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Abstract: [Objective] Custard apple (dnnona squamosa L.) is an edible tropical fruit, and is also
called sugar apple or sweetsop. Custard apple is a very delicious fruit, valued for the flavor and texture
of its pulp. Fruit also has high caloric value and sugar content. Owing to domestic market demand, Chi-
na has expanded its imports. According to customs statistics, the domestic import of custard apple was
135 000, 118 000, 80 000, 132 000 and 153 000 tons from 2015 to 2019. China imported 124 000 tons
of custard apple in 2020, 95% of which was produced from Taiwan province. To import the custard ap-
ple, it is required to apply from the plant quarantine authority for issuance of quarantine requirements
and shall be in compliance with the quarantine requirements. Symptoms of the black irregular spots
were observed in Fuzhou port. The experiment was undertaken to identify and characterize the patho-
gen that caused black brown spot of custard apple. [Methods] Strain 2268-2-2-3 was isolated from cus-
tard apple imported from Taiwan of China by using conventional PDA plate method. To identify strain
2268-2-2-3, the morphological characteristics, sequence alignment and its pathogenicity were analyzed.

Fungal isolate was incubated on PDA for 14 days in the dark to observe the morphological characteris-
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tics, after which 40 mg fresh mycelia were collected and used for DNA extraction. The mycelia were ho-
mogenized in the tube using the mixer mill MM 400 for 90 seconds at the frequency of 30 times per sec-
ond. Genomic DNA extraction was conducted using Labserv Plant DNA Extraction kit with a KingFish-
er mL machine, according to the instructions of the manufacturer. DNA concentrations were determined
using a Nanodrop ND-1000 spectrometer. Then the DNA solutions were used as the templates for PCR.
The internal transcribed spacer (ITS) of nuclear rDNA and translation elongation factor 1-alpha (EF1A)
regions of the strain 2268-2-2-3 were amplified in PCR assays using universal primers ITS1/ITS4 and
EF1-728F/EF1-986R. Nuclear ribosomal DNA (rDNA) region is relatively conserved within the species
but variable among species, and thus is a useful region for distinguishing different species. Based on rD-
NA sequences, some diagnosis protocols have been successfully developed for quarantine fungi. How-
ever, in our experiment, we found it was difficult to identify the A. rigidiuscula by ITS sequence. Then,
EF1A sequences belonging to the A. rigidiuscula and related species were further used to generate phy-
logenetic trees with the neighbor joining (NJ) methods by using the MEGA 6.0. The phylograms were
bootstrapped 1000 times to assess the degree of support for the pylogenetic branching indicated by the
optimal trees. Trees were rooted with Fusarium circinatum (MW402083, MW402082) and Fusarium
begoniae (MW401969, MW401968) as outgroup. To fulfill Koch’s postulates, strain 2268-2-2-3 was
tested for pathogenicity to fruit of custard apple by artificial inoculation. The method included wound-
ing of the fruits by sterile knife, inoculating into wounded fruits by placing agar of mycelium and ob-
taining the sample from 10-day-old culture plates. The control was used by inoculating the wounded
fruits with PDA agar. Inoculated fruits and controls were covered with sterile cotton wool and placed in
the polyethylene bags. Each inoculated fruit was placed in a moist chamber and incubated at 25 C.
Four fruits were used per treatment. [Results] The strain 2268-2-2-3 grew well on PDA medium. The
mycelium was pink and could produce a large number of macroconidia and microconidia. Macroconid-
ia were sickle-shaped or slightly curved columnar, with 5-9 septa, 52.98-76.33 um long, and 5.38-8.56 um
wide. Microconidia were elliptic to cylindrical, with 0-1 septa, 4.95-10.38 pum long and 2.61-5.12 pm
wide. There was no sexual stage during the cultural period. The ITS and EF1A sequences of strain 2268-
2-2-3 was compared with those in GenBank database, showing that the sequence shared more than 98%
homology with several sequences of A. rigidiuscula in GenBank, respectively. The phylogenetic tree
based on EF1A sequences showed that the strain 2268-2-2-3 was gathered with other 4. rigidiuscula iso-
lates in a branch. The strain 2268-2-2-3 could infect sirikaya, forming dark brown irregular spots in the
pathogenicity test. [Conclusion] 4. rigidiuscula is an aggressive pathogen causing gall disease of cocoa
and is listed as a quarantine fungus in China. However, identification and quarantine diagnosis of 4. ri-
gidiuscula based only on morphology is problematic due to its morphological plasticity and delayed ap-
pearance of the fruiting bodies. Combined with the morphological characteristics, by using ITS and
EF1A sequence analysis, the fungi were identified as A. rigidiuscula, which can cause dark brown irreg-
ular spots on custard apple. To our knowledge, this is the first report of interception of A. rigidiuscula
on custard apple in China, providing great values for quarantine practice in the ports.
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Fig. 1 Symptoms of the black irregular spots on custard

