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Repeated Extracticna•••••••••• ••••••••••••••••••• e9. 
lB. Relationm� be�cen "Step" Pota.<'�sim, "Constant 

Rate" f·'cttre� enC. PotMsiun Recper...ce •••• •• ••••• lco. 



Ono of the moat ubicp1itoue or tJ10 mineml cl.ementn preeant in 
plont�, potnMium pll\ys an fn¥_JOrtnnt and essential x6le m their nutrition, 

being reqnired 1n lnrge moonta fetr heal.tl\1 plt.u:d; � TJnlilce nitro�, 

ph)sphorua, orU.oSum nnd �ail.a, potanaium doetJ not mtor into pe:rnnnent 

�"'nio oanb:lnatl.c:na m pl3nts but �:."lpen.n 1n exist 1n mlut1on na potnss:lum 

ions 1n om.1unot1m with soltt>le inal-� aD1 orrJlilio anions. Conaequcntl,y 1 
'-\;eo:ifio rOleA 1n the �Jth of nl.t:u'xta ore di.t'ficul t to assign tn potassmm 

ro11i a1l3r by Worer�e i'ran oarpt'll."1Gls of noxmol. ond potassitr:l detic:lem plmta 

on.n tunoticrul be attributed to potaseittn. The follovr.tng � at 1he 
effects � potMoittn an the peysioloP.Y o£ plan:ta, rilis1'.irn.otcd ft-cm 'tt1e review 
mOO.O by Limtcl:l & Code ( 1955), dxms tlnt 11ota.osiun a!'f'eots ii'lfl f'ollow:k"lfi 

pxoooooes. 

1YJ:A..'¥:1I!JM ltf l'*N:i lruT1U,U9B 
1. SYnhsio of ftle a.ywra AAA..� Low potassitml plAnts tend to haw 

lOVIGZ' oa:tbobydrates 'U1an hitjl.«��" J:l')tnaaium planta. Reduo:l.ng mgn..rs tel'l4 
to � ooopared 't?lth the non•nJduoill! SlSOI'B, vhen potMs:lum is low, 

Snaioatine tnne rele 1n tha ocn.\enaing at hel!Dae rugnra. The lower etl:lnlh 
and cellulose lovels �t.'l!.llt in thinner ani waru-:er o�l walls and at.ons. 

2. lUt.lflte :fi>oomtiq; lll:W")lt:tn!1Ale (l�) and otbers h..·we I!JUPP.Cnted tlk.'lt the 
up�.1.ke of' nitrate io..'r\8 by pl.mts is aocelerot.ed by the rroscnoe or 
potMAilllle 

3. lf1¥:ate rpdnaticn and rrat;ein eyntheais. Frcrn OI.T.Ipnrioona of' poto.an1nm 
d.of'icient o.nd nt:ll'!Ml plonte, soluble oxn:mio n1W,gan fractions, e.g. amino 
ond an1.C!e fOX'!Tlt'l -wero �mr in the potMsJ.I.Ill deficient rlanm. Toeother 
'"1th nn initial aoounulntion of oorlloi\'Ydmtee :m the mrly sta[,•s ot 

potnssil.lll d.etioiellCW, this ie taken. to indionte tJ1nt potassil.lll is earu�'ltinl 

t.o p1-,tdn synthesis. 

4. CclJ. c11m1c;n. :Beoauee of tt� oomentrn.tion ot potassium a'lV7tWn fumd in 
tl.Otively grt:1t'ring ti.Bnues, oven nt the �aa or potatmium NJICmll frcm 
older t!sBUOs, it has been concluded that potnso1tm nuet M'Vf) sane fhnoticn, 
probroJ.y <:me Meocl.nted v!L th protem �thee:\. s, 1n oell c!i vision. 

Other f'Unotione in nhioh potassitm is 1ha.�ht to plEW acme role, 

aro in the f'ormnti.cn o£ al'gallio aoida nnd oils, in i':le �s18to..'10e to disease, 
in t11e l'lll.Wltmaloe or tUI"('pi" nnd in photx>aynthesis. 

If avaUable m very largo tmOUnte-1 l.tm.li'Y OOllBtJitlti.OO of 
potaaai\lll 00Cil1"8. 8:1'1letilles ob) h extent or induc� clo:tioieno!es � �a1tlll 

on low �aill!l atJUa (Rusaell, 1.()80). 
under oon:litims of' low available potaBaitlll, c!efioienay l\VI�t)tans 

bcocme apparent. l)epen!ing on the \VPe of plan-t, thbae c1et1oienoy �taaa 
tnlll!l '11\rirus f'onna, u��Ual.ls na maniteata.tiona of 4onnge4 er mnltcrm.ed tiasle. 
Bymptcma tl8Ual� appemr first in tJ1e oldflr tSamoa 'bcoru..lM ot the tranaloot.\tion 
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ot po'bant'-'itllll to the aoti vcl.y growing tissues. 

cletioUlnoy are as follows (Table 1) • 

(ktrn. 

I A» 11 .I -� 
WJ\.W!It..Rm:;t� ..:�a.m,_,m ,.PL.Am'S 

ll&m Spttg 
Sb.mted th:tn gruv1th with emcssive tillarlns. 
EdBe moroh vrlth�llovtinh older lei!Wes. 
S'bmted e:rowt.h, yel.low.lng tips and r!lU"r,im ot oldcr 
leaves. Porr� fillecl oobs. 

9'ilt\ll •mite spots C2l lc.mrc!!, tollawed by general 
ycllmrlng ot l.Mwa. 

Jlmssion Crops. :Aluish �on l�aves Vli th slil',bt chlorosis. Leaf 
m.'U"'gina d:'IOW �oaroh mg. 

Tcrna. toes. 

S1unted dull bluish green � 
Vwy reCluooo yio� ot por.r qualii;'. 

81mil.nr to po�.tocl!!l, with a:u.�'\t ohloro!O'da mth 
brtmn margiml ll)dl'()hlng. 
Fruits r1.pe.n Ul'leveJly with gro£!11sh-yellow 
pntcbca peraia'ti118-

P.ef'erat'loes - Wallaoe, Mi.11anl.l Def.'ic.ienoit1s in T."l.t:Lrmo11 pp f},')-9 
Inwton and Ocok ( l9f>4). 
A.ltlmugb 1n Ncm ?�lMd, potasflitm tlerioienoies and reopc.tl8es 

are l'lot wldnspreaa._ or,nr-d..t.�1)10 m'e� do 000.,1%' more responses are tound to 
pota.s!',\1o :t'ertiliutrs. � 1 shove the LU."'CM c.£ Pm Zeal.nnd vl1ere potassium 
reaponsea l'l.:"'.W been �cma.c-_a. As tllt'P..1in.G boonooa r.lCit'e intensive NXl u araes 
bo:nroo t:?.rmed tor ltneer pe:r:toas, mre po�iltn �icf'.lclcmt areas t\I'e being 
ob� The 1mo f'otTilS ot po'tl.ass:1.tll'l clet'loieney s&:m rrost frequently � poor 
ol.ow.r gl'Cim.h u1 th easooir tea nitrogen &:r:loi(lf'lC,If 11 r:,t � cl1ll1"00terlst1c 

p3.tc.Jw lJ.f11i: yall.OVJieh �' pMtlres Dnd t_;�.n·t:hri£ty l�erne with yellcm1M. 

fl.l?Ottod l�avea. 

Althou£�1 moot solls oontoin fi'om 1-� of r'OtMsil:m, onl.y a sna.U 
trooticn ot this, usually tran 1-� iB avail.eble 1x> plv-mte. The availAble 

potMI!I:hlm is re� M that potn..•u�itn vh�h is mpnble of being talcen up by 
plam;a and uae4 tor -their � The ooU pota.se1um is not � svnilllble 

to plantn; the a.'ft118b1lity ot acme fanna being eo lair that they are 'V'1rblo.lly 
mavtdl£b1e to plantls. The avnil.able f'rectim Smludea the tor f!IOltf)le m4 
e:lll)�le pote.asiua, 1tl.ioh are ree4.1.ly tMdl.eblb to plants•· together '111h 
01:1110 more t1ghtly he14 potasa� b 1'Jho1e bdn.a 1n eqa!.Ubrlta Wi 1h 1he 

remainir¥J 00� ot the toW soU pOta.M� wbioh is pream1t u unweo:thtwc1 
and p&U't1Bll.y 11eatberecl mlnel'l\l. .. 

b a:vailllbSlJ:tJ of the po am m utV parliOllar aoSl. wm 

e\epd on tht �ate at 1'1h1ch the «]1111b1"1a are .et tJp end on the abUit(y of the 
plant to 1ble up po1raaaium A"t::ft h eou. BltSmat1Cil8 ot 1be total poi:Mshml 

awil<1ble to plant. '1411 therd'ore ctepel"¥1 on hae reaotion mtea and on the 



type of plmt uae4. 

Because of the ei":reot of potMeium m crop quality am <].U'I'ltity1 

it 1s neoe9SD.l"''J to be able to forooast the onaot ot potMsitm def'ioienay 

crmditioos. .An CilXMlfuo.tton of the �cvnnt litel"t\'tt.!%'0 w:Ul. emw t."lat al.thoup)l 
!l1al1'!1: echni<p&B h:l.""S boon reomnande4, inoludi.ng r.dnarologSonl ootcnni."lat.icrm, 
total potanaitm deton:"tinat1.Cll8, e'JOharUea.ble pot.."Ule:1um <.'\etcmino. til':t'lB1 Sntenaive 
plant gr:mrt.h ()V('.r shcrt and long periods of timc1 eleotrotl1alya1s nna strong 
acid eX't::I:-Mtia'ln, M yet, no ent:lraly an.til!lf'aotory technique hns heoo evolved 

ro1d that further e"hlc\Y to oluoidntc f\Ytl eliminate iha oruaoa of mooa1rnoios 
ruXl varl.a.ticns il• publis.twarnd:h:>clB, ia wnrrnnted. 1\rry teahnique to be ooti&-
to.otory nust be BOCU1"8.te wit.hcut bei113 too lll.borio.u1 nrd l"ltlSt lle reasonably 
:m. pie!. 

Potas91ttn OOCI.ll.'t'l m eoils 1n �ral form."!, the aiq)lca1: of 
l'lh:loh, is the free potl'.Sfllt:m an�;ian1 K+ 1 the tom in wh�h the ,·mter soluble 

potMeium oocurn, th1a fom l1cim in equilihrium 't'Tith 1tle col.loi.dl'l.l:cy bound 
emh9.l"JGen1Jle potaanium. Beorowe or the eo.ec with \mid• tiw!IC 1i'1o forme inte:t'-

ahrtrt�, they are tU1tlO.lly gM�tped to�toor a.rd in this a'tlldy, 11'l:la pro.otloo 
1A Qa't'ried out unlMA ot.hcrwloo stated. In &ti.notim to ite �la� f'on�S 

''lha'e it ie O..'looo�ted vr1th o. oh��ed eurfo.oe, i.'1 ita more <nnpl()X f'orms, 
.POtl!l.!l��'lD is tt:'lnxi�:!;cd with dcflnitc ntc:mio n�'!CtL\1'('-El of t.hc t.PVoot.hcred and 

parti.:.'\l.ly 'l".rea.thcl"'d nil1emls. Depe."ldi� d.l the Ct1i1.0e o:f' llnml«:\0\n of fuc� 
structures on Vl0nther:l.ng1 the -rotC\n.."'ium olunees to 1i1e Edm,pler ion:lo fbm. 

Ioolt.J..ded in the tt.nWeatl�red an1 pa.rtiall,y VJI'imthered m1nm•als 
't'Jhioh oontnm potasa:tum, are rrn.-w \'lh:tah aontoin ema..l.l eroounts of pot.nnsium 
M an inpurtty. Tl"Sre l'l.re, hOIVtJ'VIC'r, n tl!'!'lf !'11n.eno�a vl1ioh oont..ain :'l.a:rg6 
E'JOOUlltS of potns��illf.'.t irlo.l<td.i.nr; rnioo.a, tune felspnrs, gl.ruooni1;c Dnd lev.Oito. 

The potaat'ium crot!:1.in1ng mioae, v.hioh n:re nilicnte r11nero.ln 
VTith stntoturca o!' ahoeta or tdlien and nltnina, include 

a. Muaogya.p. ltAla(AlS�) �0(<B,I')2, white mioo., a p� rrd..�ral mth t1 
lcyer latt1oe st:ruotUE"e of 2 eheotR of sUioa. totrllhe<lra, each ahru.'il� 
a o�m n tcms it> foxm an i.n1'Wte a clima:ud.onol sheet, joined l.;s a meet 
of nlumina. oatnhed.ra where cno tilird of the o�.n atms are rspl� by 
1\vdrolr\V'l and fluoride, heo O'Wga'l8. l�'W'lS and fiuorlde being tf1.nrec.\ 
with the dl.l.ioe. te't::l"Medra. One quer11or ot tha dlom 1n the tetral1edfttl 
l.aivcra ia replaae4 by nludnium leo.nng a nett negati-ve tetralle4rnl. � 
'C!Jhioh ia balmct'lil in !!1UIOOV'1te by 1nto:rlnyer potutdurn 1mB; l'!rl.oh ili1G\1"$ 
their �as be�cn adjacent lt\vora, birx11ng ihem together olo�. The 
bond 14 •trons erot� u, prevmt the o� ot water m6l.eoules between 

lft.yera and 1he ba&"'l speoing o£ 10 A ie too 1111o.ll to pernd.t b$o entry of 

oaticns be'twcilcn the leyers. The rniNin4 ia tha:-efat"e J'ldno-O�ing. The 

tttanio stl\lGtul"e of ll'l!.l!IOOVi te is d1am in di.agrMl form m Fii)Jl"e a. 
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FIGURE 2 

·jo Inter ayer K 
t; 0 
3 Si+ Al 

4 0 + 2( OH,F) 
4 Al 

4 0 + 2( OH,F) 

3 Si+ Al 
6 0 

b. Serigite. a eooom.n.r.y" mic."\, of tXr��posi t:J.on ani st:ruotura a Hnilor to 
lllleoovi te, but nonn..'\lly occurr.l.ne; in :f'ino ooalea. 

a. Bio1;1.te• R(Mg,Fe)3 (Al...q�) O,.o<(Jt,F)2, brom rnioa, iron replaoea �llit.m 
to a variable extent. 'I'ho S'b;u)ttll'e �.a «!nrl.l.L\r m that of tl'UBOOvi te but 
the alurtdna ootahed.J:N. e.heet is rcpl.o.cod. by n !1l0Cl1Mitm-ircn o�en­
�1-:fl.uoride sheet. 

a. Biotite-lmlnMS b1oti:t;c=vmJQQW1tO seriele a str-XJture s:tmilar tD biotite, 
with VM"ioolo potrumium ruXi. Iwar<'.>�-1 content nnd with extenoive �looe:tent 
ot 1rm by �ium 1n vonnicu.lite. 

e. l�l�te, e. non-expanHnp, clay 'l'rtth a etruoi;Jll"e �r to U!1t"1es.t00rod mioaa 

'l'rit.h e. ba.snl mno:tng of 10 A, but T'lith incrc:l.� eydro:leyi md lower 
pot.ruJ."\i a. Sane other �wtA of I'licaocms Wt'!at.herlng are s:l.mi.ls.r to 
Ulite but haw expa.'lding lD.t.tiOe:J. Tho,:c :'J.no�ude ol�rrnirulite, 

�B AM SY'inciale, lflt4), 
'!ha other 1m:tn cl.a.ss of potnM:i.un ccnta.in!ng minerti.lo ln the 

fel�&--e: Tl1ioh dif'ter tran the dens in tht\t ir:goond of the :leyer la.t tioe shoot 
S'trucblre of the miorua, they posseos £r::uUC'!10rk stnlotu:r:ea v.he� ifle unit 
Wt:X"bheclra 8l'e l.!nl>'.ed by all four camt!rR to mol� 5 a.1.mu'1Bional t.ramaworb of 

OOf!\)Oaition %( SS.,Al Oa). The negative Chtlrs:;e actsi� from ftle substitution 

of altminium for aUioon is ba.lmoed by <ntiCilS fittinG intlo l!IJ?Me& in 1fle 
f'remewark. Beoauee the oaticns are p�eent cnl.y to balance fue ncgnti .... 
ohllrgsa 1n the �de, continuous acries at folspars titfe1"ing in the 

oontant of' alkr.\11 anl1 alka.U earth metol.s ore £oon4. TlU8 ..,lit tel�e 
oonttWl potaMitll'l an all impurity and the pobanium M�ara 4o not oontoin 
M nuoh pota&dll!l as 'fiOU1d be ej4peoted. £'ran·� theos'Gtsl)al 1m>e � The 
follc:JWizt.g tel!()ara, howfter• oontain potassium aa a lM,1or alkali elan,ent. 
a. 9ljhoqlw. �Os• a mtmOOUnic telspe.l'. 

b. Hjp:mgl4nt. XA1S;o0, a tl'iolmib telJspe:&'. 
o. Sq4a crtbFn''B ani 'Yf'tner1•=,, 'f.bere aoMum reptnoea part of 111• 

potassfum ot ai!'tlloolue anll�. 

fbe other aoll fbrm1ng potMefum C<illtdning mSnerala1 1t1tah are 
11JlCh I'IU'U 1'Jwl el. tber the mioaa or teliiPBl'il, axe ql "P'li11!• eam1:t&UF a 

��� nU1oa:be ot irdll and potMa1um \14th tJaDe eltn�dlB, l!lagrlMitlll an4 
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oalo:tum pt'l':lamt, ma. lm$1!1 ms�o6, a oooponmt of l'Mio voloonio :moka 

low m sU:toa. I�i ther is a ool1J7\CI1 oornponmt o£ l'l� ZealAnd rooks, altboU(')l 
glauoo.'Cl1te is a cnnponcnt of greer:ll'lrulds wh1oh oorur in I!IOattR.red L\r<'..as in 
ltaWke' A He;y, Oentetbury and ifurlboroudt. 

The t!l]lililn.�.a iX'ltwoen the .fo:r.'lm or noil potnsnit.n "'.D\1 be 
rop�oontod t..hus 

Nn.t:tve, unweo.tl'ered r'.inArr>.l !!OtMsilm, 90 - OO% � totru.. �:�oU 
potnes:b..DI\1 1r101ude8 the nioas, �te, eer1oite, bioti a and 
vcr.miculitc, ond tho f'clsp::u:-n, Cll'tlloc1.a...e,e, t<l!o:t't')()line, aPil 
ftlt!uoon1te nnd le uc1te. 

Loaf.'� 1 or .J?Otl:\fiO:tum to iord.C fm:m 

P�rlt..<tily WCIXI'.OOrOO minw.nl.s containing lone pot..'\Bsium, 
in.oludif!..g }\ytlro.1e r'li.ons1 Ulite, iOO Vcll"lO_le int..et"T!Xlldio. tea. 

Modorate� j(d>le r""""'"'"' but. not '""""'meoble, 

Jr 
l::rehn!lf�c.-:�J,lc rnj�tAA, . sitn l 
Wo.ter nolul>lc pot�n:tur.1. j 

'"' ... � t t• K+ ·'· CHoll. Sf.'l JJJ.rll pl:'C3Ct1 M oa. J.Cl11 • 

�1:tc r..1tc ri£ rolcr.too of pota.'lsium ftun 1tle m1nernl fbma tn the 

nvail.:ilile f'crrns d�onde en tllt:l stal>Uity of the m1nernl.s oonoerned1 upon their 
potMa:lurn 0Cll'lia1t 81¥1 on tl� intensity of wenther1ng. 

The stnbili ty or t!lfl Vtu."io.lEI P-linm•tus oopends tn a oonsi�'l>le 
ex-tant on thc:\.r pnrtiDle :;tl.zc nnd oon�'lt\t d.:i..ff'o:c-c.'"1t orom-s or Atvb:llicy ore 
fa.lild f'or ooora!'l I)Ol'tiolC\s a."1d for f':ir.e pC�rtioloo. 

For ti1e oon.tnc grr.dJ'lOd part'lolen, £n",d and OoorB'-' edl t, thP 

9H!Oeptibill 't\'1 t:l WO.'\ 'laiD� is of' �o.ter �.>art.':'no(l) :ln [!pvernir� 1he ro.te 
af weatl:m:'".int:'; tht.Ul vnr:i.ntiaw :U1 �o:lf'.l.o rux·!'3t'le, md there is general �e­
mmt ootwecn dii'fcrent stability ae:dea. The l�d1cd st.'lb:Ulty series fbr 
coon-..o gro.:lnotl. r:U:ncmJ.n, preecntocl by C..old:1oh ( l.C):iJ) via. 

oliv.ine 
o1te1to 
harnblurde 
biotiiD 

Folspathlg 
ot\lo1o � 

to � plagior..lase 
allo:Uio � 

pota.asitml f'cl.A];l4!" 
tlU800v1te 
qt.lll.l'ts 

ie simllnr tD tm woo·tl'X)r:i..ng eequen;,e proposed by Crnham (1050). It diff'ers 
trcm tbnt of Marel ( 1953) f'or mL�tS.o minarala I'Ubjeoted to 1:ropioal went� 
i.Jl41 uhich, :Sn oi'll.or or :il10reasi� ata.b111ty and with 1he non-potMsitn hoa"fY 
mi.nemle Clld.tW, is 

ba&1o '\!Oloanio glass, b!ot1te, anortbite. • • •  oliaool.Me, 

meoodte, ar1tlool.aae1 mioroclme, olbite, quartz. 
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For �1e 1'iner f?:'a:lned pnrtiol� < !ir , tine sllt o.nl ol.J\v, 
the WOOtJ�ring BOl]lO'lOel in �wht\t ditf'erent tnl :1:! mt'lJJ.em()t\ 1nnrJ<eclly by tbe 
�E:�UH':lo surfnoa, The ne<"l�tanoe of rTMla4m et &1 ( 1952) is o.a tollmms 
1. C',ypaum, �. Caldite, 3. Olb:L�blen!J.c, 4-. Diotite, 5. Alb1te, 
()• Qu.a.rt.e, 7e lill8oovite, Be lnteratrntifif.li!. 211 11\VOI' rd.lioo.tes GnCl �lmioulite, 

9. Mcn�a'dte, 10. Knol.initc, 1.1. G:lblJsiilet 12. H.aematite, us. Anatrute. 
f!.l....c;vtoonitc eo.1d. M().(11es:lt1'!l ohl.or:tto ro.<e mnluded in Stn.go 4. 
Mio:rooline ru� ctl.....o:...hoolt.'l8e " " fJ " 5. 
10 A serioite ani Ul1 te " " " 7 • 

" tl .. " a. 
Ventdolllite l'l'ith d.itltinot l4 A anooing .. " lt a.5 

Jno� st:e.tes thnt norm.Uly only 3 to 5 min.m'als &'0 pre�mt in 
the oolloidol treot:ton of �r one ooU horizon, VJ!th ane or two m1nernls 

ilaninant. 

PieldeB anl Swindale ( l.'Jt>4) 1 Olo tho l.>rurl.s o£ e:xl'IIlli:naticn ot h 
minernl colloids of New Zealand nr¥1 ocrne t>ooifio Is.tord ooUs1 proposed a 
WGatherl."''g 8G'aU01100 Vih1o,.'l d11':f'crdi f'rom thett of JM}t"Jon ot al. (1009) in 1tla.t 

r.neoovito :ls gn:npcd. w1 tl1 biot:H:a ru-xl th�t 'QOloa.n�.o f.'.).asttee l\l'e inoluded in 'the 

se<�o. They proAmltet'i o. t'lOilf ahcet, rep�o4 here 1n Fimu'e 31 
Uluatrating tJm:tr vmo.thor:ing set!nmoe �m. Al� the rcbt1onahip ot the 

MOC).>'ilaty m:lnnreln to the prlr�xy nine:mls nncl to one another. 

I �BLE I W[AT>iEEJ"!G�O� PRIMARY- ROCK FORMI"!_G MIN(�ALS 

I 
SILICAT� STRUCTURE I I 

1 GPO\.P o��,.�£���R.': 1 PQIMA�v MtNE�AL SECONDARY MINERALS 

2 

' 3 

I 4 

O•c;Unll' TrtrChl!'rlro 
S,.,Qif' C:h01n<;. 

Amorphouc; 

1 Oh�,.,� j \T' - f A.notou I ·� Auglt

.

" Hypt'rsthi!:M ' -- Amorphous �.olydrous �� -... f l Goe:tMt j ' Ollldc:s At \ 1 Hoe:motiU i Hornole:ndc - --- - SI ' I [ G•bbstlt 

I 
: r - \ Bortlm1tt 

Volcanic- Glass I , Amorphous Hydrous (�' J � I : I (bOSIC} -
OvldU AI : S: J ���b�1lt ! 

Zc:o:rtu 
L--·----·-·--

_ St J �llop_non t --- · 

I 
'I 

--

--...........-- [ T"octOh<drol rihl!] �c.o· ' ) jco· ! Koohn I 
I 3 Loyrr Structurrs

} B•ot•tt K'HH' �: ___ _ _ 5,0, 1 

L•nl(ogc: ---· +-""-"_'
c
_"' _'"----1 --....... j Oooct:����� !I lot< I fo.. 

- - - SoO, 
; 

Amorphous VolcaniC- G���tchc) - r Am::hous Hydrou:-{ AI '- §� l 
Ltrtkf'd T�troMdro Fc:ldspors Oxldts St � r 

I wtth Huogonol I Cloy Vtrm•cuhtt:] � �tmor•lton,te: J- · 

J '------1- - ---------·----- I 
5 Ltnktd Tetrahedra Ouurtz 

--+ [Silicic=Add] - j Cholc
:doM�] - §c_�•d 

/Secondary Ouorttj 

AOOCII"dina to Ftel&. an4 9rr:i.nanle ( 1954) • 

Under noDIAl. -.a tJlB:t"iq; con41 tioo&, monoitv.Pe minerals are not 
u.IQll� tame4. lnatend � �11tr o� minerala are 1bl'lbe4, hH hav-ing 
pr�ertiee in�te betwoen ii10ee ot the Slmple �'ll'Y trdneral.s_ 
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The more reabtant N:nernls tmd to persint :ln EJE"O.ater c,pantitiE.-s 

J.t'l �1a finer tr.l.otir.ns and !'or eoal1 rrd.nel."'al 1tlel.-e la a. mill� tdze vhiah 
dt.'?ends oo the intensity and cl..:&raticn of weatl.'l.('.rinB. 

Tha OOLl:t"se of wt!nt lerll'\_q of p<:�+..a.."Uli.e minaraln, oooord� 1b 
,Taekso 1 and Sherman ( 1955� :iA as follows. 

Fer !'olsp:trn in Ok.."'ia t�..'<d in oll�oline er..,.rlrornm ·te • 

Urfl10ol :.we -a / �w 
�rl�� �� 
ua• ua� 
N1arud.te mon1Jnat1.1.1on1te 
koolin1to �el.lite 

�gib1)s1te � M� �te 

DGoreae1ng 
potasaitm 
pcmentoge. 

It tn.'\Y be rotcd that mions and 1ntersiil'at1f'ie4 m1oas are tome! by the 
wonthcr:lJ:'lg of' tel� Aa tho weathei"J.nlt proocals, po�i.tJtl 1a lost *"m 
the minerals Wltll the po'tr:>.a8!J ..... tree m1nernle, anat:tx1te !\M tMn1morillon1te, 
ro.�e f onncd. 

The rnioo.A, mtttJOovite am eerioite {a  sooondu'y fonn of' r.rueoovite) , 
weather 81J!d.larly, M shown a1l0Vt! for � .. crlte, as do the n!.on :lntermediatce 
of the hy-art"ll\ 1!1  miOt). t;9r�e ni,t.ite te'1il9 tn '��toor 'by &lpotMBiOI.!I.it1Cf'. en4 
!zytlre.tim tlll'Ot� 1n�tit'1.�d biot.1t�io:.l11tcs md bi oti �hloritoe 

to v�tou..lite, eh.t.,rH.e tmd. m.on-mrn-tl.tm.111os. The '!'.�tl'crlng ot ve:m11culites1 
ohlorltee t�.n'l biotitoo me:'\ their :tn�tJrr..tit�c;>�d :!ntennodin.tes ms ooen mown 
by 'Xt-rey dit1'rootion met\tnrem::Jntt"J to be �wrsible. Da.'t'ShsA ( 1946) al� ihat 
a. alow eXJh�c of �rdtn frr.r notanrdJJm of biotitc results in A 1Jo.Ml. 
!pnoinr!. of 14 A and ttnt the l"C'X!l..tion 1� �rs:tble. Jaol:�n e t  al. { 1009) 

pr.tCpooed thnt, in diatj}x)tioo to the "f'r:-lyed �e" � of' WSD:thoring• 1!·Ht 
1"E'..movnl of :rotM�;il.J!l 1n a partially \vea:ti'lered plAne p:moeeded pt"et'erotltiolly 

to the :ln1tlatial eft weni:.hsring in an umea:t1wred plonc. 1bua produoing inter-
8tratit1ed leyer :d.L'\.Ontea. 1"4th 1he propar.t:i.e� c� ooth the t:�nWeD.t.hei."fld 
une� mSnenl. MC1 the �r �ended,. v.ea�lcrcd rr.1nerQJ.. The prinoipal 
ohangce acoonp� the �nl WGo.trerlne of' mica., ll1'e 
1. A decrendO � the ban!U (litft'notim intc-.nsi ty l'ltld a bro� of the 

Qt"'8le at bnDtll �tim• in:Ucati.na a lflell.'l crdored I'Jtl'uc� 
2. The e;p�o or bMal tt>�ins into:mte& te be� 10 A and lS A. 
s. An � �  the intoi'ntU � rut  �ruJn-ed by l( Cit)n oczt>tlon. 
4. Imrao- potnMS.um pdl'amtaae than �031. 
1. Higher ¥  perocn� ar · ·'1 � thm 1h00fttidel. 
6. Low6r oat:tcn � OQ,pe.ctl "tu than Q1!Pectretl trtln 14leot"Gt1oal. mice. 1� 

Ohta'Pa ·v&:m:tea. by potaa41.Luli �q.�l.Metoont. 
7. The cas.� (Jl " �  �. p�.IJ"l;y td.th hot »ta* iiOluti<:�W 

� in  b pN��S�Co of potaM!um pl"eolpi•t• an4 oorrel.a� nptale tit 
potaeld.tlll 'by ptrtially wa.bred mmerala t. .• pot&Mita tba:t.iml. 
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� scqne110e cl l'E!Vd.'B:ihle rcacticns 
m1oa .,...:-. Uli te � " :lntonnedia.tes" �vemiouli tc � 1101fm:>rln � Denton1 te 

Wl'-\9 Ulut•rtrated. thus vdth 11 :1ntctmed1ntM" and Vbl!llioulite not d:i.atmguiahe4. 

M-' �.,_ Illite Inl;•!n.v-:di.a tes Y�r>n lmor:i. n 
Ini ti aJ Zonal Int0rstro.t._.fiou :;toE RP.nt3o-, X-amorp�l•Jl t.<J 
Ea Lo 1e-i Ju:ea .X-!.UnOl'?hou5 
C l e9. r A...-,.ea X--;,ryst< .. l l:ine 

Under this scheme, Ulite ie a mica tttth Mi� e�fl11(3ed spacing!!, vthioh rntr:r 
by the fhrtJ:le:r. ruttJV'IU of potA"l.�iun d1m� to venn.1.cu1Ue or mcarbnorlns or by 

fixtns potMR11lm. ma;y mnnce i.."lto a mict'l.e It mo,y lJe rnte4 t'h�.t K+ Sn 
t'V.)lutim ool11l'Crte verm.ici!Ute 1nto mien by " almf' cJ!Ch�. ;�to.aoim 
"f'i..xB.tim .. Wi<'l.cl� re:ported m ooU.n as n rncm.lt nf tb:;rjJ�, mcy lJo e�lo.:lnl94 
e.s a ti%\Cticn of' tl:lo rev<'7.'Be�-fl.thor5.r>.g rotry et :poto.o!liwn l1otwem ltw� hnirinS 
n hi�� e�.nnee cht\Ioge• 

The �atber-.lng of both te� ani!. mioao 1s acoont>n.nicd. l>y a 

releaoo of pot:assim to the ioo:!o f'Ol'!!lt tho �mt and mte of' 1he ralense ot 
K to o.vn1le.ble fbnna dcv;>end:i.� 011 the n;lOimt or 1he pot!\Mium benrlng mineral, 
its pnrtiole F.d.ze and its at.nbility under the wen:thor.L.7J.g ��tictta :r:reva.Uin& 

Fer emtpl.e, tU"ld.er "!J.\C tt-opicnl co.nd:i tims ot lncl.ol'lesia• a?Jle\r 
soUs derived. 1Tan biatite o�nttdning mokll, r:V:'ow no potnse:t.urn l'eBf.lonees unlet:\s 

they nre ao strongly we�U•erod that all the biotite !ne dis:..'ppcarod. In the 
olayey lowland .., 11&, the plggloolMea, ol1.goclat'e1 andoeine and nnot'"thi.te, 
end �lea, wh:\.oh 81"e all very l"ee''.d.Uy wontmred. 1.1.1'1.dar tropioel oondi t:li::na, 

are al:>le to aur.>Ply tran the traoee ot potestdm prel'lcnt as �uri tie a, I!Llffioient 
potasaium tor no:rmal crop � (Marel, 1947) . 

Uhcle:L .. tool_peratc omctiticnl'l, the relat1t7!.Bhip 'betwm potUtlitmt 

ftl$poruJe ana. the relo.tiw Ebundanoe ot potMnium omttdning �ala ia not i!IO 
olear� aermea. Higber than � potMe-lln availabUS.� With low 

potaaiual reapGI'lllea, wo.a a:aoat.e.tea with h'� 10 A m!oa in b tine o1q 
(Rouae and � 1950) anA � �ine in 1tle silt (rbUltppe m4 
VlhS.�, 1952) ot InaS.ana ttoUa, with hsef\ pot:ass:b.tn MtJ.P&" cmtent ot � 
polder so:Ua ( ae Leenheet-, 1�50) an4 with dmnannt gl.moonite in aona a.ri'ft4 
f'ftlm ��� (Rei�, 1951). 



It is anpn.rmt that o.1 thongh a atud.y of the wee.tl1er.l.ns prooceeee 
� tJlo l!lW in Vlhioh potMtdtt',\ 1e 1•clenaed, it <loes not provide a meMU.re ot 

tJ10 &.�Ui ty � the soil potnM:tllllle l t in l100<netleey to �rt to other 

r10t.hocle whiah will intE>�xt;e tlLo nva:UabUities of' the cl1tfen>..nt fbrms into a 
pamooter mioh represents the avilltibili 'tu r"Jf pofia.qa1.llm in tbo tm.1 as a 
whole. 

The mnjorl.ty of' the mclthods pnl'lHI'''h"d tor �le estimation � 
the ava.i..lable potl>.salurn m:-e not ent:lre� sa.M.a!'ootoey f'or the following 

1""0M':)llS. 

Minc;�W, DetqgninatiD1 Th.ei!G have not rn:'Oved to be a satisf'aotozoy 

bmds f'crr fhrooMt:lng t.."'e pot.Mmtm st'ltus at a mU emept in itle few cNit'lfS. 
quoted on pt.�ne 9. If d:orw ro. the ola.y al"il l'!i1.lt fract:lms, they requiN 

eltibor:.1� oqu:trment. I t  :\n probable bt M f'urther Jmowlec!ge o£ the ola,y an4 
silt m:tnomls MalrttlllnU1s, mre u�e w:U1. be JM.de or 'fhia metbo4. Optical 
methods, "i''1ich 1!:\l"e n�strloted 'fr.) t he san&l nrd � ai.lt fhlotlons, rust be 
inr.!;-,curate l:leOAl.tne they o"mr.1.ock tJ'C!I noat rcaatiw portim ot the noi11 the 
ol.tW ll.l"'.d finer · sil u. 

�'2� ;p,o1Mq¥.mt ®Wt�,at!.g � of little vnlue in thenaolvos M t 'SS eiw no 
j;:d:te."\ ticn o!' 'ff� nVI:l.ilabUi � of' 1tle potMBittn pt"CAM11. 

§tphamepbJ.e P.2WSU!D :mta haw not been f'oocd tn be a reliable �!de to 1he 

t1l�trlt of potal'sium o.'l18.1lcl>le to pll1.'1ts owr a long ;:e riod, alth:>u[stl they atve 
n reru:tonable inil;l.oo.tion of' itlo anount of potMJiirrn Smmediately aw.Uable to 
pla..Tlts, as !ilrm'l by the poila.se5.um p emmtagte 1n the plant tis8ue. ses;r, A ttoe 
Mu T:rv.og { 1949) fountl thnt the poto.Bsitlll !)tm)entage 1n al1'ol.1'a wns relatea 
to �le e:l3heJ'l3erole potl�Deit'l!l in moist soil eatrQ?les• T1':1th e�o..<U1le 

pot:.u:",.s-tttn roncine f':r.<arl o.1me ,, to o.ema % by the e(ru.ation. 
� in crop • 1.n1 log lb.emh.K / sore - 2.84 

OOl"l'e.'bt!m Coert:io :ient r • o.ol. 

Similar rel.ationshipa were f'otwd tor td.la.ooo antl oats by Attoe { 1948, 1.949) .  
lf the rm"l{;e or s o11m i l!J  n�, ttrlr ocrrelat1oos with potr>..ss:h.lm 

e.vn.UallUit.J 1'l1llY be tbund but little or oo oorrel.nticn exlata betwem cmJh�e­

Dble potMa:hft an& a.ftilable potassium m«l a Wi& ftnge ot ooUs 18 oonaiderea. 

::ElM" SIQ!Il ma.v be ei thor <7'NE' a t.hort perlo4 oa for the 

Neubauer tent <:r ()'Ve.r lalg periol\a. Sh� 1leJ!Il .g�tmth e;lwa "ff':11:'Y little 
better iDUoattr.a t1 po�ita a�Ui\r tmn e�eabt. pota8!'4iUli "ft\la.a 
an4 lons tezm teeting 1a ot llttlo p�oal UBCt in g1Tlng on Stme41&1le 
lntUoation of a &ltic� and S.a too lebor1oua to be a m:1ts.nt te-', altbolllfl 
it 18 by WSni:tit:n, the ret�cnoe metmd tor Getrerrnil'ling long � a."'t\U• 
eb!U v ot 111oi1 pottuiaitm to plants. . 

�Eill .. dt vnJ:'iAti(Sl.S in �  pl'IOO�e,. it 1a not poasible 
t1o Cll'::rlptll"e a!reotl3 po�tn a�tlity &\fa. Varlaticma, not ftl&.te4 to 
h potau1ta content, Sn the pfl\yeical. o·ondi.ti� of tbe so11.a � e.s. t.n 
the wtNotur<e, aemticm., •ter holding o�og11tv and clraimee., a �.n thlt 



s-:u. 
Heir Jeney 
New Yoft: 
\J� 
Miubai[:pl 
ant Aleb-
I St&tea 
Alabea 
la. 
Ohio 

'r A D L I  a. 

SJ.MMW OF tpO$ PQBLIS!1§D RESULTS OF PCYl!.ffillJM UP'.W§ m: PLAN'l'S 

lb!i)flr �otal lC Nm-elDh. K Ifa.'lure of arot> CroppinS 
1£ ima.ll ingrqp m aiQ) oorigl 

�I�o. soil ,_Jtnom.., ooU hl:nnt.h!'l 
1a o.-&5 - 3.0 0.4 - 1.5 7 grass crops 42 
ao o.oa - o.5 o.o - 0.3 7 altalta 12 
n o. os - o. se o.o - 0.45 5 ladmo clover 11 

6 o.10 - o. 28 o.o - 0.15 4 oat Cl."''pa 9 
8 0. 27 - l.l.a 0.2 - 0. '75 8 cuts millet 18 3 

14 not <J,lotol o.l - o.9 15 ladino clowx M 

10 o. l5 - o. 25 o.o - 0.15 12 crops 60 
13 0.15 - 1. 00  o.l - o.45 9 Cl1 te al.falta. 10 

l8 o.l5 - o.75 0.20- 0.65 5 com arops 10 
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ntttrio...nt n.Vc.\Ur-�il:ttw st::dm� nf t:110 mUn 'l'lill aJ.l !nf'1uanoP. th e  voltmte ot 

crop �rt.h.. 

Ttv>lc 2 a;n·-,_m�zes � oi' 1i·� :t"nl'lttltA published. 

It T'k,'\Y he seen tram Tahle 2 tl:1nt frY!.' I:J03t ·mile, potMsium 
ot;''lnr t:li.:vl m:oh:::�.:-cctfule r·o hn ... �f:l'lmn <;':'10 �.:i.l.?hleJ to I)Je: CI'O;?S us01.1. 

Scme of fuc 'VtU"intiCA'l het\"mcn results is pro1)l'lbl_y cue to 
vnrin tiona in the type or plruna • u:�od. D:Srf"ora.1oos i..n the abili '!:y to use 

oo:U pot..'\S."Jittn h·1w been not.-:-·d tw Ai)vnr./ll wm�!�. Dl"tlloo t�1d Sc£J.1."00th ( 1950) 
fOtnd that 12 c:t'Op pl:mts di:f'fared !:l1'1l'!�y in the:lr nhtlicy 'fxl rer� 
rot':l.ssiu'n from soila of low nvai .. :L:"�JJle FJlj:f>ly• Lco;v:t.s md Eiaemonger ( 1..�) ehowecl 
thnt t110 liXtre fJl.'ir,r:ltive plturt:s mah as lnrk.aptn" were ro.tre et.fioimt feederB on 
noncJ<Ohar��oable potan�:lum in the f'o:rm ot �"'Wld orthool.EU!!e 'U1en tha lliOT'e hilr):lly 
dcwl�ed pUlnte ench as lettuoe a.ril �ach. Matteon ( 1.949) B!J.tnesW 
that the uptake or cati.cns by different plmt spcoiea might be partitll.ly 
controlled 'by the oatim emwzl'�e oapeoiey of: the ooUoi&U. fhlot"irn of the 
plant roote. r.nw, Drnke ond ColT->y ( 1955) ol)ete� th3.t plAnt� 'l'l'it.h fine roota 
of 10!."1 oaJdcn exnll.N'J['(e OQliroi ty p <'T  1ji"ll('.n tlretl ot suri'noe, B1.10h �.s bont�a 
n.nd r,n .1no1�J lllu<'lgrnea, A.n'l �E'! cffio,!'!nt 1\t tr-lJdng up a,mj.lnble potaeniurn 
�Jlf.ln ·tl1c 11onrne rooted plc·;--:tl': !'!:><.' ' '· oo 11nooth b!'a':te �"�t� Md 1..� a'lo'V"'...r. 
Hmevnr, v.u·:l;"1. t1.mr:� :f'rom tb:tr.. o:>.:u:;c w ou.ld l1c in TOO..f.!;t1.i'htde not in ldnd. 

ln tl:� !ic1.m�l.O� tent, in vh�.nh R··�:,�. :�ye eeocll:l.l'JGA are P.1'0"lm 
tor 17 d·vrs 1.U1C1c:r a'ful):'" :'lrd tM1Vl!tlll:10ntn.i. o o.ndi t.icnt:� n.�<.\ tJ e potnegium uptt'l.ke 

no�<l by extrnat1.ng the potru\n1nm !'nE �..a crop, �hn.�eoble potru\!Uum. 

naually sx•p11ce �1e b1.1lk of the potasn:tum mken up. In n..'V'zy' �.eeB, ho�, 
a oons1dm:-ru)le u:pt�kc of' nmc..•r.:lhn.\li1Ca"ble potMoit<m l:nf:l beon ftl:"'Orbed when 
nllow:moo i n  nuie f'or the emh."'Z"JU�cl>le potanninm rern.'l1n:1..nr!, in th� ooU a.t 

the a.oo of' ffw to(jt. Dooaul!'.c of tt:e 1:.\vrt oropnin,g psr.'iod the npta.ke at , 
( ) "' _ . ..  ,/  \ b 

nonemhE!l'lgeoble potosnium it aw f'a.md by 1bls i:Jef'JttX-�. Trl.ll'Y fr"v.... in be a. ( I' 

Typict\1 or �1ese reports is tile �rk o1' LUlelond (l'$f• in 

WillitEs end Jet11\V' ( 1952) ) ,  'l"ho found £r.Jr Calif'ornian soils thAt �nnge­
al>le� pota.ssit.m wsa used by the !"'Je aeec1:JJ.ntJe :1n OVat:' two thirds of' the 

500 samples liith initial omh.,utgenble potnae:lllm less tlwl o.4mef.,. 

t 

When thtl anotmt o!' so11 u oed  ibE' ihe test "f'ruJJ �ea A'tlll / 100 IJM• in 25 �. by SOllechtechabel ( 1939) t:'lS 1.\?tt\ke per 100 sna. soU �·r<·�. 
inoreaMd tor mile or high I'IUPXllYine p�, but wv.� una1 tered fa:r soila c4 
l,QW �pl..ying pO'Jie1". 
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S1mi.l.ar in:rronaen in u!)to.ko of none:l!bhmgeable potl!lasit:m �re 
fomd by Reitaooier, Holmcs el-:d Drown ( 1.g00) dum they raduoed the '"K.�iftl' 

f'rcrn lOO gms. to 25 f!1lll'le of oo11e f'rcm b .H<rthem Grant Pl.'lins, f4b:l :im1"'00.Mle 
being f'ran 0. 2 me% to 1.3 � ( � pementnse increase l1eing �. 
A1 th� the l.erger value rap� is prob&bly an m:tbt\illtl.e oase aril. mne of the 
relense probably ooa.� :in tb.'l air dry1ne or the l!l�1es dter aropp:L."'131 it 
is apparent thnt potMF'Iium ot.ller 'than emha.r�e&>le po1.:.nsaium is roadil,.y 
n-vnil.aJl1e t.o p1onts, Where the rooidual eml�eoblo potws1tW raocd.ning 

af'tcr ihe temmnt1on of' CL"'PI'� is o.llowed fbr, � of r,oto.sslt.m is f'ou.nd, 
e:xoc!lpt 1.'rlth so:U.s o!' �lty loo;:r p otruls:ium SUJ:>pl,),� pr.rv'l(ll' suoh M tl� hi�� 
weathered, Bt:rcn(!,l,y lenched Al..r.ibma m :Us etudied by Peari!!O'l ( l.C)52) . 

Tbe �unc(l to nlnuts of tJ.� v:u.�ous foms of ao:U. potasoitJn 

is E0q11'6Aeed by the oorrelo.ttm between thooe fonne n.nd tile �;:otrumium uptclce 

by pl:;mts. S�nnt oorrelatictl8 between tho initial e�lc 

pota.aeitm and total pl.a.nt po113Ssitn v�t:Jre fc.'Jl.Uld by Pef.lrMtl ( 1.�52) l'liXJre tJ:1ere 

vm.s a neglig1ble re1oaoo of none»::lh:mgooble potMs:t1 m, and. by So.hr'litz and 
Pratt ( 1953) for Ohio soils v1here there wM a vm:y oox.aido::t't1blc re loam ot 

tJ�ere ,m.n no rclntiot1sl1iYJ 1 1ctt'mc.n tlx� p otnasiurn elX'trl).oted by 2� NtClo4 :in 
0. 1 �·] H:;l(' , <.\l:c1 crop �ri.-:Jltl U!!d. tllf.\.1; (1. r1uick ·i;e0 t  ttSlP..g i;b.:i..s e:o:l;rBn ta:rt -�� �3 J±· . 
r3.<-)fj:.; it131;y u.n::w.ti!lf'Mtox�-., · ::'..ahniu ord Prat'"t �r;"I.I'd t:he initial emll.'1l1flOal)le 

pol:iaM:l.J.m level M l1c�ing o:.' u�& :111 fox-ooMtinB potaneiun uptnJ� o.P.l_y wln1 i11c 
rote of <-ntJ?ply of non�"ll.l.'1.J13C:\hle: r.otans:ttn is very low or very M�1. At 
:inte�ta rates or rupply, :tt lo of doubtf\11 value, T�r dopiot.cd ti'Oh­
orolClu sime in f':l3tre 5. 

Relia"bil. :, l�r 
c-f E�cc l1. K 
as v.n :i!.v'l.ex 
1: C' K rJ::ncl':al 

by cropr j11[; 
in 

LO\Y lOO. HIGH 
Ra i;e of Rel <::'.ase of K f'rom 

non-exchangeable forms. 

Rtg14uAJ. .&5baoo•8ble. Pgtyeitp. Peooh ( 1948) atntoe thd under aropp:lna, 
h lewl r:£ C21Dho.nt30ablo potassitm tolla to a oonat.nnt level, characteristic 

ot the soil and goverred by tl"¥3 rate ot zelet.uH> of potassiuln trtm 
nane:ldlangenb1e l!OUI'Oee ant.\ tlnt this level gives a t:tood inaioation at the 
pot.tlaaiun &pplying pOt'JOl� of ibe oo11. 



there wna no oc:rrAJAt.1.m at � o. oo ( P) level b4!twoon h o�l• 

potasBitn orig:3nelly :present in � Indiana eoUa ru:Xl tl-e ano.mt rtil.eased to 

8 outtilljJs ot lo4:1rlo olaver in 495 deys, af'ter 5 outt1J'l8S at clover the 
e�le potsaa1t111 level was m'bbar cloaoly oorrelatel (r s o.67) "rlth 
tho total potaRshln releMOO. The .Ck)rZ'elaticn ooef'tlo:tent int:r:l"eaood to o.es 
by tne 8th crutti.tw and tor ti'le aw rage or the e:mhaneeoole pota&sim &tter 
outting!l, 3, 4, o and e, S.t \llt\S o. 92. 

The releMe of potllSSiun tram �le varirus texruro separates 
hns nhom th.nt, lJ:'ncr:ll]31 I'!I01"'e p;Jtaaait.rll is !'ial.CYOC\ trcm the t:lner particles 

- than tnm ihJ ooe.raor part1oles. Olsen a."¥1 Shew (1.�) oarrled out Neubauer ·) 

testa en axoharGeable poti:\M1um-�o4 2-101 10-20 and 20-50 _,..u. aUt Lmd t:lnl 
&.d �lema of Clemoot, Wooster end llrookston eoila. S13t1fiomt SllOlmta 
of pota.l!lall.ln 'll'leftt taken up � all h-ootims with h greatest amounts trcm 
the finest psrt1clea; l!mm:in ( 1950) frond with sand, s:U t ani clay traotions 

trc:m 4 I� York ao:Ua, thnt the ocntr!butims to the total releaae <iri etorraao, 
were 

Mn4 o-10%, silt 15-51% snd ola,y 40-83%. 

l'To oorrel.at.1.cn Wt\B obaerve4 be�cn the releose of po'tMsium 
by the &."\nd r.n'1 aUt troot:t cntJ  and 1Vd.r oo11W'lt ot pott\.qn:\<!l'll4le.arinS rninet--al-. 

WAS§IUK RlG"l':IB ,Ail)) £l�gsi� OH SI(llW'�_..r;m, OU RmJI:Q 
The obsel"VVO rcl.eo.so o£ rv.m-e�lht:\J'CO'.l.ble potueium on storage 

was t'l� basis for a la'bora t.ol'IJ test for eBtiiM.tinc the e:vnilable pote.Mium in 

ao:Us pmpoacd by :Brey and DoTurk ( 1039) mo oonaiderecl 1ba.t 1ile le'O'el ot 

e�.l'.geable potMBium after e !i¥Xlths a'toft'\S'I wJ.:th �he prior l"8!!I'Va1 ot 
em�"\ble poi:Maium, WM �\ good index of the potaaaium fUP'Pl.vinB pCMer of 
the ooU. 'l!hey nl.so noted �l£\t dr-.fine at aoo<b bro1tr,ht ti>out the ft'.leaae ot 
pota.st'lium � tl'X:l e:xoh�le poi:Mnium wt).S l.ow onrl attributed the eft"eot 

ot ooo.t to an inot"eatte in the release �ootim rate. 

