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Abstract 

 

The bracket fungus, Ganoderma boninense Pat., causes basal stem rot (BSR) disease in oil palm plants.  Previously the disease was 

reported only in older age palms and currently found on young stages palms as well.  Therefore, Ganoderma can infect all stages of 

oil palm plants. Disease symptoms only appear at the late stage of the disease and usually called a silent killer of oil palm. 

Progression of the disease is slow; however, it can destroy thousands of hectares of oil palm plantations. Basal stem rot shortens the 

productive life of oil palms and causes serious economic losses to the oil palm industry. Hence, BSR is considered a serious threat to 

the oil palm industry in South East Asian countries. To date, there is high demand for sustainable detection and control of this 

disease. This review paper is elaborated on the detection and ecological impact of Ganoderma and BSR disease in oil palms 

plantation. 
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Introduction 

 

Elaeis guineensis Jacquin, which is originated from the Gulf 

of Guinea in West Africa is known as the African oil palm. It 

was first introduced to Brazil and other tropical countries in 

the 15th century by the Portuguese (Corley, 1976). In the 18th 

century, the Dutch brought oil palm seeds from Africa to 

Indonesia. In 1878, the oil palm was introduced as an 

ornamental plant to Malaya, and the first commercial 

planting occurred in 1917 in Malaya (Williams and Hsu, 

1970). The oil palm fruit is a drupe.  

The pericarp consists of three layers: the exocarp (skin), 

mesocarp (outer pulp containing palm oil), and the endocarp 

(a hard shell enclosing the kernel or endosperm, which 

contains oil known as kernel oil). Currently, palm oil is the 

world largest edible oil. In 2009, around 33% of total edible 

oil is obtained from palm oil, while 28% is from soybean 

(www.cmegroup.com). Besides, the palm oil is also used for 

biofuels and some manufactured products. However, one 

major problem in oil palm is basal stem rot (BSR) disease, 

caused by Ganoderma boninense Pat., which is a serious 

threat to the oil palm industry in South East Asian countries, 

especially Malaysia and Indonesia. The disease is lethal and 

in the past few decades has been spreading rapidly. The 

disease spreads through root to root contact. During planting 

any little piece of rotting trunk is removed as this could be a 

potential source of G. boninense in the current stand (Hasan 

and Turner, 1998). The disease progresses slowly, but 

eventually all infected plants become dead. This is because 

the disease cannot be detected at the early stages, and when 

the disease symptoms do appear more than 50% of internal 

tissues are already rotten (Kandan et al., 2010). There are 

various methods applied to control BSR disease, including 

culture practices, good land preparation, fungicide treatment, 

biological control and the use of genetic resistance. The uses 

of resistant cultivars are becoming important management 

strategy for BSR control in oil palm (Idris et al., 2004; Breton 

et al., 2006; Flood et al., 2010). This review paper 

demonstrates the BSR disease and detection, and ecological 

impact of the causal organism of Ganoderma in oil palm 

plantation. 

 

Ganoderma spp.  

 

The genus Ganoderma belongs to the family of 

Ganodermataceae, which causes white rots of hardwoods in 

many woody plants by decomposing lignin as well as 

cellulose and related polysaccharides (Hepting, 1971). 

Ganoderma sp. is an economically important plant pathogen 

especially in oil palm, causing basal stem rot disease. The 

distributions of Ganoderma species are worldwide in green 

ecosystem both to tropical and temperate regions (Pilotti, 

2005). The causal pathogen was originally identified as 

Ganoderma lucidum Karst in West Africa (Wakefield, 1920). 

In Malaysia, this causal pathogen was first recognised as G. 

lucidum by Thompson (1931) (Arrifin et al., 2000). The 

species Ganoderma has a wide host range, where more than 

44 species from 34 genera of plants have been identified as 
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potential hosts (Venkatarayan, 1936). This includes the 

coconut and oil palms as the main hosts for BSR (Hasan and 

Turner, 1998). Turner (1981) reported fifteen species of 

Ganoderma from various parts of the world such as North 

America, Africa, India, Malaysia, Indonesia, Papua New 

Guinea and Thailand as being associated with BSR, including 

for example, G. applanatum, G. boninense, G. chalceum, G. 

cochlear, G. lucidum, G. miniatocinctum, G. pseudoferreum, 

G. tornatum, G. tropicum and G. zonatum.  Within these 

species G. boninense, G. chalceum, G. lucidum, G. 

miniatocinctum, G. pseudoferreum, G. tornatum in isolates of 

diseased oil palms from different areas of Peninsular 

Malaysia, G. boninense is the most aggressive pathogen to 

caused the basal stem rot in oil palm (Wong et al., 2012; 

Turner 1981). 

