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______________________________________________________________________________________________________________ 

 Abstract: Root nodulating bacteria have immense potential as biofertilizers in sustainable agriculture that aid in 

soil fertility without the use of chemical fertilizers. Current work was carried out to isolate and characterize 

rhizobial strains from the root nodules of some legume plants. Plant samples were taken from 3different localities 

of Gorakhpur. A total of 18rhizobial isolates from various leguminous plants were examined for their 

morphological, biochemical and other attributes. All isolates were found to be rod shaped, Gram negative, fast 

growing and indole producers. These isolates were further analysed for their PGPR traits. 
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Introduction 

Nitrogen, is an important component of   amino  

acids,  nucleic  acids,  nucleotides, chlorophyll,  

 enzymes  and  hormones, and is  a  crucial  

nutrient for plants. However, almost all soils are 

deficient of nitrogen; hence nitrogen is considered 

a limiting element (Laurette et al., 2015). Although 

nitrogen occupies about 78% of the atmospheric 

air, it is not readily accessible to plant unless in the 

form of soil nitrate (Arora, 2006). Legumes are 

beneficial both ecologically and agriculturally 

because they are responsible for a considerable 

role of the worldwideflux of nitrogen from 

atmospheric N2 to fixed forms likeNH3, NO3, and 

organic nitrogen (Zahran et al., 1991). Leguminous 

plants have a peculiar ability to establish 

symbiosis with nitrogen fixing bacteria of the 

family Rhizobiaceae. The group of bacteria          

that are members of genera Rhizobium, 

Bradyrhizobium, Allorhizobium, Rinorhizobium, 

and Mesorhizobium are referred to as "rhizobia" 

(Martinez-Romero, 2003; Willems, 2006). These 

bacteria can form nodules on their host plants, 
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where they fix nitrogen (Peoples et al., 1995). 

Many leguminous crops yield considerably 

enhanced when rhizobium inoculants were used, 

reducing the need for more costly synthetic 

fertilizers that degrade soil quality (Laurette et al., 

2015). 

Synthetic fertilizers for improving soil fertility 

are rarely available to most farmers especially in 

the rural areas of India. These fertilizers are not 

only costly and scarce, but are alsolost rapidly due 

to leaching, runoff and volatilization, causing 

water and atmospheric pollution. A natural 

phenomenon referred to as Biological Nitrogen-

Fixation(BNF), is used by several bacteria and 

leguminous plants with nodules to convert 

nitrogen into a form that plants can use.A well 

conventional practice for maintaining soil fertility 

has been the cultivation of leguminous plants 

which replenish atmospheric nitrogen through 

symbiosis with rhizobia in rotation with non-

leguminous plants (Deka and Azad, 2006). 

The physiological state of the host plant and 

rhizobial strains has a significant impact on the 

Biological Nitrogen Fixation process. There are 

different methods by which rhizobial strains 

respond to various factors. These are considered 

to be essential criteria for differentiating these 

bacteria. Current work is an attempt to isolate 

some rhizobial strains from few selected 

fabaceous plants of Gorakhpur region and 

characterise them for their rhizobial and PGPR 

traits. 

Materials and Methods 

Sample collections and Isolation of rhizobial 

bacteria from root nodules: 

Fabaceous plants with fresh and healthy pink root 

nodules were collected from 3 different localities 

of Gorakhpur region -- Sahjanwa, Pipraich and 

Railway side fields (Table 1; Fig. 1). Rajendran et 

al. (2008) used Yeast Extract Mannitol Agar 

(YEMA) to isolate Rhizobium. In this study, firm, 

pink, healthy, and undamaged nodules were 

chosen for isolation. The collected nodules were 

washed in running water to remove adhering soil 

particles and were surface sterilised using 0.1% 

HgCl2 followed by washing in sterile water 5-6 

times. The nodules were placed in 70% ethanol for 

2 min and again washed in sterile water. Finally, 

they were crushed in 1 ml sterile distilled water 

with the help of flat sterile glass rod and made into 

uniform suspension. Nodule extract was serially 

diluted by adding 1 ml of extract in 9 ml of sterile 

distilled water. Using a sterilised glass spreader, 

0.1 ml of each dilution’s suspension was 

aseptically applied to each plate (triplets) on yeast 

extract mannitol agar with congo red dye 

(CRYEMA) 0.025 µg/ml (Fig. 2). The morphology 

of the colonies was assessed after 3-4 days of 

incubation at 27±1°C. The culture was purified by 

taking single colony through subsequent 

streaking. Bacterial colonies that were obtained 

were round, white, translucent, and shining. A 

single colony was picked up and taken to YEMA 

slant for further examination. 

