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INTRODUCTION 



CHAPl'ER - % 

INTRODUCTION 

/ 

lttodezontma'1oll of f.lCJI'1eul \lira baa b1thllQbt.ed ~be 

impR\aaoe oe INvient. aappltMat. .outh £eztl.l1eeh foZ' 

att.ainiat hiGher levels o. crop pcoduC\loa. Ma1n1, tke 

lmpwt .... of _vient aleeaU like N,P.K auppl1ed 

\breagh. fenl11aen ia well ceeogDieed. hit. ..,lpl\lu:, wbi_ 

1e ORe o. t.be " •• 'J.81 lNU"ient. 81_ea,. fair plant 4IX'owttb 

w,~ ... I'eqU ........ , _ higb .. phosphon8 baa beea 

traditionally negl .. led. 

'!.'he meJJa "8SODS .'U'illlutiad toJr laak .. a'\Utloa 

Oiven '" 1'01e pl_yed by aalptuur ... _.ia_nee fa&'lrt4.nO. 

low GnP y!elda. WIId'ttiona11y law eulP1lU' ... a_pud ... 

. 'vu'.'iea. tuc~"1 te,un of .. 1pht.t~ -.0 ~o.u ---,_ 

ftM, GO_ent.1oae11y •• ed au1,._ ectl,A181", ,ut.Uiaen 

and aCld1'1 •• ~-Oh .aiD waMl', inq.". w ..... S0l 

..... 1Qy "om ' •• UiM" "at. _d ... "ete •• \0_, ., 

,he tlee of llth ane1rau 'enil ....... UJcQ DAP, 'laP. una 

aDd othel' _1",&" free feI'Ulu •• , .... at,$... .....el cd 

aulpttv tbl:"OUgb onps" docw ... ed ... Of hM 61., "l\h 

nplatl6Jl8 __ U6ieulel em.s. •• loft "w. led .. "ple\l_ 

.... ,11'. aul,... Ite'ae 0' ... U. 
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'1'be evidence of GZ'Op .... ,..... to applied Sit 

·'be dl'8SUO decline 1ft tbe eddiU-OIl Of S ...... of 

GOftUMoua .ae of bteh analysis ad aalpbG.. the 

ft.I'tJ.l1ae1'8 and tile ,row~ __ ,_ 1aen .... ,~ 

paed,.tlolt ... aaiat.e • crr'~1ee.l 100k __ 'be _lpbU 

, ... i1t.e~'_ pZ'Ol:tlem. Of 1.,.# _19m,,: bas been reae'.Uo 
the 1_1'9 •• _ at.te_iOR of 801ea_leu all . oveI' the world 

... d .. i.t_iea Of Ii 1M". __ l"4tPU1&eci kom 72 

OCIUfttl'iea 'nel14d180 Xftd.t.a. ~ (1'.) _d it ... _ end 

•• etw.- (1986) bave ""'i __ ~_ ...... f aa1phu' 

daf1a1sncy in lad!a. %n or1sstA cmlr GaQJa dlsUtct. l\aa 

Men ideDtJifie4 u tl\a pn~ .. ena ., "1~ ... elicl_G,. 

&al ... naeel'Ob bdia .... ___ a, ~ ... 
. ,,"1\ eb1 ... 18 of JUUt end SU, ..... be.lAo .'U'itMUd ... 

S &did •• , aad ., pa'es,,_ II ... .lO,heJ' hae __ l'ePOtrtecl 

111 to ." of 400 odd .,.-...tn. ia 16 et.'ea. Sltlpb.U 

... iG1..,. _ curep ".,.8. ... appl'oa'1oa O' Sbu .,.. 

0.......... tander 'ield c.acU .• 1_ In 31..,.. ,.., .. 01 

.,*41 •• em _lp .... deal wl\b 811 ..... Mtoao 0&1 .... 

0,"" IJUGt.U'd -ad poqadmat. b.we .... , ........ t.eaUea 

thea oUle&"a. 
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1\10 .t.n.f0ftl&t.10ft was available .. _be eulpbWr 

naws .f tile 8Oil8 of orissa eacept. • CIO\lple of I"epor.;e .. 

,ae "spease 0' some "&"ope ., t.o Sulpbtu' appl1aaUoa _ill 

• ays,eraat.1e ."IVe, .. tdte s stetue 6f or1S8.:'" so11 "' .. 

carried cu. by t.h1s departmeat "~.iJlg t.be y.... 1981 .. 8. 

SOil8 were 1ftdeaUf1ed 8. 4ef1e!ent based 011 moaoaa1eiu. 

pboapha'. ~rectabl. s of 10 p~ or leS8. 

la ,be .... _at 1Rfts'iget1on an atteUlPt Wy 

made t.o _.ay .. he S reapoaae of OI'ouftdmat. 9I"OWR 10 a 8 

aeflolent:. aoid eoil. ftll'~. ,he sylphs". retuU.oll 

G&P80"Y ., .. _U of ""e f1elcl ..... 1IUmt alite, "\h. 
effeft .flilDing oa aalpbate eAsQI'PUOft charae_=- of the 

8011 . wen e~'ed in the laboratory t 'I'be obj ctl.vea 

...... iavesfd.gaUo ... dl:'e. 

a. ~ fteluat.e IfPLI'1II' ... _. of Mllpb.u.w 

f ..... 1'1G ••• __ in ~ alpJmr .eI.leti., 

.aeic1 801.1 ..... Uated.. ualiMd ... lUGa. 

2. ''f.O 8t.~, \he .S ..... of limho on the _lphaa­

.... Pl1oa ohQaotu of Ute .'1. 
I. 'fo _a1Qa, •. lttesulpJ\v aU calca. 

.... ueaeat.., fI'C*,rdma,. 
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4. To evaluate U\e percentage 0' appl!ed 

sulphur atllUled by tlbe OI'OP. ret&1lled 

1a the _dace sol.l (scme of appl1oaUon) 

and lost from the surface .. 11. 

&&&&&&&&&'r&&& 

&It ""'&&&" K"'&&&&&~ 
&&6t&&&& 

Nt&&& 
fA" 

&; 
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CHAPI'BR - %1 

, RBVXEW OF LX'rZRATUR2 

aalpbar be1_ one of tlle ... enUal _~1_t.. 

ncau.f.ntl .t. pleat. VI'CU th .u .t.a .. war 1 ••• ' ....... , 

than pbGephGft& ill 1ts lwe1 Of UMake by pl .. ,.. 1_ 'a 

wequind '.:'·.1._ .n1e 1ft 'M ' ... 1_ of _1_-.... 

11ka _~b1ord.H (2'" 8) ad ",aU. (ftK .). "''''' ,. 

alae ...... , • .,.... ..... of 4Ib1onpllJrl1. pn_ •• , 

01.1 _'et. ., • .u ......... Vi"' •• qaal", Of 

, ..... CBe__ ... Fox, 1971, N.u. 191'). plants 

. like Grd._. enlie .W~; owe tbeu oheC'actertaUc ~ ... 

"0 au1~ .... 1ulll el .... 16 ... 

....... .t. ........... !'.tel •• , ...... _f.", 
.f S "1.'U.1,,*_ .. pl. .. IIW. ........ (I(aAWU uca 
.'ahU# 1986, ~ lt86) an "bet. it. 1.JrQ;W" •• __ 

.. "",ive crueli', .f '0I'8vee. q~e1't, of __ Ubl88 .., 

lJUIeI'O- j"I.-~ bOth .-eli', .ad .. -Uty of ...-.1"8 ta 

pal.e$, o.e.le. 011..,.. .... "'bU". a .... ead 1.c. HeR 

coa'.ft' of some .-ope. TIM ' ..... t. __ riel4 dQ~ , • 

.. 1,.. •• tt" •• don we •• to Iol1owtag 2reaa01'le. 

a. " ..... ' ••• d' ..... Ul"vo •• 1qe. 
!h. be,.,. in 0 .... ",., »nw. .. of eal0 ..... 

.... lkal .... 11a. 
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o. it helps iii 1I\p:"O'l.i.ng effC.lenoy of uptake 

of other ngtt1ents like M and P. 

TaDdOQ (1986' ,.aperted tbat. aruwal removal of 

SQl~ 1e qu1ta high which comes to about 5.' ~ be-! 

of 1.r08. cC'oppe4 area. SO 1n ord_ t:o maJnt;atn tohe eol.l 

.. Utility et.atu. sulphUr needs to be repleaiehed by 

extern~l additions. 

2.2 _De. q€ • .e1.,£ ill eAl' 
atlp1\ur ,. raMed as dle tb.f.n .. , .. moat. 

atunaatl" .1_~ I.D e .. 'b'. ens," wbiCtb I.e .... 1ftg 

a .lptwl' GOateet 01 0.06 '0 o. J.% ("Udale".t1 •• 1985). 

aatJIW,. ~aUon in 80Ll vuies from 0 to SOO ppm 

(Bnam&ager, 1958. Reftey, 1910)_ It OCCUJ'8 1n V.,1oua 

f0l'lD8 .. ott .. elet1l$o_al s. sulphatee, aulpb,idu end 1D 

ol1lentc acmb.lftattCilDs. 

Tfte· 1Rft1n • .,lpbu! _ad", .tne.al.. 1a ..,. ... 

eotle ve AM"". fe.so.- 'HaO). G)tpa\1II (Ca804i1 2M.O), 

~,. (MeSO.. ~O) ... ., .. ,'" .... 811I.GetA mined. 

_8all,,,_. 0.0&" .. 1,-" .. sed'MAUzy .... 
b.flge 0.01-0._. $. SO,., en .... 1d8I'eCI , ... the 

tfDPOl"M" acml'Ctl Of S Aft .. Ue. 

W •• lb__ .f .. l~ Le_ing. ~k ... 

rad.QG.rala .sci .1_~ .... lOll.;. t'tlet. u t\lJ.." .~oa 
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of _1p1latee by lJ..1ng oqaU_ 01:' .t~ 18 ""ced to 

elemeat.l aul.%' by other .,w... Add''' .. of ulPbU" 

,. IOU also oewrs throaOh irrigation vat-Gr. rain 

wehr. fertilisers anCI peot!d.des. 

sal_tar .. equ1rel'llfUlt. .of uop eM lie __ .~.b 

• mamber of _lphuZ' COIltaiftil'l9 .. ..-ie1s like .,....., 

elemental 5, Pn'1u 9'0. Use of f.uU~. like 

(-4'28°.- K;". end single -pel: pbOapbat.e 81 .. GOaV1btl'j 

to •• 1pbU' paolo' tdte 8011. HemeYea' 9Fpaull wb. •• 

Rawral deposita ue .fClMUld in aJiNad ... 'a :tad,. • .. be 

aeed •• a SGUI'CN of sulphur for 9toundnut (AUlakh ea<I 

PaarlOha. 1986, Chahal and vtrmant, 19731 ~ft, 1986). 

2.2.1 AUlOeph_te*itio ••• 

...,.... lUte HIS ud s~ ~0ited ina .... 108. 

~ ..... Iller_ 8 cy.leMnvt ........ S ed' ... 'i_ to 

eoil eat plente. Plaa'. may d1nCtl, ab8Vb S02 fn&a\ 
"ephue. SUlPha'. t.d41ttoa ,.bI"oU. umsal ardnea11 

.&1'1 ... .nna a leo fl.,J4 Itt/b •• 

use '" , .............. ,uwa ...... uab u 0_.',50.1-

UP .... ad au'.- __ .. a' .. "'--'..ell ... 
'hie atllPbu • .,.1,*- ... , ... _I,.,. to tICAl.... Of 
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hiGb anelysis fert111ee~ and sulphur free peatJeid .. 

•• Y 10~ to ealpbur def1e!emey. 

A lot of plphtU' is also added t.o eo11 t.hz'cup 

irr1tat1on va'". Tan40n C 1986) qUot.ed Saboo and Panda 

(ftlU. INS) baying .. epo.ted 884"100 of aboUt 10 kg 

of s pear he.are thnuc;h ur1gaUan water to rtce "'1' . 

_OWII ... Elhubeaeewer dtu:lng I'd! NUon. Cheeftta ad Arora 

(l'B') "'"I't.ed that tu~ll wat._ Of Ludh1aaa ... 

... ebou& 24 kt S .Pes' heo, .. e. 

StllPhJ;W ...... t. botb 18 _gaUG ee weU .. 

tAoroaaJ.e , .... (ue. aad Kvm_. 1982, f<enwU and 

.bftc!llu.., 1".,. ~ _CUS". &t ....... eoUd. 11 .. 1 • 

... IU. X,,-oAda,loa INU1beI' vute. I •• • , in HaSO, 

'0 -2 1a "as • 

.,.. ..,.".' .......... '0ftDS ., aulph1lW uh1eh 

0CfiN1'8 in .. '1 en (I) n;a,dU,eol"b1e .. lP1a"'" 01 

- •• K. _, attCa(l) a4.-r1let ... ate .. _be ar'._" 
ole, tdIIenJ. ......... iOlWte.(" luoluw.. alpta_tea 
•• C., h, ,. Md' M .. (4) .1Jlb.fAe or ~ ..... 



forms of sulphur. Avellab1e et.tlphur nivs t.o ea-.1'V 

soluble plu. adsorbed sulpba-.. 

