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A B S T R A C T   

A total of 38 bacterial strains were isolated from root nodules of Lotus, Vicia, Trifolium, Lathyrus, Astragalus, and 
Hippocrepis plants grown-wild at different geographical locations in Egypt. Analysis of the almost complete 
sequence of the 16S rRNA gene from the bacterial strains showed that seventeen of them isolated from all the six 
plant species were members of the genus Rhizobium, six from Lotus, Vicia and Hippocrepis were Ensifer, and the 
remaining six strains from Lotus and Vicia were Neorhizobium. Sequencing of the symbiotic nodC gene from eight 
selected rhizobial strains confirmed their affiliation with rhizobial species. These results suggest the existence of 
high rhizobial diversity in wild-grown Egyptian legumes. Nodules from Lotus, Trifolium, and Astragalus also 
contained bacterial species of the genera Achromobacter, Ancylobacter, Bacillus, Cronobacter, Curtobacterium, 
Flavobacterium, Paenibacillus and Pseudomonas. These results provide information about the diversity of rhizobia 
associated with wild-grown legumes in Egypt, and enlarged the rhizobial spectrum of Lotus, Vicia, Trifolium, 
Lathyrus, Hippocrepis and Astragalus, which supported to the idea that rhizobial promiscuity could be an adaption 
strategy to diverse environments.   

1. Introduction 

The Leguminosae (or Fabaceae) is the third largest family of angio-
sperms, and the second after the cereals in importance for animal and 
human consumption (Sprent et al., 2017). Legumes are also well-known 
because their symbiotic association with soil bacteria collectively called 
rhizobia that results in the accomplishment of the capacity to fix at-
mospheric dinitrogen (N2). Currently, rhizobia include phylogenetic 
taxa belonging to the Alpha- and Beta-proteobacteria within the Bacteria 
domain (Vel�azquez et al., 2010, 2017a; Peix et al., 2015; Shamseldin 
et al., 2017). A characteristic of the legume-rhizobia interaction is the 
formation of a special organ, the nodule, where the reduction of N2 to 
ammonia (NH4

þ) by the enzyme nitrogenase takes place (Terpolilli et al., 
2012). Because of this ability, legumes can grow in unfertile, arid soils 
with low N content, a property which makes them pioneer plants suit-
able for revegetation programs and enhancement of soil fertility. 

About 95% of the land surface in Egypt is considered to be arid and 
semi-arid, with hot dry summers and eroded and shallow soils of low 
organic matter content. As a consequence, the area that can be dedicated 

to the cultivation of forage and grain legumes is scarce, and is carried out 
mainly all along the river Nile. Although rhizobia have been isolated 
from legumes grown wild in Egypt, including chickpea, lentil, common 
bean, pea and broad bean (Tantawy et al., 2002; Shamseldin et al., 2008; 
Zahran et al., 2012; El-Lithy et al., 2014; El-Batanony et al., 2015), in-
formation about rhizobia from legumes such as Lotus, Vicia, Trifolium, 
Lathyrus, Astragalus, and Hippocrepis is scarce. In addition to their 
contribution to soil fertility and prevention of soil erosion, the nodules 
from annual and perennial plants have been reported to be a resource for 
isolating effective rhizobia (Tantawy et al., 2002; El Lithy et al., 2014). 

In Egypt, wild leguminous species grow well along the Mediterra-
nean Northwestern coastal desert. This area covers an extension of 2.4 
million ha, which constitutes approximately the 16.6% of the total 
Egyptian territory (Abd El Kader and Ahmed, 1981), and plant species of 
the genera Lotus, Vicia, Trifolium, Lathyrus, Astragalus, and Hippocrepis 
are among the most abundant (Bidak et al., 2015). Although sponta-
neous legumes are of great importance in desert land reclamation and 
soil stabilization and revegetation programs, little is known about the 
diversity of rhizobia associated with them. Accordingly, this paper 

* Corresponding author. 
E-mail address: ach@ugr.es (A. Castellano-Hinojosa).  

Contents lists available at ScienceDirect 

Biocatalysis and Agricultural Biotechnology 

journal homepage: http://www.elsevier.com/locate/bab 

https://doi.org/10.1016/j.bcab.2020.101692 
Received 24 February 2020; Received in revised form 8 June 2020; Accepted 16 June 2020   

mailto:ach@ugr.es
www.sciencedirect.com/science/journal/18788181
https://http://www.elsevier.com/locate/bab
https://doi.org/10.1016/j.bcab.2020.101692
https://doi.org/10.1016/j.bcab.2020.101692
https://doi.org/10.1016/j.bcab.2020.101692
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcab.2020.101692&domain=pdf


Biocatalysis and Agricultural Biotechnology 27 (2020) 101692

2

aimed to study the diversity of rhizobial strains inhabiting the interior of 
nodules from wild-grown legumes in Egypt. 

