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Abstract: Phyllachora proteae 15 a well known leaf
pathogen of Protea spp. In the present study this fun-
gus was recollected from several genera and species
of Proteaceae in the Western Cape province of South
Africa, and its raxonomy was reassessed. Single asco-
spore cultures produced a Fusicoccum anamorph in
culture, described here as £ prateae. A microconidial
synanamaorph with narrowly ellipsoidal, brown, thick-
walled conidia was commonly associated with F pro-
teae in culture. Based on its bitunicare asci, as well as
pseudothecial and ascospore morphology, a new
combination for £ proteze is proposed in Botryos-
Phaeria, as B. proteae,

Key Wards:  Botryosphaerta, Fusicocoum, Protea, svs
femarcs

INTRODLUCTION

The Proteaceae, one of the oldest plant families, is
estimated to be more than 140 Myr old, The familv
comprises at least 1400 species, of which 330 occur
in the South African Fynbos biome, and is among the
most predominant groups of flowering plants in the
southern hemisphere (Rebelo 1995). The unigue
beautv and hardiness of Proten flowers make them
highly desirable ro local and international cur-flower
markets. In 1996, 4.8 million kg of fresh proteas were
produced in South Africa, of which 3.3 million kg
were exported, earning an estimated R64.5 million
{Wessels et al 1997}, However, strict phviosanitary
regulations of importing countries frequently prevent
blemished blooms from reaching potental export
markets, Additionally, the marketing of low guality
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flowers results in consumer dissatisfaction. 2 loss in
credibiliny of South African products and ulrimartely
the forfeiting of markets to other exporting countries
[ Wessels er al 1997).

Lesions mduced by plant pathogenic organisms
are a major cause of foliage and bloom spoilage. A
large number of fungal pathogens is known o accur
on Proweacede in South Africa (Rnos-Davies et al
1987%. The mxonomy of some of these has, however,
changed considerably since they were Arst reported.
The correct identification of pathogenic fungi 1s nec-
Essary [0 ensure appropriate quarantine decisions
and suitable control strategies. Phyllachora proleas
Wakef., commaonly associated with leaf spows and stem
cankers of Pretea L., and Leucospermum R, Br. species,
iz an example of a pathogen that requires taxonomic
reassessment. This fungus was described bv Wakeheld
(1922} as having unilocular ascomarta that develop
under a verv small epidermal clvpeus, cvlindrical asci,
pseudoparaphvses and hyaline, aseprate. ellipsoidal
ascospores, 19-32 X 8-9 pm. In a reexamination of
the tvpe material, Daoidge (1942} found the ascoma-
tal wall to be continuous with, and similar in soruc-
ture to the clvpeus. She noted, however, that the as
comatal stromata differed from those of other South
African Phyllachora spp. In his study of leaf pathogen:
of Pratea, Lewcadendron and Leucospermum spp.. Van
Wyk (1973) commented that the ascocarps of £ pro-
teae appeared to be unilocular with pseudoparaphys-
es, and that the fungus should probably be trans-
ferred to Guignardia Viala & Ravaz or Botryosphaeria
Ces. & De Not, The aims of this study were therefore
to recollect B pratear, study the tvpe specimen, iden-
tify the anamorph, and 1 record new hosts and ool
lection sites.

MATERIALS AND METHODS

Collection and (solafion—Several farms reportng proteas
with severe leaf spots and stem cankers were visited. Affect-
ed plants were Idenufied, ssmptoms recorded and diseased
l¢aves and hranches cut from hushes and bronght back
the laboratory for study, Leaf and stem samiples were inco-
hated in Perri dishes containing moist filter paper. Single
ascospore cultures were obfined from pseudothecia by
sejuashing the contents’ in a drop of swenle water and
spreading this onto the agar surface of dishes containing
potato dexirose agar (PDAL Biolab). Alternatively, pseudath-
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. were soaked in water for 2 h, attached to lids of Petri

sh PILA plates, and incubated at room temperature in
lhe dark for 5 d. Subcultures were made from five single
grospore or conidial colonies per diseased plant

fation, two different techniques were used. In the frst,
mlmres were ransferred to divided plates containing car-
hation leafl agar (Fisher et al 1982) in one half of the dish
nd PDA in the other. In the second technique, isolates
Fere grown on a sterilized piece of Leucospermum stem in
hill strength V8 broth (Englander and Turbite 1979), and
placed on 1ap water agar (Biolab), All plates were incubated
n the laboratory at room temperature (20-25 C) under cool
white and near-ultaviolet light with a 12 h photoperiod,
Cultures were stored on PDA slants, with or without minersl
, at room temperature. All fungal material was mounted
in lactophenol, and at least 30 siructures were measured
The range of dimensions is given with the extremes in pa-
rentheses. Reference specimens have been deposited ar the
MNatonal Collecnon of Fungi in Pretoria (PREM), and cul-
fares are mamtained in the culture collecnon of the De-
parmment of Plant Pathology at the Universiv of Siellen-
sch (STE-L7).

