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Isolation, identification, and biocontrol of Monilinia fructicola

ZHANG Cuifang, WANG Shuai, WANG Shiyao, SONG Wenfang, ZHANG Yuqing, GE Keliang,
SUN Yifang, DUAN Yanxin", HUANG Yonghong"

College of Horticulture, Qingdao Agricultural University, Qingdao 266109, Shandong, China

Abstract: [Background] Peach brown rot, one of the major diseases of peach plants, seriously
jeopardizes the flowers, branches, leaves, and fruits, causing great economic losses to the peach
industry. [Objective] Identify the pathogenic fungus causing peach brown rot, investigate its
biological characteristics, and study the inhibitory effect of Pseudomonas protegens QNF1 on
the pathogen, and provide theoretical basis for the scientific and precise prevention and control
of peach brown rot. [Methods] The pathogenic fungus causing peach brown rot was isolated
from the diseased peach fruits, and its pathogenicity was tested according to Koch’s postulates.
We employed morphological and molecular biological methods to identify the pathogen fungus
and characterized its biological properties. In vitro culture and in vivo inoculation experiments
were carried out to investigate the inhibitory effect of QNF1 on Monilinia fructicola and its
damage to the mycelial structure. [Results] The isolated strain HF had colonies with a brown or
gray-white color, producing a large number of white spores in a concentric ring. The mycelial
were mostly typical binary branching, with a few unbranched, and intertwined with each other.
The conidia were colorless single spores that were oval or nearly round. The pathogenicity on
healthy peach fruits was consistent with that of naturally diseased fruits. The phylogenetic tree
constructed based on the ITS and 18S rRNA gene sequencing indicated that HF belonged to
M. fructicola. The pathogen could grow at pH 5.0—11.0, with robust growth in a weakly acidic
environments, and the optimal temperature for mycelial growth was 20-28 °C. Further
experiments showed that QNF1 could cause abnormal changes in the mycelial structure of the
brown rot fungus, such as breakage and swelling, and the inhibition rate of brown rot on peach
fruits reached up to 88.17%. [Conclusion] The study isolated and identified the peach brown rot
pathogen and carried out research on its biological characteristics and biocontrol, providing
important scientific basis for the precise prevention and control of the disease, which is of great
significance for promoting the healthy and sustainable development of the peach industry.
Keywords: peach brown rot; rDNA-ITS; biological characteristics; biocontrol

MR A JB8 9 1 g — b A v Iz e A
F, CAEPEA AR XE, GfFItar. il
AR ZESETENAY 16 DA TR 4
S BB ENE . 4. A B
RARR, JURFXR BN A RS
FeRSL, R AE R IR I B B B R R
RSV, 200 AR JE o 2, AR ™
el Jyilm HE R B AR, e sk, &

YL 5] o A S T A TSI L 48 3 11 i L
PR ZRE, FEAAFELUT 6 PO E0R Kk
S PR % HLBE 4% £ R (Monilinia fructicola) . =T
HERZ A (Monilinia yunnanensis) . A= 55 4% it TR
(Monilinia fructigena) . 1% 4% 4% &7 (Monilinia
laxa) . M4 55 4% #% & (Monilinia mumecola), UL}
% ¥ e A% 45  (Monilinia polystroma)’'% ) H:
b, FHRISUIIHRIE ARG M. fructicola, M. yunnanensis
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FI M. mumecola & H Tiif i [ Bk J8 5 5 it T 19
FEERPAE AR AR AR P GE 1 LU AR A N R e
B AT A4S M. fructicola, M. yunnanensis £l
M. polystroma, Z2JKAREEHA R AN [RIBk 4 s
IR TR S ARKEE . IR K
WEARKRESR, REHBUNRE WA 25,
H AT X LU A48 Bk B 0 35 A= 0 Rk i A G
WA, A T AR R TR R % 28,
DRI, BT G i T P 28 R LA A W 2 R 4k
XF B A WG B 250 RS HE DR 2 . R Y
AR R S B ORI R T AR B

