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Abstract 
Strains of root nodulating bacteria were isolated from the root nodules of a 

medicinal legume plant, Mucuna pruriens (Kaunch), growing wildly in the foothills 
of Himalayas. The strains were morphologically, physiologically and biochemically 
characterised according to the Bergey's Manual of Determinative Bacteriology (Holt 
et al., 1994). According to their generation time the strains were both fast and slow 
growers. Both fast and slow growing strains showed marked differences in 
morphology, physiology and biochemical characteristics. Morphological, cultural, 
biochemical characters, G+C mole percent and in vivo infectivity on their original 
host and other plants confirmed that the fast growing isolates were Rhizobium 
meliloti while the slow growers belong to the Bradurhizobium sp. (Mucuna). The fast 
growing strains were highly salt tolerant being able to tolerate 850 mM NaCl 
concentration in vitro. Slow growing strains showed growth at wide temperature 
range, being tolerant up to 45°C. 
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1. Introduction 

Legumes and their symbiotic bacteria make the maximum contribution to 
global nitrogen fixation. The Rhizobium-legume symbiosis, because of its 
agricultural importance, has ensured continuing research support world wide 
and is presently one of the best understood plant-microbe interactions 
(Somasegaran and Hoben, 1994). Despite this, only about 57% of the genera and 
20% of the species have been examined for nodulation and most of those which 
have not been examined are from tropical areas (de Faria et al., 1989). As 
pointed out by Young (1996), the taxonomy of rhizobia is in a state of flux. 
Mucuna pruriens (Kaunch) is an annual herbaceous legume growing wildly in 
the Himalayan foothills. It is a plant with immense medicinal value in the 
Ayurvedic form of medicine (Sharma, 1996). Mucuna pruriens is also prominent 
among the herbaceous legumes, being promoted in the moist savanna region of 
the western Africa for use as green manure for soil fertility improvement and 
weed control (Versteeg and Koudokpon, 1990). Kaunch soil improving effects 
have also been reported in India and south Asia (Buckles, 1994). 

In this study strains of root nodulating bacteria have been isolated from 
nodules of wildly growing Kaunch plants in the foothills of Himalayas. These 
strains were morphologically, biochemically and physiologically 
characterised to ascertain their taxonomic position. The newer isolates of the 
root nodulating bacteria may be beneficial for conserving this tropical 
medicinal plant besides improving soil fertility, being better adapted to the 
local conditions. As known most of the rhizobial isolates are capable of 
nodulating more than one legume species, and one legume species may also yield 
more than one species of Rhizobium (Young, 1996). This study reports for the 
first time isolation of both fast and slow growing rhizobia effectively 
nodulating Mucuna pruriens. The study also shows that with the examination 
of more and more leguminous plants, especially of the tropical and subtropical 
regions our knowledge on the taxonomy of the family Rhizobiaceae will get 
advanced. 

2. Materials and Methods 

Mucuna pruriens plants were collected in July, 1997, from the banks of river 
Ganga in the district of Hardwar, about 200 km northeast of New Delhi. This 
area is a deciduous rain forests with a temperature range of 4°C to 45°C. Strains 
of root nodulating bacteria were isolated from the root nodules of M. pruriens 
according to Vincent (1970). The strains were incubated on yeast extract 
mannitol (YEM) agar at 28°C and stored on YEM agar slants at 4°C. Twenty 
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strains were isolated and were characterised according to Bergey's Manual of 
Determinative Bacteriology (Holt et al., 1994). 
Cell dimensions, morphology and type of flagellation of the isolates was 

determined by scanning electron microscopy according to Miller and Pepper 
(1988). Generation time was calculated in YEM broth at 28°C (Kumar et al., 
1999). Catalase and oxidase activities were determined according to the 
methods of Graham and Parker (1964) and Kovaks (1956), respectively. The 
ability to hydrolyse urea and gelatin were determined according to the 
methods of Lindstrom and Lehtomaki (1988) and Sadowsky et al. (1983) 
respectively. The ability to utilise citrate was determined according to Koser 
(1923). Growth on Hofer's alkaline broth was checked after inoculation with 
log phase cultures (108 cells) of the isolates (Hofer, 1935). Strains were tested 
for the ability to grow on glucose peptone agar (Klezkowska et al., 1968). 
Ability to tolerate 2% NaCl was observed according to Graham and Parker 
(1964). Precipitate formation in calcium glycerophosphate was determined 
according to Hofer (1941). DNA base composition was calculated by the 
thermal denaturation temperature determined with Shimadzu UV-VIS 
spectrophotometer model, UV-1601, as given by Marmur and Doty (1962). 

