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Plants and animals do not have an easy time of obtaining all the nitrogen they need for their growth however it accounts for about eighty 
percent of the Earth's atmosphere. Therefore, naturally biological nitrogen fixation (BNF) providing two-thirds of the nitrogen needs of 
the biosphere is their priority option and it has been demonstrated that using a range of techniques the symbioses between the host and 
microbe is established in a variety of ways naturally. This mechanism includes rhizobial, associative and endophytic symbiosis, Franki-plant 
symbiosis, free living symbiosis, cyanobacterial symbiosis. These associations are being commonly created through the signal interchange 
of microbes for common beneficiary between the host and the micro organisms and it results the economic yield increment of  25% up to 
115%. Additionally the soil fertility is being rehabilitated and favors the next round cereal crop production. This confirms the utilization of 
biological products will ensures the sustainable productivity of the site so as will contribute to safeguard the soil ecosystem
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Introduction
However nitrogen gas (N2) accounts for about eighty percent of the 
Earth's atmosphere, due to very stable chemical nature of nitrogen 
molecule plants and animals do not have an easy time of obtaining all 
the nitrogen they need for growth and it is unusable by most biological 
organisms. It has been estimated that industrially fixed nitrogen 
supports at least 1/3 of the human population at present. However, 
biological nitrogen fixation (BNF) provides perhaps two-thirds of the 
nitrogen needs of the biosphere much of it occurring naturally. 
All organisms that are able to fix N2 share two properties in common. 
One, of course, is the ability to carry out this important and difficult 
reaction. The second is that all such organisms are prokaryotes 
(Eubacteria, Archaea, and actinomycetes) (Giller, 2001). No eukaryote 
has been clearly established to fix N2. Although crop rotations had 
been employed for many centuries in agricultural practice. Some of 
these bacteria are widespread in soils, where they feed on dead organic 
materials. Other N2-fixmg bacteria are found growing in association 
with the roots of higher plants. Bacteria found in the association of 
the host supply fixed nitrogen where as the plant becomes the energy 
source for the growth of bacteria. In this relationship both the plant 
and the bacteria will be benefited and it is known as a symbiosis (Fisher 
and Newton, 2002). 
It has been clearly demonstrated using a range of techniques that 
the symbioses between legumes/rhizobia, actinorhizal plants/
Frankia, Azolla/Anabaena and Gunnera/Nostoc all involve a significant 
net transfer of N from the microsymbionts to the host in return for 
photo synthetically derived carbon substrates (Sprent and Sprent, 
1990; Mylona et al., 1995). James and Olivares (1997) concluded 
that there was, as yet, no real evidence to support the suggestion 
that associations between N2-fixing rhizosphere bacteria (endo or 
epiphytic) and Gramineae are also symbiotic. Indeed, if associative/
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endophytic ``symbioses'' exist they must be quite different from most 
previously described plant/diazotroph symbioses where symbiotic 
``organs'' have evolved to house large concentrations of heterotrophic 
bacteria, or as with Azolla, specialized leaf cavities (James E.K., 2000).
In reference with the tangible fact in the above phrases symbiosis have 
a crucial role in ensuring better nitrogen in the rhizosphere. Therefore, 
the main objective of this manuscript is to highlight the key findings of 
different works over the last centuries. 

Symbiotic associations
The most agriculturally important symbiotic relationship involves 
rhizobial bacteria with leguminous plants. Among prokaryotic 
organisms, some achieve nitrogen fixation on their own, whereas 
others must establish a symbiotic relationship with a eukaryotic 
system to support fixation. The range of separate microbes that can 
fix nitrogen is now recognised to involve hundreds of species, covering 
most of the different biotrophic energy systems from photosynthetic 
energy bacteria such as Rhodospirillum rubrum, anaerobic bacteria 
(Clostridium spp.) micro-aerophilic (Azospirillum, Herbaspirillum, 
Acetobacter, Azorhizobium, Azoarcus, Burkholderia, and aerobic 
bacteria (Azotobacter, Beijerinckia spp., Derxia). Most nitrogen 
fixers are bacteria, including cyanobacteria (blue green algae) and 
actinomycetes (Frankia). 
