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CHAPTER = I
INTRODUCTION

U,

Modernisation of agriculturo has highlighted the
importance of nutrient supplimeat through fertiiisers for
attaining higher levels of crop production. Mainly the
importance of nutrient elements like N,P,K supplicd
through fertilisers 4s well recognised. But sulphur which
is one of the easential nutrient elements for plant growth
with crop requirement as high a8 pheaphms has bgen
traditicnally neglected.

The main :eesnha attributad for laak of attenticn
given to role played by sulphur are gubsistence ferming,
lov orop ylelds, SreGitionally dow sulphur responsive
- varjetics, incidental roturn of sulphux to soil through
FiM, conventionally usad sulphuy gontaining fertilisers
snd addition through rain water, irrigation water, 80,
emissions from industrics, duasts and sea wataer etc. But
the use ¢f high analyois fertilisers like DaP, TSP, Urea
and other sulphur free fertilisers, greater gemoval of
sulphur through ¢rops, docreased use of FYM along with
regulaticne over inductrisl emission have leed to depletion
of nstive sulphur status of the soil,



The evidence of crop response to applied s,
the drastic decline in the addition of S begsuse of
centinucus use of high analysis and sulphar free
gertilisers and the growing need for ineressed £30d
production necessiate a eritiesl lock at the sulphux
fertilization problems Of late, sulphur has been receiving
the inoreasing ﬁsztenuoa of scientists all over the world
end deficiencies of § have been reported $rom 72
eountries ineluding India. Tandon (1980) and Kanwar and
Mudshar (1986) have mtmé the aress of sulphur
deficioncy 4in Indiz. In Crissa only Ganjam district has
been identifled as the probable area of sulphur deficiency.

) Sulphur research Indies began about 27 years age
- with chlorosis of Jute and Sugsrcane being attributed to

8 deficiency and at present S deficiency has been reported
in 90 ocut of 400 odd districts in 16 states, Sulphur
deficiency and arop response to application of S has been
obtained under field coadition in 31 crops. Abaat 50% of
studies on sulphur desl with oil sesds. Among ofl seed
cyops muctard and groundnmit have received mure attention
than others.




No information was avallable on the sulphur
status of the soils of Orissa except a couple of reports on
the response of some crops 0 sulphur application till
a systematic sarvef on the 8 stetus Of Orissa s0il was
carried out by this department during the year :937—88.
Soils were indentifiecd as deficient based on momeocaleium
phosphate extrecteble S of 10 ppm or less.

In the presont investigation an attempt was
nade to atudy the S response of groundmut grewn in 2 8
deficient acid soil. rurther, the sulphete retention
cepacity of the ooil of the field experiment site, and the
effect of liming on sulphate adsorption character of the
scil were ctudied in the laboratory, The objectives
of the {avestigation wercs ‘ ‘

1. 7o evaluaste gypsum as & source of sulphur
for groundaut grown in a sulphur deficient
acid soil under limed and unlimed gondition.

2+ To study the éﬁam of liming on the sulphuyr
adsorption aharacter of the soil.

3« To evaluate the sulphur and calcium
requirenent of groundmut.



.

4. To evaluate the percentage of applied
sulphur utilized by the crop, retained
in the surface soil (zone of application)
and leost from the surface soil.
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REVIEW OF LITERATURE
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z.1

| Sulphur being one of the essential nutrients

required £or plant grovth 48 in no way less important
than phosphorus in its level of uptake by plant. It is
required for' ies role ia the formation of aminoacids
lixe methionine (21% S) and gystine (2T7% s). sulphur is
also needed for synthesis of c¢chlorophyll, proteins,
oil content of oil seeds and mutritive quality of
foreges (Beaton and Fox, 19717 Blair, 1979). Plants

. 3ike onion, gralie eto, owe theilr cheracteristic odour
to sulphur conteining glucosides.

of 5 fertilisation on plant growth repcrted (Kanwar and
Mudahay, 1986 Tandon 1986) are thet 4t improves the
mtritive quality of forages, quality of vegeétables and

Besides increasing crop yields, the ot

sugarcene juice, both gquelity and guantity of proteins in
pulses, cqereals, cilasceds and tubey crops and lowers HCN
content of some orops. The inorease in crop yield due to
sulphur fertilization are due to following rcasonss
a. it providea direct mutritive value.
b. helps in correcting problems of calcsrecus
and alkali soiis. |



@. it helpe in improving effoiengy of uptake
of ather nutrients ltké N and P.

Tandoa (1986) reported that snnual removal of
sulphur is quite high which comas te about 5.7 kg ha™>
of grogs cropped area. 30 in order teo maintain the soil
fertility status sulphur needs to he replenished by

gxternal additions,

2.2

Sulphur is ranked as the thirteenth most

- abundant element 4n eexrth's crust which is having

a sulphur content of 0.06 to 0.1% (Tisdale ek al.,1988),
Sulphuy concentration in anti varies from O to 500 ppm
(Enaminger, 1958» Staerkey. 1950). It ocours in various
forme such as elemental 3, aulphates, sulphides and 4n
organie combinations.

The main sulphur beering minerals in rocks and
#04ls are Anhydrite (Ceso,. 7H,0), Gypsum (CaSO,. 21,0,
Epgsomite maso,‘. 7H,0) and pyrite ate. Silicate minerals
nogrally have 0,08% sulphur and sedimentery rocks
have 0.02«0.22% S. S0 they are gonsidered to be the
Airportant sonrce of £ in acils.

Weathering @ﬂ‘ sulplur Leuring rooke and
dncrals add sulphur o eclle. There s also abaorption




of sulphates by living organism or it is reduced to
elemental sulphur by other organisms. Addition of sulphur
to soil also occurs through irrigation water, rain
water, fertilisers and pesticides.

Sulphur regquirament of arep cas be met through
a number of sulphur containing materials 1ike gypsum,
elcmental 5, pyrite etc. Use of fartilisexs like
(m4)2ao 0 xaso4 and single super pmnphaea also eontribut
to sulphur pool of the soil. However gypeum whose
natural Jaeposits are.found in asbundance in India can be
used &2 a source of sulphur for groundnut (Aulakh and |
Pasriche, 1986; Chohal amd Virmani, 1273: Taendon, 1966},

2.2.1 tmospheric additions ¢

Gases like H,5 and 50, gencrated from varicus
sources by entering S aoycle contribute to 8 addition ¢o
@cil and plants. Plents may directly absaorb 86, from
&tmosphere. Sulphate agdition through annual rainfall
varies f£rom 2 kg to 234 kg/he.
2.2,2 Fertildsors and poaticides @

Voe of 8 containing fertilisers such ze (X1, ),80,,
88P ate. and sulphur containing fangicides such ag
3iwe sulphar, eulphar dust add sulphur to gcd), Use - 4
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high anelysis fortilisers and sulphur free pestieidea
may lead to sulphur defieieney.

2.2.3 IXrrigation water @

A lot of gulphur is slso added te soil through
irrigation water. Tandon (1986) quoted Sahoo and Panda
(TS, 1985) having reported addition of shout 10 kg
of 8 per hectare through irrigstion weter to rice erbp‘
growa in Bhubsneswer during rabdi sesson, Chesma and Avora
(1984) reported that tubeswell waters of Ludhiana gan
afid about 24 kg S per hestare, |

2.3

Sulphur exists both in orgeniec as well as
inorganie forme (Dev and Kumar, 1982 XKemwer and
Randhewa, 1974). It ogcurs either as solid, liquid
@r gas. Its oxidation number varies from 46 in H.S0,
to =2 in H,8.

2.3+1 Inorgonic sulphurs
The common inorganic forms of aulphuxr which

occurs in soil are (1) reasdily soluble sulphates of

Hae Ko Mg and Ca (2) adgorbed sulphate on the aurface of

clay minersls and sesquioxides (3) iasoluble sulphates

of Ca, Ba, Fe and AL and {4) suiphide




forms of sulphur. Available ea-l.pm refers to eas*ily
scluble plus adsorbed sulphate,

2.3.32 Organie sulphur 3

Seventy &6 ninety per cent of the soil sulphur
in humid@ tropics are in organic foym (Ranwar and Mudahar,
1986r Das, 1987). This proportion varies with soil type
and depth as most of organic sulphur is preeeant on surface
layer. Organic sulphur exists as a part of organic matter
and may be in following forms.

a) Reteor sulphates, which ere largely organic
sulphates containing ester (CwO0=S) linkages. They are
wvailable to plant when the soil 1s dry. ‘

b) sulphur bound to carbon as a constituent of
apincscids viz. methionine(21%) 3) cystine (27X 8) and
cysteine, These coagtitute sbout 30% of total organic S
(Freney et al., 1972).

