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Fusarium wilt (FW) is a soilborne disease caused by the fungal pathogen, 
Fusarium oxysporum f. sp. cubense (Foc) which jeopardizes the banana industry 
worldwide including Malaysia. Studies have shown that soil microbiome and its 
physicochemical properties are associated with the outbreak of FW. 
Rhizosphere and bulk soil microbiome help in the plant growth and also the 
defense system. Identification of biomarker identification with strong positive 
correlation with soil physicochemical properties from the healthy soils of banana 
is critical for construction of disease suppressive soil. Aside from that, a 
combination biomarkers of healthy soil with ability to promote plant growth, could 
be used as a bio-fertilizer and biocontrol agent to control the FW diseased 
caused by TR4. However, little is known about the diversities of the fungal and 
bacterial microbiome associated with diseased or healthy sites within the banana 
field in Malaysia or the difference in soil properties which may lead to poor 
disease management. This study applied 16S rRNA amplicon and internal 
transcribed spacer (ITS) sequencing analysis to investigate microbial diversity 
and community structure in Berangan banana farm in Sabak Bernam, Selangor. 
Both fungal and bacterial richness and diversity were significantly higher in the 
FW-infected soils compared to healthy soils. Similar to previously reported 
studies, the microbial community of healthy and FW-infected soil was more 
diverse in the rhizosphere than bulk soil. The potential bacterial biomarkers 
associated with the healthy soil were Burkholderia and Streptomyces spp., while 
Xanthomonadaceae, Sphingomonas, Azospira oryzae, Pseudomonas and 
Acinetobacter tandoii were highly abundant in FW-infected soil. For fungal 
biomarker taxa, Penicillium sp. was identified as the dominant fungus in healthy 
soil, while Trichothecium ovalisporum, Nectriaceae and Sarocladium strictum 
were dominant in FW-infected soil. In physicochemical properties, only 
magnesium (Mg) and cation exchange capacity (CEC) were found highly 
significant (t-test, p < 0.05) in the healthy soils compared to the infected soils. 
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For 16S, a Canonical correspondence analysis (CCA) showed a positive 
correlation of Mg with Bradyrhizobium sp. and Acidobacteriaceae in rhizosphere 
healthy (RH) soil for maintaining soil health. Meanwhile in ITS, a positive 
correlation was found between Penicillium sp. with Mg, suggesting the 
production of Mg was associated with metabolites secreted by Penicillium sp., 
which could control the disease caused by microbes. Overall, this study reported 
differences in the key taxa of rhizosphere soil microbial communities and soil 
physicochemical properties between healthy and FW-infected plants, 
suggesting their potential role as indicators for banana health. This specific 
information is applicable for constructing a healthy microbial community 
structure as the sustainable control strategy against TR4. Thus, in order to apply 
the biofertilizer or biocontrol agent, further study is needed to study the potential 
of network interaction between the microbial diversities and their functional 
behaviors and pathways in rhizosphere and bulk soil for long term disease 
control. 
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Layu Fusarium (FW) ialah penyakit bawaan tanah yang disebabkan oleh 
patogen kulat, Fusarium oxysporum f. sp. cubense (Foc) yang menjejaskan 
industri pisang di seluruh dunia termasuk Malaysia. Kajian telah menunjukkan 
bahawa mikrobiom tanah dan sifat fizikokimianya dikaitkan dengan wabak FW. 
Rhizosfera dan mikrobiom tanah pukal membantu dalam pertumbuhan 
tumbuhan dan juga sistem pertahanan. Pengenalpastian biomarker dengan 
korelasi positif yang kuat dengan sifat fizikokimia tanah daripada tanah pisang 
yang sihat adalah penting untuk pembinaan tanah penindas penyakit. Selain itu, 
gabungan biomarker tanah yang sihat dengan keupayaan untuk menggalakkan 
pertumbuhan tumbuhan, boleh digunakan sebagai bio-baja dan agen 
biokawalan untuk mengawal FW berpenyakit yang disebabkan oleh TR4. Walau 
bagaimanapun, sedikit yang diketahui tentang kepelbagaian mikrobiom kulat 
dan bakteria yang dikaitkan dengan tapak berpenyakit atau sihat dalam ladang 
pisang di Malaysia atau perbezaan sifat tanah yang mungkin membawa kepada 
pengurusan penyakit yang lemah. Kajian ini menggunakan analisis penjujukan 
amplikon 16S rRNA dan spacer transkripsi dalaman (ITS) untuk menyiasat 
kepelbagaian mikrob dan struktur komuniti di ladang pisang Berangan di Sabak 
Bernam, Selangor. Kedua-dua kekayaan dan kepelbagaian kulat dan bakteria 
adalah lebih tinggi dengan ketara dalam tanah yang dijangkiti FW berbanding 
dengan tanah yang sihat. Sama seperti kajian yang dilaporkan sebelum ini, 
komuniti mikrob tanah yang sihat dan dijangkiti FW adalah lebih pelbagai di 
rizosfera daripada tanah pukal. Biomarker bakteria berpotensi yang dikaitkan 
dengan tanah yang sihat ialah Burkholderia dan Streptomyces spp., manakala 
Xanthomonadaceae, Sphingomonas, Azospira oryzae, Pseudomonas dan 
Acinetobacter tandoii sangat banyak terdapat dalam tanah yang dijangkiti FW. 
Untuk taksa biomarker kulat, Penicillium sp. dikenal pasti sebagai kulat dominan 
dalam tanah yang sihat, manakala Trichothecium ovalisporum, Nectriaceae dan 
Sarocladium strictum dominan dalam tanah yang dijangkiti FW. Dalam sifat 
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fizikokimia, hanya magnesium (Mg) dan kapasiti pertukaran kation (CEC) 
didapati sangat signifikan (ujian-t, p <0.05) dalam tanah yang sihat berbanding 
dengan tanah yang dijangkiti. Untuk 16S, analisis korespondensi Canonical 
(CCA) menunjukkan korelasi positif Mg dengan Bradyrhizobium sp. dan 
Acidobacteriaceae dalam tanah rhizosphere healthy (RH) untuk mengekalkan 
kesihatan tanah. Manakala di ITS, korelasi positif didapati antara Penicillium sp. 
dengan Mg, mencadangkan pengeluaran Mg dikaitkan dengan metabolit yang 
dirembeskan oleh Penicillium sp., yang boleh mengawal penyakit yang 
disebabkan oleh mikrob. Secara keseluruhan, kajian ini melaporkan perbezaan 
dalam taksa utama komuniti mikrob tanah rizosfera dan sifat fizikokimia tanah 
antara tumbuhan yang sihat dan yang dijangkiti FW, mencadangkan potensi 
peranan mereka sebagai penunjuk untuk kesihatan pisang. Maklumat khusus ini 
boleh digunakan untuk membina struktur komuniti mikrob yang sihat sebagai 
strategi kawalan mampan terhadap TR4. Oleh itu, kajian lanjut diperlukan untuk 
mengkaji potensi interaksi rangkaian antara kepelbagaian mikrob dan tingkah 
laku dan laluan fungsinya dalam rizosfera dan tanah pukal untuk kawalan 
penyakit jangka panjang. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Introduction  