apple fruit
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Fig. 2 Culture characterization of strain 2268-2-2-3 after 14 days incubation on PDA mediu
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Fig. 3 Morphological characterization of strain 2268-2-2-3 after 14 days incubation on PDA medium
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Fig. 4 Phylogenetic tree based on the Neighbor-joining (NJ) ananlysis inferred from the

translation elongation factor regions of 2268-2-2-3 and the related species
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A. Inoculation symptoms after 7 days (1~4. Inoculated group, 5~6. Control group); B. Control group; C. Inoculated group.

E5 #EMEER

Fig. 5 Inoculation symptoms

3 W ®

FE AT A AEI B A v, BRI T A A LK
B0y A A T A R /N 72 55 58 %008 T 1) 2248 45
£ PDA R 725 b, n] ml AR o 1 22 AR K RE
W B, FREA A B B Rk ez, K
B 1 K/ (68.5~97.5) % (7.5~9.2) um, 5 4k
JITE AN AL TR, AT 5~9 MR, AR T,
B Ik 2268-2-2-3 fEPDA _F 4 K538 )5, Bk EM 40

O, A7 RE R R 7, OB RIS SN/
T 3284—2012 # 1k S AR 78 438 7 e i i ik ik
K—F

A AT AL B A] 51 SR T AR A 2 A 4
EIRINGE 2R FAEEIMOE R AR, EDTH
120 A 6 E B (Anacardium occidentale) < WIHE
J& (Coffea canephora) FEAN HIHRIE s 7£. 23 N B B+
A %00 B 6 AT AT (Theobroma cacao) Bk
TE > 7R B R AT 1% 0% B G B B (Dalbergia



650 3 i)

S

39%

tonkinensis) IR ; 7£ 2 K Je ISR E K 2 B &
A ZI W S FEA R (Mangifera indica) R TE™,
T DY 1148 ZER AT A 2008 B BT AR A SE R 4
18", Togawa 5"} 78 2 W AT A AL 18 7] 6 3 3
FH O, 1200 B E T 7 SO B ROBRER 32 B BT A
iAo Yunianto 2™ 7 BL 22 R 1996 7 70 5 )
4R N A LR, T — O R R AR R (A. rigidi-
uscula) o H 1T, T 1% B0 3 4 A5 5 58 10 96 35 hF
PRIERA TELIRIE . A SCR TR & SR 7 51
AT R EBUR PRI E 7V, WS TR E RIS
A FE S ALl AT T TR B (A. rigidiuscula) T
i 2268-2-2-3 , [A) I 3 3 7 B R S BRI BEREAT T
IR o A, A FE B0 1 I i 5 SR B 1% R P
RERS 12 Ye s 75 B R 52, T 1 BB A o AN R DU 3 B , AR fF
T FERRE R R 7 BRI TR — P 7. BRA
AR, 2013 4 729 B2 A H AR 3EEE 2 DORa A b
R v T LB B (A, rigidiuscula)"™, 2017 4F 5
PRI B e 3 5 2 0 5 SR S B A SR 10 1R
PL_E#RE B, n] o] R BE B (A. rigidiuscula) 53 A
BRI, 2 D@ K B R S AT AR

