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Abstract:

A state-wide, intensive research effort was initiated in 1972 to resolve the anomaly of wheat response
to fertilizer potassium on dry-land soils testing high in this element. Development and calibration of a
new test, or recalibration of the presently used ammonium acetate potassium soil test method was a
major part of this objective. Field crop yields, climatic data, and soil samples from these research sites
were evaluated.

The effects of drying, grinding, and rehydration on the amount of N NH4OAc extractable soil K in 0 to
6 and 6 to 12-inch depth samples were evaluated. Differences in K extracted from moist vs. air dry
samples were statistically significant only for the 6 to 12-inch depths.

Surface soils usually contained more extractable K than subsoils. When moist soils contained about
420 ppm K or less, release occurred on drying. Above this K level, soils fixed or maintained their
extractable K level on drying. Extractable K reverted to its original moist soil level by rehydration to
40% water and freezing, then air drying to less than five percent water but not totally dry. Grinding
soils finer than two mm had no significant effect on N NH4OAc extractable K.

Twelve methods were tested for the relationship of extractable soil K to crop yield or response to K on
17 experimental site soils. Only three methods, the DTPA, dilute cation solution, and resin-thimble
methods were significantly calibrated with winter wheat response (95% level) on these soils. The R2
values were .57, .55, and .56, respectively. These R2 values were obtained from regression of fertilizer
K and K in the 0 to 6 and 6 to 12-inch soil depths vs. winter wheat response to K. The regression using
NH40ACc extractable K produced an R2 of only .32. Free energy computed from RTIn[K]/[Ca]*/2 gave
the greatest R2 in the dilute cation method.

Selected K extraction methods tried on the above soil's were further tested on seven 1973 winter wheat
experimental sites at which climatic data were also evaluated. Extractable soil K in the surface 6-inch
depth by N NH40Ac and resin-thimble methods failed to generate significant stepwise multiple
regression equations. The R2 values were .17 and .54, respectively. Free energy in the dilute cation
equilibration methods computed from RTIn[K]/[Ca]"*'2 in the 6 to 12-inch depth, was entered at
regression step one. The R2 value was .28. The resin-thimble procedure for K had the lowest standard
error among K extraction methods, but lacked precision between duplicate samples. This was due to
non-uniformity of the thimbles. Soil K extracted by a strongly acid cation resin showed promise for
predicting crop response to fertilizer K. Moist Soil NH4OAc extractable K was better related to crop
response than was K extracted from dry soils. The reverse was true with resin.

Addition of climactic factors into the stepwise regression equations improved the potential tield
predictability. Evaporation rate, soil temperature, growing season rainfall, and available soil water were
entered after resin-thimble extractable K. These results indicate that, in addition to soil K, other plant
growth factors should be included in regression equations to predict winter wheat response to K in



Montana.
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ABSTRACT

A state-wide, intensive research effort was initiated in 1972 to
resolve the anomaly of wheat response to fertilizer potassium on dry-
land soils testing high in this element. Development and calibration
of a new test, or recalibration of the presently used ammonium acetate
potassium soil test method was a major part of this objective. Field
crop yilelds, climatic data, and soil samplés from thése research sites

. were -evaluated.

The effects of drying, grinding, and rehydration on the amount of
N NHyOAc extractable soil K in 0 to 6 and 6 to 12-inch depth samples
were evaluated. Differences in K extracted from moist vs. air dry
" samples were statistically significant only for the 6 to 12-inch
~ depths. -

Surface soils usually contained more extractable K than. subsoils.
When moist soils contained about 420 ppm K or less, release occurred
on. drying. Above this K level, soils fixed or maintained their ex-
tractable K level on drying. Extractable K reverted to its original
moist soil level by rehydration to 40% water and freezming, then air .
drying to less than five percent water but not totally dry. Grinding
s0ils finer than two mm had no significant effect on N NHyOAc extract-
able K, . . '

. Twelve methods were tested for the relationship of extractable
501l X to crop yleld or response to K.on 17 experimental site soils.
Only three methods, the DIPA, dilute cation solution, and resin-thim-
ble methods were significantly calibrated with winter wheat response
(93% 1evel) on these soils. The R2 values were .57, :55, and .56,
respectively. .These R2 values were obtained from regression of ferti-
lizer K and K in the 0 to 6 and 6 to 12-inch soil depths vs. winter
wheat response to K. The regression using NHL0Ac extractable K pro-

duced an R of only .32. Free energy computed from RTln[K]/[Ca]E gave

the greatest R2 in the dilute cation method.

Selected K extraction methods tried on the above soils were
further tested on seven 1973 winter wheat experimental sites at which
climatic data were also evaluated. Extractable soil K in the surface
6-inch depth by N NH4OAc and resin-thimble methods failed to generate
significant stepwise multiple regression equations. The R2 values
were .17 and .54, respectively. Free energy in the dilute cation
equilibration methods.computed from R’I‘ln[Kﬁ/ECa]@‘ in the 6 to 12-inch
depth, was entered at regression step one. The R2 value was .28. The
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resin-thimble procedure for K had the lowest standard error among K
extraction methods, but lacked precision between duplicate samples,
This was due to non-uniformity of the thimbles. Soil K extracted by
a strongly acid cation resin showed promise for predicting crop
response to fertilizer K. Moist soil NH4OAc extractable K was better
relatéd to crop response than was K extracted from dry soils. The
reverse was true with resin.

Addition of climatic factors into the stepwise regression equa-
tions improved the potential yield predictability. Evaporation rate,
soll temperature, growlng season rainfall, and avallable soil water
were entered after resin-thimble extractable K. These results indi-
cate that, in addition to soil K, other plant growth factors should
be included in regression equations to predict winter wheat response
to K in Montana.
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INTRODUCTION

The 1 N NH),OAc extraction procedure for, soil potassium (X) has
been found lacking in its ability to predict crop response to fertili-
zer K on Montana soils (Skogley, 1971). Crop yields may increase due
to K application one year, but show a décreased yield the following
year on an gdjaceﬁt strip, despite the fact that the plow layer may
contain 250 ppm or more extractabie X per acre (greatér than 500 1b K
per acre six-inch defth). Doll and Lucas (1973) indicated most field
cropé do not.respond to K fertilizer when the ekchangeable sqil K

levels are greater than 250 1bs per acre. A barley crop would utilize

'only 90 1b of K per acre if it yielded 62.5 bu of grain, 3000 1b of

straw and 3000 1b of roots per acre, all containing 1.0% K. Sixty
pounds of this would be returned to the soii. This indicates that
Monténa soils'shéuld be well supplied with K‘for‘adequate crop yields.
Why then, do crops grown in Montana soils often respond ﬁO'K fertili—
zer?

An expanded state-wide reseaich effort waé’initiated in 1972 to
helf resolve this apparent anomaly. The ultimate goal of this re-
search was to develop a system for recommehding K fertilizer for ma-
Jjoxr Mdntana crops; Developmént and calibration of a new test, oxr
récalibration of the presently used ammonium.aceﬁate K soil test
method was a majér péft of this objective. Field crép‘yields, clima-
tic data, and soil samples from research sites were to be evaluated

in an effort to achieve this goal. :
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REVIEW OF LITERATURE

Agricultural soils commonly contain 1 to 2% total K. The amount

. present is usually greater than that of any of the other plant nu-

‘trient elements obtained from the soil minerals with the possible ex-

ception of calcium in semiarid to arid regions. Attoé and Truog
(1945) described three major forms of soil K in relation to plant use.
Exchangeable, organic, and water-soluble K conétituie about 1% of the
total and are considered the readily availablé (commonly called "ex-
changeable”) form. The moderately'available form includes fixed and
biotite K (commonly Cailéd "fixed"). This form contains 1 to 2% of
the tdtal, is in equilibrium with the readily available soil K, and
may revert to muscovite and/or feldspaf X which axe included in the
difficultly évaiiable form. Difficultly available K (frequently
called "native") contributes the remaining 97 to 98% of the total;

this slowly Becomés available through weathering processes.

Factors which influence exchangeable soll potassium.

Time of sampling. Childs and Jencks (1967) and Barrett, Engle,
and Smith (1973) indicdated that levels of exchangeable K increase
durihg the fall, reach a maximum in thé winter, aﬁd decrease . during
late spring and summer. Bafrett, et al. (19?3) found that a grass
covered Cookport soil variea in exchéngeable K from 225 to 425 ppm

while the Gilpin soil, frodﬁcing mixed pasture, varied from 45 to 150,
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3
and 75 to 200 ppm K on the north and south slopes respectively, during
one year. Rouse and Bertramson (1949) revealed that spring samples
released . more K on drying at 70 C than did fall samples from 20 of
23 soils. | |

Equilibrium levels of potassium. Bray and DeTurk (1938) found

that release of K from fixed forms durihg moist storage follows soon
after.the removal of all, or part of the exchangeable K. Under the
same conditions, but where rio X has been added or réﬁoved, release of
K from fixed forms is very small or negligible, Addition of K under
moist conditions résults in part of the exchangeable K being convert-
ed to the fixed form. They also showed that heating soils at 200 C
resultéd in release or fixation of K, depending on the initial level
of this eleﬁent. ' From these experiﬁenﬁs they postulated that soil K
is in equilibrium between exchangeable and fixed forms. This pre-
serves K from leaching and luxury consumption by the plant, yet pfo—
vides for its releaée as it islused by the crop. Pearson (1952) re-
ported there was no apparent relationship between the capacity of
solls to release K from fixed forms and the total K content. OFf the
solls he studied, those containing montmorillonite reléased fixgd X
nore readily than kaolinite., McEwen and Matthews (1958) also estab-
1ished that oven-drying soils causéd exchangeable K to be converted
toward the equilibrium level. They reported that exchangeable K in

the oven-dry soil waé closely correlated with the K supplying poiwer
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of the soil,

In short-term cropping of undriéd soils, Tabatabai and‘Hanway
-(1968) found thét plant uptake reduqed exchangeable X by amounts com-
pafable té those fakén up by plants whén_the initial level of exchange-
able K was hiéh. In soils with low initial levels of exchangeable X,
plant uptake caused little or no change in the amounts of exchangeable
soil K, These re;uité also support-thé equilibrium concept proposed
by Bray and DeTurk (1938).

_ Oxygen. Larsbn (1954) reportéd thét\sugar beets grown in poorly
aeratéd Montana soils showed K‘deficiency gnd contained 31% less
petioie K than plants grown in better aerated soils. Harris and Van
“éavel (1957):found that there was not a‘serious decrease in the X con-
tent of tobacco until the soil oxygeﬁ'content decreased below 10%. An
iﬁcrease.in k concéntration in bluegrass with increased oxygen supply
ﬁas répoited_by Letey, et al. (1964). This correlation of plant con-
tept of K versus. soil okxygen may be due primarily to the physiological
growth proéesses of the plants and nutrient abso;ptioh as they are re-
lated to the soll oxygen supply.

Moisture. Laboratory studies by.Barfett, Engle, and Smith (1973)
indicated that samples which had been stored for 21 days at different
moisture contents showed essentially no change in availéble X until

-the moisture level dropped to 10%. At this pbint'the X level dropped
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abruptly, approaching that of air-dry samples. Brown (1953) discover-
ed more K was exchanged from soil to hydrogen-saturated resin as
moisture was increased, but this moisture effect varied with different
soils. Jenne; et al. (1958) found that corn plants with low moistuie
supply contained only 71% as much K as plants receiving adequate mois-
.ture. Mederski and Wilson (1960) estabiished a correlation coefficient
of .97 between the percéntage K in corn plants and soll moisture per-
centage. ‘An inverse rélationship-between thé amount of seasonal rain-
fall and the response of crops to added K was observed on wheat, pota-
toes, and;canary'grass by Van der Paauw (1958) in the Netherlands, and
on corn and soybeans by Barber (1959) in Indiana; The smallest re-
ﬁqhsé to applied K occurred with the largest amount of rainfall, so it"
appears that the availability of soii X was increased by increasing
moisture. Hanway and Scott (1957) found that K uptake by plants in-
creased as soll moisture increased.

Mederski and Wilson (1960) have shown by split root experiments
that the uptake of K.from so0il increases with incrgasing soll moisture
content. Thomas and Hipp (1968) suggested that the above results are
inconsistent'with evidence that dry soils genéially contain a greater
concentration of exchangeable soil K. They suggest an explanation
will be fourd in the relative increase of K compared to calcium (Ca)
and magnesium (Mg) in the soil solution as moisture content increases,

and in the similar effect on the K diffusion rate. However, Thomas
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6

aﬁd Hipp were considering dry soils. If soils were dried sufficiently
to_relegse substantial amounts of K the plants were probably irrevers-
ibly desiccated.

Méngel and Van Brauhschweié (1972) found that for all K treat-
ments, the highest yielas'and'largest Quantiﬁies of K taken“up’by
corn shoots’were obtained at pF 2. With increasing water tensions
(pF 2.4 and 2.7) theé yields and quantities of K taken up by the plants
declined sharpiy.' The. yield level at the'various'éF treatments in-
creased with an increase in- exchangeable K in the soil. They found a
linear, highly significant relafiﬁnship between the K diffusion rates -
and the total K uptake.by the plants. By a cation resin extractioﬁ
prdcedure Haagsma and Miller (1963) found that.decreasiﬁg s0ll mois-
ture content decréaée& the rate.of K release at higher temperature,
but had no effect in the 5 to 25 C range. This moisture effect appar-
ently resulted from an influence of K movement from the clay to the
resin particle, rather than on felease of X from the soil particles.'

Fried, Hawkes, and Mackie (1959) reported that rubidium (Rb) is a

good indicator of K behavior in soils. Place and Barber (1964) showed

that the rate of Rb-86 diffusion was increased by increasing soil
moisture. " This increased diffusion rate resulted in increased Rb up-
take by plants.

Organic matter. The affinity of organic matter (O.M.) for K is

. low compared to that for Ca and Mg. McGeorge (1931) found tha£ the
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electrical conductivity of O.M. saturated with K was extreﬁel& high,
indicatihg near complete ionization. Field experiments by Mehlich
(1946)uand Spénce? (1954) with soils high in O.M. tended to confirm
thé view that K is loosely retained by the negative sites on O0.M.

Texture. Olsén and Shaw‘(l943), Stéwart and Volk (1946), MacLeén
(1961), and Tébatabai and Hanway (1968) have shown that the amount of
K released ffom fixed fprms'tended to increase with increaéing clay
content of soils. Olsen and Shaw (1943) reported that K removal by
chemical and plant methods increased as particle size decreased. The
lower the.readily available K in the soll the greater was the propor-
tion of K taken up from the silt fraction by plants. Under some
conditions field afplied'K may accumulate in significaht'quantities
even in coarse-textured soils (Pearson, 1952). Doll and Lucas (1973)
suggested that K is.more readily available in coarse—textufed solils
than in fine-textured soils. Sands, however, were found to be oﬁly
3% and silts 9% as effectivé as clays in K supplying power.

Results of a soil fractionation.study by Rouse and Bertramson
(1949) revealed that the less than dne micron clay fraction held the
most K supplying power per unit of material; However, the silt and
sand fractions in some séils supplied neariy half of the K éupplying
power due to the deficiency of clay in the samples. Phillips (1973)
found signifiéant poéitive correlations between soil clay content and

extractable K. Decker (1973) analyze& 1081 s0il samples and found
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cqrrelation coefficients of -.43, .08, and .45 for extractable K ver-
sus total sand, total silt, and total clay, respectively. Tabatabai
and Hahway (1969) reported the mineral levels of readily available K
are directly relatéd to the less than 2-micron clay ﬁresent. Bx-
changeable K increased 1.14 ppm for each 1%'increase in the élay{
MacLean'(1960) revealed that values for percent uptake of K by plants
weie related.to intensity of soil K.as well as to exchangeable K in
soils containing less than 16% clay. At greater than 16% clay, ex-
changeable K was the only measurement of soil XK that was correlated
with percent uptake. Sands released very little K, silts released
from 15 to 50%, whereas clays contributed 40 to 80% of the total K
released from soils studiea by Merwin énd Peech (1950).

Cation exchange capacity (CEC). Bear, Prince, and Malcolm (1944)

eValuated the K supplyipg power of soils by intensive alfalfa cropping.
One soil with a GEdvof 16.5 meq/lOO g released 108.7 meq of K/lOO g.
Stewart and Volk (1946) found that the‘dEG was not related to the
aﬁount of K extracted by fhe plants. Beckett and Craig (1967) empha-
sized that equilibrating a soil sample in a dilute solution of cal-
cium chlo?ide containing no K, must produce a solution in which the
activity ratio is less than the true value for the'spil by amounts
varying between 10 ér 50% according to the CEC of the soil.

Mineraldgy. In micaceous clay minerals (musco%ite; Biotite,

illite, hydrobidtite, and vermiculite) a large part of the negative
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charge is balanced by K ions. This source_bf K is a part of the
mineral structure (Thomas and Hipp, 1968). Salt solutions normally do
not extracf this reserve supply of potassium.: Rich énd Black (1964)
proposed that small'éméunts of exchangeable K are.frequently located
in 'wedge shéped spaces iﬁ tﬁe interlayers of weathered micas. Potas-
sium may_be fixed in these wedge’shaped zones. Islands of iron or
Aaluminum "intgrlayeis" or "props” Woﬁld inhibi%.K fixafion, but- would
allow the_removal of K from wedge Shéped positions by cations the
size of K;' | |

When most of the K is weathered out of trioctahedral micas the
mineral beéomes vermiculite (Barshad, 1948). With'Ca'énd Mg replacing
XK in.the layers there are fewer wedge shaped mones and the exchange- |
able K exists in'fully expanded 1ayers. When 1arge'qugntities of
aﬁmonium (NHZ) are added to such a élay; it causes the edges to pinch
down, trapping whatever cations are between the layers. Arnold (1958)
evaluated the releaée of X by clay minerals to a hydrogen (H) resin.
The dioctahédrdl minerals.release little of their'fixed K to.the H
resiﬁ, while the trioctahedral minerals suffered considerable loss of
X, Biotite :eleased-all of its K in about 10 aays. Phlogéphite
released a large gmoﬁnt of K to the resin in a few dayé,_but the’
attack .continues more slowly than with biotite. Musqovite'and "hydrous
mica" which are known to telease K to créps siowly, are comfaratively

resistant to H resin‘attack{
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Potassium release from muscovite, microcline, glauconite, and

illite was increased by fineness of grind.(Rouse and Bertramson, 1949).

There was no rélationship between the K supplying power and the height

or area of the X-ray diffraction peak in the sand or silt fraction,

nor for muscovite or illite in the coarse clay. The K supplying power

was related to the area under the peak of the medium and fine illite
clays. Doll, et al.(1965) reported that K in the fine clay could not
be released untii the activity of K in the surrounding solution was
reduced below the écfivity of K in the fine clay fraction. The larger
the clay size, the more X was released from it. |
Soii pH. Soil pH is an indicator of the X fixation power of
clay minerals. Williams and Jenny (1952) revealed that the release
raté'of fixed X is a direct function of pH. Hydrogen was the most
effective K réﬁlacing cation. The reieasé rate of X greatly increas-
ed above the exchangeable ievél at pH valués less than 3. Martip,
Overstreet and Hoagland (1946) found little K fixation in soils with
a pH below 2.5. From 2.5 to 5.5 there was a rapid increase in X
fixation. Abové 5.5 the amount of fikétion increased more slowly.
Volk (1934) feported tha£ K fixation agzinst NH& extraction increased
markedly when pH was élevatéd to 9 or 10 with sodium carﬁonate. At
pH values below'S.S the hydroﬁium ion becomes an effective K replacer
(Coleman and Harward, 1953). Rich and Obenshain (1955) emphasized the

importance of interlayer hydroxyaluminum on fixation of K. The
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11
increase in K fixation between pH 5.5 and 7.0 can be attributed to
decreased numbers of hydroxyaluminum polymér catiens which can effect-
ively block collapse of the clay (Rich, 1960) . Murqock and Rich.(l965)
observed a severe K deficiency in oats grown on a limed soil high in
muscovite and containing very little hydronium ion'and no ammonium,
This is comméﬁly termed lime induced K fixation and may be caused by
Poor replaﬁément of K by Ca and Mg in dioctahedral micas (Thomas and
Hipp, 1968).

Temperaturé. A reduction of exchangeable.K following freezing of
solls with hiéh levels of exchangeable K was observéd by Fine, Bailey,
and Truog (1942). Soils of moderatel& low fertility and soil which
had received moderate amounts:of K ferfilizefs tended toward higher
levels of exchangeabie K after freezing. -They suggested that illite
may be the mineral responsible for fixation of K during freezing;
Barrett, et al. (1973) reported %hat freezing a Ccookport soil contim-
ouély at 18 F fixed neérly 85 ppm K but had no effect on Gilpin soil.
However, alternate ffeezing and thawing released K from both soils.
Haagsma and Miller (1963) studied the effect bf temperature on the
release of K to a strongly acid H resin. The release of fixed K was
found to increase ﬁith increasing temﬁeratﬁre from 56 to 80 q. The
release was less froﬁ 5 to 50 C. .Wallace (1957) reported the K content
of barléy increased when the soil temperature was increased from 12

to 22 C, but suffered a decrease when temperature was increased to
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32 G, This decrease may have been caused by a dilution effect.

Potassium levels, Total K in soils is of no value as an index to

the availability of K to plants (Pratt, 1965). Tabatabai and HanwayA
(1969) describe the minimal level of soil K as that level at which
plants become K deficient. Plants may take up K from soils étathis
minimal level for an extended period without further reduciﬁg the
exchangeable K conteﬁt of the soil. Tﬁenty—four times more K was
removed by plants in a 758 day cropping pefiod than ‘was initially'
present in the soils as exchangedble K. Woodruff (1955b) reported
adequately watered corn grbwn oﬁ Putnam soil was K deficient a£ 120
to 140 1bs of soil K per acre, whereas 200 to 300 lbs of K per acre
ﬁas adequate. Doll and Lucas (1973) point out that most field crops -
do not respond to K fertilizer when readily gvailable‘K is greater
than 170 pp2m.for sands and loamy sands, 200 pp2m for sandy 1oams and
loams, and 250 pp2m for silt loams and clays. They stated that ﬁn—
published data from Illinois indicated that up to 350 pp2m is needed
for a calcafeous, imperfectly drained Drummer-Harpster silty‘clay ”
loam. A reasonable hypothesis may be that soils in coolér climates
must supply greater levels of readily-available K to short'growing

season plants.

Soil depth sampled. Subsoil K can be used to improve the esti-
mation of X availabllity to plants grown in the field (Hanway, et al.

1961, -1962). They reported subsoil samples were consistently lower
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in exchangeable K than were corresponding surface samples.

Drying. The influence of drying oﬁ soii K has been researched
by mény people, and will be covered in detail later. |

This review of factors which influence ekchangeéble K demonstrates
the many variables which must be cohsiaefed when researching soil K
in relation to CTrop yields. Some of these variables aré: (l) samplihé
time, (2) equilibriuﬁ 1évelé of X, (3) éxygen content, (4) water, (5).
organic matfer, (6) texture, (7) cation exchange capacity, (8)'miﬁ—
eralogy,.(9) pH, (10) soil_éﬁd alr temperature, (11) sémpling depth,
and (12) sample handling;.(e.g. effect of drying and grinding). In
addition to these, MacLean (1960) found a greater conéentration of K
in solution following.K01 than following K2003 treatments. These are
the more commonly researched variables. Biological, genetic, and

i

management factors also influence plant response to soil potassium.

Prior attempts to develop a feliable;potassium soll test.

According to Hoagland and Martin (1933), when the amount of re-
placeable soil K is high the ma jor fortion of the K absorbed by the
crop may be balance@ by loss of replaceable K from the soil. As
cropping continues, the proportion of X derived from non-replaceable
forms grows larger until a point.is reached at which no further loss
of replaceable K can occur.” At this point the.solubility of the non-

replaceable form determines the supplying power of the soil. In the
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majority of cases, fhe K present in soil solution at any given moment -

was equivalent to a small percentage of the total amount of K absorb-
ed by thg cTop.

As stated in earlier sections Qf this re?iew, the response of
plants to fertilizer K has been shown to be dependent on many soil

and climatic factors. The following section of this review will show

_that a majority of the previous attempts to develop a K soil test have

been correlated only with plant uptake of K in greemhouse pot culture -

experiments, The K‘composition of the crop conéistently reflects the
supplying power of a soll for K under suitably controlled conditions
(Hoagland and Martin, 1933). However, until these methods have been .
éalibratéd with field crop yieids, influenced by the many growth fac-
tors and potassium .supply regulating mechanhisms, they should be con-
sidered incompletel& deVeloﬁed techniques for predicting crop respounse

to applied K;

Barly attémpts to ‘develop a;poiassium soii test. Wheéting (1930)
published a review of the methods for the detefmination of available
K in soils. According to Wheeting, Dyer, in 189%, first used a 1%
citric acid solution to extract soil K. Working with Rothamsted
solls, he attempfed to correlate the amounts of essential elements
extfacted by citfic acid with the actual yields of crops. Dyer (19015
deéidéd that if less than 10 mg of K are dissolved from 100 g of soil,

K fertilization was necessary. Gerlach (1896) and Schloesing (1897)
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proposed the use of carbonated water as a soll extraction solvent.
Maxwell (1899) employed 1% aspartic acid and recommended its use.
Hall and Plymen (1902) compared weak acid solvents and agreed citric
acid was best. Up to 1920, several Investigators tried variations
of, and comparisons with Dyer's method,'but agreed 1% citric acid was
best.for predicting responée of crops to K (Wheeting, 1930).

Neubauer (1923) devised a plant-pot culture test for determining
piaﬁt available soil K. He grew a large ﬁumber of rye.séedlings in
‘a small mass of soil for 18 days. The plants were éshed and anélyzed
fér K. This method stimulated research by many scientisfs. Engels
and ﬁirschberger (1924) proved thé method was applicable to field

conditions. Several solls yielding less than 18 mg of X0 provided

2
crop responses to fertilizer potassium. Thornton (1931) utilizing
“the Neubauer technique, concluded that 10 mg KZO/IQO g soil is the
“lowest amount that suffices for general farm crops in Indiana.
Reitemeier, et al.>(1957> determined a correlation coefficient of .90
for X uftake by clovef versus K release from tﬁe same soils by the
Neubauer method.

Wheeting (1930) comparéd the Neubauer test, distilled water,
carboniélacidL.citfic acid, ammonium chloride, énd steam as extraction
techniqﬁes on Wisconsin soils. He concluded the Neubauer test detects

quite accurately the K deficiencies of soils. Of the solvents used,

ammonium chloride most closely simulated plant écﬁivity in removing
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available K.

The Aspergillus niger method for measurihg available K in soils
was researchedlby Mehlich) Truog, and Fred (1933). They concluded
that the.tesf is simplé and reliable and may be used in a practical

way for the determination of potash needs of plants.

Mitscherlich (1930) utilized a pot culture technique to evaluate

K in soils by growth of oats. He devised the equation:

b = log A - log(A-v)
' c

where A = maximum yield with the largest addition of fertiliger,
expressed as 100%; y = yields with no fertilizer added, expressed as
a percentage of maximum yields; and C is-a constant or‘growth factor

equal to about 31.2 1b per acre.

Acid extraction of soil potassium. According to Wheeti?g (1930)
konig, Haéenbaumef, and Kréger (1923) reported that Liébscher extract-
ed soils with a 10% solution of hydrochloric acid.. If 500 mg of K20
can be dissolved from IOO'g of soil, no potash fertilization is
necessary, but if only 150 mg are solﬁble, a definite potash require-
ment is indicated. Attoe and Truog (1945) studied the availability
of fixed K versus readily aVailéble K by soil extraction with dilute
"HCL1 and groﬁth of corn and oats in poté. They extracted soils for 1
hour at 25 C and rempvéd 90% more K than was 6riginally exchangeable.

Soils which contained 164 1b of exchangeable K per acre yielded only
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62% as much corn and oat dry matter after extraction of the soil with
a salt solution. Gfops grown on solls extracted with N HC1 yielded
only 20 and 18% compared to the unextracted soils. Garman (195?)
leached soiis‘with'0.01 N HGi and trapped the leachate K on a cation
exchange resin. Potassium removal by five crops compared to that
removed by 1, 3, and 10 liters of 0.0l‘N HC1 gave highly significént
correlation coefficients of .94, .96, and .96,-respectiveiy. The‘
correlation coefficients -for ammonium acetate (NquAc) extraction vs.
‘K uptake was .95, for N nitric acid (HNO3> extraction, .92, and for
sodiﬁm‘acetate (NaOAc) extractioh, o4, 'A plot of volume of HC1
léachate vs, éumulative K removed produced a curve with three diétinct
slopes. According to Garman (1957) the initiai ffactiﬁn of K removed
.répresented the water soluble and easily replaceable K. Exchangeable
KbyXN NHMQAC repreéented the upper limit of this abrupt slope, after‘
which the fixed K was removed more slowly. The upper, slightly
increasing, portion of the curve indicated intérlayer K-removed by .
the 4 through 10 liter volumes of 0.01 N HCI. Maéieén (1968) confirm-
ed Garman's finhding of release of fixed K by continued leaching with
.0.0l N HC1. Gonyefs and McLean (1969) revealed that 0.5 N HC1 was

one of the best extractants of soil K when correlated with plant up-
take éf this element. Potassium extracted by leaching soils with 0.01
N HCLl versus K uptake By plants ga&e a correlation coefficient of 0;60

(MacLean and Byrdon, 1971).
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Various concentrations of HNO3 have been employed to estimate
piant available X in soils. The K supplying power of Indiana soils
was investigated by Rouse and Bertramson (1949) usihg a soil:solution
'rétio of'izlo and a boiling time of 10 min for N HNO3 extraction;
Potassium extracted vs. uptake of K by greenhouse cropping gave a
‘porfelation coefficient of .96 for 20 soils. Garman (1957);
Reitemeier, et ai. (1957), and Hunter and Pratt (1957),.fognd correla-
tion coé%ficients of .92, .9%, and .éh, réspectivély, forAK.release
b& N HNO3 vs. K uptake by cropping.- Pope and Cheney (1957)  stated
that total X extracted (r = .96), and release of K from nonexchangeable
forms by boiling HNO3 (r ='.94), appeared to be better indexes of X
uptéke by clover than exchangeable K prior to cropping} The correla—‘
tion between K reiéase from nonexchangeable forms during cropping and
the amount of exchangeable K before ciropping was very low (r = .17).

Conyers and McLean (1967) reported that N HNO, extraction of soil K

3
was Qne of the better extractants for predicting K uptake by crops.
Although N HNO3 extractable K was highly correlated with K removed by
'exh&Ustive‘perennial ryegrass cropping in the greenhouse, the plants
removed five times more.soil K than 'did the HNO3 (Oliveira, Ludwick,
iand Beatty, 1971). Even though exchéngeable K and K removed by strong
.aéids were highly correlated with plant uptaké (r.= .74 and .88

respectively), all extractants greatly underestimated actual plant

available K under intensive cropping. Total soil X 4id not

—— T | mint i | Dt} T1: |
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significantly correlate with plant uptake (r = .21 .on 21 soils).
Ramamoorthy and Paliwal (1965) failgd to obtaln a significant calibra-
tion between K extracted by 0.5 N HNO; and percentage crop response.

Extracfion with 0.1 W NH,OAc + 0.05 N sulfuric acid (HZSOQ) at a
1:10 soil:solution ratio was used by Matthews andISmith‘(1957)'to
evaluate the reaaily available K in soils in compérison to K removed
after 17 Hours leaching with water. Water percolation for 17 hours
removed equa1.0r greater amounts of K. .Huntef and Pratt (1957) stated
that with the Qolume of research that haé been done with respeét to
plant availability of K, it has becomé increasingly obvious that a
meésure of only one form of soil K, by itself, canﬁot éerve as a_suf—
ficient criterion fbr assessing the piant avéilable K of all soils;
They extracted soils with varying concentrations, of HZSO# and ieached
the extractea soils With.l5 ml po;tioﬁs of 0.1 N H2804 to 100 mi
volume. The K extracted by a 1.4 N'stou solution versus K uptake by
alfalfa was highly correlated (r = ,99, nine samples). Ekpéte (1972)
using pottgd millet (Pennisetum spp) and sorghum (S. vulgare) report-
éd-that K extracted.wiih 6 N stoh gave the best indication of .dry
matter yields when K was not applied (r = .91), and of the percentage
response when K was apflied (r = -.93). |

Wilcox (1937) developed a hydrofluoric-perchloric acid digest i
method for total soil k which could 5e analyzed by'triéodium cobalti-

nitrate in the presence of nitric acid,-as a gravimetric or

— ™ It i | P d e D ¥ ' L § | A
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titrimetric procedure. Extraction of K from soils with a solution of

sulfuric—perchloric—hydrofluoric acid (HéSOu—Hcloh—HF) failed to pro-

duce a significant correlation with plant uptake‘of X (Cohyers and
McLean, 1969). lolivéira, et al. (1971) also found that toﬁal soil K
'did not significantly correlate with plant uptake of X (r = .zi).
Ramamoorthy and Paliwal (1965) failed to develap a Qélibration
between 1% citric acid extractable K and percentage CTop response.
Conyers and Mclean (1969) rgportéa that K removed by NH,0Ac, HNOB;
HCLl, and sodium tetrapheﬁyl boron-(NaBPhu) from soils prior to crop-
ping, correlated 5étter with amounts of K uptake than did amounté of
K removed by 0.5 N magnesium acetaﬁe‘[Mg(OAc)zj, saturated paste ex-

traction; HNO -NHMOAC, and NaBPhu—NHQOAc. Ramamoorthy and Paliwal

3
(1965) reported a poor calibration between percentage crop response
and K extracted by Moigan's solution (1941,'sodium acetateland acetic

acid, pH L.0).

Salt solutions for extiaction of soil potassium. Volk and Truog

(1934) in an attempt to develop a rapid chemical method for determin-

ing the potash needs of soils, studied the relation between readily

available and exchangeable potash and methods of extracting the latter.

They found N NHnoAc, pH 6.8, was more satisfactory as an extractant
than other salt‘solutipns and dilute acids. The use of 15 parts of
this extractant 4o 1 part of soil in 5 min of intermittent hand shak-

ing resulted in an average extraction of 96% of the exchangeable

~
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potash. Analysis of KZO involvedvprecipitation and titration as the
cobaltinitrite salt. One analyst could do 25 to 30 determinations per
day. -Teﬁ mg per 100 g of plow layer soil was set as the minimum
amdunt of KZO to suffice for gbod growth of corn, small grains, and
clover in the north. ‘They stated that the minimum level would be
modified 5y subsoil.KZO, crop being grown, 1enéth énd temperature of
growing season, and the number of cloudy dayé. To this day a modified
version 6f this érocedure is the one predominantly used in the United
Stétes for exchangeable soil K. Hipp and Thomas (1968) obtained a
coréelatioﬁ céefficient of .89 between percent K in leavés of grain
sérghum plahts and séturated paste solution K + log (1 + exchangeable
K) in the field study. Rouse and Bertramson (1949) stated it is
generally agieed that the best evaluation of the K supplying powér of
soiis is the aﬁount of ﬁonexchangeable-K that can be extracted by
flants from a soil by bontinuous cropping. They found a very poor
. correlation (r = .18) betweenn the K supplying power by the plant-
ﬁethod and the exchangeable'K in the soil by the N NHMOAC method.
Maclean and Simon (1958) attempted to evaluate the K supplying power
of three Ohio soils by extraction with N NHQOAC for seven-day intexr-
vals to seven-weeks following the initial NH@OAE extraction. They
found that the'Hoytfille and Clermont soils released more K over'fhe
seven—weék extraction period thaﬁ that whidh was removed by the ini-

tial extraétion;

Ll
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In Jaboratory comparisons of NHQOAC versus other extractants,
Rich and Black (1964) found that 150 ml of Mg(OAc)2 removed ohly 74%
than by -

2

of the K removed by NH&OAC. More K was removed by MgCl
M‘g(OAc)2 in the first 25 ml. Magnesiuﬁ chloride eventually removed

more K than did NH4QAC. This 'suggests that H produéed by ‘exchange or
hydrolysis may exchénge for K. Rich (1964) demonstrated that the '
‘extent of K‘exéhahge is determined b& thé diameter of the exchanging
soivated cation and by the pH of the system. Potassium exchénge by
monovalent or divalent cations increased‘from 0.0 to 0.36 meq per

100 g with decréasing effective cafion size. Exchange of X by HBO

ions, produced by the reaction of the nonbuffered MgCl, with the acid

2

soil, probably accounted for most of the K exchange. Ramoorthy and

Paliwal (1965) determined that heated 0.5.N HNO, removed more K than

3

NHquc. Matthews and Sherrelll(l9605 found that 0.1 N'NHQOAC releas—l

ed the same amount of K as did the 1.0 NHMOAC on Ontario soils.

Schulte and.Cdrey (1965) feporﬁed that extraction of soils with
NaBPhu provided a better estimate of plant available K by continuous
cropping (r = .99) than did N NHqOAC. Beckett and Nafady (1967)
reporte@ that sufficient K for 100-years cropping was removed from
the interlayers of illite by extraction with NaBPhq.

