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Identification and pathogenicity of Colletotrichum species associated with

Guanximiyou pomelo anthracnose

DAI Ruiging', ZENG Tianbao', CHEN Shumei', PAN Yonghong’, HE Yunyan’, LAI Baochun'
('Zhangzhou Institute of Agricultural Sciences, Zhangzhou 363005, Fujian, China; “Zhangzhou Plant Protection Station, Zhangzhou
363000, Fujian, China; *Zhangzhou Agriculture and Rural Bureau, Zhangzhou 363000, Fujian, China)

Abstract: [Objective] Guanximiyou pomelo (Citrus grandis) is a famous and popular Citrus species
for its sweet and excellent nutrients native to Pinghe county of Fujian province, China. In Guanximiyou
pomelo, anthracnose caused by Colletotrichum spp. is a serious disease limiting its production. In 2018,
the disease seriously affected over 60% of Guanximiyou pomelo trees in an orchard in Pinghe county.
The Guanximiyou pomelo anthracnose mainly damages leaves, twigs and fruits. In the edge, tip or mid-
dle of damaged leaves develop brown spots, which form a “V” shape then withering and falling off af-
ter the diseased leaves die. The damaged twigs show spots from the petiole and the base of axillary bud
to the bottom of twigs. On fruit, symptoms appear as green, irregular and sunken lesions in the young
stage, that turn to brown rot and then falling off in mature stage. This study aimed to clarify the species
of Colletotrichum spp. associated with Guanximiyou pomelo anthracnose and determine the pathogenic
characteristics of the pathogens, so as to provide a better acknowledge for the diversity of the pathogen

species and scientific basis for the prevention and control of the disease in Fujian province. [Methods]
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A survey of anthracnose disease was conducted in 13 Guanximiyou pomelo orchards from 2019 to 2021
in Pinghe county, Fujian province. The leaves, twigs and fruit with symptoms were collected from the
pomelo trees and were used as disease samples. The Colletotrichum spp. were isolated by the plant tis-
sue isolation method. 4x4 mm diseased tissues were surface-sterilized with 70% ethanol for 30 s, 0.1%
mercuric chloride for 60 s, washed three times in sterile water and dried on sterilized filter paper, then
placed onto potato dextrose agar (PDA) plates and incubated under 28 °C in the dark. The single myceli-
um was used for purifying strains, and pure cultures were stored in PDA at 4 °C. The colony characteris-
tics, conidia morphology and appressorium for representative strains of the identified Colletotrichum
spp. were recorded. The Colletotrichum spp. genomic DNA was extracted using a fungus genomic DNA
extraction kit, which was identified through partial IDNA-ITS (ITS), actin (4ACT), beta-tubulin (TUB2),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and glutamine synthetase (GS) region sequence.
Phylogenetic tree based on the combined ITS-ACT-TUB2- GAPDH-GS sequences was constructed by
maximum like-lihood method with MEGA 7.0. The conidia suspension of 58 representative Colletotri-
chum spp. were used in the pathogenicity tests to inoculate twigs and leaves of Guanximiyou pomelo ac-
cording to Koch’s postulate. Correlation analysis of mycelial growth rate, appressorium formation rate
and pathogenicity were determined by Pearson method. [Results]A total of 350 strains with the similar
morphology to Colletotrichum spp. were isolated from the collected samples infected by the Guanximiy-
ou pomelo anthracnose disease. C. gloeosporioides species complexes, C. boninense species complex-
es, C. truncatum species complexes, C. magnum species complexes and C. orchidearum species com-
plexes were identified based on morphological characteristics and ITS sequencing. Colony observation
showed that there were significant differences in aerial and substrate mycelia’ s color among the five
Colletotrichum species complexes. C. gloeosporioides species complexes, C. boninense species com-
plexes, C. truncatum species complexes, C. magnum species complexes and C. orchidearum species
complexes had thirteen, thirty, one, nine, five different colony characteristics, respectively. Conidia of
C. truncatum, and C. orchidearum species complexes were significant different from the other three
Colletotrichum species complexes. Conidia of C. orchidearum species complexes was curve and round-
ed at both ends, which was sickle and acuminate at both ends by C. fruncatum species complexes, and
the other three Colletotrichum species complexes were cylindrical, rounded at both ends or top end
rounded, base end raised. To classify the taxonomic status of the Colletotrichum spp., the multi- genes
(ITS, ACT, TUB2, GAPDH and GS) were used to build phylogenetic tree of 58 Colletotrichum isolates
with different colony characteristics. Among the 58 Colletotrichum isolates, one was identified to be C.
gloeosporioides, twelve were C. fructicola, thirty were C. karstii, nine were C. brevisporum, five were
C. cliviicola and one was C. truncatum. Pathogenicity tests revealed that the above five Colletotrichum
spp. induced lesions on both twigs and leaves of Guanximiyou pomelo, with C. c/iviicola being the sole
non-pathogenic exception. The strains isolated from infected sites were identical to the strains inoculat-
ed. The pathogenicity of C. gloeosporioides was slightly stronger than C. fructicola, but significantly
stronger than the other three species. BZMYTJ20 demonstrated significantly stronger pathogenicity
than JFMYTJ53, while DXMYTIJ5 had no pathogenicity in leaf infection assays, although they all be-
longed to C. karstii. The mycelial growth rates of those pathogens ranged from 6.27 to 13.53 mm-d"'.
C. gloeosporioides was the fastest, followed by C. fructicola, C. brevisporum and C. truncatum, while
C. karstii was the slowest. The appressorium formation rate of those pathogens ranged from 33.65% to
82.52%; C. gloeosporioides was the highest, followed by C. brevisporum, C. fructicola and C. karstii,

