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Abstract  
Rhizobia are well known nitrogen fixing bacteria. On the basis of generation time rhizobia is classify into slow (Bradyrhizobium) and 
fast growing Rhizobia (Rhizobium). Chemical fertilizer reduces the soil fertility and biofertilizer improve soil ecology. Rhizobia have 
some unique quality to fix nitrogen, produce plant growth hormones, Siderophore production, HCN production and good 
colonizer. Such activity directly or indirectly increases the plant growth and productivity. Co-inoculation of Rhizobia with other 
microorganism can also improve the plant growth and productivity. Biologiocal control activity enhances its important as PGPR. Few 
Rhizobia can tolerate few extend of salt, acidic environment, and low water content in soil. All above activity clearly indicate that 
Rhizobia are unique plant growth promoting rhizobacteria.      
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Introduction 
Rhizobium- legume symbiosis is well known to fix Nitrogen. Biological nitrogen fixation is one of the effective methods to 
improve the plant growth and productivity.   Shoko et al. (2007) mentioned that farmers can save nitrogen fertilizer by using 
vegetable soybeans and nitrogen saved was estimated at 80 kg nitrogen ha-1 as shown by the number of tillers, biomass and 
nitrogen in leaves of cane. Other scientist is also mentioned that  substantial quantities of nitrogen symbiotically between 80 to 
150 kg N ha-1 in 90 days (Toomsan, 1990; Deshwal et al., 2003a,b). Kernel nitrogen is either directly derived from nitrogen 
fixation as indicated by a maximized acetylene reducing activity at pod filling (Williams et al.,1990) or indirectly derived through 
metabolisation and translocation of plant nitrogen (Bray, 1983). All above information clearly indicates the importance of 
Biological nitrogen fixation.  
 
Classification of Rhizobia 
Rhizobia are nitrogen fixing bacteria and various classification system was applied for characterization of rhizobia. Hellriegel and 
Wilfarth, presented very convincing experimental reports in 1886 and 1888 to distinguish the innate ability of legumes of fix 
elemental nitrogen in the atmospheric nitrogen. Beijerinck isolated and cultivated a microorganism from the nodules of legumes in 
the year (1888). He named it as Bacillus radiocicola but Frank (1889) renamed it, Rhizobium leguminosarum (Fred et al., 1932) 
which is now placed in Bergey's manual of determinative Bacteriology (Holt et al., 1994). 
 
(a) Fast and Slow Growing Rhizobia : Root nodulating bacteria have been differentiated on the basis of growth on defined 
substrate, as fast growers and slow growers (Löhis and Hansen, 1921). The slow growing bacteria have mean generation time 
greater than 6 hours and fast growing bacteria have less than 6 h in selective broth medium (Elkan, 1992). Most taxonomic 
reviews of the rhizobia state that the systematics of this family is in transition largely as a result of limited taxonomic research. 
There are about 750 genera of legumes containing 16000- 19000 species but only very few have been examined (Allen and Allen, 
1981). 
 
(b) Bergey’s Manual of Determinative Bacteriology: When more and more bacteria were characterized morphologically, it 
become necessary to name and systematized them. Cohn (1872) convinced that the botanical species concept also applied to 
bacteria and this characterization was not to replace 1980’s (see Table 1.1). Bergey’s Manual of Determinative Bacteriology, was 
first published in 1923 in which cataloguing of information of identifying bacteria was included. Much revision, by the American 
Society for Bacteriology (now American Society for Microbiology) provided such references which were followed by Bergey’s 
Manual of systematic Bacteriology (Holt et al., 1994).  
 
Table 1.1: The first systematic scheme for bacteria (Cohn, 1872) 

Division: Thallophyta 
 Order: Schizosporeae 
 Familia: Bacteriaceae (Schizomycetes) 

Trilbus l: Sphaerobacteria (Kugelbakterien) 
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Genus 1: Micrococcus 
Trilbus ll: Microbacteria (Stäbchenbakterien) 
Genus 2: Bacterium  
Trilbus lll: Desmobacteria (Fadenbakterien) 
Genus 3: Bacillus 
Genus 4: Vibrio 
Trilbus lV: Spirobacteria (Schraubenbakterien) 
Genus 5: Sprillius  
Genus 6: Spirochaete 
 

The concept of cross inoculating group, to define on the basis of their host range was challenged repeatedly by workers who found 
many examples of overlapping host range (Wilson, 1944). There was a class of strains that grow slowly with distinct properties. 
Jordan (1982, 1984) proposed Bradyrhizobium as a new genera (see Table 1.2) in the family Rhizobiaceae. 
 
Table 1.2: Taxonomic classification of the rhizobia according to systematic bacteriology (Jordan 1982, 1984) 

Recognized genera Recognized species 
Bradyrhizobium B.  japonicum 
Rhizobium R. leguminosarum 
 R. leguminosarum bv. trifolii 
 R. leguminosarum bv. phaseoli 
 R. meliloti 
 R. loti 

  
In 1992 Elkan added two additional genera Sinorhizobium and Azorhizobium in their taxonomically classification (see Table 1.3). 
 