Morphological Characterization of Rhizobial 

Isolates: 

The colony appearance (i.e. colour, size, 

shape, elevation, edge of the rhizobial colony and 

the growth rate) were ascertained by observing 

the colonies on YEMA-plates of one night 

lastedcultures at 27±1°C  (Pervin et al., 2017). The 

isolates were examined under a microscope using 

the Gram’s staining (Fig. 3). 

Gram’s staining: 

HiMedia K001-1 KT Gram’s Stains Kit, was used to 

perform Gram’s staining. YEM Broth was used to 

create an overnight rhizobial culture. 

Subsequently, smear was made on a glass slide 

and it was fixed by placing it over a mild flame. 

The smear was exposed to 1-2 ml of crystal violet 

for 30 sec, and it was then rinsed with distilled 

water for 30-40 sec. Slide was exposed to Gram’s 

iodine for 30 sec and was washed again. Then, 1-2 

ml of decolourising agent was used for 15-30 sec, 

and the slide was once again cleaned by using 

distilled water. Finally, the slide was counter-

stained with safranin, washed and dried. The slide 

was then studied under a light microscope with oil 

immersion  and  100x  magnification (Reetha et al., 
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Table 1: List of Legume plants and isolated Rhizobial strains 

 

Region Month of 

survey 

Plant Strain 

name 

Pipraich November Vicia sp. V.C.1 

V.C.2 

Pipraich November Lathyrus sp. L.1 

L.2 

Pipraich December Pisum sativum P.S.1 

P.S.2 

Sahjanwa January Phaseolus vulgaris P.V.1 

P.V.2 

Sahjanwa December Trigonella  foenum-

graecum 

T.F.1 

T.F.2 

Sahjanwa July Mucuna pruriens M.P.1 

M.P.2 

Gorakhpur May Crotolaria juncea C.J.1 

C.J.2 

Gorakhpur October Alysicarpus parviflorus A.P.1 

A.P.2 

Gorakhpur March Clover trifolium C.T.1 

C.T.2 

 

Fig. 1: Root nodules formed on leguminous plant. 

2014). Results are given in Table 2. 

Biochemical Characterization: 

All the isolates were standardized by the method 

of McFarland and the concentration of the 

inoculum was adjusted to 1×108CFU/ml. About 30 μl of the inoculum suspension was streaked onto 
Petri plates containing YEMA. The plates were 

incubated at 27 ± 2°C for 4-5 days (Kucuk et al., 

2006; György et al., 2010). Each test was 

performed in triplicates. Catalase activity, indole 

test, citrate utilization test, Gelatin test, Voges 

Proskauer test (V.P.), and confirmatory tests such 

as Congo red test (Vincent ,1970), Keto lactose test 

(Bernaerts and De Ley, 1963) and Bromothymol 

Blue (BTB) agar test (Somasegaran and Hoben, 

1994) were performed to differentiate Rhizobium 

and Agrobacterium. Rhizobial tests for PGPR traits 

performed were HCN test, Siderophore production 

and Ammonium production test. The growth of 

rhizobial colonies was recorded as + for slight 

growth, ++ for abundant growth and - for no 

growth. The results are given in Table 3. 

Indole Test: 

Production of indole acetic acid was observed in 

inoculated tryptophan broth (2 g/l). After 5-6 days 

of incubation (at 27 ± 2°), Kovac’s reagent (1 ml) 

was added to the broth culture in a test tube. After 

10-15  min, red coloured ring formation is positive 
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Fig. 2: Bacterial growth on YEMA medium. 

 

Fig. 3: Grams staining of isolates. 

indole test (MacWilliams, 2016).  

Methyl Red and Voges proskauer (MR-VP) test: 

MR-VP broth composition is: Peptone-7 g/l, 

Dextrose- 5 g/l, Potassium phosphate – 5 g/l and 

distilled water 1000 ml. Methyl Red solution: 

Methyl Red – 100 mg, 95% Ethanol - 300 ml and 

distilled water 200 ml. Voges-Proskauer Reagent–I:  ᾳ- Napthol (5 g), Ethanol 100 ml. Voges-

Proskauer Reagent-II:  KOH- 40 g/100 ml water. 

