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Abstract: Annona squamosa L., a vital tropical fruit crop in southern China, faces escalating threats from fungal dis-
eases, though rust pathogens had not been previously documented domestically. This study reported the first dectection
of Phakopsora cherimoliae, a high-risk rust fungus known to cause severe yield losses (>30%) in Central and South
America, detected in Yunxiao county, Fujian province. Field symptoms included chlorotic flecks on adaxial leaf surfaces
progressing to reddish-brown necrotic lesions with abaxial yellowish-brown uredinia. Morphometric analysis revealed
ellipsoid to ovoid urediniospores, long axis is (28.0+2.5)um; short axis is (22.7+3.2)um, consistent with P. cherimoliae
descriptions but notably smaller than those reported on A. cherimola hosts, suggesting potential host-driven morpho-
logical adaptation. Molecular characterization via LSU rDNA sequencing indicated that the sequence of the three iso-
lates obtained in this study exhibited over 99% identity with the reference strain KF528012. Phylogenetic analysis using
maximum likelihood and the Kimura-2 parameter method positioned the isolates in a distinct monophyletic clade with
100% bootstrap support, separate from other related Phakopsora species. Pathogenicity was confirmed through Koch’s
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postulates. Inoculation of healthy Annona trees with filed urediniospores induced identical symptoms and new
urediniospores within 14 days. The absence of telia indicated dependence on urediniospores for asexual propagation,
raising concerns about persistent epidemics under Fujian’s humid subtropical climate, where monsoon winds may facil-
itate regional dispersal. Urgent management strategies include pre-monsoon application of tebuconazole, systematic
removal of infected debris, and resistance screening across commercial cultivars (e.g., ‘African Pride’). Study limita-
tions include unresolved telial stage biology and unquantified spore dispersal dynamics, warranting long-term
phenological monitoring and aerobiological modeling. This invasion event underscores vulnerabilities in China’s tropi-
cal fruit biosecurity, emphasizing the imperative for enhanced phytosanitary surveillance and international collaboration
to mitigate cross-border pathogen spread. The findings establish a critical baseline for rust disease management in Asian

Annona production systems, bridging a longstanding gap in regional plant pathology literature.

Keywords: Annona squamosa; rust disease; Phakopsora cherimoliae; phylogenetic analysis

DOI: 10.3969/j.issn.1000-2561.2025.10.019

ZF 75 4% ( Annona squamosa L. ) J2& s I T 4
o HL DX ) B2 e SRR, PR R A XUBR R =
(& TN E T Z BN Z 06, EIRE, FapsiE
B TRE. TR TR A SE (X))
AR, BEE TG T R K, FinL
()R T AR SR I N . SR, e R R
P R R FE R, B A R A ) TR R
LIRS, H SR R EAE RS, W RRAR
CHRETT, TEREEARE BB RIE T, MR
B 7 R R 3 B ™ R O PR
BEENKENVMF 2014 4E/EELVG . £ . Afiik
BN AN R A BN o AR AR A, R RO
Ji B A 44 o8 T 7 B R AL B85 T ( Phakopsora
cherimoliae ). %% R AE S T 8 BB W% 42 55
BE, H I R0R SRR, TS 3
o 2 P TR A AE L SR, E A I AR AE I AN R D
LT T R E P X R B R A 1E 2 R

VERNTH R EE =X 22—, B E%
W E MR MAF B A F . B SCER, X &
BowEMMR ZED TrBEMHR (IR EAN
Colletotrichum gloeosporioides ). /&5 (I i
4 Fusarium spp.5§, Phytophthora spp. ). 18356
J5i# & Podosphaera xanthii ) FISSZE LR (K
J5L & 4 Botrytis cinerea &%, Penicillium spp. ) ¥,
A T 75 BB 10 R Ge Ve T o et ARG . R4
PR . T S IR AR N SO A A B B
Rk gk, (HR B R 2Ein s, K ek
WA A FRVE B A AR LA R, R ECR
B B iR A X AN 2 o TR, kA A
A B S B A 7™ i 57 G IR T AR D TR A 4K XL
oo FRESEPE . 57555 % 20 B % X A
B IR A A %, N 2 55 v AR T R

PR B HL, (R B SR I B A AR
JE 77 H g5 =M R, W EE PR 7 AT
I3 R DR R 2 S LA e e, R L T
FURG HER 1 B B X,

ARG X R A 2 5 B 7 A S el kit
W, MRS . T REE N AE
e RUE , B ULE E S E P cherimoliae 1912
g, B TREFRSEERR NS E, S EST
B XA 149 7 A T AR R B i B 5 0 7 o A TR ek
PR SCHE PR 2E AR

