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THE RELEASE OF EXCHANGEABLE AND NONEXCHANGEABLE POTASSIUM
FROM SEVERAL WESTERN OREGON SOILS

INTRODUCTION

The potassium supplying power of a soil has been defined as its
ability to supply potassium to growing plants from both the exchange~
able and moderately available forms.

Most soils contain an abundant amount of potassium, however, only
& small percentage of the total is present in the exchangeable and
moderately available forms. Results of mmerous investigations show
that scils vary considerably in their potassium supplying power, The
reasons for this variation are not completely understood. ZType of clay
minerals, degree of weathering, and the amount and kind of potassiugp
bearing minerals appear to influence the capacity of a soil to release
potassium from nonexchangeable to exshangeable forms,

Long time eropping in the greenmhouse has been used extensively
in the past to determine the potassium supplying power of soils. This
method is very time consuming and also quite costly. More recently it
was found that the amount of potassium released from nonexshangeable
forms by such laboratory procedures as bolling with nitrie asid and ine
cubation with exchange resins was highly correlated with the amount
of potassium released from nonexchangeable forms by greenhouse oropping.

Results of investigations sonducted on soils in different areas in
the United States are not in agreement as to the reliability of ex~
changeable potassium as an index to the release of potassium from none
exchangeable forms during greenhouse cropping. Some investigators
found a high correlation between these two values while others found a



very low correlation,

Most of the previous studies dealing with potassium in Oregon
soils have been limited to the exchangeable potassium content of the
soils. With inereasing use of mitrogen, phosphorus and lime, which 4in
turn result in higher yields and more potassium being removed from
the soil, more and more soils are begimning %o analyse low in exchange-
able potassium. The gquestion then arises do these soils release
potassium at a rate which is adeguate %o meet the need of the crop
plants? It appears desirable to determine the potassium supplying
power of these solls in order to discover those soils and those areas
which now need potash fertiliszer or may need them in the not too dise
tant future.

The purpose of this study was tos

1, Determine the potassium supplying power of several Western
Oregon soils,

2. BEvaluate exchangeable potassium, potassium released from
nonexochangeable forms by boiling nitric acid, and total
potassium extracted by the dolling seid as indexes to the
removal of potassium from these scils by greenhouse cropping.

3+ Determine variations in the potassium status within a soil
series, between soll series, and between certain areas in
Western Oregon,
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REVIEW OF THE LITERATURE

Potassium is usually the most abundant of the major and secondary
nutrient elements in the soil., Reitemeier (L2, pp. LOL-4OS5), in re-
viewing the literature on potassium, stated that the range of total
potassium content of solils is enormous., Some soils have been found to
oontain as much as 5.15 per cent K50 while others contain only a trase.
mumm-ﬁwﬁm-mmbukormmm- for total
potassium will fall somewhere in between.

In soils which have not had potash fertiliser applioations, the
proportion of the total held in soluble and releaseable forms is
usually very small, The majority of it is found in potassium-bearing
primary and elay minerals. The primary silicate minerals high in
potassiun are muscovite, biotite, orthoclase and microeline; but other
micas, feldspars and other minerals may comtain considerable amounts
of potassium, Of the elay minerals the illite group which ineludes
the entire range of hydrous micas, is considered %o be the only one
gontaining substantial amounts of potassium,

The various forms of soil potassium are related and comprise a
systom in which an inorease in one form ocours at the expense of one or
more of the other forms and in whioh the net movement may ococur from
less available to highly available forms, or the reverse depending upon
the particular stress. The availability to plants depends on the
anount and relative mobility of the different forms, inoluding the rate
of replenishment of depleted immediately available forms by release

from reserve supplies,
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Wood and DeTurk (56, pp. 152-153), indicated that the potassium
equilibrium of any soll can be represented as follows:

Primary mineral fixed K (Aoid insoluble K ——

N

Aoid soluble K) —— replaceable K water soluble K,

The removal of potassium from either of the last three forms would
cause displacement of the equilibrium o the right. Little change
will ocour in the first form except over geclogiocal time,

It long has been kmown that the exochangeable and water soluble
potassium of soils which have not received potash fertilisers could
not possibly be sufficient for erop production over leng periods of
time, Before the advent of the concept of base exchange in soils, the
immediate source of potassium was attributed to the breakdown of
minerals., It iz only comparatively recently that the interrelation
of exshangeable and released nonexchangeable potassium as they affect
availability %o plants have been extensively investigated.

In 1933, Hoagland and Martin (21, pp. 20-30) condusted an experie
ment to determine the potassium supplying power of 15 California soils.
Barley and tomato plants were grown as indicator orops. The soils
were subjected to continmuous orepph; for several years in order %o
exhaust the supply of available potassium, They were ocncerned with
the availability of three forms of potassium to the plants, namely
exchangeable, nonexchangeable and soil solution potassium, Twe
important conelusions were made as a result of this investigation., Ome
was that the exchangeable potassium drops to & minimum level after
repeated oropping and zoes no lowsr. It was noted that the minimum
level was the same for ufonl soils regardless of the initial levels of
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exchangeable potassium. The second eoneclusion was that the per cent of
potassium in the plant from nonexeohangeable sources increased as the

level of exchangeable potassium decreased. They alse found that the
goils differed widely in their ability %o supply native potassium to
the plants,

A surrently common method of measuring the relative ability of
release of different soils is that of prolonged eropping; either by
suscessive cuttings of ome planting of one erop, by repeated plantings
of one erop, or by a succession of different orops. A variety of
experinental conditions sush as plant species, plant population, quane
tity of soil, length of eropping peried, effect of lime, and effect
of potash additions have been used,

Abe) and Magisted (1, pp. L52-L5L) intensively sropped several
Hawailen soils and found that they released about 100 pounds of K 0
per acre foot of nonexshangeable potassium amuelly.

Bear, Prince and Maleolm (9, pp. 1Li6e1l9) grew seven srops of
alfalfa on twenty New Jersey solls and found that the level of exchange~
able potassium was a good eriterion for release of potassium to the
erop and that total potassium was not.

‘Chandler et al. (13, pp. 715+721) consluded that in order to pre-
dioct the potassium supplying power of the soil, the equilibrium level
of the exchangeable potassium for that particular soll must be kmown,
They found that with eontinuous oropping the exehangeable potassium
level dropped %o a certain value and did not decrease with additional
oeropping. They also noted that soils with the same level of exchange-
able potassium before oropping varied considerably in their ability %o
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release potassium from nonexchangeable forms,

Stewart and Volk (50, pp. 270-272) also found that certain Alabama
soils varied widely in release of potassium from nonexchangeable forms
upon continuous eropping in the greenhouse, The amount released
appeared to be the dominant fastor in the potassium nutrition of the
plants, They saw no relationship between the amount of potassium
removed from the solil by oropping and the amount of exchangeable
potassium or total potassium,

Gholston and Hoover (19, pp. 120«121) studied the potassium
supplying power of several Mississippi and Alabama soils and found
marked differences in the rate of release of nonexchangeable potassium
to millet grown in the greenhouse for L5l days. They did not offer
any explanation for these differences,

In 1950, Brelend, Bertramson and Borland (11, pp. 2lj0-21i6) deter=-
mined the potassium supplying power of twenty three major soil types
in Indiana., They grew Ladino clover in the greemhouse continuously
for 193 days and took eight cuttings. Their results indicated that
the exchangeable potassium level after three cuttings was closely core-
related with the amount of potassium released to the plants from none
exchangeable forms. The original exchangeable potassium, however, was
not related to the amount released %o the clover. They found that the
solls varied considerably in their potassium supplying power and stated
that the ability of different soils to release potassium from the
nonexchangeable to the exchangeable forms for plant consumption ap=
peared to be a dominant fastor in the nutrition of plants and was a

characteristic of each soil type.



7

Pratt (36, pp. 112-117) grew alfalfa in the greenmhouse on thire
teen Iowa soils for ten months., He found that exchangeable potassium
at the begimming of the oropping period was a reliable index to the
removal of potassium from the seils during the eropping period. The
sorrelation coefficient between these two values was 0.97.

Pearson (32, pp. 308-309) continuously eropped eight Alabama soils
and conoluded there was no relationship between exchangeable potassium
before oropping and the amount of potassium released during oropping.
He did find, however, that the original exchangeable potassium was
highlylcomlthd with the total amount of potassium removed from the
soils during the eropping period.

Numerous other investigations have been conducted to determine
the potassium supplying power of various soils by intensive greemhouse
oropping. Some of these were: Alban (2, pp. 1-69), Attoe and Truog
(L, pp. B1-86), Ayers et al. (8, pp. 175-181), Bray and DeTurk (10,

PP+ 101+106), Evans and Attoe (15, pp. 323-33L), Kolodny and Robbins
(25. PP« 303-313), and Reitemeier ot al. (39, pp. 158+162). The results
of these investigations were not consistent, Some investigators found
that the original exchangeable potassium was highly correlated with the
potassium removed by the plants and with the potassium released from
nonexchangeable forms during eropping. Others found that exshangeable
potassium before oropping was not a reliable index either to the

amount of potassium removed by the erop or released from nonexchangee
able forms during cropping.

Pratt (36, pp. 115«116) reasoned that the difference in results ob-
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tained by the various investigators with respect to the exchmgeable
potassium as an index to potassium removed by eropping and to potassium
r;lnu during oropping eould possibly be rationalised by a considera-
4ion of the soil conditions involved, Where exchangeable potassium
served as a good oriterion of the potassium released to crops over a
long o‘npph;- period the soils were not strongly weathered. On the
other hand, where exohangeable potassium was a poor eriterion of
potassium release to orops, the soils had been moderately to strongly
weathered, He postulated that the exchangeable potassium in strongly
weathered soils is so low that for a given extended oropping period the
proportion of potassium used by the plants from the nonexchangeadble
forms was much higher than in only slightly weathered soils where the
exshangeable potassium is high, There would be more reason, therefore,
%o expect the exschangeable potassiunm to be highly correlated with
potassiun uptake by plants in soils similar to the JIowa soils he
studied than in the more highly weathered soils studied by Breland,
Bertramson and Rouse (11, pp. 237+27), Rouse and Bertramson (43,

ppe 113+123) and Stewart and Volk (50, pp. 263-272).

Reitemeier (L2, pp. 124) lists some of the general prinsiples
which have emerged from the various studies of the release of none
exohangeable potassium during oropping as follows:

1. Broad differences exist among the capasities of different
solls to release nonexohangeable potassium of native origin,

2, Soils containing equal amounts of total potassium differ cone
lidcrthly in the availability of reserve pobtassium,
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3¢ FPixed potessium is generally more aveilabls than native none
exchangeeble forms,

L Although release from some soils oocurs when the exchangeable
potassium level is relatively high, it is more likely %o occcur at the
lower levels provided that the vigor of the plants is not drastioally
reduced thereby.

