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Abstract – Guignardia musae is the reported causal agent of freckle disease of banana. The
epithet has, however, been introduced on three separate occasions and only one name is
valid. We therefore investigated this problem. We examined the types of G. musae Racib.,
G. musae F. Stevens and G. musae Syd. & P. Syd. and also made fresh collections from
banana in northern Thailand. Guignardia musae Racib. is the earliest name and takes
precedence over the other two names which are hononyms. G. musae F. Stevens is a
different species and therefore a new name G. stevensii Wulandari & K.D. Hyde is
introduced to accommodate it. The name G. sydowiana Trotter has previously been
introduced to accommodate G. musae Syd. & P Syd.; type material is, however,
depauperate. Guignardia musicola Wulandari, L. Cai & K.D. Hyde sp. nov. is introduced as
a new species from Thailand. The three species from banana are compared and their
differences described.
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INTRODUCTION

Freckle disease occurs on several species and varieties in Musaceae
(Jones & Alcorn, 1982; Jones, 1984, 1993, 1994a, b, 1999; Pitakpaivan, 1985;
Shivas et al., 1996). The causal agent induces freckling on the leaves and fruits,
causing a series of black, raised spots with a sand paper-like texture; this is due
to the protruding pycnidia and/or ascomata. Leaves turn yellow with time and
eventually scenesce. The causal agent of banana freckle is reported to be
Guignardia musae (Aa, 1973; Aa & Vanev, 2002; CABI, 1990, 2005; Chuang,
1981; Dingley et al., 1981; Hwang et al., 1984; Jones & Alcorn, 1982; Jones, 1984,
1993, 1994a, b, 1999; Meredith, 1968; Pitakpaivan, 1985; Ploetz et al., 2003;
Sivanesan, 1984; Shivas et al., 1996; Tsai et al., 1993; Zhou & Xie 1992) and its
anamorph is reported to be Phyllosticta musarum (Aa, 1973; Aa & Vanev, 2002;
Sivanesan, 1984).

The name Guignardia musae has been introduced on three occasions. It
was first introduced by Raciborski (1909) for a fungus on Musa paradisiaca from
Indonesia. This was followed by G. musae F. Stevens from Musa sp. in Hawaii
(Stevens, 1925) and G. musae Syd. & P. Syd from Musa sp. in the Democratic
Republic of Congo (Sydow & Sydow, 1912). The latter two names are homonyms
and thus invalid. In the literature and generally on the world-wide web, the
cause of freckle is listed as Guignardia-Phyllosticta sp. (http://www.pestnet.org/
Summaries/Crops/Plantationcrops/Banana/Fungi/Frecklediseaseofbanana/
tabid/1350/Default.aspx; http://www2.dpi.qld.gov.au/horticulture/7926.html and
http://www.indexfung-orum.org) and the exact name of the species is not often
listed.

Banana freckle occurs worldwide (Table 1). It is common in Asia where
the causative agent is usually listed as Guignardia musae Racib. (anamorph
Phyllosticta musarum (Cook) Aa). In Thailand freckle has been recorded on
various Musa species (Sontirat et al., 1994). Photita et al. (2002) recorded
G. musae Racib., G. musae Syd. & P. Syd and G. sydowiana Trotter from
Musaceae, while Photita et al. (2001) reported G. cocoicola Punith. as a common
endophyte from wild banana in northern Thailand. Brown et al. (1998) reported
P. musicola F. Stevens nom. inval. as a common endophyte from Musa acuminata
in Hong Kong. There is obviously confusion surrounding the species of these
genera occurring on banana.

The purpose of this paper is to investigate the Guignardia/Phyllosticta
spp. associated with freckle disease on leaves. We re-examined the holotype of
each epithet and also made fresh collections from banana in Asia.

