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INTRODUCTION 
 
Intensive agriculture, which is largely based on the use of 
nitrogen chemical fertilizer, is the opposite of sustainable 
agriculture based on repositioning of nitrogen used by 
plant growth through supply of organic residue and 
succession of legume crop (Popelka et al., 2004; Acharya 
et al., 1953). Besides legumes are important in such 
agriculture practices being a chief source of protein and 
also produced beneficial effects for soil fertility and 
conservation due to biological nitrogen fixation. Inocu-
lation of efficient strains of rhizobia is important when a 
legume is introduced in a region. The efficiency of the 
legume-rhizobia symbiosis is affected by various 
environmental factors (Thies et al., 1995; Palmer and 
Young 2000; Yuhashi et al., 2000). Rhizobium is a 
number of genetically diverse and phylogenetically 
heterogenous groups of bacteria. Recently, it has been 
reported that rhizobial cultures are also used as growth 
promoters for non-leguminous plants (Hossain and 
Mårtensson, 2008). It has been well reported that 
Rhizobium inoculants are highly sensitive to slightest 
change in environmental conditions, especially in respect 
of soil reaction due to variation in pH, moisture conditions 
and variation in temperature (Michiels et al., 1994; Evans 
et al., 1993). Thus, Rhizobium strains from outside a 
particular agro-climatic zone often fail to achieve the 
desired result (Azad, 2004). Therefore, it becomes 
necessary to isolate and screen the native Rhizobium 
strains and testing the efficacy of Rhizobium biofertilizer 
with regards to their infective capability, production of 
effective nodules in the host and their contribution to 
growth and yield attributes of the inoculated crops (Saikia 
et al., 2006). 

Environmental stresses play an important role in level 
of legume production. Among stress factors, salinity, pH, 
temperature, iron, nitrate and phosphate are most 
important in regulating the natural distribution of plant, is 
a very serious problem in many agricultural areas. 
Different stress limits legume growth, especially when the 
crop relies on symbiotically fixed N (Velagaleti et al., 
1990). The isolation and characterization of rhizobial 
strains tolerant to stress condition may allow the predic-
tion of their eventual behavior as a community in soils 
and in this way may lead to a better interaction with the 
plant for its later introduction into unfavorable soils. With 
the purpose of isolation of Rhizobium strains from 
different agro-climatic condition, in the present work, 
different Rhizobium strains were characterized and their 
growths under different environmental stress like at low 
and high pH, temperature, salinity (NaCl), iron (Fe), 
phosphate (K2HPO4) and nitrate (NaNO3) conditions were 
studied.   
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MATERIALS AND METHODS 
 
Isolation of Rhizobium strains 
 
Thirty days old selected legume plants were uprooted, washed in 
distilled water and the well-formed, healthy and pinkish nodules on 
the tap roots were carefully cut out. The nodules were immersed in 
95% (v/v) ethanol for 10 s, sterilized for 5 min in 0.1% acidified 
mercuric chloride (HgCl2, 1g L-1; conc. HCl, 5 ml L-1) and washed 
six times with sterile distilled water to get rid of the chemical (Chen 
and Lee, 2001). Each nodule was crushed using a sterile glass rod 
in an aliquot of sterile distilled water. Serial dilutions of the 
suspension were made and an aliquot of appropriate dilution was 
plated on yeast-extract mannitol agar medium (YEMA) and 
incubated at 28±2°C for four to seven days (Bogino et al., 2008). 
Distinct colonies were picked up and transferred to agar slants for 
further purification. Confirmation of the Rhizobia was ascertained by 
streaking on YEMA medium supplemented with Congored (0.025%, 
w/v), bromothymol blue test, and EPS production (Hameed et al., 
2004; Sethi and Adhikary, 2009). The Rhizobia stand out as white 
and translucent colonies (Subbarao, 1977). One week old rhizobial 
colonies kept on YEM agar media (1.5% agar) were used for 
preparation as inoculants. For this purpose, loop of the respective 
colonies were inoculated in sterile YEM medium in liquid broth. 
Strains were routinely maintained on YEMA slants at 4°C (Castro et 
al., 1997). In addition, two strains of Rhizobium of the respective 
hosts isolated and maintained at the Microbiology laboratory of IARI 
(Indian Agricultural Research Institute), New Delhi were used as 
negative control. Growth of all the 26 native and 2 IARI strains of 
Rhizobium was estimated at 12 h intervals up to stationary growth 
phase and growth was measured as the absorbance of the culture 
suspension at 600 nm. 
 
