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4.1 Methodology 

4.1.1 Isolation of native rhizobia from nodules 

Out of 45 soil samples, the best plant growth supporting soils for groundnut were 

GNKPFS6, GNTPFS13, GNGVFS19, GNDVFS25, and GNUPFS37; soybean was SBTPFS32, 

SBTPFS11, SBGVFS19, SBUPFS39, and SBVPFS42; chickpea was CPKPFS9, CPCHFS2, 

CPMDFS26, CPPKFS32, and CPVPFS44. To isolate and identify the bacteria from the highest 

grown plants, root nodules were taken, cut and dried. The air-dried nodules collected from 

groundnut, soybean and chickpea were dipped in water for 3 hrs till the nodules imbibe water. 

The nodules were cleaned carefully and sterilized using 70% ethanol for two minutes and in a 

solution of 3% sodium hypochloride for about three minutes. The sterilization is followed by 

rinsing the nodules in distilled water up to seven changes and crushed them in saline solution in 

sterilized universal bottles with a glass rod. A loop full of crushed suspension was streaked on 

the Petri dishes of YEMA (Yeast Extract Mannitol Agar) medium with Congo red (0.0025% 

w/v). The streak plates were incubated in the dark for 3-5 days at 28°C temperature. Single 

colonies have emerged after 5 days of incubation and the colonies are typically rhizobial species. 

These are sub-cultured on the YEMA medium with BTB (Bromothymol blue) and checked for 

its biochemical and morphological characteristics. The rhizobial pure cultures were stored in 

McCartney agar slants at 4°C for future use [19]. 

 

4.1.2 YEMA Medium Preparation 

Standard YEMA medium was prepared by using 10.0 g mannitol, 0.1 g NaCl, 0.5 g 

CaCO3, 0.2 g MgSO4.7H2O, 0.002 M FeCl2.6H2O, 0.5 g yeast extract, and 15.0 g agar. All the 

weighed chemicals were mixed in one liter of distilled water and dissolved properly to adjust the 

pH 7.0. To the YEMA medium 2.5ml/1000ml, congo red was added.  

 

4.1.3 Morphological Characteristics 

The streaked YEM agar plates with isolates were observed for the colony morphological 

characters. Every single colony was characterized on the basis of its size, shape, color, gram 

stain, and texture (Figure 4.1). 
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Figure 4.1 a,b,c: Rhizobacteria streak plates from groundnut, soybean and chickpea root 

nodules. 
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4.1.4 Gram staining 

For observing the staining character of the given bacteria, smears were prepared 

separately from different strains and fixed for 20 seconds on a flame. Then they were dipped for 

one minute in ammonium oxalate crystal violet solution and washed under tap water. After that, 

the smear slides were immersed in Gram’s iodine solution for one minute and washed under 

running tap water. Then the slide was blot dried and was flooded with 95% ethyl alcohol for 30 

seconds to decolorize and washed with water, dried. Then the slides were counterstained with 

safranin for one minute and washed, dried followed by examining the slides under a light 

microscope in the oil immersion objective [143].  

 

4.1.5 Intrinsic Antibiotic Resistance  

To check the antibiotic resistance capacity of bacterial species the isolated strains were 

tested with Kirby Bauer disc diffusion method on YEMA plates. Six different antibiotics i.e., 

Chloramphenicol (30 µg), Kanamycin (30 µg), Tetracycline (30 µg), Nalidixic Acid (30 µg), 

Penicillin (10 µg), and Streptomycin (10 µg) were selected to test the bacterial sensitivity on. 

Individual strains were inoculated (100 µl) on the YEMA medium and are allowed to dry for 3-5 

minutes. Antibiotic discs are placed at the center of the plates and incubated for 5-7 days at 30℃. 

The plates are observed after seven days with inhibition zone around the disk.  

 

4.1.6 Salt, pH and Temperature Tolerance 

To understand salt tolerance, the bacterial isolates are subjected to various concentrations 

of salt ranging from 0.5 to 4 percent NaCl in the YEMA medium. The pH tolerance of the 

isolates was tested by adjusting the YEMA medium to 4 to 9 different concentrations. All the 

plates with different concentrations were incubated for 72 hours at 28°C along with the control. 

Various temperatures zones i.e. 34°C, 37°C, and 40°C are chosen to grow the YEMA plates to 

understand the temperature tolerance of the isolated bacterial strains. The control plates were 

maintained at 28°C for 48 hours. 
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4.1.7 Utilization of Carbon Source 

 To identify the metabolic capability of isolated rhizobium strains YEM agar plates were 

added with different carbon sources like glucose, sucrose, lactose, oxalate, and pyruvate by 

replacing mannitol. Then the colony was streaked and incubated for 72 hours at 30℃. After 

incubation diameter of the colony was measured. 

