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ABSTRACT 

Ten culturable rhizospheric soil bacteria were isolated from the rhizosphere soil of oil 
palm sampled from oil palm plantation located at the School of Sustainable Agriculture, 
Sandakan campus of University Malaysia Sabah. The bacterial isolates were 
characterized based on morphological characteristics, including colony colour, colony 
surface, colony margin, colony elevation and appearance displayed on Potato Dextrose 
Agar (PDA) plate and Nutrient Agar (NA) plate. The bacterial isolates were Gram's 
negative and rod shape. Among the ten isolated rhizospheric soil bacteria, only six 
bacterial isolates (C, D, G, H, I and J) showed inhibition towards the growth of 
Ganoderma boninense in the screening test. The bacterial isolates (C, H and I) showed 
potential inhibitory effect against G. boninense in dual culture test with their 
percentage inhibition of mycelial growth recorded were more than 50%. There was 
significant higher in inhibitory effect (P<0.05) among the six bacterial isolates in dual 
culture test. The inhibition zone of G. boninense recorded growth by bacterial isolate C 
was 5.23 cm, while the bacterial isolate H was 4.23 cm and bacterial isolate I was 4.07 
cm. The inhibition zone of G. bomi7ense growth by bacterial isolates (C and H) was 
higher than bacterial isolate I. The rhizospheric soil bacteria isolated C and H were 
further investigated in culture filtrate test, mixture of PDA and bacterial culture test (in 
vitro) and nursery trial. The PI values of bacterial isolate C was 100%, while bacterial 
isolate H was 17.47% in culture filtrate test. The bacteria C showed 100% inhibition of 
G. boninense, while bacteria H showed 96.78% inhibition mycelial growth in mixture of 
PDA and bacterial culture test. There was significant different in inhibition of G. 
boninense (P<0.05) in both culture filtrate test and mixture of PDA and bacterial 
culture test. The bacterial isolate H showed 17.47% inhibition of mycelial growth in 
culture filtrate with absent of bacterial culture, while showed 96.78% inhibition of 
mycelial growth in mixture of PDA and bacterial culture test with present of bacterial 
culture. The result showed that antimicrobial metabolites produced during antagonism 
between bacteria and pathogen. The bacterial isolate C and H caused malformation of 
hyphae of G. boninense. The bacterial isolate C and H were further investigated in 
nursery trial with three months duration. The disease severity of G. boninense infected 
seedlings treated bacterial isolate C and H was no significant different with non-treated 
infected seedlings (P>0.05). The bacterial isolate C and H showed no effect on growth 
height of seedlings and plant biomass. There was no significant different between 
infected seedling treated with bacterial isolate and non-treated infected seedlings 
(P>0.05). The abiotic factor, including soil condition, temperature and humidity 
affected the inhibitory effect of rhizospheric soil bacteria C and H. Thus, the further 
field study of effects of abiotic factor on rhizospheric soil bacteria is required. The long 
study duration of nursery trial also recommended. 
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MENGESAN BAKTERIA TANAH RHIZOSPHERIC DARIPADA KALEPA SAWIT 
YANG BERKESAN TERHADAP Ganoderma boninense 

