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 

     Abstract— This article reviews on Co composting of EFB and POME and the role of nitrogen-fixers to enhance the 

composting process. Empty Fruit Bunches (EFB) and Palm Oil Mill Effluents (POME) are two major waste streams left by 

the extraction process of palm oil. Bioconversion of this biomass (EFB and POME) into valuable products and utilization 

are the main aims of the researchers. Co composting of EFB and POME wastewater that generated from palm oil mill 

industry was investigated to be an option for the waste utilization and could offer many environments and economics 

benefits. Meanwhile, nitrogen-fixers play an important role to enhance the composting of EFB and POME. This article 

also highlighted the role of nitrogen-fixers as enhancer in the composting process. Nitrogen fixers in composting comprise 

some species of bacteria that developed enzyme systems and able to absorb nitrogen in its elemental form. Bacteria species 

that live free in the soil are able to extract and fix the nitrogen from air. The bacteria that live in the root nodules have a 

symbiotic relationship with the plant as both organisms benefit from the association. Cyanobacteria, Azotobacter, and 

Azomonas are some bacteria that can fix nitrogen and available in aerobic conditions. 

 

   Index Terms—-- Composting, Empty Fruit Bunches (EFB), Palm Oil Mill Effluent (POME), Nitrogen Fixers 

Bacteria 

I. INTRODUCTION 

Composting is a biochemical process converting various components in organic wastes into relatively stable humus 

like substances that can be used as a soil amendment or organic fertilizer [1]. Meanwhile, co composting is the 

controlled aerobic degradation of organics using more than one material (such Fecal Sludge and Organic Solid 

Waste) [2].  Fecal sludge has a high moisture and organic content while biodegradable solid waste is high in 

organic carbon and has bulked properties, because it allows air to flow and circulates [3].  By combining the two, 

the benefits of each can be used to optimize the process and the product.  For dewatered sludge, a ratio 1:2 to 1:3 of 

dewatered sludge to solid waste should be used.  Besides, for liquid sludge, a ratio of 1:5to 1:10 of liquid waste to 

solid waste can be used [4] 

 

As a biological process, composting involves a variety of microorganisms.  These organisms decompose organic 

matter and organic compounds.  The identification of microorganisms that are capable of degrading specific 

compounds is very useful in the composting process.  The decomposition of organic waste during the composting 

process is carried out by a chain of microbial communities, which is critical for the utilization of complex substrate 

such as cellulose, hemicelluloses and lignin [5].  Phanerocheate chrysospirium is known to degrade lignin [6]. 

Hence, as in [7] reported that Streptomyces decomposed lignocelluloses.  Reference [8] evaluated that several 

bacteria used the carbon source of lignin-related aromatic compound such as benzoic-p-OH-benzoic, vanillic, 

veratric, syringic and p-cournaric acids in the composting process. Reference [9] in his study mentioned that, after 

the biodegradable source of carbon is used up, the compound which takes more time to degrade such as cellulose, 

hemicelluloses and lignin will undergo biodegradable and part of it will convert to humus form. 

 

Currently, there are more than 3 million hectares of oil palm plantations in Malaysia [10].  And about 80 million 

tons of palm oil and 57.4 tons of palm oil mill effluent (POME) ware generated in the year 2009 [11].  In total, 

about 90 million tons of renewable biomass such trunks, frond, shells, palm press fiber and the empty fruit bunches 

are produced each year. Reference [12] had reported that the biomass was made up of 53% empty fruit bunches 

(EFB). 32% mesocarp and 15% fiber and palm kernel shell.  Empty fruit bunches or EFB that produced from palm 
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plantation is a suitable raw material for recycling because it produces in large quantities.  In the past, EFB was often 

used as fuel, to generate steam at the mills and also reported that EFB, because it has high content of nutrients, EFB 

are burnt to produce ash and later used as fertilizer [13].  However, recently burn of EFB is prohibited by regulation 

in order to prevent air pollutions.  Nowadays, most of EFB is mainly applied as mulch in the field [14].  In recent 

years, there is growing interest in composting EFB, in order to add value and also to reduce the volume to make 

application easier [15]-[16].  Thus, the treatment of EFB and POME has gained interest from many researchers due 

to the abundant amount generated in the mills [17]. 

 

Otherwise, palm oil mill effluents (POME) are the most polluted organic residues generated from palm oil mills.  

POME has been identified to be one of the major sources of water pollution due to its high Biochemical Oxygen 

Demand (BOD) and Chemical Oxygen Demand (COD) concentrations.  In Malaysia, mostly pond system has been 

adopted in palm oil mill factories for POME treatment technology [18].  Besides, as in [19] in their study, stated 

that one of the major sources of Green House Gas (GHG) in Malaysia was contributed form palm oil mill 

wastewater treatment, with estimates at about 12.36 kg of methane was emitted from anaerobic pond. So that, the 

bioconversion of this biomass (EFB and POME) into valuable products and it utilization is the main aim of the 

researchers.  This is because; the utilization of EFB and POME offers the best prospect of commercial exploitation.  

Co composting of EFB and POME wastewater that generated from palm oil mill industry was investigated to be 

option for the waste utilization and could offer many environments and economics benefits.  These biomass 

materials (EFB and POME) could be composted and used in oil palm plantation as fertilizer and soil amendment.   

 

II. EMPTY FRUIT BUNCHES 

The empty fruit bunches or EFB is a suitable raw material for recycling because it is produced in large quantities in 

localized areas.  An average oil palm plantation can handle about 100 metric tonnes (mt) of fresh fruit bunches 

daily [20]. EFB contains a high proportion of cellulose matter which is easily decomposed by a combination of 

physical, chemical and biological processes. The bunch consists of 70% moisture and 30% solids; of which 

holocellulose accounts for 65.5%, lignin 21.2%, ash 3.5%, hot water-soluble substances 5.6% and alcohol-benzene 

soluble 4-1% [16].  At the mills, where oil extraction takes place, solid residues and liquid wastes are generated.  

From the total residues, EFB generates more than 20% of the fresh fruit weight [13], [21]-[22].  In the past, EFB 

was often used as fuel to generate steam at the mills [13].  EFB was also incinerated or applied directly to the fields.  

However, incineration of EFB may create environmental problems as incineration and boilers emit gases with 

particulates such as tar and soot droplets of 20-100 microns and a dust load of about 3000-4000 mg/nm [23].  

Besides, indiscriminate dumping of EFB may cause additional methane emission into the atmosphere [24].  It was 

reported that EFB contain 42% C, 0.8% N, 0.06% P, 2.4% K and 0.2% Mg [25].  Because high of nutrient contents 

and in order to minimize pollution, a new usage of this waste ought to be looked into.  Table I shows the properties 

characteristic of EFB gathered from different literature.  Meanwhile Table II shows the composition of nutrient 

content in EFB. 

 

Researchers are now trying to utilize this raw material in different application.  Composting of EFB is being 

extended to farmers by Department of Agriculture of Malaysia [27].  Currently, most of the EFB is used as mulch 

in plantations, almost wholly replacing incineration, which is now prohibited by Department of Environmental.  

The usual application rate of EFB is 40-70 tonnes per hectare [28].  However, due to escalating labour, 

transportation and distribution cost of EFB in the field, utilization as mulch is becoming more expensive [29].  