and C. truncatum was the lowest. By analyzing the correlation between mycelium growth rate and ap-
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pressorium formation rate and pathogenicity, the correlation coefficient » = 0.373 3 and 0.364 1, so it
was clear there were some positive correlation between mycelial growth rate, appressorium formation
rate and pathogenicity. [Conclusion] Based on colony and morphological characteristics, phylogenetic
analysis of the multiple genes (ITS, ACT, TUB2, GAPDH and GS) and pathogenicity, the pathogens of
Guanximiyou pomelo anthracnose disease in Fujian were identified as 5 species, including C. gloeospo-
rioides, C. fruticola, C. karstii, C. brevisporum and C. truncatum, among which C. gloeosporioides was
the dominant. C. fruticola, C. karstii, C. brevisporum and C. truncatum were first identified as the
Guanximiyou pomelo anthracnose pathogen in Fujian province, which confirmed that the pathogens of
Guanximiyou pomelo anthracnose tended to be diversified and differentiated in Fujan province. There
were great differences in the growth rate of mycelium, appressorium formation rate and pathogenicity
among different Colletotrichum species, and there was some positive correlation between mycelial
growth rate, appressorium formation rate and pathogenicity. This study can provide theoretical data for

the diversity research and sustainable prevention and control of Guanximiyou pomelo anthracnose in

Fujan province.
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Table 2 List of isolates of Colletotrichum species used for phylogenetic analyses in this study

L R LYE k=2 HE kv FE R 7 %1% 5% 5 GenBank accession number

Species name Isolate No. Host Origin 758 ACT TUB2 GAPDH GS

C. gloeosporioides CG1 Punica granatum Albania MT300326 MT332146 MT332145 MT332147 MT332150
ZH3 / China ~ MT476850 MT500918 MT501094 MT501050 MW344714
C-47 Capsicum annuum India MG282160 MG729649 MG383569 MG729659 MG729657
JFMYTJ34 Guanximiyou pomelo China  PQ624726 PQ603050 PQ616674 PQ616558 PQ616616

C. fructicola ZH6 Cyclocaryay paliurus China MT476840 MTS500908 MT501084 MT501040 MW344704
HNLD-10 Strawberry China ~ MK629873 MK675237 MK681417 MK675259 MK681395
YCH32 Jasminum nudiflorum China ~ MT626035 MT741778 MT683674 MT741781 PQO46875
AHMYTJ2 Guanximiyou pomelo China  PQ624695 PQ603019 PQ616643 PQ616527 PQ616585
NSMYTJ4 Guanximiyou pomelo China  PQ624697 PQ603021 PQ616645 PQ616529 PQ616587
WZMYTJ7 Guanximiyou pomelo China  PQ624700 PQ603024 PQ616648 PQ616532 PQ616590
BZMYTJ23  Guanximiyou pomelo China  PQ624714 PQ603038 PQ616662 PQ616546 PQ616604
GQMYTJ26 Guanximiyou pomelo China  PQ624717 PQ603041 PQ616665 PQ616549 PQ616607
LXMYTJ29  Guanximiyou pomelo China  PQ624720 PQ603044 PQ616668 PQ616552 PQ616610
SGMYTJ35  Guanximiyou pomelo China  PQ624727 PQ603051 PQ616675 PQ616559 PQ616617
XZMYTJ37  Guanximiyou pomelo China  PQ624729 PQ603053 PQ616677 PQ616561 PQ616619
WFMYTJ40 Guanximiyou pomelo China  PQ624732 PQ603056 PQ616680 PQ616564 PQ616622
WFMYTJ48  Guanximiyou pomelo China  PQ624740 PQ603064 PQ616688 PQ616572 PQ616630
GQMYTJ55  Guanximiyou pomelo China  PQ624747 PQ603071 PQ616695 PQ616579 PQ616637
CLMYTJ59  Guanximiyou pomelo China  PQ624750 PQ603074 PQ616698 PQ616582 PQ616640

