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Abstract

However nitrogen is one of the most important rurithat plants require for healthy growth onlynpdaof the
legume family are able to fix their own nitrogerhely accomplished this through a symbiotic relatijmsvith
Rhizobiumbacteria that naturally exist in the soil. In théggard many past researches has largely find eut th
plant flavonoid signals that induce bacteriad gene expression and the return bacterial Nod kijaainduces
nodule formation. This inventory is mainly focusmdthe ways of the nitrogen fixation process paltidy with
biological nitrogen fixation through nodulation alegume symbiosis. Many literatures narrate thesjahggical
and environmental factors for the success of némnogtilization with the legumes and this articlghiighted
legume nodulation for biological nitrogen fixatiand itsedaphicenvironmental stresses.
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1.Introduction

Nitrogen is one of the most important nutrientst thiants require for healthy growth. Except plaotsthe
legume family which are able to fix their own nigen almost all plants depend on the outside soafce
nitrogen. At the time where the geochemical reseref fixed nitrogen in the biosphere were depletes
nitrogen fixation is likely evolved. The opposingews of pre biological paleo atmosphere composition
highlighted the considerable uncertainty about wherkaryotes acquired the ability of fixation. Thigw may
have been contained large amount of ammonia, metltanbon monoxide and hydrogen sulfide (Hart, 1979

With the beneficial role of legumes the atmosphaiigen which is unusable by all plants is cotegtto
the form of nitrogen that plants can use. Legumesomplished it through the relationship with ritizon
bacteria found naturally inside the soil. At theei when rhizobium bacteria associate with legunoelules are
formed on their roots. These are, in essence, ihregan-fixing factories. In this mutually benefti
relationship, legumes provide a means to acquim®spheric nitrogen and an ideal environmentRbizobium
growth, while Rhizobium bacteria convert unusahteogen into a form that can be utilized by thetHegume
plant.

After diazotrophy appeared, fixed-N was no longper limiting nutrient in balanced ecosystems.

However, when such ecosystems are perturbed, nigttiecycle geo biochemically and fixed-N

usually becomes limiting again. One of life’'s gesstparadoxes is that all living things depend cowrce
of utilizable nitrogen but only some of the smalleembers of this community can produce it from‘#en” of
otherwise inert, molecular nitrogen that surrouadd saturates us. This “fixed” nitrogen utilizedaihits forms
comprises less than 0.0007% of the nitrogen orhEartl in its atmosphere. Nitrogen fixation is tpatt of the
geo biochemical nitrogen cycle that drives the epsion of atmospheric to ammonia, whereas nittificeand
denitrification act to return nitrogen to the atmlsre as is fixed by abiological, natural processeduding
lightning, combustion and volcanism, which accdientabout 10% of the annual fixation. Man-made psses,
mainly industrial ammonia production, contributeab25% of the total annual fixation (Newton, 1996)

A near-term strategy for increased fixed-N inpuletgumes involves a better matchrbizobial

Microsymbiont to its host cultivar, earlier iniiah and prolongation of symbiatic fixation, that wa fix in
the presence of fixed-N and improving utilizatidrapplied fertilizer. Of course, the selected stsdiave to out-
compete any indigenous microbial strain. The bppt@ach may be to engineer the most competitiveobial
strains for maximal fixation rather to select thesbfixers. These efforts will be assisted by maereasing
knowledge of the signaling between plant and mier(iénariéet al, 1993) namely Biological nitrogen fixation
where about 65% of nitrogen is, fixed annually &nsl the major sustainer of life on Earth.

