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TADLE 4
Desgription of solls
Soil Tyne pfl | Porent ‘atericl|Free dzron| Prodootnent Clay

deal’ 3t 5 e
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sope XiLe=
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The genetic clasaification of those soils 4o riven 4n (6)
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TABLE 2

Iffect of &inc of oxirnobion ond sofls oxhy rotio
rotontdon Ly “trotfomd sandy loam of aided I orfhophonphat
n 4 2L of 0.5 ML T at pll 0,5

P in Seil Proportion of ©
foil: rxtrac~|Bquilitration Txtroct
presence of in extraoct Lofl
sdded P
12400 6% 2407 3003 1e00 96 &
S 104 2.02 1,00 9 2
1: 8500 {J:,'- % om'p 2.1 P 97 3




PADLE 3

Hfect of poils m rotio on retention lyr ! E

20411 Txivactent Proportion of POo
Rotio
axtract so0il
1:50 88 12
12200 Q4 6
1:800 96 L
123200 97 3
91 6400 S8 4

Rauilitrstion tine: 64 hours
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TAPLR 6

Retentlon hy Rorileri Criahle clay of adiod !",

wtion tipes
Concentration| P in Sofd Proportion of P
of Bellibration| FPxtract e Recovored Retained
Reagort Time In presence| olded in by
of aldod extract s0il
- P
hours PR, e 2 |
2, 0,96 | 1.57 1,00 Yi 2 |
0,58 Y 1.07| 1.78 1400 ™ 79
£00 ] 1e85 | 2.5 1.0 o 3t
2 1416 | 1.93 1400 7 23
13 670 2.35 | 3.12 e €O 7 25
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POOIORNS

Tho evthor in indobtod to R0, ¥illlemn, Yoosulay Turtitute,
‘berdoen, fov mmprdying the loucoptomhtto smmles Tho ninornd
wao proparol el eharactorizod ty BT, Mxfiddge of the Tocendsy
Institutes.

Pdo M348y of clizdine 0.F TH,F to offoot corplete horetion

of nloinm - bomy] phoophato fron an alloghondc mdl londs support
to tho eentardion ¢hat the rise in phosphato polut:1lity 3In the
allmidno putpactant over tho 2472 honr mango found for the soils of
lov freo aluning contont Adscusaod 4n tho provious pepes (7) 45 2ue
o Nrirolynis of orfginal fron=demd phomphato, rudhor then to
contimying otiack on a Tore rosizdant Sraction of the alwime

b Torve

roa the ortdafctony ogreanont found betwosn P and P° recovery
valiuos et coparelle no1l: cwizootur ratios & ooy bo comxeluded
thet P2 2lateitution botwnen sof) and extroctant 4o uncompliosted
w an isctopls oxchanye ofPoote

This featrmwo of tho oxrves is otiriluatedble ¢ tho docronsing astobhiilty
of the Ruoal:rdmbe caplox as tho i 1s radocl,

m-hour srtrel Oof !ﬁz&’?’ oxtractéon valne wrrectol Yy sdtroectiom

of 10 per coit of e Maflesclidle P In roniftno,
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In the previcus peper of tiis series (7) the conidtions unler which
a satisfeetary quantitetive ewmluatiocn of the aluminum-bourd phosphate
freotion in s0ils 43 likely to be atiained by alkaline fluide extraction
were dafined on the dasis of stulics carried cut on threc oz Zesland soils,
This pepwr reports results Obtainal fur two edditions! solla, whioh Deasuse
of thelr high phoxphate firing cepacity and type of clay miperal assemblage,
wete oonsidered as possibly preasnting special problems in respoct of the
alusinue~-bound phosphsteo determination,

MATERTALS
Sells
The 80ils used are Cenaridud in tsdle 1, Samples groun to pass &n
80-pesh siove were used for analyuis,
bleasla
Symthotio etrengits (yrevicusly dssarided (7) ) en2 gyuthetic
\enoophosphite' were the winerals ased. The r-ray date for the
lsucophosphite vere in vy close agreement with those given by Axelvod
et al (1) for the asturally oncsring mineral. The chaxisgl coapa=ition
(P, 37.5 por cent} Pe0,, 38.5 per cemt, K 0, 10.9 per cant; and .0,