C. karstii HUNTILYC8  Camellia oleifera China ~ MF615464 MF615469 MF615484 MF615474 MF615479
OCAC4 Small cardamom India KI813595 KJ813445 KI813470  KJ813545  KJ813570
GZAAS5.09501 Citrus sinensis China  JQ247629 JQ247653 JQ247641  JQ247605  JQ247618
DXMYTJ5 Guanximiyou pomelo China  PQ624698 PQ603022 PQ616646 PQ616530 PQ616588
AHMYTJ11  Guanximiyou pomelo China  PQ624704 PQ603028 PQ616652 PQ616536 PQ616594
DXMYTJ13  Guanximiyou pomelo China  PQ624705 PQ603029 PQ616653 PQ616537 PQ616595
CLMYTJ15  Guanximiyou pomelo China  PQ624707 PQ603031 PQ616655 PQ616539 PQ616597
GQMYTJ18 Guanximiyou pomelo China  PQ624710 PQ603034 PQ616658 PQ616542 PQ616600
BZMYTJ20  Guanximiyou pomelo China  PQ624711 PQ603035 PQ616659 PQ616543 PQ616601
XXMYTJ21 Guanximiyou pomelo China PQ624712 PQ603036 PQ616660 PQ616544 PQ616602
AHMYTJ22  Guanximiyou pomelo China  PQ624713 PQ603037 PQ616661 PQ616545 PQ616603
SGMYTJ25  Guanximiyou pomelo China  PQ624716 PQ603040 PQ616664 PQ616548 PQ616606
WZMYTJ28 Guanximiyou pomelo China  PQ624719 PQ603043 PQ616667 PQ616551 PQ616609
GQMYTJ32 Guanximiyou pomelo China  PQ624723 PQ603047 PQ616671 PQ616555 PQ616613
WFMYTJ33  Guanximiyou pomelo China  PQ624724 PQ603048 PQ616672 PQ616556 PQ616614
WZMYTJ34 Guanximiyou pomelo China  PQ624725 PQ603049 PQ616673 PQ616557 PQ616615
BZMYTJ36  Guanximiyou pomelo China  PQ624728 PQ603052 PQ616676 PQ616560 PQ616618
NSMYTJ38  Guanximiyou pomelo China  PQ624730 PQ603054 PQ616678 PQ616562 PQ616620
NSMYTJ41  Guanximiyou pomelo China  PQ624733 PQ603057 PQ616681 PQ616565 PQ616623
WZMYTJ42  Guanximiyou pomelo China  PQ624734 PQ603058 PQ616682 PQ616566 PQ616624
XZMYTJ43 Guanximiyou pomelo China  PQ624735 PQ603059 PQ616683 PQ616567 PQ616625
JFMYTJ44 Guanximiyou pomelo China  PQ624736 PQ603060 PQ616684 PQ616568 PQ616626
GQMYTJ45 Guanximiyou pomelo China  PQ624737 PQ603061 PQ616685 PQ616569 PQ616627
XZMYTJ46  Guanximiyou pomelo China  PQ624738 PQ603062 PQ616686 PQ616570 PQ616628
CLMYTJ47  Guanximiyou pomelo China  PQ624739 PQ603063 PQ616687 PQ616571 PQ616629
WZMYTJ49  Guanximiyou pomelo China  PQ624741 PQ603065 PQ616689 PQ616573 PQ616631

A TSRS ML R

Note: The isolates obtained in this study are expressed in bold.
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B4 SNBgRE %R Sy FEH T 51 % 3% %5 GenBank accession number

Species name Isolate No. Host Origin 79 ACT TUB2 GAPDH GS
XZMYTJ50  Guanximiyou pomelo China  PQ624742 PQ603066 PQ616690 PQ616574 PQ616632
LXMYTJ51  Guanximiyou pomelo China  PQ624743 PQ603067 PQ616691 PQ616575 PQ616633
SGMYTJ52  Guanximiyou pomelo China  PQ624744 PQ603068 PQ616692 PQ616576 PQ616634
JFMYTJ53 Guanximiyou pomelo China  PQ624745 PQ603069 PQ616693 PQ616577 PQ616635
BZMYTJ56  Guanximiyou pomelo China  PQ624748 PQ603072 PQ616696 PQ616580 PQ616638
BZMYTJ58  Guanximiyou pomelo China  PQ624749 PQ603073 PQ616697 PQ616581 PQ616639
LXMYTJ60  Guanximiyou pomelo China  PQ624751 PQ603075 PQ616699 PQ616583 PQ616641

C. brevisporum — YYGXZ07 Pepper China  KU319458 KU319457 KU319453 KU319456 KU319455
JXHTC19 Dalbergia odorifera China ~ MF993572 MGS515612 MGS515615 MN737614 MN737615
GZAASS5.09545 Citrus medica China  JQ247623 JQ247647 1Q247635  JQ247599  JQ247611
XXMYTJ1 Guanximiyou pomelo China  PQ624694 PQ603018 PQ616642 PQ616526 PQ616584
AHMYTJ6 Guanximiyou pomelo China  PQ624699 PQ603023 PQ616647 PQ616531 PQ616589
LXMYTJ8 Guanximiyou pomelo China  PQ624701 PQ603025 PQ616649 PQ616533 PQ616591
WFMYTJ14  Guanximiyou pomelo China  PQ624706 PQ603030 PQ616654 PQ616538 PQ616596
SGMYTJ16  Guanximiyou pomelo China  PQ624708 PQ603032 PQ616656 PQ616540 PQ616598
XZMYTJ17  Guanximiyou pomelo China  PQ624709 PQ603033 PQ616657 PQ616541 PQ616599
XXMYTJ30  Guanximiyou pomelo China  PQ624721 PQ603045 PQ616669 PQ616553 PQ616611
SGMYTJ31 Guanximiyou pomelo China  PQ624722 PQ603046 PQ616670 PQ616554 PQ616612
XXMYTJ39  Guanximiyou pomelo China  PQ624731 PQ603055 PQ616679 PQ616563 PQ616621

