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(4) DIVERSITY OF GASTEROMYCETES AND TAXONOMIC STUDIES OF LYCOPERDACEAE AND GEASTRACEAE IN PENINSULAR MALAYSIA ABSTRACT Gasteromycetes is a group of fungi that produce the spore inside its basidiocarps. Despite the unique morphology and great diversity among the gasteromycetes, this group of fungi has extensive benefits both to mankind as well as its implication towards. a. ecology. There are a few diversity study conducted on specific group such as. ay. gasteromycetes were reported for Malaysia. Currently, there are 27 documented records of gasteromycetes collected in Malaysia comprising of five gasteroid group namely. al. Sclerodermataceae, Nidulariaceae, Phallaceae, Lycoperdaceae and Geastraceae. Despite. M. having a few study on the fungal diversity in Malaysia, there are still insufficient. of. information regarding the records of gateromyetes in Malaysia. In this study, 43 specimens from five families; Lycoperdaceae, Nidulariaceae, Sclerodermataceae,. ty. Phallaceae and Geastraceae with 20 different species of gasteromycetes from nine. si. different generaand were successfully recorded in this study. The majority of the. ve r. specimen was collected in the state of Selangor (19 specimens) followed by Negeri Sembilan (eight specimens), Johor (six specimens), Pahang (five specimens), Perak. ni. (three specimens) and Federal Territory of Kuala Lumpur with two specimens only. The most common gasteromycetes collected in this study are Cyathus striatus (Huds.). U. Willdenow ex Pers. and Scleroderma sinnamariense Mont. Eleven species were newly. recorded for Peninsular Malaysia viz. Vascellum curtisii (Berkeley) Kreisel, Calvatia holothuriodes Rebriev, Lycoperdon asperum (Lév.) de Toni, Morganella purpurascens. (Berkeley & Curtis) Kreisel & Dring, Morganella fuliginea (Berkeley & M.A Curtis) Kreisel & Dring, Scleroderma mexicana (Guzmán et Tapia) Guzmán, Scleroderma areolatum Ehrenb., Scleroderma suthepense Kumla, Suwannarach & Lumyong, Scleroderma bovista Fries,Geastrum hariotii Lloyd and G. mirabile Montagne. Among. iii. 

(5) these species, two genera of Lycoperdaceae viz. Vascellum and Morganella are recorded for the first time from Malaysia. The phylogenetic studies of both Malaysian Lycoperdaceae and Geastrum Pers. were analysed. The molecular analysis of ITS region shows Lycoperdaceae is monophyletic with Mycenastrum corium (Guers.) Desv. as sister clade and Geastrum is monophyletic. However, both of the analysis showed a weak support of monophyly within member of Lycoperdaceae and Geastrum. Further study on molecular study on Lycoperdaceae and Geastrum can be extended into other. ay. a. DNA region such as nuclear ribosomal large subunit (LSU) region, mitochondrial ATPase subunit 6 gene (atp6) and translation elongation factor subunit 1 alpha (Tef-1α).. al. This would provide assistance in phylogenetic study of Lycoperdaceae and Geastrum.. M. As this study only covered a few of National Parks and forest reserves in Peninsular Malaysia, there are still a possibility of more new records and new species that yet to be. of. discovered in Malaysia. An extensive documentation of gasteromycetes in Malaysia. ty. including Sabah and Sarawak also can be carried out for further study to enhance the. ve r. si. knowledge of diversity of gasteromycetes in Malaysia.. Keywords: gasteoid fungi, lycoperdaceae, puffball, peninsular Malaysia, Internal. U. ni. transcribe spacer. iv. 

(6) KEPELBAGAIAN GASTEROMISET DAN KAJIAN TAKSONOMI BAGI LYCOPERDACEAE DAN GEASTRACEAE DI SEMENANJUNG MALAYSIA ABSTRAK Gasteromiset merupakan kumpulan kulat yang mampu menghasilkan spora di dalam jasad janabuahnya sendiri. Walaupun mempunyai morfologi yang unik di kalangan gasteromiset, kumpulan kulat ini mempunyai kelebihan bukan sahaja kepada manusia. a. bahkan mempunyai implikasi terhadap ekologi. Hanya ada beberapa kajian. ay. kepelbagaian yang memfokuskan kepada kumpulan spesifik seperti gasteromiset telah di rekodkan di Malaysia. Sebanyak 27 rekod gasteromiset telah di rekodkan di Malaysia. al. merangkumi lima kumpulan gasteroid iaitu Sclerodermataceae, Niduraliaceae,. M. Phallaceae, Lycoperdaceae dan Geastraceae. Walaupun hanya mempunyai beberapa. of. kajian mengenai kepelbagaian kulat di Malaysia, informasi mengenai rekod gasteromiset di Malaysia masih kurang. Dalam kajian ini, 43 spesimen dari lima famili. ty. iaitu Lycoperdaceae, Nidulariaceae, Sclerodermataceae, Phallaceae, dan Geastraceae. si. mengandungi 20 species yang berbeza dari 9 genera yang berbeza telah berjaya di. ve r. rekodkan dalam kajian ini. Majoriti spesimen yang di kumpul adalah dari negeri Selangor (19 spesimen), di ikuti dengan Negeri Sembilan (lapan spesimen), Johor. ni. (enam spesimen), Pahang (lima spesimen), Perak (tiga spesimen) dan Wilayah Persekutuan Kuala Lumpur dengan dua spesimen sahaja. Gasteromiset yang paling. U. kerap di temui dalam kajian ini adalah Cyathus striatus (Huds.) Willdenow ex Pers. dan Scleroderma sinnamariense Mont. Sebelas spesis adalah rekod baru yang di temui di. Semenanjung Malaysia iaitu Vascellum curtisii (Berkeley) Kreisel, Calvatia holothuriodes Rebriev, Lycoperdon asperum (Lév.) de Toni, Morganella purpurascens (Berkeley & Curtis) Kreisel & Dring, Morganella fuliginea (Berkeley & M.A Curtis) Kreisel & Dring, Scleroderma mexicana (Guzmán et Tapia) Guzmán, Scleroderma areolatum Ehrenb., Scleroderma suthepense Kumla, Suwannarach & Lumyong,. v. 

