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A ‘TUDY'OF AVATLABLE POTASSIUM

IV S0HE QHLABCHA SOILS
INTRODUCTION

The behaviour of potassium ions in scoil is in many
cases somewhat complicated and confu51mm; and many
seientific investigations have been conducted to obtain
informatimn which will help to solve this problem., Several
theories have been suggested and proved to be true under
certain conditions, but as to z general understahding of
the problem still more information seems to be needed.

From a pracbical polinbt of view one of ©
portant probklems has been to find a method of determining
the need of potassiuvm in maintaining or creating a highly
productive soil,

ATter it was feound that the total awount of potassium
in s0il hsed 1little or no relation to the need for potash
fertilization, the concept of "svailable potassium® (water

goluble potassium plus exchangesbls pobtassium) was readily

")

the relative

2

sccepted and has been uselul in oxpla!l

¢

a
avallability of soll potassium‘for plant growth. Although
the quantity of avallasble soill potassium In relation to total
potassium in soil is raether limited and may be used up by
crops within a short time, it has been found from practical
experiences and experiments thatl 1n,moht cases the available
potassium serves as a good measure oF potassiﬁm supply for

rlant growth.



Al

ATter various investigators learned thét available
soll potassium is the maln source of pobtassium for plants,
it became an interesting problem to find the relation
between this form and other forms of potassiuvm in the soil.
Since it was found that some of the potassiuvwm spplied to
soils in a soluble form, is readily changed to less soluble

ﬂpounés, it 1s evident that the processes of fixation

dna release of potassium may have én important influence on
the economical use of @otﬂvh.feftilizers and on plant growth
under varying soil snd climatic conditions

The experiments performed gnd presented in this thesis
are intended as a general contribution to the problem of
fixation and releasing of potassium in soils under diffsrent
conditions and treatments.

30

1s from different parts of Qklehoma were used to

(.Jl

L

determine if any differences occur in the behaviour of

those soils ss cowpared te general theories found true for

>

soils from other regions.

E
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REVIEW OF LITERATURE

Suggested definitions and groupings of different Torms

of potasssium In solls are legion and in many cases the same

s

expregssions are used for different purpeses. A rather common

§-t

and widely accepted grouping of potassium compounds in soil

4

3

was given by Yood and DeTurk (39) as follows:

1. Primary mineral pobtassium (aecid insoluble).

2. Fixed potassiunm (aCld goluble) .

5+ DBxchangeable potassium.

4, Water soluble potassiui.

Group & and 4 are cowmonly referred to as svallable
potassium, but sometimes this expression is used as a synonym
for group 3. UVeTurk and coworkers {(9) used the term “"Nonre-
placeable" or colloidal held potassium for group 2 {fixed
pobtassium). They found this group to represent about 18% of
the total potassium in a fertile soil,

Attoe and Truog (2) estimated that the quantity of

2l

readlly and moderately avallable potassium in a feritile loam

.

g0il is avproximately 3% of the total, and classified the

3 4 4

different forms of goll potassium into S groups which are as

followss:

Readily available )
Ixchangeaile potassium ) »
Potassium in organic matter )} About 1% of total
Viater soluble salts )

Moderately av&ilable )
Fixed potassiun ) About 2% of total
Biotite potass  um )

Difficulty available }
Foldspsr potassium ) 97-98% of total
Mfuscovite pobtassium )



The influence of drying and. wetting of soils on fixing

&

and releasing of potassium and the rate of those processes
under different molsture conditlons has been the subject of
mich research. Attoe (3) found that Tixation of potassium
occurred on drying of potassiva fertllized soils, but an
increase in available poltassium was observed in unfertilized
goils low in available potassiumﬁ ine out of ten unfertif
lized soils containing less than 100 ppm. of available po-
tassium showed an increase in oexchangeable potassiuvm on
drying, ranging from 4% to aOo of that present in the moist
solls. Eight of ten fertilized soils showed a decrease of
exchangeable potassium after 2 months storage under molst con-
divions and a decrease of 11% to 52% of the amount added, after
drying at room temperature. Alternating drying and webting
facilitated the reactions in both caées, He also found
the relative humidlity at which the drying book place to be
of considerable importance.

In a later paper (4) Atbtoe reported that mogt of the
potassium added to a s0ll was recovered by seven crops.
Fertilizer epplications ranged from O Ho 1350 pounds per
acre, Although up to 569 of the potassium in the 50 aand
150 pound per acre rates was [ixed in nonexchangeable form,
the recovery ranged from 92 to 98% of the amount applied.
Drying of the soil (liami silt loam) between each of the
crops caused a considerable Increase in the liberation of

potassivum.



Ayres et al, {8) found that 3400 to 4200 pounds of
potassium was liversted per acre during a four year period
under field condltions in a Hawalian soll cropped with Napier
grass, Yore than one and one-half times the initial amocund
of aveilable potassium was removed by electrodialysis for
cne ménth.

