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A STUDY OP AVAILABLE POTASSIIDJI 

IN SOI.TE OKLAHOMA SOILS 

INTRODUCTION 

l 

The behaviour or potassiur:11 ions in soil is in many 

cases somewhat complicated and confusing,. and many 

scientific investigations have been conducted to obtain 

information which 1tdll help to solve this problem:.,, Several 

theories have been suggested and proved to be true under 

certain conditions, but as to a general understanding ot' 

the problem still more in.formation seems to be needed'• 

From a pract,ieal point of' view one of the most i:m.:.;;. 

portant problems has been to find a nethod of determining 

the need of potassiur.>1 in maintaining or creating a highly 

productive soil. 

After it was f'ound that the total 8.iTiount of potassium 

in soil had little or no relation to.the need .for potash 

fertilization:, the concept of navailable potassiuxn.u (water 

soluble potassium plus exchm"lgeable potassium) was readily 

accepted and has been useful in explaining the :relative 

availability of soil potassium fol" plant growth. Although 

the quantity of' available soil potassium in relation to total 

potassium in soil is rather limited and may be used up by 

crops· within a short time, it has been f'ound from practical 

experiences and experiments that in most cases the available 

potassium serves as a good measure of potassium supply for 

plant growth. 



2 

Aftel' various. investigators learned that available 

soil potassi1..U:TI is the main source of' potassium for plants, 

it became an interest:tng problem to f'ind the relation 

between this form and other forms of potass iu:m in the soil. 

S:tnce it was found that so?ne of the potass it1.n1 Gtpplied to 

soils in a soluble for:m, is readily changed to less soluble 

compounds, it is evident tb.i.:"1t the processes of .fixation 

and release of pot.assium may have an impo1'"'tant influence on 

the economical use of potaah f'erti1izers and on plant gro,Nth 

under varying soil and climatic conditions. 

The experiments performed and presented in this thesis 

are intended as a c;eneral contribution to the problem of 

fixation and releaslng of potassium in soils under different 

conditions and treatments. 

Soils from diff'erf3nt parts of Oklahoma were used to 

determine if any differences occur in the behaviour of 

those soils as co:m.pared to general theories found true for 

soils from other regions. 
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REVIEW OF LI'I5RATURE 

Suggested de.finitions and groupings o:f di.fferen-t .forms 

of' potassium in soils are logion and in many cas.es the same 

expressions are used for dif'i'erent purpose.s.. A rather eommon 

and v1ridely accepted grouping of potassium compounds in soil 

was given by Wood and DeTu.rk (39) as :follows: 

1. Pr1tnary mineral potassium {acid insoluble) .. 
2. Fixed potassimn {acid soluble). 
3 .. Exchangeable potassium. 
4. Water soluble, potassiura. 

Group 3 and 4 are commonly referred to as available 

potassium . .,, hut sometirnes this expression is used as a synonym 

f'or group 3. DeTurk and cov1orkers (9) used the term nNonre­

placeableu or colloidal held potassiU):Jl :for group 2 (fixed 

potassium).. They f'ound this group <to represent about 18'{£ o:f' 

the total potassiurn in a fertile soil. 

Attoe· and Truog (2) estimated that the quantity of 

readily and :moderately available potassiurn. in a fertile lo.am 

soil is approximately 3'.'£ of the total, and classified the 

different forms of soil potassimn into 3 groups which are as 

follows: 

Readily available } 
Exchangeable potassium } 
Potassium iri organic matter ) About l;b o:f total. 
Water soluble salts ) 

Moderately available ) 
Pixed po tass iu.m ) About 2% of' tot al 
Bioti te pota.asiu.m ) 

Difficulty available ) 
Feldspar potassium ) 97-98% o:f total 
l1fus.covi te potassium ) 
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The influence of drying and 1ivetting of' soils on .fixing 

and releasing o;f potassiu.7ll and the rate of those processes 

under different moisture conditions has been.the subject of 

much research.. Attoe (3) found that fixation oi'' potassium 

occurred on drying of' potassium fertilized soils,. but an 

increase in available potassium was observed i.n unfertilized 

soils low in available potassium. Wine out of ten unferti­

lized soils containing less than 100 ppm. of available po­

tassium showed an increase in exchangeable potassium on 

drying,; ranging from 4% to 90% of that present in the moist 

soils. Eight o.f ten f'ertilized soils showed a decrease of 

exchangeable potassium after 2 months storage under moist con~ 

di tions and a decrease of 11% to 52~t of the amount added., af'ter . 

drying at room temperature,,.. Alternating, drying and vv·etting 

facilitated the reactions·in both eases .. He also .found 

the relative humidity at \"ihich the drying took place· to be 

01' considerable importance .. 

In a later paper (4) Attoe reported that most of the 

potassium added to a soil was recovered by seven crops. 

Fertilizer applications ranged from O to 1350 pounds per 

acre. Although up to 56J~ of the potassiun1 in the 50 and 

150 pound per acre rates was f'ixed in nonexchangeable form . ., 

the recovery ranged f'rom 92 to 98~ of the run.ount applied •. 

Drying of the .soil Oiliami silt loam} betv1een each oi' the 

crops caused a considerable increase in the liberation of 

potassium.. 



Ayres et al. ( 6) found the. t 3400 to 4200 pounds of 

potassium was 1ioerated per acre du.ring a fou.r year period 

under field conditions in a Hawaiian soil cropped vd th Napier 

grass. J\fore than one and one-halt' times the initial amount 

of' available potassium was removed by electrodialysis :for 

one :month. 

Blume and Purvis {7) found a great variation in the 

.f:Lx:ation of potass:11..un fron1 n1onth to month. Under controlled. 

conditions the quantity of replaceable potassiurn remained con,.., 

stant over a five month period while the fixed portion varied 

greatly,, with the variation reflected in the water .soluble 

f'ra.ction... A monthly removal of the ,rvate:r soluble potassltm1 

by leaching gTeatly reduced the replaceable and f'ixed f'ractions 

of' potassltm1< in all soils studied. 

Bray and De 1rurk (8) found a ready release of po·tassiurn 

-.from nonreplaceable forms from some Illinois soils du1"ir1g 

moist storage, upon removal of' all or a part of the original 

replaceable potassium. With.out removal of any potassimn 

under the same conditions the release was very small or 

negligible. Increasing the fraction of replaceable potassiura 

by adding a. potassi.um. salt resultGd in a part of' the replaceable 

potassiura beh1g changed over to a r.i.onreplaceable :form .• 

Heating to 200°c resu.lted ir1 a release or :t'ixation in the 

sari1e way depending on the conditions at the beginning of' the 

heat treatment. 
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( ,, 
Gholst;one and Hoover (14) pointed but the i!rJ.portance of 

non.replaceable potassiur;1 as a source of potassiu1J1 for plants. 

