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Chemistry, Mineralogy, and Taxonomy 
of Oxisols and Ultisols' 

\A.1.C. W\.KFN ,.AND, G. L'u ,\HA-

ABaS'RACT Addiioful nlex II'ord.c: Constant sinlae po,eid tiitiet,,, i)h.-(lele, .lcin (ilhignr(,, ero1 lofn n 
ULtisols arnd Oxisols of tile tropics hfrequcently Col- cl'er "l[rui a1 sol .il, l.i ca Zo n 

taint minetrals of tile C'Jnlstallt surface potential tylpe. 
The sunrface chatrge detisity of linc ra s of tIiis tyjt 
varies with and alcou.trlaiol. lilt f[(llt|'pl I salt 
mitental eltctroli'iical paaiattmel for inl.icrals o f lhe hilichna'tio of)I soils (.a11 le categoi/ecI oil ila 
this typc is ili /c) poitlo(Oil'ge. Thil /1Co I)oitlt of basis of elhtroc.alistr, itto colloids with (o9stallt 

-liagie is hi JI1 at which fli c it et ll'lace clare is slla e ucharge, or colloilds with co'(lns lt si tlact' 1)o
/Co. For Jill allncs nico e acid thaitn the /ro poinlt tillial. (:olloids,with coal t i ifctc lhaige icclude 
charge. file Sigan of file electical (la rtge is positivC, tle IatiiliIa lav ecrI sili(at.s w liili d( rive, 111l . tillat(c
Tl e Sigh l is egati e l. fill ab ove di c /(,1 0 po in t o)f clhrige hrola i()l ,t1 llti niiol il ltnice inl erior . 'lh1ev 

charge. :te h'€'(ltcni ll , al '(l ininicrals will pitltanateitl c1hi;aig. 
For soils (,ia inoing ;ts)ln.I liac ()lhids ()nis nainl p m ,cu.' llon1 1 sian pI elntial col will] sainl;li(c it.lial 

Ioids, the point falls Ietweenll .I- . well knnos'na, last taI fec.ti , ilicl is cxt('iivelv/eio ge,i.aly .hut. 
Th iero poiit of llag' is Ihigler il ()xisols Illan illo li eknwne bilicates. lotc i himltc ie cislliaa, 
Illfisols and \ i ,l(rease w ill ill ot.ci I ohi etei ll depth ,()xisols. -ist t sili ( c. ,ic h ll( d1u O llc i dla.ils 

lhe Ihcllet'iaalg (al)'.ciy of oxidhic minerals itic.icases aliimiill, ito, iilailailn,niitigiltsc undsili(oa, as 
with iincreasing fiI as piechictc I)v Illecnry. Iliplica- well as sesevtal impotnanl la'cd silhiican:thcir i(
ti011 o( l li, ]rplit' itoI inainag of soil of lile trolics attai npi c icIcl nit nialt,. KIclitit.. h;Iloysite, , iett 
is (iisctissecl. 'l ehe anijot ,lsc o 'il llop l atines ,cIil Ittn iolshatalca c i, ao l vllilele lc.(I of ad l)ti ( at ont l l 1 
1'elIlllionn is also cis(tiss f)al lt t s. .. i il/. I'h nle a ndc a iclanl inntin.i 

enall ill th)is' ;nl'g ln. l i llc,llonn l fblu m a,I.m il.o ' l 
hral ill soils also belnilgsi tIhis g allp Ilc ll, hclialeisaa 

at'ittbisavc itiltic aptiala of lbar Ilic-a if ctilifa~awaii of chtarge otigiha lot. Inilitetals of hlis i%lt is iflistalaed 
%911'.JAi. St tiaic Ic i(h ul I'tclfa 1713. ake l; Fig. I.t i i No. I)la f Iatl ill 
tiI1.iq lllillt.d .1'llita1 alI'lcglcillcllhic Ib) 1h1, h4r.l .1 

tll llelhfti silil c. li l e w e io l a oi i ili thl r' .(;2cladillnllil i all rinIoa11l1Oi .S . l l ci t i i, i i nl)(n.l re ,s wta tt s i 'lsteta rcsc{ivillist, req., l),tivec., IS C'onlt le(.d. th pn(. i~n.ll nilnnllt Soil ntnlinl a are' Ifnu)e 
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ig. I.-Oligin of suolmc halgt. It .,towitailt polelnlial colloid fcg. hIlnile ) Ihrough pll nalion ail tlrll ai oll f %IIlnI,'
hvnhlo s.
 

