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After Nitrogen Phosphorus is the-seconc*-most leqLiirecl tnacronr.rtrient for
plants. It is requirecl from-molecular level to physical development of

-plants. Most of the soils contain l.rigir lcvr,:ls r.rl 1)irr,slrir;rl r j iior,r,r,r,er fr

forms many insoluble complexes witlr Calcir-rrn, Iron, arrd i\lrtrninium, It
makes the nutrient a par-adox. It is rr,poltr.rl to be cr'itic;ll lactol ol many
crop production syslcnrs due tl lirlrilr:d rl;rn1 :r 'rarl.rlrlr f'l'ot'rn-s i,t soil.

B0% Phosphorus fr-orr.t sciil lerniuns urrutilized, Plrosph;ite solubrlizing
bacteria provide :m eco-lriorcll,,,, rlterneti',,c Io ci,ll','of1 rnsoluble
phosphate into solLrble hr rms. Slrcr:ic,:s rrl Piir ii,<l I-1,r, illL: r, t,trr:: r t:.r,r .tnri

Pseudomonas have rrbiJitl to le u- sc LrrE,raD(,lile:j sLli h arr cr-J:rrtir: acids to
carry out mineral phospliale solLririiizeliorr. i'il,, lrrt,sir[ , e, ]1,\. l. ,,rtused

on an urgent need o1 shifting tor,rrarcls a nlore sLlstainalrle agrrr:irltrrre by
using PSB.

Keywords: Rhizosphere, Phosphorus, Ilho.sphatc Soi iLblliziirg llactelia.

INTRODUCTION

After Nitrogen Phosplrc,rus !'J is the seconcl nrost essentiai

macronutrient, lor glowth and development oi plants as ir is involved in

important metabolir, pathn,ays IiJ<e plrot?rlvnthesis, r rsp,r'lrtrprr hioll;1ical

oxidation, nutrient Lrptal<e, cell drvision ancl cell btrilrlirrg ll']:rthal< cr al.,

201,7; Gupta et ol., 201,2). Soils corrtarri hrgir ieveis o1 l', Lrrt, ..r f ,t c;itt,t pdr'l

of soil Phosphorus , approximat<'ly 95-99a/0, is present in the form of
insolubie phosphatr's unri lrerlL, r.lrrl, t l.re uti i,,.eu ,,i' rirr: lrlanls
(Muharnmaci and 1,1.,ran, 2012; I(an:r;rprr:rnr ;rnrl Sli il. rnrl<Lrrrar 2011.)

Unlike the case of \itroilen tire r'c i:; Io ia|r.1t' ll,ros ,lr'r -i( s()ll|r.c of

Phospi'rorus that cirrt bt-' rratlc biolo6lrt.;rlr! uvarl] rlL' Lr I r, ,rts 
, i...r !agartt

and Nagalaxmi 201'l), Cnnvt'trli',tl;r fltt rr;ny' .!)'sfr.'rll t-t'lc: prl .heav1,
application of cheruical phos,p-hurrLs lcr-tilizc'r's [o nrairrtarTr ,rptinrurrr level '

of phosphorus in agr.lcultLrral soils [Ahnred ar,d Kilrlr, r0 I 1J ]lorlever
rne soiis) of tnc sot.Lrbit ptroslrlrorus are
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Dalvi qnd Ralth 201 I
rapidly immobilized in soil which rnakes itfor pranrs rRicha-rdson and simpson ,r,,ill{:it ::j,J:J,:::*;,J::,,:,,;:.:l;:: ll., ;,,,i,,;",;li:,;:fiTi;X.ff:::i:l#|.jl'"^ deteriorates so, 

:j:i:y:. in rrre r.irrsi.r r,:,rroi, o1 c,,,,r i1,,, ,r ;,rlsi",, ,rhereditary character_s anci

il.:ili[ ",- ?il:xa,'f j;T ";,j,,13 : 

