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'r'he *¡eÍ'ber wís'¡es tc express hic appreeratí*:r toe

$r' E"J" Íioper, ;\sgoeåate Fr*fessor, Departnent af Ëioi.l seåeneeu

iÌnåversi{;;r of }'{'a:råtoba, u:rd.er s+}rsse Ínmed.íatc su¡rez.rrision ç¡ie
investigatåon was condueted. s {*r valu¿¡,b}e surggestíons sn experinental
methedse and for helpful eríticísm of t}:e pan¡.:..ssy.i,pt,

iì¡'. R'Á' fïed'}i-ne ib*fessov and. llead. of flre ilepar,er¡ent,*"fl $oil-
Ícienùe, Lînivereity of -Ûiänítclbau and. lJru ü. GesËeru Assoeiate Frofess*ru
fihemísùr¡' Dep.*rtmezrt, T-håvereity af .triair-L,ooba, for .bheir serrring cn gre

çornn:i.t*ee 
"

yaslr Far Kalr"a, trad_r;¿te iitud.enÈ, for his aid ín the greenl.ouse

*:¡peråments eond.ueted.,

iff wifeu r'i'rud.í, " fsr Ðncoufe#ene¡rt rluring $ì_y eou:"ee of
stu,ååeffi.



á.¡iÍi1¡ùr,Ü'J

$ioins soils ücüu:ring in i,Íav¿åtsba eo¡:.taín ¿!,fr!r'ecis.ble qr.mrrtítíes

of nÉgtresíuirr ae exchangeable magnesåurr or ín àhe forie of dolouit*,

fn ovcler to study the effeet of ruag:resir¿a en the reaction prod.uct* cf

orLhophonpirate, scfL$ varying in calcíum and. rnagnesium content ç¡ere

eelected end the ve,açt"íon prod.uets of add-ed. nhosphate d.eterrulned.,

"ådctition of granular 1iÌ12F04 (pe}let) resulteð in ttre formaiion of

dicalcitlrn phoephete d.i}ry*drate in the sells wirich vrere pred.onå.reantþ'

*alej-un satur¡¿ted. îhe phosphorus passing intc soletåon preeipitated.

as dicalciun phoephate ttihyctrete and. ss dåmagnesiurl pirosphate tril4rdrate

in tÏ¡e scila havíng a water soluble salcium to magneoiu¡n ratj"o of

*pproxiirateþ I.5 or lessn

ileaetion of tt¡o d.olomític sc¡i1s r¡ith saturated- sotrutions of

i{I{2P0¡ro tr2lffúåc, i'l4t,ri2!ü4 ana (Xrlr*)eüF{Jq reeultecl in the fornation of

dicalciu:n phospha'ce d.iiryd.rate an<l d.inagnesium phosphate 'briþd.rate iaíth

èhe asid camiers and oetacaleium phosphate triiryd-r;lte a¡rd. trir;aagnesiun

phosphate tetraÌ:;idrate with the alkaline carriere " /rdditåon of the

orthophospiratee ae a pellet to a soil with a water eoluble calcl¡:m to

ungnesium ratio of 0 "?0 resulted in the fsrsation of dirzagnesiu$r phoephate

trihyd.rate in all" instar¡.ces excer¡t iaith Ì{I{4H*F04 where dicalcíuin phosphate

úíþ-drate r,¿¿rs for*ied as wellu The orthophoønh&tee !¡ere preeipÍ'cated.,as

dícaleium phosphate clíl:yeirate and dirnagnesium phospha.te trillydrate in

a soi.l r,¡ith a 1,,¡ater solsble caleiun to magnesiu:r¿ ratío of appr.oxinrately

2.a,

lineç:esiun phosgri-uete trifuvdrate, uprn res,otion i¿¡itir a soi.J-

*ontainírig large ¡lnorin'bs of a:agnesium øas found t,o d.issolve incongruently



L*aving a reli&ü* rif Lü-nngneei.r¿¡t phospi:ate tv;ent'y*t"rt* i:yd-rate'

Ui:e soi-lrbilities *f clícal"*i-ua pirosphate d.ihyd.ya."ûe, c.in:.¿g:.eniu.m

phosphate -Lrili¡rd:'aieu Lrinagn"eniun phcsirita'rç "b'r¡entg*1;æ* Ïgr+rate and

anhyd.r*ur: -i;ri-rra¿3neeår-im phcsphe,'ce ç¿ere dæbern:"ned." '¿*be eCIns'iiant d.eri"red.

f*y the equatåon, (ptlipCa) - {pri2?04rr;::ta} s v'ts f*u:rd" to he t,5?. f sr

d.åcalcium phosphate d.ii:;yú::a'Le zt ?.fuL d.eg" ü" The scnetant rterived. for

the eque,tionu (ptr*¿pr'4) - p=*7?O4,é;pl'b), rsaø f,ouncl tCI be 1,82 fcs

d.irriagrrlesilær ¡rhoephate tråþd.a-ateu :i'ire hyårated" trinagStesiurn pì:oepha-be

"p¡as found *a be considerab.Ly lesø selr¡.bLe than d-ical-ciu;r lrhospi-urte

d"åi:yd-rate ûr dlrÉ.gnesllln piaosphate triSyclra'ee. 'fh* cons*ant d*rivçd. fsr

the ec,r:,*ti"orre Z{pH-¿ptQ) - (Urç;'04+spi'igi e t,ras fcx:v¿el 'eo l:e I -3L fo:: 'Lhe

hyd.rat*d trånragnesåun pitoepÌrate and 8"55 fsr the ar:þd.rous f,orrir. A<3-dítior:

of ÇaÇ3-20 1':6üLp lffi, taf*O4r l,k'fit4ø r*tacl K¿S04 inereased the s*1u-¡ri}í'üy

of diealeiure pho*phate d.iliy8"v*te" Såar-tlar- te'endr¡ v¡e::e e'irserv"ect -v¡]re:r -bho

sel*e r,reve ad.ðed. te d"iü¿gneeiwr phos¡rhate tråhgårate trutl¿ tÌ:e ex*eptåon

of, à?ie calei.un sal"ts ."+here a d.eerease im plterspha.t'e s*Ï'eibåLi{y accu,rree-

at higli sal"t so:re entrat.i.crzç "

flie r¡*hnbi-i.åty of phcnphoÍ^r.¡s re*rååned- be'i;ween *üh¿i* of Cicalcir.rn

ph*eph-ate d-ihyd-rate and. d.åraagtiesir¿r¡r phospiiate trihyd.rate fcr sûlls 'tveateC-

r*ith varyån6; em*ru:te of "t{,iIZEüU, Sinile,ll rasi"r.lt,f r¿ere c¡bt¿iineå in}:en Èi:e

ecils nere equå}íhraied, wÍth a ûnû3 lrí rt3PCI¿{. salutien c;r r¡ith t''Ft¿+"

The solu?¡ility of the ¿¿l.äed ph*ephate r.'as 6reater in "ibh* soål-s eon'b*ir:,in.g

Large a:aou:;t* of, magnesåir"ci tL'.ian in *?re soiLs ccn'aaiiling Læ,rge anou¡r'c* cf

u3¿?¿ær 6



T,Il¿p:esiu,rir saiurated nontna::ill.c>ni'tJ* cLa;r ?:eld Ë}:cenha'çe nore

tightJ;,' than ç1 id a cafcitiç sã"tu.îp"ted clå*v" fi'¡.e ¿¡.d.so]:ptlon rn¿¿sí-*i:¡i of,

the caleirm ee'curated clay v;ee higher th¡¿n that of the nagnesiulil s¿turel,ted.

cl.¿¿y" fhe scl"uliilÍt;' of phn,sgrh¿r'be adcled to the cl"i:.ys Has .fourd to

increase as the rate of pLrosphete added. Has incre&sed. " Àt low yates

of aåded pirosphaiee a phosphs.fre on çoí1 adsorptit:n resctí,ln i".¡e."s operative,

u'hile at hígh levels of ad.uec! phosp'rr;r.be .a pr€oig)ítatior: re*.ction was

eviúenced "

Þicalciu¡:r phosphete diilvdrate a.nd d.imagnesiun phoopbate

trlþdrate Þr€re fou:rd ta be about aelrr:llly effective in suppJ-;,'ipg

gro'øing plants idÈh phosnhorue on phosphate d.efieient soiJ-s. Íhe

growing plants obtained. sli¡¡htþ less phosphorus fron addecl d.ic¿leíun

nhosphate d.åhydrate and. dimeðnesium pliospl'rate trÍiçr"drate than fron

!GïäFC¿, 
"

A large proportion of phospha,te adrLed- to soíls $ae extrr:cted"

I'ìH¿,.C1 or idaHt0^ indÍaa.ting that phoepÏ:ate acldecL to Ï.ianitoÌ:a s*å}e')
fj-xed. fnirlåa"L1y in rearlí}y eolul:}e cr:rcporurde,

i:;r
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saturated- n¡oniraorillgnite " " ø ø o o ø ô 6 o o È o o " " g0

25. scluÌ¡ilityof ad.d.eúplioaphcrusin^[nedasoir q @ o o o ê .,gj
26' solubiLityofphosphorusinEalmoratrsoil Þ o á a o o " "g4
W, Solu'bility cf residiråÏ phos¡:Lrorw ín a calciun and. a

negnesiaarsaturated.montu:orillonite 6 Þ o o o o ê o o s "gg
?'ð, Solubílity of resid_ual pi:osphoru.s Ín Aneda soil" e e o o , , gg

29 ' solubili.ty of resid.ue"l phosptrorus ín Ealncral r ,sor_l " " , ,ltû
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'fire meclnnisuis by tibieh soils holcl phospha"te are not clearly

u¡d"er"stood. Tn acicl soils i¡"on and. alurclmrm are considered, the

doninant cations which hoi-ri phosphateu rn eoils contai-ning large

amormts of calcium carbonate, it is tire calcium ion that is coneid,ered.

to react wítli phosnhate. .add.itíon sf a soluble nhospbate to soils

reeults Ín tÌre forrnation of a nononolect¿lar layer of phosphorus on the

surfaces of the soíl particles. Âs more phospirorus is aiided, this

ad.sorptÍon reaction Ís folloøed by precipitation of the ad.d.erl pirosphate"

Ïn acid. soils compounds such as varísciteu vivianite, sturuettite en¿

taranakite ar:ê f,ormed. &s a rÊsutt of add.Íng phosptu-Le. Aðded. phospbate

is usualþ precipitated. as clicalciurn phoephate d.ihgrdrate or &,s c¡ctacalci um

phosphate triiiyd.rate in soíls oontainång large amouirts *f ealciirrqu

ïhese calcíur: phosphates are rnetastaþle and und"ergo further re¿etione

wfth the soíl solutíon u¡til an apatite is formed., $he inforuation regarding

the role of n:agnesiu.m in phosphate fixatíon is extremel+ liuíted. ¿:.nd.

eontradictozy' To dateu i;he exíste.nce of inagnesiuar phosphate.$ in soi.le

have not been reÞorted. or was not found. in the literatru.e.

ft is estfnå.ted. ttlat gt'eater tt:ran one*ha.lf of the eoile in the

Ëed. River Valley sontaín large amounts of uurgnesÍurn. The nragnesium

is present in the form of d.olonite or as exch¿ng6:e.ble ina4nesi.un" $ince

sorne soils in ffa-ni ioba contain large amçunts of' magnesium and siTxce

tìl.e role of magnesj-u-q in phospÌ:urte fíxation iras received. IittLe attention,

a comprehensíve sti,rd.y of th.e rueshanisnìs bJ" r'hích na¿nesirlrn can fix
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pl:aspliate is essrnLíaL tt: be'b-N;e:: wylr::t::N:t:r:ð- t'r:-e i:hüÈphaie cÌ:*ilistry

of or.:r noi I s ,

'J'l-e ol;jcc'Li-vcs ell LLtn i;c:rÌ: relpcrted ¡.se::e tc d-eteri¿i.¡:es

{rrr} tir-e pÌrorpL¡:.-ce ni,:rer¿ii; iar"üied, r¡i:.en '.¡a::íor:-Ë orthonii.csp}ri,r.teg i:.:re

e,riciçiÌ to scåls coiita.åi:.ii:g Lttxge aii:+u::tE cf na¡;nesíum"

/. \(b j 'Llie cc)i-u.irj.1i';y ¿nd. i:la,nt ¿:.v¿i}¿¡ì:ílit;." 65 the prodr-rc-i;s fcrned,

i") Èile effeet cf r,-a::ioue sillts cn tlre eo,l-ubi1-ii¿'cf l:one cf th* níneral"s

ícrmeil "
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lhe oal-cir¿ür iÐTì. p]"ays a d.oririn¿Lnt roie in fixing pbosphate

soils confu:,inirr8 large amor:nts sf cal*i-cm carbonate" TT¡e seurce

the cz}eíu¡r åcvr na;r be '¡;he ,æ;chan¿'e #ciäplex, 'che scil- solution,

th,e c¿+lciu,'i¡ ions o:r tire surfacee of calcirrü #arbons,te particlee"

tn

U¿

UA

talcirinr piroeplz,;tee exiet in seueral fcrms, thre r:ost iüportant

in ,soÍl-e ares

(1) tiîoi:.ocalciun 1rïiospia'be nonr:trytlrate (;.rcrlr) * ûa iu2l,o4)r. una, i.ÍtFlt

is i¿ater soluì:le and is ¿ constj.tuent of superphosphate f er,silirers 
"

liûPl{ cannoi; persfst i¡r soils i.f acrd.ed. as a ferti}izsz." rt ie

conve:"ted to eone other for:a (7, ll).

(Z) Dåcalciuu phosphate difurúrate (lCfU) - üa H Pû4 " 2820. TnLs

for¡a 1e onl.s slightþ wator soluble, netastabSeu arrcl is believed

to be the infti¿¿l ::eaction procluat formed. r.,4ren solu'ble phosphe,tåc

fertilizersu aeíd. in reactiene axe aåderj. to soils cr:ntaini.ng"

large ame¡r:nte of calciur,r ( Ä| ) , ncr.n üay be forirreú at *he ¡:ite

of phospÌ:orus apnLice.tíoi: d-ue to lÐ,d.roþsis of j'ftpl-i or ån tìie

soil siÆ":'oild.íng ttre site (ei), litFil can e,¿ist r:nl;r in soils in
r"¡Ìiich tlie phos"irhovue eoncentration í¡a soLution is u¡zusr¿ä-LLy hågh"

Ðu"o to the low r:o:ncentration of, phos-lhorus j-n rÍost soil- gr:-l-irtio:rs

lltPD r¡:rd-ev€iûefi a slo',¡ ei'range i;o 'bhe ;:no::e basic octecalciil,n phoephaåe

triþd.ra*e (1?) " 'v{ilert î¡rÊ.ter ís aclded. tc }t"lfü, i'b j'or,rs i':,ee

:JÌrcs:çho::i r: ar:i-,3- plu,: a :rore alka-l"ine phcsvh;'teu ectacilJ-c-ì-.rrir:

phcsphafe triþd.:'a*" {¡:)" Horenñ et ¡rl, {zz} nav+ n*wtd the
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solubítit¡r 3rrodiåct ûf ilüPB to be ?.?T:r LA'7 ,:,t ZJ de¡¡" (J.

tli üotacat-cj,um ptrorphate triÌ:ydrate (ûüï,) CaUt(m:4), " 3üzü.

ûcP rra¡'be forr¿ed. i.n soil eysteiae aË E r€aii-tt of þydrolyeis of

ffCPÐ (19) o:: it na¿ be formed directþ r;rld.er siritable conditåcns

ã,s a result of aclding phosphate (tg),

Ejemla (5) reported pÇp values foe'ûCF of IJ. B ¿ncl ?.j
d.epend-ing on vk¡ether equllibriua i¿¡as approached by dissolutíon or by

precipitati.on, !¡ioreno et al" (23) eefined. the eoJ.ubílity Ërodnct

cçnstsnt for tüF by the expressi.onr

4püa + 3pliFü& * ?pH * pfisp in v¡hich p denotes the iregative

J.ogarithma of ionic aetivitÍee, lrrey obtained a varu-e of 9"93 fos

P%p ut 2S d-eg" t*

i4) flydroxvapatite (u.¡t.) * ûalg(l:ûq)r(ou)r, TIJI' is covrsidered the

pred.ominant selid phaee phosphete in neutr¿rl ar¿d. alkaline soils.

It occr¡rs s.s a resïtlt of þdroþeis of the moye solubLe eal"ciu¡.r

phosplratee (33r ¿Lþ3" Tt ís aleo forsied. as a resurt of ac1cling

phosphatee, elkaline ín reactionu tr.i calce,reous soj.Is (&, 6)"

tlark (7) ¿erivred. the pr¿6n of Iù1, according to the folLourlng

equationa

t0pCa -r 6;oi'û4 + 2püii = ÞHsF

and reported a value at LLS "5 f ar p\n at ?g d.eg " C 
"

['he effeets of caleiun in phospilate fixation in soíLs is felrly
rçell urrclerstood.u but lit'tle is knoun about the ef,feste sf rnagnesir:m

on phonphate fixation" Perkins (27) rouna tirat up tc er pÏi ol 4,gu
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az,gn*siuxt i*ns we::e ab*r¿t as eff e*tåye as calcir¿¡n Í*rrs ån ereeipit"itin¿;

phospirate r¿dåød. t;o 1ûú äreeh kaclili, ;L-b l:ir.5;i:ei" i:l(s ne.grræ.çii.:-qr ions r"¡er*

far less *f.fectíve tha¡r calciÐ¡e iûns. l{€ coneii:d.*d- the"t preci-pita.tion

*f, phcepnoras by uiagnesiun i';a* not i;aporte"n-b ín a6rieultural slililç.

Hibberd (fe) stunieci the æt{ec* o.f variaue e¿rtåons on the

no)"::Ì:ålity of phosphate" i-ie .fc¡u:rd- àhe soluhåIity r:f pho*p'hate j-ncreased.

in tl:.l* ordez' calci.umu negtleoi-rr:: pæta,vsiun, eoC,ir:m, am."ìÌoRir.úi" äe ai"so

f'ound. that cai.cåuu: serboriate depreseeå üh* soLubihty of phosphabe s¡ore

tiian cid ø'r*,gnesíuia earbçnatø 'bu'b that botl: grea'bþ red,uced i;he soh:.bi"líty

of pleos;:ha'ee" Håbbavå (fZ) afoo obserr¡ed that beLor+ a pI{ Õt V,t aCded.

ealef-rrsÏ and" rcagnesíun r,.lclrkeaþ d-eprsseed the solubiií'ey of plrosphat*

aaú above a plï of 7"0 t-ne ph,osplur*es vere nea:'ly i"nso.l"ubTe.

Fale'äead ,=ç.t*-ú" (ff) fcand" tha* the applisation of caleiu¡n

earbon¿¡te to aciå soils resal"teú in Ìrigher araounts of ifaHt03 - soluþLe

p?rosphoru.s than r,¡evç obteined iqlth r.+gnestun cErbonato, '{he ca-rbonates

çf cai"eiurn tend.ecl ts be mors effec'bive tiran the-t of' nagnesiu¡q en

inereasing 'ehe pÌ:ospharus coirten'b of tire ple,nte.

Álthoügh there are a ferø repor'os on the e:îfect of riu.6neeiun on

phospi:ate solubil-iby, the cÕ$pourrd.s fcrned røirea nagnesii-ua and. phosphorus

ån'ceraet in eoils have nof; beæn repo::ted or -'.'rere not f,orl::d ín'che 3å'eeratr-,9e"

I"Ía¿resíuin $rtliopbcsphates, sínilar to'uhe qalcit,rÊ or'Èhophesphaåes

previou,*ly lieteclu ?¡sve lseer: for';id. ån ¡;:-atr:re or harue been prsÊa:'ed^ fc'oü

å,qî¿6tÐ-s s;rsterne" fhoÊe of interest aree

{r) lio,rorrngnesiuin pirosp}iate (i'lr':l} * r"w{rl2lc4)r" Tiliti, i.Ë sår¡i":Lar *o iiüF},ï
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ín tlrat it is s*Turbie in v¡eier" rr: irrsta::ces ít hs.s beer¡ used. as a

piiasphate f er'rj" lizer,

{,Zi f}inagnesiun phosp}rate (iu''æJ - i:q;:pi.i4,

TÌiis forn of' phosphate i:ee treen íor¡r€ in botir the triiryc-rate

{tre'.rber;.íie) anrJ. heptall¡i.ra'ûe (phoeph*rroess}oz'íte) rorm (B)" TLre

sçveït içrtirate l'orm (ili:ïã) oan be obtai¡ied. b.1r precipita.tion of, a magnesiun

sulfate solution by phosphaie ions ¿t room tenperatur* (ð). rhie form

can tÌ:en be d.el"ryd.rated. tc give the tríh,yd.rate forn (li'*rf ) "

{S} 'frinagriesiun phosplie're ('rt"'t,) - te3(roru)e"

'lríru,gnesir:r: phosplv¿te hes been found to occi;r in tlle foi::'

('rt:æ.4ltrO), eight it'rrrr"Suro) aurr twonty*tr,;o (t't't,,'¿zïz}i Ì5,<trate form

{Slt'9)" The eight içrclrate forn has been prepared by slov preeipåtaiion

of a r:iagneeium suiÍaie eclution by a soluti-on of i.la'ií-ft]/e anð i'{aSûO, (l)"

(4) \ragnerite * I.le2(tOrn)-t

l{agnerite has been for¿nd to oscur in natri¡'o and. tL¿ereforo coulå

possibly stist ín eoij*"

liono and d.ínagnesiuli orthophosphaies d.ecoupoae ín contact with

uater to form free phosphoric acid. anå a üore allraline phospirate essentÍalþ

in the Éame marr.ii.er ås the calciuu orthophosphates (Sl) " rt was sho!¡-$

'bhat poorly ecruble phosphates (nt'æ anc. 'l'È!p) bydrolyred. when suspended

in uater j.nto fþee phoøpho:.ío acid and a rnove besic phosphate (ro).

A ¡'evier,r of tire líteratr¡re inåicstes ti:at the nragnc;sÍr:n orthophosphateø

tend to be iaoro eoluble 'c'han the calcium orthopirospba'ces. Ilorvever,

solubilíty proåucts for tire augnesiwr ortirophosphates we.re not fauyrd. ín

the literatuJ'e"



It seeras f:"or,r the ::eview af lite:ratu::e

fcr íd.ezltif¡.1n* tire phosplr<¡:.us coiäT:ou:rcle forr¡ed.

