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Cusrian I
ILTRGLLSTION

biuphur 18 ok olonod whion 4o ospontill Sor all
forne of Iife, ao it ifu o common constitvent of sLoleins,
with the sulpnua in anine aclas lise Oysteine and
mebthionine, kurtheruore it Ls contalned in peny other
inportant cell compounas sueh as vitaming, Wniasine o
biotin., Sulphie serves us a sogulatory elemsht in the
sypthosls 0f ohlorophyll anw the accelepation of joot
Govelopmant. It 45 loportant 05 & rewox syobes In
rosplration once iu aetivitien of eortsin enzymev. MHence
the leportace 98 sulphus Lo cgrioul ture,

Suopgl sulpour was reesoblasu ag s agiontiadl ploct
muatricnt sinoe the d.ys of Lisbic, this nuvpient reesivod
sbly very Iitilo altarvien dn the hoods of agrleaiturel
selenblots i tao pasts. That sulpbur ss & plont nutzient
how pot veen glve. propey inporvahce ip egrioultural
resesich vas enphasiped by Alugy du bis reviow of 180,
Since theh sporesdewliy vevious sspecte of sulphiz poondny
of plunis nog recelved jnarsesing abtention 1o advencs
sewontific alms of one hepd oko B0 polve L0l) forbtillity
probless on tue othods $n the pasiy, sulphuy recolves
Aittlio abtbonlion, beootse it wap supplled in ferdliiizers,
ingesticiuse ond fuhgleiaos ainadvertentiy. With Lho trend

WoULLGs nign enalyedd fextliligers, wo.lob apre either 1ow in



Culpnes or even sulphwe free, and with the use of less oulpbur
in amsecbiciuwve wbt fawpiciuos, the ineldentsl adaition of
galphiir 19 50115 Lat beor docrousod,. Tout neveloumasio

Lwro yosponelble for tne rogent futerout sudwn io the stody

rortainicg 1o stlphur 60 8 plalt nurriont.

ulphur coficsieroy nab beol reportod i arld, scnle
ardd ano buaslo regdons. Ik the mitow Sbules, shuitage i
siphmy fop adfelfo was roported fiowm doobingion, Iaans
anG Lrogone. Deligiencies of Gais sleuent have occureed op
gotion anw tobaoes on the candy @acgtal plain goilie oy
Alalugia, Godrgic, Florida ung hopth Gerolinns It has
baan reportus thet sulphuy incyonged tho yield of clover
in the candy solls of Iioridus In Iudie, sulpbur weficiency

is rerostod vnly in the tes solls of iupjab.

Eudlomvr 3o present an solls in both organie ang
inorpuade Xorae. b pincrald swuills 1L is assoolutod with
pyrito (e, . Ophalordte (inw), Uhelcopyrite (UugFelinl,
gopoues {onils-3H. 04 ane epsomite (Mpbly Pu0le In hunid
Legions the orpguwrde forn i prodondrant, .6 tho golphor ion

16 ro.glily lepcaod from the soll,

Ll troncforuabion thot sulpaur unaergoes in s3ila
ic of importance ag it aifoebs poldl conurtions and plont
croutae Jio oUmplotol)y onldised and Pouucou Wabotandco,
sl o acdo unu hyafogon sulphido ieupectively are he

wieroblied prouncte tast bwnve too nexinug oflset on collg,



The sffests ave mose dramotic unuer gunuition wboge thoe seil
hag beon reclainea frow the sea or wasre it is poriecdiculliy
fiooden witn brackish water.

The fluctunting aoisture regime in most of the wateps
logeed e0ils of Kerala mey Aead to the fopastion of resustion
products like sulphides or oxidalion products like salplaric
aeidy tho accumiation of both affecting plunt growth, Some
Of the portiens sre scbjacted 1o pericdicsl inundstion with —
8o water also. Subremonoy (1965) oboerved that the symptoms
of ithe phyciologicsl discase im rice hnown es "Auttipachol®
found in Rerala, ted symptoms similar to those saen in
bydroger sulphide injurys ZThe fact that couses ané symptouns
of bhydrogen sulphide injury in piecs doscrve mors attsntion
at this juncturs 166d ot bo enphasisecd, The water-logged
condition under wnksh tne yice is growh end the awe of
stmopiue sulphote in plontyy in the agid coils of hevala
are contueive to the precuction of either Ayorogan sulphide
or sulpburic acid.

I view of the transformation thel sulphur undergoes
i the soil Lt {c esuventiel that the fomns in wiich 8%
ezictes in the soil ave thosoughly studied. Henco it is
thougnt that a detaiied study of the diffsrwnl foxrs of
eujphur present in the soil and thelr disspdbation aid
nature of avellebility will be of use in further investigation
of ihe cauge of hydrogen sulphide injury t¢ rice plunis in
hapela s0dloe



CousiGering the above polntsy tne present study is
undertabion with the Lollowing objlectivos.

4) To detopmine the different forms of sulphur and
tholr alstribution in reprosentative profile soils of nerala.

2) %o stuay the velationshlp of sulphuy witn other
geheral constituents of the soils.

3) %o spesess the gulpbur avellabllity by aifferent
nebhods.

Eoil smeples uore tollected fron thros uilfserent
doptht vize; O=20 tlig 2040 ou ong 4080 ¢m recpectivel;
from seven soll profiles vepresenting diffevent soil groups
of norain. They wore smadysed for different Sorms of
sulphwr st sles for thedr goneral ant peluteu propexties.
Avallable sulpoor was estinmnted using different extrootunts.
bawbouer tost uvas nlse conducted enploying regl weellings
to find out the plent availeble sulpghur,
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CHSPRER II

REVIEW OF LITSRATURE

A. Forms of Bulphmr in foil

Sulphnr osocurs in solls ip two hyoad eategories,
orpgenis and inorgenie. In the eurface horizons of most
wall drained aold e0ils nparly ol of the owlphur is present
in organic forms ond only small amounts {meuslly only s faw
ports por miilion} of sulphates are prosents In subesoll
hopizons, however, spproeciable auounts of sulphate may
aecumiiagts ahe dnorganic sulphur eompounde may make up a8
nzjor proportiop of the tetal suiphur,

Studies on suinhate swiphuy bave beech reporied by
Srown apd Bellogg (1015) for Tows soils, by Smes and foltz
{1816), for Ohio sails ond by Heandiffe for Himnesoba sokls,
Gther dnvestigations of this nsture have Lesh gonducted af
varicus agricultupal axporimert stations. Al Hargh and
Hetiley (3587} undertook studios on the stmosphoric sulpbur
in Hippesota. The remuive of a1l those investipations have
ghown that the amoonte of suiphmte swiphur in soils and
atnospherie siiphuy are extremoly variabla,

Tho coeurrence of sulphates as solvble salts of sodinn,
mognesims opd caleiun ip sofls s well known, but emcept under



arid op poorly drained sonditions the upesencs of apprecioble
aroupds of solable sulphates 56 1ikely only 4n subwssil
horizens. Insolublo sulpbates like bariun sulphete may alzo
gesury althoeugh procise krovicdge of their true ehonfanl
noturs is sowewhat linltoed.

Bosttie snd Moddone (1852} hovever heve Rdentificd
bapytes oceurzing as eeall ¢onerotions in cartaln Fow Sondh
Uolee solin., WRllioms, Willians and Scobt (1860} have
renosted the preschos of inesivbic suiphate sovogiated with
aaleiun earbonzte in esleppeons sofls in Seotlond, This Yoo
eould be o enpzon form of juseluble sulphate in cells,

Frenoy st gi, (1082} yoviewlng certain aspeats of
suiphne as & soil copstitumt and plant hubtriert, foupd that
most of the sulphur in humld roglonsc was in orgenie fosms
They aleo poted thot ik most soils the inorponic Fraction
soprtained orly & suoll portion of forss othoer than sulphatos,

Witliems end Steinborpe (1062) stedying the ehemienl
pature of sulphate in some Australiosn solle observed that
in the sueface borizons of nost of the uell drnined peld
sodls ponply a1l the solphur wos pyosent in ovganic fort.
It was alse esteblished that exeep}; urdar snasrpbic gobditlons,
vhen pedueed fomm of sulphur, partlenloriy sulphides, sickt
profopinats most of the lnorganie sulphur in solls ogoursod
ag sulphites.
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Wilidang apd Stotpbergs (10658) alsy roported that
sulpbur ogeitrred In s0ilp noinly in orpanie forn or ao
sulphato. Thoy sopoiuded that ilmportent categovics of
suirhate in Auvstralion solls ineluded wotor soluble sulphates
sasopbed saiphete o ingelusblo sulphato ascoclsted wilh
caieivm carbonate.

by Distribotdon of 4ifferent Foms of Bulvhur

Investiguting the total sulpbus contont of o wide
range of lowveld codle, Goldsehmis (I951) reportod o
varistion fren 40 to 1800 1bfsc. £t. It wos alpo obsepvod
thot sondy gronito ssiic eontuined nuch lowver amounts fhar
doomy oF hoovy looms of faivly high orgonie nottor.

Assording to Shkondo (1097) the sulphny eontent of
Zol-Burys soile of Dussia varied from .08 $o 0.10 por aont
B2 1988

Walker oud dame {1508) doterminipng the swlphur eontent
af the graegland soils of Fow Zooland for 3 harizonc, found
mear valves of P00, 410 and 230 lbe/foere for tho 4, B and €
hWorizong yospootively. Soils in strongly wosthorod sognopge
had bigher sulphur content in all the thros horizops studicd
ag raportod by Welker and Adome (A090). Investigations inm o
chrorosegnones ot Toupe {FKew Zealaond) by Waller, Shaps ond
Adamg {3068) showed thnt tho percontape of sulohur inereased



steadily with tlue. Compering the virgin soile anu 83 year
old pastures in chronosequenge, they observed that aversge
arpusl incresse wag 14 1bs sulphor por sore.

Jortion and Beker (105¢) repoptad that the tokal suilnhus
cuntent of north I€abo solils varied from 0,020 to 0,038 per
aant.

Fupokend (1953) prosented dota on the distribuilon apo
agrospe of high stlphur soils of the Finndsh osdast, While
groater part of theee moils contuined 10605000 or S000-10G000
kg/by. in some roglons sulphur amcubited to A4 ,000 to 80,000

kg or more.

Eotoy, Oragesiuk avd Chodan (1563) Qetsmined the
guiphur contont of some solls in Olsstyn province. Total
suElpbuy in 12 profiles ond 28 top soilp varied from 8.4 to
€38 mp/ke pinoral soil and from 2081.3 to 4406.2 melke peat
soil {both dry welgbil. The sulphur content decreased with
dopth In mineea) goils and inereased in peat solls. There
vas & llnenr peletionship between carbon levels apu Sotal
siphay contents of seil.

Adtoyon (i004) studled the contend and fopms of
gompotinds of sulghup ib vapicus solla of the U.S.8.M, In
sonwsaline soils the distributlion of suliphwe lu the profile
Gepends on the distribution of humus esybon. Sulphay
aeemplation 1z prestest in humus accumuiated horizon and
Govreases gradunily toverds the parent materisl. In non.



godine soils tho distribution of sulphur in the profile
dsponus on tho aistribuliorn of hunms curbon. Soliphur
aecunplotion is greatopt im huwus aceumulated horizon and
deoreaces graduslly tovards the paront materisils In none
saline colls 70«80 per cent of the total sulphur uas bound
to the organie mottar and sulphur occurred im all tho muin
fractions of tho humag.