There is a growing interest in the low and cost attractive solid state bioconversion of EFB into value added 

products such as compost, citric acid and enzymes [16],[25],[30]-[32].  Reference [33] also has studied about the 

evaluation of EFB as a fuel for power generation.  According to their study, at 65% moisture content, EFB has a 

calorific value of 6028 kJ/kg.  Considered, in their analysis, the overall thermal efficiency is assumed to be only 

25%.  Thus, 1 tonne of EFB with 65% moisture content should delivered 1207000 kJ of energy (6028000 x 0.25 

kJ). 
Table I: Properties of empty fruit bunches listed by different literatures 

Properties Reference [34] Reference [35] Reference [25] Reference [36] Reference [37] 

Proximate analysis (wt. %)a 

Ash 7.54 3.02 - - - 

Volatile matter 71.2 79.7 - - - 
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Fixed carbon 18.3 8.65 - - - 

Lignocellulosic content (wt. %)a 

Cellulose 23.7 - 42 – 63 42 – 63 42 - 63 

Hemicellulose 21.6 - 21.9 – 33 21.9 – 33 21.9 - 33 

Lignin 29.2 - 10 – 36.6 10 – 36.6 10 – 36.6 

Ultimate Analysis (wt. %)a,b 

C 45.0 48.8 - - - 

H 6.40 7.33 - - - 

Continue      

Oc 47.3 40.2 - - - 

N 0.25 0.00 - - - 

S 1.06 0.68 - - - 
a
 Dry basis, 

b 
Ash free basis, 

c
 By difference 

 
Table II: Composition as percentage of dry matter in nutrient content of EFB 

 

NUTRIENT CONTENT OF EFB Composition as a percentage of dry matter 

Nitrogen (N) 0.44 

Phosphorous (P) 0.144 

Potassium (K) 2.24 

Magnesium (Mg) 0.36 

Calcium (Ca) 0.36 

Source: [26] 

 

III. PALM OIL MILL EFFLUENT 

In the process of palm oil milling, POME is generated through sterilization of fresh oil palm fruit bunches, 

clarification of palm oil and effluent from hydro cyclone operations [38].  POME contains many soluble chemical 

materials that are detrimental to the environment.  POME is a viscous brown liquid with fine suspended solids at 

pH between 4 and 5 [39].  Direct discharge of POME into the environment is not encouraged due to the high BOD 

and COD value.  POME is its untreated form is very high strength waste, depending on the operation of the process 

that involves informal, semi formal and formal process.  More than 85% of palm oil mills in Malaysia have adopted 

pond system for POME treatment [13].  While, the rest adopted for open digested tank [12]. However, high rate 

anaerobic bioreactor have also been applied in laboratory-scale POME treatment such as an upflow anaerobic 

sludge blanket (UASB) reactor as in [40]; upflow anaerobic filtration as in [41]; fluidized bed reactor as in 

[42]-[43] and upflow anaerobic sludge fixed film (UASFF) reactor as in [39].  Other than anaerobic treatment, 

POME has been also been treated using membrane technology as in [44]-[45], aerobic activated sludge reactor as 

in [46] and evaporation method as in [47] 

 

Recently, POME also has used as a fertilizer.  However, the application of raw or digested POME as fertilizer on 

land was initially considered unreasonable because the effluent would kill vegetation and lead of the jamming of 

percolation and water logging, thus resulting in anaerobic condition [28]. As reported by reference [48], the raw 

material would readily cause clogging and water logging of the soil, but these problems could be overcome by the 

controlled application of small quantities of POME at a time.  Ground water was tested after 6-12 months of trial 

applications of raw POME as fertilizer and showed no substantial percolation of oxygen-demanding or other 

polluting elements without excessive run-off over the surface during wet weather [48].  Reference [49] reconfirmed 

that a proper use of POME in the land environment would directly improve soil fertility.  Their results also showed 

an enrichment of the soils with regard to phosphorus, nitrogen, calcium and magnesium after the application of 

POME.  Although zinc was particularly in its exchangeable form, copper, iron and lead were predominant in their 

organic forms.  The use of POME as a cheap organic fertilizer may offer an alternative to the excessive application 

of chemical fertilizers, especially phosphorus, for which cost is a severe economic limitation [50]. 
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IV. CO COMPOSTING OF EFB AND POME 

Empty Fruit Bunches (EFB) and Palm Oil Mill Effluents (POME) are two major waste streams left by the 

extraction process of palm oil.  Unfortunately, they are no attractive application at the contrary of the other streams 

like mesocarp fibers; kernel shells (PKS) and palm kernel meal (PKM) that are vaporized as boiler fuel and animal 

feed respectively.  It was reported that the EFB contain about 42% C, 0.8% N, 0.06% P. 2.4% K and 0.2% Mg [51].  

Previously, the most common practice of EFB treatment is through soil mulching, boiler fuel and incineration, and 

the rest left unused in the palm oil mills.  Reference [51] in their survey stated that most of the EFB and shell at the 

Thailand palm oil factory are disposed of by the land filling method, which is very costly.  And some factories burnt 

the EFB in the furnace, which will cause air pollution.  In Malaysia, the incineration of EFB in the palm oil mills is 

restricted by the Department of Environment (DOE) [14]. 

 

EFB is a common raw material used in composting and POME often added to enhance the composting process.  

However, POME has a high nutrient content and large oil palm plantations prefer to use it directly as fertilizer [52].  

Previous study, reference [53] reported that, shredded EFB and partially treated POME from an open anaerobic 

pond was used for co composting treatment in open windrow system at pilot field scale.  The composting treatment 

was completed within 60 days with a final C/N ratio of 12.5.  The pH of the system at range 7.75 – 8.10 during the 

treatment period while moisture content was reduced from 65 – 75% to about 60% at the end of treatment periods.  

In his study also indicate that very low levels of heavy metals were detected in the compost materials product. 

 

Reference [27] from the Department of Agriculture of Malaysia also has done the research in EFB composting.  

The method that adopted was to mix the EFB with 20% of chicken manure.  It took 11 to 12 months to mature, 

while the maturity of compost materials was determined when the temperature at 30˚C and the pH reading was 4.5 

– 6.0.  Other than that, reference [54] studied about open and closed method of composting the EFB and POME.  

For open method, a mixture of EFB, fermentation liquid waste and chicken manure were the ingredients for the 

compost materials.  While, for close system EFB, POME and chicken manure has been used as compost materials.  

A C/N ratio about 16 was achieved in 50 days (open method) and 85 days for close method.  Besides, the 

temperature at final composting treatment has been analyzed more than 35˚C. 

 

The quality of final matures compost was difficult to maintain due to variation of POME characteristic in an open 

pond system that‟s available in palm oil mill factory.  Therefore, it is essential to provide the EFB composting 

treatment with a consistent nitrogen and microbial source from POME in order to produce the best quality of 

compost materials.  So that reference [55] has improved their previous study by investigating the effect of POME 

anaerobic sludge from closed anaerobic methane digested tank on the pressed-shredded EFB.  This study shows 

that, high nitrogen and nutrient content were observed in the POME anaerobic sludge.  Changes in the 

physicochemical characteristic of a co composting process also recorded and evaluated.  A C/N ratio of 12.4 has 

reached after 40 days composting treatment.  Meanwhile, the pH of the composting pile at range 8.1 – 8.6 and 

moisture content was reduced from 64.5% to 52.0% after final matured compost.  Their study shows that, the 

addition of POME anaerobic sludge into pressed-shredded EFB composting process could produce acceptable and 

consistent quality of compost product in a short time. 

 

Otherwise, MG Biogreen Sdn. Bhd. (MGBG) also has developed a small scale project activity of Co composting of 

EFB and POME.  The project that undergoes by MGBG is in line with the development policies of the 3
rd

 Outlook 

Perspective Plan of Malaysia relating to the improvement of air and water quality, efficient management of solid 

waste, developing a healthy environment and the conservation of natural resources.  The composting technology 

used in the project is known as “turn windrow composting”.  Over the crediting period from 2001-2014, MGBG 

looking forward the achievements about 75000 tonnes/year co composting of POME and 48000 tonnes/year co 

composting of EFB with resulting of 14000 tonnes/year of compost product.  Reference [56] has studied about the 

composting process using selected substrate, POME and EFB with the addition of wheat flour as a co substrate in 

a tray bio reactor.  The strains of P.chrysosporium, T.harzianum, A.niger and Peniallium that isolated from POME 

were used in an effective composting process.  The composting process was done within 2 months.  The C/N ratio 

and germination index (GI) achieved were 17 and 95% respectively.  The other study conducted as in [57] was 

investigated the efficiency of rice straw and EFB of oil palm compost extracts, either fortified with T.harzanium on 

morpho-physiological growth and occurrence of Choanephora wet rot okra.  Treatment tested were water (as 

control), rice straw (RST) composts extract, Trichoderma-enriched RST compost extract, EFB oil palm compost 
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extract, Trichoderma-enriched EFB compost extract, an aqueous suspension of Trichoderma and fungicide 

Dithane M-451.  The experimental result were significantly higher in Trichorderma-enriched RST composts 

extract, followed by Dithane M-451, Trichorderma-enriched EFB extracts, RST, EFB and aqueous suspension of 

T.harzanium in both Choanephore inoculated and uninoculated (control) plots. 

