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ABSTRACT 

 
Basal stem rot caused by Ganoderma boninenseis a serious threat to oil palm 
(Elaeisguineensis) plantations, resulting in significant economic losses. The 
transmission of G. boninense in parent plants occurs through contact between 
roots and sources of inoculum. Dikaryotic mycelia from G. boninense form 
needle-like structures that help penetrate host cells. Subsequently, basidiocarps 
form at the base of infected oil palm trees, causing basal stem rot disease. 
Therefore, it is necessary to develop varieties that are tolerant to G. boninense. . 
GWAS is used to identify associations between genetic variations (usually single 
nucleotide polymorphisms, or SNPs) and specific traits across the genome. The 
application of Genome-Wide Association Studies (GWAS) is an alternative 
method to identify genetic markers associated with tolerance to basal stem rot in 
oil palms. GWAS is used to identify associations between genetic variations 
(usually single nucleotide polymorphisms, or SNPs) and specific traits across the 
genome. By utilizing GWAS, breeders can accelerate the development of oil 
palm varieties resistant to this disease.     
 
1. INTRODUCTION  
 
Palm oil is one of the key plantation commodities playing an important role in 
global oil production due to its ability to produce crude palm oil and palm kernel 
oil, essential raw materials for both food and non-food industries [1]. The oil palm 
plant has numerous benefits for human life [2]. Practical uses of this oil include 
cooking oil and margarine, which are staple products widely used by various 
groups [3]. Palm oil is not only utilized as a source of healthy cooking oil but also 
as a raw material for various industries, such as biodiesel, cosmetics, 
pharmaceuticals, chemicals, textiles, paper, bioenergy, and putty [4]. Given the 
many benefits of palm oil, its demand continues to increase. To meet this 
demand, efforts to boost production are necessary. However, cultivation activities 
aimed at increasing production often face numerous challenges. 
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One major issue in oil palm cultivation is pest and disease attacks. Pests and 
diseases affecting oil palm include leaf rot disease (Phytophthora palmivora), 
bunch rot disease (Marasmiuspalmivorus), stem rot disease (Thielaviopsis 
paradoxa), crown shedding disease (Fusarium oxysporum), anthracnose disease 
(Colletotrichum gloeosporioides), red rust disease (Rigidoporusmicroporus),  
moko disease (Ralstonia solanacearum), and basal stem rot disease 
(Ganoderma boninense) [5][6][7]. 
 
Basal stem rot, caused by G.boninense, is the most destructive disease. 
Symptoms in affected plants include yellowing of old leaves, necrosis, rot at the 
base of the stem, and eventually plant death [8]. This disease attacks the lower 
stem, leading to reduced production and plant mortality, posing a serious threat 
to the sustainability of palm oil production [9]. Controlling this disease can be 
done by using disease-resistant seedlings, maintaining plantation sanitation, crop 
rotation, and applying fungicides [10}. 
 
To develop oil palm varieties tolerant to Ganoderma, a combination of several 
technologies is often used. Steps that can be taken include identifying resistance 
genes using molecular markers, GWAS, or genomic technologies to pinpoint 
resistance genes. Subsequent selection and breeding utilize these resistance 
genes or markers in breeding programs. The breeding lines are then propagated 
through tissue culture techniques. Finally, field trials are conducted to test the 
new varieties in the field to ensure their resistance and productivity.  
 
2. BASAL STEM ROT DISEASE 
 
Basal stem rot is a common symptom of the disease caused by G.boninense in 
oil palm plants. In Indonesia, this disease can significantly reduce palm oil 
productivity per hectare, primarily due to plant mortality, which can exceed 50%, 
resulting in economic losses of up to 43% [11] [12]. 
 
G. boninense, belonging to the Ganodermataceae family and Basidiomycetes 
class, is a white-rot fungus capable of degrading the lignin component of wood. It 
is the most virulent Ganoderma species causing severe basal stem rot [13]. 
Other Ganoderma spp. that can cause basal stem rot include G. applanatum, G. 
boninense, G. chalceum, G. lucidum, G. miniatocinctum, G. pseudoferreum, and 
G. tornatum. However, the primary species causing the disease is G. 
boninense[14][15]. 
 
The transmission of G. boninense occurs through contact between roots and 
sources of inoculum, such as stumps, stems, and diseased palm [16]. 
Monokaryotic mycelia are not pathogenic to oil palm trees, while pathogenic 
mycelia are dikaryotic [17]. Dikaryotic mycelia, through hyphal morphogenesis, 
create needle-like structures that help penetrate host cells. Subsequently, 
basidiocarps form at the base of infected trees, leading to infection by G. 
boninense[18][19]. 
 
3. BREEDING BASAL STEM ROT TOLERANT PLANTS 
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One way to combat G. boninense attacks is by using plants resistant to[G. 
boninense. To date, there is no vertical resistance to basal stem rot [20] . 
However, there is horizontal and partial resistance, which does not prevent 
infection but reduces or compensates for damage [21]. 
 
Breeding programs have utilized E. oleifera and E. guineensis species as genetic 
resources due to their different resistance levels [22]. In recent decades, basal 
stem rot-tolerant oil palm progenies have been obtained from crosses such as 
Cameroon x Cameroon, Cameroon x AVROS, and Nigeria x Nigeria [23]. 
Resistance genes and spatial resistance to G. boninense were derived from 
crosses like Zaire x Cameroon and Congo x Cameroon [24]. Partial resistance 
sources were also found in E. oleifera and E. guineensis lines from Malaysia and 
Indonesia [25]. 
 
Potential genetic sources for resistance have been identified in La Mé A x Deli 
Dabou B and Yangambi IRHO A x Deli Socfindo[26]. Another source of spatial 
resistance is 'Yangambi Ganoderma-Tolerant 1,' released by FELDA Global 
Ventures  [27]. 
 