The morphological shape of Ganoderma sporophores 

depends on the species while the body contained stalk or 

stipe and usually brackets produced form the stalk (Turner 

1981). The upper side of sporophores colour is light to dark 

brown depends on the species and the lower side is white in 

colour. The upper surface called laccate which form a shiny 

appearance at the young stage and become brown when spore 

are produced. Usually, different species of Ganoderma 

produced different feature and pathogenecity (Wong et al., 

2012). The species identification or differentiation of 

Ganoderma is still limited; thus, this lack of information 

causes crucial problem for disease management. However, 

very limited documents have been reported in previous 

studies to differentiate between the species of Ganoderma 

using basidioma’s size, shape and habit, basidiospore, laccate 

or non-laccate, pillus surface colour, and mating behavior 

(Steyaert, 1977; Adaskaveg et al., 1986; 1988; Pilotti et al., 

2005). 

 

Ecological status of BSR disease 

 

BSR disease in oil palm is adversely found in Malaysia and 

Indonesia and in other South East Asian countries, including 

Papua New Guinea, Ghana, Nigeria, Africa, Central America, 

Cameroon, Tanzania, Zimbabwe, and Thailand (Arrifin et al., 

2000). The disease was first introduced in the Republic of 

Congo, West Africa in 1915 (Wakefield, 1920) and 

successively, in 1931, the disease was found on 25 year old 

oil palms (Arrifin et al., 2000). At that time the disease was 

not economically important, but after a few years the disease 

was found in 10-15 year old palms and today the disease can 

be found in one year old or immature palms (Wong et al., 

2012; Azahar et al., 2008). 

Hence, BSR has become a serious disease of oil palms with 

severe economic losses in the oil palm industry especially in 

Malaysia and Indonesia. In Malaysia, a higher incidence of 

BSR disease has been reported in the coastal areas 

(Navarantnam, 1964; Turner, 1965). Similarly, Khairudin 

(1990) reported that most of the soils tested in the coastal 

areas of the western part of Peninsular Malaysia are prone to 

BSR disease. Subsequent reports indicated a high incidence 

of BSR on oil palms in inland areas, including soils of 

Holyrood, Sungai Buloh, Rasau, and Bungor series 

(Khairudin, 1990), Batu Anam/Burian series and Munchong 

series (Benjamin and Chee, 1995), peat soils (Rao, 1990), 

and lateritic soils, especially Malacca series (Benjamin and 

Chee, 1995). Over the last decade Malaysia is the world’s 

largest producer of palm oil. Around 50% of palm oil in the 

world market is bagged by Malaysia. The second largest 

producer of palm oil with around 32% production is from 

Indonesia. Besides, the highest economic losses due to BSR 

also occur in Malaysia and Indonesia compared to Africa, 

Papua New Guinea and Thailand (Idris et al., 2004). In Papua 

New Guinea, the disease introduced in 1994 and disease level 

is still low around 3.5 to 5.5 % (Pillotti, 2005). In Peninsular 

Malaysia, high disease incidence is found in the coastal areas, 

especially in Seberang Prai, Sungai Kerian, Teluk Intan, 

Bantingm Gemencheh, Segamat and Pontian (Ariffin, 2003). 

Lower disease incidence is reported around Peninsular 

Malaysia in Pahang, Kelantan, and Terengganu. In Sabah and 

Sarawak, the disease incidence is considered low, except in a 

few plantations at Kota Marudu and Sandakan in Sabah as 

well as Miri in Sarawak (Ariffin, 2003). A survey carried out 

at four year intervals in Malaysian oil palm plantations 

showed that every four years the disease incidence was 

double (Azahar et al., 2011). A similar situation is also 

observed in Indonesia (Flood et al., 2010).   

 

Ecological impact and Economic importance 

 

The Ganoderma fungus is a facultative parasite that can live 

as a saprophyte on rotting stumps and roots, but when a 

suitable host (e.g., an oil palm) becomes available,  it will 

colonize the host and establish a parasitic relationship 

(Turner, 1981). Many surveys indicated that the disease 

incidence of BSR is highest in coastal areas and in areas 

previously planted with coconuts (Turner, 1981). High 

incidence is recorded in locales where an old stand of oil 

palm had been felled but with the stumps left in the ground. It 

is a characteristic of basidiomycete fungi which cause root 

diseases and require wounded or dead roots for infection of 

the host plant. Subsequently, the disease spreads from plant 

to plant by roots or by spores (Sanderson et al., 2005; 

Paterson, 2007).  