Jl'.ol termM and �tog ( 1.!:)5S) :lnwati$.P1\tmg ille :1n:n"Eloae in 
e�le potA!�ium ?l1ioh OCJ0'..1'f'1'tM1 whm b t:anperaialre at 4ry:Sng emeec!ea 

UO<b , tbund that 1lbere enm2lium Mtu:ratel �il.LI were bea� a �ld imntl8e 
in �le potuiiSum OCC!� at about SOOC0, tbe te'npem:b.re ot tlle 
ezthe-rndc pealc fer 1:1Dm0nlttn aa'fl:lrntcd t!dl'tmadll.mi ti and wftd.ouli te, 'ffbelre 
all the � ia gi'ftll up u t!lml'11CI1ia. The I'I8XSnul :r&leaae ot 0Xll1�ablo 
pota&Ditn ooc:uzored at aocfb. Slbaequent heatin01 ot the �1· 

potru.\sil:ft � mU. rel.MIIOI lasser I!IIDOWl'ta ot potlusium, related. me to b 
at�r by the ftllaticmdlip 

't • • 10 log X + 0 wl'V!Il'e Y s.a troa ment nunt�er-, 

d X is tm01.mt ot lt releue&. 

�o tr:tW potaasim releaued is g:1ven by 

(rx • 1(1-l) I (1-r) where a • 111t e�cm leu e�able taaaiull. ' 
d r • oonatent mtim 10...0•1• 

ITom thia 4kpatim,. Ule total potruudtW r41!18.88ble is gl-...n by .... 
� x • •.ea .. I 
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KDltel'!'llllll and Truog ola� ti1at 1hin gl.vea o. g:�od in410'1tim of the potMsitln 
euppl,ying pom!lr of noua. 

The Clr,vinn of oroppocl a:>ilo Tdth <o.2  me% em�eeble K 
OCJil'arod v4th o. a to o.Cme% e31Dh:lr{seab1G K 1n the cOl"'X"El�OD.'l:l.ng virgin tlk)ila, 

'lmUI found to produce 1norenset1 in the emhmeaN>le J.'Oi:M::rl.tll\ amtont at 6 Wiaoonsin 
oo :Us ov-er that fu.U'ld fbr the mist aoll tunples, ti.lt'l i.rorense8 V.:l.l"Ying fioall 4� 
'far tJ1o PJ.n1n1'1e14 Sf'nd. to gcy� fa�:· 1ho Hiani aUt loan ( Attoo 1946) . nooswr, 
v.hen those eoile t<Jel'C fertiliaed with 900 lb. K per act'e as m1 ( 1. 15  me%) and 
stored rooist for t'WO mt:ll'ltllG, in ol.l caaea, <b:y:h-c after Ator:.'l[,-e ('f'l� potassiun 

:in a J'lOrl-Gmlw�cable fOZ!n !n lldil lticn to my �\ w:d.ng llnist at;r.roge• The 
f:imticn on drJ :inn vns I'I.J1J?�"X"el'tl.y ina@!>�t of that ooourrlng au�1.ng rooht 

et<rog.9e 1 t VJaS :lnClependen t ol: lilni.l'lg ani the l)(')�Ottl.tl!l f-lmd t'1aS l'el.a. t1 vely 

:insoluble h1 ool4 o. 5 1! liCl i."l 1 hour, vrl-e:rct'll'l the nntst tilled potMeitJn 

it'lCrc"'sed with � and m.s reln tiwl.y soldble :in o. 5 lf  JDl. 
Similar ohru:JSea in the emb.angeable poto.ss!ttn 1� on clr:/inB of 

cropped soUs vtere ooserv•1d 1)y TiflitE:!'lOira- � P..l ( 194t1) mo to.:trd th .. <\t 'the 

r.x>tnn.<Jium rol.ensed, Ofllll:e f'rom t.h<i cl�/ iraoticn. 

The potnn:'lium �lxed t:lt'l ch�:lr�g 'M.1.er.d.ssi':Jp1 delta soils wos motm 
by l'larabml and 3'-b.lrfl1s ( 1.(}42) to booane embulJe..."lhle to a oo.ne:k'lerrible extm' 

vthon the oolls t1ere saturated VJith mojft tura eh�'1ir1r, ih.."\t the potMaitm fixa.tioo 
on dt-'rJin.� is not pormt\llent; but rcvorsible. 

Bv'v1n ru1<'l .A.tt� ( lrMll) tm:>JP1ina the ahr:1Ve 0 WieooneSn soU.e with 
Wino clover, fo.tn8. tlnt �.lC ooile with the hilfl,est potnAainm 1'11!l?l;t,r�.ne pavers 

wr.�re t:1ose vrMoh f :b!od the 31"Cnteet aroonnt r£ J10tMA:iun on c1.ry1rlg. 

N. J. Volk ( lm�)  �md tJ1at the 1'1:mtim of potassium on Clcying 
V1M widesproa4. Only 11 of 00 soils tnilecl to fix potosaium cn be:Lng l!!llbjected 

to 10 qvnlcs of wott:tnn ro1d drying at 70� ant1 46 f'i-. more tbon one third of 

the applied potass1t.ma. lie frund -that nppro x:l.ma.toly ?(F). of 'tl1e fiJm.tim OCCUE'red 
l'hrine the tlrst ayole. In en f!ll!mlinatim of the f'l:llhtic:n in 1iw toxhu-e 
f'raotic:ns, Volk found tint � twMll anounte t:£ potaso1tJU mre fi."'«Xl by 'the 
fto::�ticns ooaraer thm a� and th..en only by ol� �tea larger 1btln 2 /"" • 

The &oct1C41 s.G. > a.OfS7 of the o.a-a/" txooot:tcn ot ru.gentcmn silt loam, a 

stro� potassium f':t Xl.ng  soU, ehcmed an �  eXNnint\ti(ft, imrcneed linea vtlioh 
Volk attributed to musoovito, althoueh muwov1te is a l'cyt'lrotl� mina:oal 

and iB not lilt.ely to be f'ormed in the soU ( Kelley 19f.a). Little or no tilD:l.ticn 

ot potassh:m by groun4 m1.nerol s 1no1 t.KU.ng biotite, dllori te ald 1!k'>me plagiool.uea 

was tOtmll. 

G.w. Volk ( 1900) tOtmd tho.t Sn 1be colll"se ot 20 oyolea ot ftttms 

ani ary1ng o. t �q, • no potaosfum 1'7M a.a by graun4 ( ( 100 mDIIh) aerloite • 
nuoocrvite ( 3 8al!lplea), and negligible ( 4� by kaolini te. S otller IliWIOavi 118 
iomples n.• 0 to 1� ant o. !bito bmtonite tb84 sa% ot aMe4 potuslull. 

•b te%m "potosldt:a tixnticn" la uaea to � the  oon�eraim ot water !IOluble 
M4 •�le powlliillll into lXllbl:lhmgeable tOI'IIII. 
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Potassitll timtitn on dr.Yinfi ms 8hotm by Ha\eer ( l.M7) to be 
wi&�eL't1 in D1tah lJ o:U.s with '!f1e e7l)eption dt the po"t!Mi!dun rlctl tlllrine olsya• 

The tixtn3 p�r ti1M o%'0d1.ted to mica minerals. femn� and :Marel ( 1954) and 

:Mro:-el ( 1.954.) reptrtlcd 'fh.'t�.; I5'!0l'ne Dutch ro:O.t" have th(l pCA'Jer to :N.x added potaaaim 

� s ·tror�r thnt optir:un yields of potatoes lU"lll of red olowr were not olltnine4 
unt:U o.t't.er a yetll'B ot onmal f'ortlli.Jaing at 300 Kg KaO per l'l:eoim"e 

( on.5 owt 6())( EDl per oore) . Of the potnaAita. aMe4 <Wer 18 �ars 1n one tie14 
at .Amr.ersoden• 59% 1b:U\ mt tU'IEld by the potato o�. Ditf'era10oa m the 

e�le petMaim lovol ar..oounted fbr O% ot thia potMsinm1 1lhe remt.dning 
53% being tiJbel in a. none:JCh�eable tom. 1i.-ra:; i.m7esti�ticn ehowed thlt the 

ooU at Auwe rmo&n oonta.ine4 a ola.v mineral in 1t>e ( a?- traoticm ot 'the a.."1!1e 
omstitu:Uon as Ulite but with an e�ending lAtt1cA lilile 'Vel'mUJ.tlite. When 

potassim ar mT"G11um were tiled by ·this mineral; ihe bDJJnl apno:t.ns ocntroote4 
t.rcm 15.6 A tar m�sitJil and oa1.o1tD ola.YB, to lO.BA tbr the potnsairm an4 
nmr.onim ol�ys, eoope.red Tlith a �tim quoted tar vennioulite, tran 15.6 A 
f'� the �eium olny m4 13.5 A tor the oal.oim cllly tn 10.9 A :f'or the 

potMmtm ol.f\Y. No m<:l'l11'nor1llonite was present in the cl� ot the Amr..J:n:oden 
field. Harel slggeotod 1fle name "ammol'EOdi.te" 1br 1h1s illit�ite-11ke 

potaal"dum f'ixing oley. The potn.nsitrn f'ixeJ.l by "omnemocU.te" ooulci be � 
pl.lt"tJ.y by lf/00 ond. l!/10 IDl. The 1\:lrrn:im.e:r• app%'-'xim..'\tely 2/3 ot tlXJ :i1:lal!l4 

pot.a."l"ium, '>ne bourn so �tly th .. l'\t it was rot lU:!O"t� by 10% lCl at 1'\':)C!Il 
ter!{>CI'Ature. 

IPixa.tim of' potM£dum t\ lri .. 'l£ moi�t etoro{,te by e. "l'Y'mt:mdllonite 

90:11 VTM ShOVl!'l by ROOGIJ �M 1-I� { 1947) to 9CCf.U1b fat.' 23}( � 5. !5mo% of' Qdde4 
r.-ot Mium1 a tur tJ'lOr tl.�tiro of 34:1 ()OI':;tl!!'rlng on dry1,.ne. EiubMquent otoraee tar 

one n:rm1h., rnlear-tX\ aCJne of t!� fi.� pottmaium. Stanf<Xrd ( 1943) 1 by treating 
't'rith nc1, acid \\t'lni100. ilH:te cl!zy' nnd r:10ntrr�:>rilla1i� atw �.sicns oointA.1.ned. tor 

4.1 hc:1'rra nt '\Nlri tJ' lS  pli' e from 3.� b) rJ.a with Ne.ftt, fblmd filt!tt 1'-lmtion. with 
!!Mtln:Jrtllo...'lite ooQlJ1"t"ed. o:'1.l.y on �ring,. 'tl!te!"e!'...s v.rlth U.Uto, l'bpid timticn 
ooourred in tile mt!')ist ata.• mth imreneed ti:a.tim an cb!ying. Fimticn in 
mon�ite deal"erull84 mth increasing r:fl to r:H G . 5  after l'hioh it 11\\.8 oonstnnt, 

with :Ullte, 1'-l.xation both m moist c cntoat  anl on chyins, imreaaed 'With 1he t;H. 

Smtlar M"feot� of moist I!J'I;oraee ard dry:tng 1llet'e found by 
AU:113<:!n, :ef'auwr r:n14 R.oller ( 1003) tor t�um t:.t.uM.on, miot'l 18 atmemlly 
oontd.&:lrocl tt> � h ll.lMD tonn B!l patMsiul!l tmtit11 (stMtbrd end Fielft1 

1.()47) • �l..im.tic eoUs !11� m t.llt).tion, mctttxr.oril.lon!tio tub110Ua, a. ena1l 
moist timtmn tn a.t. ho!ra ( < 1 mo%) with � t o  4 me% an �  Sllltio ·*lb­
sot.Lft l.a-� mOist ant 6•7 � Ob  clryir.a ana va:m�culttio ttibtr;):lle � � 
11eift d 4. 2-4.8 � on �  s-:rrf'ace soils � &aller t\b:a.t1cm 

oapaoi t\ca.. 

!he � petaalldllm and a:nmoni\J!i tbd.ng pCJMJr ot ..- OalU'omim 
�U• wu tt:.m! by Darallatl (1951) to be aaoa!AW with b �e ot 
'Nmioultte ana �i�Ute-oblorlile �t�i»� In &tino1d.m to 
the f'� � 'foU: ( 193ol) • lJarlbe4 1mnc1 11:hft.t h coaner t.taouma. 'de. 
OOBI'M .Ut an4 ann4, -.re oepable or � �  ims, ••& 881' ot 'the 
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nmr:onium f'i:lllld by n Sweeney ooil 11tlS :f'i�d by those f'racticns. L:i[)htl.y 

ground vm"mb1l1te of 5-100 re- sille wns role to fix 150 me% K ar�t replooe-

roorlt by Qli."mO!lium ie»'lS OJ"'Xl 1.'1 M oo:1.nc, o!-� into n ''biotitEJfl . AJ.1 thia 
po't-'V\aium 'tto.s n.'Pla.oei"JJll!l by �el!liun ims i.n 2 dcys eoal� 't;.tl$ ''b1otite" 
ol. tc<.rlrl.f, OO.O.k to "VC!'Ir&ioulit.e. 

'l/€:Jnr md \TilitG ( l..<'J51) Aho\11ed 1ha.t < o. a� traoticns of 

California hontcnite, Wyonrl.rm l1enil::lnite1 Putn..qm c.'la-; rud illite. a.ll tbi!Ml 
potasa:it.m on <1t':Y'1r'.g md attr-lbuted 1fle pote.anitln n.xo.ticn u, the famatim of 

nt.Xl-eJCpo.nding layers in the m1nenU. latt:1.oes1 as s hown by a l.mcr 1'7. 7  A peak 
ID "b-r.:ry 4SJrrooticn di.."'gg:'1.1'11S of �erol oolvatC'Jd clays. 'l'hEU tlttrlbuteel 
'llllrin.ticrl8 be� the rrd.n&"ale 1):) 'the � emunte at � 
rubsti�ttion or Allllrlnium for silicon, potrf;u.l.t,t:i!� ii:nt potru:ltdtm wne ti.Jaed 

ooly by fut!leo 'bet:ruhedrol. o.hnrges. 

Dt�rttheil ( 19"'J4.) oritioined VTear and White' s Olm lul.'d.ons nn 'tl'le 
&pendenoo or pott"Ulsim tuntim en U1e preenoe of totr.ll�l aht\l"geo (Xl 
tho St'\"Ul'l<ls ibat �nne veJ!!detuitee do not f'ix potruJsitlll althru� ttwy have on 
tq?preoitble tetrahedral a·>.t'lrge demdfv'e He �loins the oosa10e or f!WJillt 

fiDtm in mhl&'a h ''11th m1 intorleyer olnt1J) of 'lC.\..100 �"..et:� �1 ti:w!l lHud.a at 
enae of a.ooossibUit-y inoo tho lattioeo, '�1ioh, h�'1ll8c or ihe 1� cb:\rge 

oonsi-fv' ax-e c;nsily aptliXled in wo.ter. The lcn-ge t'U:nticn of c;routXl r·tinen.la 

wi-th a dHlrf" ga:oea.ter Ulan 190 � a.rxl vr.l..th a oontrnoted le.ttioe, ill 
&Jrpli\inod 1ly the lt:u."ge nt:voocr of intcrlr\ver omri ties m'¥1 �J tile preseroo or an 
intcl"lt\Yer atts'OOti w foroc l.ro:[te a10l.'l.ljl tn prevn1t e� ensicn. ne attribute8 
the alight moist .fili:nt icn F.i10m by mcnimol."'illo.n1tes to b prOS6'lae of anall 
r.rnor..u.1ts of a vcrmioulite-lik.c r.d.nen\1 of hi[fl.iah ohlll':'ge �..sity. The l<J10'G'Il 
itcroose in i'ixntJ. cn on d.t:J·J.r1fJ 1n attrlbuted '00 tu in� in tl'lb interlfW'<r 
a.t-trno·f#icn t'al"'CB M the latt:locs oonf>root durir!g dnlwdrt\time �he m1J.ws.•al.e 
then oot as thrudl ihoy have a higl-m" cl'l..'lrge d.msii\v-. ne c.to.ilns tint Ulitea 

a1'1l tieillal ly  clcy size mixb..lr08 of pota.mdl.ml rn1� nml o. 'ftlrtniot:tli'OO with high 
Sn.terlo,yer charge ( et  .To.okson et al. 1952) • 

Jeunzo and .Jettrlee ( 1953) ft"XU1d. th.1.t '1'2llere 'U10 nu ya tMn 18 

P«U'..QY1vnnia eoila were potnsrdum t'ix:l.�, they lhowet\ a ai:lrong 10 A line rar 

po·tMBitm o'l.eys OCI!t'at"ed V11t11 o. s� 14 A l1n$ 1br �mum �s. Villeft 
tbG potass1.um fl:ld.ng power was 't'Jeak, bo'fh ol.�e eho."JJeC:\ M A lines. 1'he 
t'orroor olayi!l �r.o ah� 'tn be �c:ru.liileo-Ulm � the latt:cr ohlorlte-lile�te 

Bnnl1 ( J.954.) OOJlt>Bring b oUw ndner.-al.a of li"ldl soUa known tao 
be potusb.a t'ix:iqJ en4 at ii101!1G whid:l c!l.4 not fix p�ait.D, t'ounc1 1ho.t whereas 
Ulite, "'emioulittt, c:i\ldrlt• end kaolin were tam4 m �  propCii'ticns sn 
oll the eoila trbudiad, a m:lneral whioh, an �  1!1101'\?¥\ticn � 1Sns at 

U A and pouib)¥ at 10 A (nasked. by Ulite) ; 'ft:1.S fl:lund en1y in tboae aoUa 

wb� fix potu� ne attributed All poilaM11.J!l in h ti614 to ttle 
preaenoe ot thi11 rtdneral. 'lflidl he oall ell nae� illite"• 
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I t  fM1.Y be 8t'lfin fxun the n'bove l'Ofcrcmes that tmre �s genEll'91 

agrca···t.mt tl:'lat the :tixaticn of pota.so:Lun 0.1 dry1ng 19 a i'Unctim of the ol� 

t.raotim or rolls l'll'lo is n.aeoointed vrlth 2: l leyor la:tt:1oo minarnln, portioularly 

o� the aley-vc'lmictlli te - Uli te fupe. 

Prnotioa.lly all too est:1matee 1181tl(HOO ot pot..<W"'i.t� �tJrat:ton or 
releru�e M � resal.t ot W)I:'OO �1!:\.tr•'IElnt, l'¥1.ve been bN!IE!d tWOn. cb!'?ol"lgee in. tbe 
crnount ot eJ�tJhangenb1e potnss:b.tm extrootea bataroe nrd after the tz'entroont, the 
extractant used most f'l'eqtwntl.y lJcl.ng N nnrncnitun eoetat�, !:fi 7. 0. The IMBt 

OOOIIlOrll,y ul!!led ftl?i4 method .tar:- estim!\ting '1'1e potnmdtln St.tppl,yL"\11 r.mror � rm1l.s 
ha.8 been extraot'\cn by strong acl4e. 

Al.ti� Kolln.er ( Ref .. Mo.�l, 1004) ueed. b"Uing l! J:Ul to shm U1.llt 

potMsiun fimd trom potnMill!l hydroxide wns very etron3ly hal4 by mua, the 
t:Srst to une strong Mid N!l a tritoticna.tmg �t, Vl:le Fn!pa (Ref. Reitelneier. 

1.951.) , who boUed s oU oomplos tor 1.0 hours with JJJl, s.G. 1.U5. 

W000. and DeTtll'it ( 1040) i"rttotimated soi.1. potn..�t�itml. afte:r £� 
&1d.cd potn.asiLtn, by leooh:t'"\C o.1.r dl:1.eil mm1plcs with 11ru tra'l. .ii tm'll:Mdum acetate 
a."111 extract1ne 10 gr;:uns of the t:�nr.'d1.1.nm aab.ra:ood resic.'Ue ''11th 1.00 ml.. bo:Uing 

J! m03 for lJ) nWlU�S. The potMeil.m f'�d 1n El'l acid-insoluble t'onn -ms 
0...'\.laul..'\ tro by BJJ)t:l'-ooting the potomtlnm rtx:low.K"'O i"rt:m the IX>'tnas1t11l edc1ed. 
They fu.md thD.t a llU."'ge proportim, whtoh 1roroMed with ino:re...'\Sing rodj. t:1.Cl1S ot 
potnes:Wm, of' if'le ru'k:1cd potMRit.n was not extracted by the Ji Ill'ro3 treatzoom. 
DeTurk• Wood and 'Dtt\8 ( l.M-5) f'ouxxl tnCQ:11lete extrect-lc:n of f'ixec1 potruJeit'l'll 
t'ran 5 c4 6 Illinois eoill' by one !! mro3 extl.'"oot1an. In ell cmsea, a:xoept tar 

�1c .-ature Cisnc ao:U, t."'ler.c l'lll' a. Ot'l1'18:idcr·.'lble :inoroo.�e in l! E.Iro3 soluble 

potru:HU11ll mere pntomd.um h!'ld boon f'1mt\. There '\"!'��� t\ lJ)OO oor.t'Clntlm betv�een 
tile poto.nsium m:trnotoo by 1he Jl llil'03 :'!!Id the 1'11own poto�'lnittn �ta'bv\S of the 
t�Cils. Fnlm 'file non ... potaM1tun de:fiotcnt f'eble l!lilty aloy loom, tJ 1e  eci4 
extracted. 1.3 ma%K, trom �YJ eH.r�tl.v potnssb defioimt Jierriok aUt loam. 
0.7 me% X, ri 1\un the � def'io:i.m.t C isne m1l W;gnooe0 silt lorme 0. 2.5 a'l'ld 
0.2 too !I' K respeot1:vely. 
V �;tiQ'l in Ao4A Ognpcn.1i"Af4m 

D�c, Wood an\ Dnw ( 1943) 1n the aboWl pq:>er. rq>crted that, tatt 
-the Sable eU ty oJ.o.v loan• tJ1e trtDmt ot po"trulsitan � by FniO:S o£ � 
oonoentro.tima Sno� up tt> 5 !t otter vhioh it hcoame nll'>c:a:-ly indepenaent 
ot the aoi4 ooncmtD:"ntim. .A.yres ( 1.()4.9) f'otul! fbr IIaMiian soUs tbl.t 
ino:rerud.ntl amount&J ot potNisium and ma<r..d.oxkl!ea VllU"e crdrN::atecl by ihe more 
o:>�ted ml aoluticne in i110 l!lJ'llJ9 l!/J ... 4 .U. \\biD 2S 3D. Slll!p].ea ft 
extrnotecl fbr 1 hour wUh 100 mle of a.oid. A ocq>ariaan bet.Teen the non-
��le potnsaiUm � on cm5pping lll� tbat soluble :tn .U llf«1s after 

the remaral or e:!Dhongeable pOtt\asitml by li mnrimhtm eoetatle d i/20 IINOa tr:sr 
12 eoUs llh-.4 1hat :no �� oor.relatim e:d.ate4 'be11'ften tb!m 't1ltm ibe 

wcy his#l r� tor the MAldki aoU 'IYa8 cnittec1. 
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Althcr1.1gh boil:.tng acid ms bem u...� nest rreq.Hntl$1 prolo..� 
arnll-ri.!Jg with oold acid TlruJ nhotl.:l by Attoc md Truog ( 1945) anl by W1Uians .nn4 
Jemw ( 1952) to �zaot a::m:; noneJtch..�role � Willigns o.nd Ja:ey 
i'il �.lng tbt-<t m:»:�om.'ll�"''ble J?Oteaeium -ms �cd !n (l'lC!) 'allek by l!/lO �14a 
on.ly whel!l the Ifi wt\S lett� than 3. o. 

Retf.o o!' oo;l,;i. W �id t'l15l TB o' rk��lC 
Rei'taneicr et ol { la-18) iiigcai;ed. 10 �71. �lcs of' soU witll 

lOO Il'.l, I-R':JOl5 tml.or � cond:ttl� o£ �trntim1 �'l'nturo � tim� and 
f'otmd ihn.t the ls lO ratio of' Mil to l! Rim3 vlith 10 m1nute boU:mg. provolded the 

00 at OOrrelD.tiCfl �tf! t.h ladlno cl.O"Te!' M'OpJ?i.'<l:', t'lp�.ki'J. T!'>..e tm·u:-«ecal:Jle 
po·t:Msium �.s not raoovOO. r.I'iar -� d i{Jlstic:n but m.s deauoted ft'rool Ule eDid 
extrnotec.\ potMsium. A oorr�laticn of' o.9M WNl ollta.inecl between 740 � 
lo.4ino olover .� nrd this noid �ticn 1'.1.glrc. Rouse a.'<d. � 
( 1050) stnted ttmt 'the !mamt of' r..ot..<msit:m cxtrnotoa by boiling li ID''%03 tmdec\ to 
level of£ M the boilmg tme 1norco.nec1 &�..d as ii-:e aoU to eci.d ratio in� 
Tha;y- i'Ot.Uld thn t the beet oon"'a.la time � th 1� olo'tll'lr gttmtb ·were t:t1 'ftll "b.v 
a ntl;io (1f lz � with 45 w..inutos boUil:·.e Sl'ld by ls lO ratio with 10 minutes boiling. 
The E'..xtt'ootim at a soil in e.oid ratio or lt 2 wr-.s very sensitive in dilation 
but not b::l time,where..."'.S -the 1: 10 rotio wna not OO!'Hiiti-re to c.W.utian but �as very 
S:'\11ait1-ve to var-lo.t-lan.s 1.."1 tl'l(' ·time of' boil:tne. :Root.'\llOO it is E::'.nier to 

oon trol time acxnra. � 'than to oontrol dilution, tJ.v::y rec()'11TlEndetl a bo1li.ng 

tiJ,'C or 10 m:lnutes at a roil to �id ratio of 1 : 10 wit..'l-t ihe prior � of' 

excl�ru)le potassiutn by leoohinr, with ll/5 mro:5 • 

.§i!,e ... or So1,A � 
T:he rt'l'.ltr. !.m of (t'"l :U  cxtr�tea. -ra-; l."''O:•w<Xl. by Prntt ( 1.�1) 1'rt:tl\ 

10 erama 'bJ 2 �.-1n onil. ti� l"Qtio of' Mil to cr. id. c1:lti;.lg(ld f'ar ls �. 'l'he 
e.'lCChru"t/:-�dble pO-!:M�.W VTM l'I'YI; 1:'e'!:IO'Jed. rJ efb'rC er::r.:t:rootlan Vhiah \wm of 10 
m1wtetl ('\Jl."'lticn t�..fttll':' a o old oo�d.r:e for !!3 nil.'ll.rtos. 

lbttrop3;1(9 ot Miooal• 
Tho eff'eot of' boil:l.ng a1'.roll3 aaid on U:le 1tll'irus soU farmins 

Illiool"'ala �ics mns:lder9bl;y. Bioti:tie ms reportled by Marel (1947) ana 
Gl"t,;l'»:1I'n to be OOtrplet;ely «>lwle in � l'Dl on t1o1U.r(;t. :Rt:lu.M ma n.:��eon 
( lSOO) wre abl.(;} to adrt>et !'ran minm·ala, after ball mlllin::t., 1"ema\7'al ot 
emhangeable pota:atd.u! tonnod aril tJA�tidtl "11'1'itl ealblum, 'th:l f'o:Ltcm� ana..mte 
ot potMI'Jita � boi'f..inG rt>r lO mm•1t&D wi1h !! mo5 a.t a :rrdnoral to iL4d4 ftt!.o 
of 1&10, as shown in the ac companying table. The res.1lts are e:xpr'='s �d 

in me K %. 
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11l.\soovite 
1tioroo1Jne 
tiliuooni te 
uiite 
SoU aepara.toa 
A"'m�e f1 
1.6 so:Lta 

minarals in · 

Mil eeparatee 

20 ... 

SIZE' OF FRACTIONS 

53-20./"- 20-6./'- 5 - �  
1.6 2.5 A·n o.e 1.4 2,5 
4. 0 4. 9 4.a 

o, :s-o.s b,5-1,:S 1, 1-:s.o 

0,4 O,GO 1.4 

miarooline (.,)Unrtz 
\ Muscovite 

Chlorite 

1 - o.� 

/ 5 1 
\ � 

2,o-5,0 
S.3 

IlUte 
Ohlorite 
and 8Ml* 
],{(1'1� 
Ulonite 

<o.;.,. 

5.7 
0.7-4. 
3.1 

S0oQn 
moua 
( Ulit. 

dary 
:e ?) 

1 'I 

Al tJ1o:lgh on a unit weight bnaia , moot or the potana:lun cane fi'a!l tl� olay ( 1 ,��- , 
beoauae of the prodominanoe of eU t tm<1 I!J.\l1d, J� of the potassium extrroted 
1'ran 1be malo soil OO!l'le t'.mn tl1e olay ard half � the tlilt plus l!nJ:'Jd, 

They found no rel.atimahip be�en the telsp!'IE" o ontent rod 1fle 
potnASium suppl,yi.ne pdl'mr of the ooaraer t.rootict"..s althoultJ. •:>h1ll1ppe And 

White ( 1952) using the &"l..''O eoUa fbund a a1gn1!'1ot.Vlt relatiauhip b e17i'teen ihe 

l'!liorool im oontent ( 1"ro'ltJe 9-10%) of 'the silt traot:lcn end the ao:14 tOluble 

potaaaittn. Reuse aix1 flo:t"t:r..noon al.DO found no relf.l.tictlahip bet\!'Toon the 

Uli�ovite p enk  in the 00nr8E'l aley ann -the potMsitm 81T1pl.ying power but 

found fuat the potaasim &pplying p0\'Te1 .. wae oorl"'Etlat.ed with size of the 
UUte peak tor the medit.l'll N'rl fim � vlle;n, the stll!lPlcs '\'llilW mt dried 
before e olvnt1«t ( oorrolation ooef'f'ioients ot o.M n..Yl'l 0, 92 r�speetively) . 

Pratt ( 1.952) in a :t\lrt'J.,.."l:' �tiW on Iowa. mile, l\:rter t.t-acticn­

ating fiwm into ao, 20-10, lo-a, s-a, 2..0. a on1 ( o,a ,14 aiaes; mctrnote& 
the ruae t'rnot1tDS at a. ratio or 1: l� m4 found thn t appreoitblG amomts o� 

potassiun 'W81"'e cxt:rootad i'rcm all fraotims. Witll eoila OOr-1� from 
sla.oiol tUl, tbo (0. 2r  and 0, 2-2� 1'root1 o:1s relcnaed s.rual a-.1runte of 

potruudtm ( t'lbout a me%) with rapS.� decreasing rrno.mte at rctM�i.un 1'ran the 
o� tnctinHl, ane sU.t l. O  me%, ooaraer ailts 0.5 end O.:S.'l � and fine 

sand 0, 27 � A hil#ll.v -ma.tl¥::red Planosol waa tt'!.m:UAr _, h � till 
s:> lls but with roout mlt the �tica values. The soUs derived trcm 
loeM gave the 3"C!I.tetJt releasee with 'the 0,2-2/"' trooti<:ll ( �!boat lfi t!mee the 
rolanee troot tbe (0. 2.1"'- t'rooticn) . The ooareer t'rntttiona behDVed f!l1mU.arly to 

the gl.ocial tU.l Mila. Al thou"' ttJe soils were fmrly �, be1llfoon 40 an4 
7U% ( avorage � ot the potnaaita releaael omue .trr:xn 'the olq ft.eeotit:n, 
18-29% (aft.� trom file silts mr.'l a�� ( � 18,;) bun the em4a. fhe 
aa�mnlntecl •it#ltecl raleaae tran the ftoaotiona was less i!Wl 1h& potuai\1!1. 

reloaae4 by the mole so:U h1 rt1f!!l1!3' onae, 1he a.tiGS.erlcJy being ft'CII1 4 to m:; 
( o.M � on 1.98 maJ') .  'l'he pe:rotl'll'ta8t a.tft'erenoe WY poeltive� OOil"l"elatel 
with tbe potasaa �eased f'1<tm 1!1e '9tlole eoU. Pratt uai"ibe4 the atftJrt��> 
en:te to a. l()Ra t4 pote.eahml �t about lU :re1eMe cluring tl'actionatim. 
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u tiple "rw'&P• 
.Alth�tdt U 11:18 :lnt?rob�le �mt lil.l the mid Mluble potaseit.11l 

Vin.'l axt:r30ted in one �ootim, �urk, Wood. ani llroy ( 1043) ''11t'!r8 tl� o� 
mt'JP-ra prior in Meti!Ori to altt.t'«Jt h J! In� tl"eaW residue with f'.l.l"'th.C'JX' Od14. 
The;r boUed the ree1Ate � t1. 10 minute !!. nNo3 digmtim with 51'J.. m� fbr 10 
rr�,,ltel!l ( l gram c4 �aidne to 10 ml, aold) a."ld. fu...uld iba t 1Urt..l'le1' potnasi'lltl WUt 
ext:rootbl. In a'b�dyine t'.'l.mticn by cla,y ot (o.oo, o.oo-o.l ana o.l-lfo• thq,r 
f�md i.t'ltlt the f1rat extrn.oticn wne aft'ooted by fixed pota&nim but 'the aeoond 
WM more or lees �ndmt of the f:l.mtioo. 

Ewna w.d Si!Mn {1�9) fl.lbjeotod 7 Ohio sn:1 Wieoonain eoilA to a 
series of G wetting d ilryine Q;t"''lea witl1 intEirVrnirlg ext:rootio1 of. the 
omhal'l[�ooble potass:lun by cold !i/2 I'Dl or by !! a� acetate. r;li 7. 
:rotaasitrn vm.s rele::tMd at ftltes which vnr�d oonaidcr.ably. Tl"X�y cltd.mod that 
their datA tittea �t line of grnd::lent�J tq;p:t:UJd.rnntinB to the observed 
rcloane m aropping, t\1 thoo./!tl l1y ��ian of' tJ1eir data, it it! spparent that 

the ancunt of potMs1um rtlleaaed pet- extrootiro dcoroaae4 ate�. The emcunta 

of potansitm e:x:trMted mre snall, lees ti1an o.s lllfll% in 6 elttrootiotlB, oompare4 

vTith 1f IiN% extro.otn of up to ?,. 0  me}� � rdmilor coils as reported. elaawhc� 

:Metoon ttd Hurst ( 1!)53) attenptro to Ol't a better idea. of the 
po'b:l"'t''irsn au�pl,ying porJer 'by repeutinB the Ji mro3 extrmtim tn give 4 extraoticns, 
with a. soil t:> acid ratio or 1: 12i' and a boiliP-�J time of 10 ndrnrtos. The 
exollangocible po'tt\s!'iun wna not ronoved ?riar:" to 1he first .!! nno3 extroot:lon. Fer 
S..'\Il\1lCB of Wakonu:f. sU t loam taken i'ran a 4 yeea.• (,:'a!&i.r.tg ·trial, npprox3mately 
o.e � X  WM extrected m all �:nraoticns af'tlor the fir st, vllioh, a.1'tdr the 
aubtrooticn of the el!nh�nble potnaa:lm, ::rvorr-r�ad eboo. t le35 ne%. Tlwy were 
tmable 'b:> traoo 'the OOtt:rOe ot 2.2 L'\l'X1 3.0 roe% of pott\seium vh:ioh were :mmoved 
chrl"R the trial. i.ietnon ( 1004) oxtaldod tt1e :L'1vcsti�ticn on r.11.tlt�le 
extro.ctim of soils to oo••er th� wo'-dr1 11£!1'1 Zea1on{l oo:U gt'Cllpa and found that tor 

many soUs, a more or lesn oonstnnt re.t:e ot extraation prevt'd.led �..er ihe seoon4 

extraotia.le Wide Mft'ol:'Em)eB up to t'i£-ey told v.ll"'lo.ticn, uetooe tautld between ao1l 
gt'Ottps, with a � td.mil.nrit,y arr.rn.rent between the ourwa tor �ila ot the 
arunc genetic group. He grouped 'the eo Ug aooo:t"d:1n3 to h rate of �X>natant 
extrroticn mto h1Efl. mcclitn ood lol" to very low. nis 101'1 to \ler:'f lcw group 
included the ma..1ort ty of h ro�.ls on vbich potaaaium l"CB!!Cf.'laCS ha-ve bem d:l•rvect 
Sn New Zeal.an4. Re dbta.inod no oorrela.tim be•cm e�eblt!l po'tal:\tdum an4 

.B m� 8011-i)le potMm.ta. 
BJ.trig M14 !0\JI>Io PR1PM1ZP ma ptsmt ijp1lpkl 

!be le'ftll ot potaatdta at wh!oh potdtd.tlll &..t1c1enoiets bee(JI8 merm4 
appoara to be 0.15 me "  tor eDIJ�le pabaflha. Legs d Boadter (1959) 

�OUDI.\ tor � AOU. with �1• powatum t.raa o.1 to o.s �. bt 
where tbe ! HNC>s aoltbl:e potued..t11l tiguN ._. > o. a&, potusillll aettlcienoieli ..,... 
not toun&. 
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aom!ta d Pratt ( l.CJ53) tamd ihat i2:l a t-..emy bas:l.ng ot X Cl 
yield l'O� gr<o�tar than 2:7,� �c not .i"o.md un1 � Ulo li anos soluble 

potnssitm ( including e:xt�hareea'>le potasmum) v.?aS less thsn 1. o �� They touna 
t."ld the best oan."olatim between plant upt.'lke of p<>tluJsittn am soU pow!d.tm 
vrns gi'\'ml by tho m.ll ttpl a regrcsfi.icn 

2 + o.94G X1 + o. l95 � 
-

·l'Jherc Y ifl �-.e tDttill r-otasaium M110wd by oropp:J.ng, 
� ie U1o e:ml�erole potns."'im before ar'O:<J.Ping mXi Xa t!E release of' 
potneaiun to !'! m,ro3• 
The multiple 001-ore:W.tic:tl ooef!'�.o1ant f<J!' this �&.!leim WM o.959. 
&!!Tb rmd Uhlm ( l.r:t55) frond f'or !krweg!;ID. ooila tf'!o. i; mile there ?<'M v.lrtttal� 
nf> O"J'1:"'1¥'-l.at1m he� emha1·��le po�td.tft n..nd. J! � e�Clti>le potass:tm, the 
l)est oor.mlati.m oot\!Men potMe1.um uptake e..'"li soi.l potnssim '� given by 

Oalb..t.1.a.t4--d uptake • k ( e..·•o:oht�nge:ilile K + 1l5% N tn:ro3 !iOlt.ble K) • 

Ni trio aoid is ihus eem to lJe OllP.able cl �t..'tna nm­
G:l!Ohar6eable r:otnsBhvn tran ooils and e;rm.md mtnerru.s in Al'!!OlUlts 'Wh:loh t\1'9 
related oloaely iD 1i1eir pota.stdum &rr:>l.ying J:lO"Tem. 

The othe:t" ra:pia 13}-)Qt-ut.oiy MGt1lml. fer eatimm.t� pot..'\Srdum 
�tPJ?�Yi:t'le powor oi' aoUPJ is eleotrodialya:ls. �TrOiS ( 194G) • Re111Eftlteier Elt a1 

( )�51) ard Pooreon ( 1002) eleot..rot.\iro>l�reed Mils f�r pe!'ic&! ftoom 1 to 40 dn.vs 
an!l \llere t>ble to obtain good oorralati.cns batw()an b l'On-e�o.'bU. 

potasrdttn extrleted by amps ru::d by el.eot.t''OlUa.l,ytds. In l'!'l)St �a, 1he 
exat�eable pot!'mtium ms � fu 1 df\Y a.nd. !'or thcll next 7 &ws or 1!.'10 ,  
OUltinlOUa\Y aaoreaa-tne OlllO:UltA � pot!"lt' r:\it� \"J\!ll"e �ted, a:f'ter wh:\c.h e. 
ne::�rly <n1B"fxmt rate of extrooti m  oeo.:trrot\. :t..:n:y po11Ms:i:m fJ.':ed prl<r to 
eleotrodialyl!ds WM ext:roru:J+..ed �lrl� 1.tle pm:oiod or oontinual\y doorens� 
rate of extraotim, �C!.eat:i� 'that t!1e f'1:md pot!\t�r-r.tum wru:t 1'!'03:'e �fl(t11y nmO'Il'ed 
t.ban the native potMOium. 

�-pr[\SSil.l\ .STA.m3 O! 1§1 zsAL.A!@ SOp§ 
The 11 ttle publialed mfot"lnl.\tion 1..\"Vld.l�le an tha poto��\.1!1 ste.tus 

ot new Zeal.d aoila is rraml;y t!Slcl trial datn from �tMtdnm f'ertlliaer trtBl-. 
Acoorcling to Durirn ( N.z. lOOS) 8)ns 4eri"'red :tran 'VI:ltoon'-0 nab. are ru.:nnn 

vtitl1rut �tlcn potusitm ftsplt'llliftt M ore S!)il,s in NOI'"th1m4 4eri"Ve4 t:ftD 
aem!� and badio "'''l:otmio ro<:tlia. S11rollt1,v weatmftct ,ellmt 'bJimm ea.rt:ha 

a.ti.ve4 1'rotn a.1lliletonea otM:r 'fhm �'Wt'IOke � «> � fespt:r.me&1 M �!So. MMl 
reoo.."'lt allll"'ta Sl"l h� 1"1!1..1nt't:lll I!U"ea8• � tl'Cft Ol'ftN\JD eoUa ?hi-eh _.. 
N.� poi:e;8-td.um reoponsiw in 1he Ncrth I al.an4 and &equmtlir a; in 1M Sruth 
Ia.ttmA, ally -.&rea slfsht resparures h&-te bee reoca"W. 

'to .-oure turther fnf'otmQticm on 1he �aita mppl.v1ng � 
ot New zealend 8)Ua1 thia atu.ctr -.. Cli01"l"S..a out• � a w:t4e .ftllBI fJt eona• 
Oft)pptng them wi'ftl IWian �gl"UB. d &rterm!nins b MfOU!lt ot potallllita. 
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LOCATION OF AREAS SAMrLED . 

New Plywouth sandy loam • • • . • • • •  ; 

Te.upo s.and • • • • • • • • • • • . • • • • • • • • •  2 
K1r1paka cley loam. �  • • . • • • . . . . � 
U1ddlehurst silt loam • • • • • . . . • •  9 
Tokomaru fine sandy loam • • . • • • •  6 
Omakere clay loam • • . . . . . . • • . • • •  4 
Idaburn fine sPndy loam • . . . • • •  lZ 
T1maru silt loam • • • • . . • • . • • • • •  ll 

Halcombe silt loam • • • • • • • • • • • • •  e 
Uatamau silt loam • • • . • • . • • • • • • •  ? 
Wa1para silt loam • • • . • • • • • • • • •  lo 

Himat�ngi coarse sand • • • . . • • • • •  ; 
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m·� The BOtll"Ce or 1bis po'tas!dl.lll was tl'r»ed by ut:rdill; t%"'!!llJ?les at 
�le eous. 1be1r te:Jtturo t'raotions ond separates r£ d.U'i'cront fJI}.tsoif':lo 
gr'$1,.,.ties, wlth 'boillng l101'lMl ni� mid. lhe oooditim� of: ao14 

�xtrr>ctim were emm.l.md orlt:Joolly to Enatll"G that a �ly �cti':io 
1'10-ttlod. fa:t' nw.il.able non-emh'!\113�'\'l)le pott'Ula-lttn 'll'Jtl.� de-rel.opecl. 



'the eoUn IJeed. in this study were tcp !!IOU a, 1. •• A b:xrizona, 
aolootod on fhc 'has� of' tJ\cir emha.�enblo pot..'\ettl.um nnd .1,1 mf% ooltble 
po \;.:asa tum oontante &l'tm"''''dne-'<1 by the �thod ar <'lood and De'r11rk ( 1040) as 
modified by i"'X'ntt ( 1951) • They 'W\:n'e aelcoted to gtve the fb1l.owir:e 
ooni>:inatioos of emhro�eable pot�s1rm .ooa. acid ru::b.ble nm-oxdltl�Wle 
pott1.9si"lfll. 

L<:Jw 
r.tectium 
ll:i.s;tl 
l..tm 
M.adita 
1.� en.-t�.-e-a 

Ncn-el!D�eeb1e 
'k9taes1liQ 

M.�um 
Mod.i1m1 
JU� 

SoU ealeoted 

SoU C 
So:U -� 
SoU B Sall�!t ' N,) R fioUt\� K, 0) P 
St:�Ue o., H ,  Q 

A brief de..<vrlpt:t t.Y. of ti1c ooils cfl.CJ:;f01�., to,gc·�her vti·t;b �·le 
loord;ian o£ ihe Blrt'IJ!lir..r; si:t;os ( sec nlM FJ.�c 1) is as !'ollCMS. 

The soil t;ypoa t�fCl' to th:.� C'..a1oro.t Survey of �.he Soils of the 
H'Jt"t.h lr-.1t111d, H. z. 1 Soil :Btrcl;'n nulla M.n ( n. a.) 5 ( 1.9M) tmd tl� fif'Jtred in 
'hrn.ckr.rt;s refer to the Genetic Clna:m:i.f'10cd;icn Croups of 'ra;ylor ( 1948) tlft given 
1.n 'fk. '!::IDle en u-� 52 mUe to ti"£l i�1 � 1n Pi� 1. 

Sotl.....A:J��tttl\ .,.at'A.�[J�,, t;}'):'C t:\7'b ( 14a) t 

Yt">l.lnw bro'tm loam, deriv"'Xl tnmt Stnl.tfcrd r>sh nnd �t ru!lh, ot 
a"ldem. t1.c or1..!!;:1n. 
TO,?ooU 0-8 in. dt:1rk lnuwn fti.Ablo eal1<\v loom on yel1owiah �>.nc\Y lom. 
Looa-tton of atttwlin..�s PaMoo� , d r�.r of l'i�..gi �ol.. 
Pre'V'iOUD ll1story: la�ana_ plOt� 7 Y£-.13%'a J;reria.tSl¥, 1 ewt. GQ% 
1C1 per e..are 1n spriDB l)ef'<Jt'e �ling. 
SmnplJng da:be� G • 2 - 55. 

�JL %&m Ml4. 10'Po lab (1!� . 

Ycllc:;w bnnan pumioe enrdt aer:t'Ved from Taupe o.ah ( �itio) . 

Tope10U 8 in. 4ark f1!it1Y smd, en yellowlm bl"'ftn � 
J.ooatim of' lbl{)l.ings �d. �B;ntal Plota, mar Wa� 
Pra-triowt Hil:Jt.oryl Virgin r.d.l, tnmU1cD. eonb. l</ 

I 
s.,t.sng M•• ao - a - M. 
O al.laOtod by an Ott�er ot C"..raedanr!a Div1a1� D.S. I.tt. 



Sqi'\ .'B, �Q.l,iY_J..qgn!. t.Yl)('J 95 ( 1.6a) • 

Rl!k'l. brO'PZl lol"...!ll, darl�.d � l"r:ts:U.t. . 
topsoU 5 :ln. V'3l:V Cinrk [i!tt�t l'lt'ovm, hc�.'IJY sUt ( cJ.ay) loi'Jl\1 t'rl.oole, 
�..ra.tely &w.J.oncd �tna�d..'l1!'!1 gt-;;u-,:_ttar str.tot.u.ro , v.rith wry o:rn)":ll"'.o1: 
mb s:oU. 
Loon.tian of :"Jr.mpl:lng! 1 mi.le S01.1 th of H.'\U!l[Wk:'lliomOa� VlhDng?-.l."'lli Oon.nv. 
� o m  histnxys Y�,'ln f'ln1l.; CXl(<.k�cot ,  1}�kcn, lll.D_cH)o!'1""Y� lotuD 
m...�j o:£>. 
!!"�ling &tet 12 - 1 - 5:S. 
Collootro by o . F. :hthat'loJ1c'l 1 Soil B�tt"t.-:on, J). S. I . R. 

Red bJ.-ov.m JD mn, dflr-.ived t'.r:xz11 basoJ.t. The prcser.oe tJf or1110olttse el:.il. 
quarts in the :f'jnc &'1.i"<1 WJ' Ild il.1d1c�to OJr�le adm.:L"'Cb1re w-lt.h 
sotlimmta.ry mnte:r.1...� )?."!Ob0:h1y loe�r:. 
Topr..oU 0 1-tt. do.r!-: �d 1)l'O'lft1 gt'3Wl zy s1l t loom. 
Loo•tt.ian of nnr.xplbn: 1-b �los tiortJ1 of �:!ade�rxme Drld,_�, Awntere Vel.ley, 

H ar.Lbarnueh. 
Prcv.10? 1S hietOJ."'J: Ttt111'11JO'I-r1 pota"sium f"ert;I.U:tJ.' ' very unl:i.1ml.y. 
Srunpling &.tc� 10 - ?. - 53. 
Colleotoo by M. �""l_drr�ll, �o:U Purenn , D. s. I.R. 

Ynll.ow �J' �u·th, dt�.ri-vcd l':t�:,...,n eJ.ll1>.d.ttt'!t, 
Topl!'oll 6 in. <l\rk bv:-,�'11.1 lfJ!eY fire c:ar�y lo�1. on yellcmid1 f!)."'CY al.ey loom. 
l•<)Ol:1t1• t"l. of �'l\!J!l.:l.ng: Cl- ft.on Tm�t�10c, J' \a!'iC3(.r,.; Agr'ie·:U.t::u·a.l Collee;;t. 
�'l.-e.ttl'"llL<\ .listCI!'y"l Ori£.fl'1al bn$h ht>.-r.n pa.s �tll."e , r.Q top&.··cnn:h"\�\ o-c' a¥{}' >.incl. 
SompliY"-G date: 23 - ;!. - M. 

So A }h 9'¥=!:am��..... t.Y1)('; �,�� ( 00) , p;rcuped with A btl\ 1\1"11 t lo.� i.n 4 nile to 
i.llcil t"U1"""Wiy • 

Y�llow b� earth, derived t'rom mde"b:me. 
Topsoil 6 1n. dorl: brmm � oltzy loEm en yelk:m "bl'O'Ml ol..oqy. 
Loontim o"f MrnpH.ft.g: 1 l"'dlc nl.one Atua Rood fi'om Waipawa. to ooiMJt 
ro£«1, f:t� trOO.ll nob ne nr Quakcrc Stream. 
P.t.�moun history: OJ."igi!-nl 1:rro\'l"lbp1 &n'11ro.nia, most.\9' sward, no "boJ?­
d.roo.�i.� 
�artpllr..g data: r ... '3 - 7 - �. 

Brown �ey o artll• derived � m.iM alhiat. 
TopeoU A in Oit.JrJIP..."'\\t brown p;J:"ey t'lm se.nr1 o:n f!.11'e9' brom gl"avelq l!ltDII. 
Imn.t1m of sm7l>lln� Roo.dtd.de near Burnt Oottage Ore•tc, Ora'IIM!tll­
LJmia Rood, Oent:ml 0t891»• 
Previous hi8� �<nown, potasaill'll i'ex-tilizers vesy uril1ka!�t. 
Smtpling 4atet 51 .- 1 ... M. 



Yellow (!;l."ey' t'XIT.'th1 moderately gg.r:tma.te, !llOOemte.ty leaohed, tuesook 
melw..iBtY-1, derivod from 1oee!'!l. J 

· TopnoU, c1 Sn. dt\rk � modora:t('.ly orv.nibl_y oUt lonm on yellow 
ooJlt)aot stbsoU. 
Looaticn o£ e�l:!.n.g: Ro.'\da1.de outt�w,fl, oo:tf'..e:•r of tClt"ga!lt e Rood and 
Gleniti nooa, T:hnnm. 
PreviOL1..'3 hi8tory: Under (Pl."'ao, potnssium ftt>tiline!'B unli�ly. 
S..."1t'X]'1li.YlS da:ttu 2 - 2 - M. 