(7) Scleroderma bovista Fries,Geastrum hariotii Lloyd and G. mirabile Montagne. Dua genus dari Lycoperdaceae iaitu Vascellum dan Morganella telah direkodkan buat pertama kali di Malaysia. Dalam kajian ini, analisa filogenetik bagi Lycoperdaceae and Geastrum Pers. telah dijalankan. Analisa molekular ini menunjukkan bahawa Lycoperdaceae adalah monofilatik dengan Mycenastrum corium (Guers.) Desv. sebagai klad kakak dan Geastrum adalah monofiletik. Walau bagaimanapun, kedua-dua analisa menunjukan sokongan yang lemah terhadap monofili di antara ahli dalam. ay. a. Lycoperdaceae dan Geastrum. Kajian lanjut mengenai kajian molekular ke atas Lycoperdaceae dan Geastrum boleh di luaskan kepada kawasan gen yang lain seperti. al. ‘nuclear ribosomal large subunit (LSU) region’ , ‘mitochondrial ATPase subunit 6 gene. M. (atp6)’ dan ‘translation elongation factor subunit 1 alpha (Tef-1α)’. Hal ini mampu membantu dalam kajian filogenetik ke atas Lycoperdaceae dan Geastrum. Oleh kerana. of. kajian ini hanya meliputi beberapa Taman Negara dan hutan simpan di semenanjung. ty. Malaysia, ianya berpotensi dalam penemuan rekod baru dan spesis baru yang masih belum di temui di Malaysia. Dokumentasi yang menyeluruh di Malaysia termasuk di. si. Sabah dan Sarawak juga di galakan untuk kajian lanjut bagi penambahbaikan dalam. ve r. pengetahuan kepelbagaian gasteromiset di Malaysia.. ni. Kata kunci: kulat gasteoid, lycoperdaceae, puffball, semenanjung Malaysia, Internal. U. transcribe spacer.. vi. 
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(18) CHAPTER 1 GENERAL INTRODUCTION Commonly, the spore of basidiomycetes is produced either in hymenium of gills or vertical pores underneath the pileus and discharge their spore from the basidia actively. However, there are a group of basidiomycetes capable of producing spores even without the presence of gills and pores i.e. can produce spores inside their. a. basidiocarps with the ability to disperse its spore passively by external force (i.e rain,. ay. wind or insect). This group of fungi is called gasteroid fungi and has been previously classified together under an obsolete class, gasteromycetes (Pegler et al., 1995). These. al. gasteromycetes include the orders of Lycoperdales (puffball), Nidulariales (bird’s nest. M. fungi), Sclerodermatales (earthball), Phallales (stinkhorn) and Geastrales (earthstar). of. (Pegler et al., 1995).. The morphology of gasteromycetes is highly diverse among the orders with. ty. most of the basidiocarps are epigeous at maturity. For instance, Lycoperdales and. si. Sclerodermatales have globose-shape basidiocarp with two layers of peridium and a. ve r. powdery spore mass is produced inside its basidiocarp. Despite having similar morphology, the mature basidiocarps in Sclerodermatales have denser texture whereas. ni. most of the species in Lycoperdales have fluffy texture. Similarly, the Geastrales also. U. have two layers of peridium; however, the outer layer (exoperdium) of these gasteroid fungi is split into stellate pattern resembling a star. In addition, there are a few gasteroid fungi commonly known by their morphology resemblance; Nidulariales resemble a bird nest while Phallales look like a horn. Some gasteroid fungi can be utilized not only as food and but also for medicine.. For instance, many North American natives used puffball as food and this can be seen in the Iroquois and Meskwaki tribes that utilized Calvatia gigantea (Batsch ex. Pers.). 1. 

(19) Lloyd as food. Also, not only the Ojibwe tribe used Calvatia craniiformis (Schw.) Fr. as food but as haemostat for nosebleeds (Burk, 1983). In addition, the spore from puffball can be applied onto wound to stop bleeding while the whole puffball can be apply on fresh wound in which the basidiocarps will act as blotter, thus keeping the affected area clean (Mucz, 2012). Additionally, the gasteroid fungi also have potential to be one of the profitable. a. mushrooms in the market worldwide. This can be seen in the production of Phallus. ay. indusiatus Vent.ex. Pers. (Phalalles) is carried out in large scale by a mushroom grower in Fujian Provenance, as this species is one of the delicacies in China (Hu, 2004). The. al. massive production of this species is cause by the extensive used of this species as. M. alternative medicine in China such as to treat laryngitis, fever, diarrhoea, hypertension,. of. cough and hyperlipidaemia (Ker et al., 2011). As a result, this has led to the intensive research on the medicinal properties on this species.. ty. The utilization of gasteromycetes as food, medicine and economic resource has. si. spurred the interest to study their diversity, distribution and conservation extensively.. ve r. For example, the study of gasteromycetes in the tropics had been reported in Africa (Dring, 1964), Brazil (Trierveiler-Pereira et al., 2009; Trierveiler-Pereira et al., 2010),. ni. Latin America (Baseia & Galvão, 2002; Moreno et al., 2010; Nieves-Rivera et al.,. U. 1998) and South Asia (Gardezi, 2005; Moreno et al., 2009; Muhsin et al., 2012; Yousaf et al., 2012). There were also studies on the distribution of specific groups of Gasteromycetes such as a study on the diversity of Lycoperdaceae and Geasteaceae of Arizona as reported by Bates (2009), Scleroderma (Sclerodermatales) by Sims et al. (1995) and Nidulariaceae (Nidulariales) by Brodie (1975). This study is important as each of the species has its truly restricted geographic range and multiple unique factors and this will affect its distribution (Lodge et al., 2004). Despite this, the study on the. 2. 

(20) diversity of fungi in Asian region are still lacking with only few countries are active in fungal inventories such as China, Thailand, and Hong Kong (Hyde, 2001). In Malaysia, Lee and Chang (2003) quoted Corner as stating that at least 70% of the fungi are still yet to be discovered. He attributed this to the lack of monograph and keys that focuses on the tropical region. In the same way, the information on the diversity of the gasteroid fungi in Malaysia are still inadequate (Lee & Chang, 2003).. a. Currently, a total of 27 documented records of gasteromycetes collected in Malaysia. ay. from five families; Sclerodermataceae, Nidulariaceae, Phallaceae, Lycoperdaceae and Geastraceae (Lee et al., 2012). The first record was the collection of Mutinus borneensis. al. Ces. in Sarawak by Cesati (1879) and Lycoperdon lignicola Massee collected by Chipp. M. (1921) in Kuala Lumpur (Lee et al., 2012). The recent data on gasteroid fungi in. of. Peninsular Malaysia were recorded with Mutinus bambusinus (Zoll.) E. Fisch and Lycoperdon echinatum Pers. were reported by Abdullah et al. (2007) and the edibility of. ty. Calvatia cyathiformis (Bosc.) Morgan was published by Abdullah and Rusea (2009).. si. Due to the importance of the biodiversity knowledge towards economy and. ve r. ecosystem in Malaysia, the documentation of the diversity is one of the main agenda in the National Biological Biodiversity Policy of Malaysian Government (National Policy. ni. on Biological Diversity, 1998). It is interesting to note the presence and diversity of. U. gasteromycetes in Malaysian forests. Thus, this study was conducted on the gasteromycetes with the following objectives; (1) To document the diversity of Gasteromycetes species found in Peninsular Malaysia and (2) To conduct the taxonomic studies and phylogenetic analysis of the family Lycoperdaceae and Geastraceae collected in this study.. 3. 

(21) CHAPTER 2 LITERATURE REVIEW 2.1. Current classification of Gasteromycetes In the past, this basidiomycetes was classified under an obsolete class of. Gasteromycetes Fr. (Pegler et al., 1995). Nowadays, the Gasteromycetes used by mycologist as a term for those gasteroid fungi that have fertile region found within. a. basidiocarps (known as gasterocarp in gasteroid fungi) as their spore reproduction. ay. structure. In contrast to sharing similar enclosed hymenium and statismosporic, the. al. gasteroid fungi is an artificial assemblage (Hosaka et al., 2006) with most of the. M. molecular study shows that each gasteroid group (namely Lycoperdales, Nidulariales, Sclerodematales, Phallales and Geastrales) are polyphyletic (Hibbett et al., 1997;. of. Hosaka et al., 2006; Krüger et al., 2001). According to molecular study, gasteromycetes are divided into three clades viz. euagarics clade, boletoid clade and gomphoid-phalloid. ty. clade (Webster & Weber, 2007). This is according to the eight clades phylogenetic. si. system of the Homobasidiomycetes based on nuclear and mitochondrial small subunit. ve r. rDNA sequences (Hibbett et al., 2007). 2.1.1. Euagaric Clade. ni. The euagarics clade of gasteroid fungi consists of 26 families with two families,. U. i.e. Lycoperdaceae and Nidulariaceae (Webster & Weber, 2007). The family of Lycoperdaceae or better known as puffball consist of species with powdery gleba in enclosed basidiocarps. There are approximately 150 species of Lycoperdaceae identified worldwide (Kirk et al., 2001). Based on molecular analysis, the Lycoperdaceae commonly consists of six genera namely Lycoperdon, Vascellum,. Morganella, Handkea, Bovista and Calvatia (Larsson & Jeppson, 2008).. 4. 