An atfempt was made by Bray (193é) to devise a better K soil
test., He extractgd 2.5 g of air dry solil with three parts of 5.33

N_HNO3 plus seven parts of 5.08 N NaOAc with stirring for 30 sec.

T T
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The XK in an aliquot of the filtrate was precipitated as cobalti-
nitrite and the turbidity devéloped was compared to £hat on a chart.
He later switched to extraction with 25% sodium perchlorate (NaClO@)
(Bray, 1936). Peech, et al. (1947) reintroduced the use of NaOAc
.for extraction of séil K. Peech and English (1944) developed a
NaOAc-HOAc extraction method for soil K. Matthews (1952) showed that
the concentration of K extracted ﬁy NHZ alone was less than the total
amount extracted by Ca++ followed by NHZ even though the total volume
of sdlutioﬁ leached thréugh thg soil was the same in both instances.
MacLean (1968) utilized a 0.5 N NaCl solution for sodium (Na) extrac-
tion of fixed soil K. A correlation coefficient of .76 was obtained

by MacLean. and Brydon (1971) for K extracted by leaching soils with

2

for extradtion of K from soils has been devised by Goedert and Corey

0.1 N BaG12 versus K uptake by plants. A 0.001 M solution of SrCl

(1973). ?arameters derived from this system indlude intensity and
capacit& factors of K in the equilibrium solutiom. Conyers and McLean
(1969) evaluated the saturated paste extraction technique for K.

They concluded this method was inferior to procedures which extract

a greéter conc of K. A highly significant calibration between water
soluble K in the soil versus greenhouse yields'was obtained by Hood,
Brgdy,.and Lathwell (1956). For the Ladino clover crop having.a shor‘ti
growing season énd.henée a shor£ period of nutrient absorption, this |

procedure accounted for 49% of the variation in yields, compared to

T
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16.4% accounted for by exchangeable K. MacLean (1960) determined the
K intensity of 27 surface soils'by extracting cations with a 1:2
soii:wa£er suspension followed by computation of the ratio pK -
%p(Ca+Mg). The valuesjfor percentage K uptake by oats were signifi—
cantly correlated with those for intensity of soil K. Matthews'and‘~
Smith (195?) found the total K taken up by 8 crops of alfalfa tops
and roots was highly correlated with the total K released during 100
hours of water'peicolatioﬁ through the soils (r = .91). Bear, Prince,
and Malcolm (1944) showed it possible to extract 108.7 megq K/100 g
from a soil having a CEC of 16.5 meq/lOO g. - They stated these data
verified the previously known fact that the most reliable index of
the capacity .of the soil to supply K to the crop is not the totai
soil content of K but the amount that exists in fhé exchangeable form.
The soils studied varied enormously in thelr capacity to renew the
amount of exchangeable K from reserves. |

waever, these researchers did not discuss the'importance of
exchangeable plus fixed K together. Olsen and Shaw (1943) found that
yields increased as a straight line functidn of‘the increase in per-
centage saturation of the exchange complex with bases. Reitemeier,
et él. (1957) developed a correlation coefficient of .96 for K uptake
by Ladinqvclovef versus release of K from soils by BOndéy electrodia-~

lysis.,

Cation resin for extraction of soil potassium. Arnold (1958)
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reported that a sodium saturated IR-120 "Amberlite" resin takes up
approximately the amount of K that is NHZ exchanéeable. Potassium
extracted by H-resin can continue to increase over a month or more of
intermittant shaking. Haagsma and Miller (1963) utilized Dowex 50-
W-X8, +2% on a 16-mesh and the remainder paséing a 40-mesh screen,
in a i:llsoi1-+ resiﬂ:water'ratio to extract soil K. They found
nonexchangeable K was not released to Na- 6r Ca-saturated resin, but
that K release increased linearly with the proportion of H-saturated
resin added in combination with Na- or Ca-saturated resiﬁ. Tt could
not be determined whether thé mechanism of release involved an ex-
change of H or Al £for K in the mineral iattices or an acid decomposi-
tion of the K-bearing minerals. Pratt (1951) was one of the first
soil chemists to utilize cation exchange reéin to determine non-
exchangeable soil K; He calculated K released from nonexchangeable
forms by subtracting.the original exchangeable K for the soil from the
exchangeable K found on the resin following incubation with the soil.
Normal'HNC)3 extracted a greater amount of K than did a corn crop
or a H-amberlite resin (Schmitz and Pratt, 1953). Potassium released:
to the HNO ga&e‘the highésf correlation with K release duriﬁg crop- |

3

ping (.93). The difference between K released to HNO3 and to the

resin as indexes to K release to plants however, was not statistically

significant. Both these K extraction methods were significantly bet-

ter, statistically, than the exchangeable K before cropping as indexes.

LU L

LI




26

of K release by cropping (.93 and .86 vs. .63, respectively, on 18
samples), |

Massee (1973) reported that K diffusion to a neutral mixture of
Amberlite IR—lZOH“and IRA-4100H resins appeared to be a valuable
technique for predicting short-term K uptake by plants. MacLean
(1961) extracted soils by shaking a mixture of 3 g of Amberlite TR-120
H resin with 1 g of soil for one week. Potassium in the mixture was
replaced with N NH40Ac without separation of the soil and resin, .Thé
dlfference between K extracted by resln—NHaoAc and K extracted with N
NHMOAC was-tgrmed nonexéhangeable K. Nonexchangeable K was signifi-
cantly correlated with uptake of X by p;ants.' Theé amounts of ron-
exchangeable K taken up by H resin in'suspension was usually lower
after,‘thén before cropping. Barber and Matthews.(l962) utilized a
muitiple quadrétic regression to analyze the predictive ability of
NH40AC excharigeable X and moderately available plus exchangeab;e K by
reéin—NHMOAc extraction versus yield increase. They reported'that
this method, on the average, for corn, wheat, oats, and potatoes,’
accounted for 567 of the variability in response. However, their
methods are not suitable for routine soil testing due to.ihe length of
the extraction time.

Cation effectiveness for K reledse from soils. Table 1 demon-~

strates there is little agreement aﬁong researchers as to which cation

is the most effective replacer of soil K, Obviously, the effectiveness
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of a cation to replace soil K depends on the clay properties. Barshad

Tdble 1. Relative cation effectiveness for replacing soil K

Relative cation effectiveness Invgstigators
Ba>Ng>Na>Ca Barshad (1954), Calif.
Na>H>NH¢?Mg>Ga>Ba' Merwin and Peech (1950), N.Y,
Ca>H>NH) >A1. Pratt, Simon, and Volk (1956), Ohio
Candlg Thomas and Hipp (1968), Texas
H>Na>Li>Ca>Ng>NH), Williams and Jenny (1952) Calif.

(1954) reported the'réplaceability‘of interlayer K with cations other
than NHZ is easier, the smaller the interlayer éhérge ahd the smaller
the parficle size of the mineral. The soils investigated by Merwin
and Peech (1950) failed to reléase K to 0.5 N barium and calciﬁm
acetate solutions and effectively rembved the trace of K present as
an impurity in these salt solﬁtions. They reported that sodium acetate
and acetic acid cbnﬁinued to extract K;.But that ammonium acetate

gave a very clear-cut separation of thé exchangeable K. Pratt, Simon,
and Volk (1956) found that increésing Ca saturation gave ihcreases in
K release. Acébrding to Williams and Jenny (1952) the rate.of release
of nonexchangeable K is a direct function of pH, with H>being the most
efféctive K feplacing cation. 'Tﬁis is in agreement with the fiﬁdings
of Haagsma and Miller (1963), reported earlier in this review.

Potdééiumgpercéntage of soil cation exchange capacity.
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Ramamgorthy and Paliwal (1965) found that the dggree'of K';aturation
of the CEC was significantly calibrated (5% level) with percentage -
crép response. This is contrary to the results of Stewart and Volk
(1946) that the percentage K saturation of the CEC did not show a de-
finite relationshiﬁ to the amount of K gktracted by plants. Hossner
and Doll'(i970) reported that data which‘usé percentage K saturation
of the CEC have.nqt been adequate for developing fertilizer Tecommen-
da%ians on soils varying widely in texture and organic matter. When
used with rélaﬁively uniform soils,_pérqentage safuration data have

been more useful.

Tonic equilibria and the potassium supplying power of soils.
Schofield (19473) introduced the ratio law governing the equilibrium
.of catioris in the soil solution. According to woodruff (1955&) cations
in solution exist at chemical potentials which are related to the
activities of the cations by the familiar expression, n =.RT1n a,
where B o= dhemical poéential, R = universal gas constant, 1.987
cal/mqle‘degree, T = the absolute temperature, and "3 is the concen-

" tration in moles per 1itér of the cation in solution. The transfer of
one mole of a cation from one chemical potential tq‘another involves
a.change in molar free energy. If the standard state of a cation is
one molar, the change in free energy associated with the transfer of
one mole of a cation from thé standard state to a solution in wﬁich

its activity is "a" moles per liter, is dF = RTln a. In.a
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heterogeneous system such as soil, éleétrolytes may be used as a de-

vice with which to-evaluate the energetics of cation exchange between

the clay and the standard state. Woodruff (1955a) gave this examplé:
(&) .
ATF = 1364 log ——r 4 () denote activity
(Ca)?

Activity may be caluclated by multiplying the ion concentration
in the dilute solution by the activity coefficient, a = [c]f, where
[ ] denote molar concentration. Compute the activity coefficient
"f" as follows:

. . o 4
log £ = -.509 2% n®
where Z is the ionicycharge and u is the'ionic strength computed as
follows:
u = % Zmn Z2
where m is the molar concentration of the ions in the reaction. This

treatment of the computation of activities is presented by Morris

(1968) who states that the activity coefficient eQuatioﬁ_above is

applicable only to agueous solutions whose lonic strength is less thén

about 0.01 M. Woodruff (1955b) reported energies of exéhange of Ca

with K ranging from -3500 to -4000 calories were associated with K de-

ficiencies in plants, -2500 to -3000 cal represent a suiltable balance

betweén Ca and X, ang -2000 cal or less were associated with excessive

amounts of X in relation to Ca in soils. Adams (1971) discussed the

effect of ion palring on ionic concentrations and activities in soil .

T .
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solutions. In general the effect of ion pairing of cations with mono-
valent anions can be neglected. Multivalent cations palr extensively

with sulfate end HPOﬁ— and witn HCO3 at high pH or at above normal 002
preseure. This pairing must be taken into account when computing
ionic activities{. -

In 1958, Taylor'stated that the ratio law relationship between
the K and Ca concen;cra;tion, (K)/(Ca)% = constant, is found to be
strictly obeyed oniy in solls of low K status. Because Ca and Mg ehow
very similar exchange properties it is assumed that they may be agére—
gated to give a complex activity ratio such as (K)/(Ca+Mg)% (Nicbol
and Turner; 1957 and Turner and Nichol, 1958). 1In an_effort to justi-
Ty the use of pooled activities, Beckett (1964b) studied Ca and Mg
exchange in soil. He concluded that except for specific sites, Ca
~and Mg are held with approximately equal attrection by exchange sur-
faces. As a consequence, pK - %p(Ca+Mé) is independent of (Mg)/(Ca)
over a wide range ofIEng/[Ga]. If considerabie amounts of Ca and
" Mg are held at specific sites, then the conc of these ions in the equa~
tion Ca/Mg X Mg/Ca = K are inflated by éuantities beyond the scope
of the equation. Becket't (1964a) showed that the activity ratio (AR)
may be expected to provide a satisfactory measure of the ruling
chemical potential of labile K in a soil, provided it is not used to
_conpane.soils of widely differeént Ca (and Mg)'status, or a.few soils

of which the AR is not independent of the concentration of the soil
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solution. Tiﬁker (léé@a) explains that although we are_iﬂterested in
the activity of a singlé ion we must deal with an activity ratio so
that the other ion of the pair becomes a reference ion which should be
thé-dominant ion in the soil, and if é,range of solls are to be com-
pared, the same ion should be dominant in all of them. Tinker (19641)
stated that the ARGé value appears to be most closely comparable with'
the exchange energies of Woodruff (1955b). Tinker showed that K

deficiericy occurs somewhere between AR . 0.01 to 0.015. This corres-

c
ponds to -2,700 to —2,500-cal/mole, which is higher than.Woodruff's
estimate of —3,500 cal/mole. Beckett <i964a) 1ists five COmplicétionss
(1) The AR provides a measure of the potential of K labile at the time
of heasurement so that after prolonged cropping the potentiél of the
pool of labile K may beé lower than that of the soil's reserve of fixed
K to which it will revert as this K is released; (2) The AR will not

necessarily provide a good neasure for comparing soils of widely

different Ca status; (3) If the uptake of K is regﬁlated mainly by

. . i
the presénce of an antagonistic ion such as Mg, an AR such as (K)/(Mg)2.

may.provide a better measure of the availability of K; (4) The AR is
not_ekpected to measure the availébility of X in the casé of a few
soils in %hich thé exchange surfaceé exhibit'a Tow density of negative
charge; (5) The procedure foi measuring the-AR must not alter the po;l
tentials of tﬁe iéné.concérned. To avoid altering the ion potentials,‘

in an acid soil, Schofield and Taylor (1955) proposed the inclusion of
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the cube root of the activity of aluminum (Al) along with the square
root of Ca and Mg in the denominator. By computing AR in this manner, -
Tinker (1964b) was able to show a good relationship of o0il palm
respénse to fertilizer K in field experiments. . However, Wild, Rowell,
and Ogunfowora (1969) found that yields of dry matter and uptake
dependea on the concentration of K rather than on the activity ratio
(K)/(Ga)% in éolution ﬁhén tested in Saﬁd culture ekperiments ﬁith'
ryegrass and fiax. |

According'télTinker (1964&), ﬁoét recent work indicates ﬁhat ion
uptake is from fhe solution and not diiectly from the solid phase.
Olsen and -Peech (1966) presented evidence in favor of plan£ upféke of
ions from solution. Beckett (1964b) and Beckett, et al. (1966) ‘de-
fined thé Quantity/Intensity relationship as fhat befween the quantity
(Q = fiked and native K) ‘of labile K present and its availability oxr
intensity (I = exéhangeabie K) as measured by the AR. By equilibrat-
ing a éiven soil wi£h.inbreasing'concehtrations of KC1 in‘M/loo Ga012
solution and graphihg the resulté, these researchers described the
change in K and AR as the Q/I'relaﬁion for immediately labile K in the
soil., The slope of this curve is termed potential buffering caﬁaqity,'
or the abiiity of a soil to maintain its K potential against depletion.
Beckett and Néfady (1967&)'found that the form of the Q/I relation is
almost.unchanged_either by additions of K up to 3750 kg K20/ha, by

fixation of up to 1900 kg bi/ha, or by depletion of the soil of both
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1abile and some-fixed K, equivalent ot 5 to 20-years cropping.
Beckett and Nafady (1967b) showed that when large amounts of inter-
layer K ére removed f;om 1llite (enough for 100 years cropping) by
NaBPhu, there is considerable chénge in the form of the Q/I reiation.
These chaﬁges are similar to the difference between the Q/I relations
of the K depleted and K Tertilized plots of the 120 yéér_Broadbalk
trial. Zandstra:gﬁd MacKenzie (1968) defineé K potential as. the pro-
duct of the total amount of exchangeable K (—dK) and the potential
buffering capacity (PBC), Potassium potential was calibrated more
closely to crop responses than the activity ratio measurement and the
PBC, It compared favorably with available X. Thése authors showed
‘the activity ratié and PBC determination were not satisfactory indica-
tors of the k Fertility of éoils and showed poor calibration with crop
response. Generally, the K pool as an indei to the amount of avail-
able K appears to be a slight improvement over values for exchangeable
K, especially in soils with a limited capacity for releasing nonlabile
K during the crop growing period (Koch, Orchard, and Summer, 1970).
| Baker.(l97l) attempted to apply Woodruff's (1955a) energy of exchange
theory as a practical soil test. Baker utilized a soil:solution
ratio of i:lO and a shaking time of one hour, followed by equilibra-
tion over-night. The solutions iniﬁially contained 0.00024 molar
Potassium chlofide (KCl), 0.00096 molar ng;z, and 0.0048 molar CaCl

2
along with 0.0005 moles of Ca(OAc)z. A change in K -value of 0.0001
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molar represents 40 ppm soil K. Negative changes in K values re-
present amounts of K in the soil gfeater than those required for
minimum levels of availability. He corcluded tha£ fhe K réquirement‘
.of soiis could be detérﬁined directly from:changes in coﬁcentr&tién
of X in'solution, and that the mingralogy, cation exchange capacity
and other soil properties need not be measured even though they in-
fluence'thé availaﬁle K in soils; However, these conclusions were
hot verifiéd by-yield resfonse in field experiﬁeﬂts.

Rezk and Amer (1969) approaching K dvailability from yet anothérv
angle, reported that the ratio-product ﬁyk accounted for as much aé‘
95.3% of the variation in K uptake by barleylplants during 24 days of
growth (bars_over elements indicate N NHuOAc gxtractabie in meq/lOO g
soil and k = K/ CatMg . [Ca+Mg]%/|:K:|).

Having survived the preceeding 1engtﬁy review (which is by no
means complete) of attempts by researchers to find the perfect K soil
test, one tends to agree with Collis-George and Davey (1960). The
majority of the attempts'ﬁo develop a X soil test were based on corre-
lation with piant uptake of K in the g£eenhoﬁse and were. never given
the ultimate trial of predicting fleld crop response to applied K as

influenced by variéble soil and climatic factors.

Effect of drying on change in soil K and correlations.

Many scientists have found more exchangeable soil X in dried
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soils than was initially exchangeable in the field—mqist soil [Attoe
(1947), Reitemeier, Brpwn, and Holmes (1951), Iuebs, Stanford, and
Scott (1956), Scott, Hanway, and Stickney (1957), Hanway and.Scott
(1957), Jones, et al.. (1961), Hanway, et al. (1961) and (1962), and
Bates and Scott (1965) -and (1969)]. Other researchers have reported
that exchangeable éoil ¥ increases or.decreases‘onAdrying the soil, ‘
depending on the initial level .in the soil [Bra& and DeTurk (1938),
McEwen and Matthews (1958), Matthews and Sherrell (1960), Cook and
ﬁutchesoh (1960); and Dowd&.and Hutcheson (1963)]. A s0il which is
initially low in K will release X on drying while one which is ini-
tially high iﬁ‘K will fix X ¢n drying.

Bray and DeTufk'(1938) suggested séils have an equilibrium level
of exchangeaﬁle-K, and postulated a double buffer system involving
two types of base-exchange réactions as the protection nature has
provided for fhe preservation of K against 1eaching and luxury con-
sumpfion by the plant, yet providing for its release as it is used by
the plant. Regardless of soll type, release of K to exchangeable form
was likely to occur upon drying the soil if the percent K saturation
of the GEC was less than 1.11, and fixation was likely to occur if the
percent saturation was greater than 1.11 (Matthews and Sherrell,
1960). They also found the amount of exchangeable K necessary before

fikation occurred on drying was highly correlated with the CEC

(x = .97).

T
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Dowdy and Hutcheson (1963) reported that drying resulted in K
fixation when the exchangeable X was 0.45 meq/lOO g or greater, where-
as K was released when the level was below this. Beckett (1964b)
found £hét oven drying led to a 10 to 15% fall in AR of all samples\
while air drying led to only a 5% decrease. This indicates K was Te-
leased on drying. Joﬁes, et alg_(1961> detected that K release from
alr drying Ohio soils varied from 25 to 100 1b/acre; but this response
was found tq nof haVe.a significant effect oﬁ'intefpretation of soil
teéts for X recomméhdatiéns. Further drying at 110 C for 24 hours
slightly increased or decreased fhe amount of exchangegble X depending"
on soil type. Rouse and Bert;amson (1949) disclosed that drying at
70 G reéulted in a gfeater release of k ffom spring samples than from-
fall samples for 20 to 23 sqils. The incréase was from 7 to 100%.
- The K supplying power (N‘HNOB, boiling) of these soils was only
slightly affected by drying. .

ﬁanway, et al., (1961) discovered up to 10-fold increases in
exchangeable K on drying subsoils. Based on this finding they stated
it is imperative- that analyses fdr exchangeable K be made on undried
subSurface'sampléé.' Lﬁebé, et al. (i956)_studying field conditions,
found fluctuations in soil moisture levels in the surface oné—inch
layer were accompanied by marked changes in content of exchangeable
K oﬁer an 1l-week period. Below this layer, eichangeablé K remained

nearly constant since moisture content did not drop so low as in the
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surface. Little increase in K occurred until the soil moisture level
had dropped to 5% or below. This agrees With'the results of Burns
and Barber (1961) who reported tﬁat solls held at moisture equivalents
of 60 to 100% failed to release K over a temperature range of 1 to
80 .

Bates and Scott (1965) showed that soil dessication is the cause
of the release on drying. They found that drying samples for 40 days
at 110 C caused the release of 223 ppm K from Marshall subsoil samples.
Similar heat treatments without drying increased the exchangeable K
level by only 33 ppm. Scott and Smith (1968) observed that fixation
and release of K in biotite could occur simultanéously. Upon diying
of.biotit¢ some of the silicate layers are'foiced apart exposing
interlayér potassium to exchange and thereby causing K to be released.
Drying also caused coilapse of the cléy latticg and fixation of K.
Only a small number of layers were separated upon dr&ing, but the
number was sufficient for a net release of K. Van der Paauw (1962)
has suggested that exghanéeable K levels fluctuate depending upon
rainfall distribution, and that wet periods are accomﬁanied by a
decrease in exchangeable K., Aciording to_Scott, et al. (1957) and
Woodruff and McIntosh (1960) the K release process is slowly reversi-
ble when the water content of tﬁe'soil is restored.

The question of whether better correlations with Crop responsé

can be obtained by analysis of a fleld moist sample or an air dried
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sample remains unsettled. ILuebs, et al. (1956), Hanway, et.al. (1961
and 1962), and Schulte and Corey (1965) favor the analysis of field
moist soll samples for predicting K uptake by plants. However, Jones,
et al. (1961) and Rouse and Bertramsen (1949) favor the analysis of
air dried soil sampleé for predicting crop response to applied K.
Rouse and Bertramsen based their conclﬁsion on the finding that field
moist sample analysis gave a poorer correlation with the K supplying

power (N HNO., extractable K) of these soils than did the dry soil

3
analysis. Correlations between soil test levels and corn yield
regponse to K fertilization were the same or better using air dried
samplés as compared to field moist samples.

Tuebs, et al. (;956) disclosed that the effects of K absorption
by plants, associated with drying of the soils, was equivalent to
applying 60 to 120 pounds of K per acre. Changes in plant uptake of
K corresponded with the field—moist'to air-dry K fluctuation in the
soils under greenhouse conditioné. The K supplied to plants under
greenhouse conditions was better correlatéd with exchangeable K content
of undried than of air dried soils. Correlation coefficiénts were
.99 and .96, respectiéely. Under field conditions, fluctgétions in
soll moisture levels in the surf;ce 1-inch layer were accompanied by
marked changes in éontent of exchangeable K over an 11 week period.

Below this layer, exchangeable K remalined nearly constant due to more

constant moisture levels. They found exchangeable K did not show much

7= ™ m T YT
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increase until soil moisture levels had dropped to 5% or below. They
concluded that exchangeable K in field moist soils was more reliable
in predicting plaﬁt available K in Iowa soils.

Fie&d moist Soil K is a better predictor of tﬁe concentration of
K in alfalfa and corn plants (Hanway, et al., 1961 and 1962), and of
corn grain .yields (Hanway; et al., 1962). Schulte and Gorey‘(1965)
repbrted.that sodium tetrabhenyl boron extractable X determined in
nondried soil samples was better gorrelated with availablé K (r =
0.97) fﬁan was exchangeable K determined in dried soil samples (r =
0.79). Matthews and Sherrell (1960) reported that only the exchange-
able K from oven‘driéd soils showed:significant calibrétion with

response of wheat.

Soil potaséium fixation and release.

" The release of K associated with diying was entirely eliminated
by addition of high boiliﬁg point, organic compounds to the soil
samples prior to“dﬁying (Bates and Séott, 1964 aﬁd 1965).  Addition of
20 moles of dextfosé‘td.ld g of moist soll 1s a practical way to pre-
vent K release on drying. Bateé'and'Scéft (1969) reported that dex-
trose does not elffinate the problem Qf fixation on drying soils high
in,éxchangeablg X, |
"The different forms of K in solls were described at the ﬁeginniné

Qq

of this review. Fixed X is considered 1o be nénexchangeable with added

T
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cations in solution, but may become plant available. Barber and
Matthews (1962) utilized a hydrogen saturated cation-exchange resin in
a timed extractign to delineate the three major forms of soillK.
Potassium released to N NHQOAC at day zero was considered exchangeable.
After two aays équiiibration with the hydrogen resin, the soil-resin
nixture was extréctéd with N NH;OAc. The amount of K in this extract
~less that in the time zero extract was considered to be fixed potassium;
After the two day reéin extraction ﬁeriod the K extracted increased as
a 1inea£ function of time. This k was considered native or minerai
potassium.. Scott and Bates (1967) repoxted K reversion occurred when
dry sémples of Marshall subsoil were rewet, but for complete reversion
.it was necessary to mix the-reweé soils with organic compounds and re-
dry the . mixture.

Barretf, Engle, and Smith (1973) féund indications from labora-
"tory data that decreases in eichangéable K in a surfacé soil during
winter months may be caused by fixation due fo freezing, and increases
due to fiéezing and thawing. Fine, Bailey, and Tiubg (1942) reported
that freewing molst soils incréased the exchangeable K level associated
with these soils.

There is a wide range in the teracity with which applied‘K is
retained by different soils against solution (Pearson, 1952).. Of the
soils included in his study, those containing montmorillonite releaséd

fixed K more readily than did kaolinitic soils. This should be
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expected based on the difference in these clay minerals.” In the 2:1
SitAl montmorillonite clays (micaceous minerals) interlayer K binds
the clay layers together, whereas the kaolinitic. elay.layers are held
together more strbngly by hydrogen bonding. Potassium trapped between
these kaolinite layers Wouid be less readily released. Bray and
DeTurk (1938) found.thét increasing.the replaceable K by addition of
a K salt under moiét storage conditions results inlpart of the re-
placeﬁblé K being changed over td é nonreplaceable form. Attoe and
Triog (1945) fertilized moist soils with 100 to 3,200 1b of K as KC1
periacref Continued moist storage and analysis of these soils in the
moist‘condition revealed ﬁo K fixation after 18lmonths. .When samples
were aried'at rbom temperature after storage, fixation took place in
every case.

Scott, Hanﬁay, and Stickney (1957), . using similar condiﬁions as
Bray and DeTurk (1938), showed a continuous net fixation on dryiﬁg
moist soils. When lesser amounts of KC1 were added, both fixation and
release were observed iﬁ the same §amp1e during the drying sequence.
Wood and DeTurk (1940)-reported that the larger the amouﬁt of K appliéd
the greater is the acid inééluble form which is fixed. Schmitz and
Pratt (1953) found that e#changeable K predictedlonly 47% of the vari-
ation in yield percentage whereas N HNO3 extractable K (exchangeable,
fixed,'and'ﬁrobably_SOme mineral K) predicted 88% of the variations

iﬁ vield percentage. Pearson (1952) reported that exchangeable K was

3
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the chief factor determining the total amounts of k absorbed by five
gréenhoﬁse grown crops. He alsé found no relationship between re-
lease of fixed K and the driginal K'content, total K conteﬁt, or K
distribution among the particle size sepapates.

In an ekperiment by MacLean(l968), fixed fertilizer K in the
Surface and subsurface samples of three soils accounted for about
L8% of the K ﬁptaké by oats and alfalfa. MacLean and Simon (1958>,
' using a repeafed ékiracﬁion experiment on these soils, found that
.seveh extractidns over a 45 day period removed more K which was origin-
ally fixed than that ﬁhich was originally exchangeable in-the

Hoytville and Clermont soils.

Soil temperature measurement and plant growth.

Richards, Hagén, and McCalla (1952) stated that field studies

- are a disappointing method forlelucidating the influence of soil tem-
perature on plant growth. They went on to describe the daily maximum
and minimum_falues at a given depth-as the best values used to charac—
terizezthe temperature for a given day. The dally mean value of the
sdilltemperature is usually the'averagé of. the maximum and miniﬁum
values. Also, they reported that weekly te.mperatures‘compare favorably

with hourly or 15 min averages.

Plant growth stage influence on potassium uptake.

Nutrient uptake occurs at a faster rate than the plant growth

T m——
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rate so that uptake is essentlally complete well before the grain is

mature. Hanway, et al.'<1962) reported that corn plants at silking

time contained 90% of the total K taken up during thé season, and X

uptake appeared to be complete by 10 to 15-days after silking. Appli-

cétion'of K af stages 3 and 10.3 to 10.5 increased the c¢oncentration

of X in"oat plants (Nielsen, et al., 1960). Chapman and Keay (1971)

found that after head emérgence (sﬁage 10.5) there was no significant
effeét of inadequaté available soil K on wheat yield. A markedide— o
crease in.K concentration of wheat and oats with the approach of

maturity was noted by Miller (1939) and Klebesadel (1969), respective-

1y.

Methods for expressing yield for correlation DUTPOSES.

There are several methods available for expressing yield increase
due to fertilizer treatment. Bray (1944) utilized the Mitscherlich

equation (Mitscherlich, 1930) to express yield of the control treat-

ment as a percentage of the maximum yield, Log(100 - &) = Log 100 - cb,

where 100 is the maximum yield percehtage, y is yield of the control
divided by maximum treatment vield, expressed as a percentage, c is a
cohstapt, and b is the measured soil K. This method plots as a posi-
tive curvilinear response type curve. Barber and Matthews (1962)
utilized only the 1eft hand portlon of the Mltscherllch equatlon as an

expression of yield in their regression models.
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Tinker (1964b) expressed yleld of the check treatment as a per-

centage of the maximum yield:

Peréentage Yield = Maximum Yield - Control Yield x 100

Maximum Yield

By plotting control yield percent as the dependent and soil K as the
independent variablés, a positive curvilinear respohse curve is attain-
ed, Jackson and Moore.(1968) presented a negative curvilinear response

curve when they plotted soil test values versus treatment yield in-

Crease as a percentage of the check. Treatment yield increase is

computed as follows:

Treatment yield - Check yield .
Check yield

Percentage Yield = 100

According to'Fit{s.and Hénway (1971), use of percentage yields pro-
vides another means of comparing yields from different sites where the’
yields vary due to factors other than soil fertility and fertiligzer
treatments, but the ievels of these and other factors are not measured
in the field experiment. They presented the computation aé:

Yield without fertilimer nutrient % 100 '
Yield with fertilizer nutrient .

Percentage Yield =

Percéntage yieids may glve erroneous impressions, especially when
working with loﬁ yields. Aiso, percentage ylelds do not consider the
interactions among factors that influence yields. Barber (1970)

found that the average percent response +o appliéd K for Crops grown

in.rotation over an 18-year period to be: corn, 29%; soybeans 24%;
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wheat, 6%; and alfalfa, red clover, and bromegrass hay, 26%.

Multiple regression factors and yield predictive equations.

Before 1950; the effect of.only one -experimental variable was
studied in most field experiments, Dumeﬁil and Nelson (1948) empha-
sized that more detailéd inves£igations, such'és'factorial fertiiity
experimenﬁs were hecessary to provide information on interactions.
Cline (;944) emphasized that soil is not homogeneous, even within the
small area of é carefully sélected'site." In order to interpoldté and
extrapolaté research fesults from one soll to another and from various
soil-climate relationships, Voss and Pesek (1967) and Hanway (1971)
indicgted the need for quantitative measurement of variables on aﬁ
iﬁdividual plot baéis. This is the direction Collis—Geofgé and Davey
(1960) urged should be taken. They suggested that since the influence
of soil physical and micrometeorological factors is knowﬁ to be of
great significance in determining the biological response of plants,':
the time is now apprppriate to restrict the number of unrecorded, coh—
ventional field experimenﬁsl'and replace some of them with completely
instrumented experiments, Until complete descriptions of experiments
are avallable, the quantitative importance of environment.and its
interaction Wifh fertiliger and cultural practices cannot bé.determin— :
ed.

Although Collis-George and Davey may have been somewhat extreme
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in calling for completely instrumented experiments, their ideas are
timely even téday. Some variables in crop production can be quantita-
tively determined by observation. In the paét several years much more
emphasis has been given to estimating and utilizing plant growth vari-
ables in the field as an aid in determining a fertilizer prediciive
equatioh. Laird and Cady (1969) utilized applied nitrogen (N), total
soil N, previous crop, moisture, drought; depth of rootiﬁg, soil slope,
éoil textu?e, hail! blight, and weeds in their attempt to determine

a nitrogen requiremenf prédictive equation for corn. Jackson (1970)
reported predictions of winter wheat yields based on méasufement of
applied N, dvailable soil Nitrate-N, available soil water, éoil_tem—
perature; evapotraﬁspiration, growing season rainfall, and depth to
lime. Acéording to Véss,'Hanway, and Fuller (1970), variables for
which standard methbds and measurements can be utiliged, .are needed

to predict response.of corn to N, P, and X fertilizer. These - should
include soil sampling and analyses for the physical and chemicai pro-
perties, piant sampling and analyses, evaluation of weed and insect
damage, measurement of meteorologiéal factors, and e?aluatibn of past
cropping and other management factors. Including subsoil K éonfeﬁts

in multiple regression equations improﬁed the degree of correlation

- (Hanway, et al., 1962)-

More recently, research investigators have been experimenting

with methods for statistically evaluating these controlled and
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uncontrolled variables in relation to their influence on eérop yields.
Barber and Matthews (1962) found simple linear regression analysis of
yieid on exchangeable K or exchangeable plus'moderately—available K
accounted for only 16 and 27% respectively, of the variability in
yield response of corﬂ, wheat, cats, and potatoes to K fertilizer in
the field. Mu1£iple linear regression of yield on exchengeableAand
moderately available K accounted for an average of 37% of the'varia—
tion-in'crop response; but a:multiple quadratic regression of Log
(100 - percent yield) on exchangeable and moderately-available potas-
sium accounted for an average of 56% of the variability in Log(100 -
percent-yield); Multiple qﬁadraticlregression of absolute yield or
percentage yield‘on exchangeable and moderately-available K accpunted

for 46 and 50% respectively, of the variability in crop_response'to

K fertiliger.

Laird and Cady (1969) experimented with three regression proce- _
dures - stepwiée, backward elimination, and an approach based on agro-
nemic considerations, along with a full model multiple quadratic re-
gression to develop a.prediction equation for N on corn. Of these
four regfession methods, the stepwise and the agronomic were the best.
The:apprOach based on agronomic coneiderations predicﬁed'better than
the stepwise. Coefficients of determination for all models were in
the raﬁge of .79 to .82. These researchere provide an excellent dis-

cussion on multiple regression which should be required study for

e p—
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anyone contemplating this type of analysis. Voss, et al. (1970) dis-
cussed the necessity for this type of field experimeﬁtatibn, especially
on soils which rate "mediunm" or "high" in exchangeable K and igsponded
only slightiy or negativelf to appliéd K fertilimer. They suggested
methods of experimentation, interpreta£ion ahd pracfical épplications'
of yield prediction équations along with examples.

Soil tesf oo?relatiqn and calibration research has been conducted
for at least three-quarters of a century. Only recently has the com-
puter enabled us to extend this type of research to include more than

one or two plant growth factors and thus make calibration research’

more meaningful.




EXPERIMENTAL PROCEDURES

Field trials, 1973,

Barley, spring Wﬁeat, and corn K fertilizer tirials were conducted
in north central Montana by personnel from the Northern Montana Agri-
cﬁltural'Research Genter.l/ The experimental design was a pertially
raﬁdomized, three-block, stripped, split—plot; Berley and spring
wheat yields from the XK soil tesf study were taken from plots receiv-
ing 0; 40, .80, and 120 1b of K, and blanket applications of 40 and 44
ib:of N and P per acre, respectively. Soil samples from O to 6lend 6
to 1l2-inches were taken randomly throﬁghout'the experimental site and
composited to previde one representative sample for each‘depth. These
samplee were maintained in a mOisf condition. All of the yileld data
used in this soll test research were taken from plots Whieh had been
fertilized with K in the form ef KCl, except the control plots.

In north eastern Montana, three-block, split-plot experiments
were conducted by Montana Cooperative Extension Service persennel
from Bozeman; to stu&j time of fertiliger application on spring
wheat.g/ Yield daﬁe from the early ferti;izer applications were
;/ Houlton, H. 1973. Unpublished data. Northern Montana Agricul-

tural Research Center, Havre,
g/ Christensen, N. 1973. Unpublished data. Montana Cooperative

' Extension Servicei. Bozeman.

