
 

Biotechnology and Molecular Biology Review Vol. 2 (2), pp. 049-057, June 2007 
Available online at http://www.academicjournals.org/BMBR 
ISSN 1538-2273 © 2007 Academic Journals 
 
 
 
Mini Review 
 

Non-rhizobial nodulation in legumes 
 

D. Balachandar*, P. Raja, K. Kumar and SP. Sundaram 
 

Department of Agricultural Microbiology, Tamil Nadu Agricultural University, Coimbatore – 641 003, India 
 

Accepted 27 February, 2007 
 

Legume - Rhizobium associations are undoubtedly form the most important N2-fixing symbiosis and 
play a subtle role in contributing nitrogen and maintaining/improving soil fertility.  A great diversity in 
the rhizobial species nodulating legumes has been recognized, which belongs to αααα subgroup of 
proteobacteria covering the genera, Rhizobium, Sinorhizobium (renamed as Ensifer), Mesorhizobium, 
Bradyrhizobium and Azorhizobium. Recently, several non-rhizobial species, belonging to αααα and ββββ 
subgroup of Proteobacteria such as Methylobacterium, Blastobacter, Devosia, Phyllobacterium, Ochro-
bactrum, Agrobacterium, Cupriavidus, Herbaspirillum, Burkholderia and some γγγγ-Proteobacteria have 
been reported to form nodules and fix nitrogen in legume roots. The phylogenetic relationship of these 
non-rhizobial species with the recognized rhizobial species and the diversity of their hosts are 
discussed in this review.  
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INTRODUCTION 
 
Members of the leguminosae form the largest plant family 
on earth with around 19,000 species (Polhill et al., 1981). 
The success of legumes can largely be attributed to their  
ability to form a nitrogen-fixing symbiosis with specific 
bacteria known as rhizobia, manifested by the develop-
ment of nodules on the plant roots in which the bacteria 
fix atmospheric nitrogen, a major contributor to the global 
nitrogen cycle. Symbiosis between legumes and rhizobia 
are of considerable environmental and agricultural impor- 
 
 
 
*Corresponding author. E-mail: dbalu2000@yahoo.com.           

tance since they are responsible for most of the atmos-
pheric nitrogen fixed on land (Graham and Vance, 2003). 
Among the 19,000 species described so far, only a small 
proportion has been studied for their nodulation ability. 
The legume biodiversity is concentrated in tropical reg-
ions, while most studies are on cultivated leguminous 
plants from temperate region (Moulin et al., 2001).                                                                                                                                            

Rhizobia are able to elicit symbiotic association on 
most of the species of leguminosae, forming nodules in 
roots in which they reduce atmospheric nitrogen to am-
monia for the benefit of plant. Nodule formation is con-
trolled  by  extracellular  bacterial signal molecules, called 
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nod factors, which are recognized by the host plant (Lero-
uge et al., 1990; Schultze and Kondorosi, 1998). The 
rhizobial species described so far are very diverse and do 
not form an evolutionary homologous clade. They are ∝ 
subgroup Proteobacteria, belonging to three distinct bran-
ches which are phylogenetically intervened with many 
non-symbiotic bacteria (Young and Haukka, 1996; Zakhia 
and deLajudie, 2001). The first large branch groups the 
genera Rhizobium, Sinorhizobium, (renamed as Ensifer), 
Mesorhizobium with Agrobacterium, a pathogenic bacte-
rium of plant. The second branch contains the genus 
Bradyrhizobium and the third branch includes the genus 
Azorhizobium.  Each rhizobial species has a defined host 
range, varying from very narrow to very broad. Apart from 
rhizobia, very close relatives of rhizobia such as mem-
bers of ∝ subgroup of proteobacteria and few �-Proteo-
bacteria are also recognized to form nodules in legumes, 
which are the focus of this review.   
 
