(5% 115 HER - UBYGITS F5(Q (U]
EAZRULPARY Y LIS 3| PPAE TUE
Y0l
J0JRUIpIO-01)

w0

,lﬂl_“.ﬁu . (ELLINCHT DR AU || e
IS

CHF AL Wiy “...._..._... .... F ._......... __

L) g i Cr feaissag SUT Ll =y Wi
279 10400y | Dochuy

IBLUACY pEbEEy PUD DoXa U] [oU0H OLUS | Paaticidy 810y 3O

_.u___._.___.h._wﬁ.\\..,.x____...
%ﬁ___xr.___\ah\%& wn...__“_,w__un.,._u__,. e Lb_ﬂwﬁﬂ.mrﬂu.‘mu a_“. __.______..n_..___..mﬂ‘... ﬂ\ﬁx\%\.ﬁﬁx\% AL AR m.. n._v\_,._..__.____.h_.___&..___w_.d____\.uw txuumﬂxh.uﬂ\\mmxmﬂ _____.mxxm\.\u_”___h{..____.____,w\.

OPE1-1 460 NSS! LW TYNMNOT WIAN YNIHL O GLOE -FBuasac)- | c-ans-Z7-oa Ul PaLsgn g

Pl Bdod Uoupases Joj UOUDDN ] jO S100Y| 387 DapDamD iz S0

INTVA "W AVINYS

U I ©f Ajan

PUINOM WION| MNIHL



MNatiomal Copference ETDAR-z2014
y Held on 231k & 2ih December 26149
Cirganized by Deptt. of Botany, Doogir College, Aurangabad, M.3

Enuiskprs

Think India Journal fg-%‘l
ISSN; 0971-1260 Val-22, Speciol (ssue-31 E N
Z B AL
ST T

Investigation of Phosphate Solubilizing Bacteria (PSB) from
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Abstract:

Rhizaspheric niches of healthy plants play an important role in the maintenance of health and
growth of plant either by providing valuable nutrients or protecting plant from soil borne pathogens.
The aim of present study was 1o use the rhizospheric niches of healthy plants te solate efficient
phosphate solubilizing bacteria. The soil samples from rhizaspherc nichas of Meem. Sova bean,
Bavanchya and Tur were collected from differest figlds in the sterile polythane bags and brought to the
laboratory. All the rhizospheric soll samples were tested for phosphate sclubllizing bacteria on
Plkovskaya agar by serial dilution method. Among the rhizospheric soil samples screened hizospheric
miches from the Soya bean shown highest phosphate solubiliting bacteria, 114 than The ather
rhizospheric soil sample, The rhizospheric niches of Tur, Neem and Bavanchya have shown 47, o7, and
02 phosphate solubilizing bacteria. Cver all 171 phosphate solubllizing bacterial isolates were solated
from different niches. Out of which & (solates, RRAR13, SMD3E, SMOAR and SMDAD were found o
produce more than 5 mm rone of tri-calelum phosphatze solubilizatan an Pikawskaya's agar plates after
4 days of incubation.Out of these 4 bactarlal isolstes, two bacterial isolates, namely SMD 38 and SMD
40when guantitatively tested, showed maximum P solulilization on 7th day in PV broth supplemented
with tri — caleium phosphate as 444 pgfmi and 421 pg/mi respectively,

Key Word: Rhizospheric niches, Pikovskaya's Agar, Phasphate Solubilizing bactir iz
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1.0 intreduction:

Lrops neednumerous nutrients toreach their maximum potential vuld. The nutriests, whieh e
required by the plants, occurnaturalty in the soil, but sometimes these are added as lime or fertilizer inta
the soil, Afternitrogan, phosphorous (P} is one of the major vitalmacranutrient for slant Erowth
anddevelopment | Bagyaraj ef g, £000). About 93 % soilt have madequate  Supply  of
avallablePhosphorus (Hansan 1996) and likely to induce shortage of this mineral. Phospharus hasseveral
roles in the plants and Is involved in functioning of nueleic aclds, proteins, photosynthesis and in by
fortation of oils, sugars and starches B, It is helpful In the rapidarowth of the ronte ard shoots [Kaur,
2014),

