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Abstract 
French bean (Phaseolus vulgaris L.) is nodulated with various fast growing Rhizobium spp., such as  
R. leguminosarum bv. phaseoli, R. tropici, R. etli, R. gallicum and R. giardinii. In the present study 
biochemical characterization of 18 Rhizobium strains (including reference strain MTCC-99) isolated from 
French bean nodules collected from different regions of North Bengal and Sikkim were done. The isolates 
grew well in the yeast extract mannitol (YEM) medium (pH 7) at 30C. They showed a negative result to 
ketolactase, gelatinase, cellulase and catalase test. The isolates were found to be glucose fermenters when 
grown in triple sugar iron agar medium (TSIAM). The isolates have shown disparity in tolerance to different 
concentration of sodium chloride. Few of the isolates like DJG and SKM-N could grow at 10C and a few 
could tolerate the temperature of 40C as well. In our study, 100% of the isolates could grow in the dextrose 
medium. Based on the carbohydrate utilization test, majority of the isolates formed cluster according to their 
regions.  

Keywords: French bean, Phaseolus vulgaris, Rhizobium, yeast extract mannitol, glucose fermenters.   

Introduction 
The Rhizobium-legume symbiosis is superior to other 
nitrogen fixing systems due to its high potential (Sanaa 
and Fawziah, 2005). Rhizobium incites the formation of 
root nodules in which the atmospheric nitrogen is 
reduced to ammonia for benefit of the host plant (Boivin 
et al., 1997). The French bean (Phaseolus vulgaris L.) is 
nodulated with various fast growing Rhizobium sp., such 
as R. leguminosarum bv. phaseoli (Jordan, 1984), 
R. tropici (Martinez-Romero et al., 1991), R. etli (Segovia 
et al., 1993), R. gallicum and R. giardinii (Amarger et al., 
1997). During the past years, the assessment of diversity 
within rhizobial natural populations in various regions of 
the world has received attention (Sikora and Redzepovic, 
2003). To identify and characterize different strains 
present in the soils, several techniques have been 
developed like carbon source utilization pattern and fatty 
acid methyl esters (FAME) analyses (Kennedy, 1994) or 
by means of Biolog system (Swelim et al., 1997). 
Till date, many workers have studied the significance of 
the rhizobia inciting root nodules and enhancing the 
growth of French bean (Diouf et al., 2000; Kucuk et al., 
2006). The phenotypic characterization of the rhizobia 
has been done by performing various biochemical tests 
by several workers so far (Kucuk et al., 2006; Singh 
et al., 2008; Sharma et al., 2010; Gachande and 
Khansole, 2011; Kaur et al., 2012). Wolde-Meskel et al. 
(2004) emphasized on the classical phenotypic 
characterization of rhizobia which is helpful for primary 
classification of rhizobia.  
 

 
Navarro et al. (2000), Kucuk et al. (2006) and Agrawal 
et al. (2012) have done the phenotypic characterization 
of the Rhizobium isolated from bean. Thus, biochemical 
tests are still one of the main criterions utilized to 
characterize the different isolates of rhizobia including 
different species of Rhizobium (Rai et al., 2014). A web 
based soil-microbe database has been developed in 
North-East India including Sikkim and parts of North 
Bengal (Dasgupta, 2014). North Bengal and Sikkim 
being a part of Eastern Himalayan biodiversity hotspot 
have a rich biodiversity of microbial flora (Dasgupta, 
2014). However, not much work has been done to study 
the microbial biodiversity of this region; especially no 
work has been done on rhizobial diversity. Therefore, our 
objective was to study the morphological and 
biochemical diversity of French bean microsymbionts i.e., 
Rhizobium found in North Bengal and Sikkim region of 
India.  
 
Materials and methods 
Collection of strains and isolation: The Rhizobium strains 
were isolated from French bean nodules collected from 
different parts of North Bengal and Sikkim (Table 1). 
Healthy and pinkish nodules were taken in this 
experiment. The nodules were washed with tap water to 
remove all the soil particles. The surface sterilization was 
done with 70% ethanol for 30 sec followed by 30% 
hydrogen peroxide (H2O2) for 2 min. Final rinsing of the 
nodules was done thoroughly with sterile distilled water. 
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Each sterile nodule was crushed with a sterile pair of 
forceps and then streaked onto yeast extract mannitol 
agar plates (YEMA) (Vincent, 1970) containing 0.0025% 
(w/v) Congo red and incubated at 30C. The Rhizobium 
colonies were obtained after 2 d of incubation and pure 
culture were further obtained by streaking the single 
colonies. The pure isolates were maintained in the YEMA 
slants and were used for further analysis. 
  
