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Table 1 List of the host and literature of Lasiodiplodia theobromae in Japan

Host plant

Family

Genus and species

Tocality

Literature

Disease name

Actinidiaceae

Annonaceae

Apocynaceae

Fabaceae

Oxalidaceae

Caricaceae

Fagaceae

Rutaceae

Tiliaceae
Rosaceae

Moraceae

Hernandiaceae

Convolvulaceae

Anacardiaceae
Araceae

Musaceae

Pandanaceae

Apocynaceae
Lauraceae
Passifloraceae

Rosaceae

Rutaceae

Apocynaceae

Actinidia chinensis

Annona squamosa
A. muricata
Anodendron affine

Arachis hypogaea

Averrhoa
carambola

Carica papaya

C. papaya
Castanea crenata

Citrus sinensis

C. unshiu
Corchorus olitorius
Eriobotrya japonica

Ficus elastica

Hernandia ovigera

Ipomoea batatas

Mangifera indica
Monstera edulis

Musa spp.

Pandanus veitchii

P. tectorius

P. boninensis

Parsonsia laevigata
Percea americana
Passiflora edulis
Pyrus serotina var.
culta

Toddalia asiatica

Vinca minua

No locality record

Bonin islands (Tokyo)
Bonin islands (Tokyo)
Okinawa island (Okinawa)

Chiba

Bonin islands (Tokyo)

Post harvest disease

IIachijo island (Tokyo)
Post harvest disease

Bonin islands (Tokyo)

Okinawa island (Okinawa)
Okinawa island (Okinawa)
Chiba, Kagoshima

Bonin islands (Tokyo),
Okinoerabu island
(Kagoshima)

Ishigaki island (Okinawa)

No locality record

Bonin islands (Tokyo)

Yoron island (Kagoshima)

Post harvest disease; Bonin

islands (lokyo), Okinoerabu

island (Kagoshima)
Yoron island (Kagoshima)
Yoron island
Miyako island (Okinawa)
Bonin  islands

Okinawa island (Okinawa)

Iriomote island (Okinawa)
Bonin islands (Tokyo)
Bonin islands (Tokyo)

Tokushima

Okinawa island (Okinawa)

Chiba

(Kagoshima);

(Tokyo);

Phytopathological Society of Japan 2000 ¥; Yamato
1997 ¥

Kobayashi 2007 *; Sato 1990 ¢

Kobayashi 2007 *; Sato 1991 ; Sato ct al. 1991 ¥
Nago and Matsumoto 1994

Asuyama and Yamanaka 1952 '%; Phytopathological
Society of Japan 2000 ¥

Kobayashi 2007 *; Sato 1990 ©, 1991 ”; Sato et al. 1991
8

Kobayashi 2007 ; Phytopathological Society of Japan
2000 ¥; Yaguchi and Nakamura 1987'?, 1992 12
Kobayashi 2007 *; Matsushima 1975 '

Hino 1977 ¥

Kobayashi 2007 ¥; Sato 1990 ©, 1991 7; Sato et al. 1991
0)

Sato et al. 2002

Sato et al. 2002 ¥, 2008 @

Kobayashi 2007 ¥; Yaguchi et al. 1999 '

Kobayashi 2007 ¥; Kobayashi et al. 2007 '*;
Phytopathological Society of Japan 2000 *; Sato 1990 ®;
Sato et al. 1991 ®

Nago and Matsumoto 1994 *

Kawada 1955 '9; Phytopathological Society of Japan
2000 ¥

Kobayashi 2007 ¥; Sato 1990 ©; Takushi et al. 2000 **
Kobayashi et al. 2006a *”, b

Hirai 1938 *; Kobayashi 2007 *; Kobayashi et al.
2007 '®; Phytopathological Society of Japan 2000 *;
Sato 1990 ®; Sato et al. 1991 ¥

Yumiki et al. 2006 *¥

Kobayashi ct al. 2007 '¥; Yumiki ct al. 2006 *¥

Kobayashi 2007 ¥; Phytopathological Society of Japan
2000 ¥; Sato et al. 2002 '¥; Yokoyama 1975 *¥;
Yumiki ct al. 2007 >

Nago and Matsumoto 1994

Sato 1990 ©; Kobayashi 2007 ¥

Ono and Nakashima 2005 >®

Kobayashi 2007 *; Phytopathological Society of Japan

2000 ¥; Yamato 1983 27

Nago and Matsumoto 1994

Phytopathological Society of Japan 2000 ; Uwai et al.

