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Abstract:-In the present study, an attempt was made to isolate and characterize the phosphobacterial
isolates such as Bacillus sp. and Pseudomonas sp. from fifteen bhendi rhizosphere soil samples collected
from Cuddalore district of Tamil Nadu. The results showed that all rhizosphere soils harbored
phosphobacterial isolates such as Bacillus and Pseudomonas to the tune of 104 CFU g™ of rhizosphere soil
sample. Pure culture of the above phosphobacterial isolates were prepared and further subjected to
different characterization studies for their tentative identification. General and biochemical
characterization studies clearly revealed that seven isolates of B. megaterium, three each isolates of B.
subtilis and B. polymyxa and two isolates of B. cereus were found among the fifteen Bacillus rhizosphere
soils. With regard to Pseudomonas population eight isolates of P. fluorescens, four isolates of P. putida and
three isolates of P. striata were also obtained among the fifteen rhizosphere soils.
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INTRODUCTION

Bhendi is one of the most important vegetable crops in India due to its nutritional values like high
amount of vitamin A, B and C, carbohydrates, phosphorus, magnesium and potassium. It is also a potential
oil and protein crop which also has an exporting value accounting for thirteen per cent among fresh
vegetables (Bose and Ranjan, 1988).

India is an agriculture based country, farmers need adequate resources to replenish soil fertility
and maintain the productivity of soil. Really, the green revolution has popularized the use of chemical
fertilizers to achieve higher productivity. But due to continuous and indiscriminate use of fertilizers, the
natural fertility of soil has been lost and this activity has contaminated our soil, water and food. Hence, the
farmers are in need of searching alternative to replace the chemical fertilizers. In recent days, the use of
organic inputs like vermicompost, bio fertilizers and bio pesticides is becoming popular in the world wide
insustainable agriculture.

Phosphorous is the second most important macronutrient for growth and productivity of crop
plants. It plays major role in plant cell division, photosynthesis and development of good root system and
utilization of carbohydrates. Its deficiency results in the leaves turning brown accompanied by small
leaves, weak stem and slow development. In ancient times the use of animal manures to provide
phosphorous for plant growth was a common agricultural practice. Organically bound phosphorous enters
in soil during the decay of natural vegetation, dead animals and from animal excretions. At that time, role of
micro floraon soil fertility was hardly understood (Kannaiyan et al., 2004).

Phosphate solubilizing bacteria are very much important in crop production as they solubilize the
insoluble forms of phosphates and uptake of other nutrients (Antoun et al., 1998; Sperber, 1958; Cao et al.,
1999; Khan et al., 2007) and also stimulates plant growth by providing hormones, vitamins and other plant
promoting substances.

The use of phosphate solubilizing bacteria as inoculants simultaneously increases phosphate
uptake by the plant and crop yield. Strains from the genera such as Pseudomonas, Bacillus and Rhizobium
are among the most powerful phosphate solubilizing agents. The principal mechanism for mineral
phosphate solubilisation is the production of organic acids and phosphatase enzymes play a major role in
the mineralization of organic phosphorous in soil (Rodriguez et al., 1999).

The role of microorganisms in solubilizing insoluble phosphate in soil and making it available to
plants is well known (Kundu and Gaur, 1984). Phosphate solubilizing microorganisms include several
genera of bacteria viz., Bacillus, Pseudomonas, Klebsiella and Serratia (Nakas et al., 1987; Strom and
Lory, 1987; Dave and Patel, 1999). Among bacteria, most efficient phosphate solubilizing bacteria
belonged to the genera Bacillus and Pseudomonas (Dave and Patel, 1999). The phosphate solubilizing
bacterial isolates were screened based on the ability to release soluble phosphorous from apatite in the
culture medium (Banik and Dey, 1982; White Law et al., 1999).

Several species of Pseudomonas are well known for aggressive root colonization, possessing
plant growth promoting activities and potential bio control abilities have been well documented (Schroth
and Hancock, 1982; Fravel, 1988; Weller, 1988; Homma et al., 1989; Hebbar et al., 1992; Jayaswal et al.,
1993; Pandey etal., 1999).

