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After Mitragen Phosphorus is the-segond=most reguired macroputrient for
plants, [t is required from molecular level o physical develepment of
plants. Most of the scils contain high levels of Phosghor s
forms many insoluble complexas with Calcium, Iron, aod Aluminiam; bt
mikes tht nutrient a paradox, It s reperted 1o be critical factor of many
crop procuction systams due to limited plant aealable T foms (o gl
ED% Phosphorus from soil remains unutilized, Phosphare solubilizing
bacteria prowvide an  eco-Friendly  altf@rmativo
phiosphate into selulle forns, S lea of PSH Hive Bacilia o, hieatriom and
Pseudomonas have ability to release merabolites such as o paliie adids 1o
carmy out mineral phosphate solubblstion, Tha present tebiew is acused
on an urgent nesd of shilting towards a maors sastalnnbie apeiculiee By
using P5SE,

i ever P

S L L N .:"ll.lhll:'

Keywords: Rhizosphers, Phosphorus, Phosphate Selubilizng Bacteria,

INTRODUCTION

After  Mitrogen Phasphorus (F) f8 0 the second  most esséntal
macronutrient, for growth and developrwent of plasts ad 5 ovoived §n
trmportant metabalic pathways TEe phoft8enthess, resporatipn biol peicil
oxigation. nutrient wptalks, fell division and cell bi II|I|-|_! {Pathak &F gl
2007 Gupta et wl, 2011). Soils contain high levels ol P, Lut, o greater part
of soil Phosphorus , approximately 95995, is present in the foroy of
insoluble phosphates and bence canmot b
[Muhammad and Maran, 2002 Kannapieam ans? Sel Bombamar, 2001])
Unlike the rase of Mitrogen thore s ue large atmesphoric source of
Phosphorus that can be made Biuslug call ¥ WLl o
and MNagalaxmi 2014), Conveaticnn! Farming
application of clemical prhosprtnes ferllise e L mabngaan aptinai devel ¢
of phosphores in agricultural seils [Ahmed and Kiber, 2E18) Howewe

Pl jar parrticns farannd 7 s e sokls] ol the sowbde phosphorus are
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rapidly immobilized in soil which makes It unavailable
for plants {Richardson and Simpson, 2011), Alsa the
repeated use of chemicl fertilizers deterforutes 5ol
quality {Gyaneshwar at a1, 20032 .

The soil surtounding the Berminating seed is known as
Spermesphere (Barllot er al, 2013} Thig realogical
Riche is the Arst habitat jreed by any developed
microorganism by sesd Insculation and  support
microbial activity (Ranjan se al, 2013}, This in turn
wfluences plant growtls, As the plant grows alder the
Erowing roots are surrounded by strongly adhering
soil particies and this soilrgot interiction zone js the
rhizesphere (Kumar e @i, 2018 Antoun, 2012), The
rhizosphere are said tn he the areas of very high
biological diversity teaming with mixny  different
organisms, as the plant roots Provide food, shelter and
energy (Harilloe er af, 20 L3). These active microbial
population can either exert beneficial or detrimenta|
effects ar they can be neutral [Sunder-Rae and Sinla,
1963). The success in the use of beneficia|
micTootganlsms requires an excellent understanding
between the differant tfomponents af the complox
plant-mil-mlcmurganisms [Gyaneshwar ot ai, 2002

Natural solubilization of mineral phosphates is an
Important  mechanism exhibited by differen
rhizaspheric microorganisms, known as phosphate
solubilizing micrnorganismms (FEM] [Selv et ol 20177,
Bacteria are the Predominant microorginisms that
selubilize mineral phosphate in nature o5 compared to
other  microcrganisms [Faul apd  Sipha, 2017;
Debajyat! ¢t al, £015), Phosphate solubilizing hacteriy
(P5B} play an Important rale o blogeochemical
phasphoruys eyeling in both terrestrial and AgLiaLic
envirgnments (Das g g, 2007, Application of
phosphate solubilizing bacteria Increases soll fertility
due to their ability to convert inzoluble P to saluble p
by releasing organic acids, chelation and fon exchange
(Muhamad and Maran, 2012 Selv| o al, 2017:
Tarafdar and Llasson, 1988). The present review
emphasiees the role of Phospharus in plant nertritlian,
PSB, mechanism of Phosphate  solubilization and
utifization of PSE for sustainable agricultire,

