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Abstract  

Eucalyptus pellita is a tree species originating from Australia. It has been planted in 

Sarawak for forest rehabilitation programme. The primary issues faced by these 

plantations, however, are poor progress caused by poor tropical soil conditions in some 

degraded lands. Such lands are subjected to intense tropical weathering process due to 

the heavy rainfall and high temperature. Besides that, the humus layer of the soil causes 

the soil to be acidic, thus further inhibit the availability of nutrients. In addition, the 

degraded lands left behind by shifting cultivation are generally already exhausted of 

nutrients. Chemical fertilizer has been used extensively to treat nutrients deficiency in 

plants. However, extensive use of chemical fertilizer has contributed to cumulative 

amount of chemical pollutants which cause environmental damages, as a result, causing 

irreversible damages to the overall environmental system. Inoculation of plant growth 

promoting rhizobacteria (PGPR) is the biological way to reduce the use of chemical 

fertilizer. PGPR facilitates plant growth elevation through the alteration of diverse 

group of bacteria living in the rhizosphere at plant root surface and associates with the 

roots, which promote the feature of plant growth direct or indirectly by secretion of 

various substances. PGPR facilitate plant growth by simplifying resource acquisition 

(phosphorus, nitrogen and crucial minerals) directly, tempering plant hormone level, or 

indirectly acts as biocontrol agents to inhibit various pathogens on plant. Application of 

biofertilizer is the way to reduce the use of chemical fertilizer and the negative impacts 

it causes to the environment. Biofertilizer has arisen as a significant element of the 

cohesive nutrient supply system in refining crop yields. The aims of this thesis were to 

isolate and characterise indigenous PGPR microorganisms from Sarawak soils, and 

evaluate their growth enhancing effects on E. pellita. The soil samples were collected 

from two national parks, two reserved forests and a planted forest in Sarawak. The soil 

textures, pH readings and plant available macronutrients were included to the soil 

physicochemical analyses for the background studies of soil samples. The soil textures 

range from sandy clay loam, sandy loam and clay. The pH of soils ranged from 3.86 to 

5.46. These microorganisms were isolated through selective media, and undergo DNA 

identification to identify their identity. Then, they were evaluated for their efficiency of 
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plant growth promoting abilities (nitrogen fixing, Indole- 3-Acetic acid producing, 

phosphate and potassium solubilizing) through bioassay quantitative analysis. The top 

two microorganisms from each plant growth promoting abilities group were then tested 

for their antagonistic characteristic against each other. Finally, the four selected species 

were tested for their plant growth promoting ability in pot trial using Eucalyptus pellita 

as the plant host. The results showed that, pot trial using biofertilizer – PGPR 

microorganisms combining with 50% of chemical fertilizer (half the amount) is capable 

of achieving the same results as 100% chemical fertilizer (full amount). The height, 

stem diameter and root weight increment over 6 months period were just as good as 

positive control (100% chemical fertilizer). It was concluded that, these four 

microorganisms Lysinibacillus sphaericus, Paenibacillus quercus, Tolypocladium spp. 

1 WL-2011, and Lysinibacillus fusiformis, were capable in promoting the growth of 

Eucalyptus pellita. 
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1.1 Introduction 
Eucalyptus species are second to pines in global importance as plantation trees, as they 

are the most planted genus in the tropics and subtropics lands. Study showed that there 

were at least 1.4 million ha of formal Eucalyptus plantations in the Southeast Asian 

region (Table 1) (197). This statistic was testified that the data did not include the 

equivalent of about 2.0 million ha growing as scattered tress and boundaries around 

fields. A number of countries, particularly Thailand, China, Vietnam and Laos had 

enhanced planting programs since 1995 (198). It is estimated that Eucalyptus plantation 

had exceeded 2.0 million ha now in Southeast Asia.  

Table 1: Estimated area of Eucalyptus plantation in Southeast Asia in 1995 (197). 

Country Area (ha) 

China 670 000 

Indonesia 80 000 

Laos 62 000 

Malaysia 8 000 

Myanmar 40 000 

Philippines 10 000 

Thailand 195 000 

Vietnam 350 000 

Total 1 415 000 

Eucalyptus are extremely prized in countryside communities for an extensive range of 

uses as well as large scale plantation and farm planting grown to supply fibre for 

industrial use. Eucalyptus was used for poles, furniture, essential oils, fuel, tannins and 

small lumber. The main species grown were Eucalyptus grandis, E. urophylla, E. 

tereticornis and E. camaldulensis.  
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Eucalyptus pellita is a forest tree occurring in north Queensland, Autralia and in New 

Guinea (both Papua New Guinea and Irian Jaya, a province of Indonesia). Evaluation of 

E. pellita from Queenland provenances in species were carried out in Brazil, India, 

China, and many other tropical and sub-tropical countries over the years. The species 

was not taken up for operational planting in large scale even though growth of the plant 

has been good.  Eucalyptus pellita was introduced into Sarawak and Sabah, Malaysia, 

with provenances from Queensland and Papua New Guinea. Mainly on the island of 

Sumatra, Indonesia, this species is well recognized as a pulp species, but it is also well 

matched to solid wood end-use. Productivity, growth, and genetic gains’ data for 

plantation grown E. pellita in Southeast Asia has been published (1)(2), however there 

are relatively little data published on the solid wood end use of E. pelita, apart from 

some work in Queensland, Australia (199) and Vietnam (3).  

Forest grower in Borneo are showing interest in expanding yield, as plantation grown 

properties are increasingly available. However, nutrients deficiency was observed in 

most of the established plantation of Eucalyptus. Insufficient in nutrients affected the 

growth of Eucalyptus, which also affected the financial turnover indirectly. Therefore, 

chemical fertilizer was introduced to solve the nutrient deficiency in Eucalyptus 

plantation. Unfortunately, use of chemical fertilizer has amplified drastically throughout 

the world in recent years, which causes serious environmental issues. Accumulation of 

heavy metals from chemical fertilizer affects soil and plant ecosystem, which directly 

links to air, soil and water pollution in the long run.  

Biofertilizer was then introduced to reduce the use of chemical fertilizer. Biofertilizer is 

becoming a critical feature of organic farming and play a major role in the economy and 

for general agricultural production on a worldwide scale. Biofertilizer is a product that 

contains living microorganisms that colonize the rhizosphere of the plant, and promote 

plant growth by improving the availability of primary nutrients to the plants, when 

being applied to the plants (4). Biofertilizer is a combination of living microorganisms 

that have the ability to fix nitrogen solubilize phosphate or cellulolytic microorganisms 

used for applications to roots, soil, composting areas or seeds with the resolve of 

improving the number of those mutualistic beneficial microorganisms and hastening 

those microbial processes, which enhance the availability of nutrients that can then be 
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integrated effortlessly and engaged by the plants (200). Biofertilizer consists of plant 

growth promoting rhizobacteria (PGPR). Studies have shown that PGPR as the main 

composition in biofertilizer, has contributed to increased crop production and soil 

fertility throughout the world. Therefore, the potential contribution of PGPR has led to 

sustainable agriculture and forestry (5). In conclusion, biofertilizer will be the key to 

improving the crops quality, as well as reducing the use of chemical fertilizer at the 

same time.  

1.2 Literature Review 

1.2.1 Eucalyptus pellita and its industry in Asia 

Eucalyptus pellita, which is also known as Red Mahogany, is a hardwood species that 

was originated in the warm, high rainfall zones of northern Queensland. Eucalyptus 

pellita is a fast growing hardwood species that is capable of adapting to humid tropical 

environment with a dry season up to 6 months. It is a medium or tall size tree that is 

capable to grow up to 40m in height and about 1m in girth, with a straight trunk to about 

half the tree height, and a large profoundly branched crown, at its best condition (171). 

Given the right soil and climate, it could grow up to a mean height of 15m at 4 years of 

age (173)(174). Eucalyptus pellita could endure a wide range of soil textures from 

sandy loam to clay loam, and soil with fairly little fertility, provided that the soil is not 

drenched for extended periods (more than a few days at a time (172).  

An annotated bibliography of Eucalyptus pellita was compiled to summarise its known 

natural forest distribution, including genetic disparity and seed sources of early 

plantings proceeding to significant plantation assessment (176).  Eucalyptus pellita is in 

the subgenus of Symphyomyrtus; section Traversaria (171), where about 20 species of 

Eucalyptus were grouped into including some of the tallest and commercially most 

valuable species. E. pellita is much more easily propagated compared to other 

Eucalyptus species (176), which has quicker initial growth in plantations, and is much 

less susceptible to damage from pests and diseases (6)(7)(177)(178)(179).  
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Figure 1: A mature Eucalyptus pellita in Mission Beach, Queensland (8).  

Eucalyptus pellita has two different natural occurrences; In Queensland it covers from 

Iron Range, Cape York Peninsula to Ingham, and in the southern part of Papua New 

Guinea lowlands, where it covers from around Morehead and Keru in the western 

province, across the international border up to as far north as Muting in Irian Jaya, 

Indonesia (176). In its occurrences, annual rainfall is between 900 – 2200nm with warm 

humid climate where frost are rare to absent. It grows mostly on minor to moderately 

slanted lands; even to a limited extend, on steep, well-drained hills of large ridges and 

even alongside small rivers in drier and hotter parts of its existence (175). Soils vary 

from shallow sands on sandstone ridges to shallow sandy podsols (Queensland) and 

deep forest loams (Irian Jaya and New Guinea) (176). 

In countries such as Malaysia, Philippines, Cuba, Indonesian Brazil, Eucalyptus pellita 

thrive as a role in reforestation. It has also been identified to be suitable for establishing 

plantation on the coastal sites of northern Queensland180. The characteristic structures of 

E. pellita are its fissured, fibrous, discolour leaves, brown bark to the small branches, 

broad peduncles and strongly exerted valves on large fruit with broad rims (171)(172). 
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A valuable dark-red timber with a basic density about 764 – 960kgm3 is the product of E. 

pellita that can be used for appearance grade uses and flooring (171)(172)(181). Sawn 

timber of E. pellita is used to make decent furniture and in construction(8). Furthermore, 

it is also grown in many countries (9)(182) as an important source of raw materials for 

fibre cellulosic pulp and paper production, which is used for high quality tissue products 

or writing and printing paper (10)(11)(12). Its Kraft pulping and paper-making 

properties are comparable to plantation-grown Eucalyptus globulus and Eucalyptus 

urophylla (8). 

Suitability for diversity of wood products, extensive adaptation to a series of 

environmental conditions, fast growth, higher resistance to diseases and pests, and 

decent stem straightness are the attractive attributes that make Eucalyptus pellita the 

choice for plantation establishment (8). Subsequently, several countries are choosing E. 

pellita as one of the main species for afforestation(14)(15)(8)(176). In Sarawak, 

Malaysia, Eucalyptus appeared to be one of the top planted timber species, where it 

occupied 7.5% of the planted land in 2011.  

Table 2: Species composition in Sarawak, Malaysia as of 2011 (13). 
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1.2.2 Nutrient Deficiency in Eucalyptus pellita 

Throughout most the established commercial plantation of Eucalyptus in practically all 

geographical regions, nutrients disorders have been documented (Table 1). Insufficient 

supplies of macronutrient nitrogen (N), phosphorus (P) and Potassium (K) are the most 

stumble upon syndromes causing premature leaf drop and reduction in wood volume. 

As shown in Table 1 below, yield could also be restricted by micronutrients, mainly B 

and Cu. Application of chemical fertiliser containing only macronutrients (for example; 

N, P, K and Mg) would also often prompted the disorder of micronutrients (B, Cu, Fe, 

Mn and Zn). Cases of Cu deficiency in Western Australia and B deficiency in China 

have been reported recently.  

Table 3: Occurrence of nutrient deficiencies in Eucalyptus plantations (183). 

  B Ca Cu Fe K Mg Mn N P S Zn 

Australia x 
 

x x x 
 

x x x x x 

Brazil x x 
  

x x 
 

x x x x 

Chile x 
 

x 
 

x 
  

x x 
  

China x 
  

x x 
  

x x x x 

India 
    

x 
  

x x 
  

Indonesia x 
 

x 
 

x x 
 

x x 
 

x 

New Zealand x 
  

x 
   

x x 
  

Philippines x 
  

x x x 
 

x x 
 

x 

Portugal x x 
     

x x 
  

South Africa 
 

x x 
 

x x 
 

x x 
 

x 

Thailand x 
   

x 
  

x x 
  

Zambia x                     
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The volume of micronutrients to maximize productivity has not been effectively 

acknowledged earlier with the increasing numbers of micronutrient syndromes in 

Eucalyptus plantations (183). In China and India, the productivity of many Eucalyptus 

plantations is only one third of the world average. Comparatively, insufficient fertiliser 

treatments and soil constrains attributed to the low productivity (Table 2)(184). For 

instance, in parts of Guangdong Province, tree growth for more than three years was 

inadequately maintainable even with the routine application of 100kg of NPK fertilizer 

per hectare of planting, resulting in depressing cambial activity due to declining of 

canopy density. Soil erosion and removal of organic nutrient reserves resulted in 

declining of soil fertility (Figure 2). The branches and leaves of Eucalyptus were 

collected for fuel while remaining litter was collected and burnt. If only the nutrients 

reaped are refilled at the same time, then the regular reaping of foliage is justifiable (16). 

 

 
Figure 2: Removal of organic nutrient reserves through soil erosion decreases the 

number of land to support commercial Eucalyptus plantations. Danzhou, Hainan 

(184). 
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1.2.3 Effects of chemical fertilizer to the environment 

Chemical fertilizer has been used extensively to treat nutrient deficiency in Eucalyptus 

plantation(17)(18)(19). The use of chemical fertilizer has been increasing exponentially 

all over the world, which causes serious environmental issues. Chemical fertilizers are 

manufactured from petroleum products, rocks and organic sources. Even though 

chemical fertilizer improve yield production, overusing of it causes the accumulation of 

heavy metals in soil and plant system, which indirectly hardened the soil, decreasing 

soil fertility, released greenhouse gases, polluting air and water, therefore conveying 

hazards to human health and environment.  

Chemical fertilizer contains acids, including hydrochloric and sulphuric acids. Soil 

crumbs, material that holds rock particles together were dissolved by these acids in the 

long run. These acids affect the structure of soils by damaging the cementing material, 

resulting in a compacted surface that prevents rain water from entering soil. Hence, 

causing trace nutrients not to be replenished in the soil. Continuous use of the chemical 

fertilizer diminishes indispensable soil nutrients and minerals that are naturally establish 

in fertile soil. Only nitrogen, phosphorus and potassium were left in the soil. Likewise, 

phosphorus does not dissolve in water and it will cause hardening of soil while nitrogen 

would develop alkalinity in the soil, thus decreasing its fertility and making it barren.  

Soil pH is also unpleasantly affected by the acidity of chemical fertilizer, thus affecting 

the microorganisms’ ecosystem in the soil. Prolonged use of chemical fertilizer upsets 

the pH of soil, which drives away the beneficial microorganisms present in soil. These 

microorganisms are beneficial to the plant by providing natural immunity to disease. 

When overabundance of nitrogen is found in the soil, plants are susceptible to mosaic 

infections. Repetitive use of chemical fertilizer cause toxic chemicals such as cadmium, 

arsenic and uranium to build up in the soil. The chemical will ultimately crawl their way 

into the fruits and vegetables growing on that particular soil, which could cause health 

issue to humans when consumed.  
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Highly soluble chemical fertilizer dissolves into the soil quite rapidly. Most of the 

fertilizer simply leaches away since plants can only absorb a certain amount of nutrition 

at a time. Not only is this leaching detrimental to the ground water, these chemicals also 

seep into the subsoil. There they interact with clay, forming impermeable layers called 

hardpan. Moreover, chemical fertilizer also causes fertilizer burnt. When nitrogen in the 

fertilizer was absorbed by the soil too rapidly, it causes osmotic imbalance which 

dehydrate and dry up the plant. 

1.2.4 Biofertilizer as the substitute for chemical fertilizer 

Biofertilizer is microbiological fertilizer that contains selected, highly efficient bacterial 

and fungal strains isolated from soil. Soil microorganisms act a vital role in varying the 

dynamic of organic substance breakdown and the availability of plant nutrients. Proper 

microbiological processes are activated with the involvements from these 

microorganisms, which allow enhanced and more constant supply of nitrogen, 

potassium and phosphorus, as well as other trace elements to the plants, which increase 

crop productivity (20). Biofertilizer vary from chemical fertilizer by does not supplying 

the crops with any nutrients, but instead are cultures of bacteria and fungi that create a 

healthy rizhosphere with the plant.  

One of the most significant mechanisms in the natural nitrogen cycle with importance to 

agriculture is the binding of atmospheric nitrogen through biological nitrogen fixation185. 

Study has shown that azotobacter sp. could fix 50 to 80kg of nitrogen per hectare per 

year denpending on the strain and environment conditions (21). Aside from fixing 

nitrogen, azotobacter spp. could also produce plant growth promoting substances, such 

as auxin, gibberellin, pyridoxine, biotin and nicotinic acid (185). Other than nitrogen, 

plants also need phosphorus to grow, which is usually present in unavailable forms in 

the soil. Bacteria genera of Bacillus and Azotobacter have the ability to synthesized 

organic acid and phosphate, and convert the unavailable form of phosphorus into 

available form for plants. Researches have shown that Bacillus genus give rise to crop 

and growth of various plants (22)(23). 
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1.2.5 Plant Growth Promoting Rhizobacteria and Its Mechanisms 

Plant growth promoting rhizobacteria (PGPR) are free living bacteria that can be found 

among microflora in the rhizosphere of plant. The term “plant growth promoting 

bacteria” refers to endophytes that are competent to colonize the roots of the plant 

(rhizosphere) which enhance plant growth (24)(25). Rhizosphere refers to the soil 

environment that a region of concentrated microbial activity resulting in a restricted 

nutrient pool at where the plants root is which vital micro- and macronutrients are 

extracted. The root exudates function as a source of nutrients for microbial growth 

which makes the microbial population in the rhizosphere relatively different from its 

surrounding (186). Compared to the bulk soil, it was proven that the thin rhizosphere 

zone is abundant in nutrients for microbes; in general, bacteria present in the 

rhizosphere are 10 times to 100 times higher in quantity compared to bulk soil (26).  

Acticomycetes, fungi, bacteria, algae and protozoa are microbes colonizing the 

rhizosphere. Nevertheless, the most plentiful microbial existing in the rhizosphere is 

bacteria (187). Application of these microbial populations was proven and well known 

to enhance plant growth (27)(28). PGPR also have optimistic effects on regulating 

phytopathogenic microorganisms other than wielding beneficial effects on plant 

development (29)(30). Thus, PGPR is selected for biofertilizer formulation. There are 

two type of collaborations of PGPR with the plants;  free living rhizobacteria that live 

outside the plant cells, and symbiotic bacteria that live inside the plants and exchange 

metabolites with the plant directly (31).  

PGPR enhance plant growth over an inclusive variation of mechanisms. The mode of 

action of PGPR that promotes plant growth includes (i) plant growth regulators; (ii) 

abiotic stress tolerance in plants; (iii) production of siderophores; (iv) nutrient fixation 

for easier plant uptake; (v) production of protective enzyme such as glucanase, and 

ACC-deaminase for prevention of plant diseases; and (vi) production of volatile organic 

compounds (32)(33). Though, the types of host plants determine the mode of action for 

different PGPR (33). 
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1.2.5.1 Plant Growth Regulator 

Productions of different phytohormones like indole-3-acetic acid (IAA), gibberellic acid 

and cytokinins were reported from PGPR that could modify root architecture and 

encourage plant development (33). IAA and gibberellic acid production in the 

rhizhopsheric soil by several PGPRs play a vital role in improving root surface area and 

number of root tips in many plants (33). Research on auxin synthesizing rhizobacteria 

as phytohormone creator illustrated that rhizobacteria has the ability to produce IAA 

from tryptophan through different pathways. Indole-acetamide pathway was used by the 

phytopathogenic bacteria to synthesize IAA that has been associated earlier in the tumor 

induction in plant (34). Studies have shown that Bacillus spp., Azotobacter spp. and 

Azospirillum spp. could produce high amount of IAA resulting in increase in root and 

shoot growth (35)(188)(189). Root biomass, root hair number and root surface area were 

consequently increased in the IAA-mediated ethylene production of PGPR inoculated 

tomato plants (36). Cell division, root initiation, cell enlargement and increase in root 

surface area of crop plant through enriched formation of lateral adventitious root were 

witnessed with the participation of PGPR formulated cytokinins(37).  

 
Figure 3: Overview of the different pathways to synthesize IAA in bacteria (33). 
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1.2.5.2 Abiotic stress tolerance in plant 

The key cause of agricultural crop reduction is considered to be due to abiotic stresses. 

Though, the type of soils (nutritional imbalance) and plant factors (susceptible to 

diseases due to physiological disorders, abscission, etc) affects the intensity of abiotic 

stress (38). Studies have been done on the PGPR mechanisms in plant towards abiotic 

stress. PGPR have been observed to decrease the availability of cadmium in the soil 

(190), increase antioxidant capacity as well as increase growth (39), improvement of 

leaf water status under salinity and drought stress by regulating the stomata aperture to 

balance water content in the leaf and water uptake by the roots(40)(41), and increased in 

the root ability to absorb water under salinity conditions(42)(43)(44). 

 

 

 

1.2.5.3 Production of siderophores 

Even though iron is inaccessible in the soil for plants, yet iron is among one of the 

major minerals that exist on earth. Iron is normally exists in nature in the form of Fe3+, 

which is highly insoluble. Siderophores secreted by PGPR are low molecular weight 

iron binding protein compounds that tangled in chelating ferric iron, Fe (III), from the 

environment. Many siderophores are non-ribosomal peptides (45), while several are 

biosynthesized independently (46). A siderophores-producing Phyllobacterium strain 

was shown to promote the growth and quality of strawberries (191). The predicted flow 

of mode of action is shown below 
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Figure 4: The possible mode of action used by plant growth promoting 

rhizobacteria (PGPR) towards growth promotion in plants (47). 

1.2.5.4 Nutrient fixation for easier plant uptake 

Fixing nutrients to raise the accessibility of nutrient concentration in the rhizosphere is 

one of the functions of PGPR (32). One of the key nutrients for plant growth is nitrogen 

(N). N is rich in earth atmosphere, however most the tropical soils are lacking in 

available N. Plants obtain nutrients from biological fixation (192) or through 

atmospheric inputs (48) when the ecosystems are low in inputs and without any 

fertilization or soil amendments. One way of converting elemental nitrogen into plant 

usable form is through biological nitrogen fixation (BNF). Nitrogenase enzyme which is 

released by BNF is accountable for fixing atmospheric dinitrogen into soil, hence 

refining soil fertility. Consequently, it is considered as an economically and 

environmentally friendly source to substitute for the use of chemical fertilizer N (49). 

