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Abstra*:

Iru this stutly soil s*rnples "from rhiZospherit niches *J litr,,\rt rI l,+'r t,, .\t t'tri,$trti i;tt.t'*nchyo

were mllected in potytkene bags &nd brought to ths lal,orst*ry ,ll! t"fti:'.c';!tlttric soif,

s*mplesscreen€d for phosphate solubilizing baateria oru Pikovsk&_{it *gal 1.,y seriui rlitut:ttit method.

Amang the soil s$mples screcn,ed, rhir.ospheric nkhe s.{rorn lhe Stt3'u !,c$;r :il;ur','rr hig\vi1 yhasphate

Neenr r;nd Eavatrchya sk*wn 47, {}V, urul t}2 phasphult' .t,:/ri}'iit 111t, t7,:a'1,'t',: lt 't,,1 *f' lTil

phosphate sotubilizing bacterinlisolntesfrorndiJj'ertntnicht:;,5 i.r;;!i:it:s" Jr1,r,{}: t \',\{:.tl r$tl}37,

SMD3S and SMMA were fitund qualitut:ivelyprod,ur;u mrtrt tlrurt 5 mr* ;'.urte oi solu!;ili:"atinn an

Pikovskaya's agar plates *tter I days in.cubstion.Out of th.ttsn .i hi:r:leriit! isirlr:lr.'.r', lt",; brcteritf

isolateso namely SMD 3{} arut SMD 37 skawed rnaximum }},;oluhiii.zttlittt in l'{\'broth
suppleme nted with tri - cukium phosphatequarutitatively.

Key Word: Rhizospheric Soii, Pikovskaya Agar,Phosphate SoluhiJi?.itr:r, i-rit.;1i:, ir.r.

1.0 Introduction:

Phosphorus is an essential macronutri'*nt f'or glowfir atrd r-iL;'.;Ici1rt.t,,tt{.t i ;l]lii:t,t ii:volvecl in

important metabolic pathways likephotosynthesis, biological oxi,,lai.ioti itr.itti,rrrt ltlr{;ik,:r ;,nd cel I

divisrrrrr(Illnter and Schinner tr992. Gupta el al., 2012). Wcrrltiri,irlt soill, rtrir :jr1l'l1i(rIi.:illedwith

inorganicPaschemici:.l lertrlrzcrslosupportcropprttductiott.Lrul rr'-r'- rl..r' ri i.'..'1: i ] r()li-tt(''

soil quality(Tewari et a\.,2A04)-Thepresentscenario is shifting totl'l,td,, ii irrrlr; s'tslliti,Ll',,,:,,rlrii:ulturc

by using l]hosphate Solubilizing llacteri:r,

l\{;rtural solubilization cf mineral phosplrates is an impor{ant rni:chirrtisrr"r crlrihileii b'; tlifferenl

microorganisms, knownas phosphate solubilizing nticroorganisms (PS.e{). ilrtctcr i;t ;rrt:trtr, l.rr',;illrtinanl

nricroorganisms that sr:tubilize mineralphosphate in nature, itr c.)itii,iu.cil i.r i,ir,, i tt , r..,r,llsrri.

(Yin, 1988, Paul and Sinha,2017 ).Phosphate solubilizing bacterit (PStt) irlav an irrtyr,.r'ratrtrole irt

ttiogeochemical phosphon:s cycling in both terrestrial anrl aqualir: cnvil'rlnrriett{s llli; r't ,tL.2007 )



Application of phosphate-solubilizing 
bacreria ,n"r*rroll*rririty due ra their abiriry ro converr

;'"):ffi;:-'#::::;::T,Ty;'*",,, acids, cherarion and ;,n ,:xchans,, ir),1;;1 r rr1/8)" N,rr*i:r(:t al.,Qa}u, whitelaw,(2OOo)l.irre rrti ;t)n ljxcilang{r ii),fi;1r r ltrl/g), Narujr

:;:,X;::'":,llllir" 
1e81;Datta er at',"tes2: venkareswarrn ,,/ u! , it)B.t;(i,ur. , e,)a,), Azospir*turn

The present investigation mainly focuses on ttrre isi.rla .

solubilizing Bacreria from rhizospheric niche.s of riifferen:'T,,;: '::::;,,;i,
est i nratio n of phosphate so lub il izing elTiciency.
2.0 illaterials and Methods:
1.1 t lhemicals:

,_,n, ##, ;,fi':[ff:jJ:, :j[:Jl1'"ffi#:;j: ;1;, il],,jl, ; 1,, i,,,;*#".;(AR/GR) grade cher

2.2 correcti,, o, s;':ffi., I.:;l'ffi:ffi::ffi ,u" u,,,,,

Soil samples were collected fiorn the rhizosphcric r,iclr.rs r;f, ;;nr1; 11 11 i,lt,i, ;. .{ur, 
,1c.,;:bean' Neem' and Bavanchya grownin the {'arnrer I'ielcr (prir.rro l>rat;2."i),reer {,irrr r,urrr;i ciry" Fcr thispurpose' the plants were uprooted carefully, shoots were cut o1',' ari,1 ro()1ii :lrrrrlr vir' hi,.osphere soirswere brought to the Iaboratory in poryhene bags. The s,ii ,;r;,,:,."1::: .':1.11'" 

'

sr*rerl at 4 - g "c for rhe isorarjon or onooonu,e sor,birizirr, *,...1:.;::,,]..:.: 
i''ri {''j'i'| r{; i,r.i:diarery <;r'

i:r l:jsh Phosphaie
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2.3 Isohition of Phosphate Solnhilizing Bacteria (PSB):

Phosphate solubiLizing Bacteria (PSts) was isoiated irorn l,;.; l'itl'r'o:,;f iri'itr r i " Dy

dilution plate techniquc using Pikovskaya's medium (Prkovskayrl 'l 948i rjt)irtii rrrr 'g r: 'elcium

phosphate(TCp)(Gupta etal.,2}12,Kaur,2014).Onegrarnr:acirol'thir stlii s;t'ttl.'ie"\:isit':tr1't'erredt'o

g ml stcrile clilution biank ilrrder aseptic conciitions and serill dilr-rlii-rrr:l ';vtt't' 'nnilr A|p|,"'rlre soil

6ilutiorm were plated on Pikovskaya's agar mediuin hy spreari pia-te irri:irrlicl'tt 'tnrl irr rrri'r!':ri rr i0 * 1

"C for 2-3 days. The colonies forming halo zone of clearance (Pikt:vr;ilayil',i llli:dti'tr;i' i:iirlr;l)11 them

were counted as p - solutrilizers. Ali the bacterial colonies exhibitirrg itaLo :rotl,:s r"cr; irlccted,

purified anti maintained on nutrielt agar slants for further strrr."iie-q'

2.4 Bstimation of Phosphate Solutrilization Elliciency :

The phosphate solubilization efficiency of the tracteriai colo:rtrs erlrit'iti:rg iu rr ;ti" Zore

was carried out quali tatively and qu antitatively.

2.4.L. Qualitative Estimation 0f Phosphate solubilization Effi ciencl':

pure cultures of phosphate solubilizing bar:teria werti sPlt irtr:''tlrlt' r.1 t ll lhr' l' " t" t '''r tining

pikovskaya,s mediunr (Jackson ig?3, Kat.och, 2003 and Kaur 110:-;'r 'l'h': ltilrt',s '''r' i:ri'rhlled al

2g+.1"C a^d halo zone around coionies were recordeci ai regrtlar irlti:ri','l lrplo :l) 'lit.,; lht ;'i'rlllies of

the isolated phosphaie solubilizing bacterium to solubilize'I'Cl'ori l',k0vskly;r's r:i.!1i:' 'jt 'lia were

determined in terms of solubilization index (SI)" Phosphate solutrilizrriori irdr]K 'r'i'ts cllcirlated by

meaSUring the colony diameter ancl the halo zone clianrcter ;rnti ll'r' g'rl'ri'1" lli :rrt: lrt 'r!rg the

tbllowing formula ofl Edi-Prcrnono rl al-, (1996)'

P1rosphateSolubi1izatitlnIndex(Sn=!#:-t.1.,:|*]

2.4.2. Quantitative Estimation of Phosphate solubilizing Etficiency:

The quantitative estimation of solubilized Phosphate by bacterial isulat;s w;iri'Jone by

Chloromolpdic Acid Method (Jackson, 1973)'

