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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
of the requirements for the degree of Master of Science

MORPHOLOGICAL STUDY AND LIGNIN DEGRADATION OF
PATHOGENIC GANODERMA SPECIES OF BASAL STEM ROT IN OIL
PALM

By
WONG LING CHIE

October 2013

Chairman: Joseph Bong Choon Fah
Faculty: Agriculture and Food Sciences, Bintulu

Basal stem rot (BSR) is one of the most serious diseases causing major losses in the
oil palm industry in Southeast Asia, especially in Malaysia and Indonesia. Several
species of Ganoderma have been reported to be pathogenic to oil palm, however, the
diversity and differentiation of the Ganoderma species were not widely studied and
the identity of these species are still unclear leading to inaccurate and inefficient
decision-making in disease management. In this study, several isolates of
Ganoderma were collected in Sarawak, Malaysia and Multiplex Polymerase Chain
Reaction was carried out to differentiate the isolates into species level. This was
followed by macromorphological, micromorphological and compatibility studies of
the Ganoderma isolates. Lignin degradation study on the isolates was also carried
out. Multiplex PCR-DNA analysis demonstrated positive results for G. boninense, G.
zonatum and G. miniatocinctum, indicating that these three Ganoderma species were
associated with the basal stem rot disease in Sarawak. Compatibility study had
shown that isolates from different palms were not compatible. Morphological studies
of the Ganoderma isolates showed that hyphae characteristics and spore length can
be used to distinguish among the Ganoderma species. Therefore an identification
key was developed as a guideline on species differentiation of the pathogenic
Ganoderma species. Isolates of G. zonatum G46 and G. miniatocinctum G30,
demonstrated similar lignin degrading ability as G. boninense G25 and G47 whereby
G. zonatum G46 was capable of degrading the most amount of lignin after a week of
infection. From week 1 to week 5, G. zonatum G46 was able to degrade more lignin
compared to G. boninense G25 and G47, indicating that G. zonatum could cause
more damage to oil palms for long term. Therefore, more researches should
emphasize on G. zonatum instead of focusing on G. boninense alone in order to
formulate suitable solutions to control or eliminate BSR caused by the different
Ganoderma species.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk [jazah Master Sains

KAJIAN MOFOLOGI DAN DEGRADASI LIGNIN OLEH SPESIES
GANODERMA YANG PATOGENIK DAN MEMBAWA PENYAKIT REPUT
PANGKAL PADA KELAPA SAWIT

Oleh
WONG LING CHIE

October 2013

Pengerusi: Joseph Bong Choon Fah
Fakulti: Sains Pertanian dan Makanan, Bintulu

Penyakit reput pangkal merupakan salah satu penyakit paling serius yang membawa
kerugian besar kepada industri kelapa sawit di Asia Tenggara, terutamanya Malaysia
dan Indonesia. Beberapa spesies Ganoderma telah dilaporkan patogenik terhadap
kelapa sawit, walau bagaimanapun, kepelbagaian dan pembezaan spesies
Ganoderma tidak dikaji dengan mendalam dan identiti spesies masih tidak jelas
menyebabkan ketidaktepatan dan ketidakcekapan untuk membuat keputusan dalam
pengurusan penyakit. Dalam kajian ini, beberapa pencilan Ganoderma telah
diperolehi dari Sarawak, Malaysia dan Multiplex PCR-DNA telah dijalankan untuk
membezakan pencilan tersebut sehingga peringkat spesies. Ini diikuti dengan kajian
makromorfologi, mikromorfologi dan keserasian pencilan Ganoderma tersebut.
Kajian degradasi lignin juga dijalankan. Analisis Multiplex PCR-DNA menunjukkan
keputusan positif untuk G. boninense, G. zonatum and G. miniatocinctum, justeru itu,
menunjukkan bahawa tiga spesies Ganoderma tersebut mempunyai kaitan dengan
penyakit reput pangkal di Sarawak. Kajian keserasian menunjukkan bahawa
pencilan daripada pokok kelapa sawit yang berbeza adalah tidak serasi. Kajian
morfologi pencilan Ganoderma menunjukkan bahawa ciri-ciri hifa dan panjang
spora boleh digunakan untuk membezakan spesies Ganoderma tersebut. Maka, satu
kekunci pengenalpastian telah dibangun untuk memberi garis panduan untuk
membezakan spesies Ganoderma yang patogenik. Isolat G. zonatum G46 dan G.
miniatocinctum G30 telah menunjukkan keupayaan degradasi lignin yang sama
dengan G. boninense G25 dan G47 di mana G. zonatum G46 berupaya
mendegradasikan paling banyak amaun lignin selepas satu minggu dijangkiti. Dari
minggu pertama hingga minggu kelima, G. zonatum G46 berupaya mendegradasikan
lebih banyak lignin berbanding dengan G. boninense G25 dan G47 di mana ia
menunjukkan bahawa G. zonatum berupaya menyebabkan lebih banyak kerosakan
terhadap kelapa sawit dalam jangka masa panjang. Oleh itu, lebih banyak kajian
perlu ditumpukan kepada G. zomatum daripada menfokus kepada G. boninense
sahaja untuk merangka langkah pengawalan yang sesuai atau untuk menghapuskan
penyakit reput pangkal yang disebabkan oleh beberapa spesies Ganoderma.
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CHAPTER 1
INTRODUCTION

