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Abstract 

This study investigates the role played by a Bradyrhizobium japonicum SEMIA 5019-Penicillium spp. biofilm in terms of soil fertility, 
when it is free-living in a soil. The biofilm increased N and P mineralizations of the soil and showed a high nitrogenase activity even under a 
very high NOf concentration in the soil, compared to its member microbes. It maintained a low SOl~ concentration in the soil, which was 
conducive to the high nitrogenase activity. The application of this microbial association as a biofilmed inoculum is important for sustaining 
soil fertility as well as survival of such rhizobia in the soil in the absence of their hosts. Further studies are needed to evaluate the performance 
of the biofilm in terms of soil fertility in the ecosystems. 
© .2005 Elsevier Ltd. All rights reserved. 

Keywords: Rhizobial bionlms; Nitrogenase activity; Nutrient availability; Soil 

Legume-nodulating rhizobia are generally studied as 
symbiotic microorganisms, which establish plant-microbe 
interactions initiated by chemical signaling. Their survival 
under free-living conditions in the absence of their hosts in 
stressed soils has been understudied. This is important, 
because they do not form spores and hence it is unclear how 
they survive under such conditions. Biofilm formation is a 
prominent feature of microbial growth in nature. A recent 
study showed that biofilm formation of rhizobia with 
common soil fungi is a plausible strategy for the survival 
(Seneviratne and Jayasinghearachchi, 2003). These bionlms 
can be used to successfully introduce bacterial inoculants 
into soil because they can protect the inoculants against 
adverse environmental conditions and the competition by 
native soil populations. Moreover, such a biofilm with 
nitrogenase activity improved N 2 fixing symbiosis of 
soybean compared to a conventional rhizobial inoculant 
(Jayasinghearachchi and Seneviratne, 2004a). Present study 
investigates the role played by these bionlms in terms of soil 
fertility when they are free-living in the soil. 
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Soil was collected from a home garden and was air dried 
and sieved ( < 2 mm) to remove root fragments and debris. 
Samples of the soil were analyzed for total phosphorus and 
carbon using colorimetric methods (Anderson and Ingram, 
1993). Total nitrogen concentration was analyzed using 
Kjeldahl technique (Bremner and Tabatabai, 1972). The pH 
was measured in distilled water at a 1:4 soil-to-water 
volume ratio with a glass electrode. All the analyses were 
carried out in triplicates. The soil had a pH of 6.74, 
5.8 g k g - 1 soil organic carbon, 0 . 5 g N k g _ 1 soil and 
0.2 gP k g - 1 soil. 

Bradyrhizobium elkanii SEMIA 5019 developed for 
soybean was used for the study. Cultures were maintained in 
yeast manitol broth (YMB) (Somasegaran and Hoben, 1994), 
but without agar. They were incubated on a rotary shaker at 
28 °C for 6 days. Penicillium spp. isolated from a garden soil 
was used, because it was colonized best by the bradyrhizobial 
strain used (Seneviratne and Jayasinghearachchi, 2003). 
Fungal cultures were maintained on potato glucose agar 
(PGA). 

First, a yeast manitol agar (YMA) slab of 2 X 2 cm 2 was 
placed in a Petri plate. Fifty microliters of spore suspension 
of the Penicillium spp. were inoculated onto the YMA slab. 
Then, 20 mL of autoclaved and concentrated YMB (pre­
pared by doubling the constituents of standard YMB 
without agar) were added around the YMA slab. 
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