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1 cCZT

One of the moat ubiqitous of the minerml elements present in
plants, potassiim plays an importont ard essential r6le in their nutrition,
being required in large anonta for healtly plart grorth, nlile nitrogen,
nhosphrarus, caloim and ragnosim, npotassium does not cnter into nerranent
arranioc cambinations in plants but anpears th exiat in mlation as potasainm
ions in caonfwction with solible inargnnie and orvanic anions, Consequertly,
msrooifio roles in the growth of nlants ore Alffionlt to assign to potassiim
ad only by inforence fron caprrisons of nmmal and potassimnm deficient plants
oan fimotions be attribated to potassim, The following avmney of the
effeota of potassium an the physiology of plants, abstracted fram the revicw
made by lowrtan & Codk (1956), dowe thnt notassiim alffects the follaowing
pIOCCARES,

5 SOIWUT Ik

1. Synthesis mple AE Low potassium plants tend to have
lomer ocarbahydrates than hicher motassium plants, Rediolng sigors tand

to inorease compared With e noneredinoing sigars, vhen potasainm is low,
indicating ame le in the condensing of hexpse mignrs, The lower starch
and ccllulose lavels resilt in thinner and wea)wr cell walls and satoms,

2, liitrote sbeortian, IMohtingale (1948) and others have sugoented tint the

uptnke of nitrate ions by pflonts 4a socelerated by the ‘rescnce of

o L L R A

potasaium,

3, ltrate reduction and ~rotoin symnthosds, TFram camoriancna of potasainm
deficlient and namal plants, soluble organio nitronen frootions, e.fl, aminn
and anide forma were higher in the potansium deficient plants, Together
vith an Initial acoumilation of cabohydmtes in the enrly stases of
potaasium deficienay, this is talzen to inddcate that potossium 4s emnentinl
to protein synthesis,

4, Cell division, Beomise of the comsentration of potasslum almmys found in
actively groving tismies, even ot the expense of potasaium ramovel fram
oldor tismica, it has bheen ooncluded that potasalin must have some fivotion,
PrOobably one associated vAth nrotein synthesis, in cell dvision,

Other functions in thioh potnssium ia thaught to play some role,
are in the farmation of arganic aoids and oils, in the resistace to diseass,
in the maintenanoe of tuxppr and in photosynthesis,

If avadlable in very larpe smounts, luxwmy oansumption of
potasaium ocama, aometimos to the extent of inducing deficiencies of magnesium
on low magnesium soils (Russell, 1980),

Under corditions of lowm availsble potassium, deficiency gymptoams
bhecane apparent, Deperding on the {ype of plamg, those defiolency symptoms
tal® wriocus forms, ueurdly as manifestations of dnmapged o molfarmed tissue,
Symptoms usually appear firat in the older tismuos because of the translocation



of potaanium to the aotively prowing tissues, Sme gymptoms of potassium
deficicay are as follows (Toble 1),

LADLE_
EOTASSIR, DIFICIRICY SQETGS TN FLAITS

Ilant Suptons

Crannoa and amoll grains, SJtanted thin gpumth vith excessive tillearing,
Edge mnoxeh withellowiah older leaves,

Garn, Stinted (rowth, yellowing tips and rmrpins of oldcr
leaves, PoTy f1iled oobs,

Clovers and Lucarne, 3111 white spofs o leoves, fvllowed by genaral
yelloming of leavos,

Brassica Crops, Rluish mreon leewves with slight chlorosia, Leaf
naging dow somahing,

Potatoesa, Stisited dull biulsh grecn growth,
Very roduced yields of por qualidy,

Tomatocs, 8imilar to potatnes, with alipht chleoronis with
taown margiml ecorching,

Fruits ripen wwovely vith greandah-yellow
patdias persisting,

PRefeoronoes - Wadlaoe, Minerel Deficdenoles in Tlentn, pp -9
Iawton and Cnok (1954),
21thoach in New Zealand, potasaim defialenoies and respanses

are not widespread, omallerahle areasn do ocam vhore responses are fHrund to
potassic fartilizara, Fipoe 1 shovs the areas of I'ew Zealand vihere potassium
reacanses have heern recarded, As faming bemmes noxve intenaive and as aress
bexrme famed for langer pcario@s, mare potamnli:m deffiaient areas are being
ohmrved, The tm foma of potassiim deflociengy secn moat freqmueantly are poor
clover gooth ™th sasocie $ad nitrogen deflolency, @lvirg charncteristic
pately Lisht yellovidh groon pastires ond mnirlfty Tverne with yellowish
mottod lasves,

AVATLADLE POPASSIIM

Althoarh nost soila ocntadn fron 1-9% of rotassim, only a amall
frootion of this, usually fron 1-2% is availsble to plants, The awvnilnble
rotansium is regpadsd as thot potassiun vhiioh is anpable of being talien wp by
plants and used for their growth, Tho soil potassiim i3 not equally svnilnble
to plants, the availebility of smo formas being so low that they are virtunlly
wavadlcble to plants, The available fyaotion includes the wator soluble and
exohargesble potassium, vhich aw recdlly availsble to plants, together with
oxe more tightly held potassium, the vhole being in squilidbrim with the
yemaining 98«94 of the %odsl soil potassium, which is presant as urweatlsred
and partially weathered rinernls,

The availability of the potassium in any partioular soil will
dspand on the mate at vhich the eprilibria are pet up and on the ebility of the
plant to tal» up potassium fram the soil, BEstimatians of the total potassiim
availnble to plants will thercfore deperd on these resotion rates and on the



ype of plant uaed,

Decame of e effaoct of potassiim an oxrop quality emd quantity,
it 1n necessnry o be ablc tn forwoanst the onagot of potassium deficlenay
cnditions, An ecmination of the relcvant literntioe will ahow that although
many t echniques have been recorended, inoluding minaralogisal Geterminations,
total potassiim dotcminations, exchangenble potossim detaminniiona, intenailve
plant growth over shart and lang periods of time, elec'rodinlysis and strong
acid extractiang, as yot, no entirecly satiefaotory declnique has heen cvalved
and that further study to elucidnts and elimirate the cauases of inaccurnoics
and variations in publishedretlnds, is marmwoted, Any tealmique to he satis-
faotory miat be acourate mithont being too laboriois and rust he reasonadly
rarid,

OF POTASS) BL 1IN SO

Potassim ocours in s0ils in esveral forms, the simploat of
vhioh, is the free podamaiim ontion, K+, the form in whish the water soluble
potassiim cocurs, this form helry 4n equilihriim with the colloddally boewnd
emherngoable potnssliim, Beoanse of the ease with vhich these S forms inter-
chimoe, they are usuallyy gommed toppther and in this study, this prootice
is onrried out unlesa otheorwisme stated, In dlatinotion to its simpler forms
vhere it im aanncinted vith a chamed axrface, in its more ocamlex forms,
potascinr 48 anmcinted with definite atondo atmwmbureas of the wweathicred and
partinlly weatherod minermda, Depending on the oase of brealdlen of thepe
structares on wonthering, the potassiim cheipes to the simpler ionic {om,

Included in the irmveativred and partially weathered minarals
vhioh contain potasainm, are my vhich oontain emall amounts of potaasiim
as an iImurlity, There are, howover, a fov mdnernls vhiloh contnin larpe
amounts ef potasaliz:, inclading micas, some felspasrs, (lacord e oud lawolte,

The potasnium cantadning rdoas, vhilch ave sllicate idnarals

mith siTuotures of shoels of sllica and nlunina, include

a. lJusogvite, KAIQ(M.SLS) olo(m,r)z, white idea, a primary idneral with a
layer lattioe struoture of 2 shects of silioca tetrahedra, esch shvuing
3 oxygen atems By fom an infindite 2 ddmensional sheet, Joined hy a dhect
of alumina ogtahedir. vhare one third of the oxygen atoms aro roplaced by
hydroxyl snd fluoride, these oxygms, lydroxyls and fluaride heing shared
with the mlica tetrnhedra, ne quarter of the adlloan in the totrahedred
layers is replnoed by alurdnium leoaving a nett negative tettmhedral aharge
vhioh is halaonosd in rusoovite by interlayer potasshim ions, vhich dare
their charges between adjacent layers, binding them together closcly, The
band 18 strong enmourh to prevant the entry of water moleoules betwean
layera and the basal speoing of 10 A 18 too mall to rermit fxec entxry of
oatians betwoen the layers, The rdneral ia tharefare nan—oxpading, The
atado struotire of mimcovite ia diom in diagrem form in Figmxe 3,



FIGURE 2
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Schematic Representation of the Shtrustare of Muscovite

b, Serlcite, a scorndary mion, of crmositiomm ard struchure aimllar to
misgovite, but nomally ocourring in fine aocales,

o. Blotite, K(g,Fe)q (.AL‘§13) Q_m( U1,F) 5y brom mica, iron reploces magnesium

to a variable extant, The strwotire in aliilar o that of muscovite but

the alumina coctahcdrwl aheot is replaced by a magesi-iroan oxypen=
hydroxyl-fluoride ehoet,
2 AS i gexieg, a strwture similar tn biotite,
with varisble potosalimn and lvdro:qfl oorhent and with extensive renlnoeient
of irmn by magneaium in vermialite,

e, Illite, a noneexpaMing clay tith a atructoe sbmilar to wrreathcred mioas
vith a basnl sncing of 10 A, Tt mth increased hydroxyl end lower
potassim, Some other rtmdweta of rdcagen s weatlering are aimilar to
111i%e but have expanding lattices,. Theme Jrclude alay-vermiculite,
Malurs and Srindale, 1054),

The other main claas of rotnasium cmnbeining minerals ia the
felgpare thich differ fram the rdicas in that Lrstend of the layer lattice shect
structuore of the moeas, they poasess framenork pirictures vhere the unit
tstrahedn are 1linked by all foixr camers to malo 3 dimensianal frameroris of
composition n{Si,A1 05)s  The negative charge arising fron the substitution
of nlwindimm for ailioon is balmoed by cntions fitilng into spaoes in the
framcvark, Beomuse the ocations are preaent anly to balanoe the negative
charges in the fromowork, oontinuous ecries of folspars differing in the
oontent of allmli amd allmll carth metals are found, Thus most felsnars
oontain potassitm as an immurity and the potasaiim flapars do not oontain
as mich potasaium as would be expested from the theoretical type farrmila, The
following fel s> ars, however, cortain potassiim a8 a mjor alkali slcmend,

a, QOrthoolase, mazsoa, a nanoclinic felsmr,
Mjorvoline, KA1S140,, a frinlinic felspar,
Soda grthoolase amd anorthoglase, vhere sodiim replnoes part of the
potassiizn of orthoolese and daroaline,

The other soil forming potassiim containing mineruls, which are
much rarer than either the micas or fslspars, are glausonite, esentially a
hytrons sllicate of iron and potassivm with same aluninium, magneatum and



onloiun mresant, and Jeuodite, K/\].Siaoe, a caomonant of hasio woloonio rooks
lor In ailica, Neither is a comon companmt of Now Zealand roaks, although

Maochite I8 a @mmonant of greensands which occur in soattered arcas in
Hawle!'s Nay, Cantexbhury and Ifarlborough,

The emnilibria Detrrean the forme of roil potasalin may be
reproacnted thua

Hatiwe, wreathered rdnernl ~otassiim, 90 = 957 of totndl noil
potaasiim, includes tho rdons, misoovite, sericite, biotite md
verniculite, and 4w fdspars, arthaoclase, :dovoline, and
Amoonite and le ncite,

boas | of pobussiums 4o fanic form

Partinlly weathered minarala contailning loes potassium,
inoluding myﬁmfa mnions, 11lite, xd wariois intoimedin tes,

Modorately avadleble rotnasiym but mt ooingesdble,
|

A
hangeshle retansim
h

% Dotasalon present as catimn, xt,
fater soluble ;mta.".siun J

e miec of relenne of potassiwa from e minernd fHma o the
availible fams dapends an the stability of the minerads ommocarned, won their

potasaivm oantant and an the intensity of weathering,
UBATBRIG OF POTASSITM JUTRALS

The atability of {he vrionas minerals depends 4o a consldershle
extat on their particle zize d sancwhat ALTorent onders of stobllity are
fawnd for coarme naxrticles end for fine particlen,

For the opvarse graired rarticles, aaid and ocoarse «llt, the
sieoentihil Yy h wenllering is of proater imardtonce in povermdng the rate
af weatiering than varintdms in speoific awfase, nd there is gowral acxoe-~
ment o tween diffcrent atability seriea, The Tranched stabillty serion for
conrsc gralied rdnernla, mroscnted by Golddch (1932) vis,

duilg Keolgpathic
olivine calcie )
ongtto
harnblende B Plagiorlase Inorensing
biotite alllio
potaasivm felmpar
mscovite Stability
quarts

is sinilar to the weatloring sequernce prorosed by Graham (1950), It differs
fram that of Marel (1953) for magmatic minarals mbjocted to tropinal woathar-
ing, vhich, in order of increasing stability and with the non=potasniim heewy
minerals andtted, is

basic voleanic flans, bloidte, anoxrthites,..0ligoolase,

ruscovite, arthoclnse, miorocline, albite, quarts,



Tor e finer crained particdles <(Sa , (ine ailt am clay,
the weathering sequanco ia samewhat diff'erent @yl iz inflnenced harledy by the
soocific sxfaoe, The meqpuarce of Jockam et al (1082) is o8 follows:
1. Cypsm, 2, Caloite, 3, Olivine<mwmblende, 4, Nlotite, 5. Albite,
Bs Ouartz, 7, Muscovite, 8, Interstimtificd 2:1 layer ailioates and vemionlite,

9, Montmorillcndte, 10, Kaoldnite, 11, Gibhalte, 19, lasmatite, 13, Anatase,
Moicondte and Mognesion chlorite ave inelided in Stnge 4,

Miarealine ud arthoclase L " K A - 8

10 A sericite and 111ite B : 2 "7

Partially exyanded hydrous micas " L » v 8,

Vermiculite vith diatinot 14 A apacing " “ " 8,6

Juokeon states that normdly only 8 %0 5 minerala are preacnt in
the collnidnl fraction of w3y one mnil horison, Mth ane or two minerndls
daminant,

Picldea anl Swindnle (1954), on tha hasls of enmination of the
mineral colloids of Ilew Zealand and arme Pacifio Islord soils, proposed a
weathering seanence which differed from that of Joelmon o al (1982) in that

mascovite 1a goipad with Hhinti%e and that toloanic plasses are included in the
scquerce,  Thoy mrescited o flow shicet, renmdaeed hore in Figure 3,

Nluatmting their weathoring soomeroe amd showine the relationahdn of the
socondary minerala do the nrimuy rinemls and % ove another,

TABLE I WEATHERING OF PRIMARY ROCK FORMING MINERALS

SILICATF.  STRUCTURE
GROL® QF PRIMARY FRIMARY MINERAL SECONDARY MINFRALS
MinERAL
Discrete Tetrohedra Olvine Ti  — | Anotose
| Sinqie Chaing Augte Hypersthene ——— Amerphous Hydrous | Fe ~. [ Goethite
~ Oxides Al Hoemaute
Doute  Chaing : Hornolende S | Gibbsite
i } ) hBo:hmnu |
Amorphous Velcanic - Glass A Fe | |
: Sy | a3 e |
Linked  Tetrahedra Zcointes Si | Avonnﬂnr
| = I
| z e | [ Trioctahedral finte ] HCO™ l .
L Lclou sl U L8 e Ca’ Kaoh
3 Loyer Structures I = KilH L S0, P "'
Biotite - —— Cq'* Lol
3 with Hexogonal | [Clay_ iite | Co_, l Montmar lonite ] o,
! Muscowite RIH HCo'™~
| Linkage e SRR |
| 9 S 1 i " _: ™~ D-oclohcdral Illite F K
A h Vi i - Glo:
4 morphous | olcan (;:'dc) Amorpnous Hydmus {Al |S [:bbs te
Linked Tetrohedra Fetdspars
— | Silicic A:ndl CMlctdon l! —_— SIlltﬂ: Ac ]
5 Linked  Tetrohedra Quurtz L— E -1 L ol |
S(:mory Ougm-l |

* Acoording to Flaldea and Swindale (1984).

Under nomal weathering condi tians, monodype minerals are ot
usully famed, Instend mxed layer olay minerals are fomed, these having

properties intermediate hetwoen Hiose of the ginmple seocandnry minerals,



The nore resistant mincmls tand o peraint in @eoater aantitles
in the finer fimotios and for snoh mMineiml thoe 1a a mintmm eize vhich
dapends an *he inteneity and axatlan of weathering,

The erxse of wenthering of potassic minorals, cococrding o
Jackson and Sherman (1955) 38 as follows,
Far felspars in acid and In allnline onvwiromments,

Jethwclase
aoid / \m}l‘nﬁ
soriclite acTicite Dooreasing
111ite 1114 te
anzuxd te montmarillondte J potaas mtdm
kaolinite ‘—/}ﬂﬂluﬁ peroatage,
T hauntte S

Mmim/ | \h&w\tte

It may be roted that mlons and interstrasified mions are formed by the
vaathering of felmpars, As the weathering nrooceads, potaasiim 1a lost fyom
the minernla until the potnsai:m=free minamls, anmixite and montmarilleonite,
are formed,

The niens, miacovite aml sericite (a scoondary form of rmscovite),
weathor aimilarly, as shorm aiove for aericite, ar do the rdon intearmediates
of the hidmmm mics tyre, DNintite tenda ¢ wenther by depotasaioatior end
hydarmatim tiaooph indterstrtificd dlotitc~vermicilites snd biotd te=chlorites
to vemionlite, chlorite ond montmrlonddna, The weathering of wemioulites,
chllnritos ard biotiteon and their interatentificd intemedintes Jas oen shom
by X-roy G4ffrnotion meramireenta to be reveraible, Barshsd (1248) alhowed that
a alow ewhange of namestiin £ar potanniom of Hiotite remults in a baaal
mocing of 14 A and that the renction is reversible, Jaoken ct al (105%)
proposcd that, in dstinction to the "fryred cdre” fypo of westhoring, the
renovml of rotassdum in a partially weathered planc nyocceded rxefere:tially
to the initintion of weathoring in an wrmeathored plane, #ims prodwoing inter=
stratified layer zilicaten, vAth the propertises of Loth the wwenthered
wexpondad mineral ad the full cxpended, rteathered rdnerals The prineipal
changcn acoompenying the chemisal wenthcring of mica, ere
1, A decrosse in the basal Aiffyaotion intensity and a broedendng of the
angle of basal diffroction, indicating a less ardared stxuctime,
2, The appearmncs of basal spucing intomediate betwoan 10 A and 18 A,
3. An idngrease in the intcrmal sixfhoe as measred byn(m)n rexption,
4, Lower potasatim pcxoentage than theoretleal,
5, WRigher 830 perventage or hyérogl pasdentage than theoretioal,
6. Lowsr oatlicn coharge ocgraciyy thean aveeted fram theoretical mioa legyer
charpes vaoated by potassiim yveplooasent,
7. The existenge of "elow' exaharge, partioulrrly with hot Mg' solutians
o in the premance of potasaium precipitants and correlated uptale of
potassium by partially weathered rinerals 4,¢, potassim fixmatian,



The scquece of reversible reactions
mnlca= 11lite — "intermediates" == vormicilite = montmorin = Bentonite
was 1llustrated time vith "Iintcimedintes” and vamionlite not distinpuished,

* ] i i 2l SN | :
_i - |
z oz |
— et —pl -
——
na 2 - = |
_ﬁ_L = e I ‘JI‘__KA ’;’7{_& 1 il —
Aprava } YF R = Ay 7 AT 1 ST R fe———
e P e oo e ——)
P - rd - ' " S S A ’I
] 1 - 4 | :,:::'
— — >4 74 —
Yica I1lite Iniinmediatea ¥ontmorin Berntonihe

Inital  Zonal Interstrabificabion IRendon Xe-amorphous

Hatoched Area X-smorphous

Clear fyea X-cryshtalline

Under this schems, 11lite is a mica wth mimd exonded spacings, vhich may

by the furtber remowvnl of pofnasium dayr to vemicnlite or mantnorina or by
fixing potasaiim, may dhape into a micn, It mny be roted thot g o

enlntion oorwerts vermiculite intns miea by "alow” exchan@e, Totassium
"flxatin® widaly rororted In ecils as a reavlt of drying, nay be exnlalnsd

aa a Proction of the reversc-eathering entry of rotasxium hetwem layers having
a hish exhange chnrpe,

The moathering of both felanars axl micns 18 acoorpanicd Hy a
release of potassium to the 4onio farm, the smomt ad mie of the rolense of
K to avallable fbrms dcoending on the awont of the potassium benring minersl,
its particle mlze and its atnbility mder the wenthering ocnditions Trcovadling,

For cmwmle, nnder the tronlenl conditms of Indonesia, sondy
anils derived frmn bictite osntaining mmoka, shov ™ netasslim resHonscs unlens
they are so strongly weathcred that all the biotlte hae dlapreared, In the
clayey lowland =nils, the ploginclases, olipoclene, andosine and anorthile,
and gmhiboles, which ere all very rendily wanthored under tropical oonditions,
are able to sunply fyom the txraces of potessiim nrosent as impurities, myffioient
potasaiun for namal crop growth (Marel, 1947),

Under terperate oconditians, the relatimehip bedwron potasnium
respanse and the relative sbundange of potasaiin cmtalning minarals is not so
clearly defined, Higher than svernge potassium availlability with low
potassium respcnses, was aasociated with high 10 A mica in the fine olay
(Rouse and Bartramman, 1080) and high mimooline in the silt (Fhilldppe mnd
White, 1952) of InMana poils, with hish potassium felapar cemtent of Belgian
polder soils (de Leenhcer, 1960) ond with ebundnnt flmioonite in soils Qsrived
from @reensards (Reiteaics, 1951),



It ia arparont that althruwth a etudy of the weatliering processes
Sows the vy in vhish potassin is rcleased, it does not provide a neasure of
the svndlability of the soil potassim, It is noocanary to resort to other
mathods which will intepxate the avallebilities of the different forms into a
parametor vhich represonta the avadlehility of potassimm in the evil as a
hole,

The majarity of thoe mothads puhlimhed for #w estimation of
the avmilable rotemstiim are not entirely satisfactory for the following
reasons,

dacralomigal Petoyminatians, These have not raoved to be a satisfaotory

hagia £ fhrosssting the nodanalum status of a mil excent in the few coses.
quobed o page 9, I Amne on the clay ad sllt freotions, they require
claborate equipment, It in probable that as firthor knowledpe of the olay and
111t minerals ansxmilates, more use will be made of thias method, Optical
nethods, Thich are restriotcd 4 the sands anmd omarse silt fractions, rust be
Innamate heocanse they owrlock the most resotive portion of the soil, the
alay and finer silts,

Zotal potossium determinatiana xe of little valne in thewsclves as thay flve no
1mdieatlon of #w avilability ~f the potassiim rresent,

Bahangenhle notassium values have not been fourd to be a relishle gulde to the
asomt of potasdim availoble tn» nlanta over a long reriod, althouch they give

a aschahle indlention of the oot of potamsiin 4dmediately available to
plents, sa shom by tha potasahm percentage in the plant tissue, Seay, Attoe
and Trvog (1749) fomd thnt the potansium percentogs in alfalfa wns related
¥ the exhanperhle potassiim in moiat moil sammles, writh exchangeshle
otasatlim rnging frem 0,1me 5t 0,0me % by the equation,

% 4n arop = 1,01 log 1b.exh,K / acre - 2,84

Carrelat ion Coeffic ient r » 0,81,

S&milar relationships vere foudd for tdacco and eats by Attoe (1948, 1040),

If therage of soils is nuyow, falr cwrvlations with poteasiim
availability may be fyund but 1ittle or o corrclatimn exiats betweon esmharge=
oble potasslim and awvallable potassium vhen a wide xrange of soils 1s consideared,

Flant gxowth mey be either over a short pariod as for the
Neubaner tosnt o over lang perinda, Shart teyn gxuwth gives very little
better inMioation of potassivm availsbility than exmhargesdle potassium volues
and long tem testing is of 1ittle rrncticel ume in piving an immediate
inication of a @eficlancy end is too laborious to be a routing sest, although
it 4a by definitian, the refercnoe method for determining long tcrm avedle
ebility of moil potasaiim o plants,

Besause of variatians in aropping procoduares, it is not possidble
to compare directly potassium availsbility data, Verlations, not related %o
the potassium coutent, in the physioal oondition of the soils oropped e.f in
the stxucture, asrnitian, water holding ompacity and draimge, and in the
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miziont avdlebility sbtains of the mila vAll a)) influence the valime of
omn pravth,

Tahle 2 mirovizen arv of the ryyilia publighed,

It nay be seon frmm Tahle 2 that fox most onlls, pohoamsiim
ofinr than oxharedble reobasair wa evailoble o e erops asod,

Same of the wriatlan hetrreeon results is probedbly due to
variations in the dyne of plants nsed, Differences in the sbility to uese
a0il rotassiur have bera Noid hy sowaml warlnrs,  Drako and Senrscth (10939)
found that 12 orop plants Affred malwedly in thelr albility to Taove
rotasshin from s01ls of low awmilsble saply. lomis md Blsemwiger (1943) showed
that the more p3bidiive planta such as larlspe were more efficient feoders on
nanexchangesble potasslim in the formm of Mmound orthoalase than the more hirhly
doveloped plants mich as lettuoe and exdnash, Mattaon (1948) sirpested
that the uptake of catims by different nlant sncolen might be partinlly
confavllead by the cation exchange oapecity of the colloldal fyrrotim of the
rlant roots, Gray, Drake and Colby (1983) observnd that plante with fine rnots
of low gation exhanre carroliy ner Miven area of sxfoce, such s bentrasa
and Fentoky Dluegrmas, are rore officiont at &oldng mp emdlable notassiim
thon the coatne ronted plornts awy as mooth hrven reaas and 1addnn dlover,
Homever, tnrintions from $1de canse would be in mamitude not in ldnd,

In the Hedmer doat, In vhinh R.'mcr e seedlinga are grown
for 17 days under atondend onvimormoenial canditimne and the potanasivm uptole
nonmred By extracting the potasalm fyam the erop, cwhangesbhle notanalum
neunlly amplies the ik of the potacalkm thlien e In many onses, hovever,
a oonalforahle uphale of nonerhanmeshle potansivn na bheen rerorted when
allovrnoe in made v dhe exlivyenble nodtanalm remaining in the soil at
the end of the tent, Becaise of the st ororning neriod the untale of "
nonexohrngesble potassium (AC xy) found by thils nethod may £a5i to be a "/('r g
mengure of the real avallability of the nonemshanmeable potaseium,

Typical of these ronorts is the work of Lilleland (ref, in
Williems and Jerny (1052)), vho fomnd for Coliformdan soils that nanemmbange-
ghle potazsium was used by the rye seedlings in over two thirds of the
300 samples with initiel exxhangesble potosasium less than O,4med,

When tha aoind of =il used i the temt was redwed from
100 gus, to 25 gme, by Schachtachabel (1039) the mptale per 100 gma, sodl /.
dnorcased for soils of high srplying powr, but ws uhal tered for eoils of



Sinilar fncreases in untnle of nonemhsngesble potansium vere
foand hy Reitameicr, lolmes and Birowm (1950) vhen they reduced the voirhs
fram 100 gms, to 25 gme. of mils fron the Harthem Groat rFladns, the incroases
being from 0,2 mef to 1,3 meh, ( the persentage inarense hoing 3477).
A thoagh the larger value reported is probebly an extrume oase and some of the
release probably oocured in the air drving of the samles af'ter cropning, it
ia epparent that potnasium other than exchangesble nobaasium is readily
awmilahle %o plonts, VWhere the residual emharngenble potassinm ramdning
after the tominotion of avwnping is allowed fbr, rolease of rotasalim is found,
exaopt with soils of wry lor polnssum su.nlying pover such as e hidhly
weathered, strenply leached Alcbsma soils studied by Pesarson (10562),

The impurtitice to rlants of Hhe vierious forms of 80il potasniim
is oxpreased by the oorrelatim hetwoen thosc forms and the posessium uptolee
by plantas, Signifioant correclatians between the initlal exhangesble
potessium and total plant potassiwm rore found by Pearnan (1952) whore there
was a negligible release of nanexchangeahle potasaiin, and hy Selvdsz and
Pratt (1953) for Chio soils vhore there was a vely cousidernble release of
nonexchangesble potasalm, With Tormessec soils, Long and Seats (1053) found
there wen no relationshin betrrmen the potassium extracted by 22% IF:CJ.!)4 in
G2 110, and erop jiald and thet o guick tend using thiz esbronbant wog
if:f:';‘.::l'\.;r»ﬂ.;f_1ns tialectory.  Oahvilte ard FPradt regrd the indtlal exchangeshle
potassiim level aa Delng o)) use in foroonsting potacsim uptnle only when the
rate of @mwply of nonexohangehle rotassunm is vory low or very hiche At
inzermedinte rates of marply, it in of doubtfhl valne, Thoy depioted Yeir
conclusiona in fipwe 8,

FIGURE_ 3,
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nidual Bl sble Potasslum, Peeah (1048) states that under crorping,
the level ot' Mmmoable nrotassium falls to a canstant level, cwrncteristic
of the so0ill and governed by the rate of release of potassium from
nonexhangeable sourvoes and that this level gives a good indioation of the
potasaiun mipplying vower of the ooil,

Breland, Bertramson ad Borland (1950) cbserved that although
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there was no caralation at the 0,03 (F) level betweon the exchargesble
potassium ariginally »resent in 23 Indiana moila ad e amouwit released to
8 outtings of ladino oclover in 493 dagys, after 5 cuttings of clover the
exchangesble potassium level was mthor closely oorrelated (r = 0,087) with
the total potassiim released, The correlatim ooeff'loient inareased to 0,838
by the 8th eutting and for the average of the exmhayesble notassiun after
auttings, 3, 4, 6 and 8, it was 0,92,

The relecasc of rotassium from the varioua texture ecparntes

has shom that, Enerally, move pntassium is relaased from the fiiner partiocles
thon from #wn ooarser particles, Olsen and Thaw (1943) oarried out NMeibanex -
teasta an emhargesblo rotasslim-freod 2-10, 10-20 and 20-80 u ailt and fine
aand frnotions of Clemnant, Wooster ad Rrookston soils, Signifiosnt anounta
of rotanalum mere token up fram ell froctins with the greateat amounts fraom
the flnest particles, Mervin (1950) fourd with snd, silt and clay frrotions
from 4 Now Yarl: moils, that the emtributions to the total relcase on stornge,
were

sand 0-18%, silt 18-51% and oclay 40-83%.

llo oorrclation vmas observed hetrron the xrelerse of potussium
by the sead end aild frootiang adl their eantent of pofaasi:m=-henring minarale,

3 AD Ol DRIDG

The obaecrved relecsc of ron-smhangenble notasaiim on storsge
s the hasis for a labaratory test for estimating the availsble notassium in
soils proposed by Nray and DeTurk (1039) tho oonsidered that the level of
exvhorgeable potassim after 6 months storange with the prior renoval of
exchangenble potessiim, wos n good index of the potassium ewplying power of
the w11, They sleo noted that drying at 200 hronght dhout the release of
potaseium when tiv exohangeahle potassitm ws low and attributed the effeot
of hoat to an incrwase in the release rcootim rate,

Kolterman and Trmiog (1958) inveatimmting the incrense in
exhangieable potansium whioh cocurred vhan the dtemnperature of &rying emeeded
1100, found that where emmonium seturated soils were heated, a Tanid irnoronse
in exhangecdle potesatm occoored at about 350% » the texperatime of the
ewthermio peak for amoniun satarated montmarillonite and vermiculite, vhere
all the amunimm is given up as anmonie, The maximm release of exhorgerble
potassiun coaxred at 800%, Subseuent heatings of the exxhangeadle
potansium froed s0ils Pelenscd losser mnounts of potassium, relnted one to the
other by the ralationshdp

Y=e101logX + C vhere T is troatrent nrbex,
and X 18 amomnt of X raleassf,

The total potassiim released is given dy
X = a1¥) /(14)  vhere a = lst extrastion less exchangesble potassium,
. ad » = oonstan$ mtian 10 ‘1.
qu‘r; this equatim, the total potassium relecasshle 1s given dy
€, X = 4,85 a,
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Rolterman and Truog olatm that this pglves a fpod indiontion of the potassniim
splying rower of aoils,

The drying of aroprod mils with 0,2 me&’ emshnngesble K
comared Wth 0,2 to 0,Ime exchangedble K in the carresconding virgin soils,
was foumd to produce dnorenses in the exhmyppsble 1:otamalum contont of 6 Wimomsin
noils over that found for the moist soil smples, ¥w irtranscs varring from 4%
for the f1ndnfield send o 905 faxr the Miomi ailt lome (Attoe 1046), Harever,
vhen those soils were fartilieed with 800 1b, K per acie as K1 (1,15 ne?) and
atared moist for two montha, 1n all cases, dyvylng of%cr storage °fised potasaium
in & nwa-exchangeable fom In addiitim o amy f=d diring moist staeage, The
fixatiar on drying vns aperently independent of that ocourring during roist
atarage, It man indopendent of Uming ard e potanaium £ixed was relotively
insoluble in 00ld 0,5 [T 101 41 1 hour, vwhercas 8w rnist fixed potassitm
incrensed with 1ining ad vos rolatively solidle in 0,5 J§ 101,

