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ABSTRACT

A study of the potassium status of some Lower Fraser
Valley soiis was undertaken in order %o supply data whi:éh
‘ would aid in the interpretétion of fertility experiments
and chemical tésts for availabie soil potassium. Since the
rapid chemical tests for avallable potassium now used in
the Lower Fraser Valley leave much to be desired, éeveral
promisihg ﬁethods were'étudied and compared to a standard
ammonium acetate extraction gravimetric analysis method
for determining exchangeable potassium,.

The Morgan and Spurwvay rapid'methods for availablev
potassium estimation were not found preéise or accurate
enough for the purposes of the study. A technique des-
cribed. by Peech and English, which involves extraction of
available potassium with normal sodium écetafe of pH4.8
and subsequent precipitation of potassium as the di-
notassium sodium cobaltinitrite in formaldehyde-isopropyl
alcohol solution was ﬁeshed. A modification of this method
was adapted to estimation by the photometer and results
for exchangeable potassium, although lower, correlated well
with those of the standard determination. A technique
whiéh is more rapid and better adapted to studies in which-
pota$Sium is the only cation to be tested is that described
by Bray, who recommends extraction with sodium nitrate and
precibitation of potassium with sodium cobaltinitrite in

ethyl alecohol eolution and subsequent photometric



determination, This method extracted slightly more pot-
~assium than that of Peech but also showed a high corre-
lation with the standard method used. Both and Bray and
Peech procedures were found adaptable to line chart
eétimation for routine soil testing work.v
The Bray method wés compared to the standard ammonium

acetate-gravimetric procedure in potassium fixation and
release studies in limed and unlimed soils. Two upland
solls and three recent alluvial soils, on which fertility
experiments with oats had been conducted, were studied. A
greenhouse experiment using lettuce was designed to indicate
any exisfing relation between chemical studies and niant
response. In the laboratory fixation was induced by
- alternately wetting and drying the soils at llOOC. All
soils were found to have high fixihg potentials when
ﬁeasured by both extraction methpds, although the fixation
was higher when determined by the standard method. The
effect of lime on fixation in both the laboratory and green-
house soils was determined. The soils generally showed an
apparent release of potassium when measured by the ammone.
ium acetate-gravimetric method and a fixation by the Sodium
‘nitrate technique. These differences were considered to be
due to the relative replacing powers of Na™ and NH' when
ca™ or H" dominate the exchange complex. Thus the extraction
of potassium by Na ™ may be inhibited when calcium is the |

complementary ion on the colloid. The potassium status of



the upland soils was less affected by lime than the lowland soils
when fixstiom or release due 1o lime was measured by either method.

The soils studied failed to release any potassium from thé
fixed form when leached of their exchangeable potassium and stored
for three months in a moist condition, or when wetted and dried at
110 C.

No relation was found to exist between exchangeable potassium
or the reletive potassium fixing and supplying powers of the soils,
and oat response to potassium in the fisld or lettuce growth in the

greenhouse.
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lNTRODUCTIQN

| Potassium is an essential element for plant growth
.and the quantity available in the soil is therefore of
great importance. In the Loﬁer Fraser Valley, chemical
tests designed to estimate the amount of available
potassium in the soil are often employed in making
potassium fertilizer recommendations. The adequacy of
these tests depends on their accuracy and upon how they
are interpreted. It is evident that the tests employed
leave much to be desired and lack of correlation with
plant growth is frequently noted.

It appears that potassium fixation and release.may
be important in interpreting fhe resulté of chemical
tests and plant response to potassium fertilizer appli-
cation. There is a possibility that a high potassium : ~
fixation by some soils may mask response to potassium.
Other soils, which give a low test for available pot-
assium, may have high supplying potentials and show no
response to potassium. Some investigators have produced
convincing evidence that lime will induce potassium
fixation. Little is known about the effect of lime on
the potassium status of the Lower Fraser Valley soils,

Recommendations for potassium fertilization in the
Fraser Valley have stressed the need of heavy applications’

on the light upland soils and light applications on the
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(i1)
on the heavier alluvial soils. Some fertility experiments
indicate that the greatest response to potassium application
occurs on the lowland soils. Further, when little or no
response to potassium is obtained its application is
often discontinued. Whether this policy is wise is a
matter of contention.

These considerations prompted the investigations
included in this thesi#s. In undertaking the work it was
hoped to establish a reliable and accurate method for
estimating available potassium in Lower Fraser Valley
soils and to provide some information which will assist

in the interpretation of fertilizer experiments,



REVIEW OF LITERATURE

Potassium Fixation and Release

It is generally agreed that there are three forms

of potassium important for soil nroductivity; these are

5
the water soluble, exchangeable and fixed forms. The
main plant sources of potassium are believed To be the
water soluble and exchangeable forms. When the normal.
equilibrium of these three forms in the soil is disturbed, .
there is a conversion from one form to another. The
conversion of a portion of the soluble potassium, added

to the soil as fertilizer, to a non-exchangeable form

was noted by Dyer (1) in 1894 and Freer and Erb (15)

in 1918, This: conversion of potassium has been termed
"rixation" and is defined by Joffe and Levine (25) as

"The convérsion of soliible gnd replaceable potassium

.into a form which is not reieased by the cations generally
employed in exchange reaction." Upon the removal of
exchangeable potassium from the soil by plants or by
leaching, fixed potassium is converted to the exchange-

able form., This process is called potassium "release,"

Biological

Jenny (22?'ihvestigated the effects of organisms
on leaching of potassium from artificial and natural
soils. He found that systemg inoculated with micro-

organisms lost less potassium by leaching than did
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sterile systems. The addition of lime %o inoculated
systems further reduced the amount of potassium leached,
while lime added;to sterile systems increased the
quantity leached. Jéenny concluded that the lime
caused a releaée'of fixed and exchangeable potassiunm
_which was utilized. by the organisms and fixed. The
smaller loss of potassium from the limed inoculated )
series he attributed to the greater biological acti?&ty
afforded- by the lime,

Blume and Purvis (&) found potassium fixation
highest in soils high in organic matter. They suggested
that this may be due to the effect of micro-organisms,
They also found an inverse relationship between water
soluble and'fixed potassium and since micro-brganisms
‘utilized the water soluble potassium in the soil they
suggested that this may be indirect'evidence of biol-
ogical fixation.

Organic matter is incapable of fixing potassium and
depresseé its fixation in min¥eral soils according to
Gourley and Wander (19) and Joffe and Levine (26),

The latter workers state that the high exchange capacity
of organic matter causes competition between the organic
and mineral complexes for added potassium. Legs potassium

enters the mineral complex and consequently less is

fixed.
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Wood et al. (59) discounts the conception that
biological fixation is of any consequence in the re-
version of potassium to an unavailable form. Fixation
of potassium was found to occur after boiling the soil
samples in normal nitric acid. Furthermore, samples
treated with 30% hydrogen peroxide fixed as much pot-

assium as did untreated samples.

Phosphate Complexes
~ Joffe and Kolodny (24%) report that iron, aluminumn,

calcium and magnesium phosphates are capable of fiXing
considerable amounts of potassium. A sample of 1:39 gnms.,
of aluminum phosphate to which 20;28 mgris. potassium
chloride was added fixed 4.20 mgms. of potassium when |
alternately wetted and dried at room temperaﬁure, and
11.77 mgms . when alternately wetted and dried at 70°C.,

Ihvfield studies thésq‘wprkers found that fixation
was higher in soils which recéived applications of acid
phosphate, potassium chloride and lime than in soils
which received acid phosphate and potassium chloride
alone, They believed that the increase in pH afforded
by the lime increased the phosphate mobility and hence
the amount of potassium fixed. Although no explanation.
is advanced to clarify the mode of fixation from the

results of the experiment, the following. facts are

t

emphasizeds
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1) It appears that any condition thaﬁ facilitates the
srelease of phosphate and its recombination with
vario;s cations favors the fixation of potassium.-

2) Soils subjected to meteorological conditions of

wetting and drying will fix potassium,

3) The quantity‘of potassium fixed, in part at least,

will dependAon the phosphate in circulation.

Other work shpwing the effect of the phosphate ion on
potassium fixation is that of De Turk et al. (12) who found
that more potassium is fixed when adde® as mono-potassium
acid phosphate than as potassium chloride. When added as
the acid phosphate a large proportion of theupotassium
became eichange@ble; but when added as the ch&oride, the
greatest pr0poftion of potassium remained water soluble. - The
resulting high exchangeable botassium in the sampleé with
added phosphate was considered the reason for higher fixation
in the acid phosphate treated samples. These workers explain-
ed that the phosphate probably'replaced hydroxide groups on
the clay colloid, resulting in an extra valence vhich could
accomodate the potassium ions. The field results of Joffe

and Kolodny could readily be explained on this basis.

Micaceous Minerals.

’

It has been established, (26), (53), (41), that potass-
ium fixation can be induced artifically by alternately

wetting and drying soils or purified clay colloids. Volk
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(53) found that little or no fixation occured under moist
conditions, but.when the soll was dried considerable fixation
occured. Aiternately wetting and drying at high temperatures
was found to be the most rapid method of inducing fixation,.
Volk attributed fixation to the drying process. By X-ray
éxamination of the ,002 mm, fraction he found that some
added potassgiuvm had reacted.yith colloidal sikicates to form
muscovite,

Page and Baver (36) studied ionic size in relation to
fixation of cations by colloidal clay. They suggested that
there is an entrapment of the potassium ions caused by the
contriction Qf the expansible portions of the lattice of
montmorillonite minerals on drying.

