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1. Introduction 
Leguminous plants have always been significant both agriculturally and ecologically as they are the key source of biological 
nitrogen fixation (BNF) through root nodule formation (Sprent, 1987). Pigeon pea (CajanuscajanL var. Manak), a legume is a 
major source of protein for most of the vegetarian population worldwide. India is a principal pigeon pea-growing country 
contributing nearly 90% of total world's production (Dubeyet al., 2010). Bacteria present in root nodules of legumes are mainly 
species of Rhizobium(Mesorhizobium, Bradyrhizobium, Azorhizobium, Allorhizobium and Sinorhizobium), responsible for fixing 
atmospheric nitrogen through symbiosis with legumes. Rhizobium spp. are gram- negative bacteria having scientific and 
agronomic importance also maintains the soil fertility (Singh, 2013). 
Bacteria isolated from the rhizosphere, which have been shown to improve plant health or increase yield, are usually referred to as 
plant growth-promoting rhizobacteria (PGPR) (Kloepper and Schroth, 1980). In addition to symbiotic nitrogen fixation, 
Rhizobium can also produce phytohormones, siderophores, HCN; thereby reducing the threat of pests and diseases and ultimately 
improve plant growth and yields of legumes. They can solubilize sparingly soluble organic and inorganic phosphates, and they can 
colonize the roots of many non-legume plants (Antounet al., 1998). Rhizobia have a good potential to be used as biological 
control agents against some plant pathogens.The present investigation was undertaken to isolate and screen rhizobium based on 
their plant growth promoting activities, from root nodules of pigeon pea plants. 
 
2. Material and Methods 
 
2.1. Isolation of Root Nodule Bacteria / Rhizobium 
Root nodules were collected from the roots of Cajanus cajan (Pigeon pea) from Karimganj district of Assam, India. Nodules 
present on the root were fresh, healthy and spherical of about 2-3mm size. The root samples were protected well in polythene bags 
and brought to the laboratory. The collected nodules were first washed with normal tap water to remove soil and then surface 
sterilized by dipping in 95% ethanol solution and then in 0.1% HgCl2 solution for about 5 minutes. The nodules were then rinsed 
in sterile distilled water several times in order to remove the chemicals (Anjum et al., 2011). The surface sterilized nodules were 
crushed with sterile glass rods in a minimal volume of distilled water so as to obtain a milky suspension. A loopful of this 
suspension was then streaked on yeast mannitol agar plates and kept for incubation at 280C for 24 hrs. 
 
2.2. Identification of Bacteria 
Well isolated and distinct colonies of shiny appearance were picked up and streaked freshly to obtain pure cultures and incubated 
at 370C. The pure cultural strains were preserved on slants at 40C and maintained for later experimentation. The bacterial isolates 
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were identified on the basis of morphological and biochemical characteristics on YEMA by the standard protocol given by 
(Cappuccino and Sherman, 2005) and (Dubey and Maheshwari, 2012). 
 
2.3. Morphological and Biochemical Characterization 
Morphological characteristics of all isolates viz., Colony morphology (colour, shape, margin, elevation and surface) and cell 
morphology (size, shape and arrangement) were studied. 
All the collected samples were processed through different biochemical tests viz, Catalase Test, Indole Production Test, Methyl 
Red Test, Voges Proskauer Test, Citrate Utilization Test, Starch hydrolysis Test, Urease test, Nitrate reduction test, Acid and H2S 
production as described by (Cappuccino and Sherman, 2005). 
 
2.4. Effect of Salinity on Bacterial Growth 
Tolerance of bacterial strains to NaCl was evaluated on YEM agar medium supplemented with increasing NaCl concentrations of 
0.5%, 2%, 5%, 10% and 20% and one kept as a control. The YEM agar media were poured in petriplates, bacterial strains were 
streaked on each plate and incubated at 37°C for 24 hrs (Dubey and Maheshwari, 2012).The influence of NaCl concentrations on 
degree of inhibition of bacterial growth was recorded. 
 
2.5. Plant Growth Promoting Traits 
 
2.5.1. IAA Production 
Qualitative (Brick et al., 1991) and quantitative (Patten and Glick, 1996) analyses of indole acetic acid (IAA) were carried out. 
Development of pink colouration indicates positive result. Absorbance of supernatant mixture was measured at 535 nm and 
quantified using tryptophan standard. 
 
2.5.2. Siderophore production 
Isolates were qualitatively detected (Schwyn and Neilands, 1987) using chrome azurol S (CAS). After 24 hr of incubation, 
colonies were observed for orange halo formation. 
 
2.5.3. HCN Production 
Isolates were screened for hydrogen cyanide (Lorck, 1948) synthesis. Nutrient broth was amended with glycine (4.4 g/l). After 
incubation, tubes were observed for the development of orange to red color. 
 
