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The objective of  this research was to study the diversity of  fungi associated 
with  the  degradation  of  rubber  tree  logs  (Hevea brasiliensis).  Samples were  col-
lected during  four periods  in  2010:  January  (during  the  late  rainy  season), April 
(during  the dry  season),  July  (early  in  the  rainy  season) and October  (during  the 
rainy season) in Nakhon Si Thammarat and Songkhla Provinces, in southern Thai-
land. Each sample belonged to one of the following of three groups; newly fallen 
logs, middle stage decaying logs and old decaying fallen logs. Moist chamber, dilu-
tion pour-plate and sporocarp survey methodology were used. Fungal identification 
was based on morphological examination under compound and stereo microscopes. 
In total 461 species were identified from the decaying logs, comprising 384 anamor-
phic  taxa, 46 ascomycota and 31 basidiomycota. Bactrodesmium rahmii, Botryo-
diplodia sp., Kirschsteiniothelia sp., Lasiodiplodia cf. theobromae, Paratomenticola 
lanceolatus and Veronaea coprophila were  the dominant  species  occurring at  all 
stages of decomposition. In addition, Bactrodesmium rahmii was the dominant spe-
cies occurring during all seasons. 

Keywords: decomposition, lignicolous fungi, woody litter, rubber tree.

Deadwoodology, the ecology of deadwood, is a research area where 
wood decay fungi play a major role (Grove 2002). Wood decay fungi 
are excellent ecosystem engineers, because they directly modulate the 
availability of resources for other functions in the ecosystem (Moore et 
al. 2004). Coarse wood debris  (CWD)  is an  important structural and 
functional component of forest ecosystems (Bütler et al. 2007). It af-
fects soil development, reduces erosion, and stores carbon, nutrients 
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and water. Coarse wood debris supports a wide diversity of organisms, 
comprising mammals, birds, insects, mites, nematodes, bryophytes, li-
chens, fungi, slime moulds and bacteria. Of these, fungi and insects are 
clearly the most species rich groups (Siitonen 2001), and as the most 
important agents of wood decay, fungi can be regarded as a key group 
for the understanding and management of biodiversity associated with 
decaying  wood.  Studies  on  the  fungal  diversity  on  plant  litter  has 
tended to  increase due to  the fact  that  fungi have great potential  in 
industrial and biotechnological applications  (Pointing & Hyde 2001, 
Bills et al. 2002).

A number of studies have claimed that large logs are particularly 
important for fungal biodiversity. Most studies have been on fungi di-
versity on terrestrial wood in temperate regions such as in coniferous 
forests (Lambert et al. 1980, Sollins et al. 1987, Krankina & Harmon 
1995, Temnuhin 1996, Yin 1999, Krankina et al. 1999, Harmon et al. 
2000),  beech  forest  (Fagus sp.):  Heilmann-Clausen  and  Christensen 
2003, 2005) and spruce forests (Picea sp.): Bader et al. 1995, Bredesen 
et al. 1997, Lindbald 1998, Lumley et al. 2000. However, knowledge 
and interest in fungal diversity on plant litter in tropical regions has 
grown  as  these  countries  develop  their  scientific  research  abilities. 
There  have  been  some  studies  of  lignicolous  fungi  from  terrestrial 
wood in the tropical regions, i.e. Avicennia alba and A. lanata: Tan et 
al.  1989,  forest:  Than-ar-sa,  1998,  Sihanonth  et al.  1998,  Chatanon 
2001, Inderbitzin & Berbee 2001, Inderbitzin et al. 2001, Magnoliaceae: 
Kodsueb 2007, Dracaena loureiri and Pandanus sp. (Thongkantha et 
al. 2008).

Several studies of the diversity of wood decay fungi have focused 
on forestry.  In this study we focus on the fungal diversity  in rubber 
tree  plantations.  Rubber  wood  is  a  light  hardwood  of  density  450–
550 kg/m3 whose strength characteristics are comparable to those of 
commercial hardwood of equal density. Rubber wood, however, has no 
distinct heartwood, it contains a large quantity of starch and is non-
durable (Prance 1986). Therefore, rubber wood is readily attacked by 
wood destroying  insects and  fungi. Wood decay  fungi are central  to 
many ecosystem processes including the recycling of nutrients and the 
creation of decay wood habitat in rubber plantation ecosystem.  

Our  study  is  the  first  on  fungi  associated with  rubber  trees  (H. 
brasiliensis) in southern Thailand. There are three categories for stud-
ying fungi associated with rubber trees; on leaf litter, on branch litter 
(1–5 cm diameter) and on wood logs (≥ 10 cm diameter). Fungi on rub-
ber  leaf  litter  in previous studies yielded 493 species of  fungi, while 
497 species of fungi were identified from the decaying branches. In this 
paper the focus is on fungi on fallen logs of H. brasiliensis  (≥ 10 cm 
diameter). The purpose of  this study was to assess  the diversity and 
distribution of saprobic fungi on rubber logs at each stage of decay, 
namely, newly  fallen  logs, middle  stage decaying  logs and old  stage 
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decaying logs, and to evaluate the fungal communities involved in log 
decay at each stage.

Materials and methods

Log samples were collected at four periods in 2010: January, April, 
July  and  October.  Each  sample  which  contained  variously  decayed 
logs was divided into several log groups based on degree of decomposi-
tion and external appearance. The degree of decomposition of log litter 
belonging to the following three groups were used for fungal isolation: 
newly fallen logs, i.e. wood hard and bark present, middle stage decay-
ing logs, i.e. bark absent and the wood softening but still maintaining 
its structural integrity, and old decaying fallen logs, i.e. log soft and 
losing its integrity (Schmit 2005). 

Study sites

The study was conducted at rubber tree plantations comprising H. 
brasiliensis RRIM 600 variety in Nakhon Si Thammarat and Songkhla 
Provinces, both in southern Thailand. Rainfall varied greatly through-
out the year due to the influence of monsoon winds. Nakhon Si Tham-
marat Province is located in the central southern area with a latitude 
of approximately 8o47’–9o00’ N and longitude range of 99o97’–100o04’ 
E. The province has two seasons: the dry season when the weather is 
hot and dry and the rainy season. The dry season is in February – April 
and the rainy season runs from May to January.

Songkhla Province is located on the eastern coast of the southern 
Thailand, at latitudes 6o17’–7o56’ N and longitudes 100o01’–101o06’ E. 
The province has two seasons like Nakhon Si Thammarat, but the dry 
season is from February to the middle of July. Both areas experience 
the highest precipitation in November and the highest temperature in 
May. The total rainfall in 2010 was 2799.40 mm and temperatures av-
eraged about 27.94oC. 

Sampling design

Collections of rubber wood logs were made at two sites in a 25-
year-old  rubber  plantation.    Three  plots were  distributed  on  a  grid 
system of 200 × 200 m and site study was conducted of 50 × 50 m. The 
decomposition study involved collected of material at four periods in 
2010; January, April, July and October. 

The first  collection was made  in  January which was  late  in  the 
rainy season, and the temperature was between 26.6–27.6ºC. The rain-
fall was between 68.3 mm and 175.4 mm. The second collection was 
made during April, in the dry season (“summer”) when the tempera-
ture ranged from 27.2–29.8ºC and no rainfall was recorded.  The third 
collection was in July which is in the early rainy season and the tem-
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perature  range was 27.9–28.2ºC and  the  rainfall was 115.5–132 mm. 
The fourth collection was in October which is in the rainy season, the 
temperature range was 27.1–27.8ºC. The rainfall was 272.2–399 mm.

Logs representing all stages of decay were selected from the fallen 
logs in rubber plantations within 50 m2 at each of the two sites. Logs of 
each stage were placed in separate Ziplock plastic bags and taken to 
the laboratory for treatment within 24 h. 

Identification of fungi

Rubber wood logs were selected during each collection trip about 
72 dead logs. Samples of each stage were randomly collected and re-
turned to the laboratory where they were each separately incubated in 
large  plastic  bags.  The  fungi were  identify,  recorded,  photographed 
and fully described if new. Fungi were identified, based on morpho-
logical characters, using relevant texts and references (e.g. Ellis 1971, 
1976, Barnett & Hunter  1972, Ainsworth  et al.  1973, Ramirez  1982, 
Domsch & Gams 1980, Ellis & Ellis 1997, Kubicek & Harman 1998, 
Kiffer & Morelet  1999, Hyde  et al.  2000,  Tsui & Hyde  2003, Wu & 
Zhuang, 2005, Cai et al. 2006).  

