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Sulphur distribution in acidic soil profiles of Himachal Pradesh
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Abstract

Acidic soils of Northwestern Himalayas are showing deficiency of sulphur and this is emerging as major
limitation to grow quality crops. The vertical distribution of sulphur fractions down the soil profile was studied
in the major cropping system; maize-wheat, rice—wheat, maize-potato and vegetable based cropping system.
Five soil profiles were selected randomly in the acidic region of Himachal Pradesh, the pH of particular soil
profile and mobilization of sulphur down the soil profiles in different layers was studied by analyzing different
fractions of sulphur viz., sulphate-S, water soluble-S, heat soluble S, organic-S, and total-S. All soil profiles
have sufficient to deficient level of available sulphur at surface level (8.3-27.6 mg kg™). All the sulphur fractions
decreased with increase in the depth and soil profiles under vegetable cropping system have comparatively
higher levels of all forms of sulphur. Among different forms of sulphur organic sulphur is predominant.
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Essentiality of sulphur (S) for plants growth and
development is widely known and established. In
modern agriculture, S is considered as fourth major
plant nutrient after nitrogen, phosphorus and
potassium and it is crucial for animals and humans as
well. Sulphur is best known for its role in the synthesis
of proteins, oils, vitamins and flavored compounds in
plants. It is a constituent of three amino acids, viz.,
methionine (21% S), cysteine (26% S), and cystine
(27% S), which are the building blocks of proteins.
About 90% of plant sulphur is present in these amino
acids (Tandon and Messick 2002). S deficiency has
restricted the sustainable growth and development of
various field crops. Use of concentrated fertilizers
having no or less S, decreased emission of sulphur
dioxide (Lehmann et al. 2008), intensive cropping
have aggravated the S deficiency in soil around the
world (Scherer 2009).

Sulphur application had a significant impact on the
yield-related characteristics of crops (Udaykumar &
Jemila 2016 and Singh et al. 2022). Aside from
nutrient sources, the soil is the primary source of
sulphur (Scherer 2009). A significant factor in
determining the amount of sulphur absorbed by crops

is the status of other major nutrients, particularly
nitrogen and phosphorus and other physicochemical
properties of soil (Singh et al. 2022; Paul and
Mukhopadhyay 2015; Hembram et al. 2012).
Therefore, even under excellent management practices
and regardless of all other nutrient applications, the
absolute yield potential ofa crop cannot be obtained in
soils that are lacking in S content (Singh ef al. 2022).
The importance of S in long term fertilization has been
also established by Chauhan et a/. 2018 and Suri et al.
2022 in Palampur conditions of Himachal Pradesh.

On an average, 41 percent of Indian soils have
reported S deficiency (Sharma et al. 2014). Reports
indicated that, S deficiency was widespread in red-
lateritic, coarse-textured alluvial, leached acidic hill
soils and black clayey soils (Shukla et al. 2020). It is
more pronounced in Alfisols than Vertisols (Singh et
al. 2022). Though the efficiency of sulphur is only
8-10% (Tiwari and Gupta 20006), the severity of this
deficiency varies according to these regions’
physicochemical characteristics of soil as well as the
climatic conditions (Das et al. 2021).

As 90% of the total S is present in organic form, it is
preferable to study the various forms of S rather than
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the available ones to determine a soil’s capacity to
supply S (Basumatari and Das 2012). The availability
of sulphur is influenced by a number of soil
conditions, and as a result, the status of various forms
of sulphur in soils varies greatly with soil type (Trivedi
et al. 2000). Both inorganic and organic forms of
sulphur are found in soil. Sulphur exists in soil in
different forms, viz, water soluble S, sulphate S,
organic S, adsorbed S, heat soluble S and total S. Due
to different losses, mainly through leaching, sulphate
sulphur only makes up a small portion of total sulphur
(1.25 to 17.7%), especially in soils with a coarse
texture (Singh et al. 1993). The sulphur-supplying
capacity of a soil is determined by the types of sulphur
and how they interact with soil characteristics to affect
the release and its dynamics (Mohammed Nisab et al.
2023). Different forms of sulphur and their
relationship with some important soil characteristics
decide the sulphur-supplying power of soil by
influencing its release and dynamics (Gourav et al.
2018). However, knowledge of different forms of
sulphur in soil along with their distribution in the zone
of penetration is of much relevance in assessing the
long-term availability of nutrients. The information of
vertical distribution of S forms in acid A/fiso/ is scanty.
In view of this the present study was undertaken to
study the distribution of S forms in the soil profile
under different cropping system.

