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Abstract : Plant growth promoting rhizobacteria promote plant growth and productivity has internationally been accepted. 
Fluorescent pseudomonas have been extensively studied as a plant growth promoting rhizobacteria (PGPR). Pseudomonads 
are known to interact with host plant via chemical mediators that develop a symbiotic relationship. During their close 
association, they influence the growth of host plant by delivering beneficial effects in rhizosphere. Pseudomonads promote 

the growth of plants either by direct supply of nutrients, synthesis of phytohormones, solubilization of minerals, or indirectly 
as a biocontrol agent suppressing the pathogens. Cumulative effect of combination of above properties projects it as bacteria 
of great economic importance.  This is usually achieved by either one or blend of several factors released in rhizosphere by 
symbiont.  These include secretive secondary metabolites e.g. Antibiotics, toxins, enzymes, HCN etc. which inhibits the 
pathogen or chelators like siderophores which generate the microenvironment, a competitive one for pathogen. These 
bioformulations also enhanced soil fertility and the PGPR activity also increased grain yield. 
 
Keywords : Growth promoting, Pseudomonas, Rhizobacteria 

 

REFERENCES 

 

Ayala, S. and Rao, E.V.S.P. (2002).  Perspectives of 

soil fertility management with a focus on fertilizer 

use for crop productivity. Current  Science, 82: 797-

807. 

Abdallah, M.A. (1991). Pyoverdins and 

pseudobactins. In Handbook of microbial iron 

chelates edited by Winkelmann G (ed CRC Press, 

Boca Raton, FL): 139-153. 

Buyer, J.S., Sikora, L.J. and Chaney, R.L. (1989). 
A new growth medium for the study of siderophore–

mediated interaction. Biology and Fertility of Soils, 

8: 97-101. 

Bagnasco, P.; Fuente, L. De La; Gualtieri, G.; 

Noya, F. and Arias, A. (1998). Fluorescent 

Pseudomonas spp. as biocontrol agents against 

forage legume root pathogenic fungi. Soil Biology 

and Biochemistry, 30: 1317-1322. 

Baker, R. (1968). Mechanism of biological control 

of soil-borne plant pathogens. Annual Review of 

Phytopathology, 6: 263-294. 
Brown, M.E. (1974). Seed and root bacterization. 

Annual Review of Phytopathology, 12: 181-197. 

Bienfait, H.F. (1989). Prevention of stress in iron 

metabolism of plant. Acta Botanica Neerlandica, 38: 

105-129. 

Bowen, G.D. (1980). Misconceptions, concept and 

approaches in rhizosphere biology. In contemporary 

microbial ecology, Edited by Slater JH, Academic 

press, New York.: 283-304.  

Burr, T.J. and Caesar, A.J. (1984).  Beneficial 

plant bacteria. CRC Critical Review on Plant 

Science, 2: 1-20.  

Chernin, L.; Ismailov, Z.; Haran, V. and Chet, I. 
(1995). Chitinolytic Enterobacter agglomerans 

antagonistic to fungal pathogens. Applied and 

Environmental Microbiology, 61: 1720-1726. 

Cattelan, A.J.; Hartel, P.G. and Fuhrmann, J.J. 
(1999). Screening for plant promoting rhizobacteria 

to promote early soybean growth. Soil Science 

Society of America Journal, 63:1670-1679. 

Chabot, R.; Antoun, H. and Cescas, M.C. (1996). 

Growth promotion of maize and lettuce by phosphate 

solubilizing Rhizobium leguminosarum bv phaseoli. 

Plant Soil, 184: 311-321. 

Dowling, D.N. and O’Gara, F. (1994). Metabolities 

of Pseudomonas involved in the biocontrol  of plant 

disease. Treads Biotechnology, 12:133-141.  

Deshwal, V.K.; Devi, M.S.; Bhajanka, N.; Mistri, 

J.; Bose, A. and Saini, N. (2011). Pseudomonas 
aeruginosa strains and their role in plant growth 

promotion in medicinal plant. Global Journal of 

Applied Agriculture Research, 1: 49-55. 

Defreitas, J.R., Banerjee, M.R. and Germida, J.J. 
(1997). Phosphate solubilizing rhizobacteria 

enhanced the growth and yield but not phosphasous 

uptake of Canola (Brassica napus L.), Biology and 

Fertility of Soils, 24: 358-364. 

Derylo, M.  and Skorupska, A. (1993). 

Enhancement of symbiotic nitrogen fixation by 

vitamin secreting fluorescent pseudomonas. Plant 
soil, 154: 211-217. 