Incubation, observation and isolation of fungi

Logs at each stage of decomposition were collected from the two 
locations. Moist  chamber,  dilution  pour-plate  and  sporocarp  survey 
were used to study the fungi. In the moist chamber technique, all logs 
were cut into 5 cm long sections, in diameter ≥10 cm with bark for ob-
servation and incubated in moistened plastic boxes at room tempera-
ture (28–32 oC). The fungi present on the samples were examined after 
24 h of incubation and examined for up to 30 days. The fungal colonies 
were scraped from the log surface by cellophane tape and mounted on 
slides using lactophenol as the mounting medium. In the case of the 
dilution-pour plate method, 10 g samples of  log  litter were chopped 
with a sterile knife. The samples were added to 100 ml of sterile water, 
and spun with a blender for 3 min. From this initial suspension, 1 ml of 
1 × 10–3 serial dilution was plate pipetted into each of four replicates on 
glucose  ammonium  nitrate  agar  (GANA)  with  streptomycin  sulfate 
(300 µg/ml) which cooled to 45 oC and poured into each Petri dish.  The 
plates were incubated at room temperature for 2–3 days and then ex-
amined for fungal growth. All fungi colonies were recorded once the 
fungi had been cultured and identified. For the sporocarp survey, the 
fruiting bodies visible at  the  surface were examined. The specimens 
were photographed, air-dried and kept in 75% ethyl alcohol. All fruit-
ing bodies were deposited in the Herbarium of the Mushroom Museum 
of the Department of Pest Management, Prince of Songkla University. 
Identification is based on morphological study involving examination 
under stereo and compound microscopes. 
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Definition and statistical analyses

Fungal  species  were  recorded  as  either  present  or  absent  from 
each stage of log decomposition. The number of logs on which fungal 
species was found was designated as the occurrence of a fungus and 
was used to calculate the percentage occurrence of a fungal species in 
logs of each stage of decay, subject to study using the following for-
mula (Pinruan et al. 2007, Kodsueb et al. 2007, 2008a, 2008b, Duong et 
al. 2008). Percentage occurrence of taxon A = (number of log samples 
on which each fungus was detected/ total number of log samples ex-
amined) × 100%. Fungal taxa with a percentage occurrence equal to or 
higher 10% are regarded as one of the dominant species. Fungal spe-
cies diversity at each stage of degradation and each season was calcu-
lated using Shannon-Wiener’s index (H) and Simpson’s index (D).

 The Shannon-Wiener’s index H = –ΣPilnPi, Where Pi is the fre-
quency of  fungal  species  i  occurring on  specific  log  stage or  season. 
Values of the Shannon diversity index for real communities are often 
found to fall between 1 and 6.  Simpson’s index D = 1–Σ [ni/ (ni–1) / N/ 
(N–1)], where ni is the number of individuals of species 1 and N = total 
number of species  in community. The values of this  index range be-
tween 0 and 1. 

Sorensen’s similarity index (S) was applied to compare the simi-
larity of species on logs of different stages and different seasons: S = 
2c/(a+b), where a is the number of species at stage or season A and b is 
the number of species at stage or season B and c is the number of spe-
cies found during both stages or seasons. Similarity is expressed with 
values between 0 (no similarity) and 1 (absolute similarity). 

Results

Fungal taxonomic composition

There were clear differences in the species composition and rich-
ness detected in the three methods used to examine the fungal com-
munities on  rubber  logs. Out of a  total of 461  species  recorded, 407 
fungal taxa (88.09%) were found by moist chamber technique, 40 fun-
gal taxa (8.66%) were detected with sporocarp survey and 19 fungal 
taxa (4.67%) from using the dilution pour-plate technique. Examina-
tion of decaying logs of H. brasiliensis RRIM 600 variety at three stag-
es of decomposition yielded 461 fungal taxa, comprising 384 anamor-
phic taxa, 46 ascomycota and 31 basidiomycota (Tab. 1). 

The fungal community and its changes during the three analogous 
decomposition  stages  (newly  fallen  logs, middle  stage  decaying  logs 
and  old  decaying  fallen  logs)  were  studied.  Fungal  succession  on 
H. brasiliensis logs on the plantation floor i.e. in the fallen logs showed 
differences  in  fungal  composition  between  the  various  decaying  log 
stages and differences due to variation of season.
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A total of 231 species were found in newly fallen logs, 287 species 
were found in middle stage decaying logs and 230 species were found 
in old decaying fallen logs. In both areas, it was found that 51 species 
(35.79%) were overlapping  in newly  fallen  logs,  85  species  (46.68%) 
were overlapping in middle stage decaying logs and 53 species (37.59%) 
were overlapping in old decaying fallen logs.

The 304 fungal taxa were found in Nakhon Si Thammarat Prov-
ince included 255 anamorphic taxa, 35 ascomycota, 14 basidiomycota. 
One hundred and thirty-eight taxa were recorded from newly fallen 
logs,  174  from middle  stage  decaying  logs  and  136  species were  re-
corded from old decaying fallen logs. 

In Songkhla Province, 305 fungal taxa were found including 255 
anamorphic taxa, 23 basidiomycota, 27 ascomycota. One hundred and 
fourty-seven taxa were recorded from newly fallen logs, 189 from mid-
dle stage decaying logs and 146 taxa from old decaying fallen logs. The 
list of taxa from each stage and their dominant fungi with over 10% 
occurrences is shown in Tab 1.

Tab. 1. Occurence (%) of fungi on rubber logs at different stage of composition col-
lected from Nakhon Si Thammarat and Songkhla Provinces.

Taxa

Location

Nakhon Si Thammarat Songkhla

New Middle Old New Middle Old

Ascomycota

Anthostomella formosa 2.08 4.17

Astrosphaeriella sp. 6.25

Bulgaria maxicana  2.08

Chaetomium sp. 2.08

Claussenomyces atrovirens 16.67 2.08

Cookeina tricholoma  4.17

Daldinia escholizii  2.08 2.08

Dothidotthia sp.1 10.42 6.25 10.42

Dothidotthia sp.2 8.33

Eupenicillium sp. 2.08

Gaeumannomyces graminis 2.08 2.08

Geastrum mirabile  4.17

Glomerella cingulata 4.17 2.08

Hyphodiscosia sp. 6.25

Hypocrea pezizoidea  2.08 4.17

Hypocrea rufa 6.25

Hypocrea splendens  2.08 2.08 2.08

Hypoderma sp. 2.08

Hypomyces sp. 2.08
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Taxa

Location

Nakhon Si Thammarat Songkhla

New Middle Old New Middle Old

Hypoxylon sp.1 43.75 29.17 31.25 6.25 8.33 25.00

Hypoxylon sp.2 20.83 25.00 8.33 10.42 8.33 4.17

Hypoxylon sp.3 16.67 31.25 6.25 4.17 2.08

Hypoxylon sp.4 8.33 14.58 10.42 8.33 8.33  

Hypoxylon sp.5 2.08 14.58

Hypoxylon sp.6 8.33

Hypoxylon cohaerens 22.92 12.50 31.25 27.08

Hysterium pulicare 4.17

Kirschsteiniothelia sp. 47.92 22.92 43.75 35.42 47.92 25.00

Leptosphaeria blumeri 4.17

Leptosphaeria darkeri 2.08

Linocarpon sp. 8.33 2.08

Linodochium hyalinum 2.08

Linospora sp. 4.17 2.08 4.17 6.25 8.33

Lophiostoma fuckelii 14.58

Lophiostoma viridarium 2.08 2.08

Nectria ventricosa 2.08

Oedothea vismiae 12.50

Oxydothis sp. 2.08

Pestalosphaeria hansenii 14.58 4.17 20.83 4.17 18.75

Phaeosphaeria sp. 8.33

Thyridaria sambucina 18.75 20.83 22.92 8.33

Trematosphaeria pertusa 2.08 2.08 6.25 4.17

Xylaria sp.1 12.50

Xylaria arbuscula 8.33 2.08

Xylaria cubensis 4.17

Xylaria multiplex 2.08

Basidiomycota

Aleuria aurantia 2.08

Auricularia auricula 4.17 4.17

Auricularia polytricha 4.17

Collybia peronata 2.08

Coriolopsis polyzona 4.17

Corious hirsutus 2.08

Fomitopsis feei 2.08

Ganoderma sp. 4.17

Heterobasidion annosum 6.25

Tab. 1 (Continued). Occurence (%) of fungi on rubber logs at different stage of com-
position collected from Nakhon Si Thammarat and Songkhla Provinces.
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Taxa