@) Sulphur bound to carben in forms other than
aminoecids which include eulphexideu. sulphones etc.

@) Crganic 8§, which 46 not recuced by efther
Reney nickel op hydroiodic acid, But this is of little
ixportence t6 plant nutrition.
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forms of sulphur. Available sulphur refers to ecas+ily
soluble plus adsorbed sulphate.

2.35.2 CGrganie sﬁlphur ]

Seventy to ninesy per cent of the soil sulphur
in humid tropics ave in organic foym (Ranwar and Mudahap,
19862 Das, 1987). This proportion varies with soil type
and depth as most of organic sulphur is present on surfage
layer, Organie sulphur exists as a part of organic matter
znd may be in following formss

a) Reter sulphates, wWhich arc largely organie
sulphates containing ester (Ce0«S) linksges. They are
wvatleble to plant when the aoil) ic dry. ‘

b} sulphur bound to carbon as a constituent of
amrinoecids viz. methionine{2i%) 3) oystine (27% 8) and
cysteine, Thege constitute sbogt 30% of total organiec S
(freney e al., 1972).

@) Sulphur bound to carbon in forms other than
aminoacids which include sulphexides, sulphones etd.

@) Organsic 8, which 46 not reduced by esther
Reney nickel or hydroicdic ecid, But this is of little
inportance o plant nhutrition,
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importanee to plant nutrition.

Organic sulphur needs to be mineralised before
it 43 availadle te plants. The mineralisation depends
upon temperature, moisture, aeracion, soil acidity,

orgenie 8 content and N5 ratio of arganxc matter.

2.4 gulphur status of soils
2.4.1 Total sulphurs

The totsl sulphur content of surface soils of
India varies between 19 ppm to 3836 ppm. Heavy textured
coils have generally a higher total sulphur content than
light textured soils as they retain more organic matter
(Reddy gt al., 1985), | |

Aeid soils of Bihar and Panjab have higher total
8 than alkaline sotls (Ahmed and Jha, 1969y Kanwar and Mohan,
1964), But roverge was the case in solls of Maharastra
(pPatil et al. 1981 b).

In West Bengal, soils of hill, Tarai end coastel
asaline xegions in general, have been £ound to contain
highsr amount of total S as compared to those from
elluvial and lateritic gegions (Mukhopadhyay and Hakhopadhyay
1950),
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The total S content of soils of Oriszsa varied
between 23.7 vrm to 9225 ppm., The range of total salphur
recorded for different so0il groups were, 23.7 - 468.1 ppm
in mixed red and yellow soil £8«363,75 ppm in brownforest,
83.7 = 393.7 ppm in black, 39~293.75 ppim in red and
laterite and 41,12 - 295.9 in alluvial soils (Das, 1987).

Clay content, silt content and orgainc master
eontent were found to be positively correlated sitth total
8 and sand per cent and pH were negatively correlatoed with
total S in soil (Ruhal and Paliwal, 1878).

2.4,2 COrganic sulphurb

Studies in the soile of West Beagal snd Andhra
Pradesh revealed that organic 5 content of soil wes
positively correlated with orxrganic cepbon and total S
centent of soils {tuRkhopadhyay end mkﬁepaﬁhyay. 1980
Reddy et al. 1988).

Sulphur minerslisation hes been raported to
ranne from 1 to 10 % per yeer (sSanchem, 1976) and Srom
2 » 2,3 % per yoar in Nigerian soils (Bromfield gt al,,
1982). Many factors govern the mineralisation of organic
8, The optinum tosperature for mineralisation is around
aﬁqﬁ (williaws, 1978). Optiwum minersljsetion ococurs at
80 of the water holding capsoitys Stewart, Porter and
Viets (1966) have shown thet 8 mineralisation occurs only
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when the S content of etraw is above 9.0... 1S%. Further
minerclinetion of orcenic 8 ia enhanced in the presence of
plant than in absenoc probabhly because of greater number
of migroscopic organisme in rhizosphere, Ksywasra, 28
reported by Dev and Xumor (1982) observed that mincralie
gation Of native S was groeter in solls having wider Css
®atie. The s01) pH ond CaCo, content affest mineralisation
of native and sdded S. In 8irga sail of Haryana & rise in
pH from 7.4 to 8.2 increeased organic sulphur mineralisation
£rom 5.6% to 7.7%. Addition of calcium carbonate enhanged
- the mineralisation of sdded 8. Immobilizeticn of sulphur
ia observed in soils with C18 ratic greater than 200 and
material containing less than 0,318% 8.

HMeClung at al. (1989) recorded » decresse in
organic S of virgin soils of Fragil after soils were cropped
for 20 « 30 yeara..samxlar ehoervations were made by ‘
Bromgield (1972) in Nigeria.

2.4.3 Available sulphur in soll (soluble and adaorbed
sulphur)s
Seluble plus adoorbed gulfate are the fractions
of toal 8 4in soil which are important for plant mutricion,
In general this cen be termed as readily svatlable culphur
to plant which can be extrected by mencealefur phosphate
sclution.
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sulphate S content of the Indian soils have
been found to vary from 2 « 46 prm in alluvial, 3.«40
ppm in red and lateritic, 10 «25 ppm 4n arid and 10-169
Ppm in black soils (singh gt al., 1988).

Content of soluble sulphate in surface soils of
Rajesthan varied from 12 ppm in yéllow brown soils to
205 ppm in desert soils (Joshi gt al., 1973).

Parvantamena et &l. (1986) studying the response
of 8 to groundnut in a2 pot culture experimen; using coastal
sendy soils of Andhra Pradesh have reported good correlation
botween available sulphur with pod yield. Similar study
conducted in Punjeb to investigate about available sulphur
in groundnut growing areas showed that in 82% of samples
available S was below critical level end it correlated
‘positively with organic carben and negatively with pH
( Arora and Cheema, 1984).

Sulphate éalpimr content of soils vary from 1.4
to 4.1 ppm in different climatic sones of Punjad, Heryans
end Himachal Pradeah (Kenwar and Mohan, 1864). In Crissa
the meen content of MCP extractable S of red and laterite
80l was 18.64 ppm, mixed red and yellow soil wes 24.3 ppm,
brown forest soil was 20,64 ppm, alluvial soil was 14.47 ppm



and black soil was 10 ppm (Das, 1986).

The critical level of available S for different
@rops varies between 5 ppm to 30 ppm depending upon soil
properties, extraction technique, crop types and its
genotype.

The critical level of caleium phosphate
emraecabie sulphate {ppm 8) established for different
erops are 10 ppm for rice (Tiwari et &l., 1963 a) and
majze (Palaskar and Ghosh, 1983) 9.3 ppm for lucerne
(Bansal gt al.,1979), Critigal level of heat solueble S
suggested for groundnut ané wheat ic 10 ppm (Patel and
Narsonia, 1981) 20 ppm for caion, gerlic, slfzlfa and
oil seeds (Dengerwals and Vakharia, 1983).

Though eriticel level.of available sulphur
varies depending on erop type apd extragtion progedure
still then since early 60's,-10 ppm 5 continues to be
the most frequently used critical level of aveilable
8 (Tandon, 1986).

2.8

A sruvey conducted in the gménaam groving areas
of Punjad showed that 50 X 6£ plant samples wers deficient
in 2 coneidering 0.2 % 8 4n plant as the critical level of
8 (Cheema and Avors, 1984), Kanwer (1963) veported that
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75% of groundmut growing areas Punjab were deficient in S.

Rahal in Rajasthen reported that highest yield
of groundnut vas obtained by applying fertilisers
containing 8 (Dev and Kumer,1982). aulakh et al. (1977)
obgerved that 32 kg $/ha was encugh for obtaining opﬁimum
yield 4in groundnut.

