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Abstract — About 80 % of earth’s atmosphere is nitroger
gas. Plants, animals and microorganisms cannot usgtrogen
in its inert form. Nitrogen must be converted into its usable
form like ammonia which can be used by the plants ral
other organisms. All organisms use ammonia to forrdmino
acids, proteins and other nitrogen containing compands.
Biological Nitrogen fixation is a process which coverts
Nitrogen into Ammonia which can be utilized by theplants.
When bacteria die in soil, they release nitrogen caining
compounds which can be used by the plants for thegrowth
and development. Theproduction of fixed nitrogen from di-
nitrogen for chemical fertilizer accounts for about 25%o0f the
Earth’s newly fixed N,, and biological processes account fc
about 60%. The requirements for Nitrogen fertilizer is
increasing day by day as it is an essential elemefdr the
growth and development of plantdt is also a part of
chlorophyll, which is very important component of
photosynthesis.For more than 100 years, biological nitrgen
fixation (BNF) has achieved the attention of scientists
concerned with plant mineral nutrition, and it has been use
extensively in agricultural practice The topic of Biological
Nitrogen fixation is of great practical importance because th
use of chemical nitrogenous fertiliers has resulted in higl
levels of water pollutionand the eutrophication of lakes anc
rivers. When nitrogen fertilizers are leachec in the soil, these
cause serious pollution problems, particularly in water
supplies. This review focuses on thémprovement of the
growth and yield of plants having biological nitrogen fixation
ability due to certain microorganisms. Symbiotic and free
living nitrogen fixing microorganisms have also bee
discussed. Several different types of associatis for
biological nitrogen fixation in different plants have been
mentioned. These associations include Actinorhizal lgnts
and Frankia, Cycas and Cyanobacteria, Legumes an
Rhizobia.
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|. BIOLOGICAL NITROGEN FIXATION

Plant growth and productivity is arrested due te
deficiency of certain minerals especially Nitrogand
Phosphorus in soil. Freéving as well as symbioti
nitrogen fixing bacteria playan important rol to improve
the structure of the soil [1, 2, 3htroduction of selecte
microorganisms improve the conditions for pl
development [3]. Inoculation dizotobacterchroococct
and Streptomycesp. on the early growth of black loct
(Robiniapseudoacacja Siberian elm WImuspumili) and
silver-leaf maple Acer dasycarpuijnplantsimproved the
growth of these plants in terms pfant height and plar
diameter [4]. Similarly aother research work indicat
that bioinoculants showed a synergistic effect

increasing crop growth and yie Azospirilumwas more
effective to improve the growth of plants as corepato
the Azotobacter The highest improvement was recort
in the yield and in different growth paramet(5]. Bio-
fertilizers are important components of organiarfeng.
These bio-fertilizersare important in sustaining the cr
productivity and improving the soil fertilit[6]. Biological
Nitrogen fixing microorganisms also improve the l:
microbiological activities Hence the plants shc
improved growth and yieldThese microorganisms al
produce hormones and some other growth factors w
are needed for the plant growth and developmentaiDe
plant pathogens are also removed by thnitrogen fixing
microorganisms [7, 8, 9, 1. We can use suitable
environment friendly bidertilizers by using suitable
microorganisms with substrate to replace the usi
chemical fertilizersDual application of Azotobactor ai
Azospirillum along with GV3 and 60kg nitrogen/
resulted in increasing fruit set, early floweril
improvement of yield and fruguality of strawberry [11].
The factors which control the amount of fixed nifeo
also include the amount of nitrogen available & $bil to
the plants. The ability to fix atmospheric nitrogén
specific in some families. @y 4 generéin Rosaceae out
of 122are capable of fixing nitroge

Legumes can play an important role in the sustdér
agricultural  development  without harming
environment. Legume Nitrogen fixation recovers
losses of Nitrogen from the soil, hence soil bec more
productive and fertile. The main source of fixettagen
addition in the soil is due to Rhizobirlegume symbiosis.
This Rhizobiumkegume symbiosis also shows
renewable source of nitrogen for plants. Differgume
crops and pasture species adttogen in the range of 2(
to 300 kg of N ha/yeaBNF adds Nitrogen in the range
139 to 175 million tonsof Nitrogen, while symbiotis
associations add about 35 million to 44 million
Nitrogen. Nitrogenasesare enzymes used by sol
organisms to fixatmospheric nitrogen gas ). Typically
nitrogenases are coded by Nif gerBiological Nitrogen
fixation can also help to produce a fertile landhiz@bia
play a very important role in symbiotic nitrogemndtion.
This system is found in leguminous pls. Approximately
there are about 700 genera and 1300 specie
leguminous plants which could develop root nodaled
fix atmospheric NitrogenRhizobial symbiosis ass much
of thefixed nitrogen in the soil ecosystem as compare
the other free livingsymbiosis The fixed forms of
Nitrogen such as ammonia, nitrate, and organicogen
can be used by the plantBhe nitrogen deficient pastu
lands can be made more productive by growing legt
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the The introduction

with
Stylosanthesguianensia a pasture land resulted in t
improvements of fixed nitrogen for the other pli.Free-

grasses.

living diazotrophs, e.g. Green sulfur bacteri
Cyanobacteria, Azotobacterace&ymbiotic diazotroph:
e.g. Rhizobia, Frankia aAdtinorhizal interactionsalso
result in the increase of Annual Nitrogen Fixatidmese
Actinorhizal symbiotic interactions are found inrdsts,
wetlands, temperate antbpical regions and fields [].

