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Article Info ABSTRACT

Article type: Background and Objectives: Calcareous soils face numerous limitations,
Full Length Research Paper  jncluding high pH and reduced nutrient solubility, leading to decreased
plant availability of essential nutrients and reduced agricultural
productivity. An effective strategy to improve these soil properties is the

Avrticle history:

Received: 06.16.2025 use of sulfur as an acidifying amendment. This study aimed to investigate

Revised: 10.20.2025 the effects of different sulfur levels on enhancing soil chemical properties

Accepted: 10.20.2025 and promoting plant growth in soils with varying calcium carbonate
contents.

Keywords:

Calcareous soil, Materials and Methods: A factorial experiment was conducted in a

Organic matter, completely randomized design with three replications under greenhouse

Sulfur conditions. Experimental treatments included four calcareous soil types
(containing 39%, 34%, 14%, and 8% calcium carbonate) and four
elemental sulfur levels (0, 300, 600, and 900 mg kg™ soil) inoculated with
Thiobacillus bacteria (equivalent to 2% of applied sulfur weight). Sixty
days after sowing 10 wheat plants (Sardari cultivar) in pots containing
3 kg of soil, plant growth parameters and soil chemical properties were
measured in each pot.

Results: The findings revealed that soil type had a significant effect
(P<0.01) on all studied soil properties and plant growth indices. The
application of elemental sulfur significantly affected (P<0.01) calcium
carbonate content, pH, EC, and available phosphorus in the soil, as well as
plant height, shoot dry weight, and root-to-shoot ratio. However, its effect
on available potassium was significant (P<0.05). Increasing sulfur levels
reduced calcium carbonate content in all four soil types, though the
magnitude of reduction varied among soils. Sulfur application also
decreased pH and increased EC in all soils, although the pH reduction in
soils 1 and 2 was not statistically significant. Available potassium showed
an increasing trend in all soils, but this increase was not significant in soils
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1 and 2. Regarding plant growth parameters, both shoot dry weight and
plant height increased up to 600 mg kg™ sulfur application, then decreased
at 900 mg kg®. Regression analysis determined the optimal sulfur
application rate for maximum vyield in calcareous soils to be between 230
and 475 mg kg™ of soil (equivalent to 600-1235 kg ha™).

Conclusion: The response of both soil and plants to sulfur application
depends on soil type and the amount of sulfur applied, with optimal sulfur
application potentially improving plant growth in calcareous soils.
However, higher calcium carbonate content in soil does not necessarily
require greater sulfur application. Rather, for all calcareous soils (with
varying calcium carbonate percentages), applying sulfur within a specific
optimal range can effectively enhance soil properties and plant
performance.
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Table 1. Some initial physical and chemical properties of the studied soils.

Ava. K Ava. P TNV ocC

EC.

I I pH Texture Soil

(mg kg™) (%) (dSm”)
84 2.21 39 0.28 0.668 7.85 Silty loam S1
374 2.35 34 0.36 0.921 7.81 Silty clay loam S2
150 2.55 14 0.31 0.384 7.72 Sandy loam S3
303 2.65 8 0.45 1.068 7.65 Sandy loam S4
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Table 2. Analysis of variance (ANOVA) of the effect of elemental sulfur on chemical properties of the studied soils.

Sl e S0k )
Mean squares bl e et pybe
df S.0.vV
Av. P Av. K EC, pH TNV % OC %
5.169** 258363** 1.992** 0.035** 3148.47** 0.384** 3 Soil
0.594** 775.87* 0.225** 0.026** 18.47** 0.019 3 Sulfur
0.542** 450.77* 0.030** 0.006 0.55 0.011 9 SoilxSulfur
0.077 205.60 0.005 0.005 0.953 0.007 32 Error
10.10 4.55 4.14 0.92 4.86 8.23 - C.V.
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Table 3. Analysis of variance (ANOVA) of the effect of elemental sulfur on shoot dry weight (ShDW), root dry
weight (RDW), plant height (PH), and root-to-shoot ratio (RShR) in the studied soils.

e wﬁb s
Mean squares NS
lertls ey Ohp oo adyy K2 O St oylemls 05 Gy plit) “S;)‘ S.0.V.
RShR RDW ShDW PH
0.088** 12.510** 14.237** 18.917** 3 Soil
0.043** 0.673 8.187** 13.139** 3 Sulfur
0.015* 1.402** 0.087 1.528 9 SoilxSulfur
0.006 0.385 0.772 1.00 32 Error
11.16 13.15 13.05 5.42 - C.V.
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Table 4. Mean comparison of elemental sulfur effects on chemical properties of the studied soils.