with (llslllltslnnlce c'harge. NIinlagellilt paranlel dielectric" Olilillit of the iecliumji,ils k is the Bolunntiman 
(levcoletd and Ibastd oil soils onltaining this grouip of (OllStilll, T is tie ablsolute tellperalure, and ip,. is the 
minuerals apply hiroigholit the world, includling the suriulace pointial. 
tropis, wlien the Itii 1sturN of lie soil ,minerals are ol For low sturlace potentials (i,, << 25miV) ectliat io 
file (-OIISllllt (CIaige tNpe. I reduces to 

IIwe sitd tlu. ()xOsols and Lltisols ofltie Iropics K ,
 
5' ,isco\ve5 iiiliciratol tihe oilsiant sulface poe. r-1(2)
Ih:al s 


tetlli.,l tNIt ae ci( itC (011111101 alitl oltI, the oIIl' type 
lpres ill iII i soil. IlI1i(t 11w oxict hioizln, lby dclilli- where K isthe reciprocal of iIt doli,,i layer thickness 
Iioll, (ialitionl (cli1;!ill ]i g' c tiaililie o1 (lay with ind is a flliction of, elc'ctnoIt. colitelnlriatiol. For 
]ieialniitnll charge. Iol ihis i aisol ( )xisols geiterally bIne'ily ;iiieas, ol discussion, itiiuloi 2 will be used. 
;nrT 10ill11(1Ol IeIIIi1iiis 0I Old geologic Sol las. h\ln Illolistallt sullalcc (harge s,,stlls, such ilsVcrllli(
licnock Ionlains easil wcalietlable itiicralls as il l lit cr n , In uilt sns,,ldecl i,,a,, ilctleitl 
bisas tand tultr-Ibasi( ignous io( k. ()xisols m ,, lorii sol litiol. il(e.i'i ig ti. suilt(oiicetitraI liOnl (atll the're
relatiwl\ uni(kn. U'Itisols which .ii- ,issociatecl with lore. K),will result ii a rev(lii)t ill sulace polential 
)xisols ge.ineall oil steeper slopes and IIe- I.' becIause ,, is ia (Otstaill. Ott ihe ollitIr hanid, the1 ott 

qlteith ()I Iclialilli. Scalps. U'limi;ls at lhereore sIie' (iailge illsaill (oicenltratiol, will lestill illa 
" oillil ,lloill tlit ill(Ollstalit sysyot Vlllid nlol. tinials ol pel- cdhalge illsinilnce claig ,,, lpotelntilI 

Ini lenil cih:tige' \l1 . Ill ..o ti' ill'slil(Cs. lo,,el\ asso- twils. Fo so ie (o llst it s,.ilace Ip leillial colloids, IP,, 
ciated ()xi-ol, l'lisols, and eve , Allisols ale iliner- call b v licld (Ollstllit b % nai ning pl I coiistItIII. For 
alogi(ally iildisil giishIable. ieseColloids, i1, is ruicited to tlie hydrogen ion con-

F Ililpsc o piic it islielp- eiiltr;aliol Iln'oigli lle expressiollpl hg Soil beluh\iioi 
Ill I(o si. al ililic' ,l i t( IlilegiotI)s discussed 
allire.Soil Imiiilag'niiil ialiciiettls developed RT Fl. 

tihlough ',su Xlj)ciicI( ole of', In (-3).,,Ii and oil roll F 11 
Iuiiulil soils do niot n cssiarilv atpply 10 the other. ( 
,Most soils (onliaiii a lilixtiic of coistnlilt t1illge and wlere Itisthe gas colsllnt, T isthe absolute tellipera
(ollstall pl tIli;,l (lloids. Tlhes soils (anl be ad.'- tie, F is the Faraday constant, I ' is the h)dhrogeni ion 
(hinleltl nii:,ntagecd b\ n ol (Iuli(eiltritiOn, and IH',, is ('Olcelitrab iucli(atiol ofpa,,nlicti,,s b)asecl Ile hydrogen ion 
oil either griolup. Seuioiis dihicilics aris wilteu ex- lion at which ,ji,,0. 
pienicbt. Iased oil (lit gicoup is cxirl.l)ol;ilcl to soils Equation 2 and 3 can be (ombl)ined to give 
contillilg ui ials whil arc 1iccloiulinl;,utly of tihe
 
olh1( l\l1c. ,hII,, of ilc plili,,s ciincoIiiterecd in KE 11" i-1 K .
 