12Awm)anpﬁmu&thtmmmxzo.mzos.
26'205.552. The samxpls used was ground o pass & 100-sesh sieve.
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RESTLMS R OTR0 3D SANDY LOAM

Yigure { showe e elfect of extruction time snd soll: extrectant ratio
on the reiease o phospheie from umreiceched sewples of Stratford sandy
lozd by 0,54 tm,"r initially at pf .5, Preliginery experipent had indicated
that fluoride-extracteble phusphate velues for this soll were wnaffected by
wirius Avasvsl wi aivolent exchangeablie cations,

1t s evidert from figure 1, ther in the 24~54 howr range, the pattern
af oz Yete relesse differs froe thst ahoun by the solls previously studied (7).
Thoe vt only 4s the smoeumt of phospbite libvewciod 6t any partliculars dilut-
ion indepemdent of time, Dut alsce, sitain the lidts o experisental accaregy,
independent of s0il: extroctant retio at &llutions grester than gstout 1:20C,
The Corwer charscteristic must ieply that there 12 no comiimaing relense of
origizal coil nbosvhate, for, es indlosted by the rasuits in trhle 2, retent-
jor of phasphote uv the 301l remaina constan? Lo this tise range end is
Sharefore without effect on the foms of the zolease curve, 1t may be
castluiad that solution of origleel alveineu-bmumd phosphate 13 complete in
AN nowa® cud thet eriginel irer=hand vhosphate In this s0il Goes not urderpgo
the slow progressive Rydrolysis dalicdted foor thin coampansnt in the solls
previously reported on (7). The indepenience of phosphate relense on soil:
ertrastont retis ot iicilans cbove chout 13200 suggeots low retention of
phosahaba by Loos fzon oxides and this 15 confhraed by the hizh percontego
ceaeovery af sidad koown enomtz of ghisphate found st these dllvtions {tovles
2 and 3.) This Dinling mes not entieipated as the phaarhate soluoddlity
hahavlanr ehown by the seil nt the 11100 dilution over & ranxa of nl in
Q5% WP {Pire. 2) closely colnclies with that famd for the Pe( m):_’-phospbate
systen in the inrdtial study (5), ssewt from the marked decline in sol:bility
irdiceted at high pl! v:ﬁ.uea';“. *idemtly, although aetive in retaining
phogsphute at near nsutral »fi values, tha free iron oxlde component of the 503l

has 1ittle cepucity for retaining it at pH 8.5, It is pescible tret the
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enter apparent sensitivity of irum-binding of phosphate to pM chenge dbowe
the nsatrsl point fouxd for this soil as compard with that foaumd for the
80ils previcusly guidicd (7}, woy be edsocisted with the ider yenge of
initial p values reguired to produce & given range of ¥ in the eptltlolis
suspenaians, mm«mmwwgmw&émm
to provide 2 peutrel smpemion after 16-bor egilflration at the 11100
dilation, Figre 3 shons that the effect of nil In regmlsting edacrption of
phosphste by the five Lron aides cxparmnt of the Stretfoed 3011 in the
edimlino rungo Decomes cubdved nt high diYuticn. The pottarn of phasphete
salrdility obtained under these comlitions appruximntry to that sboen forr
strengite end lemwpbomdite (Pigme 4) end found for roddridgmite (5) ezcept
that mo rise in pPusphnte solubility comparuble with that found for the
winerals $n the sore strongly alkaline polutians ocew's in the sodl syotes,
Pigare 3 shows alz2o that 2 simtlar situation holds for Rerikert frisble clsyg
it was previously raported (6) that &t the 13100 dilwkion this soil exhibits
aMNMkaszlﬁntymtn&mmSﬁ%?mm
shosn for Stratford senly looa in Figmwe 2,

The Stratfard soil pradneat & pi shift even in the a¥rline roageat
initislly et pR 8,5, At the 1:100 s0il: extrectant retio H 8.75 wes sttained
in the suspension after A~hor cxdlibretion while pB 8,85 wven reached when
€. 1,50 rotio wea exployad; prolonging the extraction time to 64 dours resulted
in 1ittle further pH rise ot cither ratio, These shifts in pf consequont
upon the presence of allophone a3 ithe predmminsot clay sineral, are of
sufficient magnitule to lower pinsphate retentian by frec tron oxifes and may
contribute to the low porcortage retartion of edded phosphate found et the
1350 dilution (tsdle 3) ns corpared with thet previowly reportat for sadls
produeing no cosparahle pH rise in the alkalins extractent (7).