 
Non-rhizobial nodulations 
 
In the past five years, several symbionts capable of 
forming nodules and fixing nitrogen in legume roots have 
been documented and grouped under ∝ and � subclass 
of Proteobacteria, which include Methylobacterium nodu-
lans (Sy et al., 2001), Blastobacter denitrificans (Van 
Berkum and Eardly, 2002), Devosia sp.(Rivas et al., 
2002), Ochrobactrum lupini (Trujilo et al., 2005), Agrobac-
terium like strains (Mhamdi et al., 2005), Phyllobacterium 
trifolii (Valverde et al., 2005) , Herbaspirillum lustianum 
(Valverde et al., 2003), Ralstonia taiwanensis (renamed 
as Cupriavidus taiwanensis) (Chen et al., 2001), Burkhol-
deria tuberum, Burkholderia phymatum (Vandamme et 
al., 2002), Burkholderia cepacia (Rasolomampianina et 
al., 2005) and few �-proteobacteria (Benhizia et al., 
2004). The legume host preferred by these non-rhizobial 
proteobacteria possesses high diversity.   
 
 
∝∝∝∝ Proteobacteria 
 
Methylobacterium  
 
The genus Methylobacterium includes a variety of pink 
pigmented facultative methylotrophic bacteria (PPFMs) 
that are able to grow on C1 compounds such as formate, 
formaldehyde and methanol as sole carbon source, as 
well as on wide range of multi-carbon growth substances 
(Green, 1992). Methylobacterium belongs to ∝-Proteo-
bacteria, comes under order Rhizobiales and family 
Methylobacteriaceae. Recently, Sy et al. (2001) reported 
M. nodulans, a facultative methylotrophic species forming 
nodules in the legume, Crotalaria spp., the only species 
of that genus able to form nodules and also fix nitrogen.  
It was also confirmed that this species harbors the 
nodulating genes, nodABC and genes encoding struc-
tural nitrogenase enzyme by PCR amplification (Sy et al., 
2001;  Jourand  et  al., 2004).  Phylogenic  analysis of M.  

 
 
 
 
nodulans shows it is closer relationship to other species 
of Methylobacterium (Sy et al., 2001), whereas, the 
phylogenic tree based on nifH gene shows that it is more 
related to Gluconacetobacter diazotrophicus, a sugar-
cane endophyte of ∝-Proteobacteria (Figure 1).  M. nodu-
lans type strain ORS2060 is able to form nitrogen fixing 
nodules in Crotalaria glaucoides, Crotalaria perrottetii and 
Crotalaria podocarpa. Similarly, another legume, Lotonois 
bainesii was also reported to be a host for nodulation and 
nitrogen fixation by pink pigmented Methylobacterium 
(Jaftha et al., 2002). Raja et al. (2006) isolated nodulating 
and non-nodulating Methylobacterium sp. from legumes 
with high nitrogenase activity. Similarly, Mathaiyan et al. 
(2006) isolated several nodulating Methylobacterium from 
tropical legumes such as field beans, cowpea, black 
gram, soybean, Sesbania with high nitrogenase activity. 
These isolates are able to form effective nodules in 
Crotolaria juncea. Their nif and nod gene diversity and 
mode of infection are to be examined. 
 
 
Blastobacter 
 

Blastobacter spp. is commonly aquatic (especially fresh-
water) budding bacteria that form rosette structures by 
cellular attachment to a common base. They belong to ∝-
Proteobacteria, order Rhizobiales and family Brady-rhizo-
biaceae. The flood tolerant leguminous plant, Aschy-
nomene indica is most frequently nodulated by Bradyrhi-
zobium japonicum and Bradyrhizobium elkanii (Van 
Berkum et al., 1995). Van Berkem and Eardly (2002) 
isolated B. denitrificans capable of forming an effective 
nitrogen fixing symbiosis with A. indica.  They are able to 
form effective nodules in the roots of A. indica and reduce 
the atmospheric nitrogen (11.5 µM of C2H4 produced per 
plant as ARA) (Table 1), which was again confirmed by 
presence of nifHDK genes by southern hybridization. The 
predicted results revealed that B. denitrificans could well 
be a symbiotic bacterium of A. indica, which has very 
close phylogenetic relation with Bradyrhizobium spp (Fig-
ure 2). Further confirmation of presence of nif gene diver-
sity of this species is essential to reclassify this bacterium 
as Blastobacter or renaming the genera as Brady-
rhizobium.   
 