Blume and Purvis (7} found a great variation in the
fixation of potassium from month to month. Under controlled
conditions the cquantity of replaceable potassium remained con=-
stant over a five month period while the fixed portion varied
greatly, with the variation reflected in the water soluble
fraction. A monthly removal of the water soluble potassium
by leaching greatly reduced the replaceable and fixed fractions
of potassium‘in all soils studied. |

Bray and DeTurk (8) found a ready relsase of pobtassium
-from nonreplaceable forms from some Illinois solils during
moist storage, upon removal of all or a part of the original
replaceablé potassiuwna, Without removal of any potassium
under the same conditions the release was very small or
negligible, Inmcreasing the fractlen of replaceable potassium
by adding a potassium sait resulted in a pert of the replaceable
potassium being changed over to a nonreplacesble forum,

Heating to 2009¢ resulted in a relesse or fixation in the
same way depending on the conditions at the begimning of the

hest treatment.
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Gholstone and Hoover (14) poggted out the lmportance of
nonreplaceable potassium as a source of potassium for plants.
In 21l soils tested, more than 509 of the pobassium removed
by 8 crops during 545 days was released by the soils from
nonexchangeable forms. The abllity of liberation varied
widely between different soils,

Joffe and Holodny (21) found a maximum fixation of po-

tassium at 20000, and sbove that btemperature alse a relesse

v

£ = e O el e
of potassium. AL 550°C they found a complete destruction

of the soils capacity to [ix potassium,

ot
e

Leatz and Winters (34) ststed that the release or Tixation
of potessiun depends on the amount added to the soll., AL an
application rate of 200 pounds per acre 100% was recovered.
When the rate was 800 pounds per acre only 70% was recovered
under field conditlons.

Stanford and Pierre (58) have noted a fixatlon of po-
tassium under molst conditions in some goils. Joffe and
Kolodny (20) found no fixetion occurred without drying.

The effect of freszing snd thawing is likely to be the
same as thet of drying and wetting, since freczing csuses a

remaining soil

W

concentration of tie mineral matter in th

o

olution and obviously has the same effect s drying. This

[44]

@

ffect has been suggested by Attoe (3) and alsc by Fine et al.

(12).

The influence of other ions in soil upon the behaviour

of potassiuwm ions has been a subject of considerable interest,

pecial attention has been pald to the effect of Ca and I

0:
®
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ions (in practice the influence of liming}. Leatz and

nters (34) found 2 higher percentage recovery from a normal
potassium applicetion when Ca ions were predominsting over

H ions, than vice versa. On the conbtrary Allaway and Plerre
(1} found a fixation Of potassium under moisgt conditions in
caleareous soils, bubt not in acid solls. This was coniirmed
by Attoe (3), who found an inerease in potassium fixation by
liming potaséium fertilized Spencer silt loam under moist
conditions, as well as dry. He suggested two types of
fixation. One type,iwhich proceeds in molist solls, is
increased by liming, and fixes potassium In a form fairly

soluble in .5 normal HCl. 4 second type occurs only on drying,

uite indevendent of soil pH, fizxing vebtassium in a

&
= i

e

and

e

form fairly resistant bo extraction with .5 normal HCl.

According t@.Hoover et al. (18) more potassiuvm was re-
leased in g Grenada 8i1lt loam et pll 6.6 to 7.8 than at a pH
of 5.7 to 6.2, Bhaw and HacIntire (35) obtained a complete
recovery of applied potassium in a typiecal acid red clay sub-
soil while considerable fization occurred in a calcareocus top
soll (Black loam derived from Chickamauga limestone).

Jenny and Shade (19) suggested that the retention of
potassium by a limed soll might be abtbributed to activation

0il flora and assimilation of pote szlum by the micro-

w

of the
organisms. In general, howsver, liming incresses the amount
of available potassium. HWNarshall and coworkers (25, £6)

studled seven different clay materials and found that the



chemical aetivities of the potassium ions are higher in o
Ca-K-gystem than in a H-~K-system. They also found a marked
increase in the activities of Ca and K wilth ineresased clay
concentration.

Wiklander (44) offered an cexplanation of tie different
opinions concerning the influence of liming. le pointed out
that the order of replaeing power between different ions
changes under diff@rent conditions. The hydrogen lon has less

n the presence of

e

replacing power than the calcium ion
montmorillonite, while in other materials the opposite condlitions
hold true.

Stanford (37) bOLﬂL@d out that while in extremely acid
soils the difficultly exchangeable iong H, Al and Fe must be
replaced before K can become fixed, causing a slow, if any,
fixation in these solls under moist conditions; kg, Ca; and Na
in calcarecus soils are replaced gulte reedily by K, thus

)

accounting for & rapid fixa

&

tion of K in these solls under moist

conditions. Between these extremes the rate end extent of

fixation may be expected to vary with the amounts of secondary

micaceous minerals, the extent of weathering, pH and other factors.
The relations between potassium fixation, soil étructure

and bﬂso excheange capaclty have been studised. Hoover et al.

" {18) studied the influence of different stages of weathoering

y

by eroppin g the top so0il and the subscll from a virgin Ruston
sandy loam separate in a green house for 547 davys. The non-
exchangeable potassium in the virgln top soil was wmore readily

and quickly avallable to millet than was thet in the less

weathered subsoil.
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T™e base exchange capsclty of feldspars, micas and soil
collolids is greatly ralsed by grinding below & size ol 1 mu as

ghown by Kelly and Jemny (24). DeTurk et al. (10) divided the

)

o below 1 mu in several underfractions and showed

‘... 1Y

goil fract:

€‘

that all of them {ixed potassium,.
4 decrease in the exchange capacliity of bentonite equal to
bhe quantity of potessium (found by Xolodny) could not be

duplicated in solil experiments performed by Joffe and Kolodny

The behavicur of different soils concerning potassium

fixation seems to be closely connscied to the kind of minerals

From which the soils Rancy and Hoover (32) mede

Jod
U
S
it
|

o,

U
{-da
=
-t
0
[
3D
»

an anplication of potessiuvme to one montmorilionitic and one
kaolini i, soil. Following wolst storsge, the solls were
leached to deternine the guantity of‘n in available form. The
montmorilloniti
while the kaolinitic soil did not have any significant K-
fixation. Hoover and eoworkers (18) also found a close relation
between mineral type end potassium fixatlion, |

According to Stanford (37) illite is capable of fixing
pobtassium under moist conditions while mi als of an expanding
lattice type do not fix potassium excent when ﬁryimg OCCUTrs .
Illite fixes additional potazssium when dried; Stanford!s cowm-~
parative studies on montmorillonitlic and 11litic clays indicate
thet some of the seemingly discordant results which appear in

Fizxation in soils are reconcilable.