2.4.2.1. Chloromolybdic acid Method:

The phosphate solutrilizing activity of the selecied bac1.:t.tr,l :,. iat s ..r ' r[; 11r) ,()"1: it: {:' was

determined quantitativety in liquid medium following Chli..rri;rrrolyr trii'-r ,',cii; i\'lcr'l'ii f i\'; rr' 2014'

Jackson, 1913)"

2.4.2.1.1,. ChloromolYbdic Acid :

15 gm Ammoniurn molybdate was di.ssolved in abour 4()0 mi o{ iiisliilr:d r'''eirr, liilered and

then 400 ml of i0 l,l HCI was ailded slolvly \\'ith rapirl stininr-. \'rlrr r'' \ rl' rrL'ri; lrr I'rili' rr:l with

distilied water and stored in antber glass bottle'

2.4.2."1,.2. Chlorostannous Acid:

Stock solution:

SnClz.z.HzO 10 gnt

Con. HCl 25'0m1

SnCl2crystalswere dissolvedinCon.HClandsolutionwaskeptingia:;sbrlltic:uridr:r ltrrli'ir' jl()pper'

Wo*ing Solution:

[AMriifili
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Fresh working solution was prepared by adding 132.i-) ini i.li listilled

water.

2.4.2.1".3. Quantitative Estirnation P Solubilization by Chloromolybdic Acid Metir,xl:
'l'he phosphate solubilizing bacteria were grown in -50 ml tlrlltr.:;tL b:o;1, lor ''1 h, , lil 'f in

incubator shaker.0.l ml of each phosphate solubilizing bactet'ia \\'a,s ilscl)ticallv lratr:rlirrred 1t' 100 ml

PKV broth contained in 250 ml conical flask. The flasks were incubat':i-l -10 "t'-l it1 ;r t'ri tl'lr ):lilker at

130 rpm. Fiveml of culture was taken out in sterile conditiorr af. ref]li l;:r'irrt,:t',,r.; I l'{' ,ir't ,'' .l'rl:l lhird

dayonwar6 and centrifuged at 10000 rpm for 10 min. Then 5tl0 pt lr;i' ''"'r' Sill-'c,lr ilii,i' r":, r'r;r'rirrrrEd

to 50 r1l volumetric flask. T'his lvas followed by addition of 10.0 ttrl i.rtiirlli,ri, l; I'lic i ,,1 ' 't. i'rrtcnt

of the flaskwas diluted to 40.0 mI with distiilerl water. Then I trl rrl'{.iriot't;siatln,)1;., ;,i,i1 ,','-i; aridcd.

Aftermixing,thevolumewasmadeupto50.0mlwithdistilledwatcr..ilicbiLrcctlic:,rlrl,elrli '"',';f the

solution was measured at 600 nm. The soluble P was estimated fictn sLanclrtrti rutvc r:i l'lliril()+ (100

ppm) drawn against O.D. 600 nm"

3.0 Result and Discus.sion:

Naturarl solubilization of mineral phosphates is an importarit piii:nrrttteti, rt '1i.1,-:'','cd bY

different nricroorganisms, known as phosphate solubiliz.ing nticrrtorg,unismr (i"SlV.) i:irt,:rt'rirr tre the

principal rnicroorganisms that solubilize mineral pliosphate in ii,i.l.tlir. r, t.rlltlllirr:il ii) other

microorga.nisms (Yin, 1988). Phosphate saLu.bil.iTing bar-'te riu lt'.. I ir'r) rr: r rrl:i)'l: rri rllr: in

biogeochernical phosphorus r-yclrng in both terrestrial alld aqttit{.tc .rt,, , r'r ,' r r l ri, 'i 'i . {l i 'r

3.1 Jsqkrti*rr of Phos;;hatt ii*truhilizing Bacteri;r (PSU):

ln present investigation 170 phosphate solubilizing bar:tcrir rvi.t-r: i:roirLlr.:.1 tr,rr , ,l;llerenI

rhizospheric niches of healthy plants by using serial diiutior Inctlr(,(1 ,rrt i'j k,rvl kr, '.';r"' ti'1(Vi agar

plates (Photo Plate 3.0). Out of 170, 114 phosphate solub'itizirrp l:1. tr:ri,, :I'Sl'i) !i i': 'o i,fir.1 orr