Sinllex chauges in the exdhangeable potasaiunm level on drying of
cmprad soils were cbecrwed by Reitencier et al (1943) vwho foud that the
potanaium rcleased, cnme from tx cley fraotion,

The potannitm Cixcd on &ving Mississinpl delta soils wns dhown
by fiarsham and Sterds (1042) to bhooame eaphangeahle to a omsiderable extant
vhen the noils wore saturated with mols ture sharing that the potasalum fixation
on drying ia not pemanent but rovoraible,

Bria and Attee (1947) eronring the shove 8 Risonnsin soils with
1adinoe clover, found tnt the soila with the highest rotasatim sympliing povers
were those which £ivwd the mreatest amont of notasshm on drying,

N.J. Volk (1034) found tint the fimtim of potasshim on drying
was widesproad, Only 11 of 00 soils failed tn fix potassium on being mbjeoted
to 10 ayoles of wotting and drying at 700 and 46 £imed mare than ane third of
the applicd potassim, He found that spproximately 705 of the fixmtion occaurred
diring the first qrole, In an exmination of the fimtim in the tcxhure
fraotims, Volk found thnt anly aanll smounta of potassiun were fixed Ly the
frootims occarmer than 2 « and then only by clay erxrogntes larger than 2 u o
The froction 5,6, > 2,067 of the 0,3=2 o« frootion of Hagarstorm silt loan, a
strongly potassium fixing soil, showod an X=ruy exrminatian, inoroased linea vhich
Volk attributod to musoovito, althouch muecovide is a hydrothemal mineal
and 1s not lilkely to be formed in the soil (Kelley 1948). Little or no fimation
of potasaiim by grovmd mirerals inaluding biotite, dhlorite ard some plagioclases
was found,

G.¥%, Volk (1938) found that in the course of 20 cyoles of wetting
and arying at 70T, no potasstum wns fixed by ground ({ 100 mesh) serioite,
micoovite (3 samples) and repligible (49%) by kmolinite, 8 othor muscovite
samples fixed 9 %0 17% aml a vhite bentonite fixed 357 of added potassiim,

*The tem "potassiim fixntion" 4is used to imply the omnvermion of water soluble
and exchangmadle potassiwmm into nonexshangesble forms,



Potanadum fimtion on drying wns shown by Heusor (1047) to be
widcarread in Dutoh soils wmith e exwention of the potnsstum ridch marine olays,
The fixing rover s oroldited fo mioa Mraals, Teme and Marel (1054) and
Macel (1054) repartod Hint some Dulnh spDa have the power %o fix added potasaium
a0 abtovmiply that optinm yields of potatoes snd of red clover were not ohtained
until aftor 8 venrs of anmal fertilising at 300 Kg R?O per heotare
(or5 owt 603 KDL per nore), Of the potnasimm addad over 16 yeors th one field
at Ammersodan, 59% wan rot nsed hy the potato orop, DAfferencea in the
exhnngenhle potassiim levol acommted for 6% of this pntamsiim, the remaining
533 being fixmd in a nonewhnrmeshle foarm, Xerwy investigntion showed tat the
noil at Arrerzodon contaived a olay minaral in the ¢ 2. fraotion of the sme
omstitolion as 111ite but with an exparding lattice liks vermieilite, Vhen
potasnium or annoniim wore fimed by this mdneral, the hesal spacing contracted
fram 15,6 A for magnesium and anloium clgys, to 10.,3A for the potasaium and
arronium olays, compared vith a controetion qooted far vermioulite, from 15,6 A
far the magnesim clay and 15,8 A for the caleium clay t» 10,9 A for the
potanniun oclay, No mantmorillanite was rresent in the olay of the Amrerzodan
ficld, Marel migpested the name "arvorvodite” for this illite=vermioulite~like
potaaxium £ixing clay. The potanaium fixed by "amersodite” ooculd be removed
partly by /20 and 3,10 01, The rvmainder, approximately 3/3 of the Qxsd
potasiium, vns band so tightly that it wms mot rroved by 105 IC1 at yoom
temerature,

Fxation of potassinm dwing moiat astoroge hy a mmtmarillonite
8711 wan shorm by Rrgy ol Jloover (1747) to et for 23% of 5,5m0% of added
potasahm, a firthor fimiion of 349 ooourving on drving,  Subsequent storage for
me month, releanad same of tle fised potansinm, Atanford (1M8), by treating
rith IT1, acid womhed 111ite clay and notmorillonite sasrenzins mointained for
A7 hoars at vorloug pii'a {ovom 3,9 tn 2,8 with Nakl, fond thnt fimtion with
mrnborillenite occoxred oly on drying, vherens with 111lite, mpid fixation
oooured in the moiat atobe Tith ircrensed fixation on drying, Fxntion in
mantordllmite doarcased with incrensing 8 ts i 6,5 after vhich it ws oonstant,
with i1lite, {ixntion hoth on modst cartnot amd on drying, 1roreased with the pH,

SiimMlavr effects of moist slorars and drying were fHund dy
Aldnon, Fefmver end Roller (1953) for nmoniim fixatian, which is generlly
omnedAesred to take the mome foxm as potassivm fimtian (Stanfied end Plervs,
1947), Feolindtic seils ahowed no fimiion, mitmrillonitio abseils, a enall
moist fixntion 4n 24 hows ( <1 me) with up to 4 med on &rying, 31litic sudb-
soils 1,0-22¢7 molst ard 6,7 me on Arying ard vemiculitic sibsoils S-4 med
moist and 4,2-4,8 ma¥ on drying, Swrface solls showed maller fixation
capaal ten,

The Idgh potasalum and awvmnium fixdng power of some Californdsn
80ils was found dy Darshed (1951) to be associated with the presmoe of
varmioulite and verrmculite-biotite-chlorite intarmeddates, In Mstinotimn to
the finMnge of Volk (1954), Parshad fond that the coarmer freotims, vis,
ocarme silt and sand, were oapsdble of fixing ammmmium ions, e.8 85% of the



amronium fixpd by a Sweeney wil was fixed by these fractims, Lightly
ground vormienlite of 5—1-’)0,«. size ms mle to fix 150 me? K aspinat replace-
nont by aenlim fans and in &0 Jdoing, ohenged into a "blotite", All this
potanalim was roplacerhle hy ragneslun ims in 2 daye enalding, the "hiotite"
alberiry; Lack h wmiculite,

Yoar gd fMite (1951) showod that < 0,3 . frootims of
Califormia hantmite, Wyoming hentonite, Putnam clay md 11lite, all f1xed
rotassium on &rying ad attributed the rotassium fizntion to the famation of
nmn=-cxpanding layers in the minemml lattioes, as shom by a lomer 17,7 A peak
in X-ray AAffNrotion dingrns of flyserol solwvated clays, Thay attriduted
wriatios betmean the rdnerals to the waying amunts of tetrmhadral
abstitition of Aluminium far siliomi, postulating that potasalim wos £ixed
aly by these tetxuhedrnl charpes,

Borshad (1954) orditicined Vear and White's onnclusdons on the
dependanoce of potassium fization an e premmnce of tetraledml charpes on
the grmounds that aone vermdoiliter do not fix potasaium althourh they have an
spprecicdble tetrahedml charge danaity. He exnloins the absege of moist
fixation in mincarals with an intorlayer chnrge of 70-130 nek o the basis of
easc of acoessihilily into the lattioes, whioh, hecanse of the low charye
donsity me easily empanded in wter., The laype fixntion of pgrwnd ;:inermls
with a charge groater than 190 mef and with a oantrnoted lattice, is
explained by the laape mwdher of interlnyer cavitiens end by tiv rresence of an
intarlayer athwotive foroe large awvuh o prevent exansian, ile attributes
the alight moiat fimtion somn by montmodllonites to the presegce of amall
mowits of a vwmiculiteelike nineral of hirhish charpge denaity, The 13w
frorense 1n fixaion on &ying in attributed to ar increasc in the interlgyex
atiraoction faroes as the latiices cortxmot during delgdration, The rdncrals
then act aa though they have a higher dinrge dansily. Il claims tint 1llites
are astually clny size mixturos of potassbm mica and a verdeulite vith Hgh
interlayer charge (of Jookmon et al 1952).

Kunze and Jeffrles (1953) fownd that were the cloys from 18
Pennaylvania soils were potnssium fixing, they showed a strong 10 A 1line for
potansium adlays capared vith a strong 14 A 1ine fur magnoaium dlays. TWhere
tho potasalun fixing power was woak, both alays shomed 14 A lines, The
former olays vere ahom v be vermiculite-1ile axd the latter ehlorito-1lilke,

Brown (1954) comaring the olay minarals of Irish soils known to
be potassiimn £ixing and of thoss which &id not fix potassium, found that whereas
1114te, vemioulite, chlorite and lkeolin were fouwnd in varxying propartiocns in
all the acils studied, a mineral vhich, on glyomml solvation ghve lines at
314 A and possibly at 10 A (masked by illite), wns found only in those moils
which fix potasaium;, e attributed all potassium in the field to the
preaance of this mdneral whioch he ocalled "degxnding 111ite",
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It may be saon from the above reforcrnoen that thare is general
agpeaent that the £ixation of potassium an drying is a furction of the olgy
fraction of a3ils and ia assceinted with 2:1 layer lattice rdnarals, particularly
of tho alay=vermicnlits - 11lite type.

i TROTG
Proctioanlly all the eatimates mentioned of potansiim fimatdon or
roleano as the result of some treatent, have been based unon dianges in the
anoant of exshangeable potassiim extracted before arl after the treatrent, the
extractant used rmost froquently boing N emmoninm eoctate, o 7,0, The moat
oawonly uscd renid nethod for eatimnting the notasalim sinplying romer of s~ils
has been extraction by styong acide,

Alwugh Kollner (Ref, Mavel, 1954) uaed bniling N IT1 4o shaw that
potansiun fixed from potassium hydroxide wna very stamndly held by anils, the
firat to une strmng acid as a frootimating agnt, ms Frapa (Ref, Reitameler
1951), who boiled soil anmploa for 10 hours with 101, S,G, 1,115,

Wond ond Delade (1940) fraotimadcd soil potassiim after fixing
added potassiom, by leaching a'r dried sssples vith nanfral I aeoidun acetate
ad extzoeting 10 grama of the amonbim sati®ated residee vith 100 ml. hoiling
el mroa for 1n minutea, The potassium fixcd in & acid-insoluble foim wmas
onlelated Dy shixnoting the potansii;m rocoverad {rom the potassiim edded,

They fiand thot a larye proportlon, which increased with increasing additions of
potassium, of the adlcd potassimm vas not extracted by the N mos treatment,
DeTurk, Wond amd Bray (194%) foomd dncarplete extroctlian of £ixed potassium

from 8 of 6 I11linnds enils by one § Ji0, extroction, In dll onses, exept for
the mture Ciste s30il, therc was a omsilexmble increasc 3n X }mos soluble
potaaniim thears potansiim hod bDeon fixed, There vmes a ol earrelation belveen
the potansivm artraoted by the Jj HI)’O5 ond the !momm potassiun statiis of the
moila, From the non«potasslum defieicnt fable sllty clay lonm, the acild

extracted 1,3 mefRK, from the alirhtly nrotassim defiolent Herviok silt loam,
0.7 med K, end fram the highly deficiecnt Cimne ad Yymoose silt lorma 0,25 ard
0.2 me % K respeotivaly,

Delixrle, Wood and Pray (1943) 4n the abow peper, reparted that, far
the Sable silty olay loam, the aomnt of potassium extincted by mms of varying
concentratiana inoreased up to 8 N, after vhich it hooame nerrly indopendent
of the aoid ocnontration, Ayres (19498) foursl for Nawaiian solls tint
incrensing amounts of patassiun and scaqrdoxides mere axtraoted by the more
oonoentroted 1101 molntione 4n the mnge J/M -~ 4 Ji, when 25 ga, samples wre
extruoted for 1 hour With 100 ml, of acide A camporison beteen e non-
axhandeahle potassiim ranoved on cropping and that moluble in N RN()5 afber
the ranoval of exchangeshle potassiim by ¥ emmonium acetate and Jj/20 HIO, for
12 soils showed that no «dgnificant oarrelation exiated betwoen them vhen the
very high figme for the Maldld aoil was omitted,



Iamemature of Extragtion

Athough boiling ocdd Inm been used moat frequently, prolonged
aoaring with eold acid ms ahovm by Atioe and Yruog (1945) amd by Willions cd
Jenry (1862) to exirast somo nmemshanpeshle potasshm, Willisns and Jemy
finding thet ronexchangeoble potansiom ma extractod in ono week by J/10 ooids
only vhen the 1 wa leas than 3,0,

Roltameicr et al (1048) dleeaied 10 gran sumles of s71l with
170 rl, m-.voa ivder vorying condlilims of oveentration, temperniire & tinme and
fomd that the 1110 ratlo of soid to I g with 10 nimte bolling, provided the
e st oorrelatian vith ladino elover ovorning winika, The exchangeahble
potassium s not remvad prior T 4igestion But was dedwted frmm tho acid
extinoted potassium, A oorrelation of 0,238 wams dhtained betwers: 740 dnyw
10410 oclover gyowvth ad this ncid extr~ction figire, Rouse ad Dortramam
(1950) stated that the smomt of rotassium exirected Ly boiling I 10104 tended to
level off as the boiling time incorensed and es He =011 to acid ratio inareassd,
Thay found that the best conrelations vAth ladino clovar gxowth were piver by
a mido of 1:2 with 45 mimtes bodlivg and hy 1:10 rmallo with 10 mimates boiling,
The extraction at a soil to enld ratio of 112 wrs very senaltive v Ailition
but not o tipe,vhereas the 1:10 mtio vos not ammdtive to dlntdan but was very
exnpltive Lo vaulations in the time of boillng, Because it is ensnicr tn
oviitlanl time acyTately than to continl dilution, ey recormended a bolling
W@oe of 10 minutes at a m0il 0 acid ratio of 1:10 with e mrlor remrral of
exchangorhle potassiam by leaching vith [I/5 07

The ot of i1 exbrocted s rediead by Pratt (1961) from
10 grams to 2 mewan o the matio of noil to acid chinnged for 11125, The
exchanremhle poiasshim wan 1ot remcred hofore crdxraction vhich ws of 10
mimidens dnalion after a 00ld madne for 15 mimitos,

Extraction of Mineimls

The effect of boiling strong acid on the wmxrious soil forming
mincmals vories considmrebly, Bloiite wms reporsted by Marel (1947) end
othura Yo be ooploiely soluble in 207 IT1 on boilirg, Ronee 20d Bortrorson
(1960) were thle to exiract from mirerals, after ball milling, renoval of
emhnngeable potnasium formed ardl satrratim with cololim, tho following axomts
of potasnimm by boiling for 10 minutes with N HiWy at a nineral to asid ratlo
of 1110, s shown in the accompanying tshle,  The resilts are expressed

in me X %.

5.
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SIZE OF FRACTIONS

NMinornl 53-20u| 206m| 8 =1le | 1-0.2u | <03
miscovite 1,06 2,8 & .
4orneline 0.6 1.4 2,5 ( 5e
fAluonnite 4,0 4.8 4.8
‘.Lllite 5.7
304l separates e 3=0,85 [0,8=1,3 | 1.1=3.0 2,0=5,0 074,06
Averace
o, ”’} 0.4 0,60 1.4 8.3 3.1
minerals in micxocline | Cuarte I1l4te Socandary
a»1l separates | Musocovite Chlorite Mons
Chlcrite ard e (812i%e 7?)
Mon tmor-
1lionite

Although on a unit weight basis, most of the potassium came from the olay {Im ,
because of the prodsdnarce of silt and svd, half of the potasalim extreroted
from the vhole soil came fYyom the olay and half from the silt plus emd,

They found no relatimahip betwcen the fel spar oontent snd the
rotasalum surplying porer of the coarser fractions althourh hillippe and
White (1952) using the samo soila fHund a signifioant relatimsiip between the
mioroal ine onntent (ronge 9-1G53) of the ailt frmotion and the acid roluble
potansiwm, Reuse and Bortrmson also found no reletimaldn betmeen the
1111 to-miscovite peak in the coarse clay ani the potassiim swplving rower but
found that the potassivm sumplying povor was oorrelatod with sise of the
111ite penk for the medium anl fine adlay vhere the ammles wore rot dried
befora solvation (ocorrelation coefficients of 0434 ad 0,82 reapectively),

Pratt (1952) in a firtler stidy on Iom =oils, after fraction=
ating them into 30, 20-10, 105, 5-8, 2-0,2 and < 0,3 u sizes, axtreoted
the «lze fracticis at a ratio of 1:13; and fourd that arpreoidble amounts of
potessium ware axiractod from all fraotions, With scils derivod fyom
glacial t111, tho {0,3u and 0,2-2 . froctions roleased emal mounts of
potasaium (about 3 me?) with rapidly decreasing emounts of notesalim from the
coarncr frootions, fine silt 1,0 me?, coarser silts 0.5 and 0,38 mefl and fine
sand 0,27 me% A highly wathered Planosol was sgimilar to the placial ti1l
milas hut with dout hlf the extrnotion values, The soils dexrived from
loess gave the greatest releases with the 0,2-2u freotion (ebout 1 times the
rolease from the (0,2 frootion), The ooarser frostions behaved edmilarly to
the glacial €111 soils, Although the soils were fodrly anndy, betwecn 40 and
75% (average 60%) of the potaselum releassd oome fran the olsy fractien,
16=23% ( ave,24%) from the silts and 8-32% (avarnge 18%) fran the snda, The
acoumilated wishted release fran the fractions was less than the potsessim
relansed by the vhole sodl in every case, the @eficiency dbeing fyrom 4 to 2BH
(0.54 nef on 1,08 me%). The perventage difference was positively correlated
with the potassium released from the whole soil, Pratt asoribed the differ-
erce to a loss of potassiim hrought about by rclease during fractionatian,



“ultiplo Extragtions

AMlthoush it wms impobeble that All the acid saluble potaasium
ws oxtrooted in ore mxtraction, DeTurl, Wood ard Bray (1943) wexre the only
mrhers prior to Hetnon to axtrmt the Jj 110, treated rosidue with firther scid,
They bolled the residie from & 10 minute N WOg ddgeation with 8 IM0g for 10
mimies (1 gran of vesidue o 1) ml, aeld) and Hud that farther potasaium ws
extraoted,  In stidying fimtian by clay of {0,008, 3,00-0,1 and J.1-1um, theay
fomd thnt the firast extraction was affooted by fixed potamsiuvm but $he second
vns more or leas independont of the flxntian,

Evins and Siron (1949) mibjected 7 Chio amd Wisoonsin soila %o a
sevics of G wetting ad drying qroles with indtervening, extxraction of the
axchangesble potonslum by oold ii/2 IC1 or by N amonlum acetate, ril 7,

Fotassium ms relenned at mtes which viarled oonsidadbly, They cladmed that
their dnta fitted stxnight line of grodients oproxdmating to the cbscrved
ralecanse on aronping, althourh by inspestion of thelr data, it is apprarent that
the emount of potassium 1leased ner extraction dcorensed steadlly, The amounts
of potansiim exiTaoted wore small, leas thon 0,5 ng? 4n 6 extrnotions, arpared
with N HI‘-J’O‘,s extraotn of up to 2,0 med Mo slmilar coils as reparted elscwhere,

Metson ad Muwst (1953) attcrpted 4o met a better idea of the
potarsiin mrplying pover by repeating the } HI!O3 extractian to glve 4 extractions,
with a soll t acid ratio of 1:12f and a boiling time of 10 mirutes, Tho
oxohangonble petasaiimm was not rancved prior to the first Il mms extrootion, For
sarples of Walarmi silt loam talen {fvom o 4 yeem graving Wiadl, azproxdmately
0.8 ma%i K ms extrroted in all cxtraotions aftor the first, vhich, after the
sibtrootion of the ephangenble potassium, aver-iled shout 1,35 med, They were
unmdle to traoe the gxrcee of 2.2 and 3.0 nel  of potaseium vhich were removed
awring the trial, Meioon (1054) extanded e intestignticn on rltiple
extroctim of s03ls to cover the main New Zealand mnil groips and found that for
many soils, a mar= or leas corsiant rate o!‘ exiraction preveiled after the second
extreotion, Wide &ffereces up to fiCty fold wrilatiam, wore founA between moil
groups, with a genernl dmilrrity arparert belmean the corves for anils of the
same genatic grop, He gromed the anils scomding to the rate of constent
extrootion into high, modhim and low to vory lows, His low to wry low group
included the majority of the anils on vhich potaasium reancnees have bem observed
in New Zealanl, He cdtalned no oorrelation bedean exhangesble potanaium and
p:| m-ma soluble potnasim,

The level of potasslum at which potassium deficiencies heoame mariasd
appears to be 0,15 me % for ewhangeshble potassima, Legg and Beacher (195%)
found for ATkanans soils with exvhangmsdle potassium from 0,1 to 0,5 meh, that
where the N MOy solible potassiim figwe wes > 0,65, potansium deficiencies were
not found,



Sohmits and Pratt (1958) ford that o a heavy dressing of K C1
vield respanses greator than 255 werc not fowvd unloss the I r-mos moluble
potassim (including esvhangeshle potasslum) sais less than 1,0 mefh, They fourd
ok the best correlation betwmean plant uptake of potassium and soll potassium
wos given by the mltiplo regressim

o~

b 5 = 2 + (').Q46X1 + 0,198 12

'ml'mmf is the ®tol potassiim removed by cropping,

H is the exdhangesble potassiun Vefore cropping and &3 e releasc of
potassium to B mma.

The multirle cormmlotim coefficiont for this roorosaion was 0,059,

e nond Thlen (1955) fourd for Narweglisn soils thal vhile Hhwre wna virtually
no oorrelatim hetween exhan@eodle potassium and i ft'ms solirle potasaium, the
best correlatim hetwean potasshim uptalr and aeil potassiun e given by

Caloulated uptake = k (exchangenble K + 153 1 1510, solible K).

Nitric aoid is thus see to he enpable of extrnoting non-
exshangeable notasatum fyom s0ils and ground mdnerals in smounta vhich are
rolated dlosely o thelr potassdlum muiplying nowers,

BLICTRODINY SIS

The other rapdd lsboratory method far estimnting potassiim
pplrdng pormr of andls is elecrodialysis,  Ayres (1049), Reitencier et al
(1991) and Perrmon (10562) eloctroiislreed nodls for nericdr frvm 1 4o 40 days
ard vere shle to ohtain mood oorrolations betwren the rmn=exthangenhle
potassiim extrooted by awns and by electtndialynia, In most casea, the
exahangeeble potansim maa extraoted In 1 dxy and for the next 7 dars or e,
contimounly docreasing amomnta of potnanlim wore extranted, after which a
nearly omstnt rate of extxnotion ocowrred, Any rodassimm £ixed priae ¥
electtoilialysia was extracted during the perind of contimnally doerensing
rate of extraotian, syresting that the fixrd potannim wes more roaddly Tamowved
than the netive notasshim,

POTASILIRL STA

The 1little publisled information evalleble on the poissasiim status
of o Zexlamd aoils is mainly f40ld trial data fron prtassiim fertiliser trinls,
Acoording to Durirg (N,Z, 1958) soils derived fram wolonnis ash are almost
without @weption potassiun resmonaive, as mre mils in Narthilmd dsrived fyom
srd-dasdo and basic valoonic rocks, Strorgly weathered yellow brown earthes
derived from mmistonss other then greywnoke slay show responses, as & mna
oot alluvia in high rminfal)l areas, Apart from orgninis acdls vhich are
alwyys potassiun respansive in the North Ialand and frequently eo in the Smth
Island, enly soatbtored slight responses hsve been recardsd,

To soxe fixther information on the potassim mpplying pover
of New Zealand moils, this study was axtied out, uairg a wide range of moils,
oropping them with Italian ryeprasa, a8 dstemining the amount of potassium
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Teroved, The soave of this potnsaium was trnoed by extracting somles of
the soils, their textimro fraotions and sepmrates of &ifferent mecoiflo
gravidies, with bolling normal nitric acid, ‘tThe onditicns of asid
axtrnobian were exyiliod oritically to esime that a reasnobly mocifis
nathod e available non=ezohntonhle podussim wa dercloped,



DIEORICTION OF 008

The solls used in tids study were topanils, 1,6, A horizons,

aclectd on the basis of their ehargeable potnanim and } HI'TOS5 solible
rotaasiun cortanta deternined by the method of Jood and Defuk (104C) as
nodified by rratt (1951), ZThey wero selected 4o clve the fHllowing

oorhinationg of exphwrgeszble potassim ad asid solible non-cxchangerble
potaalun,
Bxchagesnb. Non-exshasgeable Soil scleoted
~Lolpsoiom olossiug
Low Lower So1 €
MNedim Lover Soll A
Wik Lo Sel B
Yow Moddnm 8aila M, P
Meditm Yoddm fofla(T, %, (0, P
Hedlim Fich 8~r1a G, M, Q

A brief desoripilue of the m01la dhwaon, together vith the

looatian of the sampling sites {sce alss Pilgwe 1) 1s as Dollows,

The aoil types refar o Lthe Geacrol Jurvey of #he Soils of the

Torth Inlond, Y,7Z., Soil Mixreon Pullesdn (nes,) 5 (1954) and the fimres in
trackots efer to o Genetio Classifioatian Croups of Taylor (1948) ns given

in e tohle

o the 32 mile ta e inch myp in Plmmxe 1,

Soil A, NMew Jdymouth aondy doge, time 87b (14a),

Yellxr twovm loam, derivaod frrm Strofford agh md Ferynt esh, of
andead ¥le orizin,

Toraoil 6-8 in, dark hrown frinble sandy losm on yellowiah andy loem,
Looation of sempling: Paddeok st resr of Tilmrangi School,

Previous History: Farmlond, ploughed 7 yeors wrevicusly, 1 cwt, 007
K1 per acre in soring hHefare sampling,

Sampling date: € = 2 - 83,

50i3 s Tpure smd, type 18b (13a).
Ycllow brown pundce e, derived from Tapo ash (rhyolitios),
Toraoil 8 in, dark grey sand, on yellowish brown eni,
Looation of arpling CGmsalend BExperimontal Plots, near Veiraked,
Previous Histor;d Virgin s4l, mrua sard,
Sampling Ante: 20 - S - 58,
Colleoted by an Officer of Grasslands Division, D,3,I.R,
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Soil R, Kiripala olay loam, tvpe 96 (15a).
Red brem loam, dorived fram basalt,
Topanil 5 in. very dark pror brown, heavy silt (clay) lom, frisbls,
modarotelr develoned fine-mediim grorilar siriotive, vith veorr ominoct
sIhanil,
Loontion of asmmpling: 1 mile Soth of Maungslnromes, Whongexel County,
Previomw history: Vimrmin poil, onaksfoot, brachken, hlnclberry, lotus
mejor,
Sampling date:r 13 = 1 - 53,
Cellectsd by G,F. Sutherlond, 8031l Puven, D.8.1.R,

Sol) G, e chupst ailt loom, (700),

Rod browm lown, derived frn hasolts The preserne of orihoslase and

quarts in the fine avd wmld Ddlcats omaflerable adnixmire with

sodinentary materinl mmhahly loess,

Toreoil 3 In, Al red Lrom gravelly silt loam,

Iocntion of sampling: 15 miles lierth of Gladatone Bridpe, Amatere Velley,
NHoxlbarough,

Frevions history: Taseosl, pobacsimn fextilin:: very wnlildly.,

Somnling dater 1IN - 2 - 83,

Collected by M, Gradwell, %1l Puren:, D.3.1.R,

S04l Ta Tolomary £1ne sandy Joum, type W (20), /
Yollow gray ewth, derived Coom ellirviun, -~/
Topaosdl 6 in, &wk b ey fire puxly loon o yellowish grey adlay loan,
ivontin of pemling: Olifton Termvwor, Hasee, AgricdlErad Coliems,
Previmg historys  Ordiginal bash burn pasiive, 1o bopdirenndny of any dnd,
Sopling date: 3 ~ A - 53,

Sod XK, Unalerg olay loem, e 29 (5¢), prouped with Atha allt loam in 4 nile %o
Inen surwey,
Yollow brevm earth, derived fyom mudatone,
Topsoil 6 in, dark bromm grey clgy loam cn yellow hrown olay,
Toontim of seoypling: 1 mile alung Ataa Rond from Walnawa to ooast
rood, fYom auail nob near Omnkere Stream,

Provicus hiatory: Ordminal brovntop, dntonia, mossy ewnrd, no top=~
dreasing,

Sooling date: 23 ~ 7 - 53,
Soll, M, Jsburn Line swdv loams (14).

Brovn apcey oarth, derived from miea achist,

Topsoil 8 in onmact hrown grey firne sard on grey Ixrosn gravelly and,
Looation of ssmplinm Roadaids near Burnt Cottage Creek, Crumwoll-
Lindis Road, Centrnl Otagp,

Frevious histoxyn Unimovd, potassiun fextilizera wvery unlikaly,
Sanpling date: 31 - 1 - 54,



- 26 =

Sodl N, Timaxw ailt loam, (20).

Yellow prey earth, roderately parmate, moderately leached, tiasodk
melandsad, derived fyom loess, ./

‘Topsoil, 3 in, darl: grey modorately oxirhly ailt loam on yellow
comact absonil,
bocatian of samling:
Meniti Rond, Tinam,

Rondaide cuthing, comer of Marpan's Rond and

Previons history: Undexr gprac, potnssium fertilisers wdilely,
Sammling date:r 2 - 2 - 54,

8ol 04 flakoomhe nilt logm. tyre 13 b (20). ¢

Tollow ooy earth dorivd fran sandy redetone,

Tonaoll 7 1, darle grey sllt loam on yelloriah grey oliyy loam,
Ircation of awpling: Rondamlde cutting, ormear of Molld Rond ard
Morison's Busrh Rond, Feathorston, Snuth Walrnrapa,

Irovious history: indler brombiop and danthonia, I'otassivm fertiligzers

tnlilnly,
Sompling date: 7 = 2 = 34,
S04l Py Matupan silt logn, 11 moil, type 77 B (M4n), N

Tollow hror: lom, dcrivod fron prdoecus sandstane and rundsions,
Topsoil § in, brosm geadsr «ilb lesm on yellow broem granular pilt
loanm,

Incatlm of samplings Roadside entting, 4 mile on Manamntu sdde of the

mrTdt cf the Palldatua Trook,
Previcue hisgoxy:
unlilely.

Sanvling dntes 8 - 4 - 54,

Nrovmtop domdnond pashre, potansium fertilizers wry

Soild, Q. ¥iadpars sllt doam, (7).

Yellor gyoy earth, dorived {rom gronmole allts axl loces,
Topanil 10 in, Aark groy 11t loan on pale yellow silt loam,
Loontion of ewmpling: Wnlknri Valley, liorth Cantorbury.
Previous history: Rondaide bvomntop, cocksfoot and flatweods,
mactionlly wAisturbed, Potassiim ferfilizers unldlnly,
Samnline date:r 10 = 6 - &

Collmetod by J.0% Fox, Soil Buroem, D.S.I.R.

tope 23 (12).