In all soils tested, more than sort of· the potassium removed 

by 8 crops du~ing 545 days was released by the soils f'roni 

. nonexchangeable forms... The ability of liberation varied 

widely between difi'erent soils. 

Joft'e and Ifolodny ( 21) found a maximum fixation of' po­

o tasshtm at 200 C, and above that temperature also a release 

of potassium. At 550°0 they found a complete destruetion 

of the soils capacity to fix potassium •. 

Leatz and Winters (34) s·t;ated that the !'elease or fixation 

of potassiurn depends on the amount added to the soil. At an 

application rate of 200 po1.mds per a.ere 1001[ was recovered .. 

When the rate was 800 poun-ds per .a.ere only 707b ¥ms recovered 

under f'ield conditions, ... 

Stanford and Pierre (36) have noted a fixation or po-

tassium under.moist conditions in some soils .. Joff'e and 

Kolodny (20) found no fixation occurred without drying .. 

The efi'ect. of free zing and thawing is likely to be the 

same es that of drying and wetting, since freezing causes a 

concentration of tt,e mineral matter in the remaining soil 

solution and obviously has the same ef.fect as drying. This 

effect has been suggested by Attoe (.3) and also by Fine et al. 

(13). 

The inf'luenee of: other ions in.soil upon the behaviour 

of potassium ions has been a subject of considerable interest. 

Special attention has been paid to the ef'f'e.ct of' Ca and H 
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ions (in practice the influence. of' liming). Leatz and 

Winters (34) found a higher percentage recovery from a normal 

potassium application when Ca ions were predominating over 

H ions, than vice versa. On the contrary Allaway and Pierre 

{1) found a f'ixation of potassium unde1• moist conditions: in 

c.aloareous soils,, but not in acid soils. This was confirmed 

by Attoe (3), who .found an increase in potassium fixation by 

liming potassium fert.ilized Spencer silt loam under moist 

conditions, as well tas dry. He suggested two. types of' 

.fixation., One type, which proceeds in :moist soils, is 

increased by liming, and fixes potassium in a form fairly 

soluble in .5 normal HOl .. A second type occurs only on drying, 

and is quite independent of soil pH, f'ixing potassiun1 in a 

form fairly resistant to extraction with .5 normal HCl •. 

According to Hoover et al. {18} more potas.sium was re­

leased in a Grenada silt loam e.t pll 6,.6 to 7.2 than at a pH 

of' 5,.'7 to 6.2. Shaw and liiacintire (35) obtained a eomplete 

recovery of applied potassium in a typical acid red clay sub­

.soil ir.ihile considerable f'ixation occurred in a calcareous top 

soil ( Black loam derived :from Chicka."ilauga limes tone} • 

Jenny and Shade {19) suggested that the retention of' 

potassium by a limed soil mi3ht be attributed to activat.ion 

o:f the soil flora and assimilation of' potassium by the :micro­

organisms .. In general, however, liming increases the amount 

of available· potassium,. lliiarshall and cowofkers ( 25, 26) 

studied seven dif.ferent clay materials and .found that the 
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chemical activities o.f t.he potassium ions· are higher in a 

Ca-K-system than in a R-K-system., They also found a marked 

increase in the activities of Ca and l{ with increased clay 

concentration. 

Wiklander (44} offered an exp1anation of' the dif'ferent 

opinions concerning the influence of liming. ·ue pointed out 

that the order of replacing power between diff'erent ions 

changes under dif'f'erent conditions .. The hydrogen ion has less 

replacing.power than the calcium ion in the presence o.f 

montmorillonite., -vvhile in other materials the opposite conditions 

hold true .• 

Stanford (37) pointed out that while in extremely acid 

soils the difficultly ex.changeable ions H,. Al and Fe must be 

replaced before Kean become fixed, causing a slow, if' e.ny., 

fixation in these soils under moist eonditions; f'llg, Ca, and Na 

in calcareous soils are replaced quite readily by K, thus 

aceo1;111ting _fo:r s. rapid f'i.xation of Kin these soils under nioist 

conditions .. Between these extremes the rate and extent of 

fixation may be expected to vary with the ar11ountr-: of' secondary 

:mieaceous minerals, the extent of' weathering, pH. and ot.:1er factors. 

The relations between potassium f'ixation, soil ·structure 

and baso exchange capacity have been studied~ Hoover et al. 

· (18) studied the inf'luence of: different stages of weathering 

by eropping the top soil and the subsoil from a virgin Ruston 

sandy loam separate in a green house for 547 days. The non­

exchangeable potasshun in the virgin top soil was :more readily 

and quickly available to millet than was that in the less 

weathered s~bsoil. 
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The base exchange, capacity o:r .feldspars, micas and soil 

colloids is greatly raised by grinding belmv a size of' 1 .mu as 

shown by Kelly and Jenny ( 24) ,. DeTurk et al. ( 10} divided the 

soil fraction below 1 mu in several underfractions and showed 

that all of them fixed potassium. 

A decrease :i.n the exchange capacity of bentonite equal to 

:bhe quantity of pot&.cssium (f'ound by Kolodny) could not be 

duplicated in soil experiments per:forn10d by Joffe and Kolodny 

(21). 

The behaviour of different soils concerning potassi'u:m 

fixation seer;1s to be closely connected to the l{ind of minerals 

.from which the soils originate. Haney and Hoover (32) made 

an application of potasoiu;.11 to one montmorillonitic and one 
' 

kaolinitic soil.. F'ollowing moist storage, the soils \'1iere 

leached to deterriline the quantity of K in available f'orm.. The 

montmorillonitic soil fixed large amounts of' the applied K 

while the ke.olinitic soil did :not ,have any signi.ficant K-

f'ixation. Hoover and coworkers (18) alf.lo found a close relation 

between mineral type and potassium fixation. 

According to Stanford (37) illite is capable of fixing 

potassium under moist oondltions while minerals of an expanding 

lattice type do not fix potassium except when drying occurs. 

Illite fixes additional potassium when dried. Stanford's com-

parati.ve studies on raontmorillonitic and illitic clays indicate 

that some of the seemingly discordant results ¥d1ich appear in 

the literature on potassium fixation in soils are reconcilable,. 
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Joffe and Kolodny (21). concluded that only the crystalline 

clay colloids having definite lattice structure, can fix potas­

sium... They found no fixation by synthetic a..'tlorphous alumino­

silicates rlith very high exchange capacity •. 