Y ol low  fJ� o:ll"th c1er.1 �d 1'ron �..c\Y n:.'!ill!!t.one. 
TetJ no11 7 in. &rlt £J.'CY nl t l.om en yel�"l'J.ah t#e:f olcy loam. 
Looaticn of &.'WJ.'lli.ngl Roo.deit1e outtirt..g, oatnEr or Moild Rend ru1d 
M:orioon' a Dul\h Rood, Fentl�ston, South Wairnra;p&. 
P1"0V'lous hitH;ory: tJnd('II" hrt'M!ltop nnd Clarrtl�, PotMeium f'Ct"t.il:tzora 

unl:tlcnly. 
�plirln date: 7 - 2 - 54. 

Ycl:i..or1 l11�:n le� !lc!"�:"!oo £'ran pu;�oconn E'S:"'Iiston.a ond. !:'udot<Jnl'). 
Topso il. 5 :ln. 1)rcrr.1 gr:.ltll.n.t"' aUt learn o.n Y'.;;lllrm h:t"''ml e;roruu:ll� silt 

loam. 
It.x:o:t:tm of a..�plinas Ron.d.nide outtw.g, -b: mile on M:an.�V1!'1tu l"Jite of' the 
ru"'T<d.t c!' ·the Pl)Jl:!!l.tua Trrclt. 
Pr.cvion� hiMotya BIU\'1t'l.top cbnin,•·nt pnsn.r.l"e, po tsne:htn terti.li.R'.erB very 
u..Tll.ik.cly. 
Satlplinc an�� 5 - 4 - 54. 

Soa,l� w,a� /S;114 ;LQQDM ( m>) .  j 
Yt:".ll0\11 rrre:r earth, &rlved i'X't:m!. �"Jb312:1 aUta mx1 locas. 

TO'.t"Hli)U 10 :tn. darlt � Bilt lorun on pole yall.otf eilt loam,. 
Loo11.tion o£ l!miPlirigs Vfailttl.!'i Valley, nortJ1 Centcrou:ry. 
Pre'l71oue htstoryt Rondtl:tde b:mvm'bop, ooolcs!'oot end :f'la.tweooa, 
pt'O.Qt1onl4' und.i��tt'bo<l. PotM!dum tertilizere unl.ikt:;ly. 
&mr.>ltnc &.te: lO - 6 - 54,. 
Oollectea � J. P. Fox, Soil Bureau, D. s.I.n. 

i,OU Be �  AQArw:.IQ[l!1, tqpe as (12) .  
T�lcm brcJml � c\erl.ved ht>m cbne _.. 
TopaoU 4 1n. ch\rk IJ:I:'&Y blaok coax• snnd en l�t U/l!f/3 ootu.w am.&. 

Loontim c:f AEmtpli.nga Lake Road, Oftn.1a Dawns, �in. 
Previ.otlt'l h�J Jl1xed gftUJ80S ri aub�an olcv'eV. l'To potll.SsiUI'Il 
tertn� 

.!'tlr"'...ber c1t\ta. ooncsern:lnn 1beae eoSJa ia given m Ttlble J. 'l"he 
looa.t!a'l � 1ba oooo;e atlmpl.ing aites is shOI"''l on the wq> Sn � 1. 



&r.wles � n-,l:�ro xlmn.toly one hund..r.OO pound!!� (:£ t:h!3 fbpsoila 

of ·the above list of roila ooro oolleottld, �ir d.rle4, and m� 2 .. "S pounl 
sub�les were � liehtly a.."Xl plant rcrn�XJS ran� Stones () 2rrm) 
were siewd fia!1 tbe ooUs, Trupo annl tn1 :r..1r:lf.-ul'tn ola.y lo!!!!! 'Wi'16!"e th,.-w n:nde 
up o"lty a snu.U i'rnotim but ''IOI � 1oft :1n tl� M:lcldleliunJt s1H lomn •.here 
thq rww up ab?ut 30% 'by �i[fl--. 

Ap'r,>n>:ld.mnt<'ll.y 4 po'll".fu of 1heoe H.r;1tl.Y' g:r.ound ��t�m�)lee \'Jt!)l'e 
t�n :<'fli' lmbore.tor,v teJsts, ar'ftin � �tt.\v l'J'd nie� tltr0u£� a. :.mn 
silt'Ve• Tht1.t portim pas�:tl'lg the td.<Y� ( fine (lfll."it\) �...s �a. 

��t£�1( et air <lt"i.�. The moisture cnntoot oi' ..,w nir 
<lt•:'.·"'U 00 5.1 'flli'VJ de tel'mi.."led by dry:ine 10 � aa!!'[Jl.es far. 12 h�.,rR a.t lJ.O<t. 
ll.q� A.1.1 1"'1 :3Ults :i!l this s i).u\y lU'e e�P.oon on the lxud.s c£ oven dried 

• 
Anmplo wel[';,hf:f.\\1 U:.'l.lc.nlo:t�d on the llasis of U1.c oo 00ten:11nat1cn.s. 

Looa of :!;gn.?Jci.ffi ,at �ooCO. TJ ,.c O"'l'en drled sanples ft'Oill the abO"'J'e � 
m:trw. tj,c;1s vtal·<: �-.itOO. at 00\)lb fez 30 m1r .. .utes and rewe�od. 

Mes!banio&l � YEJ.Vb 
Method A. 10 � sr.ll'!lploo of the ooUs were disperae4 aooo�.i;·�.n fn the 
Int.nmn.ti,,llJll methoi!l ( \'fri[jlt 1049) us.i.ng 1�02 '00 &otr'Oy �1c rrvattor nn4 · 
fllii1X:i11.Ut'Cl lzyclt·ax:We a.e -lhe diSJ.Iel."'B.i..ru �. M reoa·n: .. lm&XI. by Dav.k-!S ( 1.938) . 
Method jl, 1n the �ro:'!1.tinn of somples r£ tho trottnre sepl!l.t't\te£1 !br lnb­
cre:to1-y t,eetA, v�\.1;-ying an1.1mt.o or soll uerc tron.ted �.th n9oa to de�troy 
�1.o matte!', d1.1ute ni trl.c ooid wns adt'lcd to t!11') oool.ed rolut-5.m� and 
o.tter 30 minute!'!, the o.t,l?('.!mll..t."nt li<p:14 &cnnted arrl tJ.1o residue m<:' .. hed ·t'T.l:til. 
wl\:tel.· t'll1d cent\�i.ru.c;cd. Tho l"':�,�at:t� v�1-e d.inpt::moc1 nmne oalp;on ard ooditlll 
oa,rl)oonte, TJ-,e fraotif.Y\.J'l \-mre nep�J�.mted. by nod..1ment!>.tiol for if).c 
g;pprop:rlate 'l;:i�s and. the ol'\Y pl't'!oipitntcd by the ndiHt:l.on of �1c:sitlll 
dlloride �lutirm to i.ohe t.U:!r..D.lin.e &.J1ut.1.on. 

Cl§t Ettt1.�46• Ficldcs and V'Ulinm.sal ( 1.955) aurro.'lt\.T'izcd tOO rcet:tl.ts of' the 
�ll"''.·cy of.' the ol:w m:ll1m-alc oi' Iilow ZealiZfl.d soiltl. The list of probd)le 
o..lny minornls C\f the 12 ooile uood i'or Oi'"Opp1ne, aa ehom in Toble 41 is 
t."\lefln f'i""l'll 1h1e paper nnd ooo.f1rmed by J.l'1elc.'lea ( per�Kfa\1 oomrrun:loaticn) , 

!We&a � �, .t:raqtim• 
Rs!termU&s.. Sm\r..les ot the t.ine aan'l. �otions tftm thtti. n80h!:l1"�1onl 
anal.voea, letl oa n. � &t"eft'nted by the m�cl1od propo.I!IS4 by M.'ltebld (1.953) 
using &. aerl.oe c:tt &��nta. Thili method 'Fb dloen'-l beoor.tae U wu � 
efficient in � the 'lmt\th� ooo.tblt; hall the mineral. a.U"f'o.ooa and 

l�AM it t;p� to be leu deatruotiw thm. the eo�an�glln 
methot'ls � jiJJS ndcd by othar Wl'.31"kera. 
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:r A n  L 1 3, 
l:liJSIP!tJ. PRQPBIP.'IE� OF 'l'IIE 00� tfSW FOR QROmm 

� !;I  
8� .a &t  tl .p 

SoU � Group � J j� 'tJ • 
� "4!.. 

% % % ;� Now P�th n 10tlm 19,9 27.3 1,4.,1 10,2  
Mn49' loam 

T::u:po :m pmdce 3,8 10, 7  2,9 _/ 12.� 
ean4 eoU 

Yd.ripaka RB 1om 16,7 ?.5,0  140.7 10,8 
o1l\V loaa 

ltidcD.ehlrat RD lom e.e 8.4- 20,0 :-12, 2  
aUt loam 

To:tcannzu YC'..E 4, 5 9,1 22,0  24-. 2 
f'ine l!ant\v loom 

Onalm-e YBE 8, 5 10,3 32,7 32, :S 
cloy loam 

: 
Idabt.ll"n JX'..B 0, 9 3, 1 7,5 14.5 
tine m1ll\y loam 

T:lmuu YGE 3,5 9, 2 1£;,6 30,3 
Bilt loam 

Haloombe YOO 7.6 '7.4 l.B,4 !!3,9 
nUt loe:m 

ll&tnmau. Yn 10l111 4,0 12, 2  20, 6 26.7 
f!ilt loam 

'WN.para. . Ytl8 1.7 7.7 18,0 25,9 
tdlt loaa 

H!mato.nal D sent\ 2. 5 4.8 a.�J a.� 
ooane 81':\!11 

1 1 
a 

� � 
'""- � 

% ;( 
31,3 1.0,1 

56,2 19,4 

12,3 1, 5 

32,0 15,9 

44, 3 0, 5 

23, 2  1,8 

62, 0  10,7 

-45, 2 o.a 

44.7 1,5 

26,4: 4,9 

"''·a 5,4 

42.1 46,5 



New F�uth 
OOJJ0,{ loom. 

Kirlp�,�c 
cley loam. 

• � 1lh.1J. !:httt:'f� 
��ut. loetm 

�ru 
f'1no I'Hl�'lJ\v 
lof-m. 

Onal�re 
clfl.y lr:� -,m 

Idnbttl"!'l 
f:tm e"!1dy 
lo!!l'l. 

't'jma.l"'..l 
�n t 11"1 !-11\ 

Mo:ia'!lQ.I.l 
sUt lonn. 

HhMtangl 
OQS!. .. M m.'1ld. 

m lom. 

rn.'l lorn. 

yog J 

,. 'n>hrihle ol ey mi:n cn�J. a 
( 2,u. , :ln o:l"der 

bf t.ibllc�tx·� e. 

.Al.lopllf.IX'l.C A, 
1fe-ta-M.lloyat te 
l.n>u o::cid oa, fult'!l"lot'e 

Alloph.m'w M 
GlnM, 
P,.,l:mnrn. 

Ploo pl'l.r Hole trl�lt 
�'hsite, Hcta.­
holloyai te, 
et':'Tat.':l.lHm o�c� • 

.. :"wm-p\1ons J�rr.ns 
orl&o, 1{1oooeow� 
mot.at"ial , Pl\lnt}�'lll.i. �o. 

J.Jt(J.1 K il lite, pon.-dbl_y 
a eo llap sed ol t\V"" 
wnnicnli m. 

itixu:l �-'lnd intol:l�rered 
1\ytJ�:ue miotUS 
Mcntlncn:'illon:t-t;e � 
p,')x-cnt IM.t.0....'�"1.nl. 

Weakly 1-.yilr:.l.tod m:ioa 
i!{l'd.r. n.u1 n'l.c.<'l.r;. 

H�s mioAa, pn,"­
d.ani.nry1:dy illitc . 

J�rclm<A fl :::i.<.ms, .i.':l"'e­
dondnn :".ely Ulito, 
oo.1...lt-p!1Cd wn,�cn.lite. 

AJ.lophane A 
1l:t�Oltl OltVT• 

l!y'<U"'OS �as, pJ."&oo 
lbn."\.nn tcl.y illi � 

l1nkn� pmbob� 
1ncl.u!Ses il.l.ite. 

Fine BlOO- nd.nrlra.ll!l 
in order � 
wtm&l� .. 

llar'l'lblen'!.c, 
aueite 
Jb.aic placioolnse. 

Glat4-� 
iJtU\rtz 
Hamblmdo. 
:r:>t'U"tial\v �:.". i!1ercc! 
oli v.li: .e onU. ml.gi te. 

1!'!'m area 
A%.131 to, hornblende 
Andesme, qut:'.rtE and 
ort11ool.nee 
Ilro"::'l'l ohlorlte 
C clat.'\on i te ( '?) 

(�l.t'Cl'tv., 
OrthoolMG, V 

C!:'l.e.ns, Pl...."!r,t'Xllo.ae. 

Qlt..'\:t'tl!l, 
Plap.)..r.-cl aM �  
OJ:-thooltvz�<l' 
C11MO. 

Alb1tiJ, qunrt2 , 
Bpidot1.1, h0!."'1iblmde, 
Chlorite, M.otite , 
Fusc:;vi te. 

()tlllr�, 
Ortl10claoo, " 
T1..ar,ion1�c, Cl1.l0d t.e. 

Qunrt2 , 
J.,n.deeine 1 orthoole.se, .J 
m,.:) n� 

Qua.r1:11, 
Glat!ia, 
Orthoolase • 

Q..t.ortm, ' 
Or:-thoelMe,' pl.s>,gioola.a:e, 
Chloxi.te. 
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'1he &'llnple of' 2•10 �"• wns trl:b.1n.tcd f'or 3 mirutes with d>cxtt 
o. l l'1ll• 'l'rit® J{..GO aril o.l on-. Triton lt-100 ana 10 ml water. :tn a pOI"'elain 
:rnat"tn.r. uAing a 1't.lb1\et' btl!'¥� mo· m.� � a 80r•�l'drlve'J:" tw a pc�r!-.le. � rubbe4 
� "l"'Q.'l vra�hed into a he�J-:er> llilldc ''P to 10 an. 8nd �"!0 &dJ.i1 m10. ol.l:\'1 
dco&"'lted tvrioo �r 5 minute Snte!"V'?J.o nt ooru, �T!in �.a:trmmt 'm\S repeated. 
cn:e 4ll4 the rema_w.ng f'iue S!.'l�� pn:rt:loi£'� were J:Ul:ibed m.th o.:, t;� �. 
0.3 gn. to·trnood.i!P.l .PY!'OPhoephn:te , o. r- eo;n. It..o:t..�10� eln o. �� l" teepol m 10 Id. 
we.t.- f'CJr 2� minutco. Water '1'1':\S a&'led. to the mixtur"' an'l the sUt md clay 

deon."'lted r.s bef'ore. �his �atln€>.nt wne ropoo:ted twioe or 1t11tilt under f11e 
rnicrt>eoope, tJ1e nart:l.ole�! appe �  olo'.'n and �!lrD.tc. The det"e1Tat00. f'.'lne 

�:v!.n.d w32. i:hen. d.rloo at lOO <u. 
A siroilar proocdure ms used t at'  del'CL""l:'Uting Um aUt f'.t.•aotion but 

-.nth c:t.tJ.y one trl:tu:r.i'oti cn .-r.lth Enah eat of' detel:��ts. 

.§..�Uio srm,ty $9l.Ni!:fma Tl)c def'erratcd i'rc'IDtia<s �1--e mpe.1-ated mia) 

f'rf\cti l"f1a of dif'f'eront �o:tf:io e;ra.vtties 1)y oodJ.mmtntioo in tetrabl"'D:)ethane -
e.oetone rn.i:rtea:•cs ot !mown l!lneoifio Zt"�t:tes. Dctwe�t 2 ard 10 �. of a 
traotim. W�"J.a trt.ood in a se.paJ.'t\.til� funnel er oantx-i.fuge 1nbes "'1ritb 

tet.rnb�thane-aoetorw !7lixtltrcs of i!1.e dcsirod apeoifio graviey W'ltil a aep-
c�o\<a"t.ioo irl:to amk or :f'loa�..ng pa1"'ticl.os !wd ber:n aoh� !"!"e>.liminary 
E'J\1!J.cnrrtioo to ahf>llt 40 Qm. vnentl'!! vm� oooeasnr;)' 1)') remove tf!l.y !:'J.r obsetd> ed on 
the S1lt'f':l.Oe a£' t;'le m�el� pn..'f:'tiolell• .f!1'ter the �paXa ticn, ihe part1ol.E\s 
:f'lot\tirlg a.t tho a!lt'f'aoe �:re srol� ott at ""le P.lmt' into a f'lasJ� A1tl1f.)tt(fl 8tl 
:b.1d<..arq>le·:� �aparatiw.. :li! ool de:vcd by e. ningle trea�'"lEmt, a1'tcr 4 01� 5 
:ropetlt.t<l'Ul, a. ret\Sotlt\hlo I!!Oparatim :la made. 

The «(ieoif':\o Sl"�.ty eep�tee were recovered by dlluting b 
t.crtl:'abrcmoetht\lltleoPooetone rnixb..u:oe with acetone e.n!i 1.\i"tcr c1ee..'\.'lti.r�g, 'llfNI11IDg the 
resiwe witJ1 further acetone. The tetrsb�tb.�� wsa noowred frail the 
aot·Jt cne wnshinea by pmu .. i!JB lntc a large m l:.me cif: mter, :tn vtd.oh the · acetone 

alcne is oolt.:lble e.nl deoa.:ting ·the ooet.�tm- mixture. J'!rW trroes of 
aoc tt:().e rmn.i...�ing m1'1! rcmo� 1)y wa •. •,ll :W� the totrabr,�eth��'le wtth m.ter. 

The tet.nbJ."C!!Oethme uMd 'Wt-1.1'.' rrr:pm-ed b�r tt� rooU)o(l of O'ld:eara d 
ClEmoor ( ln29) by bubbling aoetylene into branirlD containing a trnall mount ot 

water, w1 tU -t!w brarlne WcUJ oooolonr1.rae4. .Afte!t' '*lsiling with 'Wl!ltG" to � 
t..�oe:J of bromine r.t<c1 aoety.l.one, the noeo:U"io �e�:lty �@,A toofld � be 2.96. 

:f'onaWl. 

We�i 110etdna 
requiro4 • 0� 79 ( •• - 4 ) . r- �8 • ( d - 0. 79) X :;;J .9i . 

whete 4 = apeoifi.o gmv.Lty 1�1.lire4 
wt.nll • w�t c£ te·�r�-.m:>etlume ·!b.Jtm. 

The �if"f.o �ty ot 1he l.iq;.&1d 11ua ohecDcl ant aajulilted if nM&I!!�• 



The ninnral �ecic a ·�,ronent in the f"..r.ne mr.d f'ra.otima of U1e 
oo:Ua wore ident.if'led. by dct(!l."'r:o.nit'JB t11e l'ollowing properties l:mder the 

Colo;,\r- , l':'l�.cti·.m :ln.de:.lc, b.lrcfr�a'lCc, isot::l'op:1o oha.rao ter and pleochroism. 

The list of mmemle detenl'med ll.'l.d reported in Table 4, tt1B 
ooni'i�OO. and <Ytt"!'eot�d wh0re ncoMI"m:'Y l'Y J. R.oea., f!e,log1o!11 f'.t'!l.""'J'y; D. S, l.R. 

AU re�ents nt!�l rere of. NW.!\R gl"rule tmles5 otho!'\'11 � �ooified. 
The clb liiUed water and rear,ci"1ts were tested far 'tt'l.C:tr pota.ss:!um content and 
f¥'1Y pot�<milJ!l found was a.llo't'Ted !'or 1n oal.C>..U.a:tine; resttlta. 

In crder to otl rorve 'fhe ettoots of :tnte...l'lS.ive plant �rt..h on 
the various toms or ooll potaFHdum, tJ1e 12 soils de110ribed on poeea �l-27, 
VJera ornp;;ed rlth :t talim �r:J'n"-13 ( lo11.tli.l !!ll!ltH'lonun) of a bief'.J,ial strain, 
ru,rypliod 'h1J t!� Orano.bnd Di-,;iaion, D.s.I.R. • rr.n A!rll..July lf-)5.'\ tar roUa 
A-K and � AprU...June 11)54 fo� oo1ls M-R untU Nrn:mbc:r ln55. In o� to 
a.,rnid OO"'.{Jliont\oos f.I.T."! sir>.p, � OOO{)Elti ticn betrroan P1e..nt efl�cien, a Ail'JSle 
species crop wan p:rofer:md to n mixed one. Italit:'ln ljleP.;raM wns chosen for 
ororoing in pretercnoo to ti1o plo..nts used by most u. s.A. -mrl-:em, e. r.. l all.no 

olo�r or. oo ts t'or Um !'olJ.o«'inf0 rensons. 
1. It i!'l a etro�.ly {tl"O'fdng �;eoies, particularly d_trl.ng t11e oolder mcnths. 

MoB t of 1tlc pots wrc atm1 down. in "111e ,!)ub.t:rnns ot J.n53 md ].<';)54 and t\8 
�.p'SA ne poeAible estllhHell!lent � desire4. 

5. It boa n loo.g<'r 3['0'1'1ifl period end in uore perni stent 1i1a.."'l oo.te or o1her 
cereals. 

If' the work of 11itohell ( l95.G) on ihe depressing ct"feot ot tcmpez-­
�.turee in emesn ot 700-p 0..'1 Uw c;t"C!t'lth of ryc�see had bean knmm l'!wn tt'.e _/' 
experlment wrut s-tarted, it is prcb2b1e t.ha '!;  some otmr 5mee• e. a. oookstoot, 
would have ben1 ohosen instcaa. 

The pots T!lich held juot f!ITC'r 1 l(g. o f  air dry soU, 1'lere made 

f'rom tiru"led. oontainera U am. high aJJ4 :k;.. cm. 5n dituneter. A 1 em. hole WUJ 
f'..IDOl-.,d hl the baae to allO!IT tar � and the tin IIPI"t\V p ainte4 �th 2 ooa ta 

ot clear "Pirit 1!\l'Sl11'111e The dndn hole 1IM oo"fM'Ct\ w.l.th a 4ieo ot copper 
l!lheet a.p�:ximately 3 an. m diameter ana autf1G1ent ooi4 WMhe4 (!;l"mtel 
( > 3 CIDe) l'la8 edde4 to erl.CJJ.re mod � � •is.11lt at tbe oonto.inere 

WM l'J!jl..tSted 'tx> 300 E)l\e with tbi8 �. 
A1r clrle4 8oll, l'lhioll had bnen m.;,a w.t.th the roqu:latte tJDC)Uflt 

or bual tert1l..i.IDer mixture, m. tNin a40e4 equ:mlent to 1 �. ot oven 4rSAt4 
aoU per pot to 3 pots 1br each aou. (rrote l Kg. gravel. wna added to 1h• · 
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'M:.t.d.d.leburst silt lctlm t(\ e;i.v� n. rMoonab1e wlr.mo or ooil. Tho :rote ot N€w 

Pl;11!:10'.lth �n�· loom and rJt K1rl.prum ol�f loon omtn.in� air dcy roil. o:ruiw.lent 
to elo pm. ::-nd �.o �. mrl'!n et�' A.>i.'l) . 

P as  

Ou 

Ha 1la1·'04 
lili�N05 
Feso4. 7 u2o 
Cu.S04. 5 HiJ 
MnSo4.6 n2o 
ft"'DO .. iJ u 

Zn ZnOO 4• 7 I!;[J 
t�o ll!ln)l'li� m�M.te 
s FeSo4.7 y d:lovo. 

:r 

., 
I! 

" 

11 

11 

" 

" 

" 

" 

15o �. 
200 tl 

lOO tt 

5 " 
5 
5 
5 

" 

If 

0. 25 " 

Ca end Mg as a 2 O&l<15 s �03 mixt'.ll"G, 1 t!ltle "[X3r 
2000 lb, lime r��nt an deteminod by the method ot 
Vi oodrufi' ( 1949) • 
A.U i'ertiluers :?nd the chstUled wat.er Vlm'e 0!1.-:ily&ed. tor ./ 

rotassium end. 1t is ooneiderocl tt.J.n.t lorm thll!l 50 rrVJ.nR. of.' p ot.-� ... �niru p ar  po� 
( o, Ol r.e K %} 'mre adDed f'rom t.hc re s�roes, 

The n o ns were � i>  ·:, , field �\J:Hlo:S:to-, 1\tt()t')d for 1?. hours sna 
pbJ::!ied 'l'lith 12 I·hcl.ian ryegl"S.Ss seeds md u"ru)..nf'en"ed � t1n unheated g'Lnaa 
hrw-e, Arr3 mte:t- dmirdng t.ht'Ol:t�"'.h the oo ts  nrtc:r tJU.s and ef"te....- onbeeq .1.ent 
md:;CI·:inr;s '!ln'J� colleote4 and X"�:C't:llrned to !;!lC tt.l%'1':-.ce of the Mil, 

ll.f'ter 2 weeks the rncdl:li1e9 �::-c Eilju ntcKl to <1- per pot either by 
tJ'l.inrtJ :-tg or by tr�11 !!{ll.Mttna. Re�.tlnr 'IV'I\'�t.E>r..tnc �i th dis �lee!. \'lt'ter �.e 
o:.urled oat so thnt th� pot�:� 'IVero r:>ainta.lr..ed at or neat" field oapeci ty, 
D:res!:'!1nr,s of ml4_!1gi'O� tmt\ rti,Y03 '\"Jere mde at irreS}tl::-�.T ir.tervals ond tl1.e 
MUs '!ml'e "limed" 5 times with tJ:JC OE003 s �03 m:iXbJre, the dross:lfl3S he :lng 
ootcl"l!ililed by WotXlruf'f' B teat, 

The grnns, Ottt at 3 weel::ly :i.:r::tcrv._1� z at a:-::pl''JJdmatGly 3 CD. tt'all 
tJ:J.e soil EIU'faoe, \1ns dried a.""ld W31d'led to rt1.% the yield of dry matter. 

Approx.Unato4' l/4 � ali<pOts or gramd or filt"oad(Jd drle<l �.ss were 't."lJ.:en for 
potMoitm onelysee, 

� p�ta were �·�ed. reg1J.t:..rly \'4th dilute "He:J::>�" 1n mter to 
ldU spb.ides, 1tlr!pe a.'1Cl mea..l;y bug ?.'hidl infested the &rUSe S'Ve:n w1th. thia 
sp�, lll'lder the oondit:l.cns �ing )n iho l'J.MBboUI!!et it wu ditf'ioult 

to �t intesta.tim by th�se rcsta and aphides and mc&y bug appe� 

trequen�. 
lt wne found thnt oonaid.eroole root �opment tool10: place d 

tl)l). t in flii!IJJy pots, 110ote lll>peand 1tm::lll � tb6 ch-ain hole• Whe:re i:be s:>U 

tto.n4e4 to beoome puggec\ by adclmg wn.ter to 1he !DU llll"taM1 in particular, the 
pots of 'l'okmaru tine aanc%' 1otD and � Qaakare olay loom, water wrua a4d.e4 1lo 
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::;ELECTED PHO'l' O ,.rHAPHS OF GLASSHOUSE P OT EXP�.!,M�NT . 

G:Snera.l Vi ew of Glas shous e .  

I 
Typ i c a.l First Year 1 s Growth. He.l c o mb e  S ilt L o am e.nd 

Mode of D eath of Plant s .  

Waipara Silt Lo am. Oct . l9 5 4 .  

Not e s mall amount of r egr orth 
from previously healthy p lnnt . 

Typical S e c ond Year ' s Growth. Middlehur st Silt L o am and 
T okomaru Fine Sandy L o am .  

Oct . l9 5 4 .  

. . 

' 

r,· 

. , .  
'· 

- -� .. 



t.ho �inage oollcotil1g dlah fro.m whence it w:as tn.l-.en up by the roots. 

10 gn. BM!>lCB were talr..en at G mon thly intervals tor � :ge­
oole potnMium �.J1d f.hr e.cid rolt�.>le potMBitD de�i.'l.'\tiCJUB by taldtlg 
4 C•);:c� �·-1. th a l cm. oork bl1l'C'r". The. 001"'!9 "I"JM'e qu�rtered. o.nl the stl"plua 
three ff,H\.rlcrn were �t·n."M� to the :note. 

Selected photogr-qphtJ of U1e pota l."!'e ahown w ��;ll'e � to 

illus trnte tha cooer.ll t{:1PCarn."10o of the pots and gl.Me.hooae. 

Tlle stenlo.rd r-;tnv:iJoo t�lo, voltWe t:l."io end oolau"imett"io me-lihods 

for det.ctminine potruudl!Il a1:e n.ll t:lme OOlllltl!nine an\ require aooura.� ma 
roproduoible co.:1trol O'I"''r expr�r.imental cond:t titnB to ensure s. hiljl 4e�e ot 
oo�. VariB.�.ona i.11 the (t') �ottitim of tOO preo�:l.tn1Je md inoo�lete 

lUI1ovnl of anoM reagent b;<,· w :l.SllL"lg are bu-� two of the marw causes ot 
"ar:i.ntion mioh occrur with -the oob&ltinitr1:te '!'et.MA. 

In a.iWi t1�t the stazXJ.ard ootht:lde m:oe not B.U I{J eoL4'1o tbr 
potanoiu:n and are :int'll1e:oocd to Vilr;ring degreen b�, oth�r ia:1a, in part1.cNlar 
by nm .tr.l'rttum, b::U' .b.n, ferric , t.U.t�1it.D �1 ;?hm'Jpht\te :tms ( Tinsl.�; 1948) . 

The l!l8tho4 wh:loh hns �H�ome. alloos t  universal oeonal'IG of its 
speed• r.c.zt;.r::;• olid speoi!'ioit"J �-s the est.irrntion ot potassitvn by measuring 

U1c i.."ltcnsi�r of l.he rnd:iatio.n emitted at 769 "m)L by potnssium nfnmB 11.hen they 
lU:'e excited 1n a t.lt.>me. 

Tho metho4 ot estimat'lm etmsiatB e ese..,tinlly of mee..nu1':1.na tJ'le 
�l<lintion emitted. a-t; '769 ""'!"• when potaRn1-m is introcluoed 1n� a t'lcme under 
oont�Ued unitom oonditir.ne, so that w.ri:\tiale in the potanaillll. 
oonoentrntion of' -:he mlutions test.ec11 n:ro reflected proportia-�ately :in the 
intensity of i:he :r.adiation. 

�� equi;.ment �Cl:l-S--:>.ry 1n P.Ch-tcve this, oone.istl" ot two parts, 

t11o fir at, �_po.mtua \ilich wUl prodt.ll:la the rad.ia. t"iCI'l en\ t11C aeoonr:l, 

�po.rntua mioh VI!U measure tile radia�a.� Toecther, they tli'C oalled a 
i'ltme photaneter. 

!he moat oonvenient Md re liable method � prodlo1ng potuaitD 
ra4iat-1on is to u�o a oolution dcsltain1.ng potruudttn Olld. to blow the aprq 
1nto a t'ltl!le rro6.\oe4 under stanaar4 ouniitions. FC4" a:Joura tc detmn:inatiala, 
tho follarling oonditicn%5 mu.e t be stan4nrd.ucd for the reasons given_ 

ll'lMt. 
�e of ocmbustim 
mi� 

Gu presall"e ani 
eount <I air or 
o�en ret�Ching 
the tldlle. 

Gt\scs bum at dti'tercnt temporat\:a'ee wlth Come<plri 
�J.l.1t1Cila :in e:lltli ta t.ion. The p10port1on ot o:IUgll'l 
:b1 h t'l.tl.me also atf'EOtti tha tcnper-afure, theretcre 
.._ r� gas ... o�en ( air) mi�tt'� ruaat be b� 
The intenal.ty of ro4iatl tn � any part cl the flame 
size, depends · on: 1be fl.t�.me aiae, mioh 1a 4epen&mt CD 



3 4  



.Amizi\nst 
ld.r prennure . 

To!!J.::erature an4 
vieoosity of' the 
�olu t�.o..'le. 

t..l'l.etle ?:II'iGblea. Alao it �.s Maontial 1tlat 1tte no­
potll ��itl'!l flnmc be oolourlen s  and the.t tD Slvm bar.c1a 

f'or oa11>on ere :prcst'.:nt ne cmG o£' i1wse pt"Jchoee 
ro4in ticn at 769 � • 

Deooo.Be of' fluoinatians prodl.Dccl by fliDkering of the 

f'lane et!p,es, tmse are um.tally screened oft by t\ 
c!:lepbl"&.gm thus e:mo!'dnp, onl�r a r;m-tim or the n rune  • 

A :f'i:!Eld rata or atomiz ing :i.s osscn:!ci.al. 
The nll glass atomizer p:t-oa<X)od by the Dcok:tnan 
Oorr.arP.tion prodt:Cct1 a �my "i".hioh is nearly unitom 
mider a rooe!.ero:te l."N'lne of air pressures. The limit-
ing f'notor in t..� atoniz:lng !"!�:be at air preBSUl"'&S abaft 
15 poUl'l(t.� ;: ('!"!'  s�E'�tt: :tr.c.h, ie the nize ,r the oapUlor:Y" 
liqu�il feet\. 
Vorinticns in \<1.nool!ity of' the tJOlutiontl to be 
atornuea, heorueo of their ci'.feot on the rate of' flow 
th.\1>urtl ·tr.c onplli.ro:y liqt.� teed, affeot the 

aton:l.0ing l"at..ee. Varint:i.cms in t.te tertflerat!l%'e of the 
rolutiona T!l'.!O� bf:' o."."CCil'let1. 1Jeol'ln�o of' fue dopendoooe ot 

the v:t�Jooai t:.r on the tA:M::-e!"'l·bt!'l'l, 

Tl�e tteMnd part of the f"lnno p.hotano tcr mey be SlY f.b:tm c4 
nldiaticm ��ring apparatus with n r:nitnble 'f:IO.•mchl"'':rnt'\t()'t' to elim1n1;1.te 
undesirnble i.U.1nni.nn t1an. 

The two !'lOSt OI'J'!lr'd\.l7t HtiiO<l f.o:!1lltt l'\l"P 
1. A lm.trler ll.'l;yer �1hotoo�n oo'111oot�d i!tr:-oot:cy � a atspcns1m golvt;�.ncmetor. 

2. A phototnbe, et!.:her 'V'I'.Ca'n ar �8.!'1 filled, �th M !f!!T)Hfier of' the null 
point or dl.t'eet rcM'I.:lng -cype. These TrllW he t!t\.dEl !'lOre aenei t1 "On than 
ttroe 1 and are nee4 in tJle mare 0011!!1tiw f'lrn1e pho�tors. 

'!'ht'l �onoohror.ntor !:U",.Y ' e  er J11e q_uar� prlnm or d1.l'frao�.oo 
grat:lng 1;;yrle or ')t the f'11 ter type. l'lle for.IJer tU'a mar� oeleot1 ve d tle»­

:ible then the f'il ter cype w.1d are tH\oen t1.t.U. :l.f rnor;, tl'1M ono element is in be 

detemine4 but the N.lter type is quite fllit.Able ror 8:Ll'J&1e el�ent deter­
m!natime. 

As no tlane photometer 'llft'\.8 a.wj.le'ble, the Snat.rument llilatrn :In 
l!'1gt.Jre 7 anf1 dei!IOl"lbe4 below, _, Ael!lignett en4 c:wma-tzou.otea, i91•rpoa.ts.ng 
f'ootures oal..oul.ated to el.!minate M rn�m,.v rtt -the fibow Gl!l11!'eft ot 'tal'iaticn u 
poasible. 
Afmia· • P1n M 

A Beokman � all glass a tanUer -.a mckmW Sn a 00py of the 
Beo)man atan1s1ng �er; 'Whioh leA into b bot� ot a. M.eker bl.Jm• 
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( t'it.iH··r W"Pe) irR)d .. 'tr:l.tcl.y ru'")ow ihc 1."J:U'4 �t ( t'".CQ �ll"e 7) . 

can:.;:ro�rtad n:h:- mf! re-a. � a h�)l proortU"O o�rlin'ier thro� 
� dUI.� p�ont\1"0 r<'IW.c:l..'l('J omtro1 �.t to Ci"'ll a pt'OMll!'C of :.10 p.o.1. 
t.h� �tcn:Uer oi.'T' 1n.t:".IJ:e. 'i:'h:J.a r�::mtl!"G � o ".000..'1 beon".t\0 it �11 t'I'OU db 
tht� mi.?lir.'um I'Oq'l.d�·oil a.$.r preo�li'O, <t"ia• 15 p. n.i. and it g.wa a NMN1ablo 
ntCJt'd:;.: . .ng rr.ttl'a f.l.rii. t.rith t,� !'·1dlll. t\.�101 o.tr, , .. M1.1h tns t'uO!tod lliro'.:l.l11 �10 n:5 
int'IJ-:c t?.1bo 1nto 'tho ���:t�n ohe.pJ,�r by tb� oir ;Jot, th1� rre�"�s>il'l'l L�VO a 
of.il.-,'�ler.w f'.o-pt"tt.9.tm-'nm tl.N'!Je lorgc 01Gl:t1l t,., :B.U. tl;m ��U"i' .,n the 
opt�::tl �yn� 

:i'ln tuol ,,_rod � Roo��. e>. 00rt"('t.t''1al �op:mo-' •. mto;.TJ.e rwt :1�1'0. 
u1� n. p:rtJ!.,�lZ'ti c'JC o.a 1?• o.1. 1 tlw :t..l"''n�uoo h� 1ne ool'ltroll(:(\ �· (1 ti.1mpl� 
pro:'!�Nr' r•;Jc'lrtcia�!'1, ooot7."0l '.l'i�d: 1"\nl ::t. noodle "lr.llm. 

1hc ftlClintion r;l"'"l&Mlcd L'1 ti-c n.� t'tan collootcd fl.l'l.d f:Utc1� 
by the optSDC\l �in ru1.�m :�n Fi�:l!'G 1'3• 

1 .  2 .  3 . 4 .  5 .  6 .  7 .  

1. O:.tli..'1c1rionl. r:Urrr.r. 
a. l'"'lmo. 
a. Di�� 

4. On . . <!o :-:n:L�'1 lonE\. 
n. F:tl tor.o ,  Jlfox-.;� noo ..,. ()fX' 

?ro mie.tion ot'tcr ru !::crir'.r;, 'rn'\0 r�_\!lf.'m on t 1<1\ rr..l4 
oonttltlvc photot;.l1,o, � .. c Ortl .:;oa 9� , protluo��'1£t vtU.�c.tiat.n i.'l itn 
J"t]sbtoooe t'krpcnl.Jng on t .c :l.ntoot.d \V of' ·:i1o Ul mlinatic:n. TM� Tarl.n.i.;:l.�� 
\'mro tnEnnl.u"ocl by a �ried i'I;t-nJ.Jilliru:'IA hriclr,o oirou it with twomtaae 
tt. _.1U'io tio:n. M�O.t"C� Bllp,t.� fn)m the do�i.7J. or fklt.100nl'lt pt:ibli�l.efl b:r 
l'l1lle, !�oDonclO. ) lU.OOOl:'l'i'\(}i.W o 1d �.!Z ( 1.")�0) • Tho O'.b.tll�.t M 1\ooQ in 
mo;'!'l in F� 9. j7he im3tz,.lme.llt �wd 'f!�ry nanclti'W, :VOO!ll"n� f.!nll OrJtW 
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In Table 51 -tne readings ( aotual Ui. ill - waile.t< blank.) 
for variOU8 oonoe..�trntionB of on. M. ens le sh::,.m. ItX'Oin detenn:l.lll\ ti.Ol'.s of the 
l'Cadi.nr;s for potassium aol,ltiooe in water, repl:loa tcd G tirnes, the :1nstr..ltllC:lt 

I 

en�or m.'\_v bo cnloula. ted to bo 
j; l divinion up to reod:i.ngs of 50 and ,:t � div-isiona thcrenfta. 

T. A J3 Id� §.a. 
ffiC'm1t!iiT:KR }UW)IlJGS Fffi STPJfbV;liUL!Q;w;Q S9.LU'.i![cm§ 

Roadin� COl"Z''Oted f'or "Water blanl�, and 
corrected to lOO x 10-5 M K lOO 
Pil l':CI'A Ilf ord DOG + 608 

10....0 H Ccmoe.nt-rnt1cu :l.'l 

1 on 0 10 20 30 50 '!5 leX> 200 

K 0 10 21 31 51 76 lOO 178 

NH4 0 0 

Ca 0 1 1 

Mg 2 3 

Ba 15 m 

Na 0 

H 0 

lOO X plus 1&;10 )( 
m• 98 98 
Ca. 99 
Ug 99 
Na 101 97 
H 98 9fr 
BtettMg , 

1 

a 

0 

When the t'iltern, lltord 806 and 008 a.re «''lf)tne4, the inte� 
terenoe tn>m the oatiau� E4+ , 0&++, lfg++, Na+ en4 H+ which may be e:cpeotel 



in some soll e'ctrnots, is acen 1D be turlmpot"tant. OOeso bnrium wna 
�sent 1..'1'1 t11e o.tomiJsed IJ)luticns, i t  WS..'1 considm.""Cd roo.so!"'..able to M!1UIOO that 
all 'VSrla.tione in dinl rnruUngn, ot..ller than trom inotrument dritt \thioh � 
be oor.reoted by �nr oheck1.-.,g of nntor blru:ik and. standard potMsium 

aolntia.."lS, nt:>..re O.':ll.tsod b:r potetanium. 
Pl'Om the Ch to. 1br phoiu11eter :roadin,')S tbr varia.\ S potast.dum 

eoluUons a.s tf1om in TablG 51 ihe 6C(X)!!Jl!� oalibraticn OUl"V'' roe at-aWl 
for the ins-� .. :.nxmt. 

F o t n s r ium C onc ent rr t i on. 
In l o-5 }l.i . 

Calibration curve for pots.Emium soht1r .... '1S. 

/ 
/ 

25 0 

It is soon tho.t for potnsni11-n oc:r..oerr.;rc;t;i� up to lo-.1 M, a. 
lioonr rel::.t tionahip exit"�ts be �E'.n r:·otMG.1.tn OO..I'}Ccntrn ticns rni dil\1. readings 

but vrith �nter oonotn�t1.,ns, imre�.s:tng ext:lnoticn occurs with a mro:ked 
divergence £'ran linearity. Soluticns with pot:l.sa:bl!l OoMen�.tiros ID OXOOBiS 
or 10--' U were d.'llutecl with 1'later to give conomtr'L\tims in th3 r�pge 0 - 10-3 M. 

ione other 1btr1 potMaitml were �esent with the potaanim1 1n 

the atomiBed aolut:lone, h �nt potasoium oonoentratim 1a ol tered sl�tly. 

In 1'1!ble 5• the resttlt of tl.sning aoluticns oonteining rtlf,+ 1 Ca++ t Jli·H. Ha+ 
an4 u• ae well es a m:l.zblre ot H+, oa•• m4 Mg++ 18 ehalm. It may be men that 
with additions ot lll.· ana n• at ll/10 ond e.t ll ���the, �¥?zaoeoiable aeoreneee 
OOcm' m the mteneity � n41at1an. M the aolutidul �8Ul.� trom 1l'le mU 
oztftl.O'tielllS mm prepare4 by 11le metttoAs given on pages m4 , were 
approximately K;lO with respeo' to the � ion  oomentratian1 th-s �on\ar4 
sol.utim ot potu•itD was m act 'lt? w1 th !f/1.0 HNOs• 
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XJCRODS US§? :!(E. THE !JJ:nooim! OF PgpssiJil 
PL.ANr TI SSlll 

According to Dbon ( Personal oommmioa tic:n) , the potusium of · 
dried plant tissue is oompletely I!IOluble 1n water if fhe tisl!llle ia boiled 1n 

water. Attoe ( 1948 ) cldmed that the aAaitic:n of' c11lute ao14 
was necessary to erua.tre the complete extraction of' pot8.81d.um. 

Trials with dried ryegraas l!lhawecl that prov14e4 not more than 

0.4 wn. of dried tissue, either lightly grov.nd or whale, waa heated with 

200 ml. ot diatUled water on a boUing water ba.th for 30 minutes, all the 
potassium was extracted. Aoid d�estio:n of the extraoted resic'!ue pl'O'Ve4 
that all the potassium had been extracted by this treatment ( Table 6) . 

; A B  L B G • 

.mJCIErm OF BOIL.tNG Vfl..T.KB M: AN gpv.QT.AI'lT R:>R TISSUE PO'l:A.SSitJ¥ 

Weight of VolUIJle Potaasillll Potassim in 
gmund grass of water extraoted acid extract 

of resiche 
lOO mp.ll. 200 ml. "'·"' � o. o mgns. 
200 mgu. 200 ml. 8. 9 mgxns. o.o JDSDQ. 
.iO() �- 200 ml. l7.B Jl1811lS• o. a lllGDS• 
400 III8JIIII· lOO ml. 1.6. 6 Jllglllll. o.c mgu. 

In praotioe, 0.2 gma. of' high potas sitlll grass ar 0.4 gillS. of 

low pota.asium grass waa extracted tor 1 hour with 200 ml. distille d water. 

The cooled aqueous extract was til tered thl•ough glaaa wool, ml¥1e � to 

260 ml. with water an4 tlamecl. 

SOIL El!fRAQ1S 
NOlp!AL @ONI!Ji AOBrAtl 

When tlmed without prior oonoentrat:Lon, the potassium content 

of' the solutions trom e:mhangeable baae deterndnations was scmttiDB s  so low 

that accurate readings were not possihle. If' � eoluticns were oom en1:ratec1 
by enporaticm, the very high •lt ocntents became ioroti>leaome, oauaing 

erratic atc:mizirc. Ignition of 'the ammonium acetate exl:raots followed by 

the solution of' the residue in dllute HN03 gave solutions whioh were tJ.ameci 
eeaily but llbioh llhoftd ooouionally abnozmal]3 low potua1ua oontents. 

lzrfestigation ot the• extracts ��hand that thay were auooiated with 
1gni tion temperatures &lightly abaft rlOI1Ial ( 500'b) or with iSn1 tim tlmea 

greater thm uaual (i hour) . 

Publillhed p1'0G8Clu.-es tor the 4r:f eahing of' plant a:nl m U  
e�ota reoommmd temperatures b-an :seo'b ( Peeoh, lMl) to chll re4 ar tull 

red heat ( 1. e. 600-'700CU' 'fright, page ae6-f) ., tor t hcor. Peech reporW 

1hat :ignitlcm. or aaeta:tea at Mo-Goo'b oan leo4 to loaaea ot up to 2� ot 
the potassium pre��ent. 



A o1oee inwati8at1m of the losaes of .Potaellim m i#lition, 
lflmect that tt>Pl'eOiahle lonaes of potMshD oc.-.oUl"l"ee trem pot8881l.lll 
ahloride on 11Jlitim in p].atizna brud.na above .so<b and tran potMsitm 

aae1:a.te abaft 800<\J. T!10se ' loaees inal-oalled it tJ1e heating time 'Wall 
prol.erJ.ee4. The reiiUlt ot heatin[J evaporated aohttiona of potassium as 
potMeim c:flloride or as potassilln acetate t\t vnrlo.ts temperatures is d'lmm 
Sn P1gure u. 

�) til 
� 11 

.. � 
s::: oj) 2 5 r l  

l i G Y R I  U. 

5 0 0  

T e mp e rat ure 

5 .  

7 0 0  

P o r c e lain Be. s in 

-2 
1 0  me KCl . • • •  1 

-2 
1 0  m e  KAc • • • •  2 

Plat inum B a s i n .  ---------

- 2  
1 0  -me KCl . • • •  3 

- 2  
1 0  me KAc • • • •  4 

5 x l 0-2
me KCl . . 5 

Ju st Dull Bri�ht 
Glowing Red Red 

in ° C . 

It wna rub�uently frund 1ba.t �ltion of anmonium aoeta:te 
extracts WM unneoenStUy as �a.ticn on the mte:rbath lett only a vers  
mall l'esi&le 'Jf aJ!!ll)t'liln BtU ta which did mt m illrtere w1 fh potasa1'lft 
I"Nl1atidn. 

zmw, l111'RIO AQll? w gmm AQ1D urwm 
Althollf#l it was fod poMible to 1'1- theM ezt.raata withotlt 

a:J:(V 1:1"ea.tment, more �oible fti!IUlta wae obtai'*' 11 the •llhota ,_.. 
tmqJOrated to a.,neae on the wa.tw ba111. lt 1111ab orpnio ma.tter wu x:naent, 
U waa w� by dd5ng 6?' y8 to 1he irie4 •ld.u. After et�para11tco 
to �-. the � reatb wu 1hlll taJten •q> Sn 1/10 JmOa .a tf 
•aqu1old4es were pnaent, they wn pN01p1ta.te4 �� lt l � �� 
Beoawte the ao:l4 oanoen11rat1cm at flu ailage waa l.GW1 � a tn choopa at 
8ll!'dlS.tiD �xtae aoluticm was nee4ed, giving a eluticm tor fianing will 



low oonoentration ot •alto. It tbe eeaquioxt.cJoa are �eoipltatecl before tile 
or1gmal. nitric acY. ia e'ftq>(ll"atea, OCJ1814erable anrunta � amnonill!l cyaroxt.a. 
on needed ani the a.nt!Ulim n1 trate ta�n00d i8 tmubleaome 'b) :rcrnove. 

Reocwry uperimcnts mO'I'IeCl tha.t virt.Alal.ly no potMrd.um 

( ( _, wu lost 4ur.i.ng the 8'V'apal"at1m, �� 4�eat1cm and 11'31JC]liox1&!t 
precipitatim of the tmllC»1itm acetate and oo14 extreota. 

Solutions � aii'I'tOnitm eel ta have been rooQill!lellde4 by m8f\Y workera 

moln4mg Somllemoreer ( 1930) and Peeah ( 194.1) os lllitabl.e reagentl!l fer the 

extraction r4 e'l)hangefi,le buea. 

Z.Tormol anr.onill!l aoetate I pH 7. o, wt!I.S ua in the ear.J.ier part ot 
th1A atu.c\v to extract embangenble potasaiua but it was repltlocd by l'f/10 Hm3• 

l � aanpleB of mil were (l)llked \14th ft:oequent atSrril'lg tbr J 
2 hcul"'!! with 40 ml. of tbe ext:ra.otant, toll.owe4 by omtri�, tuteri.ng an4 
a turtller extraction with 40 ol.. ame extractant. 

Coop arlaon of' the potaaa1um otrooted by h d)O\f'e 'fJI.t) reaeenta, 

by JliD mJ03, by J/5 Da(NOs)a ena by aatura.tea na(at) 2 mowed itlat vSrtnal.� .J 
equiwmt mot'!l'ltll ot pot&Mitm� � extraoted by all reagentll ('rd>le 7) . With 

the berit111. aolutiona, ad'ticient �SO• WM aAdc4 to preo1pita.te ell the barium 
na BaS04• The uee ot JJ/10 JII� mateNl ot ll S!lliCll:l1um aoetate ia 'ttlU8 t� 

jufttitie4. 

P£rASS];W§ mRAO'.tMILii PI plp AQIDS 
fWI:) methods tor dat:lmating ihe strong a.oicl tOluble potnesim 

�re adop W viz. { a) ba.:td1 extra.otim and (b) lcaoh1l'l6• 

'rho method ueed tar the batoh extract1 m "Y eaaentinlls bt ot 

Woocl and Nl'urk { 1940) .  They were carried out by boiling the requisite amount 

ot �hqeable po1ruwdllll-treed aoU or aoil texwre &ooticm 1n a aoo ml. 