Antibiotic resistance was detected by using antibiotic discs (HiMedia, 
Mumbai). YEM agar plates were spread with exponentially growing cultures of 
the isolated strains and antibiotic discs placed over the surface. The resistance 
to an antibiotic was detected by the inhibition zone formed around the discs. 
The following antibiotics were used: ampicillin, (10 µg); bacitracin, (10) µg; 
carbenicillin, (100 µg); chloramphenicol, (30 µg); erythromycin, (15 µg); 
furazolidone, (30 µg); gentamicin, (30 µg); kanamycin, (30 µg); neomycin, 
(30 µg); streptomycin, (10 µg); tetracycline, (15 µg); amoxycillin, (15 µg;) 
doxycycline, (10 µg) and cotrimoxazole, (10 µg). 

To determine the carbon and nitrogen source utilisation, 80 µl of 10% w /v 
filter sterilised solutions of the carbohydrates and amino acids were added to 5 
ml YEM broth in which yeast extract was reduced to 50 mg/1. The medium was 
then inoculated by the addition of exponentially (108 cells/ml) growing cultures 
of the isolates (Kumar et al., 1999). The inoculated broth were incubated at 
30°C and kept at 150 rpm in an incubator shaker. Optical density was taken at 
610 nm after 7 d incubation for measuring the growth. 

Tolerance of acidic and alkaline pH was determined in YEM broth with pH 
adjusted to 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0. Buffers used to adjust the 
pH were citrate phosphate (3.0 to 7.0 pH), tris HCl buffer (8.0 to 9.0 pH) and 
glycine NaOH buffer (10.0 to 11.0 pH). Log phase culture was inoculated in the 
YEM broth with adjusted pH and growth observed by taking optical density as 
above. 
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Symbiotic study 

All the isolates were checked for nodulation on their host, M. pruriens and a 
range of other plants. Nodulation study was carried out in earthen pots of half 
kilogram capacity. Seeds were collected from Kaunch plants during January, 
1997. Earthen pots were filled with sterile soil and surface sterilised seeds of 
Kaunch and other plants were sown in the pots. The exponentially grown 
cultures of the isolates (108 cells/ml) were inoculated during seedling stage. A 
similar booster dose of the inoculum was given one week after the germination 
of seeds. Plants were watered with sterile water and were uprooted carefully 
after 30 and 60 days to observe for nodulation, seedling biomass, nodule number, 
nodule weight and in situ nitrogenase activity. Symbiotic nitrogenase activity 
was measured by the acetylene reduction (AR) assay according to Hardy et al. 
(1968). 

Effect of temperature on growth 

The effect of temperature on growth of isolates was observed in 50 ml YEM 
broth taken in flasks. The broth was inoculated with 0.1 ml of exponentially 
grown cultures. Flasks were placed inside temperature controlled incubator 
shaker at 10°, 20°, 25°, 30°, 35°, 40° and 45°C at 150 rpm. The optical density was 
measured every 4 hon Shimadzu UV-VIS spectrophotometer model, UV-1601, 
at 610 nm. Specific growth rate was determined according to Stanier et al. 
(1985) and plotted against temperature. 

Effect of salinity on growth 

The effect of salinity on the isolates was studied in YEM broth containing Oto 
900 mM NaCl. Exponentially growing cultures of the isolates were added to the 
NaCl amended broth and kept in the incubator shaker at 150 rpm and 30°C. The 
optical density was recorded every 4 h at 610 nm. Specific growth rate was 
determined (Stanier et al., 1985) and plotted against salinity. 

3. Results 

All the isolates were motile, Gram-negative, non-spore forming rods. Out of 
the 20 isolates, 12 were fast growers, with mean generation time of 2.8 h, and 8 
were slow growers with mean generation time of 6.0 h. Fast growing strains 
formed white colored, rounded, mucoid colonies with 2-4 mm diameter after 48 
h incubation at 28°C, on YEM agar media. On the other hand, slow growers 
formed white, rounded, opaque, convex and granular colonies with diameter ~1 
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mm after 5-7 days of incubation. Scanning electron microscopy showed 2-5 
peritrichous flagella in fast growing strains and single subpolar flagella in 
slow growers (Fig. 1). 

a. b. 

