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Tablel: Solubilization index of microbial isolates of phosphate solubilizing after seven days incubation

d5m ol Chl> ezl 49 pU Chl> ezl
Strain name Solubilization index Strain name Solubilization index
PSB; 1.12 PSBa4 1.80
PSB; 2.35 PSB3s 1.80
PSB; 2.00 PSB3g 2.00
PSBs 2.20 PSBa1 1.90
PSBs 2.20 PSBa, 1.86
PSB; 1.75 PSBas 1.92
PSBs 2.10 PSBas 2.90
PSBi1o 1.60 PSB4s 1.12
PSB11 2.40 PSBus 1.60
PSB1, 2.60 PSBso 2.00
PSB14 1.60 PSBs1 1.90
PSBis 2.75 PSBss3 1.60
PSBis 1.80 PSF1 5.40
PSB1g 2.00 PSF, 1.20
PSB2o 2.80 PSF; 5.10
PSB2, 1.60 PSF.4 2.00
PSB;3 2.00 PSFs 1.60
PSBs 1.60 PSFs 1.20
PSB2s 2.15 PSF; 1.90
PSB3o 2.80 PSFs 1.80

Sland oS o slag B 5 wlawsd oS Jo o S gosimslis o 54, PSF 4 PSB
PSB and PSF show phosphate solubilizing bacteria and phosphate solubilizing fungi respectively
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Table 2: Variance analysis of released P and pH by strains

MS) Slasyo eSilo 6ol ax o Source of variation Sl et @l

pH P solubilization df
1275 12996679*** 1 Sp:lj’rsgs‘?;e) Py il e
21.9%%* AA44T2TH*x 11 Microorganisms(M) (M) a5 s oo
66.9*** 601422*** 6 incubation times(T) (T) &ygubisSSl o)l
3.72%%% 324211%** 11 M*P el KX a5l i
3.10%%% 416234%+* 6 T*p orplisSil leXailinss oo
1.70%% 36151%+* 66 T*M rslis S s sl g S
0.522%+* 325899%** 66 T*M*P (T*M*P il Llice
0.042 425 286 Error s
3.80 3.50 . C‘{‘jg'gﬁg; of () Sl

doy o[ e (o lo e e
*** significant difference at 0.1%

ousdl3T yhad im0 2 (529,50 (SLBA gaw 3 4iliumd 2o Jiliio I -F Jgu
Table 3: The interaction effect of phosphate source and microbial strains on released P

L‘”“—.’.B“’ alawd o)

(strai)l phosphate)
PSF7 PSF4 PSF3 PSFl PSBzo PSBlz PSBll PSBZ PSBgo PSBls PSB45 Control (source
144 91.9 634 636 428 264 381 329 412 513 286 63.5 TCP
110 820 621 392 406 154 408 136 320 232 305 4.30 RP
LSD=7.86
PH _zals Jg s L= pH (zals g oo of5T wlaws il 4 oy ol 5l S lSile awslie i
Reddy et ) wo 5 oaslive jaud mbe sdaen b laxs 5 Slawd S e 90 B )0 (09,5 @iz sladsguw
al., 2002; Ahmad & Jha, 1968; Narsian & Patel, S s wls 2als 1) e PH Slinsd oS5 5

PH T ool adgi b b oS uizman (2000
J9lmL3 saolaws J)bu‘ Cuw g ool u..dblf ‘) L

Al odaline PH o p2ei BB s cals e o

T Clgw @ bawe (Wxlg ¥ ogax) pH rals o i

Lodlil con s)lo e s PH Gals aigl . . T .
il)'kh ’ | > : ujb uw f%& G Gliee (S g Dland olS 6 5 aie 5| PSFL
ikhani et al., ) o.& & peelS 65 el i 35 Olawd S w5l sl s 4 beye pH