i Ak 2 B A B R A S Bk AR 5 o 3 &
G, AR N 06 8K 25 R BN A 2502 4 1 A T
SZIR RV IR T 9o Dt B % Ak 2 25 5% B B 2 1
HEARUAN P, R R, MR e AR
PRIl 48 T s B 42 B AR L A 12 2 B 4 403 1
WFFE HS SR 7 0 AE PRI T TE 5 g,
TCHERRE L, OB Z 1 A B N A= TR IR SR
T CHEERY], DAEPIRRPR S 25 H
B4 PN A= TR b A ZF AT B8 (Bacillus licheniformis)
WIOM | FERCRT AR 73 85 19 3 MR S 2 AT o
(Bacillus subtilis) FIAJk i AR Br 4= 158 43 25 9 Je 7 2
ZEFAAT I (Bacillus tequilensis) ¥4 % #k S5 52 48 15
g AT R AT By iR

2022429 A, INARB MY % AT
T— Bk b N R BT ™ HOBE R4S T R 1
F, OWREREIEY 60%, ZFFIMELE K, Ak
55 MR B ARSE by B al AL BOm TR, R E
Wtk , LB EE TN 4y A ) T B
IR RIS, JRTE IR B R A 9T HLAE
YrERe e, BT b7 18 1 SR Y B (Pseudomonas
protegens) QNF 1 X 15 B 14410 il £ FH S % Bk
RS FH R AERIBTEERSCR, DU R S0
Bl s SR AL HLS AR I

1S

1.1 &
TE 1 AR 48 D5 T 48 e A 3 ARk el oy i

BILR WS Bt o < 4 B 21 % Bk R S e AR S i 0 b
Bl TR E R IR, PR R, AR
SEJEE R BBy R M, BUR M S AR
AT R B . difh . S5 . NAETRBE
MR QNF1 PR A A M AE AR 4
B IR AR T A S g Z= U0,
1.2 EHEE

T % 248 ) M B8 (potato  dextrose agar,
PDA) 5 F% £ F1 B £ 35 % % ¥ A (potato
dextrose broth, PDB), ¥ & iy B Tl el g 4=
WHARAT B S
1.3 FERFIFNEE

DNA #2800, bR EYRE A
B Hl . PCR 34 iz )i & /] : Phanta SE
Super-Fidelity DNA Polymerase, B4 &t ME#E A4
VIR I A BR A\l 5149 ITST (5-TCCGTAG
GTGAACCTGCGG-3'), ITS4 (5-TCCTCCGCTT
ATTGATATGC-3")!""1 | 18S rRNA X8 59
NS1 (5-GTATCATATGCTTGTCTC-3")-5 % [K ]
P35 AR T AR R () B0 AT BR S F] 5E

4 B R REIE A2 BN ER R,
B RBHE A E EIRIR G R IRAE, R
PR AR S A IR A E; HIRIESRME, b
T —fE B2 A A PR A ] S
14 REEMNST SR

22 [ 5 VS O 9 9 X B SR A A R SR
KT 7B, AR EAE s . N2 &R
MR SR BE AR PRI 22 i fE 5 5 PDA 15 3%
Fe(d=9 cm) 7, T+ 28 °ClE 35 F=AF (5] B M 15 7%
TP 3 d BRIV 1l 2% TR 226 4 22 8 1Y) PDA 15
FRHEH, ERE 4-5 WG IRTF AL A5 B 7R o
1.5 REENESFERE

16 PDA K53:5(d=9 cm) b4 F LR
4G, W4 lAR R I B TR H (d=0.7 cm) it A 35 37 1L
W ECE T 28 CCEIRRE SRR PG R R, KigR 4d
Ji SR S TRV 300 5 DX S8 1) T 22 i L 4 L 3 R R TS
A BAIRR RGE(A40) WL 1 22454, IF
i,
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27 Qiu VLI B IR SR R R SR
KT ARIARAE a0 AT
(d=0.7 cm)'& T 100 mL PDB ¥57: 3N, 28 °C.
180 r/min K515 9% 3 d Je— 2 A 2b At uE 1S
FFFAK, 3 000 r/min 5.0 10 min W,
FCHK DR T 2-3 Wk, SRJG FJCHIK# Feat
T, KR TREER RS 1x10° CFU/mL, fii
4 A 2h B BRI AN 28O B USSR R SR (40%) W0
KM TR ALE I
1.6 =& & BUm M Y38 IE