* F - 1)c il llitpclice. There lI (0.059) (ZPGI 

is a ticed to e\xamieli soils aid soil iil iils for which (I 
well-cstablislicd ,nilligellielt pric s do iit apply. I is the' p)l at the zei'o point of charge 

lhe separalion of mlui'iirls inlo colislallt surface where log i i ii 
chalrge aid ccnstanllt sllI e llctlliil I\'lpeegiis with (Z/C(:). lqlltion I shows tile relationshiip between ci

trol)ical ,igri( 1111niu1l reultllofis 'rI 

ile'(Gonl ];l\ e ti onii. . a pitiy alnd wvhic~h\-Cha plniml dnilll elr dioll exc'hallg (,r,,) Ipll. C olloids 

lnl lIe les ribecd elecloclieiliically by equation 4 are( 2nkT z",t/ I 'coiniily al cd colloidls wiih hIIdepencletit cliairge.,(o1 sinhl (1)
70 2KT The ehectcii'ch, ii ) of Oxisols aincliany lltisols 

of tilet'roics is Illorc aclcllately tlescribecl by eltial. 
'Nliele ,r,, is tile stlllaiug c.harlge delisily, II is the collceni- lioll .Ithall by isstiiling colnstlncy of ,,illeclatioli 1. 
1i.,ion of tihe equilibrilni solllionis in illiiber of ions There alt hree sittiatioils of eclatollin I which are of 

*,. is t alel'ice of the collUiter ion, E istie interest.rill', / th, 
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The first involves the(case ]1- ' ' or (ZIC-pH). 
Wheji this lniqlle sillintioi is Incl, i,,, - 0. Many fine 
textured ()xisols, Ullisols, and(_e'Vell ,\fisols, hIve low 
cation exclange (apail tics. Tiis simply ilieals that the 
pl-I at which (:EC was dclle ,l not far ifiomfcd was 
the zuro Poin t ciarge. Fltlion I altireo I.also ;sstlls IIs 

low (: l( is ln t nc(cssi iil ' a p)ci ili l l cit 
that a1 
of soils wilI (oiislail slla('ec ]u[eiltlial (olloids, 

The stotild sililtiol aris(. illsoils wlen II' > II, 
or ZI'C > this sillation strlaue charge isIl I. Ill tilte 

positive andI ilie soil has a liial ii'e (alion ex(hange 
(apicit or alionl cX(hianig (apa(ily. Tlis situation: 
mnorc Ilcujieltilv (M(iis illitlsuhsoil. Il this siluation 
the soil Il I iti(asut(l illXV K(CI is higher thanl the pil

i
illa wate sutsleS ioii.n.IIsil-eIIe 
The last sillialioni invol'es ile (as', I1"I< II', or 

Z]l(; < pI I. This is inorinallJ\ lit' (tse for mostl surface 
soils. Ill ilis silialion a s"oil Imatrill possesses Iet. 
IlIegaiv cliaige th I KCI will IIlnle(] rl Ip illX be 

amid lialltile p I illw;IhT. IllIlliossullam e soils, soil 
soliilio lPII is oni lic alkalioc sid o Ili,' ZPC. so that 
the soil is a ":Ou C-x( hu(I'sug 

Tile three (lass ale gra)li(call illustrated in Fig. 
2. IliFig. 2. r,, is plotted as luuilcioll of pIl for a low 
((:,)and high ( c.I(ettoltct conicitllratioll. The 
slopes ol ite r,, - II1 (Iurves eu(ulue steeptr with in-
(creasi ng elemtrol eitcc(nlruaniot. Tht point of inter-
sc(tioli orresp'oinds to ilic Zl'( on ille iJ1I axis and 
netl /ro ichlarg oil te ', axis. For an intliflrent dec(-
irolsie stih as KCI or NCI, all (tnes will iliurse, I It 
a single point. 