MATERIAL AND METHODS

Specimens examined

Holotype specimens were loaned from S (Sweden), KRA (Poland) and
BISH (Hawaii), while fresh specimens of freckle disease on banana were collected
from Thailand. Herbarium acronyms follow Index Herbariorum (Holmgren &
Holmgren, 1998).
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Table 1. Countries in which banana freckle disease has been recorded

Region/country Reference Species name

Australia – New South Wales,
Queensland, Western Australia

CABI (1990),
Farr & Rossman (2010),
Jones & Alcorn (1982), Jones (1984)

Guignardia musae,
Phyllosticta musarum

Fiji Dingley et al. (1981), CABI (1990) G. musae

New Caledonia CABI (1990) G. musae

Niue Dingley et al. (1981) G. musae

Hawaii (USA) Steven (1925) G. musae

Papua New Guinea CABI (1990) G. musae

Samoa (USA) CABI (1990) G. musae

Solomon Island McKenzie & Jackson (1986),
CABI (1990)

G. musae

Tonga Dingley et al. (1981), CABI (1990) G. musae

Bangladesh CABI (1990) G. musae

Bhutan CABI (1990) G. musae

Brunei Darussalam CABI (1990),
Farr & Rossman (2010)

G. musae, P. musarum

China (Fujian, Guangdong,
Guangxi, Yunnan)

Zhou & Xie (1992),
Farr & Rossman (2010)

G. musae, P. musarum

Hong Kong, Taiwan CABI (1990) G. musae

Christmas Island Shivas & Hilton (1990) G. musae

India (Karnataka, Uttar, Pradesh) CABI (1990),
Farr & Rossman (2010)

G. musae, P. musarum

Indonesia (Java, Irian Jaya) Raciborski (1908),
Shivas et al. (1996)

G. musae

Malaysia
(Peninsular Sabah, Sarawak)

Jones (1993), CABI (1990) G. musae

Myanmar CABI (1990),
Farr & Rossman (2010)

G. musae

Nepal CABI (1990) G. musae, P. musarum

Pakistan CABI (1990) G. musae

Philippines CABI (1990) G. musae

Sri Lanka CABI (1991) G. musae

Thailand Sontirat & Jones (1994) G. musae

Vietnam Anon (1994), CABI (1990) G. musae

Cook Islands Dingley et al. (1981) G. musae

Samoa Dingley et al. (1981) G. musae

Solomon Islands McKenzie & Jackson (1986) G. musae

Vanuatu McKenzie (1989) G. musae

Palau McKenzie (1990a) G. musae

Federated States of Micronesia McKenzie (1990b) G. musae
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Morphology

Specimens were studied using a Nikon eclipse 80i with EOS 450 D Nikon
camera (× 1000 magnification) and an Olympus CX-41 research microscope
fitted with a drawing tube and Olympus SMZ 168. Hand sections were made
for microscopic examination. Preparations and measurements were made in
lactoglycerol (lactic acid: water: glycerol = 1:2:1) for semi-permanent slide and
lactophenol cotton blue. The 95% confidence intervals were derived from
30 observations of spores formed on water agar plates, with extremes in
parentheses.

RESULTS

Taxonomy

Guignardia musae Racib., Bull. int. Acad. Sci. Lett. Cracovie, Cl. sci. math. nat.
Sér. B, sci. nat. 3: 388 (1909)
MycoBank: MB 271864

(Figs. 2-9, 17-19)

Ascomata 100-125 µm high, 75-150 µm diam, on upper and lower surface
of leaves and on banana fruit skin, globose to subglobose, black, semi-immersed
in plant tissues, coriaceous, solitary to clustered, ostiolate, ostioles as black central
dots (Fig. 2). Peridium 12.5-20 µm wide, upper part composed of compressed,
brownish, thin-walled cells, 1-4 cells thick, lower part hyaline, composed of
flattened, dark brown cells, darkest around the ostiole (Figs. 3-5, 17).
Pseudoparaphyses not observed. Asci 49-105 × 16-28 µm (› = 74 × 21 µm, n = 20),
8-spored, bitunicate, broadly cylindro-clavate, rounded at the apex, where the
diameter is 8-21 µm, tapering gradually to a 5-10 µm diam. × 5-10 µm long pedicel
attached to the basal peridium, ocular chamber 3-8 µm high (Figs. 6-7, 18).
Ascospores 20-25 × 8-13 µm (› = 22 × 10 µm, n = 20), uniseriate or occasionally
overlapping biseriate, clavate to oblong, not laterally compressed, having the same
shape when viewed from above or from the side, hyaline to greenish, 1-celled,
guttulate, smooth-walled, lacking a mucilaginous sheath or appendages at the
ends (possibly due to nature of old specimens) (Figs. 8-9, 19).

