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J. 

.a.. ~ •~ -• f I j l >p t 

.Althougti a gnat bocJ1' ot e-d4ence points to the preaenoe ~ 

iron - and abw1n119 - bounc1 plloapbate 1n aoila u produota ot the 

pboaph&te fixation prooeaa, until reoentJ.T no aatiaf"aetory prooedurea 

b&Ye 'bee aTallable tor the qwmtitati w uee.aaent ot the IIIC>1.Ulta 

ot tbeae toraa in aoila. 

Chang and Jaakaon (1957) wre the tirat 1Drkera t.o propose a 

aobe1le ot pboaphate tractionation, which included the aeparate deter­

aination ot il"on - and al.11111niua - bound pho sphatea. The lllli tationa 

ot their prooedure haft been diacuaaed by J'if'e (1959a, 1959b and 1962) , 

who baa proposed (1962) a IIOCli1'1ed .. thod tor the detel'llination ot 

the aluain1ua - bound soil phoaphate traction. Fite (unpublished 

resulta) hu aubaequently inoorporated this proceclure into a general 

scbeae ot aoil phosphate fractionation, which ino1udea the aelecti.e 

dete:ndnation or iron - bound and calciua - bound pboaphatea. 

The iron - and all.mini\111 - bound f'ol'lla ~ phoapbate 1n aoila are 

ot secondary origin derived in the ca.se ot vh'gin IOila troa or.1g:ln&1. 

apatite and in the cue ot tertilise4 aoila by tixation ot applied 

pboapbate. Tbeir proportionate incidence in 1/fltT given aoil ia a 

retlection or the relatiYe tendency tor iron an4 alain1ma COllpOWlda 

to t1z pboaphate deriftd l,y wather.lng ot apatite or traa 1144N 

pboapbate tertili•ra• It wu oonai4ered. ot interest to inwat1gate 

whether the ratio t iroa - to e.luatnia - bound pbl,aphate 1a a 

nnge ot ... Zealancl eoila tollowcl -, p ttem wld.ch ooal.4 be l1nte4 

with the estaibllahe4 geaeUo olaadtioation ~ the• aoUa. It wu 

t'urther aon.U.1"94 ot intenat to lnftatigate wbetber a relationabip 

ezlated betwen the ratio ot the• tol"II• rounc1 in tlel4 aoila m4 that 

toan4 by la1aoratory thatioa ataa!a•. 
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Joy- laboratory •~ ot the relat1w contribution ~ iron IID4 

alum:hd.wa ooapoanda to the phosphate f'!x&tin process deaanda a 

prooeclure f'or the l'ellOYal ~ om ot these oompounda ao that the 

pboaphate ~ta1n1ng propertiea ~ the other ae;y be in-.eatlgatecl. 

Ic1eall;r the f1xlng oapaci ty ahould be studied 

(a) atter clealuaination, 

(b) after def'erration, 

and the awmaatlon ot these quantities OOll.p&l"ed with the phosphate 

f1xiDg capaoity of the who1e aoil., atop• being tabm ill &1.l caaea t.o 

ensure that &Jkal1ne earth cations, which aq fix phosphate by 

precipitation reactions, are first removed trom the syateaa. 

Unfortunately there appears to be no prooedure whereby iron oxidea 

om be reaoved froa aoila without aimul.taneoua remoYal ot alwainiua. 

Pit"e (unpiblllheddata) has., howeffr, concluded that prolonged treatment 

of aoila w1 th 0.5 V lfil1.l at pH 8.5 llhoul.d cOllplet.ely elillinate 

aluainiua - binding ot phosphate by virtue of the abiliV of this 

reagent to tom oomplex ions with aluainium but not with iron at thia 

pll Yalue. Soila dealwdnated in this 1119' ahould therefore aene tor 

atuM. a on pboaphate retention by free iron ozidea. Stror,aq 

a1W1ne aolut1ona S'Uob aa l • 1'af)II -.y al.lO be ezpeoted to acbiew 

doaluaination through the toraation ot aol.ubl• &1.uainatea. loth the• 

aetbou wre irmtat1gate4 1n the preaent •~• 



-)·-

• 
1. 

(1935) 

for tht'ld4 

( ) 0 . 00:2 04 o .. .- pR 2.0 

(b) soluM.oaot 0 cid 80<lim ootnto buf'.ferod 

( ) Col~ 

(b) 

(o) 

( ) 

< ) 

( ) 

U>5 

phatos, 

ttent.i to e alubllity at ooil. · ospborwl 

04al~CIIV !!!de (}f' nc.utrollty. tmi:1 ~ oM, 



_,.. -· 
--.ta.. The .u ... a.,al!Nltl1111. at ,Ile• · o.e • Mil .._., 

•al.due .. funher 'tnlr111111&t fbi- one mar c o.s • ~.. cU.ftded 

80U ~ 1IL'to blOtlllll fract:iona; 

(a) Ozpnt.o OOlpJllll4a lfJluble in w.mr. 

(b) DJO~D.10 CA-,.mda IQ1nh1e ill 1fdl an4 ~ 4 • 

(o) Imol.nlale OIIPIIIDCla 

111th 4U ecic1a pr.tor to &lka'.J1 treaf.mimt.. t'ht.s .. ...-~ ns 

attr.tbutecl to 'l"IIIIIIIIIYllll. ot UCllbal:l!Af'lll>ilO dlftlent oationa, whiola 

pr&elpitat.e itao&JJmai;o in alkalSm aolutian. He tlm IIOd1n.ed Dean' 

£"or tm raoftl ot ~ t&l :Lana. fllCS aoil was t reated 

~ Id.th o.a, II a0ll and f'inel\y' Id.th 2 11 B,j04• Bia 

phooptoroa traot1ona oau1.ate4 or n. groupa; 

(a) .Aoetic ec1d - 8l>1ub1e pbospbatea repreenting ono - , 

( ) 

(4) 

{e) 

41-, 

almdnSm pb:>a])laatea, 

Alke11 - acwmk 011-1.0 

IOlUtt.<mby 

e&tno~ta 

uu~~Mlll•GIIII~( ~)--198tel. 
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Thia -.aeatt waa tnriber uplored 'by Williaaa (1,SOa. 

1,50b). .-Jfia fractionation oonm.ate4 ot mcoeaai't'e extraat.lon-a 

with ~.,,C aoeti.c ac14 - 1" 8 - J\ydroll'3quinoline and tin&l.13 O.l • 

BaOB. The uae ot oup:t'eft'Oll waa t°ound to be leaa etteotift than 8 -

Al.though hipr aoetic aal.d - soluble pboaph&te valuea •re 

obtaim4 by the• 110?bra b.J the uae of theae looking ftagent•• it 

cannot be ooncl.ude4 that the phosphate tound in solution waa a true 

•aaure of the a,n re~ aolul>le caloita phosphate• becanae ~ 

reagent capable ot pre'Yellting reaorpt1on ot phosphate aust alao he.Ye 

en enhanoed oapaci • tor diaaolYing orlglnal. aoil phoaphate. It ia 

probale theretore that part ot the inoreued &ID'Wlta ot aoetic acid -

aol.uhle phoapbate liberated waa der.hed f'l'OII the origlnal iron - end 

alUllinia - bound aoil phosphate. 

An approach trom a 80111e11hat ditterent angle was adopted by Brq 

an4 Jturts (19'.5). Theae 10rJDtra 00naidered that the torma ot° aoil 

phoaphate ot gnater aignitioanoe to plant growth were tbe acid -

soluble (11&1.nly oalciua - bound) am a4aorbecl (or ezo!iangeable) 

phosphate and their f'raotionation prooedure wu 4eaipl,d to delineate 

the• oate&orJa•• ftie e48orbe4 pboepbate waa extraote4 Id. th 0.5 • 

.,.., • & aol.utian ol 0.1 • llC1 11111 O • .S • a,, wu uN4 u a OCllldae4 

~t ad t -4 - aoi.l• tom wu i-oan4 11.r asttenmoe ot the 

oaaMaa+;&aa m4 ad.ao.rlle4 tQl'IU. 

JibNpbate tnot.1.on u-• that the r.i.•• ot plDeplt• llr -tf la 

iJ:lllllp911'l•t rd tt. JIii at 1114all exuut!oa la earrS,t4 • n..t. 
A 

(1'5,a, 1,s,a,) baa .,_ illat thla 1• not the_. m4 it 1• oi.-az-

A,a )&la •l'k tllat ti. clift\11•• prooeam. ot ..... -4 l'urb , (1,.S) 
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tor phosphate fractionation au t giw a grossly exaggerated value tor 

oalci'WI - bound phosphate. It ia al.so evident that the so - called 

adsorbed or exchangeable tom included con.aiderable amounts of 

phosphate derived trom the iron - arid aluainiua - bound f'onas, which 

would certainly not tall within the category of "exchar!geable" 

phosphate a.a now de:f'ined by the "isotopic" exchange techniques 

(Talibudeen 1954-, 1957, 1958, Arambarri and Talibudeen 1959a, 

l.959b, 1959c) . 

Bauwin and Tyner (1954) aleo adopted this procedure of Brq and 

Kurtz in their studies non - extractable phosphorus distribution in 

some Grey - Brown Podzollc, Prairie, end Pl.anosol soil profiles . 

Chang and Jaclcaon (1957) adopted the uae of neutral ammoniua 

f'.luoride a.a a aelectiw extractant of unoccluded aluminium phosphate 

in their 0011prehensi -.e acheae or soil fractionation. They divided 

soil phosphorus into discrete che ical t'onaa; calcium phosphate , 

al.UlliniW!l phosphate, iron phosphate, reductant - soluble (iron oxide 

coated) iron phosphate , occluded al11111nium - iron phosphate and 

organic phosphorus. Their procedure ia SUJllllarisecl below . 



Jllloapboz,aa h:tractant Pora• ot Ph<>aphate aetbocl 

J'raction Bx-tractable A4aptecl 

Proa. 

(a) .U-phoaphate Neutral Al-phosphate cmpleteq ...,. an4 

0.5 II Ifft,! Pe-pboaphate too (Pif'e) l'urts (l~S) 

(l>) ••-pbNphate 0.11'BaOB Al-pboaphate •1111-• 
Pe-phosphate (1950) 

Organio pboaphoiua 

(c) Ca-pboapbate o.s. •~Je. Ca-pboaphate eo11pletel.7 Dean (1,,a) 

Al- and Pe- phosphate 

oonaiderabl;r 

(4) Beauctant lf•i3tJ1+ - Pe-phoapbate 0011pleteq Aguilera and 

aoluble citrate Al-pboaphate negligibly Jackaon 
•e-pboaphate (1'53) 

(iron oxide 

ooolude4) 

(e) Occluded lleutral Al-phosphate ooapleteq -
Al-pboaphate o.s. ~· Pe-phosphate too (J'Ue) 

(t) Ocolude4 0.1 W If.all (Altematiw or -
Al-Pe- ad41t1on to (e) Al-
pboaphate and .e-pboaphate 

ooapleteq 

(a) Orgm.o 2.0 W Bl804 Org-.1.o pboapboraa ..... 
pboapboru Karts (1,..S) 

-
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'!be aa1n ob.fectt.ona to the pboaphate tnctionation proce&ue 

of Chang and .Jackaon (1'57) ia that the aasumptiona are made that 

(a) thB dissolution ot unocol.uded &1.wainiwa pboaphate ia 

achieved by one hour extraction 1n neutral O • .5 ll 'N\_F. 

(b) tm resorption o'f phoaphate liberated by fluoride 1"roa 

al.u111n1:m1 - bound form• does not occur in the presence ot 

fluoride. 

Chang and .Jackson adopted the use of neutral 811110niwa fluoride 

aa a aelectiw extractant for unocoluded aluminium phosphate following 

the work of Turner and Rice (1952) , who showed that the role of' 

alwninium in liberating phosphate was one of fo:naation of ooaplexea 

of fluorine ions with iron and alwainium ions. The relati"" attack 

on these two ions Taried w1 th pH of the extractant. 

Fife (1959a, 1959b) oarri.ed out orltical studies ot the 

stability of fluoferrato and fluoalwainate ions in NB4-F solution at 

dU'ferent pH values both in artificial and in soil systems. It is 

evident f'roa hia reaulta that the neutral ammonium fluoride u 

employed by Chang and Jackson extract considerable amounts o'f iron -

bound aoil phosphate aa well aa aluminium - bound soil phosphate. 

Pit"e thus proposed the wse ot 0.5 I ltHz..P at pH 8.5 inatea4 o~ at 

lower pll. 

The resorption ot phoapbate liberated troa the &1.uainiua -

bound f'onaa during nuol'ide extraction by the tree iron oxides ot the 

aoll aq be of aignin.c-an 1n aa11e aoila; especially the>• with 

high iron actinty. Thia oow.d be llinild.aed, .. suggested by J'1te 

(1962) , by extrapolating tbe 24- - 72 hour pboaphate releaae ourw 

tor each aoil to uro t1ae. The Yal.ue thus ol>talned after 

oorreot1on to • a4aorpt1on free 1-&1• ia taba u a aeume ~ the 

content ot the alUlliniua - 'bounc1 aoU pboaphate. 
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A tractioaat1ca prooecblre of ac>U inorpnio pboaphate propoae4 

b;r Pif'e ( unpa.bliahed d.ata) di uua aoU laorpnio phoaphoNa into; 

Calcim - boml4 pboapute, 

Iron - 1NMm4 pboapllate, 

ilml1 n1• - bound phosphate. 

Thia preoec1ure ia aDlll&l"iNCl below but only the abbreuatecl 

aethod tor detel'Jlination ot aluainia - Nlmd aoil phosphate ia ••• 

O.l R HCl 

1 • lfaOB on aoil 

reaidue troa 
foregoing 

eztraotioa 

lfeutral l • lfaCl 

preleaoh oa 

aeparate aaaple 

1••---.u 
reaidue troll 

ft,reeoillc 
atnot1GII 

o.s. "Y &t J/11 
8.Stora11oara 
at tbe ldglleat 

pnotiealtl.e 

til.llUGll. 

J'oma at Phosphate lb:traote4 

Calciua - boun4 pboaph&te + unlmo• 

proportiona ot iron - boun4 and abw1 n:ta -
bound pboaphate . 

Re9e:Jn1ng iron - and aluainiua - 1N,un4 

pboaphatea. 

111.nor 1110unta ot eaaiq aoluble pboaphate 

which are added to the iron - an4 

aluminiua - bouDd ton• extracted by 1 • .... 

AJw1n1• - -- pllOap)aate . 
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2.. Tbp Retention of Phosphate b;r Iron g. Alffl1me eo,pqgp4a o:t SoAt. 

The earlles.t evidence or the reactf.ona or phosphate icma 111th 

}vdrated o.2idea of iron and al.uaini.m oame :troa Voelcbr (1863) an4 

War.lngton (18") workil'Jg on phosphate retention by iron and al.uaini• 

o:d.dea. 

Beactiona o:t phoaph&te iou with artifidal. ae1• o:t allica, alumina, 

and iron were studiecl by Gordon and Stuby (1922), Sta.rlm)r and Gordon 

(1922) , Lichtenwalner et al. (1~23) , l:Uler (1928) , C.hoah and 

Bhattachar.,ya (1930), ll~rge an4 Breueale (1932) and ~ (1939). 

'l'hia had al.110 been deaonatrated with ferric J\ydroxi.de (Kelley and 

llidgley (l9lf..3), with soluble iron and aluminiua ('reakl.e 1928, C.aarder 

19-'>, Mattson 1930, ~ 19,31+., lurpey 1939 and Sanaon et al. 1949). 

Ford (1933) showed by X-re,- pattema that goethite and b8UX1.te but not 

hematite retained phoaphate. 

'the evidence in support of the retention o-r phosphate b;y iron an:l 

al.uminium coapounds of soils oan be divided into four main groups. 

(a) Correlations ha,e been est ablished between phosphate aoi,,tion 

and the amounts of iron and alumim: 1n soils. 

Mattson (1927, 1931) , Scareeth et al. (193',.) and Toth (1937) 

observed that the phosphate aorption ~ soil colloid• Yaried in rae~ 

y the SiO,/C,e2o3 + Al~.3) ratio. Gile (19.33) toun4 1n pot experiMn.t 

that the ettioiaqy ~ auperphoaphate deoreued aa the Si0a/(~•2')3 • 

AlfJ,) ratio ot the aoi1 oollolda 4ecreue4. har4er and ~rabl -

1'1e1ND (1,35) abowK that the phosphate ·•rpt1on oapaaity of torly -

three aoll• inoreued 111th the ratio~ aaoida acidoid•• 

pboaphaw .orptloa o~ aoUa have been oorrelated by a .maber o:t IIOrbn 

(hap• 1.922, Aatlpoa - krat.av et al. 1933, and ~ et al. 