C. cliviicola S37 Morus alba China  KY986892 KY986904 MF033886 KY986898 MK585943
C-77 Capsicum annuum India MG282172 MG729670 MG383581 MG729674 MG729673
DXMYTJ3 Guanximiyou pomelo China  PQ624696 PQ603020 PQ616644 PQ616528 PQ616586
AHMYTJ9 Guanximiyou pomelo China  PQ624702 PQ603026 PQ616650 PQ616534 PQ616592
JFMYTJ10 Guanximiyou pomelo China  PQ624703 PQ603027 PQ616651 PQ616535 PQ616593
WFMYTJ27 Guanximiyou pomelo China  PQ624718 PQ603042 PQ616666 PQ616550 PQ616608
XXMYTJ54  Guanximiyou pomelo China  PQ624746 PQ603070 PQ616694 PQ616578 PQ616636

C. truncatum BJ-3 Clausena lansium China MK629874 MK675238 MK681418 MK675260 MK681396
C-3 Capsicum annuum India MG204564 MG703483 MG204619 MG703491 MG703489
00C72 Allium cepa (onion) India KJ486149 KJ485890 KJ485927  KJ486075  KJ486112
GQMYTJ24  Guanximiyou pomelo China  PQ624715 PQ603039 PQ616663 PQ616547  PQ616605

C. plurivorum LFNO0016 Soybean Brasil ~ MK142673 KT696277 MKI188482 MK139901 -
GX018 Diospyros kaki China ~ MN092338 MN092324 MN092341 MN092335 -

C. dematium JZB330314 Prunus avium China  OL378294 OL471275 OL471279 OL471273 -

C. okinawense PC7 Carica papaya China 0Q642143 0Q723039 0Q723040 0Q723038 -
PP3 Papaya China ~ MK649935 MK790071 MK790073 MK790069 -

C. acutatum 19301A Olea europaea cv. Galega Vulgar Portugal PP508294  PP506870  PP506921  PP506775 -
43380 Prunus dulcis (almond) Australia MT254972 MT305716 MT270256 MT305691 -

Curvularia lunata A112 Saccharum sp. Brazil ~ MT683262 MT757139 MT820144 MW091454 -

MR AT R RBR VBB S L
W PR EH R 2 KR 2O 1 18 AN E A R [ 1 3
AN BTG ] PP SR A 256 47 B A AR D SR RE IR
FE & O F 165 43 SRS A8 4y AR A 43 43D . il 21
LU SR 367 th A B, A2 X B IR MR AU S
FRIEA SR S W10 40 B %5 58 , Fo 4 350 k) 45 76 & o
P o AR 2 B8 B AR I T SRR AE AN ITS J7 51 43 b7 8 22

5 RE AR, Hor 220 #ON IR LRI B 2 A Fl 76
MRNTE TR IE B & AR 298N C. magnum 55 FH
15 ¥kN C. orchidearum 5. F, 10 ¥k N3k R JH
BAR, Hor B 5N 62.86%121.71%-.8.29%-
4.29%F12.86%.
22 RBARERMSHHELE

iz Wi 7 9 B 2 6 ol - FL R 128 R AE PDA B 37
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B EMEE IR R — R AR RRIF-
MYTI34 % ARG, AR 2 KIS (E1-AD, 5
THT B S 7T DL JE PR A 220 X, o TR B8 I R IR £
(E1-BD. #7710 d A4 AT PAERG 4 (B o Rl T
HE, Sy R, e, AT Wi Bl R, 1~2
AMER, KN A (12.0~18.8) pmx(4.0~6.2) pm (& 1-
C1) 5 B 45 M A B AR VR 48 €, 30T 83 BAS A
T, 04555, K/ N (8.0~16.5) umx (4.0~8.5) pm
(E1-D1) . 4192 ¥R{E PDA 5973 F (85 7 IR
FEAEZE S, VAU N K A B 2 K 6056 12 PR TR
B RIS AE . Q3R # Mk AHMYTI2 76 PDA £5 37 3¢ |
AR, B VR K 1, TGRSO, RAE R 4R
B VHER (B 1-A2) , 5 TH R 2K 68 2 o 2k £ (1A
1-B2). A THBO G, AR T, Lo, 4
THER, B AR SRR AR 1 g I, A A T

B, KN K(13.0~17.0) pmx(4.0~6.0) pm (& 1-C2) ;
B B R A B R AR s, AR T R S R AN )
R LG 5E %, K/ANA(4.0~17.0) pumx(3.0~8.0) um
(K 1-D2).

T R JE B 2 AR 76 PR B 1S R IR 25 R A
KA 30FA R R =R . R FE K BZMYTI20
£ PDA ¥5 9 5t A KB, g FL A, AR 2
P, B EE BIR (B 1-A3) , H5 T (B 1-
B3). AT HERS S A A TE B, TORRIE, (B4
AR, THERBEIR , ZEFR TR I , KN (12.0~17.0) pmx
(5.5~7.5) um (B 1-C3) ; f 35 M s A= sl il AR, HReAs
BB E, TERZRE, ZHOVANEY, 025568, K
/NN(8.6~11.0) umx(6.0~8.5) pm(E 1-D3).

