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1 #MRIERE
1.1 REEHSS

FEJTIRAA T M AR KO S35 R 4 % 0 ¢ 41
15 ML 25 KR AR S AR i sg AR )
BUR /] 5 mm X5 mm B 20 218k, SR FH 4L 4003
BENAY B R IR G I B A B AR BN Al R TR
1.2 BEMAEMNBERCEHE

1) B RN . T[] B ML R A A6 5 13 d A fi B
1S KR RAIR, F 75% LR R
TOEAT I 75, R G 1 S S SR T i S 42 o ok 2
K X100 A /mL AL F BV L mL, AVEGHER 1 mL
TR KAE AR . T 28 C R RIRRE 55 3 d, WA FIiT
SRR . BRRIERP 5, A 31K

2) I 2 R RN 4R G o e . DA Sk 2
P 2056 15 KORRIFAESS 12 h, H R AE AL 1
433 A 500,100 pL 1 BER KK 3R M5
TR CHRBE 1X10° A /mL) 5 AT A 8% 0k 4K %5 1 JC 1
IK AR IR AR 24 b5 BT B A6 , 45 40 BR 43 53 it
BLIE B[] — TR A 50— 30 kO R AE 30 8047
FERh . B 2 AR AT S Rl SR S I AR A 0, 42
THRFR, BB E R 3. QMR TR
H B b e 2056 2 5" KO SR AR, K s D v 7 4
615 6 K3 43 0 DA BE S AE RS 0.6 X107 AN FT1.2X10°
AL LB e R ST BB AR 15 K
e R Bk BIRIAE R 5 FIRA Y 3~5 1K, LAk
PRSI0 I oA TR BE AR 1 AR X R, 48 R 24 h
Je BT AE I . R RN MG A B D bRk %
P QR THEM . T 215 KERIFERSES
K, € H A B 2 BE T 8 7R Ok B 1X10°
A /L) PR T 3 K, X BRI Pk 3 IR TG TR K, A
JEEEASRNE 24 ho 45 A4 B B AL B 5 — B0
KIS 304, B 2 d WS FNE 4 b SR 52 B0 K
THOL, Feit K% A 3R
1.3 REELEE

D) W R T A2 S o B 48 Bt o B 45 B gl b
TR T PDA B5 553 |, 26 ‘CRE 3% 2~3 d, LS
JE T ) R 9 T A5 RN B SO A8 0T IR AT, )
TR B B AR LA A T RN
FH 106 37 H 5 5 Gt W0k F 4 90 1 g £, LIRSl 2
(R EZAR

2) WA ITS P84 1 . H TaKaRa %& K 41
DNA 2B & B B DNA L 4330 514 1TS4
(5'-TCCTCCGCTTATTGATATGC-3" ) 1 ITS5

(5"-GGAAGTAAAAGTCGTAACAAGG-3" ) *f
JEAN AT . PCR AR &R (25 pl) : DNA BifR
1pl, B R4 1 pL(10 pmol/L.) , 2X Tag Mas-
ter Mix 12.5 pL.,ddH,O 9.5 pL. ITS$ #5794 °C
AR 5 min; 94 “CAEPE 30 s, 55 ‘Cil 'k 45 s, 72 “CHE
i1 min, 2 30 MR 5 )5 72 “CHEAH 10 min, PCR
P LA R B (BRI B4 A BIR > w4l £k A
FF o800 25 S 1A% 2= NCBIEUE 1% (http: //www.
ncbi.nlm.nih.gov) #17 Blast 437
1.4 FEEINRE pH B RE A ENE

B D (E AR d=5 mm) IR ER 7= BT
ANFEE SRR 1A W BARIAEN 7.0 em ZE A7 I,
5238 ORI B T Vg AR 55 9R 24 h s geit =4
i, B A EE S SR A HTIREE pH (B FDGRE X
JE R TR 22 A A = 0 ) 5

1) BRI 2 o K IR B AN 21 PDA B 5%
BEJE LA E T 14.18.22.26.30.34 .38 Fi142 ‘C R {H
TREEEEEFE

2) pH (B 8O %2 . A HCL A NaOH 3 75
PDA K5 77 HE 09 pH AR o H49 J5t B 452 b 2 pH(E 2.3,
4.5.6.7.8.9.10. 11 #1112 () PDA K532 3E I, e ali i
BEREEEE

