Journal of Applied and Natural Science 8 (3): 1685 - 1691 (2016)

Assessment of the effects of land use pattern on distribution of sulphur
fractionsin soil

Dhaneshwar Padhan®’, A. K. Pradhan? Mahasweta Chakraborty® and Arup Sen’

'Department of Agricultural Chemistry and Soil Scen Bidhan Chandra Krishi Viswavidyalaya, Mohanpur,
Nadia- 741235(West Bengal), INDIA

“Department of Soil Science and Agricultural ChergisBAU, Sabour, Bhagalpur- 813210(Bihar), INDIA
*Corresponding author. E-mail: dhaneshwar.padhad@neail.com

Received: September 12, 2015; Revised received: July 04, 2016; Accepted: August 27, 2016

Abstract: In the present investigation, various forms of sulphur (S) viz., total S, organic S, inorganic S and available
S were estimated in soils under four different land uses viz., Rice-rice, rice-green gram, mango orchard and a fallow.
Soils samples were taken up to a profile depth of 0.60m at 3 depths i.e. 0-0.20m, 0.20-0.40m and 0.40-0.60m. The
soils were found to be slightly acidic to moderately acidic in reaction (5.83-6.59), showing an increase along the
depth irrespective of the land use pattern. Soil organic carbon (SOC) content (mean 5.5 gkg™) was found well above
the low level of SOC in soils. Calcium carbonate content, bulk density and clay content of soils didn’t maintain any
definite pattern along the depth. All forms of S were found to decrease along depth irrespective of the land use
patterns. The available S content ranged from 12.2 to 21.4mgkg™ of soils. The relative preponderance of all the
forms of S followed the order: mango orchard> fallow> rice-rice> rice-green gram. On an average organic S and
available S fractions constituted 93 and 6 per cent of total S respectively. A correlation matrix revealed that all the
forms of S maintained a significant positive correlation with SOC content while a negative correlation with pH of the
soils. The results of the study will be useful in managing the different fractions of S in soils in order to maintain its
availability well above the critical level.
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INTRODUCTION ing and soil development also plays an importalg ro
in sulphur availability. Land use changes haveeagr
influence on many soil physico-chemical properties
mostly soil organic matter affecting its qualitytri-
'utes and fertility. Land use practices affect thsritbu-

Sulphur is a highly reactive element present in ynan
forms that play important biological and chemical
functions in the environment (Reddy and De Laune
200.8)' Sulphatg—S is the most al_Jundantl fc_>rm of-inor tion and supply of soil nutrients by directly aitey
ganic S found in most of the soils and it is therfo soil properties and by influencing biological tréors
that the plants generally take up, al_though Othermations in the rooting zone (Murthst al., 2002).
reduced forms, such as elemental S, thiosulphade anpyyjca| and chemical properties of the soils under
sulphide are important for anaerobic soils (Zebal.,  c,qtinyous cultivation could vary from that under
2005). However, th_e pulk of S.O'I Sin natu_ral ?‘”"T"” other land uses. Cultivated soils are poor inettility
aged ecosystems is in organic form, which is diyect status as it has high bulk density, low total [si§o
affected by microbial activity through decompositio low pH and very low OM or oré]anic carbon (OC)

processes (Solomoet.al., 2001)' I.n aerobic agricul- content (Diazt al., 2005). Soil organic carbon (SOC)
tral SO.”S’ many mlcroblal—med|a§ed ProCESSES ar€g 5 main factor affecting soil quality and agrtoué
responsible for S transformations, including mitiera sustainability. Being a source and sink of plartrinu

zation, immobilization, and oxidation (Gahan and ; ; ;

' ' , ents, SOC plays an important role in terrestrialyCle
Schmalenberger, .2014.')' The knowl_edge _Of q'ﬁerem(Freixoet al., 2002). Land use type has a deep effect
f_orm_s of sulphur in 5_0|Is together with the_|r d"lfw' on SOC storage, since it influences the amount and
tion in the root zone 1S of mu_ch relevancg N =9GS quality of litter input, litter decomposition ratend
the sulphur supplying capacity of the soils. Iteibv  gapijization of SOC and ultimately affecting the
ab|I|ty_ in soils 'S_"”OV.V” to de_pend_ on ph_ysu_:al and nutrient dynamics. Organic S is generally the most
chemical properties viz., particle size, soil r@&Gt 5 ngant form of S in agricultural soils with rapid
salt content and biomass (Balanagoudar and Saafanarﬂuxes between plant available inorganic and orgahi