A pet culture experiment 4in § and Zn deficient
soils with groundnut grown in Kharif shewed that maximum
pod yleld was obtained with 10 kg Zn/ha combined with
18 kg 8/ha (Talukder and Islam, 1982). In uncultivated red
esrth and Krasnozem & deficiency symptoms spperared
after 12 weeka and 15 weeks respoctively whougmndm&
was grown., Although vine yield was reduced by S amission
neither pod yield nor pod quality was affected (Sulphur
Abstract, 1983). |

Groundnat cultiver TMV.2 grewn during 1579 and
1980 in an Alfisol showed that highest pod - yield was
obtained by application of 100 kg gypsum/ha at earthing
up with or without Znso, at sowings Pod yield with 1000
kg/ha rate of gypsum was significantly higher than
with 500 kg rete(be st sl., 1982). Groundnue grown in
Kharif seacon on a red sandy loam soil gave higher ped yield
with 250 kg gypsum/ha than with 500 kg gypsum/ha. In rabi
secracn  groundnut yield obtained from residusl effect of
500 kg gypsum/ha was higher than that obtained frem 250 kg
gypsun/ha (Rao st al., 1984)
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Heavy 8 application to groundnut grown in
Taiwan on a calcarsous soil to reduce pH., gave a dramatic
incrcase in yield at one site in eddition to relieving
chlorotic symptoms. But, its effect ot other sites were
much lees marked, (Houng, 1984).

In & 2 year field study of groundnut grown in
Tolewal Loamy sand of Punjab the yield of groundnut
increased with application of 1S kg 8/ha as ZnsSO,
(Bahl et al., 1986). |

Fleld trials in 27 farmers field revealed that
addition of about 75 kg 8/ha ss gypsum produced 1,0
q/ha of extra pod yield over normsl recommended doses
of N and P (Mulakh gt al., 19687). In low fertilicy scils
of Haryana application of & produced significantly higher
dry matter yield and Xernel yield of groundnut but 20
prm & was sufficient in medium to Righ fertility soils
(Rathee and Chashal, 1977). However on a Goarse textured
804l response was upto 100 pom 8§ (Singh and sSingh, 1977).

In Rajosthan, the Wmm salphur Gose required for
groundnut yield was 120 kg S/ha {Ruhal, 1975). singh and
Kalra (1983) observed that s significant increase in
groundnut yield was cbserved upto 40 kg S/ha and eptimum
level of S was worked out to be 16.20 kg /ha.




17

Depending upon soil condition variable
responges of groundnut grown wunder £1eld and green house
conditions to S application have been cbtained (Bahl et al.,
19867 Thillon et al., 1983; Rathee and Chahsl, 1977;
Singh et al., 1970 ). 'i?andcn (1986) eomiudea £from xeview of
meny research £indings that yielé of groundnut increased
from 0.8 to 4.8 q/ha by S application. Highest increase
of 7.9 q/ha of groundnut ‘kernels with 100 kg 8/ha applied
as elementel S has bgem reported.

Salphur influenees not only the yield of groundnut
but also its quality, sulphur 4@ iavolved in oil synthesis,
and oil storage orgens in this crop are alsc proteincus
in nature which ere rick in S. Salphur application has= been
reported to increase the oil ceatené upto 5% in groundnut
(Chopra and Kanwar, 19667 Singh et al., 1970). Sulphur being
constituent part of S containing essential aminoecids
such as methionine, eystine and cysteine its application
 @ouses substantial increase in portein and amino-acids
{Chopra and xamwer, 19665 singh ot al.. 1970; Aulakh et al.,
1987).

~ Applied S has heen yeported to incresss 6.2% oil,
6.0 = 8,4% protein and 21.1% aminoscids in groundnut kernel
(Aulkhs and raspicha 1986),
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Gypsum application was unlikely to alleviate
the problems of groundnut psg dJdevelopment and pod £1illing
under moisture stress condition of socil (Balasubramaniem
and Yayock, 1982), Application of gypsum to groundnut also
helps in escaping drought effects due to increased early
pod development (PrMMIngs of international symposium,
1985 ). Sulphur' application also inereases root dry matter
of groundnut grown im black cesicearecus soils (Anonymous, 1985)
Sulphur deficiency leads to a reduction &€ 80-88% in legumin
synthesis. Level of legumin i 4RRA in polysomal and total
RNA preprations were reduced by 90% (Chandler gt al.. 1983).

2.7

In Brazil groundnut cultiver Tatul grown with
or without dolomitic 1ime stone (Cao 26.3%) in an scid
s0il responded to application of lime in two ocut of 10
sites (Neptune st al., 1982), caseni (1986) reported that
groundnut grew better in soils above pH 5.

Boll (1985) reported that groundnut ocultivar
virginia bunch grown with graded doses of lime 4L.e.
Os 250, 500, 31000 ana 1500 kg of erushed lime stone/hs
applied hofore sowing with or without 500 kg gypsum as wp
dressing showed a maximum pield of 3 tonne with lime stone
(380 kg ca/ha). Top dressing of gypsum at flosering didhot
not produce any sdditional yield, The soed Ca content
wae eignificently correlated with exeractable seil Ca content
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before sowing and with percenteage germination in field,
Allison (1987) reported that Ca application 4Lnoreased
Ca uptake and germination of groundnut.

An increased ocutput of seed was reported in |
groundnut when 40 kg Ca along with BO k¢ K was applied to it.
04l content and oil yield were aleo reported to ba highest
with this combination (Rajen gt al., 1984). O

A twWwo year experiment with "Tatu" peanut

cultivares on a red latosol with graded doses of delomitic
lime stone and gypsum either brosdecated before planting

or applied at top of row just after emergence showed that
regponse to lime and gypoum was low due to relative

tolerance of cultivar to acidity. Gypsum aprlied to plots
receiving lower rates éﬁ lime cauzed leaching of boges

the severity of loss being of Mg and K. The green house
experinent with u‘m and gypsum revealed that yleld of
groundnut inereased with a combination of lime and gypsum

but performance Of gypsum alone was superior to 1m¥ alonc
supported by increased amum % (Neptune gt al., 1%2).

In pot trials with groundnut grown on a variety of solle Mghﬁi
. pod ymma wore obtained by application of 5 and Ca. Shelling
percentage was ale® 180ressed by Ca end sulphur bug o)
content was not affected hy Ca or 5 (Ramanathan and
kRamanathan. 1982).



of grou ut

Dalel, Kanwaer and Saini (1963) observed that
yield of groundnut was incrbased over gontrol by 34% with
(NH,), 8O,, 46% with SSP and by 41% with gypsum (Aulakh
and Pasricha, 31986).

In another otudy, groundnut grosn in red sandy
loam soils and fertilised with different sources of sulphur
like gypesum, factomphos, (iH,),80, showed greater reaponse
in termes of kernel yield, protein yield and oil content
’zncase of gypsum (Badiger and Shiveraj., 1986).

In a field study to determine phosphorus
requirement of groundnut conducted over a period of six
years, 85P gave maximum yield over DAP and TSP. It hes
been ohgerved that groundnut response to P wae of low |
magnitude (éasﬂeha et al., isao a)s The main effect of
852 on yield was due to its 5 content, But when 8 content
of S53P was compensated in 'mm and TSP with Gi’?ﬁléﬁ there vas
no difference between three sources.

S0 it can be concluded that gypsum whose natural
sposits are found 4in mtml\wea in India (Tandon, 1986)
‘@an be uecd as an effective source for 5 for groundnut
(Chehal snd Virmens 19737 Aulakh and Pasricha, 1986),
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Sulfate when added to soil much of it is adsorbed.
The common site for adsorption ie on positively charged
surfaces of iron and aluminium oxides ané e¢lay minerals.
The sulphate adgorption capacity is governed by following

fagtors.

i. 2dsorption decreases with ingraeasing pH
{Ensminger, 1954 Kemprath gt al., 1956).

’

‘2. Adsorption increases  with inereasing
el&y content (Meller, 1989, Chao gt al., 1962). ' |

3. Adsorption decreases with removal of iron
and aluminium oxides (Chao, gt al., 1962).

4»  Mdsarpticn decreases with phesrhate application
(Metson and Dlackmore, 1978). |

$. Decreases with organic metter gentept in the
soil (Kamprath, et al., 1956, Chao, gt 81.. 1962),

Acoording to Couto, Latiwell and Bouldin {1979),
suiphate sorption by Oxisol and Alfisol of tropics ﬂm
dopendent or the pH of equilibrium solution, the mmat
sorbed decreased as the PH increased in each soil '+ Solls

having low adsorption eapacity for sulphate show & %.@.én@mw
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of sulphur deficiency es added sulphate is not retained
and moves away with leachates (Metson and Blackmore, 1978).