(22) The family Nidulariaceae consist of five genera Crucibulum, Mycocalia, Nidula, Nidularia and Cyathus, with almost 70 species of Cyathus has been known, making Cyathus is the largest well documented species (Brodie, 1975). This family has cupshaped basidiocarps in which it resembles a shape of bird nest. The spore is developed inside peridioles, which is a specialized disc spore-packet structure that resemble ‘eggs’ inside the basidiocarps (Pegler et al., 1995). Boletoid Clade. a. 2.1.2. ay. The boletoid clade consists of two families, Sclerodermataceae and Rhizopogonaceae. Members of Sclerodermataceae consists of almost fifty species in. al. seven genera which also includes the genus Scleroderma, Calostoma, Pisolitus, and. M. Astraeus (Webster & Weber, 2007). The largest families for Sclerodermataceae is. of. Scleroderma with a total of twenty-five species of Scleroderma have been recorded (Sims et al., 1995). The Rhizopogonaceae are mostly associated with Rhizopogon. ty. (better known as beard truffles). Although the morphology of Rhizopogon is similar to. si. Scleroderma, these two genera are differentiated by the fruiting body of Rhizopogon. ve r. that is usually hypogeous (Webster & Weber, 2007). 2.1.3. Gomphoid-phalloid Clade. ni. The gomphoid-phalloid clade consist of a mixture of gasteroid which includes. U. the earthstars, stinkhorns and cannonball fungi, along with non-gasteroid fungi such as. club fungi, coral fungi, tooth fungi, and false truffles which are classified under subphylum Agaricomycotina and class Agaricomycetes (Hibbett et al., 2007; Hosaka et al., 2006). According to molecular analysis by Hosaka et al. (2006), this clade consists of Phallales and non-gasteroid Gomphales with additional new order of Hysterangiales and Geastrales.. 5. 

(23) Known as stinkhorns, this gasteroid fungi are capable of producing an offensive odour and sticky spore-bearing slime in order to disperse spore via insect (Smith & Smith, 1973). Phallales consist of two families, Phallaceae and Clathraceae and in the early fungal classification, there are only two families in this order viz. Phallaceae and Clathraceae (Kuo, 2004). However, with the introduction of molecular taxonomy, new members were introduced i.e. Lysuraceae, Protophallaceae, Claustulaceae and Trappeaceae (Hosaka et al., 2006). Phallus is the most prominent genus in Phallaceae. ay. a. with 160 species worldwide.. The order Geastrales contains four families Geastraceae, Pyrenogastraceae,. al. Sclerogastraceae, and Sphaerobolaceae (Hosaka et al., 2006). Geastraceae consists of. M. three genera of Geasteroides, Myriostoma and Geastrum (Ponce De Leon, 1968).. of. Geastrum is the largest genus in Geastraceae with almost 50 species recorded worldwide.. Morphological characteristics of selected Gasteromycetes families. 2.2.1. Nidulariaceae (Euagaric clade). si. ty. 2.2. ve r. Based on its name, the genera in Nidulariaceae commonly have basidiocarps. resembling bird’s nest (Figure 2.1A). The spore production site for this family is. ni. peridioles, a small structure that resembles eggs inside the basidiocarps. This oval shape. U. peridioles consist of glebal tissue, basidia and basidiospores (Figure 2.1B). The size of peridioles varies from each species, generally 0.1 to 0.3 cm in diameter. The colour of the peridioles is the most important characteristic to differentiate between the genera. Cyathus species has black peridioles while Nidularia and Nidula have brown peridioles. Mycocalia has yellow to red-brown peridioles, while. Crucibulum has black peridioles that are surrounded by a whitish membrane called the tunica, which makes them appear white (Brodie, 1975). 6. 

(24) al. M. B. ay. a. A. U. ni. ve r. si. ty. of. Figure 2.1: Morphology characteristic of Nidulariaceae A: Cyathus striatus (Nidulariaceae). B: Section of basidiocarp of Cyathus striatus (Brodie, 1975).. 7. 

(25) 2.2.2. Lycoperdaceae (Euagaric clade) The shape and size of basidiocarps in Lycoperdaceae varies among genera from. spherical to pear-formed shape with some having pseudostipe (Figure 2.2B). In the same way, the size of the members of Lycoperdaceae also varies among genera with Calvatia gigantea is the largest member of this species. This species is commonly found with diameter about 20 to 60 cm although some can be up to 150 cm (Leffingwell &. a. Alford, 2011).. ay. There are a few characteristics often used to differentiate among the genera such as habitat, type of gleba, the type of capillitium, peridium and spore ornamentation. al. (Bates, 2004; Krüger et al., 2001; Pegler et al., 1995). For example, Morganella is. M. distinguished from the other genera by being the only genus that grows on lignicolous. of. habitat (Ponce de Leon, 1971). As for Vascellum, this genus can be differentiated from the other genera by having diaphragm that separates the gleba and subgleba (Ponce de. ty. Leon, 1970).. si. Gleba is the fertile region that is responsible for spore production and consists of. ve r. a single chamber with capillitium and spore (Figure 2.2A). In addition, this reproductive structure also exists in Geastraceae and Sclerodermataceae. According to Bates (2004),. ni. there are two types of gleba in the Lycoperdaceae; cottony gleba and pulverulent gleba.. U. The first gleba type contains a large number of sterile hyphae that are flexible and it is commonly found in genera Bovista and Lycoperdon. This allows the spore to be released by the raindrop mechanism and the spores are released through ostiole. As for second gleba type, usually found in the genera Calvatia and Vascellum and this gleba. consist of fragile or flaccid capillitial structure with large amount of spores. This type of gleba allow the release of spore by irregular fragmentation of the peridium, thus exposing most of the spores to the air (Li, 2011).. 8. 

(26) A. a. B. si. E. U. ni. ve r. D. ty. of. M. al. ay. C. Figure 2.2: Morphology characteristic of Lycoperdaceae A: Dissection of Lycoperdon (Lycoperdaceae) (Larsson & Jeppson, 2008). B: Basidiocarp of Lycoperdon pratense (Larsson & Jeppson, 2008). C: Spore ornamentation of Lycoperdaceae. D: Lycoperdon type and E: Calvatia type. Bar = 10µm.. 9. 

(27) The capillitium is a specialized hypha that constitutes inside the gleba. The capillitium is divided into two types according to its morphology namely eucapillitium and paracapillitium. The eucapillitium has pigmented hypha with thick-walled and occasionally septate whereas the paracapillitium is non-pigmented hypha with thinwalled and are frequently septate (Bates et al., 2009). Additionally, these two capillitium can be differentiated by cyanophilic reaction (Kreisel & Dring, 1967).. a. The cyanophilic reaction is carried out by placing small amount of gleba onto. ay. the slide and Lactophenol Cotton Blue is added onto the mounted slide. Then, the cyanophilic reaction is observed before and after the slide is boiled for a few second. al. (Bates, 2004; Kreisel & Dring, 1967). According to Kreisel and Dring (1967), the. M. paracapillitium will have blue colour and it will change to colourless after boiling while. of. eucapillitium will change from pigmented colour (colour of the capillitium) to deep blue (Bates et al., 2009).. ty. The classification of the genera within Lycoperdaceae be further distinguished. si. by using the capillitium type in each respective genus; Lycoperdon type (Figure 2.2D),. ve r. Bovista type, Intermediate type, Calvatia type (Figure 2.2E) and Handkea type (Krüger et al., 2001). The Lycoperdon type consists of eucapillitium, often without centralize. ni. main stem, aseptate and this type resemble skeletal hyphae in the anatomy of polypores. U. (Krüger et al., 2001). As for Bovista type, this capilllitium type consist of eucapillitium, aseptate sclerified hypha with centralize main stem (Krüger et al., 2001). According to. Kreisel (1994), Bovista type resembles the binding hypha observed in polypore (Krüger et al., 2001). As for the ‘Intermediate’ type, the capillitium type is the intermediate between the Bovista and Lycoperdon types, in which contains often pored capitilltium with several thick main stem connected to the numerous branches (Bates et al., 2009; Krüger et al., 2001).. 10. 

