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ABSTRACT 

 

 Two naturally growing symbiotic N2-fixing Rhizobia coded as Vs1 and Vc1 from active root nodules of Vicia sativa and V. cinerea as 

wild plants were isolated, respectively. Cultures of both Rhizobium isolates were purified and used for inoculation of certain differentiated 

legume hosts. Nodulation test indicated successfully formation of active root nodules onViciafaba and Pisumsativumcultivatedin 
germination tubes containing Hoagland's medium (Nitrogen free) under sterilized conditions. Rhizobium isolates were re-isolated from 

both host plants and their characteristics were in vitro investigated. Based on their morphological, cultural and biochemical properties, 

both Rhizobium isolates of Vs1 and Vc1were found to have similar characteristics of the reference strain Rhizobium 
leguminosarumbiovarviciae. To evaluate nitrogen fixation, efficacy of both isolates in comparison with the reference strain to form root 

nodules on faba bean and pea plants in Leonard’Jars was also tested. Results indicated superiority of Vc1 in forming larger number and dry 

weight of nodules than Vs1 on both host plants. To confirm these findings, genetic diversity of both Vs1 and Vc1 compared with the 
reference strain by RAPD and SRAP DNA fingerprinting was assessed, isolate VS1 was grouped with the reference strain in one cluster 

with 84% and 95% based on RAPD and SRAP similarity, respectively. However, isolate VC1 was highly diverged and located in different 
group with lower similarity 51% and 59% based on RAPD and SRAP similarity with Vs1, respectively. 

 

Key words: Rhizobium, Wild legumes, Nodulation, DNA-fingerprinting. 

 

 

INTRODUCTION 

 

 Fabaceae is one of the largest plant families, 

widespread all over the world and Egypt as well. 

Many legume species are characterized by their 

symbiotic relationships with some soil bacterial 

species that are capable to fix atmospheric nitrogen 

in specific symbiotic organs, the nodules. In addition 

to several genera, most of the legume-nodulating 

bacteria were described so far and known as 

Rhizobium spp. Rhizobia are usually defined as the 

most important nitrogen fixing bacteria. Due to their 

considerable agricultural and environmental 

significance, symbiotic relationship between 

Rhizobia and their hosts have been extensively 

studied. Plant flavonoids secreted from roots and 

bacterial nod factors are the best characterized 

signals involved in the infection process [33]. 

Biological nitrogen fixation (BNF) is one of the most 

important sources for production approximately 65% 

of nitrogen used in agriculture [43]. Currently, the 

subject of BNF is of great practical importance 

because the use of nitrogenous fertilizers has resulted 

in unacceptable levels of water pollution (increasing 

concentrations of toxic nitrates in drinking water 

supplies) and the eutrophication of lakes and rivers 

[2]. Therefore, the attention has been directed toward 

rationalization of the use of chemical fertilizers by 

application of biological fertilization technologies. 

Many investigations proved that legumes inoculated 

with specific Rhizobium species potentially 

decreased utilization of N-fertilizer [1,9]. Likewise, 

the efficiency of plant growth promoting 

rhizobacteria (PGPR) application in saving 

nitrogenous and phosphate fertilizers and increasing 

plant growth has been extensively reported [12,3] 

and Erturk et al., [15]. 

 Our understanding of the vast diversity of 

nodule-forming bacteria has been increased 

extraordinarily due to the application of molecular 

markers in bacterial taxonomy. Searching for new 

Rhizobium isolates has not only expand our 

knowledge on the evolution of nodule bacteria, but 

also provided very valuable information on strains 

with varying nodulation and N2-fixation capabilities 

as well as different physiological properties. In the 

last few decades, much attention has been focused on 

Rhizobia, and high genetic diversity among strains 

has been demonstrated with several molecular 

markers [45,18,19]. The Rhizobium strains were 
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studied by using randomly amplified polymorphic 

DNA (RAPD) fingerprinting, as the technique is 

frequently used recently for exploring genetic 

polymorphisms [42]. Moreover, Sequence Related 

Amplified Polymorphism (SRAP) is designed to 

amplify open reading frames (ORFs) [27] based on 

specially designed primer pairs. Compared with other 

marker systems, SRAP has been demonstrated to be 

a useful tool for genetic studies because of its 

simplicity, reproducibility and disclosure of multiple 

markers from a single two-primer reaction, when 

compared with other marker systems [17,16]. 