A symbiotic relationship is usually a highly specific process between 
fine plant host and the bacteria (Dnari J. et al., 1992 ). Other N2-
fixing, symbiotic relationships include those with lichens, bryophytes 
(mosses and liverworts), pteridophytes (ferns), cycads, and other non 
leguminous angiosperms (Fisher and Newton, 2002).
Symbiotic nitrogen fixation was initially documented by the 
experiments of Hellriegel and Willfarth in 1888 (Fred et al., 1932) and the 
soybean root-nodule organism, Bradyrhizobium japonicum, was first 
isolated 7 years later. These scientific discoveries in Europe coincided 
with yet another introduction of several root nodule microorganisms 
for many of leguminous crops particularly Phaseolus sp. and Vigna 
sp., Cicer arietinum, Arachis hypogaea, Cajanus cajan and other 
agricultural major crops. This time, agricultural scientists deliberately 
brought the study onboard into different countries to investigate 
its agronomic potential ensure sustainable crop productivity highly 
integrated with other research works to assure the success of the 
endeavor. Therefore, symbiotic strain development, evaluation and 
Inoculation came into common practice during the early part of the 
twentieth century and, becomes better option on its eco friend, easy 
to handle and economically feasible for leguminous crop production 
in the globe. The capacity of leguminous species to fix nitrogen is 
also regarded as an important feature of their establishment on 
nutrient deficient soils (Moreira et al., 1992) and has, therefore, been 
exploited for better legume production and land reclamation of waste 
substrates like iron and gold mining among other substrates devoid of 
nutrients (Franco and de Faria, 1997).
For many years, the symbiotic nitrogen fixation trials on different 
legume crops were undertaken in Ethiopia using exotic and native 
nitrogen fixing symbiotic rhizobial inoculants were evaluated for 
different legumes in different part of the country. From these Yifru et 
al., 2019 and Temesgen, 2017 reported 64% and 46% shoot dry weight 
increment respectively as compared to control plants. Additionally it 
has been reported that the economic yield were significant ly increased 
by 115%, 53% and 25.5% by the report of Yifru et al., 2019; Temesgen, 
2017 and  Fitsum M. et al.,, 2016. These studies also confirmed the 
significant effect of utilizing symbiotic rhizobial inoculants on the 
plant base and soil physicochemical parameters with a two- four fold 
increment in nodulation and plant height. This also contributes for 
more than 60% increase in nitrogen content. Additionally invitro study 

by Wubayehu et al., 2018 stated that those nitrogen fixing rhizobial 
isolates giving the superior shoot dry mater with highly effective 
symbiotic effectiveness also capable of utilizing majority of C and N 
sources efficiently. Therefore, without considering the economic 
advantage of symbiotic nitrogen fixing rhizobial inoculants utilization 
as compared to inorganic fertilization with urea the soil fertility were 
rehabilitated and favors the next round cereal crop production. 
This confirms the utilization of biological products will ensures the 
sustainable productivity of the site so as will contribute to safeguard 
the soil ecosystem.
Symbiotic Rhizobial strains
Rhizobia (the fast-growing Rhizobium spp. and the slow-growing 
Bradyrhizobium spp.) or root nodule bacteria are medium-sized, rod-
shaped cells, 0.5-0.9 µm in width and 1.2-3.0 µm in length. Taxonomically 
they are gram negative, rod shaped soil bacteria that are capable to 
fixing atmospheric nitrogen in the root nodule of leguminous plants 
(Jordan, 1984). They can live either in the soil as free living or as 
symbionts within the root nodules of host legumes (Vincent, 1970).
Free living bacteria can fix about 30% of biological nitrogen fixation 
(BNF) and they have different shape from the bacteria living in the 
root nodule (Willems, 2006 ).