1989 *; Sakai et al. 1990 **

Soft rot

Stem blight

Botryodiplo-
dia rot

Stem end rot

Gummosis
and dieback
Trunk rot
Black Band
Black rot
Dieback

Jawa  black
rot
Stem end rot

Stem end rot,

Black rot

Fruit rot

Fruit rot

Fruit rot

Stem end rot
Botryodiplo-
dia canker

Stem rot
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Table 2 List of the species of genus Botryosphaeria (anamorph : Lasiodiplodia and Sphaeropsis) used for

molecular phylogenetic analysis

States Country of
GenBank No. Strain No. ¥ o Host
Teleomorph Anamorph origin

Botryosphaeria obtusa Sphaeropsis malorum AY236953 CMW 7774 USA Ribes sp.
B. rhodina Lasiodiplodia theobromae AB426283 MAFF 240388 Japan Theobroma cacao
B. rhodina L. theobromae AY160214 - USA Pinus nigra
B. rhodina L. theobromae AY160201 - USA Pinus nigra
B. rhodina L. theobromae AF243400 — Sri Lanka Theobroma cacao
B. rhodina L. theobromae AF027761 - USA Quercus sp.
B. rhodina L. theobromae AF027760 - USA Pistacia sp.
B. rhodina L. theobromae AF027762 - USA P sp.
B. rhodina L. theobromae DQ103526 CMW 13510 Venezuela Acacia mangium
B. rhodina L. theobromae DQ103529 CMW 13496 Venezuela A. mangium
B. rhodina L. theobromae DQ103530 CMW 13464 Venezuela Eucalyptus urophylla
B. rhodina L. theobromae DQI103536 CMW 14701 Australia E. pellita
B. rhodina L. theobromae DQ103535 CMW 14702 Australia E. pellita
B. rhodina L. theobromae DQ103527 CMW 13520 Venezuela Pinus caribaea
B. rhodina L. theobromae DQ103528 CMW 13530 Venezuela P. caribaea
B. rhodina L. theobromae DQ103538 CMW 14693 Australia Santalum album
B. rhodina L. theobromae DQ103539 CMW 14690 Australia S. album
B. rhodina L. theobromae DQ103540 CMW 14689 Australia S. album
Unknown L. gonubiensis AY 639594 CMW 14078 Africa Syzygium cordatum
Unknown L. crassispora DQ103552 CMW 13488 Venezuela Eucalyptus urophylla
Unknown L. crassispora DQ103550 CMW 14691 Australia Santalum album
Unknown L. crassispora DQ103551 CMW 14688 Australia S. album
Unknown L. rubropurpurea DQ103553 CMW 14700 Australia Eucalyptus grandis
Unknown L. rubropurpurea DQ103554 CMW 15207 Australia E. grandis
Unknown L. rubropurpurea DQ103555 — Australia E. grandis
Unknown L. rubropurpurea DQ103556 — Australia E. grandis
Unknown L. venezuelensis DQ103547 CMW 13511 Venezuela Acacia mangium
Unknown L. venezuelensis DQ103548 CMW 13512 Venezuela A. mangium
Unknown L. venezuelensis DQ103549 CMW 13513 Venezuela A. mangium

¥ MAFF: NIAS Genebank, National Institute of Agrobiological Sciences, Tsukuba, Ibaraki, Japan. CMW: Tree Pathology Co-operative Program, Forestry

and Agricultural Biotechnology Institute, University of Pretoria, South Africa

O00000000000000, ShearO (2% 000
000o000d :300m, OOOOO 120mi, 95% 0000
O0-0 180m) OO0O0O0O0O0O0O0O0OOOOOOO0, O
gooddodoouo, oo, Doooo, ToUOooood
O, dddooooooooooodgds

oo, goboboooboobooogboobooon —
0O DNA (rDNA) O Internally Transcribed Spacers (ITS)
00000, DNA Data Bank of Japan (DDBJ) 0O 00O
000000 Lasiodiplodie 00 (0DO00OOODO : Botry-
osphaeria 0 0) (Table2) OOOOOOOOOOOO,
DNA O DNeasy Plant Mini Kit (QIAGEN, Hilden, Ger-
many) 000000, ITS40 ITS50000 =00
OO0 PCROOODOOO, OODOOODODOO, Applied

Biosystems 3130,/3130 x1 Genetic Analyzer (Applied Bio-
systems, Foster City, CA, USA)J O 00O, 0000 DNA
0, CLUSTAL X 0000000000, 000000
Oo00.,000000, PAUP 4.0b0 00O, Botryosphaeria
obtusa (Schwein.) Shoemaker (anamorph : Sphaeropsis
malorum Peck) (DDBJ No. AY236953) 000000 —0
000, 00000®00000, 000000 Kimura
2-parameter J 00000, OO0 -000000000
0000, DooooooDoooDooo—-oooooo
00000, 1000000000000,