 
Devosia  
 

The α-Proteobacterium, Devosia, currently includes a 
known species Devosia riboflavina, isolated from soil. 
This species is Gram-negative, aerobic, non-sporulated 
motile rod that contains long-chain 3-hydroxy fatty acids.  
Recently, isolates from nodules of aquatic legume Neptu-
nia natans from India were reported to be phylogene-
tically very close to D. riboflavina (95.9 % similarity), but 
not the same species (Rivas et al., 2002). 

Devosia is in the family Hyphomicrobiaceae within the 
order Rhizobiales of α-Proteobacteria. The other rhizobia 
of this family, Azorhizobium caulinodans does not show
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Figure 1. Phylogenetic tree based on a 368 bp fragment of nifH gene showing relationship of non-rhizobial 
nodulating proteobacteria with other nitrogen fixing bacteria.  nifH sequences (accession number in 
parentheses) obtained from GenBank were used for phylogenetic tree construction.  Phylogenetic tree was 
constructed by neighbor-joining method using DNADIST, SEQBOOT, NEIGHBOR and CONSENSE from  
PHYLIP v3.5c and the tree file was analysed using tree view. Bootstraps values of 500 or more (from 1000 
replicates) are indicated at the nodes.  The nifH of non-rhizobial proteobacteria are highlighted by bold letters. 

 
 
 

Table 1. Nodulation and nitrogen fixation of non-rhizobial Proteobacteria in their respective legume roots. 
 

Proteobacteria No. of nodule /plant Nitrogenase activitya Reference 
Blastobacter denitrificans (LMG8443T) NR 11.5 Vab Berkum and Eardly (2002) 
Burkholderia sp. (Br3454T) 19.0 2.91 Chen et al. (2005) 
Ochrobactrum lupini (LUP21T) 7.0 NR Trujillo et al. (2005) 

 

  a Acetylene reduction assay in nmol of ethylene produced /h/plant,  NR – Not reported 
 
 
 
close relatedness, as far as 16S rDNA phylogeny is 
concerned. But, nodD gene of Devosia spp. nodulating N. 
natans is closely related to Rhizobium leguminosarum 
(Figure 3a). The presence of nod and nif genes were 
detected in Devosia isolates by PCR amplification, which 
are located in 170 kbp sized plasmids (known as sym 
plasmids) as that of most of the fast growing rhizobia. 
The species nodulating N. natans was named as Devosia 
neptuniae (Rivas et al., 2003). 

Phyllobacterium  
 
Phyllobacterium sp. is a soil inhabitating proteobacteria; 
belong to the family Phyllobacteriaceae of order Rhizo-
biales, having recognized species, Phyllobacterium myr-
sinacearum (Mergaert et al., 2002). Phyllobacterium spe-
cies was originally proposed to accommodate bacteria 
isolated from leaf nodules of Rubiaceae and Myrsinaceae 
tropical plants (Knosel et al., 1984). 
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Figure 2. Phylogenetic relationship of rhizobia and other nodulating Proteobacteria based on 16S rRNA gene sequence 
comparisons. The sequence of type strain of representative rhizobial species  and non-rhizobial species obtained from 
GenBank were used for phylogenetic tree construction.   Sequence accession number of 16S rRNA of type strains are 
given in parentheses.  Phylogenetic tree was constructed by neighbor-joining method using DNADIST, SEQBOOT, 
NEIGHBOR and  CONSENSE from PHYLIP v3.5c and the tree file was analysed using tree view. Bootstraps values  of 
500 or more (from 1000 replicates) are indicated at the nodes. 

 
 
 

Recently, another species of Phyllobacterium, P. trifolii 
was isolated from nodules of Trifolium pratense growing 
in Spanish soil (Valverde et al., 2005). Plant infection 
experiments with this species (Strain pETPO2T) revealed 
that it forms effective nodules in the roots of Trifolium 
repans and Lupinus albus. The 16S ribosomal gene seq-
uence comparative analysis revealed more closeness 
towards P. myrsinacearum (98 % similarity) and the 
closest rhizobia, Mesorhizobium spp (Figure 2). The 
species, P. trifolii differs with P. myrsinacearum both in 
cultural characters as well as the fatty acid methyl ester 
(FAME) profile. The sequence of nodD gene is more 
similar to other non-rhizobial nodule forming β-Proteobac-
terium, Ochrobactrum, (94.9 % similarity) which forms 

nodules in Lupinus than rhizobial species (Figure 3a). 
The plasmid profile revealed that P. trifolii harbors 
symbiotic plasmids in which nodulating and nitrogen 
fixing genes are located. 
 
