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Solubilization of rock phosphate by Azotobacter spp
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Abxiract

To find oul a peient phasphade solubibizing strain of diazotropha, fifloen Azorabacrer straing were isolated
from local sources. They have been tesied for the shility 1o solubilize rock phosphate im witra and
production of acid in the medium. Almost all the sirirs solubilized rock phosphate which ranged up Lo
45.5%. Azotobacter sp. RI2 was found o be a potent one, which solubilized 10 10 46% phosphate from
different rock phosphates. Almost maximum solubilization of P and acid production was achieved a1 four
itays ofgrawth of the organism. The strain produced ascorbic acid in the culiure medium, the primary cause
of rock phosphate selubilization. Addition of (NH, 50, in the culture medium reduced the sohshilization
of phosphate with increasing concentration beyond 0.2%mg /ml for Jordon rock phosphate. Increxsing
concentration of Cally and CaCO, also reduced the P solubiliztion from Jordon rock phosphate by the
struin. Kinetics of solubilizmtion and scid production showed o linear relationship Gl the Sth day of
incubation, then P level becomes static. Adding EDTA at Smg/ml as chelating agent of calcium fons 1o 3
days old cultere ereased the P osolubilization o 81%, Incressing EDTA concemtration i 3 days old

culiure showed linear relationship between concentration of EDTA and P solubilization
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Phosphorus i3 one of the most sssential plant autrients,
It plays & vital role in energy transfer and regulaticn. Tt
is al=o an imponant constituent of macromolecules ssch
as phosphor-lipids and mucleic scids. Most of the
esseniial plant mutrients, including phosphonus, remain
insaluble in soil. Crop plams get these nutrients from
natwre and from applisd chemical fertilizer, A large
portion of morganic phosphate applied w0 sofl as
fertilizer is rapidly immobilized soon after application
amd become unsvaileble fo the plams (Dey 1958)
Applying phosphate solubilizing soil microbes o soil as
biefertilizer may olleviate this problem by sobubilizing
these immobilized products. Several sofl bacteria
(Darmwal er ol. 1989, Gaur er of. [987, Loganathan et
ol. M4, Rashid o of 2004, Pandey ef ol 2008},
Cyanobacieria (Roychaudhury ef of 1989) and fungi
[(Agnibotri 1970, Chhonkar er al. 1967 have the
property of solubilizing different inorganic and rock
phosphates. 5o phosphatic rock may be used &5 n cheap
source of phosphate ferlilizer for crop production, In
different states of India, there are about 40 million tons
of phosphatic rocks deposited (Roychasdhury ef af
198%). We have sorcened 15 siradms of Azorobacier, from
natural sowrces of Burdwon districl, which is an
imponant part of cencal producing wrea in India, These
bacteria fix stmospheric nitrogen and may be wied as
Finferilizers (Vincent 1970) Our primany object of this
investigalion wis io oxsess the sbility of lsolated sernjins
of Arovabercter W solubilize rock phosphnte. We also
studied the cffects of several wiher laciors on the exlent
af rock phosphate solubilizsiion by teese sirains,
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Materials and Methods

Fifteen strains (Table 1) were isclsted from roois of
fully matured rice plants of alluvial soil from Burdwan
digrict and screened to select potent  phosphate
sobubilizers. The strains were madnisined by rowctine
transfer on Burk's N-free medium supplemented with
002 5% yeast extract.

The composition of the Burk's medium wsed o study
mek  phosphate  solubilization by  the strains  of
Arorodacter sp was a5 follows: D-glucose 20gmgSi,
TH:O h2g CaCly 0.09g Fesho Soluion (FeS0y THLO
Mg MaMoD, IH.0, 2.53mg) water o 1000mb:
powidered phosphate rock (-240 mesh Sie) a1 2g per
litre was added a & sowrce of nsoluble 2. The
pH of the medin was adjusted 10 7.00 befare
aulochving. The fasks were inoculated with cells of a
stationary phase culture m 4% and incubaied for 3 days
o & Folasy shaker at 28%C.