SR FH B A 2 o 1k 36 o D T 1 0
PERCR/N—3 . TG B 9 B0 1 f BBk SR 52 < 4k
ZI%, FME R 1.5%11 NaClO %5 0K ik SR 5
RIMRW 1 min, JCRZERIK G 3 K, KT4
L KRSk 5 4L, FERRSR LAY e — ) e
TRV A FH JG TR A & 1 R /N (BLAR 0.5 em,
0.2 cm), Falifb)s 0999 R P (d=0.5 cm)
(1x10° CFU/mL)43 il #efh F455 1 Ab, % Bt 332
PR S8 /NG PDA S5R39 RIE I s*40
M, EH B XIS R — M e 2 fges, B4
WhERA 3 AEE, KR ER 3 K.

1.7 REESFEMFERE

£ PDA RiFEHE(d=9 cm)" 4l I JC o 3% B
4%, WAiAb S B9 R R U (0=0.7 cm) LA 5 F
PEESACH) PDA 555k, 28 °CHIEREH SR 6 d
JE EIHCR 22, BERE . {8 DNA 1255 & 52 Huw )i
) DNA, RHA#EMSY) 1TS1 FITS4 #17
PCR ¥ . iR Z (25 uL): DNA #E4T 1 uL,
2xPhanta SE Buffer 12.5 pL , Phanta SE
Super-Fidelity DNA Polymerase 0.5 pL, . T
W5 197(10 pmol/L)4% 1 uL, ddH,0 9 uL., PCR
RS2 2% PCR ¢ 14 i W] 45 (Phanta SE
Super-Fidelity DNA Polymerase), # 3 /=#4
1% i € B2 FL VKR 5 64T tDNA-ITS A i) ]
J¥; 18S rRNA JEPRR A 519 NS1 #4788
W, 2 AR T AR AR ) B A R
SERSL. W FE4E AE NCBI k4T BLAST HXT,
K AR I 1% B bootstrap {1 000 H % R 45 &

BRI HELE R
1.8 HAEREHRENEDFFE

S22 PEEP I, WA pH B
JE o FES B3RS 5 AN TR Bk TP R Bk HF-4 19961
P RE N B AR HA R AR, 7SS S
AR, %TX 5 AHEHRYIEE T F—2Fr,
JIF LA Gt — 1k FH B bk HF-2 3597 J5 2095 . B alifk
J& Bk AR B 9 T TR DF (d=0.7 cm)#E A PDA Ki 3¢
F(d=9 cm) 1o, A HIE T 4. 12, 20, 28,
37 °ClEIEBREFEIE IR, 7 dJaRATFEEX
TN GE B ELAS, A R B B AR S AR
PER/AN, BHESE 34 @HEE 1 mol/L 1Y
HCI 1 NaOH ¥ PDA ¥ 33519 pH (EH 4 5.0,
6.0. 7.0, 9.0, 11.0, K@ PH(d=0.7 cm)&E T Fik
5 MLEREE) PDA B FRFE(A=9 em)AG R, T
28 °ClEMRISE A h IS5 3: 74, 7d FRA T
SR E B EAR, MR EARM A A
WY, S 3AES, KELE 3R,
1.9 MWAEE QNF1 3848 fE iR I B 22 25
aAliapA