(l,U.). 
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a aon-elatiaa between the mounts or iron end al.Ulliniua and phosphate 

41.uolftd b,- 411.ute acids. 

•t•r (191.l) • udnc fGrty-two soil samples t'ouncl a significant 

t»l'l"e1at1on between tot~ il:!)3. 7e,J'-:,, (.Al.~3 + 1ei}y, and pboapbate 

aorption. Be eatabllshed a correlation 'between the peroentaee t.otal 

~e~3 that diuol-ved 1n 0.002 11' B~04• 

('b) l1'01D and alU1111m.UJA have been removed from soils and IOU 

colloids and the effect on :9hosphate sorption has been studied. 

Toth (1937, 19.39) and l'elley and Uidgley (194-.3) uaed the I\Yd,rogen 

sulphide •thod o1" Droadott encl TlW>g (1935) to show that the reaoval 

of iron aDll alumini oxldea t'l"Oa soil oollo~a reduoed phoaphate sorption. 

Thia ettect Yarled with the colloid under inTesti&ation. UsiDg the 

method o1" Truog et al. (1936) tor reao'dng iron and al'Wliniua, a aiailar 

reS\llt had been reached by otmr l'Drkere (Metzger l,9f..O, Chandler 1941, 

lllack 191..2 &ni Coleman 194-2&, 191.4). 

(a) Iron and al.Ullliniua oorapotmdft ha-ve 'bee!1 added to soils and 

soil c~ida and the effect on pbosphe.te sorption ha been atudied. 

Wolla:>tt (1~24) added ferric oblor.tde to a aoil treated with rock 

pboaphate and toun4 a re4uct1on :ln the •ount ~ pbo.apbat.e aoluble In 

0.2 1' nitr.lo -.a. Al:mdniua cblorl&a had no etteot. Daaghv (19,0) · 

eaturate4 a peat aoil with u,m Sl'lJ a:t11111n1m iona b:, l.flacM.ng wltb 

aolutlau o1" terr.lo ohlor.lde· and al1•brl• chlori.da am recorded an 

aore ).IIM,~ ill U. p1t ft11P ,.1 -J.O after 1lei»c tr.ated with 

• terrii eh1o1"l4e IOlDtiall. 

Jaffa (1,r.,a. 1~'11) nporte4 that r.m.o ohlori.4a an4 &111mnS• 
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oblorlde that bad 'been added to IOU - ea(OH) 2 - a,_o - air qatea 

inoreuecl p'bc>aphate aorptloa eapecd.all,7 at low pl Yaluea. Be 

oonoludecl that cmly at JIii ftluea lower than 4-.S wre appreciable 

aounta of uon and a1uain1UII toned that wre inaoluble iD 0.002 • 

aulpburic ac14. 

(d) Coapounda fOl'lle4 dur1n& phosphate aorption haw been 

icientified by caapar.lDg the effect or pl on phoapb&te aorption with 

the effect ot pH the eolubiliv ot iron ml alumni• phoaphatea. 

Teakle (1928) atudied t.he ettect ot pll an the precipitaticn ot 

iron and almdm.a phoaphatea. nth iron precipitation ~ pboaphate 

waa greatest at pH 3.0 and w1 th &luain1ua at pH 6.8. 

With equivalent •ounta ot Ye+++ and POz.. - , Doughty (19~) found 

that t.he greate t precipitation waa at pH 3.5 - i...s end Gaarder (1930) 

at pH 2.0 - J.O. Both mrbra reported that preo1pitation occurred 

up to :t least p1I 8 1n the preNDce of a oonaiderable exoeaa ot iron. 

+++ -With equivalent uounta ~ Al and R>4 • Doughty f'ouncl greatest 

pboaph te precipitation at pB 6.8 and harder at Jfl 3.6 - 4,.0, 'bu.t 

with m •~aa ot aluainia Doughty f'ound the pl raage ot greatest 

proclpi tation becaae 6.S - 8.S am. Gaarder 4-.5 - 6 • .5. RathJa (lsu) 

tOUDCl that tblt great.at pl'eoi}d.tatioa ot pbc,aph&te 1v' ezoe•• i1'0lll waa 

at pB 3 and with aaeaa alw1nim at pB 4,. 

811dl.&l" renlt• had bee obta!nec1 1'¥ ~ (1,.39) 111th t'em.:o 

oblor.l.4e -1 bva IV°'\r0ao1,, a"., '9ddna am Dnc {lM.) Id.ill 

UJIOD!te and hlllatl.ia. •cGeorse an4 ..._.,_. (1'-'2) an4 St.U7 mil 

PJ.er.n (1"'2) i-a,orted re.ita ca the etteot or JR the 8ift-l»M11\y 

d il"Oll m4 alm:tnS.1111 apbate lllaeN.la. 1!llla latter f' that the 

lo•at •lu:111"7 ~ alwinS• pboapbat. ldaeral.a, ftl"laoite anl 

wawlllte. - ill the JIii nn,e ••S IIJ4 7.0, am oil the il"OII phosphate 

tdMnl.a TlYS.ad.te d tutnldte wu 1a the Jll niage• ,.o - 7.0 -4 
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an4 3.0 - 6.0 nape-cliw]1'. 

Ro•-- (1927) reported the :tint uperillent that accurately relatecl 

pboapha'te aorptlcm ot aoil to tb9 pB value. Be f'ound that the greatest 

aorptian with the eleotrodi~ olq fraotion ot Putnal Bil t lo• 

wu at pB ,J.O - ,...0 an4 11 ttle aorption at pB 10. 

Doughty (19-'>) atud1ed the retention of phosphate by a peat aoU 

owr the pH range 3.0 - 10.0 and attributed the retention at low J1f 

Yaluea to iron am &lmn:hm. Scaraeth (l.9.,,._) found that the 

great.at retention ot pboapbate by an electrotia.lyaed betonite titratecl 

111 th aodiua )vdronde waa at pll 6 - 7, which he thought wu due to a 

reactioa ot thlt phosphate with the al.uaini• o'f the olq llineral. 

Alllaon (191.)) f'ound a aillilar 11m.J1U11 at pB 6.o w.t.th three aolla 

titrated with aodia ~de. He :found another pe·ak in the 

phosphate aorption - pB oune at pB ,3.0 - 3.5, which be attributed to 

the preaenoe ~ iron and &luainia I\Jdroua olddea, especially the fol'INr. 

Black (lsat.2) working with a Cecil Clq, f'ound a • uimua in the 

pboaphate - •orpUon curve at pt 3 - I+, which be thought waa due to 

}vdroua iron oxide. Be OOl'loluded that the ll&X1at1II in the pboaphate -

aorption curve at pB 6 - 7, 1fb:1.ch he .found with a aaapl.e ot kaolinite• 

waa clue to a41o%'pt1on ~ tree alua1niua J\ydrold.de. 

Coleaan (19ft.2&, 1,..,.) ua1ng mntaorUJonite and bolinitio c1qa 

lb,wcl that aoat •orptlon ~ pboapbata ooourrecl at pl 3.0, bttt after 

~•al ~ tree hon oxldea the aorption waa 1'9Cluoe4 ao aa to be aboui: 

tba ·- at Ji1 ,.o, 7.0, am,.,. 
ha the rellllta o'f the -..r.loua worbn rette11114 __...,it.._.,. 

'tlma be OOJMJlaa.4 that tileft are - 41fferenaea 111 tbl aaot ,a 

nnce• o~ ....... pboaphatie Ntentioa or Jdn1- Jllloapha• a,lnMUty 

'4 1:roa ail4 alum.niaa. a..wr, two pnerallaat1ou •• be 11114a 

---~ tbe mlaticeald:p \et a• rB mil Jimapll&ta tenUa !a 
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J10l.uticm ~ irGD ml4 al.ualniua. 

(a) Ia iron and &l:na:tniua 93t.t the phosphate :1n aolutioa 

·1a at ita ll1nillua between about p1l 2 and p1I 7. 

(b) !'he. pll ot amima aol.ubillty 1D iron vatem• 1a about 

one unit lowr than in al.Wliait.a ayateu. 

•e:ttaon et al. (1953) showed that 1n arti.tio1al qateaa and ta 

NU ayateaa when, iron and &lua1n1a were preaellt it •aa poadble to 

obtain two eeparate pboaphate aolubility •1n1•e.. 

Saandera (19590) eaployed tle pH - phosphate retention aunea to 

ahar the parts p1qed 'by iron afl4 &luaini• 1n retainiJlg phosphate 

1n lfew Pl.Jaouth black loaa. p1I phoaphate retenticm c,uryea •re 

drawn tor lfew ~th lack loa ;t low, aoderate and high phoapboru 

atatua. He concluded trca tbeae ourvea that the large capacit.,' of 

this eoil to retain a4de4 pboaphate waa due to a high content ot 

utive a.1umn1a. 
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II. IIATERIALS. 

Description ot Soils. 

'l'he soils used are shown with their genetic grouping and type 

of parent material in Table 1. In Table 2 they are re-listed with 

relevant chemical and mineralogic&l data , the latter being d&rived 

from the published data of Fieldes (1955,1957), Fieldes et a1 

( 1954, 1955, 1957) and Birrell and Fieldes ( 1952) • 

Soil Bureau laboratory numbers are included for samples 

derived from this source. 'l'hese represent unfertilized sites and 

as far as it s been possible to confirm t1le remaining soils with 

the exception of ans.we.tu silt loam (serial. No. 24) have received. 

little or no :fertilizer. The anawatu silt loam sa'llple is represent-

tive of an nNa Y1hich has received. annual applications of phosphate 

over a period of yes.rs. 
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fable 1. 
!!!aor1it!gp of So!la . 

Serial lfo. Soil Type Panmt Genetic Genetic 

(S.B. Lab. Katerial Bo. Claasifioaticm 

1'0.) 

(1) (2079) Tek.epo silt 1-oe • f roa 11> Brc>wn-gl'fl3 eartha 

lo• pywacke aow,rate~ leacbed 

(2) 'l'okom&Z'U aUu-d\111 2b Tell.ow-grey eartha 

silt loa :from we~ leached 
greywaolm 

(J) (4995) Buapuna alluviua 'lransi tionel yellow-

silt lo• from grey to yello1f-brom 

grey,racla9 earths 

moderately leached 

(4-) (1603) Xat rina loeas 4 Yellow-brown earths 

fine fioo1ll weakly 111eathered 

sand3" losm gre,yv,acke 

(.5) (631) llangaomelm audatone 5a Yellow-bl"011n earths 

hill soil moclerately weatberecl 

(6) (1499) Wal.wen Clqatone Yellow-bro earths 

olqlo et~a,a'tbered 

\7) plll'U aand· tone 7• Tellow-bwan .atba 

~l,y -.tbemd 

pocboli-4 

(8) Bgaio 7a Tellow,4m,e •artha 

ailt Joa aodera~ 111Nthere4 
pt>e1 IPl 1ri 

C,) aillcU'ia4 Yellow-brown urtha 

r 



( 
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- s A (gqnt;•a) 

J>eacd .0-t So 

Serl;.al No. SoU'lype Pa.Nnt Geneti.c Geneti.o 

(S.B. Lab. l!aten.&l No. C'J.as·sifi-caticm 

No .• ) 

aUt laaa ol.awstone 7b Yellow-brown eartba 

~-athtred 

podsolissed 

(10) (5771) Oparmra alluvim 8 (lley podml 

gr.i. tty silt hOlll 

lo• gft7'ftCke 

and 

terti.&1.7 
setimenta 

(ll) (1438) Arapobw, liaeatone 11 ltenddnaa 

olq 

(12) (54-74-) 'l'aralcohe tertiary 11 Rendsinas 

ailt lo• liaeatone 

(bard) 

(ll) (l.30(;) Wgalmmd. l'hyolitic 13• Yell.ow-brnn paioe 

88Dq uh eoil.• 

ailt 

(14) (3563) l,e'ri;n .Ulffha 14& Tell -ln:ol!n lo•• 

~ 
and 

,ol, 

(1') 
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t pie 1 Cqopt• A) 

!,1er1pt.1op o( Soila . 

Ser.Lal lfo. Soil Type Pm-ent Genetic Genetic 
(S.B. Lab. ll&terlal lfo. CJ.asaif1oation 

Jfo. 

silt Io with 

e4ndmd 

andeaitio 

uh 

(16) Hew andesitio Yel.low-tm,wn loaa 

Plymouth 

black 

lo• 

(17) New andoaitic Yellow-brown loaa 

~uth uh 

brown 

loam 

(18) Patua aniositio Yellow-bro1111 loau 

Sam\Tlo• aah 

(19) ..,, ld.t1.o gnmlar o1q 

w, ub 

Joa 

(3l) (16a>) 111aa1e11nnt 'bual.Uo 16& 1o-

----~ ~ 

(2l.) (1'77) Jo• t 16& 

(22) (1.871) WatgebMs .u 17 ta.e,,aoUa 
o1q 
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»eaorl.pt1a11 gr Solla. 

Ser.la1 lfo. SoU1'ype hrent Qenetlc c:e.tio 

(S.B. Lu. llater.Lal lfo. C1aaa:1fioatl.an 

Bo.) 

(23) Hastinp &lluftm 17 Gl.ey eolla 

o1.q lo• froa 

greywacJm 

(24) •anawatu alluvia 20a Rsoent aoils f'rm 

ailt lo• trm alluviua 

greywaclm 
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Serial Genetic <'renetic Soil Type • pH Free iron Predominant clq 

No . Horizon o . mineral.a . 

(1) C lb 'fetapo ,5.8 o.86 wealclJ, }odratecl llica, 
allt illite, "fel'Jlliculite, 

loam amorphous hydrous 

iron and alumini 

oxldes. 

(2) A 2b ToJma.am 4,.8 0.46 illi te, wl'llicul.1 te , 

ailt montllorlllonite, 

loam (interlqer) l\YdrOUs 

aiea intentediates, 

end emorphou• 
bydrous iron end 

aluminium oxide a. 

(3) B 3a :Ruapuna .5.0 1.43 ol,q llineral• 
ailt aaae as 2b abow . 

loa 
I 

i (J,.) A ltatr.lna 5.0 1.6'1 88118 aa )a but 

~ fine aorpboua Jvdrou• 

~ a1.m1na abNat ma 
lo• or.,stalUne 1rall 

ondea appear 

••8• ptbite. 

~ · ~ __,-...,.vu-c;u. 

b1ll aoil :lnclud.e aetah&1.l.oy-

alt. .. a.oondat7 
ailioa. 

(6) • Walwra J.8 2.1, fal. 
than 5 above. 
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Serl.al Genetic Genetic Soll Type plf Pree iron Precloa1n.ent elq 

• Jforlmn llo. 

(7) .A 7a tte l'opml i,.., 0.11 ameaa,ebow .. 
aancl 

(8) A 7& Jfgaio 5.8 1.41 aaae as S abo..,.,,. 
ailt 

lo• 

(9) A 7b Wharekohe i...s 0.29 • e aa 6a abow . 

llt 

lo• 

(10) B 8 Opara& i...a 2.15 ae aa 6a abow . 

gritty 

ailt 

lo• 

(U) B 11 Arapohue 7.0 1.10 c1..,. Wl'lliculite, 

oi.- aontaorS J 1am. te, 
IIIOrpbou8J\YdraUS 

uoacd 

.a1n1m ,mdea. 

(l2) • u ,_..... 5., 2.10 ..... 11 .... 

~ 

Joa 

(13) C ~ ,.2 1.1, MDZJlfaOu)Odnma --- dll•,-~ 
atJ,t, A, AJ\8DA•• 



Serial. Genetic Cenetic ·Son Type i:tt Pree irm Predominerrt c'l4" 
No. Borir..on o. onde mineral.a . 

(Fei):,) 

(14) A Le'd.n ailt 6.1 2.ll eaorphoua Jvdl,,ua 

lo• ailica, iron am 
almdniwa on.des 

and allophene . 

(15) A 'l'e s.a 1.10 ume aa 14& abow. 

lowhai 

ailt loam 

(16) A New 6.J 2.1+2 aamo aa 14a abo . 
Plyaouth 

black 
loa 

(17) A New ,.1 1.ar.. uae as 14a ebow . 

~th 

b-ro• 

1cta 

(18) J>a1:ua 5 • .5 1.10 ...... v.aabow. 
IMIIM\T 
lo• 

(1,) a.u1:on Site8 1.,, t.rt)]onite, 

Jlllt11hal].oyalte, 

loa and &Uoplumlt. 

(m) I 16a ·~ 6.1. 2 .. Sl _,rphau•Jvd,roua 
,,., .1.1. ' ft 

a11-t oz1c1e •• ~ 
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Table 2 {Cont'd) 

Serial. Cenetio Genetic Soil Type Jjl Pree 1l'Cll Predominant clt\V 
Jlo. Horison 110. oxide ainerala . 

(7etJ3) 

lo• g:lbbaite • anataae • 
boetaite and 

goethite . 