ROLE OF PHOSPHORUS [} PLANT NUTRITION
Phosphores (P) is a most important growth limiting
nutrient for plants (Richardson and Simpson, 2011}
Unlike the case of Nitrogen, thers s po large
. distinctive source that can be naturaily managed for
Crops. accessibilfy. Ysharma er gi, 4013), P. being.g
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bmportant  constituent element of  hucloi acids,
ENTYMes, coerzymes, nucleotides and phasphafiplds,
iz invelved in the Cransformition & ERerEy, trunsfir of
hereditary characters and coll erganization in plants
[Rodrigusz and Fraga, 1998; Goddstein, L9EG). Nearly
ll phases of plant ovela including guot Erovety, stalk
angt stem strength, photosynibesis and FospiEatimm,
Menvering and anthesis, seed tormarian, Crup maty ricy

#hd production Nefiion CELLmSE, 0 i by and
redeubant o F|J.|||' dismses ame | has e b wy 1maae Lelpd
webt P omutritiont Falem| il Megigln, 2pE:

sitvaprakash er ol 201 Tl deficiency causpes
ML proswth gl virdil  lsges, iy
tincemratien iocsoil solutign is viry low, becouse
saluble fortns of B ars fixed by <oil folid phase, making
loss than 2:01% of fural p aviilable to plants {Troloy ot
of, d003), Phosphorous i therefore, pne of the lpast
mabilke nutrients n soll {Balemi and Negisho, 20132
Lyaneshwar, 2017} Warldwide  snils  gpe
supplemanted with intrganle P as chemical fertilizars
LU Suppirt crep production, b Mepuidled wse g
fortilizers :Ictc-n"iuraﬁ_'s. SO0 gualiey [Vesspy, S003].
India pbout 98% of epils including fertile ppes are
deficient in P, g% the eencentration of free P [availbla
tore for plants] is bot imore theam 10 even at rH 6.5
(Hebofyeti ot a) 2015). Thus, most of the fndizn sadls
1] e e

VT E

AT P dhd magroing in Bliosprh e
ady quate  P-fertliz; Lion Bds Praduct vieg
and pralitability (Debopeon o el, 20115), Phiospharys

usbarin Ll

mainky oocuis b three foees L) solibie inorpanic-p
which teeurs in soil spiution Fui} Insodiibie inargane p
UCLLITING 88 primary arthoplisphate (1 PO and {id]
sec iy uFlI]D;rhuSr.'rJ!l.illL' (HPOs ) [ Caldstein, 1586}
The farm of phosphate ralken wp by tho plant from soi
solution (s phosphate Siiemps mainly HiPOs jnd BFoes
(Rlchardsen, 2001). Many agriculiurql Suils Surroumd
tgte deposition of toal gencrally from 200t 5000
my P kgt af goil by e value of RO9 mE P kel of wpdl

amd ity accumulation based on g euent  use of
arganic frailieers and Siidge from e tre g
WilslEwa s [Rodrgues i IFragi 1999}, Much of the
Fwlileh |5 prassnt in sl andd provided m e TrafiE
rough inervganic  fertlizees become  uravailable
thruugh precisitation by Feseting with Fe and 1% jn

acldle and witlh Caer ip calrareses sails, wo form
Aluminiurm Phos phata FAIPDL ) and Fo cins Phosphare
[FeFDa] which ars sparingis LGP e
(Sharplay, 1985) a5 wlcienately resulting in the [ow
cenceniration of Foig suogls making o unavailable ta
i1t (Pikowskaya, 1948), Therefare, crop pHiants cin
erL} R Iy a fraction of applied P and this make themn
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poor In performance [Abbasi et al, 2015), The

roncentration of B in soil solution s very low, varving
from 0.001mg L in very poor soils to Img LY in
heavily ferdlized soils (Seema et al, 2013)

FHOSFHATE SOLUBILIZING BACTERIA (PSB)

The fact that certain soil mierobes are capable of
dissalving relatively insoluble phesphatic compounds
has opened the possibility for indecing microbial
solubilization of phesphates in soil (Ahmed and Kiber,
2014), Phosphate solubllizing microorganisms are the
ong which solubilize the insoluble form of phosphate
in the soil to make it available for the plant growth

* [Envazi and Tabatabal, 1977). Phosphate selubilizing

mlcroorganisms include  several Bacteria, Fengl,
Actinonycetes, Yeast and Cyanobacteria [Saxena et ol,
2014; Yazdanl ef al,, 200%; Chen ec g, 2006; Khan and
Zaudl, 2004). But bacteria are the predominant
microorganisms that salubilize mineral phosphate in
nature, as compared to other microorganisms [Paul