'ie chllpiiin llI wilh ch'lange ill salt cOiIclll'I-

litll (m oto iie v sli ;I'i'i . a) 


Iloga," ihiciisolllion 

at i;t, ofof (ulitiltit for a pal-tlue ,,,, i well-defin('l 
licilar clectlrolyt.. p is tlie Fsi-M.\Iarkov (ot'licit 
(] '(JetlsiiWI~ianti lkl(iii;,. 1971) and is I nIIativt 
(Iuanlity whcn Ile olloid isnegatively cht;irged. zero 
itthe pint of /ero charge.tI posilive wheln tile col-
hbid potssesscs nicl positive c'harge. 

It is I (OilliOlloit'it'ti ) IIIleasti'(e soil ph- in 
,VKCI (p'ieu) ant ahgin illwater (Ipl1.'). The dif-
Icience l)etwetei the JhI valucs 

i 1 I )1Ili,., -- PI I .. 

can agaii take o negative, zero or positive quantities 

C? CI 

w 
( / 4 

w 0 
U 

ILL 
+ 

cf 
Cl C" 

4 

lig 2.-mtorelliilj 
PH 

htillt'Ii S(lll01ii'ira'...i;Iflilt'l 

tialioi (C..,lit ccii i Iji Il I m-liI ik 

il ar( Iit, t'-lliill4 ill,. \hellM itnlia cI tw 
%%tull illi I niig ll ( 2tlllli'l;llmi > 

ot. On'il i,n;itik.
 

((ricsluoiling to the sign of ll liti 
(olloid. 

i l it h It and 

..I ,Ihsilie li ill 

C') IIll- %cti'st. i, 

(lrge oilthe' 

Tablh I Irt0\ides phII lle.s Ioni Ili I I llii aind 
Nipt soils. li boIh soils Ilht' pII alI"s h.gin will, 
posii c sljes subsoil alnd gi llge IlillIllt' dohki lh 
mo101en!egalie \alls with i( Ieasill", Illoimil\ io Ilit 
suilatc. Itil'tinlk ilie ..IlI \altis ilie icII'Ict 

when Ihe soil is al. id. This silluesIs ilic /l, poinlt... hIu 
oh c of is lwel illstlit(c Iltlilua1ge the soil (ollid 

/oits illn illlheil-,susil. This shiilt ill/ 1 iti lowcl 
phl-I ihu stl;o(' dc ioAltics ill hliilons is p"oliall 

l orfig;ili Iluiltil. Iltct lli ( iaiilr 
iIal'also (olill'ihili to [llisshill ill N ,.. 

I.abtouiory jittt'ilhli('iiit liiiiilill (ti 's oif a 
plll'iowdercd slut'l i s il siiictlirol oxide Ilouu ,tit' s 
illFig. :. "lhc initcrals idthiiiieitd illth1,sattiple wit' 
gohi ealite Ii t thoI tud to ohlain itich litialile.'. illei 
dtlta was cscnliall\ Ihatl hs,ild Ihs\;IllRaij alIl 
h'eclh (1972). [li( i c di lleet ls Ill that this 
siuil)le aind(l otlhtis shiwi latel wel not stuhictl(d to 
acid washing. Serial tilialiou with muid OII(:1) or bast 
(Naol I) was nade onl aiu-tIuict slmpiults with no other 

g was'lltll. ihe stippo lli t't 'ink te (:;Ii(prN:a(1tl or Na.;S(),. 

Uinlike the linear relatio nship bctwce n,, ad )ll 

~lI(GIII,I-
MI\I .F I.--zL l %,.I).h %\ ll 'llltF1 I 'rom %I.(:Itl %R ,(.1 Illll ( M91€t ill I Il 

II(x) SIltls,.
tiI\to\) .%mNl 11-1 (Ac oi:R¢ 

°
 Nipc
Ihtlli .41101 Dcpilh ill (bgal it Jill I 1112.41,, lIepilh in (hrgalt ll.i p l K.I 
i'l (allh.iol:inrhlcs car-bon % 


..3 5.1 -0.0.13 2.87 -1.5,1 .1.98 -0.41 (itt1 6.0t 
-0.111-18
13-23 1.91 5.07 5.27 -0.20 t 2.09 .A 5.0 

5.0 - -13.318.28 I.33 1.7
23-30 1.31 5.28 5.23 , 0.05 

5.22 5.00 0.22 28-18 1.86i 5.7 .2 0.531)-.I 0.99 
38--I 0.72 6.1 5.1 0.16 
•18-62 11.56 6i.t 5.7 0.7 
62.70 i.t 6,7 5.8 0.9 

