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ABSTRACT

Aim: The aim of the present study was to examine the different forms of sulphur fractions in post-
harvest soil of cabbage crop to determine the S status of red sandy loam soil, Thondamuthur block,
Coimbatore district.

Study Design: The design used in the present study was Factorial randomized block design with
20 treatments replicated thrice.

Place and Duration of Study: A field experiment was carried out in a farmer’s field of red sandy
loam non-calcareous soil, deficient in sulphur which was located at Viraliyur village of
Thondamuthur block, Coimbatore district during February to May 2021 of rabi season.
Methodology: A field experiment was carried out in sandy loam sulphur deficient soil with cabbage
as test crop fertilized with NPK along with different sulphur sources viz., elemental sulphur,
potassium sulphate, gypsum and single super phosphate @ levels of 0, 20, 40, 60 and 80 kg ha!
replicated thrice in a Factorial Randomized Block Design. S fractions of water-soluble S, inorganic
S, organic S, available S and residual S were estimated in post-harvest soil.

Results: The results revealed that the total sulphur differed from 278.1 to 339.4 mg kg*. Among
the sulphur fractions, inorganic S (39%) accounts highest proportion of total S followed by organic
S (38.3%), water-soluble S (9.19%) and available S (4.12%). The order was, Inorganic S > organic
S > sulphate S > water soluble S.

*Corresponding author: E-mail: jagadeeswari.d@tnau.ac.in;
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cultivation.

Conclusion: This study indicated that all the sulphur fractions are strongly associated with S
sources, levels and properties of red sandy loam soil of Coimbatore district under cabbage

Keywords: Sulphur fractions; sulphursources; soil properties; red sandy loam soil.

1. INTRODUCTION

Sulphur (S) is the ninth and least abundant
necessary macronutrient in plants, after carbon,
oxygen, hydrogen, nitrogen, potassium, calcium,
magnesium, and phosphorus. It plays an
important role in improving crop growth and
involved in plant metabolism therefore, it is
termed as the fourth major plant nutrient [1]. It is
a vital element for plants, and the soil constitutes
the primary source of S [2]. Deficiency of sulphur
is widespread in soil and occurs in 120 out of 400

districts in India [3]. Inorganic SOsS (S
imbedded in colloids, dissolved in the soil
solution, and precipitated SOs-S) is readily

available to plants and accounts for about
approximately 5% of total S [4]. Sulphur
fertilization is important to enhance the
productivity and quality of cabbage.

In red soil, availability of sulphur was high due to
low pH and high iron and aluminium oxide
concentration, which absorbs more sulphate S
than black soils [3]. There are about three factors
which includes physical, chemical and biological
factors that affect sulphate in soil. Sulphur in soil
plant system undergoes 3  major
transformations ie., mineralization, immobilization
and oxidation which determine its gains and
losses through leaching, gas evolution and
adsorption under different agroclimatic conditions
[5]. By regulating S release and dynamics in soll,
the depth distribution of different sulphur forms
and their interactions determine the S supplying
power of soil by influencing its release and
distribution [6]. Many information regarding
sulphur dynamics in temperate soils are available
but there is only limited information about the
dynamics of S pools for tropical soils [7].

In most soils, sulphate (SO4) is the most
common form of inorganic S, while some
reduced S forms (elemental S, thiosulphate, or
sulphide) can also be found in anaerobic soils.
Researchers have examined a lot of work on the
key processes of sulphur cycling, which mainly
focus on the releasing pattern of sulphur. Some
of the researchers includes [8,9] studied the
distribution and accumulation of sulphur in soil

88

system [10,11], the mineralization and
immobilization of organic sulphur by [12], the
dissimilatory reduction process of sulphate and
its coupling mechanism with carbon, nitrogen
and iron studied by [13,14]. Understanding of
various types of sulphur is essential for
determining the long-term availability of sulphur
and to formulate effective sulphur fertiliser
recommendations. The information regarding
distribution of various sulphur forms in sandy
loam soils is limited, hence the present
investigation was proposed to determine the
sulphur fractions present in the soil due to added
sulphur fertilization.