Sulfur

Av.P(mgkg') Av.K(mgkg') EC.(dSm?) pH TNV (%)  OC (%) (ma kg™ Soil
2.70de 111.9e 1.38g 7.75dc 43.5a 0.49hi 0
3.03cd 97.6e 1.48fg 7.74dc 43.3a 0.44i 300 _
2.00fg 105.0e 1.63de 7.72d 41.6b 0.50g-i 600 soilt
1.50h 111.5e 1.70d 7.73d 40.9b 0.55f-h 900
3.10b-d 408.0b 1.57ef 78la-d  22.4c 0.67b-d 0
3.27hc 406.3b 2.03bc 7.79b-d  22.1cd 0.73ab 300 _
3.50ab 414.1b 2.06b 7.78b-d  21.8cd 0.77a 600 soil2
3.33a-C 409.3b 2.05b 7.76b-d  20.6d 0.71a-c 900
3.40a-c 285.0d 1.04i 7.92a 10.8e 0.48hi 0
3.00cd 322.6¢ 1.17h 7.85a-c  10.3e 0.53f-h 300 _
3.77a 331.8¢ 1.18h 7.78b-d 9.3ef 0.55f-h 600 soil3
3.13bd 337.2¢ 1.17h 7.76b-d 8.0f 0.52g-i 900
2.40ef 414.4b 1.92¢ 7.93a 8.7f 0.60d-f 0
2.27f 424.4ab 1.96bc 7.92a 7.8fg 0.66b-d 300 _
1.80gh 438.6a 2.03bc 7.87ab 6.39 0.65c-¢ 600 soit4
1.77gh 424.2ab 2.26a 7.73d 4.4h 0.57e-g 900
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Table 5. Mean comparison of elemental sulfur effects on shoot dry weight (ShDW), root dry weight (RDW),
plant height (PH), and root-to-shoot ratio (RShR) in the studied soils.

olerli g ady) S 03 Cond G i)l 0k aly, Sx 03y S ol li 035 Suh‘ur1 Soil
RShR pH (cm) RDW (gpot’)  ShDW (gpot?)  (MIkg™)
0.70c-e 17.7d-f 5.20bc 7.47a-d 0
0.75b-d 18.3cd 5.86ab 7.85a-c 300 Soil 1
0.71c-e 17.3d-g 4.85b-¢ 6.81c-e 600
0.75b-d 16.0g 3.94e-g 5.24fg 900
0.62d-f 18.3cd 4.07d-f 6.61c-f 0
0.55f 20. 7ab 4.71c-e 8.56ab 300 Soil 2
0.59¢f 21.7a 5.20bc 8.81a 600
0.75bc 18.0c-e 5.42bc 7.25b-d 900
0.76bc 16.3fg 3.93e-g 5.25fg 0
0.53f 18.3cd 3.25fg 6.09d-f 300 Soil 3
0.55f 18.3cd 3.09fg 5.65ef 600
0.76bc 16. 7e-g 2.96g 3.90g 900
0.75bc 19.3bc 4.996b-d 6.68c-f 0
0.78a-c 20.0b 5.816ab 7.48a-d 300 .
0.85ab 20.0b 6.596a 7.82a-c 600 Soil 4
0.89a 18.3cd 5.596a-c 6.30d-f 900
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Figure 1. Regression relationship between plant height and applied sulfur levels. The regression model was
significant at the 5% probability level.
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Figure 2. Regression relationship between shoot dry weight and sulfur application rates. The regression model
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was statistically significant (p<0.05).
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