Table 1.3; Taxonomic classification of the rhizobia according to Elkan (1992) 

Recognized genera Recognized species 
Bradyrhizobium (Jordan, 1982) B.  japonicum (Jordan, 1982) 
Rhizobium (Jordan, 1982) R. leguminosarum (Jordan, 1982) 
 R. meliloti (Jordan, 1982) 
 R. loti (Jordan, 1982) 
 R. galeage (Lindstrome, 1989) 
 R. tropici (Martinz et al., 1991) 
 R. huakaii (Chen et al., 1991)  
Azorhizobium (Dreyfus et al., 1988) A. caulinodans 
Sinorhizobium (Chen et al., 1991) S. fredii (Chen et al., 1991) 
 S. xinjiangensis (Chen et al., 1988) 

 
Although the existence of two distinct group of root nodule bacteria had been recognized since the early year of the last century 
(Fred et al., 1932). The creation of the new genus Bradyrhizobium was the first accept change in rhizobial nomenclature (Jordan, 
1982). Bradyrhizobium strain that nodulating soybean is characterized as Bradyrhizobium japonicum but this is not fit the 
definition of B. elkanii. This is the first recognize group of Bradyrhizobium strains (Young, 1996). Bradyrhizobium elkanii 
(Kuykendall et al., 1992) has phenotypic and genetic characters which define a number of groups within the soybean nodulating 
bradyrhizobia. Bradyrhizobium liaoningense species has been defined for extra slow growing soybean rhizobia that form a 
coherent DNA-DNA hybridization group (Xu et al., 1995). There are number of Bradyrhizobium strains that do not nodulate the 
soybean and no species names have yet been define for these, they are simply known as Bradyrhizobium sp. (Young, 1991). The 
most important single source of data for developing current classification of rhizobia, as of all other bacterial groups has been the 
sequencing of genes for 16s or small subunit of ribosomal RNA (SSU r RNA) (Jarvis et al., 1997). Four species in genra 
Bradyrhizobium are correctly recognized (see Table 1.4). Further, the new species shall not be given to Bradyrhizobium genus but 
host name shall be written in parenthesis as proposed by Young, 1991.  
 
Table 1.4: Current list of rhizobial species based on Young et al. (2001) 
Rhizobium  R. leguminosarum 
 R. galeage (Lindstrome, 1989) 
 R. tropici (Martinz et al., 1991) 
 R. etli (Segovia et al., 1993) 
 R. gallicum  (Amargar et al., 1997) 
 R. giardini (Amargar et al., 1997) 
 R. lupini (Eckhart et al., 1931) 
 R. phaseoli (Dangeared, 1926) 
 R. mongolense (Van berkum et al., 1998) 
 R. undicola (Young et al., 2001) 
 R. hainanensis (Young et al., 2001) 
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 R. hautlense (Wang et al., 1998) 
 R. radiobacter (Young et al., 2001) 
 R. rhizogenes (Young et al.,2001) 
 R. rubi (Young et al., 2001) 
 R. vitis (Young et al.,  2001) 
 R. yanglingense (Tan et al., 2001) 
Bradyrhizobium B. japonicum (Jordan, 1982 ) 
 B. elkanii (kuykendall et al., 1992) 
 B. liaoningense (Xu et al., 1995) 
 Bradyrhizobium sp. (Young et al., 1991) 
Mesorhizobium  M. loti (Jarvis et al., 1997) 
 M. huakuii (Jarvis et al., 1997) 
 M. ciceri (Jarvis et al., 1997) 
 M. tianshanense (Jarvis et al., 1997) 
 M. mediterraneum (Jarvis et al., 1997) 
Azorhizobium  A. caulindans (Dreyfus et al., 1988) 
Sinorhizobium S. fredii (Chen et al., 1988) 
 S. indiaensis (Young et al., 2001) 
 S. kostiense (Young et al., 2001) 
 S. meliloti (De Lajudie et al.,1994) 
 S. morelense (Young et al., 2001) 
 S. saheli (Young et al., 2001) 
 S. teranga (Young et al., 2001) 
 S. xinjiangensis (Chen et al., 1998) 
 S. medicae (Rome et al., 1996) 
 S. abri (Young et al., 2001) 
 S. arboris (Young et al., 2001) 
 
Negative impact of chemical fertilizer on agriculture  
As an intensive farming is expanded to increase agricultural productivity, the increased in the use of chemical inputs such as 
fertilizers and pesticide have increased water and soil pollution and increased the deterioration of ecological system (Kim and 
Stoecker, 2006). When natural fossil fuels finished up, ultimately the present practices of industrial production of N-fertilizer will 
suffer. Thus, the fuel energy is directly related with crop productivity. As the productivity declines food and feeding will be 
affected. To stop such a disaster, legumes- Rhizobium biotechnology may properly be modulated to meet the demand of crop 
productivity on sustainable basis. Extensive use of chemicals has disturbed the ecological balance of soil, pollute the ground 
water, create resistant races of pathogen and health risk to men (Loper and Ishimaru, 1991). Ayala and Rao (2002) concluded that 
higher dose of chemical fertilizer disturb microbial ecology and decrease soil fertility. Previously, Bhattacharya and Roy (2000) 
observed that chemical fertilizer inhibited the growth of rhizobia. 
 