4_,3

the litersture on potassium
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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 synthetlie amorphous slumino-

silicates with very high exchange capacilty..

Many supgestions have been meade to explain the mechanisms

of potassium Tixation, and experimental results arc presented
as support for c¢ifferent theories., TPhosphorus was one of the

fization, Joffe and

=

first elements connected with potassiw
Xolodny (20) found s considerable fixation of potassium by iron

nd webtting, which

end aluminum phosphates on alternating dryving
increased with an increase in aclildoid basoid ratic. They
suggest that a complex iron-notassium-phosnhste compound 1s,
at least partly responsible for potassium fixation.

Eriksson (11, 12) made extensive Investigations on the
relation between potassium and phosphorus in solls. He showed
thet a considerable mubtual influence exlsts concerning the
availability of those two elements,

Shaw and HacIntire (35} finding the firation of potassium

» Suggested the formaetion

o

to occur esvecially in calcareous solils
of a caleium complex. Volk (41) pointed out thast several
different proecesses appear to be involved in the fixation
procedure.,

Blume sndé Furvis {7) vroposed the possibility of micro-

!—h

biclogical xation, which theory iz suppor
reletion found between changes in water soluble and fixed
pobassium. Nartin et al. (27) on the other hand, did not

@

Tfind any connection between organlc matter and potassium
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fixation., That the liberation of potagsium can be assocliasted
with organic maetter was shown by Tam and Magistad (7 u); They
reported an increase of available potassium from 121 to 401
ppm. in a soil under field conditions duWLnﬂ a period ol 35
weeks, evidently caused by the decomposition of organic matter.
While some investigetors, like Blume and Purvis (7), did
not find any tendency toward establishment of eguilibrium be-
tween different forms of potassium, most research workers con-
sider the processes reversible and that they will sooner or
later resch an equilibrium. Stanford and Plerrs (36) found
equilibrimm established within 48 hours in some soLWS under

moist conditions while DeTurk et al, (10) found 25 weeks

necessary to veach equilibriur in some other soils under similar

il

ifting

conditions, Wood and DeTurk (40) found a slowly sn

¢

eguilibrium established after 16 weeks to one year, depending
on the kind of soll and amount of potassiuvm added. They found
the resctions likely to obey the law of mass action.

Some authors believe that the formetion of & migeral is

1N
od

the explanation of potessium fixatlon. Volk {42) after wmaking
chemical, minsraloglecal, and X-ray studies of dggerstown silt
loam, concluded that the formation of muscovite could account

Tor the fixation of pobtassium. After experiments with serecite

7]

had been conducted, Joffe and Levine (22, 23) suggest that

¥

part of the mineral structure. Po-

™

sobtsssium is fixed as

¢

tessium was released by means of electrodialysis and the same

fterwards fixad rﬁaln by alternate drying and wetting.,

P‘a
=
Q
<
ja
<
n
[ ]



12

Bray and DeTurk {(8) did not find the theories involving
the formation of a registant mineral or an Iinsoluble compound
very likely. They suggested that secondory minerals formed
during weathering have the property of holding potassium and
probably other basesg in a form usually considered sz "fixed,"

4

~but walch could be designated ss very difficultly replaceable,

double buffer system in-

C’)
flf‘
ol
Jeta
=}
fia]
:\ -

That means they were supge
volving two types of bsse exchange reactlons, which nature

otassium against

i

("\

1es provided for thwe preservablon of

3

-J

lesching and luxury consumption.

Wartin and coworkers (27) suggested that certain catlons,
when present in the exchange complex of some solls, cen pass
from a loosely held state to a very strongly held state.

They found that some soils lost thelir vobtasgium {ixing power
when treated with hydrogen ilons and concluded that those lons

have the same abllity to be fixed as have The potassium lons,

in that way teking up "the spsce for fixation.”

Page and Brown (31} propozed a mechanism to explain the
fixation of the pobtassium caused by dryving, in which the sise

of the ions and the spaces in the varliable lattice of the

montmorillonitic clay ninerals are shown to be ths lmportant

o

buting factor. They suggested that large cations when

e

conLy
present between the zsheets of the minerals can preveat the

ats from coming together which traps the pobtassium lons.

sh

o

Tnivalent and divaslent ecations were tested and it was found

ain free spaces

S

that the ionic size close to the gigze of cor

within the lattice wvere highly ecorrelsted wilth the degree of

fixation.
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Available Pobtassiuw in Solil.s

.
S33iuUnl wWas

Su

The method for determining avallable =s0il wmob:

@
w0
Q
’...
!..._-
£a
l..
3
o
C
‘.‘)
"".:
~d
G
Lo
r"
&

gimilar ?o the procedure used in the
Cllahoma & & U College (16) and was as followss Five greams
of s0il was vwelghed into a 2.5 X 150 mm Pyrex btest tube.

Ten ml of neutral molar ammonium acebate was added, the tube

agitated vigorously, and placed in g waber bath at 70°C.

ons ninute the tube was plugged with a rubber

ot

ATter abou
stopper to prevent evaporation (If the tubes were plugged
before heating either the tube was broken or the :ztopper was
expelled by the pressure generated from the expansioch of the
enclosed air.) The temperature was maintained at 70°C for
one hour and the gample was aalta ed an additional Tive times.

