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The objective of this study was to isolate, screen and identify actinomycetes from 
the rhizosphere of oil palm for biological control of Basal Stem Rot (Ganoderma 
boninense), a very destructive disease of oil palm in Malaysia. Rhizosphere 
samples from top soils of healthy palms amongst the infected palm on laterite, 
coastal, inland and peat were used in this study.  A total of 1050 of actinomycetes 
was isolated with 355 isolates (33.8 %) from laterite, 235 (23.38%) isolates from 
peat, 206 (19.62 %) isolates from coastal and 254 isolates (24.19 %) isolated from 
inland soil with the highest occurrence of actinomycetes was observed in peat 
area. About 600 isolates of actinomycetes with different morphological 
appearance and matched the spore-producing and fast growing criteria were tested 
for their inhibitory effects on G. boninense mycelia growth on dual culture plates.  
 
From 600 isolates screened, 13.5% of the isolates showed potential antagonistic 
activity with more than 80% of Percent Inhibition of Radial Growth (PIRG). Out 
of this number, 21 isolates showed highest PIRG with observable abnormal 
growth of G. boninense. The isolates were further tested for their culture filtrates 
in the form of liquid and powder (freeze-dried) for effect towards G. boninense 
growth. Culture filtrate from six isolates, in both forms showed inhibition towards 
G. boninense with intermediate PIRG value (50% to 80%) with similar inhibition 
rate observed for the standard antifungal agent (Nystatin) at 0.1 mg/ml and 1 
mg/ml. Screening of the culture filtrate on Ganoderma plate showed halo zone 
with diameter 12.5 – 23.5 mm compared to nystatin at 30 mg/ml and 50 mg/ml 
from four isolates. Lower inhibition activity obtained might be affected by the 
concentration of bioactive compound available in the supernatant. Four isolates; 
AGA 043, AGA048, AGA347 and AGA 506 were highlighted for their ability to 
inhibit and exhibit potential metabolites against G. boninense. Based on their 
morphological and cultural characteristic, the potential actinomycetes were 
identified as a member of Streptomyces genus. Analysis of a partial 16S rRNA 
gene sequence (512 bp) of AGA043, AGA048, AGA347 and AGA506 exhibited 
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a very high level of 16S rDNA sequence similarity (>98%) with sequence related 
to different Streptomyces species deposited to the database. However the 16S 
ribosomal DNA amplification of AGA 043 and AGA048 were only able to be 
identified up to genus level. The 16S ribosomal DNA amplification of AGA347 
and AGA506 revealed that the isolates are closely related to Streptomyces 
hygroscopicus subsp. hygroscopicus and Streptomyces ahygroscopicus with 99% 
of similarity percentage 
 
All of the Streptomyces isolates were formulated in vermiculite to evaluate their 
ability to reduce disease incidence in oil palm seedlings. Pre-inoculating the 
seedlings with AGA347 (T3) showed the most effective in suppressing BSR 
based on 73.11 % of disease reduction compared to standard antifungal producer, 
Streptomyces nourseii (T5), AGA043 (T1), AGA048 (T2) and AGA506 (T4) with 
47.41 %, 30.11 %, 54.83 % and 44.08 % respectively.    
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Oleh 

SHARIFFAH MUZAIMAH BT SYED ARIPIN @ ISA 
JULAI 2013 

 
Pengerusi  : Prof. Dzolkhifli Omar, PhD 
Fakulti      : Pertanian 
 
Objektif bagi kajian ini adalah untuk memencil, menguji serta mengenalpasti 
aktinomiset daripada rizosfera sawit bagi tujuan kawalan biologi penyakit reput 
pangkal batang (Ganoderma boninense), suatu penyakit yang merosakkan sawit di 
Malaysia. Sampel rizosfera dari pokok sihat yang dikelilingi pokok yang telah 
dijangkiti dari  kawasan laterit, coastal, inland serta gambut telah digunakan dalam 
kajian ini. Sejumlah 1050 aktinomiset telah dipencilkan dengan 355 pencilan 
(33.8%) dari kawasan laterit, 235 (23.38%) daripada kawasan gambut, 206 (19,62%) 
dari kawasan ‘coastal’ dan 254 (24,19%) dari kawasan ‘inland’ dengan kehadiran 
aktinomiset yang lebih tinggi direkodkan di kawasan tanah gambut. Sejumlah 600 
pencilan aktinomiset yang menunjukan morfologi berbeza serta berupaya untuk 
cepat tumbuh dan menghasilkan spora matang telah disaring untuk menguji kesan 
perencatan kepada pertumbuhan miselia G. boninense di atas piring dual culture. 
 