What is Biofertilizer and positive impact on agriculture?  
The term “Biofertilizer” can generally be defined as preparation containing live or latent cells of efficient strains of Nitrogen 
fixing, Phosphate solublising or cellulolytic microorganisms used for application to seeds, soil or composting areas with the 
objective of increasing the number of such microorganisms and accelerate those microbial process which augment the availability 
of nutrients that can be easily assimilated by plants (Boraste et al., 2009). 
 
A global inventory of the process of nitrogen for agriculture crop production indicated that biological nitrogen fixation is 
predominant; approximately 175 million metric tones per year of nitrogen (gaseous) is fixed biologically (Burns and Hardy, 
1975). Brockwell and Bottomely (1995) concluded that particular N2 fixation by legumes, an ecologically efficient substitute for 
fertilization of crops and pasture with inorganic N. Biological nitrogen fixation (BNF) contribute to productivity both direct, 
where the fixed nitrogen is harvested in grain or other food for human or animal consumption, or indirectly by contributing to 
sustain or induce soil fertility in the agricultural system by adding N to the soil. Economically important legumes plants are 
inoculated with the effective strains of rhizobia mixing with certain carrier materials (Smith, 1992). The nature and quality of 
carrier material often determine the subsequent performance of the inoculant (Smith, 1995). The term “legume inoculant” means 
the application of specific rhizobial cell to seeds or directly to plant at their seedling stage for proper growth of the plants. Many 
formulation and methods for application have been reported and proposed to commercialization (Bashan, 1998). New and creative 
inoculants may assist in improving the introduction of legume inoculants so as to increase the quantity and utilization of biological 
fixed nitrogen. Deshwal et al. (2003b) mentioned that Rhizobia promote the growth of plants either directly through N2 fixation, 
supply of nutrients, synthesis of phytohormones and solubilization of minerals, or indirectly as a biocontrol agent by inhibiting the 
growth of pathogens. The biocontrol effect of rhizobia is due to the secretion of secondary metabolites such as antibiotics and 
HCN. Siderophore production in iron stress conditions provides rhizobia an added advantage, resulting in exclusion of pathogens 
due to iron starvation.  
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Growth Promoting Rhizobacteria (PGPR) 
Rhizobia strains improve plant growth and productivity by production of various chemicals in rhizosphere. These chemicals are 
plant growth hormones, siderophore, phosphorous solubilization and production of HCN. Various observations have been 
observed by various researchers. Deshwal et al. (2003a) screened the plant growth promoting Bradyrhizobium (Arachis) sp. in 
peanut which produced siderophore and IAA, and exhibited phosphate solubilization in vitro. Deshwal et al. (2003a) mentioned 
that Peanut seeds coated with Bradyrhizobium strains were significant by enhanced seed germination, seedling biomass, nodule 
number, nodule fresh weight, average nodule weight. Plant growth promoting bacteria are the natural potential resource which 
colonize roots of plants and stimulates growth and yield directly and indirectly (Afzal and Bano, 2008). Mia  et al (2012). 
Recently, legume bacteria (Rhizobium spp.) have been considered as a PGPR for legume as well as non-legumes and have the 
potential for growth stimulation. PGPR activity of rhizobia as follows.  
 
(a) Nitorgen fixation: The symbiotic interactions between a legume and rhizobia result in a unique, nitrogen fixating plant organ, 
the nodule symbiotic nitrogen fixation throughout nodulation in legumes is well known, which help to reduce the application of 
inorganic N and can also play a major role as green manure in improving the soil fertility (Sanginga et al., 1996; Bellone et al., 
1997). According to Postgate (1982), the atmosphere contains about 1015 tones of N2 gas and nitrogen cycle involves the 
transformation of some 3 x 109 tonnes on global basis but lighting can fix atmospheric nitrogen i.e. transformation and 10% of 
world supply of nitrogen meets out by this process (Sprent and Sprent, 1990). The fertilizer industry also provides chemically 
fixed nitrogen globally. The consumption of fertilizer N increased from 8 to 17 Kg. ha-1 of agriculture land in the 15-year period 
from 1973 to 1988 (FAO, 1990). 
 