Nikelov (1984) poported total sulpbupy contont in
17 wede goll tyves of Bulgaria. Tho sulphur coptent wes
14,8 = 37.2 ngl/i00 z. in top boriZon ard Y.l « 20,4 np in
the o bhorizons. The sulphor tontent doponded mainly on
organie natter contont, Churrozon smonlitzas and chorncaom
acortadned the higher amounts of sulphur, gray forest solils
contuined less ant oimnanon forost soils contained the lesst
suiph,

Eanvar opd Tokkoer (1004) examined a large nuthar of
208l sanples from tes gerdens of Punjad for sulphur. The
total colphur content varied from 130 to 270 ppr (average
158,.8 ppa) b the top Iayer, and deoreassd with ipcreasing
depth in tho profiles. oulphur eontent woro highor in solls
st high altttudes than at lower altitudes,

Hassound and Cosnfiold (1004) apmlysed 58 sampies
of mineral soils and found that tokal sulphur sanged from
318 o 1775 ppm.  Caloaveous 30ils were richer in total
sulphuy (average 858 ppm) ther pon eoloaveons soils (average
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485 ponl. Totel sulphur wap signifticantly eorpelated with
sirhote, sat L8 vartstion scovunted fop only 155 of the
variotion in enlohntso., Davidesco and Palovshki (16045)
obporved that the suipbur content ir $ho arable layer varied
Srom 16 ve/i00 g. in reddich brown forest soil to 43 me/lO0 2.
in leaches ehernosen sodls of the Rumanda. Thore wus no
correlation batwesn sulphuy snd hurmg contont of the eoils.

In the roddlsh brown forest soila, the fulvic aetd fraction
of humtiz contalped move sulphnr (10-12 ne/l00 g.) then the
numie ocld fraotion did (G«8 mp/i00 gd).

Jagob (1086) studyisg tho sulphur status of Kerzla
andis found that veflond soils soptaltod worce sulphuy then
deylong oofls., NMeamioum peserves of sulphmy wore found in
kael sedl of Bubtopad. In gemorn? the total owlphur Gooveased
with on fnerenso in tho depth of tho profiie. The reverse wan
found dn the casc of harl colls. Total pulphor woae sigpifl-
cunbly and positively coppelated with organic parbob.

2. Qrganie ANLphuE:~
Bvans any Post (1945} determined total oulphuy, tobal
orpenie sulphuy, the hmus fraction of orgarde ouiphuy and
sulphate suirhup in musber of Himvogobta soilps Both humus
4 total orgonic sulphur wore higher in the ohornogens mnd
the blauk prairie solls then in the podaole.

Hadnow (1940) determining swiphur convont of a humber
of chernogen aid chortnut olls, found that in ehevnozam the
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organie suiphur congbituted sbout 75 per cent and in cheztput
soils about S0 per eont of the total sulphur.

Shukonde (1087) working on Fussian eoilo found thot
aboul. B2 per cept of the sulphur In the ploughed layer ef
meatow dark brown soll was reprosented by orgenie sulphuw
and gtobio mirerals and in sodw-podsolic polls these forms
ropeenanted 80 pop cent of the tobsl sulphus.

Botimating difforend forms of sulphur in the esloaresus
and pon-geloareous suils of Italy, Diver (I060) found thet
the eontent of orgapie sulphur varied from 77 to 200 ppue

Poraon end Tineley (126L) suggosted thot the organie
campomids in the soil organie matter to vileh o eonciderable
fraction of the soil sulphur was covalently bound, eonld ke
sulphetod polysaccharides or sulphote ecters of phenols and
they showed that polysaccharides mipght conptitutc upto 30 per
gort of the opganie swlphur,

Konwar ong Supinder Mopon (18062) while studying the
distribution of different fopms of sulphur in Fanjab solls,
found that organic sulphur fopmed 72 per eent of thy totsl
sulphur ik acid soilse, while it was enly 10 per cent in
alkaline godls.

Honwer and Moban (1Pod} studying the dlstribution of
forms of cwiphur in Punjob solls fourd that orgaple forms
shounded in acid coiln, There was u ¢icse relationship



betveen carbon, fitesoger and oyganic sulphur.

Kenvar ane Toiksy (1963) oxomining the soil samples
£ron tes gardens of Funjeb obeserved that; of the total
splphur 78 ser eont was in orgaple foxm., Thors was & close
correlotion botween organic sulphur znd lovels of earbon,
nityogen and erpopic phosphorus.

iowe (19.5) stpdied sulphur frastions of selscted
&iberta soll profiles of the chernczenic and podzolic orders.
Organie forms of sulphur predominated dm a2l surface a.mz;
5 horigens, slthough inorgaric sulphete reached high levols
in ¢ borizons of some chorbozemie profileo.

Jacobh {38c8) studying the sulphur status of fepsiaz
solls aleo observed that eorganie sulphur constituted thol
usjor portion of the total suiphur. ‘

2. Gulphide fulvhups

Boat {1022) rsported vesurrence of sulphides in
sapples of peat snd muck from Golden wadlsy peat sxporinent
of Hiopesota. Sulpbldes vere prosent at all lovels in ithe
peat-Suinhide eontent expressed as hydrogsh sulpbide was
Tound to vary from 0.015 10 Q.06 pay eonr for the lower most
layers of peat ong 0.602 to 0,018 par cant for the muck
substratun immedistely balow.

Tezyun and Tezin (1867} detsrnined niero-quantitles
5 hydrogen sgirkido irn Ohinese solils by ifeclopic dilutier
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using radio aetive isotope 695, Under ordinary conditions
rice solle contained ondy o fov mg. hydrogen sulphide rep
00z

Jacob {10G6) studying Kewais polls oboorved that
sppreciable guantition of sulphides wero found only ik poddy
sefla. The lower layors contoined conaidersbly lesser nmpunis
of tote)l suliphides than the uppoer horinon.

Sul phote sulchay and othepr artrachsble foypms af sulobuey
The suwlpbur contunt of 2oile in the mid arens of
the Und tod States wes 1isted by Millepr (3051). The fofal
gulphate in somo s6ils varied from 8.8 per sent in chornosenms

to 7,8 per et in podacls.

Jordap apd Popdeley (ID59) veported obly 2 ppm or
1egs of sulpbur extractable by Horpan's sestate seabie seld
tuffor fomn the suxface horlesons of red yellow podoolfe solls
of Jouth aastorn purds of Unitod ftates, andé it tonded to
naeumulate €-30 inchos below the aurfaca,

Reller (1959) ropsried that bhe swiphabe awtroobed
with gouivm geetete (pH 4,8) from vorioue profiles of
uneropped soile in FWiorlds wan generally sbsent froo surfacs
gollin ono accunulabed in the zubsurfece Jsyers whewe lay
vas prosent. The jueresse in sulphote vith inercesing clay
content wae gy sippificant sed the extractoble guiphate
tanded to bo highor in olls with predominortly kaoliniéfcr -
and 3114tde elpy than with nontworiilispitic cloy.
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In a group of 2% soile studied by Yrepwy (043D only
about onc per oot of the total sulphur ocourred in irorpsris
compoinle ioas oxidized then suiphabon,

The valves for wwallshle sulphuy §n 105 diifarent
Foldsh solls satimoted by Bouosigiski (3061} vasiad from
Ga3 o 52 ugliot g. I the apeble lojers st £rom feaoes €9
about 3% weli00 g, in the deepor borigune. The valuss vere
lowest in Aipht Jjoany gofls opd highest in peats.

Compaping the nutrient status of & peoty asil end @
red Joan i@mma\ soil o8 Bercla, Hopey (18637 feupd thnt
suiphate content of the peaty sodl vas 2.0 por gand widle it
ves anly in trecas im yed lows soil,

love and Dolong (1863) observed that organde soils
of guobes contofned substuptislly nore carbon bonded sulphuy
hons 616 ainernl mils snd 47-587 of the culphar vse in thig
oo in orpanic goliz wheress in minors) spdie oply 1035
pop popt of the slphisr wvas bonded to onrboRe hocover; of
carton bonded snlvhur in aeld sxtractsbia fractions was
bigher $r organie solls budb only JB-84 per cent in 3 almorgl
aurface zolls. %he aoid axtrastable fysetion was weually
inpgest spg the hon—estroctabie fraotiok was vepy suail,

hoter, Gragesiok and Chodan (1963} detemmining the
sulyhmiy content of toms sodls ip Olgztyr provincee found time
the suiphnie content varisd frop traces to 67.8 mg/kp soil
and decrecsed with Gupth in profile.



Kanwoy and Mohen {19¢4) studyipg Gistribution of forns
of sulphup in Funjab oolls oboerved that sulphate form
predeninetod in ealeareous solls of pif 7. Kenway and Taskor
(364 examining coll semples ool tea gardems of Punjed mlod
ruported that culphato ovcurted only in ¢nall awountis.

Hagsoumd and Cosnfielé (LOG4) amalyoimg sanplen of
niteral solle found thot water solublo aulphete selphuy
voaried fyom 6 to 180 ppa. Jogod (4966) stutied Borala solls
ape roporteod thet 4n well corsted sofl suipBate oulphop
agcountod for the asjer portion of irorganic culphur.

G Bulphute Adoorpbion By sofd

A1% the Inorgondie sulpbate 36 nod extractoble witn
water, folutions sontaining displecing anions may artrast o
fraction which is considered ¥ be adsorbad.

Mattoor (i887) found that an appreciable guantity
of sulphate wap adsorbed by some soll sollolds and that
the adsorption capdelty of s Norfolk soll eoilsid inoressed
with inereasing acidity.

Lysinster otudfes of Moclnlive gf zd (A848) chow
that lisinpg incresses the out go of sulphtles.

Ensoinpgey (1994) pioGying Alabama zoil found that nosi
surface horizons and 1dght textured suils hod only Iow cepacity
%0 adsorb suwighate but that approeicble adsopption wac possible
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in B and © horizops. The capacity of soils %o adsord sulphste
wvas sffasted by cortoin soil treatments. Ineressing onounts
of superphosphate sppiled to o Cesil sandy clay loaw resuited
in dearecsing amounts of solubleo suiphzte. Liming also
roguited in a doeresse in $he retention of sulphate, The
sulphote adsorplion cnpaedty of o numbep of watorisls wae
deternins v an ottempt to chioy what fraction of soils
might i}?’rebmmima vorfthe tetention of oulphato. The data
shou that dehydrates dlunintum ozide adsorbed mueh more
sulphoto thon aky of the othor materlels, %The iron minerals
sdzorbed ratheyr small amsunts of the sulphste whille the
vavidgon olloid, keolinlte ord bouxits voare intorpedints,

Bamprath, Selson ang Fitts (1856) shoved thot sofl
enntaining & yolatively large smaunt of 1l $ype clay
ninorals adeorbed more smlphate from ealeiun sulphate golution
than 414 s0dis ip ubich sl typo oloy mincrsls predoninatoed.
Suiphate sdeorption deereased as the pH inereased foom & %o 6
ard vas ¢irectly related to sulphateo comcenteatior. Increasing
Oy content of the golution redueed sulphate adsorption.