Material examined. INDONESIA, Bogor, on leaves of Musa acuminata, no date,
Raciborski, (KRA 063561, holotype of Guignardia musae Racib.), only teleomorph
present.

Notes: This is the earliest species of Guignardia or Phyllosticta described
from Musa species and therefore takes precedence over G. musae F. Stevens and
G. musae Syd. & P. Syd. The ascospores in this species are distinct because of
their size (20-25 × 8-13 µm) and shape (clavate to oblong, not laterally compressed
having the same shape when viewed from above or the side) (Table 2).

Guignardia stevensii Wulandari & K.D. Hyde, nom. nov.
3 Guignardia musae F. Stevens, Bulletin of the Bernice P. Bishop Museum,
Honolulu, Hawaii 19: 101 (1925), nom. illegit., non G. musae Racib. 1909.
MycoBank: MB 519089

(Figs. 10-13, 20-22)

Etymology: Named after its collector, F.L. Stevens.
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Figs. 1a-d. Freckle disease on Musa spp. in Thailand caused by Guignardia musicola.
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Figs. 2-16. Micrographs of Guignardia spp. on Musa sp. 2-9. G. musae Racib., 10-13. G. stevensii,
15-16. G. musicola. 2. Appearance of ascomata on host surface (bar = 100 µm). 3, 4, 5. Section of
ascoma in the leaf (darkened area fungal cells-arrowed) (bar = 20 µm). 6, 7. Asci (bars 6 = 30 µm,
7 = 10 µm). 8, 9. Ascospores (bar = 10 µm). 10, 11. Asci (bar = 15 µm). 12, 13. Ascospores
(bar = 5 µm). 14. Asci (bar = 10 µm). 15, 16. Ascospores (bar = 10 µm).
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Figs. 17-19. Line drawing of G. musae Racib. (holotype): 17. Section of ascoma in the leaf (fungal
cells arrowed) (bar = 25 µm). 18. Asci (bar = 25 µm). 19. Ascospores which are clavate to oblong
and symmetrical (bar = 25 µm).
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Ascomata 50-125 µm high, 60-95 µm diam, on upper surface of leaves,
globose to subglobose, black, semi-immersed in plant tissues, coriaceous, solitary
to clustered, ostiolate, ostioles as black central dots. Peridium 20-25 µm wide,
composed of compressed, brownish, thin-walled cells, in the upper part 1-4 cells
thick, composed of flattened, dark brown cells, darkest around the ostiole, hyaline
towards the lower region (Fig. 20). Pseudoparaphyses not observed. Asci
40-59 × 11-15 µm (› = 50 × 13 µm, n = 20), 8-spored, bitunicate, cylindro-clavate,
rounded at the apex, where the diameter is 10-12 µm, tapering gradually to a
2-7 µm diam. × 3-7 µm long pedicel attached to the basal peridium, ocular
chamber 3-8 µm high (Figs. 10-11, 21). Ascospores 14-17 × 5-6 µm (› = 15 × 5 µm,
n = 20), uniseriate or occasionally overlapping biseriate, ellipsoidal, widest 2/5th from
the apex (obtrullate) in one plane, inequilaterally ellipsoidal, or ellipsoidal with one
side flattened when viewed from the side, hyaline to greenish, 1-celled, guttulate,
smooth-walled, with a mucilaginous appendage at each end (Figs. 12-13, 22).

Material examined. HAWAII, Oahu, Hakipu, on leaves of Musa sp., 12 June 1921,
F.L. Stevens, No. 565 (BISH 596860, holotype; BISH 499904 isotype of Guignardia musae
F. Stevens), teleomorph only present.

Notes: The ascospores of Guignardia musae F. Stevens differ markedly
from those of G. musae Racib. being 14-17 × 5-6 µm, obtrullate from above,
inequilaterally ellipsoidal, or ellipsoidal and flattened on one when viewed from

Table 2. Synopsis of ascospores and conidia of Guignardia species on Musa spp.

