% 1) B8 K 1 15 22 K (A sl 4 B, AN
BROUR, WG, RER AL R LA, 72

A, oy A A0 T A, B R 5T I, 20 A
fFBEI B, AN X2 = SOR A AT K
H(8.549~13.675) umx(3.388~9.762) um, F-#5 534
7K/ 10.696 pm*8.167 um. 1 22 )5 FE i Hidh
Iy B IR IR, I B A 4 ZUIR BRI, i)
S 5 SCHRRTE R AR BEAZ B B (M. fructige-
na) V& RHIEAR A (B 4)
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a~d. HF- 1-9.HF-5-6 .HF- 4-6 #ll HF- 3-1 £ PDA & FRMBE LS ce. 0 EMT L 4B T g ABTHE b 4B THE. efig=
20 pm:;h=100 pm-.
a-d. Colony morphology of HF- 1-9, HF- 5-6, HF- 4-6 and HF- 3-1 cultured on PDA; e. Conidia; f. Conidia chain; g. Conidium stalk; h. Conidia
cluster. e, f, 2=20 um;h=100 pm.
4 ERBEHRFERERESZER (M. fructigena) HIFSFHHE

Fig. 4 Morphological characteristics of M. fructigena causing cherry brown rot

23 EBEFREEENS FENFLEE BE M B B M. fructicola ( & 3% 5y MK834755.
FIHEH S P ITST FIITS4 T FTfS ) 32 4k 45  MF597786 F1 MN049476 25) [ Jf K& &, ¥ @ T M.

J&FLEE TS 75 R /ANA S84 AH A, 28 500~750 bp, ¥ fructicola.

45 BAENCBI W3 E3EfT BLAST LEXf, 5% 2.4 1EHUBIEHHRREMEH M

B, 43 1 BT 1 1Y) 32 MRk 46 J33 i B 2 5 SR I R A% IR Fe P S U0 (B SO B, 43 B0 Ak 25 R A AR Bk SR i

a b c d e f g h

a.b. M. fiucticola fXFE WPk HF-4-2 . HF-5-11;¢.d. M. laxa QK F ¥k HF-4-8 HF-5-10;e-f. M. fiuctigena fX 3 # Pk HF-1-8 HF-3-1;g. HF-1-
7; h. X (ddH.0).
a,b. M. fructicola representative isolates of HF-4-2, HF-5-11; ¢, d. M. laxa representative isolates of HF-4-8 and HF-5-10; e, f. M. fructigena repre-
sentative isolates of HF-1-8 and HF-3-1. g. HF-1-7; h. CK (ddH.0).
5 1EHHBIRRRRE BRI
Fig.5 Pathogenicity of isolates to cherry brown rot
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Table 1 Resistance of Monilinia spp. causing cherry brown
rot to four fungicides

ANTF BRI L2570 (A DL

Growth on different concentrations of fungicides/

(ng-mL")

[0/ S G
Isolate  Control Mg Pk I
Boscalid

PP R
Thiophanate-
methyl

ST 3R
Difenoco-
nazole

5 5 50

Ve ] I
Azoxys-
trobin

HF-1-1
HF-1-2
HF-1-3
HF-1-4
HF-1-5
HF-1-6
HF-1-7
HF-1-8
HF-2-1
HF-3-1
HF-3-2
HF-3-3
HF-3-5
HF-3-6
HF-3-7
HF-3-8
HF-3-9
HF-3-10
HF-4-2
HF-4-3
HF-4-4
HF-4-5
HF-4-6
HF-4-7
HF-4-8
HF-4-9
HF-4-10
HF-5-4
HF-5-6
HF-5-9
HF-5-10
HF-5-11

- AR 4. BRI

Note: —. Can not grow; +. Can grow.
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55 pg-mL" FEERR R R (1) PDA YA e AE K, MIC<
5 pg-mL", Ui B BT A BRI PR35 IR 3 R 245 75 1)
B B R, H A5 HF-4-5, HF-5-4 W AN 15 Bk 72
50 pg - mL" B B R 2% A R ARG, B MIC=50 pg -
mL", J& T 4024 1 B AR, K T R (0 P AR
6.25%-
2.6 HEHKIEIE R IR T AT 0 & B A3 AL H

XoF 2 A W A T P AR R B L3 9 1) 2 PR UK
= PUBE AR I Cyr b Fr B B W 7 45 31 529 bp 1
Bro b g RN BURBE AN S BUE AR Cot b 9
fith X7 51 v 5 143 100 250G 1359 8 GG T, A& & B HoAth
I JE B R IE (1) G143A (GGT—GCT) SR A 4, i
AP A 00 40 T3 5 9 TR R %o e R B (R BT S e b TR
1) G143A HRABT K.