Colony morphology: The morphology of the colonies 
were examined based on the diameter, shape, color, 
transparency, form, production of mucous and gram 
staining reaction (Aneja, 1996).  
 
Hofer’s alkaline medium: In order to differentiate the 
isolates from the Agrobacterium, the isolates were grown 
in the Hofer’s alkaline medium with the pH adjusted at 11 
(Hofer, 1935).  
 
Ketolactase test: In this test, the isolates were streaked 
on the lactose agar medium (lactose; 10 g; KH2PO4; 0. 5 
g; MgSO4. 7H2O; 0.2 g; NaCl; 0. 1 g; yeast extract; 1 g; 
agar 15 g; distilled water 1000 mL; pH adjusted to 6.8-7) 
for 2-3 d at 28±2C. Five milliliters of Benedict’s reagent 
was poured on the plates and kept at room temperature 
for 1 h. Absence of yellowish zones of Cu2O around the 
Rhizobium colonies indicated the purity of the isolates 
(Bernaerts and Deley, 1963).  
 
Authentication of rhizobial isolates: The pure cultures of 
Rhizobial strains were subjected to Kochs postulation to 
check the authenticity of isolates. The isolate MTCC-99 
(procured from Institute of Microbial Technology, 
Chandigarh, India) were used as positive control and 
sterile water as negative control.  
 

 
 

 
 
Modified nitrogen free Jensen’s medium (Aneja, 1996) 
were used as the liquid nutrient medium. Healthy seeds 
of the test crop French bean were surface sterilized with 
0.1% (w/v) HgCl2 for 2 min and rinsed three times with 
sterile distilled water and finally inoculated in petriplates 
and left for 5-7 d in the water agar medium for 
germination. Sterilized sand was put in the improvised 
upper half of the Leonard jar and the lower half was filled 
with nitrogen free Jensen’s liquid medium. The in vitro 
germinated sapling was rooted in the sand in an aseptic 
condition for few days. About 50 mL each of liquid pure 
cultures of isolates were poured in the sand separately 
on the sapling. All the treated jars were kept in the green 
house for further growth and development of the host 
plants. The plants were harvested after 45 d and the 
nodules were checked for the authentication.  
 
Biochemical characterization of authenticated isolates: 
The authenticated pure isolates were grown in YEM 
liquid media (pH 7) in the orbital shaker incubator (OSI) 
(REMI CIS-24BL) at 200 rpm. The 24-48 h fresh cultures 
were used for the biochemical analysis. 
 
Acid alkaline production test: The production of acid and 
alkali was detected in this test by allowing the isolates to 
grow in YEM medium with bromothymol blue (BTB)  
(1. 5 mL/100 mL). The change in the color of the medium 
to yellow indicated the production of acid. The freshly 
grown isolates was inoculated on stab containing YEM 
with BTB and incubated at 30ºC for 24-48 h. The color 
change of the media was recorded (Somasegaran and 
Hoben, 1994). Similarly the inoculation was also done in 
the YEM together with BTB broth and incubated in the 
shaker at 200 rpm at 30ºC for 24-48 h. The pH of the 
media was then measured with the pH meter (LabIndia). 
  

Table 1. Name of the sites from where rhizobial isolates were collected and their respective codes. 
Sl. No District Site name  Isolates 

1 - Reference Control  MTCC99 
2 

Darjeeling 

Kurseong  K-1 
3 Darjeeling  DJG 
4 Sonada  S-3 
5 Kalimpong  KPG-5N 
6 Mirik  MIR-6 
7 Bijanbari  BIJ 
8 Siliguri NBU-8 
9 Siliguri SHV-1 

10 Cooch Behar Cooch Behar  CBR 
11 Jalpaiguri Samsing  SAM-12 
12 Jalpaiguri  JPG 
13 Malda Malda  MAL 
14 Dakshin Dinajpur Balurghat  BLG 
15 Uttar Dinajpur Raiganj  RGJ 
16 North Sikkim Mangan  SKM-N 
17 West Sikkim Daramdin   SKM-W 
18 East Sikkim Gangtok   SKM-E 
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Glucose peptone agar (GPA) test: The test was 
performed to check the ability of the isolates to utilize 
glucose as the sole carbon source. The GPA medium 
(40 gm/L glucose, 5 g/L peptone and 15 g/L agar) was 
made and the fresh 24 h culture was streaked on plates 
and incubated at 30ºC for 24-48 h and the growth was 
observed (Singh et al., 2008). 
  