Considerable fixation was found to occur under moist
conditions by Wood and De Turk (5(0 and Fine (15), when soil
was stored a sufficient time to allow the apparently slow
fixation process to occur.

Seatz et al. (45) found from X-ray studies that fixation
tended to be higher in soils containing the highest pEOportion
of mica and montmorillonite types of clay minerals.

Joffe and Levine (26) discovered that all the potassium
released from sefacite by electrodialysis is re-~fixed on the
addition of KC1 solutidn upon alternately wetting and drying.
They concluded that the potassium came from the mineral as
part of its structure and suggested, in this instance, that

potassium is fixed as part of the mineral structure,
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The same investigators (31) found that pyrophyllite
(the hydroué mica mineral from which montmdrillonite and
bentonite are built) did not fix potassium unless ground in
a ball mill. The grinding increased both the exchange cap-
acity and the amount of potassium which could be fixed.
This was presumed to be due to the increase in surface
area and number of'intersticeS'exposed by thé grinding pProcess.

They produced further indirect evidence that potaésium
is formed as part of the minéral structure by showing that
ammonium fixation follows the same general pattern as |
notassium fixation. They quoted the work of Gruner (20)
who treated vermiculite with ammonium hydroxide and convert-
ed it to ammonium mica. The aﬁmonium became part of the
mineral structure,

Joffe and Kolodny (25) studied the effect of heat on
the potgssium fixing powers of éoils and montmorillonite.
It has been shown ﬁy‘X-réy studies that the structure of
montmorillonite is destroyed.at»550°0. and'the fixing powers
of both soils and montmorillonite were destroyed at this
temnerature. This indicated that the crystalline clay
colloids which have a definite lattice structure are capable
of fixing potassium.» Their work further showed that heating
‘"up to 200°C. increased the fixing powers of both soils and
montmorillonite. They concluded that - "The rapid aging

due to heating of certain active spots such as cavities,
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lattice distortions, irregularities of the colloidal clay
surface, holdingg exchangeable potassium ions, may also
result in potassium fixation:

Bray (5){iin a study of colloids of some Illinois
soils, postulated that fixation of potassium is.an adsorption
process. More mature soils (more highly &eathered) were
found to fix greater amounts of potassium than more recent
(relatively unweathered) soils, Furthermore, upper horizons
showed in general more fixing power than lower, less weéther-
ed horizons. As the result of X-ray and petrographic studies
Bray suggests that mica-like minerals, through direct alter-
ation, form a beidellite-type mineral, probably a mica-
beidellite colloidal partical. During this alteration process
the mica loses its potash and takes on water and in this form
has exchange properties. Prior to physical weafhering the
beidellite is still attached to the micaj; after weathering
much of the mica is broken off, and forms a part of the
superfine fraction. These resulting beidellite-like parti-
cals, since part of their formation is due to a loss of
potassium, would be expected to furnish conditiénsrin which
potassium could Ee fixed with varying degrees of tenacitys-
the reforming of an old mineral, not the building of a new
one as VolkA(52) suggested,

Commenting on Volk's work, Bray claims that if potassium
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were converted back to muscovite, if would be too insoluble
to take part in an equilibrium-reaction between the non-
replaceable and replaceable forms. Bray found the conver-
sion of potassium ffom the fixed to the replaceable form
slow compared to tn§£usual base exchange regtions of
zeolite or montmorilionite type of materials. This would
conform to the secondafy type of minéral méntioned above, |/
"The partially weathered surface of préctically any primary}
silicate mineral may offer an ekcellemtopportunity for
movement of potassium both in and out of the lattice layers
made less compact by hydration and oxidation, but still
compact enough to pre#ent the usual speed bf replenishment
shown by montmorillonite systems.'™

Joffe and Levine, in a series of articles ¥26), (27),
(28), (30), (31), proved almost conclusively that potassium
must be in the exchangeable form before fixation can occur.
They offered. the foliowing evidence in support of this theory::

1) A simple linear relationship is found to exist

between the amount of potassium entering the
exchange complex and the amount fixed. As the
amount of potassium entering the complex increases,
the amount fixed increases.

2)' The rate of change of increase of potassium

fixation with increased application reaches a

maximum when the quantity of potassium is equal
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to the exchange capacity of the colloid., When

a small quantity of potassium, in relation to the

exchange capacity, is added, the exchange cgpacity

evidently is not the limiting factor and a large

propoﬁﬁon is fixed. When a large amount of potass-

ium in relation to the exchange capacity i1s added,

- only a small proportion of potassium is fixed,

although the absolute amount fixed is greater.

3) As long as the complex is saturated with potassium

-the magnitude of fixation is unaffected no matter

how much potassium is added.

lt) When potassium is added to samples of Manalto

colloid and hydrogen bentonite of different-

welghts but with equal exchange capacity, fixation

is found to be equal,

5) The fact that organic matter reduces potassium

fixation by competing with the mineral complex

for potassium emphasizes the role of the mineral

exchange complex in the fixation process.

From the discussion above it is cliear that the pheno-

menon of potassium fixation is not fully understood.

However,

it seems probable that potassium is fixed mainly in the

interstices of weathered primary silicate minerals.

If

such is the case there is no definite boundary between the
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exchangeable and moderately available forms of potaséium,
but merely a gradual increase in the tenacity with which
potassium is heid. The contention that potassium is fixed
biologically or as a phosphate complex has been discredited
by the majority Qf investigators and is likely that they
play only a minor part in potassium fixation.

It is alsq apparent that potassium release occurs when
the quilibrium of the so0il potassium is disturbed by removal
of the exchangeable form and the amount of potassium released
is thén, diréctly related To the amount in the exchange
complex. Whether or not release will be rapid will depend
on the tenacity with which the fixed potassium is held. This
will be governed to a large degree by the amount of potgssium

in the fixed form.

Practical significance

From a practical standpoint potassium fixation might be
regarded as the process ﬁﬁich causes addeéapdtassium to be
rendered unavailable to the plant. Potassium.release, on
fhe other hand, is:; the process which pfovides potassium to
the plant from the fixed or unavailable state. It is clear
then, that high potassium fixation in some cases, would be a
handicap. On the other hand, if potassium fixating powers
of the soil are low, there will be leaching losses of added
potassiﬁm and luxury consumption by the plant will be

encouraged.
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ﬁéagland and Magtin (21) conducted experiments in which
soils were depleted of exchangeable potassium by continued
cropping. They concluded that some soils would not maintain
a "Physiologically effective™ concentration of potgséium in
' the}éoil solution and thus fixéd'ﬁotassium was of little
practical value., According to these workers, when the
exchéﬁgeable potassium is utilized by plants the solubility
of the qon-replaceable form of potassium will determine the
potassium supplying power of the soil. They found that fixed
potassium was unavailable to plants. Kolodny (29) corrob-
orates this finding.

Under field conditions, where only one crop per year
was grown, Wood et al, (60) demonstrated that the replace-
able potassium content of a soil is higher in the spring
than in the fall, but wvaries little from spring to spring.

- Thus, a constant reversion of potassium from the fixed to
éxchaﬁgeable form is indicated. This reversion keeps pace,
more or less, with crOpping'and 1eaching, but lags during
the growing season with more rapid potassium removal.

The cumulative potassium release is much highef from a
potassiﬁm fertilized soil than an unfertilized soil, according
%o Wood and De Turk (59). The potassium added and not used
by the crop is prevented from leaching by fixation. Later,
it is able %o provide the plant with potassium much more

rapidly than in the case of the soil to which no potassium
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has been added. In a laboratory experiment pqtassium was
added to a soil as potassium chloride at the equivalent of
one ton per acre. From one half to .three quarters of the
portion fixed wés recovered in less than a year, when all
replaceable potassium was removed at each of five successive
leachings., In the soils studied it was estimated that under
field cbnditions a crop would remove only one fifth of the
exbhangeable#pqtassium per year; hence reversion would be
expected progéed at a fairly steady rate and keep the
‘exchange complex constantly supplied Qith potassium,

waSeatz et.al, (45) found that, at higher rates of
potassium application, a lower percentage of potassium is
recovered thén at low rates of application and concluded
that the amount of potassium fixed is related to the amount
applied. Peech (40) supbérts Seatz and further points out
that a heavy application of potassium fertilizer may, on
some soils, cause a fixation process tending, in effect, to
lower the available potassium.