Bi &M (d=9 cm)H & A 10 mL PDA [&E{Aks
IR, BEMEEET EBEEAC, A 100 uL WREEN
1x10' CFU/mL f{) QNF1 kB, FH R A4
TRHRIAT, WIS 7R S R — Rk AR 5 e
HPF(0=0.7 cm), A, LIRHEERIK LB N
X RE R EE R LR T 28 *CHEFRAH , (B B G157 3 do
I FAE WD B8 8T th— A~ 1 em
HI/NERTE, BEEETEREI A -, T/ 40 uL Jt
wK, @ bR, A H 3l RE S 40 e
e BHORE R G40 AT IES, iR, I E
23K,
1.10 WEE QNF1 MR LBEHFH
Fri=1ER

BEHCR/N—0 . TG 5 B ) it B Ak SR s
1 1.5% NaClO # =35t 5 min, FIJCH 18K
VeV 3 Wk, AT KPR SEAE QNFL AR B
(1x10" CFU/mL)H23 10 min, DIIZHIICHE LB i)
PRERFEIE 10 min ¥R, 2 498 FER TRT.
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FERR AR S s RT3 11 (B4R 0.3 em, IR
0.2 cm), FE0 AN EERIHEE R T TE H(d=0.3 cm).
¥ 2 AL FRBE SRS Ar BIAE 2 ARk E& T, IR
TR N IESR 4 d, TR AN 10 AR5, e
3 Wo BRMWEERLLRRRE, TN HNAER
QNF 1 XAk AR S48 S8 & A B Bl P 3G
1.11 BB

¥ H MEGA X64 IR G L EW, K-
DPS 9.01 Geit-#F 4347 25 57 8 &1k, R Excel
2019 Seit#dE, KA Prism Graphpad 9.0 Al
Photoshop 2020 1E .

2 EXRE55M

2.1 FEREMRSZ ERREER

AR R s L S B 1 2% T A2 TR A4 £
BT ks R I DI K
il 0 5 B[] SE 4, g B AT AR O T ) AN B
(K 1A); R, B B K
15, WBEh A AR (& 1B), SHTAKRR
i M. fructicola JiE IR AH L,
2.2 TRIEREBIFSHHIE

W43 B aiALJS 9 HE 95 I 18 £ 70 T PDA 55
FRHEEN, 7E 28 °CHEIEMTES, WEWRIRETEE
Rk, WK 2A F1E 2B s, 152 e
HF, &S0 SMEE AR A6, =4 KEH
BT, EAEE, WSR2 ROIR;

1 HRIEBRELHER
5 B: RIETHEIRR L
Figure 1 Natural incidence of brown rot in peach

fruit. A: Early infected fruit; B: Diseased fruit at the
middle and late stages of infection.

A KRR R

R IR T 2 G R 28R — SCR Y I,
ORI, HAHSCH, BANIEIRE 2C);
ST A H IO, TR 2 O R sk R
JE (Kl 2D). i I BB A 4 45 2R 5 2 JR R A
A (R4 5 T TR 22 S5 4 S AR IR AR R i iR
FEA—F,
2.3 REEBBHENE

MR AR CC 0], AR EOR TR 2 K
JEBRIEEFI AR HF-4 S H A SR S0 45 11507 B
JE R, 3 d S5 15 11 AL BE T AR i R ELAEA A
A B, MR R MR HF-4 091 SAE 1
TR AT A (B 3). 5 4 REF, R
L TR R P SR S BEAL AR R A IR E e AR
SCEEASMNTE, FEFPTERR HF-4 )RS A
2, (B BT AR 5 4 A At T AR 0 RS2 T
ZEN (B 3) o %350 P S5O SR s S AP
5 H R ST A SRR ARk — 2, Al
X 5 MNEFR(HF-1, HF-2, HF-3, HF-4, HEF-5)
o0 H AR R W BOwR TR
24 REEMNRZLZEWDH