Figure 1. a. Scanning electron micrograph of fast growing strain. b. Scanning electron 
micrograph of slow growing strain. 

All the isolates were catalase and oxidase positive. While the fast growing 
strains produced acid from glucose, the slow growers produced alkali. None of 
the strains showed growth on glucose peptone agar. Most (80%) ofthe strains 
were positive for urease and were able to grow in Hofer's alkaline broth. All 
the isolates were negative for gelatinase and lactase. None of the strains could 
utilise citrate. All the fast growing strains were able to tolerate 2% NaCl. Fast 
growing strains showed formation of precipitate in calcium glycerophosphate. 
The average G+C content of DNA was 62.6 mol % for fast growing strains and 64 
mol % for slow growers (Table 1). Both fast and slow growing strains showed 
almost similar tolerance to pH with most (90%) of the strains tolerating pH 
from 5.0 to 11.0. 
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Table 2. Intrinsic antibiotic activity shown by the isolates 

Antibiotic Fast growers % Slow growers % 

Ampicillin + 100 + 100 
Bacitracin + 100 + 100 
Carbenicillin 0 0 
Chloramphenicol + 90 + 100 
Erythromycin + 100 25 
Furazolidone + 100 0 
Gentamicin 0 + 100 
Kanamicin 0 + 100 
Neomycin 0 + 100 
Streptomycin 0 + 75 
Tetracycline 0 + 100 
Amoxycillin 0 + 100 
Doxycycline 0 0 
Cotrimoxazole 0 0 

+ = Resistant; - = Sensitive; %= Percent strains resistant. 

Of all the antibiotics taken in the study both the fast and slow growing 
strains (except RMP3), were resistant to ampicillin, bacitracin and 
chloramphenicol. Fast growers were also resistant to erythromycin and 
furazolidone. Slow growers were found resistant to gentamicin, kanamicin, 
neomycin, tetracycline, amoxycillin and streptomycin (except BMP3 and BMP5). 
Strains BMP2 and BMP6 were also resistant to erythromycin (Table 2). 

Fast growing strains were able to utilise a majority of carbon and nitrogen 
sources tested. Majority of fast growers were able to utilise hexoses (glucose, 
mannitol, dextrose, rhamnose and sorbitol), pentoses (arabinose and xylose), 
disaccharides (trehalose, lactose and sucrose) and trioses (glycerol). Slow 
growing strains were mostly unable to utilise disaccharides and trioses, but 
were able to utilise pentoses and hexoses (Table 3). Fast growers were also able 
to utilise majority of amino acids except valine, threonine, glycine and 
methionine. However, slow growing strains were also able to utilise majority of 
amino acids except glycine, methionine, cystine and phenylalanine. 

Symbiotic study 

All the strains showed nodulation in M. pruriens and Medicago sativa. The 
fast-growing strains also showed nodulation in Trigonella foenumgraecum. 
Seedling biomass of the M. pruriens plants inoculated with slow growing strains 
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was maximum (13.2 g) after 60 days. Fast growing strains also increased 
seedling biomass over uninoculated controls. The nodule number in the plants 
inoculated with slow growing strains was less than in the plants inoculated 
with fast growing strains. However, nodules formed-by slow growers were 
bigger and more in weight (per plant). The difference between seedling biomass 
of inoculated and uninoculated (control) plants increased considerably after 60 
days (Table 4). 

Plant nodulated by fast and slow growing strains showed significant 
nitrogenase activity. The AR activity, per plant, followed the trend of nodule 
fresh weight. Thus higher nitrogenase activity was observed in the plants 
nodulated by slow growing strains (Table 4). 

Effect of temperature 

The optimum growth temperature for fast growing strains was 28°C and for 
slow growers 30°C. All of the fast growing strains were tolerant up to 35°C, 
while the slow growers, as confirmed by the considerable growth rate, could 
tolerate up to 45°C (Fig. 2). The growth rate of slow growers increased up to 
30°C and then declined (Fig. 2b). 