Ayres (3) and others (33), (21), (59), have shown that,
with an increased concentration of potassium fertilizer,
there 1is increased»éorption of potassium on the exchange-
able colloid. According to Levine and Joffe (30) increased
sorption will cause increased fixation,

Reitemeier (42), Attoe and Truog (3), and Rouse #%
héve found positive correlation between crop extracted

potassium and moderately available or acid soluble potassium.
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From the foregoing, it is evident that soils vary
considerably in their potgssium supplying powers. In some
cases a positive correlation has been found between crop
growth aﬁé exchangeable potassium, but more frequently no
positive relétionship has been noted. It appears therefore,
that exchangeable potassium is not always a reliable criterion.

of a soil's potassium status with regard to crop production,

Effect of Lime

There has been a great deal of controveréy regarding
the effects of lime on potassium fixation and on the potassium
of the exchange complex. One school of thought follows
Leibig's contention that addition of lime liberates potassium
to the‘sbil solution, This view is held by many modern
investigators and is strongly supported by Jenny (22).

Experiments carried out by Jenny with purified soil
colloids, permutites, natural and artificial soils, revealed
in all cases that lime liberated adsorbed potassium in large
quantities. The more acid the soil, the more potassium was
liberated by liming. He found that calcium chloride, calcium
carbonate, and calcium hydroxide all liberated potassium from
the complex in the presence of all important anions usually
found in the soil solution. )

Worsham and Sturgis (61), working with Missippi Delta
soils found that calcium salts liberated potassium from a

100% base saturated soil. Calcium carbonate and tri-calcic
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phosphate liberated only small amounts of potassium.

.Many papers dealing with the effect of lime on potassium
fixation conclude that lime induces fixation. MacIntire et
al. (32) found, in lysimeter studies with Tennessee soils,
that every appliéation of lime effected a repression on the
outgo of potassium, fhe éffect becoming greater with increawed
rates of liming. The variously limed soils in this experiment
were given ZOO.pound applications of potassium chloride yearly
for six years. Periodically the amount of potassium in the
leachate was determined,

Allaway and Pierre (1) found that non-calcareous soils
fix little potassium, and‘that an excessive applicqtion,of
lime contributes to potassium fixation with”é resulting low
potassium fertility. |

Other workers (48), (&), (15), (45), (17), have obtained
similar results in both fiedd and laboratory studies. The
general viewpoint held by these workers is that lime is
capable of inducing potassium fixation and that overliming of
some soils is likely to result in potassium deficiencies.
| Several investigators have offered explanations of the
effect of lime on potassium fixation. Wicklander (56) found
that cations with properties and ionic size similar to
potassium decrease fixation. Others increase fixation, the
extent being determined by the relative ease with which they

are displaced by potassium., Ammonium, potassium and hydrogen
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systems result in low potassium fixation whilé.magnesium,
barium, calcium, and sodium systems result in high fixation.
.Wicklander contends that cations adsorbed or added, decrease
the fixation according to their replacing power or affinity
for the colloid., If the competing ions are capable of filling
the vacant places oﬁ the mineral lattice resulting from the
release of fixed potassium, they will exhibit .greater in-
fluence on subsequent additions of potassium. This will
>result in 2 low fixation.

Peech and Bradfield (39) studied the effect of lime and
neutral calcium salts upon the solubility of soil potassium
in some Florida soils. They demonstrated that the amount
of pqtassium adsorbed by a colloid clay complex is greatly
increased by increasingtthe degree of calcium saturafion.
Peech (37), in a later paper, found that the exchangeable
potassiﬁm content generally increases with increased pﬁ or
degree of base saturation, even where similar amounts bf
potassium have previously been applied. He indicates that
potassium replaces calcium more readily than it does hydrogen
due to the relative position of potassium, hydrogen, and
calecium in the lyotropic series. Since there are greater
amounts of calcium present at higher pH values the efficiency
of the complex for absorbing potassium will be greatly

enhanced.

Levine and Joffe (31) contend, however, that it is not
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the increése in caléium on the complex that allows more
potassiuﬁjto be adsgrbed, but the resulting increase in pH.
They found that when the calcium ion is increased at any
one pH, the fixation of added potassium is reduced. This,
they claim, is due to the calcium being more successful in
competing forlthe excﬁange position. With an increase in pH
there is an increase in\the amount of potassium thch will
enter the complex, and hence an increase in the amount of
potassium which will become fixed,

Ayfés, (3), in a study of sorption of potassium in
Hawaiian soils, produced evidence indicating that the con-
centration of potassium added is of equal if not greater
importance than the degree of calcium saturation in increas-
ing the potassium on the complex, |

The above review illustrates the divergence of opinion
regarding the effect of lime on soll potassium. It would

seem safe to conclude that this effect will vary from one

soil to another.
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Methods of potassium extraction and analvsis.

Standard Methods

Extraction

The most common extracting solutions used for
the displacement of exthangeable cations include neutral
normal ammonium acetate,fhéutral 0.5 N ammonium chloride,
normal barium acetate, barium chloride, sodium acetate, and
sodium nitrate. Some workers have used acid extrgctants,
the most common beiﬁg 0.5 N acetic acid, 0.1 N and 0,05 N
hydrochloric acid,

Schollenberger and Simon (47) point out that
exact equivalents cannot be expected when compariﬁg the
amounts of bases extracted by different solutions. Golden
et al., (18) verified this using soils varying in texture,
pH range, organic matter and carbonate content and leaching
them with ammonium acetate, ammonium chloride, barium chlor-
ide, potassium acetate, barium acetate, ammonium formate,
acetic acid and ©.1 N hydrochloric acid. The potassium
acetate proved to give the highest results for total
exchangeable bases while ammonium acetate, barium acetate,
and ammonium chloride,gave variable potassium results when
compared to the other extractants. In general the acetate
ion, regardless of the cation attached to it, oproduced the
highest and most consistant results for both exchangeable

bases and total exchange capacity. The acid extractants

tested gave extremely low results.
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From the results obtained by Golden et al. (18)
and other investigatorsv(26), (53), (48), (60) the neutral
normal ammonium acetate extracting solution seems the most
favorable for potassivm studies. Advantages of this ex~
tractant are outlined in detail by Schollenberger and
Dreibelbis (46).

The extraction of exchangeable bases with amm-
onium acetate is usually accomplished by a leaching pro-
cedure. Various leaching methods are described in the
literature. Peech (38) leached 25 gms. soil in a Buchner
funnel with small porfibns of ammonium acetate until a
volume of 225 ml, was obtained. Joffe and Levine (26) used
a similar methbd for extracting exchangeable potaééium.
Volk (54) extracted potassium by agitating 30.gms. of soil
with 450 cc. ammonium acetate for 15 minutes agnd leaching
ten times with 25 cc. portions of the solution.

Schollenberger and Dreibelbis (46) recommehds
leaching the soil in a closed system to prevent loss of
- ammonium and to prevent carbon dioxide from entering the
system and thus affecting the bases dissolved. He reports
higher results by this method thén'by onen system techniques;
A soil to ammonium acetate ratio of 1:7.5 or 1:10 was found
to extract all exchangeable bases when leaching was con- |

tinued for a minimum of four hours. Leaching for over 24%
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hours increased: the amount of cations extracted.

The leaching proéedure described by Scholl-
enberger and Dreibelbis is less troublesome: than and does
not require the continuous attention of the other methods

described,

Analvsis

Many methods of analysis have been adapted to
soll potassium determinations. The classical gravimétric
mefhod using platinic chloride as the precipitant is not
used extensively due to the high cost of the reagent. ' The
most commonly used techniques involve the precipitation of
potassium as'the dipotassium sodium cobaltinitrite with
subseguent gravimetric or volumetric determinations.
Wander (55) describeﬂs'a colofimetric method using potassium
dichromate to oxidize the cobaltinitrite precipitate.
Titrétion of the precipitate with ceric sulphate is des-
cribed by Brown (10), The gravimetric method and volu- )
metric method using potassium permanganate as the oxidant
described by Wilcox (57) are probably the most widely used.

Wileox reports an abso1ute accuracy of 0,05
mgms potassium by both the gfavimetric and volumetric tec-
hniques. Temperature of precipitation is important and

o

variations from 20 C, will produce erroneous results. The

precipitation is very sensitive to the presence of ammonia.



-~ 20 -
Calecium and magnesium to 0.2N, barium to O0,1N, and sod-
ium to i.ON‘are reported to have little effect. The
presence of acetate causes high results and sulfate and

chlorine in high concentrations cause low results,.

Rapid Methods

Extraction

Rapid methda; of extracting and determining
available plant nutrients often sacrifice accuracy for
rapidity. During recent years, however, methods have been
developed which satisfy both of these requisites. Bray (6)
points out that a successful'rapid test must conform to
certain requirements. Firstly, the extracting solution
and procedure used should;extract‘all or a proﬁortionate
"part of the available forms of aﬁnutrient from the soil,
Secondly, the amount of the nutrient in the extract should
be measured with reasonable accuracy and speed. Finally,
the amounts extracted should be correlated with the growth
and response of individual crops to.that nutrient under
various conditions.

Bray (7) found a 20% sodium nitrate solution
satiéfactory for potassium extfgction. He refers to the
potassium extracted by this solution as exchangeable
potassium and has used it widely in correlation studles
with plant response. The extraction procedure entails

shaking 5 gms of soil with 10 mls of the extracting sol-
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ution for one minute in a small vial, The system is then
filtered and the filtrate taken for analysis.