Many suggestions have been made to explain the mechanisms 

of potassium fixation., and experimental results ar·e presented 

as support .f'or dif'ferent theories. :Phosphorus was one of the 

first elen1ents con..11.0cted with potassiu.m. fixation. Joffe and 

Kolodny { 20) :round a considerable fixation of' potassiu.ra by iron 

and aluminum. phosphates on alternating drying and wetting., which 

increaaed with an inc1 ... ease in acidoid basoid ratio. They 

suggest that a complex iron-pota.ssiur11-phosphate compound is, 

at least partly responsible f'or potassium fixation .. 

Eriksson (11, 12) made extensive investigations on the 

relation between potassium and phospho.rus in soils.. He showed 

that a considerable mutual inf'luonce exists concerning the 

availahili ty of those tvw elements •. 

Shaw and :r:iiacinti:r·e (35) f'inding the fi:r:ation of potassium 

to occur especially in calcareous soils, suggested the formation 

of' a calcium. con1plex. Volk { 41) pointed out that several 

different processes appear to be involved in the fixation 

procedure,. 

Blume and Purvis {7) proposed the possibility of micro .. 

biological fixation- v,hieh theory is supported by the close 

relation found between changes in water soluble and. fixed 

potassiura. Martin. et al .. (27) on the other hand, did not 

find any connection between organic matter and potassium 
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fixation. That the libera.tion of pota:;rnium can be associated 

with organic matter was shown by 'l'am and Magistad (38}.. They 

:reported an increase of available potas slum from 1.21 to 401 

ppm. in a soil under field con6it.ions during a period or 35 

weeks, evidently caused by the decomposition of organic :rnatter~ 

While some investigators, like Bluxne rmd Purvis (7), did 

not find any tendency toward establishment of' equilibriuin be-

tween different forms of potassium, .most research workers con-

sider the processes reversible and that they will sooner or 

later reach an equilibrium. Stanford and Pierre ( :36) found 

equilibrium established within 48 hours in some soils under 

moist conditions while DeTu:rk et al. ( 10) found 25 vveeks 

necessary to reach equilibrium in some other soils tmder similar 

conditions. Wood and DeTurk {40) i'ound a slowly s iifting 

equilibrium. established rtf'tcn" 16 weeks to one year~ depending 

on the kind of soil a.nd amou.nt of potassium. added.. They found 

the reactions likely to obey the la,u of mass action. 

Some authors believe that the formf,tio:n of' a mineral is 

the explanation of potass itnn fixation.. VoUr ( 42) afte1:> maklng 

chsrnical, 1rd:neralogicaly and X-ray studies of lii;;lgerstown silt 

lorun, concluded that the formation of muscovite could acctnmt 

for the fixation of potassium. After experin:Kmts with serecite 

had been conducted, Jo1'fe and Levine (22, 23} suggest that 

potassium is fixed as a part of" the min.eral structure.. Po­

ta_ssiu:m w2.s released by means of electrocHa.lysis and the same 

ruuount v1as afterwards fixed egain by al tern.ate drying and 1Netting. 
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Bray· and DeTu:.rk (8) did not find the theories involving 

the formation of a resist~nt mineral or an insoluble co:mpound 

very likely. They suggested that secondory :minerals formed 

during \'u·eathering have the property of hold:lng potassium and 

probably other bases in a forr:1 usually considered as nf'ixed, u 

but W·:,ich could be designated us very difficultly replaceable .. 

That mes.ns they were suggesting a double buffer system in-

volving two typos of' base exchange reactions, which nature 

hes provided f"or the preservation of potassium agt::dnst 

leachlng and luxury consumption. 

Martin and. coworlrnrs ( 2'7) suggested th&1t certain cat ions., 

when present in the exchange comnlex of some 
J. 

so:Lls, can pass 

f'ro:m a loosely l1eld state to a very strongly held state. 

They found that sorn.e soils lost their potassilm1 fixing power 

when treated with hydrogen ions and concluded that·thoe.e ions 

have the same ability to be fixed as hmm the potassium ions., 

in that viay taking up "th.e- spa.co f'or fixation .. tt 

Pace and Brown (31) proposed a mechanis:m to explain the 

fixatiem of the potassium caused by dr-;';dng, in '.Vhich tho size 

o:t the ions i:md t1'1e spaces in the variable lattice of t11e 

montn-1orillonitic clay minerals are shmm to be the important 

contributi.ng factor.. They suggested that lar•ge cations when 

present between the sheets of the minerals can prevent the 

shes'.'1ts f'ro:m coming together which traps the potassit.lli1 ions. 

Univalent and divalent cations v.rsre tested and it was found 

that the ionic size close to the size of certain free spaces 

within the lattice v'lere highly correlated vdth the degree of 

fixation. 
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M:ETEOD OF ANALYSES 

1I'he method i'or detormlning available soil potassium was 

procedure uned in the soils laboratory of t,1e 

Oklahoma A 1~ Jl 1 1c) ' " 1~ vo~ age, u ana was as 10. Lows: grams 

of soil vi1cis Yceighecl into a 2 .. 5 X 150 mn1 Pyrex tent tube. 

'l\'::n ml of neutral :n1olar eJn:t"!K>niu.rn. acetate wus added,- the tube 

agitated vigorously, and placed in a water bath at 70°G. 

After about one m.inute the tube was plugged with a r1.fober 

stopper to prevent evaport21tion. ( If the tubes were plug@ed 

before. heating either tho tube was broken or th.e :=ltopper was 

expelled by the pressure generated from the expansion of the 

enclosed air.) The temperature vvas maintained at 70°G :for 

one hour and the sample was agitated an additional f'ive times. 

After one hour the suspension waB filtered and the potassium 

content in the f'il trate was dotor·ir.ined with a flame photometer. 

All analyses were 1nade in duplicate or triplicate and the 

a..rn.ount of potassiu:m w::w calcult1ted on the basis of the oven 

dry soil.. Vfhen ane.lyses were rn.ade on moist soils, a mu:i.sture 

determination was also made and tho v:ate1" content of' the sa.ruple 

was added to the volume of the extracting solution bef'ore the 

available potassirnn was calculRtod. A sligb.t error might be 

. introduced by the lovverinr; of the concentration of the ex-

tre.cting solution" but it :ts of minor il:nportance and has not 

been considered. 

-::,Available potassittm in this study includes tb.e water 
soluble and the exchangeEble potassium. 
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Moisture content .. 

The moisture content was determined in a conventional 

we:y by drying t~1e sarn.ples to constant weight in an oven 

at 110°c. 