3-axge antounts cf rna6lnesíu.m. 'Jlre solu-bii-íty and

oí ttrese phosphates aleo need be C.eterrnirred"

ihah tlrcre i-s ¡, ne:ed

in r:úils coni;ainin¿;

pl.ant ¡ivai]a]:iLitg
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The ia¡,"es'bigations r€pos'åeå ån thie nanue*rii:;, z*cLu{t*. sæve:xa,L

åsd.in¡iti-rzaL stud"ies wbe::e díÍfe::en'; proced.iueg þiGT* u-serl-. ,i'he ezpcrin:entaå

n:ethods ueeå fcr each of 'r,irese i.nvee-båg::tions are not deecràbes- ín a

general methode sectionr but, for pü-rïrÕseË øt cl-s,y:r.v-e ere d.ísctisseC¿

elcn¿; v¿ith the results ah'uai.neú-u r:nd.e=" thc a*pr*priat* subseståo3n,

'lhe anaJgtieal proced.uree em1:3-oyed. in 'ahe ínves'r,iga'¿åçnp ancl in

çlnaxeetevizing the soii"e are o'¿bij.neå belovv. A brief d.escri,ïtiCIn oÍ the

soils stud.i-ed. is alsa i::.cl-ud.ei..

{r} *o*"rs

é" aubgrcup d.esåg:ratåsn of 'the scíls studied. ås ¿çåven in T¿:.'blæ I,

*tbee soål eþ'."rarterj"s'&iÕ8 a,re gåven ån the folloi+ing sec'b**n a,long uith

the re*uLte cl¡tained an tire soil-s,

(a) soif 0rganic l..¿.ii;cs'

Soå1 orga,nåc uÌå.tter vae d,ete::üneed- aac*rclirrg io 'eiie me bhod. *r¿tlår¿*cl

bp l,/ai-key e:rd. Bi.ack (SS) " 'lhe organie cav'ì:o:r rEae oxid-iøed, uåtll e,ïÕe.$s

paÈassiui:t d.iehz'oi¡c.teu f,ollowed by ti'bration of the æx,e¿icåed. pctassi-Lu¡.

d,ichrcrnte l+åth ferrsue eulfate,
-/.. L-i\Jj Ðor.L Pil

Tki* pH of Èhe soil samBl-æs or soiu'i;ione was d"eiel:¡n¿ned eleeriro*

i:retrically by the i:se of, illle gtrass a¿rd eal-r:mel elee1;rodes së a liniversel

pE meter 22" Å soíis dås'r,iliÊd i¡eter raíía of' LaZü (r;/Vi).i."as usw;}iy

enplcyed. u¿l-ess oiherwíse ste"tød.* 'Iì:e plf cf r.iie s*pe::na'ç.¿;tt ahsuq- Th*^

eçå} r+as me*,sused."
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$uÌ:¿gouir d"esignati+n of s,¡iTs **¿,¿ùt-e,.J

*g?-L-i'Ieaq- "flq-bfü:CIu.p*.

Ealirec'al. üarbo::.¿teå Ê,ago .l1i¡mj"* #les*soi

ln+¿cod Gleyed. I:irk Grey

,{ned.a Tl¿ån Cyf'hic }ari< Grey

Pluur Ria.ge Gleyeú ila.:"bcr::u¿ied ìle6o l3laek

Fo3ey tarboly¿ß*d Rega ,ïum.ic G"3.egso1

Ë*anterbury Gleyed 3lack

Eeinland. GJ-e;r6¿| t¡r.rbonated Rega Þlack

ïar:lingf*rd 0r Lhre iSLack

Píno "uailey Gloyed. Þark Gz.ey idoeúecl-

-br:gi: .es Gle¡ed. Jarlc Gre¡r

!íiplirig r-lieyeê Dark Grey

Seve¡r Sisteyç Ortiric 1)a;,k Grey ïlood"ed.

Ljsborne ,Rego Ewaåc Clle¡rso3

ffiral?:erg ilo3onetzåe Ð::"rk rlrey

Fcquís Giæyed ilark G:-ey

Ï¡ee iliver trtlrås }ii;¡r-ic ßleyso1

P-ed. i{j"ver ßlayed. äe¿9o tsLaetrc
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tL't j ;z::n¡::re-bc üc:iter:"b

t1¡e raathod. sutiineå ì:;r ftj¿1el' {r29'} r'.¡ag usc'i-* :i olle gri+p sail

eanple e,;as c1ågested. i.¡r L*iiå iå''Jf for L0 nlinutes. T'l¡e tG2 evolveú q'as

sucked. "hhrcugh a d.r¡rin6 and. ad.sorption *z"ain, ttien e,beorb*d b¡r .As*eríåe.

Ti:e weigh'c cf üt, abeç:'bed. wss d.e*er¡n:i"ned a:rrï ezpresse¿ as ;oereeni; tt3 "

{5} Uater Ssiuble talsium and }tagnesiun

VLve grame of, soil r*ae shaken fsr one l:or:r j.n 10fi mÏ" dístilLee

water. fhe euspensía& waË eentrå.f,uged" and" fj-ltered. througlr i'/h¿"tr¡re;r I{o"

il2 qllan*ítatirræ filter paper" 'ihe çal"ciun anel magireeíun eontent of

*hs .filtre,te ua* ttetærmåned. usi.ng fi¡lJà"

(6) Aeie $cluhle Cal"*iu¡r and. I.'La¿nesiun

ü\re hu:rd.red. m:i.ilåliters Õf (},2 ï{ ii#l v¡as adied. t* a one *3ram sni"ï

earirple and. reacteõ neas the bciling p*Íni'îs:r Z"i hcurs. fL¿e suspensior:.

z"tas tll:bered.u broug'ht to r"cl""t¿t¡eu anö the celcj-u¡c ¿nd. mag1esårun eontenÈ

of twe få-Lt::ate d.eternír¡ed" using illlTÀ" T*e eaLciu¡'i a¡:d r:ra¿çresiun conien*s

*f tne ramBlee io¡ec'e theffi calaul¿iled- 
"

/- \{/J Á.mnoniurn .icetate Sispl-o,ceable ta.lcí-r¡¡n an& I'Lagnesiurn

F*'enty-fiire gta,IfiÊ of, alr-c1ríerl s*ål ç"ae shn!;en j-n 5ü mi" neutraL

emcxoníum aee'eate sCIlutíCIn f,or cne irour. The supernr-tar\t w¿s suc.ked. chrough

a Bueirner funnel asd" ti:e soi-} t:'ensfei:reå to'fuhe fu"itneL r,ritir I'{li4ilc scl-ution"

fne soil" to¿s ti:en Leeched. i.¡ith sr¿;ll po:"tioris of lfìl4irc to a --"'ol"'*me cf

â5t ntr. 'i'he cslcårrjn and" u;agnesitm son"tei'lts Èf the fíltrate we:"* d.e*ernåned.

anå the calcire¡l enó nagnesiuü eontent of th* eoils calsuleted,

{u} Cafcirin and, ifie6rueøi,,wt in solution

& 'çtLrEt'Ion pr"oeed,ure ì"r8.ß usçå f*r 'bhe C-eterluinn,ti*n *f *he *el*Íum
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8'r7d Tfr.ú.gnesiu:ä coritenÈs of fio*t ÕTtr?"ets {32}. first ti:.e to*¿,;i ealciun

plu-s nagnesiu"¡:r content içag o'btaíned by iitratian ',+ith etÌ6'J"ene dialcine

tetraa,e etieacicl (äara), usin¿ .riríoclrrone BlacJç f as ind.i ea-tú;.u Çn a

sepa.rate aliquot n:aglres:-u;* wr.s preeípitatecL as the Ìiyrtroxid.e by aråd,Íng

liaÛIf end. the salclun tiirated. uitli lüiioili usång talcon å.s gr¿ iirdicato:..

i{a6nesir.m uae obtained. by d.ífference"

{g) Phoephorus

Phosphorus w&,s d"etcrmíned. using a eolorrnetr.ic proeecLure &s otitlíned

by Jacicson (ft+)" À suji.table aliquot v¡ag ad.ju*ted to plI j.0 with 4 ft T{H4I}}I

or & 1'¡ ïlÇ1 usin¿¡ 3*l* dinítroÞi:enoJ. indicator, lwenþ nílliliters of

arnmonium ur{}þbd.ate Ìrydroehlorie acid- reagent v¡ae ad.ded., foltor.".ed. by

lÛ rn}- of d.ilute 5atl2 reagent. 'Jtre volure *ras ad.jueted. to 1û0 ml, a&d

aftor 5 m:inutes ti¡e eolot intensit¿. ir¡easurecl sn a i'jod.e} 6¡i Colen¡an

Junlor Spectrophotometer at ó60 ¡nu" J3;i compax.ison of tlrese read"inge tc

those cbtainec tot a p*and.ard curvee tbe piroepirorus contente of the

solutions were cleter¡nír:.ed 
"

{fo) ä*Rqy Technique

¡l srnall sampler groru:d to less than j00 neshu r,ras p]-aced. i.nto a.

û,3 mrn" d-iametev glaso capillary tube obteined. frou Caj.ne ljcientÍf,ic

lales tompany, tìråeago, IlJ-inois" The preparert tube rEas centered, ínto

a Phíli¡re eylina.rÍcal powd.er díffraction ç{åmerË.. fhe o&rueïa was loeded.

uith Kod-ak J',lo*screen I'led"ical x-ray fíka and. positioned on a p6iLir:e

P"\'J" 1û10 x-ray generataru rhe x*ray genera,cor was equÍpped witrr a
cobalt target and. iron fi"lier". ri i{eg cperå,ted. at j6 -ñ{" and. g rr,a.
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in ¿ii Ë*r,r'j,i.ss. i::r.¡g*rt Lí,;:,ë ¡rs.rj-*,å lrrs1x 3"b,s ?:' hour* C.*-.:encli-ng upon

tir* *í;u,:1,y *.arT ¡:*c ;t¿h*-.rí¿i b*ir.r¿- ìi*rr4ieC., 'iit'è, saa.oLes r,¡ere rotated

,Ìio'1¿r..1icr-11-;. ,1 
'lt¿rat i::ipç"tút:e* .ltîzer {}rito$t:t-r* tire Íi]rì 'rras refi,çved.

'itçtt 'çne *e.r1are.- pkrcc* j,n'Lo .i{-td..i¡: L¡:-;ij ,i--}l'.y levo}a¡er fcr J t'.: 6

ilin¡¿t*sc :rånsed. in "oraturu pLae,*'J" in-Lc r¿"¡:il,ak i{*iTa;r !-Lx.et t*y ?C mi,.:u'resu

::inseci asain ard ttren åriecL" fhe ùÈstances be'c-t*'een Ciffnactíon lin"es

ì;¡erÈ Ìiìç¿rßuled. orr * Fhi).i¡rs ?il-m ÏLlu*fn*,t*r d,niì- ,ie¿¿sìr-::i:r3 rievice" lhe

ii,-itr s;:rciìU Çorreêpand.i;r6 ts ea*h C.iffrasbåcln }i,¡c -.i..rs ü&lcul¿ted."

fl:e ni.roraJ"e ;::ese¡:.'e j-::r tne saielti.ë.,e vte.Te id.errtifíed. by a carnparison

nf thr; "d"u* $pacings obtairr+d.'çû }c:ornra r'-eluee l-isterL ín-LÌre riEFi,i T*Ray

'I';w&*r Ïãi;a Fíl-e 
"

{lf} Prepara'l;ion of }úFJe ,Ji{pTå zurd. Tl'iP

}tîU r,,ac prepared b"v slor+ ackliticn of a üaûL' soluiion and_ a

¡ihosphorr'-,s ,Bclution (äa*il.PGq"?J{A0 + ffi{rF04) intc a pirosp}rat,e so}u.ôioix

{ÄHrI'ü,,) ru,intained a'i, p;i 4 to 5 {?iu 
"¡íL\#-fi 

t}r* precipitei;i*n i*i*s conpletee\áq,

tlre ;noihcr líqucr ¡,sañ .';i:-tketi "i:rcu: 'fuhe ilrecipitai;e" oJire preeipitate i+as

i'irsÈ l{asired- witb ¿ -¡erJ¡ cliLute so}rLtie.¡r¡ of Ë}Pûduu then vith ethancl and

air d,ríed.

-ï)i'{Pl $ae p;'eparcå by su;retitutia¿ I,kü}A for '¡;?¡e #aüLp in the

alove prnced-.:iru- The initlel pll of i;?re rçactir¡n i:rix'cure haa tc be raíseé

a;o a pll çf 5 t;a 6 p.ith rir.rii l:efo:'* precipitat-tan r'¡au.ld. oo$'rtr" .4. pH of

rt ta 5 i'¿as ï,á:.in'ùai¡:.ed ¡¡ftar pr"eci::ítaèåon ',sas initiat*d..

?k* pircepho¿'us *id galeiusr ûr- r'eg.:e;íu,-e ccn,-b:'--t :f tì:,c prepa:led.

p:'od.lr*te !¡as detarlilir:ecl' Phcspi:c;rus *ontent r*as éeter;Jìined. c*Lorimetricalþ



¿-)

a¡.d rl\* üd.ltj-rxn ax inÐ,gnefüa"m *ani;e::.t C"eterni;:ed. a,* autline.¿ ip Kolti:oí'f

¿i:il Sanci-crr (W) * lv¿ a<1'J.r,'i;åorr, åoss on i6nition at gÐrJ åeg- te 1¡ra,Ë

de'ee::rd-neci for eaei'i of ti.ie pirosphaàes " r'¡:e pir*eph*::ue aad_ ca,Lcírr¿:

*únfrenr; of '*he prepar:eå iJüf$ r¿¡as foi;ncl to be ]9.L8 errå 2,ju4t ït*-rt,en',"

ren¡rectåveþ. The pi:osplio¿'r¿# and nugtresiiffi contenl of tpe nrepared.

,üiorP{i' r¡as L7 "96 a.:rd. tj ^16 percent respeetíveþ" üonversion of ttie

ïclri) to ÇapPra, and iliiPu ta t482Vgt, resut'bed. in weight los$es of

26"2L and. 36 .3ü¿ "têTeent respecÈiveþu X*raãr d.åffraetion a:iaþsi.s

ånd"íc¿ited. Èliat bo'i;h cf the phoephates were suceessf"ulJ-y preaarecl,

'IþW'2282* kra,a prêF¿rred. ìry slow precj;pLtæ'cicn of a t'þÍi04 soluticirr

by a sotu-tic:: of ïiarlïËü,'" se3:arat* solutions of I'tes0+ (2a"4 g in j1a øL,,;

and- lla*l{?0b (36.J- g ån j50 ml.);*e:'e added d,rop}¡ise to clistj.Lled v¡ater

si;i"rred. nec?ranåcal}y" The pi{ af t}re ce¿sl,åan rcjxture was rtglntaÍned.

at plI 1û by the ad.d.ition of l'ila,ol{, lhe preei.pitaÈe vap fÍltered.u r¡¡ashed

r¡ith d.istilled ',Eatey amtr aår d.rf eå*

fhe ua";nesiuru and plrasi:horu.e content of 'úl-re pr*parer!. t1'¡1:"2ähâü

wa.s fcu::.d i;o be Ll.lt and 9.35 percent respectiveþ" jliffes,entlal"

thermoanaþsis ind.ieates that Èire wat*r cif i:ydratisn was conpletely

lost at 25CI deü. t" rdnibåon ef the T[Ê,2?E2a at ]00 cIeg" t" r:esu]ted

:*n a '.*ei,gìrt lsss of ó0.12',:ercent, ¿!fte;. åg-stition the phoepharue and.

nagr:.esÍuæ cor:.ten* af the anhyd.roue 'J}ís wes ?V "6ú aE\ù 23.4ú Ëercent

re*pec*åveþ" frrs 01¿tr spacing* for the hyd.ra*ed. fcrm r¿ere d.eteruj.necL

aã ft* *¿t¿}r¿*s r'¡ere fai;^r:¡d- iyi:l$.il.i "ä*Ii*"v pg'¡¡d.er Ða,ça Fåie,



IV" PnüS¡IfTir:l'IüI:t (i'i¡ Í]"FËRfí'fitùÎÍi:,
Ì'Ljj'XiiüJS itlt-t l{ÍìSii.j,?$

q+È 
- $ q*+-t"s- S¿ sil- ip. qerþpr¡a-b es

lthe compou.r:d.s forliled. when caleiius and. phosphorus interaci; in

ssíie lrave been identified. and. reported., butu the corapor¿nds for$ed when

ru:i:lgnesium and phosphorue interaet in eoils have not been reported. or r,¡ere

not found. in tlie literature, It ie therefore of interest ts deteymine

if conpound-s eontaining phospirorue and. magneeåu-q could. form in soi]-s

containing large au$unts of inagnesiurn.

$ix eoiL samplese orle cla¿r (rirontrsorillonite) anri. ealeír:rm and.

uegnesituri carbün,"tes were s'burtíed.. the soil samples weye sbtaineó

frorn the.å. and t horirons of two Belmi:ral soilË, t}'re ü horiaon of asl

lnwood soil and the r{ horiøon of a,ä Âneda soiL . fllre Ba]-moral and. fuwood.

eoil senplee and. the montmorillonite cle"y rsere saturated. with eititer

calcium or mê,gnesiux using solìåtíons of 1"0 l{ Caü}2 or 1"0 }.1 I.lgC}'"

rfhe pH of ttre saiur¿itínø solution x{a6 ad.ju.sted. to coincid.e v¡ith the pH

of the goil, Iligirt hund.red gråms of soil wes shalcen isith two }íters of

solution far 3 to la daye. Tl:e solution was then d.ecanted and. an ad.ditional

two liters of goluticn add.ed. and. shaking continLred. for another 3 to 4 d.ays"

'l'ì:e solution vas l¡ithd.¡'awn and" the soil washed free of ehlcrÍdesu air

dríed and groræd, Ilqual portions of calcius and. må.gnesíum saÈurated.

soile røere mised. to obtain a eoil in wliich both calcir¡¡l ancl nragnesium

vere present. 'ïhe *neda soi} ue.s not treated wittr Catil, ox. l'.{gi}12"

In adßitic¡n to the soíl samples, calciun oerbonate, nagnesir¡ri carbonate



L2

eÃd- e lal nixture of, *alciu¡:l cavÏ:onate *o negnesiul Õ¿1ïbonête ro¡ere stu-d.iec1."

$even'e,v*five grams of soi"l ox eerbsyü.te were plaeed. i-n a prastíc

aylíncier (t*l/4- dia, ;e ?tt) on a }a:"ge watcn g1¿es baseu f,ìhe eoil sr

carbona'be was uetied and. a eüall o"oening urade 1n the center of the soll

colunrn in r+híeh 0"1 graæ gËanu1a:' FttZPü' (peffet) ';ras pLacerL" Ttre soilp

o:r caz'bonates v¡ere kept in a moist etate (fiefa capaeity to eatr-¡ration)

for three weeks by the addition of water to the base of the cofu:-mn.

$e"¿eral d.ays after the additíon of the ifi3P04r a ring fornratáon and/or

s:niall crysta,Le r¡ere observed. on the surface sf the soil coh¡:nns. .rhe

proclucts forn'ied. ¡¡ere collacted for Þov¡c1er X-Ïä,r' díffyactÍon analysis

2i days after the ed.d.ition of the lG{*FOr. 'I"he ,'d spaeings for ttre

minerals ¡:resent ín the soíI-reactÍon prod.¡.rct udxtru'e and for the soil

r.¡itliout adrled. phospirate r'¡ere d.etermined. .ådd.itional spacir4gs occi:ring

in the treated. soj.l v¡ere taken tc be those of the reaction Êrod.uct, 1r

check (noi treated r¡íth taCI2 or i'f6012), a ealcíump a rrre.gnesiumu and a

caJ.cium plus rr;agnceíuril s}'stem was studied. for each of the 3¡ìl¡sorai

and Ïns¿ood. soils" ll'he onþ treatnenÈ on the.Âneda soÍl wae a checkn

Àcid. sslu.ble, water soluble a¡rd enmoaÍum d.isplacesble ea.ì"cium

anei nagSresium and. pH vrere <ietermined. on al} soil sauples 
"

t'ire reaction prod.ucte of tire aricred. J{I{¿FO4ø along rs'íth the soil

charaetevisties are listed in Tabie II" t'he earbonate, calciun¿ and.

nagnesíun content of ali the soils Þ'ere very i:igh" 0omplete saturation

of 'Lhe eamples i+ith ealciu:i or r*agnesÍum vas not attained. especialþ

on the calcareow eoils" This is ind.ícated by the presence of botir

caleii¡n and magneeiu;* in the ¿launonium agetate and" nater extracts,
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Ii i-c e-¡i,-le:rb b¡i¿'L e¿.3ci..ür :"epiaced. na6-nesiu,'n on 'çl:e ezalra:rge c*nplex

r¡cz"*re¿diþ ti"ran vice \re::s¿" T+,'Lle ¡-ll-sC :1.¡rteresti"ng tc nOte th¿'; hhe

Sali;roral Í esíi" liad larga q''r,tni;Íiåes af excìlangeable ri'?.j,gn.esr1tie

pråor Èe saturatiçn" Th* pl{ *f *he scj.lf;r ".ree altered- d.uriig satu.r&'tío3}"

.Jlie pH' cf tlie stils ine::eeeeúl ¿¿s {ìhe ¿'¡¿tio af ealeiusr 'ro nagriesår:¡: 
".¡e.,g

docreased- for índ.åvidual soile " lhie vrae observed for ;eL} sanplem

excep* tlie montnerillos¿i"te *

)Í*ra¿r ar:alysis of the reacticsr proclu*Ès inðieate that large

qræ,ntitíes of æa,63lepÍu¡l affects the type of pho*pbate c'crlrpowtc].s forTned-'

The rea.ction prod.r-rsts ån the Bal"r¡oral I soils r,¡ere id.entåfieó as Di':P'Î

except j-n the caLeí'ø:l saturete& L{slmor¡¡} T* À soil 'ø}rere }ÜË} wam

f,crmecS-. the phosphate ør¡'ntals sbtaírr.ecl ín the aon*ncrrilloníte ¿neT

Tnr,;ood. saiiipJ-e* we::e j-tTentífied ae IüPl) except in the nragnesiirm sa.tu:re'bed

rnontnoråIlor¿iÈe rghere Ìroth ÐCfil a*ttt ÐI'IFX -ç¿ere deteeted." 'll'he tsalrnsrel Il

$ûåls aontaj"nín,¡; 3-arge ¿rrsou¡:,t* of, r'ater soh¡.ble or lilÏ¿tÂe d.ispLaceable

ria.5"neæiu-ro ¡'easted r,¡itÌ-¡ àire ?ilI¿ÏOg tc¡ f*r¿r.TI'FJ'or i]}fÏ'f ar:.cI iltFË" The

phosplrate corpou-:rcls for';¡i*ð å;r tlie rla0ü3r t.r,CÚ3*i",9'J03 ilii::ture anå i{¿{JCa

were ådentifj"eå ax lüPï, $t.jllT ¿¿"ird. DÌ,iFrI resp*ctiveþ * Tlie phospha.*e

ccÉFöund formed in the Å'nerla. soi} r+as Íd.entåfíed as ÐtPD'

11 -*a-ag- eariples aË r*31y as 13 cllffraction Li¡res 'nrere obtaåneå

f*x Tf'#V" 'Jhe ilar:geet riutebe:: cf d.rff,racti*n lizles *ecuring -for ÞtPÐ

i:r an;' on* er,npl€ ri'ås ei¿çltt " Tablæ III shçi.¡e the caleulated ruår' spa*ings

fcr tlie Li"trl and. lltF$ fe¡rmed. in the soi3s" ftie eaÐerínental values sr:e

co'npa:.eil 'çs eorrespc:nåing loalueÊ gíven for IüÏã eÌid. Dî"tr'J in the r*ilfll .f,ile"

Ï::as!:eås ctenoíe the rel¿rtíye intensity of, ti;* r3-ufîtzr;*i*n iånes".
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f'he e:;perinenti¿t v&:l-u.es agre€ reasona'i:þ- ¡,¿e11 ,,.¡itir the .riven

vaLues " fire r¿:ost íate¡;se lirì"es for both p;'cd.ucts Hot-s presÉnt o $ince

the agreeìjrônt"hc-i;ldeeri the girren a"aå exj:eråni*r:te} "¡¿lues is ¿;occT, i-t

can be essurireá tix,t the pr*clucts \+ere ciayrectl;r id"on'r,Ífied.