More than 100 years biological nitrogen fixation (BNF) has commanded the attention of scientists concerned with plant mineral 
nutrition and it has been exploited extensively in agricultural field (Dixon and Wheeler, 1986; Burris, 1994). Frages (1992) 
suggested that ecological principles and practices that are appropriate for the manipulation of rhizobia prove suitable model for 
other soil microorganism as well. Brockwell and Bottomley (1995) concluded that in particular efficient substitute for fertilization 
of crops and pastures occurs with the organic N. 
 
(b) Phosphorous solubilizing bacteria: Phosphorous is essential element for plant growth and productivity. Few rhizobial strains 
has capability to solubilize non-solubilizing phosphorous in soil and as a results increase plant growth and productivity. Halder 
and Charkraborty (1993) reported that a large number of Bradyrhizobium strains are able to solubilize inorganic phosphate. In 
field study, Chabot et al. (1996) observed that phosphate solubilization by strains of R. leguminosarum bv. phaseoli, was the most 
important mechanism of maize and lettuce growth promotion.  Antoun et al. (1998) also found that Bradyrhizobium sp (Lupinus) 
solubilized phosphate. Similarly, Dashi et al., (1998) observed that plant growth promoting rhizobacteria solubilized phosphate 
and accelerate nodulation, increase nitrogen fixation activity by field grown Glycine max L. Merr. under short season conditions.   
 
(c) Plant Growth hormones: The symbiotic bradyrhizobia enhance plant growth by production of plant hormones like IAA (Tien 
et al., 1979; Hussain et al.,1987), IAA is well-known plant growth promoting hormones and 96% symbiotic nitrogen fixing 
rhizobia produced IAA (Prevost et al., 1987; Arora et al., 2001).  Lippman et al. (1995) observed that PGPR could directly 
enhance plant growth by IAA production and increasing nutrient uptake. Noel et al. (1996) observed under gnotobiotics 
conditions, a direct growth promotion of the early seedling root, appears to involve the growth regulators such as IAA and 
cytokinin.  
 
(d) HCN production: One of the reasons of inhibition is production of cyanogens by PGPR. PGPR produced HCN to control 
growth of different type of pathogen (Bagnasco et al., 1998). Available literature revealed that rhizobia also produced HCN. 
Beauchamp et al (1991) found that 4 out of 32 rhizobial strains produced HCN production. Alvarez et al. (1995) observed that 
less than 1% rhizobia isolated from tomato rhizosphere showed positive for HCN production. Nautiyal (1997) screened Rhizobium 
strains, among isolated 256 bacterial strains Rhizobium NBRI 19513 completely inhibited growth of Fusarium oxysporum, 
Rhizoctonia bataticola and Pythium sp. in vitro. Antoun et al (1998) observed that 3% Rhizobium and Bradyrhizobium strains 
were produced HCN. The HCN producing rhizobia or bradyrhizobia inhibited the plant growth of soil borne pathogens but also 
these symbiotic bradyrhizobia and rhizobia produced some toxin, which inhibited the growth of fungi, Chakraborty and 
Purkayastha (1984) observed that quantity of rhizobitoxine was significantly decreased the growth of M. phaseolina. 
Bradyrhizobium elkanii accumulated rhizobiotoxine in culture and in nodules (Devine et al., 1988; Kuykendall et al., 1992). The 
rhizobitoxine has positive effect on nodulation, the inconsistency can be explained by difference in the sensitive of nodulation 
among leguminous species (Hunter, 1993; Xie et al., 1996; Schmidt et al., 1999), as also evidenced by the work of  Duodu et al. 
(1999) who stated that rhizobitoxine is an important compound involved in symbiosis between rhizobia and legumes. 
Rhizobitoxine is an ethylene synthesis inhibitor that is produced by legumes symbiont Bradyrhizobium (Xie et al., 1996). Deshwal 
et al., (2003a) observed that Bradyrhizobium strains AHR-2amp+, AHR-5amp+ and AHR-6amp+ showed antagonistic activity 
against Macrophomina phaseolina.  
 
(e) Siderophore prodcution: Siderophore production has been reported in various species of root nodulating bacteria such in fast 
growing Rhizobium spp (Carson et al., 2000; Arora et al., 2001) and Bradyrhizobium (Deshwal et al., 2003a). Root nodulating 
rhizobia produce a number of siderophores but only some siderophores have been structurally characterized, these include 
carboxylates such as rhizobactin from Sinorhizobium meliloti (Smith et al., 1985), catechol from Bradyrhizobium (cowpea) (Modi 
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et al., 1985), anthranilate from Rhizobium leguminosarum biovar viciae (Rioux et al., 1986). catechol from Bradyrhizobium 
(Peanut) (Nambiar and Sivaramakrishnan, 1987), Rhizobium leguminosarum (Patel et al., 1988), Rhizobium leguminosarum 
biovar trifolii (Skorupska et al., 1989),  citrate from Bradyrhizobium japonicum (Guerinot et al., 1990), dihydroxamate 
rhizobactin 1021 from Sinorhizobium meliloti (Persmark et al., 1993), vicibactin, a trihydroxamate from Rhizobium 
leguminosarum biovar viciae (Dilworth et al., 1998).  
 