2. Materials and methods 

2.1. Isolation of bacteria from nodules and culture conditions 

Fragments of roots containing nodules from 10-12 healthy plants of 
Lotus, Vicia, Trifolium, Lathyrus, Astragalus, and Hippocrepis were 
collected from different locations in Egypt, ranging from the Northwest 
Mediterranean coastal region to the Nile Valley (Fig. 1). The nodules 
harvested from the same plant species were pooled, kept on ice, brought 
to the laboratory and surface-sterilized with ethanol and hydrogen 
peroxide as described earlier (El Batanony et al., 2015). Rolling the 
disinfected nodules several times on the surface of solid yeast 
extract-mannitol (YEM) medium (Vincent, 1970) prior to isolation of the 

interior microbiota was performed to ensure surface sterilization. At 
least twelve nodules from each plant species were independently 
crushed, the resulting suspension was streaked onto Petri dishes con-
taining YEM medium and the plates kept at 30 �C for 10 d. The colonies 
were picked up for purifying by repeatedly streaking onto the same 
medium and used for further experiments. 

2.2. Sequencing and analysis of 16S rRNA and nodC genes 

Genomic DNA of the bacterial cells was isolated using the Real Pure 
Genomic DNA Extraction kit (Durviz Spain) and quantified using a Nano 
Drop spectrophotometer (model ND1000 Thermo Fisher Scientific, 
USA). PCR amplification of the 16S rRNA genes from the genomic DNA 
was carried out using reaction mixtures containing 2.5 μl of 10X poly-
merase reaction buffer; 2.5 mM MgCl2; 100 μM of each dATP, dCTP, 
dGTP, and dTTP; 0.5 μM of each 41f (50-GCTCAGATTGAACGCTGGCG- 

Fig. 1. Geographical location of the plants sampling sites, ranging from the Northwest Mediterranean coastal region to the Nile Valley in Egypt.  
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30) and 1488r (50-CGGTTACCTTGTTACGACTTCACC-30) primers re-
ported by Herrera-Cervera et al. (1999), 2 units of Taq polymerase 
(Fermentas) and 50–100 ng of genomic DNA in a total volume of 25 μl. 
Amplifications were carried out in a Eppendorf Master Cycler with the 
following temperature profile: 3 min initial denaturation at 95 �C and 30 
cycles of 1 min denaturation at 95 �C, 1 min annealing at 60 �C, and 2 
min extension at 72 �C. The final cycle was followed by extension for 5 
min at 72 �C. For amplification of the nodC gene, the reaction mixture 
was as that described above, except that the forward nodCF 
(50-AYGTHGTYGAYGACGGTTC-30) and the reverse nodCI (50- 
CGYGACAGCCANTCKCTATTG-30) primers described by Laguerre et al. 
(2001) were used. The forward primers nodCF, nodCFu, nodCF2, 
nodCF4 and nodCFn (Laguerre et al., 2001) were also used. The tem-
perature profile consisted of 3 min initial denaturation at 95 �C and 35 
cycles of 1 min denaturation at 94 �C, 1 min annealing at 55 �C, and 2 
min extension at 72 �C. The final cycle was followed by extension for 5 
min at 72 �C. Amplification products were purified with the GeneJET 
PCR purification kit (Thermo Fisher Scientific), verified by electropho-
resis in agarose gels and subjected to cycle sequencing using the same 
primers as for PCR amplification, with ABI Prism dye chemistry. The 
products were analyzed with a 3130 � l automatic sequencer at the 
sequencing facilities of Estaci�on Experimental del Zaidín, CSIC, Gran-
ada, Spain. The obtained 16S rRNA gene sequences were compared to 
those deposited in the EZBioCloud.net platform (Yoon et al., 2017) and 
those of the nodC gene with homologous sequences in GenBank using 
BLASTn (Altschul et al., 1990). Phylogenetic trees were inferred based 
on the neighbor-joining algorithm (Saitou and Nei, 1987) using MEGA7 
(Kumar et al., 2016). 

2.3. Accession numbers 

The accession numbers of the nucleotide sequences of the strains 
reported here are shown in the phylogenetic trees. 