 

4.1.8 Preparation of Pure Cultures 

Usually, in many cases, isolation results in mixed cultures. To make the culture usable for 

further experiments, usually pure cultures are maintained. Single rhizobial colonies of luxurious 

growth with pink color are selected for sub-culturing. Colonies are picked by touching the edges 

of the loop and streaking on fresh plates [144]. The same process has been fallowed to prepare 

the pure cultures from respective rhizobial strains obtained from three legume plants groundnut, 

soybean, and chickpea. The grown cultures are stored at –80°C in a glycerol medium for short 

term usage. 

 

4.1.9 Inoculum Preparation 

The root nodules are surface sterilized with 70% (v/v) ethanol for one minute and then 

rinsed in 3% (v/v) sodium hypochlorite for two minutes and then washed in sterile water up to 6 

times. The nodules were crushed in a petri dish with blunt tipped forceps in sterile water. The 

crushed nodule extract of rhizobial strains was serial diluted (10 X) up to 10-8 dilutions to assay 

the growth in 9 ml of distilled water and an aliquot (100 μl) from each dilution was inoculated on 

YEM agar media by spread plate method [126]. The media plates were incubated at 30℃ for 4-8 

days in BOD incubator to provide aerobic conditions. After incubation, the uniformity and purity 

of colony type were carefully examined. The growth of rhizobium from dilutions 10-1 to 10-8 was 

counted using the following formulae 

Viable cell count (CFU/ml) = No. of colonies X Dilution Factor 

              Volume of inoculum  

Single Petri dish each, with an ideal countable number of colonies from the set of 8 serial 

dilution plates, of all the three legume plants are selected. A single well-isolated colony from the  
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respective selected dilution plates were picked and inoculated in conical flasks containing 

YEMA broth. The mass multiplication is achieved by incubating the plates at 28 ± 2℃ [126]. 

 

4.1.10 Seed Inoculation in Sterile Soil 

 Direct inoculation of bacterial cultures on the seed is not a viable and persistent method 

and is proven in many experiments. Therefore, to ensure the viability of inoculants, a compatible 

carrier must be used. The carriers help to keep the bacterial cells live and protect from external 

and internal stress such as desiccation which sometime may lead to rapid cell death [145]. There 

are various inoculant carriers available in the market, therefore a compatible carrier is selected to 

deliver uniform quantity and quality of live cells to the partner legume seeds under given 

conditions. Finely-ground cocopeat has been applied to the legume seed coat in the form of 

slurry along with the sugar syrup which acted as adhesive. 

 

4.1.11 Preparation of Seed 

 All the seeds (soybean var. JS-335, chickpea var. ICC-4948, and groundnut var. ICGV- 

91114) were collected from Acharya NG Ranga Agriculture University, Hyderabad. Seeds were 

kept in a container with five volumes more water to the seed volume for soaking at 25°C 

overnight. This helped us to ensure that the seeds were uniformly germinated at the single time 

set.  

 

4.1.12 Seed Treatment 

 Inoculums are heat sensitive, so care was taken to seal properly and were stored in a cool, 

dark place for future use [146]. After all the seeds were ensured for uniform germination, each 

seedling was inoculated with ~108 cells of an individual strain. The process was repeated for all 

the three legume plants and the triplicates were maintained for respective inoculums. All the 

seeds were stirred well to cover and adhere to the inoculums with a cocopeat carrier, and allowed 

the seeds to dry for 10 minutes to avoid the excessive stickiness. After 10 minutes three seeds per 

pot were seeded [147]. All the plants were grown for 60 days by watering at alternative day. The  
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day and night temperatures were maintained 30±2/18°C, 12 hours’ daylight and 12 hours’ dark 

period with a relative humidity of about 70–80%. 

 

 4.2 Results and Discussion 

4.2.1 Colony Morphological Characteristics 

 All the five plants that have shown highest in growth when compared to their counterpart 

samples were isolated and cultured. Colony shape for all the bacteria that were cultured is round, 

and the size of the colony varied between 2 mm to 4 mm. In the groundnut, it is 2-4, 2-3, 2-4, 2-

4, 2-3 mm’s for GNKPFS6, GNTPFS13, GNGVFS19, GNDVFS25, GNUPFS37 respectively. In 

chickpea, it is 3.1, 3–4, 3.5, 3.7, 3–4 mm’s for CPCHFS1, CPCHFS2, CPMDFS26, CPPKFS33, 

CPVPFS44 respectively. In Soybean soil samples SBPKFS32, SBTPFS11, SBGVFS19, 

SBUPFS39, SBVPFS42 were 2.5, 2-3, 2.8, 2.4, 2-3 cm’s respectively (Table 4.1). A similar 

observation of rhizobia found in G.H. Wei, et al., study with the single colony which measured 

2-3 mm in three days of culturing [148]. The observed colony color in all the samples was pink 

for groundnut and soybean, and whitish pink colonies for all the chickpea samples. The pink 

colored nodules, as well as colonies, are the typical characteristic of rhizobium bacteria. The 

opacity of the colony is transparent in groundnut, soybean whereas it is translucent in chickpea.  