2.5.4. Ammonia Production 
Bacterial isolates were tested for ammonia synthesis in peptone water as per (Joseph et al., 2007). After incubation, tubes were 
observed for the development of brown yellow color. 
 
2.5.5. Phosphate Solubilization 
All isolates were first screened on Pikovskaya’s agar plates for phosphate solubilization as described by (Gaur, 1990). 
 
3. Results and Discussion 
 
3.1. Isolation and Identification of Bacteria 
A total of five root nodule bacteria from roots of Cajanus cajan L var. Manak were isolated on the basis of cultural, 
morphological and biochemical characteristics as described in Bergey’s Manual of Determinative Bacteriology (Holt et al., 1994). 
Total viable counts ranges from 5 X 104 (CFU/g) to 17 X 104 (CFU/g). It was observed that all the bacterial colonies were gram 
negative rod, creamish in colour and slimy nature. The biochemical characteristics of the bacterial isolates are illustrated in Table 
1. 
 

Bacterial 
Isolates 

Gram 
Staining 

Shapes 
Indole MR VP Catalase Starch Citrate Oxidase 

H2S 
produ- 
-ction 

Suspect 
Organism 

KRN1 -ve rod -ve +ve +ve +ve +ve -ve +ve +ve Rhizobium 
KRN2 -ve rod -ve +ve +ve +ve +ve -ve +ve +ve Rhizobium 
KRN3 -ve cocci -ve +ve +ve +ve +ve -ve +ve +ve Rhizobium 
KRN4 -ve rod -ve +ve +ve +ve +ve -ve +ve +ve Rhizobium 
KRN5 -ve rod -ve +ve +ve +ve +ve -ve +ve +ve Rhizobium 

Table 1: Biochemical characteristics of the bacterial isolates 
Legend: +ve -- Positive; -ve -- Negative 

 
3.2. Effect of Salinity on Bacterial Growth 
The salt concentration in an environment is the major contributor to the osmotic effect of ions on growth. Bacteria require ions 
that are provided by salts and typically moderate salt concentrations. In the present study, all isolates showed 2% NaCl tolerance 
as compared to the control, while only two strains (KRN1, KRN5) showed tolerance at 10% NaCl concentration. High level of 
NaCl (20%) repressed bacterial growth. Results are tabulated in Table 2. 
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Isolates Control 0.5% NaCl 2% NaCl 5% NaCl 10% NaCl 20% NaCl 
KRN1 +++ +++ +++ +++ ++ - 
KRN2 +++ +++ +++ ++ - - 
KRN3 +++ +++ +++ - - - 
KRN4 +++ +++ ++ - - - 
KRN5 +++ +++ +++ +++ ++ - 

Table 2: Salt Tolerance of bacterial isolates 
Legend: +++ = Excellent growth; ++ = Moderate growth; + = Less growth; - = No growth 

 
3.3. Plant Growth Promoting (PGP) Traits of the Test Isolates 
The bacterial isolates were screened for multiple plant growth promoting activities which are listed in the table 3. Among the five 
isolates, three isolates (KRN1, KRN2 and KRN3) responded positively for siderophore (Figure1). Except KRN1, none showed 
ammonia production. KRN1 is best among others as it showed positive result for all the attributes. IAA production was highest by 
KRN5 (Figure 2). 
 
Isolates IAA Production Siderophore Production Ammonia 

Production 
HCN 

Production 
Phosphate 

Solubilization 
Pink 

Colouration 
Conc. 
At 535 

nm 

CAS assay 
(halo 

formation in 
blue agar) 

Halo size 
(cm) 

Halo 
formation 

Diameter 
of Halo 

zone (cm) 

KRN1 + 0.101 + 0.2 + + + 0.9 
KRN2 + 0.134 + 1.00 - + + 0.7 
KRN3 + 0.135 + 0.7 - + + 0.3 
KRN4 + 0.171 - - - + + 0.4 
KRN5 + 0.186 - - - + + 0.8 

Table 3: Assessment of multiple PGP traits of the bacterial isolates 
Legend: +ve -- Positive; -ve – Negative 

 

 
Figure 1 shows the diameter of halozone size (cm) of the isolates KRN1, KRN2, KRN3, KRN4 and KRN5 while producing 

siderophore and solubilizing phosphate. The highest siderophore production was shown by KRN2 of halo size measuring 1.0 cm. 
 