However, the potential of SRAP marker has not yet 

been tested in rhizobia. 

 Yet, information about diversity of indigenous 

rhizobia in Egypt is scarce. Therefore, analysis of the 

genetic diversity and field distribution of rhizobia is 

important for the development of knowledge about 

rhizobial ecology and the symbiotic relationship with 

the host plant on leading to an improvement in some 

legumes productivity under various conditions. The 

use of molecular techniques has facilitated the 

development of rapid and simple methods for genetic 

diversity and genetic structure analysis of natural 

microbial populations. Therefore the aims of this 

study were to: (1) isolation and characterization of 

natural Rhizobium strains from nodules of wild 

legumes growing in north delta region of Egypt, (2) 

analysis of their phenotypic, nodulation and 

sympatric and (3) analysis their diversity and 

relationships based on RAPD and SRAP patterns, to 

clarify the wide genetic biodiversity of the isolated 

Rhizobium and to support some cultivated crops like 

pea and bean with these inoculations under Egyptian 

conditions. 

 

Materials and Methods 

 

Collection of samples: 

 

 Two wild leguminous plants established some 

cultivated and non-cultivated edge-fields of Kafr El-

Sheikh Governorates (clay, pH: 8.2; EC: 4.2 dS m
-1

) 

were collected during 2011 winter season. According 

to Täckholm, [41], both plants were identified as 

Vicia sativa L. and V. cinerea M. Bieb. They were 

well known as vetches plants. Fragments of roots 

baring nodules were excised and transported in 

distilled water in plastic vials to the laboratory. 

 

Isolation of the root-modulating bacteria:  

 

 According to Vincent, [44], active nodules (pink 

color) were excised from roots of both wild plants 

using a scalpel blade sterilized in flaming ethanol. 

Individual nodules were rinsed thoroughly in water; 

surface sterilized by immersion in sequential 

washing with 96 % Ethanol for 3 min., then, with 3 

% sodium hypochlorite for 3 min. and rinsed several 

times with sterile distilled water. Nodules were 

crushed on sterile plates and homogenized. The 

nodule suspension was streaked onto surface-dried 

plates of the well-known yeast extract manitol agar 

medium (YMA) for Rhizobium isolation. YMA 

medium contains in g L
-1

 distilled water: 0.5 

KH2PO4, 0.5  MgSO4, 0.1 NaCl, 10.0 mannitol, 1.0 

yeast extract, 15.0 agar  and its pH was ranged 

between 6.8 – 7.0 [38]. The medium was autoclaved 

at 121
o
C for 20 min and then poured into sterile 

Petri-dishes 9 cm in diameter (15 ml each). Plates 

were incubated at 28±2 ºC for 14 days. Single 

colonies were visible after 8 days.  Single colonies of 

every isolate were picked up and re-streaked on fresh 

YMA plates obtaining pure cultures. The preliminary 

description of the isolated nodule-forming bacteria 

refers to be Rhizobium each. Both bacterial isolates 

obtained from Vicia sativa and V. cinerea were 

coded as Vs1 and Vc1, respectively. Purified cultures 

of both isolates became ready to test their ability to 

form nodules on some differentiated legume hosts. 

  

Nodulation test: 

 

 Nodulation test were carried out in randomized 

complete block design in three replicates during 2012 

season under laboratory and greenhouse conditions 

of Soil, Water and Environmental Research Institute, 

A. R. C., Sakha, Egypt. 

 

i) Root nodule-forming inoculations: 

 

 Based on the methods described by El-Khateeb 

et al. (2012), inoculations of both isolated N2-fixing 

root nodule-forming bacteria were prepared. One 

loopful from each purified bacterial isolates (Vs1 and 

Vc1) was re-cultured on 250 ml YM liquid medium 

in flasks of 500 ml capacity. The cultures were 

shaking incubated at 28±2 
o
C and 150 rpm 

(revolutions per minute) for 5-7 days using shaking 

incubator. After that, number of bacterial cells of 

each culture was counted using the dilution plate 

count technique on YMA medium. The counts of 

viable bacterial cells of the two isolates were 

adjusted to be 10
8
 CFU mL

-1
.  

