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ABSTRACT 

The rhizosphere soil of Dipterocapacea supports diverse microbial communities with functional potentials relevant to forest 
conservation, agriculture and environmental sustainability. This study investigated the microbial functional capabilities of 
rhizosphere soil from four selected dipterocarp species (Dipterocarpus oblongifolius, Neobalanocarpus heimii, Shorea sumatrana 
and Dryobalanops aromatica) from FRIM Dipterocarp Arboretum, Gamuda Valencia (Township) and Wetland Arboretum Centre 
(WAC) (Nursery). Culture-dependent approaches successfully isolated diverse functional isolates. 62 cellulose-degrading bacteria 
were isolated using three selective media, with carboxymethyl cellulose (CMC) agar proving most effective (28 isolates). Four 
Actinomycetes isolates displaying characteristics of filamentous morphology and pigments diffusion were recovered, with 
Actinomycetes Isolation Agar (AIA) yielding optimal results. Plant growth-promoting bacteria (PGPB) demonstrated significant 
capabilities in indole-3-acetic acid synthesis, phosphate solubilization and zinc solubilization, with combined PGPB-fertiliser 
treatments producing better growth outcomes for Brassica juncea seedlings. Heavy metal resistance screening identified 20 
bacterial isolates capable of tolerating elevated concentrations of Ni (4000 mg/L), Pb (1500 mg/L), Cr (1500 mg/L), Cd (550 mg/L) 
and As (600 mg/L). These findings demonstrate the rich functional diversity of dipterocarp rhizosphere soil microbiomes and their 
potential for sustainable agriculture, bioremediation and pharmaceutical applications. 
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1. Introduction 
 

Rhizosphere soil is the region of soil which surrounds the plant roots and is a crucial interface 
where complex and beneficial interactions occur between the soil microbiome and the plants. In 
Dipterocarpaceae family that comprises numerous tropical tree species, the bacterial population in 
the rhizosphere is paramount for efficient nutrient cycling, promoting plant health and ensuring 
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ecosystem functioning. The functional microbial composition of rhizosphere influenced by the 
habitat conditions which includes the heterogenous disturbance from environmental and human 
activities. In this study, three representatives of habitats were studied i.e. Dipterocarp Arboretum at 
Forest Research Institute Malaysia (FRIM) as undisturbed habitat, Wetland Arboretum Centre 
Gamuda Cove (WAC) as reclaimed habitat from a mining area and now soil amendment was done 
and Gamuda Valencia as representative for habitat that is heavily influenced by human activities as 
it is a residential area. This diverse habitat background is representative of its different soil 
physicochemical composition. Previous study by Khan et al., [1] Some rhizobacteria may degrade 
hydrocarbons and immobilize heavy metals, showing great promise for bioremediation. The presence 
of heavy metal, especially in residential areas and former mining areas, accentuates the need to 
unravel the microbial community’s presence in the rhizosphere soil. Through nutritional and 
hormonal balance of plants, development of systemic tolerance to biotic and abiotic sources of 
stress, and promotion of plant development, rhizosphere bacteria weaken the negative effects of 
stress on plants [2]. Widiyatno et al. [3] signified the survivability of dipterocarp species up to 12.5 
years. This can be attributed to the plant growth promoting microbes in its rhizosphere soil. The 
presence of cellulose-degrading bacteria in the rhizosphere of Dipterocarpaceae can have significant 
implications for the decomposition of organic matter, nutrient availability, and plant growth [4]. 
Actinomycetes, soil-dwelling bacteria known for producing bioactive compounds, are particularly 
noteworthy due to their role in biogeochemical processes and potential for antimicrobial discovery. 
This study aims to isolate and characterize heavy metal-resistant bacteria, plant growth promoting 
bacteria (PGPB), potential actinomycetes and cellulose degrading bacteria (CDB) from Dipterocarpus 
oblongifolius, Neobalanocarpus heimii, Shorea sumatrana and Dryobalanops aromatica found at 
those locations. 
 