5 The initial level of exohangeable potassium is not an ascourate
index of reserve supplying power unless it represents the equilibrium
level of the particular soil,

6, If the intensity and period of eropping is suffiolemt, the
exchangeable potassium is reduced to & minimum value and all subsequent
release ooours at this exchange level-~this is not as likely to cscur
in the field as in small contalners,

7+« Plants absorb more reserve potassium than is liberated to the
exchangeable form in the sbsense of plants during moist storsge for
the same perioed of time,

Since long-time oropping in the greenhouse is a very time-sconsuming
method, some of the more recent investigations were designed to develop
other methods whish would measure the release of potassiwa from none
exchangeable forms in & shorter period of time., Some of the methods
whioh have been used ares the Neubauer seedling method, extrastion of
the soll with strong acids, electrodialysis, and inoubation with
exchange resins,

Many investigators, ineluding Olsen and Shaw (30, pp. 6=7) have

used the Neubsuer test for determining the availability of potassium to
plants. Reitemeier, Holmes, and Brown (4O, pp. 102+105) reduced the
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amount of soil used in the Neubauer test from 100 to 25 grams for a
group of solls from the Great Plains and thereby inoreased the rate
of release and the differential between soil samples,

These same authors (L1, pp. 33-39) determined the amount of potas
siun released by the Neubauer prosedure, extrastion with boiling, 1.0
normal nitric acid and electrodialysis, They found that the sorrelas
tion coefficient between Neubauer release and that released by 740 days
of eropping with Ladino elover was 0,897. The correlation coefficient
for the relationship between potassium release during oropping and
that relessed by 30 days of eleotrodialysis was 0.96L. The amount of
potassiun released by bolling nitric acid was also highly correlated
with the amount released by greemhouse oropping with Ladino elover
(0.938).

Rouse and Bertramson (L3, pp. 118«120) obtained a sorrelation co-
efficient of 0,96 for the relationship between the potassium released
by boiling nitris acid and that released by greenhouse sropping of
several Indiana soils with Ladino slover.

In 1951, Pratt (36, pp. 111-115) found that this relationship held
for the Iowa solils he studied., The correlation scefficient between
potassium released to nitric ascid and that released by intensive erop~-
ping with alfalfa was found to be 0,913, The total potassium in the
nitric acld extract was also highly correlated with the total potassium
removed from thirteen Iowa soils during the eropping perioed (0,965).
He also obtained a correlation ecefficient of 0,963 between the potassium
released during greenhouse oropping and that released during incubationm
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with a Dowex exchange resin.

Sehmits (L5, ppe 30-35) studied the behavior of potassium in
several Ohio soils, His results also showed a high correlation between
the potassium released to nitric acid and that released during inten-
sive greenhouse oropping with sorn and also between the total potassium
extrasted by the acid and the amount removed by the corn during the
eropping period, the former coefficient being 0.955 and the latter
0,784, The correlation scefficient between the potassium released by
oropping and that released by inoubation with an Amberlite exchange
resin was 0,862,

Pratt and Morse (38, pp. 15-20) recently determined the potassium
release by boiling nitric acid from a number of Ohio soils, Their
results indicated that potassium release from nonexchangeable forms was
more a characteristic of the soil type and the soil area than was the
exchangeable potassium, The correlation between exchangeable potassium
and potassium release was not high, Exchangeable potassium in the O«6"
depth was not highly correlated with exchangeable potassium in the
6-12" depth, while the potassium released in the 0«6" depth was highly
correlated with that released in the 6-12" depth.

Prior to 199 most of the research on the release of potassium by
prolonged oropping and other methods was conscermed only with the
relative amounts of potassium released by different soils. At this
time several papers appeared which reported on the results of experi-
ments designed to ascertain the source of the potassium supplying
power of the soil,

In a study using this approach, Rouse and Bertramson (43, pp. 120«
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123) found that most of the nonexshangeable potassium was released from
the silt and olay fractions, They also studied the relationship of
i_‘ho release of nonexchangeable potassium from the different sise soil
fractions with the mineralogical eomposition of the frastion, Xeray
diffrection patterns were obtained on the several size fractions., There
was no apparent relationship between the potassium rol_omd by beiling
nitric acid and the mineralogical composition of the courser fractions.
However, for the two smaller fractions 2 mioron and 0.2 micron, they
obtained a high sorrelation ccefficient between the area under the il-
lite peak and the release of ncnexchangeable potassium from these
frastions,.

In another study Pratt (37, pp. 26+29) fractionated several Iowa
soils and found that the delivery of potassium to nitric acid was
highest in the 0.,2-2u frastion for twelve of the thirteen soils studied,
He pointed out that the release of nonexchangeable potassium %o nitrie
acid from the silt fraction when compared to the release from the olay
fraction for the same soll sould be used as a eriterion %o the degree
of weathering for the soils under study. When the soils derived from
loess were arranged secording to this eriterion they were found to
follow a weathering sequense.

Phillippe and White (3L, pp. 171+172) studied the potassium supe
plying power of several Indiana soils as related to their content of
potash bearing minerals, They found a relationship existed between
the release of pmu\n from nonexchangeable forms and the microe
oline eontent of the soils,

Reitemeier, Holmes and Brown (L1, pp. LO-Ll) determined the olay
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mineral ecomposition of the 2emioron elay fraction of six soils by a
eombination of methods, namely, x-ray diffraction spectrogram, differe
ential thermal analysis, cation exchange capascity and potassium oontent.
The hydrous mica content, disregarding the cocourrence of gquarts and
amorphous materials, was estimated to range from 60% to 90%, They sone
oluded that no explanatory relationship was established between the
general order of potassium supplying eapacity and other properties
that were determined, such as initial exshangeable potassium, total
potash content of the soil, sil% or elay, abundance of silt, clay, or
organic matter, content of potassium<bearing minerals in the silt
fraction, and the hydrous mica content of the 2-mioron clay fraction,
They suggested that since differences between soils with respect to
their availability of nonexohangeable potassium muet lie in their
mineralogical charasteristics, that the usual methods of estimating
mineral contents must be supplemented by determination of the estual
potassium content eand behavior of minerals as they exist in soils,
Another phase of the equilibrium of the various forms of potassium
in the soil has received considerable attention, This ooncerns the
fixation of available potassium to less available forms and also the
release of nonexshangeable potassium from moderately available to
available forms by such mechanisms as freesing and thawing, alternate
wotting and drying and moist storege. Among those conducting experie-
ments along this line were Attoe (6, pp. 145-119) 7, ppe 112-113), Fine,
Bailey and Truog (17, ppe 163+186), Hoover (23, pp. 66«71), Joffe and

Levine (26, pp. L11-}20), Kolodny and Levine (28, pp. 303-313), Stane
ford (L9, pp. 123-129), Volk (52, pp. 263-272) and Wear and White
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(54, ppe 1li)e
Some of the consepts arising from the results of these investigae

tions are as follows: Potassium fixation ocours when an excess of
exchangeable potassium is present, The three general types of clay
minerals act differently. Minerals with 251 expanding lattices, such
as montmorillonite, fix potassium only by lattice contrastion, To fix
potassium they must be dehydrated by drying or some such process,
Minerals with 241 nonexpanding lattices, such as illite, fix potassium
either upon dehydration or in the moist state. Potassium fixation by
these minerals is believed %o be due to their relatively high mumber
of tetrahedral forces as opposed to ocotahedral forces. Minerals with
1:1 nonexpanding lattiees such as kaolinite do not fix potassium under
either moist or drying eonditions,

Bray and DeTurk (10, ppe 102+105) found that under eonditions of
moist storage and of drying at 200° 0,, Illinois soils would decrease
or inerease in exshangeable potassium gontent depending on whether the
initial exchange level was relatively high or low; different soils had
characteristic levels which they would tend to approach from either
direction,

Inmmm.mt«m:mmmm»upm.
sium, Pine, Bailey and Truog (17, pp« 184~185) observed in a study of
twelve solls that eight of them increased in exchangesble potassium as
much as 150 pounds per acre, one remained the same and three showed a
decrease,

It is epperent, therefore, that the equilibrium of the various
forms of potassium in the soll is very complex and dependent on 2
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variety of fastors,

In the past there has been some confusion resulting from the
terminology utilized by various investigators in commection with the
different forms of soil potassium, In 1949, the Soil Science Society
of Amerioa's Committee on Terminology (2L, pp. LOL-l05) defined some
of these terms and recommended that the following terminology be used
in future publications,

Mablo potassium

The potassium whioch is held mainly by the colloidal portion of
the soil and which is easily exchanged with the cations of neutral
salt solutions, less the water-soluble potassium. It is readily
available to growing plant roots,

onexohangeable potassium

All of the potassium in the soil except the exchangeable and
water-soluble potassiunm,

Moderately-available potassium

The potassium in the soil which cannot be readily exchanged with
cations of a neutral salt solution but which will move into the
exchangeable form by equilibrium as the exchangeable form is depleted.

Potassium fixation
The process of converting exchangeable or water-soluble potassium
to moderately available potassium,
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Fixed potassium

Exchangeable or water-soluble potassium which has bnn trans-
formed to moderately available potassium,

Potassium-supplying power of soils

The capasity of a soil to mly potassium to growing plants
from both exchangeable and moderately-available forms.
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EXPERIMENTAL METHODS

This study consisted of two main phases. One was a greenhouse
trial to determine the potassium supplying power of seils from twenty
sites in Western Oregon and to determine the relationship between
potassiun removal end release by greenhouse oropping, total potassium
extracted and potassium release by nitric acid, and exchangeable
potassiun before ercpping.

The other phase dealt with a survey of the potassium status of
soils from 100 randomly selected sites in Western Oregon by ebtaining
values from exchangeable potassium and for potassium release from none
exchangeable forms by extraction with nitric acid,

In addition, profile samples from eight sites in Multnomah and
Columbia counties were studied., Duplicate samples from these sites
were sent to the Soil Survey Laboratory, Soil Comservation Service,
US8.D.A. for sertain mineralogical and ochemical determinations,

Soil sampling procedurs
Random samples: Seil samples from 100 randomly selected sites

and representing six soll series were collected from eropped land in

the fall of 1953,

The random sampling procedure follows., BExtensive areas of the
soils inecluded in the survey were selected according to the delinea~
tions appearing on existing soll maps. The boundaries of these areas
were plotted on county road maps with a seale of 1 ineh %o the miles
All roads passing through each of these areas were listed, begimning
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with northesouth roads from west to east, and then all west-east roads
from north to south, The length of each road within that body of
goll was recorded and the total length of all roads within the same
body of soll determined,

Using (0.,1), one tenth of a mile as a unit of measurement, and a
three place table of random numbers, 25 numbers were seleoted. Using
& predetermined starting place, 25 sites were then located in each
major area. The first 10 numbers were labeled regular sampling sites
and the remaining 15 as alternate sites, All sites were at least
0.2 miles apart,

The side of the road on whioh the samples were collected was
dotermined by using & random number table and letting the odd mumbers
represent the left side of the road and the even numbers the right
side of the road.