1 #etERE
1.1 #7#l
1.1.1 MR EHEA  FHEERRAR QR
BEMNT =F E D AW F g R E
(117°21723"E, 23°53'42"N ), 2F 3 N7 AL Fh
TRYN, RERFREIC 2024 4£9 H 15 H.,
1.1.2 MR P RO ORI A R
BEINT R EOL R AR LA VER, Rl 1101,
12 FHik
1.2.1 BEFMESET (1) ERRESHEA
KA, RGBSR IR B S F AR (AN e
o3 RS, BENCLTRRE, SR FAR ]
Jr e i T R AR, RO R AR
(2) S BRORE . KR EATETE T
P ) G LI R 8 Y N 3 D N
BX53 Jt WiEE (B4 DP27 Wi A48 ) WL
TIESFE, WK B . LR &
T (PERBRPR A Do FEFLIEEL 30 N AY
AT, R SR s H A 5
JE, SRR EE R, P E R R
KA B M EME T IR B X



%10 #

MRRAEZE . b E 7544595 5. Phakopsora cherimoliae % 5 5 50 40 b 2495

(3) AR Jit—C P
a5k, B AT A T SRR N R
T, 4B TIRX (1S E-1045) Bi%% 10 nm
JEE 42 ISR Sk . SR & 5 4 4 B
( FE-SEM, Hitachi SU8010) 7£ 5 kV i@ HL &

WA AT RIS (PR BRI ).,
122 2FRAXFFHAL (1) HH4 DNA
AR, SR R BN, JokE
LUy B RATAi R IR AR, AR PR AL ZU
LA ZH DNA S BCEA SRR e R 1Y 3 1 s i
FEAS (F-01, F-02., F-03), £ 75% B30
J& ., FHICH B J] By BURBEAS FALZH 2 (2 100 mg ).
P SUL RS BRI K B Rk, I AGE =
1SR K R A 2 AR (BIF B e R P kb
FWA 3 WUIBG IR ). KGR =
1.5 mL 04T, RAMY 4] DNA s
BU A & (dbat R A O Rk 0y A B A
TSP102) i#£47 DNA fli$g, EAREAES U5,
Y DNA £ NanoDrop 2000 #8543 GG EE T
Kl 265 B2 ( OD,60/ODaso K 1.8~2.0 ), IR LUK
% 50 ng/pL JE 4T3 RAET-20 C, % H.

(2) PCRY 5T, 51¥iit: WIGFHH
BER KW 3 (LSU ) 3R SE XI55 57
714", LRust1R: 5~ TAAGACCTCAAATCAGGT-
3"); LRust3: 5~GGGTCATTTAAAGCTAT-3', J
MAERZ: 25 pLARZE 12.5 puL Premix Taq  (Ex
Taq Version 2.0 plus dye) ( TaKaRa, RR902A ),
1.0 uL DNA #i45( 50 ng/uL ), L FiF51 4145 1.0 uL
( 10 pmol/L )} 9.5 uL JCT# ddH,O. ] Bio-Rad
T100 PCR X AT 4 . 95 ‘CHIAEYE 3 min; 94 C
330 s, 53 CiBk 30s, 72 CZEf#H 1 min, 3t
35 MIEIR; 72 CTARAEM 10 min; 4 CIRAF, §748
P2 1.0%BEREREEERE (7 0.5 png/mL GelRed )
Pk (HLE 120 V, Bf[E] 30 min) $3F, HARs%
TABER B Z S (Tanon 3500 ) BAINJG, AT
L A AR AT BRA W 58 OBl )

(3) RGEKEHr BT A7 51 3 1o
NCBI ##5 % blastn T HIEATRITEME XS, T#
14 1245 i J&( Phakopsora spp. )&% k) LSU
3, FHEBE 2% E (Pucciniaallii, GenBank
Bk AF511076) YENANEE. FIH MEGA 717
AR Clustal W BEE T 2750 Hoxt, Fahig sy
P ARRSF X, JE TR R IREM (maximum
likelihood, ML #4& & 4t & F M, X Tamura-Nei

model B, Bootstrap F & flAF 1000 YR PEAL 1T 8552
g,

123 mEWMEFIRE SE2ZRENHE
TEIF MR, JEMEDLL.