Conacnis of the cullare flasks a1 the end of incubuation
period were centrifuged at 15000 rpen for |5 mimites 1o
remove béomass and insoluble matier. The supematant
wis |aken s o lest materol, Quantitalive esdmation al
soluble phosphote wins done Tallowing the meshod of
Chen & al {1956). The reagend for phosphate cstimation
wiis prepared fresh before each experiment. One volume
of G{M) HAC two volume of double diseilled viaes
wnd ene volume of snumonivi molybdote (1%) were
token together o which one solume of 10% mscorhic
wcid was ndided and mined thoroughly 4mi of the reagent
was added into each tube comaining an aliguot of 1es
materinl and the final volume of the reaction mixire
was acpusted 1o Bml and (incubated at 37 for 1 bowr),
Absorbance wos noted w B29 nm against
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Table I: Stralns ol dzafoboeres sppe isolsed and mwed

Straims Most Lacality*  Marker charncter
: i {2 rertiva Enlnal, Tet’
2] i) naniven Mcaiari | Amp', Chiliy'
Rii {3 v Koinina 1 Amp
w1 () usiva Kalna i MAap’
i} aniva K.alen 2 Chis®
RED L} saabfva K.almn 2 A’ o, Tet!
ki {3 saniva Wemaril Tei!
11 5 i Knlna 2 Tet'
12 Sialicwm Kaolna | Ter'
kan 2 st Memard 2 Amp'
21 O eaifen Momdeshwar Amg'
k23 O saitvg Memaril Chio'
R17 O saniva hcmaril Amp' Chlo®, Tet
B3 )} sariva Meemaril Amp",Chia®, Tet'
Hia O rariva__ Monteshwor  AmpTChia', Tet!

*Lgentions am @ Bardwea Dieinct, West Benpal Indin

cisrrespanding Mank in a spoctropbaiometer and ot 619
nm moa visible spectropholometcs. The amount of
solutibized phosphate was detcrmined from a stondand
curve preparcd by using BHPO, as standord and
expressed as equivalent P

The phogphate recks are used as sourcs of high grade
and low grade phosphatle malerials, Two phosphate
rocks wenz eoliected from Phosphate Company, Rishra,
Hooghly, P1 (off white Jordon Phosphate rock) and P2
ipale brown Udsypur Phosphate rock). B3 [yellowish
pray Purulin Phosphate rock] was oblained from
Sriniketan Agricoiure farm, Seiniketan, Visve Bharati
und "4 (black Mussaric phosphate rock ) was collected
from [has enterprise, Prof Lakshmi Narayan Das, Sure
Enne Burdwan. The compositien of those four
phosphate rocks, a5 determined by the method aof
Shapire and Branncck (1962), are given as Fordon
phosphaie rocks {JPR) P1 which contained 34.0{%
.0, 41.64% Ca0, Udaypur phosphate rocks (UPR) P2
conlsining  31.00% PO, 4682% CaO, Pundlia
phoaphsic rocks (PPR) P3 comlaining 32.7% PyOy,
51.20% Cal), were source of high grade phosphate. On
the other hand Mussorie phosphate rocks (MPR) P4
contpined 17.00% PO, 48.90% Cal and were sounce
of low grade phosphate . In the media containing cither
Pi, P2, P31 or P4 phosphate rock @ 0.29%, the total
phosphorus equivalents added were 362.5, 300, 310 or
I B9ma'ml respectively, if solubilized completzly.

The pH of the spent culture was measured by Systranic
Digital pH meter 802 The orpanic acids were extracied
after passing the spent culture beoth through Dowex
SOWXEA00 column (H' formh The eluent was
concentrated by [vophifization. The acids were identified
by Thin Layer Chromatography on silica gel plates and
in comparison  with  swhentic  samples.  The
chromatograms were developed in o solvent system of
butanol: acetic acid: water (2:1:1), Spois were identified
by spraying with glusose-aniline and heating 128%¢
for & minar by spraying with aniline phthalase.

Results and Discussion
The ability 10 solubilize rock phosphate by o number of
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Fig |: EMect of smnzeniam salt on sokabdizstion of larden

rock phosphute by 1he cubiure of dzarsbogier sp R 11
Ao am it in incrensing lovel was sdided to Burk s

medann. Relewss of phosphale, cxpreased as eguivalent
phosphenes, wis mensured afler 4 digd

Azatohacter sirains [ Table 1) isolated from local sources
was cvalusted. The strains were found to be Gram
egative, small rods having cysts in their cells when
staired with serydine orange, produce smooth colonies,
were wglole and cofolase positive and sach oo
utilingrs.

