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Golden Delicious apples, both produced in Taiwan
and imported from foreign countries, with rot symptoms
were found in the markets in Taichung city in January
1994, Similar rot symptoms were also observed in
several markets in the suburban area of Taichung city.
Successive survey revealed that there were two types of
rot symptoms on the diseased fruits. One of them was
characterized by round and depressed lesion with brown
to black brown color, dry and firm appearance on the
surface of apples (Fig. 1) and rot tissues were spongy
like. The other appeared as lighl o dark brown or
black lesions around stem-end (Fig. 3), and had other
characters, more or less similar to those of Alternaria
rot, The two fruit rot diseases are often indistin-
guishable from each other unless the causal agents are
isolated and identitied. The fungus, Alteraria alternata
iFr) Keissler, was found consistently associated with
the former symptoms of rot (Fig. 2). Whereas a fungus
identified as Stemphylivm herbarum E. Simmans was
consistently obtained from tissues of the latter symptom
of rot on 2% water (WA) agar as well as on acidified
potato dextrose agar (APDAY (Fig. 4).

Single spore cultures of A. alternata and 5.
fhierbarpm isolated respectively from Delicious apples
were used for celtural and morphological studies and
pathogenicity test. Inoculum was prepared by culturing
the fungus on FDA under constant fluorescent light,
L to MM F, Cooat 25 C for 3 days. Apple fruits were
wounded by a shallow, ting cut on fruit skin by
sterilized scalpel and inoculated with either a 5-mm
mycelivm agar dise  or a spore suspension containing
approximately 107 conidia/ml. Inoculated areas on fruit
were covered with moist cotton. Entire fruit was
wrapped with a plastic bag immediately subsequent to
inoculation and placed in g growth chamber with
temperature between 20 and 24 C. Four replications of
cach treatment were conducted, Symptoms as described
above were observed in all inocelated fruits after 3 days,
but not in uninoculated fruirs which were wounded only
and served as control. Isolations from the inoculated

fruits consistenmtly yielded pure cultures of A, alternata

and S herbarum respectively. Whereas the controls
were free of these two fungi. Koch’s postulates were
completed indicating that the two fungi were the causal
agents of apple rots.

Following the morphological criteria described by
Simmons {14), Neergaard {9), Wiltshire (16) and Booth
et al (1), the fungi causing apple rots were identified
as Alternaria alternata und Stemphylium herbarum.

Alternaria alternata has simple or branched
conidiophores, 18-50 X 3-6 pm; straight or curved, with
one o several conidial scars. Conidia, 10-32.5 % 63-
125 pm; wveraging 21.2 X 9.5 um, transverse septa,
with one or two longitudinal septa (Fig. 5); formed in
long, often branched chains, are golden brown and
smoath: distinctly but not deeply constricted at major
transverse septa.

Stemphylivm  herbarum has perfect stage
Pleospora herbarum which produced perithecia
abundantly on PDA culture. Perithecia are sub-
emergent bodies, more or less sphaerical. Asci are
bitunicate, cylindrical to clavate, 26-29 X 160-220 ym;
each ascus produces 8 spores (Fig. 6). The ascospores
are golden or brown, later turn darker, muriform,
usually six or seven-septate, often constricted in the
middle, with one to two longitudinal sepra, 27.5-42.5 X
10-17.5 pm, averaging 32.2 » 13.6 pm. The conidia are
muriform, with cross and longitudinal septa, often
cchinulate, vellow, turing black, 15.0-32.5 % 125-215
wm, averaging 24.3 X% 153 pm (Fig. 7).

