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Abstract 

A study was conducted to assess the status and distribution of different forms of sulphur (S) under various 

cropping patterns in soils of Jashore District. Eight composite soil samples were collected from different cropping 

systems of Ghona and Chaolia villages under Kshimpur Union of Jessore Sadar Upazila. Available, adsorbed, 

organic, and total sulphur contents were analyzed using standard methods. Information on sulphur fractions under 

different cropping patterns in Bangladesh is still limited. Available sulphur ranged from 2.18 to 4.80 ppm, 

indicating deficiency in all soils. Adsorbed sulphur varied from 21.11 to 52.27 ppm, while organic sulphur was 

the dominant fraction, contributing 89.89–95.50% of total sulphur. Total sulphur ranged from 518.18 to 720.45 

ppm. The distribution of sulphur fractions followed the order: Organic S > Adsorbed S > Available S. Available 

and total sulphur showed significant positive correlations with organic sulphur. The results suggest that low 

available sulphur may limit crop production despite high total sulphur reserves. Therefore, balanced sulphur 

fertilization and improved organic matter management are recommended for sustaining soil fertility and crop 

productivity. 
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Introduction 

Sulphur (S) is considered the fourth major plant nutrient after nitrogen, phosphorus, and potassium, playing an 

essential role in crop growth and productivity [1]. It is a structural component of important amino acids, vitamins, 

and enzymes, and is involved in chlorophyll formation. In recent decades, S deficiency has become a widespread 

constraint to agricultural production due to intensive cropping, cultivation of high-yielding varieties, and 

continuous use of S-free fertilizers [2]. In Bangladesh, intensive cultivation and depletion of soil organic matter 

have further aggravated S deficiency problems [3]. In soils, sulphur exists in both inorganic and organic forms 

and undergoes continuous transformations through mineralization, immobilization, oxidation, and reduction 

processes [4]. Sulfate (SO4^2−), the principal form available to plants, represents only a small fraction of total 

soil S and is highly influenced by soil pH, adsorption–desorption reactions, fertilizer application, and leaching 

losses [5]. Sulfate adsorption increases under acidic conditions and decreases with increasing soil pH [6,7]. 

Organic S constitutes the major portion of total soil sulphur, accounting for up to 95–99% in many soils [8,9]. It 

is closely associated with soil organic matter, organic carbon, and total nitrogen content [10,11]. Cropping patterns 

and land-use systems significantly influence soil physical and chemical properties, including sulphur dynamics 

and microbial activity. However, information regarding the distribution of sulphur fractions under different 
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cropping patterns, particularly in Bangladesh, remains limited [12]. Therefore, the present study was undertaken 

to evaluate the distribution of different forms of sulphur in soils under various cropping patterns. 

 

Materials and Methods 

A study was conducted to assess the status and distribution of different forms of sulphur in soils under various 

cropping patterns in Jashore District. Soil samples were collected from different sites of Ghona and Chaolia 

villages under Kshimpur Union of Jessore Sadar Upazila based on prevailing cropping patterns. The study area 

comprised high land, medium high land, medium low land, and low land. Physiographically, the area belongs to 

the Ganges Tidal Floodplain [13]. A total of eight composite soil samples were collected following the procedure 

recommended by the Soil Survey Staff of the USDA [14]. The general characteristics of the sampling sites are 

presented in Table 1. 

Table 1 General description of the sampling site. 

Sample no. Village GPS   reading Field condition Cropping pattern 

1 Ghona 
23013.071′N 

89010.856′E 
Moist 

Potato-Jute-

Sweetgourd-T. 