Effect of salinity 

Fast growing strains were highly salt-tolerant. Nine of the fast growing 
strains were able to tolerate NaCl concentration up to 850 mM, in YEM broth 
(Fig. 3a). Strains RMP4, RMP6 and RMP9 were tolerant up to 750 mM NaCl. 
Fast growing strains showed maximum specific growth rate at 300 mM NaCl 
concentration which declined with further increase in the NaCl concentration 
(Fig. 3b). Slow growing strains were able to tolerate up to 350 mM NaCl. 

4. Discussion 

Root nodulating bacteria isolated from the roots of M. pruriens were found to 
be both fast and slow growing. Both fast and slow growers formed effective 
nodules on the roots of their original host, M. pruriens. Both types of strains 
also showed effective nodulation in M. sativa. The morphological, 
physiological, biochemical characteristics, G+C mole percent and in vivo 
infectivity confirmed that the fast growers belong to the species Rhizobium 
meliloti and the slow growers to the species Bradyrhizobium sp. (Mucuna) 
(Holt et al., 1994). Fast growing strains showed precipitate formation in 
calcium glycerophosphate and were able to tolerate 2% NaCl, which is in 
accordance with the characteristics of Rhizobium meliloti (Jordan, 1984). Fast 
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Figure 2. a. Effect of temperature on growth of slow growing strains. b. Effect of 
temperature on specific growth rate of slow growing strains. 
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salinity (in mM) on specific growth rate of fast growing strains. 
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growing strains have now been isolated from several other plants previously 
thought to be effectively nodulated only by slow growers as in soybean 
Sadowsky et al., 1983; Scholla and Elkan, 1984; Keyser et al., 1982; Broughton 
et al., 1984), lotus (Cooper, 1982), hyacinth bean (Trinick, 1980) and lupin 
(Jordan, 1984). However, the slow growing strains were more effective, as 
confirmed by the seedling biomass, nodule number, nodule fresh weight and in 
situ nitrogenase activity. Fast growing strains although less effective in 
comparison to slow growers, showed a significant enhancement in the above 
parameters over uninoculated controls. The increase in difference between 
seedling biomass of inoculated and uninoculated plants with time clearly 
indicates the effectiveness of the strains. The relationships between nodule 
fresh weight and AR activity were positive. Similar results were reported for 
Mucuna by Reddy et al. (1984). Sangiga et al. (1996) reported the association of 
both slow and fast growing rhizobia with M. pruriens but only .the nodules 
formed by slow growing isolates were effective in fixing N2, as shown by 
increase in dry matter by their inoculation. However, the present study reports 
for the first time effective nodulation by both fast and slow growing strains in 
M. pruriens, as confirmed by increase in seedling biomass and nitrogenase 
activity of inoculated plants over uninoculated controls. 

The results show that the slow growing strains (Bradyrhizobium) are much 
more resistant to antibiotics than the strains of Rhizobium. This is in 
accordance with the characters of Bradyrhizobium and Rhizobium (Elkan, 
1992; Padmanabhan et al., 1990). Fast growing strains were able to utilise wide 
range of carbohydrates including hexoses, pentoses, disaccharides, trioses and 
organic acids. On the other hand, slow growers were able to utilise only 
pentoses and hexoses. This is also in accordance with the earlier findings that 
the fast growing rhizobia are capable of growing on a variety of carbon 
substrates while slow growing rhizobia are limited in their ability to use 
diverse carbon sources (Jordan, 1984; Stowers, 1985; Elkan, 1992). These results 
further confirm the taxonomic position of the bacterial isolates. 
The optimum growth temperature for fast and slow growing rhizobia was 28° 