Seventy to nine', ~ Gent of the 8011 8QIPbur 
in bum1. ,""opt. m:e in CS"g88ia eecrm (Kanwar aad MIIdfltuWf 

1986, J)as~ 1981). '1'b18 propoa-'ioa vartes w1~ eotl t.,pe 

and depth a& moat of organic sulphu.r- 18 ne •• t.OD _rla_ 

layer. Organio eulpt»u: extst." as til pan of orouie matteJ: 

end may be in follow1l'l9 e01108 • 

• ) .t.eJ:' 8 .. 1phiS".8, whld'l ere lergely -vent. , 

sulplaa .... ccnt~ eat_ (c-o-s) llnJu;gee. 'fhe, are 

_alleble to 1'1 ... , "heft the eoil 1$ 'rr. 
J») atlphut bound co carbon as a couUtuent of 

emtnoootc'Ja vlJl. meWatne( •• ) 8) OJ.tine (2'" S) aad .,.teJ.... The .. oaast1tu\. aJIo., 30% 01 "tal 0 .. ,0'. $ 

(ftUeJ' sa 414i , '"2) • 

• J StJlpulr bauad to oadM:m .in fol'm8 ....... lha. 

_.i_acids which la.lude .... lpboxiae.. nlpl\oaes eM_ 

4) cr;&Qlc S, wbieb 1eoo\ I'GdUCI.a by .'thu 
_,. Dickel .. hyel'01od.lC _oill ... , 'hi. ,. o. "1"'1. 

DpoJ",-. t.G pla., _V'.'on. 



, 
fOl:1M of sulphur. Available s\tlpbt.tr n.ers t.o eea+llv 

soluble plue adsorbed sulpbah. 

Seven~y to nine" ~ Gent of the eo11 eulPbur 

.to Iulm1d tropics ere in or:ganiQ ,... (Renwu aad MUdaba'r. 

1986, 1>es. 198"1). 'fbi. propol"tiOft v.1ee with soU t.," 
and dephh as taCHI' of organio sulphul' 18 pZ'e._~oB _1"1$_ 

laye .... or,an!e 8ulphu exist" as a pan of orouio _'tel" 

and may be 1n fo11QW11')9 forma. 

a' Pat.el' .sulpa.".e, "hid'! ere lergely _,an to 
I 

sulpbaMa cont.a1tWl9 as ..... (C-O-S) linkagea. They ate 

_a11eWe to pl .. , When the .oil 1$ t/JJf!r. 

tt) a.tlphul' bound '0 car:bon 8& a CQuUtueot of 

eaninoeotds v .... methioataeCZJ:J(.' s) cretiAG (I'" S) aad 

cysteine •. Thee. oo •• ,t\,,\. &bOa. 30K of t.otal .. tant. s 
(Jftae,. sa 41-, It'2) • 

• J Stllphul' botlad to OU'boft 1ft fome ether tJl.a 

_.f._acidawhieh 1Ileludeentlphcud.de.8_ sulpbeaes .... 

d) eroam1c S. wh1CR 16£10' ~edU'" __ eA.~ 

ReIley aickel .. hYfiJI'010dLC ~U .. _, 'his ,_ o. 1'"1. 
impU',.nce ·to 1'1«,.\ ft.""~on. 
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OJrgan1c sulphlar needs _0 be mlneralised .fore 

it 1$ available to plants. The mineralisation ~epend$ 

upon ~pera~ure. mo1s~ure. aeration. so11 acidity. 

organic S Qonten, and M.S r._~o of organic .e~'er. 

The tot&l $Qlphur coft~eat of surface s011s of 

India varies between 19 ppm to 3836 ppm. Heavy cex ....... 
soils ha~e generell, a b1g~ to,.l $ulph~r content thea 

11Gb.' textured eoll. as t.hey retain 1\'\01"8 organie Nttar 

(Reddy Sl J!1., 1ge5 l. 

Aetd soJ.ls of 8tbe1r al'ldFQnjab have b1gha' tot.&l 

S '''an alkaline soi18 ("Ahmed ana .Tha, 1969, ttanw_ eacI MOben, 

1.64). BUt reverse was t.he casein so11e of Mab •• etta 

(Pat!l !l!i. l.el b)Q 

Zn Wee' seng_l, SOil. ofb111. ~ar.' .ad coee_el 
aell...... .egioa. tn 4Jen.et'81. have 00.:- found '0 con'.l" 

hi.ghC' amount, 0'; _ot!ll S U CKlmpared t.o those from 

elluviml and laterlt.1of1egJ.Cma (*kbQ~dhf_ eRCS ~P.dhJ'.J 

1.8tl)t/ 
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Tbe ~o'el S cont.eIlt of @otl $ of 0lr1s£1l v .. ted 

between 2J.'pT'm to 925 ~. The range ef t.ot.a! sulpha&" 

recorded fOl' d1fferent soU groups vue, 23.' - 468.1 ppm 

in mixed red aDd ,ellow eoil 48-363.15 ppm 1ft ~nfGCest. 

83.7 - 3i3.' ppm in. black. It-29J.TS ppm ill red and 

laterite and 41.12 .. 295.' 1n all-.&v1al 8011e (Dee. 1987). 

Clay eOfttent~ silt content and orgalne ma~eer 

eontent wer:e fou nd to be posi t1 vel, ocr-releted tllt.b to_at 

s and sand per eent an<S pH were negaUvely correlated "1 Ul 

t.otal S in sol.l (ftuhal ar.ut Pa11wa1# ~".). 

St.udtes 1n the soils Of Wea' Beaoal end AIltIbz'a 

Pradesh rWGalef that _tanie S oatent:. 0' 8011 waa 

pesitlvely correlated W1th «a.'d.o Od_a end to,al S 

ocnt.ent. of Boils (MUkhopatSb.,ey end MakbOpadkyer. 1110, 

Redd, .!!\ .!l.. D8S J. 

sulphur m.lnwalls8tioft hae beea reporUd to 

rMgO frOUt 1 to 10 " PeJr leN' (Senchem. 197') lIU\d tr:om 

2 • 2.3 " per reu 1ft R190r1ara soU. (Dr_fA.eld Sl.a&.., 
1982). Many f.t.o!:s govern tbe miBfUfal11lUUliM .i orvan1c 

a,. 'ftl~ opt.lnnam tomperattite '.1: miMl'allsat.1oa· i. .... 

I.OC (william.,llt",. ,OpullUm ~G118.tton __ .... , 

.OS 0' the wata bel.'", (UilPIlOl'Y. lti.$WU\. PeI"" ... 

Vi.,. ( 196') tuffe ebOWa "het S mta •• l' •• '.toa oceuaul, 



tllbeD ,he S eont.fJtlt: of a'raw 18 aboVe 0,11". J\t..-hez' 

m1nerel1eat1cnof er~an1e S 18 eDhanced in the pcesenee of 

pleQt td'liM inab",.1'lCG prObably beeauee of ....... 1' Il1IDtbeI' 

of m!eI"OlJ(!OP1c org$t1iems in I"hisospher.. xu:wura. u 

repOrted by ncnr ana Ktim&r (1982) Q~ed that· m1I1eral1-

e.Ucn of nafd.vG S wes greate .. in soils haVing w1d_ eta 

I'$Uo. The sOil PH and caC03 oontent. affect lDiltera11eat1 .. 

of nat.iv. ant! added S. In 5.traa _i1. of HUyaQa Ii rise 1ft 

pH from '.4 t.o 8.2 inereeeed oreanie Ilulptuu: Idneral.t.sattoa 
) 

&om 5.&% t.o 7.'7%. Addition: of oalolwa carbonate eobaneed 

. tne mnGJ:a11$&t.icft of added S. ImmOb11.lsat."_ of 8\l1pl'tU 

18 observed 11\ t!I011e wlth C t8 ratiO ~te&" "baa 200 sad 

matv1.1 coftlaiQift(8 leas t£han O.1IK s. 

McCllllno 1.\.11- (195') a;-eeorded II d ....... .in 

organic S of .1rg1a 60115 of Brae!l after 88118 W~ GZGpped 

for 20 - 30 years. Simil" O.kleel'V'at1ona w-. Il'1e6t _ 

Bromfield (19'2) 1ft N~'_!~h 

2.4.3 Avatlabl$ au!phU .. 1n $011 ($Ol"b1. aaa ad.o~beCl 
eu lpt\tU" ) , 

SG1Ubl(t 1'1\18 adaorbllJd sallate M'fb the '''.'ion. 
of toal $ in &011 \,lhic:b an tm;1Ortant fOl' Pl8S1t ftAatlri.loa. 

10 osnez'al t.b191 ceQ be termed! as hdllr ave.tlable _I ... 

t.o plilnt which eem be ext.rdt!..$d .. llCnaealqium PhOspha'. 

801t.ttlM. 
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suiphne s coat-eDt. of the ZIld181l soils baM 

.... " fOt.lnd ~o vary from 2 - .6 ppm in alluvial. 3.-40 

ppm 1n red and lateritic, 10 -as ppm in arid and 10-16. 

ppm 1n black 8011s (slngb ~ 11., '988). 

eODten~ of soluble salpha-. 1ft •• rfaoe 80il. Of 

Rajaathen var1ed from 12 PPlI ,. ytllew brOwll 80.11. to 

205 ppm tn dese&"\ soUs (Joshi.ll.l1-, 1973). 

Parvaatam8lla .tl ,1. ( 1916) atudy1nv ~ response 

Of s to gZ'ouadaut. 1a a pot. cultu .. e "'.I'J.m.ent •• ,_ oeae.al 

Gendy 8011. of AIlcIU'a P.rede",b he .. repor'" good COft'elat.,toa 

between ._'ldle eulphul" with ... y1eld. s.1al.Uar .... y 

conduoted 1a Panjab to 1Ilv •• "t.te ebot1t .. a11able .1PhU 

1 ......... t 9Ifow1Ao 81'." tIhaWecJ that in •• of samples 

•• a11U1. S ••• Ml_ cu:1t1oal level eacI it .... nl .... 

,"Uti .. l, w"" .1.10 ... .bOa eACI neg_'1 .. 1, w1tJl pH 

( kw. and CbeeM, 1'14). 

SUlpha_ sulPhur _abat o' -.u. ".., f&'OlD 1 •• 

_0 4.1 ,.. in 4il ..... _ olime" •• ones of Punjab • ...,... 

end lUIn .. b'" 1'1" .... " Cteaawal' aftd NOh .. , 1164'. 1ft OI"i_ 

Ute __ .. at.8ftt Cd MCP au..-eb1e 8 of ...... l.'_it.e 

•• 11 "H' 1 ..... ,.. lGiae4 ...... ,.11_ 8011 wu 14.1 ppm, 

bnwft foreat. •• 1 w •• 20.64 ppm, all .. 181 H11 ... 14 •• ' ppm 
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and black. s011 'Ilea 10 ppm (nils. lM6). 

The critical level of avallable 8 fer different 

. o!'OPe varies be\Woea S ppm to 30 ppm depending "poll soil 

properties. extracUon teehD1q\1e. onp t.ypes end its 

teno,"ype. 

'lbe "i'loal level of oalcd.\lll\ ph.osph.'e 

extr .. ,.ttle sulPhate (ppm s) es,abliehed for different. 

a .... are 10 ppm for rice (,.'wer1.1S. Al.-, 1983 .) ami 

.aiee (PeleskR and Ghosh. 1981) '.3 ppm for l.e __ 

(aeneel .IS. .t1 •• 1"". CJ:'1t::.loAllevel of heat. aol_ble 1:1 

8U"e8~ for p-outldmst eDd Whea' I.D 1.0 PJID (Pat.el end 

lfU'eonia, 1981' 20 ppm 101' Oftt~, , .. lH. alfalfa and 

.11 •• eda (Denguwalc and Vathata, 1~83'. 

Tbeulb c"iae1 levelh:of .. allale aulphU-

98'i_ depend""" Gnp ",pe" ave.,"'~ 
.'''-11 'beft a'_ ... 11' 60'S. ··10 ppm 8 coat ..... to .. · 

, .. mo., '"..enfJ1r .Ied cr1'leal level oi .. el1abl. 

S '7.doll, 1'''). 

. 
It ..... , ...,.eted ira td\e oc-.ad., .-tao H ••• 

• , ,._,. _bow ... tme\ •• " .. pl., ..,,1 •• we ... de,t.en, 
,. e con ....... _ 0 •• " $ 1a pl .. , a. ,be .... ltell level ., 

8 (c:rs...m. atld .... lt84 , ...... _( 1963) "_1"" \he" 



'. of groundmat growing areas Punjab were deficient J.a s. 

Rtlhal 1ft Raj uth8ll repoRed. tn." highe.t. y1eld 

of II'OIIndmat waa obt.ained Jay applyug f..-Uise.ns 

eon'aJ.nJ.ng s (!lev and 1(umer,1'S2). Aulakh Sl.ll. (1,,"' 

C!lbaened ~ha' 32 teo s/ha wee ... ,b for o~e.f.,,1ft, opt.taum 

rield ,. ,.ouadnut. 