After one hour the suspension was filtered and the pobtassium

content in the Tiltrate was determined with a flawme photometer.
All analyses were made in dup ate or triplicate and the

smount of potassium was calculated on the basis of the oven
dry solill., Vhen anelyses were made on moist soils, a molsture
determination wag also made and the water content of the sample
was added to the volume of the extrscting solutlon before the
ailable potassium was calculated., A glight error might be
~introduced by the lowering of the concentration of the ex-

traeting solution, but it iz of minor importance and has not

been considered.

whvailable potassium in this study ineludes the watber
goluble and the ezchangesble potassiwm,



YMoisture content.

way by drying tne

at 110°¢c.

ot
-y
&
[42]
o
e
-

The ignition loss was determined by heating

for three hours in an electric furnace atb 55090,

Base excnenge capacliy.

The base exchange capacity was determined by the fol-

lowing method: Ten greams of soll was weighed into an
Erlenmeyer flask and 100 ml of normal ammonium acetate atb

£.8 was added, The flask was placed on a steamplate for

one hour and agitated vigorously four times. The suspension
vag Filtered under wvacum and the goil on the {filter leachned
with six portions of normel ammonium acebtate (2Bml) to saturate
the sample complebtely with ammonium ions, The soll was wasoed
with methancl until the filtrate gave no test for ammonium
salts by means of Hessler's resgent. This usually reqguired
four 30 ml po ioms.of alecohol. The soil and filter paper was
transferred to a Kjeldahl fliask, magnesium oxide added and
smmonia distilled in the usual way, being absorbed in an
excess of standard hydrochloric acid and the excess acid deter-
mined by titration with standard elkali (.074 normal NaOH).

a2

The exchange capsciftlies were caslculated on the bas

o~

L8 o1 oven -

Ha

dry soils.



SOIL: USED IN THE

The type, location and stage of culti

15

t'?

a3

vation of &

goils used in the following experiments sve given in Table I,
When the soils were collected the molsture content varied
widely for different sauples, from 2.4 to 14,7%., ‘the
molsture content was detersiined and distilled water added
to bring eszch sample to 20% of the dry soil.

After moistening, th iere stored in air ght
glass jars at lsboratory temperature (about 25°C) for three

days, and then in a refrigerator 2t plus 5°¢ for seven weeks,
80 that the moisture would resch on egunilibrium with the
mineral matter in the soil.

ATter this time each ssmple was divided into tiree parts.
One pert, which will be referred to in the following vara-
graphs as Ssries A, was kept in glass jars and gbtored in the
refrigerator st a tempersture of plus 5°C., The second varb,

series B, was stored in open paper bags

I

temperature (about 25°C). The third par

transferred to beaskers and

of 110°¢.

The moisture content at the tlme of
gample was determined, and also the base

and the ignition loszs, The results of these
are given in Table IT.

a’t

placed ila an ove

1.

the laboratory
s werlies O, was

n at a temperature
dividing each
exchenge capaclty

determinations
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TABLE I DESGRIPTION AND LOCATION OF OKLAUOHA SOILS
USED IN THE POTASSIUN EXPERIMENTS
Cultivated
No S0il Typse Location or Virgin
1 Norge very fine sandy loanm Payne County Cultivated
o k3 g 4 1] # Virgin
3 5t., Paul very fine sandy loam woodward Cultivated
County
4 1 ] # " 1 Virgin
hd o
5 Kirklsend silt loam Noble County Cultivated
6 1t 7 44 H ¥ Vll" gll’l
7  Albion silt loam " t Cultivated
8 2] 2] n 3] H V-‘ I'girl
9 Parsons silt loaw Mayes County Cultivated
10 & ¥ u ] ] Virgin
11 Bates very fine sandy loam " " Cultivated
12 L& H u 8t i1 Vi:r?gin
3  Dursnt clay loam Carter County Gultivated
3.—’3: e it i [ 7% Virgin
15  Durant loam " B Virgin
Samples 1, 2, 5, B8, 7, 8, are from north central Oklahomaj;
5 and 4 from western; 9, 10, 11, 12, from eastern; and 13, 14,

end 15, from

southern Oklahoma.



TABLE II HOISTURE CONIENT, IGUITIOWN LOSS,
AND BASE EXCHANGE CAPACITY OF SOILS
USED IN THE POTASSIUM EXPERIMENTS.

Soil Moisture content Ignition loss Base exchange
o % of moist soil % of dry soil capacity
(Series A) m.e./100 g. soil
1 l1e.2 C.74 JO.7
2 15,9 5.08 14.6
S 14.8 1.99 1z.2
4 1545 34549 14.5
6 17.2 4,59 17,0
7 15.3 5.03 10,3
& 17.3 4.83 12,
9 15.6 2.46 10.5
10 16.4 5.81 19.0
11 16,0 Sel 0.2
12 18.5 5.84 14.7
13 16.4 5451 15.0
14 18.2 4 .48 2l.2
15 16.5 4,27 14.0

As indicated in Table II, relatively uniform moisture
c@nditicns were obtained in the soil samples with the moisture
content slightly verying around the calculsted value of 16.7%.
The materdal lost from the goils by ignition consists mainly
of organic matter and chemically bound water, the latter part
incressing with decreasing particle size of the mineral matter.