The intimate interaction betweehizobia and their legume hosts is known to involve theualiexchange
of diffusible signal molecules. Although past resbahas largely focused on the plant flavonoid aigrthat
induce bacteriahodgene expression and the return bacterial Nod ktgatinduces nodule formation, it is now
clear that a multitude of additional signals akelly involved in the nodulation process. Conseqyettieir role
must be viewed against the backdrop of the extenskchange of signals between host and symbiohtdimg
Environmental factors that influence all aspectaadulation and Biological N-fixation. Thereforgtobjective
of this article is to review Nitrogen fixation ampdovide highlighted information on legume nodulatithrough
Biological nitrogen fixation and the abiotic stresgor biological nitrogen fixation inside the soil
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Ways of Nitrogen Fixations

Although nitrogen gas (}) accounts for about eighty percent of the Earmltrsosphere it is the most limited
nutrient to plant growth. This is because the ntblecule is very stable chemically and it haséd'fixed" into
ammonium (NH") and nitrate (N@) so as to be assimilated by plants (Fisher andtdlev2002).

Nitrogen can be chemically fixed by lightning, cambtion and volcanism. The enormous energy of
lightning ionizes the molecules in the atmospher@ a@nables them to combine and form nitrogen oxadeb
contributes to 10% of the total annual yield ofefixnitrogen (Fisher and Newton, 2002). Nitrogen ban
synthetically fixed by Haber and Bosch processdmhiining atmospheric Nyas (freed from contaminating)O
and hydrogen (k) gas (usually derived either from natural gas etrgleum) under a high pressure and high
temperature to form ammonia (WHn large scale production of nitrogen fertilizarea) (Fisher and Newton,
2002). The process produces an equilibrium mixtheg contains approximately 20% ammonia (Bockman,
1997).The production of fertilizer ammonia togetkéth high yielding crop varieties contributed feetgreen
revolution of the 1960°s (William, 2000) . .

The second most important source of fixed nitrogenives from the activity of certain soil bacteria
(biological nitrogen fixation) that absorb atmospbeN, gas and convert it into ammonium. The biological
process contributes nearly 79 % of the total anyigdd of fixed nitrogen globally (Burns and Hardyg75).

1.1.Biological Nitrogen Fixation

Biological nitrogen fixation (BNF) is a process tich N,'* in the atmosphere is reduced into a biologically
useful, combined form of N-ammonia by nitrogen rixibacteria (Giller, 2001). The most important Xirfg
agents in agricultural systems are the symbiotioeiations between legumes and the microsymbidnolia
via the formation of nodules (Giller, 2001). Nodulare formed on roots or, in some cases, stem (fhiaamd
Timko, 2003).

Each year, about 175 million ton of N is contrittutey BNF globally (Burns and Hardy, 1975), of which
nearly 79% is accounted for by terrestrial fixatidiherefore, symbiotic nitrogen fixation is of gré@aportance
not only in the production of leguminous crops bigo in the global nitrogen cycle (Ben Romdhateal,
2008). Both nodulation and phenological traits litkpea were improved by inoculation, consequemrgbyulting
in improved yield and yield related traits indicafithe positive impact of biological nitrogen fikat on the
crop productivity (Ibsa Aliyi, 2013). The rhizobiglopulation plays a major role in meeting the mjgo
requirements of the plants.

2.0. Rhizobia—Legume Symbiosis

The interaction between rhizobia and their corresjiig specific legume host plants leading to nodule
formation is a complex process that requires aigoots and adequate signal exchange between theaid
the bacteria (Perredt al, 2000). During this interaction, rhizobia areratted by root exudates and colonize
plant root surfaces. Flavonoids, the plant sigmahjgounds present in the exudates, trigger thedrigmion of
bacterial nodulationNod) genes leading thereby to the synthesigpafichito-oligosaccharidesignals calledNod
factors.

These signal compoundgppchito-oligosaccharidejn turn cause the legume root hairs to cNdd factors
together with additional microbial signals, suchpatysaccharides and secreted proteins, allow badé&ached
to root hairs to penetrate the root through a tabstructure called the infection thread, throudhicl the
rhizobia enter, move into root hair, and subsedyeatch to the dividing cortical cells. When thegad reaches
the primordium, the bacteria are released intopthat cytoplasm, where they differentiate into esydunbiotic
form, the N -fixing bacteroids. Inside the central nodule cellzobia are housed as symbiosome that are
horizontally acquired organelles and are involvedthie enzymatic reduction of atmospheric nitrogen t
ammonia and make this N accessible to their hasteeturn, the bacteria are supplied with carbobtel in a
protected environment. The host plant, howeveruleggs the number of nodules formed, the maturadibn
nodules, and the Nixation of the nodules dependent upon availakttegen (Fabiet al.,2000).