A·pot. 011"," expu'iment in 8 &lid Zn cJeflcJ.eA\ 

eoi18 with IR'Iftd., gl:OWn 11l XhuU allowed 'tlaf1 maximum 

pod ,1eld wae ollU.ined with 10 kg sa/ba ~jDed with 

IS _ alba (,.a1akc1er ad 181_* 1982). In uftOll'iYau.t red 

eel'th eM Kl'aan.oz_ S d .. l..e.I...., appt._ appe .. ..... 

eftel' 12 weeks aad U.... ..apeeUve1, wheft .... lldlNt 

••• pawft. Alt.houtb vUe yW' wu net_ad by S ..... 1_ 

•• ltAller pod yield IlOIr pod que1i.y "U .ff..... (S\tlpbv 

MreUan,. 19.3). 

Groundmtt .. 1"". 'fM'I.2 ...,Jl .. xo.... 1." ad 

1110 1D all Al".el __ eel \hat bil"s' pad '-yield "u 

obtaJ.... ." appl.tc.'ioa Of 100 kt IfPIIUI/ha" .~J.\lnt 
up .• " ... _ w1'b.cN' Znso4 •• _inat Pod rield w1'" lOOt) 

letlti. "ate fill ornalft v.. ., .. "tC:baUy hither t.h_ 

,,'''' 100 k4I ".'a(ne .. 41.,. ,.a2). ca-oundml, (ll'OtIft 1R 

Khar1f nee_ on ....... .., l~ _11 ,we blObel' pod riel" 

.ith aso kg I)'PStIm/M \haa \I.'''' lao Itt 'l'PIAlm/ba. 11& 1'01 

.... em __ rd .. , r.tel' 8b·'.'Il" ....... 1".1 effeo, C)f 

100 kt .:rNUwn/la... ..10MI' ~.. "'a\ ".i.aed ... 210 kO 

."..,1lI/b- «Reo .. .!l_, Ita., 
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Heavy s applie.t.1on ~ g~ndnY~ o~n in 

TaiWan on a caloareous 8011 to Z-educ::e pH-.: ,avee dr_aUc 

~ease 18 yield at ORe 81'. 1Q edditioD ~O ~i .. i .. 

chlOl'OUe eY\l)Ptt.Oll8. BUt, 1"8 effec~ at. o,"hel" .'"8 were 

much lee. marked. (HOUO(l# 1984) .. 

Xu • 2 real' field stud, of g.r-.nd_t. ,"",II ira 

TOlew$l Loamr sud of Panj ab t.he 1ield o. tI'O'lactmt" 

tMJ:'eued with applioat.1oa.' 15 kg S/ha .. zaso4 

(Bah1 !S !!., 1986). 

Field ... 1818 in 2' fill'llel"8 • .telc! ""aled 'hat. 

adCJ1tiOft ...... , .,S k, s/h.a ee lypIJItm pnc:taced 1.0 

q/he 01 _tra pod yield 0ftIr llOI'IU1 ~ 410aee 

ot If aDd P CIMlaldl .. .I1., "e? ).xn 1_ '.'£1",. •• Ua 

ef aur.. applioaU.on of S proch.oed 81 ..... I.o ... Ur hiOhc 

dl7 me". rie~ ., MPel ,teld of __ "'.'" ., 20 

PJ,W S ".. .., .... ,.".. 1ft ".Ilt .6 .. _ •• Ul1" .. .u. 
(R.'Me and Cbahal, ''''). IleWever OQ • oow:_ texU1nd 

ItOi1 I"e.,..... wos \1"0 100 ppm S (SiftOb and Sillth, 19"). 

lJl"j~., \M __ ,... .1,mu%' do.. 1'eqQire4 fU'. 

gnucI-- ,iel' ... laO kg alba (Rahal, 1975'. SiAth and 

tcalJr. (1M') .....,.. ~, • "",,'led Uct"_ ill~o' 
__ ad .. , rield ......... upto '0 kO s/b,e. and oPd •• 

level 0' 8 wet v..ucl -, to be· .6.28 q /b •• 
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Depea6ing tlPOft soil ooadit.ioD variable 

responses of QI'(Nn(1D\1\ II"GWR und.- field and ,nell h.cMase 

eon4i'iona to .$ application bave been obta.ined (Babl.li.al. ~ 

1986, Dhillon .!l .~., 1983; Ratnee and Chahal. 19'71, 

S.inah .!l .I!_, 1.70 ). Tartdon (1N6) eol'1Oluded from review of 

Rlany r ••• uab find"';. ~a~ yield of 9J:ouftdnQ" in.ereaaed 

from 0.8 "0 4.8 q/ba by S applicat.ion. Hi,he., iaor .... 

of 7.9 q/ha of .nuad ... , kene1. wi\1l 100 ko S/ha applied 

as 0l._ •• \.1 S has been nPGr' ..... 

1.6 ld11ia •• o« .• l&r °1\.99.1,,% II I£9'lBd" 

_lpbur 1aflueftC8s ••• r tbe ,ield of .... ndn\1t­

.. ~ also 1u qual,.,. atlphu il iavolved 1ft . oil .rath •• h. 

8ft. oil I!JtoI'aU8 ClI'9_ in .mi. CHIP ue alN .... '.iRou. 
... nat.u .. e wbioh en l"1ob in s. ItIlptual' appl1ca.1on bee beea 

nPQn.ed,. lnones. the oil C01l'_~ u,,*o h 1ft gnuadnut 

(CIlOpJ'a end ICe""eI', lM6, aiDa"!l .11.., 1"0). aalPhutr' be1 _ 

_ .u .... , pa .. , Of S GOnUia.lal .... '1.1 .... ftC.td. 

Mob u me\biOldae. er.·"" aacI ., ........ tte appliGation 

ocu ..... b.,.,i41 1aer •• ile' tft ~... ... amtao-_&c18 

(Ch01)I'& ana DtalIWe. 1M6, SiaGt\.Il.l&.. :1.910, Aulakh !!l ••• 

1''''. 
Appl'ed S h. bee •• 8"" ... ,....... 6.~ oil. 

6.0 .. I ...... '" ad 2&.'" _a •• ida Sa POUIl __ kefte1 

(Aul-' aad ,a ... £eMt,..). 
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Gypsum application was unlikely ~o al1evia~e 

the problema of groundnu~ peg aevelopment and po6 fll1iaa 

under moi.ture stress GOIld1 tion of so11 (Balaaubl'amanl_ 

and YaroaJc, 19S2 ). Appl:Laa\1on of 9rPsum ,olroundaut alse· 

Ilelpa in eBCtspillj dnugbt effect.. dUe ~o ·laoreaaed euly 

pod development. (PJ:oeeec:U.ftQ8 of 1at.efta,~caal 8Yft\P081um. 

1'85). s.lpbur applioation also iR~ase. roo • .., mat'e~ 

of gnunclnut II'OWA 1a black oaleaneus _11s C AnOa,.... lt85) 

sulpbur deltc::1enoy leade t.o • ..&lotion .. 80-a. in legutn1a 

ayntlleels. Level of legulll1n i.~jRJl'rA in polysomel and t.ot.al 

RNA prap.l'att1one wel'e l'edueed by 9~ (Chand1 .. .sl ia! •• 1983). 

:ta _uU .. adaut Gultival' 'ratui CJ~ with 

.. without c.1elom1t:..t.c lime atone (Ceo 26.,3%) 1ft 8ft acia 

80.11 reaponcled t.o applleat.lon ., lime 1rl ,wo out of 10 

.itee (Nel*1nea.l1_. 1ge2). caseas. (1.86) "POtted that 

Il"CUadRQt ,rev be'tv 1ft 804.1. al'IOVe pH S., 

•• 11 C ltal) .Ie,..,." ~tta' , .. ada., oul"". 

v1 ..... ",. a.a .... P'Wft ""h petted ...... of lime i.e. 
O. 250. 100. 1000 .. 1100 11, of ..... hed l1rtte ."ODe/he 

epplted before •• 1ft, with or wJ.thOU' SOO Itt gfPadtn estop 

dre •• tng &It .... a ~m ,'.11 Of 1 ,enae. "'"ttl liltJe BUne 

(360 k, .,,/h.,. TOp u ... iIlt O. CWPMm ., 'iOJe.rlng dl.ot 

00\ .eduoe.., add", ...... 'eld. The.,., Ca contea\ 

w •• "pUl •• At1roor.~a\.$d w't~ •• U'~c'~e '011 Ce OQtitGflt. 
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before acw1ng and with peroen~.., gwmiaat:.1Oft ill 'ield. 

Allison (1981) reported t.he' Ca applloa~1on 'nohased 

C a uptake end garmtnat10Q of ,roundnut. 

An illOJ"easeCi OQ t"t. of seed wes reponed ira 

groundn_" when 40 kg Ca along with 80 q !( was app11ec! t-o it. i 

oil ooat.eat. end oil yield we ... aleo report.ed to be higbest. 

w.t.t.h this OOIl'lb1.,aUon (Rajell et .!l-, 1984). 

'2.8 1_&9"01 o. 1Ia:ib!a1 _ ,alsum 01 '"ald WE""! 
atl£&bute! 9& l£9ue99Y~ 

A two reer CUCPeI"Uten' w1~b "'.,u- peanuft 

cult.1vGI'e Oil a red le'oaol wi,h ..... ed doses 0' dolomitic 

l1me stone ad gypsum ai_h_ bnedoetecl befon plu .. "', 

0.1' applied ., top o. cow Ju., .~,_ ..... nee • .,.,ed ~a~ 

.. esponse to lime Ud ."",,111 w.. low Ate \0 nlat.1ge 

t.olerance of wltlvaI' te ac'4l1ty. Gyp_m applied to plou 

reoeiVl1!lO lowGl' J'6\es o. lime ... sed lueb1a, 01 __ 

. the eevel'.t', of .lo.. _lftfjOf MO and 1<. The ere.a hau •• 

expea-iftle1l' wi\h lbte aa4 9J'PSQm I'evealed that y1&1d of 

gr_flau" iD.ereued with • ~ .. et'cm 01 1'_ 8Ai;.UPRIn 

but. ","l~ 0' 9J'H1U1 "1.,, ..... pe~iOIr • 11-+ (llone 

apponed ." 1.erna$$l 6-'111", • (Weptmn$ alli., ' •• 2', 

III pat ',"1al. with ,,"rwt II'OWA _ fa "411.", .f; soU. bighel 

I pod ,i.lele vue Obh1ned ·br ep9110&I'0" U s aad C. Sb.l1, ... 

"""A'agEl was .1. l~$$ed br ea ea4 IAU.", IN, 0.l1 

•• a., .ee ftO' .,_ .... br Ca • :5 ( .... , .... eat 
RbUim&i"han~ 1982). 
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2.' Performance of diff ..... sOlIrp'of 8ulpbyr OP yield 

Of RI'OUg4nd' 

Dalal. kanwar and sdni (1963) ob8ervGd tna_ 
,'.ld of groundnut . was increased over oenU"Ol .Y 3." with 

(NH4 '2 SO... 4'" with SSP and by 41" with IfP8'Im (AUlakb. 

eaa P88~1cba, 1986). 

In anothGr study, ground .. , pGfD 1a I'ed. Bandy 

loam eolls anci fentliaed with a1ffenat SOUl'Ge8 Of eulp1ltll' 

like "psum. 'IlCtoalpMa, (-4)2104 ._ed 9I"ea'" .... poa •• 

.s.a tents Of kenet yield. pzoote.tD ,ield ... 011 cent.ea, 

Lncose .f 9yp •• m (Badige~ and Sh1va~aJ, 1986). 

Xa • 'Aeld .ca., t.o deMJ'ldn l*oapbuUa 
1'eq\I1.nmera' o ..... acI •• ' ooll1ltaot.ed over: a pel'1od ., aix 

peR., SsP ,ave maxilrum yield OYer DAP aad TSP. It tau 

beea obaen-ed ~b8' tJIlOUbdma'" .... poaee •• P wae ., 1_ 

.. "ttude (Pa.1Gba e' 81., 1980 .,. the me1n eif __ 0' 
, 

SSP on rteld WM ... \0 '''' s content.. IN, when S eGaUGllt 

of SSP tid ~e4 18 DAP aRC! ersp "i,h OYPIlira tbe#e "&8 

no d.t.fel'e'u:. tIe"'een cma-e~ souc ... 

so , ...... o_o1.tled tta.'IyPtNID who .. "a.rel 

clepo&f. ....... ,.ad 'ft .. ~-.. IJl IMI. CT_on. ,lta6) 

...... __ .... d,. .. lve ....... S •• poundaut 

.,.Chaha1 aDd Vin_ ,"a, Alalab .. p ..... he# 1'86). 
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Sulfat. when addecJt.o $Oil _en of it. 'e ea_ .. bed. 

The eommon a'te f. adsorpt.ion , ••• po.1,i ... l,. ohaz'ged 

.&adaces .f uera aDd alumiaiat. oxide. _6 "lay millerale. 

The 8Qlpha,.adaorp'lG1l 8apec1'1 1. " .. entad ." fOl1owtD, 

lae~on. 

1. AdSOl"ption decreases with 1ft.easing PH 

(~., 1954, KQJlPJra,h J!l !!., 1956). 

a. Adsorp'ion lno¥e8aee with 1~eaeta. 

clay contefttL (Nelle .. , 191'; Chao", J!!1., 1962). 

I. Ad$OI!'P"on decr:easea w1'h I"emoval o. lftn 

end ala.Nat_ ox.t.'ee (Chao, .11.11., 1"2). 

4.· MaupUon fJeoreuee w'tb phosphat.. app1i.aUOQ 

(MeUOIl .RCI Blaekaon, 1978). 

