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Abstract 
Lentil (Lens culinaris Medik. L.) is a legume & cool season crop. Mature lentil seeds are usually rich in 

proteins although they produce these proteins during their growth. Lentil seeds have a high amount of 

protein between 20.6 and 31.4 g/100 g. It maintains soil fertility through symbiotic nitrogen fixation in 

association with Rhizobium leguminosarum bv. Viciae. This study was carried out to characterize 

Rhizobium species isolated from root nodules of lentil. The isolates were identified and characterized on 

the basis of colony morphology and biochemical traits viz. gram staining, catalase, oxidase tests, KOH 

and nitrate reductase test. The Rhizobium isolates were white, mucilaginous, translucent, circular & fast 

grower on YEMA plates. They were rod-shaped, gram negative, positive for catalase, oxidase, KOH & 

nitrate reductase tests. Out of twenty isolates two isolates were found to be gram positive by showing 

violet/purple staining in gram reaction indicated their non-Rhizobium characteristic. 

 

Keywords: Morphological, biochemical Nodulating, Endosymbionts, Lens culinaris Medik 

 

Introduction 

Lentil (Lens culinaris Medik.) is a leguminous crop with agricultural and economic 

significance. It is rich in protein, grown mainly in developing countries in nutrient limited soils 

and often subjected to intermittent drought (Gahoonia et al., 2005) [11]. The most significant 

attribute of the lentil is its ability for (N2) fixation symbiotically in agro ecological system. To 

fix (N2) symbiotically with growth promoting rhizobacteria, pulses are different because they 

are known to improve the nitrogen status in the soil by trapping the atmospheric nitrogen into 

root nodules of crop in the form of ammonia (NH3) and ultimately increase the soil fertility 

and crop productivity (Riah et al., 2014) [30]. Rhizobia are gram-negative bacteria present in 

the root nodules of legumes (Ngakou et al., 2009) [20]. These soil bacteria are aerobic, non-

sporulating, and rod-shaped (Chaintreuil et al., 2000) [6]. A symbiotic relationship termed 

mutualism develops between legumes and rhizobia, wherein both organisms benefit from each 

other. Rhizobia produce nitrogen-containing ammonium which can be easily taken up by 

plants (Kiers et al., 2002) [23]. Legume-rhizobia symbiosis accounts for 60% of the total BNF 

on the earth (Zou et al. 2016; Dong & Song 2020) [39, 10]. Rhizobia may live in two states: as 

free-living bacteria in the soil or as symbiotic bacteroids inside legume nodules (Quelas et al. 

2013) [28]. Formation of root nodules involves two separate processes, the infection by rhizobia 

and the organogenesis of the nodule (Clúa et al. 2018) [7]. The absence of effective nitrogen-

fixing strains of rhizobia in the soil and root nodules, results in a crop decline and yield loss of 

legumes that gain their nitrogen mainly from the process of BNF (Hassen et al. 2018). 

Bacterial strains appear in diff erent colour, texture and morphology on yeast extract mannitol 

agar plates (Varun et al., 2017) [35]. Crop yield enhances by bacteria (endophytes) which are 

used as bioinoculant, Batra et al. (2018) [1]. Seed inoculation of diff erent Rhizobium showed 

signifcant results on lentil crop (Das et al., 2017). Recently, some R. leguminosarum bv. viciae 

strains are considered as plant growth promoting rhizobacteria (PGPR), since (Sommers and 

Vanderleyden, 2004). PGPR stimulate plant growth directly either by synthesizing 

phytohormones such as indole-3-acetic acid (IAA) or by promoting nutrition processes such as 

phosphate solubilization and siderophore production, which facilitate phosphorus and iron 

uptake, respectively from soil (Lippmann et al., 1995) [25]. 
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Materials and Method 

Site of sample collection 

Root nodule samples of lentil were obtained from Durg, 

Dhamtari, Rajnandgaon, Balod & Raipur districts of 

Chhattisgarh & Mau, Mirzapur & Varanasi districts of Uttar 

Pradesh. The root nodule samples collected from 45-60 days 

old lentil plants. A total of 57 isolates from 42 places were 

obtained out of which 20 isolates were retained on the basis of 

their morphological & biochemical properties and maintained 

in the P.G.P.R. Laboratory of Prof. Ramesh Kumar Singh, 

Department of Genetics and Plant Breeding, Institute of 

Agricultural Sciences, Banaras Hindu University Varanasi- 

India. Details of bacterial isolates have been shown in table 1. 