Most of the soils contain the considerable reserves of total #laree oart of it relativaly remains
inert and only besc than 10% af soil P enters the plant, animaloycle ikucey et ol 13851 wWhen P o added
as fertilizer ta the soll, it gets fixad, Thesoll microorgansms solubiliza this p and make i1 Jvaidable b the
plants (Hilda and F:a,;a-iEIES':i.Frum several yesrs, great attention has Qe oevoled 1o Study the rala;
that seilmicroorganisms play in the changing aspects of phosphate, particularly thasa anis ia =alubilise
Insoluble P forms (Rao 1992). These microorganisms are bacleria and fungl that inhabitantthe
rhizosphere (Barea and Azcon 1375, Bowen and Rovira 1999, Kaur, 2014). The present scenaria is shifting
towards @ more sustainable agriculture by using Phosphare EA:IIL'bIIiI!ing Bacteria.

Matural solubilization of mineral phosphates ic an important mechanisin exhibited by different
microorganisms, krownas phosphate solubilizing microosganisms (PSM). Bacteria arethe predeminant
micraorganisms thet solubilize mineralphasphate in natyre, as compared Lo other microorganisens (Yin,
1988, Paul and Sinha, 201 Tl Application of phosphate-solubilizing bacteris incre angs ol foertility due to
their ability 1o convert insaluble # be soluble P by relediing organic acids, chelation ard o exchange
[Omar (1998), Marula et o, [2000), Whitelsw, (2000}, The Important genera of Psalulilizng bacteria
include Achromobocter, Aerabocter, Alcaligenes, Azotobecter, Bacilius Escherichio Pamongs,
serrotio and Xosthomonos [Li, 1381; Datta ef @l 1982 Venkateswariy e @i, 19E4: Caur 1940),

Azospirilium {Seshadr| et al., 2000).
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The present study mainly glves emphases o ) isvestigate for high Phosphate Solubilizing
Bacterin from rhizocspheric niches of different plants, ] gqualitative and quantitative estimation of
phosphate solubilizing efficiancy,

2.0 Materials and Methods:
2.1 Chemicals:

Al the chemical compounds used during the study were obtained from WSS H-med:a, Mumbai,
Glaxo  Ltd., Mumbal, Sigma  Aldrich, USA, wnless and otherwise specified In the  text
Analytical/Guaranteed [(ARSGR) grade chemicals and double glass-distilled water was usad,

.2 Soil Sample Collection from Rhizaspheric Nichas:

Soil samples from the rhizospheric niches of plants wiz, Tur, Sopo beon, Neem, ond Bavonchya
etcgrown were collected in the farmer field [Phote Plate 2.0), near the Purna City. For this purpase, the
plants were uprooted carefully, shoots were cut off and roots along with rhizosphare soils were brought
to the laboratory in polythene bags. The soil samples were processed immediately o stored al 4 — 8 oC

for the solation of Phosphate solubilizing microorganisms.
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2.3 1solation of Phosphate Solubilizing Bacteria [PSE):

To isolate Phosphate Solubilizing Bacteria (PSB) from the rhirospheric soil samples dilution plate
technigue was used on Pikevskaya's medium (Pikovskaya 1948) contalmng 1n-calcism pnosgpnate [TCP)
(Gupta ef al, 2012, Kaur, 2014), One gram each of the soll sample was transferred (o 9 m sterile
dilution blank under aseptic conditions and serial dilutions were made. Appropriate soil diutions 110
were plated on Pikovskaya's agar medium by sproad plate techniguee and incubated at 30 = 1 2C far 2.3
days. The colenles forming halo rone of dearance [Pikovskaya's medium) around them ware counted a5
F - Solubilizers, All the bacterial colonies exhibiting halo zones were selected, purified and maintained an
nutrient agar slants for further studies,

2.4 Assescment of Phosphate Salubilization Efficiency:

The assessment of phosphate salubilization efficiency of the bactenal colan s oshitnting strong
halo zone was earried out qualitatively and guantitatively,