- and Sinha, 2017; Zaidi and Khan, 2007),

PSB play @ vital role in mebilizing Phosphate for the
use of plants from the native sofl Phosphorous poals as
well as rock phosphates [Sharma ef g, 2010 3: Trolov et
al, 2003}, Several phosphate solubilizing bacteria can

_ urilize inseluble phosphate sources such as tri-calcium

phosphate [TCP), kydroxyapatite; lourapatite, ferric,
Aluminiuim and magnesium phosphare, bone meal and
rock phosphates and convert them into scluble forms
{Muharnad and Maran, 2012; Gawur et af, 1973 Elvazi
and Tabatabal, 1977). The important geneva of P-
solubilizing  bacteria  include  Achromobocter,
Aergbocter,  Alcaligenss,  Azmbobacter;  Bocoiilus,
Escierichio, Prevdomaonas, Servatio and Xerthomonoy
[Linu et af, 200%; Afzal and Bano, 2008; El-Tarabily e
al, 2004; Fremono at gl, 1996, Azespirilium [Mehmeat
et ai, 2005). Among these, bacterin belonging to
geners Prevdomoenas, Becillus and Rivizebium and fungi
belanging to geners Penicilfium  and  Aspergiilus
possess the greater ability to solubilize the insoluble
phosphates [Singh and Siddigui, 2015, Chhabot et al.
1998), The eficiency of these strains depends on
varicus factors such as temperature, soil, pH, type of
insuluble phosphate etc. (Ahmed and Kiber 2014,
Vessey, 2003; Ehvazi and Tabatabal 1977), The
phosphate selubilizing bacterfa can be isolated from
different sources such as soil (Barillot ez e, 2013 Chen
et al, 2006; Mehta of ol. 1954), rhizasphere [Dalvi e
al, 201% Gyaneshwar et al, 20027, rootnodules

(Vikram and Hamzehzarghani, 2008) and compost
5,
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Utilization of phosphate solubilizing bacteriz (FSE] lor sustaiable agecolta o

[Ladate apd Padmam, 2009 Paowar er al, 20023
Inauelation with phosphate solbiisog orgarisms in
multilocatiomal trials conducted with wheat, paddy,
chickpea, maize, greengram, lentils and potato have
shown increass yields [ Trolov gt al, 20013,

MECHANISM OF PITOSPHATE SOLUGILIZATION
Bacreria are tha predo minan
solubilize mineral hossphate innature ds compaced o
other microorganisms  (Paul and Sinha, 2017
Phosphate solubilizing bacteris  [PSHR) play  an
important role 1o blegeochemical pho iphorids cycling
in hath terrastrinl and aquatic enviconments | [has er
el E0OTYL Appllentien of phosphite  selubilizing
Invcterka Increasds soll bernliey das o fhide dbity £
corvert insoluble P to soluble P by relensig orpamnic
acids, chalation and ion exchange (O, 1995 Naruka
ef ol 200 ).

MY oo s . that

FPhosphate. solubilization takes place through various
[N THE ST |:II'III.L\_'5:'.|_"_|_.':|-:T:l;,i'|.I||| e e beldn
acld  productien dnd proton extrusian the jirincipal
machanism being the Iowerng of soil pH by micrakial
prodoction of organic acide ar the pelease of protens
ahd mineralization by producing achl phosphatases
{Tarafdar and Claasen, 1988}, ultimately resulting in P
availability in soll fWhitelaw, 20007, Sofl phovphates
miinly  of  phosphatic  Jertilizers under  alkaline
conditions are  fHxed in lwem of  issaluble
phosphates. Many 41 the caleiun phisphatos, including

W Lanic

thie

racic phosphate ores [fluoroapatite, frencalite), are
insoluble in so0ill Thelr selability inceeases with a
decrense of sa6l pH © Gyaneshwar er el 2002