 
Ochrobactrum  
 
Ochrobactrum, a α2 subgroup of Proteobacteria belon-
ging to the family Brucellaceae and order Rhizobiales, 
was first described by Holmes et al. (1988) with a single 
species, Ochrobactrum anthropi. Later four different spe-
cies were recognized from different ecological origins, 
clinical sources, soil, wheat rhizosphere and chicken 
faeces.
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 (a) 
 

                                                              (b) 
                                                             
 

Figure 3. Comparative sequence analysis of nodD (a) and nodA (b) genes from non-
rhizobial Proteobacteria and rhizobia.  Sequence data obtained from GenBank were 
used for phylogenetic tree construction by neighbor-joining method using DNADIST, 
SEQBOOT, NEIGHBOR and CONSENSE from PHYLIP v3.5c and the tree file was 
analysed using tree view. Bootstraps values of 500 or more (from 1000 replicates) are 
indicated at the nodes. The non-rhizobial proteobacteria are highlighted by bold letters 
and sequence accession numbers are in parentheses. 
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Recently Ngom et al. (2004) isolated Ochrobactrum 
strain from root nodules of Acacia mangium. Trujilo et al. 
(2005) isolated a novel nodulating species, O. lupini from 
Lupinus honoratum. The 16S rRNA phylogeny showed 
that the strains of O. lupini do not belong to the rhizobial 
genera described until now.  The nodulating species, O. 
lupini strain LUP23T is more closely related to other 
species of Ochrobactrum, namely O. anthropi, O. tritici 
etc. O. lupini strain LUP21 and LUP23 harbor the mega 
plasmids of size 1500, 200 and 150 kbp. The nodulating 
and nitrogen fixing genes (nod and nif genes) were 
detected in all the sym plasmids using nifH and nodD 
probes. The isolate is able to form nitrogen fixing nodules 
in L. albus and this is the only species of Brucellaceae 
capable of nodule formation in legume, Lupinus.  
 
 
Agrobacterium  
 
Bacteria related to Agrobacterium were also identified 
among the root nodules of several tropical leguminous 
plants including Acacia, Prosophis and Chamaecrista 
from Africa (De Lajudie et al., 1999). Similarly, a signi-
ficant portion of bacterial isolates of Phaseolus vulgaris 
grown in Tunisian soils has 16S rRNA genes similar to 
those of Agrobacterium tumifaciens and Agrobacterium 
rubi (Mhamdi et al., 2002). No symbiotic and nitrogen 
fixing genes were detected by PCR amplification of nifH 
and nodC genes and hybridization of total genomic DNA 
with nitrogen fixing gene probes. Mhamdi et al. (2002) 
confirmed that these Agrobacterium like strains entered 
the nodules by mixed infection with a rhizobial cell capa-
ble of nodule induction resulting mixed population within 
the nodule. When Agrobacterium cells mixed with rhizo-
bia, (R. gallicum), it was able to occupy about 10-15 % of 
the total nodules in P. vulgaris, indicating that agrobac-
teria are likely to be confused as one of the non-rhizobial 
nodulations in legumes, while isolated from such broad 
hosts.  
 
 
ββββ Proteobacteria 
 
Cupriavidus 
 
Cupriavidus is a β-Proteobacteria, belonging to family 
Burkholderiaceae of order Burkholderiales. Several spe-
cies of this genus were isolated from soil and human 
clinical specimens (Vandamme and Coeyne, 2004). 
Recently, C. taiwanensis (originally reported as Ralstonia 
taiwanensis or Wautersia taiwanensis) was isolated from 
nodules of Mimosa pudica and Mimosa diplotricha (Chen 
et al., 2001). Among many species of Cupriavidus, C. 
taiwanensis was the only species able to form root nodu-
les in legumes. Phylogenetically, C. taiwanensis is dis-
tinct to all the rhizobial species (Figure 2) and are very 
close to other species of Cupriavidus. This species forms 
effective nodules in M. pudica and M. diplotricha and 
fixes atmospheric nitrogen. Further, two sym plasmids  

 
 
 
 
with approximate size of 3.5 and 2.4 Mb were identified in 
C. taiwanensis, in which nod and nif genes are presented 
(Chen et al., 2003).   
 