ABSTRAK 

Sepuluh bakteria telah diasingkan daripada tanah rhizosphere kelapa sawit daripada 
perladangan kelapa sawit yang terletak di Sekolah Pertanian Lestari, Sandakan kampus 
Universiti Malaysia Sabah. Bakteria digambarkan berdasarkan eiri-eiri morfologi, 
termasuk warna bakteria, permukaan bakteria, margin koloni bakteria dan penglihatan 
bakteria yang ditunjukkan atas media PDA dan media NA. Semua bakteria yang 
diasingkan berbentuk Gram negatif dan rod. Antara sepuluh bakteria tanah 
rhizospherie terpeneil, hanya enam bakteria (C, D, G, H, I dan J) menunjukkan 
pereneatan atas pertumbuhan Ganoderma boninense dalam ujian saringan. Bakteria (C, 
H dan I) menunjukkan kesan potensi pereneatan terhadap G. boninense dalam ujian 
dual kultur dengan peratus reneatan pertumbuhan mycelial direkodkan adalah lebih 
daripada 50%. Terdapat bakteria C, H dan I mempunyai kesan yang lebih tinggi (P 
<0.05) antara enam bakteria dalam ujian dual kultur. Zon pereneatan pertumbuhan G. 
boninen~ oleh bakteria C adalah 5.23 em, manakala bakteria H adalah 4.23 em dan 
bakteria I adalah 4.07 em. Zan pereneatan pertumbuhan G. boninense oleh bakteria (C 
dan H) adalah lebih tinggi daripada bakteria I. Bakteria tanah rhizaspherie C dan H 
terus dikaji dalam ujian turasan, ujian eampuran PDA dan bakteria (in vitro) dan di 
tapak semaian. Nilai PI bakteria C adalah 100%, manakala bakteria H adalah 17.47% 
dalam ujian turasan. Bakteria C menunjukkan pereneatan 100% terhadap G. boninense, 
manakala bakteria H menunjukkan 96.78% pereneatan pertumbuhan G. boninense 
dalam ujian eampuran PDA dan bakteria. Terdapat perbezaan yang signifikan dalam 
pereneatan G. boninense (P <0.05) dalam kedua-dua ujian turasan dan ujian 
eampuran PDA dan bakteria. Bakteria H menunjukkan 17.47% pereneatan 
pertumbuhan G. boninense dalam ujian turasan dengan kehadiran bakteria, manakala 
menunjukkan 96.78% pereneatan pertumbuhan G. boninense dalam ujian eampuran 
PDA dan bakteria dengan kehadiran bakteria. Ini menunjukkan bahawa metabolit 
antimikrobial dihasilkan semasa pereanggahan antara bakteria dan patogen. Bakteria C 
dan H menyebabkan keeaeatan G. boninense. Bakteria C dan H terus dikaji di tapak 
semaian dengan tempoh tiga bulan. Keterukan jangkitan G. boninense atas benih 
dirawat bakteria C dan H adalah tidak berbeza dengan benih yang tidak dirawat (P 
>0.05). Bakteria C dan H tidak menunjukkan kesan pada ketinggian pertumbuhan 
benih dan biojisim tumbuhan. Tiada perbezaan yang ketara antara anak benih yang 
dijangkiti serta dirawat dengan bakteria dan tidak dirawatkan (P >0.05). Faktor abiotik, 
termasuk keadaan tanah, suhu tanah dan kelembapan tanah telah menjejas kesan 
bakteria tanah rhizospherie C dan H. Oleh itu, kajian atas kesan faktor abiotik pada 
bakteria tanah rhizospherie perlu dilanjutkan dan tempoh kajian di tapak semain juga 
perlu dipanjangkan. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Oil palm is "Golden crop" and main commodities crop of Malaysia. More than four 

hundred thousand hectare of oil palm was planted in Malaysia. Approximately 4 t ha-1 

of palm oil produced in Malaysia (Sapak et a/., 2008). Oil palm industry produces many 

profitable products which generates income for Malaysia economy. However, oil palm 

in Malaysia suffers from serious Basal Stem Rot (BSR) disease which caused by soil 

borne white rot fungus, Ganoderma boninense. The oil palms infected by BSR disease 

have been reported less about 21% of yield than same age healthy palms (Nazeeb et 

a/., 2000). Peninsular Malaysia has been reported almost 90% of oil palm estate 

attacked by G. boninense (Khairuddin and Chong, 2008). So, any materials that related 

to Ganoderma are strictly prohibited to transfer from Peninsular Malaysia to Sabah and 

Sarawak. 

Ganoderma boninense is one of the soil bone pathogen which is difficult to 

control. Furthermore, G. boninense spreading through fungal spores or conducted the 

root system of oil palm with infected plant residues in the soils (Sanderson, 2005). 

Present a place on Earth where plants do not suffer from certain disease or infection. 

The places are known as natural suppressive soil. There have wide range of 

microorganism in the suppressive soils. The root of crop plants in suppressive soils are 

protected from infection that caused by soil borne pathogen. So, a lot of researches 

are done to find the potential biological control agents from soils towards BSR disease. 

Some of soil microbes have been isolated to control the growth of G. boninense 

through dual culture analysiS. However, now still not have satisfactory control on G. 

boninense that caused BSR disease (Susanto et al., 2005). 



Many fungicides have presented inhibition characteristic towards the growth of 

G. boninense during In vitro studies. Unfortunately, there are failed suppressions in the 

development of BSR disease in the field (Idris et al., 2002). The negative result in the 

field may cause by the soil borne characteristic of fungi which undergoes degradation 

in the soil before they treat their target. Furthermore, the G. boninense has various 

resting stages such as melenised mycelium, basidiospores and pseudosclerotia that 

resistant to fungicide (Susanto et aI., 2005). 