 
Table 1: Description of site and source of bacterial isolates 

 

S.N. Isolates Host Place of sample collection 

1 LUP2 Root nodule of lentil Mirzapur, Uttar Pradesh 

2. UP4N Root nodule of lentil Mirzapur, Uttar Pradesh 

3. LN2 Root nodule of lentil Sankara, balod chhattisgarh 

4. 19N Root nodule of lentil Bhanpuri, Dhamtari, Chhattisgarh 

5. 20NII Root nodule of lentil Sarseewa, Dhamtari, Chhattisgarh 

6. LUP4 Root nodule of lentil Shivpur, Varanasi, Uttar Pradesh 

7. 18N Root nodule of lentil Bundeli, Rajnandgaon, Chhattisgarh 

8. 1N Root nodule of lentil Chandkhuri, Durg, Chhattisgarh 

9. UP6N Root nodule of lentil Mau, Uttar Pradesh 

10. LN4Y Root nodule of lentil Mahoba, Rajnandgaon, Chhattisgarh 

11. LN3 Root nodule of lentil Jangera, balod, chhattisgarh 

12. LN4P Root nodule of lentil Jagnathpur, balod, chhattisgarh 

13. LCG6 Root nodule of lentil Devkar, Bemetara, Chhattisgarh 

14. 26N Root nodule of lentil Hanoda, Durg, Chhattisgarh 

15. LCG5 Root nodule of lentil Abhanpur, Raipur, Chhattisgarh 

16. UP8N Root nodule of lentil Mau, Uttar Pradesh 

17. 27N Root nodule of lentil Hanoda, Durg, Chhattisgarh 

18. UP2N Root nodule of lentil RGSC, BHU, Barkachha, Mirzapur, Uttar Pradesh 

19. LCG2 Root nodule of lentil Dharampura, Raipur, Chhattisgarh 

20. LNBHU Root nodule of lentil Agriculture farm BHU, Varanasi 

 

Sterilization of samples 

Healthy roots were carefully selected, washed under tap water 

to remove soil. Nodules were collected in separate beaker, 

washed in distilled water and drained. Fresh root nodules of 

lentil plants were sterilized with 70% ethanol for 4-5 min and 

0.1% HgCl2 for 1 min. After sterilization, root nodules were 

washed thrice with sterile distilled water and dried in laminar 

air flow. Surface disinfection parameters like selection of 

disinfectant, its strength, duration of immersion in disinfectant 

were optimized prior to experimentation. 

 

Streaking of samples on culture media 

After sterilization, nodules were crushed on the sterilized 

slides in sterile distilled water and then streaked on yeast 

extract Mannitol agar (YEMA) plates and incubated at 28±2° 

C for 3 days (Bhattacharya and chandra, 2013) [4]. Growth of 

bacteria was carefully observed. At the end of incubation 

period, bacteria with white, mucilaginous & translucent 

colonies were selected. These colonies were purified to get 

single colonies by repeated streaking on YEMA plates and 

used for further studies. Glycerol stock was prepared to store 

the cultures for a longer time at refrigerated conditions (-80 

°C). Short-term storage for further characterization was on 

YEMA slants at 4 °C also sub-culturing was done 

continuously throughout the period of investigation. 

 

Morphological diversity  

For the primary identification and characterization, 

morphological and biochemical tests are still one of the key 

criterions utilized (Rai et al., 2014) [29]. In this study, 

morphological characterization of the 20 isolates was done to 

determine the colony characteristics of the bacterial isolates. 

The purified bacterial isolates were examined for the 

morphological and colony characteristics like, shape, size, 

margin, growth pattern etc. On the basis of morphological and 

biochemical attributes studied these isolates were grossly 

identified as Rhizobium defined by Somasegaran and Hoben 

(1994). Twenty isolates used under this study are: LUP2, 

UP4N LN2, 19N, LUP4, 1N, UP6N, LN4Y, LN3, LN4P 

LCG6, 26N, LCG5, UP8N, 27N, UP2N, LCG2 & LNBHU. 

  

Biochemical characterization 

Pure cultures of the isolates were made from single colonies 

and then subjected to Gram reaction. The Gram negative 

isolates were further subjected to biochemical tests including 

catalase, oxidase, potassium hydroxide solubility (KOH) and 

nitrate reductase for confirmation of the Rhizobium strains.  

 

Gram staining 

A fresh culture of bacterium was smeared on a different clean 

glass slide, air dried and fixed with slight heating. The slide 

was flooded for 1 min in crystal violet solution (2 g crystal 

violet, 1 g ammonium oxalate, in 100 ml distilled water). It 

was washed gently with tap water for 3–4 s and then kept with 

iodine solution (100 ml distilled water added to 1 g iodine, 2 g 

potassium iodide and stored in dark bottle) for one min. The 

slide was rinsed again gently and then de-stained with 95% 

ethanol to the point where no more stain runs off the slide. 