 

 To identify the characteristic feature of the rhizobium bacteria opacity of the colony also 

plays a major role. The majority of the published articles fallowed the same in identifying pink 

color and transparent/translucency of the isolates [149]. Other important characteristic features of 

rhizobium bacteria are its motility along with shape and grams nature of rhizobia. In the present 

characterization, all the isolated bacteria from all the samples and in three legumes were motile, 

rod shaped and gram negative bacteria. In general majority of the rhizobium bacteria have gram 

negative nature, one of the researchers P.K. Agarwal, et al., study on rhizobia from legumes all 

the isolates were found to be gram negative and rod shaped bacteria. Similarly, our current 

results also concurred with P.K. Agarwal’s study [150].  
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Table 4.1: Morphological characterization of Rhizobial Strains. Cir = Circular; Pin = Pink; 

WP = Whitish pink; TP = Transparent; TL = Translucent; Mt = Motile; GN = Gram negative.  
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4.2.2 Resistance to Antibiotics 

 Six different antibiotics were used to check the resistant capacity of the isolated bacteria. 

The inhibition zone of the bacteria was observed from 0.1 to 4.8 m in diameter for different 

antibiotics i.e Nalidixic acid, Kanamycin, Penicillin, Streptomycin, Tetracyclin, and 

Cholormphenicol in all the three plants. All the given antibiotics were exhibited broad 

antibacterial activity. Some researchers identified that the antibiotics inhibit the synthesis of a 

cell wall, protein and DNA replication [151,152]. The majority of the antibiotic resistant strains 

were effective in nitrogen fixation as a standard antibiotic sensitive strain. All the three 

leguminous isolates were resistant to Nalidixic Acid, Kanamycin, Streptomycin, Tetracycline, 

and Chloramphenicol except for the penicillin. In groundnut isolate plants 1,2 and 5 are showing 

no detectable range, whereas chickpea in plants 1 and 3 showing no detectable range. Soybean is 

showing better resistant when compared to the other two legume plants. Though soybean showed 

resistant to penicillin the zone of inhibition is very less with 0.1 to 0.8 mm in diameter. The zone 

of antibiotic resistant isolates was listed in table 4.2. 

 

Table 4.2: Antibiotic sensitivity test of the isolated bacteria. ND: Non detectable. 
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4.2.3 Salt, pH and Temperature Tolerance 

 Soil salinity will affect the symbiosis by disturbing the survival and proliferation of 

rhizobium sps, root nodulation, and inhibits the nodule infection process. Since the soil salinity 

affects symbiosis and infection process it is very important to estimate the salinity resistant 

capacity of the isolate [153]. In the present experiment, all three legume isolates were exposed to 

different salt concentrations ranging from 0.5 to 4mg by mixing them in the YEM agar medium. 

It has resulted that the growth of all isolates in all the concentrations with high and moderate 

growth. Most of the rhizobia will grow in all the ranges with different concentrations of NaCl 

only difference is less growth in high concentrations. The same is the case observed here in the 

present study with less growth in high concentrations and moderate to high growth in lower 

concentrations like 0.5 and 1. There is no detection of a lack of growth in any of the isolate at 

any concentration. Result of NaCl tolerance indicated in table 4.3.  

 

 In a study of Kulkarni & Nautilya (1999), rhizobia that are growing in alkaline soils 

during summer in India are sustained to high temperatures, pH and salt stress and these strains 

are suggested to use as inoculum for the stressed conditioned soils [154]. In the present case, the 

isolates were grown at different temperatures of 29, 34, 37℃. Most of the bacteria showed high 

growth at 34℃ and no growth observed at 37℃. At a lower temperature of 29℃, the growth was 

moderate when compared to higher degrees of temperature. These results represented in table 4.4 

indicate that the isolates were growing at a modest temperature region of 34℃ but not able to 

tolerate 37℃ and not able to give good performance with a lesser temperature of 29℃. Also in 

the present research, only chickpea isolates are able to withstand the temperature of 37℃ except 

in plant three (Table 4.4). Variations in the temperature of the rhizosphere zone may affect the 

growth, and influence persistence and competitiveness.  