 

ii) Nitrogen free medium: 

 

 To examine nodulation responses, a culture 

medium free from nitrogen was used. Hoagland's 

solution is one of the most nutrient media used for 

detection and cultivation of nitrogen fixing bacteria 

as recommended by Shrdeta et al. [36]. Components 

of Hoagland's solution were supplemented with 15 g 

agar per Literand pH was adjusted at 6.9 using KOH. 

Melted 75 ml of Hoagland-agar media were poured 

in germination tubes (4 x 30 cm diameter x length), 

autoclaved at 121°C for 20 min and then left to be 

cold. 
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iii) Legume symbiotic host species: 

 

 Five legume species were used as host plants to 

test ability of the isolated bacteria for nodule 

formation. These plants were faba bean (Vicia faba), 

clover (Trifolium alexandranum), cowpea (Vigna 

sinensis), pea (Pisum sativum) and soybean (Glycine 

max) which used for nodulation test. Seeds of the 

tested legumes were kindly supplied from Field Crop 

Research Institute, Agricultural Research Center, 

Department of Legumes, Sakha Agriculture Research 

Station. Kafr El-Sheikh, Egypt. Seeds were surface 

sterilized and germinated in petri dishes for 3 days. 

At sowing time, surfaces of the germination tubes 

media were covered with a thin layer of sterilized 

clean sand which had been treated with 0.1 M HCl 

and washed several times with tap water. Two 

germinated seeds of every legume species were sown 

in the sterilized tubes and then further covered with 

another thin layer of the sterilized sand. Three days 

after sowing, tubes were flood-inoculated with 5 mL 

YM liquid cultures of the tested bacterial isolates 

(10
8
 CFU). Tubes flooded with 5 mL YM liquid 

media free from bacteria were acted as control. 

Tubes were incubated under greenhouse conditions 

(20-22 ºC and 70-75 % humidity) and growth of 

seedlings was noted. After 45 days, nodule formation 

of all tubes was recorded.  

 

Characterization of the tested Rhizobium-isolates: 

 

 Based on results of the nodulation test, some 

plants failed to form nodules (clover, cowpea and 

soybean) were excluded. Plants formed nodules 

successfully (bean and pea). To test their 

morphological, cultural and biochemical 

characteristics, Vs1 and Vc1 were re-isolated from the 

active nodules of the successfully nodule- formed 

plants as described previously by Vincent, [44]. 

Based on these characteristics, nodule-forming 

bacteria were identified as Rhizobium sp. each. 

Rhizobium suspensions were further streaked onto 

plates containing YMA media. Cell motility and 

shape of single cells was observed under light 

microscope (Nicon, Japan). Gram staining was done 

by the methods described by Vincent, [44]. Streaking 

on YMA medium contains 0.025 % bromo-thymol 

blue (BTB) for 3 to 10 days for acid or alkaline 

reaction was done to differentiate between fast and 

slow growing rhizobia [44]. A color change after 72 

hrs at 28±2
 o

C to yellow was recorded as acid 

production. Streaking on YMA medium containing 

0.1 % Congo-red was applied to differentiate 

between contaminants and Rhizobium isolates. On 

the other hand, glucose peptone agar medium (5.0 g 

glucose, 10.0 g peptone and 15.0 g agar in distilled 

water to complete one liter) and litmus milk were 

used to differentiate between Agrocbacterium and 

Rhizobium isolates. For litmus milk, crystals of 

litmus were added for free milk and dissolved by 

mixing thoroughly until milk was evenly violet 

colored. Litmus milk was divided in tubes [44]. All 

media were autoclaved at 121
◦
C for 20 min. 

 To detect secretion of catalase enzyme in the 

bacterial colonies, catalase test was performed. 

Rhizobium colonies (72 hrs. old) were taken on glass 

slides and one drop of H2O2 was added. Appearance 

of gas bubbles indicated the presence of catalase 

enzyme [29]. Pure cultures of both Rhizobium 

isolates were identified to their species according to 

the key of Jordan, [24], Kersters and De Ley, [26], 

Ker, [25] and Bergey’s Manuals Systematic of 

Bacteriology [5]. Typical purified Rhizobium 

colonies were maintained onto slants of YMA 

medium supplemented with 0.35 % Calcium 

carbonate. For further tests, Rhizobium isolates were 

storage at 4
o
C and as stock culture.  