3. Results 

3.1. 16S rRNA and nodC phylogenetic analysis 

A total of thirty-eight bacterial strains were isolated from extracts of 
root nodules of Lotus (14 strains), Vicia (8 strains), Trifolium (8 strains), 
Lathyrus (2 strains), Astragalus (3 strains) and Hippocrepis (3 strains) 
grown wild at different locations in Egypt (Table 1). The analysis of 16S 
rRNA gene sequences showed that 29 strains were members of the 
family Rhizobiaceae of the Alphaproteobacteria, of which 17 were 
classified into the genus Rhizobium, 6 into Neorhizobium and the 
remaining 6 strains into genus Ensifer (Table 1). The remaining 9 strains 
belonged to genera Paenibacillus (2 strains), Bacillus, Pseudomonas, Fla-
vobacterium, Curtobacterium, Achromobacter, Ancylobacter and Crono-
bacter, respectively (Table 1). 

A neighbor-joining phylogenetic tree (Fig. 2) built from the 16S 
rRNA gene sequences revealed that the strains NHBL39A, NHBL48A, 
NHBV55, NBBV58, NHBH81, and NHBH82 grouped with E. meliloti LMG 
6133T, the strains NHBL31, NHBT65 and NHBH83 clustered with 
R. pusense NRCPB10T, and the strains NHBV52, NHBV53, NHBT59, 
NHBT62, NHBLS67, and NHBLS68 assembled with R. sophorae CCBAU 
03386T. The tree also revealed that the strains NHBL41 and NHBL44 
formed a clade with N. galegae HAMBI 1141T, and strain NHBA86 with 
N. alkalisoli CCBAU 01393T. Data in Fig. 2 also show that the strains 
NHBL43, NHBV49, and NHBA85 clustered with N. huautlense S02T, and 
the strains NHBV54 and NHBT64 grouped with R. fabae CCBAU 33202T 

and R. pisi DSM 30132T, respectively. Also, the strains NHBT60 and 
NHBT61 affiliated with R. rosettiformans W3T and the strains NHBL46 
and NHBV50 grouped with R. massiliae 90AT. Finally, the strains 
NHBL40 and NHBL47 formed a clade with R. alamii GBV016T and 
R. skierniewicense Ch11T, respectively. Based on the 16S rRNA gene se-
quences, the percentages of similarity found between the NHB strains 

Table 1 
Taxonomic affiliation of the strains isolated from root nodules of Lotus, Vicia, 
Trifolium, Lathyrus, Astragalus and Hippocrepis grown wild in Egypt.  

