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POTASSIUM RELEASE FROM SEVERAL 
WESTERN OREGON SOILS AND ITS RELATIONSHIP 

TO CROP GROWTH AND SOIL MINERALOGY 

INTRODUCTION 

On the basis of total analysis, potassium (K)1 is one 

of the most abundant of the nutrient elements present in 

mineral soils. A large proportion of the K present, how- 

ever, is not readily available to growing plants. With 

respect to K nutrition, the satisfactory growth of planta 

on non K-fertilized soils depends on the rate at which K is 

released by soils In a form which is readily available to 

plants. 

It has been established, with respect to plant nutri- 

tion, that K exists mainly in two forms in mineral soils. 

The one form, known as readily available K, consists of K 

in the soil solution and K believed to be held electro- 

statically on the exposed external and Internal surfaces 

of the negatively charged clay micelles (exchangeable K). 

The second form, known as slowly available K, consists of 

K which is fixed" between the internal surfaces of certain 

2:1-type clay minerals due to contraction of the lattice 

spacing and K which is present as a chemical constituent 

of soil minerals euch as the micas and the feldapars. In 

'Chemical symbols are used without reference to the form 
in which the element exists. The belief that K exists 
extensively in the ionic form in soil systems is 

recognized and implied throughout this dissertation. 



the case of "fixed" K, an expansion of the lattice of the 

mineral results in the conversion of "fixed" K to readily 

available K. K present as a chemical constituent of a 

mineral la converted to readily available K through the 

different weathering processes. 

Readily available K is present in forms that are 

readily taken up by plants. In non-K fertilized soils 

the supply of readily available K may be dependent on the 

rate at which slowly available forms are converted to 

readily available forms. 

Several methods have been used in attempts to evalu- 

ate the ability of soils or soil minerals to release K for 

plant growth. Chemical and biological techniques have been 

employed in this evaluation. Most of the chemical methods 

have been concerned with the amount of K released to a 

given amount of some extractant. 

In this study, chemical methods are employed in an 

attempt to characterize the release of K by some standard 

minerals and western Oregon soils. Special emphasis is 

given to the rate at which K is released. The K release 

rate was considered of prime importance in view of the fact 

that the soil-plant system is dynamic and a satisfactory 

supply of K for plant growth is dependent on the rate at 

which K is converted to the readily available form In the 

soil. 
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The release of K by standard minerals and aolls during 

continuous leaching with dilute acid and salt solutions ha 

been studied by eeveral workers. Solutions of very low 

concentration and slow leaching rates have generally been 

used. This has resulted in a prolonged leaching period in 

order to permit an evaluation of the K releaae properties. 

The continuous leaching procedure used in thiB study 

involves the use of a more concentrated leaching solution 

and a more rapid leaching rate than those which have been 

employed by most of the other workers. This permits an 

evaluation of K release properties In a shorter period of 

time, compared to the other leaching methods which have 

been used. 

The release of K by certain standard minerals and 

soils, during continuous leaching, has been correlated 

with other methods of evaluating K release by 8everal 

workers. In the case of soils, the release of K during 

continuous leaching has been related to plant uptake of K 

and plant response to K fertilizer. Nearly all of the 

studies with plants, however, have been conducted using 

plants grown in a greenhouse. In this study K release 

during the continuous leaching of certain soils is related 

to other chemical methods used to evaluate the ability of 

soils to supply K to plants. Also relationships between 

the K release of certain soils during leaching and plant 
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response to K fertilizer under field conditions are deter- 

mined. 

A continuous leaching technique provides information 

on the rate at which K is releaBed with the initial part 

of the leaching sequence providing an evaluation of the 

rate of release of readily available K and the latter 

portion of the leaching sequence providing an evaluation 

of the rate of release of slowly available K. 

A determination of the amount of exchangeable K In 

soils has frequently been used to evaluate the potential 

of soils to supply K to plants. The amount of exchangeable 

K in soils has frequently been found to be highly correlated 

with plant response to K fertilizer. In some instances, 

however, the correlations have been poor. It was decided, 

therefore, to determine the relationship between exchange.- 

able K and plant response to K fertilizer under field 

conditions for certain western Oregon soils. Aleo, it was 

felt that the relationships between exchangeable K and 

other chemical methods of evaluating the K release prop- 

erties of standard minerals and soils should be investi- 

gated. 

Another method commonly used to evaluate the K release 

properties of soils involves the extraction of K, using i N 

boiling lINO3. The difference between the amount of K, 

extracted in this manner, and exchangeable K has generally 
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been referred to as slowly available K. Significant 

correlations between the amount of slowly available K and 

plant response to K fertilizer have been reported in some 

cases, while in other instances significant correlations 

have not been obtained. The relationship between slowly 

available K and plant response to K fertilizer has been 

studied, with few exceptions, using plants grown in the 

greenhouse. It was, therefore, decided to evaluate the 

relationship between slowly available K and plant response 

to K under field conditions for the soils included in this 

study. 

Several workers have shown that standard minerals 

possess characteristic K release properties, but infor- 

mation relating K release by soils to the minerals present 

in the soils is scarce. It was, therefore, decided to 

investigate the K release properties of certain standard 

minerals and soils and attempt to explain K release by 

soils on the basia of the minerals present in these soils. 

X-ray diffraction was used to evaluate the minerals pres- 

ent in the soils. 