 
Selection of strains 
 
Totally, 13 strains of Rhizobium were isolated from V. radiata and 
A. hypogea cultivated southern region of Odisha state, India and 
maintained in culture in YEM media. In addition, two strains of 
Rhizobium of the respective hosts isolated and maintained at the 
Microbiology laboratory of IARI (Indian Agricultural Research 
Institute), New Delhi, India were used as negative control. Based on 
the higher growth rate, six Rhizobium isolates from A. hypogea and 
five isolates from V. radiata were chosen and their growth pattern 
under various environmental variables was examined in culture. 
Strain number UU stands for Utkal University and IARI-Indian 
Agricultural Research Institute. 
 
 
Growth response of Rhizobium species from V. radiata and A. 
hypogea under various environmental variables 
 
Based on the higher growth rate, seven Rhizobium isolates from A. 
hypogea and six isolates from V. radiata were chosen and their 
growth pattern under various environmental variables was 
examined in triplicate in culture. These were: pH of the medium 
ranging from 5-10, at different temperatures (4, 25, 28, 30, 35 and 
45°C), salinity ranging from 0 to 1 M and in presence and absence 
of various concentration of nitrate (NaNO3), phosphate (K2HPO4) 
and iron (Fe- citrate). Growth response of the selected Rhizobium 
isolates at various pH levels (from 5 to 10), temperature gradients 
(4-45°C), salinity (0 to 1 M), nitrate (0 to 1 mg/ml), phosphate
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(0 to 20 mg/ml) and iron (0 to 300 µg/ml) was examined. The 
different concentrations of the treatments were prepared in YEMA 
medium and the organisms were grown by inoculating uniform 
amount of culture suspension into the experimental tubes. Corning 
hard glass test tubes of the size (18 x 200 mm) plugged with non-
absorbent cotton wool was used and totally 10 ml of suspension 
including the inoculums culture were incubated in an incubator for 
up to 72 h. Triplicates were set for each set of experiments and 
mean of 3 closely concordant determinations were calculated and 
presented in text.  
 
 
RESULTS 
 
Growth pattern of six Rhizobium strains from Vigna radiata 
subjected to various temperature for example, 4, 25, 28, 30, 
35 and 45°C, pH (5, 6, 7, 7.8, 9 and 10), NaCl (ranging from 
nil to 1 M), sodium nitrate (nil to 1 mg/ml), phosphate (nil to 
20 mg/ml) and iron as citrate (nil to 300 µg/ml) was 
examined. Unless otherwise stated, the cultures were 
maintained at 28°C and pH 7.8 throughout the growth 
period (Figure 1A to F). Maximum growth of all the strains 
was obtained at 30°C with little change in temperature range 
of 25 to 35°C. Growth of IARI-1, UU-2 and UU-7 were 
considerably affected at 45°C in comparison to other strains, 
however, UU-4, UU-10 and UU-13 showed almost similar 
growth at the temperature range of 25 to 30°C with little less 
at lower temperature (Figure 1). Similarly, all these isolates 
grew well at pH 7.8 and increase or decrease of pH of the 
culture to acidic or alkaline range showed detrimental effect 
on the growth of these isolates; although at 4 and 45°C, and 
pH 5 and 10, respectively of the culture did not support good 
growth of the Rhizobium isolates. UU-2, UU-7 and UU-13 
were quite tolerant to pH from 7 to 9 (Figure 1). All these 
isolates grew well in presence of 0.025 M NaCl (control). 
Upon increase of the NaCl concentration up to 0.1 M in 
the media except for IARI-1 and UU-10, the growth of all 
other strains decreased in presence of higher 
concentration of NaCl. Growth of all the isolates though 
were affected in absence of NaCl, none of them could 
tolerate up to 1 M NaCl, and in many, for example, UU-10 
and UU-13, even growth was drastically reduced in 
presence of 0.5 M NaCl (Figure 1). Growth of all the 
isolates except IARI-1 and UU-4 was progressively 
enhanced in the presence of up to 0.05 mg/ml of NaNO3 
in the medium except in the case of UU-10; where, more 
than 0.02 mg/ml of nitrate did not support higher growth.  