The development of molecular techniques accelerated the systematic 
evolution and led to the identification of many new rhizobial genera. 
Based on the sequence of the 16Sribosomal RNA( rRNA) gene rhizobia 
could be grouped into the a,b and g  subdivision of the Proteobacteria 
(Young and Haukka, 1996) Recently rhizobial systematic consisting 
of 13 genera.10-belonging to α- Proteobacteria: ,Allorhizobium, 
Bradyrhizobium, Azorhizobium, Devosia, Mesorhizobium, 
Methylobacterium, Ocrobacterium, Phyllobacterium, Rhizobium ,and 
Ensifer ( Ochman et al., 2005). Burkholderia, Ralstonia, and Cupriavidus 
in the β-Proteobacteria (Willems, 2006 ).
The genus Rhizobium comprises a group of fast growers which includes 
17–species , R. Cellulosilyticum, R. daejeonense , R. etli , R. galegae, R. 
gallicum , R. giardinii , R. hainanense, R. huautl ense , R. indigoferae, 
R. leguminosarum, R. loessense1 , R. lusitanum , R. mongolense 
, R. sullae , R. tropici , R. undicola, R. yanglingense (Yadav,2007). 
Each of these species is associated with a group of host plants and 
is distinguished from the other species mainly on the basis of DNA-
relatedness values,16s rRNA homology values, and some phenotypic 
characteristics cross-inoculation pattern (Chen et al.,1995).
Associative and endophytic symbioses
It is unfortunate that the nodule –based symbiotic relationship does 
not extend the most important food crops such as corn, wheat, rice, 
and root and tuber crops, none of which have N2-fixing partners and 
producers are obliged for extensive nitrogen fertilizer utilization. 
However, other less formal associations, called associative symbioses, 
are common among certain grasses and bacteria (Fisher and Newton, 
2002).The tropical grasses, Paspalum and Digitaria, associate with the 
bacteria, Azotobaeter paspali and Azospirillum brasilense, respectively 
(Dobereiner J., 1972).
The well known diazotrophs include bacteria belonging to the genera 
Azotobacter, Azospirillum,
Azoarcus, Herbaspirillum, Acetobacter, Burkholderia, Klebsiella, 
Pseudomonas, Enterobacter and Rhizobium. They are able to exert 
positive effects on plants by producing and secreting plant growth 
regulators (PGRs) such as auxins, gibberellins and cytokinins and/or by 
supplying biologically fixed-nitrogen. Consequently, germination, root 
development, mineral nutrition and water utilization are improved. 
However, due to the complexity of the rhizosphere environment 
and the infinite possibilities of plant-soil-microbial interactions, the 
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mechanisms of action suggested have not been fully elucidated. 
Nevertheless, substantial advances have been made (Okon et al. 
1998).
In fact how much the plants benefit from these associations is unclear, 
a more formal association of both Acetobacter diazotrophicus and 
Herbaspirillum spp. With sugar cane (Doberemer J. et al., 1993) 
completely satisfies the fixed-nitrogen requirement for the plant's 
growth. Similarly, the association of Azoarcus spp. with Kallar grass 
and possibly with rice (B. Reinhold-Hurek and T. Hurek, 1993 also 
indicates a significant agronomic and economic potential.
It has been reported that through the indigenous (autochthonous) 
free-living and associative BNF systems diverse free-living N2-fixing 
microorganisms (cyanobacteria and photosynthetic bacteria) and 
associative hetrotrophs such as Azospirillum spp., Azorhizobium 
caulinodans, Klebsiella spp., Pseudomonas diazotrophicus and 
Enterobacter spp. form loose associations with the plant surface 
(James E. K. et al., 2000). Soil and plant N balance studies (the sum of 
all gains and losses) in the greenhouse revealed significant differences 
in the ability of rice cultivars to support a positive N balance (App A., 
1986). Nitrogen gains of up to 70 kg N ha-1 crop -1were recorded on 
rice. 