C. magnum 54 P« & BEAK [) 55 75 R AA R 5L
KZESR B 9P A F BB FRREAE . AR R B P XX-

Al~A6. [LR B FRAE PDA 355 3% 10 d (MIEMEEIRA ; B1~B6. AR EMRAE PDA 8353 FR3%: 10 d 1Y S B R4S ; C1~C6. %
KBRS EH T D1~D6. AR E HHREIMI S T 1. JEMYTI34:2. AHMYTJ2;3. BZMYTJ20:4. XXMYTIJ1:5. DXMYTJ3;6. GQMYTJ24, #5R=
20 ums,

A1-A6. Front views of 10 d PDA culture of representative strains; B1-B6. Back views of 10 d PDA culture of representative strains; C1-C6. Conid-
ia of representative strains; D1-D6. Appressorium of representative strains; 1. JEMYTI34; 2. AHMYTJ2; 3. BZMYTJ20; 4. XXMYTIJI; 5. DX-

MYTI3; 6. GQMYTJ24. Scale=20 um.

E1 REABREEKRKKREFRIIEFIEREISHHE

Fig.1 Colony and morphological characteristics of representative strains belonging to six Colletotrichum spp.
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MYTIJ1 7£ PDA ¥5 780k ERE K A6, B R 2 KIE
(B 1-AD) , Gt B AN i (B 1-B4) .
SEMRT RO, FAEE, BumdiE, K/ (13.0~
19.0) umx(4.0~5.5) um (& 1-C4) ; ff 5 B B4, B
B RER €, RIEDE ERR B RN , 2 52 %, K
/INA(T7.0~15.5) pmx(5.0~8.0) pm (& 1-D4).

C. orchidearum B & : Z W IR TR IR E 7
B A SPA R B FRRE. AR E PR DXMYTI3
1 PDA #5725k AR KIRMR, TR VA Bt I (5 28 S 4%
o, T )R O IR S SO, AR B 2 s (B 1-A5)
WHIEK O E KO (B 1-B5) . 4 ER T IE6, R
Ji, A I O, P i B I o R A A 4 4, R/
(13.0~19.0) umx(4.0~7.00 pm (& 1-C5) ; Ff} 5 A 3%
M = EE B8R, LGS A N, KN
(9.0~15.0) pmx(3.0~13.0) um(& 1-D5).

PSR JH B AR : 10 BRTE PDA BF 3L b 15
FEMOR BT k. REFER GQMYTI24 7
PDA i dk FAE KNS, vk R OB 0, U
W 22 A RIS (B 1-A6) , 15 TH A5 3 (0 2 45 0 6 (& 1-
B6). 4rAEf TR TIR, 6i, Jo e, B, AR,
A 1ANHER, KN A(20.0~27.0) pm=(2.0~4.0) pm
(B 1-C6) ; Bt 75 M e 46 €2, 06 50 2 B8O [0 0%, 0 5 5¢
B, KN N(T7.0~18.0) pmx(5.0~11.0) pm (& 1-D6) .
23 FBMEERZERRZLESNN

NI 6 JEL 1R 24 b T T R IH B E AR C
magnum 2 5. C. orchidearum & A Fh F1~F 3k R JH
B AR R &R E 13 Bk 30 8Kk 9 Bk S BRAD 1 AR 5%
PEIRAE B 22 7 AR B AR 3 58 Ak o 3% 10 8 J 1A
HATZ RN ARG R E 7. 70 B DNA /E A
W, 318 H ITS\ACT. TUB2.GAPDH A1 GS [+ 4 I
F 5 43 3K/ 518 500,250 500300 A1 1000 bp /2
AR S A B B S N3 R R R A
(ITS-ACT-TUB2- GAPDH-GS) , VL i ¥ Curvularia
lunata N5NERE, K MEGA 7.0 I R4 K B W
ZEIRRM(E2), S8 bR Bl )R M 7E R A K B W
EREROMNAFE 53, Bk JFMYTI34 5
Ji 18 ¢ JE B (C. gloeosporioides) AT SN — A~/
4352, GQMYTI26 %5 12 #k 5 AR IE B (C. fructic-
ola) FHKN—43 37 s BZMYTI20 25 30 ¥k 15 w5 M7k
RIETHE (C. karstiin) TIN— K53 XXMYTI 4
9 N B PR SR 2K R R AR JEL B (C. brevisporum) , AH-
MYTIO &5 5 ¥k 2N 2= A8 JH B (C. cliviicola) ,

Pk GQMYTI24 5F 3k IH 1 (C. truncatum) TN
— N AEEFRMERA AT SRR
TR ISR -EL F 152 A T R it 4 B RS
AR T 4 8 T 6 B, 43 0 R IR A R JH R (C.
gloeosporioides) A IIH B (C. fructicola) W& Hi 'Ky
WRIF T (C. karstii) FEALRIE T (C. brevisporum) =
1w (C. cliviicola) F1-F- 3k % JH B (C. trunca-
tum) o
24 BUmMENE

