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Background and Obijectives: The efficiency of phosphorus (P) chemical
fertilizers in agriculture is relatively low (5-25%). This has led to more P
fertilizers® application which not only increases production costs but also
threatens the environment. Therefore, it is necessary to introduce suitable
alternatives to replace part of these fertilizers consumption. Phosphate
solubilizing bacteria have been identified as a promising option to reduce P
chemical fertilizers’ application due to their ability to solve insoluble P in soil
environment. These bacteria can assimilate part of the solubilized P, known as
the microbial biomass P. This mechanism allows natural ecosystems to be
self-sustainable, without the application of phosphate fertilizers. Given the role
of potent bacterial strains in dissolving insoluble phosphates and the
importance of microbial biomass P in providing part of the plant needed P in
the long term. This study aimed to select efficient strains by quantitative
measurement of dissolved P and microbial biomass P after inoculation of
bacteria in sperber medium with different phosphate sources.

Materials and Methods: This study was conducted as factorial experiment
in a completely randomized design format using two factors in three
replications. The first factor was bacteria inoculation including strains:
Curtobacterium flaccumfaciens Tkd/4, Pantoea agglomerans Ggd/4 and
Sphingobium yanoikuyae Rpd/4, all isolated from Giroud Shemshak
Phosphate mine, Bacillus pumilus RPY isolated from Yazd Asfordi
Phosphate mine, Pseudomonas putida Ps/14 prepared from Soil and Water
Research Institute (isolated from maize farm soil) and blank (contains
phosphate sources without bacteria inoculation) and the second factor was
three phosphate sources: tricalcium phosphate (TCP), calcium phytate
(CPhy) and phosphate main soil (PMS). The measured traits were included
pH, EC, dissolved P and microbial biomass P. Total solubilized P from the
phosphate source (sum of dissolved P and microbial biomass P), the ratio
of dissolved P to microbial biomass P and biosorption percentage of P were
calculated as well.

Results: The effect of bacteria strain, posphate source and their
interactions was significant on all measured traits (P<0.01). The ability of
Ps/14 strain to dissolve phosphate was higher than other strains in all three
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phosphate sources. All strains absorbed more phosphorus from TCP than
the other two phosphate sources. Microbial biomass P was higher in
phosphate soil treatments inoculated with all strains except Tkd/4 strain
than in CPhy treatments inoculated with those strains. The lowest pH (3)
and the highest EC (1.53 dS m™) were observed in the PMS and TCP
treaments inoculated with Ps/14 strain, respectively.

Conclusion: The studied strains had different effects on both dissolved P
and microbial biomass P properties from different P sources. The ability of
Ps/14 strain to dissolve P from all three phosphate sources was higher than
the other strains. The results revealed that the strain that has more potential
in dissolving P from one source does not necessarily have the same
potential in assimilating P from the same source. This can be attributed to
the solubility nature of material and the solubilizing capability of the
microorganisms. The results of this study also showed that the total
solubilized P could be more strongly attributed to dissolved P rather than
microbial biomass P. Overall, the results showed that the potent of some of
the studied bacteria in both dissolved P and microbial biomass P properties
can be considered as a promising option in reducing the application of P
fertilizers and increasing their effectiveness.
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Figure 1. Dissolved P from three phosphate sources by strains.
Means with common letters are not significantly different based on Duncan's multiple range tests (P<0.05).
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Figure 2. Microbial biomass P of strains from three phosphate sources.
Means with common letters are not significantly different based on Duncan's multiple range tests (P<0.05).
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Figure 3. Total solubilized P from three sources of phosphate by strains.
Means with common letters are not significantly different based on Duncan's multiple range tests (P<0.05).

