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Fig. 1-9. Disease symptoms of litchi fruit anthracnose and the pathogen - Colletotricum gloeosporiodes. 1.Two types of
symptoms on Black leaf variety, black spot (BS) vs black rot (BR); 2. Expending of BS after fruit harvest; 3. Severe BR
symptoms; 4. Fleck symptoms on Kwai-mi variety; 5. Symptoms of inoculated Black leaf fruit; 6. Colonies of perethecia strain
(P) vs Conidial strain (C) on PDA; 7. Conidia; 8 ascosporesin an ascus; & 9. Ascospores. (Bar=10 xm).
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Table 1. Isolation of Colletotrichum gloeosporioides from litchi fruit in the fields

Colletotrichum gloeosporioides isolation

Field location Collection Litchi variety & Disease Colonized®  Frequency Isolate
date isolation parts symptoms /isolation (%) No.
Chiayi city 1990,5 Kwai-mi, red fruit Fleck 10/10 100 GLC1-1-3
Fanlu, Chiayi 1995,6 Kwai-mi, red fruit Fleck 8/12 75 GLC2-1-8
Wufeng, Taichung 1999 Black leaf, red fruit Black spot 23/25 92
Black rot 18/20 90
Tsaotuan, Nantow 1999 Black leaf, red fruit Black spot 22/25 88
Black rot 23/25 92
Nantow, Nantow 1999 Black leaf, red fruit Black spot 18/25 72
Black rot 19/25 76
Fenyuan,Changhau 2000.06 Black leaf, red fruit Black spot 33/48 68.8 GLC3
Black spot 13/24 54.2
Tsaotuan, Nantow 2000.06 Black leaf, red fruit Black spot 27136 75 GLC4
Black rot 19/32 61.7
Shiangsan, Hsinchu 2000.08 Black leaf, red fruit Black spot 22/46 47.8 GLC5
Black rot 1 30/37 89.2 GLC6
Black rot 2 22/25 88
Fenyuan, Changhau 2001.06 Black leaf, red fruit Black spot 8/10 80
Black rot 10/10 100
Tsaotuan, Nantow 2001.06 Black leaf, red fruit Black spot 9/10 20
Black rot 9/10 90
Dashu, Kaohsiung 2003.6.17 Black leaf, mature fruit Black spot 4/4 100
Tsaotuan, Nantow 2003.06.25 Black leaf, mature fruit Black rot 12/16 75 GLC7
Mature fruit Black spot 3/4 75
Nantow, Nantow 2003.6.25 Black leaf, red fruit Black spot 12/16 75 GLC8
Black rot 7/8 87.5 GLC8-5
Wufeng, Taichung 2003.6.26 No-mi-tsz, mature fruit Black rot 12/12 100 GLC9
Taiping, Taichung 2003.6.26 Black leaf, mature fruit Black spot 6/8 75 GLC10

1 No. of fruit wasisolated with C. gloeosporioides/ No. of fruit were tested.

2 AR T TSR R B B AR 73 A A B AR
Table 2. Size of conidia and ascospores of isolates of Colletotrichum gloeosporioides isolated from litchi fruits from different

location
_ Conidia( zm)* Ascospores ( zm)*

|solate Location Length Width Length Width
CGL5-1 Shiangsan, Hsinchu 12-15.1-172 6.0-6.4-8.0 None None
CGL7-1 Tsaotuan, Nantow 14-15.7-19.6 4.2-5.2-6.0 10-13.9-18 3.0-4.2-5.0
CGLS8-1 Nantow, Nantow 13-15.3-18 4.0-5.8-7.0 None None
CGL9-1 Wufeng, Taichung 10-14.4-18 4-5.18-6.0 13.6-15.0-17.0 4.0-5.3-6.0
Average 12.3-15.2-18.2 4.6-5.6-6.8 12.1-14.3-17.5 3.5-4.7-55

! | solates were cultivated on PDA for 10 day under 24°Cwith 12 hr light/12 hr dark treatment.

