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fUdI' I'iela ia tnd ,... ... ___ ... 

illMI. ___ • 

Q •• Ja .... (1Mt) ..,..... Id.P O.~.O. f. lCaft _Ua 

tI I.ala tfbleIa .. atv1bde4 t. Idcb •• teat ot oqanlo -, ... 

MIl llUtlo ... aaoat..-1Uoa1,.. ",.. ., ctJ.ar fllr&el'&1e _.­

tat .... 

.... e4ftl ..a AiIV (191» t.a , ..... 1Ih41 •• 0I'l tbe pete ..... 

..... ot "'" ..u. of I.ala 10.4 tlat ,be !art -Ua ... 

, ...... , ...... om .... , .. __ eat .. _........,1. It •• tal&'1F 

tal .... !II_." ~_ (1m) 1' ........ , .. , ,. d1ct1y .,1 .. 

..u. 'fill. ,be .,.1 .. 1le of ~ , ... 0:00 ........ ~ 

9.91 ,. 19.50 "',00 I. 

00d ....... Ck'Oae (1m) ill tbeU ntJ41 _ ,be t ....... ' 

..u ....... ill .. f1w1aa·. p1t ...... t ... 'ba' ,_ om ...... 
,.. I t. a, ..,too at •. fI, 1 , ........ sa,1a4t.a04e aad ,.. 

IS .. " ./100 I t • • dPM' ... .... 

Be SALlNtLUtOfl' ASP.oTS 

~ ('96') 0.,1.4 ,bat ,be .-ill taot ... of eoU 

.1laUat .... 1Il r:1~ .. 0 • meso nUef ao a l:q~lt of 

u.pt , ........ ln1:Jt.t101l aeu.nta aft4 atensl". ta110'tf1Qs. 

~ 8D4 RlSt.llb (1965) tbHf-'Ib a l¥e.t..t- nu4t 
eRab1l .. , .. , at hiSb .J1Dlt;r tbe dItptb d (JI'OW'14 _t_ 
18 ,be ... '..-teat OODUlbtat .... ten_ to tbe 0011 aa11ft1ty 

Sa tbe ..,... ~-8. ~ ,. ,-. depth anA _UJaitl 



of ~,_ ban Uttl • ." ... OD tbe alln1t7 ~ .!.lb-eoll, 

wblob. , .... att..... ..,. -OPP'1lI and 1ft'J.aation regiMe 

GueokOYl aD4 .. 1Mb ... (1965) Jreporied tbat arJalyei.. of 

tile a<laeou 8.Il'beot. of tbe _11.- eo11eote4 oan be S1iDpUt18" 

., 0111 t'lDg 48teNlDatlOll of oatlou U4 l'oetr1otl1la detertllaa­

'1011 of 8010118 te1n1J' to ob.10l'ide. 

TIQlpDoo:a !lll. (t 965) 8t~lecl ,be obuse 111 P!\1a1oo­

..... oa1 Obanot.letl0. of tbe .. l ..... lonobalc so11a tCM'aG4 

_ e18ia of teJ:t1al7 depoe! t. ana • .,.-te4 tbat tbe oont.", 

fit _tar 1I01:ab10 .alta .. 0.296 to 0 •• 96 per oent wltb 

o1l1.oft ....... oaa.t..tlns OfGt: .21.'. and tbe aotlBOfJGa:)le 

eo4t._ aras.a trora t6.9 to 30 pel' o-.t of tbe 8~1tJ of tbe 

........ bl ...... 

Pat""" (1966) ob .... o" tl1at oapll.l.ary rise o£ oblOl'ld • 

.. q:a1oar .. [Ir_ter tball tbat of It'.il.pllate. 

uaraaa (t966) BOtl.e4 tbat d:.le to tbe "... .. DOe of "_.flag 

...... of Sl02 in gI'OtJDd _,_ total 41eeo19ea aalte and total. 

dule _tlou 414 not 81,.,. 1.aIII-... wi. til eleotrioal oo.n4tlo­

'i91,,_ .geI.'9aAt aa4 Sene' (1966) nponed t:1Bt ana.1yt1oal 

...... Daaed OIl eoil _t~UOD at1'801:8 gO oOD81dered beet 

.. ,_ .11_ of 8011 -.l1n1.t'0Il ..... 4 by eaUne _ti9l' taD1. 

e perl04J.0 tlood1OS by sea at. aa.cI .... 0JI11:$1'1& ased 1D tne 

.1a_tloatlOll of aUne so1l. 8ft .. 884 on tbe data obta1Aed 

tIQI 8011 oatU'atlOD. auaot. 

SbOpeId. (1966) lDgeatlgat. ~lDl .. tlOD aDd 4e-aal.l.n1 __ 

tlOO of eoil ana ~.m4 _t_ 1n ,be tramv08S low land. .1.8 of 

12 



•• oplld_ tba' _, .... ,_ ooe&&rnd .u.D1.r 1D tbe pea-104 

__ ., __ bl ... O~ t. ,be e:adao. (0.4 to 1 .) aDd 
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a1DtaU aa4 au ,..,.. ........ not atleote4 _llrd.aatloa. 

l1.cW..,. (1961) ...... tbat ,be ealJ.lle 8311. of 1' .. ,1& 

.. uaonl1 GqStlgeD10 ........... _ &D4 tbe aalln1t,i. 

_11l\7 of tbe 3°4-01 t1PG. 

setb (1961) ..... o11abe4 to. aUDit, #OfIPe baaed OIl tb. 

ooa4taotlylV nag., 1 ••• tball t-r&oJtal. 1 tc) 2-beoNing _llae. 

2 t. 5-aa11ae. abo'fe J-b18b1.1 ...une. 

JeIcOlon1c11 (1961) etwlle4 ,be mlae eolle of 011_ aad 

tuU ""l·.tl-. Aooordlag '0 tWa tbe eliae 80118 ~ the 

--ur 4't"". lat. lD1aD4 aa4 ...nal 80118 an4 tbe lD1an4 

_18 .... Mea 10JIIMd _'bOd ., anot OOIm8OtlOD wltb tbe 

__ , .... bay. lowe ob1OJ:ia. _'a' tban tbe eoa.tal 

-1e. 
lflUIMe (1969) npwteel ,bat , ... 40elMat aal1D1t7 

........... 11 , ....... ,.a.abWt.f ar.t.4 top;)~I\V. aU 

Wlola ... ftlat •• to 4epoe1tl.-l Aln.,. and ralata.U an4 

....... '1_ ba4 0Il17 a (11" latl .... oa aalt 411JU1 ... tlon. . 
DtaIU4 (1969) .. :at1N , ..... I ... tl_ an4 .laeaU!.'loa 

OIl ...... ua in 'be 3t'Dacal del.. fie reported tbat ,be . 
8&1, .-teat 1ft tbe .. 11 -i611at •• tnII .. -.ter an4 t11. 

__ 1e ..... 3 .. t84 to umtal n.oou aa4 &Old .. ..d.pflat. 80118 

an tbe IIOIIt GOaIIOft tne. 

AftD1IIe1eob and lela (t91O) ___ at- tbat tbe dl1trtlon 

~ , .... 11 801dlO11 du-1na ............ tl_ ~ tbe atante4 

8OIl. put. __ 1M tueD tate __ aDd tbe7 propooe4 a 
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ORr ... lOll tor tbe Gftl .. ,_ of allln1 t.1 efteota on tbe baaJ.8 ot 

Dl of tbe _'~tlO1l .... , • 

• ~fW~"..mlaD 111le(1910) ~e4 an l00rOB_ 111..31' 

M4 a 4 ..... 111 tbe ......... b1. aa + 148 wito laor8a8e 1n ~\fi_\ 

a4 ooao_tat1_ of alt 801tatl-. 'rile, t'lftnv observed tbat 

tile eoaeJatloa bet..- tbe ....... of .:, 1n eq;.UU!»ri:aa 801:.&t1011 

.. tbNe of t.be ... ~8 oOllPla ~ tbe 8011 after 8q:&1Utars.e­

'1_ wen blsbl7 a1gDU'loant. 

MadeU (1910) nporte4 ,bat tbe ..,..mt of salt In ,be eoU 

_ ,be oout .f ..... 08 __ ooaVo11.e4 avon;;17 b7 alai' oODtelJt 

U4 41 ..... trOll tile _. lie ~.4 • poa1t'''. relatloaet11p 

.......... 11 ea1t arul 01.&7 aM .. laY .... Hla'lollflblp between 

..u.-1'''' 41 ..... 

......... 1111.(1910) stated ,la, tbe l.'oJaaU 80118 of 

x.a1a .e .. 1410 '_O~botat ........ lltsb r,.:o 4:.ae to tn. 
latI'ul- ., .-1, _tv .tnII ,be a4joln1llfl 1alce •• 

l'eI" .IS. Al. (1911) 1IIY.niaate4 tb. eoloaobalc8 ot tb • 

...... .... at tb. f .... 4e1_ aa4 • ..-.84 tbat tben &1'. two 

tn- of .. 1_baU la7ar.."ble aa4 •• a14tal. ~b. f!ret type 

......... JI'OSI' ..... eblul4e .11DI_1_ &ad 1t8 tlldbl3 

.......us .. potae4 _,_ '8 __ tae etII'fa •• anc1 tile _ODd 

11M .blw1~t. alioi", ... ". pooem4 ..... 18 below 

a "',10&1 1e9.1. 

PMatINt aD4 lIeblUoa (1m) nportN tbat 1ll 'be 

.. J..lrpllle ao1le at tb. lowe ~ .... , (.9tW'.md1), eod1~ is ttl. 

...... _i1_ 1D tbe .10'.ans- 8OI1a aD4 -aneat_ 1& tbe 

oUar 8011 •• 
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bDstarltlnov (1 m) ..... t18t toe ..,bar.1oal OOCIpoaltloa 

........ altai'S down tbe ,,",11. and tbe !laXlaata Ialt oont_' 

I.A tbe 8()il 000#8 .... , .... 1s a 8bU'p tezt~l oonU'8at. 

1~ __ (1911) ....-teet ttat large UIOtmta ot'\:JS.)4' 

aaso. aad ~s04 OM_ lrl tbe top bor1aona at bOttom 1aod aol1a 

of tbe 11. ... Z.m'feban and 30. JtepI'."llta 30 to 90 pe cont of 

I81te in tbe eoll • 

• ,,1* (1m> npor&" ,be nlat10neblp of #o:m4 _,_ 

table ,. tb. t __ tlO1a of eol...ulo eol1e 1n !\lbena, oaaada. 

GHIIDd _t_ talal. wi'MIl 1 ... ,baa &PPQl£ll18:te17 t !leter of 

, • ...t ... ." ned.ttD 8VoDg ...,.. aal1n.lZatlO1lt wrdJ.. 

-*_ table bftWftll 1., to 2 eat_ ., rer.1lt aaUD1zatlO1'l of 

.. top .. _tft. ~.Dt t4 aliDlatlon abR-pl,y deor .... 

with _,_ table below 2 uaet .. _pta.. In areae wJ.tb tll.lOtat­

lDI _t_ tabl • .a1t ., epna4 tRolllbO\lt tbe protlle. 

S_. aD4 PJtJar (197') npcafte4 ,bat tbe etteo' of gl'Q:md 

_t __ lilli" ......... pnao .... _to a aballower _t .. 

tul. ,ball _t. . deep __ ,_ tn ... 

AllRoot (1914) "':ad1e4 ,be Procoaeq:aeaoe of so118 

....... ,.. .... 1M ee4l.rDenta in .at ~8la. rene ~t 

...... 1)1. sa. eubaDgeU1e oa, ~. ,.::1 an4 total .,tIl 4eoHaae4 

"'til 1aReu1Ds 41...,. tr<a ,be .... Mel 1noreaaed vito 

4.,.. 111 eou. dUlye4 t1'Oll noerat 1lU1M 4epoett_. iio pattEWrl 

fit· .-.r:age .It .... v1tb ~ 4eptb .. J..nor .. 1~ dl8'tal1oe 

,.. the oout .. reoogn1se4 ira 010. ola¥ .... neraloaY. ,. 

.... '.1 .... 418t.-1",1-. 
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DUM (1914) _.,., ... , .. t ,be 8OOU'8OJ' of 4"' ___ '1oa 

fit ... 1 _111'11'7 .. lJaft_e4 ...., _~_ d aaol1D8 4t&e to 

__ • yertloal U4 b.odHatal 41atrlbtrtloa of _,_ 801dle 

... _bugeabl. ao41_ .~ •• 

~ a 11.(1914) lIrrentaatec1 ,be e.tteot of .. 

... 1atr.aa1 __ tb. 8011 alb'''' Rattae 01 tbe aatanard.. 
pn~'" 18 tbe ..nil ..... dal __ 01 lVPt. tbey ba •• 

.. .u.eI 18 potU ... , ftI'i_ 41. ...... tJ.toa tb. .out, tb. 

_, ... eat 1a tbe SPtOflD4 _,a 4eenaM4 bora DOI'tIl to ..abe 

'M ...:a... t. m, 01 &D4 SAR. ... blP- 1D. eol1e D-.r 'b • 

..... .... 1a ,be .. _te aM ...... 4 .boll DOna to _tbe 

-...ur 1a Mtb .. 11 8D4 pOWlll _te .. an.4 Jl ,.... tlUl ...... _" ... 
La ........ SIaoftaU (1914) ... , .. ,bat pota .. l_ 'e 

•• .,..lld.e t • .al1al.'7 1a .. u. ..... _til po-.alb7 _rat ... 
... ' ........ U .... ,bat appU.ti_ of potalts7 _11.-. ....... " 
.... 1&1,.,_ of ._ oouta1 plala 8011a. 

___ au 3Idt. (1914) "P ..... tbat u14 .. .alp.t. lOll • 

.....a.atc a10Ias ,be ....... Of Iea1a an au..,.,. aol4iO 

..... fit tbe _ .. .." ... of .... ,... aa4 lao1c ~ oaoo, lA 

.. _ -lAI. ,be..u. 8Jthib.tt...., low pH ftl •• ao4 4 ... DOt 

,:will, ,1aat ,"",b • 

.,... .. 1111-(1915) adj.. tb. applloatlOD ~ eo11 

....... 1a t14a1 .... ~ ...... tlbl'" state.. Sftea1 

aWa ....... ~ 811 1D ,be toea, ... nb~ .. t to 'Df"· 
" ... tuaJ. ut1 .. ara4 ,be lat1._. Of _ wter 1 • 

. ..n. ........ tb. bleb- ...,.,,_ ~ aa ... I'll 1. 'n_ .,ua 
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....... '0 _tt_ ..... I.ar •• alated 0'1_ "0.1 •• ana .. 

A441tlO1l to 8011 t_ ...... Pl'OP0M4 t. t:anbu- toM1Ag, 

1aelta41as aab groQ'" ........... ao4 hlp __ Dt. &ad Iallo 

..... ' ~ of A1tl~ ad1.ole aa4 111"'oeo18. 

Ooea1tu and Or ... (1915) nportft ,bat tbr.' gtl'_t 8011 

po ... wer. to:aad 18 tbe '14a1 ...... fit Plori_·. gtJU oout. 

tIae_ wen nll'l*l_'" p. , 11,a.t_ aa4 .plortt&04.. tIM 

a1p_tleDt. n .. ftet! at 1 .... 1.-tl088 _11. tbe P_ ..... ~ • 

... '-Pl0llta048 wn fOtl1a4 ., Illsb- .1 ... '1_ a.4~Oln.1ns tlP1aD4a • 

... 8011. an saUu ad ... II8lItn1 11l pil. !bne p.4Ou 

..,...""1 ... ., ,be _~ .. aou. wee 4.,..1be4 8D4 ...,1 ... 

t... .....t fit 8IIl~ le 1_ , ... 0.15 per oat 111 ttl. 

,_ I as,"_ ... b&plOl1ta04. t. 6.8 ,.. .at 1D tIM tNlpbacltaat • 

....... ..u.a are "--11' .... at_'M • 

... -~ .. Jlll- (1916) 1IIY.dJ.aat" tbe _Unit., PHD1-

., ,.. eou. 1a ,be del'ale nat- of LoweI' il!lll4.bau. fbe 

JaatJal 8011 al'."V baa It_ foaM , .... 49.t aIbtM/-
( ........ ) ... ,be 1D1:'1&1 _,_ al ..... t7 of the }t t". pOD4a 

Me .... DOte4 to M 22.5 .. .., ... 

God ..... oal __ (1..,,') nwll .. tile pJ:openl •• of __ 

,lAd ... eol1. of nOl"4a. ,.., .... ed ,atJAaClt.aeDta, 

edtu.as.et .... ftltaqueat. 11& '''I t'dal llUebe. of 1Ie.rna40 

(plt .out) .... D1rfal (.'ladle ..... ) .0' .... 1... ~tt ... 

..u.a _" Iali.lle &at a~ .. tal ill plt .. 4 wltt! ttle 

_ ... '_ of • __ ' •• '" .oate.... IdSbel' 1 ... 11 of a:.a1pru. 

(2." to 5.19 per .eat). 



~ llll.(t"') at1l41e4 tbe _tran and _,eat 
of allDbatlOD 0Jt tbe ooutd tNOt of !Ul* St.Jb-41Yleloa 

of '114.., .. (W.Beqal). f .. et~ NY_Ie<! tbat tbe eol1. of 

wbI.oll tile .11nlt)' (:~.) ,..... lMttWMft t.8 and 52.4 Sliboe/oaa 

... la 8....-.1 4 .... .a IIlllal lUIall eoU.. nost of tb. 

"'.,. ... ___ tu ...,1 .. eoUeote4 ftD4oaal7 fI'oa tbe ana 
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....... it*' b.lsb aaUalt7. file lat ... " ~ .1lD1t.1 lUI obal:'aOter1ae4 

" ~. BAR..a 001l0.tat1. of HlOft4 .... eodl~bl ... 1d8 of 

,be .. ho • .,11 an4 pOtlll4 _tea.i. ,"'l, 1nor.eed w1t1l 

............. 41 .... .rn. tile ft ...... _ eout. 

___ ..... (1m) d ... 1M4 otbW oouta1 eoUe. lie 00 ...... 

.. , • 1IbaU.., PlI .. _tel' tabl. atn. la tbe.. so11e aa4 

~ .... 1. witblat :ran .. cIeph. ,be aut .. boltl •• 16 .. 

'*11 ..... ,,_ ,." per ... alt (eOllpf.lte4). _ter 801.18 

.,. --J, an oblW1d •• aa4 aulpba'", 'fbi DOll 18 obaft­

et.iaeI to ba •• a ..uo bOrllloa .., 'be ~ ftlllea tOOQSD le_ 

tbaIa t, I" •• ID --1.'r t.Ift1tOftl tbJ'otlabOtat tbe ".ptb. 

o. Hi MOW§Uf AP:?ROAOJ ,;;9 Ul 1'UB OLASSUIOA'r lOS OF JALIli,~ 

AID SODIC SOILS 

(t, _U,II _ 

__ (tm) ...... prtMn18 OIl tbe genetlo psootl1e oODOePt • 

.... eo1oaeU .. 11e oOS1lODl7 000 ...... w1tll1D tbe ooernOll", 

.... _ .... -,-a •• en aa4 __ ....a_ 80118 baY. b_ • 

...... iat. DiU -3- 'ne. 111. tbe U.S.B.R. JR:1 .... (1910) 

tift __ ... "e4 eoloDObaU ooul4al ... tile aatfll'e cd 81eotn1tt_ 

..... t ... mas tbe aa10rd.0 , .. , ..... PNP.t.D8 lDto .",b-

ela ... Uu obloI'14e. III vat., aalpM.'. .to. lb. OZ'1t.~sa 



., , ..... .,..ttlott:r .. ,. tMu 'tv'.loa]. .. _11 ae ,tv ... 
losloa1 "1 ..... .11, .. sa .. t ... ,,_ of Il....uon l111ite 

ot _1' ... eat t. att .... , ... ",.., to taU _tbill tb. 

_ a11u., 8la_. ,.1 .... '_ ,be nbe laaD4 pz-ea .. ' 

.... lUtty. _.4 _ Wbloll K._ (19-"> haerlbecl a .."leal 

1101.... Pl'Qfll. to 8~1.. of ... e111fs.al A bWillOIl 181ac 

... _ mw1a1 801 ..... ,. p, .. ta.. .. bloo." .d1 bUiS .. 
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to1l.owe4 _ • ........ B2 tluta_ aD4 fl .. 117 tb.e alt bUiS-. 

(I) ~mllH_' 
Aoo-41aI to llr1..... (1910) .be __ 10811 appat080b 

"ealJ, 4Utera tHta tb. R~""" -0 "lag aoo-apeoUlo .bOd 

'M _tLlZ'e f4 eleotrolTt •• pre.... Tbe ho .,.ft._ tutllel' 

MIt .. ia the l1f11t. of aalt eoat .. , t • .al1a1t, olua ad.z­

..... '1.. 14tb tbe "1 ... of tb. ~ .. ..,_ .. of &IOU 

.lualttoatlon (tTSDA, 1960, 1910) at.pt.tloaat obang .. J.D 'b • 

.,.... fit aoU oludtJ._tloa .. e ... p1aoe. Tbo~b tb • 

..,at .. baa .... mtlel_d tor bel ___ patQtl1. in nat .. 

(~, 1969), l_dl88 to 1.-.1 ..... __ beta-dl_ 

( ...... 1969), it La w14.17 1a ........ lna tened __ 

luae ...... ~ eoU. group"", tile eoua .4_ ,_ vden, ,be 

..... ana tIM of alx 4t.agftoetl0 aut... "hou, .b •• 

oeIII'1o, .. 1110, -'trio, blatt., .. tlwople ... plagge_ .. 

tIl- ...... of ..... b.\U'taoe 41apon1 .............. , _U1w. •• 
..vio. apte. _010, .,0410 aM ..u alNI with tb.r •• 

..a'loa). aorta ... 18., telol0 • .".. u4 .u. and two 

.... ,... .111.. ..lpaD U4 tna1paa. 1M ..,.,. 81W1eas" 
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t. ele..u, eoU •• _tlll _ of Manrabl. eol1a obanotmat1e .. 

Ae _b tbe MIlD. alllaU ..ua tiacl p1M. 1a tbe ealOl'tbl48, 

-UUs14et balaCl..,. ... ........u .. _u..u •• aaUWlflOU8 

_ I16tnnoU. peet ...... """la tbe ..,et-. 
(J) '''tilt 8.'. d.lB& ."'lII,la 

2M r.A.O • ..,at_ of _11 oJ.u8Ula'loa '8 DOt uaon ,baD 
... ledI9. ctOrI1»1._tt._ of • I .. ,_'10 .1 ... ,. in a •• 

1'. all ... tOlN (GuaJdaoI. 1969). SlDd.lar to AMrloan .,.et_ 
tbU __ &1M of tOR tJ'pee 01 A. "'111_ ....... MlarlJ.O (b:.amu 

ttl ....... t .. tl_ lA .. ,baa ", ,. o.t>. 8OI1Iiar10 (_ttan'i_ 

.... _ ,baa JO ,. .ed) bletio ( ...... b__ witil 20 to lO 

.. Nat ..... S •• tu1.al) ... ,.1114 (paull' "..,eloped); tl •• 

• 1. at a be18 ... b.. usJ,UflfUI navlo, __ 10, apodio, 

....... aa4 ti.e a4d1.tloaal t7PH of bCW....... Yia., _1010 • 

..... ..uo, pUDtblo aD4 aJ.eI'U. OW1oul8 the na~lo an4 

Ida. bWU_ OIl the Ataul_ ........ Mea u.o<WpOftlte4 

te 4 ...... ,lie ...... '"_ ~ all&aliutJ' .. eaUn1tl'. ad 

., .... -SOil ~. it .... 14 ... ....,aNt. ralt t~ 

.1 ..... wbUe .tb_ 80118 DOt .. 41n1Dotl1 eal10e ~ alitaU 

.Ill ...... 11M ,lao. ad. tbe "Ilel Mil Wllt ~ "lJaloao1s-

"' ....... ct. of 00_10 1101 ..... , tat..1o solo_h, ale7io 

.............. _I ..... aa4 ..... 8Ol.0a0.lce. 

_ ., tIM 101out. _, _'biD ,be UD1'e4 ..;ita:tea 

."J¥ n..u1e ,be Qp1oa1 Rta .. a.aa eolouU. \1Ploa1 ~rdl1. 

fit ..... Il .. Men "_1Mel _ ,._ (t97'). 2be p.roY1a'_ 

.tlda ... ..sou faxoa,.,. ,bat aolable eal'. it pre .... 000_ 
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ill .. '-1ow ,be aatfto ........ ttn.as 'be two eo1oaetll .. iU 

ea.oe.. 8 .......... _...u. ... ~ .. ot 'I.A.o. .at. 1 • 

.... 1_ tHII tbe 4et1ld."_ 06 tbe eo41o pba .. vb10b "1pdate. 

__ , ... , ,. .... t_'_ tdtb ____ b18 8041_ ill 

_ ba1.II_ "',Ida too _ of ,be atII'taoe. !be _u10 p .... . 

........ at 'be _ ,s.. _1 ...... loaeta eol1. b ..... tbeU 

B ~ ..., •• IdIIa _ ..... '1. 8041_ atU'atlon. S1IIl1ull' • 

.... ~ ........... ..,...... ,. ba'fe at1 .... 2 pea:- oeat 

•• &s, _lule .alt. ill 'be ..,. .1It 80'1 bw180U (50 _> 
( •• 0, t974) • 

..... aa4 Jooeal (1m) ,...". ..... be vploa1 aolODets 

..ua ..... _ la !f1....,. ............. as aoloDobak, _1 .... 

..... 801.-........ 801 __ '...s.as lato steppe aoloaiae4 

..... au .,1" '"""' ad tile ..... aolODets are tbe -' 

M.aIaIat. fte _.tal ....... ., tile .. eoUa 18 .a1J.ut to 

.. au __ ao1Oaea. 0b.eI1* ....... R1at1oa of aoua 

...... .., .. Duab (1m) nna1 • t&1.J.' 4 ..... of "_lap 
1Iltlda tbe ..tow 1IOl..... ..... ao1oraeta 'urn1ng ato steppe 

... ~ ..... aotl8. 

(') W •• I 11 .... ,,1 •• ,. MAt a.a iii&! 
'"uta Ra,JaD (t91O) PHpa" aou tap ~ India. c~la1118 

of 25 \Woad .011 tmite. .~bUabe4 ~117 0.-"1 genet10 ~Ue ._ept. ~l'M.1 2.a8 G11ral1 ao1l8 *lob oonn1 tns one separate 

_t 1a U8 1 .... wee not ~elI' «.,10te4 in this -h 
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Allrol .... lIa_la (tm) ....... , ~d tU aallD1 81.11 

..u. ~ Ila4ia .. 14 _ t ..... p .. pbloa1 41eulbtatl. late 

.. toUOWlDs .... eatepd-. 

(I) 80118 .......... lu t .. u14 aUmal tnota of ~, 

..,... .... Bajut ... . 
ell) Soll .... ...-.las 1a tbe ...... 14 rea10u of fJtt .. 

Pa4eaIl, lIU7afta .. ~ 
(W) sou. 1D the arid an4 ......... 4 taota 01 .:.J8OOaIl 

eOMl8tll18 pa1.,.lpal'IF fit lB',-,e4 4e., blaot eoUe ........... 
(ly) SII1I .. _118 -tIftlIII 81-. ..... out. 