G. musae Racib. G. stevensii G. musicola

Ascus (µm) 49-105 × 16-28,
broadly clavate

40-59 × 11-15,
cylindro-clavate

133-150 × 19-20, cylindrical
to cylindro-clavate

Ascospores (µm) 20-25 × 8-13, clavate
to oblong symmetrical,
without appendages

14-17 × 5-6, widest 2/5 near
the apex (obtrullate),
inequilateral, or ellipsoidal
with one side flattened,
and with appendages

12-21 × 7-10, obclavate
to oblong, symmetrical,
with appendages

Line drawing
of ascospores, bars
(a = 25 µm;
b-c = 20 µm)

Phyllosticta state
(µm)

Not present Not present Conidia 12-17 × 8-11,
with appendage 10-15 long,
sheath 2-4 wide
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Figs. 20-22. Line drawing of G. stevensii (holotype): 20. Section of ascoma in the leaf (fungal cells
arrowed) (bar = 25 µm). 21. Asci (bar = 20 µm). 22. Ascospores which are obtrullate from above,
inequilaterally ellipsoidal, or ellipsoidal with one side flattened, and with mucilaginous
appendages at the ends (bar = 20 µm).
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the side (Table 2). Since G. Musae F. Stevens is a homonym of G. Musae Racib.
we provide a new name. Fresh living collections from Hawaii are needed to fully
circumscribe this taxon from Musa sp. with DNA sequence comparison.

Guignardia sydowiana Trotter, in Saccardo, Syll. Fung. (Abellini) 24(2): 788
(1928)

Basionym. Guignardia musae Syd. & P. Syd., Annls mycol. 10: 80 (1912)
[name is invalid as homonym of G. musae Racib.].
Material examined. Democratic Republic of Congo, on dead leaf of Musa sp., Vanderyst, ex
Herb. Sydow (S, 10753, holotype of Guignardia musae Syd. & P. Syd).

Notes: The name Guignardia sydowiana Trotter was introduced to
replace G. musae Syd. & P. Syd., which is a homonym of G. musae Racib., and
thus invalid. The type material examined is not in a good condition as ascomata
were dry and depauperate.

Guignardia musicola N.F. Wulandari, L. Cai & K.D. Hyde, sp. nov.
MycoBank no.: MB 519088

(Figs. 14-16, 23-31)

Etymology: Named after its host plant, Musa sp. and -cola meaning dwelling on.
Guignardiae musae Racib. similis, sed ascosporae 12-21 × 7-10 µm.

Leaf spot occupying marginal areas of the leaf and pinna, bleached, the
leaf breaking at the edge to the middle of lamina, ascomata visible to the unaided
eye on surface of the leaves, surface rough indicating protruding ascomata and
pycnidia (Fig. 1). Ascomata 100-125 µm diam, 100-125 µm high, on upper surface
of leaves, globose to subglobose, black, semi-immersed in plant tissues,
coriaceous, solitary to clustered, ostiolate, ostioles as black central dots. Peridium
22.5-25 µm wide, comprising 2 layers of textura angularis cells with thickened
brown walls around ostiole (Fig. 23). Pseudoparaphyses not observed. Asci
133-150 × 19-20 µm (› = 137 × 20 µm, n = 20), 8-spored, bitunicate, fissitunicate,
cylindrical to cylindro-clavate, rounded at the apex, where the diameter is
12-13 µm, tapering gradually to a 10-20 µm diam. × 5-6 µm long pedicel attached
to the basal peridium, ocular chamber 2-5 µm high (Figs. 14, 24). Ascospores
12-21 × 7-10 µm (› = 19 × 9 µm, n = 20), uniseriate or occasionally overlapping
biseriate, ellipsoidal to clavate, not laterally compressed, having the same shape
when viewed from above or the side, hyaline to greenish, 1-celled, guttulate,
smooth-walled, with a mucilaginous appendage at each end, not (Figs. 15-16, 25).
Pycnidia 95-125 µm diam, 75-125 µm high, epiphyllous, black, globose to pyriform,
immersed in plant tissues, coriaceous, solitary to clustered, ostiolate, ostioles as
white dots in the centre. Peridium 22-25 µm wide, one stratum of textura angularis
comprising 2 layers of cells with thickened brown walls around ostiole (Fig. 26).
Conidiogenous cells 10-12 × 8-9 µm (› = 11 × 8 µm, n = 5), holoblastic,
determinate, discrete, sometimes rarely integrated, hyaline, cylindrical to
doliiform cells lining the pycnidial locule (Fig. 27). Conidia 12-17 × 8-11 µm
(› = 14 × 10 µm, n = 20), hyaline to greenish, 1-celled, guttulate, smooth-walled,
globose, ellipsoidal, clavate or obclavate, with an obtuse apex, sometimes truncate
at the base, surrounded by 2-4 µm thick mucilaginous sheath which persists at
maturity and in some specimens with a single, hyaline, curved or straight,
10-15 µm long appendage (Fig. 28). Spermogonia 95-125 µm in diameter,
75-125 µm high, epiphyllous, black, globose to subglobose, immersed in plant
tissues, coriaceous, solitary to clustered, ostiolate, ostioles as white dots in the
centre, similar to pycnidia. Peridium 22-25 µm wide, one stratum of textura
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Figs. 23-25. Line drawing of G. musicola (holotype): 23. Section of ascoma in the leaf (fungal cells
arrowed) (bar = 25 µm). 24. Asci (bar = 20 µm). 25. Ascospores which are obclavate to oblong,
symmetrical, with appendages (bar = 20 µm).