Aman 

(P-J-S-A) 

2 
 

Ghona 

23013.149′N 

89010.816′E 
Moist 

Cauliflower-

Raddish-Lentil-

Basil (C-R-L-B) 

3 Ghona 
23013.130′N 

89010.903′E 
Moist Orchard (Lichi) 

4 Ghona 
23013.057′N 

89010.870′E 
Moist 

Turmaric 

(T) 

5 Ghona 
23013.057′N 

89010.845′E 
Moist 

Jute-Lentil-

Mustard-Wheat 

(J-L-M-W) 

6 Ghona 
23013.130′N 

89010.897′E 
Moist 

Teak 

(Segun) 

7 Caolia 
23013.691′N 

89016.496′E 
Moist 

Sweet gourd-

Turnip 

(S-Tr) 

8 Caolia 
23013.871′N 

89016.415′E 
Moist 

Bananna 

(Ba). 

 

Processing of Soil Samples 

The collected soil samples were dried in air by spreading on separate sheet of papers. After drying in air, the larger 

aggregates were broken gently by crushing it in a wooden hammer. A portion of the crushed soils was passed 

through a 2.0 mm sieve. The sieved soils were then preserved in plastic container and labeled properly. These 

were later used for various physical and chemical analyses. The methods are in the table 2. The results of study 

soil are in the Table 3.  

 

Table 2 Methods of the soil analysis. 

Name of the parameters References 

Particle size analysis and 

Texture 

PSA by Gee and Bauder (1986) 

Textural classes were determined by using Marshall’s 

Triangular Coordination system 

pH Jackson (1973) 

Electrical conductivity (EC) USDA (2004) 

Cation Exchange Capacity 

(CEC) 

Black (1965); Baethgen and Alley (1989). 

Organic Carbon (OC) and 

Organic Matter (OM) 

Jackson (1973) 
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Table 3 Physicochemical properties of the soil samples. 

Sample 

no. 
pH EC(dSm-1) 

CEC 

cmol(+)Kg-1 

Organic 

Carbon                       

OC (%) 

 

%OM Textural classes 

% Clay % Silt % Sand Texture 

1 7.10 1.45 22.18 0.87 1.49 43.23 44.49 12.27 Silty clay loam 

2 7.19 3.8 23.54 0.84 1.45 31.85 50.88 17.27 Silty clay loam 

3 6.78 1.45 18.49 0.43 0.74 32 51.76 16.23 Silty clay loam 

4 6.78 3.8 20.10 1.05 1.81 26.52 52.31 21.17 Silt loam 

5 7.49 0.78 21.53 0.8 1.37 30.61 26.74 42.65 Clay loam 

6 7.38 0.78 22.53 0.98 1.69 34.16 48.72 17.13 Silty clay loam 

7 7.30 0.78 19.99 1.15 1.98 40 47.68 12.32 Silty clay 

8 7.56 0.78 22.86 1.54 2.66 34.16 50.66 15.18 Silty clay loam 

N.B. CEC = Cation exchange capacity; OC = Organic carbon; OM = Organic matter; EC = Electrical 

conductivity 

 

Determination of various forms of Soil Sulphur (S) 

Available sulphur (S) 

Available S was extracted with 0.01M CaCl2. The ratio of soil and CaCl2 was 1:2.5. The mixture was kept for 

thirty minutes on a mechanical shaker. The suspension was centrifuged at 9000 round per minute (rpm) for 5 

minutes. The sulphur in the filtrate was determined by the turbidimetric method [15,16].  

 

Adsorbed sulphur (S) 

Adsorbed S was extracted with 500 ppm phosphorus (P) solution. The ratio of soil and P solution was 1:8. After 

shaking the suspension, the mixture was kept for thirty minutes on a mechanical shaker. The suspension was 

centrifuged at 9000 round per minute (rpm) for 5 minutes. The Sulphur in the filtrate was determined by the 

turbidimetric method [16,17]. 

 

Adsorbed S = Sulphur in 500 ppm P solution – available S 

 

 Total sulphur (S) 

Total S was determined by digestion of the soil with a mixture of nitric acid and hydrochloric acid in the ratio of 

1:3 (Vogel, 1961). The extract was determined by the turbidimetric method [16]. 

  

Organic sulphur (S) 

Organic S was calculated by subtracting Available S and Adsorbed S from total S. 