Morgan (34) recommends extraction of available
nutrients with normal sodium acetate buffered at pH4.8
using a 1:2 soil to extractant ratio. Detailed studies of
the sodium acetate méthod include that of Tinsley and Pigzer
(42) who found that Morgan's solutidn extracted an average
of 46% of the exchangeable-potassium determined by extr-
action with 0.5N acetic acid. On sandy solls the exchange-
able potassium extrgctéd‘was'as high as 55%. Theﬁsame
investigators studied the éffect of time of shaking the
soil with the sodium acetate solution on the amount of
nutrients extracted. The percentaée increase of potassium
extracted due tQ increasing time from oné minute to 15 min-
utes averaged 2.9 for the 17 soils tested. They found that
S a 1:10 soil to extractant ratio removed an average of 7+3%
more potassium than a 1:2 ratio. The Morgan method was
compared to the acetic acid method on a series of soil
samples. As the percent potassium extracted by the acetic
acid method increased from 8 to 50% the potassium extracted
by the sodium acetate method increased from 3 to 32%.

Peech suggesté using a 1:5 soil to extractant
ratio and shaking 10 grams of soil with 50 mls of Morgan's
sodium acetate extractant for‘3O minutes on an automatic‘
shaking machine. The system is then filtered and tests for

the exchangeable bases are conducted, using the filtrate,
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Analysis

Almost without exception some form of the cobalt-
initrite precipitation is used for the rapid estimation of
soill potassium., The main differences in the varioué pro-
cedures are in the ratio of sodium nitrite to cobaltic nitrite
used‘in the preparation of the precipitating reagent and the-
type of alcohol used to decrease the solubility of the di-
potassium cobaltinitrite precipitate. Some workers use
forméldehyde to minimize the interferenée of ammonia and
gum arabic to keep the precipitate in suspension for
photmetric determination.

Methods of estimating the concenfration of the
turbid dipotaésium cobaltinitrite solutions vary. The
ma jority of workers use colour or line charts, or compare the
turbidity to standard solutions. Recently methods of
photometric determination, with a resulting increase in
accuracy, have been developed. |

Peech and English (40) claim that not enough
emphasis’has been laid on attempts tg minimize.the errors
in theAanalytical procedure. They point out that the main
difference between the répid,and more tedious techniques
is. that the rapid tests are used in aliquots of a soil
extrget without subsequént treafment. Thus, erroneous
results may readily be caused by interfering ions and they
attempted to minimiZe‘these effects by introducing slight

changes in classical techniques. Thus, they found that the
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effect of organic matter was reduced by addition of
organic matter was reduced by addition of activated
charcoal to the extracting system and that the use of
iso-propyl alcohol instead of ethyl alecohol increased the
temperature range over which consistent results could be
obtained, However, iso-propyl alcohol @ecreased. the
sensitivity of the determination. This was improved by
increasing the ratio of sodium nitrite to cobaltic nitrite
and their concentrations. Ammonia interference was eli-
minated by the use of formaldehyde.

| The Peech and English method of potassium pre-
cipitation is an adaption of the two layer technigque. Two
milliters of soii extract and 6 drops of formaldehyde are
added to a large vial and allowed to stand for 5 minutes,
One milliliter of the sodium cobaltinitrite solution and
- 2 mls of iso-propyl alcohol are added. The latter is added
slowly so as to form é layer. The two layers are nmixed
rapidly and uniformly by swirling for 30 seconds. In 25
minutes the turbidities are éompared with standards over
light using lines of 1,.2 and 3 mms in thickness drawn on
cellulose acetate paper,

This mefhod has been adapted to photometric
estimation by several workers, Eldon (43), Wolf & Ichisaka
(58),‘and is found to be guite satisfactory. Wolf and
Ichisaka (58) used gum arabic as a protective colloid to

aid in the formation of uniform small sized particles of
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precipitate thaf remain in suspension for a long #time,

Bray (7) describes a more rapid method of
potassium estimation., The soil extract is forced into the
ethyl alcohol-cobaltinitrite solution by means of a hypod-
ermic syringe, insuring rapid and complete mixing of the
two solutions. The turbid solution is then read on the
photometer and the concentration is found by comparing the
photometer reading to a standard chart. Bray states that
the standarddichart should be checked each time a new reagent
is used, and prior to each set of determinations and that
the temperature should not vary more than a few degrees.,

Other methods include those of Spurway, (49),-
Morgan . (34), Truog (52) and Thorton (51), most of which‘are
adaptabie to use in the field. All of these techniques use
the same priﬁciples for potassium precipitation as described
above, Available information indicates that they are some-
what less accurate than the Peech and Bray methods: and their

various modificiations.
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EXPERIMENTAL
Study of Methods of Potassium Analvsis

The volumetric and gravimetric procedures of potass-
ium analysis described by Wilcox (57) and the rapid methods
of Spurway (49), Morgan (34), Peech and English (40)
and Bray (7) were studied using standard potassium sol-
utions.

Volumetric Method

Table 1 shows the recovery of standgrd potassium
samples by the volumetric method described by Wilcox (57).
The percent potassium recovered at the 1;5 mgm level is low,
Although this method is accurate within the desired %27
range at levels of 4.5 mgms to 9 mgms of potassium it
proved longer and not as well adapted to the laboratory

conditions as the Wilcox gravimetric technique (57).

TABLE 1 , P

1

Recovery of Potassium Standards: Volumetric

Method.
Potassium Potassium Recovered Means Percent
added as KC1 mgms Recovery
mgms 1 2
1.5 1.196 1.201 1.198 - 79.8
L5 4,585 4,583 )y, 581 101.8
7.5 7477 7.480 7.478 99.6

9,0 9.080 9,112 9,096  101.0
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Gravimetric Method

Wilcox repqrts a recovery of 224 by the gravimetric
procedure between 2 and 15 mgms of potassium present. It
is evident in Table 11 that the desired accuracy was not
obtained with potassium standards containing less than 4,5
and above 15 mgms. Between 4,5 and 15 mgms the reproduc-
ibility and absolute accuracy was 0,08 mgms or 2.6 x 10 me

of potassium.

TABLE 11
Recovery of Potassium Standards: Gravimetric
Method,
Potassium Potassium Recovered Means Percent
added : mgms Recovery
as KC1 '
mgms 1 2 3 L
1 757 .63k «932 777 o775  77.9
3 2,581 2.792° 2,751, 2.94%% 2,767 92k
k.5 Lh63  L.482 4. h59 L. L68 L, 468 99,3
5.783 5.921 5.940 5.896 5.885 98,1
9 9,211 9.106 8.860 8.904 9.020 100,2°
12 12,120 12,189 12,309 12,001 12.155% 101.2
15 15.228 15,263 15.360 15.413 15.331 102,1
18 17.664 17.318 17.412° 17.84%1 17.559 97.5

Effect of Common Soil Cations.

The effect of cations commonly found in soil extracts
on the accuracy of the gravimetric procedure is given in
Table 11. One-tenth normal maghesium and calcium and 0.75 N

sodium had no effect on the accuracy of the determination
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while highericoncentrations interfered. Since these cations
are seldom.fbund in such high concentrations in soil extracts:
their removal will not genérally be required,

‘Removal of ammonium is imperative, since its prsence,
even in small amounts w111 cause erroneous results. It ig
desirable to test the solution for ammonia with Nesslep?é-
reagent bribr to the addition of the rtrisodium cobalf;xi'
initrite solution. This is particularly important in lab-

oratories where ammonia fumes are likely to be present.,

TABLE 111

Effect of;Cbmmon Soil Cations on the Recovery of Potas-
siums Gravimetric Method,

Potassium in Standards « 9 mgms,

Cation Concentration = Potassium Recovered Means Bercent
added ‘ mgms Recovery
Ca 0.1 - 9.090 9.202 9,146 101.7
0.38 10,106 9.412 9,759  108,5
Mg 0.1N 9,262 9,03k 9,148 101.6
0.3N 9,820 9,614 9.717 108,0
1.00N 9.203 - 9,312 9.257 103.0

Turbidimetric Methods

Spurway's Method

The rapid method of potassium estimation outlined

by Spurway (49) was tested on standard solutions and acetic
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acid soil‘extracts. A great deal of variabilitf in the
turbidity of replicate samples was noted. The standards,
when compared to the Spurwgy chart and prepared line charts,
showed.that only a narrowrasnge of concentrations could be
estimated. Further study of the method was considered
unwarranted as it did not show the degree of accuracy and
precision required.

Morgan's Method

The Mofgan (34) method of potassium estimation
was fouhd to be less variablevthan that of Spurway. Stand-
ard solutions of 20, 40, 60 and 80 ppm potassium averaged
readings of 1, 2, 6, and 10 units respectively on the
Morgan chart. Thése readings were found to vary, however;
if the cobaltinitrite-sodium nitrite ratio véried or if old
sodium cobaltinitrite solution was used. )

The procedure was modified for estimation on the
photometer. One milliter of soil extréct or standard
solution was transferred to a photometer micro tube. Two
tenths of a milliter of Morgan's reagent "A™ (sodium cobalt-
initrite solution) and‘2 mls o%\reagent."B"“(iso-propyl
~alcohol and formaldehyde) were added. The>solution was
allowed to stand one minute and was then mixed thoroughly
by shaking-for-30 seconds with a rotary movement,

When the solution was read on the photometer

between five and fifteen minutes after shaking less vari-
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ation occured than when left for longer intervals. This

is illustrated ianable 1v.