(28) In addition, Krüger et al. (2001) has introduced two capillitium type namely Calvatia type and Handkea type (Bates et al., 2009). The Calvatia type has a septate capillitium with loosely ramified hyphae as in the Lycoperdon type. This capillitium type usually has either pit or none (Figure 2.2 D). According to Kreisel (1994), this type may be similar as sclerified generative hyphae in the polypore anatomy (Krüger et al., 2001). The Handkea type is similar between Calvatia type and Lycoperdon type, however this capillitium type have distinctive long slit-like pits (Bates et al., 2009;. ay. a. Krüger et al., 2001).. There are two types of peridia in Lycoperdaceae i.e. exoperidium and. al. endoperidium (Pegler et al., 1995). The exoperidium is the outer layer of the gleba. M. while endoperidium is the layer located in between the exoperidium and gleba. The. of. exoperidium is responsible for the ornamentation of the surface of the fruiting body of Lycoperdaceae species and this ornamentation is significant in the identification of. ty. Lycoperdaceae (Bates, 2004). For example, the ornamentation of exoperidium such as. si. velvety, tuberculose and granulose is used to separate the species in Morganella (Ponce. ve r. de Leon, 1971).. Most of the spore shapes of genera in Lycoperdaceae is commonly globose to. ni. subglobose. The spore ornamentation is essential information for the classification of. U. Lycoperdaceae (Figure 2.2B). The spore ornamentation under light microscope can be. divided into four categories which are smooth, asperulate, aspirate, verruculose or echinulate and verrucose or echinate (Bates et al., 2009).. 11. 

(29) 2.2.3. Sclerodermataceae (Boletoid clade) The morphology of genera in Sclerodermataceae is similar to Lycoperdaceae in. terms of the shape and the structure of the basidiocarps. Even though this group has globose shape which similar to Lycoperdaceae, the structure of gleba in the Sclerodermataceae (Figure 2.3A) is quite dense as compared to Lycoperdaceae. This is due to the lack of capillitium structure that appear in the Lycoperdaceae in which makes the gleba of Lycoperdaceae spongier compared to that of Sclerodermataceae, thus. ay. a. separates the Sclerodermataceae from Lycoperdaceae (Pegler et al., 1995).. Macroscopic and microscopic characteristics are important for identification of. al. Scleroderma. The macroscopic characteristics commonly considered as important key. M. in identification of Scleroderma are the presence of stipe, the colour and the thickness. of. of peridium, the type of dehiscence and the anatomy of exoperidium and endoperidium (Guzmán et al., 2013). However, the microscopic characteristics such as the spore. ty. ornamentation and the clamp connections has been emphasized as the foundation of the. si. classification of Scleroderma while the size and structure of spore are the key for the. ve r. determination of the species by Guzmán et al. (2013). According to Guzmán (1970), Scleroderma spp. (Sclerodermataceae) can be. ni. categorized into three group based on spore ornamentation (Figure 2.3) viz. spiny, sub-. U. reticulate and reticulate(Sims et al., 1995) i.e. Section Aculeatispora for species that. have spiny spore, Section Sclerangium for those species that have spore with subreticulate and catenulate-reticulate with wings joining the spines and Section Scleroderma dedicated for the reticulate spore(Sims et al., 1995) . The spore with spiny ornamentation is further divided into two groups; enhinulate spines and verrucose spines.. 12. 

(30) A. Exoperidium. Mature Gleba. M. al. ay. a. Immature Gleba. ni. ve r. si. ty. of. B. Rhizomorph. U. Figure 2 .3: Morphology characteristics of Sclerodermataceae. A: Cross section of Scleroderma sinnamariense. B: Spore ornamentation of Scleroderma (Sims et al., 1995).. 13. 

(31) 2.2.4. Phallaceae (Gomphoid-phalloid clade) According to Dring (1964), the morphology of this family is quite different. compared to other gasteroid fungi (Figure 2.5A-B) in which the basidiocarps can be divided into two regions; fertile and infertile region. The fertile region consists of the pileus covered with slimy substance called gleba and this region produces unpleasant odour which attract the insects for spore. a. dispersal (Smith, 1956). The shape of pileus commonly used to differentiate between. ay. Phallus and Mutinus. Phallus spp. have campanulate pileus while the receptacle and. al. pileus of the Mutinus spp. both are in cylindrical shape (Smith & Smith, 1973).. M. The infertile region is the stipe or better known as the receptacle. The receptacle is usually hollow with either smooth or honeycomb-like surface. The size of the. of. receptacle is different according to the species. The young basidiocarps is commonly. Geastraceae (Gomphoid-Phalloid clade). si. 2.2.5. ty. known as eggs and usually rupture when its matured (Ellis & Ellis, 1990) .. The distinct feature that set the family apart from other gasteroid fungi is the. ve r. ability of exoperidium to split into stellate pattern (Ponce De Leon, 1968) . Similar to Lycoperdaceae, Geastrum has two layers of peridium. The immature basidiocarps of the. ni. Geastrum species are normally globose to subglobose shape with either smooth or. U. rugulose surface. However, when the Geastrum achieved maturity, the exoperidium will split into the segment, creating a petal-like pattern that is often relaxed or curled backward resembling a star (Figure 2.4C). Hence, these gasteroid fungi are commonly known as earthstar.. 14. 

(32) B. A Pileus. Receptacle. ay. a. Indusium. al. C. peristome. endoperidium. gleba columella. ve r. si. ty. exoperidium. of. M. ostiole. U. ni. D. Figure 2.4: General characteristic of gasteromycetes in Gomphoid-Phalloid clade. A: Phallus indisiatus with distinctive indusium. B: Mutinus bambusinus with immature eggs surrounding the basidiocarp. C: Geastrum species (Geastraceae). D: capillitium of Geastrum. Bar = 10µm.. 15. 

(33) The morphological characteristic such as the presence of columella is used to differentiate the Geastrum from other gasteroid fungi. Columella is a sterile structure found on the centre of the gleba and normally placed at the centre of the gleba (Pegler et al., 1995). This structure is only present in Geastrum although some gasteroid fungi such as Lycoperdon perlatum have small stalk of sterile pseudotissue at the base of gleba (Figure 2.2A), better known as pseudocolumella (Bates, 2004). The columella either varies between the species with the columella present or absent in the gleba, this. ay. a. feature is not significantly used as characteristic for classification of Geastrum species (Bates, 2004).. al. There are a few morphological characteristics that were taken into consideration. M. for the identification of Geastrum such as the character of peristome, the morphology of. of. mycelia layer, capillitium and spore (Pegler et al., 1995; Ponce De Leon, 1968). Firstly, peristome is the well delimited edge around the ostiole (Figure 2.5C) and this feature is. ty. exclusively present in the Geastraceae (Pegler et al., 1995). The peristome can be. si. divided into two types; the plicate peristome and the fibrillose peristome (Bates, 2004).. ve r. Secondly, the mycelium layer is usually found under the base of the Geastrum. species, connecting the basidiocarps of Geastrum species to the respective substrate;. ni. either twigs, rotten leaves or on soil particles. According to Ponce De Leon (1968), the. U. morphology of mycelium layer is one of the characteristic to be taken into the consideration for the classification of Geastrum into two subgenera i.e. Myceliostroma Hen. and Trichaster (Czern.) P.Ponce. Later, Bates (2004) discovered that the mycelium layer can be found in three forms according to the ability of the rays species expand and close around the spore sac with the influence of humidity viz. hygroscopic, sub hygroscopic and non-hygroscopic species. The hygroscopic species usually have a thin mycelium layer whereas the non-. 16. 