 

Formation of compost from EFB and decanter cake slurry by the addition of POME with a regular turning 

operation was investigated by [58].  The addition of decanter cake slurry had speeded up the composting process of 

EFB.  The final C/N ratio after 51 days for the mature compost with decanter cake slurry was 18.65, while the C/N 

ratio for the matured compost without decanter cake slurry remained high at 28.96.  The compost formed from the 

addition of decanter cake slurry to EFB and POME had 46.4% nitrogen, 17.96% phosphorus, 17.7% potassium and 

23.1% calcium which more than compost without adding decanter cake slurry.  Table 4.0 shows a summary of the 

results available in the literature concerned with composting of EFB and POME in different microbial system with 

controlling parameters. 

  
Table III:  Literatures on composting of EFB and POME using different microbial system and controlling parameters 

Substrate Microbial System Controlling 

Parameters 

References 

Palm press fibre, poultry layer 

deep-litter and broiler 

floor-litter and urea 

Inoculated by bacteria and 

fungi 

Temperature, moisture, 

C/N, etc. 

[59] 

EFB, goat dung, cow dung and 

chicken manure 

Inoculated by bacteria and 

fungi 

Temperature, C/N, pH, 

etc. 

[16] 

EFB Natural degradationa C/N [60] 

EFB, fermentation liquid waste 

and chicken manure and 

POME 

Natural degradation Moisture, C/N, etc. [54] 

EFB and POME Natural degradation Evaporation rate, C/N, 

rainfall, etc. 

[61] 

EFB, POME, wheat flour Inoculated by P. 

chrysospirium, T. harzianum, 

A. niger and Penicillium 

pH,moisture content, 

temperature, etc. 

[56] 

EFB and Rice straw Inoculated by Trichoderma 

harzianum 

Fortified or unfortified [57] 

EFB and POME Inoculated by bacteria 

species 

Temperature, moisture 

content, etc. 

[53] 

EFB and POME Natural degradation With/without decanter 

cake slurry 

[58] 

Organic fraction of municipal 

solid waste (OFMSW) 

Inoculated by bacteria 

originated from MSW 

leachate 

Temperature, pH, 

OUR, cellulose, 

nitrogen concentration 

[62]  

Lead contaminate solid waste Inoculated by white 

rod-fungus 

With/without inocula [63] 

Rabbit food and organic acid Inoculated by yeast strain 

Pichia Kudriavzevii 

Temperature and pH [64] 

a 
Natural degradation indicates no inoculation of microbes involved in the process 

V. NITROGEN FIXER BACTERIA 

Nitrogen compounds are essential for many biological processes [65].  Although there is abundant nitrogen in the 

atmosphere, but just a few organisms are capable of producing ammonia by biological nitrogen fixation, such as the 

enzyme-catalyzed reduction of nitrogen gas (N2).  Nitrogen fixing microbes has an ability to convert of N2 into 

NH3, which is further being incorporated into amino acids and finally into protein [66].  Generally, nitrogen fixing 

bacteria can be classified into three groups.  First is symbiotic nitrogen fixation.  The examples of symbiotic 

nitrogen fixation are Rhizobium (legume association) and Anabaena (Azolla association). The Second is, non 

symbiotic and free living nitrogen fixing bacteria such as Azotobacter, Klebsiella and Azotobacterium.  Third is 

nitrogen-fixing autotrophic cynobacteria such as Anaabena [67]. 
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Through biological nitrogen fixation, 180 x 106 tonnes nitrogen per year is being added to the soil, but still it is not 

sufficient to replace completely the use of chemical fertilizers [68].  Much research has been attempted to isolate 

mutants of free living bacteria that can produce ammonia [69].  Nitrogen fixing bacteria have a major role in order 

to convert atmospheric nitrogen into a chemical form that is usable by plants and provide nitrogen in soil that can 

reduce or eliminate the nitrogen fertilizer requirement for the next crop [70].  This is because, bio fertilizers are 

now considered as the most important component of the integrated nutrient system.  A group of bacteria is now 

referred to „plant growth-promoting rhizobacteria (PGPR)‟, which participate in many key ecosystem processes 

such as those involved in the biological control of plant pathogens, nutrient cycling and seedling establishment 

[71]-[73].  The Effect of plant growth promotion by PGPR, which may be used as the inoculums in bio fertilizers is 

caused by one or more mechanisms such are, phytoharmone production, fungal growth inhibition, nitrogen 

fixation, increase in nutrient use efficiency, antibiosis against phytophatogen and induction of systematic disease 

resistance [66]. 

 

Nitrogen fixation can only be performed by certain strains of prokaryotic microbes [74].  These microbes use the 

nitrogen fixing enzyme, nitrogenese to reduce atmospheric N2 to ammonia which is a form that can be utilized by 

plants [75]-[76].  Many plants from symbiotic, mutualistic relationship with these prokaryotes, which receive 

carbohydrates and microaerobic environments and supply reduced N for use in amino acids, protein and other 

biochemical‟s as mentioned in [77].  Legumes such as Acacia, Fakataria, Leucaena, Lupinus and Robinia have 

symbiotic, mutualistic relationship with the bacteria genera Rhizobium and Bradyrhizobium [74],[77].  

Actinorhizal species from genera such as Alnus, Casuarina and Ceanothus are associated with the Frankia genus of 

actinomycetes [78]. 

 

Rates of N2 fixation depend on the density, age and growth of the host plants, degree of nodulation, the genetics of 

the host, mycorrhizae, nitrogen fixing bacteria and environmental factors that affect plant growth [79]-[81].  In pot 

trials, the rate of N2 fixation and nitrogenes activity of Acacia or Falcataria seedlings increased with increasing 

amounts of P fertilizer on soils [82]-[84].  Studied by reference [85] shows that no effect of P fertilizer on 

L.leucocephala seedlings or Casuarina equisetifolia seedlings on soil [86].  In other studies, it appeared that 

N-fertilizer increased N2 fixation by Alnus species [87]-[88].  Table IV shows the estimated average rates of 

biological nitrogen fixation for specific organisms and associations. 
Table IV: The estimated average rates of biological nitrogen fixation for specific organisms and association 

Organism or system Dinitrogen fixed (kg ha-1 yr-1) 

Free living microorganisms 

Cyanobacter (blue green algae) 25 

Azotobacter 0.3 

Clostridium pasteurianum 0.1 – 0.5 

Grass bacteria associative symbioses 

Continue.. 

5 – 25 

Plant-cyanobacterial association 

Gunnera 12 – 21 

Azolla 313 

Lichens 39 – 84 

Legumes 

Soybeans (Glycine max L. Merr) 57 – 94 

Cowpeans (Vigna, Lespedeza, Phaseolus and others) 84 

Clover (Trifolium hybridum L.) 104 – 160 

Alfalfa (Medicago sativa L.) 128 – 600 

Lupines (Lupinus sp.) 150 – 169 

Nodulated nonlegumes 

Alnus (alders, example red and black alders) 40 – 300 

Hippophae (sea buckthorn) 2 - 179 

Ceanothus (snow brush, New Jearsey tea, California 

lilac) 

60 

Coriaria (“tutu” in New Zealand) 60 – 150 

  

Casuarina (Australian pine) 58 

Source: [89] 
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Reference [26] was studied about the isolation and characterization of nitrogen free fixer bacteria from empty fruit 

bunches (EFB) oil palm. In his study, the ability of the microorganism to fix nitrogen freely was examined by using 

the N-free mannitol agar medium. The microorganisms which were able to grow in N-free mannitol agar medium 

considered as free living nitrogen fixing bacteria [90]. The medium used to contain carbon source without the 

supplement of nitrogen. Based on C:N ratio, the microorganisms that able to fix  the nitrogen were able to grow on 

the medium. By having the isolates grown on N-free mannitol agar medium, it was observed that the free living 

N-fixing bacteria possessed slimy, glistening and sticky appearance.  

