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Table 1- Chemical and physical properties of the soil
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Loam clay
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Table 2- Variance analysis of the effect of sulfur, phosphorus and plant on population of soil
phosphate solubilizing bacteria

©lapo (ke
kS e )’ Mean squares
Gov) $3f lisad 04 S (S5 55 Cgnon
(Df) Population of Phosphate Solubilizing Bacteria

(Block) sk 2 852335555
csbalsei 555\ 5 3,555 .

(Sulfur & Thiobacillus bacteria) 3 29385973472
(Phosphorus) ,aué 2 48420663472
P X uphii 555N 5258 6 23048781806™

(Sulfur & Thiobacillus bacteria x Phosphorus)

(Error) s 22 306413888
(Corn) ) 1 85870586806
@ Xomphalad 5B 5 258 3 28861222731"

(Sulfur & Thiobacillus bacteria x Corn)
92X e 2 55418376806
(Phosphorus x Corn)
)3 X phuad X pogluwlad 6 38 93,565 23909185509™*
ulfur iobacillus bacteria x Phosphorus x Corn
Sulfur & Thiobacillus b ia x Phosph C
(Total Error) Js (slas 24 363339305
(CV) oy oy 39.8

o> S5 g g Jloin ] paw )3 5 gize MR 5 Iy e OS] 390 i &y e

NS




AY S 5o Slisd aaiiS o sl 35 Cunon 1 (s hud § 63,595 395 (wslewwlisn 5 8L b (om0

GASL sl Ve giluwlis Ly (V0) 55l 5g g il b S
S gl 51 sl IMos! (g5 oy g SB 5l land oS >
Sland 5 pal Oliwd ((6ygume Sliwd Kiw Lgyg ©laws
Sl Ladslis o3 YO aS 3 ol 5 Sl gols poieg)]
20,8 odlitnl youd mie laicdy Woye cilowd Siw jl SB 40l
as” oby L (VF) o)en 5 18,500 didsd (3 piored (YY)
S5 zo 4w 3l P. fluorescens ¢ ySh lawgs jaws Mool e
A e e 4y o 4 ool g pstiegl] land (lad s
D2yl (e )3 215 9,50 OV

4SS SB a5 VY 5l a0 10 i 2SL Joho (ol
Cb)S B (e 2y90 Slind 0ailS Jo slais ySL ypl (6l
b LSis oUly  (Sen oS wi (gilols o581 alis Y ol
Ol 4l V0 ol pl 51 &S sl 1) LSy oSy laye j> Clads
ls aS waib 1) Ladlis dd 4 Cuws oYU Glawd o]
o 5 (Seisdnid (sS—ws)Soe syl il Jol>
FY-Y FUI-Y A D & ojlods a5 (D o) 2l )l banaylus
5 03— yowglil LIS VY §5o=F DF-Y DO-Y DO-) FA-)
=Y g YY) slooylod iy ALl o gkl puir 4 3l
A VY 5 05-Y FY-) claoylai o Bacillus cereus «o54, &+
9 00=) FA-Y YA A b ¥ slaojleds o Bacillus subtilis o5
sl ,iSL sl . Bacillus megaterium o5 4 leio 00-Y
4555 Oloie A g 03y (i pld Uy Mg FASY 9 ¥ S oled
Lad olelus Pseudomonas fluorescens