Loy S Dl =) L sslse ol feld ol
okiS Jo e sle 55 IS Y dag SL
slae il gladsl K5 4 HY ol jaus
Jasl 5 F&' 4 Fe¥ Lus il sansls
Sy Dl oS s 5 Ca 4y lastly sla s
PO,> 5 Ca% Clixly 5 ol =¥ (ind S
5 Slda IS5 e I Gl el w
b b Sk slamsl =i 5 Mg -t
z () sl il (S b 5l i gLl
S 53 03 b ol ols 0L e
5 el slis 55 S 035 5 Jsle jiud
S A Il 53 (5 Jrely S sl g o)
5 N Ol 51 jad Sl 55 s)ls Slind e
3 A8 elds 4 WS s 00 | il Oles
Oy Ol edle sl cpl (Y4IV) O

by

g o b odd Siale Olind S jled 5o

3 oAV s S cnl o3 s e Tkd/4 5 Rpy

Ol lae 55 a3 S 8 bl 05,8 o Sl

5 o TkalA 5 GUA s 5> o ol

sl o Sid (S 5o L bl oSl o Sl
0 JS5) Wsls olamtl s pia S

Sed b JS ek o b (S olie

A b S ek b 5 (120N gl
S osls ol = eYAT) s Se e3 5le
b 4 S FS B sy S et J Hind Ol s
R P P L IR LSRG U PIE
SO LS sda e i Slie &S (T4A) OiSen
Coslize (V1) Lz gl Olye 03 5 Hind ldde
(Il gl S g3l ol 4 Lol Ol 5 e 45 o
2 S Sl UG 5 Slind e Coals

. el ol (V) sy cans AT ol
SEEB) R - AB AN



O)Ro g (05 (driglas [ e (95500 0397 Cumn 5 9 Jghomo yhamd (oS 255

PH slaesls £ KLe (YA) 35 5 o 2 S pH
Lo g pH 2als o 5 5 sls Ol (-8 JK2)
S ks > Pseudomonas putida Ps/14 « ..
ol s TKAM @ 0T 51 e ol Bl lans
sl Laey s K5 4 Cored (65 b S0 s
PH als Slaie 5 botse 52 ool 50
b S8 gl slaes S o Seml 55 (Y 5T
oealS Sz s 3 i 3 (T0V ) O 5 oS
Slicd St s eslizal 5,40 glaw g law s pH
33 PH Ps/14 o 4 (YY) W5 S 18 ¥/
7 SladedS 6 5 5 adS Dl lls L
(=t JK3) sl [RalS ¥/40 5T/ w5 S

Rpy

@S s

Bacterial strains

8,
a
74 L
6
~ 5
13 4
3
2
1
= )
Ggd/4  Rpd/4
3
J =
705
Yy =
%

Ggd/4  Rpd/4

awily (Ko 55 b Sk ol el O ae i
Sl Jeily sl 4 1 ol ol Lol sk
L S a5 Wl S Laes 3l Lag SU Laud
Sl O (S3dse o 5 yind 5Ly Gyae
(0 A3 dalg mle Jame 3 Jsboe Jid JtalS
Sl i Il oS Ol WL
2 5 21 (S oS | 3 g sa s 4 op S S
Cde U1 b (FV) kipd e esle Cale o
oS - s ge 4 SR &S Sl Gl B ald
okl esbe Coale B ol axanls
(Wlins el Calises stufi\ ol
Salsa llg olins S - slags St 5 ,Shes
BTCP wlid ol 55

B CPhy el b
BPMS s S

Ps/14  Tkd/4

(@

Rpy

BTCP wlid oS s 5
BCPhy (ls ol
BPMS clis s+

Ps/14  Tkd/4

@b S Gl e
Bacterial strains

b <

Ly b Giab 5l e olald cl..n sloles Hs (S culan (g audal (W O puis -2 S
(PL/00) K410 (5,15 s B - STls (glamals dom b}aﬂ Wl p Sl Dy o slls ‘_;lhcniil.:a

Figure 4. Acidity (a) and electrical conductivity (b) changes in phosphate sources after inoculation with strains.
Means with common letters are not significantly different based on Duncan's multiple range tests (P<0.05).