5) 00000000
0000000000000 00000, PDAOOO
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Table 3 Comparison of the morphological characteristics of the cacao isolate with five related species
of Lasiodiplodia
Cacao isolate ™ Lasiodiplodia L. gonubiensis® L. rubro- L. crassispora® L. venezuel-
theobromae"® purpurea® ensis ¥
Paraphysis Aseptate - Aseptate Aseptate Septate Septate
Thickness of immature Thick (> 2 pum) - Thick (>2 pm)  Thin (<2 pm) Thick (>2 pm)  Thin (<2 pm)
conidial wall
Pycnidium Color Dark brown to  Black Leaden-black Reddish-purple  Iron gray Iron gray
black
Surface Villose Villose Fluffy Fluffy Smooth Smooth
Diameter (um) 150-350 200 460 500-1500 500-1000 500-1000
Mature Size (um) 17.5-31 x 10-15  25-35 x 12-15  28-39 x 14-21 24-33 x 13-17 27-33 x 14-17 26-33 x 12-15
conidium Number of 1 1 1-3 1 1 1
septa

? Lasiodiplodia on cacao from Ogasawara (Bonin Islands)
Y Saccardo 1895 *P
9 Pavlic et al. 2004 *

9 Burgess et al. 2006 **

0000 10000000000000-0—- (004
mm) 00000, 000 PDADOOOOOOOOO, O
0o0ooooooo, 0o, 5CO0ns~40CcOoUng
oobo0oo0o0o0oooooUooUooUoUu sUoOooOg
ooobo,

6) 00OD0DDO0O0O0ODOOD

Lasiodiplodia 000, OO -0000000O0OCOOO
goooooboooooobodooboo, bog, od
O Lasiodiplodie 00000000000 ODOOODOOO
goddodoooooooooooooooooon =
O (Passiflora edulis Sims), 0 00 (Musa sapientum
L), 0000 (Caricapapayal.), 000 — (Mangifera
indice L) 0000000000 O0000O0OO0OOO
od, ddoooooooooooooooooooo
ogoooodde

U g

1) 0000 0000000

20050 50, 00000000000000000 (The-
obromacacao L) O, 00000000 OOODOOOO~
0o0o0o00oO0oO, 0o00o0ooooooooo
oooo (Fig 1A-0), 000, 00000000000
0, 00000000000000000000000
000,

2) 000000

goboooo3boogoooog, s0Dooboooooo

Table 4 Pathogenicity of cacao isolate to tropical
fruits cultivated in Ogasawara islands®

Inoculated with

Control
Cacao isolate
Plant name Wound Wound
Intact Intact

Theobroma cacao ++ + — —
Carica papaya ++ — — _
Musa acuminata ++ + - —
Mangifera indica ++ + — _

Passiflora edulis — — - —

? Observed three days after inoculation

Y Wound was produced by a bunch of needles

9 4+ Size of inoculated part was more than 5 cm; +: Size
of inoculated part was 0-5 cm; —: No lesion was observed

on the inoculated part

gbobobobooooboobob, bob, bood
gooobobo, cobobuobuobobobobooo
0 (Fig.1D), 00ODOO0O0OOO, OODOODOOOOO
oobod., D0oobOobooboocooooobooooo
O, Lasiodiplodia D0 DO 0000000000,
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Fig.1 A:

D:

ToO=d

Pod rot on a cacao fruit found in Ogasawara Islands (Initial symptom)
B, C: Severe pod rot on cacao fruit found in Ogasawara Islands (Severe symptom)

Pod rot caused by inoculation observed 7 days after inoculation (left : inoculated
plants, right : control)

: Aggregated pycnidia on cacao fruit (scale bar : 100 zm)

: Conidiogenous cell in pycnidium (scale bar : 20 um)

: Immature and mature conidia on cacao fruit (scale bar : 20 #m)

: Colony of the cacao fruit isolate incubated on PDA for 3 days at 25°C
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68|: Cacao isolate

Botryosphaeria rhodina (Lasiodiplodia theobromae) AF243400
B. rhodina (L. theobromae) AF27760

B. rhodina (L. theobromae) AF27762

B. rhodina (L. theobromae) AF027761

52| B. rhodina (L. theobromae) DQ103526

B. rhodina (L. theobromae) AY 160201
B. rhodina (L. theobromae) AY 160214
B. rhodina (L. theobromae) DQ103539
B. rhodina (L. theobromae) DQ103540
B. rhodina (L. theobromae) DQ103530
B. rhodina (L. theobromae) DQ103538
B. rhodina (L. theobromae) DQ103527

