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SUMMARY 

 

The identification of cultivated fungal isolates using multiple primer set approaches reveals a lot of information 

on how soil fungi change as land use changes in tropical peat swamp forest ecosystems. This study aimed to 

identify the cultivated species of fungi from three different Alan Bunga peat swamp forest ecosystems: 

secondary forest, logged-over secondary forest, and 3.5 years after oil palm planting. A total of 45 fungal 

isolates were cultivated on two different types of media (potato dextrose agar [PDA] and malt extract agar 

[MEA]), and subsequently amplified using two different primer sets, namely ITS (ITS1/ITS4) and 18S rDNA 

(EF4/fung5). The morphological characteristics of fungal isolates were examined under a light microscope. 

Forty-two fungal isolates were successfully verified by PCR and DNA sequencing. The majority of the 

cultivated fungal species belonged to the phylum Ascomycota; one was from the Basidiomycota. Trichoderma 

asperellum (34 %) was the commonest fungal species detected in secondary forest using ITS primer whereas 

Aspergillus fumigatus (22 %) was the commonest using 18S rDNA primer. In conclusion, the ITS1/ITS4 primer 

set showed greater accuracy than the EF4/fung5 primer set in identification of the fungal taxonomic groups to 

species level. 
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INTRODUCTION 

 

Peatlands cover an estimated area of 400 Mha, 

equivalent to 3 % of Earth’s land surface, and tropical 

peatlands constitute over 8 % (33–49 Mha) of the 

global peat area (Veloo et al. 2015). Malaysian 

peatlands cover an area of about 2.6 Mha of which 

Sarawak has the largest share, amounting to over 

1.6 Mha, equivalent to 70 % of tropical peatlands 

(Veloo et al. 2014, Melling 2016). The majority of 

peat swamp forests in Sarawak have been extensively 

converted for agricultural purposes, mainly into oil 

palm plantations, causing concern in terms of the 

sustainability of oil palm cultivation on peatlands 

(Melling et al. 2013). Indonesia and Malaysia are the 

world’s largest suppliers of palm oil, accounting for 

87 % of global production (Vaidyanathan 2011). 

Fungi are ubiquitous in peat, as are bacteria and 

archaea. Fungi participate in vital ecological 

functions, for example, as decomposers, mutualists 

and pathogens (Liu et al. 2015, Ramlah Ali et al. 

2016). They are involved in control of the organic 

carbon turnover which contributes to global carbon 

cycling (Treseder & Holden 2013, Tveit et al. 2013) 

and greenhouse gas emissions (Toma et al. 2011). 

Fungi are also considered to be most active in the 

oxic surface layers across all peatland types (Sun et 

al. 2014). 

An older approach to the identification of peatland 

fungi is based on the morphological characteristics of 

isolates. But this can be challenging, especially when 

non-experts are dealing with the cultures of fungi, 

since a limited number of morphological characters 

are used for identification (Raja et al. 2017). Thus, 

identification of fungi from cultures requires high 

proficiency and expertise, which comes only with a 

lot of experience. A further drawback to this approach 

is that some slow-growing species may be 

overlooked, while the abundance of species with high 

sporulating rates may be over-estimated (Jeewon & 

Hyde 2007). 

Molecular aids to identification of peatland fungi 

are more recent but have been little used in the Alan 

Bunga peat swamp ecosystem. The most common 

ribosomal target sequences for identification are the 

internal transcribed spacers (ITS) region and the 18S 

ribosomal DNA (18S rDNA) (Romanelli et al. 2010). 

The ITS region is most commonly used in fungal 

identification and is recognised as the standard DNA 

barcoding marker for species-level identification of 

fungi (Raja et al. 2017). Meanwhile, the 18S rDNA 

gene is a universal marker that is able to amplify a 

wide range of fungi with variations at the 

intraspecific level (Liu et al. 2015, Kusai et al. 2018). 

However, the amplification of the fungal ITS region 

and 18S rDNA may be biased towards specific fungal 
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taxonomic groups (Singh et al. 2012b). A multiple 

primer approach, which targets the ITS region 

(fungal-specific) and 18S rDNA (universal) primer 

sets, reduces this bias. 

Based on previous studies, the phylogeny and 

taxonomy of ITS sequences should be suitable for 

analysis of high-throughput sequencing datasets and 

should be more taxonomically informative in the 

GenBank database than 18S rDNA sequences in 

DNA-based studies (Anderson & Parkin 2007, 

Kittelmann et al. 2012, Liu et al. 2015). For instance, 

Nurulita et al. (2016b) have analysed the fungal 

diversity of tropical peat swamp forest ecosystems in 

Indonesia by ITS primer using a culture-independent 

approach (Denaturing Gradient Gel Electrophoresis; 

DGGE). In addition, comprehensive studies have 

been made using both primers, ITS region and 18S 

rDNA gene, to discover the fungal diversity in 

aquatic and soil environmental samples (Singh et al. 

2012b, Liu et al. 2015, Xu et al. 2016, Lv et al. 2017). 

In this article we describe the application of these 

methods to verify and compare the cultivated fungal 

species from three different Alan Bunga peat swamp 

forest ecosystems (secondary forest, logged-over 

secondary forest and oil palm 3.5 years after 

planting), using morphological characters and 

fungal-specific (ITS) and universal (18S rDNA) 

primer sets. This is the first study that compares 

cultivated fungal species using multiple primer sets, 

and should improve the accuracy of fungal 

identification at species level in the three tropical peat 

swamp forest ecosystems. 

 

 

METHODS 

 

Peat sampling 

Peat samples were collected from ten sites in each of 

three Alan Bunga peat swamp forest ecosystems, 

namely secondary forest (SF), logged-over secondary 

forest (LF) and 3.5 YAP (years after planting) oil 

palm (OP) in the vicinity of Sibu, Sarawak, Malaysia 

(Figure 1). The sites were distributed across an area 

of approximately 192 km2 centred on 2º 33' N, 

111º  59' E, to the north-east of the state capital 

Kuching. The geographic coordinates of the 30 sites 

are given in Table A1 (Appendix). The one-hectare 

area of logged-over secondary forest is used for 

experimental purposes and kept free from vegetation 

by   regular   spraying   with   herbicide   and   manual 

 

 

 

 
 

Figure 1. Example sampling sites in the three Alan Bunga peat swamp forest ecosystems: A) secondary 

forest (SF); B) logged-over secondary forest (LF); C) 3.5 YAP (years after planting) oil palm (OP); and D) 

map showing the location of the study near Sibu, Sarawak, Malaysia. 