Yellow brom mnd, derived fron dane eend,
Topsoil 4 in, dark grey black conrse sand a light grey coerse sand,
Location of aumpling: Lake Road, Oroun Dowmns, Msnewntu,

Previons histay: Mixed grmssos end subberTnnean olover, Fo potassivm
fertilisars,

Priher data ocnoexrning these soila is glven in Teble 3, The
locatin of the chowe sompling sites is shomn on the mep in Figuvre 1,
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ERIEARGLAL OF LABRALGE SNITLES

Sarmles of aproximatcly one hundred pounds of the topsoils
of the ghove liat of mnils were collected, =ir dried, and mixd, 25 poud
subaamles vore g@ourd lirhtly and plant remadns ramoved,  Stones () 2m)
were sleved from the soils, Taipo anrd ad Kivipeka clay loas where Hwy rmde
g only a smell frectimn bud veno left in the Mildlelzmat silt loam vhere
they made up abaut 304 Yy weishs,

Anoroxinataly 4 nonda of thene 1irhily gromd sdles wore
trdsen {or labnratnry tests, agndn proand 1iifly and sieved thoough a 2m
alrm,  That portion nasaing the sicve (£ine cnrth) wes rctained,

The following methads were used in dotramine the data of

Fatle 3,

Holgbwe oonticnt of alr died sagole, The moistime ontent of the adr
drlod scil v debermdned by dzmring 10 gme sxtnles for 12 hoors at 1not,
Jiote; AL rmults in Gudn sy are exorersed on the tasis of oven dried
armple welzhhe, onlelated on the hasis of dmm debermitnatiams,

of i ab e oven dried samples from the above deter—
o tlans were dgndsed as 000 far 30 minutes and reweighod,

Method A, 10 gn, smples of the soils were ddspersed according M the
Internati-nal methed (Wright 1049) uaing H202 to deatroy orermic matter and
awxnlun lydroelde as the dispersing agent, as reoovended by Davies(195%),
Mothod B, In the preperation of awmles of tho texbuwe separmtes for lab-
aratory tests, vuying eanainta of 803l were tronted th 11203 to deatroy
sronnic natter, élnte nitrio o0ld ms added to the cooled solution, and
after 30 minutes, the smeomirnt 1iquid deonted and the residie wshed with
water ad centriffied, The ™ ~dues vore Alancrmod uging cslpon ad modium
carthannte, The frachtimn wore separated by nodimentation for the
sppropriate times emd the clny preolpitnted Wy e addition of maynesdum
chloride mnlution to the nlkaline snluatdon,

Clgy nineralg, Ficldes and Willlamsan (1955) mmwwized the resilts of the
sicvey of e olay minerals of Jew Zenlmnd sollm, The liat of rrobcble
olay ninerals of the 12 so0ils used {or aropping, as shovn in Teble 4, is
nkess fimm this paper and o ired by Meldes (peraansl comramiontdon),

{10 LeLLE O3 FOELE B 4 - g ]
Dfermytian, Samrles of the fine sand froastions from the reohnnioonl
analynes, lMethod B, verwm deferrated by the methnd nrovosad by Matelsid (1983)
using a serios of deterponts, This method was dioson becanse 3t wms very
afficient in ranovirg the weathored conting from the minernl awfaces and
Deocwne it sperred to be loss destructive than the ecid-namont-thydrogen
methods rom:rended by other workers,

e COATRoL T IMI LA CX



LZABLE ___ S
FHYSICAL FROFERCISS OF T SOILS UMD FOR OROPPUIG
| e L
as| 829 2 3 LI
Sl Group = § 3 =
:‘“5 wa, R - o
% % % i A %
New Flymouth YB loom 19.8 7.3 (4.1 10,2 31.3 13,1
sandy loam
Tearpo YB pmice 3.8 [10.7 |29/ 12,5 6.2 19.4
aand soil
Kiripaka RB loam 10,7 | 28,0 M8,7 10,8 12,3 1,5
oley loama
Hidddehurst M loom 68 8.4 20,6 92,8 32.8 15,9
8ilt loam
Tokomru p(¢h 4,6 2.1 22,0 24,2 44,3 0,8
fine sandy loom
Qualere YBE 6e8 | 10,3 [32,7 32,8 23,2 1.8
clay loam
Idabum NGB c, 9 3ol 7,5 14,5 62,0 10,7
fine =ndy loam
Tinara IGR 368 9,2 18,6 30,3 43,2 0.8
811t loam
flaloambe YGE 7.6 7.4 ]ﬂ.‘L 8.9 44.7 1.5
nilt loenm
Matomen B loam 4,0 | 12,2 20,6 20,7 26,4 4,9
1t loam
'Wuipara 1 YGR 10" 7.7 18,0 25.9 43.8 5.4
silt loam
Himatangi YB sond 2.5 4.3 2,41 2.4 42.3 48,5
ocoarse asard
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AQIRRALOGICAT, DISTRIBUION Ti B L. USED FR GROPPIID

Sold Oxoup rohoble clgy mine i ole
{24 , in order
jof_sbucduoe,
iew Fiymouth YB loam, | Aldlaorhane A,
a0/ loam, Veta=halloy=ite
Imon oxides, {olmshar,
Tewno B Allophnne AN
aand, panrce Glass,
i, Tl nnovs,
Riripa'™ ™ Jom, | Flae paviiolic slze
clay Innn, pibbaite, Heta~-
belloyaite,
cr7ataliine oxidos,
LIAN ednnyeest: 0 leam, | Amorphons Iydrons
il Joom oxiden, Mionoorns
motarial, Undagnmiteo,
Pokarma (¢ I La? K 4111i4e, ponitly
fino sandy a collopsed clay-
lom, vermicili te,
Qnkere e Himed wmd inte:lgrered
2lay 1lnom Iydvs nioas
Mantmorillonite from
narant makarinl,
Idnbiom DR Healdy hydrated nica
fim sndy rdrron rdoas.
1o,
Timara paeH Hydroas micas, pre=
8ilt Joam dandnatidly 111ite,
Haloonhe VOR ydrmuna deas, pre-
mils loam, dominately 11lite,
collapred wrideilite,
Makaman 1B loam, | Allophans A
ellt loom, Y:icaccaa Slaye
Valpara Y& g Hydrwma s mioas, pre=
silt loan. daminately iliito,
Hinatangt M gand, | Unlnown, probebly

oocree annd,

includes 1llite,

Mne sand mdnecsle
in order of

dbundance,

Hosmblende,
anrite
Bnsic plaginclnse,

Glass
inarte

Paxtiallyr moathered
olivice and angite,

T~m oros

Angrite, hormdlende
Andenine, qunrtis and
arthoclase

Iiroom ahlerite
Celadonite (?)

Gaatbsg,
HMlaginclase,
Qrthoalasa,
lasa,

Albiﬁﬁ, q&m“bﬁ,
Pldo e, hauhlende,
Chlorite, hiotite,
Fuecsvite,

(narts,
Orihoclasse,
Mardaclase, MThlorlte,

Quarts,
Andenire, orthoolase,”
Moad,

Guarta,
Glass,
Orthoolame,

Quarts, )
Orthoclame, rlapglodlnee,
Chlori o,

Quarts, endesine,
Augite, horrblende,
Hypersthene,




The acnple of 2-10 masg, wns tFituated for 3 nimtes with dHout
2,1 pm, Triton K80 ard 0,1 or, Triton X-100 ard 10 ml water in a poroclain
martosr uning a ibher b nonted on a sordriver as a pestles. The rubbed
mixire ms washed into s besker, made mp 30 10 am, and e afil od clay
dcosntedl trice after 5 rdnute intermls ot 20,  Thin trcatment wns repeated
oe and the remaining fine snnd nartloles were xubbed with 0,7 gm, oalgon,
0.3 g, totrasodium nyxophosphate, 0.8 7, ﬂaﬁios and 0,2 ¢, teepal in 10 md
waler for 2-3 minuten, Waster was added o the mixtimwe amd the allt mnd alay
deconted s hefore, This treatment wns roponted trrioe or untll, undexr the
mictomcone, the nartioles gpnenred cleasn and semerats, The deferrated fine
arvd wes then ériad at 1059,

A sinilar proocdme was used for deforralting ¥w silt Hraotion but
with only one frituraticn vwith each met of deterrenta,

Segeifio sravify separntiga, The defermatcd fraciiona were msparated into

fracting of different ameclfio gravidies by acdinendation in teixebromoethans -
aoetors mixtires of !momm mrecifio provities, Detweon 2 amd 10 om, of &
fraotion won ghood in a separating firnel o oemtrifupge tibes #ith
tetrrbramethane~aoetone nixwes of the desirod speoific gravity until a sep-
avation inty sunk or floating rarticles hnd been achicved, Tradiminery
exmcuntion o abeut 40 o, TMoum wns DecenatTY n IEnave A ~iy absctbed on
the sarfaoe of the miremd rnartiocles, After the scparntion, the partiocles
{loating at the aurfoce more swoled off at the mom into a flagle, Althoush an
oomplele separatic is eoidleved by & dngle frealrent, after 4 o &
repetitians, a reusonable ssparation is made,

The smecific grovity separates wore recovered by diluting the
tetrahramoe thans~aoetone mixtwe with acetore ard after decanting, wnahing the
residue with furtter scetone, The tetrabramocthaie was recovered from the
aoch me washings hy poaring info a large wlume of mber, in thich the acetone
alaone is ooluble 5:d decanting the ecchone-weter mixtme, Ay traces of
acctone rarnining were rmoved by maashing the tetrsbramsetlinne with wmter,

The tetrobramethme unaed wam rrenored bir the mathod of (O'Meara :nd
Clawer (1922) by bubbling acetylene into bramire containing a smell aount of
water, witll the braune wes desolourized, Aftar washing with mater teo ramove
traces of brojalne and acetylene, the snecifio grevity waa fourd % be 2,90,

The anctore veed wan gomersial acetone, socoific gravity 0,79,

The tetrabromoethane-aseiane mixhwes were prepared using the
forrmla

Viedcht acetone

e iad " R s
070 (TE - 0,70y x 2.88  o%

vhere 4 = apecific gravity reguired
wt.m = meighd € telrabrmoethane ke,

The mpooific gravity of the 1llquid wms checked amd adjusted if necesanyy,
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Deternination of Flne Sand Minergls

The minsral specica cronent in the fine med fraotims of the

mils vore identified by doteridning the following properties ander the
miryarenos
Uolour, refractiy index, bircfringsice, isotronio charaster and pleochrvmism,

The 1ist of mirerla deterrired md repnrted in Tohle 4, wos
onfimead md owregtad vhore negennrey hy J, Reed, Tenlordosl Yxwey, D.S. LR,

REACHZS,

All Teasents nned o of AVALAR grade nnleass otherwlae snecified,
The dlstilled water and rengents were teonted for theilxr potassim ocontent and
aryy potassimm found was allowed for in caleoulating resulia,

In arder to ohsorve the offecis of intensive plant provwth on
the woarious forms of aoil potassihim, the 12 soils desoribed on napges Hi27,
mere otop~ed vth Italim rverrona (1oliim ml%iflonm) of o biendal sirain,
aplicd by the Grnenland Divigimn, D.S.J.R., fron Arpllefuly 1258 for soils
A=K and frmm April-June 1054 for moils H-R until Mevaber 1055, In nxdexr to
avoid caplications ariaging fyo ocompetidion betmean nlant swoies, a single
species crop mas preferred to a mixed one, Italian ryegrass was chosen for
croming in rreference to e plamts uned by most U,S,A, worlemm, e, lalino
clnover or oats t'or e folleoriny reasona,

1, It is a stmorely prowing syesies, particularly diring the onlder manths,
Moat of the pota were eomm dowm in the Anbima of 1953 and 1764 and o3
rapid ns nosaible establishment mma desired,

2, Ita rrovth is not affeet-d by wmriatimes in notalatien os with the legmes,

3¢ It has n lonpger grovth pordod end is 1ore permistent than onts or other
cereals.

I€ the work of lidtchell (1955) cn the depressing effect of tomer-
abwes in exceas of 70°F an the frovth of ryegranscs had beel nown vhen the J
experiment was started, it 1s prdbzble thal s othor grass, e.ge. oocksfoo$,
would have bee: shosen instead,

The pots thich held Just over 1 Kg, of ddr &ry soil, were mede
from tinned containers 14 on, high amd ¥ om in &lameter, A 1 am, hole ms
parched in the Vase to slleow for &nimage and the tin sproy painted vith 2 coats
of olear epirit wmish, The &min hale was covered with a diso of ocoprer
shect approximately 3 an, in dlameter and sufficient aocid wanhed gravel
( >3 an) wns edded to enmire goed Aradrmgs, The weisht of the oomtainers
was adjusted o 350 gne with this gravel,

Alr dried snil, vhiich had been mixnd with the requisite amount
of basal fertilicer mixture, ws thaen added equivalent to 1 Xg, of oven dried
s0il per pot to 3 pots fbr eaoch soil, (lote 1 Kg, grauvel wns added to the
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Mi8d) shurat ailt losm 4o mive a ressenible volime of o511, The pota of New
FLymoath s ndy loam and of Uirinalm olswy lomm cmtained alr &y 20il egpdwlent
to 910 M, ord 740 mm, cven drv ail),

The bagal fertllizer dresaing wvas

P as Il IIQPO s Analnr grode, 15C ngms,
N I¥I4NO5 B 2 200 7
Fe Feﬁoé.'l ilg(; 2 » co ¢
Cu : Cu304.5 1,0 e - § °
¥n M')S04.6 1'120 L L B =
B “3‘305 " " 5
Zn 2«1304.7 ZEZO " L 5 »
o aronium molyhdnte N6 "

3 M04_.7 zxzo chove,

Ca end Mg as a 209‘105 g Mgﬂ.')3 mixtxo, 1 g, por
2000 1b, lime ropdrement as determired by the rethod of
ioodruff (1943),

A1l fertiligers end the dlstilled watey wore shinlysed for N4
»otasaimm and it is onneidercd it lass than 50 rygme, of potassiun per rot
(0,01 re K #) were sdded {yom tlicec soTces,

The noils were med & ficld capospity, stood for 12 homxrs ond
rlanted vith 12 Itellan xyemmuss sceds and Iransferred W 2n unheatod glass
hmire,  Any water dredning Shwouch the vots aftrr this snd after snbsequent
waberinges woa mlleoted ard rmitianed 49 the sarface of ths soll,

Afler 2 weeks he srcdlings were adjusted to 4 rer pot either by
thir'ng or by ‘rmwplanting, Recular wetering with distillcd wmter wos
cxrricd o1t s that the pofs wmrv maintained at or near ficld capecity,
Dressinrs of m‘l‘ng.z"oé ond m4_m3 were made 2t Lregilor intervals and the
sHils were "lined” 5 dimes with the 05005 1 mpos rxtmre, the drossings belng
determined by Woodruff's test,

The gmma, cut ot 3 weely interwls ab ayprodmalely 3 em, from
the 30il sarface, was dried and woished to flve the yizld of dry matter,
Approximately 1/4 pm, aliquots of groind or drodded dried gress were tolen for
rotanolun anclyses,

The plants were sruyed remlorly wth dllute "lexme™ in wter to
111 aphidss, thrips and mealy bug vhich infested the grass, Sven with this
sptaying, under the oondtians prevadling¥n the gflaschouse, 1t was Aifficult
to nrevant infestation by these nests and aphides and mealy hug eppeared
frequently,

1% wos found that oonsiderable mot dsvelopment took placs and
that in many pots, rvots apneared throurh the d&rain hole, Where the sodl
tended to beocams pugped by addimng water to the epil surface, in partioular, the
pots of Tokomaru fine sandy loam and of Oma'®re cdlay loam, water wns addod to



FIGURE 6.
SELECTED PHO10./RAPHS OF GLAS3iCUSE POT EXFERIMENT.

i
Typical First Year's Growth. Halcombe Silt Loam end
Waipare. 5ilt Loam. Oct.1l954.

Mode of Death of Plants. Note small amount of regrovth
from previously healthy plent.

Typical Second Year's Growth. Middlehurst Silt Loam and
Tokomaru Fine Sandy Loam.
Oct.1954.
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the dmimce oolleoting dish from whenoe 1t wos taken up by the roots,

10 m, samlea were taken at & monthly intervols for excha: ge-
dle potassivm and ™hr acid mluble notassimm deteaminations by taking
4 ooroe with 2 1 ame oori: borer. The oores were quartered o the smurplus
tiree uarters were minmed to the nots,

Selected pintographs of the rots are ahown in Pimire 5 to
11lnstmmte the penerl mpnecarance of the pots and glasshouss,

r B _ISTLATION (F DOTA

The standord ¢ravimctric, volume'xic wnd colourimetxie methods
for detcrmining potaossiun ae all time oonsiming amM require scomwale md
ronToducible contiol omr exxirimental eondisims to ensure s hich degres of
sourooy, Variationa in the mmositian of the nrecipitate end incomplete
ranoval of exwess reagant by washing are but two of the many cunses of
mrintion vhioh ocour with the oobaltinitrise rethod,

In additim, thc standand nethnda are not 21l srecifio fHT
potarsiua and are inflienced to varring degyees by other ims, in partioslapr
by smimim, harbm, ferrie, siminiim x4 phosphate 4ons (Tinslev, 1948),

Tho method whlch lhas hesame alnost universsl besause of ite
sneely accwracy and speoifioity ls the estimiion of potassim by measuring
the intoncdly of the redintion erdtted at 769 ma by rotassiim atoms vhen they
are cxcited in a flame,

The nethod of estimation consists ssscntinlly of messaring the
rdiation emitted at ™9 Wy when polasniun 1s introduweed into a flme under
oontrolled unifom conditimns, so that worintions in the rotossium
eongentration of the mlutions tested, are refleotod proporiicately i the
Intensity of ihe rediation,

The equiment noocas2yy ™ schiceve this, oonaista of two parts,
the firat, appamtus vhish will produse the radintien ad t'ic secord,
spparatna vthich vl measire the radiatiay, Togother, they are called a
fl«me nhotareteor,

The nost earvenient ard reliable nethod of produoing potessium
rafdiation ie to stamise a sclution cantoining potasslim ard to blow the spray
into a flame [rodiced under stondard cunditions, TFar asarabte detarmnationa,
the following conditions mst be standardized for the resasans glven,

Flane,

Type of ambustion faacs buxn at different tamporatures with cormequant

mixture, vorictions in exmitaticn, The proportian of oxygen
in the flame also affcots ths temperatire, therefare
& ston@ord gas ~ oxyren (adr) mixture rust he burnt,

Cas rresaxe and The intenaity of raliatie from any part of the flame

anount of edr or slgs, depends on the flsme sige, which is dependmnt on

oxygen resohing
the flame,



TIGTRE T

PIIOT OGRARH or FLAE PIIOTOMET EH,




these varichbles, Also 1t is esacntindl that the no-
potasabim flame be oolourless and ‘hat yp Swan bands
for caxthon sre nresent as one of these mdicen
radintion at 769 " e

Flame size, Beomsae of {lugtiationa produced by {liokering of the
flame edres, these are usnolly screcnod off by a
Manhrerm thus emosing el a nortion of the flams,

Alonizing,

Alr pressure, A fixed rate of etomizing is ceseniial,
The all flass atomlzer prodacod by the Beokman
Qorparation prodices » Ty vhilsh ie nearly unifom
wder a moderzie e of 2ly pressaxres, The limit-
ing footor in the atomieing rate at air preasures ahove
15 pods nor square irch, ls the size of the osplllary
liguid feed,

Tom-erature and Varistians in <locosity of the solutions to be

gﬁm.')f e atonired, heamec of Hweir offect on the mte of flow
threngh the oapiliary 1iquid feedy affeot the
atonlaing rates, Varliaticne in the temerature of the
mlutinng mat e ovnided heennse nf the dcnendence of
the 7lsconitr on the temrombive,

‘M™e geoond pars of the flaae ghobaneter nay be oy fom of
radiation measuring epparatus vith a s:ilishle mornchremator 4o elininate
undesirable illimination,

The %o 1most oorrTonly usod fama are
1, A hoxrier laver nhateoel] ocomested Xrectly to a sispensim golvanome ter,
2. A phntohibe, either wvrarm or gaa filled; »1th an amlifier of the null
point or direct resding iypre, Tliess mey be rade mare sensitive than
tyoe 1 and are used in tHhe more scmsitive flsme photrmeters,

The mempahromitar nay he of “hs grariz orim or ALfiract' am
grating type or of the filter tyre, The fornor oxe more sclective and flex~
ible then the filter type and are eagential if’ mara Hinn anc element is o be
dectermined but the filter type 1s quite miitadble for mirgle element deter-
minations,

As o flame photometer wns awvnileble, the instrment eh:iown in
Pigme 7 and desaribed helow, was designed ard oanstyvoted, ineorporating
foatures galonlated 4n elimirmte ss meany of the above ocsusea of variation as
possible,
Alomizey and Flgpe Unit

A Bealman type all glass ataniser was mounted in a copy of the
Beckman atamizing chardber, which led into the botiom of a Yeker burner
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(Pirer ype) Lredintel:r ehome the i Jot (sce Mame 7).

Corzonmed alr 'na fod froem a high prescwe aylinder Swough

o dlarhram nrenmue rodicine amirol unlt o gl a rrosmure of 90 neBede
the atorizer adr intle, Thia presare wa ohaaen heooae 14 ™a mll ab
the minfmum roprivod alr rrenroo, vin, 16 1n.0.ds and 1% gave a reasonable
stomoing mbe sl with e 23l tlenad aie, “hich ms molod throuh e of
indale Babe Antn the alomining aheoher hy ¥w odre jai, this rronaws rpwe a
salanrleas Nownobaonhim (lame 1axpe cnowh §o B e aperbuw in the
optinl aynton,

The fael nacd mha Roolgan, o. oorrvrolel propano-hHutane mixinre,
af a prevars of 08 peBels, M pronamire heing enrfyolled W a Alaplonm
reananry eeiielng, omntrol s anl o nocdle mlws,

The rodiation ~mémed In tihe Moy wan oolleoted Aand filtered
by the aptioal &tmin shem In Mmre 3,

FIGURE 8

1. C:1indrdoenl nirTar,
X 2, Mane,
Depteramm,
N Candasing 1lomin,
| § Ge TS0, IUoxd ) & Y
1. 2. 3. A, 5e b 7/ 8, Condmnaing lonn,

<17
@Z
oo 5.1

7o Rod acsdtive =hotoaell,
Riggpag of ™o ortlonl twmadn of flare rhotonctor,

The yliatian afbor Ciltering, min feoinsed on the rod
nenedtive photoabibe, fme (hilina POCYV, proicing vristions dn i4s
rosistance dmanding on the intonmiyyr of the L1bwvdnation, Thase wariatiiona
tore meamred by o modified Temeiillinna hridpe oilrvsais with twoatane
aplifiontion, aliared alicktly fom the doslon of lchoene, Mmdiinhed by
Dlls, ¥oDemald, Fiedcemeior and Nahwarte (1040), The cdxodd an nnod 4s
ghorn In Fiue 8, The inetrunent smwed vers acnaitive, scounte srd oany
o morls,
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In Table &, the readings (aotual &al - water blank)
for vaviocus ccrgentmtiona of ontiaws ia shom. Fron deteeminaicns of the
readings for potassim soliations in ymter, ropliceted G times, the instrament
eror may be calonlated to be _ |
2 1 divinion up to re~dings of 50 and ¢ L; divisdons thercafier,

Readings correoted for water blanl:, and

corrected o 100 x 21070 M X 100
Pllters Ilford 8306 + G086

SarocitTaticn In 10"5 i1
Ton (0] 10 20 30 80 ¥6 100 200 10,000
K 0] 10 pal k) § 51 76 100 178
m4 (o] o] il
Ca 0 1l 1
¥g 2 3
Ba 15 B
Na (o} 2
H 0 0
100 K plus %/10 K
m‘ 06 93
Ca 99
g 99
Na j101 97
R 9 94
IvCarl(g 07

When the filters, Ilford 808 and 608 are catbined, the inter-
ference from the oations m;. Ca”, Ms“. Na' and H* which may be expected
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in some 30l extrnots, is scen to De undrmportants hleas barirm was

rresent in the atomised solutims, 1t wos conasidercd reasonsble to assume that
01l variotions in dial reafinms, other than fyon inatrment drift which may
be correated by roguar chegldng of water blark and standard potasasium
soluticna, ware eauscd by potassiim,

Mom the &ita thr pholumeter rcadincs for varions potasaium
solutions as shown in Teble 5, the acvormanying cclibraiie curve mms drawn
for the insiroment,

ZIGURE 104
7
A& 200
@
i
(§]
3 150
~
=y
=
o)
£ 100
L)
[/}
.1\
e
ri
(o]
0 | | | l
0 50 100 150 200 250
Fotascium Concentrrtion,
In 105 WM.

Calibration cuve for potosalum sclitians,

1% 18 accn that for potasalun eanseirirationa wp to 10 a
lirenar relntionshin exiats hetmeen rotassiam enncentrations md dial reaxdings
but with greater connantmationg, irorecsing extinetion coomnrs with a marked
dvorrence from linearity, folutions vAth potasslim conocntrations in oxcess
of 10™ X vere d1luted wath water tn ive conoentratims in *he Terge 0 - 107 M,

=3 ¥,

¥hen icms other than potnmsium werc rresent with the potasaium in
the atomized solutions, the apparcnt potassium concentration is al tered slifhtly,
In Trble 5, the result of flaning solntins containing Ni*, Ca'’, Mg™, Fa'
and Y as woll as a mixzture of H", ca'’ aa Mg‘"’ ie ahowm, It may be ecen that
with additions of M,* and H' at /10 and ot ¥ stregths, eprreoisble dscreases

&
ocaur in the intemnsily of rodlation, As the selutiomns resilting from the soil
extraotions vhen prepared by the methods given on pages md s WET®

epproximately M/10 with respect to the hydrogen ion corventration, the stardard
solution of posassium wos mde wn vith N/10 N0,



Aocording to Dixon (Personal oommmiention), the potassium of
dried plant tissue is completely moluble in water if the tlssue is boiled in
water, Attoe (1948 ) cleimed that the addition of dlute acid
was necessary to ensure the complete extraction of potassium,

Trials with dried ryegrass showed that provided not more than
0.4 gm, of dried tissue, either lightly mrovnd or whole, was heated with
200 ml, of distilled water on a boiling water bath for 30 minutes, all the
potassium was extracted, Acid digestion of the extrnoted residne proved
that all the potassium had been extraoted by this treatment (Table 6),

BL E

EFFICINIDY OF BOILING WATER AS AN EXTRACTANT FOR TISSUE POTASSIUM
Weight of Volume Potassimm Potassium in
ground gress of water extxnoted acid extraot

of residie

100 mgus, 200 ml, 4.4 mgms, 0,0 mgns,

200 mgns, 200 ml. 8.9 mngms, 0.0 mgms,

400 mgas, 200 ml, 17.8 mgms, 0,2 mgns,

400 mgms, 100 ml, 16,6 mgnme, 0,9 mgnms,

In practioce, 0,2 gms. of high potassium grass or 0.4 gms, of
low potaasiim grass was extraoted for 1 hour with 200 ml, distilled water,
The cooled aquecus extract was filtered through gless wool, made up to
250 ml, with water and flamed,

SOIL_EXTRACTS
NORMAL AMMONTUN_ACETATE

¥hen flemed without prior conoentration, the potassium content
of the solutions from exhsnzeable base determinatims was sometimes so low

that acourate readings were not possible, If the solutions were oconoentrated

by evaporation, the very high =mmlt omtents became troublesome, causing
erratic atamizing, Ignitian of the ammonium acetate extraots followed by
the solution of the residue in dilute HN()8 gave solutions which were flamed
easily but whioh showed oocasisnally abnormally low potassiim ocontents,
Investigation of these extraots showed that thay were assoolated with
ignition temperatures alightly above normal (500) or with ignition times
greater than usual (3 hour).

Published procednres for the dry eshing of plant and soil
extraots recommend bamperatures fram 3800 (Peech, 1941) to aill red or full
red heat (1.8, 600-700%, Wright, page 266-7), for 4 hour. Peech reparted
that ignition of acetates at 550-300% oan lead to losses of up to 25% of
the potassium present,
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A dlose investigation of ¥w losses of potassiim en ignition,
ehovod that eppreoiable loascs of potassium oceurred from potassium
chloride on immition in platirn dasing above 450 and fran potassiim
aoetate above 5000, These losses inarcased if the heating time won
prolonged, The rosult of heating ewaporated solutions of potassium as
potassium chloride or as potassiim acetate nt variois temerntures is shown

in Pigoe 11,
RFIGURE 11,

Porcelain Bacsin

2

100
‘L? T \ 5. lo—zme KCl....1l
= 4. 10 “me KACesos?
> Fe
L 50~ = Platinum Basin.
2
|

w ] 10"“me KCleoo.3

4 L
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2. 10 "me KACeoood
(ONFEDN o
‘.
0 1 l |
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400 500 600 700
Just Dull Brisht
Glowing Red Red
Temperature in Oc.

Loss of potassium en ipnition at temperatures from 400-700%,
The recomendation of Peech (1941) is thus seen o be fully

Justified,
It wms mbsequently found that ipnitlon of amnonbim acetate

extracts was umeoenanry as evara@ation on the materbath left only a very
amall rosidie of amonium salis which d1d not intorfere with potasaium

rodiation,

Although it was found possidle tvo flmme these extznots without
any treatment, more reproducible results were cdbtainad if the extruots were
evaporated to &ryness on the water bath, If mich organio matter was rresent,
1t was dcstruyed by adiing e%naos to the &ied roxide, After evacoration
to dryneas, the &ried residies was then taken p snmomosmu
sesquioxides were present, they were preoipitated wish 1:1 amonfum hydroxide,
Because the acid ooncentration at this stags was low, only a few &vops of
araniim hydroxide sclution was needed, giving a solutian for flaning with
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low cowentration of salta, If the sesquioxidos are pregipitated before the
ariginal nitric acid is evaparated, cosidarable amounts of amanium hydroxide
are needed arnd the armanium nitrate formed is troublesome to remove,

Recovery experiments showed that virtially no potassium
({2%) was lost during the evaparatim, H,0p digestian and scsmioxide
precipitation of the amonium acetate and s0id extrwots,

Solutions of amoniim salts have been recammanded by many vorkers
inol:ding Schollerdorger (1630) and Pcech (1041) as miitadle reagents for the
extraotion of exhangesble bases,

Hormal amronium asctate, pf 7,0, was used in the earlier part of
this atudy to extruct emhangesdle potasaium but it was roplaocd by J/10 1%,

1 gm, aaples of =il were soaked mth frequent stirring for J
2 hours with 40 ml, of the extraotmt, followed by oontrifuging, filiering and
a further extrootion with 40 ml, aame extrmotant,

Comp arison of the rotassiim extracted by thc sbove tmw reagents,
by N/5 10y, by ef] laa(m:)a’)2 and by saturated Ba((:ﬂ)2 showed that virtnally -
equivnlent emomts of notassiim were extraoted Dy all reagents (Tsble 7), With
the bariumm solutions, safficicnt 11280‘ wos added to precipitate ell the barium
as Bas0,, The use of /10 Hii0g instend of Ji aroanlm acetate is thus fully

Two methioda for estimaiing the atrong acid mluble potassium
were adopted viz, (a) batoh extraction ard (b) leceching,

BAICIL EXTRACTION

The method used for the batoh exttnstion was essontinlly that of
Wood and DeTurk (1940), They were carried cut by boiling ths requisite amount
of emhangeable potassiumefreed soil or soil texture fimotion in a 200 ml,
Pyrex beaker with the appropriate anount of acid, To ensure groater acouracy
in judging the boiling times with acid volimes grcator than 25 ml,, the acid
was odded boiling, After 15 mimtes of boiling, the 1iquid vas poured into
80 ml, centrifuge tudbes ard centrifuges at 1300-2000 rpm, for 1 minute. The
epanatant 1iquid, which wus invarisbly free fran suspended naterial, was
dooanted carefully into 100 ml, Fyrex teakers, No attarpt was mde to wash
the rosidues in the tube as the extra potassium recovered by wshing wes found
to be less thm 1% of the total for the extract,

The extracted residie was washed back into the bdeaksr vith a
minimm amount of distilled wmter, doiling acid afdded and the mixture boiled for
a farther 15 mimtes, The extraotions were usually repcated to give 4 or 8§



Soil Extractant
J 18,40 1/10 HOg  L/b FND 1/5 Bo(NOg);  Saturated
1 760 2

New Plymouth 1,08 1,07 1,00 1,09 1,08

sandy lomm _

Taupo 0.43 0,45 0.40

s-nd

Kiripala 1,63 1,87 1,88

clay loan

silt loam

Tokmmaxu 0.60 0.58 0,61 0,60 0.60

fine sandy loem

Qmnakere 0,88 0,67 0,88

olay loem

Idabm 0062 0.66 0.67 0.86 0.67

fins sandy losm

Timaru 0,3 0.3C 0,30

sllt loam

Haloombe 0,83 0,52 0.80

silt loam

Yatemean 0,54 0,38 0,53

silt lomm

Walpera 0,62 0,68 0,66

silt loem

Himatangi 0,30 0,30 0.32

coarse sand

extraotions, Tho extracts wero not bulked topcther but were analyssd
ssparately accarding to the method descriled on pages 40 nd 41,

The weight of soil used by Wood and DeTurk (1940) was
decrensed by Pratt (1951) from 10 pms. to 2 gma, In this study, the weight
of il used was fxam 0,5 gn, to 2 mm, depending on the ratio of moil to andd,
The amller mmounts of a0il gave moh loss trouble from exwessive frothing,
partioulnrly with the yellow 'momn punice soils, yellow brown loams ad red
brovmn loams, and from amming during later extraotians,

In order to observe the effocot of rcection time an the amount of
potassiim extraoted, contimous leaching of soil samples was carried out. To
achieve standard oconditiaons of lsaching, an spparatus was designed
inocomporating the folloving foatures,

1. Lesohing Tibe, Of all glass construction, 20 oms. in langth, 20 mm. 0.4,
Pyrex tude, Joined dy an 8 mm,0,4, Fyrex tube to a Fyrex
tap, which controlled the rate of flow of the extrugtant,
The tubes used had a ground glass joint Just sbove the
level of mil 4in tho tube but thia was not essential
although it facilitated the plesing of the samples in
the tubea.
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FIGURE 12.

DIAGRAM OF LILACHING APPARATUS,

l. Leachins Tube,

2. Constant Temperature Bath.
3. Constant level acid supply.
Acid pre-heater.

5. Bath Fenter.

\ DETAIL _OF
LITACHING TUBE.
' N
T 'y -
Acid.
4. 2 i,
w
R
[ 5 ) /
Glass
Wool.
Soil.
= Filter
Glass
\E%ol.
2z [~
Fig. 12. - Disgram of the LeachinT Apparatus

and of the Leaching Tube.
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The tnbe was mounted in a rubber stopper fitting the
1) inch oopper tubes mounted in the dbottom of

2, the Constant Temperature Bath, This wos made from unlagged sheet copper
and was s1fflclently large to hold 3 camplete seta of
lenching tubes, It was fitted with mn elestric 1.5 kw
heating element to maintain 4¢he water at the Doiling
toint and with a o-nstant water level Gevice.