In order *o o*"rry the irreeence of lli¡ft í¡: some of ti're soile u

+"he reaetisn Frsriuct fcrned. in the Ëalnoral lrt el:eck soåL v¡ss callecteåe

cleaned- cf noil, d.issolved. in litl and. analyøed. for phosphorusu catrcium

and inagtresiuntr" 'Jire phospirorus content was deterninecl colorirnetrícalþ"

Tkie calci-um and. rimgnesirun content v¿ee cleterr-eineú as .outlined. in Tblthoff

and Sånclell il?). fire phosphoms in sçlutíon !¡s.s removed. by neens of

an exchang;ei resin Ìlefore the precipi'catÍon of ealcir.rrc and uulEnesiu"rn

?¡a.s inítiated., 1ï:e ai:mples did not eornplateþ ciåssol:¿e in t}:ra Hü1

ùue 'co soil ínipur;!"'sies, 'ftre vieigtrt of Èire i"npuritieå ?¡'Ë*ñ obtained- and.

subtracted. .from 'b]'le inåbial san¡ile vieigirt, $åmilar a,nalysis 1¿iü.Ë cond.ucted.

cn the lel"moral ïsü clieck soúl, Resiilts s.re elspressecl as a percent

of, the nateriel d.issolved by col"d. FifiI"

The pereent caLciu¡te ri-i{3,g"Ðesiuü ånci phospìrorue eontained. in the

rea.etion proclr-rct wes found. to be (t"35s 10.17 a,nd. 10"68 respectively

{ru,nfe ;V) " Since t}re soil ie extrer¿reþ- hågh in ca}ciur¡ru it is possibLe

that the cal-ciurn found ín tl:e reection "irr<¡cluc-t n:ay liave y'esulted. frou

çJ,issolvj.ng söîrrê of bhe soil conrponents ad,iiering 'üo ti:e reaction p::od.ucts"

The :'¿tia oí magnesii:m i;o pi:rosphorus ån ti:ie reectior:. prod.uct r,,'as

approrinately i.a16 tliat for FI¡IPT is }-cl.?f , {wir¡). $inee the soj-l

inpuritíe* elso eoniainecl magaesí"r:,-nu it is very likel-y tìrat .i)lrîPï v¡as

'úY:'Ê Tqaction p::or1u*t in ti:e ïlai¡roral IriJ cþreek soiL-
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Reaetisn protiuct

5oí1

?he forcratien of the ealcium and. ua¿4nesium reaction prod.ucts on

the e"arfase of the soil colu:rurs were ¡ri¿rked.þ rlífferent" IYecipitation

of tbe lffiZPA¡ as DCPJ) vas aÉsocíated, tlith the foruration of a ring about

cne-half inch from tl,e sor:rce of phosptiate, iitgure l shows the appearenoe

*f the reåctiû* produetr iJtI'De f,'orruer} in the ilned.a soil. Frecípitation

of the .ffi{ZP0b as ÐüPÐ a.nd B}ÍF'f resulted. Ín the for¡nation of a ring end

saell d-ark ceysials near ì;he eource of pho'sphate (Fi6ure z), lhe product

forrned. in the ring nas ÞtPÐ¡ the p?rosphate ín the crystals ç¡as in ihe

forru II'iIlT" Figtrre 3 shoÞrs the p:'osena@ {)f }X,i}il. . lrre il}uetra'bíons in

Figuree ä and. J vere obtaineå fron soÍls E¿luoral ïTet eheele and Balinor¿l

ïut cheek respectí\rely"

ilad.ioautographn were taken at intervals after the ad.d.ition of,

-rß?PtU to d.ete¿'mj.ne the rate a^nd. extent of, phoøphorus &overnent froni 'çire

plaeement aone into the surrounding soílu One hundred. and fifty ut. p3ä

ín 0"1 g, KIT2I]üO waa piacecl in ea,elr. of fu:edau B¿tlmo¡al" IuC eheck and.

Salmcral ïIut check soåIs" Tto-Íicreen Íled.ic{ì;l }i-net' Fi}u was placed.

Ðver the sone of pirosphorus adclition for trO üiilutes " t'he films r*rere

proeessed. and the rad.ius of the darkened. #,îçå. on the fil"m measured.u

Radioautographs i+ere teken le 2, 4, 7u 10, L5 and. äl d.ays after the
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7,4

'ri iirclicate ti:.e ûísta.ncaedd.ition of ;ägÏÇ¿"

pilospliate inoverl frora

Frre

'Lhe

rÊ-sults Ë.Ì:ot¿1 in Table

placenent zrsrë 
"

I'able v" i'iove¡aent of phoeplrorue f'rom åhe øone of ICJ2P04 plaeenent
tcm" J

DBys af ter aé€_il_io¡i. o{-ffieåU¿ _
1-r Iû 75 ?1sqil -

Bali'roral

Balnoral

åned-a

ï

TÏ

1"4

1aLø)

r"+

1*7

1.4

Inb

ì(ì

r I¡
JL o"f

t"o

1,9

! ot)

r"7

l.l)

2,L

L"9 2,2

1.6 L"6

r"g L"g

Rapid. movement of phosphorus occurred. cluri.ng tl:e firet cla¡r ¿g'¡u"

the ¿ld.dition of Ìffi21û4 (faute v). -After the second. d.ayu the phosp.rrorus

noved ou'ü ínto the surlloüad.i:1g soíl very elor.iþ-, 'Ïire ncvement of

pLrosphorue krae sinilå.r in tire Sahnoral r a-nd. Àned.a soirs " ln tire

Salnoral ÏÏ soilr tlte Ciffusion of olrosphorus r¡as mårieeclþ slovier than

in the o'blrer tt¡o soile çtud.íed.. ïhis was probably d.ue to tl:¡e heerri.er

texture of Èho BaimoraL rï eoil. rt appeð.r:Ë fron: the stud.y that j-n

soi.ls wit'lr r:roisture contents of field. eapacifur oz'bÍgher, add.ed. phosphate

d.iseolves and. raoves or¡t ínto the soåL fai.rþ rapid.lry " Since the formiì.tion

of reaction prod.ucts on t?-re surfsce of the sCIå} qolums r+as first noted

on about the seconcl or third åay after the ad.dition of Ìi[I2p04r the

prÊGipÍts.tion of ti:,e ad.d.ed. phosphate ruoul"d red.uce the rate of pi:oephorus

T:ìgi'"efiçnt e
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Tlre ilffeck af Ta,r:¡ing hnoun-is cf $oil Caïcír:-n and.

. l'Þg:iepi--l¡JÊ q+ _n-!ie "seæ_tiqn.lgp-dqq_t-g .g{ ltrui!{_

Results renorteå in the preeeding eeetÍon Índ-ica'cecå tklt soíle

coniaÍning large amounts of nagnesium precípitato acid.ed. ú1.¿Püt+ as tI*?lu

and soÍLs conteíning Large a.mor¡nts af eal"cirun precipitate. the eclcied"

phosphate ae ittFÏ. Ïhe otug.3-u iioweveru d.id. not coropletel;w eetablieh

the effects of varyíng a¡¡ounts of soll ealcir.an and- ;rir:.gnesiurn on the

reaction Êrod.ucts forned.* 'fo futfíIl Èheee need,s, t'øenty-two soils

iraryS-ng in caleium and. magneeíurs coutent r'Eere seleeted and. the reaction

products c,f aód.eú Iüî2P04 deter¡¡åned "

fhe p;ocedure emptroyerl in. the stud-y hae been previousi;y d"esar"ibed

in cletail (p*S* lj ) " tl-H4*c d.ieplaceahleu water soluble and d.ilufe Ï{ti"

sol-u"ble aaLeÍum. and ruegnesi-øn vree deter;ained on all soi.l" ea'niples " Tne

soil samplee u.seil in the sÈ'ad.y ç¡ere cçllected. from.L horirons, and.

cnnsÍsted of eleven soiLs coniainirrg sinall to not detest¡,¡,bl"e amounte

of c':r'bonates and eleven soils eontaining lar¡;e afto'¿nbe of ca::bo:rates"

tal¡le YT. siior¡s the reaction prcduete for¡red in tl:e soíis

containing srn,*"11 ernounts of cavbonateg " The carbonate content o.f the

soile rangeå froni 0"0ü tc ü,ft percant ancl the pH of the soi.ls veriecl

txan 5"55 tt 7,95, 'Ihe eoile årü aruengeð ir:. order of decreesirç i'iater

soluble eelcium ta nlagneøiu:n ratÍo " Ä c: leer end-point for the de*e:"niÍnaticn

of calsÍun ancl iaagrzesium by ifilïA on tkre Íltl extraets i,¡as not at.tained-

¡*ncl therefçre the reeuite are nat recërded" ttio :'eae'tÍon nrorlucts

d.eteeted i¡r the soils r,¡er* ItlFl andÐ¡i'tr[" Tn imrn¡r ånetånçes both prod.u.c'r;s

were for¡aeó in thø eane soåtr" 'Ihç d.eta show tir¿¡,ü if a scål i:ae a -'t'ater
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e"í:luble calci.urE tc r.ra¡¡nerir-l.n::atiu aî L,5 c¡r less, th.e f*:rnn-tíon ol

ÎT;lll alor,6 witÞr lltrPå can be e:ç¡recteû in na4y instanee,s when a phoephate

aeid in reectíon is ad-d.ed 
"

I'able YII shor¡¡e tL:.e raaction prod-usts íorfterL on Í;Ìre eeråes

of soil-s contni-níng l-arge {rnorr¡tÉ of carbonates " fìle carborrr-te sonten'6

of ttre soils varied fraw 3,61 ts ?.5"2t percent ü0r. The pI{ of the

soåls varied from 7'?0 to 8,30. fhe amounts of ealciurn and nagnesiuin

j-n the v¡ater extracts øere híghen than thoee yecord,eC. for the r:oiLs

cont¿ir:ing small amsunts of carbonates " fn man;' inetances both ltFþ

and Ðl.FT v¡ere forued. in the sarne soil" Orrly on soi_l_s v¡hich weye

'r:red.ominantly calciurn satr¡rated r,ras "DÛPD forned alone" The foynaiion

of DltrTr along u¡ith ÐCPD ín'rnost inetar¿cese occurrefl ¿t a ç¡ater soluble

ealsiura to rnagnesir¡a ratio of less than J.,5. Ðíl"ute Hül solubte

and. N-d¿u.{c dlsÐlaseab}e calciu¡r a¡rd magnesiur did not affo::d. a good.

ind"icetion ae to tìre prod.uetB that r,¡ould. be forr¿ed in the ,soíls 
"
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fi,eactå*;r tuod.uc'bs cf fff2irû4, !í2ît-Pt¡.r* il"{4II2Pi4, and"

itrita)tUltU in Ci-:,tûru i{gtO, and Ín $oits iügh i:r tarbons,'hes

In the prececì.ing ínvestígatíons 'bhe ::eaction prod.ricte of an

orthopirosphate eoiå in veaction have boen stud.íed. " Sj"nce the piï oí

the ad.d.ed. or1;Ìtophospltate also dete::minee the reaction prod.ue t formed.,

the reaction prod.ucts of orthoplrosp-hates acid. j-n reaation and.

orthophosphates aUcaline in reaction Here deter:lined. in soilsu CaC03

and 1'19ü03 
"

fr*o experínents were condueted" The flrst experiroent røas

cleoigned. to determine th.e roaetion prod.uctø of ttie yarious phosphate

carrieræ when ad-d.ed in granular forn as a pellet to soils placed. in

colusne " Tbe ¡rroced.'ure employed. ie described. in detaí} on page 15 
"

fhe pll of iire soil near the zone of phosphatæ aGciition waË rneasured"

for aLl carriers. soil saraples li'ere taken s-/t+u f13u t/z ma 3/Lp incnee

from the zone of phosplur*e addÍtion to a d.eptn of t/4 incir into tÌre

oolurûn after 'chree weelcs of incubationo Íhro grams of soil vae plaeeå

into ?0 ml" distilled. v¡ail;er', shaken for one liçur end the pE of the

suepension meagured.,

'fhe seeond. experÍnent was d.esigned, to d.eterrnÍne the reaction

pr*d.ucts of vaz'ious carriers when ad.d.ed. in sclution to soile, 'Ihe

Brceed.ure e'nployed uas siailar to tha* of Lind.say and. Stepl:enson (eO)"

Saturated solutions of lüt2Ft\(tcCP), Kz¡l!û& (¡irr)u ifld4,r2Pü4 (taæ) ana

(tmr)rttl'04 (.lal') were preÞared and reacted. i,¡ith soilsn GaCO3 and I,1güû3"

[r¡o hunclrecl n1l]il:te¿'e o-f solution ?¿Í]s eh&]ren i';'ith Jût g" o.f"air úriect
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goil or eavbonates for 15 mi-nutee at room tenper"ature, rlhe øenplem

are:re placecl in ¿r liuchner fu::nel- and. suation applied." Ân edd.itional

i00 i'iil , of phosphate sotutinn lrÉrË llasseå t?u'ou¿'ir the soÍl- or ç¿rrbonet€su

Íhe fiitraT"es o',rtained røere sto::'ed. at r,cori ternparature a"¡rd, a.f,te:' lCI

råays the pLi of the filtrate:neaeul'eç1. 'l'jle solution r¿as filterea and

bhe pr'ecipítate r,¡r¡ic|¿ ii¿ad. fo::n:ed. in i;he sclutior;s upon stanrl.ing

r+asìied ç¡ítir s¡iu¡rl ¡:ortíons of ethånol end. air oried.. tÌ¿e produc-i;s

røæ:'e subjecçecl 'ro X-ra¡r ú,ifîxae^ELon ir,ni:iþsie.

ll'he sclils used. in tire ti¿o experinentç v¡ere the Salmoral I and

jlaluoral lï soils, ïhe ¡alncral ï soÍl contained la:'ge amowrte of

i:u:,gnesj-rao and. i;he 3al¡eoral ïl soíl- co:rtained. 3-i.a.rge ariormte¡ of eel-cÍun.

Tlie cli.araeter"istics cf tirese soíIfi arere outLii':.ed. í¡i fable -rIIi"

Orthopliospirates acLti.ed. to tho soils as a pellet were preeipitated.

ae jlü!'l) ür Il'lPT (taUfe 'iIIIi " lhe jle,iüoraL I soål precip:!.ta'ced 'bhe

add-ecl pirosphoru-c as Diü"f in r:iosi ínet¿inces. ilotir .ilÇr'* aæå ÐI,i[;i r,ias

detected- in tite eain;:J-e v;hich had rec*ived- i'lá,P" 'Iire Bak'roral I3 ssil

precípitated. '¿;he ï|y'I1 as Tliíft and $tFÏ. TLre i:{¡il) anó ÊÀF brëre preripitated.

as Ì)CPÏ ancl Êþßf respecÈivei¡r. Usualþ orthoi:iros¡-r-irates acid in reaotion

foru more soluble products than ortho;ohospirates alkaline in reactíon.

}Ior+everu similar" prod.uctou regi:;råless of the reaction erf the ort?iophosphate

used, v,rere forned. in tiie soils wiien the orthonhosÐirates were aiid.ed. ae

a pellet. lt is Ëassibl-e tlra.t the phospirorue ooncentratioyl irr the

ecil solt¿tion rr¡as relaûively higire thus even -with the carriers aikai"ine

in reaetíoti, fairly solubls reactíon prod.ucte uere fsr$eú. The pH



lilable V'IIT 
"

31

Fieaction products of arthophasphatee in soils

.-ûs
Fhoephate Reactíon p_*S3#g*{fSrq 

B*e,}_1.e-t_-
lioíl ¿¿dted r¡roduct check r/4, 

*îJ$***îÏzf**î/b,,

iJali;:oral i IrÌäP

D:IF

ï{..åP

]}AP

Balinoral IT l.:ii?

Ðæ

ï'1ÀP

nÂp

Ði{il1

Ðl']Pï

lli{FJ+Dt}S

Dl'lpT

ÐI"fff+üGI{}

none d.eteated"

Ð0F$

D;'Fry

B,3A 8"02 8.10 S"30 8,6CI

B "72 8 "95 8,65 B "óo

I "00 8,05 8.30 9,55

g.5CI & "65 8,65 B "6CI

8 "05 S "05 8 " 1"0 s "05 g,5o

B-4e 8"3û B"¿1'0 B,4t

8,Q5 8"10 8"3CI g"st)

8,3t S -35 B "35 B,¿'Ð
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flæ:à¿T Lhë phcsphate pelle* isas elco quite siiîjlar for acicL s,nd elk¿iåne

cs"rrj"elrs" {[hue Õne ]rs"y e>;pae* eírirÍl-ar prod.ucte * The pi{ ol t}re soil
radj*rcent'Lo the phosphate;:ellet was lo"u¿ereci or reiriain+d ti:.e s¿,,me as

tire cileck rcoil as a result oí ai.dinil ortliopiroirplraì;ee ¿¡cid. iu re¡rciion"

'Jlre pH of th-e soii" incre¿sç¿ ¿¿s tlie úister:ce fra;:l 'bhe phosplrr:.te

pelJ-et Í.lrcreaeeû" 'iire pli oí tir¿ Ê;CIil ad.jaceni to iire pliosphate petlet

u"as iiÍgher than that of tÌ:e checli scíL r¿lie¡:. an orthopl.c,spiì{r.te a}kaLine

irr reaetiûn r#Ì4.s ¿¿d.úed* ',fhe pli of' 't;he soil in*reased, tlien decrea,øed.,

aø thø distanae froru bhe peilei inereased for ttie Balmor¿tl T soii"

'l-he pii of tiie $¿lmora] Il ssil z'euraj.¡ied- rele'uivefur ccr*sta¡rt as tiie

dist¿n.ce fron the pellet íncveased.u 'Il'le in*rease in eciL plí, resulting

frc¡cr ti¡e ad-dÍtl.oi:s of plios¡:hete, i,las p;'ebaì:jy due ts tire for.r¡atj-on of

¡:otassiueì ûr ú,uimoniuur l-rieari:onate, llrese salts Ì:lave a h_ig.li pli in
solu-tio¡r encL certainl;ø couid. form in a phcsplia'ce f,ertilizer reacticln

v,ûfte. þ

PhosphoFus adiied. in solutiün l/ras precipÍtnte{ ae }tl"i3 or ûtjpy

c¡'bo'bh wlien an aci<L soluïåor.¡ was use,á (fable riri, Fhoeptrate a,dded.

in an alk¿iline solutíon waø precrpitated. as ûcF a¿ci. Tl4F ^ t+ ila}, The

I'i&F and Ì'iÍíË ad.d.ed. to tkie $4l'nioral I soil was precipitated. aa IJÛFï and.