2.4.1. Qualitative Assessment of Phosphate Solubilization Efficiency:

Pure cultures of phosphate solubilizing bacteria were spot inDculated on the plates containing
Pikovskaya's medium {Jackson 1973, Katoch, 2003 and Kaur 2012). The plates were incobated st 28#1°C
and halo zone around Ccokonies were recorded at regular interval upta 10 days. The capabilities of the
isplated phosphate salubilizing bacterium to solubdlize TCP on Pikovskaya's agar media were determinad
in terms of solubilization ndex (5. Phosphate solubilization Index was calculated by measuring the
colany diameter and the hala zone diameter and the colony diameter, using the following formuta of

Edi-Premaona et al., (1396),

Phasphate Solubilization Index {51 =

2.4.2. Quantitative Assessment of Phosghate Solubilizing Efficiency:

The quantitative assessment of sofubilized Phosphate by bacterisl lsoleres wir dooe by
Chloromolybdic Acid Method {Jackson, 1973, Kaur, 2014).
2.4.2.1, Chloromolybdic acid Method:

Tha phosphate solubllizing activity of the selected bacterial isolates as citrate saluble P owas

determined gquantitatively in fiquid medium following Chloromelybdic Acid Method (Kaur, 2014,
lacksan, 1973).
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2,4.2.1.1, Chloromokybdic Acid;
15 gm Ammonium molybdate was dissolved In about 400 mi of distilled water, filterad and then
400 ml of 10 N HCl was added slowly with rapid stirring. Volume was made to 1000 mi with destlled

water and stored in amber glass bothle,

2.4.2.1.2, Chlerostannous Acid:
Stock selution:;
SnclzHa O 10 gm
Con. HC 25.0ml

&nCly crystals were dissolved in Con, HCand solution was kept in glass botlbe under airlighl stogper.

Working Solution:Fresh working solution was prepared by adding 1.0 ml of the above salution te
132.0 ml of distilled water.
2.4.2.1.3, Quantitative Assessment P Solubilization by Chioromaolybdic Acid Method:

The phasphate solubilizing bacteria were grown in 50 ml autrient broth for 24 hr. at 30 °C in
incubator shaker. 0.1 ml of each phosphate solubilzing bacteria was aseptically transferred 10 100 mi
PKV brath contained in 250 mi conical flask. The flasks were Incubated 30 *C in a rotary shaker at 130
rpm. Five ml of culture was taken out in sterile condition at reguiar interval of 2 days from third day
onward and centrifuged at L0000 rpm for 10 min, Then 5300 gl of each supernatant was franslermed o
50 mil volumetric flask. This was followed by addition of 10.0 mi Chlaromoiyhdic acid, The content of the
fiask was diluted to 40.0 ml with distiled water. Than 1 ml of Chlorestannous acid was added. After
mixing, the volume was made up 10 50.0 m| with distilled water, The blue colour intersity of the solution
was measured at 600 nm, The seluble P was estimated from standard curve of KH P05 [LO0 ppmy drawn
against 0.0, 600 nm,

2.5 |dentification of Phosphate solubilizing bacteria:

The afficient Phasphate solubilizing bacteria obtainedfrom sereening was idantified according to
Bergey's Manual ofSystematic Bacteriology (1984} by waing cultural and bicchemidalcharacter stics as
well a5 165 rANA sequencing. 165 rANA sequencingof cufture was carried out of Agharkar Research
Insgitiete (ARl Pune, bMaharashira.

3.0 Result and Discussion:
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Matural solubilization of mineral phosphates is an important phenomenon displayed by diffarent
micToorganisms, known as phosphote soluliliting micraarganisms (PSh). Bacteria are iha principal
rHcroos ganisms that suduhi_liIE mimeral phosphate (n nature, as compared o ather microargansms §Yin,
1988). Phosphate solubilizing bacterio {PSB) play an important role in biogeochemical shospherus
eyciing in bokh terrastrizl and aguatic envirenments [Das of o, ]I}.’,‘I-'.":I.

3.1 Isolation of Phosphate Sclubilizing Bacteria {P5B):

In present investigation 170 phosphate solubilizing bacteria were isolated from cifferent
rhirospheric niches of healthy plants by using serial dilution method on Pikoeskaya's (FEY) agar plates
[Photo Plate 3.0). Owt of 171, 114 phosphate solubilizing bacteria (PSR} were isclatad on Pikovskaya
Agar from the Soya bean rhizosphere niches, by using dilution technique, which were fure greater than
the other rhizospheric niches sample. Simlilarly, from the rhizospheric niches of Tur, Neem and
Bavanchya 47, 07, and 02 phosphate selubilizing bacteria were isolated-{Table 3.0). Use of Pikovskaya's
agar medium for isolation of Phosphate Solubilizing Bacteria (PSB) was a simple way 1o detect PSB
thrawgh formatian of halo zane on agar piate containing 1ri - calcium phosahate as a sole Phospharous
source (Kaur, 2074). These rhizospheric isolates were tentativety named as SMO 1 te S0 170 and
RRR13.

