
15

ABSTRACT

Oil palm is one of the most important crops 
in Malaysia and plays a significant role in 
the agricultural and economic development of 
the country. Basal stem rot (BSR) caused by 
Ganoderma boninense is the biggest threat to oil 
palm production and has been documented to cause 
huge losses to the oil palm industry in Malaysia. 
There is yet to be an effective control measure for 
BSR disease. Endophytic fungi have been previously 
studied and identified as potential biological control 
agents (BCA) for many crop diseases. The overall 
success of biocontrol depends on the effectiveness 
of the method used for searching and screening 
biocontrol agents. Endophytic fungi, Hendersonia 
toruloidea GanoEF1, Amphinema GanoEF2 and 
Phlebia GanoEF3, were isolated from more than 
500 culturable endophytic fungal samples isolated 
from the roots of healthy oil palms in Malaysia. 
These isolates were further formulated into powder 
and granular forms, which profoundly affected the 
efficacy of BSR disease control. Isolate H. toruloidea 
GanoEF1 was found to be a novel and promising 
biological control agent against G. boninense; 
therefore, this isolate was further developed for 
commercialisation. The process of mass production 
of the endophytic fungus, H. toruloidea, as 
GanoEF biofertiliser has been commercialised. The 
commercialisation package involves mass production 
of H. toruloidea GanoEF1 inoculum, preparation 
of a carrier, mixing the inoculum into the carrier, 
and packaging the final product. In greenhouse and 
field trials, oil palm seedlings treated with GanoEF 
biofertiliser showed a positive outcome in controlling 
infection and growth of G. boninense. The use of 
endophytes in the form of a formulated product is 
preferred and sought after as such preparations offer 
many advantages during application in the field.
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pembangunan pertanian dan ekonomi negara. 
Penyakit reput pangkal batang (RPB) yang 
disebabkan oleh kulat Ganoderma boninense 
adalah ancaman terbesar bagi pengeluaran minyak 
sawit dan telah didokumentasi menyebabkan 
kerugian besar pada industri sawit di Malaysia. 
Terdapat beberapa langkah kawalan yang berkesan 
untuk penyakit RPB. Kulat endofitik telah 
dikenal pasti sebagai agen kawalan biologi yang 
berpotensi untuk banyak penyakit tanaman. 
Keberkesanan penggunaan agen kawalan biologi 
secara keseluruhannya bergantung kepada kaedah 
penyaringan semasa menjalankan persampelan. 
Kulat endofitik, Hendersonia toruloidea 
GanoEF1, Amphinema GanoEF2 and Phlebia 
GanoEF3 telah berjaya dipencilkan akibat 
penyaringan lebih daripada 500 kultur yang 
disampelkan daripada akar sawit yang sihat. 
Berdasarkan keberkesanan mengawal G. Boninense 
dalam ujian in vitro, isolat ini diformulasikan 
dalam bentuk serbuk dan butiran, dan telah 
menunjukkan kesan yang signifikan untuk 
mengawal penyakit RPB. Isolat H. toruloidea 
GanoEF1 merupakan strain novel yang belum 
pernah dilaporkan, namun menjanjikan strategi 
secara biologi untuk mengawal G. boninense. 
Justeru itu, isolat ini dikembangkan lagi untuk 
pengkomersialan. Proses pengeluaran besar-besaran 
kulat endofitik, H. toruloidea, dikomersialkan 
sebagai biobaja GanoEF. Pakej pengkomersialan ini 
melibatkan pengeluaran inokulum H. toruloidea 
GanoEF1 secara besar-besaran, penyediaan 
pembawa, proses mencampur inokulum ke dalam 
pembawa dan proses pembungkusan produk. 
Melalui ujian di peringkat nurseri dan ladang, 
anak sawit yang dirawat dengan biobaja GanoEF 
menunjukkan hasil yang positif dalam mengawal 
jangkitan dan pertumbuhan G. boninense. Oleh 
itu, penggunaan kulat endofitik dalam pembangunan 
dan pengkomersialan produk dipilih kerana banyak 
kelebihan semasa aplikasi di ladang.