13.5 % daripada 600 pencilan yang disaring telah menunjukan potensi dalam aktiviti 
antagonistic dengan peratusan perencatan pertumbuhan (PIRG) melebihi 80%.  21 
pencilan menunjukan PIRG tertinggi dengan pertumbuhan G. boninense yang tidak 
normal.  Pencilan-pencilan ini seterusnya diuji bagi mengukur keupayaan perencatan 
terhadap pertumbuhan G. boninense menggunakan kultur tapisan didalam bentuk 
cecair dan serbuk daripada kultur tapisan yang telah dibeku-kering (freeze-dried). 
Kultur tapisan oleh enam pencilan, menunjukkan perencatan terhadap G. boninense 
dengan peratusan perencatan diantara 50% hingga 80% didalam kedua-dua bentuk. 
Nilai perencatan yang lebih rendah yang diperolehi ini, adalah berkemungkinan 
disebabkan oleh kepekatan bahan bioaktif yang terdapat didalam kultur tapisan. 
Bagaimanapun, nilai ini adalah setara dengan nilai yang diperolehi dari serbuk 
antikulat, Nystatin yang diuji terhadap G. boninense pada  0.1 mg/ml dan 1 mg/ml. 
Saringan keatas piring yang mengandungi kultur Ganoderma menunjukan zon ‘halo’ 
dengan diameter antara 12.5 hingga 23.5 mm dengan nilai setara diperolehi dari 
penggunaan nystatin pada kepekatan 30 mg/ml dan  50 mg/ml.   
 
Empat pencilan AGA 043, AGA048, AGA347 dan AGA 506 telah di pilih 
berdasarkan kebolehan untuk merencat serta menghasilkan bahan bioaktif berpotensi 
terhadap G. boninense.  Berdasarkan ciri-ciri morfologi, kesemua pencilan ini dapat 
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dikelaskan kedalam kumpulan dengan genus Streptomyces.  Analisis jujukan 16S 
rRNA (512 bp) menunjukan AGA043, AGA048, AGA347 and AGA506 
memberikan nilai kesamaan yang tinggi (>98%) dengan jujukan 16S rDNA yang 
terdapat dalam pangkalan data. Bagaimanapun, amplifikasi DNA ribosom 16S bagi 
AGA 043, AGA048 hanya dapat mencirikan kedua pencilan ini sehingga ke peringat 
genus. Manakala, amplifikasi amplifikasi DNA ribosom 16S bagi AGA347 dan 
AGA 506 telah Streptomyces hygroscopicus subsp. Hygroscopicus and Streptomyces 
ahygroscopicus (dengan nilai kesamaan ~99 %). 
 
Berdasarkan potensi  aktiviti antagonistik terhadap Ganoderma secara  in vitro, 
empat pencilan Streptomyces telah dipilih bagi menguji keberkesanan setiap satunya 
dalam mengawal reput pangkal batang (BSR) ke atas  anak benih kelapa sawit di 
tapak semaian. Semua pencilan dirumuskan dalam vermikulit. Pra-inokulasi benih 
dengan AGA347 (T3) menunjukkan kebolehan  dalam mengurangkan kadar insiden 
penyakit BSR berdasarkan 73. 11%  nilai pengurangan penyakit berbanding  
Streptomyces nourseii (T5), AGA043 (T1), AGA048 (T2) dan AGA506 (T4) dengan 
47. 41%, 30. 11%, 54. 83% dan 44. 08% setiap satu. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

v 
 

ACKNOWLEDGEMENT 
 
 
Most Gratitude to Allah, The Almighty for bless that make everything possible. 
 