The ignition loss was determined by heating the soil 

fo1" three hours in an electric f'urnace at 550°0. 

Base exch::mge capacitx. 

The base exchange capacity was deter•mined by the fol­

lowing method: Ten grams of soil was \Veighed into an 

Erlenmeyer flasl,c and 100 ml of normal ammoniu.m acetate at 

pH 6.8 was added. The flas.k vvas placed on a steam.plate f'or 

one hour and agitated vigorously i'our ti.mes. The suspension 

was f'il tered under vaowm and the soil 011 the filter leached 

with six portions of normal $.lff.monium acetate {25r.ll) to saturate 

the sru11ple completely ¥:ii th arnrnonium ions. 11he soil was wasn.ed 

with methanol until the i'iltra.te gave no test for amrnoniu . .m 

eal ·ts by means of Nessler' s reagent.. This usually required 

f'our 30 1111 portions of alcohol .. The soil and filter paper was 

transt'erred to a Kjeldahl flask, magnesium oxide added and 

airm1onia distilled in the usual v.ray, being absorbed in an 

excess of standard hydrochloric acid a.nd the excess acid deter­

mined by titration with standard alkali ( .,074 norm.al :lJaOH}. 

JJ'.he ex.change capacities i:vere calculs.ted on the basis of oven 

dry soils .• 
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SOILS USED IN THE EXPERIME1fi'S 

The type,. location and stage of cultivation oi:' the 

soils used in the :following experiments s.:r•e given in 'I1a.ble I,,. 

When the soils were collected the :moisture content varied 

widely for dii'ferent s a1i1ples" from 2 .4 to 14. 7%. 1:Phe 

moisture content was deten:lined and distilled water added 

to bring each sample to 201! of ·the dry soil. 

After moistening,. the sainples vu"ere stored in air tight 

glass jars at laboratory temperature.(about 25°C) for three 

days; and then in a ref'rigera.tor at plus 5°c f'or seven weeks, 

so that the m.oistu:re would res.ch an equilibrium with the 

mineral matter in the soil .. 

After this time each sample was divided into t,;ree parts, •. 

One pa.rt, which will be referred to in tho follovJing para-

graphs as Series f::., was kept in glass jars and stored in the 

ref'rigerator et a temperature o:f plus s0 c. The second part, 

Series B, was stored in open paper bags at the laboratory ----- . 

temperature (about 25°0). The third part, Series 

transferred to beakers and placed in an oven at a temperature 

of 110°c. 

The moisture content. at th.e time of dividing each 

sam:r.ile \Vas deter1,.lined., and also the base exchange capacity 

and the ignition loss. The results of these determinations 

are given in Table IL. 



No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

TABLE I DESCRIPTION AND LOCATION OP OKLAHOI~ SOILS 
USED IM THE POTASSIUM EXPERIMENTS 

Soil Type 

!forge very fine sandy loam 

" ff ff tt u 

· st. Pa.ul very fine sandy loam 

tt u tt ft ff 

Kirkland silt loam 

fi n t:t 

Albion silt loam 

lf " tt 

Parsons silt loam 

n n tt 

Bates very fine sandy loam 

n u H n n 

Durant clay loam 

tt u rt 

Durant loam 

Location 

Payne County 

fl ll 

Vfoodi.vard 
County 

Noble County 

t1 n 

n " 
ti tr 

Mayes County 

n ti 

ff u 

ft H 

Carter County 

Ii " 

f.f u 

Cultivated 
or Virgin 

Cultivated 

Virgin 

Cultivated 

Virgin 

Cultivated 

Virgin 

Culti.vated 

Virgin 

Cultivated 

Virgin 

Cultivated 

Virgin 

Cultivated 

Virgin 

Virgin 

Samples l, 2, 5, 6• 7, 8, are from north central Okla.hem.a; 
3 and 4 from western; 9., 10, 11, 12., from. eastern; and 13., 14., 
and 15, from southern Oklahoma. 



TABLE I! 

/.' 

Soil 
. No .• 

1 
2 

3 
4 

5 
6 

7 
8 

9 
lO 

11 
12 

13 
14 

15 

17 

MOISTURE CON'IEWT, IGNITION LOSS, 
AND BASE EXCHANGE CAPACITY O.F SOILS 
USED IN THE POTASSIUl'Jl EXPERIMENTS •. 

Moisture content 
% 0£ moist soil 

(Series A) 

16.2 
15.9 

14.8 
15.5 

15 .. 7 
17.2 

15.3 
17.3 

15.6 
16.4 

16.0 
18.5 

15 •. 4 
18.2 

16 .• 5 

Ignition loss 
% of dry soil 

2.74 
5.08 

l.99 
3.39 

2.86 
4.59 

5.03 
4.83 

2.46 
5.91 

3.,21 
5 .. 84 

3.51 
4.48 

4.27 

Base exchange 
capacity 
m.e ./100 g. soil 

10.7 
1.4 ... 6 

12 .• 2 
14.5 

15.0 
17 .. 0 

10.3· 
12.9 

10.,5 
19.0 

9.,2 
14.,7 

15.0 
21 .. 2 

14 .. 0 

As indicated in Table II, relatively uni.form moistur~ 

conditions were obtained in the soil samples with .. the moisture 

content slightly varying aro11nd the calculated value of 16 .7f). 

The mater,ial lost from ,the soils by ignition c9nsists mainly 

ot: organic matter and chemically bound wat_er, the latter part 

increasing with decreasing particle size of the mineral matter. 

In all soils except Albion silt loam (No. 7 and 8), the 
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ignition loss is considerably higher in the virgin samples 

than in the cultivated samples which might be ta.ken as an 

ind.ieation of' decreasing organic matter content in the 

cultivated soils although variations in the amount of 

chemically bound water due to diff'erences in the structure 

of the mineral matter :m.ight be l'esponsible for ·a. part of' 

the differences. 

In all cases the base exchange caps.city ·was higher in 

the virgin soil than in the cultivated soil of the same 

type. 

CHANGES IN THE AVAILABLE POTASSIUM 
CONTEWJ.1 THROUGH IGNITION .. 

Available potassium was determined in the soils' after 

ignition for three hours at a temperature of' 550°0 ... ·· 

Ignition of' the soils caused a considerable increase 

in the amounts oi'-availa.ble potassium in all soils'- as seen 

in Table III,. with the effect varying :rrom an increase o:f 

19t in the virgin Albion silt loarn. (No. 8) to 5319S in the 

vil .. gin Parson silt lorun (No. 10). In soils No. 3 to 8, 

all containing ra.ore than 200 ppm. of' available potassium, 

the increase in available potassium was larger in the 

cultivated sample than in the virgin sample fi·om. the same 

soil while in the ot':1er soils, all containing less than 

200 ppm.,. of: available potassium, the increase was larger 

in the virgin s a.111ples .,. 



