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Calcareous soils constitute more than 87 percent of Iran's agricultural lands. This study aimed
to investigate the effect of different sulfur levels (0, 500, and 1000 kg/ha) under two moisture
conditions (40% and 60% of saturated moisture) on sulfur oxidation and some chemical
properties of calcareous and non-calcareous soils inoculated with Thiobacillus bacteria. The
results showed that the highest sulfur oxidation rate occurred at 40% moisture and a dose of
500 kg/ha, which created optimal conditions for sulfur-oxidizing microbial activity and
adequate soil aeration. Increasing moisture to 60% led to a reduction in the oxidation rate due
to oxygen limitation and decreased microbial activity. In this study, the most significant
decrease in pH and increase in electrical conductivity (EC), available phosphorus, sulfate,
iron, and zinc concentration of the five soils were related to the treatment of 1000 kg/ha at
40% moisture. Among the soils, the largest pH reduction was recorded in Qezelr soil (a
decrease of 0.87 units), while Babol soil showed the highest increase in EC (1.19 dS/m) and
the highest concentrations of available phosphorus (41.1 mg/kg), sulfate (2690 mg/kg), iron
(62.9 mg/kg), and zinc (1.25 mg/kg). In contrast, Sharifabad soil, with a 44% calcium
carbonate equivalent content, demonstrated the least sensitivity to sulfur oxidation and
subsequent pH changes. The results of this study indicate that sulfur application combined
with optimal moisture can be used as an efficient strategy for the reclamation of soils with
calcium carbonate content below 50%.
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EXTENDED ABSTRACT

Introduction

Calcareous soils constitute over 87% of Iran’s agricultural lands and present challenges such as nutrient
immobilization due to their alkaline nature and calcium carbonate content. This study aims to investigate the effect of
elemental sulfur application at different levels combined with Thiobacillus bacteria, under varying moisture conditions
on sulfur oxidation and changes in selected chemical properties of five calcareous and non-calcareous soils with varying
calcium carbonate contents.

Methods

A randomized complete block design experiment was conducted with three sulfur application rates (0, 500, and
1000 kg/ha) and two moisture levels (40% and 60% saturation). Soil samples were collected from five different regions
in Iran with distinct calcium carbonate contents. Samples were incubated in controlled laboratory conditions at 25°C for
one year. Parameters measured included soil pH, electrical conductivity (EC), available phosphorus and sulfate, as well
as extractable iron and zinc. The sulfur oxidation rate was determined over specified time intervals. Data were analyzed
using analysis of variance (ANOVA) based on a randomized complete block design, and means were compared using
Duncan’s multiple range test at the 1% probability level.

Results

Soil analysis results showed that the calcium carbonate content of these soils ranged from less than 1 to 44 percent
and were classified into five categories: non-calcareous (less than 1 percent= Balestan soil), low calcareous (1 to 10
percent= Babol soil), moderately calcareous (10 to 25 percent= Qezelr soil), calcareous (25 to 40 percent= Falard soil),
and highly calcareous (40 to 60 percent= Sharifabad soil). The results showed that a moisture content of 40% (optimal)
and the application of 500 kg sulfur per hectare led to the highest sulfur oxidation rate. This significant increase in
oxidation rate was mainly due to the activity of Thiobacillus bacteria as a biological catalyst in the oxidation process,
which accelerated sulfuric acid production under optimal moisture conditions combined with sulfur. Increasing moisture
to 60% led to a reduction in the oxidation rate due to oxygen limitation and decreased microbial activity. From a soil
reclamation perspective, sulfur application, especially at 1000 kg/ha under 40% moisture conditions, had the greatest
impact on reducing pH and EC and increasing the availability of nutrients such as phosphorus, sulfate, iron, and zinc.
Among the soils, the largest pH reduction was recorded in Qezelr soil (a decrease of 0.87 units), while Babol soil showed
the highest increase in EC (1.19 dS/m) and the highest concentrations of available phosphorus (41.1 mg/kg), sulfate (2690
mg/kg), iron (62.9 mg/kg), and zinc (1.25 mg/kg). In contrast, Sharifabad soil, with a 44% calcium carbonate equivalent
content, demonstrated the least sensitivity to sulfur oxidation and subsequent pH changes.

Conclusions

Calcium carbonate acts as a determining factor in sulfur oxidation. In soils with low to moderate calcium carbonate
content, sulfur was able to effectively reduce pH and increase the solubility of nutrients, but its effect is limited in highly
calcareous soils. Therefore, soils with high buffering capacity and calcium carbonate content require larger amounts of
sulfur to observe significant changes in sulfur oxidation and pH. This study demonstrated that the application of paste
sulfur produced by the Iranian Research Institute of Petroleum Industry, along with Thiobacillus bacteria under optimal
moisture conditions (40% saturation moisture), can serve as a practical and effective strategy for reclaiming calcareous
soils with calcium carbonate content below 50%. Therefore, high-quality domestically produced sulfur can be utilized in
nutrient management and reclamation programs for alkaline soils in Iran. To transfer the results to field conditions, it is
recommended to conduct field experiments in soils with calcium carbonate content greater than 50% to determine the
critical sulfur dose and optimal moisture level for each soil texture.
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