%
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utiliged for this soil test study. The K fertilizer treatments con-
sisted of 0, 10, and 35 1b of K and uniform applicatiéns of 60 1b of
ﬁ and 20 1b of P pér acre. Ten pounds of K were banded with the seed.
With the 35 1ﬁ K rate, 25 1b were broadcast prior to planting. Repre-
sentative soil samples from fhe 0 td 6 and 6 to 12-inch depth were
collected and held in a moist céndition.

‘The effects of added K on sugarbeets grown in the Yellowstone
Valley of south central and eastern Montana, were studied by.personnel
from the Southerng/and EasternLp Montana Agricultural Research Centers,
respecfiVely. A1l experiments were designed in a randomized, complete-
block., The eastern expériments included three replicatiéns while six
ﬁere used in the southern station experiments.u Representative soil
saﬁples were taken at depths of 0 to 6 and 6 to 12-inches from each
site and analyzed moist. Additional deep soil samples were taken at
12 to 24, 24 to 36, and 36 to 48—inéhes, but their K content was not
allowed to enter the regressions. Analysis revealed that the K con-
tent with depth ﬁaé similar to that of the 6 to 12-inch depfh. This

should hdve been expé§ted due to the alluvial origin of these soils,

3/ Baldridge, D. 1973. Unpublished data. Southern Montana Agricul-
tural Research Center. Huntley. '

Q/ Hartman, G, 1973. Unpubliéhed data. Fastern Montana Agricultural
-Researgh Center. Sidney. L
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These samples were taken by blocks in southefn‘Montana, so that sam- .'
ples from blocks 1 and 2, 3 and 4, and 5 and 6 from each site could

Be composited. Each of the three composited samples was handled as

a separdte experimental site. One additional experiment of similar
design at Huntley, Montana was sampled and harvested as six individual
experiments. Fertilizer treatments in eastern Montana were uniform
additions of 110 1B.of N, 75 1b of P;Sand‘rates of XK .equal to 0, 125,
or 250 1b per écre.'.Fertilizer fréatments on the south central Mon-
tana sites consisted of blanket application oflloo 1b of N and 50 1b

of P with K at iates

kY

of 0 or 80 1b per acre. On the one large site
at Huntléy, 100 1b each of N apd:P and d-or iOO 1b of K per acre -
were applied. . |
Winter and spring wheat and barley éxperiments were éonducted
throughout Monténa,'east of the continental divide, by Montana Agri-
cultural Experiment Station personnel located in Bozemaﬁ.é/ The
experimental design was partially randomized, complete bloék with
three xeplications and two possible diréections fox analyzing block
éffects; Potassium fertiliver rates wére'O, 20, 40, 80, or 120 1b
along with 40 1b of N and 50 1b of P pér acre. Representative soil

samples were taken at O to 6.aﬁd;6 to 12-inch depths and kept moist

j/ Skogley, E. 1973. ﬁhpublishéd data. Montana Agficultural Exper-
iment ‘Station.. Bozeman. ' .
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for K analysis. Rainfall, pan evaporation, and soil temperature
readings at 50 cm were taken at weekly intervals. In addition, plant
available soil watér determinations were made on one foot increment

samples to the depth of the root zone.

Field trials, 1967 through 1971.

Attempts to improve the K soll test were begun on an initial set
of soil samples énd:yield data collected from selected Montana
Agricultural Experiﬁent Statiolé/ and Gooperati?é Extension Ser&iceZ/
research trials conducted over a period of eight years. The soil
samples from these selected sites w;re taken from the 0 to 6 and 6 +to
12-inch depths and had been stored dry for varying periods up to six
years. These winter wheat sites héd been fertilized with either 40
1b of N, 40 1b of P and 0, 25, or 100 1b of K per acre, or with 40 1b
of N, 20 1b of P, aﬁd 0 or 25 1b of X per acré. The ekXperimental

design for these sites was a randomized éomplete block with three

replications of each treatment.

§/ Sims, J. and E. Skogley. 1971. Unpublished data., Montana Agri-
cultural Experiment Station. Bozeman.

7/ Smith, C. 1967 through 1971, Unpublished data. Montana Coopera-
tive Extension Service. Bozeman.
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Soll characterization.

The individual research pérsonnel requéstéd that nitrafe—hitrogeh
tests be done on all depth samples, including depths they'took below
18 or 24-inches. A portion of each moist sémple submitted for K |
analysis Wasiair diied at room temperature and anéljéed'fpr fertility
by the routine soii test methods: used by the Montana State University
soil testing lab. Where N and P nay h?vé begn limiting, a corrective
blanket application of these nutrient elements was applied along with
the K fertilizer. Eléc%rical conductivity and pH determinations were
made in g 2:1 waterisoil sﬁspéﬁsion Wﬁich had settled for L hour fol-
lowing stifring. Tﬁe pH eléctrodeé were placed into the sédiment.g/
Nitrate-N was determined by the phenol 2, 4-disulfonic acid method
médified fromlJackson (1958) by extraction of soil nitrate with a-sat-
urated calcium sulfate solutién.coniaining siiver'sulfate to remove
chlofides. Phosphofﬁs'Was determinéd by the méthod 6f Smith, Ellis,

“and Grava-(1957). This is a modified Bfay No. 1 extrécﬁion using 50
"ml of éolution of one g of.sdil. Calcium, Mg, K, and Na were deter- -
.mined by N'NHuQAc extraction using 2.5 g of soil to 50.ml 6f solution
and shﬁking for 30 mih, followed bylanalysis with a.Model 290-B Perkiﬁ—
Elmer atqmic absorption spectrophotométer. | '

!

§/ Klages, M.G.,, unpublished data, Montaha State Uniwersity,
Bozemanﬂ o : . :
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The soil samples used directly in the X so0il test research were
analized for CEC by the method of Bower, Reitemeier, and Fireman
(1952). Organic matter determinations were done by the Walkle}—Black
method as modifiéd by Sims and Haby (1971). Percent sand, silt, and
clay analysis was doné by the Bouyoucos hydrometer method using modi-
fications suggested by Kilmer and Alexander (1949), specifically,
addition éf 10.m1 of N sodium héxametaphosphate to the soil-water mix-
ture followed by stirring,.then allowing dispersion to occur for 15

hours prior to homogenization and analysis.

Precipitation.

Where recorded, -rainfall was measured with'a Tru—Ghekg/ Acéuracy
rain gauge af ddily or approximately weekly intervals. Evaporation
from the raln gauge was prevented by placing a layer of mineral oil

(approximately i'cm thick) on top of 0.15 inches of water.

Pan evaporation.

At many locations measuremeﬁts of evaporated water were taken
at approximatély Weekly intervals by the method of Sims and Jackson

(1971).

9/ Edwards Mfg. Co., Albert.Lea, Minnesota.
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Soil temperature.

Soil temperature was measured each time precipitation and eva-
porétion were determined. Temperature was measured with a Wesson dial
thermometer with an'eight inch stem which was inserted -into the side

of a freshly opened pit at the 50 cm depth.

Soil moisture.

The soll water cgﬁtént of Sémples from ‘each location where
measured was detérmiﬁed gravimetrically and based on the oven-dry
weight (60C for 48‘hours). Samples were taken in the spring, pridr
to broadéasting N fertilizef, and again in the summer at harvest
time. Plant évailable water in these soils at the initiation of each
experimen£, was determinéd by.subtr;cting the percent water in the
fall samples from that in the spring samples, then multiplying this
difference by thé depth in'incﬁes (Cole and Matthews, 1954). Theore-
tically, under dry land cohditions, the plant roots had reduced the

moisture levels to what they were at harvest time. This should be a

better estimate of the wilting point than the 15 bar 1éboratory detex-

mination, provided no rain was received on these sités for at least
three weeks prior to cfop maturity. |

Cautiop must be exercised when interpfeting effects of précipi—
tatlion, pan evaporation, soil téﬁperaiure, and soil moistﬁre on'-crop

‘production.>.The earlisst recorded meaSurement‘of these faétors wa.s
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May 15. Thus the climatic variables for the first 2 to 4 weeks of

the growing season were not included.

Experimental soil extraction procedures for potassium.

The experimental sites, from which the 1967 through 1971 soil
samples were takeh, were carefully éeleéted from all the Extension
Service and Experiment Station research sites for those years. The
'selection criteria were based on these factoré: (1) A coefficient of
-variation of approkimately 10 or less for a given experiment, (2)
Uniform dafa for a treatment across réplications, i.e., the yield
from‘eadh repliéation of a treatment must be within 10% of the mean
yield; this may evén be too liberal, (3) A consistant yield pattern
due to ‘increasing K rates in all Eeplications. The X rate selected
was that one which put crop-yield Just below the leveling off point
of a response curve, and (4) no severe limitations to crop growth
based on'fhe judgeﬁent of the researcher involved.

This initiai‘series of soil samplés was analyzed by several
extraétioﬁ methods which would be convenient for routine soil test
methods., All fotassium analyses were aone on a Model 290-B Perkin-
Elmer atomic absorption spectraphotometer at a wave length of 766.5
nm and a 2 nm slit setting. The analyzed solution contained 0.5%
.strontium in‘the chloriae form for interference suppression. Calcium,

Mg, and Na were analyzed in extracts at héz.?, 285.2, and 589.0 nm,

T
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respectively.

Saturated paste extraction. Approximatély 100 g of each soil

sample were saturated with water and extracted accordlng to the proce—

dure outllned in the USDA Agrlcultural Handbook 60 (1954) Free ener-

gies of exchange were calculated as described by Woodzruff (1955a) .
Since the molar éoncéntrations of Ca, Mg, K, and Na were less than
0.0l; concentration of each element wﬁs used in lieu of calculating
ionic actifity (Morris, 1968). Tﬁe following ratios were computed .
énd multiplied by 1364 to obtain free energies of exchanée: (D)
[K]/Eca]%, (2).[Kj/[Ca+Mg]%, and (3) [K]/EMg]%. ‘Percentage yield'
increase | (treatment yield-check yield/check yield) x 100] was regress-
ed over K applied aﬁd free energy of exchange. 8Single analysis was
done on each.sample. | |

Yeast cell ‘extraction technique. Based on results of experiments

by Leggett, Olsen,'and Spangler (1962), yeast cells were tried as a

soil X extraction method. A technigque was devised whereby 2 g of -

'soil,were placed into an extraction thimbleig/-whiéh was, then

stopﬁered with a No. 000 rubber stopper.

__/ .8-31655, Whatman, paper, single thickness, Sargent-Welsch
' Scientific: Company, 4040 Dahlla Street, P.O. Box 7196, Denver,
Coldrado 8020?
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This system was placed into a 160 ml pquethylene beaker and a 10 ml
aliquot of yeasf cell suspension and L0 ml. of nutrien% solution were
added. This éystem was placed on a'cenﬁrifugal shakerl;/ at 150
cycles . per min for 15 hours. The .soil-thimble was removed and the
cells centrifpged. After decaﬁting the supernatent s&lution the cells
were dissolved by addition of Soluene—lOOig/ (Jackson, Michael, ana
Schumacher, 1972) in preparation for K analysis. A complete descrip-
tion of the cell culture method is dn Appendix table 1.

A seéarate experiment wasvconstructed to determine the uptake

of K by yeast cells; Forty_ml of solutions containing 0, 20, 40, 60,

‘ 80, and 100 mg of K as KGl per liter were pldced into separate test

tubes followed by addition of 10 ml of purified yeast cells. These

suépehsions were equllibrated 15 hours on the shaker at 150.cycles

per min, éentrifuged, énd the sﬁpernateht analyzed for XK.

Equilibrium éxtradtién with a dilute potassium solution. In

recent years attempts have beén made by researchers to use a dilute
solution of a particular element to estimate the quantity and inten-
sity of that element in soils (Baker, 1971). This idea appedred to

have merit. Fifty ml of a solutioh containing 0.0179 g of KC1 per A

Cliter weré added to 2.5 g.of soil in a 160 ml‘beéker, and ‘equilibrated

11/ Erbach Corpération, Ann Arbor, Michigan.

12/ Packard Chemical Company, Downers Grove, I1l. 60515.




59
by shaking at 250 éycles per min for 4 hour. These samples remained
cloudy following filtration through Whatman No. 1 paper. Fach fil£rate
was centrifuged énd 4 ml of sypernatant liquid were added to 4 ml of
1% Sr (as Cl1) solution prior to analysis. The original KC1 solution.
was aﬁaljzed for its content of Ca, Mg, K, and Na. The conc of.each
of theée ions in sb1ution foliowing equilibraﬁion was utilized to
conpute free eﬁefgy of exchange by the same equations aé used in the
saturated paste extraction, along with these: (1)'[Kj/[0a+Mg]%+[Na],
(2) [K]/[[Ga+Mg]/2]%, and [K]/E[05+Mg]/2]%+[Na]. Percentdge yield
increase was regfeésed over K applied and ppm k in solution or free
energy. Gorreiations were made to determine the relations among the
computed frée energ& values. Duplicate analyses were done on each

soll sample.

Fquilibrium extraction with a dilute solution of Ca, Mg, and X.

Baker (1971) proposed the equilibration of soils with dilute Ca, Mg
and K soiﬁtions as'a good method to use for predicting the K fertiliger
réquiremenfs of  soils for optiﬁum'crop production. The seventeén 0 to
6 and 6 to 12-inch depth, dry séil samples from the 1967 to l97i sites
were extracted with a‘dilute cation 'solution according to Baker's
(1971) suggested procedure. Five g of'édil were weighed-ihto extrac-

tion Beakers and 50 ml of a solution containing 2;4 X 10_4 moles of _

. _ K -l
. KC1, 9.6 x 10 b moles of MgClZ.6H20, b8 x 10 moles of CaCl..2H.0 and

272
5 x 10—@'moles of'CaOAc'were added. Samples were equilibrated for '
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15 hours on the shaker at 150 cycles per minute. Then, following a 1

min shaking at 250 cycles per min, the suspension was filtered through

Whatman No, 1 paper. All filtrates were clear. An aliquot of filtrate

was mixed 1:1 with 1% Sr solution and analyzed for Ca, Mg, K, and Na.
The concentration of each ion in solution was used to compute free
energy of exchange by Woodruff's (l95§a) method using the ratios
[K]/[Ca]%, [K]/[Ca+Mg]%, and [K]/[Mg]%l Percentage yield increase‘was
regressed over K applied and ppm X in solution or free energy computed
from the above ratioé. Duplicate ahalyses were -done on each soil
sample.,

Soil extraction with sodium bicarbonate. Sodium bicarbonate

(NaHCOB, 0.5"M) is commonly used as a phosphorus extracting solution
in many western soll testing laboratories. Several western U.S. soil
(ﬁesting laboratories analyze K in this same extract. This -was thought
to be a convenient, time saving technique and thus was {fied as a X
extraction solution. Howevér; this procedure waé fuled.impractical
due to equipment 1imi£ations and solution préblems'encountered. The
Perkin—Elmer 290B atomic absorption spectrophotometer developed a
very unstéble signal when the sodium bicarbonate extrac£ was burned
in the flamé. Strontium chloride, hormally added to suppress chemicai
interference in the N NHMOAC solution, forms an insoluble precipitate
of Si‘GO3 when‘addéd to NaHGOj. An att;mpt will be made to overcome

these problems later.

T
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Soil extraction with ammonium acetate. The most‘commdnly.used

procedure for extraction of "plant available” soil K in the United
States is the 1 N NHMOAC (pH 7) extraction solution. This procedure
is currently uéed in the Montana State University soil testing labora-
tory and has been modified'from that devised by Volk and Truog in 1934.
In this reseafch NHAOAC will be usea as a standard of feference
against which oﬁher extraction procedures will be evaluated.

This procedure involves extraction of 2.5.g of soil-with 50 ml of
neutral, N NquAc for % hour at 250 cycles per minute. The suspensions
are filtered, diluted 1:1 with 1% Sr solution.and analyzed for K.
Percentage yield inérease was regressed over applied K and ppm K in
the soil, calculated from ppm K in solution times 40. Duplicate

analyses were made on each soil sample,

Soil extraction with hydrogen saturated ethylene diamine tetra-

acetic acid, (HEDTA). A simple extraction procedure uﬁilizing HEDTA
aé used. by Olsen (In press, 1975) was tried for extracting X. Theore-
tically, the pH of this chelate in s water system should approximate
the pH in the immediate vicinity of the plant roots in soil, thus
extracting equivalent amounts of plant nutrients from the soil. The
water-HEDTA pH was 3.32. Two and one-half g of s0il were weighed into
a l60 ml polyethylene ﬁeaker followed by 0.15.g of HEDTA crystals and
50 ml of distilled water. This extraction was conducted at 150 cycles

per minute for 15 hours. The suspensions were filtered thfough
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Whatman No. 1 paper. The extract was diluted 1:1 with 1% Sr and’
analyzed for K. .If the filtrate remained cloudy it was-refiltered
through the same paper to produqe a clear solution. Percgntage yield
ipcrease‘was regfessed over pounds of fertilizér X apflied and ppm K
extracted from the soils by this procedure. A single analyéis was
dohe on each soil sample.

Soil extraction with diethylene triamine pentéacetic acid,

triethanolamine (DTPA). Diethylene triamine pentaacetic acid,

triethanolamine (Lindsay and Norvell, 1969) is presently used for
extraction of iron, zinc, copper, and manganese in the soil testing
laboratory aﬁ Montana ‘State University. This experiment was done to
determine the feasibility of using DTPA for K extraction. The DTPA
solution was prepared by the following procedure. Eight hundred ml of
distille@—deionized water were plaéed into a liter volumetric flask.
Into this water was adde@ 5.78 nl of DTPA (Versenex 80)l§/, 1325 ml
of triethanolamine, and i.47 g of calcium chloride; followed by
swirling to mix each compoundlaffer it wasvaddedf This was féllowed
by addition of approximately 6.75 ml of conc HC1 to reduce the.pH to
7.3. The solution was brought to volume with distilled-delonized |

water.

13/ .Trade name of Fisher Scientific Compény,.Chicago,-Illinois.

TR T
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fwenty ml of DTPA solution were added to ten g of soil in a.160
ml polyethylene beaker. The suspension was Shakén fo; 2 hours at 250
cycles per minute, filtered through Whatman No. 40 paper, diluted i:l
with 1% Sr and analyzed for K. Percentaée yield ihcrease was regresged
over pounds of applied X and ppm K in the surfacg 6—inchfand 6 to 12—'
inch depth’of soil. A single analysis was done on each sample. ’

Initial research.on selected soil samples from the 1973 st;te—wide
K research sites was designed to determine if there Wéuld be any
difference in fhe N NHMOAC extractable Ca, Mg, K, or Na in soils which
were air dfied compared to field moist, dried at 60 C and ground to
pass a 20-mesh screen compared to 60 C oven dried but unground soiis,
or to 20-mesh samples dried at 60 C and rehydrated to 40% moisture
imﬁediately prior to extraction. |

Rehydration study. Ten soils, each with 0 t0 6 and 6 to 12-inch

depth samples were selected for this rehydration study tO'determiné if
samples which had been air dried or dried at 60 C could be reverted to
their original field moist K status. Five g samples of aii dried soiié
‘were weighed-into a series of 7 plastic, snap.cap vials and 2 ml of

distilled HZO‘werg_added to each. The vials were capped and stored in
a cool dark'cébinet. Each week, one vial of each soii was removed aﬁd
anaiyzed for moist soil K content by extrgctihg approximately 2.5 g of

s0il with 50 ml of N NHﬁbAc. Percentage mdistuie content was deter-

mined gravimetrically based on drying at 105‘C.for 15 hours.
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Statistical analyses included regressions of rehydration time versus
moist soil K and peréentage moisture. Paired t-tests were also made.

A second study was designed to determine the effect of rehydra-
tioﬁ.followed by freezing, thawing, and air drying on N NH) 0Ac extract-
able X. Five g of the 0 to 6-inch depth of the air dried soils used
in the previous rehydration study were weighed into 10 vials. Each
vial received 2 ml of distilled HZO' All vials were.frozen at -29 C
for 15 hours. Two vlials of each soll were uncapped and allowed to
dry at room temper;ture immediately following removal from the freezer.
Two additional vials of each goil were uncapped at 12, 24, 36, and 48
hours following removal from the freezmer. Moisture content and N
NH OAc extractable K were determined on these samples aftef the appro-
priate drying inter&als. Averages of the duplicate analyses were
taken and correlations of'percentage moisture in the soil at the time
of analysis-versus extractable K were calculated. Paired t-tests were
computed comparing the treated soil K content with the original field
moist soil K content.

The soil samples collected from research sites in.1973 were
analyzed moist, aﬁd again after they were air dried, by two techniques

employing cgtibn exchange resin, by the N NH4OAC procedure, and Baker's

technique (1971) as used on the 1967 through 1971 samples.
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Regin-thimble soil extraction technique for K. Dowex 50x8—50l§{

20 to 50-mesh, &% cross-linked and having a CEC of 1.7 meg per ml on
a wet volume basis was used for this procedure. Ten pounds of the
resin were air evacuated under water in a vacuum deséicator, theﬁ '
placed 1in a leaching célumn and leached with 0.05 N HCL. All traces
of chloride were removed by ieaching with distilled, deionigzed water.
The Whatman extiaction_thimbles were constructed of single thickness
cellulose with dimensions of 10 x 50 mm.

Approximately 2 g of soil were welghed into fhe thimble which
was then sealed with a No. 000 rubber stopper and put into a 160 ml
polyefhylene beaker. Approximately 5.3 g of wet cation resin (64.81%
w/w HZOj were measured into ‘each beaker, followed by 50 ml of distilled,
deionized water.. The beaker was capped and the soils were equilibrated
with the fesin for 15 hours at 150 cycles per minuté on the ‘shaker.
Following extraction, the thimble with sqil was discarded leaving the
resin in the clear water, which was decanted and aspirated out of the
beaker by use 6f a pipet tip covered’with cheese cloth; The resin was
extraqted by shaking at 256 cpm for 30 min'with 50 ml of N NHaoAc
" spiked with 0.5% Sr. Af£ef'the resin had séttled to the bottom of
the beaker (immediately) the clear supérnatant was analyzed directly

for Ca, Mg, and X, Acetate and NHZ are volatile in the alr-acetylene

14/ Sigma Chemical Co., St. Louis, Missouri. Lot # 81C-~0390.
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flame, leaving no salt residue in the burner slit.

In the initial trilal of this resin technique the equilibiating
water medium was analyzed and found to contain no more than 0.7 ppm
K .and nd Ca or Mg. Duplicate analyses were done on each of the 1973
and 1967 through 1971 site soil samples. o

An evaluation of the resin-thimble soil extraction technique for
precision was done on three soils having different textural classifi-
cations, three screen fractions of each soil, six extraction time
periods and three reélications of each treatmgnt. The percentage
sand,_silﬂ, clay;.and CRC of each soil 1s shown in table 2. Each soil
was screened to produce three particle siges, 1 to 2, 0.5 to 1, and
< 0.5 mm. The extraction tine periods were 2, 4, 8, 16, 32, and.6@—

hours.

Table 2. Soil textures used for evaluation of resin procedures.

Textural Sand = Silt Clay c. E. C.
Clagsification % % - - % meq/100 g
Clay . . . 12.86 36.57 50,57 30.6k4
Clay loam .  28.86  L2.57 28.57 19.36
Sandy loam - 71.44 12.00 16.56 11.88

Resin equilibration-ammonium acetate extraction of soil K. Bar-

ber and Matthews (1962) devised a procedure whereby the soil and a .
strongly acidic, 'éation -exchange resin are combined in a water solu-

tion and equilibrated for 48 hours. This mixture was thén extracted
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with 10 ml of NH),OAc (1g NH, 0Ac per ml) and leached with 200 ml of

neutral normal NH40A07 A duplicate sample of the soil was extracted
and leached with the same concentrations of NHMOAC. The difference

between ﬁbe K extracted by resin—NHAOAc and that extracted by NHMOAC
alone was considered moderately available soil K. A modification of
.this procedure which would’bé suitable for routine soll analysis was
developed and tried on the 1973 field trial soil samﬁles.

A determination of the amount of resin to use was made by means
of the following‘experiment. Ten, 2 g samples Pf each soll described
in Table 2 were weighed into extraction'beakers held in racks (10 per
rack) . The'beakers in each rack were grouped by two so that one g of
resin was added to‘the first two beakers, two g into the second two
beakers, etc., to five g in the last two beakers of each rack.

Twenty ml of distilled, delonized water were added to each beaker.

The samples were equilibrated by shaking at 250 cycles per minute for
16 hours. Thirty ml of 1.67 N‘NHQOAC were added to each sample follow-
ed by extraction at 250 cycles per min for 30 min, The suspension

was filtered into 250 ml volumetric flasks. The soil—iesin sediment
was extracted 4 times with 50 ml of N NquAc, each suspension being
filtered through the sediment on the filter paper, into the‘250 ml
volumetric flask. Each solution was diluted to a volume of é50 ml.
Aliquots of each solution were diluted i;llwith one percent Sr in N

NH40AC and analyzed for K.
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The second step toward adapting Barber and Métthew's (19625 pro- -
cedure to routine soil analysis involved the determination of extrac-
tion time. This experiment was designed io take advaﬁtage of the same
soils (Table 2), soil fractions, and extraction times as wtilized in
the precision expériment for the resin-thimble procedure. Triplicate,
two g samples of each fraction of each soil were welghed into racked,
extraction ﬁeakeré. These three racks of soil samples were equili-
brated with resin forlzlhours. Similar distxibu£ions'of theée soil
fractions were made into additional éxtraction beakers for extraction
times of 4, 8, 16, 32, and 64 hours. Two'g of dry Dowex 50x8-50 resin
were added to each beaker followed by 10 ml of distilled, deionized
water. These sémplés were equilibrated with the resin by shaking at
250 cycles per minute for the requiréd iime intervals, after which
40 ml of 1.25 N NHQCA@ were @d@@d and @xtia@ti@n eontinued for & heur.
These suspensions were filtewed through Whatman Ne. 1 paper. An
allquet of this extraet was diluted 1:1 with 1% Sz and analyzed For X,
Each beaker was capped during th@'r@@in equilibration time, A2 g
sample of @aéh fragtion of each sell was extraected by N NHQGA@ alene
and the amount of K extracted was considered the K vemeved at time
Zerao, '

The 1973 field trial soil samples weze analyzed as follews, Twe

g of soll were equilibrated with 2 g of resin im 10 ml of H,0 fer 16

2
hours, then extracted with 40 nl of 1.25 N WH)OAc for % heur, These
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suspensions were filtered, an aliquot was diluted 1:1 with 1% Sr, and
analyzed for X.

‘These same sgmples were analyzed by the N NHQOAc;extraction
procedure described earlier. Extractable X by this method was con-
sidered as time zero for the resin equilibration-ammonium acetate
extraction procedure.

Percentage potassium saturation of the cation exchange capacity.

Thé percentage K saturation was computed based on moist soil, N NHbOAc
extractable K and soil CEC (pH 8.2), by the equation: 100 x (meg K/

100 g)/(CEC in meq/100 g).

Data analyses. Stepwise multiple regression aﬁdlyses (Dixon, 1970)
of (1) potential yield and (2) check yield, bu/acre, and (3) fertiliger
rate in lb/acre vs. indigenous soil X extracted by the.various soil
test methods, and other soil and climatic factors, weré performed on
fhe 1973 field trial data., Multiple linear regressioﬁs of percentage
yield respoﬁse vs. soil test K were run on the 1967 through 1971
soi1 test K values by Lund's (1972) regression program. The computa-
tions preparing the data for the computer were done with the aid of a
Monroe 1766 programmable calculator. The statistical coﬁpﬁtations
were made ‘'on the XDS Sigma 7 computer in the Montana State Univeréity
Computing Center. The regression analyses and partial regression
coefficlents were tested by the methods of Snedecor and Cochran (1967);‘

The partial regreésion coefficients were tested by the t-test, while




70

. a standard F-test was used for the.regression equations.




RESULTS AND INTERPRETATIONS

Soll particle size and moisture relations.

Initial data were needed to determine the effect of soil sample
treatment on cation release characteristics of Montana soils. ZEight-
een selected samples were analyzed by N NHjOAc extract;on for Ca, Mg,
K, and Na after the following treatmenté: (1) field—moist; (2) air-
dried at 25 C and ground to péss a 20-mesh screen; (3) oven-dried at
60 C and ground fo pass a 20-mesh screen; (4) oven-dried at 60 C and
unground; and (5) oven-dried at 60 C, ground to pass a 20-mesh screen,
and rehydrated té L0% water for 15 hours. Correlation analyses were
performed on the 0 to 6 and 6 to 12-inch depth, fiéld—ﬁoist soil K
versus air-dried soil X and on field moist soil X versus oven-dried
'soil.K. Graphs of these data. are shown in.Fig. 13and'2; respectively.
The resulté illustrate that there was a tremendous releése'of K from
the soll upon drying when the field-moist soil exchangeable K content
was near 100 ppm.

In some soils there was greater than a 100% increase in exchange—
able K on drying. Greater concentrations of K were peleased as.the
drying temperature was increased from 25 to 60 C. The results of
research by Attoe (1947) and others agrée Wi£h this finding. Further
scruﬁiny of Figures 1 and 2 reveals that as the moist soil eichangeable
X conéentration incrédased, the percentage increase in exchangeable K

 content of the dried soils was lowered. At 420 ppm K in the air-dried
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and 500 ppm K in ihe oven-dried soils the K content of the fidld-moist
sémples equaled that of the dried counterparts. Drying soils which
had fiel@—moist exchangeabie K concentrations greater than these equi-.
valence concentrations tended to effect fixation of éxchangeable K.
The ‘work of Bray and DeTurk (1938) and others is in accord with these
results. The fact that the equivalence point was at a higher concen-
tration with oven-dried than with air-dried samples indicated that
the siopes of these graphs were probably different. This was verified
by the single degree of freedom F test, at the .01 probability level.
The slope of Figure 2 is greater than that.of Figure 1, and indicates
tﬁat more severe drying temperatures caused greater release of K from
these soils.

In Figure 1 the points which represent the 6 to 12-inch deep soils
.appear to have a greater slope than that for the combination of both
~depths or for the 0 to 6-inch depth separately. Separate correlations

by individual depths revealed the slope for the 6 to 12-inch depth
soils was .91 compared to .?9 for the 0 to 6;inch depth sampleé. This
suggests that the larger amount of clay in the 6 to 12-inch depth re-
leases a greater concentration of K on drying. —

Scott, et al. (1957) postulated that release of K on drying soils

at 110 C or below may be due to an exéhange of other ioﬁs for the fixed
K during the d;ying process. I believe that the release of K from clay

on drying may be due to the degree of edge separation or diétortion of
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the individual clay layers. The more severe the desiccation, the
greater the separation and the larger the-concenfration of X which is
exposed to exchange processes. Clays which fix or maintain a constant
level of exchangeable K on drying, may contain sufficient quantities
of this element to provide adequate bonding to hold the clay'layers
together, or even cause them to collapse tighter on drying.

Analytical results for the four cations with the five_different
. s0il treatments are presented in appendix Table 2. Table 3 presents
results of paired t tests performed oﬁ the data in appendix Table 2.
By this test theré was no significant difference between the means of
exchangeable K in field moist vs. air dried soils, or in 60 C dried
soils ground finer than 20 mesh vs. unground soils from the surface
6-inch depth. Drying and grinding caused significant increases (p =
.05) in exchangeable K in tﬁe 6 to 12-inch depth when compared to the
field moist K content. Rehydration for 15 hours at 40% water appeared
to have little effect on exchangeable soil K (Appendix.Table 2).

The paired t test revealed some significant mean differences by
'sample treatment for Ca, Mg, and Na. .However, the t test is a liberal
test which will indicate differences when a more conser#ati?e multiple
compariéon method may not. The Newman-Keuls test (Snedeéor and Cochran,
1967) was conducted on all comparisons which were found to be signifi-
.cant by the paired £ tgst. By this test there were no significanf

differences between Ca or Mg levels at either depth for any sample
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Table 3. Statistical analysis (paired t) of cations in soils analyzed (1) field moist, (2) air
dried, < 20-mesh, (3) oven dried (60 C), < 20-mesh, (%) oven dried (60 C) unground, and (5) oven
dried (60 G), < 20-mesh and rehydrated for 15 hours at 40% water. .

Potassium Calcium
Correlation ‘ Depth 1Y Sa 2 4 Y 53 i 3 Sa & ot sd
Field Moist 0-6 -5.89 26,12 17 . -.96 6,16 2.08 1.75 16 4.90% 0.42
Alr Biy k25 b). 6-12 -71.94 24.68‘ 17 -12,36% 5.82 2.61 4.08 15 2.56* 1.02
Alr Dry 0-6 -16.33 23,46 17 -2.95% 5.53 -0.81 1.47 16 -2,28% .36

vs
60 C dried, < 20 mesh 6-12 -15,50 12,34 17 -5.33*% 6.21 -2,12 1,75 13 -h,54% L7
60 C dried, < 20 mesh 0-6 10,29 25.62 16 1.66 6.21 .20 1.37 15 .58 34

vs .
60 G dried, unground 6-12 17.50 10.79 17 6.88% 2,54 .41 1,72 13 .90 A6
Field Moist- ' 0-6 -32.56 17.17 17 -8.,04% 4,05 3.22 7.08 16 1,88 1,72
vs

60 C dried, < 20 mesh, 6-12 -77.17 29.29 17 -11.18% 6.90 21 2,82 13 27 75
K% water ‘

Field Moist 0-6 =22.22 34.04 17 -2.77% 8.02 1.27 .93 16 5.65% .22

60 cTS< 20 mesh © o612 —87.44‘ 28,01 - 17 -34.24* 6.60 -.60 3.10 13 -.73 .83
R ' . Magnesium Sodium

Correlation Depth & S af t ] d sa af ot Sd

Field Moist 0-6 .78 .50 17 6.65% .12 .22 .20 17  hL.76% .05

Alr ;iy (25 €) 6-12 1.37 .54 17 10.82* .13 .15 .15 17  4,15% SOk

Alr Szy. ‘ 0-6 -5 A1 17 W72 10 -.26 10 17 -11.72% .02

60-C dried, < 20 mesh 6-12 -,77 .27 17 -12.0l% .06 -.24 A3 17 -5.66%  ,03
60 C dried, < 20 mesh 0-6 .08 .18 16 1.89 04 .02 .06 16 1.03 .02

vs
60 C dried, unground 6-12 .11 .21 17 2.21% .05 .03 ,08 17 1.55 .02
Field Moist - 0-6 -,08 .21'-17 -1,69 05 .30 .19 17 6.61% .05
vs :

60 C dried, < 20 mesh 6-12 ~.02 .50 17 -.16 12 .25 .08 17 13.93% ,02
40% water . '

Fleld Moist 0-6 33 .24 17 5.88* 06

b .17 17 1.01 .0k
vs ”
60 C, < 20 mesh 6-12 .60 .50 17 5.11* .12 ~.09 .10 17 -3.73% .02

1/ Sample mean difference

2/ Standard deviation of differences
3/ Degrees of freedom

4/ d/s3

5/ Standard error of mean differences
* Sign, p is 0.05 or ‘better
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treatment. Comparisons were not made on Na. There was no significant
difference in extractable K content of the 0 to 6-inch depth from any
" treatment. There were significant mean differences (p = .05) in the
6 to lz—inch depth between field moist versus oven dried soil K, fiéld
moist versus air dried soil X, field.moist soil X versus K in oven
dried, unground soils, and fileld moist soian versus K in oven dried,
ground and rehydrated soils. The existence of significant mean dif-
ferences in the 6 to 12-inch but not in the 0 to 6-inch depth was
probabl& the result of clay accumulation in the 6 to 12-inch depth.

An initial rehydration study was made to deterﬁ;ne the K fixation

properties of the 0 to 6 and 6 to 12-inch depths of ten selected soils.
One set of subéamples was air dried (25 C) and another set was oven
dried (60 C) prior to rehydration. Potassium determinations were
made at weekly intervals on the moist samples., This was initially
designed to be a time of rehydration study, but due to evaporation
from the plastic snaé—cap vials, some moisture was lost from the
samples. Table 4 displays results of multiple regression analyses of
the dependent variable‘(field moist soil X)/(X at given moisture),
(Yl) Versus percentage moisture (Xl) in soils at the time the analyses .
‘were made, rehydration time in weeks (X5,), and ppm K measured (Xj) in
these 0 to 6-inch depth samples at the specified moisture and rehydra-
tion time. The percentage moisture in soils at the time of analysis

had a highly significant relationship with Yl in all regressions. The




Table 4. Multiple regression of rehydrated samples to determine the effect of percernta.ge soil moisture (X1),

rehydration time in weeks {X2), and ppm X measured (X3) on (field moist K)/(K at given moisture) (Y1). Data
-represent 0 to 6-inch soil depths.