.TABLE III 

Soil Wo. 

l 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 

AVAILABLE POTASSIUM IN SOILS 
BEFORE AND A]1TER IGNITION. ' 
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Available potassium, ppm. ·or dry soil 

Before ignition Af'ter ignition. "% in.crease 

195 370 90 
183 384 110 

· 236 532 125 
288 548 90 

201 641 219 
230 548 138 

231. 397 72 
323 383 19'. 

70 212 203. 
88 556 531 

75 178 137 
63 213 238 

122 398, 226 
153 573 274 

188 381 103 
/ 
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CHANGES IN T'-iE 001\JrrENT OF AVAILABLE POTASSim,; 
UNDER DIFPERENT STORAGE CONDITIONS. 

The soil samples stored as previously described in 

20 

series A., B. and O were a.na.lyzed &.t pe:r>iodic in.tervals t_o 

determine to w•1at. extent any change t7dgb.t occur in. available 

potassium content. 

The samples also ·were analyzed immediately ai'te.r collec­

tion and before bringing them to a uniform moisture content .. 

TABLE IV 

Soil 
No. 

At 

AVAILABLE POTASSIUM IN TuIOIST SOILS AT 
VARYING INTERVALS WHEN STORED AT A 
Tl£ :;;PERATURE OF 5o C .. 

Available potassium in dry 

callee.- After 7 .After 8 A.ft er 

soil 

15 Af'ter 18 
tion, ppm. weeks, ppm .• weeks, ppm. weel<s ,ppm. weeks,ppm. 

l 1?7 195 195 205 204 
2 166 183 181 198 200 

3 169 236 235 262 258 
4 269 288 286 321 330 

5 195 201 204 229 238 
6 226 230 232 258 270 

.f- 7 173 231 231 249 250 
8 258 323 322 334 340 

9 42 70 70 79 79 
10 61 88 92 92 90 

l.l 46 75 76 78 77 
12 34 63 64 73 74 

13 ,..,.,. 122 124 120 130 
14 lC::7. v0 154 154 158 

15 188 196 191 190 



TABLE V 

"'oil Mo .• 

AVAILABLE POTASSIUI\1 AT VARYING INTERVALS 
IN SOIL SJU;IPLES STORED UNDER AIR DHY 
CONDr.J.'IONS AT ABOUT 25° 0,, 

,J:, ;; • 

Available potassium in dry soil 

Initial Af'te:r After After After After 
48 hours 7 days 5 Vleeks '7 week.:s 13 V'JeGkS 

pp:m.. ppm. ppm. ppm. ppm ... ppm.. 

1 195 170 158 140 138 154 
2 183 163 151 133 132 , 150 

3 236 221 208 168 187 203· 
4 288 271 246 208 205 237t_ 

5 201 202 17G 153 164 189 ' 6 230 218 202 172 l8B .201,'' 

7 2.31 206 196 171 175 199 \ 
8 323 28'7 268 227 236 _.259 

9 '70 ·:. 56 60 58 52 58 
10 88,•-- '78 71 73 67 78 

11 75 60 63 58 58 
¥ 

49 
12 63 53 51 57 -· 51 49 

13 12:f· 102 97 102 ·~-
14 153.>' l44 133 s· 145 

15 188 177 .J.56 135 -· ~· ..... .-. .-. 

. ,. 

21 

After 
18 imeks 

ppm .. 

160' 
150 

200 
241 

192 
·203 

200 
26'7 

56 
80 

53 
54 

--~ 

A study o:r Tabl.e IV shows that the available potas;$iUll1 
·' 

increased in all soils w:tth tiine after moistening, witli'.' the 

change more or less following the course of a logaritmnic 

.function. This is in good agreement with the results found 

by other in,vestigators (8, 20, 34) for dif'ferent soils as 

discussed in the review of' the literature since the quantities 

of' available potassium in all solls in this experiment were 

below the level where a fixation during moist storage has 

been :round .. 



TABLE VI 

Soil 
No~ 

1 
2 

'"" 0 

4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 

AVAILABLE PO'f.ASSnm AT VARYING INTERVALS 
nr SOIL SATFPLES S'11 0EED IN AN OVE:N AT A 
TEt!PI!~RA'I'lTRE OF 110°0. 

Available potassium in dry soil 

Initial After After Aft et After A.fter 

\ ... 

4:8 hours ? days 7 weeks 13 weeks 18 vxeeks 
ppm,. ppm. ppm. ppn1. ppm. 

195 160 160 144 165 16'7 
183 150 146 133 164 162 

236 208 204 192 281 229 
288 2 112 240 216 248 248 

201 195 196 184 215 215 
230 197 196 191 229 228 

2;31 188 1E~8 184 201 207 
323 236 2c:.i 223 244 251 

70 48 50 54 63 60 
88 64 62 55 80 82 

75 48 52 43 57 60 
63 4.-0 43 •;rr.: ,.,..-, 55 59 

122 99 101 
153 142 134 

188 160 158 

The approach of a constant level of available pota.ssitut1 

see:med to proceed more rapidly in the soils with the lower 
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content of available potassium. The Durant soils (13., 14., 15) 

showed practically no variations in the available potassim11 

content a.f'ter 7 vmeks of moist stox'age. The Pe.rsons silt loam 

(9, 10) and the Bates very fine sandy loari1 (11, 12) had a very 

pronounced increase in available potassimn content during the 
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first '7 weeks, while the r·est of the soils showed a more 

gradual increase, especially in the case of the 1Cirldand silt 

loam (5, 6) which did not seem to reach a constant level 

du1:>ing the 18 weeks period covered by these experiments. 

Data on the changes in the amount of available potassium 

in soils stor•ed under air dry conditions are gi.ven in Table V. 

It 11¥111 be observed that the general trend is the sEuae for 

all soils._ rrhe amount of available pot as siurn decreased 

gradually, passed thl''Ough a minimum and increased again with 

the minimura roached after 5 to 13 weeks. The time for reaching 

the m.inimuir1 seems to be correlated with the quantity of 

available potassium .. ( Bates very fine sandy loam ·wit,h i:ni tial 

75 and 63 ppm .• of available potassium r'esp-ectively, reached a 

minim.urn a.fter 13 vrneks.) 

The figures given in Table VI i'or soils stored at 110°0 

show the same general trend as those in Table V. Minimum 

values occurred vdth one exception; e.fter 7 weeks, but t.h.e 

rate of change differed in such a way that a more rapid dec1~ease 

occurx1ed at the beginning .followed by a more gradual change,. 

