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Faculty       : Institute of Tropical Agriculture 

 

Basal stem rot of oil palm (Elaeis guineensis Jacq.)  caused by 

Ganoderma spp is of major economic concern and it is the predominant 

disease of oil palm  in Southeast Asia.  The disease is a “white rot” 

process involving growth of the fungus within the oil palm as the lignin and 

cellulose are biodegraded.  There is yet an effective measure to control 

the disease. Endophytic microorganisms such as arbuscular mycorrhizal 

fungi (AMF) and endophytic bacteria (EB) have been previously identified 

as potential biocontrol agents especially for soil borne diseases. These 

endophytes are able to suppress diseases with various mechanisms such 

as antibiosis, lysis, and production of antifungal compounds and induced 

systemic resistance (ISR). The use of endophytes is also preferred as 

they reside within the plant system avoiding rhizosphere competence 
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such as competition for space and nutrient between other soil microbes. 

Therefore this study was designed with the specific objectives to (i) 

investigate the antagonistic potential and compatibility between both 

endophytes, (ii) explore the potential disease suppression and vegetative 

growth enhancement in pre-inoculated oil palm seedlings challenged with 

G. boninense, (iii) determine the biochemical responses and gene 

expression profile in pre-inoculated seedlings challenged with G. 

boninense, and (iv) evaluate the effect of single and  a consortium of 

endophytic microorganisms in field trial using the seedling baiting 

technique. AMF (Glomus intraradices UT 126 and G. clarum BR152B) 

and EB (Pseudomonas strain UPMP3 and Burkholderia strain UPMB3) 

represent the endophytic microbes tested in this study.  Symbiotic 

interactions were observed between AMF species; Glomus intraradices 

UT 126 and G. clarum BR152B with Pseudomonas strain UPMP3 and 

Burkholderia strain UPMB3. Both EB strains significantly increased 

germination and hyphal length of AMF spores by 180 to 240%, 

respectively. This is a novel finding as the EB strains were never reported 

as potential mycorrhizal helper bacteria (MHB). Antagonistic effect of EB 

strains was demonstrated by the percentage inhibition of radial growth of 

G. boninense at >86% and >74% by UPMP3 and UPMB3, respectively. 

Scanning electron micrographs revealed severe morphological 

deformities such as shrivelling, flattening and shrinking of G. boninense 

hyphae in the presence of UPMP3 and UPMB3 strains. In addition, 

production of POX, PPO, chitinase and β-1, 3-glucanase during pre and 

post infection were enhanced in pre-inoculated seedlings and reassessed 
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with gene expression analysis.  It is also proposed that PPO acts as a 

potential biomarker for induced resistance against G. boninense. The 

single application of UT126 (T2) was found to be superior in increasing 

the vegetative parameters such as height, girth, leaf area, frond count and 

fresh weight of leaf and root with significant difference at P<0.05. 

However, disease suppression was highest in treatment that had the 

application of both AMF and UPMP3 with a disease reduction of 57.53% 

(P<0.05). The disease incidence in treatment with both AMF and UPMP3 

(T4) was delayed by 8 weeks indicating effective suppression of BSR 

infection. Similar treatments were subjected to field trial using seedling 

bait technique. Disease suppression in T4 was significantly highest with 

reduced disease severity of 4.33% (P<0.05) when compared to other 

treatments (ranging from 7 to 14% o infection), 20 months after planting. 

This is the first report of field seedling baiting technique to be successfully 

implemented in testing microbial pre-inoculation for disease suppression. 

Pre-inoculation with AMF and UPMP3 was most effective in reducing 

disease severity in oil palm either in nursery or field conditions.  
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PENILAIAN JANGKITAN GANODERMA PADA KELAPA SAWIT 

(ELAEIS GUINEENSIS JACQ.) MELALUI PRE-INOKULASI KULAT 

MIKORIZA ARBUSKUL DAN BAKTERIA ENDOFIT 

 

Oleh 

 

SHAMALA SUNDRAM 

Ogos 2012 

 

Pengerusi : Sariah Meon, Profesor, PhD 

Fakulti      : Institut Pertanian Tropika 

 

Penyakit reput pangkal batang kelapa sawit (Elaeis guineensis Jacq.) 