2 gpore sizes were indicated as minimum-mean-maximum.
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Fig. 10. The linear growth curves of 4 isolates of Colletotrichum gloeosporioides obtained from litchi fruit on potato dextrose

agar plates at different temperatures.
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Table 3. Isolation of Colletotrichum gloeosporioides from different developing stages of Black leaf litchi fruit and other tissues
in thefieldsin 2003

Isolation of Colletotrichum?

Diseased
Location Date Isolation part Colonized/ Frequency Pathogen 2
or health .
collection (%) type
Tsaotuan, April 10 Flower Health 9/24 375 C
Nantow April 15 Flower Health 16/25 64.0 C&P
(5 orchards) Young fruit Health 10/30 333 C&P
L eaf Dropped 8/24 33.3 C
May 07 Flower stem Health 3/12 25.0 C
Young fruit Health 4/33 12.1 C
May 21 Young fruit Health 7125 28.0 C&P
May 27 Green fruit Health 16/28 57.1 C&P
June 06 Green-red fruit Health 9/40 225 C
Junel6 Red fruit Health 2/10 20.0 C
Red fruit Black rot 23/28 82.1 P
Red fruit Black spot 18/20 90.0 C
June 25 Mature fruit Health 6/10 60.0 C
Mature fruit Black rot 12/15 80.0 P
Mature fruit Black spot 4/4 100.0 C
Nantow, April 15 Flower Health 8/25 32.0 C&P
Nantow Young fruit Health 2/29 6.9 Cc&P
(5 orchards) May 07 Flower stem Health 3/15 20.0 C&P
Young fruit Health 3/31 9.7 c&P
May 21 Young fruit Health 1/10 10.0 Cc&P
May 27 Green fruit Health 10/28 331 Cc&P
June 06 Green-red fruit Health 5/40 12.5 C&P
June 16 Red fruit Health 110 10.0 C&P
Red fruit Black rot 17/20 85.0 P
Red fruit Black spot 9/11 81.2 C
June 25 Mature fruit Health 7/12 58.0 C&P
Mature fruit Black rot 12/16 75.0 P
Mature fruit Black spot 7/8 87.5 C

1 The whole tissues were tested for young fruit and flowers, 10 pieces of skin were used for green-red fruit and health red fruit, and 10
pieces of block tissues were for leaves, respectively.
2 C=conidial strain; P=perithecial strain.

20U ~ FH T A Z2EE R 5 75 S R TR Z A R ()
Table 4. Effect of chemicals on control of litchi fruit anthracnose at afield located at Tsaotuan, Nantow in 2003

Trestment (((;Ic;[]jf[:leonr:rtzla\tr:1 %r;) 5 D|seased3frun (%)? at the dgy after harvest 5

80 % Mancozeb WP 500 g7a 20.7a 47.7 a 85.3a
50 % Prochlorate manganese WP 4000 21.7b 34.7b 60.7 b 100 a
Control 40.8c 67.5c 95.0c 100 a

1 Each fungicide was applied 6 times with a 7-day interval after fruit setting, and litchi fruit was harvested at June 27, 2003.

2 Percentage of litchi fruit appeared black rot symptoms.

3 Means in the same column followed by the same letters are not significantly different at p=0.05 according to Duncan's multiple range
test.
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Fig. 11&12. Disease symptoms of Black leaf litchi fruit with serious skin browning.
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Table 5. Investigation of litchi skin browning occurred in central Taiwan

No. diseased orchards / No. orchards investigated

Location

1999 2000 2001 2003
Taichung 4/20 5/20 2/20 0/10
Changhua 5/30 8/30 4/30 0/10
Nantow 10/50 20/50 5/50 1/50
Total 19/100 33/100 11/100 70

A ER BETR5 76 750 K5 JL 9 B L At SR o 25 2R

EER A IRRET » W D Z BTG ZE R ($¥56 i ek
BT HUER) - REREE B R B R MR BURIE WA TH T -
HLLIgEGE T A E SR B hid £ (3R0Y) - WS
REEER T IBEEE - H R E AR IR I EURBE SRR AR
8.7% » T AEEE e h S & 5 21.7 % » BRI F540.8 %