PH 5als L &5 28,5 amti lsie oulpl (2006 St Laogs JT loal a5 Yzl (F Jsio)
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Table 4: The interaction effect of phosphate source and microbial strains on pH

(strain) Loy gu aland aio
phosphate)
PSF; PSF, PSF; PSF, PSB2o PSB1, PSB11 PSB, PSB3  PSBis PSBs,s  Control (source
4.90 5.00 3.90 3.50 4.90 5.00 4.40 4.20 4.80 4.90 5.00 5.89 TCP
6.50 6.30 4.30 4.50 5.90 6.40 5.60 6.10 5.00 5.00 5.30 7.50 RP
LSD =0.777

5 Dland prndS' 6 5 aio 51 (PHEYA ) 59, VY oloj &
obey B L Galply og e gley g Slaus
aland Jolowel aslie saisoly] Haud e oy gumbioSSl

el (Jo3i g, PH lade 5 azdly (sl
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lind e 93 0 5 Haud (5l Ol5T Gl ¢(srmilisS
Ot 39,VY oley e lawgte jshay 5 2Bl Gl
oaslie (Ed shon 2 0,3 5em YY) Jslons i s
FAY) ool ol jaud i g iden Geised 0D
Oland S (6 55 ge 2 g yo (i e 2 0,579,500
2 595w YA o] Jlade op iaS 5 39,07 Gloj 50
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0 3 6
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00udl3T yiad oyl iao 33 0ygumbiaSSl (ylo g a5 limd gudwe Zalaw Joliie ,51 ¥ S
TCP «(Slawd pundS 5 5) RP(lans i)

Fig.2. The interaction effect of phosphate source and incubation time on released P
TCP (Tricalcium phosphate), RP (Rock phosphate)
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Fig.3. The interaction effect of phosphate source and incubation time on pH
TCP (Tricalcium phosphate), RP (Rock phosphate)

Conl oads &Ll pH 2al5 5 o > ied i (o
Gupta et al., 2007; Yu et al., 2011; Keneni et al., )
Vyas & Gulati, ) Y5 4 wbly sieg3 5o (2010
PH (lie jo Sals oy yiion a5 wo,5 5158 (2009
adly Pl jand Gl o2Vl b (e (Sieren
oeen (Mittal et al., 2008) - Ken 5 Jlis 5,k
Olee b oo saud (g5l of3T ppolie o5 winils oLl

DS (St (Kirad Sl 08

3 Jsloal Slawd Pl e a5 oly olas boazsly
Ot VY G5y 00 wlisegoge b odd il laee
saalie A 39, ;5 5 PH lade o teS 5 cels | jlade
aals jles 0 PH g 0ald > jaud ol a5 Jb jo ol

(Kannapiran & Ramkumar, 2011) 3¢ yss oy
aS ols Llis PH g oo olj] Jaud o Sieed duslie
5 e b salal, oud o aud 5 PH Gl
35,08 3925 o y3 o whaws o (1= =+ /PYT) (g o sine
95 (e 3590 55 505 sl (F )

() o 32 559 5500) 0031 piasd ()30 1 (y3uwliaSSl (4o 9 (529 /50 GLods g Joliio 510 Jgur
Table 5: The interaction of microbial strains and incubation time to released P

15 12 9 6 3 1 0 ol Time
O5lisSSl 5l 595 195 sladge
Days after incubation Microbial strains

415 33.8 37.8 29.0 30.6 28.7 28.2 Control

203 224 192 192 195 71.1 29.1 PSBus

337 328 334 352 328 166 28.9 PSB1s

271 244 243 342 213 213 29.2 PSB3o

220 217 202 203 193 134 28.5 PSB>

267 256 281 252 229 160 29.2 PSB11

255 239 167 161 72.6 53.5 28.9 PSB12

301 323 302 294 269 123 29.1 PSB2o

544 570 500 416 265 37.0 29.5 PSF,

529 555 469 451 364 38.8 29.4 PSF;