",bW,,4!ltJr1 (1m) 4 ...... H4 ,tut _tRlftS proD1 .. of 

.11 Idttd.t.r &ll4 alta111l1tF 1Ja tu oOtl1l'tJ:7 eo.prlalllg tbat of 

,line a,. alt_tlou .,1 •• , allae eo11 .. blabl7 altcaU­

.all .. .,&la u4 aUSbt\Y alkaU.eal .... eoUa. 13b_bla (tm) 

..... , .. '1Mt _t ..... weU AI .,.tlA1 41ml ... .rtlon Gt tbe 

JII'Ol- ...,. aplotl88 .... 41t: .... ", •• ot pa-obleatlo .,ua 
Yia., altaU. altae, potedian, _11M, ooutal aU., 
edWo _11M U4 'be sallH 8014 ea1pbate eoU. ooowrr1DS .wa tbe OOU'b7. 

r. .... _4 SQp1 (195!), ...,ltH41bel !1 !l.(1962), 

"SIU' ad lIa.,la (1969), ~ 411.(191'-), :3b~la.!1!l­

(t"'), S..1!1 al.(1975) aM et ......... etdle4 tM 

.......... ftltltlo. of aUna-al.u eoU • .eDtlcma4 al)We. lid 

.... Ml1l t.t._ Vbtctb ereerg .. 8ft tM 1aft ot well 4etiDec1 

..u. o1a .. ltloatlO1l ..,et_ 4"""", w1tbln tb.oo-.aatz:r 
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e.,e01allJr ~or group1. eal.lne-al1cal1 8011s and Abrol (1911) 

and. Bhwabla (1915) have s .. o •• a.tttl17 de~1ned the nature of 

probl... pr .. a.111ag in the eouatry- and aleo 11ltlstrated their 

geograph10 d1strlbut1on. lIb8.J.-gaTa (1971) _de an atte.pt to 

obaraotarle. and 01a.811'7 _. of the coaetal aalln.e aol1a cd 

.b.4hra P.ra4esh to11ow1llg -".U !ason01Q'-. He gl'ouped a protl1e 

".:rlb" b-OJI OJUrala !ehail of ODgole distriot o~ Andre. 

Pl:a4esh as belorag1Dg to DaV1c aaJ.n.tlYaquenta. 

1). SlIlSOlWi VARIAfIOB Il{ SALllrrr 

!ke s .. soual ~luot~tl ... til salln1tT baTe be.n studled 

-,. m&D7 vukere. Magl&tad!1!l. (1943) reported that aalln1 t1' 

eft .. t. are lUre drastl0 tlD4U' hot d:I!r 001141 tlona thaD. WldU' 

.ooler. h~4 one •• 

110111110 (1945) ez&1Ilned. pH Tarlatlona in ~laz aol1a oyer 

& ,.104 of ... en 1'ears oODOlllde4 tbat high temperatare and 

lew a1atall .... e oon41101 ... e ~or aJ.tal1ll1 t7 while the revers. 

ooa41t1olU1 ~or 8Old1t1', tha8 eatabUshing a correlatlon between 

.u.at10 ftr1at1ou and pH .~. 

!OIIlJ.uon (1951) fro. U. raoJltlal7 determ1natiol'l ot pH o.t 

... rloe e01la ot Sierra Leon. tor a perlod of thirtT two 

.oaths, staggeated that the lno:r... ~ ,H .... lue durlng wet 

_.eon. aIl4 deoreas. 4urlDg 4rT e.eoD. were the real.llt of 

.... l .. atlOJl of water 80luble a01410 o.pounds to and from 

tJae 8011 eurtaoe • 

...... and Leat (1958) obsft'Yed the varlations o~ pH tro • 

... tJ:al to euODC aol41t1' were related to changee 11l eol1 
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............. " .. te ~ ... , ... .,. 

'h IlAl. (t959) ....... 1 ..... ..u .... antn1 .na of 

O.ua1 0lWa foat "lid ....... i.''''' of tbe '1 .... laIW 
_ ., ... lap, _ • ..., .. Jat .. Witll .. 11 tmLUt,.. 

, ....... 1 ... .,. ., 4ltt ..... &1 ..,1 •• __ 1 ••• ooup1OtaOu8 

-_ Jlaat ........ _ ................ , ... fit rmtfted 1_ 

'" .. Ret.. 71d. ... alee , ....... _ .... low 00114_'.1" 

.w ..• (tMl) ._ ... t1lat tile p8 YId. •• in ..,14 

Idpba ••• 118 wen ~ tu1aItl.. 8.8OJa1 ..n.atl_ of 

,. ... ..., ..... a •• ft ..... IAJlr' ia pwlodl..u, 1ntaJldate4 

hal ....... me tl.u.. ___ 1 • .,.'1_ pit ftl" •• 

................ 2' ...... .u, ....... 10_ to uuual. w ..... 

.... .. leU .... .., .... ..,. ""ped catd.okll' • 

...... ))Wi (tM5) , .... ,lie, ,be ....-a1 ftl'ia"" 
... pi ... ..., ... ~ .. ..,.lela, &a pul041..u, terata ... 

s-ea u.. ., .. tteu.. 

... .,., • .,. J1.(t91O) """" ,be •• eoaa1 tltlOt .. 

" •• ., ea1J. ... " ia ft ... u., ........ I'll, i.IJ, ."'as-1a1e 
.. oa ... MIle .,. ...... eel ...... ~ ntlOtaatlou 1a 

••••••• i. witll 1'1 .... 4 taU ot ___ t_ taltl •• 

_ ... 1 (1910) n.u .. tM ..... "_ ~ eoltable _It • 

... _ &n&caW lieU 1a nla"_ ,. n&ataU ... 1n'1gatlora. 

....... , .. ,_ pa. .,. oa • f'«It ...... , ... _ Nt_" • 

...... tile _ ..... at t, .. cU.U .. , 4eptbe aIl4 .. ....... 

.... 'U lO1U1e .-It ... ed ~ ... lW .... 100 ....... , -
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...... _ ......... ..-, nJaW t • ..u _In .. 1 ... 1a. 

__ at A.IWttIaIMI (t91O) et ....... , ....... 1 ..... la'l_ 

...... .at, eo",_.t1_ of _ -.liM _,_ lI'ftaaW .... 

_ ...... aa~"'I" Aft ___ -.t_ ,.,' to., ... 
"',1&1 b&P mt .......... ,_ sa tbe •• 1 - .... 'l¥ 

•• ,... .,11 tit ~4 .". W .. alataU , .... 

~ ROO, .". aft_ alIda11. 

c.., ... 'iIW (1m) .... n.., _ .. .-.1 ... sat' • 
....... ,bat to. aU , .. , .... .,. tnn ot bt __ • eoUII 

m ......... ...,.,. ................. _I __ 4 .1.,,1_ ~. 

I • ..u pi ... 1Ilau. ......... _ f. e1 .. vloa1 

•• 1 ....... " .... 4alae tll.e ,... ... fit Otto ............. 

.......... ,.u ........ i .. el1 • 
... ,.. ........ 'ialb (t914) ...... _ .... 1 ....... 

.. tile 8alt ....... at .. Uftaa ... ...., .u ___ 1 ... 

.... ..... ".. ., ... 1. 4epIIa ... tile area .tltlOt., ..... 

w&tIda 110 _ ,.. tile • .,... __ --. SIalt _.-ala-

Uta at aM ... 'be eo11 ..,... .. at _Jd .. 4~ tb.e 

.......... of .' ••••• , 1ft .... ,. ,aa. pnw'_ l .. el aft_ 

.... fill .............. ........... tb_~.t." 

.., ell ........ 1 ......... m' 1MaUA .. ill tile ...tao. -n. 
... ~ .. 1l11-(t 91') attl41e4 tM _uaa.t,. pnItl- of 

..... b ... t ... 4el .... &tec1- of r.ow_ 1Ga4--'" aa4 

0-.1, .... ,bat tlae Mil 8D4 _t __ lid.,. .......... sn41l&1l.r 

.'Il .... a441tl. fill ... ftta _t_. 
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Pekatoroe (1953) Ob8erYe4 that de.p plot1ghing to '5 OJI 

aoo01llp8ZUe' by SJall app11oat1.n o-r sns. aa4 green -.aure 

taprOYed the .olonet.11ke aol1s of the lett bank at the Lower _.per and. 1Hrea •• d the 00"_ 71.14. 

tr1elma Bao a114 Ra~a lao (1960) r.porte4 that addltion ~ 

80lae8ea produced oon81etent17 hlah 71e148 of padq 1n the 

OMetal eal1D.e _nq eol1 111 An4ra Prad.sh. 

CJa1ru (1961) eona1dered deep ploughil'lg a promising 

.elloratl", •• eth04 tor a .01on ... l0 ao11. 

LeaohiDC 8'tud1e. reporte' b7 JIaleboa (19") .how that 

l_h1Itc· et~101.nc7 Wter. in AUt.eat 8011. '.,eating Qoa 

theu .... apao. di.tr1bution. ae -roQJl4 higher leaoMug 

eftle1_, 111 the Ught tencaed 8011 than ln the olqe7 8011. 

a ... e .!1 11- (196,) reported. that the app11catlon o-r _ate 

po41l0t. un srOWldnut hulla, sat:nower hlllla and tuarln4 

...... r.'ue4 aaJ.1n1 t7 statu.' 

a.A.'.41a. (1965) reported 1;bat oultl'Y&t1on -rollOW1Dg 

.... laa'l ... b7 ~1D&g. &D4 lr.rlgat1oll reduced eal t ooatent o-r 

t~. ~. so11, the oondaotlT1t7 ot the 1120 80il extract 

1owae1 thll 8.19 to 0.58 nuan08. 

Acuval and G1IPta (1968) obsenea. that -rOtlZ' 7ears cd 

I_hiDe Roach' abollt deorease 111 aalln1 t7 t pH and . .ISP 

....:L... o-r the atartaoe 8011 and an 1DOreaee in orop 1'1eld8. 

Bal_ an4 Bllaltlq' (1968) fOWld ad41tion ot Oaso
4 

.Dbance4 

the .ttiolao,. of leaohing pl'ooe.. 01: a ealine-a.l1c&l1 8011. 



latDa1. aIl4 ... ~b,a (1968) ...,...4 t!lat tDtWlVlal 

........ taet. (bUl. a1ag aa4 1 ... 81 .... ) ana oaleerct0Q8 
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.... 1nD rieIl 1Ilttaal 8011 ... ",en1 •• nNtlttate t. II,.. 

_. ""tl.ou .... lfaOl .. til. pn4011l ..... alt. 

sabot. U4 _.1& (t91O) ... ,-' tbat al' __ '. tlOOCUltl 

... 4l711li ...... eft ... l.. ,baa ..uacaoca. pon4lr.tl 1n tbe 

•• MJ. ., ..... alb la ,.. al1nl -.e1JraU Mlla • 

...... a.a (191t) .......... tbd Uoa tNlpbat., 

&1.,.,_ .,.... au • .11,.. ........ elt_l ... t • ..... la, .. 

Jaa _i .. IlO41o eoUa tID4_ ,., .. loaM eOD4it'ou u4 tae7 

abe ......... ,bat appUea'". of bleb ., •• or apan1la .... 

dIJe HMfloial • 

...... aD4 .... (t911) nUl_ ,be .. -.1 au .. 110118 
... , ....... aduti_ of 1Ddutnal .n. pndtaOta l1n baa. 
.s.c .. pap. ad.U 81 .... n .... tel la ... eft ... l." leaob1111 

., ~1e ..,., • ., 1IIpIr ...... tile ~ oora41'1_ &ad ,be .. 
_taYl eOd4 an .. _ dlUI._ .ene.D' .. ~ 

.,. ......... (tm) t-.a1ate4 4n1aage ....... 

• e., ... fe tM .... la.atl .. of tile ad .... 80118 1ft rtm aD4 

aM M. _ ofleala .. ,.. (1) ....v .. l_ of ~ 

................. 18 tbe ,.. 'fAa" (2) ~t '0 til. 
__ sac .. ,_ ....... to ..... eft",l ... ~ 

(,) ,._1111_ ., SOO4 'Ita11_ u.&anl- _t_ . 
...".,...,. It .(1915> lJd.'Jat ..... nll41 •• to 

......... tile 0.1 .... ' .... (t) -......- of &II flail alA _,_ 

.. p ••••• lat. t ••• 4-hl·tM eu1.r llOUooa (2) n_ 
eI ....... ala _t_ ..... t4. 'a1.aD4 4-1Dc ,be ..... , ... 
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.... of -uooa. 1. aD opuat1 ..... area at ao ... 
(w ..... 1). fte1It wetc __ inN of illprO'flaa tb. _1n1DS 

talDIp ...... 1, .~_1_ of t1e14 btmtla 111 'be upper 

_ .......... onac ...... _ct ... 111 the latter bdt of l'IIOUOOIl 

, ......... lIMla ...... nUl .... i' t. In'lgatlora. 



MATERIALS AND METHODS 



~... IIOU. ..a 10 tb1. m.atiaet1_ vu. eoUeoteel tn. 

,... 41nlao't .u.. 11011 areu t4 tbe stat •• 1a.. P01ctaU, 

tal ....... OIna-maa... laM4 oa • NO_1 __ of ,be 

..... ab pntl1 ....... HlMte4 t. tbe ft •• tnne tn. 

l'OIdrall la... ot ~ cU.etftot, two t.nra ralpa.4 u.. of 

....... 41nl'let aD4 •• Doaa 0Irf • ...".,1.1d8 of 1.ita11oD , 

.... let. 'Ile ....,11 •• wr. 4"8 .. _,1 •• GOUed'" til tbe 

-'be of h_at.." .. I4Uetl vb. tile," ...... no orop. 1D tbe 

IleUs ar.a4 tbe .Ual.ty be.... ... ........ Ybe pJL'Qf11 .. 

... _.IaM ,. IIOI'PAOlogloal '.'ara __ 41ag to tb. 

'AO.,.... t!ttt ..,bolOgloa1 aD4 otbe Ohal'aOteli. ...... of 

..... p&'Qf11 •• wen preMnte4 1'1 tabl •• t to 6. III Rd .. to 

... tb.. eneat of .ull1t7 ...... 1a tb ... tbr" ~_ 

.,1_ ...,11 .... of the state, '1ai.ftJ" fGQW 1IU't .... apia. 

were also eoUMted.. .Perloal-.1 "11",1_ of .:.ar.taoe 8011 

.. ..-t ..... _ -.1 ......... at t .... n1ghtly 1Iltenal8 

,.. ..... loeaUtl •• of tb ... t .... nelou to ddt' tbe 

...... 1 'fWlatl_ ttl _llaitF .... ,be leeton ooauoUl88 

.... -. 
LlI08A10lt srU~It~ 

.. 1. _SA. It al* '" _1"". 
'rbe _uapl .. oolleoted wen au dfttd on a IIbGet of papa-

...... gI'OtID4 aepa.atel.J tlalac. e1 .. ,oro.laln i.QOrtu 
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......... penl., ......... tlWotJSb • 2_ • ., .... nonA lJa 

......... bOttl •• t • ....... uat ualple. 

I. __ s,." lit •• pnpldA. 

(a) _at a' tall ••• 
fte _ ..... oa1 eGllP081tlOD ot tbe PI'OIUe ..,1 ...... 

at ........ '" tile lDtenatloaal pipette Mtbod (Pl~. 1950). 

(It) " •• !I1M ""'S,. 
fte IMI1k 4--tJ'. ~1.1. 4euJ.t, ... 1al_ vat_ bollS1.., 

ee) ""'. 
& ..... -ilia' of tb • .,11 ...... 1D. • 81Uoa Ueb aa4 

... 1a _ au _ •• " 105·0 '0 ........ _1gb'. rbe 4ut"v ... 

.... ...... ' .. an .. ao4 eapn8M4 .. pen_tag. 011 0gen ., 

..... (A.O.A.O., 1962). 

J. _as,. PC _, UUW..,' 

Ca) ........ d' •• 
1M pU of tbe eon _~ .. weN ......... 111 a 1.2.' 8011-

_ •• ..,..1 __ Ill tile ala- e1eoU04e of a pboto Yolt pa --. 
(tI) a_l _l!D1-

ftae (lJ.eeUl.a1 o_.tl.'" ot "be .,11 -.pl ...... 

...... 1a • 1.2 fIJOl~t_ ...... '_ !.I.1Qg the aol·.aWl4ge-

U.S. aJild.ty labol'atWJ' .". .... , ..... -..1ta were .,.....,. 

la _llllllaN/-. 



(e) GaM,' lIED. 

organS. t'JUbotl .. 4eteIlM4 ." ~ey aDd ala •• ' • 

.. pi4 tltatlOll .nb04 .. ".,. .. PIPW. 1950. 

(4) I""" ... 
:rota1 Dlao_ ... ".'eel b.r ~.14ab1 _tbod :.a.illl 

atalpb_le _14 eaUolUo .. ld 1dsttare (IMtceon. 1961). 

(e) !Mk&. 2( IC4!!IIQ-Y.&t Mtmd. _,101\ Rl 'M .tlllS 
10 s ot 8011 .. ue4 t. ,be ,...,....'1011 of tl1e HOI 

...uaet u1JIa 'b. _tbOd 4 ... 1 ..... 2lper. t9'j:). 

(1) 1tMl __ 

10 III ., '1M ilO1 ataot lIM ...a t. tbe precU.pltatlG1l 

., ............. uuoDlca ...,bfuOlr"". in Diu10 aold 

..u... ;:IM preolpltate .. tl1' .... _Shed t:::eo of &014 

aM 41.-1ft4 lD. IImow _e. of ataadaI'd GOd!=- b,ydro:.l1d.. 

at ,lie .... 4 ........ tv tl ... 'l_ with nanaud 8Old. 

(li) ItM1 e\l_ ." __ 
10 111. of ,be IlO1 atnot .. tUI8d t. tbl8 p..-poae. TIM 

..... al:a1a1_ were rea0n4 b.1 pz'''lpltatlon ae ~.;Jraarlde 

... -...!aeaJ. ..u. an4 ,be tUta,. _8 _de tapto 100 ~ 

.& to ad. aut. of tbe fl1tftt ••• tIIMC1 tor tbe eatle'l_ 

., .101_ aDd ~.1t1!1 bJ , .... ,. tluatloa I18tbod 

(3.S.lleA. HtIa4 BoctlI: IG'o.60, 1954). 

(UI) ItM1 Jl91Ma-w aM. 
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fotal ",aut_ ar.d eo4I._ .... an--.nod 1D. a aup18 of 
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(19) ltM.1IHII 
fte .ca'blMd ", .... 4 .. ~ Uoa aIl4 ai_La, .. obtai_ • 

• 2_ 1t .. , • (11) w. 81a4, lpS.ted, -J.cbe4 au ..,... .... 

.. .... -tas •• _111_148. 

(y) lIB •• 
.. we ... .tat ... '11 • ..,1. of 'be ..u.ot .,. n4Iao1Dl 

.... .:J.pbtlrio ... 1. U4 t1tnt1aa 1t ".iut deo1nor:M1 

....... penaDtP-t. (A.O.A.a •• t962). 

eft) Aka,,, •• ,. 
1M al_al_ ..,.a. pN __ 1a ,be _U _ oalor.alate4 

., ....... _ ... ftla or ,."ade'l.r .... '04 boa 

....... ,.. tbe total .. -adcad .. ft1ae (A..a.A..a., 1962). 

.. .t'e _IRI' ..,'S! SA' _1.1 .S .... 
Ca) _ • Mill ~Ut. 

A _ ... ".,. of 'Ile ..u .. tUd tna.te4 witb 

40 ..... n_. (100 111) ..... IKe 801tible _,.. {~be 

........ .,ap.'" h1ee, .. U. a8l_ tOO 111 of .. hMO! 

" .1 .. ...,let •• _ftI1 ., eolIdtle ad,.. tbe ..... 

..u .... ",-t .. ""b _tal .llm a.lOIl1_ aoeta'te to 

aeJMe au tile oat,_ .., ...... ,-. TIM ..... 

n. __ .... ata .. ~ .. ..,. ....... wlttl aloctbo1. ~u 

.......... 1Dl_ .. tbe ........... .., ......,.1_ 1a 

_ ... M'4 aft. 4l8p1ael .. ,. _ ,be a44lt'oa of ---'_ 

.... ton ........... 4'01.Ilau-. file cU.nlllata ... 



Uta,,, agalD8t ....... ~ .... aoi4 ta.'1l8 broaaooHeo1 

an- 1a41oatOl' aDC1 0., ealoaJated aa4 l'epOfted as _/100 I 

.,11 (nama, t 9G4). 

(ll)_ •• " .. 
tile l __ t. oMa'" fnIa tbe .... .dilation .. tleecl 

I. tbe 4 ....... ti_ of ...... __ 1. _t1 .... 

(1) -...wt tWA. 1M ...... !_ ...... nt ...... ".-, (il) .. toU0we4. 

(11) __ I! 111111&. at lIMa 
tile ... boA oit.4 Wl4er it. , (iU) ._ to110WG4. 

4. 
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r.&ae HClW-' __ 4 ............ 0&(011)2 tita'i_ .. bod 

....... plI.neat. 

.. ."&.,, -'Mll'. "'lid 
Sfd1 _In'" ba. been ....... aa4 eapnaeecl in seYe1'8l. 

... It i ... 11 ,,,bUabeeS tbat pl.aat "GPOIUJ8 18 goYera.e4 

.. 'Iae .a1laltJ' of t ... 80il _,_. 8al1D1ty apz-eCJ884 on a ., 

..u .Ill. 1. an .. t'dan.,. ........ aiDoe 1t 19Don- ,be 
_ ....... 1_ oapao1t7 of tbe .11 ara4 ....... 4oe8 not 1D41oat. 

tIM y01._ of ..at. 1a wbloll tile ealt 18 41aao1.,.cl (U.S.8allnltl' 

....... ..., 1Iteft. 1954). It ,. a1M ..u eatabU8be4 tbat 

plMt .. .,... to 8611111'1' i., 1a • __ at l.a.rse1l' aet..s.ut 

'" '1M .... 10 poten'1al of tbe eon _t_ (Benet,a & ~ 

t".) .... e1eotat1oal e0D4llOtiYl" (.) ., the eoil '8olo .. l.r 
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",tel ,. ita ....... pot ... sal ...... ,be _, .. 'la 

,.. ... .,. of eo11 ........... _"'0ll' 811 .. Watl. of 

tu _,_ eoateat 1 ..... lleU _i.can __ of lIOn aolJ.a. , ... 

~ ..... '9'" fit .... 'tlNt1_ abaet (D.> ... 

-- "'''11' ........... of ,be .,11 alla1" (U.S.SII1IDI.,. 

..... ,., ftatt. 19M). 

(') 11. __ " .'aue ...... 
A dO • ..u _ ...... tile MtIlOd " ... .i.Odtd 1a lJ.S.J.).A. -

... BooJc ... to .. toU'" t_ ,_ ...,....'1_ fJIf tbe abaet. 

Ca) II."""" 
a. p!I .......... QaDI ,be lie ... 1eo.048 of • pIlOt ... 

_tpH .... . 

(') .. _ab&t S'I bat ..... 
f .. total _ter aolQlJl. edt. wee ~ed using 801. 

~.s. S&11n1t1 i.&borator.r tnN U4 the reet11t was 

_ • .,... 1n <D11111lM8/-' lftt .. the ~. of aAllnit,. 

.......a •• blab. than tbe ...... ~bl. wlth tbe 

......... the ........ ""'''11' tIUtltell M4 the oCtll4tlotl'f1" 

fit tile wt&tal e:nJ'ttlOt ot.lill'Cde4 ,.. tbe dilution tao, ... 

I. 

ea) RIll. I8d laCAMla 
, 111 of t ••• 't:d."&t.1.on _t.raft ... dlde !lito 100 tal ... 

to 111 ~ tbl. __ ., aolotlOll .. UUII for tu det~"_ 

...... MI. to11.ow.I.ac tlw prao~ q:aotel in :!.~;.:) • .A. -

-.. Doole Ife • .a ... tbe oN_' .... _preeae4 aa ~t". 
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(1t) MM".!p4 .eI'. 
vat_ eo1tabl. potaaal_ aM 8041 __ " Gatt_ted ulDc 

mlL n..-pbotometer. toUowllltl tbe MtbOc1 4 .... 1be4 '8 J.f3:.J.A. 

IIIIut Boo1r NO-GO 8D4 tbe 1'8fN1ta wen ~.aae4 aa _!Utre. 

,. Ca) QIl1a1b 

, :d. OIl tbe _tu:ratlOD ednot ,.. _te apto 100 ID1 aD4 

'0 111 Of' till • .ae tiP 801a'tloa .... 4 t. tlbatlOil agUo.at 

.u.y .. DltaH (J.S. :l.A • ... 100II ••• 60). 

(It) MIIP. 
Seal.'. .as 4etenlne4 \J8lD8 tlV1alet1e p:rooecl.-.. .... 

_ ,be ..... '0 Obelat1OD of ,be ene. 0.1_ rera1D1DQ 

aft. 1Iaft_ .!1lpbate pnolp1tatioo. 5 ~ of tbe _tw:atl-. 

...... as a.ltn" '10 100 £11 aM 10 III troa tble ntade :ap 

.oldi_ .. WJ8d fw eaob t1ta'1.a (Ieoa.. 1961) • 

.. (a) iVi AtJ2 KAH 

1M attamtl_ auaot of tbe _11 __ pnpan4 aooor41r.t8 

to .. _bOa ,.-eel walleI' it .. a (1) au 8"'118'84 ,be 

~ ......... ,.., potau1a .. lI041_ tl.l~,:! tbe 38tbode 

.., ..... ttII4e.r i'_ (2 a. 11) ,.., ... iYt4y. ~b_ oalo~te4 

tile 1IOfIl_ and potuai_ act .. ",. atioa 0.. toUowe •• 



IAR • 

"",,". 
+ '. d. 

alI I 

.. ~ .. 
2 

(tJ.S.D.A. iIaD4 l'boJc Ho-Go) 

ell, .,"'P7'M" 124&. _ 
~ ...... ....,1. ,.u .• peoeatap .. deteNiDGd Ins 

8Olt&bl. _t'_ taalDB tbe Nlatla 81" belowa 

file _1104 •••• ilMa 1a :J.S.DeA. 1JaD4 aooJc !;~.60 ... 

l.uow ... 

Ie W •• " IIS8171 .,&lI&II1tAI1Pf tariM! .,. 
_'t .. 

\ 
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SoU -.1 .. t. n~ .. _ •• uoaa1 YU'1atJ.~ 111 .aliBi" 

... H11eote4 :tna 00tD18 8D4 "'., tnra t11e POictal1 an4 1rA1pa4 

......... tb .. i. _ ""P''' .......... 0 PftOtloe of IJOW1aS 

..... 11'1 ::10>._. In tbe P0iG811 U4 ras.pa4 U'eaa, tn tb. 

_be 01 *Nb-t\pz'il, ~.lId. 01 t __ • 41 ..... aad fl. to 

"I, .et_ blgb &'e takell. 'rile la-stat of tbe tltl'.ukl --u.r 
. ...ne ........ to tbe left1 01 tile laD4 111 nlat'oa to ,be 

_ .. 1 ... 1. Ia fl'tllla .. .".... ~OCI were P8J:I1041oa1 



• .,1 ..... ooUtott4, tbe be1.€Jbt .. abOd 1/2 _,cr. fbe 

__ tct _ 41 ..... 1e abotat 60... ~be au ... nalnaat 

'fRin1 .......... 1ft tbe 110._ aft_ .... ing ott tbe 

.1&D& '" U4 tb. 1JIIII'O'.ate4 eee411_ we lat ...... ead 10to tbe 

,i'a al-. Aa a38inet tbie in HOent ,... there 1e &notbel&' 

PROt'" of sen1 .. tl~ the salt ••• letaDt pa4dy eee4a 1n ooa­

.1'_ .... 10. aDd late tftD8Plantll13 t~ in tbe _.-s. 1a 

~ Vb_ aalJ.rd.tt 18 tbe aaotaa4a ..... 1IIUbe4 ott. 
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Ifu pe.ri04l0a1 ..,1 .. tal .1iDS" utONlnatlOD ba9G __ 

..ulllte4 tI'fM '0 .,.48/ ill 8U'11t4 1OO8t1_ 1a the two re81'" 

fit POlr»1i .. ralpa4. Tbe l .. t'_ weN (1) j;l].ot No.t9, 

11M ReeeaNb· $tatlO1'1t VJ"Ula (laala A .... 1et4tara1 ·JD.LYC81,,) • 

• 1I11adM Dll1U1At .. (2) ..... .., BO.,,2/2, K!.b'~lM 

MIl ..... fIOI tbe apaoo 1n Nt ... tb ... to tNlooted IIOQQJ .. 

lD tbe .... of OtrfD'JD4a-.o IaDde Dea1:' ltar:magapal13 tile 

palO4lOa1 -.pl ..... oon_eeI fat-. • plOtl8be4 t1el.4 elaoe 

tlll .. 1 '8 ao p,ftOtiM of taidQ8 aoa4e 1rl tbel. areas. :rile 

• ..,lee w.n ooUeet.a 'nil tbe 10 lOIatlO1UJ 11l tbe eoleote4 

'leU, (" .... aotatben ~" ., 2t aan plot 1n. ~. 