An estimation of about 180 x 106 metric tons of nitrogen per year globally is 

contributed by BNF and about 80% of them came from symbiotic associations with the 

plants. Non symbiotic nitrogen fixers are also significant in supplying to the agronomic. 

 



15 

  

Another vital nutrient required for plants is phosphorus (P). Ironically, large reservoirs 

of total phosphorus are present in soil; however, the amount available to plants are so 

tiny in quantities. The majority of soil P is found in insoluble form, while plants are 

only capable of uptake P in two soluble forms, the monobasic (H2PO4
-) and the diabasic 

(HPO4
2-) ions, which is why the low availability of P to plants (50). Several phosphate 

solubilizing microorganisms are capable of solubilizing the insoluble form of 

phosphorus into soluble form through the secretion of acid or proton (51) and chelatin- 

and exchange reactions (193) to solubilize P in soil. Phosphate solubilisation can also be 

induced by phosphate starvation (52), and by the release of plant root exudates such as 

organic ligands which alter concentration of P in soil (53). A common sketch of 

phosphorous solubilisation is shown below. 

 

Figure 5: Schematic representation of solubilisation of soil phosphorus by 

rhizobacteria (54). 
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1.2.5.5 Production of Enzymes 

Production of metabolites contributing to the antifungal and antibiosis properties by 

controlling the phytopathogenic agents through PGPR is used as defence system for 

plant growth. Glucanase and chitinase are examples of two hydrolytic enzymes 

produced by the mechanisms. Beta-glucanase and chitinase producing bacteria limit 

fungal growth because major fungal cell wall mechanisms are made up of beta-glucan 

and chitin. Beta-glucanase and chitinase produced by Sinorhizobium fredii KCC5 and 

Pseudomonas fluorescens dictate the fusarium wilt produced by Fusariumudum (55). 

Pseudomonas spp. also has the ability to inhibit Rhizoctonia solani and 

Phytophthoracapsici, two of the most damaging crop pathogens in the world (56). 

 

1.2.6 Borneo, Sarawak, Malaysia 

The third largest island in the world and one of the largest in Asia, Borneo is located in 

South East Asia covering a total area of approximately 745,567 square kilometres. 

Borneo is famous for its oldest and mega biodiversity in the world. Large portion of 

diverse forest habitats exist in Borneo which include peat swamps, lowland dipterocarp 

forests, mangrove areas, ironwood forests, freshwater swamp and hill dipterocarp 

forests. Borneo also has the largest open area of uncultivated land forest (kerangas) in 

Southeasst Asia. Furthermore, Borneo has assorted rainforest which consist of estimated 

of more than 2000 species of orchids, 15,000 flowering plants species and at least 50 

species of the carnivorous pitcher plant. Two of the largest flowers in the world, 

Rafflesia and Amorphophallus can be found in Borneo (194).  
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Ideal climate and enormous habitats areas that supports the growth of different plant 

species are the reason why Borneo is rich in biodiversity. Humid tropical climate with 

sunshine could be spotted all year long in Borneo. An evenly distributed annual rainfall 

of 3861mm with temperature ranges around 22ºC to 33ºC are ideal for the development 

and growth of flora and fauna found in Borneo. Three nations are currently occupying 

the land of Borneo, which are Brunei, Malaysia (Sarawak and Sabah) and Indonesia. 

Around 10 million hectares, 80% of the total land Borneo are still covered with forest 

(natural and also secondary forest), which makes Sarawak, which is a part of Borneo, an 

ideal ecosystem perfecting for new discovery research (195).  

 

Sarawak, which consists of 37.5% of Malaysia total land area with 124,449.51 square 

kilometres, is the largest state in Malaysia that is located on the Equator and stretches 

out to around 800 kilometres along the northwest coast of Borneo island. Three 

different regions of land are found in Sarawak; a huge region of undulating hills (vary to 

about 300 meters), coastal lowlands conceding peat swamp as well as narrow deltaic 

and alluvial plains, and also mountain highlands which stretch out to Kalimantan border. 

The largest peatland area in Malaysia is also found in Sarawak with about 1.5 million 

hectares. Besides, Sarawak also has an extensive protected area which compromise of 

10 natural reserves, 30 national parks and 4 wildlife sanctuaries with a total protected 

area of 837,553.80 hectares (602,035.8 hectares for land area and 229,789 hectares for 

water body). Sarawak has one of the most studied tropical karst area and the largest 

known cave chamber in the world, which is located in the south of Sarawak – Gunung 

Mulu National Park (The Sarawak Chamber, 600 metres by 415 metres and 80 metres 

high). Moreover, Gunung Mulu National Park which composed of high biodiversity and 

karst features is named as one of the UNESCO (United Nations Educational, Scientific 

and Cultural Organization) World Heritage site. The epitome bionetwork combine with 

the high diversity of plant species in Sarawak makes it an ideal site for the discovery of 

novel or potential species to be exploited in industry and agricultural regions to enhance 

the economics of the country (194).  
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Figure 6: A brief statement of existing totally protected areas (TPAs) in Sarawak - 

Updated at 31 December 2014 (196). 
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1.3 Research Aim and Objectives 

The low nutrient availability in degraded soil in Eucalyptus pellita plantation has led to 

the use of chemical fertilizer to improve tree growth. However, prolonged usage of 

chemical fertilizer causes negative impacts to the environment. The aim of this thesis 

was to introduce biofertilizer which contains plant growth promoting microorganisms 

that are beneficial to the plant and environment to be the substitution of chemical 

fertilizer. Several objectives were set to achieve the aim of this study; the objectives set 

were listed as follow: 

 To isolate and identification of plant growth promoting rhizospheric 

microorganisms from the soil samples collected in Sarawak. 

 To evaluate the efficiency of isolated strains in promoting plant growth through 

the mechanisms of nitrogen fixing, IAA producing, phosphate and potassium 

solubilizing.  

 To evaluate the efficiency of the consortia isolated strains as plant growth 

promoting cultures on the silviculture of Eucalyptus pellita in pot trial condition. 
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1.4 Thesis Outline 

This thesis study is reported in five chapters and is listed as follow:  

 

Chapter 1 – Introduction and literature review  

Chapter 1 provides the brief introduction on the background of the study. The literature 

review of the information related to the project which has been described in previous 

study by the other researchers. The aim and objectives of the research were described in 

this chapter.  

 

Chapter 2 – Screening, isolation and characterization of plant growth promoting 

microorganisms isolated in Sarawak  

Chapter 2 describes the detailed result of the study on the isolation, screening and 

characterization of the plant growth promoting microorganisms with the uses of 

selective media method. This chapter focuses on the isolation of nitrogen fixing, IAA 

producing, phosphate and potassium solubilizing microorganisms from soil ecosystem 

in Sarawak.  

 

Chapter 3 – Evaluating the efficiency of microorganisms strains as potential plant 

growth enhancing inoculate 

Chapter 3 presents the detailed results on the efficiency of the plant growth promoting 

microorganisms by using quantitative bioassay. Different assays were carried out to 

analyse the efficiency of the isolated strains. The focus on this chapter was to evaluate 

the effectiveness of the isolated strains as potential candidates for biofertilizer 

composition.  

 

Chapter 4 –Pot trial evaluation of plant growth promoting rhizobacteria on 

silviculture of Eucalyptus pellita 

Chapter 4 describes the efficiency of the selected plant growth promoting strains in pot 

trial experiment on Eucalyptus pellita saplings. This chapter focuses on the growth of 

Eucalyptus pellita saplings over 6 month’s timeframe under different treatments.  
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Chapter 5 – General conclusions and recommendations  

Chapter 5 presents the summary of the findings of this research study. The future work 

and recommendations of this study are described in this chapter as well. 
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CHAPTER 2:  

SCREENING, ISOLATION 

AND CHARACTERIZATION 

OF PLANT GROWTH 

PROMOTING 

MICROORGANISMS 

ISOLATED IN SARAWAK 
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2.1 Introduction 

The quality of soil environment, production of plant root exudates and growth of plants 

are associated to a great variety of abiotic and biotic factors that shape the soil and plant 

associated habitats which alter the structures and activities of these microbial societies 

(57). Abundance of microorganisms exists in the soil, particularly in the rizhosphere of 

plants. Among these budding soil microorganisms, there exist bacteria known as plant 

growth promoting rhizobacteria (PGPR) that have the potential use in enhancing plant 

health and promote plant growth rate without environmental contamination (58). These 

PGPR stimulate appropriate microbiological processes that facilitate enhanced and more 

constant supply of nitrogen, phosphorus and potassium, as well as some trace elements 

to the plants. The binding of atmospheric nitrogen in the process of biological nitrogen 

fixation - the binding of atmospheric nitrogen process is the most significant component 

in the nitrogen cycle in nature with distinct implication for agriculture. Phosphate and 

potassium solubilizing bacteria have the ability to improve mineral uptake of plants 

through solubilizing insoluble P and releasing K from silicate in soil (59). Studies have 

shown that PGPR has the potential to improve plant yield and growth (60)(61)(62). This 

has led to the development of this thesis to further explore the effects of plant growth 

promoting rhizobacteria and fungi.  

Soil degradation plays a role in declining crops yield. Soil physical deterioration 

contributed to compaction of subsoil and surface layers, structural collapse, decline in 

size and percentage of water-stable aggregates, which accelerate soil erosion. Soil 

chemical deterioration caused leaching of bases, nutrient imbalance and also 

salinization in the root of plants. Soil fauna could minimize soil degradation by 

mediating the deterioration of soil quality. The physical and chemical properties of soil 

could be improved by colonization of these beneficial microorganisms (63).  
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This chapter focuses on the screening and isolation of plant growth promoting 

rhizobacteria that were associated to Eucalyptus pellita planted in Sarawak tropical soils. 

The PGPR that was focused on were nitrogen fixing, IAA producing, phosphate and 

potassium solubilizing. The PGPR was screened by using selective medium through 

nitrogen fixation, IAA production, and phosphate and potassium solubilisation. At the 

end of this chapter, the soil texture of soil samples was also discussed. 

 

2.2 Materials and Methodology 

2.2.1 Soil samples collection 

Soil samples were collected from Eucalyptus pellita plantations and a protected forest in 

Sarawak in the period between year 2015 and 2016. Collected soil samples were kept in 

the cold room at 4ºC to preserve the nature of the samples prior to experimentation. The 

sampling locations are listed as of below; 

1. LPF0014 Segan, Bintulu. 

2. LPF0042 Sempadi, Lundu 

3. Sabal Reserved Forest, Sri Aman 

2.2.2 Media preparation 

2.2.2 (a) Nutrient Agar (NA) preparation 

Nutrient agar (NA) powder weighted 28g were added into 1L Schott bottle. Deionized 

water was added into the same Schott bottle to fill up the 1L mark. The bottle was then 

sterilized by autoclaving at 121ºC (100 kPa) for 15 minutes. After autoclaving, the 

media was left to cool down until about 60ºC. Then, the media was poured into 90mm 

petri dishes.  
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2.2.2 (b) Potato Dextrose Agar (PDA) preparation 

Potatoes Dextrose Agar (PDA) powder weighted 39g were added into 1L Schott bottle. 

Deionized water was added into the same Schott bottle to fill up the 1L mark. The bottle 

was then sterilized by autoclaving at 121ºC (100 kPa) for 15 minutes. After autoclaving, 

the media was left to cool down until about 60ºC. Then, the media was poured into 

90mm petri dishes. 

2.2.2 (c) Aleksandrow’s Medium Agar preparation 

Aleksandrow’s Medium Agar powder weighted 29.60g were added into 1L Schott 

bottle. Deionized water was added into the same Schott bottle to fill up the 1L mark. 

The bottle was then sterilized by autoclaving at 121ºC (100 kPa) for 15 minutes. After 

autoclaving, the media was left to cool down until about 60ºC. Then, the media was 

poured into 90mm petri dishes. 

2.2.2 (d) Pikovskayas Agar preparation 

 Pikovskayas Agar powder weighted 31.30g were added into 1L Schott bottle. 

Deionized water was added into the same Schott bottle to fill up the 1L mark. The bottle 

was then sterilized by autoclaving at 121ºC (100 kPa) for 15 minutes. After autoclaving, 

the media was left to cool down until about 60ºC. Then, the media was poured into 

90mm petri dishes. 

2.2.2 (e) Jensen’s Medium Agar preparation 

Jensen’s Medium Agar powder weighted 39.10g were added into 1L Schott bottle. 

Deionized water was added into the same Schott bottle to fill up the 1L mark. The bottle 

was then sterilized by autoclaving at 121ºC (100 kPa) for 15 minutes. After autoclaving, 

the media was left to cool down until about 60ºC. Then, the media was poured into 

90mm petri dishes. 
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2.2.2 (f) Nutrient Broth Medium preparation 

Nutrient Broth (NB) powder weighted 25g were added into 1L Schott bottle. Deionized 

water was added into the same Schott bottle to fill up the 1L mark. The bottle was then 

sterilized by autoclaving at 121ºC (100 kPa) for 15 minutes. After autoclaving, the 

media was left to cool down until about 60ºC. Then, the media was poured into 90mm 

petri dishes. 

2.2.2 (g) Potato Dextrose Broth Medium preparation 

Potatoes Dextrose Broth (PDB) powder weighted 24g were added into 1L Schott bottle. 

Deionized water was added into the same Schott bottle to fill up the 1L mark. The bottle 

was then sterilized by autoclaving at 121ºC (100 kPa) for 15 minutes. After 

autoclaving, the media was left to cool down until about 60ºC. Then, the media was 

poured into 90mm petri dishes. 

 

2.2.2 (h) Bromothymol Blue solution 

Bromothymol Blue powder weighted 0.05g was added into a 100mL Schott bottle 

together with 50ml of 95% ethanol. Fifty mL of deionized water was then added into 

the same Schott bottle to make up a 100mL solution. 

2.2.2 (i) Salkowski’s Reagent solution 

Five mL of 0.5M FeCl3 was added into a 500mL Schott bottle, together with 150mL of 

concentrated (96%) H2SO4. Finally, 250mL of deionized water was added into the same 

bottle. 
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2.2.3 Preliminary screening of potential plant growth inducing bacteria 

and fungi from soil samples 

Aleksandrow’s Medium Agar, Pikovskayas Agar and Jensen’s Medium Agar, 

Bromothymol Blue solution and Salkowski’s Reagent were used as agar plate assay and 

colorimetric technique to screen for potential plant growth inducing (nitrogen fixing, 

plant hormone indole-3-acetic Acid producing, phosphate and potassium solubilising) 

bacteria and fungi. 

2.2.3.1 Serial dilution 

In order to distinguish one colony from the other, serial dilution technique was carried 

out prior to the initial screening experiment. Direct screening of the soil samples would 

result in complex presence of microorganisms that are difficult to be identified.  

A total of 6, 15mL falcon tubes were used to make a 10-6 dilution. Deionized water was 

filled into each of the falcon tubes until the 9mL mark. Approximately 1g of soil sample 

was then added into the first falcon tube, thus making it the dilution of 10-1. Then the 

tube was mixed by using a vortex machine to even out the concentration of the sample 

in the solution. One L micropipettes was then used to transfer approximately 1mL of the 

mixture into the second falcon tube. This step was repeated onto the remaining 4 falcon 

tubes in order to achieve a dilution of 10-6. 

2.2.3.2 Preliminary screening of potential microorganisms by using 

selective media and colorimetric technique 

Aleksandrow’s Medium Agar, Pikovskayas Agar and Jensen’s Medium Agar were used 

to conduct agar plate assay on the diluted solutions. Approximately 100μL of the diluted 

solution from 10-3 to 10-6 were transferred to these agar plates. On the other hand, 

Salkowski’s Reagent was used to conduct colorimetric assay technique on the selected 

microorganisms. 
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2.2.3.2 (a) Nitrogen Fixing  screening (64) 

Jensen’s Medium agar was used to screen for nitrogen fixing microorganisms. A 

hundred μL of the suspended soil samples from the selected dilutions were transferred 

onto each Jensen’s medium agar. The suspended solution was spread evenly by using a 

sterile cotton swap. All the spread plates were then incubated at 30ºC ± 2ºC up to 4 days. 

After 4 days, 2mL of Bromothymol Blue solution were added onto the agar plates 

containing the microorganisms’ colonies and incubated for 1 hour. The colonies with 

the surrounding in blue colour are noted as nitrogen fixer. These colonies were then 

isolated and kept in 4ºC cold room for further testing.  

 

 

2.2.3.2 (b) Phosphate Solubilizing screening (65)  

Pikovskayas agar was used to screen for phosphate solubilizing microorganisms. A 

hundred μL of the suspended soil samples from the selected dilutions were transferred 

onto each Pikovskayas agar. The suspended solution was spread evenly by using a 

sterile cotton swap. All the spread plates were then incubated at 30ºC ± 2ºC up to 3 days. 

After the incubation period, any colony with a clear zone formation surrounding the 

colony is considered as phosphate solubilizing microorganisms. These colonies were 

then isolated and kept in 4ºC cold room for further testing. 

 

2.2.3.2 (c) Potassium Solubilizing screening (66)  

Aleksandrow’s Medium agar was used to screen for potassium solubilizing 

microorganisms. A hundred μL of the suspended soil samples from the selected 

dilutions were transferred onto each Aleksandrow’s Medium agar. The suspended 

solution was spread evenly by using a sterile cotton swap. All the spread plates were 

then incubated at 30ºC ± 2ºC up to 3 days. After the incubation period, any colony with 

a clear zone formation surrounding the colony is considered as phosphate solubilizing 

microorganisms. These colonies were then isolated and kept in 4ºC cold room for 

further testing. 

 

 

 



29 

  

2.2.3.2 (d) Indole-3-acetic Acid (IAA) producing screening (67)  

A hundred μL of the suspended soil samples from the selected dilutions were 

transferred onto each Nutrient Agar (NA) for bacteria, and onto Potato Dextrose Agar 

(PDA) for fungus. The spread plates were incubated at 30ºC ± 2ºC for 3 days. After that, 

isolation and purification were carried out for each colony that grew on the plates, in 

order to get a pure colony that does not interact with the other. These colonies were then 

transferred into Erlenmeyer flask with their respective liquid media and incubated at 

30ºC ± 2ºC in incubator shaker, with constant shaking at 150rpm; Nutrient Broth (NB) 

for bacteria while Potato Dextrose Broth (PDB) for fungus. 

After 3 days of incubation, the liquid cultures were then centrifuged at 13,400rpm by 

using microcentrifuge machine for 10 minutes. One mL of the supernatant was then 

added into 2mL of Salkowski’s reagent in a test tube.  The mixture was incubated in the 

dark at room temperature for 30 minutes. Pinkish or reddish colour observed on the 

mixture after 30 minutes incubation was the proof of IAA production.   

 

2.2.4 Isolation of pure culture 

Microorganisms with the potential to fix nitrogen, produce IAA, solubilize phosphate 

and potassium were identified from each of their respective screening. These 

microorganisms were then inoculated by using an inoculating loop onto Nutrient Agar 

(for bacteria) and Potato Dextrose Agar (for fungi) for pure culture isolation. These 

plates were incubated at 30ºC ± 2ºC for 3 days. Purity of the microorganisms was 

observed based on their morphology. Each streaking process eliminated the 

contaminated colonies. Repeated isolation was carried out until pure and uniformed 

culture was obtained. Proper label was recorded for every culture. 
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2.2.5 Storage and preservation 

Pure cultures were isolated and preserved for further studies. Three methods were used 

for preserving the pure cultures. First off for the long term storage, glycerol stock 

culture technique was used. Cultures were inoculated in Nutrient Broth (NB) for 

bacteria and Potato Dextrose Broth (PDB) for fungi and incubated in an incubator 

shaker, at 150rpm and 30ºC overnight. Then, 400μL of the culture was transferred into a 

centrifuge tube containing 400μL of 50% glycerol. Thus end up with a final volume of 

25% glycerol mixture. The mixture was then mixed well, sealed and kept in a -80ºC 

Freezer for future study.  Second long term storage method was slant agar culture. Pure 

bacteria and fungus cultures were inoculated onto fresh slant NA and PDA, and 

incubated at 30ºC overnight. The cultures were then sealed and kept in cold room at 4ºC. 

While for short term storage, pure cultures were inoculated onto NA and PDA plates, 

incubated overnight and then stored in a refrigerator at 4ºC. 

2.2.6 Molecular identification of microorganisms 

2.2.6 (a) Crude DNA extraction 

(a) DNA extraction by the using Phenol-Chloroform (68) 

Phenol chloroform method was used to extract DNA from bacteria and fungus 

cultures. Below are the steps involved: 

Pure bacteria and fungus cultures were cultured in Nutrient Broth (NB) and 

Potato Dextrose Broth (PDB) and incubated overnight at 30ºC, 150rpm. One mL 

of the overnight culture was then spun down at 13,400rpm for 5 minutes. This 

step was repeated for 2 more times in order to obtain enough culture pellets. TE 

buffer of 500μL were added to the culture pellet. Fifty μL of 10% SDS solution 

was added to re-suspend the culture pellet and incubated at 85ºC for an hour 

with inversion at 15 minutes interval. Fifty μL of proteinase-K were added to 

cool down the culture pellet and then incubated at 55ºC for 30 minutes. The, 

600μL of phenol-chloroform-isoamyl alcohol with the ratio of 25:24:1 were 

added to the pellet suspension. The pellet suspension was centrifuged at 
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13,400rpm for 10 minutes. Aqueous layer of the suspension was transferred to a 

new 1.5mL centrifuge tube and chloroform-isoamyl alcohol with the ratio of 

24:1 was added into it. The suspension was centrifuged at 13,400rpm again for 

10 minutes. The latest aqueous layer was then transferred into a new 1.5mL 

centrifuge tube with 600μL of cold isopropanol with 30μL of 3M sodium acetate 

buffer. The suspension was then incubated at -20ºC for 2 hours. After 2 hours, 

the suspension was spun down at 13,400rpm for 10 minutes to obtain culture 

pellet. Isopropanol was then drained out and 600μL of cold 70% ethanol was 

added to wash the DNA pellet. The 70% ethanol was then drained and the pellet 

was left to air dried for 15 minutes. Fifty μL of cold sterile ultrapure water was 

then added to dissolve the DNA pellet. DNA solution was then stored at 4ºC 

overnight. The whole process was repeated for all fungi and bacteria culture.  