I. Deonaeee with .,a.1o _toter eon~t ,. '" 

80£1 (KUlPl'8tb" e\ el.. 1956_ Chao. ".el- f' 1'61 ).1 

AcOCdiag .. c.,o, La_ell .. d _lelia C ,.,'), 

_lpUtA ..". ... .". OIdaol .. M.iaol 0' ...... ,I. .... 'u 
I 

d.,... •• ' cur tdte PH of .'lOftUmlOlta.'oa. \be .... , 

.. 1Md 'eon.leet •• ,It. pH , ........ 1a .... _11 . t SOIJ.a 

ha91q low. .... ".t. ___ .it, ,. .u1' ....... 1JlOW • \, ..... ., 
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of sulphur deficiency as added e\1~phate is not reta1fted 

and moves away ~!th leaohatee (Meteoft and Blackmore, 1978). 

Balan .!l .11.,1986) reported ·that depeaeU.no on 

pH sulphate 18 adsorbed only wbea the eulfaee poten~ial 

is positive. A small change tn. solution pH ba.e la.t'\18 

effect 8S sulphate adeerpt10n charec~~!c. of m~a1 

soUe. '!'be ability of soil to remew. alphate fa-om solaU •• 

increased as pH of eo1ut1o~ decreases. ~e sulphate removal 

by a so11 from 801ut,1on depends upon t.he ability of eo11 

to partition eulfa\e '~veea s011 end solution phases and ~b • . 
amount ., reaet.J.ve native .lpbat.e 'hat is pre .. ..- 18 11011 

(NOdYlft .. .11., 1?86). 

or_admat. powl", $ .. eu tepAaeDUd by _u~ .. 
t.ext-are 81" .. tly alkaltne eoUe alloW e peGI' aulphate 

.dsoJ:pt..I.oa lesa1ft, t.o alptm .. ddtOi • .,. ..... oomp1e\e 

.... rat10n w1.h Cal + doe. DOt help __ 1n eu1phu 

at18eQtJ.Oft (sab! _ Paa .. 10ba, 1tM). 

ApplS.oet1oa 0' 11_ ,. I .. G\tm4Aut ,lPOWirIt· el'ed 

aeeeleJ'ate 1 •• otdq 10.... .f 8ulph&". tr~ ooarae· ,ext.ued. 

e.u... at .. eoU •• ·ith aolA ... o,'on _aft oap.l" t.. 
. , 

"'aln nlptaat.e n1-... .( AbMed -" I.e, lt64, KeftWU. lt76) • 

• t 1,."" -M .~IA _~ ,.-11..... .. ....... _lPhu 
- ------



13 

The ...,iew of 11~_atu'e ""als tbat. sulpault.e 

adswpt10ft by ae.f.d 8011. 18 l.tkely to dee-nase )Jy 

l1m1ng and arplicetJ.cft Of lime. 1nenase tile tp'CWld •• 

yield_ Also pos!Uv. respoaee of ,nQac1mat. t.o aulpb\lZ' 

application .ta 1mJ1cated. sqa1,.le __ · yield .f.noreasedue 

t. c.-a b,teraou.oa ~ some oases end JlCJ "'8poaae in others 

have beea .... .."ed. 



CHAPTER - III 

MA TERIALS AND METHODS 



CHAPTD - III 

MATBRIALS AN» MB'l'HODS 

To 1avestJ.gete the naponee of grouadmat;· to 

app11oa'1011 cd sulph1d' \lad. limed &Qd 'Ialimed ooQdt t.1oa . 

.. field experim_~ was coR4Yct.ed J...n eft &l'ic haplaquet:. 

. 8.J.l 1ft the Central Farm of ShUbaaeawu. 'lb. expe&".fJBen~ 

was laid 10 reJldo.mUed blook des1Qn (,ao'.1al). 

Gl'O\Indma~ (Var. NIt. 12-24) wea .... n as "be "'eet cop 

durlno ~ar1f~ 1'88. 

Fifty pe~ ce.' of tbe lime ~tremeft' .a 

doterm.lft$dby WGoddff fa .'fer met.hod wee app~'ed UI tbe 

f'ield 7 day. he'en aeed1ng 1n ftrm of pa~ mill altKlge 

hevin, a mNualietne value of ?~. seed. wer:. sow. Oft 

2~ •• e wi,h • epactng 0' 15. 10 em. 

,.. tIre.aea,. eon.i.u.s Qf w. levels Of It_ 

I.e .... 11_ and 0.1 L.R~" 5 dO ... 01 aulphut: 0,(90 ). 

10(810), 10(110'.30('30' ... '0(&40) Jet .. lPhul' PIt" 

he.,.,.. • .,pl,1ed u wpaua (14.1." $ ... l'~ ea'. The 

....... u (10) wue •• plica .... , .. ,_. t'he eh- Of each 

plot. wu 5 m x, ttl. 

,. ... Uta_ .. ·kM I'at." osao .kg Il, 40 it, .3°, 

... 40 leO Ka. ,.. b ...... e~e applled \0 'M plot. once 

.. _tie " ... f .. _ 1ft 'ate 'orm .,l tJ'leo N. P, a, 
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10.26.26 ADd .rea. The esop waG barve .... on 13.11.88 

and _Ile "iae and pod ,telde fOZ' each plot " ... r~ 

aft_ HIl drriaG. Also ahell1", PeI'G ... age was de\8I'Id.aed. 

3.1.1 C011!SS10! 01 soil ",,1 .. 

..... aee .011 sample. (0-11 .) were .. lleat.ed 

'I"OID the "eld at three .t.... of CI'OP growth '*atav • 

• 011 _..... ft ... .u a.mplea wue eellect.ed af'. cme 

_nUl "'. lIIODt.be ad .......... (.ft. bane.- ., \he 

..... ) .f _ ..... ft. aemplee.' each U.8 .... "er. 

OOJD.P08itec1l 1:9 _ixi .. equal vola ... f soil ~ak_ 'nm 

eaeb .. 8pl1oaU_. The aompod,. _pl_ wen ail' .... ' ad 

...... lO paea ~,h a a _ 8U._ 1IlC1...... £D 

lJemple bate f01" furt,1lV anal,. ..... %A adcU..1oa.a ~'t.e 

RI"aef1 eoll _ple .f the expeI'.bteltt.e1 .1ta wu 

eoU .. ,.. £01' .. al,at •• 

~". pl..- .... 1 •• of ........... , •• 

colI ..... .,.. ,he "ttl .......... ~ of ... _ Ute 

uoPt-' ,1'be 881l\P1 ••• ue ... heel .,... t. .. v... fo11 .... 

'" .,.,Ul" ..... , .-, .. ia • au eu.lauqb.ot:. aU 

.... at 10~" ....... il.... AftU OGmPlete 4Iylftg, ,_ 

.ampl ............. WUer al1.1 ead .t .... to_ 

"tllN eaa1,.u. 84lUl_ .....,. .... 0.' el.WftQ lad 
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_-.1. .. • f pI .... semples we ... ftll_eeI for the sample. 

col1 ......... eaob .... 11ca'1oa ....... ly .. tAW benes'_ 

ZItOI'd_ to .. d,. tH ea8011*1On 0' eulpba •• 

",. t.he lIIId_ •• 11 .f tale ..-Uleft'al s". ucler .1 ...... 

aad ani'" ooad1Uoae ... Jallk .... t .. soU sample 

of t.he .......... tel aite ... ..... .AIIotI' I. Jet cd tile 

8011 w •• IJlcNb., .... ,'" 1'8'" IdU alud.. (edt ... of 

0.1 L.R.) at. ..... ~a." feW a ",''':0' '1IlOD~. 
DU'1.ncI *- iacN __ '_ 80£1 mote .... wae ....... ' "0 
.OK of .. ' .... 1. aapaeity .. .me .... , .... ellowed .. .,. at. 

I'OOID temperabln. the pnous oS alte.mat.e wet.t.tnQ and 

dl7inCJ Wall -.adDu .. -.1.11 the en6 of t.he .-!tId ., . 

tftCllbaUoa. 

""awPUea Of .. 1pUt. '., gill ........ 1 .... 

_u .... "d'ed loll_tat tJle _,hod .... Ded .. 

8arnw (~6" • 

.. 10 .. ., _11 .amplee t.ekeft .sa It .. Mel 

'lUll, SO IDl of O.S.U"u.ao _as lID .f _1 ..... ' 

R.IO .. "'O.OIM _1 .... ....... !be .1lDP1 ... .. 

equllDd..a •• MkoU .... ~ .. . 

• ,us 'R.~"'" 'hOiII f'Or' beN."8 ..... 1M ill. 
"hen "1' .... ~,b • WIIe._ M.mt:Ju «. '"",ape, 
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pH of t:be GCi'I.i1ilClull1 exUaft 'faa _a~ed and the 

.ulpbu&" ift tile auaa' liM d.'el'JdAed fellowtag tbe 

'.I'bJ.dtaevte ~ ............... end Conf1el. 

( 1M3) ....... lIMd Jty' ffOeft. U ti. (1113). 

3. J toil!." II "" 
... vaa&Uiae tr.lIe saU of ·the eJCPlW .... -al 

.1~.. the bqJ,k .aple va aaalyeed f. pH, oqaU. 

oa.n.oa'atual 81_ (b~_ ~)" B.C., ca: • 

.waIJ.able • (Olsen's' aad It (~ ..... 'aM eavanaltle' 
loll_lag __ .'eAdU'CI .. hode ., eraa1~aI.8. 

A9ailD1. eulphU ... , .. ' of the "1 ••• 

• "el"ldaed _ ...... , .... 10 ... o. eoil witt.b'I' e.G 

•• __ lOiu. __ ph." eel.U .. _"' .... 100 .. 

of P. ". ..... 1 ... aheka "itJl tile _veaUnv .. 1.,108 

,. a ,...1 .. 0' 30 __ he ... _MRiee1 ... , 

.U .... , aDd •• 16ta- ill .... exu-eot vee .eutJmd. ... 
loll-ant ,he __ wa.t..'oaetbOd .. deed, ... bel_. 
,... eoU.."lee ,... ' __ ......... t eoll..ned .-.i'.", ,UtDe .eI'e -011'_- ,. PM _cl_ ... e1cI.t"m 

phoepbat.e elV'...... a. 

3.'.1 ....... llllSlflle 

.. 10 •• ' ......... "..,. la ... teal 
Au,k_ 10 Ill. fIJI ......... 1M I •• Of .'.,._u. 
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•• 1d eolu.10ft ooat.aiftJ.nl 0.5" V\lm 8O.01a were actdad. 

'lhen 0.3 9 ., 20 "0 30 _.Bacl! ayata18 we... added 

_. it. The flask was awulec1 'h""wb1r ,. 1 minute. 

Aft ... allowin. 10 m.t.ma\es fer deve1opUo .It))!.it,. ,_ 

O"teal ."""1' was .... und ... "avel ... , .. of 410~' 

U8.l$J • a..eIl aad LamD ~_. III oe.e ., 

semples COl'&taillia9 low _161 .. " I 0.0. 0' 6.aa. HN03 

ouU".:l.al SO ppm s aa KzSO. ( .... 801"U.' wu ad~ 

aloagw.t.t.b • e.e of 6.2. lbt0J ... be_ .in ,he ..... 1 

vo1,,_ of 21 Che a S eo .... ""." .. 01 .... 'han 10 ppm 

S waa ~a'ned iaa' •• of ~ ~. 2.a ppm aa 

deaCJr~ .., HaIls_aU ... c .... ,.1d (1.63). 

file S ooatel'l. .ill tJIe ...,., aoluUoa " .. 

detenAaed by ....... 1Il9 wi", • .t....... ...... .Ir aulIV 

'aUl. _&ROe o. ..aO PPM a. 

3 ••• 1111 ....... i Ii. . 

OU .n"", ., .. 'kUatl .u .... ..... 

foll_.ltlO t.a. ooW ,...1."._.,l\od o' .... t .... Sethi. 

(ltl' ).. 

3 ••• 1. BI~_I 

Sal_ .. eOIl,ha' Cd .'ft.~ kUael .. ahell ... 
d,.,..ms.,*, ............ ua" .. 8etlPl •• ,,,, 'UlOid 
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lft1Bture. To 0.50 of _ted plant. erample t.eJcen 1ft a 

Gon1cal flask 10' ml. of eonGeftvat.ed HMO, "as .wed ead 

. tbe flaak w.. Jeep, ove.r niGbt. fte d!teas(;')t.1- of sample 

in ,be fleak vas curied "\ _ modera'. bea'trag em • 

hot plate till all the ItolWa fumes came out ... ~_ whiab 

S ml. cliee1d mJxlare (percblorie aoJ.d. HMO .. 2.3) was 

added to '-be flask. Heat1ng '1111.. OOB\.lllUed uaUll whit. 

.... .,.ted oo'ndens1ftl .:I.n the !lesll. Theft \he flask ... 

'ekea ou, and· 1 e.e of eM HCl waa &d4-' to i, followea 

b}' WeI'm cl1aUl1ed wa'... "'e eonteat of the 'luk w .. 

~ ... fet'~ad to a 50 .1.vol.m~1c flask and the .1eSk 

WaG w ... J-3 tJ.mee with S tal. of distilled va'eN and 

'be .. 1 ... was me4e \'19\0 50 «:.e. 'With 61."1184 W8' .... 