Z. Ayob et al.   FILAMENTOUS FUNGI IN THE ALAN BUNGA PEAT ECOSYSTEMS OF SARAWAK 

 
Mires and Peat, Volume 21 (2018), Article 16, 1–19, http://www.mires-and-peat.net/, ISSN 1819-754X 

© 2018 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2018.OMB.331 
 

3 

 

weeding. Herbicide applications are commonly used 

in oil palm plantations during the immature phase to 

control weeds, in order to avoid suppression of 

growth and yield loss of oil palm (Mohamad et al. 

2010). These herbicide applications cause short-term 

impacts on the fungal communities in the soil (Zain 

et al. 2013). Meanwhile, the development of oil palm 

cultivation was started in 2009 and ZnSO4 (0.15 

kg/palm) was applied. Rakib et al. (2017) have 

reported that the application of zinc sulphate is 

readily absorbed and utilised in growth by young oil 

palm plants, and there are positive effects on the soil 

fungal communities of plantations treated in this way 

(Li et al. 2013, Kerfahi et al. 2014, McGuire et al. 

2015, Tripathi et al. 2016, Kusai et al. 2018). 

The soil types survey at each site was undertaken 

by Paramananthan Agricultural Soil Surveys (M) Sdn 

Bhd. The peat types of secondary forest and oil palm 

plantation were classified as a mixture of Naman and 

Kenyana series which consisted of sapric peat with 

either no wood or undecomposed wood 

(Paramanathan 2016). Peat in the logged-over 

secondary forest was classified as Kenyana series; 

sapric with undecomposed wood (Paramanathan 

2016). The study area receives an annual rainfall of 

2460 mm, with most precipitation occurring between 

September and December. 

Soil samples were collected from pre-assigned 

GPS points (Table A1) and chilled in an ice box 

during transport from the field to the laboratory, then 

stored at 4 °C until analysed. Total carbon (C) and 

nitrogen (N) were measured using a Primacs SNC 

(Skalar Analytical B.V., Lab Science Solution, Shah 

Alam, Selangor, Malaysia). In this machine, the soil 

samples were combusted at 1040 °C, total C was 

measured using an infrared detector and total N was 

determined by a thermal conductivity detector 

(Nurulita et al. 2016a). Meanwhile, the inorganic 

elements were analysed using a Perkin Elmer ELAN 

DRC-e ICP-Mass Spectrometer (Perkin Elmer Sdn 

Bhd, Petaling Jaya, Selangor, Malaysia). The soil 

samples were dried to constant weight in an oven at 

60 °C. Approximately 0.3 g of dried sample was 

soaked in 95 % nitric acid, filtered and digested using 

a Titan MPS Microwave Sample Preparation System 

(Perkin Elmer Sdn Bhd, Petaling Jaya, Selangor, 

Malaysia). The digested soil extracts were serially 

diluted with deionised water prior to use for 

determination of inorganic elements. 

 

Moisture proportion 

Approximately 5 g of peat was weighed accurately, 

dried to constant weight in an oven at 105 °C for 

48 hours, and weighed again. Percentage of soil 

moisture was expressed (Nurulita et al. 2016a, 

Krishnan et al. 2017) as 

 

Moisture % = 100 * (w1 - w2) / w2   [1] 

 

where w1 = weight of peat before oven drying and 

w2 = weight of soil after oven drying. 

 

Peat pH 

The peat was dried to constant weight in an oven 

incubator at 105 °C. Approximately 10 g of dried soil 

was suspended in 25 mL of deionised water and 

vortexed for 5 minutes at 120 rpm. Soil pH was 

measured using a pH meter with glass electrode 

(Nurulita et al. 2016a, Krishnan et al. 2017). 

 

Isolation of fungi 

Approximately one gram of peat was suspended in 

9 mL of sterile deionised water and mixed thoroughly 

by shaking at 150 rpm for 2 hr. Subsequently, serial 

10-fold dilutions were performed and 100 µL aliquots 

of 10-4 and 10-5 dilutions of each sample were plated 

in five replicates onto two culture media, namely 

potato dextrose agar (PDA) and malt extract agar 

(MEA) for isolation of fungi. All plates were 

incubated at 25 °C and fungal colonies were observed 

after 3 days to isolate the fast-growing and fast-

sporulating fungi. Fungal colonies were identified on 

the basis of colony features and pigmentation. The 

colonies were subsequently sub-cultured on new 

PDA and MEA to obtain pure cultures. The pure 

cultures were sub-cultured for 3 days at 25 °C and 

used for molecular identification. All pure cultures 

were maintained in glycerol stock at -80 °C. 

 

Morphological characteristics 

The macroscopic and microscopic features of fungal 

isolates on PDA or MEA plates were acquired using 

the slide culture techniques documented in Fischer & 

Dott (2002). The prepared slides were incubated at 

25 °C for 3 days before examination. Macroscopic 

characteristics were based on colony appearance and 

pigmentation; microscopic features such as conidia 

shape, size and conidiophore were observed using 

light microscopy (Kusai et al. 2015). 

 

Fungal genomic DNA extraction 

Fungal DNA was extracted from fresh fungal 

mycelium cultured on PDA and MEA plates after 

3 days’ incubation at 25 °C. The fungal mycelium 

was scraped using a sterile blade and the cells were 

broken with 500 µL lysis buffer in a 2.0 mL ‘beads 

tube’, for effective homogenisation in fungal DNA 

extraction. Fungal genomic DNA was extracted using 
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a fungus-DNA isolation kit (Norgen Biotek Corp., 

Nanogene Solutions Sdn Bhd, Batu Caves, Selangor, 

Malaysia) according to the manufacturer’s protocol. 

The DNA was stored at -20 °C prior to use as a 

template for DNA amplification. 

 

Fungal DNA amplification 

The ITS region and 18S rDNA gene were amplified 

using two primer sets, namely ITS1-F 5'-TCCGTAG 

GTGAACCTGCGG-3' / ITS4-R 5'-TCCTCCGCTT 

ATTGATATGC-3' (White et al. 1990) and EF4-F 5'-

GGAAGGG[G/A]TGTATTTATTAG-3' / fung5-R5'-

GTAAAAGTCCTGGTTCCCC-3' (Smit et al. 1999). 