 
Herbaspirillum  
 
Herbaspirillum, a nitrogen fixing soil bacterium able to 
establish close associations with plants especially the 
grass plants, through epiphytic colonization in rhizo-
planes and endophytic colonization in roots (Oliveres et 
al., 1997). It belongs to β-Proteobacteria, coming under 
the family Burkholderiaceae of order Burkholderiales. 
Recently a new species, H. lustitanum was isolated from 
root nodules of P. vulgaris from Portugal soils (Valverde 
et al., 2003). Complete 16S rDNA sequence based phy-
logenetic analysis of the isolate revealed that H. lusita-
num is closely related to Herbaspirillum seropedicae and 
Herbaspirillum rubrisubalbicans. Further, this nodulating 
species is differentiated from other species by ARDRA 
(Amplified ribosomal DNA restriction analysis) and TP-
RAPD (Two primer randomly amplified polymorphic DNA) 
patterns (Valverde et al., 2003). The presence of sym 
plasmids and host specificity of nodulation are to be 
evaluated for further establishment. 
 
 
Burkholderia 
 

Burkholderia, a β subclass Proteobacteria belonging to 
family Burkholderiaceae of order Burkholderiales, is a 
common soil habitant bacterium, often associated with 
plant roots.  Few endophytic species were also recorded 
in maize. Moulin et al. (2001) isolated Burkholderia sp. 
from nodules of South African legume, Aspalathus 
carnosa. The 16S ribosomal DNA sequence homology 
revealed that it is very close to the species Burkholderia 
kururiensis (96.9 % identity).  The isolate is able to form 
nodules in the roots of Macroptilium atropurpureum, a 
tropical legume, capable of establishing diverse rhizobial 
symbiosis. Further, the presence of nodABC through 
PCR confirmed that it is capable of producing nod factors 
to initiate the nodulation. Similarly, nodulating and nitro-
gen fixing Burkholderia species, namely Burkholderia 
caribensis, B. phymatum and B. tuberum were isolated 
from Mimosa bimucronata and Mimosa pigra (Vandamme 
et al., 2002; Chen et al., 2003; Chen et al., 2005). All 
these isolates are able to form effective nodules in M. 
pudica, Mimosa diplotricha, M. pigra and Mimosa acutis-
hpula with nitrogenase activity (Table 1). Sequence 
similarity analysis of nodA showed that B. phymatum is 
closer to other non-rhizobial nodulating bacterium, Cup-
riavidus taiwanensis, whereas B. tuberum is close to 
nodA of Methylobacterium nodulans (Figure 3b). 
 
 
γγγγ-Proteobacteria 
 
Benhizia et al. (2004) examined the nodules of three 
Mediterranean wild legume species, Hedysarum carno-
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Table 2.  The α- and β-Proteobacteria, nodulating legumes and their taxonomical position. 
 

Taxonomical position Non-rhizobial species Host legume Phylogenetic group 
Family Order 

Reference 

Methylobacterium nodulans Crotalaria glaucoides α-Proteobacteria methylobacteriaceae Rhizobiales Sy et al. (2001) 
Blastobacter denitrificans Aschynomene indica α-Proteobacteria Bradyrhizobiaceae Rhizobiales Van Berkum and Eardly(2004) 
Devosia  neptuniae Neptunia  natans α-Proteobacteria Hyphomicrobiaceae Rhizobiales Rivas et al. (2002) 
Phyllobacterium trifolii  Trifolium  repans α-Proteobacteria Phyllobacteriaceae Rhizobiales Valverde et al. (2005) 
Ochrobactrum lupini Lupinus  albus α-Proteobacteria Brucellaceae Rhizobiales Trujilo et al. (2005) 
Agrobacterium  like strains Phaseolus vulgaris α-Proteobacteria Rhizobiaceae Rhizobiales Mhamdi et al. (2005) 
Burkholderia tuberum, 
 B. phymatum 

Mimosa β-Proteobacteria Burkholderiaceae Burkholderiales Vandamme et al. (2002) 