I 5149 ITS1 fi1 ITS4 %} HF-1 . HF-2 |
HF-3. HF-4. HF-5 % J5ii# ) DNA #17 PCR 9"
B E R — DNA F Bz, K/NA 510 bp (Bl 4A),
W53 55 5 NCBI T 10 58 7 F 51 364 T
BLAST [AlJEMERZ, T 15 257000 B REAH L
FEH 98% Lk IR IF A R G K B, BT
rDNA-ITS 741, 22l 4]5 M. fructicola
H-1 (GenBank 550 ON262112.1) K4 K F
AHUT (] 4B); T 18S rRNA KE[H 41 4%
W22 ¥ %% 5 M. fructicola AFTOL-ID279
(GenBank % k58 AYS544724.1)3E% % ZAHIT
(1 5), % FFrk, Btk HF-1. HF-2. HF-3,
HF-4. HF-5 >4 M. fructicola.
2.5 pHRKIREXTHEIEREE KRN

W KBS I8 7 HF B9 B DF(d=0.7 cm) &
F TR pH BB 525 F 28 °CIR IR 55 FE 40 SR B
F*7d, GPREBI(A 6), PEBIERE HF 75 pH
5.0-11.0 Z ¥ Ee LK, JUHAE pH 6.0 BfAK
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15 pm‘ ) 75 pm

_—_—

B2 HEBNEEES A EyxiEl; B: EEmE; C: MERE2ZIEE: D: WEEMTIEE.
Figure 2 The colony morphological characteristics of fungal pathogen. A: Clony frontal characters; B:
Colony backside characters; C: Mycelial morphology; D: Conidial morphology.

HF-1 HF-2  HF-3 HF-4  HF-5

B3 SERRREEMHRRILEER

Figure 3 Disease incidence of isolated fungal pathogen inoculated into peach fruits.

WA, 24 pH AL T 6.0 I, Az 4 B [RAIL AR E M KGR, Kbk
ke, BEH pH EAKTHE, BREIERE HE 4= WIS HE HF FPHd=0.7 ecm)E T 4. 12, 20,

K E Wz d PR, 28 TR, PHBJERSE HF - 28.37 °CIRJE &M 535 7 d (I 7). 7E 20-28 °C
TE SRR IO BE TR A1 T A K B b . ARHEERAE, TRERZLZ; FERERK,
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A M

bp

HF-1 HF-2 HF-3 HF-4 HF-5

69

51

79| Monilinia fructicola 2014/FC54 (LT615190.1)
Uncultured fungus CMH195 (KF800286.1)

|M0nilinia laxa 2013/LX42 (LT615188.1)

55

49

981 Monilinia laxa 2013/LX2 (LT615187.1)

Monilinia fructicola Q1 (MZ047241.1)
Monilinia fructicola 347G-
Monilinia fructicola IMK1 (LC312668.1)

Monilia yunnanensis RZM2-3 (PP657630.1)
{Monilw yunnanensis YHD611 (0Q155197.1)
]2 HF-1 MF (PQ555475)
4':11:-3 ME (PQ555481)

Monilinia fructicola H-1 (ON262112.1)

19-1 (MT804338.1)

HF-4 MF (PQ555482)

—%:HF-S MF (PQ555484)

R E rDNA-ITS S FEYFLE  A: ITSPCR V™ Y); B: 5T rDNA-ITS F4H A £

O 3CE FRCT N E R 1000 YA FEAE; A5 0.005

rDNA-ITS molecular identification of fungal pathogen. A: ITS PCR amplified product; B:

95
{49 HF-2 MF (PQ555479)
59
0.005
4
GEREW . 155 NEUH I ERTE GenBank H & %5 ;
Figure 4

Phylogenetic tree based on rDNA-ITS sequences; Numbers in brackets are GenBank accession numbers;
Numbers at the nodes indicate the bootstrap values based on 1 000 replications; The scale bar indicates 0.005

substitutions per nucleotide position.