The polymerase chain reaction (PCR) for fungal ITS 

and 18S rDNA amplification was performed in a 

25 µL reaction mixture according to the standard 

procedures by Go Taq DNA polymerase, Promega 

(Interscience Sdn Bhd, Shah Alam, Selangor, 

Malaysia). The PCR mixtures comprised 1.25 units 

of PCR buffer, 2.5 mM MgCl₂, 0.3 % BSA, 0.5 mM 

of each deoxynucleotide triphosphate (dNTP), 

0.4 µM of each primer, 1.25 units of Taq polymerase, 

1.0 µl of each DNA template and sterile deionised 

water, which was used to make up the total volume 

of reaction mixture to 25 µl. The PCR amplification 

was performed with an Eppendorf Mastercycler® 

nexus (Medigene Sdn Bhd, Puchong, Selangor, 

Malaysia) using the following cycling protocol: 

initial denaturation at 94 °C for 3 minutes, followed 

by 30 cycles [denaturation at 94 °C for 1 minute, 

annealing at 54 °C (for ITS) or 48 °C (for 18S rDNA) 

for 1 minute], extension at 72 °C for 1 minute and 

final extension at 72 °C for 5 minutes. For the 

negative control, the PCR template was replaced with 

sterile deionised water. The PCR products were 

loaded and run on 1 % agarose gel electrophoresis in 

1 × Tris-acetate-ethylenediaminetetraacetic acid 

(TAE) buffer. Gels were stained with 0.1% (v/v) 

SYBR DNA gel stain and visualised with an Alpha 

Imager HP system (Alpha Innotech, San Leandro, 

CA, USA). 

Purification of DNA and sequence analysis 

The positive gel-bands of the PCR products were 

excised and purified using a QIAquick® Gel 

Extraction Kit (Qiagen Biotechnology Malaysia Sdn 

Bhd, Bangsar, Kuala Lumpur, Malaysia) according to 

the manufacturer’s instructions. All purified PCR 

products were sent to First Base Laboratories for 

sequencing. The sequences were analysed by using 

the basic local alignment search tool (BLAST) 

(http://www.ncbi.nlm.nih.gov/) to identify the closest 

match to fungal isolates in the National Centre for 

Biotechnology Information (NCBI) GenBank 

database. 

 

Statistical analyses 

The analyses of physico-chemical characteristics of 

the peat samples were conducted in triplicate and the 

data obtained were analysed using SPSS for 

Windows software (SPSS 16.0 for Windows 

Evaluation Version software, SPSS Inc., USA). The 

normality of data was assessed using the Shapiro-

Wilk test. All data were analysed using the Kruskal-

Wallis test for non-parametric data (n = 3). 

Differences were considered to be significant if the 

probability P < 0.05 (Pallant 2007). 

 

 

RESULTS 

 

Physico-chemical characteristics of peat 

In Table 1, moisture proportion, peat pH, peat depth 

and total C differed significantly (P < 0.05), while 

total N and C/N quotient were not significantly 

different (P > 0.05) across the three peat ecosystems. 

The moisture proportion was highest in the secondary 

forest followed by the 3.5 YAP oil palm plantation 

and the logged-over secondary forest. Peat pH ranged 

from 3.5 to 3.8. The peat was a few centimetres 

deeper in the logged-over secondary forest than in the 

other two ecosystems. Total C was highest in the oil 

palm  plantation  followed  by  secondary  forest  and 

 

 

Table 1. Physico-chemical characteristics of soil in the three Alan Bunga peat swamp forest ecosystems. Data 

are presented as mean ± standard error of mean (SEM). Asterisks indicate variables that differed significantly 

between ecosystems (non-parametric Kruskal-Wallis ANOVA; n = 3, P < 0.05). YAP = years after planting. 

 

Ecosystem 

Moisture 

proportion 

(%)* 

pH* 
Peat depth 

(cm)* 

Total C 

(%)* 

Total N 

(%) 

C/N 

quotient 

(%) 

Secondary forest (SF) 77 ± 4 3.6 ± 0.01 108 ± 5 50 ± 3 1.4 ± 0.1 21 

Logged-over secondary forest (LF) 65 ± 0.7 3.8 ± 0.03 128 ± 4 45 ± 2 1.3 ± 0.1 20 

3.5 YAP oil palm (OP) 69 ± 1 3.5 ± 0.04 113 ± 4 51 ± 2 1.3 ± 0.1 22 

http://www.ncbi.nlm.nih.gov/
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logged-over secondary forest, but the C/N quotients 

did not differ. The concentrations in soil (Table 2) of 

elements such as boron (B), chromium (Cr), and zinc 

(Zn) differed significantly (P < 0.05) between 

ecosystems, whereas the levels of other elements did 

not vary. The highest concentrations of Zinc (Zn), 

nickel (Ni), chromium (Cr), calcium (Ca), 

molybdenum (Mo) and magnesium (Mg) were found 

in the oil palm plantation. Potassium (K) and Iron 

(Fe) accumulated most in the secondary forest but 

their concentrations did not differ significantly 

between the three ecosystems, whilst phosphorus (P) 

and manganese (Mn) concentrations were highest in 

the logged-over forest. The concentrations of other 

trace elements, namely lead (Pb), boron (B) and 

cadmium (Cd), were also highest in the oil palm 

plantation. 

 

Morphological fungal characteristics 

On the basis of macroscopic and microscopic 

characteristics, fungal isolates were identified as 

Aspergillus fumigatus (Figures 2a–c), A. flavus 

(Figures 2d–f), A. niger (Figures 2g–i), 

A. tubingensis (Figures 2j–l), Aspergillus sp. (Figures 

2m–o), Trichoderma asperellum (Figures 2p–r), 

Hypocrea muroiana (Figures 2s–u), Penicillium sp. 

(Figures 2v–x) and Phanerochaete chrysosporium 

(Figures 2y–z). 

Aspergillus fumigatus on PDA medium was 

velvety dark green in the centre with white aerial 

mycelia at the border (Figure 2a). A. fumigatus 

produced uniseriate phialides on the vesicle, and 

greenish columnar conidial heads composed of 

catenulate conidia. The conidia were phialosporous 

and globose (Figures 2b and c). 

Aspergillus flavus on PDA medium was yellow-

green in the centre and had white aerial mycelia 

towards the edge. The texture of the colony was 

flattened and granular (Figure 2d). A. flavus produced 

rough-walled conidiophore stipes, uniseriate 

phialides on the vesicle, and greenish conidial heads 

composed of catenulate conidia. Conidia were 

phialosporous and globose (Figures 2e and f). 