Qal_ a.etftet) / poole4 fU'M1 ...... ..--. 

fte .....,..,. _tor -.1 .. ,.. aU ,be .. 10Gat' ..... 

alae ooUeote4 at tbe t1nle of oon.uoa fit tbe 8011 ...,1-. 

the tono..Lac 4ftenlnat,_ wen SIS. on tbe _1.1 



t. pll of ,be attaiatlO1l atro.ot 

2.10 of 'be _, ... 'loa exuut 

,. 1-. it, oa + Ka, 01 ..... so •• oat_t of til • 

• , ... '1_ exuut 

'11''''' If .'M BIR\;. 
pH, .:;0, 01 a4 00 •• oat_ of ,be _tOSl fB.a;tleo ..... 

4ft ..... 1t7 tbe ... lHtbodl .. _41 tor 8011a. 
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lIICQt Ro,l. 
.. II Ell' 

tUl .. , 

IOU. DiSaRIP,elf)JJ 

!Ia1011lOQblo (3al' att .. te4 by IIGIl _tetr 

1Ita4atlOD ) 

1'ytlna. Rioa d.eseanb S1:atlon. i'lot no.' 9, 

.... 1a. 4l8V1ot. 

MS' 1 •• tId."I' 
La ... ,,_ a1iIoet at _ lenJ.. 1aD4 t .. plaiD aM nat • 
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.... ~ - enUlola1 _Uld ..... __ t. padq .~'1 __ 

"_ .,tIIal ..... 'lOG - balopawtle ... 48 b:lt .... n13 at.t_ted 

"', .. Alwl.aaa 'NIl (1Il!&n1l ., ... ', bfal4 aD4 troploal 0\1.'. 

"'til '120 _ alataU aIl4 '" ...., ..,. a,..... pareDt _'eial-
2at\I8tW1De -181D ""11 latcUe .... 4 .. _te:rla1, ~. 

1IIpe4" M4 poa4 _, .. table 18 a' eo .. ~ tbe 88t'aoe ill 

.be ... _ ...... Profil ..... at a1eoet tbroQgBoat tile year, 

... t.11T tJAo4e4 wltll&rack..Uh _t_ ctR1ftg 6 to 8 IaOIltbe 1D a 

.,... OUltl .. , .. 4_1~ a eiltl1 ..... onlI' _til aalt I'fU.18t:mt 

.... 'fDlnl ... Aft_ tbe ........ ....a ror i?1101o~t!1r8 eapeolAll1 

"'ttl ...... 
IJ!IU.t 1IlNId ... lII 



10 - 30 

10-8 
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Cbt., (1.' fiR 5/0) _.lIOlet M4 11JJb' tlI-OWIi8b 
IJW!I (to fa 6/2) wbeD 417. olAW loatl, lItr.lOttlftle88, 
IIolat • ., tina wet R1o"" • .,. baN, red and 
,.ell .. aaottl08 pre: ,.. .•• eq tewa tree ~ 
.oaonu ... aD4 tJ.1 1'ftataDtS, VfI'IlJ' tew .-on., 
41ttue M4 aaootb 1)Q-daI7. 801410 - p.l 5.15. 

f., 48ft 3NI (1.5 tR '/0) ___ lat aDt .-
oolos- (10 " "') vb_ 417. oltV' lCJa11, 1Jt1"_~ 
1e881 lI01at tlna, wt atl.,. lJ%7 IIl!Jlbt1.1 ..... 
,.allow mottle. pnaellt. DO JIOOt8, di,rr.lae aa4 
aootb ~ 801410 • pil 6.4. 

Daft .... (1.5 TR ./0) to "'GIll dark Ianwr.\ 
(10 rR 272), 0161 toM, atl".lOttanl •• ., tIOlet tim. 
WIt at1.,. ., • .., bar" tne trOl3l .. '1_ 
.usbt .lay ,... ao ,.... .. _1410 - p] , .... 

PJrotUe 1. al_at .u'on 1a t...... tbOtlgb 'hue I.e a 

eSt 1M ........ 1a .~ oOl1t_' ""b Uptbe str-.IOt!.&Hl ... 

... to pta441e4 _'erl0ge4 oOD4lt1-. Pnf11e 18 aol4i.o 1D .te of I'. blgIl 0 .. _i"l1V .t1884 bJ' iDh'~aloa of _ .te. SUgIl' n4 aD4 ,.eU .. "'1.. obeenod a. 10 - JO _ 

..,.. .. ,..u.. aotUea at JO • '3 _ .pttl aD4 a eUgbt 0la.1 

,.. ia ,be 1ut 147-. 'ile ptOt.lD4 __ • table le at SO .. trOll 

.. ...-6_ 1D -.-r, le. at tbe ,We of ~tl.. Tb.e 

eoetS.'''l" of tbe _' .. tlO1'l atnot of tbe soil 18 .. ~ 

wuiable 1ft tbla pnt118 4_ to pOrloUe tidal lagre •• d 

__ ,_ aDd .. blDS __ ..... .te. SorlflOll 41ttennt1at1OD 

18 _ .,., 418t1llet. 



..,'" Uta. 
~1M1' ~. (~ 881' afteoted ..,-Unet 

.. _tGJ: 1Dw.dd.OIl) 
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Mbaa1ppu - SOatbGnl ..... 06 'be OObGDtbtar.da\lt 

Mturfalp'p" RGadt ~1ItalM 41.uln. 8tP'1"OQIl4 

.,. ._ OD. , 81 ..... ,t • Mft'OW aulp of rOG4 

.... OItlentbWNttua. 

Ib, IlIIIH!td"'" 
~ti_ el1lb'lI' Mlow , ..... 1 ..... 1' 1aa4 t ... -

,lal .... nat, ...... ." ............. .-.1""'. -U .. 

.... .,....,." - ldl.1 _'881 ...... '10ll - wi14 gnwtb ot "111.. a.ld tnploal ou.t. _tb a ..all armt-.1 

alataU fit 5400 .. pueIlt _teda1 la a 2:8O_t ~1ae .paella 

t_e •• 1'''' _ -.w.1 01: a11tuc. Tbe Jaftd bas 11. .. to 

____ -. 1 ... 1 0bl8 abOat 25 ~ .aaq 4a1aage JJape4e4t 

... JlfGlf11. 18 ...... t-OW&bM til.,... DOt appnolabl1 

.... W '" _ ... U1.a1a an ·MiItc ... '0 brlq tile __ 

..... _ .lal:tlfttl-. 

atGlt AIaI"" _ 
_ (ea> 

0.' 
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10-t5 

." "IIILIS&,. "pSI!! B!t&ll 
'lU ,,",lie 18 taull' ...,... 1Il t~w:eJ btJt a sl1;bt 

.. ~ blooIIr to ug\llU~. 5011 reaotl_ .t"aftg •• 

tfta e1.11bt1t .. lU. to altal1_. ~be at.artaoe lay_ of tbl& 

....,11. baa $" tbe .xl ... ODdtlOt1ftt, 1ft the atQftttoa 

.... , (n6.' ~ .. ). ,... tn. .-ore'J.ou aftI o1aua1 

,.... .... Vil! growtb of Aa ... _, .. (balopt\ft1o we(4) 

_ 1M Hell ,~ tb4 .... ,.. fbe _ter table 18 at 25 .. 

.r.. tile...,.... The JWOtUe , .... t.ted 'fiery 0108e Cabl7..at 

)00 ..... ) to tbe .... ft. !1M ..... i._ differentiation 

1 ..... al"'1nK. 



...., 
son. Du'3aRtftI<XI 

--.,&de 
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lIIIAlt He.1 1M.' .Al* 
""hIl 0IaUal. *MP.... Sotatbeftl a140 d ,be Vuapou, 

Oile.Ni :_'" ~ Unrlot. 

me a_.MI' 

_'1_ ..... tnpl.ea1 ou.t. wltb a .... emntal. re.t.ntall of 
\ 

JIOO _ pntu. ...... &1 .. -0IIIb0d tbe " .... ......,. 

............. 14_ at ............. _t_ table U at '5., ',,,,, 

...... a.f'aMt eu1tlwtlll 4.,... • -nal- ...., .... wittl :" 

8CU' IIIR"". 
(.) \ 

to-tJ 

t,." 



'llde ,..,11. 'e 111_ wtona ill tat.... b'llt no paHua 

... tile 41atft"'1. Of ola.1 wlt' 4.,.. !be etr.JOttare 1e 

,. Millo ... 1'1""_ ttrrOtllbod aa4 ,be OOlldat19itJ' ., tbe 

__ 1_ auaot ....s. •• t.n. 91.8 to t58.9 -bOe/oa. :~b8 

...u-. 41tt .... t1atl. 1. DOt • ..., au tbe gl9ad _tel:' 

~ le at " _ ,.. tbe ..,... 
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" •• '111 

tM1W 

SJIL1liS(JRlft lOB 

iIIt.lOIIepblo (-.It _ter 1D~tlO1l tnt 

ooutal tIaolt _t ... ) 

l'ar._palJ;r - 4 ... at of oatloaa1 
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b1sb W1A1. 'bDlWllJC'..mrul 1l0U abao4a ~ 

()Of) ...... ). Qdl00 dlstr1ot. 

tAt. M.Ell\td1Ug1 
.... 1_ .up,,, &bon , .... lwell Jan4 p1aJ.ft and 

alii ... fta" at.aotoJ08l"lPlW - DI.1t Mtalal 9esotatlO1l -

tiel. 111If"1o -.c1a 8DCl ... 411 olla •• !&tIIl4 tJ:oploal witb taeaIl 

_._1 ·a1ataU of t800 .. ...-' _t ____ wru-lAe .poet, 
of • ..., -'1lDt ,",110 .1It a1Met 'bn:.I8bOtlt tile 70ar 

eft.. • ..,., of tew ... Jaeten. tile laa4 18 tmder _tar t. 

aa. to .... IoIOIdba (ItlDe - 1..,...,.) ot4tl9&ted 4:.ar1n8 a 

111.1 ..... "'til II!alt reel .... loea1 'lU1.',. 'Ii •• 

~ ....... ot 110 •• 4 .. 1-. .. oil 18 tbe 0Gl1 .-1.-
..... tel-.. ,be b181l 18'N1a of allAt.,. • 

• am .......... .. 
-<-> £ ........ ,.. ... 



.It '1llUlUs " tM aDWI 
fila pntll. ,. au .. 1a _ .... , tNt 'bare 18 a "ffrq 

-'laid·, ...... 11l ela7 ooat_ w1. dept!&. Tile PHtl1e 1 • 

....... 'bIIo1IIbo=at ao4 ,be .0Dd .. 1n.,. of 'b. _ta'atloa 

..... I8Dgee f1'GII 20.2 to '2.' -boe/-. ile4 an4 1'OUow 

""1 ..... ,..MIlt iA tb. tint he _.... l!be hW1aoa 

1lIt ..... a.atl_ 18 not 'fa,.....,. file cPo!ind _tar table 1. 

a' " _ .,... tbe ea:rtaoe. 
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IIJI1lg lit, 
.'84 B'I.' 
"MM' 

. ..., 
sou. DiIJOIlU1ION 

BId ••• .,1do (tIltalo aUtJY1_> 

,tplap,.. Oltentbubu Villaa •• 

0IaDnaa0N Uetftot. 

aM """B'It'll1 
... 11_ eUabtlf below 1be .. leM1, lU4 tON - plaia 

... nat, 1I1"'~, • utUloJal ..ad. are to.aed t • 

....., ftltl_t1-. ratlll'al ...... "_ • pad4r an4 baloplW'tl0 

..... ....... tnpJ.-.1 ou.t. wlt" • __ anntal ralDtaU of 

2520 _ ,.., ,,'vial riYWlM aepoe1t.. 4J:a1aap ~ 

........ .. 891 .... of ....... aro_ .. be aartaoe later tbe ...,0.. , .... al_1 t~ tIM 'f!/JJfj;#. rtbe 1aD4 18 !lD4Gt 
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._ ,.. lee to~. tile nft&' 'Map ... • 18 _ tile 

... of he a&... !be eoU ,. 41. .. .-a to a aeptb of 9 to 12-. 

0III.r - .... , ..... >.i81ag ..:a.t··~, looal VUln, 

.... tttdld.n-. _tel!' be ... ,.. tbe beS1-l.og of ~-. 

lIIC'lIIIR_.illlll 
.. (.) fItD ..... 1. le'lDI. 
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,_ .... Ie 8ftT (10 ta "t) to ftd41eb orOWll 
(5 rR 2/2), ___ loaa, blOCtllr'. _lat • ., truDIe, 
wet al13b'17 at10lln "" auabt~ bu4, t .. "eUow 
aaottl.., 41ft:a .... ..til botUldarn no !'GOt., 

eo-tto 
801410 - pH 2.8 

.... 11 (to fR 2/t>t to ..., dal-k gftI7 (5 t'i1 3/t). 
___ loaa. blocdlr. .... YfIl!':I tdable, we' 
auabtJ.r Riolln ..,. ellsb'lr btu-d, ctODOJ:etlO1l 
aract .1l&'f11 1'ft8rMat. "_.t, DO nota. ac1410 -
pit J.t • 

.., ita'''' • .IC 0. rard'b 
,be ,_._ of tbe pnflle WI1. .. tJ:ora __ .~ lou to _." 1_. ~b.e etr .. , ........ ~ abJt1Ot.e1_ to bl.oo-,. 

,lie __ •• _ ' .. 1D1tlal;a, ~ aD lllOftaM w1ttl deptb 

,.. ... 4 ...... wltb <leptta. '1M prot11.. 18 aold1.o t~bOf.Jt 

.. tile .... t1Ylt7 of tbe _'tlNt1. edftot taUe bet.en 

,,8 'e tOl.t anIIIIII .. IIfMd8la 7eUw -*tl •• an pIUeIl' 

Sa .. _0114 ad tbl.ft 1a.1- of tlWl pnfl1e. rbo bOrla. 

till .. , .... ". ls "f~ .up. tbtt poracl _tor able 18 at 

tto _ Ina tbe ..taoe at tbe ,_ td -.pUII8 C ..... ). 



.. 111., 
8' at ,",11 

""lfAI 

.... , 
sou. ll.II&JR.tl!fION 

.P&1.11 ..... ~ Village. ~ 

cUm,n • 
•• eJems ... ", 
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a..,.tl_ a1IIHt at _ letel, Jaac1 t .. - plain f1ft4 al.aao8t 

tlat, ..... opopa,lQ' - an1tJ.e1a1 ..... an .. ~_ tor paaq 

_tl_t1 ... _tunl ...... '1_ .. 1111"",,'0 .-le u4 fA&4.n 
..... Uopleal .1 ...... _ttl. _ .... 1 n1ntall ~ !!'20 .. 

...... _,.sal .. nftftne 4QOaI.'" ........ b.lstl13 lJIpede41 

_ ........ of ......... tI01d a1IIHt ~t tbe 7-- _eft 

.... fIlM __ (0-15 .>. IM .. n 41tItt.Wbe4 ~p'. a 4.,ta 

fit t2-. fJae ..... ~, ....... 1. ~t to tbe 1J1'. aA4 

t ... , _,_ 1a,"",_ fJrom 'be -.-..... talc •• plao • 

....... tile ft..,., on17 ODe anp 1. 1I'OII'le" 4 ... 1_4 . .s. 

..... , ......... ' .. 10. 01 IftrUe ... ,. 

_at ... '.'IUII 
111M (o.) 
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!be protUe ...... 1ft , ...... fI'OGl amAb' 10aaa to IIIln(y 

__ 1.- ana 1A abt.aetUl'e flrOII etnet.el ... to bl00lr¥. Tile 

..u RletlOa 1U.g" .fnI .. 1410 t. Ilfttral aD4 the oond!1OtlYa.ty 

_ .. Nt __ 29.4 to 12.1 .... ..,.. reUow Clot'tl •• 1n 'ttle 

tun ..... 0114 1a7en a4 .~ ... ill ,biN la3'u an 

..... t. tbe borisoa 41Uenata.at'oe I.. 41at1Dot. fbe ,p-0'a4 .t. ta1t1. 'e at " _ t.. , .... ...,... of tbe protUe at tbe 

, .... fit ..,11Da. 



RESULTS 



!Al .. ? ..., ... te data Oft tbe aoban1onl. oQalpOal tlOA of 

,be n.1soll .. lea t.roa tM 6 pMf.t.1ee :mar st!1d,y. ~tl. 
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, ..... of tbG 8011 ,. tm1t-. 1Ia 'fTtlUa, .!l~Il:.aft1pPtlt 

Dr~lI' aa4 1l\)'alappa profiles. 1be text:.aro YUlee 

boll o1Iq 1_ to olJW 1n Oo .. l ...,U. and 0Md7 loam to 

..a, elat 108aJ 10 ~1tca.n pnfUe. i'be 8Bnd t.not1an of 

,be aapl •• ftr1 troa 14.7 to go.4 pw oent 1n 9'..&rtace ~ ... 

Ott itltbtrft'llpPtl 8D4 1tal-~ P"ftl •• "apeot1'9813. 

S1rD1lu'1I' tbe ola7 oontont 'I8.'q fIt_ , peJII oent in tb.e 

rar-....... pau, ~11. to 48.' ,. oent 11l tile ",J..ltm.ava1PPQ 

swot1)'.. It 1s e1gn1ttoant to DOte tbat 1n 'be poktcaU, 

fal~ 804 {~ 100a.t101111 tbe sllt oontent '9OZT fltOil 

t to 22 per oem. ~be yulotUI borlS01U1 of tbe ~til:rm1~r)Q 

paralUe bave mtJrfJ tban 27 per 0_' ailt. '~bWJ tbe tlll81' 

fI'aotl_ repre .. te4 by 81lt pl_ olal' 1e ;aore tban eo ~ 
oeat f.B aU tbe borl.ODS d ,be latl'lt.l9&lPPIl protlle, WbUe 

" 18 not flwe .tan '6 per oct ln an:r of tb. ot ber ~11e •• 

rile .net4ta 011 tbe ftli.atlcm 18 ol.a.1 and silt oontent 

~ ,be ftr'10t18 bel ... t4 ttle 6 iWGfU .. do' not br1ni od 

.... 01 .... o:.lt .. tton. iloweye, a patteftl CQe.l\:;oe. vben tM 

.t1rae&' 1Z'aotloaa repe..atel ..., ell, p1u ol.a\r ue oofl8ldGl'e4. 



.... 9. ""III.a..t ........... OIl ... pIIINfUe ... lee 

- •• T .. -- ~tl_ » .. - lifo- .............. ,., ...... ,eat&aa1 .0. (.> tUe oiiiii IIii Btl dIii 
.18_ ... 8.' m1 • , • 

0-10 t &0 '9.'1 '5.1 56., o_~ 

'0-50 .. , ,,. . '5.0 56.2 CDIW~ 
JO-SJ 40.1 fT.' t •• .. , 0IaJ' 1-. ,,.,., .. 2 19.' Je' 57.2 01Ir 1-. 

J. M~ 0-5 2 1.' ,,.2 51.' .. , aut:r.-
'- S-to 1.0 ,,.9 21.' ,,., au._~ 

7. to-t, 0., ".2 28., 50.1 ==:: a. '5-15 0., ,,., 21.7 52.' 
t- 0-..... 0-40 , 't.. ... '9.a 35.1 == to. '10-4, ".. '11.' 22.0 52.5 

'It. t,." 'de' 21.1 '&.I 40.0 ~ 
t2. ~J, o.e 4 .,.., tLt 4.' 5.0 .... 
IS. 19 '8 .,.2 "8 t.2 6.2 9IIIId 
tt- 48·. 84.a T.a t.o 6.2 8aat 

aaa. .,. 'faJ'alappa 0-15 , ,.., 13.' &.2 ao.o ."., ~ 1o.a 
I&. 15-30 62.8 ,.5 4.' 2'.' Sa __ olat loaIa 
11. )0-60 ,,., t1.9 5.0 19.6 ;...,. o1at 1 .. 
19. 60-110 56.6 19.0 to.l '}'1 SlID", .1IW 1_ 

19. PalUkIIIr& o-IS , 55.1 ... , 10.. 19.0 ~ l.o.II 
20. 25-45 ,3.' '4.4 4.1 27.' sa. caIaJ' 1-. 
21. .5-10 4'.9 22.8 4.2 JO.O ~ .-10811 
22. 10-95 51.1 g., 9.1 21.5 a&D4.1 elAQ" 1 .. 

If • I 

C.11 
ro 
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III tbe Vytl11a. .PtatbtaalPPtlt va"alayJpr'a ao4 1.&rt.JDa8&i41l1' 

Pl'Gfll •• a deorea .. 1D tile __ .t o~ I ...... taotlOGa wlth 

a."b le obowre4. til tile Gural. aDd ia1U1CIraftl prof1les .. 

1aor_1J1ag tnD4 ill tM liMIt lao'''on w .. th depth .... bowner • 

.. ea. 

I. I1Ml1!!:l1t IlUlul. 
rbe plV'aloal pnpeftl.. of ,be ....,11.. and B'#faoe 

...,1 .. ropn88Dte4 bJ DQlC deu1'7. panicle "anal.,.. _t_ 
bOlIi .. _poolt". peN_tag_ pon IIJIIO. aracI yol .. axpaui_ 

.. pneentG4 1a table. 9(a) a (tt). 

ea) .,.lgb t."I. 
Tile 'f81.8 few partlo1e 4 .... " ftQ&. bet.eD 2.at and 

1.7 •• 2.01 aa4 ,.JO. 2.56 aa4 2 •• '. t.99 and 2.22, 2.52 aDd 

I • .", 2.'2 and 2.57 111 tbe au patOtUoe. A --4.1 4eoHa8e 

ill tile paniole 4ena1t,. 18 ...... lrl ,be aberaJ. aDd 

............ 1" PNtU .. (J aI14 4). III ,be net o~ ,be pm .. lsa 

_ 4let1Dot patt.,.. 'e 8914eDt. fila ..mIDI valt.aG o£ 3.3 , • 

..... 4ed ill .be .... JItao. la7- of Mtluft1pptl pnf'11e (2) 

... ,be mln.l.aua 181. ~ t. 99 ,. QO'Hcl .1D tbe la8t two 

Ia.-'- of ... ,maaapal,1I' protl1. (4). ~be pa.rt101t:, 4--V 

fit .be • .tao_ eacaple. f1torI 'lUlou looatl0D8 of :..~lt1cRll. 

1'al.pa4 ... aru.-..IIldaiCan lan4a ya:q ........ 1.62 8Dd 2.86. 

Cb) "lis _IlSI. 
tlda abO.. .. ~ ... _ei. tnIl4 ""tb 1Do.r.... 111 deptb 

ia fltUla tm4 Obaal profile. (1 aa4 '). III tbe Va,alawa 



- "'18(.,. .,..1 ..... -u_ ~ tile pzotU.e ...,1_ 
t&ii21- ·'1;& ...... &II 'Nit1i1. Rii 

± =~.:.' • a; c.) t11. a.es.t7 t.dt.r W.ll.~. ... ... 10- ~ ~ 

... aa11 III iir • • 
e ... ., -,w. 0.40 ,. t.44 2.14 36.1 4,.. 4.1 

k to.JD 1.40 I •• ' ~l 49.6 8.1 
~~'~ , ,. .,J 1.~ 2." 50.8 1.1 
.> .. ~'b • ... ,,..,, 1.2 2.Of ,,., 40.0 0.9 ,. .Patba'fa1ppea 0-5 2 1.11 2.01 51.4 "-, '6.2 

S. 5-10 t.25 3.50 48.9 70.3 ".0 7. 10-15 1.21 2.'2 4'.9 '9.1 9.4 a. 15-25 1.'4 2.'2 44.4 64.1' s.a 
9. 0I1ea1 0-10 , 1.12 2.4' .'.2 5'.' 4.t 

to. 10-'S 1.11 ~U .-.6 59.2 1.1 t'. 15-" 1.08 46.S 59.1 t.2 
fa. ZU'· .. gapal1T 0-29 .. 1 •• , 2.12 24.0 "-8 0.5 
tJ. == ,." 1.99 2'.1 ".9 0.9 
.t- t.58 1.99 19.2 '10.9 0.0 .AI 
t5. fIt.ralappa 0-45 , t.24 2.56 ".2 ".8 0.1 '6. 15-)0 1.27 2.52 39.4 52.5 2.t 
11. 3..1-60 1.26 2.13 41.1 56.4 1.9 
'8. 60-110 1.41 2.65 40.1 60.0 2.9 ,,. JalUldaIa 0-25 6 1.2' 2." '9.4 52.4 4.6 
10. 25-4' 1.27 2.57 .,.2 55.6 8.0 
H. 45-70 1.25 2.39 ... , 54.5 10.3 
22. 10-95 1.11 2.)2 "'2 ".5 '.6 

- • t I I b • 1 , .... I • • • 

c.n 
~ 
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pntu. (5) an Wtial ...... ~oU0we4 bJ' 8 ZGnen1 lno1'eftM 

'8 0' .... 4. In s...a1e tile Y8l=aee ange between 1.08 aa4 1.53. 

inept tbe ~pa111'''' ,.,.lappa pnfU.8 (4 and 5) ,be 

IUt .. hOb ~ aU tlUl ..... pntl10. baa tbe ani .. val.:.ae 

t. bQJJc 4en81t,. ,aw IMIlJc ... " of tile 8'.J.I"taoe aa:apl •• .,.,. 

tlrOII t.02 ·to 1. '9. 

Co) f.IE! IRMI. 
A lenen1 ReIl4 '0 1DctnaM 90ft epaoe 'Witb deptb , _ 

_ ... a4 111 80M pNtU .. (t, 2 aa4 G). '2" pilfttttnta,ze of 90ft 

..... ..,. 1'lra. to.9 to 10.8 ,. oent. 'lba aD11JIWI an4 ax1 .. 

~. an DOtl .. 4 in ,be .., ..... l~ an4 ]dtuavall)P1l 

.. atU... 'lbe pao .... of pen apue d ..-tao .... lee 

,.. ..-lou loIatl_ ..... ~ 11.0 aDd 65.0 pat oeD'. 

file ....reo. 8ftlIP1ee td .Pdbtlfalpptl ablblte4 tbe nlItlZs.. 'f8lJa •• 

to. ""''''''. pore ..... 

(4.) art •• s. talJ,t'v _ill-
:ra ,be ObONl M4 lalUtdr:aft ~11e. (' 8ft4 6) _ ina __ 

III ..s .. _tar bo14lDl .pu'" vitia lDona .. in deptb , • 

.... ,ea. !.I!be ftl._ t. tbe , pn,tUee, 1n tbe .4., ."., 

,... ,J.' to )5.1, 41.9 to st.4, .5.2 to 46.8, 19.2 to a •• o, 
Ja.4 t. 41.t aIl4 " .... to .,'.2. If. rar ....... u, potll. (4) 
__ • 4 ...... 1a _ter bo14i1ta oapao1", with an ~ 

Sa 4eptbe ~ t~ 'Rd .. _tel' bo141DB o~aol" of tbe 

.. ,... auple" ftI7 :t.I.'oca 9.1 to "., aDA tbe ~1 • .rr_ 
fw ... aU. ,be ...... ftltae of 61.' ,. oeM. 



uv 

fU1 •• I(') • ....,_.-1 fHP8nl .. ~ ,be ..,... -.1 •• 

I I 
a _ 

••• III • • .... r.oatl_ ~ Plrlt101e 1'tIal_ .... '01.-. ... . .. -a.dV W.R.O. 
~ -- ..,... 