.;i 
j, ;;]#.; iltii;H? :;riffi r ilf I I f HilHil

ffiT",;,:l:,,,"';; ':.'J:,,i..1.1i,.*"'nv deveropea ,u,,.''.Iili.j'jlll,]ll':::.T:lili,,,,lll ;lllfil:;
influences plant growth' As the pt'nt gto,,, older the rvrth r) ,utritrrnr rjarr:.rr :lr.rr1 rrer;rs1r., 20)2;
growing roots ar
so, pa*ic es ",r:n:,':::,::ff:,jJ".:T;i,;"::i:.il: :;jl;,li,T:::l.i;,.,;ll.l" .,; ,l:;li,.;lh:rhizosphere [Kumar et al" 2018;Antoun, 2012). TIte f i)]r,'L-.r.rtio.r i, sL,ir srrrirti,. is ,,,, r. )r Is1.,q1r-,,
rhizosphere are said to be the areas of very high rnl,,H. firrnrs ol p ar_e fl::erl bysoil solirl 1rlr,r,re, ntai<ing
biologicai diversity teaming witlt many differenr r.r, ,t.,n,, ;;;;.ri,,i,,',]i 

".ir.ibrc t. ;,ia.rs i.rrorr,v erffiff'&H;:i::H';;;;:H:t',"*i*ml fl,il',, rnu,pr,o.o,, i,',,',.,"ro,., ,,c o ,he,eas,
popurarion can either exert benericirio. au,.i,,.n,rr ;r.;;:rTi:1"1;1;;" ,';l;lii,li:1 r"rli,il: , ,\i;
effects or they can be neutral rs'na"t-nu' and sinha, supprernented lt,ith irorganic p as che,i.r,ricar f.ertirizc.rs;::*.-li:,:'.'ffi.i:,':';..,i":l ,*J*Hl il:;,:r"., 

crop proc,LLc,io,,, brri l,pui,,crl uSu oi
between the dirrerent componenrs or the .omprei ,,u,,,l,il.il';?;':,',::;';l ili::i:l:1,:"'"i;i,.,jlir] ..,liplant-soil-rnicroorganisms 

[Gyaneshw ar et al',2002) o.i: .,.,,, in p, a.s thc co.cc.rr.arion of.rr.r:c p [avaii.ibleNatural solubilization of mineral phosol 
lirt'lrl fot'plrrnts) is not rt.tor'e thrrn 101rrr (,\,cr, i:rt pFI 6.5important mechaon 

oI mineral phosphate.s 
-ls 

an (l)eirojvoti et ctl.,2a-15]. I'rrus,,lo.sI ol Ilrr. Irr.lran soiis
rhizospherc -,.."}!T",,i::'rr,';1, :r.,lli[iit ::l r],: ;,r;:,,, ;,:ir, ,i:"i ,r;i, ',, :,:i,ii:,,1soiubilizing microorganisms [PSM] (selvi er at',2017). o,.., 

'p.,rtirrt.,irir), 
(D.rroj\., ati c-:L .1r.,2i, r51, I)iios1rh,r.us:;:T,H.ffiii,l fflr1IH:',I*::;.,:X.m n.,,1;,.., 

s , , ,, e{, ,r,r r s .ir :i,,r i,, , i , ,,1,,,1 , 1,other microorganisms [paul ancl sinha, 2017; ,,..,,,..,,,tt''tt 
irl soi] s,ltrtion (iiJ i.sol.brc irorg;rrrlc p

si{:Li'J;ll*ll,l}rr,:'fl'?,:?:i.n*ff ilk,#Iil:fi::?i;;J'll;';,il i,,l ,"it;,1,'
phosphorus cvcring in borh terresrriar ina aquatic sor uor],liiiJi;Ii:':,j;:l:J,l]]1,,:;:li:,]:l: 

1,,,T,il;:1,environtnents [Das et al', 2o07). Application of (riirrirar.ciso,, 2001]. Mar1, :rgr.it:ulrL:i.,.. -s,;irs sur.r c,rnrl
phosphate solubilizing bacteria inttt"'"t',o,, *.n,,,, u..,1. i"for,rir, of r,.lai i), gc.or.ally i.r.irr: 2L,J to 5i100
due to their ability to convert insoluble P to soluble P nrg''r't,g: oirort by.rea. u,]r ,,,, or (r0{) rnli I,'g,r o1 ,o,by releasing organic acids' chelation and ion exchange ,,.,,t its accrrmirration ba-seci on rr.eqLrerrt use ofiH?;:}':J'r,,Iilr',,i:i' ;,;:l;i;[il* i]:i,ii: Le,iil zer:, ,rij sLise r(, ,,:: ,,r d,,