yana, 1990; Misraet aI_., 1990; Ramet al'.’ 1994). fractions (Janzen and Ellert, 1998). Thereforefedif
Physiography, through its influence on drainagagthe
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ent pools need to be assessed to evaluate soil&@rdy 300.00
ics and the effects of plants on its availability. 250.00
Although inorganic sulphate generally makes up les:
than 5% of the sulphur present in agriculturalssdhis
does not mean that these soils contain limiting amt

of total sulphur. Most of the sulphur in soil (>9586
total sulphur) is bound to organic molecules, asd i 50.00
therefore not directly plant-available. This organi 0.00 é
sulphur is present as a heterogeneous mixtureyestl Totals Organic Inorganic  Available
microbial biomass or partly in the soil organic teat Forms of §

which needs to be converted to sulphate form gdor rig 1. Content of different forms of Sulphur in soils irre-

its uptake by plants. A number of studies have $how spective of land-use.

that organic S contributes significantly to plant S

uptake through the process of mineralization (Betm for organic carbon determination and 2mm sieve for
al., 2013) and as such the process of mineralization othe analysis of other selected soil physic-chemical
organic S is mediated by a combination of microbial Properties and different forms of S.

and enzyme (sulfatase) activities (Zhetoal., 1996).  Soil analysis: Soil pH was measured in suspension of
The changes in management practices imposed on ad-2.5:: soil: water by the method as describeddnkJ
ricultural lands and also the different land usetgra ~ sOn (1973). Oxidisable organic carbon of the saihs
may influence such process (Janzen and Ellert,)1998ples were estimated by Walkley and Black method
We may hypothesize that the various land use patter (1934) as described by Jackson (1973). Total sulphu
may have an influence on the physic-chemical properwas estimated by the method of acid digestion as de
ties of soil and also on the transformation of easi ~ scribed by Arkley (1961), inorganic S was deterrdine
pools of sulphur along the soil depth which maynfor by extracting the soils with 0.01M CafffiO,)..2H,0

the basis for scheduling a sound fertilization pang solution (Foxet al., 1964). Available S in the soil sam-
In this backdrop, the objective of the presentgiwds  ples was determined by extracting soil with 0.15%
to investigate the effects of different land-usétgras ~ CaCk solution (Williams and Steinberger, 1959). All

200.00

150.00

100.00

S-content (mg kg')

on the amounts and forms of S. the forms of S were estimated by developing tuthidi
with BaCkcrystal (Chesnin and Yien, 1950). The or-
MATERIALSAND METHODS ganic S was calculated as the difference between th

Description of study area: The study was conducted total S and inorganic S (Tabatabai and Bremner,
in Saharapali village, located in Bargarh distridt 197_2b_)- ) ) )
Odisha. The site is located at°2%N and 8362'E Statistical analysis: Data were subjected to analysis of
which is 15 km away from the city. Four land uses V&nance (ANOVA) with randomized block design
were chosen for this study and these were Rice;RiceUSing SAS software. Muluple_correlauon studlesrgve
Rice-Green gram, Mango orchard and Fallow belong-a|30 conducted among the soil parameters and eliffer
ing to the soil order Inceptisol. The annual radingg  forms of S.

the area is around 1350 mm and the prevailing temgpESyL TS AND DISCUSSION

perature around 30-35.

Land use selection and soil sampling: Soil samples ~ Soil physic-chemical properties influenced by land
were collected from four land uses (Rice-rice, rice uUsepattern

green gram, mango orchard and fallow lands) follow-Bulk density: The bulk density (BD) of the soils
ing standard protocols. Land use sites for takioiy s ranged from 1.31 Mg/m3 in the sub-surface (0.4-0.6m
samples were selected on the basis of croppingrpatt of mango orchard to 1.57 Mgfnin the mid-surface
followed and cultivation history. As per the histand ~ (0.2-0.4m) of rice-green gram land use. Higher BD
management of selected land uses, the crop land ha@lues were observed in all the three depths d¢f sbi
been under cultivation for more than 25 years. Theboth rice-rice and rice-green gram land use. Toidc
mango orchard and fallow lands are also 30 yeats ol be possibly because of intensive cultivation uguall
Representative sampling sites were selected rarydomifollowed in submerged rice cultivation which incsea
from each land use. Three representative units wer¢he penetration resistance and the BD values aewhol
selected from each land use and from each unit comWhereas in case of mango orchard and fallow laed us
posite soil samples were collected from ten sofi-su the soils had comparatively lower BD values. Aduiiti
samples (points) with three depth i.e. 0-0.2, @2  of organic matter results in improving the soil piyl
and 0.4- 0.6m. The composite soil samples collectecfonditions making the soils more porous and well
from representative land uses with three replicatio Structured, which ultimately reduces the BD values.