 

Evaluation of the tested Rhizobium-isolates: 

 

          To confirm their efficacy of nodulation, both 

Vs1 and Vc1 isolates were compared with the well-

known reference strain of Rhizobium 

leguminosarumbiovarviciae using faba bean and pea 

plants using Leonard’s jars under greenhouse 

conditions. The reference strain was kindly obtained 

from Microbiology Lab., Agric. Botany Dept., 

Faculty of Agric., Kafrelsheikh Uni., Egypt and used 

as control in the presented study. So, inoculations of 

both Vs1 and Vc1 isolates and the reference strain in 

YM-liquid media were prepared according to the 

methods described by El-Khateeb et al. [12]. 

Leonard’s jars were sterilized by immersing in 5 % 

formalin solution for 15 min and left till complete 

evaporation of formalin [22]. Sterilized jars were 

filled with sterilized clean sand which had been 

treated with 0.1 M HCl and washed several times 

with tap water. Seeds of all legume species were 

surface sterilized according to the methods of El-

Akhdar, [12]. Surface sterilized seeds were wetted 

with 10 % Arabic gum water solution as an adhesive 

agent and then inoculated overnight with the liquid 

cultures of the tested Rhizobium isolates (10
8
 CFU 

ml
-1

). Inoculated seeds were allowed to air drying in 

the shade for 30 min and sown immediately in the 

Leonard’s jars. Seeds immersed in YM liquid media 

free from rhizobia were acted as control. Three seeds 

per jar were sown and the trials were carried out in 

triplicates. Irrigation was carried out using sterilized 

water and fertilization was carried out using nitrogen 

free nutrient Hoagland's solution recommended by 

Shrdeta et al. [36]. To evaluate efficacy of the 

inoculants, nodules were counted 45 days later and 

their dry weights were determined.  

 

Isolation of total DNA DNA and amplification: 

 

 To confirm their genetic diversity, total DNA of 

both Rhizobium isolates (Vs1 and Vc1) was isolated 

according to Doyel and doyle [10]. Genetic diversity 
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was done using primers as showed in Table (1). For 

SRAP primers different six combinations were done 

(me1+em1, me1+em2, me2+em1, me2+em2, 

me3+em1, me3+em2). The amplification protocol 

was carried out as follows: Denaturation at 95
o
C for 

five min. 35 cycles each consists of the following: 

Denaturation at 95
o
C for one min; primer annealing 

for two min., according to GC ratio of each primer 

and incubation at 72
o
C for two min. for DNA 

polymerization. Then, 72
o
C for 7 min., at the end, 

hold the PCR at 4
o
C till analysis. For SRAP, the first 

five cycles the annealing temperature is set at 35°C. 

The following 35 cycles are run at 50°C. The 

amplified DNA products were electrophoresed on 

1.2% agarose gel and 1 X TBE buffer at consistent 

100 volt. The different band sizes were determined 

against 100 bp ladder and the separated bands were 

stained with 0.5 μg/ml ethidium bromide and 

photographed using Gel Documentation System with 

UV-Transeliminator. 

 
Table 1: Primers used and their respective base sequences.  

Primer Name Sequence (5 → 3) 

RAPD 

OPA-04 AATCGGGCTG 

OPA-06 GGTCCCTGAC 

OPA-07 GAAACGGGTG 

OPA-11 CAATCGCCGT 

OPA-12 TCGGCGATAG 

OPA-13 CAGCACCCAC 

OPA-14 TCTGTGCTGG 

OPA-16 AGCCAGCGAA 

SRAP 

me 1 TGAGTCCAAACCGGATA 

me2 TGAGTCCAAACCGGAGC 

me3 TGAGTCCAAACCGGAAT 

em1 GACTGCGTACGAATTAAT 

em2 GACTGCGTACGAATTTGC 

 

Data analysis: 

 

 Randomized complete block design was applied 

to laboratory and greenhouse trials. Data were 

statistically tested for the analysis of variance using 

COSTAT program. Means were compared using 

LSD methods according to Steel and Torrie [40] and 

Duncan’s multiple range tests were applied for 

comparing means [11]. 