 
It is a pleasure to thank those who made this thesis possible. I am heartily thankful 
to my main supervisor, Prof. Dr. Dzolkhifli Omar (UPM, Selangor), my Co-
Supervisor; Prof Madya Dr. Kamaruzzaman Sijam (UPM, Selangor) and Dr. Idris 
Abu Seman (MPOB, Selangor) for the constructive comments during the on-
doing research work and the preparation of the thesis. My special gratitude to Mr. 
Peter Cheong (Nimura Genetic Solutions (M) Sdn Bhd, Selangor), whose 
encouragement, guidance and support to made this study complete successfully.  
 
Earnestly thanks to the magnificent staffs in Nimura Genetic Solutions (M) Sdn 
Bhd, (Kepong, Selangor) and Malaysian Palm Oil Board (MPOB) who had been a 
great help to me throughout my study. To family who had supported me, your 
patience, understanding and support is much appreciated.  
 
Lastly, I offer my regards and blessing to all of those who supported me in any 
aspect during the completion of the project.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

vi 
 

I certify that..... 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

vii 
 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 
accepted as fullfilment of the requirements for the degree of Master of Science. 
The members of the Supervisory Committee were as follows:  
 
 
 
Dzolkhifli Omar, PhD 
Professor 
Faculty of Agriculture  
Universiti Putra Malaysia 
(Chairman) 
 
Kamaruzaman Sijam, PhD 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 
 
Idris Abu Seman, PhD 
Head of Unit 
Ganoderma and Disease Research of Oil Palm (GanoDROP) 
Malaysian Palm Oil Board  
(Member) 
 
 
 
 
 
 
 
 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

_________________________________ 
BUJANG BIN KIM HUAT, PhD 
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date:  



© C
OPYRIG

HT U
PM

viii 
 

Declaration by graduate student 
 
 
I hereby confirm that: 
 This thesis is my original work; 
 Quotations, illustrations and citations have been duly referenced; 
 This thesis has not been submitted previously or concurently for any other 

degree at any other institutions; 
 Intellectual property from the thesis and copyright of thesis are fully-owned 

by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 
(Reseacrh) Rules 2012; 

 Written permission must be obtained from supervisor and the office of Deputy 
Vice-Chancellor (Research and Innovation) before thesis is published in book 
form; 

 There is no plagiarism or data falsificaton/fabrication in the thesis, and 
scholarly integrity is upheld as according to the Universiti Putra Malaysia 
(Research) Rules 2012. The thesis has undergone plagiarism detection 
software. 

 
 
 
Signature: ________________________ Date: _________________ 
 
Name and Matric No. :_____________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

ix 
 

Declaration by Members of Supervisory Committee 
 
 
This is to confirm that: 

 The research conducted and the writting of this thesis was under our 
supervision; 

 Supervision responsibilities as stated in the Universiti Putra Malaysia 
(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to. 
 

 
 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Signature   : ____________________ 
Name of  
Chairman of  
Supervisory  
Committee : ____________________ 

Signature    : ____________________ 
Name of  
Member of  
Supervisory  
Committee  : ____________________ 
 

 
 
 

 

Signature   : ____________________ 
Name of  
Member of  
Supervisory  
Committee : ____________________ 

 



© C
OPYRIG

HT U
PM

x 
 

TABLE OF CONTENTS  
       
                               Page 

ABSTRACT  
ABSTRAK 
ACKNOWLEDGEMENTS 
APPROVAL 
DECLARATION 
LIST OF TABLES 
LIST OF FIGURES  
LIST OF ABBREVIATIONS  
 
CHAPTER 
 

1. INTRODUCTION 
 

2. LITERATURE REVIEW 
2.1. Basal Stem Rot Disease 

2.1.1. Incidence of the disease 
2.1.2. Symptoms of the disease 
2.1.3. The causal agent 
2.1.4. The biology of Ganoderma boninense 
2.1.5. Histopathology 
2.1.6. Management of BSR disease 
2.1.7. Biological Control Agent against Plant Pathogen: 

Current Studies 
2.2. Actinomycetes 

2.2.1. Biology of actinomycetes 
2.2.2. The isolation and identification of the actinomycetes 
2.2.3. Potential bioactivity of actinomycetes 

2.2.3.1. Source of bioactive compound 
2.2.3.2. Plant Growth promoter (PGPR) 
2.2.3.3. Actinomycetes as biological control agent      

 
3. ISOLATION AND IDENTIFICATION OF 

ACTINOMYCETES FROM RHIZOSPHERE OF ELAEIS 
GUINEENSIS AND THEIR BIOACTIVITY AGAINST G. 
BONINENSE  
3.1. Materials and Methods  