TABLE 1V

Effect of Time of Standing on Photomoter*Readingss
Modified Morgan Method.

Standard Photometer Readings

Concentration (Log Scale)
ppm!m . Time Interval in Minutes
5 10 15
20 15.9 _ 15.6 15.0
20 11.k% 11,0 10.0
20 11.7 11,6 -10.2
50 52.2 51.8 51.0
50 5L.0 53.6  51.8
50 51.5 51.2 50,1

| The variation in photometer readings on replicates of
each standard is shown in Table V. The variation is often
as large as four unité on the photometer - logarithmic
scale and occasionally varies by seven. Figure 1 shows
the average of the four readings for each standard plotted
against the ‘standard concentration. bThe points do not fall
close enough to a straight line to give accurate results.
For higher accuracy larger number of replicates would be
required.

*Fisher A C Model Electrophotometer
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TABLE V
Replicate and Average Photometer Readings

for Standard Potassium Solutions: Mod-
ified Morgan's Method,

Standard ‘ Replicate Photometer Readings | Means
concen- (Log Scale)

trations
ppm 1 2 3 L
20 16.9 12.4 12.9 14,2 14,1
%0 39.3 32.0 36.5 35.3 35.9
50 52.2 54,0 51.5 50.3 52,0
60 57.2 65,0 61.0 6.8 62,0

Peech's Method

Peech;s and English's (40) turbidimetric method
for potassium estimation weas fested on standard pnotassium
solutions using the photometer. Thé variations between
photometer readings for each standard were fairly large
and averages of photometer readings plotted against con-
centrations of the standards did not fall on a straight
line. These errors were apparently due to uneven mixing
of the alcohol with the formaldehyde-cobaltinitrite solution.
Peech points out that experience in mixing the solutions is
required in order to obtain duplicate results.

It was found that this difficulty can be overcome

by a slight modification of the Peech procedure. If the soil



extract formaldehyde solution is foreed into the alcohol-
cobaltinitrite solution by means of a pipette,a rapid and
complete mixing 1s ensured. With this modification the
variations betﬁeen replicate readings between any one
standard are not more than 3.5 divisions and usually less
than 3 divisions on the logarithmic scaie as shown in
Table V1. As evident in Fig. 11 the standard graph is

a straight line, and hence follows Beer;s Law, between

20 and 60 ppm. The solution should stand 25 minutes
betﬁeen mixing and reading on the photometer for most

accurate results. This is illustrated in Table V11l.

TABLE V1

Replicate and Average Photometer Readings for
Standard Potassium Solutionss Modified
Peech Method. -

Standard Replicate Photometer Readings HMeans

concen- (Log Scale)

trations \
ppn 1 2 3 L
10 4,1 4,0 3.5 TgH %.0
20 27.8 27.0 26.5 26,7 27.0
30 38.0 . 33.5 36.0 35.7 35.8
40 47.5 51.0 48.0 48.7  18.8
50 56.6 58,0 57,5 55.9 57,0
60 67.0 6%. 5 65.3 64.0 65.2

70 . 70,0 70,6 72.8 70,6 71.0
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. TABLE V1l

Effect of time of Stgnding'on Photometer Readingss:
Modified Peech Method.

Photometer Readings (Log Scale)

Standard Time Intervals in Minutes

Concentration
ppm 15 25 35
30 36.8 36.0 35,9
30 340 33.5 33.5
30 ©38.6 38.0 37.8
50 57.1 56.6 564
50 58.8 58.0 57.5
50 57,8 57.5 - 57.5

Peech‘reporté that ammonia does not influence
the determination when present in.quantities lower than
1000 pounds per acre., This was confirmed for quantities
up to 750 1lbs per acre which were found to have no effect
in this trial. However, at 1000 lbs. wer acre, a small
effect was noted.

The Peech method is readily adapted to the
estimation of potassium by use of line charts. Although
the méthod outlined by Péech wa s tried, more consistant
estimations over a wider range of potassium concentrations
were possible when thé line charf technique described by
Bray was used. The accuracy compares with that reported

in the following secXkioh.
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Bray's Method

of tﬁese tested the turbidimetric method of
potaesium analysis described by Bray (7) proved to be the
most precise. The variatiohs seldom exceeded two units
onhthe lqgarithmic scale as shown in Table V111. Fﬁgure
111 illustﬁéﬁeé that Beerfs Law is satisfied between 20
and 60 ppmn. ﬁhen averaéevﬁhotometer readings are plotted
against standard concentrations. Table lX.indicates that
the most precise results are obtained when the solution is
read on the photometer between 5 and 15 minutes after
precipitation.

The effect of ‘ammonia was tested and it was
found that the equivalent concentration of 500 1bs. per
acre and above resulted in high readings on the photometer,
. Ammonium was added to the greenhouse soils at the rate of
360 pounds. per acre nitrogen and‘had-no effect on the Bray
determination eight weexs later. It is probable thet the
ammonium present in field soils would not affect this
determination. However, further tests should be made at
lower concentrations to definitely establish the level at
which interference can be expected.

The use of the line chart technique for estimating
the potassium described by Bray proved to give reasqpably
reliable and reproducible fesﬁlts. The accuracy of

potassium estimaﬁion by fhis means would undoubtedly
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increase with the experience of the worker. The variation
between .operators is minimized, since each individual must
pfepare his own standard chart. Standard solutions of 10,
20, 30, 40 and 50 ppm of potassium are prepared in tri-
plicate and precinitated by'Bray's techniqﬁe. The average
of the number of milliliters of each concentration required
to obscure a standard line is plotted against the concen-
tration of the éolution. The average of duplicate deter-
minations from each soll extract treated in the same way
is then read directly in parts per million from the graph.
In Figure 1V it will be noted that the'most accurate
estimations'are possible between 10 and 50 ppm. A satis-
factory estimate of exchangeable potassium for routine

soil testing work is possible by this method,

TABLE. V111

Replicate and Average Photometer Readings for
Standard Potassium Solutions: Bray Method.

Standard Photometer Readings HMeans
Concentrations - (Log scale)
ppm
1 2 3 L
10 : 6.0 6.8 6.5 6.6 6.9
20 15.0 15.0 16.2 14.0 15.0
30 ' 21.5 22.0 23.0 23.5 22,5
10 30.4 31.0 30.0- 31.1 30.6
50 38.5  37.5 38.5 36.5 37.7
60 L5, 2 L5, 0 Ll 8§ L, 6 L4, 9

70 46,0 47,5 8.6 46,1 47,1
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TABLE 1X

Effect of Time of Standing on Photomémér Readings:
Bray Method.

Standard Photometer Readings
Concentration : (Log Scale)
ppn Time Interval in Minutes
5 10 15
20 15.0 14,8 13.8
20 15.0 14,8 13.6
20 : 16.2 15.9 15.0
50 , 38.5 38.2 37.6
50 37.5 37.4 36.8

50 38.5 38.3 37.7

The Bray determination is extremely sensitive
to temperature variation, Accurate replicate results
could be obtained'only when the temperature of the
reagents used was between 180 and 220 C. The reagents
are readily kept at this temperature by storing them
in a water bath.

Since the Spurway and Morgan potassium tests
were found to give less precise results than the other
rapid methods tested, further studies are confined to the
Bray and modified Peech technigues. The gravimetric

procedure is used for estimating the ammonium acetate

extracted potassium.,
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Study of Methods of Potassium Extraction.

Ammonium Acetate Extraction

Preparation of the Ammonium Acetate Filtrate for

Potassium Analvysis

The ammonium acetate filtrate was prepared for
analysis by a variation of-Schollenberger and Dreibelbis
. (47) method. The solution from the ammonium acetate
1eachiﬁg was transferred to a 600 ml. beaker and evapor-
ated to dryness on a steam bath, The sides were washed
down with hot water from a wash bottle and the system
evaporated again. This procedure was repeated until a
foamy residue resulted, thereby hastening the subsequent
removal of organic matter. Organic matter was then
destroyed by evaporating 10 c.c. portions of 6% hydrogen
peroxide and 6 drops of nitric acid until a white residue
remained.

The residue was taken up with 15 c.c.of 6 N
nitric.acid and 50 ml. water. This solution was heated
to 6OO - 709 C. and filtered to remove the silica, after
which the filter paper was‘washed with hot water from a
wash bbttle, Thebresulting'filtrate was tested for
armonia with Nessler's reagent and evaporated to dryness
on a steam bath. .Ifaa positive Nessler's test resultéd
the ammdnia was driven off by flaming tﬁe residue with a

bunsen burner.
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Completeness of Potassiwum Removal from Soils

The completeness of removal of exchangeable
potassium from the soll by ammonium acetate was studied.
In the determindion of exchange capacity the time of
leaching was found to have no effect between L4+ and 10
hours. This would indicate that all exchangesble potassium
is removed by one leaching. To ensure complete potassium
removal, four soils of varying textures were leaching
twice with 500 mls of ammonium acetate. No potassium
was detected in the second leachates.

Table X indicates the compleleness of removal
of.added potassium by ammonium acetate. It will be noted
that errors due to both extraction and analysis do not

exceed * 2%,

IABLE X

Recovery of Potassium Added to the Soile
Ammonium Acetate Extraction.

