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1- Thiobacillus
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1- Ammonium Bicarbonate Diethylene Triamine Penta
Acetic acid (AB DTPA)
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Table 1- Some physical and chemical properties of soil and vermicompost (Values are means of three replicates + the standard errors)

cdl S STy
Texture pH

(dS/m) S 58I Clan

Electrical conductivity =~ Organic matter Total nitrogen

(%) 1 osko (%) J5 o395

Equivalent calcium

(dS/m) (%) (%) carbonate (%)
“ﬂ_’ r 8.01+0.03 0.20+0.00 1.66+0.02 0.1:£0.00 24.91+0.22
Soil Loam
ConigeoS (5099 - 8.97+0.16 1.29:+0.02 60.87+1.37 1.65+0.02 -

Vermicompost

(3 105ts! gllad = (1o ) W Lo Jlos ] 51 by o932 3,90 S p3 (I polis yo piaws JolB g JS pdlio -F Jgu

Table 2- Total and available nutrient amounts in the soil under study before treatments (mean + standard error)

e P 89 ol Ol
Cu Mn Zn Fe NOs

Pawgal ol S 2580 oS
NH. K P Mg Ca

(mg kg

(%)

Total content

24.43+0.38  211.57+27.87 46.53%4.71 12611.85£735

- 1104.05£73.74  93.35%2.77 1.18+0.04  4.86+0.20

o9 rwd B lase
Available content

1.3140.00 7.16+0.66 1.2040.10 0.32+0.10 5.96+0.6

8.16+0.67 255.30+1.51 7.63+0.49  0.05+0.01  0.27+0.03

(15l (sld £ (1i5lo) (g3 3590 CawppeS (09 )3 (213€ polic JS pi3lio -F Jgu
Table 3- Total and available amounts of nutrients in soil under study before treatments (mean + standard error)

895 o2l pawliy PP S’
Zn Fe K Mg Ca
(mg kg™") (%)
94.4443.1 6061.87+312.8 1081.94+22.6 5678.90+164.3 0.25+0.0 2.20+0.1
Pb Cd Cu Mn
21.7+2.38 2.06+0.9 49.11+1.7 19.26+0.7 306.18+14.0
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Table 4- Analysis of variance of the studied indicators

.. Olrpo (1a50ke
Ot e 4>:a‘ Mean squares
St S S 5B Sl b el el O g e o ow
EC pH P K NH,4 NO3 Zn Mn Fe Cu
sl 8 0.831" 0.604" 283.73"  40453.92" 1.963"  306.450"  0.054" 5.781" 1.031" 0.008"
Treatment
e 18 0.002 0.003 5.388 81.370 0.480 58.54 0.004 1.066 0.0273 0.005
Error
Ol g b
Coefficient of - 5.32 0.72 5.25 3.75 8.12 15.94 4.28 6.85 3.036 4.96
variation

*: Significance at P<0.05 level
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Figure 1- pH and electrical conductivity (EC) of examined soil variables (mean + SE). Humic Acid (HA), Sulfuric acid
(H2S0,), Thiobacillus bacteria (T), Sulfur (S°), Sulfur + Thiobacillus bacteria (S+T), Vermicompost (VC),