Organic S = Total S - Inorganic S 

Statistics 

The statistical analyses were done by using Microsoft Excel and SPSS (V16). F-test and DMRT were done by M 

State software.  

 

Results and Discussion 

The research was conducted to study the distribution of different forms of Sulphur in different cropping pattern. 

The results of the study and discussion are presented here. 

  

Cation Exchange Capacity (CEC) 

The Cation Exchange Capacity (CEC) was different in different cropping pattern. The highest value of the soil 

was 23.54 Cmol(+)Kg-1 of Cauliflower-Raddish-Lentil-Basil (C-R-L-B) cropping pattern and the lowest value of 

CEC was 18.49 Cmol(+)Kg-1 of Orchard (Lichi) (Or.) cropping pattern. It is also documented that CEC values of 

Potato-Jute-Sweetgourd-T.Aman (P-J-S-A), Turmaric (T), Jute-Lentil-Mustard-Wheat (J-L-M-W), Teak (Segun), 

Sweetgourd-Turnip (S-Tr), Bananna (Ba) were  22.18, 20.10, 21.52, 22.53, 19.99, 22.86 Cmol(+)Kg-1. 

 

Sulphur fractions 

Total sulfur is the component of total available, adsorbed and organic sulfur. Those fractions are discussed in the 

following section.  
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Available sulphur 

The available sulphur content varied among different cropping patterns, ranging from 2.18 to 4.80 ppm with a 

mean value of 3.49 ppm. The highest available S content was recorded in the Sweet gourd–Turnip cropping 

pattern, whereas the lowest was observed in the Cauliflower–Radish–Lentil–Basil pattern. Available sulphur 

constituted only 0.40–0.72% of total sulphur. Significant variation was observed between Teak and Banana 

cropping patterns, while differences among the other patterns were statistically insignificant (Table 4). According 

to the critical limit of 10 ppm S [18,19], all soils were deficient in available sulphur and fell within the very low 

fertility range. Similar findings were reported by Srinivasarao et al. (2004), who observed lower proportions of 

available S in Vertisols compared with Alfisols and Inceptisols [20]. The low concentration of soluble sulphate in 

humid-region soils may fluctuate due to mineralization of organic matter, leaching losses, plant uptake, and 

fertilizer application [21]. Available sulphur showed significant positive correlations with organic S (r = 0.89**) 

and total S (r = 0.91**), indicating that organic and total sulphur fractions act as important reserves for 

replenishing available sulphur. Similar relationships were also reported by Srinivasarao et al. (2004) and Sharma 

and Jaggi (2001) [20,22]  . In addition, available S was positively correlated with soil organic matter content, 

supporting the role of soil organic matter in sulphur availability. 

 

Adsorbed Sulphur 

The adsorbed sulphur content of the studied soils varied considerably among cropping patterns, ranging from 

21.11 to 52.27 ppm with a mean value of 36.69 ppm. The highest adsorbed S content was recorded in the 

Cauliflower–Radish–Lentil–Basil cropping pattern, while the lowest was found in the Potato–Jute–Sweet gourd 

pattern. Intermediate values were observed in orchard, turmeric, jute–lentil–mustard–wheat, teak, Sweet gourd–

Turnip, and banana cropping patterns. Adsorbed sulphur accounted for 4.07–9.70% of total sulphur in the soils. 

Statistically, highly significant differences were observed among most cropping patterns except the Potato–Jute–

Sweet gourd–T. Aman pattern (Table 4). A weak positive correlation (r = 0.09) was found between soil pH and 

adsorbed sulphur, indicating no clear relationship between lower soil pH and higher sulphur adsorption. Sulphate 

retention in soils mainly occurs on positively charged surfaces of sesquioxides and at the edges of kaolinitic clay 

minerals [23]. 