Balan et al.[1986) reported that depending on
pH sulphate is adsorbed only when the sulface potential
is positive. A small change in solution pH have large
effect as sulphate adsorption charactetgﬁtica of mineral
soils. The ability of soil to remove sulphate from solution
increased as pH of solution decreases. The sulphate removal
by a soil £rom solution depends upon the ability of soil
to partition aulgahe between soil and golution phases and the
amount of reactive native sulphate that is present in soil
(Nodvin at al., 1986),

Groundnut growing areas represented by course
texture slightly alkaline soils show & poor sulphate
adsorption leading to sulphur deficiency. Even complete
saturation with cad* does hot.help much in sulphur
adserption (Bahl and Pgaricha, 1984).

Application of lime to groundnut growing erces
sccelerate leaschiang logaes of sulphate ir coarse textured.
6oils, But esoils with Aeaé roeckion have capacity to
retain sulphate sulphur (Ahmed and Jhe, 1964:'xaawat. 1976 ),
So 1iming of aeidie

adsorption capacity of the soil.

”'7??? te decresse sulphur
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The review of literature reveals that sulphete
adsorption by acid golls is likely to deg~rease by
liming and a;plication of lime inoreasse the groundnut
yield. Alsec positive response of groundnut to sulphur
application fa indicated. sSignificant yield increase due
to Ca~8 interaction in some cases and no response in others
have been observed,

&8l
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To zmvestigate the reaponse of groundnut ¢o
application of sulphur undéz limed and ualimad gondition
& field experiment was conducted in amn &ric haplaquet
804l in the Central Parm of Bhubaneswar. The experiment
was laid in rendomised block design (factorial).
Groundnut (Var., AKX 12-24) was grown as the test crop
during Kharif, 1988.

Fifey per cent of the lime requirement as
determined by Woodrd£f's buffer method wae applied to the
£field 7 days before secding in form of paper mill sludge
having & neutralising value of 70%. Seeds were sowa on
27,88 with a spaging of 25 x 10 om.

The treatments consisted of two levels of lime
i.e. no lime and 0,5 L.R, and § doser of sulphur 0(Sg)
10{844)s 20(8,4), -m(sw) and 40(S,4) kg sulphur per
hectare applied as gypsum (14.25% S and 17% Ca). The
treatments (10) were replicated thrice. The sise of each
plot was S mx 3 m, |

Fertiliser st the rates of 20 kg n, 40 kg Py0g
and 40 kg K0 per hectare were apilied to the plots once

at the time of sowing in the form of IFFCO N, P, K,
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103826:26 and urea. The ¢rop was harvested on 13.11.88
and the vine and pod ylelds for each plot were recorded
after sun drying. Alsoc shelling percentage was determined,

Surface soil samples (C«15 em) were collected
f£rom the field at three stages of eroé growth using a
soil auger, The soil samples were collected after ane
month two months and four months (after harvest of the
crop) of sowing. The samples of each treatment were
composited by mixing equal volume of soil taken from
each replication. The composite samples were air dfded and
ground to pses through & 2 mm sieve and stoged 4An |
semple bage for further anslysie. In addition,a compesite
surface seil sample of the axperimental cito was

collected for analysias,.

| Composite plent samples of each treatment was
coliscted from the field, after one month of sowing the
 ovopi  The sampies Were washed with tap vater followed
oy dnquhé water, dried in & air circulating hot air
oven at 70°F for 36 hours. After complete drying, the
samples were ground in a Wiley mill and stored for
future anslysis. Similar procedures of cleaning and
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storing of plant samples were followed for the samples
collected from each replicetion separately after harvest.

3.2 Adsorption study

Inorder to study the adsorption of anmhaté
by the surface soil of the expesrimental site under limed
and unlimed conditions, the bulk surface soil sample
of the experimentel site was used, About 1 kg of the
soil was incubated with papcé mill sludge (added & of
0.5 L.R.) at room tamperature for a period of 1 month.
During the incubsticn soil moisture was hrought to
S0% of the field capacity and the soil was allowed to dry at
room temperature. The process of alternate wetting and
drying was continued till the end of the peried of
incubation.

Mscrption of sulphste in unlimed and 1imed
soils was studied following the method described by
Barrow (1967), |

T 10 gms of soil ssmples teken 4n a condcal
£laak, 50 ml of 0,5,10,18,30 and 25 ppm of sulfur as °
Ra80, in 0,018 Nal) were added, The samples were
equilibriated for 24 hours on a reciprocsting shaker
with J.ntthnk shaking for 4 houre at a tisze ané
then filtered through a Whatmen number 42 £ilter peper,
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PH of the equilibrium extract was measured and the
sulphur in the extract was determined following the
turbidizetric procedures of Mass-oumi and Corafield
(1963) as described by Hoefs. et al. (1973),

3.3 Analvais of sotl

To characterise the soil of the experimental
site, the bulk sample was analyeed for pH, organie
carbon textural elass (hydrometer method), E.C., CEC,
available P (Olgen‘*s) and K (2mmonium acotate extractable)
following the standard methods Of analysis.

Available sulphur content of the soil was
determined by extracting 10 grams of soil with 25 c.c
of moncealedum phosphate solution containing 500 ppm
of P, The soil was shaken with the extrascting solution
for a period of 30 minutes on a mechanical shaker,
£4lterad, ond sulfur in the extreot was determined
following the turbidimetric method as described below.
The soil samples from cach treatment collected at |
dirfferent time were snalysed for pH and mopocaleium
phosphate extractable S. |

3.3.1 Sux ,5-;_

To 10 ml of the extract taken in a conical
fiask, 10 mi., of Gsmm, s 8 ml. 0f 8.7 N acetic



acid solution containing 0.5% gum acaah wero added,
Then 0.3 g of 20 to 30 mesh aaﬁlz ctyatalo vere added
to it. The flask was swirled thoroughly for 1 minute.
After allowing 10 minutes for developing turbidity the
optical density was measured at & wavelength of 410 mff
using a Bausch and Lemb spsctrophotometer. In case of
samples Mk.ain&ag low sulfur, 5 ¢.c. of 6.,25% HNO,
cantaining 50 ppm 3 as K;50, (seed solution) was added
alongwith B ¢.¢ oOf 8.258% HNO, 80 that in the £inal
volume of 28 e¢.c @ S concentration of wmore than 10 ppm
8 was maintained inatead of more than 2.2 ppm as
described by Massoumi and Cornfield (1963).

The S content in the test solution was
determined by compaking with a standard curve for sulfur
in the range of 4-20 ppm 5.

04l contant of the kernel was determined
following the cold percolation method of Rartha and Sethi
(1957). '

Sulphur content of vine, Rernel and shell was
determinad after digeating the samples wich diacid



nixture. Te 0.5g of dried plant sample teken in a
conical f£lask 10 ml. of concentrated HNO, was added and
‘the flask was kept over night. The diges’ tiocn of sample
in the f£lsek was carried out by moderate heating on a
hot plate till all the borwn fumes came out, after which
8 ml. diacid mixture {(perchloric acid: mmé 213) was
added to the flask, Heating was continued untill whito
fumes started condensing in the £lask. Then the flask was
taken out and 1 e.c of 6N HCl vas added to it followed
by werm distilled water. The content of the flask was
| &:;anazé:rae te 2 50 ml.volumetric flask and ahé £lask
wag washed 2=3 times with 5 ml. of distilled water and
the volume wag made upto 30 c.q. with dletilled vater.
Then it was f£ilteored through a Whatman No.42 f£ilter
paper and the sulfur in the £ilerate was determined
using the turbidimetzric method of anelysis daseribed
- earlier.