Deshwal, V.K.; Dubey, R.C. and Maheshwari, 

D.K. (2003). Isolation of plant growth promoting 

strains of Bradyrhizobium Arachis sp. with 

biocontrol potential against Macrophomina 

phaseolina causing charcoal rot of peanut, Current 

Science, 84(3): 443-448.  

Deshwal, V.K.; Singh, S.B.; Nilmani, K.; Raza, T.; 

Ansari, F.A.; Jha, A. and Kumar, A.D. (2010). 

Plant growth and nodulation of Mucuna (Mucuna 

pruriens) in response to Rhizobium inoculation. 

Journal of Plant Development Sciences, 2 (3&4): 
103-107.  

Deshwal, V.K.; Vig, K.; Singh, S.B.; Gupta, N.; 

Agarwal, S.; Patil, S. and Ankita (2011c). 

Influence of the Co-inoculation Rhizobium SR-9 and 

Pseudomonas SP-8 on growth of soybean crop, 

278 



280                                                                          VISHAL KUMAR DESHWAL, KAVITA VIG AND PUNKAJ KUMAR 

________________________________________________  
Journal of Plant Development Sciences Vol.4 (2): 265-268. 2012 

Developmental Microbiology and Molecular 

Biology, 2 (1): 67-74.  

Deshwal, V.K.; Reena, Sharma, P.; Gupta, S.; 

Chakraborty, M. and Chatterji, T. (2011d).  

Phosphorus solubilizing Pseudomonas aeruginosa 

PMV-14 enhance productivity in Rice crop. 
International Journal of Applied Agricultural 

Research, 6(1): 29-33. 

Deshwal, V.K. and Vig, K. (2010). Co-inoculation 

of Pseudomonas-MP3 and Rhizobium-GR-23 

enhanced plant growth activity of Peanut (Arachis 

hypogaea L.). Journal of Plant Development 

Sciences, 2: 61-62. 

Deshwal, V.K. (2012). Pseudomonas aeruginosa as 

biological control agent against plant pathogenic 

fungus Sclerotina sclerotiorum, International 

Journal of Plant, Animal and Environmental 

Sciences, 2(1): 14-17.  

Deshwal, V.K.; Vig, K.; Amisha; Dwivedi, M.; 

Yadav, P.; Bhattacharya, D. and Verma, M. 
(2011b). Synergistic Effects of the Inoculation with 

Plant Growth-Promoting Rhizobium and 

Pseudomonas on the Performance of Mucuna. 

Annals of Forestry, 19(1): 13-20.  

Elad, Y. and Baker, R. (1985). The role of 

competition for iron and carbon in suppression of 

chlamydospore germination of Fusarium sp. by 

Pseudomonas spp.  Phytopathology, 75: 1053-1059. 

Expert, J.M. and Degit, B. (1995). Biocontrol of 
Sclerotinia wilt of sunflower by Pseudomonas 

fluorescens and Pseudomonas putida strains. 

Canadian Journal of Microbiology, 41: 685-691.     

Furmann, J. and Wollum, A.G. II (1989). 

Nodulation competition among Bradyrhizobium 

japonicum strains as influenced by rhizosphere 

bacteria and iron availability. Biology and Fertility of 

Soils, 7: 108-112. 

Fuente, L.; Quagliotto, L.; Bajsa, N.; Fabiano, E.; 

Altier, N. and Arias, A. (2002). Inoculation 

withPseudomonas fluorescens biocontrol strains does 

not affect the symbiosis between rhizobia and forage 
legumes. Soil Biology and Biochemistry, 34:  545. 

Fenton, A.M.; Stephens, P.M.; Crowley, J.; 

O’Callaghan, M. and O’Gara, F. (1992).  

Exploiatation of genes (s) involved in 2,4-

diaacetylphloroglucinol biosynthesis to confer a new 

biocontrol capability to a Pseudomonas strain. 

Applied and Environmental Microbiology, 58: 3873-

3878. 

Glick, B.R.; Karaturovic, D.M. and Newell, P.C. 
(1995). A novel procedure for rapid isolation of plant 

growth promoting pseudomonads. Canadian Journal 
of Microbiology, 41: 533-536. 

Gupta, C.P.; Dubey, R.C. and Maheshwari, D.K. 
(2002). Plant growth enhancement and suppression 

of Macrophomina phaseolina causing charcoal rot of 

peanut by fluorescent pseudomonas. Biology and 

Fertility of Soils, 35: 399-405.   

Gupta, C.P.; Dubey, R.C.; Kang, S.C. and 

Maheshwari, D.K. (2001). Antibiosis mediated 

necrotrophic effect of Pseudomonas GRC2 against 

two fungal pathogens. Current Science, 81: 91-94. 