P g it 5 A 2020 4= FEF 2 1K R £ mik 630
JImg e DA KSR g1 iR 22 IRT B Rk, dndth
i SE 06 (Ceratitis capitata) 17 /N SE W8 (Bactrocera
dorsalis) T8 FERE SO (Planococcus lilacius) ~ K
R& 5Ok i (Planococcus minor) 2552, K 31 BB %
TGRS o BT KB R — RS 2 72 i, X B 48
HHBESRIR Ry, AE 1R 38 2 SR 0 R 2 a8 D B [ 17
IRAT A P28 P4 B TR A DN 465 7 A 7 1 22 SR AT
Iy ERETR, LA T 25 B , DR s s ) e ] 0 ]
WK o DAA] AT RGBT A5 4 e N iy e A
VIRERE T T R T AT R 1 B A, A R
T BT PR RS I 7V PR AT T AR A Tt At
FRHEBEE A ) TR ENAMLA K TR A]
AEIBI TR I T, 22 86 v T3 T ARGl MR R E A
B3 36 77 T, T A 9T 2 %00 TR EF 1A B£8R Fy B
BABKRAR et A B 1% BUE LA B PR
TR 77V

U AR, B X & B 5 AWK, KE S TEK
FEN KB, 7576 2 B A 17 3 75 R R ok 7 —
Lo R Al iR . WO AR T MR S K
R R I 76 % 75 599 18 ( Greeneria uvicola) F2F-
R R J& i B (Neofabraea kienholzii) %5 f5 ¥ T4 ¥

W PLRIB SRR A G X KR BE —2
RO IR , 75 BN 1R A TAE , R4 IR A=
45,

Bt RS MEABRRF S ELFHRR £
Mok EARARE P THR/FEFY!

Sk References:

(1] 3, RO, e . h A G 50 =850 i M].
bR B R, 1979171,

JIANG Ying, LI Bingtao, LI Yanhui. Flora of China. Vol. 30-2.[M].
Beijing: Science Press, 1979:171.

[21 AR . 7 RO B RO R IM. 5T o Rl R
#k,2001.

XIAO Bangsen. High quality and high efficiency cultivation
techniques of Annona chinensis|[M]. Beijing: China Agricultural
Press,2001.

[B] WIRB. MR, KL% 7 B S  F KB iG B gt
JE[1]. B flk AL 22,2003 ,23(4) : 62-66.

HU Meijiao, YANG Fengzhen, ZHANG Linghong. Research
progress on custard apple fruit diseases and their control[J].
Tropical Agricultural Science,2003,23(4):62-66.

[4]  BRSCHE, PRABEE | 3 7 bl 2k (% HOR (1], IR FHE
2014(13):91.

CHEN Wende, LIN Defeng. Green cultivation techniques of
sweetsop[J]. Modern Agricultural Science And Technology,
2014(13):91.

[5]  BERIE . & BCR G A L Wiia O iAWt Sk RE (D). T
4eMl,2016,10(33): 5-6.

MO Zhoumei. Research progress on post-harvest disease types
and control methods of Albonectria rigidiuscula[J]. South China
Agriculture,2016,10(33):5-6.

[6] SHARMA R R,SINGH D, SINGH R. Biological control of post-
harvest diseases of fruits and vegetables by microbial antago-
nists[J]. Biological Control,2009,50(3):205-221.

(70 Wl 5RA% K T AR B S R B T I A S R (0] T
AR, 1996(5):31-33.

QI Peikun, ZHANG Chuanfei. Investigation and identification
of fungal diseases of Albonectria rigidiuscula in Guangdong
Province[J]. Guangdong Agricultural Science, 1996(5):31-33.

[8] Z=HE . k8 3K 7 B (Atemoya) J 529 F &k A I B iAWt
FEIR]. & AR XA ER R 37 70K, 2001(12):23-29.

LI Huiling. Research on the occurrence and control of 4/bonec-
tria rigidiuscula diseases[R]. Research Report of Taitung Dis-
trict Agricultural Improvement Farm,2001(12):23-29.

91 FEXH. PEAES . BNTEE, ARFR ERERMI
BT B AR 2013
ZHUANG Wenying. Flora Fungorum Sinicorum Vol. 47, Nectri-
aceae et Bionectriaceae[M]. Beijing: Science Press,2013.