2. MATERIALS AND METHODS

A field experiment was conducted in a farmer’s
field at Viraliyur, Thondamuthur, Coimbatore
district, with cabbage hybrid Saint as test crop in
a S deficient soil to study the sulphur fractions.
The soil chosen for the study was red sandy
loam in texture having deficient S, with slight
alkaline soil reaction, non-saline, non-calcareous
and having low available nitrogen, potassium and
organic carbon content but high available
phosphorus. Totally twenty treatment
combinations were replicated thrice in a factorial
randomized block design using different sulphur
sources viz., Elemental sulphur, Potassium
sulphate, Gypsum and SSP with the levels of 0,
20, 40, 60, 80 kg S ha?l respectively. Post-
harvest surface soil samples were collected
treatment-wise at 0-30 cm depth from the field
after the harvest of cabbage (90th day),
processed and analysed for different fractions of
sulphur by sequential extraction as outlined by
[15]. Initial soil characteristics of experimental
soil were listed below (Table 1) and field layout

(Fig. 1).
2.1 Water Soluble Sulphur

Five grams of soil was extracted with 25 ml of
distiled water (1:5 of soil: water ratio) and
centrifuged for about 10 minutes and filtered.
After collecting the filtrate, sulphur was estimated
by using turbidimetry method [16].
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Table 1. Basic initial properties of the soil

Soil properties Mean Category
pH 7.65 Slightly alkaline
EC (dSm™) 0.19 Non-saline
OC (%) 0.51 Medium
Available S (mg kg?) 9.45 Deficient
S1R2L1 S3R3L1 S4R1L1 S2R2L1
S1R3L1 S3R1L1 S4R2L1 S2R1L1
S1R1L1 S3R2L1 S4R3L1 S2R3L1
S1R2L3 S3R1L2 S4R2L4 S2R1L5
S1R1L3 S3R3L2 S4R1L4 S2R2L5
S1R3L3 S3R2L2 S4R3L4 S2R3L5
S1R2L5 S3R3L4 S4R1L2 S2R1L3
S1R3L5 S3R1L4 S4R3L2 S2R2L3
S1R1L5 S3R2L4 S4R3L2 S2R3L3
S1R3L4 S3R1L5 S4R1L5 S2R2L2
S1R1L4 S3R3L5 S4R2L5 S2R3L2
S1R2L4 S3R2L5 S4R3L5 S2R1L2
S1R1L2 S3R1L3 S4R2L3 S2R3L4
S1R2L2 S3R2L3 S4R3L3 S2R2L4
S1R3L3 S3R3L3 S4R1L3 S2R1L4

Fig. 1. Field layout

2.2 Available Sulphur

The soil residue obtained after the extraction of
water-soluble sulphur was treated with 25 ml of
1% NaCl, centrifuged for 30 minutes and filtered.
After collecting filtrate S was determined
turbidimetrically [16].

2.3 Inorganic Sulphur

Inorganic sulphur was extracted by adding 25 ml
of 1% HCI solution to the soil residue obtained
from previous extraction, kept for shaking 10
minutes and filtered. The soil was leached with
distilled water for free of chloride. After extraction
of S fraction, sulphur was estimated
turbidometrically [16].

2.4 Organic Sulphur

The residue from the HCI extraction (2g oven
dried) was treated with H202 until the
effervescence stops, it was centrifuged and
fitered. From the collected extractant, S was
analysed by using turbidimetry method [16].

2.5 Total Sulphur

Total sulphur content was determined separately
by acid digestion method as per the procedure
given by [17]. Five grams of finely ground soil
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was mixed with 3 ml of 69% Nitric acid and
heated on steam bath. Then, 3 ml of 60%
Perchloric acid and 7 ml of Phosphoric acid were
added and heated on sand bath at 190-210°C
until white fumes were visible. Two ml of 37%
Hydrochloric acid was added after cooling and
heated again until white fumes visible. The digest
was transferred quantitatively and volume was
adjusted to 100 ml using 1IN HCI and were
analysed by using turbidimetry method [16].