Location

Nakhon Si Thammarat Songkhla

New Middle Old New Middle Old

Hexagonia tenuis 6.25 4.17 10.42 2.08 8.32 8.32

Lactarius hygrophorides 2.08

Lentinus squarrosulus 4.17

Lenzites elegan 4.17 2.08 2.08 2.08

Marasmius aurantioferrugineus 2.08

Marasmius pellucidus 2.08

Marasmius pulcherripes 2.08

Marasmius siccus 2.08

Meruliopsis corium 4.17 4.17 10.42

Microporus affinis 4.17

Polyporus sp.1 2.08 2.08

Polyporus sp.2 2.08

Polyporus elegans 4.17

Pycnoporus sanguineus 4.17

Rigidoporus microporus 4.17 2.08

Schizophyllum commune 8.32 12.50 6.17 8.32 10.41 14.58

Trametes flavida 6.25

Trametes fuciformis 4.17

Trametes modesta 2.08 2.08

Trametes scabosa 2.08 2.08 4.17 6.25

Trametes sp. 2.08

Xeromphalina campanella 2.08 4.17

Mitosporic fungi

Acarocybe formosa 35.42 14.58 6.25

Acarocybe hansfordii 18.75 8.33 8.33

Acarocybella jasminicola 8.33

Acladium curtisii 4.17

Acremoniula sp. 2.08

Acremoniula fagi 4.17 2.08

Acremonium sp.1 8.33 2.08

Acremonium sp.2 2.08

Acremonium sp.3 6.25 20.83 6.25

Acremonium alternatum 6.25

Acremonium butyri 12.50 16.67 8.33 4.17

Acremonium cerealis 8.33 12.50

Acremonium fusidioides 2.08 16.67 10.42 10.42 16.67

Acremonium kiliense 8.33 6.25 16.67 6.25 12.50
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Acremonium murorum 8.33

Acremonium rutilum 14.58 4.17

Acremonium strictum 6.25 12.50 12.50

Actinocladium rhodosporum 4.17 10.42 14.58 14.58 8.33

Alternaria dennisii 2.08

Alternaria tenissimum 4.17

Annellophora solani 18.75 37.50

Annellophorella ziziphi 2.08

Aplosporella sp. 16.67

Arthobotrys oligospora 4.17

Arthrinium sp. 8.33 6.25

Arthrinium muelleri 2.08 2.08

Arthrinum paeospermum 2.08

Articulospora tetracladia 8.33 2.08

Aspergillus sp.1* 4.17 4.17 4.17 18.75 12.50 8.33

Aspergillus sp.2 4.17 4.17 4.17 10.42 6.25 16.67

Aspergillus sp.3* 4.17 4.17 4.17 8.33 4.17

Aspergillus sp.4* 2.08 2.08 2.08 4.17 12.50

Aspergillus sp.5 2.08 2.08

Aspergillus sp.6 2.08 2.08

Aspergillus japonigum 14.58

Aspergillus niger 8.33

Bachysporium masonii 18.75

Bactrodesmiella masonii 2.08 6.25 4.17

Bactrodesmium  pallidum 25.00 4.17 4.17 18.75

Bactrodesmium betulicola 50.00 12.50

Bactrodesmium longisporum 6.25

Bactrodesmium masonii 14.58

Bactrodesmium rahmii 87.50 77.08 41.67 45.83 58.33 41.67

Bactrodesmium spilomeum 31.25 20.83 50.00 45.83 16.67

Bactrodesmium traversianum 25.00 10.42

Bahusakala cookei 12.50

Beltraniella fertilis 4.17 8.33

Beltraniella odinae 2.08

Berkleasmium cf. minutissimum 6.25 14.58

Berkleasmium concinnum 8.33 8.33

Berkleasmium grandisporus 6.25
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Berkleasmium leonense 2.08

Bidenticula cannae 6.25 4.17 2.08

Bipolaris sp.1 6.25 10.42 8.33 4.17

Bipolaris sp.2 6.25

Bipolaris australiensis 10.42

Bipolaris biseptata 6.25

Bipolaris cactivora 8.33 6.25

Bipolaris frumentacei 6.25

Bipolaris indica 4.17

Bipolaris japonica 2.08

Bipolaris miyakei 4.17

Bipolaris ravenelii 8.33 8.33

Bipolaris rostrata 4.17

Bipolaris sacchari 4.17

Bispora antennata 6.25 4.17

Bispora catenula 2.08

Botryodiplodia sp. 39.58 47.92 14.58 56.25 35.42 25.00

Botryodiplodia bisbyi 10.42

Brachydesmiella biseptata 8.33 4.17 4.17 16.67

Brachyhelicoon xylogenum 2.08

Brachysporiella gayana 2.08 4.17 10.42 4.17

Brachysporiella laxa 2.08

Brachysporiella turbinata 2.08 6.25

Brachysporium bloxami 4.17

Brachysporium nigrum 4.17

Calospora patanoides 4.17 8.33 4.17

Camarosporium rosea 12.50

Camposporium antennatum 2.08 6.25

Camposporium cambrense 2.08 14.58 6.25 2.08

Canalisporium caribense 6.25 4.17

Cantelabrella musifomis 2.08

Capnobotrys neesii 8.33

Ceratosporella deviata 8.33 2.08

Ceratosporella novae-zalandiae 4.17

Cercospora sp. 8.33 4.17 4.17

Cercospora elaeidis 4.17 10.42 14.58

Cercospora justiciicola 8.33
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Cercospora malayensis 2.08

Chaetochalara bulbosa 2.08

Chalara sp. 4.17 6.25

Chalara elegans 4.17 2.08

Chalaropsis sp.

Chloridiella sp. 6.25 4.17

Chuppia sarcinidera 6.25

Circinotrichum maculiforme 6.25

Cirrenalia pseudomacrocephala 4.17

Cladosporium sp.1 14.58 6.25

Cladosporium sp.2 12.50 12.50

Cladosporium sp.3 6.25

Cladosporium sp.4 6.25

Cladosporium acaciicola 8.33

Cladosporium balladynae 2.08

Cladosporium britannicum 2.08

Cladosporium diaphanum 2.08

Cladosporium elatum* 6.25 10.42 12.50

Cladosporium fulvum 6.25

Cladosporium gynoxidicola 8.33

Cladosporium orchidis 6.25 2.08

Cladosporium psoraleae* 2.08

Cladosporium taurophorum 2.08

Cladosporium tenuissimum 4.17 16.67 4.17 18.75 10.42 25.00

Clasterosporium cocoicola 16.67

Clasterosporium pistaciae 10.42

Colletotrichum sp.* 4.17

Colletotrichum gloeosporioides 2.08

Codinaea sp.1 6.25 6.25

Codinaea  hughesii 4.17

Cordana pauciseptata 4.17

Coronospora dendrocalami 4.17

Corynespora sp. 4.17

Corynespora combreti 8.33

Corynespora foveolata 4.17 25.00

Corynespora kamatii 18.75

Corynespora trichiliae 6.25
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Corynesporopsis quereicola 8.33

Curvularia sp. 6.25 2.08

Curvularia affinis 4.17

Curvularia eragrostidis 4.17

Curvularia geniculata 2.08 2.08

Curvularia inaequalis 14.58

Curvularia lunata* 12.50 6.25 2.08 8.33 14.58

Curvularia pallescens 4.17 4.17 10.42

Curvularia trifolii 2.08

Cylindocladium sp. 4.17

Cylindrotrichum oligospermum 4.17 2.08

Dactylaria sp.1 12.50 6.25 6.25 12.50 20.83

Dactylaria sp.2 12.50 6.25 12.50 2.08 2.08

Dactylaria hyalina 14.58 2.08 4.17 8.33 4.17 6.25

Dactylaria junci 6.25 4.17 4.17 8.33

Dactylella sp. 6.25

Dactylella aquatica 4.17 4.17 8.33

Dactylella ellipsospora 4.17 2.08 2.08 4.17

Dendryphiopsis arbuscula 25.00

Dictyosporium sp. 2.08 6.25

Dictyosporium elegans 6.25

Dictyosporium giganticum 2.08

Dictyosporium manglieliae 12.50 10.42 8.33 12.50

Diplococcium sp.1 12.50

Diploccocium clarkii 16.67

Diploccocium spicatum 14.58 10.42 10.42 2.08 2.08

Diplodia sp. 12.50

Diplodina macrospora 4.17

Domingoella leonensis 8.33 4.17 12.50 4.17 6.25

Duosporium cyperi 6.25

Ellisembia paravaginata 4.17 6.25

Ellisembia vaginata 4.17 10.42 6.25 8.33

Ellisiopsis gallesiae 2.08 2.08

Endophragmia bisbyi 8.33

Endophragmia boewei 6.25

Endophragmia brevis 20.83

Endophragmia cesatii 6.25
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Endophragmia elliptica 2.08