Tixhova (1953) indicated that in o ravze of oils,
sulsbate adsorption wes grestest in polls of the most sub—
~troptes; less in sodepodoolisod poils ond least in
chernogous, chestout solls ané colonetsecs

Sehell and Jordan (i980) ebzepved thet the sulphate
a2dsorption capoelty of sevsral dlay minerals was pelated o
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total surfook sres. They suppested thres meshanlioms of
sulphate sdropption viz. 1) adeorption st the exehatgo titec
11) ogciuzion betwesk lattise cheets, and 1ii} substitutiopn
for duminium and silica in the lsttico,

Egulifopiue experivents with sulphnte-chioride mixturas
atd potassiuvm sulphate conducted by Chang spd Thomas (10G3)
showed that the amowrt of aniong held by anion retsireirsg
matorinle (Bp borizon ef loans, iron conted kholinite)
inepsngod with Time, This together uith olhor obeervallons
stggest thet sulphate fons were exchonged foy OH and the
H fons formed by the kydrolysis of sluwsiniunm in the prepence
of salt nentralised the OO loms, thup earyying the reanetion
towards eompletion.

dhso (4864) studled the effgots of 26 inorganic apd
orpanie aplony on salphate adsorption by soil suspsnsions,
Of the anions tried 18 reduced sulphate adsorption to verying
degrees. The anlonle offects conld e explained by competition
for anion sxchonge sltes or snior replscemant, sbility of
apione to form cheleto nomplexes with 4ron ere alwsiniux ang
precisitation resctions. Rydroxyl ans biearbonete iong
deoreased suiphete adsarption by lrnoreasing tho equllibriun pd
of soll suspension.

B

thae, Horword and Fong {1905) demonstrated that an
incrosse in the conteht of hydroxy compenents {iron coutipg)
peskitad in an iporense in sulphate adsorptlion and in gl of
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the solndion nhiss. The datn wgre eonsigtent with the view
thet suirbate wao petalned thvough oo anion ouchange reoscbion
with 0 proups in soils, lydroouyl groups ifpvolved with the
zoastion vers prefoninsntly ascoclated with tho hydroxy iron
and oluninius onldes in soils.

Eoter af gl (1568} conducted ptudies using £95 on
suiphate adsorption by some humie soll subotoncos. 1% wos
found that with inereasing geldity of the soil vironnent
of the pete of sulphur adsorption inereased in fulvie nelds
ard desroaged in humie aclds.

ity Siphate Moblility in Ooil

Zpiphate «déed or yoleased in the &04) by decomposition
iz subjeet Yo 1056 by lcachirg, Date roportod by Erdoon ong
Bollan {30273) @‘ﬁwmf}tm% Tows soils lose over 50 pounds of
sulphur por sove sopually Sroo tho surface layses.

Pekall and ¥ililows {3060} have showm that X inaheo
of perediste romoved V7 pop cent of the sulphur eontolned i
100 1bs of pynon applied %9 a sondy soll.

Tikhovs (1962) obssrved that the robllisotion of
sulphate opiginatine from orgopic sulphur in bumlé subatances
inorasced with incrsasing welsturs econtants and ot tenperctures
rangipr from O b0 10670 the oniphate sombant varied botwsen
1830 and 5.8 ng/iC ka éry soli. The sulvhots was fized by



Bay @1 and HOp end sclphste mobilisation was decrsased by Us
and promoted by K and Ko, Higheost mobilisetion of sulriote
oeeurrad on deoreasing pH from ©.00 to 1.52 or inoresuing it
from 7.00 to 0,35,

Swokoda and Thomes (1965) shoved thet the desorption by
hydroiyeie of adsorbed sulvhonte long influsnoed tho distri«
mtion of other lons in the colucns of oficium saturated
Coell aoil.

Yoalon (1965) studled the downward moveneni of chlorida
and sulphote tegethor with their redistributlion in the profile
as affected by soll, end hydvologle faectors Rispersion
ineresced with column lemgth or ip the fioldy with desth
of molsture penetrziion, At inoreased aise oc the pore siue
deareasod «

Ko Eniphee Transfornations

oxidation of sulvhor applled to two widely different solls
ohe prepressrtative of arid end the other of hunid gondition
eansel a declded increamse in the uster soluble calclum and
potagsiun but reduced the amount of watsy soluble phosphorus.
Bron the iighter ospplication produced an inarense in aoidity.
The Fioceulcting effeot of oxildised sulphnr may bo of
aonsiderable value undep ceviasin conditions.

i)



Hesse (1857) found thet blologleal oxidation of
organic sulphur was extrenaly gaov conngred with that of gorson
erd nitroges o Iroubatlion wilh sulphuy containdwg amino aclus
or anlelun sulphate inorenced the rate of oxidasion of soil
sulphur.

Lioyd, Frederic, Starkey anc Sogel (19%7) studieé the
decomponabiiity of sowme opgamlc eompotnds in soil. Hdphate
was tho mejor product wien systeine was added %o tho goil and
aliowed to react. Their study on the dogradation of methionine
In soil shoued thot sulphur of methiopine vep relessed ae methyl
merenkatan, part of ubleh vas oxicised to dicvetlyl disulphide.
Bulphate was rot on erd pioduct of methionine decompositionu,

Koves ond Vomos (1980) rhowed that the intenalty of
swiphate reduction by both the facultelive sulphate reducing
bagtoria and obligator; arasroble suiotrople sulphute rodugers
(Pospifovibre desuifuricans) is ¢lonely relates to the Hydropes
sulphide formed, Sonfen (10628} studying tho allalinication of
godle cultivated to rice in the Damula plein conciuded tint

under the infivence of intonge an.eroblc proocesses, sulphue
reduclng bacteria decopposed sulphate to sulphiues spve Lhosg
rossted »1th cerbonic acis produced by the packoris to give
soddum espbonute amd blearbonate. The soils hoving a less
Gense grapwlometric structure apd less palinization uncergo
nmost propounced alkslipiszation in the hottest montns.



Hort (1062) deronstrated the formetion of olemontal
sulphur as an intermeatate in poly—sulphide oxidation in
margrove soils. Vanos (1864) observed that dazege dus to
liydrogen sulphide occsrrikg in sone geidie heavy paddy soils
and peaty fish ponds was usually preceded by falls in
temperoture and stmospheric pressure. The oxygen content
of the vator layer lnoressed with the fell in temuverature and
as the redox level gunk in the mud, the superficial layer of
the wud was oxidised snd sulphugic acid formed whieh releazed
hydrogen sulphide from the sulphide im ite enviromment, The
decrease of atmospherie pressure lifted the geses ineiuding
hydrogen sulpkide from the hollows of the nud into the water
layer apd thence into the atmosphers. The gases earried
golioldal particles and repdered the water turbié., The
reiecased nydrogen sulphide might result in root rot and
deficlensy disecses in the rice plante and algal Wloom and
£ish death in pondsg.

Felson (1964) while siudying the status anc transforma-
tion of sulphupr in Mississippl soils found that the average
amounts of sulphate svlphur reloased «fter 1, 2,y 3 and 6
month incubstion were, 2.1, 3.0, 5.4 and 8.8 lbs/acre
raspastively. Tho total amouvnt of sulphur mineraiised was
related to the level of organie sulphur in the soil. The
ratios of N to sulphuar mincralised for the 2«3 anc € month
samples vere 4.8, 8,5 and 5.8 respectively.



Timar and Szaboles (1964) conduoted laboratory
axperinent to £ind ocul tho effect of oyganic matter on
sulphate yeductlon in olkeli solls. Heasurenents of pedox
and »il values and amounts of hydrogen sulphide evolved et tho
ont of the exporimert period showed that marked evolution of
hyarogen sulphide oceurred only in the presense of orgonie
mattor.

Ogata and EBrxowmv(1968) studled tho effect of netive
and applied organle matter on suirhate redustion under
anaeroble conditions in arid zone soils., The results
indleated that appreciable i1eduction of the sulpibmte dig not
ogeur in poorly drained saline soils unless undocomposad
plant residue was presont or soll organic motter wee greater

than 5 per cont.

2. Microbisl tronoformationc of Sulnhur:-~

Verner and Orloveky (194B) detected sulphate reducing
bacteriz in saline goils and particwiariy in pecty and bog
solonchoks, where angserobic conditions prevalled. Tholsy
activity was demonstroted by a deerease in the quantity of
sulphate and imereage in tho guantity of sulphides and
biearbonates in the ewltuxe solution inoculated with the

Boils.

Starkey (1990) also indicateu that microcrganisme
thai transformed sulphur anc its compounds were present in

soilc. The transformation of any ong organicm uas uarked

Do
&
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by the reaction of othors apd the mdbterinl that accunulated
was elther the completsiy oxidised procuct sulphate

under ceroble conditions, or the reduced product, suiphide
under anaerobie conditions.

Broufieid (1983) moticed that after treatmont with
\Imlatilo antiseptic some soils evolved hydrogen sulphide
when molstened with suerose and aummonium sulpbate and
inenbnted aerobically. He identified the bacteriun producing
hyérogen sulphide as Bgoilins mogsthoriyo.

Toyans mnd fugarwase (iD53) obsorved that ali submerged
situations wore pot redueing, Geveral lake muds gontasined
more of their incorgande sulphur as sinliphate that as sulphides.

Satyanareyars and Datta (1893) roted sulphate reducing
orgarioes in a1l the profiles in the saiis of Rann ares of
Cutch, Thelr activity varied throunghout thae profils
independently of the herizor. 7The organism was & rodeghaped

motlle sporo former. ~

Starhey gt gl (1993) showed thet end products of the
decomrositior of cystine by microorganisng isolsted from
soil may be gulphate, sulphice or polythionates derending on
the esporimentsl conditions, Pleel (3054) reported that the
ratio of sulphur ozidation was highest at 15 to 80 per cent
moigturs content and in samples with a sond—olay ratic of D:l.
Addition of veptope shu glucose inevessed sulphur oxidation

more then mineral nitrogen and comploex carbohydrates.



Freny (1958) followed tha asrobic transformation of
eysteine to sulphate in soll and cstablished a seguenes in
tho following ordor,

Cysteinc —~>»Cyatine —» Cystine 41 sulphexide —
- Cysteine sulphinic acid—> sulphate.

Gtudying the fization of suiphuar in the puek of Lake
Tictoria, Hesse (1958) pointed out that i{n the prosence of
large amounts of orgsnic sulphur sulphates were f:m%ﬁ:s\\mam
thon swlphides. Sperker {(1%5%) suggested that pmﬁuat{;ian
of bydrogen sulphide by several strains of Bagillus
megethordyn mipht transform ferrie phosphate to black forms
of culphldo with release of available phosphate. Hupt (19458)
coneluded that sulphide zecunulation was Yairly common undey
strongly rcdueing conditione sueh as at denth in tidal swanps
or in poorly drained golils.

Subraxoney (1660} studicd the sulphur bacterial oyele
and the probable mechanism of toxieity in aeld solls of
horals and worked out the sulphur milerobial cycle in the
felloving roversible sequonics, Sulshurie acld = sulphstes

= sulphides —» orgabic and eiementel sulphur —sulphuric sasld.

—

According to Stevenson (i864) the sulphur cyole in
s0il is divided inte four distinet phases vig. minorsiisatior,
immobiitsation, oxidation and :edustios,
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Fs 804l Reactlon and Sulpbhur

Hart (1559) studied the sulphur oxldation in tidal
mapgrove solls and obeerved that wher the e0il was dried its
pi velue fell to 4.0 fo 2.4 duc £ the astivity of sulphur
oxidising bacteria. W¥her the pH vaiune of the scil {611 heliow
3 u rapid decline in the nunber of the orgsnisms present
occurred and it was sugpesten that this was due %o the
incrense in the availabllity of ferrice iron which also
oegurred belov this pid values Qulcium carbonate had two
main effects on sulphur oxidation; ons op ths suiphur
oxidioing bacterias, inerossing or decressing sulphuy oxidatlion
aceording to whether the pH vslue was moved into or out of the
range of getivity, und an inhibitory effest on pyrites
sridation. The results indleate that the pyrites fraction wss
rot oxlolsed above pll @ anuthat it wag not involved in seid

formuation«

Pupokoshl (1992) werklng obn the offeet of liming on
the sulphate soils of the Finnish gsast showed that up to
32 tons of esleisn carbonute were reguirad for the improvensnt
throughout tne profile and fop maximnm yieids of oats, barley
2nd hiya.

liel san (1064) atudiled the efiecct of 38 on the acctate
soluble sulphuy eontent of a Hayhew soll in Mississipod
tefore and after incubation. On incubating aeld soll



/"Q

(3

N

(oK 4.3} for three ronihs, scetats soluble sulrhate groahl:
inorenseu in samrles 1imed to i Sw7, wlin maxixum inerssse
of 87 lbs por acre at pi &.8.

lassounmi and Cornfietd (1865} observed that Cifferences
in tho extent of mobilisation oy immobilisatlion due to oB were
szall or Ainconsistent except during ineubation with straw when
maxiom femoblilzation ipereamsed vith pi,

G« Avallable Sulphmr Sesluation

legnostie methods for sulphwy status havo followed
the general approuches uvesd for other slemsants such as
nitropen ane pbosphorus, which lsclvded oxidation by various
golvants, incubation, micpobial growth, plant growih and
compositior .