There are several mechanism of biological control such as competition for space 

and nutrients, secretion of chitinolytic enzymes, mycoparasitism and production of an 

inhibitory compound to control the plant disease (Haram et a/., 1996; Zimand et al., 

1996). Trichoderma harzianum was commercialized as biological control agents 

towards BSR disease. There has showed good antagonist properties against G. 

boninense growth in plant house trials (Abdullah et al., 1999). However, the result of 

control or suppress in BSR disease in filed are still not satisfactory. Beside Trichoderma 

sp., other soil microbes also present antagonistic mechanism towards G. boninense in 

dual culture analysis. There was Bacillus sp., Pseudomonas sp. and others. 

1.2 Justification 

According Shamala and Idris (2009), some of the isolation of Trichorderma sp. from 

soils of oil palm plantation in Peninsular Malaysia was proven as potential agents 

against G. boninense. However, there is no satisfactory control method towards G. 

boninense. The unsatisfactory control result of Trichorderma sp. towards G. boninense 

due the Trichoderma sp. present degradation in the soil before they reach to infect 

roots of plants (Susanto et al., 2005). So, the negative result was showed in the field. 

Rhizosphere soil can be defined as the soil surrounding plant root and 

influenced by the plant root and plant produced materials. The rhizosphere soil contain 

plant exudates that rich of energy and nutrient for bacteria growth (Gray and Smith, 

2005). The plant growth promotion rhizobacteria from rhizosphere soil can affect the 

plant growth in directly or indirectly way. The rhizospheric soil bacteria direct stimulate 

the plant growth by synthesis a compound to increase certain nutrient uptake by the 

plant for growth (Glick, 1995). On other hand, the plant growth promotion 

rhizobacteria prevent the harmful effect of pathogen towards plants as indirect 
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promotion of plant growth. Furthermore, Susanto et al. (2005) isolated various soil 

microbes from oil palm rhizosphere soil for searching bio-control agents towards G. 

boninense growth. Trichoderma harzianum and Gliocladium viride isolated by Susanto 

et at. (2005) showed inhibition G. boninense growth in nursery test with one year of 

inoculation. However, the Bacillus sp. isolated from the same rhizosphere soil had low 

capacity to prevent the G. boninense infection. Thus, the same rhizosphere soils 

contain various soil microbes that provide different level of antagonism towards the G. 

boninense growth. 

The rhizosphere soil of oil palm was collected for bacteria isolation. The 

efficiency of rhizospheric soil bacterial isolates was investigated. The in planta and in 

vitro was done in this investigation for searching a potential rhizospheric soil bacteria 

to inhibit the growth of G. boninense in dual culture and nursery field. 

1.3 Objectives 

I. To evaluate the efficiency of rhizospheric soil bacteria from oil palm in the 

suppression of G. boninense in the culture plate (in vitro). 

II. To evaluate the efficiency of rhizospheric soil bacteria from oil palm in the 

suppression of G. boninense in the nursery (in planta). 

1.4 Hypothesis 

I. HO: There are no significant effects of rhizospheric soil bacteria on G. 

boninense growth in dual culture. 

HI: There are significant effects of rhizospheric soil bacteria on G. bomi7ense 

growth in dual culture. 

II. HO: There are no significant effects of rhizospheric soil bacteria on G. 

boninense infected oil palm seedling growth. 

HI: There are significant effects of rhizospheric soil bacteria on G. bomi7ense 

infected oil palm seedling growth. 

3 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Oil Palm (Elaeis guineensis) 

Oil palm, Elaets guineensis is one of the world's most rapidly increasing crops. Large 

areas of forest in Southeast Asia have been replaced by oil palm. Oil palm was first 

planted in Peninsular Malaysia in 1917 (Corley et a/., 2003). Oil palm is the most 

important plantation crop in Malaysia. Malaysia is the second palm oil producer 

throughout the world. From the Malaysian Palm Oil Board (September 2011), oil palm 

plated area in Peninsular Malaysia is 2,545,071 hectare and 2,430,703 hectare in 

Sabah and Sarawak. Malaysia has produced approximately 4 t ha-1 of palm oil in a year 

(Sapak et a/., 2008). 

