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ABSTRACT 
The nutrient elements uptake in many of soils, is a problem because of high pH and plenty of calcium 
ions in them. Some of these elements are phosphorus and microelements. It is possible to increase 
absorption of these nutrient elements by addition of sulfur in soil and biological oxidation. The rate of this 
reaction is very slow and Thiobacillus bacteria are the most important oxidators of sulfur in soil. 
Inoculation of soil with this bacteria results to increase rate of sulfur oxidation, so sulfur utilization with 
this bacteria in alkaline and calcareous soils will be useful. In order to consider the effect of sulfur and 
Thiobacillus inoculant on soil pH decreasing and increasing in ability of phosphorus and microelements 
absorption, a greenhouse experiment was carried in Azad University of Karaj, in factorial form and 
Randomized Complete Block Design (RCBD) with 15 treatments containg 5 levels of elemental sulfur 
(200, 400, 600, 800, 1000kg/ha) and 3 level of inoculants (without, 5 & 10 gram with 107 bacteria per 
gram) in 3 replications in 2010-2011. After seven months shoots of plant were cut. Soil samples were 
analyzed to measure availability of elements. The results indicated that there was significant difference 
between treatments in viewpoint of phosphorus and microelements absorption in level of 1%. Amount of 
available Fe, Zn, Mn and P significantly increased and soil pH decreased 1.05 unite compared with 
primeval soil, this decreasing was significant in level of 1%. 
 
Keywords: Biologic fertilizer, Inoculants, Sulfur, Thiobacillus bacteria 
 
Introduction  
 
Soil is one of the key components and basic resources as the plant culture mainstream, and is a unique 
environment for types of life (Malekouti et al., 2005). Phosphorus is one of the most sedentary and most 
inaccesible elements in soil, so in most soils it is resistant to leaching. However, its defficiency  in meny 
of soils results to decrease agricultural production; because more than 80% of this element, after entering 
the soil becomes non-removable, and reach out of plant through absorbing, precipitate and convertion to 
organic (Fallah, 2010; Schachtman et al.,1998; Yahya and Al-Alzawi, 1989). Phosphorus is the most 
sensitive element to soil pH. In pH less than 5.5, Aluminum and Iron iones are combined with phosphate 
and convert to insoluble residues. In pH higher than 7.5 (calcareous soils) with plenty of active calcium 
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ions, mostly occur insoluble compounds like calcium phosphates. The best pH for phosphorus absorption 
by plant is 6.5 (Malekouti and Homayi, 1994). 
Zinc releases as Zn 2+ in result of weathering, and in this case it is usable for plant and absorbable in the 
cation exchange positions. Zinc defficiency and its low availability is common in calcareous soils because 
of high pH, and in acidic soils because of leaching. Organic soils also are very poor in view point of zinc 
storage, and their plants often are Zn-defficient. In some cases addition plenty of phosphorus fertilizers 
results to zinc defficiency (Foth, 1984). Acidic, sandy soils low in total Zn, calcareous soils,soils heavily 
fertilized with phosphorus, and subsoil exposed by land leveling operations or by wind and/or water 
erosion are prone to zinc defficiency (Power and Prasad, 1997). 
Many researchers have reported sulfur consumption and sulfuric acid production due to its oxidation, 
results to reduce soil pH, and increase phosphorus and microelements absorption (Tisdale et al., 1993; 
Kaplan & Orman, 1998; Zapata and Roy, 2004). 
Oxidation of elemental sulfur mostly is carried out by Thiobacillus chemo-synthesis species. Thiobacillus 
can have sizable effects on environment pH. Due to acid production by Thiobacillus, increases elements 
solubility and facilitates their availibility (Fallah et al., 2010). 
Many researchers through to investigations reported the positive effect of Thiobacillus bacteria 
inoculation on increased ability to uptake nutrient elements (Besharati, 1998; Pathiratna et al., 1989; 
Deluka et al., 1989; Rosa et al., 1989). In the present study effect of elemental sulfur and Thiobacillus 
inoculant on soil pH and  soil absorbable phosphorus and zinc, and absorbed phosporus and zinc by 
Canola plant was studied.   