empha'sisc's rhe rore of phosphoru, ,, 
'o,nri'n,,;;;;;;, 

,, L,;:,':t 
t {ll cli i'tlLrc'z ,r;r11 r'r rg.r r :) r()r \ ,rch ,r ihr,

lil;,ilflil?;,ff 
"::,:,::;:1,1j:,i:lJ,,iil;,,", 

and , ; g :,:l,].;?i "nli""",.ll ,';:l:l:;: ,: ll;:1?:
tirlrruglr lrrecilritetit_,rr r11 r.:.rr:i.irrg rvrir, I,:r .irrcr Arr, i1R,LEoFpHospHoRusrNpLANrNUrRrrroN 
ili:::"il]: o'Iil,:l;,ii;l:ffiT,, 1,i,1,,,|l' j,;[Phosphorus [P] is a most importa,t growth lirniting (i:e1']0+l wfl1rr ar,: s1,,,,i,,g1. .r,,r,,r r,, ,.,:r ip,t ir...nutrient for plants [Richardson.rO,,,"0r"r,2011). 
iSt,.,rp].-y, 19ti5) ard rilrlin;rt.ty rc.srlfi.g iir rhe lowo,:H:,,j:.,"ff:;:,::T"ff:,Jfif, **:";#: *i*i1:r jrr : r,:::1,,,r.,*,", ,, ,,,",,,,,,:;:" 1:

'b'crops accessiUtt(\l,rtsfrarma et a1.,2013J. p, bei
rs [Pikuvsl<..vr. I9 l.rlr .r't,,. ,,, .,.. , 

-..

ba . ). 
.l.l_itt.efor.c, 

o.r_rp i.rJartts cart
ly.r Irlrtiorr t)f rr,nl ., l, ...., I rll.l ll . r . rl.c [, ^nr
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qf p!otp-lB!g. rylubil11t1g bacter-i:r lPSIll f qr sLr:rtairreL)i(, agr :cL;lrLrtr

poor in performance (Abbasi et a1.,2015). The
concentration of P in soil solution is very low, varying
from 0.001mg L-t in very poor soils to 1mg L-r in
heavily fertilized soils fSeema et a1.,2013)

PHOSPHATE SOIUBILIZING BACTERIA (PSB)
, The fact that certain soil microbes are capable of

dissolving relatively insoluble phosphatic contpounds
has opened the possibility fbr inducing microbial
solubilization o[phosphates in soil [Ahmed and Kiber,
2014). Phosphate solubilizing microorganisms are the
one which solubilize the insoluble form of phosphate
in the soil to make it available for the plant growth

- fEivazi and Tabatabai, 1977) Phosp]rate solubilizing
microorganisms include several Bacteria, Fungi,
Actinonrycetes, Yeast and Cyanobacteria fSaxen a et al.,
2016; \azclani et a1.,2009; Chen et al., 2006; Khan and
Zaidi,2006). But bacteria are the predominant
microorganisms that solubilize mineral phosphate in
nature, as compared to other microorganisms Ipaul- 
and Sinlra, 201.7;Zaidi and l(hrrr, 2OO7 ).

PSB play a vital role in mobilizing phosphate for the
use ofplants from the native soil Phosphorous pools as

well as rock phosphates (sharma et a\.,2013; Trolov ef
al.,2003). Several phosphate solubilizing bacteria can

. utilize insoluble phosphate sources such as tri-calciunr
phosphate [TCP), hydroxyaparite, flourapatire, ferric,
Alumrniutn and magnesium phosphate, bone meal ancl

rock phosphates and convert ti.rem into soluble forms
(Muhamad and Maran, 201.2; Gaur et al,, 1"973., Eivazi
and 'l'abatabai, 1977). The important genera of p-

solubilizing bacteria include Achron.tobacter,
, Aerobacter, Alcaligenes, Azotobacter, Bacillus,