Diverse reports have described Bacillus spp. and other gram-positive bacteria as an important
group in solubilization and mineralization of P in aquatic and terrestrial environments (Puente et al., 2004;
Hilletal., 2007).

Several strains of the species Bacillus amyloliquefaciens, B. subtilis, B. pasteurii, B. cereus, B.
pumillus, B. mycoides and B. sphaericus elicit significant reductions in the incidence or severity of various
diseases on a diversity of hosts was explained by Devendra Choudhary and Bhardish Jhori (2009). Kumar
and Dube (1993) obtained strains of P. putida from tomato root using modified King's 'B' medium
incorporated with cyclohexamide, ampicillin, chloramphenicol and pentachloro benzene. Benchabane
(2004) isolated several fluorescent strains of Pseudomonas from the rhizosphere of different plants namely
tomato, potato, corn and vine and suggested that the plant and the soil type play a considerable role in the
distribution and the taxonomic diversity of fluorescent Pseudomonas. In the present investigation an
attempt was made to isolate and characterize certain phosphobacterial isolates viz., Bacillus and
Pseudomonas from Bhendi rhizosphere soil samples of Cuddalore District, Tamil nadu, India.

MATERIALSAND METHODS
About fifteen locations from Cuddalore District were randomly selected and the Bhendi

rhizosphere soil samples were collected and analyzed for their physico-chemical and microbiological
properties by adopting the following protocols.

Indian Streams Research Journal | Volume 4 | Issue 5| June 2014 2



ISOLATION AND CHARACTERIZATION OF PHOSPHOBACTERIAL ISOLATES FROM BHENDI RHIZOSPHERE SOILS

S.NO. PARAMETER REFERENCE
1 Soil pH Erhart and Burian, 1997
2 Soil EC Falcon etal., 1987
3 Organic carbon Jackson, 1973
4 Available nitrogen Subbiah and Asija, 1956
5 Available phosphorus Olsen et al., 1954
6 Available potassium Jackson, 1973
7 Enumeration of total heterotrophs Allen, 1953; Johnson et al., 1956

Enumeration of Phosphobacteria isolates

8. Bacillus Sperber, 1958

9. Pseudomonas King’s etal.(1954)

Further the Bacillus and Pseudomonas isolates were subjected to biochemical and characterization

studies by adopting the following standard protocols.

Characterization of Phosphobacteria isolates

1. Gram’s staining Rangaswami, 1975

2. Motility Cheesbrough, 1984

3 Spore staining Hariigan and McCance, 1966

4, Acid production Krieg and Tarrand, 1978

5. Hydrolysis of starch Stolpe and Godkeri, 1981

6. Hydrolysis of gelatin Stolpe and Godkeri, 1981

7. Hydrolysis of casein Smibert and Krieg, 1981

8. Catalase test Aneja, 1993

9. Oxidase test Bergey’s manuals of determinative
Bacteriology 6™ Edition

10. Indole test Seeley and Vandemark, 1981

11 Methyl red test Seeley and Vandemark, 1981

12. Urease test Christensen, 1946

13. Voges-proskauer test Aneja, 1993

14. Citrate utilization test Seeley and Vandemark, 1981
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RESULTAND DISCUSSION

The physico-chemical properties and nutrient status of the fifteen bhendi rhizosphere soil samples
of Cuddalore distract were analyzed and presented in (Table - 1). The pH (soil reaction) of the soil samples
ranged between 7.03 and 7.37 and electrical conductivity (EC) between 1.14 and 1.82 dSm™ levels. With
regard to nutrient contents, the available nitrogen content ranged from 131.42 to 173.46 kg ha™, available
phosphorus ranged from 17.34 to 31.23 kg ha™ and available potassium from 235.62 to 290.75 kg ha™ were
recorded. The higher values of available nitrogen (173.46 kg ha™), phosphorus (31.23 kg
ha™) and potassium (290.75 kg ha*) were recorded in Sakkangudi soil samples. The vital nutrient
parameter, organic carbon content of the bhendi rhizosphere soil samples were ranged between 0.55 and
0.98 per cent ranges from Sakkangudi and Keerapalaiyam respectively. All other soil samples OC content
were found in between these values. It was well understood that these physico-chemical and nutritional
parameters are of heterogeneous nature that are determined by different environmental and cultural
practices.