(21) B 16& launu 6.1 1.4-.5 ume ul6aabow. 

lo• 

(22) B 17 langakabia 6.2 o.a:, probably 

clq aontaorlllonite 
loam an4 atber 

micaceoua materials. 

(23) A 17 Jf&ati.nga 6.o 0.78 aa 17 above . 

clv 
1oa 

(3t-) A 20a •anawatu ,., 0.76 not kno,m . 

ailt 

1oa 
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to pua a 2 •·•• 8Cl"Nll. Por an&1,yai.a aub-aaple• wra groad to pua 

an SO-..ah mne. 

J.. Cabridge pll •ter titt.ecl with a lecban glua electrode wu 

eaployed tor pB •aaureaent. 

The 4ithiaaite - oitrate - bicarbonate ll&tbocl ot Jaclreon, (.Tacbon 

1958, N • 168 - ) , wu eaploye4. 

I.,. Det-mJpfiiop ot fbeaphate. 

'l'hia waa oarried out by the aethocl of Dickaan and Brq (1~). 

Colour •asureaent waa • ade on a llecbtan epectropmtoaeter at 81..5 1111. 

When - • onia fluoride extractant wu uaed the boric acid procedure 

of Jrurts (19lt-2) waa eap1oyed to eliainate intert'erence in colour 



(a) !hi Deteri,ipation of flgJ1 - Soluble Soll fteapha9. 

The fbllowlng prooedure recamenaed by P11"e (pri. v. eoa.) 

was adopted. 

(1) Rfagenta. 

0.5 • lfaCl: ~-~ •· per litre. 

1.0 1' aOB: 40.0 f!JI• per lit.re. 

mnwmate1.v 1.0 1 &: diluted 10 • BC1 100 111. to 

1 lita. 

(11) Pmodarl· 

The aoil aample (0.125 p.) waa plaoed cm a miatened 

7 •• tilter, and leaohed wl.th suooeaaive portiona ot 

0.5 • lfet:.l ot total voluaa about 50 al. '1'he amawrta 

ot pboaphate reaowd by this preleaoh were TM7 aall 

and were ne-gleoted in new ot tht fraot1aaati.an 

procedure aa used 1n the pesent 11>rJc. 

The aoil read.due on the filter waa waabsd tw1oe w:l th 

aoetcme, placed on a rack and put aside t.o td.r-dr,r 

O"Yemight. The dried aoil and tilter paper •re 

plaoe4 !n a SO al. oentl"ituge tube, 2S al. or 1.0 • 

WIOII WU eddMl ml after atopper:l.zg the tube ... 

_._ fl&OJ'OUUT b., lad ndnae the paptr to a 

palp. !be tnbe ... plw4 in - ... -cmD"1114 

r (40 r.p ) ml .abala 'tor 40 houft. After 

oentJUDca11• • au. t or QIIP'IIIU;UI tm .o1mte 

nqa1re4 'tor the aab qgent plD.wpbate aetemtnau 

wu ab._ atth • equal ,olme of auute Kl ot Jaat 

~t ati,mgth to~ o•rneatraU.ae the 

.. ; ...... ~to paoipltate ~ 
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aatu,r. One half' of the aup,matmt. ac,J.ut1on waa 

t-&ken for t he phosphate aetennination. With moat ot 

tm soil , the organio matter blank was negligible at 

815 JIU. 

(b) Tlp Detemnat.i.on of Almrtn&•-boopd Soil PJpapbat.e. 

The siaplifi.ed pmcedure o~ Fife (1962) was ~. 

(1) !!!¥!!ta. 

o.s • -,,a1-, nuor1a,: 1a.s •· per u.tre. .MJwtted 

to pH 8.5 with aaon1a. 

(li) frooedure. 

0.25 p. aaaple r4 soil was placed 1n a 50 111. centrifuge 

tube with 25 111. ~ o.s • ml,! at pH 8.S an.4 ahaken tor 

3+. hours, centrifuged to clear the extract and phosphate 

was detemined cm a suitable aliquot. 

A prel :bdn'J.17 experlaent was carried out to detel'lline 

the highest dilution at which it wu prac,tioable to 

-,ric. Pif'e {1962) haa reo0illllended t!d.a pnctj,c ln 

zoutine detcmin&tS.on ot al:nm niUII - bound aoll 

phoaph&te 1n order to a-t0id oon,ection :tbr reaorption 

0£ pl»aphate by tm hee hon oxlAea-. !ha 11011 

~t ratioa eeleote4 are abo1B ta !'abla 3-

(o) ttP Pet:fm1nat1oa 0t J19R - 1pm4 Soil Dcebt1a• 

'1'lda na toad 1Jy dltterenoe o~ the Nm.lt 

aetlla4 S (a) . m4 5 (b). 
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6.. !'hit Driendnatton o~ PID.sp'bate lietention b:r ~ - trea1ie4 Solla 

in O.S • llllJ,. Cl at Ditte:rent Ji( Le,ela • .. ....... 
o.5 • aamd.91 PN·ertc1e: 2'.8 ga. per litre . 

'b. Progeclure. 

(1) Pnr1911n,\\9P or seu,. 
Thi.a was carried out by extracting o. 2S p. aaapl.e 1d. th 

20 al. 0 • .5 • llJ\.P at pH 8.5 1br 12 houra. Afte:r 

oentrltugations the aupematant liquid waa cli. carded 

and this pzooess was repeated turther six times. 

The aoil residue waa then W&She4 with 20 al. ot o.; JI 

:tm,..CJ. uaing five centr.U"llgationa and finally twice 

with 10 al. acetone md left to a1Mr.r owmiaht in 

the oentri.tuae tu • 

(11) Praparation of lffli..Cl - Pbosphat.e Exturea. 

A bull: solut!.cm of 0.5 II NH.,._ Cl was prepared and 

cceaaiw porticma o£ tbia were ~ate4 by addition 

o~ eS r lvdrocblorl. aol o:r aeenn:I • eolutl to 

p.rovS.de a aer!ea of 'twl.w aol.utiona oowl"!I.Dg a 1Wll8 

o~ pl haa about 2.5 to 9,.0. ThaN 80ltttiana Wft 

enriched by an .aattiDII ~ ~IJIUUN, phoapb&te oonteArdnc 

,0 q. per Ill. 1o procJDoe a ftnal :pho_apbe.1» oonoentratlm 

~ 10 q. pr, at. :four e4ditlanal ac,l.uttclu 111 the 

aae sill nap wre prepare4 1d.tboat the aiklitica o~ 

papbate. The If/I. lilwa adopte4 c,a eowa belolrt 



Sc,l.ution !lo. 

1 , 
s 
7 , 

u 
13 (lo>) 

l5 (NP) 

(W.) 

- -
Sol.ut.ton R'o .• 

2.69 2 3.18 

3-TI ,., 4-.57 

"'·" ' 6.57 

7-44- 8 7.a, 

8.20 10 I.SJ. 

&70 12 ,.01. 
3.31 14 {lv) 4-.82 

1.u 16 {NP) ,.oo 
NP s DO added. pbl)apbate 

A salt sol.ution cont aining phosphate waa uaed ill 

preference to water to ensure the system remained 

floceul.ated during equilibration and to pron.de 

reeacmably well - buff'er&d oonditiona in alka:Jine 

aolutiona . The decision to eaploy a oonoentration. ot 

10 ug. per al. of phosphate 1a th enr.lched aol.utiona 

was made an the bards of prel.1minary trial using the 

solla coni:atn:Sng tbe higbe t am 

qu1.l.1br.t; extract of the.ae aoil• cner· 

thia ooncentn.-

rle• ot each aoS.1 
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.abM\,. 'fh& eentrtfnge tll'bes were stoppe:re4 and put 

ia the en4--ow~d ahaJatr ft>r 3-. boura. J.t the en4 

ot th1• period, the aapenaicm wu oentr.l.f'\l&ed end a. 

suitable aliquot ot the extract waa taken for 

oolor.bletric cletemination ot phosphate. The 

residual soil md extract in the oentr.Uuge tube wre 

uaed to obtain the final pl. 



a. Beagente . 

All n,egenta except 0 • .5 M NH1l given under p~aph 6 a 

wen. uaed. 

'b. fl'oPHD! · 

(i) Prg-leacbing o~ Soilf • 

~a waa done by plM1ng O. 25 l!JI• aanple on a moiatened 

7 cm. filter am leached with succesaiv-e portions ot 

0.5 I NaCl o~ tot41 1101ume about 50 ml. to reJROve 

exchangeable bases. The leachate waa diaoarded and 

the soil residue was washed tw:l.oe with acetone and 

left to a.i.r-dxy ovemi8ht. 

(il) Preparation of NHi+Cl. - Phosphate 111.xturea. 

Tbeae were prepared by the a-ame method g:lwn tmder 

paragraph 6 b (ii) except in this cue~ the 

al kal 1 no range was 1nve st1gate4. For Tekapo .all t 

loam where phosphate retention pattems at acid range 

were also detel'tlined, the Nllz.. Cl - phosphate enriched 

aolutlona at acid pH nmge PNJ>ared in 6 b (il) 

(w.) ~T:!Jt!?m»• n,,oec1um. 
The pre-leaoblcl ec,11 nud.due and the tu ter paper 

wre put in oentr.l.fu«e tube and it waa then treat.a 

with the UM equ.Uibratioa prooecb:uw u tho• glwn 

under ~ 6 b (Jil). TM t.efll 9untnatea" 

...a here ~•rre4 to the tact that the aoil na not 

SllbJeotecl to clealuainaticm prior t.o fl'CJUU fhratioa 
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at Albl!ne • lflel•. 

a. llf!eat•· 
l N Jl'aOH: 4,0.0 ga. per litre • 

.All re&&enta emept 0.5 M llBJ! given under paragraph & a 

were uaed. 

b. frncecb!r'! · 
(1) Dealumination c4 Soila. 

o. 25 •· of aoil W&S p:re-l.eached with about 50 Ill. of 

0.5 II NaCl aa 1n paragraph 7 b (i). It was then 

washed with acetone and left to air-dr., ovemigb.t. 

At'ter that dr,yins the soil re 8idue and the f'il ter paper 

re put in a oentrlfuge tube, a> Jill.. of 1 N NaOH waa 

added and the tube put 1n th shaker for 12 hours. 

After centrifugation the supematant liquid was 

discarded and the process was repeated a further tbNe 

times. The soil residue was then washed with a> al. 

of 0.5 I mt4ci using five centrifugations and tinally 

twice with 10 al. aoetone and left to air-dry 

Oft~ 1n the centr!f'Uge tube• 

A prel :l•'l:aao- uper.tment - oan!1ed out using aoll 

«xtraot ntSo ot 1,50. Ow.big to M.ffl.aultiea ~ 

reao-dng ol'pld.o aatter, the aoU Rtractant rat.to 

t'or 111bMquent mtit na 

(li) P.Nparatl.on or JI\.Cl - Pboapb&te Bxturea. 

Tma are ~ by' ihe •- mtbod gl.wa under 

pm1g1-,b 6 b (tt.) aaept 111 tld.a oaae ·aal1' 

al ke];l,M nnp waa iJnest.lgate4. 

CW} •sUDD»a l\99dl&t· 
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IT. 

1. ?m Im 0pae eontenta ot the Solla. 

The resul.ta are abown ill Table 2. !be tree iron ozlde contents 

ot the aonal aoUa ahow oonaiderable ftrlationa. Te Jropu:ru aand 

contain• the lea.at quanUty, whUe rel&ti.aly hi.ch amunta oocur 1n 

the B hor.lsona ot 1fa1wra clq lo• and Opara& gritty ailt lo•. 
The intruonal aoila, UDept the gley aoila, poaaeaa nl.&tiwly 

high ae>unta of free iron oxide with the B horison of Tarakohe d.lt 

loa ahowing the highest oontent. Le'f'in silt lo•, ••• Plyaouth 

black lo• and the B hor.lsan ot JU.441.ehurat ailt lo• alao ha-.e 

relatively b1gb aounta. llangakahia clq lo , and Haetings clq 

lo•, the two glf!IJ' aoila studied ha"te relat1. wly low oontenta of il"QD 

oxide. A low content of tree iron oxide is also apparent 1n llanawatu 

ail t lo•, the only uon.al aoil 1tud1ed. 

'l'beae obaerYationa appear t.o be e~lained troa a conaideration 

of the mown propertiea ot the aoUa and the nature of their aoil -

forming prooeaaea. The parent • ateriala ~ the sonal aoUa haw 

preclmd.nant primary llineral.a oonaiating nomal.lJ" ot quarts, feldspar, 

and aicu w1 th Id.nor aounta of the .,re baaie ainerala wbioh watber 

4iractl,y to ondea. Thu. obealoal watherJ..nc in the IIOderately 

l.eacbed lm>W1 - are7 artha and the waltl,y leaohecl yellow - grey eartha 

ia a1ow. llbile in the aode~ and ~ 11eatbered ,-now - brown 

eartba, it 11 rap:l.4, naul:tiag 1n aolla with rel.atlwly M.glaer 1110UDta 

ot tree 1roa uiclea. 

Pite (l."'5) bu ,__ that 1no:reuecl •atherlDc 1a the aoclera1e~ 

to ~ g1aye4 aub-g'l'Ol.lp ~ tbe y.Uow - gr-, e&l"tba oauN4 • 

aub•tmt1&1 c1ownrard •--eat ~ iron 1n the p1'0ftl.e, leaTing U. 

topaoil w.lth .low tre. 1ra. ozlda OQDtanta. P:ro'babl-7 a e1w1tar 

aoWMDt 0OCllll'a 1a tho• ~llow - l»rom eartba llld.ob are not 
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o,mpl.icated by podsoliaation, aa indicated by the decreaae in free ll'OD 

oxide content with increased lenching 1n KMgaomeko bill soil aa 

coapared lrith Katrina fine sandy loaa and also by the relat1-vely high 

iron onde content of' the B horJ.son of Waiwera clq loa. 

Podsolisation ~ the IIOderately and atron ly weathered y llow -

brown earths depletes the topeoil o-r its free iron oxide cont ent . Te 

lopu:na aancl and Wbarekobe ail t loam a-bow this effect. 

Swind&.le (1959) has obaerved that in gley podzola, where gleying 

ia caused. by a perched water table, there ia a band of intact iron 

oxide accumulation in the B horizon. Thia is veq 11.lmly to have 

occurred in Oparawa gritty silt lo•. By contrast, a low freo 1ron 

oxide content 1n the A horizon ot thia soil baa been indicated by 

Pii'e (1959b). 

The rendzina aoila studied have relatively high h-ee iron oxide 

oontenta. Poblen (1956) bas atated that thia high content of f'ree 

iron oxides 1n certain brown rendzina soils 1a inherited froa the 

limestone. Thia 11q probably be the caae in Tarakohe ailt loaa. 

The yellow - brown pullice aoila and the yellow - brown lo•a are 

derJ. ved fl"OII volcanio parent • aterJ.ala, containing considerable 

aounta ot abed aorphoua hydrous olddea of iron. aluainima, and 

ailica. '!'he yallow - brown lo••, which are aoila ot intenediate 

•atber:lng, toraetl troa m,.deaitic uh, cont&ia up to ainy- per 

eent ~ clq oonai.ting ot allophaM and llllOrphou hydrous oxide• ot 

il"Olt, &luaS.niua an4 aUioa (fie14ea and 8win4ale • 1951t-). Thia 

probably explatr,1 the rel.a.ti veq high content ot tree 1l'OD on 1Jl 

the• aoi.la u toun4 in the pre•nt ~. 

•te1clea and Sw1nd.ale (1'51.) h&ft f.n41 te4 that the buio 

-.oloanlo glua ot the yello• - bro• lo•• wathe:n m,re realil,y the 

the acidic -1.oaio glua ot the red - bn• lo•• tcma aorphou• 
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hydroua hon and aluainiua osidea. Thua a bigher tree inn oxide 

content of the yellow - brown loam• would 'be expected. However, 

111.ddleburat silt loam and Maunu loam have iron oxide contents ver,y 

aimilar to tho• ot the yellow - brom losas. Thia ia allloat 

certainly due to the illmaturity ot these red - brown loaa. 

The proceaa of gleying depletes the soil of ita tree iron oxides. 

'l'hia is indicate4 by the coaparati vely low iron oxide content ot 

Mangakahia olq loa and Hastings clq lo•• In the only uonal 

soil atudied• the iron oxide content ia ooaparatively low. in keeping 

111th the unweatbered atate of the constituent minerals. 



2. Sou Pbuphate Ppgtioga. 

The aounta ot iron - and a'lJw1ni• - bound phosphate f'raotiona 

together with the rati.oa ot 1%'0D - to al.Ulliniua - bound pboaphatea 

ce ahGIID in Table 3. 

