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Abstract A rust fungus of cinnamon trees is found through-
out the year in Indonesia and seriously damages the trees,
especially seedlings in nurseries. The causal rust fungus at-
tacks leaves, petioles, shoots and young fruits. Morphological
observations and inoculation experiments confirmed
Aecidium cinnamomi is an endocyclic rust fungus.
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Cinnamomum spp. (Lauraceae) are mainly distributed in for-
ests of Asia and Australia (Dao et al. 1999). Cinnamomum
burmannii, C. cassia, C. loureirii and C. verum (syn.
C. zeylanicum) are widely cultivated in South East Asia
(Dao et al. 1999) because they are drought tolerant and offer
shade. These trees are also economically important as sources
of the spice cinnamon, which is produced from the inner bark.
In Indonesia,C. burmannii is the dominant species commonly
found as wild or cultivated trees in areas of 500 to 1,500 m
above sea level.

A rust fungus of Cinnamomum spp. has been observed
in the Sukabumi District, West Java Province, Indonesia
since 2009. This rust fungus caused leaf malformation,
necrotic spots on leaves and premature leaf defoliation

(Fig. 1a). The rust was also observed on leaf petioles,
young shoots and young fruits (Fig. 1b, c, and d). Seri-
ous damage occured to nursery seedlings and to adult
trees.

Aecidium cinnamomi was first described on Cinnamomum
sp. over 100 years ago in Indonesia (Raciborski 1900), where
it is relatively common (Boedijn 1960; Semangun 1992;
Kobayashi 2001). Aecidium cinnamomi was recently consid-
ered a taxonomic synonym of Monosporidium machili (syn-
onyms Endophyllum machili, Aecidium machili), which
causes rust on Machilus philippinensis (Lauraceae) in the
Philipines (Hiratsuka et al. 1992; Sato et al. 2010). The syn-
onymy of A. cinnamomi and M. machili was based on spore
germination patterns and position of the spermogonia in
specimens collected in Japan and the Philippines. However,
Buriticá (1991) reported Endophyllum machili as the causal
agent of the rust fungus of Machilus phillippinensis
(Lauraceae) found in the Philippines, and treated Aecidium
machili and Aecidium nakanishiki as its synonyms. Thus,
further observations of specimens collected from other areas
are required to confirm the taxonomic status of the rust fungus
of Cinnamomum.

In this paper, we present the results of morphological
studies and inoculation experiments to clarify the life cycle
of A. cinnamomi in Indonesia. There are no previously report-
ed morphological observations nor inoculation experiments
with A. cinnamomi.

The specimens studied were preserved in the Herbarium
HBI-Bal (Table 1). For light microscopy, spores and free hand
sections of spermogonia and sori of infected leaves, were
placed on glass slides and mounted in a drop of lactic acid
solution. The types of fungal structure were determined based
on the ontogenic systems proposed by Cummins and
Hiratsuka (1983; 2003).

The spore surface structures were observed under a scan-
ning electron microscope (SEM) (JEOL JSM 5310 LV)
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Fig. 1 Aecidium cinnamomi on Cinnamomum. (a) Symptoms, (b) Sori
on leaf petiole, (c) Sori on young shoot, (d) Sori on young fruit, (e)
Spermogonium (→) on adaxial, (f) Spermogonium, (g) Sori (HBI-Bal
529), (h) Teliospores (i) Teliospores surface structure under SEM

observation (HBI-Bal 529), (j) Peridial cell walls (HBI-Bal 529), (k)
Germinating teliospore (HBI-Bal 529), and (l) Telial on adaxial after
artificial inoculation
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operating at 20 kV. Spores and leaf pieces were attached to
specimen holders and coated with gold using an E IB-2 Ion
Coater.

Spores on C. burmannii collected from Sukabumi, West
Java Province (HBI-Bal 529) were used for germination and
inoculation experiments. The germination test was performed
by placing the spores in drops of distillate water on glass
slides, and then incubated for 24 h in dark room at 22–25 °
C. The germinating spores were mounted in lactic acid solu-
tion, covered by cover glass and observed with a compound
light microscope.

Artificial inoculation was followed the method of Morin
et al. (1993). Naturally infected leaves collected from
Sukabumi, West Java Province were used as the inocula.
These leaves were placed in nets above the seedlings of
C. burmannii in a dark humid chamber (80–90 % relative
humidity; 22–25 ° C) for 48 h to release basidiospores. The
inoculated seedlings were transferred to a glasshouse at 24–
28 °C for further observation.

The spermogonia of A. cinnamomi subcuticular, adaxial,
flask-shaped, 30.0–32.5 μm wide, and light to dark brown in
colour (Fig. 1e and f). This type of spermogonium is defined
as type seven (Cummins and Hiratsuka 1983, 2003). The sori
have aecia-like structures with peridia, and occur predomi-
nantly on the abaxial (Fig. 1g). No other soral structure was
observed in the specimens. Spores were 20.0–27.5×18.8–
22.5 μm in size, one-celled and catenulate. The spore cell
walls were 1.0–2.5 μm thick, and uniform (Fig. 1h). The spore
surface structure was verrucose with refractive granules
(Fig. 1h and i). The peridial cell walls were hyaline, verrucose,
hexagonal to irregular, and 25.0–30.0×22.5–27.5 μm in size
(Fig. 1j).

The spores formed basidium-like structures after germina-
tion. These structures were considered as four-celled basidia
(Fig. 1k). The basidiospores produced from basidia were
hyaline and globose.

Artificial inoculations revealed similar symptoms, and sori
were formed on inoculated leaves. One to two weeks after
inoculations, blister-like structures developed on the leaf sur-
faces and three to four weeks after inoculation orange sori
were observed (Fig. 1l).

Our results show that A. cinnamomi only produces telia
and has an endocyclic life cycle. The spores produced in
aecia functioned as teliospores that formed basidiospores.
Hiratsuka et al. (1992) reported an endocylic rust fungus,
Monosporidium machili on C. japonicum, Machilus
japonica and Machi lus khunbergi i and t rea ted
A. cinnamomi as its synonym. In Japan, M. machilii was
also reported on leaves of C. pseudopedunculatum,
M. boninensis, and M. kobu (Sato et al. 2010). The mor-
phological characteristics of the spore surface structure
ornamentation, type of the spermogonia and life cycle type
of the rust fungus on Cinnamomum spp. collected in Indo-
nesia are similar to those of M. machili by Sato et al.
(2010). However, Cummins and Hiratsuka (2003) treated
Monosporidium as synonym of Endophyllum, and they
also considered that Endophyllum is composed of
microcyclic species that morphologically resembles
Aecidium. Aecidium cinnamomi is the earliest name for
the rust fungus reported on Cinnamomum (Raciborski
1900).

Until now,A. cinnamomiwas reported only onC. burmanni
and C. zeylanicum in Indonesia. In Indonesia, this rust fungus
is found at altitude 500 m above sea level where
Cinnamomum species are commonly distributed. However,
the only control method to reduce its severity and spread is
pruning of infected leaves and stems.
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