18 UK 77 1 R K 22 e 1Y) 58 MRl 4 7 8
T B PR (A 2 B R G K B D), SR 7 807
A 2 b B AR R i RIR S o BIOR I I SE 45 AR
B, AN T3] B A T i R Bt RS, 26 R B0 1 A
[ (& 3) , H it I 4 % JH B (C. gloeosporioides) JF-
MYTI34 J 12 RSB ARIE R (C. fructicola) ¥EM G i
JR B IR N AR ZH 2R, 7 d SR B3R
e 30, Pt Py B S 9 KA T ZR R A 1 I B, B R
T C P 3-K~MD , A5 2% 03 B 52 9% 48 € 28 TR A £, A
[ T8 AR T , R B, i A 28 7t 3 W1 (&1 3-B~D)
SR I 5 H AR — B 9 PRI 7Ry i I 18
(C. karstiD) ¥ 3 d J5 JT 46 H LK BUAEAR R 3XE 5 9 d
J 3 B A e W T v B S K 3 E A U i
i (B 3-N~O) , A% 5% 3 B 5 48 58 T B (&) 3-
E~F). 9MRIEHALRIE B (C. brevisporum) ¥ 3 d J5
THUE H LT 8 ta oK B/ NBE, BE 5 0 SRR K, 9 d
J W 8 AT 2 53 1 T A I AR BRI 3-P~Q) L B
207 BB W R 2 A A SR R A R e (I 3-
G~H). “FkIRIEEE (C. truncatum) GQMY TJ24 £ 5§
5d TG ML (o KB/INRE R BRI T K, A R
TR, 10 d J5 A 2% b R0 B AR HE BT A R (L 3-1,
R).o 21 FRWE HRE 5 IH B (C. karstii) <5 ¥k 2246 % JH
B (C. cliviicola) SR REAN R o

N5 Tl 50 ) R e L A R % 28 B — AR B
P 5 o RO 3 B R AT (0 o e Rk 4l e v i A
FEAf, G5 R, 3K LEACTR B AR IS REAL I 77 2R Al
I BE , R % 100%. $6Fh 3 d J& A IR 4 H B
BAWCRER , 5 H 8] AR A IR — 2, 7 d SRR n
MR BT ARST K, AS [R ) ol 487 e = B AR
(R0 B R /N 22 S BH X, 5 T R v B IR — 3
(E4.

XF DA b B A MR G AR Ao I P 2L 2R U i
7998 J5 TR T 23 B L A9 B IR B 2 TR S A 4y TR
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The isolates obtained in this study are expressed in bold.
2 S8 HRIBTREBEREET ITS. ACT. TUB2\ GADPH. GS FHIMZERRG 4L B
Fig. 2 Phylogenetic tree of 58 Colletotrichum species based on the combined /7S-ACT-TUB2-GAPDH-GS

ViR 5E G5 R S MR R R AR e e — 3. &5 JR B
RRW, AR IE R (C. gloeosporioides) « F 1 R JH 25 RERRLEKRER MEBRERERERKA
B (C. fructicola) W& Wi i JE TR (C. karstii) FE K ST
JE T (C. brevisporum) Y-k IRIA B (C. truncatum)5 5 0 0 ) A e R R 22 A KO R AE 6.07~
ol ol 52 o8 L B 32 2 51 AEC A R TR B B R JEL A PR 13.53 mm-d" Z[A] (£ 3), K R AR IE # (C. gloeo-
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Table 3 Mycelial growth rate and appressorium formation rate of pathogens, lesion lengths of Guanximiyou pomelo leaves