PyreS beaker with itl..e appmpriate Mtoont or ao14. To ensure groo.ter aooureJ�y 
in juC!ging the boilmg timee with aoicl 'VOlumes 3'Co.ter tll8tl a5 ml. , 1he 8014 
1ID8 ad4e4 boUinS. Atter 15 mSnutea ot boillng, 1tle liquid wu poured into 
tSo m1. oen1Jrituge iUbn and oen11:rl1\lgca at 115oo-looo rta. tor 1 minute. Thl 

aupematant 11qul4, 1IMah wruJ hwariably tree trCD � material• ,.. 
c1eoante4 oardully into 100 m1. P:/I'U l:e akera. No attaupt waa naae t.D 1Uh 
the rol!lic!uea in the 1nb c  aa the extra potaaai1.Jil reoovere4 by 'tiMhing .a tod 

to be lea than � of 1lhc total. tar 1tle ex11raot. 

The eat:noW soellib wu WUihe4 baok milD 11ua beaker 1d. 1h  a. 
ndnimml 811letmt ot 4latille4 wa:ter, boiling aoi4 IIMe4 a.n4 tbe miXture boUe4 tcr 
a turther 1.5 '11.1natea. The estractima were uauaJ.:cy repeated to gS.ve .. or a 
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3! A l3 L §  7. 

HRPWAw�r� rorA.'JUI! amm m mm·am DN14ml 
SoU Dtraotant 

� �- 1J/l.O mro3 
,li/5 

BIOI J/8 B�J03)2 saturate& 
pn .o Ba(CH) 

New P�th 1.0£. 1.07 1.09 1.08 1.(8 
� lotlll 
1'allpo 0.43 0.45 o • .a 
em4 

1til'i,palra 1.63 1.67 1.86 
al.q loam 
Uiclc3lehurst o.e1 o.oo o.Gl o.eo 0.61 
l!dl.t loam 
1'ol«lmaru o.ao 0.58 o.o1 o.ao o.eo 
tine •an"ur loa 

OIDabre o.ee o.az o.aa 
olq to. 

14abum o.aa o.oo o.az o.GG o.az 
tSne •anttr 10811 

1'1maru o.Sl. o.� o.so 
ailt loaa 

Jtalocae o. M 0. 52 o.so 
IIUt loa!l 
Ma.tamon 0.54 0.53 o. 5s 
11Ut lotlll 
'llaipara o.oa 0.615 0.66 
1!11lt loa 
lU.Ungi o.so 0.30 0.32 
�rse 8fll'l4 

cxtraaticna. The ext:raats were not bullalt4 togctJ10r but were � 

Mpamtely aoocxrd1.ng b;) the method deeorim d  on pages 40 an4 .(1 . 

The weil#lt of soil UlleC1 by Wood ani Ddrurk (1940) waa 
c1eal'eue4 by Pratt ( 1951) trom 10 01111. to 2 � In 1h18 111n"tv, the weight 

or mU ulled wna tJoaa o.e gn. t10 2 ga. 4epc� on the l'a.tio of' eoU to aci4. 

The aualler mrunta of' noil eaw I!IIX)h lees tmlble t'rom alii:Jead.ve fl"oth1n.g, 

partiOl..W\rly with h yel.law 'brolm pumice 1!101lo,. yeUCII"' brown loans onl1 re4 
brom lo-, md t1'CII!1 b\mlping cbrlng later extra.aticna. 

L!!1NJIIIl'n mn AgiP 
In crder to observe the eft'oot ot reeoti.m time m the llllOUilt of 

potallllium extraoW. oont.1.nlou:a letlChing � 11011 •anr�• wu oerried out. !o 

aahiew •tonGaJo4 oonc!i t4tJrw or leaah5n8, an apparatus wu 4eei3'led 
!noo�pon.tSng the following tea.turee. 

1. Leoph1M tubt, ot all glass ooMtzuaticn, 00 CIIUe !n lmgth, 10 m. m. o. a. 
1'3ftx tube, 3o1ne4 b,y an 8 -.o.a. 1')rez illbe to a �x 
tap, wMoh oontroUel tm ate cl t1olr tl the �--

1'he iubea Wle4 ha4 a Sl')d tD.ua joint � •tMI the 
level or mU 1n the tube but 1hia wu mt e&Mnt!al 

al.� U taoU1tate4 ihe pleaq ot the MDplee !n 
the tuba. 
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_FIGURE __ 12_. 
-�IA�RAM _ _Q�--�EAQ�!����AR�!QS . 

1 .  Le achinr• 

2 .  C onst a.nt 
Tub e . 

T e mp e rature Bat h .  

3 .  C o nst ant level a.c id supply . 
3 .  

j...-.'.____ 5 ==::::::J 

4 .  

5 .  

.·· 

2 .  1 .  

Acid 

Bat h 

p r e-hea.t e r .  

Heat e r .  

_DEI�I� _ _QL 
LEACHI NG TUBE . 
----------

Acid . 

Glas s 
wo ol . 

S o i l . 
l'fi'il t e r  

Glas s 
Wo o l .  

c Jl � 

Fi�� - Diagram of the Leaching Apparatu s  
and of t h e  Lea.ching Tub e .  
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� tube waa mo<mted in a zubber stopper ti tting 1h• 
� inch ocpper inbee mounted � the bottom of 

2. the omant temperature BaSh, Thia woa mae tran mlar_st4 sheet oopper 

and 1ms tnt'f'1o1ently largo to holcl 3 ocmplete seta ot 

lenctnne tubes. It was fitted with m eleotrio l.l5 Kw 
heating cleMent to naintain the water at the DoUing 

I'oint nnd w1 th n oonstant mter level &!lvioe. 

3. A Cma!joot Len:l Surm� inoorporatine n rehoatcr for the acid leo.ohing 

agent, mo conatruotcd a.s ahown m Figure 12. Fer 
f'lexlhility, le�tha ot rubber tuMnn were neoeseary 1n 
the acid teed frmt the reseno1r 11:1 the pz:"ehoater and 1n 
the air rerum. �e l!ltopooo1t 1n the acid teed line ia 

required ally to ntart and 1%) stop the flow at the 
beginning an\ end cl cMh lea.c..)).h'lg. 

It wnB found thnt a reaotim ilempe:m.tul'e or oo-9'1'o wna mam­
ttrlned by this equirment at a.ll rntes .c£ t:l.aw lesl!l than 10 m1. p er  minute. 

Deta.ilB ot the opparama are dlom 1n Figure 12, with turther 

&rt."l.ilo of t}'l..e let10Mng tube dl::nrlng 1ile l"!e thod  of pBOkinfl in a. J.axner eoo.le 

� 1n the esme f'igu1'e. 

Liquid SaJ!!Ples were oolleoted at spec ified 1::lme intervals and 
the rnte of leoohing onla..1lated trcm the ob aerved vo1tme or leaoha:t:o. With 
coarse texttu'ed ooila and fUil'ld i'rnctic:mt, no dit'fioulty was experienced 1n 
oont.Tolline end reproducing f'l0'1'7 mtes but with f'ir.e textured soils and silt 

nnd olay traatic.ns, tlow rates were diffioolt to control. Beoru.tse r£ th is, 
the rnajor1 ty ot too DO id extraotiCI'll!l were oarried out by the batdl .method. 
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The experl.nxmtnl mrk \llt\n onrried out in tile present e 1m'l.y 

in 4 mo.i-"l teeticns ne follow:!!: 

1. Cropping of eoU oamplen with ltalil.\n rycgras.n under intansiw 
glasshottse conditions. 

2. Bxtrtlction of' the cropped soUs with ni trio aoid. to mable 

changes :ln the nm-emhangcable potassium �salting from the 
cropping to be rouowea. 

3. A cri ti.oal cxmn1na.t1on of the mndi ticns of extra.otia.."l t::£ 
potassit!ll by nitric aoi4. 

4. Correla.ti<n of' ohem1oally determined potassium data w1 th the 
l<ncmn potNJsill!l responae eta'b.ls of noUe. 

Ir.. �1e :p�sen-1; rrb:Ar, the. pri.Jnru:)- ob�oc'!; of "!;he Ol."'ppmg 
wall to r'P."�ce t lce a•,•rdlable potassium J.eve1 in the so .:W. s, ,;hereby 

upsetting the equilibria be tween ihe forms ot soll po cassi\llle Under 
these oor.ditions, it had. ba-:.;1 &w.v.\ by !Jll.1llY \VOl'kertJ ( see pages 10 e·t seq.) 
that varying s:nol.ll:ts cf r�n.-ex.ct.a.�:lgea1lla po iias s:.!.ur.n 1:1l'e ta_'ltel up by plants 

and that the ro lls croppe d D.aJ "Je cla.:; slfieJ. aoo ... n:U..:..n.g � ·iia:: �.\TOOlmt o� 
non•eml'>.l'ngeaJ:J le potassium ave.ilable .. 

Althoogh by crop d .. ng the total upta.ke of ll"t1liJ.able 

potassium ::nay be deternined, no indic aticn o1' ihe anonn-l;s t."\2-:cn up ot 

excha.�eab le r:otaeei.u::n ruld. of non-e:xohangecblo pctruscl um oc.n b& 
determinf'd., u..--ll.ess ohemioal te sts dti'fcrent1 a.ting between ti"lese forms, 
are carried. out. :Extraotia-.1 of the so:U as a vt10le, el1hcu � giving 
the Ei>ove information, doe s not show the sources of ti'le available 

potassium. To find them, it is neoessru:y to tre �.t :f'ractior..s cf the soil, 

e. g. the texture tractions, with the potn..."!s.i.um extraotanta. 

A1 though Olsen and Shaw ( 194�) and Merwin ( 1950) had 

shown by uptake measurwents, "HH •.t l!'Oet pote.sf.".ium. is tf\Y_er�. llf. from the 

finer 1'raotians, no record was found of row previrus attempt to 
determine by chemical means which texture tractions and minernl.s had 

lib erated potassium to plro1ts. 

The aroppillg experiment described on 'l.he following pages 
was designed to provide to:r laboratory testing, samples ot · soil with 

dil!'im.*ed pote!lsium equilibria. 
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qR(J!J!H IU P04§ 

Tho �� n£ I talie.n ryegrnae an.CI. tho potMaium crmtent c£ 

the herbap;e wero detemined a.t 3 weekl�r intel"VlJ1a by outti.'lB ttw folia.oe at 

a he�t of 3 an. t1""Jm the &lrtaoe of the pots and by anolylli!'.g the weip)led 

ovm aried herbage M deBerlb ed on page 39 . The individual soils 

differed 1n the amotmts o£ dry nntter proc:\wea, in t110 anoun'ts of potruudum 
tal:en up o.nd in 1ile r-ercentan.:e or potassium in the dried tisrue. 

A de80ription of the gromh cha.rnoteriestios of tlw plants 

grown on the 12 ooUa follovrs on page s -t6 to s;;.  

l'Tew !-1.ymouth S9.'1$Y Itgem. Pots AS, M>, p£. SoVln 2/4/53. 

The l�'tlsn, ai'tet• etrildr!B slowly vri th an avoraec of 4 eeedlill89 

pal' ;'ot, � s.lowly for 4 mcnths ai'ter whicll. it r;:cw WitJ1 inore:ll'ling ra.pidi� 

sfter Q:J bober 19531 with '!i1e meet or hot trent!'er with l"laaahruae air 
mnx:S..lrum ternpern.turee up in C�'150:f, the r,mwth rate tell rapidly. Sr.:me of 
1t>.e plnnts f.lowerex'l at 'ff<is time and althoue;h defio1'90redt ol..mst 08N!e4 

growing. In Janu.o.ry-P'e'b:r.mcy 1954; MMW plt>nt s died. and :In an o.tteJlllt to 
maintain growth,all pots of 'fj_, in �:eries � l'OI!Ot"J!'l uns.tcoesnful...\v in March 

and aaocel'lSt"ully 1n Hey 10r:J4. The mode of death of tlw pltmts W8S striking 

in �..nt appnrmtly heru.th� plo.nts i'nUed to ['J:'OW ef'ter be� mrv<>-ste4. 
The growth ns.ttern in too eeoo.'1d yoor '\'llru'l eMe.nt ial.l.Y s:imil..'1r 1'J:l 1hat of the 
f'lmt ye nr  t1d.1h the � groor.rt.l• in October. 

Initial�, the potruudm content of Uw hem� ms h1m1, 
4.5-5.� K, bl\t it tell t.o 1.4-1. 7% K in Ootobet" 1953 and to o.o� K in 
loTO'V"Cf'lber Lt:)5.'3, remaining at thn.t figure untU t.he death of the pbntc 1n 
Fehr.ltl.r'J 1B54. The potasnittrl n ercen.taf,e or the -:crt>ap;e from the reoo?Jn pots 
'll'lt\s h1$cr at 1.5% K for 2 Tllmths but it fell quic!r.ly to e. constant 

0,3-o.4f,� lC when ihe growth mte :ln.orenMd in Septe':1bcr 1954, It \WI.� notice-
oble that the aqueous e�traot of the tis,m.es "Very low :in potMnium �ve an 
in tenacly colourtd aodium flrune. 

Potansittn derioianoy �tonts, e. g.  narg:lnal leat 1130roh; 
avpea.red m U1eee pots tmd in others when ttw potosaium penJenta.ge itl ihe 

dried tissue tell below 0,0% K. 

.i8l1I?O Sqn4 Pota 01. 031 Q§e Scm 2/4/M. 

The grass str\.tok quiokl.y with m aTt"rage ot 9 aeedl.1nga per pot 

and Bl"'W ·� until October 196& otter T!rl.oh e;rowth 4eoreaee4 ftQ?Wy, 
w11h a hil#l IllOl"'tality rnto arter 01..1ta 1n l>eot!rriber 19S3 end Jm� 19M. 
Attempts 1lt.> %\mew �wth by reael!lcting were tmflldOesai\U. but ���eecU� trans­
planted m Pebruar,v l.CJ55 1'1ith ebout l tJn. ot tr:)U attoohe4• � �mbl.y 
well. 

The potMSium content ot 1tle he:rbne,e 1IM 1'ran :s. 7-4. OJ' lC unUl 
September 1953 at'ter 'd'lich it tell m.p141y to booane 0,6?' lC in CJotober 1953. 
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\!fhen the �..h rate fell tu low levels in Deocnbcr 1.953 the potaasi1w 

pe:ro<>l1tl'18e in tl1G oo:rbap,e I'Of'e aes.in to 1.0.1.9% K. The �th of 1be 
transple.nte4 I!JcedHnp,s wnn low in pota.<�td.um, viJl. o. 7% K. 

�� QJtay .I.Qp. Pot;� E2t BS, m. Sewn 23/4;5."S. 

Oant'ti&rablo d:H'f'iculty � e�rl.mocd in atartlne growth in 
t.lle11e rots. This ve�J gr;,nnlDr ooil 'Wru! dif't'icult tn pBOk amw'ld 'the seeds, 

I t  wo.e al.eo wry dii'fio•ll t to wet a.l"Jd Tl'l:"..s 'Vel."Y tree d:rain:f.nB. Ycu .. 11g plMte 
wiltnd lH1.dlzy until Septcr.lbel', 1053 ,  '\'li1C..'l sufficient roots had dGWllopro to 
enn.l)le t,�cm to feed f'rom tho dra.ina.'l'> Of)nt.a.iner. The plante grer1 strongl3 
u .. 'l.tU ePrly Daoenhor 1.!)53 atte.r �.h :kth. Jjl"'\'Jtl1 &!cre.asea ra:pidly with a 

oonaide!'::l.ble loss of plnnts. The pob �re repl.·'l.ntcd in M�v 1954 o.nd. � 
during the neca:ld i--car f'ollmrcd the pattcm of �'le f'1rst yem:o wi th the 

mrudl!lm growt11 in Uovsnllci'-DeoO"'lb m-. 
\ The potass:hm oontcnt ot the herln'lgo waa high1 4.4-6. � K, until 

rTove'nber l.t"J53 • :U'tor l'll iah. it tell to 1.5-2. �� K. The herb�l\e trom the 
replrlllted pots omtalncd ?.. 2-5.4% K m1Ue growth wn.n elnrT, but �1en � 
became mare :mP.id it tell to 0,3% K, with pot..._•ltJ s:tu.m d.etioienoy � ·r-..ome 

a.npenrLng. 

The grass seeds et:ruok well wi 1h a.n a...mrage ot 7 aeedli.ng� per 

po t  n.nd grr:m mpidly. These -r:ere the hea.viost ,'l:"'cbo� pots 1n September 

1:1nd October 1955, but growth tell orf ro.pi� v.d. fu rrnny plantA a.>Tinn. All 
pots were reeown in MEW 19f>4 but rer;ra:ovth 'l:.'.s not wry vi(!1:)ra.ls. 

The potMDium Oo!l'te.nt or the �age 1'r.lS initWl.v 5.5-5. � K 
but fell to ?..2-2.5% K dur:b:l[t the period of very rapid growth 1n Ootobaro 
195.1, rising to 3 .o-5.5% K ant remining at thiS level untll the p lon� d.ied 

1n April 19154. The �snm �AB produced herlJaflO Viith a potasait.m oontent 
of 3. 7-6• 0Jb K until At®tB't 1.954 ,  after �U.Oh wi'!Ah inorE>.ased �' it tell 

to 1.3-1.� K. 

;okan..g Fine Sondy Loam. Pots 12, 15 ,  10. Sawn 20ft/53. 

Attar a dl.cr.v strike, averaging 8 seedlings per pot, tOO growth 
rate inonlaaed very mpia:J.y until October 1953 1  falling ott equall.y rapidJ.v, 
nll. plontfl dying af'ter cuts in Jaruary and Feb:ru.e.ry 1954. They -oore re� 
1n Mn,v 1954• the pattem of growth being wry tld.mllor to 'that at the th"st 
arop with yiel&a ot dxy lll\.tter tl:lout halt that of' tile tint crop. 

Par the firnt tlll'Oe months, the potossitln pemmtage 1n the 
herba.r�e 111:\n hiltl, v.ts. 4-.4-5.� K, but it teU to 0.7-1."1' X tor the ftlllainl3er 
ot the ftret grorrth pe:do4. The rel!ICMl g:rnae after 1he Snitial out 
contained o.e-1. a;; K. 

1'he atl'uature of the S>il 1n theae pots deteriorated l!ppreoiobl.v 

When water waa e.M.ed to ftle aurtooo. When 'the pote wore reaown, water was 
added by atanaing the pots in water. 



�;:e Olmr Me. Pots n, 1\31 K4. amm 00/7/53. 

A �od 8tril-.e �:�.overeging Q seedlinga per �ot was toll� by 

:rnpid growth until Dcoe"lb�r 195�, cftcr 'tlhl.m gr;oowth fell off SJ.d.oenly to 

aboat l,..t\ of tlte :r:aximvn rn't(). The plmta rl1:lch had t�ppeored <J!Li. te heel t:hy 
died quite ruddmly after lJOing out in l'ia.roh 1954. Reno� 1n ,.�ey 1954-, 
l'!B!I suooeaaful, reanonnhle growth being prodaocd. After r<)5."Jwi.."lg the pots 
were lm:tered M for tJ1c Tolm:naru. fine aand;v lorun pots, lJY stand:Lnr; in uater, 

The potn.f'lsi:.lM Mnt�nt of tl� herlHlgo .f'oll etca.di.JJ trnm 5,4% K 
m the f':lrl'!t cut to 4. "n� K i.Tl the aooond n.nd to 2.lt� K :1n ·�·10 f'ourth CJ..lt, 
thQ"e.<:tf'ter n.maining n t 1, 7-2. 51� R. In t1w seco..'1d crop ot grnas, t!le 
potom�lum pcrnentr-tge w.::<l'l !'o.irl,y C'JIWt!.u:;t tht">llftlmt at ?. ,8-.'5, 2% K. 

Id@UljG F:i.ne SLUJ.dy Lo§ rots 1.�1, .'�, M:'>, So"'.n 12/5/!"14, 
'l'hese po !;s a-!ruo!<: rro..U, a"'!era,:;;:i-nc !} eeedlin(l';'! pe.r pot, and 

gt"at'Y q,.d te well for 4 rn-:�"''tha, tU'ter Tb:U:-.h mo11t of t!w plantl!l d.i.ecl. Attt>ropts 

to �BOW am tc tl:'l'lllSiilrult oeedlings to Ulcse pota failed to give plants 
which lived l'or Dn...Y length of time. This ooil iD v.:1rtul!Ll\v st1.'uot:n•oJ.esA 

and np T'ea.rn qn1to un�t1t"J'le for l)la.s:.1houne pot triols. 

srmn 12/G/r�. 
At'tor � slow start foll0� w. e1De.llent etr.iJq; aw.trae:i.ng 

1.1 se!::r:llinc9 p er pot, ther.�� �(')t;A r-r11dnoec.'l '!\t a r>orll'lrato rate untU NO'!Jernl)61" 
}.qM ai"tnr w.hioh � �.h VIM rather ;"'OI%", 

The pota.e�:l.um cor:.tent c:l:' 'the l1�'hnc,e toll from 5.0)1; K in 
Scp tan1)er lf'f>4 to o.n% Ji. in .:hrch 1065. 

l!al.oCI!ile S;1.l:t Loam. Pots 01, 0� , 03, S0\7ll 12/5/!34. 
Or.oe cstabli!ilot1., the Cl"nM :ln the !:le po·t:n p;r!:V: a.t a n1 te 

simU.'lr to those �"ling oe T imro.•n sil t loMte The gt"Cntc:r p-otass"tltn uptal:e 
Wl'.l..<\ tile remlt of' a oormidcn:-.hly hir�m· pot&.r.:silua pcroentcge in the he:th1ge 
t han ·;ilS.t :fran the �imal:u s:tlt loeo_m po ts. The L"'tlt.:inl po"tM!'!i.t:n 1 Mre1 W9.S 
4.1� K fall� Slowly 'In 2.5% K by J�oy 1.955. 

Matamau, S:lJ.t L9ap. Potn Pl, P2, m. Scm1 17 /C/f.-4- . 

Secffi.ings trnnspla."ltcd at 4 per pot :from pots of Tln�P..ru silt 
loom, str.10k wall, mald.nfl 17il.'P'rOW' growth mm �t to Dooamer l0M. 
Considerable growt;h oOOLtrred until the end of llio 8'9.?8l'SMnt :in Oetcl>er 1955. 

The potas81um content of the herbage in 'the first Ctlt 'Ol'U!I 
3,4-4. � K but toll to 2.o-2.4% K, l.l•l.S% K md 0.4-0.G% K 1n ru ts  no' s 

2, 5 and t.. SubaerlU&nt growth oontained trom 0,3..0, '1% X. .A.e with fue lmt 
potaaaiiJil hclba('p t'rom 1i1e lVm! :P�th tlt.U'll&\v loam pots, ihefte ruts 1nd a 
hi$#1 aocU.um conwnt. 

Pranou:rloed potassitm &f'io1enoy SOMPtloms eppo31'ed dur.lJ:Ig Uaroh 
tD Ma3 19551 but the growth ratE:! WM not &!preaae4. 
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l!?r.\Y.X OF f'(J!,\SSIUH .'llfD TI_l:LD OF D.l:t! :' �'l':::SP. lW:t! EU! Tl-WJ.,S 

Aw.rp.ge c£ n msp.thg' 9J. �i..';1P; for 3 pot;! '1£r oog 
1.953 L954 1955 

Soi1 Soil 2 mmtha 
� mt\1ng June .Aueust Oo� • 1)00. Feb. Avril ,)"..me July Sept. Deo. Feb. M.ey Aualat Oot. 

New �  D loaa IlQMI.lt 3.8 36.5 156.0 4:2. 2  15.5 o. o n. 7 0 . 7  3.1 15.6 5.1 2.9 5 . 7  s . o  
� loaa 8DS. D.J4 o. oa 0. ?6 7.4:3 5e63 2. JO o. oo 0.64- 2. 27  1. 02 3.78 2.00 o.ao 1.90 2.45 

� 4.5 4.8 2. 1 0.7 0.7 - - 1. 5  0. 4  0.3 0.4 0. 2 o. s o. s 0.2 
!mpo aaD4 D m(JIII.K 7.0 6::3. !5 513.9 10.1 0.9 - 1o.o 5. 0 U. l 

pua,e 3JHioo. ]).J.l. o.�"3 1.31 5.65 o.iil6 o. oo 1. 9&· 0.74- 4.35 
.u 11$ 4. 1  3.9 1. 0 1. 0 1. 1  o.a 0.7 o.a 

az..tpaJra JIJ loea l'lll(f.UI. lt 0.1 1.5. 3 259. 0 183.7 J4.. 1 ::s. s 6. 2 16.8 13.6 23.8 5.7 7.5 5. 0 a.s oli&J' lola .... ».M. o. oo 0.35 :s.ga 5. 21 0.73 0. 00  0. 21 1. 33 1. 17 S. 74 1.83 1. 2'7  1. 01 4.10 
• 

� 3.3 4.4 4.4 3.5 1.9 1.7 3. 0 1.3 1. 2 o.a o.s o.e 0.5 0.2 
JUAcUeh.Jnt RB lo• llfJMa K  2.6 '70. 1 �1. 0 61.9 20.,6 9.5 29.9 7. 1 4.!i U. 7  15.1 16.1 20. 2 :n.a 

t 
dlt lGMI E9JIIIIe J) .14 0. 04 l. 78  7. 70 z.36 0. '78 0. 29 0. 74 o.42 0.29 o.� 0.9S 0.60 0.87 1.66 

� 6.5 3.9 2.5 2.3 3. 3 3.3 4.0 1.7 1.6 2.1 1.6 2.7 2.3 1. 7  
• 

'lolo•N Ye& ..-.. It - 13. '1  148.4 33.9 U.7 o. o 1.4 9.5 8.5 1:5.4 4.3 2.5 10.7 17. 7 
tSae ..,.,. .... ».H. - 0. 28 5.47 2. 99 o.n o.o o. oo 1.22 1. 21 1.82 1.39 0.42 0.'19 1.86 
� • 4. 9  2. 3 1.1 l.G - 2..8 o.a 0.7 0.7 o.s o.G 1.3 0.9 

...... YOB III(Jlla. K - l.S 155.9 oo.o 14-.9 o.o 24.1 23.1 13.7 24. 0 4.1 27� 5 :US.2 23.0 
oiar 1oe a-. ».14 - 0. 02 4.9l 4. 24 o.a7 o. o o. a5 o.aa o.s1 1. 04- 1. � o.oo 0.74 l.S$ 

� 6.5 3. 2 2.:5 1. 7  - 3-.7 3.B 2.2 2.4 o.s 2.9 2. 2 1.7 
--· -- -- -



Soil SoU. 
� 

el:Ymouth YD loa 
SUX\Y loaa 

0 aaD4 YB 
pumice 
so:U 

paka Im 
loaa loam 

ldnzro-'- RB 
loea � 

IU'U YG& 
aaDI\1 loa 

l!l'e nm 
loaa 

T A B L � 
ClJlMT.JI.II:rlVE UP1'.Ai\E OF POrA�iSIUM AND C UM.Mf.JLAtiVE YIU.D Cl!' __ � �fATTER :FRG\! POT TRIALS 

Average fur 3 nota pet• ooil 
1953 1954 

Period 
enililll June AUgu.st Oat. Deo. Feb. April Jl.llle Jul;y Sept. Deo. 
� K  2.8 39. � 195. 3 23'1. 5 354. 0 254. 0 263 r; . ' 272.4 m. 5 :?:91.1 
� D • .l ::J. OO 0.82 a.� l3.ro lG.l13 16. 113 1G.ti2 19. 00 20. 11 23.69 

lllfJU. K 7.0 69. 5  1:13.4 1:58 . 5  . 139.4 
0Dl'l• D.M 0. 16 1. '17 7.4·2 a.ro 8.48 

� K  0.1 15. 4 2'74.4 458. 1 472. 2 4'75. 7 481.9 400.7 512.3 536. 1 
1JDa. D.M o.oo 0.35 6. � 11.48 12. ?.1. 12.41 12.�2 13.00 l5. rn 18.81 

�K 2.0 72.7 ro:s. 7 335.6 :561. 2 370. '1 400.6 41J7. 'l 412. 2 423. 9 
� D • .M 0. 04 1.82 9.52 n.oa 12.00 12.95 13.69 14. 11 14.40 14.94 

qps. K  - 13. 7 163 . 1  197.0 �.7 3:)8. 'i 210. 1  219.& 228. 1  a4l.5 
gma. D.M. ... o. m 6. '15 9.74 10.45 10.45 10. 50 11. ?8 12. 99 u.8l 

mono.K - l.:J 157. 1 255.1 270. (1 �o. u 394. 1 317. 2 330. 9 354.9 
gpa. D.M. - O. C2 4. 93 9. 17 10.04 lO. C4 10. G9 ll.51 12. 12 13. 16 

Feb. 
296 •.• · �  

25.05 

54l. e  
20. 64 

439. 0 
15.e7 

345.8 
16. 20  

359. 0 
14.40 

1955 -- - � 

Mey August 
299.1 304-.0 

26.55 28.45 

149.4r 154.4 
9. 72 10.46 

�.5 540.5 
21.62 22.6:S 

4'19.8 500. 0  
17. 19 1B. C6 

348.3 259. 0 
16.62 17.41 

300.5 402. 7 
15.36 16. 10 

Oct. 
:uo.o 

30.00 

165.5 
u.a1 

549.0 
�.73 

527.8 
19. '72 

-:n6.7 
l9. Z7 

415. 7 
17.46 

U1 0 



� A .Ll L ll: .l.O 
urr.AKA OF t>OL\..:k1;& w. .AiilJ "IIELD .vi! p.l!;L:.:A'4'.l!..:..i.! L-ltOili rOT 'W.ALS 

Amww ot 2 owths1 QJ,tt:ipB for 3 potq 2:££ _s:>_U 

SoU I Soil 2 I:l(fltba 1954 1955 
G!roll,p et: dins • J.il:y Sept.. ;rov • Jan. }ia:nJh a .. � August Oct. 

Idabum 13GB i111JD8e .K 2 ... . .. <14.8 1o. o 4. 8 7.8 3.8 10. 2 2.1..6 
tine 88Z'.IC\Y loaa � D.M. o. tn 1.56 o.so o.l3 0. 22 0.13 0.31 o.ae K % � .. l 3.3 3. 5 3.6 :;. 5 3.0 3.3 2. 5 

T'1mam I YG&  I�K 1. 9  59.5 64-.7 9. 7  4.0 2. 2 14.3 23. 2 
aUt 1oaa [JIU� D .:.f. o. oo 2.00 2.06 o.&J a.63 o.oo 0.82 1.81 

l{ �  3.0 2. 9 2.:l 1.4 0.7 2.4 1.8 1. 3 
ta Halocabe I YCB I m!JIIS. :r{ o.5 32. 0 100. 0  10.6 a.9 13. 0 15.6 26.8 1-' 

llil.t loaa IJllS. D.t.1. 0. 02 0.53 3. JS 0.45 0. 38 0.55 o.so 1.39 K �  2. 5 4.1 3.3 3.7 2. 4 2.4 1.9 1.9 

lla.tsau I YB 1� mg.us. K 3. 0 uo.a 62.'7 10. 7 4.8 2.6 :s.o 3. 2 . 
.Ut loa gee. D.M. o.oo 5. 10 a.l9 2. CI1 0.82 0.62 0.92 1. 11 K �  :5.3 2. 2 o.o o . 5  o.s 0.4 o.3 o. :; 
ifa!pua I YGB  I� K - ll8.8 129. 1 40.3 12. 3 14.8 23. 5 25. 5 
silt loaa IJI8• D.M. - 3.38 5.12 1.68 o. so 0. '16 1. 56  1.64-K �  3.6 2. 5 2.4 2.5 2. 0  1.5 1. 5 

!HII&tang1 1 :.  llllfJD8e. K - m.a 55.4 13.8 o.a 5.1 4.0 9.6 oouw 881111 IJ!lS. D.M. - 3.48 4. :58 1.58 o. oo 0.58 0.43 1.87 K �  1.7 1.3 o.a 1. 0 0.9 o. 9 o. s 



�6�� � :1.}; 
C!l;ii!LU'IW T1PJ.'AK"& Qll' P'JrA!J§liDI &ll) C(r,wlilL!i:l:'l'n �alllD OP Dl� ;Wl.':mR l<"'W 1�� §A'LS 

ADDMP <# 3 notq pqa. .. ooU 

SoU I Soll Por:locl 1004 1955 
�p ear11na J� Sept. ;.rev. .];Jile }.lamb Mq Auguat tat. 

IdMulll 00& aow.K ?,.2 <l-7. 0 57.0 Ul.a 09.6 73.4- 83.6 lOO. a 
tine � :to.m � D.M. O.C11 1.43 1.73 1.06 � 00  2.21 :? .. ua 3.:19 

� YGB qpo. 1t 1.9 Gl.4 laB.1 135.9 L19.8 142.0 1oo.s 1'19.:5 
aUt lo. � D..;.I. o.os ��13 4.00 5.67 o.ao 6. 20 7.U a.SMi • 

lfalOCIIM l ma I � K  o.a 22.5 125.5 142.1 151.0 l&l,.O 1'19.6 200 •• ! 
.Ut � � D.l4 o.oa o.oo a.'ll 4.1G 4.M s.oo 5.� 7.29 

I 
Ua'-a m 1o:D �K 2.0 U2.S 175.5 l.."ll.2  191.0 193.6 100.6 199.9 
aUt 1oaa iJIWe D.;.I. o. oo 5.1G 13.35 13.62 16.•14 17. 00 17.90 19. 09 
ifdpua 10& ma;m.lt - uo.a �7.9 :no. a aoo.s 315.3 3aa.a ._, 
D11t: 1aea w-. D.rt. - 3.00 a.48 10.16 10.66 U.4a U.Sll 13.62 

I D 
lltlll4 

J3(Jl�JeX I - 56.8 114. 2 lal.O 128.8 133.9 13'1.9 UG.5 
rpg. D�. - a.oo 7.00 o.M 9.52 10.10 10.5.'5 12.40 



53 

!dpart, SW J,g= Pots Ql, Q9, Qa. Sawn '113/7/M. 
see41�� l';:rn'fl'l in Taupe e�and tor me l!lCll'l th weft trclaplante4 at 

4 por pOt ri imr.v!lcliat..el_y made vigarooa gr� The grofTth ftte a.,line4 m 
Janua.r.r 1956 to � out one quarter ot the X!ll.lC1nun ra:te. 

The initial out c£ herb� oontnil'le4 :s.B;' K but mbeequent 

outs oontainea. trom a.l-2.6% K. 

IVm!t;epgt ooaw Sdtv Pots Rl, R2, M. Solm 00/1/fSft. 

Seoal.mga gl'Own in 'l'atpo ennt\ f'or one l!Otlth and tl"ar'llplztocl at 
4 per pot gMt� at a rate very dmilar 1x:> 'that cl aeedlJnga plonW in Waipaft 

aUt lC*I, aoept fa: Ule month at Pe� 1955 , •um the plants in the 
Wmatengl annd procluoed wry little foliage. 

The potaes1um oontent o.t 'the .hel'bege wu larr th�t atartmg 

at 1.&-1.� K, talline to o.� K by JSD.JArY 195.e; anl1 l"eellldning at thU f� 

until Ootober 1.955 whCil it tell to o.5% JC, plonta then l!lhamng pote.aeit1!\ 

4etiaia:nay �tau. 

The anount of potruud.m talam up by the �  and 'the 1111�mt 
of 4ry mtter proc1uoed &lrlng the per1o4 ot CIIOPPinS io a1own 1n c1eta11 in 
Tables a, 9, 10, n. 

ptlltJp§ABLE rorASS1!lK w;m.s 
Dtu�� the per:l.od cl oroppi.n.g, the le'ftJl ot emhqeable potusita 

Sn the pota was t1etermmect at 1ntC1"'9!1le (jf a:ppro:d.rlatt".l.y G months. The 
"initial" Bmq)].ing ante mentioned 1n most toblea ot results reterrSng to orop­
pecl a:>Us is the date of' lllm'1i..Tlg ot the pota, and the data. under thia hedna 

reter 'fr> 1tla. t 4etermmed on unoroppe4, untertU:bed laboratory Ml!lplea 1!1Peoi­
f:1e4 on page 27. Tti>le 12 seta o..1t the "init:lal.it 8tmlpling &\tea, i. e. the 
aa tea or s:Trlng ot the pot a. 

Ila:riAL !AMlJ.elNG Mtp. i.t. PAW OF OOJilf 

SoU Date 

New Pl;ymouth a ••• sa. 
aan� loa 
Trupo 2.4.53. 
aan4 
�ab 93.4.DS. 
olay loaa 
Mi&U.ehunt 6.5.53 • 
.Ut loa 
Totcau.ru ao.a.ss. 
tine .nay loa 
OIMl!en 30.7. 53. 
olq lo• 
Iclabum 19.5.54. 
t!ne Mll� loa 
T2u.ft u. a.84 • 
.Ut lo• 
Hal.OCJIII)e la.5.M. 
.Ut loa 
Kata.u 17.G.M. 
aUt loa 
Wdpaft tB.7.M. 
aUt lo• 
KSatanai ooer• ad 

SJB.7.M. 



�"i 

/ 

The• deterndno.tima, repw tied 1n Tablet 11, lllb01r that iile 

leftl ot el�Dhsngeable po�ai\111 in the bulk l'IOU 8allplea, oollecte4 in an 

oaaea durlng periods ot 81dtlr growth, teU, to a nu-e or leu oonatant / 
l.nel 'fhm h• 110ile were djeoted 1:t> more :tntenaiw gxoawth un4er gl.us-

houae oon4itima. The attaini.ne ot th1a oonatant mSn1naJm level ot 

eJDhslgeeb1e potusma ooinoi.W witJ1 the l'eadline � a mini:lua lewl of 
potus:lum Sn the ry�a. 

SoU 

lJew �ih 
IWll\v loa 

Tsu;po 
ean4 
� 
� lo-

Kidl.\l.ebJrttt 

t AB L I  ll 
pclwpwnLS WNPI14 I!i w !J),LLS 

S!mples oyen 4f1e4 'betoz:e amlyail 

• i H � • i � • � • 

J) 

� • • � W') Ol 
� • • • =f i CO � 

me% � me'J' � -' 
1. 10 0.46 o. as o. oo o.1a 

o.46 0.15 o.u 0.12 o.u 

1.56 o.ao o. � o. ao 0.16 

o.Gl o.s5 o.M 

aUt lotlll ( ( b1) 
0.33 o.M 

TolcDme.ru o.e1 0. 22 o.l7 o.lS 0.10 

t. a. lote 

Qna.bn o.GO o.so o. a4 0. 22 0.20 
olq loUl 

• • • l8 s :2 • • • � lfl OJ 
• -� • 

� � 
- � � 
O.lB 0. 20 o. ao 

o.u 0.12 0.10 

0.16 o.w 0.20 

o • .s 0.48 0.49 

0. 12 0.12 0.14 

0. 22 o.:JO o.sl 

, I� 0.65 o.M o • .t.9 0.55 o.oo 0.48 
t • •• lo• 

T:imeru o.so o. as o.lB o. m o.so 0. 26 

.Ut loe 

HalocllliHt o.l52 - o. oo o.l8 o. as o.m 0.18 
ellt loa 

\ 
-- Jlatauu o. 55 o. so  o. 2a o. :aa o.as o.aa 

silt lo• 

lfa.ipa11l o.B& o.47 o.so 0.42 o.-&7 0.40 

llilt loa 

W..tanci o. :so - o. so o.:w o. 16 o.lB o.» 

00Rr88 ll8nl. 

Ir. 'tllllenl, 1he eXIbqeable potaaa1la 1cmtl ot the pota ,.. 

ntleote4 in thD prapori:1.on ot potassium m t:tw dr:J WL"er, partimlarly J 
wt.n there wua little release ot nmeml�le potaaidta. B'ZIIIDt 
nlati.cluh1pa betwen tba e�eab1e potuaitD m4 iile pe:ntS'ltage ot 



potnasium m 'the ary mtter 1110Uld not be apecte4 
a. Deoauae ot variatl.ma in itle gxowtlt rate brou�t about by ·�­

mental oc:n1i t1ona not ratate4 to the po-..s,'ID oontal t, •• g. 1be 

tlepftsaing etteota on growth ot soil tempel'l!l.'bJrea Sn emeu ot 700, 
en � �· t11 (llitmel1, l955) . 

b. :Beoawle � Wlri&tims in 'ftle tMli-ey- r:l the eolla to � aoclhs j 
whiob ia eble to repl.eoe 1n part the potaaait1!l neecle4 by pla.1'Ita. 

o. Beomae ot imno.sing r.aturi'f\V ot the planta. 'fells ( 1934) bu lflown 
that the potaasium peroentage � sweet vernal �s oona14erably 

ritfl �l'ea.8i.ns m'brl"t;:v. Italian :eyesm.es W)1ll4 prdHill,y reaot 
�. 

A OOll'par.t.aon ot the total uptake � potaaaim by the J:7egraM 
m the baaia ot 1000 � of ooren � aoU per pot ( T!i»le 1-') ana 'the 

e:mhqeeble potaeaittn le'V'el.s � fuo cropping p.-ioct ( Tt;i)le 13) lhon 

that potaMit.a whioh wns not emh.ellgeable at the ooginnirl.g ot h C'Jl"'ppiJla 
was �'lken 'lP by the ryognuaa plants. '1'he 8DOUZlta of nmeashangeabla 
potaaailJil takm ut> are �'\fen in Table 10• the c1ata fbr 11hid1 -.. oa1onl.aW 

b.1 eubtraatine the iru.tial eJI:Chanseabl.e potuaim -ml.uea tram the llllll ot 
the ns1Aual GDhqeabl.e pota.saic.m and 'the potasait�n nmo�e4 by o:fttppSng. 

It mq be ace-71 ihat ocmaic1erab1e amount. ot ntn�lAt 
potusita, up to 1. 76 � X., were u...S. There appeera to be no oorrelatim 

betnm 'fJ1e uptake :Jt ncnemhangNble potaald.t.a an4 the miUal. � 
lb1e poiuaitJD le'Wl ( ll'131re 18) , but too uptalae � uorMaahmgaabt. 
potasait.a an! 1be res'Anal ea..�le potusm 1enl t{>pet�rs 'b::> be 
relate4 (flgure :U) • • 
� �� 
�- BQ:!!8L__ 13_. � _FIGUtm_J:h 
� V �----------------� e 1 .  6 .---------------, e 1 .  6 

� Q 
� � 

Fig . l3 . - Relationship b e t w e en upt ake 
o f  non- exchang e able Potas sium and 
initial exchang eabl e  Potas sium . 

15 months cr opping . 

• 

• 

Fig . l4 . - Relationship 
b etween upt ake of 
non-exchang e ab l e  
P o t as sium and re sidual 
exchang eabl e  Potas s ium . 

15 month s  cropping . . 
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Jeoauae of the mdn <!Jjeo' of 1he pot aials wu 1D cb1181'W J 
the efteota of plant g:row"Jl on 1he f� at soU pota.euda1 DO at�t WY 

ma.ae to enst.tre that J.JI8.Dmr:t srowth 'b:»ok plaGe but ather that a l'ea.I!IO"'ah1 
gnwth rate wu "JI&1ntainec1. '1� tb:U zeeaon a beoauM there ..,re � 
a nplioo.tea tt:Jr eiGh eou, the yiel&!t tJl ar,y matter and b potudual up11ab 

m.tat not be ragorde4 aa m eaiiJDt Jli8UUJ:'8 at potaashla a'ftdlti)Uity 1JD be , 

UH4 tt:ll' oompu!ng one .oil with fl1011le. J 

Z ,\ B L 4  M 
Rllu.r.JleAllYl !HAll 9l rgp.sm:JM 

611 Dl,w --- an .,, " elp@te4 m 1111 ball• p( 

• 
18 • 
a 

:8 • CD 

SoU. � • 
� 

l'lew �ooih _ - o.Gl o.?9 o.oo o.ol o.94 o.M o.98 
I8JI1y lo• 
Z111p0 ad . 
I1lrJ,pUa ­
ol� l� 
lli&Uehunt 
sUt lo• 
( < 2 llllle) 
ZoJrauw 
t. s. loa 
OmU8n 
clei loa 

ldabum 
t . .. lo• 

T1111Gl'U 
.Ut loa 

HalcCIIM 
.Ut lata 

Kat.Mu 
aUt loa 

Waipara 
ail.t lo• 
Jda-­
ooaz. MD& 

o.34 o.36 o.36 o.35 o.ss o.se o.•a 
�� �� �� LM 1.� 1.� L M  

o.n o.oo 1.12 �u 1.18 l.SG 1.4.3 

o.as t. ae  1.46 �oo 1.56 1.'78 1.00 
o.4S o.� o.el o.� o.67 o.70 o.74 

- • 0.12 c.te o.17 o.ao o. � 

o.1s o.so o.36 o.40 o • .a 

- - o. o& o.s& o.� o • .o o. 55 
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J 
1' A B L I 10 

f • . tJP.UX£ SI rorNJJiw mm ro!KIJIAICEABI.E mmom 

ft 
=I � t i IS 
• • • ::f • 

� W) C) ., 
Soil � • • :.f • 

CIO i a 
-' IIW% - � -

lfw f1..11mruth -o.Oi -o. OG -o.()1. -o,m 0.01 
� loam 

Tau PO o.os o.01 o.oa o. O&. o.O&. 

llftlJ4 
Xiz1paka o.oa 0,02 o.u o.l:S o.u.. 

olq lo• 

K!Adl.elmzod 0,615 1. 02 l, l.C) 1.2� l. :l-'3 
.Ut loa ((a..) , . 

Tokaluu o.Ofr o.1a 0,1.'5 o.llS o,lS 

t. a. loam 
ClMJcare o.oa 0, 215 o.so o.<&S o.e. 

olay loe 

ldab1Jftl O,Ol o. fl) 0,07 
t • •• loa 

'l1mam o. oo o,al 0,5(. 
.Ut lotsa 

Haloodle o.ott O,O'J o.1a 

.Ut lo• 

Matamat o. � 0,16 o.:ao 
sUt loaa 

w� 0,12 o.se o,e. 
silt loa 

Him& tangS. o. as 0,19 0,19 

ooane MD& 

• • 
1ft l8 

• • 
Cl) � 
0 � ... 
ma% -' 
0, 06 0,(8 

o. oa 0, 06 

o. JJS o. u 

1.65 1.'16 

o.al 0. 97 

o.ee 0,70 

o.u o.oo 

0,40 0,42 

0,23 0,19 

0,22 0,18 

0,66 0.68 

0, 21 o.n 



mmp m B1'Ml'A(JII 
AIJ it wna CDnaid.ered that �le potusillll tigurea 'tl>ul4 

mt giw ad'tioiont intomatiCil with re� il) the potuaSUI natus ot tM 
aaU, it was 4eoidec1, on the buia ot publiahecl 1'10%k, to 1J'm)at.1gate the 
aoUa uaec'l tar arapping by extracting with J I1N01• 

Al.� tJle majority ot 110r•• had e&>ptocl a. at.ngl.e 10 Jdnute 
boil.ing �r a prel.Smina1'y' 15 mmute maldns at roaa tatperatul"e; at a eoil 

t.o aai4 l'atio or 1 mu. eoU to lD Jll ! M14 ctr at 1 EJD. to l.aii al l!  .wt 
beoa.uae ot 'the noell.8lt ooznlaticza be1lwoen arop yiel.aa l.D1 the aG14 
I!IOl.t;l)le potauillll 'ftluea ao a.�, there wen repcrta that 1be amount ot 

'/ potaaaita wu 4epa'l&mt on the oon4itiona ot extl:l'aoticm. Per •liBlDPl•, 
DeTurk, Wood an4 � ( 19t.3) toun4 'that o...- the ftll8l J - 10 J �GiAt the 

1110W11I or potasaitJD. eztmcted, hloreued with 'the atrength ot aoi4 up to a lf· 
Reit.,.s.ez. et al ( 1951) lbowecl a mu1cell inareaao in potaaeim ezt:raote4 by 

ts J'f HN03 en4 GO% m1o., ocrnpmoe4 with .If aoic1a an4 Rcnae am nert.nmaon (1949) 
atatecl that tM amount ot potaaaitn extl:ncW by aald !noreaaec\ wJ. th 

Snoreaaing time ot utn.otim and "l'lith 1mreaains 80U to aoi4 mtio 0'\'er 

en unc\etined mnga. 

To 'feat ihe abOYe repczot& ot ihe etteota cl time cl heating and 

ot vnriatima in dd oanoent:ratim an4 to t1n4 whe'fher a 41fterent bcd.l.ing 

11Sme waa more IRli table, a wn. aamplea ot 3 aoila, pret'ioullly fJ:M4 tl'all 
CIJDhangeab1e buea by aoaking tor 2 houra and one hrur m J/10 HN01, wuoa 
ezt:reote4 with ft(()ml. l! 1m03, a&!le4 boilizl& and mamtdnec'l boil!ng tor one 
hour. 215 ml. aamplea ot 1bo extraoti� li� 1lel"8 taltcm 1rnma'lia11el.y 

( i. e. witMn 1 m!rute) and after boiling tor 5 ,  10, 15, 20, SO and 00 minutea. 

:I! AB L I JA 
ml IFljlln OP D 'Sit.iB OF JlEAUJR (J� PglM&!I( P.JAB Ill R � 
Ra t1o ot 1r> il to ao14 1 gal. I lOO Ill. 
Saapl.e weight 8 gu. 
�U.oate cJetcrminationu repar1!EII. 

1 

0.10 
0.11 

o.ot 
o.oo 

TSme at .anp1ing in Jldmtea 

10 u ao 

0.50 
o.ee 

In th1a ani Sn other a:tnoticna, 'ltlen 1he -.olume ot aoi4 
emeea.« as ml., it wu tcnn4 'tfmt .....,ral mtmtoa wre �na to •• 
the tlerlperatun ot Ule 1iqui4 to 1tle boilmg point, .. s. 100 al. reqldrirlc 

about .,._, mtnutea. 111 -. easier to repi'04uae aocura� 1lbe boil.iftg tblea 

it the ao14 was boUins when ai&Mt tD b aon. lhen 1hia wu 6>ne, � 
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2o-a<> II800l'l4a 1fCl'8 �1ro4 to bri113 the mixtul:'e luk to 1he boU1ng po!nt, 

ifteepecrti ve r£ 'the t'Olume a4W. 

th& ft flllta ot tlw thcwe estraoUmt ( Tdlle 18) lllclw 'that the 

� ftDOl.mt ot pot$8fli1.ft atraoted, inoreaee4 with 1he time � heating tor all ihe 
1!101le 1aate4, the rate at inCI!'eue � bet.m 1be aoU.. D,y &ubling 

the t• ot ext:ftctic:rl ball 10 to 00 mtnutes er f'rclll le to 80 mirutea � 
trail 80 to eo minutes, b amoont or poiJusitJD. extraoW tram the New 
�Ul amC\T lo• Wl'l8 nearly dcnbled but fe# 1l1o !olcDIIal'tt t1ne aanc\r lo���t 
the incl'Mlle 'MlS ml.,v 6<),C an4 l'tr the HiMleharet ailt lONa, the morenae wu 
15-aof, after tbe l'1rat 10 minutea, during which Mrne, the potul!d.tn ext:mctea. 
1nal:e01184 ..,� -�· 1'he ftl'iat1m between &lplloa.tl ut:&aotima wu 
toun4 1lo be larger with the 8 minute and 10 minute ezbMti ma tt'lan with ihe 
lL' minute and l.on8er eaEtracti ma. The exbl'&et1m tiae ot 10 minutes 

' 

reo �r.&d an4 un4 by o1her worbra 1f'U therefore ct11W to one ot 
.J 

15 m�t ... 