and 30°C respectively. All the fast growers were able to tolerate 35°C of 
temperature. Four of the fast growing strains were tolerant up to 40°C 
temperature. Slow growing strains were tolerant up to 45°C although the 
specific growth rate was reduced. Karanja and Wood (1988) and Hartel and 
Alexander (1984) suggested that rhizobia from hot dry areas are more 
temperature- and dessication-tolerant than strains from cooler regions. 
Tolerance of temperature up to 45°C can be useful in hot and dry conditions 
commonly encountered in tropical and subtropical regions (Padmanabhan et al., 
1990). None of the isolates were tolerant to temperature below 10°C, which is in 
accordance with the results of Graham (1992). 
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Both fast and slow growing strains showed similarities in pH tolerance. 
Optimum pH for growth for both the strains was 7.0 and almost all the strains 
were tolerant to pH range from 5.0 to 11.0. The tolerance to similar pH range 
shows the effect of habitat on the isolates. Both fast and slow growing strains 
being from similar habitat were tolerant to similar pH range. Aguilar et al. 
(1998) observed that strains of Sinorhizobium meliloti were able to nodulate 
alfalfa at pH 5.0. Del Papa et al. (1999) also reported the isolation of acid 
tolerant rhizobia (upto pH 5.0) from the root nodules of alfalfa. However, a 
gradual loss of effectiveness was observed at acidic pH. The acid tolerant 
rhizobia can be of great agricultural significance to reclaim and increase the 
fertility of acidic soils. 
Nine of the twelve fast growing strains were tolerant up to 850 mM NaCl 

concentration in vitro. Kumar et al. (1999) reported NaCl tolerance up to 700 
mM and Lal and Khanna (1995) also observed salt tolerance by certain 
rhizobial strains upto 850 mM NaCl. Singleton et al. (1982) and Abd Alla and 
Abdel Wahab (1995) even reported that rhizobia isolated from arid lands 
could actually grow in solutions with salinity as high as that of seawater. 
Kassem et al (1985) observed that strains of Rhizobium meliloti are able to 
grow in presence of 4.5% NaCl. The study therefore reports the isolation of 
highly salt-tolerant strains. The in vivo study will be carried out to assess the 
capability of salt-tolerant strains in saline soils. 
In the present study the specific growth rate of fast growing strains was 

enhanced up to 300 mM NaCl concentration, in YEM broth. Pillai and Sen (1973) 
reported that the growth rate of Rhizobium spp. increased by the addition of 
1 % NaCl in broth. Hua et al. (1982) also observed stimulation of growth of 
Rhizobium sp. strain WR1001, at 100 to 200 mM NaCl in medium. Highly salt 
tolerant strains (=850 mM NaCl) may be very useful in the reclamation of 
saline soils. However, further study is needed to determine the effect of 
salinity in vivo conditions on nitrogen fixation ability and nodulation 
capability of the strains. Slow growing strains were tolerant only up to 350 mM 
NaCl concentration. Singleton et al. (1982) and Hua et al. (1982) reported that 
slow growing strains are less tolerant to salt than fast growing strains. 
This study according to the properties of rhizobia (Jordan, 1984; Elkan; 1992; 

Holt et al., 1994) confirms that the fast growing isolates from the root nodules 
of M. pruriens belong to the species Rhizobium meliloti and slow growing to 
Bradyrhizobium (Mucuna) species. These strains, specially Bradyrhizobium 
can thus be used in increasing the productivity of an important medicinal plant, 
M. pruriens. This study also reports the isolation of competent, salt, acidity and 
temperature tolerant strains which can be utilised in future, for land 
reclamation and increasing productivity of hot arid and saline soils. 



FAST AND SLOW GROWING RHIZOBIA FROMM. PRURIENS 135 

Acknowledgement 

Financial assistance provided to one of the authors, N.K. Arora, as Junior 
Research fellowship, by C.S.I.R., New Delhi, is gratefully acknowledged. 

REFERENCES 

Abd Alla, M.H. and Abdel Wahab, A.M. 1995. Survival of Rhizobium leguminosarum bv. 
Vicea subjected to heat, drought and salinity in soil. Biologia Planiarum 37: 131-137. 

Aguilar, O.M., Grasso, D.H., Ricillo, P.M., Lopez, M.V., and Szafer, E. 1998. Rapid 
identification of bean Rhizobium isolates by a nifH gene-PCR assay. Soil Biology and 
Biochemistry 30: 1655-1661. 

Broughton, W.J., Heycke, N., Heiner Meyer, Z.A., and Pankhrust, C.E. 1984. Plasmid linked 
nif and nod genes in fast growing rhizobia that nodulate Glycine max. Proceedings of 
National Academy Sciences, USA 81: 3093-3097. 

Buckles, D. 1994. Velvetbean: A "new" plant with a history. CIMMYT Internal Document, 
CIMMYT, Mexico. 