To the contrary in UU-2 and UU-7, highest growth was 
obtained even in presence of 0.05 mg/ml of nitrate. 
Further increase in the growth of all these strains was 
decreased and growth was static in UU-7 and UU-10 in 
the presence of 1 mg/ml of nitrate (Figure 1). When 
phosphate was not supplemented in media, growth of 
almost all the strains was decreased up to 45%. Similarly, 
with increase of the phosphate concentration in the 
media, growth was affected than that of control culture 
and the adverse effect was proportionate with increase of 
phosphate up to 10 mg/ml. With further increase, growth 
 of all the isolates were severely affected (Figure 1). 

 
 
 
 
Since Odisha soil is rich in iron, tolerance of the 

Rhizobium isolates from V. radiata to increase in iron 
concentration is of immense importance. The results 
show that UU-2, UU-4 and UU-7 tolerated and grew 
higher in presence of up to 10 µg/ml of iron citrate. With 
further increase in iron concentration, growth of all strains 
was adversely affected. The adverse effect of iron was 
comparatively less pronounced in UU-10, UU-2, UU-4 
and UU-7 up to 200 µg of iron/ml. However, with further 
increase of iron up to 300 µg/ml, the growth of all the 
strains were decreased up to 80 to 90% (Figure 1).  

Quite different from the growth response of Rhizobium 
from V. radiata, the rhizobia from A. hypogea showed 
less tolerance to change in the environmental stresses as 
above, but grew well in presence of higher concentrations 
of the phosphate in the medium. Though optimum growth 
of these rhizobia from A. hypogea was seen at 28°C with 
little higher temperature to 30°C, growth of UU-17, UU-
18, UU-19, UU-21 and UU-22 were adversely affected by 
6 to 14% and less. With further increase to 35°C, UU-16 
was more sensitive and decreased the growth by 40% 
and all the other six strains growth decreased from 21 to 
33%. Almost similar decrease in growth from 12-37% 
was seen at 25°C. With further decrease of temperature 
to 4°C or increase up to 45°C, the growth of all these 
strains decreased from about 56 to 68% (Figure 2). 
Similarly, with the increase in pH of the culture from 7.8 
to 8, growth of all the IARI-16, UU-18, UU-20 and UU-22 
decreased from 4 to 6%, and the decrease was more 
pronounced with further increase of pH up to 10 and also 
with decrease of the pH in the order of 7, 6 and 5 
proportionately; at pH 5, growth of all these strains was 
inhibited by 47 to 81% and at pH 10, decrease of the 
growth was in the range of 30 to 53%. The results show 
that all the rhizobia from A. hypogea were more tolerant 
to alkaline pH than acidic conditions (Figure 2).  

All the seven rhizobial strains from A. hypogea were 
sensitive to slight change in the NaCl concentration of the 
medium. In the absence of NaCl, growth was inhibited by 
28 to 47%. With increase of the NaCl concentration in the 
medium, growth of all the strains was progressively 
decreased with proportionate increase in concentration of 
the salt, and at 1 M, growth of all the organisms was 
inhibited by 64 to 81% (Figure 2) showing that unlike 
rhizobia from V. radiata, rhizobia from A. hypogea were 
unable to tolerate in the saline conditions of the soils. The 
organisms grew well in media in the absence of nitrate. 
Growth of IARI-16 and UU-22 remained unchanged in 
presence of up to 0.02 mg/ml of nitrate, however, in all 
other strains, growth was decreased by 6 to 8% in 
presence of the low concentration of nitrate (Figure 2C). 
With the increase of NaCl in a medium from 0.5 up to 1 
mg/ml, growth of all these strains decreased propor-
tionately to the increase of the nitrate concentration and 
at 1 mg/ml in the media; growth of these strains was 
decreased from 66 to 82%. All the Rhizobium strains 
from A. hypogea were slightly sensitive to increase in
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Table 1. Comparative study of growth response of several strains of Rhizobium species isolated 
from Vignaradiata to low and high pH, temperature, salinity, iron, phosphate and nitrate. 
 