The bhendi rhizosphere soil samples were subjected to enumeration of total heterotrophic
microbial population viz., bacteria, fungi and actinobacteria with respective agar medium by employing
standard plate count method and the results are presented in (Table - 2). The results revealed that the
population load of 10°, 10° and 10° CFU g* of soil levels were observed for bacteria, fungi and
actinobacteria respectively. The higher bacterial population of 48.33x10°, fungal population of 10.67x10°
and actinobacteria population of 10.00x10° CFU g™ of soil were observed in Sakkangudi soil. The variation
between the population levels of total heterotrophs may be due to different location, environment and
cultural factors.

In addition to enumeration of total heterotrophic microbial population, the bhendi rhizosphere soil
samples were further determined for the population of important phosphobacterial isolates like Bacillus
and Pseudomonas (Fig. 1). The results revealed that all the bhendi rhizosphere soils harbored
phosphobacteria to the tune of 10° CFU g™ of oven dry soil. The higher Bacillus population of 12.67x10°
CFU g* and minimum population of 5.67x10" CFU g™ were recorded in Sakkangudi and Keerapalaiyam
locations respectively. The maximum Pseudomonas of 9.33x10* CFU g* of oven dry soil at Sakkangudi
location followed by 9.00x10* CFU g™ oven dry soil (Orathur) and 8.67x10° CFU g* oven dry soil
(Kattumanarkovil) and least population of 4.00x10° CFU g™ of oven dry soil (Keerapalaiyam) soil sample
were recorded. The phosphobacterial isolates obtained from the fifteen different locations were designated
as BRB-1to BRB-15 for Bacillusand BRP-1 to BRP-15 for Pseudomonas isolates.

The results showed that there are some variations among the population of these PGPR and
marked reduction than the total heterotrophic bacteria. The relative occurrences of these phosphobacterial
isolates against total heterotrophs were reported earlier by many researchers in maize and other crops
(Balandreau etal., 1975; Baldani and Dobereiner, 1980; Guemouri - Athmani et al., 2000).

The colonization of Pseudomonas spp. in many important crops have been already many authors
(Brown, 1974; Suslow and Schroth, 1982; Schroth and Hancock, 1982; Curl and Truelove, 1985; Fravel,
1988; Weller, 1988; Homma et al., 1989; Chanway et al., 1989; Hebbar et al., 1992; Jayaswal et al., 1993;
Bakkeretal.,1996; Pandey et al., 1998; 1999; Anita Pandey et al., 1999).

Jorquera et al. (2008) isolated Phosphobacteria [phytate-mineralizing bacteria (PMB) and
phosphate-solubilizing bacteria (PSB)] from the rhizosphere of perennial ryegrass (Lolium perenne), white
clover (Trifolium repens), wheat (Triticum aestivum), oat (Avena sativa), and yellow lupin (Lupinus luteus)
growing in volcanic soils of Chile which contains large amounts of total and organic phosphorus but low
available phosphorus.

Hui etal. (2011) isolated about 74 strains of phosphate solubilizing bacteria (PSB) and 138 strains
of phosphorus mineralizing bacteria (PMB) from 797 colonies and finally selected 3 PSB strains
(Pseudomonas fluorescens) with highest Phosphorus solubilizing efficiency and 2 highest Phosphorus
mineralizing strains (Bacillus cerus and Bacillus subtilis) for pot culture and filed hadien on population.