 RAPD and SRAP amplification profiles for the 

used two isolates Vs1 and VC1 compared with 

reference strain were scored as a binary data, where 

(1) means presence and (0) means absence of band. 

The distance coefficients were calculated by the 

following statistical equation:  

F= 2Nxy / (Nx + Ny) 

 Where, F is the distance coefficient in which Nx 

and Ny are the numbers of fragments in genotypes x 

and y, respectively, and Nxy is the number of 

fragments differed by the two genotypes [28]. The 

electrophoretic patterns of the reproducible banding 

patterns of each primer which produced by RAPD 

and SRAP were chosen for analysis. Pair wise 

comparisons between mutants were made to 

calculate the Jaccard coefficient using PAST 

program (PAleontological Statistics Version 1.94b) 

adapted by Hammer et al. [21]. Cluster analysis was 

performed to produce a denderogram using UPGMA 

methode.  

 

Results and Discussion 

 

Isolation of Rhizobium and nodulation test:  

 

 From active nodules of two vetches plants of 

Vicia sativa and V. cinerea, two symbiotic Rhizobia 

coded as Vs1 and Vc1 were respectively isolated. 

Both isolates were purified and their YM-liquid 

media inoculations were prepared to use them for 

nodulation test in germination tubes under laboratory 

conditions. Seeds of faba bean, clover, cowpea, pea 

and soybean were inoculated with the reference 

strain and both Rhizobium Vs1 and Vc1 isolates to 

test their ability to form nodulation as exploratory 

experiment.  After 45 days, data indicated that root 

nodules were successfully formed on both faba bean 

and pea plants, but no nodules on cowpea, soybean 

and clover were formed. It indicates that both tested 

Rhizobium Vs1 and Vc1 isolates are belonging to 

group similar to the reference strain of R. 

leguminosarum biovar viciae. Failure nodule 

formation indicated incompatibility symbiosis 

between cowpea, soybean and clover with the tested 

Rhizobium isolates. 

 

Re-isolation and characterization of the tested 

Rhizobium isolates: 

 

 Based on data of the nodulation test, Rhizobia 

were re-isolated from nodules of both faba bean and 

pea plants, in which the wild source of Vs1 and Vc1 

enabled to form nodules on its roots to investigate 

their characteristics. Morphological, cultural and 

biochemical characteristics of both Vs1 and Vc1 were 

summarized in Table (2). It showed that both Vs1 and 

Vc1 were similar in all tested characteristics. 

Colonies on yeast extract manitol agar (YMA) were 

round-shape, smooth margin and creamy in their 
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color. The cells seem to be short rods, motile and 

gram negative reaction. Streaking of both isolates on 

YMA medium containing a pH indicator, 

bromthymol-blue (BTB) turned it yellow and whitish 

serum zone in litmus milk medium indicating acid 

production and fast growing rhizobia producing 

visible growth in 48 hrs. Inoculation of both isolates 

on YMA medium containing Congo red did not 

make any change in the colony color, indicating very 

well purity and that the cells did not absorb red dye 

color when the plates were incubated in the dark. On 

the other hand, streaking on glucose peptone medium 

with both isolates did not show any reaction or 

change to the medium, by which both cultures were 

proved to be  Rhizobium not Agrobacterium, induce 

catalase production, produce mucus (slime) and grow 

under aerobic conditions.  

  
Table 2: Morphological, cultural and biochemical characteristics of two Rhizobium isolates (Vs1 and Vc1), respectively associated with the 

root nodules of Vicia sativa and V. cinerea within Kafr El-Sheikh governorate, Egypt. 