After resching the site marked on the map, & point 300 feet from
the road and at right angles to the road was looated. Using this point
as the center of a cirecle from a 20 foot radius, three subsites were
located on the eiroumference of this cirele about 120 degrees apart,.
At each subsite, four cores (1 inech diameter) for eash of the 0-6",
6-12", and 12-18" depths were taken with an Oakfield tube sampler, and
the 12 cores representing each depth were composited,

If any of the regular sampling sites proved inadequate due to
such factors as not being oropped or varying too much from the soil
type mapped, the nearest alternate site was substituted,

Profile samples: In the fall of 1953 duplisate profile samples
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from eight unoropped sites, four eash in Columbia and Multnomah ecounties,
were sollested. Three of these sites were in areas mapped Powell, 2
in Caseade, 2 in Viola and 1 in an area mapped Amity. The sites for
these samples were selected by Mr, J, M, Williams, Soil Survey Super-
visor for Western Oregon with Soil Conservation Service, U.S.D.A.

After the pits were opened, Mr, Ray C. Roberts, Prineipal Soil Correla-
tor, Par Western States, Soil Conservation Service, U.S.D.A,, collected
duplicate samples by horison and also wrote up detalled profile des-
eriptions for each site, One set of the samples was sent to the Seil
Conservation Servise Laboratory in Beltsville, Maryland for
mineralogiocal analysis of the clay fraction and certain chemical
analyses of the whole soil. The other set of samples was taken to
Corvallis for determination of exchangeable potassium and potassium
release from monexshangeable forms by extraction with nitrie aeid.
Profile desoriptions are given in Table XII of the appendix, In
addition, profile samples from one site each of Amity and Willamette
in Benton County and one site of Dayton in Linn County were collected.
Only single samples of each horison were taken and exchangeable
potassium and releaseable potassium determined. No mineralogical
studies were made on these profiles,

Greenhouse procedure

Soil samples from 20 sites in Benton, Columbia, Limn, Maltnomah,
and Washington sounties, all in Western Oregon, were collected in the
spring of 1954. All samples, with the exseption of one Dayton sube
surface sample (13-24"), were surface soils (0-6"), BExchangeable
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potassium and acid releaseable potassium were determined on 50 samples
representing a oross seotion of the 100 randomly seleotved sauples
collected in the fall of 1957 from the sane arca and on the surface
horigons of the profile samples. Ou the basis of these analyses 20
sites, whigh represented a wide range in both exchengeable and acid
releaseable potassiun as well as oroppod and uncropped eonditions were
soleoted for the gresnhouse trial, Table I presents the soll type,
parent material, great soll group, and cultural status of these soils,
Table II lists certain of their chemical charasteristics,

Bulk samples were brought into the greenhouse, ealr dried, scre~
sned and thoroughly mixed. Five pounds of soll (ovenwdry basis)
wore then placed in No, 10 enameled %tin gans having & one half inch
layer of sand on the bottom, Prior to placing the soils in the ocans,
1500 pounds per sere* of 20 per sent superphosphate and encugh ¢«pe
CalOy %o satisly the lime requirement, were thoroughly mixed with the
soils In addition, minor elements in the amounts used by Breland
ot al, (11, pp. 238+239) were added in solution, After the fifth
harvest an additional 150 pounds at?,osporuninm form of a
dilute solution of phosphoric asid was added %o the soil. A randomiszed
block design with six replications was used in this trial, Baoh table
had four rows of ten cans representing two replications, Border rows
of cans were placed on each end of the tables and the inside rows of
oans were rotated with the outside rows ouce a week to aid in redusing

* The term “pounds per acre” 1s used throughout this paper o indicate
"pounds per 2 million pounds of soil,"
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Table I. Soll type, great soil group, parent material, drainage, location by county, and
oultural status of 20 soils used in greemhouse study,

Cropped

Soil  Soilr* or 4 Great Soil Group Parent

Noe % C ounty Uno rovisional Glmiﬂnﬂu; Material Dn.iﬁo

2 Anity -nl ' Benton o ¥ & S 3 e o i o

3 Amity siel (1) Washing ton 8. " . - e =l . . 3 o
17 Willamette sil  Benton i Y N - o i - " . Good
18 Willemette sil Benton | w " e 4 - ” »

19 Willemette sil{2) Washington ¢, Grey-brown podsolioc or prairie-like " » »

11 Olympie ol (3) Benton C. Prairie-like Basalt residuum -
12 Olympis sil (4) Columbia C. Reddish~brown latosol Losss-Voloanic ash ™

Ly Casoade =il Columbia U.L. Reddish-brown latosol or brown - . .

: podsolic over a fragipan

5 Cassade sil Columbia VL. * - » v . > »

6 Cascade 1 Columbia s . . 8 e » »

7 Cascade 1 Columbia e * . y ol » . .

13 Powell sil ¥ultnomah U8, * b » e - - "
1l Powell sil ¥ul tnomah 8. " » > - » - -

15 Powoll 1 Columbia ¢. * . " . » » "
16 Pomoll sil ¥ultnomah 8. ® < ” w - - »

8 Dayton sil Linn U.le Planosol 0ld Alluvium Poor
9 Dayton sie (5) Limm vh8. * » ;: % o
10 Dayton sicl Benton e = » . " -

20 Vicla =il Columbia 8. * . Loess-Voleanic ash "
¥ The soil type given conforms with the classification used when these areas wers mepped, from 1922 teo

1929. Current sorrelation studied in the area have not progressed far enough to resclassify all of the

sites. However, certain changes are indisated in the footnotes,
51 Mapped Amity but differs from Amity in Benton Counbty.
2) Mapped Willamette but differs from Willamette in Benton County.
%) Mapped Olympie but similar to Dixonville.
Mapped Olympie but similar to Cascade,
5) This soil was taken from the Bp horison (13-2l; inches).


http:p.l'airle-H.ke

Table II, Some chemical properties of 20 soils used in the greenhouse study.

Exchangeable Cations - m. ¢./100g.

% Base

hu:huo

G. . Gs saturation with K
Soil No,  pH X Ca Mg H ©./100g. before eropping rnl

1 Sel 1,2 8.3 Lé T 22,0 5.6
2 53 0.6 10.0 3.1 5,0 19.6 3.2
3 53 0.2 Te5 2.3 52 16 1.3
17 6.2 0,9 19 2.9 z.l 21.2 L3
18 5.7 0.9 13.9 6.7 o2 26,8 3.3
19 51 0.1 7.0 2.1 5.5 15.1 0.9
11 5 0.7 11.0 18 7.3 33,1 2.2
12 b 0.3 Ly 25 64 15.0 2.1
L 5.8 0.7 6.8 19 69 17.9 L
5 6.2 0.8 7.0 2.1 5.8 17.7 L
6 5.3 0.1 2.1 09 7.5 13.6 0.8
7 5.6 0.5 5.9 19 6.1 17.0 3.2
ii’. 59 1 1S Lé 8.1 27.0 3.9
53 0.: 8.3 2.5 10.7 23,8 19

15 Sy 0.1 L5 0.9 7.8 17.3 0.8
16 640 0.5 Tk 09 5.3 16.2 2.8
e 5.3 042 7.5 3.8 2.8 Updy 1.1
9 5.6 O 20,5 14,2 2.1 34.3 1.1
10 5.0 0.2 Sel 3.1 5.5 15.3 1.
20 5.0 0.1 2,2 1.2 6.2 11,2 1.2

KEBEE RGBS PEn.E BRWESR |




light and temperabure variations,

The moisture retained at 0,1 atmosphere tension was determined
on eash soil and the moisture content of the soils adjusted to 85 per
eent of the value by additions of distilled water, Encugh gquerts
sand was added %o the surface of the soils in the cans to a uniform
total weight of nine pounds, The moisture content of the soils was
perisdieally restored by additions of distilled water to bring the
weight up to nine pounds, cmg‘ without drains were employed to pre- .
vont leaching of nmutrients. A glass tube was inserted into each can,
at the time they were filled with soil, to chesk against overwatering.

Ladino olover was seeded March 2, 195L. When the seedlings were
putting out their second trifoliate leaves, they were thinned to aix
plants per can, The first outting was made May 18 when the clover
was in half bloom, Subseguent eubtings were made at three to six-
woek intervals depending wpon the rate of growth, The tenth and
final harvest was made on Januwary 1l, 1955. After the final harvest
the roots were removed from the soil and soil samples were taken, As
the orops and roots wore harvested they were oven~dried at 70° C,,
woighed, ground in a Wiley mill, and analyzed for potassium, The
plant material from two replications (e, reps 1 and 2, 3and 4, 5
and 6) were composited before yield weights and potassium determinae
tions were made. Notes were kept on the time of the appearance of
potassium deficiency symptoms in the clover in order to ascertain at
what level of potassium in the plant material this deficiensy aymptom
ocourred.



Laboratory prosedures

Plant analyses: All potassium determinations were made with a

Beokman Model B flame photometer. Analyses of all plant material were
made according to the method of Attoe and Truog (5, pp. 228-22;) in
which the ground plant material is shaken for one hour with 100 ml of
2,0 normal ammonium ssetate--0,2 normal megnesium asetate, filtered
into 100 ml volumetrie flasks, made to volume, and the potassium
content determined on the flame photometer,

Soll analysess Exchangeable potassium was determined by shaking
10 grame of airedry soll with 100 nl of neutral, normal ammonium

asetate for one hour, leaching with an additional 150 ml of ammenium
asetate on & Bushner fumnel, making to a total volume of 250 ml, and
dotermining potassium in the flame photometer.

