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ABSTRACT 

Islam MR, Afroz H, Parvin MM, Yeasmin F, Hoque MM (2014) Distribution of sulphur in acid soils, Lakkatura tea garden, Sylhet. J. Soil 

Nature 7(1), 13-18. 
 

A study was undertaken with soils collected from four locations of Lakkatura Tea Garden, Sylhet to evaluate the 
distribution of S and its relationship with soil properties. The soil samples were collected from two depths, 0-15 cm 

and 15-30 cm covering 0 year, 20 year, 40 year and 60 year tea cultivated soils. The soil samples were analyzed for 

various S fractions including total S, organic S, inorganic S and available S. The available S in soils was extracted 
with four different extractants viz. MCP (500 ppm P), NH4OAc (0.5M), CaCl2 (0.15%), NaH2PO4 (in 2N acetic acid). 

Different S fractions showed a variation in their levels and also showed a decrease in subsurface soils. The total S 

content varied in different aged tea soils ranging from 506.53 to 661.20 ppm at 0-15 cm depth but at 15-30 cm depth 
it varied from 404.07 to 624.60 ppm in different tea cultivated soil. The highest total S content of 661.2 ppm was 

found in 0 year age tea soil and the lowest value of 404.06 ppm was found in 60 year age tea cultivated soil. The 

highest organic S content of 127.41 ppm was found at 0-15 cm depth in 0 year tea cultivated soil and the lowest value 
of 67.28 ppm was found in 60 year tea cultivated soil. The inorganic S content of soils varied from 410.83 to 543.46 

ppm at 0-15 cm depth and from 336.79 to 532.83 ppm at 15-30 cm. The organic and inorganic S constituted on an 

average 17.52% and 82.92% of total S, respectively. The available S content of soils varied considerably with the 
variation of soils and extractants used. The highest content of available S was observed in 0 year age tea cultivated 

soil with all the extractants while the 60 year age tea cultivated soil showed the lowest value. Among all the 

extractants MCP gave the highest available S while NaH2PO4 gave the lowest values. The mean value of S extracted 
by different extractants followed the order of MCP> NH4OAc> CaCl2> NaH2PO4.  
  

Key words: sulphur distribution, acid soils, S extractants  
 

INTRODUCTION 
 

Sulphur (S) is the fourth most important nutrient after NPK for agriculture (Sakal and Singh, 1997). S in soils is 

present in both organic and inorganic forms and the proportion of inorganic to organic S varies widely 

depending upon the nature of soil, its depth and management factors to which the soil is subjected. Distribution 

of different forms of S and their interrelationship with soil characteristics decides S availability in soil by 

influencing its release and dynamics in soils. Plants take up S in the form of Sulphate (SO4
2-

). A large proportion 

of soil S exists in the form of organic compounds which must be mineralized to sulphate S to be available to 

plants. Soil characteristics particularly texture, clay minerals, pH, and organic matter may influence the contents 

of plant available S by controlling the retention and leaching characteristics of highly mobile SO4-S in soils 

(Haneklaus et al. 2002; Biswas et al. 2003). 
 

Tea (Camellia sinensis) plays an important role in the economy of Bangladesh. Bangladesh ranks the 10
th

 in the 

world for tea production. There is a wide scope to increase tea production if we can use full potential of tea soil 

for tea cultivation. However, tea has a particular need for S, over and above its function as a major nutrient for 

rapid healthy growth and development. S fertilizers are additionally used as soil amendment products to increase 

soil acidity in tea estate rehabilitation. S is important as a soil amendment chemical to generate and maintain a 

favored low pH for the acid-loving tea bush. The most important commercial function lies in its close 

association with specific tea chemicals that give the liquor sought after taste, color, brightness, strength and 

body. It seems strange that the quality of a fine aroma beverage like tea should depend heavily on an unpleasant 

smelling chemical like S (Mabbett 2005).  
 

S deficiency in Bangladesh soils is becoming widespread and acute due to introduction of high yielding crop 

varieties, inadequate application of S fertilizers and intensive cropping systems coupled with higher 

productivity. Low organic matter and its rapid decomposition under high temperature of Bangladesh have 

further deteriorated S reserves in soils (Hoque 1986). At present, information regarding S status of tea soils and 

its relationship with soil physico-chemical properties is generally lacking. In view of above facts, the present 

study was undertaken to determine the distribution of different fractions of S and the relationship of these 

fractions with soil properties in different aged tea soils of Lakkatura tea Garden, Sylhet.  
 

MATERIALS AND METHODS 
 

The study was undertaken with some soils collected from the Lakkatura Tea Garden, Sylhet. The soils belong to 

the Agro-ecological Zone 20, Eastern Surma-Kushyara Floodplain. Soil samples were collected from four 

different age group of tea crop grown for 0 year, 20 year, 40 year and 60 year in Lakkatura Tea Garden, Sylhet. 