Ala:Sni:ua - bound pboaphate appeara to be in relati•~ greater 

11110Unta 1n soils, wbieh are rich 1n aaorphoua a)nm1na. The uJority 

~ the 1ntruonal aoila deri. froll 'IOlcfmic panmt • ateriala abow 

tbia eff'ect. Ngakomd aatld;y allt, Ln1n ailt l.o•,, lfew PJ.1aouth 

mown lo•, tiddlehurat silt lo• amt Jlamm loam contain relati ve.]3 

higher amounts of alumin.1ull - bound phosphate. 5galmnui •~ ail t, 

Levin ail t lo•, New Plymouth black lo-• and l'lew ~outh mown lo• 

contain ocmaiderul.e aounta of allophane and aaorpboua eydrous oxides 

ot iron, a.1.moinlum and silica aa their clq fraction (Birrell an4 

Pieldes, 1'52; Field.es, 19.55, 1956; Fieldea an! Swindale, 19.5lf.; 

J'ieldea and Williamson, 1955; and Pieldes et al. 19'7). Field.ea and 

lfilllamson (1955) have shown that llicld1ehurst silt lo• containa bigb 

aounts of aaorphoua material• including alumina. 

Iron - bound phosphate ia present in relatively higher aaoun'ta 

in a auch wider range ot aoila than el.Ullini: - bound phosphate. 

La-dn silt lo•, lidc!lelmrat ailt lo• and Kew ~ black lo• 

ta1n rel.at1wl1' lsrger aount•• Appreciable aounta alao occur 

~ Jlgakomd. unay, .ut. Patua aaq lo•, HmJ . c1.- Joa, 

Sangak.alda ol4' lo•• tin&• olJr lo•, luCJ1Jma allt lou1 

'taral:Dbe atl.t. loa and lfanaatu ailt Joa 

A --~ .-i raWionald.p ai.ta tweeA t um osi4a 

- :tenta en4 the ell01lllta fd' ircm ... IIOlmA apb&t9 in ltopu,I ..a 

m4 ll!Mti-.lDI• allt lllall, •re in boa .Old.de ocmt.enta ue ueoa!atea 

wit.al low 1na - boanc1. pboapb&te. . llo ah relai!faneldp en ta la 1m 

~aou•• 
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uide oontenta but 41tter qwmtitati11el3 in their iron - bound 

phosphate . The .., 1• also true ~ Arapohue clq, . Te ltowhai ail t 

loaa, encl Patua •~ lo•· langalcahia cl• losa, Baatinp clq lo• 

and •anawatu silt loam ha..-e rel.&tivel;y low amount, ot tree iron oxidea 

but oontain appreciable 8110mlta ~ iron - bound phoaphat.e. Wa.twera 

clq lo• and Oparawa gritty silt loaa h&w high iron oxide contents 

but ntain low amounts ot iron - bound. phoaphate. 'l'hia appears to 

auggest that it 1a the tom, rather then the actual amount ot iron 

oxide, which detentinea phosphate n,tention. 

The ratio• ot iron - to aluainiua - bound phosphates indicate 

that moat ot the soila studied haw a higher relatbe incidence ot 

iron - to aluainiua - bound phoapbatea. However, Te lopuru aand, 

Jilgakomti aan(\y ail t, Jrew Plyaouth brown loa and Jlaunu loam haw 

hicher &luainillll - bound phosphate contents. Thia ia li.lcely to 

auggest that aluminium pn,sent 1n these soils ia coaparatively more acti.ve 

than iron in retaining phosphate as found by Saunders (1959c) tor 1'e• 

Plyllouth black lo•. 
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Tabl5 3 

Soll Phoa2hate li'£actioDI· 

'Results e!li!reased a •s• P 2r 100 I!• ao1i-l 

Serial .Amount of Soil: Bxtractant Amount of Amount ot Ratio 
Jfo. Alkali - Ratio 1n Aluminium- Iron - of 

soluble Al.uainiua bound P bound P Iron Fto 
p P Detentination Al.Wlinium 

p 

ag. P/ ag. P/ ag. P/ 
100 P• 100 g/11• 100 •· aoil soil soil 

(1) 8.45 1:100 0.98 7.47 1:0.1 

(2) 19.50 1:40() 5.53 13.97 1:0.4 

(3) 58.50 1:800 18.85 39.65 1:0.5 

(4-) 23.30 1 :40() 4.39 18.91 1:0.2 

(5) 14.30 1:200 2.28 12.02 1:0.2 

(6) 6.50 1:100 o.69 6.81 1:0.1 

(7) 6.50 l:l+OO 6.18 0.22 1:28 

(8) 9.75 1:200 1.76 7.99 1:0.3 

(9) 3.90 1:100 0.93 2.cn 1:0.3 

(10) a.i.s 1:5() 0.20 8.25 1:0.0 

(ll) 10.40 1:200 2.28 8.12 1:0., 

(12) 24-.05 1:200 2.52 21.53 1:0.1 

(13) · 66.30 1:1200 40.96 25 • .31t- 1:1., 

(14) 162.90 1:1200 74-.0, 88.81 1:0.8 

(15) 1.3.00 1:200 1.6, u.37 1:0.1 

(16) 107.90 1:800 1+1.n 6G.13 l:0.8 

(17) 4'.1, l:~ 26. 1,.81 1:1.4 

(18) 31.64,. l:tnl 1.3.98 23.6' 1:-0., 

(19) 51.35 1:400 6.18 4.5.17 1:0.l. 

(20) 10,.10 llf:100 a...9' er...14 110 • .3 
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Table l {Cont'd) 

Soil Phos;2he.te hactions . 

(Reaul.ta exn:ressed as mg. P e:r 100 &!!· soil . ) 

Serial Amount of Soil: Extractant Amount ot Amount at Ratio 
Ro. Al.ka.11 - Ratio in J.lWRim.Ulll- I:ron - ot 

aoluble Aluainiua bound P bound. P Iron Pt.o 
p P Detemination Aluainiua 

p 

ag. P/ ag. P/ ag. P/ 
lOOl!Jfl• lOOga. 100 lfll• 

aoll eoil aoU 

(21) .55.2.5 1:800 i.e. 75 6.50 1:7.5 

(22) :,0.5.5 1:200 2.68 21.fIT 1:0.l 

(23) 50. 70 1:400 8.29 l.,2.41 1:0.2 

(24) 52.00 1:8)() 15.92 36.08 1:0.lt, 
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3. Phoaphate Betention Sho1lll b;y the Soila at Ditterent pH Yaluea 

1n 0.5 I lllli..Cl f'ollowi.ng •ae-a1ua1nat1on" by 0.5 I •4'• 

'1'he relatianahip between pH end ph(,aphate retention 'by the 

"de-alwdn-ated" aoils ia shown 1n fiaure• l, 2. 3, 4- anl1 s. The data 

f'J'OJI which theae ourvea were oonatructed are presented 1n Appendix I. 

The trend ot phosphate retention shown by the aoila over the 

range ot pH investigated tends to follow a general pattern, naely, 

high retention at the aore al kel i M and aore acid p1I lewla aDd low 

retention between them. An exception ia .lrapobue olq (figure 3) 

which shows deoreasin& retention with falUns pH value• up to about pH 

5.0 which •aa the 11111t of acidity obtained in the equilibrium extract 

ot this soil. The aJority ot the aoila show a. decre 1n phosphate 

retention with decreasing pH f'rom about pH 7.0 and 8.0 and a gradual 

increase t'rom about pH 4,.0 and 5.0. Reasonably aharp talls in 

phosphate retention 111th decreasing pH oocur in !fgakonui sandy ailt 

(figure 4), lliddlehurat silt loam and Mangakehia clq lo• (figure 5). 

'!'be phoapbat.e retention pattern ot' Arapobue cllG" closely naeablea 

that ot calciUII cl.-• studied by ~illlgan (1938},Beck (19:,,..), 

Soa.raeth and Tidmore (1931t.), Chandler ("41), Pratt and Thome (19ft.8), 

and Bavilcorltch (19,._). Tbeae a,rbra tound that ewn at p1I lewla 

below neutrallty, where caloha precd.pitatioa 1IOUl4 ~ be expected, 

calciun cl•• retata aon pboaphate than c1o aod1111, Old.a, or 

potud.m oltr•• llhetbar tb1a alditioul reteatioa 1• a praoipitatioa 

ot oaloia pboapbat.e at the oollol4 turt'aoe (lnris, l.'5.3) or a linking 

a1' pboaph&w to the oollo14 tbrougb a oalcdma ion on tba exoh-. 
oaepln (Soaneth,. l~,S} la not clear. 

~akle (1928), Gurcler (1,,0) ,_ Ste~ an4 P.1.ern (1~), 

l&ttJIOll •~ al,. (l.951), an4 IIUler (195ft.) bM ooa to the general 
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CQnclusion that in aoil - phosphate ayateas, the upper 11111ts ot 

aaxl._ phosphate retention vary w1 th the ratio o'f phoapbate 

eoneentrati.on to iron 1 al.umini and calcium, but the lower llJl1. ta 

are more definite, namely pH 2.0 - 2,..5 :for iron, 3.5 - l,...O tor 

aluainium and pH 6.0 - 6 • .5 :for calc1a. Fit"e (pr1v. coama.) has shown 

that treatmen-t of aoila with 0.5 • !11\.F at pH 8.5 for three dqa 

completely ellainatea retent.ion o:f phosphate by aluminiua. In the 

fluoride treated aoil where iron - binding ot pho phate is the only 

aecbania operating in phoaphate fixation it is expected to show 

a gradual increase in phosphate retention with increasing pB :froa 

alkaline pH to acid pB levela. This, howin·er, 1a not shown by the 

aoila in the present •tuib°• Thia is poaaibl,y due to the :fact that the 

aoils contain reai.dual fluoride, which interferes with phosphate 

retention at acid pH le'fela. Turner and Rice (1952) haffl observed 

that insoluble tluoalundnate complex formed on the surface of tbs 

alumina gela whioh tbsy atudied. These insoluble tluoaluminate 

oomplex prenaabq ia left in the soils tollofd.ng treatment with 0.5 • 
NBz._l' at pH 8.5 tor thnse dqa. With the lowering ot pH in 0.5 M 

KHz.. Cl, the residual fluoride becoaea more aolubl.e, thus attaolch,g the 

iron - bound phosphate tondng fluo:ferrate ion * releasing pboaphate 

to the ayatea and C NI & tall D spb.ate ret ntion t'ro11 about pll 

7.0 8114 8.0 aa obaerna in the pnaent a't'uq. 

J'i,:,a figure 1, 2 and l, TobllU'G id.l t loaa, Te Koplll'U &and end 

llbarelmhe ailt lo• which nta.1.n low bon oxlde :tent•, a 

reuonab~ goo4 relatlcma p between the pllo,spb :te retention and the 

1roll o.x14e content,. !bla, bowew~~ 4oea not occur 1D tbe other 

aou.. Anpobue lq (1'1&m'e 3:), !'e Iowba1. aUt loa an4 Patu& 

aanct;r lo• (tigure It). ntaintnc th• __. -i&Ut• ot 1raa. ox14ea-., 

level•• 



Taralrobe :d.lt loa (figure 3}, 1.ScJcJleburat allt 1oaa (figure 5), and 

•••~black loaa (figure 4-) oontldning relatively J:d.gbe:r iron 

onde contents do not extd.bit higher re~ntion patte-:rna. Thia 

obaervation further supports the view that it is the fom. or aotinty 

of the tree iron o:xide COlllponenta in the aolle rather than the actual 

•ount , which deteninea phosphate retention by toil•. 

In tema ot equal aaounta of tre iron ozi.4e1, 1.t is eTident that 

Arapohue elq (figure :,) baa & greater iron oxide activity in 

ret.a1n1ng phosphate than Patua •an4y lo (figure 4-) which in turn 

has a greater actidty in retaining phosphate than Te Kowhai silt 

loam (figure 4-). Sud.l.arly • the iron oxides in Oparawa gritty ail t 

loa (figure 3) are considerably aore actille in retaining ph<>aphate 

than that in Levin ail t loam (tigure 4). Thia me.,v thus provide a 

aeana o£ eTal.uating the activity of the tree iron oxide coaponenta 

of aoils in binding phoaphate ~ar soils pc,ssesail'lg very siJlilar iron 

oxide contents. 
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4- Dr1Pbt1e ttetptlQp lbplp !ff~• MJ• tt !Rrlh Fl 

ft2aea !n O.S • Cl. 

fte Rl.atlonald.p hNlt p8 end plloaphaie z,,teati(a lf.r "mueatea• 

Nila 1:a aho• la ft.gun• l• 2, '• 4 and 5. 1'ba data troll wtdoh 

.... CUl'fta are oonatnotea an ahrMm Sn AppeaU.z n. 
The ob,>ot ~ nn«Hng pboaphate retentsm bJ' "untnated• ec>U. la 

tie gathe~ lm"cnllat1.on OD the relat1w rete&Uve pacl\y ot 1J"oa e4 

Aa it beoaaea ffl t that in tluor.l.&. treated aoila interfle.renoe 

ot ffaidual nurni.cle • pbo phate retention oocurn4 n pH Yaluoa ha 

about 7 .o en4 8.o tbe mn, acd4 pH le~1•, a ooapar.leon ot fillo:d.da 

treated and ~atect• eoll• 1a p:,aailll.e cmly at tht alkaline pH 

levels. , onl3' the relationablp hitt~111 JIii ad 

phoapba retention at alkalSm pH le-vela ia c:letendned tor all tbe 

"untreated• aoila escept in Tetepo ail t loam where phosphate retention 

o~r the aore aoid range ia alao detendned. 

The trend ~ pbDaphate retention appun to toll.ow general 

pettem, ~, a 4ecreaa ha p'bl)aphate retent1on 111th tncreaatng 

owr tm alkaUne nmt\'8• Tebpo dl't lollll (~ 1) aholra a •ut-

Jllloapbate ~encaan 1NJt•• .t 6.o 7.0. Tbta :la ttie 

~rot • aoil ~ wbea . - d ablldnSa - ldJ,&tng 

llac:111.azlUlla _.. ODIINU!lia U ....,,.~.. allOalJ.n,r ..,.,.,. 

7.0 2.0 (-.ekle lj28• hutel' 

1',0, bilbit'F 19,0~ hell, d Plelft 1"'2. Ila .t al. USl,. 

WJte.-1,S,.). hl'llalleJL'11 (US ) Jlaa Ml1•• _..,.,.. ~ant-la 

l'.I.Jl--1lill bl io.. bat:aw• . i..o 

M elhli• •• 



an4 al:u111niua 'to retain phosphate de.crease• aa observed 1n all aoila. 

A similar decNase in phosphate retention oocura over the more acid 

pH l'f.lll'lge a.a the pH decreaaea, owing to the gradual diaaolution ot 

iron - encl al.mdn1um - bound phosphate thus bringing more phosphate 

into solution. Thi.a ettect ia ahown by 'l'ekapo silt loam, the only 

soil where the relationsb1.p between pH and phosphate retention is 

extended over acid pH range. 

In terms ot the pere&ntage of pbosphate retention, it is evident 

that the allO\lnt of retention by aoila depend• on the.ir properties and 

nature of aoil - forming prooeaaea. Thua the weakly weathered 

Xatr.lna fine aand3 loam (figure 1.) baa a higher phosphate retention 

owr the pH nnse investigated than the moderately weathered 

Kang elm hill aoil or the aoderately weathered and podzolized Te 

l'opuro aand (figure 2) • The intruonal soils as a whole have high 

phosphate retention veluea owing to their high contents ot orphoua 

oxides of iron and al.Ulllinium. New Plymouth brown loam, Ngakonui 

aan(\y silt, New P.cymouth black lo (figure It,), lannu lo (figure 

5) and LeYin silt lo (figure 4-) have relatively high phosphate 

retention values. 'l'heae ob nationa ot the relative retentive 

capacity ot the "untreated• aoila can be accounted tor by the aame 

upleation u that g1 to acoount tor the latin aount• of 1nm 

oxide in the aoila atud1e4. 



,. Ph9•pJae.te kt.artta •• v tht .aon, s eteun al wue, 1a 

o.s • 111\.Cl after treatment nth 1.0 w tra0'.8. 