414 N. F. Wulandari, C. To-Anun, L. Cai, K. A. Abd-Elsalam & K. D. Hyde

Figs. 26-28. Line drawing of Phyllosticta state of G. musicola (holotype): 26. Section of pycnidium
in the leaf (fungal cells arrowed) (bar = 10 µm). 27. Conidia and conidiogenous cells
(bar = 10 µm). 28. Conidia (bar = 10 µm).
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Figs. 29-31. Line drawing of Leptodothiorella state of G. musicola (holotype): 29. Section
of spermogonium in the leaf (fungal cells arrowed) (bar = 25 µm). 30. Spermatiogenous cells
(bar = 10 µm). 31. Spermatia (bar = 10 µm).
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angularis comprising 2 layers of cells with thickened brown walls around ostiole
(Fig. 29). Spermatiogenous cells 7-10 × 1 µm (› = 9.8 × 1 µm, n = 20), holoblastic,
filamentous to cylindrical, simple or branched as distinct phialides with a very
characteristic and easily discernible apical structure (Fig. 30). Spermatia 5-8 × 1-2 µm
(› = 7 × 1 µm, n = 20), cylindrical to dumb-bell shaped, guttulate, straight or
slightly curved forming singly in basipetal succession and separating from the
spermatiogenous cells by a septum (Fig. 31).