(34) hygroscopic and sub hygroscopic species have the encrusted debris mycelia layer and mostly covered the surface of the substrate, i.e soil particle or rotten leaves. In addition, the capillitium in Geastrum is different compare to capillitium in Lycoperdaceae. This capillitium consists of long, elastic, unbranched, lacks pores on its surface and typically encrusted which Bates (2004) introduced it as the ‘Geastrum type’. It is located inside the gleba and usually has numerous spores that makes the. a. gleba flexible and remain intact.. ay. Lastly, the morphology of spore such as the surface of the spore and diameter of. al. spore compared to the diameter of capillitium are important for the classification of. M. Geastrum (Bates, 2004; Ponce De Leon, 1968). The spore shape in Geastrum is not taxonomically significant as the spore in Geastrum is usually globose to subglobose. of. shape (Bates, 2004). The spore ornamentation for the Geastraceae is also similar to that. Spore dispersal among Gasteromycetes. si. 2.3. ty. of Lycoperdaceae i.e. smooth, asperulate, echinulate and verucose or echinate.. ve r. There are several methods used by Gasteromycetes to disperse spore. As mention in the previous section, due to the absent of gills and pores, the gasteromycetes. ni. are highly depended to the external force in order to disperse the spore. The external. U. force can be environmental elements such as raindrops and wind or by insects (Ingold, 1966). Moreover, this spore mechanism is also supported by the reproduction structure possessed by the gasteroid fungi such as peridioles by Nidulariaceae, gleba by Lycoperdaceae, Sclerodermataceae and Geastraceae and mucilaginous slime produced by Phallaceae. For example, the basidiocarps in Nidulariaceae will act as splash cup and the raindrops will force the peridioles out from the basidiocarps, thus allowing the spores inside the peridioles to be dispersed in a wider area (Brodie, 1962). In addition, the 17. 

(35) opening or holes on the top of the basidiocarps or better known as ostiole can be observed in the genera Bovista, Geastrum, Lycoperdon, Morganella and Vascellum (Bates, 2004). This structure is crucial in spore dispersal via raindrop and wind for those gasteroid fungi that possess this structure. Raindrop is one of the important elements for the spore dispersal of all members in Nidulariaceae and a few genera of Lycoperdaceae and Geastraceae. In Lycoperdon. a. (Lycoperdaceae) and Geastrum (Geastraceae), the raindrops will afflict the peridium. ay. and thus a cloud of spores is produced through ostiole. The peridium will resume to its. al. original state due to the presence of capillitium (Mehrotra et al., 1990).. M. However, for some genera in Lycoperdaceae that does not have ostiole such as Calvatia, this genus is dependent on the wind to disperse the spore. The peridium of. of. Calvatia will collapse when basidiocarps achieved maturity, thus exposing the gleba containing the spores and loosely capillitia threads to the environment. As the winds. ty. blows, the spore are dispersed and as spore are removed from the exposed surface of the. si. spore mass, the capillitium is also blown away (Inglod, 1971). This will ensure that. ve r. there is no interference of spore dispersal at the deeper layers of spores. The spore dispersal of Scleroderma (Sclerodermataceae) also took similar route. ni. as spore dispersal of Calvatia. As the peridium of Scleroderma aurantium rupture, the. U. spore inside peridium will be exposed and blown away by wind (Inglod, 1971). On the other hand, the Phallales produced the spore that is embedded in sticky slime. The slime consists of spore has strong and unpleasant odour and this helps Phallales to disperse its own spore by attracting the insects (Ingold, 1966).. 18. 

(36) 2.4. Importance of Gasteromycetes Despite the unique morphology and great diversity among the gasteromycetes,. this group of fungi has extensive benefit either to human as well as to its implication towards ecology. For example, Phallus indusiatus is the most well exploited gasteromycetes as this species is cultivated on a large scale by mushroom growers in China (Hu, 2004). Moreover, the research had proven that Phallus indusiatus possessed. a. good anti microbial, antioxidant and anti-inflammatory properties (Oyetayo et al.,. ay. 2009). The next section will explore the importance of the gasteromycetes in terms of. al. medicinal, culinary and biotechnology.. M. 2.4.1 Culinary. Some gasteromycetes used as culinary in several countries. The most common. of. gasteroid group that have been used worldwide as a delicacy is the common puffball, the Calvatia species. According to Coetzee and Wyk (2009) basidiocarps of Calvatia. ty. species is edible if the gleba sections are white and firm. The Calvatia species was. si. reported as food in Britain and Nigeria by Coetzee and Wyk (2009); in North America,. ve r. C. sculputa is utilized by Central Miwok tribe as food source (Burk, 1983). Even though it produces unappealing odour, Phallus indusiatus, better known as. ni. bamboo mushroom has been used as a delicacy in China and Germany (Ijato, 2011;. U. Webster & Weber, 2007). In Malaysia, the edible gasteromycetes is rarely used in culinary. For example, Calvatia cyathiformis is commonly consumed by Malays living. in the northern regions and commonly referred as ‘cendawan kumbul’ whereas this gasteromycetes is not known to be edible in the central-southern region of Peninsular Malaysia (Abdullah & Rusea, 2009).. 19. 

(37) 2.4.2 Medicinal Most of the edible gasteroid fungi are consumed due to the belief of the native community on its medicinal values. For example, the Dictyophora indusiatus in China is used as a delicacy since Tang Dynasty due to belief that it has healing effect against inflammatory, gastric and neural diseases. The studies on water soluble polysaccharides of glucose extracted from Dictyophora indusiatus showed potential antioxidant properties against free radicals in mammalian system (Deng et al., 2012; Hua et al.,. ay. a. 2012; Ker et al., 2011).. In Nidulariaceae, the mycelium of Cyathus stercoreus had been discovered to. al. produce polyketide antioxidative compounds; Cyathuscavin A, B and C. This. M. polyketide antioxidative compounds have higher antioxidant activity compared to. of. reference antioxidant, Trolox and butylated hydroxyanisole (BHA) after these three compounds were tested against ABTS+, DPPH and O2- radicals (Kang et al., 2008).. ty. Several species in gasteromycetes also possessed good antimicrobial. si. metabolites. For example, the extracts of bioactive triterpenoid and vulpinic acid. ve r. derivatives from Scleroderma citrinum have shown antiviral activity toward Herpes simplex type 1 (Kanokmedhakul et al., 2003). In the study conducted by Ramesh and. ni. Pattar (2010), the minumum inhibitory concentration (MIC) assay showed Lycoperdon. U. perlatum has the best antibacterial activity against Escherichia coli compared to Pleurotus pulmonarius, Marasmius oreades and Clavaria vermiculris. In cancer therapy, Calvacin was the most well-known natural product extracted from Calvatia gigantea and broadly used as anti-tumor agent in medical laboratories in 1960s (Chatterjee et al., 2011). In addition, a study conducted by Sternberg et al. (1963) reported this compound has capabilities to induce toxicity effect towards experimental mammals and initiate sensitization in test animals. On the other hand, bioactive. 20. 