" 81_ 
k d • I • b 1 • •• •• dI 

..-, III UlWatd •• 
a. rta"'tbll'''' t.n t.S! t2.2 19.8 0.4 
14. ....,.. 
~ , .• , ... '6., 29.4 t.t .,- ""-lrald '.17 ,.a, '6.8 21.' 1.1 ... 'bo417..- t.14 , .• ,., '1-0 1.9 

rt. Mbtdaippa t._ 2.29 ,a.8 , .2 ,., 
II. M ...... p,. 1.01 2.10 41.' ".0 J.' 
It. ...... t." 2.,. i'·' 51.' f., 
so. , ....... t •• t.u 1.' a.a ta., 
a.-. 
It. == t·ft I.,. 4'.1 .. , ttt M. t. t 2.42 40.7 ,'-, 
It ~ t.1t 2.54 40.. ,,-, 0., -- t.1I til 44.' ".0 ~t '-- t •• 1'.' 4'.' It ==. t·n 1.eo 8.9 24.' 0.0 ...... t. 4 2.t' 4,.0 50., a.8 
II. a.J.IS .. t.t. I •• ' 42.4 "., 0.0 
It. Ialllll:1lrala t.1t 2.ft 4'-' "., 5., .. JIatU1 t.1O a.46 .'.4 "., 2.1 
4t. ~ t.JO a.16 44.8 ".2 1.' .. ..... ,,.... t.t. 2.51 44.8 ".6 1.6 .,. IIIWOa t •• 1.M .,-, ,1.5 0.0 ... OIIIIIII.Ul.aI. t.D 1.58 41.4 ".2 1.2 

U: 0 ........ t •• 1.4t 41.' ,'.8 4.' ..... t.n 2.44 40.8 '7.6 5.' 
47. 'a.ltb.l t •• 2.48 40.1 51.4 4.' ... ... ·1.29 a.,., .,., ,a.6 14.' 
.t- H .... t.l~ Z.21 44.2 ,t., 11.9 
so. ... .,. ...... t.2 1.50 44.' ,a., ".8 ,t. ........... t·n 2." 40.9 56.0 8.9 
tI • =::1_ t. 9 2." 42.6 ".1 2.0 
D_ .... 1.21 2.41 40.1 ".1 4.6 ,.. RI •• atlaU 1.18 2.10 46.6 51.1 9.1 
ss. "".ala 1.1S 2.t, 45.1 48.' 11 •• I 
M • • ldMJa 1.12 2.41 4'.0 51.' 0.0 

I 
.. • II. I • • II ~ • ••• j 



ee) tilRt _, .. 
In tbe PtatiUlftlPPfI aa4 Onent pot1l .. tbe voltne 

.....,.1 .. nfI •• a 4_ ... wltb aa 111Ol"f1aae 1n deptb. 

ilQUtdIUa ,",11 • .....alet all ,,*,_e'.. tHb4 !.IPto tb. 
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1ut boria-. fbe •• taoe 1a7- 01 tbe .PI&tllCl'fll1PPtI pdU. 

(2) baa tile _1 .. 98lcae of 16.2 aDd tbe last borl.aOll of tbe 

!tUtaIa~ll.r ,",11. (4) ... tbe lout '98l:1G of 0.01. tbe 

ftJJaea t. tile 901_ ...... ~ tbe atII't.. .apl.8 1'8QP 

'-' __ 0 .. ts.,. Ifbe -a..- Y&1:ae 18 rooorde4 1a til • 

...tao •• 'apl. ~ ~ ........ 

1 ..... ,. __ 

10 ftItIlu' pdt.. 18 ......... 111 tbe a''-lbtdl_ of 

....... ~ !bo MbtIfalppa pnfUe ..... _ 1DOI'eu1D1 

... wltll lIwnaM 1ft 4.,.... !IM -.1_ ftl_ of 2." 

.. oeat 18 a1ao no .... '8 ,be 1an b_boa. ot thla potl1 • 

... tile 1 ..... De ~ 0.21 ,. oen' 18 tbe .... .taoe la,ru OIl 

JaUi ..... ,",Ue. fte ..... ,. O&I'Doa eoaten" at tb. nrtaoe 

..,1 .. AtOll aUt_eat ....... .,.,. betwea 0.12 aD4 ,.69 

pat oeat. s..fue...,1etI,.. !b ... "OR (PoktfAll) aD4 

ma __ w .... (181,..) ... ,~ ua1Jul IUl4 D&1n1!.U2 ftl:.ae 

I. OI'pale oubGGe 

I. llltl Ii_ 
0ou14UUl. 'lUi.'loa 1. r&at 0..... 1n tne total 

rd.,",_ eoa'_' bet ..... lttI' .. 1a tbe __ protil.. :rile 



.... ,(.). 0qIMde .............. O/B edle ..a ...... _H_ 011 ,be ,...rile -1IP1-
• _ .. 1. r..o.tl_ = I.IrOft1e OIpDf.o BlVOC- 0/1 :tr'. a. II. ...... " _"10 -,-
" " • 

Nall& at 9rJa!!II!" 
t. YJ'tl11a o-to , 1.21 0.056 22." 2.t8 
2. to-50 0.85 0.0)9 11.19 tM ,. 30-5, t.22 0.051 21.40 2.10 .. ,,.,., 1.59 0.011 20.75 2.:59 
s. .PfItbdalp,pr& 0-5 2 2.4' 0.078 "." 4.18 a. 5-'10 2." O.OM 29.17 4.21 
7. 10-4' 2 •• 0.069 ".M 4.21 .. ,,.,, 2.', o.on 56.03 "" 9. 0baaI. 0-10 , 2.10 0.010 )0.00 ,.6t 

to. '0-1' 2.N 0.058 55.11 J.,' 
11. t,." 1.1' 0.06, ".16 '.11 
12. rannap,.l13 o-za 0.58 0.009 47.50 0.. t,. ... 0.41 0.01 • .. " 0." 14. 48-68 0."- 0.011 :50.90 0.58 
IMBA 
15- Va,alappza 0-'5 , 0.15 0.029 26.19 1.29 
16. 15-» 0.51 o.02t 21.14 0 •• 
11. :Jo-6O 0.19 0.ot1 46.41 1.56 
18. 60-110 0.15 0.014 5),51 1.29 
19. Ralll1d1:an 0-25 6 o.2t 0.022 9.55 0." 20. 25-45 0.15 0.011 ').64 o.M 
2'1. .5-10 0.21 0.011 24." 0.45 
22. 10-95 0." o.ot6 '5.00 0.96 

... • . " • •• c 
c 



.. tao. b.-JJIta ...... tile _ ........ , ... of alUopa J.a tbO 

ObGa1. faJalappn .... '1'''' pI'OtU ... ~o etead.1 tnn4 

I.. notlo" ia ,be tiatft ...... of tble ..... ,.... ~t.ae ... ..-tao. 

aa4 ...,.. ........ ot tU .ihdbWfalpp .. aDd ~~11 

.-GlUea nepeotlYelr Oonta.s.aH tile iiB3d,tUI (0.084 per oed) 

an4 tM -.liD)'" (0.009 per OeDt) fltIBIll't, of tb18 Dt.IU'erd. 

the total nlUOseD eoat_ of tbe .,.,... MiDp1e8 NOSe ,.. 

O.ott to 0.109 ,... om. iIdlaII u.s !l'MInYOOl' ampl •• oootalD 

tM _r.d_ aD4 ..... reapecRlft16. 

J. all .t~ 
~be o/:~ .. '10 ab1'I.' • at.., 4 ..... 1D8 and ,ben &r1 

.... 8hs t..a wltb 4eptllla tile ",lUa p&-QfUe. 1b. 

_--..1..,. ,patOtu. ~ ......... .., 4 .... tns tnn4 w1tll 

....... ill ~ 1'118 ~ aDCI IaUlkl:U& pnfU .. 

.... _ oppoalte tnn4. ~b.e Mbf.nta1pptl pJlotl1. 8bOw8 _ 

lDltiAl 4eonue toll0we4 _ • at.". u.eaae with 4ttptbe 

!be 0IleaI pNft1e. OIl tbe en ... baD4. atlOwe an ~ 
acteOIIIMtD&e4 ." a 4tIo2.... , ... __ of aiR _t10 "lUI t'NI 

9." t. ".". fbe a/I I'tl'lo of tbe 8ll'taoe -.1ea ftDS8 ...... 1., u4 56.25. AU .. .-Iace -'1'1 •• ~ J ... lt. 

an4 0IINrItIr&4I:1I1D: ..... haft • _", ...... 20.6 aza4 ''*' of , .. 

..... .... ,.. 1.5 to 49.09. 

.. btQ~ 
tn gen.ea1, DO 41...... pdt.. 18 8'fldent in tbe 41otn.-



1U1e-9('). QraMlo oarOOD. aalt.l'OsGD, O/N _tl0 M4 
wpnlo .ttv ot taw ..,.. • ..,1 .. 
• g~ 

SIIrIp1. 
I. 

• t a 

I. • • L I ••• £ to 1 • 

so 

• •• • 
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......... aa4 0.ot9 ,. .... file pboep0.&a8 _oateat of 

tb • ....r ... ....,1 •• ..., ,... tao. t. 0.01 per oem. ,be 
bi(cbeet total p~ ..... Dt '8 ,. .. 84 in ... MbtmU.ppu. 

patOtl1 .. 

,. I ... 911.'. 
!H Gale1. o ... eat 9U7 ",.,. 0.05 8D4 0.'4 peg' .-. 

f .. ru~.,., 'a,alappa aa4 .. ~1!clcUB potUGe ... ea1 

_ u._alQs ... with "ept... ':tile P..atb29tl1Pi)ta IWotU. __ • lit..., ...... J'lI tl'eai aa4 ,be '1tUla pnftle aD lnltial 

bu ... tOU .... __ • atea4l' 4 ....... 111 'tbe 41nJ.-llttatloa of 

till ..... 1 __ tit. a."be ~ .. Ob8ft1 aa4 IQart.uasapa11J' 

,",,1_ .... ,be .. , •• aD4 Grd. .. m... Irh. total 

-.JAIl ••• __ ~ the .atae. eaapl •• ftI7 betwe_ 0.05 aD4 

0.,. ...... 

.. 1181 ... .. 
Tile Ob .... protu,. __ .. iallnaa1ll; tnD4 "'ttl 4eptb 

ia ,be 41atft""l-. of ,taU aaDlea. NODe of tbe ot~ 

PlIftl- a-n.1 • 01..- ad patten. !b.e 'tal-•• __ • Mt __ 

0.1' ... 0." ,. o_~. fa........., ... later of 2'.Rata"f&1Ptla ,..,u. .. tile ... a. ... 'R1".. ,_ 'Hal IIBPGIIl&D oontent 

fill .. ..,... _cap1 .. nap ,.. 0.'" t. 0.89 ,. .... It 

U _a .. , alaDU1011Dt to __ ,_, 111 all the .-o.fU .. tbe 

tfta1 _efli_ 008'_' '8 ~ ,baD tbe valo.t._ o.C-'. 

1. IIS11t __ _ 
tbe 9&1._ of 'bios maW,.. __ a t.na 0.05 to A.,, 



... 1"'O(a'. h1al It. ca. -. Z ad .. ~ tile pn&tUe -.1Att 

I • • • 
.... 1. lA.'I. =r ,..,11. ~. OIl cmtIl 4:Iq ..... ... . .. . .... • U I 

P oa - It .. 
• 

l.!8Ml& III ~ 
1. 'rtilla o-tO t g::t 0.08 0.2' 0.50 0.25 
2. 10-JO 0.09 0.24 0.12 0.15 ,. JO-5J OeOCM a.os 0.,. 0.22 0.. .. "." o.OQJ 0.05 0." 0.1 • 0.11 ,. .Pt.ltbslal.ppra o-s 2 0.<"9 0.)0 0.51 0.. '-" 6. 5-'0 o.Gte a.. 0." 0." ,.,. 
1. 10.45 0.018 Q.t1 0.75 0.60 ,." a. ,,.., 0.096 0.15 0." 0.." . ,.00 
9. 0Ia..s. 0-10 , 0.009 0.1' 0.,. 0." 1.50 

to. to-t5 o.oot 0.,. o.M 0." I.S, 
tt. ,,.,, 0.008 0." 0..5 0.60 1.50 
ta. 1'8:.....,.111- o-ae 4 fat 0.05 0." o.to 0.', ". ••• ta- 0.05 0.11 a.. 0.10 '4. 4e-6S 'bt 0.09 A.,, 0.05 a.,, 
IlARH 
15. '~pa o-t5 O.()()I 0.10 0.29 0.22 0.6, 
16. 15-50 0.005 0.11 0.29 0.22 0.25 '1. ,0-60 O.oat 0.1, 0.28 0.20 G.. 
ta. 60-110 0.004 0.19 0.40 0.19 0.28 
19. PalUlclc'aI:a 0-2, , 0.006 0.15 0.)5 0.25 0.50 
20. 25-45 0.007 O.ts 0.)9 0.28 0." 
2'1. .,..70 0.008 0.t9 0.42 0.28 0." 22. 10-95 0.006 0.21 0.29 0.25 0.,. 
- • • I .1 • 1 I ..... 0 

l' 



,.oM • 

..... • • ,...,. 4 .............. w1tb ~ 1a deptta. '.'be 

total ...... 1_ GOAt .. fit ,_ ...,.. -.pl.a fZ'Oll .... 10_ 

pJ,aoee "IUT Mt\fMQ 0.10 ao4 0.58 ,. oen. 

a. , ...... au. 
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'rile 8041. '1&1 ... .NIIg8 t.rOII 0.22 t. ,." PN' oeGt. In 

au tbe profUse auept the 01leat pntl1e a pnGftJ. ~ 

ills tnA4 1a ob""84 with depth. ~b. tot&1. ttOdl_ coat .. 

., ,be 8\&1"taoe ~pl.s tJ:Qa 1U1.0tl8 l_'lona 1"Sft3G bet ... 

0.51 8D4 '.03 pat oeDt. 

9. 1III1lId4tl 
,Iat ....... 8D4 tbe .w.. ___ bWt.8_ of Mbtlft1pp" 

... rarJl'G8llP"ll6 ,",11 .. ebow ,_ bl.PGn Ya1~ of 21.28 

,. oeat U4 tIM laut '9&lta8 ., 2 •• ~ 0 .. t~ total .... tal...... !be '7tllla .... .......,..1lT pa-otU •• 8bow a 

» 

___ ..... 1.., tr0G4 _til ........ 14 4eptta. In tlW an .... ...,u. tbe "..qtJ1ox14. G.hat ........ witb "eptbe A 

....-1 s....ldrc tnD4 1e ....... 1D tile Va:ralaPpa PH611 • 

... • ...,al MoI'eu1ag v.I 18 ,be .Pall1lc1rua pJJ01'11e. 

10. IlIA BlAI 
'b. ' .. 0, .oat., lUge MM. 0.29 aD4 13.8 peZ' oant. 

tile lMIeat ... b1gbe1lt val.8 .. nool'dGd in tbe .~aoe 

-.. of tar ..... pall,y .., 01aeal ,",11... A d~1I8 

u.. 18 ,,"dent ill tbe ~~ pt'O.fl1e .. 
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ill I d b • . , I. • • • • 
fla"I. tMa"_ ............... "., ...... 

B. , I. • , F E • 

'2 oa - Ie • • I I L I t • a g 

". O.ooJ 0.06 0.'1 0 •• 0 0.5' 
14. 0.00' O.a. 0.15 0 •• 0 g:U IS. 0.004 O.OJ 0." 0.t6 
16. 0.008 0.t2 0.56 0.10 0.., 
11. o.OU O.J' 0.8, 0 •• I.as .. 0.010 0.17 0 •• 0." ,.OJ 
19. 0.Of1 o.t4 0.41· 0.= 2.t8 
Jo. O.ott 0.10 0.50 o. , 0.46 

Jt. 0.008 0.07 O.M 0.4' 0._ 
Ja. 0.001 0.01 0.14 0.48 t.,. 
SJ. o.ooa 0.10 0..4 0." • •• M. o.~ OeM 0." 0 •• 0.,., 
I: 0.006 0 •• 0." 0.10 .. " 0.005 0.09 0.8 O.t, L. n. 0.00' 0.11 0." 0.10 1.4. 

It 0.00& 0.09 0.4' 0.50 t.as 
0. OM o.to 0.1' 0." t." to. 0.001 o.t. 0.29 0 •• t.CI 

I ft. 0.001 0.11 0.11 0." 1 •• 
41. 0.001 O.t' 0.15 0.40 t." ,,. 0. "lOt O.t, 0.24 0.11 t." I ... o.OOS o.t. 0.21 0.10 

~= it 0.005 0.11 o.JO 0.45 
0.005 0." 0.'1 0..' 1.a 0.= 0.01 0.1' 0." 0.41 ... 0.01 0 • ." 0 •• 0.40 0.4' 

I: 0.001 0.07 0.,' 0.40 0.66 
0.007 0.- 0." 0.15 0." 

C: 0.001 0.'0 0.18 0.10 0 •• 
O.oto 0.1' 0.54 0.20 0.,' ,,- 0.001 0.'0 0.2, 0 •• 0." M. 0.001 0..5 0.12 0.4' 0." B. b 0." 0." 0." '.44 .. 0.001 o.t. J.20 0.4' 0." 

II I ill n I I • • 

I 

I 



Uv 

,t. tJa\ala 8'tI 'M ..... ., __ ........ ,..,U .. an napeotl .. J, 

t.,. ,. '.1S. 1.49 '0 t2.", I •• ,. tt.4I. 2.0' to 2.99. 2." 
'0 , •• , aa4 1.20 t. 4.4'. , .. tbUd bet •• of erahtnalppta 

....... ,be aD .. *tal .. ~ fa." ,.. oeat awl the tbUd bona. 

Of v,tUla ,,",,11. Nftda tbe 1eut val_ of , •• pe .eDt 

,. 1;0,. 

'2. au. 111d.&. 
Ia s....-lt '118 p&'Otll. Is"l .. la ,.2.' eo1~t .. 

__ ........ pH YU71D3 tJrOII '.4 to 6.4. 5.4 to 1.'. 
J.t te '.2. , '0 '_S. 1.1 .. 1.1 ... '.4 , • ., ,. ~ 1 ttl' ...... i~. he tldd __ ia. of 'a,alappa PHl11 • 

... tu ' .... b ~ of M .... ' ... JI'Ofl1e J.-.. ea1e4 tbe 

•• a ___ at 2.8 ... ,Ile .... ___ r4 7.' tor p11. 'Ile 

,. Gt ,lie .., ... eamplea ,.. Utt ... looatloda "fUll' _twe_ 
1.0 ... 1.0. 

'J. _.Ma _as&!&SI 
,be W1Ma 01 e1eet1'iOal oOll4!JOt1.1. ira t.2 .. 11_' • 

........ .... .-1 M pat,... Tt.w -a. ... t. li; ........ _ 

.. 0 at ".4 .botII.. T .... iO of ,be .., ... -.1 .. ... 

.... '.9 t. s,., ...""., .. , ... '-_a_ 
~be om at 'be J1"Q111e ..,1 ..... '"" ••• 1_ Yal_1 

.. 4.' .. /100 I eoU t. __ , ...... ea.t._ .. I 



.... ,. 0 ____ I", '- _I .................. of .. pzaft1e _.-

Lald1_ .... Uj', 'Y' y, 
.rUe - • lie. 

.J 

_Ml& III 9E .... 
t. r,tWA 0-40 t ,.u ,.., ".a a. -to-JO 2." 10.a0 ,,..,, 
J. ,.,." t." a.., 9." .. ".." 1.01 5.t, 1.8 ,. Pta,..,.... 

;:2. I ,." t'." II •• 
s. ,.., 11 •• t .. " 1. to-t, 1t." IdO It.OJ 
a. ,,.., 1.11 7 •• t6." 
t. Obeal 0-40 , , .. , .. " t'.M to. to-t5 '.10 ,,.. ".50 tt. t,." ,t •• 9.41 .,.&9 

12. rut...,.l~ N8 4 2.99 0.51 ,.St 
'J. 29. I.Jet 0." I." 't. ,a-a 1.05 0.29 2.52 ..... t,. va,alaP .... o-t, , S." 5.a 9." 16. '5-50 5.0 4.11 1o.e 
tT. 50-60 4.51 ,." 10.00 
18. 10-"0 2." 6.t9 ... 
t9. l'a111ldrUa 0-1, , ,.n 1.'2 t1.25 
to. 25-4' 4.4' &.,' to._ 
It. .5-", 1.54 .. " 1.09 
II. 10-95 2.20 1." 9.St 

• • 
en 
en 
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40.8 ""00 S ao11 la , ..... 01 aut, ela,r. fbe ftltl •• 

I. 0." ..... ~ .... 1a rur.....,.U3 aD4 Obeal 

pnfn •• wi" ........ ill ...... II1 vrtUla ,.01110 • 

• " •• 111 tHD4.QPt .......... llW.u_ 10110_4 .". al1abt 

.......... ifbe IatIMrfalppa ...,u. ablb". a aUght 101'1&1 

....... t~U0.e4 ., ... ..., ....... "'tla 4eptbe r_ 41d1Dot 

,."eIl 1 .......... ill tile ~ppa aa4 aw1dcUa pntU ... 

,be O~ ot ,be lUlao. -.1 ...... H"" 9.a ao4 "" -/ 

too 8 eoU. 

t,. __ ,eu. 
(a) !II •• 
~ blsIl WlIa .. to. ~ .... 1_ •• 0 ......... 

... tile ...... 1,.,. .. 0Iaeaf. ""'1M. __ tbe l?DtbuYalppca 

.... aaultlla .. profU .. ,..,..,. • 4 ..... '08 bet "'til 1n,ueaae 

1a ..,." th ....... , ....... to. tbe Oheal aDd Ytqalappra 

pnlne.. A _._ , ...... VeD4 ""11 4ep'tb 1e not ..... 

iD tile 'JtlUa ~ , ... ..,... _._ t:nII ... 'OWI 
10.-,_ .... _4e1 -.l.- t. _~Dl. aOcU_ Ntwe. 2.06 

..... 59 _/too I .,11. ~ of ,be ...rao. -..pl •• ,.. 

~ ........ b_ , __ n"'."yell- abOw ,be .aillla 

... ra&.&_ 'tel ... to. __ ... 1 ......... 

(t.) ,..,. •• 

Q~e4 '0 Mba _~t4. _'ou ,be aoJaDseebl. 

,.... .... 00Ilt.u of ,be p1IOft1e ...,1 .. 8ft low. ;.tor ... 

DO 01 ... oat pa"en '8 ft ..... l. ill ..., of tile Pft&'11. _er .t.I~. 



II b _ •• U 

EIR •• ... •• 

t 4.' ,., fe., 5.0 o.a t.1 5.1 1.400 5., 1.0 11.2 a., 0.9 t., ,., ..., 
&.4 LI tL' t.7 t., 1.2 5.8 500 
J.4 , ... t'.4 ,.t 0., t.I .. , '4.000 

I 

, 
6.9 ... ..,., ,., ,.4 11.' .. , 

= .. , 41.9 .. - .. , h1 tLf ,.. ,.. 41.' ,.., ., ,., '0. ,.. 
1.' J4.t ,... 1.5 6.t fa.' 5.. -,.1 .,., 20.' ... G. • t: Cd 9.710 ,.1 18.1 ta.9 ,., 0..' .. , ".000 
).1 ,,., tB.Z ,.9 0.' 4-' 4.4 7._ 

4 Jet .. , .. 5 '.8 !lr ft 1.1 ,.,10 
'.0 5.0 .. , t.9 ~ tat a.t ,.-J.' 4.0 4.' 1.1 ~ 

,.. I., 2.ZOO 

, 5.' 1.8 '5.0 2.' 0.4 1.6 4'- ,. 
4.0 "0 ,,., 2.8 g:f 1.a ,.& 840 
2 •• ,., 

' .. 6 2.1 t., ,.. t,.sao 
,.1 6.0 1,.9 .. , o.t t.2 ,., 1.800 , S.9 t .. , 15 •• 4.0 0., 1.9 6.4 eo 
1.0 ,., 'l.' 5.4 1., f.' 4.0 -6.1 '-, 12.9 5.4 t.t t.4 ,., t. 
5.4 5.a t).7 2.' 0.9 1.8 J., 110 

• a 

en 
CO 
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,laG 'rtlUa .. aaw __ ...,11e8 abllltt _ 1n1tW 

lDInaee toU ... 4 " ... ...., .......... ,be httltr9aippa 

pnIU.. 8bOwII • at ............ ,be tblft h...... lbe 

~ • ..-..s. ..... .., ~ Uaoe to 1.4 _"00 C 
wI. ':the ... ...&IIIIPpa.1J.r Jftfu.e "",,''''-\11 ooDtaln8 no 
....... ,. pot ...... t .............. b1e ,.. .. 1_ • __ 

ot tile ...,... ..,1 ........... tftcM '0 G.8 _/too • ad 

ODe of...,... eon I • ." .. ..u.n. ~ A't.atl\d'a1gpa 

..... 'be bl&be .. ..........-1. potaa._ o_tem' of 6.8 _/too a 

(0) .. 

'1M ~l. Gale'_ ..,. tne , .... to t2.6 _too I 
-1. !he MaI_ ........ _ ~ .. Il.e aleo ....... 11& 

tile Mbfl'falppG M4 ......... 1" ,",11 .. nep-"'"1.r. no 
pdt .. ,. DOt1oe4 1a ,be '-&oa1 41 .. ,.,. .. t1oa of 'bi • 

.... d. fte .. ~ oakf._ eGG'" of ,be ..... 

•••• , ....... ,.. 0.14 ,. '.J .-/too • 8011. ~b."""'e 

.n .. ,.. ,... ,.. ..... ,,. ..ad,," , .. _isa an4 tbe .. In. 

fila ... ~ falpM ana ... 'Ile IIIl1d.8a 'tal_. 
(') 

............ s.. __ • __ , &'USee IMftveoa 2.t 

... '-, M/too I eon. r..u. .... aU ,",11_ eab1bit ta.t.dr 
IdII& ...... f • .......... __ • a1Go. An 81' ...... . 