Escherichiu, Pseudomonas, Serratio and Xanthomonas

[Linu er a\.,2009; Afzal and Bano, 2008; El-Tarabily er
a1.,2008; Premono et ol., 1996), Azospirillum [Mehmet
et al., 2005), Among these, bacteria belonging to
genera Pseudomonas, Bacillus and Rhizobium and fungi
belonging to genera Penicillium and Aspergillus

' possess the greater ability to solubilize the insoluble
phosphates- fSingh and Siddiqui, 2015, Chhabot et al.,

1996). The efficiency of these strarns depends on
various factors such as tempet'ature, soil, pH, type of
insoluble phosphate etc, [Ahmed and Kiber 2014,
Vessey, 2003; Eivazi and Tabatabai, 1977). 'fhe
phosphate solubilizing bacteria can be rsolated lrorn

- 
different sources such as soil IBariJlor ero1.,2013 Chen

et a|.,2006; Mehta ef al., 1954), rhizosphere IDalvi er

al., 20L9; Gyaneshwar et ol., 2002), rootnodules

[Vikram and Hamzehzarghani, 2008J and compost

(Z,rlate and Parlrnani,';00.f, L,.lnu,ill ci a!.,'Zl)02)).
Ino..itlatirtn with pl,oslrlt.,lie i(, rrl)ilr,rii i ,,r1, Lr, :,rrr) irr

tnultilocatior.ral trials couriucted r,vith vvheirt, paddy,
chickpea, maize, greengrarn, Ierntils and potato have

MECHANISM OI. PHOSPTIATE SOI,UBILIZA'IION
Bactet'ia afe 'ihrl L.t'ecloillitt,,nl ir;i!'t ( .ii,; ti,,;il tltat
solr.rbilize mineral plrospltate in nalui e, .rs e orrrpar.ed to
otlrer microorganrsrns [Paul ancl Stnhl, 2Ol7).
Phcrsph;rte ,solLLbilizing b;rclL,ri:r [:,Si] ) pl.rr, ;ln
irrrlrortanl ro]e ir'r biogeoclrerntcal plrc.;p1tnr iis cvcling
in lroth terrestrial and aquatic envlrorrnten[s IDas ef
nl. 2007) i\lltlii;rtibn of l,hor;Dlr;,rc s,rlLrhilizing
b:,rr t,:ri.t incle.rsr::; :;oil f ,,r'rilil,t rlL:.. ii tir.,n .r ,tlL,, lu
conveit insoiLtble l) lo solrrltie P 1;1' r', tr. i:r1r{ .r g.rruc

acirls, chelation ancl ion r:xch:rn;1e iOntr,r', 19:)il; Narula
et ci1.,2000.).

Ir.hrrsphate solubilizlrtiol takc.s place t iilor-rgh I anous
trtic:obr.rl proct.sst,rr'rii,r r,r.r ,rr l-l l, r .r :i.rr1rr

acirl productroit and ll ot.on cxtrusictrr, the plrrrcrpal
mechanism being the Iorvcritrg of'soii pH by nticrobtal
productron of oi ganic ai:ids ol thr., rel,:l,rsrt Lrl lrrolorls
ancl nrineralizatron by produclng ar:irl pliosphatases
(Tarafdar and Cl:rasen, 19BBJ, Lrltinrately resLriting in p

availabl)ity jn sr jl ltVltitc1ar,,,, 20f 01. ':lc,l IlrosIh.rtes
nrarnly ol phospltatic l-ertiijzcr..: rrrr-1cr',rllialine
cot-rtlitions al'e tixed rrr litr ioi'ltr ol rrrsolr-rbie

phosphat.es. Man1' oI t itL. c:lcj Ll r.r I pirosJr ]1,;1;.q i rrcl uding
rocii phosplrate ores Iiluoloitltatrtc,, lr,lrcLrlitel, iire
rnslluble rn soil, 'i heir solui-;11rt1 in._1.,,.rsrrs vlrth a

clecle:,isc olsoilp)l i (iv:rnt:shrv;u ea (tl. 7,1)02).