Table 3.0: Isolated PSB from different rhizospheric niches with their Phosphate solubilization index

psg Phosphate pen Fhu.'r_.phatE i | ! Phosphate
biidite Solubilization Nicdatba Solubilization bt Solubilization
Index Index Indax
D1 1 ExD 58 1 AN 115 1
SMD 2 2 Lha0 59 1 5D 116 .

. SMD3 z SMD &0 2 SWMID 217 | 2
SMD 4 1 SMD 61 2 S0 118 | o
WD 3 1 Skl ek 1 AMID 1149 ]
5MD 6 5 SMO G | 2 S0 120 E
SMD 7 1 SMD &4 | 2 sMp121 | 000 2
MO E 1 SMD 65 2 ShD 122 bl
SKD 9 1 SMD 66 2 | smp123 | 2
SMD 10 1 SMD 67 7 [smpize [ 0
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SMD 11 2 SMD 68 1 ECEETE !
SMD 12 2 SMD 69 1 SMD 126 | 1
SMD 13 E SMO 70 2 YRR A
sMD 14 2 SMD 71 2 SN0 128 3
5MD 15 3 SMD 72 2 ShD 129 X 1 R
SMD 16 4 SMD 73 2 SMD 130 1]
| SMD 17 1 SMD 74 2 ShD 131 3
SMD 18 4 SMD 75 2 spAs: | 1
SMID 19 4 SMD 76 2 | sMp133 )
SMD 20 4 shD 77 1 sMpazd | 2
SMD 21 1 SMD 78 1 SMD 135 U
SMD 22 5 SMD 79 1 D136 | 0|
SMD 23 L SMD BO 1 SMD 137 1
| SMD 24 1 SMD 81 2 SMD 138 1
SMD 25 1 SMD 82 1 500 139 X
SMID 26 4 SMD 83 1 SMD 140 T
SMD 27 2 ShAD B4 1 smp14l | 0 |
SMD 28 5 SMD B5 2 | smD142 | 0
SMD 29 3 SMD 86 z | smp143 | b
SMD 30 5 SMD 87 2 SIIE 144 R
SMD 31 4 ShiD 28 1 S0 145 S
SMD 32 2 SN0 8D 2 SMED 146 [
SMD 33 4 SMD 50 2 smMpiay | 0
SMD 34 4 SMD 91 2 SIAD 148 o
| SMD 35 2 SMD 92 ! S1AD 149 =
SMD 36 5 SMD 93 2 SMD 150 LT
SMD 37 5 SMD 94 1 SMB 151 I
SMD 38 5 SMD 85 1 SMD 152 1
SAD 39 4 SMD 96 2 SMD 153 1
SMD 40 5 SMD 97 2 SMID 154 1
SMD 41 4 SMD 98 1 SMp15s | 1
SMD 42 2 SMD 99 1 SMD 156 1
SMD 43 1 SMD 100 1 SMpIsT | 1
SMAD 44 2 SMD 101 0 S0 158 | 2
SMD 45 1 SMID 102 2 SMD 159 -l
SMID 46 1 SME 103 0 SMp160 | - il
SMD 47 1 SMD 104 1 EMB 1L 1
SMD 48 1 SMD 105 0 SMp36L | 0 3
SMD 45 1 ShiD 106 2 SMDIE3 | 0 2 |
SMID 50 2 SMD 107 1 SO 164 1
SMD 51 1 sMD 108 2 SMD 165 5 -

#;@
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58D 52 1 SMD 108 1 SWID 166 2
SMD 53 4 KD 110 D S0 167 2
SMD 54 1 SMD 111 2 SMID 168 | 1
50D 55 1 SMD 112 : SMID 169 2
SMD 56 1 SMD 113 0 SMD 170 | I}
SMD 57 4 SMD 114 1 RAR1E | 5