In the last three decades, the oil palm industry in Malaysia has experienced rapid
growth and has emerged as one of the most important source of vegetable oils and
fats in the world. Compared to other oil-producing crops, oil palm is considered as
the most productive oil crop in the world. Therefore, the wellbeing of the oil palm
industry is extremely crucial as it contributes tremendously to the economics of oil-
producing countries.

Although oil palm is a valuable commodity, there are obstacles and factors that are
posing great threats to the oil palm industry. The major obstacle in order to achieve
crop sustainability in oil palm plantation is basal stem rot (BSR), a disease which
irremediably causes palm deaths. Ganoderma boninense, a type of white rot fungi
capable of degrading the lignin component in wood, is the predominant Ganoderma
species which is responsible for the BSR occurrence and development (Breton et al.,
2006; Paterson, 2006; Paterson, 2007a) causing economic losses to oil palm industry
in various regions around the world especially Southeast Asia (Flood et al., 2000;
Corley and Tinker, 2003; Pilotti, 2005; Breton ef al., 2006; Rees et al., 2007). Many
researchers agreed on the fact that Ganoderma boninense causes the most
destructive disease in oil palms, especially in Malaysia and Indonesia (Gurmit, 1990;
Susanto et al., 2005; Idris et al., 2006). In order to control the BSR disease,
sufficient knowledge on the pathogen is crucial, especially on the identity of the
pathogen, mode of infection and spread of the disease.

Ganoderma boninense was not the only pathogen that has been causing the BSR
disease; in fact, studies had proven that there are several Ganoderma species that are
capable of causing BSR in oil palm (Idris et al., 2000). However, non-pathogenic
Ganoderma species were also found in oil palm plantations, growing on dead trunks
or stumps, therefore leading to confusion in the identification of pathogenic
Ganoderma species. These confusions can cause significant losses to the oil palm
industry due to inaccurate and unsuitable disease management. Therefore, the
development of a fast method to accurately identify the pathogen is extremely
crucial in order to initiate prompt actions for disease management of the specific
pathogen.

In order to successfully formulate a method to control the BSR disease, the
knowledge on how the Ganoderma species infect and spread in the oil palm is
extremely important. Ganoderma species, a type of white rot fungi, is well-known to
be capable of degrading lignin components via secretion of various extracellular
ligninolytic enzymes (D’Souza et al., 1999; Ali et al., 2004; Elissetche et al., 2007,
Revankar and Lele, 2007). The understanding of these ligninolytic enzymes and the
degree of damage that it leads to is important in order to assess the development of
the disease and formulate a solution to curb the BSR disease.

Due to the Ganoderma complex, identification of Ganoderma species which are
pathogenic to oil palms had been difficult and unconvincing. As Ganoderma species
was proven to be heterogenic in numerous studies (Utomo and Niepold, 2000;
Zakaria et al., 2005), variations might occur even within the same species both



genetically and morphologically. Therefore, studies had been done to narrow down
the characteristics of these species that were capable of identifying and
differentiating between the pathogenic Ganoderma species in a shorter time in order
to facilitate the disease management of BSR caused by these Ganoderma species.

Therefore, this study was conducted to (1) isolate and identify Ganoderma species
pathogenic to oil palm via Multiplex PCR DNA analysis (2) distinguish between
pathogenic Ganoderma species through morphological study (3) evaluate the lignin
degradation in oil palm by the Ganoderma species.
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