 

There is some nitrogen fixing bacteria that have been studied and most of them giving a good response to the 

composting process.  N2 fixing bacteria contribute to N increased in the compost product [91].  The potential of 

using free-living nitrogen fixing bacteria ( Diazotrophs ) as a sources of nitrogen nutrition for crops has not been 

realized in most parts of the world, largely because of the inability of the organisms to multiply effectively in 

temperature agriculture soils [92].  Inoculation of compost with cellulose decomposing isolates of Bacillus Sp., 

Cephalosporium Sp. And Streptomyces Sp. may increase N2 fixing activity [93]. Further, compost high in 

lignocelluloses has potential in N2 fixing properties [94].  The source of carbohydrate is important to allow N2 

fixation activity, which requires large amounts of energy and reducing equivalent [95].  N2 fixing bacteria can use 

carbohydrate (glucose) to fix atmospheric N2 and use N-derived molecule for their metabolic needs [96]-[98]. 

Significant nitrogen fixation and plant N availability was stimulated by the glucose treatment of compost, but the 

mechanisms of these processes require more extensive investigation. 

VI. EFFECT OF BIOFERTILIZER CONTAINING N-FIXER BACTERIA 

References [99] have reported important differences among free living N2 fixing bacteria in their ability to fix 

atmospheric N2 and found that these bacteria were adapted to their environment.  It is well known that various 

microorganisms fix atmospheric nitrogen such as rhizobia in symbiosis with legumes and Azospirillum in 

association with plant roots [100].  In the soil, free living bacteria, including Pseudomonas also fix nitrogen [95].  

In compost, the presence of Azomonas, Enterobacter Klebsiella, Clostridium and Bacillus has been reported after 

the thermophilic phase [101].  Inoculation of compost with cellulose decomposing isolates of Bacillus Sp., 

Cephalosporium Sp. and Streptomyces Sp also may increase N2 fixing activity [93]. 

 

Reference [94] mentioned that compost which rich in linocellulose has potential N2 fixing properties.  The increase 

in atmospheric N2 fixation in soils can readily be shown by the addition of glucose [96]-[98].  There is the 

possibility of increasing the nitrogen content of compost by inoculation with nitrogen-fixing organisms and the 

phosphorus content by adding rock phosphate and then inoculate with phosphate solubilizing bacteria [102].  

Nitrogen fixing bacteria besides fixing nitrogen in the atmosphere, they also solubilize P due to production of 

organic acids and enzymes [103].  The nitrogen fixing bacteria most frequently utilized are symbionts associated 

with the roots of leguminous plants, but the interest shown recently in the use of free living nitrogen fixers 

(diazotrophs) or biological fertilizers [104]-[105].  Bacillus circulans has been specifically identified in compost 

waste as in [106] and this is reported to be a dominant to N2-fixing organism in temperate soil [107]. 

 

For development of sustainable plantation and farming, waste enrichment is interest by researchers.  Inoculation of 

N-fixing and P-solubilizing bacteria would be able to enrich the compost product by changing N and P contents of 

the end product.  References [108] in their research used charcoal-based nitrogen fixing and phosphate solubilizing 

culture for enriching the vermicompost.  For nitrogen fixing bacteria, strains used in their study are Azotobacter 

chroococcum (Mac 27), A.chroococcum (54-1), A.chroococcum (35-47) and Azospirillium lipoferum with 1 

phosphate solubilizing bacterium.  Phosphate solubilizing bacterium used in their study is Pseudomonas striata for 

enrichment of compost study.  In their study, maximum bacterial populations were found between 45-60 days of 

compost period.  The initial N content of vermicompost is 1.40 (g/100g), however N was increased to 2.72 

(g/100g) at 60 days by using A.chroococcum (Mac 27), 2.53 (g/100g) and 2.50 (g/100g) for strains Azotobacter 

and 2.18 (g/100g) for strain Azospirillium lipoferum.  Besides, P content was greater after adding 1% MRP 

(Mussoorie rock phosphate) and P. striata combination and the concentration achieved 1.97 (g/100g) at 60 days 

compost process.  However, without adding MRP, the P content is 1.51 (g/100g).  Reference [102] mentioned that, 

the addition of rock phosphate inoculated with P.striata led to more availability of P, this is due to the production 

of organic acids by bacteria which solubized the rock phosphate.  This statement proved that, the result of P content 

from as in [108] study is greater by adding P than without adding MRP.  So that, their study proved that the used of 



                                                       
   

 

 

 

ISSN: 2319-5967 

  ISO 9001:2008 Certified 
  International Journal of Engineering Science and Innovative Technology (IJESIT) 

   Volume 3, Issue 2, March 2014 

139 

 

strains Azotobacter, Azospirillium and Pseudomonas inoculation helped to increase the N and P content of 

vermicompost and at once enriched the vermicompost end product. 

 

Besides, reference [109] has studied for effects of N source on the process performance of the plant and animal 

waste.  In their study, they used meat and bone, blood meal and horn and hoof meal as N source to the mixture of 

carding waste and wheat straw.  They found that, composting with using N source from animal waste gave a 

reliable composting process and good degree of stability and compatible with safe and effective soil utilization.  

16rRNA gene strain of N-fixer bacteria also abundantly found in the compost product.  The used of N-rich animal 

waste also gave the consistent increase in the net N content in both compost, which likely to be attributable to 

atmospheric N fixation. 

 

Reference [110] also studied about the effect of biofertilizer contain N-fixer bacteria.  The N-fixer bacterium used 

in their study is Azotobacter chrocooccum.  The parameter used to indicate the effectiveness of strain is compost 

properties and plant growth of Zea Mays.  They found that the application of beneficial microbes likes Azotobacter 

showed promoting effect on the growth of Z.Mays and improvement of soil properties through 87 days greenhouse 

trial.  Before, as in [111] reported that Azotobacter not only provide nitrogen, but also produces a variety of growth 

promoting substance such as indole acetic acid, gibberellins and B vitamins.  Another important characteristic of 

Azotobacter associated with plant improvement is excretion of ammonia in the rhizosphere in the presence of root 

exudates [112].  Reference [113] also reported that they used of suitable farmyard manures, green manures and 

other organic manures and fertilizer may enhance the benefit of N-fixing bacteria (such as Azotobacter) 

inoculation.  This is because; N-fixation needs a lot of energy from available organic C to break the bonds between 

nitrogen atoms [114]. 

 

In another study, as in [91] has reported about the isolation of free living dinitrogen fixing bacteria and their 

activity in compost containing de inking paper sludge (DPS).  They found that two gram negative N2-fixing isolates 

were identified as Pseudomonas.  N2-fixing activity was found to occur between temperatures 18˚C to 25˚C.  After 

performing a diagnostic test, the N2-fixing bacteria were grown on TSA (Tryptic Soy Agar).  They also found that, 

the compost successfully showed N2-fixing activity after carbohydrates amendments both with and without the 

inoculation of N2-fixing isolates.  The sucrose amendments which combined with Pseudomonas isolates also 

decreased the total C content in the compost product.  It will result in compost with lower C/N ratio.  In conclusion, 

their study showed that approximately 5% of the populations of DPS compost consist of free living N2-fixing 

bacteria which belong to Pseudomonas genus strain. 

In this study, empty fruit bunches (EFB) will be used as a compost organic material.  Before, reference [26] studied 

was about the isolation and characterization of nitrogen free fixer bacteria from EFB.  In his study, the ability of 

microorganisms to fix nitrogen freely was determined by using N-free mannitol agar medium.  The author conclude 

that, free living N2-fixer did present in EFB and the value could be considered good for nitrogen free fixers to be 

packaged into biofertilizers.  It is because; free living N2-fixer had the potential to be developed as an organic 

component in biofertilizers. 

VII. CONCLUSION 

Composting is the highest form of recycling 115]. Organic material is converted into major beneficially used. 