3. A Comstant Level Supply dnocorporating a nroheater for the acld leaching
agent, was constructcd as ehown in Pioure 12, Far
flexihility, lengthas of rubber tubing were nscesaary in
the acld fecd from the reserwir to the mrehoater ard 4n
the air retum, The mtopooclk in the acid feed line ia
required anly to start and to stop the flow at the
beginning amd end of ensh leaching,

It was found that a reaction bempernture of 96-97C was main-
tained by this equipnent at all rates of flow less than 10 ml, per minute,

Details of the appsratus are shorm in Figure 12, with further
detailas of the leachinpg tube Bvwing the method of pecidng in a larrer smsoale

ddagran In the same fipure,

Liguid sam:les were colleoted at specified fime intervals and
the rate of leanchiing calculated from the ob arved volume of leachate, With
coarse textured soils and sand froctione, no dAifficulty was experienced in
controlling and reproduwoing flow rates but Tith fine textured soils ard silt
and olay frnotions, flow Tatea were diffiailt % control, DReocause of this,
the majority of tho nold extraotions were oarried out by the batch method,
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The exporimontal work vme carried out in the present s tndy
in 4 main ecotians as follom:

1. Cropring of soil samples with I%slian ryegrmss under intensive
flasahouse conditione,

2, Extraction of the cropped soils with nitxric acid to ensble
chonges in the nan=exhangeshle potassim resnlting from the
ocropping to he follered,

3 A aritiocsl cxminaiion of the oondibtlons of extraction of
potassium by nitric aoid,

4, Correlation of chemically deternined potassium date with the
lnown potassium reasponse statas of soils,

In the present sivdy, the primery object of the cropping
wae to reduce the awmiloble potassium level in we s011s, thereby
upsetting the equilibria beiween the forma of' soill potassiun,  Under
these corditions, it had been ivan by wmumy workeras (see pages 10 et seq,)
that varying smounts of non-sxchangeahle potvassium ae taken up by plants
and that the m0ils cropped gy he classified scowdliyy x de -mrud of
non-exzhengeahle potassium aveilable,

Althm:gh by eropring the totsl uptake of mvailable
potassiur may be deternined, no indication o the amounks daken up of
exchangesble pcteseivm ad of non-exchangeskle potesedum cen be
detormmined, wless chemical %tcsta differentiating between these forms,
are carried cut. ZExtraction of the =0il as a whole, althourh giving
the @bove informatwion, does not show the sources of the available
potassium, To find them, it is neceasary tc trest fractiors cf the soil,
e. g, tle texture fractions, with the potassium extractants.

Althouph Olsen and Shaw (1943) and Merwin (1950) had
shown by uptake measurements, thet moet potessiur ie teker w fram the
finer fraotions, no record was found of any previcus attempt to
determine by chemicsl mesns which texbture fracticns and minerals had
liberated potassium %o plants,

The cropping experiment described on the following ovages
was designed to provide for lsboratory testing, samples of -soil with
distwrbed potessium equilibria,
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The growth of I4%alian ryegramss and the potansium onnten$ o
the herbase were detemined at 3 weelly interwls by outting the follame at
a height of 3 a1, from the surface of the pots and by analysing the weiched
oven dried herbage as demcribed on page 79, Ths individnal soils
differed in the avomnts of dry mtier prodiced, in the amomnts of potassium
talen up and in the rercentare of potassium in the dried tisme,

A description of the growth characterisiios of the plants
georm on the 12 anila follows on pages 46 to 53,

New !1ymouth Sandy Loem, Fobts AS, A5, A8, Sowm 2/4/53.

The mss, after sxridng adlowly with an average of 4 secdlings
per rot, prew slowly for 4 months af'tor which it grew with incressing rapidity
af'ter Ootober 1253, with the cnact of hot weat!er with plaanhouse adr
moxdmm temsemtbtxos un o OMSOP, e mrowth rate fell rapidly, Some of
the planta flowerod at ¥his time and althmagh deflowered, elmost oceased
growing, In Jamary-Februory 1984, many plnts died and in an atternt to
maintain rrowth,all pots of thls acries were resomn unsicoessfully in March
and miccesafvlly in Mgy 1054, The mode of death of the rlonis wes striking
in thnt apparently heal.thy rlonts f£ailed to grow after being harveated,

The growth nattern in tho seonrd yeor mas easentlally similar & that of the
firmt year with the maxiim growth in Octoher,

Initially, the rotasaium contmt of the hethage was high,
4,5=5,4% K, tut 1t fell %o 1,4-1,75 K in Ostcber 1953 and o 0,8% K in
Toverher 1953, remaining at thot fimwe until the death of the plants in
Februnry 1984, The rotasalim nerventare of the cihare from the rwrown nots
wns hirher at 1,5% K forr 2 nonths dut it fell quicldy to a constand
0,3=-0,4% K when the growth mte inorcased in Septaber 1064, It was notice-
ahle that the aqueous extract of the tismics very low in potaasiim gave an
intenscly colonrod sodium flnme,

Potassiim deficlenoy symptons, 6., narginal leaf moorch,
arpreared in these rots and in cthers when the potassium percentase in the
dried tissue fell below 0,64 K,

Zaupo Sand Pots C1, 02, C6, Som 2/4/53,

The gross stmick quickly with sn average of 9 seedlings rer pot
ord prow strongly until Ootober 1958 after which growth decrensed rapidly,
with a high mortality rate after outs in Deceber 1953 ard Januoxry 1954,
Attampts tr renew growth hy reseeding were unsicoesafil but scedlings trone=
planted in Fehruary 1955 with ebout 1 gm, of =01l attached, grew rcascrably
well,

The potassiim content of the habage was frum 3.7-4.0% K until
Septerber 1958 aftcr which it fell rapidly to hesome 0,64 K in Ootober 1053,



vhen the growth rate fell o low levela in Desesher 19568 the potasalim
rerentate in the hedbam® mmac again to 1,0-1,9% K,  The grorth of the
transplanted secedlings wos low in potasaimm, vis, 0,7% K,

Eiripaks Clav Loam, Pot:n B2, ES5, M, Scwn 23/4/5S,

Cannidoroble difficlty ms exreriaced in starting growth in
these rots,  This very gonulor soil wmas A4fficult ¢ pack arrund the seeds,
I4{ w8 also wry difficilt ‘v wet and wes veory firse d&raining, Youp plants
wilted badly until Septeber, 1053, when sufficient roois had dewloped to
enable them to feed from the dminae enntaiver, The rlanta grow strongly
until early Deoc-her 1953 affer vhich omwth decressed rapidly with a
oonsiderable loss of plats, The pots were replanted in May 1964 and prowth
during the sccad year followed the pattorn of the firat yeor with the
maxdmyn growth in Novembhcp=Deocher,

\ The potassiim corntent of the herbame wns high, 4,4-8,2% K, mntil
Noverher 1753, aftor vhich 1% fell to 1,5-2.0% K, The herhare from the
veplonted rots onntained 2,2-3.4% K while growth wa slow, but when rrowth
became nare rrdd 1t fell to 0,3% K, with posanalum defielency syre loms
anpearing,

M 541t Pots (8, G&, 05, Sovn 6/5/53,

The prass sccda struck mell with an average of 7 seedlinga per
rot and mrew mpidly, These tere the heaviest rrodueing pots in Septeber
ard October 1963, but growth fell off rapidly vi th many plants dring. A1l
pots were resomi in Msy 1854 bhut recrowth ms nct very vigorous,

The potassium cortent af the herbage was indtinlly 3.8-5,.0% K
but fell to 2,8-2,5% K during the period of very rapid growth in Ootoher
1553, rising $o 3,0=-3.53% K ard remaining at this level until the vlan's dled
in April 1954, The rosswn graas produoed herbage with a potaasium content
of 3.7-6.% K until August 1954, after mhich with inoreased crowth, it fell
to 1.5-1,9% K,

o Fine 8 0 Pots 12, 15, 16, Sown 20/5/53,

Aftor a dlow striks, averaging 3 scedlings per pot, the prowth
raste increased vory mpidly until October 1955, falling off ecqually rapidly,
all planta dying after cuts in Jamuary and February 1954, They were resomm
in ¥May 1954, the pattern of gowth heing very emilar to that of the first
orop with ylelds of dry matter cont half that of the firat arop,

Por the first tlwee months, the potassium perventage in the
harbage wan high, vis, 4.4-5.1% K, but it fell to 0,7=1.4% K for the remainder
of the firat growth period, The resown grass af'ter the initial out
contained 0,6-1,0% K,

The structure of the acil in these pota deteriorated apprecindly
vhen water was added to the muwface, VWhen the pots wore resown, water was
added by standing the pots in water,
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Qmakere Olay loem, Pots K, K3, K&, Sown 80/7/53.
A opnd strile sveraging 9 scedlings ner -ot was fhllowed by

roid growth undl Decerber 1953, after whiah growth fell off suddenly to
shout 18 of e maximin rate. he plants vhiieh had appearod quite heal thy
dded quite mddenly afber being cut in Yareh 1264, Resowing in Moy 1954,
me saccensnfll, reasonshle growth being prodised, After roaowing the pots
were wmatered as Covr the Jolmmara fine sandy loam pots, by standing in water,

The potasnim eontent of the hevbare foll steadily fiom 5,4% K
in the first cut te 4,74 K in the scoornd and to 2,1% K in $he fourth eat,
thereafter remaining nt 1,7-2,53 %,  In the second crop of gronn, ibe

&

potasslim reroentope wos faivly eorstont tlmmurhert at 2.8«5,25 K,

1dbumn Fize Sopdy Lopy,  obs M1, 19, W5, Som 12/5/54,

Thesse pois alruck well, sverazing 9 seediings per pot, and
grew quite well Lor 4 nontha, affer vhich moat of the plante died, Attampts
$0 rescw and to trananlant seedlings to these pota failed to give plants
which lived for any longth of *dme, This soil is virtually simictxcless
and aprears guite wsiit-hle for glasshouse pot irials,

The potassim content of the herbare ma 3,0-3,37% K Hhroughont,

Dimary Sidt Logm, Pots M, 112, W, Sem 19/5/54,

Aftcr a alor atart followine an exeellent sirile averasing
11 seedlinma per not, these nota rroduced at a moderate rate nntil Movesber
1884 af'tor which the rrewth was ratler now,

The nokrosaiim enntent of e herhase foll fownm 3,05 K 4n
Sentember 1784 4o N,03% X i1 Yaweh 1055,

Haloambe Silt Loam, Irois G1, 02, %3, Som 12/5/54,

Or.oe established, the frass in these potas grew n% a mate
similar Yo those mrovwing on Timaru silt loam, The preabor rotasaium uptale
wus the resilt of a considerably hichwer potesasinn nereatapge in the Ferbage
tan thiat from the Timam sllt loam pois, The initdal potassiim level wos
4,1% R falling dowly o 2,575 K by May 1955,

Matamey Silt koam, Fois i1, T2, I3, Som 17/0/54,

Seedlings ‘roraplanted at 4 per pot fmom pots of Timera ailt
loem, struck well, maling vigprous growth from Ausuat to Decarher 10564,
Considerable growth oocarred until the end of the exparimant in Octsber 1955,

The potassium ontent of the herbage in the firat cat ws
3.4~4.2% K but fell to 2,0=2,4% K, 1,1-1,37 K mnd 0,4=0,8% K 4in czts no's
2, 3 and 4, Subssquent growth oontained from 0,3-0,73 K, Ams with the low
potassim herbage from the lew Plymouth sandy loam rots, these cats Ind a
high sodlum content,

Pranounced potassium defiolency symptoms apposred during iforoh
to May 1955, but the growth rate was not depressed,



A 2 ttine for 3 soks ey
1953 1954 1953
Soil Soil 2 manths
Groap ending June August 0o, Deqg, ¥eb, April June July 3opt, Deoc. Fed, Hay Augnst  Oct,
New Plymouth YB loam | mgme, K 28 36,0 15,0 322 1855 0.0 9.7 84,7 3.1 15,8 Sel 2.9 5.7 6,0
m loem g8, DM,| 0,00 0.78 7.43 3,8 2¢ 3O 0,90 0.4 Oe 27 1.02 3.73 2.08 .88 1,90 2.45
)4 4.5 4.3 2.1 0.7 0.7 - 1.5 04 0.3 0.4 0.2 0.5 0.3 0.2
Tmpo aand B ngnte K 7.C 63,5 58.9 10,1 0,9 = 10,0 5.0 1.1
puxioce ora DM, 0,13 1,31 5,83 0,33 0.3 1.2% 0 74 4,35
Kiripaka RB loam | mgms.K 0,1 15,3 235,0 183,7 1,1 de 3 6.2 16,8 13,6 23.8 5.7 7.5 5.0 8.5
olsy lomm oms, D}, 9,00 0,35 5,92 5,21 0,73 0, 20 De21 1,28 1.17 .74 1,83 127 1,010 4,10
) 4 3.3 44 4.4 345 1.9 1.7 3.0 1.3 p 0.6 0.3 0.6 0.5 0,2 .
Middl elxrat HB loan | mgna, K 2,6 70,1 191,0 3.9 28,0 9.9 29,9 7«1 4,5 1.7 15.1 16.1 20, 2 27.8 ®
mt M m D.H. 0. % 1‘ ?8 7. 70 2.% 00 78 0. 39 0. 7‘ 004‘2 0. w 0.“ 0. 96 0.60 0087 1.% .
m 6.5 5.9 2.5 ?).6 3.5 305 4.0 1.7 1.‘ 2.1 1‘6 2.7 2.5 1.7
Tokoamaxu P {+ o, K - 13,7 140.4 33.9 1.7 0,0 1.4 2,3 8.9 15.4 4,3 2.5 10,7 17.7
fine sandy ona, DM, - 0,28 5,47 299 0e72 0,0 Qe 05 1,22 1.21 1.82 1.59 0.42 0,79 1,86
m m 4.9 2.5 1.1 106 L 208 008 007 0.7 0.5 0.6 103 0.9
Gmk=ro YGE mgns, K - 1.3 55,8 23,0 U9 G.0 3teld 35,1 15,7 24,0 4.1 27.5 18,2 25,0
olay loam gm, D, = 0,02 4,93 4,24 0.87 0,0 0,85 0,82 0,81 1,04 1,34 0.6 0.74 1.36
m 65 32 23 1.7 - 37 2.8 2.2 2:4 0.3 2.9 2.2 1.7




TABLS

e

CBLULATIVE UFTAIE OF POLASSIES AID CEMULATIVE YIILD P DY MATTER FRQM POT TRIALS
Avernge for 3 nots per soil

1953 195¢ 1955
Soil Soil Peried

Group | cnding June August Oot, Deo, Feb, Amxil June July Sept, Dec, Feb, day August Oct,

fiew Flymouth YB loam | ngma, K Ge83 30,8 195,3 237,50 254,0 2B4.0 W37 272.4 275.,5 291,% «2  299,1 304,8 310.8
andy loma B Doy .06 0,82 Be285 13488 16,18 16,13 16,82 19,08 20,11 23,69 25,05 26,05 28,45 30,80

- Tanpo sand B mgms, K 7.0 09,5 128.,4 138,55 139.4 149.4 154.4 16G6,5
m mae Douu 0. 16 1. T 7042 8.4!0 8048 9.72 10.46 M.el

soil

Eiripala RB mgme, K 0l 15,4 274.4 4158.1 472.2 470.7 431.8 498B,7 512,3 538,1 541.8 535,56 540,55 49,0
olv lm loam oma, D.M. 0.00 O.ﬁ 6.?7 11.48 12.?1 12.41 12062 15.% 15.07 13.81 30064 21062 22065 26.75

Middl st B mgas, K 2.8 27T W8, 7T 330.06 Bl.2 370,77 400,6 407.7 412,2 435,9 439,0 47%.8 500,0 527.8
silt loan loem ges, Doy 0,04 1,82 9,62 1,88 12,86 12,95 13,39 14,11 14,40 4,24 15,87 17.19 18,08 19,73

Tolkaomaxa IGR mgms, K - 3.7 183.1 197.C 208.7 208.7 Q0.1 219,06 2281 2415 245.8 248,3 259,00 276,7
fine sandy loam gme, DM, - 0,23 Ge7D 9.7 10,45 10,45 10,50 11.78 12,99 WK.81 16,20 168,62 17.41 19,27

Cmakere YBB ngaa, K - 1.5  157,1 285,1 270,0 270,0 94,1 I317.2 330,9 34,9 35,0 396,5 402,7 415.7
clay loem gme, D, - 0,C2 4,93 9.17 10,4 10,44 10,69 11.51 12,12 13,16 14,40 15.3 16,10 17.45

0s
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UPTAKE GF COTASSL G Aib LIShD UF DR Asied AW £OT TRIALS

Avergge of 2 nanths' cutting for 5 sots per soil

-
Sodl Soil |2 manths Ll S

Group |ending Jady Sapt, slow, Jan, Hazch ey August Oct,

Idahon DGE mgns, K 208 44,8 10,0 4o B 7.8 3.8 10,2 21,6
fine sandy loam o3 DM, Do (7 1,56 0.90 0,13 0,22 0,13 0,51 .86

K % 3’1 3.5 5.5 3.6 5.5 300 5.5 3.5

Tinara IGE mgma, K 1.9 5945 64,7 9,7 4,0 2, 2 1.3 23,2
allt loan s, D, 0,08 2,08 Ze 0,63 0,63 0.9 0.82 1.81

K% 3.0 29 D3 1.4 0.7 2 1.8 1.3

Haloasbe YGB mamng, X 0,5 22,0 103,0 16,6 8.9 13,0 15.6 5,8
silt loam fms, Dok, 0,02 0,53 3,16 0,45 0,38 0,55 0,84 1.39

K 269 4.1 Sed 3.7 2 2.4 1.9 1.9

Matanma YB loam| ngua, K 2.0 10,8 G227 3067 4.9 2.6 3.0 3.2
gdlt loam s, DM, 0,08 5,10 8.29 2,07 0,32 0,62 0.92 .11

K % 3.3 D02 0.0 0.5 0.6 0.4 0.3 0e 3

Watpara YGE mgns, K - 113.8 129,1 40.3 12,3 14,8 23,5 25,5
mt M m. D.a. o 5.% 5.12 10% o.m 0.76 1.% 1.64

K # 366 2,5 24 2.5 2,0 1.5 1,5

Bhw n m K — EB;B 55.4 1508 0.8 5.1 4.0 8.6
caarse aand sand omae D,li, - 3.48 4,38 1,58 0,08 0,58 0,45 1,87

K % 1.7 1.3 0.8 1,0 0.9 0,9 0eS

18]



Sed1 Sefl | Period E0a A0S
Group onding July Septe 3HOVe Joe Aaxch Lany Aungust Oot,
Idabuzn b ¢+ agna, X Red 4760 37,0 118 09,0 T3.4 383.6 106,32
fine aandy loam onay, Dl C. 07 1,43 1,73 1,30 208 221 2,52 3.38
Haloambe Yo 2oma, K 0.5 M5 125,5 12,1 152.0 164,0 179.8 200, 4
allt loam Ty Deiie 3:02 Ue 30 e 72 %18 4,54 5¢09 5.09 7.8
mt m \m D-;‘. o. m 5.1}3 m.35 13. 62 15.44 17. &3 17.% 19. 09
daipure = mgaa, K 3 110.8 47,9 8.2 500,5 315.3 3208 3643
dlt 10- m D“«Q. - 3.36 3.46 10.1[6 10.66 u.43 uo % 13.62
Himatangi YB sand | g X - 58,8 4,2 123,0 129,8 133,9 157.9 148,5
coarso mand Be Delly - Je 43 708 .44 0652 10,10 10,53 12,40




¥ajpara S40t Logm, Fota Q1, Q3, Q3. Sown 28/7/54,
Se=dlincs grom in Taupe sand for cne manth were trmsplanted at

4 por pot erd immediciely made vigmrous growth, The growth rate deolined in
Jarmary 1958 to dhout one guarter of the maxdimm rate,

The initial ocut of herbape contained 8,64 K but sihsequent
outs contained fiom 2,1-2,6% K,

Hipatengl Coorpe Sed, Pots Rl, R2, R3.  Somn 20/7/54
Seadlings gmwn in Taipn sand fHr one month and transplanted at

4 per not grew at a rate very similar to that of asadlings planted in Waipara
8ilt loam, exoept fx the wonth of Feltrunry 1055, when the plants in the
Himatangl sand produced very little foliage,

The potassium content of the harbage was low throughout starting
at 1,6=1,9% K, £alling to 0,8% K by Jamary 1056 and remaining at this figre
until Ogtober 1985 when it fell to 0,5% K, plants then showing po tessiim
deficiency eymptams,

The anount of potassium talmn up by the ryegruss and the smount
of ary matter nroduced during the period of axopping is shown in detail 4in
Tables 8, 9, 10, 11,

During the rericd of oropiing, the level of emhmgeable potassium
in the rots vas detertined at intervals of aprroxinmately 6 months, The
"initiel” sgupling dnte mentioned in most tobles <f results referring to orop-
ped g0ils 1s the date of mowing of the pots, and the data under this heading
refer tv that determined on unoropped, unfertilized laboratory smmples speci-
ficed on page 27, Tdble 12 sets cut the "initdal" sampling dates, i.e. the
dates of svwing of the npots,

Soil Date
Rew P](yMl& 2,4.339,
sandy loaa
Temipo 204453,
sand
Kiripala 33,4, 53,
clay loan
Middlehrat 6050580
silt lom
Tokmmary 28,06,53,
fine sandy lom
Qmakere 80,7, 55,
oclay losm
Jdadum 12.5.54,
fine sandy losa
Timara 12.5.“.
silt loam
Halogsbe 13,554,
silt loem
Mataman 17.60“0
silt loam
"m 38,7+ 54,
silt lomm
Mimatangi 98.7.54,
coarss sand
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These detarminatians, reported in Teble 13, show that the
level of emhangeable potassium 4n the bulk s0il esmples, collected in all
oases during periocds of slow growth, fell, to a rmore or less constant \/
level vhen these s0ils were amibjeoted tp more intensive growth under pglass-
house oonditiana, The attaining of this constant minimm level of
emhangesble potassium coincided with the resching of a minimm level of
potassiim in the ryesrass,

gl 4 4 4 % 4 4 3B
g b 2 v o a ".l o A
o1 4 3 & < & 4 4 9 4
. New Plymouth 1,10 0,45 0,28 0,20 0,16 0,18 0,20 0,20
- sandy loem
. Taupo 0.4 0,15 o111 0,12 0O 0,14 0,12 0.10
© saml
Kiripaka 1,58 0,80 0,2%¢ 0,20 0,16 0,16 0.18 0,20
olay loma
Midlstepat 0,61 0,33 0,35 0,34 0,53 0,43 0,48 0,49
" silt loam ({2mm)
Takomara 061 0,22 0,17 0,13 0,10 0,12 0,12 0,14
f.e, loem
Gnakere 0,68 0,30 0,94 0,22 0,20 0,22 0,30 0,31
olay loam
Idaburn 0,86 -~ - 0,54 0,89 0,55 0,56 0,48
fo8, lomm
Timaru 0,30 - - 0,25 0,8 0,8 0,30 0,26
silt lomm
. Haloombe 0,52 - - 0,50 0,18 0,28 0, 0.18
silt lom
Mataman 0,56 o = 0,3 0,22 0,3 0,28 0,22
silt loam
Waipara 0,88 = - 0,47 0,30 0,42 0,47 0,40
allt lom
Kmmi 0.50 - - 0. 0 0.16 0.10 O.IB 0.“
coarse sard

I gmaral, the exhangesble potassium lovel of the pots was
reflected in the proportion of potassium in the dry matter, partimlarly Vv
where there wns little release of nanemhangesbie potasshm, Exsot
relationships between the emhangeable potassium and the percentage of



potassiim in the dry matter would not be expected

a, Bepanse of veriations in the growth rate Wwought sbout by enviran-
mental condi tians not related to the potassium ocontent, e,z the
depressing effeots on gyowth of soil tempermtmres in exess of 70°F
on rygrass crowth (Mdtchell, 1955),

b Beomss of veriatims in the eility of the s0ils to apply sodlim v
vhich 48 sble to replace in part the potasalum needed dy plants,

6. Bocause of inareasing raturity of the plants, Wells (1954) has shown
that the potassium perocntage of sweet vernal Jdeareases oonsiderabdly
with inoreasing mbrity, Italian rregrass wuld prdably reasst
«mlarly,

A oomparisocn of the total uptake of potassium by tho ryegrass
on the basis of 1000 gms, of oven &y soil per pot (Teble 14) and the
exchangecble potaasium levels during the oropying period (Teble 13) shows
that potassium whioh was not exhanpeable at the boginning of the acropping
was token up by the ryograss plants, The smounts of nonemshanceahls
potassium taken up are given in Teble 15, the data for which was ocaloulated
by mibtreoting the indtinl exchangeadle potassium values from the mmm of
the rosidual exchangecble potassium and the potassium removed by aropping,

It may be mscan that conaidershle amounts of nmmexwhangpadle
potassim, up to 1,76 mef K, were ussd, There appears to be no correlatim
between the uptake of nonexahanppadle potassium and the initial exmhange-
edble potassimm level (Figure 18), dbut tho uptale of nonexshmgesble
potasaiwm and the residial emhangsable potassim level appears o be
related (Pioure M4).
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Beoause of the madn cdject of the pot trials was to cbserve _/
the offests of plamt growih on the Corbds of s0il potassim, no attempt was
pede o ensure that maxizy: growth took place but mmther that a reasanahle
growth rate was zaintained, For thds rsason and becanss there wore anly
3 replicates for easch moil, the yiclds of Gry matter and the potassiim uptake
mist not be regarded as ean exmot wasure of potassiim availebility to de
used for camaring one soil with smothex, L/

18 4 4 % 4 4 %
g3 4 & 4 4 4 A
Sosl g & & &5 & 8 49
med mef meh met mef med | mel
New Plymouth 0,81 0,7 0,06 0,01 0,84 0,08 0,98
eandy loem
Teapo cand 034 0,38 0,38 0,38 0,38 0,39 0,43
Tiripala 0,78 1,3¢ 1,47 1,35 1.54 1,85 1.37
olay loma
Middlehurst 0,71 0,98 1,12 1,13 1,18 1,38 1.43
silt lomm
Tokomazu 0,43 0,3 0,81 0,35 0,07 0,70 0,74
o8 loam
Omakmre 0,40 0,09 0.8 0,21 1,00 1,04 1,07
clay loam
Ihbm - - 0. 12 C.w 0.17 0.20 o. m
f.8., loam
Tm bl - 0015 0055 OQw 0.40 0.“
silt losm
Em»cm C - o.w 0.56 0.39 0.“ 0.&
silt lomm
nm - - o. 20 Ugﬁ 0.“ O. 51 0. 51
silt loms
VWaipara - = 0,30 0,74 0,77 0,84 0,93
i1t loan
n"w Ll - 0.15 0.58 C‘. 35 0.55 0. 3'?
ocoarse aand




New Plymouth

aandy loam

Tennpo
sand

Kiripala
olay loma

MiAdlehurwt
si1t lom ((2mn.)

Taokomaza
t‘ Be loan

Qemicnro
olay lomm

Idabxn
f.8. loan

Timara
allt loam

Haloombhe
eilt lomm

Ma tama
81lt loam

Walpara
8ilt lom

Himatangi

coarme annd

0,03

0,02

0,66

0,04

0,02

0,02

1,02

0.12

0,25

o.11

1,19

0,13

0.39

0,01

0,09

0,04

0.12

0,06

1,82

0.18

0.54

0.07

0,34

0.12

0,20

0.5¢

0,19

1‘ 65

0.21

0,08

0,40

0.25

0,23

0.%

0.21

0.21

1.76

0.27

0,70

0,08

0.42

0,19

0.18

0.68

0.21




As it wos considered that exchangeable potassium figires wuld
not give mfficient infomation with regnrd to the potassium status of the
sadl, it was deoided, on the basis of published work, to investigate the
soila used foar aropping by extracting with K rmos.

Although the majority of worlums had adopted a single 10 mimite
boiling af'ter a preliminary 15 minube making at room temperature, at a soil
to e0dd ratio of 1 pgm, 8041 to 10 ml N acid or at 1 pn, to 12; ml N acdd
beanuse of the exvellent correlations between arop yields and the acid
solible potassium values so dstrrmined, there were reparts that the amount of
potansiunm was dependent on the oonditions of extractiam, Far emmple,
DeTurk, Wood and Bray (19¢S) found that over the range J = 10 N ecid, the
anount of potassium extraoted, inoreased with the strength of aoid up %o 8§ J.
Reitameier et al (1951) showed a maried incroasc in potapsium extracted by
5 Ji o, and 6% 1010, caonpared with Jj acids and Rouse and Dertrmmmn (1049)
stated that the amomnt of potassium extracted by acld Loresscd with
inoreasing time of exztragtion and with inoreasing soil to acid mtin over
an undefined renge,

To test the above reparts of the effests of time of heating and
of varintions in aoid ocanoentration and to £ind whether a different boiling
time was more suitable, 5 gm. samples of 5 soils, previocualy freed fyom
oxhangeable bases by soaking for 2 hours and one hour in }j/10 HIOg, wore
extraoted with 6Oml. N HINO, added boiling, and maintained boiling for cne
hour, 25 ml, samples of the extracting liquid were talzen irmediately
(3.e. within 1 mimite) and after boiling for 5, 10, 15, 20, SO and GO minutes,

Sazple weight S gns,
Duplioate dstcrminations reparted,

Time of aupling in mirmtes

Sefl 1 5 10 15 20 30 60
mej} me’h me’} me) mes’ mefh me%
Hiddlehurst 0,24 1,93 3,53 4,32 4,00 4,90 5,54
silt loam 0,14 1,71 3,62 4,37 4.63 4,68 5,48
Tokomaru 0,10 0,30 0,060 0,89 1,08 1.43 2,20

mmi:am 0,02 012 0,22 0,51 0,% 0,56 1,08
sandy losn 0.00 0,15 0,22 0,51 0,38 0,58 1,07

In this and in other extreotions, vhen the volume of a0id
exweoded 25 ml,, it was found that several rdnutes wsre required to raiss
the temperature of the liquid to the bdoiling point, e,8. 100 ml, requiring
about 4-8 mimites, It was easier to reproduce acourately the boiling times
Af the acid was bolling when addsd to the soil, When this was done, only



20=30 e®oands were roquired to bring the mixtwre hask to the boiling point,
irrospective of the wolume added,

Tha remlts of the ehove extraotim, (Teble 1B) ehow that the
 mount of potessim extracted, inoreased with the time of heating for all the
soils teated, the rate of inercase varying between the sodls, By doudbling
the time of extxaoticn fivm 10 to 20 minutes ar fyrom 15 to 30 mimites ar
frem 80 to GO0 mMinutes, the amount of potassium extructed fram the Few
Flymouth smdy loem wns nearly doubled but for the Tokomaru fins sendy loam,
the increase ws only 504 and for the Middlehrst ailt loem, the incrense was
15-307 after the first 10 ninutes, during widch ¢ims, the potassiun extructed
inareased very mapidly, The variation between duplicats extrsotiona wes
found %o be larper with the 5 minute and 10 minute extxmotiona than with the
15 mirute and longer extractims, The extreotion time of 10 minutes
recaorerded and used by other worlers was therefare amended to one of
15 minutes,

In the oourse of bolling a sdl smmple A th I IO 59 oxidation
\/ of the arganic natter cocuwrs with the ewlutian of cardon dioxdde, With
8oils hich in organis matter, mich as the llew Tlymoith endr loam, this
oarbn dloxide pmdunoses larye amomta of froth, It is neceseary, therefare,
to use wide mouthed vessels, mich as bealrrs, for the extrnotions with the
consoquent rislc of volume chances diring the extrmotions,

The effeot of wrying the conoantratdan of asid, while lwceping
the total amount of 2018 constant, mas oheoled for the Hiddehurat ellt loam,
Tokomru fire sandy Joem and New Plymouth sapdy loam, Table 17 siwows that

Ratio of soil tomM lm.a 100 me, acid,

Tire of heating 10 miiwites,
Apid congeniration,

== i .E,z S nah
Middlehurst 358 4. 28 4633 4,82
eilt loam
Tolamaru 0,69 0,88 0.86 0,90 0,98
fine sandy loam
M Wﬁ O.ﬁ 0081 0.81 0038 0035
sandy loam

provided the aoid consentrations ere kmpt between /2 and 8 Jj, no ervor ./
ahould be cmsed by varying, ecid onventrations, Thus it ws posaible to
neglect mnall ghanmes in te wolume of the extracting 1iquid drought edout dy
evopaxution of wmter during extreotians, Rzther, the praaence of mall
ancunts of wator from the washing back of the soil resi@nes from the centri~-
fuge twdes after the separation of tho extrsoting solutims and soil
residues, ahvuld omse no error in ths estimtions,



~/

To chegk firihor on He offocts of varying the time of
extraciion and the acid oonoontration, enmles of soils and their texbhure
frootims were leaghed with hot acid at varying flow rates, over a range of
acid strengths, in the asparatus deacrihed on pages 42,43 5. Ly,

The exshanpeahlec notasaiin wns axtrasted from 2 fgn, awrmles of
anil by twioe eoniddng for 2 hours with 40 ml. neu'xal }f aronlum aoctate,
The exnhmgeable notassiim frend soil Tas washod with distilled water o
Tomve exress amwonimm acedate and transierrod wet 4o the leaci iy ‘aibes,

_Boiling N HNOg wms added to the tubes, the omstant acid level device fitted

and the lesohing started, saxmies heing talken at 1redetorired intervals,
umally after § nmimites and ther at 10 or 15 minutes interwla,

Analysis of the exXtracta shoved that virtually no notassim was
leached during twe first 8 mimites and crmept for the Middleohrrst ailt loam,
after 15 minutes lsaohingm, rotessim wma extraoted at a nearly constent rate,
The Middlehurat silt loam yiclded conaiderahle amomts of pofassivm for
45 nimates after vhich 14 vielded rmch less potaasi'm at an a-Toximnicly
oonsimnt rate (Mgure 15),

Yhen the ezchamieshle notessinn ms Tomoved before lesching,
b7 @&llute TND, inatead of hy arrvninm scebalic, asrrecisble amounts of
rotassin wez:r« extmoted Caring the firat § miwdcse Fmm the !Middldnirst
ailt loam and from the Omaker: olay lom, poitasstim wae cxtraoted faster in
the nitial stames of leachine tha vhen aropni'm acetste wms vsed o remove
the emphangcable eatiens, (Firure 15),

During theac extracticns, diffcrent Mow rates, probably oamsed
by varlatims dn the nacldng of v s0il dn the Gdes, seraisted Yrouchout
the dmlicate extractianis of the Teolonarn fire sandy loam amdl the Omalere olgy
loam, In both cases, *he slower loaching rates bro:wvhi oud leas potassium
41 a gi7en tine than d4d Caster leaching (Ticure 15), 7o acheck vhether the
varda tdons wexe hrourht sho:t by the differcroes in leaching ratca, 2 samides
of the Middlchurat ailt locm were leanhed st M{ferent flow ratcs, At the
flaow rates teated, rearly ldentionl mmomis of potansium mere exiyacted by
any riven volime of s0ld with a tenderey for the Alower extractiais ®
extroot s8lirhtly more potassiim per urit of volume at the ond of the
extractians than the faster onea, This shore as a s8licht dlvwrpence between
the oirves formed when the notassimm extracted i plotted against ¢he wolume

of extract (Pigurc 15).