yang disebabkan oleh Ganoderma spp telah menjadi kebimbangan 

ekonomi utama kerana ia merupakan penyakit paling serius menjangkiti 

kelapa sawit di Asia Tenggara. Penyakit ini adalah "reput putih" 

melibatkan proses pertumbuhan kulat dalam kelapa sawit sebagai 

pengurai lignin dan selulosa. Sehingga kini belum ada langkah yang 

berkesan untuk mengawal penyakit ini. Mikroorganisma endofit seperti 

kulat arbuskul mikoriza (AMF) dan bakteria endofit (EB) telah dikenalpasti 

sebagai agen kawalan biologi yang berpotensi terutamanya untuk 

penyakit-penyakit bawaan tanah. Mikrob endofit mampu menindas 

penyakit dengan pelbagai mekanisme seperti antibiosis, lisis, dan 

pengeluaran sebatian anti-kulat dan peningkatan keresistenan sistemik 
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(ISR). Penggunaan mikrob endofit juga diutamakan kerana habitat 

melibatkan sistem dalaman tumbuhan dan dapat mengelakkan halangan 

persekitaran seperti persaingan ruang dan nutrien sesama mikrob tanah 

yang lain. Oleh itu kajian ini telah direka dengan objektif khusus untuk (i) 

mengkaji potensi antagonistik dan keserasian di antara kedua-dua 

microorganisma endofit, (ii) menilai kebolehan penindasan penyakit dan 

peningkatan pertumbuhan vegetatif anak benih kelapa sawit yang 

diinokulat sebelum dijangkiti G. boninense, (iii) menentukan tindak balas 

biokimia dan profil ekspresi gen dalam anak benih yang diinokulat 

sebelum dan dijangkiti G. boninense, dan (iv) menilai keberkesanan 

inokulasi individu dan konsortium mikroorganisma endofit dalam kajian 

lapangan menggunakan menggunakan teknik umpan anak benih. AMF 

(Glomus intraradices UT 126 dan G. clarum BR152B) dan EB 

(Pseudomonas isolat UPMP3 dan Burkholderia isolat UPMB3) telah 

digunakan sebagai mikrob endofit dalam kajian ini. Interaksi simbiotik 

dikenalpasti di antara spesis AMF; Glomus intraradices UT 126 dan G. 

clarum BR152B dengan Pseudomonas strain UPMP3 dan Burkholderia 

strain UPMB3 Kedua-dua strain EB meningkatkan percambahan dan 

panjang hifa AMF masing-masing sebanyak 180 hingga 240%. Ini adalah 

keputusan novel strain EB ini yang belum pernah dilaporkan sebagai 

bakteria berpotensi pembantu mikoriza (MHB). Manakala kesan bakteria 

endofit ditunjukkan oleh perencatan peratusan pertumbuhan miselium G. 

boninense sebanyak 86.12% dan 74.35% masing-masing oleh UPMP3 

dan UPMB3. Pengimbasan elektron mikrograf telah menunjukkan 

kecacatan morfologi yang teruk pada hifa G. boninense bila dikultur 
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bersama UPMP3 an UPMB3. Di samping itu, aktiviti POX, PPO, chitinase 

dan β-1, 3-glucanase telah meningkat sebelum dan selepas jangkitan G. 

boninense. Adalah dicadangkan PPO boleh bertindak sebagai penanda-

bio ISR yang berpotensi terhadap G. boninense. Aplikasi tunggal UT126 

(T2) telah didapati meningkatkan secara bererti (P<0.05) parameter 

vegetatif seperti ketinggian, lilitan batang, luas daun, kiraan pelepah dan 

berat segar daun dan akar anak benih. Walau bagaimanapun, 

pengawalan penyakit yang tertinggi dalam rawatan (T4) yang mempunyai 

aplikasi kedua-dua AMF dan UPMP3 dengan pengurangan penyakit 

57.53% (P <0.05). Insiden penyakit di T4 juga tertangguh 8 minggu dan 

ini menunjukkan pengurangan jangkitan BSR yang berkesan. Rawatan 

yang sama telah diaplikasikan pada anak benih untuk kajian lapangan 

menggunakan teknik umpan anak benih. Pengurangan penyakit dalam T4 

adalah paling berkesan dengan nilai keparahan penyakit sebanyak 4.33% 

(P <0.05) berbanding dengan rawatan-rawatan lain (diantara 7 – 14%). Ini 

juga adalah laporan pertama kajian lapangan yang meilbatkan teknik 

umpanan anak benih yang berjaya dilaksanakan untuk ujian pra-inokulasi 

mikrob bagi pengawalan penyakit. Pra-inokulasi dengan AMF dan 

UPMP3 paling berkesan dalam pengawalan penyakit kelapa sawit sama 

ada di tapak semaian atau lapangan. 
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