Ten isolates derived from different hosts and localities
bwere selected for cultural growth studies on PDA. Mycelial
iscs 5 mm diam were cut from the periphery of actively
growing cultures and placed at the center of PDA plates,
'I'I'II]1 three plates per isolate at each emperature (5-40 C
-t 5 C intervals), Linear growth and colony color (Rayner
1970 were determined after 7 d. Two perpendicular read-
ings were taken for each colony, using a digital caliper. The
mean growth rates for three replicates of ten isolates were
plotted for each temperature tested.

TANONOMY

In 2 reexamination of the type specimen of Phylla-
chora protear (PREM 32915), it was found that this
taxon had bitunicate asci that were borne in thick-
walled, brown pseudothecia. Contrary to the proto-
logue for the species, no clypeus was observed. These
observations suggest that this species would be better
accommodated in Botryosphaeria than Phyllachora,
and a new combination is therefore proposed. Cul-
tures derived from single ascospores of B. proteas pro-
duced a Fusicoccum Corda anamorph with a micro-
conidial state when culured on PDA. As no ana-
morph has thus far been reported for B. proteae, the
i Fusicoccum state is described as new.

Botryosphaeria proteae (Wakefield) Denman et
Crous, comb. nov. Fics. 2-13
= Phyllachora protear Wakefield, Kew Bull, 1922: 164.

1922,
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Fig. 1. Growith rate of Botryosphaenia proteae isolates on
PDA afier one wk at different temperarures. Each data
point is the mean of three repheates of ten 1solates at each
temperature,

Anamorph. Fusicoccum proteae Denman et Crous,
Sp. MOV, Figs. 7, 8, 11

Conidiomata pvemidialia, eustromatica ad 450 pm diam,
atrobrunnea, uni- ad multlocularia. Conidiophorae hyvali-
nae, laeves, ramosae subeylindricae, 1-3=septatae, 20-40
4.5 wm, paraphysibus hyalinis, septatis inmixtae, Conidi-
ogenae cellulae holoblasticae, hvalinas, lasves, ovlindnicae,
enteroblastice et percurrenter proliferantes vel phialidibus
mvpicus periclinaliter spissescentibus. Conidia hvalina, par-
ietibus tenuibus, aseptata, laevia, clavaia ad fusiformia, apice
subobtusa, base muncata, (20=)22-25(=30) * (4.5=)5-6
pLTL.

Mycelium immersed, consisting of branched, sep-
tate, smooth, medium brown hyphae, 25-5 pm
diam, Mycelial growth rates on PDA were maximal
at 25 C, and growth virtually ceased at temperatures
below 10 € and above 35 C (Fic.. 1). Pseudothecia
epiphylious, separate, unilocular, initally solitary
and discrete, becoming aggregated, immersed, sub-
stomatal, with a central, flattened ostiole, obovaid,
slightly depressed, 200-300 pm wide, 200-240 pm
high; wall consisting of 8-11 lavers of brown pseu-
doparenchymatic fextura angularis, up to 65 pm
thick in upper, widest part (Fics. 2, 9). Asci fissitun-
icate, clavate to cylindrical, stipitate, bitunicate, 90—
150 > 12-15 wm; nasse apicale visible as a notch-
like indentation at the apex (Fics. 5, 10). Asco-
spores uni- to biseriate, hyaline, guttulate, smooth,
ellipsoidal, clavate to fusiform, frequently widest in
the upper third of the ascospore, tapering to obtuse
ends, (15-)17-20{-21) * (5-}6-8{-9) pm (Fics, 4,
10}, Pseudoparaphyses hyaline, septate, branched,
frequently attached to the top and base of the pseu-
dothecial cavity, 2-3.5 pm diam (Fics. 3, 10). Con-
idiomata pycnidial, eustromatic, to 450 pm diam,
immersed, subepidermal, separate, dark brown, uni-
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Fries. 28, Botryosphasia proteae and s anamorphs. 2. Transverse off center section through a pseudothecium (tvpe)