. o Standard Signif. Signif.
V?.riables Part. -Reg. Error of Comp, Inter- 2 Std.. F Reg. Resid. F t
(indep.) Mean Gorr. Coeff. Reg.Coeff. t cept R Brror Value df af .01 .01

X 23.37 -.607 - -.00¥1  .00069 -5.96 .987 .368 .068 35.5%5 1 61 7.08 2.66
X,. 5.0 26 017 0045 3.67 .825 .181 .072 13.50 1 61  7.08  2.66
Xy 415 .37%  .00025 .00008 3.15..788 .40 .074 9.9 1 €l 7.08 2.66
2.5 23.37 -.497 -.0053 .0012 -4.43 1.05 .383 .063 1B.63 2 60 4,98 2.66
X, "h.0 -.15% -.,0083  .0069 -l.21

X '23.37 -.701L -.0084  .00058 -7.61 0.87 .52 .053 38.50 2 60 4,98 2.66
Xy 415 554 .0003  .00006 -5.16

X, 4.0  .517 .019 .00k 4,68 0.69 .370 ~.06% '17.59 2 60 4,98 2.66
Xy 415 480  .0029  .00007 book ’

X 23.37 -.563 -.0053 .00l -5.2% 0.92 .570 .053 26.03 3 59 4.13 2.66
X, b0 -.132 -.0060 .0058 -1.02

X5 s 550" -.00029 .00006 ° 5.06

84
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‘same was true fqr measured K, but this should have been expected, as K
measured was a Tactor in qomputing tﬁe dependent &ariable. When rehy-
dration time was regressed singly it also had a highly significant re-

lationship with Y., but when included in a multiple regression this

1!
reiationship appeared to be masked by soil moisture-and‘ppm K measured.
Fine, et al. (1942) observed a reduction of exchangeable K follow-
ing freezing of soils having high levels of'exchangeable K. An experi-
ment based on this information was devised to test the ideé that the
exchangeable K content of air-dried soils might be forced back to the
level at which it existed prior té drying. A second rehydration ex-
periment was cénduéted, similar to the first, but included ffeezing
the 40% rehydrated soil samples at ~29 C for 15 hours, followed by
- thawing, then air drying these samples at 12 hour intervals from O
to 48-hours. |
Tablé 5 contains results of the moisture and exchangeable.K-cbn—‘
tents of 10 soils treated as described above. A paired t comparison
revealed that the mean of the original field moist soil exchangeable
K and the mean of exchangeable K in treated soils which had air dried
for 48 hours weére significantly different at the .05 level of confi-
dencé. This shows that exchangeable K in soils treated in this manner
and dried for 48 hpﬁrs will not revert t6 the field-moist concentra-
t;on. .However, a paired t comparison of the exchangeable K in the

original field moist soll, with exchangeable K in selected 48-hour




Table 5.  Potassium and moisture contents of ten soils which were air dried, rehydrated
to 40% water, frozen for 15 hours at -29 G, thawed and allowed to air dry at 12-hour
Values are averages of duplicate analyses.

intervals from 0 to 48-hours.

Soil Drying . Original .
_ ' time hrs. 48 36 24 12 - 0 field moist Air dry
.Unknown % moisture L4.46 7.66 19.69 29.65 35.47 = 14.55
' : ppm K 583 589 576 632 663 586 552
Evanston % moisture 2.63 446 18.39 26.42 35.09  10.78
clay loam ppm X 369 374" 375 398 420 375 347
Gerber % moisture 11.28 16.14 29.30 33.32 39.80  15.76
clay loam ppm K 548 525 539 558 597 490 h72
Chanta or % moisture 0.61 3.91 12.88 25.01 40.76 10.82
Attewan loam ppm K 228 2l 238 264 289 204 245
Fort Collins % moisture 1.44 1.67 11.02 25.76 39.72 8.97 .
sandy loam ppm K 268 278. 278 299 354 - 251 273
Williams % moisture 1.44 4,93 16.99 27.72 40.69  10.89
clay loam ppm K 403 409 421 445 512 385 387
Cherry Silty % moisture 11.31 19.93 26.23 32.82 L41.94 12.66
clay loam ppm K b52  436.  h62  W91 530 443 26
Cherry Silty % moisture 10.74 18.97 25.9% 32.05 42.72 - 15.26
clay loam ppm K 436 410 L1 L5y 496 -395 ko7
Martinsdale . % moisture 1.88 3.24 15.60 25.36 39:20  13.90 a
sandy clay loam ppm K - 261 2504 266 286 311 231 273
Absarockee % moisture 1.02 1.91 15.47 26.06 38.85 -
clay loam ppm K 396 391 Ly 439 L5 - Li9

08
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dried soils %hich contained less thaﬂ five percent water, revealed
that the means were similar when compared at the 365 level of confi-
dence. From these tests it may be concluded that rehydration and
freezing, followed by air drying to less than five percent Watér, but
not compietély dry, will cauge exchangeable K in soils which had been
air dried, to revert to the approximate content of the origihal field
moist soils., If ekchangeabie K must be extracted from moist soils in
the future, £his reversion process could be used to bring the K con-
tent of soiis which had been air dried, back to that of the original
field moist condition. ‘

Nine of these 10 soils showed significant correlations betﬁeen
exchangeable K and moisture content following the rehydration and
freezing treatment (Table é). It may be theorized that the rehydrated
silicate clay layers were further expanded by the.freeze treatment.
Upon thawing, iﬁterlayer K was more susceptible té extraction for a
variable period of time. This susceptible period appeared to be -
directly related to the moisture céntent. Subsequent gentle desicca-
fion rendered the ihterlayer K less susceftible to extraction as the
silicate layers collapsed. Severe desiceation would probably cause
this fixed K to be released again., A graph of the relationship of soil
moisture to exchangeable X in the Absarokee elay loam is shown in '

‘PFigure 3. In this graph soil K appears to be directly related to the

s0il moisture content.




Table 6. Individual correlation coefficients for soils which were 40% moisture rehydra—
ted, frozen at —29.0 for 15 hours and dried at 12-hour intervals from O to 48-hours.

Percentage soil moisture versus soil K in ppm.

Significance level

- ~ - - 1

Soil. r ¥ . a X% % .01 .05 a.r.2/

Unknown ) .853' 728 2,43 560 18.58 605 . X L

Evanston, clay 920 .847 1.42 363 17.40 387 X L
loam

Gerber, clay 729,532 1.67- 510 25.97 553 b
loam ' .

Chanta or Attewan 945 ,893 1.38 230 16.63 253 X L
loam -

Fort Collins L0  .883 1.96 264 15.92 295 X b
sandy loam .

Williams clay 4k .892 2.58 391 18,35 438 X b
loam

Cherry silty .895 .801 2.82 400 26.45 U7k X b
clay loam

Cherry silty 843,710 2.19 391 26.08 448 X L
clay-loam . T

Martinsdale 970 941 1.43 251 17.06 276 X b
sandy clay loam

Absarokee clay .991 .98l 2,11 388 16.66 424 X 3
loam .

1/ With 4 degrees of freedom (d.f.) significance values are .917  .811
] 3 T " " 1 " " " ,959 .878

£
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FIGURE 3, THE CORRELATION OF EXCHANGEABLE SOIL POTASSIUM WITH
MOISTURE CONTENT OF AN ABSAROKEE 6-INCH SURFACE SOIL
WHICH HAD BEEN REHYDRATED TO 407 WATER, FROZEN, A\D
DRIED TO THE ABOVE MDISTURE CONTENTS.
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Extraction methods and calibrations, 1967 through 1971 soils.

The N NHMOAC extractable K contenf of Montana soils is rated. as
very low, low, médium; and hiéh‘for 0 to 75, 75 to 125, 125 to 250,
and » 250 ppm respeétively in the 0 to 6~inch depth. The probability
of crop response to fertilizer K has been considered good in the very
low and low éategories. The medium K level has been considered a
region of uncertainty, whéreas crops growing in soils‘containing high
levels of K supposedly will not respond to K application. However,
as indibated earlier, this probability of crop responée has not con;
sistently been correct. Research results of attempts to calibrate the
N NHUOAC K technique and other extraction methods with crop response
will be discussed below.

One normal ammonium acetate potassium extraction method. Analysis

' of dried soil samples from selected fertilizer experiments in 1967
through 197l for available K by the N NHQOAC eitraction procedure,
demonstrated a fallacy in this soil K rating system. These soils con-
tained from 198 to 890 ppm X with an average of 408 ppm in the surface
6—inéhes of soil. The average yield increase dué to K fertiligation
was 1.6 bu of winter wheat per acre with the greatest increase being
4.5 bu. The maximum yield depression was 1.68 bu per acre. Thié Tow
magnitude of croﬁ response to K may be one reason wh& it is difficult
to calibrate a soll test for K in Montana. The yields and K test val-

ues for these 17 sites are shown in Table 7. Appendix:Table 13




Table 7. Yields and K soil ‘test results for the 1967 through 1971 K fertiliger tfial

Walker

25

sites.
Site Fert. K N NH40AC K, ppm - Response to.K_ % Yield
Cooperator year lbs/Ac 0-6 inch 6-12 inch Bu/A Response
Bates 1971 25 625 318 2.65 5.69
. Bramlette 1967 25 545 h27 -1.68 ~4.39
Carter 1969 25" 295 178 -1.06 -2.86
Dahlman 1967 25 214 184 1.50 3.61
Dahlman 1969 25 269 - 220 3.66 8.01
Dyk 1971 25 L29 293 1.95 6.17
Fadhl 1967 25 219 110 1.48 5.31
Gagnon 1967 25 452 365 1.11 3.21
Goodan 1967 25 890 917 L 46 13.21
Hanser 1967 25 13 309 1.06 1.9%
- Holland 1971 100 317, 198 -1.42 ~3.09
Tverson 1967 25 420 239 11.01 . '3.19
O'Conner 1969 25 198 189 2.21 8.90
Ross . 1967 25 300 223 14.03 - 12.86
Schultz 11967 25 324 149 ~0.01 . -0.05
Torski 1971 25 661 Ly 3.10 5.52
1969 368 188 ~0.36 -0.85

a8
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describes these sites by county, soil type, crop variety, rainfall,
and available soil ﬁoisture when these factors were available.

The data in Table 7 infer that N NH40AC extractable soii X is not .
. sufficlient by itself to predict response of winter wheat to K fertili-
zation., For example, the Carter site soil contained 295 ppm K,:yet K
fertilizationldecreased the yield below the check. The Goodan site
soll contained 890 ﬁpm_K but the yield was increased due to applied K
after N had decreésed yields below the check.‘ Thesé rgsearch results
indicate that the soil test for K in Montana soils needs improvement.

Table 8 contains the mean values and standard deviations along
with the units for variébles used with each extraction technique
attempted on the 1967 through the 1971 site soil samples.

Table 9 contains multiple linear regression equations, squaréd
regression coefficients, and correlation coefficients :elating per-
.centage yield résponse (PYR) of winter wheat to N NHAOAc K in the sur-
face 6-inches and in the 6 to 12-inch depths. Although some of the
equations shown in this and succeeding tables of regression results
. may not have beeﬁ statistically significant, it is impe;atiVe that
their Rz values bé discusséa when comparing extraction methods. Table
9 illustrates that only 5% of the yield variation could be expldined
- by soil test K in the surface 6 inches. Nearly 23% could be explained
by including the 6l£o 12-inch depth K, but 32% of this variation in

yileld response was accounted for by including fertilizer K in addition
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Table 8. Mean and standard deviation of variables used for predicting percentage
yield response of winter whgat from the 1967 through 1971 sites.

Variable Units Mean  Std. Dev.
K treatment yield ' 1bs/A w29 539 -
Control yield 1bs/A 2345 533
Percentage yleld response 3.91 5.16
Average K rate, 1bs/A ;/29'“1 18.19
One N NHyOAc extractable K ppm a 2408 184
‘ b 29 187
¢ 350 181
Saturated paste extraction, soluble K Ppm a 24.2 .7
b 13.8  16.7
. : e 19.0 15.5
RT1n(K)/[Ca]? cal. a -2458 278
: b -284 374
¢ -2610 292
RTln[KJ/[:CaAMg]% cal. a -2659 257 -
b -3053 364 H
.. e -2828 280
RT1n{K]/[Mg]? Teal. & -2441 250
. b -2844 363
c -2607 280
Dilute cation solution extraction, solution K ppm a 20.52 7.11
b 14.56  B.69
. c 17.26 7.78
RTIn[K]/[Cae a -2925 186
; b -3157 238
. s ¢ -3027 201
RTLn[K /[ Castig]? cal. a -3002° 180
) b -3239 231
¢ -3106 196
1
RTn(K /Mg T2 : cal, a -2558 176
. b -2812 220
c -2667 190
Dilute K solution extraction, solution K ppm a 9,17 2.26
o . ' vo7.71 2.76
, : ¢ 8.4 2.47
RTln[Kjl/[c.aTZL cal. a -2458 206
b -2663 221
) ¢ -2566 197
BT K )/[Carrg T cal. a -2588 1%0
b -2761 211
c -2664 186
RTln[K]/[Mgﬁ cal, a -2176 170
b -2375 207
c -2278 178
DIPA extractable K ppm a 193 98
v 128 107
c 161 101
HEDTA extractable K ‘ ppm a 270 135
b 176 142
c 223 133
Resin plus NH,OAc extractable K ppm a 576 225
vy 231
c  L9? 222
Moderately available K [(resin + NH,0Ac) - NH,OAc] pM a 186 55
Y L
b 134 54
c 160 51
Resin-thimble extraction ’ ppm a 132 65
T b -89 74
e 111 69

1/7a = 0 to 6-inch depth; b = 6 to 12-1nch depth; ¢ = average of 0 to 6 and 6 to 12-inch depths.




Table 9. Multiple linear regression equations and correlations relating winter wheat
percentage  yield response to K applied and N NH4OAc.extractable soil X, 1967 to 1971
data. - ' ' )

3 Equation rY  wm¥ R
1. Y = 4.65-7.093 x 1 +-0049 x 2 _ o 1.27 5.07 A5k
2. Y=6.76- .09 x1-.02x2+ .027 x 3 ~ 2.08 .70 32b

3. Y =3,94 - .090 x1+ .0075 x4 - 1.66 ko6 . 191

L, Y =1.43 + .0061 x 2 , 745,20 0Ly

5. Y<3.72- .019%2+-.027%x3 2.0k 4.85. .226

6. Y =0.88+ .0087 x 4 _ ' 1.53°  5.07 .092
Correlation Coefficients: o 1/ F ratio due to

' Variables regression; n = 17 .
1 - 2 3 L -
K Appl. 0-6K 6-12 K Aver X 2/ Standard error of the

K treatment yield 117 .387 .250 .326 estimate

Control yield , .323 161 .248 # sign. p =0.10
Yield response, % -.351 217 .376 304 S

88
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to the X extrécted from these two soil depths. The latter regression
also gave the 1bﬁest standard error of the estimate. When the K ex-
tracted from the O to 6 and 6 to 12-inch depths was averaged, and,
along with K appiied was regressed on PYR, the predictive power of
the N NH#OAC K test decreaséd to 19%. However, the analysis of
variance (ANOV) F was not significantly differént ffom the value in the
"F" Table at the .05 confideﬁce level. The information presentea by
Skogley (1971) agrees with these results.

Yeast cell potassium extraction method. The pH in a yeast cell

suspension (3.8) probably approximates the pH of the soil in close
proximity to an active plant root.

Results of the initial experiment to determine the absorp£ion of‘
X by yeast cells are presehted iﬁ Figure 4. This experiment deter-
mined that the.uptake of K, aé a percentage of that added, bédame
constant between 48 and 80 ppm K added. This verifies the results
reported by Legget%t Olsen, and Sbangler (1962). This constant per-
centage uptake of K lead to the idea that yeast cells might act as a
'sink for X in a manner éimilar to an ion exchange‘resin. If this were
true, a resin would serve as a much less complicated sink to use fo¥
X excﬁange from soils. In addition, the process 5f growing the yeast
cells in a X ffee medium to dilﬁte thelr original K céncentrafion to
ah ﬁccep%abie 1eve1 was considered too tedious for use as & routine

soll test method, Also the cells were difficultly soluble in soluene-
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FIGURE 4, POTASSIUM IN SUPERNATANT AND PERCENTAGE OF ADDED K TAKEN UP BY
CELLS VS, POTASSIUM ADDED TO YEAST CELL SUSPENSION.
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100. These findings and-Problems léad to the abandonment of the yeast

cell K extraction idea;

"Saturated péste (soluble) K extraction method. At the initiation
of this researchlit could not be determined whether to use percentage
yield response from all treatmenfs in an experiment, the average re-
‘sponse for ali treatments, or a specific treatment from a given exper-
iment for correlation and regression analyses., Therefore, three re-
gresslon analyses were computed using percentage yield response from
data handled by the above methods versus soil K‘extracted by the sat-
urated paste method. An R of .11 and a standsrd error of 3.84% were
generated by'thé regressioﬁ of applied X and indigenous soil X in the
0 to 6 and 6 to 12-inch depths versus PYR. ‘For the same regression
but using the averége percent yleld response as the dependent variable
the Rz and standard error values were .26 and 4.76, respectively.
When percent yileld response from one selected K treatment within each
experimental site was used as the dependent variable the R2 and stan-
dard error values generated were .35 and 4.63, respectively,' The
largest Rz was obtained by regression against the PYR from one selected
K treatment from each site. The lowest standard error of the estimate
(éE) was obtained ﬁhen.the.PYR from all treatments was used in the
regression, Desfite this lower SE it was felt that the greatér varia-
“ tion explanatory power should be the overriding factor.- The PYR from

the one selected K treathent was used in succeeding regression analyses.
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throughout this thesis.

The possibility that N NHMOAC may be too harsh an extractant for
K availability in Montana soils lead to tﬂis attempt to relate water
soluble K to crop response. The saturated paste extraction technique
was used on the 1967 through 1971 site.Sdil samples. Appendix table
3 shows results of Ca, Mg, and X concentrations in the 0 to 6 and 6 to
12—ipch soll depths by saturated paste extraction. The predictive
ability df this method was only a slight improvement over that of N
NHNOAC, accountipg for 34.5% of the variation in PYR when fertilizer K
and 0 to 6 and 6 to 12-inch depth K were regressed over PYR (Table 10).
In all cases,lfegreséions one, two, and three which included appligd
K as a variable, produced higher Rz values than their counterparts
four, five, and six which did not include applied K. The ANOV F test
indicated that regression équations three, four, and six were signifi-
cant at the-.lo level. The coefficients from the correlation of K
épplied versus K treatment yield and versus PYR were .12 and -.35,
respectively., These are nonsignificant gﬁd will remain the same
regardless of the soil extractidn method used on these same samples.
The relation of the 6 to 12-inch depth é;luble K versus PYR was the
only sta£istically‘significant correlation obtained by use of the
:saturated paste extraction technigue. The computationvof“PYR chénged
.tﬂe sﬁgn on\the coefficient to positive when reaéoning suggests it .

should probably have been negative,




Table 10. Multiple linear regression equations and correlations relating winter wheat
percentage yield response to K applied and saturated paste soil K, 1967 to 1971 data.

Equation

1. Y=3.19-.089x1+ .138 x 2

2. Y=6.22-.091x1-.124 x 2+ .244 x 3

Y=3.78- .08 x 1+ .145# x 4

Y
. Y

3.
b, Y = .320 + .149# x 2
5
6

993 + 154" x b

3.16 - .102 x 2 + .234 x 3

p L/ s 2/ g2

2.69  L.68  .278
2,28 L.63 .345
3168 457 .am
3.30# .82 .180
2.24 L.80 242

w08 L.z 213

Correlation coefficients:

Variables

1/ F ratio due to

1
K Appl.
K treatment yield 117
Control yield
Yield response, % ~.351

. 2 3 TUR
ppm K(0-6) ppm K(6-12) ppm K(Aver.)

-.110
-.190
425

-.042
-.140
183*

regression;
n=17

=076 2/ Standard error
=167 of the esti-
162 mate
# Sign. p = 0.10
= 0.05

* Sign. p

€6
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Tables 11, 12, and 13 present_regression and correlation reéults
for free energy of K exchange (GK)li/ comﬁutations based on the res-
pective ratios [K]/[Ga]%, [K]/[Ca+Mg]%, and [K]/[Mé]% from cations
extracted by the satufated soil paste mefhod. Free energy calculated
from the ratio [K]/[Ga]% (Table 11) produced the only significant F
value (.10 level) based on the ANOV for the regression of PYR versus
applied K, and 0 to 6 and 6 to 12-inch depth GK’ or from the same re-
gression without the applied K variable. The single degree of freedom
~ F test revealed that there was significant variation (.10 level) in the
effecf of Gy from the 0 to 6 and from the 6 to 12-inch depths on yield
. response in équations'one and five, respectively.‘ This contributed
toward the significant F. When PYR was regressed over the 0 to 6-inch
soll K as the inaependent variable, the soil K provided significant
variation on yield response at the .10 level (Table 10):

The mean K values from the seventeen 1967 through 1971 site soils
by N NHquc extraction were 408 ppm in the 0 to 6 and 291 ppm in the
6 to 12—inch-dépths.. For these same depths, the soluble K content by
saturated paste extractian was 24 and 14_ppm; réspectively. In general,

the water soluble K léevels in Montana's cultivatgd small grain éropped

lj/ Woodruff's original notation for energy of exchange was F.
Baker's notation was EX. However, current physical chemistry
texts are using G. In an effort to avoid duplication of termino-
logy with tHe chemistry profession, Gg will be used in this thesis
to refer to the free energy of K exchange from the ratio of K to
Ca and/or Mg.




-‘Table 11. Multiple linear regression equations and corielations relating winter whe%t
percentage yield response to K applied and the free energy of exchange, RTln[K]/[CaJE,
by saturated paste soil extraction. Brackets denote conc in moles per liter, 1967 to

1971 data. :
Equation F Y Sk 2/ R?

1. Y=15.72- .097 x 1 + .0036 x 5 1.35 5.05 162
2. Y=17.84 - .08 x 1 - .0075% x 5+ .011 x 6 '2.65# L.51 379
3. Y=22.14- .092 x1+ .006 x7 2.17 L.82 .236
b, Y =13.67 + .004 x 5 71 5.20 .0b6
5. Y =16.23 - .0079 x 5 + ,011%* x 6 2.9 .63 .29k
6 2.30 4,96 - .133

. Y =20.70+ .006k x 7

Correlation coefficients:

Variables

1

K Appl.

K treatment yield 117
Control yield
Yield response, % -.351

5
GK(O—6) GK(6—12) GK(Aver.)

-.037
-.076
214

6

-.026
-.123
RE

-.022
-.094
.365

1/ F ratio due to
regression; n = 17

2/ Standard error of
the estimate

#
*

Sign. p :

Sign. p

0.10
0.05
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Table 12. Multiple linear regression equatlons and correlations relating winter wheat

percentage yield response to K applied and the free energy of exchange, RTlnD(]/[Ca+Mg]*,
by saturated paste soil extraction. Brackets denote conc in moles per liter, 1967 to

1971 data.
' Equation Y wm¥ g2
1. Y=15.2 - .097 x 1+ .0032 x 8 1.22 5.09 149
2. Y =154 - .089 x 1 - .0092 x 8 + 011" x 9 . 2.3 4,58 .359
3. Y=21.99 - .093 x 1 + .0055 x 10 1.87 . 4,90 .211
L, Y =13.56 + .0036 x 8. .51 5.24 034
5. Y =13.9 - .0093 x 8 + .012" x 9 2.49 4.73 .262
6. Y =20.67 + .0059 x 10 1.75 5.04 104 .
Correlation coefficients: : ' 1/ F ratio due to
o Variables regression; n = 17
1 8 9 10
K Appl. QK(O_6) GK(6—12) QK(Aver.) 2/ Standard error of
K treatment yield 117 -.060 -.020  -.032 the estimate
Control yield -.089  -.106 -.09% - # Sign. p = 0.10

Yield response, % -.351 .181 L3 .32k
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Table 13. Multiple linear regression equations and correlations relating winter wheat
percentage yield response to K applied and the free energy of exchange, RTln[K]/[Mg]E,
by saturated paste soil extraction. Brackets denote conc in moles per liter, 1967 to

1971 data.
: Equation ; F l/‘ SB 2/ RZ
1. Y=12.72 - .097 x 1 + .002% x 11 S 1.11 - 5.12 .137
2. Y=12.21 - .09% x 1 - .010% x 11 + .010.9#. x 12 2.18 L, 66 .335
3. Y=18.52 - .09% x 1 + .0046 x 13 . . 1.58 14,98 .184
L, Y =11.41 + .0031 x 11 . 34 5.26 ° .022
5 Y = 10.92 - .0010 x 11 + 0117 x 12 - 2.03 4.85 .225
6. Y =17.11 + .0051 x 13 . 1.23 5.12 ° .076
Correlation_coefficientg: | ;/ F due to regression;
Variables C n =17
1 11 12 13 :

K Appl. GK(O—6) GK(6412) GK(Aver.) 2/ Standard error of
K treatment yield . .117  -.078  -.009  -.027 the estimate
Control yield . .099 -.085 =077 # Sign p = 0.10

Yield response, % -.3513 149 .382 276

26
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soils amount to 5.9 and 4.6% of the N NHQOAC extractable K in the 0
to 6 and 6 to 12-inch depths, respectively.

Dilute Ca, Mg, and K solution equilibration method. :Multiple

linear regression results from extraction.of'the 1967 thfough 1971
experimental site soll samples by the dilute cation method of Baker
(1971) afe reported in tables 14 through 17. Appendix Table 4 reports
the concentrations of Ca, Mg, and X in these solutions fbllowing equi-
libration with the soil_samples. |

Four computation methods were tried in regressions on these data.
Tables 14, 15, 16, and 17 represent regressions of solution K and GKl
from [K]/[Ca]%, [K]/[Ga+Mg]%, and [K]/[Mg]%, respectively. Regression
of PYR vefsus solution K or free energy in both the 0 to 6 and 6 to 12-
inch depths.with or without applied fertilizer K (equations two and
five, respectively), produced F values which indicate that at least
one regression coefficient was different from zero at the .05 level of
.confidence. The single degree of freedom "F" test indicated that there
was significant variation, at the .05 level, in tﬁe effect of solution
X or GK from £he 0 to 6-inch depth, and at the .01 .level in the effect
of solution K ov GK from the 6 to 12-inch dgpth in both equations from.
these tables. BRegression of PYR versus the 0 to 6‘or the average 6f
the 0 to 6 and 6 to 12-inch depth solution K or Gy, with or without
applied fertilizer K failed to produce significant relationships;

Gompaxisons of the R2 values from the statistically significant




Table 14, Multiple linear regression equations and correlations rélating winter wheat
percentage yield response to K applied and solution K by dilute cation extract (Baker,
1971), 1967 to 1971 data.

Equation _ _ ‘ rl g2 g2
1. Y=3.30-.093x1+ .162x2 146 - 501 173
2. ¥=10.5-.093 x 1 - .806% x 2 + .869%* x 3 5.93%  3.91 .532
3. Y =12.68-.090 x1+ .225 x4 - 2.19 L.81 .238
b Y= .08+ .188x2 . 1.08 5.14 .067
5. Y =17.25_ ,780% x 2 + .869%* x 3 5.21% 4,17 A23
6. Y =-.325+ .245 x It 2.39  B.95 137
Correlation coefficientss 1/ F due to
Variables ) regression;
1 .2 3 L n=17
K Appl. ppm K(0-6) ppm K(6-12) ppm K(Aver.)
. St
K treatment yield \117 .123 008 .092 2/ Ofazg:rgsiifor
Control yield ' 063 -.092 011 mate
Yield response, % —.35% ' 260 . L82% .370 | * Sign. p = 0.0
** Sign. p = 0.0

66




Table 15. Multiple linear regression equations and correlations relating winter wheat
percentage yield response to K applied and free energy of exchange, RTlan
dilute cation extraction (Baker, 1971), 1967 through 1971 data. Brackets denote conc

in moles per-liter.

]/[Ca,]%, by

¥ Sign. p =

*¥% Sign. p

Equation 13 l/' .SE_g/ Rz
1. Y =18.8- .09 x 1+ .00l x 5 1.19  5.09 146
2. Y=17.78 - .082 x 1 .025*% x 5-+ .026%% x 6 5.2 3,85 547
3. Y =30.99 - .090 x 1 + .008L x 7 1.99 L,86 .222
L., Y =18.45+ .005x 5 .50 5.24 .032
5. Y =17.43 - .025% x 5 + .027%% x 6 6.08%  4.03 h65
6. Y =30.99+ .0089 x7 | 2.08 4.9 122
.Gorrelation coefficients: l/ F due to
' ' Variables . regression;
1 5 6 7 : n=17
K Appl. Gy (0-6) GK(6-12) G (Aver.)
K treatment yield . 117 .120 046 127 2/ Standard error
) . of the esti-
Control yield 154 -.059 .049 mate '
Yield response, % -.351 179 L96% .349 0.05

00T




Table 16. Multiple linear regression equations and correlations relating winter wheat
Percentage yield response to K applied and free energy of exchange, RTlan]/[Ga+Mg]%,
by dilute cation extraction (Baker, 1971), 1967 through 1971 data. Brackets denote conc
in moles per liter.

. Equation L ' rY . g2 R |
1. Y=17.38 --.096 x 1 + .0035 x 8 : _ 1.13 5.12 139
2. Y=16.23 - .08% x 1 - .026% x 8 + .027%* x 9 5.07%  3.88 .539
3. Y<=130.21 - .090 x 1+ .0076 x 10 1.82 - 4.9 ,206
b, Y =17.31 + .0045 x 8 .37 5.26 .02
5. Y =16.13 - .026% x 8 + .028%% x 9 C5.7% 1,08 452

6. Y= 30.46 + .0085 x'10 _ - 1.77 5.04 .105
Correlation coefficienté: Variables 1/ F due to regression;

T 8 9 10 n=17
K Appl. G(0-6) G(6-12) Gy (Aver.) 2/ Standard error of

K treatment yield JA17 .178 .027 .118 the estimate
Control yield .138 -.072 .0L6

- * Sign p = 0.05
Yield response, % -.351 .156 Ak .325 *¥% Sign p =

TOT




Table 17. Multiple linear regression equations and correlations relating winter wheat
percentage yield response to K applied and free energy of exchange, RTlEﬁK]/EMg]%, by
dilute cation extraction (Baker, 1971), 1967 through 1971 data. Brackets denote conc
in moles per liter.

“Eqiiation o - F y w2 g2
1. Y =9.51 - .098 x 1 + .0011 x 11 1.00  5.16 .125
2. T =11.79 - .09% x 1-- .028% x 11 + .027%* x 12 . B.19%  4.08 .ol -
3. Y= 20.75 - .093 x 1+ .0053 x 13 1.3%  5.05  .161
4., Y =9.71 + .0023 x 11 . .091 5.31 .006
5. Y =12.01 - .027% x 11 + .028%* x. 12 b.35% 14,33 .383
6. Y =21.00 + .006l x 13 _ . .89 5.17 .056
Correlation coefficienf: o Variables 1/ i Sui%to regression
T 11 12 13 : :
K Appl. G (0-6) G (6-12) G (Aver.) 2/ Standard error of
- K treatment yield 117 .089 -.037 076 the estimate

Control yield ' 071 -.113 .026 * Sign p = 0.05

Yield response, % ~.351 077 .385 .236 **% Sign p - 0.01

20T
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equations reveals that the regression including applied fertilizer K
and the 0 to 6 ard 6 to 12-inch depth solution K or GK by any computa-
tion method, explained more of the variation in PYR than did the re-
gression which did not includé fertiliger K. GCalculation of gdjusted
Rz values by thé method of Yamane (1967)l§/ reveals that this explana-
tory power holds true despite the addition of one more variable in
equation two compatred to five. The adjusted R2 for equation two was
42 compared fo .34 for equation five. This dilute cation equilibra-
tion procedure is simple and reproducible. The cation concentration
keeps the soil sufficiently flocculated for clear filtration through
Whatman No. 1 paper. A computer is'degirable to calculate the GK
Values. However, it is possiﬁle to use only the solution K concentra-
tions following equilibration of this solution with soils; The R2 for
solution K by equafion 2 was .53 (Table 14) compared to .55 from the

4
comparable equation for .Gy calculated from the ratio [K]/[Ca]? (Table

15).

- (8.8. residual) ., (n-1) 2 n-1
16/ Adj. B” =1 -~ sty X Taeqny OF 1 - (1B7) x oy
where g = the number of variables fitted. ,
The difference between R2 and adjusted R? is an estimation process
which attempts to eliminate the amount of variation which occurs -
Just because another variable is entered, no matter what the
other varlable is. -
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Dilute potassium solution equilibration method. The soil samples

from the 1967 through 1971 experimental sites were equilibrated with

a 0.,00024 M solution of K01 (9.4 ppm K). Theoretically, if the soil
was K déficient it would rémbve-K from this solution. If ﬁhe soil
contained an excess of K, it would release K to the solution. . Compari-
son of the equilibriﬁm K values in Appendix Table 5 and the respoﬁse

to K application shown in Table 7. reveals that each depth of soil from
the Goédan sité released abouﬁ 7 ppm K to the equilibrating solution.
Winter Wheaf yields were increased 4.46 bu/acre by the addition of 25

1bs K/dcre. This same K rate decreased winter wheat yield on the

" Bramlette sité by 1.68 bu/acre even though the soil took K from solu-

tlon.

Resulté of regression aﬁalyses for the dilute K equilibration
method‘are reportéd in Tables 18 through 21. 'Equilibrium solution K
and GK from the ratio [K]/[Mg]% failed to produce statistically signi- .
ficant regressions (Tables 18 and 21). In Tables 19 and 20 the regrés-
sions of PYR‘vergus applied fertilizer X and the 0 to 6—iﬁch depth Gy
from the ratios [K]/[Ga]% and [K]/[Cé+Mg]%, respectively, were signi—
ficantlat the .10 levelu- The single degree of freedom F test (.05

level) indicates that the 6 to 12-inch depth Ge was the main contribut-

- ing variable in these regressions. Equation five in Table 19 produced

an ANOV F which was significant at the .05 level compared to the .10

level for the related équation in Table 20. Applied K and GK from




Table 18. Multiple linear regression eguations and correlations relating winter wheat
" percentage yield response to K applied and solutlon K by dilute K extraction of the 1967
through 1971 site 50115

_ " Equation ' - rY ¥ g2
. Y=0.48-.085x1+ .647 x2 : . 1.76 4.93 .201
2. Y=1.73.- .090 x 1+ .213 x 2 + .372 x 3 112 510  .205
3. Yold2- 089 x1F.605x%xhk 1.81 4.91 .206
b, 'Y=-3.14+ .769 x 2 1.92-  5.01 113
5, Y=-3.18+.785x 2 - .01k x 3 i .89 519 .13
6. Y =-1.92+ .691 x b . : 1.8%4 5.02 .109
Cor;elation coefficiehté: . Variables o ;/ F.dui to regression;
1 3 g7 7
K Appl. pme(O 6) pme(6 12) pme(Aver )_/ Standard error of the
K treatment yield 117 L0046 -.112 -.060 estimate.
Control yield o -.06  -.171 -.125

Yield response, % -.351 337 .316 .331

GoT




Table 19. Multiple linear regression equations and correlations relatin w1nter wheat
percentage yield response to K applied and free energy of exchange, RTlan] Ca]‘ by
dilute X solution equilibration. Brackets denote conc in moles per liter, 1967 through

1971 data. _
Eqﬂation_ _ . _F 1/ SE 2/ _
‘1. Y =13.16 - .099 x 1 + .0026 x5 1.08 5.13 134
2. Y=26.93 - .077x1- .012%x 5 + .019% x 6 N A 2133
3. Y=130.40 -~ .089 x 1+ .0093 x 7 2.31 4.78 - .248
b, Y =10.89 + .0028 x 5 0.20  5.29  .013
5, Y =26.2- .013 x 5+ .020% x 6 L,00% 4,40 .363
6. Y =29.88+ .010 x 7 ' _ 2.64 4.91 .150
Correlation coefficients: Variableé 1/ F due to regression
- . — =17
.K Appl. GK(O_6) GK(6_12) GK(Aver,)' 2/ Standard error of the
K treatment yield 117 .065 ~-.029 042 estimate
Control yield o 042 -.127 ~.037 # Sign. p= 0.10
* Sign. p = 0.05

Yield response, % -.351 A1k L92% .387

90T




Table 20. Multiple linear regressions and correlations relating winter yheat percentage
yield résponse to X applied and free energy of exchange, RTln[Kﬁ/[Ca+Mg]E, by dilute K
- solution equilibration. Brackets denote conc in moles per liter, 1967 through 1971 data.

Equation F Y SE 2/ R
1. Y=12.79 - .099 x 1 + .0023 x 8 1.05 5.1 131
2, Y=24,8-.077x1 - .012 x 8+ .018% x 9 T omd ng .384
3. Y =29.99 - .090 x 1 + .0088 x.10 | 2,00 L.86  .223
L. Y =10.58+ .0026 x 8 - 139 5.30 .009
5 Y= 24.17 -..013 x 8 + .020% x 9 3.19# 4. 57 313
6

5. Y = 29,83 + .0097 x 10 ' ) 2.10 4.99°  .123

. Correlation coefficients: 1/ F due to regression

Variables
) .8 9 10 no= 17
K Appl. G (0-6) G (6-12) GelAver.) 5/ oo a4 orror of
K treatment yield 117 042 -.060 .010 -~ the estimate
Control yield 024 -.146  -.060 # Sign. p = 0.10

Yield response, % -.351 .096 R .350 * Sign. p - 0.05

40T




Table 21. Multifle linear regressions and correlations relatin Wint?r wheat percentage
yield response to K applied and free energy of exchange, RTlnEK /[Mg]i, by dilute K
solution equilibration. Brackets denote conc in moles per liter; 1967 through 1971 data.