2 EHSL Cmer (pyide Ll Sl 5:S0ke dnglie )
O (P Jgis) b sdaliie cyd sl yly s 3 S1P2 jleys
s S (sl jos bl Sland 0uS' > slas S g olalS
Glawd 0uiS > slapmdlBlg, S0 35148 Cud 5 by D)l> 2929
)1 JA[M 29 ol )‘)9 ol,:f )Lo| 2 ‘) )w LY MLL;O d9)}5).&
Lol Cmor g 03,8 43i5 olS a5l odd i 0)S oS )5
Bacillus spp. ¢xSL L flals )4 sl (VA) Lb o )38l
53,555 L olyen Glawd K 5,5 (VAAY) o)) S 5 0318001
E95 4w )3 yiud 355 e (lgis 4 (gwgn) (oskeliss 578
.))jslo& uwl)_‘BI u_f—l.s RWgm )‘ oolasiw! olawd Row .)9§ Jole
595 48 1> b5 sl Lol oyl o o oS )3 yaud Ll g paud
2 Jyaze 3y (i jind gie Glyie Wl o pgwen
(V0) 2,5 1,8 oalatl 350 lawgio U oS yauwd b oS
33 Oliwd saiS Js s s 5L joud Sl anslin
S 9y 9 rmlS 59y 63 Slhud (g9l o 9
2Ulg5 oy Lis (125.96) ataly T 9050 5l Jols ol :cuily]
2 Joloels yaud sols lay oo g3 40 4 wd Mol o g ST
by oo 50 (1Slie duslio Labb o b dre dopd V s plaw
Olawd (gols by oo 3 La oSl aS 2a a5 ) Sl
b 4 Cus (& iy Slawd J)bdl @15193’ M“‘K C1390 (8D
3 gl (sla 135 () JS) wzdls Csll uSg)m (5ol
Joloealss are Olad Mol 3 (6,5L Galises sladssS LUlgs
g bl (S gphn (lind mudS (63 Wland S 65 e

S Oliwd oS Jo s L Comor 05 9 hud 0,565 (ol O 5T (650ke i =Y Jgua
Table 3- Comparison of means of main effects of sulfur, phosphorus and plant on population of soil phosphate solubilizing bacteria

Sl Sl Zobw
Treatment levels

Treatment

Slhd oS Jo (slag SSL Comor
Population of phosphate

solubilizing bacteria
(Cell per gram of dry soil)

(Corn) o5 (Planted) <. 82406
(Not planted) cusls” -9 13399
SO 20239¢
oslslissr 5 g8l 5 3,555 s1 1033220
(Sulfur & Thiobacillus bacteria) S2 52306°
S3 15628°¢
PO 18367°
(Phosphorus) ,a.é P1 995672
P2 25688°

Veor Bpas S35 ushulsd S oS Yo 43,555 p)SolS Ve v e Bpae 52 (ugkligs p)S5hS Ve #3555 S 0S 00+ Bpas ST ugklisd 53,555 Spas (90 S0
Slind pgw 395 00370 P2y Jo 5 Slind pgw 395 003 Ve e Bpas Pl 5 Slind pgw 395 Brae (190 PO 5 1S 13 pusleslsnd oSS ¥e 43,555 p)Soks
SE ogesl ol 1 ey
SO0: without sulfur and biofertilizer containing Thiobacillus, S1: application of 500 kg S + 10 kg biofertilizer containing Thiobacillus, S2:

1000 kg S + 20 kg biofertilizer containing Thiobacillus, S3: 2000 kg S + 40 kg biofertilizer containing Thiobacillus per hectare and PO:
without triple super phosphate, P1: with 100% triple super phosphate, P2: with 65% triple super phosphate based on soil test.
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Figure 1- Comparison of phosphorus solubility in two media containing calcium dihydrogen phosphate and hydroxyl apatite
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Table 4- Comparison of means of interactions effects of sulfur, phosphorus and plant on population of soil
Phosphate solubilizing bacteria
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Table 5- Physiological and biochemical properties of strains
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Introduction: According to WHO and FAO studies, the diseases caused by contaminated foods are of the
most widespread threats to human health in developing and developed countries. Therefore, in recent years,
researchers have been trying to use soil microorganisms to solve this problem and maintain the health of plants
and the environment. Phosphorus after nitrogen, is a major macronutrient in plants which controls the growth,
seeding and fruit production and involves in basic biological functions such as cell division, nucleic acids
synthesis, photosynthesis and respiration and energy transfer. However, high amount of soluble inorganic
phosphate is annually applied to the soil as chemical fertilizer but a large portion of it is immobilized rapidly
after application due to phosphate fixation by aluminum, calcium, iron, magnesium and soil colloids and
becomes unavailable to plants. The use of biological agents especially phosphate solubilizing microorganisms,
can play an important role in supplying plant nutrients and improves crop health and productivity without
causing any harm in agricultural and natural ecosystems. Bacteria and fungi are the two important groups of
phosphate solubilizing microorganisms. Phosphate solubilizing bacteria in soil include Rhizobium, Bacillus,
Pseudomonas, Agrobacterium, Achromobacter, Enterobacter and Burkholderia, and the most important ones
i.e., Bacillus sp. and Pseudomonas flourescens.