[10] XUAEF5, ¥ A&, ZRHR AR . WO AT AR PR ARG 28 5 € U5 705 : SN/T

3284—2012[S]. A N\ B 3L A0 [ [ 52 o7 5 R A 0 A % A
Ji,2012.
LIU Fuxiu, HAN Yuchun, LI Weidong. Detection and identifica-
tion of Albonectria rigidiuscula: SN/T 3284—2012[S]. General
administration of Quality Supervision, Inspection and Quaran-
tine of the People’s Republic of China,2012.



o543

OGS RE G BCR S AT AT AR B R 4 651

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

TOGAWA M, NOMURA A. Dieback of Atemoya caused by Fu-
sarium decemcellulare Brick[J]. Annals of the Phytopathologi-
cal Society of Japan, 1998, 64(3):217-220.

VICENTE L P , DE LA PARTE E M, PEREZ T C. First report
in Cuba of green point gall of cocoa cushion caused by A/bonec-
tria rigidiuscula (Fusarium decemcellulare) [J]. Fitosanidad,
2012,16(1):19-25.

SUMMERELL B A, LESLIEJ F,LIEW E CY,LAURENCE M
H, BULLOCK S, PETROVIC T, BENTLEY A R, HOWARD C
G, PETERSON S A, WALSH J L, BURGESS L W. Fusarium
species associated with plants in Australia[J]. Fungal Diversity,
2011,46(1):1-27.

SINGH U P, SINGH H B. Occurrence of Fusarium decemcellu-
lare on living galls of Zizyphus mauritiana in India[J]. Mycolo-
gia, 1978,70(5):1126-1129.

Ql'Y X, PU J J, ZHANG X, ZHANG H, LU Y, YU Q F,
ZHANG H Q, XIE Y X. First report of dieback of mango
caused by Fusarium decemcellulare in China[J]. Journal of Phy-
topathology,2013,161:735-738.

GU JR,JUY M, HSIEH H J. Nectriaceous fungi collected from
forests in Taiwan[J]. Botanical Studies,2007,48(2):187-203.
B, 3RS0, BOIN A . B H AR 2 PR BT w] A8 1 )
R E [T]. WD B 24, 2014, 44(3):309-312.

DUAN Weijun, GUO Lixin, DUAN Lijun. Interception and iden-
tification of Albonectria rigidiuscula on Buddhist pine imported
from Japan[J]. Acta Phytopathologica Sinica, 2014, 44(3): 309-
312.

WANG Y X, CHEN J Y, LI D W, HUANG J B, ZHENG L.
First report of canker of Magnolia denudata caused by Fusari-
um decemcellulare in Hubei, China[J]. Plant Disease, 2015, 99
(7):1036-1037.

e NI E B R A F AR A o PR AR
AL A 5 55 862 AL A A R LA A%, 2007.
Catalogue of Quarantine Pests of Import Plants to the People's
Republic of China. The Ministry of Agriculture Bulletin No. 862
of the People’ s Republic of China[A]. Ministry of Agriculture
of the People’s Republic of China,2007.

JrHIA L R AT VM. BT s R RO H R A 1998 : 46.
FANG Zhongda. Plant pathology research methods[M]. Beijing:
China Agricultural Press, 1998 :46.

WHITE T J, BRUNS T, LEE S, TAYLOR J. Amplification and
direct sequencing of fungal ribosomal RNA genes for phyloge-
netics[M]/INNIS M A, GELFAND D H, SNINSKY I J,
WHITE T J. PCR protocols: a guide to methods and applica-
tions. San Diego, California: Academic Press, 1990:5-322.
CARBONE I, KOHN L M. A method for designing primer sets
for speciation studies in filamentous ascomycetes[J]. Mycolo-
gia ,1999,91(3):553-556.

MATOS K S, ALMEIDA L, NASCIMENTO A R. Inflorescence
oversprouting and vascular and rachis necrosis caused by Fusari-
um decemcellulare in Anacardium occidentale in Brazil[J]. Plant
Disease,2016,100(8): 1781.