The minimu.m reached in Series B was higher• when co1npai"cnl wlth 

soils high in available potassium and lowe.r for soils low in 

available potassium. . .A.fter 18. v1eeJrs the content of available 

potassiu111 iAras higher in tb.e soils of Series 13 with one 

i:-)xception (Albion silt loarri., No. 8) •. 



RA1'E OF CI{ti.NGE or POTASSIUM INTO AVAILABLE FORM 
TINDER DIF'l'i'1EHENT PERCENTAGES OF BJ.LiE SA11liHATION. 

Three 300 gra.111 samples of oven dry soil from each of 

soils nwn.ber 5 and 4. (St. Paul very fine sandy losin) and 

9 and 10 (Parsons silt loam) were weighed into 1000 ml .. 

Erlenmeyer flasks. To one sample from each soil .500 ml of 
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~l normal hydrochloric acid was added~ and to the other tvxo 

samples 500 ml of normal calciwn .cr.iloride. '.Phe flasks vJere 

placed on a hot plate for one hour and agitnted .four times, 

cooled, f'iltered under vacu.T!1 and washed two times -,Nlth 250 

ml of the respective .1 normal acid and normal calcium 

chloride solutions, and thereafter ·with four 250 ml portions 

of distilled water .• 

One of the ca.lciu:m satu.ro.ted samples from each soil was 

treated vdth 200 ml of' hydrochloric acid of a concentration 

corresponding to 30'.% of the base exchange capacity o:f 300 gr.was 

of' the respec·ti ve soils.. After two hours and with several 

agitations the samples were filtered again and washed twice 

with 250 ml distilled water. 

All solls wex•e allowed to air dry for 24 hours., were passed 

through a coarse screen and uniformly mixed. Finally they were 

stored in glass flasks, plugged air tight with rubber stoppers 

and kept at the laborat1)ry temperature (about 25°'C) ~ 

Analyses for available potassimrr were ri1ade s.t certain 

intervals. The moisture contents ar:id the quantities of: available 

potassium in the samples s.fter drying in the oven at 110°c for 

48 hours also were determined. The results o1" these analyses 

i.:ire given in Table VII. 



TABLE VII 

Q) 

bO 
al s:: 0 
.µ 0 z 
s:: •n 
Q) .µ rl 3 0 ;=j •n 
H rl 0 
(l) 0 rJ) 
p... rf.l 

'O 
Q) 3 7 6 

~ .µ 
4 82 ~ al 

•n H 
0 ~ 
rl .µ 9 29 
al al 

10 33 0 rf.l 

3 69 
al 4 90 ::r::o 

0 0 

00 9 26 
t0 i:'- 10 29 

'O s:: Q) 3 62 Q) .µ 
bO al 4 7 3 o H 
H ~ 
'O .µ 9 21 P'> oS 
::r:: rf.l 10 22 

RATE OP CHANGES IN AVAILABLE OTA,JSIUM IN 
FOUR SOILS UNDER T .lREE DIFFERENT PERCENTAGES 
OF BASE SA'PURATION AT A 'IEr! ERATURE OF 25°G. 

Available potassium in ppm. of dry soil 
after indicated number of days after treatment 

6 lb 1 4 17 21 26 31 38 45 

86 92 95 90 94 100 87 95 88 
92 99 102 99 w 99 97 95 91 

36 40 42 35 35 36 29 32 28 
40 46 49 42 42 42 33 32 37 

88 103 113 92 90 90 84 87 88 
105 1 21 129 110 105 113 105 100 94 

36 41 45 35 29 31 32 31 32 
33 46 52 30 33 33 33 32 33 

7 2 94 98 78 83 86 100 103 88 
85 105 105 84 82 91 101 97 89 

28 39 38 28 25 25 31 34 28 
33 44 41 29 29 30 37 40 33 

The quantity of available potassium occurring in the 

St . Paul and Parsons soil s after leaching with . 1 normal 

hydr o c h l oric acid and the calciurn c hloride solution is 

given in Tabl e VII . It will be observed that the chemical 

treatment removed more of t he available potassium f'rom the 

25 

52 

8 
91 

32 
37 

92 
87 

30 ~-
33 

92 
85 

28 
37 

* Samp l e s oven dried for 48 hours , 6 days after treat ment . 

{; 

1 37 
134 

49 
50 

1 61 
1 68 

42 
47 

1 23 
117 

38 
42 
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.St. Paul soil then from the J?a.rson soil (compare Table III) ... ,. 

It is quite evident that calcirnn chloride leaching_,, 

and treatment with dilute hydrochloric acid did not remove 

all of the available potassium from these soils: since such 

a high amount of available potassi'l.:un was found three days 

after treatment. A further increase occurred until a 

rrtaximum was reached for most soils after about 14 days,, 

followed by a gradual decrease in the available potassium 

content throughout the experiment., 

It seems diff'icult to offer an explanation for the 

change in available pota.ssit:U'n which was observed in 

this experiment... ffhe theory of fixation by means of 

microorganisms, suggested by some inves tigatol'•S 1 and 

discussed in the revi$W of' the literature may have some 

meri.t, but so long as potassium only is known to be pre­

sent in a water soluble form in organic matter, further 

knowledge about that problem would be required before 

such a theory could be proposed., 



EF1".EC1r OF EX11RACTING SOILS FOR SIX 
DAYS Vif\.TH AI/TI;Wl\JIULI ACETA 1IE AT 25°C 
AND ?0°C ON AVAIL.ABL.E POTA.SSIIDLL, 

The ei'fect; of extracting soils for six days at 25° 

and ?0°C compared to ordinary extraction at 70°0 for one 

hour was determined for Soil No •. 4, Series A, B, and C 

(virgin Ste Paul very fine sandy loar,1). The extraction 

tubes were carefully plugged and agitated once a day. 

rrABLE VIII C011PARIS0N BET'Cct:EN ORDINARY AND SIX DAYS 
EXTRAO'J:IOH ON THE: QUAWTITY OF AVAILABLE; 
POTASSIUH REI~~OVED E:HOlV.'. A VIRGIN S1l1 • PAUL 
VERY I"Ii~E SANDY LOllJT. 

Moisture condition Available potassiurn, ppm. 

--
I\• lh'Iois t soil 

B .. , Air dried .for 
seven days 

(1 Oven driod for v., 

days at ll0°C 
seven 

Ordinary 
extraction 

288 

205 

216 

Six davs 
at 25°C 

284 

22'7 

248 

Six days 
at 7o0 c 

314 

233 

251 

The data in Table VIII show thst six days extraction at 

room temperature was about equal to one hoar extraction at 

2? 