Then l' was til.__ thl'ou,h II whatunaa No.43 .11 ... 

~a~ and the aulfur in the!'l,~ate wee de,er,miaed 

u.1ng \be ,u~bi41metaio method of anelyals dQ .. tl~ 

.• 41"1' •• 

caleta.. 4ft the ~i_ ---M\ tI" 4et.umined 

foil."" tdle .... 1".. .1Ute pbotmneU"io mnltOd .. 

4 ........... by •• 118 .8Ild c.., ('16.' ... 10 Ill • ., 

"te.". eavaot , ...... 10 ml. 901 __ '0 f1 .. 

a,$ Jd ••• I" !'eela .01l1U08 6 •• a.1 mi. of IGOO ppm 

It .. acl .... lidded. The fhal K eoaeeatr.,l. wq 
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1Il81.'a1ned at 50 ppa. Xt was _tt:ret;ed agalaR 1.S 

NH .. OR .Gl.~toll us1,.. a drop .'nunb,1 nd '.U.ea"_ 

till die eolaur .haaged from l"eeI to rel1ow. '1t1ea 

O.1R HC1 was added dnpw.t. .. \111 . tile nd .l_r juat. 

reeppeued. "'en it was ""1:'8"ed 89&1 ... , J..aONH.OH 

81owly'o make ttle _lou' ju,* 11gbt. pink (pH S.I). 

'Ib_ \Ile volume was m.ade up. SO ChO .."1\end 1.18Uo 
• Wha__ f11t.u' papc No. 41. CoHellUeUoa .f Ca iD 

_he ftl .... aQ w" detcm1Ded .1 ____ v.tcally uetnl 

• BlJ.ao '1-. ""_t.eJ:. 
Calo1um .o1~'1o" 0'·20,40#60 ... 80 ppm 

tre ... u.eeI 'or NeP-1nt e.be ., ........ ne. 

The ,1eld .eta 01 v10e _ pod, S UpUke 

.. ., Ca "pt ••• 11 •• ,.t ea4 011 rlel ..... eetM1' ... 

eta".,,1o.11, .. 1' dely.te of v.'_e ·ilftd 11neU' 

I"egr€tltd .•• 

&&-.!cu." 
¥&fWi. 

&&& . .. 



CHAPTER 0 liV . 



CHAPTER - IV 

RESULTS AND DISCUSSION 



RBSULTS AND DISCUSSIORS 

••• _ •• __ •• .,., ..... _.--__ rap • __ ._ ••• ., ••••• __ 

'Ie 1aveat.lgete the ~e8"'" of ... ~U ........ , 

,toWD .t.a an _eric· baplaquept ander lUted &ad unltmed 

eoad1Uoa ,. applice'.loD· Of ;-;; oypawn a f.teld .... £ment. 

was eoad •• '*'.18 the Central •• m ., _isea Vnivere1t., 

.f .'.1 ... 8 and ,.. ... 1 .. ' .......... 6a~1ftg ICbadf 

1188. ... of the pl\,.i ..... lleIdeal _perti •• of the 

ttXPU'1meD'.1 8". he. been neOl'ded .ia Ifaw.e 1. It. w .. 

en acidi_ loeay ead •• 1.1 "' til 0.61 " oroan10 __ beD. 

",a11eb1. (Mollocalol.um phoepbat.e eJttI'UUWe' aalphu' 

aoaun, .f ,be 15011 "M low (6. P.'. The a". "u 

choo... fo~ "~a low aalphu' ce,,"" where 'be respoaee of 

s ,. _ .... , '8 ... e like1r. 

The 1 .. nquu .... Of ..... soil anti ",end.'" 
__ • - woodft, ••••• method- ..... ,bed." .... aad 

C'_ (1 ... , w .. a t b..-1• Itddit.loa 01 the pa,pw mUl .1.... (cae., equ.t,val .. , • '0 ", ... i"-'.' ,. 10K of 

Ute 1" ........... , o. 'be ail _i ........ \be _ '0 
..... 6 .. 1 • 

.. .... lu .. _,pta .......... , ... tltctr eea'" 
., \I." .... 1 ........ ual .... a.U ..... eeOl'ClM '" 



-

1. pH 5.3 

2. E.C. ht .. - 2 ) 0.13 

3" C.E.e (0 _1 (11'+, leg-l, 3.la 

4. Melhaalcal compo.i'ton 

(a) SUd (%, 

C'b) sil.. (", 

(e) Cia, (tS) 

80.3 

10.3 

32 

TeXtarel olaa. Sa.odr 10_ 

S. AVailable .. (kg ba-1 ) 9 
( 01 __ '" me\noa) 

6.AVdlable K (Jet he-I, 10 

«-.-'u", ... ,a'. 1IIfthGd) 

,. AvaU.able. (kG .-1, 110 
(J\lJcalJ.ae Pe ....... t.e 
-tmod) 

e. A •• 11al:lle 8 (Jco bal-!' . II e,....l... pM.ph.te 
eXtJ't1Gtable' 

d.'V ,I 11', ..._ [ . '.. - ,- ta- .l . (I n. 1 F (f . 
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TaW. 2 and the amount.. of S ac!IeorDed have been plo~tecfl 

ageinst equ11ibr1wa concentration o£ S ia ;ftg. 1 • More 

.. lpba'. w.a adsorbed by unl1aled soil than br the limed 

eo11. The 1JU1phate adsorpt.ion capacity of soil has beeft 

shown to dMz-ease with increasinG pH (ElUmttngel', l'S4, 

Kampreth a a. 1956). 'l'be adeol'pt1on of sulphate 1e 

depended en the amount. of chaage Oft tile surface and hence 

on ,he pH value. The so11 of the exper1ment..a1 fleld ,_ 

kftOtJD to be dominated by variable cbatge m.iftel'ale like 

Keelin! te and ox.ides of .tron aad alum1mlm and the soil 
+ -1 hee a permanent negattve chargeof 0.59 emol (p ) kI 

at PH, ( Miera!1 !1 •• 1,.". BJ' 11111A9 ach 8011a the 

vat'table negat.1ve charge " ...... uet) end hence ..... pU_ 

of sulphate 48O,.eaaed. fte hiabel- amount Of 6. p!* S 

we. adsotbed by unlimed 8011 .. u.s, • val ... of 41.1 ppm 

feu: limed eol1 at 8_ ecpa.tllbr'1wn s com:enuaUoa of 

11.8 ppm. 

'fa... l"es\l1,. -nest t.be' liN", e./ eot. 
soil .il1 'flol'eUe the naGl11r avetleN. .1".,. la 

so11 and u.1eee .it 18 £mmed.te'el, ""lind '" Ute erop. 

lecc:h1no .f Hlpbat.e '#'Om the limed eoae by heav, I'aiaa ..., .au. 1 •••• f s. 

4.1 ".!dae .. a·1& lID.'. as. lIdel'YH'.M 
IslI"'13 '''1111·'11 

". ",M Oft r'el •• of pod".....h.ll'llf 
PlI" ..... ,. and ... oeft' ",1 '008'''.1'''.,,_ ~ .,a\i.tictOli, 



Table 2. aalphate adsorption c:!harAtcter ef .. U eAt e,teet.ed 
by' l1mS", 

• btl -
coaeeaU'.t1oa of S 1JJ mquUtbr1Um 
... .t.l .... QUft,g .• olut.ioR CGncn. Of 8 
(PJ!!) •. r I S.2S!l 

o 
S 

10 

&1 
20 

2S 

o 
I 

10 

as 
10 

.):t ,. - ,'. • , •. 1' .1" I . 1 _ IfIl 

0.32 

2.6 

4 .. 06 

6.03 

8.1 

11.8 .,.. 
a.s. 
4 

6.,.5 

9 •• 

11.8 

n . J 'J I' ,,-

.. 

12 

29.' 

44.' 
16.1 

66.0 

·-11.8 

I 

".8 
21 .. 0 

41.1 

,. • &. 

. - ,.) 



70 

60 
- UNLIMED 
------- LlMEO 

50 
"" " I 
~ 

40 
~ 
"'-/ 

fa .30 
£Xl 
ot 
0 
~ 20 Q 
.~ 

(I) 

10 

O~--~2~--4~---6~----~8------1~O------1~~ 

E:~UfLI B~UM CONe. OF S (.u.~nt-t-1) 
C",~:._ t. SULPHATE ADSORPTION CHARACTER. OF THE SOlL OF EXPERIMENTAL SHE 

AS AFFE.CTED BY DOSES Of S AND LIME. 
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analysed end premeaUd in T.le 3. 

4.2.1 Pad ,ielde 

'file yield o. pod reeode4 fer ".1._ tr:eaUteate 

'Table 3.) all._ tbat Iao'it undel' l1med aad ,u.111*1 CIOIldt.iOl'l 

app1ica'.lOa of' pad.. dose ., s taanased the 7181d. Vadei' . 

... limed c0llCl1U,oa the yield 1ftC11'ea8ed from 1.32 ... a -1 ill 

_VOl to 7.11 • b.-1 ., 30 kg level ., _lphu .. appllea­

.. 1_ wu at. par with the rield obt.aiaeCI at 40 kt level 

(7:.14 q ... _1, and at 20 kO lev.l (6.88 q 1'1.-',. 
"'e to ltm1al the yield of cOIltl'Ol plot. inere .... 

ewom 1.32 ,. 6.'2 q be-~. Reeponse to .,plie.~'.D ot S _as 

al_ ino .... sed !a l1tMd 80'1 nolst.'q Ute bighest rleld 

.f 1~.8S • b.-' ._ 40 kg 1 ... 1 of 8 which waa atatiet-toallr 

., per with 20 kt s. stat:1e_teal eul,e18 of tbe pod yield 

" .. e shoWa ,hat bo~ S •• GYPSUm _lime applied \0 

.... ndafiO el.., .. "ie .. ,lr In.Cmtaaed tile ,'.ld. bat. tbe 

,.a. .. .-1 .. "H' not. doni"_"_ .......... , 'M ..... Of . ,nt- ... is. .. 8 add", ... oalr. "0 •• ,t." bee also 

Mea .... 1'Y8d III Ram .......... ~_ C 1 •• '. 

'of 2., V .... ,'eW • 
... ".W of ..... # ...... ,. 701. 'III ..... 

• .tmA1U' -.._ ... , ....... 1- ,.. ,hi'. A s&.,tdI,_, 
,..,." •• CGJrn1a"'OD ( I' • 0.") ........ , ........ 

vUte .., pod rt.ld_ 
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Table 3. Ufect, of aullfM~ aAd L1me appl1ca,101l on pod 

ytel(1" .1n$ y1ela" shelling percent.qe &Ad 
po _, oil _hilt of Xlua.l'tf poll ..... , 

Cal m "!Ad 
L • __ J. UJ I· ., b. 

Doeea of -1I6ar 
(Jqa h.-I) 

o 
10 

J·O 

30 

40 

sure I 

8\11\11. 
LimO 

S • L 

... t 

5.32 

6.13 

6.S1 

'.56 

'.54 

6.68 

SE(m).t 
II" 
0.38-

0.14 

O.S. 

J _ H' 

• 

6.72 6.02 

'.28 . 6.'0 

9.5 8.20 

10.32 8.'4 

10.85 9.19 

8.9. 

,.D,(0,211 \ 

I..U 

0.7' 
• tiS 

".- liII . 4 
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(b) Ville r& .. 16 

!H!l yAel""1 'ut~! 
!!Dl!med W8s1 

0 16.13 11.5' 11.85 

10 17.19 20.10 It it Of 

20 aO .. 63 22.48 21.5& 

30 11.42 '4.34 22.89 

CO al.42 II .... II ••• 

SOlIn. a. t oil I. Si:(m).t, 
I 1 

S" t.. . 

_.0. -. IP Cd -'. . Uf. T _.1 ._ 



<) 

38 

The v ... 1a~1on of 8b81111l9 pe&'Oen~.,. ('fable 3c) 

of 9rOllnd .. , 9I'CWR w1t.h varying a.see of S irl .all" 

so11 .a. betweea 50.' to 60.1 per _to ... d in l.t.raea 

$011 tbe veriaatoll wea beW .... 61.' t.o 61.3 "I' ._t. 
file hitheat staelliag peraeate,. was recorded at. S dose 

of 30 leg ha -1 #' both uRder 11_ (67 •• ) end ual1med (60 •• ) 

coRdi,i.lUI. There wa. a slgal!le.t reduct.ion. in 011 C'CRtent. 

of orouacJma" bOth at ht,hU' and lower doses o! '8 app11.etloa 

a8 eompa&"ed t.o 30 k9 level ("'0.1'. 'ftle effect of .1phu .... 

lime &ad t.llek Ubr.-1on8 "er. slp!fieaot.' fte biGbee' 

.hell!.., panenUle of 61.3 wee recorded for JO kt hal 

sulpbtu- appl1cet1oll undel" limed co"'tioll. The .. l'eault8 

a.gee." tbat 08101". bel" 1n JrDpnviDg· the BbellAno 

pes-cent... 1a oreund .... · '!be wOl'kef Raman.,h_ ... 

_n_t.han (1981) OD poouncltlU\ OI'GWa ill aa acta soU Ii.va 

.1ao _bow. biped, ehel11Ag pe&-oefttage whea '""t.ed with 

40 k, S PGr heet-an $1_ w.t~ oalo.Lwn.' 