3) G REBUBME S o B0 R R R 2 PDA 5557
B E T AR AR DB A (12 ho/12 h
) B35 FRAR N, Fredd I B2 Al pH T R 9%
1.5 HESH

K H Excel 2007 ,SPSS 25.0 Fil Origin 2021 #k
HATHE T o B S R R VE , MEGA-X B 4Bz 1%
(neighbor-joining , NJ) ¥4 & R 48 & B # , i XS5 [G
R ARG (DMRT 32 ) 254 7 22 55 1 3 e o

2 HRE5HMH

2.1 SR HE EER

KM 0 IR E 2RI 4G B, ) & e
REIAT /22, R IFUE 7T d A DR E
b WV BT S SR AR (BT 1AL B) 5 55 28 S5
K Z B AT LT, S0 S AR A (o R
M s (B 1C~E) , 25 G 5 R0 ™ 5, 95 S e B 5
RS LB AW NN RS o R R ik,
Ji SR BRI AR 2, 5 T S S DA P R R A
(EI1F,G) o H BT AT UL, J8 S S50 35 2 3 L 78 (9.0
JEFER . 285 100 B SR, 3L 76 A 8L, 3k
AT ANBIR , 45 B 8 (Aspergillus sp.) SREHE
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(Fusarium sp.) - 5% 460 J& (Bipolaris sp.) R Horb ol IR 70 B R i ik 39,500, 8 L35 i

J& (Colletotrichum sp.) M7 IR 8 J& (Gilbertella sp.) ,

¥k, 44 W HLGXF

(¢

1 & H 8 & fE R

Fig.1 Symptoms of heart rot disease in the field

22 HEENE
1) BSiRHRt . BOATES Rl 3 d i, Rl R 524l
RGN B SRy R AL, SRR YL B, 3 5 TG K B R

2 (CK) A W AR (B 2A) 5ITF G Al DL TR A O IR o
p”

RS TR ERAE O T HRSR SN A (T 2B) o W A
L UHEAT 03 B A5 B 45 20 8 R AR ) 4 Dt
BRI, AT AT FR IR U, IR HLGXF 2 KO SRR 500

CK: %[ B Control; IN: ## Inoculated.
B2 #RBEEMBRENE
Fig.2 Pathogenicity test of young fruits inoculation in vivo

2) 5 ST FH RN FE AR o SR ATAE Sk IR R4 T BT IR
T TR AE By U PR Sk B9 7 s A T I LR Ah . 2 A
8~10 d J R SRt 22 Ko , LA AE AR 5 T[] 4 9 i
AR, B 50 2 AW v, TR 7% 1 S 2R R BN
SRR B EIT e R AW o A Sk R A
J5U R A A BRAE FE RS 10 d 2R B T AL 20, BT R 2R
PP PR AT 2 (T BA) |, 3 5 A6 5y He i J5L T 17 Ak
BB R RRERE S AR B8 1~2 d, 45 16 d R JBE
T B R R B R B AT 21 A0 P A SR TOUAL o B4

AR (B 3C) o B FIAERS TG B K Ak R AR 365 RS OR S
(E13B,D),
23 REREVBRERS

HESRTH A 500 pl 7B i g AL BEL, T4 b s
A8 h KSR T B, R AT RS . HESK A 100
pl A7 B A AL BUR S R AR KA IEH, T
FiftJe 25 8 KIT IR B2k A9 , 55.6 0 BUHERR 4 R 2 AL
TR R B (B A5 11106 MR IR KRR 2R
Ji 7% , BT I i] LR S A R SR A TR B A R
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B3 HESL T H EEM R R E R

Fig.3 Symptoms of heart rot disease in the field when inoculated the stigma and pollen