The slide was rinsed again and counterstained for 10 second 

with safranin (safranin, stock solution is a 2.5% solution in 

95% ethanol, diluted tenfold before using), then rinsed and 

blotted dried. Gram-positive cells showed blue appearance, 

Gram-negative cells are pink.  

 

Catalase activity 

Fresh culture (24 h old) of bacteria was placed on a glass slide 

https://www.thepharmajournal.com/


 
 

~ 1673 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
and one drop of H2O2 (3%) was dropped on the colony; 

appearance of gas bubbles indicated the catalase activity and 

was recorded as weak (+), moderate (++), and strong (+++) 

respectively (Mac Faddin, J. F. 1980) [26]. 

 

Oxidase test  

It was done on freshly grown cultures from YEMA with 1% 

glucose onto a filter paper moistened with a fresh 1% aqueous 

solution of tetramethyl-p-phenylenediamine dihydrochloride. 

A purple reaction in 10 seconds is positive, purple color 

appearance after 60 seconds is considered a delayed positive, 

and any reaction after 60 seconds or no reaction at all is 

negative (Klement et al., 1990) [24]. 

 

Potassium hydroxide test (KOH) 

One drop of 3% KOH was taken on a clean microscopic slide 

and a loop was used to transfer a generous number of bacteria 

(cultured for 24-48 hrs.) to the drop of KOH carefully and 

mixed properly. After mixing, the loop was elevated to 

observe for the formation of mucoid string within 30 seconds 

indicating the gram-negative bacteria. 

 

Nitrate reductase activity 

The isolates were inoculated into 10 ml of sterile nitrate broth 

in test tubes and incubated at 28°C. After 24 hours, culture 

broth was tested by adding equal amounts (3-4 drops) of 

sulfanilic acid and alpha naphthylamine. Development of red 

color indicated the positive result in which nitrate had been 

reduced to nitrite. The nitrate broth tubes in which red color 

didn’t appear were added with pinch of zinc dust. The tubes in 

which the color changes to red after addition of zinc dust were 

considered as negative while the tube without any change in 

colour were considered as positive as in such tubes the nitrate 

has been reduced to nitrogen gas. 

 

Result and Discussion 
Morphological characterization: On the basis of 

morphological observations on Yeast extract mannitol agar 

(YEMA) medium, colonies of all the strains appeared 

mucilaginous, smooth and gummy in nature. The color of the 

bacterial colonies was whitish for all the strains except LN3, 

19N, LCG6 & 26N (Creamy) and LN4P (Yellowish). The 

size of the colonies formed was small for the eight strains viz. 

LUP2, LN2, 18N, 1N, LN4Y, UP2N, LCG2 & LNBHU. Two 

strains LN3 and 26N formed larger colonies in comparison to 

the other strains used in this study. Rest of the ten strains 

formed medium sized colonies. All the strains showed round 

appearance of their colonies. Thus, the diversity observed in 

the colony morphology suggests the existence of genetic 

diversity among the different isolates. The variation in the 

appearance of the colony due to the different genes has been 

reported by several workers (Liu, W. Y. Y. 2014 & Muthini et 

al., 2014) [18, 19]. Colony morphology are often involved in 

protein sorting and epigenetic regulation. Few genes are likely 

to play a direct role in establishing colony morphology, 

e.g. FLO11, a gene encoding a cell-surface adhesin that has 

already been implicated in colony morphology, biofilm 

formation, and invasive and pseudo hyphal growth 

(Voordeckers et al., 2012) [36]. The R. leguminosarum 

plasmids pRL12JI and pRleVF39f carry auxotrophic markers, 

and that the plasmid pR1eVF39c carries genes which affect 

colony morphology (Hynes et al., 1989) [14]. Bacterial strains 

showed moderate to very fast growth which indicated the 

feature of Rhizobium along with other endosymbionts. Initial 

growth was started on 2nd day and usually took 4-5 days for 

the complete growth on the YEMA media plate. These results 

were in agreement with Begom et al., (2021) [3] who reported 

Fast grower nature of Rhizobium which can nodulate lentil for 

biological N2 fixation. Similar findings were also reported by 

Keyser et al., (2022) [16] who reported Fast grower nature of 

Rhizobium which can nodulate soybean for biological N2 

fixation. The details of morphological characteristics and 

growth habit of bacterial isolates are mentioned in Table 2 

and Figure 1.  