 Bio-control activity of rhizobia against certain pathogens 
A large number of fungicides have been used to control pathogenic fungi but safer alternative are needed to protect the 
environment by beneficial, microorganisms. Hanshem et al., (1997) reported that most fungicides affected survival of 
Bradyrhizobium inoculants on peanut seed and resistant bradyrhizobia survived more than sensitive bradyrhizobia. Green house 
and field tests indicated that Bradyrhizobium have variation in fungicide tolerance, peanut Bradyrhizobium strains from different 
peanut cultivars have been previously reported (Aliwi et al., 1989; Taber et al., 1994).  
Biocontrol research has gained considerable attention and appears promising as a viable alternative to chemical control strategies 
(Rebafka et al., 1993). Actually, biological control is a nonhazardous strategy to reduce crop damage caused by plant pathogens 
(Cook et al., 1995). The control of soil-borne pathogens with antagonistic bacteria has been intensively investigated (Chakraborty 
and Purkayastha, 1984; Enteshamul and Graffer, 1993; Paulitz and Fernand, 1996). Root colonization is an important first step in 
interaction of beneficial bacteria with plant (Chao, 1990; Kloepper and Beauchamp, 1992). Rhizosphere resident antagonistic 
microorganisms are ideal biocontrol agents, as the rhizosphere provides the front-line defiance for roots against infection by the 
soil borne pathogens (Lumsden et al., 1995).  
 
Similarly Buonasissi et al. (1986) reported that some strains of Rhizobium phaseoli inhibited mycelial growth of Fusarium spp. In 
vitro.Few strains of rhizobia are reported to inhibit sclerotia germination of Sclerotium rolfsii (Balasundaram and Sarbhoy, 1988) 
and colony growth of Phytophthora megasperma (Tu, 1978), Macrophomina phaseolina (Chakraborty and Purkayastha, 1984; 
Arora et al., 2001). Bradyrhizobium bacterized seeds are known to have reduced Macrophomina phaseolina infection 
(Enteshamul and Graffar, 1993), Malajczuk et al. (1984) isolated the rhizobia from the root nodules of Acacia pulchella and 
concluded that rhizobia with other microbes inhibit Phytophthora cinnamoni zoospore in vitro. Chao (1990) studied the antifungal 
activity of R. leguminosarum, R. meliloti and Bradyrhizobium against Trichoderma harzianum, Pythium ultimum, Fusarium 
oxysporum, F. solani and concluded that rhizobia or bradyrhizobia not only fix nitrogen but also have an ability to control the 
pathogenic fungi. Sixty four strains of Rhizobium were evaluated by streak-plate and spent culture method to determine their 
antifungus activity against Macrophomina phaseolina. They  were found that rhizobia inhibited the growth of Macrophomina 
phaseolina as also observed by Perdomo et al. (1995). Deshwal et al., (2003a) observed that bradyrhizobial strains controlled 
Macrophomina phaseolina infection in vitro as well as in vivo and reported that Bradyrhizobium enhanced seed germination, 
nodule number and grain yield in peanut. Previously, Arora et al. (2001) also observed that similar observation when R. meliloti 
introduced in M. phaseolina infected soil reduction in number of M. phaseolina as well enhanced growth of peanut. 
 
Effect of environmental factors on rhizobia  
Much attention has been paid to the focus on the factors that affect the ability to establish inoculant strains on plants growing in 
soil with indigenous rhizobia. Different type of environmental factors reported to affect competition of nodulation such as 
presence of indigenous rhizobia (Thies et al., 1991), soil temperature and type of soil (Ham et al., 1971), soil moisture contents 
(Boonkerd and Weaver, 1982), soil pH (Dughn and Bottomley, 1984), nitrogen availability (Abaidoo et al., 1990), microbial 
antagonists (Deshwal, 2003a).  
 
(a) Salt Tolerance:  Generally the root nodulating Bradyrhizobium and Rhizobium spp. are more salt tolerance than their 
host legumes; they showed marked variation in salt tolerance. EI-Sheikh and Wood (1990) isolated soybean and chickpea 
rhizobia, tolerant to 340mM NaCl and concluded that fast growing being more tolerant than slowing strains. Salinity is a serious 
threat to agriculture in arid and semi-arid regions (Rao and Sharma, 1995). Increase salt concentrations in soil and have 
detrimental effects on soil microbial populations as a result of direct toxicity as well as through osmotic stress (Tate, 1995). 
Salinity decreased plant growth and yield, depending upon the plant species and salinity level (Delgado et al., 1994). Some 
legumes like Phaseolus vulgaris, Glycine max are more soil tolerant than other legumes like Pisum sativum and it has been 
reported that Vicia faba tolerant lines sustained nitrogen fixation under saline conditions (Cordovilla et al., 1995). Rhizobium from 
woody legumes (Acacia spp.) also showed substantial salt tolerance strains to the extent of 500 to 850mM NaCl (Lal and Khanna, 
1995). Most of the rhizobia due to their sensitive to sodic soil environment adversely affect the nitrogen fixation capacity resulting 
in the loss of productivity of legumes (Peoples et al., 1995; Idrissi et al., 1996).  Arora et al. (2000) observed that the R. meliloti 
isolated from Mucuna pruriens tolerate salinity stress up to 950 mM in vitro. 
 