7o 0 c for moist soil. A slight increase f'rom longer extraction 

was obtained on the air dry and oven dry soil., but the 

quantity of' available potassiu.1.'11 was less than that obtained 

.from moist soil. Six days extraction at 70°0 increased the 
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quantity of' ex:trstcted potassim'l'! about 11% for the :moist soil 

while only a slight increase occurred for the air dry and 

oven dry soils. The amount of: potassium fixed respectively 

by air drying and oven drying was not recovered by the 

extended extraction even at the higher temperature,. 

AVAILABLE PO'rASSTtJ.M REKOVED BY REPEATErD 
EXTRACTIONS WITH .. l NORMAL HYDROCHLORIC ACID. 

Soil lfo,. 1 ( cul tiva.ted Norge very f'ine sandy loa:m) and 

Soil No .. 11 (cultivated Bates very fine sandy loam) f'ron1 

Series A (moist soils) were extracted with equal quantities 

of .. 1 normal hydrochloric acid (1 ml acid to 1 g. soil .for 

1 hour at 7o0 c., filtered and washed vdth a.n equal quantity 

of distilled water., After v1ashing the soils were analyzed 

for available potassiu:m. by the standard method, and the 

extracting procedure was repeated. 

The moisture content of the soils at the start was 

around 20( (calculated on oven dry basis) and about the 

same quantity of moisture remained in the soil after 

:filtering,, which would leave about one sixth of the 

fi1 trate in the soil. 1!fashing with distilled water 

reduced this amount to one sixth again, which would be 

about one thirty-sixth of the available potassium in 

the previous extraction or• app:r•oximately three percent ... 

This value is within the realm of' accuracy of the 

analytical procedure. 



TABLE IX EFFECT OF REPEATED :CX'l'RAC'rIONS tHi:t'H .1 _ 
lWRMAL HYDROCHLORIC ACID ON 11.1I-L~ AVAILABLE 
POTASSIUM IN llJORGE AND Bil.TS~ VERY FINE 
SANDY LOAl'dI SOILS. 

Nuraber o:f Avail.able potassium, ppm. of dry soil 
extra.et ion 

0 
1 
2 
3 

4 
5 
6 
7 

8 
9 

10 
11 

12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 
26 
27 

Norge very fine 
sandy loam 

195 
75 
53 
39 

35 
30 
46 
29 

31 
29 
24 
24 

29 
29 
29 
29 

24 
24 
24 
24 

2..--, 
0 

24 
24 

·--

Bates very fine 
sandy loam 

76 
23 
23 
15 

11 
ll 
12 
12 

l.4 
10 
10 
1.0 

10 
10 
10 
10 

10 
10 
11 
10 

11 
10 

_10 
11 

10 
10 
10 
10 

29 



Data on the available potassiu:m removed from tl10se 

soils are giv·en in r.eable IX. The extractions were 

carried on until all of the original 30,) grEtms of' soil 

were used for the analyses ... It will be observed that the 

amount of available potasshu:n WfiS ~apidly x·educed to 

a low levr~l, where it remained relatively constant through­

out the experiment. Occasional variations are probably 

due to the fact that the intervals between extractions, 

during which the soils were kept at room temperature., 

varied f1"'om one hour to three days. 

•:the results seem to indicatG an ability of these 

soils-to continue to provide'a relatively uniform 

quantity of potassium upon continued extractions 'With 

.. 1 normal hydrochloric acid althougi differences in 

the extracting ability of hydrochloric acid and molar 

ammonium acetate \H'3re appe.rent e.nd may have hid so:me 

influence on the results obtained in this experime1Tt., 

30 



REPEATED EXTRACTIONS WITH iilOLAR A]@!lONima ACETATE AND 
RATE OF LIBERATIOW OF DIFFICULTLY AVAILABLE POTASSIUivl 

AFTER COMPLETE REMOVAL OF AVAILABLE POTASSIUM. 

Soil samples from Soil No .• 8 {virgin Albion silt 

loam) and No. 15 (virgin Durant loam) Serie$ A (moist 

soils) were extracted at 7o0 c for·one hour with molar 

ammonium acetate using two parts of extracting solution 

and one part of soil (by weight). The soil was allowed 

to settle and 65$& of the total extract was decanted and 

analyzed for available potassium with the flame photo-

meter. The same quantity of amrnoniu:m acetate solution 

(as decant.ed) was added and the p1"ocedure was repeated. 

In this procedure, 35% of the potassiurri extracted 

at one extraction,. evidently remained in the next ex-

traction" and in order to f'ind the quantity of potassium 

released by a certain extraction, 35:;t of' the quantity of' 

potassium f'mmd in the preceding extraction must be sub-

tracted from the quantity found in t :,e succeeding extract. 

It also might be noted that the higher concentration 

of potassium in the extract has an influence on the 

equilibrium bett~een potassium in solution and the po ... 

tass ium on the exchange complexes, and tha_t this method 

probably would require 1~1ore extractions to reach a po-

tassiu.m. :free extract than a comb:Lnation of extraction with 

subsequent lea.ching of the soil before a succeeding e:K.-

traction is made. On the other hand the method is fast 

and very accurate., 
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When potassium free extracts were obtained,. the soils 

were filtered and washed witc1 distilled 11vater until the 

:filtrates were free from rur.1.nonium.. The soils were allowed 

to air dry for 24 hours. Then they were passed th.rough a 

coa.rse screen, mixed to uniformity and stored in air tight 

glass .flasks at a labor·atory temperature of 25°0 .. 

Within certain intervals., as indicated in Table X, 

the soils were tested for available potassium,. 

number of 
e.xtraction 

1. 
2 

3 
4 

5 
6 

7 
8 

AVAILABLE POTASSIUM RErf:O\TED PROM SOILS BY 
REPEATT:iD EXTRACTIONS t'fITH MOLAR AMMONIUM 
AOETA'.l'E .. 

Available potassium in 
the extract., ppm,. of 
dry soil 

No,.8 1Ubion 
silt loam 

261 
1.24 

48 
21 

8 
3 

0 
0 

No. 15 
Durant loam 

160 
67 

29 
13 

6 
3 

0 
0 

Available potassium after 
correeti.1'lg for potassium 
remaining from the preced­
ing extraction, ppm .. 