In 81l soils except Albion silt loam (Wo. 7 and 8), the
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ignition loss is considerably higher in the virgin samples
than in the cultivated samples whiech might be taken as an
indication df decrezsing organic matter content in the
cultivated soils although variations in the amount of
chemically bound water due to differences in the structure
of the mineral matter might be regsponsible for é.part of
the differences.

in all cases the base éxchange capgeity was nhigher in

the virgin soil than in the cultivated soll of the same

type.
CHANGES IN THE AVATILABLE POTASSIUM
CONTENT THROUGH IGNITION,
Avallable assium was dﬂtormlaed in the =oils after

ignition for three hours at a temperature of 550°C.
Ignition of the soils caused a consliderable increase
in the amounts of avalilable yOtQSSlld in all soils as seen

n Table IIT, with the effect varying from an increase of

e

197 in the virgin Albion silt loam {No. 8) to 531% in b
virgin Parson silt loawm (Ho. 10).
all containing more than 200 ppm, of available potassium,

n avallable potassivm was larger in the

(..'a

the incresase
cultivated sample than in the virgin sample fro; the same
soil while in the othier soils, all containing less than

20C ppm. of available potassium, the increase was larger

in the virgin samples,



AVATLABLE POTASSIUHM IN SCILS.
BEFORE AND AFTER IGRITION.

19

Soil No.

Avaeilable potassium, ppm.

of dry soil

Before ignition

ATter ignition

% inerease

Do

W IR

wi

6

7

10
11
12
14

15

195
iga

. 028

Lrtus

288

201

230

251
523

70
88

75
63

ie2
153

90
11
125

80

AR
158
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’F AVAILABLE ”OmASSIUﬁ
STORAGE CONDITIONS,

po

The soil samples stored as previously described Iin

odic intervals to

e

series A, B, and O were analyzed at per
determine to what extent any chenge might occur in availsble
potassium content.

The samples also were analyzed immediately after collec-

tion and before bringing them to s uniform moisture contsnt.

)

TABLE IV AVAILABLE POTASSIUM IN HOIST SOILE AT
VARYING IWTERVALS WdEN STORED AT A

TEPERATURE OF 5°¢,.

Available potassium in dry soil

Soil
Ho.
At collec~ After 7 After 8 After 15 After 1B
tion, ppm. weeks, DpM. Weeks, ppri., weels,ppr. weeks ppul.
1 177 195 195 205 204
2 166 183 181 188 200
3 169 236 235 262 258
4 269 288 286 321 330
5 195 201 204 229 258
6 226 230 232 ‘ £58 : 270
-7 173 231 231 249 250
8 258 325 322 354 540
t 42 70 70 78 : 79
10 31 88 02 or 3 90
11 46 78 76 78 77
12 34 63 64 73 T4
13 - 12z 124 120 130
14 e 183 154 154 158

15 - 1388 . 196 181 180
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TABLE V AVAILABLE POTAES TTT'"
IN SOIL SAMPLES SYOR
CONDITIONS AT ABOUT

1

Egil Avallable potassium in dry soil
Initial After @ftcr After After After After
48 hours 7 days B veeks 7 weeks 13 weeks 18 wesks
DD DP. QEUQ DDNhle DL Dplta DDH

1 195 170 155 140 138 154 160
2 183 163 151 133 132 <180 150
% 256 221 208 163 37 203, 200
4 288 271 246 208 205 257 241
5 201 202 179 5% 164 189 192
& 250 218 202 172 188 201 203
7 231 206 196 171 175 199 200
9 325 237 265 287 236 25¢ 267
9 70 56 80 58 52 58 56
10 ag O 735 67 78 80

11 75 60 63 58 58 - 49
12 63 - 5% 51 577 BL 49
15 122 102 7 102 - -
14 1530 144 153 145 e -
15 188 177 156 135 - _—

| 3
A study of Teble IV shows that the available potassium

incressed in g1l solls wlth time afber ﬂOiutCﬂLﬂgs with the
change more or less f@llowiﬂd ne course of a logarithmic

h the results found

C'"

funetion. This is in good agreement wit
by other investigators (38, 20, 34) for different soils as

dlscussed in the review of the literature since the guantit
of available potassium in all solls in this experiment were

below the level where a fixation during mol ist sto orage has

been found.

53
54

ies
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TABLE VI AVAILABLE POTASSIUM AT VARVING
OVIN AT A

K
¥ S0IL SAMFLES STORED IN Al
TEYPERATURE OT 110°C.

P
)
N

ggil . Available potassium in dry soil
 Initial After After After  After After
48 hours 7 days 7 weeks 13 weeks 18 weeks
DD DDliie PpI. Y PPl
1 195 160 160 144 165 167
2 183 - 150 146 133 164 i62
3 236 208 - 204 192 281 220
4 288 242 240 216 248 el
5 201 125 196 184 215 215
) 230 197 1986 191 229 228
7 231 188 188 184 201 207
3] 283 236 231 2235 244 2851
9 48] 43 50 54 B3 80
10 828 &4 82 55 820 a2
11 75 483 52 43 57 60
12 65 40 43 25 55 58
13 122 99 i01
14 153 142 154
15 188 160 158

The approach of a constbant level of dV&Ll ble Qotassium
seemed to proceed nore rapidly in the soils with the lower
content of avallable potassium, T’he Dursnt soills (13, 14, 15)
showed practically no varistions in the availablevpotassium
content after 7 weeks of molst storage. The Parsons silt loam
(9, 10) and the Bates very fine sandy loam (11, 12) had a very

pronounced increase in avallable potassium content during the
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Pirat 7 weeks, while the rest of the soils showed a more
gradual increase, especially in the case of the Kirkland silt
loam (5, 6) which did not seem to reach a constant level

uring the 18 weeks period covered by these experiments.