Le Rudulier and Bernard (1986) already identified intracellular accumulation of glycine betaine in rhizobia and it’s concentration 
is more in the salt tolerant strains of R. meliloti as compared to sensitive strains of R. melilotii (Fougere and Rudulier, 1990). 
When rhizobia are growing under salt or osmotic stress, the disaccharide trehalose play an important role in osmoregulation (EI-
Sheikh and Wood, 1990) and trehalose accumulates to higher level in cells of peanut rhizobia (Ghittoni and Bueno, 1996). 
Previous reports of Ghittoni and Bueno (1995) stated that slow growing rhizobia of peanut accumulate trehalose when mannitol 
acted as carbon source in vitro. Other carbohydrate like sucrose and ectoine were used as osmoprotectant for Sinorhizobium 
meliloti (Gouffi et al., 1999). 
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It is generally believed that salt sensitive rhizobia are less beneficial than salt resistance but El-Sheikh and wood (1995) evaluated 
the effect of soybean nodulation in soil. They found that no significant difference observed in shoot and root dry weight, nodule 
number and nodule weight between salt-tolerant and salt sensitive strains, N2 fixation was less in sensitive than salt tolerant 
strains. 
 
(b) Low moisture level: Rhizobia can exist in soil with limiting moisture levels. Jenkins et al. (1989) observed that slow and fast 
growing rhizobia established effective nodulation in legumes growing in desert soil. Water stress eventually led to a reduction in 
infection and nodulation in legumes (Hunt et al., 1981). Symbiotic N2 fixation of legumes is also highly sensitive to soil water 
deficiency in such legumes like Pisum sativum (Abdel-Wahab and Zahran, 1979), Medicago sativa (Abdel-wahab and Zahran, 
1983), Vicia faba (Guerin et al., 1990), Vigna (Pararjasingham and Knievel, 1990) and Arachis hypogaea (Simpson and Daft, 
1991). 
 
(c) High temperature: High soil temperatures in tropical and subtropical area are a major problem for biological nitrogen fixation 
of legumes like peanut (Kishinevsky et al., 1992) as critical temperature for N2 fixation is 40oC for peanut (Michiels et al., 1994).  
 
(d) Acidic soil: Bradyrhizobia have generally been considered higher tolerance to acid pH than that of fast growing strains 
(Graham et al., 1980) but it has been observed that few Bradyrhizobium strains failed to grown at pH 4.5 (Cooper et al., 1985). 
Rossum et al. (1994) observed that some Bradyrhizobium strains performed symbiotic relationship in groundnut crop under acidic 
stress (pH 5 to 6.5) while other performed ineffective under such conditions so there is variation in similar group of 
Bradyrhizobium strains to tolerance towards acidic pH level.  
 
(e) Micronutrient and Macronutrient iron: Like other micronutrient and macronutrient iron is also necessary for living 
organism. Iron is the fourth most abundant element in the earth. Iron oxides, comprising minerals such as hematite, magnetite and 
limonite are most abundant of metal oxides in soil (Schwertmann and Taylor, 1989). Iron is required for large variety of metabolic 
process in virtually all organisms (Crichton et al., 1987) except Lactobacilli (Archibald, 1983). In aerobic condition, iron is 
present in soil of neutral pH as insoluble ferric hydroxide polymers are not available biologically (Linhsay, 1979). Most 
microorganisms have efficient high affinity iron uptake system, to fulfill their requirements. In this process siderophore; low 
molecular weight iron (III) chelating agents are synthesized (Neilands, 1981). Siderophores chelate insoluble iron and solubilize 
iron and ferric siderophore complex are taken up by the cell through specific membrane receptors (Neilands, 1982). Tang et al. 
(1990) observed that number of nodule initials were depressed when the iron concentration was low but when initiation had 
occurred nodules developed normally in vitro.  
 