A more thormch esgmination of $he dechaview of the Middlcharst
851t loam when ebjected tn wrving leoching rates revealed that at {low
rates lesa than 5 ml, § acld per ninute, the amcunt of potassium extreoted
wns governed entirely by the volume of leachate (Fimme 185 e,f), ¥ithout
preheating of the a0ld, flow mtes sbove 2 ml. acid per rdmite extraoted less

potassim in a given wlume than did slovwer rates, At flow rates of 4 ml, per
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FIGURE 15.

NON-EXCHANGEABLE POTASSIUM EXTRACTED BY LEACHING WITH HN03;_
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minute, vithaut preheating the reagent tenperaiure was 925, with preheating
97°C ard 1% is considered that this aiffercnoe in teperahrens would
rrodice the diffcraice bedvoen extraotim figures found at hisher flow rates
vith ad without nrehenting,

With aoid ooncertrabions otler than ji, some divirgaoe ws
found at N/4 end at 4 ¥ Dat with /2 and 2 N soluiims, the maounts of
potassiim extraoted for ay siven emount of acid exprassed as milliequivalents
of acid rer gm, s0il were the same as for I§ mcid, As with betch extraotions,
/4 acid extructed less potasslim than stronger aoids in equivalent anounts
of aodd, 4 li acid, althoyh extracting more potossiim than U acld at te
some wlune flow rate, under the conditians of the extamotian teasted, i.e,
a flow rate smivalent %o 8 ml, N 170, /e s0il/ninute, (actual low rate
2 ml, 4 N iNOg per minute), did not exlract as mioh potassiim per equivalent
anoant of acid as 414 J 10, at 2 mlfmin, A% slower rates, it is probzdle
that the 4 U 100, woild have exiracted o wuch i not more notessiim than

Yy ]
the I T70ge

It appeors “hat ihore is a minimm amoont of acid reguired to J
leach out sny given ovant of potasatim, There slso spears w he a nadrum
ot of renction bBebtmeen ¥w w0ld and the oil (ecompare cxiraoilc: Voo 1121
vith other extractions v J g Pigwe 15 ¢,f). The close dgyrendence of
the rotasnimm etiranted on the wolime of extractunt at slow leagiuing rates
oould Irply that a selutinn satureted vwith regord tn some renotion, produst,
was formed, Vhon the leaching was fant, the cbacrwed divergences oy have
Deen oniised by incamilete reastion with #he rapidly flaring aeld o by more
acid teing added than the =a0il could resct —ith,

%hen 1 g, seoloe of flie eand (a0t deferrated) separated by
Methed B (page 27) from 4iddlewrst =11t loam, Tokanaru fins se:ixdy loanm,
Qmakere clay loan and Idashuwn fine sandy lemn, were extraoied at asproxinately
1/2, 2 and G rl. O 10, per nimute, (Figuxre 16), in no case wa there gpod
agreenent bhelween the potassiim extancted and the volume of extraotant,
Indiaating that the two faster Tlow rates at least, wre in exsezs of that
reqoired to pmmduoe the meximin mate of reasticl, The dlose sgrcearent
betreen the ancnts of potassinm extracted amd the time of exbractim for the
two faster rates lerds sumort b this sappestial,

/ Mthough a eamparison of sxtraotions of soils leached ot flow
rabtes sufficiontly dlow to enehle the minimum anount of acld 4 leach out the
maximgm amoint of potessiun is possible in theery, in prastice, this would
roqiive asveral detarmmina tlons Yo enmws that the ratos were not mv fast
thet the aoid ws unsble to roeet fully with the s0il, A sounder proasdme
would be to leanh at the maximm yate posxidls and o oompare the rmximmm
ratss of rceotian, Difficulty is experienced with soile high in silt or in
clay in anrrying this cut beoanse of the limited rate of pexrvolation of aold
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tiroush these mils, It is prodbeble that improved rates of percolation
oould be ashieved by misdng qarts sad wih asich soils or by inareasing the
bore of the leashiny tubos 40 glw thinner discs of soil, Alternatiwely,
inareasing the ognecntration of the acid to 4 J or higher would incrense the
eqivalents of acid lecached,

BATCH EXTRACTION VIZTl JUTRIC ACID

An altermative apnroach tried in order to find the maximm
rate of roaotim betweon the moll and the acid, "wns to vary the ratio of soil
to a0cid in the 15 minute boiling rethod, The "batch” extraotion method,
was 80 called ¢o distinmiaeh it from the continucus leachins method, over
vhich it possesses several advartases vis,

1. Ex»ot control of the mil to ecid mtlo, vd

2. The eass of leaching of the acid tlwough the diss of mil or texture
fractim, which limits the range of extractio eonditions with
contimwpus leaghing, docs not affeot batah extrastion,

3 A much wider range of snil to acid ratins, e.f, 111,000, is posmidble
vith batch extr=etion,

Samnles of the 12 msoils nsed in the long tem oromping
experinent were extrwoted at ratios of =0il %o ecid, expressed as grams of
ovn dry s0il ner ml, N acid, of 1:12;, 1:100 and 1:200, In all oases
exoept where otherwise stated; the exchsngeeble potassium wns removed prior
to dlpgestion with } mos by sonaldng for 2 hours with 40 ml, N/10 !;\'.Nl)s
followed by a eecond soaldns for one hour with 40 ml, I/10 M0z, The sdlls,
New Plymouth snrdy losm, Temipro sand, Kiripeln olay losm, MidQlehurst silt
loam, Tokomaru fine sardy loan snd Cmkere olgy loam were olso extrnoted at a
soil to aoid ratio of 1:1%; after removal of exchargeable potassium with
neutral § amonium acetate, The rosults of thesc extractions are ranorted
in Teble 18,

At the soll to a0id ratio of 1118;, the first extrnotion
following the rawval of emshangesble potassiim with emonlim aocctate was
very much smaller than thot where Ii/10 M0y was used %o remove the
exchargeable potassim, for the Middlehurst sllt loam, Tolomaru fine eandy
loam amd Omakere olsy loam, For the other three solls there was no
diffeicnoe, In mibsequent extraotions of the Tokonaru fins anndy loam and
Omakere olay loam, there was 1ittle differcrce between the ammonium treated
scil and the hydrogen treated soll, With the Middlehurst ailt loam,
differcnoes persisted wntil the fifth extzwotim,

Althouch there were cansiderable dif'fererces between the
amounts of potaseivm extrnoted by the N mos from the warious soils, the
pattern of esoh extraction was similor, Where /10 ANO, was used to remove
exshargesble potassium, the firet J mm5 treatnent extzooted the most
potassium, with a necrly constant smomt of potassium in each extreot after
the secand, The Middlehuret allt loam showed a decline in the potassium
content of the extrmots wp to the fifth extrect,



Time of Reating

exept analyscs rariad

* , where }] arronium acetate,

15 mimites,
Exhargeable potassiim remgved befare extractions with 1i/10 HINO

o 7 used,

So11 Extraotion Number
Ratio | Exche| 1 2 S 4 5 |"Step"|"Constant"
K K |rote K
" me |me  mei mex mes mel | me mep
New Plymouth ¢ |1:1% |1.04 {0,286 0,14 0,16 0,10 0.,18| 0,1 |0,10
aandy loam 1:1 1,00 | 0,24 0,21 0,20 0,20 0,19 0,08| 0,20
13100 | 1,10 (0,31 0,25 0,20 0.25 0,26 0,05 0, 28
1:200 | 1,12 |0.50 0,25 0,24 0,28 0.26| 0,06 0,25
Taipo * 11 12& 0,45 |0,32 0,08 0,09 0,07 0,08 0.1 | 0,07
sand 11125 | 0,48 | 0,30 0.12 0,00 0,09 0.09| 0.1 |0,09
1:100 | 0,45 |0.52 0,18 0,16 0,15 0,14| 0,2 0,15
1:200 | 0,46 | 0,40 0,20 0,21 0,23 0,22| 0,2 0,22
Kiripala * 11113, 1,65 (0,18 0,07 0,09 0,07 0,008 0.1 | 0,08
clay loam 1:12; | 2.5¢ [0.28 0,15 0,14 0,14 0.15 0,1 (0,15
1:100 | 1,67 | 0.7 0,22 0,18 0,17 0,19| 0,2 0.18
1:200 | 1.57 |0.41 0,25 0,23 0,21 0.,22| 0.2 [0.22
Middlemrst ¢ | 1:1 0,61 (1,560 2,05 1,04 0,09 0,5¢| 3.1 0,88
81lt loem 1:1 0.05 |8.00 1,46 0,75 0,00 0.,49| 3.8 | 0,50
1:100 0.61 4.55 1.17 0.99 0.94 0092 5.7 0.95
11200 | 0,02 4487 1.53 1,35 1,35 1,33| 3.7 |1.33
Tolaamam * s 13;'; 0.78 [0.,37 0.24 0,28 0,28 0,30| 0.1 0,27
finc asndy loom | 1:12; | 0,08 (0,51 0.38 0,37 0,27 0,30 | 0,3 |0.28
1:100 | 0,61 | 087 0,85 0,59 0,57 0.57| 0.4 | 0,57
1:200 | 0,56 [ 0,93 0,50 0,61 0,62 0,061| 0.3 0,61
Omalare Ll [ 12-‘ 0,568 | 0,56 0.435 0,48 0,50 0.44 0.1 (0.4
olay loam 1:12; | 0,67 | 1,18 0,52 0,40 0,45 0,43| 0,3 | 0,43
1:100 | 0,63 [2.12 1,10 0,81 0,91 0,89 | 1.4 |0.90
Idab:xn 1:12; | 0,61 {1,920 1,10 0,58 0,51 0.,40| 2.0 | 0,50
fine sandy loam | 1:100 | 0,65 | 2.78 1,10 0,93 0,84 0,85| 2,0 |0,93
1:200 | 0,67 |3.01 1,15 1,08 1,08 1,05| 2,0 1,05
Timﬂm 131% 0.31 0.% 0046 0.59 0.40 0.42 OQG 0‘40
ailt loam ltlm 0,30 1.55 O.W 0093 0.88 0088 0.7 0.%
1:200 | 0,20 |1.,75 0,98 0,90 0,92 0,92| 0.8 0,92
Haloombe 1:19% | 0,58 |1,02 0,84 0,41 0,38 0,37| 0.9 | 0,38
silt loam 1:100 | 0,52 |{1.82 0,94 0.82 0,78 0,8 | 1.2 | 0,77
1:1200 | 0,5¢ |1.94 0,89 0,84 0,82 0.84 1.1 | 0,84
nam 1! 1% 0.51 O.w 0.20 0.18 0.]8 0.18 0.1 0.18
silt lom 13100 | 0,55 (0,50 0,41 0.48 0.42 0.41| 0.3 | 0,41
11200 | 0,52 | 0,73 O0.44 O.4& 0.4k O,44| 0.3 |0, 44
Waipara 1:12; | 0.62 |1.89 0,89 0,63 0,56 0,55| 1.8 |0.,56
silt lomm 1:100 | 0,65 |2,87 1.28 1,18 1,08 1,08| 2,1 (1,07
1:200 | 0,61 |3.,07 1.00 1,11 1,08 1,08( 2.0 (1,07
Himatangi 1;12; | 0,30 |0.,64 0,33 0,51 0,33 0.51| 0,3 (0,32
coarss sand 1:100 | 0,80 |1.01 0,80 0.69 0,60 0,68 O.4 |0.,69
1:200 | 0,38 (1,20 0,87 0,97 0,88 0,98 0,3 (0,93

* Ewhangesble potassium removed with } ammonium acetate, pH 7.0,




s, At the soil to asid mtio of 11100, mach greater amounts
of potassiim were extractod in all extrecfions campared vith the 1319; ratio,
The overell pattern of extrmotion was mimilar to that at a ratio of 1:112;,
omept that the difference between the firat ad miccesaive extruots was
more marked and the differenoe, if any, between the secand and sucoessive
extraots was lesa morksd, In many cases, ononstant rates of extraation
rrevalled aftor the Ciret extrastion,

The exttnoticns at a s0il t0 a0i1d mtio of 13200 were alosaly
aimllar to #ose at 1:1100, exoept that the rates of extxection wore sl ichtly
higher for the Midllehrrat 81l lom, Omalrre olay loam and IMimatangd coarse
sand, indaeting that with the sbove exeptians, the maximm rate of resotion
hod been reachsd with the 1:100 ratio of acil to asids v/

Two possible explenatiors of the extrmotion data are as
follows, Tha first, that the initiel N mvoa extraotian removes potasaium
and in 8o doing oreates e strongly poteselum fixing mbstame thdch in Y
subsequent extrestions fixes enough of the potasasium liberated by the esid
to produce an equilibrim mixtare with an almost constant consentration of
potaasiimm, The ecoond is that there are two fbmms of nonexchenpgesble
potassiim axtraoted by J{ .tmoa, s slightly eolible form extraoted at a
oonatant rate and a nare soluble fom exttacted almost entirely in tis first
extraotions,

Anaming that the firat explanation is correct, and that a
&finite proportim of the potassiim 1iberated or in solution ig refixed, it
may be shomn that the following relatimships exist,

If a = K liberated in the firat digestion, and
b/a # proporticm of K refixed,
Then the smount of K in sclution at the ed of any extraotion is

xn= (&-b)n/ln-l .
If the cmount of refimntion is amall, a)bd , and &a'-a-m.
If the awount of refimtien is sich that a =2, K =— b /"7,

If the anount of refixation is large s0 a ==b, and a =d=1%x,
Mxna;p/an-l—)o vhenx ) 3,

The type of extxhotion sequence diostated by these 3 equations
may be shomn if it is asmmed that

a=100 amd thatd = 0,10, 0,50 end 0,90,

For the ebovo valnes of & and of b, the swoessive extraotians
would contain
b = 0,10 L. 0.0, 0,80, 0,70 , 0,60, 0,80
b = 0,80 K, = 0,80 , 0,28, 0,22 , 0,08, 0,08
b = 0,90 K, =010, 0@, 000 , 0,00, 0,00,
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Caloulated on the basis of the first axtrectim being 1,00 these would
hooans

b = 0,10 K =100, 0.89 , 0,78 , 0.67 , 0.50
b=03 X =L0, 085, 02, 012, 0,0
b=090 K =100, 010, 001, 000, 0,00,

Unless the potassdum fixing sbstance suffercd considcreble ./
d=struction during digestion, none of the above would £it the reonrded date,
Further, the addition of potassium $o the extranoting solution should rosult
in oonalderable fixmtion with oonsequant low recovery fimires, a faot which
was observed (seec Table 33), amd the subsaquent extrast should contain mare
potassium then a similar one not preceded by a potassium addition, In
fact, no difference was chserved in this case, It is probebls, therefare,
that the first Hyrothesis is not wvaliq,

The seccond eplanatdon, vis, that 2 forms of potassiim of very
@ifferent mluoility are extrmoted, is mare in accoxd with the exparimamtal
data, VWhen ‘he smount of potamssim per exiraction is plotted against the
extraction nurber, the appearance of the gmxwph is that of a oonastant levael
proceded by one or more steps above it (Pimwre 17).

If 1t is asmuned thet dic consisnt lavel is equal o the rate
of' extraotion of the less anluble fcim of potasasium, then the mare soludble
portion will be represented by the s of potassium extrnoted in exess of
this value, For convenience, the potaseiym extrected at a constant rabe
io oalled "gonstant rate” potassium awd the potassiim extraoted in exmess
of this ratec in the firsi extrnots is called the "step" potassium,

A compaxisan of the extrmotian data at the moil %0 acid ratios
of 1:19), 13100 and 11200, shows that the "step" potassiim is rearly the
some for eachratio, and that the "oonsatant rate" potassium inoreases with
the wifening intdos,

In the leashing experimants, a rearly constant rate of
extreotion was reoarded after 30 - 60 minutes leaching (Figure 15), If this
rate ocurrespords 4o the "vonstant rate” potassium urder leaching, then extra-
polation back to sero volume of this cunstan$ rabe of extrmotion should give
the equivalant of the "step” potassiim of datesh extzreotions, Inspection
of the cunmilative volume ourves chows that the leaching "atep” poteassatum
is nearly iAantisn]l with the hatoh "step” potasstim.

The dependence of the potassium leached on the wolume of
leachate at slon %o medlim leaching rates, ahows that ths "step" potassim
is not of unlimited soludility., With batch extraotims, this is shown also,
At the namxrower scil to acid ratics, more extraotions are nscessary o
remove the “step” potaashim, 6,2, =t a =01l t0 acid mtio of 1119, up ®o
4 extructians may he nedessary to extzngt all the "step” potessium, wherves
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Tig.17.- Potassium soluble in N FNO,3; ratio of soil 1“,0 acid 1:100,
Exchenceable potassium removed with N/ 10 FINO3 prior to
first digestion.

A = Beesseossos"Constant Rate" Potassium.
Hatched area..."Step" Potassium,
at a mtio of 11100, the "sicp” potassirm is removcd almost entirely in
2 extractions,

Whereas the "oconstant rate" potassium is scen to be a funotion
of the mil to aoid ratio or the leaching rate and is charectoristio of each
s0il anly vhen the ratio of soil to acid 1s very wide (1:100 or greater), the
"stop" potenslim is a definite freotion, indepondent of the time of heating,
00id corocentration, ratio of eil to acid and of the method of extrastion,

Rouss aml Bartxnmsan (1949) and Pratt (1952) showed thet
potassiizn was extreoted fram all texture frastions on digestion with J HIIOS,
with the amount of potassinm extructed inoreasing with inareasing finensss of
textire, Although variations in the texture of the soils, prevented any
exact ganeral partition of the total potassium extrmoted from the whale =mils
to the different texture firmotions, about one half of the potassiim
exttacted was attributed to the clay freotians, In the presant study,
extrmotion of the texture frmotiaons, cosrse sand, fine sand, milt and clay,
scparated from the soils used for the long term cropping experiment, at a
range of s0lid to acid ratios, confirmed that potassimm was extraoted fxrom
all frnotims with the groctest smomnts per unit weight being extraoted
from the olay fraotimns (Tables 19, 20, 21 ard 23).




‘The coarme sxde gave "constant rate” potassiim valucs cloee
0 thoss Pamd Par e corressarring {lne sanlls, #<oept far the mamds {ram
the #iddlevrest 8ilt loam, ‘o "atep” potassiun far the oocarse sxuds was
mich less than that for the finc sands, Tw coarse sands dhowed no "atep”
rotassim,

The ooarse s fron the Middlerwest ailt loam on inspection
wdcs- inforosespe, waz seeni $o be largely agrXepates of fine sand aise
crystaln Jolned by a rmatrix of indefinlie composition but apparently of
sesquioxides, olosely msebling Muonite,  On digestion with N 0, this
matrlx ddseslved producing a eslution wery hipgh in irm amd leaving a
Tesidie, mredominately fine sard, The larpe emount of potasaium liberated
in the firsi amd sceond extractians is v 2sumed o have ome from this
magrostractire heealdown, waich by obscrvatian was cumplele after 2
extractions, The other coarse sands extracted, i,e, Taipo, (maksre,
Idaburn and lfimagangi, were predaninatcly of single grain shructure of
oomposition similar ts the fina sand, but with the Idaburn cocorse sand, no
mitioenble anounts of misas were ;rosent,

The atiTaction poiterns of the fine sands (Teble 20), showed
anly a siperficial resamblciwce to those of the whole eoils, The "constant
rate” potassiim wns less than that oy the hole mils at corpartdle ratios
and tha "step” potansium, whiore present, wos less than that for the vhole
soila, emoert for the Himatangl coarse sand, vhiah is mainly sand (ca. 95%).
Where the fine sards were exiracted at more than one sand %o acid ratlo,
1t was nosioeable that inoreasing the rmiio »f acid 3o awd, pinduced
Uttle change in the znount of potumsiam sxtrnoted at mtilos widsr than
1:12; for the Tmapo and Tolwmam finz sands, and 1135 for the Gnalame fine
aond, hut that digestion at the ratio 1:100 axtracted uore "osnstant
rate” rotassiim fron the lddlchurst ond 1dabon fine sands than did
dlgestioan ab a2 matlo cf 1:50,

Ingpection of Table 21, which sets out the extrootion data
for the silt fHrontions, showas that 21l the ail%a extrected, had appreoisbls
aten” potasmium, with the exnopticns of the Tokomaru ad Timaru silts whish
had "step” rotasoium values of 0,0 me KA and 0,2 me K respectively, The
"constant roate” potasaiim wan one ond a half & ‘hrec times that of the
carrespond ing fine sands, ement far the Walpera silt loam, whars both the
8ilt and fine sand had approximately the samp "oconstant rate” potassium,
With the five soils where the ailts were extrested at more than one silt
to so0id ratio, inoreasing the amaunt of acdd inoresed tlw "oconstant rate”
potassium, With e dwo allta which liderated larpe emrunts of potassim
to the first J{ W0, extraoticns, vis, the Middlehurst and Idaburn silts, the
"gtep" potasgiun is only a2 spproxdimation at the narruwer ratics as
no constant level of extraction had been reacholl in five extrastians,



Time of Heating

15 ménmites,

Coarse sand Ratio Extraot Nuber "Sgep”| "Constant
separated from 1 2 3 4 5 K, |rate” K,
mes me%h mes medh me

Taipo sard 1:19; | 0,08 0,08 0,07 0,09 0,0 |0,08

¥44dlchirat 1:125 | 1,5 0,75 0,21 0,19 0,18 | 1,9 | 0.19

8ilt loam

QmeXers 1:12% G, 20 0,20 0,20 0,19 0,18 0,0 | 0,18

olay loam

I1dabum 1:1% 0.?3 0014 O.M O.].G 0.16 0.1 0.15

fine mandy lome

Himatangi 21:100 | 0.855 0,40 0,40 0,41 0,2 | 0,40

coarsc sand

Tire of Heating 15 minutes,

Fine sand Ratio Extraot Nuder "Seep”| "Constant

separated from 1 2 3 4 [+] Ko | rote" K,

mes ne%  mes me’ mes

New Plymouth 1:12 | 0,15 0,12 0,13 0,12 0.0 |0,12

sandy loam

Tarpo 1:12; | 0,14 0,08 0.05 0,08 0,1 | 0,08

sand 1:100 0,18 0,12 0,10 0,10 0,1 | 0,10

Middlelmrat 1:5 0,08 0,90 0,71 0.41 0,28 - -

Silt lom 1‘ 12% 1.49 0.82 0047 004’1 0.52 o -
1:25 2,08 1,20 0,75 0,60 0,68 | 2.2 0,59
1!50 2.46 1. 27 1005 0.72 0.75 2.5 0.74
1:100 | 8.4 0,88 0,97 0,95 0,85 1| 2. 2 | 0,95

Tolonau 1:5 0.11 0.11 0.09 0.0 0.10

fine sandy lomm |1:125 | 022 0,17 0,19 018 0,17 | 0,0 | 0,18
1:28 0,28 0,19 0,21 0,18 0,20 | 0.0 0,20
1:50 0.4 0,18 0,18 0,19 0,12 0,0 0,19
1:100 | 0,25 0,19 0,18 0,18 C.1l | 0,18

mnkere 1:6 0,40 0,18 0,13 0,13 0.3 | 0.13

clay loam 1:12; | 0,48 0,24 0,24 0,24 0,20 | 0,3 | 0.2
1:25 0,56 0,33 0,30 0,31 0,30 0.3 | 0,30
1:50 0,60 0,35 0,30 0,30 0,30 | 0,3 | 0,30
1:100 0,60 0,45 0,39 0,38 0,3 | 0,37

Idaburn 1:8 0,72 0,45 0,285 0,153 0,4 | 1.0 | O, 14

fine pandy loam | 1113 | 0,84 0,54 0.44 0,26 0,20 | 1.0 0,26
1:25 1,08 0,52 0,38 0,42 0,36 | 1,0 0,38
1:50 1,6 0,81 0,50 0,48 0,48 | 1,1 0,48
1:100 | 1.42 0,88 0,68 0,62 0.8 | 0,88

Timaru 1,100 | 0,45 0,27 0,31 0,28 0.2 | 0.28

silt loam

Hal oonbe 2:100 | 0,60 0,41 0,31 0,27 0.4 | 0,20

silt loam

Matsmma 1:200 | 0,19 0,18 0,14 0,15 0,0 | 0,16

silt loam

Walpara 1:100 | 1,12 0,856 0,82 0,80 0.5 | 0,80

8ilt loam

Himatengi 1:100 | 1,09 0,50 0,81 0,59 0.5 | 0,59

ocoarse sand




ZABLE 21
3 i JORIAL JITRIC AGID FROM_SILIS
Time of leating 15 mimates,
Si1t Rntlo ARxtraot fwrbexr "3ten"| "OConstant
aeparated from 1l 2 5 4 5 K mte” K,
- mne»  mes  men  mes me? med,
Taumo 1:12; | 0,53 0,20 0,18 0,19 0e3 0,19
snd 1:100 | 0,51 0,28 0,22 0,21 0.4 0,92
1:160 0,54 (.29 0,23 0,22 0,4 0,23
Middlchirst 1;12; | 2,40 171 1,00 0,85 0,55| 3.6 0,33
ailt loam 1:100 | 4,80 1,67 1,34 1.3 367 1.32
1:160 | 4,70 1,90 1,70 1,83 1,81| &.8 1,52
Tokomaru 1:12; | 0,25 0,27 0.27 0,21 0,38| 0,0 0,27
fire Bmay lomm 1:100 0056 0.32 0. 20 0.“ 0.55 0. 0 0.“
1:180 | 0,39 0.37 0,45 0,45 0.0 0.45
Onalrre 1:12% 0,36 0,50 0,41 0,33 0,35| 0,7 0,34
alyy loam 1:100 | 1.43 1,20 3,01 0,87 0,82| 0,7 0,38
1'1‘-"0 1.73 1.25 1015 1.12 0.7 1.15
fine eandy lom | 1:50 4,12 2,55 2,06 1,60 1,55| 4.3 1,58
1:100 | 5,66 2,40 1,668 1,06 4,7 1,66
1:160 | 5,86 2,62 1,70 1.67 4,7 1,68
Timoru 1:100 | 0,57 0,46 0,47 0,40 0.1 0,40
gilt losm
Helcade 1:100 0.82 0,52 0,47 QM 0.5 0,48
8ilt loam
Matamen 1:100 | 0,43 0,23 n, 28 n, 26 0,2 0,268
8ilt loam
Wedrara 1:100 | 1,08 1,08 0,29 C,nB8 1.0 0.36
sil’ loam
Himatangi 13100 | 1.84 094 G529 0,89 3.0 0,79
ooarse sand

The "atep” potassdum for ths four silts other than the ldabuin was virtually
independent of the silt to s0id matio.