Empty fruit bunches (EFB) and palm oil mill effluent (POME) are abundantly waste available in our country. 

Clearly known, EFB and POME are not environmental friendly when they are disposed incongruously. In fact, 

fresh EFB returns mineral nutrients and organic matter to the soil and helps to maintain soil fertility [116]-[119]. 

However, EFB may take a very long time to degrade into a small fiber form. Besides, POME is contaminating to 

the ground and water body with excessive organic load if not well treated. So that, co composting of EFB and 

POME is the best method to reuse the waste that abundantly available in palm oil mill into potential resource and 

value added product. Usually, it takes a long time to compost the EFB and POME. Some study stated that, they 

only achieve a maturation level at 40-60 days compost period. The approach to reduce the composting period and 

to achieve a low C/N ratio of compost product is the most concern of researchers nowadays. An N-fixer bacterium 

is a method to enrich the compost product. The utilization of microbial products to enhance the compost product 

has an advantage over conventional chemicals for agriculture purpose because microbial products are considered 

safer than many of chemical product. The literatures proved that the utilization of N-fixer bacteria be able to 

improve the compost product and enriched the soil fertility. 



                                                       
   

 

 

 

ISSN: 2319-5967 

  ISO 9001:2008 Certified 
  International Journal of Engineering Science and Innovative Technology (IJESIT) 

   Volume 3, Issue 2, March 2014 

140 

 

REFERENCES 
[1] D. Kone Helminth, “Eggs inactivation efficiency by faecal Sludge dewatering and co-composting in tropical climates,” 

Water Research, vol (41), no.19, pp. 4397–4402, 2007. 

[2] L.A. Obeng & F.W. Wright, “The Co-Composting of Domestic Sold and Human Wastes,” The World Bank UNDP, 

Washington.1987. 

[3] O. Cofie, “Solid–liquid separation of faecal Sludge using drying beds in Ghana: Implications for nutrient recycling in 

urban agriculture,” Water Research, vol 40, no.1, pp. 75–82,2006. 

[4] M. Strauss, “Co-composting of Faecal Sludge and Municipal Organic Waste” A Literature and State-of- Knowledge 

Review. Sandec/IMWI, Dübendorf, Switzerland, 2003. 

[5] T. Hiroaki, S. Kodaira, A. Kimoto, M. Nashimoto & M. Takagi, “Microbial communities in the garbage composting with 

rice hull as an amendment revealed by culture dependent and independent approach,”. Journal Bioscience 

Bioengineering, vol (101), no.1, pp: 42-50, 2006. 

[6] T.W. Jefferies, “Physical, chemical and biochemical consideration in the biological degradation of wood”, In: Kennedy, 

J.F et al (eds). Wood and Cellulosic: Industrial, Biotechnology, Structure and Properties, pp: 213-230.  Ellis Horwood 

Ltd., West Sussex, England, 1987. 

[7] D.L Crawford, “Lignocelluloses decomposition by selected streptomyces strains,” Applied Environmental Microbiology, 

vol (35), no.6, pp: 1041-1045, 1978. 

[8] H. Janshekar, & A. Fiechter, “On bacterial degradation of lignin,” European Journal Applied Microbiology 

Biotechnology, vol (14), pp: 47-50, 1982. 

[9] J.H. Crawford, “Composting of agriculture waste-a review”.  Process Biochemistry January/February, pp:14-18, 1983. 

[10] B. Lim, The New Straits Times. Thursday, December 28, 2000. 

[11] MPOB. Summary of industry performance 2009. http://econ.mpob.gov.my/economy/EID web.htm, 2009. 

[12] S. Yacob, Y. Shirai, M.A. Hassan, M. Wakisaka & S. Subash, “Baseline study of methane emission from open digesting 

tank of palm oil mill effluent,”. Chemosphere, vol (59), pp. 1575-1581, 2005. 

[13] A.N. Ma, S.A.  Cheah & C.A Chow, “Current status of palm oil processing waste management” Waste Management in 

Malaysia, pp. 111-136, 1993. 

[14] A.A Astimar & M.B. Wahid, “Supply outlook of oil palm biomass in Malaysia” Proceeding of the seminar on Ecomat 

Research and Promotion, July 24-25, Beijing, China, pp: 13-26, 2006. 

[15] A. Yusri, A. Mat Rasol, O. Mohammed, H. Azizah, T. Kume & S. Hashimoto, “Biodegradation of oil palm empty fruit 

bunches into compost by composite micro-organisms,” EU-ASEAN Conf. Combustion of Solids and Treated Product, 

1995. 

[16] J.J Thambirajah,, M.D. Zulkifli & M.A Hashim, “Microbiology and biochemical changes during the composting of oil 

palm empty fruit bunches; effect of nitrogen supplements on the substrates,” Bioresource Technology vol (52), pp. 

133-144, 1995. 

[17] M.R. Zakaria, S. Abd-Aziz, H. Ariffin, N. Abdul Rahman, P.L. Yee & M.A Hassan, “Comamonas sp. EB172 isolated 

from digester treating palm oil mill effluent as potential polyhydroxyalkanoate (PHA) producer” Afr. J. Biotechnol. vol 

(7), no.22, pp. 4118-4121, 2008.  

[18] K.K. Chin & K.K. Wong, 1982. “Performance of an anaerobic treatment system for palm oil sludge”, in: M. Moo-Young 

(Ed.), Proceeding on Waste treatment and Utilization- Theory and Practice of waste Management, Waterloo, Canada, 

1982. 

[19] S. Yaacob, Y. Shirai, M.A Hassan, M. Wakisaka and S. Subash, “Baseline study of methane emission from anaerobic 

ponds of oil palm mill effluents treatment,” Sci. Total Environ., vol (366), pp.187-196, 2006. 

[20] R.P Singh, M.H Ibrahim, N. Esa & M.S. Iliyana, “Composting of waste from palm oil mill: A sustainable waste 

management practice”.  Reviews in Environmental Science and Biotechnology, vol (9), no.4, pp. 331-344, 2010. 

[21] H. Kamaruddin, H. Mohamad, D. Ariffin & S. Johri, “An estimated availability of oil palm biomass in Malaysia,” PORIM 

Occ Paper Palm Oil Research Institute of Malaysia: 37, 1997. 



                                                       
   

 

 

 

ISSN: 2319-5967 

  ISO 9001:2008 Certified 
  International Journal of Engineering Science and Innovative Technology (IJESIT) 

   Volume 3, Issue 2, March 2014 

141 

 

[22] A.A.Z. Lorestani, “Biological treatment of palm oil mill effluent (POME) using an upflow anaerobic sludge fixed film 

(UASFF) Bioreactor,” Phd Thesis, School of Chemical Engineering, Universiti Sains Malaysia, Pulau Pinang, Malaysia, 

2006. 

[23] J.C. Igwe & C.C Onyegbado, “A review of palm oil mill effluent (POME) water treatment”  Global Journal of 

Environmental Research, vol (1), no.2, pp. 54-62, 2007. 

[24] N.M.T. Amal, A.Z. Fathie, N.F.M.F. Wan, A. Noorhalieza &H. Onn, “The usage of empty fruit bunches (EFB) and palm 

pressed fibre (PPF) as substrate of cultivation of Pleuratus Ostreatus”, Jurnal Teknologi ,vol(49), pp. 189-196, 2008. 

[25] M.S. Umikalsom, A.B Ariff, H.S. Zulkifli, C.C. Tong, M.A. Hassan & M.I.A. Karim, “The treatment of oil palm empty 

fruit bunches fibre for subsequent use as substrate for cellulose production by Chaetomium Globosum kunze”,  

Bioresource Technology, vol(62), pp.:1-9, 1997. 

[26] W.L. Low, “Isolation and characterization of nitrogen free fixer bacteria from empty fruit bunches oil  palm,”  Final year 

project report, University of Malaya, Kuala Lumpur, Malaysia, 2007. 

[27] M.A. Damanhuri, “Hands-on experience in the production of empty fruit bunches (EFB) compost,” CETDEM Malaysia 

Organic Farming Seminar. Petaling Jaya. Selangor, Malaysia, 1998. 