Soil Potassium Original Potassium Percent
Texture Added Exchangeable Recovered  Recovery
mgms/100gms Potassium mgms /100gms
mgms /100 gnms
Sandy 6 11.090 17.201 99.3

Loam '

16.892 98,83
Clay 6  19.781 25.390 98.3
Loam 25.382 68k
Loam Lo . 9.480 13.232 98.2

13.290 . 98.6
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Rapid Extracting Methods

From the results of Tinsley and Pizer (50), ex-
traction of potassium by Morgan's with sodium acetate
for longer periods than 15 minuées failed to give sig-
nificant increases in the amounts of ﬁotassium dissolved.,
The 30 minute shaking recommended by Peech Was.thﬁs
considered adequate for the soils studied.

The effect of time of shaking of the potassium
extracted by sodium nitrate was tested.” A clay and
sandy loam soil were each shaken in the sodium nitrate
solution for periods of 1, 1}, 2, 2% and 3 minutes. No
significant differences in photometer readings were
noted vhen the leachates were determined for potassium

by the Bray technique.

Comparison of The Modified Peech, Bray and Standard

Methods.

In Table X1, the amounts of exchangeable potassium
extracted and determined by the modified Peech and Bray
procedures are compared to that extracted and determined
'by the standard ammonium acetate-gravimetric method,

At the lower levels of potassium the variation of both
rapid methods from thestandard determination is. small,
However, at higher levels only slightly more than half

of the potassium extracted by ammonium acetate was



- 15 -

removed by the rapid methods. The sodium acetate re-
commended by Peech and English, extracts slightly less
potassium than the sodium nitrate used by Bray. Both
methods show a high significant correlation to the
standard technique as shown in Figures V and V1,

_It-is evident that both rapid methods give-fairly
accurate and reproducible estimations of exchangeable
potassium;v The Peech method, while longer than that of
Bray, haé an advantage in that all the exchangeable
_cations may bé determined on the 1eacha£e. For studies
6f potassiunm only, the Bray technique would be the most
satisfactory,

Bray's rapid method for the estimation of exchange-
able'potaésium is further compared’ to the standard
ammonium acetate-gravimetric method in potassium fixation

and release studies.
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TABLE X1

Table Comparing the Potassium Extracted and
Determined by the Bray, Modified
Peech and Standard Methods.

Exchangeable Potassium (me/100gms)

Soil Standard- ' Bray Peech
Method Method Method
3 +902 «501 346
361 .262  .208
T .365 «292 .228
12 o174 .176 .095
16 796 176 S 36k
11 .085 J112 077
19 .818 o547 153
157 L50m .305 .318
20 961 621 «595

21 .385 <296 «265
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Potassium Fixation and Releaée<§tudies of Some Lower

Fraser Valley Soils

Soils sampnled and sampling procedure

The sampling areas were chosen in ordér to give
a range of both soil type and crop response to potassium,.
All sites chosen were on or adjacehtvto areas where rod-
row experiments with oats had been conducted by the
Dominion Experimental Farm during the past four years.
A Mhnroé silty clay loam, a Munroe silt loam, and a
Ladner clay were samﬂed to represent the lowland soils,
A Whatcom 1oam and a L&nden silt»soam were sampled: to
represent the upland soils. Five samples of the plowed
layer aﬁd five of the subsoil to nine inches bélow the
plowed layer, each were composited and mixed well on a
tarp in the field. A sample of about 50 pounds was taken
to the laboratory, quickly air dried and stored in sacks.
Samples for analysis were screened through a 2 mm seive
and stored in cardboard cartons.

A description of the soils and notes on oat response

to potassium fertilizer is given in the Appendix,

Exchange Capacity and Bage Saturation

The Schollenberger and Dreibelbis (47) method for
estimating total exchange capacity and base unsaturation

was tested., After leaching the soil with ammonium acetate
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The excess ammonium was rempvéd by leaching with neutral
80% ethyl alcohol. The ammonium remaining on the soil
complex was determined by the Kjehldal method. The milli-
equivalents of ammonium per 100 gms of soil was taken as
the total exchange capacity. |

Exchangeable hydrogen was detérmined on the ammonium
acetafe filtrate by titrating to pH 7 with ammonium
hydroxide using the glass electrode. The milli-equiv-
alents of ammonium required was taken as the milli-equiv-
alents of exchangeable hydrogen.

This method was not found to be precise aﬁd in order
to obtain a better estiﬁgtion of base unsaturation the
" method described by Brown (9) was used. In this method.
wxchangeable hydrogen is determined by shaking 2.5 gms of
soil in 25 mls of neﬁtral normal ammonium scetate inter-
ﬁittently for one -hour. The pH'of‘this system 1s then
determined with the glass electrode and tﬁe nilli-equiv-
alents of exchangeable hydrogen'fead directly from a
titration curve, The curve is prepared by titrating 1.0N
acetic acid with dilute ammonium hydrbxide using the glass
electrode and plotting pH against milli-equivalents of
base required.

Total exchange capacity, base saturation, pH and
exchangeable potassium determined by the Bray and |

standard methods are given in Table X11l. The exchange-
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able potassium generally increases with the degree of
base saturation in the surface soils. In the sub-soils,
however, even though the base saturation isihigher than
in the surface soils the potassium is lower in every case.

The response of oats (see Appendix) to potassium
application bears no apparent relationship to the
exchangeable potéssium. This is not surprising, since the
exchangeable potassium in the soils is fairly high. Thus,
it was thought desireable to study the relative potassium

supplying powers of these soils,

Potassium Suoplying Powers

A laboratory study of the relative potassium supply-
ing poWers of the soils was made by»a modification of the
method of Bray and De Turk (8). Lhese workers found that
if 50113 were leached of all Their renlaceable potassium
and ‘stored under moist conditions for long periods of time
potassium would be releésed from the fixed form. The |
release of potassium in soils from which the exchangeable
potassium had not been leached supplied insignificant
amovnts of potassium during moiét storage,

Thirty 35 gm samples of both surface ahd sub-soil of
~each soil type were leached with 500 mls ammonium acetate.
An additional 100 cc-ammonium acetate wags then 1eached
through the soils and analysed for potassium to ensure

complete removal. The excess ammonium was removed with



- 50 -
neutral 80% ethyl alcohol and the soile transferred to
petri dishes, Two samples each of the.surface and sub-
soils were stored for one month, two month, and three
month periods. Moisture was maintained at 30% by weight
with distilled water, After storage the soil was leached
with ammonium acetate and the potassium determined by
the gravimetric procedure.

In no cases did the solls studied supply detectable
amounts of potassium when stored under moist conditions
for periods of one, two, and three months. To determine
- whether a more drastic treatment would cause potassium
release, some of the soils vere leached with ammonium .
acetate, washed clear of excess ammonium with 80% ethyl
alcohol and alternately wetted and dried 10 times at
lOOO C. The solls were then releached with ammonium
ecetate and the filtrste prepared for potassium analysis,.
Again, no potassium was detected.

The negative results of this expefiment does not
necessarily mean that under field conditions of alternate
‘wetting and drying, freezing and thawing over long periods
these soils will not supply potassium from the fixed form,
From the results reportedAby Clarke (11) and from the
results of fertility trials the opposite is probably true.

Due to the negative results obtained by use of the

standard method study of potassium release by the Bray

technique was not attempted,



Soil

Munroe SiCL

Ladner C

Munroe Sil,

Whatcom L

Lynden SL

TABLE XII

Table Showing Chemical Properties of the Soils Studied

" Depth

Q-9
9-15"
-9 -
9-15"
0~9"

‘9_15"

o-9n
9_15"
0-9n

9-15"

pH

5.20

5.30

4.98

5460
5.65
5.72
5.90
5.90
5.82

‘Total

Exchange
Capacity
me/100 gms
29.69
28.51
23.72
23.01
34.14
21.23
21.97
20.28
19.72

14.22

Exchange-
able
Bases
me/100 gms
16.99
18.51
11.02
14.51
2R 44,
14.93
13.87
12.28
13.42
7.97

Exchange-
able
Hydrogen
me/100 gms
12.70
10.00
12.70
8.50
11.70
6.30
8.10
8.00
6.30

6.25

Percent
Base
Satur-

ation

57.1
65.0
46.6
63.0
65.8
70.4
63.2
60.5
68.0
56.0

Exchangeable
Potassium me/100 gms
- Staﬁdard Bray
Method Method
+902 «501
.361 «R92
<365 .262
174 ;176
.796 76
.085 112
.818 <547
«504 .305
961 621
.385 .296

-1 -
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Potassium fixation

Studies were carried out to determimec the magnitude
of potassiumlfixation on a limed and unlimed series of
“soils,.® The limed series was brought to pH 8.2 - 8.k
with calcium hydroxide. The amount of calcium hydroxide
required was determined by use of buffer curves as outlined
by Dunn (13). These were prepared by shaking 10 gms. of
each soil with varying increments of 0.05 N calcium
hydroxide in 50 ml, or more of solution for half an hour,
The pH of the resulting éyétems was plotted against the
- gms., of calecium hydroxide used. Fixation was induced
artificially by a modification of the method outlined by
Joffe and Levine (1). |

Thirty-five milliliters of a‘potassium chloride
solution wés added to 39 gms of soil in a petri dish.
The concentration‘of the potassium chloride solution was
prepared so that 1000 parts of potassium per million-
parts of soil was added. The system 1s then alternately
wétted and dried give times in an oven at llOO C. Thirty-
five milliliters of distilled water was used for each
wetting.