Piomh"Sontrce: Soil Survey Invesligatll Report No. 12, SCS. USDA illcoupciat %iiit Ri. Agr.t'xpl. St 

http:charge.tI
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pH 
lit f- rushl iniu 

twiu ulicttlitllic (oilcellt;1 and eqlilibrium p1H. 
tig. 'I.- Nt-o rltde thage oxide sheet asa 

t 33lill 

p'edi(led bv cuptation .1,[ie curves are noti-liuear. 
The tnotn-lilictr relilioshiip is clearly )redicted Iby 
"q11ltiont I. lquation 1 applies ilItile p I range ver) 

,'wartile ZI(:, say 0.5 p1 units oil either side of the 
ZPC, whtere lic relationshiip I)tcween (,, auhd pll cal 
be presumied eI) aud Peech (1972)t) liuear. VaniRaij 
however, have shown that even equation I did not 
adcqutl l desetile thcir exlirilietlItal data, but oih-
laime'd good agreettett hetwetl experimnl(:Il and 

(olll)ltt(d siltrlace clrge wheu Ihc Stern lodificalion 
of e(jlttltiotn I was used. 

The ttced to invoke the Stern iodel, and tile 
marked deviatio otCxlprittcnal data frotn those 
pr(tlic(dIh\ lilt(;oly-(:hllit c(jaliolli suggests
that conIstall sturlace polcitlil (olloiIs have elec(ro-
ch:nliciicl pr)Crties (uite dillerelit Iroin those of the 
layered silicaics. This is esp)c(ially Irue whl CaCI., or 
Na..SO, is iised is the su)lporting electrolytc instead of 
NaCI. It Fig. 2 we iote : change illthe shapes of the 
curves, and illadditiot, a shift in the /ero points of 

to lower and higher values whel calcium and
sulfate salts are used. 

Theory predicts (Brecttwsnta and Lykleia, 1971) 
that in the absence of specific ion adsorption the 
change in pHllwith each ten-fold increase ill salt ac
tivity is greater in ;tl)solute valu e on the alkaline side 
of the ZPC for NaCI than for CaCl. Similarly, for a 
given 'T,,on the acid side of the ZPC, the change ili 
pIROshold be grear with NaCl than with Na,,SO,.
Te I'a.' ill
that [Ile change (.ll CaCI,isgret illi 

;oad N;.S(, isevidence hor atlsorption
speciic otcal

usin that tileand sullale ions. Inaddition tile ho 
ZlC has a lridy lower higher viicsshiltd to and 
with CiCI.,i nd N.,.(, at tlie lowest (0.001 N) elc-iIrOjl. (.Oll(,Cllll()l liugg(:sls thlat sp:cific"adsorption 

oh ions (occis at Very low olta tions,anid here
caobe importauli ill aiols.soil sol 


or,,
F/- iH Purvs afor several Soils are presntedcl
 
Fig..I-7. The lalii soil is ;I(iyrsihnp and is oxidic

ill mnurilopy, (ihe M\olokai is ;ITorox anud kaolinie, 
the IPaloa, isal"lrolpohlllult ,ll,,hals .il ixed mill

of gibbsi le,kaolini le, anatlase, and ;imnixture 
of iroln oxidc-s pils ;aloill 10 perc(:nl mica ill tile clay
frhaction. T'I FHilo soil is .1 flydraindel)I and is d(:sig

tlixotropic in lieu of nineralogv. It is a nlixture 
of gibbsite, organic inllatcr and aiorphlous hydratedoxides. 