  48 h old YEM broth culture with rhizobial 

strains was prepared. Rhizobial culture was 

incubated into MR-VP broth media and incubated 

for 48 h at 28°C. 3-5 drops of methyl red solution 

were added. For MR test, 9-10 drops of VP-I 

reagent were added in  culture tubes while for VP 

test, 2-3 drops of VP-II reagent were added in the 

culture tubes. It did not turn to red colour showing 

negative test for MR-VP and a positive response 

for the presence of Rhizobia. Formation of red 

colour indicates positive result for MR and VP test 

(Ijutov, 1963; Clark and Lubs, 2015). 

Citrate Utilization:  

Simmon Citrate Agar 24.28 g/l (HiMedia) was the 

media for citrate utilization test. Each culture tube 

was filled with 10 ml of medium, and slants were 

prepared. They were streaked using bacterial 

inoculums and left overnight, maintaining a 

temperature of 27 ± 2° for 48 h. If isolates do not 

change from green to blue colour, they are citrate 

negative (Abdulkadir and Waliyu, 2012). 

Gelatin Hydrolysis: 

The test was performed to determine capability of 

the nodulating bacteria to produce gelatinase 

enzyme.  Gelatin medium was prepared using 5 g/l 

peptone, 3 g/l beef extract and 12 g/l gelatin. 

Actively grown cultures were inoculated on 

nutrient gelatin medium for 48 h  (Aneja,  2022).  

If the media remained in solid form and did not 

liquefy, it confirmed negative gelatin hydrolysis 

and absence of gelatinase enzyme. 

Catalase Activity:  

48 h-old  isolates  were  submerged  with H2O2  and  
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Table 2: Morphological characterizations of Rhizobial strains 

 

the rhizobial colonies were observed for  release 

of bubbles in the form of O2 (Graham and Parker, 

1964). 

Confirmatory tests for the rhizobial strains: 

After purification, growth of culture on glucose 

peptoneagar (GPA) medium, Congo red medium 

and 3 Keto lactose tests were performed as 

confirmatory testsfor strains of Rhizobium. The 

results are given in Table 4. 

Growth on Glucose Peptone Agar (GPA) medium: 

The peptone-glucose agar medium was prepared 

by dissolving peptone (10 g), glucose (5 g), agar 

(15 g) and 10 ml of Bromothymol blue in 1,000 ml 

of   distilled  water  and the pH was adjusted to 6.8. 

Rhizobial isolates that were at least three days 

old, cultured in YEMB were streaked onto glucose 

Peptone agar (GPA) medium. The Petri plates 

were incubated at 27 ± 2°C for 5 days to observe 

the growth and change in the colour. Rhizobial 

colonies showed no growth or very poor growth 

on glucose peptone agar medium and caused very 

little change in pH when incubated at 27 ± 2°. 

Excessive growth is a sign of contamination 

(Vincent, 1970). 

Congo red absorption test: 

About 10 ml of stock solution of Congo red 

(0.25g of Congo Red in 100 ml distilled water) 

was  added  to  100  ml  of  YEMA  medium  and 

Isolates Form Surface Colony    

color 

Opacity Texture Arrangement YEMA 

growth 

Mucus Gram’s 

stn. 

A.P.1 Circular Granular Whitish Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

A.P.2 Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

C.J.1 Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

C.J.2 Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

C.T.1. Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

C.T.2. Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

L.A.1 Circular Granular Whitish Opaque Creamy Cluster/ 

Single 

Small 

mucoid 

Low -Ve 

L.A.2 Circular Granular Whitish Opaque Creamy Cluster/ 

Single 

Small 

mucoid 

Low -Ve 

M.P.1 Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

M.P.2 Circular Granular Whitish Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

P.S.1. Circular Granular Whitish Opaque Creamy Cluster/ 

Single 

Small 

mucoid 

Low -Ve 

P.S.2. Circular Granular Whitish Opaque Creamy Cluster/ 

Single 

Small 

mucoid 

Low -Ve 

P.V.1 Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

P.V.2 Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -Ve 

T.F.1. Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -VE 

T.F.2. Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -VE 

V.F.1 Circular Smooth Transluscent Opaque Slimy Cluster/ 

Single 

Large 

mucoid 

High -VE 

V.F.2 Circular Smooth Transluscent Opaque Creamy Cluster/ 

Single 

Large 

mucoid 

High -VE 
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Table 3: Biochemical Characterization of bacterial isolates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Conformity tests 