AR NI = KRS IR AR A5 25 £ 20.7 %~
34.7% ~ J 67.5% o [R5 R E At frik - 1EAFHUNK
% » R IRV BT - 79 RIFERNE A #E56) n#
F585.3% 9t » HARIICTE IR

AL 7 B R B T8 DR o v S i T

AZIH AT 1999-2001 HEIRF 25 M3 Ml - FLE (LG E
PR B (% (TEHP ARl - PRIEIRER F55 H A6
A L RbEgR) Fga HERE - FER R ) HEUR BKIR
AR R - 1R 0.2-0.5 cm (BLEIEHRE S | #E.2 IS
HIHAAP A ALL - HE S BB H B2 ) T 2 P B 8 K B
7 RARBOETZ B AGK (B—) - BER R

B WA B R SRR o B B R bR o T —
FEAERERN 12 ORISR T > 580N B i e » HIREE 2 i
TERE 21 B () - ALt RE 2R # - F% i
b > ML o

REAREE ZRE - #ERIIAFHEE THHE 2 AR -
HrAr DL JER R (Colletotrichum sp.) 2 2y BfZS f s o #91h
40-80 % 5 H: £ Fusarium spp. » 57 fEZs 20-60 % » HHRE
Bl oz 7 Bt 2 Wi JELAR 55 e s HC AR o i IRy B B A
Botryodiplodia sp. ~ Pestalotia sp. ~ Alternaria spp. 5 - it
G& > KERST W R E Al LUyt 2] — iDL B2 B - ik T
RIS - GERG TR~ B o~ B TSR - R R
M &R » WREREE ~ RO ~ HEIR ~ RESCE A A -

ZETE 2000 5 ok g B Z R SR B o RIS
P T ERZ (LS5 0 H 2001 4FEE KAt @5 2 H BT
BARRTEAREE IR HERS < ANWIREY) A= RIGR B LB L EE - &5
SEWAEE H 2001 2 2003 4 1k 0 R AR AR R L e
Bilfgg EPE LB < M 2003 4E5 H ~ B2 AL ~ m % dhlmay 5
H T JRREE (R - S ERIREE - (SR A% M
— g R BURE 3 T2 (R 1) -



306  Plant Pathology Bulletin Vol.13(4) 2004

af

AT ARTE () BIST AR A AR & S A 4G SRR - B
MR AN e > (B384 idt B Hp B a & H g
=R g O B © s O R TR 85
FERERRIETS 2 AR O 5 o SRJ0NR BARR IR 55 4 75
Tk M et - B S ECEAE RN 2 23R » R
B RN EL R A it Al o ASEA e AR S SRR 0 JE
TR & TAE A 2 A BCREN » EEHEAZ
Sy | REAH B 18 B 2 % 1 B sl SRR AR

A3 B FE TR o 75 S (TR ~ WRRORIESS) SRE 1
B BRI A B L RJER 0 — RS IEAE 0.2-0.4 cm HY
BAFMETE R CREMRED - WA E AR %
R BRIR RS EIFAAIE R » ERCRERM R
B HERE TR AN BB AR O B (RIS - Bdnk RE R
ELEE iy o FHRA A ARS8 b ool 0 A R K8 DL R T T T
o ELI AR 2 b o BRI R AR T RS B AR 2 SR
& (PR - FERIE IR a5 EERERE M - Kt
AR FSFH ISR B 17 FH [ HE B R G B B FSE 18 B AR IR FRER
JEIA © EEAE > HER AR SRE RS B S IR 2 8 /R
B > A ER B2 A RN E ERIER I (HIR R fEER
Wit 2 FE o (I RSN > AR R R Z 81
RIRTERY > SRR ERET ©