Methylene blue test: In this test, 0.1% (v/v) methylene 
blue was added to the YEMA medium and the rhizobial 
isolate was streaked on the medium and incubated for 
24-48 h (Singh et al., 2008). 
  
Starch hydrolysis test: The test was performed to check 
the ability of isolates to utilize the starch as a source of 
carbon and energy for growth which is degraded by an 
enzyme called α-amylase. The isolates were inoculated 
on the starch agar media (SAM) and incubated at 
28±2ºC for 24-48 h. After incubation, drops of iodine 
solution were poured on surface of the plates and kept 
for some time (Aneja, 1996). Presence or absence of 
clear halos around the colonies was recorded.  
 
Gelatin hydrolysis: The fresh grown cultures were 
inoculated in the nutrient gelatin medium (5 g/L peptone, 
3g/L beef extract, 12 g/L gelatin) stabs and was 
incubated at 30C for 48 h. After the incubation, the 
tubes were placed at 4C for 15 min. The plates were 
flooded with 0.5% (w/v) HgCl2 and allowed to stand for  
5-10 min. After the refrigeration, the liquefaction of the 
media in the tubes indicated a positive test for the gelatin 
hydrolysis and the formation of a clear zone around the 
line of growth indicated the proteolytic hydrolysis of 
gelatin (Aneja, 1996). 
  
Triple sugar iron (TSI) agar test: The TSI test is 
performed to check the ability of the microorganism to 
ferment the sugars like lactose, glucose and sucrose by 
the change in the color of the slant and the butt. 
The yellow slant and the yellow butt indicated the lactose 
and sucrose fermentation, red slant and yellow butt 
indicated the glucose fermentation whereas the red slant 
and red butt indicated no carbohydrate fermentation 
(Singh et al., 2008). The freshly grown culture (24 h) 
were inoculated on TSI slants and incubated at 30ºC for 
48 h and the change in the color of the slant and butt 
was observed.  
 
Lactose agar test: The bacteria were streaked on plates 
containing the medium (10 g/L lactose, 5 g/L peptone, 
3 g/L beef extract, 20 g/L agar) and incubated at 30ºC for 
24-48 h to check the utilization of lactose as a carbon 
source (Singh et al., 2008). 
  
Catalase test: The test was performed by adding few 
drops of culture from the broth grown for 24 h to a grease 
free glass slide. On the addition of 3% H2O2 the 
formation of the bubbles shows a positive reaction 
(Aneja, 1996).  

Urease test: Fresh grown cultures were inoculated on 
urea agar medium (peptone 1.0 g, sodium chloride 5.0 g, 
potassium monohydrogen phosphate 2.0 g, agar 20 g, 
dd.H2O 1L, glucose 1. 0 g, urea 20% aqueous solution 
100 mL) with pH indicator phenol red (0.2% solution pH 
6. 8) and incubated at 30ºC for 2-7 d (Aneja, 1996). 
 
Cellulase production test: Fresh 24 h culture was 
streaked on Czapek-mineral salt agar medium (Aneja, 
1996) plates and incubated at 30ºC for 24-48 h. After the 
incubation, the plates were flooded with 1% aqueous 
solution of hexadecyltrimethyl ammonium bromide 
(HDTMA), a reagent which precipitates the intact CMC in 
the medium creating a clear zone around the colony 
indicating its degradation by the extracellular enzyme 
cellulase (or CMCase) (Aneja, 1996). 
  
Nitrate reduction test: A loop full of fresh culture in a tube 
was inoculated in the YEM broth with 1% KNO3 and 
incubated for 5-7 d. The broth cultures were then treated 
with reagents sulphanilic acid and α-naphthylamine 
(Cappucino and Sherman, 1992). 
  
Sodium chloride tolerance test: To check the ability of the 
isolates to grow in different concentration of sodium 
chloride, the test was performed by streaking the isolates 
on YEMA plates with 1, 2 and 4% (w/v) concentrations of 
sodium chloride (NaCl). 
  
pH tolerance test: The isolates were streaked on YEMA 
plates with pH 4, 7 and 9 adjusted at 30ºC and 37ºC. 
  
Temperature tolerance test: The isolates were grown on 
YEMA plates and incubated at different temperatures like 
10, 20, 30 and 40ºC to check the temperature tolerance. 
 