 

 In a challenge to improve the yield of crops, it is really an important task to identify and 

isolate stress tolerable rhizobacteria [155]. Legume production was limited in major areas of the 

world due to soil acidity. Leguminous plants prefer to survive at the neutral or slightly acidic soil 

conditions for its proper growth, especially for the symbiotic nitrogen fixation [156-158]. In the  
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 present experiment, the pH range was maintained from acidic to alkaline i.e, 4-9. Majorly, it was 

observed that the highest growth of bacteria at pH 6,7,8. But no growth  was observed at 9 as 

well as 4. At pH 5, it was observed a moderate growth. The majority of the rhizobium bacteria 

multiply rapidly at pH 7 whereas the strains grow at pH 4.0 show a generation time very less. 

Few of the strains that grow at pH 4.0 i.e acidic conditions of the environment influence the 

protein expression of rhizobacteria [159]. In the present case, the majority of the bacteria grew at 

pH 6 to 8 which indicates that the isolates are preferred to survive at moderate and slight acidic 

environmental conditions. The results are illustrating in table 4.5. All these physical parameters 

of isolate prefer to survive more or less at a similar geographic region; they may face various 

adaptable, stress and acclimatization issues at extreme geographical conditions. This is one of the 

major reasons to identify, isolate and apply geography-specific strains for a better and healthy 

yield of any variety of crops. Sustainable agriculture gives the highest yield even at critical 

climatic conditions if it provides the same geographic environment that helps the human need for 

food and able to the food crisis.  

 

Table 4.3: Salt (NaCl) tolerance test of Rhizobium Strains. (++): High growth; (+): Moderate;  

(-): No growth.                   
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Table 4.4: Temperature tolerance test of Rhizobium strains. (℃). (++): High growth; (+): 

Moderate; (-): No growth. 

 

 

Table 4.5: Tolerance of Rhizobium strains to different pH levels. 

 

  

 

4.2.4 Utilization of Carbon Source 

 In the process of symbiosis with legume plants rhizobia pass through various habitat 

adaptation, metabolic changes and competitiveness many chemical signaling pathways will be 

activated. For that process, more carbon will utilize in the form of energy source [160]. So it is 

very important to know whether our isolates are capable of utilizing soil available nutrients and 

carbon metabolic activities. In the present research, it was checked the isolates by providing 

different carbon sources bacteria along with medium to check the percentage of utilization. It is 

observed that glucose was utilized highest with the range from 9-11 mm in diameter of the 

inhibition zone. Subsequently, sucrose, lactose and pyruvate from the range of 9-7, 7.3-5 and 3-5 

mm of inhibition zones respectively. The least inhibition zone area with no detectable region is  
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oxalate in a few samples and the rest of the samples' inhibition zone falls in 2.0-2.7. The highest 

utilization of sucrose indicates that our isolates metabolize more monosaccharides when 

compared to disaccharides and other carbon metabolites. Next to monosaccharides, the present 

rhizobium metabolized sucrose and lactose which are disaccharides. Generally, plants use 

disaccharides to transport glucose, galactose, and fructose from one cell to another cell [161]. In 

the present study out of the three leguminous plants, groundnut isolates metabolized more carbon 

sources when compared to the chickpea and soybean. The results of the utilization of 

carbohydrates were summarized in table 4.6. Plant 1,3 and 4 of soybean and all the five 

groundnut plants could notable to metabolize oxalate as a carbon source. Chickpea was able to 

metabolize the oxalate in all the five plants. 

 

Table 4.6: Rhizobium bacteria assay with different carbon sources. 

 

 

 

4.2.5 Pure cultures 

 Pure culture plates after incubation were observed after three days. All the five pure 

cultures of groundnut were observed with circular, pink, transparent colonies with smooth 

margins and mucous in nature. A similar study by Tamas E, et al., is corresponded with the 

present pure cultures morphological characteristics [162]. The other pure cultures from soybean 

isolates were translucent, pink, and mucilaginous glistering margins. Morphology of 

Bradyrhizobium sps. in the other literature is correlated with the present study [163,164]. In the 
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other case of chickpea pure cultures, it is observed that the colonies were whitish pink, round, 

mucus and flat elevation without any concave or convex in shape. Research in Iran showed 

similar characteristic features of different M. ciceri strains [165].  

 

4.2.6 Inoculated plants 

 After 60 days of seed inoculation, the groundnut, soybean and chickpea plants with five 

respective inoculums were grown well in the sterile soil. The growth pattern was similar to the 

plants assorted five plants from 45 plants. All the plants were green, healthy without any 

infections and with proper nourishment. All the five respective plants in three legumes were 

grown in their height above the control plants.  

 

 

      Figure 4.2: Inoculum preparation by serial dilution and rhizobacteria growth. 
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Figure 4.3 a,b,c: Inoculum Application to sterile soil with a) Groundnut, b) Soybean,  

c) Chickpea. 

 

 


