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October 2014 
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The Basal Stem Rot (BSR) disease caused by Ganoderma boninense is a major 

economic concern and it is a predominant disease of oil palm in Southeast Asia 

including Malaysia. Until now there is no effective control measure available for this 

disease. A sustainable control measure is using bio-control agents such as Plant Growth 

Promoting Rhizobacteria (PGPR). Two PGPR, Pseudomonas aeruginosa UPMP3 and 

Burkholderia cepacia UPMB3 isolated from oil palm rhizosphere were studied for their 

potential to be used as biocontrol agents. The objectives of this study were (i) to 

determine the mechanisms of plant growth promotion and pathogen suppression by P. 

aeruginosa UPMP3 and B. cepacia UPMB3, (ii) to identify and quantify the antibiotics 

produced by selected PGPR and to determine their effects on G. boninense mycelial 

growth in vitro, and (iii) to evaluate the effects of selected antibiotic application on the 

development of BSR disease and on the expression of defense related genes during 

Ganoderma-oil palm interaction. Experiments were conducted to detect phytohomones, 

antibiotics, siderophores, and volatile substance, hydrogen cyanide (HCN) produced by 

these two bacterial strains. Various antibiotics produced were identified and quantified 

using High Performance Liquid Chromatography (HPLC). In vitro bioassay was carried 

out to determine the effect of antibiotics and volatiles produced on G. boninense. 

Subsequent experiments were conducted in the glasshouse with the selected antibiotic to 

evaluate BSR disease development and to detect pathogenesis-related (PR) genes 

induced during Ganoderma-oil palm interaction at the intervals of 0, 2, 4, 6, and 8 weeks 

after inoculation. The results showed that P. aeruginosa UPMP3 and B. cepacia UPMB3 

produced phytohormones indole-3- acetic acid (IAA), salicylic acid (SA) and zeatin. But 

only P. aeruginosa UPMP3 produced volatile substance HCN. The results revealed that 

P. aeruginosa UPMP3 produced various antibiotics: 2,4-diacetylphloroglucinol (2,4-

DAPG), phenazine (PHZ), pyocyanin (PYO), phenazine -1- carboxylic acid (PCA), 

pyoluteorin, phenazine-1-carboxamide (PCN) and pyrrolnitrin, while B. cepacia 

UPMB3 produced pyocyanin, pyoluteorin and  pyrrolnitrin. For in vitro bioassay using 

antibiotics and volatile substances, it was observed that the inhibition of Ganoderma 
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mycelial radial growth caused by P. aeruginosa UPMP3 and B. cepacia UPMB3 were 

94.21% and 21.38% for antibiotics, respectively and 51.16% and 8.89% for volatile 

substances, respectively after 7 days of incubation. P. aeruginosa UPMP3 was more 

effective than B. cepacia UPMB3 in suppressing Ganoderma in vitro. Based on these 

results, P. aeruginosa UPMP3 was selected for further studies. Three antibiotics namely 

PHZ, PCA and PYO were extracted from P. aeruginosa UPMP3 due to the availability 

of these standards and quantified using (HPLC). Standards for PHZ, PCA and PYO were 

completely separated with retention times of 41.590, 39.740 and 34.863 min, 

respectively. At 250 nm wave length, the bacterial strain produced a maximum 

concentration of PHZ (1.36 µg/mL) and PCA (9.62 µg/mL). At 262 nm the maximum 

concentration of PYO was 15.48 µg/mL.  For in vitro bioassay, PHZ was more effective 

than PCA and PYO in suppressing Ganoderma at concentration of 1mg/mL. The 

inhibition percentages were 100%, 78.61% and 91.87%, respectively. For glasshouse 

study, 5 treatments were used: T1, Negative control; T2, Positive control; T3, Phenazine 

(1mg/mL); T4, Phenazine (2mg/mL); T5, Hexaconazole (0.048 mg/mL). Plants in T4 

showed the highest disease reduction of 52.76% compared to T5 (25.27%). Two putative 

pathogenesis-related (PR) genes including chitinase and β-1, 3-glucanase were 

differentially expressed in oil palm roots with different treatments. Chitinase was 

expressed constantly throughout the sampling intervals while β-1, 3-glucanase expressed 

at later intervals. The results of this study showed that the antibiotic phenazine has 

strong antimicrobial activity against G. boninense in vitro and was comparable to 

chemical fungicide in suppressing BSR in glasshouse conditions. The antibiotic 

phenazine extracted from P. aeruginosa UPMP3 could be potentially developed as a 

commercial formulation to suppress BSR disease of oil palm to reduce the application of 

harmful pesticides, thus limiting their hazardous effects on the environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

iii 
 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Doktor Falsafah 

 

 

PERANAN RIZOBAKTERIA PENGGALAK TUMBESARAN TUMBUHAN 

DALAM PERENCATAN REPUT PANGKAL BATANG KELAPA SAWIT 

 

Oleh 

 

WAHEEDA PARVIN 

 

Oktober 2014 

 

 