]

o

-

Data on the changes in the amount of available potassiun
in soils stored under slr dry conditions are given in Table V.
It will be observed»thét the general trend ig the same fdr
all =o0ils, The amount of avallable potaessium deereased
gradually, paessed through a nminimun and increased again with
the minimum reached after 5 to 18 weeks. The time for reaching

the minimum seems %to be corrclated with the quantity of

available potassium. (Bates very fine sandy losm with inltial
75 and €3 ppm. of available potassium respectively, reached a
minimm after 13 weeks.) |

The figures given in Table VI for soils stored at 110°C
show the same general trend as those in Table V. HMHinimum
values occurred with one exception, alfter 7 weelks, but the
rate of change differed in suech a way that a more rapid decrease
occurred a2t the begimming fellowed by a more gradual change.
The minimum reached in Series B was higner wihen compared with
soils high in availsble potassium and lower for soilsg low in
available potassium. After 18 weeks the content of available

pobtassium wags higher in the soils of Series B with one

exception {(Alblon silt loam, No. 8).
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RATE OF CHANGE QF POTASEIUM INTC AVAILABLE FORW
UNDER DIFFERENT PERCENTAGES OF BALE SATURATION

Three 300 gram sauples of oven dry soll from each of
solls number 3 and 4 (8t. Paul very fine sandy loam) and
9 and 10 (Parsons silt loam) were weighed into 1000 ml.
Erlermeyer flasks. To one sample from each soil 500 ml of
.1 normal hydrochloric acid was added, and to tiie other two
samples B00O wml of normal caleium chlc oride, The flasks were
placed on a hot plate for one hour and agitated four times,

25

;«-;

cooled, filtered under vacum and washed two tTimes with
ml of the respective .1 normal acid and normal calecium

chloride solutioﬁs, and thercecafter with four 250 ml portions

of distilled water.

One»of the calcium saturated samples from each soil was
treated with 200 ml of hydrochloric scid of a concentration
corresponding to 30% of the base exdhange capacity of 300 grams
of the respeetive soils. After two hours and with seversl
agitations the samples were filtered again and washed twice
with 250 ml distilled water. |

All soils were allowed to air éry for 24 hours, were passed
through a coarse screen and uniformly wmixed, Finally they were

k)

stored in glass flasks, plugged air tight with rub

Uy D

ber stoppers
and kept at the laboratory temperature (about 25%C).

Analyses for avallable potassium were made zt certaln
intervals, The moisture contents and the quantities of available

potassium in the samples after drying in the oven at 110°C for

£
®

=5

48 hours also were determined. The results of these analy

ere given in Table VII.
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TABLE VII RATE OF CHANGES IN AVAILABLE POTASSIUM IN
FOUR SOILS UNDER THREE DIFFERENT PERCENTAGES
OF BASE SATURATION AT A TEMPERATURE OF 25°C.
Available potassium in ppm. of dry soil
2 : after indicated number of days after treatment
38 =
. :
e S 6 10 14 17 Bl 26351138, 45, 852 %
oo o} .
© O Vp]
0
= :
9 3 78 86 92 95 90 94 100 87 95 88 88 137
22 4 82 92 99 102 99 99 99 97 95 91 91 134
=
%g 9 29 36 40 42 35 35 35 €0 32 28 32 49
oo 1083 40 46 49 42 42 4R 33 32 3 I3 8O
3 69 88 103 113 92 90 90 B84 87 88 92 161
i o 4 90 1los 121 120 110 105 113 105 100 94 87 168
b R s e e 59, 3% ‘8% 8 & 3 4
Br M6 B9 38 4€ 52 30 58 43 588 B2 3% &8 47
o
8o 3 .0 94 98 78 83 86 100 103 88 92 123
%0 = 4 73 85 105 105 84 82 91 101 97 89 85 117
H 2
T8 9 21 28 39 . 38 28 286 25 1L 34 28 2B 38
me 10 22 33 44 41 29 g9 30 37 40 33 3t 42

The quantity of available potassium occurring in the
St. Paul and Parsons soils zfter leaching with .l normal

hydrochloric acid and the calcium chloride solution is

given in Table VII.

It will be observed that the chemical

treatment removed more of the available potassium from the

% Samples oven driled for 48 hours, 6 days after treatment.



3t. Paul soil then from the Parson soil (compare Table ITI)..

o 2.

It is quite evident that caleium chloride leaching,

i

and treatment with dilute hydrochloric acid did not remove
all of the available potassium from these solils since such
a high amount of available potassium was found three days
arter treatment. A further increase ocecurred until =a
maximum was reached for most soils after about 14 days,
followed by a gradual decrease in the available potassium
content throughout the experiment,.

It seems difficult to offer an explanaticn for the

change in available potassium which was observed in

o

this experiment. The theory of fixation by means of
microorganisms, suggested by some investigators, and
discussed in the review of the literature may have some
merit, but so long as potassium only is known to be pre-

gsent in a water soluble form in organic matter, further

<3

knowledge about thst problem would be requirsd before

guch a theory could be proposed,
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EFFECT OF EXTRACTING SOILS FOR SIX
DAYS WiTH AMIONIUL ACETATE AT 25°¢
AND '70 C ON AVAILARLE }OJ.A SSIUM .

The effect of extracting soils for six days at 25°
. O Y s . o
and 70 ¢ compared to ordinary extraction at 70°C for one
hour was determined for Soil HNo. 4, Series A, B, and C

{virgin St. Paul very fine sandy loam). The extraction

C"}

tubes were carefully plugged and agitated once a day.

TABLE VIII COMPARISON BETVZIEN ORDINARY AND SIX LAVS
EXTRACTION ON THE QUANTITY OF AVAILABLE
POTASSIUNM RENOVED FROM A VIRGIU &%, PAUL
VERY FINE SANDY LOA:.