Carbohydrate utilization test: The test was carried out in 
the MOPS-salt (MS) medium: Morpholinopropanesulfonic 
acid (MOPS buffer), 8.37 g; KOH, 1.2 g; NH4Cl, 1.07 g; 
MgSO4, 0.48 g; K2HPO4, 0.21 g; KH2PO4, 0.05 g; NaCl,  
5 mg; CaCO3, 20 mg; H3BO3, 1 mg; ZnSO4.7H2O, 1 mg; 
CuSO4.5H2O, 0.5 mg; MnCl2.4H2O, 0.5 mg; 
NaMoO4.2H2O, 1 mg; ethylenediamine tetraacetic acid 
(EDTA), 10 mg; Na-Fe-EDTA, 2 mg and distilled water,  
1 L. The stock solution of MOPS-KOH (sterilized by 
filtration) and MgSO4 (sterilized by autoclaving) are 
added aseptically to the autoclaved salt solutions 
adjusting the pH at 7.2. All the carbon sources to be 
tested are sterilized by filtration and added to the 
medium making the final concentration of 15 mM. 
However, in the case of citrate, 5 mM concentration was 
used (Jordan, 1984). Carbon sources like glucose, 
fructose, dextrose, mannitol, sucrose, lactose and some 
organic salts like sodium acetate, sodium succinate, 
sodium propionate, sodium citrate and sodium pyruvate 
were utilized for the test. The growth of isolates was 
scored in binary form and analysis was done with the 
help of NTsys software. 
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Chemicals and reagents: All the chemicals used in these 
experiments were purchased from M/s Hi-media, 
Mumbai, India unless otherwise mentioned. All the 
experiments were conducted at least for three times in 
triplicates. 
  
Analysis of data: The data were statistically analyzed 
using analysis of variance and continued with standard 
error from at least three replications.  
  
Results and discussion 
Rhizobium isolated from French bean (Fig. 1A) showed a 
well marked growth on YEMA medium at pH 7.0 after 
incubation for 48-72 h at 30ºC (Fig. 1B and Table 2). 
Colonies of Rhizobium were found to be circular, convex, 
semi-translucent, raised, single and mucilaginous in 
nature (Fig. 1B). The dia of the typical colonies was 
found to be 1.94-3.98 mm after 48-72 h (Table 2). 
All these results concur with the observation made by 
various workers (Deora and Singhal, 2010; Gauri et al., 
2011; Deshwal and Chaubey, 2014). The microscopic 
examination showed them to be gram negative and rod 
shaped (Table 2). The colonies did not absorb the Congo 
red color and such nature, according to Deshwal  
and Chaubey (2014), differentiate Rhizobium from 
Agrobacterium.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Normally Rhizobium cannot grow in Hofer’s medium 
(Deka and Azad, 2006), however, in contrast few of the 
isolates like the S-3, CBR and K-1 showed mild growth in 
this medium. Similar condition was observed by Deshwal 
and Chaubey (2014) while working with Rhizobium 
isolates isolated from the root nodules of Pisum sativum 
(L.). Dubey et al. (2010) also observed the growth of 
Rhizobium in the medium. No yellow zone was observed 
around the colonies and such negative ketolactase 
activity confirmed the isolates to be free from any 
contamination of Agrobacterium (Deshwal and Chaubey, 
2014). Several workers like Subba Rao (1977), 
Somasegaran and Hoben (1994), Deka and Azad (2006) 
have reported that Rhizobium in soil sometimes fail to 
nodulate the host plant. The authentication of the isolates 
by Koch’s postulation (Fig. 1C) showed 17 out of 28 
isolates to be positive (Fig. 1D). Therefore, only those 17 
nodulating isolates and one reference strain MTCC-99 
were used for further tests. The isolates streaked on 
YEMA with bromothymol blue changed to yellow color 
showing the production of acid which is the characteristic 
of Rhizobium (De-Vries et al., 1980; Baoling et al., 2007; 
Singh et al., 2008) (Fig. 1E). The pH of the culture broth 
which was initially 7 decreased from 5.8 (BIJ) to 6.87  
(S-3) (Table 3). 
 