Materials and Methods

Five soil profiles were selected randomly in the
acidic region of Himachal Pradesh in the major
cropping system; maize-wheat, rice-wheat, maize-
potato and vegetable-based cropping system. Soil
profiles were also classified taxonomically by
following taxonomy map of Himachal Pradesh
prepared by National Bureau of Soil Survey and Land
use Planning (Regional centre, Delhi) in cooperation
with Department of agriculture Himachal Pradesh,
Shimla.

The pH of particular soil profile and mobilization
of sulphur down the soil profiles in different layers
was studied by analyzing different fractions of sulphur
viz., sulphate-S, water soluble-S, heat soluble S,
organic-S, and total-S by following standard
procedures as follows:-

a) Soil pH: It was determined in the ratio (1: 2.5, soil:

water) by following standard procedure given by
Jackson (1973).

b) Total sulphur: It was estimated turbidimetrically
using BaCl,, after digesting the soil with HNO, and
HCIO,, di-acid mixture in a ratio of 4:1(Chapman
and Pratt 1961).

¢) Water soluble sulphur: It was estimated
turbidimetrically using de-ionized water as
extracting solution (Chesnin and Yien 1950).

d) Heat soluble sulphur: Soil samples were
hydrolyzed with the addition of distilled water and
then evaporated to dryness on a gently boiling
water bath. Thereafter, soil was dried in an oven at
102" C for 1 hour and then extracted with 0.15 per
cent CaCl,. The sulphur in the solution was
determined turbidimetrically (Williams and
Steinbergs 1959).

e) Sulphate sulphur: The soil was extracted with
0.15 per cent CaCl,, using a soil: extractant ratio of
1:5. The sulphate sulphur in soil extract was
determined colorimetrically by developing BaSO,
turbidity in the presence of sodium acetate-acetic
acid buffer (Chesnin and Yien 1950).

f) Organic sulphur: Organic sulphur content in soils
was estimated as described by Bardsley and
Lancaster (1965).

Selected soil profiles have been represented

geospatially in Figure 1.

Results and Discussion

Location I (Palampur)

Typically, Palampur soil is deep, well drained, fine
loamy soils with loamy surface and slight erosion.
Taxonomically it can be named as Typic Hapludalfs
(Anonymous 1996). This soil profile was under maize-
wheat land use. The values of different sulphur
fractions (available S, water soluble S, heat soluble S,
organic S and total S) have been presented in table 1.
Available S ranged from 14.5 mg kg''in 0-0.15 m soil
layer to 6.9 mg kg in 0.90-1.20 m soil depth. Water
soluble S varied between 7.2 mg kg™ in surface layer
(0-0.15 m) and 1.8 mg kg in 0.90-1.20 m soil layer.
Heat Soluble S which include organic plus sulphate S
ranged from 80.2 mg kg™ in surface soil (0-0.15 m) to
22.4 mg kg’ in 0.90-1.20 m soil depth. Similarly
organic S and total S ranged from 163.4 mg kg™ to 68.8
mg kg and from 210.2 mg kg to 98.6 mg kg, in
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Figl: Geospatial representation of soil profiles

Table 1.Vertical distribution of S fractions (mg kg") in soil profile at Palampur (pH: 5.80)

Depth (m) Available Water Soluble Heat Soluble Organic Sulphur Total Sulphur
sulphur Sulphur (WSS) Sulphur (HSS)