Strain Locality of 
isolation 

Host of 
isolation 

Closest relative 
species on basis 
of 16S rRNA 
gene 

Similarity 
(%) 
according 
to EzBio 
Cloud.net 

NHBL31 Suez canal 
beach 

L. corniculatus Rhizobium 
pusense 
NRCPB10T 

100 

NHBL32 Suez canal 
beach 

L. corniculatus Paenibacillus 
kribbensis 
AM49T 

99.17 

NHBL33A Suez canal 
beach 

L. corniculatus Pseudomonas 
grimontii CFML 
97–514T 

100 

NHBL35 40 km west 
Rosetta 

L. corniculatus Bacillus subtilis 
KCTC 13429T 

100 

NHBL39A El-Amerya L. corniculatus Ensifer meliloti 
LMG 6133T 

100 

NHBL40 Abou El- 
Matamir 

L. corniculatus Rhizobium 
alamii GBV016T 

98.07 

NHBL41 Rosetta L. corniculatus Neorhizobium 
alkalisoli 
CCBAU 01393T 

99.68 

NHBL42 Fayoum L. corniculatus Cronobacter 
dublinensis 
DES187T 

100 

NHBL43 Fayoum L. corniculatus Neorhizobium 
huautlense S02T 

99.92 

NHBL44 Western coastal 
region 

L. corniculatus Neorhizobium 
alkalisoli 
CCBAU 01393T 

98.73 

NHBL45 Al Dakhilah L. polyphyllos Ancylobacter 
rudongensis 
AS1.1761T 

98.80 

NHBL46 Fixed sand 
dunes of 
Mediterranean 
coastal belt 

L. polyphyllos Rhizobium 
massiliae 90AT 

99.30 

NHBL47 Western coastal 
region 

L. arabicus Rhizobium 
skierniewicense 
Ch11T 

99.53 

NHBL48A Western coastal 
region 

L. arabicus Ensifer meliloti 
LMG 6133T 

98.50 

NHBV49 Basion V. sativa Neorhizobium 
huautlense S02T 

99.92 

NHBV50 Bitibs V. sativa Rhizobium 
massiliae 90AT 

99.13 

NHBV51 Tamalay V. sativa Achromobacter 
spanius LMG 
5911T 

99.56 

NHBV52 Zarkon V. sativa Rhizobium 
sophorae 
CCBAU 03386T 

99.92 

NHBV53 40 km west 
Rosetta 

V. sativa Rhizobium 
sophorae 
CCBAU 03386T 

99.84 

NHBV54 Al Maaddiyyah V. sativa Rhizobium pisi 
DSM 30132T 

99.92 

NHBV55 Kom Osheim V. monantha Ensifer meliloti 
LMG 6133T 

100 

NHBV58 Western coastal 
region 

Vicia sp. Ensifer meliloti 
LMG 6133T 

100 

NHBT59 Berma T. resupinatum Rhizobium 
sophorae 
CCBAU 03386T 

98.28 

NHBT60 Tamalay T. resupinatum Rhizobium 
rosettiformans 
W3T 

98.29 

NHBT61 Esbet ElBasha T. resupinatum Rhizobium 
rosettiformans 
W3T 

98.21 

NHBT62 Zarkon T. resupinatum Rhizobium 
sophorae 
CCBAU 03386T 

99.84 

(continued on next page) 
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and their closest relative type species using the EzBioCloud.net platform 
are presented in Table 1. 

Utilization of the primer pair nodCF and nodCI resulted in amplifi-
cation (approximately 0.6 kb) of the nodC gene of the strains NHBL39, 
NHBL43, NHBV49, NHBV52, NHBV54, NHBV55, NHBT64, and NHBL68 
(data not shown). Despite repeated attempts using different primer 
combinations, the nodC gene could not be amplified from the remaining 
strains by any of the primers used in this study. A phylogenetic tree 
(Fig. 3) showing the relationships between the nodC gene of the strains 
mentioned above and other species in the order Rhizobiales revealed 
that the strains NHBL39 and NHBV55 clustered with E. meliloti ATCC 
9930T, the strains NHBL43 and NHBV49 grouped with N. galegae sym-
biovar (sv.) orientalis HAMBI 540T, the strains NHBV52, NHBV54 and 
NHBL68 were assembled with R. leguminosarum sv. viciae USDA 2370T, 
and the strain NHBT64 clustered with R. aegyptiacum 1010T. Based on 
the nodC gene sequences, the percentages of similarity found between 
the NHB strains and their closest relative species using BLASTn are 
presented in Table 2. 

On the other hand, the partial sequencing of the 16S rRNA gene of 
the non-rhizobial strains (Table 1) revealed the presence of Pseudomonas 
grimontii, Bacillus subtilis, and Cronobacxter dublinensis in the nodule 
interior of L. corniculatus, Ancylobacter rudongensis in nodules of 
L. plyphyllos and Achromobacter spanius, and Curtobacterium plantarum in 
nodules of V. sativa and T. resupinatum, respectively. Also, Paenibacillus 
kribbensis was found as an intranodular bacterium in L. corniculatus and 
A. hamosus. 

4. Discussion 

N2-fixing symbiotic associations between rhizobia and legumes in 
arid and semiarid Mediterranean climates are fundamental as they often 
constitute the only source of N inputs to the soil (Zahran, 2001). Despite 

the abundance of legume species growing wild in Egypt and that they 
are sources of wood, fodder, medicine and gum (Bidak et al., 2015), the 
diversity of their root nodule bacteria remains poorly documented. Here 
we isolated rhizobial and non-rhizobial bacterial strain from nodules of 
the plants in genera Lotus, Vicia, Trifolium, Lathyrus, Hippocrepis and 
Astragalus grown wild in Egypt. 

