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boninense 
 
 

By 
 
 

LEE PEI LEE ANGEL 
 
 

July 2016 
 
 
Chairman : Mohd Termizi bin Yusof, PhD 
Faculty         : Biotechnology and Biomolecular Sciences 
 
 
Ganoderma boninense has been identified as the pathogen that causes basal 
stem rot (BSR), a devastating disease affecting the oil palm tree. Trichoderma 
has long been recognized as a potential antagonistic biological control agent 
(BCA) against pathogenic fungi that are responsible for several plant diseases. 
The success of Trichoderma isolates as potent BCAs is due to the antagonistic 
characteristics such as mycoparasitism and antibiosis. Therefore, this study 
attempts to identify the mechanisms involved in the suppression of G. 
boninense and the antifungal compounds released by endophytic Trichoderma. 
Two potential endophytic Trichoderma isolates, namely Trichoderma virens 7b 
and Trichoderma virens 159c were assessed through in vitro assays. 
Trichoderma able to produce siderophore and able to chelate the iron under 
iron starvation. The culture filtrates of these Trichoderma isolates were then 
extracted using hexane, ethyl acetate (EtOAc) and butanol (BuOH), 
respectively. The resulting extracts were tested against G. boninense PER 71 
for their antifungal activity through a modified well diffusion assay. The active 
fraction was further fractionated with chromatographic methods and the 
composition of the active fraction was analyzed with gas chromatography-
mass spectrometry detector (GC/MSD). Both Trichoderma strains were highly 
active in producing siderophores according to the qualitative CAS reaction 
observation. Hexane extract of T. virens 7b and ethyl acetate extract of T. 
virens 159c were found to cause the highest inhibition against G. boninense 
PER 71 in inhibition radial growth (PIRG) (62.60% ±6.41 and 78.39% ±5.40, 
respectively). The activity of each extract was further demonstrated under the 
scanning electron microscope (SEM) where severe deformation of G. 
boninense PER 71 mycelia was observed at the inhibition region. The active 
fractions of T. virens 7b constituted of compounds such as ketones, alcohols, 
aldehydes, lactones, sesquiterpenes, monoterpenes, sulphides and free fatty 
acids whereas T. virens 159c produced ketones, aldehydes, acetamide, 
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alcohol, lactones and free fatty acids. Secretion of phenylethyl alcohol was 
found to be produced by both T. virens isolates. The findings of this study 
contribute to the understanding of the potential mechanisms involved in the 
suppression of G. boninense by endophytic Trichoderma.  
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Ganoderma boninense    
 

 
Oleh 
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Pengerusi : Mohd Termizi bin Yusof, PhD 
Fakulti : Bioteknologi Dan Sains Biomolekul 
 
 
Ganoderma boninense telah dikenal pasti sebagai patogen yang 
menyebabkan reput basal batang (BSR), suatu penyakit yang dapat 
memusnahkan pokok kelapa sawit. Trichoderma telah lama diketahui 
berpotensi sebagai agen kawalan biologi (BCA) antagonis terhadap kulat 
patogen yang bertanggungjawab kepada beberapa penyakit tumbuhan. 
Kejayaan pencilan Trichoderma yang berkesan sebagai agen kawalan biologi 
adalah kerana ciri-ciri antagonisnya seperti mikoparasitisme dan antibiosis. 
Oleh itu, kajian ini cuba untuk mengenal pasti mekanisme yang terlibat dalam 
penindasan G. boninense dan sebatian antikulat yang dikeluarkan oleh 
endofitik Trichoderma. Dua endofitik pencilan Trichoderma yang berpotensi 
adalah T. virens 7b dan T. virens159c yang dinilai melalui asai in vitro. 
Trichoderma mempunyai keupayaan untuk menghasilkan siderofor dan 
mampu untuk kelat besi dalam keadaan kekurangan besi. Turasan kultur 
pencilan Trichoderma ini masing-masing telah diekstrak menggunakan 
heksana, etil asetat (EtOAc) dan butanol (BuOH). Ekstrak yang terhasil telah 
diuji menggunakan G. boninense PER 71 untuk mengkaji aktiviti antikulat 
melalui resapan telaga asai yang diubahsuai. Pecahan aktif selanjutnya 
dipecahkan  menggunakan kaedah kromatografi dan komposisi pecahan aktif 
dianalisis dengan pengesan spektrometri kromatografi jisim gas (GC/MSD). 
Kedua-dua strain Trichoderma mengeluarkan siderofor berdasarkan 
pemerhatian reaksi CAS kualitatif dengan aktif. Ekstrak heksana T. virens 7b 
dan ekstrak etil asetat T. virens 159c telah didapati menyebabkan perencatan 
paling tinggi terhadap G. boninense PER 71 dengan merencatkan 
pertumbuhan jejari (PIRG) (masing-masing 62.60% ± 6.41 dan 78.39% ± 
5.40). Aktiviti setiap ekstrak seterusnya telah dibuktikan di bawah mikroskop 
elektron imbasan (SEM) dan didapati pencacatbentukan G. boninense PER 71 
miselium pada kawasan perencatan. Pecahan aktif T. virens 7b terdiri daripada 
sebatian seperti keton, alkohol, aldehida, lakton, seskuiterpen, monoterpen, 
sulfida dan asid lemak bebas manakala T. virens 159c menghasilkan keton, 
aldehida, asetamida, alkohol, lakton dan asid lemak bebas. Alkohol feniletil 
dirembeskan oleh kedua-dua pencilan T. virens. Hasil kajian ini menyumbang 
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kepada pemahaman tentang mekanisme yang berpotensi yang terlibat dalam 
penindasan G. boninense oleh endofitik Trichoderma.  
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CHAPTER 1  
 