The l'elattoaabip 'kt.en - and fhoaphate retention :fa the 

elkal1w- range by the eOH - treated Mila are sm in ~a 1, 2, J 

· ,;. 'J.'be,.• Olll'fta 1IU9 constructed troa data preaented in Appendis 

III. ftgun• l, 2 end 3 also show the ~tentioa ot phosphate eEd.bited 

by ~ o£ the lftlOP. - treated solla .er both acid end alkaline range 

in 0.5 I llf4,C1, when a 1:50 aoil extraotant ra-tio was •ployed.J theee 

ou:nea 'lllltre conatructed troll data preaented in Appenclii IV. 

kt the alka'.Une range of tm pH inwatigated all the soils ~ollow 

a general pattem of phosphate retention, nmnel,y a decrease in phoapbate 

retention with inoreaaing pH. rt is evident t1'0II figu:rea 1, 2, 3 an4 

; that the trend• ot pboaph&te retention in &ll casea fol.low that ot 

the "untreated• soil.a. 

aiwera clq lom (figure 2), Oparaw gritty silt loam and Arapohue 

olt\f .iiow higher retention patterna following lfaOH treatment than their 

oorre1'pon41ng "untreated" aaplea. In the afffl - treate4 tl811 iron -

ld.nd1ns ot phosphate ia tbs only mechmi• oporat~ it would therefore 

be expected tha.t laer retention would be e:zhibi:W by the Ha-OU -

reate4 .ail• t by t tnatec1• •U•• a'boft obaerwati• 

pboaphate 1'b.Sng c tile old.de oo.paMnt of tf:ieae IC>lla. 

poaa1ble ~ll.ml&t1lC111 tbia 1ncreaae<l aotivi:~ 1a that -- OOIIIIICIIIID:t 

or the o:l'glllio ~'hit~ ~ - t!on 85.tea In 

tna t., A1ternat1'1'e27 11l 

tn&t414• aolla th pboapbte tuSn1 c.tpd1J' ot the tr.. :I.ran ox14e 

._,. 1-· lllll '.by tbs p:ra,aenc,e or tJ,Uldnlm :dcle aartaoe flllu. 

l'or •Us• lli&n th• l"el.ationlblp '.bef:IIMn encl ·ap1m 

retcta _ · <ner actt\ rl!D'Ml'l"t, the ,genere1 tnm.d is • 
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inore:ue in pbuphat.e retention with &,oreaaing pH hoa alJr•J1ne pH 

to acid pll le-.ela (fiaurea 1, 2 and 3). This is 1n accordance nth 

the behadour ot a aoil - phoaphate aystea 11here onl,y iron - 1:dnc11ng ot 

phosphate is the aechania operating (Teakl.e 1928, ~aarder 1930, 

Dougb'\y 1930, Stelly md Pierre 1942, Kattaon et al. 195]. and tiller 

1954-) • Kore pboapb&te i.a retained by the i2'0Jl coaponent ot the aoila 

aa pH decreuu in thia acid range. In oomparlaon with the fl.uoricla 

treated aoila {ngurea 1, 2 and 3), these phosph :te re'bmtion pattems 

of the lfaOB - treated toil.a &bow no interf'erence of fluoride 1n phosphate 

retent:lon over the acid pH leftla inTestigated as there is nodecreaae 

of phosphate retention over thia ac14 pH nnge 1n the lfaOH - treated 

aoils, while in the fluoride treated aoila a decrease 1n pboaphate 

retention ia abom by all aoUa. T.aldng phosphate retention at 

alk&J1ne pH lawl.a, the effect of deoreaainc soil extractant ratioa 

troa 1:50 to 1:100 (III - aetbod 8) aore than double the amounta at 

pboaphate retained by aoila 1n 110 st of the aoila (figure.a l and 2). Thia 

auggesta that greater retention ot phoaphate oocura 1n aoila with higher 

aoil extractant ratios. 

An illportant feature ot If.OR treataen.t of Arapohue clq is that 

oomeraion at the orJ.«1nal calc1 

ci.,- by SIOK treatamt reao • the wllbat higher :Ntention ~ pboapbate 

111th 1nonulnc pl aa 9blld.te4 by tlda aoU :toll~ t'J.lJOricla treataent 

(t1gme 3). Thi-a thup rl• ot Qba'blt .tenti Gbildtecl b7 

Jap,htlt ol"1 tollo1llng tluort&t tnataent (ftg,are 3) ia &le t t.he 

«tteot ot •m)Mnge.able oalo:la pboapb«te J'lttent!Gn (Beck 19,a.., 

SoarMth ml t'.l.aore 1931f., Jlavilln1 1,.31... Q.Uligan 1,38_. Chandler 

191.1. an Pratt am Thoma 191+8). n.i. preara~·Aftpohue -olq after 

__,,_..i,i. ..ic1a. tJw lill1t ot at>U A141\r r4 the equ111'br1• 

eatnot ~ tbia ac>U ao.t• IM>'t tall 1-l.aw uout pl .5.0 aa •• ill ftcuN J. 
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Pigme 1 . 

The relationabip between pl and phoaphate retenti shOllD b.v 

four 11C>nal aoil after 64.F treatment, BaOH treatment and no treatllent . 
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ftgma 2 . 

'tre8 nt, Na.OB tre-*tment, and no t a.tment. 
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two zonal tmd ta, intruanal aoila after 84,F tre 

tnataent and DD tnat.ltent. 
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The relationahip between pH and phosphate retention shown 'by 

a1x intrasonal. soil• after 1fBJ! treatment, and no treatment . 
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,. 9iPPF1s• gt .the Pbftfphate Betent1ft fbo!D b.y t'luoiU9 treated 

pl "mrtreatea.• Soil• at Pour Selected pH levela 1n the . Alka11 Pf 

Bee-
!'our un1.foml3 apaced pl Taluea wre ae1eoted in the alkaJ1ne JII 

range and the per oent pboaphate retent.1on shown by tluorida treated 

and "untreated• aoila were read. ott froa their reapecti ounea 

(f'igurea 1, 2, l, 4 md S). Theae data wre preNnted 1n Table 4, 

wtd.ch a1.ao ahowa the ratio ot phoaphate retention by t'l\10:ride treate4 

acdl.a to that of •untreated" aoila. Aa phoaphate retention 1n 

"dealuminated • aoila tollowin& f'l.uorlde treat.mt waa due entire]J' to 

iron - bi-nd1:ng of phosphate, the retention of pbo phate by soil 

components other than iron waa e&loalated, wherever poasible, • tl"OII 

the ditterenoe in pboapbate retention between "untreated" and fluoride 

treated aoila. The ratio• ot phoaphate retention value• of :fluoride 

tre ted aoile to these calcolatod Yaluea were el.ao presented 1n Table 4. 

The ratJ.oa ~ pboaphate retention ot f1uor1de treated soils to 

th.&1; of "untreated• aoila 1n41cate that tor most ot the aoila mwHe4 

except Arapohue ol•, llddlelmrat d.lt loa, •mmu lo•, llangakahia 

clq lo•, Butinga olJv' loa, am llmawatll ailt lo•, lower phosphate 

l'e'tentica shown 'by tluorl.ae tnated than by "untreated• aoila. Thia ia 

bexpeote4 aituatSca 1aoll1laa ot eJ1-Saat1.aa ot &bwSntm - 1dnd1ng 

~ pboapha• h'aa tha ftm:d.cle u.«te4 IIOllie 

The Jb>apbat.e retent1.on nJ.uea 111»1111 b.,' the tre t.ea.• aoUa 

repzuenta the 

• In oaeee where tluonde fflate4 IOlla haw· blgbtr spate 

retentlml Ya1uea 1ibm 1:bo• or treatea• aoila_, tbia 

oa1Glllat1ca 1'y cliffereme ia •mln&,le•• 
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retention by the fluoricla tres.tod soils is taken as a measure 0£ the 

1.mn - bound phoaphate coaponont then tbs difference in these values 

must represent the retention ot phosphate due to fixation by aluminiua. 

It is evident, howver, from the iron - bound/ aluminiUDI - bound 

phosphate ratios shown in Table 4 that in the a3(>rity of the soils the 

laborator., asseasmen-t of the relati w contribution of iron and aluminium 

to the phoephate fixation process are of little or no Yalu 1n predicting 

the proportions of theae form• which develop in tbl!t aolls in the f1 ld. 

The fact that good prediction is shown for Tekapo silt loam, Opa.rawa 

gritty silt loam, Te Kowhai silt loam., Pa.tua sandy loam, and Hamil ton 

cl Si}' loam •~ be coincidental. 

The ratios obtained by the laboratory procedure are., however, not 

strictly comparable with those which have developed naturally because 

the ooaparis n ia being made a.t ditt'erent pH level.a. In general tm 

ratio of iron - bound / aluminium - bound phosphate ia loEr in the 

f'ield soils than that aho1111 in the laboratory. It ia unlikely that a 

closer relationship between field and labor tory :findings would haw been 

revealed he.d it been poasible to carr.r out the laborator., aaaeament 

at pH values close to those of the field soUa ; if' anything a change 

1n the oppoa1te direction ld.ght be anticipated due to an increued 

pboapbate retention by iron oxidea. There i little doubt therefore 

that the removel of 61.wdni - 1:dn41ng o~ phoaphate la aoC011penie4 

b.J an activation ot the iron - 'bind1ng JNChani•. Thia ia l.1Dq to 

due to the reaoval ~ organic • att r and Al.tJ3 by f'l .d treataent 

thus po db:13 .xpc>mg aoM othe.rwi• pmteoted 1ftill oxide aurt'acee 

to pboapbate saorptton. 
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t!N&~ -!28! ,r the Dee~ B!tstim!-w bz Qsori tgatp anc1 

"uptpated" So11$ at ur §gl~cted :n!J ve;tues in the .Y!!f11ne Ieng. 

(a) fbj (c) 
Serial pH Retention lrienti.on cl Ratio ot P.etentioa by Ratio 04/ 

No. ~ Nft,.1'' --treated retent ion aoU iron -
"untreated" ai>ila or II\' - component-a bound to 

aoils treated other than al.:mdn1m-
to U'0ll bound 

•untreated• phoaphate 
soils 

(b) /(c) (a) - (b) 

;t ;t " (1) 1., 55.4 46.0 1:1.2 9-4 1:0.2 

a.o 52.5 ,.._,., 1:1.2 7.2 1:0.2 

8.4, ,..,., 41t,-.O 1:1.l s.s 1:0.1 

a.a 4,6.0 41.7 1:1.l 4-.3 1:0.l 

(2) 1.s ,s.9 29.0 1:1.2 6., 1:0.2 

a.o 34-.9 27.6 1:1.:, 7.3 1:0.3 
8.4- ,,.o 26.o 1:1.} 1.0 1:0.J 
8.8 30.0 23.9 1:1., 6.1 1:0 • .3 

(.}) 7.5 89.5 a,.o 1:1.l 6.S 1:0.1 

a.o 87-4 50.0 1:1.7 37.4. 1:0.7 

8.4, 65-S 4-6.5 1:1.8 }9.0 l:o.8 
8.8 s,.o 40.5 1:2.l 4-2.s 1:1.l 

(4,) 1., 57.9 ,0.5 1:1., 'l:/ .1+ 1:0., 

a.o s,..., 29., 1:1., 25.4 1:0., 
84 so., 28.S 1:1.8 22.0 1:0. 

ltl,..S 26.5 1,1.7 18.0 1:0.7 

(5) 7.5 s ~.o 1,1., 1 , 1:-0. 
s.o i..s.o 28.S- 1:1., 1,., 1,0., .,. u.s 7 1:1.6 v... 1:0., 
8. 38.S a.o 1:1 .. , u...s 1.0. 

(6} 1.s ., ,,., 1:1.J 11.0 1:0.J 
0 4',.0 -"'· 1,,, 9.2 1~-) 

u.s ,.,., l•l . 8.0 i:0.2 

s •. , 1-:1.2 7.0 1·0.1 



.. ,,... 
Ztb+.t h: <eont•a) 

Copari.SOl'lf ot the; Phogba.t. Be1jentiop. ahc:>9 b;t nwri.de tnate4 and 

"untreatecl" Soil• at !'our Selected pH Talu:,s in the A.Jka11nie Range . 

(a) (b) (c) 
Serial pl Retention Retention or Ratio ot Retention by Ratio ot 

lfo. of ffl\P-treated retention aoil iron -
"untreated" soil.s of NHti! - COIIIJ')OllGnts bolmd t.o 

soils trea other than a.illinium -
to iron bound 

"untreated• phosphate 
soils 

(b) /(c) (a) - (b) 

~ ·- ar •· , 
(7) 7 • .5 18.S J.0.7 1:1.7 7.8 1:0.7 

8.0 15.6 9.7 1:1.6 S-9 1:0.6 

8.4 12.8 a., 1 :1 .5 4.3 1:0 .5 
a.a 9.3 4.4 1:2.l i..., 1:1.1 

(8) 7.5 1+;.s :,o.o 1:1.5 15 • .5 1:0.5 
a.o 42.0 29.0 1 :1.j 13.0 1:0-4 
a.4- 38 • .5 22-4 1:1.7 15.9 1:0.7 
8.8 35 .0 24.5 1:1.4 10 • .5 1:0.4 

(9) 7 • .5 35.0 :t7.5 1:1.3 8.5 1:0.3 
8.0 31., 25.5 1 :1.2 u..1 l:0.6 

a.z.. 284 23.2 l:l.2 5.2 1:0.2 

8.8 24.9 18.5 1:1.3 6-4 1:0.3 

t (10) 7.5 99.0 96-4 1:1.0 2., 1:0.0 

a.o ,S.4 91..5 1:1.0 ,.1 1:0.l 

8-4, 97.5 93.9 1:1.0 3.6 1:0.0 

8.8 ·96.5 ,i.o lil.l s.s 1:0.l 

(11) 7.5 ,S.lt, 75.5 1:0 • .5 
8.0 35., 82.s 1 :0.4 
8...,. 3:,., 85., 1:0-4, 

8.8 .31.0 88.6 1:0-4 

(l.2) 1.s 70.lt- ,.,.5 1:1 4- a,.9 1:0-4, 

8.0 68.0 48.0 1:1.l., 3).0 1:0-4, 

8.4, 0.J 46., 1:1.lt, 18.8 l:0-4, 

88 61..5 44-1 l;l.lt- 17.lt, l.:0.4 
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t'abls, b: C0emt•c1) 

ComJ2.!n39Jl?I , g;t the Phosphate Retention sho?!! by fl;uori~ tl'!'ated ,ad 

"untreated" Soils at four Selected pR Talues in the All!l:1n• Rapge . 

{a) (b} (c) 
Serlal. pH Retention Retention ot Ratio ot Retention by Ratio of 

No . of NB1.,P'-treated retention soil iron -
"untreated" sous of NH1.,Y - components 'bound 1:o 

aoUa treated other than almdniUII-
to iron bound 

"untreated" phosphate 
aolla 

(b) /(c) (a) - (b) 

% ~ ~ 
(13) 7.5 ,s.s 78.0 1:1.2 17 • .5 1:0.2 

8.0 ~-4- 75.0 1:1. 3 19.4- 1:0.3 

8-4- 93.0 10.0 1 :1.3 2).0 1:0.J 
8.8 9].., 61.6 1:1 • .5 .-,o., 1:0.,5 

(14-) 7.5 91., 55.3 1:1.7 36.3 1:0.7 
8.0 89.4- 51.-.0 l:1.7 35-4- 1:0.7 

8-4- 57.0 51.8 1 :1.7 35. 2 1:0.7 

8.8 ar..o 4-9.4- 1:1.7 .,..., 1:0.7 

(15) 7.5 1+4.9 4-2.3 1:1.2 2., 1:0.l 

a.o 4]..0 39.0 1:1.l 2.0 1:0.l 

8.4- 51.5 3lf..O 1:1.l 3.5 1:0.l 

8.8 33.5 28.6 1:1.2 4-.9 1:0.2 

(16) 7.5 93.1 58.4- 1:1.6 ~-7 1:0., 

8.0 91.s '6.s 1:1., 35.0 l:0.6 

8.4- 89.8 51.,.0 1:1.7 3.5.8 1:0.7 

8.8 88.2 4-9.4- l:l.-8 38.8 l:0.8 

(17) 1., ,a.o 62 • .3 1 :1. , ,s.7 1:0., 

8.0 '17.7 .59.2 1:1.7 ,s.5 1:0.7 
8 .... "·' 56.o 1:1..7 "°·' 1:0.7 

8.8 ,c,.o 5-2., 1:1.8 i..,.1 l:O.8 

(18) 1.s a.., 48.8 1:1.7 36.1 1:0.7 

s.o BO.It. 49.1 1,1., 11., 1:0.6 

8.4, 1,.2 48,0 1:1., 28.2 1:0., 

8.8 11.s 44,.(i 1:1., 2,., 1:0., 
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'l'able It Cpont•4) 

Cbpp&riaona 0~ the Pbttsphate letentlon ahgwn by Quon.de treated and 

')ntreated• SoU. at Pour Selected pK value• 1n the Alka}1pe !ene· 

(a) (b) (c) 
Serial p8 Retention Betention ~ Rati.o o~ Retention by Ratio ot 

1'0. ot mlz._1'-treated retention soil iron -
"untreated• aoil ot !814P - eo11ponenta bound to 

aoUa treated other than aluaim.ua -
to iron bound 

"untreated• phoaphate 
aoila 

('b) /(c) (a) - (b) 

J ~ ii 
(19) 7.5 '°·' .51+.1 1:1.l 6.2 1:0.l 

s.o 57.0 Sl-4 1:1.l s., 1:0.l 
8.4 54.0 J+B.6 1:1.1 5-4- 1:0.l 
8.8 51.8 4;.3 1:1.1 6.s 1:0.1 

(20) 7.; 41-4- 47.0 l:o., 
8.0 38.0 44.5 1:0.9 
8.J+ 31+.2 41.5 1:0.8 
8.8 30.1 47.5 1:0.6 

(21) 7.5 81.5 92.5 1:0.9 
a.o 82.0 89.9 1:0.9 
a.4 81.7 87.5 1:0.9 
8.8 00.7 80.0 1:1.0 

(22) 1.s 51.6 65.6 l:0.8 
a.o lt,8., 67.5 1:0.7 
a.i.. 45.6 67.0 1:0.7 
8.8 42.3 61.,.6 1:0.7 

(23) 1.s 24.8 ,a.o 1:0.7 
8.0 22.s ,-,.o 1:0., 

8.4 3).2 35.3 1:0.6 
8.8 17.4 32 • .5 1:0.5 

(a..) 1.s 314 40.0 lzO.8 
a.o 29.6 ,s.o 1:0. 
8.t. 28.0 ,,_, 1:0.8 
8.8 2'.o ,,.o 1:0.8 
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7 • ComlaUog ot Pboaphate . letentiop Yalue1 ti th tluorl&t tpate4 

Soila with tbe ,m Iron Oxide Content• ot the Soilp. 