Aficr 6 days incubation, the end pH of the culture and
the emount of phosphate selubilization from phosphatic
mck by the strains in Wy {ree Borks’s medium are
presented (Table 2). The pH of the culture media after
suinclaving was near the pH 7.00 and level of soluble
phosghate was 0.03mg'ml, Afer incubation the end pH
wis measured 1o find out whether solubilization of P
was pccompaiied by the production of acsd.

In Table 2 the data show that the solubilization of rock
phosphate by struims of Azefobacter spp ranged from
4,855 (K 21) 10 29.89% (R 12) from PI, &% (R 340 10
31.10% (R 12) from F 2, 3 75%{R 6) o 32.3% (R 12)
from P 3 & 46T%{R 21) 10 45.5% (R 12) from P 4. The
strain B 12 solubilized mone than 32, 31, 32 amd 45%, of
Pfom P, P2 P3and P4 respectively, The Strain (K
12) was found wos be highest P solubilizer in all rock
phosphates among the tested strains of Azoiobacter. The
pH of the medin lowered by the production of acid, nfter
imeubation pH of the medivm ranged from 600 (R 100w
A0 R IZ)inP], S8R 10w 392{R 11)inF2, 530
(R wdI2E M P GLR 4w (R 12)in P4

It is evident from the resulis (Table 2) thai the strain B
12 of Azofobacter 5p. war the highest P solubalizer of all
the strains ssdied. Jordon phosphate rock (P11 proved 1o
be o pood source of P, so furher investigation was
carried oul 1o chamscterize the process of P solubilication
form anly P1 with this sirmin, Boactenin belonging to the
parer Mhizabium, Bradvrihizoum, B,
Enterobacier, und Presdomonas are known @ bring
aboul dissolution of insoluble phosphatic compounsd
{Rashid er @, 2004, Roychaudhury ¢l ol 1989, Halder e
al. 1990, Rojus of al. H¥) aloag with production of
arganic ncids. The degroe of solubilizmtion of I* from the
rack phosplmtes by the strims of dswtobacier i vers
comparable o that by other bacteria reported, All the
tested orgunisms produced scid ond bowered the medium
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g 2 Rneticy o sedubileemtion of phasplate and el
prodaction by drodobochr spe B 1L The strwin Wit cultored in
Burk's madii cosdninang 0 2% Josdon phoaphals mck.
Bielcase of phaspleale expresssd g couivalenl pios plusiias, wis
wieasuwed al differen tinee intervals

FIH ard it ghowed ihat the acids prndl.l:ﬂl by nr_gln'l{unq
wire respadsibbe for the ' salubilization,

It Ias been considered that effective P solubilizing
microprganisms decrensed the pH during their growth
(Agnibotri 1970, Halder er af. 1990, Seshadri ef af. 2000,
Arpra e al. 1979 Characteristic of P solubilizetion is
nod dependent oa the axonomic grouping:

To study the effect of ammonium salt on solubilization of
rock phasphate by the struin of Azofobacter sp.,
ammoniom sulphate as ammanium sl was added in
meressing concsnfrations 1o the composition of Burk's
medium with powdered P1 phosphate rock at Zgm / litre.
The resulis of phosphate solubilization from  the
phosphatic rock and end pH of the culture afler 4 days
incubation are presented (Figers 1) The strain seleased
comparable ampunt P from P | in the culture adding
0.25mg /ml with that of gero (NH 50 The results
show thit (Fig. 1} in Azotobacier the presence or abience
of MH,50, in medium has no effect on P solubilizstton
in lower dose. But higher dose of (MH 50 beyond
25mg'ml  in  culiure  inhib#s  the  phosphate
solubilization.

Kinetics of solubilization of phosphale and acid
production by the stroin B 12, are presented (Figure 2
The fipure shows the kinetics of solubilization of P and
correspending valugs of culwre pH in thelr respeclive
mediem ab different fime intervals for |5 days, 1

nppenred from the reselts that as the mean pH decreased,
the level of solubilized P increased lincarty il the 4™
doy of incubation and the pH was near 4, after reaching
in highest level of I* splubilization , it became stalic and
further incubation did not improved the extend of
soluhilization drestically, Complele selubilization of the
rock phosphaote  was  never achieved. Im ferm al
perecnlige, jibamit 31% of solubilization of P owas
nehieved afler 15 doys of incubation. Further lowering
of pH beyond 4% day was probably doc 1o the
nccumulotion of solbie P in the farm of phasphoric acid
{Hy POy ) The organic acid produced by R12 turned out to
be ascarbic acil as compared with the authentic sample