The nitrogen fixation by free-living diazotrophs occurs outside the 
plant, and hence it is not instantly available to the plant, and may 
be subjected to losses.  During the association this diazotrophs or 
endophytes with the host, the plant growth is stimulated through the 
mechanisms other than BNF, e.g., via phytohormone production or by 
increasing root growth, although there is some direct evidence that 
they can fix N2 in association with their hosts. 
Frankia–Plant Symbioses: N2 fixing Actinomycetes
The second group of bacteria that is known to form N2-fixing 
symbioses with higher plants is the genus Frankia however; they are 
taxonomically very different from all rhizobial strains. For a start, 
while all genera of rhizobia are Gram-negative bacteria, Frankia is a 
Gram-positive genus. Also  rhizobia are all motile unicellular bacteria, 
Frankia strains are filamentous bacteria of the order Actinomycetes 
(Giller 2001). Frankia strains can form nodules on host plants from 
at least eight families of angiosperms. Almost all of the host plants 
are perennial woody dicots (shrubs and trees) and most actinorhizal 
plants are temperate species such as Alder (Alnus spp.) and various 
members of the Myricaceae. The main tropical actinorhizal host plants 
come from the family Casuarinaceae – primarily members of the two 
genera Casuarina and Allocasuarina.
As with rhizobia, there are two main pathways of infection of 
actinorhizal root nodules: via root hairs or by direct intercellular 
penetration and this appears to be host controlled. The more 
surprising difficulties hindering these attempts has been the fact that 
strains isolated from the nodules of a given species often do not even 
re infect that species (Hahn et al., 1989a; Mirza et al., 1991).. While such 
observations may initially seem to cast doubt on the identification of 
an isolate as a Frankia strain, suggesting that they could be Frankia-
like contaminants, there are other possible explanations. For example, 
infection by a Frankia strain may require the action of some helper 
microorganism such as a fungal or bacterial species that is present in 
soil but not in axenic culture where the test is carried out.

Free-Living N2-Fixing Bacterial symbiosis
() Most N2-fixing microbes, however, are not associated with 
either plants or animals. They live free in the soil and fix N2 for their 
own benefit. Of these free-living bacteria, only the cyanobacteria 
are agriculturally important. The most extensively studied free-

living bacterial species are Azotobacter vinelandii (an obligate 
aerobe), Klebsiella pneumoniae (facultative anaerobe), Closoqdium 
pasteurianum (an obligate anaerobe), Rhodobacter capsulatus (a 
photosynthetic bacterium) and various Anabaena and Nostoc species 
(heterocyst-forming cyanobacteria). The N2 fixed by these organisms 
only becomes generally available to the surrounding ecosystem when 
the bacteria die.
In recent years attention has focused on a group of bacteria that are 
clearly endophytic and are also capable of N2-fixation. These are Gram-
negative bacteria of the genera Acetobacter, Azoarcus, Azospirillum 
and Herbaspirillum. Although the contribution of such bacteria to the 
nitrogen economy of the host plants remains to be proved, a number 
of scientists consider the contribution to be substantial, particularly in 
the case of endosymbiotic bacteria of sugarcane (e.g. Boddey, 1995; 
Dobereiner et al., 1995). Some literatures categorized endophytes 
under this group of bacterias. The term endophyte is, ‘bacteria found 
within tissues internal to the epidermis’ (Kloepper et al., 1992). This 
definition takes no account of whether such bacteria are beneficial to 
the host plant, of neutral effect or pathogenic. 