It 12 evident from Pigurw 2 that the effiaiency of phosphate extraction
dscronies when equilitzrins values sbove pHf 8.5 are atteined in the 13100
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suspensions, The decrease 4n the phosphate relesse values found os the 20il:
extractant ratio wes narrowed froe 13200 to 1:50 (Pigme 1) may therefme reflect
incamplete solution of original alumimum-bound soil phomphate in additios to
incressing retention by free iron oxide of phmsphate liberatsl from the ahuimm-
bounl condition. This is borne out by the summbot lowsr slzmimm-boun? phos~
phate value (78 mg. of Pper cont) cbtained by carrecticn o sn edsarptiap-fres
besis (by seans of the P2 rwtastion value in table 5) of the phusphete ralesse
value gbRaimd st the 13150 ratis, than that cdtairal (86 sg. of P per cent) by
amim-memmmmmulmmmmmtm
the 15200 end higher Qilstions. It 1s of dzterest to compare this latter value
with that obtained {36 wzg. of P per oent) for mocrlnle? elimimm phosphate by the
pethod of Cheng and Jackean (3)°.

RESUINS FYR YURIKFRI FRIABLE CLAY

Prelimimry study showed that pretrestment with 0.9 i, 02 wes not without
effect on the emount of phosphete releasal fras the Kerikaws sodl by the
elknlire fluoride resgeat, This finding wns wnexpectad, for as indicateld in
tsble &, this 6ol 15 less wall splial with dvalent exdangmdle eations thon
1s A\lexmnirs sandy loea, one of the soils for which relesse of phasphate by 0.5K

M4 7 et pH 6.5 wes shom grevicusly (7) to be uninfluanced by 0.5 M, C1
Eetreatmt.  Teble 5 shoes the msgnitule of the effect ot the 131100 ddlutice
end 11lustraten also thet the cohanced phosphote release by fluaride following
[retreatment is not cortingent upan removel of divalemt cations fruo the aystes,
Precipitation of elkaline wath phosshates canmot herefmre be the csuse of the
loser phosphete relcase valuss cbtainel by direct flumids ertractisn, Teble 5
further ghows that an extructant 0,54 with respect to fluwride and 0.25 with
Tespect to chlaride 1s ro sore efficiert in releasing phosphote then is 0.5§ FH,F
alono. It seems lkely therufore that the effect of the pretrcatment is to Pender
a fraction of the ortAdm) sheximm-bamd soil phasphete mere roedfly solible in
0.5 R, ¥ posaibly s & result of the slightly ecidic condition ruling in the
preleach stage, The eff'ect would



thus be confined to scdls from which complete solution of sliminun-bound
phosphate is not effected by fluoride extraction, o situstion which sill be

shown to apply with the Kerikeri sodl, Pigwre 5 shows thet the megndtule
of the pretreatment effect decressed as the pB of the fluride exteractant
was lowered mad that it was lorgely swpressed shen pl 6.5 (requiring an

initial scidification of the extrectant to p¥ 3,7) sos attained in the
equilibriun suspemsion, In thiz mperisent the soil samples were preloscied

on 7 em, filter popers and weare loft to dry &t roca terperubize without
agetone weshing, The effeot of this preleach procedure on the subsequent
relecse of phosphate by O, ﬁﬁfwe&ﬁmampugnavuiu%g
that found in the expariments reported in tshle S,

The detalled investigation of the effect of time end dlilution on phosphete
relesse frop the Kerikeri soil by fluoride wmas restricted to wemreloeched
semples; the pesults obtadnel are presented in figures 6 end 7, It io

evident thet in contrest to the s0lubility behaviowr shomn by Stretfed sendy
loam, there is mo suggestion of an approach to & limiting phosphete relesse
value as the soil: extractant retio is eldered, Further, it in evident thaot
when the strength of the reogent was increased to 1% substentislly grester
amountes of phosphate were extracted., In comtrest with this finding, the
nesr liadting values obtalned for Stretford sandy loep and far the solls
previcusly studied (7) were mot affected by substitution of 1 N.ﬂr for the
0.54 resgent. Plguves 6 and 7 indicate also that the effoct of tize of

soil, It differs also firom that found for the throe 801ls previously
reported on (7) which for extraction pericds beyond cbout 5 dsys released mo
additionsl emounts of phosphote to the alkaline 0,51 reagent.