Aspergillus niger on PDA medium was dark 

brown, with aerial mycelia towards the edge of the 

Petri dish (Figure 2g). A. niger produced biseriate 

conidiophores with septate metulae and phialides, 

and radiate conidial heads composed of catenulate 

conidia on dark brown globose vesicles. Conidia 

were phialosporous, globose, brown, with 

rough-walled surfaces, and found in clusters 

(Figures 2h and i).

 

 

Table 2. Element concentrations (mg/kg) in the three Alan Bunga peat swamp forest ecosystems. The values 

are means ± standard error of mean (SEM). ‘0’ digits in italics are not significant but indicate the position of 

the decimal point. Asterisks indicate variables that were shown to differ significantly (n = 3; P < 0.05) between 

the three peat ecosystems using the non-parametric Kruskal-Wallis ANOVA. 

 

Element 
Site 

 (SF)  (LF)  (OP) 

Magnesium (Mg) 60 ± 5 70 ± 4 70 ± 10 

Iron (Fe) 50 ± 6 30 ± 6 40 ± 10 

Boron (B)* 0.14 ± 0.04 0.02 ± 0.01 2 ± 0.4 

Calcium (Ca) 100 ± 20 100 ± 20 200 ± 70 

Phosphorus (P) 200 ± 40 200 ± 40 100 ± 30 

Chromium (Cr)* 400 ± 60 200 ± 30 700 ± 100 

Manganese (Mn) 60 ± 10 100 ± 20 70 ± 30 

Nickel (Ni) 200 ± 30 90 ± 10 1000 ± 700 

Copper (Cu) 20 ± 3 20 ± 4 50 ± 30 

Zinc (Zn)* 800 ± 400 60 ± 20 5000 ± 4000 

Molybdenum (Mo) 20 ± 4 9 ± 1 100 ± 80 

Cadmium (Cd) 0.8 ± 0.1 0.5 ± 0.1 0.9 ± 0.4 

Lead (Pb) 4 ± 1 4 ± 1 8 ± 5 

Potassium (K) 200 ± 50 200 ± 30 100 ± 30 
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Figure 2 (Part 1). Macroscopic and microscopic characteristics of isolated fungi from Alan Bunga peat 

swamp forest ecosystems. Aspergillus fumigatus:- a) Colony appearance on potato dextrose agar (PDA); 

b) Conidia formed at the tip of conidiophore, vesicle, phialides; c) Conidia; Aspergillus flavus:- d) Colony 

appearance on PDA; e) Conidiophore, vesicle, phialides; f) Conidia; Aspergillus niger:- g) Colony 

appearance on PDA; h) Conidia formed at the tip of conidiophore, spore mass, vesicle, phialides; i) Conidia; 

Aspergillus tubingensis:- j) Colony appearance on PDA; k) Conidiophore, vesicle, phialides;  l) Conidia; 

Aspergillus sp.:- m) Colony appearance on PDA; n) Conidia formed at the tip of conidiophore, spore mass, 

vesicle, phialides; o) Conidia. Arrows indicate: 1) vesicle; 2) phialides; 3) conidia chain. 
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Figure 2 (Part 2). Macroscopic and microscopic characteristics of isolated fungi from Alan Bunga peat 

swamp forest ecosystems. Trichoderma asperellum:- p) Colony appearance on malt extract agar (MEA); 

q) Conidia formed at the tip of conidiophore, spore mass, phialides; r) Conidia; Hypocrea muroiana:- s) 

Colony appearance on MEA; t) Conidiophore, phialides; u) Conidia; Penicillium sp.:- v) Colony appearance 

on MEA; w) Conidia formed at the tip of conidiophore, spore mass, metula, phialides; x) Conidia; 

Phanerochaete chrysosporium:- y) Colony appearance on MEA; z) septate hyphae. Arrows indicate: 

2) phialides; 3) conidia chain. 
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Aspergillus tubingensis on PDA media was white 

to cream in the centre with white aerial mycelia at the 

border (Figure 2j). A. tubingensis produced biseriate 

conidiophores with septate metulae and phialides. 

Conidial heads were dark brown, radiate, composed 

of catenulate conidia and globose vesicles. The 

conidia were globose and phialosporous with rough-

walled surface (Figures 2k and l). 

Aspergillus sp. on PDA medium was velvety dark 

brown with shades of green at the edge of the colony 

(Figure 2m). Aspergillus sp. produced uniseriate 

phialides on the vesicle, and had pale brown radiate 

conidial heads composed of catenulate conidia. 

Conidia were phialosporous, pale brown and globose 

(Figures 2n and o). 

Trichoderma asperellum on MEA medium 

formed a dark green colony with compact turfs of 

white mycelium in concentric ring-like zones 

(Figure 2p). T.  asperellum produced branched 

conidiophores and spore masses at irregularly 

verticillate phialides. Conidia were formed in 

conidial heads clustered at the tips of the phialides, 

phialosporous and bearing ellipsoidal or ovale 

clusters (Figures 2q and r). 

Hypocrea muroiana on MEA medium formed a 

flat greenish colony with white mycelium in 

concentric ring-like zones (Figure 2s). H. muroiana 

produced branched conidiophores and spore masses 

at irregularly verticillate phialides. The conidia were 

phialosporous with a globose shape and clustered at 

the ends of conidiophores (Figures 2t and u). 

Penicillium sp. on MEA medium formed a 

flattened, greyish-green coloured colony with 

cottony white at the edge of the colony (Figure 2v). 

Penicillium sp. produced conidia formed in globose 

shaped clusters, brush-like in appearance at the tips 

of the phialides, and catenulate conidia on each 

phialide (Figures 2w and x). 

Phanerochaete chrysosporium on MEA medium 

formed a colony of sparse white aerial mycelium 

(Figure 2y). The fungus pattern was created by 

septate hyphae with branching (Figure 2z). 

