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Rubber is the second most important commodity in Malaysia which grown
primarily for the production of latex. Unfortunately, a major issue faced by
majority of the rubber growing countries, including Malaysia is the devastating
disease known as white root disease (WRD) caused by Rigidoporus
microporus. This disease has been causing considerable latex yield loss and
collapse of the mature rubber trees, consequently affecting its contribution to
the economy of rubber producing countries. Thus, the search on using
biological control agents (BCAs) against R. microporus in rubber tree has been
focused in this study with locally isolated fungal species from the rhizosphere of
healthy trees (HEA) and white root rot diseased trees (DIS). There were five
different isolates of white root rot pathogen cultures, namely RL20, RL21, RL22,
RL25 and RL26 were obtained from the Laboratory of Crop Improvement and
Protection Unit, Rubber Research Institute of Malaysia (RRIM). All the pathogen
isolates were subjected to morphological and molecular characterization for the
species confirmation as R. microporus. Virulence among the pathogen isolates
was determined in the pathogenicity test. Next, the soil samples collected from
the rhizosphere of HEA and DIS were underwent serial dilution of 102 to 10%4
as to isolate the potential BCAs. The fungal isolation was performed on the
potato dextrose agar Petri plates with species confirmation work was done by
morphological and molecular identification. There were 35 fungal isolates that
have been identified from both of the soils and their ability to inhibit the growth
of R. microporus was screened in dual culture assay. Among these, there were
four isolates from the genus of Trichoderma, i.e T. asperellum ST011, T. spirale
HTO009, T. koningiopsis HT001 and T. reesei ST013 have demonstrated
greatest inhibition effect on the radial growth of R. microporus with majority
achieved of > 75%. The ability of the Trichoderma isolates to serve as BCAs
against R. microporus were further determined through the aspects of
mycoparasitism, antibiosis, enzymatic and competition activities. The
mycoparasitic activity of Trichoderma isolates has been revealed in the
scanning electron microscopy (SEM). While antibiosis activities of Trichoderma
isolates against R. microporus were tested in double plate and culture filtrate
assays for their volatile and non-volatile effects. The natural compounds



present in the secondary metabolites were further identified using the gas
chromatography mass spectrometry (GC-MS) test, with some of the
compounds were reported to have antimicrobial functions. The selected
Trichoderma isolates have also revealed promising results on the production of
chitinase, cellulase and glucanase enzymes in their respective qualitative and
quantitative assays. Besides, they also possessed some plant growth-
promoting activities to various degrees. Later, a scoring of antagonistic activity
was done to select the best two performed fungal isolates in the biocontrol
mechanisms as to test for their effectiveness against R. microporus in the
nursery trial. The nursery trial was conducted through the preparation of
biocontrol suspension in the concentration of 108 cfu/mL as to suppress the
disease incidence caused by R. microporus. The percentage of efficacy was
calculated based on the disease severity index of above and below grounds
symptoms on each of the treatments. The present study demonstrated that the
antagonists were able to boost in the soil and further compete with R.
microporus whereby the single application of T. asperellum and the combination
of both Trichoderma isolates were more promising. The disease suppression by
BCAs were observed to have similar extend as of the chemical treatment which
suggests that the selected Trichoderma isolates especially T. asperellum was a
potential candidate for the biocontrol of R. microporus with its good persistence
in the soil.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah

PENCIRIAN DAN POTENSI AGEN KAWALAN BIOLOGI TERHADAP
PATOGEN JAMUR AKAR PUTIH (Rigidoporus microporus) PADA POKOK
GETAH (Hevea brasiliensis Mull. Arg.)