 
Table 2: Colony morphology of bacterial isolates on YEMA plates 

 

S.N. Strains Colony characteristics on YEMA plate Growth habit 

1. LUP2 Mucilagenous, whitish, opaque, small, circular, smooth, flat surface Fast grower 

2. UP4N Mucilagenous, whitish, opaque, medium, circular, raised, entire margin Fast grower 

3. LN2 Mucilagenous, whitish, opaque, small, circular, flat surface. Fast grower 

4. 19N Mucilaginous, smooth, creamy, opaque, medium, circular, raised, entire margin Fast grower 

5. 20NII Mucilagenous, whitish, medium, circular, opaque, flat surface, entire margin Fast grower 

6. LUP4 Mucilagenous, whitish, opaque, medium, circular, slightly raised, entire margin Fast grower 

7. 18N Mucilagenous, whitish, opaque, small, circular, drop like, slightly raised Fast grower 

8. 1N Mucilagenous, whitish, opaque, small, circular, slightly raised, entire margin Fast grower 

9. UP6N Mucilagenous, whitish, opaque, medium, circular, raised and entire margin Fast grower 

10. LN4Y Dry, whitish, opaque, small, circular, punctiform, flat Fast grower 

11. LN3 Mucilagenous, creamy, opaque, large, circular, convex, entire margin Fast grower 

12. LN4P Mucilagenous, yellowish, opaque, medium, circular, convex, entire margin Fast grower 

13. LCG6 Mucilagenous, creamy, opaque, medium, circular, convex, entire margin Fast grower 

14. 26N Mucilagenous, creamy, opaque, large, circular, umbonate, entire margin Fast grower 

15. LCG5 Mucilagenous, whitish, opaque, medium, circular, convex, entire margin Fast grower 

16. UP8N Mucilagenous, whitish, opaque, medium, circular, raised, entire margin Fast grower 

17. 27N Dry, whitish, opaque, medium, circular, flat, entire margin Fast grower 

18. UP2N Dry, whitish, opaque, small, circular, flat, entire margin Fast grower 

19. LCG2 Mucilagenous, whitish, opaque, small, circular, raised, entire margin Fast grower 

20. LNBHU Mucilagenous, whitish, opaque, small, irregular, raised, entire margin Fast grower 
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Fig 1: Morphological characterization of twenty bacterial isolates obtained from root nodule of lentil 

 

Biochemical characterization 

 

 
 

Fig 2: Bacterial isolates showing different biochemical tests 

 
Table 3: Bacterial isolates showing Gram reaction, oxidase, and catalase, KOH & nitrate reductase test 

 

S. No. Strains Gram reaction Oxidase Catalase KOH test Nitrate reductase test 

1. LUP2 Negative Positive Positive Positive Positive 

2. UP4N Negative Positive Positive Positive Positive 

3. LN2 Negative Positive Positive Positive Positive 

4. 19N Negative Positive Positive Positive Positive 

5. 20NII Positive Positive Negative Negative Positive 

6. LUP4 Negative Positive Positive Positive Positive 

7. 18N Positive Positive Positive Negative Positive 

8. 1N Negative Positive Negative Positive Positive 

9. UP6N Negative Positive Positive Positive Positive 

10. LN4Y Negative Positive Negative Positive Positive 

11. LN3 Negative Positive Positive Positive Positive 

12. LN4P Negative Positive Positive Positive Positive 

13. LCG6 Negative Positive Positive Positive Positive 

14. 26N Negative Positive Positive Positive Positive 

15. LCG5 Negative Positive Positive Positive Positive 

16. UP8N Negative Positive Positive Positive Positive 

17. 27N Negative Positive Positive Positive Positive 

18. UP2N Negative Positive Positive Positive Positive 

19. LCG2 Negative Positive Positive Positive Positive 

20. LNBHU Negative Positive Negative Positive Positive 
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Gram staining 

Gram Staining is a technique proposed by Christian Gram 

(1884) to distinguish the two types of bacteria based on the 

difference in their cell wall structures. This process 

distinguishes bacteria by identifying peptidoglycan that is 

found in the cell wall of the gram-positive bacteria. The cell 

walls for Gram-positive microorganisms have a higher 

peptidoglycan and lower lipid content than gram-negative 

bacteria. The result showed all the bacteria to be Gram 

negative except the strains 20NII & 18N which were Gram 

positive (Table 3 & figure 2). Similar results were found by 

Hameed et al., (2004) [13] who reported that most of the 

Rhizobium and Brady Rhizobium (class of the Alpha 

proteobacteria, order of the Rhizobiales) are Gram-negative 

nitrogen-fixing bacteria that occur either as free-living soil 

bacteria or in interaction with the roots of leguminous 

plants. Similar findings were also obtained by (Datta et al., 

2015 & Tanim et al., 2019) [9, 33], they found that all isolated 

strains shown to be gram negative and rod shaped and motile. 