Vermicompost + Thiobacillus bacteria (VC+T), and Sulfur + Vermicompost + Thiobacillus bacteria (S'+VC+T).
Different superscript letters indicate significant differences (P<0.05) between means.
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Figure 2- Available K, Available P, Nitrate and Ammonia of examined soil variables (mean + SE). Humic Acid (HA), Sulfuric acid
(H,S0,), Thiobacillus bacteria (T), Sulfur (S°), Sulfur + Thiobacillus bacteria (S"+T), Vermicompost (VC), Vermicompost +
Thiobacillus bacteria (VC+T), and Sulfur + Vermicompost + Thiobacillus bacteria (S'+VC+T). Different superscript letters
indicate significant differences (P<0.05) between means.
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Figure 3- Available Zn, Available Mn, Available Fe and Available Cu of examined soil variables (mean + SE). Humic Acid (HA),
Sulfuric acid (H,SO,), Thiobacillus bacteria (T), Sulfur (S°), Sulfur + Thiobacillus bacteria (5"+T), Vermicompost (VC),
Vermicompost + Thiobacillus bacteria (VC+T), and Sulfur + Vermicompost + Thiobacillus bacteria (S+VC+T). Different
superscript letters indicate significant differences (P<0.05) between means
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Introduction: Calcareous soils are described as soils containing quantities of calcium carbonate which have
an enormously effect on the soil properties (physical, consisting of soil water relations and soil crusting, or
chemical consisting of the availability of plant nutrients) and plant growth. Calcareous soils arise clearly in arid
and semi-arid areas due to rare precipitation and little leaching. It has been evaluated that these soils contain over
one-third of the world's surface zone and their CaCOj3; content ranged from a few to 95%. Calcareous soils faced
many challenges such as shortage of organic matter, low structure stability, low water holding capacity, low
CEC, high pH, surface crusting and cracking and great infiltration rate which cause loss of essential plant
nutrients via leaching or deep percolation. Another problem in calcareous soils is low availability of plant
nutrients particularly phosphorous and micronutrients specially zinc, iron and manganese, and a nutritional
imbalance between elements such as potassium, magnesium and calcium. Although a calcareous soil is
dominated by free lime, it could also incorporate large quantities of iron, aluminum, and manganese. These
metals provide more strong sorption sites for phosphorus and are mostly more significant in controlling
phosphorus solubility in calcareous soils than calcium carbonate itself. Under such severe conditions, desired
yield levels are difficult to attain. Calcareous soils lack the organic matter required for optimal crop yield.
Therefore, numerous studies have made efforts to increase the availability of nutrients in the soils through
different treatments. Common methods for dealing with these deficiencies, is the use of chemical fertilizers that
have the risk of environmental pollution in addition to the high cost and low efficiency. Oxidation of sulfur leads
to sulfuric acid formation which can decrease the soil pH and increase dissolution of insoluble soil minerals and
release of essential plant nutrients. Furthermore, the addition of organic amendments improves the soil chemical
and physical properties, initiates nutrient cycling, and provides a functioning environment for vegetation.

Materials and Methods: The objective of this research was to increase solubility of nutrient elements in a
calcareous soil considering nine treatments (i.e., control (Blank), Soil + Humic Acid (HA), Soil + Sulfuric Acid
(H2SO4 ), Soil + Thiobacillus (T), Soil + Sulphur (S°), Soil + Sulphur + Thiobacillus (S° +T), Soil +
Vermicompost (VC), Soil + Vermicompost + Thiobacillus (VC+T) and Soil + Sulphur + Vermicompost +
Thiobacillus (S° +VC+T)). The experimental design was factorial arrangement in randomized complete block,
with all the treatments replicated three times. All the treatments were incubated under the laboratory condition
for 90 days in 25 + 2 °C and 70% of water holding capacity by distilled water. During the incubation period, the
moisture of the samples was kept at 70% FC by daily addition of deionized water based on weight loss. At the
end of incubation period the pH value, electrical conductivity (EC), available form of macro elements (K, P and
N) and micro elements (Zn, Mn, Fe and Cu) were determined in all treatments by standard methods.

Results and Discussion: The results showed that, the soil pH value significantly decreased in S°+T and
S°+VC+T treatments, in com\pared to the blank. While, the EC of these treatments significantly increased with
respect to the blank. The results also showed that most of the treatments have been able to increase the solubility
of the nutrients. However, the effect of S° +VC+T treatment on increasing the availability of studied soil
nutrients and decreasing pH value was more significant than the other treatments.

Conclusion: Analysis of the results obtained from this study using classical statistic methods showed that
applying a single treatment cannot remove all obstacles to increase nutrient availability in calcareous soils. This
may be attributed to high buffering capacity of calcareous soils and complexity of factors which control mineral
solubility and nutrient availability. While, treatments that simultaneously provide soil organic matter and lower
pH (such as S°+VC+T) can significantly remove barriers to increase nutrient uptake in these soils. As a result,
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the simultaneous application of organic fertilizers, elemental sulfur and Thiobacillus bacteria can be a promising
approach to increase the solubility of nutrients in calcareous soils and to increase the quantitative and qualitative
growth of plants in these soils.

Keywords: Calcareous soils, Humic acid, Sulphur, Thiobacillus bacteria, Availability of nutrient elements,
Vermicompost