Isolates GROWTH 

ON GPA 

CONGO RED 

ABSORPTION 

KETO-

LACTOSE 

TEST 

YEMA+BTB 

A.P.1 Negative  non- absorbing Negative  Yellow 

A.P.2 Negative  non- absorbing Negative  Yellow 

C.J.1 Negative  non- absorbing Negative  Yellow 

C.J.2 Negative  non- absorbing Negative  Yellow 

C.T. Negative  non- absorbing Negative  Yellow 

C.T.2. Negative  non- absorbing Negative  Yellow 

L.A.1 Negative  non- absorbing Negative  Yellow 

L.A.2 Negative  non- absorbing Negative  Yellow 

M.P.1 Negative  non- absorbing Negative  Yellow 

M.P.2 Negative  non- absorbing Negative  Yellow 

P.S.1. Negative  non- absorbing Negative  Yellow 

P.S.2. Negative  non- absorbing Negative  Yellow 

P.V.1 Negative  non- absorbing Negative  Yellow 

P.V.2 Negative  non- absorbing Negative  Yellow 

T.F.1 Negative  non- absorbing Negative  Yellow 

T.F.2. Negative  non- absorbing Negative  Yellow 

V.F.1 Negative  non- absorbing Negative  Yellow 

V.F.2 Negative  non- absorbing Negative  Yellow 

Isolates Indole Test Methyl Red 

Test 

Citrate test Gelatinase 

Test 

Voges 

proskauer 

Catalase 

Test 

A.P.1 -ve (Yellow) Yellow/ 

Fast 

No color 

change 

-ve Yellow Yes 

A.P.2 -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

C.J.1 -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

C.J.2 -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

C.T. -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

C.T.2. -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

_ve Yellow Yes 

L.A.1 -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

L.A.2 -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

M.P.1 -ve (Yellow) Yellow/ 

Fast 

Color change -ve Yellow Yes 

M.P.2 -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

P.S.1. -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

P.S.2. -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 

P.V.1 -ve (Yellow) Yellow/ 

Fast 

Color change -ve Yellow Yes 

P.V.2 -ve (Yellow) Yellow/ 

Fast 

Color not 

change 

-ve Yellow Yes 

T.F.1. -ve (Yellow) Yellow/ 

Fast 

Color not 

change 

-ve Yellow Yes 

T.F.2. -ve (Yellow) Yellow/ 

Fast 

Color not 

change 

-ve Yellow Yes 

V.F.1 -ve (Yellow) Yellow/ 

Fast 

Color change -ve Yellow Yes 

V.F.2 -ve (Yellow) Yellow/ 

Fast 

No Color 

change 

-ve Yellow Yes 
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autoclaved. The three-day old culture grown in 

YEMA was streaked onto Petri plant containing 

Congo red supplemented YEMA medium. The Petri 

plates were sealed with parafilm and incubated at 

27 ± 2°C for 5 days. The colonies of Rhizobium 

isolates obtained did not show absorption of 

Congo red. 

Keto-lactose test: 

To distinguish rhizobial strains from other 

contaminating bacteria, this test is frequently 

used. Keto-lactose agar medium was prepared and 

isolates were streaked on plates and then 

incubated at 27 ± 2° for 48 h. After 1 h incubation 

period at 27 ± 2°C the plates being flooded with 

Benedict’s Reagent, results were observed. 

Absence of development of yellow colour indicate 

that lactose cannot be utilised by the rhizobial 

strains (Bernaerts and De Ley, 1963). 

Acid-Base production Test (YEMA +BTB): 

Isolated strains were streaked on YEMA 

containing bromothymol blue, and incubated. The 

colour observed was yellow which signified acid 

production; as a positive test. While blue colour 

(alkali production) was a negative result (Jordan, 

1984). 

Characterization of bacterial isolates for PGPR 

traits: 

HCN Production test:  

All of the isolates were checked for the ability to 

produce hydrogen cyanide by slightly altering the 

procedure. King’s B agar medium was added with 

4.4 g glycine/l and the media was prepared. The 

prepared media was streaked with the bacterial 

isolates. At the top of the plate, Whatman filter 

paper No. 1 soaked in a solution of 0.5% picric 

acid and 2% sodium carbonate was kept. Plates 

were sealed with parafilm and incubated at 27±2 

°C for 4 days.  HCN production was indicated by a 

hue changing from orange to red (Reetha et al., 

2014). 