/ 
In 1be oourse of' boUing a sa11 atlllple 111111 ,!! HN03, ox5.4at1cn 

J ot the �  matter OOCIJI'IJ with h ewluticn ot �on d1o:d.4e. With 
aoila high 1n organic .r.atter, a1oh u 1JVt rrew -�lth Mnay lom, this 
Oarbl%1 dio:dae ptT>c1uoea 1azge aztOill'lts � troth. It ia neoesear:r, theretcaoe, 
to uae wil'.c mootbe4 wssela, BJOh u bealmrn, tor the extraotims w1th h 
oonaoquent rlalc of' 'Wlule chan�a &.1ring 1he e:xtrMtima. 

The etteot of w.rying the OOD:)cntraticn of ac!d, 'llttUe Jr.eepq 
the total .-nount ot ti)id oonatmt, wu eheo�c1 ft)r the Kid&f'ill.ll"ftt 11111 t lo.a, 

TC!la:lmoru tine -.r..c\1 J.oa.a an4 New P�th ft8n\v loaa. Table 17 etlOWB that 

% 4 B L I  11 
m urm; SlP Mfll? CClliW!'mATI(li cp POWai11l ooymy IN mm;o GP 
Ratio of soU. to ac14 1 B"Ae l  lOO me. 1014. 
� ot lwt.ti:ng l5 m�mtea. 

Soil 

lrtid41ebuzoat 3.� 4. � 
ant lo• 

TolG:Int.\l'u o.st o.ea 
tine � loa  
New �th o. gs o.al 
Al'M\1 loa 

'-36 4.M 4.62 

0.88 0.90 o.�e 

o.al o. sa o.ars 

pl1:)'1161i tba ao14 oonaenin.tic:ma en 118pt b..tl��Hn .1/2 ani 1 .L DD el"'a»r j 
lhoula be oiUH4 by � 1101A �tim.. fbla it .a poa.g,le to 
net',l.eot Mall GbanAM Sn tle wltJH ot "lle edrr!Dtu>g li.cpU b�ht abou� 'bJ' 
�tim ot •ter durlng atnoid.ma. JUrt:ber, 1be pftMilM ot ...n 
aaounta ot -.tor mm ti1o wubing baok at tJ-ae .,n na1aa.. tl'Sl 1be  oentrt,. 
fuae � aftMo the .epuatioln ot �'le extnot1ng .o1ut1ma en4 11011 
1Wd.4un, IMu14 ·OIU88 no eft'OZ' 1n the eat!Ja ts.c:ma. 
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To clleok :t'urtlwr on the Gf'foota of' va:ryin.g the t:i.me of 
extracticn am t'w aoi.d oonocn:tratim, ODnples of soils ar.A their texture 
fs�aoticns tmm leaohed with hot oo.id At vor-ftrc f'low rates. �:eT a 1"l''n89 ot 
ooid strmg ttm, in the a,)pnro.t11.a deoor5.bcd on pa2,0S t., f}_.1 t-13 z.. 1..14 .  

'The exohan09nhle notMaium 'mlB axtrncted frcrn 2 � &'1!!1Plee of 
soU by twioe oorud.ng for. 2 ll.our!\ l'l'ith � I)  ml. ncutrnl l! arnrronlmn aoo·tate. 
The exohangeable potass h '!Tl1  freed ooil "ml3 tmshcd with dist:i.llcd 't'l!l.ter to 
rc.rnove e:4lcss mr,IOl'lium aootnte en1 tra.'1.si'errod wet to 1tw Jsaoo:;J.z� u.ibes • 

. �o_g�g l:L!Ir!� .. was added to the tubes; ·the ocmstant a.oid lewl davj.oe f'i ttea. 
and the 1880h.4.ng star.teci, err1nlfls bemg t.al<en at nredetennhlro intel"V'Ms, 
ueually after 5 mi."TJ.tcs nnd thm t�t 10 or 15 minutes :inoot"'rola. 

A::ull .. ysis of ths extracts a1cmed that virtually oo potassil.lll was 
.._/ lcnohed during the f:lrst 5 mirutes and o::aept for the M:J.Clcllchu:ret silt loam, 

after 15 m:1nutee lea.ohing, rotasnium ms extracteci at a oot-.rl.y oru•ett�.nt rate. 
The Mid'U�et sil t loan yielded. ocnsidernl'lle enrm.nts of pot.asa:htm for 
45 n:hmtea after which 1 t ;rielded mch loss pota.ssi .tn at an o;Jproxln'1 tely 
cons tant rate ( Figt.l.t"e 15) . 

1EH1 tl1l'! e7.otl!'trne t:•JJle nota.:;;r,�11W �::; removed l"'efort� lench:irl3, 
b�r d:l.lutc· HN05 inetentl ,r hy 8.1'Y'mi1.t"!l aact:rte , 'lJ �coiable am01.u:.t� of 
potnssitn were ext�.oted uur:l.nc tlr f'lrst 5 m:Lll1.tcs. From i.he tUddlelll.trat 

tdlt loBJn and from the Qnakerc oley lo:n, potap. s1xm was extro.otcd f'ns·ter 1n 
tha initial stages of leoo..'1i.nr; ttum. t't!en nrr:onium n.oets.te we.s used to rei!W:)ve 
the emhal'..gcable oaticns, ( Fi� 15) . 

Dur.\.np, theee exf:raot:tcns, l\.iffo't'Mt f.'J.ryw ra t�B, proi>::V:J�y osnsed 

by v-rlntims :!n the !'Mld.nr, af t!� soil i.l'J. tJlO td.H �s .. persisted ilm'.>U[')rJut 
the �lioate extraoti<rl� of tJ� Tolr..cn'lrn f.'i� sancJ,y loam C�..rrl the Omal'Ere clay 

loom. In both oa.ees, the sl.CY'II'r.:'.r loaoh.1..•'JC rates 1>ro�\.1'lt ont J.ess ��·ota.e..-;ll.un 
in a Bi-�'1 time t.hnn dio. f'a.a�r lenohJ.ng ( F-.t..�re 15) . To oheok ·wheUler the 
vnrla. i.dnl!ll were bl-our)lt t'bm t by the differenoen in lcaohinr; rate� , 2 smtples 
of t.11e M:l.do�mttret silt loam \?Ore le oohed at t\irter<mt flO'I'l' rates. At the 
1'1�- rat.ee tetrt:od, neorly idcr..tio::\1. amo:,mt" of r:- otan�lum. 't'1ere �.1rooted by 

8T'� �vm voltne of roid with a. tcrJJar.oy for 'the � extraoti ms m 
extroot eli(fltl;y more potru\shn per unit o£ volune at the end o£ ihe 

extraotims than the tar�ter ones. This f.i1� a.s a al�t di'tlergenoa between 

the O.lr\Tell f'o�d wh:!!n the :pota.!shwn extlxMtied hi plot ted egairurt t11e wl\De 

or extftot ( �  15) . 

A more thorOOl',h e'bnitmt1on (£ 11to beho.v:lmr or tl1e M:l! dlehurst 
silt loa •hm 1!1.tbjeotect fX) �ir..g ltto.oh:ir...g re:tes revenled 1hnt at now 
rates less than 5 m1. J acid per mb'lute, the anount of potuaitlll axtmote4 
-. governed ent� by the wlme of l.eac.hat& (� 18 e,t) . Withsut 
preheatin3 ot the m14, 1'1ow m tes abow 2 m1. oo� per ndmte extraoted lens 
potassitlll 1n a. gi"'lell � lune thon did slCJI'Jer fttea. At flow motes of 4 ml. per 
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-�ON-EXQ������LE_RQTA§§!��-EXTRAQTED_�I_LEACg!�!!TH HN03�-

1 5 a  . .  :..J OILS . Exch . K by 
NH4Ac . 

40  80  
Time in 

A - -

C . • . • . . • 

E -·-·  
G ----1 

I - - - -
K -·· - .. 

Minut e s .  

15 c .  §OILS . Exch . K by 
,!:!/2 0 HN03 . 

Time in lviinut e s .  

4 0  8 0  
T ime in Minut e s .  

15b . �Q!1� Exch . K b y  
NH4 Ac . 

- ·· 
- · · -· · 

.
. ,....- · ·- - - - - -

- · - · - · -�� -- - - · -- · -- ·  

0 • 0 -���. :-:::-. :-:-:-. � ::-:-. :-:-: .  

6 . 0  

4 . 0  

2 . 0  

0 4 0  8 0  1 0 
Volume of Leachat e in roe . jr::m.  

15 d .  §Q!LS.:. Exch . K by 
E/2 0  IiN03 . 

0 . 0 &-------�----�------��� 
0 
Volume of Leachat e in me . /«m• 

15f .  lv!IDDLEHURST SILT LOAM.  -----------
N
-

Volume 



ndnute, mthrut rmheatinn the reaeent tAinperat.uro 1IJ\8 9aCC, with pnheating 

97CU ani u 1a oonsiderea that ibis 4iti'erenoe m tomperatur·en 'Wmla 
proclloe the tii1'£crm.oe between extr�ticn f'.l.rotrea famd at h�er. f.low rates 

w1 th run without nrehea.t� 

With Mid Ol)llOtmt t'l).tic.wuJ otl�r than Jj, some div�'rncrxH; 1lru! 
foond ai; l!/4 end at 4 ]i :mt m !;h .nJa a.rn 2 ! aoluti ens, the auow1ts ot 
potMaium ext:rsotcd for any give..'l L'll\runt at aoi4 eliPI"Gaeod ns milliequi�ents 

of Mid per gm. soU were the same aa tor !i acid. As with be.tah extraotima, 

1!/4- acid extracted less potMsi;n 1ha.n Dtron£!Pr a.oide in equivalent anrunts 

of ao14. 4 1!  acid, al. f.:lO'J.t-,1 ext't"ooti.'lLZ nnre potassit.lll '!;ll..a.."l .ll ao1d at 111& 
a .. ·we volume f'lo1r rat<a, u-nder the concliti ms at 'the extrachlcn tested, i. e. 

a. f'l.ow rate a;ruivnlent to 8 ml. 1! IU'!03 /F!J!l. aoilforlnute1 (aotual flOIIJ' rate 
2 ml. 4 � Blf% per l!linute) , did not extraot as :ru.oll potassium per equivalent 

amamt of ao:i..d a.B cUd l! :mro3 at 2 rnlfixw,1. ll.t slower rates, it is prob:ble 

t.h�rt the 4 1J IJU03 1"10ul0 have exh"actcit :m :.'�Ucl\ Jf not !"'I:t"e yO'tAMiura "ti'Wl 
the li mro3• 

leach ont nny &:.vcn r.r.1;'J.l.r:.t of pot.ass1um. There $Jlso .g;)pe�;rs to be e. maximum 
ra'!:e of rcaoticm 'h e 1 .. '"lW'cx;. tl!E: �:Xlid m u  t;!m roil ( ccnr-��e. extrao1;1cn No. 11.21 
nith other e�o ti c .. -u; ;·.o:t:!.h .li 1mo5 lfir;.u-e 15 e,1') . The alose dq_:> endence of 
the potnsnil.m extraowa on ·the vol.z.uoo o:r extractant a.t alow leoohing rates 

oould :h!tr'l.v that a solution �rt '!ouratt>-'d m. U1 l•cgc\X"d to some 1•e..'\Oticn1 proc.lu)t, 
was i'� \1ho.n ·the lexhin.g tm.s i"Mt, ·lhe obsei�d divergences x� ha.� 
been oaused by iiiOOOJ?lete ��tion \'d th  the rapidly f'lo.'tiP.,e roid er by more 
ao14 be i..l'lg added t·han ttw ooU could re.ao t rlth. 

l1ler. 1 t,n. sa:!ples c1f fine mnd (not d.efel":l'ated) separa:rod by 

Me thod n (paaa 27) tram �aiddlehurat t:""J.lt loan, Tokoolaru fine eru"X\Y loom, 

�:re clay lotJn and Idabul."n f'i.ne s� loam, �re extraoted nt o.;_;pmxlmately 
1/2, 2 and 0 ml.. H mro3 per. r'linute, ( Fieure lG) , in no case m.a 1ile:ro ,!?Pod 
tlgl"eer.lent between too potassium exb;"rloted and ihc 'lOll.llle of extractant, 
indiaatinp, t!.lat; th e 'bRt> ta.a�.;er Xl.a\1'f rates at least, 'M3rC in e:mess of that 
required to produce t'1e ma.xinura rate of r eaction. The olose agreement 
be�oo. the amounts of potassium e=ctraoted ruxi the tilne of extraotim for the 

t\'1'0 faster ra:�s lentls nuppcrt in this mmestim. 

J Al·U10� a cCI'1!parison of extroo tioos of so:ih lea.obe4 at 11ow 
rates rutfio:ie11tly alow to enal:>le 'the rn1l'l.1Jrusn wount ot' aoi4 1n leo.oh out the 

require eeveral detem1na t1.ons to ens.lft 'that the rates wel'e not a:> tan 

that the aoi.d l1lB unabl� to react full,y' with ihe fX>il. A 10t.UJ1er pz'OOII4ul"e 
wauld be to leaeh at the mzSnw rate poeaible ll14 1z) 00mpare 1be maxSmua 
ra.tea ot ftcti� Dittiaal:f:7 1a m;;>erienaocl with ao1l.a l'd.gh in n:U.t t:11: in 

Cli\v 1n 08l'l"YiJ1g tbia Cftlt beoaue of U1o lJm11ie4 rate of peroolat:l.on of a.oSA 
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NON-EXC�ANGEAB���Q!��SIQM E�TRACTED IHOM_E!N3_�ANQe_ 
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4 . 0 �--------------------------� 4 . 0 �--------------------------� Q) s 16a . •  T OI": OMARU f .  e . loam. 
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<0 
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() CO � 6 .p 
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• 

�' 
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s:: .... 

• 
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� 
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Time in 

8 0  120  
Minut e s .  Vo lume of leachat e in 

8 . 0  8 . o �------------------------
1 61S • .MIDD1�t£.:QRST si.!..;hoam� 6 l6h . MIDDLEHURST si  . l o am • 

6 . 0  

0 4 0  

Time _ in 
8 0  12 0  0 

Minut e s .  Vo lume o f  Leacha.t e i n  ml/gm. 
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tht'ough these IJOils. It is pmbeble Ula.t in'prowd rates c£ peroolat1.on 

could be aoM.eved by mbing c,Flartz s..ri �th 11.1oh e'lila cxr by :lnaz:oeM:ing the 

bore of' the lcooh:tne tvbos to gi'\le ih1n.ner discs or aou. Altema.tiwly, 

inoreasing too oonoentra ti.an of 'lhe aoid to 4 l!  or hieher woul4 inorease the 

equivalmtn of aoid leaahec!. 

Bt4'QH §p;rw;TIOU VJITli UtTR.IQ Nml 
An altema.tiw approach tried :1n 01"t1.er to find Ule ma.xinllm 

rate of reaoti cn between tll(l) eoU and the e.oid , "mUJ to vary the ratio of' II)U 

to aoid 1n tl� 15 m:lnute b ollinB f'IDthocl. The "ba:txil" extraction metho4, 

WM m oa.llec1 to d.istincJ,liah it t'l'om the oontinu.rus leaohine method, (J'I'fer 

vrhioh it posseeeea aewnU. ail�s viz. 

1. Elleot oontrol or the mil to aoicl ratio. V 
2. The eaee ot leaoh1nr, of' the aoid throueh 1he dieo of ooil r:1r texture 

t'rncticn, '1!\hioo limits the ranee of extraotim oonditima with 
continuous leaoh:lng, does not nf't�t batXJh extraation. 

3. A l!llOh wider mn� ot 1110 ll to noid ratios, e. (',. ls l,ooo, ie possible 

vri th ba 1nh ext11SS ticm. 

Srunt?les of' t..he 12 soile uond in tl-e lme tem ororomg 

e:xverirnent were extrnoted. at ratios of eoil to ooicl, e::xpreased. as grama of 
ow.n dry Mil ner ml. l! a.oicl, of ls l�, lt lOO and ls 200. In all oaee a 

e)!Dept 'Phlre otl>..erwiae eta.tcd, 'the em.hrol�al,la potaaaium � reroove4 prior 

to d:IJJes ti m w.1 th J! IlJI103 by mnld.ng for 2 hours w:1 th 40 ml. lf;lo mro3 
f'ollcmed. by a �ond. I!IOaldng f'or one h�uo w:1 th 40 ml. lf/.1.0 HN03• The eoUa, 
New Plymou1h � lom, Ttupo 88D4, KirlJ;lalat clay lo•, M:tddlehur.at ailt 

loam, Tokafll\.ru tine eontr loam md Omakerc oUW' loaJn l�Mre oleo extracted at a 
111011 to e.o� ratio of ls � o.ftcr removal ot e�eable potaesiun with 

neutral. ! amnordum eoetnte. The l'emllts of' these e xt:raotions are rapot'te4 

1n Table 18. 

At the soU to aoicl ratio of ltl�, the n.nt extrnotion 

following the rcmovsl of' emhan(Jeable potassium with amnonit11!l aoeta.te wu 

very muoh anal.lEJr tlm..11 iho.t TT!m'e 1!/.10 mro3 was used to nmove the 

e�able po'ta8aium, fr:Jr 'the lHilcllehunt eilt loan. Toknme.ru i':itle sani\v 

loam and <makere oley lo8m. For the other Ulree eoile there was 11..0 
clU'te1"Gnoe. In mbaequ.ent extractions ot 1he Tokomant fine � loam and 
()Dakere olq loa, there wu 11tt1e 4Utereme be1Meen the aamonium treaW 

11011 an4 � hydrogen treated ao.U,. With h M14<Uehurat ailt lotm, 

41f'tenmoea pend.W until the titth extftot1Cil. 

Al� then •re OMW.Ierabl.e 4itf'ereooea between the 

tmnmts of' potaseium � by the l! mm3 from the "''M"irua eoUa, h 
pattem of' eeah aztn.otim ,.. aimUar. Where J!ll.O HN08 wu uae4 1lo reum. 
emhallJGable potullita, tbe tint J! HN08 trea1'r.llm t e�W ihe mat 

potassita, with a near� oona·tant t!lllrunt � poi:anitJD :tn eMh extzoeot after 

the aeccl'l4. 'lhe MiddlehUl"'lst all t loom ahotled a. cleoUne in the potuaixa 

content ot the ext:raota up to the tit1b extnot. 
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:£ A B L I  lB 
JWASSIW SOLtll!L§ W .l'TCiplAL NDtRtQ Nm) 

�:1me ot Hee.ti!W 115 minutes. 

�able potassium mmoved befcre extractions 1'l11h .li/10 HNO,a 
elOCpt a.na.l,yacs J:il\rl� * 1 vrherG .1 81'11!0l'lim aoeta.te, p� 7 UM4. 

SoU Bxtraotim Nunber 
Rntio Emll. 1 2 3 4 5 "Step" t" "Oonstan 

K K rate K 

� � � :'is  �6 Jllefo � � 
New P�th Cl 1: 1t o.l8 0.16 
aanc!;y 101111 11 1 1. c» o.a&. o. m. o. :ao o. oo o.l.t o.oo o. oo 

111& 100 1.10 o.s1 o. a5 o. aa o. 25 0. 28 0.05 0. 28 
1: 200 1. 12 o.so 0. 25 o. M o. oo o. 2G o.oo 0. 25 

Taupo • 1s 1� 0.43 o. aa o.oo o. oo 0. 07 o.oo o.1 0.07 
aan4 ls l9§ 0.46 o. oo 0.12 o.oe 0.09 o.oo 0.1 0.09 

l s lOO o.-48 o.sa 0.18 o.lB 0.18 o.u. o. a 0.15 
1s 200 0.46 0.40 o. ao 0. 21 o.as o. aa 0. 2 0. 22 

Kiripalca • 1s 1� 1.� 0. 18 0.07 o.oo 0.07 o. oe 0.1 0.08 

olq loNil 1a 1� l.M 0. 29 0.15 o.u o.u o. u 0.1 o.u 

1: 100 1.5'1 o.s7 o.aa 0.18 0.17 o.u o. a O.lB 
1: 200 1.57 0.41 0.25 0. 23 0. 21 0. 22 o. 2 0.22 

Mi&nehurst • 1s l� 0.61 1.81 2. 00  1. 0fr 0. 69 0.54; 3.1 0.58 
silt loe 1: 1 0.65 s. oo 1.4.6 0.75 o.ao 0.49 3.8 0. 50 

1:100 o.e1 4.331 1.17 0.99 0.94- 0.92 3.7 0.93 
ls 200 o.oa 4r.87 1. 53 1.35 1.3:5 1.32 3. 7 1.33 

Tolalaru • 1s 1� o.?G 0.37 o.M o. ae 0.26 0.30 o.1 0. 27 
f1no sane\7 lom� ls � o.oo 0. 51 o.ss o. rn o. � o.so o.s 0. 28 

1i l00 0.61 0.8'1 0.05 0.59 o.57 0.87 0.4 o.57 

1s 200 o.oo 0.93 0.59 o.G1 o.ea o.o1 o.s 0.61 

cmabtra • 1 a la!� o.oo o. oo 0.43 0.46 0.50 0.44 0.1 0.44 
o1ay loam 1& 1� o.G7 l. lS  0.52 0.46 0.4.5 o.fr:S o.a 0.4.15 

lt 100 o.oa 2. 12 1.10 0.91 0. 91 o.a9 1.4 0.90 
1i 200 0.69 a.M 1. 17 1.13 1.17 1. 16 1. 2 1. 16 

laabum 1: 12i o.a1 1.90 1.10 0. 58 0.51 0.48 2. 0 0.50 
f'irw annc)g loam 1 & 100 o.GlS 2.'18 1.10 0.93 0.94 o.9S 2.0 o.s:s 

1s 200 o.G7 3.01 1.15 1. 015 1. 00 1. 05 2. 0 1. 05  

T:lmtu\1 1s1� o.s1 o.� 0.46 o.s9 0.40 0.42 o.G 0.40 

silt lo• lt100 o.so 1.58 o.oo o.� o.aa o.oo 0. 7 o.oo 

1r 200 o. ao 1.'15 0.98 o.oo 0.92 0.92 o.a 0.92 

Bal.ooabe la lat o.M 1. 09  0.64 0.41 0.38 o.s7 o.e 0.39 

aUt loa 1& 100 0.52 1.82 o.M. o.a9 0.78 0.?6 1. 2 0.77 
ls 200 0.54: l.M 0.89 o.B4 o.aa o.M 1.1 o.M 

llataman lt 1ai. o.51 o.ao o. oo 0.18 o.l8 o.18 o.1 0. 18 

silt lo• 11100 o.M o.H o.u o.-.a o • .a o.Q o.a o • .frl 
11 100 o. � o. 'll 0.44 OM 0.41: o ...... o.a o." 

'If &!para 1a1a/i o.aa 1.89 0.89 0.63 o.oo o.u 1.8 o.M 
aUt lo• la100 o.es 2.87 1.88 1.18 1.oe 1.08 2.1 1. 07 

1a aoo o.�l 3.07 1. t» l. U  1.08 1.08 2.0 1.07 

m.� 1s � 0.30 o.et. o.sa o.n o,S8 o. s:a. 0.3 0.32 
ooa.ne MDI la100 o.� 1. 01  o.ao o.6t o.eo o.ee o • .fr o.oo 

lr iOO o.ss t. ao o.sw 0.9'1 o.oe o.os 0.3 o.os 
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, _)At the soU � aa14 m.tio ot lsl001 !llllah gea.ter 81k)UJ111a 
ot potassium were �4 in all ea£til'acticza CD�pare4 'lllth ihe lalll l'lltio. 
The CJ'f8l"all pa.ttem ot estraotim waa aimSla:r to that at a a.tio o� la �. 

emep l that ihe ditf'e� between the tirst a.....t a10oeuiw ext:mota wu 
more JIIU'ke4 d th, 4ift'..,:re;met U' erl.Y; between ihe aeoald ani mooeaaiw 

ezt.raata 'W8.8 leM marke4. In mal'.\1 oases, mnatftnt rates ot extzoaotion 

preTailecl attar iM tirst: ext:rM'tial. 

The extnotiooa at a ao:ll 1lo ID14 mtio ot la OOO ware � 
B1m1.llir to 1il0ae at laloo, elDc-pt iha.t the rates � est:raotim 'tMI:"e iJl �t� 

hiBber �or t� HiMleburl'lt ail t loa; Qnal!:moe clay lotn sn4 lHmatallgi ooorM 
aanl; :!M.ioat:i..t�g ihat Wl.,_ the S> ove  emeptiona; the maxim• zate ot reaoti<m 

hod bee l'eache4 with h 1t l00 ratio ot aoU to ao�-/ 
_...--·��--·-

Two po•ible el!pbnatior..a ot the ext:nwticn aat:a are aa 
toUowa. The tint, 1:l1a t the !n1 t:tal .J!  1100s exto&w»tit:m removea potauiaa _ 

and Sn 80 aos.ng Oftatee • stmngl,y potaa.S.U. t1x:1.ng atbateme 'dl1Gh 1n .\/ 
IIUb��equents fSfaiaoticna fbea e� ot 1he {JOtassium liberated by the 1011 

to probe en equUSbriml mixtuft with an almost constant OOh::t«nt.l'a � ot 

potaMiJJat. The aeoon4 is that there are 1rM> 1bma ot ncnemblln�able 

potaeaiua extracted by ji lfN'Oa• �a. �tq- soluble 1b'l'm e1t:ftoW at a 

oo:natant rate ard a mare ooluble tbm ext:rocte4 almoat entire� in thl � 

extraotu... 

AaaJrdng that 1he t�at e'Pl&no.tion is oonwt, an4 thai: a 

W1n1to proportion or the potaasmm lJbemted or Sn aolut1m ia atbe&; ii: 

JfJ8.Y' be 11h0111 that tbe toUawS.ng relatiCI'lllbipa eXist. 

It a • K liberatec\ in 11'\e tirat 4!aeat1m1 an4 
b/a . pl'eporticn or 1t reti.:xe4; 

Thm 1tle •runt ot Jt in 1!1(\luticn at the d cl � 4i!tXtnctim 1a 

� = (a-b)n/ � • 

It the amount ot retbation 1a •all, a}) b ; ana � .;,.. a. • rJb • 

It the anount ot re£1atim is meb itlat a =-ab, l'n -= b / �1 
• 

It the anaunt ot N'iati()n is large ao a -=- bj an4 a - b -=- 2f 
1hm �in=- .P I  a.n-1 � o men s >  9 • 

/ ) 
(_ I 

'J 

The tqpe ot estlft.crtim aequenoa UotaW bJ b• a equa�i� 

a • 1.00 ant bt b a 0,10, o. so m4 o.oo. 

� the above 'ftluea ot t. an4 cl b, the 8lDGeU1Ye esfl:raotiCila 
'lft:IU14 oontdn 
1t • 0.10 'h • o.10, o.ao . o.'I'O • o.ao • 0.10 
.., • o.ao � .  o.ao , <>•21 1 o.ta • o.01 ; o.os 
1t • o.M � .  0,10 . 0.01 ; o.c:o ' o.oo ' o.oo, 
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OalOJla tec1 on the baa1e of tile first extracti r.n bei� 1. 00 theae woulcl 
'b0ocme 
b a 0.10 
b = 0.50 

b = o.so 

lh = 1.00 • 
� a  1. 00  1 
:Rh .  1.00 • 

o.a9 , · 
o.oo ' 

0.10 ' 

0.78 ; 

o.aG , 
o. 01 , 

0.67 • 
o.u • 
o. oo • 

o.56 

o.oo 

o.oo • 

Unless the �taesium f'lx1ng mlbeta."lle auf.t'ored oonaidcrable J 
&stzucticm dJ.r.l.ng .3igest:lm, ll4)nc � the above wwld t1 t the .rooorc1ecl aa-. 
�r, 1.hc additic:n or potlassita to 1tle extrlloting .,lutian should result 

1t1. co.rlaiderable tim.t1on vr.1.th oonaequmt lmr 1"000"rel'3' tigurea, a f'aat 'll.lich 
wns obaernd (aee Table �3) , ani the lllbi!!Bq_uent utraot fthrul4 aontd.n more 
potaasil.a then. n. simUer one not preoecJed by e. potaaa� a4ditim. In 
.t'ect; no Aitf'e1-enoe WM observed in 1h1a OMG• It is probable, theretare, 
t.'lat the 1"1ret )\V'po�ie ia no� ..a:U.4. 

"S'lr PgUSSa NW "Q<lmwfl r..A'll' IWOOHM ) 
� second. e�lanatim, via. tllat 2 t01"1118 ot potassium ot wry 

41tterent l!ll)lu'bUit;r are es1:'1'Mte4, ie IIIC'S"e 1n aocod with the nperSmental. 

4.-lta. When � tlllount o� potB.SGita per ext.rnction is plottecl aga1nat 1be 

extn.otim llU!i>er, the �pooranoe at U1e gft\ph ia 1hat of a aonatant leftl. 

preoede4 by one ar more steps above it (� 17) . 

It it ia as�d the.t 1bo CO.iSta.nt mwl ia e<;pal b) the ra.te 
ol� e�tion of the leas ooluble form of potasBiua, then the more solttlle 

portion will be npl'eeentea. by the sa or potaaemm extzooote4 in e::mees ot 
this value. For o0\'l'Ven1f:f'l...oe1 the potua:Wm extracW at a a:matant rate 

io oallei. "ocr....stnnt rate" potMshml arJl the potassha extlraoted in emeas 

of 1hia rata :S.n the tirst extracts 1a eallecl the " step" potasa!um. 

A OOI!i>� of' the ext:ractim data at the 11011 to aoht n.t:los 

o� lt 1�, lt lOO ana ls 9001 sl't..o� that 'the " .tep" potasldua 1e r�::d.y the 
same tor each r a.ts.o, an4 -that the "omstant rate" pote.Mium Sncreuea with 
the 'ritiening 1� t1.oa. 

In the l.eMlting elq,)el"imenta, a near� oonatant Z'&te ot 
u:tl:ftloticm wu reoOI'\'h!lct after 30 - 60 mSnutee leadlilC ( 11'1gure  l.d) .  U th1a 
mte oorrelllpOI'Ada to ihe "oon.tsnt l'&te" pctuamm unSer lt!Jadh1ng, thm eottn.• 
polaticm back to m.-o "VVl.liM ot th1a OCilftant rate t:l eZtn:.tion llhcW4 giw 
the 8Q!.li'ftlct ot i.be "step" potuau ot batoh extuwticma. Inspeot:l.z 

of' the •lllllll'llatl.w 'ft)laM Gm"'ftta dlOII'a tbt.t the leeah1.n8 "nep" potua:'ta 

ia near� S4entioa1 with the batGh " nep" pow..S.. 

!he 4eptna.rae t.Jt the pet11uaSDDl leaoho4 OD the <volUM fll 
leaabate at al.tJIIt' 1D mec'"n l.MoMng atea, IIMn that \be "at.p" peta.taa 

ia :not ot unl.mite4 aollibUi\V. With batell «<t.ftotima, 1bia ia .tunm alao. 
At the �  IICd1 to acSA n.tioa, 110ft _..,tiona are DIO......ry 10 
,...,,. the "II'Mp11 pota.-dta, e. g. tit a mil to ao:14 atso ot ltlilrt up to 
• �ticna aq be neoe� to tr:ldalict aU 1he "atep" petaaha, whereaa 
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sandy lo am .  
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Extract Number Extre.ct Numb er Extract Numb er 

I f  

F ig . l7 . - P o t as s ium so lubl e  in B FN0 3 ; rat i o  of s o i l  � o acid 1 : 100 , 
Exche nP, eab l e  p ot a s s ium removed w i t h !i / 10 RN03 pr�or �o 

first d iP.;e st i o n .  

A - B • • • . . • . • • •  " C on s t ant Rat e11 P o t a s s ium. 
Hat ched ar ea • • •  " St ep" P o t as s ium. 

at a. ratio of lt 100, the " step" potassium 18 l'eiiDVcd almost entire� in 

2 extractions. 

Whereas the "constant m.te" potassium is •en to be a. 1Unoticn 

of the mU to eo14 mt!o or ti�.e leaching rate an4 ia ohareoterist1o ot each 

MU only man tl'V! ratio of BOU to aoi4 is ver:1 'fd.c!e (11 100 or 8f'ea.ter) , the 

"step" potas&Sula is a aetinite t.r:oaotim, independent of the time of hea.ti.ng1 
noid oon:)entl'a.tion, ratio of lllU to acid ana. rL the method ot extraction. 
.P(7SASS1tl4 OOLUI3Llii IU NI1'RIQ .AOIJ) JBOM QLAYS. SIUCS AND WRI 

Rouse and Be.rtrllmscm ( 1949) and Pratt (19152) llh� that 
potassiua 1IU ext.�Mted tran all texture tl"aotima on <U.geaticln. with li mfOs, 
with the aDount � potaMSnm e� moreaaing with 1n<ll"eaain8 tinerlesa ot 

tlexture. Al� ftriaticna in the 11ezture or the son., pl"e"nlllile4 81\V 
-- - - ·-·- -- . .... ... -------- - · - - - - ----------

uaat aeneral. pertiueri- ot- lhe toW potuaiua e:.lttra411ed ha� the 'tlhal.e mila 

tlo h 41tte:rent tdtlll"e t.r-Mtima, about one hall' ot b potusila 
extlncte4 ,.. a.ttrlbute4 to 1be alq �crw. ln 1be pl'888lltl �, 

est:r:n.sticlll ot the texture t.moti�, OOIII'fle sanl; tine llaD!, .U-t: ana olq; 
llepU"a.te4 � b eo�e uae4 tor the long term �Sng experiment, a.t A 
range of solid to eoi4 ra.tioa, oont1rme4 1N.t potUid.Dal wu est:ft.oted traa , 
all b:Mticna with 1he grcllteet •run1111 pel' unit 1lldaht bein8 e�W .,/' --·-----· --------- -·- - ... -----··------"" ----·---------- --- .. -
traa .. ol.ay tn.otiCI'la (fablea 19, ao, 21 az4 92) .. 
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1be ooarae onndo gave "1aonatrutt rate" potft..qsium values olo• 
to t�.oao f�mnd f?r �tc oor.�)s;v1nd.i.ng f:L•e G��s. 7\.�:o;:le:pt. ICJ.'t' the l!!altla tran 
the Middlt!lhurst ailt 1�.m, �1lc " a t.;t"1fi" potaasium frr 'the ooo.rae sru1i1a was 
nuch leM than that for the fine M.."lds. Tt'!:> coarae M.nclf.i �1owed no " step• 

pot!'�n 1v.m. 

The ooarse Mod f'mm the l.H.ddlcllurst ailt loam Ot1 :i.!'.apeotion 
!k"ltim· mJ.orosoope, wa..-; see.n to be lnrgely �flitet of' tiJ]e sar.d sia 
crystaln jo::lned by a. t.J.a trtx of indetini te CGNJ98ition_ }l_tl t . apparently of 

---· ·- ---· ·--- -----·· - . 

aeaquiox:i&OJ, olo!Jaly rssed>l:L'1g limon:tte. On d:lgestion with l! HNOs, this 

mnt:r'i."'C d.iaac;l;;ed pro{blo:l.rlJ a s::>lution ..retj high in iron am leati.P..g a 
resi&ua, predom:lJ"I..ately fine 8tll'l4. The large anamt r:£ pota.r.�aitn 1Ulemte4 

ln the N.r�t a...'1d seco1ld rtXtrQQ.t:ica'lS ia tr �sumed to have «me tm:n tbia 
JUal"'etr.totnr.e b!"!a�, ':'lhioh by obacrtraticn was oomple te after 2 
extracticns. 'rhe other ooarse IJal'Xla extn.oted, i. e. TliUpo, �. 

Idaburn and Uima.tangi, were p:redornlnatcly of ��--S!��L.J'.truoture of 

oomposi tilm fd.:nUar to tle tir4 aon4, but w1 th 'the ldnburn course aana., no 
mtioftable AIIOJl'lte ot l':'l!orut W'I'Cre ;:crose:rlt. 

The mttraot:ion IX' t ter:na o£ the f'�ne sn..7lde (Teblo 00) , showe4 
only a RUper!'icinl �aemblcnce to those of the l't1ola oo:Us. The "con•ta..nt 
rate" potassium 1llU.\ less ··lhm that for U1e t<!Jo.le oons at oor.!pro:'3ble ratioa 
and tna " step'' potaosium1 who:r.t'l present, VJ:l$ lees than that for 'the vi'lal.e 
eoila, em�rt fbr �e H:imntnngi oom·ne s.-·lr..d., 'Obiah :J s  mainly BM4 ( oa. 00%) .  
Where the fine eonc1s �re e::rt.T30ted at mare thon one mnd to acid ratio, 
it 1'lM not:lce&lle that :i.ncn:'€o.aing the ratio .,:r seid 'tio MliO , pl't)duoe4 
Uttle oh� 1n the �nou:n:h of pow�da:n �xtfiloted at tntios Wider ihm 
lal.Si for fue �aJ.po and Toko:ral'!l fine san.cla, and ls 25 tor the Otna1aa'e fine 

sand, hut tbat digeatian .1.t tile ratio lc lOO "l:t!n-acte<l �� "OCR.'lstant 
:rote'' potaseitrn :f'rom the lliOOle."»Jrst ond Idalml'n tine Sl1r".4s than dicl 
digest:i'Xl at a :m:tio cf 1� 00. 

L"l:Jpeotio..'1 o� Table 21, wh:i..0:1 eta out 1he extraction data. 
ftJr' 't!:lP, sUt f.rMtions. �haws t.hat all the rd.lta extracted, h&4 appreoisble ---- --· --· --- ------ -- - -----. ·-·-·------ ------· 

"ste-p" potassium, with b emq,til'%19 of the 'l!okanezu d '.1'� silta m:1eh 
hru1 " step" potasaill!l values of o.o me � and  o. :a ue � rot�J.PE)ct1:'Mly. rhe 
"Q)M'tant rt�:te'' potassitm was ore un! a lm.lf tl> three t-'..mes tha.t d 1:he 

Cf.Jrr'esponi1n[! tine aaroa; mr.nept fcrt:' the W�l"a a.ilt loMtt W�8 both itte 
ailt and fine IWlc1 had appro:dmately the aamD "oonat.ent rate�'� potuaiua. 
With the tiw IJI')tls where it1e silts -were extl"edte4 at ll'iOI"e than one aUt 

to ao1d atio, inGl'eaaq tile IDCJ.Ult of ao14 J.nort�J$S84 tJw "oonatnnt rate• 
potassillll. With tl'le two s:i.ltt� •hich lil)Oft.W. large em.r.untll ot pOtda�ma 
to tbs f:irst ! llNOs extrnctic1la, via. the Hiddlelm.rst ana ldabUI'D ailta, tbe 
" atep" potaaaitn 1a �- m1 �p:rro:�:1roo:tkln at 'the nar:rot:'er rntioe u 
no oonats.nt level at e�liion ru¥1 been rcoohol 1n tive extlnQticma. 
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T A D L I  19 
ro!ASS1lJM SOLliDie IN rTOHWJ, !ITJ.!t!O .AOll? ER<?M OOARSJii $OilS 

Tima or Iif'..ntil18 15 rn�..nutes. 

Coarse sand Ratio ''Step" 
aenaratea trl:a Jt. 
Taupo 8M4 1:1� o.a1 o. 09 o. o 

Mida:J.eh<nost 1: 1� 0.73 o. m. 0. 19 0. 18 1.9 

aUt loam 
Qnekere 1: 1� 0. 20 o. oo o. ao 0. 19 o. IB o.o 

olt:Ig loam 
ldabt.Un 1: 1� o. �> o. u 0.14 o.l.S o. l6 o. 1 

t'ine aand,y lom 
ltima.tangi 1:100 0.65 o. 4o 0.40 0. 41 0. 2 

coarw.: sand. 

t A B L I  130 
PC1l'A§S.ltll � 1N 1'1QRML NlTigQ NlJA FROM mm WJ)§ 

Tiloo or nea.ti� 15 Illinutes. 

Pine ama Ratio Extmot lit.trrber "Step" 
eopnra.ted rran 1 2 3 4 " K. 

m�& �2 mer;, •% me"fo 
lifew P�1th 1: 12-� 0.15 o.l3 0. 12 o. o 

eane\v loan 

Taupo 1 : 1� o.u o.oo o.os o.oo o.1 

sand 1: 100 o.IB o.1a o. 1o o. 1o o.1 

M1ddlehlrst 1:5 o.oo 0.90 o. n 0.41 0. 26 -
L'iil t lol!l!l 1: 1� 1.49 o.aa 0.47 0.41 0.32 -

1 z 25  2. 00 1. 20 0.75 o.oo o. oo a. a 
1: 50 2.45 1. 27 1. 05 0.72 0.76 2.3 

1: 100 3. 01 o. oo 0.97 0.95 0.95 2. 2 

Tokanaru 1 : 5  o.u . o.u 0.09 o. o 

fine san� loa!\ 1: 1 �  0. 22 0.17 o.l9 O. lB 0.17 o. o 
1z 25 o. aa o. l9 0. 21. 0.18 0. 20 o.o 
1: 50 0. 24 0.18 o.la o. l9 0.1$) o.o 
1 : 100 0. 25 o.19 o.la o. l8 o. 1 

<:makere 1 : 5  0.40 o.l8 o.l3 0.13 o. s 

c1ey loam 1t1� 0.48 o.:K o. M o. M. 0. 20 o.z 
1i 25 o. oo 0. 33 o. :so o.s1 o.3o o. :s 

lt 50 o.oo o.35 0.:50 o.so o.30 0.3 
la 100 o.eo 0.45 0.39 0.36 o.:s 

Idabum 1t5 0.72 0.45 o.as 0.15 o. u 1.0 
fine OMI.'\y loam 111� o.B4 o.M o.<M o. aB o.ae l.O 

1125 l. C8  o.s2 o.:IB o • ...a o.85 1. 0 

1s 50 1. 26 o.81 o.so o.48 0.48 1.1 
1:100 1.49 o.oo o.Gs 0.62 o.a 

'rima:ru 1.100 0.45 o.� o.Sl o.aa 0.2 

81lt lo• 
llalOQd)e 1a 100 o.Go 0.41 o.:sl 0. 27 o ... 

silt loam 
l&at ... ltlOO o. l9 o.19 o.u 0. 15 o. o 

silt 1o• 

Waipara la lOO 1. 12 o.M o.s2 o.so 0. 5 
aUt loam 
HDtangi 1a 100 1.09 0. 69 0.61 o.n o.5 

ooarae ..,._ 

''Oonata.nt 
mte" 

o.oo 

0. 19 

o.lB 

0.15 

0.40 

"Oonatant 
rnte" K. 

0.12 

o. oo 
0.10 

-
-

o.59 
0.74 
0.95 

o.1o 
o.1a 
o. oo 
o.l9 
o. l8 
o.l.S 
o. M 
o.so 
o.&e 
0.37 

o. � 
o.ro 
o.:sa 
0.48 
o. GS 

o. m 

o. ao 

0. 16 

o.ao 

o.s 
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1 A l1Jd1 21 
W.'H?l:f.M �Tllk§ IN IX?�� !f].;t'RIC AQJ:p Jilg W:lJ&§ 

Time of ITen.t� l5 minutes. 

Silt Rtl.tio �·t fllni>Er 
aepnra tea tr1om 1 a 3 4 5 

lile'fo 
0� � me% me% 

Tau,po 1:12& 0.53 o.lB 0. 19 
Sl\Ud ltlOO o. s1 0.28 o. �a 0.21 

la l.CJO o.M 0. 29 o. a3 0. 22 

Middl.ohurst lt J.ai  2.4:0 1. 71  1.01 0.65 o. 53 aUt loam 1s100 4-.90 1.57 1.M 1.31 
1:100 4.70 1. 90 1. 70 1.55 1.51 

Tomrnaru 1a 12'& 0. 25 o. m 0. 27 o. 21 o. ae 
f'im snnay loan lt 100 o.3G o.:sa o. oo 0. 54 0.35 

1alGO 0.39 o. :s7 0.45 o.4.;t) 

Ol!lakore 1tl2� o.as 0. 50 0.41 o. � 0.35 
ol :;q  loam 1: 100 1.43 1.20 l.Ol 0.87 o.ag 

l t160 1. 78 1.23 1.15 1.12 

Idebum 1: 1� 2.00 2.20 1.69 1. 05 0.93 
t'tm eant\}r loan 1:50 �.12 2. 55 2.00 1.66 1.55 

l t100 !3.65 2. 40 1.00 1.00 
1: 160 5.55 2.02 1.70 1.67 

Timt:>.ru l t lOO o. 5 7 o.46 0.47 o • .ro 
aUt loan 

Haloalf)e 1:100 0.82 0.52 0.47 0.44 silt loatll 

Mnttunrm 1: 100 0.43 0.23 o. ro n. 26 silt loam 
w�l'ara lt lOO 1.na 1.00 0.89 o.M silt loam 
Himatangi ls lOO 1 .. 84 0.94 o.oo 0.89 
ooar!ll MJlLl 

"Step" "Oonsta.n t 
K. rnte" K. 
me% o':: o. � 
0.4 o. � 
0.4 0. 23 

a.e o. � 
3.7 1. 5� 
a. a 1. 52 

o.o 0. 27 
o. o o.M 
o. o o.4..s 

0.7 0.34 
0. 7 o.oo 
0.7 1.13 

4.3 1.ae 
4.. 7 1.66 
4. 7  1.08 

o.l o.4G 

o. s o.45 

o. a o. oo 

1.0 o.oo 

1. o o.oo 

The " atep" potMaium for th.3 i'rur aUts otiher insn the ldahu.zn waa v1rtnall\V' 
:lnc!qxmden t of the ail t to ao14 m:tio. 

With tbo aoep"tim of the oll!G" il!lolntecl tran tbe 'l!&po eana, 
11'hioh 'l'aa e�ted at a o1tW to m14 ratio of ls� cm�, oll the clq• 
utzrN3tea 11bct:mted ls%'g8 mrunt• � p�si.tlll ( 'lftble Zl) 1 tar .mozoe 1han 
4i4 tm ool'ftSpGnd1ng aU\a. '!he d11'tennse wu most m11icem1e in 'the 

" •tep" potuailD and. to a leaeer extent in 1he "o0Ji8�-a-" potuailil. 
At the ra.tt oe la laf aril ls lOO, no colllltan-t rate fJt eattl"Bcticn 111811 �t, 
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I A n L .a  aa 
Nri�S§IUM SOLl.p:ll.E IN ligroML lil£RIQ IC.l}J, ;mg4 01.&§ 

T� of Heating l5 minutes. 

Ol£W Ratio Ext:raot Numl.lGZ' 
l!leptU'a tad h-an 1 a s 4 5 

�� m� �� 
0� me% 

Taupo sand lt l:T� 0.74 0. 54 0.43 

M:lddlehurst 1s � 4. 4.� 4. 09 2. 00 1.18 0.73 
silt loam 1: 100 s.s 2.52 1.54 1. 20 0.92 

ls 200 U.7 2.98 1.99 1.'78 1.74 

To!� 1 : 1� o.ae 0.78 0.44 o.41 o.M 
fine san:1y loan 1 s 100 1.83 1.34- 1. 35 1.15 1. 00 

ls OOO 4. 00 2.52 2. a3 2. u 2.15 

Qnakere 1 : �  o.70 o. 54 0.45 o.a5 o. M 
ole,v loam 1 s �  0.67 o. ae o.3G 0.47 0.44 

1:100 2.70 l.G5 1.48 1. 30 1. 17 
lt 200 5. as 3. � 3.01 2. 72 2.67 

ldabt.tm ls 1 �  5.71 3.00 2.33 a. oo 1.18 
tin� sandy 10Mt" lslOO a.e 5. g) 3. 74- 2.90 a.aa 

1: 100 11.8 5. 05 3. 70 2. 75 2. 70 
1s ?.OO 13. 5  4.72 3.58 2.87 2. 91 

Tm:l1'tl l z  200 G.32 3.8() 3.50 3. M 3. 20 
s:Ut loan 

ltnl('.orrb8 1: 200 6.58 s.a9 3.38 2.92 2.88 
all t lotn 

litttMISU 1s 200 3.G5 2.22 1. 52 1.46 1.4-9 
AUt 1ofl!l 

Wd,'para 1s 200 11.1 5.40 4. 05 3.48 3. 35 tdlt 10fl!l 

Himatangl 1: 200 4.50 2.70 1. 75 l. '!S 
0001"80 lllUl4 

te� Amr.xmitlll o1q 

"Step" "C<naten 
r� __rate_" __L_ m� me'J' 
0.7 0.30 

11. 3 1. 76 

2.4 2. 14 

2. 8 1. 2 
3.5 2.7 

9.5 2.85 
12.4 2. 79 
t:s. l 2.90 

4. 2 3. 20 

4.8 2.90 

2.9 1.49 

10.:5 3.4 

3.7 1.75 

the fourth extrnot contain� oooeiderab� more po te.seitlll than tl� fif'th 
tar 'the Middlehurat and Toknnaru ol�s and to a lesaer eat1ant• far the 

lc:\ebum olq. The � ol tLW  at 1ile mtio 1slat, gaw el'I'atio re&1ta 

with ooneillerable cliti"ercnoes between cbplioate extractions ( aee Table 22) • 

Alao at the olq to aaid of' 1t 1001 no oonatant rate 1t'M tel.Ul4 in 8 

extzw.ttiCIUI. At h ol.ey to aciA ratio ot la aoo, a O)mttnt n.te ot 

extl'tloticn ooClll'ftd trcm b �11rd extrnotion 'GlZ1 th 1he TolcDmaru1 Matameu and 
Himatanal clqa and tor Ule tourth d ntth extraoti ma1 w1 th a tSlilenoy 

tor a 81811 atop ( 0. oe-o.1o me K � to 1be tittll, fbr the 1114dlemnt1 

cmakleft, ldabuttl, Timeru1 Holoanbe and Waipara al�. The "«>natant n.te" 
------ � 

t 
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'iAl! L I aA 
sttMtt oF m "SfEP" PQ'!A..JSl.tl\ A.tll �� 1lA.TF �w 

Oo�l%'�!�8 :1nAa s Ut Clt.W tWhole So u 

Soil Sri Sanll !Celo. Actnal 

me% me% me% me% me% nwf;b 
lk\U:a l!Jaa'<t 
Taupo Step o.oo o. 1o o.35 0.7 o.u. o. u 
sent 0.1". o.oo o.oo o. Lq o.5( � 0. 09 o. oo 

Midd.lehurat Step 1.9 1. 9 3. 3 N.A. .. :s .a 
silt lom c.r. o.19 0.32 o.r4 0.7 0.43 o.oo 

Tokanazu Step - o.o o.o N.A. - 0.3 
c .n. - O.lA o. ,., 0.4 o. 2a o. m 

Qnab3re Step o. o o. u 0.7 N.A. - o.a 
olay loam c.R. o.m 0. 24. o. M o.s 0.30 o.-4:1 

lci abu.m Step o.1o 1. 0 4. � N. A., - �. o 

i':h1e se� loan. o.n. o. l5 o. oo 0.93 1.2 0.40 o. so 

1s l� 1: 100 1 : 100 1t 200 la lOO 1& 200 

Taupo Step o. oo o.1o 0. 35 0.7� 0.14 0.18 
�1110. (!•R• o. :-B 0. 10 o. �� 0.3 � 0. 12 0. 15 

MidtUdlurl!lt Step 1.9 2.� 3.'1 11.3 4. 06  3.'7 
�ilt loAm o.R. 0.19 0.95 1 • .52 1.75 1. 02 0.93 

Tokmllru Step - o.o5 o. o 2.3 o.t. 0.4 
fine sant\y loa c.n. - 0.19 o.sn 2.15 o.oo o.57 

Qoakere Step o.o 0.:50 0. 7 5.3 1.4 1.4 
el�r loam o.n. o. �  0.38 o.ao 2. 70 1.15 0.90 

Idaburn Step o.1o o.aa 4. 7 13. 1 2. 19 2. 0 

fine sandi,v lom C.R. o. ln o.na 1.G5 2.90 o.� 0.93 

Timor\l Step - 0. 17 o.1 :s.a o.ao 0. 7 
!!lilt .... c.R. - o. ?S 0.46 3. 28. o.ae o.aa 

Haloati>e Step - 0.4 0. 4: � ... 9 1. 11 1.! f)_. 
silt loam c.R. - 0. 29 0.45 2.90 0. 7S 0. '17 

Mntmau Step - o.o 0.15 2.5 o.4a o. a 
.Ut lom. c.:a. - 0. 15 o. 26 1. 54- o. M 0.41 

\faipara Step - 0. 2 1.0 10.4 1.98 a.1e 
aUt loa c.R. - o.oo 0,06 3.40 1.10 1.07 
Rim11tang1 Step o. a�b� o.ts 1.0 s., o.s7 0.4 

o.a. 0,4 . b o.GO 0.89 1.715 o. fio 0.69 

( a) .Appro:ldme.ti<n onl3 nB mte ot extlrl:lcticn not oonstant. 
(b) Ratio lt lOO 

(c) Dt\t1o la 1� 

0. 19 
0. 22 

3. 7  
1. $5 

0.3 
o.a1 

1.2 
1.1a 

2.0 
1. 00 

o.a 
0.92 

1. 1 
0.04 

o.s 
o.-14 

a.o 
1.07 

o.:s 
0.92 
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potaasil.Jll was large fer nll ol �"J'S , 1.4-.'5. 5 mo K f'!te The I! step" potassium, 
wT1:toh 1leOa1\S0 orms l;anc:;· -rme !\'lnoh.ed rA1.1.y 1n the fu� a...TJd f':tf'th extraota, 
:nutrb bf: Hn �� roxt.,u::-. t1.r\T1 , 1.� in a.U oa.ne:J vcrt.J r.:uch lP.rgcr than for the 

nH t. nco r.t11SO fra.1 tJm data EW'tdlable, it :la no·t pol'ls:l.ble to deatde 'the 
"Ot:$:MJtant ratett pot..--tnfd.n.m at Mt:\.oa les� th.."'.n 1: XO for the H.:!.ddlehtll"st, 
.i:ol:n·,1l'IJ"tt aml ()nakc.:t'.� cL);',"S7 � o�a:r.in..'"!'1 on.mot b{': r;x'l.."!e 1H'!twr:lon tl e " �1:ep" 
pot;-,��·dum o.t ·tile d:li'f'c:r-cnt ratio s. 