3.4.3 Caletum

Caledum in the digestion extract was deternmined
following the medified flame photometric mm as
described by Wells and Corey (1960). To 10 ml, of
digestion extract taken in & 50 ml. volumetric flask
2.5 ml, Of 13 m,‘&a solution and 2.5 ml, of 1000 ppm
K a8 KC1 were sdded. The f£inal X concentration was
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maintained at 50 ppm. It was titrated against 1:5

m-!‘oa solution using a drop of methyl red¢ indicetor

t1l1 the colour changed from red to yellow. Then

0.3N HCl was edded dropwise till the red colour just

reappeared. Then it was titrated mja&nze 1820 WH, OH

slowly to make the ecoleur just light pink (pH 5.6),

Then the volume was made upto 50 ¢.¢ and filtered using

& Whatmen £ilter paper No. 41. Concentration of Cs in

the filtrate was determined £lame photometrically ueing
an Elico flame photomster.

caxaxum solutions oﬁ '20,40,60 and 80 ppm
were used for preparing the uandaxd cuzve,

3.5 Statistical analysis

The yield data of vine and pod, S uptake
and Ca uptake 041 content and oil yield were analysed
statiotically for anelysis of variance and lingar
regrassion,

[TXTTTT
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To investigote the response of Kharif groundmut
grown in an aeric haplaguept under limed and unlimed
eondition to application of :. gypsum a field experiment
was conducted. in the Central Parm of Orissa University
of Agriculture and Technology, Bhubsneewar during Rharif
1988, Some of the physicoechemical properties of the
experimental site has been recorded in Table 1. xtj vas
an scidic loeamy and soil with 0.62 X organic carbon.
Available (Eonmalamn_: pheéphat.e extractable) salphur
content of the soil was low (6 ppm). The site was
choosen for its low sulphur content where the response of
8 to groundnut is more likely. |

The iime requiremsnt of the soil and d.zémma

by * new Woodruff huffer method” described by Brown and
Cleco (1984) was 2 t ha"), Additicn of the paper mill
sludge (CaCO, equivalent = 70 %) equivalent to SOX of
the lime requitemant of the soil could raise the pH to
about 6.2 . |

The results of sulphate adsorption study carried
Gat using hoth limed and unlimed soils are recorded in
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Table 1. some Phyaico=-chemical properties of the soil

§e$£_£§szessiea

1. PH 5.3
2. E.C. (d8m"2) 0.13
3. C.E.C (e mod (p*) kg™}) 3.82
4. Machanical composition
(a) send (%) 80.3
(b) stie (%) | 10.3
(¢) Clay (%) 0ad
Textural olase sandy loam
5. Available ® (kg ha™) 9
(Olsen's method)
6. Aveilabls K (kg he1) 70
(Aomonium acetate mothod)
7. available § (kg ha"l) 210
{mmn@ FQETRANGA
methed)
8. Jvailable 8 (kg ha"}) 12
(Menozelodum phosphate |
gxtragtable)
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Table 2 and the amounts of 3 edsorbed have been plotted
against equilibrium concentration of 8 in Fig. 1 . More
sulphate was adsorbed by unlimed soil than by the limed
soil, Thé sulphate adsorptiocn capacity of goil has been
shown to deerease with increasing pH (Ensminger, 19542
Ramprath et al, 1936)., The adsorption of sulphate is
depenéea-en the amount of chamge on the surface and hence
on the pH value, The soll of the experimental field is
knowvn to be dominated by variable ehargé minerals like
Kaolinite and oxides of iron and aluminum and the sodl
has a permanent negative charge of 0,59 emol (p*) M‘l

at pHy ( Miara gt gl., 1989). By liming such soils the
variaﬁle negative aharge increased and hence adsorption
of sulphate decreased., The highest emount of 66 ppm 3
was adsorbed by unlimed sodil ageinst a value of ¢1.1 ppm
for limed soil at same equilibrium S concentration of
11.8 ppm. |

These results suggest that liming an’ acid
soil will increese the readily available sulphur in
goil and unlees it s immediately utilised by the crop,
leaching ¢f sulphate from the zw sone by heavy rains
may cause loss of 8,

The date on ylelde of pod, vine shelling
percentage and per cent oil content have been statistically
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Table 2+ sulphate sdsorption character of eoil as effected

by liming
Concentration of 6 {n  Bquilibriam ‘smount of 8 _,
wmam@ solution . ?E?Ec:r):. of 8 adsorbed (ag.g )
0e32 -1.6
5 2.6 | 12
10 | 8,06 - 20.7
18 6.03 44.9
20 8.7 56.5
2% 11.8 66,0
o 2.56 ~X2,8
$ e s
10 648 , 17.8
1 | SN 27.0

20 11,8 . $1.2
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analysed and presentad in Table 3.

4.2.1 Pod ylolds

The yield of pod recorded for various treatments
(Table 3a) showa that both under limed and unlimed condtion
application of graded dose of S increased the yield, Under
unlimed condition the yield increased from 5.32 q ha'} in
control to 7.56 q ha~> at 30 kg level of sulphur applice-
tion was at par with the yield obtained at 40 kg level
(7.5¢ q ha”l) and at 20 kg level (6.88 q ha™l).

Due to liming the yield of control plot increased
frem 5,32 to 6.72 g lm"'"l-. Response to application of S has |
elso increased in limed moil repistering the highest yleld
of 10.85 q ha™ at 40 kg level of 5 which was statistically
st par with 20 ko S, Statisticel analysis of the pod yleld
have shown that both 5 as gypsum and lime applied to
groundnGt significently increased the yield, but the
interaction was not significent. Therefore, the effect of
gypsum and lime sre additive aaly.@mh effect has also
been observed by Ramanathan and Ramanathan (1982),

4,2,2 Vine yields

Tha yield of vine recorded in Table 3b Shows
similar trend as discussed for pod yield, A significant
positive corrolation ( ¥ & 0,77) ﬁu obtained between
vine and pod yield,
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Table 3. Effect of sulfur and Lime application on pod
vield, vine yield, shelling percentage and
per cent oil content of Kharif groundnut

(e) Ppod yield
‘ eld" E‘i
poses of sulfur Unlimed Limed Moan
(kg ha™})
0 5,32 8.72 6.02
10 6,13 7.28 . 6,70
20 6.88 9.5 8420
30 756 10,32 8,94
40  7.54 10.85 9.19
Mean 85,68 B.94
 Source SE(m)g D+ (0.05) .
sultkar 0.38 1.13
Limo O.24 0,73
SxL 0.5¢ ns"




(b) vine xielé

Doses of 4

10
20
30

40
Hean
gourave

Lime

g x L

16,13

17.99
20,63
23.42

21.42

19,52

8E({m)t

043
.27

0,61

37

¥esn

19.57 17.8%
20.10 19.04
22.48 21,56
24.34 22480
22.48 23,95
33.1%
C.D.(0.03)

1.27
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4:2.3 Shelling percentages

The variation of shelling percentage (Table 3¢)
of groundnut grown with varying doses of 8§ in uglim
soil was between 50,7 to 60.3 per cent and in limed
soil the variation was between 61.4 to 67.3 per cent.
The highest shelling percentage was recorded at S dose
of 30 kg ha"l, both under 1imed (67.3%) and unlimed (60,3%)
cbndtuenq« There was a significant reduction in oil content
of groundnut, both at higher and lower doses of 8 application
as compared to 30 kg level (Fig.2), ‘!‘he effect of sulphur,
lime and their interasctions were significant. The highest
shelling percentage of 67.3 was recorded for 30 kg nal
sulphur epplication under 1limed condition. These resules
suggest that calcium helps 4in improving the shelling
percentage in groundnufi. The work of Ramanathan and
Ramanathan (1982) on groundnut grown in an acié so0il have
also shown highest shelling peréantaee when treated with
40 kg & per hectare slong with calafums

4.2.4 0O4) percentage:s

No significant increase in o4l content of
groundnut kXernel was observed due to application of lime
(Table 34). But, o4l percentage increassd with increasing
level of sulphur epplication sttainine the maximum of
41,95% at 30 kg level which decressed to 37.8% et 40 kg
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4.2.3 Shelling percentages

The variation of shelling percentage (Table 3e)
of groundnut grown with varying deoses of & in unlimed
soil was between 50.7 to 60.3 per ecent and in lw
goil the variation was between 61.4 to 67.3 per eent,
The highest shelling percentage was recorded at S deose
of 30 kg ha"}, both under limed (67.3%) and unlimed (60,3%)
céaﬂiueaag There was a significant reduction in oil content

of groundnut, both at higher and lover doses of 8 applicatic
as compared to 30 kg level (Fig.2)s 'the effect of sulphur,
lime and their interactions were significant. The highest
shelling percentage of 67.3 was recorded for 30 xg hat
sulphur application under limed condition. These results
suggest that caleium helps 4in improving the shelling
percentage in groundnQt. The work of Ramanathan and
Ramanathen (1982) en groundnut grewn in an acié so0il havoe
also shown highest shelling mrmtwe vhen treated with

40 kg 8 per hectare aslong with calaiume

4.2.4 0©01i) percentages

No significent sncrease in o4l content of
groundnut kernel was observed due te application of lime
(Table 3d). But, ofl percentage inareassd with increasing
level of sulphur epplication attaining the maximum of
41,95% at 30 kg level which decreased to 37.8% et 40 kg
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4.2.3 shelling percentages

The variation of shelling percentage (Table 3¢)
of groundnut grown with varying doses of § in unlimed
s0il waeg between 50,7 to 60.3 per cent and in ﬂmed
soil the variation was between ﬂ.t to 67.3 per cent.
The highest shelling percentage was recorded a2t S dose
of 30 kg ha~?, both under limed (67.3%) and unlimed (60,3%)
cénd&tteua.- There was a significant reduction in oll content
of groundnut, both at higher and lower doses Of 8 application
as compared to 30 kg level (Fig.2). me effect of suliphur,
lime and their interactions were significant. The highest
shelling percentage of 67.3 was recorded for 30 xg hat
sulphur epplication under 1imed condition. These results
suggest that calcium helps in moviag- the shelling
percentage in groundnaS. The work of Ramanathan and
Ramanathan (1982) on groundnut grown in an acié soil hava
also shown highest shelling per#entm when treated with
40 kg 8 per hectare along with ealeium.