Parameter Strain 

Temperature 
Low (25°C) UU-7< UU-13< IARI-1< UU-10< UU-2< UU-4 
High (45°C) IARI-1< UU-7< UU-2< UU-13< UU-10< UU-4 

   

pH 
Low pH (6) UU-4< UU-13< UU-2< IARI-1< UU-7< UU-10 
High pH (9) IARI-1< UU-10< UU-4< UU-13< UU-2< UU-7 

   

Salinity 
Zero  IARI-1< UU-4< UU-7< UU-13< UU-10< UU-2 
High (0.25 M) UU-10< UU-2< UU-7< UU-13< IARI-1< UU-4 

   

Nitrate 
Low (50 µg/Ml) UU-13< UU-7< UU-4< IARI-1< UU-2< UU-10 
High (200 µg/Ml) UU-13< IARI-1< UU-7< UU-10< UU-4< UU-2 

   

Phosphate 
Zero  UU-13< UU-7< UU-10< IARI-1< UU-2< UU-4 
High (2.5 Mg/Ml) IARI-1< UU-7< UU-2< UU-4< UU-10< UU-13 

   

Iron 
Low (0.05 Mg/Ml) UU-7< UU-2< IARI-1< UU-4< UU-10< UU-13 
High (0.25 Mg/Ml) UU-13< IARI-1< UU-4< UU-10< UU-7< UU-2 

 
 
 

Table 2. Comparative study of growth response of several strains of Rhizobium species isolated from Arachis 
hypogea to low and high pH, temperature, salinity, iron, phosphate and nitrate. 
 

Parameter Strain 

Temperature 
Low (25°C) UU-21< UU-19< UU-20<UU-18< IARI-16< UU-17< UU-22 
High (45°C) UU-18< UU-20< UU-19< IARI-16< UU-17< UU-21< UU-22 

   

pH 
Low pH (6) UU-20< IARI -16< UU-21< UU-19< UU-17< UU-22< UU-18 
High pH (9) UU-18< IARI -16< UU-20< UU-22< UU-17< UU-19< UU-21 

   

Salinity 
Zero  UU-22< UU21< UU-18< UU-20< UU-17< UU-19< IARI -16 
High (0.25 M) UU-22< UU-21< UU-18< IARI -16< UU-17< UU-19< UU-20 

   

Nitrate 
Low (50 µg/ml) UU-21< UU-19< UU-22< UU-18< UU-17< UU-20< IARI -16 
High (200 µg/ml) UU-19< UU-22< UU-20< UU-18< UU-21< UU-17< IARI -16 

   

Phosphate 
Zero  UU-20< UU22< UU-19< UU-21< UU-18< IARI -16< UU-17 
High (2.5 mg/ml) UU-19< UU-20< UU-21< UU-22< IARI -16< UU-17< UU-18 

   

Iron 
Low (0.05 mg/ml) UU-21< UU-17< UU-19< UU-20< UU-18< UU-22< IARI -16 
High (0.25 mg/ml) IARI -16< UU-21< UU-20< UU-22< UU-19< UU-18< UU-17 

 
 
 
lower and higher pH (6 and 9), temperature (25 and 
45°C), salinity (0 and 0.25 M NaCl), iron (0.05 and 0.25 
mg/ml of Fe-citrate), phosphate (0 and 2.5 mg/ml) and 
nitrate (50 and 200 µg/ml) was analyzed and given in 
Tables 1 and 2. It was found that considerable variation 
exists between these organisms on the basis of their 
resistance to several of these environmental variables. 
UU-4 from V. radiata was found to be most tolerant 
species to high and low temperature, high salinity, 

phosphate deficiency, relatively higher phosphate and 
higher nitrate concentrations, but was sensitive to lower pH. 