Characteristic Vs1 Vc1 

Colony shape Round transparent Round transparent 

Colony margin Smooth Smooth 

Colony color Creamy Creamy 

Cell shape Short rods Short rods 

Cell motility Motile Motile 

Gram staining - - 

Mucocity + + 

Brom thymol blue (BTB) Y+ Y+ 

Congo red R- R- 

Litmus milk W+ W+ 

Glucose peptone G+ G+ 

Anaerobic growth - - 

Catalase reaction + + 

Y+: Acid production, yellow color      R-: Colony not absorbed red color                

W+: Serum zone and whitish color      G+: Medium not changed (brown color)  
 

 The results showed that both wild-source 

isolates of Vs1 and Vc1 have Rhizobium 

characteristics, where the isolates formed whitish 

serum zone in Litmus milk test, fast growing with 

acid production and had no other contaminates as 

indicated by Somasegran and Hoben, [38]. The 

results of identification showed that both isolates are 

gram negative bacteria, aerobic; colonies are usually 

white, non-spore-forming, round transparent cells, 

raised and mucilaginous within 3-5 days on YMA. 

Colonies grow rabidly on YMA, acid produced, 

forming white colonies on YMA with Congo red. 

These characteristics resemble those recorded by 

Jordan, [24]; Kersters and De Ley, [26], Ker [25] and 

Bergeys Manual of Systemic Bacteriology [5] which 

correspond to being Rhizobium  leguminosarum 

biovar viciae. 

 

Evaluation of the tested Rhizobia-isolates: 

 

 To confirm the findings obtained from the 

germination tubes trials, ability of both wild-sources 

Rhizobium isolates (Vs1 and Vc1) in comparison with 

the reference strain (control) on faba bean and pea 

plants were evaluated 45 days after sowing in 

Leonard’s jars under greenhouse conditions. Number 

and dry weight of nodules were recorded in Table 

(3). It illustrates superiority of Vc1 to produce 33.00 

and 20.00 nodules per plant on faba bean and pea, 

respectively compared with 27.00 and 13.00 nodules 

by Vs1. It was also achieved in comparison with the 

reference isolate, by which only 14.33 nodules on 

pea were formed, but nearly similar (35.00 nodules) 

on faba bean plants. A close link between number 

and dry weight of nodules was in this work also 

obtained. In which, Vc1 caused accumulation of 

nodular dry weight two times higher than formed by 

Vs1, but less than the reference strain in both plants.  

These data indicate that Vc1 has ability to form root 

nodules and induce symbiotic nitrogen fixation more 

than Vs1 and nearly equal the obtained by the 

reference strain.  

 
Table 3: Number and dry weight of nodules formed by both wild-source Rhizobium isolates (Vs1 and Vc1) in comparison with the reference 

strain (control) on faba bean and pea plants 45 days after sowing in Leonard’s jars. 

Genotypes No. of nodules Dry weight of nodules 
mg plant-1 

Control Vs1 Vc1 Mean Control Vs1 Vc1 mean 

faba bean 35.00 27.33 33.00 31.50 110.00 45.00 92.00 82.00 

Pea 14.33 13.67 20.00 16.00 54.00 38.67 72.33 55.00 

LSD 0.05 11.25 3.46 8.17 3.75 55.70 9.45 24.48 16.11 

CV% 20.13 7.45 13.6 15.28 29.90 10.04 13.14 22.82 

F-test 

Genotypes ** *** * ** * ns ns ** 

Treatment    *    *** 

Gen* tre    ns    * 
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 Superiority of Vc1 in comparison with Vs1 and even with the reference strain (control) of R. leguminosarum 

biovar viciae was clear observed on faba bean and pea plants as shown in Fig. (1).  

 

 
Fig. 1: Formation of root nodules on faba bean (A) and pea (B) plants by both wild-source Rhizobium isolates 

(Vs1 and Vc1) in comparison with the reference strain (control) 45 days after sowing in Leonard’ jars 

trials. 

 

