Thesis Title Biodiversity of Endophytic and Saprobic Fungi in Wild
and Cultivated Zingiberaceae

Author Miss Boonsom Bussaban
Degree Doctor of Philosophy (Biology)
Thesis Advisory Committee Assoc. Prof. Dr. Saisamorn Lumyong Chairperson
Dr. Eric H.C. McKenzie Member
Prof. Dr. Kevin D. Hyde Member
ABSTRACT

Studies of fungi on Zingiberaceae were initiated in northern Thailand (Chiang
Mai, Lampang and Phayao provinces) in order to investigate the ecology and biodiversity
of endophytic and saprobic fungi from four wild gingers, Alpinia malaccensis, Amomum
siamense, Etlingera elatior, E. littoralis and two cultivated gingers, Alpinia galanga and
Zingiber officinale.

Endophytic fungi were isolated from 7,200 samples of healthy leaves,
pseudostems, and rhizomes, using a triple surface sterilization method. Overall isolate
prevalence from surface sterilized tissues of wild and cultivated species varied from
25-85% at each locality sampled in the wet and dry seasons. Forty six fungal taxa were

identified from the six plant species and comprised 9 ascomycetes and 37 anamorphic
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fungi (6 coelomycetes and 31 hyphomycetes). In most cases more fungal isolates were
recovered from leaf and pseudostem than from rhizome, and fewer isolates were
recovered from younger than older leaves. The fungal endophytes in wild and cultivated
Zingiberaceae were similar with Colletotrichum gloeosporioides the dominant species.
Two new ascomycete species, Gaeumannomyces amomi and Leiosphaerella amomi
isolated from leaves and rhizomes, respectively were described. Three other new species,
Pyricularia kookicola, P. longispora, and P. variabilis were isolated from leaves.
Gaeumannomyces amomi and P. longispora were also found in decaying zingiberaceous
tissues.

Saprobic fungi were investigated from 440 samples of decaying leaves and
pseudostem tissues of the same hosts in the same sites as that of the endophytic study.
One hundred and sixty three fungal species were identified comprising 20
basidiomycetes, 26 ascomycetes and 117 anamorphic fungi (12 coelomycetes and 105
hyphomycetes). Acremonium sp. 1 was the most common fungus found on the wild
zingiberaceous species, Alpinia malaccensis, Amomum siamense, Etlingera elatior and E.
littoralis, being found on 31%, 41%, 37% and 27% of samples, respectively. In the
cultivated species, Phomopsis sp. (35%) was the most common species on Alpinia
galanga, while Phaeosphaeria sp. (80%) was the most commonly encountered species
from Zingiber officinale. Distinct fungal communities were found on leaves and
pseudostems of the six zingiberaceous species. In terms of the numbers of taxa recovered,

fungi were more diverse on wild zingiberaceous species than on cultivated species. Three
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new species, Berkleasmium nigroapicale, B. sutheppuiense, and Xenosporium amomi
were recovered and described.

Five fungi, Alternaria alternata, Colletotrichum gloeosporioides, Phomopsis sp.,
Phyllosticta capitalensis and Pyricularia costina were identified from zingiberaceous
samples showing symptoms of anthracnose on leaves, leaf blast or leaf spot. The
relationships between zingiberaceous endophytes, saprobes and pathogens were
determined by pathogenicity and antagonistic tests. Selected endophytes and saprobes
were inoculated on to tissue cultured ginger to test their pathogenicity. Endophytic
isolates, Alternaria alternata, Colletotrichum gloeosporioides, Glomerella sp.,
Phomopsis sp., Phyllosticta capitalensis and Pyricularia costina, and saprobic isolates,
Fusarium sp. and Pyricularia costina, caused disease lesions and death on the gingers,
either in the tissue culture containers or after transplanting to plastic pots. This result
confirms earlier reports that many fungal pathogens may be latent in their host long
before the expression of disease symptoms. Fifty seven strains of endophytes and 36
saprobes were proved antagonistic to the pathogenic fungus, Pyricularia costina in dual
culture tests.

Fungal isolates of genera Pyricularia and Myrothecium were identified and
characterized by morphological and molecular methods. Pyricularia species were
commonly isolated from the zingiberaceous plants. The phylogenetic relationships of
Pyricularia species, and species from related genera, were established from sequences of
the internal transcribed spacer ribosomal RNA gene. Phylogenetic analysis disclosed a

consistent correlation with spore morphology. Pyricularia species studied that have
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obpyriform conidia fell within the Magnaporthaceae cluster with high bootstrap support.
Pyricularia variabilis was more closely related to Dactylaria, Tumularia or Ochroconis
species than to the Magnaporthaceae. The phylogenetic relationships of Myrothecium
species, and species from related genera, were also established from sequences of the
internal transcribed spacer ribosomal RNA gene. Myrothecium cinctum with striate
conidia, isolated from various hosts including the Zingiberaceae, and two species
previously described as Solheimia (S. costaspora and S. kamatii) that also have striate
conidia and similar conidial size, fell within the same clade with high bootstrap support.
Based on the molecular data (ITS ribosomal DNA sequences) Solheimia species should
be synonyms of Myrothecium cinctum.

Zingiberaceous fungi were screened for enzyme production. Thirty three fungal
isolates were tested for cellulase and mannanase production. Of these, 31 isolates showed
a zone of clearing around agar wells containing carboxymethylcellulose as a substrate for
cellulase and 30 showed clearing around locust bean gum as a substrate for mannanase.
Fusarium sp. (CMUZE0388) produced the widest clearing zone (25 mm diameter) in
cellulase testing plates, while Talaromyces flavus (CMUZE0200) produced the widest
clearing zone (26 mm diameter) in mannanase testing plates. Protease production was
tested by inoculating 133 fungal isolates on to casein agar plates (skim milk agar) and
incubating at room temperature for 4 days. One hundred and four fungal isolates yielded
zones of clearing, with Trichoderma sp. (CMUZS39-2) producing the widest clearing
zone (62.3 mm diameter). In screening for antimicrobial production, 78 isolates of

endophytic fungi and 52 saprobic fungi were grown in two fermentation media. A paper



disk agar diffusion assay method was used to check the activity of resulting supernatants.
Growth of Penicillium avellaneum was most strongly inhibited by Chaetomium globosum
(CMUZEO0132), while growth of the yeast, Candida albicans, was most strongly inhibited
by Papulaspora sp. (CMUZEQ118). The four bacteria, Bacillus subtilis, Escherichia coli,
Pseudomonas aeruginosa and Staphylococcus aureus, were most inhibited by
Talaromyces flavus (CMUZE0200), an unidentified fungus (CMUZEQ0126),
Colletotrichum  gloeosporioides (CMUZE0552) and Phyllosticta capitalensis
(CMUZEO0172), respectively. Production of the bioactive compounds from Chaetomium
globosum (CMUZEO0132) was further optimized. Compounds with broad spectrum
activity against Penicillium avellaneum, Pyricularia oryzae and Phytophthora sp. were
isolated and purified by resin HP20 and silica gel column chromatography. The
composition of two bioactive chemicals, studied by mass spectophotometry, are CyoH2906

and C25H44015N5.
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