Endophragmia hyalosperma 4.17

Endophragmiella sp. 8.33

Endophragmiella cambrensis 4.17

Entomosporium sp. 2.08

Excipularia narsapurensis 18.75

Exosporiella fungorum 2.08

Exosporium sp. 4.17

Exosporium ramosum 6.25 20.83

Fulvia berkheyae 2.08 4.17 4.17

Fusariella sp. 6.25 10.42

Fusariella concinna 8.33

Fusariella sarniensis 12.50

Fusarium sp.1 6.25 8.33 6.25 6.25 10.42 8.33

Fusarium sp.2 8.33 10.42 8.33 6.25

Fusarium sp.3 10.42 2.08 22.92

Fusarium chlamydosporum 8.33

Fusarium moniliforme 4.17 2.08 6.25

Fusarium oxysporum* 8.32 12.50

Fusarium semitectum 2.08 6.25

Gliomastix murorum 2.08

Gliomastix vegetum 6.25

Gonatophragmium mangiferae 2.08

Graphium calicioides 8.33

Handsfordia nebularis 12.50

Handsfordia biophila 2.08 4.17

Handsfordia ovalispora 6.25 4.17

Helicoma dennisii 2.08

Helicoma mulleri 2.08

Helicomyces roseum 2.08 8.33 6.25

Helicomyces scandens 4.17

Helicoon auratum 2.08

Helicosporium sp. 2.08

Helicosporium aureum 2.08 6.25 2.08

Helicosporium elatum 2.08

Helicosporium vegetum 10.42 4.17

Helicostylum piriforme 2.08
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Helminthosporium acaciae 8.33

Helminthosporium velutinum 6.25

Hemibeltrania cinnamomi 4.17

Hemicorynespora deightonii 2.08

Hemicorynespora mitrata 4.17

Henicospora coronata 6.25 8.33 4.17

Heteroconium solaninum 20.83

Hirudinaria macrospora 2.08

Hormiactis candida 8.33 8.33

Humicola grisea 2.08 4.17 2.08

Hyphodiscosia jaipurensis 8.33 6.25

Idriella lunata 18.75 4.17

Janetia euphorbiae 2.08

Lasiodiplodia cf. theobromae 37.50 60.42 22.92 35.42 50.00 33.33

Leptodiscella africana 2.08 6.25 6.25

Macrodiplodiopsis sp. 14.58

Megalodochium elaedis 8.33

Menispora sp. 2.08 2.08

Menispora manitobaensis 2.08 10.42 2.08

Molowia basicola 2.08

Monacrosporium sp. 4.17

Monacrosporium psychrophilum 8.33

Monilia sp. 2.08 2.08

Moorella speciosa 4.17

Mycoleptodiscus indicus 6.25

Myrothecium roridum 4.17

Nawawia filiformis 4.17

Nigrospora sphaerica 18.75 6.25 25.00 25.00 29.17 18.75

Paecilomyces sp.* 8.33 6.25 8.34 4.17

Paecilomyces lilancinus 2.08

Panchanania jaipurensis 6.25

Parapleurotheciopsis sp. 2.08

Parapyricularia musea 4.17 10.42

Parasympodiella podocarpi 4.17 2.08 6.25

Paratomenticola lanceolatus 18.75 22.92 50.00 18.75 14.58 14.58

Paratrichoconis chinensis 6.25 16.67 14.58 8.33

Penicillium sp.1* 6.25 8.33 27.08 25.00 10.42
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Penicillium sp.2 2.08 2.08 6.25 20.83 12.50

Penicillium sp.3 8.33 8.33 16.67 16.67

Penicillium sp.4 4.17 6.25 14.58

Penicillium sp.5 4.17 6.25 10.42 6.25

Penicillium sp.6 10.42

Periconia sp. 4.17 10.42 6.25

Pestalotiopsis sp.1* 8.33 6.25 10.42 6.25 4.17 4.17

Pestalotiopsis sp.2* 8.33 4.17 6.24

Pestalotiopsis disseminata* 6.25 4.17

Pestalotiopsis sydowiana 4.17

Phaeoisaria sparsa 2.08 2.08

Phaeoisariopsis cercosporioides 8.33 16.67 6.25

Phaeoramularia leeae 20.83

Phaeoramularia marmorata 10.42 37.50 58.33 8.33

Phialophora bubakii 4.17

Phoma sp. 4.17

Phomopsis sp. 4.17

Pithomyces graminicola 6.25

Pleurophragmium acutum 12.50 8.33 18.75

Pleurophragmium simplex 8.33

Pleurophragmium tritici 2.08

Pleurotheciopsis pusilla 6.25

Polyscytalina grisea 8.33

Pseudobeltrania cedrelae 4.17 4.17

Pseudobeltrania macrospora 8.33

Pseudobotrytis terrestris 8.33 6.25

Pseudocercospora terminaliae 2.08

Pseudocerospora helleri 2.08

Pseudospiropes sp. 4.17

Pseudospiropes hughesii 2.08 12.50 18.75 14.58

Pseudospiropes obclavatus 16.67 4.17

Pyriculariopsis parasitica 27.08 27.08

Rhinocladiella sp. 6.25 6.25 4.17

Saccardaea atra 6.25

Schizotrichum lobeliae 2.08

Scolecobasidiella avellanea 12.50 10.42 35.42 10.42 18.75 4.17

Scolecobasidium acanthacearum 12.50
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Scolecobasidium arenarium 12.50

Scolecobasidium compactum 8.33 20.83

Scolecobasidium salinum 18.75 2.08

Scutellinia scutellata 4.17

Septonema fasciculare 4.17 6.25 14.58 18.75 12.50

Septonema secedens 12.50

Sirosporium antenniforme 4.17

Sirosporium carissae 4.17

Sirosporium mori 6.25

Spadicoides afzeliae 27.08

Spegazzinia lobulata 18.75

Spegazzinia sundara 2.08

Spiropes sp. 8.33

Spiropes capensis 4.17

Speiropsis hyalospora 4.17 6.25 2.08

Speiropsis pecatospora 29.17

Spondylocladiella botrytioides 14.58 10.42 8.33

Sporidesmium sp.1 4.17 16.67

Sporidesmium sp.2 6.25

Sporidesmium australiense 6.25 6.25

Sporidesmium bambusicola 2.08

Sporidesmium bonarii 25.00

Sporidesmium cladii 12.50

Sporidesmium dioscoreae 25.00

Sporidesmium ehrenbergii 14.58 12.50

Sporidesmium flagellatum 66.67 27.08 66.67 6.25 16.67 25.00

Sporidesmium folliculatum 6.25

Sporidesmium fusiforme 8.33

Sporidesmium ghanaense 8.33

Sporidesmium harknessii 39.58 22.92 33.33

Sporidesmium hormiscioides 10.42

Sporidesmium jaipurensis 6.25

Sporidesmium jasminicola 14.58 10.42 18.75 12.50

Sporidesmium larvatum 22.92 16.67

Sporidesmium leptosporum 14.58 20.83

Sporidesmium longirostratum 35.42 8.33 6.25

Sporidesmium obclavatum 14.58

Tab. 1 (Continued). Occurence (%) of fungi on rubber logs at different stage of com-
position collected from Nakhon Si Thammarat and Songkhla Provinces.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