Pikovskaya Agarfrom tlre soya hean rhizospheric niches, byu,iing tillrliron i,.:l'lt,tri-,11r' ,'l.ii:r ,,''t': farc

greater than the other rhizospheric niches sample. Similarly. liom llr,: rhizrl,rillrcllr.: rrr'--i *i L)i fur,

NeemandBavanchya4T,0?,and02phosphatesolubilizingbacteriarvere isolaied('l"ab1,, lir, LJseof

Pikovskaya'sagarmediumforisr:lationof Phosphate Solubilizing Bar;tr:lria (Plili)wai :i :,r!11)l'way to

detect PSB through fomation of halo zone on agar plate containirtg tri clilcrtinl pil!r5illlaitl r,rl a sole

Phosphorous source (Kaur, 2014). These rhizospheric isoiales tvi:t't: icitt:iliv(:l t'llltlrii:{i r:'j1.4 ll I to

sMD 17t).

Tafie 3.0: Isolated I,SB ftom different rhizospheric niches wilh tlrrir- Ilircslrh;rlt ,lnrtririliz-ation
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sA,{ll 138

sMl) 140

:iMti 141

SMD 14

sMD 18

SMD 19

sl{n 21

sl,{i} I53

SMD 31

sMll i6t)

SMI) 1 t,l

SMD 101

SIt4l) 1t'r6

SMD 4 i ) t

SNID 5 1 SMD 58 1 I

SMD 6 5 SMD 69 I I

sl\,fD 7 1 SMD 70 ?",

Sh4D 8 t SMD 7tr 1 1

SMD 9 1 SMD 72 2 t,i

SMD 10 1 SMD 73
,}

t.!

SMD 11 2 SMD 74 '1 I

SMD 12 2 SMD 75
'l

1

SMD 13 2 SMD 76 ) Si\ll ] 139

n SMD 77 1

SMD 15 3 SMD 78 I

SMD 16 4 SMD 79 I

SMD 17 I SMD 80 I

A+ SMD 81 '2

+ SMD 82 j tj

SMD 20 4 SMD 83 I {i

I SMN 84 1 rl

SMD 22 5 SMD 85
,Z ()

SMD 23 I SMD 86
,) 0

SMD 24 1 SMD 87 2 {)

SMD 25 1 SMD 88 I 0

SMD 26 4 SMD 89 2 1
I

SMD 27 2 SMD 90 2 l

SMD 28 5 SMD 91 2

SMD 29 4 SMD 92 2

SMD 30 5 SMD 93
,2

4 SMD 94 1

SMD 32 2 SMD 95 I

SMD 33 4 SMD 96 2

SMD 34 4 SMD 9? 2 )_

SMD 35 2 SMD 98 I i

SMD 36 5 SMD 99 1 .51,41] I {,2 )

SMD 37 5 SMD 1OO I
')

SMD 38 5 {) I

SMD 39 4 SMD iO2 2
')

"4fr
5 sMp to]-,ffiS 0 2

/a_, -WWfr ,;-;-1-T!l;;r::;l::-;,:,,i:i111;:;1;rt
ctblQ!36 _, ,l t.:,i , .i; ii.,: !: \-



SMD 41 + SMD 104 SMD 167
,)

SMD 42 2 SMD 105 0 SMI-r 163 1

SMD 43 I SMD 106 2 stuIl] 16' L

SMD 44 Z sMD 107 I SlIf; tTil i)

SMD 45 1 SMD 108 2

SMD 46 1 sMD 109 I

SMD 47 I SMD 110 _,__l
I

SMD 48 I SMD 111

SMD 49 1 SMD 112 2

SMD 50 2 SMD 113 0

SMD 51 1 SMD I14 1

SMD 52 I SMD 115 I

SMD 53 4 SMD 116
,2

SMD 54 1 SMD 117 2

SMD 55 I SMD 118 0

SMD 56 I sMD 1t9 I I

It*-
SMD 57 4 sMD 120 2 t
,{MD 58 I SMD 121 ].