Adhkari et al. (2013) isolated seventy phosphobacterial isolates from rhizosphere soils like
bhendi, chilli groundnut, brinjal, cabbage and tomato from different agro ecological regions of West Bengal
and found twenty one P. fluorescens (biovar 1, 11, 111) had antagonistic activity against Rhizoctonia solani
under in vitro conditions.

Presence of Phosphobacterial isolates viz., Bacillus and Pseudomonas from bhendi rhizosphere
soils of different regions were already documented by (Sivakumar and Tholkappian, 2013).

GENERALAND BIOCHEMICALCHARACTERIZATION OF BACILLUS ISOLATES
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The Bacillus isolates obtained from fifteen bhendi rhizosphere soil samples were studied with
general and biochemical characters (Table - 3). The results clearly revealed that they were Gram positive,
motile, spore forming and acid producing Bacilli. Further they were positive for starch and gelatin
hydrolysis, negative for casein hydrolysis, positive for catalase, oxidase and methyl red test, negative for
urease test and produced mixed kind of results for indole test, Voges-Proskauer and citrate utilization tests.
The results showed that the isolates BRB-1, BRB-2, BRB-3, BRB-7, BRB-8, BRB-11 and BRB-12 were B.
megaterium and BRB- 4, BRB-6 and BRB-10 were B. subtilis and BRB-5, BRB-9 and BRB-15 were B.
polymyxa and the remaining isolates viz., BRB-13 and BRB-14 were found to be B. cereus.

GENERALAND BIOCHEMICALCHARACTERIZATION OF PSEUDOMONAS ISOLATES

All the Pseudomonas isolates showed Gram negative, rod shaped motile cells during microscopic
observation. Further they positively responded for pigmentation in King's B agar medium that confirmed
their identity. Different biochemical characterization studies revealed that the isolates BRP-1, BRP-2,
BRP-3, BRP-5, BRP-9, BRP-11, BRP-13 and BRP-14 were tentatively identified as P. fluorescens, BRP-4,
BRP-6, BRP-10 and BRP-12 were identified as P. putida and the remaining isolates namely BRP-7, BRP-8
and BRP-15were identified as P. striata (Table - 4).

CONCLUSION

The present study concluded that Bhendi rhizosphere soil samples collected from fifteen different
locations of Cuddalore District of Tamil Nadu harbored its own native phosphobacteria viz., Bacillus and
Pseudomonas to the tune of 10' CFU g levels on oven dry basis and their species level tentative
identification was done based on general and certain biochemical characteristics.

REFERENCES

1.Adhikari, A., S. Dutta, S. Nandi, |. Bhattacharya, M. De Roy, G. Sarkar and T. Mandal. 2013.
Antagonistic potentiality of native rhizobacterial isolates against root rot disease of okra, incited by
Rhizoctoniasolani. Afr. J. Agric. Res., 8(4): 405-412.

2.Allen, O. N. 1953. Experiments in Soil Bacteriology. Burgess Publ. Co., Minneapology Minnesota,
U.S.A., p.69-70.

3.Aneja, K. R. 1993. Experiments in Microbiology and Plant pathology, Tissue culture and Mushroom
cultivation.Wishwa Prakashan, New Delhi. p. 451.

4.Anita Pandey, A., S. T. Shende and M. Singh. 1999. Azotobacter chroococcum seed inoculant for cotton
(Gossypium hirsutum) - Effect of seed quality. Zentralbl. Microbiol., 144: 605-610.

5.Antoun, H., C. J. Beauchamp, N. Gousszrd, R. Chabat and R. Lalancle. 1998. Potential of Rhizobium and
Bradyrhizobium species as plant growth promoting rhizobacteria on non-legumes: e? ect on radishes

(Raphanus stativus L.). Plant Soil. 204: 57-67.

6.Bakker, P. A. H. M, L. X. Ran, C. M. Pieterse and L. C. Van Loon. 1996. Understanding the involvement
of rhizobacteria mediated induction of systemic resistance in biocontrol of plant diseases. Can. J. Plant
Pathol., 25: 5-9.