Although plants of the L. corniculatus complex are typically nodu-
lated by M. loti, no strain of that species was found in nodules from the 
three Lotus species used in this study; these results agree with those 
reported in China (Han et al., 2008), Argentina (Estrella et al., 2009) and 
Spain (Lorite et al., 2010) that M. loti could not be found among the 
strains isolated from nodules of some Lotus species. All the Lotus rhizobia 
in the three reports and in the present study were isolated from stressed 
environments, suggesting that the M. loti strains may not be well adapted 
to harsh environmental conditions. In this study, the strains isolated 
from L. arabicus and L. corniculatus were mainly members of genera 
Ensifer, Neorhizobium and Rhizobium (Table 1). L. arabicus has been 
shown to establish effective symbiotic associations with E. meliloti, 
E. adhaerens and E. numidicus (Le�on-Barrios et al., 2009; Merabet et al., 
2010), and the presence of N. alkalisoli and N. huautlense in 
L. corniculatus is not surprising since Zakhia et al. (2004) found that 
R. galegae, reclassified as N. galegae by Mousavi et al. (2014), nodulated 
L. creticus in Southern Tunisia. Also, the nodC gene of the strain NHBL43 
clustered with that of N. galegae, which lends support to the presence of 
Neorhizobium in nodules of L. corniculatus. Although R. alamii, R. mas-
siliae, R. pusense and R. skierniewicense were found in nodules of Lotus, it 
is not clear whether or not those rhizobial species are true 
nodule-forming endosymbionts, as any of them has been reported to 
effectively nodulate legumes. 

Within the tribe Fabeae, plants of the genus Vicia are commonly 
nodulated by R. leguminosarum sv. viciae (Shalaby et al., 2014; Peix 
et al., 2015; Shamseldin et al., 2017; Andrews and Andrews, 2017). Out 
of the six strains isolated from V. sativa in this study, the nodC gene of the 
strains NHBV52 and NHBV54 grouped with that of R. leguminosarum sv. 
viciae (Fig. 3), albeit their 16S rRNA gene phylogenies showed similarity 
with R. sophorae and R. pisi, respectively (Table 1). Other rhizobial 
species including Bradyrhizobium, Mesorhizobium, Ensifer and Rhizobium 
were reported to effectively nodulate Fabeae species (Lei et al., 2008; see 
Andrews and Andrews, 2017 for a review). In this study, we isolated the 
strain NHBV55 form V. monantha whose 16S rRNA and nodC genes 
clustered with those of E. meliloti (Figs. 2 and 3, respectively). These 
results agree with the report that the nodC gene sequences of different 
Rhizobium species nodulating members of the Fabeae show high simi-
larity, suggesting their specificity towards them (Andrews and Andrews, 
2017). Our results also extend those of Lei et al. (2008) by adding 
V. monantha to the Vicia species from which E. meliloti has been isolated. 

The genus Lathyrus also belongs to the tribe Fabeae, and previous 
reports have shown that R. leguminosarum is the most abundant rhizobial 
species in nodules from that plant species (Mutch and Young, 2004; Aoki 
et al., 2010; Andrews and Andrews, 2017). In our study we found that 
the strains NHBL67 and NHBL68 obtained from nodules of L. hirsutus 
and L. sativus, respectively, had similarity with R. shophorae (Table 1), 
albeit the nodC gene of strain NHBL68 clustered with that of 
R. leguminosarum sv. viciae (Fig. 3). These results are coincident with 
those from Vicia plants that R. leguminosarum (sv. viciae) is the pre-
dominant rhizobial partner of the genus Lathyrus. 

To date, knowledge about the genus Trifolium in Egypt has focused 
on the species T. alexandrinum, which has been shown to be nodulated 
by strains of the genus Ensifer (El-Lithy et al., 2014) and by the sv. trifolii 
of R. bangladeshense and R. aegyptiacum (Shamseldin et al., 2016). In this 
study we isolated R. pisi, R. sophorae, R. rosettiformans, and R. pusense 
from nodules of wild-grown T. resupinatum, and found that the nodC 
gene of the strain NHBT64 showed similarity with that of R. pisi sv. 
trifolii. This is not unexpected since R. pisi nodulates T. pratense and 
T. repens (Marek-Kozaczuk et al., 2013). Additionally, E. meliloti and 
R. leguminosarum have also been isolated from nodules of T. resupinatum 

Table 1 (continued ) 