Azolla-Cyanobacterial symbiosis
The second most economically important group is the cyanobacteria 
(blue green algae), which are found both as free-living species and 
in associations with a variety of plants, most notably the aquatic 
fern Azolla. Cyanobacteria are Gram-negative eubacteria with the 
distinguishing characteristic of carrying out oxygenic photosynthesis; 
that is, they possess not only photosystem I, like all photosynthetic 
organisms, but also photosystem II, which is otherwise found
only in eukaryotic chloroplasts. The ability to carry out N2-fixation 
in anaerobic conditions was analysed and is reported for all strains 
described by Rippka et al. (1979). N2-fixing species are found among 
members of all five taxonomic sections of the cyanobacteria. This 
widespread distribution of N2-fixation ability is initially surprising 
because cyanobacteria carry out oxygenic photosynthesis. This 
symbiotic association is deliberately introduced into rice paddy fields 
in China and Vietnam and contributes significant amounts of fixed 
N to rice crops. While cyanobacteria form associations with many 
other organisms, ranging from fungi (constituting lichens) to the 
Angiosperm genus Gunnera, no other cyanobacterial symbioses are 
of such direct importance in tropical cropping systems (Giller, 2001).
Azolla in symbiosis with the cvanobacterium Anabaena azollae, under 
optimum conditions, can fix substantial amounts of N2 through BNF, 
and release as much as 70% of the fixed N to the crop upon incorporatio. 
Using the 15N method, Yoneyama et al., 1999b estimated that 59-99% 
of Azolla N is derived from the atmosphere. 
The Azolla cyanobacterial symbiont is still formally referred to as 
an Anabaena species, Anabaena azollae. However, there is now 
considerable evidence supporting the contention that the Azolla 
symbiont is in fact a Nostoc species proper, the genus to which all 
other symbiotic cyanobacteria are assigned. The primary taxonomic 
criterion used to assign cyanobacteria to this genus is the formation 
of homogonia filaments (Rippka et al., 1979), and the Azolla symbiont 
does form such structures at specific developmental stages of the 
symbiosis (Peters and Meeks, 1989).
Plant growth promoters (PGPRs)
Among potential microorganisms towards sustainable agricultural 
vision to fulfill the desired crop property of disease resistance, salt 
tolerance, drought tolerance, heavy metal stress tolerance, and better 
nutritional value the utilization of plant growth promoting bacteria is 
a most promising. In this sense, PGPR may be used to enhance plant 
health and promote plant growth
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rate without environmental contamination (Calvo, P. et al., 2014). 
The term “plant growth promoting bacteria” refers to bacteria that 
colonize the roots of plants (rhizosphere) that enhance plant growth.
The microbial colonizing rhizosphere includes bacteria, fungi, 
acticomycetes, protozoa, and algae. However, bacteria are the 
most abundant microbial present in the rhizosphere (Kaymak, D.C, 
2010). The enhancement of plant growth by the application of these 
microbial populations is well known and proven (Nehra, B.S.V., 2011 
and, Bhattacharyya, P.N., 2012). The term “plant growth promoting 
rhizobacteria (PGPR)” for these beneficial microbes was introduced by 
Kloepper and Schroth (Kloepper, J.W.and  Schroth, M.N., 1978), paving 
the way for greater discoveries on PGPR. PGPR are not only associated 
with the root to exert beneficial effects on plant development but also 
have positive effects on controlling phytopathogenic microorganisms 
(Kloepper, J.W., et al., 1980 and , Son, J.S. et al., 2014). Therefore, PGPR 
serve as one of the active ingredients in biofertilizer formulation.
Rhizobia strains improve plant growth and productivity by production 
of various chemicals in rhizosphere. These chemicals are plant growth 
hormones, siderophore, phosphorous solubilization and production 
of HCN. Various observations have been observed by various 
researchers. Such includes Halder and Charkraborty (1993), Chabot 
et al. (1996) Antoun et al. (1998) etc reported that a large number of 
Bradyrhizobium and R. leguminosarum spp strains are able to solubilize 
inorganic phosphate. Additionally Tien et al., 1979; Hussain et al.,1987 
proofed that, IAA is well-known plant growth promoting hormones 
and 96% symbiotic nitrogen fixing rhizobia produced IAA. Literature 
revealed that rhizobia also produced HCN. Beauchamp et al (1991) 
found that 4 out of 32 rhizobial strains produced HCN production. 