 
Matterials and Methods 

 
At first Thiobacillus inoculant was prepared. For ease of isolation of  bacteria from  soil samples and 
preparation of pure culture, the Postgate culture medium that is a rich environment for Thiobacillus 
bacteria was used : 
 
Na2S2O,3.5H2O             5  gr,             KH2PO4               3  gr 
(NH4)2SO4                     3  gr,             CaCl2                   0.25  gr 
MgSO4,7H2O               0.5  gr,             FeSO4,7H2O        0.01  gr 
Microelements solution             10 ml   (Vishniac & Santer, 1975). 
 
Different dilutions were prepared from soil samples, and of each dilution 0.1 cc was poured on solid 
postgate medium, then the prepared inoculant was added to the Perlite carrier. In the next step agricultural 
soil that its taxonomy in Soil Taxonomy System was “Lomy skeletal, mixed (calcareous) mesic 
typichaploxerepts” was sampled in 0-20 cm depth, then the soil was passed through 5 mm sieve and were 
distributed in 6 Kg pots. Canola (Okapy figure) greenhouse cultivation was carried out in factorial form 
and Randomized Complete Block Design (RCBD) with 15 treatments containg 5 levels of elemental 
sulfur (200, 400, 600, 800, 1000kg/ha) and 3 level of inoculants (0, 5 & 10 grams in pot with 107 bacteria 
per gram) in 3 replications in Azad Karaj University. Powder sulfur to 50 mesh  was added to soil of pots 
and was well-mixed. After inoculation canola seeds were planted in 2 cm depth. At last 45 pots were 
prepared with 7 seeds in every one, after 10 days plants were thinned to 3 in every pot. After cultivation, 
N fertilizer of urea (400 Kg/ha , in 3 times) and K fertilizer of potassium chloride (100 Kg/ha , in 2 times) 
based on soil test were added to soil. During plant growth, soil moisture was mointained at 70% FC (field 
capacity). After seven months shoots of plant were cut and their dry matter and plant extracts were 
prepared. Soil samples also were analyzed to measure availability of elements. Soil pH, soil absorbable 
phosphorus, and absorbed phosphorus by plant (Olson, 1972),  soil absorbable zinc by Lindsy(1979) 
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DTPA method and absorbed zinc by plant were measured (Atomic Absorption device). Data analysis 
software was MSTATC, signification test was Duncan’s new Multiple Range Test (DMRT), and graphs 
were plotted by Excel software. 

 
Results and Discussion 

 
Some properties of used soil in pot culture before applying the fertilizer treatments are presented in table 
1. The amount of absorbable phosphorus is less than the critical level required for Canola plant 20 mg/Kg 
(Malekouti et al., 2005). 
 

Table1- Physical and chemical properties of the soil 
 
Structur
e 

Particle 
size 
analysis 

Total
 N  
% 

Absorbable 
P 
mg/Kg 

Absorbab
le Zn 
 mg/Kg 

Usable 
K 
mg/Kg 

S.L. 0.17 10.8 1 250.2 

Saturati
on 
moisture 
% 

EC  
 
dS/m 

Orga
nic 
matte
r 
% 

Equivalent 
CaCO3 
% 
 

pH  

34.5 3.48 1.66 6.2 7.95  

 
The variance analysis (Table2) indicated the effect of treatments on pH and soil absorbable 
phosphorus, iron, zinc were significant in level of 1%. The interactive effect of bacteria and 
sulfur on manganese absorbency was significant in 5%. 

 
 

Table2- Analysis of treatments effect on soil pH , absorbency of microelements 
Mean Square (MS) 

pH Soil 
Mn 

Soil ZnSoil FeSoil P DFS.O.V 

0.001 
n.s 

0.230 
n.s 

0.03 n.s0.209n.
s 

4.604 
n.s 

2 Replication 

0.255*
* 

495.77
** 

7.03 **10.812
** 

186.06 
** 

2 Bacteria 

0.267 
** 

67.68*
* 

3.31 **67.47*
* 

485.68 
** 

4 Sulfur 

0.012 
** 

0.840*0.06 **0.409*
* 

17.22 
** 

8 Bacteria×Sulfur 

0.00010.124 0.004 0.056 0.39 28 Error 
0.25 1.18 1.95 1.80 2.53  Coeficient of Variation 

(%) 
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* and ** are significant in 5% and 1% level and n.s. is not significant 
Signification test on single effect of bacteria (Table3) indicated that absorbency of soil P, Fe, Zn 
and Mn increased in inoculated treatment 33.5%, 13.7%, 54.6% and 39.8% than non-inoculated 
treatment. 
 