265

Taxa

Location

Nakhon Si Thammarat Songkhla

New Middle Old New Middle Old

Sporidesmium paludosum 2.08

Sporidesmium penzigii 20.83 14.58 8.33

Sporidesmium raphiae 6.25

Sporidesmium rubi 10.42 8.33

Sporidesmium socium 2.08

Sporoschisma uniseptatum 10.42 2.08 2.08

Sporoschismopsis sp.1 8.33 10.41

Sporoschismopsis sp.2 41.67 22.92

Staphylotrichum sp. 10.42

Staphylotrichum coccosporum 10.42 4.17

Stemphyliomma valparadisiacum 4.17

Stenella pithecellobii 6.25 2.08 8.33

Stigmina celata 4.17 2.08

Stigmina crotonicola 6.25

Stigmina fici 6.25

Stigmina hartigiana 6.25 8.33

Stigmina kranzii 8.33

Stigmina murrayae 6.25

Stigmina rauvolfiae 6.25

Stigmina sapii 4.17

Stigmina thermopsidis 8.33

Stigmina triumfettae 8.33

Subulispora sp. 6.25

Subulispora procurvuta 8.33 4.17

Sympodiella acicola 6.25

Taeniolella alta 4.17

Taeniolella breviuscula 25.00 6.25

Taeniolella exilis 8.33

Taeniolella sp. 10.42

Taeniolella scripta 18.75 20.83 6.25

Teratosperma singulare 2.08

Tetracrium amphibium 2.08 8.33

Tetraploa aristata 8.33 8.33 6.25 4.17 8.33

Tetraposporium asterinearum 4.17 4.17 2.08

Tetraposporium sp. 4.17 4.17 2.08 6.25 12.50

Tomenticola trematis 14.58

Torula sp. 6.25 6.25 10.42
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Torula ellisii 6.25 4.17
Torula herbarum 12.50 4.17 39.58 25.00 20.83 16.67
Triadelphia heterospora 4.17 6.25
Triadelphia inquinans 2.08
Trichoderma sp.1* 4.17 14.58 16.67 4.17 10.42
Trichoderma sp.2 8.33 8.33 12.50
Trichoderma sp.3 10.42 8.33 8.33
Trichoderma atroviride* 14.58 12.50 14.58 4.17 8.33 14.58
Trichoderma aureoviride* 16.67 8.33 14.58 4.17 2.08
Trichoderma hamatum* 4.17 12.50
Trichoderma harzianum* 10.42 27.08 8.33 8.33 2.08 14.58
Trichoderma virens* 8.33 4.17 8.33
Trichoderma viride* 8.33 2.08 2.08 8.33
Trichothecium sp. 10.42
Tricladium sp. 2.08 8.33
Tricladium fuscum 4.17 2.08 2.08
Tridentaria implicans 2.08
Trimmatostroma betulinum 6.25 2.08
Trimmatostroma salicis 2.08
Tripospermum myrti 8.33 2.08 8.33 8.33
Triscelophorus panapensis 4.17 8.33
Trochophora simplex 4.17
Tubercularia vulgaris 8.33
Ulocladium alternariae 4.17
Veronaea apiculata 4.17
Veronaea carlinae 14.58 8.33 16.67 4.17 16.67 18.75
Veronaea coprophila 22.92 12.50 14.58 10.42 14.58 12.50
Veronaea musae 12.50 2.08 2.08
Veronaea parvispora 4.17 6.25
Verticillium dahliae 6.25
Virgaria nigra 4.17 12.50
Wiesneriomyces javanicus 6.25 2.08 6.25 4.17
Xenosporium indicum 4.17 4.17
Xenosporium larvale 4.17
Ypsilonia sp. 2.08
Zanclospora novae-zelandiae 4.17 4.17
Zygosporium gibbum 8.33 2.08
Total number of species 
recorded at each stage

 
138.00

 
174.00

 
136.00

 
147.00

 
189.00

 
146.00

* Isolated from dilution pour-plate.
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Twenty-three  taxa  were  common  to  both  provinces  and  to  all 
stages of decomposition including, Aspergillus sp.1, Aspergillus sp.2, 
Bactrodesmium rahmii, Botryodiplodia sp., Cladosporium tenuissi-
mum, Dactylaria hyalina, Fusarium sp.1, Hexagonia tenuis, Hypoxy-
lon  sp.1,  Hypoxylon  sp.2, Kirschsteiniothelia  sp.,  Lasiodiplodia cf. 
theobromae, Nigrospora sphaerica, Paratomenticola lanceolatus, Pes-
talotiopsis sp.1, Schizophyllum commune, Scolecobasidiella avellanea, 
Sporidesmium flagellatum, Torula herbarum, Trichoderma atroviride, 
T. harzianum, Veronaea coprophila and Veronaea carlinae. Fourty-
three  taxa were  found  in  all  stages  of  decomposition  in Nakhon  Si 
Thammarat Province. In addition, 52 taxa were found at all stages of 
decomposition in Songkhla Province. 

Species richness and the dominant fungi

The  taxa and  their percentage occurrence are  listed  in Table  1. 
Anamorphic  fungi  (384  taxa) were  the dominant group,  followed by 
ascomycota (46 taxa) and basidiomycota (31 taxa). Six species, Bac-
trodesmium rahmii,  Botryodiplodia sp.,  Kirschsteiniothelia sp., La-
siodiplodia  cf.  theobromae,  Paratomenticola lanceolatus  and  Vero-
naea coprophila  were  dominant  fungi  found  at  all  decomposition 
stages.  The  dominant  fungi  on  the  rubber  logs,  with  over  10%  oc-
currence  at  each  stage  of  decomposition  and  in  each  season  in Na-
khon  Si  Thammarat  and  Songkhla  provinces  are  shown  in  Tab.  2 
and 3. 

The number of dominant taxon during the late rainy season, dry 
season, early rainy season and rainy season in Nakhon Si Thammarat 
Province was 18, 15, 14 and 7 taxa respectively (Tab. 2). In addition, 
the result obtained in Songkhla Province corresponded to the results 
from Nakhon Si Thammarat province. In Songkhla Province, 18, 13, 7 
and 6  taxa were  found on  late  rainy  season, dry  season,  early  rainy 
season and rainy season. respectively (Tab. 3). 

In this study, nine taxa were common species in Nakhon Si Tham-
marat Province  found  all  season  and  to  all  stages  of  decomposition 
including, Bactrodesmium rahmii, Hypoxylon sp.1, Hypoxylon  sp.4, 
Lasiodiplodia cf. theobremae, Kirschstheniothelia sp., Sporidesmium 
flagellatum, Sporidesmium harknessii, Trichoderma harzianum, Tri-
choderma sp.1. In addition, 6 taxa were common species in Songkhla 
Province  found  in all  seasons and at all  stages of decomposition  in-
cluding, Bactrodesmium rahmii, Bactrodesmium spilomeum, Botryo-
diplodia sp., Kirschsteiniothelia sp., Penicillium sp.1 and Torula her-
barum.  Finally,  Bactrodesmium rahmii  and  Kirschsteiniothelia  sp. 
were common to both provinces. One species, Bactrodesmium rahmii 
was dominant species in all seasons and at all stages of wood log de-
composition. 

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



268

T
ab

. 
2.

 D
om

in
an

t 
fu

n
gi

 f
ou

n
d
 o

n
 r

u
b
b
er

 l
og

s 
w

it
h
 o

ve
r 

10
%

 o
f 
oc

cu
rr

en
ce

 a
t 
ea

ch
 s

ta
ge

 o
f 
d
ec

om
p
os

it
io

n
 a

n
d
 e

ac
h
 s

ea
so

n
 i
n
 N

ak
h
on

 S
i 

T
h
am

m
ar

at
 P

ro
vi

n
ce

.

S
ea

so
n

D
ec

om
p

os
it

io
n

 s
ta

ge

N
ew

*
M

id
d

le
*

O
ld

*

L
at

e 
ra

in
y 

se
as

on
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii
A

n
n

el
lo

p
h

or
a 

so
la

n
i

A
p

lo
sp

or
el

la
 s
p
.

B
ot

ry
od

ip
lo

d
ia

 s
p
.

B
ac

tr
od

es
m

iu
m

 r
ah

m
ii

H
yp

ox
yl

on
 s
p
.1

H
yp

ox
yl

on
 s
p
.1

B
ot

ry
od

ip
lo

d
ia

 s
p
.

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

S
p

or
id

es
m

iu
m

 f
la

ge
ll

at
u

m
C

la
d

os
p

or
iu

m
 t

en
u

is
si

m
u

m
P

ar
at

om
en

ti
co

la
 l

an
ce

ol
at

u
s

S
p

or
id

es
m

iu
m

 l
on

gi
ro

st
ra

tu
m

C
la

st
er

os
p

or
iu

m
 c

oc
oi

co
la

P
le

u
op

h
ra

gm
iu

m
 a

cu
tu

m

V
er

on
ae

a 
co

p
ro

p
h

il
a

C
or

yn
es

p
or

a 
fo

ve
ol

at
a

S
co

le
co

ba
si

d
ie

ll
a 

av
el

la
n

ea

H
yp

ox
yl

on
 s
p
.1

S
p

or
id

es
m

iu
m

 f
la

ge
ll

at
u

m

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

T
or

u
la

 h
er

ba
ru

m

D
ry

 s
ea

so
n

B
ac

tr
od

es
m

iu
m

 r
ah

m
ii

A
n

n
el

lo
p

h
or

el
la

 z
iz

ip
h

i
K

ir
sc

h
st

ei
n

io
th

el
ia

  s
p
.

B
ot

ry
od

ip
lo

d
ia

 s
p
.

B
ac

tr
od

es
m

iu
m

 r
ah

m
ii

P
ar

at
ri

ch
oc

on
is

 c
h

in
en

si
s

C
u

rv
u

la
ri

a 
lu

n
at

a
B

ac
tr

od
es

m
iu

m
 s

p
il

om
eu

m
S

p
or

id
es

m
iu

m
 f

la
ge

ll
at

u
m

D
ip

lo
cc

oc
iu

m
 s

p
ic

at
u

m
B

ot
ry

od
ip

lo
d

ia
 s
p
.

T
or

u
la

 h
er

ba
ru

m

H
yp

ox
yl

on
 s
p
.1

H
yp

ox
yl

on
 s
p
.1

K
ir

sc
h

st
ei

n
io

th
el

ia
  s

p
.