Following the final drying 20 gms of the oven dry
soil was leached with 200 mls of ammonium acetate and the
filtrate prepared for gravimetric analysis. Two five

gram samples were extracted and analyzed by the Bray tech-

nique. The sum of the potassium added and the initial
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excliangeable potassium minus the potassium extracted was
taken as fhe amount of potassium fixed. From Table X11
it is evident that a coﬁsiderable proportion of the:sadded
potassium Qas fixed when determined by both the aﬁmonium
acetate and sodium nitrate methods. However, the magnitude
of the fixation was greater when determined by the former
technique. Furthermore, those soils which showed highest
fixation by the ammonium acetate method gave the lowest
fixation with sodium nitrate extraction. The opposite
condition was aléo apparent.

| The effect of lime on potassium fixation is summarized
.in Table X111, Again, the efflects observed were different
for the two extractants. HNo final explanation can be given
. for the apparent release of potéssium due to lime as
indicated by the ammonium acetate extraction and the
increase in fixation due to lime when the Sodium nitrate
was used., However, it appearsthat the explhanation lies
in the relative replacingpowers of NHQ*’ and Fa¥ .vwhen
cat® or HY ions dominate the exchange complex. Apnarently,
the replacing power of sodium is higher when HY is present
in high concentrations. Although-no other evidence of
this-was found in the literature review, it is known that
the apparent replacing power offibns is affected by the -
nature of the ions pregent on the complex. This suggests
that in studies of potassium fikation and release special

attention should be given, not only to the extractant,
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TABLE X111l

Potassium Fixed by Alternately Wetting and Drying
the soils at 110 C. after the Addition of

Soil

Unlimed series

Munroe SiCL
"Ladner C
Munroe Sil "
Whatcom L
Lynden ©SL

Limed Series
Munroe 5iCL
Ladner C
Munroe SiL
Whétcom L

Lynden SL

.256 me/100 gms Potassium.

Potassium Fixed, me/100 gms.

Standard Method

2,015
1.469
1.95%
1.737
1.819

1,98k
1.648
1.951
1.580
1.4

TABLE X111 a

Bray Method

0.860
1,177
0.680
0,946
0.773

1.212
1.229
1.181

1.211

1.079

Ihcrease (+) or decrease (-) in potassium fixed
Caused by Lime Application

Soil
MunroeSiCL
Ladner C
MunroeSiL.
Whatcom L
Lynden SL

StandardlMethod
-.031
+.179
~-.003
-.157
-.378

Bray Method
+.352
+.452
+,501
+.265

4+.3O6
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but also to the nature of the ions on the complex,

No definite conclusions are nossible regarding
the effect of lime on the potassium status of the soils
studied. However, it is noted that the apparentg
potassium release due to lime, as indicated by the
ammonium acetate extraction, is greatest in the twb
Upland soils and the potassium fixed due to lime using
the sodium nitraté extractant i1s least in these soils.
It appears that lime had less effect on the potassium

status of the Upland'soils than on the Lowland soils

studied,

Greenhouse Experiment

£ greenhouse experiment was designed to study the
effect of lime on potassium fixation and to relate this
effect, if any, to chemical tests. It was also hoped to
establish the level of exchangeable potassium at which
luxury consumption by plants occurs and to determine the
validity of laboratory studies on fixation and release of
potassium by correlation with plant growth.

The surface horizons of the five soils under study
were used.. A limed éeries was brought to a pH or 8.2 -
8.1t with calcium hydroxide as described above. Since time
was limited only one crop could be grown. Thus, in order
to conform to the objects of this experiment it was nec-

Eal

essary to use a small volume of soil. Grand Rapids leaf
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lettuce was the cropn chosen for the experiment because it
grows rapidly and the visual symptoms of a potassium
deficiency are readily apparent.

Waxed cylindrical cardboard cartons 3" high and L
across were used. In order to increase the volume for
root development the bottoms were covered with 200 gms
of acid leached quartz sand. Two hundren gms of "
mesh oven dry equivalent soil was placed over the sand.
Three replicates of a limed and unlimed series of each
soil were prepared in this manner.

Nutrients were added in solution in amounts suggested
by Jenny (23). Potassium wgs not added to any of the soils.

The nutrient solutions were made up of the following

saltss
Ma jor elements gms/liter
NH;, NO; 80.05
NH,; H, PO, ~ 115.04
H,50, (L45%) 1.66 ml
Minor elements gms
H, BO, 2,83
MnC1, . 4H 0 - 1.81
7n(C,H,0,Y .3H,0 0.172
Cus0, .5H,0 0.08
H,Mod, .H,0 0.09

Iron tartrate 5.00
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Nitrogen and phosphoric acid were applied at a
rate equivalent to 300 1lbs per acre corresponding to
Jenny's N;P; K,avplication, Jenny found that an N;P; K,
appliéation produced optimum lettuce yield upon a wide
variety of soils.u Minor elements were applied at the
rate of % mls solution per pot. In the unlimed series
0.0% gms calcium sulfate wgs applied in solution to
each container. In all cases nutrient solution waé an=-
plied before planting. ’

Prior to transplanting from flats, three random
samples of 5 week oldlettuce consisting of 12 plants
each were analyzed for pofassium. Four lettuce plants
from the flats were then transplanted into each carton.
The plants were watered frequently with small amounts 6f
water tb prevent leaching of the nutrients. Petri dishes
- were plaéed below the cartons so that any leachate could
berreturned to the soil.

In order to determine the level of potassium at
which nutrient deficiency éymptoms occur a series of acid
leached quartz sand cultures were prepared. Four hundred
grams of sand was added to each of thirty of the card-
board containers. Nutrient solution and calcium sulfate
was: added as_above. Ten levels of potassium were pre-
presented with three replicates of each level. The amounts

added as potassium chloride in solution were equivalent
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to 0, .125, .250, .379, .500, .625, .750, .875, 1.00 and
1.50 milli-equivalents'bf potassium per 100 gms of soil.
These values were used in order to include the range of
'exchangeable potaésium of the soils studied. The lettuce
failedito grow in the sand,'presumably due to the lack of
aeration because of its fine texture. This portion of
the experiment was therefore discontinued.

The plants-were harvested on March 6 after 8 weeks
growth. At this time some deficiency symptoms, presumed
to be due to low potassium, were showing in some of the
containers. The green mafter_was weighed, dried for 48
hours at 70°C and wéighed again for oven dry weight. The
drﬁ matter was then moistened with concentrated sulfuric
acid and digested by the dry combustion method at 500°C
in a muffle furnace., The ash residue was taken up with
concentfated nitric acid and water and filtered. The
filtrate was made up‘té a volume of 250 mls. Aliquots
were taken, evaporated to dryness inva steam bath, and the
residue analyzed for potassium by the Wilcox gravimetric
procedure.

The éoils ﬁere analyzed for potassium before and
after the experiment by both the standard ammonium acetate-
gravimetric and Bray methods. The amount of pdtassium
fixed or released during the experiment was calculated with

respect to both techniques,
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Greenhouse'ExDeriment

Pertinent informa&ion obtained from the greenhouse

experiment is given iﬁ Table X1V,

When the dry weight ylelds of lettuce are compared
with the ;ngent potassium in the plants, it is evident
that enoughﬁpotassium was avallable in all soils so that
it was n5§ a limiting factor, For example, in the
plants giving the lowest yield, the percent potassium
present in the plant was higher than in plants showing
higher yields. This confirmed the results of chemical
tests and field fertility trials which indicgted that
these soils were high in gvailable potassium. The decrease
in yield due: to liming was significant at p=.05 for the
Munroe éoils and the Lynden soilg. The reason for this
decrease was not evident, although it may have been that
the lime caused a fixation of some of the minor elements,
even though they wefe added to all soils. Some of the
minor elements, when present in threshold quantities afe
apt to result in arrested growth., Lime caused a decrease
in the percent potassium absorbed in all cases except on

“the Munroe silty clay loam.



TABLE XIV

Table Showing'Oven Dry Yield of Lettuce and Potassium Absorbed

Sample Average oven dry Average potassium Percent potassium

weights | abgorbed by plants in plants
gms. MeCo, '
Limed Unlimed Limed Unlimed - Limed Unlimed

Munroe SiCL 1757 4294 134 304 2.87 ° 2.76
Ladner C .3653 «3990 T .183 217 2.02 2.13
Munroe SiL .2836 +4959 .158 o413 2.18 3.26
- Whatcom L 2761 .3122 272 «352 3.86 440

Lynden SL .3882 5141 «358 +525 ‘ 3.60 - 3.95
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Potassium Fixed or Released by the Greenhouse Soils.