4.2.4 01l percentage:s

No significant increase in o4l content of
oroundnut kernel was observed due to application of lime
(Table 3d). But,- oil percentage increased with increasing
level of gulphur epplication attaining the wmaxicum of
41,952 at 30 kg level which decreased to 37.8% ot 40 kg
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Doses of

salphur Heen

(kg ha™')
o 5047 65,9 58,3
10 57.4 63,8 60.6
20 8565 64,7 60,6
30 60.3 67.3 63.8
40 58.4 61.4 59,9

Mean 86,7 6443

Seurge SE {m)s CaDs m,es;

Sudphur 087 2.56

Lime 0u58 1.62

Sulphuge x lire 1,22

3464
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{(4) Pearcentage O4l

40

(7} 9 aag. tent (%)

Dogas ef .
Sulphur 4 L o
(kg/hha ) unlimed Limed -
o 30 30,3 = 30.1S
10 31,8 34,7 33,15
20 39,0 3846 38,8
30 40,6 43.3 §1.95
40 41,6 34,0  37.80
Maan 36.56 36,18
sourge sBim)z CuDy (0,08}
zulphur 0448 1.3¢4
Lime 0.29 ns”
salphur x lime 0,64 1,80




41

level. When no sulphur was applied, the oil content was
30.15 %. Such increase in oil content due to sulphur
apolication under unlimed condition has been reperteﬂ
earlier (Chopra and Kanwar, 1986 Bingh et al., 1970),
Although lime alone did not help to increase the o4l
content, the interaction of lime and suipmi: vas
significant. The highest percentage odl (43.3) was
rocorded at 30 kg level of S applied to limed soil,

4.2.9 ofl Y‘QM'

Although there wes no significent difference in
yleld at 8 dose beyond 20 kg ha™?, the highest shelling
percentage and oil content were observed at 30 kg ha"'1
sulphur application to limed coil (Fig.2). Therefore,
the highest oil yield of 300,86 kg per hectare was obtained
in limed soil treated with 30 kg S per hectare (Table 4,
Fige 2) which may be Used as recommendation for growing

groundnut in acid soil,

Pable 4. 04l yield as affected by sulphur

application

Doses of sulphux  ¥ield of ol (kg g\él)
e Unlime Lined

6 80,7 J133.8
IRE - I 113.0 161.3

20 | 150,9 236.4

30 , 165.5 300.6

49 ez 00 a6
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4,3 Sulphur uptake by plant
4.3.1 Congentration of 8 in plants

The congentrations of sulphur in plant at one
month of growth and at harvest are shown in Table 5.
Percentage of 8 imn vine collected at one month varied
between 0.18 to 0.24 per gent in unlimed condtion and
betveen 0.17 to 0.27 per’ cent in iimed condition. In
limed soil S econcentration in vine Gecreased alightly
as compared to unlimed soil for & treatment levels up to
20 kg ha'l « But at higher dose of S application the
congentration was slightly higher under limed condition.
At harvest there was a decrdase in concentration 8 in
vine aa compared to S content at one month. Pergentage
S 4n vine varied between 0,10 to 0,14 % and in kernel
it varied between 0.11 and 0.18%. The lowest concentrations
ranging between 0,05 to 0.08 was obgerved in case of the

shell.
de3.2 Gulphur removal by crops

The totsal amount of 5 taken Up by the erop
and their distrilution in vine, shell anéd kernel hes
been recorded in Table 6. The highest ameunt of S has
bean removed by vine follewed by kernel, Considering all
the levels of © applied, the per vent distibucion of the
total S taken by the crop is oiven in Table 7.
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Takle 5. Cencentration of S in plant at -
gig¢erent growth stages

Doses ©of 8 . Concn. of 8 Conen. of 8 at
(ko hé"l) in vine at hervest (%)
‘ one month(%)

vine  Shell kerne)

uplamed

o 0.:118 0,10 0.06 0.13
10 | | 0.21 0.12 0,07 035
20 0.21 0.13  0.07 0.13
30 0,23 0.4  0.08 0.12
4¢ | - 0.24 0,13  0.06 ©C.14
o ~ 0,47 0.10 0,08 0,12
10 0,27 0.11 0,08 G132
20 0,20 0.21  0.05 0,11
20 0.28 0ul3 0,07 0.18
40 027 0:13 0,6 0,11
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Table 6. Uptake of S by groundnut as affected by application
of lime and sulphur

Dose of S Su uptake he™3
(ko 8D e shell Kernel  Total
o ey Umtimed C0.38 2.6
10 2.23 0.17 . 0.51 2.91
20 2473 0.21 0.51 3.45
30 . 3.02 0,23 0.53 3.78
0 2.69 0,19 0489 3.47

Limed

0 1.87 0.4 0.52 2.83
10 2.1 0,19  0.54 2.87
20 2.21 0,17 0.70 3.08
30 3,20 0,23 1.01 444

40 3.00 0.24 0.49 3.93
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Table 7. Relative distribution of total 5 taken:
up by the crop in different plant parts

Plant part | % of total S u
vnlimed Limed
shell ' 6.0 8.8
Kernel 15.9 - 2048

- g e

A greater percentage of total S taken up by
the crop receiving lime appeared in kernel as compe
to the crop grown without lime. Correbpondingly there
was a decresse in % of total § taken up by vine end
ehell under limed condtion. The increase in % of total
- § taken up by kernel and decresse in total S teken up
by vine and shell under limed condition corresponds .
to 446 %. It appears that application of lime and sulphur
helps in inereasing the kernel yield so that a greater
percentage of 8 appears in kernel.

When the total sulphur uptake date vere |
statistically analysed (Table 8), the efﬁeét.. of sulphur
was significent hut not the effect of lime or lime and
sulphur interaction, The highest mean totsl S removed
by the ¢rop at 30 kg 8 per heetare W&caﬁ&@ﬁ vas



Table 3. Sulphur uptake by plant aa sEfected by appileatton
of umg end sulphur

?zge;a o{) Uptak?kgfhggipm Mean
0 2.16 2.83 2,38
10 | 2,91 2487 2.89
20 | 3.45 3.08 3.27
30 3.78 .44 411
w0 3.47 3.93 ° 3.70
Mean 3.18 3.37
_Source SE(m)s C.Dy(0,05)
sulphur 0,23 0.62
Lime 0,13 " ns®
sulphur X Lime 0,29 we'
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4.11 kg ha"l. The highest oil yield was also recorded at

this level of S application under limed eoaﬁttén'
corresponding to total 8 removal of 4,44 kg ha"’a

The péreeneage racovery of applied 8 was
calculated based on the following formula

Sum of the total S uptake by S treated plots

« ( 5 uptake by control x number of 8 treatments
% recovery % e— % 10
Sum of ell 8 doses

The recovery of applied sulphur was 4.9% in unlimed soil
&nd 4.2% 4n limed eoil. Although Subbiah and Singh (1970)
obtained a retovery of 10.3 &0 13.8% when the rate of
application was 10 to 20 kg 8 as gypsum per hectare, in
the present study the recovery vas about 4.2 to 4.9 % only.