BNF can also be improvedty using some natural

occuryingBradyrhizobia. Efforts should be made

improve the BNFin legumes. These efforts include -
selection and engineering of suitable Nitrogen nfiy
strains of Bradyhizobia and symbiotic effectiveness ¢
function of thee strains should be tested. Differ
Mutagenetic approaches can be utilized to imprdwee
nitrogen fixing efficiency of these Nitrogen fixir
symbiotic bacteria [13, 14hoculation of leguminou
plants by suitable rhizobial and Bradyizobial strainscan
improve the Biological Nitrgen fixation efficiency o
leguminous plants. Nitrogefixation require sufficient
quantity of carbohydratkg of nitrogen fixed and c
equivalent of 2528 molecules of ATP for each moleci
of nitrogen fixed. A legume-Rhitbium symbiosis is we
established in a loamy sdlarriuso and Solano (200
demonstrated that soil microorganisms provide antsi to
the plants by decomposing organic m: [15]. There are
several other advantages of soil microorganismshe&
plants. Hayatset al, (2008) also indicated that ple
growth promoting microorganisms benefit plé by

several ways [16]Plant productivity can be improved

the introduction of useful microorganisms in sail the
form of bio-fertilizers. IfNitrogen fixing microorganisms
are actively performing their function in soil théme use
of mineral fertilizers can be replaced by usingtahle
microorganisms. Henc@®iological Nitrogen fixation is
one of the most important processes performed lily
microorganisms to convert nitrogen into the avadddbrm

for the plants.

Leguminous plants develop nodules on their rooéstd
their association with specific rhibial strainsUnder
nitrogen limiting condition, capable plants deve
association witha host specific strain of bacteria cal
Rhizobia. Nitrogen gas from the atmosphere is cdatk
to ammonia within the legume, which is then assitei
to amino acids, nucleic acids eRlants that contribute f
Nitrogen fixation include the legume family Fabaee
They contain symbiotic bacteria called Rhizobiahiitthe
nodules that produce nitrogen compounds within
rhizobia.

Il. FACTORS AFFECTING BIOLOGICAL
NITROGEN FIXATION

Several factors limit Biological Nitrogen Fixatic
These factors include excessive soil moisture, gint!
Phosphorus deficiency, excessive minerals, defigiesf
certain minerals and soil acidity efditrogen fixation i
also affected bgxtreme temperature and light citions.
Very high temperaturealso results the failure of BNF
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Among the Biotic factors if rhizobial species aesxrkasel
in number then BNF is also reduced. The reductiothe
photosynthetic abilityof legumes results in no BNF. Rc
nodules are decayed by the reduction of photostint
efficiency. Insects and Nematodes also affee Nodule
formation, development and funct is affected.
Intercropping of leguminous plants with r-legumes also
results in the competition for nutrients and watehis]
competition can affect Nitrogen fixation efficienc

If there are less number of nodules on legumesor
nodules are absent, then we can inoculate Rhidnkiiae
soil. Addition of Rhizobial strins in a soil gives better
BNF efficiencyas compared to the native rhizobial stre
present in the soil.Different nodulating species
Rhizobia are specific, for example a rhizobial specthai
nodulate cowpea may not nodulate any other leg
Hence pdicular group of Rhizobiaassociate with
particular leguminous plants. The nitrogen fiy systems
requiremore phosphorus and some other nutrients. T
nutrients are needed for plant growth and no
development.