81.1 69.2 37.1 50.0 39.5 38.7 28.7 PSF4

139 149 81.2 51.4 46.8 41.1 28.0 PSF;
10.50 LSDo.0s
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Table 6: The interaction effect of microbial strains and incubation time on pH

15 12 9 6 3 1 0 oy Time
OsebgSSl 5l g 595 9,5 S
Days after incubation Microbial strains
6.60 6.80 6.70 6.60 6.90 6.90 7.00 Control
4.50 4.60 4.60 4.60 4.90 6.00 6.90 PSBus
4.10 4.40 4.40 4.50 4.70 5.90 7.00 PSB1s
4.30 4.40 4.20 4.30 4.50 5.80 7.00 PSB3o
4.80 5.10 4.50 4.60 4.60 5.50 6.90 PSB>
4.60 4.50 4.40 4.50 4.20 5.60 6.90 PSB11
4.70 4.60 5.20 5.70 6.10 6.50 7.00 PSB12
4.10 4.10 4.70 5.40 6.00 6.50 7.00 PSB2o
2.60 2.40 2.60 3.00 4.10 6.30 7.00 PSF;
2.80 2.90 2.90 3.20 4.00 6.10 7.00 PSF;
5.20 5.30 5.40 5.20 5.70 6.10 7.00 PSF,4
5.10 5.00 5.50 5.70 5.6 6.20 7.00 PSF;
0.320 LSDo.05
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Isolation of phosphate-solubilizing microorganisms from wheat rhizosphere
and evaluation of the their solubilizing potential in presence of two
insoluble phosphate sources
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Abstract

Phosphorus (P) is one of nutrient elements for plant growth. In most soils P has complex behavior and
forms sparingly soluble and insoluble compounds with soil particles. Phosphorus bioavailability can
be controlled by soil biological activities for optimum nutrition of plants. This study was carried out in
order to isolation of P-solubilizing bacteria (PSB) as well as P-solubilizing fungi (PSF) and their
screening in terms of P solubilizing potential in presence of tricalcium phosphate (TCP) and rock
phosphate (RP). A total of 55 soil samples were taken from the wheat rhizosphere of Urmia region,
and the isolation as well as qualitative solubilizing potential was done in solid NBRIP media.
Quantitative P-dissolution ability of isolated strains were assessed in a factorial experiment based on
completely randomized design including phosphate sources (RP and TCP) and selected microbial
isolates at incubation condition at 28 degrees Celsius. The studied strains included control, PSBs,
PSBis, PSB30, PSB2, PSB11, PSB12, PSBy, PSFi1, PSF3, PSF, and PSF; and sampling were done at
seven incubation times (0, 1, 3, 6, 9, 12 and 15 days). The results showed that P solubilization and pH
of medium significantly (P <0.001) influenced by insoluble phosphate sources, microbial isolates and
incubation time. So that the maximum release of soluble P (636 pug ml™t) was observed by strain PSF;
from TCP source. Furthermore, the PSF; strain on day-12 showed the highest solubilized P (570 pg
ml™) compared to other strains. Significant negative correlation was observed between medium pH
and dissolved. The pH levels in treatment inoculated with strain PSF;on TCP (approximately 4 units)
showed the highest pH decrement compared to other strains and control media. Highest decline of pH
was observed in day-12 (pH = 3.90) by the same strain, while the pH in the control treatments
unvaried.

Keywords: Bacteria, Fungi, Phosphorus, Soil, Solubilization index,

1- Graduate of Soil Science, Faculty of Agriculture, Urmia University, Urmia, I.R. Iran.
2- Associate Prof. of Soil Science, Dept. of Soil Science, Urmia University

3-Assistant Prof. of Soil Science, Dept. of Soil Science, Urmia University

* Corresponding author E-mail: m.rsadaghiani@urmia.ac.ir

A


mailto:m.rsadaghianii@urmia.ac.ir