2.6 Residual Sulphur

The residual fraction of soil S represents the
unaccounted S not extracted by any of the
previous sequential extractants, hence, this
fraction was calculated from the difference
between total S and sum of all fractions. After
extraction of all forms of S fractions, sulphur in
the different extracts was estimated
turbidometrically [16].

2.7 Statistical Analysis

The data obtained from experiment were
subjected to statistical analysis using AGRESS
software version 7.01. The level of significance
used was P < .05. Critical difference (CD) values
were calculated for the P< .05 whenever “F” test
was found significant.
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3. RESULTS AND DISCUSSION CaCOs and positive correlation with organic

carbon, due to the influence of organic matter on
Applied sulphur enters into various forms mainly  sulphur availability which was reported by [20]. In
organic and inorganic, water soluble and comparison to all other fractions of sulphur, the
sulphate S. Knowledge on proportion of sulphur  water-soluble S level in the soils during the
at varied depths gives an overall management of ~ current analysis was determined to be the
S and thereby to select appropriate nutrient lowest. These findings were similar to [21].
management strategy to produce higher
economic growth in a cropping system through 3.2 Inorganic S
long-term fertiliser use [18].

The Inorganic sulphur content in soil was
3.1 Water - Soluble Sulphur significantly(P=.05) influenced by S nutrition from

different sources and the content ranged from
The water - soluble sulphur in soil varied from 84.7 to 158.6 mg kg*(Fig. 3). Increasing levels of
11.5 to 38.2 mg kg* significantly (P=.05) (Fig. 2).  sulphur increased the inorganic S. Among the
Water- soluble sulphur fraction exert a significant  different levels of sulphur, the highest inorganic
interaction on sulphur treatment. Highest mean  sulphur content of 158.6 mg kg* was recorded in
value of 29.0 mg kgl of water-soluble sulphur the soil applied with 80 kg ha* of S, followed by
was recorded in SSP applied soil followed by 60 kg S ha'and the lowest content of 84.7 mg
potassium sulphate having the mean value of kg! was recorded in the treatment without S.
27.8 mg kg and the lowest mean value of 23.4  Among the sources of S, application of elemental
mg kg! was observed in elemental sulphur sulphur (130.6 mg kg?) recorded the maximum
applied soil. This water-soluble S fraction inorganic sulphur content which was followed by
increases with increasing levels of sulphur gypsum (126.7 mg kg?), potassium sulphate
fertilization. Mean value of water-soluble sulphur ~ (122.7 mg kgt) and SSP (119.7mg kg'). Among
accounts for around 6.72 to 9.19% of total different fractions, inorganic S fraction registered
sulphur which was shown in Table 2. According about 35 to 40.4% (Table 2). Sub-soil sulphur
to [19] water soluble S has a substantial moved towards and accumulates within the top
association with all kinds of S. Water-soluble and ~ soil. The addition of increased amount of
sulphate S have no correlate with organic inorganic  sulphur results in  cumulating
carbon, implying that this form of S has a poor comparatively higher quantity of total-S in soil.
link to the soil's organic portion. It exhibits a The findings of the current analysis were similar
significantly negative correlation with pH and to those reported by [22].

Water soluble S

OElemental S BPotassium sulphate BGypsum m®mSSP
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Fig. 2. Effect of sulphur fertilization on water soluble sulphur fractions in red sandy loam soil
Mean + S.E.M = Mean values * Standard error of means of water-soluble S
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Inorganic S
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Fig. 3. Effect of sulphur fertilization on inorganic sulphur fractions in red sandy loam soil
Mean + S.E.M = Mean values * Standard error of means of Inorganic S