Material and Methods: In order to evaluate the effect of Thiobacillus, sulfur and phosphorus application on
population of phosphate solubilizing bacteria in soil, a field experiment was conducted at Zarghan Agricultural
and Natural Resources Research Center of Iran in a factorial, based on complete randomized block design with 3
replications. Treatments consisted of three levels of sulfur fertilizer with biofertilizer containing Thiobacillus
bacteria (without sulfur and biofertilizer containing Thiobacillus (S0), application of 500 kg S + 10 kg
biofertilizer containing Thiobacillus (S1), 1000 kg S + 20 kg biofertilizer containing Thiobacillus (S2) and 2000
kg S + 40 kg biofertilizer containing Thiobacillus (S3) per hectare), three levels of triple super phosphate
(without phosphorus (P0), 100% (P1) and 65% (P2) percent phosphorus recommended based on the soil test) in
two corn planted and not planted states. After harvesting, 72 soil samples were collected from each plot and
transferred to the biology laboratory of soil and water research institute of Karaj. Soil samples were stored in
sterile conditions at 4°C. In order to isolate phosphate solubilizing bacteria, 10 gram of soil from each sample
was suspended in 90 ml of sterilized water to make 1:10 dilution. Then, series of dilution were made (10* — 107)
and 0.1 ml of suspensions of the diluted soil sample were transferred to petri dishes containing pikovskaya
medium and incubated at 28- 30°C. To identify PSP from halos surrounding characterized colonies was used and
counting was performed 1-14 days after cultivation. The colonies were isolated on the basis morphological
characteristics such as shape, color and size and then purified by linear culture. Finally, 60 strains were purified
that were used to compare phosphate solubilizing capability.

Results and Discussion: The results of this study showed that the main and interaction effects of sulfur
fertilizer and biofertilizer treatments of Thiobacillus, phosphorus and plants on the population of phosphate-
solubilizing bacteria (cells per gram of dry soil) in Pikovskaya medium were significant at 0.01 level probability.
The highest population of bacteria was obtained at the lowest level (S1). Increasing the level of sulfur fertilizer
and Thiobacillus biofertilizer decreased the population of phosphate-solubilizing bacteria and the highest level of
sulfur and Thiobacillus biofertilizer led to the lowest bacterial population. Also, the study of phosphorus
application on the bacterial population showed that phosphorus fertilizer at both levels significantly increased the
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bacterial population compared to the control (no application phosphorus). The best fertilizer treatment for
phosphorus application was P1 which had the greatest effect on bacterial population compared to P2 treatment in
Pikovskaya environment. In this experiment, the population of bacteria in corn planted conditions was higher
than in non-planted conditions and this population increase was observed in almost all different levels of sulfur
and phosphorus fertilizers. The highest bacterial population was observed in combined treatment of S1P2 under
corn planted conditions. The results of microscopic, physiological and biochemical tests of the strains showed
that all 60 bacterial strains were capable to form clear zone in Pikovskaya medium. Among them, 15 strains (7,
3, 2 and 3 strains belonging to Bacillus megaterium, Bacillus subtilis, Bacillus cereus and Pseudomonas
fluorescent, respectively) had higher phosphate solubility than the others.
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