HMoisture condition Available potassium, ppm.
Ordinary S81x days Six days
extraction at 25°C at 70°¢

A. Hoilst soil 288 284 314

B, Air dried for

seven days 205 227 235
C. Oven dried for seven
days at 110°C 216 248 251

The data in Table VIII show that six days extractlion at
room temperature was sbout equal to one hour extraction atb
70°C for moist soil. A slight increase from longer extraction
was obtained on the air dry and oven dry soil, but the
quantity of available potassium wes less than that obtained

from molist soil. 8ix days extraction at 70°¢ ineresased the
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g

quantity of extracted potassium about 11% for the woist soil
while only a slight increase occurred for the alr dry and
oven dry soils. The amount of potassium fixed respectively
by alr drying and oven drying wes not recovered by'the
extended extraction even at the hi g er temperavure.,

FOVED BY REPEATED
HYDRGCULORIC ACID

AVAILABLE POTASS
BXTRACTIONS WITH .l

Soil Ho. 1 (cultivated Horge very fine sandy loam) and
301l Wo. 11 (ecultivated Bates very fine sandy loam) from

»

eriss A {(moist soils) were extracted with equal quantities

4

of .1 normal hydrochlorie scid {1 ml aciéd to 1 g. s0ll for
1 hour at 70°C, filtered and washed with an equal guantity
of distillsd water. After washing the soils wvere fﬂalyzéd
for avaiiable potassium 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 aboubt the
same guantity of moisture remsined in the soil after
filtering, which would leave about one sixth of the
filtrate in the soil. Washing with diztilled weater
reduced this amount to one sixth aqain, which would be
about one thirty-sixth of the avaLlQ%le potassium in
the previous extractlon or approximately three perceant.

This value is within the realm of accurascy of the

anglytical proecedure.



TABLE IX EFFECT OF REFPLATED DXTRACTIGNS wiITH .1
NORMAL HYDROCHLORIC ACID ON THE AVAILABLE
POTAZSIUNM IN NORGE AND BATHL VERY LINE
SANDY LOAN SOILS. E

©

o

Number of Available potassium, ppn. of dry soil
extraction
Norge very fine Bates very fine
sandy loam sandy loam
0 195 76
1 75 25
2 53 23
3 39 15
4 35 : i1
5 . B0 11
6 46 12
7 29 12
g . 3L 14
2 29 10
10 24 10
11 24 10
1g 29 ~ 10
13 29 : 10
14 29 10
15 29 10
16 24 10
17 24 10
18 24 131
19 24 10
20 25 | 11
21 24 10
o0 . 24 10
25 - 11
24 - 10
25 - 10
26 - 10
27 - 10



Data on the avallable pobassium removed from these
aoils are glven in Table IX, The extractions were
carried on until all of the original 300 grams of soil
were used for the analyses. It will be observed that the
smount of available potassium was raplidly reduced to
a low level, where 1t rewained relatively constant through-
out the experiment. Occasional variations are probably
due to the fac£ that the intervals between extractions,

during which the soils were kept at room tempsrat

ture,
varied from one hour ito three days
The results seom to indicate an ability of these

0oils to continue to prov ide & relative Ly uniforn

joxd

quantity of potassiwm upon continued extractvions witn
.1 normal hydrochloric acid althoug: differences in
the extracting ability of uydrochloric acid and molar
ammonium acetate were appafent end may have had some

influence on the results obtained in this experiment,

20



REPEATED EXTRACTIONS WITH MOLAR AMMONIUM ACETATE AND
RATE OF LIBERATION OPF DIFFICULTLY AVAILABLE POTASSIUM
AFTER COMPLETE HEIOVAL OF AVAILABLE POTALSIUN.

Soil samples from Soll No. 8 {(virgin Alblon s1ilt
loam) and No. 15 {virgin Durant loam) Series A (moist
soils) were extracted st 70°C for one hour with molar
ammonium acetate using two parts of extracting solution
and one part of soil (by weight). The s2o0il was allowed
to settle and 659 of the total extract was decented and
analyzed for avallable potassiua with the flame photo-

© =3

meter, The same quant tity of noniuvm acetate solution

{as decanted) was added and the procedure was repeated.
In this procedure, 35% of the potassium extracted
at one extraetion, evidently remained in the next ex-
traction, and in order to find the quantity of potaszsium
released by a certsin extraction, 35% of the quantity of
3

otassiuvm found in the preceding extraction must bve sube

w2
m

tracted from the guantlity found in ti:e succeeding extract.
It also mlght be noted that the higher concentration
of potassiuwm in the extract has an influence on the
eguilibrium between potéssium in solution and the po=-
tassiﬁm on the exchange complexes, and that tals method
prabdbly would require more ecxtractions to reachi & po-
tagssium free extract than a combilination of extraction with

1 before a succeeding ex-

subsequent leacning of the sol

'y

traction 1s made. On the other hand the method is fast

and very accurate.

1
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»ts were obtalined, the solls

=

were [filtered snd wasued with distilled wabter unbil the

filtrates were free from ammonium, The soils were allowed
to alr dry for 24 hours. Then they vwere passed through

'y

coarse screcn, mixed to uniformity and stored in air tigh

glass flasks at a laborstory btemperature of 25°C.

Within certein intervals, as indicated in Table X,

-

the soils were tested for available potassium.

TABLE X AVATLABLE POTASSIUN REVOVED TFROE SCILYS BY
BEPEATED EXTRACTIONS WITH MOLAR AMMONIUN
ACETATE.
Tanber of Available potessium in Availlable potassium after
sxtraction the extract, ppm. of correcting for potassium
dry soll remaining Ifrom the preced-
ing extraction, ppui.
No.8 Albion Ho. 15 0.8 Albion Hos 15

311t leoaem Durant loam s=ilt loam Durant loam

261 L80 Z61 160
2 124 67 B3 11
5 48 28 5 6
4 2 13 4 z
5 2 6 i i
g 3 3 0 1
7 o 0 0 0
8 O G G O
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TABLE XX RATE OF CHANGE OF EIFFIGGLTLY’AVAEL&EEEZ
POTASSTIUN INTO AVAILABLY FORIl AFTER
COMPLETE RENMOVAL OF AVAILABLE POTASSIUM

Available potassium, ppm.
and Indicated time in days

Cr\
O

jte
=

nh

(£ st 110°0)

no
¥
8]

4 ] 15

)
[é]
48]
~3

Albion silt loam 15 19 15 16

AN
]
.
]
X

[
o2}

Durant loam 11 11 14

The results In Taeble X show that only one-tentn of the
avallable potassium remaing in the solill after the first

7]

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

that part of the potassium obisined in the succeeding extrac-
tions might be liberated from a difficultly avallable form
during the course of the extractiouns.