Studies were made on the fixation and release of
potassium and the effect of lime on the potassium status
of the greenhouse soils, to which no potassium had been
added. The amount of original exchangeable potassium
plﬁsﬂthe amount absorbed by the‘plants m;nus the exchange-
able potassium in the soil after growtﬁwﬁas taken as the

amount of potassium fixed. .Negative values represent
.pofassium supplied. The potassium fixed or released in
the unlimed and limed series as determined by the Bray

and standard methods is reported in Table XV,

TABLE XV

Potassium Fixed (+) or Released (~) in the Limed
and Unlimed series as determined by the Standard.
and Bray Methods : Greenhouse Soils.

Standard Method Bray Method
Unlimed Limed Unlimed Limed
Soil me /200gms me/200gms  me/200gms me /200gms

Munroe SiCL .  -.011 026  +.09% +.336
Ladner C ~062" -,038 -~ 154 +,0L46
Munroe SL -018 ~.026 -+178 +,326
Whatcom L -.036 -.065  -,138 +,05%
Lynden SL -,022 -.080 2,194 - 10k

It is noted that the ammonium acetate extractant indi-

cated a release of votassium in all soils while the
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sodium nitrate showed a release in four of the five
ﬁnlimed soils and a fixation in four of the five limed
soils. These facts support the explanation advanced to
explain the laboratory studies, that the replacing power
of Na* for potassium is lgwer when Ca+4'dmninates the
exchange complexX.

The potassium released due to lime is highest in
the two Upland soils when the ammonium acetate extract-
ant is used, while the apparent fixation due to lime
was least in these soils when the sodium nitrate extract-
ant was emplbyed. This corroborates the previous evidence
that lime has less effect on the potassium status of the

upland soils than on the recent alluvial soils.
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SUMMARY AND CONCLUSIONS'

1., Rapid methods for potassium estimation were
tested for accuracy and precision using standard sol-
utions. The Spurway (49) and Morgan (34) rapid tests
were net found‘precise enough for this ihvestigation.
The Bray (7) method and a modification of the Peech and
’Engliéh (40) téZhniquegpfoved satisfactory and were
furthergtested by compafison to the standard ammonium

acetate-gravimetric method.

2., The exchangeable potassium of ten soil samples
was extracted and determined by both tﬁe Bray and Peech
procedures and showed a high significant correlation to
the potassium extracted and‘determined by the ammonium
acetate-gravimetric’method.. It was found that the Peech
method was more suitable when cations in addition to
potassiunm were to be studied. However, the Bray technique

was more adaptable to special potassium studies.

3. Both rapid methods are adaptable to line chart
estimation. 'Of the line chart methods tested a technique
described by Bray (7) was considered the most suitable for

routine soil testing work.

4, The soils studied, when leached free of exchange-

able potassium, did not release detectable amounts of
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fixed potassium when sﬁored in a moist condition for
three months, or when alternately wetted and dried ten
times at llOoC.

5. A greenhouse experiment was conducted to study
the effect of lime on potassium fixation and to show if
any relationshin existed betweén chemical studies and
plant growth. The potassium in all the ‘soils was ample
for optimum lettuce growth, hence, the experiment .
confirmed the results of field and chemical tests in
ildlustrating the high available potassium content of these
soils, Decreases in yield due to lime application in the
greenhouse were attributed'to lime induced fixatioh of

some of the minor elements.

6., The magnitude of fixation of added potassium in

a limed and ﬁnlimed series of soils was'studied ih the
laboratory and the potassium fixed and released by the
limed and unlimed greenhouse solls was calculated. in the
laboratory,considerable fixation of added potassium was
noted when determined by both the ammonium acetate and
sodium nitrate extractions. The fixation was greatest
when meagured By the ammonium acetate extraction and those
soils in which fixation was highest by this method tended

to be lowest by the sodium nitrate technique. Both in the
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laboratory and gréenhouse soils the lime caused an apparent
release of potassium when the ammonium acetate extractant
was used, and a fikation of potassium by the sodium nitrate
technique. The reason for this difference was thought
to lie in the felative replacing powers of NHgﬁ and Na*

++ + .
“when Ca or H dominate the exchange complex,

7. Lime application did not influence the potassium
status of the upland soils to such an extent as the lowland

soils.
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APPENDIX

Soil and Area Descriptions
and Notes on Fertilizer Response.

1. Location - Farm of G. & H. Thomson, Chilliwack.
General description - This farm is allotted almost
entirely to dairying. Hay, pasture, corn and oats
are the main crops in rotation. The sampled area
is sémi-depressional and imperfectly drained.

Relatively little fertilizer and no lime has been

added, whereas manure has been applied fairly

regularly. A rod row fertility test with oats was
conducted on the sample site in 1949 and indicated
that the soil was of high fertility for oats.

Nitrogen and phosphorous applications resulted

in a good increase in yield over the check plots

while potassium application'was responsible for

only a small increase.
Soil’descriptiogb- Munroe silty clay loam. _

0 - 9" - cultivated depth; moist; friable silt loam,
fine nuciform to coarse nuciform structure; -
color dry - light grey-brown (6/2 10 yr)

*profile descriptions based on N.S5.S.C. recommendations
(35) ;colors based on Maunsell Color Chart.

9 - 13" -massive, mottled silty clay loam, pale
brown, color dry (6/3, 10 yr)

13" - magssive, highly mottled light grey silty

clay loam,



(ii)
2, Locationlf Farm of H. Lancaster, Matsqui.

General d?écripﬁiom ~ Dairying is the main enterprise
on this farm. Flax, turnips, potatoes, and canning
corn arefcash crops grown in rotation with oats,
hay and ﬁasfure. The tested site is a lower portion
of a gently undulgping area and is imperfectly
drained. Manure ;s added regulérly to this soil.
It has received two commercial fertilizer appli-
cations in the past five years, a 4310:10 and
calcium cyanamide. The rod row oat fertility.
trial conducted in 1949 at this site indicated only
a m§derate fertility for oats. Marked response to
nitrogen at .all rates of application and response |
to potassium at lower application rates only, were
noted. Phosphate fertilizervresulted in only small
increéses in yield over the check plots,

Soil description - Ladner clay.

0 - 8" - cultivated depth; moist; firm clay, coarse
nuéifbrm to medium niciform aggregates;
color dry - light grey (7/2, 10 yr),
aggregates hard When dry.

8 - 15" - massive mottled clay; color dry - very

pale brown (7/3, 10 yr)
15" - - massive, highly mottled, saturated clay

-
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(iii)
3. Location - Farm of C.E. Greer, Huntington.
General descripntion - As above, dairying is the main
enterprise on this farm. Hay, pasture, clover,
~oats and corn are grown in the rotation. Thé
sampled area is flat and moderately well drained,
Apart from manurial applications no fertilizer or
lime has been added to this soil. The oat fertil-~
ity trial in 1950 on this site indicated only
moderate fertiliﬁy with a marked response to
nitrogen and phosphorous appliéation. Potash
response was evidént at the lower application
rates,
Soil description - Munroe silt loam
0 - 8" - cultivgted depths moist; friable silt
loam, medium granular té small blocky
\aggregatés, high organic matter; dry color -
grey brown (5/2, 10 yr)
8 ~ 15"~ fairly massive friable silt clay loam;
.dry color - light grey (7/2 10 yr)

P

15 - massive silty clay loam, slightly mottled

4., ZLocation - Farm of H.F. Smith, Abbotsford.
General description - The land at this site has been
cropped since 1945, Strawberries and daffodils
are grown as cash sidélines; while oats, clover, -

hay, and pasture are the main crops grown to



75

(iv)

support a small dairy herd. The tested site is

on a shallow knoll in a well dréined position.

Small amounts of manure have been added to the

sampled site but no lime. or commercial fertilizer

has been

added. The oat fertility trial indicated

a definite response to nitrogen and phosphorous

application and little or no response to pot-

assium,

Soil description - Whatcom silt loam

.

:
0 - om _

9 - 20"'_

20-30"

30" -

Location -

cultivated depth; moist; very friable

loam, granular to fine nuciform structure,
light brown concretions common; dry color-
yellowish grown (5/%, 10 yr) £
friable loam, medium granular structure,

concretions;vdry color -~ light yellowish

brown (6/%, 10 yr)

- massive, fairly compact, very fine sandy

loam, slightly mottled, yellowish brown
(5/%, 10 yr)

massive compact sandy clay loam, light
grey brown (6/2, 10 yr)

Farm of F. Gaspar, Abbotsford.

General description - The land, which at this site is

flat and well drained, was cleared in 1945 and

has since been cropped to strawberries, broccoli,



(v)
oats and clover. The land was heavily fertil-
ized in the years when strawberries and broccoli
were grown. No lime has been added. The oat
fertility trials in 1949 indicate no residual
effect from past fertilization, A strong nit-
rogen and phosphoric acid response was evident,
Rééponse to potéssium application was high at
low nitrogen levels and at lower application
rates.
Soil description -~ Lynden sandy loan.
O - 9" - cultivated depth; moist; very friable
silt loam with fine nuciform structure;
some pebbles; color dry - yellowish
| brown (5/%, 10 yr) |
9 - 18". friable silt loam, fine to medium
nuciform structure, some pebbles;
color dry -~ yellowish brown (5/%, 1Oyr)
8n - stratified silt loam, loamy sand, and

fine gravels.