3.3 Organic S

Organic S was significantly(P=.05) influenced by
S addition and it ranged from 73.64 to 152.8 mg
kgt (Fig. 4) It was noted that, increasing rate of
S treatment through K2SO4 at different graded
levels increased organic S in soil to some extent.
The percentage of organic S ranged from 30.6 to
41.5% (Table 2). The highest organic sulphur
was observed in soil supplemented with 80 kg
ha! of S through potassium sulphate applied soil
(152.8 mg kg?) followed by 80 kg ha! of S as
SSP (139.7 mg kg?) whereas the lowest activity
was recorded in control treatment (74.01mg kg-
1). Out of different sulphur sources tested,
potassium sulphate having the highest organic S

of 121.2 mg kg followed by SSP (116.6 mg kg-
D, gypsum (113.1 mg kg?') and elemental
sulphur (112.0 mg kg1). Except for the adsorbed
fraction, organic S maintained a significant and
positive connection with all fractions of S,
showing their significance in keeping organic
matter bound S in a dynamic equilibrium. [23]
investigated that the organic S was found to be
the major fraction in soils. This discrepancy in
organic S content was contributed by soil texture,
organic carbon content, and the acquisition of a
large amount of soil organic matter and clay.
These findings are consistent with the findings of
[24] in Assam soils and [25,24,26] also found
similar findings.

Organic S
B Elemental 5 Potassium sulphate ®Gypsum  ESSP
=" 200 -
- 150
o o
E :ﬁ &
» 100 Bl gl
° 7 7l
£ 50 gt 7
i'" % f::::

e f = ﬁ 55
(@] 0 2l il

0 20 40 60 80

Sulphur levels (kg hal)

Fig. 4. Effect of sulphur fertilization on organic sulphur fractions in red sandy loam soil
Mean + S.E.M = Mean values + Standard error of means of organic S
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3.4 Sulphate S

Sulphate sulphur was significantly(P=.05) varied
from 7.67 to 18.3 mg kg for surface soils (Fig.
5). Maximum range of available S (14.3 mg kg)
was observed in soil collected from elemental
sulphur treatment. Percent sulphate S of soil is
present from 3.17 to 4.70% (Table 2). Minimum
range of sulphate S (12.1 mg kg?) was found in
SSP applied soil. [25] reported similar findings,
showing that available S was strongly and
inversely linked with pH, therefore available S
increased with decrease in pH. [27] also reported
similar findings. Amount of available-S is directly
related with crop growth and vyield. Similar
relationship was in accordance with [28].

3.5 Total Sulphur

In addition to all other fractions, total sulphur was
also significantly(P=.05) influenced by S
fertilization and showed a same trend in
increasing the sulphur content due to different
sources and levels of S. Increasing levels of S,
increased the total S and the values varied from
241.0 to 389.5 mg kgl. Among the different
levels applied, sulphur application at 80 kg ha*
of elemental sulphur was found superior
compared to other levels having total S of 389.5
mg kg and the lowest value was observed in
control of potassium sulphate (241.0 mg kg™).
Among different sources, elemental S recorded
the highest total S (340.2 mg kg?) followed by
gypsum (329.5 mg kg?), potassium sulphate
(312.2 mg kg?') and the lowest value was
observed in SSP treatment (307.4 mg kg). [15]
found more or less identical total-S values in the
R.A.U. research farm, Pusa, with varying fertility
levels (231.21 to 397.26 mg kg') Comparative

increase in total S content with increase in
organic C and clay content which were detailed
by [29] in alluvial soil. In contrast, total S
decreased with soil depth, and that may be due
to the decrease in the organic C content. Hence,
total S exhibits significantly positive relation with
organic carbon, clay content and free iron oxides,
indicating that there is a strong collaboration of
these soil properties with total sulphur. As a
result, all S fractions in these soils were in a state
of dynamic equilibrium. [30] also observed the
existence of several relations among various
fractions of S.

3.6 Residual Sulphur

The residual fraction of sulphur in red soil was
ranged from 10.5 to 71.3 mg kg?. The highest
residual S was noticed in elemental sulphur
application (59.9 mg kg?) followed by gypsum
applied soil having 50.8 mg kg* and less residual
S was monitored in potassium sulphate applied
soil of 27.6 mg kg?!. Residual S varied from
33.97 to 43.84 mg kg which was reported by
[31]. This sulphur fraction was calculated by
taking the difference of total S and sum of all
fractions.