INTRODUCTION

Oil palm is one of the most important crops 
in Malaysia and plays a significant role in the 
agricultural and economic development of the 
country. Palm oil is now the most economical 
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source of sustainable and renewable raw material 
for the food, oleochemical and biofuel industries 
in the world market (Basiron, 2007). High demand 
for palm oil has led to expansion in the cultivation 
of the crop, i.e. from 54 000 hectares in 1960 to 5.81 
million hectares in 2017, with an annual growth rate 
of 10.06%. Besides that, in 2018, it was reported that 
the production of palm oil reached 19.52 million 
tonnes per year (Kushairi et al., 2019). 
 One of the main constraints faced by the 
palm oil industry is disease caused by a range of 
plant pathogens. Basal stem rot (BSR) caused by 
Ganoderma boninense is the biggest threat to oil palm 
production, and has been documented as the single 
major devastating disease in Southeast Asia (SEA), 
especially in Malaysia and Indonesia. The disease 
causes much damage to the affected palms with 
subsequent significant yield losses. It was reported 
that, in 2010, the Incidence of BSR infection involved 
3.71% of all the plantations in Malaysia, equivalent 
to 59 148 hectares, and that the yield losses due to 
BSR amounted to approximately RM1.5 billion per 
annum (Idris et al., 2016).
 Research on ways to reduce Ganoderma infection 
is very crucial. BSR is very difficult to eradicate, 
and numerous ways have been tried to prevent 
infection, such as by applying chemical fungicides, 
soil mounding, and sanitation by removing 
infected palms (Idris et al., 2016). In addition to 
existing disease management tools, new eco-
friendly approaches are being explored to suppress 
the disease. Some methods only delay the time of 
dispersion of the pathogen, while other practices 
are considered better in controlling the disease, 
such as biological control, which is also more 
environmentally-friendly. Nevertheless, many 
studies have been and are being conducted to find 
the best solution for managing Ganoderma infection.  
 The manipulation of microorganisms such as 
fungi, bacteria and actinomycetes as biological 
control agents has been explored for inhibiting 
this most severe disease of oil palm (Idris, 2011). 
Biological control has been introduced as an 
alternative to minimise the impact on non-
targeted organisms and to improve agricultural 
sustainability, besides reducing high dependency 
on mechanisation. Advances in biotechnology 
have led to a significant increase in the use of 
microbes as biological control agents (BCA) against 
plant pathogens. For instance, the biological 
properties of several antagonistic fungi, such as 
Aspergillus (Shukla and Uniyal, 1989), Penicillium 
(Dharmaputra et al., 1989), and Trichoderma 
(Angel et al., 2018; Sundram, 2014; Nur Ain Izzati 
and Abdullah, 2008; Sariah and Zakaria, 2000), 
endophytic bacteria (Ramli et al., 2016; Sapak et al., 
2008) and actinomycetes (Shariffah-Muzaimah et 
al., 2017), have been studied and are proven to have 
antagonistic effects against G. boninense. Several 
BCA have been used as biofertilisers, contributing 

to enhanced crop yields as well as proving to be 
effective measures for disease control. Part of 
the plantation industry has adopted the usage of 
arbuscular mycorrhiza fungi, such as RHIZAGold, 
as a preventive measure during seed sowing and 
transplanting in the main nursery to increase the 
immunity of the seedlings against the disease. A 
number of Trichoderma spp., especially T. harzianum, 
have been commercialised as biological control 
agents of plant diseases, e.g. TricoShield works 
against Ganoderma and Phytopthora sp. Streptomyces 
GanoSA1 was developed into an organic powder 
formulation known as EMBIOTM actinoPLUS 
to control BSR disease in oil palm (Shariffah-
Muzaimah et al., 2020). The present review covers 
the potential of endophytic microbes, specifically 
endophytic fungi, and the formulation of a selected 
endophytic fungus into a biofertiliser for the 
management of BSR disease in oil palm. Response 
to the biofertiliser was analysed from nursery and 
field applications.