Pltosphobacteria l'ieve Lreen fitLntrl fo ll'.(lltce some
organic acicis sr.rch as rlonocarl-.oxylir: ar:td [,rcetrc,
ior-tuic], mot'toc-trb,r.r1 11. lr_vcliox.,, [..i,.irr', !rL, , 111s-,

glycolicJ, monocarboxylic, l<etrrglrLccn,c, t1t,,:.rr'brtrylic

Ioxa1ic, succinic.), d icarboxylrc iiyci r-ox1, ( r na i ic, ntaleic]
anci triclrbc.rx_vlrc it1'clr-or_r (ciii-ic' .tc,l:. ii r l-t,,-,, Irr

soiLrbilize inorga nic phosp hate contpou nds iNl r-rhamad

ancl M;rran, 201,2; F.ivaz.i anci Tabi,rtalrai, 1,)77J. 'lhe

typi: of olganic acirl plr.rcir-i,:e,cl ;r trcl .lt,ri it,tr,r inl\ ,irffel-

witir diflerent ot-garrisnrs (Karpag;Lnt ilrrt I'.J rgalaxhmi,
2014J, Arnong tlrerr, gluconrc acici anrl 2-l<eioglrrconic

ai ril seenrs lo br ther rnlrst lrcrlLrertt :t,.t-lt rl rnlrerral
phosphaLe solLrbilizlLrion IDe,Lrirel irr rri, .lULLr; Srtng ef
rul, -00t)) T'hr,' org;rrii:',rcid.l .r r-c ilrr, ,rlr;il L:r:ls Lrl [he
nrir. r'obi;,rl metabl l is lt, r-l o:;tlv i r1, r:r i,:i;, i,'r, r' .sl i, . r l i orr

OI' iry fcrntenta';rOr ol r. E ,nt , ll,r ,rrr. lrkL,

et u 1., 2l)A 3)

lulu|L) -Ll [:ir)I.: t1 lnt. J. of Lrfe Sciences, V'

glrt . cr

nrber, 2() l9 E 
--+r3Bsltsrro{rIta r
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Phosphate solubilization is the result of cornbinedeffect of pH decrease and organic acids production
[Fankern et qt.,2006, Suranga 

"na 
nur*, 1993). pSB

decrease the soil pH by producing organic acids
fSardina et al., 1986} These o.*rn,.' ,=.id, .orp.t.with rhe p bindin
rhro ugh o rgani c :.,'jT.i: #; ; " i, l-*i;, lll 

rl;

from sparingly soluble phosphates nn,l .oru"., intosolubre forms mainry by t'e crreration mediatecinrechanis" (whiteraw, 2000). Acidificarion of thesurroundings ofmicrobial cell releases proton throughthe production of organic acids [Villegas and Fortin,2002]. These metabolite organic acicis as a result ofanion exchange of p by an acid anion can eitherdirectly dissolve the mineral p or can chelate Ai3+, Fe3+,Ca2* ions associated with inorganic n gCupta ef at,,1993J. The carboxyl and hydroxyi g.oups ct.,elate thecation bound to inorganic p ,na co,iu..t it into solubleforms [Sagoe, 199gJ. As the soll pU in...rr., ,f.,.divalent and trivalent forms of inorr"r. O, ,rO 4-2 andHPO4'3 occur in the soil (suranga 
"and 

Kumar, 7993).The organic acids released by pSA inio the soilconsequently decreases the soil pH and acidifies thesurrounding environment and lead to the release of pions by H* substitution fbr the cation bound tophosphare [Goldstein, 1986J making rhe p avaiiable roplants, pSB rnineralize soil organl. iiry rhe f rociucrionof acid phosphatases. Release ol o.ganic ,riorr, ,n,lprodution ol Siderophores and ,.,J pnorfllrrase bymicrobes, hydrolyze the soil organic e o. ,ptit p fromorganic residues resulting in p availability iDodor anctTabatabai,2003J.

solribilizers js essct,r[jal lor i,ft,icrerrr lrhospltatesolLrbilization [l(arpagant and Nagalaxr )1, 2t) Ll).