Preudoparaphyses (PREM 55773}, 4. Ascospores and broken asci (PREM 55773). 5. Asei and ascospores (tbvpel. 6. Brown

conidia of the microconidial state (PREM 537731, 7. Spermuna and conddia of Frsieorowom proteas (PREM 5357730, 8. Conidia

of Frsicocoum protear, Bars = 10 um
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Fiis 8, 10, Botryospharma proteae. 9. Transverse off cen-
ter section through a pseudothecium with asci (ovpey, L0
Ascospores. ascus and pseudoparaphyses (PREM BRTTS).
Bars = 10 pum.

o multilocular, walls consisting of dark brown fex-
tura angularis, ostiolate. Fusicaccum anamorph: Co-
nidiophores hvaline, smooth, branched, subevlin-
drical, 1-3-septate, formed from the inner laver of
the locule, 2040 ¥ 5-4.5 pm (Fic. 11); intermin-
gled with hvaline, septate paraphyvses. Comdiogen-
ous cells phialidic. discrete or integrated. hvaline,
smooth, cvlindrical. producing the first conidium
holoblastically, and subsequent conidia enveroblasi-
ically, proliferating percurrently with 1-2 indistinet
proliferations, or determinate, with periclinal thick-
ening (sensu Sutton 1980), 20-30 X 2.5-35 pm
(Fie. 111, Conidia hyaline, thin-walled, aseptate,
smooth, clavate, widest in the nuddle or upper third
of the conidium, apex subobtuse. base truncate,
(20-122-25 (-3 X (4.5=)5=0 wm (Fias, 8, 11). The
microcomdial state occurred in the same or in sep-
arate comdiomata to the Fusicocewm anamorph. Mi-
croconidiophores hvaline, smooth. branched. cvhin-
drical, 1-3septate. formed from the inner lavers of
the lTocule, 15=-85 x 2=5 pum (Fi. 13). Microconi-
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Figs, 11-13.  Anamorphs and spermatia of Bofryesphiaer-
ta profeae (tvpel. 11 Conidia, conidiophores and paraphy-
ses of Fusicocoum proteae. 12, Spermatiophores and sper-
mata. 13. Conidiophores and conidia of microconidial state
(PREM 55773} Bar = 10 pm.

diogenous cells phialidic, discrete or integrated, hya-
line, smooth. cvlindrical, determinate with prominent
periclinal thickening, 6-10 * 2-3 pm (Fic. 13). M-
croconidia medinm brown, thick-walled, finelv verru-
culose, guttulate, aseptate, subcvlindrical o narrowly
ellipsotd with rounded ends, (7=)8-11(-14) x 2.5-5.5
pm (Fiis, 6, 13). The spermatial state occurred in
conidiomata with the Fusteocoum anamorph, or o sep-
arate spermatogonia. Spermatiophores hvaline,
smooth, branched, ovlindrical, 1-3septate, formed
from the inner laver of the locule, 15-20 > 34 um
(Fre., 12). Spermatiogenous cells discrete or miegrat-
ed, lvaline, smooth, evlindrical, proliferaung via de-
terminate phialides with periclinal thickening. 10-12
* 2-53 pm. Spermatia hvaline. smooth, aseprate. rod-
shaped with rounded ends, 57 * 152 pm (Flos. 7,
.,

Crltures. Cultures were characierized morpholog-
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ically after growing for | mo in the dark ar 25 C.
The colony margins were crenate o irregular and
muoderate to sparse, gray aerial mycelium. occasion-
allv secrored. with black conidiomar that occurred
aover the entive colony surface, but aggregated in
dense masses along the outer colony margins, In
several plates ascomata were also observed to de-
velop on PDA. Colony color (underneath) ranged
from buff (2I"F) o olivaceous gray (23" o
iron gray (23"7""'k). and smoke gray (19""""'1) on
the surface,

Temperature requirements far growth. Min, 5 C,
opt. 25 C and max 35 C. Mean daily growth rate-at
25 C in the dark was 7 mm/d.