 Thus, BSR results in significant economic losses in 

Southeast Asian countries, especially Indonesia and 

Malaysia.  Sumatra in Indonesia thousands of hectares of oil 

palm plantation are facing by this disease. The disease can 

cause 50% losses of palm in oil palm plantation as the result 

observed in the national plantation PT1 Perkebunan 

Nusantara IV in simalangan, North Sumatra Indonesia 

(Santoso et al., 2011).  The losses recorded 45% yield in 

fresh fruit bunches in Malaysian oil palm plantation 

(www.nakedeye.view.com.my). In Peninsular Malaysia, 

around 400,00 hectares of oil palm plantation have been 

infected by Ganoderma basal stem rot disease (www. the 

star.com.my). If the owners of oil palm plantation are not 

made aware to control this disease then the feature of this 

situation may escalate to grate economic threat in oil palm 

industry (www. the star.com.my).  

 

BSR symptoms and disease development 

 

Ganoderma spp. can infect oil palm at all stages, from 

seedlings to old plants. Disease symptoms progress slowly, 

but usually every infected plant eventually dies. Usually, the 

disease develops from the roots but the external symptoms of 

BSR that appear on young palm shown as one-sided 

yellowing or molting of lower fronds, followed by necrosis 

(Singh, 1991; Kandan et al., 2010). The newly unfolded 

leaves are shorter and chlorotic, and sometimes the tips are 

necrotic. Infected older plants produced several unopened 

spear leaves that are usually white in color. By the time the 

foliar symptoms are apparent, the fungus has already killed 

half of the plant’s tissues (Arrifin et al., 2000). The roots of 

the infected palms are very friable, and their internal tissues 

become very dry and powdery. The cortical tissue is brown 

and disintegrates easily, and the stele becomes black in color 

(Singh, 1991). Normally, infected young palms die within 6–
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24 months after these symptoms appeared, whereas mature 

palms take 2–3 years to die (Arrifin et al., 2000). A glass 

house trial study found that the disease severity was 8.3% in 

roots on six-month-old oil palm seedlings but the leaves 

showed no symptoms (Naher et al., 2012a). For this reason 

BSR is called a silent killer of oil palm plant. The basal 

tissues in cross section appeared as brown areas of rotting 

tissues, whereas the leaves are still alive. Turner (1981) and 

Ariffin et al. (1989) mentioned that areas of rotting tissues or 

darker yellow zones defined as ‘reaction zones’ are the result 

of some defence mechanism of the palm to infection. 

Similarity, in our previous study, we observed the defence 

response, where the chitinase gene in oil palm is higher in 

root tissues compared to leaf tissues (Naher et al., 2011). 

Subsequently, other studies also found some defence 

response genes such as glucanase or stearoyl-acyl carrier 

protein desaturase (SAD) and type 3 metallothionein 

expressions are increased in root tissues when oil palms were 

infected with G. boninense (Yeoh et. al., 2012; Alizadeh et 

al., 2011).  These studies have mentioned that plant’s growth 

and metabolism are initially decreased during advanced 

disease development, but later the expression of defence 

response genes lead to enhance disease resistance. However, 

the expression level is finally decreased, showing the 

susceptible situation of oil palm to the pathogen.  

 

Control strategy of BSR disease 

 

Basal stem rot disease caused by Ganoderma considered 

most destructive disease in oil palm. This is because the 

disease escaped the early disease symptoms. In addition, 

resistant mycelium, basidiospores, chlamydospores, and 

pseudosclerotia at these resistance stages present in G. 

boninense which are influence to inhibit control of 

Ganoderma (Susanto et al., 2005; Naher et al., 2012b). When 

a suitable food like dead or felled oil palm is introduced then 

they can grow for entrance into the host plant causing disease 

spread by spore or root to root contact (Sanderson, 2005; 

Paterson, 2007).  Hence, to date no satisfactory method exists 

to control BSR in the field condition.  

However, some previous studies using various methods 

such as the trench system of control, replanting techniques, 

and chemical control had taken somewhat different paths 

with great potential. Digging trenches around infected palms 

to prevent mycelium spread by root contact with neighboring 

healthy palms has been recommended as a controlling 

method. The digging depends on type of the soil and; 

therefore, cost of digging and maintenance of trenches is 

high. BSR infection is assumed to occur by mycelial 

development through root contact; thus, sanitation during 

replanting regarded as an important practice for controlling 

BSR. The result showed that this method lower the disease 

incidence but not reduced BSR with satisfactory (Singh, 

1991). On the other hand, the chemical treatment result 

showed significant reduction in BSR incidence when the oil 

palm trunk was injected with a combination of the fungicides 

carboxin and quintozene fungicides (George et al., 1996). 

However, chemical control agents are not good for the 

environment since they inhibit the growth of good microbes. 