Siderophore production:  

Siderophore        production         was        estimated  

qualitatively. Chrome Azurol S (CAS) Agar medium 

was used for the detection of siderophores. Each 

isolate was grown in synthetic medium, containing 

0.5 µM of iron and incubated for 24 h on a rotary 

shaker at room temperature. The culture 

supernatant was examined using the CAS plates to 

determine whether siderophores were present. 

Culture supernatant was streaked on to the CAS 

agar plates and incubated at room temperature for 

48 h. Formation of yellow to orange coloured zone 

around the rhizobial colonies indicated 

siderophore production (Schwyn and Neilands, 

1987). 

Ammonium Production: 

The isolates were tested for ammonia production  

by inoculating the isolates into 10 ml of pre-

sterilized peptone water in the test tubes. The 

tubes were incubated for 48-72 h at 27±2 °C. 

Nessler’s reagent (0.5 ml) was added in each tube. 

Change in colour of the medium from brown to 

yellow colour was taken as positive test for 

ammonia production (Bhattacharyya et  al.,  

2020). 

Results and Discussion 

Nitrogen fixing (Rhizobia) bacteria of the soil 

usually called Rhizobium have a considerable 

importance in agriculture because of their 

capacity to fix the atmospheric nitrogen in 

symbiosis with the legumes. 

A total of 18 Rhizobacterial strain were 

successfully isolated from root nodule of different 

leguminous plant at different localities. These 

strains were named as C.T. (Clover trifolium), T.F. 

(Trigonella foenum-graecum), P.S. (Pisum sativum), 

P.V. (Phaseolus vulgaris), L.A. (Lathyrus aphaca), 

V.F. (Vicia faba), M.P. (Mucuna pruriens), C.J. 

(Crotalaria juncea), A.P. (Alysicarpus spp.)       

(Table 1). 

The majority of the isolates generated circular, 

smooth/ granular surface, whitish/translusent, 

opaque, slimy colonies  indicating that they were 

Rhizobium  spp.  It  was  found that each isolate 

was  rod-shaped   and  Gram  negative.  Motile  and   
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Fig. 4: (A)Bromothymol blue fast-growing rhizobial strain; (B) Voges Proskauer; (C) No growth on GPA test; (D) 

Growth on CREMA medium; (E) Citrate test ; (F) Siderophore test; (G) HCN test; (H) 3- Keto lactose test.       

rod-shaped cells were observed under light 

microscope with 100X magnification (Fig. 4). The 

results showing the colony morphology, Gram’s 

reaction and cell shape of selected rhizobial 

isolates are presented in Table 2. Similar 

observations have also been reported by other 

researchers (Deora and Singhal, 2010; Deshawal 

and Chaubey, 2014). Based on the aforementioned 

data, it may be clearly inferred that all of the 

bacterial isolates were rhizobial species. 

All isolates were tested by selective 

biochemical tests which are presented in Table 3. 

All strains showed negative result for methyl red, 

indole test, VP (Voges Proskauer) and gelatin test. 

For citrate utilization test, all the strains except 

M.P.1, P.V.1 and V.F.1 showing negative citrate test 

(no change in colour). For catalase test, all isolates 

showed positive test. Similar observations  have 

been reported by Mujahidy (2013) and Rajpoot 

and Panwar (2013).  Pervin et al. (2017) also 

observed catalase positive and citrate negative 

activities in Rhizobial isolates from nodules. 