Bquation ' g 1/ 2/ g2
1. Y=9.78 - .099 x 1+ .001% x 11 T 1.00 5.15 125
2. Y=13.67 - .082 x1 ~ .012 x 11 + .014 x 12 C 143 B.96 .248
3. = 19.56 - .093 x 1 + L0057 x 13 ' 1.% - 5.05 .161
. Y=7.88+ .0018 x 11~ - b2 531 .00k
5. Y= 12.69 - .0135 x 11 + .016 x 12 1.1 5.03 .167
6. Y =19.53 + .0069 x 13 | .89 5,17 .056
Correlation coefficients: Variables 1/ F due to regression
1 1 12 13 n =17
_ K Appl. GK(O_6) GK(é_lz) GK(Aver.) 2/ Standard error of the
K treatment yield 117 -.035 -.123 -.072 ) estimate.
Control yield = - - -0kl .17k -.113

Yield response, % -.351 .060 .300 .236

80T
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the ratio [K]/[Ga]% in the 0 to 6 and 6 to 12-inch depths accounted
for 43% of the variation in PYR.

Correlations were run on GK computed from six differenf X to Ca,
Mg, and Na ratios on the 0 to 6-inch dépth soll samples to determine
which of these ratios were similar. The ratios were [K]/[Ca]%,

[}/ cassg T, [K1/meTF, [K)/(carig®(Na], [K]/[Castte/2F+[Fe], ana
'[K]/[Ca+Mg/2]% (Table 22). The r value from the table for significance
at the .01 level with 17 degrees of freedom is .58. All the GK vaiues
by any computation method were correlated at thé .01 level. Observa-
tion of correlations one through five reveals that GK from the ratio
[K]/[Ca]% explains only 72% of the variation in the Gy from the ratio
[K]/[Mg]%. Consideration of correlatidns six through ﬁiné indicates
that GK from the ratio [K]/[Mg]% is not as good a predictor of GK

from [K]/[Ga+Mg]% as are the GK Values from the other three ratios.
From these results the only ratlios which need be used to compute Gy

in future work are [K]/[Ca]%, [K]/[Ca+Mg]%, and [K]/[Mg]%. Even Gy
‘values from thé ratios [K]/[Ga]% and [K]/[Ga+ng% are essentially the
same in these soils, |

One additional problem with this dilute potassium equilibration
techniéue is the fact.that,the‘clay remained too dispersed, A clear
Filtrate could only be obtained by centrifugation.

. Diethylene triamine pentaacetic acid-triethanolamine extractable

K. Sodium saturated diethylene trianine pentaacetic acid-




 Table 22.

ratio of [K]* to [Ca]_ [GaﬁMg]_ [Mg]_ [Ca#Mg/Z]_ [Ca+Mg/2]— [Na] and
[CaﬁMg]_ [Na] n = 19

Correlatlons from comparlson of the free energy values computed from the

Ne. : Correlation _ r 2
1. [KY[GaF s, [K]/[Caﬂiig]% - L991% 982
2. " [K)eF B 716
3. " n  [K]/[CatMg J? + [Na] 991 % .982
-k, ” - [K]/[Ca+Mg/2]f .992%% .98k
5. " " [K)/Lcasttg/2 [ + [Na] L990%% 980
6. [X)/[Cattg]? vs [K]/Mg]? . .908%* .82
7. " " " [K]/[ Catlig 2 :[Na] 1.00%* 1.00
8, m m [k]/[cate/2T 1.00%%  1.00
9. " " " [x]/[catg/2TF + [a] 1.00%  1.00
10. [K)/[Mg]?  vs [K]/[CatMg[? T[Na] - L 911%% .830
11. " " [K]/[carttg/2T .908%% - 824
12. " " [K]/[Ca*Mg/Z]_ [Na] . 912%% .832
13. [K]/[Ca+Mg]“ +[Na] vs [K]/[Ca+Mg/2]_ J727%% .529
1k, " [K]/ECa+Mg/z]_ [Na] 728%* .530
15. [K]/[Ca+Mg/z]_ vs [K]/[Ca+Mg/2] [Na] .00%* .00

* [ ] denote concentration in moles per liter.
*%* Sign. p=0.99

0TT
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triethanolamine (DTPA) buffered at pH 7.3 is a sodium chelate currently
used in many western states for extraction of the micronutrients iron,
zinc, copper, and manganese from soils.  This solution also contains
calcium, but is esséntialiy devoid of K and Mg. Regression resﬁlts
from DIPA analysis of the 1967 through 1971 soils are shown in Table
23. Extractable Mg and X values are reported in Appendix Table 6.
The DIPA extractable K in the surface 6-inch depth did not provide a
significant’ANOV F value (Equation 4, Table 23). However, when PYR
was regressed.over the 0 to 6 and 6 to 12-inch depth X, a significant
relationship ﬁas obtained. Applied K along with soil K in’both depths
also produced a significant regression (Equation 2). This regression |
explained L% of the variation in the PYR, It should be réalized that
the extraction of soil K by DIPA is probably not a chelation process.
The reacfién could be a simple exchange process wﬁereby the Na and Ca
in the DTPA solution exchange K froﬁ the clay. Caicium saturated DTfAv
Jbecomes the major species above‘pH‘V.S. The X - O.M. affinity research
conducted by McGeorge (1931}, Mehlich (1946), and Spencer (1954) indi-.
cates that the stability of K with chelgtes may bé fairly low.

The extraction of plant available s0il K by the DTPA method would
simplify lab work in the respect that this Is also the roufine test
method for iromn, ziné, copper, and manganese. A very minor problem
with the technique is that soils having very high clay éontenﬁ will

absorb all of.the DIPA .solution at the-1:2 soil to solutlon ratio.




Table 23. Multiple linear regressions and correlations. relating winter wheat percentage
yield response to K applied and soil K by DIPA extraction, 1967 through 1971 data.

" Equation p L/ g2 g2
1. Y=4,05-.093x1+ .013x2 _ 1.62 L.o7 .188-
2. Y=28,69 - .092 x1 - .056% x 2+ ,069% x. 3 3.85% L,16 470
3. Y=3.63-.090x1+.018x4 | - 2.31 4,78 .2l
b, Y=1.00+.015%x2 . 1.3+ 5.10 .082
5. Y =5.66- .055x% 2+ .069% x 3 ' b,02% 14,39 .365 -
6. Y= .733+ .018 x4 : . 2.61 4.91 .148
Correlation coefficients: 1/ F due to
: Variables regression;
11 2 3 i n=17
K Appl. ppm K(0-6) ppm K(6-12) ppm K(Aver.)
K treatment yield 117 139 .075 .107 2/ i;a‘fc‘izrzsiif"r
Contrel yield 074 -.024 - .022 mate

Yield response, % -.351 .286 L6k .385 * Sign. p = 0.05

(AN
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However, this usually occurs only with samples from the Bt or other

illuvial horizons.

Hy&rogen EDTA, resin plus NﬁQQAé, and moderately available K
methods. Tables 25, 25, and 26 presén£ regression equations relating
PYR to applied K and 0 to 6 and 6 to 12-inch deéth K by‘extraction of
soils with HEDTA, reéin plus N NHquc, and resin by the [(resin plus .
N NHMOAC) minus N NHQOAC] methods respectively. Appendix Table 7
illustrétes.the results of chemical analysis of the i967 through 1971
experiméntal soils. No significant relationships between PYR versus
fertilizer and soil K were developed by these test methods. However,
research to modify the resin—NHMOAc K extraction method of Bafber and
Matthews (1962), provided some insight into the use of the Dowex
56X8-5O resin for X extraction from soils. This will be considered
in detail later in the thesis. |

Resin-thimble potassium extraction method. Multiple linear

regressions and correlations relating winter wﬁeat response to K
applied and the 0 to 6 énd 6 to 12-inch depth extractable soil K by
the resin-thimble method are'exhibitedvin Table 27. In both equations
two-and five resin extractable soil K contributed toward the signifi— 
cant ANOV F, In eiuation two fertilizer K applied,: 0 fo-é—inch.soil K,
and 6 to 12-inch éoil K were related to PY? at the .10, .05, and .01
levels, respeétively. The Rz #alue for equation two indica%és,tﬁat

56% of the variatlon in PYR on these sites is explainable by fertiliger




Table 24, Multiple linear regressions and correlations relating winter wheat percentage
yield response to K applied and soil K by HEDTA extraction, 1967 through 1971 data.

Egquation F 1/ SE 2/ R?
1. Y=14.15-.097 x 1+ .0096 x 2 1.61 b7 187
2, Y=537-.089x1-.0l1x2+ .023x3 , 1.93  4.76 .308
3. Y=3.70 - .093x1+.013x% . 2.22 .80  .2u1.
b, Y =1.16+ .0102 x 2 1.15 5.13 .071
5. Y =2.74 - ,012 x 2 + .025 x 3 : - 1.87 h.90 . .211
6. Y =0.77+ .0141 x b 2.29 L.96 132
Correlation coefficients: Variables 1/ F aue to
A 1 2 .3 L regression;
K Appl. ppm K(0-6) ppm K(6-12) ppm K(Aver.) n = 17
K treatment yield ~ 117 .208 154 .188 2/ Standard error
Control yield 140 .061 104 of the esti-
Yield response, % ~.351 267 27 364 mate
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Table 25.

Multiple lineér regressioné and correlations relating winter wheat percentage .

yleld response to K applied and moderately available + exchangeable soil K by re51n + N

NH, OAc extraction, 1967 through 1971 data.

Equation p L/ se 2 g2
1, = L.45 - ;092 x 1+ .0038 x 2 1.23 5.08 .150
2. Y=6.64-.092x1- .01%x2+ .020 x3 1.91 W76 .306
3. Y=13.58-.089 x 1+ .0059 x & 1.60 4,97 .186
L, Y =1.07+ .0049 x 2 ' 0.73 5.20 .0l6
5. Y=3.28-.013 x 2+ .020 x 3 1.79 4,92 .204
6. Y =0.42+ .0070 x L 1.50  5.08  .091
Correlation coefficienté: T/ F due to
‘ BN Variables regres51on
1 T 2. 3 o _ =17
K Appl ppm K(0-6) ppm K(6-12) ppm K(Aver.) . ‘
K treatment yield .117 397 - .262 .338 2/ §$a2§2r§si§f°r
Control yield _ T.334 .175 .260 mate.
Yield response, % -.351 .215 .370 .302

a1t




Table 26. Multiple linear regressions and correlations relating winter wheat response
to K applied and moderately available soil K by resin [(resin + N NHhoAc) - N NHAOAc]
extraction, 1967 through 1971 data. i

Bquation L - ¥ l/ SE 2/ R2
1. Y=13.50 - .09l x 1+ .017 x 2 1.29 5,07 .155
2, Y=3.71-.082x1- .02l x2+ .049 x' 3 1.42 4.96 .2l
3. Y=2.1-.085x1+.027xk : 1.67  &.95  .193
L, Y =-0.23+ .022 x 2 . 0.88 5,17 .056
5. Y =0.48- .020 x 2 +..054 X 3 - 1,39 5.03 166
6. Y=-1.32 + .033 x b ' 1.78 5.03 .106
Correlation coefficients: ' 1/ F due to

,' Variables regression;
1 2 -3 4 n =17
K Appl. ppm K(0-6) ppm K(6-12) ppm K(Aver.)—/
. . _ i 2/ Standard error

K treatment yield 117 17 327 394 | oF the esti-
Control yield _ .352 .235 312 . mate

Yield response, %  .-.351 .236 .387 .326

91t




Table 27.

Multiple linear regressions and correlations relating winter wheat response

to K applied and extractable soil K by the thimble-resin extraction technique, 1967

through 1971 data.

Equation F l/ s 2 g2
1. Y=3.78 -.087 x 1 + .020 x 2 1.63 5.9 .189
2. Y =11.54 - 108" % 1- .12k x 2+ 133** x 3 5.4% 3,81 .557
3. Y=13.44 - ,085x1+ .027 x b 2.33 L, o7 .250
L.© Y =0.68+ .025 x 2 1.60 5.06 .097
5. Y =7.17 - .108% x 2 + .123*% x 3 5.00%  b,21 Q17
6. Y =0.58+ .030 x &4 2.89 L.88 161
Correlation coefficients: 1/ F due to
: Variables regression;
1 2 3 L n=17
K Appl. ppm K(0-6) ppm K(6-12) ppm K(Aver.)—/
. ' 2/ Standard error
K treatment yield 117 135 . .032 .080 of the estio
Control yield .065 -.068 -.007 mate
Yield. response, % -.351 311 A75 402 # Sign. p = 0.10
* Sign. p = 0.05

** Sign. p = 0.01

AN
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X applied and resin extractable K in the.two soil depths. The remain—
ing variation in PYR must be due to other soil and crop‘properties and
to climatic variables., Appendix Table 8 contains thé resin extractable
K valueé from the 1967 through 1971 site soils.

Table 28 is é summary of the stanaard‘error and Rz values for the
X extraction methods tried 6n the 1967 through 1971 experimental site
goil samples, This table displays that the dilute cation solution,
DTPA, and resin-thimble extraction for K were the'only ﬁethods which
produged significant ANOV F values for regression equations using
extracted soil K and/or applied fertiliger K variables vs. PYR. Al-
though the resin-thimble procedure explained the greatest amount of
error, the precision between duplicate sample analyses was not good.
The free energy calculated from the ratio [K]/[Ga]% in the dilute ca-
tion solution éktraction method explained slightly less variation in
PYR but was a ver& precise extraction method. These methods were

tested on a second set of experimental site soil sémples.

Extraction methods and calibrations, 1973 experimental'soils.

Preferred extréciion methods, iﬁciuding N NHMOAC as a reférence
procedure, were tested with soils from selected 1973 winter wheat
experimental sites., The N NquAc K extraction procedﬁre was also
tried on soils from sugar beeJ‘o,n barley, and spring and wintér wheat

experiments. Appendix Table 14 describes these sites by county, soil




Table 28, An abstract of R2 and standard error of the estimate values for the regres-
sion of percentage yield response versus applied K, and 0 to 6 and 6 to 12-inch indi-
genous soil K extracted, or free energy of exchange from the seventeen 1967 through
1971 soils by the various extraction techniques.

Extraction technique ' Std. Error R2
1 N Anmonium acetate extraction . _ B 4,70 324
Saturated paste extraction -
Soluble so0il,X : : . 4.63 345
RT1n{ X ca]E : : . 1 379
RT1n X |/| Cat] g:l" L.58 359
RT1n K /[ Mg 2 L.66 335
Dilute cation solution extraction . )
Solutlon K S 3.91 .532*
Ca]“ 3.85 5l
Ca,-i-Mg 3.88 .539%
. ) L.08 91
Dilute K solution extraction : ) .
Solutlon K - . ’ . 5.10 .205
Calt 4.31 433
Ca+¥g]“ L. 49 .384
o L,96 . 284
DTPA Extraction ) ) L.16 L70%
HEDTA o “ b6 .308
Moderately available + N NH,OAc extractable K . ’ ‘ L.76 .306
Moderately available K by [ (resin + NH OAc) - OAc:l _ L,96 247
Resin - thimble extraction’ ' . 3.81 .557%

* ANOV F indicates regression coefficients were different at the .05 confidence level,

6TT
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type, crop variety, rainfall, and available soil moisturé when these
faétors were available, Thesé experiments were done to gain additional
evidence in favor of the predictability of a particular K extraction
method and to deteiminé the advantége of analyzing field moist or air
dried soil samples. Climatic data were obtained from seven winter
wheat experimental siteé and used in a stepwise regression program to
predict potential yield-(PY), control yield (CY), and X fertilizer

rate (FR).

One N NHQQAC K‘extraction method., The N NHAOAC extraction methéd
for soil‘K was tried on sugar beets, barley{ and spring and winter
wheat. Appendii Tables 9 and 10 include data bn K fertiliger raté, N
ﬁHhOAc extractable K and selected physical and chemical properties of
solls from the 1973 exﬁerimental sites. Table 29 represents results
of multiple linear regression equations and cortelations relating
total sugar yield differences to N NH40AC extractablé K in field moist
and alr-dried samples., No significant rélationshipé were produced
from these data even though the extracﬁable K levels ranged from 102
to 565 ppm in the surface 6~inch depth.' The X treatment yields re-
mained essentially the same as the control ylelds. All the beet exper-
iments were lrrigated. According to Van der Paauw (1958) and Barber |
(1959) the response of wheat, potatoes, and canary grass té fertilizgr"
K is inversely related to the amount of seasonal rainfall. One could'

then theorize that crops would respond to K less when adequatelj




Table 29. Mﬁltiple linear regression equations and correlations relating total sugar
- yield differencé?'to N NHuOAc extractable K in field moist and air-dried samples, 1973
data. . ' : -

Equation . | | rd w2 g
. : . Field Moist ' '
1. Y=731-225xh - ‘ 1.19 746 .230
2.0 Y=-9%.99+ .103 x5 0.00 - 814 -~ .000
3. Y=361-3.6kxh+3.62%5 0.91 74 378
B o Air Dried '
4., 'Y =83.61- .77 x 6 : 0.05 809 .14
5. Y =-56.92 - .0517 x 7 : : . 0.00 814 .000 y
6. Y=-547.8-2.82x6+5.29%7 0.12 90k .076 B
Correlation coefficients: Variables : 1/ F»dué to
- .Pield Moist Air Dry. . Tegression;
L 5 6 L7 n=56
ppm K(0-6) ppm K(6-12) ppm K(0-6)  ppm K(6-12)
K ﬁreatment yield -.283 -.536 -.359 . -,313 2/ g;azizrgsiifor
Control yield =131 -.564 -.335 -.325 mate
Yield difference -.479 © .01 -.116 . -.006 ’

TYield difference ='K treatment yields - Gontrol yield
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irrigated than when produced under water stress. This would probably
be due to increased K diffusion to roots when moisture is in adequate
supply. Though nonsignificant, the R2 values for K extracted from
field moist soils explained more of the variation in sugar yieldl
differences than did this'parémeter for air dried soils.

Table 30 presents results of multiple linear regression equations
and correlations relating spring Whéat yield response in bu/acre to
N NH&OAC extractable K in field moist and air dried soil samples.
.Field moiét s0il K in the 6 to 12—inc£ depth was the only variable
which contributed toward an ANOV-F value ﬁhich was significant at the
.05 level. Again, field moist soil analysis explained more variétion
in yield resp@nse than did air dried soil analysis. Though'nonsignifi—
cant, a larger R2 value is generated when 0 to 6 and 6 to 12-inch
depth K results are regressed over'yield response than when the 0 to
6-inch soil K is the only independent variable.

When barley and spring and winter wheat experimental site soil K
and yield responses are pooled, no significant relationships could. be
obtained from N NHHOAC extractabie X vs. yileld response. The regres-
sions and correlations are preSen£ed in Table 31, The range of condi-
tions under which these three crops are grown probably contributed
sufficient Variation-to cause these nonsignificanﬁ regression equations.

The étepwise multiple regression program of Dixon (1970)‘wa§

utilized on data from the 1973 winter wheat sites. This effort




Table 30. Multiple linear regression equations and correlations relating spring wheat
yield response in bu/Acre to N'NHQOAC extractable K in field moist and air-dried
samples, 1973 data.

Equation , F'l/r SE 2/ R%
_ T Field Moist ' .
1. Y =1.h6+ 0047 x &4 ' 1.18 1.23  .283
2. Y =0.46+ .016% x 5 ' “ 19.61%  0.53 - .867
3. Y=0.2+.0002xk%+.016x5 6.55  0.65 868
' Air Dried '
b, Y =1.53+ .0045 x 6 0.89 1.27 .228
5. Y=-0.5+.019x7 " 3.61 0.9 . 546
6. Y="-0.56 - .0002 x 6 + .019 x 7 1.20 1.20 546"
Correlation coefficients: Variables 1/ F due to
Field Moist Air Dry regression;
L B 6 7 n=235
_ : ppm K(0-6) ppm K(6-12) ppm K{(0-6) ppm K(6-12)
K treatment yield -.558 -.888% ~b96 - -.870 2/ Standard error
Control yield -.570 -. 024 -.508 ~.870 mate

Yield response +532 L931%* LCH -739 ¥ Bign . p = 0.05

(%A




Table 31. Multiple linear regression equations and correlations relating yield response
of barley and spring and winter wheat in bu/Acre to N NHMQAc extractable K in field
moist and air dried samples, 1973 data. ’

Equation _ p L/ SE 2/ g
. _ ' Field Moist :
1. Y.=172.0 + .069 x & : - . 0.15 231 .001
2. Y =161.6+ .216 x 5 _ 0.07 230 1,005
3. Y=169.9 - 041 x 4 + .25 x 5 _ 0.03 239 .005
Air Dried '
b, Y =140.8+ .15 x 6 0.06 230 .005
5. Y =90.75+ .52k x 7 : 0.31 =228 .024
6. Y = 108.3 - .100 x 6 + 617 x 7 . 0.15 237 025
Correlation coefficients: " __Variables , 1/ F due to
Field Moist Air Dry regression;
b -5 26 -7 n=15
ppn XK(0-6) ppm K(6-12) ppm K(0-6)  ppm K(6-12) 2/
) . S . 2/ Standard error

K treatment yield -.182 -.106 -.209 .033 of the esti-
Control yield -.205 A -.138 -.245 - =.019. mate

Yield response, % .03k 072 .068 .153

72T
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attempted to determine the effect of éoil K and climatic variables on
potential yileld, control yield and the K fertilizer rate for these
experimental sites. The means and standard deviations for these
variables are: presented in Table 32; The variables aré assigned a
number preceded by an "x". These numbers refer to different variables
than those used with the 1967 through 1971'samples. Frequent reference
to Table 32 may need to be made in the gnsuing discussion of the step-
wise regressions because thé variable numbers preceded by "x" will be
used in regression équations. The "xﬁ refers to the multiplication
of the varlable by its constant (regression coefficient).

Tables 33, 34, and 35 contain stepwise multiple regression equa-
tions énd correlatidns relating potential yield, control yield, and X
fertilizer raté, respectively, to climatic factors aﬂd N NHMQAC ex-
tractable k in air dried and moist soils from seven 1973 winter wheat
experimental sites,

In Tab1§:33, equation one for both the alr dry and moist soil
analyses, the X in the 0 to 6-inch depth was the first variable enter-
ed in the stepwise regression. Though.nonsignificant, the slightly
larger F valué gnd the Rz vglue for equation one from-moist, compafed
’to dry soil analysis, indicate that ﬁhen NH40A0 is the X extractant,
moist éoils should be analyged. This is eépecially true When_subsur%
faée depths are analyzed for K and included in the regression such as

in step Five of fhe alr dried and moist soil equations. A significant
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Table 32. Mean and standard deviation of variables used for predicting potential yield,
K fertiliger rate; and control yield from the 1973 K fertilizer trials on winter wheat.
Seven sites.

No. Variable ) Units Mean Std. Dev.
x1 PFertilizer rate ' ' lbs/acre 34.29 22.25
x2 X treatment yield (Potentlal Yield) Bu/acre 47,00 7.60
x3 Control yield gu/acre 43,36 5.36
xlb  Average soil temp at 30 cm 5/16-30 to 6/25-8/9) o 16.93 . 2.12
x5 Available soil water (5/16-30) inches 4.81 2.99
x6 Rainfall (5/16-30 to 6/25- 8/9§ inches L.22 1.32 .
x7 BEvaporation rate (5/16-30 to 6/25-8/9 em/day 0.44" 0.11
Ammonium acetate (1 N) extractable X
X9 Dry soil  0~6 inch depth ppm 367 95
%10 6-12 " " : " 221 81
x11 Moist soil 0-6 " " " 364 108
x12 6-12 " " 180 87
" . Resin - thimble extractable K : '
x13 Dry soil 0~6 inch depth . ppm 105.1 -27.1
parl 6-12 " " " 56,4 1,7
x15 Moist soil 0-6 " " - " 109.0 33.2
x16 6-12 " " " 43.0 21.6
Resin plus N ammonium acetate extractable K
x17 Dry soil 0~6 inch depth ppm 581 157
x18 : 6-12 " " " © 375 118
x19 Moist soil 0-6 " " " 515 143 -
%20 6-12 " v " 321 113
Moderately available K [ (resin +NHyOAc) - NHuDAc |
x21 Dry soil 0-6 inch depth DM 214 79.0
"X22 6-12 " " - " 154 48,2
x23 M01st soil 0-6 " " . v 151 68.5
x2l 6-12 " " " 140 W49
Percent K saturation of exchange complex
x25 Moist soil 0-6 inch depth % 5.38 0.53
x26 6-12 " " % 2,95 0.41
" Dilute cation solution extractable K .
x27 K in solution Dry soil 0-6 ppm 20.14 2.54
x28 6-12 : " 13.86 2.48
x29 RTln[K]/ECaﬁ "o 0~6 A cg Cal. ~2866 80
%30 . ©6-12 " " -3106 . 102
x31 RTln[K]/[Ca+Mg:|% Dry soil .0-6 " " -2950 79
x32 C 1 ©6-12 " " -3193 102
x33  RTIn[K]/[Mg]? "o 0-6 " " -2539 77
X34 6-12 " -2785 110
Specific soil chemical and physical properties
x35 Cation Exchange Capacity 0-6 . : meq/100g  17.29 3.45
x36 6-12 oo 18.86 4,71
x37 Percentage clay 0-6 % 24,71 7.80
x38 - 6-12 % ' 28.86 11.23
x39 Percentage silt 0-6 % 34.43 759
xh0 S ; 6-12 . % 33.00 5.72
xll Percentage organic matter 0-6 ) ‘ % 1.73 0.58
x42 6-12 % 1.26 0.59

A Gy = Gibbs free energy of K exchange from RTln [k]/[ca and/or Mg] where R = 1. 987
calories/mole degree and T = absolute temperature




Table 33. Stepwise regression equations and correlations relating potéﬁtial yield in
Bu/acre to climatic factors and N NHjOAc extractable K in air dried and moist soils

from seven 1973 winter wheat experimental sites.

nEWwN -

Step . Equation 1/ st 2 B2 ngs B2
. : . Air Dried _ .
Y=58.11-0.030x9. . 6.83 7.71 142
. Y=52.84-0.043x9+22. 28x7 0.56 8.22  .220
. ¥=139.51-0.151x9+113.39x7-5.15x4 0.93 7.7k 482
. .Y=258.10-0.313x9+209.28x7-9. 4Bx4-6.63x6 : 33.39% 1.60  .985 .96
. Y=251.16-0:317x9+209.13x7-9.35x4-6.04x6+0.017x10 32.23 1.46 .99 .99
_ Moist '
1. ¥=57.51-.029x11 1.01 7.59 .168
2. Y=51.48-,039x11+22.26x7 0.66 8.07 = .248
3. ¥=128.31-.125x11+104.39x7-4.83x4 1.06 7.48 .516 .03
L, Y=212.14-.231x11+169.35%7-7.75x4-5.76%6 8.11 3.17  .942 .83
© 5. Y=210.45-.262%11+182.08x7-8,07xk-k4 . 76x6+. 045%12 171.48# 0.6 .999 .99
Correlétion coéfficients: . Variabié;No. 7 o i/ F raiio due. to
- x4 x6 x7 x9 x10  x1l = x12 regression
Air Dried, x2 .226 062 061 =-.377 -.132 2/ Standard error of
Moist,  x2 226 .062 .061 © 410 -.235 the estimate

# Sign. p
* Sign. p

I

0.10° 7
0.05

42T




Table 3%4. Stepwise regression equations and correlations relating control yield in
Bu/acre to climatic factors and N NHjOAc extractable X in air dried and m01st soils
from seven 1973 winter wheat experimental sites.

_ Step ____Equation . , - rY sp?/ B2 aaj B2
A : ' Air Dried - ‘

- 1.. Y=52.74-0.026x9 . _ ' 1.28 5.24% 204 Ok
2. Y=81.44-0.041x9-1.37xh - - - . 1.48 4,97 h25 14
3. Y=145.13-0.132x9-5.35x4+84 . 66x7 : L.11 3.35 .80k .61
L, Y=154.13-0.177x9-5.99x4+105.22x7+0,042x10 10.52%" 1.98 .955 .87
5. Y=174.97-0.196x9-6.66xl+118.21x7+0.030x10-1.31x6 10.64 1.78 - .982 .89

. Moist . '
1. Y=51.66-0.023x11" - 1.33 5.21 . .211 .05
2. Y=80.57-0.037x11-1.41x4 1.59 L.oo 443 .16
3. Y=129.25-0.102x11-4,70x4+69.86x7 3.09 3.75 756 .51
L, Y=144.20-0.158x11-5.65x4+97 .69x7+0.053x12 8.38 2.20 .94 .83
5. ¥=131.20-0.159x11-5.04x4+99.43x7+0.090x12-0.964x5 L. 79 2.63 - 960 .76
Correlation coefficients: ' "1/ F ratio .due to
regression

__Variable No, ]
xbh " x6  x7 ~x9  x10 x11 'x12 2/ Standard error of

- Air Dried, x3 -.186 ;324 -.37% -.452 -.158 | ?he estimate
Moist,  .x3  -.186 .324 -.37% 459 -.pp6 f Sien. p= 0.10

82T




Table 35. Stepwise regression equations and correlations relating K fertilizer rate in
pounds/acre  to climatic factors and N NHyOAc extractable K in air dried and moist soils
from seven 1973 winter wheat experimental sites. '

Step ~ Equation 1/ g% 8% pqjR?

E ‘ Air Dried - _
1.  Y=-55.76+1.92x2 - 3.74 18.44 428 .31
2. Y=-92,96+1.83x2+92.99x7 3.46 16.49 .63k L5
3. Y==102.57+2.07x2+67.63x7+2.04x5 2.21 17.56 ..689 .38
L. Y=-149.62+1.95%2+20.95x7+3.00x5+4, O4xL 1.86 7.7 788 .36
5. Y=-144},04+1.90x2+19, 79x7+2 . 57x 5+  blixl-1 , 78x6 0.77 2L.71 .795

Moist
18.44h k28 .31
16.49 634 .45
17.56  .689 .38
C17.7h 788 .36
23.4k2  .815

¥Y=-55.76+1,92x2

Y=-92.96+1.83x2+92.99x7
Y=-102.57+2.07x2+67.63x7+2.04x5
Y=-149.62+1,95%x2+20.95x7+3.00x5+4 ., O4xly
Y=-225,52+1.70x2+2k, 30x7-2.73x5+8. 31x4+0.230x12

nEW N
O NWW
0 o N £
BRPERE

. : 1/ F ratio due to
Variable No. regression

: , %2 < %5 x6 X7 %12 2/ Standard error of
Air Dried, x1  .654 .580 .232 =.121  .A493 | the estimate
Moist, = x1 654 540,232 . .93 .038

Correlation coefficients:

YA




130

ANOV F (.10 level) was generated when the 6 to 12-inch depth moist
soil K was introduced at step five of the moist soil equations. The
standard error is also lower from this equation than from the same
equation with the air dried soils, These and previous data presented
in this thesis support the analysis of moist subsurface soils when
they are aqalyzgd along with the surface soils by N NH40Ac in an at-
tempt to improve the prediction of K fertilizer needs} The work of
Luebs, et al. (1956), Hanway, et al. (1961 and 1962), and Schulte and
Corey (1965) support this conclusion. It must be remembered that,'

" according to Luebs, et al. (1956); in the midwestern United States,
exchangeable K at a ﬁarticular depth remained nearly constant below
the surface one-inch layer of soil due to more constant moisture
levels.

Caﬁtion must be exercised when the RZ values are used to judge
how well these regression equations account for variation in potential
yield., There are only five allowable degrees of freedom. In step
five for the air dried soil analysis the F from the ANOV for this re-
gression equation is statistically nonsignificant. Thus, despite the
fact that the R%, verified by the adjusted R%, indicates that 99% of
the variation in potential yleld is explained by the regression equa-
tion, this equation must be'considered as having little interpretive

value.

The regression equations developed at step four from air dried
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soil analysis effectively predict potential yields and control yields
as shown in Tableé 33 and 34 at the .05 and .10 levels of significance,
respectively. Both equations utilized soil K in the surface 6-inch
depth, evaporation rate, and average soil temperatére at 50 cm as the
first three variables entering the equatiori. Rainfall was entgred at
step four of the potential yield equation.' The control yield equétion
(Table 34) entered the 6 to 12-inch depth K at step four. The reason
this occurred is probably due to the potential yield sites recelving
an adequate supply of K fertilizer prior to cropping. Therefore,
rainfall was considered more important than subsurface soil X.

The NHquC extractable K and climatic factors were ineffective
in predicting the X fertiliger rate as is shown ;n Table 35. No sig-
nificant relationships were developed despite the fact that all five

allowable degrees of freedom were utilized.

Resin-thimble potassium extraction method., The first K extrac-

tion of the 1973 winter wheat site solls by the fesin—thimble method
was done on the less than 2 mm diameter particles using unselected
thimbles and measured quantities offresin. ﬁesulté of the stepwise
regression equations and correlations relating potential yield, con-
trol yield, and X ferfilizer rate to climatic.factors and resin—&him—
ble extractable X in air dry and moist soils from these experimental .
sites are presented.in Tables 36, 37, and 38, respectively.

Step four for air dried soils in Table 36 reveals that the resin -




Table 36.

Stepwise regression equations and correlations relating potential yield in -~

Bii/acre to climatic factors and resin (thimble method) extractable K in air dried and
moist soils from seven 1973 winter wheat experimental sites using 2 mm soil, unselected

thimbles, and measured resin.

' Step Equation_ p Y/ s 2 82 aq5 R
_ ’ : Air Dried -
1. Y=62.94-1.66x13 . 3.59 6.35 418 .30
2. Y=60.75-0.305x13+0.316x14 . 3.08 5.84 606 .41
3. Y=U49.87-0.384x13+0.387x14+34.08x7 3.99 ° L.81 .800 .60
L, Y=92.43-0.485x13+0.304x14+70.32x7-2. 64xl 13.03# 2.53  .963 .89
5. ¥=110.70-0.474x13+0.141x1+72, 99x7-2.91xk-1.85x6 13.30 2.27  .985 .91
. ; "Moist : :
1. Y¥=53.62-0.061x15 0.38 8.03 .070
2. Y=75.42-0.152x15-2.79x6 0.34 8.60  .146
3. Y=77.17-0.222x15-3.95x6+2L4.19x7 . 0.31 . 9.40  .235
4. Y=143.84-0.472x15-6.87x6+75.19x7-2.93x4 - 0.27 10.59  .353
5. Y=283.79-2.22x15-3.51x6+310.85x7-12. 25x4+2.11x16 0.62 9.19 .756
Gorrelation coefficients: 1/ F ratio due to’
Variable No. regression _
xh x6 x7 x13 x1h  x15 %16 2/ Standard error of

Air Dried, x2
Moist, x2

.26 .062 061 - 646 .23k
226,062 .061

the estimate

_.265 -.213 # Sien. »'=0.10

AN




Table 37. Stepwise. regression equations and correlations relating control yield in
Bly/acre to elimatic factors and resin (thimble method) extractable K in air dried and
moist soils from seven 1973 winter wheat sites, using 2 mm soil, unselected thimbles,

and measured resin.

Step . Equation F l/ .SE 2/ Rz Adj Rz
: Air Dried :

1. Y=54.72-0.118x13 ' 3.72 by L2731
2. ¥=85.85-0.169x13-1. 55x4 5.26# 3.44 72k 59
3. ¥=105.14-0.271x13-3.08x4+37.33x7 12.32% 2.08 .925 .85
"4, ¥=110.44-0.319x13-3.28x4+36.69x7+0 . 623x5 32.68% 1.14 .985 .96
5. ¥=108.88-0.315x13-3. 32xl+36. 41x7+0.691x5+0. 385x6 19.81. 1.31 .99 .94
: : » Moist :

1. Y=46.66-0.684x%5 : 0.86 5.42 146

2. Y=51.27-0.484x5-12.63x7 0.50 5.87  .200

3, Y=U7.27-0.256x5-14,00x7+0,827x6 0.29 6.66  .227

b, Y=23.21-1.23x5-5.51x7+3.88x6+0.282x16 0.19 7.91  .273

5. ¥=-11.25-2.95x5+31. Y4x7+8.78x6+1.11x16-0.276x15 0.11 10,51 .359
Correlation coefficients: 1/ F ratio due ‘to

VariableNo, o regression
d T
Air Dried, x3  -.186 -.382 .32%. -.374 -.633 ¥ Sign. p = 0.05
-.363 -.302 :

Moist, . x3 —.186: -.382  .324 -.37%

€CT




Table 38.