As total syphur content hes shoun 1litile nromise ns
an index of aveilisble guiphur, geveral workers nave atfompted

to measoure s lsblie fraction of orpanie sUiphur.

Willianms and fteinbergs (1858) found that a frastion
designoted "hest soluble sulphur® (which may confain the
post labiie portion of the orgonic sulplur!? wvan betier
sorrelated with sulphur uptske of plants than were olher
megsbres of resdily svallable sulvhur sueh as sulphate sulphus.

Kiimay ond Kearpses {(1980) preferrcd sxtraction with
0.5 M godium b carbopnate al pBE B,5 as an indicator of
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avalladble eulphur, Ffulphur extracted by this reagent waleh
ney ineliude 2 labile fraction of the orpanic sulphuy as well
a8 inorganic sulphate was strongly correlated with sulphur

AV volues.

A measure of readily avsdlable sulphur was obtainsd
from the upbake over a poricd of & days by turnip roois,
Uptsho wag closely related to sulphate extracted by the

ammonivm acotate solutlon of Purdoley anc Lancastutr.

Apparpillus pizer wan suggested as a test organisn
for sulpbur by Malevwolte and Galli {1951), and Pleel (1952}

ang lts growth was found to be closely corrolsted with
sulphur statue of some Austrslisn solls.

Gorskl, Fowosielski and Urbamska (2963) indlecates
that for low ocull combonts of available sulphur the
Sspsreilios nipep method was woye sensiiive thon the
Ghiesnie yien pephelonetric mothod. Incubation changod the
available sulphur content.of somo bat not all coils. In
20 soils studied there was no ¢lose pelationshlp between
total sulphur and aveilsble sulphur, but in fertilisec asbils

the correletion was closger.

Faik ané Das {.064) vorking on Indian soils found thot

ths racovery of ndded sulphur Uy Agserglllus methou was
approximately 0 per ceut,
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i, Upteke of Sulphur by Flonts

Anderson and Webster (1950) showed sharp contract
betvean the sulphur supplylng power of tuo cotton growing
soile im Georgia by gyowing cobton for S yeuwrs or soils
shich recelved O, 44 By 16 ond 32 pounds of sulphur per
agrée appiled anpually. Tne heavier soll, & Lesgvsie sily
dosu contaiped s high sulphate contont in tho upper 12 inches,
Gn thls soll oo rosponse t adued sulphur weg obtaincd.

The lightor coil, boyfoli loany sund contalred luss than

i ppu exiractoble sulphate suaphur in ths pper 38 inches

but from that point downwnards mipiur acommulated reaching

2 uaximun ab tae 30 Lo 86 inch isyor. On this soll no
nozsurable yiole reunchkion occhrrsa for Four years uhen

cotton vas growh wisthout applied culphwr pat £1£%h yeey piclds
worg urastiosdly veilucou.

’ Pawli and Bentley (1964) stuciecd the uptake of sulphur
by crops uoing 898, It wan found thet the uplace was mich
greater from the top soll then from greater deptus, ragardiess
of the aveilabliity of sulphur in the lower horizong.

X. Effect of Sulpnur ot. the avelliabliity of othar elenents

Gargy ane Barber (1852) demonpirated that oxication of
sulpbur of 2gis production wae appareatly important for
releasiryg mangat.ese from unaveilabie form angd soLlddty
nodntained the eguilibzrinm conuitions fevourcbie to the
existence in s0il of ho malgarous IOzt



Bpek (1992) observed that the oxidotion of suiphides
prosant in the clay Geposits remowed the calaium sarbonate
from this deposit. In fine &1t deposits this losc reewlted
in the formationr of impermenbile 'Endk soiis? with o biph
excnangesbl @ negnesiun content andé partio.es flogcuioted
by caleiun sulphato.

Investigations vsing the perfusion ta¢unigue conducted
by Vavra und Frederick (1992) showed that sulphur or sodius
thiosulphate oppiied at retes equivalent to S tons per sere
of sulphur greatly redvced pH ara roleased consiuersble
amourtz of asluble menganese from solls in which no solublo
mangahase wag found bofore treatment.

Reisenaner (1069) found that the uptale of soll and
fartiideer molybdenun was morkedly reduced by spplication of
suwlpbato. Higher rates of sulphur fortilizetion also reduced
the apparent effieiency with uhileh molybdenum was used by
the plert.
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CHAPTLER IIX

BEPBRIXENTAL DERAILE

A« Doatalls begarding Scll Samples

Boil sampleos collected from sovern soil profiles,
reprasanting different soil types of Eerala, constituted the
materinal fop the prosent study. From ssch profile, zamples
ware ¢ollected fronm three cifferent dopthoe vis, 0u80 en,
2040 cn apd 40-80 an rogpectively. Dotalls regarding the
sauploe are pressnted in Table X.

Bo Hetheds of Analyeis

pasaad through o 2 po. sieve. The mutordsl vidceh passed
through the sievs vas taken up for subsuguert analysic and
guaminction,

Using keoenwReozkouwski Brass cup methnd (Pipor, IN%0)
the following phrsicnl propeortios were dotermined.

4. POPS Spoes
b. Water holdint gapoeity
ge Volume expansion

&
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d. Apparent densiiy or bulk density and
a. Aboolute or real spesific gravity.

3, Studs of Sonepgl snd Balated Provertios: o legs
a. Moisturate & known weight of the soil was dedsd o

an air oven at 195°C to copstant welght and moisturo content

aaloulated (o.0.4.0, 2950).

be Lpag on Arpitiort. A Enown weight of the soil wes
ignited for B heurs at dull red heat. The differcnon betwenn
the welghts before apd efter igritien wag uszed for oaleuloting
Joss on ignition on moipture free basis (..0an.0. 1950).

S R pitas~ The ispited soll was extrastes
with eonstant boilipg hydrocilorie acid for 8 hours. In an
aliguos of tho oztragh the hydroxidas of fron ond aluwing
wors precipitated by addlng emmoniw: hydroxide and estimated
gravimotriosily as okides (AJ0.8.8. 9507,

4. Iponi~ Irop wes estimated by reducing 1% %o farrous
form with naseent bydrogen obtalnsd from dine and sulphurie
aold and titrating 1t agalnat deelpormal pobagsion
pernanganote (A,0,:68, 1090 .

6. Mluginar- %The pluming present i&n the il wae
enlebloted By mubtracting the value of dadepuondently
astinsted ivon oxide from the $otal sesaquloxide walue
(hallaitaCs 1870},
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£¢ Goiune- Calelun vas estimated in tho £3lteate fron
iron ard altmine by prsecipifeting 1t as calalun oxalato and
titrating sgainet deciporsal polossiun permangenate ftar
ciasolving in dilute sulphurie aeid (8,0, ¢, 199).

g« Zotal Phngphorusmie An alicuot of hydroohlorie acdd
wns ovapornbtud and silicas dohpdrated. EY wow oubmacted wiith
pitrio aold and phosphopus was precipitateos in the oxtract
as amoniug phespaomnl)ddate. It wee discolved in exeena
of $.1619 potassive hydroxido anw oxecoss alknli titrated
bach with G.16G19 pitzie aeid, From the auount of sibali
ubilised phosphorue eontont was colenloted,

iy Total Hitroponi~ Dbitrogen was sstinmetoo by hichdehl
nethod {((ipey; ~OS0). Tha pilzogon in the saopleo wos
wpvertod to eamonium sulshate by digesting it with
eoncentrated sulphurie aold, doppor sulphote she polassivn
stiphote, Phe ommonlils wae diatlilad off by treating the
dirosted petorial with 40 poy eont sikali ond koaving it
in o distilintiop flask, The symobla ovolved wag absorved
in o krovn exeose of degdvornal sulphuwic seid. The oxosss
sold wag titeatea bogh with Q.2 i alkaii. Sne nitroger
coptent of tho sell was coloulated from the avount of eclid

CONIRNGUG «

% 1. Qrpanie Qarbop:~ The wet oxldation method of Waikdley

ane Black wvas Tollousu., About 0.9 gue of povdered 20l wag
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trockon with potasgiun dichromate nod sulpharic aelds Exesps
of rotagniuc dichromate was titpated back wito stovdard Persouc
sorondan oulphato oolution. From the vwlume of sotosoitm
dighrouate veod the cpgenie corbob was cenleuloted {(Pinep, 1880},

1s pHse pi wns dotorcdnen widh tho Beshuon pi mever

asivg a 1.5 sofl-~vator suonopsion {(Jackavh, 19580).

s gxehipcanblo Onleives.- A& kbouh quabtity of the poil
was lonehcd suosedsively wits peulirael popnal auwronles aestnte
solutions Sxchergenile esloiun vas doteminos in tho
ileselte by versenate neothos {(Jochsor, IDS8).

anborusi« Ayallable phoophorus wag
doternined colosinetrically by Bray ond Kurts Xo.8 nstned
dogeribes by Jockoon (18¢8) annlogding fluorice ion o

Gisplace phogrhate ok

Ayaileblo pitropen vas @stisaied

by oikoline pormrngenste nethod {(Subbleh ond Asijs, 1268).

B Doloy Potendind ew Hedox poterdisl was dotersines

vith tho pobertiouetor weing o 110 soll walor puppersion.

oe Aniol: Poohanps Sopasitrs. Total aplon exchonge

anpaelty was doterained gooozuing, 2 Vicar's methoo (Pipor,
1847).



T

Five groms of the poll vero velghod seourstely,
transforyad 0 o parrow wouthed botile and 22.8 Bl of nursal
emmopiun phosphots zolubion wore sdded, The bottle was
stoppered tightly and gholien viporously for o fov cesondo.
it was placed in a water bath kept at 5 t@tﬁ&mtum of 40 to

6690, shaking vigosonsly et intervals of fitecn ninutes.

Aftor opo ard a Helf hours the Dottle wins renovod from the
Both and alloted to stand svernight.

The oontents were filtored thoough Vhatmen Noe30
filier puper. The botile apd stopper were rihsod with abont
6 w1 of povue) emonius phwmophato seintion spd then with &
Jot of the sawe solution fyom o wash bottle., Uhen the il
had boen tramcforsed gnontitatively €o the £ilter papor tho
leaching vae esntinued with 5 to 19 ol portions of aumonion
phogphote, draining the ooll ovmplgtely hotuesn sugcensive
pdaitions, untdl the volume of the leooohoto was about 100 mi.