The extrastion with nitrie acid was made according to the pro-
sedure of Pratt and Morse (38, ppe 1<) in which 2.5 grams of air-dry
soil are plased in 100 ml besokers, 25 ml of normal nitrie acid added,
the beakers covered with wateh glasses and placed in a constant
temperature oil bath at 113° ¢, for 25 mimutes, This extract was
then filtered, washed with 0,1 normal nitric acid, made %o a volume
of 100 ml and a aliguot put in the flame photometer. Potassium re-
leased by the ecid from nonexchangeable forms was ocaloulated by
subtrasting the exohangeable potassium, determined previously, from
the total potassium extracted by the nitric acid,

Exchangeable caleium and megnesium were determined with the flame
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photometer on the same extract used in determining exshangeable potase
sium, Exohangeable hydrogen was determined by shaking 10 grams of
air-dry soil with neutral normal barium scetate for 1 hour, leaching
with additional barium asetate on a Buchner funnel and titrating the
leashate with 0,1 normal sodium hydroxide using phenolphthalein as an
indicator,

Cation exchange capacity was determined ascording to the method
of Schollenberger and Simon (47, pp. 14=17) with certain modifications,
Tenth normal hydrochloriec acid was used to displace the ammonia ine
stead of sodium chloride and the distillate caught in a saturated
boriec acid solution and titrated with standard sulfuric aeid,

Available phosphorus was determined ascording to the method oute
1ined by Olsen et al (31, pp. 12-16) using sodium bisarbonate as the
extracting solution and determining the phosphorus colorimetrically
on a Cenco photolometer,

The pH's of the soil samples were determined with a glass
electrode on a saturated paste that had been allowed to set for an
hour with occasional stirring.
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Greenhouse trial

A sunmary of the greenhouse oropping data is presented in Tables
III and IV, Table III gives the values in PP2M or (pounds per 2
million pounds of soil), for exchangeable potassium before and after
eropping, change in exchangeable potassium during oropping, total
amount of potassium removed by eropping, potassium released from none
exchangeable forms during eropping, and the per cent of the total
potassium removed by oropping coming from exchangeable and moderately
available forme, The amount of potassium released from nonexchange~
able forms during eropping was obtained by subtrecting the decrease
in exchangeable potassium during eropping from the total amount
of potassivm removed by cropping. Tables XIIT, XIV, and XV iz the
appendix list the yleld of olover at each harvest, per cent potase
siwn in clover at each harvest, and sumulative uptake of potassium
by the clover,

The soils contained an everage of 398 pounds of exchangeable
potassium per aore, ranging from 88 %o 950 pounds. During cropping
the exchangeable potassiun level decreased an average of 239 pounds
per acre, for an average redustion of 60 per ceant., The clover re-
moved an average of 556 pounds of petassium per asre, varying from
80 to 1400 pounds; of this, from 1l per cent to 100 per ecent, or an
average of 56 per cent, was released from nonexchangeable forms,

The differense in the amount of potassium removed from the soils by
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Table III, Change in exchangeable K during growth of ten cuttings of eclover in the greenhouse, the
caloulated release of K from nonexshangeable forms, and sources of K taken up by the clover.

eable K Total K K released from Source of K removed s
Soil Before Decrease  removed by  nonexchangeable % from ; !'.E
No. eropping oropping during eropping forms during exchangeable moderately

eropping PP2M eropping forms available
PP2M PP2M form

1 950 210 740 1371 631 5k L6
2 1,88 194 : 29L 1160 866 25 75
3 162 138 2i 22l 200 11 89
17 712 200 512 1400 888 37 63
18 688 23L L5k, 1387 933 33 67
19 112 132 -20 219 269 0 100
11 562 205 357 1232 875 29 71
12 238 125 113 235 122 Ls 52
L STh 156 s 567 9 7h 26
5 62l 189 L35 572 137 76 2,
4 88 116 -28 80 108 0 100
7 L2l U 283 L6 183 61 39
13 82l 193 631 732 101 86 1
1, 350 128 222 305 83 7 27
15 112 122 -10 120 130 0 100
16 362 118 2l 31,8 10k 70 30
8 126 122 L 148 1k 3 97
9 288 213 75 2h6 171 30 70
10 16l 118 L6 184 138 25 75
20 106 125 =19 8€ 107 0 100
Aversge 398 159 239 556 311 ki 56

* Pounds per 2 million pounds of seoil,



Table IV. Exochangeable K before and after oropping and K
extracted by HNOz for 20 soils used in greenhouse study,

Exohangesble K K extrasted by HN
Soil Before r 1Mm 1y*

No. ocropping oropping PPN available
PP2M PP2M PP2M

1 950 210 27ho 1790
2 488 194 2500 2012
3 162 138 960 769
17 712 200 27h0 2026
16 688 23k 2220 1532
19 112 132 1100 988
1 562 205 2160 1598
12 238 125 520 282
I 574 156 1olk k7o
5 62, 189 1260 636
6 88 116 360 272
7 L2l U 860 36
13 82l 193 1420 596
1 350 128 700 350
15 112 122 k8o 368
16 362 118 780 118
8 126 122 608 Ls2
9 288 213 1160 872
10 16 118 908 7hls
20 106 125 372 __266
Average 398 159 1245 8k7

'lrohmdfrmmhn;oﬂlo forms 'bym’
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eropping was highly significant, the L.3.D, at the 0,01 level being
only Ll pounds, Values for potassium released from nonexchangeable
forms ranged from 83 to 933 pounds per asre.

Table IV shows the total amount of potassium extrasted, and the
amount of potassiun released from nonexchangeable forms by boiling,
normal nitrio acid as compared to the exchangeable potassium before
and after oropping. The nitriec acid extracted over two and one half
times as much potassium as was removed by ten successive suttings of
Ladino clover in the greenhouse,

Table V presents the IM correlation coefficients for the re-
lationships between the total amount of potassium removed and the
amount released from nonexshangeable forms by greenhouse eropping and
the amount extrssted, and the amount released by boiling, normal
nitric acid, as well as exchangeable potassium before and after
eropping,

!holl eorrelation coeffisient for the amount of potassium released
by nitric acid and that released by eoropping was 0,937 which is
highly significant, This relationship is shown graphically in
Pigure 1, The relationship between potassium removed by eropping and
potassium released by nitric acid r s 0.93L, is shown in Figure 2,
The correlation between the total potassium extracted by nitriec acid
and the total potassium removed by the clover was also highly sig-
nificant (0.959) as indicated in Pigure 3. The correlation
coofficient between exchangeable potassium before eropping and the
potassium removed by oropping was not as high but still highly sige
nificant (0,852) as shomn in Pigure L. Figure 5 shows the very low
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Table V., Linear correlation cceffisients for the relationships between K extracted from

20 soils by coropping and K extracted by chemical methods.

Bxchangesble K K relessed K removed K romoved K removed % base saturation

before eropping from nonex-  in 10 in 6 in 3 with X before
changeable harvests harvests harvests eropping
forms during
oropping
Exchangeable K
before eropping 0.17h 0,852 0,961
Exchangeable K
after sropping 0.725 0.835
Decrease in exche
angeable K during 0.9h6

sropping

% K in clover from

nonexshangeable =0,6T2

forms

K relecssd to m,

from nonexchange= 0.586 0.937 0.834

able forms

Total K in
extract Eﬂb;

0.9% 0.936

FPor 18 d.f. r = OJiliy at the 5% level
Por 18 4.7, r g 0,561 at th.l’lml

+/9
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correlation between exchangeable potassium before eropping and potase
sium release from nonexechangeable forms during eropping., This
correlation coeffioient was only 0,17l whioch was not significant, The
sorrelation coefficient for exchangeable potassium after cropping
and the potassiun release from nonexchangeable forms during eropping
was much higher (0.,725), The range in exchangeable potassium after
eropping was much narrower than in exchangeable potassium before
eropping, 11623l pounds per acre as compared to 88<950 pounds per
aore. |

The potassium removed in six harvests of clover was almost as
highly correlated with the total potassium in the nitric asid ex-
tract as was the amount of potassium removed in ten outtings, The
correlation ecefficient for six cuttings was 0,936, Figure 6, while
that for ten cuttings was 0,959, Figure 3. The amount of potassium
removed by three suttings of olover was highly correlated with the
exchengeable potassium before cropping (0.961) as shown in Pigure 6.
Figure 8 shows that the decrease in exchangeable potassium during
cropping was significantly correlated with the per cent base saturae
tion with potassium before oropping (0,946). The per cent of
potassiun removed by the elover coming from nonexchangeable forms
was inversely related to the exchangeable potassium before eropping.
The sorrelation coefficient for this relationship was «0,672,
Pigure 9 Exchangeable potassium before eropping and potassium rew
leased by nitric asid were not highly correlated r g 0,586, Figure 10,
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K renoved by 6 cuttings of clover - PP2M

0 300 600 900 1200 1500 1800 2100 2L0OO 2700 3000
Total K in fNO3 extract - PP2Y
Figure 6, Relationship between the K removed by six successive cut-
tings from twenty soils in the greenhouse and the total ¥ extract-
ed by boiling, 1.0 normal HNO3
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Figure Te. Relationship between the K removed from twenty soils by three
successive cuttings of clover in the greenhouse and the dxchangeable
K before cropping
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Tables VI; VII, and VIII list the values for exshangeable potas-
sium; potaseium released from nonexchangeable forms by nitrie acid,
and total potassium in the nitrie asid extract for the 0-6; 612, and
12418 inch depths: Pigure 11 and 12 illustrate these values graphie
eallys Eash value listed represents an aversge for ten sites. The
date are grouped into soil series by county: The standard error of
each mean is presented so that some mum of the variation in
each soll series is possible as well as a samparison of the vari-
ability in exchangeable potassium and potassium release by nitric acid.

In order to compare exchangeable potassium values among soil
series, the levels set up by the Oregon State College Soil Testing
Laboratory were used. These levels are: 0+150; 150-250, and gmﬁr
than 250 pounds per acre which represent a low; medium and high
exchangeable potassium comtent, Pratt (38, pps 15-20) suggested that
in order to compare values for potassium release from nonexchangeable
forms by nitrie acid that the following veluess less than 300, 300-
500, 500-700, T700-900, and greater than 900 pounds per acre be
considered, very low, low, medium, high, and very high respectively.
These categories should be used only as relative indications and not
as absolute values.

Table IX lists the percentage of soils in the low, medium; and
high categories as regards to exchangeable potassium and potassium
released from nonexchangeable forms by nitric asid. In order to have

the same number of categories for potassium release as for exchangeall®
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Table VI, Exchangeable K in soll samples from 100 randomly selected
sites = each value represents an average for ten sites,

Exchengeable K - PPEM

0-6" 612" . 12.18"
Ave, 8.38.* Aves  S8.E. Ave, S.B,
: Go_l_uubj.l Cos
Cascade 22), 30 18l 13 176 - 19
Olympis 387 31 338 33 321 27
Powell 3N 6l 302 Lo 218 23
Multnomah Co.
Powell 361 50 298 Lo 202 23
Washington Co.
Anity 288 2 alhy 18 236 16
Willemette 30l 37 280 16 226 b
Benton Co,
Amity 302 28 36l 28 306 21
Dayton 165 8 236 8 269 16
Olympic 359 52 368 52 337 52
Willenette sho 113 661 109 626 127
L.8.Ds at 401 192 168 175
Ave, S.B. in % 12,3 946 1061

* 8B, 2 standard error of the mean,



Table VII. K released from nonexchangeable forms by
samples from 100 randomly selected sites - each ue

represents an average for ten sites,

in soil

xumwms-m

* 8.8, © standard error of the mean.

05" 6-12' 12.18"
Ave, S.B.* Ave, 8B, Aves  8.E.

Columbia Co.

Cascade 379 36 308 21 30l 19

Olympie 557 I 564 65 577 78

Powell 660 35 600 Ll 657 L8
Multnomah Co.,

Powell 521 38 510 3 L67 35
Washington Go.

Amity 1300 10k 1311 10l U9 117

Willamette 1040 L8 1339 93 1325 78
Benton Co.

Amity 166, 15 1 132 1617 1%

Dayton 915 Lt 731 83 Th3 70

Olympie 1092 198 9ol 205 729 131

Willamtbe 1889 113 1678 109 1615 155
LS.D. at 01 353 382 374
Ave, 8B, in % 8.1 8.7 9y

Lk



Table VIII, Total K in extrast in soil samples from
100 randomly seleSted sites - each value
represents an average for ten sites,

Total K !.ll m, extract - PP2M
0=-6" 6-12" 12.18"
Avo. '.‘1’ Ave. .;g Aves S.B.