Ii{}rT" 'Ihe Ði'i} v¡as rlreeipitate'd. as ûüI1, ofhe j,ÍAP and. j'jif,F ad"ded. to lhl:e

,?alr,"¡oral- lr soil r+as precipit*,ted" a"g iltFÐ ¿r¡d. Ii,iFl" lhe i]ÁF anci Ï'}s

uae precipítated ae ûfiP ans-'r)'jF - 4 ï{lû, son¿* jjcpt wae for¡nd. in toe

satlple that reeei¡¡ed" ÏÂF, The ït.l.'P and. l.,AP ad.cied. to CaCû3 vras ;rr:'oel-påtated

as lttllDg th* ilAF arid. $j{F uas }rrecíirj.te,te¡1. ¿rs 0tF- }'ïÀ.p a:rd j;l¡# wes

preaipita$ed ae llt'IF'I in tire f'þtü3. iic.rn€ tT'F " 4 iî2t was deteetecl ån



fable iX, il.eaetion prcd.ucta of orthoplncsp'tte.teø ín soíls,
taüû3 a::d l,4t)03

Solution
$.qiå ,P"Þgsplp-t_e .æ_d_eÉ .ËÆ* Sqgç_Þ-r*qp ps-ogsç--t_-

þalrnçraL ã i'ilf 5 "65 ÞFipf + I)0Ff}

ÐliP 9,?5 1ffp,4 É20 + üüp

f'LÀF 5.7A DI'FT * flCIÐ

il.å.P 7 "70 üüP

BaLrnoraå II t'U(P 5.95 .DCFÞ

taC0,

¡tsüûj

Ði;P I,eû U'iP,q Idpü + OtP

tlrÄF 6 "Iþ5 Dilff + lcirü

ilAP 7.95 ÞI,iFt + Ðc!Ð + üüP

t"i_Læ 5 "7.t lJCrÐ

0k? 9"50 ttF

l¡r&P 5,?.A ÐüFf

ÐrTF B"it ffif)

i'{Y,F 6.50 llï'iP1

Ðl{F 9.55 }l.,iPT + 1}iF"¿û H2t

I"LrLiÌ 5^7A Ði,iP1. + 'iPF.l+ IfZü

i)lå"P fr"25 Di¡BrI + rjlÍ,iP"la H20
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the sairiple 'hlia'e received. l{å.P" fi-¡e i,lliP al1d. ll.åF 'øas precipÍter.ted as

.ilÌ"iPï and. 1T{P . 4 i{A0 ín the l"t8üt3. ¡ji¡ice the pil of tbe cr'e}lopl:ûspirate

*olu'çione were markedly d.ifÍerent, :rors ineoluble phcspi:aÈes fnrrred.

l'¡íih tha o:'thophosphatee sikaLine in reaetion irie¡r '-+ith tho orthcphosphates

acid in reactiçi:r" rn the previous study (taote vlrr)u r,-hen the r:r1;ho-

phos;Ðhates ?¿ere add-ed as a pelJ.et, onl;' one phosphate reastion prod.uct

was usualþ id'entifiecl. rleacting the sails rvith eatrrrateå orthophosphat,e

solutions vesultecl in the forroetÍon of both calcium and. r,lr8nesium

phosphates in ncst instances, It is therefare possibLe that botÌr calcium

and. megnesiun phosphaies were f,orr¿ed., i,rhen o:"thophospir.ates ç¡ere aclcLed.

e.o a pellet, but only the o:re preßent in r,njor: emour1ts -',*8,s d.eteeted..

themical anaþsçs aond.ucterl on 'che prod.uctsu obteíned as a

:iesult of, reacting tlee soils rsith the satur¿¿f;ecl orthophosphate solutiono,

shou¡ed. tirat potassilrm ancl anilro$ium uere present in the sa.upies, [his

?rérË espÉcia"Lly trt¿e of ùhe Dii? anit ]iÂi] treat¡ren*s v¡.}:.ere as mueh as lt
percent potassium B,nd 5 pe:rcen'e amrncniu-rn s+ere fqu$d. in the p::odu"cts 

"
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:.:J.f ::i: j-;.s i *q ?.:*ti :.1* i * * t'ú ! *, ¡,21"':i r.i'¿ ? i :* *'t1r2;,2,ú e
_ !í_þ;'d¡+te*qäß_..Ðn¡qq.i:æqs_Í_qry _Iþp.pp'¡4_Í_e*!{q"41rysr-r.q._=t_e_. _

jjtF]] a;rd ïl'?l are r*otastable anð" ín solu'fion uirl release

plrospi:i.orrc acid. ancl f*rn å rnü;'e alkali¡:e pironpi:.e ì;e (zln 'jj) " Itti:,.l1

:ras been fou¡rri to i'ori:i úüË ín iong contact r"¡ith snii solutiú¡:e or r.¡ater

{til " fhe ûüir iÉl then co¡rverted. to an apa.bite (Sl). lire ?iyclroþsis

proclucts of Ei;tr? ín co¡rtact with soj-} solutians ìr-ave not þeerr ¡:ei:orted"

;]ue to the lac.k of ti¡is inf.'e¡r¡:abiorle 8-l? experåment was úesignec" ír:

vi:ioh the hyür'o!¡sio produ.ct,s of l)üi'.¿] ¡*,nd }i;llr were d.e*ernined i::r

va.-r'íous soilsr ùaüLr3 and :,.U.,'ür.

ütre*çe¡rtì: gz:¿tn of }¿¿i:i:¡¡¡'uor"r s¡ri1'¡¡,**izce¿ .i)ü-jrj) or i)Í.j?l uae piaceci.

i:eti¿con layers oí $oil in plaaLic eyli;råørs" ?i;e iÊ,,fere çf soil i,rer.e

*eperateci by faur íil"ter p¿lfrç:rs. ilhe iltJÐ or ilÍ¡üT '*'ae placed. beàween

Ti:e filter píàpers so rrhat the soil constituenis 'rouid. 
yrc¡h conta,¡nina¡üe

'chs iJt}l or ili'.IÊifl, ütie ssils i";er* kep'b in a iloisi i*i;a'ce" ?erir"¡d.ic¿iilyu

'* porticn r;f tì:e iÜF,i o:'ili'rF'T'n'es r'€uoor€d, aår'd"ried,, anci subj*ci;ed t+

x*ray ¿liffract"icn enaþsis. îhe ¡rrcduets T,rere semplectr at l, 3 ¿ind.6

:::onths aj'ter i¡rcubetioit rid-aF ínitiai;ed.,

Four soi.le; i3almo-::al r, xaLuoral rru ì)arlingferd. anù ned. rive::u

;i:rd tnc ca::}:ornte* fJrrü0; lrnci H¿:irlLl- i,;ere 'iise¡i ín ;,re s'uc;r" f.re sçil-

*hayacte:r.!$tics r+e:'e ou"uiåned. i¡: T¡¿bles 1fï a;rd. TÍI"

&*þ'"qas detec*er1 iä'çh.e l*ii:) p:*aced- in the CarJti3 eJlSer one

tic¡:.Llrs ìq¡dro$rsis 'oiiae {t'ai:ic Xi, ib'j(.,U+)Z , LZ Ií20 in.U " ZZ'iirt} was

i;*L*e"aer3. ín -Lite }iifi plaeed. in tir+ l]¡;haorai T soil ¿;nd. iisüüo ¿',i'-;er t}:rse

rur¡n'Lhs of incui:abíon {rU.lrie .i;Ti* l{n í"c-r¡}:.er cira:rgo oce"uu.rçd. in *:l-i}:ez'
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-î;he DüiS ar Ði{Fl as the Ëeråtd. of lqy'd.ro}ysis '*¡eË j.ncreased. Èo eix

nonths tiae (ttllle XII)" f'he transfçrmabíon cf ûI:,?T to'J5[t " 22 É.2û

occwred. in tiro øa-nple* tliat ha,d. large q-uan'cii;åes øt nagnesiu¡¿u

l'he ttiP . 22úZt ri-efeeíeri in the sanples 6ave the sane X-rey

d.iffractíon patterrr aç that obtained" for the laboratory synthesized

IT.IP,22ÅAÐ" ït is inost likeþu ¡rad. tlie liJ.drçItrsrs cf theae proiiucts

been co:rtinuedu that a change in t}:e prcd.ucts woulcl ?ia,ve occurrerl iir

ci;her ranples as r,¡*11""
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Table ?i, iþclrolyeis prodircts of iitPÐ and
montir of incr¿bation

ilï,F'J afte? ône

lli,Pr
ad.d edSa¡P,¡t]e-

3aläoral ï
Fahroral I1
Red. l?.ir¡er
larlíngfo::d
Ca.C0"
^- ^,.)
l'll¿ L, \J^

s.ep"ple-

B¿l-norai- I
Salnoral Ti
P.ed. äiver
ïarlingf,ord.
ta002
t¡ta1Ç1)

DGP}
^-11^:¿auLtë(t

ctP

ÞüPi]
add ed

ütP

Sable ï1" I[ydroþ*is ì]roducte of
mo¡lth"s of Íncubation

DtlïÐ ancl, 3i'{FT after three

ill:FT
q4d-cé

1'l'? " 2,2fr^t(.

'r*; " zzú^o
t

DTi.i:j'I efter six

ili'Pf
Ê¿åd-eÅ

Table Xïï. IffC-roþsis Ðroducts of ÐClÐ ËÍ.d
nionths of ànsubaÈåon

Sam¿]C¡"

þaLmoral ï
Salnoral lI
Parì 7i ¡¡¡rt"
nartrirr6íord"
CaC0.¡
¡l,a4.U^

rtPil
added"

ücP

t5.F , 22H20

'iï{i: ,." aal{zü
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#o lrrbi i j. ty of ii iea \tt -t:¿:, I'T:c spha te iÌiiiyårat e r l)ineLgne eíum
Þhnanhn te [l¡:j hvårate and lfriqeeqçgi!ry¡l -!bç,Fåba3c-r ------- *--

,Ihe pirouphate r-¿inerals p::esent in a ,90í1 govern '¿ìre coneentrstíon

*f phosphete in the soil sotu-tion (6)" ïbe fa'matíoa of a crystalline

sÕIi¿ phaee pii$:plute in sails reeßlte Ín a fixed. relai;isn betigeen

i,es corrponent íoi:s in sctution at' eqi.iål3.briul* It is, t$erefcreu

pels-*íbie to esirablish the preffencs of erystalline pirospliatee in soíls

by the applicetion cf salubllity c1'ata (6)'

'Ilte solubí1!ties of tþ¿e d"ifferent phoephatee i-rå,ve ì:een repreøenteú

on i:, eingle ctiagram by í.¿clud.iÏ16 atl 'bhe constítuent ions as coÕrdinatee '

lìre solíd. phases cn(ilrri'4)2, i:e(Lrrra4)2, ÇaHFÛ4r i'giìFÛ¡*r caOe(nÛ*)r'

c*ro(nÛ4)r(on), anð Ïdgr(FÚ4), con'r;aín ta or lfus ÛTT cv E and tire three

*rthoph*a;:i:,i-ilte opecåes :I?1i0þe i'lrÛ4: 4ru3 F04" ft ís neceasary to

caleul¡¿te the aeti1¡ity of onþ one phorphate epecies as t}:ey are all

relaterf. to one anoti:er b¡r clissoeia?;ion constants and- tne il loti aoti'vity'

Â threa¡ dimensíonal plCIt r,¡ith tiie aetivi'i;y of tla or I'fg, 0Ë ¿ma i{2PÛ4

¿:.s coord.inates r¿orr-Id. be necesr¡er}- :i'or the p'hoopTretes" Howeveru ít i*

possiÌrle Èo constn:.st a tuo coorúínate d.íag'ram in tevns of the eoilrpounds

ea(OU)' anil $a(E2fr:r¡)a for tire ca¡:írxn phrcsËiratee and tt€l(Üt1)t an¿

iìg(ti?Pù¿t)* for the r:a¿'neøirxn phosphates (6)" 'Iheee compou::ds are

¿rssurc.ed.. to he irr sslution ¿¿nd- ,:onplotely ciiesoci&teil" I¡r this d'íagrrrn

^f;he scti¿i:ility iscthernie ar8 reprËsentecl as straigi¿t l-iues of rrarying

slopes " Àn exanpl* fr¡r tlie cese of tait!CI* -*:itL ill-ustrate the d'evelopment

of the diagran"

lf *rre asËus?ee *irat tlee concçntration of phospiicrus in a soil



sn.-luti.on i-s iir:e to,DCFÍ1., one d-etevni:res the caLciirm, iryårogen and.

phosphate aetir¡itåes ilr the soil soltlti-on ¿nd. iest if tÌrese ara consisten'r

uíth ¿ solutioTr bein6 satu:'ated by Düi*" Ehe fornula for.ùtÐ is uråtten

as Çalffi)4 ' 21í?i) ¿¿nd ¿¿t eq-u-i lírSriuer;

a Ca x a ttrû4 e constâ.nt (1)

ç¡Ìrere a. represents astivíties " 3y taking the negative lagarítlirn CIf

rihe ionic aetivi.'Lies the fcllowing e$"iation ie abtained.s

pCa + pH!04 = constånt (?)

f ,--^ ì r-r? -^ ì 1^ \ìrl.nÇe ¡;:.ru4J = QalÞ_E€ry= x Ë?åv¡,I \J,j
ItlI

:ind. piÏ'0+ E cûü6t&r¿t + UIIUPgU - fS (4)

.,ro,uatíon 3 becomes E

p0a + !:Ilrt'ts, * pli = constent (lS

lieamar¡E:i:ng aquatíon (5) tead.s to the ex¡rressíone

(p¡i-åpca) * (nä*P{;U't$pca) @ eonstû,nt (ó)

'Jhe tarn, pl{çp0au is kno'*:r as tl:e e'lí;að potentia}"rt 'ihe hÍgirer t}re

liure potential, the greaier ie the activÍty of Ca(Cn)t i.n sol"u.tion,

'lhe term, pH2Po*{ntaa is known ¿s the flplrosphate pctentía}"t' It

represents the nega,tive logari.'i;hti^i of monoçalciÐ$l phospkrate in eolutÍon.

ühe Larger tÌ:is ternu the l"ov¡er is the activity cf rnonoealcium phosphate

in so1,.:tí¡n,

fii,::ílar equations relatlng the U.m.e potential tu 'cl¡e phoophate

potentiei ean be develope,å for 3l.illu ûüP, H.l".and. 1TÍP* For i).i¡iFf the

equation isr

{p'i*ã"t',s} * (pl{prû4+¡1pi'ts') * ti (f)
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tror ú'CP tlte eqtæ.tion is s

5 (pI.I*-¿pC¿r) - :(ptlrPÇu+þta) = s

Fqr Í{,,q. the ogu,ation isa

f (pir-spüa) : 3(p¡izF0¿r+¿-pta) * ä

(8)

(s)

and for tioF tire equ.a.tion is a

¿(pn-åp1,,€) * (pfirFüU+þl'i6) * K (ro)

t'Ìre vaLues for K for ¡üFïr OCP and. H"Â. h¿rve been found. to be t"66

tla¡, 9.93 (2, ?j)n anð. 14.? (?) respectively. Tlie valuee for K fev

tlre equations óerived for IIlrFrl' and t'liP lrave not been reportecl " The

:ralues for K ean be establisi?ed 'ny rneesurin,g the lime an<i. rlliosphate

potentials oÍ' tire pure phcsphate conpounds ín v¡ater. Â graphíca1

represente.tion of the p}:osph.ate po'cential vsrsuË tiie lÍme potential ean

then i¡e obtained" by substitu"ting r"alues for tho lirne potential and.

salcul"ating the ¡.rhosphate i;otential" or vice versa. In orcler ts

cleternine the forrE of eoítr pltosphateu tl:e llne anri. phosphate potentialo

af, the soil solution are ineasured and related 6raphically to the equations

cleveloped. e,bove.

'Ihe lime

þPCa *

r'¡here loglgF

potentåa3", pil*$pCae vrâ,s calquLated. as followsc

-¿-(rogfO üonc{,n + loglg}') (ff)
9é

(tz)

and. gi-ree the aetivity coefficients of an åon a* a fr:¡netion of, tire

åonic e'Srength of the solution, Jtrquatron 12 is known as tLie lebye -

í{uchel appr"oxir:ratioit for aetivity coefficÍentp" In t}:e eo"ue,tion A and.

Ê a"v* conetallts d.epenåing upon flre solvcnt usecl, T'ïre ccnsts¡rts Á. and Ë
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for tfie equation using v;at"et es a solvent at 2$ ùæg" t, are t"jl *nd.

ng"Jj EL}'reapcoti*reþ. * represents the valeneycf the ion aïi.C at'i,fre

reean ionic díametern U repreeents the ionie s'urength of the sûl"uticn

snd wae ealsulated. .from the expreseiong u = $)ì cs*f (i3)

øhere ü ie the ionic sbren¡iih of the oo}ution, CÍ the eoncentration

of the various íons in gËa$ ionic r+eíghts p€r liter and. ßí are the

valencies of Èhe respective ione " 'Iire eoncentration of calcium or

iüs,gäesiuril. and phosilhate ions in salution x'ìas ueed- as a rieasuse ef

ionie strength fc¡r tl'.re equeor¿s eolu-tiotrs containing DCJ:ìû or lli'i?ï or Tirff"

T¡r etud.iee where varÍous salts wese acld.ecT to tire solution, the coneen-

tva'Líon of the ed.d.eci sall T,,r-¿s aieo teken ints ccnsiderati.on ulien

*alculating tire ionic strengltkr of the solu'bion, fhe ionic strength of

the aquecus extz:acts obtain*d fvon eoils was c¡llcula.ted usirrg the

çoacentr¿¿-bion of calcír.rLm ü,Ìld ruirgnesium Ín solu't,io¡r wiiiirLhe assu-rçt3"on

tha"þ a monovalerrt aníon was alweys preoent. This wae d^one ae the

ooncentration of oalciu::r ana nragnesiuiü in nolutioir usual-ly- exeeed.ed

the concentration of, phosphorus in solution"

$-plig uas cal culated. ia tire s&rile Erlnner &s å-pt* "

Ïhe ätPOU fon activit¿r was calculated froi,": the total phosphorus

soneentration, ti:e ion activit"y soef,fíeient, the pl-i, anrl the d.íssoaiation

constants of phospìroric acid" Às in eelculating $pta or åp¡lga

pllgPo4 * *(tog'r,, Con*a2TÇ;4 + logrO*r:) (f4)

1"he pI{ of the syniems etudiecl reuaj.ned betueen pHJto9and

Therefere athus only tbe ïí2Fß4 and ïÍFû¿, ions need be coneÍd.ered"



4"¿

Ic'l:r,i c!:osplio:'ic conccntra'úíuïi * -P = :!2.ùa; + -rri=*, (Lsj

zn& ---.,Ê., -** I + -Æg¿L- (i¿,:,ry*:"-----*ì_?-
titP'u;'. i""Püt,

T' -L a'

Íiince ":,W-.çtrr* * =fu* i1?)
- r a-"n t'üar''U¡, ;I

b ¿^1,^

s,ffid. -, -lJ,']- * * 1 +¿h* (rtr)
fupÈu4, d*

¿.nå ,þ, * -jä-¿-&p"* (19)
-ry-*;'__-* ^-i.:--+*-¿-.ã';' €^Il2f{..lfi Í1Y.

3Íearranglng equation lpe the follow"n& eqvetia,n ie obtaineás

,ilerc,. * Pr¿*j{-** (eç)' (" rJ¡ {r+E

öår taking tlte negative }ogaritlu:i af e qr.:ation tz}i, iite folloro'ínô æquatÍon

is o'bi;aincd s

-loglû cÕrlc;+^r,r, * plp] + p __-å-* (er)
--/,- '+ 1T^-r- TI^-/' -.

t' Ls rhe ûo'r,al eoí':t:e'fir;xatio¡r of -qîtospirorus i¡L soLu'r;íonu --,JL-:ËþF
is a eorrection facå*:: ta.h.ieh rel.ates the ratío of

IÍ¿AFü& / f W pE anrî lip i.n the seeond. d"ise*ciatåon eonstant of plioephoríe

aciú " Sg eubstitutÍng the e:cpressåçn deri*¡ed for * Logr 
'u 

ti)nc,.^r * Lo81U t,u**ti'pû4 i*

egäation (2t) into equ:rtion (fA), pHZPúu, can be ealcill-e.ted"

olhe lårae poteniial (pa-¡eCa) or (pií--]pi,ig) a:rú the phosphate

^ t -.- -... i ,. \ / ,.- ..--, 1 -.. \potential (pH2ijuU +;p}a) or (plie}0q +árpi'e, can nold be eaeíiy c¿Lsulated"

Så¡rce the sotrutrilåfu' coiletants for the magtlesíum ph.csphateø

ha"ye nct 'been repurted. by prevaoue wonkerær a study r+as ecnd"u.cted t*

ee*ablish tbe values för tire conete,i:.is reiaÈång the låxre pctential

*¡åtli the p'trosphate po'Lentíal, Fcur ecmpcundee ilüP.l]e $I"jPTe TtÍF " Ê,?.HVû

s.nd. Si'{P v¡ere stu.dieú. lÏre an}4ydesu.s 'fi'i3' llas obta.iieeå by *e}t¡d.ratinp;

?iff " ??*tpü at, 30CI &eg* üu



4S

úne*tenii: gran of lü}Ðe li'firli', rlw"?zû-1fi cr'Ji'iF'".;as plaeerr ínLo

5t nL" åis'uiLlecl uater a'r:ci equilil:rated. i+Í'Lh s?raki.ry3 far 2i+ hor¡ss at
'¿5tlt ü, 'rhe piI of the suepension lras neasured. anti the suspension

f,íltered.. T?re calcit¡:t and n:agnesium ccntents of iire filtrates were

d.eternÍned. by tlie r.¿se of ÌüT¿1. The-phoephoru^s contcnt of the filtratee

r¡vas d.e*erä¡ined. col-orímetrically" [he coordinates for the solubility

d.iagran were then calculated- 
"

'Ihe pH of, ]ltIÐ in solution l.ras muçi:r lor"¡erbhan tlei; for Ði'lFl

in solution (Te.i:ie XïII). Tire concentrations of ri:-agnesium ar:td phosptroz"us

in soli;.tion from tlre adclerl }ì,'tr't r"¡ere higher tkran the calciurn and. phosphorus

coilcentratione in sol"r:tÌc¡n from the ad.ded IüIÐ, lhe constant d.erivecl

for the eqi:¿¿tion (pl{-$pCa) * (pt{¿ts04*f-pU"} was fouï}c1 .to be 0,Jä for
jitPD at 2J deg:, t" f'he vaLue af a,gz fcr 1{" is lower th.gn 0"66 repo::ted

for aqullibratÍon at 18 deg, t " (Jo ¡, rlire constant <ie.¡:ived. for ihe

equation (pH**BItlc) - (pIIrF0O+åe%) r.¡as f,our,C- to be L"B? far Ðî'iF'J,

fhe largor v¿lue of ?i for Di'iÏT a.s courpc.r'ed. to ItPi] índicates ths.t

ÐT'lPf Ís nore solubi"e tiran DtiÐ, fire 'iT.lF ,221í2Ð azld lT.iP l+ere found tc:

be eonsideraì:Iy less solu-ble ti:an ICFD or U.IFT. The const*ilt deriveel

for the eqiætion 2(pE*åpIIg) * (pHZp0+*r,p}€) rEas found to be S"jL for
tlre iiyclrated. fi'F and I .55 f or the aniiy,Jrous forrr:. fhe ]nrger value of