 

Comparison of fungal isolates identified by ITS 

and 18S rDNA primer sets 

The results of the BLAST analysis of ITS region and 

18S rDNA gene sequences are given in Table A2. For 

each of the three ecosystems, the fungal isolates from 

this study are listed along with the closest match 

isolates (i.e. closest genetic similarity) amongst the 

sequences deposited (max identity) in GenBank, with 

NCBI accession numbers. Out of 42 fungal isolates 

successfully identified using ITS primer, 29 isolates 

originated from secondary forest, six from logged-

over secondary forest, and seven from oil palm 

plantation. Using 18S rDNA primer, a total of 29, 

seven and six isolates were identified in the 

corresponding ecosystems. However, three (ND in 

Table A2) out of 42 isolates could not be identified 

with ITS and 18S rDNA primers, perhaps due to 

errors during PCR amplification and sequencing 

(Bachy et al. 2013). Across the three peat ecosystems, 

Ascomycota were the commonest phyla detected 

using ITS and 18Sr DNA primers, followed by 

Basidiomycota. Isolates for the three peat ecosystems 

identified using ITS primer fell into three orders, 

namely Eurotiales (64 %), Hypocreales (33 %) and 

Polyporales (3 %); whereas five orders, namely 

Eurotiales (64 %), Hypocreales (22 %), Polyporales 

(3 %), Mytilinidiales (3 %) and Saccharomycetales 

(3 %) were detected using 18S rDNA primer. At the 

genus level, six genera were observed in total and, of 

these, five belonged to the Ascomycota and one to the 

Basidiomycota, accounting for 98 % and 2 % of the 

diversity of the isolated fungi, respectively. 

Similarly, Aspergillus was abundant and accounted 

for 62 % and 65 % of cultivable fungi identified using 

ITS and 18S primers, respectively. 

At genus level for the fungal ITS region, four 

genera were identified across the three peat 

ecosystems: Aspergillus (62 %), Trichoderma 

(32 %), Penicillium (3 %) and Phanerochaete (3 %), 

while a total of six genera were identified using 18S 

rDNA primer: Aspergillus (65 %), Trichoderma 

(27 %), Meyerozyma (2 %), Mytilinidion (2 %), 

Phanerochaete (2 %) and Penicillium (2 %). As 

shown in Tables 3 and A2, 26 isolates identified using 

ITS primer were in the dominant genus (Aspergillus, 

62 %) and comprised five isolates: Aspergillus 

fumigatus (13, 32 %), Aspergillus flavus (10, 24 %), 

Aspergillus niger (1, 2 %), Aspergillus oryzae 

(1, 2 %) and Aspergillus tubingensis (1, 2 %), 

followed by Trichoderma asperellum (14, 34 %), 

Penicillium dalea (1, 2 %) and Phanerochaete 

chrysosporium (1, 2 %). 

In contrast to the 18S rDNA primer results, on the 

basis of the fungal ITS region, a total of 27 isolates 

from the three peat ecosystems were categorised into 

the commonest genus Aspergillus (66 %) but only 

two isolates were identified, namely Aspergillus 

fumigatus (17, 42 %) and Aspergillus sp. (10, 24 %). 

Six isolates were in the genus Trichoderma (26 %) 

with four isolates identified as Trichocomaceae sp. 

(1, 2 %), Trichoderma sp. (1, 2 %), Hypocrea 

atroviridis (7, 17 %) and Hypocrea muroiana 

(2, 5 %). In addition, four genera with one isolate 

each were identified as Phanerochaete sanguinea 

(1, 2 %), Mytilinidion tortile (1, 2 %), Meyerozyma 

guilliermondii (1, 2 %) and Penicillium sp. (1, 2 %) 

(Tables 3 and A2). 
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The fungal ITS sequences showed closest 

matches with NCBI accessions across all three peat 

ecosystems, the total of 29 isolates from secondary 

forest comprising 14 different isolates of 

Trichoderma accounting for 34 %, 13 different 

isolates of Aspergillus accounting for 32 % and single 

isolates of Penicillium and Phanerochaete 

accounting for 2 % each. The commonest genus 

detected in the logged-over secondary forest and 

oil palm plantation was Aspergillus, which 

comprised six and seven different isolates accounting 

for 14 % and 16 %, respectively (Table A2). The 18S 

rDNA sequences showed the closest match to the 

GenBank database for 29 fungal isolates from 

secondary forest which comprised six genera with 14 

different isolates of Aspergillus accounting for 34 %, 

11 different isolates of Trichoderma accounting for 

28 % and single fungal isolates in the genera 

Phanerochaete, Mytilinidion, Meyerozyma and 

Penicillium each accounting for 2 %. The indication 

of commonest genus for logged-over secondary 

forest and oil palm plantation was consistent with the 

ITS primer results. Seven identified isolates were 

collected from logged-over secondary forest 

accounting for 16 %, while the six different isolates 

found in oil palm plantation accounted for 14 %. 

Aspergillus was the commonest fungal isolate across 

the three peat ecosystems. 

 

 

Table 3. Taxonomic affiliations of the sequenced fungal species. 

 

Phylum 
Class 

Order 

Family 

Genus 
Species (% ITS, % 18S rDNA) 

Ascomycota 

Eurotiomycetes 

Eurotiales 

Aspergillaceae 

Aspergillus 

Aspergillus flavus (24,0) 

Aspergillus fumigatus (32,42) 

Aspergillus niger (2,0) 

Aspergillus oryzae (2,0) 

Aspergillus sp. (0,24) 

Aspergillus tubingensis (2,0) 

Aspergillaceae 

Penicillium 

Penicillium dalea (2,0) 

Penicillium sp. (0,2) 

Sordariomycetes 

Hypocreales 

Hypocreaceae 

Trichoderma 

Hypocrea atroviridis (0,17) 

Hypocrea muroiana (0,5) 

Trichocomaceae sp. (0,2) 

Trichoderma asperellum (34,0) 

Trichoderma sp. (0,2) 

Dothideomycetes 

Mytilinidiales 

Mytilinidiaceae 

Mytilinidion 
Mytilinidion tortile (0,2) 

Saccharomycetes 

Saccharomycetales 

Debaryomycetaceae 

Meyerozyma 
Meyerozyma guilliermondii (0,2) 

Basidiomycota 
Agaricomycetes 

Polyporales 

Phanerochaetaceae 

Phanerochaete 

Phanerochaete chrysosporium (2,0) 

Phanerochaete sanguinea (0,2) 
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DISCUSSION 

 

Physico-chemical characteristics of peat 

The soil properties and conditions of the three peat 

ecosystems differed significantly (Table 1). The Alan 

Bunga peat forest had the highest soil moisture 

proportion and exhibited swampy conditions, 

reflecting high water table (at the peat surface) and 

abundance of spongy peat (Tripathi et al. 2016). As a 

result, soil pH differed somewhat in all peat 

ecosystems and may have depended partly on the 

differences in organic substances in the soil (Anshari 

et al. 2010). In our case, soil pH was probably lower 

(more acidic) in oil palm plantation on peat than in 

secondary forest and logged-over secondary forest 

because it was subjected to fertiliser application, and 

especially due to the addition of zinc sulphate and 

subsequent release of sulphate when Zn was taken up 

by the oil palm plants (Metwally et al. 1993, 

Colombo et al. 2016). In addition, total C and C/N 

quotient were consistently highest in the oil palm 

plantation, followed by secondary forest and logged-

over secondary forest. High total C and low total N 

indicated that decomposition and mineralisation rates 

were low (Nurulita et al. 2016a). 