 
 

Table3-Single effect of bacteria on traits, by DMRT method 
pH Soil Mn 

mg/Kg 
Soil Zn 
mg/Kg 

Soil Fe 
mg/Kg 

Soil P 
mg/Kg 

Bacteria 
Levels 

7.33 b 26.07c 2.503 c 13.03b 21.00 c T0 
7.52 c 29.97b 3.25 b 12.32c 24.94 b T1 
7.27 a 36.45a 3.87 a 14.01a 28.03 a T2 

Treatments with similar symbol have not significant difference 
 
Signification test on single effect of sulfur (Table4) indicated that absorbency of soil P, Fe, Zn 
and Mn increased in most sulfur fertilizer treatments 112.4% , 69.95%, 62.34% and 25.82%  than 
treatment with the lowest sulfur fertilizer. 
 
 
 
Table4-Single effect of sulfur on traits by DMRT method 

pH Soil Mn
mg/Kg 

Soil Zn
mg/Kg 

Soil Fe
mg/Kg 

Soil P 
mg/Kg

Sulfur 
Levels 

7.57 e26.30e 2.47 e 9.732e 16.48 eS1 
7.47 d28.01d 2.8 d 11.27d 19.62 dS2 
7.403
c 

30.00c 3.18 c 13.10c 23.6 c S3 

7.29 b31.74b 3.57 b 14.96b 28.57 bS4 
7.13 a33.09a 4.01 a 16.54a 35.01 aS5 

Treatments with similar symbol have not significant difference 
 
Signification test on interactive effect of bacteria and sulfur (Fig1-4) indicated 165% ,72.62% , 
161% and 73.34% increase in soil P, Fe, Zn and Mn absorbency. 
 

      
 Fig1-Interactive effect of bacteria and sulfur on 

soil absorbable phosphorus Fig2- interactive effect of bacteria and sulfur on 
soil absorbable Iron 
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Interactive effect of bacteria and sulfur (Fig5) resulted to 0.81 decrease in soil pH.  
 

 
 
 
 
 
Phosphorus and microelements sorption by plants in many soils is difficult because of high pH 
and plenty of calcium ions. In this study soil pH was decreasing by adding sulfur into the soil and 
its oxidation and production of sulfuric acid, therefore P and microelements sorption was 
increased. As regards this reaction is very slow speed and Thiobacillus bacteria are the most 
important sulfur oxidants in soil, inoculation of soil with this bacteria resulted to increase sulfur 
oxidation speed. Similar results have been achieved in many other researches (Kalbasi, 1986; 
Kittams and Attoe, 1965; Miller, 1965; Modaihsh et al.,1989; Morvedt et al., 1991; Tisdale et al., 
1993; Kaplan and Orman, 1998; Deluca et al., 1989; Pathiratna, 1989; Kalbasi et al., 
1988;Besharati et al.,1998). 
 
Conflicting results regarding the effect of phosphorus on different chemical forms of zinc have 
been reported, such that phosphorus addition to soil results to change in the distribution of zinc in 
various forms, this means that zinc transfers from manganese oxide and crystalline iron oxide to 
exchange zone, thus increases zinc absorbency. On the other hand, other researchers reported that 
phosphorus application has no effect on zinc forms. Singh et al.,1992 When studying on effect of 
phosphorus on various forms of zinc, observed no evidence of zinc deficiency in plant due to 
phosphorus effect on exchangeable locations, organic adsorption, remaining iron and manganese 
oxide. While the results of Tagwira Suggested that distribution various forms of zinc have been 

Fig5-Interactive effect of bacteria and sulfur on soil pH 

Fig3- interactive effect of bacteria and 
sulfur on soil absorbable Zinc 

Fig4- interactive effect of bacteria and 
sulfur on soil absorbable Manganese 
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affected under phosphorus levels, so that phosphorus increase resulted to decrease in absorbable 
and organic zinc, but increased unusable forms. The researchers know the reason of absorbable 
zinc decline related to effect of soil colloids therefore more absorption of zinc by colloidal 
particles.  
 
Finally, the basic components of sustainable agriculture are the soil fertility management by 
biological fertilizers. The idea of sustainable agriculture is to maintain crop production in 
acceptable level to feed a growing population, without damage and harm to the environment. 
According to researches biological fertilizers are discussed as the most natural and most desirable 
solution for keeping alive and active life-system in soil.  
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