Non-conventional breeding methods have been initiated, such as increasing 
lignin content. Lignin protects the structure and function of oil palm cell walls, 
playing a crucial role in plant defense. Efforts to increase lignin content are 
pursued through in vitro breeding. However, in vitro breeding is a lengthy process 
requiring optimal transformation methods [28].  
 
4. OIL PALM BREEDING USING GENOME-WIDE ASSOCIATION 
STUDIES (GWAS) 
 
The development of disease-resistant oil palm varieties is crucial for sustainable 
production. Traditional breeding methods are slow and often ineffective due to 
the polygenic nature of disease resistance. Modern genomic tools, such as 
Genome-Wide Association Studies (GWAS), offer a promising solution for 
identifying genetic markers associated with disease resistance, enabling more 
efficient breeding strategies. 
 
GWAS is a method used to identify associations between genetic variations 
(typically single nucleotide polymorphisms, or SNPs) and specific traits across 
the genome [29]. Disease-resistant oil palm breeding programs have been 
developed by evaluating the genotypes and phenotypes of germplasm as genetic 
material sources. Using GWAS can detect extensive genetic variations among 
individuals in a population. The analysis of associations between single 
nucleotide polymorphisms (SNPs) can determine important traits such as 
disease resistance. 
 
GWAS for producing disease-resistant plant varieties has been applied to several 
commodities, including Fusarium wilt resistance in cotton, white mold (Sclerotinia 
sclerotiorum) resistance in beans[30], and powdery mildew and rust resistance in 
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barley[31]. The use of GWAS for oil palm resistance to basal stem rot (BSR) is 
still limited. The used GWAS to detect chitinase genes in oil palm EgCHI1, 
EgCHI2, and EgCHI3. Chitinase enzymes (poly[1,4-N-acetyl-β-D-
glucosaminidase, E.C. 3.2.1.14) hydrolyze chitin polymers to release N-acetyl 
glucosamine oligomers[32]. Detection of genes with structural defense 
properties, such as strengthening lignocellulosic components, and biochemical 
defenses, such as pathogenesis-related protein (PR-protein) genes that degrade 
pathogen cell walls, can prevent pathogen infection and colonization in plant 
tissues. G. boninense cell wall components in oil palm, consisting of chitin, 
glucan, and ergosterol, have been identified as PAMPs [12]. 
 
Genomic-based breeding in oil palm involves selecting individuals in a population 
based on phenotypic and genotypic characteristics. Using the GWAS method, 
genes with superior traits resistant to  basal stem rot can be obtained [33]. The 
next steps include selection through limited-scale testing, high-throughput 
phenotyping, and seed technology digitization to increase oil palm productivity. 
 
In summary, the scope of GWAS involves three main stages: phenotyping, 
genotyping, and linkage disequilibrium (LD) analysis[29]. Accurate association 
requires precise and accurate phenotyping methods and data collection. The 
collected data should have sufficient repetitions and, if possible, be conducted in 
different multi-location and multi-time conditions. Therefore, to avoid large errors, 
experiments must be managed with good research design methods to minimize 
environmental heterogeneity in the experiment.  
 
Genotyping involves determining genetic markers, typically SNPs, used in 
GWAS. The goal of GWAS is to identify SNPs statistically associated with 
phenotypic traits. GWAS surveys thousands or even millions of SNPs, making it 
independent of linkage maps usually formed from bi-parental populations [34]. 
 
Linkage disequilibrium (LD) analysis in GWAS is due to recombination events 
occurring as individual species undergo mutations over time. This recombination 
between genes and markers in a population can provide information on the gene 
locations. Therefore, the more LD between markers and genes associated with 
target traits, the more precise and accurate the gene association[35]. 
 
The advantages of using GWAS in breeding programs include high-resolution 
mapping of genetic variations [36]. Detailed mapping of identified genome 
regions can uncover candidate genes related to disease resistance. Functional 
characterization of these genes will elucidate their roles in disease tolerance and 
facilitate the development of resistant varieties.  
 
Recent GWAS studies have identified several key SNPs associated withbasal 
stem rot tolerance [37]. These markers are located in genome regions linked to 
disease resistance pathways, such as defense response genes, pathogen 
recognition receptors, and signal transduction components. 
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GWAS also facilitates marker-assisted selection (MAS) in breeding and 
collaboration with other scientific fields. Collaborative research efforts and data 
sharing between researchers, breeders, and institutions can enhance the 
effectiveness of GWAS in oil palm breeding. Establishing comprehensive 
databases of phenotypic and genotypic data will facilitate the discovery of new 
genetic markers and their application in breeding programs. 
 
5. CONCLUSION 
 
Stem base rot  disease caused by the fungus Ganoderma Spp.  The 
transmission of G. boninense occurs through contact between roots and sources 
of inoculum, such as stumps, stems, and diseased oil palm trees. Monokaryotic 
mycelia are not pathogenic to oil palms, while pathogenic mycelia are dikaryotic. 
Dikaryotic mycelia form needle-like structures that help penetrate host cells. 
Subsequently, basidiocarps form at the base of infected oil palm trees. 
Therefore, it is necessary to develop varieties that are resistant to Ganoderma 
Spp. GWAS has emerged as a powerful tool for identifying genetic markers 
associated with basal stem rot tolerance in oil palm. By utilizing GWAS, breeders 
can accelerate the development of resistant varieties, ensuring sustainable palm 
oil production. Despite challenges, integrating GWAS with other genomic 
approaches and collaborative efforts will pave the way for significant 
advancements in oil palm breeding. 
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