were air dried ground and passed through 0.5mnesievCultivated lands tend to have higher soil bulk dtes
(Matanoet al., 2015).
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Soil pH: Soil pH was significantly (P<0.01) affected
by the interaction of land use and soil depth, whhbe
highest pH (6.6) was observed in the sub-surfagerla
(0.4- 0.6m) of fallow land and lowest on the suefac
layer (0- 0.2m) of orchard land use (Table 1)ekrms
that the soils were slightly acidic to moderatetydiac

in nature. Both the surface and mid-surface sgiéda
of orchard land use had same pH value. In gemeral
increase in pH of soil was noticed along the sejtt
irrespective of the land use. This could be duedio-
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land respectively may lower the soil pH (Habtastu

al., 2014). Comparatively lower pH values were ob-
served in the mango orchard land use. This was be-
cause of the organic acids produced during therdeco
position of fallen leaf litters. Such effects wermre
pronounced in the surface layer or to certain éxiten
the mid-surface soil layer than sub-surface sgita

Soil organic carbon: Soil organic carbon content was
highly affected by the variation in land use patter
Soil organic carbon content (g Kgranged from 3.2-

tinuous removal of bases from the surface layer t09.2 with mean of 5.5 g kgof soil. It maintained

lower layer through percolating water. Continuous
removal of basic cations by harvested crops anaani
grazing on the surface layer of cultivated and igaz

highly significant correlation with all the formg sul-
phur indicating its close association in the altaraof
forms of S in soils (Table 2). The result was ineli

Table 1. Physic-chemical parameters of soils under diffeleemd use patterns.

Depth Organic carbon CaCO; content Bulk Density Clay content
Land use m P (gkg?) (gkg?) (gem?) (gkg™)
0-0.2 6.26 5.7 31.3 1.52 250
Ricerice 0.2-0.4 6.34 45 28.9 1.54 270
0.4-0.6 6.43 4.4 325 1.48 260
0-0.2 6.06 4.8 28.9 1.47 230
Rice-green gram 0.2-0.4 6.19 3.4 27.5 1.57 220
0.4-0.6 6.33 3.2 29.6 1.51 210
0-0.2 5.83 9.2 25.6 1.39 230
M ango orchard 0.2-0.4 5.83 8.6 29.4 1.42 220
0.4-0.6 6.04 6.9 26.3 1.31 220
0-0.2 6.08 6.1 30.3 1.48 210
Fallow 0.2-04 6.25 5.1 29.7 1.49 190
0.4-0.6 6.59 4.5 35.4 1.47 200
ANOVA p-values
Treatment <0.01 <0.01 <0.01 <0.01 <0.01
Depth <0.01 <0.01 <0.01 <0.01 <0.01
Treatment* Depth <0.01 NS* <0.01 <0.01 <0.01

NS- Non significant
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with the findings of Habtamat al., 2014 who reported higher total S content compared to rice-green gram
strong relationship between SOC content and forins oland use. Intensive cultivation has resulted hig8er
sulphur. In general there was a decline in orgaaie ~ removal and depletion in soil (Balegal., 1996).

bon content along the soil depth irrespective @& th Organic S: The major proportion of total S in most
land use. The possible reason for such type ofrease agricultural soils is present in organic forms @km
tion could be the lower recycling of organic regidin  and Ellert, 1998; Saggat al., 1998) mainly because,
the lower layer and also owing to lower microbial a unlike inorganic S@-S, soil organic S is mostly in-
tivity. The mango orchard land use maintained $igni soluble in water and not susceptible to leachirsgés.
cantly high amount of SOC as compared to other landdrganic S is also the dominant S pool in the ugder
use pattern. High amount of leaf litter or livingpb  cm of these tropical soils. Its amount varied frb®7.8
mass addition could be the reason for such typsbef mg kg" in the mid-surface (0.2- 0.4m) of rice-green

servations. gram land use to 293.7 mg kgoil in the surface of
Effect of land-use pattern on distribution of differ- mango orchard land use. Organic S constituted 9% o
ent forms of Sulphur along the soil depth the total S. The percentage of organic S in thesdg is