TE 12 °CHY, 22K EWE, JLFIA -+
PR MR 4 °CHY, WA EER

MR TR R F 37 °Ch), WA LK. 4k
FIrid, BZAE 20-28 °CHYBE IR IR JE G BN R B

I A K
2.6 M4YETHE QNF1 SHHBERERNS
BAEAK

TEIEF ARG, MRABIER R HF #2Z
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5 ET 18SrRNA EEFIIMENBEREERZLEN 9 NEME NERTE GenBank FPE 375
OrSER BB ONER 1000 KA JBAE; AR 0.050 A% BRI LR
Figure 5 Phylogenetic tree of pathogen M. fructicola based on 18S rRNA gene sequences. Numbers in

brackets are GenBank accession numbers; Numbers at the nodes indicate the bootstrap values based on 1 000
replications; The scale bar indicates 0.050 substitutions per nucleotide position.

pH 5.0 pH 6.0 pH 7.0 pH 9.0 pH 11.0

Colony diameter (cm)

50 60 7.0 9.0 11.0
pH

6 pHXMMBEHEEELEKNFM A AF pH ZMFTAEK 7dW®EE; B: AR pH &M
AR TdWNREEER. ARNSFRFRRESEE, TR
Figure 6 Effect of pH on mycelia growth of pathogen M. fructicola. A: Colonies growing at different pH

values for 7 days; B: The diameter of plaque growing at different pH values for 7 days. Different lowercase
letters indicate significant differences, the same below.

SRS O HEMBrAES (8 8A). MiZe  SEBMERMELLYE(E 8B). LAk, &RA>19 1] X ik
QNF1 &R (1x10" CFU/ML)ALFE 3 d JFROBkts USRS T RAYBLG:, X W] RESE ti T4l i e
JERTR HF 22 LNTRESH A T BB ML =2, AN TR A sl it s S I D P s

b, PRS2 A4 BT MRS, T 22 Zi LRk, QNF1 R BERAL PR 5 028 T
PR RSARIN B BORESH , 370 T HIECA R BERIENTE HE W22 RIE R A KRS, SE
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ve}
=
1

Colony diameter (cm)

4 12
Temperature (°C)

20 28 37

7 REMNMESERRERLEKHOEME A ARNREER 7dHRE; B: AFRREERK 741

PR ELAS o

Figure 7 Effect of temperature on mycelia growth of pathogen M. fructicola. A: Colonies growing at
different temperatures for 7 days; B: Diameter of plaque growing at different temperatures for 7 days.

8 QNF1 XERXHIBEmEEELLEN
225

VRN A IEEAERKMIEZE; B: QNFI1 AL B

Figure 8 Effect of QNF1 fermentation broth on mycelial structure of pathogen M. fructicola. A: Normal
mycelium structure; B: Mycelial structure treated with QNF1.

HIRaE i kA Wi KSR R AR, YR
SEM T DA 22 IR B AR S5 RN T BE o

2.7 WAEE QNF1 s BXINFIHE R L4E
BRe A%

TSN AETE QNF1 39 A 5 HE R 48 I8
ST HE WEOF, K 9A FioR, 45 1 KRRl 3
S LB AR IR 392 0) 5 A0 PR (9 A B
QNF1 i) SRS AR T B 25 57 0 EE 2 R
TEhG, X REAT S SR B0 B B AR B

RS E Y S5 S S DN T R RN T
JER AT A, Mt AT QNF1 AR FEY R
52, JLHERR AL B AN B, AEf H
NGMER R AT, BHMES 4 K,
Xif BRZH SR SE R V-2 B AR Ik 4.51 em, R
B e IR (1 9B); I AR T QNFI 4b
FRAYIR L, HORBEF- ) HARCH 0.51 em, UiH
W HF e NZEDE QNFL 3, )
il R H= 5 88.17% (& 9C).
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CK

QNF1 [

Disease diameter (cm)

<

Time (d)

9 QNF1 &ZER Xtk REABRHAIBIIR1ER

100 Hok gk
1

Inhibtion (%)

Time (d)

A XTHEF QNF1 AR PR SCI RGO ; B: AS[E AL

MRS BE EAR LS C: QNFI1 X B R IR I A 3 . ns: G725 .

Figure 9

Inhibitive effect of QNF1 fermentation broth on brown rot of peach fruit. A: Disease incidence of

control and QNF1 treated fruits; B: Disease diameter of peach fruit under different treatments; C: Inhibition
rate of QNF1 against M. fructicola in peach fruit. ns: No statistical difference. ****: P<0.000 1.
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