Oleh
GO WEN ZE

Disember 2019

Pengerusi: H’ng Paik San, PhD
Fakulti: Perhutanan

Getah merupakan komoditi kedua terpenting di Malaysia yang ditanam untuk
penghasilan susu getah. Malangnya, isu utama yang dihadapi oleh majoriti
negara-negara pengeluar getah, termasuk Malaysia adalah penyakit ganas
menular yang dikenali sebagai penyakit jamur akar putih (JAP) yang
disebabkan oleh Rigidoporus microporus. Penyakit ini telah menyebabkan
kehilangan hasil lateks yang banyak dan kemusnahan pada pokok getah yang
matang, seterusnya menjejaskan sumbangannya kepada ekonomi negara
pengeluar getah. Justerunya, pencarian menggunakan agen kawalan biologi
(BCAs) terhadap R. microporus dalam pokok getah telah difokuskan dalam
kajian ini dengan isolasi tempatan bagi spesis kulat dari rizosfera pokok sihat
and pokok yang mempunyai penyakit JAP. Terdapat lima isolat patogen JAP,
iaitu RL20, RL21, RL22, RL25 dan RL26 yang diperolehi terus dari Unit
Peningkatan Tanaman dan Perlindungan Tanaman, Lembaga Getah Malaysia
(LGM). Semua isolat patogen tertakluk kepada pencirian morfologi dan molekul
untuk pengesahan spesies sebagai R. microporus. Virulensi di antara isolat
pathogen kemudiannya ditentukan dalam ujian patogenik. Sampel tanah yang
dikumpulkan dari rizosfera pokok getah yang sihat dan pokok yang mempunyai
penyakit JAP telah menjalani pencairan bersiri 10*2 hingga 104 untuk
mengasingkan BCAs yang berpotensi. Pengasingan kulat dilakukan pada agar
dextrose kentang di dalam plat Petri dengan kerja pengesahan species
dilakukan melalui identifikasi morfologi dan molekul. Terdapat 35 isolat kulat
yang telah dikenalpasti dari kedua-dua jenis tanah dan keupayaan isolat kulat
dalam perencatan pertumbuhan R. microporus telah ditunjukkan dalam ujian
dua kultur secara in vitro. Antaranya, terdapat empat isolat dari genus
Trichoderma, iaitu T. asperellum STO011, T. spirale HT009, T. koningiopsis
HTO001 dan T. reesei ST013 telah menunjukkan kesan perencatan tertinggi
pada pertumbuhan radius R. microporus dengan majoriti mencapai > 75%.
Keupayaan isolat Trichoderma untuk berfungsi sebagai BCAs terhadap R.
microporus telah ditentukan dengan lebih lanjut melalui kajian mycoparasitisme,
antibiosis, enzimatik dan persaingan. Kegiatan mycoparasitik isolat
Trichoderma telah ditunjukkan dalam pengimbasan mikroskop elektron (SEM).



Manakala aktiviti antibiosis oleh isolat Trichoderma terhadap R. microporus
telah diuji dalam plat dua dan ujian turasan kultur untuk kesan volatil dan bukan
volatil. Sebatian-sebatian semulajadi yang terdapat di dalam metabolit
sekunder dikenalpasti dengan menggunakan ujian spektrometri massa
kromatografi gas (GC-MS), dengan beberapa sebatian dilaporkan mempunyai
fungsi antimikrobial. Isolat Trichoderma yang dipilih juga telah menunjukkan
kesan yang menjanjikan dengan pengeluaran enzim kitinase, selulase dan
glukanase dalam ujian kualitatif dan kuantitatif masing-masing. Selain itu,
mereka juga menunjukkan keupayaan mempromosikan pertumbuhan pada
pokok dalam pelbagai darjah. Kemudian, pemarkahan aktiviti antagonistik
dilakukan untuk memilih dua isolate yang terbaik dalam mekanisme kawalan
biologi untuk menguji keberkesanannya terhadap R. microporus dalam
percubaan tapak semaian. Percubaan tapak semaian telah dijalankan melalui
penyediaan suspensi kawalan biologi dalam konsentrasi 108 cfu/mL untuk
mengurangkan kejadian penyakit JAP yang disebabkan oleh R. microporus.
Peratusan keberkesanannya dikira berdasarkan indeks keparahan penyakit
daripada simptom di atas dan di bawah tanah pada setiap rawatan. Kajian ini
membuktikan bahawa antagonis mampu merangsang di dalam tanah dan
seterusnya bersaing dengan R. microporus dimana aplikasi tunggal T.
asperellum dan gabungan kedua-dua isolat Trichoderma vyang lebih
menjanjikan. Pengurangan gejala penyakit oleh kawalan biologi diperhatikan
mempunyai persamaan seperti di dalam rawatan kimia yang seterusnya
mencadangkan bahawa isolat Trichoderma yang dipilih terutamanya T.
asperellum adalah calon yang berpotensi untuk kawalan biologi terhadap R.
microporus dengan ketahanannya yang baik di dalam tanah.
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CHAPTER 1

INTRODUCTION

1.1 Background

Malaysia was once the largest producer of natural rubber in the world until late
of 1980’s (Ratnasingam et al., 2012; Balsiger et al., 2000). Nonetheless,
Malaysia, together with Thailand and Indonesia still have account for 70% of
rubber global supply, with Malaysia now a distant third behind the two
neighbouring countries. Rubber is the second most important commodity in
Malaysia after the “golden crop”- oil palm (Frost and Sullivan, 2009). This
country is producing 165,000 tonnes (2.3%) of the world’s total natural rubber
and the industry has contributed 3.96% to national exports of the country
(Natural Rubber Statistics, 2018). However, the white root disease (WRD)
caused by Rigidoporus microporus is a looming threat to rubber growing areas
in Malaysia.