H
yp

ox
yl

on
 s
p
.3

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

S
p

or
id

es
m

iu
m

 f
la

ge
ll

at
u

m
P

es
ta

lo
sp

h
ae

ri
a 

h
an

se
n

ii

S
p

or
id

es
m

iu
m

 h
ar

k
n

es
si

i

E
ar

ly
 r
ai

n
y 

se
as

on
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii
A

cr
em

on
iu

m
 f

u
si

d
io

id
es

B
ac

tr
od

es
m

iu
m

 r
ah

m
ii

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

B
ac

tr
od

es
m

iu
m

 r
ah

m
ii

N
ig

ro
sp

or
a 

sp
h

ae
ri

ca

N
ig

ro
sp

or
a 

sp
h

ae
ri

ca
B

ac
tr

od
es

m
iu

m
 s

p
il

om
eu

m
P

ar
at

om
en

ti
co

la
 l

an
ce

ol
at

u
s

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



269

S
ea

so
n

D
ec

om
p

os
it

io
n

 s
ta

ge

N
ew

*
M

id
d

le
*

O
ld

*

S
p

or
id

es
m

iu
m

 h
ar

k
n

es
si

i
B

ot
ry

od
ip

lo
d

ia
 s
p
.

S
co

le
co

ba
si

d
ie

ll
a 

av
el

la
n

ea

S
p

or
id

es
m

iu
m

 l
on

gi
ro

st
ra

tu
m

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

S
p

or
id

es
m

iu
m

 h
ar

k
n

es
si

i

P
ar

at
om

en
ti

co
la

 l
an

ce
ol

at
u

s
S

p
or

id
es

m
iu

m
  l

ep
to

sp
or

u
m

S
co

le
co

ba
si

d
iu

m
 a

ca
n

th
ac

ea
ru

m

S
p

or
id

es
m

iu
m

 l
ar

va
tu

m

R
ai

n
y 

se
as

on
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii

K
ir

sc
h

st
ei

n
io

th
el

ia
 s
p
.

S
p

or
id

es
m

iu
m

 f
la

ge
ll

at
u

m
H

yp
ox

yl
on

 s
p
.1

S
p

or
id

es
m

iu
m

 f
la

ge
ll

at
u

m
K

ir
sc

h
st

ei
n

io
th

el
ia

 s
p
.

S
p

or
id

es
m

iu
m

 h
ar

k
n

es
si

i
P

ar
at

om
en

ti
co

la
 l

an
ce

ol
at

u
s

S
p

or
id

es
m

iu
m

 f
la

ge
ll

at
u

m

T
h

yr
id

ar
ia

 s
am

bu
ci

n
a

* 
N

ew
ly

 f
al

le
n
 l
og

s,
 m

id
d
le

 s
ta

ge
 d

ec
ay

in
g 

lo
gs

 a
n
d
 o

ld
 d

ec
ay

in
g 

fa
ll
en

 l
og

s.

T
ab

. 
2 

(C
on

ti
n

u
ed

).
 D

om
in

an
t 
fu

n
gi

 f
ou

n
d
 o

n
 r

u
b
b
er

 l
og

s 
w

it
h
 o

ve
r 

10
%

 o
f 
oc

cu
rr

en
ce

 a
t 
ea

ch
 s

ta
ge

 o
f 
d
ec

om
p
os

it
io

n
 a

n
d
 e

ac
h
 s

ea
so

n
 i
n
 

N
ak

h
on

 S
i 
T
h
am

m
ar

at
 P

ro
vi

n
ce

.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



270

T
ab

. 3
. D

om
in

an
t 
fu

n
gi

 f
ou

n
d
 o

n
 r
u
b
b
er

  l
og

s 
w

it
h
 o

ve
r 
10

%
 o

f 
oc

cu
rr

en
ce

 a
t 
ea

ch
 s
ta

te
 o

f 
d
ec

om
p
os

it
io

n
 a

n
d
 e
ac

h
 s
ea

so
n
 i
n
 S

on
gk

h
la

 P
ro

v-
in

ce
.

S
ea

so
n

D
ec

om
p

os
it

io
n

 s
ta

ge

N
ew

*
M

id
d

le
*

O
ld

*

L
at

e 
ra

in
y 

se
as

on
A

ca
ro

cy
be

 f
or

m
os

a
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii

A
ca

ro
cy

be
 h

an
sf

or
d

ii
B

ac
tr

od
es

m
iu

m
 s

p
il

om
eu

m

B
ac

tr
od

es
m

iu
m

 b
et

u
li

co
la

D
ip

lo
cc

oc
iu

m
 c

la
rk

ii

B
ac

tr
od

es
m

iu
m

 r
ah

m
ii

H
yp

ox
yl

on
 c

oh
ae

re
n

s

B
ac

tr
od

es
m

iu
m

 s
p

il
om

eu
m

K
ir

sc
h

st
ei

n
io

th
el

ia
 s
p
.

B
ot

ry
od

ip
lo

d
ia

 s
p
.

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

K
ir

sc
h

st
ei

n
io

th
el

ia
 s
p
.

P
h

ae
or

am
u

la
ri

a 
m

ar
m

or
at

a

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

P
se

u
d

os
p

ir
op

es
 h

u
gh

es
ii

P
es

ta
lo

sp
h

ae
ri

a 
h

an
se

n
ii

S
cl

ec
ob

as
id

ie
ll

a 
av

el
la

n
ea

P
h

ae
or

am
u

la
ri

a 
h

an
se

n
ii

S
p

ad
ic

oi
d

es
 a

fz
el

ia
e

S
ta

p
h

yl
ot

ri
ch

u
m

 s
p
.

T
or

u
la

 h
er

ba
ru

m

D
ry

 s
ea

so
n

A
sp

er
gi

ll
u

s 
sp

.1
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii

B
ac

tr
od

es
m

iu
m

 r
ah

m
ii

B
ac

tr
od

es
m

iu
m

 s
p

il
om

eu
m

C
la

d
os

p
or

iu
m

 t
en

u
is

si
m

u
m

H
yp

ox
yl

on
 c

oh
ae

re
n

s

N
ig

ro
sp

or
a 

sp
h

ae
ri

ca
K

ir
sc

h
st

ei
n

io
th

el
ia

 s
p
.

P
en

ic
il

li
u

m
 s
p
.1

L
as

io
d

ip
lo

d
ia

 c
f.

 t
h

eo
br

om
ae

S
p

or
os

ch
is

m
op

si
s 
sp

.2
N

ig
ro

sp
or

a 
sp

h
ae

ri
ca

P
en

ic
il

li
u

m
 s
p
.1

P
h

ae
or

am
u

la
ri

a 
m

ar
m

or
at

a

S
p

ad
ic

oi
d

es
 a

fz
el

ia
e

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



271

T
ab

. 
3 

(C
on

ti
n

u
ed

).
 D

om
in

an
t 
fu

n
gi

 f
ou

n
d
 o

n
 r

u
b
b
er

 l
og

s 
w

it
h
 o

ve
r 

10
%

 o
f 
oc

cu
rr

en
ce

 a
t 
ea

ch
 s

ta
te

 o
f 
d
ec

om
p
os

it
io

n
 a

n
d
 e

ac
h
 s

ea
so

n
 i
n
 

S
on

gk
h
la

 P
ro

vi
n
ce

.

S
ea

so
n

D
ec

om
p

os
it

io
n

 s
ta

ge

N
ew

*
M

id
d

le
*

O
ld

*

E
ar

ly
 r
ai

n
y 

se
as

on
A

cr
em

on
iu

m
 b

u
ty

ri
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii

B
ac

tr
od

es
m

iu
m

 r
ah

m
ii

B
ac

tr
od

es
m

iu
m

 s
p

il
om

eu
m

B
ac

tr
od

es
m

iu
m

 s
p

il
om

eu
m

B
ot

ry
od

ip
lo

d
ia

 s
p
.

P
yr

ic
u

la
ri

op
si

s 
p

ar
as

it
ic

a

S
p

or
os

ch
is

m
op

si
s 
sp

.2

T
or

u
la

 h
er

ba
ru

m

R
ai

n
y 

se
as

on
B

ac
tr

od
es

m
iu

m
 b

et
u

li
co

la
B

ac
tr

od
es

m
iu

m
 r

ah
m

ii

B
ot

ry
od

ip
lo

d
ia

 s
p
.

B
ot

ry
od

ip
lo

d
ia

 s
p
.

K
ir

sc
h

st
ei

n
io

th
el

ia
 s
p
.