 In Congo red test, all the isolates showed poor 

absorption of dye Congo red. This fact gave   

further  evidence  for  purity  of  Rhizobial isolates. 
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Table 5: Characterization of rhizobial isolates for PGPR traits 

ISOLATES HCN SIDEROPHORE AMMONIUM 

PRODUCTION 

A.P.1 +++ ++ + 

A.P.2 +++ ++ +++ 

C.J.1 ++ + + 

C.J.2 + + + 

C.T.1. + + + 

C.T.2. + + + 

L.A.1 + + + 

L.A.2 + + + 

M.P.1 ++ + + 

M.P.2 ++ + + 

P.S.1. +++ + + 

P.S.2. +++ + + 

P.V.1 +++ +++ ++ 

P.V.2 +++ +++ ++ 

T.F.1. ++ + ++ 

T.F.2. ++ + ++ 

V.F.1 ++ ++ + 

V.F.2 ++ ++ + 

Purified isolates could be classified as fast (turn 

medium yellow) and slow growing (turn medium 

Blue) rhizobiaon YEMA supplemented with Bromo 

thymol blue.  Blue coloured colonies indicated 

alkali production while yellow colonies indicated 

acid production. All the isolates studied were fast 

growing Rhizobia.  Similar result is also reported 

by Sharma et al. (2009), Gauri et al. (2011), and 

Gachande and Khansole (2011). 

 Further conformity of rhizobial strains 

performed on 3-keto lactose Agar (Table 4) 

showed that all 18 isolates are negative for the 

production of keto lactose and no yellow zone on 

copper oxide (Cu2O) around the colony were 

observed (Fig. 4).  This is a specific observation for 

rhizobial strains differentiating it from 

Agrobacterium. Further confirmation of the 

rhizobial strains was done by GPA test. All 18 

isolates showed either poor or no growth on the 

glucose peptone media after one day incubation at 

29 ºC. This again helped in distinguishing the 

rhizobial strains against Agrobacterium (Fig. 4). 

  HCN production by the bacterial isolates has 

been reported to play a role in suppression of 

many plant diseases. A positive correlation 

between production of HCN and suppression of 

root rot by bacterial isolate has been reported 

(Defago et al., 1990). In present study 18 isolates 

were tested for HCN production on nutrient Agar 

plate supplemented with 14% glycine. P.S.1 P.S.2, 

P.V.1 P.V.2, A.P.1 and A.P.2 showed maximum HCN 

production (Table 5) and T.F.1, T.F.2, V.F.1, V.F.2, 

M.P.1, M.P.2 and C.J.1, showed moderate amount 

of HCN production but C.T.1, C.T.2, L.A.1, L.A.2 and 

C.J.2 showed poor HCN production (Table 

5).Although the role of microbial HCN in disease 

suppression is not considered to be firmly 

established. HCN may be involved in the induction 

of plant resistance towards diseases (Schippers, 

1988).  
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Siderophore  production  has been reported to 

be beneficial in growth and promotion of disease 

suppression in the plants. Among 18 isolates 

tested, P.V.1 and P.V.2 produced more siderophore 

while other 16-isolate were moderately positive 

for Siderophore production. The orange zone 

surrounding the colony indicated secretion of 

Siderophore and the diameter of the zone depicted 

the amount of Siderophore produced by rhizobial 

isolates. 16 isolates which were found positive for 

Siderophore production were further subjected 

for screening of Ammonia production in peptone 

broth by using Nesslers nutrient broth. Strains 

P.V.1, P.V.2, A.P.2, T.F.1, T.F.2, showed a clear color 

change from yellow to brown indicating positive 

test for ammonia production. 

Thus, the most promising strains found with 

respect to PGPR traits were A.P.2, P.V.1 and P.V.2. 

These possess significant PGPR characteristics 

that will meet plant system requirements. They 

have all soil-fertility enhancing capabilities and 

can be used industrially as an important 

biofertilizer. The strains A.P.2., P.V.1 and P.V.2 can 

further be utilised for various studies related to 

their compatibilities with synthetic pesticides and 

natural bio-control agents. This eventually can 

prove up to what extent synthetic pesticides harm 

the rhizobial species in soil. In addition, the 

replacement of these synthetic pesticides with the 

natural biocontrol agents can also be examined. 

Conclusion  

We have isolated strains of root nodulating 

bacteria which fix nitrogen. Therefore, such 

strains could be used to effectively nodulate 

legume plants in order to fix nitrogen biologically. 

These results open novel opportunities for further 

investigation. Most of the bacterial strains isolated 

from the leguminous plants were closely related to 

Rhizobium species based on their morphological 

and biochemical characteristics. Rhizobium is a 

symbiotic microbe that is beneficial for soil 

fertility because it can fix nitrogen in legume 

plants.  Also, the PGPR activities of the rhizobial 

species have been tested and confirmed 

demonstrating    their    significance   as   a  natural,  

sustainable bio- fertiliser for plants growth.  
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