 

INTRODUCTION 
 
 
The world’s most produced and consumed oil today is none other than palm 
oil. The oil is widely used in food, oleochemicals such as cosmetic products, 
household cleaning products and biofuel (Official Palm Oil Information Source, 
n.d.). Malaysia is currently the world’s largest exporter of palm oil and the 
second-largest producer of palm oil (MPOB Statistic, 2014). According to the 
Malaysian Palm Oil Board (MPOB) Statistics (2014), the cultivation of oil palm 
in Malaysia is more than 14% (5.3 million hectares) in 2014 since it was 
introduced to Malaya in 1870. The oil palm is highly productive and 
commercially profitable at large scales. Over the years, the demand for palm 
oil is steadily rising (Sheil et al., 2009). Profits from the oil palm industry offer 
wealth and development to the country, which made oil palm one of the 
important commodity crops in Malaysia.         
 
 
Unfortunately, the oil palm is prone to various diseases caused by pathogenic 
fungi which lead to a major decline in the productivity of the oil palms and 
eventually affecting the oil palm industry adversely (Hushiarian et al., 2013). 
Basal stem rot (BSR) disease is currently a major threat to the oil palm industry 
in Malaysia (Fee, 2011). The pathogen that is responsible for BSR infection in 
the oil palm is a white rot fungus from the genus Ganoderma. As a matter of 
fact, there are several species of Ganoderma involved in BSR infection but 
Ganoderma boninense was reported to be the most aggressive compared to 
the others (Wong et al., 2012). The attack of G. boninense targets the aging 
palms, as well as the younger palms (Corley and Tinker, 2007).  Despite the 
main cause of BSR in oil palm having been identified, an effective strategy for 
controlling G. boninense is still far from being discovered.  
 
 
The use of biological control agent (BCA) as a control strategy is widely being 
investigated as it is considered a more natural and environmentally friendly 
alternative to the existing chemical treatment methods (Butt et al., 2001; 
Eziashi et al., 2006). Trichoderma spp. are the most common saprophytic fungi 
that are present in soil and root ecosystem (Barnett and Binder, 1973). The 
ability of Trichoderma as a BCA to control various plant diseases has been 
reported to be closely related with many aspects of a typical endophytic 
association (Evans et al., 2003; Harman et al., 2004). Various mechanisms 
such as competing for nutrients and space, modifying the environmental 
conditions, antibiosis and mycroparasitism, make Trichoderma spp. a potential 
BCA (Benítez et al., 2004; Harman et al., 2004; Yedidia et al., 1999). Recently, 
fungal endophytes have been considered as important resources for BCA in 
order to suppress plant pathogens due to their abilities to colonize and provide 
nutrients to the host plants and establish buffers from external environmental 
stresses and microbial competitions (Schulz and Boyle, 2005). 
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Endophytic Trichoderma was successfully isolated from oil palm roots by 
Sundram (2013) and this was the first attempt of using endophytic Trichoderma 
for the suppression of G. boninense. The aim of this study was to decipher the 
mechanisms and identify the antifungal compounds released from active 
endophytic Trichoderma for the suppression of G. boninense. Trichoderma 
spp. secretes different types of secondary metabolites ranging from non-polar 
to polar compounds that adversely affect the growth of different fungi (Morath 
et al., 2012; Reino et al., 2007; Siddiquee et al., 2012). The compounds 
responsible for growth suppression of G. boninense were assessed by solvent 
separation and chromatographic methods. The physical mechanism of action 
on G. boninense’s hyphae by antifungal compounds was shown using 
scanning electron microscopy (SEM). Iron is crucial for the survival of 
microorganisms and they release the iron chelator (siderophore) for iron 
acquisition (Symeonidis and Marangos, 2012). The rate of iron chelator 
(siderophore) release by endophytic Trichoderma and G. boninense were 
detected with chrome azurol S (CAS) agar (Schwyn and Neilands, 1987). 
 
 
Hence, this study aimed to contribute to the understanding of the physical and 
chemical mechanisms and competition for nutrient (iron) by the potential 
endophytic Trichoderma isolates during the growth suppression of G. 
boninense. In addition, the application of a natural source to develop 
antagonistic activity against harmful plant pathogens is highly recommended in 
sustainable agriculture as well as to replace the use of chemical pesticides 
which are harmful to the environment and humans. It also has a potential use 
as a prophylactic and suppressive treatment for standing oil palms, which in 
return prolongs the productivity of the palms in the field. 
 
 
The objectives of the study were to: 
 
1. To screen potentially useful isolates of Trichoderma in vitro. 
2. To identify the mechanisms involved in the suppression of G. boninense  
 PER 71 growth. 
3. To identify the antifungal compounds released from endophytic 

Trichoderma isolates that were responsible for G. boninense PER 71 
growth suppression. 

 
 

Hypothesis  
 
 
Endophytic Trichoderma has superior production of siderophores and releases 
antifungal compounds that are responsible for the growth suppression of G. 
boninense PER 71. 
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