Material examined. THAILAND, Chiang Mai Province, Chiang Mai, Tung Jaow Village, on
leaves of Musa acuminata, 18 July 2007, N.F. Wulandari, NFW 154 (MFLU 10 0235,
holotype) teleomorph and anamorph present; extype cultures CBS 123405; ibid., Srilanna,
on leaves of Musa paradisiaca, 12 July 2007, N.F. Wulandari, NFW 140 (MFLU 10 0233)
teleomorph and anamorph present; Bahn Pa Deng, T. Pa Pae, Mae Taeng, Mushroom
Research Centre, on leaves of M. paradisiaca, 24 August 2006, N.F. Wulandari, NFW 084
(MFLU 10 0222), teleomorph only present; ibid., 3 June 2007, N.F. Wulandari NFW 128
(MFLU 10 0231), teleomorph only present; ibid., 20 July 2007, N.F. Wulandari, NFW 161
(MFLU 10 0236), teleomorph only present; ibid., 13 August 2007, N.F. Wulandari, NFW 176
(MFLU 10 0237), teleomorph and anamorph present; ibid., 21 August 2007, N.F. Wulandari,
NFW 182 (MFLU 10 0238), teleomorph and anamorph present; ibid., 12 September 2007,
N.F. Wulandari, NFW 219 (MFLU 10 0244), teleomorph only present. Tumbon,
Chiangdoaw, on leaves of M. paradisiaca, 5 September 2007, N.F. Wulandari, NFW 184
(MFLU 10 0239), teleomorph, anamorph and spermatial stage present; ibid., 5 September
2007, N.F. Wulandari, NFW 185 (MFLU 10 0240), teleomorph only present; ibid.,
5 September 2007, N.F. Wulandari, NFW 188 (MFLU 10 0242), teleomorph only present.
Bahn Pha Deng, Mae Lod, Royal Project, on leaves of M. paradisiaca, 11 September 2007,
N.F. Wulandari, NFW 210 (MFLU 10 0243), teleomorph only present; ibid., Chiang Mai,
Chiang Mai University on leaves of M. paradisiaca, 16 June 2006, N.F. Wulandari, NFW 114
(MFLU 10 0225), teleomorph only present; ibid., 19 June 2007, N.F. Wulandari, NFW 117
(MFLU 10 0228), teleomorph only present; ibid., 19 June 2006, N.F. Wulandari, NFW 118
(MFLU 10 0229), teleomorph only present; Chiang Mai University Shop garden, on leaves
of M. paradisiaca, 15 September 2007, W. Tajeena & N.F. Wulandari, NFW 221
(MFLU 10 0245), teleomorph and anamorph present; Medicinal Plant Garden on leaves of
Musa paradisiaca, 15 September 2007, N.F. Wulandari, NFW 230 (MFLU 10 0246),
teleomorph only present. Bahn Pha Deng, Pathummikaram Temple, on leaves of
M. paradisiaca, 1 July 2007, N.F. Wulandari, NFW 123 (MFLU 10 0230), teleomorph only
present; Bahn Pha Deng Mushroom Research Centre, on leaves of M. paradisiaca,
24 August 2006, N.F. Wulandari, NFW 079 (MFLU 10 0220), teleomorph only present; ibid.,
22 August 2006, N.F. Wulandari NFW 080 (MFLU 10 0221), teleomorph only present; ibid.,
18 June 2007, N.F. Wulandari, NFW 115 (MFLU 10 0226), teleomorph only present;
ibid., 18 June 2007, N.F. Wulandari, NFW 116 (MFLU 10 0227), teleomorph only present; ibid.,
N.F. Wulandari, NFW 131 (MFLU 10 0232), teleomorph only present; ibid., 17 July 2007,
N.F. Wulandari NFW 151 (MFLU 10 0234), teleomorph only present. Chiang Rai, Nam Tok
Huey Mesak Forest Park, on leaves of M. paradisiaca, 6 February 2010, N.F. Wulandari &
P. Syshophanthong, NFW 306 (MFLU 10 0281), teleomorph only present.

Notes: Guignardia musicola is distinct from G. musae Racib. as
ascospores in G. musicola are smaller 12-21 × 7-10 µm (› = 19 × 9 µm), compared
with those of Guignardia musae Racib. (20-25 × 8-13 µm, › = 22 × 10 µm) (Table 2).

DISCUSSION

This study redescribes G. musae Racib. and shows it to be a
morphologically distinct species. Fresh collections are needed from Indonesia,
however, to epitypify this species for molecular study. Guignardia musae
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F. Stevens and G. musae Syd. & Syd. are homonyms of G. musae Racib. and thus
invalid. Guignardia musae F. Stevens is, however, a distinct species and a new
name G. stephensii is introduced for this taxon. One new species of Guignardia
isolated from leaves of banana with freckle symptoms in Thailand (Fig. 1) is also
introduced. The study shows that more than one species is responsible for freckle
symptoms of banana and a worldwide study is justified. Several other species, e.g.
Macrophoma musae (Sacc.) Berl. & Voglino, Phoma musae Sacc., Phoma musae
C.W. Carp., Phyllosticta musarum (Cooke) Aa, Sphaeropsis musarum Cooke and
Phyllostictina musarum (Cooke) Petr. have at one time or another been
considered to be synonyms of G. musae Racib. (Aa, 1973; Carpenter, 1919; Petrak
and Ciferri, 1931; Raciborski, 1909; Sivanesan, 1984). The synonymies, however,
were based on morphological data and the taxa need recollecting and subjecting
to molecular analysis. Futher collections and sequence analysis are needed from
different continents and various musaceous hosts to establish which species induce
freckle disease of banana.