In Tah1<:> :?.:1, tJlc " atop'' po �.I"Jtd.urn und " ooz�·!K-u1t rate" 

potnsnillln for t21e 1,'t1olo ooll and t'or 1i1e i'ottr texb.u.'\� sepa...'"'Utes ani the 
•! f\t;el1,. potassium ntl!.1 the n er-'nG �·.:1t ;:•ate" potna3.i.i'll1 for �lo \�lole ro.U, 
o.::U.ou.latcd :f'ran the �:i.gh�d Vfllttce of tJ1e "step" potass:\tn and 'the 11onnstant 
l't>J><:1" potassium of the te::tture Mparil.tc,:l f'01• t:·Je two solid �o acid ratios � 
1 : 1� nn1 1: 100 n."!'' !'JT'Cacntoc.1..; The wei.,�t,...->(1. oontribtlticm.a ot the d.�_erent 
te?:t.·.tt� separates to the -4;o+AL po·Ssf\Iun *'xtr-?,ctoc nrc �·Jet". iD. Ttlb le M. 

T �llil ai 
m�miTJu:>.£cNnmr��s oF PP$ :�m §:?l'!R@as To u!E "=e 
�tk�l!H N'P TO »m "Q�Al� .Jm..., ,P'Y&l$S1,fJ.i _QI� Jf:[� SOl�� 

SoU Cotl%'00 Fino Silt O:!.ay !:':.vrtl of :reroentaee 
�t-n.i s$:1d. rrnotion.s f'rm clay 

RaUo 1: l..o"b- 1 : 100 ls lOO 1•200 

m;<; m� mef�; ne% me% oo% 
Tauvo Step o. r..X> o. oo 0.04 o.<M{ o� o.u '§4/l 
Btl.'!.d c.R. o.oa o. oo o. o.� o.ol(o 0. 12 0 

Mid�Uehurst s� 0.30 0.63 0.92 2. 2  4-. 06 5() _/  
!:111 t loam c.n. o. m 0.32 0. 52 n.35 1.02 35 

Tokanaru Stop - o.oa o. oo 0.4 0.4 gtS · 
tine � o.R: - o.� o. oo 0.42 0. 59 71 
loa� 
Onakere Step o. oo o.o7 o. 2.5 1. 00 1.38 77 
cl�� loru� c.R. o.ol o.oo 0. 27 0. 79 1. 15 £9 

Idaburn Step o. ol o. 5."i o.oo 0.97 2. 19 44 

f'-lr c s;x:d.y o.n. o. oP. 0.3<: 0. 24 o. 22 0.84- �6 
loESD 
T:\maru 8� - o. w o. oo 0. 70 o.ao 87 / 

s:ll'li lo lll!l C.R. - 0.12 o. u o.6o o.ee 70 

Haloome Step - o.1a o. 1o o.as 1. 11 77 
ei.lt loau c.R. - o.l2 o. u  0. 52 0.75 69 

Mat.rnau Step - o.o o.ot.. o.30 o.4a 90 
ailt loa c.R. - 0. 05 o. oa 0.23 o.M 66 

Waipa:ra Step o.oo o. 2a 1.68 1.93 eo ' -
silt 1� o .R. - 0. 38 o. lB o. M 1.10 49 

Wmate.ngi Step o.ll�b� o-. ao o. oa o.Oft o.s7 (u'1 
00..-u".OO !��and O • .R. o.lB b o.oo o. oo 0.04- o.so 8 

. (b) Ratio 11100 

(o) Ratio 1s1� 
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Althoup)1 on a unit weif')lt bMia, the clay A-ectir.n ehowed a 
zm.teh �e.tcr nmoti-ai ty 11-um. the otrer A-actims, on a weid1ted. bads, the 
ocntributiCI'lG or �'le cltw trootioos 'tb tl e total "step" po·tasaim and to the 
''oonatont rate" no'tMs:tm ft'!.U into 5 gratps se fbllowe. 

"Step" K LS!'.\S than 1/4 

Leo.s fflttn 1/.1.0 1/4: - 1/3 

MldtU.eb:urst silt 
loa!l 

ld.aburn tine sanc\1 
lom 

More than 5/4 

1/2 - 3/4 

Qna'kere cl� loam 

Timaru ail t 1 Otl'!l 
llaloame silt lottn 

J.tatrmm silt loam 

Wtrl.;para. silt lcwn 
i'Bildl('hlrnt ail t lcMi 

( Werratecl) 

The gl'Ot\P where tl1e oll\Y zmkoo a oogl.it:;ibla oontribut:lon to 
i�2o r:otnsBlur1 cxtr�oted, oonta..i.n.-t � oo.'l:r."'-1C t.ex�nrod. sails with very low c1.s.v 
pe:romta.r;en, 't!i.z 2.� a..."'il 2.4�:�. 

The secc.1.d �11r: cMtaJlJ.s 2 sr.;:Us , the Ic .a.'bum fine anc"1dy loam, 

of " 1ioh 61?� is i"me sand oor.t�\i: 1i;10 0\p;::'•l'CCiDJ.llC amomts of mica, and the 
Mi&U.eh.urst A:Ut �� the oouroo ani f"lne sti!Xls (",£' vhioh, �le';:11 prepsred by 
the stanl NX.i nitlJ?(,..'l.'"Bio>1 ne.-l�'hoas contA.in u.')Jl!."fJJ:U\hl.e l'IJ.Jml)C!'G of �.c£.r�r,a.tes 
of C' ... 'tay ru.i.d rrl.ne:rnl gr"'-iTJA,. 

The th h"'d g;rottp contains tl1o bulk of the. !R!!ples ent'llysecl, 
ind.ioat'.lng �hnt in moat J.mm SO ll<11 tl� olny frncticn is the moat iln?ortant 

ea.U"'CCe at aoid soluhle powniurn. 

The a.l lm"C eo:upa:denn.s are bnS(';d an e7-f'.raot:'Lons a.t r!l.t ioe ot 
1: lOO fer U'le twe ean.t'la nnd m 1 ta nnr.l lz 000 for 1l'le c1 a;vs. Beo3llae '!h o 
" step" potn.qeiuu is virtr.ta'l.ly i..'"ldepe:nda1 t of tfw mtio at lc lOO c..."ld J. t 2001 
there will be 1i ttle bias in ravr:r.xr of the ola;'{a. The contribution of the 
olaya to the "oonshant ra.te" pottl.111sium fi�rres will b$ o-w1"1:t!\phaa1sed to 
sane extent. 

During the extraotim o.t t.he ooarae ard t1ne eonds from the 
Micldlehuret edlt lollll, i t  WM apparent th..'\tlnrg.e &mOimta of aUt anc1 Glq 

l!lir.e pnrtioles 'fllere :to�d in the first rud seoonil cli9'stims. Milim•� ----
el!Mimation of 1he ooarae and .fine e:ands l!f1� -�at, as �Jta:� earliar, -the 
ooaree 8IIUl4 ,.. laxnely �ates of rWlgle ara1n or.tstals jo:tnect by a 

linD1ite-llke matrix ana tint the tine ad partioles •re ct:)Vei:e& With a 

clq like oonting a.nB that ti1cre were tme 8MC1 ai:.e �,a.tea a1rnllar 
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to those seen in the OOM'se sand. 

I t  m.s apparent Umt more etf:lo ient cleterraticn a.JXt dispersicn 
wr.uld haw ei wn a mechanical anelysis lower m annd md rloher in olfW and 
ailt. A 10 em. mnp1e of M.k1dlclu:&rat silt loam wes d:lsperaed, atter 
deetruo'tian of organio matter, by agitating for 10 mmutee in a mUlashakB 

machine with oall):m and sodium oorbona.t.e added. The clay liiUI separated by deoan�ion and the Mill. e arld nil t aefcrra.tea. l)y Matelaki.'!� neUlod ( see 
Paee 30 ) and the rorultinl?, dd'en-ated conrse D1ld f'ine snnas, ailt and ol o!\V  

aapara.ted by sedimentn t-ian. The cl �?  was added to U1at l!lepat"ated 

orip_,ino.Uy. Table 20 s!mm the aha.TJge in meohnn.�..o.al. tXla.lysie brru__t1lt about 
by defcr:m.tion. 

T A D L B  29 
Mljp!WiiOAL NW.tY§l§...Q.F_'l'Ilj MIWJ.§J!lRSA §IIM LOAM· 

DrgaRE liliD � DXFJRRATIQf! 

Fine SUt 01� 

Not deferrated. 15. 9 

Defe!'n.l. te4. 24. 0 

Notes Peroent�es l)nood o:n oven dry soll oontaininB 7. 7'/� O. M. 

The texture separates frarl the above d :i.spemicn \\'ere extracted 
with 1! HN03 at ratio n  of 1% 12� for 1J1e oooree son!; ls lOO for the :f'im ew..d 
and silt and 1: 200 far the c 1tw ( Tm le 27) .  

T A B L E  27 

<:tle dii"fera;oe between the deterra:tC!lc'l and unc1eter.rated traatiena 

was noticeable during ibe oxtmotima. The oons14oreble flm(1Ults at finer 
traotima which wox<e farmed during the eldiftoticn ot unaeterrated ocnne and 
tine eanda• were nrtually oba ent &rring 1he above est:raoticma. WhUe the 

"cCilatant rate" potusitlll "WnB the aruno within exper.lmentel el"l"Dr tar tile 



deterrate4 am undete:tra:ted texture MlplU"B.tes, itl.e " lltep" potassim of' 

the ea.r.d t'rncticns wns roSuoed gren.t�y, that of the coarse sand t'rcm 
1.9 m K ,, to o. as me K % nnd �t of tm fl.ne sand trom 2.1 100 K % to j 
1.15 me K f,. On the batrl.s of potassium extracted 1'rom de!'errated 

separates, the proport:l.o..'l o£ fue " atepn potassium and of the "constant rate" 

potona :h.D of the Tlh::>1e soU which came from ttw all\Y, rono from 51.3% to_ OQ% 
- - - -� 

of the l! steD" pote.sa1um a..rn b."CD 5� to_ 40% ___ of tl1e "constant mte" potaae:h.w_ 

The efi'eot of deterration 0..11 tho i'lno sand 1'rootia.1.e of a 
:furthor Bix f!!Oils is ehown in Td>le m. 

TliE J.ml'lm OF �KFJ.mRA:rlON OF E!lTE SANOO ON: Tt!§ b)<JliiS.'3I;uM 
SCILliBLE 1n N<H4AL Nl'l'RIC @ll> 

Ratio of fi.YJ.e S811d to ao14 1 s lOO. 

Fme aen1 Yield ot 
separated Extrnot numb� detern.tecl 
tram 1 2 5 4 :fine sanl. 

me% ms% me% me% 
Toltmwuu Dof'. o. u o. ao o.lB o.le 95'f(, 
i'�ne sand;y lo!D t·Tot <Wt. 0.25 0.19 0. 18 0.18 

� Def. o.sa 0.43 0.41 o.59 94% 
c�- loom not de£. o.so o.45 0.39 0. 36 

Id8bum Dei'. 1. 5."\ o.a::l o.a1 0.60 00% 
fine enn(\y loan Not w. 1.42 o. oo 0. 65 o.a2 

llnlooot>e net. o.aa 0.44 0.33 o.3a 91% 
aUt 1otlll Not det. o.ao 0.41 0. 31 0.27 

Wdpnra Dcf'. l.U. 0.91 o.oo o.oo 00% 
aUt loam not det. 1. 12 0.95 0.82 o.ao 

liima.tnngi Dei'. l.ot. o.a2 o.oo o.G3 97% conrse arold. not de!'. 1. 00 o. 59 o.Gl 0. 59 

The yielcl ot deterrated f'L"le eatd U1 all oru3ca wt\8 of the 
order of 9� Cll'ld the dif'f'ere.2"l.oes bt'OU['J1t abtut by &terraticn '�'�ere within 

e:x;perimmtal en-or. Because the abotTG fine smaa were largel,y single 
gra1nad orysWe d th little oont!ng, clit'i'el"ClX�c s of tl"l\!l order frond tar the 
Mi&Uehurst aUt loom texture scparatee� we� not eJQ;>eote4. 

fQW§I'QM SQLUBLK IN N(J9(AL Ig1'Rl0, I!QID mqM S)Jl, 141NJWLS 
Al�). the potaeaium elttraotea by ,n � hAa been part:i tit.lte4 

betfte.n Ule textUl"e aeparatea, the oontributicn of the Tarirua aoil mlnerala 
to h otaasium ext:raatim w.luea 1a also requnoed 1t the l!lall'Oe of -tn• ao:14 
soluble potassium is to be detel'!Idne4. 

.A.Oao�� BW!pl�l!l ot the ol q  mmerala, UUte, tcaolinite and 

mon'bDorUl.Dnite, and the potMs� mSnemla, "fel't!WnUte, biotS.iet 

maocwite and arthooluo, wow grmm4 to sbea Otl'llpaftble with thCII!Je f'oun4 m 
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" 1"1ne earth" ( ( 2um.) and separa.tecl into ar pmz>ri:xte texture aeparatea. 

Al 'thoul!)l M �tnnt eoil i'rJrmi."lC ndnet"al !n rnazw ctVeraeas 

soils ( aee Philliw.e ana White, 1952) , m1oroo11ne 1ru1 not e::z:troote4 beoruae 
it 1s n.ot an �ort.Mt co�anent of" Hew Zealand :moks, ooO!ll"rl..ne only :!11 
granites and in small Mn.U1tn in acne grey'\"'t!!Dl-:ea (Reed, T}ersonal OOITitiJA"114a.tim). 

In the mioroecopic �.atS.on of" 1he tine oa.'ld separate(! trom the ooila 
used far crowins, no evi&moe f\f miorool :tne wns t'Cl.'P..d. 

ln all oases , prior to extro.oticn with !! HN03, eny excl�nble 
potassium prcac!1t was rom:r<red by extrnotion with l!/J.O mro3• '!he l"esulta ot 
ext.rv.atJng the tt>ow. minet'l:l.ls er'e gi ��n in Tab le :?9. 

l.'he ola.v mincrale, 1N.>li..rdte a;p..d ncn-b!Drillonite, prepored hall 
neolo(t,:!oal �dmens ana t!lcrci'tll'e not neoes&."'l'� i&nt iotll. \'11th oo:U-ol.a.y 

m.i.nere�"' of" tJ.w same names, at the ol.a_y to acid ratio of ls lOO , shO'\!Tad very 
sml1 " atetJ" potassium anc1 " oonetont mte" potassium 'Values, 0.1 me � and 
o. n me � for b.olinit• and o.lo me 1\� �1d 0.14 me K %  i"or montmorUlonite. 

If" t� a8t'!ll.UDption thnt thet�e geolog1oal �o-lmento at the ol� rn11'Je1'als are 

ea:!!Eritially s1milar to 1ilc soU-ol.ay minertlls is ;'uatU'le4, neithe r ol.«r 
n:.l.neral would cxmtrihute much potaasium to U1at extrnoted tran the olecy­
f'ractiona. 

On ·!;!w ot.llcr han11 illite. mul.d A.!!>Cllr to be Oapnble of 
BIJi',plyinB the " stcp!t rx>tass:tum and �'oons hAnt rate., potassium fcrr nll the 

soil claye tested otJ1er th �1 thone f'rcln the J\tiddlehur�t, Id.Mtll"!l and 
VTaipara oo lls. 

The micas, wn'lioulite and. M.otite , roeoted !rl.r.J.larly en 
d:1gcstian ,,�.1h l! ftno3, di ssolvi!'g oor.ple te-ly, le..<tvi.ng a vrry tl'llall residue 
of sU.ioeoue eoalea, in � «<ct:racti cne at 'the mtio of lslOOO. The 

pote.asium e�tccl f'ran each J!linenu would 1hcrcfore appear entirely as 
" step" potassium. 

Muscovite on extrootioo w.i.th l! mro3 yielded potassSma at a 

oonstnnt rate a1'ter two � ticns. The mtamt ot "step" potaal!lium waa 
dependent on the particle sise1 vt-.rsi."lB f'rorn 1.9 me � tor the coarse aanl 
to 7., me � for 1'-w :f'ine snnll and to 15.9 me R% for the l!dlt. The 
"constant rate" potassium also vnried :lnwmcly w11h � pi.U'ticle aiu, 
increasing fl"om 0.45 me K %  f� ooa.ree I'IB1ll1 at a la i?.5 ratio to a. 2 me K % 
i"or fue fu..e annd at ratios ot 1: 250 to ltlOO and. to 4. 0 me K � at a. ratio 
ot ltlOOO for 'the aUt. In a:mtrut to b:1otite l'flich dilll!iOlved leaving a 

�sicl.tc of a i"ew ext:rauely fine Bilioeous eot'llea, meoovite retainea ita 

pltd:e-like structure• al. tlntl#l oonsiderable extolia.ticn ap�ated. to haw 

�ual plaoe. 

Illite reaenbled. I'IIU.fJOOvite rather thon biotite :Sn ita reooticna 

town-b .U 11N03• Whereas biotite c'11a .,l'W4 nearl;r oompletely in a 

extJMtima, on:J.y 25% ot the Ulite disoolve4 1n 5 �time at a fttio ot 

ls 2<X> an4 38% at a ratio of" 1:1000. The ext:raoticna were of a tom ld.mUar 
to thtae at mueoovite. 



Size Ratio 

Illlto (2r 1s 200 
la lOOO 

Kaolin ito S1l. t, cll\V 1: lOO 

llCiltmorillcnite Clt\Y ool ls lOO 

Vom:lallit.e Coarea ADD1 1: 100 
1: 1000 

Biotita l.l':1nc sar.d 1: 1000 
Silt 1 : 1000 

NUIIOO'Vite ooru.�oo san1 1: 125 
Pine sanl 1: 250 
Pine aand 1: aoo 
Pine sancl 1: 1000 

' S1l.t 1: 1000 

Ol-ttloolaae Fine sand 1: 25 
Pine mnd 1: lOO 
snt 1: lOO 

T A J3 L E 29 

------------�--�-------

RliDh. K a.ttoz Rxtraot mL'll>Er 
gr:L'ld:irlg 1 2 3 4 

� mo"� -� roo% � 
::s.o 1.'5 .8 7. 2  5.G 5.3 
4.5 18. 3 a.1  s. l 7.9 

o. w o. ?.l 0.10 o.11 0.10 

1.3?. 0. 34 o.u 0.14 0.16 

3. 1 45.6 9. 2 1.15 0.51 
10.7 55.8 4.2 o. o o. o 

15. 7 lOO 9. 5 o. oo o.o 
39. 2 155 3 . 2  o. o o.o 

0.4 2.0 o.a 0. 45 0.45 
1.7 a. a 4.9 3.3 3.0 
1.9 9. 2 5.7 3.4 3.3 
2.2 9. 2 5.2 3. 5 3.0 
G.8 17.1 o.a 3.'1 4.0 

0.17 o.M- o.39 0.39 0. 39 
o. ao o.oo o.69 0.67 0.64-
0.43 3.7 3.0 2.6 :s.o 

- ------- ·--

-
nstep" 

''Cmatallt 
5 K. . rate11 K. 

� me;& � 
5.4 10.4 5.-ft 
a. o 10. 3 a. o 

o.1 o.1o 

o.1 o.u 

o.1o 57 0 
00 0 

170 0 � 
l!ie 0 

0. 50 1.9 0.46 
3.2 7.3 3.2 
3.3 8. 1 3. 3 
3.5 7.4 3.5 
4. 1 15.9 4.0 

o.o o.:n� 
0.68 o.o o.&r 
3. 1 0. 7 :s.o 
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Ol't.hocl.ese ,  c£ fine sand s1se, gave virtual.ly mnstant 
extrnotim f'i�s tor al.l extraotiCfls at each ra:!i:1o, i. e. the " e rhep" 

J:-'OWsim we.."' zero. The " m nstant rate" potassium inorenaed trcm 
0.39 rne K %  at the 1: 2l5 ratio to o.oo mt� K %  at 1i1e l J lOO mtio. The 
nUt size rarAU"ate sl1cmed a !lllall eiOOUnt of n stet>" pota.Mhl!l, o. 7 me K �. 
wit h a constant rato of 3. 0 ne K f,. 

Sumr:lnrlzed, the ormtributicns d the r.dncrale tested aro 

Illite 
Kaolinite 

. MG111mor1lloni te 
V emico.1li te 

Dio�te 

Muaoovite 

11Step" K 
Hoo:1um. 
'\T etr.y 1.0"1. 
Very low. 
Very hil:1lt all K ihiA 

fom. 

'l e:::y hig.�, all K �1� 
tom. 

Medilm, depende..'1t en 
particle size. 

Nil foX' fil1e Slll'.4, 
low for silt. 

"C onstnnt rate" K 
llir,h, dcpmd£".nt on ratio 
Very 1�. 
V c:r.v low • 

nu. 

nu. 

High• dependmt on particle 
aize ewi at ratio. 
Medium, der�:OOent ro. ;_1tt-.,..-l;iole 
8ize and on ra tio., 

These ::tbcro�s whe .. 1 ;:rresont in oone, <ll1'Xlld cont!:.i.T.)uto to tJ:;.e 
pot.essll.un extr:r:lo·t::cd in a ma..'ltl_. oWrl.L'U' to tha. t �1C71:1ln in T.rille 00. 

The f'ine s.."\l'ld �otion, boi.ng nine].e flk'td.twd snd of a siH 
Btdtoble f'or nicroeo�y, pMvidcs an opr>Ol"tunity for obeold.J'le the ar1ount ot 

pot.'\Ssium ext:rootcd fl'l:)rn the ooil rdncn:l�s. 

D;y· :b'l�tion under 1i1e :·.U.ornseope• the :f'lne Mn:'! i'ra.ot1CI'l81 " ·  
al. tl-x:>nf�l se<!ln to contain n wide :mnee o:r rlinerala, were found. tr-; b e  mainly 
qu.artz, :f'elspsrs M.ci, in those sands fra:n. North I elmd eoila, �l.cMio '!1� 

With the e<1t1iplmnt avall8ble, it WM oot poeslllle 1n ditterentiate positively 

l)etween q.tarl2i and the plaeioolMes wi t!1 sim:Unr rof'ractive hld;ioes and 
rsp eci f'1o gt'a"'ii. ties. 

�'!:ee '�niJ1c��e my he septn"atf'd into "illtll• groope by sec\1-
me:nta.tion in hea-vy liqnids o:f' d�inite spooit'io fll'avity. It was :f'otmA 
�ossible to etf'eot oonpleto aeparatims 1n1x) �ooif'io srnvi\v gnmpa as 
tr.:l.ces ot rdr.erals with. epecit1o grn.vi tios out!'ide U>e ra.rtr.e requU'ecl, 

pereiated 1n spite ot oonaiderable replio�tiol.'1 of' thl eep�.rat1ana. Thl!l 

detarmina ticn of tha re�t1Cil8 ot f!.)ecifio m1nerals were 1heref'ore not 
potJa:tble. AlBO, mineraln, !i..ot normally � as potasa1Uil minomla1 

oontnin potas..qium as an impur.t.ey, e. n. plngioolues tr�ently oo:ntdn � or 
so of potuaium ( Olarke , 1924-) and :11" I'IOluble in l! 1mo3 JU3 libera� 

potnaeitl!l in 8lf'f'io:lent quantity to ob11Cl4'e the roa.cticna of t.he mineral 

Ullder o ontd4eratia'l. 
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Bnriclnent of it10 �Jepara.tea with regard � one ar more 

mi.l"lerala a1"i'crds l!leme indiO."l.tion of "tb!ir behaviour t� 1! mro3. 
Table 31 gives the roa11tB of aane unrcp.lioatea. extraotima ot lq)eaifto 

gavicy separates trom "the M!d.1lehuret, Idabu:m and lUmatnngi tine I!IN1I1 
f'raotims. 'l.'heae inclioa.te ti'l!tt on a unit 'lm:J.Bht basis, the treoti m 
s.G. 2. 7-2.9 , l:lberatecl ·th� gre ate st Ml'Jtmt at potwium to .!! IINo3• VlherG 
rrueoovite ( or serlcite) was observed, the "(Y}nBtant rate" potnsnium as mll 
a.<J the " stop" potassium �.s largo. 

� A I!.!t l  3l. 

.ffitA..�IUJl11QltTJnL§ nZft&l�I=�u� .§JI}R sxr� 
lPine eancl Specif'io Ratio Bxtrt\ot m1rnber l�iner&la 
aepnratea srav1v 1 2 3 4 8 .,:.resent 
from 

0� �� me'J' m� me% 
Micldlmurst ) 2. 96  1 : 100 o.2G o. aa 0. 28 Fe are, 01, Au 
s1lt loam �.96-2.70 1 : 100 3. 01 1. 34- 1.30 1.42 .Aa,ce Ol;Pe 

< 2.70 1 : 100 2. 49 1. 02 1. 07 1.13 Or1A41Q,Oe 
Idal:lUl"'l ) 2. 06  l: J.2-l� 0.92 o.ao 0.59 0.50 o. oo B1 H, Cl, B 
fine BM� f?..9G-2.69 ls ln� 3. 09 1.94 1.40 o.o5 0.70 H, n, Cl, E, Q 
loom 2.69-2.04 1: 1 � 0.29 o.oo o.03 o.o2 o.02 Q, lJJ 

( 2.04 1 a 12-:l 0.04- 0. 03 o.03 o. oo o.o2 Ab 
)2.� ls a50 1.9 1.5 1. 3 1. 3 1. 2 As above 

�.96-'?..09 1:000 9.2 4.3 5. 5 5.6 4.7 AfJ above 
( ?..rG 1: 100 O.·l6 o. oo O. iYI o.oo o. oo Q, Ab 

ltimatan{d. ) 2. 70 ls lOO 1.38 o.GB o.G7 o.oa Au,n, Fe,ny 
ooane ( 2 .70 1: 100 0. 03 0. 51 0.53 o.�>o Q ,  p 
san4 

Key to Minero.ls See Tnble :S 2. 

The potass :tr:ma extrnotecl 1"Jx>.m th.s Iclaburn acpa.ra.tea oMte 

virtn.ally a'ltil.-e:l\1 fron t!-r i'raotime er �oo:U'.to �'Vltiee, 2. 7-2.9 a.r:d 
) �.9, which oontaintd 11l?Pl"e01Mle a"'X>lmts d 1lltu!ICOVite and a brov..rn 
ohloritic naterial reaen'hline biotite. The t'raotim, �.G. 2.64 ,  mich 
'\'m9 entirely Albite ald qu.artm, yielded Oll].y t:reoea ot potaai!Jium. or the 

aewn tine t'ltl.rds whim were ext:rootcd a.i'ter deterraticn, only two, vis. the Mi&:1lehurnt and the Ida.blm fine oond traot:iona, oont.."\..i.ned nttah m1on. Do1h 

ot the8e had ht'0=Jr 'llall average " step" poto.esium value8 for the 1'1ne aatl4. 

The abeeme of rnions tron tho majoriey ot the tine aenl 
tractions shotll!t that tor moat !!Oils, otl'lor acuroes f1t pota.aail.ml Gl'e of pr.bne 

�tenoe. A OOT!par1!Jon of the potaasltln GCltt::rnotim data for 1he tine 

8lillda (Tables 20 am 31) and iheir mineral oontcnt (Tables 3 and 31) ahd'd 
that the fine l!llllda; r.lDh in acid tolspars, mainly orthoolaae, vim. thoee 

tram the :rokanaru tine aandi1 loem, �re ol� lom., Timaru ail t loam, 

Rnl()CIIi)e silt loem, llatannu silt lofl'll ar.d Wdpare. s.Ut loftJil; h.a� 1Gw " atep" 
potaasfum ana with the �tion of 1he :tine Ml'l4 tn,m the Wdpar& silt 
1o-. haw 1� "oonatant rnte" pote.Mitl!l, ;}tult ae tom& tor g:munA crtboola.ae. 
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I 6 B L E 32 

&; Ao �'llffi!18:I. @��Ig� 

Al'braviaticn 

.!\lJ 

Ad 

Allo. 

/17). 

n 

ro 

Ce 

Ol 

B 

F' 

Fe 

m. 

n 

Hn.l 

IiM 

H;!r 

Il 

Mo 
Ol 
p 
Q 
s 

., 

1\l.bite 
Andesi.ne 
All()"')� 
flu.r,i te 

Dioti te 

J'lrom ctllo:d. te 

Cel.aiionit.e ( al.  tercd p,lauoonite) 

Clllorlte 

Br.>ido te 

li'clG!Jl\t'C 

Iron ores, haematit-o , gocthitG oto. 
Glast� 

Hoxmlt?r..de 

u�to-hall�ys1 te 

Ily� miona 

l�ersth�.ne 
Illite 

M:uooovi to 

Montnnrillol'"d te 
011\'ine 
Plagiooh\Be ( e.nCJ s1ne .. snorthl t.e) 

Quartz 

Oolloi&l a.Uioo 

Cl CW"-'ftm1culi te 



The mily ®senrmle d1N'ora1oe bet\'reen 1ht minoralogioal oompositicn ot 

the fine I!JtU'd tran the Waipfu'a m.lt loan and trom 'ti1e ot!�r i'clsp ar r1cb 
f:ino sa.ide 'Wru:'l Utat a emal.l mllO'.mt ( ( 8!IC) of a aerlci tio nd..rtet"a..t was 
p�eant m the Wejpa.re. s:l.l t loam rine sand i'raot-1CDe It is possible 'tba.t 
the extra pota....qsium n::ry �re beC\.n cxt:;raoted. £ran this llll&.oaoems minort'�, 
emept that hir�wr " step'' potamium than o. 5 roo K f� �1ld t1�.'.1 be expeotcd. 

FurtllZlr , ooosk1.�role mrunte f1 potassium were cxtra.oted by 
l! fllT0:5 tram h'ootl ros vhioh contained nei thcr telapara nor mioas. FOl" 

ex.."nT_)le , tJ1e t'lne Band f.toaotim ot tJ1e JI:lmat� ooorse sand , s.G. > 2. 70, 

oontai.nine main� p;y!lm'l!mes :;nd mqlldholee bttt no mioa nor telspar, has 
" step" potaasiul'!l of 0. 7 me �� run  El " oonstnnt rate" potassium T.Uuo ot 
o.07 me �J;. Tl� lie.,hter trnctim of -!bie oo :U, oon� no ort..lwol aae 
but �'1ly quart& and aP.dcsinc rr.ith a trftoe of voloN'l1o gL ass, l:Sherates more 
ro·c:1..�eim thon 'tl16 orthoclnnc rich f'ir:c sand� nnd nearJ...v M rm1.oh "ooneta.l'lt 

rate" potassium as ground orthoal.oee. 

The rc s !.lto of the in�at�"ltial into tile llehavio.:�r of it1e v/ 
soU mineral� "'"'hen extrnoted t"1i th j! HHO� tend tn oonfim t..he ronol u!d.ons 
ba.aed on the extr!lotion of pOT,-clered geolor;lo."ll �eo�cns 1h�'!.t 'U1e r:tloaoeous 
rninez'ale mah l..S illite and by :lntm-cnoe, intcnncdiates ruch M ol� 

velT!11oul1 to, are the rn1n 8:"ll'!.l"Ce of noid s aluble potusitun. l"ra!l the 
limited infomw:t"ioo avo.il.cl:>lc DlHnt the ol� rrdr..ernl "ietrlh�tion 1n tJ1e En Ua 
studied, 1 t is not pow:lhle to develo'P ney detinite quAntitative :relaticnship 

betTJeen tl)J ollW rni.'1ct'l.'lla o...l'1d t!1c !;o taesil..::m extracted. 

;!JtE m'pc;J; OF CpcilOHS OH Tit§ .NlC@'.!t. . .9.f: f��t\SSJ:tfA �my..cm? 

Too m101mt of poi'.tlnsium extracted by nitric noid f'rcrn the 
diffm-en t n1 ilB ond texture i'ro.ot:!.. ms l'ltlll been li10m ·oo be dependent on tJ1e 

conditione or extraotlon, with �e [',l'entest amamt of' potassium extroated in 
the f.i.rst extraotim. A mtnhle inoonaintonoy r.ith tl� eenerol patt.cm 
of extraotiona WM found mere netttrnl normal ru:T.onium e.oetnte. ms used to 
:t'e1IIO'VS the e"Dlwlgctlble J?OtMsitJn r1or 1x> t!'X) f'irst extraction ( Table 10) . 

Then the f:lrst extrnota contained ver;- rruoh loa� potnMhml thnn did those 
wM:re dilute nitrio acid \118.9 ascd to remove the emll!:lllge�le potnaa:hlm t� 
the Hidc11M1lrnt , Tommnru ar4 O!m!'l:!re 110 1ls, but epproXinntely the same to r 

t.hA Nem P�ooth, Toupo and Kjripa)"..a !tOilS. 

A admilar rcyroaaim in potasaitw extraote4, wns obaened w:l. th 

the leaoh:lnfl ot m il  namplea with hot ! mro3 attor � emhangenblo patuaiull 

wna ranoved with Ml1'lOI'lium aoetn.te o�nred with c!lUuto ni� ao14. 

Two poasible OQU8GI!I of 'ttle � potaaaim 'ft.luea ar. / 
1. l..<"mer reco� of pote.rud.m ·whore MrlOl'l!um ial.l!l were present in the 

extreoting Uqui4. 

a. .Amrmniun ianll m. mte:rtera vd th the ext:raot1m of potaasilla. 

The �st poaaibUity was du!loked by aMin6 mown unmt ot 
potaae:h.a M ICl to-ther wi1h �nim chloride to h aoid. ext:rut 
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irnm(;(liatcly l)etore oentr:i.:Ctl�:l.nf'... Ccmple te reoovccy or �is· attcled potasAium. 

proved tha.t Ml'""X�nium ioos did 1ot aN'eot the anount c£ potassim eJCtrnotod 

at or after this �taee of the extraotim and t11n.t l'J'tf et:reots rrnmt ha..ve bem 
Oll.fl8Gd hefor�Z" this stnr,e. Tl:-e recovery of potassium adc1cd to tl� dilute 
n.i1;ric acid in 'tiH� d.etonrd..."'lA.tian of cmha.P..r;an'ble pote.ssim was al so  �lete. 

Pot..'lseitll11 ec1aed rrlm" to ex',;rnot:i. ro by Ji mro3 a.f'feotca 
crn�idcrably '!he anamt of potnsoium extrnotod b:T the aoid.. Tdl1e 33 shon 
the res:1l ta o£ extractions oorried ou t  on iTEl':'! l'�yrnon th1 Qnakere a.rXl Tinnr\1 

ooUs in the prescnoo of' rotassium e.dCied l)et'or.e eeoh cxtrnoticn at a roil to 

BFJ!'IDT OP _t\::'JOJ'lltl1 lO.US MiD OF i?!]gAp.._'U:UM l.Qi� oq P.Q_l!A...c;.'i.IUM 
<:'IJL!.ID!tE lit l:roJU!hL Hlm.IC AC.JR 

Soil Rntio K added Ext�t nt.tr!ber 
per extraot 1 � a 4: 

me% me51, .� me,.1l .me% 
rr ew f'l.�'l!l on th NH4.· 1s 12� 0 o.a5 0. 10 0.17 0.17 

ant. 1 1 . 20 1.18 1. 20 1. 1.8 
H l t l2k 0 o. ?.:s 0.21 0.20 0. 19 

sn.t. 1 l.ltl 1.19 1.19 1. 22 
n ls lOO 0 0.31 o.?.s o. 2G o. ?.s 

o.�t. 1 1. �� 1. :?.3 1.21 1. 22 

Qnakere 11!.4 1 t L�  0 o.53 0.43 0.4-7 o. oo 
clay loom S.'lt ;  1 l.iSD 1.sa 1. �..5 1. �.5 

E 1: 1%- 0 1.16 o. sa 0.4-7 0.44 
S'lt. 1 1.92 l.M l. M 1. 22 

H l : lOO 0 2. 12 1.10 o.91 o.sl 
en.t. 1 2..00 1.G3 1.00 1.r� 

T:1maru !'lJI 1:1� 0 0.65 o.45 0.40 0.40 
silt lonm snt� 1 1.52 1. � 1. 22 1. ro 

H 1 ;  l2·b. 0 o. oo 0.43 0.37 o.M 
1 l. 'n 1. ?.5 1. 20 1. � 

H l s lOO 0 1.55 o.oo o.92 0.139 
sat. 1 2.42 l.GG l.Ga 1.65 

aoid rntio of ls l� cJJi n.t 1 :100. 1'1w extr>ot:t onn at th..e r.nti.o l z lOO were 
on H-Mtura. :e>d �eable pota.s.ogitmt rre oa mUs a.td at 1: 1� on annoni1:m 
t:Jaturnted and on 11-se:lln-ated oxolwlP,'erible potnnaim tree4 soUs. 

The three ll)ils reacted dift'eren� in that the potaasitlll 

extraotod f'rcrrl the New Pl;ymoutl1 sn.nc\y lom l1lll virtnal ly unatfeoted by the 
presence of Ml!llOtliun or potaes:Wm. 1ma• but for both 'the Omakere ol.q loa 

ond 1he Timanl ailt loom, the pote.s�ium extftoted 1n the r,reaenoe at aaa..t J. 
pot!\l'lsium. 1ms oonsidernbly looo fuan -tbe rum. or the added potuftiura and ibe 

potannium extroote4 l)y 1! JIROS olCile. The depreeaion in potusitml �e4 

in tlle firat extract from e.n'I!OOilill!l saruratod tw31ls 001!¥?arecl with lt•aatlra.ted 
aoUs, was t\l.M to.md Wl'Dl potMsiun wns added 1X> 'the ex:t.:l'Mting eolutima. 



FUrllier sT�p1os of Orool�cre c.'L.'tY lorun r�ere etrlractcd nt n roil 
to n.cid ratio of 1 : 100 M th th11 oildit:ion to one extraction CI"�..l,y per serieB 
of' :nmm t"m�mte of po1:nasium am ((:l.."lO!"LitJ'!I ia:l.B aincly and toccthar. As 
0:1n be e00.n f'rc1n ToJ)le :'14 , nddi t1 oon of potnss:hn or of ammov.itl'!l depr eneed 
the :-mm.nt of rotnea:1um extrnotcd and '1"1!1en added together the effects were 

iano in dept• eooinr, ·the � r..unt of potUSf'.it21a cxt.rru,ted. Tmre a.wearod to ba 
M ef'f'eot on sti)ec,1ucnt axtrnot:l cns, e�ep·t rlt :1 the extn.ction tbllorrl!1g 
thn.t l"l(�lt.:dn:i..••r. ac1 adllition of ti !'1e r< pl.�n 5 ne nn.y"1, v:hich '!'l'\E! 0. 19 �m% 
nho;1C the avm-a::;c f'or this cxtrno tim. 

Il!,fOI, QF rA.DU.ID T.'CT-";}�ill. ;_r.� fJR f1?1)!TJUM I CQ£- Cl! f�Q'.rAsr''l!l.!! 
�.J!m4S nr II.ID11AJ,...£!l)."'RlC, t&JR 

Soil Omakcre cl o:;; loam 

SoU to ooid ratio 1:100 

EX'I:::nJ.ct nuniH!r 
1 

Ion added Ion e.dded 
m.e'% 

3. 12 0 
A. 35 0 
1. 70 0 
n. 55 0 

s.aa 0 

1.17 0 
2.10 !l r-1� nn� 

2 
Io."l adi\ � 

�-,� 1. 10 0 
1. 10 0 
1 . 10 0 
1. 20 0 

1. 12 0 

1. 00 0 
o.55 0 

5 

me;;� 
0.91 
1 1.00 
o. ns 
o.m 

o.oo 

o.oo 
o. w'l 

A s:i.mU.-..r ef'rcct if r:rr.<luo oo vi en 1i1o C'!XShanGeti) le JX)taesim 
is not rer:�ed. prior to tb:: i':l.r�:; ·� extrnoti :m, vi!:. a lcmer i'irst extr'lot:i.cn 
mth no effect on l.tl ter oxtrn.o�;�", wo;_ud re ru1t 1n a lorrer eati.rn. to of' tj.1e 

�' stop'' rot.'!l.."'sirrn. 

&'ll .mlt� s o:f the new fl,"}HIJ.ltll sant\}r loam, Nid tllclll..II'st crllt loom, 

�re oJ..n:r loam � d T:l.ma:ru silt lor.m ·;Xlre Elxtraoted at a ooil to ao:id rot io 
of' 1 : 1� l'Tittnut prior roli10'1!nl of e�l'k'm,f�eublc potansil.JT�t Tl� d:i£furcr�es 
betwea·.1 'lt�e potnssill'll. cxl.r:lc·t;cd l)y th:i.fl �.. e t.hod. :.r.d by prior cxtl"tl.Ctic:n of 
o:Kcl�eable potAssium ;rlt l  dilute nitric Mid are shown in Td>le M. 
Ael'l:VIling tha. ·t; s.tbsctlltent extTaoticns �ul(l P...ot lH� off'eoted by the non-removsl 
of emhtVlgeeblc potanoium, a. mnrred :reduc ticn in !! step" potMs1trn t"t>uld 
rc!!nlt f'ro!!l not �ovi'l1.g the em!:angoahle ot.a.astum i'or 3 of' the 4 oo :Ua 

�lW. 
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I.APL I 35 
ml"roT OF tq:r�u�.}OI!AI, OF rur.aiL!\F�.�iV'J!Je ICT11..1�lJ.{ Jii 

So:U t.o acid �tio 

� 1:4 • .. 
• ...... b � ., g-3  � �  

i �  

• 

� Q 8 8 
� .-1 0  .: i � }::1 ] � ..., ,..... 

J Q �  ,_, 
• 0 G) (\) 

� 
i �� � t � 

to. 
0 � � '8  � 
m r,o (� A 

�!.-' / ' r10;� "!"t!.-f, Me% me% 
i;cw i. ·l;y-mo·rth 1. 00 o. �.i} l. :'J3 1. 55 -0. 02 
w.m<tr loll!l 
:: �idcUohurst o.na 2.99 3. G2 s. ro 0. 36 
silt lo� 
cmn.bJre. o.(-;7 l.IG l. n:ll l. !i �  o. :n 
oUI,.v loam 
T:l.maru 0.52 n. ro 1. !5() l. 1..1.' o. �l 
rolt lon.m 

'l'he erfeot of "!1:c O.".ti cns, s;di• m, C:'l.l.Cium ro:d �'Jt:i r.i.I,'Jl\1 en 
the notan�:t:tn e.:r.t�ctetl 'h�· Tlitric nc1 d rr�1n nh rm" l':t oxtrc.c. t.:i. (n ,.,_t " roU to 
r>oid :t.:ntir) of l: lOO rl th the :i1ovc; ions adc:'eo. cl; 00!'0entr.'.tions nf' GO nef"­
�'l'.hlc !"\{) p�sc·. ·t:r.. the l":"! r'i<J..l �;s of e�ot..l ,-,�.e. r§. �;he HEm �·J..yno'.'d"�. nnrely lom�, 
Oma1�er•a oley lour1 :o"l.c""li:l T:i.tlr!.l"J. silt loam. T! ;c, in.t""'J J•nroe (.'\r t!mf.!.l" catic:t1S 
0..1-1 itw oxtr,:., �ion of' ·the !:'a oo-u:� -�!l o:: e: 1 ·;lJ be Wll"':J lnla'l.l Of..),�)'"J::-a:-Gd. with 

'l AD I. B  qG 
Brf'JPA m� J.N!?llM, IJAT1!ItJM AllD .. }J\lUTJl.\,,J&'S OH .· ·'(l'J'J�Q§.l:.� 

XLI.JnLE IN NORIML Nipy,C A(}� 
Soil to !¥:'lid nl tio 1: 1-f"() 

;:!o ti.(m f..rX;<lllt ;:�ttx�1ot : \�nbe t' 
ndde4 l 2 3 

rno;;.; 1'\0}b me% md}� 
1!0\v Plynxuth 0 o.:n o.?.n o.:?.G 
sond;v loan llt\ 50 0.52 0. % o. a.t. 

ea 50 o • .. i3 o. D'l 0. 213 
�� M o . :?.G  o. M 0. 24 

Omalrere 0 2.12 1.10 o. 9l 
oley loam Na 50 2.00 1. � 0.94· 

Oa 50 2. 14 1.17 o.oo 
:na M 2. 00 l. O!J o.a9 

T1ma:ru 0 1.55 o.oo 0.92 
silt loom Na. 50 l. S::S o.g� o.oo 

Ora. 50 l. fl4 0., 97 0. 94 
Da 50 1.49 0.,94- 0.87 

that of _pote.aeitml and :Ull<lOL"'l:inm, mainJ,y aa a mall :l:..").(Jl'0 aee 
rate" J>Oh81ttn in the ;-.reaenco or eal.ci.um. 

in tJ1e "O')nstant 
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the I&bttrn f.1ne Ela.P..c\Y loom, £'ine a'l.lld t.rorn the Mid dlehurst ail t loam and 

t.rom the Tomnaru fi.11e I!L.''\!1<\y lomn and grocmd Mllples ot orthoolnae1 
J!!llooovit.e ,  biotito, �:tmi.cJ.litn tmd or illite, with lf HN03 oontainw..g 
.rall�onium, �ot.Msitl'l or 0"1loittn iet1B• :t'(')}"lcrted in Tm le 371 shr.me Ulat ihe 
run:-nnium ion derressed t...he arx:rcmt ot potruutitm ext:raoted. trom ell separates 

� A n � �  i1'l 
@�t QF Alll!� CATIOJ:!fl O.N .POTA8SJ;T.DI. OO�Wi:!Ji lN liQm!AL 
]1!1'1UC ACID mw TEX'.l1:1flli S8PAl1AT&J AID 3D :Ag;;:mt.l:§ 

�epn.:Mte r1r R'l.t1o Ion!'\ t-dllet\ RxtrMt nt'I!':'J)er 
mineral 1 2 3 4 5 

me% � �" me% me% rn� 
Idabu.rn 1: 26 0 1. 00 0. 52 0.38 0.42 0.35 
fi "le &.'lnc! ;:n1 0. 2 0.86 o.so o. m .Qdi 

1 0.83 o. ro o. os 0.03 o.o?. 
" 10 0.77 0. 29 o.w o. ol o. o1 
Tl lOO 0. 74 o. oo o. oo o. a5 .2aAZ Clt 10 1.14 o.a4 o.52 o.o2 
K 1. 0 o. oo o. ?.4 0. 14 o.l'l o.1s 

1 : 5:) 0 1. � o.ol 0.50 o • .w o.oo 
nn4 200 0.'78 o. ?.a o. fYl .Q,& 

taoo,tm 1: 50 0 4.12 2.5j a.oo 1.GG 1.55 
silt ;n-r1 200 2. 95 1.85 o.ao 0.38 1& cti .. 20 4-. 0 �.67 2.00 1. '7.2 l..ii 
Id9bcll"n n-eat. 1t l00 0 u.a 5.05 3.70 2.75 
oley "1H4-sa.t.l: l:x> 0 o.o r.. m 3.74 2.00 

. n4- 400 9.05 � .f�� 2. 10 � 
To l:t.}i':lartl l l 25 (I 0. 23 0. 19 0. 21 O. lB 0. 20 
i'im;, �cl 711.1.!.. lOO o.u o.oo o. oo o. u o. :n 

K - 1. 0 0.17 o.1o o. oo o. o::s o. o1 

Middl eh<lrst 1 : 2S  0 2.00 1.20 0.75 o.so o.oo 
tine Bt:\i.14 :K 1.0 1.70 o.na 0.44 o . M  0.33 

Orthoo1a• 1: 215 0 o.M 0. 39 o. :s9 o.3s 
fine sand I-JI4 10 0.:52 0 . 32 o.;,o � 

c: �_ 10 o. so 0. 45 ().45 .2.&1 
Muscovite 1 : 1CX)O () 9. 2 5. 2 3.5 3 . 0  3. 5 
f'i.-:1e Bru et i ii · �  lOO o.o B.4 1.a 2. 2 2. 1 " '± 400 6.1 o. 5 0.4 0.6 

ea tr·..-. ' .'.J 9. 0 5. G •!. 7 4. � 3. 9 
Biotite 1: 1000 0 160 9 0 0 
tins sar4 I'll ·4. 400 135 00 10 0 

Vezm1culite 11 1000 0 55.8 4.2 0 0 
oo3rsc e e.na. IH4 � M.5 e.o 0 0 

Illite l s lOOO 0 18.3 a.1 e.l 7.0 
ltti4 00 13. 0 5.7 4-.4 4. a  

Rc}sul. t s  u:rilerllned trcm e:xtntoti r.£le wlt 10at a.d.c.1cd oat ions. 
Added potaa!dtlJTl �ubtraotea trcm ree•ll te of tU. 1 e.x:traotirna w1 th 1. OQDe � a..\declc 
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As for 't'Jhole aoils, the e aloitn 1 m pt"Oduced lit tl.e 

O�D l"'lr..on or tLe 11 st�f potamthn a:"lll llte tl t.1009't��r:. t rate" 
r:o!:t.'l.ot.'!:!Jlt!l f'(')r 1;!10 x id e�l;rno-!; 1.nn s lr, ��1e p:reee:-:-co c){' 'file ont;. mr.J K, :rnt4, 
Cn, !Te fFlt'l :Tla, rctmt�ls ·t1�.'1t 'fhe 11 G":cn" 1"l0t.'\." l.'d.Cr.t W "?':1.!"�l nll,'; W..dor.'r-ndmt 
of 1;11coe oatl m �  bl. .. � the ''oo1;e·t-•-tnt rat.c" n()t!leA'tn.m ie ver:•r re 1eiti'l!'e in 
tJ1c r-r� re ·'Oe of K n;J.d ,.£ ::111/t o.. �.nne. 