'1'be eztent ot correlation between the •ounta of pboaphat.e 

reta1ne4 'bJr fluoride treated •ila at the four aeleoted alkal:lne pB 

l.ewl.a and the iron oxide contents of the IOila were oelcw.ated. Jn 

r value of+ 0.41 waa obtained froa the atati..atic.e.l calcula-tiona 

presented 1n J.ppencliz V. Tho result ia dgrdf'1cant at S J)t'tr cent 

level thus indie ting aome asaociation between phoapha.te retention at 

eJ JrAl.ine pH levels of "dealuminatecl • aoila f'ollowl.ng fluoride treatment 

and the iron olf;ide eontenta. 



Comparison• of the phoephate retention pattema at alkaline ptf 

lewls of the NeOH - treated and fluoride treated soils (figures l, 2, 

3 and 5) indicate that the former emibi ta higher retention pattema 

than the latter 1n all the soils investigated except in Tekapo ail t 

1o and Arapohue olv. This could be explained in part by the 

taot that NaOR is mote ettecti ve than Nff1' in organic atter removal. 

thua ex.posing more adsorption aites tor phosphate on the f'ree iron oxide 

surfaces. Furtbemore, NaOH dissolve Al2')3 as sodiua al.uminate 

whereaa al though al.uminiua is 1n part diaaol ved by f'l.uorl&, (fife, pri.v • 

• ) thua possibly- ezpo-aing SOiie otherwi protected iron oxl.do 

m1rtacea, an insoluble f'l.uoaluminate is also probably to med 11b1ch ~ 

continue to protect iron oxide surface which would be exposed by NaOH 

tre t.ment. The general pattem of' retention behaviour ahown by RaOB -

treated soils aa oompared 111th that ot t he fluoride treated soils ia 1n 

kMping with this. Waiwera olv lo (figure 2) end ()pa.raw gr.lt9 

silt lo• (~ }) are p1ea of soil.a ahollU'l8 this effect. 

'rekapo aU t lom (figure 1) doe a not ah:nr phosphate ret.ent1on 

patt&m of - tre :ted 88l'lpl.e b1gber t.ben that of fluoride treated 

p>H1bly to its low content•~ Al.i'J and rganic aatt.er. 

In Arapolme. cl.tr it baa been deauoe4 pnm.~ that the t'l.uori.c1e 

trea c1q behaw-a aa & oaloim c1v tbua aho1d.nc abarp r1ae Sa 

pbt>apbate retention with 1noreubg }lll u abowa Sn figure 1 (Beok 1~,r., 

caneth Tidaore 19:,... Jlaftlr:ont 19.,., U.U.,. 19,S, Chanc11•r 

oomenion at thi.• aoll to a Wa -PNtt m4 ma Ul.8). 

ranellUllCie.cl etteot (ttgure 1). 

n ·:rUe treated mU• baw 1a,.,_.,. 



aq contribute to increa phosphate retention by the tree iron orlcle 

COJIPC)nents of aolla are preauaabl.y acting in so degree 1n all th9 

aoila tending theretore to esaggerate tm roleS of iron in phosphate 
.J ~ W\2. 

tixation 'ritha.t/( probably ooourring in the field and 1n tm particular 
5~ 

instances noted above are operating to e.n extent that the phosphate 

fixing capaciey of the "untreated" aoils is exceeded by that of the 

tluoride tre :ted aoils. 
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A atuq wu made of the relatiw incidence ~ inn - ancl alnwin1ua -

d pho.aphate-a 1n aoila repreeent.ati"te or the Min 1lew Zeal.an4 genetic 

gi,,upa, by the procedure tor tmir aeparate det.efldna-tia dtmtlopecl by 

:r~ (1'62, pri.,.. ocaa.). The tree iron n1u oontenta of the soil 

•N c!etendnect by tbe 4ltld.onite - cd.t:rate - ld.cmbc:mate •tboct of 

1ackaon, (Jackaon 1958, pg. 168 - ). 

The aounta ot iron oxide 1n soil.a cli4 not bear oon atan-t 

ralatioubip to the ounta of i1Vll - bound aoil phosphate. The tree 

iron oxide content. appeancl to c1epen4 on the properties 4 nature o-r 

the aoU - forming proceaaea ~ the aoila. 

Soila were subJeoi;ed to"cleal.uminat1on• either by treatment with 

0 • .5 • NBl/ at pH 8.,5 tor three deiya or l lf WaOH tor f'orty houra, and 

the OW'lts ~ phosphate retained at ditterent pH lew,la 1n 0.5 • 
NH.,._ Cl were determined tor the '\mtreate4 •, tm4P - treated and BaOH -

treated aolla. Reuonabq good correl.a.t.iona exist between the ounta 

of phosphate reta1ne4 at al Jcal:1¥ pH 1 wla by :fl.uor.lde tre&ted aoUa 

with the IIIO\mta ot txee llOl1 ozi4e of the aoila. The lleOH treaiaent 

of aoila :ve greater actiYation to the fl'M iro oxide oaponent ~ 

tm 11• tn btnitng pboapha than th nw,.r.1.ae ti-e..-.t-. 



I am indebted to lfr C. V. J'ife tor hi a guidance in this pro Ject 

and to Mr A.C. Glend23" of the Grasalarwia Division, Department ot 

Soientif'ic and Industrial Research f'or hia assistance w1 th the 

atatiatical -.,r)r;. 

Special acknow1~ment is due to •r• •· Wong for typ1J:lg this 

tmaia. 
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APPIIDIX I 

Phofphate Retention Shown b;y the Soila at Different pH valuea 1a 

0.5 • lffl4Cl tollcnrin« •4e-alwainat1.on• by 0.5 • 11Hz..1 

{Beaulta expresaecl aa interpolated peroentu;e retention.) 

Serial Jl'o. Pinal pB 

(1) 3.44, 

4..26 

s.24 
5.4-9 

5.58 

6.01 

7.22 

7.73 

7.96 

8.4,,3 

8.63 

8.91. 

4..73 

5.75 

1.23 

8.93 

(2) 3-42 

~-44 

.5.40 

s.s, 
s.68 

P•P••• P. 

4.12 

5.09 

5.57 

5.50 

5.57 

5.4-2 

5.46 

5.13 

5.46 

5.69 

5.95 

6.31 

0.02 

0.01 

0.01 

0.02 

'·" 
7.44 

7.44 

7.28 

7.28 

interpolated 

retention 

59 • .fe. 

49.5 

44-.7 

45.7 

44-.5 

4-5.8 

45.4 

48.8 

45.5 

43.3 

40.7 

36.1 

31-4-

z,.6 

26.5 

28 •. l 

28.1 



\ 

!fflil!PIX I (Ccmt'd} 

Pboaphate Retenti.on Shown 'by the Soila at Dif'tel'\'tnt p1I Yaluea 1p 

O.S II JIIR4, Cl following "de-alumination• by 0.5 II 64,F 

(Result expressed aa intetpolated percentage retention.} 

Serial lfo. Pinal pB 

6.00 

7.10 

7.61 

1.a, 
8.36 

8.58 

8.89 

5.16 

5.74, 

7.10 

8.51 

ts) 3.69 

,.oo 
,.Q 
5.81 

s.,a 
6.17 

7.28 

1.n 
7.99 

8.4,7 

P•P••• P. 

7.'1{) 

6.96 

7.12 

7.28 

7.36 

7.61 

7.69 

0.09 

0.06 

0.01 

0.05 

2.sa 
4.00 

4,.40 

i...u 
4,.08 

4,.20 

4,.61 

s.01 

5.06 

5.62 

interpolatecl 

retentio.n 

2a., 
30.5 

28.9 

27.4, 

26.7 

24-.3 

23.7 

75.0 

60.8 

S6.3 

56.4, 

,,., 
~.,.. 
s,...o 

4.9.J 

4,9.6 

1+4-.0 



DAmDn I (Cont'd) 

fhoaphate Retention Shown bf the Soila at Diff'erent pH valuea 1p 

0.5 • 1Ul4-Cl :f'ollowing •u-al:mdnation" by 0.5 If NH4-l" 

(Result• expressed aa interpolated percentage retention.) 

Serial l'o. final pH 

8.69 

9.00 

5.50 

5.99 

7.26 

8.98 

(4-) 3.58 

4--78 

5.56 

5.75 

5.a,. 

6.].4. 

7.17 

7.6' 

7.86 

8.:,.. 

8.,& 

8.88 

, ... 
s.91 
7.14 

P•P••• P. 

5.83 

6.13 

o.o6 

0.02 

0.02 

6.1, 

7.20 

7.12 

7 .Olt, 

6.96 

6.86 

6.86 

7.12 

7.12 

7.18 

1.2B 

7.28 

o.oa 
0.01 

0.02 

interpolated 

retention 

41.9 

,a., 

33.0 

28.9 

29.6 

:,o.o 

:,o.s 
lJ..5 

31.s 
z,.o 

29.0 

28., 
28.1 

28.1 



OfDJ)IX I (Cont•c1) 

Phoaphate Betention Shown by the Soils at Different pH Taluea 1n 

0.5 I U.,..C:1 :t'ollolling •de-aluld.nation• by 0.5 I 84.J' 

(Reaul.ta expressed aa interpolated percen;taee retention.) 

Serial Ko. Pinal pH 

8.87 

(5) 4.19 

5°15 

5.51 

6.01+ 

6.08 

6.i.., 

7.25 

1.10 

7.93 

8.39 

8.59 

8.9() 

s.as 
6.12 

7.23 

8.'1 

(6) ,.a, 
... ,, 
5.73 

5.00 

P•P••• P. 

0.0ft, 

6.51 

1.08 

7.40 

1.16 

7.00 

6.92 

6.92 

7.00 

1.16 

7.49 

1.i..9 

7.73 

o.08 

0.02 

o.06 

o.cw.. 

6.45 

6.n 
7.00 

6.93 

interpolated 

retention 

35.8 

,o.o 

26.8 

29.0 

30.5 

}1.1 

31.1 

30.3 

28.8 

25.5 

25-S 

2,.1 

.35.2 

33.0 
,o., 
31.3 



J 

A.mnmll I (Cont'd) 

Phoaphate :Retention Shog bz the Soi1a at Ditterent pH nl.uea in 

o.s • Cl 1'ollowing "cle-al.uainat1on• by 0.5 • 1ffl4,J' 

(Reaul ta ezpreasecl u interpolated arcentw retention.) 

Serial No. J'inal pH P•P••• P. interpolated 

retention 

5.91 6.69 33.7 

6.23 6.61 34-.4-

7-~ 6.28 31., 

1.12 6.4-5 35.6 

7.95 6.53 34-.8 

8.42 6.85 31.6 

8.63 6.85 31.6 

8.~ 6.93 ,30.8 

5.58 0.06 

6.05 0.06 

7.21 0.01 

8.92 0.01 

(7) ,.1. 9.25 ,.s 
4,.22 9.18 ,.2 
s.s1 9.18 ,.2 
s.'1 ,.10, 10.0 

s.68 ,.10 10.0 

6.1, ,.02 10., 

7.:51 9.10 10.6 

1.1, ,.~ 9.8 

8.03 '·» 7.7 



) 

APPENDIX I (Cont'd) 

Phosph t Retention Shown ]?Y the Soils at Ditferent 1H values ip 

0.5 M Ni\Cl followi~ "d.e-alumine.tion" by Q.5 I fflfl+_F 

(Besul ts expreased a.a inte!l19:lated. peroent!f! re~atic> • ) 

Serial No. :Pinal pH 

8.50 

8.70 

9.01 

5-61. 

6.10 

7.26 

8.99 

(8) 3.38 

4-.4-3 

5.30 

5.38 

.5.59 

6.02 

7.:,,.. 

1.ao 
8.05 

8.52 

8.14, 

,.01 
.5 • .52 

.5.86 

P•P••• P. 

9.35 

9.4-3 

9.43 

0.1 

0.07 

0.02 

o.06 

6.,0 

7.4-7 

7 • .55 

7.63 

6.82 

6.S.. 

,.~ 
7.06 

1.14 

7-:st 

7.47 

1.1, 

o.06 

interpolated 

retention 

6.7 

6.7 

5.0 

31.6 

25.9 

25-1 

24. • .3 

32.3 

31.6 

31.0 

29.Je. 

28.6 

26.9 

25.3 

22.1 



I 

APIUDIX I (Coat'4) 

Phoaphate Retention Shown lq the Soila at Dif'ferent pB Taluea ip 

0 • .5 • lllfl..Cl ~ollowing •ae-a1ta1nat1on• by 0.5 • ~ 

(RewJ.ta expreaaed u in:t,rpolated percentage retention.) 

Serial Bo. 

7.31 

9.00 

(9) ,.12 

3.83 

4-.76 

5.31 

5.35 

5.94. 

7.3+ 

1.n 
8.00 

8.4-S 

8.68 

,.oo 
4-2' 

s.ss 
1.1, 

a.,, 

(10) s.0.3 

s.aa.. 

P•P••• P. 

o.o, 

0.01 

8.27 

8.37 

8.37 

8.27 

8.21 

1.n 
6.88 

7.29 

7.4.s 

7.94. 

8.10 

8.4J 

0.07 

0.01 

0.01 

0.01 

o.06 

1nterpolate4 

retention 

18.0 

11.0 

11.0 

18.0 

18.0 

22.3 

31.2 

21.1 

25.5 

ro.6 

19-0 

1,., 

99.1 

99.2 



AfflDU)IX I (Cont'd) 

Phosphate :Retention Shown by the Soila at J>itterent pB values 1n 

0 • .5 M Di.,Cl f'ollo111ng "de-alumination" by 0.5 II ~F 

(Besllts expressed aa interpolated percentage retention.} 

Serial No. Final pH 

6.03 

6.15 

6.16 

6.40 

7.22 

7.72 

7.95 

8.4() 

8.62 

a.95 

5.86 

6.14 

7.21.) 

8.92 

(11) s.s, 
6.0§ 

6.2, 

6.6t 

,.12 

1.00 

7.,a 

P•P••· P. 

0.01 

0.1 

o.oa 

0.1 

0.20 

0.37 

0.52 

0.10 

o.86 

1 .14, 

0.02 

o.a,.. 

O.Olt, 

0.02 

7.07 

6.18 

4.88 

4 • .51 

4,.02 

.3.25 

2.03 

interpolated 

retention 

9'.0 

98.6 

98.9 

98.6 

97.3 

95.9 

~-4 

92.7 

91.2 

88.4, 

29.7 

,a.s 
s1.s 
ss.2 
'°•1 

67.8 

m.o 



pwwwmx I Cc:gpt•·4) 

Pbope,te Retention Shown 1,;r thf Soila at l•.ltte:rent pB Yaluea 1p 

o.s • 4Cl tollowblg •de-aluainatioa• by 0.5 • im,..F 

(Re8Ult epreaaed aa interpolated percentye retention.} 

Serial Bo. l'inal pB 

1.1, 

8.00 

8-41t, 

8.66 

,.oo 
6.4-9 

6.54, 

7.25 

a.~ 

(12) lt,.51t, 

.5.26 

s.a, 
5.90 

,.,a 
6.33 

7.26 

1.1, 

8.10 

8J.6 

a.11 

,.oo 

P•P••• P. 