7.Balandreau, J., G. Rinaudo, I. Hamad Fares and Y.R. Dommergues. 1975. Nitrogen fixation in the
rhizosphere of rice plants. In: Nitrogen Fixation by Free-Living Microorganisms. W.D.P. Stewart (Ed.),
Cambridge University Press, p. 57-70.

8.Baldani, V. L. D and J. Dobereiner. 1980. Host plant specificity in the infection of cereals with
Azospirillum spp. Soil Biol. Biochem., 12: 1433-1439.

9.Banik, S. and B. K. Dey. 1982. Available phosphate content of an alluvial soil as influenced by
inoculation of some isolated phosphate solubilizing microorganisms. Plant Soil. 69: 353-364.
10.Benchabane, V. 2004. Taxonomic diversity and distribution of fluorescent Pseudomonas of various crop
plants rhizosphere in Algeria. International congress Rhizosphere, Munch, Germany: PS2/4.

11.Bose, B. K. and Ranjan, 1988, ICMR Special Report, Series No. 94.

12.Brown, M. E. 1974. Seed and root bacterization. Ann. Rev. Phytopathol., 12: 181-197.

13.Cao, G. M., J. X. Zhang and X. K. Bao. 1999. The phosphorus cycling in an alpine meadow. Acta
EcologicaSinica., 19:514-518.

14.Chanway, C. P, F. B. Holl and R. Turkington. 1989. Effect of Rhizobium leguminosarum biovar trifolii
genotype on specificity between Trifolium repens and Lolium perenne. J. Ecol., 77: 1150-1160.

Indian Streams Research Journal | Volume 4 | Issue 5| June 2014 5



ISOLATION AND CHARACTERIZATION OF PHOSPHOBACTERIAL ISOLATES FROM BHENDI RHIZOSPHERE SOILS

15.Cheesbrough, M. 1984. Medical laboratory manual for tropical countries. ELBS edition. Tropical health
technology publications, UK. 2: 2-392.

16.Curl, E. A.and B. Truelove. 1985. The Rhizosphere, Springer Verlag, Berlin, p. 52-77.

17.Dave, Aand H. H. Patel. 1999. Inorganic phosphate solubilizing soil Pseudomonas. Ind. J. Microbiol.,
39:161-164.

18.Devendra Choudhary and Bhardish Jhori. 2009. Plant Growth-Promotion (PGP) activities and
molecular characterization of rhizobacterial strains isolated from soybean (Glycine max L. Merril) plants
against charcoal rot pathogen, Macrophomina phaseolina. Biotechnol. Lett., 33: 2287-2295.

19.Erhart, E. and K. Burian. 1997. Evaluating quality and suppressiveness of Austrian biowaste composts.
Compost Sci. Utilizat., 5(3): 15-24.

20.Falcon, M. O., E. Corominas, M. C. Perez and F. Petesteleu. 1987. Aerobic bacterial population and
environmental factors involved in the composting of agricultural wastes. Biol. Wastes, 20: 89-99.
21.Fravel, D. R. 1988. Role of antibiosis in the biocontrol of plant diseases. Annu. Rev. Phytopathol., 26:
75-91.

22.Guemouri-Athmani, S., O. Berge, M. Bourrain, P. Mavingui, J. M. Thiery, T. Bhatnagar and T. Heulin.
2000. Diversity of Paenibacillus polymyxa populations in the rhizosphere of wheat (Triticum durum) in
Algerian soils. Eur. J. Soil Biol., 36: 149-159.

23.Hebbar, K. P, A. G. Davey, J. Merrin and P. J. Dart. 1992. Rhizobacteria of maize antagonistic to
Fusarium moniliforme, a soil-borne fungal pathogen: Colonization of rhizosphere and roots. Soil Biol.
Biochem., 24:989-997.

24.Hill, J. E., D. Kyselaand M. Elimelech. 2007. Isolation and assessment of phytate-hydrolising bacteria
from the DelMarVa Peninsula. Environ. Microbiol., 9: 3100-3107.