SMD 59 1 SMD 122 2

SMD 60 2 SMD 123 7

SMD 6I 2 sMD 124 0

SMD 62 1 SMD 125 I

SMD 63 2 SMD 126 I

The role of microorganisms in sollbilizing insoluble phosphates in soil rnd r:r11:itrg it available

to planl is well known (KunrJu and Gaur, 19S1). Phosptrat.e solLri:riizirlg iTtic'tt,"ill,rrir:;irrs include

several Bacteria, Fungi, Actinomycetes, Yea.st and Cyanollacteria i:Gorrt:t.sclr, 19'1,{, iii:nrll afid Dey

1982 aricl lllmer ancl Schinner 1992). The phosphate solubilizitrg rni,'I{ or'!rtr i nri' :itr l': rsrrlaled fronr

differerrt sources such as s0i1 (Gupra et al., 1986; Kapo<st' et ttL., l9ii9), rhrzosplr.:r'c (.ii:tt.ltntet al',

1986; Singh and Kapoor, 1994), root nodules (Suranga altd Kutit:ri" 19:)-l). L{lilii)r)s, ilirrpLe et al",

1993), apd rock phosphates (Gaur et al., 1913).'l'lrcs.: repctt:, iirl)l-r('rl .lrr: 1," I rir:rl lrhilsphatt:

solubilizing bacteria can be isolaLted from rhizospheric nicltes'

In ttris study, fionr rhizospheric niches of soya bearr grL',r[t, i:r trlr,ri ( I 1) ri ]irir,t.. ll.lLl hilizinr,

bacteriawereisolatedonpikovskaya'sagarplate.Kaur(2{J14)isolrrteri lll'liibactcr'rr',','risisolatedott

Pikovskaya's agar plate by serial dilution method at l0 -5 fliluiiols. (.)trt oi'(['r'r': 1'1f{] bacterial

isolates only l.6gbacteriaisolates wereobserved tobe fomted a h;tio 7r)lle i{l olild 11"; ti,,lr;tlj'',s. Of 170
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3.2 llstinration of Phosphate Solubilization Efficiency:

ThephosphatesoluLrilizationefficiencyoftheblctcrialcolorriesrxhi|;itinp.9{11;Illdilalozone

was carried out qual'itatively and quantitatively-

3.2.I.'QualitativeEstimationrrfPhosphateSolubilizatiotrl.ltticielrcy:

Qualitative screening'of selected phosphate solubilizing bnctcr.ilii istliatt.s \va.] i:t: lr1,,irltcrl lry the

method of Katoch, (2003) a'd Kaur Q'n)revealed variarions in phos;ihaLe s,rlubilrz,iiorr clliciency'

In total of 170 phosphate solubilizing bacterial isolatcs fiom difielu,l rrich:s' 5 is..irtcs' SMD16'

SMD36, SMD37, SMD3B and SMD40 were found to be 1"are ]nt)re ll]"lll 5 tt,tlt z-t,t:, l it 1tl:),ll,i atlon

on pikovskaya,s agar prates after 9 days incubation (photo plaie 3.1)-'rlie.rrospr;ar't: sr-''rirrlization

activlty ot these isolates of pKV agar prates was range.r be*vec* 2-i.) ir, 5 r) ( iri'lc ',' :: l"'r r; tl-014)

staterJ that 16g phosphate solubilizing bacteria isolated frorn diffcrcril rhizo'iprieri' ri.,l'*ii rt:v*aled

phosphate solubilization index inrangebetween 1.36 to 1.17" oui ri:sul.s weri::i;rrnerrt:r'r likc results of

Kaur (2014).

.l.able 3"1: Phosphate Sotubili.zation Index of Seletted Rhizrlsltiri:r.ig i9;1i11r.r'ls lii}l-t 9 rj:l.ls ltf

incuhation

similair kind of results were also recorded by Kaloch (201:l) wircrr-: nra\1rtiulli z-one of P

solubilizarion in isolal.es designates as FBl-PB1, SBI-PR1' CP1-PE1 Dli2 l'll1 ri'}-1.,1 PFI {M8-

pB1 anrl pr12-pB1 was observed on gth day of incubari,)n, rvhere:ir; in isr,r.r,rs rr[J'-['ii: l'f"'\ PB]'

RM2-p81, cp2_p84, wc2_pB1 and wspr-pBl on grh day of i;rcirbaiit-,, )iin,' i,.1r,rr':; str.wed

maximum zone of solubilization on 10th day,Zisolate:r (wsjP2-PlJ:l- ind 'i)1'13 iit' r ii i1' rii)'and

one isolate (SP2-PB1) on 6th day of incubalion period'
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