Stepwise regression equations and correlations relatlng K fertilizer rate in
'pcnlnds/acre to climatic factors and resin (thlmble method) extrdctable K in air dried

and moist soils from seven 1973 winter wheat experimental s1tes using 2 mm soil, unse-
1ected thimbles, and measured resin.

1.
2
3.
5
5

Step ___ Bquation- rY sz 2/ Adj R®
_ . Air Dried -
Y=-55.76+1.92x2 - L . 3.74 18.4% 428 .31
. ¥=-92,96+1,83x2+92.99x7 3.46 16.49 .634 ,bs
. Y=-102.57+2.07x2+67 .63x7+2.04x5 2.21 17.56 ..689 .38
. Y=-34,15+1.08x2+97.01x7+3.99x5-0 . 461x13 1.88 17.66 .790 .37
. Y=84,06-2,20x2+283.28x7-3.60x5-1.93x13+2.68x14 2.41 15.10 .923 .52
. Moist .
1. ¥=255.76+1.92x2 , 3.74 18.44 k28 .31
2. Y=-92.96+1.83x2+92.99x7 3.46 16.49 634 45
3. Y=-102.57+2.07x2+67.63x7+2.04x5 . 2.21 17.56 .689 .38
L, Y=-149.62+1,95x24+20.95x7+3.00x5+%. Olixl 1.86 7.7 788 .36
5. Y=-233,95+1,99x2-40 . 94x7+0. 522x5+8. 39xl+. 442x16 1.06 21.72  .841 .05
Correlation coefficienté: 1/ F ratio due to.
' Variable No. o regression
L o ' 2/ Standard error of
_ ‘ x2 - % x5 X7 x13  x14 -xl6, tho estimate - :
Air Dried, x1 - .654 - 232 493 -.310 .023
Moist,  x1 ° .654 540 .232  .L493 072’

HET
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' exchangeable K in the 0 to 6 and 6 to 12»inch depths combined with the.
evaporation rate and average soil temperature to proviﬁe a potential
yield equation which was significant at the .10 level. These variables
explained at 1éast 89%~of the variation in poténtial yield. Moist

soil analysis did not contribute toward a significant relationship.

This resin technique was more effective in developing statistical-
ly significant regression eqﬁations for predicting control yields as
shown.in steps two,. three, ‘and four (air dried) of Table 37. The
combination of resin e#tractable soil K in the surface 6-inch depth
of air dry soils and average soil temperature was significantly re-
lated, at the .10 level, with control yield. Inclusion of evaporaﬁioﬂf
rate and/or available soil water increased the significance to the .05
level and accounted for at ieast 85 and 96%, respectively, of the
variation in the control yield.

By observétién of the regression ANOV F values in Table 38, one
 can ascertain that this technique did not adequately predict the K
fertlllzer rate from analysis of either air dry or moist soils.

No significant relatlonshlps for control yield were found When
moist soils were analyzed Results in Tables 36 and 37 1ndlcate that
‘the. resin thimble extractable K method predlcted PY, CY, and FR more |
effectively when aillr dry soils were analywzed. Thus,‘future testlng |
of this method was done only on air dry soils. »

Duplicéte sample analysis of the 1967 through 1971 and the 1973
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site samples revealed that the resin-thimble K extréétion-procedure
lackéd precision. Observation of the thimbles revealed that their
bases were not uniform in thickness. Also the inside diameter and
wéll thickness variéd among thimbles. It was thpught ‘that thimbles
selected for'uniformity,might provide gfeater précision. A batch of
uniform thimbles was selected by visual inspection of the anount 6f "
1ight entering through the base, aﬁd sizing of the thimbles for uni-
form wall thickﬁess‘and inside diameter. Ihese were used to repeat
the extraction of the 1973 site séil samples for X by ﬁhe resin-thimble
procedure usiﬁg measured quantities of resin. The precision between
duplicate 6-inch depth samples improved ffom'an average standard de-
viation of 11.86 ppmlwhen using unselected tﬁimbles'to_?.29'ppm from
use of these sélected thimbles. However; a standard deviation of 7.29
ppm should still be improved if the procedure is tq be sufficiently '
precise for soil analysis.

A sufficient number of thimbles was selected to allow for tﬁoA
additional éets 6f|ané1yses of the 1973 site samples. In both runs
the soil samplesxwere ground finer than 0.5 mm and five gramsqu.éation
. resin were wéighed ipto each extraction beaker. The average standard |
deviation was rédﬁced to 1.72 and 5.72 ppm for these two runs. The
human eye mﬁst be considered imsufficiently accurate for thiﬁble éelec;

tlon as all the thimbles for both runs were selected by fhe-same.cri—

teria but the average standard deviations differed by 4 ppm. Pérhaps
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anvinstrument.could be designed §n the principle of a colorimeter to
electronically select those thimbles allowing a certaih quantity of
light to pass through the base of the thimble., .A caliper could be
used to ascertain the correct inside diameter and wall thickness.

Machine made thimbles having a length of 80 mm by 20 mm diametef
were provided by Reeve Angel, Inc., 9.Bridgewe11 Place, Clifton, New-
'Jersey, to evaluate their precision for X e*traction by the resin
method. The 50 x 1b,mm thinbles were hand made. The average standard
deviations.for £wo ektractions using'tﬁese machine made thimﬁles were
17.86 and 45.36 ppm, much worse than the unselected 50 x 10 mm thimbles.
Hoﬁever, the 22 cm &iameter of these thimbles allowed more soil to be |
in closer proximity to the resin. This allowed the resin to extract
a greater concentrétién of K. The results of duplicate sample analyses
for each resin-thimble technique variatioﬁ attempted are shown in Ap-
pendix Table 11.

Tables 39, 40, and 41 show the.séépwise,regression equations and
vcorrelations relating potential yield, control yieid,'and X fertilizer
rate to climatic factors and resin (thimble method) extractable soil
X in air dried soils from seven 1973 winter wheat sites, with (1) 2 .
mm soil, selected thimbles, and.measured volumes of resin, (2) 0.5 mm.
soil, selected thimbles and weighed resin, and (3) a fepeat of (2),
.respectively. ﬁse of selected thimbles with 2 mm soil and_measured

resin failed to show improvement in predicting potential yield over




.Table 39. Stepwise regression equations and correlations relating potential yield,
control yield, and K fertiliger rate to climatic factors and resin (thimble method)
extractable soil K in air dried soils from seven 1973 winter wheat experimental sites..
This is a rerun of the résin (thimble) procedure using 2 mm soil, selected thimbles and

measured resin.

Step - . Eguation Fd s2 2 g2 pay B2
’ Potential yield
1. Y=59.10-0.121x13 . - 2.23 6.93 .308 .17
2. Y=48,23-0,200x13+42.79x7 . 2.43 6.25 ..549 .32 .
3. Y=269.03-0.314x13+58.30x7-3.84xb k.30 L.67 .811 .62.
L, Y=70.98-0,302x13+61.76x7-4.33x6-0.547x5 2.54 5.3 .835 .51
5. Y=39,99-0.508x13+113.61x7-4,71x6-1 llx5+0,882x14 72.95% 0.97 .997 .98
; Control yield
1. Y=56.71-0.133x13 _ 15.28% 2.91  .753 .70
2. ¥Y=63.97-0.158x13-1.13x6 8.23% 2.90 .805 .71
3. ¥=62.52-0.200x13-1.60x6+17.61x7 : 7.18# 2.65 .878 .76
L, Y=72.78-0.212x13-1.08x6+29.22x7-0.972x4 1k 27# 1.71  .966 .90
5. Y=70.26-0.228x13-0.910x6+30.69x7-0.969x4+0 . 049x14 7.71 2.09 .975 .85
K fertilizer rate )

1, Y=-55.76+1.92x2 : 3.74 18.44 428 .31
2. Y=-92,96+1.83x2+92.99x7 ‘ 3.46 16.49 .63 .45
3. Y=-102.5742.07x2+67.63x7+2.04x5 _ 2.21. 17.56 .689 .38
b, Y=-22,97+1.57x2+37.16x7+9.18x5-1.38x14 ' 2.35 16.15  .824 4y
5. ¥=-70.40+1.47x2-7 . 00x7+9 . 92x5-1. 35x14+3. 89xk 2.20 15.72° .917 .50
Correlation coéfficients:‘ T : ;/F ratio due

’ : ) __ Variable No to regres-

x2 x4 x5 x6 X7 K3 xlb sion
Potential yield, x2 -.264k  ,062 .06l -.555  -.418 2/Standard .
Control yield, - x3 . -.186° 324 -.374 -.868 =,554 error of the
K. fertilizer rate, x1  .654 .540 ,232 493 -.095 estimate
# Sign. p = 0.10
* =

Sign. p = 0.05

geT




Table 40. Stepwise regression equations and correlations relating potential yield,
control yield, -and K fertilizer rate to climatic factors and resin (thimble method)
extractable soil K in air dried soils from seven 1973 winter wheat experimental sites.
. This is a rerun of the resin (thimble) procedure using 0.5 mm soil, selected thimbles
and weighed amounts of resin.

Step " - . Equation " pl/ st 2 R%. aqiR
‘ Potential yield '

2

1. ¥=68.74-0.207x13 ' 5967 5.62  .5M4 .45
2. Y=59.48-0.289x13+40.71x7 7.83% b,20 797 .70
3. ¥=88.11-0.378x13+68.,30x7-1.86xk . - - 14, 72% 2.71 .936 .8?
L, ¥=91,91-0.397x13+64.71x7-1.47x4-1, 59x6 58.37% 1:.21 .992 .98
5. Yé92.86—0.389x13+66.90x7—1.48x4—1.88x6—0.313x5 257.86% - 0.52 «999 .998
. Control yield ) :
1., ¥=59.91-0.157x13 8.66* 3.55 634 .56
2. Y=78,05-0.174x13-0.966x4 - 6.81% 3.12  .773 .66
3. ¥Y=88.34-0,250%x13-1.87x4+29.69x7 11.63% ‘2.13 .921 84
L, Y=86.6550.242x13—2.05xh+31.29x7+0.?0?x6 8.25 2.22 943 .83
5. Y=73.80—0.243x13—l.75x4+29.18x7+1.48x6+0.100x14 3.95 2.88 .952 .71
K fertilizer rate

1. ¥Y=-55.76+1.92x2 3.74 18.44 428 .31
2. Y=-92,96+1.83x2+92.99x7 3.46 16.49  .634 .45
3. ¥=-102.57+2.07x2+67,63x7+2,04x5 . 2.21 T 17.56 .689 .38
4, Y=-149,62+1,95x2+20 . 95x7+3 . 00x5+4 . Olixls 1.86 17.74 .788 .36
5. 12—283.54+3.41x2—84;01x7+2.?8X5+6,98x4+0.599x13 0.83 24,07 .805
Correlation coefficients: - 1/F ratio due

Variable No. ) B to regres-

- _ ! k2 xh %5 x6. X7 x13 x14 sion
Potential yield, x2 226 -.264 .062 .061 -.737 2/Standard
Control yield, x3 -.186 324 -.374 -,796 ~,185 error of the
'K fertiliger rate, x1  .654 540 ,232 - 493 -.275 ' estimate
' # Sign. p = 0.10

nn

" % Sign. p = 0.05

6€T




Table 1.

Stepwise regression equations and correlations -relating potential yield,

control yield, and K fertilizer rate to climatic factors and resin (thimble method).

extractable soil K in air dried soils from seven 1973 winter wheat experimental sites.
This. is the second rerun of the resin (thimble) procedure using 0.5 mmn soil, selected
thimbles, and weighed amounts of resin.

Step , Equation F s 2 8% aaj P
' - Potential yield

1. Y=66.40-0.165x13 2.65 6.73 346 .22

2. Y¥=59.38-0.254x13+39.86x7 2.65 6.11  .570 .36

3. Y=90.19-0.420x13+55.95x7-4. 34x6 7.79% 3.63 .886 .77

L, ¥=115.71-0.505x13+82.91x7-4.13x6-1.67xk 31.00% 1.65 .984 .95

5. ¥=130.83-0.509x13+86.31x7-5.11x6-1.97x4-0.100x14 38.09 1.35 .995 .97

&nFUNI—'

EJ'\F\»)'N)—'

Control yield

Y=60.66-0.147x13
Y=78.77-0.164x13-0.951x4

¢ ¥=95.54-0.275x13-2.20x4+39, 51x7
Y=100.55-0.304x13-2.15x4+l1 . Pix7-0.815x6
¥=100.33-0.308x13-2.1 5xl++l0 . 88x7-0.701x6+0 . 145x5

K fertilizgr rate

Yo 52.7641.92x2

. Y=-92.96+1.83x2+92.99x7 -

Y=-102.57+2.07x2+67 . 63x7+2. 04x5
Y=-149.62+1.95x2+20, 95x7+3. 00x5+4 . Olxlt

Y=-222.1742. 57x2-41 . b0x7+2 . 48x 5+5. Qlxh+0 . 350x13

Pin o O
53y

SHhww
EREER

3.92  .554 46
3.66 .688 .53
2.41  .899 .80
2.60 .921 .76
3.60  .925 . .55

18.44 428 .31
16.49 .63k .45
17.56  .689 . .38
17.74  .788 .36

' Gorrelation coefficients:

Variable No.

7' xlj

23.90 .808
. 1/F ratio due
i to regres-
_ x14 sion

X2 X x5

‘Potential yield, x2 226
Control yield, x3 ©-,186 -.382
K fertilizer rate, x1  .65% .50 .232

589

C=LTHs
- =117

-.119 2/Standard
error of the
estimate

# Sign., p =-0,10
* Sign. p = 0.05

Ot
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use éf unselected thimbles (Table 39). The.équatiop,for step five wWas
significant at the'.iO level, Predietion. of the-cbntrol plot yields
became significant at the .05 1evé1 in steps one and two. However,
prediction of the K ferfilizer rate remained insignificant.

The potential yield piedictive equétions were much improved when
the average standard deviation was reduced to 1.71 by anélysis of O.5>
mm soil.uéing selected thimbles and weighed resin as shown in Table 40.
The step one equatioﬁ was almost significant at the .Q5 level. If
these results.cquld,be reproduced consistently, the resin-thimble
method would be the best of the procedures tried. However, an exact
rerun of this téchnique revealed a higher aveiage standard deviation
of 5.72 and a lower level of potential yield explanatory power (Table
b1). Also, different variables were entered in steps three, four,

‘and five.

Resin extraction of soils for "plant available" K‘appears to have
possibilities for éredicting potential yield, but a more uniform soil
sample container, which stiil allows for K diffuéion; is needed.

Appendix Table 12 contains feéults of extraction of.the 1973 ex-~
perimental site soils for K, bergentagé K éaturation of the GEC,'énd

free energy by the methods to be discussed below.

Resin plus.ammonium acetate K extﬁéction method. The concentra-
tion of K extracted by the H-resin plus that .amount extracted by N

NH“OAC failed to predict potential yleld or the K fertilizer rate
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required fﬁr that potential yield by extraction of moist or dry sam-
ples as shown. in Tables 42 and 44. This combination of‘extraction
methods did, hoﬁever, predict yields from the control plots ét a .10
level of significance by analysis of beth moist and air dried sémples
(Table 43). Potassium in the 0 to 6é-inch depth was injected into the
regression equation at step one and accounted for 48 and 54% of the
variation in control yleld for air dried and moist éoil extraction,
respectiﬁely. Subsequent introduction of soil temperature and evépora—
tioﬁ rate into the. stepwise regression equations at stepg two and three
maintained the .10 level of significance While‘improving the explana-
tory power of the control yield prediction. Further improvement in
the prediction of control plect yields occurred onl& at step five of .
the regression using moist soil K analysis. Additional climatic fac-
tors inserted imto this equation were rainfall (step four) and stored
available soil %ater at step five, A .05 level of signifidance was
obtained with a variability explanatory power of 99.9%. Caution should
be exerclsed in the application of this. equation dite to the limited
. degrees of freedom compared to the number of variabies involved.

Thege'resuits are supported by those of Barber and Matthews (1962)
who reported Eaving accounted for 56% of the vériability of the average
yield increase for/corn& wheat,'oatsp<and potatoes. They related
response of these .crops to moderately available X and resin plus N

NH40Ac K by a multiple quadratic regression method.




Table b2.

soils from seven 1973 winter wheat experlmental sites.

Stepwise regression equations and correlations relating potential yield in
B/ acre to climatic factors and resin plus N NHjO0Ac extractable K in air dried and m01st

_ Step - Equation - rl | g2 Adj R
Air Dried _
1. Y=62.42-0.027x17 2.16 6.96 .301 .16
2. Y=92.81-0.050x17-3. 93x6 2.24 6.39 .528 .29
3. ¥=90.03-0.065x17-4,80x6+33.80x7 2.50 5.75 .714 .43
L, Y=123.31-0.085x17-5.01x6+62 . 3Ux7-1.98x4 " : 2.54 © 5.34 .83 . .51
5. Y=137.11-0.088x17-6.67x6+81.78x7-2.37x4-1.39x5 .61 1.2 .,996 .98
- Moist ' _
1. Y=60.36-0.026x19 1.57 7.26  .239 .09
. 2. Y=53.02-0.039x19+31.87%7 1.26 7.29 .387 .08
3. Y=84.13-0.077x19+50,66x7-4.74%x6 2.31 5.91  .698 .40
L, Y=92.40-0.079x19+65.29x7-6 . 46x6-1. 34x5 . 2.83 5.10 .850 .55
5. Y=118.45-0.095x19+93.98x7-6.69x6-1.55x5-1.66x4 3.43 L.,37 945 67

Correlation coeffiéients:

Variable No.

1/ F ratio due to

regression

i@ x5 x6 x7 x17

x19

. Air Dried, x2 226 -.264  .062. .06l -.549
Moist, x2 226 -.264 062 .06l

-.489

2/ Standard error of
the estimate

nT




Table 43, Stepwise regression equations and correlations relating control yield in - :
Bu/ acre to ¢limatic factors and resin plus N NHj0Ac extractable K in air dried and
moist soils from seven 1973 winter wheat experimental sites.

Step . . Equation - gl s 2 R%  pgqs B2
. Air Dried '
1. Y=57.040.024x17 L. 56# hoobb 7 .37
2. Y=84,42-0.031x17-1.37xk 5.27 3.4 725 .59
- 3. ¥=97.78-0.045x17-2.44xl+28,86x7 6.23 2.82  .862 .72
L, Y=110.64-0.056x17-2.52x4+33.52x7-1.63%x6 7.27 2.35 .936 .81
5. Y=132.98-0.056x17-2.73xl+3%.80x7-3.75x6-0.028x18 23.60 1.20  .992 .95
o ' Moist '
1. Y=57.57-0.028x19 5.96# 3.96 .54 .45
2. Y=75.90-0.031x19-0.976xk L, 3# 3.69 .68% .53
3. Y=88.78-0.049x19-2.09x4+35,12x7 6.23% 2.82  .862 .72
L, ¥=99.17-0.062x19-2.08x4+41.29x7-1.62x6 7.10 - 2.38  .934% .80
5. ¥=105.90-0.065x19-2. 27x+51.21x7-2.42x6-0.632x5 772.23% 0.21  .9997 .998
Correlation coefficients: - ‘ 1/ F ratio due
' ) " Variable No. to regression
o xlb - x5 . %6 X7 x17 x18 x19 2/ Standard -
Air dried, x3 -.186 -.382 -.324% -.374 <.691 -.365 error of the
Moist, x3 -.186 -.382 -.324 -.37% 73y ostimate

1T




" Table L.

Stepwise regression equations and correlations relating K fertiliger rate in

pounds/ acre to climatic factors and resin plus N NH4OAc extractable K in air dried and
moist soils from seven 1973 winter wheat -experimental sites.

Step __Equation Y m¥ § pa R
. Air Dried '

1. ¥=-55.76+1.92x2 : - 3.74 8.4 428 31
2. Y=-92.96+1.83%24+92.99x7 ’ 3.46 16.49 .63 .45
. 3. Y=-102.5742.07x2+67.63x7+2.04%5 . 2.21 17.56 .689 .38

L, Y=-149.62+1.95x2+20.95x7+3.00x 54, 0lxl 1.86 -17.74 788 .36

5. Ye=-14l,0l+1,90x2+19.79x7+2., 57x5+4 Mixl=1.78x6 0.77 2k 71 795

.. : Moist :

1. Y=-55.76+1.92x2 : . 3.74 18.44 428 .31

2. Y=-92.96+1.83x2+92.99x7 3.46 16.49 .63 .45

3. ¥=-102.57+2.07x2+67.63x7+2.04x5 2.21 17.56  .689 ,378

b, Y=-149,62+1,.95%2+20 .95x7+3.00x 5+, Olixlt. 1.86 17.74  .788 .36

5.MY£—144 O+l 90x2+19 79X7+2. 57x 5+ 44x4-1 78x6 0.77 k.71 795

Correlation coefficients: - 1/ F ratio due to

: . - Variable?ﬂb._ : regression
' : X e X5 X6 . xP 2/ Standard error of the
Air dried, x1 . 654 580,232 -.121 493 estimate

Moist, =~ x1 658 540 . .232 -.121

493

GHT
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Moderately available K by.resin &¥traction. Moderately .available

'gaii K was,calculated'from extraction 6f the 1973 experimental site
soil samples by sﬁbtracting the N'NHuOAc extractable K from that X
extracted %y,the resin'plﬁs N NHqOAc method. Results of equétions
from stepwise reéression and correlations relating potential yield,
control yield and X fertiliger rate with climatic_factors and moderate-
ly available soil K in air dried and moist soils are illustrated in
Tables 45, 46, and L7, respectively.

In Table 45, regression steps one, two,-and three entéred.moderaté—
ly available alr dried soil X in the surface 6-inch depth, rainféll,\
and available soil Water,-reSpectiveiy. None of these egquations sig-
nificantly predicted potential yield. ' However, at step four evapora-
tion rate was entered ipto the equation, causing the prediction of
potential yield to become significant at the .05 1ével, and accounting
for at least 97% of the variability in potentiai yield. Moderaﬁéiy
available soil X in the 6 té 12-inch depth was entered into the equa-
tlon at step five. _The ANOV F for:this equation was highly sighificant,
All of the variability in potential‘yiéld was accounted for as‘iﬁdica—

ted by the R2

of 1.0 and the negligible standard error. Control yileld - ...
was predicted at various levels of significance by combinations of
soll temperature, available soil water, and rainfall ﬁith moderately

available, air dry soil X in the surface 6-inch depth (Table 46).

Similar results‘we:e obtained when the moderately available K was




Table 45. Stepwise regression equations and correlations relating potential yield in
Bu/ acre to climatic factors and moderately available soil K[ (resin K+NH, OAc K)‘NBQOAC K]
in air dried and moist soils from seven 1973 winter wheat experimental sites.

Step 7 Equation _ 7 rY ¥ R s
) Air Dried - ’
1. Y=60.15-0.062x21 : 3.46 6.0 409 .29
2. Y=81,57-0.097x21-3.30x6 _ 3.08 5.84 606 .41
3. Y=98,24-0.105x21-5.31x6-1.30x5 3.52 5.05 .779 .56
4, ¥=94.17-0.123x21-6.53x6-2.09x5+37.34x7 43.65% 1.50 .989 .97
5. Y=84,08-0,135x21-5.61x6-2.25x5+42 . 39x7+0 ., 049x22 71279.31%* 0.03 1.000 1.0
' Moist
1. Y=53.32-0.042x23 : 0.83 7.71 142
2. Y=33.00-0.053x23+1.30xk 0.72 7.99  .264
3. Y=33.83-0.078x23+2.08x4-2.41x6 . 0.59 8.53 .370
L, Y=49,08-0,111x23+2.91x4-6,00x6-1.91x5 - 1.30 7.29 .693 .08
5. Y=53,70-0.135x23+2.2Uxl-6,77%6~2,78x5+10 , 38x7 1.15 7.1 852 .11
Correlation coefficienté: ) 1/ F ratié‘due
) Variable No. . to regres- -

xL x5  x6 X7 x21 x22 %23 sion
Air dried, x2- -.264  ,062 .06l -.640 -,344 2/ - Standard
Moist, x2 226 -.264 062 .06l . - .43 ~  srror of

. the estimate

* Sign. p = 0.05
** Sign, p = 0,01

T




Table 46. Stepwise regression equations and correlations relating control yield in
B11/acre to climatic factors and moderately available soil K[(resin K+NH, OAc K)-NH&OAC K]
in air dried and moist soils from seven 1973 winter wheat experimental sites. .

Step Equation - p L/ st B2 a5 R?
Air Dried :
1. ¥=55.42-0.056x21 11.26% 3.25 .693 .63
2. Y=71.67-0.061x21-0.902x4 8.83* 2.82 .815 72
3. ¥=73.25-0.058x21-0.932x4-0.370x5 5.91# 2.88  .855 .71
L, ¥=82.98-0.075x21-0.626x4-0.775x5-2.18x6 12.69% 1.81  .962 .89
5. ¥=91,51-0.064x21-0,454xl-0.729x5-3. 53x6~0.055%x22 53.71 0.80 .99 .98
) Moist
1. Y=53.05-0.064x23 ~10.27% 3.36  .673 .61
2. Y=56.14-0.064x23-0,658x5 8.40% 2.88 .808 .71
3. Y=65.87-0.074x23-1.03x5-1.50x6 - 7.39% 2.62 .88l 76-
L, Y=65.56-0.091x23-1.50x5-2.23x6+18.67x7 . < 11.39% 1.90 .958 .87
5. Y=58.25-0.103x23-1.69x5-1.68x6+23., 67x7+0.038x24 30.26 1.06  .993 .96
Correlation coefficients: ) » 1/ F ratio due to
Variable No. : regression

xh x5 x6 x7 __ x21 x22. x23  x24 2/ Standard error
Air dried, x3 -.186 -.382 .324 -.832% -, 624 of the estimate
Moist, 3 - _.382 324 -.374 -.820% -,398 # Sign. p = 0.10

: * Sign., p =

0.05

R




Table 47.

Stepwise regression equations and correlations relating K fertilizer rate in

pounds/ acre to climatic factors and moderately available soil K[ (resin K+NH, OAc K)-
NHuOAc K] in alr dried and moist soils from seven 1973 winter wheat experimental sites.

Step - Equation p sp 2/ Adj B2
_ ’ Air dried - _
1. Y=-55.76+1.92x2 3.74 18.44 428 .31
2. Y=-92.96+1.83x2+92.99x7 3.46 16.49 634 45
3. Y=-102.57+2,07x2+67 .63x7+2.05x5 2.21 17.56  .689. .38
L, Y=-149.62+1.95x2+20.95x7+3.00x5+4 . Olixl 1.86 17.74 788 .36
5. Y=-144, 0441 .90x2+19. 79742 57x 5+  blixl-1 . 78x6 0.77 2471 795
Moist _
1. Y=-55.76+1.92x2 3.74 8.4 428 31
2. Y=-92.76+1,83x2+92.99x7 3.46 16,49 634 .45
3. Y=-102.574+2.07x2+67.63x7+2.05%5 2.21 17.56  .689 .38
L, Y=-149.62+1.95x2+20.95x7+3.00x 5+, Olxl 1.86 a7.74 788 .36
5. Y=-151,11+2.02x2+8.58x7+3. 72x5+4 61x4-0. 067x24 0.80 24.38  ,800
Correlation coefficiénts: 1/ B ratio due to
Variable No. ‘ ~ regression
\ X2 xh x5 X6 x7 X2l 2/ Standard error of
Air dried, x1 654 50,232 -.121  .493 the estimate
493,189

Moist, x1 654 5L 232

64T
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determined'in field moist soils,. except‘that evaporation rate, which
is an integrator of climatic variables, was entered instead of the
average soil temperature. Results in Table 46 again point to the an-
alysis of.aif dried soils for k when the_H—resin is used as the
extractént; The ANOV F valués in Table &7 indicaté that moderately

gvailable X did notveffeétively predict the K fertilizer rate.

Percentége potassium saturation of the cation exchange complex
KEK§Z. The perceﬁtage of X on the cation ekchange complex was deter-
mined on soils from the'1973 winter wheat experimental sites,.and
along with climatié féctors.was used in an attempt to preaict poten-
tial yield, control yield. and the K fertilizer rate. The regression
equations in Table‘48 indicate an agreement with those of Stewart and
Volk (1946) and Hossner and Doll (1970) who found that PKS of the CEC
was not related to cro§ response from applied K. The PKS of the CEC
in the 0 to 6-inch depth entered the potenﬁial yield predictive equa-
tion at steﬁ one, but was not significantly related to potential yield
and explained only &% of its variability. A éombination of PKS,
evaporation rate, évérage soll tempergture, and available soil water,
in that ordeé,‘was needed to dgvelop a significant (.10 1eve1) pre-~
dictive equatioﬁ for poténtial yield; If soils release moderately
avaiiable K to flants as soluble and exchangeable K are depleted,
this could indicate why PKS 1s not related to crop response.

A highly significant (.01 level) predictive equation foxr the K




Table 48. Stepwise regression equations and correlations relating potential yieid,
control yield, and K fertilizer rate to climatic factors and percent X saturation .of
the exchange complex in soils from seven 1973 winter wheat experimental sites.

Step Equation : pd/ se? B2 aqjR2
T Potential yield ’
1. Y=68.69-4.03x25 . : 0.43 7.99 .080 o
2. ¥=139,47-27,56x25+126.68x7 3.80 . -5.,47 655 .48
3. Y=215.92-40.95x25+206.93x7-2.35xk4 5.33 4,27 .B42 .68
L, Y=258,80-52. 44x25+2Uly, 75x7-2, 57xl+1,27x5 10.70% 2.78 .955 .87
5. Y=266.97-54.86x25+256.49x7-2.92xM+1, 58x5+0 . 967x6 6.47 3.22  .970 .82
) Control yield

1. Y=73.18-5.54x25 ' 2.17 L,90 .303 .16
2. Y=92.92-12,10x25+35.34x7 1.29 5.11  .393 .09
3. Y=152.81-22.60x25+98.21x7-1. 84xl 1.66 L.65 624 .25
L, Y=149.77-22,10x25+101.83x7-2.25x4+1 . 34x6 1.20 5.03 .706 .12
5. Y=142,48-29,10x25+143.28x7-3.19x4+3,97x6+10,73x26 13.38 1.59 .985 .91 =

. . K fertilizer rate . =
1, Y=-55,76+1,92x2 3.74 18.44 428 .31
2. Y=-92,96+1,83x2+92.99x7 3.46 16.49 634 b5
3. Y=-152.52+1.84x2+88.36x7+20.86x26 3.63 4,62 784 .57
L, Y=-232,10+1.05x2+165.81x7+60.18x26-6,92x5 3.72 13.28 .881 .64
5: Y=-349,53+0.,704x2+199.76x7+91 . 47%x26-9.02x5+8, 64x6 810U, 7h** 0.27 1.000 1.0
Correlation coefficients: 1/F ratio due

' Variable No. . to regres-

x2 xh x5 x6 x7 x25 x26 sion
Potential yield, x2 226 -,264 062 061 -,282 . 2/Standard
Control yield, x3 -.186 324 =374 -.550 -.082 error of the.
K fertiliger rate, x1  .654 © o .232 -.121 493 Q14 estimate
: # Sign. p

**Sign. p

nu
o
]
o
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fertilizer rate was produced utiliging K.treatmenf yield, evgporation
rate, PKS in the 6 to 12-inch depth,. availaﬁle.soil water, and rain-
fall. The standard error of fhis prediction was very low and 100% of -
the variability was accéunted for. Which of these variables was of
greatest impoftance in developing this highly significant predictive e-
-éuation is difficult to determine, The single degree of freedom F
test was no£ computéd on these data. One could only guess that rain-
‘ fall played a very important role here because no statistically signi—
ficant relationship existed,prior to its entering the equation. Again,'
caution should be exercised ﬁhen interpreting thése‘&éta due to the

high ratio of variables to degrees of freedom.

Dilute cation solution eéuiiibration method. Baker's (19?1)
dilute cation equiiibraiion method was tried oﬁ the 1973 site soils
Eecause it had been one of the best tests on the 1967 through 1971
soil samples. Tables 49, 50, 51, and 52 contain regression éqﬁations
and correlations relatiné potential yield, control yield and K ferti-
112er-rate to climatic factors ané solution K and GK's from [K]/[Ca]%,
.[K]/[Ga+Mg]%, and [K]/[Mg]%, respectively.

Solution K (Table 49) by itself was not effective in predicting
potentiai yield.but did predict éontrol yield at the .10 level of
significance. A highly significant prediction of potential yield was

developed‘when rainfall was entered into the equatlion along with the

0 to 6~inch depth solution K and evaporation rate. At step four,




Table 49, Stepwise regression equations and correlations relating potential yield,

control yield, and K fertilizer rate to climatic factors and K in solution after extract-
ing solls from seven 1973 winter wheat experimental sites with 50 ml of a dilute cation

solution (Baker, 1971).

Step Equation p L/ SE -/ 2 aaj R
Potential yield
1. Y=76.23-1.45x27 ' 1.55 7.28 .236 .08
2. Y=81,10-2.66x27+44.06x7 1.78 6.77 471 .21
3. Y=157.69-5.96x27+82.92x7-6,43x6 36, 1l 1.76  .973 .95
b, Y=170.65-6.29x27+9%.15x7-6.32x6-0 . 697xk 73.94% 1.08 .993 .98
5. Y=172.75-6.47x27+9%,03x7-6 . 24x6-0 , 698x4+0 . 243x5 79.09# 0.93 .998 .99
Control yield
1. Y=75.32-1.59x27 6.56# 3.86  .568 .u8
2. Y=87.61-1.64x27-0.661xk 3.50 3.96  .636 .45
3. Y=110.33-2.75x27-1.66xl+37 . 40x7 k4,60 3.20 .821 .64
L, Y=133.86-3.79x27-1.57x4+48,70x7-2 . 14x6 6.93 241,933 .80
5, Y=133.13-4.47x27-1.78x4+67 . 31x7-2. 28x6+0 , 7H9x28 81. 45# 0.65 .998 .99
) K fertiliger rate ' .
1. Y=-55.76+1.92x2 3.74 18.44 428 31
2. Y=-92.96+1.83x2+92.99x7 3.46 16.49  .634 b5 .
3. Y=-211.47+2.49x2+135.49x7+4.97x28 5.27 12,57 .841 .68
L, Y=-358,83+2.71x2+28%.15x7+12.48x28-6.78x5 17.01# 6.51  .971 .91
5. Y=-366.15+2.71x2+313.24x7+13.78x28-8.68x5-3.33x6 31.85 b3l .99% .96k
Correlation coefficients: 1/F ratio due
Variable No. - - to regres-
x2 xi} x5 x6 %27 x28 sion
Potential yield, x2 226" -.264  ,062 -.486 2/Standard
Control yield, x3 -:186 328 - 374 - 75k - 116 error of the
K fertilizer rate, x1 654 232 -.121 -.078 estimate
# Sign. p = 0.10
* Sign. p = 0.05
** Sign. p =

£eT




Table 50. Stepwise regression equations and correlations relating potential yield,
control yield, and K fertilizer rate to climatic factors and free energy of K exchange,
RTln[K]/Eéa]%, after extracting soils from seven 1973 winter wheat experimental sites
with 50 ml of a.-dilute cation solution (Baker, 1971). '

&N -

Step . Bquation - . rd s£ 2 g2 g3 2
Potential yield )
1. Y=-76.21-0.040x30 - , : 1.96 7.05 .282 .14
2, Y=-154,96-0.037x30-0.031x29 S 1.25 7.30  .385 .08
3. Y=-563.68-0.080x30-0,121x29+3.31x5 2.52 5,73 716 .43
L, Y=-676.68-0.090x30-0.154x29+3.42x5-3.08x6 3.55 L.63 .877 .63
5. Y=-749.15-0.048x30-0.220x29+2 . 45x5-5.12x6+66.31x7 9.200 - 2.72  .977 .86
Control yield
Y=-85,19~0.045x29 L, o7# 4,36 B9 3%
Y=-142.84-0,064x29+0.650x5 2.00 L.64  .500 .25
Y=-357.81-0.098x29+2.01x5-0.036x30 2.63 3.98  .72% .45
Y=-374,11-0,102x29+2 ., 14x5-0 . 041x30-0 . 843xk 2.1 3.85 .828 .48
¥=-392.96-0,143x29+1 . b6x5-0,009x30-1 . 93xh+54 , 54x7 1.62 - 4,35 .890 .34
K fertiliger rate
Y=-55,76+1.92x2 ’ 3.74 18.44 428 .31
Y=-92,96+1.83x2+92 .99x7 ‘ 3.46 16.49 .63 b5
Y=266, 6442 . 76x2+139 . 48x7+0 . 136x30 6.23# 11.70 .862 .72
Y=741.09+3.23x2+271.,77x7+0 . 306x30-5, 99x5 30.02* . 4,93 ,984 .95
Y=963.39+3. 56x2+34, 92x7+0. 377x30-8.39x5-2.22xk  ~ 84.20¥ 2.65 .998 .99

nEwWwN -

1/ F ratio due

Correlation coefficients:
. to regression

Variable No.