With the expeption of the olay isolated fram the Taipo sand,
which was extracted at a clay to a0il ratio of 111% only, nll the olgys
extraoted 1ideranted larpe smocunts of potassium (7Zeble 23), far nore than
444 the correspanding silts,
"step" potassium and to a lesser extent in the "constant rate” potassim,
A% the ratios 1:1125 amd 1:100, no constant rate nf extrmotion was evident,

The differance was most mticesble in the



IABLE 23
ASSTIN SOLIMLE IN i by} C A0

Time of Heating 15 minutes,

Clegy Ratin Extraot umbex "Step” | "Conatant
separa tad from 1 3 ] 4 5 Ry rate” K.

mes m me% med me% | mei | meR

Taupo sard 1:12; | 0,74 0,54 0,43 0,30 0.7 | 0,30
Middleinorst 1:125 | 4,45 4,00 2,86 118 0,73
8il% loam 1:100 | 8,45 2,82 1,54 1.20 0,82

1:200 | 11,7 2,88 1,99 1.7 1.74 | 11,3 | 1.7

Tolopnaru 1:12; | 0,88 0,78 0,44 0,41 0,34
fine m lnam 1:100 1,83 1,34 1,35 1.15 1,00
1:200 | 4,02 2,62 2,23 2,14 2,15 2.4 | 2,14

Qnalkero 1!187 0.78 0054' 0045 0.65 0.57
0lay loam 1:12;5 0,67 0,09 0,36 0,47 0,44
1:100 | 2,70 1,85 1.48 1,30 1,17 26 1,2
1:200 | 5,23 3J,286 3,00 2,72 2,07 3.8 | 2,7

Idfmum 1’13% 5.71 5088 8.55 3.00 1015
fine aandy loan [ 13100 | 8,8 .28 3,74 2,90 2,82 9.5 | 2,88
1:100 (11.8 5,00 3,70 2,75 2,70 | 12.¢ | 2.72
1:200 (13,5 4,72 3.59 2,87 2,91 | 18.1 | 2,90

Timaru 1:20n | 3,32 3,80 3,50 3,&%2 3,20 4,2 | 3,20
ailt loem
Haleombe 1:200 | 6,38 3.89 3,36 2,92 2,88 4.8 | 2,90
811t loam
nilt loam
ailt loam
Himatangd 1:200 | 4,5C 2,70 1,75 1,75 3.7 | 1.75
coarse sand

? Amonium ocley

the fourth extxmot containing considerably more rotassium than the fifth
for the Middlehurat and Tolmmaru olgys and to a losser extent, for the
Idsburn cley, The Omksre olay at the mtio 11124, gave erratic reailts
with considerabdle diffcrcaces between daplicate extrzotions (sec Teble 22).
Also at the olay to acid of 1:100, no constant rate was fourd in 8
extragtians, At the olay to acid ratio of 1:200, a mnstmt rate of
extraction ocourred fram the third extrootion with the Talomaru, Mataman and
Himatongl clays and for the fourth and fifth extreotimns, with a tendancy
for a emall arop (0,08-0.10 me K %) to the £ifth, for the Middlehowt,
Qnakere, Idaburn, Timaru, Hsoloambe and Walpara clays, The "constant rate”

/—/?‘



Soil
Soil Sard  Samd Calo, | Astual
meh mef mel  mef |meh | med
Taupo Step| .00 0,10 0,35 0,7 |0,14| QM4
¢.r.| 02 0,06 0,19 0,3{2a]0,09| 0,00
Miaﬁldmst Sm 1.9 1. g 5. 3 N.J\‘ bd 3 .B
8ilt losm C.r. 0.19 0.59 0004 0.7 0.4\3 0050
Tolonaru Step| = 0,0 0.0 NaA, | - 0.3
C.R. - otm o.m 0.4 0.22 0.3
Omalzre Step| 0,0 0,28 0,7 N.A. - 0,8
olay loam C.R.| 0,18 0,24 0,3¢ 0,5 |0,30| 0,43
Idabam Ssen| 0,10 1,0 4,2 MAs | = %0
fine sandy loamn | C.R. 0el5 0, 268 0,23 1.2 0,40 0,50
Ratio 1:12F 1:100 1:100 1:200 1;100 13200
Tapo Step| 0,00 0,10 0,35 0.7, |0.14 018 0,19
anng. R, 0,58 010 0,992 0.522‘- 0.12| 0.18 0,992
Midddurst Step| 1.9 2,3 3.7 1,3 |[4.056| 3.7 3.7
2ilt lean C.R.| 6,18 0,95 1,82 1.76 |1.02]| 0,983 1.33
Tokmmaru Step| - 0,06 0,0 2.3 |0.4 0.4 0.3
fine W lom C.R‘ ) 0.19 0.55 2.15 0.59 0.57 0.61
OGmalceTe Step 0.0 0,30 007 5.5 104 1.4 1.2
cleay loam C.R.| 0.13 0,38 0,80 2,70 [1,15| 0,90 1,16
Idaxxn Step| 0,10 0,88 4,7 13.1 |2.,19| 2.0 2,0
fine mendy lomm | C.R, 0,15 0,62 1,68 2,90 | 0,84 0,83 1,06
Tim Ste'p - 0.17 0.1 3.8 0,80 Q.7 008
8llt seoam C.R,| = 0.8 0,48 3,26 |[0.,88| 0,88 0,92
Haloorbe step| - 0.4 0,4 49 [111] 137 11
ailt loam OORQ =] 00?’9 004.'5 2.90 0.75 0077 0.8‘
¥ataman Step| - 0,0 0,16 2,5 |0.42| 0,2 0,3
#ilt losm C.R.| = 0,15 0,26 1,5 |0,34| 0,41 0,44
silt loemm GOR. - 0,80 0085 3.40 1010 1.07 1.07
O.R.P 0,40(p)0,60 0,89 1,75 |0,860| 0,89 0,92
(a) Approxdmatian anly as rate of extrmotion not constant,

(b) Ratlo 1:10
(¢) Ratlo 1319
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potassium was lorge for all olass, 1.4=3.5 me K &  The "atep" notasaium,
wiioh heoanae ommslangy s moohed culy in the frirth and fifth extracts,
st be m qgprexima tion, is in o1l oanes vory mch larger than for the
ailt. Beomise fron e data awmilsble, it is no$ posaible to deaide the
"omstant rate” potaszluim at ratlos lesa than 1:200 for the Middlehursat,
Tobrary and Onakewe ciys, a2 oopariam oamet he myvie hetmon the "step”
potaasivm o the different ratiee,

LTCRRATION OF POFASSTIM SOLUNTLITY DAZA FOR TRCIME SRPARAT

In Tahle 25, the "sbep” pobtuasium and "sorsbact rate”
potasaihim for the vhole soll and for e far texburc sepammics and the
"when” potasstum and the "ermafent rate” potasaiiny for the vhole =il
edolated fran the woiphved values of the "step" potassium and the "onnatant
vate" potassinm of the textare scparatcs for e two solid e acid ratios of
1:12; am? 1:108 are presentad, The weithted centribulions of the differant
text e separates o the $otal poleasiim extrociod mre Awen in Table 24,

IABLE 24
WG CONTABYIIGHS OF D15 TAXTURE ARG 10 DI SIGE!
POZASS T0_THE "GO IAI PATE" PrAASSTIEL OF WICLE SOLES
Seil Coaxrse Dine S1% Clay Lr:‘mm of | remsentare
annd gand sobiang|l fron cAay
Ratio 1;125 1:100 1:200 3:200
mar- me;, ma’ ne’ me’% nef
a0 Step | 0.0 0,06 0,04 0,04(c) 0.1 2%
thﬂﬂ C.R. 0.02 0.% 0¢ QC’ O.Gl(o 0. 1?: 8
Miﬂ(umﬂt S‘bep 0.50 0.65 0092 2. 2 4. 05 55 -/
«il%t loam C.R. 0,03 Ce32 0. 32 I 1,02 35
Tolkomam Step | - 0,02 0,00 0.4 0.4 o5 -
fine sandy |CeR. | = 0.8 0,00 0,42 0,59 7
loam
makcre Step | 0,00 (.07 0,25 1,00 1.38 77
01'.'\37 1oam coRo 0.01 G.08 De 07 0.79 1015 €8
Idaburn Sten | 0,01 06 53 0.68 0,97 2.19 44
fine sx:dy [ CoRe | 2602 Go3C 0,2 0,22 0.84 26
1oem
Timayg Sten - 0.07 0,03 0,70 0,80 a7
Haloomhe Step - 0,16 0,10 0,85 .11 77
s8ilt loan C.R. - o.l12 o, 11 0,52 0,75 89
Matsman Step - 0,0 0.04 0,38 0,42 20
ailt lom COR. C 4 0. 05 0. w 0. 25 0054 &
ti)lt loam C.R, o 0,38 0.18 0, 54 1.10 49
Himatangd | Step O.Hib 0,20 0,02 0,04 | 0.37 u’
oonrse 2ard | C.R. | 0.18(Dh) 0,20 0,02 0,04 0.50 e

(b) Ratio 13100
(c) Ratio 1313
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Althongh on a it weisht basis, the clay frmctim showed a
mwh greater resctivity than the other fractions, on a weighted basis, the
ocontributiang of the cleay fractions to the total "sier® potassium and ¢ the

"constant rote” notassium fell into 3 groups as hllows,

"Step"” K | Loas than 1/4 | Approx, 1/2 More than 3/4
"Oonmtart | Less than 1/10 | 1/4 - 1/8 /2 - 3/4
rate” K :
Tame sand Hiddlchorsh silt Tokomarm fine =mnd’ lom
loan
Himatangi I3aburn fine sandy | Gmalerc clyr loam
conrsc snd loem T 811t loma

Hplcombe si1lt lom
Matanm =silt losm
Vaipara s11t loam

¥ildAelxmrat ails leam
( daferrated)

The group where the olay molon a nerlisible oontribution to
the potasaion exbtracted, oontains & corrne fextiroed anils with very low clgy

perocntanes, iz 2,97 ard 2,47,

The pecond mwun contalng 2 seils, hic Wabum fine sandy loan,
of which 617 is fine sond oortainioy aspiveishle amownis of nica, and the
middddmrst silh lomm, the cocree amd {ire swds of vhich, when prepared by
the stand a1 Wapersion methods coondain anpresiable nambers of accrorates
of alay and rineml groins,

The third group contains the bulk of e mymles anslysed,
indicating that 4n wost loem aolls, the oley fynetion 1a the most Imortant
sowoe of acid solihle notassium,

The shnve enmparisons are based on exiractions at rmtlos of
1:100 for the fine sands and ailts and 11200 for dw clays, Beosause the
“gtep” rotasaiun is virmally indenendent of the mm3io at 16100 and 1:200,
there will he 1ittle bins in favour of v clavs, The coniribuition of the
oclays to the "esnstant rate" potnasiua fimmes will be over-eriphasised to
same extent,

During the extractimn of the coarsae ard fine sonds from the
Hiddlelnrat edlt losmm, it wan apparent thatlarge amamnts of allt and dlay
gize partiocles wore formed in the first ard ecoond M geantiona, Hismosoopilc
exnination of the conrse and fine sands showed that, as stated earlicr, the
coarse sand wms lamely agrregades of aingle grain orystals joined by a
limonite-1ike matrix ard that the fine sard partiocles were covered with a
clay lilee ocoating and that H#icre were fine sand size agoresatea similar



- 77 =

to those seen in the conrse =mnd,

1%t wms apparont that more efficlent deferration and dlspersion
wald have given a mechanionl analysis lower in sand and rioher in clsy and
silt, A 10 gm, sample of Middlcluxrat silt loam was dispersed, after
destruction of organio matter, by egitating for 10 minutes in a milkshaks
machine with oalpgpon and sodium oarhonate added, The clay was separated by
decantation and the sanls and nilt Geferrated by Matelski's nethod ( see
page 30) ard the resultiny deferrated coarse ard fine sands, silt and clay
scpamted by sedimentntian, The clay was added to that separated
originally, Teble 20 s!ows the change in mechanical malysis br.urht ebout
by defcrration.

RARL R .38
15} D DEF I
Cocrse Fine Si1t Clay
_sand pand
ot deferrated, 15,8 32.8 2%.2 20,6
Dﬁfem.tedo 8. a4 b 34 ™ 2 s .G %o 0

lMotes  Peroentages hased on oven dry sanil contalning 7,754 O.Me

The texture separates from the above dispersion were extracted
with Il 0y at ratios of 1:12; for the ocarse sord, 1:100 for the fine sand
and eilt and 1:200 for the clay (Tdle 27),

Extraot Murber it Step”' “Constant
Fraction 1 2 3 4 5 K, |rate" K,
mes me%h mgy meh meHh| melh | meh
Def, 0,43. 0,19 0,16 0,17 0,18| 0,20 | 0,17

Coarse sand llot Def,| 1,59 0,73 0,21 0,19 0.,18| 1.9 0,19

Def, 2,00 0,97 0.,88 0,90 0,21 1,15 | 0,90
Fine somd | 1. nee | 3.01 0,98 0.97 0.96 0,98 2.1 |0.96

Si1t Def, 4,50 1,50 1,20 1,26 1,30| 3.45 | 1,28
lot Def,| 4,80 1,57 1.34 1,31 1.32| 3,7 |1.32

cl Def. 11.5 5-12 2.“ 1.81 1-77 1105 1.8
&y Vot Def,[11,7 2.08 1.99 1.78 1.74|11.5 |1.78

One differewe between the deferrated and undeferrated fraotions
was noticeahle auring the extractions, The oonsidersble anounts of {iner
fractions which were formed during the extraotion of undefermated conrse and
fine sands, were virtually shsent &wing the sbove extzmotiana, While the
"oanatant rate” rotassium wns the same within experimsntal error £ the
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deferrated amil urdeferrated texturc separates, the "step” potassium of

the sand frnetians wns roduccd greatly, that of the conrse sand from

19 me K% to 0,26 me K & and that of the fine sand from 2,1 me K % %o

1,15 me K3, On the hasis »f potossium extroted from deferrated /
saparates, the rroportlon of the "step" potassiim and of the "constant rate”
potanaiim of the vévle soil vhich came from the dlay, rosc from 855 to 60%
of the "step" potassibm and from 358 to 40% of the "oonatant mie” potasaim,

The effeot of deferration on the fino sard fractions of a
furthar six soils is shomn in Table 23,

IADLE 2B
OF ol OF FINE SAIDS ON THE P
3 X I

Ratio of fine sand t0 asid 1 : 100,

Fine samd Yiecld of

separated Bxtrnet nmmbor deferTated

from 1 2 S 4 fine aard,
me’ me7) mnes med

Tolzrmam Def, 0,24 0,20 0,18 0,18 95,

fine sandv losm | lot def, | 0,25 0,12 0,12 0,13

Onalere Def, 0,58 0,43 0,41 0,39 042

clay loam liot Gef.| 0,80 0.45 0,39 0,38

fine m@ loam Not dﬁfg 104‘2 0.68 0065 0.62

laloombe Def, 0,62 0,44 0,33 0,32 914

8ilt loam ot def, | 0,00 0,41 0,31 0,27

Veipara Def, 1.4 091 0,38 0,30 0054

silt loam Mot def. | 1,12 0,95 0,32 0,30

Hima tongi Def, 1,08 0,62 0,00 0,03 973

coanrse aand ot dofe | 1.0 0659 0,01 0,59

The yield of deferrated filne saxl in all osscs wnas of the
order of 90 ard the differcnces hrought aboit by deferration were withn
experimental emror, BRecause the above fine sands were lnipely aingle
fmired orystals with 1ittle coating, differcroes of the arder found for the
Middlelurat sllt loam texturc separates were not expeoted,

Athough the potassium extragted by Il HNOy has been partd tianed '
between the texture separates, the contribution of the various soil minerals
to the potassium extraotian valuss 1s also required if the samxoe of the ascid
soluble potassiim is to be detcrmined,

Aocordingly, samples of the ol ay minerals, i1lite, kaolinite and
montuwrillondte, and the potassiim=rich minerals, vermiculite, blotite,
msnoovite and orthoclasc, wore ground to sises comparwble with those fowund in
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"fine earth” ( { 2mm,) and sepsrated into sy proprinte texture separates,

Althoush an 4rortant anil forming mineral in many overscas
soils (sece Thillipne and White, 1953), microcline was not extracted hecause
it 18 rot an immortant comonent of How Zealand rooks, occcurring only in
grondtes and in amall anamis in scme greywmoles (Reed, rersonal commndcatian).
In the mloroecopic exmniration of the fine eand separated from the soils
uscd far aropping, nn evidenos of miarmcline was foord,

in all oases, prior o extraction with j] HHOS, ary excharyesble
potassiim preaent was removed by extrnotion with Ii/10 i0g,  The resulta of
extrvoting the dowve mirercls are givwen in Tsble 29,

ihe olay mincrals, kanlinite anid montmprillonite, nrerpared from
feolof’ioal snodimens and therefrre not necesswrlly idantioal with soll-olay
ninerols of the same names, at the olay to acid raide of 131100, ahowed vory
anll "step" potamsium and "oonstant rate” potassium values, 0,1 me K% and
0.11 me K3 {or kmolinite and 0,10 me K% and 0,14 me K % for montmorillondte,
If the asmmmtion that these geologisal speciments of the olay minerals are
esacntinlly similar to the soil-clay minerals is justifisd, neither olay
rineral would conirihute mich potasaium to that extracted fram the oley
freotiomms,

On the other hamd, i111ite mnld ampesr to he canable of
supplying the "step® notasslim amd "aonstant rate” rotassium for all the
00l clays tested nther thm those from the Middlelmrst, Idaburn and
Viaipara soils,

The micns, wwmioulitec and viotite, reaoted sirilarly on
digestion with I HIIOS, dismolvirg corpletely, leaving e vry mmall residus
of =lliceo1s evales, in tm extractions at the ratio of 1:1000, The
potansium exirnoted fron each nmineml would tharefore appear entirely as
"step” potasaiim,

Musccvite on extraction with Ii Hil0g yielded rotassium at a
constant rate after two extroticna, The smownt of "step” potassiun was
dependent on the poarticle aize, varying from 1,9 me K for the coarss sand
to 7.4 me K% for the fine sard and to 15,9 me K% for the ailt, The
"constant rate” notassium also varied irvwerscly with the particle clze,
inoroasing f1om 0,45 me K & for ooarse sand at a 1:125 ratio to 3,2 e K &
for the fine eand at ratios of 1:250 to 11100 ernd to 4,0 me K & at a mtio
of 1:1000 for the silt, In oconirast to biotite vhioh diasolved leaving a
residue of a few extronudly fine siliceous scales, rusoovite retained its
Mate=like structure, altlough oconsiderable exfoliation appemed to have
token place,

111ite reserdblcd musoovite rather than blotite in its renctions
towmrds [ m-roa. Whereas biotite dissolved nearly oampletely in 2
extrrotians, only 25% of the il1lito dismolved in § extrnotiona at a ratio of
1:200 end 35% at a ratio of 1:1000, The extxrnotims were of a form almilar
to thame of muscovite,



TABLE 29
SPOTASSTIH SOLUDLE 1 [ICR JIORIC ACTID MG TXP

Size Ratio | Smoh, X aftor ixtraot nEber "Step® | "Cansgtant
orinding 1l 2 3 4 5 X rate" K,
mes) meys meya mek me mess e mes
I1lite {2nm 13 200 3.0 13.8 742 546 5.3 5.4 10.4 5e4
132000 4,5 13,3 8.1 3,1 7.9 3.0 10.3 8.0
Kaolinise 511¢, clgy | 1s 100 0,18 0,21 0,10 Cell 0,10 (039 § 0,10
Montmorilionite | Clay sol 1l: 100 1.32 (079473 0.4 D.14 0,16 0,1 0.14
Yorrdoulite Coarss samd | 1: 100 3.1 45,0 9,2 1,15 0,51 0610 57 (o}
1:2000 10,7 55,8 4,2 0,0 0.0 Go 0
Bilotite Mne sard 1:1000 15,7 1G0 2.5 0,05 0,0 170 0
Silt 1:1000 29,2 155 3R 0.0 0.0 158 0
Nusaovite Coarsc suxd| 1: 125 O.4 e 0.8 0,45 0,45 0,50 1.9 0,45
Ping sand s 250 1.7 3.8 4,9 Se3 3.0 3623 73 3623
Pins sand : 800 1,9 9.3 5.7 3.4 3.3 363 8.1 3¢S
Fine sand 1:1000 22 9,2 He2 Je 5 360 3¢5 7.4 3.5
Siat 1:1000 Ge.8 17,1 Ge8 37 4,0 4,1 15.9 4,0
Qrthoal ase Fino sand 1l: 25 0,17 0.4 0,39 0,39 0,39 0.0 0,39
Pinc aand 1l: 100 0,20 0,66 0,69 0.57 0,64 0.68 G0 0.67
Sil¢ 1l: 100 D43 37 3.0 2.8 3.0 S 0.7 3.0

08



Orthodlase, of {ine sand =ize, gavc virtnally mnstant
extreotion figmes for all extrootions at coch mtlo, i.e, the "step”
rotaasiim wan gero, The "mnstant rate" potassim inorcased from
0,39 me K% at the 1:25 ratio to 0,00 me K % at He 1:100 ratio, The
silt size raparnte ahowod a amall amount of "sten” potasaim, 0.7 me K 9%,
with a constart rate of 3,0 rnc K %

Sunmarized, the oontribuims of the minerals tested are

o8 follows,
IABLE 50
Hineml 13" K "Constant rate” K
I1lite fedlim. High, dopendent on ratilo
Kaolinite Very low, Very low,
Montmorillonite Very low, Va7 low,
Vemicalite Very hirh, all K this mil,
form,
Biotite Yery high, all K this i,
fom,
Muacovite Mediim, denendent on High, deperdcnt on partiole
particle size, asigo Ad on ratlo,
Orthoclase ™l for fine sand, Medi:m, derendent ot narticle
low for sils, sise and on ratio,

Thease alierala when ;rescnt in soils, dhimuld eontribate Yo the
notasaim extanoted in a panner similar to that ehom in Table 30,

The fine sand frmotion, hoing ninple mained and of a «dze
suitohle for nicroeaosy, »mmvides an oppartinity for oheoldng the amount of
ro%assium extracted foon the il minemnls,

By inmeotion urder the ricroscope, the fine samd frections, -
althouch seor to contain & wide ranpe of ninecrals, were found to he mainmly
quartz, felsparas and, in those sands fram North Island soils, wloanic glass,
between quartz and the plaginclases with similar refractive indices and
apecifio gravities,

These winercle my be sepaxeted into sirpler groups by soddl-
mentation in hcevy liqnids cf dcfinite specifio gravity, It was found
imnossible to eff'ect corrletc separatians into enecific gravily (xoups as
traces of rmireruls with specifio provities outside the runge required,
peraisted in spite of considernble replication of the seperations, The
detaaminatdon of the remstimas of speoifioc minerals were therefore not
posaidble, Also, minernls, rot normally regrided ns potassium minerls,
contedn potassium as an impurity, e.f. plagioclases freqently contedn 1% or
8o of potassimm (Olarks, 1924) and if soluble in } V0, may liberate
potassium in sufficlent cuantify ‘o cbsame the rcaotims of the nineral
under consideration,



- 83 -

Enriciment of #w separates with regard to one ar more
minerals affards some indication of thelr hohaviox towards N HNO,.,
Table 31 gives the resilts of sanc unxenlicated extrastions of specifio
gravity separates fram the ¥idilclemrst, Idaburn and Himatangi fine aamd
fractimna, These indiocate that on a unit weolght basis, the fractim
S.G. 2,7-2,9, liberated thc greatest amunt of potassium 4o I ITI0,, VWhere
mscovite (or acricite) was obeerved, *he "eoustart rate” notassiim as well
as the "sion" potassim ws larps,

0 BL
POTASSIUM SOLIRL SATD SEPARATES
Fine sard | Specific | Ratio Extraoct nimber inerals
sgpareted | pgravity 1l 2 S 4 5 rresmt
Sfrom
me% me? mei mgb meH

Middlenrsy /)2.96 1:100 | 0,83 0,26 0,26 0,25 Fe cre, 01, An
silt loam P,90-2,70 [ 1:100 [ 3.01 1.24 1,30 1,42 A,Ce C1,PFe

{2.70 [1:100|2.40 1,02 1,07 1,13 Or,A4,Q,Ce

Idaburn >2.,98 |1:12; [0.92 0,80 0,880 0,50 0,50 |E, 1, C1, B
fine sandy P.96-2,08 | 1:1% | 3.00 1,94 140 0,356 0,70 |¥, I, Cl, B, Q
loom D.60=2,04 | 1:12; [ 0,20 0,06 0,03 0,02 0,02 |Q, 2b

(2,64 |[1:12; | 0,04 0,03 0,03 0,02 0,02 | Ab

22,96 [1:350 1.9 1.5 1,3 1.3 1,2 |As shove

,90=2,00 | 1:000 | 9,2 4,3 5.5 §,06 4,7 |As above
{2./8 1,170 (0,48 0,06 0,7 0,06 0,08 |2, Ab
Himatangd | )2,70 | 1:100 | 1,38 0,53 0,67 0,08 AuH, Pe,lly
coarae (2,70 |1:100 | 0,83 0,51 0,53 0,50 O, P
sand

Key to ¥inerals Seo Table 32,

The potansiim extrao?ed from the Idlalmun soparates oame
virtually entirely from v fractions of mpeciflo gravities, 2,7-2,9 ard
) 29, which enntalned arprecisble amomnts of ruscovite ard a hrowm:
ohloritic matcrial reserhling blotite, The fraotim, 5.6, 2,04, which
was entirely nlbite ad quaris, yielded only traces of potassiim, Of the
scven fine sands which were extrvotcd after deferration, only two, vis, the
Middlehurat and the Idaburn fine sand fractlions, contained mich mioca, Doth
of these had larger tan average "step” potassiim values for the fine sand,

The shsernoe of micas from tho malority of the fine sard
fractions ashoms that for most moils, other sources of potassium are of prime
imnortance. A corparison of the potassium axtrnotion data for the fine
sands (Tables 20 and 31) and their mineral content (Tsbles 3 and 31) shows
that the fine eands, rioh in acid felspars, mainly orthooclase, vis, those
from the Tolomaru fine sandy loam, Qmalere olay lom, Timamu sllt loam,
Halcambe =ilt loam, Matamou sllt loam amd Waipara silt loam, have low "step"
potassiiz and with the exncption of the fine amand from the Waipara sailt
loem, have low "oonstant rate"” potassium, just as fomd for ground crthoolass,



Abbreviation Mineral
M Abhite
Ad Andesine
Allo. Alleo-hare
An Aarite
N Dintite
i ¢ Do adlovite
Ce Celadonite (~ltercd flauoconite)
o1 Chloxrite
B Erido te
by Pelerars
Fe Iron ores, baematite, gocthite eto,
&) Glass
I srbhlende
Nal Yeta=hallnvalte
i Iydrs ntcas
Ny ynersthene
Il I1lite
i Muscovite
Mo Montmorillanite
ol Olivine
P Flagioolase (andesine = snortidte)
Q Quartz:
8 Colloidai adlica
v Clgr=vermiculide
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The only obaerveble differance hetmeen the mineralorioal compesition of
the fine sarmd (rom the Faipam 61t loam md fron H1w otler felspar rich
fine sads was that a mall amomnt ( ( 88) of a seriocitio minaral was
rronent in the Vadpare silt loam 40 sand froctione It is poasmible that
the extra potassim nny have bean cxiznoted fran $:is mbosce n1s mineral,
except that hirfier "ebep” potassium than 0,5 me K 4 mould then be expected,

Purtler, corsidersble amounts of potassium were extrwoted dby
Xi 1010, from €rootions vhich contaired neither felspars nor mioas, Far
exxmle, the fine sad fractian of the HMimataryd coanrse sand, S.G. ) 2.70,
containing nmainly pyesxencs md amphiboles but no mioa ror felspar, has
"step" potassim of 0,7 me 7% aml a "econatant rate” potassium value of
0,07 me K%  The lichter frmotlm of this snll, oontaining no orthoclase
but only quarts and andesine with a +trvse nf vsloanisc (flass, liberates more
robtassin than the orthoclase rich fire sands and nearly sa much "oonestant
rate” potassiim as groumd orthoclase,

The resilts of the inveatigation into the hehavioar of the v/
anil minerals wheri extracted with NN mma tend  onfim the oonclusions
bascd on the extxraction of nordered geolorieal speoimens that the dsasenus
minerals sach 8 111ite and by Infrronoe, intciwediates sucl: as olay
vermioulite, are the redn sirece of ncid salibls potassivm, Fram the
1imited infomution aveilablc dhout e clgy mireral distribatim iIn the anils
studied, it is not possible to develon ary definite cuantitative relationship
betveen the cly minerals ond the notossim extxrnoted,

[ Off TUE AMQUIT OF POTASSITM FXTRACTRD

The anount of notassinm extrnoted by nitric acid fram the
diffcrent mils and texture frootims has been gwom to he dependent on the
conditions of extraction, with *he preateat annmt of potassium extrnoted in
the firast extraetin, A mo%inble inconsisionoy with the pgenernl pattcmm
of extroctions was found vhere nenitral normal arronium acetate was used to
mmove the exchangesble potassiun rrior to e first extrastion (Table 117),
Then ‘he first extonotes contained very rzioh lesa potassim than did those
vhere dilute nitric acid wmas uscd to remove the emdlhnngesble potassim far
tho Middlehursat, Tokomaru aml Omalrcre soils, but sprroximately the same for
the New Plymmth, Tenro and Iiripaka soils,

IR

A eimilar repression in potassium extracted, was observed with
the lecching of anll samles with hot I rmos after the exhangesble potassiim
wns ranoved vith ammonium acetate oamared with &lute nitris acid,

Two posmible onuses of the lower potessimm walues are v
1, I<aver recovery of potasaiim vhiere ammanlim imns were prescnt in the

extraoting 1liquid,
2, Anonium ians may interfere vAth the extrmotion of potassiim,

The first possibility was checked by adding known amcunt of
potasaimm as IC1 together with awonium chloride to the asid extaxnot



imrediately before centrifaning, Camlete recovery of this. added potasalm
proved that amondim ions did not affeot thae amount of rotassium exiTaoctod
at or after thia stame of the extmotion and that oy effects ruiat have heen
cansed before this stnrjee  The reoovery of notasalm addéed to the dllute
nitric acid in the deterdnation of cxchangeable potassium was also ormplete,

Potassiun alded prisr to extractim by I Mg affcoted
omnsiderab)y the mowmt of pobassium sxtrngtod by the acid, Tadle 33 shows
the resilis of extraotions carried cut on Ierr I"lymonth, Omakere ard Timarmu
enlla in the rrescnoc of rotassium added hefore each extrretion at a il to

IABLE__ 35
EFTRCT OF AWOLIRL IONS AID OF DORASSIIRS IOIT Ol POTASSIIR
SOLUDLE 131 TORMAL KITTIC ACID

Soil Ratdo K added ExiTact mrher
per extrnot 1 2 3 4
mef mes  mch  mes  medh
Hew Clymonth ™, 1:1%; 0 0,25 0,18 0,17 0,17
ant, 1 1,20 1.18 1,20 1.18
E 112 0 0,25 0,21 0,20 0,19
sat, 1l J-. 3 1.19 1.19 1-22
)i 1:100 0 0,31 0,25 0,26 0,28
B«'lto 1 ° :ﬁ 10 25 1.21 1. 22
Omabere m, | 1129 0 0,53 0,43 0,47 0,50
clay lonm S-'?'h: 1 1035 1.32 10 25 10 ?5
S"vit. 1 1092 1.“ 1.24 1. 23
sat, 1 2,68 1,63 1,38 1,54
Timaru 1 | 1:10% 0 0,65 0,45 0.40 0,40
8ilt loom ante 1 1,52 1,26 1.22 1,20
B 1:19; o] 0,08 0443 087 0,30
1 1.77 1.5 1,20 1,22
bi¢ 1:100 (o} 1,56 0,90 0,982 0,92
sat, 1 2,42 1,66 1,62 1,85

20id ratio of 11125 ~md ot 1:10, The oxtroctiala ot the ratio 1:1100 wers
o Hesaturated exohangeshle rotasaium feed soils amd at 1:12, on amonim
natirated and on H-sahwated cxchareshle rotasai:m freed salls,

The thrce mils reacted differently 4dn that the potassium
extractced fxom the Hew Plymouth sandy loam wns virtnally unaffected by the
presence of ammonium or potapsiim ions, but for both the Omakere clay losm
and the Timaru silt loam, the potasnim exiracted in the rresenoe of added \/
potasalim was oconsiderably lesa than the mum of the added potasaiim and the
potansium extrnoted by R mms alane, The depression in potassium cxtraoted
in the firat extrnot from arrvonimm ashirated soils compared with Hesaturated
snils, was wlno fourd when potamsiwm was added o the extracting soluticns,
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Prether symles of Omalere clay loam were cxtracted at a sil
4n acid Tatic of 1:100 —ith e addition 3o one extraction anly nox serics
of Imom smonte of potassiim and amandunm iana aingly amd Sopether, As
orn be sern fron Table 34, additlars of notasalim or of amoniim derressed
the zmount of rotamsiim extricted and vhen added together the ef'focts vere
ourmlaiive, Pobasslum ions aprcared to be more effeetive than ammoninm
ionn in dereanine the st of rotascima cxxtrasted, There appeared to he
no effect on shacuent extyoctliens, cxecpt with the exttraction fbllowing
that ocndaining an additdan of 5 me 177 plea § ne E?ﬂ‘i';l, vhick me 0,19 med

ahotre the sverase for this exlirastim,

TABLR _ ¢

TIYE0T CF ADIED POTASST IR OR A OITIR T OF1 LOTASSIRM

n T IER

iRy

541 Omalzcre clayy loam
Snil %o o0id ratlo 21:100

Extmet Thbexr

1l 2 3
Ion aldded I edded I adi2d
me} neh mes
o 2.12 0 1,18 0 0.21
Sme K 9% fle 3B 0 1,10 ¢} 758
Smo W1, 1,70 0 1,10 0 005
anc K% plus N O5 0 129 0 0,33
141 "‘V-
2.5 mo n"pms 5.32 0 1,12 0 000
¢..5’ﬂ3 Alléf
10nme II!I4§!:', 1,17 0 1,08 (0] 0,88
0 2,10 | 5 ne 7314;% 0,55 o] 0,77

A ginilar effcet if mrduoed ven Hhe emhanneshle mtassium
is notb renoved prior o the firas extrotiozn, vis, a lover firat extrootimn
mith no cffect on later extracts, wold rem:lt in a lomer eatir= o of the

"atep” rotassivm,

Sarles of the llew [lynamath sandy loam, Mid@elumra®t a1t loam,
e olay loom and Timart ailt loem vere extracted at a ail t0 acid ratio
of 1:12; without prior roncvad of exchinngeable poiassinn, The differages
hetmcon e potamsium exixacted by thia nethod and by prior cxtanctim of
sxchangeable potossium with &ilute nitric a0id are shown in Tahle 36,
Apaming that sabscquent extraotions muld not he of'feoted Hy the non-rencval
of ehnngeshle potassim, a marked reduction in "step® potassim would
r2a:lt fYon not ronoving the edhangeable notnsalimm for 3 of the 4 soils
tosted,



S5 ‘fﬂ’_‘.'ﬁ,}. IITTIC ACID TXITVCTIN

Sn0il to anid rakin 1 1R

dl .l 2al g
lﬁ C‘] +» 42 °
o3 o [~3l (Q 8
() - f 14
2 P % Y\ -EI g
e - Tod 4]
& éf‘: S © ‘c’é gl @
’8 §| o g s E ﬁ i E a
mel | med | me® | nes me
T Ulymoath 1B | 0,85 | 1,33 | 1437 | =0,02
sndy loam
; {.Lkl( 10.1&11"3!: 0032 2.% 3.62 :5. ,‘Z,G 0‘ 36
911% loam
Omalzre NG7 11276 | 1,38 | 2452 0.71
clay loan
Timaru 0,32 | 098 | .50 | 1,00 0,m
ailt loom

The effech of v ontims, s2di'n, caleium and hisTiom, o
the notasalim extrveted hr- mitric acld v shom b extrection of 2 ol o
£04d indin of 2:100 vi4h e drove duas added. ot acrgentrtions off 50 red,
Tohlc B8 prescite the adis of extragtione o the New Flimorth nardy lomm,
Gealzere olygy loar ad Tuwau gil% loam, Tlo il iernce of these catians
on the extroctica of these solls ls sy 0 be vuy amall ousnaaed with

ETECT OF SODTIM, CATCLUN AND DARIUM 107G Ol OTASSIIES

ik i IO i C A
Soil th o0id mtin  1:170
Josicn| Amomd exbraat iumbev
2dded 1 9 5

ng. | mes  meh mef
New Plymoath O 0,31 0,25 0,26
anndy loam a 50 | 0,82 0,2 0,94
CB 5‘3 U. P8 ) ;)o 27 Ue 2‘.3
olay loam In 50 | 2,00 1,13 0,4
Ca 50 | 2,14 1.17 0,98
Timaru 0| 1,85 0,20 0,92
8ilt loanm ia 30 | 1,50 0,93 0.2

Ca 50 | 1.54 0,97 0.,
Ba 50 104‘9 O.M 0.87

tat of polessium and mmonium, aadnly as a srall Inorsase in the "oonstant
rate" potaasium in the rescice of caleiim,

A series of extractions of the fine sand, mild and dlay from



the Idsh:on fine sardy loam, {inc sand from the Middlehurst silt loam and
frvom the Tokomara fire aandy loam ad ground amples of orthoolase,
miacovite, biotite, wemieilite and of 1llite, with [ HNOS oortaining
smanlim, notaasimm or orlolxm dons, renorted in Tehle 57, shoms that the
amronium ian derressed the arwint of potasmiim extmoted fyom all separates

Separate ovr Radtio| Tona o2died Axirnot muhey
ndneral 1l 2 3 4 8
nes =71 ne’ medt nes ne?
Idsbummn 1:25 0 1.8 0,52 0,38 0,42 0:38
fine annd I'"i 0.2 0086 0050 0.8 ‘Q‘ig
U b ] 0,23 0,0 0,05 0,03 0,02
K 10 0,77 0,29 0,07 0,01 0,01
" 160 0.74 0,28 0,06 0.0 0,37
Ca 10 1.124 0,64 0,32 0,02
1:59 0 1,286 0,31 0,50 0.4 C.43
?M@ 200 0,738 0,28 0. 07 0,47
Idab.mn 1:30 (4} 4,12 2,853 2,06 1,06 1,55
sl iH, 200 2,95 1,85 0,60 0,38 248
I1dabam H=-sat,1:130 0 11.8 5,08 3670 2,73
olny Emé-mt.l:lm 0 3,8 5,23 3¢74 2.0
', | 400 9,05 3.55 2,10 3,20
Tolnarya 1:23 0O 0,20 .19 0,21 0.18 0,20
fNire annd 2 by 160 0.2 0.08 0,09 0,11 0,21
K~ 1.0 0,17 0.10 0,02 0,03 0,01
¥iddl charst 1:23 Q 2,08 1.20 3.75 0,060 0,88
fine aand 8 1,0 1,78 0,55 0,44 0,31 0,33
Orthoolaee 1:28 0 0,34 (39 0,39 0,32
fine sand i, 10 0,32 0,32 0,30 0338
Ta” | 10 0,50 0,45 N.45 02,40
Musoorite 1:1000 9] 9,9 5.2 3.5 3.0 3¢5
fine sand .i.‘ll‘i 106 (‘1.0 5.4 1.8 2e2 % 1
" = | 400 6,1 0,5 0.4 0.5
C& 1{“..} 9.0 5.6 ‘1.7 4.5 5.9
Biotite 1:1000 0 160 9 0 0
fire sand T, 400 135 23 10 0
Vemiculite | 111000 0 55,8 4.2 0 0
coarse sand I‘MA 400 585.3 6,0 0 0
I1lite 131(”0 0 18.5 801 801 709
m, | 20 13,0 5,7 44 4,8

Rosults underlined from extrooiirne without added oations,
Addcd potasalizn aibtrooted fram reailis of all extraotims with 1, 00ms K% added,
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amd minerala teated, As for vhole soilg, the ealoiwm i ;rodwed little
effcot, mainly as a aslichsly hicher rate of extrastion,

Oorporleon of e "ate:" potassiwm and the "unnshant rale”
rotnasiim for Yo wld extznodione In the preesecce of the oalarna [, IKI4_,
Ca, Mo od Ba, rotesls that Hie "sion” noSaralim ia vird:elly inderendmé
of #heae catime but the "ooretent rate” rolasshim 18 verr rengitive

the reeseroe of K and -f 1T, ealtinne,

Therwfore, enimeotion in ihe oresence of Jayde smonts of
ol fona ghold el s Loa redieed "oonatant mbe” potaeatim but
unchenoed "grer® potasriim,  Axtyectiar of Iew Flhymwth arhdy losn, Onazere
olsy loamy, I&abirm fine sandy loon ond Tinora sild 1oz a% o il to acid
railc of 1:100 with 100 me M}, % added hefore ecaph cxbenollon goave the
oxcoted rediction in “oomstant wete® notassim, buk at the expense of
rocudrine nore exiracticns to reach e cnnatant rate of extmwotion of
potoemium {Table 37),

ZADLE 33
EUFECT OT ADULIG 200 me I3, % 70 EXTRACTINC AOID

Soil %n acid miti 1:100
Gn41 m, Extract nmher "Ster” | "Jonstant
adfed]| 1 2 3 -3 8 & rote" K,

medt | mefn  meh ma’  neh agh| mef | nes

T'ev Tlymouth 0 Coe3d 0,85 0,20 .28 G20 0.1 0,25

sondy loem 190 G268 0,24 0,24 2,98 0,23 0,1 | 0,24

Omakere 0 [2,12 1,10 0,31 0,91 0,80 1.2 | 080

clay losm 100 (1,12 0,09 0,44 0, nN,35| 1.2 | 0,30

Idalnamn 0 2,78 1410 3,93 0.,% 0,84 2,0 | 0,83
fine w8y loem [ 100 1,44 G093 L5501 0,30 1.9 | 0,30
7
?