3.7 Correlation Co-Efficient (r) between
Sulphur Fractions in Red Sandy
Loam Soil

Correlation among different sulphur fraction
includes water-soluble S, inorganic S, organic S,
sulphate S, total S and residual S was carried out
@ 1% significant level (Table 3). Sulphur
fertilization had a significant effect on all the
sulphur fractions. Water soluble sulphur had a
significant and positive correlation with inorganic

Sulphate S
- B Elemental S BPotassium sulphate BGypsum =SSP
= 20 .
o
£ 15 5
)
o 10 - i
= i
2 LlF
3 ol
0 20 40 860 80
Sulphur Levels (kg ha™)

Fig. 5. Effect of sulphur fertilization on sulphate sulphur fractions in red sandy loam soil
Mean + S.E.M = Mean values + Standard error of means of sulphate S
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S (r = 0.871*%), organic S (r = 0.975**), sulphate
S (r =0.835*), total S (r = 0.820*) and
negatively correlated with residual S (r = -
0.775*). Inorganic S was positively correlated
with organic S (r = 0.935*%), sulphate S (r
=0.991*), total S (r = 0.982**) and negatively
correlated with residual S (r = -0.467*). Organic
S had a significant and positive correlation with

sulphate S (r =0.912**), total S (r = 0.891**) and
had a negative correlation with residual S (r = -
0.715). Sulphate S had a positive and significant
influence on total sulphur having r = -0.411. Total
sulphur is positively correlated with all the
sulphur fractions except for residual S (r = -
0.328).

Table 2. Percentage of various sulphur fractions with respect to total sulphur in post-harvest
surface soil of cabbage

Sources Levels Water Soluble S Inorganic S Organic S Sulphate S
(%) (%) (%) (%)
Elemental L1 4.77 35.0 30.6 3.21
sulphur L2 6.76 36.1 32.1 3.90
L3 7.00 38.2 32.0 4.24
L4 7.31 40.4 34.2 4.56
L5 7.76 40.7 34.7 4.70
Mean 6.72 38.1 32.7 412
Potassium L1 4.84 35.3 30.9 3.18
sulphate L2 8.93 38.5 37.9 4.03
L3 9.74 40.6 40.3 4.34
L4 9.84 39.5 41.0 4.47
L5 10.0 41.2 41.5 4.35
Mean 8.67 39.0 38.3 4.08
Gypsum L1 4.80 35.3 30.5 3.17
L2 7.98 36.9 34.0 3.74
L3 8.11 37.7 33.9 3.85
L4 8.48 38.9 35.1 4.21
L5 9.07 42.1 36.8 4.32
Mean 7.69 38.2 34.0 3.86
SSP L1 4.88 35.0 30.6 3.23
L2 9.80 38.7 38.3 3.85
L3 10.2 39.4 39.7 4.08
L4 104 40.0 40.0 4.11
L5 10.7 40.4 39.1 4.27
Mean 9.19 38.7 375 3.91
SEd S 0.40 0.57 0.72 0.21
L 0.44 0.63 0.80 0.23
SxL 0.88 1.27 1.60 0.46
CD (P=0.05) S 0.80 1.15 1.45 0.42
L 0.89 1.28 1.62 0.47
SxL 1.79 2.57 3.24 0.93

*SEd-standard error of difference and CD-critical difference
S-Sulphur source, L-Sulphur Levels and SxL- Interactions

Table 3. Correlation co-efficient (r) between different sulphur fractions in red sandy loam soil

Water soluble S Inorganic S Organic S Sulphate S Total S Residual S

Water soluble S 1

Inorganic S 0.871** 1

Organic S 0.975** 0.935**
Sulphate S 0.835** 0.991**
Total S 0.820** 0.982**
Residual S -0.775** -0.467*

1

0.912** 1

0.891** 0.984** 1

-0.715** -0.411 -0.328 1

*Significant at 5% level**Significant at 1% level
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4. CONCLUSION

From the above experiment, it is concluded that
Sulphur fertilizers had a substantial influence on
distinct soil fractions in the soil. All the sulphur
fractions are positively correlated among
themselves except for residual S. Knowledge of
different types of sulphur forms in soils and how
their availability is influenced by different soil
qualities in soil fertility of red sandy loam soil
where cabbage is grown was deliberated.