Endophytic Fungi as Biological Control Agents 
Specific to Oil Palm

 Biological control commonly refers to the use 
of microorganisms in reducing disease-causing 
activities by plant pathogens and damage by 
herbivores, including insects, feeding on host plants 
(Köhl et al., 2019). Almost all microorganisms, 
especially endophytes, have been used in biological 
control against pathogens living in host plants or 
in the soil. Endophytes produce substances such 
as antibiotics, and their culture can hinder the 
growth of pathogens within the plants (Marella, 
2014; Schulz et al., 2006; Liu et al., 2001). There are 
several mechanisms that work against the activities 
of plant pathogens, namely, antibiosis, competition, 
and parasitism, which operate directly in the host 
plants or indirectly by enhancing resistance of the 
host (Ownley et al., 2009; Bailey et al., 2006). 
 The use of endophytic fungi to control BSR 
disease in oil palm has been gaining public attention, 
and studies have been conducted extensively. An 
endophytic fungus is a fungus living in a host 
plant’s tissues and gives asymptomatic infection, 
or does not cause any apparent damage to the 
host plant (Hyde and Soytong, 2008). During the 
application of endophytes in biological control, 
the selected endophytes should be introduced into 
the plant tissues as well as be tested in the field to 
assess their efficacy against the target pathogen. 
Many researchers have focused their studies on 
endophytic fungi as this group is beneficial to plant 
growth besides offering protection from diseases 
caused by pathogens (Arnold et al., 2003).
 According to Susanto (2005), an endophytic 
fungus can be categorised as a biocontrol agent if 
it shows an inhibitory capacity of more than 80%. 
Many studies have been conducted on endophytic 
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fungi isolated from oil palm. The aim is to develop 
management strategies for biological control of G. 
boninense in a safe and environmentally-friendly 
manner, which is dependent on the capabilities 
of the endophytic fungi in producing secondary 
metabolites (Rungjindamai et al., 2008; Evans et al., 
2003). 
 Ramli et al. (2018) successfully isolated more 
than 500 culturable endophytic fungal samples 
from the roots of healthy oil palms in Malaysia. In 
vitro studies showed that 456 of the isolates gave 
a percentage inhibition of radial growth (PIRG) 
against G. boninense of less than 40%, while about 35 
isolates gave a PIRG value between 40% and 80% 
against G. boninense. Out of that latter group, nine 
isolates exhibited PIRG values of more than 80%. 
Highly significant PIRG values were reported for 
three isolates, namely, GanoEF1 (89.3%), GanoEF2 
(89.2%) and GanoEF3 (81.2%). The three isolates 
(Figure 1) were characterised by morphological 
and molecular analyses as the species Hendersonia 
toruloidea (Hendersonia GanoEF1), Amphinema 
byssoides (Amphinema GanoEF2) and Phlebia radiata 
(Phlebia GanoEF3) (Ramli et al., 2018; Ramli et al., 
2012a; 2012b).

respectively, has been reported (Table 1). Studies 
indicate that the application of endophytic fungal 
formulations around the oil palm rhizosphere 
promotes the growth, proliferation and 
establishment of the endophytic fungi in the oil 
palm roots before penetration into the Ganoderma 
fungus. Based on the results in Table 1, Hendersonia 
GanoEF1 was chosen for further studies towards 
developing it into commercial product.

Potential of Endophytes as Biocontrol Agents Against Basal Stem Rot (BSR) Disease and the 
Development of Commercial Biofertiliser for Disease Management

TABLE 1. EFFECT OF THREE ENDOPHYTIC 
FUNGAL FORMULATIONS ON BASAL STEM 
ROT (BSR) DISEASE DEVELOPMENT IN OIL 
PALM SEEDLINGS AT SIX MONTHS AFTER 

TREATMENT

Endophytic fungi Disease 
reduction (%)

Amphinema GanoEF2 
formulation 42.4

Phlebia GanoEF3 formulation 47.7
Hendersonia GanoEF1 
formulation 54.2

Figure 1. Pure cultures of endophytic fungi: (a) Hendersonia 
GanoEF1, (b) Amphinema GanoEF2 and (c) Phlebia 

GanoEF3.