(1) fRIRAL Tl &, BEHUALRT, 28 75%
CEERMNHTEG , HICHEFAR ] &I 15
B, WEM T T KEELE . R
BRI BN I 2 10 T B PRk B, RV N g
T 1x10° METF CFE T 0.05% Tween-20 HI G
K o

(2) PP AbBE , 2 B{EE e 2% 7 7% B AR AR (
1% 1a) i BB, K EECER] ( 285ME
HESF 30 min ) H A FRBIF WA kA T ki et
Jik X3, (A R AN L2 2 cmx2 em ), BJ5 E
W5 TG 1R 7K T B 2K I . X HR A DL A 3 0.05%
Tween-20 JC B /K B AR F W HEA T AR R AL B8

(3) HIEdhl. #rET R OATHE RS
WS (N EBEMSTE R KRR ) BRI, 48N
A Y VT TR O B A A R AR X B >90%, TR T
B (25+1)°C I RIS 3G SR 40 h i AT i R e 1
Ft. 24 h G bRELS, HRBEKE N TAUEE (IR
JER 25~28 'C, JGREJE L/D i 14 /10 h, AHXS
TREE R 70%~80% ) MG FE

(4) FEARIEE . B K0 SR FP X R By
T, THERNG 7~14 d $THEEHEIADIR

2 BRE5HH
2.1 EFHHE%HEBEGER

P[] 8 e 22 B, B TR 4 v 3R 8 Ry 12
Yo (B 1) M I T S EEAS R 00) ) i 4 285 (2 BE
(1A, FEER S AN B Rl & T8 L% B3R FEIX
B 1B ). M G 20 2340 nT L 1 L R 4
Hegl i arig s btk (& 1C ). Besh, kL
P RO I R R AL, SRR
22 REEEEERLE

3 5 I SHOUR S5 I T 1) 2148 LSS R R
MEE S REMNMT (B 24, B 2B), fITFERIE
SETE , DRRER, EREa (K 2c, B
2D ), KHhE 42 K (28.0£2.5)um, i EH BN
(22.7+3.2)um, JoAK, F65-FR M4 40 (& 2E.
Kl 2F), BEFMESHEH M TrEmE", &k
WS B A0 F B B, W7 20 J nl g LA 70 71
h EEAZ YA IR AR



2496 o AE A F AR

%46 &

A BEM R RIETE (Z2) FIEE (£7); B: M5 IR 5
HORE; C: MR W LIRS B RY)
A: Front (left) and back (right) of the infected leaves;
B: Magnified view of the lesions on the front of the leaves;
C: Reddish-brown powdery substance observed
on the back of the leaves.

B 1 FHHEREBEER
Fig. 1 Field symptoms of rust disease on A. squamosa
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A, B: Urediniospores observed under an optical microscope; C, D: Urediniospores shown under the differential interference contrast (DIC)
microscopy; E, F: Surface texture characteristics of urediniospores observed under the scanning electron microscope.
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Fig. 2 Morphological characteristics of urediniospores of A. squamosa rust disease in field

2.4 TR IR Y BRE ML IE

Sk T BRI T[] SR £ 1499 i 1 2 e
Wi A FH (8] 2 7 Ao Il %) 596 1 4 b A i R
Ao RExR, SxrtR (B SA) M, B
Je B IE LT T B AR BE AN IR AR X (A
5B, I 5C), MR s G m T (K
5D), SHIM AR LR O 1
TIEAFRHE (K SE. B 5F) 5HECRER E A

TSR AE—EL.

3 itig
31 RESRS5ELEE

AWM RERIE R FNE . T FRERE
KR Bk N 500, B vk BH A TR ) A 4 e 0
it 245 & B P cherimoliae 513 . B #I ¥
TSR T ERIE 36 M % A ) 28 'S5 BEENKEN!"!



5510 1]

Wi KA 25 . vh [ % 7% B85 %5 )5 Phakopsora cherimoliae Y% 52 5 Bupm P 43 7 2497

M: DL2000 DNA marker; Y: CK"; 1: F-01; 2: F-02; 3: F-03.
B 3 PCR # i LSU BIEER ik B
Fig. 3 Gel electrophoresis image of LSU PCR
amplification
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B4 ETFLSUIDNAKWESHBRRZLER
Fig. 4 Phylogenetic tree of Phakopsora spp. based on LSU
rDNA sequences

A MIRMRAIETE (Z2) AW (47); B: HEFMRRYIERE (Z2) ARSI (47); C: HeF R IE KB ;
D: B A HERTHGZME; E. F: DIC BME/RZEMEWRTH EMERT.
A: Front (left) and back (right) of the control leaves; B: Front (left) and back (right) of the inoculated leaves; C: Lesions on the front side of
the inoculated leaves; D: Microscopic view of urediniospores on the back side of the inoculated leaves; E, F: Differential interference contrast
(DIC) microscopy showing urediniospores from the inoculated leaves.
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Fig. 5 Pathogenicity confirmation via Koch’s postulates
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