Severa] worl<ers (

phosphare-so,uo,,,,,"l",lil1:1 :"i' aPplicatro, of

re -ri)ity and res urts'r,'i:::""J :Ti:lll: J,::]'il':, :;l
[0irrar l99B; Nar.ula et ol., ZOO0), t he positive efFect ofI) s,,lulrilizcrrs lt;is lrletr r-Lp{;,t.ii:r-l ()r l.).r I :lrrcl foilclcr.crops IDalvi et al.,2019;santapa et ul.,2OI(t; Gupre etal, 2012'). phosphlrre solr.rbilizrns lr;ri.trr.i:r ar.e 5r:irrg

Lrseci as brofe|tiiize;-: irrte 1,. lU., ,( .:rret:,:n, l:rzlg;
I(r:-rsili,il<ov,, 19.57; \/ssey, 200:l] ln.cr.rl.rtiort ol se edsrvith PSB is a promisrng technioue whieh allcvrates thetlclit iency of p (i]ur"e.sh i et ul., 20 1 2). tnr.,r:iij,rtror.r rvitlt
PSIJ sur;h zts Pserrdotnonos IHrrsen t:t rrl , 2()01) ), Bacillu.s
['J r r'.rn ,'I u/., 20t -; l.l, 1,, ,.1 ,rr ..;.,. I, r I 2Art_ t

Rhizobium [Aizal ancl Bancr, 20(r[i; /.]r,riroL ,, ,,t iV,,,,'1Micr.ontono.spora IEl_1'arabily eL ul,, ZOOB),
lJtrr kholderia [NIinaxi and Saxeira, 2a l0), A,zcttobocter
[Naseri anci Mirzai, 2010), At,inetol:tactctr: (t)ru)ati et al.,'2010), Azospit.illum INcsri ancl NIjr.zrrj. 201(r; Mehlner
et ol ' 200s) and Grtrconocetobctcter (l.inir er ot., 2t)09)
has been reported in i.cr-easlnq sorrrrririzrti., of lixed
P_ ensr-rring higit cr.op yicici.s iliorlr.i!L.re.,_ ;,rrd i..raga,
1 eee).

llai terir bero.qirrg i. rirc gerirs Bttr:r iir,:, p:;ettdorton..s,
,t nri [] l1 i 711 11 iurir lt a i,r

(Saxen:r et ttt, 20r.,^' j::;'':'l], 
ti.,,'],l 

r';l'1,';i]i.,,:::
ttl., '?-007, !lhejlbilil tt ll., 2l)t) /. t. .j.rr.rril(;l1.tr lnrjSaruiyappan, 2A06, str_rdlcrl .,1Ut rieainrl.rse lrorn
Pseuclomonas flurorescerts ntediatcd saline t_esrstancein r;rorrnclnut. Ilhatie ct at., 2A08, Sltrllye(l benei,icialellccts of flLrorescent pscucloutonaiis oil growthpro.,oIior-t ancl supprr_,ssi.n of .]ra'r:.ul rot tn

g.ou ncl nut. sti rd i es c:, p.s 
c: u cr o, i trlr(7-r .:r, cr T'r- i t.. h o r. t.,t oproveci phosphate sorLrbiiisatio. a.ci .,i[agol,sric

l.cLir it jus againsl l't,..,r r i tr t n uxy) pu r t t, I t t) t J h t. I /,oL.t t) n ia
soIuni jay et o1., Z0i4,). Rl.toclot;oc._.r/s sll, ps.t:trclontoncts
s gr. ancl Ar t.hro b Ll ctc i. rt i c. o t.i, rt u, t.t^;rir. ri,itr, r itocu latecl
tn'tith Zeu ntoys antl glown in p ric-ricicnt r,,lrtr rnr"n.ta.t
rvith tricalciunt ltlroslthatr: enlt,,inct:cj ttte plltlt growth
i:ioii,r tnd p.tLrj.t, t0 )1). t,.(t (!,)t)t,ri i.r) rl, Jciliitro

UTILIZATION OF PHOSPHATE SOLUBILIZING
BACTERIA (PSB) FOR SUSTAINABLE AGRICULTURE
As a resr-rlt of energy crisis, environmental hazards anddepleting soil fertirity, man neecls tcl shift rowarcrs amore sustainable agriculture [Kumar et al., 20lB).Chemical fertilizers should be r"ptaceO withbiofertilizers,the larter b eing eco-fri endli, lro auctiv"

and accessible [sheraz et at.,20IO), eSn play a crucia]role in bio-geo phosphorus .ycr. ,, tney affect ttretransfonnation of th
1 eB 5r rh ey i ncreas e :, ;:i:r,'.'Jr,,?::;:", lil:ir::reducing the need for fertilizers and preventing
accunrrrration ofphosphates in soil, The concentration
and nurnber of pSB in rhizosphere can be i,.,rd.qrrt"
for the complete supply of inorganic ptrorpt_rrtes to tt.,.plants [Sunder-Rao and Stnha, iruz). Therefor"inoculation o\[2zRlants wjth rhese phosphate