Timar 0 [1s35  Ne80 93 TG Ge32| ©
silt lo=m 100 [1s12 0,81 Je42 0,47  Qe45| O

0,30

0.45

The exthreobion data Ywewrble DNae of exXWaoiiow ab a il W acid Tatio of
1:19% and show no advaniares 1t avraring seils vould he gained by ualng this

exiTactont insiood of rure & }I‘?Os.

The romalis recoried in fiia seobion ard in Table 13, -mphasise
e etrors ocazsed hy not mnoving ‘e errhannceble rotassium hefore extraction
ox by oextraoling amordin sethirated acilm, This will he a wrichle effcot
& to certain rdnemla premumably not prresent in the Few Plymouth sardy lomm,
Tawo sand and Kiripaluw olgy loam, but present in the Middlehwurst ailt loom
ond the mnderntely ard weakly veathered zanal anils,



POTAS LR PIXATION

T To tnat e irrofhesis dhed potansiin deflalenay My he hawach$
chond by emonnivto pefonshn Clmtion In the poro amee Shat rho mivaus
AoCintenay may he onuwnd by amessive phosphorin 1mmbion, the polasslim Lime
I nowors of the adile vaed In e learwbor oronning exoerinend, voxe
dohomined hy sbjeeting then ‘o oa alnede agmle of ebtinge apd decing at 16%
in the rresonac of added roianabmn, during thiah morodnatolr 707 of the
Sotal Cizosiem alwald socme (VL% 1,7, 1034), Tixotion on aterre for 1 wnk
in onnbont o1 aolntina o0 oafentin ™™g ~lan detcrrdned,

T ~obanaiin (Amtice map defined an follorm
Ffimtlon = emhantachle K hofore flmilor plus K added
lcas ermhepablo K afior fimticon,

Tohle 59 sryvrisss the fixing cormag fomd for Phe 12 pedide ad 5 ndnoveln
snated, Amrocisbla flmiisn en deying s $ound for 8 of the 12 soils

Joll ex Pl Mol on Griry Imoronee | "Sten®
mAvorel an nelst In Take” "o
ahornro, 2 } ] o
ron fmas | Onal Imgd 2 Bea |V e 4G

e s o'+ B ™y, e o RS O ™ e
Tern 1imonth a8 =Bd | 0% R0 6,6 0o 00 €8 | 0,05
enndy Inem
Toupo 0,0 Ne € NyT1 041 (e 043 el Q)3
aang
rkala Nefr N0 {17 1 S AP § e ©uS .24 Ded
Mgy lom
Jadich ol 2,0 0] G, Q.5 A4 1,8 1.0 3.7
alll losm
NIty o3 %8 O3 3784 O h N 0,0 0,7 Clodk
£ine aandy o
oralmie N (5 G  Gaf (3 G,6 0,6 1.4
ol doem
Idaen 0,8 B4 0,0 0.4 Gaf:  Qpf Derd Ne D
fire armly 1loma
Tl"!m} 0.1 (".’r‘ Q.O ().5 1.0 1- 0 0.0 O.?
ailt leom
Heloorhe 6,0 0,5 | o2 0,4 0,7 048 0,0 1,8
nild laem
Hasoman 0,1 G0 0,1 0,53 Ol 0, De 3 0,0
all% lomn
Hainar 0.0 N, .0 0,3 0.3 0,7 (a7 241
a7t low
Rinatangd 0,0 01 N0 0,1 0,1 0,1 0,1 004
anoxoe mnd
Hon'morillonids 0.8 0,8 0e 3
Orthoolase 0,0 e,0 0,0
Hosoonite 0,0 0,1 74
Dintite Ne0 - 170
Vermioalite I 0,8 - bs7d




but ey for norbtuorillonite and varmiounlids of e minerndls, The greatest
Lixing capesitics were fwid Wl e iddlelnarss, Timau and Holeorbe edlt
looma, videh wers ot e mils on Wileh nolasalun deficliecics vone
abaerved in fhe glassboues atody, The flmbion on moish storane vovied in
the some forhion as the fimnfian on drying bub vith the greateat {Imtion
fournd in ths Iolomara {inc sondy loom and the Halmmant silt lommy The noils
af'ter heing sabjected to N siyde webiing ard Aring cyele wilth the addlit-
ion of H me K¢ as JUL, were extrmeded with 3ilata nitric asid b roove the
eahengecble potosalin ond Lhen exragted v Glwa with JJ Mg of a raido
of 1:140, ile notasaim fimd was extamoted in Pho firsb Swo extraotions in
211 samea exaent for e i Nahrat 811t e vheore 1,8 we K % hed hean
Mwed, The "oonsbant ra'c” notassiin s rob affected {sec Midble 40),

IABLE 40
POTASSUE SOLBLE T JOSMAL JAGIC ACED PULOEIG
£OTASSITE TR ADULTLQN OF 5 ne K S,

S04l %2 aoid mitlo  1:100,

11 txoh, K Ptmet  murber “Sep” K| et X
aftar 1l 2 ] a4 aftéer S0
T ixatiom fAixatian ]| £imd

- - " 5 7
meh e ned e R e meh
Jewr Mgurrdh GeON | 0,33 0,05 §PRT: It N U 02

anndyr loum

o 330 | 042 0,20 0,18 0,14 0,56 0,15
aand

Xixinela Be25 0,83 G202 0,18 T 0445 0,2
oiay lowa
Midildvmrst 370 | 540 1,62 1,00 6.9 53 Se7

ailt lnom

Tokemazn 2eT0 1040 3,7 0,57 0,52 1,0 0.4
fire sxdy loam

fxanieve BfXh 2,50 1,56 0,092 0,21 Y 1.4
alay loam

Idabam e 2R 2,08 N2 0.95 (1,02 2.5 2,0
Tine anndr lowy

2 imara 2,30 240 0,22 0,80 0,28 1.7 0o 7

it losm

Halcom?‘e 4’.70 914'1 1.% G.m 0'80 1.9 l. ?l
41t leam

Mataman 4,058 1,15 .40 0,43 0,42 0,83 0.2
aillk Lom

I‘?ajp:m‘& ‘2:095 5.4.“2: 1.5\’; 10 31 1' \)‘? 2.8 2.1
silt lom

Himatangd 5,20 11,08 0,77 0,70 0,07 0,5 0.4
aoarse opid




The web ting and drying »f aoils, instead of producing fixatdon
of potyvislim, mayr bring shon’ the release of noncxchangpable potassizm, Evans
and Simen (1949) used 3his pmperiy in their surgested method o estimating
potasaitm amilahility, Teated on sone of e sclls used in *his sindy
for emorping, 2 wetting amd drying oyoles with extraction of exchnnipeoble
potnasim cach cyele, broucht shaxd mall rdensea of potanszsim o the dilute
2eid.  In all onses the releoae per cyole wos mall, leas tha 0,95 me K %,
A simflar eycle carried ot on 3 a0l samplen which had been extracted once
with I H”:OH te vreoTe "aten” pofasslim, roleascd no potassim £von ay snil
(Table 4),

Snil Fxoh, X K rel.osed rer cyole
1 2

e’ meadh meds

New Plymouth 1,15 0,08 0,0¢

sandy losm

Middldrarst 0,81 0,24 0,15

2il% lomm

Tokonara 0,61 0,14 0.16

Pine arrdr lowm

Omakere 0,59 0.10 1,10

clay loan

Timary 0.30 [nHIAE 0,90

8il% loam

- 1€ _0X tign ot 1:100 with I Hij0qs

Hew Plymouth 0,0
sudy loam

“malzTe () §
alay loon

Timaru 0,00
ailt lom

It is hirhly prebsble fharcfore that the potasaiwm estinated by
Bvyang ol Sinon is srme nort of the "Utop" potasstim, The data presented in
ithedr paper, on ingpeotion, ™mald arrear to €14 a rate of exiraetion, which
rather than being osnstans, decrenscd stoadily, indloating that a finite amount
of potnssium was heing extraoted, An arprotimtion of thin amoant could he
node by extrapolation te arproxna‘cly 10 cycles,



It ms showm oorlder (page 55, and Isdle 16) that irxne
exohwngeable potassim wasn used by ryeprass plants vhile gmwing foxr perinds
of 15 months tn 30 movhs vler Masnhonse oconditicnsa,

Cortain of *he anrmples of the m0ils uned for eropping and on
weh the emhmnechle notnmssiim had heen deterined, were extreoted with
H 1m0,  The romiliis of theae oxtrotions ave rerarted in Tables 42 and 43,

Thn firct serdes of exirastima on ihz soile, Mew Tymonth sandy
lom, Taro safl, Iirivake oley loon, Middlchurat aild looen, Tolomeora fine
sardy Lol and Jaakere olay Loom, Teme gsrnied ouf at a moil o acid ratie
of 15112, The remadning Yo acriea of o¥tmoiime wore cwried out at the
80l te acid ratin of 1:100,

LADLE 42
\SSTM SQUIDLE II1 IR{AL JITRIC /CTD FRONM POT OTL SATLIS

Ratin of anil to acid 1:12

S211 Date Xxoh, Extraot hmber
K 1l 2 3 4 5

med | mat meli moh med mes
¥ew Plymoath Initsad| 32.10 | 0,74 0,21 0,20 0,20 0,18
andy 1loam BeDed4, e B 0,23 0,7% 22 0,21 0,21
Tou o Trisi-l] 2.248 | 0,20 2,12 0,00 6,08 0,0
sand De3.04, N1l 0,20 0,14 ell 0013 0413
KArinaka Inidaa 1,56 0,20 0,15 014 0,14 (;i. 15
Cl!‘!}f 10{‘1! 805.64. 0.% 0. 87 0. L’:“ 0.14 0015 OQM
¥12Q et Iitial | 0.01 | 3,00 1,48 0.75 0,00 0,49
silt 1nrm 3eBe, | 92,35 | 254 1,12 0,75 0,60 0,50
Tolomar Irdtdad| G000 | 251 0,35 0,27 0,27 0,30
fine aandr lom | 2,3,84, 1 7,17 | .50 0,54 ¢,23 0,31 0,29
Omnlkeere Iritiol]| 6,08 | 1€ 2.502 G448 0,43 0,43
clay loam 8e384 | 0,74 | 1.91 0,40 (0,45 0,40 0,30

Initial dntes = sec Tehle 12, page 53,

Porr all cxeant e Idaburn fine sandy loam, the inillal soid
extraction of the crorned meils Teleased less potassiun than from the
unem™nped spils, Any variation found betmen abacuent exivaotionsg beforse
and after orapping were not signifieant and wore vithdn ewerimenial error,

Table 44 ai.cwa the "stop" potassium for each extraction, the

change in "step" potamaiim during the pericd of aroprning, and e ron-
exhnngeahle potasst'm ramoved by cromping,

A adlose relationship iz meen to exist between the nonexchangesble
potanshuam takem up by the ryerrass and the ohange in "step" potassiume
There was nn chscrvable oonaisntent differenoe in the "oonstent rmie”
notanaiun for any soil,



TABLE ___43

POTASIIWL SOLUALE Tl JIRMAL NITRIO ACID IROM POT SAMPLES

Ratio of =ni) to acid 1:100,
Soil Date Exoh, Axtraot Mumber
R 1l 2 3 4

licw I'lymoath Irnitial 1.10 0,31 0,25 0,26 0,258
sandy losm 11,12,54 .15 0.2 0,26 0,25 0,24
10, 3,55 0,23 DD 0,24 0,22 0,23
Tamo Initial 0,46 0,32 0,18 0,16 0,15
aand 14,12, 54 0,15 0.26 0.19 0.17 0, 13
10, 2.8¢ 0,10 0. 23 0,20 0.17 0.19
dripaka Initial 1,56 0,37 0,22 0,13 0,17
clay loam 14,125 0,25 0,23 0.19 0,17 0.19
1o, 3,55 0,16 0,17 0.15 0,17 0.13
Mdadlehurst Initial 0,51 4433 1,17 0,99 0,94
silt loam ( 2m, 1,12,5¢ | 06,34 | 3,46 1,05 0,93 0,82
10, R,55 0.48 3.27 1,18 0,99 0.93
Tokomoru Initi 0,51 0.37 0,065 0,59 0.57
fine sardy lowm 14,12, 54 2,11 N 78 0,65 0.59 0,52
10, 8,55 0,12 0,78 0,60 0,53 0,52
Omakare Initinl 0.8 2.12 1.10 0,91 0,21
clay lomm 14,12,54 0,13 1,77 1,09 0,95 0,90
104 8,55 0,27 1.05G 0,93 Oe Q™)
Idahhaon Initial 0,65 2,76 1,10 0,93 0.94
fine as~dy loom 14,312,054 0,51 2,82 1.12 0,02 0,90
10, 8,55 0,3 % 1,08 0,90 0,88
Timaxru Initial 030 1,55 0.90 0,93 0,28
allt 1oam 14,12,54 0 02 1,32 0,28 .21 0,20
10, 8,85 0. 1,30 0,88 0,28 0,39
'sleabe Initinl 0438 1.82 0.9¢ 0.82 0,72
ailt lom 14,12,54 0,23 1,75 0.97 0,85 0,82
1o, 83,55 0,25 1,74 1,00 0,838 C,B4
Matamau Initinl 0,55 0,59 0,41 0,42 0,42
10, 8,55 0.26 0.41 0,40 0,40 0,43
Malpara Initial 0,85 2.27 1.29 1,18 1.08
sil% loam 14,12,54 0.34 2,63 1,25 1,10 1,04
10, 8,85 0,40 2451 1,17 1,9 1,02
Mimatnngd Initind 0,30 1,01 0,80 0.69 0.G9
ooarse snd 1n,10.54 0,20 0,82 0,79 0,71 0,69
10,3, &5 0.18 0,82 0,80 0,70 0,89

Initial dates = scae Teble 12, page 53,
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ZABLE. 4
RELATIONSHLP BETIRI " STED POTASSIM AID NOMEXCHANCGEABLE
POTASSI UM TAEN UP DY R!(Egjm
Soil1 Date "Step” Change in lonemh, K
K "gtep” K taken uwp

me% ne? me’h

ew Flymouth Initisl 0,05 0,0 0,0
sandy loam Re 254 0,02 0,03 ~0,08
14’.13' M‘ 0005 0002 -0003
10, 8,85 0,00 0,06 0,07

Taino Initial 0,18 0,0 0, 0
aand 8o 3454 0,10 0, 08 0,01
14,12,54 0,10 0,08 0,04
10, 8,553 0,03 0,15 0, Q7

Kiripskm Initial 0,20 0,0 0,0
clay loam 8. 3.34 0,22 ~0,02 0,02
14,12, 4 0,10 0,10 0.11
10, 8,55 0, 00 0,20 0.19

¥iddlehurst Taitial 3.7 0,0 0.0
8ilt loam { 2m, 8,5, 5S4 2.7 1,0 1,03
14.12,34 2,6 1.1 1,28
10, 8,55 25 1.2 1,69

Tolomasu Initial 0.4 0.0 0,0
fine aandy Ilom 8, 3,34 0¢ 23 0,15 0,12
14,12,5¢4 0,30 0.10 0.4
19, 3,585 0,25 0,15 0,20

Omakere Inital 1.4 0,35) 0.0 0.0
olsy lonm 8, 3.54 0,8) 0.23 0,26
14,12, 54 1,0 Os4 0.43
10, 8,59 0, 78 0,68 0,65

Idaburn Initial 2.0 0,0 0,0
fme ﬂa.nq‘,' loam 14. 12. 5* 2. 0 Oo 0 0- %
10, 8,55 1.9 0al 0,09
ailt locm 14,12, 54 ) 0,2 0. 20
10, 0,65 Nl 0,3 0,38

Holoomhe Initial 1.3 0.0 0,0
231t losm 14,12, 54 1.2 0.1 0,04
10, 8,5 1.1 0,2 0.18

Mataman Initsad 0,3 0,0 0,0
silt lonm 14,12, 54 0.0 0,2 o011
10, 8,85 0,0 0,2 0,18

Waipara Initiad 2.1 0,0 0,0
silt lozm 14,12,54 1.8 0,3 0,40
10, 8,55 1,6 0.5 0,04

Himatangi Initial 0.4 o, 0 0.0
ooarsc sand U.12,5¢ 0,2 0.2 0,19
10, 8,55 0.2 0.3 0.20

Initial dates - see Table 12, pape 53,

Ratio of acil 4o acid 1:100 exept for analyses dated 8,3.54,

and in bmgckota for Omalere dlay loam when 13112,




Tha "step" notacaim, althcacrh independent of the method of
estimation, is seen %o be Influenced hy the level of aropping.  Where
the "step votansim waz redioccd ¥ peoxyly a2em by cropping, the percantage
of potassiiza in the drv tissuc 211 o very low lemels md pobasaium
deflclency syup toms beesme pranounsed,  Where the "step” potassium was
hlther, 0.4 me ¥ ;5 ov move, Wie potassica lsvel in the dry tiasae ws 15
K ovr meore,

IDMTTITICATI G OF SOURCE OF AVAILABLE 1'OiBXCHANGEARLE POPASST UM

The %wn sila, vhinh diomed the oreateat change in "atep”
roiansi:m on ererming, Tiz, She Middlehirat silt loom and the Omakere clay
loom, wors frachtimated into cnsrac sard, fivo sand, silt ord clay by
¥ethod T (pame 27), Qmaples of these scparates were exiracted vith
i .YE?OS at a retin of 151100 for the sands and silts and 1:200 for He cdlavs,
There mea virtnally ro di€rrenes hatwecrr *he neghanienl analyscs hofore
ard after cropping, as shcvz: In Table 45, The extrsotion date for the
toxtire esparntes im givon in Tohla 46 dhiowing that with e eymeostion of

LABLE A0
MECINTICAL ATALYSIN, BERME AT AFTER CROPPIIG

Soil Com se Fiie Sils Cl’.\y 0, iy » n
axrd sad Losa on sol=,
Middlahvarst Befrre 15,9 328 22,2 20,6 9
2ilt lnam  { 2wn, |AfHr | 17,2 32.2 20,1 20,7 o
Omalere Defae 1.8 23,2 328 32.7 10
olay loan ALlEn 2,0 22,9 324 33,2 19

the oonrse aand fmeticn, rovnaasium was oxtrawiod by the rvesranss fyom
zach of 4he frachios fram the MHidldehrrat 1311t loan, Most of the
nokaesum extrnoted eame Oron fhe olay ~Llthsuh aprreciable anombs omme
fron the sil%, For the Omlere clay loom, most of the potassim extracted
came fvam the clay fraction, vihih a small avnt from the sils,

Because cf ‘he conasiderable influmoe f deferration on the
nechardonl annl;sis and on 3le distribhubiar of potossium etracted fxram the
Mialldwrst silt loom textirce frastions, e Nrther ammple of Middlcurst
x11t loam, taken af'ter cropning for 2 years, was ‘roated with 69 H202 o
destroy organic matter, dimeracd with onlgon and sodium carbonate end the
olay scparated, The 3 larger fxaetiona were then deferrnted by trituration
with dotergenta (details of meihod, sece poge 50) and separnted by
sodimentation into coarae swd, fire sand, ailt and olay, the mechenical



annlyxds heing shomm in Teble 47, Thoe separntes prepared thna were
extrmoted with N m:as. Thz remilts of these extractiona are given in Tshle
43, topether with the data quoted in Teble 27 for the potesslim mlnble in
I 110, from deferrated Middehurat silt lomm texhwe fracticrs,

ALABLE 46
POTASSIIM EXTRACTED BY. IiCGRMAL NITRIC ACID INMOM TEXTURE FRACTIGS
BEYRE AID_AFTAR CROLELNG
Soil Ratio Extract Humber
1 2 3 4
Middlaurst e
i1t loan 1 me’ me maz me%
el W 1112} [Before 1,59 0,73 0.21 0,19
=t X 1:100 [2f4ar 1,20 0,m 0,40 0,42
1:100 [Refare 8.0l 0,98 0.27 0,85
Fine send 1:100 [Afser 2.60 1,12 0.09 0.97
3114 1:100|Befare 4,80 1.57 1,54 1.51
1:100 |Aftor 3,81 1,57 1.33 1.2
Clay 1:200|Before 11,7 2.98 1,992 1.78
1: 200 |[Afker 8,3 2. 1.2 1,22
Qnnleere
°1"~‘I,{i}$’:;m a 1:100[Rofare 0,60 0,46 0,39 0,36
' 1:100| After 0,63 0,50 0,42 0.42
1:100| After 1.43 1.10 1.07 0,93
o1 1:200| Befere 5,23 3,98 3,02 2,72
¥ 1:200| After a0 2,85 2.87 2,78

These show that instend of potassium heing ebracted from the
snd axl finer fractions by the rvegrass, nearly all ( ) "7%) of the potassium
woa taren up from the cleay with virtinlly none from the sord fractias,

Thus for hoth *he Nmatmre clsy lomm And the Middlehurst silt losm, virtually
2ll the rnotasaium talken wr by the rrerrass in 2 yecars cronping cwvne from

the elar froction, It is nrohable that notsasium taken wr fram the nother
a0ile nlmo camc from thelr olay fractiona & 1ot from the conrser frecticns,

CLASSIFICATI. Ol OF SOILS 1I/TO POTASSTIN RESCOISIVA AD JON-RESFONSIVE GROUPS
In the cropping eperiment carried out to find the effect of
cropring on il potasaium, it was found that the only potasaiim other than
exshangeable potassim, availdle to ryegm_.és in 15 months to 2 years
cropping, was the "step" potassiim (pnges 93-96 ), 1ittle or no‘bonstant
rate® potassium being used, If the same reletianship betwecen potasaium
available tn plints, "step™ potassium and "oonstont rate” potasalim exista
under field oonditians as in the plasshouse, tien the detcrminatian of the
"step" potasaium of a soil should give a reliable estimate of its available
non-exchangesble potansium, Unlens the rate of weathering under field
oconliticne is sufficiently faster than that ocoarring unler pglasahmse
conditions so that enough awvailable potassium is liberated fram other then
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IABLE 47
MECTIAITICAY, ATALYSES OF DEFRRRATID MITDLEITRST SILT LOAM
Coarune Fine 3i1% Clgy
snnd sand
Tefore aronying Bl 23,2 28,8 24,0
After cronping 3,2 23,0 Pt S 2068

TABDLE 48

DOTASSIES SXCRACTID BY JIIRIC ACID TROM DEFSRRATED
T URE FRACTL(EIS OF it T ST IOAN BEIURE AID A

CROFPEIING
ORASSTUM_EXTRAGTED BY. JORMAL JITARIC ACID

Soll Rutio Bxtraot ilaymbear
| 2T 4 s

Coarac anmd 1:15»; Before | 0.43 0,19 0,16 0,17 0,18 '~
1112 |Af%er | 0,45 0,12 0,19 0,17 0,19

Fipe snrd 1:100[Before | 2,00 0,97 0,88 0,890 0.91
1:100|Af%er: 1l.9¢ (.98 0,88 0,92 0,90

Silt 1:100|Before | 4,50 1.50 1,29 1,25 1,30
1:100| After 3,98 1.57 1,33 1.8 1.27

Clay 1:200|Beforc | 1145 J.12 2,046 1,81 1,77
1:200| After- 5.7 3,00 1,88 1,78 1,70 .

"step” potassiiza = an Mlikeay vremine ander Mfew Zealand corditions - then
aoils without ov with low "sten” potasai'm alvxild shor potassium deficlerncica
aMl responscs vien the cwhanmeable rotanalim is exhansted,

A xrvey carricd ot o 0 acila, the potasaim stntis of which
was lnovwn from the resulits of wials carried oud Wy the Department of
Agrionliure {Ducing, porsanal corimioasion) shiomed (Toble 49) 4hat all
3ils mom %o he potassiim ressonsive have a "step” potansiun of 0.3 me K 95
or less, except the veory anorase textred Mimadsncl onarse sard, vhich has a
"step" potasaiim of 0.4 me K%, The 3 soils tested on which slight
responscs have heen show, hnd "sten® potasaium of 0,3 = 04 me K%,  Soils
ko % he not respomsive of notassium or on vhioh potassium reaponses have
not been renarted, nll hed "atep" potasaium of 0,5 me K % or larger,

The tanges of "constant rate” potassiim was from 0,03 = 0,70 me
K i er potassium responsive soils ond fyom 0,37 = 1.3 me K 4 for non-
reaponsive solls, As the ranges overlap oconsidernbly, the "oonstant rate”
potassium would not be ns good an index for classifying soils as the "step”
potassium,



S04l and ol Bxtract Thrher  ['Step["Conatd (n) K

Cemotio il K 1 2 3 4 K |rate"K status
group ncy | mess mefl med  nmed| med| med | med

tharelmhe ™ [025 |0,92 0,00 0,05 0,04| 0,0 [0,05 [0,00 | Def,
sndy loam
Wharalzche 7h 0,14 | 0,34 0,22 0,295 0,20 0,0 [0,25 Def,
31% lomm
New Mlymouth Ma (2,79 (0,31 0,35 0,20 0,25| 0,05|0,25 2 Def,
a~ndy loam
Stratf=d4 144 [0,52 [ 0,20 0.2 e29 0,30 0,0 |0.,28 Def,
snrd
Inplewood coarse 144 (0,50 | 0,30 0,30 0,32 0,32]| 0,0 |0,32 Def,
aandy losm
Takapanu 14a [0 12 [ 0,27 0,20 032 0,31| 0,0 |0,31 0.25 | Def,
s8ilt loom
Rarala 14a |0,61 | 0,32 0,37 0,33 0,37 0,0 |0,37 Def,
camplex
Rulashia 19 |1.20 | 0,12 0,02 0,M 0,03 0,1 (0,09 Def,
peat
vinduta 7a [0,31 [ 0,93 0,14 0,17 0,18]| 0.1 |[0.17 [0e”1 | Def,
fine sandy loam
Avmhon 12 |0.28 (0,73 0,72 0,71 0,79]| 0,1 |0,70 0,62 | Def,
loy sand
Te Fonrum 128 0,33 | 0,20 0,00 0,04 0,06 | 0,18| 0,05 Def',
srd :
Tonno 13a [045 | 0,32 0,12 0,1 0,15)] 0,2 |0,15 Def,
aand
I(idpel:a lﬂa 1.57 0- 37 0-22 0.18 o, 17 0.2 0.14'3 Dﬁf.
olny losm
Hamama 8 D43 | 0:35 0,17 0,19 0,22 0,2 |0,19 0,30 Def,
atory silt lom
Waildwl 58 |0.,68 N,AE 0,32 0,29 0,88| 0,2 |0,29 Def’,
silt loam
Chauro Ua (142 0,55 0,384 0,57 0,37| 0.2 | 0,37 Def,
eilt loam
Omalea M 0.7 0,76 0,56 0,67 0,58] 0,2 |0,57 |0,68 | Def,
8ilt loam
Marua Go |0e20] 048 0,25 0,21 0,91| 0.3 | 0,21 0,24 Q1ight
clny lozm
Pe Kowhad 1da [0,45 | 1,00 073 0,77 0,75| 043 | 0,75 Slicht
silt lom
Tolonara 2f | 0,01 | 0,87 0,65 0,50 0,57| 0,4 |0,57 Ne42 | S1lipht
fine sandyr loam
Mmatangd 12 (0,30 | 1.01 0,80 0,09 0,89| 0,4 |0,69 | 0,57 | Def,
coarse sard
Timaru 2 (0,701,858 0,80 0,93 0.,83| 0,7 0,08 |0.75 | Not,
si1t loem
Hamilton 15 (1,84 ] 1,00 0,48 037 0,36| 0,8 | 0,37 lot,
clay loem
Liamore 2a | 0,95 1,58 1,17 0,92 0,98| 0,9 | 0,98 Not.
xilt loam
Haloombe 28 0652 | 182 0,34 0,82 0.78| 1.2 | 077 Hot,
=11t loam
Onakrre Gh |0,08] 2,12 1,10 0,81 0,91]| 1.4 | 0,800 | 0,85 | Note
olay loem
Viadpexra % (0,65 2,87 1.28 1,18 1,08| 2.1 1,07 ITot,
silt lom
Tamika % (1,64 3.85 1,55 1,20 1,23 2,5 |21.22 | Tot,
silt loam E
Rastinge D (1.,28] 3.41 1.7 1,36 1,28| 2,6 | 1.3 Not.
oclny lom

(a) Extrmoted st ratio 1:13}, emhangesdle potassiim not rencved pricr

to extrnotion, but deducted to give data in colum (a).
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The relationchip botmeen the "step" todassium, "oonstant rate”
potasaim and slant regsenac, ia dom n Nigae 13, It is seen that by

"

nlacing the a6 ila in*n comeoa wiiy "aten® potansiun fimuren of less then

0,3 me K %y 0,0 = 0,4 nc KJjy and 0,5 me K 7 or nore, the arils fall into

FPIGURE 18

8] 0.8— 0

$0ils not Rerponsive
© to Totasasium.