The excees of comanivem salte remaining in the ooll in
the fupnel wog rawoved by loaching with 8 to 1€ =) portieps
of 80¢ elenkol. %The seil vae washed with twe loto each of
5 8l of aboolute alcobsl o faeiliteto the deying of the soll
and apsiot in its romovsl fron the funnael.

than sufflolentily dzy tho soldl and £ilter papepr wors
teonofopret %o A 2ngll bosbey artd the fupsel yashed wikth
wateor to remove the lost truces of sodl. The gumntads pare
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Giluted to 200 nl, 80 ol of rormel scdiun hydroxide aéded
apé balled for 5 ninutes. The suspension uns transforred
to o 250 ol volunotric flask, rinsing the boulior uith hot
watér. Yhen cooled, tho susponsien was diluted to the
groduation mork, stoppored apd nined well,

The rozidusl colour of the glicuet wao removed by
heating with bromine water. %o 2 80 i sliiquot 8 ml of
satarated bronine water were zdded snd 1f not sufficliontls
slkaline, o few drops of noroal sodiun hydrozide nuntil the
eslour of tho brenine Aisappesred. The solutien wac stigred
ané poppal hydrochiorie asid olded drop by drop uptil the
sointion wan juct acid. The oxeous of bronine wvap poagoved
By the sdddtion of 5 5l of codiom sulpbsto colotlion o the
soiution bolled to romove most of the eucoss of sulphutous
anid,

Phosphorus wos detornived i the aligwt by vwonsdo-
pelyhiophoupboric yeliow oolsur mothod desepribsd by
Jockson {1062).

lpmees

ae Total Bulrhvrr~ Zotal sulphur ves detornived by

the procadure glven by Jasheon (1838},

about 2 g of Finaly ground and woll mized soil was
fused with 5 tioos 1ks wolpht of Sodiun eorborsto snd 0.3 g
of zodiun sitrate in o platinum oruciblo. The foclon was
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dope in an clectric furnaces After fusion tho melt wos
thoroughly disintograted in water on the stesn bath. %he
solution was then filtered and enoupgb Hydrochlorle acid
added to zake the solution about 0.7 & Hydvoohlosie geid

in excoss.

The solution was neutraliged vith ammopinm hydraiide
to rénove the sillea remainivg in tho £iltycic which gols
at this tine. OHolation wos again $iltepcd ape hydrochiorie
aeid added.

Iho solution was brought € boilisg and A0 =) of A0
per cont barium gohloride vas added to presipitote sulphur
ot barinm suWiphoto, The presipitate woe washed free of
chioride, igpited and welghed. From the woight of barion
siiphiato perpsontags of sulphur was ealoeulated.

Do fuogg Sulshurs~ The method suggested by C.A.Evans
and Fost (1845) was folloves.

About 80 gne of 56011 wero tokern enc Llsached
sucesssively with 500 nl of diskilled water, 300 ol of 18
hyéroechloric acld ond agoin with 500 ml of distilliod wator.
The soil was then translferved to boltles and echoken cevepal
tinus over g poriod of 3 dayv with i 1itre of 47 numoniun
hydroxide, to poptize the husic maferial. After stopding
the supernstant llquie containdng the humic msterisd was
siphoned off and comtrifuzed to rewove the susponded clay.
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ap cliquot of 800 ml was takon, svaporated to drynees
and fosed with segmesium nitrate solutlon. The residuo was
extrocked with hot water srd suiphoar astinated gravimetri-
eally in tho axtract.

. Orpople Sginhunr: Total organde sulphur vas estimated
by the mothof deseribed by Cl.bh.bvons and Rosl (1045).

Depending on the guount of srganie natter % or 10 goe
of sell was leached with wober, then with 15 hydrochloric
aeid and fipally with distilled wator #1411 fyeo of abloridao,
The sol2 ves tronsforred %0 o beoker and oxidised with 200
hydrogen perozide. When the oxidation vas comsleted ib
was filtored and sulplur cotimated &n the Filbrate
gravivetriosily, pregipitating as bariuns eulphate.

s Suiphate fuinhurie %The leachate from 50 gu, of sudl
used for hwaus sulphur egtiuatbion was concantratod to a snail
bulk, f4lteraed end the guiphate estimated In the filtrate
gravinetrienlly.

B } .&‘1, ELLAgY DL O DARLARS oo m
Turbidinotric method deseribed by Chospin andé ¥Yien {1551) was

adorboed.

&

IREE

SUAS ST X

Twansy go. of air dried soll was sholen with 100 m)
of Horgen's extrecting sviukion for ball an bouy In o 250
coninal flash. Tho contonts wore Filtered thesush Yhatien
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Ho.42 £ilter poper. Depending oo the sulphur coptont 10 to
20 nl aliquot of the extract vas transferred to a 3% md
volunetrie £lazk,. Ono grem of 30 to 66 mesh berium chloride
orystals weg addec to this epd choken for one minute, One to
2 ml of gun secaoie solution depending on the splphur contont
wae added to this and the solution pade up %o volume,.
Turbidity roadings were tekeny from 5 to 80 minutes aftor

the precipitaetion hod octurred, in 8 photoelestric eolovimeter
ugibg o blue filter. The readings obtained were compured with
the values op & proparsd stendard curve o obtaln the salphur
gortent of the saunig,

gre 0f g0l worg caxtxﬂacwa with I0C &l of reutral ammonian
gastate solution after chebing for hHalf on hoor, The sulphuy
contont of tho fiitrate wep estimeted turbldinetrically
(Chesnin and Yion, 18513,

gre. Of 201} wers extraeted with 0 p) of nommal hydroe
ghloric acld, Ffulphur was setinated in the filtrate
purbldinetrionlly (Chosnip and Yien, 1671 .

t £ e

This Lraction ingiuded sésorbed sulphlts alsse The nothod
wes degoribed by Pnshinger (3854}, Twenty so. of =oll wore
shaken with 100 5l of potassium dilydrogen phwsshate selution
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solution cortniming SO0 pra phospborus. The gontents were
filtered bhrough Whotmun Po.i8 £13%ey paper and the sulphur
contont of the filtrate dotermingd turbidimetricelly
(Cnesnin and ¥ion, 1051},

1. Sulnhote edsokpbion esvaeitys~ Ten grams of s6il
vore shakan vith 100 »l ealcium sulphate solution conteining
40 pony suivhur, The suliphur content of the Liltrate wae
doternined turdidinetrically end the gmantity of sulvhup
adgorbed from the solutlon by soll ealoulsted. %Tne sum of
soluble sulphote (sulphate solphur extrgetad by eodium
agetate of pH 4,8} plus sulphate sulphue adsorbed from ealeium
suiphate golution glives the adeorption eapocity of thae soll
(Enspingoer, 1954}, ‘

Cw Neubausy Tost

de Petalls o dmonke .
Twonty one goil conplew eollected at tnres Aifferent
dapths from soven eoil profiies were abilised for tho sbuldy.

One bundrod grams of aoil fyon cach gonmple were nixed
with 60 gre of guarts sand and ploced in petri diches o1 1l ¢ »
dincator ané 7 ox. douth,

One hundred gegl (So.7) spodlinge wore grown on those
solls for o porled of 17 days. At tho end of thi. poriod
thoy vers jomoved, ant the plont material weichod, dried apd
analysed for sulphuy content.



This technique io baged on the high roate of uptoke of
mtrierte by e large pumber of plonts grown on a llmited
quantity of soil. Tho swount of nutrients precent in the
plart vas teken to represevt the svoiluble mmtrient in the
s0il {Heubauer and Sehneidery 1083).

glooie of nispt matoerdsd fop o500 nhios

The dried ranple was woighed ond digested with
magnepion pitrate solutiop 131 ali the liquid was
svaporated ond the evolution of brown fumes ceased, The
residue was then heated in a muffie furnace at 350°C
until & completely white residue was obtainsd, Huter ond
hydrochloric acld in oxodes vere addedy boiled, £iitered
into T50 mi volumetyiec fiask, the rosidues washed thoroushly
with water and Liitrate made ap to wlume,

The versenste pothod of Jookson was folloved for the
astimatisn of sulphate in the exbract. ELulphato &n an
aliquot of tho solution wns precipitated by the sddition of

40

oan exesss of stendard barlom chlorlde solntion and the syoess

bariuwm pomaining ofter ths precipitation of barium sulphinte
wag doternined by titeatisn with versangto.

Beotter Glagrans woere drawn to doternine possible
relationchips th ¢ culphar copntent bears to other cheniesl
constitoents vigey the contoni of lron, sluming, phosphorus,



totil pltrogen and opgenic corbon. The cmistonco of inbere
rolationships, 11 anye cmong different forns of suiphur wos
also examireg. Ir uvpocific cases, where tho relationships
wope sgut to be olosy onblotticg tho data op grovh paper
correlation ooeiflclerta ware vorked out ang itested for
significance, o wigniiicant coses, the regression
apuntion wag calealetod and the regrosiion line £itilsd.
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The results obtained from the analyzis of the soil
ganples ano the genersl observstions mads ave presented
in kais chopbel.

A Gesersl

ER T iw&bla 2‘1}

Apparent venslii) ranped vetween 1.00 and 1.51.

Hoximun pore spage of 60 por cent wes noteu for fozest
s0dl, Lowey depth of lake soll had the lowest pore space of
26 por cent, Breept ik nent in all profiles pore space
degronsed with dapth,

VYolume exponsion oh wetiily ranged from SG.q o 23,0
per cont, hoxioum water holding capsolty sanged celween
28.8 and G2.3 pep cont,. It was mexisum in forest pest ang
ailuvial ooil medium In the cose o1 ilsbe svamp one l.terite
041 end oy in sondy moll.

2. Susmier 3 erbn (Xable la)

& {0%skurgie Ihe molicture tonlant of the soll ratpcu
from O popr caut an Sangy 2011 o & nasimum O .2 in peat
soils In dncivicuel profiles moisture content dogreased uith
inwresse in despth exesplt for the peat profile which showeo

an inereose.
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bs Loge op Ieniticonse %ao l06s on lpdiion vas founu
o var; widelye %ne values rapgod fron 0.02 to 14.8 pew cent.
The sunny s0il gove thoe lowest voiue wnu poat soil tho highest.
wzoopt for poat the profives shoved o docieasing benuoney with
Inctecse in depii.

¢s Lpseidosidosie The total anomnt of iron ape aluninium
oxides variew sonsiderebly, the values ranglng frow 1.04 per
cont ior tho lower depth of sondy w0ll 1o J2.88 i the
curface laxe adil. Jo all proililes the iron and alwalnium
wontont decreascd wilh ingrease in depto. The contend wae
low In the gase Of poeub anc saney soil.

() Zpom Oxidgee

the ison econtent veried betwesn G.74 soe 8.80 por cent.
Iyon contont decroascd witu inerscee ik depth in all the
rrofiic.. Poat and cong) rpodl profiles gave the mindous
Valuds A 0lowo relativnsblp wes obeerves butwesn the iron
oxlde abu totol salpbur contents (r = C.0el).