 
Figure 2 shows the IAA production of the 5 isolated strains and their absorbance at 535 nm. Absorbance ranged from 0 – 0.2, and 

the highest was of KRN5, 0.186 
 
4. Discussion 
Beneficial bacteria were isolated, in the present study from Cajanus cajan rhizosphere. The test were screened for plant growth 
promoting traits. IAA, i.e. indole-3-acetic acid is considered to be the best categorized auxin found in plants. IAA is known to 
enhance cell elongation, cell division and differentiation in plants (Singhet al., 2013). All Rhizobium isolates were able to produce 
IAA in this analysis. Mature root nodules of Phaseolus mungo produced higher amount of indole acetic acid compared to non-
nodulated roots (Ghosh and Basu, 2006). High amounts of IAA (99.7 µg/ ml) were produced by Rhizobium isolates from root 
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nodules of Cajanus cajan in L-tryptophan supplemented basal medium (Datta and Basu, 2000). Besides IAA production, 
microorganisms also enhance plant growth by scavenging available iron (Fe3+), which involves secretion of high affinity, low 
molecular weight iron chelating ligands called siderophores (Anitha and Kumudini, 2014). In this investigation, only 60% isolates 
were able to form halo zone CAS agar symbolizing siderophore production. Hydrogen cyanide (HCN) synthesized by some 
rhizobacteria inhibits diseases in plant and thereby increasing the biocontrol mechanism (Schippers, 1990). In the present study, 
all bacterial isolates were able to grow upto 5% NaCl, five isolates shows the in vitro efficiency to grow in 10% NaCl 
concentration. However, at 20% NaCl concentration, no growth was observed by any isolated strains even after 48 hrs of 
incubation.In the study of Damodaran et al., (2013), 5 out of 16 bacteria showed  tolerance  to  high  salt  concentration  (7.5 % 
NaCl)  and  among  them  two isolates, B. pumilus and B. subtilis had  higher uptake of sodium when cultured under in-vitro 
conditions in 1 M NaCl solution. Upadhyay  et  al.,  2009,  has also furnished that  bacteria  isolated  from  saline  soil  are  more  
likely  to overcome  saline  conditions. In our study, all the 5 strains tested were positive for hydrogen cyanide (HCN) production. 
Production of ammonia also indirectly influences the plant growth which signifies an attribute of PGPR. Only 20% were positive 
for ammonia production. Nadeem et al., 2009 reported that Rhizobacteria containing ACC-deaminase deliberated salt tolerance in 
maize grown on salt-affected fields whereas in our study KRN1 solubilising phosphate and KRN5 producing high amount of IAA 
among others also were salt tolerant upto 10% NaCl. Use of chemical fertilizers or pesticides for high production of crops so as to 
fulfill the demands for food primed to environmental damage which directly or indirectly is hazardous for all organisms residing 
in earth. Growing awareness of this environmental damage has motivated the study of biological alternatives. The use of bio-
fertilizer in preferences to chemical fertilizer is always welcome taking into consideration the suitability of agriculture. It is 
advantageous always in terms of soil fertility, ecological health etc. In India, the use of bio-fertilizer is clearly insufficient so far, 
therefore with more stress the production, consumption and also appropriate distribution are to be considered (Sayyed andPatel, 
2011).For effective outcome of inoculation of microbes in agricultural soil of host plant, their assets must be suitably arbitrated as 
it is necessary to prevent environmental threats which may be associated while supplementing with the introduction of native and 
non-native microorgaisms as well as a design of the most appropiate conditions (Samuel and Muthukkaruppan, 2011). 
 
5. Conclusion 
Thus, from the present study it can be concluded that the application of beneficial microbes devouring plant growth promoting 
traits will reduce the use of such chemical fertilizers to some extent thereby remediating the crop soil.Further, efficiency of these 
isolates are needed to be measured by pot trials for sustainable use of these microorganism in agricultural purpose. 
 
6. Acknowledgement 
The authors wish to extend their grateful thanks to Department of Biotechnology, Govt. of India, New Delhi for the establishment 
of Institutional Level Biotech Hub and Bioinformatics Centre in Gurucharan College, Silchar, India. The authors are also thankful 
to Department of Microbiology, Assam University, Silchar, India for providing laboratory facility to carry out initial research 
work. 
 
7. References 

1. Anitha, G. and Kumudini, B. S. 2014. Isolation and characterization of fluorescent pseudomonads and their effect on 
plant growth promotion.Journal of Environmental biology, 35, 627-634. 

2. Anjum, M.A., Zahir, Z. A., Arshad, M. and Ashraf, M. 2011. Isolation and screening of rhizobia for auxin biosynthesis 
and growth promotion of mung bean (Vigna radiataL.) seedlings under axenic conditions. Soil Environ., 30(1), 18-26. 

3. Antoun, H., Beauchamp, C. J., Goussard, N., Chabot, R. and Lalande, R.1998. Potential of Rhizobium and 
Bradyrhizobium species as plant growth promoting rhizobacteria on non-legumes: effect on radishes (Raphanus sativus 
L.).Plant Soil, 204, 57-67. 

4. Brick, J. M., Bostock, R.M., Silverstone, S.E. 1991. Rapid in situ assay for inodole acetic acid production by bacteria 
immobilized on a nitrocellulose membrane. Appl. Environ- Microbiol., 57, 535-538. 