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our
area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

ACKNOWLEDGEMENT

We would like to extend our sincere gratitude
and appreciation to the Micronutrient laboratory
at Department of Soil Science and Agricultural
Chemistry, Tamil Nadu Agricultural University,
Coimbatore for providing laboratory facilities
tocarry out the research work.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Rathore SS, Shekhawat K, Kandpal BK,
Premi OP, Singh SP, Singh GC, Singh D.
Sulphur  management for increased
productivity of Indian mustard: A review.
Annals of Plant and Soil Research. 2015;
17(1):1-12.

2. Scherer H.W. Sulphur in crop production.
European Journal of Agronomy. 2001;
14:81-111.

3. Ghosh GK and Dash NR. Sulphate
sorption-desorption  characteristics  of
lateritic  soils of  West Bengal,
India. International Journal of Plant, Animal
and Environmental Sciences. 2012;2(1):
167-176.

4. Tabatabai MA. Chemistry of sulfur in soils.
In: Tabatabai MA, Sparks DL, eds.

94

10.

11.

12.

13.

Chemical processes in soils. Madison:
SSSA. 2005;193-226.

Sharma A and Sankhyan NK. Fractionation
of sulphur with different physico-chemical
properties of cultivated soils from north
western Himalayas. International Journal
of Chemical Studies. 2020;8(4):3275-3280.
Kour S, Jalali VK. Forms of sulphur and
their relationship in soils of different agro-
climatic zones of Jammu region. Journal of
the Indian Society of Soil Science.
2008;56(3):309-312.

Solomon D, Lehmann J, Tekalign M,
Fritzsche F and Zech W. Sulfur fractions in
particle-size separates of the sub-humid
Ethiopian highlands as influenced by land
use changes. Geoderma. 2001;102(1-
2):41-59.

Wang H, Sun ZG, Li JB, He T, Gao H and
Wang J. Distribution characteristics and
influencing factors of inorganic sulfur forms
in the soils of marsh and Spartina
alterniflora  Cyperus malaccensis Acta
Ecological marsh in the Min River estuary.
Sinica. 2019;39(13):4921-4932.

Zhang D, Du G, Chen D, Shi G, Rao W, Li
X, and Wang D. Effect of elemental sulfur
and gypsum application on the
bioavailability = and  redistribution  of
cadmium during rice growth. Science of
the Total Environment. 2019;657:1460-
1467.

Chen B, Sun Z. Effects of nitrogen
enrichment on variations of sulfur in plant-
soil system of Suaeda salsa in coastal

marsh of the Yellow River estuary,
China. Ecological Indicators 2020;109:
105797.

Wu X, Sun Z, Wang H, Chen B, and Hu X.
Spatial and Temporal Variations of Sulfur
in Plant-Soil Systems of Phragmites
australis and Cyperus malaccensis
Marshes in a Typical Subtropical Estuary
(Min River), China. Wetlands. 2020;40(5):
1283-1293.

Tanikawa T, Noguchi K, Nakanishi K,
Shigenaga H, Nagakura J, Sakai H,
Akama A, Takahashi M. Sequential
transformation rates of soil organic sulfur
fractions in  two-step  mineralization
process.2014;(2):225- Biology and Fertility
of Soils 50 237.

Karimian N, Johnston SG and Burton ED.
Iron and sulfur cycling in acid sulfate soil
wetlands under dynamic redox conditions:
A review. Chemosphere. 2018;197:803-
816.