2.2 Basal Stem Rot (BSR) Disease 

Basal Stem Rot (BSR) caused by white rot fungus, G. boninense. Thompson (1931) 

first reported oil palm Basal Stem Rot (BSR) disease found in Malaysia. Basal Stem Rot 

(BSR) of oil palm is the most serious plant disease in Malaysia (Turner and Bull, 1967). 

The losses of oil palm in Malaysian reach up to 80% after repeated plating cycles (Idris 

et aI., 2000; Susanto, 2009). Africa, Papua New Guinea and Thailand has recorded 

Malaysia and Indonesia has most severe losses that caused by lower BSR incidences 

(Idris et aI., 2004). Peninsular Malaysia showed the higher incidence of BSR compared 

to Sabah and Sarawak (Ariffin and Idris, 2002). 

Decaying, multiple spear and fruit bodies were observed on the bole of BSR 

infected oil palm. The severe BSR has caused the palm falls over. Initially, BSR was 

classified as older palms disease. However, the BSR disease symptoms were found on 



one to two years old oil palm in replanted area (Singh, 1991). The symptoms appear 

earlier on younger oil palm are more severe and greater replanting was required 

(Susanto et a/. , 2005). 

Sanderson (2005) reported BSR spread through contacted adjacent root with 

debris that remains in the soil after first and second replanting or by spreading the 

fungal spores. Chemical, cultural, mechanical and biological control was applied to 

control BSR. However, there are no effective control practices on BSR have been 

proved acceptable (Susanto et al., 2005). The fungicide treatment is the available 

disease control, but it often applied ineffectively. According the In vitro studies carried 

out by Idris et at. (2002), many fungicides were strongly inhibited the growth of 

Ganoderma. However, the negative result of BSR control was showed in the field. 

Ineffective of fungicide may caused by the characteristic of fungus which are soil born 

and undergoes degradation in the soil before they can reach their target (Susanto et 

al., 2005). 

Figure 2.1 

Source: 

Signs and symptoms of BSR in oil palm seeding. (a)healthy seedling; 
(b)infected seedling. 
Mohd Zainudin and Faridah, 2008 
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2.3 Ganoderma boninense 

Khairuddin and Chong (2008) reported G. boninense was found in almost 90% of the 

estate in Peninsular Malaysia. However, only 4% of oil palm estates in Sabah were 

reported with the presence of G. boninense. Isolates of G. boninense from Sabah are 

less aggressive compared those from Peninsular Malaysia was showed in the Head of 

Research for Borneo Samudera oil palm that the largest plantation group in Sabah 

(Hoong, H. W personal communication). Yield of G. boninense infected palms less 

about 21 % than same age healthy palms (Nazeeb et al./ 2000). 

The colonies of G. boninense were white in colour on the surface, darkened and 

undulating basidiomata was found on the reverse surface of the cultures (Idris et aI., 

2000). After one to three weeks of incubation G. boninense on rubber wood blocks, the 

white mycelium was appeared. The length and width G. boninense increased rapidly 

and various yellowish brown colour with concentric was found on the developed upper 

surface (Idris, 2009). Ganoderma resistant to fungicide due to consists of various 

resting stages such as melenised mycelium, basidiospores and pseudosclerotia 

(Susanta et aI., 2005). 

Ganoderma boninense is soil borne fungal. Numerous of fungi are particularly 

susceptible to microorganism lytic activity. Downing and Thomson (2000) and Anitha 

and Rabeeth (2010) stated chitinase are the most intenSively studied in the 

investigation on lytic activity of biological control agents that have enzyme systems 

capable of degrading fungal cell wall components. 

Figure 2.2 
Source: 

Pure culture of Ganoderma boninense 
Bivi et al./ 2010 
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2.3.1 Mycelial growth of Ganoderma boninense 

The study of Bivi et al. (2010) showed the abnormal mycelial growth of G. boninense 

when treated with Pseudomonas aeruginosa. Malformation of hyphae by Pseudomonas 

aeruginosa was observed. The shrinkage of hyphae by other bacterial isolate also was 

observed. 

Figure 2.3 
Source: 

(Normal) 
(Malformation) 

Mycelial growth of Ganoderma boninense 
Bivi et aI., 2010 

2.4 Rhizosphere Soil Microbes 

(Shrinkage) 

The soil provides habitat for variety of microorganism such as fungi, bacteria, virus and 

others which have an important role on nutritional chain for other macro-organisms. 