//lor'('e.t.'r,i?s :tncl ,8ar llti.; ,_;t rt: t:. ryt,;.r, l.t tr. \.11 .g r.r drti.t,
tlre baclerial wilt carlsed Lt,y )?cr l_.stonirr ..,oi:tnlt;ectrunt inlollritto [Sing anri Sirldiqrri, 2015) lnii ]rence Droved tcrbe effective biocorrtr-ol .igcirts Il lcn,rk .rnJ Kerstin,
2013). Bano anci Mirssrr-.rt, -UUJ, Nir.:uLv tr ul., 2001
lutcl H;ia.s eitcl I(eel, 20rl-j, .ll.r , i:t..r ,l I,iocrrrrtrol

t't jt,s .f /'s, Ltdltr ,1.r, \l..i..lrr
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Utilization ollhosp-lElq lglUll]qng bactel-ia (PSBJ lor slstail{bJi: agr-icrrlr,.r:-e

Several workers reported potency of pSB in
solubilising Phosphorous and increasing yield in crops
as Tonrato [Pathak et al., 201,7; Sharon et al., 2Ot6;
Larnsal, 201,3 ; Poonia and Dhaka, 2012; Hariprasacl
and Niran;an, 2009), Maize [Mohamed er at., Z0l7:
Hussain et al., 2013; Cholarni et at ., 2009; yazdani ef
al., 2009; Nadeem et al., 20lO), Wheat [Sachdev er a1.,

2009; Afzal and Bano, 2008; Babatra and Antoun,
2006; Mehmet et a1.,2005; Khalid et al., 2004; Nerula
et a|.,200t)), Soyabean (Husen et ol., 2OOg; El-Tarabily
et a1.,2008), Moog bean [Walpola and yoon, 2073; ]ha

- et al., 2012; Minaxi and Saxena, ZOIO; Vikram et ai.,
2008), Cicer [Sharma et al,, Z\j.S; Zaidi and Khan,
2007J, Groundnut (Zalate and padrnani,2009; Bhatia
et al,, 2008; Panwar et al., ZO0Z), Cotton Qureshi ef o1,,

(2072)., Sunflower (Zehara,20L0), Safflower (Zhang et
al., 2019), Sugarcane [sundara et at., Z0OZ), Sorghun.r
(Gopalkrishna and Humayun, 2011) , Chilli [Abbasi er
a1.,2015) and Mash bean [Niazi etal.,2O1,S).

Some u,orl<ers noticecl additional features of pSB to
faciliatate plant growtir and developntent in the
presence 0f various stresses. pseudomonas sp.
enhanced plant growth in salt stress [Nadeem et al.,
2010; Mohammad et aL.,1998). Acinetobctcter IGulati ef

' al., 2010), Pseudomonas putida [pandey et aL., 2006)
and Pseudomonas corrugafe [Trivedi and Sa, 200g) are
observecl to be cold tolerant. pseuclomonas sp.

fSandhya et al., 2010), Arthrobacter sp., Bacrllus sp.

fBanerjee et al., 201,0] showed tolerance towards
drought stress. Pseudomonas fluorescence Bacillus and,
Hqllobocillus showed tolerance towards salinitv stress

[Saravanakumar and Samiyappan, 2OO6).

The review concludes that phosphate solubilizing
bacteria promise a better alternative to the chemical
fertilizers, tl.re latter being costly, deteriorating the
agriculture soils ancl environmentai concer-lt,
Phosphate solubilizing biolertilizers will prove eco-
frienclll,and cost effective agro technology to improvc
crop production. More research in this lield is needed
to minrmize the use of chemical fertilizers and make
use of biofertilizers in large scale for sustainable
agri culture.
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