{2) Alupminos-

slunine content woo fDuno 60 o8 very low in sanay
ang peat gprofilen. Fo sloticiieally slgnificont coprelat.om
wah observed botuesn tnls constituvnt wmed totel sulphur

esttatta
<. Zotal ooy Bxehoroatle Colelpn (Table IV)

de Goipl soloivmie The coloium content varius betwee:
G038 atgl 9,086 ror conb. Sxeest in the esse of swawp soil
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s all codls ihose was O GecroswLe A eclciww conlan® with
inorense Ik aupulle Ho stotisticolly sigplilcont elublonship
Go obeorves petweon thils copstituant i fotul sulgiur.

e BRahonegable seioiurse The a¥el.ugosble galofum
copburt voried width fselviduel profiles. Sopday 200 gave
the lovast vaiuos, tnese being 9.00 see. pep gopt Sor fucfoes
soil ang G490 Jov lousy dopthe. Tho suwices leyer of the
Laly pond resocusd the parinun velue of 2.8, folloves by
the lowest dogin of wlluvial sodiy waloh rodopaca the vaiue

Bf Bed Tin@e por cembe

5 (iadie ¥)
ae Botelslosshoriosciss- Hexinun phospheric aclu

sontopl Weo Pecurded in loterite seil (0.874), The mininumn
ebptont Gs 0408 poy cent wuo opoerved in e Geso of sub
504L Iuyes O Luks poil. Theie wap 50 slgedficont ospelas
thon Lotvewr: tobad pavsplotie aele anoe tubal suiphur contobics

the oaos 0f o€} 0Lz, MHoxlowm cvalleblidly wes obssrved

in sopay L0148

Libroge: (foble VIX

Ga Zotar bilrogun:ie Brcopt for pest im i1 profllios
total pdirosen decreased with increane in depth. iigheat
veluo was oboerved in the cuce of laite soil (0.881s) opg
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the levest volue in senuy =o0il (0.0855). Highly significant
eerrelatlion was observed bebtwosn the total pilrogen and
totel eniphuy coutent (r » 0.081).

b. fyeficble kitrogen:~ fihe values ranges from C.0045
in sandy 501l to CWO0KS 3 lake soil. Docresse in comtent
WRS obsorvoe with the increase in depth, except in pout
profiles

s ¢ Gupbon Jf.d Gy Hattep Coptent (Table VII)

ae Qrgonio otibate- Hlgh orgenic carbon voltcs wers
1ooorden Loy peat, luko snd alluviyd goil mwilies, the
Bignest velue Loisg S.40 per gent. The value obtaiuen fow
ths sardy Soil wes the minivuw vise C.00 pop eont. Clowe
sorraistion was obsorved hewwden €otal sulpbuy apu ofganid
earbon values {r = 0,840).

L. Sreanig pakior:w Oggabic mabtiuer eokient vardeu frem
0.303 t@ 5‘339 ﬂef g@»‘fel

Jable Viii;

o e Tho g of pll the soxis wes ub the atda sldog
with waines ronglby £503 4.8 10 6.3 Ihe latexito, swanp,
spndy apu forest Z0als showwd wa dnepears in pH with dopth
vhergss Lelo, pcot e oliuviel s0lls slwvwee Gueronke in g
with Geptine

b. Legox potoniigis~ The values ronpeu bDotween 340 ar
4031 misiliVodls
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aeity \FTepde fa)

2, Abdon expharpn caraeitys~ Haxime aldon exeasrpe
capasity was observed L the cozee of Jorert profiic. Tue
velugSior the taree ciifercht depbhs Wers Z.46, 2,05 aut
2419 respectivelye In gaerol the snlon exchanps cupactby .

decreased with ingressc in doptie I peat profiiv it \

snareaced wityu inoreace in wepta,

The gencral texdoncy

showe wes Yo Inereass with increase in depth. Tue values

ranged botween 0,024 ang 0.0de.

&, Formg of oulphur
1. Folol Swipwe one Bitroncnsinknige gubin (Table )

se EOLsd _stlpliyes- Yotel sulpair conbont variew fram
Ga32406 50 L0238 por 26 t. Hexing oRentlty was onsorveu
in pest proflley whicn ohowed an incres=se In ¢ontunt with
inerease in dupine. I sali Yhe othor profilss the eontont
aeoreapet valh dupbiie lllnioun vas observed ip saidy ool

profile.

$itghly sippificart relationsuirs welre cbservec uotween
totoel anlphur one othoi sorms of sulphur sueh ap orgue
suipbur (@ o Gubuobd, Dunng gsulpmar (r = 0.638), water
saleilio sulphur (2 = 0.87Y6), sulpiabe stifbi (2 = 0,877,
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LGL s0dulio sulpuis (& v 09490, boutral aasopiun soetute
eatrasted puiphur (o o 047310, availoblo sulpoar (5 = O,8835)
abe heabouer test value for sulphur (@ = O.88¢).

e Bdtpopensenicong satkiose Litrogandsulpuuy sabic was
foung to veyy fron 6,82 10 2.3%. The satio wae lov in ihe
gase of pout sodl profilo anu ige o laohe sodd preliles

By Graztie ang tobar (Tobie all

we QRigtde qaiw Ofganie sulpbur csnsiiloteq tho
meor rorfeon of total suipbur in 2)l he sollo. Tho yalue
ropged bolveen 0.374 gnd O.8018 per gunt. Thelr porcenteyo
o total sulphur vepiea frog 68,2 to 08.3. A decrcass with
incpease Lo depth woo soted o¥copt £or tne powt proflie.
Tacso wan o elose raletiohshly bobwoos urgande sulphui atd
othur constituante vize ovgurde catbon (& = 0.049), tobal
suipant (& = 0.500L0, wus sulpbur (2 = UWbB8), wetey solublc
sulphur (& = 0.840) ko sulphnte sulphur (0 = Us o

ve Sy shlohupse BUoRo swdpbup eentan® wes foupe o
yary botuoen vel0L2 uhit 00881 poxr eents Lhe fobbubd Gouscaion
with jneroose an Govlu.  LAPIEBSSE b polreantage 9l GEjuenst

oedpine the Yeluus vasied £rom d.8 b ddlT L

p (Fobie A3D)

de Bobos soiublo siduiars- The content was low for 411
eoilin, e rengot fron GL0ULE %o O.0050 per eonti. Values for
thls form a8 percontage of foted sulphur varist Iroa 0.80 %o
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G006, The nighest porcentage to totol sulphur was observed
in tuo lower dopth of sanwy suil prorl.e. It was lomest in
the pesl proiilo. Fercentage to toiel sulpiuy increased with
ineroaws in depbh ip all pyofiles.

be suibhate suloogrs- The total content varled fren
CeEL W G004 per cant, Poaveuntoge to total sulphur vaiies
betuveen J.00 ato 30.68. Tne poarosntoge §0 totel sulphuy wos
bigh in tue gase of sangy 804l obG iow ik tae esoe of poat
pEOLilo. Tho puroentapo shiowot a gebeval btopdency to ipeveaco

with incresse in depth, Ulose yolstlonshiy wod observed ulia

CLRer Iracticife

Yalues for

suiphur extrocted )y iwmrgants oextyactont expressoeu aus
percontone of tobol sul-bur vaiied fiso S.4 0 45,6, tith
ineseose ip depth bhe percuutoge @itraetod 2000 lbordactu,
CloLe coiyel.tion wae obtoinces gotuoen this Lraction anw
other fruotions vig, HCL mlugm sulphmer (= 0.803)5,
Lheutral somopiuly acetate soluble muphuy (1 = G.487), totul

suiiuuy (2 = 0.835) bt heubauey best vaiuss (P = 0,843},

be Fotogelun digvarogen nhgociute-esirackoble il ohur e
Potasedun ibyoropen rovapitate polution contolidng 506 pom T
extrastoe ong Iragtion of sulphis wareh dneiude. aUeilLew

sualphure iho quantity oebtroctes vasieg eniildorabiy in
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Gifferant soilu. Perdentage of extesction varied betwean I0.k
and §3.8x Toors was o gonersd btendency o indrease with dopth.

8. Botdrol gronins seshate ard nornal Rydronul
Lxkpanboble guiohue (Table &IV}
s Boubpad atmondun ccetobs exbrastoiie suwironrie The

guantity extrasten from 4iffersht solls vneled comoldersbly .
The veiues rupged fron (.0UB5 o 0.1650 por cond. Haxiunus
quandity voe axtracted feon poad and elluvisl sedl profiies.
Foreentage $0 votel sulphnr verlef Lolvesn 8,47 anu 78,55,
Sabifigant corpelabion was obtalied with total snlpbur

(e = 07142, Jorgan®s extractant extrsctable sulphuy

(e = §,56%) wnd Koubauor tost veluse (& = Q.888).

: A sehiarie aeie ent e sudohuyie The
guantity estrucbod was vavriable, Popoontoge 19 pofal aulplnr
Yarded botween 22.6 alw 80.8, Tnece porcontoges were geherally
iow in the cppe of peat prefile, Hovever ihe mininus value
was pecarded in the gabe ol the 40-680 & layour of tho lake
profiia.

Gs boubonoer oot

The sestlingp of the doubsucr tosv wepe palyseu Lo
sulphir curdont. ihe Qaln are presontod in fable iv.
Tio total grean woight of the soculings varied from

1.080 gu in the case 01 scudy modl to 3.24 2 dp the case
of peat 204l for 100 sesdliings.
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BABLE aVI (GOBID.)

Corya= Bo. of
8 selationshdp intion Regression padrs
bho. betwesn [T o T sguation of
elont values

4. ¥orgents oxtractant extrac~

table sulphur ve. nouteal

amponiux acetute exteso- g

table sulphuy G267 I = #0360 + 2,66+ 81
A5, Mopgan's extractant catrace we

table sulpiur 08 hyGro= C.802 ¥ = 0,0088 + L824 16

ochioyic acid solubis swlpnuy
16, Total skiphur vs —

suiphate sulphur Q877 ¥ = 0 0036 + Q085 18
37+ Byurochiorie acidsoiuble

suiphur w8 water coluble o

sulghur 08927 ¥ = 00000 ¢ (.03 s
i8e Byarochloupic acld saluble

sulphur vo henbouer tash P

valoes £or suiphar GuBLE ¥ = 0,10878 » Q0005 €1
i%. Buiphate suipbur e

Horgunta axtractant entrao- "

table sulphux 0.888%%% ¥ = 0.0000 ¢ 7.338 A7
20, Horgents extraotant uxtrace

teblie saiphur ve heubouey P

test values iop sulphbuy GeD4ET T X = 0,008 ¥ 031K a1
2l. Urganic sulphmr ve

Lydpociloric agic soluble on

solphuy G0 X = 00086 + 058k iB
83, Urganie sulphur vs water -

Sodutae sulpiug 0B46" " ¥ = 0.0000 + 0.038x 47
23, Suwiphats sulphuy va

Boubauer test valuoes i )

for sulphuy Ge®O% ¥ = 0,0086 + 1.78a 7
2%. Suiphate sulplwe vo - )

water solublo sulphur 0,043 % 2 Q0008 + 0,564 21
5. Sulphate sulphur vs

Hyarochiorice acid .

goluble sulphur Q805 ¥ o= «0,0807 + 34,08 A7
8. Orgapdo sulphur va ’

HuEns Sulpbue 0.086™™" ¥ = w0,0063 + 0,898 21
&y i\matgal ammgn&gm acegatg

saiphuy ve Heubauar tas

Vaites for sulphur 08867 X = 0,0016 + G088 16

Significutes *:’!

3 ol por cont

* 3 1 per cent



ihe paxieun dry welght obtaihod was U.31905 g in the
case of Lhoe loterits soll (surfage lezevla

sulphng content in seedilngs varicd uolueen O.0006 to
DeGd3u por calt, LOb valuos wers Obtalned in the gase of
sostllig e growh iR ganey soil, Seedilogs grown in peat soil
gave the maxinum valuos, She voiues Qems signdyiountly
corsetated vl tots. sulpdue (& = 0.858), ovallable sulpawr
{r = G845}, bevtral ewropiun acotale extractaile sulpuur
\E o= O,714) «no organic sulphur {2 = U.000).

La btatieticnl Analysis

The rosults of stutistical oralysis of the data
obtelnad are prosented in fable »Vi. Tos ibdivicoul
correlations sove beon mentlupod in the yelevuant sections
peosonted above.
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The obsepvations pade dupring the study of the
distribution of giffoerent forme of cuiphur in Fepresentative
801l profiles of Hergla are diseucsed in tne following

segtlionss

Ae Veriation of the Saveral Fractions with Depth

1. Zetal Sulphur:

The total sulphur contant of different soil types
varied cousiverably (Yable X} In gll profilcs except thoe
peat profile tihe suiface soil conisired the muzinum anount
o total sulpbupr sho it cecremsed with ineressing woptlis
in ths caso of peat profile the guantity ikncressed wita cepta.