Phasphobacterin hawve bean found e pradoce some
arganic acids such as maonocarboxylic adid {agetic,
formic], monoscarbesyliic hydrogy  (Geclc, glacenic,
glyveelic), menocarboxylic, ketoglucerme, decarboxylic
[exalle, succinic], dlvarbosviic led roxy [ malic, maleic)
and tricarboxylic hydrexy (citrie] acidy in order to
sofubtlize inorganic phosphate compounds | Mikainad
and Maran, 2012; Bivazi and Tobataba:, 1977). The
type of orgamc aod prodused and thelr gmonnes deffer
with different organisms [Karpagam gl Magalashmi,
2074), Among them, gluconic acid am! £-Xetogluconic
denf seems te be the most frecuent aceat of mioeeal
phasphate solubilization (Deubel of ul, 2000; Song e
wl, SRy, Thl'-llJHi.lll-llI:H.':i.'::. are the areducts ol the
micobial matabatisim, mesty by osidative respiration
|I|vi1'

of by derpeentation of organic Garen s

Lrodowe et al, 2003,
\p ; it
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. Phosphate solubilization s the result of combined
effect of pH decrease and organic acids production
(Fankem et af, 2008, furanga and Kumar, 1993], FSH
decrease tha sedl pH by producing organic acids
(Sardina er al, L998). These organic acids Ccompata
with the P binding sites iy the soll [Nahas, 1996].
Through Organic acid Production PSP maobilizes p
from sparingly soluble phosphates and convert inta
soluble forms mainly by the chelation mediated
mechanism  (Whitelaw, 2000). Acidification of the
surrsundings of micrebial cell relepses proton through
the production of Orgamic acids [Villegas and Fortin,
2002). These metaboliee Urganic acids as o result of
anion exchange of P by an acid anlan can either
directly dissolve the miperal P ar can chelate AJ3- peis
Ca® jons associated with Inorganic P (Gupta ef al,
1993]. The ¢3 rhescy] and hydroxyl proups chelata the
cation bound ta inorganic P and convert jt inta soluble
lorms [Sagae, 1998). As the sap PH increases the
divalent and trivalent forms of inarganic P, HPO4-2 gnd
HPOM occur In the soil {Suranga and Kumar, 1993).
The organic acids relsased by PSE Into the soil
tonstquently decreates the soil p" and acidifies the
surrounding envirenment and fead i the releaze of P
lons by H* substitution for the cation bound o
phosphate [Goldstain, 1986]) making the P avallable 1o
plants. PSE mineralize sai) arganic P by the production
uf acid phosphatases. Release af-organic anions, and
Production. o Siderophares and acig phosphatase by
microbes, hydrolyze the sall Drganic B or splt P from
“rganic residues resulting in P availability {Dador apd
Tabatabal, 2003),

UTILIZATION OF FHOSPHATE SOLUBILIZING
BACTERIA [PEB) FOR SUSTAINABLE AGRICULTURE
A5 @ result of EIETRY Crisds, envicanmental kaeards and
dapleting soif Fertility. man needs to shift towards o
mare - sustainable agriculturs (Kumar &t g, 2018j,
Chemical — fertilizors  shoulg be  replaced  with
biofertilizers,the |atter being eco-friendly, product jve
and accessible [Sheraz er af, E010). PSRE play a crucial
role in big-gen phosphorus cvele as thev affect the
transfermation of the snil fhosphates LFharpley,
1985). They increase nutrient uptake from soll, thus
reducing the need for fertilizers and preventing
accumulation of phosphates iy soil. Tha COfnCentration
and number of PSE i rhizosphere can be inadeguans
far the complete supply of inorganic phosphates o the
plants  (Sunder-Rao and Sinha, 1943). Therefore

solubflizers s eszential fur eflicient phosphage
salubili=atian (Karpagam and Magalaxni, 20 14).

Several workers  concludod that  application  of
phnsphau:umluhljizmg MICIaorganisms increpses soil
fertility and recults in Browth promation of Lrops
{Omar 1998 Naruls #al, 20007 The positive sFact iaf
P solubllizers has hoep Fepoitad an food nod folder
craps [Dabvi et al, 2019, Suntang er o). #0 L Gupia et
al, 2012}, Phosphate snluhilizing hocteria gre bt
used ai blufertiiigers sinre [udi, 1946
Krasliniloow, 1957: Vazay, 208:3) Inoculation of sepds
with PAE {5 5 Promising wchnigue which ulleviates the
deficiency of P [Qureshi s i 20120 indculation with
F8H such as Peevdomangs (Husen eref., 2008, Beeillus
(Turan ot g, 2007 Muehelilin and  Paped 209 T
ftnzodinm (Afzal and Banp, ZINER) Chubpi g pf LT
Micremanasporg |_E|-T.=|:‘|l|.'li|:,' T 2008,
Purkhalderio [Minaxi and Saxena, 2010), Azatoboctsr
IMasen and Mirzaj, 2010), Avinetaberctor Lhulan e qf,
2010}, Azospiriliam [Nestl amd Mz, 2010; Mehmet
erel, 2005 and Gilwcangratabecter [ Ling of al, 209
hie been reported jn Inereasing selubilization of iy
F ensuring high crop yeelds (Hedngues sy Fraga,
1949%],