25.Homma, Y., Z. Stao, F. Hirayama, K. Konno, H. Shirahama and T. Suzuki. 1989. Production of
antibiotics by Pseudomonas cepacia as an agent for biological control of soil borne plant pathogens. Soil
Biol. Biochem., 21: 723-728.

26.Hui, L., W. Xiao-Qin, R. Jia-Hong and Y. Jian-Ren. Isolation and identification of phosphobacteria in
poplar rhizosphere from different regions of China. Pedosphere. 21(1): 90-97.

27.Jackson, M. L. 1973. Soil chemical analysis. Prentice - Hall of India Pvt. Ltd., New Delhi. Il Indian
Reprint. p. 1-41.

28.Jayaswal, R. K., M. Fernandez, R.S. Upadhyay, L. Visintin, M. Kurz, J. Webb, and K. Rinehart. 1993.
Antagonism of Pseudomona scepacia against phytopathogenic fungi. Curr. Microbiol., 26: 17-22.
29.Johnson, L. F., E. A. Curl, J. S. Bond and H. A. Friboury. 1956. Methods for studying soil microflora
plant disease relationships. Burgers Publication Comp., Minnepolis, Minnesota.

30.Jorquera, M. A., M. T. Hernandez, Z. Rengel, P. Marschner and M. de la Luz Mora. 2008. Isolation of
culturable phosphobacteria with both phytate-mineralization and phosphate-solubilization activity from
the rhizosphere of plants grown in avolcanic soil. Biol. Fertil. Soils, 44: 1025-1034.

31.Kannaiyan, S., K. Kumar and K. Govindarajan. 2004. Biofertilizers technology for rice based cropping
system. Scientific publishers. (India), Jodhpur. p. 450.

32.Khan, M. S., A. Zaidi and P. A. Wani. 2007. Role of phosphate-solubilizing microorganisms in
sustainable agriculture - areview. Agron. Sustain. Dev., 29: 423-432.

33.King's, E. O., M. K. Ward and D. E. Rency. 1954. Two sample media for the demonstration of pyocyanin
and fluorescin. J. Lab. Clin. Med., 44: 301 - 307.

34.Krieg, N. R. and J. J. Tarrand. 1978. Taxonomy of the root associated nitrogen fixing bacterium
Spirillum lipoferum In: Limitations and potentials for Biological Nitrogen fixation in the tropics,
Dobereiner, J., (Ed.), Plenum Press, New York, p. 317-334.

35.Kumar, D. B. Sand H. C. Dube. 1993. Siderophore production by a plant growth promoting fluorescent
Pseudomonas, RBT 13. Ind. J. Microbiol., 33: 61- 65.

36.Kundu, B. S and A. C. Gaur. 1984. Rice response to inoculant with N-fixing and P - solubilizing
microorganisms. Plant Soil, 79: 227-234.

37.Lelliott, R. A., E. Billing and A.C. Hayward. 1966. A determine scheme for the fluorescent plant
pathogenic Pseudomonads. J. Appl. Bacteriol., 29: 470-489.

38.Nakas, J. P., W. D. Gould and D. A. Klein. 1987. Origin and expression of phosphatase activity in semi-
arid grass land soil. Soil Biol. Biochem., 19: 13-18.

39.0lsen, S.R., C. U. Cole, F. S. Watenabe and L. Peon. 1954. Estimation of available phosphous in soils by
extraction with sodium biocrbonate. USDA, U.S. Govt printing office, Washington D.C., p. 40 - 45.
40.Pandey, A.and L. M. S. Palni. 1998. Isolation of Pseudomonas corrugata from Sikkim Himalaya. World
J. Microbiol. Biotechnol. 14: 411-413.