Cooper, J.E. 1982. Acid production, acid tolerance and growth rate of Lotus rhizobia in 
laboratory medium. Soil Biology and Biochemistry 14: 127-131. 

de Faria, S.M., Lewis, G.P., Sprent, J.I., and Sutherland, J.M. 1989. Occurrence of nodulation 
in the Legurninosae. New Phytologist 111: 607-019. 

Del Papa, M.F., Balague, L.J., Sowinski, S.C., Wegener, C., Segundo, E., Abarca, F.M., Toro, 
N., Niehaus, K., Puhler, A., Aguiler, O.M., Martinez-Drets, G., and Lagares, A. 1999. 
Isolation and characterization of alfalfa-nodulating rhizobia present in acidic soils of 
central Argentina and Uruguay. Applied and Environmental Microbiology 65: 1420- 
1427. 

Elkan, G.H. 1992. Taxonomy of the rhizobia. Canadian Journal of Microbiology 38: 446- 
450. 

Graham, P.H. 1992. Stress tolerance in Rhizobium and Bradyrhizobium and nodulation 
under adverse soil conditions. Canadian Journal of Microbiology 38: 475-484. 

Graham, P.H. and Parker, C.A. 1964. Diagnostic features in the characterization of the root 
nodule bacteria of legumes. Plant and Soil 20: 383-396. 

Hardy, R.W.F., Holsten, R.D., Jackson, E.K., and Burns, R.C. 1968. The acetylene-ethylene 
assay for N2 fixation: Laboratory and field evaluation. Plant Physiology 43: 1185- 
1207. 

Hartel, P.G. and Alexander, M. 1984. Temperature and desiccation tolerance of cowpea 
rhizobia. Canadian Journal of Microbiology 30: 820-823. 

Hofer, A.W. 1935. Methods for distinguishing between legume bacteria and their most 
common contaminants. Journal of American Society of Agronomy 27: 228-230. 

Hofer, A.W. 1941. A chracterization of Bacterium radiobacter. Journal of Bacteriology 41: 
193-224. 

Holt, J.G., Krieg, N.R., Sneath, P.H.A., Staley J.T., and Williams, S.T. 1994. In: Bergey 's 
Manual of Determinative Bacteriology. Williams and Wilkins Press, Baltimore, USA. 



136 N.K. ARORA ET AL. 

Hua, S.T., Tsai, V.Y., Lichens, G.M., and Noma A.T. 1982. Accumulation of amino acids in 
Rhizobium sp. strain WR 1001 in response to sodium chloride salinity. Applied and 
Environmental Microbiology 44: 135-140. 

Jordan, D.C. 1984. Rhizobiaceae. In: Bergey's Manual of Systematic Bacteriology. Vol. 1. 
Krieg, N.R. and Holt, J.G., eds. Williams and Wilkins Press, Baltimore, pp. 234-244. 

Karanja, N.K. and Wood, M. 1988. Selecting Rhizobium phaseoli strains for use with beans 
(Phaseolus vulgaris) in Kenya. Tolerance to high temperature and antibiotic resistance. 
Plant and Soil 112: 15-22. 

Kassem, M., Capellano, A., and Gounot, A.M. 1985. Effects du chlorure de sodium sur la 
croissance in vitro, l'infectivite et l'efficience de Rhizobium meliloti. Mircen Journal of 
Applied Microbiology and Biotechnology 1: 63-75. 

Keyser, H.H., Bohlool, B.B., Hu, T.S., and Weber, D.F. 1982. Fast growing rhizobia isolated 
from root nodules of soybean. Science 215: 1631-1632. 

Klezkowska, J., Nutman, P.S., Skinner, F.A., and Vincent J.M. 1968. In: Identification 
Methods for Microbiologists, Part B, Gibbs, B.M. and D.A. Shapton, eds., pp. 51-65. 

Koser, S.A. 1923. Utilization of the salts of organic acids by the colon aerogenes group. 
Journal of Bacteriology 8: 493-520. 

Kovaks, N. 1956. Identification of Pseudomonas pyocyanea by the oxidase reaction. Nature 
178: 703. 