B4 BRGNS B 22 AR K Bt 5 L I B KB
. . . NV
Species Isolates Mycelial growth ~ Appressorium Lesion lengths Source
P number rate/(mm-d") formation rate/%  of leaves/mm
I 6 ¢ L 1A JFMYTIJ34 13.53+0.21 Aa  82.52+048 Aa  18.30£0.20 Aa  JLUKHIZEMIELAY
C. gloeosporioides Guanximiyou pomelo twigs from Jiufeng town
RARIAH AHMYTJ2 12.0740.12Cd ~ 69.56+2.69 CDe  18.17+0.35Aa  Z/EHI M} f
C. fructicola Guanximiyou pomelo leaves from Anhou town
NSMYTJ4 10.07+0.12 FGhi ~ 59.25+3.25 GHhi  18.07+0.25Aa  FifEAAE L5
Guanximiyou pomelo fruits from Nansheng town
WZMYTJ7 10.27+0.12 EFgh  55.01£1.30 HIij  16.93£0.15 BCed 113§ 2 %Al AY
Guanximiyou pomelo twigs from Wuzhai town
BZMYTI23  1047+0.12Eg  46.61£1.65JKI  14.67+0.15Fg A8 2 it /5
Guanximiyou pomelo leaves from Banzai town
GQMYTI26  12.67+0.12 Bc 55.91+2.75 HIij  15.67+0.15 Ef  [F58 2 Zhlk iy
Guanximiyou pomelo twigs from Guogiang town
LXMYTJ29  11.47+0.12De  58.19+2.86 HIhi  16.33+0.06 De  j*{RBIZ{ Al L 5L
Guanximiyou pomelo fruits from Luxi town
SGMYTIJ35 13.07+0.12 Bb 52.00£3.27 1)k 16.37£0.21 De (M4 ZE A AY
Guanximiyou pomelo twigs from Shan’ge town
XZMYTIJ37 ~ 10.07£0.12 FGhi  55.35£2.74 HIij  16.83£0.06 Cd & ZEH & M K
Guanximiyou pomelo leaves from Xiazhai town
WEMYTJ40  12.87+0.35Bbc  52.00+3.27 IJjk  14.47+0.15 Fg  SCUWRAE B 5L sk
Guanximiyou pomelo fruits from Wenfeng town
WEMYTJ48  12.07+0.12Cd  59.30+1.72 GHhi 15.83£0.35 Ef  SCURMEBIMI 5L
Guanximiyou pomelo fruits from Wenfeng town
GQMYTI55 8.67£0.25 KLno 62.80+3.61 EFgh 17.13+0.06 BCbe [H 3% £ Z A Al
Guanximiyou pomelo twigs from Guogiang town
CLMYTJ59 11.1320.06 Def ~ 52.85+1.28 Iljk  15.73£0.06 Ef KK £ Bl Jr
Guanximiyou pomelo leaves from Changle town
0 T AR I B AHMYTI11 6.27+0.12 Or 62.80+3.61 EFgh  15.57+0.06 Ef 2 /S A2 A AY
C. karstii Guanximiyou pomelo twigs from Anhou town
DXMYTIJI13 827+0.15LMp 48.39+2.99 JKkl  5.03£0.12Mn  KIRFEHZERIM A
Guanximiyou pomelo leaves from Daxi town
CLMYTI15 8.67+0.15KLno 64.29+2.38 DEfg  11.17+0.31 GHh K 2 %l sk
Guanximiyou pomelo fruits from Changle town
GQMYTIJI18 9.27+00.12Jm  61.42+3.25FGgh  9.87+0.31 1k [958 2 Mt )
Guanximiyou pomelo leaves from Guogiang town
BZMYTJ20 6.07£0.31 Or 62.80+3.61 EFgh  17.37+0.21 Bb  $RATAE ZE Ml sk
Guanximiyou pomelo fruits from Banzai town
WFMYTI33 8.13+£0.06 MNpq 45.32+4.02 K1 5.83£0.25Lm  SCUEEEE R F
Guanximiyou pomelo leaves from Wenfeng town
WZMYTI34 6.27+0.12 Or 68.95£2.39 CDef 14.47£0.15Fg  Ti# 2 %AhE L
Guanximiyou pomelo fruits from Wuzhai town
XZMYTJ46 7.87+0.12Nq  47.19+2.31 JKI 4.83+0.25 Mn  #5 2B B MR A
Guanximiyou pomelo twigs from Xiazhai town
JFMYTJ53 9.53+0.12 HIkl ~ 44.95+1.82 Kl 3.77£0.06 No  JUMEHE S i A
Guanximiyou pomelo twigs from Jiufeng town
FiLFRIE A XXMYTJ1 9.27£0.06 Jm  81.69+1.33Aab  17.13£0.15 BCbe /NEHIEAHTT H
C. brevisporum Guanximiyou pomelo leaves from Xiaoxi town
AHMYTJ6 11.334£0.58 Def ~ 78.96+2.78 ABab  15.73+0.15 Ef ‘¢ JS 4B AELAY
Guanximiyou pomelo twigs from Anhou town
LXMYTJ8 9.33+0.12 Ilm 76.53+2.56 ABed  10.27+0.06 Ij PR E M

Guanximiyou pomelo leaves from Luxi town

T FAIAFE RS FHRFORAREKRA 0.01 KV ZRWEE , ARG FRFORA R EKRAE 0.05 KT EFRE.

Note: Different capital letters in the same column indicate extremely significant differences among different strains at the 0.01 level, Different

small letters indicate significant differences at the 0.05 level.
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%3 (&) Table3 (Continued)

N g 42 K % z A IH- L R .

SR 4 ;la_él‘?iﬁv 1\la_j_ll f—llilfﬁizh T%H@ﬂ/ﬁkﬁ Lﬂfﬁ}ﬂﬂt}ff K

Species solates ycelial growt ppressorium esion lengths Source
number rate/(mm-d") formation rate/%  of leaves/mm

WEMYTJ14 8.6740.12 KLmo 78.81+2.83 ABab 11.27£0.21 Gh  SCUEHLE AR A
Guanximiyou pomelo leaves from Wenfeng town

SGMYTIJ16 9.67+0.15 GHjk  68.97+2.19 CDef  8.83+0.25 KI  ILIA%4 S i S 5
Guanximiyou pomelo fruits from Shan’ge town

XZMYTI17 8.87+0.15JKn  77.10+2.58 ABbc  10.83+0.25 GHi  F5 ZE4HE 25 Al R 5
Guanximiyou pomelo fruits from Xiazhai town

XXMYTJ30  11.07+0.12Df  68.48+3.18 CDef  9.63+0.15Jk  /NREBLE A F
Guanximiyou pomelo leaves from Xiaoxi town

SGMYTJ31 9.73+0.12 GHkl  72.77#1.55 BCde  10.73+0.21 Hi LA BLacmhnt A
Guanximiyou pomelo leaves from Shan’ge town

XXMYTJ39 9.93£0.12 FGij  69.35+2.02CDe  9.77+0.06 Jk  /INREEZ A Fr
Guanximiyou pomelo leaves from Xiaoxi town

Sk IR I GQMYTI24 8.33+0.42 LMop 33.65+2.57 Lm 4.83£0.15Mn KRB BRI A
C. truncatum Guanximiyou pomelo leaves from Daxi town
X} & Control CK / / 0.00+0.00 /