The distribution of eddel known emounts of B0 orthoshosphete and of P2
orthophosphate betseen 2051 nd extrectsnt” s a result of equilibeation
ﬁuﬂ.ngggﬂ.gﬂgm@ga&gw@miq. In
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keoping witk the results obteinsl with a1l s0ils previownly ex=minsd, the
frectdoos] retestion of addsl phoephate sgalnst O.5% M5 F extrection 8t piB.5
wa wiall=ated by extrection tive in the rengs over diich retention values
were irvestisted (teble 6) avl & stadlor situation cbininel in the 13 reagent
althouzh ¢ lower proportian of the a28ded phospbnto wns retained by the soil
in the presence of the stranger roegert, It has previounly been ebomn (5)
M‘G.ﬁﬂ?&mmwmmm&mwmw
with solible flugfEryete fon farmation to 1limit adacrption of phosphote by
ferric hydranide, e it is prodadle that the lowered phosphate retertian
observed in the 1E rengeat is an inteniifisetion of this effect.

mmmwwwmmmw&mmm
sdsord phosphste in the presee of 14 B F eccowts anly in part for the
higher phosphate relspse valnes found ip this reagent. Thus conversian of
the S-day extractian values (table 6) %0 an adsarptisn free bsais producas
mwmmmwéuo-g.pmmrwmwgm
imuWﬂ%SSmemmo.ﬂﬂh?m It 4o
evident, therefore, thet the more efficient extructinn of alumimm-bound
pbosphate by the 1 recgent ehomn by the relstive slopes of the phnsphate
teleasse curves found for the teo remgoots during the exrlier stages of
extrection (figme 6) 1s mintained througoat the whnle renge of extrecticn
tice investigstal.

The thres scils disamasi in the premding paper of this saries (7)
ahovad e small rogrepeive relezse of phogphete as the extraction tize wea
inareasel in the 2~72 hown renge, end this effect was attriduted to slow
Bodrolysis of origingl Gran-boun?d phosphats, In view of the proviously
reparte? (6) extresaly low phompiute concentrstions sippartad by the Kerikest
s0il in alkaline O,5% M, C1 it 1s likely that, ss foun? for Stratfurd sandy
loop shich exhidbits eimflar goludility cheracteristics in this reegent, orig-
ina) irom-dowmd phosphsts mould conmtribute only pesligible samts of pdosphate
to the flucride extracts, On this sssumption, the rise in phasphate solubility
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cbserved Sn 1 and 0,52 HLP throughout the shole time range imvestigated
for the Xerikerl soil would be attrilmtzdle estirely €0 cantirmsing dis-
solution of sluminmm-bound phosphote, end corroction to en alscrption-five
muermmmmmmmwgmm@mmm
provide a meesuwre of aluminmvm-bound phoephate dissolved in $2ds time, As
indicated &n figures & enl 7, hosover, po limiting phosphete solubility was
ettained within the extervie? extwoetiom period imvestignted. Although
such & 1imit might posaidly be reachel by further prolongstion of extrsetion
tize St agy be conelofcd thet, for a1l practical purposes, nefther the 0.54
o 1E roegest 45 ogpable of yielding a satisfectory evslustion of the
elopimumebound phosphats content of this soid

Ths method of Chang and Jacksae (3) for the detarwinetion of alrdnm
phosphote® yielded o valus of 7 mgs of P per cont fur this sodl, This
asy be comperal with the 61 mg. of P per cent found by ocvaraton to an
adsmrpticn-fros basis of the H~dy extraction wilne obtained using ¥ P
at pil 8,5 &3 the cxtractant,