Adding incrcasing amounts of caloium as Calld,y o the
culiure of strain K 12, in medium change of phosphate
was recorded. The data {Figure 3) indicated that after 4
days incubation the pH of the coltures became higher ai
compared {0 control, The extent of P solubilization was
recleczd gradually with an incressing concemiration of
Cal0,, The dissolution of P was redwced o zero at the
conceniration of 2mg'ml of CaC0),. [t also indscated that
mersasing amounts of caleium as CaCly 1o the culiure of
strain R 12 in medium made litle difference in the
culture pH after 4 days of gowth from that of the
comiral culture wilth oo CaCly added, the extern of P
solubilization reduced significantly with addition of
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Frg 3: Effect of calcium supplement on phosphate
solubilization from Jordon phosphate rock by culture of
Azofebacier 3p. B 12 Calciums in mercasing levels was added
to the Buris mediam. Relesse of phosphse expressed as
equavalem phosphorus, was messuned after 4 days

Table 2: Solubilizaticn Strains R P2 P _M
of rock phosphate by the P pH Hal pH HaP pti W pH
strains of dzofobacier R n7 48 2666 4E2 2047 512 N3 53
oyt o M-Free Burks 4 B4 4b 162 577 1741 53 2108 Al
medium after & doys and R 5 5.1 EER 5.4 s 4.62 11 58
end pH of cultures r7 23 5 28,51 207 62 4% 25 5l
14 {1 T43 ] 17,66 5 ER 11.89 507 | b2 .24
Rl 06 4.2 1R.51 a0z 1744 | 19.07 53
Ri2 29.89 i 11 IA 113 477 455 1.1
Tl 0.1 4.8 18.51 5 13058 4KF 216E 534
2 2837 468 2777 472 044 475 28R AMT
21 | XK i 7.3} 4.77 Q.12 51 147 i 1]
R23 [4.74 4.8 I1.K 91 HES2 4T 1521 484
Lk 1236 4.8 K11 502 118 5.ln (5. K X
(LR 63 5.0 211 .98 802 504 631 5132
1134 §.44 5.0 645 4T 2.9 41 .02 504
[[eli] 13.12 4.9 066 484 516 4,86 2.1 5

B T A—
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Fig 4 Filect of adding EDT A on phosphate solubilization
from Jordon phosphate rock in culture of Azeiobacter sp.
B2, The struin was nllowed 10 grow in the presence of
rock phosphaie fr 4 days in Burk's cdiam when
newiralized EDTA was added 10 the culiure In increasing
concentrasion, Solubde phosphinle, expreased os
equivalent phosphoros, was measured in the cubure
filtrate: after mcubation of 24 b
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Fig ¥ Kimetics of solubilzatson of phosplats by Azovabacier
tp B2 upon sddiion of EDTA w0 a 5 days old culture. The
strain vk alboowed o grow in the Buark's medsufm conldsung
0:2% Jerdon phosphate rock for 5 dmvs when ntralised EDTA
s mdded to the culoures 10 8 fnal concgnaration of Smy permil
Fedease of schuble phosphiste. expressed m equivalent
phosphonas, was thes measured & ime inbemvals

CaCly wy their mediume The role of cabcium activity in
the dassolution of P from phosphate rocks is importans,
Studies of Wikson & Ellis (1984) involving soil salution
suggested the calcium activity as an importand factor
coptrolling the rale snd extent of dissolion of rock
phosphate,

Adding di-sodium salt of ethylenediomine teira acetic
ocid {EDTA) neutralized 10 pH 7.0 10 4 days old cultures
of B 12 and further incubation of the culiure for another
24 h showed th#l increasing concentration of EDTA
increased the solubilization of P from rock phosphate
(Figure 4} The extent of P solabilization inorensed up o
23%. I is apparent that probably cabelum whicls inhibis
P solubilization as obsorved in Figure 3 are chelated by
EDTA when spplied 1o the mediom®.  Adding

ncitrmdieed ETYTA (o o linal concentration of Smg'ml s
o 5 doy old culture pradually increased the solubilized T°
ufion incihatbon for the next 5 days, The P renchicel a
platenn when maore than 81% of the P from P | was
redemned (Figure 51
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