Glick, B.R.; Penrose, D.M. and Li, J. (1998). A 

model for the lowering of plant ethylene 

concentrations by plant growth promoting bacteria.  

Journal of Theoretical Biology, 190: 63-68. 

Gupta, C.P.; Sharma, A.; Dubey R.C. and 

Mahsehwari, D.K. (1999). Pseudomonas 

aeruginosa GRC1 as strong antagonist of 

Macrophomina phaseolina and Fusarium 

oxysporium. Cytobios, 99: 183-189. 

Gu, Y.H. and Mazzola, M. (2001). Impact of 

carbon starvation on stress resistance, survival in soil 

habitats and biocontrol ability of Pseudomonas 

putida strain 2C8. Soil biology and Biochemistry, 

33:1155-1162. 

Hatzinger, P.B. and Alexander M. (1994). 

Relationship between the number of bacteria added 
to soil or seeds and their abundance and distribution 

in the rhizosphere of alfalfa. Plant soil, 158: 211-

222. 

Henis, Y. and Chet, I. (1975).  Microbial control of 

plant pathogens Advance Applied Microbiology, 19: 

85-111. 

Höfte, M.; Dong, Q.; Kourambas, S.; 

Krishnapillai, V.;  Sherratt, D.;  Mergeay, M. 
(1994) The sss gene product, which affects 

pyoverdine production in Pseudomonas aeruginosa 

7NSK2, is a site-specific recombinase. Molecular  
Microbiology, 14:1011-1020. 

Hofte, M.; Seong, K.Y.; Jurkevitch, E. and 

Verstraete, W. (1991). Pyoverdin production by the 

plant growth beneficial Pseudomonas strains 7NSK2: 

Ecological significance in soil. Plant soil, 130: 249-

257. 

Hattori, T. (1988). Regulation of ferric iron 

transport in Escherichia coli k12: Isolation of a 

consecutive mutant. Molecular and General 

Genetics, 182: 288-292. 

Iswandi, A.; bossier, P.; Vandenabede, J. and 

Verstraete, W. (1987). Effect of seed inoculation 
with the rhizopseudomonas strain 7NSK2 on the root 

microbiota of maize and barley. Biology and Fertility 

of Soils, 3: 153-158. 

Inbar, J. and Chet, I. (1991). Evidence that 

chitinnase produced by Aeromonas caviae is 

involved in the biological control of soil-borne plant 

pathogens by this bacteria. Soil Biology and 

Biochemistry, 23: 973-978. 

Kloepper, J.W.; Leong, J.; Teintze, M. and 

Schroth M.N. (1980). Enhanced plant growth by 

siderophore produced by plant growth promoting 
rhizobacteria. Nature, 286: 885-886.  

Kloepper, J.W. and Beauchamp, C.J. (1992). A 

review of issue related to measuring colonization of 

plant roots of bacteria. Canadian Journal of 

Microbiology, 38: 1219-1232.  

Lim, H.S.; Lee, J.M. and Kim, S.D. (1999). Role of 

siderophore in biological control of  Fusarium solani 

by Pseudomonas fluorescens GL 20. Bulletin of the 



JOURNAL OF PLANT DEVELOPMENT SCIENCES Vol.4 (2) 279 

 

Institute for Comprehensive Agricultural Sciences, 

Kinki University, 7:47-58. 

Loper, J.E.; Orser, C.S.; Panopoulos, N.J. and 

Schroth, M.N. (1984). Genetic analysis of 

fluorescent pigment production of Pseudomonas 

syringae pv. Syringae. Journal of General 
Microbiology, 130: 1507-1515. 

Lifshitz, R. and Kloepper, J.W. (1987). M 

Kozlowski. Growth promotion of canola (rapeseed) 

seedlings by a strain of Pseudomonas putida under 

gnotobiotic conditions. Canadian Journal of 

Microbiology, 33: 390-395. 

Lim, H.S. and Kim, S.D. (1997). Role of 

siderophore in biocontrol of Fusarium solani  and 

enhanced growth response of bean by Pseudomonas 

fluorescens GL20. Journal of Microbiology and 

Biotechnology, 7: 13-20. 

Lim, H.S. and Kim, S.D. (1995). The role  and 

characterization of -1,3- Gluconase in biological 
control of Fusarium solani by Pseudomonas stutzeri 

YPL-1. Journal of Microbiology, 33: 295-301.  

Lippman, B.; Leinhos, V. and Bergmann, H. 
(1995). Influence of auxin producing rhizobacteria 

on root morphology and accumulation in maize Zea 

mays L. caused by inoculation with Indole-3-acetic 

acid IAA producing Pseudomonas and Actinobacter 

strains or IAA applied exogenously. Angewandte 

Botanik, 68: 31-36.  