[Cerretsen

Harteria hulun,;:mg-: ¢ e gEnus Boccidie Meaidomanas,
avel Rlugoliem have proven oo be  powerful P
isanena ef al, 2016; Nooe i Baud, 2002 Turan e
il 2007, Mheitbllin ep o) Soavankimar snd
samlyappan, 2006, studied ACE deaminase from
Frevdomonas ferarescens mediated galine resistine
W grounduut, Bhatia et af, 2008, Showed benelico)
effects ol Auarescent Pseudamaicads an Eruwih
Premotion and  suppression of chareon| eor in
Broundnut. Studies on Beoudom i and Trlehodomin
proved  phosphate  solubilisation and  antaponistic
activitios against Fusermm Lapsarim and Hiizectonig
ol [lay et af, 2014}, Bhodorncros s, Poepdomanay
spe and Arthredactir hicadtdverain when inocubated
with Zew mays and grown in P deficient soils amended
with tricalcium phosphate enlaneed tie plan grivwth
vaofia and . Payla, 2 Y, P
Wafdeoens and BeiiiTus cereg Ly
the bacterial wilt eaused by Bolstonia ~alangesarom in
temsate (Slng and Siddiqui, 20050 ind hence proved 1o
be effective bloepntrgl agents (Henok and Kerstin,
Z013). Bano angd Mussarat, e003, MNasoby ef af, 2001
and Hais and Xeal 2003, alsn nhsarved hiocontral

;i .
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Utilizatien of phosphate solubilizing bacteris (P58 for suztainable agrculiure

Several workers rveported potency of PSE in
solubllising Phospherous and increasing yvleld in crops
a5 Tomato (Pathak et al. 2017; Sharen er al, 2016
Lamsal, 2013 ; Poonia and Dhaka, 2012; Hariprasad
and Niranjan, 2009), Malze (Mokamed et i, 2017
" Hussain et of, 2013; Gholami et of ., 2009 ; Yazdanl et
@l 2009; Nadeem ef of, 2010], Wheat (Sachdev et al.
2004 Afzal and Bano, ZODB: Babana and Antoun,
2006; Mchmet et al, 2005; Khalid et al, 2004; Nerula
et al, 2000}, Soyabean [(Husen et ol, 2009; E-Tarabily
el al, 2008), Moog bean (Walpola and Yoon, 2013 Jha
e, Z012; Minaxi and Saxena, 2010: Vikram et ol
ZUOE). Cicer [Sharma ef of. 2015 Zaldl and Khan,
2007, Groundnut [Zalate and Padmani, 200%; Bhatia
et al, 2008; Panwar et of, 2002), Cottan Qureshi et ai,
{2012].. Sunflower [Zehara, 2010), Saflower (Zhang et
al, 201%), Sugarcane (Sundara et of, 2002), Serghum
(Gopalkrishna and Humayun, 2011] , Chilll (Abbasi et
- ol 2015) and Mash baan (Nixzi et o, 2015).

Some worlers noticed additional features of PSR
faclliotate plant growth and development in the
presence of various stresses,  Pseadomonos  sp
enhanced plant growth in salt stress [Nadeem o of,
Z010: Mohammad et al, 1998). Acinetobacter [Gulati ot
al. 2010), Paewdomonas petide {Pandey ef al, 2008)
and Freudomanas corrugate (Trivedi and Sa, 2008) are
observed to be cold tolerant © Psendomonas 5],
(Sandhva et al, 2010), Arthrobocter sp., Haclilus sp.
[(Banerjee et al, 20107 showed tolerance towards
drought stress. Pseudamanns fuprescence Bocillus and
Hallphacillus showed tolerance towards salinity stress
{Saravanalumar and Samivappan, 2006},

The review concludes that phosphate solubilizing
bacteria promise a better alternative to the chemical
fertilizers, the latter belng costly, deteriorating the
agriculture  soils  and  environmental  concern.
Phesphate solubilizing biofertilizers will prove eco-
friendly and cost effective agro technology to improve
crop producticn, More research in this Neld is needed
to minimize the use of chemical fertilizers and make
use of biofertilizers in large zcale for sustalnable
agriculiure,
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