The pabtern of vavistion of tofal sulphwr conient io
the various profiles studied wae generally in conforpity
witis the repoxts of peevicus workers, Walker ond Adams
(1£58) roportes mean values of 700, 410 and 230 lbs/core for
the 4, & and © horizons respetively in gressiznd sclls of
how Zeslande bhanvar and Takbar (1864) found that total
sulghur Gecrasses wiith an increase in aopth of the profiie
in the tes soils of Funjab. Jaceb (1566} working on herale
s0ils also raported the same tondsnoy.
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The reverse #;mdenoy shown by the peat profile is also
an agcordancs with the fineings of other workers. Sobramonoy
(i860) recordeu ABBECO and 31500 ppa total sulphur ib the
surface goils and shbesgils, respectively, for wexdl solls
of Lerale, Hoter, Grazesuin aud ChoSap {15w3) reported thal
the sulpbur content decreases with depti in minersl soils wid
incroased in pest soils., Jueob (180b) tlso reporbted the sanc
terdency fn herd soils of herala.

\

The total suiphur contont is dependent maluly on the
orguaiiic matbor ocontent of the soile. As the organic matter
generally uooreases Witn the doptih of profile, the total
salphur gontant also Gecresses accopdingii. But in tne cuse
of peat soll it bas bean foupd that the organic matter itgell
ipereaced with depihv This expleine the inereasse in total
sulpiur content with acpth in peat #olls. The total sulphasy
eontent was noximus i peat profiie and mindmum in sandy soil.

2. Gpgande Sulphig sbo swas Sulrhue (Table sl

Ine organle suiphur corgtituled more toen 60 por cent
of tho totel sulphtr, In all the swiace golls 30 por gent
of tane sulphur was ib the organic fuviw. A decrease with
incressa in depta was netod in all profiies excepdt tao peat
profile. Frevious workers hsve alse dnclcested that organlc
form is tho wost dominant Lorm of Sudphte present In s0iis.
Hadnov (iufe) roported thet in churnozens the oxganic sulpbur

constltutoa about 79 per gent snu an chestout solils abont
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SO per cent of the tetol sulphur, hanwar ance Burindesmobsg
{100R) founs thet organie sulphuy fozmed 73 per cent of ke
toted suaphur in agic soils of Punjab. Atainyan (186%)
repazbod thet 70 to LU pey contl of tns total salipbur in noue
saiine wolls Of Uebed.i, was bound ip the orgonic matter.
hatwar anu Tabkay (i064) found that the organic sulphur varied
fron 42 o 00 por eert of the total sulphbur in the tes solls
ol Panjab., Jacob (loiw) also indicatou that the oppanic forn
¥as predominant ik the goils of herala.

The suipbate lon 1s ono of the post robile ions present
in tbhe #oii. Taoe intopse leaching due o5 heavy rainfall ip
tue arel and the eohsequant depletion of frorgenic sulphuy
vould b expectec to reswd in the sccuslation of tne orpanic
fory of sulphury, BUus rencoriug 1% the predominaut foin.

Huroe sulpbur contend docroassd wilh inersase in
aerlue uxplessey oo pergeiiage of oppanic auipbnr the veiue
varial £roi. $.8 to 16,7, Lvens ond bost (104%) reportes
that nuwsus sulphur vas conlainsw i that portion of the
aigaae aatier waleh is o & suvanced plago of miberglisse
tiorn. They sloe seporitog thot both husus and total organia
sulphup vebe highor in the oherpogess avu the blad. prairie
s0ile thon in the podauls. Muagimun gquantliity was obperves in
peat profile oo the mindowre i setoy scll profile. Organice
rattor conbent of the post proflls wes hiph, wbereas sundy
poil congsinon very 1ittle organie wmatler. Accosulngly
orgenie sulphur ase humus sulpbur conberts ware also 1ov.
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alnbobto Sl pime (Table ofL)
Tho totol content vorzed from 0.008) to 00004 per
conts  Tho muXisum aoount of sulphates vere founc In Giluviol

oG peat soilc. Phere was ch dperesse o contert wito depli
i she coou of poct, sweap ana sandy s0ll profile. Thn othor
peotiles frdicnben o deciopso witn dopths.  EXprosece as
porcenbay0 o4 totnl sulplnr toe neRirun value was opserved
i the oape of lovop doptho of sspay soll profile uuo the
genopul terdeney was to inerozse with uoptie

Neoray (db02) wozking on persly solls fouwnd that
sulphote content of the peaty soll wuns 8.8 per ceul, while
it ves opky i traces in the roo loan sedl. Lotor, Grozesuds
and Chounn (A8963) ropoyted vhot thoe sulphote eonbert veried
from traces to U7.0 ngline sodl anc decreason witn dopub
in toe profilo.

The iinddisgs obbadbon hithorty heve cotablishos that
tho lovest potop of povenent of osulphono oocurs 1k woiu, fipe
teRtureu olls ithnt e ohih in hyurous oXidos. Under theso
eoialticrs retordation of suiphate fiva wwth phyeionl faotoro
ang ateagpiion L. ub o oominusn. Gooo, Hesvwoerw anu romg (lgod)
inddeatod that adcorpbion of sulphote by £oils inereopen vilh
doeuroncaty Jiie 9 % Lo quito likely thoy thepo fastors
woudd hove oono Inlo play in toe moeblllzetion of sulphole and
its Lroneloeation coun the profiles Tals £8) socount for
tre fact Lust come of the profiies shwvou inopeasa in contand

vith depth wiw tho obthors inufested oecrease withk depbh.



4. Wober soluble miinboy (Tebile XIL)

Wator entraeted o emall fraotion of the tobal aulphul,
The gontont rangeu il*ar.: C.G012 to 0.,Q05¢ por ecnt. Maximon
Gamblty woo oxtracted iron tne pect soll e mindsur from
sanuy soll. Percontoge of water solubis sulphuy to totul
sulphur saowet ab inerease with inereote ip depth. Water
being a wouk extractant undorotancably ohiy very low
Guantitaon wero eRlruetaou,

p s arbibac Uy \Table all.
Values for swipiwr estroctea by Morgan's oxtragbant
Epregoed as porcentero of totsl sulpbur varicu 1ronm 5,0 to
GGt WALL lnepsose in aepth percentoge extractsd aiso
ipgreusec. bhuck well wralnes vonditiops the pregence of
eppreciable amounts of soluble sulphotes is likely only in
Bub=-s0ll horloors. This asgountc for tre ineregse in
extraction vith depth., heller (3u) roportes tout too
sulphateo extracteu witn cvolum agotabo (2u 4,8) from varioac
rofiles of wneroppod solly ik Fioriaa uss generally abpent
fyom surface soils ane accunusabes L tho Subesuriace layoss
wilelo olay was prosont, 1he extracteblc suwiphste tonuea €3
ne pdguey dn s08%L witls ;z:g&:‘ieminazzu;. Baolinitic atg illitic

eluy tomn slvh mor toriliceite claye

o. glnssit, OMINAroRer phospiaty (Yable Z1EL)

The gum ity emtrasted vasaed conglucrably. Adsorbed
mapnate vas cisy extracten 1n this onse o tue phosphoine

ieslaced sulphate. Percmdage of extraction varled betueoen
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30 s 63,8, Thnovrs vas a gonekal tendency 40 isoreuce with
acptits Spencer b8 drepey (4n60) Andleated tnut tals resgont
mignl acee rolesse a pert of twue orgende sulpimrs. In the
prosaat tiudy aleo 1t was found that the Lraction eatracted
Lor0 portion o3 the orgoric sklphuy too,

(Gobie ALIV)

frovious workors save lidlentod what extractlon wlih
neytrel pornel assoplum acotobe extrectes ibe suiphate sulgbmr
in aqudition to a labllio fractiocn of org.nle sulphur fyom toe
coil. Tads entractlon was cuggocied by hoClupg of gle (10505
abu was found to Le satisfactory for some sulle Ly upeuces
and Prency (Ave0).

i the progant study the guantity extracteu vailee
Srow 0,005 Lo Gu2600 por ount. Moximtn guaniity was
exbractes from poat ang alluvisd Wil profiles. Peroentage
0 tetal sulphue veried botusen £,03 avuy 78.0.

e bOImGe bsgrochliond tus (Tablo AIV)
The cuantity oif suwliphur esiracten by normsl oydro-
ghiorpde acld variced botwoon 0.0068 mne 0443285 per gent.

daximun guantities vers extpactou rrom peadb aid aliuwvial
seilo. Wiildans i oteoinborgs (1054) reported tuit up to
£33 per curt of the todal sulphur was extracted 4y Lolned
hyarochlozic ncld from a vange ol cslearcous ang adhalire

swilue e so0llsL undor present Jiul are «dl aeleic ond
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sonbaln very Little daiciuu, Lows unQ Lelorp (10eld) observed
toat orgatie Rudls of Guotos gontelned subetontially woire
Qoybos =bonied sulpuny okG the reocovery of careolebBoidied sulphuy
i avde extiagtoble fpacllion wes Wlguol 2 Olgande solis.

Snls fact say be peljonciule 30r tee ibcresso i extraction

Iron svils contoindag oigh orgenio matler content,

ke splationohdp of Sulphur Foyps with other General

PFropupties of wno Loil

Fron the data ootalnea 1% was found that the ison
ozide content bsars o close relationgnip to total sulphur
(r = OuouB)e  Hovever; the post profilc akk the top horizonsg
o3 sliuvial poll stooe cpart from tue rogrossion ling,
Lhe lron oxide content wuo very ilov in Loese sozas wd the
pulphur coLtent highs Starkey {(Ibud) iraicates Lhat in tae
eRldation aol kceduchzon that sulphry wdergoes in spils iron
paay e an Anposlunt puld. lnerefors It mwy bo quile posoibile
that thoe pigh contunt of sulpbar oouplel with 10w iron oxice

cortent ooy affcet the reacb.op 0f tne sulphuy in luose c3ile,

. Phe total sulphur 4ic pob show any yelotioncody wiln
ciaudng, caledwn ono phospaoiusg cohteat. The totyl suiphur
cuntent wos slepdficantly coryolates itk orgaric euibon

(& = 0 U400 e total nitropen (3 = 0.834). 411 the tweo
sonotituchits goeseanes with lperesse Ap Gupil of the profila.
Ihe pogiiive cuireisbion opbalrst nere wes in accorcancs »ith

too zipuings of hopwoar ang Yoboao (4b64) and asnwar and
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Pakker (ADud) jor Pundsn soils. digs organic uoatber content
inGleated idgh total adtrogan o total solpbuz. fhds lodiente.
thaet ouiphur genkent of thoe soil Lo neiply Gerived from the
goeonpesition of plant Lissus.