Strain Locality of 
isolation 

Host of 
isolation 

Closest relative 
species on basis 
of 16S rRNA 
gene 

Similarity 
(%) 
according 
to EzBio 
Cloud.net 

NHBT63A Al Maaddiyyah T. resupinatum Curtobacterium 
plantarum CIP 
108988T 

99.85 

NHBT63B Al Maaddiyyah T. resupinatum Flavobacterium 
acidificum LMG 
8364T 

99.54 

NHBT64 Fayoum T. resupinatum Rhizobium pisi 
DSM 30132T 

100 

NHBT65 Western coastal 
region 

T. resupinatum Rhizobium 
pusense 
NRCPB10T 

100 

NHBL67 40 km west 
Rosetta 

L. sativus Rhizobium 
sophorae 
CCBAU 03386T 

99.41 

NHBL68 Zarkon L. hirsutus Rhizobium 
sophorae 
CCBAU 03386T 

99.92 

NHBH81 Abou-Mandour H. areolata Ensifer meliloti 
LMG 6133T 

97.54 

NHBH82 Al Dakhilah H. multisiliquosa Ensifer meliloti 
LMG 6133T 

97.97 

NHBH83 Western coastal 
region 

H. bicontorta Rhizobium 
pusense 
NRCPB10T 

97.97 

NHBA85 Western coastal 
region 

A. spinosus Neorhizobium 
huautlense S02T 

100 

NHBA86 Western coastal 
region 

A. spinosus Neorhizobium 
alkalisoli 
CCBAU 01393T 

99.75 

NHBA87 Western coastal 
region 

A. hamosus Paenibacillus 
kribbensis 
AM49T 

94.27  
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(Zahran et al., 2012). 
Several authors (Zakhia et al., 2004; Zhao et al., 2012; Zheng et al., 

2013; Guerrouj et al., 2013; Gnat et al., 2014; Alami et al., 2019) have 
shown that Ensifer, Rhizobium, Bradyrhizobium, Mesorhizobium and 
Phyllobacterium were identified as microsymbionts in nodules of Astra-
galus. Here, the 16S rRNA gene of the strains NHBA85 and NHBL86 
isolated from A. spinosus showed high similarity with those of 
N. huautlense and N. alkalisoli, respectively, (Table 1), which was the first 
time to evidence the presence of Neorhizobium in nodules from Astragalus 
in Egypt. 

So far, the nodulation of Hippocrepis has been documented in the 
species H. areolata and Ensifer and Rhizobium were identified among the 
isolated strains (Zakhia et al., 2004; Mahdhi et al., 2016). Our results 
lend support to those findings by showing that the strains NHBH81 and 

NHBH82, with high similarity with E. meliloti, were found in nodules 
from H. areolata and H. multisiliquosa, and that the strain NHBH83 with 
similarity to R. pusense was found within the nodules of H. bicontorta 
(Table 1). 

Despite repeated attempts, amplification of the nodC gene of many of 
the strains isolated in this study was not achieved. It is more likely that 
the primers used were not appropriate for their nodC amplification, or 
they are non-nodulating endophytes of the nodules. Although the 16S 
rRNA phylogenetic tree in Fig. 2 shows the affiliation of the NHB strains 
with their closest relative type species, clear identification of the strains 
requires further molecular analysis and specific nodulations tests. 

The presence of bacterial cells other than rhizobia inside the nodules 
making part of their microbiome is well known. This is also the case for 
the nodules of the legumes used in this study as, in addition to rhizobia, 

Fig. 2. Neighbor-joining phylogenetic tree based on partial 16S rRNA sequences of strains from nodules of Lotus, Vicia, Trifolium, Lathyrus, Hippocrepis and Astragalus, 
and phylogenetically related species within members of the Rhizobiaceae family. The isolated strains are marked in bold. Bootstrap values are indicated as per-
centages derived from 1000 replications. Values lower than 70 are not shown. Bar, 1 nucleotide substitution per 100 nucleotides. The tree is rooted on Azorhizobium 
caulinodans ORS571T. 
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they also harbor Paenibacillus in Lotus and Astragalus; Pseudomonas, 
Bacillus, Cronobacter and Ancylobacter in Lotus; Flavobacterium and Cur-
tobacterium in Trifolium, and Achromobacter in Vicia (Table 1). However, 
although many nodule endophytes can express plant growth promoting 
characteristics, the role of non-nodulating bacterial endophytes is not 
yet well known (Martínez-Molina and Hirsch, 2017; Vel�azquez et al., 
2017b). 

Taken together, our results provide information about the diversity 
of rhizobia bacteria associated with wild-grown legumes in Egypt and 
lend support to the idea that rhizobial promiscuity could be an adaption 
strategy to diverse environmental conditions. On the other hand, our 
results enlarge the rhizobial spectrum of Lotus, Vicia, Trifolium, Lathyrus, 
Hippocrepis and Astragalus grown wild in Egypt. These findings would 
permit the selection of efficient inocula for improving the growth of 

Egyptian legume crops grown especially in new reclaimed soils, or for 
revegetation purposes. 
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