Next to this, UU-2 from the same host tolerated 
maximum to lower temperature, alkaline pH, phosphate 
deficiency and to higher concentration of iron, but was 
very sensitive to growth at little increase in salinity. UU-10 
was tolerant to lower pH, low nitrate, relatively higher 
phosphate in non-saline conditions and in low iron con-
centration in the media. UU-13 grew well only in the presence 
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of higher phosphate and low iron, and was sensitive to 
lower temperature, acidic pH, high iron concentration, 
phosphate deficiency and to presence of nitrate in the 
media. IARI-1 was most sensitive to higher temperature, 
alkaline pH, non-saline condition, higher concentration of 
phosphorous and nitrate, and was tolerant to higher level 
of salinity (NaCl). 
 
 
DISCUSSION  
 
These results show that the same organism did not grow 
well or were tolerant to either all the stresses or even low 
and high value of a particular environmental stress that 
might be occurring in the crop fields. Physico-chemical 
characteristics of different agro-climatic regions of Odisha 
showed wide variation in the pH, iron, phosphate, nitrate, 
conductivity as well as salinity of these soils (Sahu et al., 
1996). Hence, it is essential to select a particular strain 
from the desired crop suitable to its capability to grow 
under these variables of the crop fields of a particular 
region so that the inoculated strain can establish and 
perform leading to higher productivity. Based on the 
results above on the tolerance of six strains of Rhizobium 
from V. radiata and seven strains from A. hypogea, three 
strains each, IARI-1, UU-4 and UU-10 from the former 
and UU-20, UU-21 and UU-22 from the later host species 
were selected and changes in their protein profile in 
response to various environmental stresses was 
analyzed. 

Maximum growth of Rhizobium isolated from V. radiata 
and A. hypogea was obtained at 28°C and with little 
increase or decrease of temperature, they had a 
significant effect on their growth. Maximum soil 
temperature in the tropics usually exceeds 45°C at 5 cm 
and 50°C in 1 cm depth (Lal, 1993), and can limit 
nodulation in relation to rhizobial growth. Upper limit 
ranges between 32 and 47°C, although tolerance varies 
among species and strains because high temperature 
decreases rhizobial survival and establishment in tropical 
soils.  

Hence, repeated and higher rates of inoculation may 
frequently be needed. The alternative is inoculated 
strains capable of surviving at the higher temperature of 
tropics so as to make the inoculation successful. There 
have been number of investigations on the effect of 
temperature on infection process of temperate species of 
Rhizobium in environmental growth chamber. The results 
show that below 10°C, root hair infection by Rhizobium is 
retarded whereas at 24°C and above; the rate of infection 
is enhanced. However, these results are dependent on 
variation between Rhizobium strains and host cultivars. 

The same is true in tropical climatic regime with a 
higher temperature limit. Rhizobia are known to survive in 
stored dried soil for several years (Sen and Sen, 1958) 
and could tolerate 45°C and produce nodules on roots of 
Vigna mungo. Further testing under field condition revealed 

 
 
 
 
that this heat tolerant strain of Rhizobium significantly 
increased grain yield of V. mungo (Subbarao, 1982). 

Rhizobium from both crops grew well at near neutral pH 
and with variation of the pH to acidic or alkaline pH, their 
growth were affected though there were minor deviations 
among the strains to tolerate higher and lower pH levels. 
The optimum pH for rhizobial growth has been found 
between pH 6 to pH 7 (Jordan, 1984) with relatively few 
rhizobia growth in acidic pH (Graham et al., 1994). Intrinsic 
tolerance cannot be predicted from the pH at the site of 
isolation because when fast growing rhizobial strains were 
isolated from nodules that have been inoculated with soil 
from certain sites where the pH ranges from 3 to 5, only 
37% were able to grow in buffered medium at pH 4 and 
60% grew at pH 9.5 (Hungria and Vargas, 1996).    

A large proportion of tropical soils have developed from 
old geological formation. This combined with climatic 
conditions has resulted in highly weathered soils 
containing predominantly low activity clays. These are 
usually acidic and infertile, and frequently contain toxic 
chemicals. Such acid soil conditions pose problems for 
plants, the bacteria and the symbiosis (Giller and Wilson 
1993). The microsymbiont is usually more sensitive to 
pH. Some rhizobial species can tolerate acidity better 
than others, however, similar results that the tolerance 
may vary among strains within a species has been 
reported earlier (Brockwell et al., 1995, Hungria et al., 
1997) 

Different species of rhizobia withstand different levels 
of NaCl, which was invariably higher than the host plant 
(Subbarao, 1974). Further degree of salinity/alkalinity 
conducive for good nodulation was different from the 
limits of tolerance of Rhizobium and the host to the salt. 
Of these, growth responses of several strains of 
Rhizobium from V. radiata and A. hypogea to different 
concentration of NaCl ranging from 0.002 to 1 M, showed 
wide variation in the capabilities of these strains to 
tolerate the salt.  