1957 4F Arx 19 25575 K4 5 JE9% B Colletotrichum
litchii Frag. & Cif. Ff51#E » 13K Yang @ (R g SO 5
AT REEL A N » SRR R E BRI I
975 I 2% T RE S Colletotrichum gloeosporioides o AgEs~
s RN fa FEH L PR TE R E £ C. gloeosporioides -
AL » A BRI 7 S R & R B B BRI B R K
A G A A M AT (8 o4 2+ AU % > conidial
strains) s MAESRIE R B BERIRVEIR - BRETA A
Tt KEBETEZRCA AR (B T3 E % - perithicial
strains) o L5 RESTRR » A ORIE IR 28 P AUEES
Glomerella cingulata ' o L7ty Bk HIETHE ~ T
ik THKTHRAT ZEREI) - EEE @ BT
FertAR - 1S 2 T RA T AU Z RIETR R IRFELL o A
il E 7 ISR TR 2 0 A48 7 WK N B 12.3-
15.2-18.2 X4.65-5.63-6.75 ;.m > i Yang "8 $53% 2~ A\
K (479 13.3-14.4 ym » £ 3.5-3.8 xm) [
BETERE M Z Ek KR R E BIGHA  BES 2 -
Mo AR fF MU R 2 AR R HR B RN B BIR
A& &5 | E HEREEBELE R » 8 SR E PR
Bl o DRI HE 7 SR R 2 Z IR MR AR (virulence) RTREHL
AT R R Z IR Bl - (BEE— PP -

IR E — MR A R BRI A R R TE IR Z TR 12K
(=) HERIEHRE T B IEREUAREN Zpibds ~ £ R
FE Wik CRE R OISR R E EEHSE] - B
T BB R I AN 58 22 AE SR E i (a B % A 1
JE&H - TR JEIR IR AT RE AR IR E A 5 WIRIAIE ST A
R FRE EOEA FWNE LM 4 RIERFA N E - dEk
R BB M o [KILL - ERIER FR S PR E EA TR
Ji%y (latent infection) 73 5 » BilBaker ™2 Bil Smmonds ®©

F&Hi C. gloeosporioides RFE ~ B ~ AN ~ BREL ~ i
fsE Rz A GRS - WA — VI RIEARINE - FRE
RS B R TE R Z B TEAHR] -

El Bl e 5 13 75 A R s Z HE S EE E n L sE A > (B
[T NG 2 R E T IRE 5 1 - =2 IAREAPT a5
SRR © 2 BER 80 % $¥bd ) IR AT IERIFER 50 % 15T
PISE PRI W] — 2R » HNK o ¥Rl DIBEE R R E
FC S A R o IR AR BLER ISR I RS » JCEL AR
o 500 15 2§85k IR ERE » AMH 288 R E ZSEERIK
IRF{EE o S AR Pz 15 » A e EC SR B [RTREEPS v 2R » s v
IRIVRAR I8 OHR AR T AE R AR BT S50 o 1E 704 B BN it
g v AR AR B AR R BMRE Z IR TR B 2R - JRENEE IJH
TR R G R E GBI ESHTE -