Twenty four composite soil samples were collected from the sampling sites at two different depths of 0-15 cm 

and 15-30 cm. The collected soil samples were carried to the laboratory, air dried at room temperature, mixed 

thoroughly, crushed, sieved with a 10-mesh sieve. Total sulphur content was estimated by acid digestion method 
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as per procedure given by Tabatabai, 1982. For determining organic sulphur the soil sample was ignited with 

NaHCO3 at 500ºC for 3 hours in an electric furnace and then S was extracted with NaH2PO4 solution in 2N 

acetic acid (Bradsley and Lancaster, 1960). Inorganic sulphur was calculated by subtracting organic sulphur 

from the total sulphur. Available S of the soil was extracted by four different extractants (Table 1). S in the 

extract was determined turbidimetrically using spectrophotometer (Jenway 6300). Particle size analysis of soil 

was done by hydrometer method (Bouyoucos 1927) and the textural class was determined by plotting of the 

values for %sand, %silt and %clay to the Marshall’s Triangular Coordinate following the USDA system. 

Organic matter was determined by Walkley and Black method (Walkley and Black, 1934). The soils were also 

analyzed for pH (1:2.5 soil-water) by glass electrode pH meter method (Michael Peech 1965), total N by Semi-

micro Kjeldahl method (Bremner and Mulvaney, 1982), available P by Olsen method (Olsen et al. 1954), 

exchangeable K by Flame Photometer after extraction with 1N NH4OAc at pH 7.0 (Knudsen et al. 1982) and 

CEC (Chapman 1965). Simple correlation values were calculated to determine the relationship between sulphur 

fractions and soil parameters. 
 

Table 1. Extractant used for determining available S in soils 
 

Extractant Soil extractant ratio 
Shaking time 

(min.) 
Reference 

Monocalcium phosphate 

(500 ppm P) 
1:5 30 Fox et al. (1964) 

Calcium chloride (0.15%) 1:5 01 Williams and Steinbergs (1959) 

Ammonium acetate (0.5 M) 1:2.5 05 Bardsley and Lancaster (1960) 

Sodium dihydrogen phosphate 

(in 2N acetic acid) 
1:5 30 Hoeft et al. (1973) 

 

RESULTS AND DISCUSSION 
 

Sulphur fractions in soil 

Total sulphur 
 

The data on the total sulphur fractions of soils were presented in Table 2. The total S content of soils ranged 

from 506.53 to 661.20 ppm at 0-15 cm depth but at 15-30 cm depth it varied from 404.07 to 624.60 ppm in 

different age of tea cultivation. The highest Total S content of 661.2 ppm was found at 0-15cm depth in 0 year 

tea cultivated soil and the lowest value of 404.06 ppm was found at in 60 year tea cultivated soil. In general, the 

total S values are higher 0-15cm depth than 15-30 depth of soils. This might be due to higher content of organic 

matter in surface soil than subsoil. The present study is in agreement with Patel and Patel (2008) who also 

reported that total S showed a decreasing trend with increase in profile depth.  
 

Table 2. Total, organic and inorganic S status of different soils under study 
 

Results are the means ± SD of three replicates 
 

Organic sulphur 
 

The data in Table 2 shows that organic sulphur content of soil ranges from 95.7 to 127.41 ppm with a mean of 

113.19 ppm at 0-15 cm depth but at 15-30 cm depth the value varied from 67.28 to 112.13 ppm with a mean of 

88.15 ppm which accounted for 18.90-19.26% and 16.65-17.95% of total S, respectively (Fig. 1). These results 

are found to be low compared to observations made by Islam et al. (1997) who pointed out organic S made up 

20.4-38.2% and 24-31.2% of total S at 0-20 cm and 20-50 cm soil depth, respectively in some soil series of 

Bangladesh. The highest organic S content of 127.41 ppm was found at 0-15 cm depth in 0 year tea cultivated 

soil and the lowest value of 67.28 ppm was found in 60 year tea cultivated soil. In general, the status of organic S 

content decreased in lower depth of soils. The present study is well corroborated with Samaraweera (2009) who 

recorded a lower value of organic sulphur in subsurface layer than surface layer.  
 