II .................... , .. ta"" "'til 4eptb '8 ....... iD 

''''",U1&, .Pdbtl9a1ppca aa4 _1' .... ~11...t ... .:1._ 
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.-...tl( .. ) ..... ...,. ...,.. til ..u. (..tao • ...,1 .. ) 

• I I iii I • I I I • .. II I •• .... ,..'1_ pH BeO G.S.C. ~ ... " .. 
L~ -- (t I •• ') (t.a) I t:'.) 'lIl.1gg Il I I _ ... (e •• , • .. ) .. X aa r_ 

II I 1 I a • J n I .. I I I • ~. II • ••• 
_Ia .... ~ 
u. ... 'w, ... '.1 "0 , ... I.~. 0.2 2.2 4.4 ,,440 ... ......,... --- ,.0 '4.4 t'~, 1.8 0.1 1.' 6.2 '.110 IS. •••• 1IaJ81 '.0 ".4 14.1 ,., 

'" 2., 4.8 '.800 ... ~ ,.e 'J.' ., ... 4.1 ft 4.t 4.4 110 
IT. MlIIIalpps 1.0 JO.4 11.4 '.S S.9 1.' '.2 -........... .4 51.' ft.1 I." 6.2 '-5 ,., '50 It .... J.2 •• 8 ••• 4.4 0.2 '.1 5.' 1.400 ......... 4.' ,., 8.4 s.a 1.9 4.t' 8.8 1.280 

,., ... t'.1 ,., t·t 2.9 ... , 1.040 '.1 a,.1 , .. , 1.1 .1 2.6 '.1 890 ,., 22., ,I.: s •• 0.6 2.8 4.8 1: '.J 8.1 's. 4 •• 0., '.0 '.4 5.1 " .. tl.1 a.t - '.4 4.6 ,., 
4.t ".2 ".0 4.1 0., 2.9 5.6 &eo .... 1'.1 t"4 Je' 0.' t.2 1.6 '.otO 5.. ,..., ao.1 ,.8 0.. 2.2 5.9 580 
'.4 19.1 11.1 4.. 0., '.9 '.7 ., 
t: 20.' It·, 3·' 0.1 ,.6 6.6 1,280 

2'.1 .. , ., 1.1 D.9 ,., no 5., 12.' U.I ,., 1.a 2.t 6.S no 5., 29.1 tl.e ,., 0.9 o.a 1.4 JIG 
7.0 •. , ,,., 

t a 0., '.' 4.2 -5., 29.' , .. , 0., t., 4.a 2,= ,., ".4 ,a~1 a·f 0.5 t.S 6.4 

::t 1.' tl. J. 0., 2.2 '.1 140 

t~ ' ... 5.' 1.6 2.' '.$ 420 
'.9 t,.. 4.8 1.4 2.4 6.2 JIG .. , 4.' ,t., 4.2 1.4 1.8 2.1 200 
1.0 4.' 9.' 1.4 0.1 t.8 '.1 .. 
6.4 5.1 ... I.t 0.7 0.' 4.2 t80 es., '.9 11.t ... , 0.8 2.' ,.2 too 
6.a '0.' t4_9 "0 1.2 2.8 1.2 100 
1.0 7.1 '9.0 .. , 1.' t.9 ,.6 -•. , a'.t '4.. .. , 0.2 0.8 6.1:1 190 

• 111 • • I • • 



aU tile belli .. ., .... ""3.,,.111' ,",lle. '~b. Ob...u. 

....,11. fIb_ art lattW ....... tou.o.4 bJ' aD ina._ 

",t.4ept. ,. ~ ,",'le ft,ln ... an 1n1t1al 

" ...... toU0we4 " ... ..., ........ wltll 4.,._. Ttl • 

......... b1e _a ...... et tbe .at'ao8 -ilP1ea 1'aD88 
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lata. I.t ,. 9.8 ..,100 G eon. If_..,... araple of !btal'aYoe 

ald1tlt. tile ...... ..,... .. , •• .., ... -.pItt of 

JU~ __ ,be 1eut ftl_ tw aobug_bl. ~.1 .. 

'6. iLl! mwlMlt (Ut) 

!be U. ~ fit pNt.t.l .. 1 ,. 6 .,., tl-O!I '00 to 

1,,000, 0 '0 -. 7HO to ".000. 2200 to :s68O. 320 'to 15.9&0 

aM 0 ,. 720 "' .... ....,..u ... lr. III aa-a1 aU ttael.laIVa 

Of ...... pnIUA Rt ..... Ia&dr billa __ •• of U.e to ..... 

I'. pH to 7.0 ad ,be Ialla .. _, pntl1e tau tbe td.1lSJItD 

............ :ra a.....:&. .be 1&118 ft1ltd.J.' .... of .ca ....... 

...-..- .. Ialcba , ... tbat of ...,... b....... 'rile tb1l'4 

....... d ,be __ lap,.. Jll'Qflle ... tint wltll 1'.aso 'CSI-. 
1M 1&n tlaUOD, of Mbuftlppa aD4 til. 84IOaaiI bel.. of 

lallU1l1a ..... tdn .. liM at aU. 'I". u .. reqa,re.Dt of 

...... _ ...,... .. 11 ..... Ina 0 to 1400 Iq/ba. Ilb.e 8tlr.taoe 

..,le a- ......... u -'_ u.e "'ll.&1raent 

"400 lCI/ba). Old of 54 .-.r ..... .,1 .. oa1-r 14 reqd.re Ura 

app11 __ 1011 at ., •• b.l.cu. ,bY 600 lei. of oa.co,/ta. 

O. OCl:1IOSI1IOB 01 ~il~ SAlm>UtIOB .:fRACt 

ta1t1e ,,(a) u4 (Ia) '"_ 4a .. OIl ,be ~~ .. pl!, oatl0ni0 



,... ','a). A.lft ................ till tile .. _ .......... fC ...,..n.1e __ lee 

_ .. .u. 
ple 
10. 

=r .... SIt pH 
tile ... lAB S&It isr 

... 
r 
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eat aalode oottp081tloa of tbe _, ... '1_ atnot ot ,be 
8011 -.1 •• ,... .-1-.. ........ of , ... 6 pror1l ..... 

..,.. • ..,tee ,.. tile tu .. Un' ..... 1 ... a •• of tbe 

st.". 

, ...... HCIl .. _ 'Ile plJ of ,be _, .. 'lOll ..uan _1Q8e 

.. til ...... JM1e _, .. 01 tbe anlY ... !Uta' 111 tbe eolla 

... ".. tbe pit of tile atraft'l. atIUt of ,be profile 

--.pl .... 1 •• ~ 2.6 '0 6.8. tat1. aU tbe ~taOllfJ of aU 

ttae .-otU •• lidO oou14_ .. 1.. Ia ,be _. of ttl •• ..,. • 

.. 11 -..pl,. tbe)Ii of tbe ., .. l_ .. not '8 toea to 

...., ,.. 2.1 to 6.0. ~be pH of tH _' .. '"oa _uaot of aU 

tile _"OM 1. tbe Obua1 .... ~111' profile. aJ.I8 

Mlow ,.,. Ia tile VIqalappa pntl1e 'be pH of tb. edftot 

.. ,_ ... ,... bal.'u. 1. '.1, tid til ... 1e All ....... aacI 

.. ..., ... nue t. ,., ............ JI' to '.8. I.a tbe 

Mfatft&tppa ... PaUlttcua potil. ......... the. '8 a genea1 

1.1 ••• 1a pIt with 4.,,1l· au tau 1acInaH ta1cea plaoe 1D 

WIt .. .,. .,1 •• , initial ........ toUowM __ • deo.nue aa4 .a. ... , ... t.aer..... III tbe i7tlUA p&'otU. a a .. .1'''' 
., pH of ,be ata.tle .waot ,... Ii to 2.1 bap.,.118 "low 

a .... ' of 5J ... 
,be pU ot ,.. ._;.an,, __ taot of .be _ .. t_ • ..,1M 

.. U ...... ,.. PoIdIall aa4 0IrtaI ............ an •• .tJ'OII , t. 

,.1 ... ,be _, .. .-1 ......... , .. .., tbe 'tb .... OW ..,1 •• 



...... 'J(It). ......,.'.1 .~ ...... ~ ..... ..u.. ataet of tile ~ ..... lee 

I .... - • •• • I • -- r..tl_ .. pH m. C .... ,1a et ,be .. :&at1_ 
p1e (ziboe/ __ "aa 
so. • .> • X oa • 01 SO 4 

(Aft SA.R ~ 

I I 

lJlW!U, 1!14 gr--. 
8. :tI4atll11t __ 2. '.8 100.2 581.0 9.. 41.8 451.2 684.0 200.8 0.6 25.0 26.' 
24. Pa.~ 

altllllPft " ,.0 .".1 "".6 1.0 44.' 307.1 464.0 2S1.1 0.1 29.9 29., 
25.0 .... -.,a1 54 '.4 ;f.' "'.6 ~ 45.8 ,,.,.2 ',Z.O 158.1 - 25.1 26.8 
26. fbo417~ ta 5.. .8 J02.6 2.1 25 •• 251.5 "'99.2 152.' 0.2 24.2 25.6 
aT. ,.11 ........ 10S .. , 100.1 JOt.' 1.9 62.2 ,..8 7t6.8 17'.9 2.6 21.5 23.' 
II. Pat ........ ,. " .... ,,,., 212.' "., 54.0 212.0 692.8 '-'1 Ie' 21.5 2).0 
It. 0Iaas1 Sf 5.2 1oz.' 502.8 ,.1 41.2 551.9 641.6 106.0 0.4 21.' 25.2 
JO. 'filial .... 1" s.' 50.5 1)4.a 9.' 22.8 92.2 206.4 59.1 1.2 17.0 19.' .'.t 
". '.,-.lappa 92 6.2 29.9 99.2 20.' 19.' 51.1 "J.2 60.5 ,., '5.9 1a.Z '2. """,lappa at 4.7 109.1 152.' 12.' 59 .... ",.6 110.4 542.1 0.9 12.2 't' "~a V.,a1appra 82 5.7 'oa.9 156.6 21.5 .5.. 20,.6 112.8 216.' 1.9 14.0 1 .J 
54. 'enaan 90 J.' 50.4 123.5 "., 25.4 109.6 199.6 94.0 1.6 ".0 11.' 
". Yengara " 4.8 "'.5 161.2 25.6 41.0 226.0 204 •• 259.2 1.2 , .. , 16.6 "- ..., ... " ..... 199.1 " .. ' 40.9 65.2 504.8 6'8.0 '99.5 ,.0 21.5 28.' 
". Olle.rdbUba 90 5.5 1'4.9 174.0 JO.? '2.2 24!).8 2,'.6 266.1 2.' 14.2 16.4 
Je. PalUttcan 95 s., 1st.6 111.5 ".1 56 .... 294.6 271.0 2'9.4 2.4 ".6 15.8 

• • • 

(~ab1e-1'(O) oon'tln:ae4) 
.... 
.&: 



(".r'J(")~) ... _tt. I • I I • '~II_ if liii iit:Jnti. a.- D pH (iO 
pie • .tad ,. P4 I. J • 

(rub.oa/ • 
Do. -> sa -= oa "" OJ. SO rtAH. 3AR ~~SP , 

4 
FT • • 

59. 2al11~dm:ra '¥I 6., 141.' 114.0 26.6 56.0 274.0 210.9 240.6 2.' ".6 15.8 
40. ;,tQttU 97 5.1 119.1 '6,., tS •• ".4 2"., ~JO.4 '59.2 2.5 ,,.. 15.6 
4t. att*dM 39 ,.& 1".0 '25.' 16.4 49.1 182., 264.4 '06.0 f., 11.1 '}'1 
42. "1mdeP?il1WI 90 $.1 'oa., 160.' 2,., 51.5 181.' 256.8 181.9 2.1 tt.I ".9 
4'. ~""(D t¥t '.9 98., t20.f "., -.. 129.6 1111.6 t14.4 f., ".2 ".4 44. ~bealbeUl~ 85 6.8 56.2 12'.' 10.2 ".1 ".9 tat.2 ,,.8 f.; 11.' ,,., 
4'. Obctr!1lNnD'1 94 6.7 52.5 ,,2.2 '2.' 21.6 S'.4 159.9 91.2 f.' ".1 19.9 
46. iQa'Ql1flft 92 G.1 22.5 f06.1 9.' '4.' 46.1 127.2 51.6 1.1 f9.2 21.' 
41.~bl 80 6.9 "-, 1H.1 11.4 29., 99.1 220.0 91.0 2.2 16.9 f9.0 ..... 9t 7.1 2O.t 11t.4 10.2 16.2 -.8 142.8 15.0 f., 21.2 23.1 
49. l'IIaml 9B 6.2 59.4 1t'-' 12., 21.0 11.0 158.8 61.2 1.8 16.7 1e.9 so. ,....,.... 99 '-& 28.6 106.' 11., 29., 12.' 150.0 10.2 1.6 14.' 11.2 
't._~ 82 6.9 21.' 11t.4 10.2 32.' 56.7 110.4 49.5 1.' '6.1 18.9 ,I. =:atZ'-- 95 6.6 29.9 12'1.8 12.2 20.6 10.4 213.6 24.1 1.9 1:3.1 zo.2 

It 6.9 58.4 'tee, ,,., 1a-6 14.. 19'.2 29.4 f.9 11.' 19.6 ,'- --, 
54- JamIIntltaU " 6.6 30., 109.6 11., U.S 75.' 191.2 50.9 1.6 15.' '1.8 
". ___ Ill ..... 90 6.8 62., '»'7 ,,.,, 27.2 2'.8 _.0 8.6 t.9 1,.t zt.2 
,6. ,.;ablsaala 96 5.9 112.2 '"-, ,,.. G5-a 294.2 114.0 11.1 2.' 28.6 29.' 

... •• t ".~~,~, •••• J III • . ;. -. --
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'1M pH of tbe 1&1,.. ."" ........ Nt ... ,.6 U4 1.2. It 

'8 aJ.anUloant t ...... , 'U ttl..u-loal e-ctuotlYl" ., ibe 

_, .. Iloa .h'Mt (ID.' ...... In. 1.' W 126_, ---.f ... 
,be ..,... __ .. _ ""b ......... OtMni, '*1'8J.appa aa4 

JalU .... ,",11 ....... d .... lea1.0a4:.ao'&1.1t' ~1Jla 

,.. '2.' '0 224., YfJIIbN/-. tbe Y1'lUa aD4 IR~ 

,..,U .. "",o"-iaI tile J?oIdII.It. ... Qhat.m4 .... anu bay • 

.. e1Mvleale .... '.lt, t. the _, .. Uoa",n (aJ.> 

of tlMt ..,... eon Of abOd ,. c_'-/-. Ia 3...-.1 _tb 

teptb , .... I. • • eoulsteat ...... in tbe ~. 1. aU ,be 

pI'OtlJ.M. so.t.er. in the ",1u., 'fa1a1appn ad .PaUl ..... 

...,llee , ... , •• allgbt ........ la'''' AGe tne tbe tbUd 

'.~"'Ia __ . 
1M _. of tb • .at ... ...,IA. oo11eote4 ,.... "'"'_ 

lea" ... ftD8U ........ 10.1 u4 t98.7 --., ... It ,. Idem-
ta.eaat to ... ,bat tbe ..... _ IUI4 tIlal_ wlMe .... N' .. 

" tbe .......... 1 .. ""'" ,. ICa1pa4 .... 

I. _M_ 
ea) 11M •• 

fM ____ t,. fIt..a • .,..., .. fnra 11.," SIt., MIl. 

............ 0b.eIal. _..._palll' ... Ialllldcaa tnfUe8 

..... a aea •• _ .... ". 1a 'u _ ... tl .............. 
,.. '91.' •• fa..n.. III aU ,be .. pnlUee tll._ 1 •• 1'", 

• .'1IIt ............... ,. - ... ,_ ..... 1 .... ..., 

"'til...... lD YJtlUa lIII"Iftle 'tMft 1. a 8't*"t 4 ....... "'til 
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leptb QPto , ... 'bU' ....... ..,. ... _,. tb ... '8 • eUsht 
.......... A 8iII11u v_ ". aet&M4 ....... '-.,.lappa ... atU. 

alao. 

rIM aou ...... of , .. ..,.. • ..,1 •• 01 ,fo1CJla1i M4 

~ laa4. YUl .. ,... 'M.I '0 J91.0 _/1 aDd ,bat of 

tile ... ,. ...... ,.. 99.1 ,. ".., -11. 
(1)>) lib •• 

.. , .. boaa'a .. d ,be P"fl- _ •• boa .,_, _/1 ,. tnoe. 

It 18 upt.tuaat ,. aote ,ba, , ... _, .. '1. aRnot fit aU ttut 

baIU-. ot tlle MmwaS."" ..,.,n.1e ..... 4 • pot8ll1l1_ •• ,_ 

1dp.''''''''1F biIW tbaa ''''" til , ..... 1111 In. other 1oaatl-. 
fte patt __ of 4ept:IMd. ....... J.a tIM ...... ratl_ OIl 

,....., ....... .., •• 'a .up." 41ft __ ,... ,la, of eo41_ 

&a au. ,be ...,U .. aoept .. ",Ula ea4 va,alappa pntU .. 

..... • n..., , ..... "'t" ,eptaa u Ohen". 
fte ....... eeDteld lr& , .... ',,"oa gUacn of 'be 

..... ..,lee of 'he , .... JAoatlOM aDS •• tS'0II ".9 -11 
,....... It ,. alp1tlout ,. DOt. ,tat ,bAa ~11 aa4 

..... IMta an ~ well ...,., .. "'ttl pota .. ' .. 

,(e) .". 

tla. -.lei_ -'_e of ,_ ., .. t1_ aRnot naae Nt __ 

,., ... 95.0 _/1. 1._ ,. ,. ... .nlatlOUb1p ...... a ,be 
JfI of ,be ...... ,'_ ..... at , ... oale'- OOIIHn.'lOD ill 

tile a' ... '_........ file .a.l_ ..... tnts._ .. ...., ..... 
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• I'.'. 4ea' ......... tIl • .,. .. ia aU ...... pntll ... 

_pt , ... Obeal ,",ne ...... eUcbt ,...111.118 tna4 ""Il 

..,.11 1. -_wet. !1M taIA- .... at of tbe ...-tao • ...,1 •• 

.... ,.. '4.' ,. ".8 MIl. lei .. , ...... _ aa4 ad.D1_ 

'tdaH .......... ill ............. 1 .. ,... he ~" .. 

.... fIIl ... -. 

(I) ___ , 

,be .............. of .. _, ... , ........... ,_ 

...... tt.1 ... m.o.",. .... 'tdaH ot .....,. ..... 

........ ,. , ... ..u. ., , ... ........." .... QAUaJ. ,",U .. 

(ia tIM ..... ., JIJ ..... ,n.o MIl) aM ...... "taltM. la 

........ ,.u,. ~pa aa4 PaUl __ pntu... (11& ,be' 

-_ fit n.e ... 199.' .. /1) aM .faU1I' low __ to. ,-

",alIA ,",&le. ft I.e a1H ,..1Mat ,. ,.1at ... ,. 'an , ... 

tile __ la ..... eoataa.a .-au, ........ ""eDt 

• .. t. , ....... , ... ,bat" tile taleJ. ......... " .. 

1M ............ t ..... , .. tl __ tan • ., t ..... laM 

• ." ........ lIft_ .... u4 451.2./1. ,be .... _ ... 

... I .... an .......... .., 'u • .,1 .. tnfI tile ar.oata .. 

... • , ...... "_"'1 .... _. 0 ...... " .... " ,he ..... _ 

• I .... ., '1M ..-:11 ... ~ ..... , .... .,... blaJaelt ,baa .. ., ........... 
.. warn 

tile __ 1 .. _ ............. to "".0 ./1. 
Ia , ••• 1 ,be tUlatu. la ...,..... __ .1_l.r puaUde 
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tile .nat!. 1a ,Ile .IS.. ___ irl ..... _t~tlO1l ah'aot. 

O~tl.G1.r bleb oblol:t.te __ .,. an oIHI ••• d in tbe 

ltatbtlYalPPtlt Oneal ad M1'1I __ ,...,,11... '100 '1,,11la, 

1'Ut~111' aU ,~ ...,U ... bOw ... _, bae • ~ 

&0 .... ~'4e __ eat bOt. lD tbe ~_ and ..... ~aoe 

......... III M ..... ppt.lt I'IIr.IMsapa'lf and J?aU1Jc1cam hdl1e& 

a .. ..., ~ _th. 100 .... 1a 4~ 18 oosene4. The 

.14Ift4 •• oatont of tile .dUe .,.lee ..., t,.oaa 121.2 to 

. "4.0 "'1. ClOlipUe4 to tal,.. ..... tbe II'Sl!IH and "vallN 
lui ..... a bl,... .blond. ooat_. 

~ .. e.a1pbate datWi I'8D84t bet ... 52., to ,21.6 _/1. 'rtle 

....... eoatent OIl 'u otbelt bUd 01"'17 pal'allela tbe pH of 

tile ., .. tiOG ennet, l'll8ba' 981._ betas ob"". 1a 80118 .... 1.. pi! ~.... uiabtW at4pbate ooat_ts are ob88fte4 Sa 

Mtaa'falppa, Cbefti an4 ~pal11' Pfttlle. an" raM .. t. 

1ttft1a 1D r,tlUa, fa,alappa ... .P&1Utctan pztotl1oa. A lit .. 

......... tND4 wltla ..,..... .... Hptb , • ....,04 1D vltUla 

......... ,.11,- ,",11ea. 

21M -1t'»'e OODtent of , ... ..,... .ample. ftUlIe bet ... 

... ... MI.? rtIII/l. Iota ,be _1IIfa aa4 rdD1tr.,IJI -.1&&"8 ua 

........ ,... ,be • .-tao. ..~. of D.U.pa4 land.. III s8D8l'al.t 

.... _ 1Ma ..u ... 41"'-"'_ of adpbate 18 IlOtloe4 ill 

tile • .,... 8Mp1ee of ttl. 'UM 1 •• tl .... 

.. (a) !lila .... d'. MUI (BAll) 

"M SAIl -s. •• ansa ... , .... ' ...... M.a. Tbe SAlt 

... fI6 'Ile ..,... .. u. cd' ". poIUea ..., tn. '5.rI ,. 



.... pB lI2.(Slboe/.> Ml1 
p1e 

III. I F • I a 

50. .. " Oia ... !ts 01 SOi I , 

:1,.., Ot !:!!PDt. AS .,.. US '~ PIt. ~2B4 .PI! :"S!5191 ?U ilOpp4 ii' . ~,... 
1m 

s, April-' ),1 ,., 19_' 5.& 190.4 9,.8 1.8 4.1 "0.0 ,.., no.6 99.0 J9.4 20., 
Sa AprlW '.6 4.1 Z .. , 9., 214.' ... , 9.1 f.9 90.0 40.0 m., 92 •• !'I.e t 13., 

S, ~ 4.' '.8 ".4 1t.2 152.4 "".0 4.2 'I.' fl6.4 '6.9 176.1 96.2 1~4 64.5 
9, l'tIIf-2 '5.8 ... 10.0 8.' 1,,.. 105.2 ,., 1., 72.6 -., , ... , 90.& 48., 40.0 

S, J_' .. , 6.1 5.5 ge! 1J.1 .. , L' 1.' 2 .. ' 42.' ·14.9 SO.1 )4.; t ... , 

Se JaI-2 4d 4.6 tea. 2 ts-o tn., tn.' Ie, 2.8 ·82.0 65.0 25'.4 2'1.8 19.' 19.' 
s., h1r-t 1.0 5.1 1.a t,.? fa.' 1oe., 1.' 5.2 . 41.S 45.0 ".7 140.5 1.5 2.9 

Sa ~2 6.t J.I 1.1 9.4 14.2 '14.' 1.9 - )0.0 60.0 )6.7 'ea.2 6.8 72.' 
S, A ... ___ 1 '.0 2.8 6.4 5.1 98.8 95.1 'I.' - 45.0 6".5 72.1 62.5 10.0 81.8 
'10 ~f18t-2 4.1 "8 6.1 4.1 99.9 78.1 I.' 1.9 26.0 ... 5 ,,-, 54.' 62.0 50.4 
s" septub.-' 6.0 '-5 ),4 '.7 ".4 34.1 2.6 0.6 '8., 28.0 52.5 25.' 11.' 52.0 
's2 Sept .... 2 6.5 5.1 6., 4.1 46.8 8(.8 2.6 2.6 }1.' 28.5 so.o 29.9 18.0 62.0 

~ .. II d I' ._ ]J 



(,. ... 1 ........... ) ... 
• .-.... pH iD.(alll"'., . _ _ I!ll-

I!: • ..... _ ... ~ I • I • •• 
M I: ae. ... _ 01 SO" , ..--.-.-... •• 

~o:aI '" ito" at rto-a 11' ri0tm4 P1' ;i;,W1I4 I'l' ~r)tm4 H' ~o-:m4 Pl' 
• • • 

t_ 
st, OOto ....... , 5.5 ,., 4.' '-, "-1 *'-, t.9 - JO.O '2.' ".4 44.0 1&.6 47.' 
s,. OotolMr-l '.8 5.4 }'4 4.6 29.1 ,.., 0.6 i., sr.' 29.' )0.8 29.2 22.0 ,.., 
fit, R09'~1 0.1 ,.2 ).2 '.4 &1 '51.1 1., 1., '9.0 2t.5 52.0 ~.8 4!4.\ ".0 
a" I~ ,.8 4.9 .s.s 4.8 , .. , 49.4 ~., 1., ,.., 20.5 ".9 45.' 54., "., 
it, D_ber-t 3.9 5.t 5.8 4.2 •• 1 4S.4 ... , - ~.5 24.0 41.2 36.4 t9.' ',.S 
&as Deoabosr-l £.5 &.0 ,., 2., SL' 49.2 1., - '2.0 42.' ,,.4 30d ,.., 62.0 

1m 
Ss, IaatU,.... 4.9 ,., 4-9 ,., 18.1 '2.1 2.6 2.6 24.' .,-, 64.a 6M !t).' ,'.2 
sao I~ 4.. 5., 5.6 .. , 82.S '4.0 1.9 t., -.5 ,,., 69.6 ".t 11.0 22.0 

Sat 
,.....,.. 5.' '-, '0.1 5.0 11"~ "-4 ,., 1.4 64.5 32.' '46.2 85 •• ' .. , 11.0 5. , ... ~ 5.2 6.1 16.. 2.1 ",.9 51.1 2.6 '.9 '9.5 52.5 1Ga.. 25.0 f.s.a 14.5 

S8 ~b-' 6.1 1.2 '.8 12.' 122.9 "t.9 ,., '.9 30.0 45.5 129.' ",., 2'.5 55.0 

;. MaNb-2 4.. 5.5 16., 6.1 164.9 104.2 S.2 ,.1 55.5 45.5 186.1 111.0 22.0 ,,., 
" r •• t •• • '* • 

tu __ 

, W'e<' , .. I ... • 

1 • "til of __ .. til 

2 • JOtb of eaob aoatla 
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JI... !he ....... ill till SAl _._ vit. 'eptb '8 obBC"fe4 

t. H 41ft.eDt 11\ ... 1_ ,",ne.. fllen 18 8 a'ea4.J d ... _ 

1a ,be SAR Yal_ 1a ,be 0 .......... ru..,apaU¥ PI'Ot11ee _ttl 

4ept1l. fto SAR Wl_ of , .. .., ... ..,lea of .. lou 

loIat1_ lUI" ,.. 1'.' , ... ,. 
(It) fIlI._ AlaRS' •• , .. (lCAR) 

, .... 1tAR ..al... ..... ....... 0 to I.'. In Seaen1 1tAR 

_ ... ,..-..... a deptll ,. aU tbe ,..0111 •• aoept ¥db .. 

.". aM PalUIctUa PI'flfUee ... la • a1l&bt deorea .. 

te110wIt by all , ..... 1s ......... _tb ct.,'h. ':n.e ttAR 981._ 
., 'Ile ..,.. ..... 1 •• 'IU, •• ,.... 0 to ,_J. sartao. aupl •• 

,.. 1aI.,aa __ taU,.,. ..., .. 'altaee. 

fte _ ..... bl. 8041_ ~ of 'be "all at _t!lr8t1on 

__ Nt_ ,,_, ... ,,.,_ tbQa 1Il all tbe ..... l' 1 ...... 

, ... " pew ............... ttdll ,. a' ,be '1M of eo11eot1_ 

.... tu pIU __ OIl of _I." ....... (tile aaontbe of 

.... .." M4 l'tUWIl). !Ile ,:;;&P -.1._ of ttle ...tao. eupl .. 

•• u .... a fnII , .... 'taft_ ~'1 .. ., '1M , ... 8011 'nee 
.... ,.. ,,., ,. 29_'. 2M"'" _tlIPlo_ troaa eoJcIIIIaU 

.. a..-tr •• laue .ow 3SP"taltaM a ..... " at tbe '1M of 

..u ...... ., .1Ipl ••• 



.... tS_ •• Inll ......... Sa ..... :t,!l oa ... 01 ... aoa.=-- of ,tal -, .. " • 

..... fit ... aotl .... 1eta fit an.~ ( ). 0 •• ' .... u.uat 
I ••• ... *-,Il pB lIJ • MI1 

ph • I •• 
(.t*-,.> .. Jt ca ... 01 SO 110. !ioJm *'-I ftt ~02Il4 Plt ~ m&;il Hi iGa HI ,to-iii HI 

• 1m I • " • ua. 