There are reports that salt tolerant strains significantly 
enhance their capacity to oxidize carbon sources by 
increasing growth rate and EPS production that involve in 
adhesion resulting in a greater adapting capacity to 
colonize on favorable saline environment (Barboza et al., 
2000). Lippi et al. (2000) has studied the effect of salinity 
on growth, starvation, survival and recovery from salt 
stress of a Rhizobium isolated from nodules of Acacia. 
The results show that survival capacity of starved 
cultures depended on previous growth condition and 
culturability subjected to double stress starvation and 
salinity was reduced considerably. All the starved 
cultures were capable of regrowth when nutrients 
became available thus showing 
that the strain can withstand long periods of nutrient 
deprivation in soil while maintaining the capacity for an 
active metabolism and a potential infectiousness to the 
host.  

All the Rhizobium species  isolated from  V. radiata and 



 
 
 
 
A. hypogea grew well in presence of up to a tolerant limit 
of NaNo3, though Rhizobium from V. radiata were 
invariably more tolerant to nitrate than those isolated from 
A. hypogea. There are reports that legume can use 
nitrogenous fertilizer and grow well but application of 
such fertilizers, especially at higher doses inhibit nodule 
number, efficiency of fixation, bacteroids and membrane 
envelope formation showing that it diminishes all 
attributes of symbiosis (Subbarao, 1974). Similarly, 
another soil nutrient phosphate though is essential for 
growth of all the rhizobia, the ones from V. radiate 
required comparatively less phosphorous than from the 
other host to grow. Earlier reports showed that 
application of phosphate to leguminous crops enhances 
the number of nodules, the nitrogen content and growth 
of plants (Vyas and Desai, 1953). Acharya et al. (1953) 
have shown that rotation of crops and phosphate manure 
enhances soil nutrient content. The results of the present 
investigation together with the earlier reports show that 
these two nutrients, nitrate and phosphate are essential 
at certain concentration for the growth of rhizobia in the 
soil but the critical concentration as per the requirement 
varies from species to species. 

Although iron is abundant in soil (1 to 6%) and it ranks 
4th among all elements on surface of earth, it is often 
unavailable to the microbes and plants because of its 
solubility, which is dependent on pH. Under aerobic soil 
conditions, most iron exists in the insoluble ferric form 
(Dudeja et al., 1997). It is a component of the cell and its 
deficiency causes growth inhibition and can also change 
the cell morphology. To meet the requirement of iron, the 
organisms evolve a specific high affinity mechanism and 
when the medium and the soil is low in soluble iron, this 
mechanism becomes operative, and this happens with 
involvement of siderophores, which are low molecular 
weight iron chelators (Dudeja et al., 1997). Iron plays 
special role in root nodules for the symbiotic nitrogen 
fixation as this is required for leghaemoglobin, nitro-
genase and cytochrome synthesis within the bacteroids 
in the nodules. Research have shown that presence of 
active nodules indicate iron deficient stress response in 
soybean (Dudeja et al., 1997). Odisha soils are rich with 
iron, which varies from 8 to 376 ppm (Sahu et al., 1990). 
The locations where the field experiments for the present 
work were conducted are rich with iron exceeding 100 
µg/g soils. Growth response of these strains to various 
iron concentrations is a critical factor for their 
establishment after inoculation to make the biofertilizer 
programme successful. Hence, selection of iron tolerance 
strains and those grown at comparatively higher iron 
concentrations were specially taken care for selection of 
strains for further experiments. 
 