0-0.15 14.5 7.2 80.2 163.4 210.2
0.15-0.30 12.7 5.7 60.4 138.3 179.2
0.30-0.60 10 3.1 45.8 110.2 150.8
0.60-0.90 9.2 2.5 30.6 98.2 1354
0.90-1.20 6.9 1.8 22.4 68.8 98.6
Mean+SD 10.66+2.98 4.06+2.29 47.884+23.20 115.78+36.48 154.84+42.47
Range 6.9-14.5 1.8-7.2 22.4-80.2 68.8-163.4 98.6-210.2

Optimum limit of available sulphur in surface soil is >10 mg kg
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surface layer (0-0.15 m) and 0.90-1.20 m soil layer,
respectively.The mean values of available S, water
soluble S, heat soluble S, organic sulphur and total
sulphur in soil profile were 10.66+2.98, 4.06+2.29,
47.88+23.20, 115.78+36.48 and 154.84+42.47, mg
kg respectively.

Location II (Bagoda)

Typically, Bagoda soil is medium deep, well
drained, coarse loamy soils with loamy surface and
moderate erosion. This soil is a member of the family
of Typic Udorthents (Anonymous 1996). This profile
was situated in the area, where maize- potato was
grown widely. A perusal of the data given in table 2
revealed that the mean values of available S, water
soluble S, heat soluble S, organic sulphur and total
sulphur in soil profile were 6.76+£3.65, 3.5242.36,
43.584+22.90, 102.28+38.98 and 135.144+45.95, mg
kg respectively. Available S ranged from 12.2 mg kg’
'in 0-0.15 m soil layer to 3.2 mg kg 'in 0.90-1.20 m soil
depth. Water soluble S varied between 6.7 mg kg in

surface layer (0-0.15 m) and 1.3 mgkg'in 0.90-1.20 m
soil layer. Heat Soluble S which includes organic plus
sulphate S ranged from 77.9 mg kg in surface soil (0-
0.15 m) to 20.3 mg kg' in 0.90-1.20 m soil depth.
Similarly organic S and total S ranged from 163.4 mg
kg' to 64.5 mg kg and from 207.2 mg kg™ to 90.6 mg
kg, in surface layer (0-0.15 m) and 0.90-1.20 m soil
layer, respectively.

Location III (Kothi Kohar)

Soils of Kothi Kohar are medium deep to deep, well
drained, fine loamy soils with loamy surface and
moderate erosion. Typically, Kothi Kohar soil is a
member of the family of Dystric Eutrochrepts
(Anonymous 1996). Soil profile was selected in the
area where major land use is vegetable production. The
status of different sulphur fractions (available S, water
soluble S, heat soluble S, organic S and total S) in soil
profile of Kothi Kohar have been embodied in table 3.
The range of available S was from 27.6 mg kg''in 0-
0.15 m soil layer to 12.8 mg kg" in 0.90-1.20 m soil

Table 2.Vertical distribution of S fractions (mg kg™') in soil profile at Bagoda (pH: 4.9)

Depth (m) Available Water Soluble Heat Soluble Organic Sulphur Total Sulphur
sulphur Sulphur Sulphur
0-0.15 12.2 6.7 77.9 163.4 207.2
0.15-0.30 8.6 53 54.2 115.7 150.8
0.30-0.60 55 2.5 36.7 89.4 120.3
0.60-0.90 43 1.8 28.8 78.4 106.8
0.90-1.20 3.2 1.3 20.3 64.5 90.6
Mean+SD 6.76+3.65 3.5242.36 43.58+22.90 102.28+38.98 135.144+45.95
Range 3.2-12.2 1.3-6.7 20.3-77.9 64.5-163.4 90.6-207.2
Optimum limit of available sulphur in surface soil is >10 mg kg’
Table 3. Vertical distribution of S fractions (mg kg") in soil profile at Kothi Kohar (pH: 4.6)
Depth (m) Available sulphur Water Soluble HeatSoluble  Organic Sulphur Total Sulphur
Sulphur Sulphur
0-0.15 27.6 12.2 127.8 362.4 444.5
0.15-0.30 23.5 9.2 93.6 296.5 370.2
0.30-0.60 21.8 4.8 60.2 248.2 314.2
0.60-0.90 16.7 2.8 37.6 204.8 260.3
0.90-1.20 12.8 1.2 24.6 182.4 232.7
Mean+SD 20.48+5.80 6.04+4.56 68.76+42.12 258.86+72.50 324.384+85.36
Range 12.8-27.6 1.2-12.2 24.6-127.8 182.4-362.4 232.7-444.5