Ie .... 11-1 .. , ... Z.' L1 50., .,.4 ,., - 55.0 1O.Z 129.1 fi.' ".5 27.0 

Sz& April-2 4.6 5.2 4.0 Se' 1'-4 ,4.' - - &0.2 JO.8 116.2 '3.2 40., 24.0 

Sa? .... ' 5.6 '.e J.2 2.4 ao.2 .".4 - - '5.2 '0., 62.1 56.2 28.4 ".5 
1m ~ 6.2 ,., 2.' ,., )8.2 29.1 - - 45.0 45.0 ,,,-, 11.' IT.' 52.0 

;, 1_1 4.' '.9 0.9 '.9 50.1 49.0 - - )0.0 10.0 26.1 52 .. .. , 49.5 .,., 1_2 2.9 1.1 1.2 1.4 I,., 54., - - 4'.' 50.0 21.8 n.' ,.., .. , 
SSt 11I1r-t. ,., J.1 L5 9.0 ,'-, "-0 - - ".0 )0.0 ,.a 29.0 2,., 19.4 .. ~ ... ~ ,. . J.' 0.2 0., .. , 12.2 - - to.5 to., t,-, 24-2 tea 29.5 

" ,#- ... 

Is, ....... ,., JeO 0.' 12.4 '.2 &1 - - "., 99.5 15.2 ".4 SS.' "2.0 
s,. A....., ,., ,.a 1.4 8.2 '2.2 56.0 - - 50.0 11.0 -.6 51.4 29.' 8'.1 

'" ~ •• .-1 ,.J 4.0 J.a 2.4 '5., ,2.4 - - 5'.0 ".5 24.' 11.6 42.0 64.5 

~ J~""" '-, 4.' 1.4 2.8 24.2 54.2 - - 45.0 )0.0 29.0 59.1 49.' 42.0 

in OotGb .... , 4.2 .. , 2.1 2.5 2'" ".2 - - 50.0 ".0 28.0 19.' 4&.0 45.0 

S,9 Jotober-2 5.0 4.0 1.9 8.2 44., '''.2 - - 45.5 2'.0 ".2 114.1 '9.5 29.5 

• • • • I 

(~.b1e-1S OOG&1~) 

00 
c,.:J 



'III .... ,u ......... ) 
-) 

I • -- x.dIl III • ~ ~ • • I M lIS • 110_ Ii' *-4 Pi' .. iii JIll IIiiiiI m 1;';iMt m .:1.,.liiA1 :m :~oiiil ~ Ht 
I f - I £ .,. 

." ....... t 7.' '-, L4 2.0 25.8 17.4 - .. 50.0 55.0 11.4 21.1 62.0 "-, 
'40 hY.ue!W2 7.' 5." 0., 0.5 to.a '4.2 .. .. '5.0 6>.' ' •• 9 22.0 11., 57.0 
I., ~, .. , ... , 0.2 1.) ,5., '0., .. .. .fQ.~ 55.5 'B.' 26.8 44.' ... 5 

Sa .oeoembo~2 4. ... , 1.1 t.j '7.4 12.a .. - 40.' 65.' 1S.5 24.6 "., ".5 
mz 

So tftIu'.27-' 5.1 ,.9 Q.5 '.9 '5.9 ".5 .. .. 65.0 40.5 42.2 14.' 21.0 62.0 
844 ~ 4.2 6.S 1.1 0.1 11.4 20.8 - .. 6:>'0 .~t' '1.8 21.2 "-, 36.0 
s., ~ 4.2 6.9 z.t 1.a ••• 2 34.., - - "., 40.0 46.6 56.7 19.' '1.0 
.... ~ 4. ... , I. • L9 4'1.1 50.1 - f.' 40.0 42.5 56.0 56.1 4S.5 45.' ~-
Sff 7tInbw4 .. 2 .... f.2 .. , H.t 92.' 2.6 f.' 49.0''''' )8.4 12.2 54.8 "-5 s. ~·A ,., .. , s.t t2.4 ').0 '56.5 f.' '.9 ".5 65.5 51.5 164.8 40.' 52., 

_4 • PC • a.1 .... • • 

t • "'h of eaoh 1ZlOatb 
2 • 5Mb ot 880b %loatll 



t. (a) DiM\l 
tUl .. ,. pn __ '. 4ata Oft tbe ....-.1 ,"",la'1. ia pa. 

ill, .. '10D1.0 M4 aa10rd0 • __ tat1_ ., tile .ttlltltl_ 
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.aaot ~ ,be ..u -.pl •• 0011_" '" fonnigfltll' 1Atwwa1e 

,.. A;WU 1916 ,. ~'''Il '9" tftd ",ilia (Po __ l1) Re"""" 

... .loo. ~"'t_qJ .... 

fbWe 18 • ,eaeal ~ ... pa of tbe lIOWld .. 1 •• fttOII 

,be .. e. of Apa-l1 to ~. t.u...e4 1.y a ~1Qs tnn4 

_. 3ao~...,.. ad ~111 aa 1nanaelns tnr.ad t111 tbe adMl. of 

MII'OIa. ~be" i8 an 1DoNaM 11l ttl. pH of tbe pit t!.a111P1ea .0 
tI ,be ... b of .r __ , • pU'lA1 ...... t111 At.ag.l8t to11owe4 .. in 

" _ ........ wblctll Z'_'" ,....." at-dl 'iU :;".~~'" 
!tie pa Of tbe ... -.1_ &M 1-- , ... tu pII ~ tbe p.lt 

.. 
""'''' '111 111M. 2_ .... _ ..... 11' tbe ... b.Y tat !li4Ge 

til ,,_ .. ....... lI' tile p1I of t ... ,i' aMPl •• d .... to 

• s... -.1. tm " .... ...,. ...... " t .. pH of tlle aotaD48 

... plta an taS.d.r ,be _ uu. t .... of OotoD_. Aft_ 

on .... t .. pll ., tM pit __ • ,. eU8bt17 bet10w ,bat 01 

.. __ t111 ,be Mal,., .. fit .u ... b_. :rna tiM_o. ,be 

JIll ., ,be pi' • .,1.. .... t_ ,. .. hlsber thaD tat ....... 

'''.'as ~ aa.plea. 
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18""6. 9. __ 1 ..... 1_ 1a p;a iO
S
• -I It, oa .'tfs. 01 and ;;0 • 

...... of .... _, .. '1_ at.... tb ItOl Marple. ~ 

......... 111' (~) ~:.d.1OD 418"1" • 

• I I • • • • I •• • -...,1. MOetb pH m. Na K O&+Mg 01 so. ... (mmhos/cm) (me/l) (me/l) (me/l) (me/l) (me/l) 
I. • •• I 

1Ill 
S., .,.11-1 2 • ., 29.' IH.' 1.8 'If. 1 491.2 101.4 

'so .,.11-1 2.' .'.0 al'.4 8.' ,20.0 421.8 91.0 

Is, .,., I.' 19.2 It'.a 2.' "~., 690., '4.5 

'sa ,.., '.4 21.9 164.' '.' ,ao.O '''.0 116.' 

'I, ,... .• 2.8 '9.9 125.6 f&t 290.5 256.0 264.0 

"M, .,..,1 2.6 12.1 214.0 ft '01.0 ,,9.9 154.5 

." Itd.r-t 2.' 25.1 2M.J 1.9 200., 284., ,,2.0 .,. Itd.r-I 2.' 20.1 '64.9 f.' 95.0 100.2 "9.5 

." A...-.n-t 2.' ".8 141.4 1., '&0.5 271.' 96.0 .. ........ 2.' '9.' 225." 2.6 '5'.0 2'12.8 61., .. ..,. ...... , I., 14.8 1 •• 0 1.9 '44.5 1a8.' '8.4 .. ........... 2.8 '6.1 210.4 2.' 160.5 3n.O ,'.t .. on ....... ).0 "., 1S2.4 2.6 .", .. 248.0 46.' .. on ..... 2.a .,., t •• , ,., 82.1 '94.8 62.0 .. ........ J., 11.9 'e_, ,., 68., ,.,.4 16.5 ... ....... a.' "., tao.4 :. 81.5 '''-2 "., .. .ill ........ 1.6 21.' 112.' ft 96.0 164.0 1t4.' .. :Dee ...... I., JOel ....' ft 190., "4., 190.0 

" 
1m 

." ... .,.. 1.1 Ja.o 'IOet t., 342.0 "0.9 '7a.o .. ~ .. 2.' '2.1 199., 2.' 304.' 495.0 152.' .. ~ ,.2 46.2 *,0 Ie" 548.6 564.0 "a., .,. ~ ,,0 ,'.6 -. . 1.8 JOSe! 48lJ., 144., 

In 11111"14 ,.2 61.4 m.' ,.1 ,,1.S 691., 10.0 

In ,.. .... ,.1 54.2 '''.4 11.' '92.4 614.' t26.5 
a I PI a 1 d •• I 1 I a 1 

t • ", .. ~ ... ..s .. 
2 • JOt"",-- .-t. 
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tile e1eovUal ... .u.,s." fill tM ., .. tlOD _not (JtJ.) 

........ tat1_ "'til ,... ..... a1ao "'t. lMatlO1l of ,be .-pl .. 

2be .~ • ., ,_ ... I • .,.t. le ta.t.lJIl.r td8Ja 1D. tb.. __ ttl of 

,,_11. 'lbJ.8 u. ..... ,... ,., to AsnUloU'" low ftl,,, •• 1a 

I..", 8114 A~. lJewftt_.., lbe .. .a we .. of J __ • ttltt.l'e ba8 

.... aD ....... la ~ 40 • ., tile -.1 •• _lob 18 a c1diat101'l 

fat-. ,be ,en"" pa'te:n:a. !be &eeU- of b.'O. oontlft!'.t88 tW ttle 

.... • , :Jeo ....... an .. v!llo1l 'ban 18 a ~OSH •• 1". iDOreaee 

fit ,be m • ., ,be fIO_ ..,1 ... J1ftII 11_11 t. J~u1r. ,ben 

... a ,.....-1 SaIftue ill 'M sa. of 'Ile plt aMpl... .a.,-

.... 'bere Ie. &.....-1 ... " .. __ •• ..,.,. M;v0Dd WIlt.b_ 

a.nue Ie ..... ,.t. 011 ........ tile patten of ~.8 1ft :iO • 

...... ..... ... pit ..,1 .. ,.. .~ looatl_ tbe 

... ..,lea aft • bf.aIaa lIJ .... tIM ,It -.1 •• ft_ April 

,. ,tae .a of.,. ,...,,.. ,. _. -' of J'alJ'. tbe 1IOWI4 

...,a. ....... _ta loweIt .alae ..... AtII'.an to .Jeo_b .. tb.-. 

Ie ... __ ~_ ... Ht ......... aD4 ,be pit ..... 

... t_ laD • .,. tbe IIMD4 ..,IM ..... lUShu .?C.-
I_ na. " oa • *' 01 ... 10. • .. _tntlou of 'be 

..... 1_ .uut &lM 01 ... " puaUel tbe .. oa tu 

~ eoa4.'lyl". 

(1t) .... 

!aIdA t, p ....... ta • tbe •• aeo:a1 'fO.f'1atlOD t.a PH. 

JO .. _'10QJ.0 u4 aa10r.d0 ...,I.t,. of tbe eatlAftUoa .u.ot. 



ft1t1. '7. 9--.1 t1Jaot_tlaa 1. pH, iU. 01 aa4 SO, fit 
_tv ..,1_ of f7tlUa Re.-.rn *'1-. (.Po_Ii) 
Enaal_ Dietftot. 

..,1. "-,It 
Jlo • 

• • a •• '" 1m. 
Apl-11-' 
Apnl-l 

ttar-' .,.a 
hM-1 .,...... 
laJ.r-t 
lIdp2 

, • I 

4.' 
4.8 
,.2 
Get 
4.2 ,., 
'.9 4., 

nib 

.- j .... -".:1 
1>.' 
14.' 

'J.' to., 
a., ,., 

291.4 
282.0 
.... 2 
204.6 
180.4 
'16.0 
14.' 
".0 
5I.a 

L 1 
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A ...... ' 
A~ 

1.8 
a.8 

0.' 
1.4 t., 48.4 

48.4 
M.!t 
51.2 
66.0 
44.0 

"'.5 

• « aT. I I • F 

1.' 
1.9 .. , 
1.' 1.' 
9., 
1.4 

I.' e.. 
1.1 
1.' 
4.5 
1.' 
5.4 

.. , t., 
I.' , .. 0., t., 
t.'4 
'.4 
'.1 
4.4 ... 
1.1 
t.a 

".0 

".2 
64.8 
10.4 

19.2 
114.4 
'54.0 
160.2 
'61.2 
2".2 

, ... I d 1 • 

2'.5 I 
29.1 
12.' I 1,_, 

• 

Nl1 

I 1 

( .... nta11 .ta .. tane - taa .... J1eteenlOSlOa1 ~ .... 
1ft ..... ) 

, • t'tll., ... ... 
a • lOttl.t .... adb 
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1M ... 1 • .ere eon.otea por1odi_l~ a' '''DI3bt1l' iat~ 

inti '1M 1lO1IDC1. aa4 plta 1D ,be __ fleU t. abod _,... 

'n aata .. ptt ... ,bat ,... April to :_ , .... le .. 

&altial .lIwnUe 1n pH. to:u.0.4 .". a IIlJ.aId d ...... 1& ~ 

sept.-.I', tbea _ lDoNue tW ........ beyoa.1 wblob a 

"'"~ 4....... an ..... , ... __ and pit .-.pl .... u ,11 
• , ...... -"Pl" .e 1 __ .... ,bat Of ,be pit -.1 .. 

t. ,be t .. __ .. fit APlrl1 ... _. Ifl1IfIeCltaenUv tlW ,l' 

____ an t0ca4 ,. be... ada. llU ,be end of A._. 

III OItob .. 1fOY.... D ........ --1.r put of JatMaaI7 ,be 
... -&IP1- ... elt-. ......... _ pU as ,be plt ..,lee 

•• tII&abtJr ~ ~t. Ia JtAI..-, .. f4V0b tbe pH of tile 

... _ .. JAIl .... 4ett.al'~ low. ,baD tM o~ 

pi' .'apl ... 

JG 
I 

fU e1eoWlod 00I'I4_, • .,. Oil tbe _, .. tl_ ab'aot (~.) 

" tile -.ad ...,1M saAcaI_ ........ to a ftlae of 0.2 c-.e! 
_ ." ,....... U4 Iat-~ pa4uaJJ..y. _ l~ 

I) •••• it api. talla ... ,. 0.2 'IIIIbN/ .. aD4 ,beD ......... 
11.1.211' t. '.0 ...,. ....... III tbe plt .,.1M • 

.... tal " ...... to. at.D1 ___ fit 0.5 frilNI- '" Jtd8 • 

... • {P84:a1 1 ....... '0 .... b ...... ,laD 00l.'1.'efJpOnd11ll 

IIIMIIA -.1 •• h olI •• 1rN4 tm .. _b of OotoM. .. iift ___ 

It ... , ..... , ... tIla'- .,.. ~ 0.' ..., ... 4IbOWi1tS • 
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tuJA-1&. _8OD81 n_ .. ,,_ 11l ,fit iOta 01 ad S04 of -, • 
...,1 .. of~. (ra1pat) oa..aaore .ulet. 

• J a , • L a I 3 •• 1 1 

~t" pH ~ G1 
SO iJa.I.DtaU 

( -> <-/1) (-~) <-> 
I II I , I 

1IU 
"as Apft,1-1 ,., ,,-, .... 50.' I " V • A..,u.-a '.4 "2 SM. 4 '05.0 

Va? .,.., 8.5 25.' 54'.' 4'.8 I ,. .. *1-1 1.' '6.1 142.0 'o., 
"at 1.' '4.8 220.0 27.6 I V50 lallul 6.1 0., 10.4 ".4 

~ ~ 6.1 0.4 ".1 10.' I t'84 v,. 41...,.. 1.0 0.1 ·44.0 »'5 

v" A~ 1.' 0., 6'.' 20.1 I '" "" 
......., 1.4 0.' 48.4 42.' .. ........... '.9 0.9 44.0 2'.2 t '1O V,. ..,. . ......, 1.' S.I '''0 to.6 .,., ~ 1.4 t.O ".' 8., 

t 98 .. . ...., 1.7 '0.1 142.0 .. , 
v" ......... 1.a T.9 ... , '5.5 , 24' w.- ......... 1.' 0.9 .'.4 25.1 

"41 
_ ...... &.4 ,., 70.4 2., 8 10 W. D ...... 1.1 JOe, .,.6 21.' 

y. 
•• JU!1 ~4J a •• .,.. "4.0 J., 

8 v .. ,....,... 8.1 It •• m., 25.' w. .......,.., 8.4 '2.4 111.2 ".0 I !ill " .. .r~ 8.4 ".1 '84.8 '2., 
"., .... , 8.a 29.' 409.2 29.' I w. *" .... a.. ... 442.4 19.6 

• I • 

(.IDfall aata _tIN. -_t. SMA ..... ",,*,,1_, ~) , • ,"" of"'~ 2 • Jotb 01 _II aoatll 
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.......... , ........ '" f!Ia1Ntta. 00IIIpa&'.t.Ds tbe IIOCIQ4 ... pi' 

• .,1 .. lD ....... to m •• " 's eMIl 'ba' ,be raoGD4 lMIP1ee 
.... a ~ ~. ,baa tbe a.H8PODdiDS pit -.plAe t111 ~ • 

.., ....... Il tIM mea .. ,. , ... alt_'- tiU Jaara&7'. .. tbe 

tal ., ..... ., tbe ~ ...,1 •• bay •• tdab-&O. WbiObt taowey •• 

............ --.._*" ... 
ttu _'1 ........ UllOldo 0..,.,.1"1. "'" .... ed ..., .. K. 

eta ... 01 ... SO • ...,.."1'1811' ...... 81uJ.alt 'fUiatl. 

"'t, ,.-1" .. __ ..,. e1eowioal .... ,''''''' ~ tbe _':.watlO1l ...... 
Co) 

..... 6 ....... tata OIl tbe ...... 1 .... .Ia,t. 1a pH, 

_ .... t101d0 ... 8Dl.0DI.. oODMlltatlou of ,be _t~l _ 

_ "an of tlae ...... .oil ..,1 ... 

II.. 
'1M pH ., ,be 8O&1e .. below ,.0 'bNtaabOt&t 'be ,..104 

M.I'" &.a *It ........ 'e_..., u4 !VOb, w1la it abo • 

• .... ...,. t. &.taInaH. 

1M ..... tftea1 .... lftt, of '1M _t.aUoa _a-t CAl.) 

............ _'Il PI ......... leaob.I.D.IJ .". the tllODIIOOD JIB1na. 

If' , ... 111441. Of bY .... ,t .Hltt. ••• 1'du Jleu1l' ball ot tbat 

__ .... 1a .,..11 .. __ ....... it 1ftor.....:be ... 
...... 18 oIt .... r_ 'M _"Old. U4 aralODl.. Oo;apooitlOD 

., tile ., .. ". at;aot 01 ...... 11 auapl ••• 
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~-4t. Seaaa.l fl .... "_ 11l ,a. :1 01 u4 ~ ot .t • • .,1 .. ., ........... 1.". (0.. ___ > Q 011 dJ..vl • 

• • I • • • I ••• I •• I I I I 

• .,b lfOa'. pH III 01 so BaI.ata11 ... (~ol) (.-/1) (~h) (.> 
I • I t 

"t' 
-.9 Apdl-1 '.4 0.' ".2 '5.2 I '21.' ¥to Apd,W ,.0 0.8 "., 't.9 

1It1 *I'-t '.8 0., 50 •• '5.' I tfl.! .. .,., 1.1 ,., 81.2 19.1 

." .r-1 J.1 2.' ,a.a 92.5 
I '19.1 .,. 1 .. 1' 6., '.8 19.2 92., 

¥S, hlI'-t s.a 0.7 "., 4-2.9 I 549.0 

'" hIr-I a.' 0., 44-. '9.' .,., ~ ,.1 ,.1 82.8 '4.6 I t45.0 .. .--w , .. I.' .., , .. , 
." ... , ....... T.O 2.4 e.1 41.2 

I 91.0 
·eo ............ T.' '.4 44.0 12.0 v. OI ___ t 6.8 0.9 ".2 89.' I 192.0 
Va oet .... T.o 0.4 46.8 92., .., ........... '.4 0.6 4 •• 1 10.4 

I ,20.0 
Va. ........ ,., 0., "., 95.2 .. » .... __ 1 1.' , .• 11.' ~.2 

I 18.0 .. ~ 1.1 4.. 96.8 M.1 

1m 

V" --.,.e 2.' 9.' 114.' TO.' I 111l -. ~ 2.9 8.4 154.0 5'.' .. ........,., 2.' 12., 166.' 48.0 I 16.0 .,., hW~ 2.9 10e' "4.0 59.' 0 

"" 
....... ,., 11.1 110.4 42.' I 21.0 .,. ........ '.0 1 •• ,-., ".5 

• • J J J 

(1I&IataU .. ttl .... • x ...... ".-oloat.ea1 Deput"'. !rl9&ft4r.a) 1 • "'Il fit .. .-. I • ,.,. .. ., ... .-til 
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I. S""M& GaS .. ,. AI m&aUI.!C ... _ lISa .. ,. 
tule 11. t .... 19 pn'" _ttl _ .....-1 ollanp. iD PIle 

a1eoVt.oa1 ..... '''it7 •• Illon.d. a4 ed",'.o_t., of ..,... 

_,_ __ •• ooneotea at tonnig)ltl.r lat8ft'&1. trota ApU 1916 

t. : ... 11 tm fNI , 1_" ......... f7'1U.a (1olckaU). ~ 

(ra1pa4) aa4 l\u~ (ani·, .... ) .... edt •• l1. !b. 

total I'&1ntaU .... 1'1 .. 111 _b ..til 'e a1H 1_1 ... 18 ,be 

.111e. 

JIS"!',-
'Iae ...,.. _,_ pH 1a .. 'dle 4tlftas tbe P81'10d tnea >bNb ,. i..., Nt- _le1l it ft ... '0 __ ...... 6.8 ao. h tb. 

,..04 Ntwee tb ..... ta1t 01 ,.,..,. .. ,be h4 balt of 

__ ,tn. tile elIotftG81 ..... 1'11" of tb •• tB'facM _, ... 

......... t. 0.6 .... 0fI/ .. '" tbe _441. of Now_belt an4 lat_ 

" ....... 11' ........ to " .".., ... ~b. 

-' •. 
,b. ....... 1 n.'_'l .. &a. tbe _t..- ..,1.8 tztOll ~ 

.... a 4 ..... 10 _ll.lt,,.. .".0 La A",11 '0 0.2 raIloe/_ 

'" tM oM of J."" u4 lat. lDonuea '0 ,2.2 .aoa/ .. ., , ..... 

Ia tile .... of tile Q&t,1 ...... _ tbe ttleots-teal o0ft4:.aotl-

• ., of t" e1lftaoe -.t_ ..,lea ... _ era' to u.4 of 

'-........ a.. .... , t ....... ~ &atuta18. lioWft_. ,be ._.ral t .. ..., 1a to ....... ,... _11 ,. Oftobel' U4 

..... 8tIINKtCl ... ". 
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.'Iflll· 
fta IIOatIllF ... -...se. of ,be ~ ..... lftC1 1n tile t .. e 

,..'1 ... Ie ,be ,.104 '"" 1Mel to 19" U4 ale. t. '1M 

~ t916 an 11 .. 1a A,pad'" I to III. bO!a the data l' 

_ be ... 'Ita, ,be ,.,104 IJrOII ... ..., t916 to ~'tu:oh 1m 
la ,..-11 .. of 'Ile .... ,.fAll_ ,.... wi'" "tIP'" 'I. 
taU .. of &Iotb ,be ~ Dfaths tlae PRl- ot ....,uaa 
.. _Iawhe .. well .. ,be total ft1GfaU noe1ye4 la 

, .... ,. be 1 ••• tbaG ,be t'3OGtbWl ...... t01a1 ......... t. 'be 

.... '_t.,.... 



DISCUSSION 

I 

I 



All W ... s,.,,- oa ,be MWgtlOlosiMl. p_Idaal, Pbl' .... 

....... 1 .......... 1 ..... " .. 1Deladl.. _lilll.t7..,..... 

fill ..... tn .. fit ooaata1 _1& .. ..us .u •• J?o1cIra1I.. ICaipa4 

... a...a,.. .... bMD .... !IOt .. " ~ "taU .. 

....... OIl ala ,",11 ..... '1ti..n7 tOR ~. -.1 •• tNII 

......... '"" ... of _b Of tbe , ..... trIM.. seuo.l 

.natl_ 1a .-11.a" 1 ... 18 .. tbe .. 1 •• ot .ila fNI tbne 

..... looat'" "''''1111 tbe" ,line ..".., were a1ao 

n1lUA4 at t ....... btll' 1rlt.w1. ,.... 4pn.11,." t. Man" 1977 

... ""oa t. tbe ..... t1. ~ 8Gl'fu1 _ten ,.. tbe _ 

ftel... 'u .... t. of ,be ......... &aatl- UI 41 ...... Mt 

__ ,... tll. ptd.at fit 'ft .. of eoep11t.J1a .a" .... ~_ ola ••• 

fJia8 , .... _18 taut a1ao t_ fNgp8t .... ..ut*" .. , •• be 

___ ... bOIa of ........ of til ... ..u.a ... , ........ 
~ total tOGa PI'04...... 2be aiIafaU 4ata of aU ttw , ... 

iMat'_ .... deo bMD 'ana Sat. _l4aatloa. 

• 11bS.'. , ... _ d.sM IIC.Qu 
,lie ~UIl •••• ",,1on of tbe au pNtU .. '....... I 

I ... 11ft., 4......,.,.. ., _Il pntU. ,. 81 ... La 1 .. ltI. t to I 

, .... ,.1&18 .. _We .. ,be 1 __ '- ., ,lie ....... I 

--- ..... .., .. IlIIIloat .. 111 tbe tabl. ,.,.Mn'1Its 
nl ..... 4ata ____ tbest Aa bU bMft _1 ... e.U. I 

I 
&a tbe la ...... , .... tu ~1. Ia'-' .... 1.IT,,.taaD eoile I 

I 

I 

I 

I 

I 

I 
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an d'ated a1_ ,be ooutal • ..,. __ ia tile 41st&-1 ... fit 

..... 1M, 08 ........ mep", au lqiWJ.OQ ftapeot1'f8lt. 

~". (hot11. No.') aD4 1&111 __ (l'fttll. No.6) JI.,.._ 
trPUal. Ka1pa4 ...... 81t_tea • .., •• "ftlF OR tile tlood .. na 
of ,he ftftn ne.,..,. aD4 PM.,...,. aD4 , to 4 .. eut of 

,be ttOUt. fa V7tiUa paaotUe ( ... t) .. cl:.ag taP 1A plot 

.... 19 ~ tbe RiM a._Ii stat,,, ",,111& (X8ft1a 1\3I'lAtIl­

ttII'a1 Ural .... ''') at_ted Oft tile ft.oo4 ..... of .-. ... ..umi 

,. ... t • 8bOI't d1na ... tapft ..... ,... polnt _.e l' 301M 

,_ y..-..a Ian. Tile Mb .. ,pp. (Pfttl1e ltO.2) 18 dt.t • 

.-tta of .,,,.. ... ........, ... , .... al4 .. by the .. ant 

1lI*el , •. t_ .u 1&4 ' ..... ,be OI"-RtMafttt .... Pdbaa1ppta 

..... ~H aheal pottle (No.') npI" •• 'laS Po}cD.lt. .... 1. 

et .... DtA1'tb-eaat of Pt.ltbGft1ppa &qol.'111 tlal'a1c1la1. 