K ol:tainecl for the anlry-d¡ous form ind.icate¡.r 'bhat cieþclratio;a of ttre

gi!Ê 
"Z?fiAA increased its soiubility slightl-y,

Figure 4 eho!¡s tire plot of the liiae potential- versus the pliospliat*

potentj-a} for the caiciui:i anê i:ragnesium phospÌ:a'res " The rines were

çbi¿¿ined. as ;rÐviou,rþ described. n r&\8 soJ-ubih-ty lines sholtrn for çtF
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ûCP s(pH -

pH - l2pCc o( pi-i - t¡zpHÇ

r¿p¡rÌgi - (pi-:¿pû,: -i ttsVi#g) = 1.82

rz2 p tuiE) - (pl-lz PO4 -:- tt2plu4g) = 8.55

Z{pd -ttzp¡;lq) - (pH2FOo ', t/zpivigi = 3.3¡

V2pCa) - (pil2PO* -r i/zpcq) = O.52
tlz it C't) - ¡ (P;i2?i,)r, t ttz¡Cc) = 9,93
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¿t,Û

åi31å li,i.L. uel:€.: rot 'Seterilinecl expe;rånenta)-þe bu"t '¡¿ere obi;aåned- frci¿

the l"itera.r,:te- tlie solubilit¡- diage'a.il ean he u"sed. to estaÌ:rlish the

exístance of certair: ,solid phaee phosphates " ûne neeåe only tc ÍÉ@aau.re

1;he lå:rre anú pliosph*.te potentii';,ls of tÌre soil sol-u'çion ¿nd plot tilen

on the eLiagram" TTie pc,sitioe of, the poini; an tl:o dia6ram r+ouLcL

índieate the phospha'ce míneral governing the concentratíon of phoaphoruæ

in the scfl eolution. For exarople, if the poåi:t oceur:red. on Ðr ï"1€år

the solubili'b¡' line for Ð0pDe it cou,"ld^ be assuined. thåt ïClT) u'as probably

*he nost eolËble phoepl:*te iir tiie *oil,



ltoT

Tlie ilffect cf Yarior¡.s Ëali;s on the sotubility of Bicaleii.r¡r
_.åqqep-*1r'at"eJ$"h#.9åaLç- *aed "å+_cÞrìqeç-i.glp _ij¡.Wpreåe jgåiry_dr_a'be_ _. _

ii:le soil soLution contains ions other tiran tlroee resulting frola

tbe dissc'luiion of, the eolid. Ðilaee phoapira'ces" ïons sucL! as Cl*u
¿¿_, 7. _.- T1" ¿ +-

;:iûU r Ca , r'i8i ,I{'and. Ìla'are founcl in i;}re soil- solution" llínee

the presence of ühese i"one ruedr affect the solubility of' tlre solid. phase

phosphates, a stud¡r'þ¡as eonílucted. to cleterm:i.ne tlre effect of, varioue

salts on the solubility of DüIÐ and Ði'Fî"

rlhe solubility of -DüFl) and- Þltrt røas deternined ín "0û1, .002e

,004, .t06e "QOüe ,010r "t15 and. "ti¿O Ii solutione of taü12 arut iþtl2r

and Ín "t05 and ,010.i,i Cali0g* i'6$ü4r I#1 ené KAîiO¿ú solutj"$ns"

üne-teirth gran oÍ LlüFI) or li{Pf'roiae placed. into 50 uI" c¡f solu-bion and.

eqtrilibrated. i¡ith eizaÞ;ing for Z4 hrurs at 2J jfo C. ,Ihe pH of the

suspensi-ol'I ls'¿¿Ê r:eaeuïed arrå the suspension filtered" 'Ihe phosphorus

and ealciurc ör nagnesÍuu eonl,ent oÍ ttre fíltratee were d.eterminerl 
"

lhe appropriate ealculations wëre concl.ueted..

b'qu:i}Íbratíon of ÐüPt] in tire CatL2 sr¡lutíone resulted in a

d.ecrease in BH as tf¡e coneentration of CaClg was ínereased. {1'aUle J{IV) 
"

fhe co¡rcentration of phosphorus ín solution d.eorease¡L v¡ith inereaeed.

taCI2 ecncentration" 'ihe söiubilíty eonotantu ii, increased. wíth

increased üat12 concentration" liquilibre.tíon of ll0Pll in the i'.1güLg

soLutione resulted ín slight variatio¡:s in piî with increased l"b{lz

concen'oration. f'Ìre concentration of calciu¡n and. phosphorus ín soLutåcn

r'{p"s ínereased. with increaeing I'i€ü12 ccncentration" ?he K values

increased as the coneentratísn of I,ig¿L.¿ was ínsreased" the solubility
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Õf ,tp} åncreased in the tr:.ãü4* Ìì6s04, ici anil E$ü4 soLiltions " Íhe

solubilíty of ilûPI vaø gx*ater in the idgü12 and i'lq$fl¿e eolutions th,Ëì,n

in the ÜaÇLf and. Gaúü¡, solutions" In generalu tire solubiïi"ty of ÐCFÐ

ineroaeed. -'¿iih ínc:'eesecl s¿lt eoncentration"

trtgure $ shows the pio{, of the lirre potençíaL versus the phosp-nate

potentiar for tiie scru.i:í1it;-' of j)üËD ín the various soiutj-ons" ,ihe

solubil-ity l"ínes representin¿; the solubiliftr of nclì), ïÌ,1p , 22iT20 anô

frlÍlËT in d.istíl"led. 'nrat,ev are *hor.¡n on 'bhe Cíagrarn" 'ÌTre paínte obtai¡:ed.

for the solubiS"ity of l0lä in the salt solutions lie between tire lines

re_¿:resentíng *be solubilÍ"ty of ÐCPi) and Dil?T in wate::, []re i,oír.tõ

moved F,wiÐ¡ fron the DÛFD solubility låne towards the ffffi-T s*li;bility

l-j-ne with increased salt concentrati"cn. ¿ bettÐr crmpå,rieon" of i;he

æffects of th.e v¿ri"ous salts on the solubility constant, Ii, of ÐtpÐ ís

¡rfford-ed. in Figure 6" Tne H r¡alues are pJ.otted. versue tlre ionic

*tren6'bh çf the soLutíon" .{ll sa,Lt salutions inereased "bhe solubílíty

of ÐtPD. fhe solubåIity oí lltFÏ i"ncreased- 'nritÏr ånereasing ionic strength,

IüPI was iroore solubl-e Ín ttre t{gtI, a.nd. Lgti0" solutions tha.n ín üre

tacL2 and. taso4 soh¿tions at equel ionåc stren¡qtÌrs " the f.þÊiû4 and

O"tI þ- Kast;,, solutions increased. the sotubility of, nilFÐ to a greater

extent tìll.Ê.n ct¿d. the otþ¿er salts at equal ianic strengiiis * À rarrid.

ånorease in the eorubilit.y of }tlÐ with increasing ionie strength

occuryed. e,t Lr¿v¡ ieclic streng'ths. fhe eolubii"íty of äüIlF incre¡rsed.

onþ slightty nith increased. ionic etz:en6th at hiEh ionjc st:"engi,irs,

-' tìhe sorubílity of ÐÌffT i+ae ðeì:reseed- by the Oatl-g sorutioas

{raate };v) " The råepression in solubility was mast nark eð" ah h.ís.h
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Gattn roncentr¿¡.tíons, x*ray anaþsis of the p?rosphatea rene.inÍng

in trre equilibretion solution shouecL that both .lltFl and. ÐI'Ël r¡ere

-¡resent i.n t-ire sarnples receíving la:rge amounts of tatj.2, Therefore,

tire d.ecrease irr the solubilii;y of Ïi¡FT i+ae probably d.ue to *ecorrciary

preeipítation of the phospl:orus in solu.rion e.F pilFÐ.

rlhe pIJ of t-ire solutíons tiecre¿:sed, v¡itli increased. iWlU solution.

lhe soncen'tration of lhosphorus ín solu.ti¡:n d.ecres,ged. r¡ith increased

Irtg0lp conoentrationn The eolubility çonstant for þ1{g'I i::.creased. lrith
íncreaeed T.h{]lä sonoentration" ,fhe solubi}it¡" ef Di.fT ånereased. in
tÌ:.e Iitl, i''kËo4 and. Krs0¡, sohitione" Çzgo¿¡ wae founú to ìrave littte or

no effeet orr the eotubility of Dl,ffï"

Figure 7 shows the plot of the line potentfal vereus the

phosphate potenti-al for the sotubi)-ity of lliFf in the variou.s eolutions u

'Ihe sol-ubitity of ÐFFT t¡ae betî¡¡eÊn thåt of IC]ì) ancl Ïl,lP'J r*hen rileasured.

in CaCl2 solutions of 0.01 Fi concentration or higher" l,tre sol-ubility

of lli{Ï'I zn ÇatLn se}utionç of lee$ th¿in ûûI i.f concentratíon approxÍmated

th.at of ül'trT in uater" Ti're so,lubility of DI:'l,f in solutions of tr"clu

ï'fgsO4r l\.E{r^ and ca50r,, was foixnd to be greai;or then j-n ç¡ater. 'rhe

solubility of ÐI:tr[' vae not ínereased. ao greatþ as that of nüpÐ by

the salt solutÍons 
"

'rhe inereaee in the solubility of IiË! ¡Eith increes:rnE. ionie

etrength r,¡.qs not ae rcarked- as the íncrease in solubility oblaíned for
TCIü (laigwe 8). 'Ihe solubiliiy of Ðl',.fF't increesecl oi:iy elightty aø

the ionic strength of the solutíon r"¡as increaËed"
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ri {:

¡ince tiie solt¿bitiùy cf ,iFil::l e.nd Ìi.ïPT ,""¡as irl*re.å.sëú. ,åï ürËt of

the salt sol-'r.ztío¡rs, it røould'he ezi:ested tïiet lltivû or.ûl:,P,i, in a soíl

trtrgteût 'r'ûulå ?w.ve a t:*Lt*aj-L5.ty €reat*r t'nayt t]aal; rc.+asi.l.::*d. f*y t;\*

ccnpoimås ín zt*tE¡r *
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Tri,* iffec't *f ta$lä anå '",9ç1a on t'ne So.Lubil"i'i;¡' cf
-Fhqp-pþgpqE *Èed-eÈ- jp*-Sgå]s- --..-, ". ,-- =*--- ",*"* =-.-"

fhe *olubility oí' ltf;i) anrL ì]i'rFî ines"eaeed :'-¡i*h ånc:'eas*å åoníe

e'rrengti:" ffinee the s*lubÍlåfu" af t'he prociuete '.*¡e::e ånor*¿E*d hy lne

ï)ïÊsenêe of ealtse år1 esperíment H¿e conáï¿cted" åo d-eterm{::e t':te etfe*he

*f tatlg z:.rud lfttlg *a the soLu"bålity ní phoe;:!:a:'r:s aååed t* scils*

Tuenty*five mj".i-tåÏiters of, t,i+ i'î ]i3lit4 rclu'çícn r.,¡as added. to 5t ¡i'

air clríecl soile åncubated. at rosra Èelr;perature fo:: one day and eír d.r*ed"

lhe ssLi:bility cf -ì;l:e ad.d.ed. ¿:irosphate uras doternined in* uat*:'*

t"01 Ì{ üat}lgr and. 0"0L i{ i,3At}en ten íirå,i}e af soil },'&s Þlaceå ínto }tt mI"

*f eolution anrl equili?:ra'sqd" k'íül: ahe,king" f*r 24 hou:s at ?{ÍTt t^ the

pH of, the curpensio¡t wa$ aËasäTed ar:.d- thc suspenaion cer:trifr"ryeel a¡rd.

filtered.u Tl:e calcíuau an.gnesåuin anc. pÌtcspl:orus *ontel:ts of i;iie

ííltrates r¿ere d.eterrnined ¡¡¡rr3. thc li.¡re gnd phos¡:h;ete p*tentiels calctrlated."

'Twe soils cani;ainin6g large ams-cn1:s cf c¿¡r'bonates (Aneca u,nù

3a}ru*:'ai I) an'3 t-øa ssàÏs eon'baini::.6 smalÏ amcurts *f *arl¡sn¿ì,tes

f ^ ^ 
. \(Rea tiver anå Ða:'1i:rgíord.) i',ere stuclíed., 'ìhe åned.a and. Ïerlingforð

scíls coll'bainecl Large ai¡cunte sf, celeiiirn* The ltecl- P.iver and B¿l"noral I

eoåls egntained. large al¡reuv¡ts of nuigrresiuu.

Tlie pH of the soi} sirspeneion irl üat}¿ end. ivi6ütn raa* rnarl:eåly

J-owes'çru"n that of the soiJ- susSrension in i.¡ater (tatte åVT)" Adrtition

af ttre û,0 j. i',1 üa$L2 to ttie soiLç in#reaseú i;he esneentration *f ma6p:esi'um

in.rolutìonu (ar oorçarce to the s*íIs er¿uilibrat*å in wafer) a::d tiae

a,J.ilitåon cf, Èi¡e û.û1 t'í üg#l¿ ån*reased" *Ï:e conc*:¿-i:retrcn of celcåua in

soli¿iåcin" lliås is d.u-ç tp tha diepl"aeene:ak çf rnegnesí"+; beiC- on thc
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f;':;.{:;lìà'-ri[4e *{iü?J-i}:\i bj' t?ir: at1¿eC" ea]-ciun o-r: vi-ce r"re]:st " '}he *çi¿cent:retíon

cf phostiro:'u-s in the sÕIutic¡ts r-r:r,':C, r"sLia,ired relatíve1; ccnstalt

ftr the ;l.ed. Prår¡e:: u::tð, üa.rLíngford Èoil-s" 'Iire eoncentz"atÍcn of ïÌ-r*sth-rrus

iir solü'ficrl rr.ss l,:',"¡ær ir:'che tatl2 arul ii3{-1J", sa}utions t.Ìran j-n çater

fc¡r *he i[:eila and ]Ja]moraL T soi]s.

It¿urcs g, \0e 11 *,nrl 12 il"lustrate the eolubållty of the adrlerl

1:hosphorus for the far:r *coíls Ín Ùaü12a ,a¿$1e ancl v¡a*er, llìhe eo.Lriì:ility

of the aúd.ed. phoephate ås shcr¡n in tl¡o rrlíììr:lerL{. I¡Írst, connid.eriiry

the plI, calciuri; ion aird. Í:Zlrürr ío¡r acti"¡j"ti¿:s in ¡:olution f'or the

oalcr¡lation of the phcsplute and. f.ino po'LentÍels, e.nci s¡;cond* ecnsiC.eríng

the nagnesíun íon ectirrj-ty rather than the calsiun ion ¿::,c'bívåt;r 1it

caLcuL¿rtiçn of the li.rne and" phosphete potentials " 'Jhs iwc¡ ürethods

of salcu*lation are d.asigratecl as ta-F *.nd^ ir6-F r'*spectÍrrely,

Fire phoøphate soLubility val-uee o'bi;¿linerl far tine j,ne$a soil
r.rar-i eCr v¿ith the equ-llibrating soi-ut,ion rrsed- avrd. '¿he reethod- of c*,1cr:.i¿tisn

{fi¿,i.rre 9}" fhe se.}.ul:fJ-ity of ttre sdcled. p}:.cspliate t.çueined betiveen

tÌ:;;È of ÐüJlI) and- lliill in most ínstancês " Ti:e solubítÍtJ¡ of phosphorr:s

was beti"¡ewr tllat ùf Ð$Pn and" ,9]'ilï or neår iiis,t of iit'rFï fori;he

Belnoral r soil re65ard.less cf the soru'tÍon used. (Figure Lo)" ?he zree

of various equ-i-J.ibra.ting solu.tions l:rad. ema.ll br¡t no'ciceable effects

on the solubility of phospbate " The phospirorue appeared. 'bo be nore

solu.bLe in the soÍl eontaÍníi::g le.rge aiaoru:.ts of uiagnesiurn (Salnoral I)
than i.n the eoil- eontaining large enolïrie of c¡aLeila:r ($"r:.edaJ. t¡:e

solr-rbility of phosphoru,s reræ,ined. near th¿t of þti)Ë or i{"ii, irr the
/=.. - - \lied iiiver soÍl [Irj-¡;ure IIJ " Ibe aæe aÍ'0"01 U 0at12 ôr 0"[Jl i-l i,lg'Ch
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å"s *q,Jr"låhrating solu-''ci.oï1s had" s¡jrål-l itu.t **hi**aï:}e eff*str *n hh*

r*]"ubiLiÈ¿' eif plzospl:öi:usn fhe solub*1ífur c.f, thocp?:çrue rsfteå¡:ed-

nea:r th.eå cf llSFÎ ov between *hat of lltPþ and- Il".å. i:z the ji¿:linr¡fard

¡.-.noíl rrFi.3.:rc i-ZJ. lie r+íti,'Lhe:tecl .{iver scilu uhích a,}-,so eontaLnæå_

small a¡¿or:¡rts of carbonah*æ, er¡¿r,ll but nCItieeabl-c eff,ects on ¡Tioçpire.**

eolu-liílity occurred 'à* a reÉult of ueing t,ül I'l ü*.#12 or û,01 !ri. iigüL1

ae the equ:i-librating soluticn"

tTre solubílíty of, the phoepho::t-rs acldeå tc the soí1s l,¡as altered

by the acld-ition cf' eatlg or f,fgtï2" This ,r;aË Fer*i-eui.ar3-y ncticeabL*

en the soil* containing Lâ.T&e as*unts of rarbonater {Åneda anil lelrrc:ra3-

:!Ij" ït has heen n, 7:raetåceu by sonre v¡orkersu to use ß"rJl joi üaüL2

e.s tbe es.uilibra'f;ing soh:.tion 1n solubiliÈy stud.j.ee. This procedure

resi,il-ted from the false zrsstueptlon tirat tfre nagnesíur* csn'hent of

s*åi. solutions wao neglÍgihle e&d. eauåd. be neglected, T'c elea a$sulicå

that *n]-¿r ealciun pÌr*epÌ:ate$ weie fsvæed in.soilæ. Tk¿e u*ç sf t"01 ld

üaülp *f{ereð. tÌ:e ad.vantage oí }rarrin,,' a re}ative}y **nstant calej-un

csncentra'bion ín sol.utlonn and. therefore ipüa need not be calculated

far aLl sami:l-ee. tåho prest:ac€ of lar6e ainoun'cs sf ealcír:n ån scl"crtÍon

causod. f,loceulatíon of soil c3"a¡r*, ti:ereby eliníne.Èing the ¡¡robl_eme

assecit"ted. r+Ítli tbe filtratåon cf rsater ecå1 srrepenei"cns.u åtthough

tlre use of 0.*1 I'í tafrl, å.s &,n equ-1Libr*rèing sclution sffer* *ev*yaT

a,å"rantageru the nse af 0"ûI l{ *at1-2 or t"0l- I'f i,ktf* as equiÌ"ibrat,i,rg

soll.rtiüns si:ouLd" be a:¡oided- ae tlie reeults obtaineú ûìB,l"r j-3i sçi¿s

ånË'b.':fleeg lead an^e *ç w:,hæ erro]1eoìJs çcnclusio;:s."
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The Solubí}åty af Fhos¡:ir*::r¿s Á.ðd.ed. ae tsJT2irtt4, ä3t-ri¡u anð-
gä-dliü¡, å+".r1$,-e-ß -, -.8c-LgE;{al-..ã*-.îed"-.8å;q-€,g--ë." .d. Q#tiín:rf-ç"qå -ac-åås--

¡¿ d.etornination of 'bb.ø sciubílåþr of phoeph*rus ¿d.d.eC. to eorls

;gåeLd.s inforraatiûn as tc tbe vea*t;'çft products f'erned betr.¿eerr ti:e add-ed,

phosphorus and soil çatlons, In.farn:a'i;i*n aß to tiie availahi"Iàtg of,

the ed"d.eð phosphate is also obtaineß"

llre solub¿lity of phospTiorus ad.deÒ aa i*IgPú'ø %iiPt4 arid Ë3r]CIU

*s f,our T'hnåtoba soils r¡ae d"eÈermined." fioilsu Á:teåau Íelnora3" T,

Red. Råver anå }arl-íqq'ford. v¡çre u.sed ín the stuc¡"" l:1 sråer to cLeteruråne

Èha sol"ubiiity of the pho*pi:crus acld.ed. ae ållipPü4s A,Zs 0.dre û,6s G.'ð

a,31¿ 1"0 g. Y&AËÖb? t:ae addeú to 10 S, $oil in 1ûú ctlo r*ater and. equi}åbreted

r,,-åth Êhå.1{ln6 .foz" 2& houss ¿¿t 25itÛt " lhe sotr"ubå3"ity sf t}:e phaep'norus ¿.dúed.

as IþdPCl4 vtaæ ð-etermined- ín hhe s&$¡Ê mâ.ru].ero 0rzly tv'.o rates r:f ti2È.iJ,üqo

0*2 and 0"6 g" I)etr lûl gn soil ån 10û nrl, ç'atere'rras riËed, fne 
þËü4

was aüd.sd. to the saíls in a d.ilute solution" Lne hu;edred. m1, *f ü.ûI

$ 
%eCIIÞ 

solufion was aåded to It g* soil and æquilibrated. wlth skrakir:g

f*r 24 houre * lhe 3:,9 cf *l:e suspensj.ons werë üe&sÍu.re{i &fJõer the si:akång

peråod " fne calci,ttæ, r,mgnesíu"tn and pi'rosphorr¡s cone en'i;trations oí' the

filtrates ioiere deterra;í.ned anri the lime and p'trcøph*te pctentials ealeulated.,

å'ire solubilitj.es were calcr:lateå i¡s tr,rs ¡nå,rünÐ.r$J? íueue as üe*P and-

li.ø:ir ^

Tho phospiroru.se ealciu-*l and magnesíun conee¡:,tre.tåoi.is íyr solutíon

ånsreaeeå for eLl sçlls with j"ucreaeed rates qlf add.ed {.H,g:;Ç;4 (?Utit* ;.{JfîT"},

th.e cgi-r.cei:'çrati.on of cslciu¡n v¡¿as Lcuer than the Goncelltretåçe sf n¡n¡v-

nesí-dm i¡: *he 3ellnoral- î anr:. Led. îli¡¡er scils, t'ire quaü'üåîy a.f, caleiun
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å¡r eolui:L(irr v?ÃFi greafrvt t?iari the c¡:.enl"ity of ilv:,¿;nec;ius in soli:tiori

for th.e o'bher t*¡o soile, It is interestir:¿¡ to note tha.t tire çoneent"ratLan

of, calciun in solution f,or tl¡e EeLnsra.l ï eoil p*r:d, the eoncei:trat on

cf uegnerirua Ín eolu'fion for the åneda soil" dícL not j.ncyeaee greatly

loitll increased. ratçs af, ad.d.ed. phosphoruo 
"