 
Conclusion  
 
The above experimental results show that Rhizobium 
from both the crops A. hypogea and V. radiata in response 
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to the same stress was quite different. This shows that 
there may exists a genetic variability among the rhizobial 
strains from the same host and also from different host 
plant to cope with the stress factors prevailing in a 
specific location. The results clearly demonstrated that 
rhizobium isolated from the local environments are more 
tolerant to these environmental stresses than strains 
collected from IARI, New Delhi, India which belongs to 
different agro-climatic condition. Hence, it can be 
concluded that the host as well as the region specific 
rhizobium isolates is more important for making a 
biofertilizer programme successful. 
 
 
Conflict of Interests 
 
The author(s) have not declared any conflict of interests. 
 
 
REFERENCES 
 
Acharya CN, Jain SP, Jha J (1953). Studies on the building up of soil 

fertility by the phosphatic fertilization of legumes Influence of growing 
berseem on the nitrogen content of the soil. J. Ind. Soc. Soil Sci. 
1:55-64. 

Azad P (2004). Screening of native Rhizobium strains for sustainable 
crop production in pulse-rice cropping system. In Biotechnology in 
Sustainable and Organic Farming (Eds. Yadav AK, Chaudhary SR, 
Talukdar NC), Shree Publishers and Distributors, New Delhi. pp. 244-
248. 

Barboza F, Correa NS, Rosas SB (2000). Metaboilc and physiological 
characteristics of salt-tolerant strains of Bradyrhizobium spp. Biol. 
Fertil. Soils 32: 368-373. 

Bogino P, Banchio E, Bonfiglio C, Giordano W (2008). Competitiveness 
of a Bradyrhizobium sp. strain in soils Containing Indigenous 
Rhizobia. Curr. Microbiol. 56: 66-72. 

Brockwell J, Bottomley PJ, Thies E (1995). Manipulation of rhizobia 
microflora for improving legume productivity and soil fertility: a critical 
assessment. Plant Soil 174: 143-180. 

Castro S, Vinocur M, Permigiani M, Halle C, Taurian T, Fabra A (1997). 
Interaction of the fungicide mancozeb and Rhizobium sp. in pure 
culture and other field conditions. Biol. Fertil. Soils 25: 147-151. 

Chen WM, Lee TM (2001). Genetic and phenotypic diversity of rhizobial 
isolates from sugarcane-Sesbaniacannabina-rotation fields. Biol. 
Fertil. Soils 34:14-20. 

Dudeja SS, Suneja S, Khurana AL (1997). Iron acquistion system and 
its role in legume-Rhizobium symbiosis. Ind. J. Microbiol. 37: 1-12. 

Evans J, Wallace C, Dobrowolski D (1993). Interaction of soil type and 
temperature on the survival of Rhizobium leguminosarum bv. Viciae. 
Soil Biol. Biochem. 25(9): 1153-1160. 

Giller KE, Wilson KJ (1993). Nitrogen fixation in tropical cropping 
systems. CAB International, Walling Ford, UK. pp. 313.  

Graham PH, Drager KH, Ferry ML, Conroy MJ, Hammer BE, Martinez 
E, Aarons SR, Quinto C (1994). Acid pH tolerance in strains of  
Rhizobium and Bradyrhizobium and initial studies on the basis for 
acid tolerance of Rhizobium tropici. Can. J. Microbiol. 40: 198-207. 

Hameed S, Yasmin S, Malik KA, Zafar Y, Hafeez FY (2004). Rhizobium, 
Bradyrhizobiumand Agrobacterium strains isolated from cultivated 
legumes. Biol. Fertil. Soils 39: 179-185. 

Hossain MS, Martensson A (2008). Potential use of Rhizobium spp. To 
improve fitness of non-nitrogen fixing plants. Soil Plant Sci. 1: 1-7. 

Hungria M, Andrade DS, Balota EL, Colozzi-Filho A (1997). Importância 
do sistema de semeaduradiretanapopulacãomicrobiana do solo.  

EMBRAPACNPSO, Londrina/Brazil, pp-1-9 (communicado, 
Técnico.56). 