Hence, growing concerns about the environment and the high 

cost of chemicals have encouraged farmers and researchers to 

find out the alternative way to control BSR, such as the use 

of biological control agents and pathogen-resistant cultivars. 

Biological control of BSR disease or Ganoderma spp. 

achieved notable attention. In vitro studies have shown that 

the fungi Trichoderma spp., Aspergillus spp., and Penicillum 

spp. are antagonistic agents towards Ganoderma (Bruce and 

Highley, 1991; Badalyan et al., 2004). When mass produced 

by antagonistic activity, these antagonists, especially 

Trichoderma spp., are good bio-control agents for 

Ganoderma (Susanto et al., 2005; Bruce and Highley, 1991). 

It is noted that Trichoderma can only protect the plants at the 

very early stages of the disease, and is not able to cure highly 

infected palms (Abdullah et al., 2003). Even though, bio-

control agents have not provided a complete solution for BSR 

control, but the technique has become a notable approach 

compared to others. Hence, numerous bio-fungicides are 

currently available in the market for BSR control. The use of 

chemical fungicide caused environmental pollution such as 

Methyl bromide used for controlling Rhizoctonia diseases, 

while the fungicide affects an ozone layer resulting effect in 

greenhouse climate change (Chung et al., 2005). Using bio-

fungicide is a good agricultural practice for management of 

plant diseases. The most benefits of bio-fungicide reside in 

their biocompatibility and biodegradability that it controls the 

disease without causing any damage to the plant and leaving 

any toxic elements which are harmful for microoranism and 

soil environment (Chung et al., 2005; Pepeljnjak et al., 1988; 

Takka and Acarturk, 1999). 

 

Diagnostics tools for Ganoderma 
 

BSR is like a ‘cancer’ in oil palm which is very difficult to 

detect at the early stages of the disease. The limiting factor in 

the control of BSR is the lack of early disease detection. 

Some conventional diagnostic tools have been developed for 

early diagnosis of BSR such as (i) the colorimetric method, 

using ethylenediamine-tetraacetic acid (EDTA), which is 

used to detect G. licidum in coconut (Natarajan et al., 1986), 

(ii) semi-selective media for Ganoderma cultures from oil 

palms (Darus et al., 1993), and (iii) Ganoderma-selective 

media (GSM) which can detect the pathogen from any 

infected tissues. According to Ariffin et al. (1996), GSM can 

detect Ganoderma in oil palms that are infected but have not 

shown any external symptoms. Due to the low accuracy these 

conventional methods are not recommended for large scale 

application. Currently, advance molecular techniques have 

been innovated with more accuracy of detection and fungal 

identification. Two diagnostic methods used to detect 

Ganoderma, such as (i) the use of polyclonal antibodies 

(PAbs) in the pathogen using enzyme-linked immunosorbent 

assay (ELISA), and (ii) the use of polymerase chain reaction 

(PCR) methods using specific deoxyribose nucleic acid 

sequences of the pathogen (Kandan et al., 2009; Utomo and 

Niepold, 2000; Priestley et al., 1994; Fox and Hahne, 1989). 

The above mentioned methods all are laboratory base 

techniques and suitable for small scale samples which are not 

for field condition. Currently, development of device system 

in agriculture technology such as remote sense system or e-

nose system is being used to detect real-time disease 

monitoring. Thus, e-nose system has been conducted in 

limited study for BSR detection. The results showed that the 

e-nose system can discriminate the Ganoderma infected plant 

in field condition but not able to detect the stages of infection 

levels or early infection of the disease (Santoso et al., 2011; 

Azahar et al., 2011; Markom et al., 2009; Md Shakaff et al., 

2009). Several studies have shown that fluorescence or 

spectroscopic imaging (Chaerly et al., 2007; infrared 

spectroscopy (Spinelli et al., 2006); visible/multiband 

spectroscopy (Choi et al., 2004) were used to detect any 

biotic or abiotic stress related symptoms in plants. These 

techniques are convenient and non time consuming which 

also can be developed to detect BRS or Ganoderma infection 

in oil palm. 
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Conclusion 

 

There is no doubt that Ganoderma is the most important 

disease of oil palm. The ecological environment is an 

importance factor which influences disease advancement. Till 

date, Ganoderma selective media, enzyme linked 

immunosorbent assay (ELISA), PCR, Real-time PCR or 

DNA array methods or electronic device system have been 

used for detecting BSR. At present, there is considerable 

demand for a fast, accurate, and sensitive method for the 

early detection of BSR disease or real-time disease 

monitoring in oil palm in field condition. Based on our 

limited knowledge spectroscopie or flurorescence imaging 

technology can be developed for rapid detection of BSR in 

large scale which is not time consuming and laborious. This 

will enable considerable savings in terms of economic 

benefits and productivity. 
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