1.50 

l.3't, 

1.25 

1.11 

1.os 
0.03 

0.03 

0.02 

0.02 

4-.4-.3 

s.oa 
s.oo 
5.a:, 

.5.16 

4,.88 

s.oa. 
.s.12 

.5.20 

5.40 ,.,., 
s.n 

interpolated 

retentiOB 

S'j.2 

86.8 

fI7.7 

89.1 

a,.1 

56.2 

4,9.6 

so., 
4,8., 
4-8.S 

S1.J 

4,9 • .3 

48.S 

4,7.7 

4'.7 
....,...8 
42.0 



APfBDU I (9<mt'd) 

Pboaphate Retention Shown ff the Soila at Different pll Yal.uea in 

0 • .5 • im,.ci f'ollowing "de-alum.nation" 'b7 0 • .5 • a..• 
(Jteaul.ta expreaae4 aa interpolated percentage retentiop.) 

Serial Bo. Pinal pll 

s.as 
6.19 

7.25 

8.99 

(1J) .5.,0 

5.91 

6.18 

6.22 

6.41 

6.frT 

1.2D 

7 • .52 

7.82 

8.37 

8.58 

8.,0 

6.1, 

6.2' 

7-0t 

8.90 

P•P••• P. 

o.o:, 

0.01 

o.o, 
o.o, 

0.98 

J.12 

3.9.5 

4.06 

3.6'/ 

,.61 
2.61 

2.1.5 

2.a. 
,.,,.. 
, . .,,. 
4,.06 

o.06 
o.o,. 

0.0ft. 

0.01 

interpolated 

retention 

90.9 

69-4-

61.1 

.59.9 

61.7 

61.., 

74,.3 

78.9 

n., 

"·' 
"·' s,., 



APPBRDIXI (Cont'4) 

Pboaphate Brient!• Shown w the Soila at Ditterent pH ftluea Sp 

o.s • Jll\,Cl tollo111ng •c1e-a1.ua1nat1on• by 0.5 • n,.P 
(Resw.ta epreaae4 aa intezw1ate4 percentage ntention.) 

Serial Wo. 

(14) 4,.92 

S.lt.9 

s.,i.. 
6.02 

6.12 

6.16 

1.1, 

7.59 

7.9ft. 

8-'t,1 

8.62 

8.95 

5.95 

6.10 

1.,, 
a.,, 

(15) 4.10 

,.a 
s.1, 
s.,e 
,.o, 

P•P••• P. 

3.26 

4,.31 

4,.11 

,..,6 
4,. 72 

4--40 

4,.}t 

4.36 

4,.a) 

4.93 

s.01 
s.u 
0.05 

0.02 

-
o.o, 

J.,S 

7.00 

7.0, 

1.» 
7.~ 

interpolated 

retention 

68.o 

57.4, 

4-9-4-

S,...8 

53.1 

.56.2 

56.9 

s6.s 
.52 .. 2 

51.0 

so., 
41.., 

40., 
J0-4-

2'.Je. 

z,.o 
~., 



Pfpm:x I (Con1:' a) 

Pboaphate Retention Sbo• b,r the Soila at Ditterent pH Y&luea in 

0 • .5 • 111\,Cl f'ollowing •a-a.lma1nat1on• by 0.5 • a., 

(Resulta expreaaecl u 1ntemlate4 percentage retention.} 

Serial Bo. 

6 • .36 

1.21 

7.72 

7.99 

a.45 
8.66 

8.97 

6.01 

6.11 

7.21 

8.97 

(16) J+.92 

,.10 
6.0ft. 

,.1s 
,.1, 
6.:,8 

1.18 

7.60 

7.a, 

P•P••• P. 

6.,S 

s.06 
5.37 

6.6' 

6.76 

6.ar.. 

7.33 

o.o, 

0.03 

0.02 

0.02 

2.5ft. 

3.4,1 

'·" 
,.12 

,.a, 
).82 

4.0, 

4.-2S 

i..:57 

interpolated 

retention 

36.8 i.,., 
u.s 
33.6 

32.6 

32.8 

26.9 

75.6 

66.9 

6't,.4, 

62.o 
s,., 
ss.5 ,,., 
s1., 
56.4-



N1PIPi I C9m•I) 

D2,.,!t a,tepUop 8Jpa Jtr tbt §oU.I at J>ittepnt Jiff WWII ip 

O.S • Cl tollollSDg •cle,-alumnat:lOll• by 0.5 a 8'l' 

Serial 1fo. P•P••• P. 

8.3' 4.8' si.s 
8.56 s.06 4.9.s 

8.87 s.» 46.7 

6.11 0.01 

6.40 o.o, 

1.1i. 0.01 

8.87 0.02 

(17) 4.39 2.'J'I 76-9 

S-40 ,.ss 65.0 

5.78 }.65 9.-.0 

s.aa ,.11 6,.2 

s. ,.a, 62.8 

, .• ,.s, Q..2 

7.29 '·" 63.i.. 

7.77 }.'6 tiO.t. 

00 4-%7 S7.J 

8M 4,.4) S51 

8. '"" s,., 

•• 5.1,. 48. ,. o.o, 

,.10 0.0$ 



Affll!DU I (Copt•c1) 

Pboaphate Betentioa Sbog bz the Solla at Ditterent di ftl.uea in 

o.s. -,._ci :toll.owing •c1e-a1um1n tion" by o.s. ~ 

(Reaults 835RE!S8ed U intenolated percentage retention.) 

Serial lfo. Pinal pH 

7.23 

9.00 

(18) 4-.a, 
5.74 

6.10 

6.18 

6.22 

6.40 

1.1, 

7.68 

7.,r.. 

s.,a 
8.6:, 

8.9' 

'"'18 

6-41 

1.16 

8.,.. 

(1,) 5.'7 

5.7' 

P•P••• P. 

0.02 

5.25 

5.31 

5-49 

5.4.5 

5-4-1 

5.37 

5.33 

s.1, 
s.or.. 
s.» 
5.53 

J.6, 

o.o6 

-
0.02 

0.01 

4,.e,., 

s.1, 

1nterpo1ated 

retention 

4,8.2 

47.0 

4,6.2 

4.5.6 

45.9 

4,6.3 

4,6., 

48.9 

49.7 

i.6.8 

14.8 

,.,.2 

J1.7 

48.8 



APPINJ)IX I (eopt•d} 

Pboaphate RetentJ.on Shown by t.be Soil• at D1f'f'erent pH yaluu 1n 

0.5 • -..,c1 following •a.-a1.um1nat1on• by o.s • -,, 

(Resulta espreaaed aa interpolated percentw re-tentipp.) 

Serial lfo. Pinal. pH 

6.28 

,~lt.2 
6.4-5 

6.51 

7-19 

7.77 

8.00 

8.47 

a.10 

9.00 

6.16 

6.51 

1.20 

a.n 

(20) 4 • .52 

,.18 

s . .56 

5.75 

,.1, 
6.o, 

7-14. 

P•P••• P. 

5.0,.. 

.5.01 

.5.01 

4-.68 

4-.60 

4-.93 

.5.09 

5.16 

5.4-1 

5.66 

o.o,.. 

0.01 

0.02 

1.a9 

8.01 

7.82 

7.4-9 

7-41 

6.52 

4--'1 

interpolatecl 

ntentioa 

4-9.a 

50.0 

so.o 
.53.2 

51+..o 

50.7 

4-9-1 

4-8.5 

4-6.0 

4-3.6 

22.0 

20.8 

22., 
25., 
26.6 

,,., 
sa•,.o 



ld!le&I ' (Qg•I) 

f!Joldldl Bpapttpp Rflll Ir k §sdJ• P Plmm$ II fllUt• ii 
o., • ii.t:1. Mlow1ng ·de-almtn~!i • by o.s • ..,. 

(Dafilt• RPDMlfl e a,te,mlftld per;centpe ret;enticp.) 

S.rJ.al Bo. p.p.a. P. 

7.'7 4.93 ,0.8 

7.92 s.,a 46 • .3 

8.40 s.s,.. 44..7 

8.61 5.75 42.s 
a.,, ,.a, 41-7 

s.6' o .. oa 
6.15 o.o, 

7.11 0.01 

8.9t -
(21) 6.SJ 1.88 8t-5 

6.(0 1.97 a:,.6 

6.62 2.40 7S.2 ,.,, 2.1, -,s., 

.72 11.4 ,,, 2.a, n 
7.or.. 1.tt ., 
7~ 16 

1.0 2-13 

1. .. 
1 



.&PJIIDIXl <cont~d) 

J'hpapgate Ratentiop Sbo9 by thl Solla at Ditterent di •aluea ill 
o.s • 1114Cl :tollowiq •a-a1.u.1n :tion" 'by o.s • lfB.~ 

(Reaulta ezpreaaed u interpolated percentge retonti.op.} 

Serial llo. Final pll 

6.61 

6.6, 

1.12 

a.,r. 

(22) 4-.~ 

5.46 

5.90 

6.02 

6.0ft. 

6.22 

7.1, 

1.1, 

7.,., 
8-46 

8.68 

8.,, 
s.a, 
6.16 

7.18 

8.,, 

P•P••• P. 

o.o, 

0.02 

,5.6,5 

6.39 

6.31 

5.98 

6.06 

s.ss 
3.59 

3.z, 

2.,, 
,.~ 
3.'2 

}.70 

-

0.01 

0.01 

interpolated 

zetenticm 

4-3.5 

36.1 

'6-9 

40.2 

39-4 

41..5 

9...2 

o/ .J+, 

70.8 

67.l ,,., 
6:,.1 



f 

Ui-BMUX I (eopt•4) 

.Pbpfpbate tepticm Shep b,y the Soll at pitterent pH Ta1ue8 1n 

0 • .5 M 5'.Cl :following •c1e-&1ull1.nation" by 0 • .5 II ~ 

(l?esul ts exprea 4 a.a interpolated percentage retentiop.) 

Serial Ro. Pinal pH 

(2') 3.9S 

4,.98 

5.71 

5.90 

.5.98 

6.37 

7.:r, 

7.ei:, 

8.0,.. 

8.51 

a.11. 
,.01 
5.Q 

6.2,5 

7.31. 

9.00 

(a.) ,.,2 
,.01. 
5.Q. 

s.n 

P•P••• P-. 

7.79 

7.96 

1.1, 

1.6:, 

7-47 

6.4,9 

6-49 

6.o, 

6.33 

6.4-9 

6.74 

7.14 

0.01 

0.02 

0.02 

o.06 

,.25 
6-48 

6.Q. 

'·" 

interpolated 

retention 

23.0 

21.2 

22.8 

a...2 
25.7 

3.5.3 

35.1 
,,., 
37.0 

35 • .5 

3.3.1 

29.2 

,a •. , 

,s., 
,....2 
,..._, 



llf:ltPll g Cept•a) 
~ ~tentiop SJ!o!n m: tba 8!Qa at l>itteppt dI Bl¥• ta 

o.; • JUIJ..Cl. tollmdng •4e a.11a1na+.1on" b;r o.s •-,, 

Serial l'lo. 

5.96 

6.,S 

7.31 

7.71+ 

7.'9 

a.i.,.. 

8.66 

8.97 

5.63 

,.18 

7.7.7 

8.,S 

p.p..m. P. 

6.4,8 

'·" 
5.99 

6.1s 

6.5' 

6.56 

6.Q. 

6.8) 

0.07 

0.01 

-
o.os 

1Dterpolate4 

~tiae 

,s.6 

40.2 

40.2 

,e.s 
-,.,.7 
34.7 

3ft,.O 

32.s 



(1) 

(2) 

J!eosRJud:e RetentiP o~ -untre :ted" Soila 

at Alkaline pH ft.lue:s in 0 •. 5 It NBJ..Cl 

p.pdl. P. 

7.14 4--29 

7.a, 4.68 

7.94 4.a,.. 

8.36 .5.01 

8.66 5.25 

8~~ 5.57 

5.02 0.07 

5.38 0.01 

7.29 0.01 

a.97 0.02 

3.62 8.26 

4.12 7.Q 

4,.76 7.21. 

s.,a. 7.1, 

,.,s 6.82 

7.]D 6.s, 
1.14 6.14 

8.Ql. ~72 

a._,a ,.a, 

8"'" ,.n 
8.'2 7-2' 

57.2 

53.:, 

51 •. 7 

50.0 

4-7.7 

44.5 

19.Zt-

25.5 

28., 
2'-4 

J2.S 
,,.._, 
3'-4. 

,,.1 
».-o 
JLJ., 

2'.4 



APNDll II Ceogt•a) 

Serial lfo. 

(3) 

(4-) 

ffx>aph&te BetpUcm ot '5treatea" Se!J• 

at Alkaline pH values in 0 • .5 • ,Cl 

Final p1I P•P••• P. 

4,.56 0.16 

.5.1, 0.01 

7.1, 0.07 

9.01 0.1:, 

7.00 0.90 

7.72 1.11 

7.88 1.16 

8.31 1.3.5 

8.59 1.44, 

8.8' 1.76 

5.18 1.1, 

.5.42 0.01 

7.15 

'·" 0.01 

6.6., ,.,, 
7~'5 i..~ 

7.8' ~ 

8.:,8 t...91 

8.68 .s.68 

'·" ,.as 

91.0 

aa., 
88-4, 

86.S 

85.6 

82.4, 

Q.o 

57~ 

ss.a 
51.4 
i.,..o 

J8i4 



4fflP!Pll n Cegpt•4) 

Rpaphate Betenticm o~ 3trep,4• Soila 

Id Allc:el1M p1I T&luea in 0.5 M llllz..Cl 

(Beml.ta zpreaad u 1ntenzolate4 peroentap l!;teptiql.) 

Serial Jfo. P•P••• P. 

lt,.12 o.n 
4..68 o.c»+ 
,.,., 0.03 

8.9' o.o, 

(5) 7.04 4.91 51.3 

7.78 s.1, 48.s 
7.88 S-48 4-S.6 

8-42 ,.oo 40.4 

8.70 6.13 39.2 

8 .. 9' 6-42 l(i.4, 

At.-9.. 0.0ft, 

s.a. 0.0ft. 

7.17 o.or. 
s.,e o.06 

(6) 7.21 5.25 4,1., 

7.78 , .. ,J a.6.1 

7.,-.. .,.ss ~2 

a.,... s.'2 ,..,.a 
e.sc; '-°' ,,.,. 
a.,s ,.22 ,-,., 



8ff1!Pll ?I {Coa~'d) 

S.r.l.al •• 

(7) 

(8) 

J'he!J?1?e l!e'.t!PU• ot ~• Sona 

at Alk•l 1ne p1I 'ftlueca 1n 0 • .5 • ~ 

P•P••• P. 

J.78 0.01 

s.12 

7.3t-

a.,.; 0.01. 

7.02 8.10 

7.6' 8.2,5 

7.w, 8.,., 
8.28 9.10 

a.ss ,.10 
8.85 9-2' 

, . 0.17 

.. sw.. o.i, 
7-0C o.o, 
a.a, 0.11 

1.oa 5.15 

7.Q ,. 
7.s, 5:11 

8.2' , .• 
Ml '·" 

3).1 

1a., 
11., 

10.Q 

10.0 

a.s 

"8 J ,.,., 
4-J.0 

41.0 

'1-1 



4t!Rpu n Ceopt•a) 

Fboaphate Betention of "untreated" Soila 

at 4JJtaHne pH Taluea in 0.5 • "'-Cl 

(Beaulta expnuecl u interpolated percentage retention.) 

Serial o. lPin&l. pH 

8.88 

4,.21 

5.a:, 

7.18 

8.91 

(9) 7.12 

1.68 

7.83 

8.3() 

8.58 

8.8' 

1+.01 

5.00 

7.a:, 

8.'1 

(10) 6.2, 

7-45 

7.(4. 

a.17 

a.s, 

P•P••• P. 

,.~5 
0.02 

0.01 

0.01 

0.02 

6.29 

6.71 

6.79 

6.98 

7.4-2 

7.61 

o.os 
o.os 
0.05 

o.os 

o.o, 
1.00 

o.n 
0.20 

o.a. 

int rpolated 

retention 

'!4.7 

:r,.s 
33-4. 

32.6 

30.9 

26.6 

a..1 

99.1 

,,.o 
98.9 

,a.o 
n., 



AftP.!P II (Cont_• d) 

Plp.apbate Betention of "untreat:ed" Solla 

at Alkaline pH values in O.S II lfflq.Cl 

(Jtesul ta expreaaed as 1nterpolatod pereenta,.,we retenti.O!'l . ) 

Serial lfo. :r-1na1 pl{ 

a.a. 
s.oo 
5.20 

6.70 

a.92 

(11) 7.28 

7.84. 

8.00 

8.40 

8.6' 

a.93 

s.78 
6.20 

7-.37 

,.0() 

(12) 7.18 

7.71 

7.91 

8.JC)-

8.'6 

8. 

P•P••• P. 