T'b�1�··f\l1'0 :� '-'��ctit)n :t.11 'Jhr; ��)!'Cno ·. >cc.J or. JJUt:o n_r:m !!<t n CJf 
�' . !CY:i'tlA:'1 io' lt'! 8� 1 1;. uci, r<' 'l 1.J. tj :: fl. �t'hC'C'<l r-co:� '!-.::\:�.t X'D.te" ;?Ot.."tg::Jhn 1:mt 
unchW-god " atcr-" potnsr:it'!'!4 Bxtrat"t-tct>. of Jb" P]J.�.th et.1'l.c\';? 1oto.m1 fuclcere 
ol�r loi.ml, IM.h'm1 f'ln� fFtl�d;y lonm nnd. T lr."�aru Gi.l t lom nt n Sf') U to aoid 
ra. l.J.c or l c lro w.i t}� lOO me .rtn4 % ndi.'e.' bef.',�Y\" cnoh C'lt'l.:\"'l'l.oUf1:l �ve the 
�� ootocl rodllation L< " ooT�.st:1.nt n-te" lY>tasnln.m, but at ttl.c eXJ:)enM ot 
roqui.r:i.n.G no1-e extro.ct:t rr:.9 to reach ::1e ooo�.�ttan.t rat� of ext.rroti r:n of' 
poto M lU!!l ( Table 3D) . 

+ A D L B  .m_ 
�� nr A DPIHG lOO me .NI:� .'J!O _l�moo.X!JIG- � 

flr•J:f.l '!'�j E:lctract nnnb f':fr "Ster-n •·. ··• ..,1 a•�.l�Od 1 2 5 4 5 r-. 
me"/ I': le% no;'; f!IJ!'i;'1 

V '' rw'� .net" me� 
I lo\'• T'lymouth 0 0.51 0. 25 o. !'ii 0.2fi 0. 25 0.1 
o:?r:a,·{ 1Dtm lOO c . ::w o. M 0.24 ,'). ?A- 0. 23 o. l 

Onal�.ere 0 �.� 1.1o �.91 0.91 o.ao 1.4 
o.1ey loiV!l lOO 1.1� o.G9 0.44- o. BG 0. 35 1. 2 

ldabll.t"'il 0 2.78 1.10 0. 93 J. 94 0.94 2.0 
fi.r..c �r.d,y lorm lOO 1.44 o.n3 0.55 0. '10 o.oo 1.9 

J::lzn.-'11'\1 0 1. 50 o.9o ,").93 u.:?.o o.aa 0. 7 
!'lilt loam lOO l.J.4. o.51 0.4". 0.47 0.45 0.7 

'10or-s-tant 
r-ltc" K. 
m� 

o. as 
o. M 

o. oo 
o.aG 

0.93 
o. M 

o.oo 
0.45 

The oX',a: o tion ikxta l\n•�;.�·hl r; ::1  'Xle or e::itiil.'a.Ot:i.o·.i ;  a :- a rn:U ·u-_; aold ratio ot 
lz l� and mow 1.0 advantages �-:: O(Y"r.':1J:"lzv; nolla ooald he e�d by using thiD 
cxtrnotmt 1:n �;or�. of plre .!! JrTOu• 

The roool·�ll �rted :i.n 1hJ .. o seotion .. 1:1.d in TN.lle 10, � 
t!:a ct'1."'01"'1'l ox::.t�l\ld hy no " '· ;rJo-rtl.r, ��·' c e��h�"'l�eble pota!"'ilt'wm i��rorc oxtraoticn 

or by extrn.otiniJ [-UT.i10:n:lum r.n.tn.rn.ted n oll e.  This mll be a V2ritble etrcot 
dtlC to o.ertnin mi.'"'lCrrUB pl'CS".Jnnbly no t  prese t ::tn the new P]Smou'ftl �1«tr loaa• 
Tau)lo aand nnd Kiripaka. ol.By loaa, but prcsen·l; in t� e M:L:idl.E'J'I.urst ill t lor.m 
o.nd t-he moc.'!crn.tely md 'VIGn..�- waatbsred. ,;a.'\el Boo.ln. 
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To tr'lnt �!'.c lwpothc!lin *�"-t:'!t potMf311n f1of1oicll"X:f{ n-cy- )0 bt"''..a�t 
d'ont lJ;r cmos rd ... ,"' pot.-m��.n fi:t'!. 1.on in U1c.� orn:� � ��i'\t :O I1;.''DrllO 
dafio:\crrrJ .n�r o o�nJJ;lf.:l\l b�r �cM�:ro pholl'f'hOt"l� ftlll.tion, tlHl 1 :ot.•1J'H�.tll\ f.L� 
.tnn no�·;o� or t}1o rvJiln :mcd :L-. +. .. 10 l�'�f�/;r.r.t.l or.-oJri.n.� ex:Xlr.lnon:ii, 1: o:ro 
IJGtm:·�..�.n\"'o l):\r :1' bjco't�N� !;l�n �;o f\ rt1.nr?.n �.c N: vrol; ::tnr, tmc1 ar.-.·.tnr, � 1: lo.D� 
1n th:J rrofYma of ac1,1cd. ]:O�'"If'ltliln• c'i:.. r.ll1,3 �il:loh l't'!j:'IM�'\t�.l.;J 70;� of ·�1.10 
tot"\l !'i..X't ti m nh�.tltl 1;rx-ti.:!:' ('r ,u�: n • .  r .  1'):14) , :V.lJt..,_t:too ox nttn."''":! f::CIC' 1 w:!ok 
1..'1 oor:t�t ;:1, lit M1.' l c.'tt:1-'1A o::: ")Ot'¥\frh.:m �� r-100 fJlr�d_ 

�i:iJ.C •::'Crb:-m'\1 n .r-1 �4:1� ..-r.'\0 daf1.'1Cd r.t.."� fo:Uorm 

• An L & ;;� 
J!l,lM"':. )l]l:1 Jtl wn ;:o;r:� or ::O!kfl Nil l  u;�UW& 

r'.oU or 
::.1. ,":,)!':'1.1 

: 7r-n  l�T':-.'1' �'!-:l 
(",.'\1"..fi7 l.J)•;J'A 
7!1Upl.' 
ll�lnlt 
-�:lri:.,� h.\ 
�lr.\:T lo om 
: iiih'U.d:., .n•r.t 
crU:I. lG f1l!l 
Toi�J:'f.1(1l'\\ 
1'1111.'1 il-"',i."\(,...j J.or� 
Onttb,rc 
ol �.: lc• -,m 
ldnl'"!l.'"n 
r.L-:o W'\n:"Y ]t)(t":l 
T:l.Mont 
n.U I; le� 
i!!}�OOd)O 

\lt lorr-'i 
lhtnn:m 
n.Ut lom 
wupru.-a 

11-t: l�rn. 

n�i·� 
c O..t'l\"l ·'YU'ld 
:Mon.ttoorlllon 1 '00 
Y.&'>Un:t� 
Or'th lMO 

iumcrwito 
ll!ct1 
V u.1..to 

Pi�t1m 
0."1 no�!.::lt 
:.:� tol'f.l.r,o. 
l."lfl,' ; 

�n, ;  
o. n 

('I, () 

o. t'j 

" i'l • 4 • • I 

0, !1 

o.:-; 

n. r.; 

o.l 

0. () 

o.1 

o. 0 

, I) 

� .. t 1:1c; l 

ma,. ·; 
..1\.l 

n.o 

0. 0 

o. � 

f! ,.. ' e I 

(\. ;.; 

o.��: 

o. •; 

Q. z; 

o.n 

0.t. 

n. l 

P.1..�. 1i�l"t"' m. Cl r;:;-JJ.\11 

cnq· ; 11� ��ru;·; r� ;  
. .  t:'¥.l, J net, ·; i.'lf), � 

. .  rn', J 
o. o n, o (• . o o.l 

o. () 0, 1 v. :l o.:�, 

n. o (' . • 1 c . :: o, :; 

n. n n. :l 1.1 1.0 

1'\ ••• 
.. .� ... d 0.1 o. n o,n 

o. o o. :-, o. ::'> o,n 

0, () n. A O.A o.4, 

o . o (l • .'i 1. 0 l. O 

�. � o. 4 0. 7 o.o 

o.l o. � 0.4 o.t� 

0 .. () 0,3 o. a 0.7 

o. o o. 1 o.l o.l 

o.a 
o.o 
o.o 
o.o 
o. o 
0, 5 

Ir:c r . .,�' 1-Q , ,.. " ...,....,r. 

L'! "' n  �r;-r . • 
-, 
.(· .. 

';,''*) 1('� �()) 
r� ; r.c; : 
r· •• us (; ., !)!) 

n. l c.·. li' 

o. �n o. � 

:t.n 3. 7 

<).G 0,4 

o.o 1.4 

o.n �. o 

n.o o.7 

o.n 1. s 

n. (', o. 1"! 

o.v ::.�.1 

o.l 0.4 

o.o o. a 
n.o ().1 
o. o o. o 
o.1 '17 ... 

- 170 

- fYI 
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but o.nly for mon'brJOrilloni t.e al'ld vcrr.-1ioallt8 of the mincr::U.s. The 81"C ataat 

f'ixizu ·aarJacl ti es wcro fo. .. u:d t:il.h U10 �aucJ.elt.Ul'G t, 'X:imaxu ut¥1 HaloodJe .Ut 

The ooUs 
n.fter b ci;J.g r-"-1bj0cted !;a �l� s:i.:c1.;:;lu .:ct t.1:�1:. ;:cd ox:;rlnc cy<'.lo w:l.t11 the audit­
io::J. of ;·; ne K )� .l)S ;-rn , \TJrTc e.:::trrv:d;.-:::(1 ·;�l ';�1 a U, lto nitric acid k' r.:tn<"1'im the 
oxriU>Ili"I'Grlhl«> ·· . .-. t., .... n -' -� ,, .. l 'l  l) , .-. ·.o c-r.r..:r.':1..C'·0.d ·:' .• , . .  ,.. �-·; "!( • ['\ wl U ' TT rmo_ <\ ... a ratio , �;:_; v ! ' .J  · .,.>,_ J.J::JJ .... J._I� � .. ... � .  ., _ v.,� .._ tJ • -� . · o. .  U .:.J, • . .  � I ' " ..;..,: 

• . _ 3 1..-• • \.J 
of 1: 100. 11 .c ·�o tart��lGn f'bn::t'l was cxtl"Dct<� 1n ·1:1'�'J f:lr 1.1t two a:d .. TClot:lct1 s in 
:"..U C "'S$:1 C�CJ"l; for the 1 '-:W Cll.:'l!llU"S't nilt ln.$�:1 w!:wrc J..G iOO A J& b d l)Con 

X A 1l l!. l3 � 
�'1:� ... §;.'J_Li.IY:!� IlUJ<M,!:'J_, J9�.c1;gc ... .t:PJA..VJ.J.;.i1];IJG :Ei.M.l'lW ,ar 

?.'i4\SSJ ilLrJiif1 -m�!..<!iJ� ... Q ••• n�lU� 
Soil to aoid ratio 

RrrU Ji'�l. K Ji��ct .'1u·il)C'l:' " Step'! f. · · :� t�! '') 
:U'tar 1 2 3 4 after "'\() 

.. }.\, 

f'i."(.fl. t-t r.m f'ix.."Ltict1 fi�.�.tion. 
mq:� me;·�; metJ� nleJ� r�·� me% me") 

})C't1 rtt;:,'lTlO' 1 +.h o.  ('_(I o. ::s-3 n. �.s 111"\ J. ·- ·..:: ·V • • ;?5 o. on o. (j{'j 
SD210J' lo�m 
'J:ru1�1o J. :'ifi o. "',?. (l . Q() o. lB 0. 1'.1 o. ?.G o.15 
fl:::>lld 

:Urinaka 3. 25 o.G�1 o. �"2 0. 19 0. 18 o.4!'i J. 2 
(ll3;)' lown 
1Uci:1lcl1.Ul'r:�t 3.70 !l.�.{5 1 . 62 1.0� 0 . \14 5. :3 3.7 
silt 1 0!1!!\ 
Tokcmn:ru ,1 . • 70 1.4() o. 7�1 o. :w o. r.9 1. 0 0.4 
fke s::md,_y locrr 
r.m:�J-:c-..·e r-. r;r' ) ? • ;')() l. ;',!'; C. 0!1 o. ol 2.0 1.4 
cl·�· loam 
ldaburn r.. ?.B ':'1.00 1. 2'� n.!;)-5 n.n2 2. 3 2.0 
fine 1.'\Nll'ty lore 
'1.1maru 4-.30 �.i.W 0.92 o. 9o 0.39 l.G o. ? 
I'd.! f; locm 
Holcomha 4.70 ?..41 1. ()4. o.m o.ao 1. 9 1. 5 
silt loam 

.Matmnn.u 4.95 1.15 0.49 0.-4-0:S 0.42 o.a o. a 
�U I.# loan 
W.rlpara 4.9!:> :s.�A, 1 . $  1. �1 1. ,)7 2.8 2.1 
s:Ut lom. 
Ji1mata.ng1 5. 00 1.09 0. '77 0. 70 o.B7 0. 5 0. 4 
coarse 11'\l-d 
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Tha wet tine tmd dryinr� 0f roils, il'lS·ecoo of produo:ing fixn.tim 
of' pot.'ll!'laiun, .nn;:r 1a'i� 81)()1.l. t; �us rolen..qe ot noncxo.h.�11[!)3rible potassitn. hms 

n.ril. SiJOOn ( 1949) used. th:i.e prop0r.;y in their :r.1.geet1t('X'l mcthoo for est:imating 

pot'lsa.hn am1iJ.n1):Uity, Tr.� ;et! 011. 001':'\C of' tl�o oo :Us used 111 �1 is stud¥ 

for �inr:, 2 wettin.g 3Jx'l. tlr-.fin['; cyolcf3 �ri'li1 o::ctracticn of e�h.'\..l"l03t"�J)l.G 
pot..·lMlm roch c;folc, brot.lfi :t £1.bn;.1.t s:-'10..1.1 r<"J.e�::-,_een of r,ot...'W sinrn to '!he dilute 
acid. In. all o::1scs the rclcnae per oyole Y-T::l.B tnoll , le M fu.-:�1 o. 25 ro K 1 ... 

A sirniln.r cyalo om<ria1 O'lt o.TJ. :i noU El�'l.r:Jplca '!':'!:..tell had hem extTaOted once 
t7i tl1 N JUT()D to l"'Y1C"ro " stc:p" P"t."M b tm.. :role ft"'lod no potnm�:l.rm f:v:Y.l':'l oJW m:U � .., -

( TDble 41) . 

T A D & ! .il 
llOllEJL'lWUEI\lJJ..E PO't,l§flltt.f ��J\Sii:D C4i W&"l:;pn ljllD D.RUJIG M. ,!05� 

�oil 

Ne-w Pl;ymouth 
&.'\1'1<\v 10811 
Mid<U cburst 
�ilt lorm 

Tokanaru 
f'int') a: .. ;xt� lo::m 
Omakere 
cla,y loam 

r..imru.·u 
s.U t lorun 

Nt.� Pl.;ymou 1!1 
sanctr lonm 

cmal::e.re 
c.l ::�,y lozw 

T:imaru 
l'ri.lt lo fill 

E:mh� K J{ re:! .. cnaed rcr �role 
1 

m -� m " 
l.lt) o.oo 

o.n1 0. ?4-

o.nl. 0.14 

o.na o.1o 

0.30 n. r.n 

n at l;l.OO �l li  miQ5& 
o. oo 

0 . 01 

O.fX.l 

2 
ne�i) 

o. ()l. 

o.l5 

0.10 

o.1o 

n. oo 

It is hirt'..l:r pro1:> &>le �;h.crei'orc tl'l�.t t.he pot3.e�1rm estmted by 

Rrn:ms er.£1 SirJOn is sc:me p:ll"t r::£ 1i1.c " �H:op" potonr:dnm. The data. presented in 

th:,ir p 8pcr, on i.l1spootion, vn::ru.ld �pear to fit n rate or �trnotion, which 
rather than b eing oo.net...'mt, deorcMcd l!ltoad.il;v, L'l'l<H.03.ting '�hat a nnite emount 
of po'b;l.ssium WM bnin.g e:ttraotoi\. An a.J')p%'0�� ticn ,r thin Mrunt oould be 
node lzy ext"l"a..!.'?Olntinn to a,ppro:dmntcl..y 10 oyclos. 



'iiu �li'ID� crf OllOn)IID OIJ ACID OOLUDL.E I'Qlt'\SfiiW 
I t  tt\S li1om o�u:-lia ( p� 5 fi ,  !JJ'Jd ':i'able 15) that n.on­

emh�eable pot.Msim mm used by ryegrt'I.SA plants l'Alile ffl')Win,; for .r:erloCI.s 
of' 15 mon·ths tn 30 mcn·:.hs tm.c.lor !t.J.Msl):)!Hfl oonditims. 

CArtain of the at1J!t>lM of tt1e oo ils uned fm;o crow.iDft aoo on 
which th� e:mhrono�blo pot:\Mium h."'.d l1eon c!otert1i.11f'4, were extracted with 

j JUT08• The r·:tnl1;"1 1i' th('�O c�"::t cne n.� 1tn"crted m Tnbles 4� Mlii 43. 

The f:lrrd.i ncn:'ics o f  c:x:t.Tao t i.('!1fl o;1 t 1 .:; oo n s, r.rt�7 T-"].y;nont'h aMiW 
lorm, Toupo sa'-'1:1., rJ .. r.ipnkr1 ola,.y lormt, !UdCilehn.:t�.<:tt ail t locm, Tolmmm1 t"i."le 
sa.r<Li;{ loP..n !U1t1. ..:��J.kcrc: .:!ln:f lr),�J:'l1 "!'l"l :t� o:�J:'"l�1."'<'i o�t-:: q t  n oo :t:t  to t:eid ratio 
of ls l2Ja . The ramnini.!'l.g mo sc r-lM I  o f'  c:rlri1ot:t r.s1 s wc>.re O"l..T"!'icd oat at th.e 
eoU to ftCid rt\.·Ho ,,f 1:  1on. 

I A D  1.� I 42 
�IUM .SQldiDL& !JT ,!��. �M ro.i: OOIL s.MU'Lm 

Rnt1o of' aoU to aoid lt l�a 
SoU Da.te lbD1'4 

K 

New Plymo•1th 
SO.'�Y lr;'!ll 

me% 
Initial 1. 10 
n.:;.M. o. re 

T�lll:JO :U 1. '�1 '1 
St�nd n.3 .M. 

Kirlr>o.k.a Inl !Ai.�J. 
cl�r lo::un B.3.Cl4. 

Mit� z'tl. dl:ul."nt Ir.d ti!'ll 
s:\.1 t loam o. �. 54. 

Tokanaru �i tinl 
fL� nan�r lo� a . � . F1. 

Cknalrero Ird. l;itu 
cl�y lo� B. 3. f�. 

0.40 
n. n 

1.56 
o. M 

o. Gl 
o. :i5 

� �� IOO"fo 
o. �4 0.21 o. 2o 
o. 23 o. �4 o.22 

0. 20 
0. 20 

3.00 
2.54· 

c. 51 

''. 50 

1.18 
1. 01 

o. 10 
0. 1.'-3 

o. o· 
0.45 

u.oo 
o.u 

0. 75 
n. '75 

O. ':fl 
o. � 

o. oo 
0.13 

0.14 
0.15 
o.oo 
o.no 

0. 2? 
0. 31 
0.43 
o.t.t-o 

5 
me,J& 

0.19 
0. 21 

o. ·Ja 
o.:ta 

Pen· all �:ro<:nt the Ilt..'l!b :.li'n  fine sn..TJ.d,y lorm, � iui tial aoid 
oxtrooti m of the OJ.'OFpoa oo:l.l.a releMcd l�w .. � po�.�sit.Jn ti1o.n f'mm t.he 
liDC!"Ynpecl ooila. Any Vi:trint:lm toond l)atwocn auhEte<Iucnt elltn�ao !;:t . . :n1s before 
fl.l"1d after OIYJpping worn Lot t:ti[J1ii'ioru1t am mrc i71t11in c�et-irll.on·�l el'!."or. 

Table 44 t�hcme ihe " step" potassium for eaoh e xtraotton, b 
clWlJJB 1n " er�p" potaemtn during Uw period of cn-opping, and the rtm­
emha.Dg00)11e rotw.Hlil.tn mnoved by cropping. 

A olose relntir>.""lmrlp 1a seen 1b extet be trfQ<m the nonexohongmehle 
potaMJ�.um taken up by the ryeg,r:-Ma ond. tJ'le Ohl:\llge m fll step" Otaasitlft. 

There ma no ob sCI'VMle oonaintent difference in the "oonaten t :ro te!f 
potMAillll for tmy ao:U. 
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I A B L I$  M 
��).'JIU.t OOLlmLE li:UL� l�:c.P.I.� MID, l.JlQM .W SN.WH§S 

Rn tio of' S')il to &cid lt lOO. 

Soil Date E,.,h. Extraot Number 
K 1 2 3 

me% �{. metft me% 
lle\7 I'l�O.l 1J1 Init:1nl 1. 10 o.:s1 0. 25 o. ro 
sa.my loam 11. l?..f>4 0. 1!3 0. 29 o.26 o. ZG 

10. B. 55 0, 23 o. �3 o. :?4 0. 22 

Ta.upo Initi....U 0.48 0.32 0. 18 o.l.G 
efl!!d 14. 12. 54 0. 15 0. 20 0. 19 0. 17 

10. 8. 55 o.l6 0. 22 o. ao 0. 17 

l<iripl'\ka Initial 1.56 o. m 0. 22 0. 18 
clay loam 14. 12. 54  0. 25 o. ro  0. 19 0, 17 

101 A.55 0, 1<3 o. l7 o. l!S 0. 17 

Nid.dlehurst Initial o.s1 4. 55 1. 17 o. oo 
nilt loom ( 2nr.t. l4. 12. f>4 o.M 5.49 1. 05 0.93 

10. A1 55 0.48 3.27 1.18 o.oo 

To:konu1.ru lniti�1.l o.ul 0.137 0,65 0. 59 
fine f'lxV'.dy lo�'lfcT 14 ... 12. 54 0. 11 0. 75 o. G5 0. 59 

10. o. M 0.12 0. 78 o.Go O. fl'� 

Ol:nak'.en Initiol o.na 2. 12 1.10 0,91 
olrzy- loom 14.-, 12.!34 o.w 1.77 1.09 o.9fi 

tr,. e.s;; 0. 27 1.G5 0.9� o. oo 

ld."lhLtrn Initin1 o.oo 2.78 1. 10 o.oo 
f'il:..c !\tl.:ji;',r 1onrn 14. 12.G4 o.51 2.02 1. 12. o.oa 

10. n. nn o. oo 2. 78 1. 00 o. oo 

T:imnru Initial o. 3o 1.55 0.90 0, 93 
1!'11 �; l 0run 14. 12 . !54 .. 0. ::12 1.3!3 o.oo 0.91 

10. A.5:, 0. ?.6 1.50 o.AB o • .  '313 

Holor.J'ii:l e lni��in.1 o. 52 1.8?. 0.94 0.82 
mlt lom 14.12.fJ4 0. 23 1. 75 0.97 0.85 

10. 8. fi5 0.25 1. 74· 1. 00 o. oo 

MatMlaU Initinl 0.55 o. 59 0.41 0.42 
silt loan :v�.12. 54 0. 29 0.46 o.4El o.42 

10. a.rm o. 2G o • .u 0.40 0.40 

1'lafpa:ra lni{1L:'\l o.n5 a. rw 1. 28 1.16 
sUt lOMl 14. 12. 64 0.34 2. 63 1. 28 1.10 

10. 8. 55 0. 40 2.51 1. 17 1.00 

lUmatangi Initiol 0. 30 1. 01 o.ao o.oo 
oo!U'Be ann4 JA. .l2.54 0. 20 o.aa o.79 o.n 

lo.s. 55 o.1s o.aa o. ao 0.70 

Initial dates - I!IGO Table 12, page 53. 

4 

me% 
0. 25 
o.M 
0. 23 

o.u 
0. 18 
O, lq 

0. 17 
o. l9 
0. 16 

0.94 
0.92 
0.93 

0. 5'1 
0, 52 
o. 5!:! 

0.91 
0.90 
o. oo 

0.94 
o.oo 
o.a9 

o.en 
o.eo 
0.89 

0. 78 
0.82 
0.04 

0.42 
o • .w 
0.42 

1. 00 
1. ()4. 
1.oa 

0.69 
0.69 
o.sa 
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�A B k i  M 
RELATJiC!'HJiU! !}mm� "m?' ��J.M N:JI�JtQt� 

POTAS§1UM 'MJU'!N UP BY ltlX@ASS 

Soil Date "Step" Change in 
K "Step" K 
me% me% 

N'sw Pl.ymou th Initial o. os o. o 
smd:y· loam B .  3 . 54  0. 02 0.03 

14. 12. 54 0. 03 0. 02 
10. 8. 55 n. oo o. o5 

Taapo Initial o. w o. o 
sand. B. 5. 54 o.1o o. oo 

14. 12. 54 o.1o o. oo 
10. 8 . 55  o. os 0.15 

Kiripa.!m. Initial 0.20 o. o 
oJ..o.v lorua 8. :s.M 0. 22 -o.oa 

JA.. l2.54- 0. 10 o. 1o 
10. 8.55 o.oo o. oo 

Middlehurat I.ni�ial 5. 7 o. o 
silt lomn ( 2nrn. o.:s. !34 2. 7 1 . 0  

14-. la. :u- 2. G 1. 1 
10. 8 . 5r: ?.. 5 1.2 

•.rokcm�u lnit1.al o.� o.o 
f:L11e M'1d,y lD::m a. 5.54 0. 25 0. 15 

14. 1�.54 o.:'lo 0.10 
10. 9. 55 0. 25 0.15 

lhakere Init:l.al. 1.� O.t35) o.o 
o l.ey"  lonm o. 5.54- o.G) 0. 25 

14. 12. 54 . 1. 0 0.4 
10. 8.&5 0. ?5 0.65 

Idt\bum Initial 2.0  O� O 
f::lne nnndy loam 14. 12. 54: 2. 0 o. o 

10. 8. 55 1.9 0.1 

Timorn lni ti:U. 0. 7 o. o 
�:Ut loom 14.12.54 o. s 0. 2 

10. o. fi.:; o.4 0.:5 

1Ialocd>e Initial 1. 3 o. o 
s:i.lt 1orun 14.12. 54 1. 2 0. 1 

10. a. oo 1.1 0.2 

Ue.tom:m Initial o. a o. o 

silt lnrun 14. 12. 54 o. o o. a 
10. 8.55 o. o o.?. 

Wai,para Initial 2. 1  0. 0  
s:U t lolllll 14. 12.54 1.9 o.:s 

10. 8.55 1.6 o. 5 

IUmatangi Initial 0.4 0. 0  
ooorsc s9llll u..12. 54  0. 2 o. a 

10. 8.55 o. a o. a 

Ini tiel dates - eee Table 12, page 53. 

N'onemh. K 
tak8n tl? 

me% 
o.o 

-o. 03 
-o. 03 
o.rn 

0. 0  
o. o1 
0. 04 
o. o7 

o. o 
o. oo 
o. u 
0. 19 

o.o 
1. 03 
1. 23 
1.09 

o.o 
0. 12 
0.14 
0. 20 

o. o 
0. 26 
0.43 
o.ns 

o. o 
0. ()4. 
0. 09 

o.o 
o. ro 
0. 38 
o. o 
0. 04 
0. 18 

o. o 
o.u 
0. 18 

o. o 
0.40 
0.04. 

o. o 
0.19 
0. 20 

Ratio o£ ooll to noi4 1t l00 el!Dept for twalyeea dated a.:s. M-. 
and 1n brackets for Qnal�e clay loam men ls l�. 
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The f! step'' p()te.::�A1'-�, n.l·t;hc·J.f':h :l.nd�cndent of ff1e method ot 
�sti.m�J:t�.m, is seen to be influenced hy the level of' cropping. Vlhere 
tne " �bap potaa1:1:i.un wns ru>i 1.oe O. t.o nt�'-.rl.;:r �:r.c by croppi.r.�g, the peromtaee 
of' I::Otae!Jil.:D-a in the dl;_r ti s8'J.c fe';ll l:o ·re;. ' 10'111 le--role nnd po tassil.l!!'l 
defialcnzy l\� toms beo..."'I!le prona>-l.\1oca. Where the !I step" potassium wa11 
hit�hc:.·r, 0.4- t.W .11 ;� Ol' mO!'e 1 ti .l" ·,'0 OOSS.i.L>.'TI lt"Ne.l il1 the dry id.3!1l.lC Vll.1.S 1,� 
K or nore. 

'P1e tt<n �:dle, vh 5ch. ehowed. the et"eat/:' �t o.hnnge in 11 t::�'tep" 

ro t�nniu'11 on oropnfu.3, d!'.• tl'e �.l.id.dlel-:.trrst rtU t loam and the Ckrnkere oley 

l.,o.m, 111 re �.J:l tim�tro into C'.Oal"!!C MPc\., fine M.nt, silt ond ol!W 'by 
Method n ( pt�.,16 27 ) .  !l."e'tlples of tlle se separates were extraatcd. vtth 
1!. nno3 e.t: a rntio of ls lOO feE �e Sl'.nl� an.d silts an.d l s 200 for tl-:oe ala,va. 
'!"here """ "' vir'bt�l�r 7'0 di!':f.'�JX-00':'1 1u� twew the neohaniool. annlyscts � ef'are 
L".m a£tcr. crowi.l:tf>, as �h<7r.1 in T ri.blc 4!1. The extraction a.o.ta. for i:V.e 
tt;lxt.ll.N' aepn.rnt.e �  ia r;\."!""1 :tn '.CD'h.l-� 4(l �lCIVi.ng tha� '1'7ith tJ.lC c:m�;; ti�1 ot 

Soil C onr se Fil l� Silt ou.w o. M. , 
�and &�.nd. n Lose ol'l sol-. 

H id.dleh..v.ost Deftre 15.9 3?. .8 22. 2 ao.a 9 
!!!Ut lo!l"'l < �  Aft,r;r. 17.8 3?.. ?. 20.1 20. 7 9 

Qna.I-:.e:re Def01"0 1.8 23. 2 32.5 32. 7 10 
''lo.Y lon."ll /',/�r:r '?..0 �� .. H 32.4 33. 9 10 

i.i1e OOI'\'t'� 8tll.--d :e�··n.crt:lon1 r oi.;f\.."\ Oicm vms r.octr.t"tOtocl by t.h6 l";Ye[1r"8.1'1S t'rcm 
•·:':IDh of the f'rr-to tioo.s f::":ll'� fJ1c HidCllchar�t :Jilt loam. Mos t r£ -tne 
potM Ail.lll extrnotec\ oruro � !;he olrw � tll'11t.-,'1 �mprccleble g'10I.D.i.t.s o:ne \ ' 

came :fi:� the cla,y fioa.ction, d.l;h a mal l  am.":>unt fran 1ne silt. 

Deoo.uoc cf a e conoidcmble influcno� d deferratim on the 
meoJ"...anionl s.1.a.l.ysis El.Dll on the d:i.s tr'll>uticr. of potc.ss1tm e::roraoted tran the 
!iiM.lliimrsi; silt loM. texttlrG :f'.t"aCticna, ,._ furti1er Mmple at W.Ml.� 
rdlt loam, taken arte1• oropninp, for 2 ye orsJ waa '!reo:tcd wit. 6% H2o2 1n 
deG"Wy o�nic ma.ttor, c11.� erncd with onlgon and !llM.tm oarllonate md -the 

ol qv  separated. The 3 lnrgcr trnctiona \\'ere then de£erroted by tri:ruratiCil 
nith &ltc>rgent& ( details er oc',;hod, ece r>aee 30) m1d eepa.mted by 

tlle41mentat1m into ooarne m.nd, tim 8lll14, allt md olq, the nechan1oal 
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antt.l�r1da being d1.om 1n Tablo 47. The aepnratea prepared 'ltn.U\ mre 
extrnoted �i th 1:! mm3• Th2 renults � these extlracti cna nro ei'\len 1n Tmle 

48 ,  �gethor uith tf� data quoted in Tcible 27 :f'or the potMBiltn ro ltible in 
li mto3 1'rcm deterra.ted Middl.ohu:rst silt loll!l texture traotiCX"J.s. 

roTASSIW lmnPD'l:ED IJY IrC1JMAk NITIUC /CID l.lUOM Tql'tlm lil�TICJ!ll 

t!WX� Aip .�R CROPl"li{g 

SoU R!\tio 8xtrt\ot I \�'umber 
1 2 3 4 

Middldlurftt J'M!,1� me% mejl: me% silt loan, lal� �et' ore 1.59 0.'73 0. 21 0.19 Ooo.re� Mn1 
1t1fl0 ��1" l.rlO o.nl 0.40 0.42 

Fine sa.n4 1: 100 1\c:-.f'cr<" 3.01 o.oo 0.97 0.95 
1: 100 After 2.60 1. 12 0.99 0.97 

Silt 1: 100 nef'ore 4.80 1.57 l. M 1.31 
1: 100 After 3.01 1. 57 1.33 1. m 

CltW 1: 200 De:f'ore 11.7 2.98 1.99 1. 78 
1: 200 After 5. 5  2.� 1.00 1.82 

cmmkere 
olay loam, ls lOO �ofcro o.co 0.45 0. 39 o.36 Fi:ne atmd 

1: 100 After o.as 0.50 0.42 0.4:2 

I " 

Silt 1: 100 ne fore 1.4'1 1. 20 1.01 o.a7 1 .  · :.:  
ls lOO Af'ter 1.�� 1.10 1.07 0.93 ) ,  ' 

Clf'\Y 
1: 200 Dei' ere 5.23 3. aB 3. 02 2. '12 . 
ls 200 Af'ter 4.0 2.85 2.87 2.79 ' � 

These show tJ1at insterul � pohse:ium bel� �:r.:trooted from the ( 
sn..11d and :f'.lner f'rootiooa by the ryegrnes, neorl.y all ( ) . q·�) of tJ1e p otassium 
�.s taken up from the ol.�y with virtmu}¥ nme t'rom "the st�rd. f'rncti ma. 

1 ThlB for hotJ1 tJ1e Oma.k.ere cl�T lo r-m  ond �ie Middl.ehurst a1.lt lorun, virtu al �  

all ih e  notasf\:itwn t,_kcn � by the eye�ss in 2 yea.'t'B oropphlg o�e 1'iTlm 
\ the cJ.a�r tr�t:lon. I t  is prolntble thnt pott:�13Siun ia.lce.n up frm 1he t:rt:.her -- -- - -

soUs nl oo  c.n.mc trcrn their oln;-r fraot. ens nri! rnt f'rom the o oo.rst'.r f'raotima. 
Qk.AS •. 91FICAn C8'f Of SOI.,L.§ lJT:\0 Pa;I'ASSi lT.fl  R]§f{)HSIV(S J.J:� NON-:gJ!..'C\!,!)§m GRO!J'l?§ 

In ilie cropping �erimmt carried oat to f.ind the effect ot 
oropping m oo:U potru:u:sium, it was found that_�- � ����.-�th��-� 
exolulngenble potMsm, a\;ailmle to r.ve5l"nB3 � 15 month8 .;x, a :>-"(!_� 
cropping, was the " step" potaasita ( pages 93-96 ) , l ittle ar no 'bon8tant 

�� rila'" potas81um beinB used. If the m.me relo.ticnahip between potnsfdum \ 
o.-w.ilable to plnnta, " step" :potMsium en4 "cons tant ra.te" potaaaium eiiata 
unler field oonditicna aa in the glaetilauae, bn the detoxm:S.nl\t1.m ot the 
" step" potassim of' a eoU should give a reliable eat:bnate ot ita av.Ulable 

non-emhangeable pota.atd.trn. UnleBs 'the 1'8.te at wea.ther1ng m:'ier t1el4 

oon41. tiCJla is Slf'f"lo iently :faatar 1hon 1ho.t ooo.trl'Sng wner glarss.hcuee 
candit:i.ms so that enough avnil.able potassium is liberated trom ofuer thm 

I ' 
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£9l,.ll:§t1I.UM �TED DY •• US!{MAl�JlP1UC IS! 

Soil Rntio nxraot 1/!flJat' I 
Conn.e said 1s � DefOI.'e 0.43 0.19 o.lG 

l a1� After 0. 45 o.IA 0. 19 

F1.n.e &'U".d 1t 100 ne fore 2. 00 0. 97 o.oo 
1: 100 A:r�l' 1.94 o.oo o.aa 

Silt 1 : 100 Ecl'Clt'e 4. 50 1. 50 1.?.9 
1t 100 Arte r 3. 00 1.57 1.33 

Clay 1: 200 Defot·e U. 5 3.12 2.04 
1% 200 At tor 5. 7  3 . 00  1.00 

I+ 
0, 17 
0, 17 

o.oo 
0,92 
1. �5 
1. ro 

1.81 
1. 75 

5 
0. 18 \ · I � 
o.19 

0.91 
o.oo 

1. 30 
1. 27 

1. 77 
1. 70 

. 1 r· 

r r� i 

' . ' 

" step" potasol; u .. en uulil> .. t'ly pmniae l..ll'lder new 7.t-�<U.�'1.d ooniU:tons - thm 
oolla with .. ou t o:t'" wi U1 lr:I'.'T " step" pote.aa:bn ahonld n 1ov notMs..i..tr.t d.ef'icl.onoic s 
nn:l :regponecn v/3:)£'!n the �Xlhn.."1�.ahle potur. s:tum 1..s e::zhouatea. 

A tl..J:�! Oll.I'l ... �d out 011 m MUa, the potweitrn etn'tns ar miob 
was llllf.)'IDl f'rom tl1e res'.llto of trials oarried out l-':'! the Depar"bnont ot 
Agdonl ture ( D.x..·;.n.r;, t'!l'SO..l1nl C•:>'l!'lllUO:J �1011) r-howed ( Tnbl 49) "':;oo t &ll 

s:>ils lmorm to b'-" pot._�ssitm re!'JI!onai� haw a. " at�" potassium of _ 0. 5 me K '' 
or le s, exocp t  tbe very conrae textured JT:lma�ei oonroe si'L1'1d ,  mioh has a 

" fl'tep" potass:hm of 0.4: me K %. 'l'he 3 soils tested on v.hidl oligb.t 

reapmses haw been el own• hD,t'l " l!rl:ftp" pQtMtrl.m of 0.3 • 0.4 me K � Soils 

knm.tn to l'e not re�onai""-l ot potassium or on vhioh pot.usim re-.3pmaea ha.w 

not been "J>crted, all had " step" po'h881tJn ot o.ts me X % or largor. 

The :nmgo or "constnnt rnte" potaasiun •• 1lrom o.oa ... 0.70 me 
K :!r. �r potassit.JD responoive rolls tmd fmm 0.37 - 1.3 me K % tar non­
rooporudw aoils. As the ranges overlap oonsi4ernb�, tile "oonstsnt rate" 

potassium l'lOuld not be oo good an index tar classifying eo ila  as tm " step" 

potaasiua. 
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T A B L E 4Q 
l101"$t:WJ 1il"1RIC ACID SOli.tl3LB_I�§lJtt 1<"RC»1 00 D..Q CJi" 1\EONI 

r�pl.qttloi RJ.if1POH.§6 

SoU and I�«3h. Extract f!tlJ'ii)Gr " Step '"Oonst ( n) K 
r.enetio oo:\1 K 1 2 :5 4 K ra.t�"K l!tatus 

--�gro;.:.:lt."P�------4 �; me% me% M% me% me% me% me% 
Vlhorelcnhe 7b o. w o.oo o. oo o. oo o. Oth o. o o. oo o. oo Det. 
stL"ldy loam 
Whll't"Gkohe 
Sllt lotn 
lre\'1 Pl;ymo.11h 
sand;v loam 
Strat£r:r4 
snnl 
Inr.l�od oon.t."M 
I!Wldy lorm 
Takapa.u 
Bilt loam 
Ka.ral'.:a 
OOI'!Vlex 
Rulalhia. 
peat 
Wniuta 
fine sa .. --cy loan 
A\'ml10U 
lofl'l\)7 M.nil 
To Kopuru 
a.� 
'X.'lllFlO 
nand 
i<.i.'t'ipa.ka. 
oln.y lom 
Hamama 
:.1toey sil t lornt 
Wn.ikiwi 
silt loeJ!l 
Chnupo 
silt lorua 
Owaka. 
silt lot.ll\ 

1b o. l4.. o. :M- o. 22 o.:;J5 o. 26 o. o o. 25 Det. 

144 o.so o. JB o.30 o.32 o.32 o. o o.32 Det. 
14a 0.12 0. 27 0. ?.9 0.3� 0. 51 o. o 0.51 0. 23 Def. 

19 1. � 0.12 0. 02 0. 01 o . os  o.l o . o?. net. 

7n o. 31 o. ?� o.14 o. l7 o. l8 o.1 o. l7 0. 21 Det. 

12 o.� o. 78 0. 72 0. 71 0.70 0.1 o.?O o.G2 Det. 

14a o. 38 0. 20 o . n1  o.04 o. oo o.l5 o. os Dot. 

8 o.43 o.35 o.ta 0.19 0. 22 0.2 0.19 o.so Dcf'. 

sn o. oa h.45 o . 32 o. 29 o. m 0.2 o. ?-9 net. 

14� 1.42 o.55 o. 34 0.37 o.37 0. 2 o. 37 net. 

5n o.rm o. ?G o. rl(J o. m o.oo o . ?.  o.57 o.oo !>et. 

1f..'\r-la Go 0. �2 0.48 0. !:15 0. 2� 0.21 0. 5 0. 21 0. 24 Slight 
ola;y' loan 
T.G KmAlai 14a 0.45 1. 00 0. 73 0.77 0. 75 0.3 0. 75 �Hfljlt 
silt lof.D 

/ Tolta!m'u 2t o.Gl o.o7 o.G5 o.59 o. 57 o.4 o.57 o. ?:1 su�t 
fine sandy 1om 

n-.tansi 12 o. oo 1. 01 o.ao o.so o.09 o.4 o.e9 o. �;,1 Dct. 
OOtll."Be sd 

/ Time:ru 2o 0 . 30  1. 55 0.90 0. 93 o. oo 0. 7 0.00 0.75 Not. 
sUt loe 
lil:miltcn l5b 1.94 1. 00 o.40 o.:>7 o. se o.a o. 37 llot. 

· olt\'9' loa 

-../ Li8ft:>re 2a o. ss 1.58 1.17 0.92 o.oo o.g o. oo Not. 
s:U t 10dll'1 

.' flnl.<.'ICI'libe 2g o. 52 l.B� o. 94- o.aa o. 78 1. � o. 77 :not. 
silt loma 
Omalclcre 5b o. aa 2.12 1. 10 o.9l o. 9l 1.4 o.oo o.os Not. 
oley lotm 
Wdpera !?.b 0.65 R.87 1. :.113 1. 16 1. 00 2.1 1. 07 l'Tot. 
llilt lom 
'l!� 9o 1.64 3.35 l.Ba 1.20 1. 21 a. & 1. 22 Not • 
.Ut 10Qlll 
ltalttinga � 1.18 �.41 1. 76 1.�5 l. SIB 2.8 l.:S No1:. 
cloy loa 

( ll) Kxtraated at ratio lc 1�; emhaJ'l8Mlble potuailla not rernoTed �!or 
to extraation, but deducted to gtve aata m ool.umn (a) .  
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The rela.tio..'lnhip bG'tweC'.n the " l!ltep" potaseium, "oonet.ant rate" 
po t,)}1.,.1J.n :md. e1:).11t r0o,J '"lr.'..."C,  i:'l :i tc::V"L ..i..n Pi[;ure JJ3. I t  is seen that by 
:r>l�Kl.Li.r: the m il:1 in�.o r:>X>'��n :·�1 Pl '' step" potM S"ltn f':tgureo of less thm 
o.s me K J�, o . :=;  - 0. 4 ne K J), nnd o.5 r:�e K ;·; or ::1ore , tJ1e rt"Us fall :LYlto 
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I I I ,::; • • I I 0 n o �•�------�--------�--------�--------�--------_. ____ _j � �  • 0 . 0 0 . 5  l . O  1 . 5 2 . 0  2 . 5  > 2 • . s 
" St ep "  P o t A. s s ium i n  m e  K % . 

r'J.r,. Jfl - Re1n�:i.a · .. �:\hit? l�" �m�C1 . :• e t<pn ()Ot��ssiLYn� "c-�ntdl"l.nt rnte" 
�o ta.,..ai.t!rl r�.1d r'>��"'.l'!flillf1 rcgpl)n..se. 

r;t':lups ·r:h lch '!Ire .-.o-+;n�!� .i.a., &f:1 o  i.ci' · �'� d  P'""'1•r·:- �:on�d .. "lrc with a moll l31"'l.q:J 
ir. l'ct':1";1cn. This �1."01 '\!'l, '1"'1�1 "' s �;cp" r�o tt�t\- Vll7l £'1.£\l.lt"Cs of 0. :3 - 0.4 me K %, 
::::.c1•-.&c. o.no dd'lo'\.cnt ooll ::rd 3 vm1.ch � l!ll1!1lt rc�T.Bce. The 

c'k·.f':�ci --n t 9J :U il'\ of or:- �1:\c Sl'.ril:f tcx�:'J!"C ; "Vb�cns the ott<cr� �:�re 3. oley 
1 1; i� �robahle fun.t if the 

"\o t;;, ... s:ium atn.i.iu� m.s 1'J:Y.nT!1 for r.>Or� oo :U� with " step" potaenium 1n 1he 
ran[p 0.3 - o. o MC K 1';, a. more exnct relntionehjp bctv.recn tne "step" 
potnne:1um, textnrn n1 ('\ : ··o t,"tnslurJ. stnt11� ro tlu he d.eriv'Xl. 

When OO!'Teln:ti.rlr, field l"nllpOT:�es to pota.s�:i.t:!m m·t:h lo.'!:>or�tcry 
data, it in esncntiN.. tl'l..'lt no f'aotor otl1a:- 1hon the le'Wl of �vn:Unble 
pot..'I.IU\:l\3ll oo..Vltrolled the �vth rate. J1eo.:"luBe o£ the wi&lsprcnd phosphate 
&.ficienoy in Nevr Zoolruld, in mazw of the eorlior field tr1ll.l8, tJ1e low 
nwd.lable pho�ta level m�a -tro controU�.n[:, f'aotor 1n plant crow'.;h l'I.Diil 
mialcndi.."'lg neBQ.tivo field ro�onACB to pot:\Sa1um 'W0ra rer:orted, Aoooxtting 

t.o Dnr:tna (pers. a:rEUnicaticn) , potnan:turn respcnoos tre 1� beil13 reported 
in ro.'eas, previruely ooruti.dcrcu J'l(m-t'e"-'omJive , 1n 'I'Jbl.oh f':mni:ne hns become 

more in ten si w t!.!X3 '\''lhet"G phospl,atio ft.'!t'tillzing hon becane more prevalent. 
Tha olassH'iontion of !W\'1 Zeal ruril Mll!l into potMs:l.ttn l"OI!!J?on.nivc, 41.1l)htly 
l'e!'lf·ontd.ve and non-renponsi-oo gm• il?�'�t na 1!bmn i."'l F�ur0 1, is ·hhere.f'ore 
Cl"lly tentative ana will r.o da1bt ho rood ii'ied oonsic1ernbly 88 ta�trdng beoomee 

II'IOt'e bltmaive and n.s ol,l:J£>.r: no.tri ti<.m.al detioi�:los are sn.�sf'1e4. 

The :relnt:'iooahh between fl stop" pote.ns:lum ana Ule potaNiita 

st..'\tua 1a I.IUJllllErizecl in TEJ:>le oo. Where fuming 1a '\!'elY intensift at' 
Vlhere � �� have partiollar� � potaofdm requ1renente, e.g. luoeztne 

I 
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ncoe�!3"l.t:IT in .r�et optirrurn yiol(ts. !..n e::t..'l-rple of 11ti<J has been i'on:n in 
Olt..'lterbur.'f t't1cre luce:t�..c [';rl:lm on :•Ji!.tr:Orc silt loam, sh .. 'l.llor,r ;"lh..'\Lle ()n �a.vel, 
vrl th " step n potn.osit.E ol' o. 9 no K %, hnB slnwn resrJonncs t.:c y;otns�it.u after 
5 yrc:.�rs of intensh>e gro;.rtli. m:hh in"igntion. 

( o. s me ¥. %  

n.� - o.4 me K f 

) o. 5 me K %  

f'ot<lf>�ium ile"!f]. ci. cJ"'. �; vlt1M c.mhnnee&}le ;�otaon:l.tm 
emrusted. 

r.lir)1·;; reoomscs ix> FOtassil.1n1 but potae�n 
responsive if ct">:nren :tntem:brel�" or if ':1t 
ooo.ree texture. 

l"Yot l't'R!:-:or.ahre w pot..nAe'ium., 

The :i.rl..i ti£Lt Mia rolul)1e _r;o� .. m:d.J ::m f'igi1rc at t�. so il.  t.o aaid 
ratio of 1� 100 for pot!>..asiun respo:r-·d� soils varied :from 0. 09 - l. Ol  me K %  

/ on.d. for n�m-1·�spr�'l.nive f)l' �'1.:I.i.r�1< t.J..y rt'I'J!'Ol'lSi-o-e Mi!s, from 0.48 - 4.5 me K % 

As a ncthod far dctl".r.'c:.'!.n:lnr: ;r::1;�n:":ll:r.l rosp·�Y:.cb·c :lolls c.r :YJ:ila 
·:f • .i.ch v:il�. ·be�r.�ilu . ot::� .. w.lj. m l'r:'E� cn .. .,i'.rc '"!lit"��� ·1-J:t; ex,hn.ngc� lc r o·1:.."lf.:si.Ur;! i o  
dC7?leteu, llie 'leten.rl.na:t-J..cr. <> f  ·:.;he " s·i;cp11 rotru::!.':hm 1)y t"lll. tit,le e�ticn 
r:h�r� :1 better il.'ld:i.c<.Yi�.i.f11 1;l l�li• !he nirv-Jc c:JI:tr.'fCt� on. 1'he !'"e thod reoorm:�m&!cl 

lJy nerlte.-neiel• et; al. ( 104f3) nnd Pratt ( lfc};'>2) , i. e tln extrnoti.m of tl1e eo ils 
'!!Hh ] mr� nt a no ll  to aoid rot:l.o of' 1: 12� -rritho•..tt ..-,rior �rcl. of 

t'l:I!:C.hf':}�eMle pota.Sfl.il:tn1 di l'!Ct gi"W r:; r::J.ltS of M MCPJ.T:afJJ u(J!Pllrtmle ni.iJl 

eitJ'I.E>..r of t.hc t:il:love >:c �ht:'.ds, I'll thi•l;:�h c.n tJ'C 1 lctsio of the l� 3.naJ.yacs re}X>rte4 

in Tt:!lJle 491 a divlr.:i. cn of F.10 :1ls into dcf.i.cic..r:.t ond not l'csponnive oo :Us 
oonld. 1Je made a. t abo·rt: o.n - o. 7 me K %. On '!he l'tu!li.e of tl1e s:Jrvey- of lTew 
Zealtmd so ils md.ne -c;"c r:1c :-::1od a; r-:rnt t ( 1951) not reported here, it A»?pe.3l'l!l 
thnt this div.i.Edan 1 �  not vc:ry "0r?'.� il".s_, f:I.A �J.tJ-ton;tl for no deflclent soil; 
tl� fl'!'r-dj extraction t:l.[,u:-o vm.a gr:'r:��ter tJ1n21 0. ? me K %,  for ZCiiurat non-
dei'i.oic-..n.t oo.Ua, it was 0.4 - 0.6 1'00 K %. This Unit of l! Biro5 oolub� 
po tru::rdm in potassitun de!':dl:i.cn-1:; oo:i.J.s i �  the 1.'\c� n.a -that frund by Ler.g a."ll 
Dn.tc-�r ( 1��) for Ark:an.s..l"\.� � :Ue. 