 

Morphological characteristics of fungi 

The morphological characteristics of each culture are 

based on the colour and appearance of colonies, and 

conidia shape and formation. The number of isolated 

fungal species was significantly related to the 

isolation method and culture medium (Zhou et al. 

2014). The present study did not recover any yeast 

species. This was in agreement with Amha et al. 

(2015), who reported that yeast was less abundant 

and accounted for only 10 % of fungal isolates in 

peatlands. The anamorphic ascomycetes were 

distributed across all three peat ecosystems and were 

the most-identified fungi on the basis of molecular 

identifications supported by morphological 

characterisations. These findings agree with previous 

studies from aquatic and soil environmental samples 

(Thormann 2006, Singh et al. 2012a, b; Kim et al. 

2014, Zhou et al. 2014, Liu et al. 2015, Xu et al. 

2016, Lv et al. 2017). Fungal isolates from peatlands, 

such as Trichoderma, Aspergillus, Penicillium, 

Verticillium, Mortierella and Cladosporium genera, 

were prolific sporulators with fast growth rates on 

standard culture media (Thormann 2006). 

It is interesting that the fungi isolated can tolerate 

extreme conditions such as high temperature, acidity, 

and salinity, and have been classified by their 

different characteristics, i.e. saprophytic or parasitic, 

depending on their ecological roles (Thormann 

2006). For instance, Aspergillus spp. were reported to 

play an important role in the denitrification process 

under anoxic conditions (Singh et al. 2012a). 

Furthermore, Zhou et al. (2014) reported that fungal 

isolates such as Aspergillus spp., Penicillium spp., 

Acremonium spp. and Trichoderma spp. play 

important roles as fungal biological agents 

controlling or preventing soil-borne fungal diseases. 

Recently, a study was conducted on Trichoderma 

asperellum as an efficient antagonistic plant pathogen 

against Fusarium oxysporum (Patel & Saraf 2017). In 

addition, one of the important fungi identified in this 

study was an uncommon basidiomycete. This fungus 

seemed to have a slow growth rate and required 

special culture media and growing conditions 

(Thormann 2006). Basidiomycete fungi play an 

important role as degraders of recalcitrant polymers. 

They are capable of utilising complex polymers 

including the lignin, tannin and other polyphenols in 

peat soils (Grum-Grzhimaylo et al. 2016). Thus, it 

has been suggested that individual fungal species 

may have specific ecological roles in different 

environments (Classen et al. 2015). In the present 

work, there were no phylotypes of Zygomycota and 

Chytridiomycota, which are the most frequently 

reported fungi in boreal peatlands (Thormann et al. 

2001, Thormann 2006, Thormann & Rice 2007, Lin 

et al. 2012, Grum-Grzhimaylo et al. 2016). However, 

our results are consistent with those of Kerfahi et al. 

(2014), who used a culture-independent approach 

(454-pyrosequencing) and reported the absence of 

other fungal groups in the forest and agricultural soils 

of Sabah (Malaysia); and of Kusai et al. (2018), who 

found low abundance (10 %) of fungal isolates (of 

Mortierella chlamydospora and Umbelopsis 

isabellina from phylum Zygomycota) in Maludam 

Natural Park, where both Cermat Ceria logged-over 

forest and Durafarm oil palm plantation accounted 

for 1 %. Yet, the evidence suggesting that these 

fungal groups were not abundant (Singh et al. 

2012a, b) in our study sites is limited. Longer 

isolation periods and specialised culture media may 

be necessary to reveal their presence, as they may be 

slow-growing and thus covered by fast-growing 

fungi (Ortega-Morales et al. 2016). 

 

Comparison of fungal isolates identified by ITS 

and 18S rDNA gene primer sets 

The isolated fungal species could be distinguished 

through ITS and 18S rDNA sequencing. The most 

abundant phylum identified was Ascomycota and 

less frequent was Basidiomycota; these phyla were 

distributed across all three peat ecosystems. The 

results obtained in the present study were similar to 

those in previous reports where ascomycetes were 

found to be dominant in various peatland ecosystems 
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(Anderson et al. 2003, Thormann 2006, 

Winsborough & Basiliko 2010, Andersen et al. 2013, 

Man et al. 2015, Grum-Grzhimaylo et al. 2016, 

Ramlah Ali et al. 2016). It was also consistent with 

Xu et al. (2016) who studied the phylotypes of fungal 

communities in a deep-sea sediment of the Pacific 

Ocean and concluded that they were dominated by 

Ascomycota and Basidiomycota. 

On the other hand, Hypocrea atroviridis, the 

teleomorph of Trichoderma atroviride, was recorded 

by 18S rDNA sequencing in the secondary forest. The 

isolated fungal samples of ‘SF 2C-4 PDA F1’ and ‘SF 

3A-5 PDA F1’ from the secondary forest were 

identified as T. asperellum from ITS sequencing but 

categorised as H. atroviridis by 18S rDNA 

sequencing. These observations appeared when the 

anamorph and teleomorph nomenclatures of the 

deposited sequences in the GenBank database were 

improperly or inconsistently named (Romanelli et al. 

2010). The inconsistency revealed that the ITS 

sequence gave an accurate identification of fungal 

species; it is also supported by the morphological 

features. A previous study recorded a few fungal 

species from the same area (Ramlah Ali et al. 2016). 

This contradiction might be due to primer bias 

towards specific taxonomic groups and the limited 

number of primers used (Singh et al. 2012a). We used 

multiple primer sets (ITS and 18S rDNA) to enable 

the recovery of more fungal species and minimise 

erroneous naming by submitting additional 

information about our fungal species to the GenBank 

database. A similar approach was adopted by 

Anderson et al. (2003), who recorded a high diversity 

of fungi from grassland soil samples by using four 

ITS and 18S rDNA primer sets. Majid et al. (2015) 

used a combination of phenotypic (morphological 

and colony appearance) and molecular analysis by 

DNA sequencing to accurately identify their fungal 

isolates. 