?he solui:íIÍty of the pir.osphonæ acl-tied. as lüIrÏOU renained. betv¡een

'çhat of, lClÐ a^nd" ÏÌ,îF'f in the ê:red.a soil (Figure 13), fJhe eoLubility

Talues plotted on tlto solubilitJ,' cli¿gram :uoved íron rigÌ:t to leít on

'fì:e diaggam uith increa*ed. rates of í"T2PûU. 'Ihis is åue to ti¡e

resti"lting' loi,¡e:: lír;e and plrasplu*te pr:tantials as å result of incz'easín69

the xat,e of JrJ{rFüO ¿¿dded " The solubilit;. oÍ the phosphorus added. as

:{!i.j)O, rras ne&s'i;}rat of i}t'iPÏ in t?ic Led River soil (Fåg'"lre 14)n rflneÅ+
aolubilitp of tl¿e irhoephorus ad.cled- ri* ìfiîrFûo ren:aí:red, irea¡. that of

þi';;Fü uÌter¿ r:uall an-iou::.ts of fäirF0O r*ere aåcled. to ti:e Balnoral- I soíI

(fågur:e f5)" ?i:¡.e soluì?ål.ity t:f phesphoruc¡ iricree,sed. ahove that o.f

ïltË? whe:r large ¿¿urçu;lts of KTinPOn were atlcled., fhe solubil-ity of the

pìroephorrre aåded am }TI2Fü4 v¡as betrøeen that of JICPI ånd FÍ"F'I in the

Ðerlíngford eo1l (Sigure t6). lhe res¡ulte ehtnåneð are sirnålarto

tTt"aæ* o'btaineel on the .&neda soil

1Iie scl-ubÍIity of the phosphor-us at"{-ded as Ifü¡F04 wae grea,ter

in the sCIÍls contaåníng lar"ge aiÍount"<i of ;:egi:esium (:3almoral. I ancl

,R.ed. Biver) tUaa i.n the soils conraår:,iirg large anounts of cal-cíum

{"A.ned.a e"nd i}arlingfor,*.). 'îhre sal"-ribili'c;' of plrospi:orur: ro'as }righ. in atl

canples inr.l.LcatÍn¿' 'Lhat a relativeT-v solubl-e colpound- -w-ê,s formed- in åhe

soj.ls, 'Jhe såud.iss inúicate that ÐCPÞ andfor }i'iP¡J i+ere formed l+hen
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I .,iîot.,:-- ^

:*o .,o

0 ô,(3"
9"$x

[Ë
^ ¿t5

I

p lì - 'Yz tCa or P ll ttz Plllg

Flqure 16, Equilibrction of lO ç. Doriingford soil sncj iOO ¡-ni,

rvsier v¡ith Ç.2 to l.O g. KH2 PO4"



7#.

irJ[í¿Pû¡, was ad"åeú 'ha the soi]s,

tire pI{ of the sail eolat¿lluÊ; i1rÕre lrígher in ibe sanç}æa

re*eiving 'ieiíÊt)q th*n i:r ti:e ear:çles :îec*Ír;in$ lir.iUO ax iari'i)4 ifai::-*e
. .-"--.-.--.\

""ïi¿ and ;;VJi-ïJ, 'ihe pil of Èhe soj-1" sr,rs¡;er:.eÌ-cr¿s incrsased. ï;i'illi

iricreaseð ¿-ådi'cio¡i.e af i,p?'Ëû4, :'l"iiditíon of 'rÇ¿!æAU tc 'üirs- s+ils

::efrul-'ûccl in .ruch l"arger ar;ü'u¡rÈs of ¿rÌ:osph*rd.s ín rol,utåon tha^a *alcium

and" nttgneÉj.il.Ð.

rfi:.e solrrbÍÌ.ity of phrosphot:lÌË 1,raË beti+cen i'e¿'.'ç a'i Ïürr,l] and.

3?i,ürT in e¿l-I scíts r+hen er¿uí}íb::ated i,¡i-hh 10t rä1, t,CI¿ li;í3Í]û¿, (fiigure

\7), fft.e soli:i¡ili*y of phospl:orus acld-cd as rìrl'ûk lras sii:riiar ::cgard.Ier.rs

*f the ar:igu::.-bs of c¡..}¿åuri Ernd. rnag:nøsiu¡r con*einectr L'û. oi'!.\t: scitrs *

{'}rç solri-Ì¡i3"ity cf ptraspitúrÌ.r-$ aC.d.eä. as llçliPû4. relri¡.å:rerL lteLweer¿ "ú\iat

of lltl,J anô lll:¿iFT in the Âneða soil (F:"gur"e 18), ?he soJ-ubåLi t;¡r

*f irhospirorus ilppîcxj.rneteû th¿rt uf iJi',FT i¡hca C,d g, li¿Ìil'ú4 i+as i¡.rlùecl.

'f'Ì:* phonpho;i:s aåCccj" as :{ni:irùn, 'bo t"hc âed }liver and iSaimoral- 3

s+íljr rer*¡iined- vcry sclubJ-c i-"T-ilures i-P ä.nd. ã0)" 'ihe soLubilihy +f

phr:sphi;te åncrear¡ed. r,¡ith inereasetl rates otî eåd.eú ¡lì:oephorus *n Ì:a"e3:.

scils, Tile solubilåtj¡ of phosphorus 'þras äea,r tira.t of lli'F'Ï in botÌ:r

saÍls , 'lnæ solubålity of the pTrosp"norus adde{r as Hp.lJ}{:4 vras '':etï{ee:t

*hat of l]üPS ancL }l,tril'Ín tire larlín¿;.fo::t1 soil (r"i¿-u:'e 2i), 'Jl:e:"esults

*hà¿ined- åire c*iûpara"*J"e to 'bhoçe oiri;ained on the AnOda ,sr:ii"

rlìre *ah¡bitity of the pho*pho:'u-s ad.d.ed" e.a -d"2lllt4 iapgrroxiiuteå

't;1-:a"u sf ?Ì'ilï'i¡r tire $aj^Ís c,:niaining \:ar¡;e s,:ic-ettr.ùe ûf læ,,,1,tesÍ.uin" 'rhe

*oiu-1:ij.i';;r *.f pÌr',:spiroã'-rÁü x,rr,# b*'eue*n that cf, iltFÏ anå ÏiiF'i' í¡r ti:.c soils
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r..J.- +.,j>--ì:.,r. 1,,.'-- ^.-a,.-l-- -,.!- ."-'ì.-'+j'vrLL¿i.LLlLliIr; ¿L;-åä' àr¡ruLun¿rL; U¿ U¿;¿ç.Ì.Ji:lo

ït is nost Likefu" tÌ:ai "bhe reaetion prcd.uc"Lr of the ad.åeo

1\rQ4ø ftre}Oç a.nd ;'"A:l04 "r;eïÊ.Dt)fÞ a^rid.¡/CIï"iil,ñrf in tirc Ëoù}s s*ud.åeå.

Tne eolubiii*y *f the adåad. pll*ø.¡:iiorus iraß higlì ln ail Êöil"s ind.åca'eizlg

that ¡rlioephorus add-ed. -bc Èhose so"i 1e þr*ì:iå renaiu t*La.t;ível¡ av¿ål"ab3e

fcr plant u.se.



aû

Ïíature of FnoepÌrale Fixa-ûion in a tarcíru¡ $aturated. üIs.J"r
i"t¡¡r,qesj,qrq-$.-+.iËq:atç.å _ü-L+ir_,*. æ,¿*_?-aI_qsJê"1*I-_gL4e__e:i*__tpååç:

Phroephete ians aråûecl 'ro eoil# ean becone eåsoc,bed qrb.ine surfaco

oí soi.l eol-loåils or they can"be preeipita'eed. as ph-osphate,z:-ne::als,

"ït is i:elíeved tlult e, inçnonoleüular lay'er *f pi.ioepirate is íni Líalþ
forn:ed.r followed b;, tire precípåtation of phospirate witl: in*reased

addi.båons of phosphate" The purpoee of the foliowÍng study 'sas tì:gee

fnld" ?he f,írçt oìrjectíve $as to d.eternúne the eff,ecÈ of cela¡içm anß

nagr*eíun l:eid on montnorillonite cleg on the au¿oixrt crf phoøpLroz"us

a'trserbedu th.e ad.sorptåon naxiråufrl azrd. t!:e êner&r wíth rvhicþ¡ the adeoybed

phoeplia'r,e ís,lreLd"" Â study of tl¿e amouate of phospirate ad.norbed., t?re

ad.sorptåon ma:riiau::l ancl 'clre bondín6r enevÉs¡ for phosphate ì:y tr"¡o soåle

varying in ealciu-n and. magueeiu'rï eol-r*ents vvas e-Iso planæerå " llre

second oìrjectíve'¡¡as to d-eie::rüine the solubitity ç.f, the adssrbed æsd

preai.pi'cat*d pitospl:ate" The tl:ird objectíve r¡as Èo detey"ndne the

salu'i:ility of th.e ad.eorlreci and prec:Lpitatecl pttosph;:.*e after reir¡*væ1.

r¡f tl¡e ínltral phosi:ha'ce saiffi"¿xting nol-ui,ion"

I'he ad.sovpij.on of i:hoepl:ate in soils o¿n i:e Ete¿¡crj-þed by the

rangnuí-r adso::¡:Íion isothen:r (ra)" i'*l adsorpiion isctÌ?ez'm gi-rreg

Èire x"eletion ?:eti'¡een the ai**r¡n'r of a eub$tanse ¿¿dscrbeô bJ' ea adsorben'h

iend, the equiliirråitri] ctncentr¿r.tåc;ns of 'ühe subet;ìn+e" Ti:e i,angnu-i-r

admor¿:'tion eguation is speoific fcr srÌs.il qi.ran'Litåec of ed.sorbed.

plteeirh:',te and. dilu.te ;lhoephate eoncentretåons " ilri. ad.soi:ptåo¡e riiaxi¿au¡:

*sn -þe ealsula"*ed. i'¡hesr ræån6 tbe i,angmui:' eqr.ratioTi (45)"

'fhe lenguuri"r equ"e"bå*n r.rÊ,s d.e'reloped 'hCI 'i.eecribæ gas adsorT:tion



83

tt:: sÇ}idËie btrtu tite equ"ation iree tleera euccessfu-J-l¡r aeeú for the aåscv'ptåon

ef liqrl-i-ds end. ions fyor¿ sol"r¡tion i:j' solid.s " The follor+ing' eguatron

is used in 'bhe ,stuctry (Z:)*

*th.ete

and c

frre linear
j

Lil st¿r
'¡E

øirere i.
i)

m

1n

i{

-ts- = ¡Uq* (i)
n L+{-e

æ trf,go F" adsorbed- per g. soiLt

* ad sortr)tion rnaximumt

s conßtü.nt rekuted. to the bond-ing ËnergJr c;f the
adsorbent for phosSlLw"t"eu

* equilibrium P" conceratration in qg. P. per nal"

fsrn of -biie equa'cion becone-o g

* 1 J4 þ (l\
¿ ¡ v \-l

Ift ij

ffi slope end åherefore the ad.sorption nraxi¡rune bE * reciprocal

* the Íntercept and therefore ttre ba::rdi-itg' eäerfftre

etraågh.* tíne plot of e/y versuÉ 0 i¡sill i.ndicate
l*

of the elope and" _Å_
I{b

ffie o__gfgB._e-'_ " Á
iiatercept

an adsorptj-on raaction" r''"¡Lien en aúsorptio¡l roe,etion ocer:-rg, :Lt ean 'ne

assuriled. tlta'b a nonoui*lecular la¡,"er is present orr il:e soi} acloorbång

stfffaceg o

ilata for piotÈiru3 tire .t,angrnuir isoìSherns r¡â,s chtained by follovrång

a proceåirre o¡:tlinect by äezr*ie ai:å l'feKercher (e¿ii. Fiire g. soj.] '."¡as

shå.icen. ivz 50 ml" I{ltl04 "soiutiùns of soneentratione ra.ngz*g fron l0

to Ëûil r€" F "/nL" 'J,'he su-apoitEioiis r*eve shalren f,or 24 herurs and. tire pll

at bne suspensíoåfi ìi'¡e&sur'ed " 'Ihe su-spensions were eentrifuged. and.

åhe arnountr, of pirosphorus x'er*aåning i¡l soii¿t1on cle*orfiline* ín oråev



&z

-b* t':,:taiil '¿he ¡-¡,r¡Õi¿¡r1;a aÕ.e*r'Ced" by ti:le sgå¿s cr *lays " lhs ealeir¿¡::

anil m*gil*siil,i1 cc;rie;r'L: aÍ ¿:irs "filtrateÉ r¡ere dLei;c::niineû ir.r crC-e-y te

*'btein d.s"'*a {ar c¿Sculatic'n *f s*lubåh.ty aí the ad"d.e$. pirospirate"

t-he soil cr clay e-enal-nín6 Ln tnr¿ *antriÍr"6e b*ttle 1""raÊ :åÌasnÊd. 1;a'iee

a¡åth d.isiil-ied v¡ater as fc¡llorøs¿ Fffty al" of' clisij"Ller3 water løa*

acld-ed 'tc the sails or e laye * Tlre sue;)ensiono wej'ê sh¿ken f"or a hrief,

peråoóu r;enbrift4îÉds a¡rd the fil"trate deeanted-, 'Ihe i,.'aeiríutg proced.ure

r+as oonduc'fuecl åv¿ ûc¿Lær lo remûve t'** prtasph*,te solutiorrs adcl*rt, Ã:tz

ad*åiianal 5* nl- cf dístilled. v¡ater al*Ê å.rided. ¿nci the eenple ¿;

*quåiibr*ted wltll .ehaking for 2& hourø " ?Lre pH cf, tÏ:e euspensi-ons

ver* üieasr¡red. ancl ti:e rr.,r;*per¡sion centri.fi-iged., 'ihe phcspho:.ueu *alciuer

end magnesiu-Tfl esnte:lf s tf' tir* fål"tvates we¿'o <åeterr¿:i.n*d. " 'Íhe C.ate

*btaineå wae used. 'Lo ealculate "bir* eælubíli'by çf '6'ùe pirospliate retaå¡eeú

ley tLre ,scils or cLe¿e,

ïn actditj-on to the mon'L;aosÍllcníte cLay saffi¡l"esu 'cl+o soils,

¡lneria aaci Ealn*r¿¿l ï r+ere used" å¡r '¡;iie u'euiiy " Slhe cal*lu¡:l eai;u:'a'bsd.

*Løy ca::naine$ 1û6 rteq"/lüû 6" i'lî$*r."c d.5.epla*eable calaii:in end. li nÐq."./ 1&ü g.

Jífi4*c displac*able icag'nesj,um. tìlre ilagnesÍucl eaturateti clrt,y contei::ed.

Lt)8 n*q./ lû* g. f{iJ4Åc elie;:ls.ceable uragnesii:ni and. } neetr" / t*t g,

]fti4"{c displaceai:le ca}ciuln, 'ihe clayn i"rê"e preparecl by leachin¿; t;i:,eai

;+i';lt "û1 ü üalïLg sz' .*l I'i lnglit'. 'Itre sampies øere wa,s;lied. free of

ci:.iorid.ee.

'i:iie ad-sorption iectheri::is *i:taíned. å"CIr 'Í;lre c].a¡* enii soils a:'e

çhoun ír:. Figru'e ?2- lhe ¿ri.çsrptío:: ai'plrosj:hæLrs b). i;he'Lk'o soils

ixr*Ig ver'+i¡ cinilar" ?i"¿e adsorpiicn ol'ph,rsplrate'b;r tae c¿içíu;r anri aagnesiu.n
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sÊ.*ur¿lted. aL:à:{6 v¿;s ÉiníJ"å,r B,t 1"ow pbc**p}:¿te c*ncei:,tretåor¿s, fhe

ctt-L*ls;rln setr¿Tatcd. cLa¡ tzxecl ntore phonplute th¿n d-id- l]r.* nn"gnesi,*n

eaturated. cla;r at iligh plza*p'r:ahe concen'bratistrs n The ad-eorpti-on data

/-, - - - ..-.,.\
{!a-01"es XLi e;¿d. ìt}íju plotted" according to the Iøe¡4nu5r æquation &.T&,

íl"truetrated- in ilgu::e 23" 3ì:re ad.sorpt3-on of' pbosol:a"te by tli* soåj"s

*::d clags faJ-Lor¡s the ls^ng'muir equaÈion up to ¿ ccneent::at:!-on of, abcu-'c

?,t * 3t ug" F "/*L" rer-naini"ng ån solu-'bår¡n. ¿I second reaetion ís

operative et l"lJ"gher final salutíc¡r *once:rt:'ation¿¡" 'Iniiie second.ary

yeactío¿ cc:r:ld be a fu:rthor ad.sorptíon reaction or a pree'i-pÍ"tatåon

r¿acti-on,

fhe bonding enerffir cf thc celcium saturated. el..ay îar phoephorus

zîe,# "042 (u4;" P"/ mL")*1" The bond.ing ener#y for ¡:hosphorus by the

rkr,ånesixjm satrlrated. *1a;' q,** ,O?it (ug " P,/ *1")*1" The ed.sorption

mã;çiaua i{as fu75 pBr.r" and J00 ppn" far thæ eaLqLum eatilrated elay and-

the magnesi-ur¡r satu::at*ð c}*y res:cectivefur" fha bcnding enægy of, tlae

Jined.a and lJ¿lnoral I scíis for phosphorus r¿as ,187 ¿ly¿d ,A95 ççE-i,.¡/mJ-")*1

reepectirrelg, 'J'iie adsorpiion nei*;itnri: trø¿LÁcJ J6# ppu* fsr t¡ie Â.neda soil

a*& 4,lJ pi:n:" fsr the fielno;:¿¿l T ¡:*ij-" íiiace'eì:,e edjscrpticn ¡:laxin".m

åe related- to te:rtux* (eø), i** would. be expeeted thai the ts¿lm*rat

roil v:hieh uas a Ìreavies: textu:'ed" soåi -bh$n the Åneäa pÐsÉ€ßß s,

3:i¿:;her *.d.*orp iion ¡:istritnu-nz 
"

i?er*i the studies cond.ucteC" on tiie Õla;rs, i* i,rculd. appeai:'that

a sail- conteining lerge á"nÕr:.l:lts of *alciu-n u*i:-1"d. adsorb 'ecre phoepnoru,* .

ti-ren- a soå} conùaining Large aülounts of rregnesiuc" the resu.lts sbtelned.

fnr tne *Lu¡s aì-s* *u-g6c**'uit*t tit* pluri:hate e.d-sorbed. *n a *el*íusi
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x¡z'çuxatæú- scii wouli. nct lre iield. a,s tíglr*l"v as phospiv;'ç* ¡'r,clsnrheú. *m

a iria¿rresíart fia'ov:rzûed" s*il" Tiie*e oþserva"tzorrsu hcr.;ever, r"r*re not

ve:'ifieú s::r ti:e ij'o¡û r*íl¡; gtuidied-.

Tbe pll of 'bhe r.ra6ne*iu-iti s¿rturatecl clay tras higber tba:r 'bliai;

cf flie eaiciwn satu:'afeå clay (Trnl"e e;I). Ihe pIÌ of boi;-h s;rstene

d.ec-reared "¡ith pro¿1r'eesive arld.itions of .rtii¡rt!., 'Ihe ad"dition of

'r?lgÊQ4 also resulted. in clisplacing aore rnagnesíum ini;o solution tlrær

ca3.citxt froril thejr respective cLay systems. fhe eoncentration oí

calciun Gi" nåìS$€sÍun ín solution increased, t¡íth increased. ¡¿d.¿itions

of 1üÍpFC'4 
"

Th¿e solubíLj.ff of phospi:ai:e o.dd.ed. to the c¿lcium eati:rated. mont*

morillonite was ï¡e"b'*¡een tirat of fiiiP and -ü(11Ð'tçl"ron er¿:l1l ai::oru;ts or'phortrlhorus

- f 
-, ^r ìr¡ere adcl.e,å (3i,gure 24J" fhe eoiulrility of åhe add.ed. phosphate lncreased wi*Ì:.