Hungria M, Vargas MAT (1996). Exploring the microbial diversity in soil 
management practices to optimize the contribution of soil 
microorganisms  to  plant  nutrition. In (Eds. Stacey,  G.,B. Mullin and  



3504          Afr. J. Biotechnol. 
 
 
 
    P.Gresshoff) Biology of Plant Microbe Interactions. ISMPMI, St. Paul. 

pp. 493-496. 
Jordan DC (1984). Family-III Rhizobiaceae CONN. 1938. 321AL. In 

Krieg NR, Holt JG (Eds.), Bergys Mannual of Systemic Bacteriology. 
William and Wilkins, Baltimore. London. pp. 235-244. 

Lal R (1993). The role of no-till farming in sustainable agriculture in 
tropics. Anais do I Encontro Latino Americano Shore Plantio Direto 
Na Pequena Propriedade. IAPAR Ponta Grossa/Brazil, 22-26 
Novembro. pp. 29-62. 

Lippi D, Depaolis MR, DiMattia E, Grego S, Pietrosanti T, Cacciari I 
(2000). Effect of salinity on growth and starvation-survival of a 
tropical Rhizobium strain. Biol. Fertil. Soils 30:276-283. 

Michiels J, Verreth C, Vanderleyden, J (1994). Effect of temperature 
stress on bean nodulating Rhizobium strains. Appl Environ Microbiol. 
60(4):1206-1212.Munns DN, Fox R, Koch BL (1997). Influence of 
lime on nitrogen fixation by tropical and temperate legume. Plant Soil 
46:591-601. 

Palmer KM, Young JPW (2000). Higher diversity of Rhizobium 
leguminosarumbiovarviciae populations in arable soils than in grass 
soils. Appl. Environ. Microbiol. 66: 2445-2450. 

Popelka C, Terryn N, Higgins T (2004). Gene technology for grain 
legumes: can it contribute to the food challenge in developing 
countries? Plant Sci. 167(2):195-206.  

Sahu SK, Mitra GN,  Mishra UK (1990). Relationship between available 
micronutrient status of soils growing rice and micronutrient contents 
of rice plants. J. Indian Soc. Soil Sci. 38:82-88. 

Sahu SK, Mitra GN, Mishra UK (1996). Relationship between available 
micronutrient status of soils growing rice and micronutrient contents 
of rice plants. J. Ind. Soc. Soil Sci. 38:82-88. 

Saikia SP, Jain V, Srivastav GC (2006). Nitrogen fixation in nodules of 
maize roots by Azorhizobium caulinodans. Ind. J. Microbiol. 46:171-
173. 

Sethi SK, Adhikary SP (2009).Vegetative growth and yield of Arachis 
hypogea and Vigna radiata in response to region specific Rhizobium 
biofertilizer treatment. J. Pure Appl. Microbiol. 3(1):295-300. 

SubbaRao NS (1974). Rhizobium inoculant. In Biofertilizer in Agriculture 
(Ed. SubbaRao NS) Oxford and IBH Publishing Co. New Delhi. pp-
17-73. 

Subbarao NS (1977). Rhizobium and legume root nodulation. In Soil 
Microbiology (Ed. Subbarao NS) Oxford and IBH Publishing Co. New 
Delhi. pp. 166-228. 

SubbaRao NS (1982). Biofertilizers in Agriculture. In Soil Microbiology 
(Ed. Subbarao NS) Oxford and IBH Publishing Co. New Delhi 

Thies JE, Woomer PL, Singleton PW (1995). Enrichment of 
Bradyrhizobium spp. populations in soil due to cropping of the 
homologous host legume. Soil Biol. Biochem. 27:633-636. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Velagaleti RR, Marsh S, Kramer D, Fleishman D, Corbin J (1990). 

Genotypic differences in growth and nitrogen fixation in among 
soybean (G. max L. Merr.) cultivars grown under salt stress. Trop. 
Agric. (Trinidad). 67:169-177.   

Vyas ND, Desai JR (1953). Effect of different doses of super phosphate 
on the fixation of atmospheric nitrogen through pea. J. Ind. Soc. Soil 
Sci. 1:32-40.  

Yuhashi K, Ichikawa N, Ezura H, Akao S, Minakawa Y, Nukui N (2000). 
Rhizobitoxine production by/enhances nodulation and 
competitiveness on Macroptilium atropurpureum. Appl. Environ. 
Microbiol. 66: 2658-2663. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