(38) metabolite, Pulvinatal has been successfully isolated by Becker et al. (1997) from Nidularia pulvinata. This bioactive metabolite has the ability to act as an inducer for differentiation of HL-60 promyelocytic leukemia cells. 2.4.3 Biotechnology Gasteromycetes also play an important role in biotechnology. For example, the mycelium of Cyathus ajricanus and Cyathus stercoreus are added in the fermentation of. a. kenaf since both are reported to be great enhancer for the degradation of lignin (Abbott. ay. & Wicklow, 1984). Isolates of Lycoperdon perlatum was reported by Casieri et al. (2010) to be an effective decolorization agent towards anthraquinonic and azoic dyes. In. al. addition, Shannon and Stevenson (1975) reported that Calvatia gigantea has potential to. M. be producer of microbial protein from brewery wastes (Coetzee & Wyk, 2009). Inspired. of. by the symbiotic relationship between Scleroderma cepa Pers. and S. polyrhizum Pers. with Eucalyptus species (Gong et al., 1992), the research was conducted to utilize this. ty. beneficial relationship and it showed great potential for enhancing the growth and. si. survival of Eucalyptus after planting (Mu, 1995).. ve r. Even though some gasteroid fungi have a positive effect on the ecology, some. gasteroid fungi produced an adverse effect towards nature. For instance, the most. ni. common species of fairy ring in the golf courses are caused by Lycoperdon spp. and. U. Vascellum sp. (Terashima et al., 2002). They contributed to the death of the commercial. turfgrass, Agrostis spp. and the effective treatment of this disease is radical and costly as it require excavation of the soil and fumigation which will deteriorate the quality of turfgrass (Fidanza, 1999).. 21. 

(39) 2.5. Ecology of Gasteromycetes Most of the gasteromycetes are saprophic and commonly found on living and. either rotten wood, among leaf litter, grass or soil. The basidiocarps of Phallaceae and Gestrum are commonly grown on terrestrial habitat with the exception of Nidulariaceae. In Nidulariaceae, Cyathus spp. is commonly found on dry manure or mostly associated with angiosperm wood and bamboo tree (Brodie, 1975). Most of bird’s nest fungi are. a. commonly found on lignicolous habitat except for Cyathus stercoreus found on cow. ay. dung (Brodie, 1975; Inglod, 1971).. al. In some family, the habitat where the basidiocarps are collected is considered as. M. one of the characteristics to distinguish between genera. For instance, most of the genera in Lycoperdaceae are found on soil except for Morganella which is commonly. of. found on wood (Ponce de Leon, 1971) and only one species in Lycoperdon, i.e.. ty. Lycoperdon pyriformis are often found on decaying woods (Posada, 2008). Majority of the species in Scleroderma are commonly found on varying types of. si. soil such as S. cepa and S. polyrhizum are usually found on sandy soil (Burk & Smith,. ve r. 1978) while S. bovista can be found on chalky soil. Scleroderma also known as one of effective ectomycorrhizal due to its close association with various tree such as. U. ni. Eucalyptus sp. and Pinus sp. (Kuo, 2004). 2.6. The distribution of Gasteromycetes with special reference to region Gasteromycetes has a cosmopolitan distribution with the diversity of these fungi. is recorded worldwide. This is due to most of the gasteroid fungi have high adaptability to a very wide range of habitat (Pegler et al., 1995). In the past, the early distribution of gasteromycetes in the Peninsular Malaysia was recorded by Chipp (1921) that listed out species from Phallaceae, Lycoperdaceae, Nidulariaceae, and Sclerodermataceae only Currently, 27 records on gasteromycetes in Malaysia with most of gasteroid fungi were 22. 

(40) collected are from the family of Sclerodermataceae and Phallaceae (Table 2.1). According to Lee et al. (2012), Scleroderma sinnamariense and Cyathus striatus are the most common gasteromycetes collected in Malaysia. Since Malaysia has tropical climate, the distribution of gasteromycetes is similar to pantropic region such as in Africa, Asia and America. For example, the distribution of Calvatia cyathiformis has been recorded in Congo (Dissing & Lange, 1962), East. a. Africa (Dring & Rayner, 1967), Panama and Costa Rica (Garner, 1956). In addition,. ay. Scleroderma sinnamariense is also commonly found in pantropical region such as country in South East Asia (Sims et al., 1995) . Scleroderma sinnamariense is also. al. reported in Philippines along with 49 species of Gasteromycetes (Quimio, 1986; Sims et. Molecular analyses of Lycoperdaceae and Geastraceae. of. 2.7. M. al., 1997).. In the past few years, there are a few molecular studies conducted on. ty. Lycoperdaceae and Geastraceae to view and support classification of Lycoperdaceae. si. and Geastraceae.The molecular analysis of both this family has been confirmed that. ve r. both Lycperdaceae and Geastraceae are in different clades. According to Hibbett et al. (1997), Lycoperdon spp. is placed in the euagaric clade whereas the Geastrum spp.. ni. forms a monophyletic group with other gasteroid fungi, Phallus (Phallaceae) and. U. Sphaerobolus. The study carried out by Krüger et al. (2001) also showed the puffball is nested within the euagaric clade with the supported bootstrap value of 78% in the parsimony analysis.. 23. 

(41) Unspecified. Lim, 1972. Calvatia cyathiformis (Bosc.) Morgan Calvatia lilacina (Mont. & Berk.) Henn Lycoperdon echinatum Pers. Lycoperdon lignicola Masse Geastrum javanicum Lév Geastrum triplex Jungh.. Peninsular Malaysia Unspecified Johor (Endau-Rompin) Kuala Lumpur Pahang (Fraser’s Hill) Kedah (Langkawi; Kuala Teriang, Tanjung Kurau) Sabah Sabah Johor (Endau-Rompin) Sarawak (Matang) Perak Sabah Sarawak Sarawak Sarawak Selangor (Forest Research Institute Malaysia (FRIM)). Abdullah and Rusea 2009. Perak (Temenggor Forest Reserve) Selangor-FRIM Penang (Government Hill Road). Lee et al., 1995 Watling & Lee, 1995 Chipp, 1921. al ay. Bovista nigrescens Pers.. Aseroe rubra Labill Mutinus caninus (Huds.) Fr. Mutinus bambusinus (Zoll.)E. Fisch. Mutinus borneensis Ces. Phallus daemonum Rumph. Phallus indusiatus Vent. Scleroderma aurantium (L.) Pers. Scleroderma citrinum Pers. Scleroderma columnare Berk. & Broome Scleroderma dictyosporum Pat.. ni. Earthball (Sclerodermataceae). ve. rs i. ty. Stinkhorn (Phallaceae). Location. M. Earthstar (Geastraceae). Species. of. Gastroid Group (Family) Puffball (Lycoperdaceae). a. Table 2.1: Gasteromycetes recorded in Malaysia (Lee et al., 2012). U. Scleroderma echinatum (Petri) Guzmán Scleroderma flavidum Ellis &Everh.. References. Abdullah et al., 2007 Chipp, 1921 Thi et al. 2011 Kuthubutheen, 1981 Pegler, 1997 Pegler, 1997 Abdullah et. al 2007 Cesati, 1879 Chipp, 1921 Pegler, 1997 Chin, 1981 Chin, 1981 Cesati, 1879 Watling,1994; Watling & Lee 1995, 1998. 24. 

(42) Location. Scleroderma flavocrocatum Sacc. & De Toni Scleroderma. leptopodium Pat. & Har.. Perak Negeri Sembilan(Pasoh Forest Reserve). Scleroderma sinnamariense Mont.. Negeri Sembilan Perak (Temenggor Forest Reserve) Selangor (FRIM). of. Earthball (Sclerodermataceae). Species. M. Gasteroid Group (Family). al ay. a. Table 2.1,continued.. ty. Negeri Sembilan. ni. U. Bird’s Nest Fungi (Nidulariaceae). ve. rs i. Terengganu Scleroderma verrucossum (Bull) Pers. Selangor (Ulu Langat) Scleroderma xanthochroum Watling & K.P Pahang (Cameron Highlands) Sims Cyathus byssisedus (Jungh.) Tul. Sarawak (Matang Mountain) Cyathus sphaerosporus Lloyd Pahang (National Park, Kuala Tahan) Cyathus striatus (Huds.) Willd Sarawak Johore (Endau Rompin State Park) Pahang (Bera Lake) Johore (Aur Island). References Chipp, 1921 Lee et al., 2002; Lee, 2005 Watling, 1994 Lee et al. 1995 Watling & Lee 1995; 1998. 2007; Lee et al., 2002; Lee, 2005 Lee et al., 2002; Watling et al., 2002 Zainuddin et al., 2010 Watling, 1994 Watling & Sims, 2004 Cesati, 1879 Oldridge et al., 1985 Chin, 1981 Abdullah et al., 2007 Zainuddin et al., 2010 Zainuddin et al., 2010. 25. 