Columbia Co.
Casoade 603 38 lp2 18 Lso 12
Olympie 9L5 65 901 89 898 80
Powell 1031 81 901 él 875 56
Multnomah Co.
Powell 882 v 808 67 660 51
mﬂt Co.
Anity 1589 130 1555 120 1727 126
Willamette  13Lk 52 1619 96 1551 86
Benton Co.
Anmity 1966 1eh 1907 g 192, 159
Dayton 1080 80 967 83 1032 66
Olympie 1451 a2 1272 2l 1066 176
Willamette 2429 162 2339 153 22l2 166
L.8.D. at .01 Ll L5k a2
Ave, 8,8, in % 749 8.5 746

* S.B, » standard error of the mean,
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Figure 11 Distribution of exchangeable K, K released by HNO3, and
total K in HNO3 extract with depth in soil samples from randomly
selected sites in Western Oregon. ( Each value is an average for
ten sites) ’
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Exchangeable K designated byE
K released by HNO3 designated by [ ]
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Figure 12,Distribution of exchangeable K, K released by HNO3, and
total K in extract with depth in soil samples from randomly

HNO
selected sites in Western Oregon. ( Each value is an average for
ten sites)



Table IX. Percentage of soil samples from 100 randomly selected sites classified as low,

medium, and high hmhnguhls!md!uluudhym’.
Exchangeable K

Low Med High Low Wed High

K Releass lmhn;uhlc K

Low Med Wigh Low Med High

K Release

Columbia Co, Multnomah Co.
Cascade 0-6" O 70 30 70 30 0 Powell 0-6" 6 20 80 0 100 0O
6-12" 20 T0 10 9 10 0 612" 20 20 60 10 9 O
12-18" o L0 20 100 O o 12-18" 20 Lo Lo o 60 o
Olympic 0-6" 0 1 90 o 9 10 Benton Co.
6-12" 0 0 100 20 60 20 RS G
12-18" 0 10 90 3 50 20 Amity 0-6" 0 Lo 60 o 0 100
6-12" © ©0 100 o 0 100
Powell 0O=6" 0o 20 8o o % 10 12-18" 0 10 90 o 0 100
6-12" 0 ko 60 0 100 o ; _
12-18" 10 60 30 © 8 20 Dayton O=6" 20 8 0 0 o 60
6-12" 0 5 50 0 70 30
Washington Co. 12-18" 0 20 8o 10 Lo 50
Amity 06" o 3 70 0O © 100 OlympicO«6" o Lo 6o 0 30 70
6-12" 0 50 50 0 ©0 100 612" 0 20 8o 30 20 50
12-18" 0 60 Lo o 0 100 12-18" o ko 6o 30 20 50
Willamette 06" ©0 30 70 0 o0 100 Wil lemette0-5" TN T A o 0 100
é6-12" 0 Lo 60 0O ©0 100 é=12" 0 0 100 0 0 100
12-18" 0 60 Lo o 0 100 12-18" 0 0 100 0 0 100
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potassium 0~400, Lj00-800, and over 800 pounds per asre of K release
wore selected o represent low, medium and high levels.

Most of the Cascade soils were medium in exchsmgeable potassium
and low in potassium release. Both exchangeable potassium and potase
sium released by nitric acid decreased with depth with the latter
decreasing %o a lesser degree. BExchangeable potassium ranged from
120 to L50 pounds per acre and potassium release from 186 to 650
pounds per acre.

The Olympis soils from Columbia County averaged high in exshange-
able potassium and medium in potassium release: Decreass with depth
was not as pronounced as in the Cascade soils. Exchangeable potas«
siun ranged from 230 to 62l pounds per acre and potassium release
from 268 to 1030 pounds per acre.

A high percentage of the Powell soils were high in exchangeable
potassium and medium in potassium release. Exchangeabls potassium
dropped off rapidly with depth but potassium released by aoid did not
decrease nearly as much with depths Bxchangeable potassium ranged
from 12l %o 850 pounds per acre and potassium release from 350 %o
876 pounds per asre.

The Amity soils in Washington County wers medium %o high ia
exchangeable potassium and all of the samples were high in potassium
releasei. Exshangeable potassium desreased slightly with depth but
potassiun release inoreased slightly with depth: BExchangeable

potassium ranged from 176 to 500 pounds per sere and potassium
release from 860 to 20L); pounds per acre,
Most of the Willamette solls were high in exchangeable potassium
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with the remaining ones falling into the medium range., Potassium
release was high in all samples, There was a deorease in exchangeable
potassium with depth and potassium release inoreased with depth as

in the Amity soils. Bxshangeable potassium ranged from 176 to 600
pounds per sore and potassium release from 820 to 1756 pounds per
acre.

Nearly all the Amity soils in Benton County were high in
exchangeable potassium with only a few being in the medium range.
Potassium release was high for all samples, Beoth exchangeable
potassium and potassium release were quite uniform with depth. The
range in exchangesble potassium was from 196 to L7l pounds per acre
end that for potassiwm relesse from 860 to 2556 pounds per acre.

Nearly all of the Willamette soils in Benton County were high
in exchangeable potassium and all were high in potassium release.
Exchangeable potassium was uniform with depth with a slight decrease
in potassium release with depth,

The Dayton soils were low to medium in exchangeable potassium
in the surfece 6 inches and medium to high in the other two depths,
Potassium release was medium %o high. Exocharngeable potassium ine
creased with depth while potassium release decreased slightly with
depth, BExchangeable potassium ranged from 12, to 350 pounds per
asre and pbiuﬁm release from 388 to 1356 pounds per acre.

Not all of the seoils previously mapped Olympie in Benton County
are now contidered to be Olympie. Consequently, the samples are more
varieble in both exchengeable potassium and also in potassium
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release than many of the other soils studied. Exchangeable potassium
ranged from 196 to 232 pounds per acre and potassium release from 232
%o 2590 pounds per acre. They were medium o high in exshangeable
potassium and low to high in potassium release, Exchangeable potas-
sium did not vary mush with depth while potassium release decreased
with depth,

There was & tendenoy for the potassium release values %o be more
characteristic of the soll series than the exeohangeable potassium
values, The standard errors of the means, expressed in pereent,
averaged 12,3, 9.6, and 10,1 for the exchangeable potassium values
for the 0«6, 612, and 12-18 ineh depths, respectively while those
for potassium release were 8,1, 8.7, and 9.4 in the same order with
depth. The standard errors for total potassium in the HNO3 extrast
were still lower, being 7.9, 8.5, and 7.6 for the 0«6, 6~12, and
12«18 inch depths, respectively, This tendency was not consistent
for all soil series.

Table X gives the linear correlation coefficients for some of
the relationships involved in the data, When the samples from all
100 sites are oonsidered, the ocorrelation coeffiocients between
exchangeable potassium and potassium release were low. For the
0«6, 6=12, and 12418 inch depths the correlation cocefficients were
0.30, 0.45, and 0.29 respectively. These values sguared are 0.09,
0.20, and 0,08, which means that the variation in exchangeable
potassium or potassium release were only associated from 8 %o 20

percent with variations in the other. These data indicate the
exchangeable potassium and potassium release appear to be s omewhat
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Table X.  Linear correlation coefficients for indicated
relationships between soll samples from randomly selected sites

Correlation Coefiicient
Ay inches _inches __inohes
Exchangeable K vss K release

All soils 0.30 0.45 0.29
Amity uriu-luhin:tm Co. 0.86 0.86 0.58
Amity series-<Benton Co. 0.22 0.22 «0,05
Cascade series-<Columbia Co, «043L =0,52 =0,80
Dayton series--Benton Co. Ol =0.03 =0.35
Olympic series~-Columbia Co. 0,60 0.58 «0,11
Olympie series--Benton Co, 0.81 0.70 0.81
Powell serdies--Columbia Co. 0.27 0.20 0.17
Powell series--iultnomah Co, 0.65 0.6l 0ui7
Willamette series~-Washington Co, «0.25 0.09 0.52
Willamette series--Benton-Co. 0.03 =0.01 0,32

08" vs  G-l2" va 0=0" ve
=12" 12.18% _ 12-18"

K - release (All soils) 0,94 0.90 0.95

ror an uua (98 a.r.) r a 0,198 at the 5% level
r « 0,258 at the 1% level

?or inuﬂ.dul nﬂl (B defs) r = 0,632 at the 5% level
w r s 0,765 at the 1% level



independent of eash other. The relationship between exchangeable
potassiun and the potassium release for individual soils varied son-
siderably, the correlation soefficients for the relationship ranging
from «0.,80 to +0,86., The Amity solils in Washington County were the
only ones in which exchangeable potassium was significantly correlated
with potassium release by nitriec aeid, In the 12-18 inch depth of

the Cascade soils there was a significant negative correlation bee
twoen these values.

The correlation coeffisient for exechangeable potassium in the
0«6 and 6~12 inch depths was 0,87, while that for the 612 and 12~18
inoh depths was 0.93. These values squared are 0,76 and 0,86 which
means that a measurement of exchamgeable potassium in the 0-6 inch
depth accounted for 76 persent of the variations of exchangeable
potassium in the 6+12 ineh depth and that the measurement of exchange-
eble potassium in the 612 inch depth ascounted for 86 percent of the
variation of exchmgeable potassium in the 12-18 insh depth,

The potassium release values for the three depths were highly
correlated. The coeffioient of correlation between the 0«6 and 6-12
inch depths was 0,9, that between the 6-12 and 12-18 inch depths
0490, and that between the 0«6 and 1218 inch depths 0,95 which ine
dicates a high degree of ascuracy in prediction of potassium reloase
for the 6«12 and 12418 inch depths from that of the 0«6 inch depth.

Profile samples

The values for exshangeable potassium, potassium release from
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nonexchengeable forms by nitric asid, and the total potassium in the
nitric asid extract for 26 profile samples are shown in Table XI,
Pigures 13 through 17 illustrate the ohange in these values with depth.

In Powell profile No. 853-0Ore-26-2, Figure 13, exshangeable
potassium deereased with depth from 186 pounds per acre in the surface
to 106 pounds per asre in the 5«60 inoh depth., Potassium release
desreased fram L1l to 318 pounds per acre, There sppeared to be a
disoontinuity between the Byy and By horisons, aseording to the
results of mineralogical studies reported by Alexander et. al.(3, p. L)
and potassium release dropped off considerably in the D, horizon
(33"-45")« The presence of profile discontinuities was indicated by
abrupt changes in exchange capscity and/or the distridution of the
various minerals in adjacent horizons,

The valuss for exchangoable potassium and potassium release de~
eroased with depth in Powell profile No. S553«0re-26~3 ranging from
226 to 106 pounds per acre for exchangeable potassium and from L5l
to 286 pounds per asre for potassium release by nitrie sscid.