Practically all of tne avsilable potassium was removed
after four extractions.

4 rapid chaﬁge of potessium from difficultly available
into evallable form oececurred upon storing tne soil in a molst
condition as indicated in Table XI. The results obtained were
slmilar to those obtalned in a preceding experiment (Table VII),
a maximum being reached after a short time followed by a slow
decrease. Drying the soil atb 110°¢ for 48 hours caused a much
greater increase in the amount of availsble potassium than

L4

moist storage for 35 days.
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CONCLUSIONS

In dealing with the problem of different forms of

potassiuwm in soil, 1t must be recognized that a so0il is not

a static formation, bul must be considered as g system in

wilch many cnemical and physical processes of constantly
changing intensity are contimuously going on, bringing

;-

ébout a dynemlc condition wrhich seldom reacues an egullibriuum,
Although theoretical speculations and conclusions

may make z theory or expefimental data wore or less

scceptable, it alwavs has to be proved under given

conditions whetiaer they have a broad application. For

example, in some experiments 1t has been found that 1

soll renders poltassium more available wihile in other instances

liming has decreased the amount of available potassium,

These different observations do not mean toat any of the

results were wrong. It means that wmore information is

reguired to explain wuyldifferent regsullts were obtainsed.

A similar siltuation may exist for other phases of this

complex problem where different opposing theoriss are

‘LS

pronosed.

The first part of tais experiment wiich dealt with
excnangeable potassiuvm in solls stored under wmoist ccn-.
ditions, seems to support the tasory of establisned
eguilibrium. 4an eguilibrium in a chemicel sense involves

only reversible reactions proceeding at the same rate in
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opposite directions. Dealing with such s complex
substance as a soll, nowever, 1t is nobt very likely thuat
all reactiocns involved eould be reversible, asnd since
most actions performed in the same medium usually have
a matual influencerwﬁ gach other, 1t is very unlikely
established 1In any soill.
mwent such as potassium 1t

4

more differsnt resctions,

each of wnleh might be irreversible; and a constant

A

=

nantity of thils element can be maintzined as long as
gt

&

the reactions liberating and fixing this eleasnt pro-

ceed at the. same speed, and sometaing toet could be

called a false equilibriuvm might be established. A

Fy

theory of ftwo simultaneous reactions in the so0il, one

K

ting potassiwma into avallsble forms

=

fixing and one libers

o

may explain the behaviour of tne soils under air dry and

3 »

oven dry conditions, where drying and increased temper-

ature might accelerste the fixation reaction mere than

the reactions involving libersation of available potassium,

Yhen these two reactions proesed at different rates, the

guantity of exchangeable potassiuvm as measured by base

gxchenge reactions may increause or decrease in & soil.
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A study of the available potassium in fifteen soils

from different parits of Cklahoma was perlormed.

The solls were brought to equal moisture contents,

divided into three parts, and storsd under diiferent con-

ditions. The solls were analyzed for aveilable potassium

sl

t varying intervals, The molst soils, stored in air
tight glass jars atb 5°C showed an increase in avsilable
potassium snd approached a constant level whici anpeared

more rapldly in bthe soils lowest in avallable potassium.

S5o0ils stored under alr dry conditlons at 259G showed

@

a decrease in avallable potassium walca reacaed a minlmuom
and than Increased slowly.
\ . s s + 110%0 saowed
Soils stored in open ceontainers at 110°C saowed a
more rapid decrease 1ln avallsble potassium followed by

Py

an increase to a Slightly nigher level tnan under ailr
ary conditions,

Ignition at 550°¢ caused a large increase in
available potassiwm content.

Tne vate of change in avellasble potasgium under
three different conditions in percentages cof base

oills. HNo significant

(¥4

saturation was studled in four
differences were observed between soils saturated with
calclimm, nydrogen, and 707 éa;cium ~ 50% hydrogen. In
all csszes an increase occurred in the content of avalil-

able potassium reacning a wmeximum in 14 days followed by

g slow decreaase.

§



A comparison was h zde between ordinary extraction with
normal ammoniuwim acuuane at 70°C for one hour, and six days
extrection at 25° and 70090 respectively, using molet, air
dry, and oven dry soils. The guantity of availeble potassium
increased with extended time and increasing temperature, the
time factor being most important for tne dry soll and ths
temparature most important for the molist soil.

Reveated extractions with .1 normel aydroenloric acid

wvare made on two solls, and the available potassiuvm deter-

ction. A constant level of avail-

!‘J

mined between each exbrs

X

able potassium was reacned alter a few extractions, which

were made on two solls. A coupleve vemoval of
potassiwm was obtalined after Ilve extractions. 7The
soils free from avallable potassiuwm were stored moist at

259C and analyzed for available potassium at varying intervals.

o
[92]
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A rapid increase 1n avallable pot:
during the first four days after treatment with little

change oceuring during tae next 31 days, Heating the lesched
scil for 2 days at 116% greatly increased the amount of

»

available potassiwun obtalined from these solls,
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