Acknowledgements. Nilam Wulandari acknowledges the Graduate School of
Chiang Mai University, Chiang Mai, Thailand for financial support. The herbaria,
BISH, KRA and S are thanked for loaning specimens. The authors are grateful to
P. Sysouphanthong, P. Phengsintham, S. Karunarathna, and W. Tajeena who helped
collecting banana leaf samples. Mae Fah Luang University and Hong Kong University are
thanked for laboratory facilities. Shaun Pennycook is thanked for advice on the Latin
names introduced in this paper. The Mushroom Research Foundation and CBS, the
Netherlands, are thanked for a PhD scholarship. BRT, Thailand are also thanked for
awarding a grant (BRT No R251181) to study Dothideomycetes in northern Thailand.
Professor P. Crous is thanked for partially funding this research. The authors also gratefully
acknowledge partial financial support from the Distinguished Scientist Fellowship Program
(DSFP) King Saud University. Thida Win Ko KO and Eric McKenzie are gratefully
acknowledged for providing suggestions to improve the draft manuscript.

REFERENCES

AA, HA Van der., 1973 — Studies in Phyllosticta 1. Studies in Mycology 5, 1-110.
AA, HA Van der & VANEV S., 2002 — A Revision of the species described in Phyllosticta.

Centraalbureau voor Schimmelcultures, Utrech, The Netherlands. 1-49.
BROWN K.B., HYDE K.D. & GUEST D.J., 1998 — Preliminary studies on endophytic fungal

communities of Musa acuminata species complex in Hong Kong and Australia. Fungal
Diversity 1: 27-51.

CABI., 1990 — Guignardia musae. Racib. Distribution Maps of Plant Diseases. No. 263. CAB
International. Wallingford, UK.

CABI., 2005 — Crop Protection Compendium. 2005 Edition. Guignardia musae (freckle disease of
banana). CAB International, Wallingford, UK.

CARPENTER C.W., 1919 — Banana freckle or black spot disease. Report of the Hawaii Agricultural
Experiment Station, 36-40.

CHUANG T.Y., 1981 — Isolation of Phyllosticta musarum, causal organism of banana freckle.
Transactions of British Mycological Society. 77: 670-671.

DINGLEY J.R., FULLERTON R.A. & MCKENZIE E.H.C., 1981 — Survey of Agricultural Pests
and Diseases, Technical Report Vol. 2, Records of Fungi, Bacteria, Algae and Angiosperms
Pathogenic on Plants in Cook Islands, Fiji, Kiribati, Nive, Tonga, Tuvalu and Western
Samoa. Rome, Italy: South Pacific Bureau of Economic Co-operation, United Nations
Development Programs, Food and Agriculture Organization of the United Nations.

FARR D.F. & ROSSMAN A.Y., 2010 — Fungal Databases, Systematic Mycology and Microbiology
Laboratory, ARS, USDA. Retrieved September 2, 2010, from http://nt.ars-grin.gov/
fungaldatabases/.



418 N. F. Wulandari, C. To-Anun, L. Cai, K. A. Abd-Elsalam & K. D. Hyde

HOLMGREN P.K. & HOLMGREN N.H., 1998 — Index Herbariorum: A global directory of public
herbaria and associated staff. New York Botanical Garden’s Virtual Herbarium. http://
sweetgum.nybg.org/ih/
http://www.indexfungorum.org/Names/Names.asp. (Accessed date 18 August 2008).

HWANG S.C., CHEN C.L. & WU F.L., 1984 — An investigation on susceptibility of banana clones
to fusarial wilt, freckle and marginal scorch disease in Taiwan. Plant Protection Bulletin,
Taiwan 26(2): 155-161.

JONES D.H. & ALCORN J.L., 1982 — Freckle and black Sigatoka diseases of banana in far North
Queensland. Australasian Plant Pathology 11(1): 7-9.

JONES D.R., 1984 — Failure of the black sigatoka eradication programme in the Torres Strait region.
Australasian Plant Pathology 13(4): 57-58.

JONES D.R., 1993 — Banana Disease Survey of West Malaysia, 16 August-26 August 1993. Report to
INIBAP. Montpellier, France: INIBAP.