ST FH IR B TR (R Bl thfk HH I SRkt
J& R K PSRBT > 7F 1999-2001 FEIFE &5 ~ 8
b ~ FE¥&h R R R B RS > S E SRR E RS AT
DLy BESIER TR » SR8 SRR = Mg s » HA
PERFE BB BN Z BT o £ = FE 2 MR ~ IREAEA
Bl oyl A ~ R Eh AR SN G B 2 R R - SRR
AT ATRENE JE BT R S [E » FEERK AT < (1) 98
Fg A DU — SRR A v - fat R R B g SR BRI AR - S
EEGY  THEERE N Z B0 15252 » M o1 HEE
HIE B > BTN S A B B R TP B R R R
B TA YRR o (2) RE MG 2 IR 5ig o 1251
TEFES W) IR ECEURIER - (B8 — R b ZeeT B
% SRR KB & 1% 0 2 R0 A SO AIR(BL R
JEIR R 72 M K) » SR E R MR K& fids - e —fi R
TR R IR 2 TE s EIRE A5 BN RE +o
=55 0 AL BINEYYRE IR R - %O TG
4= 3 (2-chloro-ethylphosphonic acid) EEFH 6-7 53 2415
XAERRE > 1€ 3-6 KIRENATFT R R TENA B 2 IR
B o kot > BRI EEIN R R PR E - BRE R
TR > BERETE 990K IR > S ARG » W] LUE RER
BRI MR R .2 RE > FRIRE - (3) VI #R
RE by BIR G RERE PR DL IR B B Fusarium spp. £
H 8 9o ik 2B SR B BRI AT DLoy i ) 20 e Hofth B - B4R
Botryodiplodia sp., Pestalotia sp., Alternaria sp. 5 2% ffi HiAth
B > AR [E— R B e DL 2 B - TS EE 2 a]
5% (B LR A 7 5 SR B S VL 5 % FH EIRE Rvs 1t > DRI dvk
SER B O 3 7 T - (4) Ak BRI - S i AL
ZIRRZ N6 R 2 GRAIEEL ~ BURTER ZIEh6AE & AT
il ~ BAVE ZALERRREE o [K > H 2001 44E e Hif —4F
BeIvif 2 SRR > BT O HE AN A P B AR FH R HE R
AR R BN A R E T - A RO E 155 Bl
BERIEE SE 1A% T AR Sl [ 29 15 25
HARERHE » BT e A rhESH e 2 T R R B s P SR 1 T
ZJFIR > RTREN IR T R B A M g B At E R R
B AP RER S A REBURE RS ~ R (ERIEPT
77 > BUBIK B 2 559 R B BLE AL RG> $R R RILREL
ok



51 HISCRR

TIPSR B Er. 1999, BLZEMG . 1TEPE RS
Beriiii. &k 428 pp -

ZE . 1995, BRI R A PR T A R s B et
HIER 2 8. fafi e 1) 4:173-179 -

LEHE ~ B HES  SIE . 1996, BURRE K
JEJR TR A 2 Br 8 . fE PR & 1) 38(4):376-377. (1ii
Z) °

AR ~ EREA ~ VLG ~ LABURE - REIE. 2002, R
Bl &5 B L FEAE. p.65-85. 1EY) & R AL Al hFaT & SiE.
FRIE KRR B & R BRTRED. S B
BpLiar ~ K SEHw. 2000, AEPIORGE T, 1TEB RS
BE RV YRR AR > B EIE. 764 H -
SEENR ~ B, 1998, 5K IE ik < 58 A8 B TR R
T o fEfEEr ) 7: 10-18 -

TR EEER. 2002, & EREY)N E A (PURR). Hoee R
REPMRERER & iR, &5 rh. 386 ©

BAE . 1995. 75k p 33-42. EEIRSK AT (E=hR). =
PERI( D). B, HBAE -

Ann, P. J, Lee, H. L., and Huang, T. C. 1999. Brown root
rot of 10 species of fruit trees caused by Phellinus noxius
in Tailwan. Plant Dis. 83:746-750.

10. Arx, J. A., Von 1970. Die arten der gattung

11

12.

13.

14.

15.

16.

17.

18.

b 307

Colletotrichum. Phytopathol. Z. 29:413-468.

Baker, R. E. D. 1938. Studies in the pathogenicity of
tropical fungi. Il. The occurrence of latent infections in
developing fruits. Ann. Bot. Lond. N. S. 2:919-931.
Baker, R. E. D., Crowdy, S. H., and Mckee, R. K. 1940. A
review of latent infection caused by Colletotrichum
gloeosporioides and alied fungi. Trop. Agric. 17:128-132.
Chen, C. C. 1961. A species of Peronophythora gen. Nov.
parasitic on litchi fruit in Taiwan. Special Publ. Coll.
Agric., Natl. Taiwan Univ. 10:1-37.

Hanllin, R. T. 1990. Illustrated Genera of Ascomycetes.
APS Press. St. Paul, Minnesota. 263 pp.