 

 

 

(b) DNA extraction by the using Freeze and Thaw method (69) 

Bacteria and fungus cultures were cultured as describe in method above. One 

mL of the broth culture was transferred to a centrifuge tube. The microbe culture 

was spun down at 13,400rpm twice for 3 minutes to obtain culture pellet. The 

supernatant was then drained off and 1mL of ultrapure water was added into the 

tube and vortex gently to suspend the pellet completely. The suspension was 

subjected to freeze and thaw cycles as follow; 

 

1st cycle:  

8 minutes  Freeze at -80ºC in -80ºC freezer  

3 minutes  Thaw at 85ºC in water bath  
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2nd to 4th cycles  

5 minutes  Freeze at -80ºC in -80ºC freezer  

3 minutes  Thaw at 85ºC in water bath 

After going through the cycles, the suspension was then spun down at 

13,400rpm for 5 minutes. The supernatant was then transferred into a new 

sterilized microcentrifuge tube and stored at -20ºC. The cell pellet was discarded.  

 

2.2.6 (b) DNA amplification by Polymerase Chain Reaction (PCR)  

The extracted fungus and bacteria DNAs were then undergo amplification by using 

polymerase chain reaction (PCR) to increase DNA counts. Universal primer sets, 8F 

and 1541R were used for bacteria while ITS4 and ITS5 were used for fungus, targeting 

16S rRNA sequences. The primer sequence and PCR master mix condition were listed 

as below; 

Primer sequence used:  

8F 5’-AGAGTTTGATCCTGGCTCAG- 3’  

1541R 5’ – AAGGAGGTGATCCAGCCGCA- 3’ 

 

ITS4 5'-TCCTCCGCTTATTGATATGC-3' 

ITS5 5'-GGAAGTAAAAGTCGTAACAAGG-3' 
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Table 4: Mastermix compositions for bacteria. 

Content Amount per 
reaction 

Amount per 25 
reactions 

Sterilized Ultrapure water 18μL 450μL 

Bioline, MyTaq Red Mix  
25μL 625μL 

Forward primer, 20 μM 
(8F)  1μL 25μL 

Reverse primer, 20 μM 
(519R)  1μL 25μL 

Total 45μL 1125μL 

 

Table 5: Mastermix compositions for fungi. 

Content Amount per 
reaction 

Amount per 25 
reactions 

Sterilized Ultrapure water 21μL 525μL 

Bioline, MyTaq Red Mix  
25μL 625μL 

Forward primer, 20 μM 
(ITS5)  1μL 25μL 

Reverse primer, 20 μM 
(ITS4)  1μL 25μL 

Total 48μL 1200μL 

 

 



34 

  

The master mixes were prepared in PCR tubes. Five μL of crude bacteria DNA extract 

were added into 45μL of bacteria mastermix while 2 μL of crude fungus DNA extract 

were added into 48μL of fungi mastermix. DNA amplification was performed in a PCR 

machine with following conditions for 35 cycles: 

 

PCR setting:  

• Initial denaturation: 95ºC for 5 minute  

• Condition for the remaining 29 cycles:  

  Denaturation process: 95ºC for 30 seconds  

  Annealing process: 55ºC for 30 seconds  

  Extension process: 72ºC for 30 seconds  

  Final elongation at 72ºC for 5 minutes  

• The final PCR products were on hold at 4ºC. 

The PCR products was analysed on a 1 % (w/v) agarose gel with 3 μL of Midori stain 

(Nippon Genetics Europe GmBH, Duren, Germany) added to it for visualization under 

UV light. Bio-Rad Gel Documentation EQ System for DNA/RNA Gel Photos was used 

to visualize and capture the gel image of the PCR products. 

 

2.2.6 (c) Sequencing analysis  

The end products of PCR were sent to First Base Laboratories Sdn Bhd, Selangor, 

Malaysia, for DNA sequencing. The sequence results obtained were analysed by 

matching to the known 16S rRNA gene sequences in the Genbank database (70)  using 

BLAST (Basic Local Alignment Search Tool) of the National Centre for Biotechnology 

Information (71). Mega 6 was used to create phylogenetic tree by the used of maximum 

likelihood method (72). 
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2.2.7 Soil texture analysis (206) 

Soil samples were air-dried prior to the soil texture analysis. Ten grams of air-dried soil 

sample were transferred into a 2L form beaker. Fifty mL of 20% v/v hydrogen peroxide 

were added into the beaker and the beaker was covered with a watch glass. The mixture 

was left overnight. The overnight beaker was boiled for around 2 hours. Hydrogen 

peroxide was added until no further reaction was available to avoid formation of 

effervescence. The mixture was boiled vigorously until all hydrogen peroxide was 

removed. Calgon was prepared beforehand by dissolving 50g of commercial mixture of 

sodium hexametaphosphate and sodium carbonate to 1L of solution. The Calgon was 

added into the boiled mixture and left overnight. Then, the overnight culture was 

transferred into a 1L reagent bottle and made up to 500mL with water. The mixture was 

then stirred for 10 minutes with high-speed stirrer. The dispersed solution was then 

transferred into a 1L measuring cylinder and made up to the 1L mark. The temperature 

of the solution was measured. The suspension was mixed thoroughly with a special 

plunger. All the particles were allowed to settle down before the timing of settling was 

taken. Pipette was lowered into the cylinder 10cm below the suspension surface at 

appropriate sampling time to withdraw 20ml of suspension for silt and clay. The content 

in the pipette was drained in a weighed crucible and dried in an oven at 105ºC. The 

weight was collected after the content was dried and cooled in a desiccator. The same 

steps were repeated for clay content from the depth of 6cm below suspension surface.  

 

Table 6: Sampling times for silt-clay and clay (206). 

Temperature ºC Silt – Clay (Settling time for 

sand) 

Clay (Settling time for 

sand/silt) 

26 4 min. 03 s 4 h 03 min 

27 3 min 57 s 3 h 58 min 

28 3 min 52 s 3 h 52 min 

29 3 min 47 s 3 h 47 min 

30 3 min 42 s 3 h 43 min 
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After that, supernatant liquid from the cylinder was decanted off. Sediment was 

transferred and washed into a 600mL beaker with a 10cm mark from the base. Water 

was added to allow sedimentation of sand to occur for a period required at the observed 

temperature (refer to Table 6). Most of the liquid was then slowly decanted off. This 

process was repeated until supernated liquid was perfectly clear. The sand was 

transferred into a weighed crucible and dried in an oven overnight at 105ºC. The weight 

of sand was recorded the next day. Five mL of Calgon solution was transferred into a 

weighed crucible and dried in an oven at 105ºC and weighted. Calculation of contents 

was recorded as below; 

 

Weight of clay: 

50 x (weight of oven dry residue from 2nd sampling) – weight of 5mL Calgon. 

Weight of silt and clay: 

50 x (weight of oven dry residue from 1st sampling) – weight of 5mL Calgon. 

Weight of silt: 

 Weight of silt and clay – weight of clay. 

 

 

Percentage of sand, silt and clay: 

  

% sand = 100 x (weight of sand) / (weight of sand + silt + clay) 

% silt = 100 x (weight of silt) / (weight of sand + silt + clay) 

% clay = 100 x (weight of clay) / (weight of sand + silt + clay) 
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2.3 Results and Discussion 

2.3.1 Preliminary screening of potential microorganisms by using 

selective media and colorimetric technique 

Soil samples were collected from few plantations with Eucalyptus pellita within 

Sarawak, Malaysia. The microorganisms that were living in the rhizopheric atmosphere 

associated to the tree are believed be to plant growth promoting rhizospheric bacteria 

(PGPR) that could promote plant growth. Four characteristics of plant growth 

promoting microorganisms were targeted in this study, which were, nitrogen fixing, 

indole-3-acetic acid (IAA) producing, phosphate and potassium solubilizing. These 

plant growth prmoting microorganisms not only made available important nutrients for 

plant growth, they would also produce IAA that could stimulate plant hormone to 

improve growth. Studies have shown that these PGPR have vast potential in promoting 

plant growth (73)(74)(34)(75)(76). Hence, the focus of this study was on the isolation of 

microorganisms with the four characteristics mentioned above.  

 

Selective media and colorimetric technique were used for the primary screening of plant 

growth promoting microorganisms. Pikovskaya’s medium agar and Aleksandrow’s 

medium agar were used to screen for phosphate and potassium solubilizing 

microorganisms. The clear zone formation surrounding the microorganisms colonies 

were the indication of phosphate and potassium solubilisation. For nitrogen fixation 

screening, Jensen’s medium agar was used together with the addition of bromothymol 

blue solution. Colonies that formed blue colour zone within their surrounding were 

indication of nitrogen fixation. On the other hand, colorimetric technique was used to 

screen for IAA production. Culture broth that turned pink or red colour was the 

indication of IAA production. All the microorganisms that showed indications 

mentioned above were considered as positive results.  
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Table 7: total number of microorganisms with specific functions isolated from soil 

samples. 

  Numbers of isolates 

Nitrogen fixing 18 

Phosphate solubilizing 5 

Potassium solubilizing 4 

IAA producing 19 

 

A total of 46 potential isolates were isolated from the soil samples (Table 7). Five of the 

isolates were phosphate solubilizer while 4 of them were potassium solubilizer. 

Eighteen of the isolates were nitrogen fixer while the remaining 19 isolates were IAA 

producer. Studies have shown that microorganisms with the above capabilities could be 

isolated.  

 

A study showed that 23 nitrogen fixing bacteria strains were successfully isolated from 

two plant species Calligonum polygonoides and Lasiurus sindicus (77). Eleven strains 

of nitrogen fixing strains were isolated from wild rice species (78). A study conducted 

on the rhizosphere of banana plant showed that 12 strains isolated were phosphate 

solubilizing and IAA producing bacteria (79). An isolation work on soil samples 

collected from different region of India showed that 14 isolates were potassium 

solubilizing (74).  

 

These microorganisms were then isolated onto their respective agar medium for 

purification and identification purposes. Figure 9 showed the screening of 

microorganisms of interest. 
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Figure 7: Screening for microorganisms with plant-growth-promoting characteristics. . 

The formation of clear zone by potential isolates on selective media Pikovskaya’s 

medium (A) and Aleksandrow’s medium (B) agar plates indicated phosphate and 

potassium solibilization. The blue colour zone formed around the colour on Jensen’s 

medium (C) indicated nitrogen fixation while pinkish coloured solution formed with 

Salkowski’s reagent (D) indicated IAA production. 
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2.3.2 Identification of the isolates 

All 46 isolates were identified by using molecular identification method through DNA 

sequencing of the 16S rRNA sequence. DNA extraction method by Phenol-Chloroform 

and Freeze & Thaw were used to extract the isolates’ crude DNA. Four universal primer 

sets were used to target the 16S rRNA sequence. Two sets; 8F (5’-

AGAGTTTGATCCTGGCTCAG- 3’) and 1541R (5’ – 

AAGGAGGTGATCCAGCCGCA- 3’) were used for bacteria sequence, while the other 

two sets, ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and ITS5 (5'-

GGAAGTAAAAGTCGTAACAAGG-3') were used for fungus sequence. Figure 10 

showed the PCR products obtained. The PCR products were then sent for Sanger 

sequencing and the sequence results obtained were analysed by matching to the known 

16S rRNA gene sequences in the Genbank database (70)  using BLAST (Basic Local 

Alignment Search Tool) of the National Centre for Biotechnology Information (71).  

 

Figure 8: The visualization of PCR products for bacteria isolates (A) and fungal 

isolates (B) were observed on 1 % agarose gel by gel electrophoresis method. The gel 

image was viewed and captured by Bio-Rad Gel Documentation EQ system. 
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The BLAST results of all the sequences for each isolates were tabulated in Table 8 - 11. 

The matching species of isolates were selected based on the reference query cover and 

identity percentage that were not lower than 80% for both categories. The species with the 

highest possible percentage in both categories were selected together with accession number 

for the closest match species.  

Table 8: The closest match obtained from Genbank database based on partial 16S 

rRNA sequence for phosphate solubilizing isolates. The closest match was selected 

based on query cover percentage (%) in base pairs and identity percentage (%). 

Phosphate Solubilizing Isolates 

Isolates Closest match 
Accession number for 

closest match 

Query cover 

(%) 

Identity 

(%) 

P1 
Tolypocladium 1 

WL-2011 
gi|569534346|KF747259.1 99 97 

P2 
Purpureocillium 

lilacinum 
gi|523713943|KC157751.1 99 99 

P3 
Clonostachys 

rosea 
gi|639126856|KJ588219.1 97 99 

P4 
Paramyrothecium 

roridum 
gi|429472640|JX867215.1 99 99 

P5 
Talaromyces 

aculeatus 
gi|727366081|KM458839.1 98 99 

 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/569534346?report=genbank&log$=nucltop&blast_rank=4&RID=Y057JYJP01R
https://www.ncbi.nlm.nih.gov/nucleotide/523713943?report=genbank&log$=nucltop&blast_rank=8&RID=Y05F0M1701R
https://www.ncbi.nlm.nih.gov/nucleotide/639126856?report=genbank&log$=nucltop&blast_rank=3&RID=Y05U5FPJ01R
https://www.ncbi.nlm.nih.gov/nucleotide/429472640?report=genbank&log$=nucltop&blast_rank=2&RID=Y05MY4AE014
https://www.ncbi.nlm.nih.gov/nucleotide/727366081?report=genbank&log$=nucltop&blast_rank=1&RID=Y05C9N3N014
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The identities of five phosphate solubilizing microorganisms were identified. However, 

none of the strains listed above were reported to solubilize phosphate. Therefore, it would 

be a new discovery if all these five strains were to be proven as phosphate solubilizer. Gaur 

reported that other than these two genera of bacteria, Achromobacter, Agrobacterium, 

Serratia were also capable in solubilizing phosphorus in varying amounts (202). A 

study carried out showed that Pseudomonas fluorescens was one of the top isolated 

strains in phosphate solubilisation (80).  

 

Table 9: The closest match obtained from Genbank database based on partial 16S 

rRNA sequence for potassium solubilizing isolates. The closest match was selected 

based on query cover percentage (%) in base pairs and identity percentage (%). 

Potassium Solubilizing Isolates 

Isolates Closest match 
Accession number for 

closest match 

Query cover 

(%) 

Identity 

(%) 

K1 
Aspergillus 

flavus 
gi|951312099|KT067755.1 98 99 

K2 
Rhizochaete 

filamentosa 
gi|817033641|KP135411.1 97 88 

K3 
Lysinibacillus 

fusiformis 

gi|1061055476|KX444651.

1 

95 93 

K4 
Pycnoporus 

coccineus 
gi|748042115|KJ862071.1 98 99 

 

 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/951312099?report=genbank&log$=nucltop&blast_rank=3&RID=Y05ZC02Z016
https://www.ncbi.nlm.nih.gov/nucleotide/817033641?report=genbank&log$=nucltop&blast_rank=21&RID=Y0626RG501R
https://www.ncbi.nlm.nih.gov/nucleotide/1061055476?report=genbank&log$=nucltop&blast_rank=2&RID=Y06ZRDT701R
https://www.ncbi.nlm.nih.gov/nucleotide/1061055476?report=genbank&log$=nucltop&blast_rank=2&RID=Y06ZRDT701R
https://www.ncbi.nlm.nih.gov/nucleotide/748042115?report=genbank&log$=nucltop&blast_rank=5&RID=Y05XM7MZ01R
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Four strains of potassium solubilizing microorganisms were identified. Researches were 

conducted and proven that Aspergillus spp. and bacillus spp. were capable of promoting 

plant growth by solubilize phosphate (25)(81). No information of plant growth 

promoting was discovered for the other two strains. However, Fomitopsis meliae and 

Aspergillus tubingensis was found to be able to solubilize potassium from a study 

carried out on isolation of potassium solubilizer from arid soil (82). Bacillus 

mucilaginosus was also reported to be potassium solibilizer from a study carried on the 

effect of potassium solubilizing microorganisms on the growth of cucumber and pepper 

(83).  
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Table 10: The closest match obtained from Genbank database based on partial 16S 

rRNA sequence for nitrogen fixing isolates. The closest match was selected based on 

query cover percentage (%) in base pairs and identity percentage (%). 

Nitrogen Fixing Isolates 

Isolates Closest match 
Accession number for 

closest match 

Query cover 

(%) 

Identity 

(%) 

N1 
Hyphomucor 

assamensis 
gi|409185613|JN206211.1 94 99 

N2 
Lysinibacillus 

xylanilyticus 
gi|1044894537|KX254351.1 100 98 

N3 
Lysinibacilus 

sphaericus 
gi|822620069|KP347685.1 98 98 

N4 
Lysinibacillus 

xylanilyticus 
gi|985484541|KU597545.1 100 99 

N5 
Lysinibacillus 

xylanilyticus 
gi|985484541|KU597545.1 99 99 

N6 
Bosea 

robiniae 
gi|566084974|NR_108516.1 99 97 

N7 
Lysinibacilus 

sphaericus gi|822620069|KP347685.1 99 98 

N8 
Lysinibacillus 

xylanilyticus 
gi|985484541|KU597545.1 100 99 

N9 
Bacillus 

altitudinis 
gi|1043221193|KX230132.1 100 98 

https://www.ncbi.nlm.nih.gov/nucleotide/409185613?report=genbank&log$=nucltop&blast_rank=1&RID=Y04ZN22Z014
https://www.ncbi.nlm.nih.gov/nucleotide/1044894537?report=genbank&log$=nucltop&blast_rank=6&RID=Y09U35J401R
https://www.ncbi.nlm.nih.gov/nucleotide/822620069?report=genbank&log$=nucltop&blast_rank=1&RID=Y08R312S01R
https://www.ncbi.nlm.nih.gov/nucleotide/985484541?report=genbank&log$=nucltop&blast_rank=1&RID=Y0A2JFMD01R
https://www.ncbi.nlm.nih.gov/nucleotide/985484541?report=genbank&log$=nucltop&blast_rank=1&RID=Y0A5GHEK014
https://www.ncbi.nlm.nih.gov/nucleotide/566084974?report=genbank&log$=nucltop&blast_rank=10&RID=Y071KMPU01R
https://www.ncbi.nlm.nih.gov/nucleotide/822620069?report=genbank&log$=nucltop&blast_rank=2&RID=Y0A6Y6W4014
https://www.ncbi.nlm.nih.gov/nucleotide/985484541?report=genbank&log$=nucltop&blast_rank=1&RID=Y0A961BV01R
https://www.ncbi.nlm.nih.gov/nucleotide/1043221193?report=genbank&log$=nucltop&blast_rank=2&RID=Y0ABGY44015
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N10 
Lysinibacillus 

xylanilyticus 
gi|379975141|JN999887.1 99 95 

N11 
Bacillus 

cereus 
gi|411172654|JX847612.1 99 99 

N12 
Lysinibacilus 

sphaericus 
gi|557042157|KF598850.1 100 98 

N13 
Bacillus 

cereus 
gi|954050468|KT719719.1 100 98 

N14 
Lysinibacilus 

sphaericus 
gi|530758759|KF527213.1 100 98 

N15 
Lysinibacillus 

boronitolerans 
gi|513136792|KF025654.1 99 98 

N16 
Alcaligenes 

faecalis 
gi|1037234700|KX118706.1 99 99 

N17 
Rhodococcus 

agglutinans 

gi|1024974913|NR_136860.

1 

99 97 

N18 
Bacillus vireti 

LMG 21834 
gi|631252898|NR_114096.1 98 96 

Eighteen of the isolated strains were identified. Out of the 18, most of the strains were 

connected to the family of Bacillus genus. Bacillus spp. was not only discovered to be 

nitrogen fixer. They were capable of solubilizing phosphate and IAA production 

(25)(81). Azospirillum spp. were proven of fixing nitrogen from a review which studied 

on this particular strain, thus classifying this bacteria species to be nitrogen fixer (84). 

https://www.ncbi.nlm.nih.gov/nucleotide/379975141?report=genbank&log$=nucltop&blast_rank=1&RID=Y0AE371801R
https://www.ncbi.nlm.nih.gov/nucleotide/411172654?report=genbank&log$=nucltop&blast_rank=2&RID=Y0AHTRRV01R
https://www.ncbi.nlm.nih.gov/nucleotide/557042157?report=genbank&log$=nucltop&blast_rank=1&RID=Y0AKTE2M01R
https://www.ncbi.nlm.nih.gov/nucleotide/954050468?report=genbank&log$=nucltop&blast_rank=2&RID=Y0AP57RG01R
https://www.ncbi.nlm.nih.gov/nucleotide/530758759?report=genbank&log$=nucltop&blast_rank=1&RID=Y0ARPMM3014
https://www.ncbi.nlm.nih.gov/nucleotide/513136792?report=genbank&log$=nucltop&blast_rank=1&RID=Y0996NPZ01R
https://www.ncbi.nlm.nih.gov/nucleotide/1037234700?report=genbank&log$=nucltop&blast_rank=1&RID=Y0772F9T01R
https://www.ncbi.nlm.nih.gov/nucleotide/1024974913?report=genbank&log$=nucltop&blast_rank=1&RID=Y00T6Z8X016
https://www.ncbi.nlm.nih.gov/nucleotide/1024974913?report=genbank&log$=nucltop&blast_rank=1&RID=Y00T6Z8X016
https://www.ncbi.nlm.nih.gov/nucleotide/631252898?report=genbank&log$=nucltop&blast_rank=1&RID=Y01MYPHN01R
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Table 11: The closest match obtained from Genbank database based on partial 16S 

rRNA sequence for IAA producing isolates. The closest match was selected based on 

query cover percentage (%) in base pairs and identity percentage (%). 

IAA Producing Isolates 

Isolates Closest match 
Accession number for 

closest match 

Query cover 

(%) 

Identity 

(%) 

I1 
Peinibacillus 

quercus 

gi|961555147|NR_134116.

1 

98 94 

I2 
Phomopsis sp. 

122AC/L 
gi|283856803|GU066685.1 99 99 

I3 
Bacillusci vireti 

LMG 21834 

gi|631252898|NR_114096.