3.1.1. Samples collection 
3.1.2. Actinomycetes isolation 
3.1.3. Preservation of Actinomycetes 
3.1.4. In vitro screening of activity against G. boninense 

3.1.3.1. Pathogen isolates 
3.1.3.2. Screening of actinomycetes for antagonistic 

activity against G. boninense 

i 
iii 
v 
vi 
xii 
xiii 
xv 
xvi 
 
 
 
1 
 
 
3 
3 
4 
4 
5 
5 
6 
7 
 
 
8 
8 
9 
10 
10 
11 
 
 
 
 
 
 
13 
14 
15 
 
15 
15 
 



© C
OPYRIG

HT U
PM

xi 
 

3.1.3.3. Screening of culture filtrate for activity 
against G. boninense 

3.1.5. Statistical Analysis 
3.1.6. Identification of potential isolates through 16S rDNA  

3.1.6.1. Cultural and Morphological observation of 
the isolates 

3.1.6.2. Identification of potential isolates through 
16S rDNA 
3.1.6.2.1. Genomic DNA extraction 
3.1.6.2.2. Amplification of 16S rDNA 
3.1.6.2.3. DNA Sequencing 

3.2.  Results and Discussions  
3.2.1. Actinomycetes isolates recovered from soil of Elaeis 

guineensis  
3.2.2. Selection of isolates and bioactivity against G. 

boninense 
3.2.2.1. Selection of isolates 
3.2.2.2. Bioactivity of isolates against G. boninense 

3.2.2.2.1. Antagonistic activity of 
actinomycetes against G. 
boninense 

3.2.2.2.2. Bioactivity of the culture filtrates 
for activity against G. boninense 

3.2.3. Identification  of Potential Isolates 
3.2.3.1. Morphological observation of the isolates 
3.2.3.2. Identification of potential strains through 16S 

rDNA 
3.3. Conclusion 

 
4. FORMULATION OF THE POTENTIAL ACTINOMYCETES 

4.1. Methods and materials 
4.1.1. Powder formulation of the isolates 

4.1.1.1. Preparation of the culture 
4.1.1.2. Formulation of the culture 
4.1.1.3. Stability of Streptomyces sp. isolates in 

powder formulation  
4.1.1.4. Efficacy test of the powder formulation in 
vitro 

4.1.1.5. Experimental Design and statistical analysis 
4.2. Results and discussion 

4.2.1. Effect of powder formulation on viability of 
Streptomyces isolates  

4.2.2. Efficacy of viable Streptomyces isolates in powder 
formulation 

4.3. Conclusion 
 

16 
 
19 
19 
20 
 
20 
 
20 
21 
22 
 
22 
 
25 
 
25 
 
25 
 
 
29 
 
37 
37 
42 
 
45 
 
 
 
 
46 
47 
47 
 
47 
 
48 
 
48 
 
50 
 
53 
 



© C
OPYRIG

HT U
PM

xii 
 

5. EVALUATION OF ACTINOMYCETES POWDER 
FORMULATION AS THE CONTROL OF GANODERMA 
BONINENSE IN OIL PALM SEEDLINGS 
5.1. Methods and materials 

5.1.1. Nursery performance of Streptomyces sp. powder 
formulation as biological control  of Ganoderma 
5.1.1.1. Preparation of G. boninense 
5.1.1.2. Preparation of oil palm seedlings for 

inoculation 
5.1.1.3.  Experimental Layout 
5.1.1.4. Disease Assessment 
5.1.1.5. Disease Severity Index (DSI) 

5.2. Results and discussion 
5.2.1. The performance of Streptomyces powder formulation 

as biological control agent in nursery 
5.2.1.1. Disease assessment 
5.2.1.2. Disease Severity Index (DSI) 

5.3. Conclusion 
 

6. SUMMARY AND CONCLUSION 
 

REFFERENCES  
APPENDICES 
BIODATA OF STUDENT 

 
 

 
 
 
 
54 
 
54 
55 
 
55 
56 
57 
 
61 
 
61 
63 
67 
 
68 
 
70 
81 
90 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 


	cover-final
	abstract
	shariffah muzaimah 2013