%2 x4 x5 x6 x7 x29 x30

2/ Standard
Potential yield, =x2 -.264 062 .061 -.387 -.531 exror of the
Control yield, x3 -.186 -.382 -.374 -.670 -.258 estimate
K fertiliger rate, x1  .654 .540 .232 493 ‘ .47 # Sign. p = 0.10
* Sign., p = 0.05

HGT




Table 51, Stepwise regression equations and correlations relating potential yield

U W N

[C R WUN S

control yield, d K fertiliger rate to climatic factors and free energy of K exchange,
RTln[K /ECa&MgW‘ after extracting soils.from seven 1973 winter wheat sites with 50 ml
of a dilute cation solution (Baker, 1971).
Step Equation . pl st 2 B2 g4
' Potential yield
Y=-56.33-0.032x32 . ’ 1.15 . 7.50 .187 .02.
Y=-153.76-0.031x32-0.035x31 - 0.9%4 . 7.68 .319 )
Y=684.49-0,088x32-0.147x31+3.95x5 2.23 5.98  .691 .38
¥=-801.56-0.097x32-0,180x31+4.08x5-2,90x6 2.54 5.34 .836 .51
Y=-806.40-0.050x32-0.228x31+2. 69x5-k , Bux6+65 . 56x7 2.93 5,71 .936 .62
Control Yield
Y=-88.,09-0.045x31 3.83 b2 W3k .32
. Y=-81.42-0.,046x31-0.590x4 1.91 4,69 .488 .23
Y=-243.,28-0,101x31-1,95x4+52 . 16x7 2.64 3.97 .726 .45
Y=-415.53-0.156x31-2.33x4+70.05x7+1.26x5 L.10 3.06 .891 .67
Y=-516.59-0.191x31-2, 39x4+85. 83x7+1.28x5-1.77x6 6.13 2.33 .968 .81
) K fertilizer rate '
1. Y=-55.76+1.92x2 3.74 18.44 A28 .31
2. ¥=-92,96+1,83x2+92.99x7 3.46 16.49 634 .45
3. Y=253.43+2,52x2+139. 52x7+0.125x32 5.5N# - 12.31 . 847 .69
L. Y=7U43,29+2,72x2+277.90x7+0.291x32-6.14x%5 ©1h, ou# 7.10 .966 .90
5. Y=896.22+2.73x2+318.16x7+0.336x32-8.63x5-4.17x6 361.69% 1.28 .,9994 .996
Correlation coefficients: 1/ F ratio due
Variable No. to regression
‘ x2 . xh x5 xb X7 x31 x32 2/ Standard
Potential yield, x2 -.264  ,062 .06l -.388 -.433°  error of the
Control yield, x3 . -.186 -.382 .324 -.374 -.659 estimate
K fertiliger rate, x1 654 232 -.121 .h93 -.090 # Sign. p = 0.10
% Sign., p = 0.05

G4t




Table 52. Stepwise regression equations and correlations relating potential yield,
control ielg, and K fertiligzer rate to climatic factors and free energy of K exchange,
RTlnEK] Mg]?, after extracting soils from seven winter wheat experimental sites with
50 ml of a dilute cation solution (Baker, 1971). - '

Step Equation - p L/ sE? # a5 R

o Potential yield _
1. Y=-49.17-0.038x33 Co 0.87 7:.69 .148
2. Y=-208.76-0.092x33+51.92x7 . ~ 1.35 7.20 402 .10
3. Y=-408.45-0.172x33+86.16x7-4.49x6 _ 2.29 " 5.93 696 .39
L, Y=-571.57-0.243x33+144 . 24x7-4,82x6-2 . 45x4 . 3.20 L.,84y .865 .60
5. Y=626.19-0,298x33+192.87x7~5.38x6-3.17x4+0.033x34  120.17# 0.76  .998 ,99°
' L Control yield
1. Y=-64,31-0.042x33 2.96 L,65 372 .25
2. Y=-58,40-0.044x33-0.650x4 1.56 - boo2 .37 .16
3. Y=-231.07-0.113x33-2, 36x4+61.22x7 2.34 L,as5 701 40
L, ¥=-255.,041-0.15x33-2.96x4+100.30x7+0.030x34 6.22 2.53° 926 .78
5. ¥=-332.02-0.186x33-3,13x4+118,21x7+0.033x34-1.53x6 21.81 1.25 .991 .95

: K fertiligzer rate ‘ 4 _ ‘
1. Y=-55.76+1.92x2 3.74 18.44 428 31
2. Y=-92,96+1.83x2+92.99x7 3.46 16.49 634 45
3. Y=138,29+2.00x2+133.77x7+0.092x34 3.97 .12 799 .60
b, ¥=119.36+1.83x2+109.00x7+0.098x34+3,18xk , 3.26 . 1405 .867 .60
5. Y=106.36+1.80x2+91,68x7+0,092x34+4 ., 23x4-3,20x6 1.68 17.78  .89%% .36
Correlation coefficients: Varigble No 1/ F ratio due

B 7 - to regression
x2 xb x5 x6 = X7 x33 °  x34 2/ Standard

Potential yield, x2 .226 062  .061 -.384 -,149 error of the
Control yield, x3 -.186 324 -.374 -.610  .219 - estimate
K fertiliger rate, x1  .654  .540 ~.121 493 .065 # Sign. p = 0.10

94T
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average soll temperature, and at step five, available soil water
entered the potential yield equation but reduced the significance
level of the prediction at the 90% level in equations five and four,
respectively.,. |

Free energy of exchange in the 0 to 6 and 6 to 12-inch depth,
computed from the ratio [K]/[Ga]% or from [K]/[Ca+Mg]%, along with
avalilable soil water, rainfall, and evaporation rateAfailed to pre-
dict potential yield (Tables 50 and 51, respectively). Control yield
was fredicted at the .10 level of significance by‘GK from [K]/[Ca]%
(Table 50). The X fertilizef rate was predicted with varying levels
ofvsignificanée by‘combinations of the 6 to 12-inch depth GK from
[K]/[Ga]%, available soil water and averaée soil temperature along
with potential yield and evaporaﬁion rate (Table 50). Similar equa-
tions at varying significance levels were developed to predict X
feﬁilizer rate when Gy from the ratio [K]/[Gaﬂ’lg:\% in the 6 to 12-
inch depth, available soil water, and rai#fall were combined with
potential yield and evaporation rate (Table 51).

The only predictivé equation of statistical significance (.10
level) in Table .52 was developed by a combination of GK from [K]/[Mg]%
in the 0 to 6‘aﬁd 6 to 12-inch depths and evaporation rate, rainfall,
and average soil tgmperafure. This equation,Predicted Potential yield
with a standard érrér of 0.76 and explained at least 99% of the

variability in potential yield.
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Effect of soil chemical and physical factors on crop response

céiibrationé. All regression equations predictingipotential yield,
control yield, and K fertiliger raté were significant at the .10 level
or greater when the computer was allowed to sélect the independént
variables from épebific s0il chemical and physical properties, in .
addition to climatic variables and'resin—thimble extractable soil K
(Table 53). Certain of these relafionships must be consideréd empiri-
cél at this tiﬁe. It is difficult to theorize how soil properties
such as percentage silt in the 6 to 12 or 0 to 6-inch depth should be
" related to potential yield. These two variables entered the predic-
tive equétion for potential yield at'steps one and four, respectively.
According to Decker.(l972) only 0.6% of the extractable X by N NH, OAc
is accounted for by the total silt fraction. Only 6.3% Qf the stored
soil water at field capacity waé related to this same soil separate.
The correlation cbeffigients for percentage silt in the 0 to 6 and 6
to 12~inch depths vs. potential yield'are negative, This indicates
that as the percentage silt increases, the potential yield decreases.
If the percentage sand remained constant when silt increased, there
would be less clay‘in‘this soil to- supply K to the plants. At this
point it could be argued that the K supply may not have been a factor.
The computer was aliowed to éelect over variables which included
fertiliger X, bub it did not choose this as one of the five allowed

variables. Additional reséaréh is needed to resolve the relation of




Table 53.

Stepwise regression equations and correlations relating potential yield,

~ control yield, and K fertilizer rate to climatic factors, percent oxganic matter, per-
. cent silt, percent clay, cation exchange capacity, and resin (thimble method -2mm soil,

weighed resin,

experimental sites.

selected thimbles) extractable X in soils from seven 1973 winter wheat

Step Equation . F i 22 B2 paim?
oo Potential yield

1. Y=80.46-1.01x40 : 6.94* 5.39 .58l .50

2. Y=83,65-0.692x40-0.131x13 - 5.76% k.72 742 61

3. Y=97.00-0.883x40-0.409%13+17. 56x42 7.21# 3.75. .878 .76

b, Y=112.86-2.59x40-0.538x13+21. 91xl2+1. k2x39 20.53* . 2.03 .976 .93

5, Y=101.18-2.07x40-0.556x13+20.28x42+1.15x39+16.89x7 11110.53**  0.08 1.000 1.00

(A S WS I I

Control yield

¥=59,91-0.157x13 ’ 8.66%

¥=63.23-0.377x13+11.47x41 15.69%
=70.15-0.319x13+10. 34x41-0.337x40 ’ 46,79%
=73.98-0,331x13+12. 30x41-0. 390x40-0 , 074x14 667 .78%*

- ¥=73,65-0.332x13+12.81x41-0,265x40-0.087x14-0,113x39 7029,61%*

K fertilizer rate

3.55 634 60
2.21  .887 .83
1.10  .979 .96
0.25 .999 .99
0.07 1.000 1.00

** Sign, p

1. ¥=135.31-3.06x40 - 8.09%  15.06. .618 .54
2.7 Y=53.04-2.77x40+4 , 29x4 7.06% 12.81 779 .67‘
3. Y=60.98-2.89x40+5.84xk-7,15x6 14.39% 8.02 .935 .87
L. Y=80.13-6.07x40+5,80x4-6,94x6-2.48x39 33. 54; L. 67 .985 .96
5. Y=93.86-7.45x10+6, 81x4-7.92x6~3. 50x39-36.20x7 . 102.01 2.4 ,998 .99
Correlation coefficients: Variable No. 1/ F ratio due to
o regression

) . xh x6 x7 x13 x14 %39 x40 xl1 <42 2/ Standard error
Potential yield, x2 ) 061 -.737 -.7h42 - 762% -.621 of the estimate
Control yield, x3 : -.796 -.185 -.737 -.737 -.518 # Sign. p = 0.10
K fertiliger rate, x1  .540 -.121  .493 ~-.693 -.786% ¥ Sign. p = 0.05

0.01

65T
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. soll silt to potential yield. |

Another puzzling variable which entered the.potential yield pre-
dictive equation at step three was soil organic matter (0.M.) in the
6 to 12-inch depth; An average of 1.27% 0.M. was found in this depth,
A negative, thoﬁgh insignificant correlation coefficient was generated
for potential yield vs. soil 0.M. in the 6 tpllz—inch soill depth. Ac—'
cording to Mehlich (1946) and SPeﬁcer (1954) X is loosely retained by-
the negative sites on 0.M,

Both potential'yield and control yield were very adequateiy pre-
dicted by the respective regression equations af step fife. The stan-
dard. error waslinsignificant and 100% of the variability in each yield,
prediction was accounted for as indicated Ey'Rz. Despite the fact
that the adjusﬁed Rz équalled 1.0,'caution should be used when attempt-
ing to apply this equation becaﬁse of the low number of experimental
sites.

The combina{ion of percentage silt in the 0 to 6 and 6 to 12-inch
depths and average'soil fempexature, rainfall, and evaporation rate
provided one of the best predictions of the k fertilimer rate for these
solls. The fact that soil K did not entgr into this equation may be
due to the problem which .initiated this research - apparent adequate
K in these goils.- This equation is of little value for determining
the response of crops to XK, but it may provide some good leads to

future understanding of the answers to this K soil test'problem.
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Importance of climatic variables. The computer, by means of

stepwise regression, was allowed to determine the order of importance
of the climatic factors wheﬁ soil test K was prohibited from entering
the equation (Table‘5@). For potential yield the order of selectioh
was available soil water, average soll temperature, rainfall, and
evaporation raté. For the control yield prediction, available soil
water was again'chosen first, followed by evaporation rate, rainfall,-
and average soil temperature. All of these climatic variables to-
gether were not able to develop a piedictive equation which was statis-
tically significant. The standard error was increased with the addi-
tion of each variable after step one.

| The prediction.of the K fertilizer_rate was also nonsignificant.
The standard error began to increase with the addition of available
soil water at step three. Notice the negative correlation between
standard error and the adjusted RZ. " As standaxrd error decredges, the
adjusted R2 increases. When standard error begins to increase, the
adjusted R2 decreases. Both these statisfics attempt to explain the
variation in response, but the approach is different. As thé standard
error deqreases it indic;tes that more of the variation in response is
explainable, An increasing RZ indicates that a greater percéntage'of.
the variation in response is being éxplained'by the fitted variables.

Table 55 is a summar& of the standard.error and Rz'values_foi the

X extraction methods tried on the 1973 experimental site soil samples




Table 5, Stepwise regression equations and correlations ielatlng pbtentlal yield,
control yield, and X fertiliger rate to climatic factors in soils from seven 1973 winter
wheat experlmental sites. (Soil test X locked out)

. Step Bquation , 1/ sg 2/ g% aqq RP
. Potential yield B
1. ¥=50.22-0.669x5 0.37 8.03 .070
2. Y=37.81-0.616x5+0.718x4 : . 0.25 8.78  .109
3. Y=40.92-0.961x5+0.995x4-1 . b6x6 - 0.17 - 9.93 .14y
L, Y=41 ,48-1.09x5+0.776xk-1,41x6+8,14x7 . 0.09 o 12,11 154
. Control yileld -
1. Y=46.66-0.684x5 0.86 5.42 146
2, Y=51.27-0.484x5-12,63x7 0.50 5.87  .200
3. Y=47.27-0.256x5-14,00x7+0.827x6 : 0.29 6.66  .227
L. ¥=53.51-0.320x5-7.22x7+1.18x6-0 . 61xk 0.18 7.97  .262
: . K fertiliger rate ' _
1., Y=-55.76+1.92x2 3.74 - 18,44 428 31
2. Y=-92,96+1.83x2+92.99x7 : 3.46 - 16.49 .63k .45
3. Y=-102.57+2.07x2+67.,63x7+2.04x5 ' 2.21 - 17.56 ,689 .38
L, Y=-149.62+1.95x2+20.95x7+3.00x5+4%, Obxly 1.86 17.7% 788 .36
5. Y=-144,04+1.90x2+19,79x7+2. 57x5+4 . Bhxl-1,78x6 0.77 2471 .795

Correlation coefficients: 1/ F ratio due to regression

Variable No.

x2 xh x5 " x6 x7 2/ Standard error of the
Potential yield, =x2 226 -.264 062 .06l estimate ‘
Control yield, %3 ~.186 -.382 .324 -.374

K fertiliger rate, x1  .654 .50 .232 -.121  .493

29T




Table 55; A compendium of R2 and standard error of the estimate values for step one of
the stepwise regression of potential yield versus soil K and climatic variables on both
moist and air dried soil samples from seven 1973 winter wheat experimental sites.

Extraction technique Variable entered Std. Error - Rz
1 N Ammonium acetate extraction -
Moist soil .0 to 6~inch X 7.59 .168
Dried soil : 0 to 6-inch K 7.71 142

Resin-thimble extraction,
2mm moist soil, measured resin,

unselected thimbles 0 to 6-inch K ) 8.03 ~.070
2mm dried soil, measured resin, )
unselected thimbles 0 to 6-inch K . 6.35 417
2mm dried soil, measured resin, .
visually selected thimbles 0 to 6-inch X 6.93 .308
0.5mm dried soil, weighed resin,
visually selected thimbles 0 to 6-inch X 5.62 . .543
0.5mm dried soil, weighed resin, - ’
visually selected thimbles 0 to 6-inch K . 6.73 <347
Resin plus N NHyOAc extraction ’
Moist soil 0 to 6-inch K . 7.29 .387

Dry soil 0 to 6-inch X 6.96 .301
Moderately available K extraction, .
[ (vesin + NHy0Ac)-NH4OAc ]

Moist soil. 0 to 6-inch K 7.71 © b2

Dry soil 0 to 6-inch K 6.40 . 410
Percent saturation of exchange complex O to 6é-inch % 7.99 . .080
‘Resin-thimble extraction plus climatic
and soil physical and chemical
variables 6 to 12-inch % silt 5.37 .582
Soil climatic variables only - Availablée soil water 8.03 070
Dilute cation solution extraction ..

Dry soils: solytion K 0 to 6-inch K 7.28 .236

RTIn[ K /[ Cattig]z - 6 to 12-inch 7.50 .187

RT1 K% Calz 6 to 12-inch 7.05 .282
RT1n K |/ Mg Iz 0 to 6-inch 7.69 .1l

€ét
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at step one of the stepwise rggression. It is a facsimile of Table 28.
Results of Table 28 indicated that the two soil K extraction methodsg
which were most highly related to percentage yleld response were the
resin-thimble procedure (Rz = 0.56) and the dilute cation soiution
equilibratioﬁ procedure with GK computed from [K]/[Ga]% (R2 = 0.55).
Only the resin-thimble K extraction method, tested on the 1973 exper-
imental site soil samples provided a sighificant prediction of poten-

tial yield when 0 to 6-inch depth K was entered at step one as the
'iny independent variable. The 1argést Rz value was .54. This value
was achieved Whén a very uniform set of selected thimbles, 0.5 mm soil
samples, and accuratéely weighed resin were combined in the resin-thim-
ble procedure to allow an average standérd deviation of 1.72 ppm K
between duplicate samples. (With only one degree of freedom, this
standard error simplifies to the deviation of the duplicate XK results
from their mean.) Reruns of this procedure by various modifications
in techniéue'consistently provided Rz vélues above 0.30.

The dilute cation procedure of Baker (1971) produced a high R2
value of .28 when the 6 to 12-inch depth Gy from EK]/[Ga]% entered
the equation at step one. The standard érror was 7.05, gréater than
any produced by variations in the ;esin—thimble technique used to
analyze air dry samples. Moderately available X by the [(resin + N
NHQOAé)‘minus N NquAc] extraction method was one of the better exﬁrac—.

" tion methods employed on the 1973 samples. When used on air dried
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soils it generated an R2

of .41 at step one of the stepwise iegression
procedure. The standard erro£ was 6.4 and was lower than that‘gf any
other extraction method.

This research has not solved the problem of deveioping and célia
‘brating the one 5est soil analysis procedure fér K. Rather, it has
unearthed additional opportunities to be researched and possibly
pointed out some di;ections which may be taken in future research on
the subject.

A resin procedure holds promise of being de&eioped into the best
method to extfaét soil K and relate this to crop yields. As'ﬁas been
in the past, the dilemma of how to separate the resin from ﬁhe soil
rémains, The thimble placed research somewhat closer to accomplishing
this separation. If a very uniform soil container could be devgloped
the procedure used in this research would work. However, as reported
earlier, machine manufactured thimbles are less uniform than the hand
made thimbles. Some other type of s0il container should be tried.

This research did not revéal a procedure whiéh, only by extract-
ing K from the soil,; could predict the-K fertiliger reguiremeﬁt’fdi :
winter wheat respénse. ‘To predict winter wheat and other diy 1aﬁd
crop's response fo'K.fertilizer, extensive research, evaluating all
tangible growth éromotiﬁg factors of these plants, must be coﬁducted.

The ideas of Collis-George and Davey (1960) ana the work of Laird and

Cady (1969) and Voss et al. (1970) along with results in this thesis
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indicate possible avenues future K soil test calibration research

should take.

Development of the resin procedures for K extraction.’

Resin-thimble procedure. The idea of a resin-thimble procedure

for extractioﬁ'of avallable K from soil was a remnant of the attempt
te de&élbﬁ the yeésﬁ cell X exfraction teéhnique. The resin was
substituted for the yeast cells. Use of a strongly acid cation resin
was suggested.lZ/

'Williams‘and Jenny (1952) reported that H is a better extractant
than Na©, 1%, ca™, M, ox NH) Theoretically, the strongly acid
cation resin will exchange H+ for soil cations in a manner similar to
the action-of plant roots. The Dowex fesin was. selected because of
its greater stability in solutions, and spherical design which provides
greater surface aiea.lg/_ The 20 to 50-mesh resin was chosen to provide
for ease of separation of the resin from the soil, had this been
necessary. The decision to use approximately s’g of iesin to extract

. \
2 g of soil in the initial resin-thimble procedure development was

'lZ/ Earl Skogley, Montana Agricultural Experiment Station, Bozeman,
Montana. Personal communication. : [

18/ Gary Strobel, Montana Agricultural Experiment Station, Bozeman,
Montana. Personal communication.




167
based on the need for an exchanger CEC at least 10 times greater than
that of the soil. Thirty-one meq/lOO g was the highest CEC found in
any of the sgils initially tested in fhis.research. Therefore, the
CEC of two g of reéin (1.7 heq/g) was actually 15 times in excess of
that in any.soil sample studied.

Initial results of duplicate sample analysis for K by the ﬁesin—
thimble method iﬁdiqated that fhis frocedﬁre lacked précision. A
randomized; compléte block experiment was designed fo determine the
precision of this extraction technique. Results of this experiment
are shown in Table 56, Careful examination of these data revealed
that frequently one K value out of three was completely oﬁt of line.
Thus, analysis of the error among the three réplicatioﬁs was unnec-
cessary. Without improvement in the precision of this procedure, it
could not be:used as a valid test for extractable soil K.

An attempt to determine the cause of this variability revealed
-that fhe'base of the thimbles varied in thickness. Thié would allow
exchange of ‘K to occur much more easil& due to the proximity of the
soil-to the resin. Following this discdvery éttempts were made to
find more uniform .thimbles.

Moderately available soil potassium by resin extraction. The

resin—ammoﬁium'acétate X extraction teéhhique reported by-Barber and’
Matthews (1962) required 48 hours to remove the moderately available

K from soil samples. This is too long for routine soil testing. To




Table 56. Results of K extraction by the resin-thimble procedure to check its precision
using three different soils screened to three particle sizes, and extracted for six time
periods, using triplicate analysis.

Time  Soil 1 to 2 mm : 0.5t0 1 mm . less than 0.5 mm
Hrs - Texture o K, ppm ' :

2~ sS1x  2k,19 22,22 18.52 15.98 13.32 29.27 - 17.93 15.27 19.57
Cl. 30.22 34.57 -28.27 48,13 31.10 39.27  33.78 L46.61 48.26
c ©-17.32  52.88 22.12  35.89 30.52 29.95  31.51 34.31 31.65
L S1 19.05 13.33 23.56 15,69 24,12 14,71 18.59 18.38 . 16.36
c1 145.83 32.02 31.40 51,34 48,08 63.38  68.27 52.63 39.47
¢ 35.89 36.53 26.43 66.51 " 33.07 31.91  57.38 4h.v2 43,148
8 S1 17.50 11,52 15.54 22.47 22,56 18.37 25.25 33.46 23.72
Q1 75.34 74,63 75.98 63.75 109.59 76.35 93.75 98.62 88.24
c 68.09 L5.45 39,47  53.57 66.67 69.9%  78.70 87.04 95.13
16 S1 25.91 25.38 18.04 Lh6.22 53,42  28.93 40.00 36.84 46,00
-0l 181.16 123.32 7P7.67 127.27 140.19 136.56 = 300.63 167.97 224.72
c 69.65 74,56 108.70 106.52 148,94 327,00 141,98 122.49 127.45
32 S1 37.44 42,92 -37.56  47.53 32,47 53.70  42.55 65.14  76.49

cl 147.58 131.94 159.62 217.82 271.89 251.05 357.95 253.23 241.77

¢ 273.61 154,51 131.46 214.29 252,19 134.04 225,12 197.37 204.23

6l s1 107.66 53.81 95,98 70.31 115.88 63.49 82.73 92.59 78.57
) C1 310.15 299.30 285.87 248.84 275,82 410.80 1333.97 346.96 362.15
¢ 226,79 261.36° 197.62 239.13 303.19 253.16 290.35 289.70 282.70

* Sl-sandy loam, Cl-clay loam, C-clay. Percentages of sand, silt, and clay and CEC
previously shown in Table 2.

891
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modify the technique we had to determine the amount of resin required
to extract Montana soils.

Results of the experiments to determine the amount of resin to
use in this proceduré are shown.in Tables 57 and 58. The results in
Table 57 indicaté that as the weight of resiﬁ was lncreased, the amount
of K éxtracted from the three soils decreased. What probably oécurred
was that, as the amount of reéin incréased, the émount of K extraéted
from the soils also incfeased, but the NHZ in 50 ml of N NquAc‘(5O
meq/l) was not sufficiently concentrated‘to remove all the K from the
resin (GBC from 10 g of resin is 17.0 meq/100 g). The tenacity with
which the resin held K’égainst this constant concentration of NHZ
increased as the CEC of the resin increased when more resin %aé added
to the soil. |

Results of equilibration of 2 g of the soils described in Table
2 with one through 5 g of resin for 16 hours, followed by five, 50 ml.
N NHhOAc extractions of the resin-soil slurry for 1 hour each, do
verify the above statement (Table 58). Except for the clay soil there
.was no increasé in extractable ﬁlus moderately available soil K even
when 5 g of‘résin were used, Three g of resin adequately extracted
these same forms of K from the elay which had a CEC of 30.64 meq/lOO g.
A ratio of approximately_l g of resin appears to be needed for each
10 meq CEC/lOO g of soil. Two to 3 g of resin would be adequate along

with N NHMOAC to remove moderately available plus exchangeable K from




Table 57. Results of 1l6-hour equilibrium extraction of 2 g of soils, described in Table

- 2, by resin, followed by ammonium acetate extraction for + hour. (Duplicate analyses)

‘Resin Wt. : _

g 2 _ L ' 6 8 10
Texture ' ' K, ppm -
S1x 313 325 250 250 188- 188 100 100 38 38
Ccl 738 - 725 - 600 600 475 L75 288 288 75 63
c 800 788 700 700 513 513 313 325 113 100

* Sl-sandy loam, Cl-clay loam, C-clay

04T




Table 58. Results of 16-hour equilibrium extraction of 2 g of soils, déscribed in Table
2, bj resin, followed by five extractions each with 50 ml of N NH4OAc for 3 hour.
(Duplicate analyses). - :

Resin Wt. )

’ g S - 2 3 L 5
Texture | _
s1¥ 516 W02 k59 b59 516 516 h59  h59 516 516
) 978 1036 1153 109% 1036 109% - 109% 1270 109k 1211
C 1153  109% 1211 1153 1388 1320 1447 1200 1270 1329

¥ Sl-sandy loam, Cl-clay loam, C-clay

T4T
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soils studied in this research.

Table 59 contains results of K removed from triplicate samples
of three different soils, screened to three particle siges, and ex-
tracted for seven time periods by the resin-N NHQOAC procedure to
determine its precision. Observations. of replicate data for specific
fractions of these soils revealed that there was frequently one result
which differed by 13 ppm. This was probably caused by instrument
noise which made thg indicator needle vaxry by as much as ? 2% when
analyzing K on the Model 290-B Perkin-Elmer atomic absorption spectro-
photometer. If this problem could be eliminated the results shown in
Table 59 would be in closer agreement, A 1% deviation on the instru-
ment dial reading accounts for .25 oyslul difference'in solution X between
samﬁles when the instrument is calibrated with a 0 to 25 ppm K standard
curve. However, because of a dilution factor of 50 this difference
becomes 12.5 ppm K in the soil. Initial observations of the data in
Table 59 show that soil texture influénces the amount of K removed.
More K is removed from soils having higher clay content. Also, -
increasing the resin-soil equilibration time accounts for removal of
greater conéentrations of K. Grinding the soils into three different
size fractions doeé not influence the améunt of K removed by this
procedure. The analysis of variance for these data is shown in Table

60.

Grinding these soils into 1 to 2, $ to 1, and less than % mm




Table 59. Results of K extraction by the resin - N NHjyOAc procedure to check its preci-
sion using three different soils screened to three particle sizes, and extracted for
seven time periods using triplicate analysis. Time refers to resin equilibration only.

Time Soil 1 to 2 mm , 0.5 to 1 mm less than 0.5 mm
Hrs Texture ‘ : K, ppm -

0 s1* 275 275 - 263 238 238 238 238 225 225

oxl 575 575 575 588 575 - 550 - 575 588 588

, o 625 638. 625 625 . 638 625 625. 625 625

2 S1 288 275 275 250 250 250 250 250 275

¢l 663 663 638 663 663 663 625 613 613

o 663 650 663 663 688 663 " 663 650 638

L 81 - 288 288 275 250 250 250 263 250 263

c1 650 650 650 650 663 650 625 613 - 613

c 675 688 688 675 700 - 688 688 700 . 700

8 s1 300 313 313 288 288 288 275 275 275

- C1 713 700 . 713 . 713 713 738 . 675 663 . 663

-G 713 725 713 688. 725 725 725 713 738

16 S1 . 325 338 313 300 300 300 . 288 300 -300

: C1 725 750 763 750 750 738 .. 688 713 700

' c 800 813 813 825 825 825 825 838 825

32 s1 375 363 375 338 338 338 350 338 350

c1 813 788 813 813 788 800 775 763 763

a 875 863 900 875 900 875 863 888 875

6l S1 L38 k50 438 L13. 413 L25 ) L2sg 4313

ol 888 888 925 913 913 938 888 888 888

Q 1013 988 1013 - 1025 1025 1025 1025 - 1038 1038 .

¥ Sl-sandy loam, Cl-clay loam, c-clay. Percentages of sand, silt, and clay and CEGC
were previously shown in Table 2.

AT




Table 60, Multifactor analysis of variance of K extracted from soils by the resin-N

NHyOAc procedure (Table 59).

Overall observations 189

- Degrees of Sum of Mean

Source Freedom Squares  Squares 'R
Replicafion 2 11562.5 :--5781.3
Texture 2 5064580, 2982290  453.00%*
Replication x texture’ L 274041 6851

" Time ' 6 805110. 134185  27.31%*
Replication x time 12 589645 | 4913.7 .
Texture x time 12 3262910 271909  53.9ux*
Replication x texture x time 24 120985 5041
‘Fraction 2 33649 168245 3.62
Replication x fraction 4 18586.9 heu6.7
Texture x fraction ‘ L 13921.7 3480.4  0.79
Replication x texture x fraction 8 35211 44014 :
Time x fraction 12 49092.1 4091 0.79
'Beplication x time x fraction 24 123862 5160.9
Time x texture x fraction 2l 127846 5326.9  1.03
Replication x time x texture x fraction 48 24934L 5194.,7
Between cells 188

%% Sign, p = .01

W1
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separates did not change the amount of K extracted by this resin-
NHMOAC procedure because the less thén %4 mm fraction probably contain-
ed the same proportion of silt and clay as did the other two sized
separates. Observation of the soils following the filtration step
revealed that all separates had been egually well dispersed. There-
fore, the H+ and NHZ were alléwed optimum contact with the soil parti-
cles in each separate and could extract equivalent concentrations of
X.

Figure 5 illus£rates the effect of time on the concentratién of
K extracted from the three soils described in Table 2 by the resin-N
NHhOAc procédure. Bach point in this figure represents an average
analysis of the three separates. The lines connecting K conqentrations
resemble crop response curves except that they do not reach a peak.
Time zmero represents the K extracted from these soils by N NHAOAC. The
differénce between K removed at any extraction time beyond zero and
by N NHMOAC represents the K extracted by the hydrogen resin. Bach
of the curves appears to have two different slopes.

The amount of K reﬁoved by N NH&OAC represents that which is sol-
uble and easily exchangeable to NHZ. The rate of K removal decreased
after 8 hours of resin-soil equilibration in sandy loam and clay loam
and after 16 hours in clay. The concentration of resin extractable K
at ﬁhese points, less that which is gxtracted by NHuOAc is moderat?ly

available K (Barber and Matthews, 1968). Beyond these points in each
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EXTRACTABLE K, PPM

mj ,/.SANDY LOAM
4 ./
250 f”/

0 438 16 32 bl
EXTRACTION TIME, HOURS
FIGURE 5. THE INFLUENCE OF TIME ON THE AMOUNT OF K EXTRACTED FROM
THREE SOILS BY THE RESIN - N AVMONIUM ACETATE PROCEDURE.
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- soil the slope for resin extréctable K becomes less steep but increases
at‘a constant raté, indicating that the resin was extracting structural
K from these soils. ' These observafions were also made by Garmén (1957)
and Barber and Matthews (1962). According to Martin, et al. (1946),
the pH at ﬁhich the least K fixation oécurs in soils is about 2.5. The
pH in ciose proximity -to these resin beads is 1.5; One could hypo-
thesize that hydrolysié may be disintegrating the layer silicate
minera}s,'causing release of structural K after the 16 hour equilibra-
tion time. Rich (l964> theorized that the lack of K fixation at low
pH's is probably due to 1argé numbers of hydronium ions and their
ability to replace K effectively. |

One additional observation may be made from Figure 5. The slopés
of the lines after.16 hours are essentially the same. This could in-
dicate that similar mineralogy and/or hydrolysis rate, or at least a
similar K release mechanism is involved after 16 hours. The soils

were taken from the Sidney, Huntley, and HEdgar, Montana vicinities.




SUMMARY

The objectives of this research were to recalibrate the N NHQOAC
soll K extraction procedure, or to dete;miné a better procedure for
'predictiﬁg crop response to applied K, includiﬂg the evaluation of soil
and climatic properties as they affect this prediction.' Nine soil K
éxtraction methods were evaluated to determine their ability to‘pre—
dict crop response on an initial set of 17 winter wheat research site
soil samples from the years 1967 through 1971. These methods are '
listed as follows: (1) one N NH, 0Ac; (2) saturated soil paste; (3) di-
lute cation solutlon, (4) dilute K solution; (5) DTPA solution; (6)
hydrogen EDTA; (7) strongly a01d cation resin plus NHQOAC, (8) moder-
ately available K; and (9) resin extractable K by the thimble method,
developed by this research.

Multiple linear regression equations were utilized to evaluate
data from 17 research sites in an attempt to predict perceﬁtage yield
response to applied K fertilizer. The combination of K applied and

'6 to 6 and 6 to 12-inch soil K by the three methods shown below, pro-
duced the only siaﬁistically significant (.05 level) relationships

with percentage yield response.

Extraction method Table No. ANOV F Std. Brror R°
Dilute cation equilibration, (Baker,1971) 15 5.24 3.85 .55
DTPA, (Lindsay and Norveil, 1969) 23 3.85 4,16 N4

Resin-thimble method’ 27 544 3.8 .56
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Although the resin-thimble pfocedure accounted for a slightly
greater gﬁount of error in predicting, percentage yield response, the
precision between duplicate sample analyses waé not good. The free
energy of X exchange calcqlated from the equafion RTln[K]/[Ga]% in the
dilute cation method was much more precise. The R2 generated by the
N NH40AC extraction method for available K was only .32.

The N NHMOAC K extraction method was tested on soils from. 1973
suéar beet, bar1ey, spring wheat and winter wheat experimental sites
to determine its yieid predictive capabilities on these crops with
other nutrients adequate. The total sugar yields from the K fertilimed
plots and the control plots were‘essentially the same even though the
X concentrations in the soil varied from a low of 102 to a high of
565 ppm in thg surface six inches. Thus né soil tést relationship with
sugar beets could be made. However, because the 12 to 18einch,dépth
samples from these sites contained about the same X or one level lower
concentration than the surface samples, K in these deeper samples could
explain the lack of predictive precision.

Spring wheat yield response was significantly related at the .05
brobability level to the 6 to 12-inch soil K. Eighty-seven percent
of the variation in yield response to K was attributed to this one
factor. However, as this relationship was-developed on data from only
five sites, it shouid be used with caution,

The combination of barley, spring wﬁeat, and winter wheat yield
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responses failed to produce a significant relationship when regressed
over N NHQOAC extractable X in the 0 to 6 or 6 to 12-inch soil depth.

Selected K extraction methods sdme of which had been tested on
the 1967 through 1971 site soils, were tested on seven soils from the
1973 winter wheat experimental sites. The dependent variables in the
stepwise regréséioh programs included potential yield of the siie in
bu/acre from K treated plots (x2), yield from control plots (x3), and
the K fertilizer rate (xl). The independent variables included the
appropriate variable presented above plus extractable K in the 0 to 6
and 6 to 12-inch soil depths (x varies by method used), stored avail- .
‘able soil water (xj), average soil temperature at 50 cm (x4), growing
season rainfall (x6), and evaporation rate from an open pan in cm/day.
(x?).- Results for statistically significant poteniial yield predic-
tions from these tests are shown on the next page. (Table 32 defines

the variable numbering system used in the indicated tables.)