Optimum limit of available sulphur in surface soil is> 10 mg kg™




depth. Water soluble S and heat soluble S varied
between 12.2 mg kg™ in surface layer (0-0.15 m) to 1.2
mg kg in 0.90-1.20 m soil layer and from 127.82 mg
kg in surface soil (0-0.15 m) to 24.6 mg kg in 0.90-
1.20 m soil layer, respectively. Similarly organic S and
total S ranged from 362.4 mgkg" and 444.5 mgkg" in
surface layer (0-0.15m) to 182.4 mgkg " and 232.7 mg
kg" in 0.90-1.20 m soil layer, respectively. The mean
values of available S, water soluble S, heat soluble S,
organic sulphur and total sulphur in soil profile were
20.48+5.80, 6.04+4.56, 68.76+42.12, 258.86+72.50
and 324.38+85.36, mgkg ' respectively.

Location IV (Mohanghati)

Soils of Mohanghati are shallow, well drained,
thermic, loamy soils on very steep slopes with loamy
surface and very severe erosion. Typically,
Mohanghati soil is a member of the family of Lithic
Udorthents (Anonymous 1996). Soil profile was
situated in the rice-wheat growing belt. A perusal of
the data about different S fractions given in table 4
depicted that available S ranged from 8.3 mg kg 'in 0-
0.15 m soil layer to 3.2 mg kg" in 0.90-1.20 m soil
depth. Water soluble S and heat soluble S varied
between 3.4 mg kg in surface layer (0-0.15 m) to 0.7
mgkg'in 0.90-1.20 m soil layer and from 63.7 mg kg

in surface soil (0-0.15m) t0 28.6 mgkg ' in 0.90-1.20 m
soil layer, respectively. Similarly, organic S and total S
ranged from 126.7 mgkg" and 157.2 mg kg in surface
layer (0-0.15 m) to 53.2 mg kg and 68.2 mg kg in
0.90-1.20 m soil layer, respectively. The mean values
of available S, water soluble S, heat soluble S, organic
sulphur and total sulphur in soil profile were
5.34+1.86, 1.82+1.04, 42.46+14.11, 84.22428.10 and
106.14+34.11 mgkg', respectively.

Location V (Arla)

Soils of Arla are deep, somewhat excessively
drained, thermic, coarse-loamy soils on gentle slopes
with loamy surface and moderate erosion. Typically,
Arla soil is a member of the family of Typic Udorthents
(Anonymous 1996). Soil profile was located where
rice-wheat was grown throughout the year. The value
of different sulphur fractions (available S, water
soluble S, heat soluble S, organic S and total S) have
been presented in table 5. The mean values of available
S, water soluble S, heat soluble S, organic sulphur and
total sulphur in soil profile were 10.42+3.71, 2.7£1.63,
65.56+22.14, 146.32+50.00 and 190.58+61.85, mg kg’
' respectively. Available S ranged from 15.3 mg kg''in
0-0.15 m soil layer to 5.0 mg kg in 0.90-1.20 m soil
depth. Water soluble S varied between 4.8 mg kg in

Table 4. Vertical distribution of S fractions (mg kg™) in soil profile at Mohanghati (pH: 6.31)

Depth (m) Available sulphur  Water Soluble Sulphur  Heat Soluble Sulphur Organic Sulphur Total Sulphur
0-0.15 8.3 34 63.7 126.7 157.2
0.15-0.30 55 2.1 48.8 94.5 119.5
0.30-0.60 5 1.8 38.7 78.4 99.2
0.60-0.90 4.7 1.1 325 68.3 86.6
0.90-1.20 32 0.7 28.6 53.2 68.2
Mean+SD 5.34+1.86 1.82+1.04 42.46x14.11 84.22+28.10 106.14+34.11
Range 3.2-83 0.7-3.4 28.6-63.7 53.2-126.7 68.2-157.2