Mordue, J. E. M. 1971. Glomerella cingulata. CMI
Description of Pathogenic Fungi and Bacteria, No 315.
Simmonds, J. H. 1941. Latent infection in tropical fruits
discussed in relation to the part played by species of
Gloesporium and Colletotrichum. Proc. R. Soc. Queens.
52:92-120.

Verhoeff, K. 1974. Latent infection by fungi. Annu. Rev.
Phytopathol. 12:99-110.

Yang, H. C. 1990. Plant Anthracnose Caused by
Colletotrichum species in Taiwan. Ph. D. Thesis,
Hokkaido Univ., Japan. 190 pp.



308

Plant Pathology Bulletin Vol.13(4) 2004

ABSTRACT

Ann, P J*® Tsai. J. N.Y, Wang, |. T.%, and Young. H. R.2 2004. Litchi fruit anthracnose and the cause of
black skin. Plant Pathol. Bull. 13: 299-308. (* Plant Pathology Division, Agricultural Research Institute,
Wufeng, Taichung, Taiwan; > Department of Plant Protection, Chia-yi Agricultural Experiment Station,
ARI, Chi-yi, Taiwan; * Corresponding author, e-mail: pjann@wufeng.tari.gov.tw; Fax: +886-4-23338162

Litchi (Litchi chinensis) fruit diseases related to anthracnose have been studied since 1980. Two types
of disease symptoms were found on Black leaf variety in the fields. Most diseased fruits first showed
symptoms as 1-2 water-soaked spots at the near mature stage and developed into a diameter of 0.2-0.4 xm
small black spots (BS) before harvesting. The small black spots expanded rapidly on the post-harvest fruit
and covered the whole skin eventually. Some other diseased fruit appeared symptoms as small black spots at
the early stage, but the spots grew continually to a diameter of 0.5-1.5 «m black rot (BR) resulting in
premature fruit drop. Generally, the disease fruit for black spot and black rot were 0.1-10% and 0-5%,
respectively, in different investigated orchards. Colletotrichum gloeosporioides was consistently isolated
from both types of diseased fruit and pathogenicity test proved that the isolated fungus could induce severe
skin rot on the health detached-fruit of black leaf variety. The same fungus was reisolated from the
inoculated diseased fruit. All of the tested isolates could grow on potato dextrose agar from 8-32°C with the
optimum growth at 28°C. They produced abundant conidia on PDA plates at 24°C. Conidia were hyaline,
short rod, and mean ranged 12.3-(15.2)-18.2 X4.65-(5.63)-6.75 «m. In addition to asexual reproduction,
some isolates formed sexual stage by producing perithecia and ascospores on agar medium. The perithecia
were dark brown, obpyriform or subglobose and asci were hyaline, clavated, and 8 spored. Ascospores were
hyaline and slightly symmetrical curved, with sizes of ranging 42.5-(53.5)-65.0 X27.5-(32.1)-35 © m. The
conidial isolates were mostly isolated from fruit with BS symptoms whereas the perithecial isolates were
from BR fruit. The same pathogen was also frequently isolated from symptomless litchi tissues, including
flower, flower stem and green fruit in different growing stages, indicating the anthracnose pathogen
attacking litchi fruit through latent infection. Anthracnose symptoms on the fruit of other litchi varieties
were similar to those on Black leaf, except of Kwai-mi fruit with numerous flecks. Recently, a serious fruit
disease, with symptoms as skin irregular browning combing with heavy premature fruit drop, was found in
many orchards in the central Taiwan in 1999-2001. Colletotrichum sp. and many other fungi were isolated,
but none of them induced similar symptoms in pathogenicity test, indicating non-infectious causes might
involve in the disease development. Many diseased orchards recovered after adequate use of pesticides and
fertilizers for 1-2 years. It is thought that the incorrect use of chemicals might weaken and damage the fruit,
resulting in infection by weak pathogens as well as earlier appearance of latent infection diseases.
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