Total S:The total S contents ranged from 212.1 mg kg of similar magnitude as those quoted by Solorebn

! to 318.9 mg kg of soil with a mean value of 256.6 al., 2001 who reported organic S constitute 95% of
mg kg?, the highest amount of total S being observedtotal S in natural and managed agro-ecosystem. The
in the surface layer (0-0.2m) of orchard plantatml ~ organic S content followed the trend of organidocar
lowest amount in the lower depth (0.40-0.60m) of+i  content of the soil signifying organic S contentais
green gram land use. Almost similar amount of t8tal function of organic matter content of the soil. e
found in the mid-surface and lower surface of Rice-(1980) reported similar results that the profile oof
Green gram land use. The total S content of alfdhe ~ ganic S content generally follows the pattern of or
land uses decreased along the soil depth (Fig.Th&). ganic carbon content in soils with soil depth. Eabl
decrease along the depth in all the four land wses  shows that organic S was highly and significanty-c
due to the decrease in organic carbon contentahdic related with SOC (r=0.91**) indicating close retait

ing a close relationship between the organic carborship between the two. Padhan (2014) reported strong
content and total S. Total S content was highlyifig  relationship between SOC and organic S in soils of
cantly correlated (p<0.01) with organic S (r=0.99** some long-term experiments. The close association o
soil organic carbon (r=0.91*") indicating that masft ~ organic S with SOC in soil is due to the fact tSa&M

the total S is in organic form (Table 2). Solormebral. (soil organic matter) provides the major non- ledib
(2001) reported that bulk of the soil S in natumatl  reserve of S. SOM content could be taken as drfair
managed agro-ecosystem is in organic form. Wakneyicator of the S status in the soils (Solomanal.,
(2001) reported higher total S in the surface layer 2001). The higher content of organic S in surfaget
virgin soil which decreased along soil depth due toof orchard was due to higher addition of biomadse T
lower organic matter content. The orchard plantatio fallow land use showed similar amounts of organic S
maintained higher amount of total S among all #rell  possibly because of addition of grass residuesowtth
uses possibly because of the addition of enormousubsequent exposure for oxidation of organic matter
amount of organic matter due to leaf fall. Thedall —However, in rice-rice and rice-green gram land uses
land use also maintained higher amount of totadlS f the organic sulphur content declined due to pradoing
lowing the orchard plantation. Fallow land had a cultivation. Habtamuet al. (2014) also reported de-
higher biomass addition without any perturbation creasing trend of organic S content along the soil
which may lead to higher total S in such soils.alot depth. The former maintained comparatively higher
amount of S in the soil decreased in order of Mangoamount due to higher biomass addition than therlatt
orchard> fallow> rice- rice> rice-green gram. A com Available S: The available S content of soil is a func-
paratively lower amount of total S was found in the tion of mineralization of organic S. Mineralizatiar
rice-green gram land use. The rice-rice land uskedd organic S depends upon many factors and it varies
significant amount of organic matter maintaining from land use to land use and also the type of crop

Table2. Correlation matrix between pH, organic carbon différent forms of sulphur.

pH Organic Carbon Total S Organic S Available S Inorganic S
pH 1
Organic Carbon -0.758** 1
Total S -0.630** 0.919** 1
Organic S -0.608** 0.910** 0.999** 1
Available S -0.794* 0.922** 0.943** 0.934** 1
Inorganic S -0.778** 0.945** 0.951** 0.939** 0.97%* 1

**Correlation is significant at the 0.01 level
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species in a particular land use. The highest aimofun
available S was noticed in the surface layer ohard

due to continuous cropping without addition of &nir
external sources. The orchard and fallow land uses

soil and the lowest amount in the lower depth (0.4-maintained higher amount of inorganic S due to &igh

0.6m) of rice-green gram land use (Fig. 2c). Thghhi

rate of mineralization having pronounced microbial

est availability of S in orchard land use was doe t activities.