Fusarium wilt (FW) is the most destructive fungal disease affecting banana 
plantations across the globe (Dita et al., 2018. It is caused by a soil-borne fungus 
called Fusarium oxysporum sp. cubense (Foc). The pathogen penetrates 
through banana roots and dominates the vascular tissues, disrupting the 
dissemination of necessary nutrients from roots to the upper parts of the plant 
(Li et al., 2017). Foc is classified into four races, Foc race 1 causes damage to 
Gros Michel cultivar, race 2 affects Bluggoe and Gros Michel cultivars. 
Meanwhile, race 3 only infect Heliconia spp. and the most susceptible race is 
race 4, which divided into Tropical (TR4) and Subtropical (SR4) variants, where 
extremely affect Cavendish cultivar in subtropical and tropical area (Ploetz, 2015) 
Tropical Race 4 (TR4) emerges as the most virulent strain of Foc, causing 
epidemics in countries including China, Taiwan, Malaysia, Indonesia and the 
Philippines (Jamil et al., 2019). Generally, the richness and diversity of 
microbiomes in the soil play a vital role in the development and maintenance of 
healthy soil, which protect it from microbial pathogens and, at the same time, 
enhance the soil and plant health condition for better production (Pascale et al., 
2020; Ray et al., 2020). The beneficial effect is achieved through an interaction 
between the rhizosphere microbiome and other microbes in the soil, including 
bacteria, fungi, nematodes, protozoa, algae, and microarthropods (Mohanram & 
Kumar 2019). In the soil suppressive to FW disease, plant-beneficial 
rhizobacteria such as Bradyrhizobium, Pseudomonas, Burkholderia, 
and Streptomyces were prevalent (Wang et al., 2022; Zhou et al., 2019; Effendi 
& Pancoro, 2021). While Penicillium, Aspergillus and Trichoderma were 
prevalent as beneficial fungi (Bidellaoui et al., 2019; Miao et al., 2019; Zhou et 
al., 2019). In addition, soil physicochemical properties also affect plant health 
and influence soil microbial communities (Wang et al., 2022; Sui et al., 2021; 
Zhao et al., 2018). For example, the microbial composition of the rhizosphere 
soil of bananas is affected by soil pH, potassium and phosphorus availability in 
the soil where a high level of the soil properties have been shown to improve the 
suppression ability against banana FW disease (Wu et al., 2020, Zhou et al., 
2019; Shi et al., 2017). The soil microbiomes differ according to climate, 
ecological fitness, cultivation methods, soil nutrients, pathogens, and field 
management practices (Shah et al., 2021; Islam et al., 2020; Xue et al., 2018; 
Lori et al., 2017; Wang et al., 2017). Therefore, a lack of information and 
understanding on the soil microbial communities associated with FW disease of 
bananas in a specific location may lead to poor disease management. High-
throughput sequencing technology and bioinformatics analysis allowed the 
discovery of the composition and identity of bacterial and fungal communities in 
the soil through the sequencing of 16S rRNA of bacteria and internal transcribed 
spacer (ITS) of fungi (Yuan et al., 2020; Ptaszyńska et al., 2021). Thus, to reveal 
information and gain an overview of the relationship involving various pathogenic 



© C
OPYRIG

HT U
PM

 
2 

and beneficial soil microbiome associated with FW disease of banana, 16S 
rRNA and ITS amplicon metagenomics approaches were applied and explored 
in this study. It was hypothesized that the diversity and composition of soil 
bacterial and fungal communities between healthy and FW-infected soil are 
different in both 16S rRNA and ITS sequencing, where there are differentially 
abundant microbial taxa that can serve as potential biomarkers for biological 
control against TR4 in the future. Also hypothesized that, there are correlations 
between soil physicochemical properties with potential biomarker microbial taxa.  

1.2 Objectives of the study 

The objectives of this study were: 
 

1. To evaluate soil physicochemical properties of healthy and infected soils 
associated with banana FW disease. 

2. To identify and compare the diversity and composition of soil (bulk and 
rhizosphere) bacterial and fungal communities of the healthy and FW-
infected banana through amplicon metagenomics sequencing of 16S 
rRNA and internal transcribed spacer (ITS) regions. 

3. To determine the potential biomarker taxa for future use as potential 
biocontrol agents against TR4.  
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