The third Powell profile, No. 853-Ore-26+l contained more
exchangeable potassium and also more asid releaseabls potassium than
the other two Powell profiles, especially in the wpper 15 inshsa, A%
this point both exchmpgeable potassium and potassium released by
nitriec acid dropped off eonsiderably. An inorease in potassium re-
lease by nitric aoid ccourred in the B, horison (23"=35") which was
apparently another profile discontinuity,

The exchangeable potassium and potassium release by acid also
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Teble XI, Exchangeable K, K released from nonexchangeable forms by
m,utmtinmnh sanples (X expressed in PP2X)

Exehemgeable K released Total K Exechangeable K released

and total K in

?-.'

X by HNOz in mz K by ENOy in |
$53=0re=26=1 :
. (Amity) Oeh 186 350 536 (Powell) O-l 800 688 1,88
k11 162 358 520 =15 540 556 1096
1116 98 3L2 Lo 15-23 182 722 90k
16-19 aly 2oL g 23-35 138 830 968
19-29 150 306 35-52 1 730 8l
- 178 m 568 52+ 118 530 6l
122 58l
106 606 Ti2 1
106 L6 552 (Cascads )0-2 1000 1,88 1488
2-8 32, L52 776
s 8-16 178 Lob 58l
(Powell) 0<5 186 Ll 600 16-27 12 126 ﬁ
5-12 170 382 552 27-L8 11, 37h
12-20 @ 358 552 g—ﬂ 11 2L Lo8
20-33 L2 568 ~75 130 29 12l
im 106 L), 520
106 318 L2l
(Viola) O<l 170 330 500
s L-10 106 318 L2l
(Powell) 0=l 226 Lsl, 680 10-19 9l 31, 1308
L=11 138 hb2 600 19-26 98 278 376
s 1l lé 20 w0 1 ol 3o
20-29 1 X
29-36 96 390 féﬁ g“-ﬁg 130 198 328
36-50 106 362 L,s8 59-71 110 154 28l
50-70 106 286 392

4



Table XI Con't, th,xmmnummmhmwm,@hutn

HNOz extract in profile samples. (K expressed in PP2M)
hoh.ngnblo K ghmd ::hl K Exchangeable K released Total K
= s £ wm e
853-0re-5-3 Ami
(Viola) 0-3 18 o W TE 86l 1776 26110
3-9 86 274 & 6-13 66l 2000 266l
9=23 102 354 13-18 ﬁ 1980 25Ll
23-35 130 326 156 18-26 1932 alné
S5=li5 130 290 420 26-36 Lol 152 1928
110 250 360 3660 316 812 1128
61-81 98 262 360

853=0re=5-4 a 38l ol 1328
(Cascade)0-3 636 780 pé 2-12 276 1052 1328
3-12 a2 68l 1096 12«13 32l 676 1000
12-23 266 702 968 - 13-30 3kl 62l 968
23-36 130 6L6 776 30-38 296 656 952
11l 582 696 38=-60 28l 52l 8o8
102 59k 696 60-90 28, 988 1272

2: E E ap
89101 98 326 L2k 68l 2196 2880
10-21 Shly 1976 2520
21 L2l 1816 2210
Lél 12,8 1712
Lol 1348 1752



853-0re=26-2 853-0Ore-26-l 853-0re-26-3

Exchangeable K designated by 55
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Figure 1), Distribution of exchangeable K, K released by HNO3 and
total K in HNO3 extract in a Cascade profile
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Figure 15Distribution of exchangeable K, K released by HNO3 and total K in m3 extract in a
Dayton and & Cascade profile
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deoreased with depth in the Cascade profile No. 853-Ore-5-2, Figure 1l
ranging from 636 to 98 pounds per acre for exchangeable potassium and
780 to 326 pounds per asre for potassium release. The mineralogical
data indicated a discontinuity betwsen the '11 and I, horigons but
there waes no sudden change in either exchangeable potassium or potase
sium rolu.u_ at this point,

In the Cascade profile No, 855«0re«5-1, Figure 15, exehangeable
potassiun was very high in the surface two insches but decreased
tremendously in the next horison, Exchangeable potassium ranged
from 1000 pounds per acre in the surface two inches to 130 pounds in
the 61«75 inoh depth, Potassium release decreased from 1488 to 294
pounds per aocre,

Profile No. 853«0Ore«26~1, formerly mapped Amity, varied from
186 to 106 pounds of exchangeable potassium per acre with depth.

The wvalues for potassium release did not decrease with depth as in
the other profiles but fluctuated in the different horigzoms. Both
exshangeable potassium and potassium release decreased in the Am
and ‘23 horisons (11«16 and 16+19 inches) and increased in the next
horison again, There was a large inorease in potassium release by
acid in the 0y, horiszon (LB =66") .

In Viola profile No., 853-0re«5+«2 exchangeable potassium de-
oreased in the Ay, a&nd Agyy (10"«19" and 19"«26") horigons and
inoreased again in the Bpy,. Potassiun released decreased gradually
with depth ranging from 330 %o 150 pounds per acre., The minerae

logical data indicated a disoontinuity between the 122 and !m


http:potua:t.ua
http:u:oht.xg

horizons.

The Viola profile No. 853«0re«5-3 was very similar exeept that
potassiun release did not drop off as muech with depth ranging from
29l to 262 pounds per acre.

Exchangeable potassium in the Dayton profile, Figure 15, de~
oreased in the Ay horison (0~13"), inoreased again in the l‘ and was
fairly consistent dom %o 80 imohes, Potassium release by acid
decreased in the B, and !’ horigons (13"«38") and inoreased cone
siderably again in the 02 horigon (60"-80") indicating a difference
in the wnderlying material at that depth.

Both exchangeable potassium and potassium release values in
the Willamette and Amity profiles, Figure 17, were much higher than
in the other profile samples. Exchangeable potassium ranged from
86l to 316 pounds per sere in the Amity profile and 68l %o Lol
pounds per asre in the Willamette profile., This decrease was guite
gradual with depth with the Willamette being higher at the 60 insh
depth, Potassium release values ranged from 1776 to 812 pounds per
acre in the Amity profile and 2196 to 1348 pounds per acre in the
Willamette., The greatest decrease in potassium release valuass
occsurred in the ¢ horizon in both profiles, 36~60 inches in the
Amity and 32-60 inohes in the Willamette., Potassium release did
not deorease as much with depth in the Willamette profils as in the
Amity,
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DISCUSSION
Greenhouse trial

mmmammw.molwmmdm
soils (¥o, 6, 15, and 20, 21l derived from loess and voleanis ash)
exhibited potassium deficiensy symptoms by the second harvest, These
three soils contained approximetely 0,1 m.e, of exchangeable potase
gium per 100 grams of soll before eropping and released relatively
low amounts of nonexchangeable potassium during eropping. The
appearsnce of potassium deficiensy symptoms was asscoiated with a
plant potassium sontent of 0,60 to 0,70 pereent in the harvest follows
ing the sppeerance of the symptoms, By the time of the sixth
harvest, the elover on all of the soils, with the exeeption of No. 1,
2, 11, 17, and 18, exhibited potassium deficiensy symptoms, These
five soils were all from one county., Four of them were derived
from old alluvium and the other from basalt residuum, These soils
wore still produeing vigoreusly growing elover without potassium
deficiensy symptoms at the end of the eropping period, 308 days, while
the clover on many of the other solls was making very little growth
and romoving very little additional pobassium,

Soils No. 1, 2, 11, 17, and 18 released greater amounts of
potassium from nonexchargeable forms during eropping than the other
soils, The amount of potassium removed by the clover in ten harvests
from these solils was also significantly higher than from the other
soils,

The soils derived from loess-voloanio ash (Wo. k4, 5, 6, 7, 12,
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13, 1, 15, and 16) released less than 200 pounds of potassium per
aere during the cropping period., The elover removed significantly
less total potassium from these soils than from the other soils ine
oluded in the study, Alexander et al (3, pp. 1-7) made mineralogiscal
studies on the clay fraction of profile samples of the Cascade,
Powell, and Viola serics from sites in this same area and found them
to be low in mica and relatively high in vermiculite and ohlorite.
Since both vermioulite and echlorite are formed from micas by re-
plasement of potassium with other ions, these soils would tend %o
release relatively small amounts of potassium during oropping.

Soils No, 3 and 19, the Amity and Willamette soils from
Washington County, were intermediate in both potassium release during
eropping and alse in the tobtal smount of petassium removed by
oropping, They differ from the Amity and Willamette soils in Benton
County in that they appear %o be older soils with more profile
development and are move highly weathered, There is also the
possibility that these soils have been influenced by the same vole
eanie ash overlay as those solls in Columbia and Hultnomah Counties.
Prett (36, ppe 111«115) and others have explained the difference
ia potassium release from Iown, Indiana, and Alabama soils on the
basis of degree of weathering, the more highly weathered soils
supposedly releasing smaller amounits of potassium from nonexchange-
able forms during greenhouse oropping.

The Dayton soils, which are planasols, released less potassium
during oropping than their drainage associates Amity and Willemette,
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Since they are poorly drained and more highly weathered they would
bend to release less potassium, This is in agreement with the results
of other investigations (36, pp. 111-115) and L5, pp. 30-35),

Of the total potassium removed by oropping, 1 to 100 pereent
was derived from nonexchangeable forms. This further indicates that
the potassium released from nonexchmgeable forms during eropping
plays an important role in the potassium nutrition of plants,
especially on those soils having a low exshangeable potassium level.

The exchangeable potassium levels in the soils studied have
covered a wider range than the soils used in previous studies, The
values for potassium release from nonexchangeable forms during
eropping also covered a wider range and were higher than those re-
ported in previous work, There was a distinet grouping of the
potassium release values, For the five soils derived from old
alluriuwn and basalt residuum these values ranged from 631 to 933
pounds per acre and for the planasols and soils influenced by vole
ecanic ash from 83 to 269 pounds per acre. Nome of the soils studied
foll into the intermediate range of 260 to 631 pounds per esre of
potassium release.

Exchangeable potassium before coropping was highly correlated
with the total potassium removed by greenhouse eropping (r = 0.852).
Similar relationships were found by Pratt (36, pp. 112-11k, Sehmits,
(L5, ppe 30-35), and Pearson (32, pp. 306-309). Howsver, the
sorrelation goeffisient expressing the relationship between exchange~
able potassium before oropping and the amount of potassium released
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during eropping was very low (0.17L) which is in agreement with the
results of other investigations (32, pp. 305-308), Since the majority
of the soils used in this study were low to medium in potassium
release and sinee the exchangeable potassium levels before eropping
varied considerably, one would expect & low sorrelation coceffisient
between exchangeable potassium before eropping and potassium release
from nonexchangeable forms by eropping. The values for exchangeable
potassium after oropping renged from 116 to 23l pounds per asre which
was muoh less than for exchangeable potassium before eropping

(83+950 pounds per acre) and indicates that the exchangeable potassium
drops to & minimum level after intensive oropping and that this level
is similar for many solls regardless of the initial levels of
exochangeable potassium, This is in agreement with the results of
Hoagland and Martin (21, pp. 29-30). The correlation scefficient for
the relationship between exchangeable potassium and potassium re-
leased from nonexshangeable forms during eropping was 0,725, Sehmitsz
(45, ppe 58+59) also found that exchangeable potassium after eropping
was more highly sorrelated with potassium release during oropping

than was exchargeable potassium before eropping.