HOLOTYPES. SOUTH AFRICA. WESTERN CAPE:
Rlapmuts, on leaves of Prea repens (as B omellifera). B
Van Der Byl No. 357 (PREM 32915, teleomorph); Gra-
bouw., Molteno Estate, Proteq grandiceps, 5 Jun. 19497, 4,
Dynman (PREM 35769, anamorph. culture ex-type STE-
U 1694,

Additional specimens examined. SOUTH AFRICA.
WESTERN CAPE: Elsenburg, on leaves of Protea eximia,
22 Jul. 1997, 5. Denman (STE-UL1695, PREM 55770, teleo-
morph): Stellenbosch, Devon Vallev, Protea Heights
Farm, on leaves of Proten magnifica X Proteqa compacta
Hybrid “Lady Di"”, 20 Aug. 1997, §. Denman (STE-U 1697,
PREM 553773, teleomorph); [.5. Marais Park, on leaves of
Protea repens, 17 Aug. 1997, 5. Denman (STE-U 1696,
PREM 553771, anamorph); Tulbach, on leaves of Protea
magnifica, Apr. 1997, 8§ Denman (STE-LU 1698, PREM
535774, anamorph); Stellenbosch, Banhoek Vallev. Cal-
enick Farm, an leaves of Profeq aristata < P repens hvhnd
“Venus™, 18 Aug, 1997, & Denman (STE-U 1699, PREM
353776, anamorph): Banhoek Vallev, Calenick Farm, on
leaves of FProten cynareides, 18 Aug. 1997, 8 Denman
(PREM 55775, anamorph). USA. HAWAIL: Maui. on
leaves of Protea sp.. Oct, 1997, BW. Crous (PREM 55772),

Husts. Protea cynarotdes L., P eximia (Salish. ex
Knight) Fourc.: B grandiceps Trat; P omagnifica
Link.: F repens (L.} L. and hybrids with cuitivar
names, P aristata (E. Phillips) % P repens cultivar
“Venus”, B magnifica X P compacta (R. Br.) culu-
var "Ladv Di" and a Leucospermum sp.

Known distribution. South Africa (Western Cape
province) and USA (Hawaii).

DISCLISSIORN

In the present study we reexamined £ froleae and
found rhat it was a species of Botryosphaeria, for
which the name 8. proteae is proposed. This is con-
sistent with previous suggestions (Doidge 1942, Van
Wyk 1973) that Phyllachora was not an appropriate
genus for this tungus. Furthermore, we have shown
that the anamorph of B. proteae is a species of Fu-
sicoccum, now known as F greoleae. In culture as well
as on host material, a microconidial state with

thick-walled brown comdia is also frequenty ob-
served, accompanied by a spermatial state with
spermatia that are sterile in culmure.

A number of Botrvosphaeria spp. have been as-
sociated with Proteaceae. These include 8. dothidea
(Moug.) Ces & De Not. {= B sibis Grossenb. &
Duggar: Arx and Mialler 1954} on Protea, Leucos-
permum and Lewcadendvon, B. banksiae Hansf, on
Banksia (Hansford 1954). and B. gawubars Petr. on
Corevillea (Pewak 1968), Botryosphaeria prroteae dif-
fers from B. banksiae in that it does not have peri-
physes in the ostnolar region. Furthermore. asco-
spores of B banksiae (15-15 pm), and B. gaubae
(10-13 pm). are much wider than those of B. pro-
teae (539 um), and none are widest in the upper
third of the ascospore as in the case of B proteas
{Hansford 1954, Perrak 1968). Ascospores of B
dothidea are similar in size (1823 %X 7-9 gm, Arx
and Miller 1954), but differ in shape. and in the
anamorph produced in culture.

Botryosphaenia proteae is unusual in that the ob-
ovoid pseudothecia have a wider wall laver in the
apical part, which was incorrectly referred to as a
clvpeus by Wakefield (1922). Furthermore. the
presence of abundant pseudoparaphvses. the fre-
quent occurrence of eylindrical asei with uniseriawe
ascospores, s distinct cultural characteristics, as
well as the microconidial form suggest thar this spe-
cies may not be a tvpical species of Batryosphaena.