1 

98 96 

I4 
Lysinibacilus 

sphaericus 
gi|745286365|KJ767311.1 89 87 

I5 
Lysinibacilus 

sphaericus 
gi|151579992|EF690423.1 100 97 

I6 
Lysinibacillus 

fusiformis 
gi|756118028|CP010820.1 93 97 

I7 
Rigidoporus 

vinctus 

gi|1026358864|KU194316.

1 

97 99 

I8 
Penicillium 

citrinum 

gi|1050550526|KX664347.

1 

97 99 

I9 
Lysinibacillus 

fusiformis 

gi|1012638202|KU179364.

1 

96 92 

https://www.ncbi.nlm.nih.gov/nucleotide/961555147?report=genbank&log$=nucltop&blast_rank=5&RID=Y00W9GYC01R
https://www.ncbi.nlm.nih.gov/nucleotide/961555147?report=genbank&log$=nucltop&blast_rank=5&RID=Y00W9GYC01R
https://www.ncbi.nlm.nih.gov/nucleotide/283856803?report=genbank&log$=nucltop&blast_rank=1&RID=Y049HS8001R
https://www.ncbi.nlm.nih.gov/nucleotide/631252898?report=genbank&log$=nucltop&blast_rank=1&RID=Y01MYPHN01R
https://www.ncbi.nlm.nih.gov/nucleotide/631252898?report=genbank&log$=nucltop&blast_rank=1&RID=Y01MYPHN01R
https://www.ncbi.nlm.nih.gov/nucleotide/745286365?report=genbank&log$=nucltop&blast_rank=4&RID=XZRAUU86016
https://www.ncbi.nlm.nih.gov/nucleotide/151579992?report=genbank&log$=nucltop&blast_rank=2&RID=XZZJ0P4U01R
https://www.ncbi.nlm.nih.gov/nucleotide/756118028?report=genbank&log$=nucltop&blast_rank=5&RID=Y06APPFN01R
https://www.ncbi.nlm.nih.gov/nucleotide/1026358864?report=genbank&log$=nucltop&blast_rank=1&RID=Y02DJKT901R
https://www.ncbi.nlm.nih.gov/nucleotide/1026358864?report=genbank&log$=nucltop&blast_rank=1&RID=Y02DJKT901R
https://www.ncbi.nlm.nih.gov/nucleotide/1050550526?report=genbank&log$=nucltop&blast_rank=2&RID=Y043KAM3014
https://www.ncbi.nlm.nih.gov/nucleotide/1050550526?report=genbank&log$=nucltop&blast_rank=2&RID=Y043KAM3014
https://www.ncbi.nlm.nih.gov/nucleotide/1012638202?report=genbank&log$=nucltop&blast_rank=2&RID=Y004Y34E01R
https://www.ncbi.nlm.nih.gov/nucleotide/1012638202?report=genbank&log$=nucltop&blast_rank=2&RID=Y004Y34E01R
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I10 
Paenibacillus 

lautus 
gi|254682024|GQ284372.1 93 98 

I11 
Lysinibacilus 

sphaericus 
gi|530758759|KF527213.1 97 94 

I12 
Lysinibacilus 

sphaericus 
gi|33468787|AB116123.1 96 96 

I13 

Bacillus 

pseudomycoide

s 

gi|605060080|KJ188740.1 98 99 

I14 
Bacillus 

thuringiensis 
gi|940376846|KR809376.1 97 97 

I15 
Lysinibacilus 

sphaericus 
gi|530758759|KF527213.1 94 92 

I16 
Lysinibacillus 

pakistanensis 

gi|1024638643|KU983851.

1 

99 91 

I17 
Aspergillus 

flavus 
gi|763868845|KM115164.1 100 99 

I18 
Bacillus 

luciferensis 

gi|219878372|NR_025511.

1 

100 96 

I19 
Streptomyces 

psammoticus 
gi|268529004|GU166432.1 96 97 

A review showed that various studies conducted using Azospirillum spp. were proven to 

be able to produce IAA. They were classified as IAA producing bacteria (84).  Another 

study on isolation of rhizospheric microorganisms showed that Pseudomonas 

aeruginosa was one of the major IAA producers.  

https://www.ncbi.nlm.nih.gov/nucleotide/254682024?report=genbank&log$=nucltop&blast_rank=2&RID=Y007WTUD01R
https://www.ncbi.nlm.nih.gov/nucleotide/530758759?report=genbank&log$=nucltop&blast_rank=1&RID=Y00KW4PM01R
https://www.ncbi.nlm.nih.gov/nucleotide/33468787?report=genbank&log$=nucltop&blast_rank=3&RID=Y012SM3V016
https://www.ncbi.nlm.nih.gov/nucleotide/605060080?report=genbank&log$=nucltop&blast_rank=1&RID=Y09B9WGG01R
https://www.ncbi.nlm.nih.gov/nucleotide/940376846?report=genbank&log$=nucltop&blast_rank=2&RID=Y017V4XA016
https://www.ncbi.nlm.nih.gov/nucleotide/530758759?report=genbank&log$=nucltop&blast_rank=1&RID=Y01C0ZC001R
https://www.ncbi.nlm.nih.gov/nucleotide/1024638643?report=genbank&log$=nucltop&blast_rank=6&RID=Y01T1DZ5014
https://www.ncbi.nlm.nih.gov/nucleotide/1024638643?report=genbank&log$=nucltop&blast_rank=6&RID=Y01T1DZ5014
https://www.ncbi.nlm.nih.gov/nucleotide/763868845?report=genbank&log$=nucltop&blast_rank=3&RID=Y05VV0M6014
https://www.ncbi.nlm.nih.gov/nucleotide/219878372?report=genbank&log$=nucltop&blast_rank=1&RID=Y067K8TU014
https://www.ncbi.nlm.nih.gov/nucleotide/219878372?report=genbank&log$=nucltop&blast_rank=1&RID=Y067K8TU014
https://www.ncbi.nlm.nih.gov/nucleotide/268529004?report=genbank&log$=nucltop&blast_rank=1&RID=Y06T17SF01R
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Table 12: The closest match of strains identity obtained after comparison with 

Genbank database. 

No. Strain Identity Obtained 
Number 

of isolates 
Strain species 

1 Tolypocladium 1 WL-2011 1 Tolypocladium spp. 

2 Purpureocillium lilacinum 1 Purpreocillium spp. 

3 Clonostachys rosea 1 Clonostachys spp. 

4 Paramyrothecium roridum 1 Paramyrothecium spp. 

5 Talaromyces aculeatus 1 Talaromyces spp. 

6 Aspergillus flavus 2 Aspergillus spp. 

7 Rhizochaete filamentosa 1 Rhizochaete spp. 

8 Pycnoporus coccineus 1 Pycnoporus spp. 

9 Hyphomucor assamensis 1 Hyphomucor spp. 

10 Bosea robiniae 1 Bosea spp. 

11 Alcaligenes faecalis 1 Alcaligenes spp. 

12 Rhodococcus agglutinans 1 Rhodococcus spp. 

13 Phomopsis sp. 122AC/L 1 Phomopsis spp.  

14 Rigidoporus vinctus 1 Rigidoporus spp. 

15 Penicillium citrinum 1 Penicillium spp. 

16 Streptomyces psammoticus 1 Streptomyces spp. 
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17 Peinibacillus quercus 1 
Paenibacillus spp. 

18 Paenibacillus lautus 1 

19 Bacillus pseudomycoides 1 

Bacillus spp. 

20 Bacillus vireti LMG 21834 2 

21 Bacillus thuringiensis 1 

22 Bacillus luciferensis 1 

23 Bacillus cereus 1 

24 Bacillus altitudinis 1 

25 Lysinibacillus fusiformis 3 

Lysinibacillus spp. 

26 Lysinibacillus xylanilyticus 5 

27 Lysinibacilus sphaericus 9 

28 Lysinibacillus boronitolerans 1 

29 Lysinibacillus pakistanensis 1 

Out of 46 strains of microorganisms that were identified, 29 different species were 

obtained. Some of the strains were isolated more than once. Nine strains of 

Lysinibacilus sphaericus were isolated from the soil samples. Lysinibacillus 

xylanilyticus was also isolated for 5 times while Lysinibacillus fusiformis was isolated 

for 3 times. The other two strains Bacillus vireti and Aspergillus flavus were each 

isolated twice. More than one strain of species was isolated from the following 3 

bacteria species; Paenibacillus spp., Bacillus spp., and Lysinibacillus spp. 
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Mega 6 was used to create phylogenetic tree by the used of maximum likelihood 

method based on the Tamura-Nei model (72). The phylogenetic tree for phosphate 

solubilizing, potassium solubilizing, nitrogen fixing and IAA producing isolated were 

tabulated in figure 11 - 14. The phylogenetic tree is a diagram that portrays the lines of 

the evolutionary origin of different species, organisms or genes which shared a common 

ancestor (85). 

Figure 9: Phylogenetic tree shows the position of the phosphate solubilizing isolates, 

based on the partial 16S rRNA sequence comparison. The phylogenetic tree was 

constructed based on Maximum Likelihood method. 
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Figure 10: Phylogenetic tree shows the position of the potassium solubilizing isolates, 

based on the partial 16S rRNA sequence comparison. The phylogenetic tree was 

constructed based on Maximum Likelihood method. 
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Figure 11: Phylogenetic tree shows the position of the nitrogen fixing isolates, based on 

the partial 16S rRNA sequence comparison. The phylogenetic tree was constructed 

based on Maximum Likelihood method. 
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Figure 12: Phylogenetic tree shows the position of the IAA producing isolates, based 

on the partial 16S rRNA sequence comparison. The phylogenetic tree was constructed 

based on Maximum Likelihood method. 
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2.3.3 Soil texture analysis and microorganisms isolated 

Soil samples collected were analysed for their texture characteristics according to the 

practise carried out in Sarawak Forestry Corporation, Sarawak, Malaysia. Figure 15 

below showed the texture of soil samples collected from various sites. 

 

Figure 13: Texture of soil samples obtained from various locations within Eucalyptus 

pellita plantation. 

The calculation for percentage of sand, clit and clay were based on the formula 

mentioned in section 2.2.7. The figure showed that the soil texture for soil sample 2, 3 6 

and 8 were Sandy clay loam, while sample 4 and 7 were sandy loam. Soil sample 1 had 

more sand percentage in its texture, as it was categorized as loamy fine sand. On the 

other hand, soil sample 5 was categorized as clay loam. Almost all of the soil samples 

were considered as sandy soil texture except one, which was more of a clay texture due 

to higher clay concentration. Studies have shown that Eucalyptus pellita prefers to grow 

on sandy soils (86)(87). Most of the soil sample textures were sandy. The soil texture 

results served as a reference for soil texture in experimental pot design in chapter 4. 
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Cultivation of new lands for planting after slash-and-burn where uncultivated periods 

were shorten contributed to irreversible soil degradation and destruction of natural 

forests (205). High rainfall also caused loss of mobile nutrients from top soil (88). 

Sandy soil texture is the main issue of nutrient deficient found in Eucalyptus plantation. 

Most of the nutrients responsible for plant growth are absent in sandy soil found in 

Eucalyptus plantation (184). 

2.4 Summary 

The study of chapter 2 focused on the preliminary screening and characterization of the 

plant growth promoting rhizobacteria isolated from soil samples collected in Sarawak, 

Malaysia. Nitrogen fixing, indole-3-acetic acid producing, phosphate and potassium 

solubilizing microorganisms were successfully isolated by using selective mediums. 

Out of the 46 isolates, 4 isolates were potassium solubilizing microbes, 5 isolates were 

phosphate solubilizing microbes, 18 isolates were nitrogen fixing microbes while the 

remaining 19 isolates were IAA producing microbes. The isolates were identified. Out 

of the 46 isolates, 19 different members of genus were found with 29 different strains in 

total. The efficiencies of these isolates in promoting plant growth were evaluated in 

chapter 3.The soil texture of the soil samples collected was also evaluated. The soil 

textures were found to be the cause of nutrient deficiency in Eucalyptus plantation.  
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CHAPTER 3:  

EVALUATING THE 

EFFICIENCY OF 

ISOLATED 

MICROORGANISMS AS 

POTENTIAL PLANT 

GROWTH PROMOTING 

INOCULANT 
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3.1 Introduction 

Chemical fertilizers are use in agriculture to offer nutrients to the plants. Nonetheless, 

community apprehension regarding the prolonged use of chemical fertilizer is 

accumulating. Overusing of chemical fertilizer could lead to major negative impact to 

the environment (89). A practically dead community happened in the “dead zone” in the 

Gulf of Mexico across the Mississippi Basin where oxygen starvation caused by the 

nutrients washing from fertilized farm, was an example of the impacts caused by over 

application of chemical fertilizer (90). Inoculation of plant growth promoting 

rhizobacteria (PGPR) is the biological way to reduce the use of chemical fertilizer. 

PGPR facilitated plant growth through the alteration of diverse group of bacteria living 

in the rhizosphere at plant root surface and associates with the roots, which promote the 

feature of plant growth direct or indirectly by secretion of various substances (91). 

PGPR facilitate plant growth by simplifying resource acquisition (phosphorus, nitrogen 

and crucial minerals) directly, tempering plant hormone level, or indirectly acts as 

biocontrol agents to inhibits various pathogens on plant (92). A large community of 

bacteria species such as Arthrobacter, Pseudomonas, Enterobacter, Azospirillum, 

Bacillus, Azotobacter, Klebsiella, Serratia, Alcaligenes and Burkholderia have been 

discovered to improve plant growth (25)(81).  

Earth atmosphere accounted for 78% of nitrogen, but unfortunately, this nitrogen is not 

available to plants. Nitrogen is known to be the most crucial nutrient for plant in terms 

of growth and yield. Biological nitrogen fixation changes the nitrogen in the atmosphere 

into ammonia by nitrogen fixing microorganisms by undergoing a multifaceted enzyme 

system known as nitrogenase in order to convert it into plant-utilizable form (76). 

Soil in the ground is a bulky reservoir of Phosphorus. Phosphorus is available lavishly 

in soils in both inorganic and organic form. However, the amount available forms that is 

acceptable for plant uptake is in general insufficient (93). The low availability is due to 

plants consume phosphorus through two soluble forms, while most of the available 

phosphorus are in insoluble forms (75). Phosphorus is regarded as the second most 

important nutrient for plant after nitrogen. Phosphate solubilizing bacteria are able to 

solubilize the insoluble form of phosphorus into soluble form phosphate for plant intake.  
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Potassium is the third most crucial nutrients for plant, which is essential in the growth 

and development of plants. Potassium helps in plant photosynthesis, transportation of 

compounds in plants, adjusting plant cellular osmotic pressure and activation of 

enzymes (94).  In general, lacks of potassium affects the plants in the leaves, slow 

growth and affected root development (95). Naturally, the amount of available 

potassium for plant is very in soil. Potassium solubilizing microorganisms release 

organic acid to transform the complex form of potassium from minerals into simple 

form that is available for plant intake (74)(96). 

Indole-3-acetic acid (IAA) plays an important role in the interaction between 

rhizobacteria and plants (34). IAA functions as a mutual indicating molecule that affects 

the gene expression in numerous microorganisms. In general, IAA affects plant cell 

complexities, stimulate tuber and seed germination, increase root development, 

biosynthesis for metabolites and resistance to stressful condition (97)(98). For a long 

time, microorganisms with the abilities to synthesis IAA had been discovered. It was 

found that 80% of microorganisms isolated from the rhizosphere have the ability to 

synthesize and secrete IAA as secondary metabolites (99). 

A very common phenomenon that occurs in soil is the antagonism between 

microorganisms. The survivability of plant pathogenic bacteria and fungi are affected by 

bacteria and fungi antagonists (100). Over the years, researches had shown that plants 

are having an intimate interaction with bacteria and fungi, and these bacteria and fungi 

are able to promote plant growth, at the same time, suppress plant pathogens as well 

(101)(100). High abundance of microorganisms were colonizing in the plant associated 

microenvironment, especially the rhizosphere (102). Studies had shown that between 1% 

and 35% of microbial isolated from plant associated habitats showed antagonistic ability 

to inhibit the growth of pathogens (102)(103). It was found that up to two thirds of the 

cultivable inhabitants were the isolates that exhibit plant growth promoting traits (104).  

Chapter 3 will focus on the effectiveness of the isolates from chapter 2 in promoting 

plant growth. These isolates were screened to be plant growth promoting 

microorganisms that have the ability to facilitate plant growth. Different quantitative 

bioassay will be conducted to evaluate the effectiveness of the isolates as plant growth 
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facilitators. The results obtained from the studies will be presented and discussed in this 

chapter.  
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3.2 Materials and Methodology 

3.2.1 Microorganism strains preparation 

Pure cultures isolated from step 2.2.3.2 (refer above) were grown in Nutrient Agar (NA) 

for bacteria and Potato Dextrose Agar (PDA) for fungus. All the culture plates were 

incubated in an incubator at 30ºC ± 2ºC for 4 days prior to the start of the experiments. 

Growths of the culture on the plates were observed. 

3.2.2 Screening of potential phosphate and potassium, nitrogen fixing 

and IAA producing microorganism isolates 

3.2.2 (a) Phosphate solubilizing (65) 

Pure cultures isolated with the ability to solubilizing phosphate were grown on 

Pikovskaya’s Agar and were then incubated at 30ºC ± 2ºC up to 3 days. Each culture 

was replicated into 3 different plates. Clear zone formations around the microorganism 

culture were recorded after 4 days. 

PSE (Phosphate Solubilization Efficiency) = 

Z / C x 100 

Z - Clearance zone including bacterial growth 

C - Colony diameter 

 

 

3.2.2 (b) Potassium solubilizing (105) 

Pure cultures isolated with the ability to solubilizing potassium were grown on 

Aleksandrow’s Agar and were then incubated at 30ºC ± 2ºC up to 3 days. Each culture 

was replicated into 3 different plates. Clear zone formations around the microorganism 

culture were recorded after 3 days. 
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KSE (Potassium Solubilization Efficiency) = 

Z / C x 100 

Z - Clearance zone including bacterial growth 

C - Colony diameter 

 

3.2.2 (c) Nitrogen fixing (77) 

Pure cultures isolated with the ability to fix nitrogen were grown on Jensen’s Medium 

Agar and were then incubated at 30ºC ± 2ºC up to 24 hours. Each culture was replicated 

into 3 different plates. Subsequently, 2mL of bromothymol blue solution were added 

onto all the culture plates and left for 30 minutes. Stains were washed off after 30 

minutes with deionized water and the blue colouring zones below the cultures were 

recorded.  

NFE (Nitrogen Fixing Efficiency) = 

Z / C x 100 

Z - Clearance zone including bacterial growth 

C - Colony diameter 

 

3.2.2 (d) IAA producing (106)(67)(107) 

Microorganism strains with the ability to produce indole-3-acetic Acid were inoculated 

into Nutrient Broth (NB) or Potato Dextrose Broth (PDB) with Tryptophan (1g/L). The 

broth cultures were incubated at 28ºC ± 2ºC and shaken at 150rpm up to 4 days. After 4 

days of incubation, the liquid cultures were then centrifuged at 13,400rpm by using 

microcentrifuge machine for 10 minutes, and 1 mL of the supernatant was then added 

into 1.5mL of Salkowski’s reagent in a universal bottle.  The mixture was incubated in 

the dark at room temperature for 75 minutes. The mixture was then read at 525nm by 

using a spectrophotometer. 
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3.2.3 Evaluating the efficiency of microorganism strains’ abilities 

through bioassay quantitative analysis 

3.2.3 (a) Phosphate – vanadate molybdate test (107) (108) 

Standard was prepared as comparison for microorganism’s sample. 219.5mg of 

anhydrous KH2PO4 were dissolved in 1L of deionized water to obtain 50.0 mg of PO4
3- 

- P. This stock solution was then directly used for standard preparation. The standard 

solution was diluted into different concentration of PO4
3- - P, which were 2mg/L, 4mg/L 

until 20mg/L subsequently. The standard solutions were treated with vanadate 

molybdate reagent, where yellow colour solution formed after 10 minutes of incubation. 

Microorganisms strains that passed though earlier screening were inoculated into 

Pikovskayas Broth and incubated at 30ºC ± 2ºC and shaken at 150rpm for 3 days. The 

broth cultures were then spun down at 13,400rpm for 5 minutes and the supernatants 

were mixed with vanadate molybdate reagent and deionized water. Absorbance readings 

at 420nm were taken after 10 minutes incubation by using a spectrophotometer. The 

following are the setup for test; 

 

Broth supernatant : 1.4mL 

Vanadate molybdate reagent : 

0.4mL 

Deionized water : 0.2mL 

 

 

3.2.3 (b) Potassium  

Due to shortage of lab equipment, potassium solubilizing test was not able to be carried 

out. Samples were sent to T&T Lab for potassium analysis. Selected microorganism 

strains were inoculated into Aleksandrov’s Broth and incubated at 30ºC ± 2ºC and 

shaken at 150rpm for 4 days. The broths were then centrifuged at 12,000rpm for 10 

minutes. A syringe was used to aspirate 20mL of the supernatant. The supernatants were 

then filter sterilized through 0.45μm PTFE syringe filter. The filtrates were then sent to 

T&T Lab for potassium content analysis by using Atomic Absorption Spectroscopy. 

 

Standard solution : 2.8mL 

Vanadate molybdate reagent : 0.8mL 

Deionized water : 0.4mL 
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3.2.3 (c) Ammonia Nitrogen Detection Test 

Standard was prepared as comparison for microorganism’s sample. Overnight dried 

NH4Cl of 3.918g were dissolved in 1000mL deionized water to obtain 1000mg/L NH3 

– N. The solution was then diluted into the 0.2mg/L, 0.4mg/L until 2.0mg/L and 4mg/L 

until 20 mg/L subsequently. Microorganism strains were inoculated into Jensen’s 

Medium Broth and incubated at 30ºC ± 2ºC and shaken at 150rpm for 4 days. Ammonia 

nitrogen detection was carried out by using the ammonia standards and cultures through 

spectrophotometer at 640nm after 1 hour incubation. The following are the setup for the 

test; 

 

2mL of ammonia standard or culture + 0.08mL phenol + 0.08mL sodium nitroprusside 

+ 0.2mL oxidising solution + incubation for 1 hour.  