The WRD also reported in Sri Lanka, Thailand, India, Indonesia, West and
Central Africa as it causes a serious loss of rubber yield in worldwide
(Oghenekaro et al., 2015; Omorusi, 2012; Jayasuriya and Thennakoon, 2007;
Jayasinghe, 2001). According to Sail and Ahmad (2009), the white root rot
disease of rubber is the most serious and it has caused a major problem for
43% of farmers in a smallholdings survey in Malaysia. It has brought a great
loss to the rubber industry as it affected the latex yield and infected the young
rubber tree as early at 5 years old (Semangun, 2000). The mean annual WRD
incidence is reported to fall between 5 and 15% in rubber plantations surveyed
in Malaysia (Soepena, 1993). Over a period of time, half of the rubber trees in a
plantation are nearly lost to the disease. The natural resistance exhibits in the
rubber tree itself has often breaks down due to the colonisation of living tissues
by the pathogens to obtain the nutrients. It damaged and weakens the host
plant with toxins or by impeding the plants defence mechanism (Jayasuriya,
2004).

The economics of WRD has been discussed as early in 1977 by Liyanage and
partners. The losses resulting from the disease infection during the early stages
of planting have brought upon extra expenditure owing to the need of
resupplying the young rubber trees. In mature plantings, the losses have faded
the latex production due to the reduction in trees per hectare (Jayaratne et al.,
2001). Apart from yield loss due to tree death, the cost of treating the root
disease and replacing the infected young tree has contributed to a higher cost
of production in the rubber planting.



1.2 Problem Statements

Todate, not many extensive works have been done in Malaysia regarding the
biology, epidemiology and pathogenicity of the WRD caused by R. microporus
in rubber. There is a lack of information regarding the isolates or strains of the
white root rot pathogen present in Malaysia and their genetic variation is yet to
be studied. The isolation and identification of naturally occurring mycoflora from
the soil of rubber plantation as potential BCAs in controlling R. microporus is
also unrevealed. The search for isolates of microorganisms with antagonistic
properties has often been done using solely laboratory method like culture
plates that contained artificial medium. Furthermore, the use of these
microorganisms as BCAs requires a comprehensive analysis of the biological
principles on their mode of actions during the confrontation process with the
targeted pathogen. More often, however, most of the researchers focused on
the in vitro tests or artificial environments which are far from the situation in field
which makes their research a limit (Knudsen et al., 1997).

1.3 Justification

One must have a through knowledge of the pathogen, the host plant, and the
environmental conditions that favour the infection when dealing with disease
control measures. This is important as it could reduce the chances of wasting
time and money which can lead to further plant losses. Hence, few isolates of
white root rot pathogen need to be obtained from different location around
Malaysia which provided by the laboratory of Rubber Research Institute of
Malaysia, Sungai Buloh to determine their pathogenic variability and the
characterization of the R. microporus associated to WRD using morphological
and PCR analysis. This step is considered vital for a proper disease diagnosis
and biological control management in later of the research.

Several studies from other countries have illustrated the potential of reducing
WRD incidence using naturally occurring microorganisms (Ogbebor et al., 2015;
Ubogu, 2013; Kaewchai and Soytong, 2010; Jayasuriya and Thennakoon, 2007;
Idwan et al., 1992). In the ecological approach, the selected antagonists should
be able to function in the same environmental condition as that of the pathogen
they are to control (Knudsen et al., 1997). Thus, the suitable places for the
isolation of such ecologically adapted antagonists against the soil borne
pathogen, R. microporus would be the rhizosphere of the host plant. In order to
obtain the antagonists, soil samples were collected from the rhizosphere of
healthy and white root rot diseased trees. Further screening was done against
the pathogen, R. microporus after the morphological and molecular
identification for each of the single species that being isolated.

On top of that, the successful use of the potential microorganisms for plant
disease control would be enhanced by the understanding of biological control
mechanisms in a more advance stage like biochemical tests. Therefore,
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biochemical tests such as scanning electron microscopy (SEM) on
mycoparasitism, enzymatic reaction, antibiosis activity and the screening of
bioactive compounds were performed to elucidate the possible role of selected
isolates as the potential antagonists against the white root rot pathogen.

The chemical treatment of the rubber trees is often ineffective once the visible
symptoms of the WRD appeared (Mohd Farid et al., 2009). As such, the
application of biocontrol in this study was focused more on the preventive
measure than curative measure. Before the artificial inoculation of the white root
rot pathogen, the soils used for the nursery study were treated with the selected
BCAs prepared in liquid suspension form. This study discussed the
practicability of using alternative and economical method to control the WRD in
young rubber seedlings using both the single and mix application of
microorganism screened and identified from the study as the potential
antagonists towards R. microporus.

1.4 Objectives of the Study

This research was therefore undertaken with the following specific objectives:

i. To characterize the isolates of white root rot pathogen from different location
in Malaysia and their pathogencity test in rubber tree.

ii. To identify potential fungal biocontrol agents from soil rhizosphere of healthy
and white root rot diseased trees and their antagonistic properties against white
root rot pathogen.

iii. To determine the mode of actions involved in the biocontrol activity of
selected fungal antagonists against the white root rot pathogen.

iv. To determine the effectiveness of selected biocontrol agents against white
root rot pathogen under nursery trial.
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