As wbm c’cntainmé 17 % Ca and lime as paper
mill sludge were muaﬂ to field At was necessary Lo
study the Gptake of Ca by plent. The concentration of
Ca in plant at harvest (Table M was highest in vine
folloved by shell and kernel. Iasvariably the concentation
of calcium in plants grown with lime was higher than the
plante grown without lime, The pergentage of Ca in vine
for all S treatments varied between 0,50 to 0.59 in |
unlimed soil and betveen 0,60 to 0,66 in limed soil,
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Pable 8. Coéncentraticn of saleipk in different plant
parts at harvest

Cencentration of galeium (%)

Doges of ; |
sulphur{kg/ne -}  Vine shell Kernel
Unlimed
0 0,50 ' 0.234 e l®
10 : 0.54 0.25 Os 16
20 054 0.1 0. 14
30 0. 57 Qq 33 @Q 20
40 Ca59 Qa2 C.16
Limed
10 0,60 0. 37 CedS
20 0062 D428 0.16
a0 0.64 Ce 30 0@ 22
40 | 0,860 Ce27 0.18
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The corresponding variation for shell was 0.1% to 0.28
and 0,27 to 0.30 and for kernel it was O.14 to 0,20 and 0,15
ta0.22, raspactively.

From the data on ceneentration of S and Ca
already presented it way be aaen. that as compared to
unlimed soil the Ca percentage in vine and shell and 8
in kernel groundnut grown in limed seoil were higher,
such condition appears to favour higher production @f

pod, end oil yield.

The total amount of Ca removed by vine,shell
and kernel of groundnut 1s regorded in Table 10. The
totel amount of Ca removed from unlimed contrel treatment
was 10.5 kgha"® which incressed with increasing dose
gypeum of 14.1 kg ha“i at 40 kg level of 8 appumu&ﬁn.
Por equal level of S applicaticn, removal of Ca from
14med soil was always higher (14.5 kg ha”x in contrel
and 16,13 ko ha"> {n 30 ko he"} trestment).statistical
anplysis of these date (Teble 11) shows that the effect
of gypsum and lime in increasing Cs uptake by the crop
was significant where as their am:aetim was not. The
highest amount of Ca taken up by the erop was 18.2 kg hg
grom treatment receiving 30 ko & and iime. The same
treatpent aleo showed the highest 5 upteke and highest
04} yield, Therefore, it mey be concluded that to obtain

-
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pable 10, Uptake of calcium by different plant parts
as affected by application of lime and

gypsun
T Celeium uptake (kg ha"l)

o —-————— = = TOtal
Doses of Vine shell  Kernel (kg ha™})
sulphur
(kg ha™1y _ .

0 8.96 0.59 0450 10,52

10 10,15 0,69 0.60 11.44

20 11,20 0.55 " 0,82 12,27

30 12,13 0.65 1.02 14,00

4 12,70 0,74 0,74 14,18

Limed
o  12.80 0,71 0,94 14.45

10 1190 0,97 0 13,64

20 14.09 0,93 0,96 15.98

30 15,60 3,02 L51 18,13

@ 13,50 1,13 0,99 35,62

—— e
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Table l1i. Celoium uptake by plant as affected by lime
. an@ gypsum application

gt o
unlimed Limed

o 10,52 14.45 | 12,50
10 | 11.44 13';64 - 12.84
20 : 12,27 15,98 14.13
30 i4.0 18, 13 12,06
40 - 14.18 15.62 14,90
Heon 12.48 15.56
Souree sE(m)s + C.D (0.08)

sulphuxr Ge38 .13
Lime 0e24 0.72
sulphur X lime .83 ng*
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higher yield of groundnut oil, the crop may be grown
in limed acid sodl with 30 kg ha"' sulphur applied
a5 gypsum to the crop. ‘

4.5 Change aa‘gg and availeile soil 8

4,5,1 pHs

The pH and availlable sulphur (monccaletum
phosphéta extractable) content of different treatments
monitored at one month, two months and four wonths
{at harvest) of application of lime and sulphur are
regorded in Table 12, The pH in unlimed plots varied bee
tween 5,2 to 5.9 and 4in limed plot it varied from 6.0
to 6.3, There was & continuous rise in soi)l pH in limed
troatments, probably due to slow dissclution of gypsum
releasing Ca in addition to Ca supplied by ?apar mill
sludge, But, in unlimed z0il all the treéumenes receiving
gypsum showed & small degrease in pH at 2 months which
again increased attaining the same or clightly higher pH
value recorded at one month. -

4.5.2 Avallable sulphurs

The asvaileble 8 content of the dulk sample of
the experimental site was 6 ppm which fncroased with
eropping attaining e value of 6.81 ppm &t one month and
9.4 PPD &t four moaths of crop growth, on iiming although
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the value at one month was similar to unlimed soil 4t
incressed to 12 ppm at four months.

As the experiment was laid {n a2 virgin £ield,
the mineralization of organie £ was increased due to
zneréased microbial activity thereby registering an
tnercase in available soil S. Besides, on liming the
available 8 further increased due to increased soil
pH favouring mineralization. Further the moisture centent
of the soil was arround 60X of field cepacity for some
time since the crop was grown during Kharif and the
temperature of around 35% mainkaxnad during the growth
period are favourable for 8 mineralization. Choudhury and

cornifield ( 1967) have observed increased mineralization
| of 5 at 60 % of £ield capacity and Williams (1973) have
reported optimim temparature of arocund 35“& eé higher for
mineralization of 8, Therefore these factors which are
£avourable during the grovwth of the crop might have increaced
the available S through mineralization.

Adition of 8 as gypsum has incresased the
available 8 in all the treatments, the increase being
higher in unlimed soil than in limed sofl,

The concentration (%) of sulphur in plant at
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one month of growth correlatéd well ( r = 0.80 ) with
available 8 content of soil at one menth{Fig 3). Also

a significant correlation ( r = 0.91 ) hetween aveilable

s determined after harvest of the e¢rop and total S uptake
was obtained (Fig 4). These results show that monocalcium
phosphate extractable sulphur in soil is a good indicator
of sulphur available for erop growth. Farther it has been
shown that although s0il may be deficient in available
sulphur before cropping during erop growth the availability
to crop may be more due to mineralization.

With increase in available S content of soil,
pod yield also increased, the relationship between the
two being significant at 1 % level ( r = 0,72 , Pig 8).
Removal of S by groundnut kernel was positively reXated
with total 5 uptake by plant {( ¥ » 0.77, Fig 6 ) and the
oil content (%) of kernel was positively related to sulphur
concentration in kernel ( r « 0,57, Fig 7). With the
dncrease in amount Of S 4n kernel the oil yield
asignificantly, the correlation cocefficiant between the two
being 0.94 (Fig 8),

These findings are in aggrement with the £indings
of Chopre and Remvar (1966) and Singh st al., (1970).

Considering the increase in available sulphuy
content of the aoil and inoreased uptake from soil treated
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‘Table 13 - v sulphur balence sheet

Suiphur | available 8 Inerease in  Uptake by Inereased s applied 5 not
appiied in m111 available erop uptake due acoounted for
{kg ha*1) (kg ha"%) S over con~ (kg ha=l) to 5 appli~ 4in the surmqe
, trol afeer cation over layer(kg ha"?l)
_ 4 m@at;:: of m?tral y
' 3 appli a}icn kg ha=~3}
— (ke ha™l) '
' Unlimed
@ 18.8 ) , - ‘ 202 L L
10 28.0 B.2 2.9 0.7 0.1
20 32.2 13.4 3.8 1.3 5.3
a0 41.2 : 2244 3.8 1.6 6.0
40 41.2 22.4 ' 3.5 1.3 16.3
20 36.6 - 12.6 , 3.1 " 0.6 6.8
3@ 45!0 2;.0 44 1.9 ?01 . . g

40 36.6 12.6 3.9 1.4 26.0
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with sulphur over no sulphur treatmeant, sulphur balance

of the O=15 cm layer of the soil to which gypsum and lime
were applied has baen worked out and presented in Table 13.
It mey be seen that the amount of applied sulphur unaccounteé
in the surface layer was higher in limed soil than in
unlimed sodl, which increases with inereasing dose of S
application., This uneccounted S might have been lost

to the lower layer of the profile due to leaching. The
loss from the suffece layer of unlimed soil varied between
0.1 kg ha~! in no sulphur trestment to 16.3 kg na"? in