No.,8 Albion 
silt loam 

261 
33 

5 
4 

l 
0 

0 
0 

No. 15 
Durant loarJ'.l 

;l.60 
11 

6 
3 

l 
l 

0 
0 



TABLE XI 

So11 

RATE OF CFi.ANGE OF DIFFICULTLY AVAILABLE .. 
POTASSIUM IN1ro 11.VAILABLE FORi\1 AFTER 
GOMPLETB; REMOVAL O:P AVAILABLE POTA&S1illt1 

4 

Available potassium, ppm. 
and . indicated t.ime in ds.ys 

15 22 35 

Albion silt loam 15 

11 

19 15 16 

14 

15 

14 Durant loam 16 11 

33 

27 

23 

The resuJ. ts in Table X shov1 that only one-tenth of the 

available potassium remains in the soil after the first 

extraction. It might be,still less if the fact is considered 

that part of the potassiurit obtained in the succeeding extrac-

tions might be liberated :from a difficultly available f'orm 

du.ring the course of the extractions;. 

Practically all of the available pota::Jsium v1as removed 

after fot.w extractions. 
~·~ 

A rapid change of potassiwn from dif"'i'ic.ul tly available 

into available form occurred upon storing tr1e soil in a nmist 

condition as indicated in Table XI. The results obtained were 

similar to those obtained in a. preceding experiment {Table VII), 

a maximum being reached ·a:rter a short time followed by a. slow 

decrease. 0 
Drying the soil at 110 C for 48 t1ours caused a much 

greater increase in the amou.nt of available potassium than 

moist storage f'or 35 days~ 



CONCLUSIONS 

In dealing with the problem of different for.ms o.f 

potassium in soil, it must be recognized tr1at a soil is not 

. a static formation, but must be considered as a system in 

w~·dch :many chemical and phyzical processes or constantly 

changing intc1nsity are continuously going on" bringing 

about a dynaraic condition w:··dch seldom reac,1es an equilibrium .. 

Although theoretical speculations and conclusions 

may make a theory or experimental data mo1'e or less 

acceptable, it always has to be pr•oved under given 

conditions whether they have a broad application. F'or 

example, in some experiments it has been :found that liming a 

soil renders potassium more available while in other instances 

liming has decreased the amount of available pota.ssium .. 

These dif'fe1.,.ent observations do not mean t•Ja:t any of' the 

results were wrong. It means that 1i1ore information is 

required to explain wi1y different rosul ts were obtained. 

A similar situation may exist for other phases of' this 

complex p:roblem where different opposing theories are 

proposed .. 

The first part of tl1.is experiment VJ'.:dch dealt with 

exc~1.angeable potassiurn in soils stored under moist con­

ditions, seems to support the t~1eory of established 

equilibrium.. An equilibrlrun in a chemical sense involves 

only reversible reactions proceeding at the same rate in 
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opposite directions. Dealing th such a cmnplex 

substance as a soil, however., it is :not very likely tll~t 

all :reactions involved could be reversible, and since 

most react:tons pe1"forn1(:;d :i.n the srune meditun usually have 

a mutual influence on et1.ch othor, it is v0ry unlikely 

to find a true equilibrium est2blished in any soil. 

ConsiderinP,' one sinrd,/ elsment such as potassiu:m it 
!.,., "-..J -

might participate in two or rrrore diffe:r0Emt x•eactions, 

eaet1 of w::cic:1 :might be irreversible; and a constant 

quantity of' this element can be maintained a.s long as 

t 01e reactions liberating and fixing this eletnent pro-

ceed at t'1e same speed, and so.moto.ing tnat could be 

called a false equilibrium might be established .. A 

t 01.eory of two simultaneous reactions in the soil, one 

fixing and one liberating potassium into available forms 

may explain the behaviorn" oi" soils under air dry and 

oven dry conditions, where drying and increased temper-

ature mig~1t accelerate the fixation reaction mo:r·e than 

th.e reactions involving liberation of available potassiu.rn ... 

111./hen t:1ese two reactions proceed at different rates, the 

quantity of exchangeable potass iUL1 as m.easured by base 

exchange reactions ma;,,r incroa;,e or decrease in a soil. 



A study of' t;-1e available potassi1.m1 in .fift.een soils 

from different parts of Oklahoru.a was perf'or:med ... 

The .soils vYere brought to equal moisture contents,.. 

divided into three part.s,. and stored under dif'f'erent con­

ditions,. The soils wer·e analyzed for available potassium 

at varying intervals. The moist soils~ stored in air 

tight glass jars at s0 a showed an increase in available 

potassiwn and approached a constant level whie::1 appeared 

more ra.pidly in the soils lowest .in available potassium. 

Soils stored under air dry conditions at 25°G showed 

a decrease in availabli:'7 potassium. w].1ic.a reacL1ed a rr.dnimur.'1 

and than increased slowly. 

Soils stored in open .containers at 110°c snowed a 

more rapid dec!"ease in available potassium followed by 

an increase to a s.li:ghtly higher level ti.1an under air 

d.ry conditions. 

0 Ignition at 550 C caused a large increase in 

available potassi'Ulil content .. 

T'.ne rate of change in available potassiurl:1 under 

three different conditions in percentages of' base 

saturation was studied in four soils. No sig-.ai:ficant 

dlff'erences were observed between soils saturated with 

calciwn,. hyd:r•ogcn,. and 70;.S calciu.m - 00% hydrogen.- In 

all cases an increase occur·red in the content or avail,-

able potassium reaching a. maximum in 14 days .followed by 

a slow decrease. 
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A comparison was made between ordinary extraction with 
,:f 

normal aramonium acetate at 70°C i'or one hour, and si,c days 

extraction at 250 and 70°G :respectively, us.ing moist, air 

dry, and oven dry soils. T'ae quantity of' available potassiur.a 

increased with extendad tir11e and increasing temperature, the 

time .fae.tor being most impor·tant for the dry soil and the 

temperature most i:mpo.rtant f'or th.e moist soil. 

Repeated extractions with .. 1 normal nydroc,1loric acid 

v.:rere made on two soils~ and the available potassium deter·-

mined between each extraction .. A constant level of avail-

able potassimn was reached after a few extractions, which 

was maintained throue;h the experiment. 

Repeated extractions .with normal an11noniu1n. acetate 

were made on two soils.. A complete re:moval of' available 

potassium. was obtained after five extractions. The 

soils f're.e from available potassiur.1 wore stored moist at 

25°c and analyzed for available potassium at varying intervals. 

A rapid increase in available potass iur,1 content occux·red 

during t"1e first four days after treatment with little ·· 

change occur:i;ng during t:-.i.e next 31 days,., Heating the lesched 

soil f'or 2 days at 110°0 greatly increased the amount o:C 

available potassium obtained from these soils. 
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