41.Pandey, A., A. Durgapal, M. Joshi and L. M. S. Palni. 1999. Influence of Pseudomonas corrugate
inoculation on root colonization and growth promotion of two important hill crops. Microbiol. Res., 154:

Indian Streams Research Journal | Volume 4 | Issue 5| June 2014 6



ISOLATION AND CHARACTERIZATION OF PHOSPHOBACTERIAL ISOLATES FROM BHENDI RHIZOSPHERE SOILS

259-266.

42.Puente, M. E., Y. Bashan, C. Y. Liand V. K. Lebsky. 2004. Microbial populations and activities in the
rhizoplane of rock-weathering desert plants, 1. Root colonization and weathering of igneous rocks. Plant
Biol., 6:629-642.

43.Rangaswami, G. 1975. Disease of crop plantsin India. Prentice Hall Pvt. Ltd., New Delhi, p. 520.

44 Rodriguez, H. and F. Reynaldo. 1999. phosphate solubilizing bacteria and their role in plant growth
promotion. Biotechnol. Adv., 17: 319-339.

45.Schroth, M. N and J. G. Hancock. 1982. Disease suppressive soil and root colonizing bacteria. Sci., 216:
1376 -1381.

46.Seeley, H. W. and P. J. Van Demark. 1981. Microbes in Action: A Laboratory Manual of Microbiology,
3rd Ed, W.H. Freeman and Company, USA.

47.Sivakumar, K. and P. Tholkappian, 2013. Co-Inoculation Effect of AM Fungi and phosphobacteria on
the growth and yield of rhizosphere of bhendi (Abelmoschus esculentus L.) as Influenced by chemicals and
biopesticides. Int. J. Pharmaco. Biol., 4(2): 375-378.

48.Smibert, R. M. and N. R. Krieg. 1981. General characterization. In Manual of Methods for General
Microbiology, p. 409-443. Edited by P. Gerhardt, R. G. E. Murray, R. N. Costilow, E. W. Nester, W. A.
Wood, N. R. Kriegand G. B. Phillips. Washington, DC: American Society for Microbiology.

49.Sperber, J. 1. 1958. Solubilization of apatite by soil microorganisms producing organic acids. Aust. J.
Agri. Res., 9: 782-787.

50.Stolpe and Godkeri. 1981. Non-pathogenic members of genus Pseudomonas in the prokaryotes.
Marthineretal., (Eds). Springer Verlag, New York, p. 719-741.

51.Strom, M. S and S. Lory. 1987. Mapping of export signals of Pseudomonas aeruginosa Pilin with
alkaline phosphatase fusion. J. Bacteriol., 169: 3181-3188.

52.Subbiah, B. Vand G. L. Asija. 1956. Arapid procedure for estimation of available nitrogen in soils. Curr.
Sci., 25: 259-260.

53.Suslow, T. V and M. N. Schroth. 1982. Rhizobacteria of sugar beet: Effect of seed application and root
colonization onyield. Phytopathol., 72: 199 - 206.

54 Weller, D. M. 1988. Biological control of soil borne plant pathogens in the rhizosphere with bacteria.
Annu. Rev. Phytopathol., 26: 379-407.

55.Whitelaw, M. A. T. J. Harden and K. R. Helyar. 1999. Phosphate solubilization in solution culture by the
soil fungus Penicillium radicum. Soil Biol. Biochem., 31: 655-665.

Table - 1: Physico-chemical properties of Bhendi rhizosphere soil samples
of Cuddalore District
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Table - 2: Determination of total heterotrophic microbial populations from Bhendi rhizosphere

soil samples of Cuddalore District
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Fig. 1- Determination of certain phosphobacteria population from Bhendi rhizosphere soil
samples of Cuddalore District

Table - 3: Characterization of Bacillus isolates obtained from the Bhendi rhizosphere soil samples
of Cuddalore District
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ISOLATION AND CHARACTERIZATION OF PHOSPHOBACTERIAL ISOLATES FROM BHENDI RHIZOSPHERE SOILS
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(+) Showed positive growth; (-) Showed negative growth

Table - 4: Characterization of Pseudomonas isolates obtained from the Bhendi rhizosphere soil
samples of Cuddalore District
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