í¡lcreasing arnounts of add.eri nÏ:osphatee Þarticu"larly a'ç lçw ;oho*piiate coT?úerÌ.*

trations. The eolubílity of i;h,e ad.úed, phcsphate rerained. slightly ahovc

i;h¡¿t of ilüPi) at Lri6h phospi:ate concentr¿iirns, 'ihe incseese in solubiÏÍ.t¡'

cccu:'reú ai phospirorus conÕentratíons below the ad.sorptíon iû¿ximurì" Äbove

ti:e adsorpiior: maxi¡ru¡rr ne¡ notal¡ie j-nerease in soh¿bítity oí nhosplet*

o*eu:rrerl" This inclíc¿Etes 'bÌ¡at ¿;uf,ter ti:ie swrfacee af ie];le clay par'ricl"es

,,,r-ere ccve¡'ed wi'blt p-i:cspirate"tø*ss'she acided. pitospi-rate waø possibþ preeipita'ced.

as.il#Fl], Tire soiu-ì:ili{y *i't}ie pi:.osphate actrded to t}re nagn*sirim satr:rated.

olely atproxímatecl iì:at of tÌre pirosp'i'¡ete ¿ócied. to the eaicíufit satr:"ïateri.

ciay at ioi.r pilaepirate ccncen'iratioris " it-he solu.llilÍ'{;;r of the piroe-oìi*tæ

-¡:,¡Ét $ ßinl*i-lar in the eal"eiura anú nagnesiun clay systø:n at pitoeFhorus

*on*entrrz'aíons ireiov¿ the agso:'ptLon maliítsun.'f'ne eolui)åliâS
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yL

c¡il*i"Lun sa'6ur¡l'Led. ci-uiy a'fu plrospli*rus *oneentratians ¡l.bove -¿;ire ad.$*rp.ii*ir

;i.:.axinu¡'ir" åcid"iiien of, Ztcû .sg. F",1 ¿Ëe r¿¿ågr¡*siçn eail-uãa*ed. ai-ay resu_lj;eå

in a plicsphate soltiiriiitJ¡ &lrprÍÐÉå.chåAg tir¿¡t of Si'lFl, TL¿e solubiliby

of tlie gilicspira're add.ed tr: ii:e *:agnesíu-m clay ånereased rE¿th í:roreased

rates of adcled. pf¿c)$pborì.lË, ?here t"as no e"¿ÍC.enee of a åefín-i.te compouad.

beíng forued. aì:ove tire ad.soeption r¿axj.nuîiì ås ån the cs,l"*åuril eat,ü:.u.ted"

clay 'øhere ilSF$ uag æost 3.ikeþ forned.*

The data *btaíneti. f*r tl:e colubilitg .stuqi.ies eoad.u.r:ted oi: 'che

¿in*c14" a::d. B¿ì.1"nÐral- T soii-s &re reûorded. ín ,I¿bte i{årl an* åil-u.strated.

gra¡:h$"call"y in Figu:reø ?5 ent ¿6, Tire pÌj of the jineii*: soil uas L*wer

'Ûlmn the pli øí the Ealm*ral" I sr:å} ('Jabi"e.rXII)" uJlle aqrì.eÕus ex,çyaete

oht¿Íneå fro¡n tÌ:e Áned.a ssi.l eoniained large a¡nsurrbs of ealcÍr:m arsf

"t'tie ezhracte¡ ohtained. fron the il¿:,lmoraL L eoíl con'bained iarge rinrçü:rts

of roagnæsiran" lihe s*truì]åiity of pt:osph"otrus rshen ei¡ali ar¡ou;1'es of

iffiaFtA were ad.ded tCI the Áned.e soål Has near Èhat of, otF (Eirgvre ?-5) 
"

llhe solubility *f phosni:orus r*hen lat"ge ar¿ou&ts of, iü2F04" were ad.ded

?Iå,s $ear that of ¡GJÐ, 'füere h¡as 3?Õ apparent aìrrupt c-hange in *ol"uliLiäy

of pliospirorus e-¿i Èi:e adeorptíon ;Tla:iiûii;m* The sclabí1"å'i;y of pitosphcrus

siren small ancunts af i{ü2Pú4 ¡r.¡ere adrle¿i '¿;o the Balm*r¿} I sgíl wap

b*tween that of ûüF and Êe ril (i:åguxe 26). 'ri:* eol.ubíliÈ¡- ø.f pi:oaphaÈæ

j"ncreaseil '¡ith aúii.itíons of EJigFü¿, i:rp to ti:e ac-sorptåou üa;¿ímun. ttrç

s*iubil"ity cf phos;:li¡¿te Íncrea¡:eå orliy *:}ígirt}ry- aå phesphet,a úûnü*11-

tr¿¿tians e.boTre èi:e aclæor*tion na;eÍ¡:iu.Íiu ?lú* cay ageírl l:ø receive<i as

+viåence for '*hç û*ci-ryæilcÉ af a þ'E-càpi'ua bio:r reac'hiop a6*r,"* "bhe
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a.dsorptiorl t:Llzx1ïtt1ilti" 'i'ît* serlubiåifu' cf p}-rosphüruã r,'¡¿¡,Ë b*ilv¡een ¿,**:,'c *t

iJüFê a¡:,d. ÞltF'J aÌ:o¡¡e l-"ho ed.sorptio3l ¡r¡¡i:rfnun*

åTre d.ata ,*btained. f*r rçne eclubålíty s'$ud.ie$ cqrnd-u-eÈe* ert oçhr*

eara¡llan after reincval cf the ad-d.eå phosph*ruø solutions are reeou'r]-ed.

åEr ['ablee XXIïÏ arú. ï,X'IT e¿rd shown grapi:ieaL1¡r ín Inigr.rree ä/, ã8 as]d

A.9, 'fire plT of the sûåLs anti *lags j"nsreaeed" folloe+íng tL¿e rein*iral sf

the added phospfiate solutåone (laaler I"XTII åneI X;{IV). flh.e eoncørtyætåorrs

of, aalsiuro anå magneeiræ i.vi ti:a extracts r.¡ære lçwer than pråor 'eo

i.rashíng of the s*mpJ-enn 'Iulie co3"uìaålity of phosphorue tn th* ealçåum

sat¿rated, montmoríIi,oni.te renaiitecl. si"igh*þ ebove that of L€F,

{Figrlre 27) " lhe solubili.ty *f, 3:h.o*phate i"n t}i* uagneeíura saturaüeß

*Iay approxirrated. the soLubilit¿' of phosphate in *he calcíum saturatecl

clay at low phosSrh¿*e eonoe$trattons, fhe solubility of phospirate

aieæ higher ín the ma6rresiu.rn elayr 'tharu in the calei"u¡n clay at irigl:

plroeph-".te cor:.eentratio¡rs " 'Ïhe sotrubility of the phosphat* reuu:,in1n6

i"n tlte Åneda soål wae neae tÌrat of 0üF (Flg*re 28), SIhe sælu'bil5.ty

*Í: tins phospTrr+"te r*nraining ín 'che tsal¡rcr¿¿i T soàJ- '*;as bet',.¡esn tliet *f

útP and ÞtPil (fígure 2g), SLie sotrubilitg cf resi-crual piiosphate j.n

Ðhe æagnesium saturated. clag rsas aleo l-ess therl that of lllt'i} " ?.?"ÃZt

{9ig-.i:"æ ??), $i::ee t}re majori.ty cf ,ohoephaåe in t}re Ss"Inoral T s*åå

and" mag'nesium setura'oeå clay ¡,{ð.s psobåbþ held. by nragnesårem, i"t

s¡or¿ld s"pp*er tllat a nag¡aesiu.n pi:*epbate of, e¿ solub:[lity lol+erbi:en that

çf [-I.if may have been presenå ån'ifreee s"]¡stçine" i'iflA(]'0rr)]. has been

.for¡nd. ån na'eure" lt is posslbl* that ¿c trìÌU)effi?.i. sj"Elilar ts Èlrisi, iritir

the ûi{* ion replaoíng the }* åonu l'rag have been for¡ned" ín the reag::esåum

satura'fucd. n*ntn*yi"tr1o:¡it;a end *he ãalmorel T e*íï"
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Ibastíonatíoyr sf Å,dcted Phospl:,ztee in Belnerel" I

Fhospirorus *.d.d.etL to e soíL is ireld preåon:inantþ by cal cíu.ürc

raegnesitrmu ircn and altutånu:r. Í.1:.e z'ole of eaeh eatíon iir hoid.ing phosphate

*an be et¡al"uæted. by wfttg- extractions specifÍc íor each fcrn of phoephete"

Jaeksonrs (f6) inethod of fraetionating the inorgairic phosphates

offere a method. of separating i;he ínorganíe phosphates intos (f)

c.¡ater soluble and. looeely bound. phoeptrorus, (e) aluu-i-nun phosphatesu

(3) fron phospirates andu (&) caleium phoephates* The procedure

involvee tL¡e extractíon of the various phosphatee ån sequence ü$ a

Ðr¿Ð greìï eoLl sai*ple" First, the sanpie ís treatecL i'¡ith 50 ml" L N

I'[Bl+t] far L/? hsi:r uíth sfu;king to remove the waier solubie ancl

loosel¡.' bound. pirosphates" This ex'braetion is fol}oÞ¡ed. by extractj-en

of the alurnínum phoøphatee usíng 50 mI.0"5 ïi i'iH¿âl¡ at pIí 8"2.i"or one

hou.r" The sarrple is then treated. with 5û :nL" {J"l ¡{ lia,0H far L7 hours

to obtain the phosphovus i¡orind. witti iron" 'l'he caieium phosphabe

fractÍon is then obtu"ined" by tr"eating the sample þr:Ì.th 50 url"" t"5 i'{

iIä$üq for one hor:r " fhís extraciant l+ould. ¿¿ieo rernove e.r{r p}:oephate

bound by magnesiun:, lhe extractants used ney not be ccrnpletely

specific f,or extracting tireir respective phosphiate f:'actíons, hor"rever,

they do offer a gcoú indication of the arnou:rt of phosptrorue being held.

by the vavicus catíons"

An experiment r.'as designed. to d.eterm:ine if acl.d.ed phosphorus

noulcl be eqlrei.ly extractable -from soÍle eontaíni¡:g large anounts of

*alcium, eoils *ontaínilq lalge amounts of inagneeium, ffaüü3 and I.:Ee03,
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r,Í c É. r, er''i 'i I ff l_üû fil " çate:: É'12_g pcnf:",i,¡ltj. ',rJ¿ìõ j::tÊ:.'.Sì;-1-.eC_ 
" -.'ifC ni,..üSnl-içlt?in,J.. 

'. }

îtTr:#ën'G i¡: tlle eoilfl &',as rüi;en f:'ac-i;Ío::*:ief:- ¿tcc*:.'d-in3 tc "i}:e '"[i'r:çtüfiÕ-'rj:-'e

ilï¿tlinÊd- hy ,ít.c!:scn (f6)- 'il:+ vahise oi:t¿ined. -tte:'e ï'eåord-ôd- a,s !pr!

;:Ìr-crphorus tontârinerJ in tirs scil-"

ån ¿c.cl-ibiovr¿il er:trâctiûne 5.j" soj-I in l-0,3 ìï1, 0"5 li l.kdüt1

blffererl at pIi 8.5, '*"*s cond.LlÕl€¿ {Zei " 'Jh.ís e.:rt¡'åcticrl ',:r*ceCu.¡'a

ii¿¡Ê hee¡r åevelo;reå to ;:.¿s*eËg i;he a.¡ailability of plice¡Ì,o¡'i;s fcl' pJ..L-;:rt

gi:*.ltir on alk"aline or ûË.ic¿reou*s Êoils" Tt ir¿s been íor*ir-i'tc: i;r a

ijüûd r:!ethcrd" í*r ev¡ilu-a.tins: t]:e av¿.i¿¿i.;il;-i;y oi l;hosi:ltons: in i.1r.jr:l-tc'oa

soi-l.r :crrt-:'i r:inr, L.-t'7e f.rou;1ì";s of ci':rìioIi,,.tct (j1) 
"

I'Iåilt01 extrecteC arproxi;.:intcl-;. 3ú ,ler*ent of" tii-e ,!¡iir:*i:h,:Le rrl.rì¿å)
'ço'fhe i;{ì1üor¿¡,1 I r:oi1 ¡;nd- 3'l ÐÊ;TüÊrt of 'crie plicrpiia1;c er'.lieC to iire

3+ino.ral- II soj,l (Ueirte ,l.iï) " 'i'ire nnja;' ';:oz'"ui",*n. of th* edåed i:Lrcnphä'La

e,,¡åÉ e::ii'â.eted- tiy l'lai{tii* flra;a i;}:,e tetû., s¿r¿;i}es . ün"Tg TLi irerûe::i; of the
J.t

*.rirLei?. pllcspÌiai;* r¡rÈï3 rûirloved- ír'4,;l ''i;ie i:--jJ-j ir;, 'iìie i.;":1iJL,', e';tri.a-¡i::tz'L"

UÌic i-a::,*r.'e cl.:-í-felen+e in ihe û,niour.Ì; of Fhaspirori;g ertr¿,c'a*ò- fr*r:¿ ti:.e

ú:-,:,'ìJoìli:';cs -r.'¿ìti ¡::cì:¿',ci'-,. û'.;.¿ tc ii;c ;;i-, c:'-' ¡1.¿ 5;'í,'bcT,:,: " 
tûl:; .,:;.,1û" ì::.i.

*; ri¡;ch l:ig,:he:: pTí *u'nt:.n iiiå tl:e'JeCUt i;.;.iri, iirc¡:eío::'eu tlle r:lciiÈÍli;¡'

o:î the;:itosr:i.v;t+ irr'i;l:e r,:;i)ü- :¿t¡iÐlcs:.r4t1ld. be i.*¡¡¡e:'ti':a.n i"l "hht; 'J¿'Jíil .
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tlre arp"slrs¿t *f *h,¡*pltat;"e *:t"*x*eçeð- k;j.'l;'*i.0l¡+ 1..'es ånåepend.e¡t'k rsl t;.¡¿æ";
*avriey: il.sed. 

"

i\H&#1, extracteü. ai:orit 3$ p*r+ørtt *j1 the phospirate acîcled. t* tbc

Ealmoral" ï soil" a¡:å ebout ]6 pereent of the plics¡:}æte acLc.eel tc tlre

Salmoral ïï s*il' fhÍs åncLi"cates'hhat a large portion of tne ad"d.ed-

p?iorph'rte ¡saa lpsseþ Ì:rulrd. er eaøåþ scLuble. uJlie líifqtl extrae-tant

rece¡¡-ered *pproxinateþ 75 percen* of t]ne phooBÏrorue ad.d.eå to the

catlt, r.:.nd approxin:.ateþ Ji) per*enå of the pho*pieorua a&âe& tr* 'b]ne-

!'îsÇû"

l'trlI4}' recovereå nore of Èhe aåd.ed. phoepirorus frou tl:e Êalmeral

î soål thæn it di-¿l i'rcn thæ 3alæoral- îî. s*i.}, li%Ï:'e ai.so estrac'hed. a

large portår:n of the edded Siliospieafc frcm -i;tie 1,.þiJÇ3a birt Ext:.acted.

very l"iti:Le from the taü03" I'{i iniay be p*ssible that i'ililpF i.¿híc}r is

tzscd. 'oo ex'bract ph.osph.orus bou¡rcl vitli aluminun may elso extract s*rne

sf the pï:ospharus bouï#å 'lr¿r rna¿¡::.esåuier.

"{ ver;r eroel} fracti*n CIf the aed.ed pitospiæt* i{¿ås reç&vered b¡r

*he iiaüH ox'øvactant ' 'l'ìre afüoirålt of pir*s¡litor*ø e:såvaetæd. by iûaüIl

fr*ur the soils liråß ïery rov (10 t* ãfi ppm) end tiut extraeted. fs"on the

carbçn¿fes act d.ete*te"hL6 ¿n Éiràru¡ ínstanees.

i{?[j0r, exivaeteê 2f pereent eif ti:e 'phosp]rorus arid"ed. 'bç the Ëaimora]Ê.+

-[ soå] enå 3t pereenft cf tSre phompizomø ad.d.ed.'co'bhe !ìelinsral Il eoål-.

lþproxåuiaùeþ ?t pereeat oi the add.ed p}:.osphat* uê# reeûveved. f,rom '¿be

*axjs*rntee by *ire i{2;1ü4 o:rtya*tant 
"

lhe caLciura e$d iiiagnesi-un p?:*e¡rira'ue fraetåon, extracted" by

Ii2sû¿re contai:red 'eire ïargest p*::*ion *f ph*sph*rur for 'bçtir ssåIç.



l-r5

*naLJ- ale*"tsz¿ts of ;:hoepiia?:iis \:î#-r:s foi::r¿1 iyr the j'rç:n anù alui:¡ånun

pfi'osplr*te {vs"e"çLûns' 'ini:ese r"eeui.t$ sho-,,{ Ìihat in sûils cor:.taå:aing

lerge auau¡:ts of' calcj.aa and-/or inagnesiumu the phosl:hate ie held.

preßomån*rntþ by ealcium and/ar n¡*gnesiîff:lu

The amowrt *f phosphorr:s reeosered Ìry th.e vari"ous extraetantæ

i":as índ.epend-ent of the phosphate rarrier u-sec.. åpBr*xinaheL,y' "/S 'i;a f€t

pereenÈ of, iire phosphate ad"d.ed. to the soíls r¡Es reoovered. by the

I{å1+üLB Il¡{4Fe }iaüH and. ß?SAU es.trÐ"ç'çaîL'6s " ,Lppro:;ir.t;te}y g5 to g6

T.,ercent' of the phoephate ad-d.cd to üiie casbonates Érã$ reeovered. ìly

the varíouç e:rtr¿eçt¿¿nts,



r-ú6

Åu¿¿i lebå Líty *'f ilåc¿ iciu¡¡t -Pn* 
s p\za"'; e ili-ir;rrl3'¿¡ ¿ ¿;16

."- Ï-qsefficsil];q lþqpp-æ.Èp. -,¡-. Trdsata- -.-

åince s. ssiubie orti:ophasphahe acicL in reee tioyr ås pre*ipii;eteri.

as ItiD d¡ ås Ït'Pf iri soåla eontaini-fl.g lau"ge auor.:,nte of d,*Iomite, tire

s*}uì:ii.ity af tÌ:e precipitate r'¡ill marked.þ affeot 'çhe am*u:"rt erf pi:csp!:orus

a g:lani obtair¡e frou the ad"d.ed" pl:osphate u In order to determina Lhe

rel¿tive availabíiàtíes ôf ÐtFÐ end. Ði'j?'T several- greenhc".ise experi.iaents,

r;sing a va:r:iety of, cropse vere eond.ugtedo

lt?$ and. Il'JFf p¡ere pr-epared. as descvibed. earlier in the Anaiytical"

Procedr::le seetic¡r. îbe y3?- uo¡^f*ed.u¡ FüFB aruJ. Fi.jPT, ueecl in experiuiem,t

ju ,rsaø prepared by ad.ding ¡)2 to the phospha'fie eolu.tåons -r-is*d in i?ie

preparå,tiûns e ühe¡¡-icaL and" i{*r¿r.,¡ d"iífrao'bion anaþeís strolted- thä.t

'both ICITI a¡:å $f,tr'I wel:e successfutrþ prepered 
"

In the first experiment eoird.uc*eåu l0û ng, phc*phorue as l]úlü

or ÐI':FT was firixed- throughou* Ï000 g, saiï and" pk:,cect in'Lo poreelai.n

pots" An ad.ditl-onal 2ll, ng'" of 'Ñ2 .'rugi;edr$ eirosphorus uae a<Ld.ed. by

pipet'ring i-0 rrL, sf a IÍ{2Pü¡* solution in a bancl one*half inch belov;

the seed, f,he ef.fec'L of tlie ad.cled. Itffi and- ti'üf o* the uptake of

g:hosphorus fron the band. Ìtae detoï'm-i-¡red -uy 
6:roi+ing Âcme neybeans for

Êe!-en 's¡eeics anå analgzi:r6 the abo¡¡e 6rou:rå partion of the plants for

tstal phosphorris (3, i.J)u ra.c.ioactìve phoe¡rhorus (3¿!) and yield 
"

SreatmeniIs insïuåed a e'ir.eek (no ptronphorus added)u 2ì+ m¿. pl32 'u¿**^*¿,'

phcsplr.orus 'l¡ailC.ed-e 1*0 ru6" phospÏ¡orus as Þ#lÐ mi:reC. tl:roughout tlre

saí1 plu"e 24 ng" P3? "tagg;eó*î ¡lhoep'lrorue banc.edu ana Ltû n¿3., phc$pirt:'r-¿.*

band.ed.,



" .rr'/

ü|re pr*ceår:re ích-Õv.reai j"c:{' c-.ta;}ri:l-iiìlent Z r.¡¡:.s trle çavl* as usÊå

í:r experimer.:'c Lu trle ¿¿d.Cåtio¡:al tr"eatnentu 10t r,rg" phoeph*z.us ås

mcnçcalci.ran pi:roepï:ate i:ionchyd"rate "aizeÐ- ti:r"cu6ho'u* the scål plus 24 ng.

Y32 *taggeå'r phonpi:on:s han'åeãu r+as adilæå" ]t"cnle soyireans a¿reL Á.yl-o

rape wore gïor.,'n for seven ueeks. Íhere wä,s no check treatnent.

In iLre thircl experiilentu )6 n¿, of p32 0tta6geds? phosphorus Ð.s

llûIÐ, llÏ.fl,t or KI{?FO4 r¡as adrled to 1800 g" air d-rieð soíl plaeed, in

porcelain pots, The fertilisers lo¿ere ¡¿dded. in a be.¡d. one*haLf, ir:cl:

ìreLor¡ the eeed and alsc r¿{xed 'bh,roughout the soà}, 'Ihe 6ranular

fertilizers u€ïe alL grcund. to rr.:riforrn siae (-0"e5 ¡:rm. bt¿t:"0,10 r:rm.)

prior to addition. ijix i:arley plants were gro-v¡n for one motrih, then

yield, to'tal phosphoruo, and. rad-ioa"ctive phospi:oru.s measurenents ?iere

u¿cle on 'ehe above grorurcl portion of tire pi¿Lnt, 1'h:"ee soiLe , ¿ö,río

containi.ng large a¡nourte of ear'i:on¿¿tes nïrd" o:le ccRtainíng sruall ar¡oç;rts

af carbonetesu were used ín the stud.¡'"

'Ilre treatments useß in the experi¡lents were repli-cated. tl:ree

times " Þlater v¡as ad.ded to ali pot* to ruaintain tire soi-ls near fieLd

capacity" i'ilí4lltj, t+as ad.d.ed. ín soluij-t1l 8.s a sou3'ce of nítrogen'co

ail potø.

"{r11 tire soils used ir¡ the study ?ror€ very i-ou in ìlaliC03 extea*tab}e

phospnorus except soit i4 l.}sed ån ccperiment 3 (Ta¡re ,,lxïI), tlie scåls

ail contained. large ¿¿r:iorurte of carbcnates except soil ü, Soils T end

id eonteined. large airûunts of Cii"u'Ne .ijül sohlbi-e and. :,¡ater eolìr'ble

ur,*6rresiu;:r" iïddition of lJi2T*¡, as a pel-leÈ ts ssile T and 3í reaulted
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Iûg

in the farwB"tLon of DÛPI and Ðit'IF'f " Soils üu Fi and. J), wlrich ao¡r'caineå

-1-arge arnc¡rr::-ts çf r.rate:* solubJ"e ca3-eir:æ, precipitatecl ad,d.ed. ffi2Fü4 as

tcï}" soåis i"í and 1{'øere åd.entifieå as }le,lnora.rs, r as r,akel¿nd a:¿d.

i) as llarlingford 
"

The yield. sntå phospiron:s csntent of eoybøans ?{â,8 sígnífícantþ

increaseô by the ad.dÍtíon of phosplr^r,te ('Iairte )LIiVII)" ttre cLiffes"erxfies

in yield., percent phoephorus utilized. fron¡ the bancI, a;rd pereent

phosphorus in tire tíssue were nc¡t signíf,icantþ eifferent for tho ÐtPll

ay:d II'ß'f treat¡nente, l,fÍ]-Iigraus pirosphcrus per pot aud. 'u.À.e$ våluese

however, índicai;e that Ði;ÍPr su¡:plied. rnore phosphorus to the plant firan

d.Íd. DCI}Þ" The greater availability of DI'iFf¿¡ was al,so refl"eateC. in

the yield. und. phoephor-ue eontent of the forage.

fhe results obtained. from experiment ? sbor¡ that D{IFS and.