(a)

(b) (c)

 Formulations of the three endophytic fungi 
have been developed, and their effectiveness in 
controlling Ganoderma disease was evaluated by 
artificial inoculation of oil palm seedlings with 
G. boninense (Ramli et al. 2018; Anuar et al., 2015; 
Sitihairunnisa et al., 2014; Idris et al., 2012). The 
use of the three endophytic fungal formulations, 
Amphinema GanoEF2, Phlebia GanoEF3 and 
Hendersonia GanoEF1, in potentially reducing 
BSR disease incidence by 42.4%, 47.7% and 54.2%, 

Endophytic Fungus, Hendersonia toruloidea 
GanoEF1

 GanoEF1 isolate has the ability when used as a 
biological control agent to inhibit the growth of G. 
boninense (Idris et al., 2010). The endophytic fungus 
was isolated from root tissues of symptomless 
oil palms and maintained on potato dextrose 
agar (PDA). GanoEF1 was characterised by 
morphological analysis, and its identity confirmed 
by sequencing using ribosomal genes (Ramli et al., 
2018). GanoEF1 belongs mainly to the Ascomycetes, 
and was identified as Hendersonia toruloidea.
 The use of the endophytic fungus, H. toruloidea 
GanoEF1, is a relatively novel yet promising 
biological control strategy to control G. boninense. 
Evaluation of H. toruloidea GanoEF1 as a biocontrol 
agent against G. boninense was carried out using dual 
culture assay and liquid culture assay. H. toruloidea 
GanoEF1 gave a high percentage inhibition of radial 
growth (PIRG) up to 80% in both bioassays (Idris 
et al., 2010). Nursery evaluation using a conidial 
suspension of H. toruloidea GanoEF1 against G. 
boninense showed that the seedlings treated with 
H. toruloidea GanoEF1 had a significantly lower 
percentage of disease incidence at six months after 
treatment. BSR disease was reduced by 37.0% to 
55.2% in the treated seedlings (Ramli et al., 2018).
 Recently, a granular formulation containing 
conidia of various biocontrol fungi has been 
developed as such preparations offer many 
advantages compared with a conidial suspension 
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(Oancea et al., 2016). The newly developed H. 
toruloidea GanoEF1 granular formulation containing 
a carrier composed of an empty fruit bunch-palm 
kernel cake (EFB-PKC) composite had a profound 
effect on the vegetative growth of oil palm seedlings 
(Ramli, 2019). Moreover, disease suppression 
was improved in the treatment that denoted the 
application of H. toruloidea GanoEF1 in an EFB-PKC 
formulation (Figure 2), with disease reduction of 
65.92% (P<0.05). Incorporating microbial (especially 
fungal) spores in a granular formulation has been 
found to be successful in delivering biocontrol 
fungi to its specific target, hence, increasing disease 
reduction.

Large-Scale Production and Commercial 
Production of Ganoef Biofertiliser

 A joint research project between MPOB and 
All Cosmos Industries Sdn. Bhd. (a subsidiary 
of All Cosmos Bio-Tech Holding Corporation) 
successfully produced GanoEF biofertiliser for the 
control and prevention of Ganoderma disease in oil 
palm. GanoEF biofertiliser contains the endophytic 
fungus Hendersonia GanoEF1 which has been 
incorporated into inorganic and organic fertilisers 
(Idris et al., 2012).
 The process of mass production of the 
Hendersonia GanoEF1 inoculum has been 
established, for which two patents were filed (PI 
2011005782 and PI 2014701194). Toxicology tests 
were conducted by the School of Pharmaceutical 
Sciences, Universiti Sains Malaysia (USM) in 
Penang and SIRIM Sdn. Bhd., Shah Alam, Selangor. 
These tests showed that the product was non-
pathogenic to plant, human and animal life, and 
was non-polluting, unlike chemical fungicides. 
The product was commercialised in 2012. 
Commercial production of GanoEF biofertiliser 
involves the mass production of the Hendersonia 
GanoEF1 inoculum, preparation of a carrier, mixing 
the inoculum into the carrier, and packaging the 
final product (Figure 3). 
 The effectiveness of GanoEF biofertiliser in 
controlling Ganoderma disease was evaluated in 
a nursery trial conducted at the MPOB-UKM 
Research Station, Bangi, Selangor. Oil palm 
seedlings treated with GanoEF biofertiliser showed 
significantly lower severity of foliar symptoms 
(SFS) and fewer dead seedlings (DS) compared to 
the untreated seedlings. BSR disease incidence was 
reduced by 69.5% in the seedlings treated with 
GanoEF biofertiliser (Table 2). 
 The study was extended to the field to evaluate 
the efficacy of GanoEF biofertiliser as a preventive 
treatment to control Ganoderma. Efficacy of the 
treatment was assessed through the seedling 
baiting technique at two study sites: Seberang 
Perak and Teluk Intan, both in Perak. At 36 months 
after planting, only 5.0% of the palms treated with 
GanoEF biofertiliser showed symptoms of BSR 
disease or were dead due to Ganoderma infection 
(Table 3). In contrast, 83.3% of the palms were dead 
due to Ganoderma infection among the untreated 
seedlings. A Koch’s postulate test was conducted 
by placing the root or stem tissues from the dead 
palms onto Ganoderma selective medium (GSM) to 
confirm the presence of Ganoderma fungus. 