 

Solution Composition 

Phenol 1.11mL of 89% liquefied phenol + 8.89mL of 95% ethanol 

Sodium 

nitroprusside 

0.05g sodium nitroprusside + 10mL deionized water 

Oxidising solution 10mL alkaline citrate solution + 2.5mL Chlorox 

Alkaline citrate 20g trisodium citrate + 1g sodium hydroxide + 100mL 

deionized water 

 

3.2.3 (d) Indole-3-Acetic Acid test with Salkowski’s reagent (106)(67)(107) 

Standards (Blank Nutrient Broth and Potato Dextrose Broth) were prepared as 

comparison for microorganism’s sample. Microorganism strains with the ability to 

produce indole-3-acetic Acid were inoculated into Nutrient Broth (NB) or Potato 

Dextrose Broth (PDB) with Tryptophan (1g/L). The broth cultures were incubated at 

28ºC ± 2ºC and shaken at 150rpm up to 4 days. 1.5mL of the culture was spun down at 

13.400rpm for 5 minutes. One mL of the supernatant was then mixed with 1.5mL of 

Salkowski’s reagent and incubated in the dark for 75 minutes at room temperature. 

Absorbance readings were taken with spectrophotometer at 525nm. 
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3.2.4 Antagonist test - antimicrobial and antifungal activities of 

selected strains (109) 

A total of 8 microorganism strains were selected, listed as below; 

1) Lysinibacillus sphaericus 

2) Bosea robiniae 

3) Paenibacillus quercus 

4) Lysinibacillus sphaericus 

5) Paramyrothecium roridum 

6) Tolypocladium sp. 1 WL-2011 

7) Lysinibacillus fusiformis 

8) Rhizochaete filamentosa 

 

 In order to find out the inhibition effect of microorganisms against each other, cross 

streaking method was chosen to be carried out. Nutrient agar was used in this method. 

Two strains of microorganisms were chosen from each function (nitrogen fixing, 

phosphate solubilizing, potassium solubilizing and IAA production). Only one of the 

strains from the two strains from each function was tested against other strains from 

other function at the time, without overlapping with each other. The main motive was to 

select only one strain from each function that does not inhibit the other microorganisms. 

So the selected strain was streaked in the middle of nutrient agar plate. The other strains 

from other function were streaked in a triangle covering the main strain in the middle. 

Triplicates were carried out for each test. The inoculated plates were incubated at 30ºC 

± 2ºC, up to four days. The inhibitions of the selected strains against other strains were 

observed from day to day depending on the growth rate of each culture.  
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3.2.5 Growth rate and total plate count of microorganism strains 

(I)  Indirect growth measurements – Optical density by the use of the 

Spectrophotometer  

Strains that passed through the bioassay quantitative analysis were selected for growth 

measurement. Strains were prepared by inoculated into 10mL of nutrient broth and 

incubated overnight in the incubator shaker at 30ºC and 150rpm. Visual density (OD) of 

the microorganism cultures were observed by using Spectrophotometer  with the 

wavelength of 600nm. Prior to the experiment, an empty nutrient broth was used as a 

blank solution to standardise the readings. The overnight cultures were then transferred 

into shake flasks containing 90mL of nutrient broth and mixed well. At time, t = t0, 

where the moment the cultures were transferred, the initial OD reading for each culture 

was taken immediately. One mL from each of the broth culture was pipetted into a 

cuvette for readings and then discarded after each reading. Triplicates readings were 

conducted for each culture. At every hour interval subsequently, the OD reading was 

taken until t = t8, which was the 8th hour, and then skipped until the 24th hour interval, 

where t = t24, which was the final OD reading.  

(II) Direct growth measurements – Serial dilutions and total plate counts  

The same strains as method above were selected for direct growth measurements 

method by measuring the colony-forming unit (CFU) and total plate count. In order to 

make the colonies of cultures countable, ten-fold serial dilution was carried out. Seven 

15mL falcon tubes were prepared beforehand. Nine mL of deionized water were 

transferred into each of the falcon tubes. One litre micropipettes was used to transfer 

1mL of the broth culture from the shake flask where the culture was undergoing 

exponential growth phase (method above) into the first falcon tube, which the dilution 

of 10-1 was obtained. The tube was overturned a few times to completely mix the 

solution. Then, 1mL of the solution was transferred into the second tube. These 

processes were repeated until obtaining the dilution of 10-7. The solution with the 

dilution factors 10-1, 10-2 and 10-3 (fungus culture) and 10-5, 10-6, 10-7was spread on 

nutrient agar and incubate in the incubator at 30ºC ± 2ºC for one day. The individual 
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colonies on each plate were counted on the next day. Below is the the calculation for the 

colony forming unit per millitre (CFU/mL); 

CFU/mL = number of colonies per mL plated / Total dilution factor 

3.2.6 Data analysis 

Experiments results were analysed by using analysis of t-Test (IBM SPSS Statistics 

v24): Two-sample assuming unequal variances, with statistical significance taken as p ≤ 

0.05. Microsoft Office Excel software was also used for data analysis. 

 

3.3 Result and Discussion 

Plant growth promoting rhizobacteria are the main focus in this study. These PGPR 

wield beneficial properties to plant growth and development. Enhanced nutrient 

availability and efficiency of nutrients uptake are those important mechanisms for these 

beneficial effects that PGPR could possess (200). Studies have shown that PGPR have 

the ability to influence plant growth by facilitating uptake of nutrients from the soil 

through various direct mechanisms and also synthesizing plant hormones, such as 

solubilisation of phosphorus and potassium, atmospheric nitrogen fixation, and 

synthesis of IAA plant growth hormone in order to make nutrients more available to the 

plants (74)(99)(75)(76). These PGPR isolated from Sarawak, Malaysia, were evaluated 

for their beneficial properties to plant growth. 

 

The growth rates of all the selected microorganism strains were studied. The growth rate 

of the microorganisms is an important factor that needed serious consideration due the 

implementation of pot trial experimental design that will be conducted in chapter 4. The 

different growth rate of microorganisms will affect the population of selected strain 

cultures added into the plants. In order to minimize the over population of certain strain, 

cultures population were needed to be analysed to grasp for the necessary preparation. 
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The ecological role of these PGPR and the interactions in the plant rhizospheres are 

essential for biotechnology applications. Study on their antagonistic characteristics is 

important to create a balance ecosystem of PGPR associated with the plant (110)(100). 

Colonization of sites, nutrients and minerals were the main focus of this study as they 

will affects the selection of strains needed for pot trail experimental design. 

 

3.3.1 Screening of potential phosphate and potassium, nitrogen fixing 

and IAA producing microorganism strains 

3.3.1 (a) Phosphate Solubilizing 

Selective medium, Pikovskaya’s Medium Agar was used in this test. A clear zone 

formation could be observed when phosphate solubilizing microorganisms were 

cultured on the medium due to the phosphate solubilisation in the neighbourhood of the 

colony (111). The diameters of clear zones were recorded according to the calculation 

mentioned in section 3.2.2 (a) after 4 days of incubation. The results of clear zone 

formation were presented in figure 16 below. 
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Figure 14: Selective medium Pikovskaya’s Medium plate assay to screen for the 

potential phosphate solubilizing microorganisms. The comparison of the clear zone 

formations for two differents strains after 4 days of incubation. 
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Figure 15: Clear zone diameter of phosphate solubilizing microorganisms on the 

4th day of the experiment.  
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Table 13: Clear zone diameter of phosphate solubilizing on the 4th day of the 

experiment.  

Code Clear Zone Diameter (cm) 

P1 1.8667 

P2 0.2000 

P3 0.6333 

P4 1.9833 

P5 0.1667 

P6 0.9667 

P7 0.8000 

 

The results of clear zone diameter of phosphate solubilizing by the used of selective 

medium were shown on Figure 17 and Table 13. Two additional strains, Bacillus spp. 

that were identified as nitrogen fixer were also tested together with the initial 5 isolated 

phosphate solubilizing strains. Table 17 showed that seven strains displayed phosphate 

solubilizing ability. Two strains, P1 and P4, were showing exceptionally high phosphate 

solubilizing ability. The clear zones formed by these two strains were 1.8667cm and 

1.9833cm respectively. They were about double the value of the next third highest clear 

zone formation, which was 0.9667cm by strain P6, followed by 0.8000cm by strain p7, 

0.6333cm by strain P3, 0.200cm by strain P2 and lastly 0.1667 by strain P5. Six strains 

with the higher phosphate solubilizing ability were selected for further evaluation by 

bioassay quantitative analysis.  

A study conducted showed that isolates of fluorescent Pseudomonas and Bacillus 

shown positive colonizing zones on Pikavskaya’s agar (79). Another study carried out 

showed that 60 strains isolated from Panax ginseng were capable of forming clear zone 

on Pikavskaya’s agar (80).  
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3.3.1 (b) Potassium Solubilizing 

Selective medium, Aleksandrow’s Medium Agar was used in this test. A clear zone 

formation could be observed when phosphate solubilizing microorganisms were 

cultured on the medium due to the phosphate solubilisation in the neighbourhood of the 

colony (105). The diameters of clear zones were recorded according to the calculation 

mentioned in section 3.2.2 (b) after 3 days of incubation. The results of clear zone 

formation were presented in figure 18 below. 

 

 
Figure 16: Selective medium Aleksandrow’s Medium plate assay to screen for the 

potential potassium solubilizing microorganisms. The comparison of the clear zone 

formations for two differents strains after 3 days of incubation. 
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Figure 17: Clear zone diameter of potassium solubilizing on the 3rd day of the 

experiment.  

Table 14: Clear zone diameter of potassium solubilizing on the 3rd day of the 

experiment.  

Code Clear Zone Diameter (cm) 

K1 0.2167 

K2 0.3667 

K3 0.1667 

K4 0.2000 

 

The results of clear zone diameter of potassium solubilizing by the used of selective 

medium were shown on Figure 19 and Table 14. Only four strains were successful in 

solubilizing potassium. The other isolates were unable to solubilize potassium 

unfortunately. Diameters of clear zone formations were not as impressive as phosphate 

solubilizing. The results of the four strains were close to each other, with strain K2 

emerging as the lead with 0.3667cm, followed by K1 with 0.2167cm, K4 with 

0.2000cm and lastly K3 with 0.1667cm. All four strains were selected for further 

evaluation by bioassay quantitative analysis. A study on isolation of bacteria from soil 

samples across different region of India showed that 14 isolates were showing signs of 

clear zone around the colonies on Aleksandrov’s medium agar (74).  
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3.3.1 (c) Nitrogen fixing 

Selective medium, Jensen’s Medium Agar and bromothymol blue solution were used in 

this test. A blue coloured zone formation could be observed when nitrogen fixing 

microorganisms were cultured on the medium (77). The diameters of clear zones were 

recorded according to the calculation mentioned in section 3.2.2 (c) after 3 days of 

incubation. The results of clear zone formation were presented in figure 20 below. 

 

 
Figure 18: Selective medium Jensen’s Medium plate assay to screen for the 

potential potassium solubilizing microorganisms. The comparison of the clear zone 

formations for two differents strains after 24 hours of incubation. 

 

 
Figure 19: Clear zone diameter of nitrogen fixing on the next day of the 

experiment.  

0

1

2

3

4

5

6

7

8

9

N
1

N
2

N
3

N
4

N
5

N
6

N
7

N
8

N
9

N
10

N
11

N
12

N
13

N
14

N
15

N
16

N
17

N
18

Cl
ea

r Z
on

e 
Di

am
et

er
 (c

m
)



75 

  

Table 15: Clear zone diameter of nitrogen fixing on the next day of the experiment.  

Code Clear Zone Diameter (cm) 

N1 0.7167 

N2 0.6830 

N3 1.0500 

N4 0.6500 

N5 0.9833 

N6 8.5000 

N7 0.7000 

N8 0.8000 

N9 0.7833 

N10 1.1500 

N11 0.7500 

N12 0.9333 

N13 0.7667 

N14 0.8167 

N15 0.9833 

N16 0.9333 

N17 0.6833 

N18 0.6667 
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The results of clear zone diameter of nitrogen fixation by the used of selective medium 

were shown on Figure 21 and Table 15. Eighteen strains isolated were considered as 

nitrogen fixer. Out of the 18 isolates, one strain, N6, showed particularly high nitrogen 

fixing ability, with 8.500cm, which is 800% more than the second highest value. In 

order to find out why N6 expressed such a high value, a detailed study of that 

microorganisms are required, which could be carried out in the further works after this 

experiment. The rest of the isolates had values from 1.1500cm to 0.6500cm. The six 

strains with the highest nitrogen fixing value were selected for further evaluation by 

bioassay quantitative analysis. They were N6 with 8.500cm, N10 with 1.1500cm, N3 

with 1.0500cm, N6 & N15 both with 0.9833cm, and lastly N16 with 0.9333cm. A study 

conducted showed that a total of 23 strains of bacteria were able to form zone of 

coloration on nitrogen free malate agar isolated from two plant species, Calligonum 

polygonoides and Lasiurus sindicus (77).  

 

 

3.3.1 (d) IAA production 

Colorimetric estimation method with the use of Optical Density (OD) by 

spectrophotometer was used in this test. Pinkish or dark red colour of the solution will 

form when the peroxidase enzyme reacts with Salkwoski’s reagents due to oxidation 

(106). The absorbance readings from spectrophotometer were recorded after 75 minutes 

of mixing and incubation in the dark. The pinkish and red coloured formation was 

presented in figure 22 below. 

 
Figure 20: Broth cultures of isolates after Salkowski’s reagent were added. Two 

isolates with colour in different density for comparison.  
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Figure 21: Absorbance reading of IAA production after incubation. 

 

Table 16: Absorbance reading of IAA production after incubation. 

Code Absorbance Reading (A) 
I1 0.0380 
I2 0.0490 
I3 0.1847 
I4 0.0463 
I5 0.0280 
I6 0.0140 
I7 0.0513 
I8 0.0560 
I9 0.0503 
I10 0.0890 
I11 0.0487 
I12 0.0683 
I13 0.0267 
I14 0.0583 
I15 0.0597 
I16 0.0403 
I17 0.0127 
I18 0.0537 
I19 0.0353 
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The results of Optical Density (OD) value by the used of spectrophotometer were 

shown on Figure 23 and Table 16. Nineteen isolates were found to have the ability to 

produce IAA. One individual strain, I3, once again showed very high value of reading, 

with 0.1847A, but it also had a very huge standard deviation. Detailed experiements had 

to be carried on I3 in order to fully understand its ability to secrete such a high reading. 

The rest of the 18 isolates had value ranges from 0.0890A to 0.0127A. Nevertheless, 

strain I3 with the highest absorbance reading but with huge standard deviation was 

chosen together with the 5 next strains with following highest value; I10 with 0.0890A, 

I12 with 0.0683A, I15 with 0.0596A, I14, with 0.0583A and lastly I8 with 0.056A, for 

further evaluation of IAA production through bioassay quantitative analysis. Ten 

isolates from the rhizosphere of banana plant were shown to be able of producing IAA 

from a study conducted (79). These ten isolates had varying degree of IAA produced. A 

study carried out on the isolation of rhizosperic bacteria from Panax ginseng showed 

that 50 isolated strains were IAA producer. 

3.3.2 Evaluating the efficiency of microorganism strains’ abilities 

through bioassay quantitative analysis 

3.3.2 (a) Phosphate – vanadate molybdate test 

Phosphate molybdate test was carried out to analyse the concentration of phosphate 

solubilized by the selected strains. Molybdophosphoric acid formed when soluble 

phosphate reacted with ammonium molybdate. With the presence of vanadium, 

vanadomolybdophosphoric acid formed in a yellow colour. Thus making the absorbance 

reading visible at the wavelength of 420nm (112).  
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Figure 22: Concentration of phosphate solubilized by the selected strains through 

vanadate molybdate test. Six strains and 2 standard cultures were tested. 

 

 

 

 

 

 

 

 

Table 17: Concentration of phosphate solubilized by the selected strains through 

vanadate molybdate test. Six strains and 2 standard cultures were tested. 

Code Mean (mg/L) 

P1 97.62 

P2 100 

P3 80.3567 

P4 100.593 

P5 13.45 

P6 30.236 

S1 2.6333 

S2 70.95 
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Two standard cultures with known phosphate solubilizing ability were tested in this 

vanadate molybdate test. These two microorganisms were Arthrobacter ureafaciens and 

Aspergillus niger. Both of them were known to have the ability to solubilize phosphate 

(113)(73)(80)(114)(115)(116)(117)(118)(119). They were used as a comparison for the 

other isolated strains in phosphate solubilizing concentration. Four strains showed very 

high concentration compared to standard strains. Strain P4 was the highest with 

100.593mg/L. Followed closely was P2, with 100mg/L. Strain P1 and P3 showed 

97.62mg/L and 80.3567mg/L respectively. The last two remaining strains P6 and P5 

were quite low in phosphate concentration, with 30.236mg/L and 13.45mg/L 

respectively. The strains with the highest concentration to the lowest are as follow; 

Paramyrothecium roridum, Tolypocladium sp. 1 WL-2011, Clonostachys rosea, 

Purpureocillium lilacinum, Talaromyces aculeatus, and Streptomyces gramineus. 

Studies had shown that Paramyrothecium roridum has the ability to solubilize 

phosphate (120)(121). Paramyrothecium roridum and Tolypocladium sp. 1 WL-2011 

were chosen for further evaluation due to their ability to solubilize such high 

concentration of phosphate.  

 

A study showed that Bacillus spp. and Burkholderia spp. were the best strain in 

solubiliing tricalcium phosphate among the 13 strains isolated from the rhizosphere of 

maize in Brazil, which ranges from 1.8 mg/L to 200.0 mg/L (122). A study conducted 

on rhizosphere of rice in Bangladesh indicated that 14 strains were capable of 

solubilizing phosphate in the range of 2.0 mg/L to 524.0 mg/L. Among the strains, 

Acinetobacter and Klebsiella spp. were found to be the best phosphate solubilizer (123). 

 

 

 

3.3.2 (b) Potassium – Atomic Absorption Spectroscopy 

Atomic Absorption Spectroscopy test was carried out by T&T laboratory Sdn. Bhd. 

(Kuching, Sarawak, Malaysia) to determine the soluble potassium amount. Potassium 

atoms absorbed light source emitted from a certain wavelength which transitioned into 

excited atoms. Atomic absorption spectroscopy could then detect the wavelength 

passing though the atoms (112). 
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Figure 23: Concentrations of available potassium produced by the selected strains 

through analysis of atomic absoption spectrophotometer. Four strains and 2 

standard cultures were analysed. 

 

 

 

Table 18: Concentrations of available potassium produced by the selected strains 

through analysis of atomic absoption spectrophotometer. Four strains and 2 

standard cultures were analysed. 

Code Mean (mg/L) 

K1 16.380 

K2 5.6567 

K3 15.657 

K4 6.0833 

S3 14.853 

S4 2.5900 
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The two standard cultures, Enterobacter hormaechei and Aspergillus terreus were 

known to be solubilize potassium were also tested for potassium solubilizing ability 

(124)(125)(74). All six strains were tested for available potassium by T&T Laboratory 

Sdn. Bhd. (Kuching, Sarawak, Malaysia). The test results were shown on Table 18 and 

Figure 25 above. Two of the isolated strains, K1 and K3, were showing higher available 

potassium content compared to standard culture, S3. They were both 16.380mg/L and 

15.657mg/L respectively, which was higher than 14.853mg/L by standard culture. The 

identities of these two strains were Lysinibacillus fusiformis and Rhizochaete 

filamentosa. Strain K2 and K4, Aspergillus flavus and Pycnoporus coccineus were 

showing lesser available potassium compared to the rest. They were 5.6567mg/L and 

6.0833mg/L. Studies have shown that Lysinibacillus fusiformis was potassium 

solubilizing microorganisms (126)(127), while Aspergillus flavus was a phosphate 

solubilizer (128)(129). Nevertheless, Strain K1 and K3 were selected for further 

evaluation.  

 

A study conducted on Kharif crops (tobacco, sugarcane, maize, potato, banana, and 

pigeon pea) showed that 12 strains were able to solubilize potassium from waste mica in 

the concentration range of 2.86 mg/L to 13.31 mg/L. Agrobacterium tumefaciens and 

Rhizobium pusense had the best potassium solubilizing capacities (130). Four isolated 

strains from a study on the growth of tobacco plant in China showed potassium 

solubilisation activity more than 2.0mg/L (66).  

 

 

3.3.2 (c) Ammonia Nitrogen Detection Test 

Ammonia nitrogen test – phenate method was carried out to analyse the concentration 

of ammonia nitrogen produced by the selected strains. Blue indophenol compound 

formed when phenol and hyprochlorite reacted with ammonia (131). Absorbance 

reading of ammonia production was able to be measured at 640nm due to the formation 

of blue indophenol (112). 
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Figure 24: Concentration of ammonia nitrogen produced by the selected strains 

through ammonia nitrogen detection test. Five strains and 2 standard cultures 

were tested. 

 

Table 19: Concentration of ammonia nitrogen produced by the selected strains 

through ammonia nitrogen detection test. Five strains and 2 standard cultures 

were tested. 

Code Mean (mg/L) 

N1 13.317 

N2 29.767 

N3 18.633 

N4 29.423 

N5 26.033 

S5 0.8100 

S6 3.9133 
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Two standard cultures known to have the ability in nitrogen fixation were also tested. 

These two standard cultures were Azotobacter salinestris and Azotobacter chroococcum. 

Studies had shown that they were nitrogen fixer (132)(133)(134)(135)(136)(137)(138). 

Initially, 6 strains were selected for ammonia nitrogen test, however, one of the strains 

was not producing ammonia, therefore, it was discarded from the results. Five of the 

selected strains showed that they were producing ammonia better than those standard 

cultures. Strain N2 and N4 were leading the way with 29.767mg/L and 29.423mg/L 

respectively. The third highest ammonia producing strain was N5 with 26.033mg/L, 

followed by N3 with 18.633mg/L and N1 with 13.317mg/L. The two leading strains 

were identified to be Lysinibacillus sphaericus and Bosea robiniae. Studies showed 

they were both capable of producing ammonia (139)(140). These two strains were 

selected for further evaluation in inhibition of other microorganisms.  

Twelve nitrogen fixing Azotobacter spp. that were isolated from wheat rhizosphere in 

Pakistan showed production of ammonia nitrogen in the concentration of 11.0mg/L to 

80 mg/L (141). Anotheer study conducted on ammonia excretion ability of 71 nitrogen 

fixing isolates from soils in India showed excretion of 0.018mg/L to 1.540mg/L (142). 