2. Methodology  
2.1 Rhizosphere soil sampling 

 
Any debris was cleaned before sampling. Fine roots were collected by tracing lateral roots 2 – 10 

m from the trunk, and samples were taken at 5 – 30 cm depth [5]. 
 
2.2 Isolation of heavy metal-resistant bacteria 
 

1 g of soil was mixed in 10 mL of distilled water and vortexed to obtain a soil suspension, then 1 
mL of suspension was serially diluted in 9 mL of sterile PBS [6]. 100 µL of each diluted suspension was 
plated onto different nutrient agar supplemented with cadmium chloride (550 mg/L), nickel sulfate 
(4000 mg/L), sodium arsenite (600 mg/L), lead nitrate (1500 mg/L), and chromium (III) chloride (1500 
mg/L). All plates were incubated at 30°C for 7 days. 
 
2.3 Isolation of Plant Growth Promoting Bacteria (PGPB) and screening of indole-3-acetic acid (IAA), 
zinc and phosphate solubilization 

 
Diluted soil suspension was inoculated onto minimal salt medium (MSM) agar and incubated for 

two days at 30°C. Isolates obtained were screened for IAA production using the Gordon Weber assay 
[7]. Then, the isolates were screened for zinc and phosphate solubilization by culturing the isolates 
on selective ZSB and PSB agar, then incubated at 30°C for 2 days [8], [9]. The halo zone was observed 
and measured. The solubility index then calculated by dividing the diameter of the colony and 
diameter of the halo zone with the diameter the colony. 
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2.4 Effectiveness of PGPB on the growth of Brassica juncea 
 
The 10 highest producers of IAA, as well as zinc and phosphate solubilizer from the screened isolates 
were selected. 3 formulations were prepared; +PGPB, +AB (Formulation 1), +PGPB, -AB (Formulation 
2), -PGPB, +AB (Formulation 3) with 1:1 ratio. Distilled water was used as a negative control. The 
formulation was added to soil containing the Brassica juncea seedlings [10]. For 14 days, the plant 
was watered daily then harvested, weighed the plant and root and measured the shoot length. The 
weight ratio was calculated by dividing the weight of the root by the total weight of the plant. 
 
2.5 Isolation of cellulose-degrading bacteria (CDB) 
 
10 g of soil was pretreated by enriching in 100 mL CMC broth incubated at 30°C for 7 days and shaken 
at 150 rpm. Then, the pretreated samples were serially diluted and spread onto selective media i.e. 
CMC agar, microcrystalline cellulose agar and soil extract agar for 7 days at 30°C [11], [12]. 
 
2.6 Isolation of Actinomycetes 
 
The soil was heat-treated at 120°C for an hour to eliminate microbes other than actinomycetes. The 
treated soil was mixed with 100 mL of sterile distilled water and serially diluted. The diluted sample 
was inoculated onto selective media, i.e. starch casein agar (SCA), actinomycetes isolation agar (AIA), 
and tap water yeast extract agar (TWYEA). The inoculated plates were incubated at 28°C for 7 days. 
The colonies obtained were selected and cultured onto ISP2 agar. 
 
3. Results & discussion  
 

Isolates obtained in Table 1 from the rhizosphere soil of FRIM showed the highest number of 
heavy metal resistance at 9 isolates and were representative of all heavy metals tested. This may be 
due to the acidic condition of the soil that increases the solubility of heavy metals [13]. Valencia and 
WAC have relatively similar resistant isolates at 5 and 6 isolates, respectively and are only resistant 
towards several of the heavy metal tested. 