Lim, H.S. and Kim, S.D. (1990). Antifungal 

mechanism of Pseudomonas stutzeri YPL-1 for 

biocontrol of Fusarium solani causing plant root rot. 
Korean Journal of Applied Microbiology and 

Biotechnology, 18: 81-88. 

Mahmoud, S.A.Z.; Ramadan, E.M.; Thabet F.M. 

and Khater T. (1984). Production of plant growth 

promoting substances by rhizosphere microorganism. 

Zentralblatt Fur Mikrobiologie, 139: 227-232. 

Noel, K.D. (1996).  Rhizobial poysaccharides 

required in symobioses with legumes.  In Molecular 

signals in Plant-Microbe Communications (ed. D. P. 

S. Verma pp. 341-357 CRC Press, Boca Raton).  

O’Sullivan, D.J. and O’Gara, F. (1992). Traits of 
fluorescent Pseudomonas spp. involved in 

suppression of plant root pathogens. Microbiology 

Review, 56: 662-676. 

Polonenko, D.R.; Scher, F.M.; Kloepper, J.W.; 

Singleton, C.A.; Laliberte, M. and Zaleska, I. 
(1987). Effect of root colonization bacteria on 

nodulation of soybean roots br Bradyrhizobium 

japonicum. Canadian Journal of Microbiology, 33: 

498-503. 

Prinkyl, Z.  and Vancura, V. (1980). Root exudates 

of plant. VI. Wheat root exudation as dependent on 

growth, concentration gradient of exudates and the 
presence of bacteria. Plant Soil, 57: 69-83.     

Paulitz, T.C. (1991). Effect of Pseudomonas putida 

on the stimulation of Pythium  ultimum by seed 

volatiles of pea and soybean. Phytopathology, 81: 

1282-1287. 

Raaijmakers, J.M. and Weller, D.M. (1998). 

Natural plant protection by 2,4-
diacetylphloroglucinol-producing Pseudomonas spp. 

in take-all decline soils. Molecular Plant-Microbe 

Interactions, 11: 144-152.  

Suslow, T.V. (1982). Role of root colonizing 

bacteria in plant growth. In; Phytopathgenic 

Prokaryotes edited by Mount MS and Lacy GH 

(Academic Press, London): 187-223. 

Shanahan, P.; Sullivan, O’; Simpson, P.; Glennon, 

J.D. and O’Gara, F. (1992). Isolation of 2,4-

Diacetylphloroglucinol from a fluorescent 

pseudomonads and investigation of physiological 

parameters influencing its production. Applied and 
Environmental Microbiology, 58:353-358.  

Suslow, T.W. and Schroth, M.N. (1982). 

Rhizobacteria on sugar beet: Effect of seed 

application and root colonization on yield. 

Phytopathology, 72: 199-206. 

Schroth, M.N. and Hancock, J.G. (1981). Selected 

topic in biological control. Annual Review of 

Microbiology, 35: 453-476. 

Seong, K.Y. and Shin, P.Y. (1996). Effect of 

siderophore on biological control of plant pathogen 

and promotion of plant growth by pseudomonas 
fiuorescens ps88. Agricultural Chemistry and 

Biotechnology, 39: 20-24. 

Thomshow, L.S. and Weller, D. (1988). Role of 

phenazine antibiotic from Pseudomonas fluorescence 

in biological control of Gaeumannomyces graminis 

var. tritici. Journal of Bacteriology, 170: 3499- 3508. 

Tien, T.M.; Gaskins, M.H. and Hubbell, D.H. 
(1979). Plant growth substance produced by 

Azospirillum brasilense and their effect on the 

growth of Pearl Millet (Pennisetum ammericanum 

L.). Applied and Environmental Microbiology, 37: 

1016-1024. 
Thomshow, L.S. and Weller, D. (1995). Current 

concept in the use of introduced bacteria for 

biological disease control mechanism and antifungal 

metabolites. In Plant Microbe Interactions eds by 

Stacey G and Keen N (Chapman and Hall, New 

York). 1: 187-235.  

Weller, D.M. (1983). Colonization of wheat roots by 

a fluorescent pseudomonads suppressed to take all. 

Phytopathology, 71:1548-1553.   

Weller, D.M. (1988). Biological control of soil 

borne pathogen in the rhizosphere with bacteria. 
Annual Review Phytopathology, 26: 379-407. 

Whitelaw, M.A.; Harden, T.J. and Bender, G.L. 
(1997). Plant growth promotion of wheat inoculated 

with Pencillium radicum sp. nov. Australian Journal 

of Soil Research, 35: 291-300. 

  