Pat......., ••• .,..'a1~ .. lett .. ill ft., of I'. geolOS1oa1 

......... dt-.1........ 'IWI ..... of , '0 5 -..ld.lo., ... 
11M Ilea t ..... ••• ....:It 01 1M1000oal .,1ta9a1 .. all'lDS 

.. ., ,tae _ ...... 25 ,~. bao1c .. tbe oDlJ Ot.ll:tl.' ... 18 

,be __ at ...... 1. ooooatR. JJtatiAS 1916 1t baa bHD 

•• p .... ,bat nltf:tatlOD "',. ,.u, ... .... a1;'tMpte4 lIrr 

_ of _be .... 1 .. 14 tbe ana ... '"'''' alMCl ...... 's 
..... '"4 18 _ ueu ... PoIeD1! M4 !ta1paa. the 

J.u-...,.1l1' p&'Oft1. (Ro.4) 1. l00ate4 lit a field JOO _tea 

.., ,... ,be o~ aDd .. _ wen 01 tb. nattonal tllgIl.,. 
ta an tH .. atttatlOU tbe .11e • .,. 1NHm t .... 81tbe 

_1_ laoU'bi.M OJ.' aUt.afta1 ....... , ... u4 tile ". .. 11 •• an 



ft. ..... t. , ,. a ....... ill • ,... w1tb .... ldab .t.. tbe 

.t .. tablA au __ 1' ........ w1tb1a '0 ,. 110 .. 1ft tbe .... 

__ 18 aU t4 t-. 1M toa, .... of tIM Ia.h.s are 

IMoHW 111 'able t ,. 6 __ !'tat-tala U4 MatbOde. 

"M""". " I&lIIIIS44M 111M _. AI .. '.' • 
.. &&. 11M ",1111. b'BIJI.f.aIMt DMIA '1IIs" a '.J1&; 

97 

a.. ue IIlIl8la1 .. 18 _,. 1 ... , .. 1'1 •• ,. ... ~ 

__ ••. _apt ~ .. eplpe401l DO 41..",...'. bela .. en 

..... ,. fb.. tat .. '8 .fl_. tbaA 1..,. IlM fIIUI4 (0_ lou 

to elIW). fbe eo4lta _ttll'M1oa ...... " pe oat 1A aU ,be 
a..s.- of aU tile , ... pntUe8 at ,be peA ............ 

... eale1e ........ pUJRtd.'lo .......... are aba.t_ III 'flew 

II ...... tMr .. __ plaott4 J.a ,be 0Ir4.-a.tt._1. 

fte ..ua .... f.1Hd " pntU •• " 2 ... , - ......... l¥ 
....... tll _. ad taft 4_1Jaaat ........ .,. (10 tR, , f 

.. , r) ...... (7.' n. 5 r aa4 'f). !be ..... .... 

,... 0 t. I. ~ ... of .fI't4.'*" ......... 111 ~U. t 
eM ..... I.a I ... ,. file ........ 'al.1 ••• ,.b18 tle t. p1aM 

....... SaIt .......... .. 

,lie _I.e fit , ..... ~Ctt11ea _pel ... _ Wl'II .... aa4 

1IItM_ , • .,.., ••• bat 41ff. 1\r .re tban ,·0. ~h. Ditztosea 
WIMe an 1_ ttau. 0.' pet ... (A ..... mtae8 .. 0.05, 0.0'1 

ataI 0.01 N8PenlYd1' t. pntu.. t '0 ') bet __ 22 to 50 _ 

..,.... ,be tat .. 'e ftu ......... 11 .. H10w Ap ep1pedo .. 

'M ,",U .. 1 to , ..., • ., el&a'" a1f' ...... 1n man. e. 
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, .... ebaI'aot .... ,. ___ .. '0 pogp t .. ~ tba llnat 

........ "' ...... 9JJ1 •• I.,IM ....... Aelo UaplM". 

""."'"11' • 
..w.t 11M I ___ ~ Ullltl. 

:a.aoa1 "'1 1.aek1Ds uapoetl. baHseme , •• _ .10 .,..,.... f_ ......... ,t_ om .. ,. 1 ... thea , pel' oea'. 

,Ile ..u .. _,tINt,,- 1 ...... l' p. oat 1ll tb. poaII _lIG'" 

••• _ of ..... '" ... Hne ,.. .......... t-'tIN. !bltS8 

........ R1e. -.1d.. _ to '.1t14. 't .... tile ord •• t18Ol. 

tIM ,.... ... .oar... 18 &11 pan •• f tH ps-otil. aIlC1 

18ft _ lIlaeal ,.... ....... ,be 41ap.od1 ..... b.ne. 'rbe .. 

-.&1. an IlOt ,... .. tlr' ., ... , .. vitll .,. an4 lulc ,be 
........ , .. * ., At..... tfbe ......... 1 .. 10. _bl. 

to tile ,...ale iDIlCl4e1 ill tbe Jt.&b on .. e __ rat .. 

IU .. u. ..... __ ' .... , ...... aOo. _Ie .. 

awe ....... at , .... .,.... file ....... _,_ 1 .. 81 U ..... 

_tAla t ._ of , .... ~ao. t. 6 IIODtba ...... 10 .... ot 'be 

...... tbe .. U. 1MII nftlolnt .... to ttll'l1 n4 OIl lpltlODe 

, .... ,.,.,.e1 ...... 1 ••• t. lD81.a. tbe.. 11011. 1a tb. (la-eat 

.... OIl "' .... j,.~ •• Dt. aDd __ ,Ile St.att #CMIP Acauodle 

Q ___ "1.1." 
lII0I. I&tI IMIlIaa JIlt 8&&,_ , .... ' " fl. 
~ .. ila vl'" 1_ ,baa , ,. ... OItge.n.1o att_ 

....... , .. ""b _t. 1Il ... ,eftoU of tbe ,. __ • f_ 
, ..... u flaG , ... 1.., , ....... ( .... 01.,. 10M>. Haft 

1aIil ..... vb .. ., (5 D ... to D) .... oin (10 n ~ 10 r.-l). 
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Aa ....... eplpe40a ,. ....... , ..... _ .. ,"" .. _b18 tu. ,. be 

bo1sa4e4 in 'be OIr4G1' .. 1-" 
0Irpn10 _"_ ....... -eaa1U1I' b:at 18 abOY. a." 

,. oat. f ..... eoue "ft • ..", ua'ill. 8011 ,..,..a, .... 
Uon 0·0 (Uo). • ... t ..... ", .t. ill ... pc:a:na of ,be pa. 

Oooa 1D ~ nat ,...... tbo .. OlWaftOt.-lot1ea • .-I.e • 

to pIaoe , .. 1a ,... I .... n ... ata. 

!be aoUe aft ..u, 110'. btat ., t. 90 o.ulatlft ..,_ 

..... In ... ,.....1n ............ bft __ ta-50.1ad an 

... OOGtla~ .., lD aU .. b.b_ "tweeD 'beae 4eptu. 
!be .-n aomal ao11 'ea&p8ftt .. ill abcrfe .'OO.!:Ia". a bwi.Boa 

""biD t __ tnaa tbe ac&faoe ..... tbaa 15 oaa tnto1s, tbat 

......... 48I1.no4_ ,bat 8ft lWltt1e aD4 et tin GOUin ... 

__ ....... ftle _1_ ..... 1a enn_. fbeae at~1", •• 

-'1. WI ,. plait. , .... __ , .. Gnat f.POtIP UGtUl_eat. u4 

b ,be $Q1J il"Q ~bl.u.. Uetm ...... 

I.IDhIJa IbIad.'diUe 
Data Oft ,be ~oa1 00II .... ,'- aa4 ,at!Jal. 01&0.,1-

_,tal of tbe pntU. _rapl.. lD4lC1a'. ,bat aU tbe b_S..one 

fal.1 Nt __ ,be wo eat ..... , .. ~ an.,- of au'7 81. 
... ..... lbe."" IOUa of ,be .. '"tl1ea _. olal' loaaa. .u.,. -W. ..a, • ..,. 1-. ... __ olav 1--. Jxoept f_ 

, ... ObtrIai aa4 alii ... '"'u.a ...... wi'b aD J.raot.-... 1a 

..,. .. tb._ l8 .......... 111 ___ eat, 1n noM of 'b • 

..... potu... 1. ,be OfaQp ill tbe aoU "pamt.. laJige -.0_ 

,. a1dft 'be , .. tII'&l P'OtIP ot _be.o.. t~b_ ,be o.l8CID 
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UU .... J.atl_ 111 , .... ~ ... U, .. ..... , .. baa1 • ., otlle 

.... ,.., •• of ,lie .. 11 ua HlOtR M4 -.limv 1"818 ,baa 

_ tbe , .. ...,., Wt. __ 1&,,-. 'Ile t .... . taotl_ npn-

.. , .. .., Ill. ,lu .lAW' ,. - t .. eo PU' oea.t 1n au ,be 

b.CWIJI.. of ,be Pta'U9a1pP1l ,.0111.. ,.. ft1 tbe nb_ ,",11 • 

.... a.b • dsal"- ,Q8D"", of tJMlt t:nn.1 .. 1a ..., fIl 

tlleJ.lt hor1Hn.. hnbe.... ftae ttaotl .. an oODld.deNtI 

't Ie Iota4 tbat ,belt. 1a • ,, __ ... , ta tbeb ooa."_' with 

dept_ 1Il tllev,tU1a, ~ppa aU I'MtIMppaUf pntl1 .. 

u.c1 .. ,........ ill tM Ob ...... l'a11i .. ,.0111... III 

tile I.a. POtIP Of pl'OfUea la'ad ...... '1_ of tbe tta. 

fftetl_ ~ abot&t ... n ... _ten ."... t. be ... plaJ''' 

a aocat .... l'O18 la ,be t .. _,_ et ,be pntUe t.'_8" Wbil. 

1a tile Oboa& ... Pall'_- pntUM ...... "_ of to. 
.... ,_ ,... ..,... '0 .... .,... Jar ... 18 1DCU........ ;!Iae 

.......... a..a. but1_ ooat_ £a tile lcIwe a.uou at 

tu 0 ...... aaI Ja11lld1aa PI'Qf.u... Hgpat tbat '1M .l_bias 

au ........ at 'UM eoIlA 1Ifb&otl , •• 118 .... r~~ t. 

, ...... _-PlI. 18 UUJ, '0 ..... 4Ul1trAt • 

.l .. .." ....... la ,be ....... .,..Uio pa.'V I.e 

... ,ea ,. ,be Oboa& ............. u, pntl1e.. In tbe 

_ PfttfUe _ .... 1M aa laU ... la aaad mot1_ """ 

..,.... M4 1ft .HI- potU .... eleu eat pa"en wltt. ...., ... 

,. appenat .,..W. pa"''' I.e .. iee4. %a ,be 'ltU1a eaI 

Oboa& ,",,1 ......... 1 __ .. ""- ..... -1118 ckptJ& 

.. 111 ,be -.,ala". pJ.tOfUe _ """1&1 " ..... tol1olM4 __ 
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.... IN ....... , ...... ... 

,.. .... v'tla tepth '8 o'D881'ft4 ill ,be , ..... PI'OIU ........ 

'1tllJ.a ..... W&Y&lp,.. Ya,ralappa ad .Pa1U __ • fbe _, __ 

___ Iaol ....... ps01" 'e a1ao t0a4 t. lau __ witll 4.,.. 1a 

.be OIluai ... PalUttaa ,,",Ue.. fM ...... .,01 .. 8QU81_ 

la _lod 1D • ..race _~ fna ~b1a'a"" v.l.tll tbe big." 
_au .tt_ oateat fit 6." ,. oed. 

"''''_''rat .. 
.. "1dU pa"em 'e ...... ill .... 4.l.wlbQtl_ of the 

... 'e -". 1a ,be pntl1 • ...,1.. tbe MbUftlppa, 

~ ... PaWMca:Ie pntu.. .... ...,.:1 ~QS 

__ "'" a.,.1l wbU.. 1a '". ot ... ,..,U .. " is taulf at .. ". • 

.. ...... __ • eetat of t • ..,... ..,1 ..... ,... 

....... ,...t .. _ .... ltd ... o.tl .... ,.6' .. ..... fbla 

,... ,. tbe IaIab ..... ~ YlRJablU., ... ,eel 111 tbe ol1_oal 

1 ..... '1_ at tbe -.lIM lIOn. ., ,be Stat.. III ooat .... " 
_til ..... _ .. Ide ..... it ,. _. tbat , .. total 

.............. DOt ..., ... wi •• .,., JA tu pn1Ue 

... 1M. la a..al.t 'Ile total "' ..... ooateDt .... " .. Nt .... 

0.001 MIl 0.084111 tbe pNfU •• at o.ott to O.t09 la ,be 

.. , ..... 1ota ... .,.., pow "'tll....,_ t. 'btl lIflUled. 

t* ....... ",1nlUl¥ a. _til ,be ...., sou. of tile 

c.n ...... &III Dl,.. na'" 
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,be totlll ,...,11 ••• MDt_ 18 t...s '0 ... ct .. h1 .... 

la au '1M 1 .. 11_ ., .. Mlell. or.. .... D 8Il4 ralpe.4 

.... &114 ~ Nt __ ....... 0.009 PH' oeDt .apt 111 

,Ile ..... tll 1_4 eon. of JatDnaipp., Wb10b .... on • 
pbOllpllOna .. t.. Of 0._ ,. oat. It 1e 1.eHRiDS to 

....... , ...... ner4t. to tbe ... lUeu1YelI' nfi4184 al'_ 

l1li81 .. 118 ot it'llttaDB4 1Ib1ob ..... bMa noorde4 to oontala 

-..Il ... ISba 1 ... 18 of pbMpbona (X .... t961 u4"!8DOftt 1m). 

,be total ea1el_ au -.uel. 8ft toea to ..,. 1ft benb 

'lla 1"Nf1'- ..... ta •• -.1 •• Nt ... 0.0' to 0.,. aD4 

0." ,. 0.89 ,. .......... , .. Jr. ~ tb ... 'f81_ 

v1tb '1M -',1M 1Iata1 .,u. 01 ~. " Ie ... tbat 

, .... .ua .... 1 ...... 'i.4Qr JdIbeIt oontent of .... .. 

... • _11 ,.... .... ., ~. It baa to be .... , .. . 

, ... -.l1De ..u ... 1 .... ,. tbe ... ...-. ~_ 40 ... 

_tala ,., 11M euu.e ..... '-dated ,. sea _. IIOtN 

fnIl--'1r , ... 'be 1'.,.. ...... lalII·"" 80118 (1f.aIa1 Mila) 

of ICd'RD." sou.. ... pota ... _ ..... tl ..... 1& ~ 

ia , ..... ..u. , ... ia .... ,..., aoUe of tbe sta,.. tb18 

18 _IDIr au ,. ,be ... , __ ........ "'t" ., _,_ 
, .... tlaM , '0 9 .......... ,be tnqraeat lr&t.uldatlOll '" 

••• ,. _'en 4. to tlc1a1 -'fen ... 4r.Ir1D8 ,be .... of ... .,.... 
, ... Wtal ............ ___ ..., 'IU1lDs 981_. ~bu 

tile ,. ..... ". ... rutn.,...l_ ,..,11 •• haW tbe biSMn 
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_ad.,. .. oon.t ........... _Stll 4eptb WbU. ,be ~ ..... 

S. 'Ile ... La tbe ",'UA .. rar.....,.ll# pntlle.. III 

••••• , of both ,be t.ea1 ........ " .. 8D.4 altD1n1a -'4 • 

... "'ata- -- ......... ill t. Mll ..... pp. pntU,e. 

ftU 0ft1r ~ Ott' tile ... -.,1. ooa41"" __ 
Wlob , ... an.rfla1 ... ~ eoUe •• t...s. ~ ... 
w.l4e WI ..... 'a tbe .., ..... 1ea1 .0841" .. of ,bAt potU .. 

'91a •• ,be .,.11 of ,be ...... _tw 18ft11n the ItII"-

IIOIltIaa ... 'Ile 4eptb ,*,,0 1IIdA _iDS .... plaoe 111 ..... 

.., ,.. pNfUA to twOtUe 4tIt to ,bit .. 41tf ....... 1a 

_4nlo&r. 0_"-11" tbe u.u.atia1 -'.'iOll .. 
nt ... i_ ot ..... wten ...., ill ,he -..lou tlGI1,-_ 
IIIdIaIiDl .... alt_t,ou 18 , .......... a' ..... 1 .. ........ 

III au tile lWOfilH ,be OJIQ 41108811 follow ,be ._ 

....... 1. _tt_ooat.... sa_need p •• lt1 •• o .... 1aU .. 

,. bot .. , .... taot.1 an ....... ( ... .o.a4 aDd. .0.848). 

*"- (1m) HtabUabe4 • dlIllu poet'lYe oOlftlatloa 

(w • .0..) MtvMa ....... att_ aII4 OSC, 1a tbe fIl _ 

_ 1 __ 0. ........ tile ~ .. ua at bttanad. file 0 .. 

• 111 •• t. , .... pntu. eupJ. ..... ...ru. _~l •• nose 
,... .. , '0 40.8 ... 9.8 .0 ,,., ..,100 I. ttle biab OJ.iJ 

., tile Plltblrfll1ppa aM 0IleR& eo&1e .. tbe 1_ Q.tJ) of , .. 

~car11r ..u. .. , ... be "'ta1.INte4 to ,be bJ.P 
__ ., of olaF u4 ....... ,t. ia ,be t .... .... iM 

,.. ....... of IKttll theM -"t ... _ 1D ,be la"_. 
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It .......... ,tel , ..... .at • an tb. elM'.d _ ..... 

ana _"lou ... ,lit __ t. 1& aD4 ~ ftap8OtlYe1l' J.Wlp 

tn. 1.1 to 9.1 &D4 I.t ,. 8.8 _/too a. Menon (1915) Npone4 

faiat2I' bS.gb 'fal •• tre ...... _"1_ 1a tbe ~1 11011. of 

tattad. 'llle n.d.'. of 'Iae pr .... at_ ttal'tbe ..,.81.­
tbe ......... of tbeH OIl" .. sa tbe a1t aftene4 aoUa of 

'110 stat., vb1cb .. e Wl4 .. fncllltd ... t!:'_OIl 1»,. tbe bZ8oIc1all 

_ten ft:ooal.a~oLnt .. lanD ..... 

~.. ....rue at!1p1ea of aU tbe pnfU.. bay. a pH nnaUs 

fat. 5.1 't 6.9. A _"nit"", .... t1 .. OGl"J:elat1on 1 • 

..... .0. bet.".. ttae ptl ud ar.t1p_'. _.teat ( •• -0.'52). A 

.lm&l ..... " .... 000la"_ ... ....,U .. b" Na1r U4 :....,. 

(t911) wbU. 8'tCol",,1_ the tal, ." ..... 11011. of!t~ It. 

.ai ....... ti.,. .~t'Oft 81 .......... ,11 aD4 Oble14. 

(_ • -o.46t). 0IIt of ,be 40 ..,... ... 1 •• , lnolca41fts tbe 

ID ..,.. • ...,1 ... Of tb. pNfu. ... .u ... t9 baft a. pH 

M10w '.'. t' tan. a pU ~ Nt .... 5.' aD4 6.' aD4 ,be 

••• '1WIa 10 aap1H ba ...... pB """ '.'. !ba8 allOtd 50 pea-

... ., ...... ....,1.. IJttl41et ... tda..,., .. 1.410. file 11M 

............. at tbe _lla ..... nt.14le4 ana " -.1_ 

.... u. JItIIi.u88Cl1lt ... t_ a.alal '''' __ 0 araI 

's •• 1rSIta. , -.1 .. ret",", - 11M .,,11_tlon, '8 

ntaiftA U. appUoatlOD 1M1ft 500 _ U4 12 ftClfdlte4 11M 

appUeati01l ht:VMD btAlt toa eat .. toe. 'wel.,. -.:tp1 .. ba4 

• liM H9.W-' mae Nt ..... t ,_ aM , tou an4 1 ..... 18 

.... 5 "au. It Ie &1 .. SAt ........ ,. note ,bat tile .... .ua 
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, WbloIl ftfltlin blP 4_ ., U. r ..... 10w pH 9Ill_ to. tbail' 

.... tl .. atl'Mt ",wi .. ,lie bigll a.p .. of ftOttY8 aDd 

,"ential •• 14lt!' ,..... I.a ,.... S1ad.Ja 8014 aulpbato aa11u 

IOlla ue tOflft4 IJl tbe ,..1JIl "lta (Daaa4, 1969). ... 

, .... ...alt." 111 e1 ....... _ ~ ..u 8MD4raent. are also 

ftflUft4 ooaple4 wttll l"biaI lit 801cable l&1'e. fbtla ... of 

,_ ..n. wltll IdgIl liM hi ....... an pOHlbl.Y of tbe .. .1.4 

___ a .,.,. aJAllar t. _ of ,a. Id&blI' aoid 801111 ~ tbe 

""--... 1(e1e "11-. ............ .,. appU .. 'lm of eo181. 

1 ....... _t_lAl.. fIM 11M ."U.tl_ wlU baft to 
, 

.... 1 ..... to ,be ...... '0 ..., t_ 'Ile 4.aage to~. 

141ft1Jt.. _ .... l~ ... _ .. "'" 1eaoft1ns to HIIOYe botb 

.... 1 • ..,.,. aa4 tIM .... _ r .. Al+·· lou. fbe Inola 

til U. ... ,be _eat ., 1eeebIJtc " ... wlU ba •• to 1M .. '!ced 

oat ._ tiel. eon41tl.... .. .......... '1_ Gt tble etW\f • 

.. of ,-. ",u1ft beaV 40_ fit II ... _terial .. O'tbezta 

ntGf:N _1_ toeea 1dd.l. _ .u.. ",Un on1J' leaoblns. 

file ,-1_ .. latin« , .... 1111. ........ J'le14e 1n tbe .. 80118 

....... .01"' "' ........ aM uJlt8 blgb y18141Dg _11M ................. , .. al_. S .... tbe -aattwt. ~ alil'll'J' 

... ' .. !tlt" ... 1 .... 1_ .,..lfte, .. 11 _aag8Unt etMi" 

wiU .... t. 1te •• 4 ..... 1Idtl-lotatloaal u1a1. to 

anift _, .. 0D0Id.. IMt'tb04. of 0:4t1 ... ,,-. 

Ia or4e.r to u .... tu 4ep ... f IIdSalt,. in ,be pnfU • 

.. weU .. the allll800 -..plea. .RN1. __ tal IItta4l. .. ,... 



• I 

h. 

,. 
2. 

J. 

4. 
S. 

'-
1. .. 
9. 

to. , .. 

.....10t1laH 
• I b d I I 

OlaJ' • BSP 

en.,. • SAR 

CJlIw .. 01Xl 

OIpIdo _tt_ • 3SP 

OIpIdo _ttu x am 
OIpIdo .t'a- • SAl. 

pH • <lOa41aotln_ 

pit • Otalw14 • 

pH. Sal,.,. 
0004.'1.1., x flbJatld. 

0 .... ':'1.,. x so. 

"Sipl" ... at ';ll8ft1 

eSlaDU10aDt at ,:' 1 .. .,. 
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TI_ I 

w 

.0.'21·· 

..0.55'" 
•• +0.948 

+0 • 62·· 
.0.924·· 

...0.64'·· ..0._. 
-0.46'"' 
-0.", •• 
.0.7"·-

•• .0.58 
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___ .. OD tbe .t .. tl_ .tan. ~M eleoVloa1 OOJl4QotlYlt, 

of ,be attlNtlOb ...... fit 'M potu. -.pl •• reveal ,., ,be 

1 ... of 0.a_191.,. ... ..., b.f.ab 1a tbe nrtaoe .up1-•• ill 

,be IIIODtba of ~...... A Msa't'OIIIlt poeltl •• eOft'81atl .. 

'e ••• , .. bet .... ~,.,._ ... ...,..14. (at • .o.1ft) aD4 

• tWdla latenelatlOD 'a tCM&4 Nt .... o0a4l1OtlYlt, aD4 

.,.,.. .. e (sa • • 0.'9). IWt .. , ,be pit of , __ , .. t,_ .u.n. 6ft below 1.0, tbla lenM ~ ... atlPpGl't to ,be 91_ 

, ...... ea1 ..... oil. an 01 "bAt eblWl4~t. tne. fbe 

-ID" • ., aol ... alt ....... 1a t .... 8OU. 111 t_ 
.... - __ , ... ~ u 21'-' ._1/_ and _ low u 1.6 

... ttI.. ... , .......... 1 •• lr' low -.1 ............ 4_ ~ &bOY • 

.. • tUa1 Ullita .. ~ae4 t. ~'" ~a in tu .uU_ 

...... fI6 ~be It La W ..... _ ,. lIOto 'nat ~ '1M 

"'*"' .. u. nll4tA4 ,.. ...u. ., v,tUla an r.v1J.tg tJ:ae 

.... 1_ .,.. .. of _1.1. *"' ...... ia 8*""1'. ~ ... ,be 

,.,.. •• 01 ali.l.", ........ ill ,be IWM fLoaearoll ~'ta"1oa, 

yttll1A, we ...... '1Wl¥ of 1 .... -aaliC&4e tbU. .1ll o1tba 

..... of ,be lGlcM1l, 1ai.pa4 ... OIhwtIDClaWlll lAada. :ttle 

~. _ ....... .u._ DOlI 'Ile , 1oeI.'1 .. of tbe a1'_ 
•••• Nna1 aut..- pa" __ f. ,bit 1eYe1$ ~ 8Qlw.l. 

8dt ..... '" tile wft.0WI bWu... III ,..-al, tbOl.'G U • 

......... a __ ... in tbe, J:D. Wi .. Ie"..... In the V.rtUla. 

'fIWalappa .. P&lUldtan. Pft,fu. .. boveyo.r, ther. 1a 4\ 

...... 1 ..... 18 tbe ::0. ta:. toe ')aUt to the ":",:ana ~. 



la .... 1 .. 'S. ......... ,I» 1 ... layee bay. blgher 

ea1J.a1t, ,ball tile ...,... layee .... 111a17 1'1" of \Ate 

o ,be ....... !lOathe ., -'rib ... tCNafta tbo oalWt, 

law 1D tbe • .tao. _en bee14 •• periodical 1nWldBtlon 

,... a.t.101dDs ......,.. _tua. fbi. poae1)lUtl oa:mot 
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1te .... ded. __ tbe ..,111., n .. 01 eblRlde Is JmCMl 

, .... 4"'" ... peat. , ... ,bat of nlpbat. (Hatta •• 

t966). A ........ 'o:l1IJaMlr au ... .1lb (1965) ill ~ 

alUle IOI1a tbe4.peb ot .. oa& _t_ ,. a ~e lcaponant 

eorau11Mdl1lllut. ,. the eou .. llai', lr1 ,be Slrtao. 

___ U4 'be Mi1." OIl , ...... ..u ill ttlftl 18 also 

.,~-.. _ -0,,111 U4 Uftaa"- nat.... .)tarl88 tbe 

............ tbe _''" pntU. 1e _, .. 1:84 witb _, .. 

.... ....... l1Hb1lll wID b4t .1Il ... p1aoe. Tbe bid"" 

.1.I.JdtJ' l_da eactOGDt.... ia 'Ile ,.... bOr.t.llona bellia .. 

..... to ...... , ... aalldtr 1a tbe fNltl_t04 borlaOll8 . 