 Characterization of the wild-source Rhizobium 

populations play an important role in better 

understanding of the biodiversity and biological 

nitrogen fixation (BNF). In this study, two wild-

source Rhizobia (Vs1 and Vc1) were isolated from 

Vetches plants (Vicia sativa and V. cinerea). Such 

Rhizobium isolates were found to have similar 

characteristics of the original strain of Rhizobium 

leguminosarum biovar viciae. Both isolated Rhizobia 

have a great ability to fix nitrogen symbiotically on 

faba bean and pea plants. The obtained results were 

in agreement with the findings of Ballard et al. [4], 

who found that Rhizobium leguminosarum subsp 

viciae had a great ability to form root nodules on 

some leguminous plants including vetch (Vicia 

sativa), lentil (Lens culinaris Medik) and the 

infrequently grown grass pea (Lathyrus sativus). So, 

the resulted significant increase of nodular numbers 

due to inoculation with Vc1 compared with Vs1 could 

be explained by formation of large number of 

nodules, by which good indication for enhancement 

of the biological nitrogen fixation (BNF). Similar 

findings were stated by Gaballah and Gomaa [17], 

who found a massive increase of nodulation due to 

Rhizobium inoculations. Additionally, symbiotic 

rhizobia isolated from naturally growing legumes 

were successfully established leading to effective 

symbioses under these conditions [47].   

 Potential of the host-range evaluation of the 

wild-source Rhizobia of R. leguminosarum biovar 

viciae was assessed among of related legume species 

including Vicia faba and Pisum sativum as reported 

by Mutch and Young [30]. It is worthy to mention 

that the wild-source Rhizobium isolates represent 

promising inoculates for the economic legume crops, 

particularly under unsuitable conditions. Wild 

(naturally growing) leguminous plants in arid regions 

are subject to severe environmental conditions. Thus, 

symbiotic Rhizobia isolated from naturally growing 

legumes are more tolerant to some ecological 

conditions (salt, severe drought, elevated 

temperatures, etc.) than their corresponding Rhizobia 

isolated from cultivated legumes [47]. Some 

Rhizobia isolated from wild legumes were 

successfully established with effective symbiosis 

under stress conditions as descriped by Hatice et al. 

[23]. Accordingly, the salt tolerant Rhizobia isolated 

from wild legumes have specific characteristics that 

give them ecological significance and these Rhizobia 

may be used as biofertilizers in salty soils [47]. Since 

Rhizobia are taxonomically very diverse, 

applicability of such efficient wild-source Rhizobia 

on field trials under environmental stress conditions 

are needed in the near future to evaluate both Vs1 and 

Vc1 for nitrogen fixation capacity on the reclaimed 

lands. 

 

Rhizobia polymorphism based on RAPD and SRAP 

markers: 

 

 To evaluate the degree of genetic diversity and 

calculating the genetic distances of Rhizobia based 

on the DNA sequence using RAPD, eight random 

primers were used to identify the genetic variability 

and genetic relationship among the three genotypes. 

High level of polymorphism was observed among the 

studied genotypes. Only five primers, out of the 

eight, were successfully generated scorable bands, 

two of them were monomorphic and other three gave 

reproducible polymorphic bands. The rest three 

primers did not score amplified bands. Moreover, out 

of six SRAP combinations only four were produced 
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amplified bands, however, me1+em2 primers gave 

highest percentage of polymorphism 57.1% followed 

by me3+em2 gave 50% polymorphism. The 

polymorphic patterns of the scorable RAPD and 

SRAP primers among the studied genotypes were 

shown in Table (4) and Fig's. (2 a,b).  

 
Table 4: Numbers and types of the amplified DNA bands as well as the total polymorphism percentage generated by RAPD and SRAP 

primers. 

Polymorphic percentage Polymorphic bands Monomorphic bands Total 

bands 

Primers 

RAPD Primers 

0 0 1 1 OPA-04 

54.5 6 5 11 OPA-07 

77.7 7 2 9 OPA-12 

0 0 2 2 OPA-14 

14.8 1 6 7 OPA-16 

 14 16 30 Total 

SRAP primers 

0 0 2 2 me1+em1 

57.1 4 3 7 me1+em2 

25.0 1 3 4 me2+em2 

50.0 4 4 8 me3+em2 

 9 12 21 Total 

 

 The fragment patterns of RAPD exhibited a total 

of 30 amplified fragments. Out of the total recorded 

bands, 14 were polymorphic. The highest band No., 

were scored by primer OPA-07 (11 bands) with 

polymorphic percentage 54.50 followed by primer 

OPA-12 gave nine bands with the highest 

polymorphic parentage 77.7. However, primer OPA-

16 scored the lowest band No., among the three 

primers with low polymorphic parentage 14.8. 