5. Cappuccino, J. G. and Sherman, N. 2005. Microbiology: A Laboratory Manual, 7th Ed, pp 161-204. Pearson, India 
6. Damodaran, T., Sah, V., Rai, R. B., Sharma, D. K., Mishra, V. K., Jha, S. K. and Kannan, R. 2013. Isolation of salt 

tolerant endophytic and rhizospheric bacteria by natural selection and screening for promising plant growth-promoting 
rhizobacteria (PGPR) and growth vigour in tomato under sodic environment. African Journal of Microbiology Research, 
Vol. 7 (44), 5082-5089. 

7. Datta, C. and Basu, P.S. 2000. Indole- acetic acid production by a Rhizobium species from root nodules of a leguminous 
shrub, Cajanus cajan.Research in Microbiology, 155(2), 123-127. 

8. Dubey, R. C. and Maheshwari, D. K. 2012. Practical Microbiology, S. Chand & Company Ltd. New Delhi, India.ISBN: 
81:219-2559-2 

9. Dubey, R. C., Maheshwari, D. K., Kumar, H. and Choure, K. 2010. Assessment of diversity and plant growth promoting 
attributes of rhizobia isolated from Cajanus cajan L. African J. Biotechnology. 9 (50), 8619-8629. 

10. Gaur, A.C. 1990. Physiological functions of phosphate solubilizing microorganisms. In phosphate solubilizing 
microorganisms as biofertilizers. Gaur, A.C. (Ed.), omega scientific publishers, New Delhi, pp. 16-72. 

11. Ghosh, S. and Basu, P. S. 2006. Production and metabolism of indole acetic acid in roots and root nodules of Phaseolus 
mungo.Research in Microbiology, 161(4), 362-366. 

12. Holt, J.G., Krieg, R.N., Sneath, A.H.P., Staley, T.J. and Williams, T. S. 1994. Bergey's Manual of Determinative 
Bacteriology, 9th Edition. (International Edition) 



 The International Journal Of Science & Technoledge       (ISSN 2321 – 919X)      www.theijst.com                
 

138                                                          Vol 2 Issue 8                                                    August, 2014 
 

13. Joseph, B., Patra, R. R. and Lawrence, R. 2007. Characterization of plant growth promoting rhizobacteria associated with 
chick pea (Cicer arietinum L.). Int. J. Plant Prod., 2, 141-152. 

14. Kloepper, J. W., Leong, J., Teintze, M., and Schroth, M. N. 1980. Enhanced plant growth by siderophores produced by 
plant-growth promoting Rhizobacteria.Nature, 286, 885-886. 

15. Lorck, H. 1948. Production of hydrocyanic acid by bacteria. Physiol. Plant. 1, 142-146. 
16. Nadeem, S. M, Zahir, Z. A, Naveed, M. and Arshad, M. 2009. Rhizobacteria containing ACC-deaminase confer salt 

tolerance in maize grown on salt-affected fields. Can. J. Microbiol., 55, 1302–1309. 
17. Patten, C. L. and Glick, B. R. 1996. Bacterial biosynthesis of indole-3-acetic acid.Can. J. Microbiol.,42, 207-220. 
18. Samuel, S. and Muthukkaruppan, S. M. 2011. Characterization of plant growth promoting rhizobacteria and fungi 

associated with rice, mangrove and effluent contaminated soil. Curr. Bot. 2(3), 22-25. 
19. Sayyed, R. Z. andPatel, P. R.,2011.Soil Microorganisms and Environmental Health, Review paper.Int. J. Biotech 

&Biosci.,1 (1), 41-66. 
20. Schippers, B., Bakker, A.W., Van peer, R. 1990. Beneficial and deleterious pseudomonads on rhizosphere 

interactions.Plant Soil, 129, 75-83. 
21. Schwyn, B., Neilands, J.B. 1987. Universal chemical assay for the detection and determination of siderophores.Anal. 

Biochem., 160, 47-56. 
22. Singh, Y., Ramteke, P.W. and Shukla, P.K., 2013. Characterization of Rhizobium isolates of pigeon pea rhizosphere 

from Allahabad soils and their potential pgpr characteristics. International Journal of Research in Pure and Applied 
Microbiology, 3(1), 4-7. 

23. Sprent, J. I., Sutherland, J. and Defaria, S. M. 1987. Some aspects of the biology of the nitrogen fixing organisms. 
Philosophical Transactions of the Royal Society of London, B: Biological Sciences, 317, 111-119. 

24. Upadhyay, S. K., Singh,  D. P.,  Saikia,  R.  2009.  Genetic  Diversity  of  Plant Growth  Promoting  Rhizobacteria  
Isolated  from  Rhizospheric  Soil  of Wheat Under Saline Condition. Curr. Microbiol., 59, 489 496 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