BELANLL, BELANLL, RAFAELA M,LORENZONIR M,
SOUZA-SOBREIRA F B, SOARES T C B, DE OLIVEIRA F
L, MORAES W B. First report of Fusarium species associated
with Fusarium wilt in Coffea canephora Plants in Brazil[J].
Plant Disease 2018, 102(9): 1859.

[25]

[26]

[27]

[28]

[29]

[30]

B1

[32]

[33]

[34]

[35]

MALAGUTI G, DE REYES C. A gall disease of cacao and man-
go in Venezuela caused by Calonectria rigidiuscula [J]. Phytopa-
thology, 1964 ,54:499.

NHUNG N P, THU P Q,DELL B, CHI N M. First report of can-
ker disease in Dalbergia tonkinensis caused by Fusarium lateri-
tium and Fusarium decemcellulare[J]. Australasian Plant Pathol-
ogy,2018,47(3):317-323.

GARCIA-LOPEZ E, MORA-AGUILERA J A, HERNANDEZ-
CASTRO E, IMENEZ-VASQUEZ C T, BATISTA-MARTE C
M, SERRA C. First report of gall disease in mango trees caused
by Fusarium decemcellulare in Dominican Republic[J]. Journal
of Plant Pathology,2017,99(1):288.

SERRATO-DIAZ L M, PEREZ- CUEVAS M, RIVERA- VAR-
GAS L I R. First report of Fusarium decemcellulare causing in-
florescence wilt and vascular and flower necrosis of rambutan
(Nephelium lappaceum),longan (Dimocarpus longan),and man-
g0 (Mangifera indica)[J]. Plant Disease,2015,99(8):1187.
YUNIANTO P, ROSMALAWAT S, RACHMAWATI I, SU-
WARSO W P, SUMARYONO W. Isolation and identification of
endophytic fungi from srikaya plants (Annona squamosa)
having potential secondary metabolites as anti-breast cancer ac-
tivity [J]. Microbiol Indones,2012,6(1):23-29

FRHEN, B L PR SR MR B 485 T b OB A B M
FEAEY)  Hh g SRR, REAARSE . 2012,26(4):91.

GUO Haibo, SHEN Guangwei. Classification and identification
of quarantine pests (Ceratitis capitata) from passenger’ s bag-
gage in Chongqing Port First Time[J]. Plant Quarantine, 2012,
26(4):91.

P LIRS JR 2 IAE R K R TR A /N SR . MG
2001,015(3):137.

LI Ping. Classification and identification of Bactrocera dorsalis
on fruit imported from Vietnam in Dongxing Port several
Times [J]. Plant Quarantine,2001,015(3):137.

TR » SR, Eh 3 . vl [k S AR ) S A 7 95 i R R
M. AEW e 44,2015, 24(3): 208-214.

GU Yujuan, LIANG Fan, MA Jun. Information analysis of
scales on imported plant and plant products[J]. Journal of Bio-
safety,2015,24(3):208-214.

BRI B, MR ek . AT I AE N I AL SR S A
FIFE AT S )], HARPE ,2015,29(5): 5-8.

DUAN Lijun, DUAN Weijun, CHEN Xianfeng. Study of biolog-
ical characteristics and screening fungicides of Albonectria rigid-
iuscula[J]. Plant Quarantine,2015,29(5):5-8.

TR, B, B, MR, 554, BUEE  CRE T B
X7 4 S R AT A S (D). R AR 5 2018, 32(6) : 38+
45.

ZHANG Huili, DUAN Lijun, LI Xuelian, CHEN Xianfeng, CAI
Lei, DUAN Weijun. Quarantine identification of Greeneria uvic-
ola on the grape from Taiwan of China[J]. Plant Quarantine,
2018,32(6):38-45.

TSN, A, B L AREE MR, BUEE . AR
2 TR SR 9 T ) A E (D). AR 23, 2019, 46(1)
90-96.

ZHANG Huili, LI Xuelian, DUAN Lijun, XU Ying, CHEN
Xianfeng, DUAN Weijun. Isolation and identification of Neofab-
raea kienholzii on Malus pumila imported from Taiwan province[J].
Journal of Plant Protection,2019,46(1):90-96.