Up to 25% of a legume’s net photosynthate may lyeired for nitrogen fixation by rhizobia (Minchat
al., 1981). Faster fixation rates (mol nitrogen peca) be beneficial for hosts, but carbon costs tsm lze
important. Rhizobia that fix more nitrogen per carlyespired could free more carbon for other fumsijo
including the option of supporting more noduleshwvifie same amount of photosynthate.

2.1.Nodulation and Nitrogen Fixation in the Leguminosae

Most legumes genera are able to form rhizobial $ga#s. This is perhaps not surprising considerhmg t
vastness and diversity of the family, currentlyireated to contain 16,000—19,000 species in abobitdifierent
genera (Allen and Allen, 1981). The famllgguminosaés divided into three subfamilies: tiRapilionoideag
the Mimosoideaeand theCaesalpinioideae From these th€aesalpinioideads accepted as the most primitive
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group and thePapilionoideae and Mimosoideaeare likely to have evolved from a common, nodwate
caesalpinioid ancestor (Sprent, 200Papilionoideaeis the biggest subfamily that contains most oflégaime
tribes such a¥icieae, Cicereae, and Phaseoleaec.

The Mimosoideaeand the Caesalpinioideaeare almost completely restricted to the tropiche T
Papilionoideae contains the majority of the most important gréégumes. Nodulation capacity has been
surveyed in several thousand species, represeaiiogt 20% of leguminous species and including mesnbe
about 60% of the legume genera (Sprent, 2001).h&$e, 97% of the examingmhpilionoid species form
nodules, as do more than 90%naimosoidspecies. In contrast, only 23% of the examioa€ésalpinioidspecies
nodulate. These species all fall within eight ganerseven in the trib€aesalpinieaeand one sole genus,
Chamaecristawithin the tribeCassieadgDe Fariaet al, 1989).

Rhizobia, in general, produce both indeterminaie @eterminate types of nodules. Indeterminate resdul
are characterized by different zones: (1) the Hisiaristem, where bacteria are internalized, (2)rd@r zone
with amyloplast accumulation and differentiationbafcteroids, and (3) a fixation zone that includestpcells
and a senescent zone in comparison, determinagide®oare typically round shaped and are derivenh fihe
cessation of meristem activity after nodule inibatand growth of the nodule mainly by cell expans{Jeroen
et al, 2006).

The survey by Corby (1988) recognized three typgemaeterminate nodulecaesalpinioid crotalarioid
andlupin type; and two types of determinate nodaleschynomenoidnddesmodoid

2.2. The Nod genes and Legume Promiscuity in Rhizizb

In the 1970s, it was discovered that symbiosisgatiogenicity genes are harbored in plasmids,.& plsmids
are conjugative and found in both gendgro bacteriumLedeboeet al, 1976) andRhizobium(Zurkowski and
Lorkiewicz, 1979). The symbiotic genes includedsianvolved in legume nodulatiomdd) and in nitrogen
fixation (hif). The nod genes are responsible for the synthésied factors I{pochitin-oligosaccharidesthat
are receptors for the plant flavonoid signal (Brdaglet al, 2000). ThenodD is a regulatory gene of the operon
nodABC whose genes are determinants of the host rédPgeetet al, 2000). Thenif genes are involved in
nitrogen fixation and are carried by rhizobia baby free-living nitrogen fixing bacteria (Zeétr al, 2003).
Symbiotic genes are harbored in plasmids in fadtiarsome intermediate-growing species of rhizobiagre as
these genes are integrated in the chromosome ininteemediate and slow-growing rhizobia, harborad i
symbiotic islands (Younget al, 2006). Symbiotic genes also named “auxiliary” “accessory” genes, are
commonly included in species description of rhizodrrom these genes most commonly studiednad®,
nodA, nodC, andnifH (Laguerreet al, 2001). Nevertheless, these genes are not usefakonomy because of
their ability to be transferred in nature from piads to chromosomal islands (Nakatsukesal, 2008), from
bacteria to plants (Broothaers al, 2005), and among bacteria (Rogell, 2001). Therefore, the analysis of
symbiotic genes is overall useful to identify nevizobial species forming nodules and to carry ot b
geographical studies of legume endosymbionts. ddatily, the nodulation genes are useful to defiioedrs
within rhizobial species (Leon Barries al, 2009).