JONES D.R., 1994a — Banana Disease Survey of Thailand, 28 August-10 September 1994. Report to
INIBAP. Montpellier, France: INIBAP.

JONES D.R., 1994b — Freckle. In: Ploetz RC, Zentmyer GA, Nishijima WT, Rohrbach KG, Ohr HD,
eds. APS Compendium on Tropical Fruit Diseases. St Paul, Minnesota, The American
Phytopathological Society, USA. 9-10.

JONES D.R., 1999 — Freckle. In: Jones DR, ed. Diseases of Banana, Abaca and Enset. CAB
International. Wallingford, UK. 120-125.

MCKENZIE E.H.C., JACKSON G.V.H., 1986 — The fungi, bacteria and pathogenic algae of
Solomon Islands. Strengthening Plant Protection and Root CropS.

MCKENZIE E.H.C., 1989 — The fungi, bacteria, and pathogenic algae of Vanuatu. Forum
Secretariat. Suva, Fiji. 91 p.

MCKENZIE E.H.C., JACKSON G.V.H., 1990a — The fungi, bacteria and pathogenic algae of the
Republic of Palau. SPC Technical Paper 198. 41 p.

MCKENZIE E.H.C., JACKSON G.V.H., 1990b — The fungi, bacteria and pathogenic algae of the
Federated States of Micronesia. SPC Technical Paper 199. 67 p.

MEREDITH D.S., 1968 — Freckle disease of banana in Hawaii caused by Phyllostictina musarum
(Cke) Petr. Annals of Applied Biology 62: 329-340.

PETRAK F. & CIFERRI R., 1932 — Fungi Dominicani. II. Annales Mycology 30: 149-353.
PHOTITA W., LUMYONG S., LUMYONG P. & HYDE K.D., 2001 — Endophytic fungi of wild

banana (Musa acuminata) at Doi Suthep Pui National Park, Thailand. Mycological
Research 105(12): 1508-1513.

PHOTITA W., LUMYONG S., LUMYONG P., HYDE K.D. & MCKENZIE E.H.C., 2002 — Index
of fungi described from the Musaceae. Mycotaxon 81: 491-503.

PITAKPAIVAN P., 1985 — Banana diseases. Review Tropical of Plant Pathology 2: 175-196.
PLOETZ R.C., TIMMER L.W. & GARNSEY S.M., 2003 — Management of Tropical Fruit Diseases:

Current Overview and Future Outlook. In: Ploetz RC, ed. Diseases of Tropical Fruit Crops.
CAB International. UK.

RACIBORSKI, 1909 — Parasitische Algen und Pilze Javas. Addition: Bulletin International.
Académie des Sciences due Cracovie Classe des Mathématiques et Naturelles. Serie B.
Sciences Naturelles 3: 388.

SHIVAS R.G., SUYOKO S., RAGA N. & HYDE K.D., 1996 — Some disease-associated
microorganisms on plants in Irian Jaya, Indonesia. Australasian Plant Pathology 25(1): 36-49.

SIVANESAN A., 1984 — The bitunicate ascomycetes and their anamorph. J. Cramer, Vaduz,
Germany.

SONTIRAT P., PITAKPRIWAN P., KHAMHANGRIDTHIROONG T., CHOOBAMROONG W.
& KUEPRAKONE U., 1994 — Host Index of Plant Diseases in Thailand 3rd edition,
Mycology Section, Plant Pathology and Microbiology Division, Department of Agriculture,
Bangkok, Thailand.

STEVENS F.L., 1925 — Hawaiian Fungi. Bernice Bishop Museum Bulletin 19. Honolulu, Hawaii.
SYDOW H. & SYDOW P., 1912 — Novae fungorum species-VII. Annales Mycologicy 10: 77-85.
TSAI Y.P., CHEN H.P. & LIU S.H., 1993 — Freckle disease of banana in Taiwan. In: Proceedings of

the International Symposium on Recent Developments in Banana Cultivation Technology,
Chiuju, Pingtung, Taiwan, 14-18 December 1992. Los Banos, Laguna, Philippines: INIBAP-
ASPNET. 298-307.

ZHOU Z. & XIE L., 1992 — Status of banana diseases in China. Fruits (Paris) 47(6): 715-721.