The effect of temperature and culture medium on
the growth of A, alternats and S, herbarum were
conducted. Four kinds of media, iec., Ceapek’s agar
(CA), oatmeal agar (OMA), V-8 juice agar (V-8A) and
PDA, were used, Each agar plate was seeded with a
5-mm mycelial disc from the margin of an actively
growing culture of A, alternata and 8. herbarum,
respectively. Four replicate plates of each kind of
medium were maintained in darkness at 8 to 36 C with
4 C interval. Radial growth of the fungi was measured
after 7 days. The results showed that the relative

growth rate of A, afrersata was greatest on CA and
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Jaymptoms of Adternaria 1ot on apple caused by Alrernaria alternata

|
Fig. 2. Mycelial growth of Alternaria alternata on PDA from single conidium
-3 Symptoms of Stemphylium rot of apple caused by Stemphylium herbarum
Fig. 4. Mycelial growth of Stemphylium herbarum on PDA from single conidium
Fig. 5. Conidia of Alternaria alternaty from PDA culture
Fig. 6. Perfect stage of Stemphvlivm herbarum from PDA culture. Ascus with eighi
dAdBCOEPOICS

Fig. 7. Comdia of Stemphviivm herbarum from PDA culture
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Fig. 8 Effect of culture media and temperature on
growth of Alternaria alternata (A) and Stemphylium
herbarnm (B) 7 days after incubation. {CA=Czapek’s
agar; OMA=oatmeal agar; PDA =potate dextrose agar;
VoA =V-8 juice agar)

OMA at 12-28 C (Fig. 8). For S herbarum, CA and
V-BA werz more suitable for its growth (Fig. 8§).
The optimum temperatures for mycehal growth of
A aliermata were 2428 C (Fig. 8). For S herbaruim,
the optimum emperatures for mycelial growth were
16-24 C (Fig. &), Temperawre cffccts on conidial
germination and germ tube clongation were conducted
by using conidial suspensions prepared from 10-day-old
cultures of the fungi. Concentration of conidia were
measured byoa hemacytometer and  adjusied o 107
comnidia per milliliter, Two milliliters of the suspension
were powred over the surlace of 2% WA plate in 9-cm
petrt dishes and incubated at 8§ o 36 C constant
temperature with 4 C interval, Pereent germination on
four plutes at each temperature was determined alter 6
hr for A, alternata and after 4 hr for 5 herbarum,
respectively. The temperature suitable for conidial
germination of A, alternara ranged from 16 to 32 C hut
the optimum was at 24-32 C (Fig. 9), which was also
the optimum temperature for the germ tube elongation
(Fig. 9. The wemperature for conidial germination of S,
herbarum showed o wide range between 8-36 C with
the optimum around 16-28 C (Fig. 9). But germ tube
elongation was shown best at 28 C (Fig. 9).
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Fig. 9. Fffect of temperature on conidial germination
and germ tube clongation of Alternaria alternata (6 hr
after incubation) {(A) and Stemphylivm herbarum (4 hr
after incubation) (B).

The genus Alternaria is ubiguitous and consists of
plant-pathogenic and saprophytic species. The most
common species, A, afternata (Fr.) Keissler, can infect
a wide range of plants of different geographic regions
(3). It can infect fruits before or after harvest (11,13),
In additon to Alternaria rot of apple, A altcrnata was
recorded o cavse several discases in the apple orchards,
including cork rot of Jonathan and Golden Delicious
apples, ghost spot of young apple leaves, and moldy
core and dry core rot of apples (6,11,13). It also causes
stem decay of pear (11) and heart rot of mandarin (7).

Pleospora rot of apple has been reported in North
America and Europe (268,10). Rose er al (12) listed §
congestum Newtown, 5. congestum minor Ruehle, and
P, fructicola (Newton) Ruehle as minor important
apple rots in rhe United States. Pleospora pomorum
Horne is recorded as causal agent of apple spotting in
England (5), and P. fructicola as causal agent of a firm
brown ro1 of apple in the western United States (13),
MNeergaard (9) suggested that P. pomorum and P
fructicola be synonyms of P. ferbarum. The high
inctdence of Pleospora that followed cold dumage of
fruit during stovage suggests that £ herbarum can be a
common saprophyte on the surface of apples (8). In
Taiwan, this is the first report for the occurrence af
postharvest fruit rot of Golden Delicious apples caused
by A alternata and 8 herbarum.
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