[28] N. Mohammad, M.Z. Alam, N.A. Kabbashi & A. Ahsan, A. “Effecting composting of oil palm industrial waste by 

filamentous fungi: A review”, Resource, Conservation & Recycling, vol(58), pp. 69-78, 2012. 

[29] M.Z. Alam, A.M Abdullah, Y.Q. Islam, & A.M. Suleyman, “Solid state bioconversion of oil palm empty fruit bunches for 

cellulose enzyme production using rotary drum bioreactor,”  Biochemical Engineering Journal, vol(46), pp. 61-64, 2009. 

[30] A.H. Molla, A. Fakhrulrazi, & M.Z. Alam, “Evaluation of solid state bioconversion of domestic wastewater sludge as 

promising environmental friendly technique,” Water Res. Vol(38), pp. 4143-4152, 2004. 

[31] M.Z. Alam, M.E. Mahamat, & N. Muhammad, “Production of cellulose from oil palm biomass as substrate by solid state 

bioconversion”  American Journal Applied Science, vol(25), pp. 569-572, 2005. 

[32] N.M Bari, M.Z. Alam, S.A. Muyila, P. Jamal & A.A. Mamun, “Improvement of production of citric acid from oil palm 

empty fruit bunches: optimization of media by statistical experimental design,” Bioresource Technology, vol(100), pp. 

3113-3120, 2009. 

[33] N.R. Menon, Z. Abd Rahman, & N. Abu Bakar, “Empty fruit bunches evaluation: Mulch vs fuel for electricity 

generation” Oil Palm Industry Economic Journal, vol(3), no.2, 2003. 

[34] O. Rozita, A. Idris, K. Khalid & M.I. Aida Isma, “Characterization of empty fruit bunches fro microwave assisted 

pyrolysis,” Fuel vol(90), pp 1536-1544, 2011. 

[35] H. Yang, R. Yan, T. Chin, L.D. Tee, H. Chen & C. Zheng, “Thermogravitymetric analysis-Fourier transform infrared 

analysis of palm oil waste pyrolysis”,  Energy Fuel, vol(18), pp. 1814-1821, 2004. 

[36] R. Sun, J. Tomkinson & J. Bolton 1999.  “Effects of precipitation pH on the physical chemical properties of the lignin 

isolated from the black liquor of oil palm empty fruit bunch fiber pulping,”  Polym. Degrad. Stabil. Vol(63), no.2, pp 

195-200, 1999. 

[37] K.N. Law, W.D.W. Rosli & G. Arniza 2007.  “Oil palm empty fruit bunch” Biol. Res, vol (2), no.3, pp.351-362, 2007. 

[38] R. Borja, C.J. Banks & E. Sanchez, “Anaerobic treatment of palm oil mill effluent in a two stage up-flow anaerobic sludge 

(UASB) reactor.” Journal of Biotechnology, vol(45), pp. 125-135, 1996. 

[39] G.D. Najafpour, A.A.L. Zinatizadeh, A.R. Mohamed, M.H. Isa & N. Nasrolladzadeh, “High rate anerobic digestion of 

palm oil mill effluent in anupflow anaerobic sludge fixed film bioreactor,”  Process Biochem. Vol(41), pp.370-379, 2006. 

[40] R. Borja, & C.J. Banks, “Anaerobic digestion of palm oil mill effluent using an up flow anaerobic sludge blanket reactor”, 

Biomass and Bioenergy, vol(6), pp. 381-389, 1994. 

[41] R. Borja & C.J. Banks, “Treatment of palm oil mill effluent by up flow anaerobic filtration”  Journal Chemical 

Technology Biotechnology, vol(61), pp. 103-109, 1994 

[42] R. Borja & C.J. Banks, “Response of an anaerobic fluidized bed reactor treating ice cream wastewater to organic, 

hydraulic, temperature and pH shocks,” Journal of Biotechnology, vol(39), pp. 251-259, 1995a. 

[43] R. Borja & C.J. Banks, “Comparison of an anaerobic filter and anaerobic fluidized bed reactor treating palm oil mill 

effluent”  Process Biochemistry, vol(30), pp. 511-521, 1995b. 



                                                       
   

 

 

 

ISSN: 2319-5967 

  ISO 9001:2008 Certified 
  International Journal of Engineering Science and Innovative Technology (IJESIT) 

   Volume 3, Issue 2, March 2014 

142 

 

[44] A.L. Ahmad, M.F. Chong, S. Bhatia &S. Ismail, “Drinking water reclamation from palm oil mill effluent (POME) using 

membrane technology” Desalination, vol(191), pp. 35-44, 2006. 

[45] A.L. Ahmad, M.F. Chong & S. Bhatia, “Mathematical modeling of multiple solutes system for reverse osmosis process in 

palm oil mill effluent (POME) treatment,” Chemical Engineering Journal, vol(132), pp. 183-193, 2007. 

[46] K. Vijayaraghavan, D. Ahmad & M.E. Abd Aziz, “Aerobic treatment of palm oil mill effluent”,  Journal of Environmental 

Management, vol (82), pp. 24-31, 2007. 

[47] A.N. Ma, Y. Tajima, M. Asahi & J. Hanif, “Effluent treatment evaporation method,”  PORIM Engineering News, vol 

(44), pp. 7-8, 1997. 

[48] B.J. Wood, K.R. Pillai & J.A. Rajaratnam, “Palm oil mill effluent disposal on land,” Agriculture Waste, vol(1), pp. 

103-127, 1979. 

[49] P.O. Oviasogie, & A.E. Aghimien, “Macronutrients status and specification of Cu, Fe, Zn and Pb in soil containing palm 

oil mill effluent”  Global Journal of Pure and Applied Science , vol (16), no.1, pp. 25-29, 2003. 

[50] Wu, T.Y., Mohammad, A.W., Jahim, J.M. & Anuar, N.  2009.  A holistix approach to managing palm oil mill effluent 

(POME): biotechnology advances in the suitanable reuse of POME.  Biotechnology Advances 27: 40-52. 

[51] S. Prasertson & P. Prasertson, “Biomass Residues From Palm Oil Mills In Thailand. An Overview on Quantity And 

Potential Usage,” Biomass and Bioenergy, vol(11), no.5, pp. 387-395, 1996. 

[52] Z.Z. Zakaria, H. Khalid and A.B Hamda,” Guideline on land application of palm oil mill effluent (POME)” PORIM Bull. 

Palm Oil Res. Inst. Malaysia, vol (28), 1994. 

[53] A.S. Baharuddin, M. Wakisaka, Y. Shirai, S. Abd-Aziz, N.A. Abdul Rahman, M.A. Hassan, ” Co-composting of Empty 

Fruit Bunch and Partially Treated Palm Oil Mill Effluent in Pilot Scale,” Intern. J. Agric. Res. Vol(4), pp. 69-78, 2009. 

[54] M. Suhaimi & H.K. Ong,” Open and Close Method of Composting EFB and POME”, Malaysian Agriculture Research 

and Development Institute (MARDI), 2001. 

[55] A.S. Baharuddin A.S, L.S Hock, M.Z Yusof, N.A Abdul Rahman, U.K Md Shah, M.A  Hassan, M. Wakisaka, K. Sakai 

and Y.Shirai, “Effects of palm oil mill effluent (POME) anaerobic sludge from 500 m3 of closed anaerobic methane 

digested tank on pressed-shredded empty fruit bunch (EFB) composting process”, African Journal of Biotechnology 

Vol(9), no.16, pp. 2427-2436, 2010. 

[56] N.A. Kabbashi, M.A. Alam & M. Ainuddin, “Bio composting process development by SSF for utilization agro industrial 

wastes,” In; 3rd Kuala Lumpur International Conference in Biomedical Engineering 2006 (BIOMED, 2006), IFMBE 

proceedings, 2006. 

[57] S. Yasmeen, M. Sariah, R. Ismail, M. Rahmani & A. Ali, “Bioefficiency of compost extracts on the wet rot incidence, 

morphology and physiological growth of okra (Abelmoschus esculentes [(L.) Moench])”, Scientific Horticulture, 

vol(117), pp. 9-14, 2008. 