Pengerusi:  Profesor Madya Wong Mui Yun, PhD 
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Penyakit reput pangkal batang disebabkan oleh Ganoderma boninense merupakan 

masalah ekonomi utama dan merupakan penyakit dominan kelapa sawit di Asia 

Tenggara termasuk Malaysia. Setakat ini tiada cara kawalan yang berkesan untuk 

penyakit ini. Satu kaedah lestari adalah menggunakan agen kawalan biologi seperti 

rizobakteria penggalak tumbesaran tumbuhan (PGPR) yang merupakan suatu 

pendekatan mesra alam. Dua PGPR iaitu Pseudomonas aeruginosa UPMP3 dan 

Burkholderia cepacia UPMB3  dari pemencilan rizosfera kelapa sawit telah dikaji 

potensinya sebagai agen kawalan biologi. Objektif kajian ini ialah (i) menentukan 

mekanisma penggalak tumbesaran tumbuhan dan perencatan patogen oleh Pseudomonas 

aeruginosa UPMP3 dan Burkholderia cepacia UPMB3, (ii) mengenalpasti dan 

menentukan jumlah antibiotik yang dihasilkan serta menilai kesan antibiotik tersebut ke 

atas tumbesaran miselia G. boninense secara in vitro dan (iii) menentukan kesan 

penggunaan antibiotic terhadap perkembangan penyakit BSR dan ekspresi gen 

pertahanan dalam interaksi G. boninense-kelapa sawit. Eksperimen dijalankan untuk 

mengenalpasti fitohormon, antibiotik, siderofor dan bahan meruap seperti 

hidrogensianida (HCN), yang dihasilkan oleh dua strain bakteria tersebut. Pelbagai 

antibiotik yang dihasilkan telah dikenalpasti menggunakan‘High Performance Liquid 

Chromatography’ (HPLC). Bioasai in vitro dijalankan untuk menentukan kesan 

antibiotik dan bahan meruap yang dihasilkan terhadap G. boninense. Eksperimen 

seterusnya dijalankan di rumah kaca dengan menggunakan antibiotic tertentu bagi 

menilai perkembangan penyakit pangkal batang reput dan mengesan   gen patogenesis 

ketika interaksi Ganoderma-kelapa sawit dalam tempoh 0, 2, 4, 6 and 8 minggu selepas 

inokulasi. Hasil kajian menunjukkan P. aeruginosa UPMP3 dan B. cepacia UPMB3 

menghasilkan fitohormon asid indol-3-asetik (IAA), asid salisik (SA) dan zeatin. Tetapi, 

hanya P. aeruginosa UPMP3 menghasilkan bahan meruap HCN . Keputusan ini 

menunjukkan P. aeruginosa UPMP3 mampu menghasilkan pelbagai antibiotik: 2,4-

diasetilfloroglusinol (2,4-DAPG), fenazin (PHZ), fikosianin (PYO), asid fenazin -1- 
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karbosilik  (PCA), pioluteorin, fenazin-1-carboxamide (PCN) dan pirolnitrin manakala 

dan B. cepacia UPMB3 menghasilkan fikosianin, pioluteorin, dan pirolnitrin. Bagi 

kajian bioasai secara in vitro dengan menggunakan antibiotik dan bahan meruap, tahap 

kerencatan pertumbuhan miselium Ganoderma oleh P. aeruginosa UPMP3 dan B. 

cepacia UPMB3 adalah masing-masing 94.21% dan 21.38%  bagi antibiotik dan 51.16% 

dan 8.89% masing-masing bagi bahan meruap, selepas 7 hari tempoh inkubasi. P. 

aeruginosa UPMP3 didapati lebih berkesan berbanding B. cepacia UPMB3 bagi 

merencat pertumbuhan Ganoderma secara in vitro. Berdasarkan keputusan ini, P. 

aeruginosa UPMP3 dipilih bagi kajian seterusnya. Tiga antibiotik iaitu  PHZ, PCA dan 

PYO telah diekstrak daripada P. aeruginosa UPMP3 dan penentuan jumlah dilakukan 

dengan HPLC. Standard untuk PHZ, PCA dan PYO telah dipisahkan sepenuhnya pada 

masa retensi masing-masing 41.590, 39.740 dan 34.863 min. Pada jarak gelombang 250 

nm, strain bakteria telah menghasilkan kepekatan PHZ (1.36 µg/mL) yang tertinggi dan 

PCA (9.62 µg/mL). Pada 262 nm, kepekatan maksima dicapai oleh PYO adalah 15.48 

µg/mL. Untuk bioasai in vitro, didapati fenazin lebih efektif berbanding  PCA dan PYO 

untuk merencat Ganoderma pada kepekatan 1 mg/mL. Peratusan perencatan adalah 

masing masing 100%, 78.61% dan 91.87%.  Untuk kajian rumah kaca, 5 rawatan telah 

digunakan: T1, Kawalan negatif; T2, Kawalan positif; T3, Phenazine (1mg/mL); T4, 

Phenazine (2mg/mL); T5, Hexaconazole (0.048 mg/mL). Pokok dalam rawatan T4 

menunjukkan perencatan penyakit yang tertinggi (52.76%) berbanding T5 (25.27%). 

Dua gen putative patogenesis iaitu khitinase dan β-1, 3-glukanase telah menunjukkan 

ekspresi yang berbeza dalam akar pokok kelapa sawit dalam rawatan yang berbeza. 

Ekspresi khitinase adalah tetap sepanjang tempoh eksperimen manakala ekspresi β-1, 3-

glukanase berlaku lebih lambat. Keputusan kajian ini menunjukkan bahawa antibiotik 

fenazin mempunyai aktiviti antimikrob yang tinggi terhadap Ganoderma in vitro dan 

menunjukkan persamaan dengan racan kulat dalam perencatan BSR di bawah keadaan 

rumah kaca. Antibiotik fenazin yang diekstrak daripada P. aeruginosa UPMP3 

mempunyai potensi untuk dibangunkan sebagai formulasi komersial untuk mengawal 

penyakit reput pangkal batang kelapa sawit bagi mengurangkan penggunaan racun 

perosak  yang berbahaya dan seterusmya mengurangkam kesan berbahaya terhadap alam 

sekitar.   
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