Ismail et al., (2022) [15] also reported that isolated strains were 

found to be gram negative as the cells appeared pink in color 

after gram staining.  

 

Oxidase test  

Oxidase test was performed to determine the presence of 

oxidase enzyme in different strains of bacterial isolates. 

Kovac’s reagent (1% N, N, N.N tetramethyl- p-

phenylenediamine) was dissolved in warm water and stored in 

dark bottle. A strip of filter paper was dipped in this reagent 

and air-dried and put into one-day-old Rhizobial colonies 

from agar plates. All the twenty bacterial isolates were 

examined for the presence of cytochrome c oxidase enzyme. 

After the test all the bacterial isolates were found to turn the 

reagent blue/purple hence proved to be oxidase positive 

(Table 3 & figure 2). Singh, N. P., & Sewak, S. (2013) [31] 

observed positive results for oxidase activity. Wani and Khan 

(2013) and Bedi, M. K., & Naglot, A. (2011) [37, 2] also 

reported that Mesorhizobium isolates were positive for 

oxidase test. 

 

Catalase test  
All the strains showed positive catalase activity except 20NII, 

1N, LN4Y & LNBHU. (Table 3 and figure 2). Catalase test 

demonstrates the presence of catalase, an enzyme that 

catalyzes the release of oxygen from hydrogen peroxide 

(H2O2). Hydrogen peroxide, the product of dis-mutation, is 

degraded by catalases (CAT), which play a crucial role in the 

symbiosis during both host plant infection and nitrogen 

fixation processes (Orikasa et al., 2010) [21]. Panek and Brian 

(2004) reported that aerobically grown Bradyrhizobium 

japonicum cells express a single catalase activity. GSH 

(gamma-L-glutamyl-L-cysteinyl-glycine) plays a critical role 

by regulating redox homeostasis, and appears to be essential 

for initiation and development of the root nodules (Bianucci 

et al., 2008; Yin et al., 2018) [5, 38]. 

 

KOH test 

Gram staining was confirmed by the potassium hydroxide 

solubility test which was recorded positive for all the strains 

except for 20NII & 18N which showed negative KOH test 

(Table 3 and figure 2). The purpose of the potassium 

hydroxide test (KOH test) is to identify gram negative 

bacteria. KOH dissolves the thin layer of peptidoglycan of the 

cell walls of gram negative bacteria, but does not affect gram 

positive cell walls. Disintegration of gram negative cell wall 

lyses the cell and release its contents, including the DNA. As 

a result, a viscid chromosomal material is released which 

causes the bacterial suspension to become thick and stringy. 

Upadhyay et al., (2015) also reported the positive KOH test 

for the Rhizobium strains isolated from nodules of lentil and 

pea. 

 

Nitrate reductase 

The inhibitory effect of nitrate on nitrogenase activity in root 

nodules of legume plants has been known for a long time. The 

presence of nitrate may cause changes in the resistance to O2 

diffusion. All the twenty strains tested were positive for 

nitrate reductase activity. Among twenty strains based on 

visual observation for color intensity four strains (26N, 

LCG6, LN4P & LCG5) showed very strong (++++) nitrate 

reductase activity, followed by six strains (UP4N, LN2, LN3, 

1N, LCG2 & UP6N) which were observed for strong (+++) 

nitrate reductase activity, six strains showed moderate (++) 

nitrate reductase activity whereas four strains exhibited 

average (+) activity (Table 3 & figure 2). Kang, M., & Seo, T. 

(2022) [22] reported Rhizobium setariae sp. isolated from 

Green Foxtail which was able to reduce nitrate. Ligero et al., 

(1987) [17] also reported nitrate reductase activity in strains of 

Rhizobium leguminosarum isolated from pea nodules. 

 

Conclusion 

Morphological and biochemical tests are essential criterion 

for primary identification of Rhizobium species. In the present 

study, 20 rhizobial isolates from lentil plant from different 

agroclimatic zones were obtained and their morphological and 

biochemical characterization was done. Based on 

morphological characterization on YEMA plates, different 

size, shape, color, elevation & texture were observed. 

Colonies on YEMA plates were observed to be smooth, 

translucent, mucilaginous, white and with 

concave/convex/flat surface. Biochemical characterization 

revealed that most of the strains were gram negative, catalase 

positive, oxidase positive, KOH positive & had ability to 

reduce nitrate into nitrite. Growth behavior of isolates on 

YEMA plates & their biochemical characterization may help 

in identification of the species on a preliminary basis. 
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