The foregoing discussion and laloratory data ex

plalins several field ol)seCrv ltions which are not ade
qua tely explaincd Ib tile constant surface chargeIory. ihese obserx'a tions include the inordinate 

Inloutits of liuie ncedcd to raise pI in soils with 
virtually / ro catioon exchangec apacity ,and tile illcreased catioll relntioll whtlil sullate or phosphate 

lertilimers are applicd to soils. These (leviations from 
expctedl behavior occur. when t heory and experienice 
based on soils containing piernticilt charge mineral, 
are applied to soils whose iineral comp o sition ispre-
IotnitiauItlv oi tle constant surlace iotctitial type. 
The experinentatl r,, -- pl-I clrves clearly show 

that theiltflering capacity (tile steepness o the ,,,
pl-I curves) increases with ilutlasing calcitinl ion con
ceitra ill. ,\fot ipoIilltat the cltves ate silper fot 
calcitlill tlhill odillill salts and becomie sleeper with 
increasitg11 . "1i'issuggests ti Ca(Oi). or aO, 
isnot a partiilrly (-flicienl chenical lor increasing 

soil solLutiolt pl I of consllant potcntial colloids. Tite 
nced to luse the Stcril-dotlle layer equation (vai Raij 
and lech, 1972) also suggests tal Illost of the couilter 
io charge resides illIt'ecoimact or Stern layer aI few 
ingstroms [tomn the colloid surlface, and only a small 
fraction of tle total charge is itlthie( diltl se layer. Ill 
a seltse, tilelectlive charge (tIle chage ititie (liffttse 
layer or total charge ilitnus (hatrge itlcotmpact layer) 
Itecessaty for retetntion of' other cations, and soil dis
persion isvtry smnall. For Iis reasou some oxi(lic soils 
disperse wilh gret dillictultv even at high pll's, and 
possess excellent ihysical pr;prlics in tie field. There 
is also a1slggestiothll hatthe calciutlii ions in the Stern 
layer are hehl wilh solne aftllity, and teV:not conll
lletly removed withI single (ttx(ctioti with tieultral 
salt or A'NII I1OAc it ii1 7. 

The small change in pI I tipott addition of a large 
(qualntity of hitlte to a soil with low cation exchange 
(aitiy, atd tle iliility to account for calcitut ill 
rea(lily excltgeal)l fort has solnetimes been at
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tihuited to Ilcltiiig losses. This oIhse'rv'tionl cain also 
he e:xphaiiied hy high c~hi=n'ge (levelol)ttlet anod strong 
rcteiltioll ol ca;lcimn iols 111o0n al))lica=tioII (If liuc. 
Intlcrestini .'11(1 itstltl reseoti'.hi J)05ihilities exist iii 
this area~ is there_ are itistilitietnt fielhl an~d haliorator 
dauta to cai;=ly stlilpOrt eithe'r vie:w. 

11" wC: ilgitinl e\:×ltine tlte: ,, - - ll (III'(X' in Figtre 
3 to 7, WIJ Iletha a.lt tile I ) s C11'. ier:" the fI)(; 
iI~tlJl'.( wvithi Na(]], thte €'olloi(I is l'eHh('(l lostivel']y 
€h; trg,(I ill the prese,.;n(e ()i sutllt ins. This iii€lici;tes 
thnat stnlfate iotns, like alHciit ions oii the (I))]Osit(e 
side(. of tIte ZI 1(C, ale(. elimic' t gc~elars of .sttrtf;we 
('harge . Sitcitlt( ;liti(oti o1f Na (), increaises ])ositive( 
('h1Irge, onle wotiltl expetI~ the (itmti() tnt~lio)l tO I)eJ 
rC(htttetl. Ini f';oi', Ih(e reve'(rse. e_,lct is olI:,CI'VC€. 

Ayre(s a;icl Ihlagihiara (1953!) shlowe(l thatl addhition 
of (N I-I ). () to anllydrn';dept (sue Fig. (I f'ot o, -
p)H c'urves) neclteh.I IpOtassiwnn losse:s (htte to lehtclhitlg. 
JThis appaictn'nl incOli~istetnc'y has Ile(ti clarlifiet(i by' 
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B~[tLWsni~A,.lhtzCeltlVilt.. I ';3. .\dso pi 1011 ol 10115 
oil Ih_'ntiatite. Ilih.l). "lhe's..\giiitlt tti;i liv'rsity, 
\%A='ageiniiig'ui Tlhe' Netlhcilatil) 11111Ihieeiiwsniiit and 
I A'khvnta (1I1)T). 11h).shic w ill I lie wornk with hienit;
1lieu (e l.' 2 ()) Ihat. whihl ,,pei lit :nu,,,t p1i) oilofsoIfat 
ions results iinn shu ~lti ih .p(: 1( hiiht~ I1 I, and( 
lteiclothir d the, i)l)Si ( hiarg. (dli I lit ('olhmidIin(';c.e . 
r(_'Jttiv' ( tnh I II l Ic( /.P(: ohit;itt'e with Na1(I, 
,,ti.petui;H. ,ltkiio suahte' ilsr It'stlts iiieqiisleI ohI 
(chi~trge teversa l. In ,,11{)1, Ihlie iieg,;I i ye (hialge ill Ih 
compnlayer;1(! e(.e dtu Ii( vc Inhe I chlig'((ll tile 
()idh' sol e(.' so{ that! ite c()otiit'f jul15, ill Ih( lie llhihiis 
laye(.r ilt(_ dattllis. 