The amount of potassium released from nonexshamgeable foms by
nitrie aocid was highly correlated with the amount released by green-
house eropping (0.937) which bears out the findings of previous
investigations (36, pp. 115-117) and L3, pp. 121+122). Even though
the acid released an average of 2,5 times as much potassium as was
released by greenhouse cropping, and despite the fact that the
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mechanism of the release of potassium by nitric ecid is not yeot well |
understood, it still provides 2 repid and reliable method for evalu=
ating the relative ability of soils to release potaseium from none
exshangeable forms during intensive greenhouse eropping.

The sorrelation coefficient between total potassium removed by
ten sucoessive cuttings of clover in the greenhouse and the total
amount of potassium extraoted by nitric acid was highly signifioant
(09%59)s Thus it sppears that the relative amounts of potassium
removed by Ladino olover in the greenhouse fram soils of the same
general characteristics as these studied here, can be predicted quite
asourately by extrastion with boiling, normal nitrie acid,

In the field, however, there is a more somplex situation.
Footors such as seration, subsoll conditions that influence the
volume of soil from which potassium is absorbed by plants, supply of
potessium in the subsoll, end supply of other nmutrients influence the
absorption of potassium by plants, For esourate prediction of
potassivm removal by plants under field eonditions these factors
must be measured and included with chemical evaluation of the
potassimm fertility of the surface soils,

The emownt of potessium removed in six harvests was nearly as
highly correlated with the total potassium in the nitric acld extract
as that removed in ten harvests. These correlation coeffieients were
0,936 and 0,959 respestively, These results indicabe that for soils
similer %o the solls in this study, a shorter oropping period that has
been coxmonly used in previous studies is adequate., This is further
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born out by the fact that the potassium uptake in 15 of the 20 soils
had leveled off to very low amounts by the sixth harvest, or 175 days
of eropping.

8ince three harvests of clover in the greenhouse would be some=
what oomparabie %o the growth during a season in the field the
eorrelation coefficient for exchangeable potassium before eropping
and potassium removed by three harvests in the greenhouse was deter~
mined. This correlation coefficient was 0,961 whioh was highly
significant and indicates that exchangeable potassium levels in
these soils before oropping is a reliable index of the potassium
renoved during short periods of oropping.

Randomly selested soil samples

The data from the chemical analyses for various forms of potas~
sium in the randomly selected soll samples from 100 sites in Western
Oregon are in agreement with the results of the greenhouse trial,
The soil derived from loessevolcanic ash were significantly lower in
asid releaseable potassium than the solls derived from old alluvium,
and basalt residuum with the exception of the planasol soils derived
from this material,

The Amity and Willamette soils in Washington County again were
slightly lower in potassium released by nitric acid than those in
Benton County., The Dayton soils were lower in potassium release
than their drainage associates as was the case in the greenhouse trial,

The data indicates that exchangeable potassium and potassium re-
lease by nitric acid are somewhat independent of eash other the



oorrelation soefficient being only 0,30 for the surface six inshes,
This relationship varied for the individusl soil series, The cor-
relation sosfficients for the relationship betwessn exohangeadls
potassiun and potassium release by nitrie ssid ranged from «0,80 to
+0,86, There was no ready explamation for these differences between
soil series sinse the solls with similer sorrelation eocefficients
did not fall into the same range as far as potassium release was
conseyned, nor was the degree of ocorrelation velated to parent
material, Ten samples may not be an adequate mumber for determining
correlation sceffioients. Pratt (38, pps 17-19) felt that the most
probable savss for variations in potassium release within a soil
series was the variation in the potassium content of parent material
and denree of weathering,

The sorrelation between exchanzeable potassium in the three
depths sampled was highly significant but not quite as high as the
ecorrelation coeffisients between potassium release from nonexschangee
able forms by nitrio asid in the three depths, The fast that the
potassium release values for the three depthes were slightly bhetter
sorrelated than the exchangeable potassium values is another indica-
tion that potassium release is more sharacteristic of the soll series
than excharg eable potassium,

Profile samples
The values for exchangeable potassium and potassium release

from nonexshangeable forms by nitric acid extrastion from the profile
samples generally decreased with depth. A few exseptions to this
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general trend were noted. Both exchangeable potassium and potassium
release dropped off htho‘m‘ mu& horison of the Viola and so
called Amity profiles and inoreased again in the B horizen, Since
iho.lzhorm are highly leashed the potassium values for these
horiszons would tend to be lower than those for the less leached horisons,

Some of the other deviations from the general trend of decreasing
excharg eable and asid releaseable potassium with depth ocourred where
definite profile discontinuities existed. Evidence of profile dis-
sontinuities was cbtained from the results of the mineralogiocal
studies whioch indicated distinet differences in degrees of weathering
and in parent material within same of the profiles,

The soils derived from old allurium and basalt residuum did not
deerease as repidly with depth in exchargesadble potassium and potassium
release as did the solls derived from loess and voleanic ash, The
planasols were lower in potassium release than their better drained
associates, as would be expected.

No explanatory relationship was established between the general
order of potassium supplying capesities of the various horigons in
the profiles and swh properties as amount of silt or olay, or amount
of mica, vermiculite, ehlorite, koalin, montmorillomite, or quarts
in the elay frasction, This is in agreement with the results of
Roitemeier et al (L2, ppe 39-L0) who stated that the absense of any
obvious relationship between the extent of potassium release and the
content of hydrous micas or potassium bearing minerals did not mean
that the potassium behavior of the soils was not related to their
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nineralogiocal characteristies. They concluded that the usual methods
of estimating mineral sontents should be supplemented by determination
of the actual potassium content and behavior of minerals as they exist
in the solls,

It should be remembered that #his study ineluded omly a few of
the important agrioultural soils in Oregon, Similar studies should
be sondusted on solls with different chamoteristics in order to
evaluste the reliability of nitric acid extrastion as an index to
predioct the relative potassium supplying pm'mr a wider range of
soils, Field fertility trials, to measure the response to potassium
fertiliger, should also be eonduoted in order to establish levels
for acid extractable potassium which would aid in a better inter
pretation of the results of a chemioal evaluation of the potassium
status of the solils, MNore adequate mineralogical studies are needed
to obtain a better understanding of the factors affecting the release
of potassium from moderately available %o available fomms,


http:�taltU.ah

SUMIARY AND CONCLUSIONS

Three related studies were csondusted in this investigation:

1, Soils from twenty sites representing seven soil series in
Western Oregon were intensively oropped with Ladino elover in the
greenhouse, Exochargeable potassium, potassium released from non-
exchengeable forms during eropping, and total potassium removed by
eropping were determined and correlated with the potassium rﬁlmod
from nonexchargeable forms by extrasction with bolling normal nitrie
acid, and the total potassium in the nitric asid extract.

2., Exchangeable potassium, potassium released from nonexchange=
able forms by boiling normal nitris aeid, and total potassium in
the nitric acid extract were determined on soil samples from 100
randomly selected sites in Western Oregon., These samples represented
six soil series and each site was sampled at three depths, 0«6, 6-12,
and 12418 inches. The stendard error of the mean was caloulated for
individual soil series and the L.8.D, was determined for all soils
(100 samples) at the three depths, Correlation coefficients
expressing the relationship between the different foms of potassium
in individual soil series and in all soils (100 samples) were also
determined,

3. Exehangeable potassium, potassium released from nonexchange-
able forms by boiling normal nitric aeid, and total potassium in the
nitric acid extract were also determined for soil smmples from the
various horisons of eleven profiles representing six soil series, An
attempt was made to relate the potassium status of the various
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horizon to such sharasteristics as silt and olay emmtent and the
quantity of eertain minerals in the clay frastion of these horizons,

The most significant results of this study were as follows;

The soils included in this study varied tremendously in the
amount of potassium released from nonexchangeable to exchangeable
forms during greenhouse eropping and by extrastion with boiling
normal nitrie asid,

Differences in potassium release from nonexchangeable forms
and in potassium supplying power appeared to be related to differe
ences in parent materiel and in degree of weathering, The soils de-
rived from loess and voleanic ash were lower in both potassium
release and potassium supplying power than the soils derived from
old alluvium or basalt residuam, The planocsols were lower in
potassium release and potassium supplying power than the less highly
leached and better drained associates,

Exchangeable potassium before eropping was highly correlated
with the amount of potassium removed in ten harvests of Ladino
elover (r w 0.852).

Exchangeable potassium before oropping and potassium release
from nonexchangeable forms during eropping appeared to be independent
of eash other since the correlation coeffisient for this relatione-
ship was only 0,174, which was not significant.

The potassium released from nmexchangeable forms during oropping
was highly correlated with the potassium released from nonexchangee
able forms by nitrie asid (r s 0.937).
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The total potassium removed in ten successive outtings of Ladino
elover in the greenhouse was very highly sorrelated with the Sotal
potassium in the nitric seid extract (r = 0.959).

The total potassium removed in six successive cuttings of
Ladino elover in the greenhouse was almost as highly correlated with
the total potassium in the nitric asid extrast, (r = 0.936), as that
removed in tan suttings (r = 0.959). '

The total potassium in the nitric asid extract was the most
relisble index for predioting potassium removel by intensive grnno
house eropping w.th Ladino slover on soils with the gemeral
charasteristios of those studied here.

Exghangeable potassium and potassium released from nonexchange-
able forms in the soil samples frem 100 randomly selected sites were
relatively independent of eash other. The sorrelation sceffisient
for this relationship was very low, Thers was a wide variation in
those correlation coeffiecients for individual soil series.

The sorrelation coefficients for the relationship between
exchangesble potassium in the 0«6, 6-12, and 12«18 insh depths of the
soil saxples from 100 randomly selected sites were high but not as
high as those for the relationship between potassium released from
nonexshang eable forms by nitrics esid in these three depths,

There was no apparent relationship between the amount of soil
or olay or the amount of sertain minerals in the olay frastion of
the various horizons of the profile samples and the smount of potase
siun released from nonexchangeable forms by nitrie acid.
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This investigation initiated a survey of the pobtassium supplying
power of oertain Oregon soils, Additional work, of the nature
reported here, is needed %o obtain this information for more of the
major agricultural soils in the state. The rather high ecorrelation
between total potassium in the nitric extract and the potassium
removed by intensive greenhouse oropping indisates that this chemical
mothod is a reliable index %o the potassium supplying power of soils
with the general charasteristics of those studied here, and lugguﬂ
the use of this method in any additiomal work of this nature. In
order to make the best use of the reslts of this stuly, the
relationship between both exchangeable potassiwm and potassium ree
lease from nonexchangeable forms by nitrie asid extraction and the
response to potassium fertilizers needs Go be more fully investigated.
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Table XII.