(43) In another study conducted by Larsson and Jeppson (2008), this study confirmed Lycoperdaceae as monophyletic group according to the analyses of Internal Transcribed Spacer (ITS) and 28S rRNA large subunit (LSU-nu-rDNA). There are four major clades in the Lycoperdaceae based on ITS and LSU sequence with mostly from Europe and a few samples collected in Asia, Greenland, Svalbard and North America i.e Lycoperdon, Bovista, Calvatia and Disciseda with weak to moderate support of bootstrap values (Larsson & Jeppson, 2008). The recent study of Lycoperdaceae in Arizona based on the. ay. a. analyses of the ITS region showed a weak support of monophyly of the genera within Lycoperdaceae (Bates et al., 2009).. al. There is a great variation among species in Geastrum (Geastraceae) according to. M. its morphology. Study by Sunhede (1977) showed that there is no single morphological. of. character such as size of expanded basidiocarps, colour of exoperidium and endoperidium and shape of peristome that is quite reliable for species determination of. ty. G. triplex (Kasuya et al., 2012). Today, the identification of Geastrum usually used both. si. morphological data with molecular data to validify the identification. However, there. ve r. are a few molecular phylogenetic analyses on Geastraceae, which used both morphological and phylogenetic data in identification of Geastrum. Douanla-Meli et al.. ni. (2005) described G. pleosporus as new species based on the morphological data and. U. phylogenetic inferences of large ribosomal DNA sequence alignments.. 26. 

(44) CHAPTER 3 DIVERSITY OF GASTEROMYCETES IN PENINSULAR MALAYSIA 3.1 INTRODUCTION Elias Magnum Fries classified the gasteroid fungi in class of ‘Gasteromycetes’ in Systema mycologicum in 1821. He has placed the gasteromycetes in its own class due to the capability of the basidiocarps producing spores internally (Ainsworth, 1976). However recent molecular analysis shows the gasteroid fungi are polyphyletic. ay. a. assemblage (Krüger et al., 2001; Moncalvo et al., 2002). Currently, members of gasteromycetes were resolved into three clades according to molecular analysis viz.. al. agaric clade, boletoid clade and gomphoid-phalloid clade of gasteroid fungi (Webster &. M. Weber, 2007).. Gasteromycetes is a group of fungi with cosmopolitan distribution. It has been. of. reported in USA, European countries, and Africa (Bates et al., 2009; Garner, 1956;. ty. Larsson & Jeppson, 2008). There were numerous records on the collection of gasteromycetes in tropical region such as West Africa to Thailand (Dring, 1964;. si. Ellingsen, 1982), and in the subtropics region from Pakistan to Turkey (Sermenl. ve r. I l o lu, 2009; Yousaf et al., 2012). The first collection of Malaysian gasteromycetes was by Cesati (1879) whom collected Scleroderma columnare Berk. & Broome in. ni. Sarawak (Lee et al., 2012). Till now, there are a total of 27 documented records of. U. gasteromycetes collected in Malaysia from five gasteroid group with common name in the bracket; Sclerodermataceae (Earthball), Nidulariaceae (Bird’s Nest Fungi), Phallaceae (Stinkhorn), Lycoperdaceae (Puffball) and Geastraceae (Earthstar). Malaysia is blessed with the diversity of flora and fauna, with the tropical. climate that contribute to steady rainfall and receiving warm sunlight throughout theyear. Due to the diversity of its natural resources, the Government of Malaysia through the Ministry of Science, Technology and the Environment has enacted the. 27. 

(45) National Policy on Environment in 2002. This policy consists of seven principles and one of the principles focuses on the conservation of nature’s vitality and diversity. The principle outlined the establishment of biologically rich habitats and ecosystems as a zone for the conservation and protection of indigenous flora and fauna and genetic resources. This study was carried out to collect and document the gasteromycetes in Peninsular Malaysia, thus adding the general knowledge of diversity of gasteromycetes. U. ni. ve r. si. ty. of. M. al. ay. a. in Peninsular Malaysia.. 28. 

(46) 3.2 MATERIALS AND METHODS 3.2.1. Basidiocarps collection The basidiocarps were collected from Forest Reserves and Forests in Peninsular. Malaysia (Table 3.1). The collection of gasteromycetes was carried out from December 2009 to May 2012 at various forest sites in Peninsular Malaysia. The method of collection was based on established method for macro-fungi (Lodge et al., 2004). The. a. specimens were collected and placed in collection box for small and medium sized. ay. basidiocarps, while for bigger basidiocarps such as Calvatia, Scleroderma and Phallus were usually placed in big ziplock bag to prevent it from being crushed. The. characters were described.. of. 3.2.2 Morphological description. M. al. basidiocarps were then photographed with codes name assigned and morphological. Macromorphological characteristics of basidiocarps such as colour, shape,. ty. surface, size, and odour of basidiocarp were described according to Lodge et al. (2004). si. and Hood (2006). The macromorphological description of gasteroid fungi were. ve r. observed by using 16X hand lens and recorded based on characteristic of fresh specimens. The monograph by Ellis and Ellis (1990), Zeller (1948) and Dring (1964). ni. were used to classify the specimen into respective genus. The descriptions for specific. U. gasteroid fungi was documented according to the monograph by Brodie (1975) for Nidulariaceae (Bird’s Nest fungi), Sclerodermaceae (Earthball) by Sims et al. (1995) , Phallalceae (Stinkhorn) by Pegler et al. (1995), Geastrum by Dissing and Lange (1962) and Ponce De Leon (1968) and description for members of Lycoperdaceae was documented according to Bates (2004) and Bates et al. (2009). The colour description of basidiocarp was recorded using the colour scheme by Kornerup and Wanscher (1967).. 29. 

(47) al ay. a. Table 3.1: Sampling locations and date of collection.. Date. Location. Selangor. 8-9 December 2009. Hutan Simpan Hulu Tamu, Kuala Kubu Bharu. 8-9 December 2009. Hutan Tun Razak, Kuala Kubu Bharu. 18 January 2010 12-13 November 2010. Pusat Pengajian Luar Universiti of Malaya (PPL UM), Gombak. of. M. State. 6 December 2010. Kampung Kolam Air , Kuala Kubu Bharu. 2 March 2010. Masjid Universiti Putra Malaysia (UPM) ,Serdang. 3 March 2010. Hutan Simpan Orang Asli Sungai Jang, Kuala Kubu Bharu. 10 March 2010 14 December 2010 11 March 2010. Hutan Lipur Sungai Congkak, Hulu Langat. 17 March 2010. Bukit Lagong, Selayang. ve. rs i. ty. 27 January 2010. ni. Bukit Ekspo, UPM , Serdang. Hutan Simpan Ayer Hitam. U. 16 June 2010 25-27 May 2011. GPS coordinate. Habitat. N 03o 27’ 10.5” E 101o 43’09.2” N 03o 34' 24.6" E 101o 39' 17.1". Hill Dipterocarp forest. N 03°19'29" E 101°45'12". Lowland Dipterocarp and Hill Dipterocarp Forest. N 03o 35' 17.5" E 101o 40' 49.4" N 03o 00’ 7.48” E 101o 42’54.38” N 03o 58’33.33” E 101o 61’66.69” N 03o 12' 31.93" E 101o 50' 38.15". Hill Dipterocarp forest. N 02o 59' 9.82" E 101o 42' 33.54" N 03o 15' 25.3" E 101o 30'35.2" N 03° 00.404’ E 101° 38.498’. Open field. Hill Dipterocarp forest. Roadside Hill Dipterocarp forest Hill Dipterocarp forest. Hill Dipterocarp forest Lowland forest. Dipterocarp. 30. 