Within rhizobia, the concept of biovar is direcligked to the concept of legume promiscuity. Ikisown
for many years that legume has different promigcdégree and whereas some of them can be nodlgted
several species ahizobia such asMacroptilium and others are restrictive hosts for nodulatiochsasCicer
(Perretet al, 2000). In the same way, rhizobial strains caveharoad or narrow host range. For instarke,
leguminosarumbv. Trifolii can only nodulate plants of genisifolium whereasRhizobiumsp. NGR234
nodulates over 100 legumes as well as the non leqarasponia(Pueppke and Broughton, 1999). Within these
genesnhodC has been widely analyzed in rhizobial strains faunhd related with the host range of rhizobia and
the promiscuity degree of the hosts (Iglesital, 2008). Moreover It was described the bioQareri based on
the nodC gene analysis (Rivest al, 2007) concluded thaficer arietinumis a very restrictive host, because
although it can be nodulated by several speciddesiorhizobiumall of them carry nearly identicabdCgenes.
By contrastP. vulgarisis a very promiscuous legume since it is nodulétgdhe highest number of taxonomic
species, which carry very divergent symbiotic ggi@esdo Pineircet al., 2009).

2.3. Taxonomy of Rhizobia

Rhizobia are bacteria capable of forming noduledeguminous plants. The description of the firstahial
species was mainly based on the legume, which astdtwst. Bacterial genome is consisting of twdspdrhe
basic genome is composed of housekeeping genearthaeeded under almost all growth conditionsy tre
carried on the chromosome, their organization mseeably stable, and they are predominantly irdebrit
vertically from mother to daughter cells. By costrahe accessory genome consists of genes thantrely
selfish or offer adaptations to special circumsésnadhese are carried on plasmids, islands, trapsgoand
phages, they undergo frequent rearrangement andftare transferred horizontally between cells (Badial.,
2000).
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In rhizobia three sizes of replicon are generalftidguished: plasmids (<1MB), mega plasmids (1-2MB
and chromosome (>4MB, so far as known). The orgdioz differs: Rhizobium leguminosarurhas a
chromosome and 2-8 plasmi@&norhizobium melilothas a chromosome, two mega plasmids, and sometimes
2 plasmids,Mesorhizobiumhas a chromosome, but may lack other independmiicons. In each case the
nodulation genes are carried in the accessory genoma plasmid, a mega plasmid, and a symbidénds
inserted in the chromosome, respectively (Fabial.,2000). EarlyRhizobiumtaxonomy has been mainly based
on the nodulating host range, although overlappiogt ranges have already been reported more tharydiars
ago. The development of molecular techniques aatekt the taxonomic evaluation and led to the ifleation
of many new rhizobial genera. Based on the sequehdbe 16S rRNA gene; rhizobia could be groupethe
alpha subdivision of the Proteobacteria and sevgetera have been defined includifithizobium,
Bradyrhizobium, Azorhizobium, Allorhizobium, SinedbiumandMesorhizobiun{Young and Haukka, 1996). .
The identification ofM. amorpha(Wang et al, 1999) showed the clear existence of symbiotasmpids
containingnif andnod genes irMesorhizobiumM. loti andM. plurifarium have these genes in the chromosome
and inM. loti; symbiotic islands have been described (Sullivach Ronson, 1998). This finding adds support to
Mesorhizobiunbeing intermediate betwe&hizobium(having mainly symbiotic plasmids) aBdadyrhizobium
(with symbiotic determinants in chromosome).