[58] A. Yahya, C.P.  Sye, T.A. Ishola & H. Suryanto, “Effect of adding palm oil mill decanter cake slurry with regular turning,”  

Bioresource Technology, vol(101), pp. 8736-8741, 2010. 

[59] J.J. Thambirajah & A.J. Kuthubutheen, “Composting of palm press fibre”, Biological Wastes vol(27), pp. 257-269, 1989. 

[60] A.B. Hamdan, A.M. Tarmizi & M.D. Tayeb, “Empty fruit bunch mulching and nitrogen fertilizer amendment: the 

resultant effect on oil palm performance and soil properties”, PORIM Bulletin Palm Oil Researh Institute of Malaysia, 

vol(37), pp. 105-111, 1998. 

[61] F. Schuchardt,  D. Darnako & P. Guritno, “Composting of empty oil palm fruit bunches (EFB) with simultaneous 

evaporation of oil mill wastewater (POME)”, In: 2002 International Oil Palm Conference, 2002. 

[62] L. Ming, P. Xuya, Z. Youcai, D. Wenchuan, C. Huashuai, L. Guotao & W. Zhengsong, “Microbial inoculums with 

leachate recirculated cultivation for the enhancement of OFMSW,”Journal of Hazardous Material, vol(153), pp. 885-891, 

2008. 

[63] G. Zheng, D. Huang, G. Huang, T. Hu, X. Jiang, C. Feng, Y. Chen, L. Tang & H. Liu, “Composting of lead-contaminated 

solid waste with inocula of white-rod fungus,” Bioresource Technology, vol(98), pp. 320-326, 2007. 

[64] K. Nakasaki, S. Araya & H. Mimoto, “Inoculation of Pichia kudriavzevii RB1 degrades the organic acids present in raw 

compost material and accelerates composting” Bioresource Technology, vol(144), pp. 521-528, 2013. 



                                                       
   

 

 

 

ISSN: 2319-5967 

  ISO 9001:2008 Certified 
  International Journal of Engineering Science and Innovative Technology (IJESIT) 

   Volume 3, Issue 2, March 2014 

143 

 

[65] D.I. Forrester, J. Bauhus,  A.L. Cowie & J.K. Vanclay, “Mixed species plantations of Eucalyptus with nitrogen fixing 

trees: a review,”  Forest Ecology and Management, vol(233), pp. 211-230, 2006. 

[66] S. Singh & K.K. Kapoor 1992.  “Solubilization of insoluble phosphate by bacteria and their effect on growth and 

phosphorus uptake by mungbeans” International Journal Tropical Agriculture, vol(10), pp. 209-213, 1992.  

[67] I. Kenichi, A. Azlan, H. Yamakawa & T. Omori, “Ammonia accumulation in culture broth by the novel nitrogen-fixing 

bacterium, Lysobacter sp. E4,” Journal of Bioscience and Bioengineering, vol(110), no.4, pp. 415-418, 2010. 

[68] R.K. Singh, “Role of agriculture important microorganisms in sustainable agriculture”, Department of Genetics and Plant 

Breeding, Institute of Agriculture Science, Banaras Hindu University, 2005. 

[69] M.H. Cale, & W.L. Paul, “Regulation of biological nitrogen fixation,”  Journal Nutr. Vol(130), pp. 1081-1084, 2000. 

[70] J.H.P. Kahindi, P. Woomer, T. George, F.M.  de Souza Moreira, N.K. Karanja, & K.E. Giller, “Agriculture 

intensification, soil biodiversity and ecosystem functions in tropics: the role of nitrogen-fixing bacteria,”  Applied Soil 

Ecology , vol(6), pp. 55-76, 1997. 

[71] D.G. Weller & L.S. Thomashow, “Use of rhizobacteria for biocontrol,” Curr. Opin. Biotechnol. Vol(4), pp. 306-311, 

1993. 

[72] B.R. Glick, “The enhancement of plant growth by free living bacteria”, Journal Microbiology, vol(4), pp. 109-117, 1995. 

[73] S. Elo, L. Maunuksela, M. Salkinajo-Salonen, A. Smolander & K. Haahtela, “Humus bacteria of Norway spruce stands 

plant growth promoting properties and birch, red fescue and alder colonizing capacity,”  FEMS Microbiology Ecology , 

vol(31),pp. 143-152, 2000. 

[74] R.F. Fisher & D. Binkley, 2000.  “Ecology and management of forest soils,” John Wiley & Sons, New York, Chichester, 

2000. 

[75] J.C.G. Walker, C. Klein, M. Schidlowski, J.W. Schopt, J.D. Stevenson & R.M. Walker, “Environmental evolution of the 

Archeam-Early Proterozoic Earth”,  In: Schopf, J.W. (ed.). Earth‟s Earliest Biosphere.  Prinston University Press, 

Princeton, 1983. 

[76] J.I. Sprent, “The ecology of the nitrogen cycle”,  Cambridge University Press, Cambridge, UK, 1987. 

[77] D. Binkley & C. Giardina, “Nitrogen fixation in tropical forests plantations”,  In: Nambiar, E.K.S. & Brown, A.G. (eds.).  

Management of soil, nutrients and water in tropical plantation forests, pp 297-337.  Australian Centre for International 

Agriculture Research, Canberra, 1997. 

[78] D.R. Benson & W.B. Silvester, “Biology of Frankia strains, actinomycetes symbionts of actinorhizal plants,” 

Microbiology Review vol(57), pp. 293-319, 1993. 

[79] S.K.A. Danso, G.D. Bowen & N. Sanginga, “Biological nitrogen fixation in trees in agro ecosystems”,  Plant Soil, 

vol(141), pp. 177-196, 1992. 

[80] N. Sanginga, B. Vanlauwe & S.K.A. Danso, “Management of biological N2 fixation in alley cropping systems: estimation 

and contribution to N balance,” Plant Soil, vol (174), pp. 119-141, 1995. 

[81] J. Brockwell, S.D. Searle, S.D, A.C. Jearons & M. Waayers, “Nitrogen fixation in acacias: an untapped resource for 

suitanable plantations, farm forestry and land reclamation,” ACIAR Monograph no.115, 2003. 

[82] R.O.D. Dixon, & C.T. Wheeler, “Biochemical, physiological and environmental aspects of symbiotic nitrogen fixation,” 

In: Gordon, J.C. & Wheeler, C.T. (eds.). Biological Nitrogen Fixation in Forest Ecosystems, pp: 107-171.  Foundations 

and Applications: Martinus Nijhoff, The Hague, 1983. 

[83] J.S. Sun, R.J. Simpson & R.Sands, “Nitrogenese activity of two genotypes of Acacia mangium as affected by phosphorus 

nutrition,”  Plant Soil vol(144), pp.51-58, 1992. 

[84] D. Binkley, R. Senock & K.J. Cromack, “Phosphorus limitation on nitrogen fixation by Falcataria seedlings,” Ecology 

Managements vol(186), pp. 171-176, 2003. 

[85] N. Sanginga, G.D. Bowen & S.K.A. Danso, 1991.  “Intra specific variation in growth and P accumulation of Leucaena 

leucocephala and Gliricidia sepium as influenced by soil phosphate status,” Plant Soil, vol(133), pp. 201-208, 1991. 

[86] N. Sanginga, S.K.A. Danso & G.D. Bowen, “Nodulation and growth response of Allocasuarina and Casuarina species to 

phosphorus fertilization,” Plant Soil, vol(118), pp. 125-132. 

[87] T. Ingestad, “Growth, nutrition and nitrogen fixation and grey alder at varied rates of nitrogen additions,” Physiol. Plant, 

vol(50), pp. 352-364, 1980. 



                                                       
   

 

 

 

ISSN: 2319-5967 

  ISO 9001:2008 Certified 
  International Journal of Engineering Science and Innovative Technology (IJESIT) 

   Volume 3, Issue 2, March 2014 

144 

 

[88] D. Binkley & K.J. Cromack, “Nitrogen fixation by red alder: biology, rates and controls”, In: Hibbs, D., Debbel, D., 

Tarrant, R. (eds.).  The biology and management of red alder, pp 57-72.  Oregon State University Press, Corvallis, 1994. 