The results obtained from 18S rDNA sequencing 

included one isolated fungus (‘SF 1C-4 MEA F1’) 

from the secondary forest that was identified only to 

family level (Trichocomaceae sp.). This might be due 

to a high genetic homology of sequences within the 

family (Lv et al. 2017). Nevertheless, Trichoderma 

asperellum was successfully identified using ITS 

sequencing, with high similarity (99 %) to GenBank 

data, showing that the ITS region can be used to 

identify isolated fungi to the species level (Romanelli 

et al. 2010). All of the fungal species that we isolated 

could be identified to species level using ITS primer, 

across all three peat ecosystems. 

The identification of the fungal isolate ‘SF 7C-4 

MEA F1’ by ITS and 18S rDNA sequences was 

contradictory. The ITS sequence identified the fungal 

isolate as Trichoderma asperellum with 98 % 

similarity and 515/535 identities in the GenBank 

database, while 18S rDNA sequence analysis 

identified it as the ascomycetous yeast, Meyerozyma 

guilliermondii, with lower similarity (83 %) and 

identities (439/445). Likewise, 18S rDNA sequence 

analysis indicated low similarity (80 %) for the ‘SF 

5C-5 MEA F1’ isolate, which was predicted to be 

Mytilinidion tortile with 336/418 identities; whereas 

the result based on ITS sequence analysis was 

Aspergillus flavus with 99 % similarity and 556/557 

identities. This brings to mind the suggestion of 

Bachy et al. (2013), that PCR and sequencing errors 

might be inflating the estimation of microbial 

diversity by creating false taxa. In mycology, the ITS 

region has been the most commonly sequenced 

region for taxonomic identification at species level 

(Xu et al. 2016), and the 18S rDNA sequences do not 

always provide sufficient taxonomic resolution for 

the identification of fungi to genus or species level 

(Liu et al. 2015). Therefore, we propose that the 

primer set for the ITS region is the most suitable 

primer set for identification of the fungal community 

in Sarawak peat swamp ecosystems. 

Multiple primer sets would give different types of 

biases for fungal taxonomy such as primer 

specificity, mismatches and sequence length, and the 

findings suggest that the use of multiple primers will 

generate a more accurate diagnosis of fungal 

diversity in peat ecosystems. However, the ITS 

primer was an efficient target region for identifying 

the closely related fungal isolates in peat swamp 

ecosystems. Taken together, these observations 

suggest that further investigation using a next-

generation sequencing (NGS) approach would 

greatly contribute to our knowledge of the functional 

diversity, and to developing our understanding, of 

fungal communities adapted to the conversion of 

tropical peat swamp forest to oil palm plantation. 
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Appendix 
 

Table A1. The geographic coordinates (latitude, longitude) of sampling sites in the three Alan Bunga peat 

swamp forest ecosystems (Sarawak, Malaysia). YAP = years after planting. 

 

Ecosystem Coordinates 

Secondary forest (SF) 

2° 33' 49.70" N, 111° 59' 20.82" E 

2° 33' 49.74" N, 111° 59' 21.60" E 

2° 33' 49.74" N, 111° 59' 22.52" E 

2° 33' 50.40" N, 111° 59' 21.39" E 

2° 33' 50.69" N, 111° 59' 21.41" E 

2° 33' 52.56" N, 111° 59' 20.76" E 

2° 33' 52.84" N, 111° 59' 20.94" E 

2° 33' 53.45" N, 111° 59' 20.38" E 

2° 33' 54.16" N, 111° 59' 20.26" E 

2° 33' 54.91" N, 111° 59' 20.63" E 

Logged-over secondary forest (LF) 

2° 33' 58.80" N, 111° 58' 3.83" E 

2° 33' 58.90" N, 111° 58' 5.51" E 

2° 33' 59.34" N, 111° 58' 3.83" E 

2° 33' 59.31" N, 111° 58' 5.44" E 

2° 33' 58.39" N, 111° 58' 5.48" E 

2° 33' 58.30" N, 111° 58' 3.87" E 

2° 33' 58.08" N, 111° 58' 3.89" E 

2° 33' 58.11" N, 111° 58' 5.46" E 

2° 33' 57.77" N, 111° 58' 5.45" E 

2° 33' 57.87" N, 111° 58' 3.84" E 

3.5 YAP oil palm (OP) 

2°33' 25.16" N, 111° 59' 12.67" E 

2°33' 33.95" N, 111° 59' 8.88" E 

2°33' 40.21" N, 111° 59' 11.43" E 

2°33' 44.03" N, 111° 59' 13.60" E 

2°33' 45.16" N, 111° 59' 6.26" E 

2°33' 48.77" N, 111° 59' 6.26" E 

2°33' 54.61" N, 111° 59' 8.52" E 

2°33' 26.08" N, 111° 59' 8.56" E 

2°33' 26.21" N, 111° 59' 10.65" E 

2°33' 25.11" N, 111° 59' 8.88" E 
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Table A2. List of fungal isolates identified from the three ecosystems and amplified using ITS and 18S rDNA primers, in each case showing the species/strain and 

NCBI accession number of the closest match in the GenBank database. MEA = malt extract agar; PDA = potato dextrose agar; ND = not detected (i.e. no GenBank 

record corresponding to the sequence); YAP = years after planting. 

 

 ITS 18S rDNA 

Site Isolates Fungal species Similarity Accession No. Fungal species Similarity Accession No. 

Secondary 

forest (SF) 

1B -5 

MEA F1 

Aspergillus flavus 

strain UOA/HCPF 5774 
99% FJ878681 

Aspergillus sp. 

strain ZAS6 
99% KX431149 

1B -5 

PDA F1 

Aspergillus fumigatus 

strain WBS001 
97% KU350716 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

1C -4 

MEA F1 

Trichoderma asperellum 

isolate Tasp27 
99% KU170994 

Trichocomaceae sp. 

LM192 
96% EF060538 

1C -4 

MEA F2 

Trichoderma asperellum 

isolate Tasp29 
99% KU170996 

Trichoderma sp. 