66.7% o MK TRIR 3 WM TF R IR A AL I, TR S
55 8~10 R SLIF UGS &9 - 9.1 %0 Mg R B4k,
T Je AT UL P9 50 S AR €6 35 2 5 72.8 00 LS 1 S v A
21, IR LIE  F I E N R B0 B R, Bk
WA 81.9% . FHAHF ALK (B s bk 1.2X10° 4~
WA T ) BRSS9 d S REZL R, 76.5% 5
SEHAL, FITF I AT LR S NI L s e 16 d S
KM RS2, 5.9% MRS RILE , B RN
82.4%6 ;s I TR (B 7 AEH) 0.6 X 10° 41T )
TRPRMESS AL, 9 d S RS2 &, 31.3% 4l R w4k,
B I S S PN 2% 0 s v AR, #2716 d s I
MR, 18.8%0 MR IR IO, SRR A
50.1% . 1428 5 d J5 @ R 1 R R PRk S R B A
TR, BRSO R, R BBk
TR BN e 38 Ao 2 FE A g R4 AR B R TS B0
DL b4y R A (o B ES R 0

F U AT UL, Bk R B A 5 A AT B B A
T TR BE AR A Sk b AREE AT Sk 7K 43 R 3R ) o
W & 2R TR AE K R 22 R AT B SRSk
B2 ANB R i SR S P e 5 e B AR A S 1Y
E RGPS A e kS B A=

FEH P ECE N TE SCE SR B A D IR
E TR/ A NN T A S M R R R S TN
iz 3% F [A] R e AR
24 REEREE

D) fGREE A . HLGXF FRAE PDA 4 L,
Wik RBIE B 223085, 30 CHi R 2 d ) L TR
Tl WK ERABTEELA) . HLETHR
AR W22, PR G, 28007, DS,
T4y B, Wi = A 1A~ R E R 7 %, 58
101.66~176.20 pm, ¥ 135.43 pm (& 4B,C) . %
B ERIE | JC R/ (67.35~147.56) pm X
(44.91~119.62) pm, -5 B i 2L B4 A7 4% 450 (14
AD) . FEHES T OP BE s E A R (K 4E) . P EE
FARES T 1 BN 5.43~10.00 pm, F-44 8.45 pm ; 1
[ 2 76 42 46 1) K /N Ky (7.70~13.78) pm X (5.65~
9.05) pm, F79.96 pmX7.16 pm. LY ] i AL
G361 e A6 F W A — R B 22 (K AF,G) o R3S
i Jir P 1) 35 IR R PO SRR AT, W20 S50 2 6 T
TGN ERH FER SRR,

2R ITS IF 505041, LAHLGXF kR EEE
41 DNA A, 08 ITS 593617 PCRY 44, M7 f5
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A.PDA FRHIEA(2d) (FFR =1 cm); B. FL7 LSRR A il #1948 (br = 50 pm) ; C. B4 74 (bR = 50 pm) 5 D. %%l (b5
R=100 pm); E ~ F. I+ (bR =5 pm) ; G. fl5E 8 3 A B8 22 (LL A7 kiR , A8 = 5 pm) . A. Colony on PDA (2 d)
(bar = 1 cm) ; B. Erect sporangiophores and curved sporangiophores (bar = 50 pm) ; C. Black sporangium (bar = 50 pm) ; D. Columella

(bar = 100 pm) ; E - F. Sporangiospores (bar = 5 pm) ; G. A bundle of appendage at the ends of the sporangium (indicated by the red ar-
rows, bar =5 pm).
B4 AEROERFEARZMNEMES
Fig.4 Colony and micro-morphological characteristics of the pathogen causing heart rot of pitaya

RN 648 bp T4 . FIFLEREALENCBl REKF W, REGE A B M A4 30 SCRF5H JE AR 8
Bl e (8 5% 5 2 ON248470) , 48 Blast 70 1, BBk 2 1 000 K H A2 19 F ek 30 BUE AT VP4l o 45 2R &
HLGXF 5 G. persicaria ¥ 9VFALEE R 99.84% . M B, W #k HLGXF 5 G. persicaria B 5 — 1~ ik fk
GenBank H R ICEE R P 9 AT RGE R B 0 Fr M S (1815).