Kumar, H., Arora, N.K., Kumar, V., and Maheshwari, D.K. 1999. Isolation, 
characterization and selection of salt tolerant rhizobia nodulating Acacia caiechu and 
A. nilotica. Symbiosis 26: 279-288. 

Lal, B. and Khanna, S. 1995. Selection of salt-tolerant Rhizobium isolates of Acacia. Plant 
and Soil 106: 3-8. 

Lindstrom, K. and Lehtomaki, S. 1988. Metabolic properties, maximum growth temperature 
and phage sensitivity of Rhizobium sp. (galegae) compared with other fast growing 
rhizobia. FEMS Microbiological Letters 50: 277-287. 

Marmur, J. and Doty, D. 1962. The determination of DNA base composition from the melting 
temperature. Journal of Molecular Biology 5: 109. 

Miller, M.S. and Pepper, LL. 1988. Physiological and biochemical characteristics of a fast 
growing strain of lupin rhizobia isolated from the Sonoran desert. Soil Biology and 
Biochemistry 20: 319-322. 

Padmanabhan, S., Hirtz, R.D., and Broughton, W.J. 1990. Rhizobia in tropical legumes: 
cultural characteristics of Bradyrhizobium and Rhizobium sp. Soil Biology and 
Biochemistry 22: 23-28. 

Pillai, R.N. and Sen, A. 1973. Salt tolerance of Rhizobium from Dolichos lab/ab. 
Zentralbiology Bakteriology Abstracts, Parasiienkunde, lnfekiionskunde, und Hygiene, 
Vol. 2. 128: 538-542. 

Reddy, KC., Prine, G.M., and Gaskins, M.H. 1984. Effect of soil fumigation on nitrogense 
activity (C2H2) reduction of tropical legumes. Proceedings of Soil and Crop Science 
Society of Florida, USA 43: 132-137. 

Sadowsky, M.J., Keyser, H.H., and Bohlool, B.B. 1983. Biochemical characterization of fast 
and slow growing rhizobia that nodulate soybean. International Journal of Systematic 
Bacteriology 33: 716-722. 



FAST AND SLOW GROWING RHIZOBIA FROMM. PRURIENS 137 

Sangiga, N., Ibewiro, B., Houngnandan, P., Vanlauwe, B., Okogun, J.A., Akobundu, I.O., and 
Versteeg, M. 1996. Evaluation of symbiotic properties and nitrogen contribution of 
mucuna to maize grown in the derived savanna of West Africa. Plant and Soil 179: 119- 
129. 

Scholla, M.H. and Elkan, G.H. 1984. Rhizobium fredii sp. nov. fast growing species that 
effectively nodulates soybean. International Journal of Systematic Bacteriology 34: 484- 
486. 

Sharma, P.V. 1996. In: Dravyaguna Vijnana Vol. 2, Chowkhamba Bharati Academy 
Publications, Varanasi, pp. 569-571. 

Singleton, P.W., El Swaify, S.A., and Bohlool, B.B. 1982. Effect of salinity on nodule 
formation by soybean. Applied Environmental Micrbiology 44: 884-890. 

Somasegaran, P. and Hoben, H.J. 1994. Handbook for Rhizobia: Methods in Legume­ 
Rhizobium Technology. Garber, R.C. ed. Springer Verlag Publications, New York. 

Stainer, R.V., Adelberg, E.A., and Ingraham, J.L. 1985. In: General Microbiology. Macmillan 
Publication, London, pp. 275-293. 

Stowers, M.D. 1985. Carbon metabolism in Rhizobium species. Annual Review of 
Microbiology 39: 89-108. 

Trinick, M.J. 1980. Relationship among the fast growing rhizobia of Lab/ab purpureus, 
Leucaenea leucocephala, Mimosa spp., Acacia farnesiana and Sesbania grandiflora. Journal 
of Applied Bacteriology 49: 39-53. 

Versteeg, M.V. and Koudokpon, V. 1990. In: West African Farming Systems Research 
Network (WAFSRN), Vol. 7, (ed. Bull), pp. 7-8. 

Vincent, J.M. 1970. A Manual for the Practical Study of Root Nodule Bacteria. IBP Handbook 
No. 15, Blackwell Publication, Oxford, UK. 

Young, J.P.W. 1996. Phylogeny and taxonomy of rhizobia. Plant and Soil 186: 45-52. 