.. oapl11a17 .... ill tbe •••• _be ., also r:etOJ.'d 

.. fdow <leND tbe i_biDs prot .......... tbe O~eeq!l8Dt 

__ pestl", !Ia .,_ 01 tbla, et.... on tbe n:.aotl8t'oa 

~ tM IfOt&D4 .at- 1 .. 411 ... _.,_t1_ of tbG iptotJD4 

_. 1D •• , •• IIOIdU., _ .. , .... ___ ~ b.r 81ntciDg 

" ....... 111 t~ttrN ~ •• of at.,. 
fU .... tats._ of 8041_ ...... ,.. 19.' to 

591.' -11 1D ...... tt.ll!8tle ....... la",b tile p.ro.tl1e8 

U4 ,be ....reo • ..,lee t .... _ .... 'ion oloaGl3 pu:eUela 

, ... eoa4dt':,lt7 9&1 ... of ,be ",.~ _'=-atl. 
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atnot., lIbowiltg , .... ." tbat .. oorapounda are tbe ~.dO­

tdll8lJt .alta 1a ,be..u. !be obl0l'14. oonoentatlon 18 tataOb 

blsber tbaa the 1NlpIaa'. _.tat'_ eqaen1D8 th.e_ 

tba' IfaCl ,. t .. ..,. _flble ea1t 1a tb. eo11. lb. 

ooate' of bOth .ed1_ .... tIl_i. ........... witb deoreae-

1DI 41sta"G tftII ,... .... (_tao ... ,18 of P.rotl1. 2, 

aD4 _Ipl .. 18 ..... , 1a ,be on.>. Sw.e-niu !.til. 
(1916) ""41~ tbe ... 1ta1 tftet 8OU. cd IeDga1 ad 

__ 111_ aSa1lU .... at4ta. 1M t1a41q8 ot tbe tweHrR 

_1147 .o~, .. tbe t'ndillie ., J4801Cic81';y !1 Il. (1911). f., laY."1&a'" tbe att ... ., .. 11M_ 1DUtl81OZl OIl tbe 

soU al1D1-v dat. ot t_ sa.)M ••• p"~.ot In tbe DOI'tbeJnl· 

eoaatal u_ of il8rPt aa4 ........ ·t_ botb ill the 8011 

... pODa _tw _ all4 01 ... tile ...... 1 ..... lou present. 

'1'b.e attJRt'OIl .uaot. in tile ....... ft. an to'.m4 to 

oonta1D.2 to 16 '1M. eon .... ca. :~he gr_t_ abtmaanoe 

of !11 1e 4\1. to tbe .. 1M lDf1_. ,... tbe data OIl 

oatl. U4 anlOft oor.apoeltloa of ,_ aoU auaota " 1. m._ ,bat tb ... eol1. are of , .. wa-71rOa-lt tne wblob 

18 tile .. tal t". .MOat'" lD ,be .. "'&1 aa11ne aol1 • 

• 18 ..... al_ (Ibra.qa.... t9'11). Baet4 011 tbe anlOIl oontom, 

,be 80Ua ... ~0a4 ,. be t ... 01-00. ,,.pe. '~bt&8 tbe so11a 

of 'U ttpleal ea1iDe ar._ of hft1a Y18., 1'01d&a11, .C&lpad 

aDd OIr-.&1IWl4alcU an of tbe Ja-I,...aWO. tn •• 
:rile ,.,. ••• 1_ OODtea.' 1a ,be _t .... t1_ atJ.'aOt ..... 

tn. tao. , •• ,., u/l ill bot" tile potU. aU ... taee 
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... le.. It 1 •• ~ '0 BOt. , .... tbe .ttan'lOG 

....... of t ... -.1_ ....... of ,be Patb ....... pp_ patOtUe 

............ " bI.aIl , .. ltl •• of '- ,ald. ... lat. _1~ 

tloa tbe total potu._ ...... sa '1M aoU and tb. MOtIIlt • 

... Mat ia ,be _t_t1_ extaot, it 1 .... ,bat "' ... 

, .. ,.,. PH"'" sa '1M _, .. '1_ extaot ..... tn. 1/10 

'0 1/4Ot" ot ,_ total JC _,_ ia '1M .ila. !be..u. 

....... et ~, ..... 11 .. 1a1 ."!At ..... tau d •• UUII- , • 

• ...",. ,....-- -...us ,..~ 1I1atIa18 aa4 olAW ~ 
............ ', .......... , U ,. , ....... n .... taU1J 
..u ..."u .. wi. potues. __ ." ,be • __ 8011, of 'b. 

~....... .. .... _ ...... , ... "'tll ttl. I': ._ 

",t, at...u_...... "I., __ 'lid aMP' t. ,be 

.......,.u, "lla, aU tbe .......... i.a 100 to 2000 .. 

fit 1 ,.. ........ ta ,be aou eolat1_ a' ft.14 oapea'''. 
,taU , ..... , •• ,bat , ....... &18 to DOt "' ...... &I\J .ppU __ 

.,- of ....... , .. ru.... , ...... ppau, eoUe bow-

we ... tdft appU.tloa .,,..... 'M DR -.alGOl of tbe 

..u •• la .....-1 ............ 0 ... ,., aa4 1n ..". frl 

t_ ........ fit tbe .. 1.41" "', .. ...,. noa-. ... _ • 

.... IId .. Ural., _'.laJA wtU pnftu bela_*, .viti_ 

"'t .... .,... ,. lIOIlOIalet aa4 41__ oatlou. 

MI_ •• 
tbe ~p 'MI. .... 1a ...-1. __ ........ ",.1 &ad "., 

f. tIM pnfU ... fIP't ... __ ... 011_84 tnfa •• 1_ 

lMa"-, It ... 1»_ """eI ., ...... 111 ......... (1956) 
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tbat __ ;~ ...... 10 per oent t. tbe t1fte text:ared 

-.u.. ~ 20 Pel' ... t. ooar .. tm_..s 8011a the 

atrJOtGn 4et_tORt •• , DO 40Gbt tile .. IIOUe belDlJ pt.a441e4 

&ad4r Mila ba.,. u etr:&Otee, aD4 110 lbe ",.ot1OQ ~ 

4.1:.1 ... ,,_ of .11 .uunun 4Ne cot .-1 .. (?ev8OD 

111 

au DenuJtelu. t958). Du to oOlt4l" ... of tloootlla1:10Il 

aDd 4et1oooUlatloa d.,...l8I ... tile 801dle aa1t OOllteDta 

of tbe _t_. , .... '8 a p ... l .. .11" at o1a.r III1pat1oa. to 

1..- l.a.r.a. M4 • 'eDl..., to'll ,be toJ:mt101l of 0183 paa 

lalae. 8own_, ,be ~oa1 4IDAl.ra1. data doe8 not 

,olllt to tbe 4.,.1""11' of __ PM _on. file aA!t depine 

,be a1»W" 01 tM .,.-.t1_ .u.ot to pub 8Odl_ 1_ 

lat. tile ..... 0NP1-. , ... SA.R &D4 §P val .... a an 

1..-11.1 I'1f.II88rloalq eqal "U' tile nose- Of conoeat __ 

tlou eftOO'mten4 ltl the ..u .... _11. allCal1 so11. 

(U.S.S.I., 1954). rbe oll ..... 8Al\ U4 ZSP 'fa1tae8 ft.QIiaa to 

a .ale. of 25.0 aa4 26., •• _ ... 1a lebnU7-tWoh 1ft 

_ of the l~'lou fd ,be PoJmall. Ialpa4 ad ~w:l4atall 

eon.. bown_. ,n r ..... to ftlue nna1ntJ 'betwe_ t and. 

, b.r Jult-Aasut aa4 1T ...... 1M I_bing bJ' J.'\Wl _t_ 
ad .. ". eoueq\l8Dt 4 ...... ill MIt .. ESP 18 aD arm-.J. 

tea' ... _4 ...... ,he poea11UUv of eaobanaeable sodJ.um 

--.t11l1 ., ~ ,IW.1oa1 -taus .. .I.a _b.e _U. &i)pGU'8 

to 'e 1' ...... 



112 

1IIl!4&Bl __ , •. III.I&U-

l1A1'_ '1M ..... ..u. ..11. of N. Ia41a, tbe oouta1 

-.JI .. eou. of ,.ala M1It8 d'.'*, .1tll_ a .. cat below .. 

len1..... ,.n..u.1 ' ..... 1_ w1'" ea1t _,_ 4. to 
tJAal etten .... ,.1041_ ft .. , .. _ fit ,be al' __ , • 

.., tloN _t ..... ,be 181. ..... r..oaw.c 10 al .. oauet 

...,. be I'&la _,_ taU11l1 .lat. tile tlel'" r .. ,be 1eftla 

et .11 .. ., 'oat at ., pen" 1 ... t. ,be 1n1'l&1 

Wl.l" eta ..... , ,be ... of '1M __ pl_ to 'be or.utft 

III _ ..... l .. blllS ,bat ,. RouIbt alloat ttl t.otll n ... 
_, ...... ,lie ..... _,a NMl.ft4 lD tbe tle14 41&r1ac tile 

_11 _at U4 aonb eut __ peri.... 'be l-b1rls 

-"-' t .. 4 .... DR o~ _ ,be ZWa.olqioa1 iDt .... ,_ 

... ,be Wtial J.eft1e of .1 '''''', .... al.ao OIl tlle IU'taoe 

... iate.nal dal.,. of ,bAt eon.. Wiota 1a i:t.ara •• 4 .. 14-' 

..., tbe 1ua4 t .. ... _11 _.,.n,... Aa tu u ,be pad_ 

.... '8 • ...-...4 " _DOt ..... Ida" _11111" tapt~ 6 ...... 

....... ...,. (s-ute1a, 1914). n baa .... ~ed tbat 

,.." __ 'a .. '.1.-.,. Il'",. 1 ... 18 of .. litai" ., a 

II ................ t1M _11 ......... d " 1 .... '0 
, .... _ ... , .... ltlY. , •• 1111it7 4_1Da poll'.'I .. 

... j!.tlU.tl_~ .. (lWHoa at Dau'.ln. 1999). ,. 

, ....... _ nil ... , ...... ~ of pa4", _Ue at 'bl • 

..... .,. """* _ • ., .. ~. 1t taoW'I •• u • 

• _J.'-1 .. I. -.1_ ' .... M114. a11.':1 1 ... 1 at ... 11aa 

........ a' poUl .. 'l_ a. tet'11_'1_ ..... 18 
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4 uMtaoaI .. t • ..... 01 ......... -to1aant ftdet1.a 

aDd &bOd 5 ~_ t. '01..-nt 'tV1nlea (raJlId4ille 1911 

~. oOGdQD1oatlon). Ie ft .. of tbe otal:tlvato.rs· ~10. 

ot 8OW1Qt; eee4a in IIOtIl\M 1D ,be 1Ok1.1l aDd ..talpac1 reglou 

as alr.q rteDtloned. l' ..... 1484 to eftltate it. 

berlatloia1 aa4 "bel- elt .... ill ,_ of leaob1ng or soltlble 

.al'a. &Q4 aOidlt7. rile perlO4ioal a".!qIlea fntD V'ytl1la 

.,. ~.. wore ooUeote4 botb ~ ,tl. 1I0000de a.s weU aa 

plt. 1n betWMll tbe lIO'.ara4ll. tbe ... eoaa1 .,..t.at.l.on 111 pH 

01 tbe ., ... ". annot bet .. , .... l'IOWlda and tbe pi'te 

1. a Nt1eotiOD of tbe att. of WIelDS rao1at=-o reg1mea 

111 ,be &Ott.,. 801dlt7 ~ tbe .. '4 INlpbatc 8Oi18 of 'b ••• 

fte14e. It baa Heft obeen.a tbat then ia a [leneral 

......... in tb. pH of 'be .0" -.pl .. III tbe tIOIltbe of 

API'U to 1,.,,_. fbi. 1. ,be padocl wbo tbe _..m48 

nl .. a in r-.nW1)I"11 aft • .ab~"'e4 to 1Dteu1,.. 1eaob1n.B 

bJ' _ln wator. l'h&r1De the ooneap0D41D8 period tbe pElot 

the pl' eampl .. a1ao .............. 1Je.r0ll4 Jae. gra4ta1 

4 ....... 'iU AtICr.aet ,. ~ fbia 4eer ... 18 P0801l)1y 

... to tbe ltactbiag 4_ ., tbe an' .. .. 141t.v .troa tbe 

..... U4 'b.lZ' aoOtDJ1atiOll ill , ... pit.. 1»y0G4 i\~wn 

ilOI4"_. , ... :.aot.m4e and pit. an faUtlr Of tile __ pii t1U 

,be UIOIltb of on ... (11gIa1' .. ,.). 

~be ;,lJ. ebow8 a -.rla'loa bot, w1tb pelod aD4 1008'1on 

of the -=apIa. III g~ t. aU ,be tbl:'ee 1_'10128 tbe 

:;0. d tile 80118 4eoU. fItOII AJI'11 to Deoetlbe~aw.1U7 

(lq:.ute-2 ). fbi. d .. 11M OM be o1oeeJ, nla'.d to the 
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_bwl .. a1ataU ........ 481111 ,Ile ,..'04 Of lit.. 1 .. 

, ........... III t ..... t..u.,tr ot .be _, .. ". eat ... 

fit 'Iae ...ua ,. "'" tn,*, lftele _ be ~ &bOd .,. 

_"III ........ of .... .......u .... 1., .. ct_ .... , .... eodb .... 

... .-til .... _.... , ..... ,. __ ~ ... , ,. DeiD& doae 

at ........ .., ""_ , ... '"""'- ,.'M lat. ,tal. pal_ 
eI low .1ttd" leftla. , ... 1'etM1,. ot tile Ph-t _." ... 

ill ...... "'tb tbe ..... tl_ ., SIIaeI-~ .. 1l1l.(1916) 

t. , ...... -.,.1 .11_ .. u... '-_las ,. AI'.jAIl SlaP 

... 91 .... (t914) ............. we ." ... , .. ill Oheftt. th • 
.e./- ot.L 

al' IIcaU4 .. ua , ... ..,.....u. ..... opadIQ'a,,(t91O) 

..,_'It , .. , e..-l ....... 1 •• _1_ aalt 0 ........ 

..,. .. too ,. .............. lJrf ... 1I' relate4 , • 

..u ....... llftla. I_ tiM,,,, ., tbe ............ 1Ja 

.10_ .......... "'t' ,be nRl'. fit tb. _ ... , at"., -

..... 1 .... iat,_ ill .11.'.". Ia _ Of '1M .P01dcaU and. 

lalplc1 ........ ,It.e 1 __ of ., .. ,., an D4R .. .., bt.sta 

...... ,_ ...,pilll •• - ,... laJ:I t. ~. w_ witb 

a u.a.tla.1 _liM H ...... ..... .., at t2Oe'" -.. • 
... ,,_ ... ea4 01 'Ile ... _ ,...1oe of aow1aa - tile 

_-.. _J.aat1Dl ., ..-1. , .. ...,. ,. 1M n.leel 

........ of _. tkla ... tie ... f._ltle ..,. ft.I.e1Itc ,be 

.......u. ill I •• -.1, ___ -.IIM fIPla ...... ---

,1aa'ial , .... ill ,be ..... ... tIM "_'a i' ... 
hit .......... ,bat ,u ........ l"'., til tb ... u. ,.. ,be 

1IOtIM8 aN big.... tbaa ,bat ,.... tM pl.. 'Ul "... fld..1a 
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..... 141' 4_ to &1 ....... eOll41t' .. ., JAaoblag aa4 4I71D8 

_oat ... ., ,be alee« .. ~ ,be ,...1bl11ty ~ 4rJUl& 

........ _·t ... , ........ eltNt'ft laaolli.Ds ~bt &bout 

"'" ,be OD ... of .. .., IUIIta11 1ft JQM aDd Jr.t11'. The 

1...w Od alt. ""17 I'''. la tbe ,1'. aa4 tbe b!she :>~. 

aft ... t. tbe pit ........ A.,ut tin JMWd7 18 put1l' 

t.e to tb1. ad pUt~ 1M ,. '1M .ore pro1~.;J a~!Jm:!~,~eDN 

of , ... plt ....... tillial '"*-lab waters. As lle~uaH4 

--U_. la .... , ~l" 18 reaortttd to, it tvt.8 to ., • 

..., ..... ,. tlMt 1IOfIDd • .., ... tH plt 8L"Q.lttS ro~or~ 

.1Iel" "'w. _"teal ,....111. !be "'~lOttcm 1n A.Ot_l 

.. ."eI __ .... ,. _ .... II1tigalte4 by hBY1~ tl olHe1' 

.,..1 .. fUI4 _ ...... 18 -' 1M_ --'lned by oorsbln1.Qa 

..... ""tAn vlt" pl_1ftlt.e 4tW1ac tbe oropplll1 pet .. 

ltaeU. , ..... tMl 'JI'''-- at .. 1& .. 10 'be 1"81. of 

-.1iaSty ........ ...., 'Ill ,.104 In. JUDe to ,JetM~b~ 

.. ar.ar, ................ , ... --- ..... was deflated 

., ~ _.1111 .tat...... , ... toc eaa.n:aple in tbe 

",Ula ..... be ..,1 .. ..n .... _ the JOtb. Jttae fJbOw • 

bI.abW ..... int.r ..... ill he IIOt1M aa4 tbe pit ~l .. 

'11M tu ......... I..D tbe _"1_.... .*"1 •• 41118 -ilI&'tUDc .. t.. A eWlar obaeI .. tlon. baa beerl _4. 111 .A.ugWit an4 

Sept ... at VytUla. A el1ll1R is''''!O!'l was nGt100d 1n 

s.,t-- 1ft tb. l'atpaa ana alee. It 1. po.sUllo tbnt 
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........... " .. an _It", '1481 .,.1 .... 4_iq tu .. 
,... ... __ , ... ftoI4 ..... .tftII the .... to weat ... 

JI'ObUlr at a 1lDl ... 4'", Witb tbe ....... 1n a1W" 

,be SAR ftJ.taea al.. ae.... sa... tbie 'a bapPenlD8 fIftIIII 

,... tile ~ 3U 'fa1Me ...... _ ,. tbo .. 8011 • .lD tb. 

ee .. ]I. ___ be ., 1Mt of Utt1e ... "_ 1n Ctbaa31as tile 

~oa1 ,..opeftlea 01 ........ u... 
1be pfl, ~. 01 .. so. '-'. fjf ,_ .,atfaoe _tu. 

en eloMlJ' .. tat .. ,. , ...... 8pODdll11 pUUetes of tbe 

__ ',e ...... of 'be.u --. .. (ftatIn ,aDd 4). III 

..,.....s. tH ill ., ,be _ea •• _ten •• 1_ .low , .... of 

tile .... " ....... fit t • ..u ............... to '"" 
,bat Ialla1.' .. of , ... ..u 11M , ..... ,laM 0'1_ 
tu , ..... .., 'be ,ar1'" .... t,. _ttl talt ,., ..... 



SUMMARY 
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All iaYutiaatl __ , .. ..,ulAtCieal, , ... _1, ,... .... _ 

.-a.ea1 u4 ....................... lu41 .. _liaS,»" • .,.... of 

... or ...... we ........ '" .. _hi .. pnt11 ..... 

'w..tr , .. ..,... -_ ...... --_ -eM .lIne...... Ia 

..... tl_ t. tlWt ••••••• 1 ...... ,'_ Sa t .. allll1", 1 ... 18 _ 

........ fit .... ltt ,.. , .......... loea'l_ yill., ."... 

(Od"", ",lUa (JtfttIall) ............ u, (art ....... ) 

..... .u.a .t t.tDllIlUr ... ...ala ,... API'11 'm t. i1aftIl 

tm ta N1a"_ •• tile ...... , .. ., tile ...,.. • .at .... 

fte ..u ... 't ... , ... of we .......... ,. u4 t. _ .. 1 __ 

tit. De •• 11.1'" ltd ... 

t. AU , .. ~ .. .a .. _ lie p1aee4 ... tbe 

art. _.tala. 'M ",a.u.. Jata.&p,.. ... Obeni pntu.u 

_ .. ,.wet &a , ..... ___ ...... tM Iar ....... l:a, 

.... u.. .... II .......... , .. 'fIWalappa U4 J1all1lC11Ua 

~ _. , ......... ftdeat.. ~_ .. ,",11M .. -. 

,& ......... tile .... t ........ ,ou..., ,be t ... t .... Sa 

____ .. , ........... 1,,, .... Q_aa. ,,-••• e ... ,be 

Jut tw ... , ... u .. s.t11INlt.. , .... ..u. .... _u .. .....,.. 
- ........ tou..a.aa .. ..... ". tun ,line ..... ...., .. 

••• ..... lfap:a.taet.. ,be ,..ell .... Aq.u.o Q.nal .1 •. Id .... tile 2aft we ... _ ..... taltiO t1ftUJ, ........ 

It 
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I. If. , ..... ., ...... 1 • ...., fIW .... ,. au" 
" 

.-. tldA"" ....... 1 ...... 'entanl ..... of ,be 80ila 

........ ea • ., Idi.", ".we Uft ... Sa 4Ut._ 
lela,,,,,, 

,. 'I .... .-ltd ..... lllA .... '" lUI" .... t.61 aa4 

Ie .... tM .......... iRe ...... " ..s. •• t'.NI t.Ga ,. t.sa. 
.. , ... , ........ ,.. ..... 01 , ..... ,... ..,* 

..... Mt __ '7 ... " ,...... 'M _1_ ftl_ ... 

........ ill a .. Ie ,.. JlatIlatai,PCIe 

..,Ie ,.. , ............ 1DI"uDta12.t al_ .... bed ,be 

~"'.I_of"""""_. 
•• 'M ....... .no. •• _ ...... Nt .... 0.11 aa4 

,." ,. ....... a ...... _ tne of YU •• S_ i ..... , .. ill 

, .. tNl ......... __ a1IIOe 'M _,_ U4 _at .. 
_-. _ ........ 0.084 MIl 0.001 pet .... 

7. AU tile .. s.1II ..... tile eol1e of MbInalpp ••• 

...... _ Wuleat sa tatal ...... .... 

.. CJatIIUJt ,. , ..... 1 _ .. __ ... ,., 1& a.tal 

"1a, _eel. , ............. , .. ea101_ 18 ,Mae Ial' • 

.. 18. 
t. , ......... la .. t_ t. __ I'UIl I.a poMul. aa4 

tile & .,.. ,. 'Ile ......... lee .., ,... o.to to 0.', 
...... , ... ,otd ..a. ___ ~_ , ... ...,... •• 1M 

_ '" __ 0." ... '.0' .. _. 
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to. ad., ,be 40 ..,_ • .,lea (tbH ' _1Ia4. , 
aDI __ ... of ,_ ,"", .. ) ......... '9 .... pH .low 

'_" 11 ..... pH ............... t_, ad 6.' ... tbe ....ani • 

.... • pi wl ..... '.'. bGt 1Nlw 1.t. 

tt. It , ...... n .. ,bat ...... 10118 s-ettd.re u.. 
apJ11oa". Un. , ,_ aM _ ... .,. a .... reqdN 110 lJM 

appUeat,oa ... tile _-.. __ ...... ~ lat __ a,at. lneb 

., U. t. , ..... -.s •• d. 

12. A _pdt, ..... _'1,. •• .....sa" ....... pS ... 

• PI'. (I". -0.,.) .... .sanaI' .... '108 bet __ pIf 

au -., .. ( •• -0."1) 11M .... 0' ..... . 
t,. A ... "leUt ,..", ... .....sa,'_ ...... e1..ul_ 

...... In., fill ..... , .. , ........... (10.) _ ,be _ ..... 

... ..... .. .a1,., ....... , ......... bu ..... ..... ,.... 
t.. ,be e1Mbted """'tt., of ,be _t __ 'I • 

...... (liD.>, ill ...-1. 1Ul •• ,.. f.' ,. n'., ... eI-

...... att ..... 1a ,_ -',. of .1I.d'" ... oat ... .. _, ......... .. 
t,_ ta ._-.1, , .... , ......... 4 ..... 1a ,be 

~ ..... lft" ., , ... __ 1_ ...... (ZO.> wltla ...... 
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17. , .............. ,... ,.." ...... latl __ ••• 

eIa,r ........ , ........... JSP ... MR.ttaeot .... A 

• .ala ... elatt.. ..... "' ....... ,. _t..- &as SSP ua4 

aa. 
t.. , .. .as .... ___ ....... ., ... __ t1_ 

........... Ina fl., ,. 'M.' .... ".1 •• ",.0 W1 ...... ,"". 
tt. ..a.,. tile ~~ Nil .. au ... .,.. aou. 

.... , ...... ,.tea, too '0 2000 .. ., ,.. • .u. pel' ........ 

at Bela ..... ," ( ., ...... ,... tile __ b ,be _, ... ,_ 

....... ) , .. , __ ttl __ ... , ..", , ... ___ u, 01 .r z .... ur .... "''''" ""1Nlle tenl1t.._l-. 

.. ,a. IIdl ............... tIOIIfCNIl'l. of ,be .. 11 

' ..... ha iMi_t. , .. , , ..... ......,. -.11 .. ao1le ue of , • 

...... .. ~4 "". 

It. III ,-.1, tbe .1W., 1fte1a ia , ... W .... 

M' II .... , ....... looatl_ .......... 4 to M1ew 

.'Mal 1fte1a .... _._. ••••• ............. the 

..... 1tIMle we ......... ts.n D •••••• .,.....,. 

II. fte ....... .,._ ., ....... 'l."a tuw., .. 
... ."... ... 1 ........... , ......... u ...... al' tne wMt 

... ,. t ... .., __ Sa 11IIr-l ..... . 
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U. 'Ile pt'e 18 "'Ula ... _.e .............. iwJ, 

"",. tallDl,," 1ft91e ,.. ,."" ,. ... ....... :n.o..... tU. 

ftat ........... ,ilia, .1Ie ....... .,. • ., ......... 'u 
............. late tile "te ., __ 'Ip. 1 ... 1 • ., 

WI"'., •• tile plat .. 

..... 'M .-.&e4 ...... , .... nl'l U Nlw .-1t1081 1"-' 

at ........... 11 .. ,.Ute ....... lft..,. ltrftla lay ...... 

........ t. e\'_~ , ....... , ... ...-l ,."... tbU 

....... ttIt1 .... ,. , ... '!fIIl lIIft .... . 

ft. , ...... 1 .... , .... tile pII t4 tIM _, .. " • 

....... til , ......... tile '" ... In ..,... __ 

ftIIt-.t,_ Ia t .... , .... ,.,,,. , ..... 11 __ t1_ .... 

ill __ Idea ... , ... tal., ,.... tile ..... alpbat ... ll. .. aoua. 
... fte .... _1.." ., , ... ..,... _ten '8 t ... to -. 

MI .. ,bat fit , .... ,_1._ ........ of tlle 801le. Howl .. , 

• -'- ••• dati ............ , .... 

17. ft· ...... _1 .... 'at 'u 1 ......... elftei...., 
.. tile au __ ....... aa1r _ ~ iIlt .... ,_ 

.... t&a1 1wel8 ., .11.'" la ,,, ... 1.1 ltd &leo _ ,be 
. ; 

IS ..... at ~ ....... • t ,be ..n •• wblob ~ 't_ ... 
_ ... , ... ..,. ,_ JaM ,.. N4 eoU ,..,..., ... 
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At ......... ___ la at ...... la ..., __ 

__ 'M ."...... ___ tile .talt1.I' .... ... 

'II ..... .., ..... , .. wi. ~t ... ."..... , .... . 

...... IdJ..l ............ Itt ~ ... trial.. liIWl-__ 

IM4atl_ te , ... ,....1_ fill .111d".., ....... 1,.,. ...... 
tile ........ Of tile..... Jut ...... ...." •• tl .. 

et _It. '"~tOt. 18 al,.,. DIP. III 'flew ., 'blat " ,. 

htt_ '.'ial ... .., n .... Hl.it1e ..u ............ 

1USat'_ la allld." 8ft _ ....... ill cu.tt .... ....... 

,lie .au_., '"'~ It_lt " .. _. "''- l_"_., .. U ... . 
,..,.. .. 11.11 t. ' ..... rut _t'-l_tl..t nN&l'Otl eft ... .. 
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