Rhizobium bio-formulation  
Rhizobia have plant growth promoting activity. People are very much concern about the Rhizobia as biofertilizer. For evaluating 
the potency and efficacy of rhizobia in field, it is necessary to select the good carrier material. Characteristics of an excellent 
carrier the based on the properties e.g. high water holding capacity, high water retention, nearly sterile, nontoxic, biodegradable, 
no heat on wetting, uniform physically as well as chemically, having bufferering capacity, including in rhizobial population and 
survival, easily available, reasonable cost and tolerant towards adverse environmental conditions are desirable characteristics 
(Smith, 1992; Trevors et al., 1992). Hot and dry conditions at the time of planting cause rapid decrease in rhizobia on bacterized 
seed. Rhizobial inoculant would take at least US$ 87 worth of urea to produce a soybean yield comparable to that possible only 
US$3 worth of rhizobial inoculant (Somasegeran et al., 1992). Kremer and Peterson (1983) successfully applied the oil-based 
peat, Rhizobium inoculants coated on seeds of bean, peanut and cowpea. They observed that bio-inoculant increased nodulation, 
fresh weight yield in all crops Types of carrier material also play an important role in inoculant formulation because carrier create 
suitable environment as well as provide moisture and nutrient value. Although, in the western countries, peat is the most 
commonly used carrier of rhizobia inoculants but being tropical country, the lack of suitable local peat in many areas of world 
including India leads to interest in other material like charcoal, vermiculite, peanut hulls, corn cobs, saw mill waste, lignite etc. 
Among them only peat, charcoal, vermiculite and lignite were successfully used carriers whereas peanut hulls, corn cobs are 
unsatisfactory (Sparrow and Ham, 1983; Somasegeran et al., 1992). 
 
Carrier material may act to enhance survival of inocula by promoting microorganisms with a protective environment in order to 
escape unfavorable conditions in soil. The reasons for a decrease in microbial inoculum populations in soil over time include 
insufficient nutrients available for maintenance and replication and sub optimal environmental conditions (Van Elsas and van 
Overbeek, 1993). The most widely used carrier for legumes inoculant are natural compounds such as peat, soil, compost and plant 
material (Thompson, 1980; Chao and Alexander, 1984; Smith, 1995; Richter et al., 1989; van Veen et al., 1997). Kostov and 
Lynch (1998) used composted sawdust as possible carrier for Bradyrhizobium and observed that composted sawdust (carrier 
material) supported the growth of Bradyrhizobium. 
 
Good root colonization is indicator of improve plant growth: Inoculant is required if sufficient number of effective rhizobia 
are not present in soil. However, it is not always easy to predict their presence, although there are several indicators based on 
previous land management. Soil often contains rhizobia that are highly competitive against those applied in inoculants. Selective 
strains of peanut Rhizobium failed to increase yield in the presence of high population of indigenous rhizobia (Vander Merwe et 
al., 1974). Inoculant available commercially in worldwide vary in number and effectiveness. The key being that no inoculant 
strain can perform successfully unless the rhizobia it contains are viable and form an appreciable quantities of effective nodules on 
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desired plants. Strain, number of rhizobia and type of carrier can account for wide variations in effectiveness of different 
inoculants (Hiltbold et al., 1980). Import of inoculant has it’s own difficulty for often as by the time inoculants arrive in the 
country and are distributed among the growers, the viability of inoculants decrease resulting into loss of beneficial properties. 
 
Application of PGPR better then Chemical fertilizer 
 Due to non-encouraging results after continuous use of chemical fertilizer, use of biological agents, such as PGPR proved 
beneficial in comparison to that of chemical fertilizers. Hoque (1993) used Bradyrhizobium inoculant as a source of N nutrition 
for grain legumes. The inoculants markedly increased nodule number, nodule mass, shoot weight and crop yield in comparison to 
urea treated plants. In the other crop like groundnut, lentil and mung bean was also increased grain yield 30-47% were obtained as 
compared to control and 13-7 % over urea treatment. Several workers observed root hair curling and induced plant growth in non-
legumes like maize, rice and oat ( Terouchi and Syong, 1990). Some Bradyrhizobium sp. could form nitrogen fixing nodules with 
Parasponia a nonlegume (Werner, 1992). Nod factors produced by Bradyrhizobium reported to induce alkalinization in tomato 
cell cultures (Staehelin et al., 1994). Nodule like structures formed by rhizobia have been observed in oil seed crop (Brassica 
napus) by Trinick and Hadobas (1995). Wiehe and Höflich (1995) demonstrated that rhizobia can mulitiply and survive under 
field conditions, in the rhizosphere of non-host legumes. All other slow growing strains were assigned to the Bradyrhizobium spp., 
the so-called cowpea miscellany rhizobia or tropical bradyrhizobia, to false concepts about the ubiquity of tropical bradyrhizobia, 
the promiscuity of tropical legumes and the inaccurate recommendation of inoculants (Thies et al., 1991). Rhizobia can influence 
yield due to their potential to establish nodulation capacity and effectiveness in symbiotic nitrogen fixation. Seed yield increased 
in groundnut due to in response of Bradyrhizobium strains the field trails (Nambiar, 1985). On the other-hand, Rebafka et al. 
(1993) carried out field experiments successively for three years on an acid sandy soil, to asses the effect of millet straw 
application on growth and N2 fixation of groundnut and found that 3 year of crop residue (4 ton ha-1 yr-1) increased symbiotic 
nitrogen fixation, total dry matter production (haulm plus pods) by 83% and total nitrogen (N) accumulation by 100%. 
Simanungkalit et al. (1995) observed that Bradyrhizobium strains enhanced the nodulation and grain yield in soybean in acidic 
soil. Further study root colonization in soybean rhizosphere by introduced strain successfully colonized the root resulted enhance 
nodulation. 
 