3 i@

Ry JE5 95 A2 5 e A Bk 7 R RO R I O B
23 M EL A M TR A 0 RE IR )0 R 38 o D A
()53 5 Al A AN BUR P E , 2560 IR iR T A 5
REAE , Bff 51 ST VT PR A FEE 0 13 B A =2
AN BB E (M. fructicola) 1% F 8 1% 3
B (M. laxa) F1 R B FEAZ B W (M. fructigena) « ¥
i, 31X 3 P A JE 0 B LE H TR) B AR G 358 A0 AN [
H T BE = Gy SR S, o6f 77 B R R AR R ), Lk
M. fructigena ¥ EAZ YL 52, 0] DR Je T8 IR 101
M s M. fructicola W] VAR YL A€ - Wk A1 IR SE
M. laxa 7 VAAZ B¢ S 52, Gy 12 Je 46 /D B AL
TR TR B, TR Bk AR R v B I
i WBH N M. fructicola® ™" s S R AL & M. yunna-
nensis & fx & W [ F , M. fructicola b %1 N 1R
IR S22 ] PR Ak AR L S SR L B 1 48 TS 0
R RN, X ] Re S A IR RN R
PEAA I, Ho R o 22 e A 3 K AR AT IR IE /R
. XIEESEYEHRIERBLTA KR
T TIT PR PR K R DS O ) TR R D A A A B B M
Sructigena , 53 T RE IR A “ H L R w AW AL
TE B EL R T BE R, BT e &4, o B B & 1
BAR E R AWK WRE KK, KR
FE A [RGB SUIR HE B I K8 (L S BOIR B N, B J5
T R R B 58 A B A M v . 7 E (] O SR 4 B
T4 B R B HER E 2 AARTE” . IR K
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T AN [F) SR A AR AR R AR I 9 T AR AT B0 T8 43
BT, KRBT PRk AR JE 95 1 B0 B M. fructicola F11
M. laxa, H M. fructicola 9 H Btk . AHF 50 K I
FH ] A% Bk 46 J5F 0 1 2 2 B AL ORRA1E Dy 4 SR AR 4 3K
JE& 94 B8 7 AR KA (5 = T SR e I v B A
BRI A S AR BUR I A =28,
53 M N AR R % B B (M. fructicola) 1% S
BERZ AL (M. laxa) VS A2 B 4% 3% W (M. fructige-
na .

Wt 5 2 WY JE 5 A7 1 e ) T2 25 22 /S, 50310 [
Mo JTAER KB 3 AR B R S A I 7 A 2
REHERGKE M T X =AM EE,
Toos 45 VAR 4 7 5 51 4 ITSIMScl/ITS4AMfeK  IT-
SIMfgn/ITS4Mfgn A1 ITSIMIx/ITS4MIx 5 4 Ji& B 1
FVHEATH 3G, 4 7 0T LSS 5E M. fructicola M. fructi-
gena F1 M. laxa; Ma 55O F) HL BT X il T & X8 ¥ i
(¥ 7 74 51 ) MF/MIR Il MLF2/MLR2 # 1T PCR
Y48, 7 5 A LSS € M. fructicola 1 M. laxa; Cote
0% FHEE X RAPD 2 53 v B XS v 15 S P 5
¥ MO368- 5/MO368- 10R. MO368- 5/Laxa- R2 #ll
MO368-5/MO368-8R 47 PCR 1 , 73 73] 7] LA %
M. fructicola M. laxa F1 M. fructigena; “F-F& HE 5525
FITS.f - tubulin F1 EF Lo £ K 7 S BT RS 22 ) R GE K
BT, il € M. fructigena F1 M. laxa; Hu 254
JAITS. /3 - tubulin 1 G3PDH & [A /7 51) T ¥4 2 1) &
SR B M, W58 M. fructicola M. mumecola F
M. yunnanensis. &3 5% € ¥ J5 o B B R, K A
FLIA rDNA ITS I8 FH 51 %) ITS1 R 1TS4 /551 53 #7 ,
I3 B TR IR 32 R B R S 5 5 TR B 3 4 E R SRR
R R T M. fructicola, X 5% E 4
RATE, AT RE 5 B RRAS B 10 22 3 A5 0 A B 1 s 7
PEA G, MUK EEIE A 51 ¥ 1TS1 ANITS4 AREK T &
AHIT e TS T A X T