If. "G .. lfiGu, 'Beltease trt 011c:oa\.' of 

.fttUndau' kernel .e •• buned due , ... lioa"08 of lim. 

'''.1. M).· .'#woU. penenl.e b •• a.ed w1\b , ..... in .. 

level ., .1,..# .. 11 •• "08 MtUft"ao tJte UMlatft 01 

41.'. at 10q level wh'cb cleo..-.... ,'.85 ., 48 .... 
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-t'h. v.1st-1on of ahe11Ulg peRea_... (Table 3G) 

of ground .. , ,&"OWn with ... y1Qg closes of S .t.a .al1" . 
soil .a. ",weea SO.1 t. 60.3 pu cent. ead in 1.1me4 

$011 tile variau"OD "u bet.W_ 61.4 to 67.3 pel' oemt. 

'.I'be bigtae •• ebell.t.ag perGeatat •• es recorded at. S Cloee 

of 30 119 ha-1_ .,.,,1\ uadet 1'_ (6' •• ) end ulimed (60 •• ) 

condi,t_lS., 'l'here. was a sigUf1_.t reduct.ion. in oU ooateftt 

of 4Inuadml', bOth at hi"beI- and lower doses of '8 applte_iOl 

.e eompued to 30 kg level ("' •• 1'. 'ftle effect. of eult*U:. 

lime aad t.taeu iDuzoeet.1oD8 w .. _ sipif10.t.., fte biOben 

ehelli.., "neD ... e of ".1 wae ... ordad for JO leo htl 

sulphur applicat.iOn Dn.dea' limed condittall. 'l'beee reeults 

8U.8_- that 8ale1 .. bel" til .t.IIPI'09iDu· the sbelling 

puaent_ .t.n Qrctalld.O.· .,. work cd R __ .,baG and 

____ t.hea (1gea) Oft p'ctu'ldmat. g,"owa 1n a. actd soU hav., 

.1ao IIftowa bi,best .el1iat peNefttag& whea vea,ea with 

40 kg S per bect.a.n.t aloav w.t.tb eelol.wn.-

4. a... 011 P81'oeat. .... 

.'19nlflo8A\ iller.ase ja o.tleoat..t .f 

, ....... " kelrul w •• 0"""" ...... ..,li •• "_ 01 lime 

, .. aw. 341)., ... ,.~ oU peftGII''' .......... Wl\b lnOnae&a. 

lwet of 1111,..,. .. 1'." ........ ,ao tbe .-.. Of 

41.' •• , .3-0 Ie; level whlob I-rea." .. " .•• , 40 kg 
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ft .... taU_ of ahe11.t.a9 penen" ... ('fable 30) 

of OI"OU""'" ,&"OW. with •• yino doses of S ia 8.1, .. . 
80tl wa. _tweea SO., '0 60.3 pu ceat ad ira 1.&raed 

.. Utile verl.aUOQ vee bet.W .... 61.' to 6'.3 "I' _~. 
The IWJh ••• sbelliag panteD'''. wee r:CMr .. ded at. s a._ 
•• 30 119 h.-1, 1:»0\1\ ua .. r 1~ (6' •• ) aRd •• 1 ..... (60 •• ) 

condi'l...... 'Ihere w.. a .1galli.ant na .. ction .tootl coateDt. 

of .... admt" both at hJ.9he1' aad lower doees of Os appltealOl 

•• compand ~ 30 kG level C.' •• I'. 'ftle eff._ of _1 .... 

lime ead t.heir ia~ .. aot.loD. w._ siltdfic .... 0" bl,b .. , 

•• 11 .... paneft" of " .. , w .. ,.80 .. dad •• 30 Jet hl1 

.u1 ...... app11cetJ,oa gada' l1JDtd 80 .. ,,108. The .. I"e_lt • 

••• e__ that 8.10'_ Ile1pe in jmpI'OVl.o,. the sbelli .. 

penent_ .............. '1M wWlt of R_.' .... ... 
... netbaa (1981) Oft pound"", I,..own ift e. acid 8011 lurt'iI 

.1eo ...... btl"'- .11_ PGHeftt.aoe when veatoed w1'" 

40 q I per bee ..... 61089: w1u\ 418101 .... 

'.2.4 Oil ............ 

ItO 8Qniftoan\ 1M .. e .. .sa 011 en",,' Of 

......... tkU'.e.t w •• oban .. du ..... 1£ •• "08 Of lime 

C .. .w.. 3d' •.• ,.- oU PH .. '''' ......... w1.,. ........ _ 

lewl 0' swl,.. .. ..,UeM'_ "''''.''' the maS_ ., 
41 .•••• , .0 Jet level "hie.., ........ to " ....... Itt 
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level. When no sulphur was applied, the 011 con_ent l'laS 

30.15 ". SUoh incr.ase in 011 conceat due to sulphur 

application under unlimed condition has been reported 

ear11er (Chopra and Kal\Wal' ,I'., s_to. et !!., 1.70). 

AltboU9h lime alone did not help to tnaresse the oil 

content. ~he lnterae~ion of lime and sulphur wae 

~10n1f'e.nt. The highee' percentage on (43.3) vaa 

reeorded ., 30 k; level of S applied "0 l1aed $011. 

4.2.1 Oil yield. 

AI. tbougb 'here wee no alonif1cent. difference ta 

rield at IS 40ae :tIeFOftd 20 kg b.-I. the higbe •• sbelllno 

pe&"_D~aoe and 011 content v •• Ob8en'ed at 30 Jet ha-1 

eu1pMI' app11caUon to limed 0011 (ftO.I). tb .... OI'e. 

t:be b.lghee" 011 Field of JOO.6 kg pel' beatanwas O~e1fted 

in lAmed soU Vee"ad with 30 kg S per ben_. (TUle •• 

ftg.. 2) wbiell tt\ay M _'"" as .reecmmeAdatioa 'or onwtng 

,roundlWt:. In acid aoil. 

'1able" 011 ,ield as affected _ _'ptw. 
applicaUon 

I. 

no.as t:»f _lphur Yield Of 
(l_ ... -1) . M IJ_ .. 

11nlimed 
a' n . -. tJ." L 

( 

.J r -... fll •• -,_. It 

0 IOtt 
10 111.0 

10 110 •• 

30 UI.8 - .... a 
III - < .JT'·.-" .1 .. _ -r . ij I' -iii 10· .1- . II r:. 2 1;.· < .J. .• rBit -:- II';.: . 

I I r 

oil (kg " .. 1) 
U· j - A I· 

Lime4 
1M., 

}tla, .. e 
161.2 

all •• 
,eo •• 
126 __ 

.. .... _ Ji 
< -

« 

LlC ittt 
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1'be eollCenvat1oas of sulphur in plant at ODe 

month of growth and at. harvest.ere showa ta Table i. 

Percenta,e of 8 1a virae collected __ one mon\tb 98.1'1ed 

.between 0.18 to 0 .. 24 per eeDt in unl1med Gona'io. and 

between 0.17 to 0.21 per.~':' eeat ta &Jaed co.U.'ioa·. 1ft 

lJ.N<i ~1 s eoncentor.tioD 1ft viae deon... .1!,bUy 

as compared flO .. lIlimed soil for S vaetllt.nt. l .. ele ap to 

20 kg be-1 • au, at .... "h_ dose of S application tbe 

concenuatioa was 81.t,btl, Il1ghU ".... limed condition. 

At harVee" ...... "u • de ....... 1ft ooaceauat1oa 8 in 

vi .... COIIPU'ed '0 8 coat.8Ilt ., one moDtb~ Per_ntage 

S in .,-1ae v .. t .. be .... 0.'0 tGo.H " aI!ld ... Jconael' 

.it v.UtI bet.ween 0.11 and 0.1IL The lowe., ecm_Uau.oa. 
Z'aQ9iJt9 ..,.en 0.05 to 0.08 wae obselve6 10 __ of \h. 

ehe1l. 

ttl. ,,"oW _caUl'. of S taUA"P by tllf! 80P 

and tJIle1l" 41"".'1aa .f.A viu. ahell aad kenal bes 

W. ~ecorded ." Table 6 tt ",.. ht,be.' . amctU", .fS 1\aa . , 

be .... moved bY .I.M follow" bf kernel. COBdduill, all 

Ute lev.lie o. " OPltttd, t.he par •• , dl.'imtloa .f ". 

,"al S ,.flea bf "'.wo. .t. "... U '1.):)1. ,. 



Table 5. COt\cantr&t.JoA of S 1ft plan~ at. -

~~'.reDt growth stagee 

* '1 , 

.3 

DO ••• 0' S CORaft. of S Coacm. Of S a~ 

(k9 h~-l) 1n v.tna, a. benGst hO 
one fIlOa'h(~) 

I • 
:$= • 

vye Shell ~erflel 

up1&tm! 

0 O.','J18 0.10 0.06- 0.13 

10 0.31 0.12 0.01 0.1& 

10 0.21 0.13 0.07 0.13 

30 0.23 0.14 0.08 0.0 

40 0.24 0.13 0.06 0.14 

~ 

o 0.1' 0.1.0 0,06 0.11 

.10 0.11 0.11 0.08. 0.11 

0.20 0.11 0.05 0.11 

'0 o.a. 0.13 0410; 0.15 

40 o.a, 0.1.3' O.Q6 0.11 
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Table 6. Uptake of S by glrOundnut as affected br applicat.1oft 
of lime and sulphur 

Dose of S "1ph![ UR!;ake (9 b.-I) 
(kO ha-l ) 

ViDe Shell Kenel Total 
• • 

!!!1iJs!S! 
0 1.6' 0.14 0.35 2.16 

10 2.23 0.1' 0.51 2.91 

20 2.13 . 0.21 0.11 3.45 

30 3.02 0.23 . 0.53 3.'8 

40 2.6i· '0.1. 0.'" 3.41 

wag 

0 1.57 0 .. 14 0.52 2.53 

10 2.14 0.19 0.54 2.81 

20 2 .. 21 0.1' 0.'0 3.01 

30 3.20 0,23 1.01 •• 4. 
40 3.00 0.24 0.6' ,." 

II I 
.... , u._· -.. 1 I J . b PI I . 
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'fable 7. Relat.i_ d1etr1bUtion of ,"0,.1 S ,alt. .. " ~ 

up by the erep in cU.fferent pll.mt. P&I"~S 

J 1 

Vine 

Shell 

Kernel 

_ 1 

1-[ I 1 

1- q L • 

.! of to'el S Iii_ I I 

UR1~ L~ 

• t 

A er .. _. pU"Cleh'atJe· of t.ot.e1 IS tak.-P __ 

" .. cop reoei..,1ao 1_ appeered 1n kernel as c~ 

to the cnp ..... w1th.o1.1, l1me. corretpond1nglr there 

...... treese .til " of totel S taken Up by '11_ ea4 

ebell .ader: limed eonci.'cm. 'the lnerease 1n " oJ toe.a1 

" s twIlUm up by kel'Ml &.QCS deere •• e 1ft t.ot.l S Uk_ up 

.., ....... and shell ...... 1 .... cond1"oft au"ee,.", 

t.o 4.6 ".. I' tAPpau. tnat eppllc.'lcft o! 1_ ea' _lpbtu: 

help. tR lnereae1no \he kerQal yield eo \he, • , .. ater 

penemtaoe of 8 eppe.. ift kernel. 

Whea tmt. to,," sulphU .~ data w .... 

• "''''auoall, aul,aed (Table .,. the effec,. of at.llPhU 

.... iou,,_., ,1M' _t ,be effect. •• 11._ 1_ .. 
H1PhWt i.ataction. fte ki@heR me_ .'el S ......,. • 

., ,be GOp a, 10 kes pew heet_. $I>P11ca,'. w •• 
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Table 8. $llpb."Z' up.t:.ake by plea" aa e£f.,ed Jc»y appllOa.loQ 
of 1~~ end _1* .. 

• II , . I 
Doee.2f S uptake Of aui~ _aft 
(ke ~- ) (Ill he" , 

',. I 

Hg1&m!9 x..,.... 
0 2.1. 2.53 2.35 

10 2.91 ·1.81 2.8t 

20 3.41 3.01 J.a7 

30 3.7. '.4' 4.11 

40 a.4' a.t3 
i~ 

3.70 

MeaD 3.11 3.3' 

SOU'Ce SE(m).! C.D. (0.05) . 
• 

SUlptua .. 0.21 0.61 

LIM 0.13 !fl· 

su1,. .. X LA_ 0.2t RS· 

I . . 0 M. I t. Ii _r' ..... 7ft H _ • r Jd 1 .• l' ! _ 



·, 
... 11 ke h.-1• TIle highest 011 yield was 81so reool:ded e~ 

t.hie level of S applicat.iora &lnd_ limed eo_'tion 
-1 eor:-espondillg t.O total 8 removal of 4.44 kg be • 

The peJ:oentage 1l'8COvery of ~p11e4 S wae 

ealcalated baeed Oft tbe .following fcmula 

SQm of the t.otal S upUke bJ' s ueetecS pI .. 
• ( S uptake by COftU'Ol x aumber of S treat.meat.& 

" .l"eCO'IeI'J' • . f J I II X 100 
SUm of ell S doses 

Tbe recG'\'8I:Y of epplied .. 1.,.1" wa. f. '" ... u .. limed 8CU 

, eftd 4.. loa limed eoil. AlUlOutb 81.1eb and atao" (1"0) 

ob\UftEtd a re1:ovClq of 10.3 '0 13 •• "hen "' •• ete 01 

applica"OIl wee 10 to 20 kg a .. gypsum pel' h .... e. 1ft 

'be prese., ... ., ttl. ncoveIY v .. aboUt. 4.1 '0 4 •. 9 " em1,. 