Fig. 1. Different stages of pre and post-biochemical test of different rhizobial strains: (A) French bean nodules; (B) Rhizobium 
colonies on YEMA medium; (C) French bean seedlings grown on the sterilized sand in the improvised Leonard jar Assembly; 
(D) Formation of nodules by Koch’s postulation; (E) Acid alkaline production test (yellowish colour change); (F) Glucose 
peptone agar test; (G) Methylene Blue test; (H) Triple Sugar Iron Agar test; (I) Urease test; (J) Nitrate production test. 
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Table 2. Morphological characters of rhizobial isolates collected from various regions of North Bengal  
and Sikkim and grown on YEM at 30°C. 

Isolates Microscopic observation Colony morphology Colony size (mm) 
Shape Arran GS Form Mar Ele Text Den After 48 h After  72 h 

MTCC99 Short rod Single -ve Circular  Entire Raised Muc ST 1.13 ± 0.06 1.94 ± 0.04 
K-1 Short rod Single -ve Circular  Entire Raised Muc ST 1.33 ± 0.03 2.07 ± 0.09 
DJG Short rod Single -ve Circular  Entire Raised Muc ST 1.70 ± 0.12 3.98 ± 0.06 
S-3 Short rod Single -ve Circular  Entire Raised Muc ST 1.43 ± 0.06 2.82 ± 0.03 

KPG-5N Short rod Single -ve Circular  Entire Raised Muc ST 1.20 ± 0.09 2.64 ± 0.12 
MIR-6 Short rod Single -ve Circular  Entire Raised Muc ST 1.33 ± 0.03 2.86 ± 0.03 
SKM-N Short rod Single -ve Circular  Entire Raised Muc ST 1.47 ± 0.12 3.33 ± 0.06 
SKM-W Short rod Single -ve Circular  Entire Raised Muc ST 1.57 ± 0.06 3.78 ± 0.12 
SKM-E Short rod Single -ve Circular  Entire Raised Muc ST 1.40 ± 0.12 3.08 ± 0.06 
NBU-8 Short rod Single -ve Circular  Entire Raised Muc ST 1.37 ± 0.03 3.12 ± 0.06 
SHV-1 Short rod Single -ve Oval  Entire Raised Muc ST 1.23 ± 0.03 3.15 ± 0.03 
BLG Short rod Single -ve Circular  Entire Raised Muc ST 1.23 ± 0.12 3.21 ± 0.06 

SAM-12 Short rod Single -ve Circular  Entire Raised Muc ST 1.40 ± 0.09 3.88 ± 0.12 
CBR Short rod Single -ve Circular  Entire Raised Muc ST 1.33 ± 0.06 3.49 ± 0.06 
BIJ Short rod Single -ve Oval  Entire Raised Muc ST 1.40 ± 0.06 3.51 ± 0.03 
JPG Short rod Single -ve Oval  Entire Raised Muc ST 1.30 ± 0.06 3.44 ± 0.06 
MAL Short rod Single -ve Circular  Entire Raised Muc ST 1.20 ± 0.03 2.98 ± 0.06 
RGJ Short rod Single -ve Circular  Entire Raised Muc ST 1.13 ± 0.03 2.00 ± 0.06 

Arrang= Arrangement; GS= Gram staining; Mar= Margin; Ele= Elevation; Den= Density; Text= Texture; Muc= Mucilagenous; ST=Semi Translucent.                                                                                                     

Table 3. Biochemical tests performed to characterized rhizobial isolates of various regions of North Bengal and Sikkim. 

Isolates Hofer’s 
test KT 

Acid-alkaline production test  
(at pH 7) GPA MB SH LA Cat CPT GL TSI UT NRT YEM + 

BTB 
Color 

change 
Change 
in pH 

MTCC-99 - NYZ +++ Yellow 6.48 ++ +++ - +++ - - - - + + 
K-1 + NYZ +++ Yellow 6.20 + +++ - ++ - - - - + + 
DJG - NYZ +++ Yellow 6.46 - +++ - ++ - + - - + + 
S-3 + NYZ +++ Yellow 6.87 ++ +++ - +++ - - - - + + 

KPG-5N - NYZ +++ Yellow 6.30 - +++ - ++ - - - - + + 
MIR-6 - NYZ +++ Yellow 6.09 - +++ - ++ - - - RSRB + - 
SKM-N - NYZ +++ Yellow 6.32 - + - - - - - RSYB + + 
SKM-W - NYZ +++ Yellow 6.51 - +++ - - - - - RSYB + + 
SKM-E - NYZ +++ Yellow 6.2 - +++ - - - - - RSYB + + 
NBU-8 - NYZ +++ Yellow 6.1 - +++ - ++ - - - RSYB + + 
SHV-1 - NYZ +++ Yellow 6.2 - +++ - ++ - - - RSYB + + 
BLG - NYZ +++ Yellow 6.1 + +++ - + - - - - + + 