[89] D.M. Sylvia, J.J. Fuhrmann, P.G. Hartel & D.A. Zuberer, “Principle and applications of soil microbiology”, United States 

of America: Prentice Hall, Inc., 1999. 

[90] M. Alexander, “Introduction to soil microbiology (2nd edition),” United State of America. John Wiley & Sons, Inc., 1977. 

[91] C.J. Beauchamp, G. Levesques & F.P. Chalfour, “Isolation of free living dinitrogen fixing bacteria and their activity in 

compost containing de inking paper sludge,”  Journal of Bioresource Technology ,vol(97), pp.1002-1011, 2005. 

[92] A.A.A Keeling, J.A. Cook & A. Wilcox, “Effects of Carbohydrate Application on Diazotroph Populations and Nitrogen 

Availability in Grass Swards Established in Garden Waste Compost,” Journal of Bioresource Technology. Vol(66), pp. 

89-97, 1998. 

[93] O. Kostov, V. Rankov,  G. Atanacova & J.M. Lynch, “Decomposition of sawdust and bark treated with cellulose 

decomposing microorganisms.,” Biol. Fertil. Soils vol(11), no.2, pp. 105-110, 1991. 

[94] A.A. Keeling, J.A.J. Mullet & I.K. Paton, “Developments in the biology of compost processes. In: Rainbow, A.K.M (ed.). 

Why Recycle?”, pp:1-5.  Rotterdam, The Netherlands, 1994. 

[95] Y.K. Chan, W.L. Barraquio & R.  Knowles, “N2 fixing pseudomonas and related soil bacteria”,  FEMS Microbe Review  

vol(13), no.1, pp. 95-118, 1994. 

[96] F. Azam, T. Mahmood & A. Malik, 1988.  “Immobilization-remineralisation of NO3-N and total N balance during the 

decomposition of glucose, sucrose and cellulose in soil incubated at different moisture regimes,”  Plant Soil vol(107), 

no.2, pp. 159-163, 1988. 

[97] S.S. Sindhu & K. Lakshminarayana,  1992.  “Effect of carbon source amendments on acetylene reduction by Azotobacter 

isolated in sandy loam,”  Ann. Biol. Vol(8), no.1, pp. 81-85, 1992. 

[98] A.A. Keeling, G.L.F. Cater, G. J.A. Cook & A. Wilcox, “Application of glucose at low concentrations to grass swards in 

waste derived compost can significantly increase long term yield,”  Plant Soil vol(184), no.1, pp. 117-121, 1996. 

[99] D.K. Jain, D. Beyer & R.J. Rennie, “Dinitrogen fixation (C2H2 reduction) by bacterial strain at various temperatures,” 

Plant Soil vol(103), no.2, pp. 233-237, 1987. 

[100] O.Steenhoudt & J. Vanderleyden, “ Azospirilium, a free living nitrogen fixing bacterium closely associated with grasses: 

genetics biochemical and ecological aspects,”  FEMS Microbe. Rev.vol(24), no.4, pp.487-506, 2000. 

[101] M. de Bertoldi, G. Vallini & A. Pera, “The biology of composting: A review,”  Waste Management Res. Vol(1), no.2, pp. 

157-176. 1983. 

[102] M. Premono Edi, M.A. Moawad & P.L.G. Vlek, “Effect of phosphate solubilizing Pseudomonas putida on the growth of 

maize and its survival in the rhizosphere,”  Indonesian Journal of Crop Science vol(11), pp. 13-23, 1996. 

[103] V.Kumar & N. Narula, “Solubilization og inorganic phosphates and growth emergence of wheat as affected by 

Azotobacter chroococcum,” Biology and Fertility of Soils vol(28), pp. 301-305, 1999. 

[104] I.R. Kennedy & Y.T. Tchan, “Biological Nitrogen fixation in non leguminous filed crops: recent advances,”  Plant Soil 

vol(141), pp. 93-118, 1992. 

[105] M.M. Roper & J.K. Ladha,   1995.  “Biological N2 fixation by heterotrophic and phototrophic bacteria in association with 

straw,”  Plant Soil ,vol(174), pp. 211-224, 1995. 

[106] D.F. Strom, “Effect of temperature on bacterial species diversity in thermophilic solid waste compost”.  Appl. Env. 

Microbiol. Vol(50), pp. 899-905, 1985. 

[107] T.O. Heulin, P. Maringui, P. Gouzou, L. Hebber & J. Balandreay, “Bacillus polymyxa and Ratnella aquatilis, the 

dominant N2-fixing bacteria associated with wheat rhizosphere in French soil,”  Europe Journal Soil Biology, vol(30), 

pp. 35-42, 1994. 

[108] K. Vivek & K.P. Singh, “Enriching vermicompost by nitrogen fixing and phosphate solubilizing bacteria,”  Bio. Techno. 

Pp.173-175, 2001. 

[109] L.C. Maria, M. Claudio, I. Herribert, S. Tania & F.K. Ingrid, “Plant and animal waste composting: effect of the N source 

on process performance,” Biotechnology vol(100), pp. 155-166, 2009. 

[110] S.C.Wu,, Z.H. Cao, Z.G. Li, K.C. Cheung & M.H. Wong, “Effects of biofertilizer containing N-fixer, P and K 

solubilizers and AM fungi on maize growth: a greenhouse trial,: Geoderma vol(125),pp. 155-166, 2005. 



                                                       
   

 

 

 

ISSN: 2319-5967 

  ISO 9001:2008 Certified 
  International Journal of Engineering Science and Innovative Technology (IJESIT) 

   Volume 3, Issue 2, March 2014 

145 

 

[111] D.M. Hedge, B.S. Dwived  & S.N. Sudhakara, “Biofertilizers for cereal production in India: A review”, Indian Journal 

Agriculture Science , vol(69), pp. 73-83. 

[112] N. Narula & K.G. Gupta,“ Ammonia excretion by Azotobacter chroococcum in liquid culture and soil in the presence of 

manganese and clay minerals,” Plant Soil vol(93),pp. 205-209, 1986. 

[113] S.P. Wani, S. Chandrapalaiah, M.A. Zambre & K.K. Lee, “Association between N2 fixing bacteria and pearlmollet 

plants: response, mechanisms and resistance,” Plant Soil,vol(110),pp. 284-302, 1988. 

[114] J.R. Postage,“Nitrogen fixation,”  Cambridge University Press, Cambridge, 1998. 

[115] E. Eipstein, “The science of composting,” United State of America: Technomic Publishing Company, Inc., 1997. 

[116] S.G. Loong, M. Nazeeb, A. Letchomanaan ,” Optimizing the use of EFB mulch on oil palms on two different soils,  Proc. 

of the Oil Palm/Palm Oil Conference, pp. 605-639, 1987. 

[117] K.C. Lim & K.W. Chan, 1989.  “Towards optimizing empty fruit bunch application in oil palm”, Proc. of the Oil 

Palm/Palm Oil Conferences, pp. 235-242, 1989. 

[118] P. Hornus & E. Nguimjue, “Use of empty fruit bunches for fertilization in oil palm plantations,”Oléagineux, vol(47)pp. 

245-254, 1992. 

[119] S. Sadi, Z. Poeloengan & Sugiyono, “Pembuatan pupuk kalium dari abu janjangan sawit”, Berita Pen. Perk., vol(2), no.2, 

pp. 77-83, 1992. 

 

AUTHOR BIOGRAPHY 

 

Rosnani Alkarimiah 

Beng: Civil Engineering (environmental management), UTM, Malaysia 

MEng: Environmental Engineering, UTM, Malaysia 

Current: PhD candidates in UKM, Malaysia 

Email: razni_reeni@yahoo.com 

 

Prof. Rakmi Abdul Rahman 

Beng, MEng: Melbourne 

PhD: UKM, Malaysia 

AMIChe (UK) 

MIChEM 

Expertise: Pollution Management, Wastewater Treatment 

Email: rakmi@eng.ukm.my 
 