higher mineralization of organic S as the microbial Correlation between pH, organic carbon and differ-
activity in this case is more pronounced owing to ent forms of sulphur: Forms of sulphur showed sig-
higher biomass addition. This also revealed that th nificant correlation with pH and soil organic canbo

orchard land use is more efficient in mineralizthg

(SOC) content of soil. All the forms of S (total &

organic S to inorganic sulphate among all the landganic S, inorganic S and available S) and SOC stiowe
uses. The available S content in rice-rice and-rice significant negative correlation with pH of the Isoi
green gram land use was lower because continuouSoil organic carbon maintained significant positive

cropping removed greater amount of S. Intensivé-cul

correlation with all forms of S. Dagt al. (2011) and

vation results higher S removal and depletion iih so Dhamaket al. (2014) also reported significant positive

(Balsaet al., 1996). Irrespective of all the four land
uses, the available S content declined along tipthde
(Fig. 2c). The possible reason for such type ofivetice
may be due to lower rate of mineralization in therdr
depth owing to slower microbial activity
because of lack of carbon source and aeratiorsstata-
pared to surface where microbial activity is more-p
nounced than the former. Available S was signifigan
and positively correlated with SOC content and stbw
significant negative correlation with the pH oflsoirhis
positive correlation with SOC content
revealed that available S content in soil is a iancof
organic matter content of the soil. These resuksia
accordance with those of Kotur and Jalali (200&suB
mataryet al., 2010 and Javeet al., 2014. They reported
strong positive relationship of available S withG€obn-
tent indicating SOC is the regulating factor foaiability

of S in soil. Available S existed in a state of ayic
equilibrium with other forms of S which can be end
from the significant positive correlation with &irms of

S (Table 2). Sharma and Jaggi (2001) and Javetl
(2014) reported significant positive correlationceng the
different forms of S.

Inorganic S: Sulphate (S¢) is the main inorganic
form of S present in most soils, although some cedu

correlation of SOC with different forms of S. The
negative relationship between pH and forms of S may
be due to the presence of Bnd OH in the soil com-
plex which binds the S@ ions rendering it unavail-
able (Borkotoki and Das, 2008). Total S maintained
significant positive correlation with all forms &findi-
cating a state of dynamic equilibrium in the s8iimi-

lar positive relationship among various forms of su
phur was earlier reported by Tripatéi al., (2000);
Daset al., (2012) and Javed al., (2014). Correlation
studies (Table 2) indicated that organic S maietia
high significant correlation with SOC content irating
that SOC is the main source of organic S. Repogte w
there also regarding the strong association ofnicga
and SOC content of soils (Borkotoki and Das, 2008;
Javedet al., 2014 and Dhamadt al., 2014).

Conclusion

All the four land-use patterns considered in thespnt
study showed a significant depletion in content of
forms of S with soil depth. The reduction is assted
with a decline in organic carbon content of thel.soi
Organic S was the dominant S fraction constitutiney
highest proportion of total S. Soils of mango orcha
and fallow land use maintained a higher contenafbr

S forms €., elemental S, thiosulfate or sulfide) may the forms of S compared to the rice-rice and rieeeg

be present in soils under predominantly anaerodc ¢

gram system. Thus it can be concluded that sulphur

ditions (Biederbeck, 1978; Kowalenko, 1993a). Sinceavailability is a function of soil organic matteB@M)

the reduced S forms are transitory in aerobic soil$
their concentrations are usually negligible (Bidobek,

content and pH, and is highly influenced by thedlan
use patterns. If the current rate of organic matégie-

1978; Janzen and Ellert, 1998), in the presentystud tion and man-made perturbation continues, widesprea
inorganic S was estimated from the solution and ad-S deficiency might occur in the near future, siS@M

sorbed SGF. The inorganic S mainly occurs in form of
sulphate-sulphur which is readily available to pdan
But certain amount of sulphur that is co-precigitht
with calcium or barium carbonate constitutes aifiign
cant fraction of inorganic S. The inorganic SO
ranged from 13.9 mg Kgto 25.2 mg kg soil with
mean value of 18.1 mg Kgof soil. On an average it
constituted 7.0% of the total S content of soilheT

is a major source of S. Measures have to be dasbigne
for replenishment and subsequent maintenance bf soi
S stock, to ensure sustainable crop production and
maintain the available S status of soil above fiteal

limit for a longer period of time.
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