HLGXF( ON248470 )

O3 Gilbertella persicaria CBS325.71(MH860148 )

Gilbertella persicaria CBS190.32(ON875317 )
Gilbertella persicaria CBS247.59 (ON875318 )
97
Gilbertella hainanensis CBS565.91(IN206226 )

Blakeslea trispora CBS 137.49(JN943004 )

100

100 | Choanephora infundibulifera CBS 178.76(IN943007)

. | Choanephora cucurbitarum CBS 150.51( MH85679)
0.010

E5 BETFITSFIMERZAEHR
Fig.5 Phylogenetic tree based on the ITS sequences

CERIBASH, AT E R R A B H JER 30 (CEIR A MF F DL 5%, 18 h )5 Wi vk B2 T ik

Bl RE )R BT IRE G. persicarias 6.35 cm, 24 hJ5 P2 AT 3K 6.46 X 10° AN/, 18 224 K
25 BE.pHEMXEMEEREEKAZ T 0 R AR B T B R (P=0.01) .

5 SR B TE 14~42 CAF PR KA, A EIRT 14 °Coim T 42 CRYIRIE T, 22 A REA K ok
B2 B0 i R WS R e Rl R O 30 (Co AE - (K 6) .
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E6 HERBAREBREZFHTERM=AETWL
Fig.6 Growth and spore production changes of
G. persicaria under different temperatures

s DU TR 2248 pHAEL A 2~12 39 REA= K=, H:
Wil pH 8 50 78 30 CREOEAME T, FpH N5
PDA ik /R, 18 hJR 7K B A2 A1k 7.14 em,
24 WG P~ A] 35 1.98 X 108 AN/, B 22 A= Kl
003 R 2 e T A pH A (P=0.01) . #£pH } 5
6 I, TR 22 BUE Bl G855 , AW KA (K 7).

B 5% H 4% Colony diameter
. E4&m= & Sporulation per dish

8
b A
2 7t al B 120 10°
g ¢
— oF -
o P Sl
=L 115x 107 18
= 5F )
2 ;gl_‘r:
S 4t . ts
o 110x10° =2 £
r<\: 3r @=

(=]

i 2 Isx100 &
o

0
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pH
7 MEREABpHEZFGTERIFTREN
Fig.7 Growth and spore production changes
of G. persicaria at different pH values

TEE S IR 2 BRI R 12 oI 38 B 19 45
TR 2 R KRR E R BEA
90 BT PR A, PR A 4.92 X107 AN/, By 8
TR Ry R (P=0.01) (£ 1),

3 it #

Guo 25 20K = A A Bk R B R BRI
B K T S, 5 R T I R S e 5 AR SR )
H T Ak 7R B TR AL 28 i G A KRR 5 4B
AR L2305 TRk o R B HH ) O IR B R H R 4
[IISINSE oW S E D@ i3 N R B
BRI, 1 R A A6 T A KBS | & de SR )

x1 AEABEGTHUERERLEKM~METN
Table I Mycelial growth and sporulation changes of G.

persicaria under different light

BIAIYIEN WL /eom I T (X107
Tllumination Colony diameter Sporulation per dish
468 Light 6.8940.06A 3.02£0.25
4= R Dark 6.844-0.04A 4.924+0.49A
12 hobRE 2%

12 h light-darkness 6.91£0.04A 3.43+0.31AB
alternation

W= A K BORIRBE . LA A5 2 A 4 R bk 75 R B AT
SR A RO . A O G R 5 AR
PRI Ay B A 2 R TR o i TR 2 A 5 R R T KR
ARG SR 10 YR 3 2y SR S 1T AR 2 A Sk
FITE R H2 Pl S0 AE S T Bk R Bl ] LIl i AE A8 B
AR AR ES, RBCLE , IF B AN R O
7 5 A A S 3R 1T A R 3 FH 1< 10° A4~/ mL A 96 &
TEROR R A TR B2 Ah 7 20, R SR R IO B REAR , Ul
Ak 5 7R B AN 233 o SR TR A S R IR S50 8, (H 2
SRR A RO, SRS S R —3, &
B DR Bk T K R 1 A R R N AR AR
B0 bl B R B R S S T BOR TR R A 1
PE—2 5T . ARSI R B K R T
ENTIOP SIS