Prineipal morphological charssteristics of the horiszons of eleven profiles

Depth Tunsell
in color
Profile No. Horizon inches Md:in? Texture Structure Consistence
]nd.st
$53-Ore=26=1  Ayy o=l 101R 3/1 5.1* s11** Sogr**  wpa**
Amity Aoy h-11 107R 3/1 51 sl 3mgr wps, dh
Aore 11-16 101R 3/2 Sel sil 2fsbk mfi, dh
Asoy 16-19 10YR g/z 5.0 sil 1msbk wps, mvfr, dh
Bogt 19-29 10TR L.b sicl Ivopr nfi, dvh
Boy ag.-g 5Y 5/2 hi siol .- wp, mfr, dh
:3 5Y 5/2 5 sil e wps
i !’.s-& STR L/6 545 sil sz wps
cy 6688 10YR 5/3 5¢2 visl sg wpo, dl
$53-Ore-26-2 A, 0-5 10YR 3/2 52 sil 2mgr wp, mfr, dsh
Powell - 5-12 10YR 5¢3 sil 20gr wps, mfr, dsh
B2, 12-20 10YR 5, 53 sil 1fsbk wps, mvfi, dsh
Boon ﬁ) 10YR 5 Sl sil 1fsbk wpe
B 5 10tR 5/ 5.2 il 1nsbk ———
(4 L5-60- 10YR 8/2 5.3 8il n wpo, mfi
853-Ore-26=3 A Oly 10TR 5.6 sil 3fgr wps, mfr, dsh
Powell :3 L-11 10YR 57 sil Smgr wps, mfr, dsh
1 11-20 10YR 547 sil 1msbk wps, mfr, dsh
By 20-29 10YR 5, 5¢5 sil 1mshi wps, mvfi, dh
B3 29-36 10YR 5¢3 sil losbk wps, mvfi, dvh
B3, 36=50 10YR 5 5.3 sil legbic wps, mvfi, dh
¢ 50=70 10YR 5, 5.6 sil m wps, mvii, dh

ass electrods,

¥ pH determined in laboratory WiGh gL
**ibbreviations are those used in Soil Survey Mamusl, Agric. Handbook No. 18, pp. 139-140,

€e



Teble XII, Con'. Principal morphologisal ehmhﬂvtiu of the horizons of eleven profiles,

Pepth Tunsell
in color :
Profile No. Horizon inches m( -a?'?) pE Texture Strusture Consistence
Ay 0=l; 100R 3 6.3 sil 3fgr wps, mfi, dsh
Powell :5 k=15 10YR 6.2 sil 3egr wps, nfi, dsh
15-23 107R 5.5 sil 2msbk wps, mvfi, dh
B 2335 107R 1y/6 5.5 sil 2nsbk wp, mvfi, dh
Boo 35-52 107R /6 5.2 sil 208bk wp, mvfi, dh
B3 52« 10YR 5/6(dry) 5.2 visl n —
853-0re=5=1 A 02 107R 3/2 6.0 sil egr wps, nfi, dsh
Casoade :, 2-8 7.5TR 5e7 sil vegr wps, mfi, dsh
4 8-17 7.5IR 5.5 sil msbk wps, mfi, dsh
Boy 17-27  T.5R b/ Bl sil msbl wps, nfi, dsh
Boon 27l 7.51R b/, 5.2 sil pr ——
10YR %uy; 5el siel obk w
_ =75 2,57R 3/6(dry) 5.0 ] osbk wp
853~0re~5-l; 0=3 T5YR 3 6.2 sil 2mgr » mfi, dsh
:; 3-12 5 YR 6.2 sil 2ozr ::. nfi, dh
5 12-23 5YR 5.8 sil 2esbk wps, mfi
By 7+5YR 5/6 Seli sil 2e8bk wps, mefi, dvh
B T+5IR 5/6 547 sil — el
1 9 7+5YR 547 siel Zosbi wp, mfi, dh
Cp 79-89  7.5YR 5/ 5.3 siol msbk achett
Dip 89-101 5YR L/6(ary) 5. sio ——

g
T‘ 7
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Table XII Con't,

Prineipal morphologisal charscteristics of the horisons of eleven profiles

Depth Tunsell
in esolor
Profile No. Horiszon inohes n?hﬂu) pH Texture Structure Consistence
molst
§53-0re=5-2 Ayye o=l 10YR L/2 540 sil 1mpl wps, mvir, ds
Viola Ayog L-10 10YR 5.0 sil 20gr wps, mvfr, ds
Apyg 10-19 10YR 5e3 sil 2nsbk wps, mfi, dh
Agpg 19-26 10YR g:o sil lmpl wp, mfi, dh
B3 =59 5Y 5.3 sio 1msbk wp
3 59-T1 5Y 5¢3 e n wp
$53=0re=5=3 A 0-3 10YR L/2 L.8 sil lvigr wps, mfi, dh
Viola Azre 3-9 2.5¢Y 5/2 Sal sil n wps, mfi, dh
Apg 9-23 2.5Y 5/2 546 sil n -
Big eg_-gg 2.5Y 5/2 546 sicl 3opr wp, mfi, dvh
:a‘ E g.g gﬁ g. sicl - wrp, mfi, dvh
. siel o wvp, mfi, dvh
cf‘ «81 2.5Y 5/2 53 sic - wp, nfi, dh
Anmity 0-13 10YR L/2 548 siel 2ngr nvfr
Benton Co. :11 13-26 10YR % 5e3 siel 2msbk nfr
B, % 10YR % 5¢3 sio 208bk mfi
cy 10YR 5.2 siol 2mfsbk nfr

]

&8



Table XII Con'%. Principal morphological ocharasteristios of the horiszons of eleven profiles.

Depth  Munsell
in solor
Profile No, Horizon inches notation pH Texture Structure Consi stence
(moist) .
Dayton A 0-12 10YR zi: 5.2 sil 1rgr nfr
Linn Co. Ap 1213 10YR 5¢3 siol ifgr mv iy
Bp 13-30  10TR 62 5.5 sic 3epr wp
By 30-38 10YR 6/2 643 siel 2msbk nfi
1 3860 10YR 6.8 sil 1£sbk nfr
Cy 60-80 107R 6.7 sil 1fsbk nfr
Willame tte A 0-10 10YR 6.1 siol omgr m fr
Benton Co. l' 10-32 10YR 5 53 sic 2fsbk mfi
¢ 32-60 10YR 5 Sel siel 1fsbk nfr




Table XIII., Yield of oclover at different harvests - grams dry matter per can

Harvest No.
No. 1 Wy R LML B A 10 Roots _ Total
1 6.27 8.62 8.78 T«58 11.87 gﬂ 7+3h 9.39 7:&[75 10.35 8469 92.60
2l

6,97 8.34 6 10,90 9.50  77.03
3 57 6.00 L 3.3 5.5 2.8 2,50 2.70 2,31 635  3.17  L3.50
17 648 8J3 8 699 11.03 6492 T7.51 900 6 9.31 8.08 88.19
18 L.ss 6.85 798 6428 997 6.67 6.70 787 6,19 9.60 5.55 78.52

19 L.05 22 L.90 ﬁ‘g 5410 3469 3.25 3.05 2.8 5.53 3.47 Li67
11 2,25 32 L.63 6.9 Ldi7 5.02 712 561 767 T.10 59,59
12 L83 583 L.87 3.51 3.89 2,00 2,10 2,21 1. 71 6,73 L339 l2.07
L Lo 613 5.85 5.53 T.71 367 2da 2.05 1,50 8,80 455 53.40
5 6,08 755 6.38 5.01 6.78 2.7 1.65 1.8 1.22 8.31 L3l 51.87
6 3.5 3400 2,55 2,13 227 139 1o 1J9 147 5,60 235 27.00
7 5.82 7405 5.80 LS50 SA45 267 2.75 2,80 1.95 6,37 88 lo.oh
13 6,65 8,32 Te83 7453 951 LSO 3,55 L.55 2,61 8.5 17 67

U S5.27 592 648 5,08 5,11 3,35 2,58 3.51 2,34 7.03 LB 51

15 3,53 L5 3,60 260 2.85 1.9 1.9 1.75 165 5.1 L.81 33,84
16 L83 6,93 5.5 507 LS2 3.85 2.38 2.75 2,15 T.85 3,571 L8

8 3.70 L.75 E.ss 310 3.6 197 211 2,06 1.25 Sl 293 zs

9 2,98 5.10 «58 L.63 5.55 3.19 3.39 3.85 2. TeTT 3.45 723
10 L.52 L.88 L38 3,15 3,90 2,80 2,11 2.31 2,00 5.07 3,17 38,29
20 L3 3.85 2,85 2,30 2.9 1.6 1.10 1.09 0,90 6.77 0,70 28,09
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Table XIV. Percent K in clover at different harvests,

Harvest Yo,

Soil

Noo 1 8 3 k. § 6 7 8 9 10 3Reews
1 3.5 hai 23 19 11L&t 19 12 09 1.0 06 0.2
2 36 ha2 23 2,1 16 24 1.7 13 1.5 1.0 0.3
3 160 1,0 0,7 046 0.5 06 0.5 03 0.5 0.2 0.3
17 3.6 L5 22 19 15 240 1.4 11 1.3 0.7 0.3
18 3.5 L7 28 21 17 25 17 13 15 0.7 Oy
19 11 142 0.7 0s6 0,5 0.7 0.5 0ui 0.6 0.3 0.2
1 3.7 5.2 3.3 27 20 3.5 24 18 19 1.3 0.7
12 14 1.3 0.7 05 0k 0.5 0i 0.3 0uy 0.2 0.2
L 3.3 3k 16 0.9 07 0.6 Ok 0y 0y 0.2 0.2
5
6
7

3.0 3.0 1Ji 09 07 06 0.5 0.3 0y 0.2 0.2

0.7 046 Ok 0.3 0.3 0k 043 0.3 0.3 0.2 0.2

266 2,6 1.2 0.8 0.5 07 05 0.3 0 0.2 04
13 30 3.2 1.6 140 06 06 0.5 0uy Oy 0.2 0.2
1 21 1.6 0.7 Ous 0,3 0s 03 0.3 0.3 0.2 041
15 140 0.7 Ok 0k 043 0 0.3 0.3 0uy 0.2 0.1
1 21 19 09 0.5 044 0.5 0us 03 0.y 0.2 0.2
8 09 0.8 0.5 Ot Ok 0.5 0Ji 03 0Ouy 0.2 042
9 09 0.9 0s7 047 0.5 0.9 0.7 0.5 0.6 0.2 0.2
10 1 1.0 G605 Ok 046 0y 0.3 0. 0.2 0.2
20 06 06 0i 0.3 0.3 0.3 0.3 0.2 0.3 0,1 0.2




Cumlative uptake of K in greenhouse trial - FP2M

Table XV.
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