 

3.3.2 (d) Indole-3-acetic Acid test with Salkowski’s reagent 

Salkowski’s reagent with tryptophan test was carried out to analyse the concentration of 

IAA produced by the selected strains. Iron (III) chloride and sulphuric acid caused IAA 

to form chelate with ferric ions at acidic pH. IAA was oxidized by ferric ions which 

then turned into coloured oxidation compound that could be detected by using visible 

wavelength203. The coloured compound was then measured at 525nm (143). 
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Figure 25: Concentration of IAA produced by the selected strains through 

Salkowski’s reagent with tryptophan test. Five strains and 1 standard culture were 

tested. 

Table 20: Concentration of IAA produced by the selected strains through 

Salkowski’s reagent with tryptophan test. Five strains and 1 standard cultures 

were tested. 

Code Mean (µg/mL) 

I1 0.5967 

I2 0.08 

I3 0.09333 

I4 5.01 

I5 0.3933 

S7 1.8467 
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One standard culture that was known to produce IAA was tested together with the 

selected strains. Studies showed that Pseudomonas putida was capable of producing 

IAA (140)(144)(58). One of the initially selected strains was not showing any sign of 

IAA production, thus, it was casted off from the results. Only one strain was showing 

value higher than the standard culture, which was strain I4, with 5.01µg/mL. The other 

strains were producing lesser IAA compared to standard culture. Strain I1 was the next 

in line with 0.08µg/mL, followed by I5, I3 and I2, with 0.3933µg/mL, 0.09333µg/mL 

and 0.08µg/mL correspondingly. Eventhough strain I1 was producing very little IAA, 

but it was still the second highest producing IAA strain isolated. So strain I4 and I1 

were selected for further evaluation. The identities for both strains were Paenibacillus 

quercus and Lysinibacillus sphaericus. Both species were identified to be IAA producer 

(145)(140)(58)(146)(147).  

Fourteen bacteria strains isolated were IAA producing in a study of ginseng plant 

(Panax ginseng C.A. Meyer) in Korea. Among these bacteria strains, Micrococcus 

luteus and Lysinibacillus fusiformis are considered the better producer which produced 

IAA concentration from 0.31µg/mL to 13.93µg/mL (148). Another study on isolation of 

IAA producing microbes from root of Prosopis strombulifera carried out in Argentina 

showed that Pseudomanas putida, Bacillus pumilus and Bacillus subtilis produced IAA 

in the range from 0.5µg/mL to 2.2µg/mL (204). 

3.3.3 Antagonist test - antimicrobial and antifungal activities of 

selected strains 
Antimicrobial and antifungal test were carried for the following 8 strains; 

1. Paramyrothecium roridum, P4 

2. Tolypocladium sp. 1 WL-2011, P2 

3. Lysinibacillus fusiformis, K1 

4. Rhizochaete filamentosa, K3 

5. Lysinibacillus sphaericus, N2 

6. Bosea robiniae, N4 

7. Paenibacillus quercus, I4 

8. Lysinibacillus sphaericus, I1 
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These strains were selected based on their quantitative bioassay analysis in section 3.3.2 

and the growth properties of the strains. Cross-streaking technique was used to screen 

for the antimicrobial activity in this study due to the ease and relatively express method 

for screening. Two of the selected strains, Tolypocladium sp. 1 WL-2011, P2 and 

Rhizochaete filamentosa, K3 were fungus, while Paramyrothecium roridum, P4 was 

yeast and the others were bacteria. The antimicrobial and antifungal activities for each 

of the isolates were investigated in this study. The inhibitions among each isolates were 

also tested. However, no obvious antifungal or antimicrobial activity was observed. The 

results of inhibitions for each isolates were recorded as shown in figure 28. The results 

obtained here functioned as a parameter for experimental design in pot trial section that 

will be further discussed in chapter 4. 

**Note: The label for isolates shown in figure 28. 

S - Lysinibacillus sphaericus, N2 

T - Bosea robiniae, N4 

U - Paenibacillus quercus, I4 

V - Lysinibacillus sphaericus, I1 

W - Paramyrothecium roridum, P4 

X - Tolypocladium sp. 1 WL-2011, P2 

Y - Lysinibacillus fusiformis, K1 

Z - Rhizochaete filamentosa, K3 
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Figure 26: Evaluation of growth inhibition for all 8 selected strains against each 

other. Cross streaking of all 8 isolates against each other on Nutrient Agar plates 

(NA) at 28°C.  
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Table 21: Evaluation of growth inhibition for all 8 selected strains against each 

other. Cross streaking of all 8 isolates against each other on Nutrient Agar plates 

(NA) at 28°C.  

Inhibition Test 

  P2 P4 K1 K3 N2 N4 I1 I2 

P2 N/A N/A ++ - - - - - 

P4 N/A N/A - - - - - - 

K1 ++ - N/A N/A - - - - 

K3 ++ ++ N/A N/A ++ ++ ++ ++ 

N2 - - - - N/A N/A - - 

N4 - - - - N/A N/A + - 

I1 - - - - - + N/A N/A 

I4 - - - - - - N/A N/A 

Inhibition characteristic: - no inhibition   + partial inhibition   ++ strong inhibition 

 

 

From the results, it was found out that strain K3, Rhizochaete filamentosa, was inhibited 

by all the other strains. From the figure 28, section (A) and (F), it was observed that 

culture Z was not growing.  Besides, strain P2, Tolypocladium sp. 1 WL-2011, was also 

inhibited by strain K1, Lysinibacillus fusiformis. On the other hand, a slight inhibition 

was observed on strain I1, Lysinibacillus sphaericus. The inhibition was caused by 

strain N4, Bosea robiniae. The rest of the strains were showing no sign of inhibition. 

Therefore, strains that were showing signs of inhibition were excluded for further 

testing. Since strains P4 and K3 were excluded, strains P2 and K1 were selected to 

represent their own function group for further testing. Strain N2 and I4 were selected to 

represent their own group due to their nitrogen fixing and IAA production ability were 
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the highest from their own respective group. The four selected strains were tested for 

growth rate and total plate and later on accounted for pot trial experimental design that 

will be discussed in chapter 4. The following were the selected strains; 

 

Lysinibacillus sphaericus, N2 

Paenibacillus quercus, I4 

Paramyrothecium roridum, P4 

 Lysinibacillus fusiformis, K1 
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3.3.4 Growth rate and total plate count 

Eight selected isolated strains from section 3.3.3 were chosen for the evaluation of 

growth kinetics. The selected strains were. All the strains went through indirect growth 

measurement technique with the use of spectrophotometer to get the optical density 

reading, and also direct growth measurement technique, which is also known as the 

plate count technique. The growth kinetics characteristics of all the 8 selected strains 

were summarized in Table 22 below. 

 

Table 22: Growth kinetics characteristics of the selected isolated strains grown in 

Nutrient broth at 28 °C, 150 rpm. 

Strains 

Specific 

growth rate, 

k 

Doubling 

time, td 

Absorbance 

value of 

microbe at 

24 hours 

Colony 

forming unit 

at 24 hours 

  [hr-1] [hr] OD600 CFU/mL 

Paramyrothecium 

roridum, P4 
0.117 4.08 0.018 3.72 x 103 

Lysinibacillus 

fusiformis K1 
0.322 2.15 1.552 4.36 x 107 

Lysinibacillus 

sphaericus  N2 
0.297 2.33 1.631 5.43 x 107 

Paenibacillus quercus 

I4 
0.301 2.30 1.589 5.12 x 107 

The growth kinetics characteristic of all the four strains, Paramyrothecium roridum, 

Lysinibacillus fusiformis, Lysinibacillus sphaericus, and Paenibacillus quercus were 

evalueated based on Optical Density (OD) through spectrophotometer assay and total 

plate count techniques. The specific growth rates (k) for all the isolates were presented. 

The doubling time for each isolate were calculated based on the growth rate obtained. 
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The absorbance values (OD) at 24 hours of all isolates were taken. The colony forming 

units per millilitres (cfu/mL) at 24 hours were also noted. All these values were 

essential as a reference for the experimental design of pot trial in chapter 4. 

3.4 Summary 

This chapter focused on the efficiency of the isolates obtained from chapter 2 as 

potential plant growth promoting microorganisms. The clear zone formations and 

optical density reading of nitrogen fixation, IAA production, and phosphate and 

potassium solubilisation were calculated in section 3.3.1. The selected strains from each 

prospect were then further evaluated through quantitative bioassay analysis. Their 

respective efficiencies were recorded in section 3.3.2. Out of the 20 strains, two strains 

with the highest efficiency from each respective group were selected for antagonistic 

test to check for inhibition among each strain.  

The strains were  Lysinibacillus sphaericus, N2,  Bosea robiniae, N4, Paenibacillus 

quercus, I4,  Lysinibacillus sphaericus, I1,  Paramyrothecium roridum, P4, 

Tolypocladium sp. 1 WL-2011, P2,  Lysinibacillus fusiformis, K1, and Rhizochaete 

filamentosa, K3. It was found out that strain Rhizochaete filamentosa, K3, was inhibited 

by all the other strains. At the same time, another strain, Paramyrothecium roridum, P4, 

was also inhibited by strain Lysinibacillus fusiformis, K1. Due to inhibitions, strains that 

were not affected by inhibition and had the best efficiency from each respective group 

were then selected for growth rate and total plate count. The four strains were 

Lysinibacillus sphaericus, N2, Paenibacillus quercus, I4, Paramyrothecium roridum, 

P4, and Lysinibacillus fusiformis, K1. The growth kinetics of each strain was recorded 

and the results obtained served as the reference for experimental design of pot trial 

which will be further discussed in chapter 4. The results of the quantitative analysis 

conducted in this chapter proposed that the final four selected strains were potentially 

efficient in promoting plant growth. The efficiency of these 4 selected isolates will be 

further evaluated and discussed under pot trial condition in chapter 4. 
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4.1 Introduction 

Biofertilizer is playing a crucial role in general agricultural production in order to 

reduce the use of chemical fertilizer. Biofertilizers contained living microorganisms that 

colonize the rhizosphere or interior of the plants that forms a beneficial relationship to 

the plant itself through plant growth by increasing nutrient availability. Plant growth 

promoting rhizobacteria have been used globally as component in biofertilizer, which 

lead to improvement in crop yied and soil fertility (149).  

The study of plant interaction with plant associated microorganisms and the 

environmental condition is a key objective in plant ecology. Unfortunately, due to the 

complication of natural plant populations, various logistic and analytical limitations 

ascend in studying the interaction and responses of plants in the field (150). The 

advantage of pot experiment is it allows direct measurement in under controlled 

conditions without the influence of distracting biotic and abiotic factors, such as 

heterogeneous environmental conditions (for example, light and soil properties), and 

species in situ vary in size, age and lavishness (151)(152)(153). Impact of root and 

shoot competition in species mixtures are worth studying through pot experiment. It 

would be helpful in separating both the above and below ground competition in 

identifying which type of competition has a better influence on plant growth(154). 

Nevertheless, pot experiment is not as effective as field experiment in the evaluation of 

belowground interaction due to destructive yields that quantify root productivity and 

distribution that would be hardly feasible in natural standpoints (151).  

Based on the quantitative analysis studied in previous chapter, 4 microorganisms were 

selected to be used in this pot trial experiment study. The selected strains were 

Lysinibacillus spp., Paenibacillus spp. and Paramyrothecium spp. Studies have shown 

that these species were effective in promoting plant growth except Paramyrothecium 

spp. No information of plant growth promoting was available for Paramyrothecium spp. 

even though this strain was found to exhibit plant growth promoting ability. 
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4.2 Materials and Methodology 

4.2.1 Preparation of bacteria and fungi consortia culture 

The following microorganisms were selected for testing in the pot trials; 

1) Lysinibacillus sphaericus, N2 

2) Paenibacillus quercus, I4 

3) Paramyrothecium roridum, P4 

4) Lysinibacillus fusiformis, K1 

Nutrient Broth (NB) and Potato Dextrose Broth (PDB) were prepared in 250ml 

Erlenmeyer shake flasks and sterilized at 121 °C for 15 minutes. The four selected plant 

growth promoting microorganisms were inoculated into sterilized NB and PDB 

(bacteria in NB while fungus in PDB). Cotton stoppers were used to cover the opening 

of the flask to prevent contamination. The flasks with the cultures were then incubated 

in an incubator shaker at 30°C with 120 rpm speed. Bacteria cultures were incubated for 

3 days while fungus culture was for 4 days. After the incubation period, the growth 

cultures were mixed together to form as a starter consortia culture to be used in pot trials. 

4.2.2 Preparation of Eucalyptus pellita seedlings and experimental 

design 

Eucalyptus pellita seedlings and the sowing medium were provided by Samling Sdn. 

Bhd. (Bintulu, Sarawak, Malaysia). The sowing method, transplanting, fertilization, 

watering, and saplings hardening were carried out according to the practice of Sarawak 

Forestry Corporation, Kuching, Sarawak, Malaysia (SFC). The pot trials preparations 

were carried out in the planting compartment of SFC.  

Seedlings of Eucalyptus pellita were germinated on sawdust compost without addition 

of fertilizer, in the green house of SFC. The seedlings were left in the greenhouse for 

germination up to 6 weeks. After 6 weeks, the seedlings were transplanted to 6” x 6” 

polybags. The seedlings were left for growth for another 6 weeks under shaded area. 
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After that, when the seedlings were strong enough for hardening, all the seedlings were 

moved to area that was exposed to sunlight for hardening process before transplanting 

to bigger polybag for pot trial experiment. The hardening process took 3 months with 

application of tiny amount of fast-released chemical fertilizer (basal fertilizer) 

depending on the health of the seedlings.  

 

Figure 27: The process of pot trial preparation; germination of Eucalyptus pellita 

seeds (top left), seedlings transplanted to 6x6 polybags (top right), and 6 months 

old saplings prepared for pot trials (bottom). 
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4.2.3 Experimental design of pot trial by using saplings of Eucalyptus 

pellita 

Finally, after 6 months, 180 saplings with the most uniform growth were chosen for pot 

trials. Top soils provided by SFC were crushed and mixed evenly with sand to obtain 

sandy clay texture, which is the preferable soil type for Eucalyptus pellita. The mixtures 

were then packed into 12” x 14” polybag. All the selected 6 months old saplings were 

transferred into the polybags. The 180 selected saplings were divided into 6 groups, 

each containing 30 saplings. Below is the setup of the pot trial’s treatment for each 

group. 

Table 23: The saplings divided into 6 different groups with the description of the 

treatment to each of them. 

Treatment Group Description 

T1 Negative control – No fertilizer or consortia culture added 

T2 Positive control – 15g of chemical fertilizer.  

T3 Consortia of NPK cultures 

T4 Consortia of NPK + IAA cultures 

T5 Consortia of NPK cultures with 7.5g of chemical fertilizer 

T6 Consortia of NPK + IAA cultures with 7.5g of chemical fertilizer 

**Note: 

*N – Nitrogen fixing microorganism 

*P – Phosphate solubilizing microorganism 

*K – Potassium solubilizing microorganism 

*IAA – IAA producing microorganism 

*Chemical fertilizer composition – N:18, P:13, K:13 
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Two treatments were chosen to be the control group of this pot trial experiment. 

Nothing was added to T1, the saplings of negative control’s group while 15g of 

chemical fertilizer was added to T2, which acted as the positive control. The remaining 

4 groups were treated with the prepared consortia cultures and chemical fertilizer. Four 

mL from each selected culture were transferred into a container and mixed well before 

added into their respective treatment groups. T3 was treated with only NPK cultures 

while T4 was treated with NPK and IAA cultures. The setup for T5 and T6 were the 

same as T3 and T4, but with the addition of 7.5g chemical fertilizer (which is half, 50%, 

compared to positive control, T2). A randomised block planting design was conducted 

for the pot trial. 

Initial physical examination was carried out and recorded on all the saplings prior to the 

start of pot trial experimentation. The measurements and observation were as follow; 

1) The height of saplings. Measured from the base of the saplings, from above the 

surface of soil to the end of top shoot.  

2) The stem diameter. Measured from the stem just right above the soil surface.  

3) The viability of the saplings. Physical appearances of the saplings were noted to 

avoid selection of unhealthy saplings.  

The pot trials were carried out in the nursery of SFC. The duration of pot trials were 6 

months long. No additional chemical fertilizer was added to the plant during this 6 

months period no matter how unhealthy the saplings were. Standard watering to the 

saplings was carried out by SFC staffs on fixed timing every day. Physical examination 

was carried out on the saplings once a month throughout the 6 months experiment 

period. After the 6 months period, the saplings were uprooted and cleaned off any 

remaining soil attached to the root of the saplings. The wet and dry weights for all the 

saplings were analysed and recorded. The wet weights of the saplings were measured 

after the saplings were cleaned. After the wet weights of the saplings were recorded, the 

saplings were then oven dried by using an oven dryer for 4 days at 68°C. The, the dry 

weights of the saplings were recorded. The examinations were carried out in the soil 

laboratory of SFC.   

 



99 

  

4.2.4 Data analysis 

The data collected were analysed by the mean ±SE (standard deviation) of 30 pots 

replicates from each test group. Experiments results were analysed by using analysis of 

t-Test (IBM SPSS Statistics v24): Two-sample assuming unequal variances, with 

statistical significance taken as p ≤ 0.05. Microsoft Office Excel software was also used 

for data analysis. 

 

4.3 Results and Discussion 

This small scale pot trial was conducted in this study to evaluate the efficiency of the 

selected plant growth promoting microorganisms in supplying nutrients to the plant. Six 

months old saplings were chosen to be used in this study. Studies have shown that trees 

below the age of 12 months are most suitable for pot experiments 

(155)(156)(157)(158)(159).  

In order to study on the growth of the plant, height, stem diameter, wet and dry weight 

of the plant were targeted. The efficiency of plant growth promoting mechanisms will 

be able to be observed through the growth of the plants in these segments throughout 

the whole 6 months period. Plant growth promoting microorganisms are associated to 

the root of plants, so these microorganisms were added to the soil surrounding the root 

of the plants.  

The four isolated strains Lysinibacillus sphaericus, Paenibacillus quercus, 

Paramyrothecium roridum, and Lysinibacillus fusiformis were selected to be used in the 

pot trial experiment. Evaluation on the efficiency of these selected strains on the growth 

promoting of Eucalyptus pellita was conducted and discussed in this study.  The 

selection of the isolated strains wer based on the evaluation of selective screening and 

quantitative analysis carried out in chapter 3. The inhibition test of these strains against 

each other was also part of the consideration in the selection.  
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The Eucalyptus pellita saplings were divided into 6 different groups as described in the 

methodology section above. Each group was treated with different treatments. Each 

group consisted of 30 saplings of Eucalyptus pellita in order to obtain replicate results. 

The results obtained from this study will be discussed and presented in the following 

sections.  

**Note:  

T1 - Negative control – No fertilizer or consortia culture added 

T2 - Positive control – 15g of chemical fertilizer. 

T3 - Consortia of NPK cultures 

T4 - Consortia of NPK + IAA cultures 

T5 - Consortia of NPK cultures with 7.5g of chemical fertilizer 

T6 - Consortia of NPK + IAA cultures with 7.5g of chemical fertilizer 

** The trend of growth with the results obtained was discussed throughout the sections 

below. However, supporting references and findings were used to further supports the 

outcome in the following sections; 4.3.1.1 (d) and 4.3.1.3 (b). 
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4.3.1 Biofertilizer with the presence of consortia cultures could help to 

reduce the use of chemical fertilizer by 50%. 

The presence of consortia cultures with the application of 50% chemical fertilizer 

showed significant growth in Eucalyptus pellita saplings, which was as well as the 

application of 100% chemical fertilizer. The height and stem diameter increment on all 

the treatments were observed after 180 days. Both fresh weight and dry weight for the 

stems and roots of Eucalyptus pellita saplings were also analysed.  

4.3.1.1 Growth increments in term of height observed in Eucalyptus 

pellita saplings for 6 different test groups. 

The height increment of Eucalyptus pellita saplings was observed and measured 

throughout the 6 months period by using a measuring tape. The parameter in measuring 

the height increment was measured from the stem of the saplings just above the soil 

surface until the internode of the first leaves at the top of the stem of Eucalyptus pellita. 

The height of increments of the saplings was recorded in unit centimetre (cm). The 

average height increment for all 6 treatments of the saplings over the 6 months period 

were calculated and recorded in tables below. The height measurement was conducted 

once a month throughout the pot trial experiment.  
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4.3.1.1(a) Height increment after 30 days. Most of the saplings treated with 

consortia culture showed significant increment. 

Table 24: Mean height of Eucalyptus pellita saplings for the 6 different treatments 

after 30 days. 

Height (cm) of Eucalyptus pellita saplings in 30 days 

Treatment Code Height (cm) S. D 

Negative control T1 121.53 16.80052 

Positive control T2 128.97 12.84787 

NPK T3 132.37 20.10058 

NPK IAA T4 120.40 19.70052 

NPK + F T5 137.03 20.02151 

NPK IAA + F T6 130.67 17.8699 

 

 

 

Figure 28: The mean height of Eucalyptus pellita saplings in centimetre (cm) for all 

6 different treatments after 30 days.  
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On the first 30 days after the initial addition of consortia cultures and chemical fertilizer 

to the saplings, 3 treatments group showed signs of higher height increment, compared 

to positive control. T5, which was treated with NPK consortia culture and 7.5g of 

chemical fertilizer, was the leading treatment group with 137.03cm, followed by T3, 

that was trated with NPK consortia culture, with 132.37cm, and T6, that was treated 

with NPK IAA consortia culture with 7.5g chemical fertilizer, with 130.67cm. Positive 

control, T2, which was treated with 15g of chemical fertilizer, was following closely 

behind with 128.97cm. Negative control, which was not treated with anything, T1 and 

T4, which were only treated with NPK consortia cultures, were showing lesser height 

increment, with 121.53cm and 120.40cm respectively.  

Positive control, T2, which was treated with 15g of chemical fertilizer, was expected to 

have the highest growth increment due to more nutrient availability to the saplings. 

However, 3 other treatment groups T5, T3 and T6 surprisingly overtook T2.  The 

reasoning behind for the higher surge of height increment for the 3 treatments with 

consortia culture and chemical fertilizer might be due to the overwhelming population 

of plant growth promoting microorganisms added to the saplings. Consortia cultures 

with plant growth promoting microorganisms were showing vital signs of improving 

plant growth in this stage of experiment. With the aid of chemical fertilizer, as for the 

case of T5, it proved to be much more effective. Even though the amount of chemical 

fertilizer added was only half compared to positive control.  