Age Depth (cm) Total S (ppm) Organic S(ppm) Inorganic S (ppm) 

0 Year 
0-15 661.2±5.80 127.41±1.46 533.79±9.61 

15-30 624.87±15.80 100.79±1.73 512.33±12.41 

20 Year 
0-15 659.27±8.86 115.81±1.77 543.46±10.31 

15-30 620.60±15.80 87.77±2.68 532.83±14.69 

40 Year 
0-15 630.53±18.80 113.87±1.46 516.4±18.64 

15-30 491.07±12.80 85.45±2.70 405.62±12.61 

60 Year 
0-15 506.53±13.39 95.7±1.74 410.83±11.92 

15-30 404.07±20.37 67.28±10.06 336.79±14.74 

Islam et al. 
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Fig. 1. Organic and inorganic S as a percentage of total S in different soils 

 

Inorganic sulphur 
 

Results in Table 2 indicate that the inorganic S content of soils ranged from 410.83 to 543.46 ppm with a mean 

of 506.12 ppm and 336.79 to 532.83 ppm with a mean of 446.90 ppm at 0-15 cm and 15-30 cm depth, 

respectively which accounted for 81.10-82.43% and 83.34-85.85 % of total S, respectively (Fig. 2). The highest 

inorganic S content of 543.46 ppm was found at 0-15 cm depth in 20 year tea cultivated soil and the lowest 

value of 336.79 ppm was found in 60 year tea cultivated soil. These results support the findings of Islam et al. 

(1997) who found 70% of total S as inorganic sulphur and the inorganic S decreased with increase in depth.  

y = 89.759x + 10.246

 r = 0.756*
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Fig. 2. Relationship between organic S and organic matter content of soils 
 

Available S extracted with different extractants 

MCP extractable S 
 

Results in Table 3 indicate that the MCP-S ranged from 9.40 to 43.80 ppm at 0-15 cm depth and from 8.51 to 

42.92 ppm at 25-30 cm depth in different aged tea soils. The highest content of MCP-S was found in 0 aged tea 

soils at 0-15 cm depth and the lowest of 8.51 ppm was observed at 15-30 cm depth in 60 year cultivated soil. 

Islam et al. (1997) observed that MCP extractable S ranged from 23.3-71.4 ppm at 0-20 cm depth in different 

soil series of Bangladesh. Huda (2000) observed that MCP extractable S varied from  3.0-26.0 ppm with a mean 

value of 11.5 ppm at 0-15 cm depth of Old Brahmaputra Floodplain soil (AEZ-9) in Mymensingh district. 
 

NH4OAc extractable S 
 

Data in Table 3 revealed that the content of S extracted by (0.5M) NH4OAc-S ranged from 12.61 to 26.08 ppm 

at 0-15 cm depth and from 7.52 to 16.91 ppm at 15-30 cm depth in different aged tea soils. The highest content 

of NH4OAc-S 26.08 ppm was found in 0 aged tea soils at 0-15 cm depth and the lowest value of 7.52 ppm was 

observed at 15-30 cm depth in 60 year cultivated soil. 
 

CaCl2 extractable S 
 

The amount of CaCl2 extractable S varied markedly depending on the soils and extractant used. Data in Table 3 

shows that CaCl2 extractable S varied from 9.65 to 11.91 ppm at 0-15 cm depth and 8.64 to 9.55 ppm at 15-30 

cm depth in different aged tea soils. The highest CaCl2 extractable S of 11.91 ppm was found at 0-15 cm depth 

in 0 year tea cultivated soil and the lowest of 8.64 ppm was observed at 15-30 cm depth in 60 year cultivated 

soil. Huda (2000) observed that CaCl2 extractable S varied from 3.0-86.1 ppm at 0-15 cm depth of Old 

Brahmaputra Floodplain soil (AEZ-9) in Mymensingh district. 
 

Distribution of sulphur in acid soils, Lakkatura tea garden, Sylhet 



J. Soil Nature 7(1): March 2014 16 

Table 3. Available sulphur status of soils as determined by different extractants 
 

Age Depth (cm) 
Available S (mg/Kg)) 

MCP NH4OAC CaCl2 NaH2PO4 

0 Year 
0-15 43.80±0.87 26.08±0.34 11.91±0.88 11.66 ±0.15 

15-30 42.92±0.77 16.91±0.23 9. 55±0.70 10.08±0.97 

20 Year 
0-15 25.23±0.87 23.80±0.50 10.27±0.64 9. 81±1.68 

15-30 23.59±1.02 14.39±0.92 8. 74±0.46 8.53±0.48 

40 Year 
0-15 21.36±0.44 13.57±0.29 10.06±0.81 9.35±0.73 

15-30 16.14±0.33 8.71±0.29 9.04±0.46 8.34±0.42 

60 Year 
0-15 9.40±1.13 12.61±0.34 9.65±0.35 7.89±0.42 

15-30 8.51±1.60 7.52±0.21 8.64±0.63 7.33±0.58 
Results are the means ± SD of three replicates 
 

NaH2PO4 extractable S 
 

Results in Table 3 indicate that the NaH2PO4-S ranged from 7.89 to 11.66 ppm at 0-15 cm depth and from 7.33 

to 10.08 ppm at 15-30 cm depth in different aged tea soils .The highest content of NaH2PO4-S 11.66 ppm was 

found in 0 year aged tea soils at 0-15 cm depth and the lowest value of 7.33 ppm was observed at 15-30 cm 

depth in 60 year cultivated soil.  
 