49 
99% KU350745 

1C -4 

MEA F3 

Trichoderma asperellum 

strain HNZZ1006 
92% JQ040317 ND ND ND 

1D -4 

MEA F1 

Aspergillus fumigatus 

strain FS160 
98% FJ844610 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

1D -5 

PDA F1 

Aspergillus oryzae 

isolate A 
95% KU565735 

Aspergillus sp. 

strain ZAS6 
99% KX431149 

2A -4 

MEA F1 

Aspergillus flavus 

isolate B19-1 
100% JN676112 

Aspergillus sp. 

strain ZAS6 
99% KX431149 

2A -4 

PDA F1 
ND ND ND 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

2B -4 

PDA F1 

Trichoderma asperellum 

strain CHI9 
98% KR868311 

Hypocrea atroviridis 

strain SMF-H08 
99% JX242484 
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 ITS 18S rDNA 

Site Isolates Fungal species Similarity Accession No. Fungal species Similarity Accession No. 

Secondary 

forest (SF) 

2B -5 

PDA F1 
ND ND ND 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

2C -4 

PDA F1 

Trichoderma asperellum 

strain Pt9 
99% KU198280 

Hypocrea atroviridis 

strain SMF-H08 
99% JX242484 

3A -4 

MEA F1 

Aspergillus flavus 

isolate pkm2 
96% KP418782 

Aspergillus sp. 

strain ZAS6 
99% KX431149 

3A -5 

PDA F1 

Trichoderma asperellum 

strain Pt9 
99% KU198280 

Hypocrea atroviridis 

strain SMF-H08 
99% JX242484 

3D -4 

MEA F1 

Trichoderma asperellum 

isolate Tasp28 
99% KU170995 

Hypocrea atroviridis 

strain SMF-H08 
99% JX242484 

4B -4 

MEA F1 

Phanerochaete chrysosporium 

strain H008 
98% EU872426 Phanerochaete sanguinea 99% AB084597 

5C -5 

MEA F1 

Aspergillus flavus 

strain UOA/HCPF 5774 
99% FJ878681 

Mytilinidion tortile 

strain EB 0377 
80% GU323189 

5D -5 

MEA F1 

Aspergillus flavus 

strain ZJ4-A 
88% FJ487932 

Hypocrea muroiana 

strain DsppF6 
99% KT958527 

5D -5 

PDA F1 

Aspergillus fumigatus 

strain FS160 
99% FJ844610 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

6B -4 

MEA F1 

Trichoderma asperellum 

isolate Tasp29 
100% KU170996 

Aspergillus sp. 

strain ZAS6 
100% KX431149 

6B -5 

PDA F1 

Trichoderma asperellum 

isolate TGD-1 
99% KX538809 

Hypocrea atroviridis 

strain SMF-H08 
99% JX242484 

7B -5 

MEA F1 

Aspergillus flavus 

strain IM21 
99% KX011593 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 
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 ITS 18S rDNA 

Site Isolates Fungal species Similarity Accession No. Fungal species Similarity Accession No. 

Secondary 

forest (SF) 

7B -5 

PDA F1 

Trichoderma asperellum 

isolate Tasp33 
99% KU171000 

Hypocrea atroviridis 

strain SMF-H08 
99% JX242484 

7C -4 

MEA F1 

Aspergillus fumigatus 

strain 2101 
97% KJ194123 

Aspergillus fumigatus 

strain YA-14 
97% FJ560718 

7C -4 

MEA F2 

Aspergillus fumigatus 

strain A0625 
87% KF494830 

Hypocrea atroviridis 

strain SMF-H08 
99% JX242484 

7C -4 

MEA F3 

Trichoderma asperellum 

isolate Tasp27 
96% KU170994 

Hypocrea muroiana 

strain DsppF6 
99% KT958527 

8C -5 

PDA F1 

Aspergillus fumigatus 

strain A0611 
99% KF577886 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

9A -4 

MEA F1 

Trichoderma asperellum 

isolate Tasp8 
98% KU170975 

Meyerozyma guilliermondii 

strain Nc49HB-1 
83% KR336835 

9C -4 

MEA F1 

Trichoderma asperellum 

isolate TV-3 
100% KX538814 ND ND ND 

9A -5 

PDA F1 

Penicillium dalea 

strain SGE48 
99% JQ776541 

Penicillium sp. 

isolate52 
99% KU350746 

10C -5 

MEA F1 

Trichoderma asperellum 

strain AF14 
100% JX677934 

Aspergillus fumigatus 

strain YA-14 1 
99% FJ560718 

Logged- over 

secondary 

forest 

(LF) 

2B -5 

PDA F1 
ND ND ND 

Aspergillus sp. 

isolate MJ1-3 
99% HM590651 

3B -4 

MEA F1 

Aspergillus flavus 

isolate L7 
92% KF738806 

Aspergillus sp. 

strain ZAS6 
99% KX431149 

4B -5 

PDA F1 

Aspergillus flavus 

strain IM21 
100% KX011593 

Aspergillus sp. 

strain ZAS6 
99% KX431149 
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 ITS 18S rDNA 

Site Isolates Fungal species Similarity Accession No. Fungal species Similarity Accession No. 

Logged- over 

secondary 

forest 

(LF) 

5C -5 

MEA F1 

Aspergillus fumigatus 

strain A0611 
100% KF577886 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

5D -5 

PDA F1 

Aspergillus fumigatus 

isolate ITA9F5 
98% KP122751 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

8C -4 

PDA F1 

Aspergillus fumigatus 

isolate 24L15T1 
100% KP724998 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

10C -4 

PDA F1 

Aspergillus flavus 

isolate L7 
99% KF738806 

Aspergillus sp. 

strain ZAS6 
99% KX431149 

3.5 YAP 

oil palm 

(OP) 

3B -5 

PDA F1 

Aspergillus fumigatus 

isolate TN-281 
99% KX610742 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

5C -4 

PDA F1 

Aspergillus niger 

isolate A 
100% KU565727 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

6D -4 

PDA F1 

Aspergillus tubingensis 

isolate AT01 
94% GQ118987 ND ND ND 

7C -4 

PDA F1 

Aspergillus fumigatus 

strain R1 
100% KJ001801 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

9D -5 

PDA F1 

Aspergillus fumigatus 

strain SGE57 
99% JQ776545 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

9B -5 

PDA F3 

Aspergillus fumigatus 

strain R1 
99% KJ001801 

Aspergillus fumigatus 

strain YA-14 
99% FJ560718 

10B -5 

PDA F1 

Aspergillus flavus 

strain IM21 
99% KX011593 

Aspergillus sp. 

strain ZAS6 
99% KX431149 

 