Different methods are used to impr the Biological
Nitrogen fixation efficiency. One of the methocs
screening of different Rhizobial strains to selext
effective strain. For some crops duel inoculatioh
Rhizobia and Mycorrhizal Fungi are effective. Gém
engineering techniques haween applied to develop
legumes to make an association with effective thiedc
strains. Different altural practices like removal of wee
from crops and introduction of Nitrogen fixit
components in crops can improve the BNF efficiel
hence plant yieldan improveThe actinorhizal plants and
Legumes, the two major nitrog-fixing groups of plants
share a relatively close ancestor, as they all gfaait clade
within the rosids which is often called tnitrogen-fixing
clade

[1l. ACTINORHIZAL SYMBIOSIS

Actinorhizal plantsare a group of ¢giosperms which
have theability to form a symbiosis with the nitrog
fixing actinobacteridrankia. There are about 220 spec
which represent Agtorhizal plants Thesespecies .
distributed three alers, Fagale Rosales, and
Cucurbitales [17,18]There are abou8 families and 24
generahowing Actinorhizal symbiosi(BetulaceaeAlnus
CasuarinaceaeGymnostoma Casuaring Allocasuaring

Ceuthostoma Coriariaceae Coriaria; Datiscaceae:
Datisca Elaeagnaceae Elaeagnus Hippophae
Shepherdia  Myricaceae Myrica, Comptonia
Rhamnaceae: Colletia, Discaria, Kenthrothammus

Retanilla Talguenea Trevo:;, Ceanothus Rosaceae:
Dryas Purshig Cowanig Cercocarpu, Chamaebatia
Actinorhizal plants are found on all continents eptcfor
Antarctica.They provide benefit of nitrogen fixation to t
plants which are present in poor [19, 20].Nodules
develop in the roots under nitrogen limiting coratis.
Frankia is nitrogen fixing filamentous bacteria
cause an association with the Actinorhizal plafitkis
association issimilar to the Rhizobia bacteria that are
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found in the root nodute of legumes in the Fabace
family. Bacteria of this genus also form root nad [20].

IV. CycADS AND CYANOBACTERIA

Cycads form symbiotic associatigvith nitrogen fixing
cyanobacteria.Cycads provideod in the form offixed
carbon to the Cyanobacteiiaexchange for fixed nitrog:
which is provided by Cyanobacteria. These cyan@i
live within the roots of Cycads [21].

Cycads also developporalloid root [Fig. 1] which
are specialized symbiotiorgans at a young age. Th
rootsgrow upwarsl towards the surface « oil instead of
downward into its depths. The peeralloid roots convel
into corraloid roots upon successful colonizati so
named for their resemblance to coklithin the coralloid
root is the cyano bacterial zgnahich is the regio
inhabited by cyanobacteria [22]This has uniqt
charactestics which facilitate a clo: relationship
between cycad andcyanobacteria. The process
Cyanobacterial colonization of Cycad corallo roots
involves themutual coordination adction and eaction by
both organisms.

When Cyanobacterimome into contact wi a pre-
coralloidroot, tke cyanobacteria en inside it and
proceed to the cyano-bacteriabne. There are some
permanent changes tine symbiotic tissue and at t stage
final transformation occur from pre-coralloids nto
symbiotic coralloid roots.

Then these coloniesf Cyanobacteria grow And
develop under the direction in the roaif Cycas With the
passage of time, the Cycatbralloicmasses grow and
degenerate according to environnarconditions an the
needs of the plant [23].

Fig. 1. Coralloid and Preeralloid roots growing on
CycasCircinalisat theNew York BotanicaGarden. The
arrow head pointing the Green Cydpacterial Zone in

broken root. Figfrom wikkipedia
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V. LEGUMES AND RHIZOBIUM SYMBIOSIS

The association betwed®hizobiumor Bradyrhizobium
and legumes provide a hugaipply of N for legurrbased
crop and pasture pdaction than the u: of fertilizer-N.
The nitrogen contents of the grasses of pasture las
also improved by growing legumes with these gras
Rhizobia and Bradyhizobium species fixAtmospheric
N, symbiotically byassociating with legum[24]. Various
legume crops and pasture specadd Nitrogen in the
range of 200 to 300 kg per heci [25]. Nitrogenis added
into terrestrial ecosystenisom the symbiotic relationshi
between legumes and their rhizobia amount to &t [é@
million tons of N per year [26]The development of better
legume varieties,development of efficier agronomic
practices and increased efficiency of the nitro-fixing
process itself by better management of the sytic
relationship between plardnd bacteria can fulfill th
requirements of Nitrogen for plar

Another association is between Algae and
Cyanobacteria. Aliatom algaeRhopalodiagibbaform as
association witha cyanpacteria.The spheroid bodies of
Cyanobacteria livén the cytoplasm of the diatoms and
inseparable from their hostEhe associations of Nitrogen
fixing microorganisms with nts result in the fixation ¢
nitrogen hence plants fulfill their requirementsNifrogen
which is needed for their growth and developn

V1. CONCLUSION

Plant growth isimproved due to THEIRassociation
with Nitrogen fixing microerganisms, hence yield
these plants is enhanced. Leguminous plants at
advantage of having association with Nitrogen fix
bacteria, similarly the étinorhizal plars benefit by
association with Frankia. Cycastakes its nitrogen
requirements by nitrogen fixing Cyanobacteria. Rer
research is needed in this aifor the transformation of
genes responsible for Nitrogen fixatiin non-leguminous
and plants of Nitrogen deficient soi
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