Results in Table 3 indicate that the available S content of the soils varied considerably with the variation of soil 

and extractants used. The highest content of available S was observed in 0 aged tea cultivated soil at 0-15 cm 

depth with all the extractants. It was found that among all the extractants MCP gave the highest available S 

while NaH2PO4 gave the lowest values. The available S values extracted with CaCl2 and NaH2PO4 were lower 

and more or less closer. The available sulphur extracted by different extractants followed the order of MCP> 

NH4OAc> CaCl2> NaH2PO4. These results are in agreement with the findings of Akter (2003) who showed the 

relative efficiency of the extractants as MCP> HCl> NaHCO3> NH4OAc> CaCl2. 
 

Relationship between S fractions and soil properties 
 

Table 4 shows the linear relationship between S fractions and some soil properties. The results indicated that 

total S was non-significantly correlated with organic matter, total N and soil pH but significantly and positively 

correlated with EC (r = 0.722*), exchangeable K
+ 

(r = 0.867**) and Na
+ 

(r = 0.854*). Organic S was 

significantly and positively correlated with organic matter (r = 0.756*), (Fig. 2), total N (r = 0.823*), 

exchangeable Na (r = 0.938*) and K
+
 (r = 0.979**) But non-significantly correlated with pH. The positive 

relationship of organic-S with organic matter suggested a Simultaneous increase in the status of organic-S in 

soil. Singh et al. (2007) observed that sulphur forms (i.e. total S and organic-S) gave significant positive 

correlations with total nitrogen. Inorganic S was significantly correlated with exchangeable Na (r = 0.799*) and 

K
+
 (r = 0.805*). The MCP extractable S showed significant and positive correlation with soil pH (r = 0.930**), 

exchangeable Na
+ 

(r = 0.894**), EC (r = 0.840**) and exchangeable K
+ 

contents (r = 0.0.837**) but was 

negatively correlated with available P. Howlader (2004) observed that MCP extractable S negatively correlated 

with available P.  
 

Table 4. Relationship of sulphur fractions with other soil properties 
 

S fractions 
 

Clay pH EC % OM Total N Available P K
+
 Na

+ 
CEC 

Total S 0.572 0.562 0.722* 0.534 0.655 0.349 0.867** 0.854** 0.677 

Organic S 0.176 0.672 0.823* 0.756* 0.823* 0.505 0.979** 0.938** 0.539 

Inorganic S 0.651 0.512 0.668 0.456 0.587 0.296 0.805* 0.799* 0.686 

MCP 0.213 0.930** 0.840** 0.226 0.414 -0.123 0.837** 0.894** 0.346 

NH4OAC 0.292 0.718* 0.942** 0.683 0.839** 0.277 0.867** 0.873** 0.791* 

CaCl2  -0.110 0.646 0.808* 0.832* 0.890** 0.520 0.894** 0.884** 0.513 

NaH2PO4 0.170 0.840** 0.888** 0.547 0.700 0.230 0.968** 0.985** 0.471 
 

*Significant at the 0.05 level of probability 

** Significant at the 0.01 level of probability 
 

The CaCl2 extracted S was positively and significantly correlated with total N (r = 0.890**), exchangeable K (r 

= 0.893**), Na (r = 0.883**), organic matter (r = 0.832*) and negatively correlated with clay (r = -0.111) (Table 

4). Huda et al. (2000) observed that S availability in soils was positively correlated with organic matter and total 

N. Rashid et al. (2000) reported that S availability in soils was positively correlated with organic matter content. 

The NaH2PO4-extacted S was positively and significantly correlated with exchangeable Na
+ 

(r = 0.883**), K
+ 

(r 

= 0.968**), EC (r = 0.888**) and pH (r = 0.841**). The NH4OAc extractable S was positively and significantly 

correlated with exchangeable EC (r = 0.890**), pH (r = 0.709*), exchangeable K
+ 

(r = 0.753*) and Na
+ 

(r = 

0.777*).  

Islam et al. 
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CONCLUSION 
 

The overall results indicate that the status of various S fractions varied from soil to soil and in some soils the 

level of available S recorded only a small portion of the total S (1.1%) indicating the existence of P deficiency. 

The inorganic S content of soils was low in comparison with organic S in different soils. The highest content of 

available S was observed in 0 year tea cultivated soil estimated with all the extractants. The 60 year round tea 

cultivated soil showed the lowest available S determined with all the extractants. Therefore, proper management 

practices with S fertilization are needed for tea cultivation in Lakkatura Tea Garden. 
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