DI'F'J r+ere equalþ *.vaítable to both rape and. soybea.ne ('fUUfe iL\T'III),

ït is Ínteresti.Ðg to no'ke 'bì.¡at both nüiil a:rd. $i'TlT eupplfed. as much

trrhospirorue tc the pl.a¡rt as d.icL l,iüPi{.

The yield. and phosphorus content of barl-ey "øas signifÍcantþ

increaeed. by ad.ditione of phosphate ('t'atrte ÏXIX) 
"

'fhe percent piiosphorus utílired. a¡rd 'bhe fiAcr values obtained

when Ð0I1] and" llltFT uere niixed. throug'houb soil 1{ índ.ieate t}:et DffiFT v¡as

moro avail"able than l0Fl). i{oro"ereru uost of the ìneasureÈente aåd.

ee,Lculatio¡:.e Õond.ucted, shor¡ tiæ.t llttsD and. Di,F'I, bad.ed. or ¡rixed í¿rto

the soil, suppliecl about equaJ- anrounts of' phosphorus to the plants grûÌ?-rr

on soil l!. lltËJ) a¡rd. ÐI'5FT, niixed. throuEhou.t the ssil produce:d. greater

gields ancL supplied larger quairtitícs cf phospÌ:orue to the ptant tha:e
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¿id. ItFj] åTìô $iriFÏ ad.d-ed, in a banå . y;:tiÊ lEas for:nå to Ìre nÐ ijtoï'e

availabl"e ths.n ltFl or DL'iP'J"

-ltirÏe banåeå or uixed. intr soíI i'i, produceri greaa;er yzeLð.* awd

sr:ppLied. more phosphorus to ihe plant than did. lli{FT" j"iI{P appeareó

to l:e tho best souyûe of phosphate t¡hen band"ed" in1]o tìie soål. ïüFÛ

r+as the beet source of phospha'Le u¡hen the fertilÍperø welre míxed ints

the soil. Fñ? and. Iitr'fr edd.ed in a ba¡r<IE prod.uced. gr*ater yü.ei-d's

and Ëupplied more phosphorue to the plent than d.id. tlre i'/iilP ariú lli:'i}E

inixed. into soil it"

ilÍKP, add.ed- in a band. to soil D, suppiied. more pb.oephoru*s to

tþe plant than did. nüPÐ or jlÌ'l?[ added in a band" i"ri"F and Ðtp]s

mi:red ints soíI Ðu supptied abeut eqiral amounts of pirosphorus to the

barley plants - lli,Prle ilixecl into the soíI wae not ae aroailable as

i{h? or ÐClD nixed into ti:e soil" i't&P åffl }T'i?fe adcled, in a band.

preduced greai;er yields and supplíed niore phosphorua to t}:e plan* than

did, the j'lI{P ar }t'iFT ui.xecl. ínto soi.l i}"

?he yielås of forage ob'eaÍ:red on soil Þ r,ras sígnificantly

greater tþ"n the J.úel-Ce obtained. on Ðoils l[ or ìoi" lho yield's on a]]

soÍls, hoi+evere were very poor" Sincç the plants ?Jere growl for one

nontho the shoy; Erowing perj-od^ may expl-aín goäiæ sf th* law yields"

The plant$ Sr01l;1i on soils ld and Ì,1 showed pirosphorus cleficiencir sy¡1pf,ç*""

Tt ie possii:le that the pLani roots may not have been abl"e to utiliae

th.e very ¡'rårror.,r band of granular phos,oì:ate addecl 
"

rfhe eoit h¿¡d. a ma::keå influence on ti:e rel"aj;ive a.vailabå]àtiee

of ÏtFû ¡md .lll'íPf " jil,ßI l¡as forind. to be ¡nore a-'¡ailable than BCFÐ on



r"14

s*iÏ'f . ll{lf* #Jr*. ili!]FrÍ ?,rerä füünL 'io j:* *r;u"riþ" avaLisj*L* *n s,*il"s

t aild iÈ" }rl.t--¡} l{¿r.s foumå t* }:* ¡::*::e ¿ws,i}a'ble iir*,n ill"'fE on so:.l i'Í"

Tl:.iæ n:ay be du* 'co "hÌre åepresåårre effecÈ of' tbe hígl-r aruau::ts of *¿ilc-'Lrat

ç*n'*aineð" in eoil- iÍ sr¿ the ,*ch:bilit; of üi.ilT" Ûi.r-?'.Ie ed.ded. iiz a band.,

"trt"*"{Ìare avaål¿¿ble than lJtP} æ,S-.ied. in a hand. 'ho soi} }" }tFte mi:se*.

itrto soil" i), r'ras more a'v-aåIü,btre ihau Ï3,iÏ'f 's:i-:<ed" iyrto e*ål- I. i.iliP wae

fc-¿nrÏ to be ti:.e best ssur'üe *f pircspl:a.te when the rrhosphates wsye

e"dcled ån a banrl , i,:[\P, x,ixo,'3 t]:rou¡;Lr.olit '*he roile uae fou:rd. tc l:*

no rûore avaååable tiran j]üi'$ ar þilP\ uixed. *hrorqlicut Èh.e s*il,



Eo tCIi'lüJ,tiSIûli$ ;rlilJ :iîjj{üLi1¡i

T*e ¡tet'tæ,sisiírÉ bj' which soilg holC. phesphate F¿ï€ T]ût *l"en.y-l'¡

rulci"eretocd-, Soj-l- $síentietsu tøhc iu¿ve stuclied- the rueclranÍsas hy

çÌ:ich. alkaline soi"le nol"d" phosp'*a.te, ire.ï,.e eonsidereri onþ ihe rol-e of

the caLciuin åon in proee*ses of pTrasphate fi:catio¡r, ihe rol-e *f
rr,agriesiriæ in ¡rÌ:oepirate retentiovr ì:Ê's -L:een com;:let*ty' ignored., i)ue Èo

the occurrfl,nce ü.f eoiLe eantaining Large anorxits of aagnesi"*rn in
i'b.ni'boba, and. the lacle of knowled.ge on the role of nagnesiuin i.n phoøphate

rete¡rtion a siufu'' i+as conducted- to cletornine tire reactiona ef soil
i:ia6nesii.im with pi:osphate aúd.ed. i;o so¿l"s 

"

$everai. sbu-d-iae rvere ccnd.uoted. to tf.eternj.ne the reeetion prod.uets

of ada.ec orthophocphates in soile varying in calciu¡¡ and ma.gnesir..r*r

csntent' l{-ii2!tt4r arided. ir: a;oellet, i*as preeipí'rated. as.$i,i?T and. }tPl)

in soils eontaining large amounts of r*agneoåruu and. as J]ûlÐ in eoils

*ontaini¡rg large ancunts of ealcj"u,'n, f3:. rnoei; ånn'üances l:*th }G!ìJ en€

FÌ'l?T r.¿ore formed in t-ire same eoíl eainple. iie?eïa} sojl-s, contaíning

large e,neunts af magne*iurur p:'ecipitated the ad.d.ecl I{fr2P04 as ilitrl rn1y,

Phos¡rl:orus fvon the ad.d-ed. r?.gVo4 d.iffrieed. out ínts tlre eu**u;rd.ång

eoil to a d.Èetance about'br¿Õ c-o. frour the pelJ.et. Ti:e precåpita,eioir

of iffi2i:Û4 as l]ÜFD I'ras &ssotiated. witl¿ 'bh.e forrnetion of a ríng one*half

ineh frsm -bhe source of phosphaie" The precåpítaiion of Íii1rpû4 as

Ë.1-F'Í vae assocíated. '"¡ith tlle formetion *f s:Þ,13 ind.ív¿d.uel eryøials

a::çç¡lß tlre 5ro11e* sítc"



1't ¿

"'da"çer sslu-bie *aL*i"am enî 'nn"gneai'u:¡r uas fcu::d. 'cr -be a gc*a

irú:Lret;ax ag 4¿ú the reactåon prcd.uct* fornled in the s*ilå " It ',jas

forr"nd 'b'r'at' il a s*il had a treter s*l"ub:]-e calei'u.ril to n:ag::esi-'.irn :"*,ti*

*î L.5 or iess, -bha'e the f'oruetio¡:. of ÐfP'I alCIng witb ïlúpÐ eor¿Id. be

ezpected- i+iren .{îrPûU \':rtL,å ad.d.ed , iulea.si:r.ing the quen'oi'Ly of d.í}u.i;e Iîtl

s$luble and- Ì'í84Á.c di-spLaceaì:Le salcium and- r,'iagneniun in a eoål c'tr"íd. n*'b

af,fard. a geod lnåicatísn as to the prod.ucts thâ.t coulcl ?.¡e fornecl,

Ád.dítion of IG{*i,ü4u 7i2}iP04s t;ifO:ætta or (UH¡,}gÌipû4 in e petlet

to u, soiå r¡ith a'*aber saluble eaicii.ilr to ura¿peeirim yatio r:f 0"?0

resul-ted in the f*r"mation sf DÌ,iF[ in all i¡:ste,-¡.icee except v¡it-b the

i'ii&UäPü4 where .t0ilþ i+ae fcrmed as well. ntrhe *rthoplto*Þira,tes were

precipítated. ae llüFÐ and- þî4Fil in a soil r,¡i'ch. a water solubLe ealeium

ta megtresi.um ratío of approx3.rnateS"y 2.0" The pl{ cf, t?re coål" near tire

pellet uas not alteretL g::eatþ by tlie or'ehopho*pbate oarriers usedu

['his ín pa,rt explaias tire forrn-atíon of t]re semö compsreads regard]esn

of the pH of 'bkre piiospþ¿¿,+;e car'rie:" rzsed" iìeactåon cf the soils wi1;h

sa"bt:rated solutions of IúIUI'úU t iþÅIfr¡*ø tii'ã*iIäirûq aird (i,ilí4)e@ûk resçlted

iyl the fosnation of relativeþ so)"uåJ-e product* (nCfU aird DfiF'Ï) ín

àlte acid. filirates e,rid relat5-veJy åneoh.¿ble prcd-ucte (OCf= anO f .i'l"Ir"

l+U^O ) i:r 'che all<atine filtrates 
"

t'he ini-íial reaetåcn prad.uctou üttsj) and. ÐÍ'iFT, ve:re subjected.

to fu¿rÈh.ex xeaetL*ne .'ritir ihe soåi sol"ution" lltFl and Dr,. 'i wer.e f,cr:sd

'co d.írssolve incongruentþ- Iearrj-ri¡3 a restd.ue of, ûüF and. ,ifiF.?Zli2$

renpeotiveþ, ÀIth*u*6f: ÐtITi ar:d. Ðl:lP'l are iee-i;aei;able, they u'otrl.d persåst

ån soíls f'or a lcng ¡rerird rf tåmeu p*rs5-hþ;feer#¡ rnÕe f*rued.,



ii?

,ùI'j"ìs }if'i$ 'j)t,:tJ -i?'!2A r:,,riil. -;- ,,:' :.ci:É iz'epa::cú ;nå íþ,sl-1.- :;ol-ttbi}j-"¡ie s

l..e'ic::.,. ticd.- .-,:: ccilr-l:;L'c,¡ :-, ir::ìi";; i;¿' ;l ,l ;al;,iio-'r.e \:' .*;.)-;,:.;

i-:t:.:-tLCt,+,r¡t:,,:.j . ,,,:s !¿:.i.t-::. 'b: +e r.'l .52 t'c:-' iill'Ji i,L 2jii li ;.,'" , " .'ile
^, 

È' I¿'

rì,ri.ii.cå íerr 'ù,ie .:i!'.]î.ti!;:,t.c ip.-*j-,,-.; I : i.1,l2rLrr-,.'l--o., 3) l ,'"s .lr'.-:;,-i- lo

!,52 fot Fi.'ifT" 'i:;e i-a:rgcr i'i'.iìJt€ üf i! lüt'Llj'lrril es cori:pa;'ed- ',;t tlie

cî lt fcr ,JtlliJ inrii-cårtès thst 1.1'':1:1"' ís ucre solì;i-b1e 'ciran ,llüirl] " t!;'å

tilnst¿-.::'j;

i, ^

t;i,':;r) ?.'i.1^i\ rnri ,rn.¡i¡i¿-:razrr f1'l} i.reye folrnd to bc cçnsid-Ê::åbly les* scLuúll-e¿ L t3 ø t_ t-L_.¿w

tlran jlüïä ün ]i:,i.FJ-r, T1:e oûn$t¿i:¡"t C.e-:.i'¡q:d- f,¡r tbe equí:ifionÞ ?(p!.i-!'çi:;¿r) *

{,rir:i'i;r,.1.: l:-.,i) q ir'ri(ì f Õ-Ln'}C. 'bc ?*'c ô,31 fo-,: -iirc il¿rila-L¡:'3 i'¡':;' :'"tlù 'i "5) ';'c.::
t. -i --

'i;he ani4rclTúriß fOrin@

Îi:e soLubitity oí ilül:iJ a:rú jli".FT uas i,te-i;e:'r¡ri.a.ed in s;o]-ur!i';:ns oÍ

ilir0i2e i:gül-^, Üi;ii:,, e ir¡;,jU¡, e ;i.tl i:rnlì i"iU¡, oí r¡."l-ryi:r¡, co:'ICerLL:i.iioirs.
'" ¿' ¿:'" " 1'' tu i

The soluirilit¡" tf ûüITJ Íncveased. in ¿il- soluì;icns. 'li:e stlu-;:;ili'iy

oí L]üFI iitcreased es ti;e íonic strengtÌr of the s;clu'bicn j-nc:rea;¡*c',.

IrlP"i"] '..¡¿r.* ¡tore srlu--)-ì}e in the i'igûÌ-2 anC" Irgliû¿ Bol-tiíínns ii:ir":l in -ihe:

uaü-1,.-, ¿nui .¿iJ0r, solutior:s - 'i,-lie inc.¡:e*ea in '¿iie soi-i:"'oiJ.i*y ü.'i' llijliì lri-Èir
<, L?

increasínç; i*nic st;'ei:¿tir çeÊ n-Õt â3 iilÉ1":rliêå as tiio :i-¡:crsase i:r ooiuu:i,J-i$'

abigrined Í*r ltlil}, The solu.t:iiity cf $i":-i'f irLcre¿,seil a:rly *ti¿1i:.'i;ly i:,s

the ionic si;ren¡;bh of tlie sciuticn Tr'raÈ :lrlerÊa$ed-u t-he addi'i,ion oí

'J-a:"ge an*iurts of ea,-l"ciu¡r 'i;o ÏiËU resul"-beri- i¡: tiie foi'naii,¡n of tl,li'.ü

¿nå ¿¡ red.uc1;ion Of lrhssrha.ic in soiu-'i;ici:, 'Jir'll resu.'ì ts of i;iie stuåy-

ind.ica-beC. ti'rat ions Ðresent in a soiJ. Frtluì,ion ir¡ûu-id, r,r":¡'i;cäi.;" a,.Ífect

the saiul.:i1-ity of tiie pii,,tsplnte cili;iirr:t"riid.i: prtriÐr-r-l :Lr. -lÌrc l,,oj-1.

Tlie::efc:e, it wouirl be e::i:ectecl tiLa,c Îíl¡'¿i ai:c i-iiiir? ån ¿ soil o;:*{,ei:'r

woi,rl-d- fiâ"î¡e *, arylìl-iliií.LJ i'. .âi'ì"teï 't¡,::"¡t. ïn"¿"'b ;neasu-::cC- ¡av 'litte cnii'ipcrrnd-s

in 
";a.ter,



11,8

ït:e feeribiiiQr oÍ' r-æi,;; "t'L {i. üaÚLp *r ,01 ii ìigüi2 ¿s â;i

r-sr.ilit¡ratíon eol¿¿ticn :ì-n süiubi-h-tJ¡ studies rEas ia:resiigated- " TLts

solu-bilii;¡r 6f Ë|rosp'tlit'úE a.d.deil to soils r+as ciratrged by tbe ad-riitios: of

#a"ü'L2 or I'fg)l2 to the equ:ilibrating eolulion*

'l?ie solubiliiy oÍ phasphorus added. ie i.JJ*i)0*r iL3POq and .i{rffü,,

ått eoii-s -'rarying ån c¿llciu¡i anå magtresi-*rn ecnteirt l.¡ae óeterrqåned.

.¿liL forins of aåd.ecl phospÌrate r'en:ain¿d- u'el"atively soluÌrle on alL soj-1e 
"

'li:e solubility af the add.ed phosphaie vomalned- beti¡een that *f llüP&

an* ili,ft,li'in most ínnüances" 'JLre selubíJ"ity of the ad.d*d- phosphe.te wa*

greater in the soils co:rt*ining l"orge alnounts of rne,gnesi"tm than ín 'bÌ:e

sftål$ eonta.i"ning J"arge aruoun'bc of caLeir¡m" Th-¡.s is prebably due ts a

larger portlcn sf the ad.d.ed. phoepbate being precåpíta*ed as ÎþlF'f in

the eoåLs contej-ning large ar¡oun'es of r.agne*ium'

The aåsorption m¿,xj.irrun and" bonding ener&r for phosphate of

ei¿lciuri ancl magnesi'.:m satul'ai;ecl montmoz"i-Ilaníte was deter:rairled . The

nagnesíwl satureteil cle¿r ¡1*1¿ phosphate ;:rore tigirtþ 'oÌran cliil the

*eleium eaturatecr clay" lne ad.ssrptian n:aximum ef tlxe calcir.r-ia r¡as

higir*:" than that of the nagncsåt::n sa'burated, elay. 'i'lrese o'b,servetioire

rcere noà verifiecl on tlle "soils studied.u lhe eoLubi3.i'uy of the adcied

phcspirate a-& low pircs3:hate con*entratiq¡ns (betaw the aåsorp'eion uastirøi;"m)

rqas belo\"¡ that of llCl'l] or near th*"'r mf ÛilF" 'fÌ:.o solubí&ity af ad"åed"

ph.osphate wae be'ci+een çÌæt af FüFB ¿le* i)Ì'i?'¡ when phosplæte concentra'¿åons

ehøve tl:e adsosptien ntxinun ',¡¡:,s used.. ;u1 ed.eor-0iiar¿ s"eactio:l !*Je,s

operatíve at 1-a,r¡ coRsentre',tíons of a.cld.eå phosplrorus, TÌi.pre vas evidençe



*hat a n::ecåg:åi;cltio:: re¿l*taL'Jti tras cperai;ive at Ì-rigil pircepì:r^a'üe ûo:1GÐÍ3-

îvatiû?r.s i:"r'¡;he c¿14¿i:n sa'çura'ce.J. etra¡- ai:rd. lJe,luoral. I scå}" iteuor.ral uf

à!:e ad.Ced. pÏ:.cephate soiu-bíon aad. iùashing 'che eample* wåih waier resu-lted

ín a iowe::in6 of phosplurte xolubí3.i-ty"

Fh.c*ptrato aðd.ecl ts l;lu-*:åtsba sc¡j-ls *ontai¡rin¿g i"arge aüc¡wrts

*f sarbor-råtes v¿as readåly extsaeterl by railcl ext:'aetante suah an i'.iIi4ül

and i{alltCI3" Üalcir¿ra antl. nagnesilÐrì iroJ"d. t}re majoe'íi;y of *he åncrgai:,åc

pirosphate ín these scils.

lTw,H2PC¡, ana (t{u4)21ff0¡, ïiaÊ

tatJt3 and itÍ6ü03.

Pircspirrate aåded- ase iüi2P04, ti2.t!Ð4ø

?Ìre availaÌ:iÏíty sf, llüPï anri Ðltrf r¿as d.etern:i.ned- on saveyal

poå}s using a varieåy af cro¡:ø" Ëoth l0Pll and $I{?'n supplied, J"arge

quanÈíties of pLroephorue to tire plants u 'lhø ¡rlante ¡:&L3'ined. phcsphorus

frn,çr lúFll ancL jï'lFT equaJ-ly on $ost sCIl}s, 'rhe ÐüFI was a l¡etter

s$urce of phosphate ihsu.t. ff"jFT czr e soå1 cantainir¡g J.arge amsunts cf

oatrcium." Tn so¡re ínsta"zrees s ßr;Ê't suppliarl more p}:asphorus to th* plant

bhaa d.id. lltFr). Both Ðülïi and Ï].iFr ?rer.€ füurid ts bs elí6"irÈþ lesø

ef,íectit¡e in euppþing phoephon¿s to the plant 'hliaä d-id a readi.þ epåuble

ÊÇl1trcË such as ]ú:zFüq" It iiqy be asnclirßed. ti1åÈ åf a eoil eoluÈíon

í-q eetura'Led. wi-th l]Ûllil or Üf{F'j'e e-nough phosphorue sou}d. 'be supplied.

'be fulfili- :i -pJ.ai:.tËs needÉo

fbe etud,Íes repcr'{;ed. j.n this ¡aem*Ëcript certaín1y ind.íeabe

-bhe.ii the role of ræ"gnes'iurn ín krolc.ång ¡rhoephe,'re in sûíis of' a lrigli

ruã4:reeåum eontent is an irnpor*an-i; on*" tr,,agneeírat z¡as for-lnd. tø pLa.s¡:

equelly w"utacta'*}e wlien a.C.d.od. -ho roiS.eu
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a si6:ni"ficant rcl-e ir¿ holclång nhospYtate in the soåis stud-ied., fhe

]:el:avior:r of fhe r,:e.gnesi"um nhosplrates, in nar4' instance* s 'àrê di.flfe::ent

l:han tb-e bai:ravisrr of the ealci'"uo pìrcspirates" Therefor:e, no

parallelisrìlß cir.n be drarsn bett"¡een tire tvo foyms of p-nonphate 
"

31lr'bher stud.ies, to investigate the hehavåor:¡' of tire nra¿r:esi'uLr*n

phosphates j-n soåls is advisahle. It Ís also eseenti¿¿l 'oo cle'cer¡n:i.ns

bhe proportions of pitospiLorus Ìreld 'b¡' calciiln ancL magr:.esiuur" ûnly

i*ith conti¡lued. studiee r'¡il} the role of magnesiur'r ín hold.ing phosphaie

be clearly understood.,
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