Botryosphaeria is commonly ascribed to collec
tions of bitunicate ascomyecetes that have mult- or
uniloculate, black ascomata eccurring separately,
or grouped to aggregated on a common basal stro-
ma [Sivanesan 1984). Pseudothecia are ostiolate
and mav be embedded in the host tissue or erum-
pent. The centrum contains numerous filamentous
pseudoparaphyses (Hanlin 1990), and although
Sivanesan (1984) reported that interthecial tissues
usually disintegrate, it 15 frequently not the case as
abserved in B, proteae, as well as in other species of
Botryosphaeria (Pennycook and Samuels 1985). As-
cospores are hyaline, one celled, often inequilater-
al, and may become brown and 1-2 seprate wis
age. Some discrepancy still exists, however, regard-
ing the presence /absence of mucilaginous caps on
ascospores of Botryosphaeriae and related genera,
Barr (1987), in her kev to the genera of the Bo-
trvosphaeriaceae, mentioned that ascospores usu-
ally lack a gel coaung or appendages, thereby im-
plying that some species may well have these fea-
tures. Hanlin {1990} also swated that ascospor
may have a thin gelatinous coat. However, the ge-
latinous sheath should be distinguished from the
mucilaginous caps found in Guignardia Viala &
Ravaz,
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The genus Botryosphaeria seems to be beset with
unresolved taxonomic issues. A number of author-
ities have thus stated that the whole complex is in
urgent need of revision (Sutton 1980, Pennyeook
and Samuels 1985). Swanesan (1984) treated 12
species of Bofrvosphaeria, and subsequent to his
treatment several additional species have been de-
scribed (Pennveook and Samuels 1985, Sivanesan
and Sutton 1985, Bisset 1986, Shang 1987, Gardner
and Hodges 1988, Ramesh 1991, Subileau et al
1994, Yuan 1996, Gardner 1997). A number of
these have possibly been incorrectly assigned 1o Bo-
tryosphaena, and there may be many more that
have been incorrectly allocated to morphologically
similar genera. The bulk of recent literature sug-
amgests that Guignardia, which has been confused
““with Botryasphaeria in the past, is clearly segregated
and alwavs associated with Phyllosticta Pers. ana-
morphs (Sivanesan 1984, Hanlin 1990},

The genus Botryosphaeria, on the other hand, has
heen associated with several anamorph form gen-
era. Sivanesan (18984) lsted several anamorph
states of Botryesphaeria. These included Batryedi-
plodia (Sace.) Sacc., Dothierella Sacc., Diplodia Fr.,
Macrophoma [(Sacc.) Berl. & Vogl. and Sphaeropsis
Sacc. Sutton (19800 placed Macrophoma in synon-
vy with Sphaeropsis, and stated that there are sev-
eral genera available for other species originally de-
scribed in Macrophoma. The similarities between
Dathiorelle and Fusicoceum were extensively dis-
cussed by Sutton (1977, 1980}, and will be dealt
with elsewhere (Crous and Palm unpubl), Penny-
cook and Samuels (1985) and Phillips and Lucas
(1997) broadened the concept of Fusicoccum to in-

(iclude taxa with conidiomata ranging from uniloc-

“ular pvenidia 1o complex multilocular eustromatic
structures. Simple or branched conidiophores also
produced conidia via phialides, while conidia were
thin-walled, hvaline, aseptate, clavate, and had a
distinet truncate base (Pennycook and Samuels
1985). The genus Macrophomopsis Petrak was dis-
tunguished from Fusicorcum by having conidiogen-
ous cells with percurrent proliferations (annellides
sensu Sutton 1980}, However, Pennveook and Sa-
muels (19853) found the same mode of conidioge-
nesis in specimens of Fusiroccum, and subsequenthv
reduced Macrophomaopsis 10 synonvimy with it
Fusicoccum proteac, the anamorph of B. protear.
i similar to other species in the genus that have
branched conidiophores. and hvaline, thin-walled,
clavate conidiz. The mode of conidiogenesis by
producing comidia via determinate or percurrenth
proliferating phialides is also more common in Fu-
sicoccum than is reported in literature (Pennveook
and Samuels 1985}, Botryosphaeria profear is an un-

usual species of the genus, however, in having a
micraconidial state with brown, thick-walled conid-
ia:

Nomwithstanding this morphological variation, it
is interesting to speculate whether B protea will
cluster with those taxa with typical Fusicoccum or
wypical Sphaeropsis Sacc. or Diglodia Fr. anamorphs.
Molecular studies aimed at elucidating its phyvlo-
genetic position in Batryosphaeria and the Dothi-
deales are currently in progress.

The occurrence of B, prefear on species of Protea
and Leucospermum in South Africa and Hawait,
leads us to believe that this taxon may have a much
wider distribution than previously thought Pres
entlv very little iz known about the discribution,
host range, and pathogenicity of B. protear. Further
collections and inoculation trials are presently un-
derway to characterize its importance as a patho-
gen of Proteaceae.
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