FERERRAE P2 i R b, B Rl () TR I
T3 73 968 R A 2 245 7 248 I 1K M 288 2% 11 771 (MBCs)
- FIE I Jie 2 2% B AR (DCFs) « PR 460 35 D 04 TR T 25
A 7 (Qols) « 22 1 £ I B4 1) 77 (DMIs) B 3
% Pt S 0 1) 770 CSDHIs ) 5 A Kz 22 4 FH AL 55 3% 1 711
JURFE . ARBEFEALH X 3 A B3 AT T Hudhith
LN, 25 TR 3 T AEE Bk 48 S 9o s T TR RS Y SRR B 7T R
% T PP A IR R I A i 38 e I O R . A TR PR
HF-4-5 . HF-5-4 X} W [ 6 R I P, HU e P

9 6.25% . HH MBC 8745 B 7l 32 B8 F R i R
MZER. H20MHL 80 FFA LK, HKIF BRI R
P AT ) H 25 RS M. fructicola X 2K It
DK 1 248 3% B 551 ) 0 P A 57 %t 3 A R, Pk v
PRAE P b A AR S A R B, B 7R R TR s
B R RIAE DI G, ATRE R H T PUrE ik E i &
K AR IEARAKF R Bu e B bk . £ B8 B
T4 5 995 5 76 1) DMI 2 5% B 771 32 5200 T e I
PR EA I % 2Tk FE BRI, FE ) it FH 5 A 5 8 3 05 0
0T DM 2 3% B U ME T B B 30 5%, Bl 88 77 AR
PUAPEN o ABLEA XSG ARSI 381 6] 24 1k FH 2R
W 2 UL DM 0 P PR M 4 DS v B b o ZE 4B T ) BT
YA, B A8 ) SDHIT 28 24 751) 2 e It b i o o Ji
BRI AL TR I TG TR Ji e e A R DG IR R AR
F& sdhB W5 I () H272Y B4 H272R , 1% i RASAE
A. alternata, C. cassiicola F1 B. cinerea " #B A
B, SR A A FT AR TE Bk 8 SDHI $1 1% B ik , FF
K RIIHAE sdhB b8 AR SURAL, H HT B4 5 5
95 JEr AT 8 WE I TRT fic 140 0 14 L 1) 0 R B AR, AR AR
URSIZH R, AW 210 E I B 11 32 I R e () Pk
oy JEE o TR R - B MIBC 28 A1 DM 2 3% 11 711 0 14 T
PR B 7= A5, iR 25 5 Qol 288 2% Bl 7] 14 48 FH 7 R bk
Z R AW AT R AEZ S Cyr b F R RAZ A
Ko ELRZEURE T 40 AR bEERF (O b)
FLIH 1) G143A mURAZ 2 5 Qols KB i B A J5
DRI O, AR A 9 rh 3 ) 85 T IS o 7T R R K
M G143A SR G, H o 3 bk 5 8508 0 Ak 18
B K P AL TR 7 41 B AR 22 5, LAl i gy
PENLHIA ik — 20T 5K .

I

JE X i B 1) 0 S A AN O R e L S5
T3 JER TR R T 25 AR AIE , 5 51 6 T T A Mk A R s )
A= JE R « R R BEAZ L/ (M. fructicola)
1% R B A% B E (M. laxa) AV R AL BE A% 5 (M. fruc-
tigena) , LA M. fructicola ¥ . LRI M. laxa
KRR B0 J1 808, M. fructicola IR Z. M. fructige-
na (B0 J 1855 o B 24 T Aar 2 BH PR A JE3 9 9 )i
FRXT R Rt BT R 2 Tk PR B I R g P e 250 2 I 9
J&o G bk HF-4-5 \HF-5-4 5% 185 B i 2 3 9 itk
PUATEIAR N 6.25%  (HARAEGTVERFR LA G134A
MR, LB i — PR AT.
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