)
[ J

0 30ils Responsive to
Fotas=ium.

bz
[ X BN X J

2 0.0 [ ] ] | | |

: 0.0 0.5 1.0 1.5 2.0 295 >2.8
"Step" Potassium in me K %.

T, 18 = Reladicshin DelSmeon “abep® notossiom, “coone iant rate”

~obanshm #d rninzsbira resyonse,

rrouns vhich ore ~o%ncaim &finient ond nomercgeonaive with a2 amell grom
ir botroon. Thie oroim, vith "s'op” notosatbm fimires of 0,3 - 0.4 me K 4,
Ineindee one defloicn?t c0id o174 3 which dhww alicht resnonses, The
Aflinims enil im of cewas sordy Soxtire, whercos the others sre a olay

loom, o ilt loom and a €ine aardy loam, Tt 4s nrobable that if the |

natasalim atobus s aomm fov rore soils with "atep” notassinm in the
rave 063 = 0,0 ¢ X ), a more exnct relationshin between the “sten”
minnaim, texturc and obansimm statna onild e derived.

When ocrrelnting £ield xeaponasea tn rotasaiiom with lahoratory
2ata, it in esacntinl that nn faotor other thon the lewel of awallable
rotanalm controlled the grovwth rate, Neomune of the widesproad rhosphate
deficienoy in New Zealund, in may of the ernrlior ficld trials, the low
available phoaphate lcvel wps 4he eonirolling faoter in plant growsh and
misleading nepative £icld reaconmes to notaasim were rerortcds According
to During (pers. ooramieatim), potasslm remyonacs ae now helngy reported
in areas, rrevimaly eonuidered non=responsive, in which faaming has become
move intenmlve and vhere phosphatic fertilising has become rore prevnloend,
The classifloation of Mew Zealard anils into potassium resporaive, alightly
resmoneive and non-resnonsaiw goups, as siown in Figure 1, is therefore
aly tentative amd will 1.0 doubt be modified onnsiderably as farmdng beccmes
more intensive and as oller nutriticonal deficlcnoies are satisfiled,

The wlaticnshis betweern "ston" potesainn and the potasaimm
status 1s summrized in Table 80, TWhere farming is very intensive or
vhere erops have partioilarly hirh potassium remirencnts, e.fs lucerns
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leyn, notato and clover sced amd oy stands, higher "stcp™ rotassiwm nay be

necensyy o ried ontimm iclde, An exryle of #iia has been foand 1in ;

Cruitexbury where lucemne gmom om Lisrore s8ilt loam, ahallaw thase on pravel,
with "step® potassiim of 0,9 no ¥ ¥, has showm res~annes te potasain after

§ years of intensive grovrih vwith irrigation,

L ADLE 18]
RELATIQUSIEE DETYA! "3T8E" ROTASSIIM AT PORASSIIR STATUS
"Atep" nobassium, Potasslim shatus,
{05 me KK Potagalum deficiont shon cxohaigeshle potanaiim
exhrusted,
N = 0,4 me K% Alichit remwaases o potassiim, but potassiim

resconsive 4 emnped intensively or if of
osoree textire,

> O,5 me K % ot rosoroive tn notanciom,

The initial 20id oolible rotacsim ficgure at o s0il 4o acid
rtio of 1:100 for potrasinm responaive =oils varied from 0,09 - 1,0l me K %
azd for nem=regnansive ny aiichily reasonsive acils, from 0,48 = 4,3 me K &
7idh all except o poida ahvve 1,03 me K 7 This dngle determimation wonld

e alnost as onnd o mepamtion of anila as e malfinle extroction methed,

As anctihwmd fm dotnraininm nefanniz rosmonel-c 20ils o molils
leh wilL besem | obasalim ron analve vien Hy exchangesble rodassiun is
denleted, the deteiviinaXicr. of e "sienp® polasaim by rmudtiple extraction
sives a better Indicatim thay the adnple eXiragdiar, The method recoviended
by Reltemedcr eb al (1943) ond Pratt (19652), i.ec fhe extmetim of ‘he moils
vith 5 P a% a a0il to ecld ratio of 1:12; without rriar rooval of
eschrnglenble nokassium, 211 nct pive romlta of an acowrapy cowarnble vith
sither of the nhove neihrds, slthnyh co e Dasie of the 12 amalyacs reported
in Table 49, a diviaicn nf noils into dcficiernt and not recsconnive soils
00114 hie made at aborh 0,6 « 0,7 me R %, On the basis of the sxvoy of llew
Zealard sn s using thoc methiod of Frati (1951) not rernarted here, it appears
that thia division 1s not wory precdes, aa alihoush for no delicient soil,
the Clral actraction £igare oma greater than 0,7 me X %, for sovwal non-
deficient solls, it wns 04 - 0,6 me K %,  This 1lindt of I 1070, noluble
potesnium in notassiim def'icicnt o0ils is the sarc as that foind hy Lepgg ad
Rascher (1959) for Arkansas s»ils,

The method rvoorended for the most ernot clasaification of
soils into po%amsium deficient amd non=deficiert fxems i ns follows,

1, EBxtract the ewhongesble potossiim with dilute (J/A0) 10,4,

2, ZBxtmet the hytrogen satrated residue 4 times with [ IIHOs by boiling
for 13 mimases ab o 50il Yo avid ratio of 1:100, the a0id added boiling,

3, Caloulate the "step” potassiim onl from Teble 50 det=mins whether
potassium deficicncy and response is 1ikely,



An alterrative nethod for a &lvision ints pobassiinm
regonsive and nan=regonsite soils mald be

1, Bxtroot Yhe exwhanreshle notasadim vith ddlnte WNO,,
2. Extroot the hydromen aaturated rosidue onco with [ It!'!()3 by boiling
for 15 minutes 2% o mil %0 acld ratin of 11100, ‘he aold added bhoiling,

If the =0l solible nonexchangesble posassihim ia lesa than
0.8 me & %, poitasal'm deficicroics 1ay be eweeted, if freaber than
1.0 uwe K %, potansim remponscs are nos lilxly, i fion 0,8 = 1,0 e E %,
asbtimate the "sten” potasain and apply tw rles for corrolating "sten”
potassium ard notaasiizn respoitBe,

Althoagh wen aprlied to virgin smils, the mingle extraction
method gives quite prod separations into rotassium deficient md nane 7 /
deficient soils, then e-plicd o orormped anils, (see Trblcs 42 and 43), it
does not give mch indiocntion of the awailable rpotassiim remadning in the
anil, The miltiple extxrotion method with the determination of the "sten®
rotasstm rives more infomation ahont the aont of avallable potassiim
preacnt in the soil,



- 103 =~
G

As ahown by nary worlers (sec Table 2 ad pages 30 to 14
rotzasim other than ewbangesble potasasimm, ia amllable % plonts,
the amonbs varying oonaiderdhly betweon sollg, In this stndy, e above
flirdings were oonfimaed, the mrovortion of the lotal potassiim taken wp
by nlints, which was nobeexchangesble at the beginning of the experimant,
wring from 97 o 047,  Whesn Itallan ryegrass was ;v vor 15 ronths
to 35 yoors, the miale of nen-exeboneechble potassim was up to 1.70 me K 3,
a fiszae hicher thar ayy :uh’!.ﬁ_:sird ap tn};:, the sravioos hifhest nptnles
recomded holrg 1.5 ne K 7 in 42 months for a Hawaiilan eoil (Ayres, 1049),
The uptake for the majerity of the 20ils was (rom 0,1 ~ Co2 re K 7 with
an overall awrage of 0,55 me K 7% in 20 montas, vhich is #imllar to the
avrage of the pdblighed uptnizs of anrroximately 0.3 me X G in 2 years,
again with a large ~voporiion in the rance 0,1 - G2 me X %, It rould
appear that Jew Zenlayd mnila are similar to the soils of %he U,S.A. in

be evailabillly of nem=axohanmenble notasasiom,

The initinl emlnrgeable rotassiin wna found to he a poxr
irdiontor of the total polanaim amilable, Fmr» exviple, with scolls
of hlther i avrrase eotassimn swplyiag womer, the esphanfechle
cotassim, ab 0,5 = 0,5 me K 3, ms 1ittle diffe:cini firema that of other
a0ils, Then the inditial exchanpeshle potassiunm level 1a low, the hone
exchemgeable pobansium is of water relative Imcrtance as a sonrce of
availnble rohanadtmm than ~hen $e exchangeoble tobassiun is hirh, From
the published infomatiar conanlted, it arpeers Yt the genernl level of
exshangeable potaasium in e a0ils of the 1,5,A,, tcnda o be sbout
02 = Nyt mo K &y coffe Lillelamd (ref, Williams and Jenny, 1952) in a
survey of Califeornion snils found thai 765 of the asnils hpd emhangeable
rotansium levelae of 0.4 me K % or less, Under these eonditionn, the
mnecxchanseshle notassim mat mioply a large pard: of the orop potanaium,

The mlatitw oontributim of the exahmmpeable potassium and
of the non-exmhangeable notassivm %o fthe potasslum urtale, has been
exprensed by Sclvaitz emd Pratt (1953) and by Semb and Thlen (1955) in the
form of rmuliiple repression eyuations, They found that the bhest
ocomrclatian betwoen rlont iphale and =0ll potasaiwm was iven by the
rolationahip that the uptale of K was 98-100% of the iniitial eswhangesble
potassium plus 15 « 20% of the potassium soliuble in cne extractim with
J 1Oy at a soil to aoid ratin of 1:1124, For the mils oropred in the
aourne of this study, the shove relatiauahip aprlies approximately for
the firnt year's ocropping and less acourately for the sscocond year's
cropoing far thos: soils cropped for 25 yoars. The ocorrelatian was
poorest where the acid molible potaasium was vary low or very hich, the
oalonlated uptalze being too high when the acid ecluble potassium was very
low and too low vhen the acid soluble potassiun was high,



A 8lirhtly better carrelation between the anrmal plant
rotansium uptale ard aoil potasaium was given by the equatian
Kin orop = 4/6 Initial ewh, K + 1/4 "stap" X,
The uptake of potassiim fiom the Ideburn fine eardy loam and frmn the
Holecombe milt leam 41d not £it any sugrested relatimship betreen plant
untale and acid solible and emhongesble notansium,

The soaxce of the nonexchanpeahle available potansiim was
ahotm by Olsen and Shaw (1M3) and by Yerwin (ref. in Reitameler, 1952)
to bo ansnciated larrely —iith the fincr toxtire frootians, This was
emnfirmed in this sindyr, where it wna shom that the potassium ten up
by *he ryerrmsas oome almoat cn¥rely fron the dlgr fraction vith the
rerainder fron the silt  Ex'Tactior with I IT0g of the texture separates
by Rease and Bertramson (1950) and by Mratt (1951) dhiowed that on a unit
welrht hasis, most potasniyn wms extracted fram the 2 ufraotions, the
amonnt falling off ranidly with inoreasing particle size, Rouse and
Bertrmaon fourd that with esils prodaminately of sand and &ilt, half of
the 20id solible potassitm came from the clay frmetion, Pratt, with
f2irly sandy soils Cond thad $e clay contributed from 40<755 of the ecoid
soluvble notasaium, In this study, the greater solibllity of the rotassim
from the clay fraction wos onfirmed, Tehle 24 showlng thai apart fimm the
two sondy anils, from 40-90% of the acid molible rotassium cams fran the
olay fractian,

Reomine of the larpge contrihutinn of te clay fractions to
the potass i extractrd hy I mroa, it shonld be rossihle to estahliah
mlatimnahips bedmeen the oclay mincral onntent of the =oils and the "step”
notosalim, the "conatant mie" potassiim and npotamnium fixation, Althourh
no teats of the notassim fixing rorer of the textxre fraoctians were
onryied out on *he llow Zenland snila etidied, N,J., Volk (1034) and nthers
have shom that the notassium fixing pover of nnila s a frotimn
anvocinted virtually cntircly mith the algy fraotian,

As the exnot qumiitative olay ~dnersal diatribution is not
arnilable for the solls sindled, my relationghips derived mist be of a
qalitative nattwse, By goming the aoila according to the genetio
clazsificotdon of Tarlor (1947) and hy using the 4infomatim sbout the alsy
minersal distribntisn in the femetio sl growps pahlished by Fieldes et
al (1954, 1955), as in Trble 51, it nay be seen for the Zawl solils that
vith increaning intenalty of weathering, the "step™ potassium tends to
dcorecane fram approxdmately 2 me K % found 4in the brown-grey earths ard in
the yellow-gey earths to 0 mo K% in the podeslized yellom=brown earths.

The brown-grey enrths, with the clay mainly weakly hydrated
mica, had a high "atep" potassim of 2,0 me K § and a mediun potassium
fixine power of 04 me K % In the yellow=grgy carths where rore weather-
ing has taken rlace and i1lite and clay=vermionlite rrodaminate, the "step”
potansim 1a still hish, 0,7-2.6 me K & (avernge 1.7 me KA), These
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firvres emalnde the data for the Tokomarmi fine aandy loam, the clay
minsral of which, according ‘% Fdeldes (personal esrmmnication) ia illite
or pnasihly a oollapsed olaj=vemicalite, vhish as a reailt of its
alluvial origin 1s low in potassium. The poirestim fiixing nower nf the
vellrreorey eardhs is higher than ‘thnt for the Yrow=rray earths

(N,7<1,0 me K % arainst 0,4 ns ¥ 7Y but this is nrobally the rosult of
the higher clayr peveentages 4n the yolleor=gray earths camared with the
brom=crar earth (10-0%% agninat 7099 mther “hon fom any differcioe in
the olxrs,. In the yollow-brom cardlis were firither wenthering hes
oocurred, a gonsider~hle decroasc in both the "s%ep” nntansium and in

the potngasiim fiddnt neror 4a £mnd ovon with the rch hicher olay oontent
(337 £ar the ‘malere clny loam) in these anils, In the podzolized yellow-
brom earthe, where 2:1 Yvoe layer lattlcc minemals are not found, *he
"sten” potamaivm is wort low, 0,0~0,1 me K 4

The intruonnal ils without layer lattice ninerals, viz,
the yollow=bromn pirdce acils, yellow=brom: loums, omd red<brown loams
derived fronm basalt frm Morihland, are also low “n noid soluble potassiu,
both "step" potoasihum and "conatant mie” potassium, These soila do not
fix rotansiim and althach efben hich An exchanpeshle rotessium in the
virsin state, hecane vors &flaient in smilahle nobasaiim vhen cropped
for mome time., Beoaune of fheir favmurable struohkure and the faoursble
clinate asancinted with *hem, forrdng has heen relafdvely more intensive
o theee soils and the fivst peotessium respanses In New Zealand were
ohservnd o moiln of these rroups,

Tyo ancmalons mils are the red~lanwmm loam, Middlchurst silt
loan, atud e browm mmnnlsr clay, Hondlton olgr losm,  Both have high
"atep" potassiumw and hirh "omatant rate" notaasiim and the Middlehurst
ailt loam hns a very 1dch potassim £ixing aapasity, The Middchurst silt
loom, although derived from hasald, mist oontaln a oonsideroble smount
(ur 0 one half) of non-bopalbic roterial, hoemiee exinntim of the
defcrrated fine snnd shors that the majorlty of the fraetian 5.6, € 2.7,
vhich males up 55% By welrht, la giartg and acid felspar, According o
Fieldes md Willimem (1055), the olay fraction is largely smorphons
although 1% containe somve lnvirous miea, Mh4dd more is Imown of the clay
mnerels in this 11, m ewmlmnatim of the very hisch ecdd solubility
of the potassium, the high fixation porer and the ready aveilsdility of
the non=-cxchmgeable potassiim, oan be given,

The other s03il, the Hamilton clay loam, which 1s derived
from old sndestic Familton ash, bhas as the dominant clsy mineml an
musual tubular form of neta-halloysite (Fleldos and Willimmson, 1955),
As Hhis mineml is present in the strngly weathercd yellowbrown earths,
goup 8, which are low in acid esluble potasalum ( see Mara olgy loam,
Tcble 40), it im probably not the sole omse of the high potasaium
extrnotions data, It is of intcrest that Allimon and Roller (1955)
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carii
Yellor-rreyr 2 | Viedrara ad,l 11, '1ea,Y | Madnly High
eirbh dastirga c.l, il Oe7=1,0
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Ty %o mineral ebhrow

107 IE8 Lesas foble 38, page 03,

reporded thet hallayasilte wus thle o trap anronlum ims in a fhm not

replnceable hyr »~agtanalim,

the hirh figures found for *he Hamilton olay loam,

A sirdlsar emlanation may he *he renson for

Surnmarized, where weakly weathored rdoas, illite and dlay

vermicilite prodominrate, the "astop® potassium and potassiim fixation are

hidh and no pobanaiim roea-oscs are fonrd, Vherc no 2:1 layer lettice
rincrals ore prmgent, "step® rotacainm and rotessium fimtion are low and

rotasalim respansen ave cotron,

When Fratt (1051) szmmed the weijhited acid svluble potasshim



values from the textire fractions, he found that the sum wma less than

the mtassivm extracted fimm the vhole anil in all oasmaes, the deficienay
beirg fyon 4 - 293 (un to 0,54 me R % on 1.93 me X &5)s Fe asoribed the
dfferences tn lonmes of nobnrasim durirg frmobtiocnation, This efiUect
™o notieesd in the extreotinn of the Snecifilo gravity aeparates of the
fing namd from the Janhurr fine eandy loom (Tshle 3), Wherear *the firss
extrantion at a snd to acid mitio of 1:112) dissolved 0,84 re i &, &he
velohied mm of the firat extracts of the mpecific gravity spamtes ms
0,45 ne K G, At mtion of 11260 for the frootion, 5,6, > 2,08, 1:G600 for
the fraotim S,6. 2,798 - 2,09, and 1:100 for the frootion 8,6, (2,092,
mhich venvesrnted the mdies nf frnotion to ncld when the fire sand was
extracted st o patin of 1:100, *the mm was 1,35 nic K % compored with the
Mirat extraot of the fine aand nt the mtio of 13100 of 1,42 me K %, As
Ppatt extracted all frooticns of soila ab 2 onabtant retio of 1:12;, the
incorlete armation found by him was nrobably the cesult of extrastirg
the frootios at mitios Qifferant from thome ab thich they would he
extrocted as part of the theole seils  This would arply partienlarly to
the oclay frmetions hecause of the sandy maturc of the vhole moils,

Fer the Few Zoalnnd soils tested, o8 o be seen in Toble 24,
e welchted em of the "aten® notasalim and of the "oonatont ra’e®
rotsanim ma wry cloase te that chscrved vhem. the mils were evtracted at
a ratio of 1:100, except fox the Himatanmi conrce sard rhere the walunes
nged £or the ooarse sond vhich covvises 467 of the snil, were thone
obtalned by extraction at theratic 1:12;, Tor & of the b soils vhere
srmations were made at the ratio 1:12%, the enloirlated raximum values of
the "cnnatant rate” potansium wore ruch less thon the ashunsl "oonatant
rte” potansimm,

The Irmorisnee of extractine uwnder aimilar egreviertal
onrdltioneg, hrorht aut in the ahove coparlacna, was erphasized vhen the
effeota of vrious ocakicons an the notansium extracted was acen, Leok of
aprracintion of the effcot of the avynium ion on the potasslhin extracted
rohebly led Reltemeier, Rouse and Rertronoon and Pratt to extrast their
a0ila mithou s remving exchanprsble notasstim, even thaush a firure
onlenlated by d4fforcwe i mbjent v twice the error of a direcotly
determined one,

Althourh the Y mroa solible fractiar of the il potazsium han
been for 15 years the heast estimate of the available nonexchsnpeshle
potassiim, 1t has given o masistontly betier corrclations with potassimm
minke at high anid ml:ihle rotesslim levels ¢than st low levels whore the
aocld tended to mmore a gronter nraortien of nonavallable potesshim, On
virgin soils, whioh normnlly have higher soil potassinm than oropred
mfertilized soils, a sinple extraction affords a fpod indication of the
potansium status but vhen arplied o oropped mils to determine the amount
nf rotasabem still amilable, 1t is not very acournte. A betier indication
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o€ the notassim avilahil ity s piven hy the fom of the aoroph dhhained

hy plotting the robnssim onntenis of siocesslve acid extracts aoninat the
extraotion nriber portionlirly vhen crmosped wils are emanined, Tho
monestinn of Hetson and Arthuokle {1053) that the osnatmnt ra‘e

extmaotion vhioch 1a £nd in moat rolls Par the 3rd and abaequent extrosts,
is 2 hetter mensire of *he potanaivm amilabllity than a sinfle extraokion,
wnn nt sihatmtiatod I thila study, the ainfle extametion giving e mueh
onaee eldnble eatimate of nnitaastim defliciensy, Ther comrored the

ernatant mte of eximoiio hy § M, with thet fomd by Byns »@ Sinon (1950)
Cor anld II/2 extrnotions aftor a heet treabmant, It wne ahoon hare that the
potanhim extracked hy the meind of Brmna and Simon waas probahly part of the
Pater® matnaatm nat the "eanatiant rase” nolassim ap deternined b Meteon
and frhyialdle,

The beat Ldex »f' available on-exclungesble potassian anpears .
to be the "sten" potassiim, i, ¢, the rotasalom extrasted by H 10, in the
fir-t extraotions a2t a rate mrater than the later conatant rate, This
“satan” notaseinm was ghorm 40 he a defindite fractlion of the moil potasnium
of npr il eamile, not affrcted by the conditima of extrastion, provided
e are kent oorabtut Com ane extrawodim ) onothicr, It vas showm further
that 1% e of nlay or meathored naviisle oo iing orimln ard that it ma
arcnniabod onaon $1a1ly vith micas a~d rlenoe-ria minerals,

It in mrested that ee e "step” potassim, exoort wore
rrencnt ns hintile or wrmicullte, is asscclated in ssils ™tk weatlered
minerals, it st De a Byh-nm ot of weathering, Aseaming that the theory
rropoacd by Jacksst et al (1062) that the weathering of rions prnoceded in
rartdal 1y wmoathered, rartielly exmanded nlanes in preferciice to the
initintion of wenthering in an sremathered nnexranded vlone, ia oorrcot and
nlao that in anw 2oilga definite smm ortism of e plaves are ractially
Frathored, then the "sien” netasalim ~ipht m1l he the potasaium remining
in partially exponded slones, Beins partially ewpanded, hydrogen ions
m21d £ind ready sncenn Info these lmes, Parther, heomine of ahnorpes
1n the nartially wonthered plarnea brarht shond by hydmitian o the laitioce,
1% is teasnable th angre thnt potassim and omoniim ione would not be
aPle % enllanme %he 1ladtice In the portially weathered plames to any great
extent unless preasent in larpe amounts, but wonld have a rmch stronger
eflent on the nrwen thored nlanes, I the "onnatant rate” potassiim
renrenente the rmte of attack on the wmsathered and unexpanded planes, the
ahove hyrothesis would mrmvide a reasnnshle explanation of the cffcot of
potassium and ammonium on the "onnstant ratce” potaassiuem and of the
independeme of the "atep® pota~sium of these lona, It is oconsidercd that
the "oonstant rate” potansiim alsc inolides the potassium resalting from
the mlution of felspnrs, The constancy of the rate of extrnotion from
orthoclnse implies that the extrnotion of potassium does not heocome more
aiffioult as the extrootion procceds, l.e. the actian of N N0, is e of



soluilon of the felapays ns & vhole rabher than axtrastion of rotassi:m
from the Ingile of the frameuoriz viileh is lof't unohangod,

Othey nranevtiea of the "a%p” rotanatim are onnaistnt with

the hvmothesis afivnrnoed ahove, @,

1.

2,

he redction of the "atep” rotassiin nder inbtenslve avornlin widld
he fhe alt of eximeiian of sme of the obassian {rom padinlly
4.9

weattrred rloaeas ot a mte fasior Huel wealthoring wes dnddisted in

frech nven thered rlance,

The dlow increose in “siep" notessiun under £:1lom or low mates of
cryy gy some indicatiw of which ms shom by the Middlehurat sild
lom doring the labier stoges of aro kg, moudd he the reanlt of
firiher plares heooning partielly weatheled,

The inorense in "sten” 7o%aasina when rotassim 4s fized, vorld
foller if rotunsim wer fixed dn the rertlally weathored planes from
videh 1% wordd be reedll extractidble by I ITD, o noresr aa "sten”

a

potasasion,



SUMMARY

An investimtion wos oarTied out into the availebiiity of
non-exchangeshle potassium, using soils the mineralogiocal content of vhich
was 'nevm for the clay and fine sard fonctions,

Refmre work Inwmlving potassim determnaticna was possible,
it was necesaary 4n have an exact methed for the estimation of potassium,
Batimation by flame photomeiry was declded on as the bheost method becmime
of the specd, accuracy ond specificlty of this metlod, Folloving a
oritioal examination of the conditians emsential fHhr maximm acciracy, a
flame photometer was designed amd eonsiTucted,

The aoil potasaium ws frectimated into exchangeahle
rotamslm and non=exnhapeshle potassium, the nan-exchangedble potassium
being fractionated further into acid solible potassium and acid insoluble
potassinm,

The exhangeable potasaiun ™s eatimated by exbtructic: with
Alnte Miric s0id or with neutral nomal ammanium acetate and the ncn-
exchangesble rotassiim frastimated by extraotion with momal nitric =0id,

Mi4Tiec awid mas shom fo extrpod onnalderable momta of
non=cxphseigenble potassimm fm the acil ammples tested, the omount
extracted being gorcrned by

8, The &ime of healdng, The amont of potassium extraoted waa shown
to incrense with #me up to 10 minutes ofter which for aame anils
the rate of increase fell asharply,

b, The 2cid ocorventration, but not within the range /2 = 3 Ii,

o, The rmtio of =nil to acid, In genoral, mors potassiun was extracted
with widening milos with, for moat asils, a ratio berond whiloh no
furthcer lncreane wos found In the potossium exiracted, Vhere the
rotassiim wes extractcd Dy leaching with neid, the effeoct of warying
the rate of lenching was coparasble with that of al terinys the anil
0 acid mtio in the batah extraction,

d, The presenge of ontlons, armonium and potessime. Both were fbund
to depress the amount of potassium extracied by acid, e,fle exchange-
dhle potasaim, if not ranoved, dopresscs e amount of potasaiwm
extracted in the firast extrsotion with aold far merny soils, A
aimilar effeot was found if sraonium acetate was uszd to remove
ex:hangenble potassium, the exchangpable aumonium or eny eXcess
amonivm from the soctate, depressing the first potassium extrmotion
figmre,

e. The type of extxnotion, whether by continuous leaching or by single
or by rmltiple batch extrastion. A coamarison of thesc methods
of extragtian ahowed that rultinle batoh extraction possessed
certain adventages over the other methods, vis,

i, With the lenohing method, it gave a fuller pisture of the acld
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srlible potassimm than that frm a single extractlion,
14, Batch extroobtim mve exnct entivl of e s0il 4 acld ratio,
113, 'The oagse of lecachinn of ‘he acid throurh the dise of scil, vhich
1tmits the range of exiraoction conditlons with leaching
extrootians, is not a factar in ‘he oontevl of batal: extractims,
i7. A mich wider mipe of ;I to aocid radtlon is roamible wiith
hateh extraction,

When sils were extracted by the muliiple bhainh extractim
method, the fom of the grnph rdbtadned When the amymnt o€ potassivm
extroted ia -lotted srpinat the extractim mmber s that cf a oonstant
level, nreceded by ore or nore steps abeove 1t, The oonstant level of
extrrotion wes asgmed tc reprosent the rate of solutimn of the leas
g:lihle forms cf potassian and #the steps ahove thie level, the amoant of a
rore slible form of potamsimm,  Thesc forms were aalled "Conetant Rate®
potongizn and "Step” pebassiim respectively, The "step®™ potassium wna
shom to be inderendocnt of the corditiong of extraciion a ~ 8, but the
"oonshornt mte" rotassiim wna fourd % s dozedent on the ebove oonditians,

To identify ‘he texbire fractioms vhioh ar the scurce of
the "step™ potasatim and of the "canstent rate” potassium, =nd, sdlt and
clay fractions separsted frem the anils used far the flasdhicuse cromping
exnerinont carried ont in this atndy, wers extraocted with X 1i0,, Thess
extotions ahowed that the majorily of the acid solwble notazswm was
extrocted from the clay fraction, both on a unit weight hasis &nd on a
weighted contributiom baais, the pronorbiims of the "step” potassium ard
of the "oanstant mte” potassium of the whdle enil, coming from the olgy
freetim, varying firom 4% 4o O6% fer looms and 115 o M4 for sands for
the "ster" potassitm amd from 20% to 707 for loama and 5% feor annds for
the "oconstant rate® petassim,

Extraotion of 4imical yotasslum ontsining mincrals,
mscovite, biotite, veriollite and orthoclase, grourd o sd mnd o sild
size, with I H}Y()3 af'ter Tanval of any exvhangeahle potnasium liherated
during pxrinding ond of amrles of the olgy mierals, 41l1ite, kaolinite and
montmorillonite withont erirding, dhoved that #:e "step” potassiur and the
*oonatant rate” potasaiim osntents wore as fHllows41lite and muscovite,
both "step" potasaim and "eonatant rate” potassim, blotlie and vermmiculite,
"step® pctassiuvm only, ¥koolindte and montmorillonite, neither "step"
potassiunm nor "oonstant mte” potassium, As about 90% of e "step”
rotesaium omme from the clay fraotion, it wa assmed that 11lite wos the
main souroe of soil "siep" potasmsium,

A rcasonable oorrolation was cdtainod between the Alstributicn
of i11ite and slmilsr clay minerals in thie genetio classification moil
gompas and the "step" potassium of those grops,

An hypothesis regarding the matme of the "step” potassium
amd the "oonstant rate” potasasium wna advnngced, the "step" potassium from
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the clay fraotion being rostulated ns that potossium ecawrring in the
partially expanded planes in the olay minerals, i1llite, clay wricalite ond
hydrois riea Intemediates, The "ater” potasalim from the onarser frastion
wan regprded as ocomine from the micas, The "conatant rate” rotasstum vms
conaidercd to arise from the acid attack an unexeanded rlamca in the clay
ninemls and foam erlutdon of the felarers end other pothasaivm conbalning

nirersls,

Fobasasim wg ahown £0 be flxed by wetsing arvd drqing al 105%
nr on nolat storece foxr one week, the rotassimm fixed being anld soluble
and anpeasing as "ater” potasstim, The "oonstant rate" polassiim wna not
affected hy fimation,

An inwvestipatian intn e avallabiii%y of a0il rotngsiim was
ocarried out by oropping 12 sails intenaiwly with Italian ryenrass under
Aasshouse coiditions {or 15 nenths o 25 years, The offect of the removal
of avmilable potessiu by aupring o the soil potassium distributicn was that
both exvhangeable and mon=cxchangesble potassiim vere used, A rapld f‘ali/
in the lewl of exchangesble potassium cocurred in all cages Wien growth
e ™Mnid but a alow rise in the emchangeahle potasshum wns fhund in a few
onscs vhen growth became slov daring the hrt weather, The nntasni:m per-
centoge in the nlont tisane was ahovm &0 he sensiti= to the em‘mmeahlov
potanaim level,

The tws foims of acld ssluble potamslum were affectod differently
by aropping, Wie "oastant ralte" potassium heing ot affeo tad, bub lhe “step”
potasaim bedng reduced, the reducltion bBeing emal bo the upbele of none
exchanreable potassium, Bxlraction of the ftexhine frastions of 2 msoils after
cropping shored that virbkislly all the svallchle non=exshanpeshle potass-lun\/
oamc from the clay fractim "siep” potassime The ammilsble potasaiim under
the onnditias of the croping carried out wea "stop" potassiim, The
corollary is that aoils with nn "gten® potasaiim embain rn evailable non-
exchangenble rotassiwm,

A gurvey of the "ster" potassivm contont wos corried out on some
llew Zealm:d 30lls, reogreaenting the main scll groips and those moll Hpes
knowa %c be potasalim regesansive, A relinble alassitication inte aoils,
which &re potassiim deficicnt cr cn vhich polsssinm respanses have been ahown,
and intos anils whioh are not potassim deficient was ahown to be prmoticeble
on the basis of the "step” potassiun content of the soils, Soila with
"step" potassium contents less than C,5 me K were thcae which werc potassium
deficicnt, thoae with "atop” potassiun contents from 0,5+0.4 me Kj were
slightly responsive, but if of cosree texture ar if orurped intensively,
froater responses were recorded, Thoee with "step” potassium greater than
0,5 me K% were not potasaiim Aeficient,

A method, based an e dhove oondlualms, {or classifying soils
into resmonsive and non~ressonsise groups was proposed,
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