IAA producing microorganisms might had altered the interaction of other 

microorganisms with the plant, which also focused more on the root of the plant, hence 

contributing to lower growth increment among the 3 leading treatment groups. As it can 

be seen for the case of T4, without the present of chemical fertilizer, it showed the least 

improvement. Therefore, it is believed that IAA producing microorganisms might have 

affected the interaction of other microorganisms and the plant. 
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4.3.1.1(b) Height increment after 60 days. A few treatment with consortia cultures 

showed a slight drop in efficiency. 

Table 25: Mean height of Eucalyptus pellita saplings for the 6 different treatments 

after 60 days. 

Height (cm) of Eucalyptus pellita saplings in 60 days 

Treatment Code Height (cm) S. D 

Negative control T1 133.27 14.9895 

Positive control T2 149.03 13.97407 

NPK T3 142.27 19.04248 

NPK IAA T4 131.70 19.10795 

NPK + F T5 161.60 17.28384 

NPK IAA + F T6 149.83 19.09813 

 

Figure 29: The mean height of Eucalyptus pellita saplings in centimetre (cm) for all 

6 different treatments after 60 days.  
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One the second month after the initial addition, only 2 treatment groups were showing 

signs of significant increment in height. T5 and T6 that were treated with consortia 

culture and chemical fertilizer had higher increment compared to positive control with 

161.60cm and 148.83cm. Positive control was following closely behind with 149.03cm. 

T3 that overtook positive control in the previous month had lowered down in this 

month’s increment, with 142.27cm. Nevertheless, it was still quite impressive that it had 

more increment compared to negative control. T1 and T4 showed the least sign of 

increment with 133.27cm and 131.70cm respectively. 

Sudden dropped in growth efficiency was observed in the second month of experiment, 

even though it was not very significant as of yet. The reasoning of the sudden drop 

might be due to the constant watering applied to the saplings. The consortia cultures 

added to the saplings was without carrier materials that would made the cultures to 

attach to the roots of the plant, nor had the ability to remain in the soil for long term 

without being washed away. The constant watering might had washed away some of the 

cultures, which resulted in decreased in efficiency. Furthermore, the soil area that was 

packed to the root of the saplings was very limited. Consortia cultures could have been 

washed away easily.  
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4.3.1.1(c) Height increment after 90 days. Saplings treated with consortia cultures 

showed sign of comparable increment to their respective control group. 

Table 26: Mean height of Eucalyptus pellita saplings for the 6 different treatments 

after 90 days. 

Height (cm) of Eucalyptus pellita saplings in 90 days 

Treatment Code Height (cm) S. D 

Negative control T1 147.97 18.76071 

Positive control T2 193.07 20.85737 

NPK T3 148.37 31.76474 

NPK IAA T4 143.13 18.03968 

NPK + F T5 200.77 17.57679 

NPK IAA + F T6 189.20 18.7771 

 

Figure 30: The mean height of Eucalyptus pellita saplings in centimetre (cm) for all 

6 different treatments after 90 days.  
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On the third month of the pot trial, the same declining trend to the second month was 

observed on all 4 treatment groups that were treated with consortia culture and chemical 

fertilizer. After 90 days of treatment, only one treatment group overtook positive control, 

which is T5 with 200.77cm. Followed by positive control T2, with 193.07cm. Positive 

control was catching up to T5. T6 which had better increment than positive control in 

the previous month now had lower increment, which is 189.20cm. T3, which had more 

increment in the previous month, was slowly being caught up by negative control. T3 

was followed closely by T1 and lastly T4, with 148.37cm, 147.97cm and 143.13cm 

respectively.  

Further signs of declining trends from the second month were observed in this month’s 

increment. T3 which was slightly lowered than positive control in the previous month 

was now lowered by a lot. It was now slightly higher than negative control by just a 

little bit. Needless to say, T4 was declining even more compared to the first and second 

month. T6 that was slightly higher than positive control is now lower than positive 

control. T5 which had better gap of increment in the second month was also showing 

sign of closer gap in this month’s increment. Signs of consortia cultures being washed 

away were continuing.  
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4.3.1.1(d) Height increment from day 120 to 180. Trend of parallel growth was 

observed for saplings treated with consortia culture to their respective control 

group. 

Table 27: Mean height of Eucalyptus pellita saplings for the 6 different treatments 

after 120 days. 

Height (cm) of Eucalyptus pellita saplings in 120 days 

Treatment Code Height (cm) S. D 

Negative control T1 158.63 24.1125 

Positive control T2 225.97 33.15739 

NPK T3 161.67 19.83611 

NPK IAA T4 157.70 17.97345 

NPK + F T5 229.17 20.8477 

NPK IAA + F T6 225.79 18.72809 

 

Figure 31: The mean height of Eucalyptus pellita saplings in centimetre (cm) for all 

6 different treatments after 120 days.  
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Table 28: Mean height of Eucalyptus pellita saplings for the 6 different treatments 

after 150 days. 

Heigh (cm) of Eucalyptus pellita saplings in 150 days 

Treatment Code Height (cm) S.D  

Negative control T1 169.77 28.83566 

Positive control T2 253.83 36.99216 

NPK T3 173.33 21.9456 

NPK IAA T4 167.00 34.9344 

NPK + F T5 257.17 22.27119 

NPK IAA + F T6 250.17 20.59311 

 

Figure 32: The mean height of Eucalyptus pellita saplings in centimetre (cm) for all 

6 different treatments after 150 days.  
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Table 29: Mean height of Eucalyptus pellita saplings for the 6 different treatments 

after 180 days. 

Height (cm) of Eucalyptus pellita saplings in 180 days 

Treatment Code Height (cm) S.D 

Negative control T1 178.00 31.82929 

Positive control T2 260.50 44.10704 

NPK T3 187.17 24.97182 

NPK IAA T4 184.17 27.38875 

NPK + F T5 279.50 21.94625 

NPK IAA + F T6 252.76 33.36985 

 

Figure 33: The mean height of Eucalyptus pellita saplings in centimetre (cm) for all 

6 different treatments after 180 days.  
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After the 90 days treatment, each treatment that had been treated with consortia cultures 

or also with chemical fertilizer, were starting to settle down in the fourth month. From 

Table 27, it could be observed that T3 and T4, which were treated with only consortia 

cultures, were showing more or less the same increment in height compared to negative 

control, T1. While on the other hand, T5 and T6, which were treated with consortia 

culture and chemical fertilizer, were showing more or less increment in height that was 

comparable to positive control T1. The same trend was carried over to the following 

month (the fifth month). Same trend in height increment was observed. More or less the 

trend values were observed on Table 28.  

The consortia cultures that were not being washed away were getting acclimatized to 

the environment in the soil and also to the roots of saplings. The leftover cultures might 

be getting attached to the roots of the saplings during this period of time in order to 

continue surviving and also to supply nutrients to the plant at the same time. The height 

increments were quite proportional during this two month’s period. The culture’s 

microorganisms underwent multiplication process to increase their population during 

this period.  

In the final month of pot trial, things turned out to be better. T3 and T4 which were 

treated with only consortia cultures showed sign of higher increment in height 

compared to T1, negative control. T1 had the lowest increment with 178cm while T3 

and T4 were getting better, with 187.17cm and 184.17cm respectively. On the other 

hand, even though T6, with 252.76cm was still lower in increment compared to positive 

control T2 with 260.50cm, however, T5 was showing signs of significant improvement. 

T5 had the highest increment with 279.50cm. 

After period of acclimatization, the consortia cultures were showing signs of improving 

plant growth. The leftover cultures might have increased in population, therefore 

resulting in increased plant height. More population lead to more nitrogen that had been 

fixed, more solubilized phosphate and potassium, and also production of IAA increased 

too, which were beneficial to the plant growth. Research showed that the dosage of 

response effect is affected by the size of the population of microbes (160). The reason 

for T3 and T4 to had lower height increment compared to T5 and T6 was because of the 
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initial minerals available in the pot was not sufficient enough. Study showed that 

inconsistent results yield when compared under different environment condition. Effects 

of plant growth promotion are directly correlated to the equilibrium of the environment 

(160). Therefore, the more the starting resources for these microbes to synthesize, the 

better the results yield. T5 and T6 were treated with 7.5g of chemical fertilizer. The 

consortia cultures were able to utilize the additional minerals to synthesize the required 

nutrients for the plant. The consortia culture in T3 and T4 had limited minerals from 

their surrounding in order to synthesize, therefore the progress was significantly slower. 

Nevertheless, T6 was still having lower height increment compared to positive control. 

As mentioned earlier, IAA producing microorganisms might had produced too much 

IAA for the plant, which affected more on the growth of root instead of what was on 

above the ground. Studies showed that amount of IAA provided to plants exceeding a 

certain dosage may be harmful to plants, which affect the growth of plants (161)(162). 

A study conducted showed that the number of flower produced, leaves, and dry weight 

increased in cowpea plant when IAA of 50mg and below was treated to the plant. 

Whereas the number decreased when more IAA was treated (161). Another study 

proven that maximum growth was observed at 10mgL-1 on Vinca (Catharanthus roseus 

L.) seedlings (162). 

Nitrogen is responsible for plant growth and development (cell division that affect stem 

growth). Studies have proven that nitrogen fixing microorganisms are capable of 

promoting plant growth (163)(164)(23). Two bacteria strains, 

Azospirillum and Bacillus spp. showed association in the root of banana plant for 

nitrogen fixing, which resulted in the growth of shoot and photosynthetic activity of 

banana plant through minimal use of nitrogen fertilizer (33% of nitrogen content instead 

of 100%) (163). The same strains were also proven to contribute to 20 – 50% of total 

nitrogen requirement for oil palm seedlings. Inoculation of these strains improved the 

growth of the oil palm seedlings that were comparable to the use of inorganic nitrogen 

fertilizer (164). Another study showed that Bacillus spp. has the potential to prove the 

growth and yield of raspberry plant (23).  

Phosphate is responsible for flower initiation, seed, roots and fruit development. 

Phosphate solubilizing microbe Rhizobium leguminosarum was reported to be able to 
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improve the dry matter of shoots and roots, in addition to the uptake of nitrogen and 

phosphate in both carrots and lettuce (165). A study found that inoculation of Bacillus 

megaterium with integrated rock phosphate increase the availability of phosphate in soil, 

uptake of phosphate in roots and the growth of cucumber and pepper (83).  

Potassium does not form any important organic compounds in plants, unlike nitrogen 

and phosphate. Nonetheless, potassium acts as enzyme activator that promotes 

metabolism for early plant growth. Bacillus edaphicus was found to improve shoot 

growth of wheat significantly. Nitrogen, phosphate and potassium were also 

significantly higher in the plant component (166).  Bacillus mucilaginosus promote 

growth of eggplant through increasing the availability of potassium in the soil, and also 

improving the uptake of potassium (167). Bacillus mucilaginosus was also found to 

increase the availability of potassium in soil, uptake of potassium in roots and the 

growth of cucumber and pepper (83) 
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4.3.1.1(e) Trend of growth in height (cm) throughout the 180 days period 

 

Figure 34: The trend of height increment of Eucalyptus pellita saplings in 

centimetre (cm) for all 6 different treatments from day 30 to day 180.  

As mentioned earlier, most of the treatments with consortia culture, with and without 

the addition of chemical fertilizer, were having better height increment in the starting 

month. T5 and T6 were leading the field compared to positive control, T1. In contrast, 

T3 and T4 were also performing better compared to negative control. The height 

increase was slower in the second and third month due to washing off of consortia 

cultures; until they were more or less the same with their respective control group (T5 

and T6 were compared to positive control while T3 and T4 were compared to negative 

control). In the fourth and fifth month, all the remaining consortia cultures that were not 

being washed off, were acclimatizing to the environment and started reproducing to 

increase population. The height increase was proportional to their control group. In the 

final month, every treatment with consortia cultures, with or without addition of 

chemical fertilizer was producing better, except T6. T5, that was tread with consortia 

culture of NPK microorganisms and 7.5g chemical fertilizer was leading the way with 

significant increase in height. T3 and T4 were much higher compared to negative 
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control T1. T6 was slightly lower compared to positive control T2. Nevertheless, the 

trend of height increment was moving in the positive direction. 

 

 

4.3.1.2 Growth increments in term of stem diameter observed in Eucalyptus pellita 

saplings for 6 different test groups 

The stem diameter increment of Eucalyptus pellita saplings was observed and measured 

throughout the 6 months period by using a vernier caliper. The parameter in measuring 

the stem diameter increment was measured from the stem of the saplings just above the 

soil surface. The stem diameter increment of the saplings was recorded in unit 

centimetre (cm). The average steam diameter increment for all 6 treatments of the 

saplings over the 6 months period were calculated and recorded in tables below. The 

stem diameter measurement was conducted once a month throughout the pot trial 

experiment.  
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4.3.1.2(b) Stem diameter growth after 30 days. All saplings treated with consortia 

cultures showed significant growth. 

Table 30: Mean stem diameter of Eucalyptus pellita saplings for the 6 different 

treatments after 30 days. 

Stem diameter (cm) of Eucalyptus pellita saplings in 30 days 

Treatment Code Diameter (cm) S. D 

Negative control T1 0.8317 0.071297 

Positive control T2 0.8917 0.121828 

NPK T3 0.9433 0.138174 

NPK IAA T4 0.8933 0.143679 

NPK + F T5 0.9617 0.117945 

NPK IAA + F T6 0.9533 0.113664 

 

Figure 35: The mean stem diameter of Eucalyptus pellita saplings in centimetre 

(cm) for all 6 different treatments after 30 days.  
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A very similar trend of increment was observed in stem diameter compared to height 

increment. On the first 30 days after the initial addition of consortia cultures and 

chemical fertilizer to the saplings, all 4 treatments group showed signs of higher stem 

diameter increment, compared to positive control. T5, which was treated with NPK 

consortia culture and 7.5g of chemical fertilizer, was the leading treatment group with 

0.9617cm, followed by T6, which was treated with NPK and IAA consortia culture with 

7.5g chemical fertilizer, with 0.9533cm. T3, that was treated with NPK consortia culture, 

with 0.9433cm, and also T4 that was treated with NPK and IAA consortia culture, at 

0.8933cm. Positive control, T2, which was treated with 15g of chemical fertilizer, was 

following closely behind with 0.8917cm. Negative control, which was not treated with 

anything, T1 was showing the least stem diameter increment, with 0.8317cm.   

As previously mentioned in 30 days height increment, a similar trend was observed, 

hence, the observation was also about the same. Positive control, T2, which was treated 

with 15g of chemical fertilizer, was expected to be leading the field due to more nutrient 

availability to the saplings. However, all 4 other treatment groups T3, T4, T5 and T6, 

surprisingly overtook T2.  The reasoning behind for the higher surge of height 

increment for the 3 treatments with consortia culture and chemical fertilizer might be 

due to the overwhelming population of plant growth promoting microorganisms added 

to the saplings. Consortia cultures with plant growth promoting microorganisms were 

showing vital signs of improving plant growth in this stage of experiment. With the aid 

of chemical fertilizer, as for the case of T5 and T6, it proved to be much more effective. 

Even though the amount of chemical fertilizer added was only half compared to positive 

control.  

IAA producing microorganisms might have altered the interaction of other 

microorganisms with the plant, which also focused more on the root of the plant. Both 

T4 and T6 treatments were showing lower increment compared to their counterpart, 

without IAA producing culture, T3 and T5.  Therefore, it is believed that IAA 

producing microorganisms might have affected the interaction of other microorganisms 

and the plant.  
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4.3.1.2(b) Stem diameter growth after 60 days. A declining trend in growth 

efficiency was observed on saplings treated with consortia culture 

Table 31: Mean stem diameter of Eucalyptus pellita saplings for the 6 different 

treatments after 60 days. 

Stem diameter (cm) of Eucalyptus pellita saplings in 60 days 

Treatment Code Diameter (cm) S. D 

Negative control T1 0.9033 0.074201 

Positive control T2 1.0883 0.16011 

NPK T3 1.0083 0.14208 

NPK IAA T4 0.9617 0.127768 

NPK + F T5 1.1350 0.158196 

NPK IAA + F T6 1.0757 0.235631 
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Figure 36: The mean stem diameter of Eucalyptus pellita saplings in centimetre 

(cm) for all 6 different treatments after 60 days.  

One the second month, only 1 treatment groups was showing signs of higher increment 

stem diameter compared to positive control. T5 that was treated with consortia culture 

and chemical fertilizer had higher increment with 1.1350cm. Positive control was the 

second highest with 1.0883cm and followed closely behind by T6, with 1.0757cm. T3 

and T4, that overtook positive control in the previous month had lowered down in this 

month’s increment, with 1.0083cm and 0,9617cm respectively. Nevertheless, it was still 

quite impressive that it had more increment compared to negative control. Finally, the 

negative control, T1 showed the least sign of increment with 0.9033cm. 

Sudden dropped in growth efficiency was observed in the second month of experiment, 

even though it was not very significant as of yet. The same reasoning was observed in 

the sudden drop of height increment for other treatments in height increment. This 

might be due to the constant watering applied to the saplings. The consortia cultures 

added to the saplings was without carrier materials that would made the cultures to 

attach to the roots of the plant, nor had the ability to remain in the soil for long term 

without being washed away. The constant watering might had washed away some of the 

cultures, which resulted in decreased in efficiency. Furthermore, the soil area that was 

packed to the root of the saplings was very limited. Consortia cultures could have been 

washed away easily.  
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4.3.1.2(c) Stem diameter growth after 90 days. Further declining trend was 

observed in saplings treated with consortia cultures. 

Table 32: Mean stem diameter of Eucalyptus pellita saplings for the 6 different 

treatments after 90 days. 

Stem diameter (cm) of Eucalyptus pellita saplings in 90 days 

Treatment Code Diameter (cm) S. D 

Negative control T1 0.985 0.111533 

Positive control T2 1.240 0.194679 

NPK T3 1.002 0.145912 

NPK IAA T4 0.9433 0.117248 

NPK + F T5 1.197 0.168632 

NPK IAA + F T6 1.172 0.133056 

 

Figure 37: The mean stem diameter of Eucalyptus pellita saplings in centimetre 

(cm) for all 6 different treatments after 90 days.  
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On the third month of the pot trial, the same declining trend to the second month was 

observed on all 4 treatment groups that were treated with consortia culture and chemical 

fertilizer. After 90 days of treatment, all four treatment groups were about the same or 

lower than the control groups that they were being compared to. Positive control T2 was 

the highest with 1.240cm, followed by T5 with 1.197cm and T6 with 1.172cm. Both 

these groups were treated with consortia culture and chemical fertilizer. T3 with 

1.002cm was just slightly higher than positive control T2, with .985cm. T4 was the 

lowest among all treatment groups, with 0.9433cm. 

Further signs of declining trends from the second month were observed in this month’s 

increment. T5 and T6 were lower than positive control in this month’s stem diameter 

growth. Positive control T2 overtook both of them and was leading the pack. T3 and T4 

that were both higher in stem diameter growth for last month were now relatively 

comparable to the negative control T1. Signs of consortia cultures being washed away 

were continuing.  

4.3.1.2(d) Stem diameter increment from day 120 to 180. Trend of parallel growth 

was observed for saplings treated with consortia culture to their respective control 

group. 

Table 33: Mean stem diameter of Eucalyptus pellita saplings for the 6 different 

treatments after 120 days. 

Stem diameter (cm) of Eucalyptus pellita saplings in 120 days 

Treatment Code Diameter (cm) S. D 

Negative control T1 1.0983 0.236892 

Positive control T2 1.4083 0.291572 

NPK T3 1.1033 0.180006 

NPK IAA T4 1.0250 0.129155 

NPK + F T5 1.3883 0.158486 

NPK IAA + F T6 1.3741 0.112298 
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Figure 38: The mean stem diameter of Eucalyptus pellita saplings in centimetre 

(cm) for all 6 different treatments after 120 days.  

 

 

Table 34: Mean stem diameter of Eucalyptus pellita saplings for the 6 different 

treatments after 150 days. 

Stem diameter (cm) of Eucalyptus pellita saplings in 150 days 

Treatment Code Diameter (cm) S. D 

Negative control T1 1.0883 0.133703 

Positive control T2 1.4433 0.292355 

NPK T3 1.0750 0.130483 

NPK IAA T4 1.0367 0.128609 

NPK + F T5 1.4147 0.163835 

NPK IAA + F T6 1.4396 0.161676 
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Figure 39: The mean stem diameter of Eucalyptus pellita saplings in centimetre 

(cm) for all 6 different treatments after 150 days.  

 

Table 35: Mean stem diameter of Eucalyptus pellita saplings for the 6 different 

treatments after 180 days. 

Stem diameter (cm) of Eucalyptus pellita saplings in 180 days 

Treatment Code Diameter (cm) S. D 

Negative control T1 1.1217 0.152385 

Positive control T2 1.4783 0.315596 

NPK T3 1.1317 0.201068 

NPK IAA T4 1.0750 0.185114 

NPK + F T5 1.4567 0.262853 

NPK IAA + F T6 1.4707 0.282374 
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Figure 40: The mean stem diameter of Eucalyptus pellita saplings in centimetre 

(cm) for all 6 different treatments after 180 days.  

Yet again, a similar growth trend that was observed in height increment was also 

observed in stem diameter in the next coming 3 months. In these 3 months, All 

treatment with consortia cultures, with and without the addition of chemical fertilizer 

were growing at the same pace comparable to the control groups that they were 

compared to. From Table 33,34 and 35 showed that T3 and T4, which were treated with 

only consortia cultures, were showing more or less the same increment in stem diameter 

compared to negative control, T1. While on the other hand, T5 and T6, which were 

treated with consortia culture and chemical fertilizer, were showing more or less 

increment in height that was comparable to positive control T1. To be more specifics, 

T4 that was treated with consortia culture and IAA was a tab lower than the rest.  

The same reasoning as height growth was deducted in the case of stem diameter 

increment. The consortia cultures that were not being washed away were getting 

acclimatized to the environment in the soil and also to the roots of saplings. The leftover 

cultures might be getting attached to the roots of the saplings during this period of time 

in order to continue surviving and also to supply nutrients to the plant at the same time. 

The stem diameter increments were quite proportional during this two month’s period. 

Those microorganisms’ cultures that were attached to the soil or root of saplings during 
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this period might also underwent replicating condition in order to increase their 

population.  