P
h

ae
ro

ra
m

u
la

ri
a 

m
ar

m
or

at
a

S
p

or
os

ch
is

m
op

si
s 
sp

.2

* 
N

ew
ly

 fa
lle

n 
lo

gs
, m

id
dl

e 
st

ag
e 

de
ca

yi
ng

 lo
gs

 a
nd

 o
ld

 d
ec

ay
in

g 
fa

lle
n 

lo
gs

.

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



272

Fungal diversity and abundance of fungi

Communities of fungal taxa at different stages of decay of rubber 
logs were  distinct.  The  number  of  taxa  recorded  from middle  stage 
decaying logs tended to be higher than on new and old decaying fallen 
logs. The number of taxa found on middle stage decaying logs in Na-
khon Si Thammarat were 174 taxa, 138 taxa found on the newly fallen 
logs and 136 taxa found on the old decaying fallen logs. The result ob-
tained in Songkhla Province corresponded to the results from Nakhon 
Si Thammarat province. In Songkhla Province, 189 taxa were found on 
the middle stage decaying logs, 147 taxa were found on newly fallen 
logs and 146 taxa were found on the old decaying fallen logs (Tab. 4).

 The similarity of fungal communities associated with rubber logs 
at each different stage of decay were the most similar during the mid-
dle and old stage (44.37% in Nakhon Si Thammarat Province, 48.96% 
in Songkhla Province). The newly fallen logs and the old decaying fall-
en logs were the least similar (39.27% in Nakhon Si Thammarat Prov-
ince, 44.37% in Songkhla Province) (Tab. 5).

Fungal communities in different seasons

The results  for  the  fungal  taxa found  in Nakhon Si Thammarat 
Province were that 275 taxa were recorded during the dry season,  260, 
257 and 206 taxa during the late rainy season, early rainy season, and 
rainy season, respectively (Tab. 6). 

For  the  fungal  taxa  that were  found  in Songkhla Province,  the 
results are similar to the results from Nakhon Si Thammarat Province. 
Two hundred and ninety-seven fungal taxa were recorded in the dry 
season, 291, 280 and 223 taxa were recorded during the late rainy sea-
son, early rainy season and rainy season, respectively (Tab. 6). 

The similarity of fungi associated with rubber logs during the dif-
ferent seasons was investigated. The most similar were during the ear-
ly rainy season and during the dry season (50.09% in Nakhon Si Tham-
marat  Province,  43.67%  in  Songkhla  Province)  and  during  the  late 

Tab. 4. Diversity indices of saprobic fungi on rubber logs at different  stage of de-
composition.

Decomposition 
stage

Location

Nakhon Si Thammarat Songkhla

No. of 
species

Index 
(D)

Index 
(H)

No. of 
species

Index 
(D)

Index 
(H)

New*

Middle*

Old*

138

174

136

0.9846

0.9887

0.9845

4.4530

4.4743

4.4502

147

189

146

0.9873

0.9886

0.9804

4.6982

4.7887

4.6294

* Newly fallen logs, middle stage decaying logs and old decaying fallen logs.
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Tab. 5. Indices of similarity of fungi associated with different stages of decomposi-
tion.

Location

Nakhon Si Thammarat Songkhla

New Middle Old New Middle Old

New*

Middle*

Old*

0.4038 0.3927

0.4437

0.4762 0.4437

0.4896

* Newly fallen logs, middle stage decaying logs and old decaying fallen logs.

Tab. 6. Diversity indices of saprobic fungi on rubber logs in the late rainy season: 
January, dry season: April, early rainy season: July and rainy season: October.

Location/season
No. of fungi (species)

Total
Index 

(D)
Index 

(H)New* Middle* Old*

Nakhon Si Thammarat

Late rainy season

Dry season

Early rainy season

Rainy season

Songkhla

Late rainy season

Dry season

Early rainy season

Rainy season

85

88

77

62

96

99

86

72

103

107

104

85

99

103

108

91

72

80

76

59

96

95

86

60

260

275

257

206

291

297

280

223

0.9961

0.9963

0.9956

0.9954

0.9955

0.9958

0.9952

0.9939

5.4206

5.4385

5.1241

5.0339

5.3208

5.3753

5.2820

5.0318

* Newly fallen logs, middle stage decaying logs and old decaying fallen logs.

Tab. 7. Indices of similarity of fungi associated with rubber logs versus season, late 
rainy season: January, dry season: April, early rainy season: July and rainy season: 
October.

Season

Nakhon Si Thammarat Songkhla

Late 
rainy 

season

Dry 
season

Early 
rainy 

season

Rainy 
season

Late 
rainy 

season

Dry 
season

Early 
rainy 

season

Rainy 
season

Late rainy season

Dry season

Early rainy season

Rainy season

0.4925 0.3946

0.5009

0.3476

0.4033

0.4147

0.4354 0.4028

0.4367

0.3774

0.4307

0.4414

rainy season and during the rainy season were the least similar fungi 
(34.76% in Nakhon Si Thammarat Province, 37.74% in Songkhla Prov-
ince) (Tab. 7).
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Discussion

Fungal diversity and colonization

This study represents one of the small number of studies to inves-
tigate the fungi occurring on decaying terrestrial wood logs in tropical 
regions and is the first study to address fungal diversity on H. brasil-
iensis wood logs in Thailand.  Studies of fungi on terrestrial wood be-
gan  in 1902  (Schumacher 1982). Recently studies of  fungi on woody 
plant debris include those of Sihanonth et al. (1998), Chatanon (2001), 
Promputtha et al. (2004) and Kodsueb (2007) However, information of 
terrestrial lignicolous fungi is still poorly understood and need further 
study. Most studies fungi on decaying wood have been on unidentified 
terrestrial wood. This study focused on the fungal diversity on terres-
trial rubber wood logs (≥10 cm diameter). 

The fungal diversity on decaying logs of H. brasiliensis involved 
the identification of 461 species. The present study demonstrated a rich 
fungal diversity compared to that previously reported for fungi on de-
caying terrestrial wood logs. For instance, Huhndorf & Lodge (1997) 
found 157 taxa; Crites & Dale (1998): 19 taxa; Nordén & Paltto (2001): 
140 taxa; Schmit (2005): 207 taxa; Küffer et al. (2008): 59 taxa; Ódor et 
al. (2006): 161 taxa and Iršėnaitė & Kutorga (2006): 203 taxa. In addi-
tion, when compared to the fungi on submerged wood; Tan et al. (1989) 
were found 20 taxa; Ho (1998): 222 taxa; Tsui (1999): 300 taxa; Sivichai 
et al. (2002): 58 taxa; Ho et al. (2002): 155 taxa; Maria & Shidhar (2004): 
37 taxa and Van Ryckegem & Verbeken (2005): 46 taxa. The number of 
species recorded here is much larger.

Microfungi growing in decomposing plant debris are mostly veg-
etative  or  asexual  (anamorph)  reproducing  states  of  ascomycetes. 
Three hundred and eighty four anamorphic fungi were recorded, com-
prising 226 taxa found on middle stage decaying logs, 206 taxa found 
on newly fallen logs and 199 taxa found in old decaying fallen logs. 
Fourty-six  ascomycota  were  recorded  including,  23  taxa  found  on 
newly fallen logs, 29 taxa found in middle stage decaying logs and 24 
taxa found in old decaying fallen logs. Fourty-six basidiomycota were 
recorded, comprising 4 taxa found on newly fallen logs, 30 taxa found 
in middle stage decaying logs and 8 taxa found in old decaying fallen 
logs In this study anamorphic fungi were the dominant group and this 
is also in agreement with previous studies. Kodsueb et al. (2008) stud-
ied fungi on woody litter of Magnolia liliifera and Michelia baillonii 
and identified 239 fungal taxa comprising 143 anamorphic fungi, 92 
ascomycetes and four basidiomycetes.

The fungal community structure and changes during three analo-
gous decomposition stages  (newly  fallen  logs, middle stage decaying 
logs and old decaying fallen logs) were studied. The results are similar 
to  those  found while  investigating  fungi  on  rubber  leaf  liter  (Seep-
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hueak et al. 2010) and branch litter (Seephueak et al. 2011) in previous 
studies, except that number of taxa on leaf and branch litter was high-
er than on logs. Boddy (1986) and Kodsueb et al. (2008a) reported that 
the higher diversity of fungi on woody litter may result from the long-
er decomposition period of wood when compared with that of leaves 
and woody litter (Küffer et al., 2008). Fungi have competitive abilities; 
they can grow successfully on wood along side other taxa or may dom-
inate (Shearer 1992, Fryar et al. 2004). Generally, the composition of 
wood is quite different from other plant litter (i.e. leaves), with woody 
litter having high lignocellulose content and low nitrogen content so 
that few groups of fungi process the required enzymatic capabilities to 
digest wood  (Singh 1982, Zare-Mairan & Shearer 1988, Abdullah & 
Taj-Aldee 1989, Wong et al. 1998, Bucher et al. 2004). However,  the 
factors that rule certain saprobes to occur regularly or uniquely on a 
host are poorly understood (Zhou & Hyde 2001). 