0.26 

0.01 

0.01 

6.10 

6.39 

6.1+1 

6.63 

6.67 

1.01+ 

0.01 

0.01 

-
o.o6 

a.a, 
2.,, 
,.11 
J.Sft, 

:,.'1 .,_,, 

interp()lated 

retcmti 

'7-4 

39.0 

,36.2 

35.5 

34,.0 

33-7 

,0.2 

71.5 

70.2 

69--1 

Q_.7 · ,,.., 
<io.2 



APP1fflDIX II ( Omt 'd) 

Phosphate Re-ten.ti.on ot "untreated• Soils 

at Alkaline pH values 1n 0.5 Ill ~ Cl 

(Resylts expressed as interpolated percentage retention.) 

Serial No. P•P..•• P. 

4-.93 0.01 

5.59 

7.21 0.01 

a.~ 0.01 

(13) 6.96 0.33 96.7 

7.(4 0 • .50 95.0 

1.00 0.52 ~-8 

8.28 0.63 ,,.1 
8.60 0.73 92. 7 

8.82 0.79 ')2.1 

5.31 -
S-46 

7.06 -
8.93 

(14,) 7.0& o. n., 
7.'5 o.sa 91.2 

1.a.. .1.02 S,.8 

s.» 1.23 8'1--7 

8.6, 1.43 95.7 

8.,i J..67 8,3.l 

5.3' -



.APMmDIX II 1,-Cont•d) 

Phospb :te Retention of ttuntreated .. SoUs 

at Alkel:Srte ptf val.ues in 0.5 W m1
4 

Cl 

(Results expreseed as interpolated percentage r etention • .) 

Serial Bo. Final. pR 

5.50 

7.01 

8.!J., 

(15) 7.0,.. 

7.f:4 

7.00 

8.26 

8.52 

8.83 

4,.61 

5-1+9 

1.m 

a.as 

(1,) ,.n 
7-S2 

7.74 

e.os 
s.s, 
8.82 

s-6' 
s.so 

p.p .. m. P. 

-

0.02 

5.21 

5.4.j 

,5.82 

6.10 

6.1+1 

6.6.3 

0.02 

0-02 

0.55 

0.65 

0.71 

o.88 
0.96 

1.10 

-
-

interpolated 

nttention 

4-7.9 

4-5.1 

u.a 
39.0 

35.l+. 

33.9 

,.., 
,,.s 
n.9 
91.2 

~-4-

89 .. 0 



Am:NI>ll II (Cont'd) 

Phosphate Retention o~ "untreated" Soils 

(Besulta expressed as intemle.ted.P!!roent,m retentionJ. 

Serial No. Final pH 

6.93 

8.85 

(17) 6.,0 

7.57 

7.70 

8.20 

8.60 

8.95 

5.67 

5.52 

6.~s 
e.95 

(18} 5.7Jt. 

6.U, 

7.14-

7.97 

8.39 

8.76 

4-'7 

4.58 

5.6, 

p.p.m. P. 

0.1, 

0.19 

0.20 

0. 28 

0.33 

o.r, 

-
2.16 

0.12 

1 .• :,0 

1.93 

2.32 

2.69 

o.06 

0.02 

0.02 

interpolated 

retention 

98.7 

98.1 

98.0 

(j/.2 

96.7 

96.3 

1a., 
98.0 

87., 
81 .. 0 

71.2 

71.7 



fteebtt:! Retention ot 'ptrgatec1• Soila 

at Alkaline pH Yalu • in 0.5 II lffl4-Cl 

Y!ffalt• expreaapd aa interpolated percentage retention.} 

SerJ.al •o. :Pinal p1I 

8.78 

(19) 7.01 

7.67 

7.81 

8.28 

8.58 

a.a. 
i..a.. 
5-'t4-

7.16 

8.88 

(20) 7.2, 

1.1» 

7.98 

8-41 

8.71 

8.'6 

s.8' 
,.so, 
7.:,s 

,.oo 

P•P••• P. 

0.06 

3.71 

i...os 

4..12 

4..52 

4,.69 

5.10 

0.0ft. 

0.02 

0.01 

0.01 

5.66 

6.06 

6.31 

'-4-6 
6.88 

7.a, 

2.sa 
0.07 

o.os 
o.u 

interpolated 

retention 

63.0 

59.6 

58.9 

54-.9 

53.2 

4.9.0 

4-3.9 

39., 

,1.2 

,s.8 

31.7 

29.1 



Phoaphate Retention c~ ,mtreated • SoUt 

at Al.kal.1ne pB values 1n o.s • II\ Cl 

(Besul.ta egppaaed aa inten,olated peroentgm; retention.) 

Serial No. 7inal pB 

(21) 7.22 

7.86 

1.'6 

8.40 

8.66 

8.98 

5.48 

5.75 

7.'j(, 

9.01 

(22) 7.14 

7.78 

7.,0 

8.'6 

8.'2 

8.S, ,..,, 
5.50 

1-~ 

8.,6 

p.p.a. P. 

o.6J 

0.91 

0.98 

1.18 

1.32 

1.,, 

0.01 

z._.68 

i..a.. 
s.01 
s.,J 
,.sa 
5.,a 

o.os 
o.o, 

-
o.o, 

interpolated 

retenti.oa 

93.7 

90.9 

90.2 

88.2 

86.8 

83.6 

.53.2 

51.6 

i.9.9 

"'6.8 
...,.,., 
~-s 



) 

Pboaphate Detention~ "gntreatett• Solla 

at AJb-11ne pB valuea in 0.5 • D.
4 

Cl 

(Besulta upreaaecl interpolated percent@ retention,) 

Serial lfo. Final pH 

(23) 7.12 

7.72 

1.a. 
8.30 

8.56 

8.86 

4-.96 

5.60 

7.'21) 

8.9() 

(24) 7.19 

7.8) 

7.81 
.,, 

a.s, 
8.9' 

s.w 
5.51 

1.20 

a.,n 

P•P•• P. 

7.5;5 

7.71 

8.02 

8.11 

8.36 

8.61 

0.16 

0.12 

0.01 

o.:,. 

6.'T/ 

7.05 

7.2, 

7.Ji.5 

7. 

7.88 

1.J& 
0 .. 1, 

o. 
0-42 

interpolated 

retentlan 

25-4 

23.3 

21.8 

21.4 

19.8 

11., 

'J]..7 

:,o., 
29.1 

28.5 

25.6 

25 ... 



Pbgapb&te 1etent1cp .or 11@11 - B!ffl4 Sona 
at Alkal:tN pl Yal.uea in o.s • Ill;. Cl 

(.Results expreaaed u 1nterpolate4 PlfC!D:tM! ptgt191.) 

Serial Bo .. 

(1) 7.18 

7.74. 

7.89 

a.a. 
a.s, 
8.88 

.5.02 

,.01 

7.3' 

8.'17 

(J) 7.,0 

7.72 

7.88 

8.2' 

a.s, 
8 82 

,.SJ 
,.32 
1.-,6 

8.8} 

P•P-11• P. 

S-40 

5.72 
,.,., 
6.17 

6-4-S 

,.86 
-

-
0.01 

2.82 

, • .» 
J.'8 

1,..18 

4-.57 ... 
.. 

o.m. 
o.m. 
0.01 

interpolate4 

reteats.GD 

u.o 
42.a 
40.J 

,SJ,. 

35., 

31.s 

11., 
66.8 ,,., 
ss., ,...., 
52.0 



ffl!IPB m (eoat'A) 

ftoaphate Je;tets.s of 114 - tr,atea SoQa 

at AllraJ:tne pll ftlue• 1n o.s • 111..Cl 

{Be,slta expnaae4 aa interpolated peroentege retentip .. } 

Serial Bo. p.p.a. P. 

(4) 7.:,.. ,.11 4-3.0 

7.74 '.4ft. -,s.7 

7.90 6.(() l'+-1 

8.2' 6.76 ,2.s 
8.,58 7.17 28.4 

8.81+ 7.25 21.6 
,.oe -
6.52 

7."57 0.01 

a.as 0.01 

(5) 7.30 6-45 :ss., 
7.90 7.0, :,2., 
8.01. 7.14 32.0 

~-41 7.18 •. , 
~-71 7.2' z,., 
8.,S 7""2 as., 
J.'5 o.ai 

'·" 0~01 

~-45 o.m. 
,.oo ~-01 



Phoaphatf Beteptiap Gt pall - treate4 Solla 

at lJk•J:Sne )ii Yal.ma in 0.5 • -,.ci 
{BellUlta expreaaed aa interpolated percentage retentioll.) 

Serl.al Ro. 

(6) 7.46 

7.88 

8.00 

8-4,2 

8.68 

8.96 

5.95 

6.5() 

7-46 

9.00 

(10) 7.36 

7.s, 

7.'7 

s.,a 

8.'5 

a.,s 
6.51t,. 

6.8$ 

7-48 

a.,e 

P•P--•• P. 

4.70 

5.14 

5.31 

5.68 

5.92 

6.32 

-

0.01 

0.03 

O.Ofe, 

0.07 

o.u 
0.15 

0.22 

-
-

o.o, 
0.-02 

1nterpolate4 

ntentia 

53.0 

48.6 

4-6.9 

.,.,., 
40., 
36.9 

100.0 

"·' 
"·' ,,.1 
,a.7 

,a.o 



) 

'. 

JftWW.Y. :m <eant•t> 
Phoaphate1 Retention ~ laOJf - treat.eel Soils 

at .Alkaline tfi wl.uea in 0 • .5 • 1111..Cl 

{Results agreaeed. as interpolated percentage retenttg,) 

Ser.I.al Ho. p.p.a. P. 

(11) 7.59 4-.74 s2.1 

7.a, s.01+ 1.,.1 

7.98 ,.u 4,8.8 

a.i., 5 • .39 4,6.2 

8.68 5.52 ,.,._, 
8.'17 5.96 i.o.s 
6.86 0.01 

7.16 0.01 

7.52 0.01 

8.,S 0.01 

(22) 7-41 2 • .s, 74,.2 

7 .. 2.93 70.8 

7·.17 3.17 68. 

8.:,6 J.6, ,, • .2 

8.'2 :,.71 62.lt 

a.a, 4,..22 51., 

8._-.. -
1 . 0.01 

6.78 0.01 

,.21 0.01 



t 

NfPDI.l IJ 

Serial llo. 

(1) 

(2) 

ftr!r!Jttf :a.tept1m Sipp bz •s - pated Soila 

in 0.5 • •,.t:1 at Mtterent ,a lneh. 

ftnal. pH P•P••• P. 

,.s2 0.0ft, 

4,.65 0.01 

,.02 0.12 

,.21 0.]4. 

,.22 0.1s 
6.2' o.is 

6.:,,.. 0.16 

6.4,9 0.20 

6.74- 0.21 

,.~ 0.2, 

7.14, o.28 
7.(4 o.-s, 

7.88 o.,o 
, ... 0.57 

:,.sa o.2' 
,.o, 0.51 

6.18 o.s, 
,.2' o.,, 
,.,,. o.s, 
6-40 0.41 ,..,.. 0-4,\. 

'·'° 0~ 

"·' 
"·' ,a.a 
,s., 
,a.5 

,a.s 
'8-4 

98.0 
,,., 
n.1 
'7.2 

96 • .3 

,s.o 
,..., 
,.,.., 
"·J 
"·" 
"•1 

"·' 
"·' 
"·' 
95.5 



Serial. no. 

(3) 

(4-} 

PIDtp ate Re;wtion Sl»9 by NeOll - treated Soila 

in o. 5 • 1'84 Cl a.t Dif'ferent pB le.-els . 

final pH P•P••• P. 

6.62 o.i., 
,.,2 o.,o 

7.12 o.69 

7.50 0.71 

7.61. 0.1, 

8.10 o.81 

8.57 o.as 
,.01e- 1.10 

4-.67 0.01 

6.56 0.03 

6.62 o.o, 

6.67 O.Olt, 

6.82 0.07 

7.13 0.01 

7.58 o.08 

8.,r.. 0.15 

8.,, 0.2, 

5.7S 0.35 

'-'' 0.40 

,.11 0.'7 

,.as 0.52 

Phoaphate 

retention 

95.1 

,s.o 
93.1 

,2., 
92.7 

91.9 

91.5 

89.0 

,,., 
99.7 

99.4-

"·' 
"·' 
"·' ,,.2 
,a.5 

f/7.7 

"·' 
"·' 96.o 
,,.2 



.APP.llO>ll IV (Cont'cl) 

Serial Jfo. 

(5) 

(6) 

(8) 

Hpaphat• Retention Shog bz R,PB - treated Soila 

in 0.5 K a...ci at J>itterent pll le'fela . 

:r1na1 pB P•P••• P. 

7.lj 0.48 

8.20 0.65 

8.,S 1.02 

s.68 0.20 

6.6' O. 'JT 

6.75 0.4,0 

6.9ft. o.u 
7.1, o.i.., 

1.10 0.50 

8.3' 0.71 

,.01 1.17 

4-.74, o.08 ,.s, 0.12 

'·"" 0.12 

6.1, 0.1.3 

7.1, 0.1, 

7.a, 0.2, 

s.,., o.,s 
,.oo o.s, 

4,.,0 0.07 

P.boaphate 

retention 

91,..8 

,.,., 
89.8 

98.0 

96.3 

96.0 

95.9 

95.1 

95.0 

,2., 
88.3 

~-2 

,a.a 
,a.a 
,a.7 

,a., 

"·' 
'6-5 

,....1 

"·' 



,kfDDU IV Ccont'cl) 

Serial •o. 

(9) 

Jltpepbate Jretepticm Shc>wn by •.oB - treated Solla 

in 0.5 • 111\Cl at J>ifterent pH level.a . 

Pinal p[ P•P••• P. 

s.4,1 O.ll 

6.37 0.12 

6.48 0.13 

6.S,. 0.17 

6.5'1, 0.17 

6.1, 0.19 

6.92 0.20 

7.14- 0.20 

7.4-7 0.30 

8.57 0.10 

,.01 0.76 

.3.,a o.,, 
4,.,S o.8' 

s-" o.a,.. 

s.,, o.a, 

6.°' o.a.. 
,.oa o.a,,. 

,.21 o.as 
, . .,, o.a, 
,.,, o.,r.. 

6.(;T o.,-.. 
,.8) 0.'5 

Phosphate 

ntention 

98., 

,a.a 
98.7 

,a., 
98.J 

98.1 

98.0 

98.0 

'J7.0 

93.0 

,2.4, 

90.7 

91-4-

,i.6 

92.0 

91., 

91., 
91.5 

91.1 

'°·' 
9().6 

90 • .5 



.&PHiiDU D (pont' 4) 

Serial llo. 

n»•ete letgtip Sho9 bY •• - treated Solla 

in 0.5 • -,.ci at 1>1ttei.nt :sill lnel1. 

P•P••• P. 

7-45 1.00 

7.&J 1.10 

8.08 1.30 

8.S,.. 1-40 

9.03 1.52 

~-0 

a,.o 

tr/.0 

86.o 

S...8 



APftlPIX V 

CorrelatiOJl Coettieient (r) . 

Serial Pe2o3 
Mean Jaount ot Ser.I.al Pe

2
o
3 

lean Aaolmt ot 
Ro. (x) ret ntion of Jro. (x) retention ot 

IH4P - treated !IHJ! - treated 

soil aoil 
(y) (y) , J % -

(1) o.86 lt4-.3 (13) 1.1, 71.2 

(2) o.46 26.6 (14) 2.ll 52.6 

(3) 1.4,3 5.5.0 (1.5) 1.10 36.0 

(4.) 1.67 28.8 (16) 2.42 5lt,., 
(5) o.~ z,.3 (17) 1.8ft. 57.5 

(6) 2.1, 33.8 (18) 1.10 J+1., 

(7) o.u 8.3 (19) 1.53 4-9.9 

(8) 1.41 26.s (20) 2.51 J+5.l 

(9) 0.29 23.7 (21) 1.4-5 87.5 

(10) 2.1.5 91..0 (22) o.8> 66.2 

(ll) 1.10 83.1 (23) 0.78 35.7 

(12) 2.70 4,7.0 (24) 0.76 36.6 

~&tiol!!· 

•x • Bz2 - <-x)2 - • • 22 
II 

• 11. 77(,fJ 

• ~2 _ <•,.>2 

• 
• 10.512.a 



sP2-Y - E~ - (Ex) (B,) 

n 

- + 145.26, 

rxy • + 145.26, SP3l 

123'792.13 (ss:1:) (ss,.> 

• + 145-269 
• + 0-413 

35.1.Bl,.l 

Result • 
(y - 1+7 -1+5) = + 12.336 (:1: - 1.395) 

7 a, + 30.241. + 12.336x 

therefore regressi , n coefficient = 12..:,,.. 

s2 • 
m_,- (SPq) 

b SSx 

(n) (SS:1:) 

• 33.659 
+ + 12.31+ + 5.8) therefore b _ Si, • -