 

Organic sulphur 

The organic sulphur content of the studied soils ranged from 484.19 to 686.01 ppm, with a mean value of 585.43 

ppm. The highest organic S content was recorded in the Sweet gourd–Turnip cropping pattern, whereas the lowest 

was found in the Cauliflower–Radish–Lentil–Basil pattern. Organic sulphur varied among cropping patterns, 

including potato–jute–sweet gourd–T. Aman, orchard, turmeric, jute–lentil–mustard–wheat, teak, and banana 

systems. However, differences among the mean values were statistically insignificant. Organic sulphur constituted 

the major fraction of total sulphur, accounting for about 89.89–95.50% of total S. Similar observations were 

reported by Srinivasarao et al. (2004), who found organic S contributed 80–97% of total S in different soil orders, 

while Bhogal et al. (1996) reported 70–99% contribution in calciorthents of Bihar [20,24]  . The dominance of 

organic S indicates that it acts as the principal reserve source of sulphur in soils, although mineralization to 

sulphate is necessary before plant uptake. Higher organic sulphur levels in surface soils were likely associated 

with greater organic matter accumulation from root activity and crop residues under intensive cropping systems. 

Organic S showed a positive relationship with soil organic carbon (r = 0.367), supporting earlier findings of 

significant correlations between organic sulphur and organic carbon [25,26,27,28]  . In addition, organic S was 

positively and significantly correlated with total S (r = 0.986**) and available S (r = 0.891**), indicating its 

important contribution to the soil sulphur pool. Similar relationships were also observed by Badiger et al. (1985) 

[29]. 

 

Total sulphur  

The total sulphur content of the studied soils ranged from 518.18 to 720.45 ppm, with a mean value of 619.15 

ppm. The highest total S content was observed in the Sweet gourd–Turnip cropping pattern, while the lowest was 

recorded in the Potato–Jute–Sweet gourd–T. Aman pattern. Intermediate values were found in cauliflower–

radish–lentil–basil, orchard, turmeric, jute–lentil–mustard–wheat, teak, and banana cropping systems. However, 

differences among the mean values of total sulphur under different cropping patterns were statistically 

insignificant. Total sulphur showed positive and highly significant correlations with organic S (r = 0.986**) and 

available S (r = 0.905**), indicating that organic sulphur constituted the major portion of total soil sulphur. Similar 

findings were reported by Dolui and Das (1988), who observed a significant positive relationship between total 

and organic sulphur (r = 0.84**) in soils of the Terai and Teesta alluvial regions of West Bengal, mainly due to 

the predominance of sulphur in organic forms [30]. 
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Table 4 Amounts of the different S forms of different eight cropping pattern 

Sample 

no 
Cropping pattern 

Available 

S 

Adsorbed 

S 

Organic 

S 

Total 

S 

1 Potato-Jute-Sweetgourd-T.Aman (P-J-S-A) 2.23c 21.11b 494.85 518.18 

2 
Cauliflower-Raddish-Lentil-Basil (C-R-L-

B) 
2.18c 52.27a 484.19 538.64 

3 Orchard (Or.) 2.94c 49.29a 584.14 636.36 

4 Turmaric  (T) 3.03c 33.29ab 561.43 597.73 

5 Jute-Lentil-Mustard-Wheat (J-L-M-W) 2.51c 37.49ab 512.27 552.27 

6 Teak (Segun) 4.78b 51.88a 611.52 668.18 

7 Sweet gourd-Turnip (S-Tr) 4.8a 29.64ab 686.01 720.81 

8 Bananna (Ba) 4.64b 43.51a 595.03 643.18 

 

Conclusion 

This investigation provides a primary attempt to evaluate the status of different forms of sulphur in order to know 

the overall status of S in different cropping pattern soil. 

The value of available S obtained low in different cropping pattern. The value of adsorbed S obtained medium in 

different cropping pattern. On the other hand organic S was highest compared to that of available S and adsorbed 

S. The sequence of different forms of sulphur in studied soil was  

Organic S> Adsorbed S >Available S 

However, the total S status was high but available sulfur content was low. This finding put forward the need of 

fertilization to crops. Further study is required in gaining a broader understanding of the nutrient requirements of 

many crops and to gather more knowledge about the other forms of sulphur (e.g. non-sulphate sulphur) in soil. 
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