AT BRI BK. BRI S B JFMY TI34 (R ACAI s C L. BN AL SO B AHMY TI2 (R AN s DML B R A
JH T NSMYTI4 FIE 2RI B s BN AT TS 5 I BZMYTI20 HIECZE AN J s FLO. AT I s 5O I WZMY TI34 BRI A5 G
P. BER AT AR T XXMYT1 BB SR 1 s HL Q. BERh A AR I WEMY TI14 (AL 2 AT s TR, ehhF Sk sH 1 GQMYTI24 Hfk A1
LI

A, J. Controls inoculated with water; B, K. Inoculated twigs and leaves with C. gloeosporioides JFMYTJ34; C, L. Inoculated twigs and leaves with
C. fructicola AHMYTJ2; D, M. Inoculated twigs and leaves with C. fructicola NSMYTJ4; E, N. Inoculated twigs and leaves with C. karstii BZ-
MYTIJ20; F, O. Inoculated twigs and leaves with C. karstii WZMYTJ34; G, P. Inoculated twigs and leaves with C. brevisporum XXMYJ1; H, Q. In-
oculated twigs and leaves with C. brevisporum WFMYTJ14; I, R. Inoculated twigs and leaves with C. truncatum GQMYTI24.

E3 5#RERERAERKRERENSRIEZZEMAFEMN A S RER

Fig. 3 Symptoms of Guanximiyou pomelo twigs and leaves inoculated with five Colletotrichum spp.
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A BERE KR B KR B JEMYTI34: C. BB I B AHMYTI2; D. W45 R I B BZMYTJ20: E. 15 I 3 XXMYJ1;F. “F3k

BRI GQMYTI24,

A. Controls inoculated with water; B. C. gloeosporioides JFMYTI34; C. C. fructicola AHMYTI2; D. C. karstii BZMYTJ20; E. C. brevisporum

XXMYI1; F. C. truncatum GQMYTJ24.

El4 5#REREAENREREMERIEZEMMN 5 S ER

Fig. 4 Symptoms of Guanximiyou pomelo leaves in vivo after inoculated with representative isolates

of five Colletotrichum spp.

sporioides) I ¥ A K F g, 4 13.53 mm-d s
WA RIEE (C. fructicola) IR 2, FH)EKIELR N
11.28 mm - d''; J8 7 3= JH 1 (C. brevisporum) F1-F Sk
RIE T (C. truncatum) J& 1, V- 35 4 K 55 51
9.76 mm-d" #18.33 mm-d"; Mg TR RIEL I (C. karstii)
M3 AR KR S, P A K% 7.81 mm-d .
5 b ) 2 f i B Y B B R A ER AR 33.65% ~
82.52% A (£ 3) , H i R #1 IR JH B (C. gloeospori-
oides) 5t 151 » N 82.52% ; FL ST FL LRI B4 (C. brevis-
porum) , V-3 i 35 LTV 128 74.74% « R A2 o JH B
(C. fructicola) MW 1Ky i JH B8 (C. karstii) J& 1, 43
AN 56.57% 1 56.23% 5 ~F- Sk SR IH B (C. truncatum)
K, 933.65%.

YA 7347 5 A0 R A A L R B R
M 10 d s B 3 B AR R PR (R 3D .
G5 SRR, AR b 1) o) 4 78 8 3 B B0 1 AR AE B R
ZE 5, IR R JH 18 (C. gloeosporioides) [ EU 71
S, FEAR I P88 BE G D 18.30 mm; H R R

HEIRIE T (C. fructicola) , VY BT E N 16.35 mm;
A RIE H (C. brevisporum) W EUH 11 )&, 9%
PEKE N 11.58 mm; kR IE H (C. truncatum) HIEL
1S, PR B FE N 4.83 mm. W i R JH
W (C. karstii) A 7] B Bk 2 18] (19 800 S A2 R 8K %
F B Pk BZMYTI20 422 B Fr (0 7 35 955 B K B2
17.37 mm, B Pk JFMYTIS3 £ F i F (1) 7 2295 BE K
FEAX 9 3.77 mm, 1fif DXMYTJ5. XXMYTJ21 1 BZ-
MY TI56 5 B MRFERR I B J5 AN K0
26 WEEEZEKRE WERERESHRFAN
KM A

X5 MU ) A R R B 2 A KR R 5
5 S1EAT RO A (B 5) , S5 R B, HiM o 2R3
740373 3,0.3<|r|<0.8, % B B 22 A4 Kl K 5 305
FIZ V) RFGH S . X S P ) 2 1t B
M TE B 5 BUR AT MOV (B 6, 85 R
FH, HAHK R H 40364 1,0.3<|r<<0.8, 22 B [
5 M 3 5 B0 7 2 18] 55



%8 SOE I, 55 TR A BRI R A 7R b S e A HL B R T 1847
20
18 F »=0.868 9x+4.306 1 . ° o
#=0.139 4 ° LI Y .
16 ° 0 o ...
e 14l ° S e N
L
®s o2 F e
M2 e " .
B2 o100 e e . °
g &
a
6 °
e 8
4 r °
2 F
O 1 1 1
0 2 4 6 8 10 12 14 16
B2 KR
Mycelial growth rate/(mm-d™")
5 sHMRERREEEEKELEKERESKRBAOBEXESH
Fig. 5 Linear analysis of the relationship between pathogenicity and mycelial growth rate of five Colletotrichum spp.
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Fig. 6 Linear analysis of the relationship between pathogenicity and appressorium formation rate of five Colletotrichum spp.
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