This  is similar  to the succession studies on rubber wood logs as 
according to Küffer et al. (2008), Schmit (2005), Heilmann-Clausen & 
Christensen (2003) studies fungi succession on wood logs showed that 
three distinct succession communities; the pioneer communities, ma-
ture communities and impoverished communities. The number of fun-
gal species was highest during the mature community of wood decom-
position than during either the pioneer community and the impover-
ished  community, when  the  diversity  and  number  of  taxa  decrease. 
Heilmann-Clausen & Christensen (2003) explained that, logs in inter-
mediate stages of decay are most species rich and support the highest 
number species. Moreover, complex logs which have branches or twigs 
are more species rich than unforked logs with equal diameter  (Heil-
mann-Clausen & Christensen 2003).

In this study, three methodologies were use to study fungal diver-
sity on fallen rubber logs; a moist chamber technique, a dilution pour-
plate technique and a sporocarp survey. Four hundred and seven fun-
gal taxa were recorded from the moist chamber technique, 40 taxa re-
corded by sporocarp survey and 19 taxa recorded from dilution pour-
plate.  In this study, the moist chamber is one of the best techniques for 
revealing fungi on fallen logs according to previous studies (Huhndorf 
& Lodge 1997, Crites & Dale 1998, Kodsueb 2007). 

Diameter and decomposition stage

Previous  studies  defined  three  woody  debris  categories:  coarse 
woody debris, CWD (≥ 10 cm diameter), fine woody debris, FWD (5–
9 cm diameter) and the very fine woody debris, VFWD (<5 cm diame-
ter) (Küffer et al. 2008). However, in the present study, fungal diver-
sity on woody  rubber  tree,  the category  limits are  confined  to wood 
logs (≥10 cm diameter). The assumption is the large woody debris and 
small woody debris support different fungal communities. In previous 
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studies, 497 fungal taxa were recorded on branch litter, while 461 taxa 
were found on wood logs. The importance of very small branches for 
fungal growth and fruiting were hitherto largely underestimated. They 
may have been simply overlooked or not taken into consideration. They 
have a low potential as a nutrient source for fungi and in addition an 
unfavorable surface-volume ratio, i.e. rather large surface, but minor 
nutrient content. On the other hand, one might argue that these rather 
large  surfaces  are more  easily  colonized  by  fungal  species  avoiding 
competition with  other, more  competitive  species,  since  these  small 
braches are only colonized by one single species at a time. (Küffer et al. 
2008).

Kruys & Jonsson (1999) studied spruce logs with diameter < 10 cm 
and the fungal diversity species on these logs was greater than on logs 
with diameter > 10 cm, which is in accordance with our results. Simi-
larly, Schiegg (2001), studied beech limbs (diameter < 10 cm) in com-
parison to beech trunks (diameter > 20 cm) and the species diversity 
decreased with decreasing wood size. Thus this seems to be a general 
phenomenon, which can be explained by considering two simple fac-
tors. Firstly, small diameter logs have a larger surface to volume area 
and may hence support more  fungal  sporocarps  (or attract more  in-
sects) per volume unit, as compared to larger diameter logs (Kruys & 
Jonsson 1999). Secondly,  the  small diameter of  coarse woody debris 
involves many more individual wood pieces per unit volume as com-
pared  to  large  diameter  coarse woody  debris.  Thus,  assemblages  of 
small coarse woody debris will tend to have higher species density per 
volume unit. This  is due to  the stochastic nature of  the colonization 
processes  and  occurs  as  long  as  the wood-inhabiting  organisms  are 
able to live in the smaller volumes in the small coarse woody debris 
(Heilmann-Clausen & Christensen 2003). However, the importance of 
large  logs  for maintenance  of  a  defined  set  of  specialised  species  is 
largely recognized (Heilmann-Clausen & Christensen 2004). 

Decomposition rate of substrate 

Rubber wood is a light hardwood, whose strength characteristics 
are comparable  to  those of  commercial hardwoods of  equal density. 
Rubber  wood,  however,  has  no  distinct  heartwood,  and  contains  a 
large quantity of starch and is non-durable. Therefore, rubber wood is 
readily attacked by wood destroying insects and fungi. There is evi-
dence, however, the rubber wood contains chitinases which protects if 
against fungal decay (Collinge et al. 1993, Bokma et al. 2000, Bokma et 
al. 2002). 

Sap stain fungi, of which blue stain fungi are the most serious, at-
tack  rubber wood within  a day  of  felling  (Prance  1986). A  common 
blue stain fungus is Botryodiplodia sp. occurring together with surface 
moulds, Aspergillus sp. and Penicillium sp. Blue stain fungi cause con-
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siderable  loss  of  strength  in  rubber wood. According  to  the  present 
study, Botryodiplodia sp. was dominant and found at all decomposi-
tion stages. Besides, wood-rotting fungi i.e. Lenzites elegan and Gano-
derma sp. were found on wood logs and rapidly destroy rubber wood.

The time taken for the decomposition of wood logs varies in dif-
ferent regions (Kane et al. 2002, Yanna et al. 2002, Tang et al. 2005). 
That the rate of decomposition of wood logs in temperate rain forest is 
slower than in other regions (Osono & Takeda 2001). The decomposi-
tion rate of plant substrates in the tropical rain forest is generally more 
rapid  (Tang et al. 2005). The number of  fungi obtained from several 
studies appears to vary dependant on the host species and the period of 
decomposition. Decomposition of woody litter differs between differ-
ent species and age (Kodsueb et al. 2008a). For example, beech logs in 
Denmark took from 10 to more than 28 years to completely decay on 
the  forest floor  (Lange 1992). Woody  litter of Magnolia liliifera  took 
about 29 months for decaying (Kodsueb et al. 2008b). In the present 
study H. brasiliensis wood  logs  took  about  24 months. Young wood 
samples  decay markedly  faster  than  the mature  wood,  while  fewer 
fungi are obtained from young wood samples than from mature wood 
(Kodsueb  et al.  2008b).  The  slowness  of  decaying  of  litter means  a 
longer period of colonization and this may lead to the higher number 
of fungi being recovered during the present succession study.

Many factors however, can affect changes in the communities of 
fungi, such as physical and chemical properties of trees (Kodsueb et al. 
2008a): type of wood, size, and age (Boddy & Watkinson 1995, Lodge 
1997), macroclimate, microclimate  and biological  interaction within 
woody substrate effects of endophytes growing on living wood and leaf 
litter fungi that may thrive in wood it is dead.

Seasonality  is  one  factor  that  is  believed  to  affect  the  fungal 
community. Studies of the diversity of the fungi on plant  litter usu-
ally suggest that the communities of fungi vary accord to the season 
(Kenney  et al.  2006).  In  this  study,  the  diversity  of  fungi  that were 
recorded during the dry season tends to be greater in species richness 
and had a higher Shannon diversity index than the samples collected 
in wet season. The studied according to Rayner & Todd (1979), Kod-
sueb et al. (2007) and Seephueak et al. (2010) reported that there was 
a greater variety and number of fungi during the dry season. Nikol-
cheva & Bärlocher  (2005) concluded that  the presence or absence of 
aquatic hyphomycetes  is  regulated primarily by  season and one can 
assume that this cause and effect chain operates through temperature. 
This may be due to an unsuitable ratio between moisture content and 
aeration of woody litter with extremely high moisture and low aera-
tion during the wettest period. Another possible reason for this might 
be  differences  in  humidity which  vary within wet  and  dry  seasons. 
Nevertheless,  there  is  no  evidence  to  clarify  how  the  seasons  affect 
communities.
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The identification of fungi in this study is based on morphological 
characters  and  use  of  reference  text  and  in  most  cases  species  are 
named because they are similar to species described in books and ref-
erences. In several cases species identification was not possible and we 
identified taxa to genus level only. We acknowledge that several of the 
species we name are species complexes e.g. Colletotrichum gloeospo-
rioides (Hyde et al. 2009, Phoulivong et al. 2010), however the account 
reveals the present of 461 distinct fungal taxa which are named as ac-
curately as possible. As more and more verified and type taxa are de-
posited  in GenBank,  future  studies  should be  able  to use molecular 
data to accurately identify taxa and provide more details on the diver-
sity of fungi on rubber logs. It would also be interesting to use direct 
sequencing of total DNA such as rDNA-ITS (Pinruan et al. 2010, Xie 
et al. 2010, Curlevski 2010) to estimate species numbers.
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