AT H PR R R R A BRI AT S A
TR AE R B i $ A0 =X e ik R R S R S0
JE IR R Y7 a5 o Bk R AT LAFERE Sk bE gl
WREERE Sk WK 43 RSS2 B8 R AR A D5, 1 ik
T S0 JEE 9, A0 S A A Sk ) 6 7R 1Y) 2 R i)
S FEREAR , ANERD 1X10° A /mL Bk /R B 1 4 1 1
BIPRS00 pl J5 0 SR TR X AE RS B O E A, S8
TSI AL, R S R 5 AR A SRR
TR 3 YR A2 1 VAT A B2 1 T 1) O R A AR 5
KB WSTR[ B 52 B LAY (0 8 RE IR, 5 [R) %
JERARAL o 5 BB AE AR Sk (R F 3 70 F 72 AT 255 N,
A 5] Kl SR LR O A T — 2 T

A 3 U R B A R AR A BT, AR AT IA
Sk IR B R T IR, R R T H R, X
33 L BT T YR 3 R pHL 3 IO ) F 9 25 R S R R
FEARL, T T 6 RE A R R — B ie R )
PO S RS AT ) TF 3 22/ K 1 Guo 2515 31E
M5 Sy Hdpead A 4 A AR 9 38 40 SE BRI, B IR 2%
A X6 TR 22 A K T Wik 3 5 ) L2 X6 I O A A
RO, A G IR AR R T R A 3 R
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2257 10 SR DR AT RS TR PR AR IEAN R o KO SRITAE4E
SR TE AR 7 i e S PR B, AR TR T R A T ] 2
K®GH . KRR G, R L™ A A R
TR 0 2 T E A AR YR AL A R AR AL R 4 ik )
flt FRESR S, 2 5 A R SR K BOR AR 5 A6 L A4 4
P TIRUAERE S, w51 I R AR I A2, B AT
wAL TR SR AT 2L 0 SRR 5 S i R
AEIE AT 25 5 B 16, D/ 390 452 e 5 A DA T ek A
T OREEXT KRR
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Identification of pathogen causing heart rot of pitaya (Hylocereus
polyrhizus) and studies on its initial infection point

WANG Xinru', HUANG Yugqing', FAN Xueting', QIN Yonghua', SUN Qingming®,ZHANG Rong'

1.College of Horticulture/ Guangdong Province Key Laboratory of Microbial Signals & Disease Control
South China Agricultural University, Guangzhou 510642, China;
2.Institute of Fruit Tree Research, Guangdong Academy of Agricultural Sciences/
Key Laboratory of South Subtropical Fruit Biology and Genetic Resource Ulilization ,
Ministry of Agriculture and Rural Affairs/ Guangdong Provincial Key Laboratory
of Tropical and Subtropical Fruit Tree Research, Guangzhou 510640, China

Abstract Heart rot is a newly identified pitaya disease, which affects the yield and commercial value
of the fruit, with an incidence rate of 10% in autumn and winter seasons.In order to effectively prevent and
control heart rot in pitaya fruit, we used strains isolated from diseased fruit in the field as materials. We con-
ducted ITS gene sequence analysis, as well as in vivo inoculation methods in both indoor and field set-
tings, to identify the pathogen and determine the initial point of infestation and its biological properties. The
results showed that the the symptoms of pitaya heart rot disease in the field include yellowing and dropping
of some young fruits, premature reddening of young fruit skin, and brown rot of the fruit flesh. The patho-
genic strain was identified as Gilbertella persicaria. The initial infection point of the pathogen is the stigma
of the pistil, and the sporangiospores can colonize the stigmas of female either directly or indirectly through
pollen, resulting in heart rot during pollination, fertilization and fruit development.The optimal growth tem-
perature and pH value for G. persicaria were 30 C and pH 5, respectively, while light exposure could in-
hibit the sporulation of the fungus. These results indicate that G.persicaria could cause pitaya heart rot by in-
fecting the stigmas of female.To mitigate the damage of G. persicaria to pitaya fruits, it is recommended to
promptly remove petals after pollination or apply fungicide treatments, thus decreasing the initial inoculum
load.

Keywords pitaya; heart rot disease ; Gilbertella persicaria; infection point; colonization
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