SAM-12 - NYZ +++ Yellow 6.2 +++ +++ - +++ - + - - + + 
CBR + NYZ +++ Yellow 6.1 ++ +++ - - - +++ - - + + 
BIJ - NYZ +++ Yellow 5.8 +++ +++ - ++ - ++ - RSYB + + 
JPG - NYZ +++ Yellow 5.90 ++ +++ - - - + - - + - 
MAL - NYZ +++ Yellow 5.95 - +++ - ++ - - - RSYB + + 
RGJ - NYZ +++ Yellow 6.4 - +++ - + - - - RSYB + + 

GPA= Glucose peptone agar; MB= Methylene blue; SH= Starch hydrolysis; LA= Lactose assay; Cat= Catalase; BTB= Bromothymol blue; CTP= Cellulase production 
test; GL= Gelatin liquefaction; TSI= Triple sugar iron agar; UT= Urase test; NRT= Nitrate reduction test; NYZ= No yellow zone; RSRB= Red stab red butt; RSYB= Red 
stab yellow butt.  
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According to Kucuk et al. (2006) and Singh et al. (2008) 
utilization of glucose as a carbon source is a 
confirmatory test for Rhizobium. In contrast, most of our 
isolates could not grow in the glucose peptone agar 
medium, however, some of the isolates such as  
MTCC-99, K1, S3, BLG, SAM-12, CBR, BIJ and JPG etc. 
could grow in this medium (Fig. 1F). Growth of the 
Rhizobium has been observed in the glucose-peptone 
agar medium by workers like Dubey et al. (2010). All the 
rhizobial cells were able to grow on medium containing 
0.1% methylene blue (Fig. 1G). The result was in 
contrast with that of the result obtained by Singh et al. 
(2008) and Wei et al. (2003). Presently, the actual 
reason for this difference is not known, which however, 
may be due to the vast genetic diversity of the isolates. 
  
Presence of clear halos around the colonies signifies a 
positive test for starch hydrolysis whereas, absence of 
such halos and persistence of dark blue coloration of the 
medium even after the addition of iodine indicates the 
non-utilization of starch i.e. negative test for starch 
hydrolysis (Aneja, 1996). In this experiment, all the 
isolates did not show halos around the colonies and dark 
blue coloration in the media was noted indicating 
negative test for starch hydrolysis. Similar results were 
noted elsewhere (Deka and Azad, 2006; Gachande and 
Khansole, 2011). The isolates indicated a negative 
gelatinase activity i.e. the gelatinase enzyme activity was 
absent in all the studied isolates. Hunter et al. (2007) 
observed the negative gelatinase activity to be a feature 
of Rhizobium. Yellow slants and red butt were obtained 
showing the utilization of glucose and sucrose in the 
triple sugar iron agar medium (Hajnaa, 1945; Singh et al, 
2008). In our study, most of the isolates could not grow in 
the triple sugar iron agar medium, but red slant and 
yellow butt was observed in some of the isolates 
indicating glucose fermentation (Fig. 1H). Rhizobial 
isolates may not grow on lactose (Singh et al., 2008), 
however, most of the isolates including the reference 
strain MTCC-99 could grow in the lactose agar medium 
except CBR, JPG and the Sikkim isolates. 
  
All isolates including the reference strain MTCC-99 
showed a negative catalase test as no effervescence 
was observed on the addition of H2O2. Similar results 
were obtained by Deora and Singhal (2010). A change in 
color of the media from yellow to pink as the pH 
becomes higher indicates the production of ammonia 
due to the urease enzyme secreted by the incubated 
isolates which is a positive reaction for the test (Aneja, 
1996). In our study, all isolates showed a positive test for 
urease (Fig. 1I). Similar observation was reported by 
Gauri et al. (2011). Few of the isolates like DJG,  
SAM-12, CBR, BIJ and JPG could grow in the  
Czapek-mineral salt agar medium, a medium to check 
the capability of the isolates to utilize the cellulose from 
the medium (Table 3). On adding 1% solution of HDTMA 
in the growth medium, no clear zone was found around 
the colonies.  