Rhizosphere soil is the layer of soil that surrounds the roots and supported greater 

microbial activity than bulk soil (Hiltner, 1904). Microbial population lives at rhizosphere 

soil capable of exerting beneficial, neutral and detrimental effects on plants (Ajay et aI., 

2012). Thus, the isolation of beneficial microorganism in rhizosphere soil region higher 

than the bulk soil (Curl et aI., 1986; Lynch, 1990). Rhizpsphere soil layer high in 

fertil ity and biological activity have microbial densities about five to fifty times than in 

bulk soil (Brian et aI., 1999). The higher bacterial population in rhizosphere soil is the 

result of rich source of plant exudates, including amino acids and sugar that provides 

rich source of energy and nutrients for bacteria (Gray and Smith, 2005). Rhizospheric 

fungi produced ethylene that potentially influencing root morphological changes such 

as lateral root initiation (Brian et aI., 1999). Shahida and Naghman (1989) reported 

bacteria Gram's negative rod that present in rhizosphere had an adaptability of stress 

environment. 
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lynch (1990) stated that the interaction between bacteria and plant roots may 

be beneficial, harmful or neutral for the plant, further the soil condition also be a factor 

on the effects to plant. The fixing nitrogen bacteria not facilities the plant growth when 

the soil is added with exogenous fixed nitrogen (Glick, 1995). Kloepper et al. (1988) 

stated that the bacteria establish a symbiotic relationship with the plant and those 

bacteria are free living in the soil but are found near on or within plant roots are the 

bacteria that provide benefit to plant. Plant growth promoting rhizobacteria (Kloerpper 

et al., 1989) or yield increasing bacteria (Piao et al.,1992) is known as beneficial free 

living soil bacteria. The bacteria of the genera Azotobacter, Azospirillum, Pseudomonas, 

Acetobader, Burkholderia and Bacillus are considered as plant growth promoting 

rhizobacteria (Bashan and levanony, 1990; Brown, 1974; Elmerich, 1984; Kloepper et 

aI., 1988, 1989; Okon and labandera-Gonzalez, 1994 and Tang et aI., 1994). 

The plant growth promoting rhizobacteria (PGPR) are divided in to two main 

groups, which are intracellular PGPR that live inside plant cells, being localized in 

nodules and extracellular PGPR that live outside of plant, being able to enhance plant 

growth through the production of signal compounds that directly stimulate plant 

growth, improvement of plant disease and mobilization of soil nutrients to the plant 

(Analise and luciane, 2011). Gray and Smith (2005) stated that extracellular PGPR are 

subdivided into three groups based on the degree of association with plant roots. 

There are living near but not contact with the roots, colonizing the root surface and 

living in the space between cells of the root cortex. The plant growth promoting 

rhizobacteria can affects the plant growth by indirectly or directly way. The PGPR 

promotes the plant growth by producing a compound that facilitating the uptake of 

certain nutrient from the environment (Glick, 1995). The phosphorus solubilizing 

bacteria (PSB) is known as PGPR that promote the plant growth with directly way. The 

phosphorus solubilizing bacteria able to solubilize insoluble mineral phosphate by 

producing various organic acids that promote plant growth (Anelise and luciane, 2011). 

The indirect promotion of plant growth is preventing the deleterious effects of 

pathogenic organism. 

A large number of PSB have been isolated from rhizosphere of several crops. 

Chabot et al. (1993) reported that 20% to 40% of PSB are isolated from rhizosphere 

soil. The phosphate solubilizing bacteria found in rhizosphere soil higher than 

nonrhizosphere soil (Rodriguez and Fraga, 1999). The bacteria group that known as 
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phosphate solubilizing bacteria in soil rhizosphere is Pseudomonas, Bacillus, Rhizobium, 

Burkholderia, Achromobacter, Agrobacterium, Micrococcus, Aerobactor, Flavobacterium 

and Erwinia (Anelise and Luciane, 2011). According Chetet al. (1990) and Handelsman 

and Stabb (1996), many bacteria and fungi have been isolated from soil and the 

rhizosphere used as bio-control agaist soil borne pathogen. Pseudomonas fluorescens 

isolated form rhizosphere soils are capable to suppress a major root disease of wheat 

caused by Gaeumannomyces graminisvariety tritici. (Thomashow and Weller, 1988). 