4.4 CMsAlm !I." W au 

As ftP81lfl coa.a1.UIlg " .. Ce _ 1""* as ..,.... 

tdll slud,. ••• QP1'" '- .I.eld " wae •• essay " 
.tad)' ,he buke ., c. _ pl.... TbG aoaoenU'ul. o. 
ea u pl ... , at harve.t CTUJ,e " 1f" bitnes, in ..... 

foJ.l.__ __ ehell end kenel. laVu'eblr ,be eonc:en".'toll 
.,. aalot_ tapl. __ ...... ,'" lUte w .. "i,he.. then the 

pl ... ozoowo wtt.bG1It. 1 ..... 'Die PEa"ert'q. 01 C. .. Viae 

,.' all s ana'''u. ...... _wee 0.50 '0 0 ••• Sa 

.rd. ... IOU ucl .... 0 .• '0 ,. 0." ... ". 8011 •. 
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'fable 9 Ii coneentrat1cft of @~~1~ -in d1ffl!J!"0nt: plant 

parte at h&rveet 

I • • 
COnc~eU_ Of cal.c! .... (,,) 

1)O"S .f 
... 1 .-lpnur(kg/ba ) V.i.". Sbell Xenael 

II 

..... p I 1 U' 

t!gltPl1 

0 0,50 0 .. 34 10.19 

10 O~54 0_25 0.16 

20 0.54 0.19 0.14 

30 0 .. 51 0.18 0.20 

40 0,.$9 . 0.22 0.16 

WJ!d 

0 0.66 0.30 0,.22 

10 0.60 0.37 OIlS 

20 o !I! &1 ' .. 25 0.16 

30 0.6' 0.30 0.22 

40 0.60 0.27 Ott 11 

.. 

'If 

•. . 111 . - 4 , 11. . "!ir .. j . 1 "1] - L. • ,"... II ... t 'C iHtI; __ W ,f;:. "'-:1' •. - .j-.Ll" Ji r .. f jj . .iJiI .. 1 
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~he correspoading variation for shell was 0.19 to 0.28 

and 0.27 to 0.30 and for kernel it was 0.14 to 0.20 and 0.15 

~~.22, respectively. 

From the data on cGncentrat10n Qf e and ea 

already presented it. may be seen that. I)S compareci t.o 

unltmed so11 the Ca peroentage 1ft vine and shell and S 

1n kernel grouadDUt ~n·'D limed 8011 were higher. 

StIch condition appears to iavour Mgher production .f 

pod. and oil ,ield. 

The ,"oul amoun~ of Ca removed by .ine.sbell 

end kernel of groundmat J.s l:'eeO&'deCt in 'feble 10. The 

•• tel amount of Ca rema.ed .• rom an11med cofttrol~atmen_ 
-I wee 10.1 ltgba which iacnta8ed with 1unas1st dose 

-1 . 
gypsum of 14.1 kg h& "'0 kg level Of S eppl.tc:eUcm. 

Par equal lev$l of S applica_ion. ~emov.l of Caf#am 

limed soil was alva,. Web.C (1 •• ,5 kg be-' in control _ 

.., 18.13 kg be-I ,. 30 kg b.-i ~t.mentJ.statJ.s,lee1 

.npl,.,f.. d ~ aa" (Table 11) Show. that. the effect 

0' Upeum .na liJDe 1ft lnore •• 'ftO C •• pteke by the crop 

.as a1,df1cU\ wbue $$ toheir £otereot1on wes ut.. The 
bLgMe' tmt_IUr~ of -Ca Uken up J:>ythe ct'op weG Hilla k(:J ,..-1 

,.-ora ueatment "ee,v.lng 30 kg " and lime. ftle ... 

""ea,men, ..,1$0 fJhaWedt.he td.\lheet $ .".* MIl ." .... , 

oil y.teld. fteftfore, " may ~ COftOl~ded \ft.- \0 obtain 
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'l.w.e 10. upU)ce of ee1c.wm by dlffenak pl' .. _ ...... 

as af •• ,*, _ applieat.iea •• 1'" ami 

')'Paum 

ce1eium .pUke (leg b.-I, 
~--~----~------------ -tal 

nose. of Viae .. 11 Keme1 (kg ... -1) 
aulpIIU 
(kg ... -1, 

J.t JlilIiii I u 

0 8.96 0.1. 0.10 10.51 

10 10.15 0." 0.60 11.44 

20 11.10 0.15 0.12 u • ., 
,0 12.13 0.81 1.02 14.00 

40 12.'0 0.', 0.,. ".18 ..... 
0 11.80 0.'1 O.N W.41 

10 11.90 0" • 0." &1.64 

10 14.ot 0.93 0.'6 a.9a 
.0 u.to 1.02 1.11 ".11 
40 la.50 I.U '0 .... II.e, 

111 . .. t I I . II . I j e' 
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Table 11. Calcium uptake .by plant. .. effeetecS by lime 
and o,,..m application 

" 

YD!&m!d wmri 

0 10.52 14.t. 12.10 

10 11.44 11.64 12.14 

10 12.2' 15.98 i4.13 

30 14.0 18.U 16.06 

40 14.16 15.62 14.90 

f~eo. 12.48 IS.16 

SO\d'ce 51:(m),: C.D (O.OS) 
., . d 

sulphur 0.38 1.U 

W_ 0.24 0." 
3'llptnar X 1.1 •• 0.1.' NS· 

. d .W l 
.. . IJ 111 ·~.,f •• ' 1 •.• -)'IT $ • 

-



b10her y1eld of Oroundnu _ 011. the crop may be ,J:OWn . 

in limed acid soil wJ.tb 30 kg be -1 sulphuZ' applied 

as gypsum to the crop. 

4.5 Cb!nqe 19 eH and available soiA ~ 
: 

The pH and available sulphur (monocalo1um 

pbosphat.e extraat.able) con'ent of dtfferent U'eat.meJ'lte 

50111,0.t'ed at one IftG)ntb, t,womoaths end fog . ., taOa,be 

eat harveat.) of appl.tcat1oft of lime end sulphur 8'$ 

recorded in Table 12. The pH ia unlJ.raed ,plot.s V8I"" __ 

tween 5.2 to 5'_.9 end in limeci plot it. vK1Gd frOll 6.0 

~o 6.3. There waa 11 coftt.!nlloQs r1ee 1.n 80il pH .tft limed 

'reatments. probably due t.o slow dissolut.ion of lrJeum 

releasing Ca in addition to Ca supplied ~ paper-'11 

sludge. BUt_ :in unl1rned eoil all \he t.&'EUlt.mente no.tying 

91P-m shOWed e ameli durease ia' pH at. a mont. which 

.gam illCl'eaaed .ttURing the same .. ellgbt.ly bJ.t)lW pH 

'Value recorded at OM month. 

The avel1eJale s GOft~qt. 0' the tulk. s .... l. Of 

the eaper1rlental .t. w •• 6 ppm wtlleblnc ....... w"h 
cropping at~.1niag e valae of 6.81 ppm. 41' o.a math UJd 

I t.,. ,pm ., f_~ .. th •• , CJrOP I~\b. _ lUln9. e1\hotith 
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,he valu. at olle month wee 81m11u- to ua11mecl soil " 

inenased to 12 PPM at iotar menths. 

As tbe exPerimeat was laid 1ft e virgin ·f1.1.~ 

the mineralization of organic S wee 1nc~e.sed due to 

increased microblal activity therebv registerlng an 

1norea. ill eYa11ab1e 5011 S. Besides" Oft l!m.t.ng the 

."allable" S f-anher increased ckl. ,"0 increased $011 

pH favouring mineralization. I\Inhe.r the mo1sW" COIltea' 

of ,be aoU waa U'round 60JC of field oapacity fOl:' some 

time since the Cl"Op waa grown duriftg 1Chu1. and tme 

temperature of el'CUniJ UOc mainta1nec1 dtlr1ag t.he powt.h 

period a ... favoul'aJd.e for s m1n.~el.l.attotl. CIl_ • ..., ad 

con'field ( 1M') have obeerved town.ad m1aeraluet108 

.f II at 60 " Of .le1. Cltapac", ead Will'.. (1"1) have 

l'epOJr .... optinNm t.ellPP'at.u ... of .. auad IS·': ~ hiGh4ll" f. 

miae&"allll.'1oa 0' 8. 'ftlereloZ'e the" 'efto"a wblell ue 

'''''I' .. le dur1q ~ "...til of Ute CII'OP mi,,,, have UtereUed 

t~ ." .... l.bl. s ..... ,,, mlaetel.ia •. t..ten. 

ACld"S..1l Of S .. 9fP-. baa w .... secI the 

..... lUl. S .... ell the ' .. e ... ,,"'. ,be inoltea.e -ia; 

bl,,_ in .. 01,.... 80il ttl ..... 1,... "11 .• 

4.6 .Retl.tU .. \4I ...... '&!'i4,.1_, •. i.'-' 
...... ·._.,IMW 
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one mon'b of growtb correlated well ( r • 0.80 ) wi~ 

available s content of 80il at one moft~'r11 3). Also 

.. significant correlation ( r • 0.'1 ) .. twe .. available 

e dete.rm1ned after haneat of the crop and total s upt.ak. 

wae ob\a1ned (1'1, 4). TheM I'esul'. show th., ...,_ale.1um 

pRoaphat.e extractaWe sulph\ll' in soU i8 a good indicat._ 

of aulpmu' available for crop growt.h. ltarther 1t. haa been 

shOWn tha' althoUgh soil m.y he deficient tn aVailable 

sulphur before crOPPinG dur1q crop G~ the •• UlahU1l, 

'0 ClOP ma, be more due to min.e ... l.izat1oft. 

W1t:.h 1. ..... _ tft .va11aW.e S Goa"nt 0' soU. 

ped 'y'eld 81eo tu .... sed. tbe rel.'1oasbl.p be"'_ \be 

"'0 being signifiod' - 1" level ( ~ • 0,.72 , Pt,I). 

Remo.al of S bV OJ:'ouad_t kerael was poo.tt1vel, .... ted 

wi'" to,.l s uptake Ity pl., ( ~ • O. T7, "£0 • ) cd the 

oil Gonke-' (,,) of ~.el .aa pOdUve1, &'el.,ed t.o sulphait' 

GOl1OeAva'.1.oll ,. "ae1 ( ~ • 0.1', 'i, .,). w,~ t.l\e 

inol'e", '" amouDt. of,s in ke.#ael ,be Gil ,'.ld .lilch.uec1 

.' ....... " ... '1', ,he ..... 1." .. cee.,t.'., ."' .... tIle __ 

MiIlI 0*' ... (Ft, 8). 

'lIleM '.tad,,*, •• .lft aggl'elneQt "ith , .. ,1ad1nt' 

of ChePra .ad ...... ("66) ••• 8ift9b .. a.., ('"0). 

4.' IIl.I,M18. 
CoulA .. t", lb. !AC"e ... 1ft ."law.. aulptm, 

OM .... of ,he ao41 and laae .... up, ....... U ...... . 
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S over con- (kg ba-1 ) ~o S appl1- 1ft the SUU:f!!e 
vel atte caUoo over layerUtg be- ) 
4 mont.ba of _RUGl 
s app1tc!~ (kt ba.-l) 

!' • IV ba. 1 1M 

0 18.8 .. 
10 28.0 9.2 

ao l2..a 13.4 

30 41.2 22.4 
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" 24.0 .. 
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with sulphur over DO sulphur tr0a~Dt. sulphur ~anee 

of the 0-11 em layer of t.he 8011 to whieb gypsum aad 11_ 

were applied has beeA worked out and pzoes.nt.ed .tft '1'ahle 13. 

It mer Jae seen t.hat. the 8JDOQnt Of ~lted .1p1'lUZ' WlacoOQOteCl 

in the sUl'fa" lay.£,' wu higher 18 limed 80il t.hen 1ft 

unl1med 8011_ which incl:e ... s w1~ ifta'ea81ng dose of S 

appl1catJ.oA. 1'h1s uftdCouatl.ed 8 might -.. __ loet. 

to ,he lower layer of the profile due to leaching. The 

loss from the 8 ... "'" layer of U,.llmed 8011 v .. 1ed bet.we_ 

0.1 kg g-l tn RO sulphur U'eauaat to 16.3 kg heel ,. 

40 kG s t.ceeted pl.,. In limed 80il a sub.~8Dt'al1r btg~ 

amount. of S oOl"l'etpond1ng t.o 1.' Jet ha-1 frClft no aulph1a~ 
-1 ,rea ted plot and 26 k, he f~ 40 kg S ~eted plot ba. 

__ le .. hed t.o &he lower 1*,.1". AesuNr&Q thet t.be s 

.uu-.tUOft of t.be onp wee mainlr drawn .1'$ the sullec. 

a.11 (0-11 .. 1.,.), 'he aver ... d'8UJl1uUoa of added 

sulphUl' in 1.f.med ... ua1J.med aoAlsbave bee" celnla,*,' 

eftd npol"" 1n "able 14. 