)4



YE+e & a)h».fs AR D)sb‘)'.\g.béﬁjfsdléw‘ﬁdaq)m

PH als oo & ol olis 5 (YorA) ol
o (Stoly ot e i Jlie 5 laes
Slaed IMouil Jlade Sl Jdsay (V) 3505 5 9
s PH o (Sly oo opl SlAie s Osline
e L (-0 IS8 sy olils S
S 3 dgeee il a5 PH pn slalad
MJ").«J.:Q)J.é‘ QT JAJ‘(SM@JJJHSQ@
52 (M) Wb e claus e Coale Ll g5 e
@LMWU@JSQLAJQDHJ&S)M
Sl bl s sy s g (Glind S 5) JI 8
@Mu@l&@ﬁﬁé]@j\é
Sl Ledd ST hd e sl e (Sapen
53 Sl 0l 3,158 &S =0T 5.0 s e pH
el St sl S el il 3
«(00) dzes Js C-H ST e 5 LS5 S
Olyeas eedS Dl Slas 5o Jslms jaud ke
L il PH oid 03500 3L T e S
Sles sl gla OH L g Sos laes 55 40 Coc

Al S

A

S e sl Sl alis bl
Ps/14 44 Luy EC o5 2 (O -t IK2)
510y (dS m?) lai.s, Pseudomonas putida
JENER TRVA AN (1 v i I NCHERE PO LIy R
SUls 3l b S s sbul (V) J ol
A 4 e GIS ol Dol 03 el S
lind S8 Il il Lol s e s
EC 5 ead 1 s 53 (5500 Joboes sla s
L Bacillus pumilus Rpy « s .l o iol58l
a3 (0 US8) Jgle ius YVY (g )
(o -t JK2) A @S m?) EC L L
23S 3 s bl 658

PH 2als U osls Olas hass cpl slawsl
338 0 S e 3 e jied
Y740 s5d>= PH sbwl L PS/14 &g S5, sba
Sists Jhoms i Sldie 5 e (-8 [S2)
() JK2) SlindaedS s 5 51 L £ 0T (Mg )
Ao U8 sy el L Gllae S 55 Sl
(Y4) cl

Sols ot S s ol @l el
33 05 e ol e L pH 2alS oo i
(P<er)) clidsls 5 ol S S8

}&}C} éuw)j@u(;l.‘\—o Jf\&).l.&a.li.}



O)Ro g (05 (driglas [ e (95500 0397 Cumn 5 9 Jghomo yhamd (oS 255

18 600 y =-152.36x + 1085
o _ *TCP clis ;
1.6 Y 0R(120=1%>.<7gé>45581 P R2=0.7891 S S 57
] o 500 (P<0.01) PMS clins S
12 ] 400
. o
ﬁ- oE 19 1 2T a0
3; ) 0.8 - » :Ji’ g g
0.6 - e 200
0.4 -
100 \’
0.2 -
o 0
0 100 200 300 400 500 0 2 4 6 8
Jsbous s !
Dissolved P
(mg 1Y) o
® « (@)
8 -
=-2.3663x + 6.9142
7 * * Y RZ:o.Xzogs
6 -
— 51
1z
4
3
2
1
0
0 0.5 1 1.5 2
S A ylan
EC
(ds m1)
©) z

.é;ﬁ‘q‘#;q@‘(c‘ydwﬁé}é,‘.ﬂ|¢a_|-\b(y;d,@p;@@‘(gﬂ‘&ﬁ‘)ﬁibyﬁ)—oJSJ

Figure 5. Linear regression between acidity and dissolved P (a), electrical conductivity and dissolved P (b)
and acidity and electrical conductivity (c).
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Figure 6. Biosorption of P by strains.
Means with common letters are not significantly different based on Duncan's multiple range tests (P<0.05).
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Means with common letters are not significantly different based on Duncan's multiple range tests (P<0.05).
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