14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

Roshini et al.; IIJPSS, 33(22): 87-95, 2021; Article no.lJPSS.76471

Schoepfer VA, Burgin AJ, Loecke TD and
Helton A.M. Seasonal salinization
decreases spatial Heterogeneity of Sulfate
Reducing Activity. 2019;(2):25.

Azmi NY, Seema, Manish K. New
technique for sequential fractionation of
soil sulphur. International Journal of
Current  Microbiology and  Applied
Sciences. 2018;3397-3405.

Chesnin L, Yien CH. Turbidimetric
determination of sulphur. Soil Sci. Soc.
Am. Pro. 1950;15:134-36.

Choudhary P, Jhajharia A, Kumar R.
Influence of sulphur and zinc fertilization
on vyield, yield components and quality
traits of soybean (Glycine max L.). The
bioscan. 2014;9(1)137-142.

Setia RK, Sharma KN, Sharma PK.
Sulphur adsorption by soil after differential
fertilization for twenty-two years with NPK
under a continuous maize-wheat cropping
system. Journal of Indian Society Soil
Science. 2005;53:417-420.

Patel JM, Patel MV, Jadav NJ, Patel VR.
Sulphur fractions and their relationships
with  soil properties in Banaskantha
district, Gujarat. Agropedology. 2011;21:
35-41

Borkotoki B, Das KN. Forms of sulphur and
their relationship with soil properties in
Entisols, Inceptisols and Alfisols of
Assam. Journal of the Indian Society of
Soil Science. 2008;56(2):186-191.

Sen A, Mukhim J, Debnath A, Barman P.
Distribution of sulphur in some soils of
Meghalaya. Journal of Experimental
Agriculture International. 2017;16:1-9,24.
Saren S, Barman S, Mishra A, Saha D.
Effect of added organic matter and sulphur
on transformation of different fractions of
sulphur in soil. The Bioscan. 2016;
11(4):2399-2403.

Basumatary A, Das KN. Forms of sulphur
and their relationship with soil properties in

24.

25.

26.

27.

28.

29.

30.

31.

some soils of North Bank Plain zone of
Assam. Agropedology. 2012;22:43-49.

Das KN, Basumatari A, Borkotoki B. Forms
of sulphur in some Rapeseed- growing
Soils of Assam. Journal of the Indian
Society of Soil Science 2012;60:13-19.

Das |, Ghosh K, Ray SC, Mukhopadhyay
PK, Ghosh SK. Status and distribution of
sulphurvis-a-vis  taxonomic  class-wise
distribution of sulphur in selected soil
series of Inceptisols in West Bengal.
Journal of the Indian Society of Soil
Science. 2006;54(3):368-371.

Singh S. Forms of sulphur in relation to soil
properties under pearl millet cultivation in
soils of Agra, Uttar Pradesh. Annals of
Plant and Soil Research. 2015;17:362-365.
Ghodke SK, Durgude AG, Pharande AL,
Gajare AS. Depth wise sulphur status of
representative bench mark soil series of
western Maharashtra region. International
Journal of Agriculture Sciences.
2016;8(52):2386-2389.

Choudhary DR, Shukla LM. Sulphur status
of arid soils of Western Rajasthan. Annals
of Agricultural Research (India); 2002.

Rai AP, Mishra SK, Jha CK, Singh AK.
Status of different forms of sulfur in soils of
Allahabad district. Indian Journal of
Agricultural Chemistry. 2000;33(2):39-44.
Basumatari A, Das KN, Borkotoki B.
Interrelationships of sulphur with soil
properties and its availability index in some
rapeseed-growing Inceptisols of Assam.
Journal of the Indian Society of Soil
Science. 2010;58: 394-402.

Lavanya KR, Kadalli GG, Patil S, Jayanthi
T, Naveen D.V, and Channabasavegowda
R. Sulphur Fractionation Studies in Soils of
Long-Term Fertilizer Experiment under

Finger Millet—Maize Cropping
Sequence. International Journal of Current
Microbiology and Applied Sciences.

2019;8(9):1334-1345.

© 2021 Roshini et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle4.com/review-history/76471

95


http://creativecommons.org/licenses/by/4.0