FICCmSIN

Fron the results odtainal with Stratfamd candy loam it 313 ovident thet,
mmmgmmummaﬁmumm
acans of determining alusime-bound phosphate in soiles cantalming comilder-
edle amounts of ellophsne or emorphous alumimm, StretPord sandy loan itsolf
asy Do taken a3 prodedly typifying the least 3ifficult caze lisdle €0 be
axxmteawl in epplying the sethal to sails in gmeral, Deosuse the phosphate
Telenso valaes cbtained by alkaline 0.5% M, P extractian st the Mgher
éilvtions provide, for all precticsl puwrpames, 8 direct meedure of alimimm-
bowad phusphuste, ‘

The failure to cbtain ceeplete extractiar of the aluw’ mmebognd forn of
phosphate frap Keriker3 friable elsy s almost certzinly connected with the
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presence of important ssoumts of piddsite in the clay frectian of this scil.
Birrell (2) bos reported thut this mineral, 4 contrest to the behaviour
shom by allophene 13 attecked only slowly by fluoride even unler acid
conditiona. ztumuwmmmmmm
of crystallive alumins ks also faycamed famation of ayytalliss alwinm
phasphetes in intisste associntion with the gidbsite end that the relemse
of this phasphate 1s limited by the resistance of the gibisite lattice to
fluaride attack,

The degres of rystallimity ettaimd by the hydreted oxides in the clay
frection of the Kerikeri cil 1s less than thet quourring 6t the asture stage
of red and brown loss developww in Few Zealand and cangiderebly less than
in certein mature tropical soils derived from besslt {4). It seems there~
fare that thare exists a schitantinl body of s0ils for which a sstisfactary
evalnation of alumim-bound plraphate ountent will not be reedily schieved
by alksline I F extrietion.

STRARY

The effect of axtravtion time and scil: extractant ratio on the releose
wwmwm‘ramaﬁmmmmmmm
Zoaland soils,

¥ith Stratford asndy losn, the effictienCy of phusplate extrectiop Dy
O.Q;m&?mmntbews axtreotat ratio wes wiened froe 1:50 to
121200, but sny firrther incresse in the efficiensy of extreotion at grecter
4ilution up to the limit at which 4t wes practicsble to work was not dis-
tinguishdle froo erperinental erryr in the 2~ howr range of extrection
time. mmwwmmm&?‘wﬁzmmmm
the alialine fluoride extrects following equilibration et the wider sodl:
extractant retios imdicated lom phosphate retentien by the free iron oxide
camponmt of the 501l imder these eonditions. Fatension of extrection tise
amm%mrmmﬁmwmmmmmmmm
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in no further liberation of phoaphate fyom the sall, signifying that
diesolution of elunimpe-bound pheaphate was complete within 25 Dours ol
that ariginel iren-baund phosphete wes not undergoing progressive Ipdrolysds,
Ihution of fron-boed phoephate to the extracts
wss therefore necesssry, and in view of the low retention of phospute by
free iron oxides, the phosphate releese walue oblainel by H=hor extraction
et the wider soll: extrsotant retics wes for all prectical purposes considered
£ satisfactmy seasure of the alunimm-bound phosphate comdast of thias soil.
Substantial rises im pi ctcurred in the reagest shen the soll wss extructal
at parrow ratiss, Under thesc conditions the efficiency of phesphate
extragtion ms spparently refuced 63 omrrestios of the ralesse values to an
adaxpiiar-iTer bosis 412 not pradute an aluimerdwd phosphets velue as
Migh ez that odtainad at wider retios,
ﬁiﬁtﬂMWdﬂ.MdﬁO;ﬁﬂiﬂh&mﬂﬂm
mmemwmwmgm&saﬁpﬂ&& This
offect mus shown to ke wmoumectd with the repowel of divadat exchengeehle
cations, Ko upper limitivg wlue for phosplate relesse waa odRainad for
this 50il either by exteneion of extrection time ¢o 25 days o by imrwnsing
the camentruotion of the ellmline reagent to 1. This bebavicur wes adtrid-
uted to slowness of atsack by flarile on the giddaite component of this sodl
an3 camequen® slow releese of essocieted slumimm-bound phaspheta, In
the 1ight of the mmstiaftictary resiults odtainod sith the Kerikeri eoil
atmﬂmmmmmmmwmmmgmm~
ure 88 a gemeral method for the determinstion of sluminus-bound phosphete.
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