(48) Location. 7 December 2010. Hutan Simpan Selangor, Ulu Gombak. 28 February 2011. Fakulti Pengajian Pendidikan, UPM Serdang. 28 February 2011 16-19 April 2011. Malaysian Technology Development Coporation (MTDC-UPM), UPM Serdang. Hutan Komuniti Kota Damansara. 13-16 February 2011. Fraser’s Hill, Raub. 10-15 May 2012. Kuala Keniam, Taman Negara Pahang. Perak. 2-4 July 2010. Royal Belum, Gerik. Johor. 4-6 October 2011. Taman Negeri Endau-Rompin (Peta). W.P. Kuala Lumpur. 3 February 2010. Rimba Ilmu, Universiti Malaya. 7 January 2011 3 February 2010. Habitat. N 03°19'29" E 101°45'12" N 03o 00' 8.80" E 101o 42' 35.11" N 02o 59' 32.55" E 101o 43' 6.55" N 03o 10.728' E 101o 35.457' N 03° 43.505’ E 101° 42.883’ N 04o 31’ 80” E102o 28’538” N 05o 36' 14.9" E 101o 25' 15.2". Tropical Lowland Rainforest. M. of. ty. rs i. M.N.S Kuala Lumpur. U. Pahang. ve. Selangor. GPS coordinate. al ay. Date. ni. State. a. Table 3.1, continued.. N 02o25’ 58.4227” E 103o 18’45.1076” N 03° 07’42.5” E 101° 39’22.2” N 03° 08’23.33” E 101° 40’50.57”. Open field Roadside Lowland mixed diperocarp rainforest Highland forest Tropical Lowland Rainforest Lowland dipterocarp Hill Dipterocarp and Lower Montane Forest Virgin Lowland Dipterocarp forest Tropical Lowland Rainforest Tropical Lowland Rainforest. 31. 

(49) Location. GPS coordinate. Negeri Sembilan. 3-6 May 2010. Hutan Lipur Lata Kijang. 19 January 2012. Hutan Simpan Ulu Bendul. Kelantan. March 2012. Taman Negara Kuala Koh. N 03° 12.112’ E 101° 59.404’ N 02o 42.67’ E 102o 03.93’ N 04° 52.169’ E 102° 26.454’. M. Date. U. ni. ve. rs i. ty. of. State. al ay. a. Table 3.1, continued.. Habitat Lowland and Hill Dipterocarp Forest. 32. 

(50) The microscopic study of dried herbarium specimen was carried out by rehydration of the sectioned sample using 95% ethanol, followed by 3% potassium hydroxide (KOH) and stained with Congo red or Melzer’s reagent. The samples were examined under Nikon Alphaphot YS 2 Light microscope with camera lucida attachment. The spore measurement and statistics include: x, the arithmetic mean of the spore length by spore width, ( standard deviation) for n spores measured; Q, the quotient of spore length by. a. spore width in any one spore, indicated as the range of variation in n spores measured;. 3.2.3. ay. Qm, the mean of Q values. Preparation of herbarium specimens. al. The specimens were dried slowly in a portable dryer (on-site) and electric oven. M. at 45 ± 5 oC for overnight. The dried specimens were then stored in specimen boxes and. of. assigned with accession number (KLU-M) and deposited into the University of Malaya Mycology Herbarium, at University of Malaya, Kuala Lumpur, Malaysia. Spore ornamentation via SEM for Lycoperdaceae and Geastrum. ty. 3.2.4. si. The ultrastructure of the spore ornamentation and capillitum of members of. ve r. Lycoperdaceae and Geastrum was observed via scanning electron microscope JSM6400 Scanning Electron Microscope (Jeol Asia Pte. Ltd.).The dried glebal material was. ni. prepared under high vaccum in scanning mode, at accelerating voltage of 3kV-5kV. The. U. dried material then is affixed to aluminium specimen holders with sputter coated with palladium-gold for 5 min at 10 milliamps in a SPI MODULE. TM. sputter Coater.. 33. 

(51) 3.3 RESULTS AND DISCUSSION 3.3.1. Diversity of the Malaysian Gasteromycetes Collection of gasteromycetes was carried out from December 2009 to May 2012. at various forest sites in Peninsular Malaysia (Table 3.1). Forty-three specimens comprised of five families; Lycoperdaceae, Nidulariaceae, Sclerodermataceae, Phallaceae and Geastraceae with 20 different species of gasteromycetes from 9 different. a. genera and were successfully recorded (Appendix A). The majority of the specimen was. ay. collected in the state of Selangor with 19 specimens followed by Negeri Sembilan (eight specimens), Johor (six specimens), Pahang (five specimens), Perak (three specimens). al. and Federal Territory of Kuala Lumpur with two specimens only. In this study, 11. M. species were new records in Malaysia viz. Vascellum curtisii (Berkeley) Kreisel,. of. Calvatia holothuriodes Rebriev, Lycoperdon asperum (Lév.) de Toni, Morganella purpurascens (Berkeley & Curtis) Kreisel & Dring, Morganella fuliginea (Berkeley &. ty. M.A Curtis) Kreisel & Dring, Scleroderma mexicana (Guzmán et Tapia) Guzmán,. si. Scleroderma areolatum Ehrenb., Scleroderma suthepense Kumla, Suwannarach &. ve r. Lumyong, Scleroderma bovista Fries,Geastrum hariotii Lloyd and G. mirabile Montagne.. ni. Twenty-one specimens belongs to Nidulariaceae and Lycoperdaceae in the. U. Agaric clade and it consist of five genera; Cyathus, Lycoperdon, Morganella, Calvatia and Vascellum. Thirteen specimens were collected in the Boletoid clade that consists of. Scleroderma. The Gomphoid-phalloid clade is consists of two families viz. Phallaceae and Geastraceae. Phallus indusiatus (Phallaceae) and Mutinus bambusinus were collected and both of this species has been collected from Endau-Rompin, Johor and documented by Abdullah et al. (2007).. 34. 

(52) Cyathus striatus is the cosmopolitan species since this species was commonly found in various locations in Peninsular Malaysia viz. Selangor, Negeri Sembilan, Perak and Johor. Cyathus montagnei was collected in Kota Damansara Community Forest and there was no record of this species been collected in other location in Peninsular Malaysia. However, C. montagnei is actually has been recorded first in Sarawak in 1879 by Cesati and he recognize it as C. byssisedus (synoym C. montagnei). Six species of Scleroderma were collected in this study. Scleroderma sinnamariense is the common. ay. a. earthball collected in Peninsular Malaysia. Other Scleroderma species collected in this study were S. leptopodium, S. bovista, S. mexicana, S. areolatum and S. suthepense.. al. As for Gomphoid-Phalloid clades, the specimens of two families Phallaceae and. M. Geastraceae were successfully collected in Peninsular Malaysia. For Phallaceae, two. of. genera were collected; Phallus indusiatus and Mutinus bambusinus, which both were collected in Endau-Rompin State Park, Johor. For Geastraceae, only two species of. U. ni. ve r. si. ty. Geastrum were successfully identified; i.e. Geastrum mirabile and G. hariotii.. 35. 
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