After period of acclimatization, the consortia cultures were showing signs of improving 

plant growth. The leftover cultures might have increased in population, therefore 

resulting in increased stem diameter. More population lead to more nitrogen that had 

been fixed, more solubilized phosphate and potassium, and also production of IAA 

increased too, which were beneficial to the plant growth. The reason for T3 and T4 to 

have lower stem diameter increment compared to T5 and T6 was because of the initial 

minerals available in the pot was not sufficient enough. T5 and T6 were treated with 

7.5g of chemical fertilizer. The consortia cultures were able to utilize the additional 

minerals to synthesize the required nutrients for the plant. The consortia culture in T3 

and T4 had limited minerals from their surrounding in order to synthesize, therefore the 

progress was significantly slower. Nevertheless, T6 was still having lower stem 

diameter increment compared to positive control. As mentioned earlier, too much IAA 

produced by the microbes might affect the growth of plant above ground.  

Stem growth is directly proportional to height growth. Therefore, the growth of stem 

was observed to be almost the same as height. The same explanation and supporting 

references were applicable to the stem growth.  
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4.3.1.2(e) Trend of growth in stem diameter (cm) throughout the 180 days period 

 

Figure 41: The trend of stem diameter increment of Eucalyptus pellita saplings in 

centimetre (cm) for all 6 different treatments from day 30 to day 180.  

The trend of stem diameter increment throughout the 6 months period was 

comparatively with the height increment’s trend, but in a lesser extent. Most of the 

treatments with consortia culture, with and without the addition of chemical fertilizer, 

were having better stem diameter increment in the starting month. T5 and T6 were 

leading the field compared to positive control, T1. In contrast, T3 and T4 were also 

performing better compared to negative control. The height increase was slower in the 

second and third month due to washing off of consortia cultures; until they were more 

or less the same with their respective control group (T5 and T6 were compared to 

positive control while T3 and T4 were compared to negative control). In the fourth and 

fifth month, all the remaining consortia cultures that were not being washed off, were 

acclimatizing to the environment and started reproducing to increase population. The 

height increase was proportional to their control group until the end of pot trial 

experiment, except T4 that was treated with consortia culture with IAA. T4 was a tab 

lower in stem diameter increment. 
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4.3.1.3 Growth increments in term of wet weight and dry weight observed in 

Eucalyptus pellita saplings for 6 different test groups 

The wet weight and dry weight of Eucalyptus pellita saplings was observed and 

measured tat the end of the pot trial, right after the 6 months period. The wet weight of 

the saplings was obtained by weighing the weight of the saplings right after they were 

being uprooted from the pot. After the wet weights were obtained, the saplings were 

wrapped nicely and oven dried in in an oven incubator for 4 days. The dried up saplings 

was then weighed to obtain the dry weight. The weight was recorded in unit, gram (g). 

The average wet and dry weight of all the saplings were calculated and recorded in 

tables below.  

 

4.3.1.3(a) Wet weight 

Table 36: Mean wet weight of root for Eucalyptus pellita saplings for the 6 different 

treatments. 

Wet weight (g) of root for Eucalyptus pellita saplings 

Treatment Code Root (g) S. D 

Negative control T1 43.797 11.9646979 

Positive control T2 54.897 21.0966407 

NPK T3 44.209 12.5083923 

NPK IAA T4 44.568 7.00571101 

NPK + F T5 53.971 17.3831942 

NPK IAA + F T6 61.498 30.6107496 
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Figure 42: The wet weight of root for Eucalyptus pellita saplings in gram (g) for all 

6 different treatments at the end of the pot trial experiment.  

At the end of the pot trial experiment, the roots of all the saplings were measured for 

their wet weight. T6 that was treated with consortia culture of NPK IAA and chemical 

fertilizer showed the highest weigh among all the treatments, with 61.498g. Positive 

control T2 was the second highest with 54.897g, followed closely by T5 that was 

treated with NPK consortia culture and chemical fertilizer, with 53.971g. The remaining 

3 treatments were much closed to each other. T4 that was treated with NPK IAA 

consortia culture was leading with 44.568g. Followed by T3 that was treated with NPK 

consortia culture with 44.209g, and finally, negative control T1 with 43.797g.  

T3 and T4 were being compared to negative control T1, while T5 and T6 were being 

compared to positive control T2. Both T4 and T6 that were treated with IAA culture had 

higher root mass compared to their respective control and also T3 and T5 that were 

without the addition of IAA culture. The results showed that IAA culture was actually 

contributing to the increment in root length or density. Longer root length helps plant in 

achieving better nutrient supply, which directly improve plant growth.  
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Table 37: Mean wet weight of stem for Eucalyptus pellita saplings for the 6 

different treatments. 

Wet weight (g) of stem for Eucalyptus pellita saplings 

Treatment Code Stem (g) S. D 

Negative control T1 134.05 34.692853 

Positive control T2 363.88 127.16522 

NPK T3 133.50 45.498745 

NPK IAA T4 149.16 69.543992 

NPK + F T5 255.29 78.93081 

NPK IAA + F T6 363.94 124.4674 

 

 

 

Figure 43: The wet weight of shoot for Eucalyptus pellita saplings in gram (g) for 

all 6 different treatments at the end of the pot trial experiment.  
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The wet weights of stem (including branches and leaves) for all saplings were also 

obtained. The wet weight of stem for T6 and positive control T2 were much closed to 

each other. They were 363.94g and 363.88g respectively. T5 was lower by roughly 

100g with 255.29g. T4, again with IAA culture, was higher compared to T1 and T3. 

They were 149.16g, 134.05g and 13350g respectively.  

The weight of stem for T6 was much closed to T2. Seem like a lot of water content was 

being transferred to the saplings. T5 had lower stem weight even though the weight of 

root for T5 was quite closed to T2. Perhaps the IAA cultures contributed to the root 

increment of the saplings, which also indirectly improved the water uptake of saplings 

at the same time. T4 also had higher stem weight compared to T3 and T1. Perhaps the 

same reasoning applied to both IAA culture. 

4.3.1.3(b) Dry weight 

Table 38: Mean dry weight of root for Eucalyptus pellita saplings for the 6 different 

treatments. 

Dry weight (g) of root for Eucalyptus pellita saplings 

Treatment Code Root S. D 

Negative control T1 21.761 7.210925 

Positive control T2 29.999 15.07448 

NPK T3 20.945 7.839484 

NPK IAA T4 22.012 5.526344 

NPK + F T5 27.655 7.239621 

NPK IAA + F T6 31.121 16.21524 

 

 

 

 



131 

  

 

Figure 44: The dry weight of root for Eucalyptus pellita saplings in gram (g) for all 

6 different treatments at the end of the pot trial experiment.  

After getting the wet weights, dry weight for the roots of all saplings was also obtained. 

T6 that was treated with consortia culture of NPK IAA and chemical fertilizer showed 

the highest weight among all the treatments, with 31.121g. Positive control T2 was the 

second highest with 29.999g, followed by T5 that was treated with NPK consortia 

culture and chemical fertilizer, with 27.655g. The remaining 3 treatments were much 

closed to each other. T4 that was treated with NPK IAA consortia culture was leading 

with 22.012g, followed by negative control, T1 with 21.761g. Finally, T3 that was 

treated with only NPK consortia culture was the lowest, with 20.945g. 

T3 and T4 were being compared to negative control T1, while T5 and T6 were being 

compared to positive control T2. Both T4 and T6 that were treated with IAA culture had 

higher root mass compared to their respective control and also T3 and T5 that were 

without the addition of IAA culture. The results showed that IAA culture was actually 

contributing to the increment in root length or density. Longer root length helps plant in 

achieving better nutrient supply, which directly improve plant growth. The same 

deduction observed in wet weight for root of saplings. 
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IAA is a phytohormone that is known to be responsible for root initiation, cell division 

and cell enlargement, which results in greater root surface that allows plant to access 

more nutrients from soil. Study showed that Rhizobium leguminosarum was able to 

colonize the root of lettuce and carrot. It promotes the update of phosphate and nitrogen 

in carrot and lettuce, and also improved the dry matter of shoots and roots (165). The 

amount of lateral root of pearl millet was found to be increased in number and thickly 

covered with root hair after inoculated with Azospirillum brasilense, which has the 

ability to produce IAA (168). Another research found that the fresh weight of tomato 

improved with the existence of increasing concentration of L-tryptophan through the 

inoculation of Pseudomonas putida and Trichoderma atroviride (169). 

 

Table 39: Mean dry weight of stem for Eucalyptus pellita saplings for the 6 

different treatments. 

Dry weight (g) of stem for Eucalyptus pellita saplings 

Treatment Code Stem S. D 

Negative control T1 63.359 26.31702 

Positive control T2 173.14 75.19042 

NPK T3 62.554 20.48341 

NPK IAA T4 67.494 24.62734 

NPK + F T5 171.58 30.63026 

NPK IAA + F T6 170.11 72.56079 
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Figure 45: The dry weight of stem for Eucalyptus pellita saplings in gram (g) for all 

6 different treatments at the end of the pot trial experiment.  

 

The dry weights of stem (including branches and leaves) for all saplings were also 

obtained. The wet weight of stem for positive control, T5 and T6 were much closed to 

each other. They were 173.14g, 171.58g and 170.11g respectively. T4, again with IAA 

culture, was higher compared to T1 and T3. They were 149.16g, 134.05g and 133.50g 

respectively. Treatments that were not treated with chemical fertilizer had way lower 

dry weight compared to saplings that were treated with chemical fertilizer. T4 that was 

treated with NPK and IAA consortia culture had a slightly higher dry stem weight 

compared to T1 negative control and T3. They were 67.494g, 63.359g and 62.554g 

respectively. 

The dry weight of stem for T2, T5 and T6 were much closed to each other. After getting 

rid of the excess water in the stem, all 3 of them showed relative firmness in the stem 

density. The same observation was also shown in the other remaining 3 treatments, T1, 

T3 and T4. But all 3 of these had lower weight compared to those treated with chemical 

fertilizer. Chemical fertilizer played a vital role in increasing the growth of the plants. 
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4.4 Summary 

This chapter describes the efficiency of using plant growth promoting microorganisms 

as biological medium to substitute the use of chemical fertilizer in planting of 

Eucalyptus pellita. Four plant growth promoting microorganisms, which were nitrogen 

fixing, IAA producing, and phosphate and potassium solubilizing, were selected and 

used in this study. The selection of these microorganisms was based on the quantitative 

bioassay analysis that was discussed in Chapter 3. The microorganisms, Lysinibacillus 

sphaericus, N2, Paenibacillus quercus, I4, Paramyrothecium roridum, P4, and 

Lysinibacillus fusiformis, K1, were selected to be used in this pot trial experiment. The 

height and stem diameter increment throughout the 6 months period were recorded, as 

well as the wet and dry weight for the root and stem of the Eucalyptus pellita saplings. 

The aim of this pot trial experiment was accomplished at the end of the study. Overall, 

the Eucalyptus pellita saplings that were treated with NPK IAA consortia culture with 

7.5g of chemical fertilizer (T6) had the most significant outcomes. It had the height and 

stem diameter increment that were comparable to positive control, which was treated 

with 15g of chemical fertilizer, despite that positive control had more nutrient 

availability due to higher amount of chemical fertilizer used. It also had the highest wet 

and dry root weight, and at the same time, had a very comparable wet and dry stem 

weight to positive control. T5, which was treated with NPK consortia culture and 7.5g 

chemical fertilizer, had the highest plant height among all treatments. The stem diameter, 

wet root weight and dry stem weight of T5 were slightly lesser than the positive control. 

However, the wet stem weight and dry root weight were more lowered compared to T6 

and positive control. The remaining two treatments, T3 and T4 that were treated with 

NPK consortia culture and NPK IAA consortia culture respectively, had much lower 

growth compared to the treatments with chemical fertilizer. These two treatments had 

growth which was just comparable to negative control, which was not treated with 

anything at all. IAA producing microorganism was key in improving the root growth of 

the plant, which indirectly improve the overall growth. 
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From this experiment, it could be concluded biofertilizer that contain microorganisms 

with abilities of nitrogen fixing, phosphate solubilizing, potassium solubilizing and also 

IAA producing microorganisms had the ability to improve plant growth, thus reducing 

the use of chemical fertilizer. The aim of the experiment was accomplished. The 

biofertilizer containing PGPR showed that with the aid of 50% chemical fertilizer, the 

outcome obtained was as good as the use of 100% chemical fertilizer. The growth of 

Eucalyptus pellita saplings treated with consortia cultures and with 50% chemical 

fertilizer had the same outcomes as the saplings treated with 100% chemical fertilizer. 
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5.1 General Conclusion 

5.1.1 Aim of the thesis 

The aim of this thesis was evaluate the use of biofertilizer which contains plant growth 

promoting microorganisms that are beneficial to the plant and environment to be the 

substitution of chemical fertilizer for the plantation of Eucalyptus pellita. The timber 

tree Eucalyptus pellita, was introduced into Sarawak in 2008 and became one of the 

main timber tree species planted here. The low nutrient availability in degraded soil due 

to the soil texture in Eucalyptus pellita plantation has led to the use of chemical 

fertilizer to improve tree growth. However, prolonged usage of chemical fertilizer 

causes negative impacts to the environment. Consequently, plant growth promoting 

microorganisms that were environmental and plant friendly were suggested as an 

alternative to improve the quality of soil and to provide the nutrients responsible for 

plant growth. Four type of plant promoting microorganisms were focused on in order to 

fulfil the objective of this thesis study. They were nitrogen fixing, IAA producing, 

phosphate and potassium solubilizing microorganisms which were responsible for the 

supplies of nitrogen, IAA, phosphate and potassium.  
This thesis reports on the screening, isolation and characterisation of the plant growth 

promoting microorganisms isolated from Sarawak soil. Selective medium were used to 

screen and isolate for the respective microorganisms strains. The isolated strains from 

each group weas identified, further evaluated for their respective activities by using 

quantitative bioassay analysis, and also evaluated for the antagonistic characteristic 

against each other. The best growing strains were then selected for the formulation of 

consortia cultures that were then tested on the silviculture of Eucalyptus pellita for their 

growth promoting abilities. This chapter summaries the results obtained and finding in 

this research study that were described in details in Chapter 2, 3 and 4. Additionally, 

this chapter discusses on the relevant further works and provided recommendation. 
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5.1.2 Screening isolation and characterization of plant growth 

promoting microorganisms isolated from Sarawak soils 

Soil samples were collected from 3 different regions in Sarawak. Selective mediums 

were used to screen and isolated the plant growth promoting microorganisms. Jensen’s 

medium and bromothymol blue solution were used to screen for nitrogen fixing 

microorganisms. Tryptophan broth with Salkowski’s reagent was used to identify IAA 

producing microorganisms. Pikovskaya’s agar was used to screen for phosphate 

solubilizing microorganisms while Aleksandrov’s medium was used to screen for 

potassium solubilizing microorganisms. The microorganisms with the respective traits 

produced clear halo zone surrounding the colonies.  

The screening resulted in 18 nitrogen fixers, 19 IAA producer, 5 phosphate and 4 

potassium solubilizers being successfully isolated. Molecular identification on the basis 

of partial 16S rRNA was carried out to classify the isolated microorganisms. Out of the 

46 isolates, 19 different members of genus were found with 29 different strains in total. 

Most of the species were coming from Bacillus spp. and Lysinibacillus spp. 

On the other hand, the collected soil samples were also evaluated for their respective 

soil textures. Most of the soil samples were considered as sandy soil texture except one, 

which was more of a clay texture due to higher clay concentration. The soil textures 

helped to further solidify the nutrient deficiency in Eucalyptus pellita plantation. The 

soil texture results also served as a reference for soil texture in designing pot trial. 
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5.1.3 Evaluating the efficiencies of isolated plant growth 

promoting microorganisms through quantitative bioassay 

analysis for their respective traits 

Phenate method was used to determine the ammonia nitrogen produced by the nitrogen 

fixing microorganisms. Five of the selected strains showed better production of 

ammonia than the two standard cultures used for comparison. Two of the leader strains 

Lysinibacillus sphaericus and Bosea robiniae were producing ammonia concentration 

of 29.767mg/L and 29.423mg/L respectively. 

Vanadomolybdophosphoric acid method was used to analyse the concentration of 

phosphate solubilize by the selected phosphate solubilizers. Four out of six selected 

strains showed higher concentration of tricalcium phosphate solubilized. The identities 

of these four strains were as follow; Paramyrothecium roridum, Tolypocladium sp. 1 

WL-2011, Clonostachys rosea, and Purpureocillium lilacinum. They solubilized 

phosphate in the concentration as follow; 100.593mg/L, 100mg/L, 97.62mg/L and 

80.3567mg/L respectively. 

Atomic absorption spectrophotometer was conducted to determine the potassium 

released by the potassium solubilizers. Two isolates identified as Lysinibacillus 

fusiformis and Rhizochaete filamentosa showed higher available potassium content 

compared to standard culture. The released potassium concentrations were 16.380mg/L 

and 15.657mg/L respectively.  

Finally, Salkowski’s reagent with tryptophan test was carried out to analyse the 

concentration of IAA produced by the selected strains. Only one strain showed value 

higher than the standard culture with 5.01µg/mL. Another strain which was the second 

highest IAA producer only managed to produce 0.08µg/mL. The identities for both 

strains were Paenibacillus quercus and Lysinibacillus sphaericus. Nevertheless, these 

two strains were selected for antagonistic test together with the other top two selected 

species mentioned at the above characteristic.  
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The compatibility test conducted among the 8 selected strains showed that one of the 

strains was inhibited by the other strains. Therefore, the strains that were not inhibited 

and produced the best results in their respective quantitative analysis were chosen to be 

the strains for the formulation of consortia culture. 

5.1.4 Evaluating the growth enhancing effects of the isolated strains on 

Eucalyptus pellita saplings 

A pot trial experiment was conducted on Eucalyptus pellita saplings to test efficiency of 

plant growth promoting by the consortia cultures formulated based on the 

microorganisms selected. The period of the pot experiment was 6 months, by using six-

months-old Eucalyptus pellita saplings. Four strains of microorganisms were selected; 

Lysinibacillus sphaericus, N2, Paenibacillus quercus, I4, Paramyrothecium roridum, 

P4 and Lysinibacillus fusiformis, K1. There were two consortia cultures that were 

formulated for the pot trial experiment, Consortium A and consortium B. Consortium A 

was formulated by strains N2, P2 and K1 while consortium B was formulated by all the 

four selected strains. The treatments that were applied to the saplings consisted of the 

following; negative control (no treatment add), positive control (100% or 15g of 

chemical fertilizer), Consortium A, consortium B, consortium A + 50% or 7.5g 

chemical fertilizer, and consortium B + 50% or 7.5g chemical fertilizer.  

 

The growth increment in terms of stem height, stem diameter, stem wet and dry weight, 

and also root wet and dry weight were analysed during the six months period. At the 

end of the pot experiment, Consortium B + 50% chemical fertilizer had the most 

significant outcome. It had the height and stem diameter increment that were 

comparable to positive control, which was treated with 15g of chemical fertilizer, 

despite that positive control had more nutrient availability due to higher amount of 

chemical fertilizer used. It also had the highest wet and dry root weight, and at the same 

time, had a very comparable wet and dry stem weight to positive control. Consortium A 

+ 50% chemical fertilizer had the highest plant height among all treatment, however the 

stem diameter, root wet weight and stem weight were slightly lesser than the positive 

control. The other two treatments, consortium A and consortium B had much lower 
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growth compared to the treatments with chemical fertilizer. Consortium B + 50 % 

chemical fertilizer was proven to be the most effective treatment, thus indicating that 

IAA producing microorganism was key in improving the root growth of the plant, 

which indirectly improve the overall growth. 

From this experiment, it could be concluded that biofertilizers that contain 

microorganisms with abilities of nitrogen fixing, phosphate solubilizing, potassium 

solubilizing and also IAA producing microorganisms had the ability to improve plant 

growth when combined with lesser amount of chemical fertilizer, thus reducing the use 

of chemical fertilizer. 

 

5.2 Further Recommendations 

The plant growth promoting microorganisms isolated in this study displayed significant 

potentials in promoting the growth of Eucalyptus pellita. The four selected isolates 

Lysinibacillus sphaericus, Paenibacillus quercus, Paramyrothecium roridum and 

Lysinibacillus fusiformis showed their effectiveness as biofertilizer in the pot trial 

experiments described in this thesis. However, the application of this biofertilizer in the 

field on newly grown or maturing Eucalyptus pellita should be further investigated. The 

effectiveness of the isolated strains could be further evaluated based on the differences 

in nutrient availability, interaction between plants and microorganisms, environmental 

conditions, and also the competition of population of indigenous microorganisms in the 

soil.  

Bioformulation of the biofertilizer is critical in determining the success or failure of the 

beneficial microbial strains in the inoculants. Suitable carrier materials are essentials in 

maintaining cell viability under hostile environmental conditions due to the use of these 

bioformulation in the field. Maintaining the survival and optimum population of 

beneficial microorganisms sufficient to radiate growth promoting effects on plant is one 

of the major requirements in formulation (208). A superior carrier material should be 

used to formulate the plant growth promoting microorganisms, such as high water 
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retention capacity, easily biodegradable, nontoxic to the environment, practically neutral 

in pH, chemically stable, and support bacterial growth and survival. Other synthetic or 

inert materials could also be used in the formulation, such as ground roch phosphate, 

calcium sulphate, alginate, polyacrylamide and vermiculite (170).  

This study showed the effectiveness of the isolated strains in reducing the use of 

chemical fertilizer by 50%. However, additional tests could be conducted to further 

analyse the effectiveness of differences in amount of chemical fertilizer used.  A study 

conducted on two bacteria strains that showed association in the root of banana plant for 

nitrogen fixing managed to improve the growth of shoot and photosynthetic activity of 

banana plant through minimal use of nitrogen fertilizer (33% of nitrogen content instead 

of 100%) (163). Another study showed that application of biofertilizer with only 25% of 

chemical fertilizer yield the same results as 100% chemical fertilizer on mustard seeds 

(207). 

 

 

5.3 Concluding Statements 

This thesis study aimed to reduce the use of chemical fertilizer by introducing 

biofertilizer that contains plant growth promoting microorganisms to promote the 

growth of Eucalyptus pellita on degraded soil with low nutrients in the plantation. 

Isolation of plant growth promoting microorganisms was screened through selective 

medium and the efficiencies of the promoting traits were evaluated by bioassay. The 

strains with the best attributes were selected for consortia formulation, that combined 

with the used of half amount of chemical fertilizer, showed significant growth 

promoting effects on Eucalyptus pellita saplings. Thus, the aim and objectives have 

been successfully achieved. The findings in this study proposed that isolated strains had 

the potential to be formulated as biofertiliser and to be used on Eucalyptus pellita 

plantations. 
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