Regarding SRAP primers a total of 21 amplified 

bands. Out of the total recorded bands, nine were 

polymorphic. The highest percentage of 

polymorphism (57.1) was generated by combination 

primers me1+em2 scored seven bands followed by 

primer me3+em2 gave eight bands with polymorphic 

parentage 50.0%. Generally polymorphism 

percentages of SRAP lower than RAPD used primers 

and No., of amplified band as well. 

 

 
Fig. 2: Agarose gel electrophoresis using three genotypes of Rhizobia. (M) Marker, (1) Control (reference strain, 

Rs), (2) Vs1 and (3) Vc1, A- RAPD primers B- SRAP primers. 

 

 Regarding the phylogenetic tree and similarity 

index based RAPD and SRAP using Jacard 

coefficient the isolate VS1 was grouped with the 

control in one cluster with 84% and 95% similarity, 

respectively. However, isolate VC1 was highly 

diverged and located in different group with lower 

similarity 51% and 59% based on RAPD and SRAP 

similarity with Vs1, respectively as shown in Table 

(5) and Fig. (3 a, b).  

 
Table 5: Similarity matrix among the studies genotypes based on RAPD and SRAP analysis based on Jacard coefficient. 

Vs1 Control  Isolate 

RAPD primers 

1 0.84 Vs1 

0.51 0.54 Vc1 

SRAP primers 

1 0.95 Vs1 

0.59 0.62 Vc1 
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Fig. 3: Dendogram of the three rhizobia genotypes constructed using UPGMA method based on Jacard 

coefficient. A- RAPD based and B- SRAP based. 

 

 It is worthy to mention that, diversity is 

important for genetic characterization with different 

nitrogen fixing capacities. Using diversity analysis 

novelties of new Rhizobium sp with high nitrogen 

fixing potential could be revealed which have not 

been identified ever before. Similar results were 

concluded in previous study concerning the 

characterization of Sinorhizobium meliloti 

indigenous strains [7], as well as  Bradyrhizobium 

japonicum [37]. This finding is in agreement with 

Blazinkov et al. [6], who reported that PCR 

performed was less reliable for differentiating among 

different strains of Rhizobium leguminosarum bv. 

viciae isolated from different locations. These data 

are in full harmony with the previous studies in 

which PCR genomic fingerprinting is an adequate 

technique for differentiating Rhizobium strains 

[48,31] and many other closely related sub-species or 

strains and/or for determining phylogenetic 

relationship [34]. However, higher diversity of 

Rhizobium leguminosarum biovar viciae is observed 

in arable soils than in grass soils and different size 

aggregates of soil control
 
the distribution of bacteria 

and influence their growth, activities,
 
and turnover 

(Palmer and Young [32]. Among all molecular 

markers, SRAP was firstly applied in Rhizobia 

strains for successive resources conservation, 

maintainable utilization and further research. SRAP 

aims at the amplification of open reading frames and 

its markers more reliable than RAPD, It has been 

widely applied in genetic diversity analysis, 

molecular identification, genetic linkage map 

construction, gene tagging [8,35]. SRAP  markers 

were used to examine genetic diversity among 

isolates of R. leguminosarum bv. viciae. The 

phylogenetic tree constructed by SRAP analysis 

demonstrated higher variability among rhizobial 

isolates than that from 16S rRNA sequences [20]. 

 Authorization of genetic diversity of some 

bacterial species has potential applications in 

improvement of agricultural output. Of which, 

nitrogen fixers namely Rhizobia are the most 

important groups of organisms and their association 

and application potential is mainly based on the 

genetic nature of the species and its strains. Here we 

can concluded that RAPD considered fast and simple 

method gives discrimination among Rhizobium 

strains isolated from different wild crops and gave a 

good nodulation on the cultivated legumes. Therefore, 

analysis of the genetic diversity and field distribution 

of indigenous Rhizobia is important to improve our 

understanding the ecology of Rhizobium spp as well 

as inoculation methodology under various 

environmental conditions. These isolates might be 

useful to increase the symbiotic nitrogen fixation in 

some leguminous crops. The study suggesting 

adaptability of isolates to different ecological 

environments with many factors at stress levels such 

as temperature, pH and high concentration of salt. 

Moreover we can use these isolates to use for 

commercial use and finally to employ efficient 

strains in the sustainable agricultural practices in 

Egypt. 
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