It wao oboorved that the peot ooll profile stoud apart
is. papy of the rogressioni. Thi. profile propeuted a
alifopunt pietuse from e others in thot the oypenic
wotbor conptepty Lotol ritrogen oha total Lulpher iluerensed
with fiog 2asn ib dopiise  Zaoh o3lue content uas coiparabively
voery 10w, Tk suiplar evkdant vas very hlgh 1n these 0ilg.
Thip aliferones ik patlartn wmay Lo responsible for iho
obosrvey doviation faom genoral ieand for thoe oagorily of
the wodls stusleds

U Forms of tulphur ond theli Interselationsbips

Sl ity wau prosent mainly L the orponic Yorh in all
the proeflies stueled, Migh nobillly of the suirhste don ane
whe inleceity OF secQuily ¢ue to hoavy salodall sscounls for
thise

o vepy blghly cighificand curselatlon was obsorved
potrgen fotal shiphuy and crpavie culipiwr (B = Ou88el. o VORY
CLOSG fes. tiondalp exirred sebnacs orpunst Sulpbur ard hucas
surpuuy sopient Lr = G.088). Vory alghly olsgnifisuapt
s@latdonsnips vore nlco choosved belusen tobal suipbur o

QLG BenG e other folmo of sulphar ob the othod vis. vator
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soluole suiphbur £r = 0.87ul, sulphato culphor (& = 0.877)
byurechiorie asia stluvio cuiphie (F = U.B4%), neutral
couopin wectate extractable selphur (r = 0,714}, horga 's
extractar ¢ extractallio sulphur (& = 9.983) and soubayer
tost values tor sulphur (@ ¢ 0.880).

hoter, Grazesuil apd Ghodan (3263} obeerved o linoay
iolationsily bobween total spiphor and sulphate sulpbui
aoptenty of god.. Inter-gorrelationu vorked oot by .pepour
and aropey (A8u0) betwesn sulphupr fiuctions aud plent govuth
indivabon thot tho wmounis of sulphbur extracted by oll
proceunra. sboved a falrly cigve sagcelabion with plont
Lrouth g upbalio o sudphur.

Ene very close reisvionthlp obsorvod pmong vorious
Forns of culpbus ginplifios very much the stuly of toeme
foxns, veankow oven from the estimotion of tho wost easily
detorminee. dons sii the other fome oo o puoedlolev.
Babes solablo sulphur iteqll suoves cloce selobionshin with
total sulphiur stiphats sulrbuy apd ofher exirooteble idius
of sulphui. %uie fozm cak po enpily esbimaten elihor
turvluisetrically by luae vethou of Cuegnin and Yig op
volurotpically enployiyg the versauete noelloo desoribed iy

JaChoo

wa A¥ailelle Mulpaur:se Determinatiorns Jowporisop of

Lffieieney of Vorlous mstynotoris

ne ooil was entyactod witn horpen's mtbractant,



potassiun dibyerogen phosposte solutdon coxdeining 600 ppn
PROLLONIL ofd ROUTERaT LOIEA) SpEOr.Lun agobobe poiution to
Tae oul the gunas tity ol sulpnote mxtractes Ly eoch. Those
@ALpautants were utiilsesd by provicus WorEeLs 1o finu out the
plund evellablo swlipltize I% ip goxorally lpown thot the
Anopparde sulphobte 15 avelleble 10 planty, oné taol tuey
gonerelddy Lekt vy swiphur iv e form of guiph.te Som. Ao
Bost 9f the sl suwinhur is io the organle form upo vesy
Aivtic culphebe de prosent $n tho surfoce luyers it io
evident thal oFganie salpaws is comverteu to inoryanie
sclzhale Lefose 1 booones svallablo to plantc.

Joraan ong Botogiey (AE0u) and ¥Williaus oku Stoltberyg
LAe30) dnusentes tnat adserbos oo well as boriuw ang caleium
suphotos vere avallakie o plante. fpencey apu Frona
(4Bue) fout thot $H0 bust correiation vwith sulpher sptahse
o pergeria,e yisic wese oblained for ¢old wotey extractable
sudlonete, bhobt walor extractoble sulphate, bhepuigllius suwlpdwe
sbu 'head Soluoso? fuipbar. doarulublion ik othor fractions
were approciubiy poores the weehest eorralation belrny with
total sulphur opd ilo depivuabiva, reserve sulphur. houbtral
amnonlue acetete esbraetion vas feurnd w be schasfaciory for

sone Bolade

Gut of the extrgetarnts trieg pouleral asmonivm seetaig
solution aatroctes tie masioum guattil:, The coaniity
antPactlel iyon the post o &lluvial oolls was the hlghost.
It was guire ovident timt the oxtractants weie gepaple of

60
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extracting a fraction of the organic sulphuy t0o, 8s the

cotbent An very Saly ¢asss was woye than the culphate sulphur
eatinudec.

boutwuer test vas conuucted eopleying gaps (Go.7)
sesglings to Jind oul the plunt-available suljuur. Beubsuey
tast vailues Jor gsuiphuy were found to be iow wnen compared
o whe guariity estracien by tho sbove exiractant.. Uowever,
srppificm.t relet oninlye vers oboerved betwsen: Noubausr
Tet values i0p sulpbur aoe other aveilable forms of sulphus
extracted by horgan's cztyacluwt ant hDeutyal porsl anmoning

acetale wolubion,.

e Geheral concluorations regaiding Liphur Gontept
w.d ~vallabiilty in neruls tuolls

in the stuyy pow pncertgien 1t hns bean found thal the
s0ils oro gonerally sell sepplied with sulplaze Peat seils
contain tho maXimum quoitivy of sulpbur. The organic matter
content o1 thowe Lodls iop also aligh au sts taerdency is to
lncrease with wepia. Az the orgopic natber coutunt ingrenses
suiphul cohdent alse iperensos,; vhish in@lcatos thal dho suipeur
copbeld 16 malnd; derived from ihe gecomposition oi plant

tigcucs,

s ogayaing the avsilability of suipausi as zeasured by
vaiious entraciabis ald Hetwebor Test iv wae Jound that tong

mexXintgs avalialdlity w49 iotka in peat s2ii spa aliuvvial



Soil, though the cantunt vus varying depesding upon the
extractate. Lbepciole in generul toore is o doficienc; in
tno woil for thic olepants, Rho relativoly higher content of
sulplinr obgesved ib some ¢uses pmay prove haimfnl, aepending
wpon tue envirormuntal condlbione ang olher yoloted piopertioco

Of tag soil.

lao iron oxlde content of the herala solls are
ganerally high but in the present swudy it hes beon observed
that toe peut soil conlaines wery litile ison oxide., &uiphuy
content of Lhese codls wes the highest, Sinece iron pleys
an importont role In tne oxiuntion and gpecuoetion of sulpaur
compowes 1% 1o guito possiblo that thic will affooy the
reaotdon of thae sulphur in theso L0lls.

ihe stuuy hos brought 9 lighy thst very clocs .
seleciopehins gxist anong ovganic carpon, total nitrogon
anG Lovas sulphur, ehgd the total sulpibur itoelf is highly
corralabon wilth othor sulpnnr forni. Hence it io sugpestod
hat even the cotluation of pitrogon whien is «one as a
routine apslysic in all s0ils cor. be ksea for drawing
W very good iced regarding sulpaur aba its vardous iowus

by pyetietion fyom nitrogeh.



SUMMARY AND CONCLUSIONS
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A autalied study wap updevtsien o detessine the
distribution of differont forms of sulphur, ite svailability
abd its reletiouahip to other gencral copsgtituents, in soils
of deraiu. &0l1 momplos eollested fren three different
doptos visey O=30 cuy 20-40 on oid 4050 cn poupectively
from coven s0il profiies, representing different soll groups
of serata, consiltuted the mwterial fop the study. They
webe analysou for wifiorcut formo of sulpbvr apd also for
thelr general and yelated propertles, Neubouer test wag
conduaton enploying kgl seedlings to find out the plant
avatiable sulpbus. Avallable sulphur wae estimated by
alfteront extractants also.

ihe data obipdnet wore studied and anslysed
statiatloaily, Ocatier disgrams were drawn to determine
peopiblo pelationships %ot sulphur contunt boors Lo those
of other chenicol conotiruents viz., the sontants of iron,
sdumingy phosphorus, total nitiogen &nd organic cirbon.
Tho ezistense of interreletionchips, ¥ apy, asong different
forms of sulphur was aloe ssenihed. ko specific coses,
where the rolationships wore seen to be elose, correlation
soefficients were worked oul and tested for significanca.
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Lonclusions
The study bronght to light the following conclusionse

The content of different fosms of sulphur varied
conslderably from eoll to s0il. In general tho goils were
not deficient in shis olssent. Feat apd alluviel soils
hod relatively bigher content of sulphur.

Ir. all profiiss, except the peat profils, the
swrfaes soll contained the muaximunm gmount 0f totol sulphne
ant it deorcased with increasin; depth. Tho reverse was
choerveu in the cuse of poat profile.

The orgabic sulphur constibubes morg than €0 par
cant of the totul sulshur considerirg sll depths topeiner.
in nid the surfase soilg 80 per eent of the total sulphup
was in the organic form. A decrasse in sulphar cobtent
with inerease in depth wag observed exespt for the peat
profile. Sulphate sulphar content vaiues wore generally 1ow.
Porgentage of sulpnats sulphiwr to fotel sulphur wac maxirgss
ir the cuse 9f lovger dopbhs or sardy sell profile.

¥ory clese coppalations weore obiained among orgenic
garbon, total nitrogon ubd tobsl sulphuire ALl the three
gonstitusnts decroased with increange An depth of the profiic.
Blish ergonlio matter sontent inclosbed hish totol nitrogen and
total sudphurs Shis indicates that sulphur concent of the
soil is usinly derived from tho decomposition of plant tisous.



Ghe totul sulphsr content itself was nighly corrclabtug widh
otnes sulzbur fosms vin. grgaudoc cwlphury sulphate sulphuw,
uator soluble bulpdmr, Loygar’c ocatractont oplractable sulpasss
teutyal am.oniun acetabs ortractablo sulphis ond boubuuel

tost valueb (0F sulphup, Honee Lt is supggesier tnat evoy

the estimation of sitrogeor unleh 1% aono mo & roatine

anolzeis i nost e0fls will give o very po06 ostineto of
sulpaiiy and its welous fosmes i Bewnle g0lls.

The total sulphuy eontent was poslGively corpodatod
witn iron exloc content. wouavor, e pest prefile oo the
top borleons of the «lluvicd goll siocd apastk Leon tho
genoyed relotionubip pattorn. 2Zhe iron oxide gontind vas
Vory A0e i these Dils and the sulpduy conbent highs
“ince iron ploys au lapordent yole ib the oxicution wud
souctlon of sulphur eoppounds 3¢ 4o possible thetl fule will
affect the reaction of silphur ¢onpounas io thote soils.

Biguiiiesnt reiationsuins verse shoerved bebuoen
Ligubsuer fost value for culiphur ant obther available fozre
ol sulphis, vide, Lhose onbinatod by dopgac’s exlrschamt and
bouteyal hoimel onioBllm A00tate coludicn. Heubloer tosh
values for sulibwe wore foune o be lovy when eomparsd to
taw yuentil; onbrpsted iy the other cuiractantiu. oipgsificad
eocationshap was o250 bsepves auong Heulbel LOXnod 2.s0mann
peslate GRirsetonlo salhaur oo Lorgents extzacnant

extrachabio suarkar. Wb of ke cyiraetonts tricd Leutsul



nornpl aanoniunm acetate extracted the muzimem guaniity of
culpisare ¥I% wWas quito evisont that the extroctants werc
copeblo of extracting a Lraction of the orgopie sulphr
too, as the contestiin very nany Gases wore nore thak the
suilpuate sulphur estinstece Taoeo avalizblo forms of
sulphur shdwen ¢lose relaticnship with sulphute sulphur
anc watey soluble suiphugy tuo,

I spite of the heterogercous hature of the soil
collegtion, the rolotionanbips obtained amony totil sulphur
and othey constitusnts and cwlphur fopps wera ClOsc.
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FI1G.6. TOTAL SULPHUR - ORGANIC SULPHUR RELATIONSHIP
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FIG.7 . ORGANIC SULPHUR ~ HUMUS SULPHUR RELATIONSHIP
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FIG.8. TQOTAL SULPHUR - SULPHATE SULPHUR RELATIONSHIP
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