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INTRODUCTION
Rice is the only major grain crop grown almost 
exclusively as human food.  Indeed, rice 
constitutes half of the diet of 1.6 billion people 
and another million rely on it for more than one 
fourth of their diet (De Datta and Brady, 1987).  
It is expected that in the year 2020, an additional 
300 million tonnes will be needed to feed the 
rapidly expanding human population.  To meet 
this demand, its production must increase by 

65% within the 30 years and must be achieved 
with only minimal expansion of the cultivated 
area (Saito and Watanabe, 1978).

In low input traditional rice cultivation, 
plant N originated from the soil, and replenished 
from the atmosphere by spontaneous biological 
nitrogen fixation (BNF).  Research on rice 
nutrition has shown that even when high amounts 
of inorganic N fertilizer are applied, rice plant 
obtain 60 – 70% of their N from the soil (Reddy 
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ABSTRACT
In this study, the diversity of bacterial isolates from paddy soil located in several rice growing areas of Peninsular 
Malaysia was evaluated.  Phenotypic and physiological characteristics of the isolates were recorded to categorize 
and identify the bacteria.  Ten strains of bacteria were recovered from six different locations (Alor Bakat, Kg. 
Seligi, Bachok, Kelantan; Sekinchan, Selangor; Kobah, Kedah; and Sg. Batu Pahat, Perlis).  The spread-plate 
technique on nutrient agar at pH 7.0 was used to isolate and purify all the strains.  The characteristic of the 
bacteria strains were determined using the Gram staining, motility test, as well as the shape and size of the 
single colony on solid media.  From the various tests conducted, nine isolates were identified as Gram-positive 
rods, and only one was Gram-negative cocci.  Further biochemical tests were carried out to determine the 
ability of these bacteria strains to hydrolyze starch, casein and gelatine, ferment carbohydrate (glucose, lactose 
and sucrose), enzyme production (catalase and oxidase), MR-VP tests and growth under anaerobic condition; 
the elevated NaCl was also examined.  On the basis of these tests and the biochemical characteristics, nine 
of the strains belonged to the same genus, Bacillus, with three potentially different species.  Meanwhile, only 
one strain showed the characteristics related to Proteus mirabilis.  This study also showed that the dominant 
bacteria genera are generally limited, despite the contrasting geographical location and soil characteristics in 
which the strains were isolated.
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et al., 2002).  Therefore, crop intensification 
may affect rice soil fertility if proper N input 
does not replenish the N taken up from the soil 
and replenishment can be achieved by increasing 
chemical fertilizers and biological N sources, 
such as green manure crops, enhancing N2 

fixation by indigenous BNF agents (free living 
bacteria) and decreasing N loss by proper N 
application and water management (O’Hara  
et al., 2002).

N2-fixing agents in soil and water can be 
considered as natural “fertilizer factories”.  
Promoting their growth and N2-fixing activity 
is an important strategy in sustaining rice 
production.  Biological nitrogen fixation 
technologies are especially important for 
long-term maintenance of soil fertility.  The 
technologies are environmentally safe and 
reduced environmental pollution is achieved.  
Fertilizer savings, improved soil properties, 
reduced pests and diseases, as well as often being 
economically justifiable are the other advantages 
related to the BNF (Ladha and Reddy, 2003).

The determination of the composition 
of microbial communities in soil is not 
necessary for a better quantification of nutrient 
transformation.  However, the biodiversity of the 
soil micro-organism is important in relation to 
the maintenance of soil ecosystem function.  The 
presence of free-living bacteria, within the rice 
rhizophere, is also an indication of the importance 

of rhizobacteria in contributing to the nitrogen 
requirements of the paddy plant.  In Malaysia, 
however, very limited study has been done on 
the ecological and diversity of rhizobacteria from 
wetland paddy soil.  The purpose of this study 
was to determine the biochemical biodiversity 
of rhizobacteria from wetland paddy soil and 
investigate the distribution of dominant bacterial 
groups from different geographical locations in 
Peninsular Malaysia.

MATERIALS AND METHODS

Bacteria Sources
Ten strains were obtained from several sources of 
six main geographical locations: Alor Bakat, Kg. 
Seligi, Bachok, Kelantan; Sekinchan, Selangor; 
Kobah, Kedah, and Sg. Batu Pahat, Perlis.  The 
strains used in this study are listed in Table 1, 
while the location of each site is indicated in 
Fig. 1.  The description and characteristics of 
the paddy soils are given in Tables 2 and 3, 
respectively.

Isolates P1, P13, S1, 22, 23, 40, 44 and 
47 were recovered from the rhizosphere area 
(within 3 mm of the root structure) in paddy 
soil.  Isolate P2 was recovered from the paddy 
soil around the rhizosphere area, while isolate 
P3 was recovered from the paddy soil between 
the rhizosphere areas.

TABLE 1 
The source of strains

Strain Location/source

P1 Alor Bakat, Bachok, Kelantan (rhizosphere)
P2 Alor Bakat, Bachok, Kelantan (around rhizosphere)
P3 Alor Bakat, Bachok, Kelantan (between rhizosphere)
P13 Alor Bakat, Bachok, Kelantan (rhizosphere)
S1 Kg. Seligi, Bachok, Kelantan (rhizosphere)
22 Kg. Seligi, Bachok, Kelantan (rhizosphere)
23 Pasir Puteh, Kelantan (rhizosphere)
40 Sekinchan, Selangor (rhizosphere)
44 Kobah, Kedah (rhizosphere)
47 Sg. Batu Pahat, Perlis (rhizosphere)
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Preliminary Tests
Colony morphology was determined after 2 
to 4 days of growth on the nutrient agar plates 
incubated at 35 – 37cC.  Each isolate was 
submitted to Gram staining and was examined 
for cellular morphology and arrangement.  One 
loop of distilled water was put on a clean slide.  
After that, one loop of the broth culture was 
added onto it after 16 hours of incubation, and 
this was spread until it was well mixed.  The slide 
was subsequently heated to get a dry smear.  The 

crystal-violet solution was then poured on the 
entire smear for 1 minute.  The slide was washed 
gently with running water, and iodine solution 
was then added for 1 minute.  Then, some drops 
of 95% alcohol were put on the particular smear 
to decolourize the blue stain.  Safranin gram 
solution was then added to stain the negative 
bacteria in red colour for 30 seconds.  The dried 
and coloured smear was examined under oil 
immersion microscope (Blazevic and Grace, 
1975).

Fig. 1: The location of sampling sites in Perlis, Kedah, Selangor and Kelantan, which 
represent the major rice growing areas in Peninsular Malaysia
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