'faJtle 14. 1)1.,1.,1_ of $ulphU added to .. 11 

• '" R I -

Pe~'. Of"'M $ 
I , 1.111 II , If, I J J 

11:" I,-'-J'FIHr '.,~ :--- I' : _., POI:' IliIi 

"--,' ~~ .. ." .... ~g.e. 
I ....... 1ft av.sleb1. I 

,s. 0-11 - ' ''' " ...... _ o-u .. le, .. 

$A .. UUi -_')1- j ,If --,elie •• '(1113&' "JL' 

4t' 
'6,. 

•• a 
54.1 

.1.6 

-.1'- : - dl 'l , 
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It. mer be noted tbat. 81th_gb orop r~ 
in .. alimed 801.1 we. 8liohtly hi9her ~_ llJ1ed eo11 • 

. 41 .. 6 " of the added S .8a 10e' fl'OJD limed soU as 

agaill.t 28,' " .from tan1imed eo11. !be .t.ncreue 1n 80U 

pH leads t.o law_, nt.eaUon of Sulphate by soU 

(lCamPM'a'h .!l .t!.-~. ln6, ~ and P"'1ch~.. 1'84. Abmed 
" 

aDd a., 1"' end xanwer~. 1"". as a result. 4\ arelat1Wtlr 

1_08 ,...U.OJ'l .f sulphur w.. loa, through leaeh.tllo • 

•••• * •• 
ft •• " • ••• • 
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CHAPrSR. Y 

SUMMARY AND COReLUSION 

_ .. _ •••• ___ an _ad • __ ••••• __ •••••••• _ 

5.1 supm 

To .,ud, ,he effeat o. gyp_ 88 • "1'Oe of 

.ulphur for 9roalldau' powD tn an Ael"1c Hapl8flllel*. a 

field experimeat tn UD des1tpl .i~ thfte .,ep11cat..toa 

was lei' J.a the caVal ran Of. Orl ••• Vniveraity of 

ltO"iGUltul"e ... 'leahnolog" Btaul:telleaw_ .... .1.119 ICb_lf. 

1 tN. The expertmen' conslsted of fUe levels of .ulphur 

i.e. 0 .• 10, 20,,0 aad40 KI he-' ... .-0 levels of lime 

.t.e. 0 aad 0.5 L.a. fte 1'-~t of .a.. _11 w. 
a , ba~l .. detentiaed tar wood .. ,,-. baff. method. 

Gyp8tl1l supplied '" RaJ_th.. Sute M.lnee coaullWtg 14.21 " 

B .. 24.7 " ceO.u .- .. a.une.f sulp1Nl'. p~ mill 

.1ad .. '1"0111 CbowcJwal' baYino n_ta'.l'et~ .elue of. 70 " 

wa •• s.. as l'_ft9 --'l"i fl:1- __ admit. ou1".. .·11-2. 
" ....... with ao kG .~ 40 lit P2's and 40 Itt RaO I*' 

bec'ete appl'" .. ·NPK 10.26.26 ad " ...... 

Pl_& .ample. ' .. 0111 ,he ".let "ue colleoled 

., 21 _'" 0' __ ,Il and ., h ...... '.· Yield o. pod, 'Ii_ 

.. 8bel1ing petr.,.-", "hi' _tilt wen neol'ded. V ..... 

pod _Ilene! _.,lee wue M.1J'I" .. , ... ,.lr •• 
• 1_1" end Ce coMeft&, 01100R'''' alpeNAd ... , w • 

• 1. d ... J'II'4' .... · 
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SUrface s011 88llPlee from eaeh plo& wen 

collected .~ 1 IIlOftth, 2 IlODtba end 4 anthe (at haP .. ,) 

of crop growth and compos1ted for each treatment.. samples 

were anel,eed for pH and .Ya11ab1e sulphur. 

Ltfl18d s011 "as pr8pued in tbe lallor.tory _ 

1nculltat1no ... t 1 k9 of .011 '0 "b;'eb Papa&" Idl1 sludge 

ecp1velent. to SO " of t.lle l1111e &"equlzemeftt wee added eatS 

all_eel to equili.ate with alMnate we"iRG end dlyint. 

SIIlph.'. adsor"1Oft etuely was ouri .. ou' ill 11med and 

uDl1med setl ~ ~111~.'tng 10 • Of eo11 w1'.h 10 e.o 

of 0.01 M 801ut1Oft ., wacl eon'airatng " .. ,1l1g amouata 

., 8 ( 0 ~ 21 ... J. 

1'he adorptiOft st.ud, abowed that .... au1p1ua-. 

was .. eorPed in ualilaed 80'1 'heft in limed e011. At. 

~11ibr1um S oonaefttret1oa 0' 11.8 ppm unltmed eo11 

adsorbed 66 ppm of .s &8 compared to 41.1 ppm of S in 

1 .... eoil. This Ud1oat.ed tMt a 1&1'98 .ra.euoa o. tbe 

added •• .&11 be loa' 11"_ tile l1med Hil ... 'a.biao. 

APP1Sca'tGll 01 8 •• U..... ... lime .. PQeI' 

Mil .lud,-.. !10th lneneaed the pod r1el" .toutle_", 
__ Ute _"_, w. add',,__ Tbe --_ yield Qf pod 

~ed 1ft unl~ $011 .q6.18 q be-' whlctl 'ftCne~ 
\0 8 •• 1 • be-I b,ltmJm.ll ftg,a.J:llng ,. i ....... of 3. 

,... eent, C ..... , •• of _an .'Ieet ., I e:h.ed ,he,. 
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the yield reoorCled at 20 kg be -1 level of S epp11caUQ 

was 8.2 q be-I which was at. PN' with 30 ead 40 leg level 

of s application and the mean yield for ao S ~a\ment 
-1.· . 

was 6.01 q ba oal,. Xt show. that S app11c:et,loa 

increased the yield by 36 "- At. a S dose of 20 kO ha-1 

applied to limed 8011 highe •• pod yleld of ~.S q be-I 

wee obt.a1ned. .., treataeDt:. z-ece1vtDo S at 30 kg be'" 1 

.bOWed tbe hilhea, stl.111ft; panent.... of " .. 3 " 111 

limed 5011 .. comp~ed to SO.7 • 1ft .a11med and es •• ~ 
80 sulpbllr treeted 11IDet.t soU. CalclWft. both from ft. __ 

aDd 1~ helped 1n increa810g the shelliag pe .... , .... 

SUlpMI' appl'e.'''oa signifto.nU, 1ner.a .... 

oil COA,en'- Al'bCU9h lhe .fleet of lime epp1tc.'ioa i. 

inc:reae1at percentage 011 wae aot. .'ontfte., the , .... 

uree'SOft of l1me .... 1,.." ..... e'9nif1-... ,_ The _en 

oil coateot of gr ..... ' WM '0.15 " 1ft aD eulpl\'11l' Ueautent 
-I 

tfil.l.ch 1.AC1' .... to 41."" ta 30 Jtt luf e Ue.tatQ,. Tbe 

hitheet. 0,1 pep_t ... of 4 •• 3 " .d 011 ,teld .f aoo kg 

ha·1 wee reoorcled 1ft ,0 q Ita-I .1... "'e.'" end 1.taed 

80il, which ea, M .eed .. a 1:_~et.1oa , ..... ing 

, ..... no"..ct. sott. 

fte ,-11" of S ad c. r.~ byC1rOP ,~ 

.", .. _, ve ...... ".'ed .--- 2.16 \0 '.44 " 0' 
S .,.. hee'.- and 10.S to 18.a kg Of! Ca per b .. ' .... 



Ttl. highest s ~a1 of 4.44 kg be -1 aacI Ca removal of 
-1 " 

18.2 kg he "88 associated with G poCI Field Of 10.32 

-1 q ba • 

AS8\lrtWlg that the S _,,,it-10ft of grouadmJt ie 

l .. ,ely me& from 8Uz-faae Co-15.) soU. a sulpmar bel_ 

.bee~ hea beera .orked out. :ta unl£med soil 4.9 " of appl.led 

s was rec~ by oro" 66.4 " appeereCl .. ttVul&ble eo,l 

oS and 28.' If' w .. not. lilOoOlln~d for in 0-11 om layer 

6JlatmeaU8.g 1080 of lower 1., ... , leacbiftg. The OCU"reepoa.ci. 

11'19 peraentages .or limed soU were. 4.2. 54.2 end 41.5. 

MOI"8 of applied S vae lo.ot. .Il:om limed nil 'hea _limed 

80il. 

file p1I Of unll.lIt8d plot ••• .led _tweeD S.2 to 

5.9 and t.he v .. l." .. wee betWeeA :·~6.0 .. 6.a fu limed pl... 'Ibe wa11.1Il. S aoauat'. of tbe _111" 84IIWle of d\e 

........... 81 .i". wu • ppm. za .. au1pbu ItO 1'_ (coDuo1) 

plo, ._,leWe S iBcn .... · to 6.81 PPIIl ., 1 _alb nd 9 •• 

ppm at. • _.lba of OI'GPPiao. OR ltl'l&a9 alttlOUlh .. ""alae 

.. ORe _t.1l wa. eimi1. '-0 aa1irned aoil, '\ :lac ....... t,I) 

12 ppm at 4 _atM. 1'b... 1""6 ••• .sa available S, Me heeft 

.t:.u-lba,Gd ~o i.ftG:&'ee.d NMI'$l.teat.lea of .... ,. 8 da. 

. t.O inc...... m.1a.roWol ."\"t,.. In,eHrl/sed pM, ffPOUI'.ble 

6()il me'stu,n - \empel'fJ"". 01 ... , 3S·C ftl'iftt 01'0,1) 

'I'-tb. 
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'the OOIlOeIlt.&"a~io. of S la pl •• t. at 1 IIlOIltb O~ 

fJl"owu. correla... .ell (co • 0.80) with available s 

eoat.eat of _il at \be' tiM. S1,n1f1oaa' positive 

corNlat,18 beWeeR a".ilable a ... teat ., 8011 at ban-eet 

aad pad yield ( ..... 'a) aad total. upt." bJ' OI!'OP (I" -0.11) 

bave .en ol>sel:ged. wtt.b tl'lC'lJreued ~t.al tlpt.ake o~ S by 

crop, s .. pt.ake by kG/ZAGl aleo ille.reasN (",=0.71) a'ld vitlt 
. . 

uae tnoreae. in S conoen.ration .t. )(eX-hel liJotb o.t.1 

percantage in kernel end oil yield lncreuecS. the eoeffioi.atL 

of carrel.'1on being 0.51 and 0.94 ~$pectlv.ly. 

ft'Om .......... 1'. of tJae .lIweeU9&l.Uoa .. diseuaaed 

... __ art" GI:IoVe tile 'ollow1ag COI'lCl ... 1ons _, )ae tk.a. 

1.2 SM'8J.08' 

1. tftle 8ul"a._ .. ...,.ion eapaeit.y.' tile 

ail aeon.eed wi"" l.ncu-eaa1n.g PH. At 

... '1,.. ....... s __ vaS_ of 11.8 PJII Qoll.1Jed 

.. 1.1 (pM 1.3) ., .. bed 66 ppm s .. 1'" 

eeil (pH 6.2' ad.dIad 41.1 ppp. ad,. 

a. ,.,1 ..... 1- of 1,., and ••• I''''·. botll 

l~rMild U.w r'.14 Of cp'Obdau,. 18 Qalkletl 

•• '1 t.M ave .. _ .... ,ield ,,"-'ed w.e 

6.68 q h,a-l wbtcel\ GOUld" •• "ed by J4 

pel' ... , Oft 1 .. ...,. '1M ••• ,&eld 01 6.02. 
-I . . .. 

be ~"'.;ftC 1\11PbUI' VeaUten'w.e 

iM".amfMi &>, )." &Je to S Qpl1.oatt •• , 10 Ilt 
........ 1 
QSJ. '. 



3. Calcium app11cation tacreese' ~e ehell1n9 

pereentage and eulpMI" Incnreaaed the 

pereea'eve of oil in vrCNlldml~. G~l\dnu, 
I 

POW" 11l 8011 tnated with 11M and 30 kg 

s ha-1 produeed higheS' 011 yield of 300 JqJ 

be-I, bl0bes~ ebelltft9 percen~ege (61 •• ) sad 
o , 

hiQheet 011 pef!'aetflt49fj (43 .. 3~) wfa.toh ,ma, be 

used as a reeommeildatlon. 

4. The bigbest. amount of Ce and S removed by c.cop 
-1 - -1 wa • .1.8.2 kg ba ead 4.4. kg be eotteapond1ftg , 

~ • yield of 10.32 q he-I. 

5. %n uqltmed 8011, 4.9% o. applie4 S was 

1'8OQYenc!i ):)y Grop(t 66.4" appeand 0 u wailtlble 

s .t.a 8011 eac.'J 28 • .,,, wae leet. '0 lower la,c 

farom 0 - 15 08\ larer hr leacb1ng. The 

...... 8poBd189 penen,ege 101' limed so.U ... re 

4.2, St.1 and 41.6. 

6. MOAOe.ium phoapMte Qtl'ao\eble S was • 

pocJ 1IldtOe.'.~ of S _.uabil1,y ~OpO\1.a4,nu, 

aR.IOiIIiJ;.:.;....."' ~o.~.~. . '" '. 
~;lWl.l!1IJIIIMfW 

~­~ 
itii5 
II 
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