The result indicated a negative cellulase test except for 
isolates like DJG, SAM-12, CBR, BIJ and JPG. In the 
nitrate reduction test, a red color change on the addition 
of sulphanilic acid and α-naphthylamine indicates a 
positive test (Cappucino and Sherman, 1992). In the 
in vitro examination, majority of the isolates were found 
to be positive for nitrate reduction except for isolates like 
MIR-6 and JPG (Fig. 1J and Table 3). The result was 
similar to those of Kumari et al. (2010), Graham and 
Parker (1964) and Salve and Gangawanae (1992).  
 
Various isolates showed marked variation to pH, NaCl 
and temperature tolerance (Table 4). There have been 
several studies and the isolates have shown disparity in 
tolerance to different concentration of salt (Fentahun  
et al., 2013). Half of the isolates like MTCC-99, S-3, 
KPG-5N, NBU-8, SHV-1, SAM-12, CBR, JPG, MAL 
could grow in 1% NaCl (Table 4). Similarly in our results, 
some of the isolates like MTCC-99, S3, NBU, SHV-1, 
SAM-12, CBR, JPG, MAL and RGJ could grow well in 
both 1% and 2% concentrations of NaCl but some of the 
isolates like K1, DJG, BLG and the Sikkim isolates could 
not grow in both the concentration of salt. The isolates 
like CBR and RGJ could tolerate a NaCl concentration of 
4% as well. Our result corroborated to that of the result 
obtained by workers like Kucuk et al. (2006) and Gauri 
et al. (2011).  
 
In our study, three different pH scales (4, 7 and 9) at two 
different temperature 30ºC and 37ºC (Table 4) were 
taken into consideration. The results revealed that more 
than half of the isolates except few like SKM-E, SHV-1, 
BLG, SAM-12, BIJ and MAL could grow in pH 4 at 30ºC 
but they failed to grow at 37ºC. However, all the isolates 
could grow in pH 9 at 30ºC but they could not grow at 
37ºC. Our result corroborated with Kucuk et al. (2006) 
who characterized the Rhizobium sp. isolated from bean. 
The result was in contrary to that of Singh et al. (2008). 
However, similar to earlier workers like Singh et al. 
(2008), Gauri et al., (2011), Bhatt et al., (2013) we have 
found that the optimum pH and temperature for the 
growth of the isolates was pH 7 and 30ºC respectively. 
To check the tolerance of the Rhizobium isolates at 
different temperatures, the isolates were subjected to 
four temperature gradients (10, 20, 30 and 40ºC) 
(Table 4). Growth of the isolates has been reported at 35 
to 40º C and even 50ºC (Fentahun et al., 2013). In this 
study, the isolates like DJG and SKM-N could grow at 
10ºC; similarly isolates like CBR, MAL and RGJ could 
grow at 40ºC as well. Moderate growth of the isolates 
like MTCC-99, K1, DJG, S3, KPG-5N, SKM-N, SKM-E, 
NBU-8, SHV-1 and BIJ could be observed at 20ºC 
barring a few. The best growth result for the rhizobial 
isolate was found to be 30ºC. Similar results were also 
reported by Bhatt et al. (2013). The utilization of majority 
of carbon and sodium organic salt sources by Rhizobium 
has been reported (Gauri et al., 2011). In our study, all 
the isolates grew in fructose whereas majority failed to 
grow in sodium citrate medium (Table 5).  
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The cluster analysis revealed two groups (I and II) 
(Fig. 2). Group I consisted of the three Sikkim isolates 
(SKM-N, SKM-W, SKM-E), Mirik (MIR-6), Darjeeling 
(DJG) and Samsing (SAM-12) isolates. Group II the 
larger group consisted of two sub-groups IIa and IIb. 
Subgroup IIa consisted of the isolates from Sonada 
(S-3), Kurseong (K-1) and MTCC-99, Siliguri (NBU-8 and 
SHV-1), Jalpaiguri (JPG), Cooch Behar (CBR) and 
Kalimpong (KPG-5N). Sub-group IIb consisted of Malda 
(MAL), Raiganj (RGJ), Bijanbari (BIJ) and Balurghat 
(BLG). The dendrogram revealed that majority of the 
isolates could form a cluster according to their 
geographical regions apart from some exceptions. 
 

 

 

 
Like the isolate of the Terai region, Samsing (SAM-12) 
clustered with that of the hilly region isolates. Similarly 
the hilly region isolate Bijanbari (BIJ) clustered along with 
the plain isolates. Thus, the isolates were found to be 
diverse in their biochemical pattern. 
 