40 kg S treated plot. In limed soll a substantiaslly hicher
smount of 8 corredponding to 1.7 ko ha"? £rom no sulphur
treated plot and 26 kg ha™? from 40 kg 8 trested plot has
been leached to the lower layer. Assuming thet the S
autrition of the crop was mainly drawn from the sufface
s0il (0«15 om layer), the average distributicn of added
sulphur in limed and unlimed zoils have baen celculated
and reported in Tahle 14,

vable 14, Distibution of sulphur sdded to soil

sScuree Pbtunnﬁaqﬂ of added S
vﬁllmiﬂ - Limed
- sl soil
Crop retovery 4.9 ‘4.3
Increase in available 8 66,4 84,2
in O=1% om layer |
Loss from O=18 cm layer 28,9 41.6




It may be noted that althaugh erop recovery
in unlimed soil was slightly highar than limed soil,
'41.6 % of the added S was lost from limed soil as
ggalnst 28,7 % from unlimed soil, The increase in soil
pH leads to lower retention of sulphate by soil
(Kamparath et al., 19867 BaNl and Pasricha, 19847 Ahmed
and Jha, 1969 and Kanwer, 1976) as a result a relatively
large portion of sulphur was lost through leaching.

whdeRh il
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S.1 gSummary

To study the effect of gypsum as a source of
sulphur for groundnut growa in an Aeric Haplaquept, a
£1eld experiment in RBD design with three replicatien
was ledd in the Central Ferm oti Orissa University of
Agriculture and Technology, Bhubsneswer during Kherif,
1988. The experiment consisted of five levels of sulphur
1.e. 0, 10, 70,30 and 40 Kg he™> and tvo levels of lime
s.e, O and 0,5 L.Re The lime requirement of the soil was
2 ¢ ha"} as determined by Woodruff's buffer method.
Cypsum supplied by Rajasthan State Mines containing 14.25% %
S and 24.7 % Ca0 was used as source of sulphur. Paper mill
sludge from Chowdwar having meutralising value of 70 %
was used as liming mwrta;g Groundnut cultivar AK=12«24
was grown with 20 Kg N, 40 kg P,0; and 40 kg K,0 per
hectare applied as HPK 10126426 and urea.

plant sanmples from the field were collected
st 1 month of growth and at harvest. Yield of pod, vine
and shelling percentage after drying were recorded. Vine,
pod and kernel samples were anslysed separately for
sulphur end Ca content, Oil content of groundmut was
also determined.
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surface soil samples from each plot were
collected at 1 month, 2 months and 4 months (at harvest)
- of crop growth and composited for cech treatment. Samples
were analysed for pH and available sulphur.

Limed soil was prepered in the laboratory by

incubating about 1 kg of soil to which paper mill sludge
equivalent to 50 % of the lime requirement was added end
allowed to equilibrate with alternate wetting and drying.
gulphate adsorption study was carried out in limed and
unlimed soil by equilibrating 10 g of soil with SO c.c
of 0.01 M solution of NaCl containing varying amounts

cf 8 ( O to 25 ppm )e

_ The sdorption study showed that more sulphate
wes afisorped in unlimed soil than in limed sodl, At
equilibrium 5 concentration of 11,8 ppm unlimed coil
adsorbed 66 ppm of S as compared to 41,1 ppm ot 8 4n
1imed soil. This indicated that a large fraction of the
added S will be lost from the limed soil by lsaching.

application of S as gypsum and lime as paper
#4111 sludge, both increased the pod yleld significently
put the effect was additive. The average yield of pod
recorded in unlimed soll was 6.68 q ha"" which increased
to 8.91 g ha"? by 1iming registering &n increase of 34
per cent, Comparison of mean effast of 5 ghowed that,
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the yield recorded at 20 Rg hé“l level of 3 aypxaeggién
was 8.2 g ha~ which was at par with 30 and 40 kg level
of S5 applicatiocn and the meen yield for no S treatment

1 only. It shows that 8 application

was 6407 q ha"
dincreased the yield by 36 %. At a 8 dose of 20 kg ha™
applied to limed soil highest pod yield of 9.8 g ha™!
wes obtained. But treatment receiving § at 30 kg ha"d
showed the highest shelling percentage of 67.3 % 4in

limed soil as compared to 50,7 % in unlimed and 65.9 %

no sulphur trested iimed soil. Caleium, both from gypsum

and lime helped in increasing the shelliag percentage,

1

salphur application significactly increased
oil content. Althcugh the effect of lime application in
increasing percentsge oil was not significent the in-
teraction of lime and sulphur was eignificent, The mean
oil content of groundnut was 30,15 % in no sulphur trestment
which incressed to 81,95% in 30 kg he™l S trestment. The
nighest 081 percentage of 43.3 % and oil yield of 300 kg
ne"! was rocorded in 30 kg ha"' sulphur treated and limed
soil, which may ke ased as 2 racenmendetion for growing

groundnot in scid goil.

The amounts of S snd Ca removed hy crop from
different mnewts varied botwean 2,16 to 4.44 kg of
s per hectare and 10+5 to 18,2 kg of Ca par hectare,



The highoet S removal of 4.44 kg ha~! and Ca removal of

18.2 kg ha‘»1 was associated with & pod yield of 10.32

q hl.lt

Asguming that the S nutrition of groundmut is
largely met from surface (O=i5¢m) soil, s sulphur balance
sheet has been worked out. In unlimed soil 4.9 % of applied
3 was recoveréd by orop, 66.4 % appeared as available soil
S and 28.7 % was not sccounted for in O~15 cm layer |
suggesting loas of lowor layer by leaching. The corresponte
ing paercentages for limed zoil were, 4.2, 54.2 and 41.6.
more of applied 8 was lost from limed eoil then unlimed

aonil.

The pi of unlimed plots varied between 5,2 to
5,9 ané the varietion wes between 6.0 to 6.3 for limed
plots, The available S content of the bulk panple of the
experimental site was 6 prm. Ia no sulphur no lime (control)
plot availsble 5 increased to 6.81 ppm at 1 wonth and 9.4
ppm at & months of cropping. On liming although the value
at one month was similer to unlimed soil, it increased to
12 pom st 4 months, The increase in aveilable & has Leen
ateributed to incressed mineralisation of opganic S due
" o incressed microbisl activity, incressed pH, ﬁmumm@
s04l moisture and temperature of shout 35°C @uring erop
growthe ’
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The concentration of S in plant at 1 month of
growth correlsted well (r = 0.80) with available s
content Of soil at that time. Significant positive
correlation between evailable 8 content of soil at harvest
and pod yield (r=0.72) and total S uptake by crop (r =0,91)
have been observed. With inoreased total uptake of S by
srop, S uptake by kernel alse 1pereas§d {x=0.,77) and with
ghe inareass in § congentration in kernel koth o4l
parcentage in kernel end oil yleld increased, the cocefficient(
cf correlation being 0.57 and 0,94 respectivelye. |

From the results of the investigoetion as discussed
and sunmaried above the following conelusions way be drawn.

8.2 Conelusions

P The sulphate adsorption capacity of the
soil decressed with inecrcasing pH. At
equilibrium 8 eenaaat:aticn of 11.8 ppm unlimed
soil (pH 5.3) adporbed 66 ppm S ond limed
soil (pH 6.2) edsorbed 431.1 ppm S only.

2. appligation of lime and 8 ag gypsum, both
ingoreased thoe yileld of orocundmut, In unlimed
8041 the sverage pod yielé recorded was
6.68 q ha"? which could e raiged by 34
per cent on liming. The mean yield of 6,02 q
ha"* recorded for nc sulphur treatment was
ineresced by 36% Gue to S applieation at 20 kg

na"t.
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Caleium epplication increased the shelling

- percentage and sulphur inecreased the

percentage of oil in ézeandnut. Groundnut
graén in soil treated with lime and 30 kg
s ha~! produced highest oil yield of 300 kg
ha"!, highest shelling percentage (67.3%) end
highest oil peraentage (43.3%) which may be

agsed ag a regommendation.

The highest amount of Ca and 8 yremoved by erop

wae 18.2 kg ha"! and 4,44 kg ha™?

to a yield of 10.32 q ha™3,

eatraapandtng}

In unlimed soil, 4.9% of applied &8 was ‘
recovered by orop, 656.4% appeared as available
8 4in soil and 268.7% was lost to lower layer
from O = 15 om layer by leaching. The
cogresponding percentage for limed soil were
4.2, 54.2 and 41.6.

sonocalocivm phosphate extractable S was a
socd indicator of 5 availability to groundnut
Crop. '
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