CONCLUSION

The use and application of biocontrol agents (BCA) 
provide an option for sustainable agriculture. 
Adoption of such green technology approaches for 
the management of Ganoderma disease in oil palm 

Figure 2. Hendersonia GanoEF1 granules.

 The interaction between the plant pathogen 
and endophyte depends on the effectiveness of 
colonisation of the host plants by the endophyte. 
Through rapid colonisation (which is the main way 
endophytic fungi inhibit pathogens from infecting 
host plants), no space is left available for entry of 
the pathogens into the host tissues (Gao et al., 2010). 
H. toruloidea GanoEF1 being an endophytic fungus 
can penetrate and colonise the internal tissues of the 
oil palm. Many viable cells of H. toruloidea GanoEF1 
were re-isolated from the roots of oil palm seedlings 
applied with the granular formulation (Ramli, 2019). 
In another report, the application of endophytic 
fungus, Hendersonia GanoEF1, was able to increase 
lignin deposition in cell walls (Ismail, 2019).  As 
a result, the cell walls became reinforced after 
endophytic colonisation, thus making it difficult 
for pathogens to infect the tissues. Another research 
group observed that successful colonisation of oil 
palm seedlings by Hendersonia GanoEF1 resulted 
in the upregulation of thiamine biosynthetic genes 
and increased the accumulation of total thiamine 
(Kamarudin et al., 2017). Thiamine metabolism 
is involved in adaptation towards biotic and 
abiotic stresses in plants and also microorganisms 
(Sylvander et al., 2013).
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TABLE 2. EFFECTS OF GanoEF BIOFERTILISER ON BASAL STEM ROT (BSR) DISEASE 
DEVELOPMENT IN OIL PALM SEEDLINGS AT NINE MONTHS AFTER INOCULATION

Treatment
Disease development (%) Disease 

reduction 
(DR)

Severity of foliar 
symptoms (SFS)

Dead seedlings 
(DS)

Seedlings inoculated with G. boninense 
(control, T1) 83.8 a 86.7 a

69.5%
Seedlings inoculated with G. boninense then 

treated with GanoEF biofertiliser (T2) 48.4 b 26.7 b

Note: Means within a column bearing different letters are significantly different from one another at P < 0.05 
according to a t-test.

TABLE 3. FIELD TRIALS ON EFFECTS OF GanoEF BIOFERTILISER IN CONTROLLING Ganoderma 
DISEASE, AT 36 MONTHS AFTER PLANTING (THROUGH THE SEEDLING BAITING TECHNIQUE)

Treatment

Palms dead due to Ganoderma infection (%)
Site 1

(Seberang Perak, Perak)
Site 2

(Teluk Intan, 
Perak)

Average

Palms untreated with GanoEF 
biofertiliser (T1, control) 86.7 80.0 83.3

Palms treated with GanoEF biofertiliser 
(T2) 3.3 6.7 5.0

Note: Total number of palms per treatment = 60.

Figure 3. Summary of the commercial production process of GanoEF biofertiliser.

Potential of Endophytes as Biocontrol Agents Against Basal Stem Rot (BSR) Disease and the 
Development of Commercial Biofertiliser for Disease Management

offers a safer management strategy, and contributes 
to the enrichment of biodiversity in an eco-friendly 
manner. The use of the commercial product, GanoEF 
biofertiliser, effectively suppressed Ganoderma 
infections by reducing the spread of the disease 
inoculum and controlling Ganoderma, thereby 

reducing yield losses due to the disease in oil palm. 
For that reason, it is suggested that the use of BCA 
such as GanoEF biofertiliser can be incorporated 
into the Integrated Ganoderma Management (IGM) 
strategy to be adopted and applied by oil palm 
plantations.
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