 
Table 1  
Heavy metal resistant isolates from each location based on type of heavy metal 

Location 

No. of isolates 

Total 
Type of heavy metal 
Nickle (4000 
mg/L) 

Lead (1500 
mg/L) 

Cadmium (550 
mg/L) 

Chromium (1500 
mg/L) 

Arsenite (600 
mg/L) 

FRIM 3 1 2 1 2 9 
Valencia 0 2 1 0 2 5 
WAC 4 0 1 0 1 6 
Total 7 3 4 1 5 20 

 
In Table 2, the isolates listed are the top 10 ranked according to the concentration of IAA 

produced and solubilization of zinc and phosphate. Those isolates were selected and formulated with 
fertilizers A and B as shown in Table 3. The formulation containing both PGPB and fertilizer AB 
promoted highest shoot growth in length compared with the other two formulations. However, the 
root dry-weight ratio was as higher in the absence of PGPB and when plants were only treated with 
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fertilizer AB. This suggests that although the incorporated PGPB improves the growth, the usage of 
fertilizer is necessary to maximize the effectiveness.  
 

Table 2  
Concentration of IAA produced and solubility index 
of zinc and phosphate of selected PGPB isolates 
(±SEM) 

Isolate [IAA] 
(µg/mL) 

Solubility Index (cm) 
Zinc Phosphate 

F1B 11.247±7.417 7.49±0.691 1.67±0.136 
F1C 23.467±3.030 4.48±2.740 1.62±0.289 
F2B 11.923±6.330 3.81±0.621 1.88±0.123 
F3A 27.773±2.731 3.56±3.417 1.61±0.168 
F3B 30.372±3.167 1.80±1.848 - 
F3D 27.509±4.581 4.36±0.332 2.54±0.463 
F3E 27.760±6.622 - - 
F4B 29.815±5.105 3.72±0.535 1.40±0.113 
F4C 14.876±4.740 3.46±1.837 2.14±0.171 
V3A 25.451±3.783 2.87±0.339 1.81±0.023 
V4B 10.185±6.050 4.34±0.050 1.97±0.302 
W1B 93.705±8.665 3.77±1.712 1.20±0.059 
W2B 32.849±4.501 4.11±0.173 2.22±1.145 
W2C 40.374±4.719 - - 
W3A 27.196±2.193 2.47±0.522 2.63±1.127 
W3B 29.948±6.993 1.66±0.096 - 
W3C 27.399±3.310 2.51±0.291 1.51±0.160 
W4B 13.488±4.113 3.55±1.856 - 

 
Table 3 
Average plants’ dry weight ratio and shoots length according to subjected 
treatment (±SEM) 

Formulation -PGPB, +AB +PGPB, +AB +PGPB, -AB (-) Control 
Dry-weight ratio (g) 0.185±0.084 0.167±0.041 0.132±0.040 0.201±0.041 
Shoot length (cm) 6.83±1.583 7.96±1.288 6.81±1.292 7.89±1.763 

 
 

In Figure 1, the highest number of isolates was cultivated using CMC agar with 28 isolates. 
Subsequently, 27 isolates were cultivated using SEM agar whilst the least number of isolates were 
cultivated using microcrystalline cellulose agar (7 isolates). Since CMC is a simpler form of cellulose 
and microcrystalline cellulose is more recalcitrant form of cellulose, the capability of bacteria to 
hydrolyze the CMC is higher as depicted by the number of isolates from CMC agar when compared 
to the total number of isolates [14]. 
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Fig. 1. Graph of number of CDB isolates based on location according to 
type of medium 

 
In Figure 2, the isolates were identified based on their filamentous structures, which included 

branched hyphae resembling the mycelium of fungi, a defining feature of actinomycetes [15]. Three 
out of four of the isolated actinomycetes were obtained using AIA which indicates that it provides 
more favourable condition for actinomycetes [16]. 

 

 
Fig. 2. Actinomycetes isolates obtained by 
using AIA (Isolate 1,3,7) and SCA (Isolate 18) 

 
4. Conclusions 
 

Rhizosphere soil bacteria isolated from dipterocapaceae plants possess significance in various 
aspects including bioremediation potential, agricultural improvement, and medicinal applications. 
This is shown by the cultivated bacterial isolates with heavy metal resistant, promotion of plant 
growth by production of IAA and solubilization of zinc and phosphate, the degradation of cellulosic 
materials as well as actinomycetes with its potential in antibiotic production. Ultimately, this study 
highlights the importance of rhizosphere soil as reservoir of various valuable microbes. 
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