Alvarez et al. (1995) observed that less than 1% rhizobia isolated from 
tomato rhizosphere showed positive for HCN production. Nautiyal 
(1997) screened Rhizobium strains, among isolated 256 bacterial 
strains Rhizobium NBRI 19513 completely inhibited growth of Fusarium 
oxysporum, Rhizoctonia bataticola and Pythium sp. in vitro. Antoun et 
al (1998) observed that 3% Rhizobium and Bradyrhizobium strains were 
produced HCN. The HCN producing rhizobia or bradyrhizobia inhibited 
the plant growth of soil borne pathogens but also these symbiotic 
bradyrhizobia and rhizobia produced some toxin. The rhizobitoxine 
has positive effect on nodulation, the inconsistency can be explained 
by difference in the sensitive of nodulation among leguminous species 
(Hunter, 1993; Xie et al., 1996; Schmidt et al., 1999).
The other important plant growth promoting mechanism is 
siderophore production. However, Root nodulating rhizobia produce 
a number of siderophores but only some siderophores have been 
structurally characterized, these include carboxylates such as 
rhizobactin from Sinorhizobium meliloti (Smith et al., 1985), catechol 
from Bradyrhizobium (cowpea) (Modi et al., 1985), anthranilate from 
Rhizobium leguminosarum biovar viciae (Rioux et al., 1986). catechol 
from Bradyrhizobium (Peanut) (Nambiar and Sivaramakrishnan, 
1987), Rhizobium leguminosarum (Patel et al., 1988), Rhizobium 
leguminosarum biovar trifolii (Skorupska et al., 1989), citrate from 
Bradyrhizobium japonicum (Guerinot et al., 1990). All reviewed 
works showed the availability of potential microbes to enhance crop 
productivity and improve the soil fertility through reducing abiotic 
factors and favoring the crop growth.
Mycorrhizas and other nutrient-acquisition systems  
There are numerous reports that host range and nodule effectiveness 
vary greatly with both host species and rhizobial strain. One of the first 
papers in this area was that of Turk and Keyser (1992), but their work 
has been supplemented by that of others from several continents, 
including Bala and Giller (2001), Burdon et al. (1999), and Odee et al. 
(2002).

Nodulated legume trees may be arbuscular mycorrhizal (AM), 
ectomycorrhizal, or both. However, there are distinct variations with 
both taxonomic position and with geographical location. Although, 
interactions between AM and nodulation have not been studied in this 
sub-family. Arbuscular mycorrhizal species may or may not nodulate. 
Classical ectomycorrhizas, have not been reported in the Mimosoideae 
and are rare in the Papilionoideae. Some shrubby endemic Australian 
legumes are both ectomycorrhizal and nodulated (Werner D., et al., 
2005). .
In Africa, most legume trees lack the ability to nodulate but, in 
Amazonia, a significant number can (Sprent, 2001). However, recent 
unpublished work by the author and others in Cameroon, supported 
by the work of Perreijn (2002) in Guyana, suggests that nodulated 
legumes may play a bigger part than once thought. Therefore, 
extensive networks of nodulated roots were observed on some very 
large trees. Thus, we have the interesting possibility that a few trees 
may fix nitrogen and share it, possibly via mycorrhizas, with other 
trees in the ecosystem.

Conclusions
Symbiosis is one of a key biological process contributing significant 
role for the presence of better and sustainable nitrogen supply to the 
host plants. This association favors different group of plant species 
under the same growth medium of the atmosphere. Therefore, all 
nitrogen fixing microorganisms sharing a common property of being 
prokaryote and ability to fix atmospheric nitrogen have a wider 
symbiotic association with their host. Such associations belongs 
to rhizobial, associative and endophytic symbiosis, Franki-plant 
symbiosis,free living symbiosis, cyanobacterial symbiosis contributes 
significantly to ensure sustainable soil fertility improvement. This will 
encourages scientists in the discipline to investigate further promising 
microbial associations to keep the non renewable soil resource for 
better crop production medium.  
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