Optimum limit of available sulphur in surface soil is> 10 mg kg™

Table 5. Vertical distribution of S fractions (mg kg) in soil profile at Arla (pH: 5.9)

Depth (m) Available sulphur Water Soluble Sulphur Heat Soluble Sulphur Organic Sulphur Total Sulphur
0-0.15 15.3 4.8 97.4 215.7 277.5
0.15-0.30 11.5 3.9 75.5 167.8 217.1
0.30-0.60 10.7 2.5 63.4 139.8 180.5
0.60-0.90 9.6 1.2 51.2 127.9 167.2
0.90-1.20 5.0 1.1 40.3 80.4 110.6
Mean+SD 10.42+3.71 2.7+1.63 65.56+22.14 146.32+50.00 190.58+61.85
Range 5.0-15.3 1.1-4.8 40.3-97.4 80.4-215.7 110.6-277.5

Optimum limit of available sulphur in surface soil is> 10 mg kg
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surface layer (0-0.15m)and 1.1 mgkg'in 0.90-1.20 m
soil layer. Heat Soluble S which includes organic plus
sulphate S ranged from 97.4 mg kg™ in surface soil (0 -
0.15 m) to 40.3 mg kg' in 0.90-1.20 m soil
depth.Similarly organic S and total S ranged from
215.7mgkg" to 80.4 mgkg" and from277.5 mgkg" to
110.6 mg kg, in surface layer (0 — 0.15 m) and 0.90 —
1.20 m soil layer, respectively.

A close look on the vertical distribution of S in soil
profiles given in table 1 to 5 revealed that all the S
fractions decreased with increase in the depth of soil.
All the forms of S were comparatively higher at
location III (Kothi Kohar) and lowest at location IV
(Mohanghati). This might be due to that at Kothi
Kobhar, the soil profile was under vegetable cultivation
and farmers used organic manures for vegetable
production, which might have increased the organic
matter content of soil and ultimately the sulphur, as
organic matter is the direct source of sulphur in soil.
Besides this, Kothi Kohar located in the temperate
region, which decreased the oxidation of organic
matter and increased its accumulation. At
Mohanghati, intensive cultivation of rice-wheat was
carried out without any addition of organic manures,
which have resulted in the mining of sulphur from the
soil and this might be the reason for lower sulphur
fractions. The total sulphur decreased with the depth in
all the soil profiles under study might be due to the
reason that the most of soil sulphur is primarily in the
organic form. In general, the organic matter content
decreases regularly down the profiles and total
sulphur also exhibits similar trend in all the soils.
These findings are similar to those reported by Singh

and Sharma (1983). The organic sulphur decreased
with the depth in all the soil profiles under study might
be due to high content of organic matter in surface layer
than subsurface layer. Also the organic matter content
decreased regularly with increasing depth resulted in
decreasing S fraction. Similar results were also
reported by Balanagoudar and Satyanarayana (1990).
Similarly, the available sulphur showed the decreasing
trend with the depth in all the soil profiles under study
might be due to greater plant and microbial activities
and mineralization of organic matter in surface layer.
Similar, results were also reported by Trivedi et al.
(1998).

The nature and amount of soil organic matter,
besides climate/altitude and soil texture, largely
determined the content of sulphur forms and their
distribution pattern in soil profiles. The results are in
agreement with the findings of Tripathi et al. (1997),
Trivedi et al. (2000), Parkash et al. (2003) and Ghodke
etal.(2016).

Conclusion

All the soil profiles except at Mohanghati, were
having adequate available S based on 10 mgkg" S asa
limit of deficiency range. Sulphur fractions decreased
with increase in the soil depth in all the soil profiles
under study. Cropping system receiving higher organic
matter as manures resulted in higher content of all the S
fractions as compared to intensive cropping system.
Organic S is higher than available S that shows the
reserve of S in the soil.

Conflict of interest: The authors declare no
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