Th.e method rooomrended for the 1110Bt e:r.aot cl.M.:'dt.t.ca.tim ot 

�olls in.to potassim deficient Arii nan-dotioient �·.!ps b os follcmrJ. 
1. Extrnot the exo ltlllgenble potnsoium m. th dilute (1Jil.O) lUlOs• 
2.. �t 'the l&ytb."'Ben sa.t-tlr:'at.ea. residue 4 times wi1h .H mlo8 by boiling 

for 15 mitl\lten fl.'t ooil ·oo acid l."atlo at l c l001 the td4 84&4 boiling. 
s. Oaloulate the " eteptt pOtaeaium on1 ft'mll Too le �0 det�1n3 wllc'ttwr 

po�itft dei'ioie!Xly and. response is 1 5..kely. 
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An nl:terr.l&�;it, method for a. dtv is1rm inttl potMeit-m 
resnrosiw <md nan-re�p,n.siw. roUe '!'7('l.tld be 

1. Extract 1!1c emh�n,_��le potrulaiun \"d th dilnte J!N05• 
2. Bxtra.ot t11e hyt1.r�e'1 e r:�.tarnted l'Gsidue ono o with J JlNOS by boilinB 

fo:r lu mL'1utcs e. t s ro :il to acid ratio of 1 t 100, th;) aoid added boiling. 
If tre ro:li't soluble nonexch.�ccbla potasa±z:n ie lees th."ltl 

0.8 me K %, po"tassim doficicroios ray be C'!>ectcd, if' �� t0r tl�n 
1. 0 me K %, potMsium. rcttrJOS:locs nre no·;; lil:-cly, i£ ft'Ol":l 0.0 - 1. 0 roo K %, 
est;imam the " step" potastticm and. apply the r: �los for co1TOlating " st;op" 
potass:ixrn and i)O to.as�cr..�n l'eSIJio.DBe. 

Al i'.t\ollgh t1.hen ap plied t.o �l"',.l.n roils, · the �,lo extra.o·tlon 
method givee <pite Et> od.  l!epnra.tiCf'l.e into POtaeaium def'io ient m'il non- v/ 
defioient soUs, men fU?plied. to cm:>pped. ooils, ( eee Tables 4-2 and 43) , it 
does not give !lllch inliootim of the available potassium remain� :hl the 
�u. The l!lll.tiple �otim meUwd with 'the detern1nn.tion of the " s·tep" 
pot:'\sa:tum rives mora :ll'lfonnt.l.1.Aion ahoat �he �O!l.'1t o-t available potnnsitm 
prc ��nt in �1� soil. 



103 

Ae f!hown by n'lcy rorket-s ( sec  TnJJle ?. tl.� pn�s J o t.o H) 
rott..�:lah'm 0 th<-�:r. lhm. e :-!1 1::-T.eetml e po·tru:�ai.um, is arulable ·:n plmta, 

the <!'l!llYm-� 'll"ar;/1� oot4"liderc.bl:y betl'lec."l. roils. In thi s sb.tdy, -tl"le above 
f:l.v.d.i.l'l..[!,S 'l'l>:"I'C oon:f'irlnec11 tlle prO'�·ortlon of fue tot:ll potaMit:m take..."l up 
"by pl! 0:1ts, "li1io.h w. s mn-e:!(Ch:o>�n.r�wle r-lt tiw bGc:J.nn:tng r£ tile e�er�t, 
�:tr;:ri.11g f'rom g;rt; to 94;,"!1',. "i'thc:.1 r·tn.l:L,;,.-, ryf.lgl:'nas was ,!?.t"'W!l for lJ.j rxmths 
to 9!-i yc>.nrs ,  :;."le; •..t? toJ:e of' !!t::<!l-c::a:ll·,,���le _r:-o tas.'li>w wa.s � to l . ?'G  r.1e K %, 
�� f'i ;·;.l.!'e h1$c:r tl' an ar�;- �u1f!..�nhcd 1.rp tnke1 t;he :.�re-v."�oun hi;�•e� t uptcloe 
l�ccon1Gt1 hcir·g 1.5 :ne K 'f, :in 42 nontllS for a Hawaiian soil (�ea, l!M:9) • 

The Ut? talre for the r::ajcrlty of t:1e ooJ.ls m.'\8 f'rom o.l - o. 2 m K ;� with 
r.,n ove::rnU a""--:r� of 0.55 r.lC T\ fo in 20 months, vhioh ie td.rrd.lar to the 
r.tv�� ot th' pul>linhcd upt:tl�z at a.nprorlrn:l.tnl.y 0.5 me K 1b i..TJ. ?. yel\.1"91 
£l["_,...<Un ·crith a large .'!roportion i.1& tlm ranr:;-c o.l - 0. 2 me K %.. It oould 
�wpo� t.hat 1Jew Zca.l.?.J1d ooila are aimilar to the aoUs of "lite TJ.S.A. in 
the s.va:ilabUHy ():(' rv:t-o:mhlll.1�nblo potP..miun. 

The 1niti.nl e:xolnr�eabl� potaooiun wns foor:d to he a �t?cr 
indJ or..dnr of the total potans:i.um a:rnilml.e. Fm· exanplo, with oo :lls 
of hi1'lc-.t• tJ 1l!l A.V�ra[� i'otn.sa1utn stmplying parer, <'he excha.P..f.'»!\blo 

ro t!lll s:ilmt• 1rl; n.5 - o.G r:JC K ;;, wo.J.S little dif'fl",,;-e11.�; fi-on thrtt of other ( 
oo il s.  Vihcn. the i1l..it1...U o�.oh::nceru)le potassium level i� lot'l, the non­
excilmgcnllle po ta.ae:lun is of [,:"aater rela. t1 vc :t.mportanoe as a OO'll"'e of 
twnllahlc no to.na:t.w t!ll\:� -.,hru t!� exchangeable rotaasium is h1(11. From 
the published infr)nltxticn oonanlted, it anpeore ih .. 'lt the general level ot 
o:xohangeable potMa'i.um in 1tJC acd.l!l of ·the u.s.A. , ton&l U:! be tibout 

0. � - n.4- m K 1&, e. c. Lillela.r¥1 ( ref. Williama a."ld Jenf\'1'1 1052) in a 
mtM"ey of Cali1'ornion r:m lls found thnt 7�� of the oo Us had emh:-m.gelilile 
votaoe:hm lcvole of o.4 me K �(, or loss. Under tll.csc eonJJ.tio.nn, 1he 

' /  
mn-emha��le potass:ium !!!let ruc-.pl,y a ltlrge part; of the orop pota!'lsitm. 

The :tr)ln:ti vc o:mtr:l.bu ticr.. or tb.c e:xahongeablo P!'>tas siun ond 
of the non-em 1angerible potaso:l.vm to the potaa..-.im u:r: ta.J-:e, lll:la )'ce:n 
exp:reooed by Scllrni t.z n.'1d Pratt ( 1953) ll11d by Sanb and Uhlen ( 1055) in the 
form o1� mul-tiple regi!'OE\aion eqtta.tiona. They f'atmd thnt the best 
oon·elaticn between plant upt.:v.e and ooil pota.anium wae �ven by -the 

rolati.msbip that the uptt\lte of K wnn 98-100% of � initial emlWll.J=�le 

poto.MiUIIl plus 15 • 20{o of 1210 potnaai\lll soluble in one ext:raoticn with 
! Inf% a.t a s oU to K�id rntio of lz1.2lr. !a:__1hc mUs oropr::ed in 1he 
OCJl.rBe ot thie afu�; -ttlo MOVC relaticnah±p applies approxlmatel.y' f'or 
the t"irat ye� a oropp ina and l&ss ttOO'Uratel3 tor the i�eaond year• a 

oro:pp:lne for those: eoUs cropped for 2i yearD. The oorrolatim WN!I 
poorest where the acid s:Jlt-ble pottu!Js:b:Jm waa vary low c:11: very h�, the 
cal.C�..tla.ted uptake being tc>o h1ttl when t.ho &014 a?l.ublo potaaaiun ftl!l W%Y 
low and too low ".hen tbo ooid f!Cluble potaae:hm 'lftllll h� 
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A slightl_y better or.rrelation l'otwecn 'lhc nnrual plant 

po1innsium uptal� an1 BOU potassium was �ven by ihe equatim 

K in  orop = 4/5 InitiAl emh. K + l/4 " step" K. / 
The upt.:"'.ke of potas�ium from th� I&bnm fine 8ru'ldy lol!!l and f".ran the 

Hnlooni>e silt loam dii! not fit arw st�l!ltcd relatimship hetwec.n p lnnt 

uptn.J-:e an d  lleid mluble and e:mhn..TJBeable pobns1<nn. 
The W.u:"'c of the none:xcllangeahlc available potaosium wns 

sho'�m l'Y Olsen n..Td Shaw ( 1.!')43) :'l."K hy Hcr.'Tin ( r0t. in Reitaneier, 1952) 

to bo a.nooci.--, ted l..o:u-eely -11th tt1e finCT toxtura fraoti a;s. This was 
ean� in th..is etu.ey, where it �q d.1own �1at the potassium taken up 
by t.hc ryet:;r'!'.lss Ot-ma a.lmoo:; t entirely f'rom t.h0 al. ::fi trao ticn m. th ihe 
l'ei1H.U'I'J.d.Q.1: 1"rem the sil t. Ext.rnotioo with J! mro3 of the texture separates 

b;r llcnse an<J Bertrmson ( ln!iO) nnd by Irntt ( 1951) s1Nl'fed. ti'lat on a unit 

weir.)rt lnlsie, most potamdilm WlS extracted fran the ( 2;U- 1'raoticntt, the 
rono1mt talli.l'lg off �-,idl,:r with 1norensing partiole size. Rooae end 
Be�on ibund tho.t with ooils pra'la!lirlAte1,y of' IW'¥1 ani s1lt, he.lf' of' 

the acid solt.ble potamd.um o:M'!Ie fran the olfW t.n:tctim. Pratt 1 with 
f'nirly � ooiln :formd thn:b 1'1e a.lay contributed from 4-D-75% of the e.oid 

solablc potMsiun. In thin stney, tl� craater oolubUity of the rota.ssiz.un 
f'rol'!l the oltW tract1m wnn oonf'im� Tobl� ?4 showing ihat a� f'rom the 
two eov.d.'; eo ill'l, from 40-90'� of the aoid e ol<•blc rotaASium ON'lG rron the 

Ol€1,y f'rnct:\.cn. 

:ncomne ot f'.J1e lll..rge oontr1hut lrn of tl1e o.la,y frnotlons to 

tile potne..•dm'l extrnotcd l)y 1J mro3, it fdlould l�e por:u:dble to e at;..•,hl ieh 
r3latimehipa be�en t le ola,y mioorol oontent of t�1e S):il.B and the " step" 

potru-.... -;ium, t11c " ccnatl'J t mte" potns�iu!ll and potnsAium fimtio:n. Al 'fhoue$1 

no te!l'l t:s of t.l1e potMsittn fue'mr, r;�0r of the inxtn-e troo tionB were 

oo.n:'ied out oo tJre lTCt"r Zcnl nnd a()ila a1nd.ied1 n.J. "olk ( 1934) (lni others 

hnvo shO\I'!'l t.h . t the notnMium fixtn� power of s o Us i" a. !'tulOt-l cn 
anoooi.-'\ted v.irtu.all�r entirely m.tn ifle cl EW  f'rootim. 

As the exnot !lf..lnll 'titat1w olay �1eral diatributicn is not 

a.'7�1.1.lnl'lle for the soils :•rtt.ldied, my rel a.ti m ehipn derived lll.lst be of a 
quali tntive nnturo. n�r f1n'1!.ling tha tv.�Ua ao0ordil'l8 to the r,cnetio 

clM�fic:xt.i-oo of T.::vlor ( 194-'l) and by 1.tning the Wo:matim about the al tcy"  
minernl d1..striblltion in the gcmtio ooU groups pu'hlie.OOd by Fieldes et 

al. ( 195(.1 1955) , as in Triblo 5 1 ,  it r.11\Y� be aem for the Zctlel eo :Us that 

with inorensine kl.ttmni cy of matl�rlng, the 11 stq_•" potaeaiwn tencla to 

dooroMe 1'rom approximately il llle K %  1'ound in the brown•gny ear1ha M4 in 
the .vell.ow-grey earths to 0 roo �� 1n t!'lG poboliaed ,ell�zmm enrtha. 

The bl"'Wn-grey a'\l'ti1s, with t110 cley mdil.� ft8.k1.y eydrated 
mica, had a h� " atep" potassium of s.o me X � end a medi\Jll pota.naim 

f'� power of o.4 me K f.. In the yellow-� enrths mere r:nre wea.the:r­

mg has taken pltlee ant Ulite nrXi o ley-vermioulite r:reda:ninate• the " artep" 

potel\sittn ia still l'li�, o. 7-2.6 me K � \a��- I� 7 ine· 1c %) . TheM 
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figures emlude tha c:1a ta. tor the Tol�ru fine 8lUli%' loam, the cl.q 

mineral of' whioh, according ttJ Fieldea ( persanal OG"ll!I.1Ili0<.'1ticn) 18 1llite 

or poes:ll1ly a collapsed ol.a;"i•VOnnictllite• l"Atioh as a. re(J l H  of ita 

alluvial orir.;in is low in potMsium. The potf\SsiJ.l1;1 :N.xmp, power of the 
yellf1!"1-�Y earth!'! iA hir)1er '!11!ln tha.t ftYr the 1Jro-wn-r:ray earths 
( 0.7-l. O me K f, a�,n:1nst o.-1- me K �� but this io nrooa11l.V the res�tl t o f  
;he �1i,n,hor cley percentll'.gen in 'th n  yel.l�-gray e�.J:Ia or:x;m!U'ed witJ< ttte 

'br"'n-�ey ea.7.'th (lfl-?.2'$'� tl,'):U-"lat 7�%) :m.thcr �h.':l '1  ft-om aey di:f'ferc .. :'1oe in 
tl'G olq<,re. In +bt• yollow-1)!'0':\':71 :>:a:l"fJ.Hl ':i. wre fb.rthcr weathcrlng h1:tB 
oocrct't"t'ed, a oonsioer.">J1le Clearcaae 1."1 l1ot�1 4;.1-)e " st..ep" potansim ond in 
the pot!'l.se:\.1...� f:t Jd.'1� r.O'!'TC"r �L� fr1 nd �n wi�;h 1he M'M hi'11er olay oontent 
( 3��; f'M' !:111"3 Ornal� oln..Y l"f'lll1) in t.hese !"')Us. In 1he podzo..1.1Jie4 yellow­
brcmn earttu:�, whP.ro 2: 1 type l.'l.yer lt\ t.t1.oc mine:t"al s are not frund, the 
" !!ltcp" potaM:l1J.M :l.s �r.r low, o. o-.o.l me K %. 

T� intr:1.':0nal ro lls witlnut leyer lat.liioe m.i.>1er-cla, 'lr�. 
the YElllow-brown pumice �lla, yellow-bram lown.o;,, nn:1 red-bro-m1 losns 
derived t':rnm l1aeN.t :fr.:ln rr,.,r.flland, Aft al oo  101'9' �!.tl. a.o14 soluble potan siu, 

hoth " step" po+.aseinm and "oon� t.mt m.te" potess 1.!!4 Th� ooile cb not 
fix rotMeittn and ru..t.hry!r.:' often h!rh il'\ exd:l:'l.�oble poteasium :1n the 

virr;i.Tl �tate , beoCM31 �('r:;;" d:..fJ.,it;'!!.'.t i. !'t"m.Hn'h le uotcm e1',tl'\ 11he1 aropped 
tor: eame t1me. Beoauoo or t1 e:tr f'D.vonral.Jle stl'ucrture nnd the fo.\"')1lrdble 
cl:trna. te associated. v:ith 1110m, f'nrming has l1ccn Icl. athely more m.t..entd w 
on tl� ee  oo :Un and fue first potasr;lum resranooe :fn New Zealnn<} were 
obee� on oo:Un of these r,:•cntps. 

Two �ona 9:1:ils are th� r ed-bl"Y.>� loam, Hiddlchurst silt 

lorm, ro.;.a -tht:l b!'t'YM'l �">nn!llar cley, Hox'lil mn cl�r lo!'II!P.. Both ha.,�e hip)l 
" stcpn potMs:lun a"l.d high "oms �lt ra �" potassium nnd -the r�iddlehurst 

oi1 t loa!!!. hns 1.'\ vcr:• ld.r,h pots..�sitm fixin.rt oapa.oit-y. The m.dcUehurnt silt 
lorun, nl though der.lwd from ba.e!?� t, rrn.1et oont.atn a oonlliderallle Emo1mt 
( u.!> t_, one hnU') of non-bnt:\.'lltlo r.n.tcrial, booBH�e e'XW!innticm of ib e  
def'crrated f'ir.e sn.nd g_,_�,!l tl C',t th e  !llajo:rity of the t'ractim s.G. ( 2. 7, 

wh:l.oh r'J.,�S up 55% 'by woight, le q.u.1.rts and aoid telepar. Aocol'di.ng 1r> 
F!eldcs and i'Ulimtt'tan ( 1�00) , t.he oley 1hlot1m b largely anorphoua 

til. ff10:lflh it oontni�:m � l rr'Jr()!,t B  roio� TJnt.i1. mo� is known of ibe ola.y 

rrd.lwrs�s �.n this oo11, m e:Q?l!>naticn of -th • ve-ry hil',h acid !IOlubUi ty 

of the potassitJ!\1 the h.'\d-1 fixation porTer and the re� avn1.11J) Ui ty ot 
the non-olD:'lhmgeable potnsahml, oon be (';1ven. 

The otmr so:U, t.l'te H:nilton olay loam, whioh ia 4er1'ftd 
f'rotn old Nldestio Hamilton Mh, has as the bin&nt olq minernl o.n 
�.mu8Utll blbtllnr f'o:':"tll of r;eta.-hnlloysite { Pieldoe en\ Willirmeon, 1.1')55) . 

Ae this m1neml is pret'lel'l t 1n 1tle !lt1'1':lngl.v wen U1ered yeUoW�-brown earths, · 
grnup G, whioh are low in aoid eoluble potassium ( IM Mnrua oley loam, 

Table 49) , it 18 'rdbabl\9' not Ule ftOle oruse (£ the hi�1 potaseitm 

ext.rnotiana &lta. I t  is of' �'lterest that Allieon and Roller ( 19ts5) 



100 

�� WSIJdP D�l&�;f Q.i�IE.TJP CLJ\SSH'.IQATl C!J &_fJ 
" S'Iill"1 i'(J.Lfi.:JSII.t:: ruiD rarAJSI'iJM PUll<'J. FO't.''l<.'� 

W4 I I a:A I S � 

\,-c::c !::to s---,n 
r-r")up 

z.w.�L'l� 
n.�-.'"':!'cy 
C!\rl;h 

y 0 110'11-[?:'e�T 
e;'lt:"th 

Ycllow-:Oro� 
c"lrtl-1 , mod. 
wea!;het"':1d 

Yellm,-brorm 
en.rth 

llJli_llZona+ Soils 
Yellow-1nmn 
F'.nnico SC1il�l 

Y cl.lm-,r..hro�:l 
:tr;<l.ln 

.n.o�tr o.�c.E�:;�}. Li �:o 
mUn 

1 "((b}'l'.:r.'! f. �. 1. 

?. 1'1!:1 iP:ll'!l si.l 
iiaat.irJ[�a o. l. 
t: ·· 1 cry;\1 c. si, l ,  
T:lrlln!'!l si.l.  
Tc-nJ.i.l;:o �.l.. J.. 
Tol�":'l;'t<-:l  f , s. l. 

r:. Oril!lkc .. 1 'e c . l .  '·' 

0\v-u.�-:a l'li.l. 
Waikivr.i. si.1. 

7 f/aiutD. f. l'l.l,  
�'iharE"kohe �i. l. 

· 'I �t1rtnitln.n1; " 3tup'! K 
�l::l..Y mi'1C'ra..1 g i:r.:l roe % 

','tc r-' .t 11 Hi -"tl �. o 

Il, ! 1ica,V l(�n.ly 
hi/Jt 
0. ?-2. 0 

Il. ,r; ,H,n.:U. .i�i[fl. 1. -4-
to 

Lo.;v 0. 2 
Q, � ,  H�. ,J m::r low 

o. o-o.1 

Allo xn,�l. x�� o. � 
r 

14 I'fC".v : lymo·:�·!;,h (3• . fl. llo • .  A . IT!'l�'Je;�J l.o,.� 
-�· a.k<l;Pml <".i. l. o. o-0.3 
Te Kop'.l.t"'..l Stmd 

I\ro�'l. r:;.arnlnr 15 Hm:i_l tm o, l. 
c.lcy 

J!r>.l. Hirll o.s 

n.r;\}�1"''11111 
lonm 

lG .'{i..ri/)g!r.;, o. l. (;.i1J1) nit� , J.nrr 0 . 2 
1h1. Fe ox, 

: · :'i ·J llleli;n.•F.'I t si.l Au!OX"r::hous Ye�;y him1 
h;)m:i:'OI .. H.' }  � .  7 
o:xidea, H. f.i , 
pale.gon.i. '-.;c 

K t'i:xL'I'Jg 
ro-,rer j;n rre % 
( ore  crJole) 

Mea. o . a  

Ve.t:f le-m 
o. l 

Ve:r•y low 
o . o-o. l  

Lo't'l' o •. :; 

Ve1--y high. 
1.!1 

reported t..ht'. t halloyt:�it.e wna :i1le m tra.p tfl1f1Dl'.L1.run imo :!.n a fbm not 
replr>cea.'h1e lJ�r �'ot.�"�ium. A si.rn:Uer e:l!pln..r1a.t:i.cn mey he li1e reoron for 
the high f:Leures fbun.1 !'or ti1e 1-lBrrl.l ton ol a..v 1m.m. 

Sur1l!n!U'irsed, wh�re t'leakly weat!1e>.red r;d.cnn, lllite &i.d. nl.e,y 

vermimlite predomj.l"'.atc , t!Jc " ntcp" potassium w..d potassium fi:xatian are 
h�,_ and no potaaeit!"\ r��sr on�r-:s ro•c fmlr'.A. V'lherc no :11 : 1  layer lE. ttioe 
Minerals are present,  " ste _ " pot!\:':' n:bun n..'1d notM?.inm fim:tian are low and 
pote.B e :Jum responaee nre oom:10n. 

' ' 
Vllle�l Pratt ( 1051) rmrnmed 'tl1.e we:1t;1tcd acid oohu:>le potMtdum 
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w .. lu�s trom the tex-b..zre ��tions1 he 1bu...nd itl A.t 'the I!!IWll v.ns lean than 
the i'Y.)ta.••uJium. e;c:t;racted f'r.-om the m.olP oo1l in al1 ousee, Ul.e detiaienoy 
b(<:lrle f'rom 4 - 2� ( up to o.M m ::). % on 1. 98 me K %).  Re M01"3.bed the 
di!'f!'lreDOt!ll!l tl') lon oof.\ of potMBit.ll!l durire t'.m.a �iot�a.tion. This e�t'eot 
mt� noticed. :in the e�ct.it'l!l oJ: the Sp ooifio gt'ttvity separates or 1he 
f:L'le Mnd trnm t.hE'l J11riburn fine m...ney loo!!! ( Tnhlt'! 31) . WheroAe f:.he f"'1.1"at 
ext:mctim at a mnd to rtnid rnti.o of 1: 1.?.-& di ac-..olwd o.M ne K f;, the 
�i�htf:lCI F'ltT!!I of 1j1e fi!'st extre.ote of' the l!'ipeoif'io 3n\Vi -cy eepn...-ntos ��� 
0 • .11:5 �e K %. At ntt:" nfl of lr  ?.VO for the fn:.otl.oo, s.n. ) 2.00 ,  1J600 for 
the l'Moti m  s. n. ?.. 00 - 2.n9, nnd 1 : 100 for tt� :fr."l.Cticn s.a.. ( 2. 09 ,  
which !'Cp'!"��nt.cd thL'l �"'-' t.1.N'I of �.ot i on to ool d l'l'h�n ij1e f'lm a�nd wne 
extr:1oted B.t -� ra.ti" of' l s lOO; !he � rm ftS 1. ;;5 ;:!c K %  CO.Tqp"l.>.:"ed 'dth the 
:f':ir st ext!':l.O t of the fi.11e sn..nd n t the :m tio � ls lOO of 1. 42 me K %. AB 
P�.:>.tt extrActed all fr::><lt:l.ons w.""rl f.I ():UA at a oonetant ratio of l i l�, the 
inor:rvlete rtlr:rla.tion found by Mm was probably the .t:"fJSUl t of extracti� 
the fro..oti ctls at rntios Cl.i.ff<..n:·cr'lt f'rom those at �J!l ich they 't'O.lld he 
ext!".,x,ted ns p ert of tl10 �-hole' mU. This would D.�:'ply pro. .. tioularly to 

tl1e ol:w f'rnctiona l)coruw.e of the stmd,y na. turc of th0 tJ110le rolls. 

Far 11 1.e new; 7.(�:':\ l.N�l. :!: -Y�ls tested, M o�m he ecen :in Table M, 
tJ-10 wc:lrr)Iti."Cl r�mt of the " r.�1·cn" !'ot:n._.,r.dum n.nd nf the " ot:>nf!ltn;\ t rn:l'ew 

r(ltrlr.o� ern �.s mry olm"r:: to thnt cib 8':l:r.vcd men. the ro lls were ext1"nC'OOd at 
a ratio ,.,r 1 : 100, Cxr.0.J:l't fo:t• the H:ilM.tSMi OOrl%'13e s�r'Cl "�1ere the �;alues 
P.B(!l(l. ff.)r the oonrse SI.'IP-d. P11:loh orr·•:rl oo s  46% of the ro il ,  WCl"El thooe 

o'bta.:l.nod hy extraot:i..cn a.t t11c r atio 1: 12-h Fer 4 of thc-3 5 oolls nhere 
RU�'�!-nntians T:rerc ma.& at '{ho r !'!.'l".io 1 :  l2i, tha 01:\l.oa.lnted rrnx:l!!lum vnlues of 
the "o'?X'l.Btnnt rntn" potn.ns1tm '11'10� ,-uch less than ihe ao"t11ol " oonf!'tn..Flt 

�1.t..e!' potassium. 

The :bn'l}ort':'.r..oc of extrt�ottn .. � tmoer �irrdlnr oxpe.r:ir'�entel 
ooPr1.1t�.r:n 91 hrour(ht out in the ahovc oorprl.:r:l.Ronn, Wl\o erap'han1zed nhen tl1e 
ef'foote of' vu-j.oua oa.t�i.cns o!l the potMslum extra.oted wn.e se e!'.,. Laok ot 
"Pl��o:\ [l.t:tcn of 1i1n ef'f'cot of' tlte �ium io..'l'l on the potM!dum extracted 
pro'T'l!�bly l oo  Rcit,(\!!leiElr, Ro'1se end n�rtrnr:l s:>n and :J?rntt 1x> extraot their 
ooiln wi thou t rernn,.r.tng e:'P;lch:m�nble notaBS:inm, ct"ee1 111a.tf� a f'-lcru,re 
O'\lcnlatcd by diff'ormoe 1� �tl,,']eot tn twice 'tl1e error of' a d1.reotl,y 

deterrrd1\ed one. 

Al i#wugh tho 1l xmo3 soltible tr.::...otian o.f the roil pota.s:rd.um ban 
been !'or m yenrs th.e 11cnt est :lnmte of the avnilable nonexol:Wlgem le 

po�sa:l.um, it hns e:tven o mnistmtly bstt.er oorrela.tiG'IlS tdth potaoa.\1n 
u:ptake at hi{!h aoid mluhlo potrulo::i.um lavcl.A than at lCJW levels m1ere the 
aoid. tend a to 1'13m07e A. crC, tor p�ortion of nonavnilable potasa�m. On 
�ern m�i�; -whtoh n�tl,y havo hilj1er noU potM�- tt�.an crop ·. --
tmfert1H.�ed aoil.e; a ain$,!.,le extr:actim atfdl'"de a 9lod int!ic."ttion ot the 
potaeBita et.atus but vl1en f!plied to cropped. 8l 1ls to dete�e the amount 
nf potnsA1nm still awilf:U>l� , it is not very aoOI.tm1;e. A bflttft" 1ndicnt1on 



103 

of 't;he r:>otMs.i m ttmilnM.lity is r;i"ltoo hy th<l1 rem � the IJ:t';�h oo t.nincd 
by plo t ting �he ro to.sairrn onn+;�.n t�� or AtlJOCeAsive noid e:xta:'act111 nr,A.:tn..'lt 1he 

cxtro.ot1. m n:t'1bcl.' ·po.�{;io,,l rly "f1het•1 cro':}pod oolls ll!'e �!nad. Thl' 
�t[1,B£"'..st:ton of: He�;oon ro1l'i J\rl) 10kle ( lnG3) that tlY:I O'")"Oetmtl :ra te  � 
ext1"P..ot. i.Cll �'l.ioh .l.� f'01 md 1.n rnf'l t ooll� far tll<'l 5r4 and 1.11J)9eQUEI1t. extro.ots, 

iA a het.tcr ma::\snre of ·fJ1e potnM1.m oWl.U.nl):lllty 'than �' s1.n�e extrn.ot:i.cn, 
"W'!'l!l nnt S lbt\ trmtil!'.to.4 1n -tM.A study, t.he l'ltnr.le e�·tion givil\>1 a much 
r"r"':t"n rr.l i.Ml& etJt.imat.e of' nf)tA�s:ttm �d'::l.cio:n.oy. They ooopa't'od the 
c-m�+.:-n.t mte of' �rnc t'1.'1'1 ny J m-ro3 �:ffl -t.hnt f01md by t>v:-v e m1c1 SiP'lon ( 1950) 
for e')].d 1!/� extrnot:'tor."l n.fkr 3 hef.lt 'l:;rr!ntr:u:.nt. I t  Vlrl '!l  ehoonn here t.�at U1e 
p0t<'l·� mJmt extr:1e tccl lly t'1c f'\e {jlod nf Evt'\J'l.� t:tnd Sil·!Ol'l was prdHih1;v pnrt of the 
" s � "  �;,tn.sR i.'D not t)L ''oon��:n.;-.t r.rt�n" -r.::otll."l!ti. · 1!1l  P.S &·!;crm.ir.ed 'by �1etson 
l'l.nd. Ar'bnA"lk1e. 

The beet irilex 'Jf' available !'lan-exchm�le potassillTl appc!:tM!! • 

to be the " 8tepr1 potra�ai.m, i. e. the notassium extl"ooted. by .H UH'03 :$n the 
/ fit'flt extraoti ms llt A. rat.e l_1J"Cater than the later oonsto.nt rate. Thin 

'' step" pota.sl'lilltll was shrmn to he a d.ed'inite traotio'll oi' the ROil potasn1um. 
,.,r "�t !'%')11 I!!Mr;?le , not af'i'coted by the contUtimA of �t-tm, prov1d.ocl 
-IJ1ey n� ko:D t  O'}r>J.d';an+. :Cro"ll o.r:c cx�;rno�lcn fn o.r.o ·:2H.'Il."• It  � n710Ml f'urth!r 
-f.; 1:1 , J. t t:me of nll\Y CYr rontlY.tred pa:r M.ola CO:.'l. t:tn!T, orir�11 f'lrit that it ma 
N�r'l ')('' j,9. !;1"11. 01'Aon tiall,y •J.l. t.h mic :1 s 1l.'� r'11<'lo.�e --n t\ ;"",inerels. 

It in run-�cstea t;llut , as the H step" potassium, emcr: t � m:-e  
pre:'H!..n.t , !I b io ti to er �)l"r..ia.tlite, is nseoo:lated i."'l 9JilB "-1 th ''101.\tlEred 

m:i.!leral:11, it mat lle n l>*Jil"') !\lot or wenth:l"'lY'..g. Asaunine tiw:t tl::.e thoory 
prop,.,Aod by .raoltw.m et al ( 1D52) thl t U10 �athor:lJlB o.f r"doM proooec!e4 in 
p:'lrt1.1'\.l J,7 '\'!Fo� thered , r; nrt.1all�r ern)r.t.nfled. planes in prefor�1ee to fue 
:l."'.i tia t:it:m of' wen.thor :t .� in an. •-'l-��thercd. lmc�:md.ed. !'1 :n.e, in O')ttc�t llii\ 
('l.l�o thn.t :i.n A11�' M i. l ,A- d.�f:l - :ttr, r;m IJl"t:i. oo  of f;h� !)11'1)� 0 arc nro-tie.lly 
11·�1.\t 1..�,.-ed., -��-en 'the n R';ep19 rnt��Sit1"'1 ::"i�lJt r•�ll 110 the pot.nB:1i f.l"l remin.ing 

�·: nld f:i.ntl re�;;r o.coeM 1 nto ·thcne- ·,")..tm�,.,. Farthor, b coanee of dwr.ces 
:f"'l the p ()rt"lttll;· �·'"'.thc"!'ed plm1e t=1 '!'<tr,1t &)et.lt by h.,ydmt1cn cC U1e la. : .tioo , 
i"h :i.e It.!, cnl'll1le tn Mf'Jl:r1e thn t pot!l.P�:b:m art.il onrnan1um imt1 v.ould not be 
e,l1l0 m oollJ.\! � tl-..e �"tt1.oe in tJ'JC partial]� �a;thered. p1m�s to my groat 
exte::1 tt.".less present :i l a...T"Ce l'l!!t01tn1l e ,  but wonld. have tt muo.h stronger 
ef'feot cm ttJe l nwea t..h..cr� planes. It U1e " oon8t.n.nt n.te" otnatdr:m 

rcprooents Ule rate of atta.ok on t..he lll'lW9ntht'!rod and une:Ji!P.enW p1(\J'lea, tlw 
ehow hyt:otheaia would provide a. rcai!IIOtlable e'Q.')l&na.t1CJ'l ot the etf'oot ot 
poteseium an4 am.'JO'lium on the " oona·tant rate" pot· soium and. of -the 
1nck�r;n'lldome ot the " att'lp" pota.mlium. of tl1eoe ionfllt It 1l'l oo�1dare4 that 
the "oonatent rate" potMedum also inoludos the potaaeim rC8Ulting tram 
tJ1e tD1ut1oo of felspnra. The oonstano-.t ot fi>te rate of extraoticn !'ran 
orthooL'l se inpl1ee that the e:lttrtloticn of potB!'a1um d.oea not heoOOJG ncre 
d.H'f'iou1t nB the E«traoticn prooeede, i.e. the aoticn or ! HN05 in me ot 
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S')lu-l;lcn of the t'el&pors as e. ,..hole l"atluo '!11&."1 oxtracti�1 n£ potassium 
fr!l'l'i the in.-;iC.c of ti1o i'l"tnm-:ork t11lich is lo:f't UJ'I..ohar;god • . 

Ot11Cr nrrr1�'t't"lc� of ��-H') 11 s ·";ep" )"Ot�n:tt1lll �;�.re oon.<J:l.s tmt w1 th 
the hy;1ottws:i.. s lldvru10�d AJ.)O'I1'01 o. tr .. 

l. 'ryl(� :re<'hc ti oo Of tl!0 " ntep" 1/0tMS :htl':l l1!"�ucr :l.l'ltenrd.VO Ol"'OJ�·'[:i1�� W)\.l�d 
lH;! ·l·' (') r • flt tl� c-f' CXt�(':�J. Ctl Clf' t')�e oi" t1J.C .. OtO.RSi�l.il f'roi'1 pm.· {;i2,J..1y 
·;'l'o::d:1y.,.· �(1 ·l J.nca a ,; a nx';,"! f":::.A.�-r-r tt,Er. -r..tn.th:r.l.n.r. wt<..S initin�:ea :l.n 
f';·��·-l 'U'l\'l'e!'J. th ·n>d ,-·l :1.'1e�. 

2. The nlow :lncrec.tlC :in = · step" pot�.as.:..llii undel:' t':>llC���r or. low :n1.t�s o� 
ClV)')' 1nii, sane ind:i.c:lti-JY� c..f ;.'Jh:l.oh ms n:1o:'.'!:t l'Y the M:t.d<Uclmret silt 
loDlll (br.i.1J8 ti1e 1L1.·bi;cr stages c.£ oro:- pil"l[;, wcn.Jld be the roat!lt of 
.f'rT1;hor plnrcs heoom:ing 1"'-"rtin:t J..v VJen:tilel'ed. 

3 .  1'ho :lnore�.me in tt a'bep•: r<>�;tV'S u'lin whem r:otMe:'cll!!t -l.e f'-lmd, wtuld 
foUcr."r if' �_�ottV:I s.lum '.vo.re f1JG..1it in the _no.rtbll,v weathf!I'OO r�'lnea fran 
1-f<ich i t  v.t': '.'l.cl be l"'cnil.il\ ' ext..ra<'lt:ible �i 11 m::o� to n�T'Mr M " etep" 
potasaiur��e 
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S U M M ABX 

.An inveati�tion W'l'la oarried. out i.nto the a-oailability of 
non-exchangeable pote.eaim, using Boils the mineral.ogioal. oontalt of \'!Jl ich 
WM moon for the ol!W n...11d fine san.\ f':t'a.c tima. 

:Aef'ore mrk in'IIOlving potMeit:m dete1"J!!inat1cns WM possible, 

it w�.e neeessery to M.'re l\ll exact method tar the estimation of potassi�.�ne 

Eetimn:tim . by f'lnme p._hotnnctry WM deoided on as t11e bo st method beomtee 
of' the sp eed, accuracy wd spcoif:l.oitu of f�1 is .r:�tlx>d. Following a. 
oritioal e�.Jl:tioo of the ocnditi.cne eesentW fbr maximum accuracy, a 
fl me  photcneter WM desigre('t ani constructed. 

The ooU potnsnium was t're.oticnatecl into emhen@J'oole 

P"tllsshm and no:1-0mhenceable potassium, the nct'l-e�hsngeti>le po tassitlll 

be i..ng tracticru!.'t:aad f'urthcr into acicl l!l)luble potassium am I!IOid insoluble 

potru�sium. 

The eX)haneeoble potassium l'!M estimated by e:Jet.moti a1 with 
dilute ni trio ooid or with neutral normal. Nmnl"lium acetate and the nCitl• 
e�eable potal!�:hlnt 1.'raoticno.tecl by extrnotion willi no:m.."\1 nitr'io ar:rld. 

Nitrlo ooid WM ��m t.o exhnlo t oonn:ldcrable mo· ntB r'>f 
rum-CX)htmgenble potru'lnium fro� the oo:U enm.:Jlea t.eated � the amount 
extracted boing govern� by 

a. The t1rne of hen!;lr>.g. The ruoount ()f potass.i.um extracted wan tt.hown 
to inoreese with time up to 10 minutes after vtd.ch for oone aoils 

the rate of increase tell sharply. 
b. The roid oomentm ticn, but mt 'rl.thin 'lite rl'..Vlge !fa - 2 ,1!. 

o. The ratio of Mil tl:! ooid. In BC"l<'..rN.� more pota.ssitr.�. wna extrncte4 
Trith '!ViderdnJ-r. ratios m th, for most ro:Us, o ratio beyond l'!1ioh no 
fb.rthor inc!'ElD.Be wo.s f�tnd m tl� pote.esium extracted. Where the 
po tt'l.nsium wos extracted by leooh1ng w:tth ooid, the ef'feot of var:;ir\.� 
the rate of lenahing was ocr.tparable ''11th tlla.t of ol Wiilfl the ao :ll 

to acid mtio in tbe batoh elCI:I:'Mti cn.  
a. The preeenoe of oa:tiros, ar:uocnium and pota.esillll. llo th  were ibun4 

to depress tiw amo1mt of potassium «ld;rao·beA by 80141 e. r,. •mhanse­
eb1e potn!lsim, H' not l't'fllave41 cii.Jpressel!l tl1d amount ot potMoiun 

extrnoted in 1he first GX'tr'aoticn w1 th eoid far me.l\Y !!OilS. A 
e:1milar ofi'eot WM found it Ell!!na'l.ium e.oetnte Wt\8 u� to remove 
e•ll'nngenble potnssit:m, 1ho e�able rmroonium or My •xoett• 

ma>nitlll trom the aoe mte ,  depressing 'the tirst potMmum extreotim 

ti�o. 
e. The type of extrnotion, whether by oont:lnuous l.eaohine or by sill'.le 

or by l'm.lltiple batch extraoticn. A oompariaon ot these me1!1odo 
ot elttraoticn sh'nled tl\at nultiple b.\toh extraction poMeoaed. 

oerto.in a4"f11Jltagea over '!he other metbod.a, "fis. 
i. \Uth the l eaoh� 1rethoa, it [Jtve a. thller pio'blrc of the 8014 
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soluble potnssim tha."l '!hat � a Etingle extract:tcn. 
ii. Batoh �otim �ve a:r::>.c t  CJntrol of 12.•.e soU to oo1d ratio. 

1.1.1. The onse of 1e�e!1:1n'3 of the acid through �1e il.:tso &f soU, which 

limits tho rl:'ngc of extraction corditlcne tvith l��h:i.ng 

e.xti:'C�.oti a.'lll, is not a fnctar :in +.ne control of l)atoh extractims. 

1"1'. A T!!Uch �lder :tTI.nt;c ·::>.f ro 1l to ao:id rat1of.'l in �:OMi1)lc with 
b:,dnh extr:toti.on. 

Whan En:lls 't'TCre e:ctraoted. by the r:tU.1t1.ple l)aWt extrnotim 
method, tJ1e fonn of the grrlplt obtnined when the l'lm1Jllt � potaos1um 
e::drr,_\0 1-.ed lfl _Plotted am'.:1.!1..'-l t  the extrno ti r:n  l1l.l!!l.1)er :1n that cf a o;,netant 
lovel, p�eded by one "r no!'C ste� above it. The constant l owl of 
extrrotion VJ"e.s as$.::.tned to :ro:t'rr:eent fu.e ra1;e of rolut1oo of the less 

t!�)bJ1le fornt� c:f pO't.'iS!liUn and tlH9 steps nJ)C.'Ve thie level, the P.a!lO!l....'rlt (If a 
mre a>luble f'om of' potMsit-un. These forms 'I'I'E".re da.lled "Cons tent Rate�t 
potn.as:Lt!l a.."li "Step11 potnssi�m res-pecti Y��. The " step" potassium Wl8 
shO'IIm to he indq:IEmc!cnt of the oordi ti-:ms of cxtractloo a - e, l:rtlt Ule 
"eonst.o<mt na.tc" potMs:h:m wn.s foand to be (lcrH'tndent on t.l-le obove oond.it:ict1S. 

:ro identif':/ the tcxliu� ft'sotims '!'!lion nro the oource of 
the " stop" potasF.I:1.um a.�-.d of 'lile "c-:ms'tant rate" potassit:m, S();."'!.d, ai.1. t and 

olA,V tract�.ons separa.tcd fror.t t.ha soils nsed fcrr the r.laashcuse o:rn_pping 
expe1'.'imcnt carried 0! t t in this ettle\Y, VJera extrno tOO. wittt 1! HIT03• The tJe 
extrnotions showed th..at the n�;jori-cy of � ooS.d solti>le r:ota.."'a:\.um. was 

e:xtrl.'.oted from too clrw f'rnctlro., both on a u.rdt weight hasis and on a ,,� 

waif711;cd oontrlb�ltim lHl.rds, the prQilortirnB 0'1.' the "step" potassium t.U:?4 
of -the "oonat..'l.nt :m.te" potassium of tl1e 'l'JHne soU, oomiP-e; Oxml t..h.e oley 

trooticn, vnr-,r.l.ng :f'rnm 44% to 95% far lon:ms ond ll% to � f'or E'lMCI$ frr 
the " step" potaesitln ana fi'am 20% to 7.1$� for loama a.ri\ 8{1 for B!'lnds for 
t..he "oonstnnt rate" potnesit:m. 

RxtraotiCl1 of. t;'��ic:;�l pota.ssitJn cntl'te.il in.g minerals, 

musoovi:te , M .o t111e, wrn:lcuJ.ite and orthOC'.laae, grn-�md to mn.d. rnd -tn ellt 
sue, m th l! Ht·r<>s attar ronovnl of' any e-,a:)haneeable potaesittn l:lhera.tc4 

dur1ng grinding md l)f n._--v:tples of 'the oley m1.�1E!l:' ai. a, illite, :bolinite and 
IDt)I::b!'.orUlcn it.e withtY.l.t grir.Jl:lng, r.holl34 thnt 1he " s t�" ;otMsittt end �­
,.oor..st.a.nt rate" potassitn oont ents �I'G M fbl lowH.llite and nueeov1:te, 
both " step" potassium and. " coMtnnt rate" pota.<:181ttn, b ioti -re Md wtmiculite, 
"step" pete.."'flium on�, b.oli.."'lite ond !ix:l'l1Joorlllonite• neiiher " step" 
potassit.11l nor "ocnstont :m.te., pota.asiun. As about 9� oi' tl1e " stop" j 
potaaaim ome from the olll.y trnotim; 1t lnB Ma:uned that Ulite was the 

min aouroo of' MU " step" potasBil.l!l. 

A reasonable ool"!"'latiCil was obta.inod betaem the chstributicn 
of illite and a1mllnr clo,y mine:mla in the gmetio olaMif'1oation aoU 

RXt>upe and the "step" pdtossim of fhoae gi'Ot.WI!l• 

An hypo·thosie � tlte nature d the "step" potMaita 

sn1 the " oonatont rate" pota.ssit.lll wt\.8 a4vanoe4, the "step" potaasiun 1'ro1ll 
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the olt\Y tr oticn be5r.g .rostula.tecl. M tm\t po+.o.s�:hll!l oom.rrin .. � in the 

portial.J..y e,cpamed plaMs in tJ1 e  ol.� :mineralE&, �-llite , oll\� wr.nloulit.e and 
h,.vd\.•l')l.tS m:ion 'ntnnnedit�.tes. The 11 step" pott\."'Bittn f'rt:m the (l')e.l'!I'Jr trnc'\im 

vms rep,t'lrded e oc:Yl'ting f"r'om the mioi\S. The "oonet'llmt r!l.'OO" rotMBitn � 
oonrd.(lered t, nrloo f'rom th e acid a.tt.ack en une�f.\J'lded pb.oo e in -the t'Ua;v 
mine:rnl.s :wd 1'ron f¥.'11ui:ion of the fcl�p�:rB end o t,;he:r po·hn..<�silJJn o"'"1ha�"'l.1..ng 
mineral�. 

Po·tassi�..rn was ahcwn to be �lxsd tw 1:ettmg �.na &::'1-fur. a:li 103q, 
or on mois-t ntornge for.· one v.reek, t.he potasl'li11Iil t:i-md. boine eo:id soluble 

/ and a:'Jpcarizlt.:; l\a '' nte:p" potasf'd.t.rn. The " oomrtmt rate" potMa:hn wn..� not; 
a.ff eo ted. hy fixa t:1 r.!'4 

An investi(jn. ti m i..rtto the avnilebil it;; oi' soll potoD�1xrn 'flU 
OHl'l'ied out by cropping 12 so5.ls intc.nsively wi�1 Italian rye�sa under 
&laza'hOUBO coa:ll ti.cn.s i'or 15 :nontha W 2�� yea.n. The ofi'ect of fue m:nova]. 
or avnilable pot.?-.aeit:m by o:tUppi;'1g o:'l ti� soll potaasium distributicn wns that 
both e:llbhangeable nnd non"'(-1:.tollar.ged>le pota.as-lt'!n V7ere W!t3d. A rapid fall , v 
in the lC't'tll of f' .. xobangcru)le potaaei�!ll oocun.·cd in .all oases when granth 
wns rn..,�.d but n <'lO'l'T r:l.�e in thG e:mha..TJ,�able potaardum vms fbund in a favr 
onses men grry:vth becruT�S N.mv d:.t� tl� het WGl\t�r. ThE! potose ium pe!\-

o€'nt np;e in the ple>nt tiM�le wss ahOYm '!",.., he �P.llSiti '\l'll!l to the em.h.aneeable "/ 

potan!'livm l evel. 

The t\V'; fo:rms Of acid s:"•lub:J.c f,O t M S.�Ul'!l 't'!Cre af'fe.o'tod u..ifferently 
1>y Cl'OPP:inr.t the "oonato..T'lt :-ntc" potaseiur'1 bci!1,G mt t�ffeo tea.. but t;he 11 a'teJ.>" 
po ta:�oi:.Im being reclucca, the reclu.c·tion lH>il'\G ec.].tal tJo the trp�J:e of llon-
exc.l'> ... lm,geable potassilml. .txtrnot:i.on of t.he tmt!a::t•e fh1otia1s of 2 M:Ua atter 

....... ./ oroppL-:g shrmed tht.Lt virtu�lly all tl1e mtailt'ble nr,:rl-e:mha.n.ge:IDle pot�.ss:tum 
o;;une from the clEl,7 trnetim '' step" :r:t:rW.siurn. The a: m:i.hlJle potr.tt.sitJn u.'1der 
the oonditi ::ns or t.OO oroppi� oarried out "nM n atEql" potass:\.in. The 
oarollnry in that Er.'}ll� w1 t.h no " st.ap" :potaa"'1.rrn oo11te:in nn available non­
exc-,.h:ll'lgerible potnn8ium. 

A f'I'UI'V'CY of the " otep" potMsium con ix';nt 'Wt'W carried rut on eome 
Hew Zca1Md ao:Us, 1•e'!p['esenting the main soil gror:ps a."li tho100 oo:l.l -cy-pes 
mown to be potnsaium 1'l'l�Jpnnai'tl8. A :relinble Oltl.SGi:N.cnticn i.t'.to eo ils, 
which ro.�e potassium: W.ioicnt or on wbich poto.soium respctlSes ha.·;e been shown, 

and into eo ils mliah are not potdsaium 4ei'ici mil \'!M sham to bo ptnetiooble 

on the banis ot the " atep" potaMiun content of tlw soil. a. Soils w1 'th 
n stop" pote.msium oontents lens Uum o. 5 me � 'lft'lre thooe 'Which were potaasium 
llefioientt those TJith " step" potassium contents f"!'Om 0.3..0.4- me � were 
sliehtl.y ft.sponsive, b11t it of ooa...-se 1lextun er 11' orol!pe4 Snten81vely, 
�eater responses wer•� l'roorded. T.'hoee dth " step" pot&tJ&it111 greater than 

o.s me � ll'0re not potnssit111. d.�ioient. 

A method, based on the d1ove ooncl.usicna, tor olaaaity:ing tt>Ua 
into !'Clt)?Ctlaive and notl-'I'�on!liv-o � lps WM propoae4. 
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