Pihdrl)ilaht is e(hiu' yei Ihan sunlfate ione:ventle 'l 
for Iicttras.ili ca. 1(11Otrtl (11i()llacl;Hil t foxiclic 
tuiateiials. Iat,iitiilliiitoh, (If so)nhi.cI phosp~hate inr 
(In'{1nsc5 (h ioIt tdtlt ni(It hI) ;il,(ttt 0.8 hit ijer 101) 
grains o1 soil ( .\hek;itm au(I I Jeltara, 1!972_). tlhe' grea;tern 
plalin Iesl,,ItOlt,( to) (:;tSi( ) Ih lln ho (;a( (){ oh~servecI in 

http:so)nhi.cI
http:reseoti'.hi
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Fig. :5.-Net elt'utric 11lorrox) cqloililr'iuI plI.(harge oI Mohokili stirhace Soil 

f;I)a;ll| (b));s a fut l oll( i f ('IIHI',I1'l lll't[IStsosol 	 ('t loJm ( io((andl 

sole 	 liing CX)Criments is ill part titleto the adsorp. or lICgative. \Vhlen tihelet charge is zero, tile soil or 
lion of silicate ions oil the oxide suilace and the re- material is said to b.at its zero point of charge. For 
sllant inl(rCascd cation retention. most soils conitaiining minerals of tle const. it surface 

potential type, t 'lpII at tile zero point of charge 
ranges froim p41 3.5 to 5.0. The p1I at the zero point

SUi ,-NI AND (()N(IUS of charge gec'rally dc(reass wilh illcieasing organicA1' IONS 
ItTnlike soils of the' temperate regions which con- mailer (ollntent, and thcrelore, th(e /c() Points of 

'ill clay minerals of the. constant surface charge c harg, geiiralls' iycrease witi icreasing sil depth.lil%of 	 the, tropis. p~artlicularly ' the O)xisois andIti- Lime a)plicaioil iilre(;tss lictoik, (oill li 	 ilegativc charge byincrals wliilh are liredOimiaitly of the' (luepoloilatioii oI surlace hidhoxls. Oxides call (c
(oi slalill potential lhis latter gro lji- c'lI ery high sillrgi(e chargey sities, r d acsllrfI'ace tye. o arIn his
*hides 	 tile kaolin miu; i llals,ii, the (2~stilinie, o " the large qity of lime, r'eqlui, ed to 
.,iioi 	 i-ryslallii, oxides aid hdroizs oxi(des of sili. change soil p1I ill oxidic soils with virtually zero 

on anti Iiltel. i('ItV..011. il ll alillin oll, and . irgalli" Fo1 cltli (a llex laligt (a) 

I It(' ilatrials, Iydroge.i ,and hl)dloxvl ions arce' Negai' (harge dtisil) (al also be illsurlac 

J,l, ltial t(lele iii 1g 011%. "lhe sigh and Ia;gililI tid ( ILs(dI)v shill ngIIii /t'l'io poillis of ciharge to lowel 

t' 	 o)il iiiiiirls of ile( tOIsIM;Ilihi sII;I'e ('hclal'g 'Chrge:lnci 	 Pilv'alueis. This (all be ;l(coimplisled ill tie field byof il o ltditioln 
,,1I, . potet ialgo 	

of orgailic mattr, )hoshlate fertilizers ortlie 1ar clllaolI by)Soil solil.;oil 1)1l. The Sign of th, char'gcall Ibe positiv, Ze'ro, sili'at, alilild llts. 
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1ng. 7.-N cl u it l i soili 1 i nlnaig :Iaralo ( rIpolmntil) as[ 
a fotli o ll (i letloi it oitll~c lljlli ald cqIiililriion p1-I. 