Due the study of (Dikin et al., 2006), more dominant bacteria be isolated from 

rhizosphere region compared with seed and fruits. The complex interaction between 

microorganism and plant part in rhizosphere dominated bacteria. Plant health and soil 

fertility are increasing due to the interaction of plant with microbe in the rhizosphere 

(Khan, 2006). The rhizosphere soil bacteria introduced beneficial effect on plant, which 

promoting plant growth or exercising biological control of pathogen with its root 

colonization capacity (Benizri et al., 2001). Due to availability of organic matter and 

oxygen, the number of microbes is less in 15 cm to 30 cm depth of soil compare to 0 

cm to 15 cm depth of soil (Udotong et al., 2008). 

Gram's negative rod bacteria, including Pseudomonas sp., Agrobacterium sp., 

Burkholderia and Stenotrophomonas was commonly isolated from rhizosphere soil 

(Dekin et al., 2006). The Gram's positive bacteria comparatively rare be isolated. The 

Gram's positive bacteria included Bacillus sp., Azotobacter, Mycobacterium, 

Cellulomonas and Clostridium sp.. Pseudomonas sp., Burkhoderia sp., Seratia sp., 

Bacillus and actinomycetes from the genera Streptosporangium and Nacardiopsis 

shown the antibiotic activity and lysis and able to induce systemic resistance in plants 

(Kloepper et al.,1992). As a biological control agent to limit the growth of pathogen by 

direct paraSitism, cell wall lytic enzyme including chitinases, glucanases and proteases 

are capable produced (Jayaprakashel and Mathivanam, 2011). 

Places where disease severity is reduced or the plants do not suffer from 

certain disease are known as natural suppressive soil. Bivi et al. (2010) suggested BSR 

in most likely kept under control by some biological means when the low BSR incidence 

was observed in some natural stand. This observation was leading the use of biological 

control agents were focused in control of Ganoderma infection (Bivi et al., 2010; 

Susanta et al., 2005). Microorganism that commonly found in the rhizosphere was 
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bacteria, actinomycetes, fungi, algae and protozoa. The fungi, bacteria and 

actinomycetes are able used as biological control agent. There are two types of 

biological control agent which are the microbes that able lyse fungal cell by produced 

mycolytic enzymes such as chitinase and B-1, 3-glucanase (Patel et al., 2007; Gohel et 

al., 2006; Kucuk and Kivanc, 2004; EI-Katatny et al., 2000) and enter the hyphae of 

pathogen by parasitic mechanism (Alabouvette at al., 2006; Ozbay and Newman, 

2004). 

2.4.1 Chitinolytic bacterial 

Chitinolytic bacteria play an important role in plant pathogenic fungi biological control 

and can be isolated from soil (Gohel et al., 2006). The chitinolytic bacteria included 

Aeromonas hydrophila, Aeromonas caviae, Pseudomonas maltophl'la, Bacillus 

licheniformis, Bacillus circulans, Vibrio furnissi, Xanthomonas sp., and Serratia 

marcescens (Gohel et al., 2006). Suryanto et al. (2010) reported chitinolytic bacteria 

reduced the incidence of red pepper seedling wiit caused by Fusarium oxysporum. The 

growth of Phytium capsici, Rhizodonia solani and Fusarium sp. was inhibited by 

combined chitinolytic bacteria of Serratia plymuthica, Chromobaderium and Lysobacter 

enzymogenes (Kim et al., 2008). Furthermore, the growth of Fusarium oxysporum, 

Ganoderma boninense and Penicillium semitedum was inhibited by chitinolytic 

bacterial isolates (Suryanto et al., 2011). 

Aeromonas caviae induce chitinase with the chitin colloidal (Inbar and Chet, 

1991). Chitin is second abundant biopolymer that mostly found in fungi and arthropods 

(Tsujibo et al., 2002; Singh et a/., 2008). The source of chitin were available in soil, so 

the chitinolytic bacterial were capable survived in the grow media of oil palm seedling. 

After chitin colloidal incubated as C-source within 24 to 72 hours, the chitin hydrolysis 

was occurred (Watanabe et al., 1997). Furthermore, the maximum level of chitinase 

activity of bacterial was stated after 10 to 20 days of bacterial inoculation (Kim et aI., 

2008). The chitinase activity indicated through the degradation of fungal hyphae with 

chitinase production. Necrotic of hyphal tip and hyphal lytic were caused by 

endochitinase (Harjono and Widyastui, 2001). According Alabouvette et al. (2006), the 

lytic activity of bacterial have been conducted in biocontrol for several years. 
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