Cupriavidus taiwanensis  Mimosa β-Proteobacteria Burkholderiaceae Burkholderiales Chen et al. (2001) 
Herbaspirillum lusitanum Phaseolus vulgaris β-Proteobacteria Burkholderiaceae Burkholderiales Valverde et al. (2003) 
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sum, Hedysarum spinosissimum subsp. capitatum and 
Hedysarum pallidum and identified very high diversity 
among the microsymbionts nodulating these wild legu-
mes. ARDRA profiles and RAPD fingerprinting analysis of 
these microsymbionts revealed that nodules of these wild 
legumes are not formed due to single species of rhizobia 
and surprisingly include many gamma Proteobacteria 
viz., Enterobacter kobei, Enterobacte cloaceae, Leclercia 
adecarboxylata, Pantoea agglomerans, Escherichia vul-
neris and Pseudomonas sp. No evidence of any rhizobial 
like sequence was found even upon amplifying from bulk 
of microbial cells obtained from squashed nodules, sug-
gesting that exclusive occupants are members of the 
order Enterobacteriales or Pseudomonadales, which are 
belonging to gamma Proteobacteria (Bennizia et al., 
2004). This is the first report of gamma Proteobacteria 
associated with legume nodules. Presence of nifH, nodA, 
nodD genes and their divergence in these γ-Proteo-
bacteria need to be examined to include these bacteria 
as rhizobia.  
 
 
Conclusion 
 
Rhizobia are wide spread soil bacteria able to induce the 
formation of root nodules and to fix nitrogen on cultivated 
and wild legumes. These rhizobia are of economic impor-
tance in low input sustainable agriculture, agroforestry 
and land reclamation. Currently there are five genera of 
rhizobia in α-Proteobacteria recognized as Azorhizobium, 
Bradyrhizobium, Rhizobium, Meso-rhizobium and Ensifer 

(Zakhia and deLajudie, 2001). Besides these genera, 
several α- and β-Proteobacteria and several unclassified 
γ-Proteobacteria were recently isolated from nodules of 
diversified legume plants as summarized in Table 2. Sev-
eral reports as summarized in this review are available 
about the occurrence of new species of Proteobacteria 
with the ability to nodulate specific host legumes. Most of 
these Proteobacteria nodulating legumes are charac-
terized based on the genotypic, phenotypic and chemo-
taxonomic data and designated as new species. The nifH 
and nodD or nodA gene sequence divergence was also 
reported for few of these isolates. These approaches 
demonstrate the need for more mole-cular studies on: 
 
i. Interaction between these Proteobacteria with their 

legume host, in terms of signal exchange.  
ii. Diversity of flavonoids and nod factors which 

regulate the nodulation process.  
iii. Mode of entry and infection process of these 

Proteobacteria in legumes.  
iv. Interrelation between these Proteobacteria and with 

rhi-zobia in terms of nif and nod genes.  
v. Source of nif and nod genes made these bacteria 

to form nodules (Perret et al., 2000). 
 

These studies are to be addressed for better under-
standing the “origin of nodules” and for enhancing the no- 

 
 
 
 
dulation and nitrogen fixing efficiency of these new group 
of Proteobacteria.   

Nitrogen fixation, which is wide spread in Eubacteria 
and Archaea, is thought to be an ancestral function now 
lost by many bacteria. Conversely, nodulation is thought 
to have appeared in evolution, at the same time as the 
appearance of legumes on earth, about 70 -130 million 
years ago. At this period of history, α- and β-Proteobac-
teria and different rhizobial linkages already had diver-
ged. The genes required for legume nodulation are thou-
ght to have been acquired subsequently by lateral trans-
fer from undefined sources, thus converting soil sapro-
phytes into symbionts (Hirsch et al., 2001). This hypothe-
sis has been confirmed by many recent works (Sullivan 
and Ronson, 1998) and presence of very similar and 
phylogenetically related nodABC genes in nodulating α- 
and β-Proteobacteria strongly supports the hypothesis of 
a unique origin of nod genes. However, it is not clear 
whether a single transfer event was responsible for the 
spread of nodulation genes from one subclass to the 
other.   

The wide spread character of nodulation by many 
Proteobacteria, dominated by rhizobia is also attested by 
very high diversity of legumes. Since many legumes and 
environments remain to be explored, it is likely that 
further characterization of rhizobia from new legumes will 
reveal an even greater diversity.   
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