Conclusion 
The present study covered large area of North Bengal 
and Sikkim to characterize the French bean associated 
Rhizobium. We have also tried to study the phylogenetic 
relationship among the isolated strains. Based on the 
carbohydrate utilization, the strains were more or less 
clustered as per their geographical location apart from a 
few exceptions.  

Table 4. Effect of temperature and pH on the growth pattern of rhizobial strains collected  
from various regions of North Bengal and Sikkim. 

Isolates pH 4 pH 7 pH 9 NaCl Temperature 
30°C 37°C 30°C 37°C 30°C 37°C 1% 2% 4% 10°C 20°C 30°C 40°C 

MTCC99 +++ - +++ - ++ - +++ +++ - - ++ +++ - 
K-1 +++ - +++ - ++ - - - - - ++ +++ - 
DJG ++ - +++ - - - - - - +++ ++ +++ - 
S-3 +++ - +++ - +++ - +++ +++ - - ++ +++ - 

KPG-5N +++ - +++ - +++ - ++ - - - ++ +++ - 
MIR-6 + - + - +++ - + - - - - +++ - 
SKM N ++ - ++ - - - - - - +++ ++ +++ - 
SKM W +++ - ++ - - - - - - - - +++ - 
SKM E - - +++ - + - + - - - ++ +++ - 
NBU-8 +++ - +++ + +++ - +++ ++ - - ++ +++ + 
SHV-1 - - +++ + +++ - ++ +++ - - ++ +++ + 
BLG - - +++ ++ +++ + - + - - + +++ + 

SAM-12 - - +++ + ++ - ++ ++ - - - +++ + 
CBR ++ - +++ + +++ + +++ ++ ++ - - +++ +++ 
BIJ - - +++ - +++ - + - - - ++ +++ - 
JPG ++ - +++ + - + ++ ++ - - - +++ + 
MAL - - +++ + +++ - ++ +++ - - - +++ +++ 
RGJ + - ++ + ++ - ++ +++ +++ - - +++ +++ 

Table 5. Carbon utilization tests and sodium organic salts. 
Isolates Fru Dext Suc Mann Lac Na Ace Na Succ Na Prop Na Cit Na Pyr 

MTCC99 ++ +++ +++ + ++ + + + - ++ 
K-1 ++ +++ ++ + ++ + + + - + 
DJG - ++ + ++ - + + + - + 
S3 ++ +++ ++ - ++ + - + - - 

KPG-5N +++ +++ +++ + - + + + ++ + 
MIR-6 ++ +++ + +++ - + ++ ++ - ++ 
SKM N +++ +++ +++ +++ +++ ++ ++ - ++ - 
SKM W +++ +++ - ++ +++ +++ - +++ - - 
SKM E +++ +++ ++ - + + - + - - 
NBU-8 + ++ +++ ++ - + + ++ - - 
SHIV-1 +++ +++ +++ +++ +++ +++ +++ ++ ++ ++ 

BLG + +++ ++ - ++ + - + - + 
SAM-12 - ++ + ++ - + + + - + 

CBR ++ +++ ++ - + + + + - - 
BIJ ++ +++ +++ ++ +++ ++ ++ v+ ++ +++ 
JPG ++ +++ ++ - - - - - - - 
MAL ++ +++ +++ ++ ++ + ++ + - ++ 
RGJ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

Fru= Fructose; Dext= Destrose; Suc= Sucrose; Mann= Mannitol; Lac= Lactose; Na Ace= Sodium Acetate; Na Succ= Sodium Succinate; 
Na Prop= Sodium Propionate; Na Cit= Sodium Citrate; Na Pyr= Sodium Pyruvate. 
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For instance, majority of Sikkim and Darjeeling isolates 
flocked together in phylogenetic tree whereas majority of 
the strains of North Bengal grouped in another cluster. 
Two of the isolates from Raiganj (RGJ) and Cooch Behar 
(CBR) were surprisingly growing in NaCl as high as 4%, 
whereas other strains including the reference strains 
simply disappeared in presence of NaCl. Likewise, 
isolates from plains also tolerated low pH. Therefore, it is 
apparent that present study involving biochemistry of one 
and half dozen of native strains of French bean 
microsymbiont Rhizobium found in the North Bengal and 
Sikkim region revealed considerable chemical and 
behavioral diversity. However, the study may be 
supplemented in future with molecular characterization 
and fingerprinting works including RAPD and rep-PCR to 
study the genetic diversity of the isolates. 
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