Lasiodiplodia

67 theobromae group

L. gonubiensis AY 639594

60

L. rubropurpurea DQ103553
L. venezuelensis DQ103547

L. venezuelensis DQ103548
L. venezuelensis DQ103549

L. rubropurpurea DQ103555
98 L. rubropurpurea DQ103556

IL. gonubiensis

L. crassispora DQ103550
100 |§A_|; L. crassispora DQ103551

L. crassispora DQ103552
— L. rubropurpurea DQ103554

L. crassispora group

L. rubropurpurea group

L. venezuelensis group

B. obtusa (Sphaeropsis malorum) AY236953

— 0.001 substitutions/site

Fig. 2

Phylogenetic tree for genus Lasiodiplodia and the present species by neighbor-joining analysis

of the ITS sequences rooted with a sequence of Botryoshaeria obtusa (anamorph : Sphaeropsis
malorum) (GenBank No. AY236953) as an out group taxon. Numbers above nodes represent boot-

strap intervals from 1,000 replications.
accession numbers indicated.

3) 00000O0O0OOoOooooooon
goooooooooooooo, tooooog~og
oJdb0, ooboooooo~0ba, oo~00o0o, O 150-
30pm, 0O0O0O, OOODOODOOO, DOOOOOAd
gooooo, oooooobooobooo, oooda
godddud, oo, toooooooo
oo, do, ood, od, 000 20—27X11—135um O
goooooo, ooo, ooa, 20, o0boogood
oo, 000 1756=31X10—15ymOd00000O0O00O0O
ooo (Fig. 1E-G), PDAOOOOOOOOOOOOO,
000000000, ooooooooooooOo (Fig.
1,00, 00000000000000O0, 00000
000000 00ooOg, Lasiodiplodia theobromae (Pat.)
Griffon & Maubl. 000 00O%*Y (Table 3),

00, 000 ITSOO (GenBank No.: AB426283) O

Sequences were retrieved from the DDBJ under the

000, OO0 Lasiodiplodia 00 (DOO0OOO : Botry-
osphaeria 00 ) (Table 2) 000000 DOOOOOODO
O O, Botryosphaeria rhodina (Berk. & M.A. Curtis) Arx
(00000 : L. theobromae (Pat.) Griffon & Maubl.) O
gooo-obooo, oobooobooboooooa
OO0 (GenBank No. AF243400) OO0 OOO0OO0OO0O0OOO
ooooooo (Fig. 2.

49 0000OoOooo

0000 15~40CO0000000, 0000000 30°C
ooboo.00,0200090mmO00—-00000O
oo, ooobooooboogbbe

5) 00000000000
4000000000000000000000, 00



136 ugo -og-0o0-00 -00

0-, oooo, boooooooo, Dooogogd
03fotoooooooooooooooa, ooooa
oobooooooo, OO —-0Uoooooog
000oOooo (Table 4),

U g

00000000o0O0oooooooa (Theobroma
cacao L) 0000000000 DOO0OOOOOODO
(Fig. 1A-C), 0000000000 Lasiodiplodia 00 0O
goooooob, ooooooooooooooog,
00, Ooooooooboooooo, oooooooo
00 (Fig.1D), 1890000, 0000000 -0000
0000 0O Lasiodiplodia canker [ Pod rot0 00000
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theobromae (Pat.) Griffon & Maubl,, 100000000
00, O0O00oooooooooooooooooon
ooooo, 0oooooogO.

000000, Lasiodiplodie 00000000000
0oooooooog, 200400020070000 3000
500 (Lasiodiplodia crassispora T. Burgess & Barber,
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Lasiodiplodia Pod Rot of Theobroma cacao L.
Caused by Lasiodiplodia theobromae

By
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Summary : Severe pod rot of cacao, Theobroma cacao, was observed at Chichijima, Bonin Islands, in
May, 2005. The causal fungus was identified as Lasiodiplodia theobromae (Pat.) Griffon & Maubl. based
on the morphological characteristics, inoculation experiments, and molecular phylogenetic analysis.
Among the four tropical fruits cultivated in the Ogasawara Islands, cacao isolate showed clear
pathogenicity on banana, mango and papaya fruits but not on passion fruit. This is the first report of
Lasiodiplodia pod rot (kajitsufuhai-byoé in Japanese) on cacao pods caused by L. theobromae in Japan.
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