Bradyrhizobium sp. strains enhanced seed germination, nodule number, shoot weight, N content in peanut plant. Commercial bio-
inoculants failed to have significant yield response when compared with local bradyrhizobial strains (Olufajo and Adu, 1993). 
Okereke et al. (2000) observed that introduced strains USDA 110 occupied the higher percentage of nodule sites because it was 
more competitive than the other Bradyrhizobium strains and introduced strain enhanced shoot dry weight, percentage N, total N, 
nodulation and seed yield.  
 
(a) Siderophore effectively control the disease chlorosis: The mechanism by which plant avoid iron (chlorosis) are both more 
diverse and less investigated than the siderophore mediated iron up take system of microorganisms. Three strategies of iron 
assimilation have been identified in plant (Bienfait, 1989). Strategy I, found in non-graminaceous monocots and all dicots, 
involves acidification of the rhizosphere, thus increasing iron solubility by approximately 103 per pH unit, the reduction of Fe3+ 
ion and Fe (III) chelates to Fe2+ ion and uptake of Fe (II) occurs. Strategy II, observed that in graminaceous monocots secretion of 
iron chelating agent (phytosiderophore) of mugineic acid family involves (Sugiura et al., 1981) and where as in strategy III, was 
the uptake of microbial Fe (III) siderophores take place. Although extensive research has been directed to correct chlorosis by the 
applications of available iron compounds to the soil. Hence the, the siderophores production by rhizobial strains would prove 
considered as a potential way to improve nodulation and N2 fixation in iron deficient conditions (Carson et al., 1992). 
 
(b) Co-inoculation and Plant growth: Co-inoculation of Azospirillium with Bradyrhizobium enhanced nodulation and root 
growth of soybean (Molla et al., 2001). Earlier also several encouraging but inconsistent results on nodulation and N2 fixation 
have been reported in different legumes in co-inoculation studies of Azospirillium and Bradyrhizobium  (Sarig et al., 1986; Del 
Gallo and Fabbri, 1991; Burdman et al., 1997). Antoun et al. (1998) observed that symbiotic Bradyrhizobium strain enhanced 
15% yield of radish and concluded that specific bradyrhizobia have the potential to be used as plant growth promoting 
rhizobacteria (PGPR).   
Rice et al.  (1994) suggested that mixed culture of Rhizobium meliloti and phosphorous solubilizing fungi 
Penicillium bilaii were more efficient because fungus solubilized phosphorous and, the later was taken up by plant 
whereas Rhizobium enhanced nodulation as well as nitrogen fixation.  
 
(c) Colonization: Successful colonization of the legume rhizosphere by an inoculum strain of Rhizobium or 
Bradyrhizobium showed that these bacteria compete effectively with the indigenous microorganisms due to the 
utilization of the by using the organic compounds excreted by the root (Vander Merwe et al. , 1974). These 
indigenous species are numerous and many grow rapidly but root nodulating bacteria like Bradyrhizobium grow 
very slowly. Despite the slow growth they have, as a result of their capacity to nodulate and together with the host 
legume, bring about the fixation of N2. As a matter of fact, Anderson (1957) noted that the number of nodules 
formed by Rhizobium leguminosarum biovar trifolii was reduced in Trifolium repens L. and were prevented by 
several bacteria that did not produced antibiotics, similarly Plazinski and Rolfe (1985) reported that strains of 
Azospirillium that do not produce antibiotics were found to reduce nodulation of in Trifolium subterrancum and T. 
repens. The antibiotics producing bacterial strains suppress many of the indigenous bacteria and prolifera te more 
extensively in the rhizosphere because of the reduced competition (Li and Alexander, 1988).  
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Conclusion 
Chemical fertilizer disturbs soil ecosystem so there is need to screen and find out the alternative of chemical fertilizer. Plant 
growth promoting rhizobacteria is good choice. Rhizobia are symbiotic nitrogen fixer and effectively colonize in plant 
rhizosphere. Rhizobia strains produce plant growth hormones, solubilize phosphorus, siderophore production, HCN etc in 
symbiotic as well as free living form. Further, few rhizobial strains can inhibits the growth of pathogenic fungus. Rhizobia 
effectively colonize with other microorganism. Literature suggests that few strains of rhizobia can survive under some extend of 
unfavorable condition in soil. Bio-inoculants of rhizobia strains are effectively improve the plant growth and productivity. All 
above information suggests that rhizobia are unique plant growth promoting rhizobacteria.     
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