The role of microorganisms in solubilizing Insoluble phosphates in soil and making it available to
pant is well known [Kundu and Gaur, 1981}, Phosphate solubilizing microorganisme include several
Bacteria, Fungi, Actinomycetes, Yeast and Cyanobacterla (Gerretsen, 1948; Banik and Dey 1982 and
Mirmer and Schinner 1992). The phosphate solubllizing microgrganisms cen b lolated from different
sources such as soil (Gupto et of, 1986; Kapoor et of, 198%), rhizosphere (Sardinasr of, 1986; Sirgh ard
Kapoor, 1984, root nodules [Suranga and Kumar, 1993}, compost (Gupta et of, 319930, and rock
phosphates (Gaur et of., 1973). These reports support the fact that phosphate solubilizing bacteria can
be lsclated from rhizospheric nichies.

In this study, trom rhizospheric niches of soya bean greafer amount of photphate selubilizing
bacteria were Isclated on Pikovskaya's agar plate. Kaur (2014) isolated 1270 bactera was solated on
Pikowvskaya's agar plate by serial dilution method at 10 dilutions. Gut of these 1270 bacterial isolates
onhy 169 bacteria isolates were cbhserved to be formed a halo zone arcund the colonies. Of 171 bacterial
isolates, only 8 bacterial isclates designated as SMDE, SMD2Z, SMD28, SMDE0, SMDAG, SMD3IT, SMDIE,
ShIDED andRRR13 displayed greater efficacy of sofubdizing the phosphate,

—
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Photo plate 3.0: lsolation of Phosphate Solubllizing Bacteria (PSB) with clear halo rone

3.2 Estimation of Phosphate Solubilization Efficiency:

The phosphate solubilization efficiency of the Bacterial colonies exhibiting strong halo zone was
carried out qualitatively and quantitatively.
3.2.1. Qualitative Assessmant of Phosphate Solubilization Efficiency:

-
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Cualitative screening of selected phosphate solubilizing bacterial isclates was completed by the

method of Katoch, 2003 and Ksur 2012 revealed variations in phosphate solubzilization efficiency. In total

of 171 phosphate salubilizing bacterial solates from different niches, & isclated, SR0D3G6 SMO3IE,

SkDa0and RRRLIE were found to be far more than 5 mm zone of solubilization an Bikowisaya’s agar

platas after 9 days incubation [Photo plate 3.1). The Phosphate selubilization activity of theoe isnlates of

PEV agar plates was franged betwedn 3.0 bo 50 (Table 310, Kaur (2014) stated that 169 phosphate

selubilizing bacteria isolated from different rhizospheric niches revealed phosphate solubilization index

in range between 1,36 to 3,17, Our results were somehow like results of Kaur {2014],

Table 3.1; Phosphate Sclubilization Index of Selected Rhizospheric lsolates after 9 days of incubation

Rhizospheric Diameter of Colony =+ | Diameter of Diametar Halo PRrosghate

Fsalates Hala zone (mm) Calony {mim) zona (mm} Solubilization Index

SMID 16 10 3 7 333

SMD38 10 2 B 5.0

SMD40 10 l 2 H 50 00
| RAR13 ) | 2 B a5

Similar kind of resufts were also recorded by Katoch (2012 whers madinwm 2one of P
solubilization in isclates designates as FA1-PB1, SB1-PB1, CEL1-PRL, DH2-#B1, KT14-PE1, AME-PAL and
PT12-PBL was observed on Bth day of incubation, whergas inisclates FB2-PBZ, PEA-PEL, RMZ-PBL, CP2-
PB4, WC2-PEL and WEPL-PE1 on 9th day of incubation, Mine iscdates showed masimum one of

solubilization on 10th day, 2 isclates (WaP2-PBZ and PT13-PB1| on Tth day and one solare [5P2-PBEL) on

Gth day of incubatson period.
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Photo Plate 3.1:Phosphate Selubllization Index of Selected Rhizospheric Isolates{Oualitathee
Estimation) :
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3,22, QuantitativeAssessment of Phosphate Solubilizing Efficiency:

Quantitative estimation of selected five bacterial isolates was performed by the method of
Jackson (1573) and Kaur {2012} in tri — calcium phosphate supplementad PEV broth. Besuils represantad
in Table 3.2 showed P solubilization was increased upto day SEVEN of fneubation and madimum
solubilization was observed on day seven of incubation in most of the isalates. After seven day, it started
to decrease, Dut of these 4 selected bacterial isotates, two bacterial isclates, SMD 38 and SMD 40
showed rraamum P solubilization in PEV breth supplemented with 01 — Caloium phosphate

Table 3.2: Release of soluble P at different time intervals {Days) by selected bacterial isolates in PKV
broth supplementad with tri = calcium phosphate

Bacterlal | 3™ day 57 day | 7' day g day 11Mday |
isolates | Sgluble P | Soluble P | Soluble P | Soluble ®  Saluble P

g/ g/l pefmb  lpgfml  peiml |

SMD 38 376 | 357 400 339 303 !

SMD 38 369 389 4aq 373 354 |

SMD 40 372 393 421 385 |Z8s |

RRR18 165 386 409 398 |38 |

An extensive range of microcrganisms that can selubilize various Form el soil bound
phosphorous have been reported by Rodriguez and Fraga, {1999) and Whitelaw (20000 and among
thiem, most prominent arg Bocilius spp. and Peeddomonas 50

When sur results were compared with results of Kaur {2014), where the phosohare solubilizing
bacteria PSB— B6, PSR — B8, PSE - P3, PSB —P7, PS8 - PO, PS8 - 51, PSE - 51, PSH - 53, P3B - 514, P36
— 515, P58 — MM10, PSB = MM11, PSB — MM 16, PSB — Sh4, PSE - 505, PSE - SME, PSE - SK210, PSE -
SF12. PSB—5F15, P5B — SF16, P5B—1, P5B—3, PSB -, 4, PSE -5, PSE - &, PSB -7, PSB - B PSE -0, P3B
- 10. PSB — 11, PS8 = 12, and P5B — 13 showed maximum phosphate solubilization on day five of
incubation In PKV broth supplemented with trl — calcium phosphate, 25 163, 73, 221, 180, 144, 134, 230,
121 166, 146, 182, 188, 171, 163, 291, 328, 70, 226, 285, 139, 355, 422, 246, 429, 401, 410,398, 330,

Faoe |BS8 _-"'. .'-_ ',
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113, 1939, 815 and 413 pg/ml respectively, While our phosphate solubliizing bacteria, SMD3G, 5M033
Su0 40, and RRRLE shown maximum solubilization of inseluble phesphate provided in PEY broth on day
ceven as, 400, 444, 421, and409 respectively. Our results were far better than the results of Kaur (2014),
3 3 Identification of Phosphate solubilizing bacteria;

165 rANA sequencing and Phylogenatic anabsis identified SMD3E as Spovoloctobacillug
Ipevpiacticus SMD28 and SMD 40 as Sporolactobacilivs foevolocticus SMO40 iFig. 3.0 and 3.1), The 165
rtMA sequence has been deposited in Genbank of National Center for Biotech nology informmation (MBI,
U.5. Mational Ubrary of MedicineB600 Rockeille Pike, Bathesda MWD, IUS5E LA with glLEssOn mo
MNE53532 for Sporolectobocillus  (gevolocticus  SMD32 and MNBSZO3Tior Spordlactobacilus
Toevelocticus MDD,

18] r EMDE
42 Bacilius racem llactiicus

38 sporolactobaciius kofuensis
% SporolactobacRlus. Nak oy amas
44 e Siporolaciobacillus ters
Sporclacichacilius spathodsas
42 S perolactDaeiius Mneas
Sparalactobacillug muinws

Temiactidac s pe alnc TuE

1040 Ecopilibocilun Aaranasiensis

or SeopulaCLs gl

—I'
LREED

Figure 3.0 Phylogenetic tree of Sporoloctobaciiius isevolocticus SMD3E with closely related spedies
after BLAST search of 165 rRNAsequences. The bootstrap values are indicated at the branch points.
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Figure 3.1 Phylogenetie tree of Sporoloctobaciilus foevoizcticus 5MADA0 with elosely related species
after BLAST search of 165 rANAsequences. The bootstrap values are indicated at the branch points,
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