The first described®hizobiumspecies, namelR. leguminosarumwith current taxonomy of rhizobizan be
grouped in to three biovarR. leguminosarunbv. trifolii that nodulated cloveR. leguminosarunbv. Viciae
that nodulate pea and fababean, Bnteguminosarurbv. Phaseolinodulating common bean (Jordan, 1984).

2.4. Environmental Factors affecting BNF

The interaction between the microsymbiont and thguine host plant are known to be complicated by
unfavorable edaphic, climatic and management fac{@roughtonet al, 2003). It is believed that any
environmental or physical stress that reduces plasit growth and development may also negativeigcathe
associated bacterial strain and, thereby, the atrafuritrogen fixation. It is a ‘rule of thumb’ thaymbiotically
fixed nitrogen alone may not increase productiorsdme other nutrients are limiting unless the taftee
ameliorated (Bohlooét al, 1992).

The soil environment is under a constant statehahge and can be relatively stressful for both maand
microorganisms. Fluctuations in pH, nutrient availity, temperature, and water status, among ofhetors,
greatly influence the growth, survival, and metabakttivity of soil microorganisms and plants, ahdir ability
to enter into symbiotic interactions. Many divebselogical associations contribute tg fikation (BNF) in both
soil and aquatic systems (Sprent, 1984). Howewermbst agricultural systems, the primary source of
biologically-fixed N via the symbiotic interactionsf legumes and soil bacteria of the genBfaizobium,
Bradyrhizobium, Sinorhizobium, Allorhizobium, Mdsaobium and Azorhizobium(Sadowsky and Graham,
1988). The other 20% is contributed mainly by thérerrhizal (e.g., by Frankia) and Anabena-Azdylipes of
symbiotic interactions.

Rhizobia can exist in two fundamentally differenbdrs. Either as free-living saprophytic heterotsoph
as legume-host-specific nitrogen- fixing symbioritke later mode of existence gives rhizobia adygagavith
respect to survival and persistence over most cbiébacteria. The growth of rhizobia in the riipbere may
be stimulated by plant root exudates rhizobia itssare associated with aggregates gives them stmyeee of
protection from perturbations by environmental &iatic factors. Nodules can contain more thal’ tbizobia
g* (Dermottet al, 1987). Nodule senescence at the end of the ggpséason leads to the release of a large
number of rhizobia into soils.

Studies have shown that a legume host is not nefedgukrsistence (saprophytic competence) of rhi&ob
in soils (Bottomley, 1992) although; nodule ba@eand bacteroids, after release into the envirohmenoften
susceptible to osmotic and other soil stress fact@ny environmental factor that negatively inflaen either
the growth of rhizobia or the host plant itself lsadramatic impact on symbiotic, Mxation. It can negatively
influence the nodulation process itself indirecfect nitrogen fixation, or directly influence plagrowth and
vigor during post-nodulation events and so afflet ¢fficient functioning of the nitrogenase enzycoeplex.
Some factors such as soil temperature, soil ptsstrenutrient stress,  desiccation toleranceedsas soil
water content and stress are mentioned as the reajgronmental stress factors affecting BNF (Sadyws
2005). Fixing atmospheric nitrogen depends on thérenmental conditions, the availability of nutits in the
soil, cultural practices, and mainly the number affdctivity of native rhizobia (Rachna and Dudgag9).

Conclusion

The unusable atmospheric nitrogen to all plantsbeanonverted by legumes and incorporated to thdosdhe
nutritional use for the crops growing in the partéc area. This phenomenon occurred through difterays, of
which biological nitrogen fixation plays great imfaence in the production of leguminous crops arsd ah
global nitrogen cycle. This process is improvedirmgculation where rhizobial-legume interaction rsiaal in
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making nitrogen accessible to their host and imurretbacteria supplied with carbohydrates in pragct
environment. with this interaction nodulation, pisauity of particular legume showed different bebas and
the biological products classified into eight diffat genera’s. Abotic factors particularly pH, mert
availability, temperatures and water contents fy@afluence the growth, survival and metabolicity of soil.
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