This 1list of regression results from potential yield predictive
equations reveals that only the resin—thimblerextractaﬁle K method was
able io generate a statisticaliy significant eqﬁatiqn-at step one,
when K in the surface 6-inch depth was the variable entered. This
resin-thimble technique utilized Visually selected thimbles, one-half
mm sized soill samples, and five grams of resin. The standard devia~-
tion between duplicate sample analyses was 1.72 ppm K. Inclusion of

the climatic variables, along with extractable X in the 0 to 6 and 6
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to 12-inch depths, generated statistically significant regression
equations for predicting potential yield by use of the N NHMOAC, resin-
thimble, moderately available, percentage K saturation, and dilute

cation solution K methods.

Table Reg. Signif. Std.  B%
Extraction method ' No. Step Level Error Adj.
N NHMOAC
Air Dried Soil 33 L .05 1.6 .96
Moist Soil 33 5 .10 0.6 .99
Resin-thimble (Best run)
Air Dried Soil 40 1 .10 5.6 .45
" L0 2 .05 L.2 .70 .
" L0 3 .05 2.7 .87
" 40 L .05 1.2 .98
" . 40 5 .05 0.5 .998
Moderately available K
Air Dried Soil Ls L .05 1.4 .9y
45 5 .01 0.03 1.00
Percent XK saturation L8 L .10 2.78 .87
Dilute cation method (Baker, 1971)
Solution K b9 - 3 .01 1.76 .95
: 49 L 05 . 1.08 .98

Analysis of the 0 to 6 and 6 to 12-inch depth moist soils by N
NH40AC provided a better prediction of potential yield than analysis
of air dried soils. All other statistically significant predictions

of potential yield were developed from analysis of air dried soils.
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Analysis of field moist soils by the other methods failed to generate
statistically significant relationships.
When each K extraction method was evaluated at step one, the
resin—thimblg procedure explained the'largest amount of variability
in potential yield (R2¥.54) when 0 to 6-inch K entered the equation.

The dilute cation procedure of Baker (1971) produced an Rz

of .28 when
the 6 to 12—in§h depth GK from @C]/[Ca]% entered‘the equation at step
1. The standard error was 7.05, greater.than any produced by varia-
tions in the resin-thimble technique. The moderately availéble extrac-
tion method-[(resin + N NHQOAC) - N NHQOAc] Was‘one of the best tests
employed on the 1973 samples. By this method an RZ of .41 was generét—
ed when the 0 to 6—inéh s0il X was entered into the eguation at sfep 1.
The standard errér.was 6.4 and was 16wer than that of any other extrac-
tion method. | .

The order of importance-of climatic factors for prediction of
pdtential yield was (1) avallable soil water, (2) average soil tempéra—
ture, (3) growing season rainfall, and (4) evaporation rate. No'com—'
bination of these factors without soil tesf data could predict potential
© yield, Results of statistically significant K fertiliwer rate predic-
tions are presented on the following page.

This listing of regression results from these predictive eqUatidns

indicates that, of all the methods evaluated in this research, the

dilute cation method of Baker (1971) using GK from [K]/[CaﬁMg]+ may be
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the best method for predicting the K fertilizer rate. Therequation
developed at étep 5 included the variables: (x2) K treatment yield,
(x?) evaporétion rate, (x32) 6 to 12-inch G, (X5) available soil
water, and (x6) rainfall. Caution must be exercised when predicting
the K fertiliger rate by this method because the ratio of variables

to degrees of freedom in this research was 1.0.

Tsble Reg. Signif, Std.  R%
Extraction method No. Step Level Error Adj.
Percent K saturation : 48 5 .01 0.27 1.00
Dilute cation method (Baker, 1971)
Solution K 49 L .10 6.51 .91
i .
Gy from [K]/[Cal? 50 3 10 11.70 .72
" 50 L" .05 4-93 '95
" . 50 5 .10 2.65 .99
. _ .
Gy Trom [K]/[Catig]? . 51 3 .10 12.31 .69
A 51 Ly .10 7.10 .90
" 51 5 .05 1.28 .996

The order of importance of variables for predicting K fertiliger
rate, as determined by the compﬁter, was K treatment yield'(xz), eva~-
poration rate‘(x7), avallable soil water (x5), average soil tempera-
ture (x@), and rainfall (x6). No combination of these factors without
soil test K could predict the K fertilizer rate.

This research determined that approximately one gram of strongly

acid cation resin is needed to extract K from each 10 meq of soil CEC,'
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~and that 16 hours at 160 cycles per‘miﬁute is an adequate extraction
time to remove moderately available K. The extraction time for the
resin-thimble procedure was set at 15'hours. A 1ohger extraction time
would completely eliminate this method as a routine procedﬁre. Addi-
tional research should be done on the soil container for the resin-
thimble procedure, |

This research has not sdlved the problem.of developing and cali-
brating the one best soll extraction method for K. It has, however,
'indicatea some diréctions future soil test K research'might take. A
multitude of field'trials'in which crop response to fertilizer K and
its interactioné with hitrogen and phosphorus is needed. To properly
evaluate crop response to fertiliger K the reéearch'scientist should
evaluate all possible factors which infiuence growth of the crop. The
list of factors should include soil sampling and evaluation for physi-
cal and chemical properties in each plot or at least within each
replicated treatment, analysié of subsurface samples, meteorological
factors, past management and cropping practices, weed conditions, in-
sect and disease damage, and the interactions among fertilizer nutrients
and meteorological factors. The importance of some of thesé'factors
was shown by the equations developed in this research. Location and
characterization of conditions at eéch potential experimental site

should be done in sufficient time to allow selection of sites which

have a wide range of soil and climatic variables.
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An evaluation of the method of processing soil samples was made
to determiné the effect of drying and érinding on extractable soil X,
Detectable changes in N NHMOAC extractable K content between moist.
vs, dry soil analyses of the 0 to 6-inch depth were nonsignificant.
Forty percent rehydration of ‘air dried samples for 15 hours did not
change extractable K. However, N NH40AC extractable X in soils which
had been air dried was reverted to the original concentration in
moist solls by 40% rehydration, freewing for 15 hours at -29C, and
redrying to less than five pefcent moisture, but not quite to air dry.
Thére'was a statistically significant difference between field moist
and air dry soil extfactable K in the 6 to 12-inch depths. Génerally,
if the soil contained less than 420 ppm K, release of K occurred on
drying. Above this level the soils fixed or maintained their extract-
able K level on drying. Sutrface soils usually contained more extract-
able K than subsoils. Grinding soils"finer than 2 mm had no signifi-
cant affect on NHuOAc extractable K.

Resin extractable XK from air dried soil samples provided a better
calibrafion with potential yield than K from moist samples. Just the

opposite was true when samples were extracted with N‘NHAOAC.
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Appendix table 1. Culture technique for yeast cells (Saccharomyces

cerevisiae).

Yeast Cell Preparation:

Ingredients: Fleischman®s active dry yeast, reagent grade
sucrose, distilled water.

Fquipment: Water aspirator aerator, 2-liter Erlenmeyer flask,
rubber tubing, 4-liter beaker, incubator, centrifuge and acces-
sories.

Procedure: To 1 liter of distilled water at 30 G (see Source
Yeast..., 1957) add 10 g of active dry yeast and swirl until it
is dissolved. Add 20 g of sucrose and dissolve, .

Place solution into a 30 C incubator and provide moderate aera-
tion. After 2 hours centrifuge the cells, discard the superna-
tent, add 1 liter of 2% .sucrose, provide aeration and incubate
again for 2 hours.

Complete this process a total of three times, place the final -
cell sediment into 1 liter of 2% sucrose and the cells are ready
to use. (The pH of the supernatant after each equilibration is
3.75 to 3.8, Four 8-hour equilibrations in sucrose deplete K
more completely)

At this point 10 ml of cell suspension contain 100 mg of cells
having a K content of 2.15 mg per liter.

A 40 ml aliquot of nutrient solution is added to 10 ml of yeast
cell suspension for soil extraction. This nutrient solution was
prepared according to specifications of Nosoh (1964), as follows:
In a liter volumetric flask, place 24 g sucrose, 0.012 g inosi-
tol, 0.0053 g niacinamide, 0.0006 g calcium pantothenate, 0.00144
g pyridoxine and 0.00024 g biotin. Bring to volume with distill-
ed water.




Appendix table 2. Normal ammonium acetate extraction of 1973 Fall soil samples for potassium, calcium, esium, and sodium after

pretreatment as follows: (1) field condition, moist, (2) air dried, < 20-mesh, (3) 60 C aried, < 20-mesh, (4) 60 C ungrou
and (5) 60 C, < 20-mesh, rehydrated for 15 hours at 40% water. ' ' . ) frted, i,
Mois-
ture Vet Wt. Potassium n Calcium, meq/100g Magnesium, meq/100g Sodium, meq/100g

Soil Type Depth %  Analyzed 1* 2 3 E 5 1 2 3 5 1 2 3 & 5 F DT T, T
Chanta or 0-6 10.82 2.79 208 245 232 225 257 9.1 7.4 7.6 7.8 7.7 3.49 2.98 3.44 3.6 3.82 .57 .54 .24 .70 .51
Attewan loam 6-12 13.98 2.75 106 165 168 158 117 9.4 9.0 9.8 9.6 9.9 4.30 3.76 k.43 L& 5.07 .65 .5 .72 .70 .40
Bozeman 0-6 20.64 2.78 224 284 348 282 293 22.0 19.4 20.4 18.0 20.6 S5.24 L.40 4.67 4.84 5.28 .80 .61 .91 1.0 .40
silty clay loam  6-12 19.77 2.92 107 238 252 240 242 22.4 18.5 19.6 17.6 20.0 7.28 5.51 6.07 6.23 6.9 .75 .69 .83 1.0 .47
Martinsdale 0-6 13.90 2.71 231 273 286 263 278 12.1 10.4 11.4 9.2 10.9 4.00 3.63 3.85 3.57 4.20 .70 .61 .87 .78 .40
sandy clay loam  6-12 14.48 2.80 101 211 232 206 209 13.0 12.9 1.4 12.413.7 5.93 5.33 5.90 5.57 6.52 .66 .50 .89 .70 .37
Fort Collins 0-6 8.97 2,68 251 273 275 267 291 7.4 7.0 7.6 7.2 7.3 3.68 3.3 3.57 3.4k 3.90 .63 .61 .74 .78 W
sandy loam 6-12 11.22 2.75 113 183 195 176 187 12.6 11.h 12.0 12.0 11.7 4.58 3.91 4.26 4.00 4.69 .58 .72 .76 .7 .M
Edgar 0-6 20.06 2.72 279 273 286 275 287 11.4 8.8 9.8 8.411.5 4.97 3.84 4.18 4.4 4.61 1.37 .50 .87 .74 .40
loam 6-12 4.55 2.72 165 195 168 166 20.4 20.4 22.6 20.421.4 7.31 4.B1 5.29 5.29 5.82 .59 .50 .B7 .74 .40
Bainville 0-6 12.88 2.7% 3% 33 3k Ik 27.8 244 26.2 26.825.3 L.46 3.68 4,18 Lk LAUS 69 .54 .70 .65 .33
clay loam 12 15.24 2.72 222 218 202 202 3.5 7.20 5.39 6.53 6.23 7.10 .76 .50 .72 .70 .51
Evanston 0-6 10.03 2.84 374 352 357 37% 114 6.4 9.2 9.6 B.9 441 2.76 4.26 4.4 4.53 .60 .54 .70 .7 .47
clay loam 6-12  10.16 2.78 273 275 252 286 13.3 11.2 12.4 12.0 12.1 4.76 3.84 4.43 4.4 4,78 .61 .54 74 .78 .40
Telstad 0-6 12.17 2.73 376 3% 38 4ok 12,2 10.6 11.6 9.4 11.1 3.36 2.91 3.16 2.79 3.32 .6k .44 .26 .78 .50
sandy clay loam  6-12 11.87 2.69 200 206 161 19 22,5 20.8 24,4 24,0 22.4 3.50 3.05 3.31 2.91 3.9 .65 .57 .70 .70 .44
Chama 0-6 13.47 2.67 368 357 357 391 17.9 16.1 16.4 18.4 16.2 4.55 3.72 4.14 4.51 L4971 67 .61 .40 =
clay loanm 6-12  14.39 2.70 265 279 282 280 27.8 24.1 26.8 26.8 25.9 8.02 6.39 7.17 7.50 8.10 .71 S 6T .39 @
Evanston 0-6 10.78 2.88 W7 366 362 7.8 88 7.2 7.2 6.9 2.98 3.63 3.03 2.91 3.28 .60 72 .70 M @
clay loan 6-12  12.20 2.70 200 225 210 214 27.5 24.4 28.6 31.6 27.5 6.65 5.27 6.39 6.39 6.85 .61 72 7% .50
Williams 0-6 10.89 2.76 387 440 390 427 111 9.2 104 9.6 9.9 4.17 3.56 4.00 3.85 .62 78 7% .35
clay loam 6-12 15.81 2.7 250 275 263 267 15.9 21.1 24.4 25.6 23.4 7.29 5.59 6.23 6.39 .61 78 7 k4
Bainville 0-6 11.45 2.72 397 390 375 414 13.4 12.4 13.6 14.4 12.7 4.07 4. L.67 .68 72 .70 .47
clay loam 6-12 15.53 2.81 256 267 263 265 28.4 27.7 32.4 28.8 30.3 6.86 8 8.00 65 70 .20 .3
Cherry 6 15.26 2.72 407 450 450 A44 14,9 13.3 14.0 12.8 13.3 4.82 5.10 5.61 .71 .44 7% .78 .40
silty clay loam 17.37 2.76 211 229 214 222 Uu45.6 3 40.8 51 6.08 €.72 7.60 .63 .47 .78 .65 M0
Arnegard 15.67 2.70 431 415 430 440 452 14.3 13.5 13.4 144 12.9 5.73 4.82 5. 29 5.82 .82 .50 .70 .70 .44
clay loam 18.26 2.72 303 358 371 366 374 16.3 14.1 15.6 16.0 4.9 7.28 5.83 6. 72 7.31 .64 47 b 74 40
Cherry 12.66 2.83 443 426 470 465 33.4 27.0 31.6 29.9 6.37 5.29 5.98 31 69 .91 b7
silty clay loam 16.09 2.71 133 183 202 183 197 46.0 35.4 40.4 9.30 7.60 8.36 8. 7 4 .96 .87 .50
Gerber 0-6 15.76 2,81 490 472 500 530 525 14.9 11.6 11.4 12.8 10.9 4.87 3.78 4.14 4,00 4.61 .65 .44 .B3 .70 .50
clay loam 6-12 18.67 2.74 263 W7 W8 320 35 33.9 25.6 29.6 31.2 28.7 6.90° 5.26 6.23 6.07 6.81 .64 .68 .70 .70 .51
Gilt Edge 0-6 11.57 2.66 512 493 510 490 520 40.2 6.6+ 5.29 6.23 6.07 6£.65 .85 .47 .70 .74 M4
sandy clay loam 6-12 14.97 2.72 220 283 304 282 285 39.0 7.78 6.46 7.50 7.50 8.31 .84 46 .76 .67 .51
Absarokee 0-6 14.55 2.82 586 552 570 600 606 16.3 15.7 14.0 15.0 13.5 ?7.57 6.40 7,09 ?.1? 7.93 .73 .33 .74 .78 .5
clay loanm 6-12 21.83 2.79 383 462 510 490 505 24.5 24.5 22.8 21.6 22.210.51 9.04 10.00 9.67 11.09 .81 .38 .78 .74 .50
X 0-6 366 372 388 373 399 15.1 14.6 13.9 12.6 13.5 4.83 4.05 4.50 4.3+ 4.91 .73 77 4 43

6-12 177 248 264 246 254 23.7 22.9 21.1 23.2 20.3 6.83 5.55 6.32 6.21 6.95 .68 7 7% 43

-

1. Field moist, 2. Air dried, 25 C. 3. Oven dried, 60 C, less than 20-mesh. 4. Oven dried,
60 C, less than 10-mesh. 5. Oven dried, less than 20-mesh, rehydrated to 40% water.




Appendix Table 3.

through 1971 experimental site soils.,

Saturated paste extraction of soluble Ca, Mg, and K from the 1967

Walker

Cooperator Site Calcium Magnesium Potassium
year Ppn
0-6 6-12 - 0-6 6-12 0-6 6-12
- Bates 1971 49.6 - Ly, 5 16.8 18.5 14.5 14.0
Bramlette 1967 31.4 31.4 19.5 24.0 23.0 11.0
Cartér 1969 24,0 40.5 17.3 27.0 25.4 13.6
Dahlman 1967 L, 5 34.0 31.5 22.0 18.7 7.7
Dahlnan 1969 18.0 18.0 15.0 20.5 "11.3 6.0
Dyk 1971 76.0 55.5 240 34.5 23.0 18.7
Fadhl 1967 69.0 149.0 30.5 57.0 14.5 4.9
Gagnon 1967 60..0 31.4 42.5 28.3 10.5 5.5
Goodan 1967 b, 5 46,0 48.5 W7.9 77.0 7.0
Hanser 1967 72.5 48.0 © 28.8 16.6 21.5 6.1
Holland 1971 4.5 47,0 28.3 26.0 18.7 8.6
Iverson 1967 55,5 53.6 24,5 18.3 29,0 2.5
0'Conner 1969 92.6 37.0 .8 17.3 . 30.5 15.0
Ross 1967 41.5 - 39.0 31.8 2l 5 25.4 10.5
Schultz 1967 78.0 62.0 57.0 25.5 22.5 6.9
Torski 1971 59,0 37.6 W,8 - 29.3 23.5 10.9 .
1969 16,0 53.6 16.3 19.5 22.0 8.3
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Appendix Table 4. Equilibrium reaction of Ca, Mg, and K with the 1967 through 1971

experimental site soils. by the dilute cation method of Baker (1971).

Equilibrating solution

Coopefator Site Calcium Magnesium __Potassiunm
year ’ ppn in solution .
‘ 0-6 6-12 0-6 6-12 0-6 6-12
‘Bates 1971 209 205 28.6 33.6 25.1 16.7
Bramlette 1967 179 203  37.5  38.0 25.3 15.4
Carter 1969 193 211 34,6 3.6 21.9 13.2
Dahlman 1967 191 191 3.6 37.0 15.9 11.0
Dahlnan 1969 177 168 40.9 49,0 16.2 11,2
Dyk 1971 218 197 27.6 38.4 19.8 16.7
Fadhl o 1967 216 207 32.2 37.0 13.7 8.8
Gagnon 1967 185 170 47.0 52,3 11.7 9.3
Goodan 1967 166 166 48.6 48.1 43,6 46.8
Hanser 1967 205 214 29.5 29.5 17.7 9.8
‘Holland 1971 193 201 " 36.0 37.0 17.5 11.2
Iverson 1967 195 213 30.4 29.5 24 .3 13.2
0'Conner: 1969 216 216 29.5 30.4 15.9 15.2
Ross 1967 189 187 37.0 38.9 19.3 12.7
" Schultz 1967 211 216 ©o28.1 31.8 17.5 9.5
Torski 1971 187 185 46,0 481 "21.9 14,7
Walker 1969 214 214 28.1 31.8 21.6 12.2 .
107 11.2 L6k
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Appendix Table 5. Equilibrium reaction of X with the 1967 through 1971 experimental
site soils by the dilute K method. )

Equilibrating Solution

Cooperator Site Calcium Magnesium ' Potassium Sodﬁﬁm
year ’ ' , ppm in solution

7 o 0-6 ~  6-12  0-6 6-12 . 0-6 6-12 __0-6  6-12
Bates 1971 13.26 © 16.75  1.85  2.82 10.10  8.28  3.65  14.09
" Bramlette 1967 4,13 15.76 1.28  3.72  8.30  7.38 4.15 -+ k.02
Carter 1969 - hog6 9.88 1.73 1.91 10.60- 8.26 4,26  6.05
Dahlman 11967 5.38 6.07  1.39 1.66. 7.60 5.70 ~ L4.88  4.66
Dahlman 1969 4,51 4.80 1.57 2.00 6.88 5.0  4.00 - 4.65
Dyk 1971 17.81  15.72 2.37 3.46 8.98 8.08 3.45 3.66
Fadhl 1967 16,20 15.71  2.90  3.51  8.66  6.52  3.62  L4.23
Gagnon 1967 14,89 12.86 L.32. 4,59 5.80 5.22  7.02 11.68
Goodan 1967 5.60 5.37  2.46 2,18 16.36 16.72  5.20  5.58
Hanser 1967 8,90 11.76  1.67  1.84  8.50  5.50 ° 3.27  5.42
Holland 1971 6.61 13.63  1.58  3.22  7.62  6.74  L,35 5,16
Iverson 1967 5.32  15.09 1.18 2.51  9.26 7.12  L4,i2  L4.22
0'Conner - 1969 13.80  13.59  2.45 2,29  9.48 946  L4.98  5.74
Ross 1967  L4.86  6.05  1.39  1.75 8.64 6,20 4.37 4,22
Schultz 1967 10.10 18.70 1.75  2.87 8.56  6.52 . 3.16 3,46
Torski - 1971 13.03  15.15 4,13 4.73 9.7 7.2k 7.27  5.01
Walker - 1969 12.75 13.48 2.16 - 2,08 10.82 10.80 3.85 3.32

0.0 0.0 9.40 2.12
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Appendix Table 6. Magnesium and potassium extracted from the 1967 through 1971

experimental site soils by the DTPA method.

Cooperator Site Fert. K 'Magnesium Potassium % Yield
: year lbs/Ac ppm in soil Response
0-6 6-12 0=6 6-12
Bates 971 25 365 12 277 158 5.69
Bramlette 1967 25 387 525 210 149 4,39
Carter 1969 25 262 288 189 96 -2.86
Dahlman 1967 25 272 384 123 77 3.61
Dahlnan 1969 25 - 1410 595 82 82 8.01
Dyk 1971 25 339 486 206 147 6.17
Fadhl 1967 25 307 387 109 50 5.31
Gagnon 1967 25 787 915 123 96 _ 3.21
Goodan 1967 25 547 5047 515 525 13.21
Hanser 1967 25 23 282 168 86 1,90
Holland 1971 100 387 Lh2 157 91 -3.09
Iverson 1967 25 243 317 . 222 106 3.19
0'Conner 1969 25 22 22l 118 114 8.90
Ross- 1967 25 320 410 178 99 12.86
Schultz 1967 25 251 282 157 6L ~0.05
Torski 1971 25 666 762 234 . 152 5,52
Walker 1969 25 269 320 189 86 -0.85

26T




Appendix Table 7. Soil potassium extracted from the 1967 through 1971 experimental
site soils by HEDTA, resin plus NH,OAc, and [{resin + NH,0Ac) - NH,OAc].

Cooperator Site. HEDTA Resin + NH,,OAc [ (Resin + NHQOAC)-NﬁuOAc]
year ) ppm in soil

0-6 1 6-12 0-6 6-12 0-6 6-12
Bates 1971 1420 180 835 458 - 235 156
Bramlette 1967 336 326 688 569 156 147
Carter 1969 272 140 482 . 308 186 - 135
Dahlman 1967 172 128 332 284 129 " 105
Dahlman 1969 188 140 386 314 131 100
Dyk ' 1971 24l 180 600 374 202 107
Fadhl 1967 128 60 326 179 117 52
Gagnon 1967 164 120 600 513 ‘ 160 145
Goodan 1967 680 700 1173 1186 ‘325 299
Hanser 1967 184 36 619 452 245 150
Holland . 1971 248 132 Lho 290 . 150 - 93
Iverson 1967 300 120 600 362 202 124
0'Conner 1969 168 152 308 314 S 17 129
Ross 1967 232 132 158 332 179 129
‘Schultz 1967 260 72 L95 - 231 181 - 86
Torski 1971 400 208 - 87h 619 236 197

Walker 1969 240 104 575 302 213 117
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Appendix Table 8. Soil potassium extracted from the 1967 through 1971 experimental site
soils by the resin - thimble method. - '

‘Resin - Thimble

. Site extractable K, ppm

" Cooperator . , year | - 0-6 6-12
Bates o 1971 - 160 -+ 106
Bramlette ‘ 1967 . 163 104

Carter . 1969 : 125 - 62.5
Dahlman . 1967 _ 101 55
Dahlman 1969 84 - =8
Dyk | 1971 : 136 103
. Faghl 1967 78 35
Gagnon - 1967 ' 76 68
Goodan 1967 360 366
Hanser 1967 | 125 69
Holland 1971 90 55
Iverson _ 1967 14 85

0'Conner 1969 " oL 87.5
Ross 1967 106 68
Schultz 1967 105 48
Torski 1971 146 88

Walker ' 1969 ' : 149 58
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Appendix Table 9..

Sugarbeet and spring wheat yields and N NHjOAc extractable moist soil K, C.E.C., organic matter,
and percentage sand, silt, and clay from the 1973 selected experimental sites.

Fert. X Yield, lbs/Ac Soil K, ppm CEC, meq/lOOg 0.M.% Sand Silt Clay

Cooperator 1bs/Ac Tmt. Control Q-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12
Sugarbeets ' ' ’

Foos Reps 1&2 . 80 7992 .° 7305 230 226 15.1 14.3 1.23 1,16 54.0 544 28,7 28,7 17.3 16.9
Foos - Reps 3&4 80 7580 7873 223 189 15.3 15.3 1.23 1.25 52.7 54.7 30.4 28.4 16.9 16,9
Kolb Reps 1&2 80 11516 12381 247 2l 16.2 16.9 1.35 1.35 34.7 36.7 444 42,7 20.9 20.6
Juhl Reps 1&2 80 11395 12274 102 105 19.8 20.8 1.39 1.49 10.7 10.7 u8.0 48.0 41.3 41.3
Bruski Reps 1&2 80 6817 7593 532 396 ° 19.5 17.4 1.69 1.35 31.4 23.4 40.0 46.0 28.6 30.6
E.Agric.Res.Center 80 8932 8959 565 279 30.6 26.9 3.69 2.62 12.9 9.4 36.6 38.0 50.5 52.6
Spring Wheat )

Breigenzer Lo 1606 1458 390 114 21.9 22.5 1.46 1,09 37.6 27.6 32.0 30.0 30.4 42,4
Johnson Lo 1260 992 591 265 25.9 22.9 2.53 1.39 35.6 27.3 23.2 24.0 41.2 48,7
Redekopp 20 1924 1838 239 100 18.2 21.2 1.75 .84 53.8 51.8 22.9 20.9 23.3 27.3
Pedwerbecki 40 1879 1679 34k 142 15.2 14,1 1.09 .78 57.6 67.6 19.1 13.1 23.3 19.3
Hanson 25 1190 1092 255 229 11.7 12.0 1.68 1.23 12,7 10.4 12,2 14.6

75.0 75.1
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Appendix Table 10.

Winter wheat and barley yields, climatic variables and N NHjOAc
extractable moist soil X, C,.E.C., organic matter, and percentage sand, silt, and clay
from the selected 1973 experlmental sites. .

Cooperators* -
Variables .. Winter Wheat __Barley
1 2 3 In 5 6 7 8 -9 10
Fert, X, 1lb/acre Lo 20 20 40 20 20 80 80 Lo Lo
Yield, 1b/acre :
- Treatment 2645 2674 2218 2945 2462 3296 3500 2341 2142 2046
Control 228L 2497 1944 2914 2702 2899 2827 2086 1786 2194
Climatic Variables - )
Aver, Soil T.,°C 16:8 17.1 17,5 13.5 17.0 16.0 20.7
Avail HpO, Inches 9,16 6.95 3.66 6.46 3,11 3.69 L.36
Rainfall, Inches 1.84 5.11 ° 4.09 3.35 5.86 4.35 4,95
Evap. cm/day 435 522 L5311 439 278 319 .563
Soil K, ppm
0-6 4 2 L) 496 232 260 266 281- 390 314
_ 6-12. 309 201 142 285 120 96 110 115 114 97
CEC, meq/100g ,
0-6 -20.4 18,0 18,7 21.9 12.9 15.5 13.0 16.8 21.9 19.4
6-12 24,3 22,1 17.1  25.1 14,5 16.3° 14.1 20.9 22.5 21.9
Org. Matter, % ' )
0-6 1.93 1.9% 2.3 2.43 1.25 1.16 95 .98 -1.46 1.72
6-12 1.69 1,52 1.89 1.43 .68 .93 74 .95 1,09 1,62
Sand, %
0-6 36.9 38,7 19.1 35.6 50, 46,0 60.0 19.4 37.6 35,8
> 6-12 © 30,9 32.7 -15.0 34.2 50.2 45.6 59.6 35.8 27.6 29.8
Silt, % . : :
0-6 35.3 "32:7 48.7 - 30.2 34.0 36.2 242 54.8 32.0 34,9
’7 6-12 ©34.9 32,7 "42.4 28,0 34.0 34.5 244 384 .30.0 28.9
Clay, % ’
0-6 27.8 28,6 32,2 34,2 15.8 17.8 15.8 25.8 .30.4 29.3
6-12 : 3.2 34.6 L2.6 37.8 15.8 19.9 16.0 25.8 42.4 4.3
* 1 = Miklovich, 2 = Jergenson, 3 = Helm, &4 = Perry, 5 = Pehl, 6 = Holland
7 = Erpelding, 8 = Erpelding, 9 = Breigenger, = Rocky Boy.
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Appendix Table 11. Results of duplicate soil sample analysis for K (ppm) by variations
of the resin - thimble technique on the 0 to 6 and 6 to 12-inch depths of winter wheat
experimental sites.

Technique* ' _ -

. 1 3 L 5 -6 V4
Cooperato?™\0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12 0-6 6-12
Mikloviech 150 81 126 71 145 80 80 145 100 265 150 170 190

46 79 115 79 133 90 120 78. 138 95 255 225 235 200

Jergenson 104 104 110 48 115 70 118 53 115- 73 180 125 195 110

116 116 116 53 128 70 118 58 135 70 180 125 180 120

Helm 109 50 130 43 148 50 145 48 155 . 60 220 90 205 90

129 29 122 48 142 53 147 55 153 58 185 100 175 65

Perry 148 69 126 80 88 58 117 75 . 135 88 190 180 245 150

157 64 114 58 98 55 115 75 130 88 210 180 180 165

Pehl 69 24 L L4l 55 48 90 43 88 55 110 70 125 70

69 26 68 26 60 43 .82 45 90 53 125 65 120 50

Holland 79 27 57 30 68 38 70 48 83 58 100 75 125 105

75 26 72 bl 68 38 70 48 8 58 135 75 110 70

Erpelding 9 27 73 36 80 45 80 40 98 56 120 70 125 75

8k 29 48 34 75 38 . 80 45 98 58 110 75 120 75

Average ., 109 54 97 49 100 .55 104 57 118 69 170 115 165 110

Std. Dev. 8.43 11.86 7.29 1.72 5.72 17.86 45,36

* 1, Moist 2 mm soil, unselected thimbles, measured resin. 2. Air dry 2 mm soil,
unselected thimbles, measured resin. 3. Alr dry 2 mm soil, selected thimbles,

measured resin., &4. Air dry 0.5 mm soil selected thimbles, weighed resin. 5. Repeat

of four. “6. Air dry 2 mm soil, machine made thimbles, weighed resin. 7. Repeat of

S1X.

** Standard error determined only on the 0 to 6-inch depths.
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Appendix Table 12. Results of extraction of the 0 to 6 and 6 to 12-inch depth soil samples from the 1973 winter wheat
experimental sites for exchangeable plus moderately available K, moderately available K, percentage K saturation of the

C.E.C., dilute cation solution K exchange and free energy calculated from this solution.

Extraction - .
Method 1% 2. 3 4 5 7 8
K, ppm K, ppm K, ppm % K sat'n. K, ppm Gx, cal Gk, cal G, cal
Cooperator\Q-6 6-12 0-6 6-12 0-6 6-12 0-6 ~ 6-12 0-6 6-12 0-6 6-12 0-6  6-12 0-6 6-12
Miklovich 725 600 644 s 296 253  5.49 3.70 23.0 16.8. -2785 -2966 -2874 -3063 -2477 —-2688
Jergensen 588 369 550 325 177 132  5.84 2.76 21.3 13.0 -2823 -3143 -2908 -3226 -2U496 -2806
Helm 788 3y 713- 269 348 173 5.92 2,57 23.0  12.0 -2792 -3156 -2877 -3271 -2468 -2935
Perry 681 456 569 388 211 139 5.58 3.24 21.3 4.5 -2830° -3091 -2911 -3163 -2u487 -2706
Pehl 394 275 313 225 154 118  4.72 2.87 16.8  16.8 -2973 -2973 -3056 -3056 -2939 -2639
Holland 475 306 419 244 188 149 4,56 2.51 16.8 11.3 -2973 -3222 -3058 -3306 -2648 -2891 et
Erpelding 413 275  4oo 250 130 112 5.57 2.98 19.3 12.0 -2883 -3191 -2968 =3267 -2556 -2827 %%
* 1, N NHjyOAc extractable ﬁlus moderately available K by cation resin extraction.’ Air dry soil.A

Moderately available soil K by resin extraction, [(Resin K-+ N NHy0Ac K - N
Percentage K saturation of the soil CEC, (N NHyOAc K/CEC) x 100.

1
Free energy computed from the dilute cation solution ratio [K]/[Ca]E X
L " n " M " " " [K]/[Caﬂ‘lg]?

" " " " " w' " ° [x] /[:Mg]%

1
2
3
L
. 5. Equilibrium solution K from the dilute cation:procedure.
6
7
8

Moist soil.

NHj,OAc K) .




Appendix Table 13. Location of 1967 through 1971 experimental sites, and soil type, crop variéty, availablé soil
moisture* and growing season rainfall. Wintexr wheat.

Avajilable soil

Cooperator Year Town County Soil type Crop variety Rainfall moisture
inches

Dahlman 1967 Forsyth Rosebud Edgar clay loam ' Winalta 7.17 3.3
Dahlman 1969 Forsyth Rosebud Edgar clay loam - Cheyenne L.h
Ross 1967 Terry Prairie Ft. Collins loam Winalta L.85 3.2
Hanser 1967 Broadview Stillwater Cushman sandy clay loam Cﬁeyenne . 3.3
Gagnon 1967 Chester Liberty Marias silty clay Cheyenne 1.17 4.0
Schultz 1967 Bloomfield  Dawson Chama ¢lay loam Lancer 7.75 3.3
Goodan 1967 DeSmet Missoula silty clay loam Vestmont . b.48 3.8
Iverson 1967 Sunburst - Toole Scobey clay loam Winalta - 2.35 3.9
Bramlette 196?4 Ft. Benton Chouteau Haywarden clay loam ) Gheyenne 2.8
Fadhl 1967 Angela Rosebud Thurlow clay loam Karmont 6.79 2.3
Walker 1969 Bloomfield Dawson Cushman sandy clay loam Worrior 9.5?

Carter 1969 Coalwood Powder River McRae loam Winalta ) 5.61 - 5.2
0'Conner 1969 Plevna Fallon . pancer - 8.45

Torski 1971 Hardin . Big Horn Gilt Edge sandy clay loaﬁ 2.89

Dyk . 1971 Anmsterdam Gallatin Amsterdam silt loam 4.0 8.7
Holland ) 1971 Rosebud Rosebud Edgar loam . Cheyenne ) 3.6 5.5
Bates 1971 Amsterdam Gallatin Amsterdam silt loam Winalta 5.1 7.7

66T

*By 15 atmosphere determination.




Appendix Table 1. Location of 1973 experimental.sites and soil’ type, crop variety, available soil moisture and

Res. Center

rainfall.
. . ) Available soil -
Cooperator Town County Soil type Crop variety Rainfall moisture-
: Winter Wheat
*  Miklovich lodge Grass Big Horn Arnegard clay loam 1.84 9.16
" Jergensen Chinoock Blaine Williams clay loam Cheyenne 5.11 6.95
Helm Rock Springs Garfield Cherry silty clay loam Winalta 4.09 3.66
Perry Fort Benton Choteau Gerber clay loam Cheyenne 3.35 6.46
Pehl Terry Rosebud Chanta loam Worrior 5.86 3.11
Holland Rosebud Rosebud Bdgar loam Cheyenne L.35 3.69
Erpelding Forsyth Rosebud Fort Collins sandy loam Centurk 4.95. L.36
Spring Wheat
Pedwerbecki Glasgow Valley Telstad sandy clay loam L. obh 5.54
Redekopp Lustre Valley Martinsdale sandy clay loam 3.15 6.65
Breigenzer Glasgow Valley Phillips clay loan Fortuna
Johnson Cut Bank Glacier Pendroy attewan loam Thatcher
Hanson Richland Valléy - Fortuna
’ Barley
Breigenzer Glasgow Valley Phillips clay loam Compana
Rocky Boy Box Elder Choteau Phillips clay loam Compana.
Erpelding Forsyth Rosebud Fort Collins sandy loam 4.95 4.36
: Sugar Beets (Irrigated)
Foos Park City Yellowstone Wanetta loam G.¥W. Moro HY,D2
Kolb Hysham Treasure Havre loam "
Juhl Custer Yellowstone Lohmiller silty clay "
Bruski Huntley Yellowstone Haverson loam "
E, Mont, Agric. Sidney Richland Savage silty clay HH, 21
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