It has been reported that K release by certain 

standard minerals fulfills the requirements of certain 

orders of chemical reactions. As a result, the chemical 

nature of the reactions involved in the release of K by 

certain standard minerals and soils la investigated in 

this study. 



OBJECTIVES 

The objectives of this atudy are a followa: 

1. To investigate the re1eae of K by certain 

standard minerals. 

2. To investigate the release of K by certain 

western Oregon soils. 

3. To relate the release of K by certain western 

Oregon soils to the minerals contained in these 

soils. 

4. To determine the relationships among different 

chemical methods of evaluating K release by 

soils. 

5. To determine the relationships among the 

different chemical methods of evaluating K 

release by soils and the response of plants to 

K fertilizer under field conditions. 

6. To investigate the effect of some soil manage- 

ment practices on K release by soils. 

7, To determine the nature of the chemical reactions 

involved in the release of K by standard minerals 

and soils. 



REVIEW OF LITERATUR 

The fact that most solle contain large amounts of K 

has been reported by severa], workers (24, 25, 19, p. 28). 

Most of this K, however, has a low availability to planta. 

The K nutrition of plants, in many inatances, may be 

limited by the rate at which readily available K la re- 

leased by a soi]. rather than the total K present In the 

soil (24). 

It is believed (5, 30, 34, 46) that an equilibrium 

involving different forms of K exists in soils. This 

equilibrium can be expressed in the form of an equations 

Non-exchangeable K Exchangeable K Soluble K. 

Non-exchangeable, or slowly available K, consists of 

K present as a component of the crystal structure of soil 

minerals (7, 9, 18, 25, 19, p. 35) or K which is "fixed" 

between clay platelets due to the contraction of the lattice 

of the expanding 2:1-type clay minerals (7, 18, 38, 42). 

Exchangeable K and soluble K comprise the K which is 

readily available to plants (19, p. 115-118). For satia-. 

factory plant growth in non-K fertilized soils, the 

readily available K removed by plants must be replaced at 

an adequate rate by K from the slowly available forms 

(19, p. 35-36). 



K Release b Miuer1a 

Several minerals commonly found in soils contain K in 

their chemical make-up, and upon weathering these minerals 

release K to the readily available form, Predominant 

among the minerals which release K on weathering are the 

micaceous minerals such as biotite, muscovite, and illite. 

Grim (12, p. 4-5) states that mica is abundant in some 

clay materials, but that its particle size usually exceeds 

two microns. 

It has been shown that biotite releases substantial 

amounts of K to growing plants (28). Biotite also re- 

leases considerable quantities of K to different chemical 

extractant8, including dilute solutions of neutral salts 

(9, 25, 26), dilute acid (17), and boiling 1 N HNO3 (17), 

Mortland (25, 27) stated that K removal from biotite by 

leaching with dilute NaCl and also by intensive cropping 

transformed the biotite to vermiculite. According to 

Mortland, X-ray data indicated that the removal of K from 

biotite resulted in the formation of relatively few 

interstratified 10 A and 14 A° layers since no 24 A 

maximum was observed. De Mumbrum (7) stated that biotite, 

when depleted of K using tetraphenylboron, produced an 

interstratified material which gave X-ray diffraction 

peaks at 10 A° and 12 to 13 A°. 

Muscovite releases K less readily than biotite 



(7, 28). De Mumbrum stated that K removal from muscovite 

resulted in a discrete 14 A° material which would, 

presumably, be vermiculite. Mortland (28) stated that 

both muscovite and biotite contained initially easily 

extractable K, but that once the easily extractable K 

was removed, muscovite gave a very slow rate of K release 

compared to biotite. 

It has been suggested (36) that the ability of many 

soils to provide K to plants is correlated with the illite 

content of the soil. It has also been reported that illite 

is a common clay mineral in soils (12, p. 340). Mackenzie 

(21) indicated that illite was lower in total K than was 

muscovite. De Mumbrum and Hoover (8) found that illite 

released considerable quantities of exchangeable K 

following drying. Mortland (28) observed that 

illite released K less readily than biotite, and that K 

released by illite resulted in no significant alteration of 

the X-ray diffraction pattern. Mackenzie (21) suggests 

that illite is intermediate between the micas and smectites 

(montmorillonoids), with the implication that illite is a 

hydration product of muscovite or biotite. De Mumbrum and 

Hoover suggest (8) that K is released from illite due to 

hydration of the mineral. 

Certain of the primary minerals also release K on 

weathering. Predominant among these are the K-bearing 
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feldapars such as microcline and orthoclase. Mackenzie 

(21) states that these minerals are not common in the clay 

size fraction of soils, but on weathering to layered 

alumino-silicatea, which are important clay constituents, 

they release K (19, P. 35). Grim (12, P. 4-5) states 

that feldapars are very abundant in some clay materials, 

but that their particle size usually exceeds two microns. 

Microline contains considerable K, but this K has a low 

level of availability (17, 19). 

"Fixation" of K 

"Fixed" K can also serve as a slowly available form 

of K in the soil. Illite is capable of "rixing" consider- 

able quantities of K (5, 40, 43, 46). Grim (12, p. 152) 

states that K "fixation" by illite occurs by the emplace- 

ment of K between the basal surfaces of the mineral. 

Montmorillonoids have some power to "fix" K, but the 

amount is smaller than for illite (33). Montmorillonoids 

fix K between the contracting structural units as the 

material dries (29). Some release of this entrapped or 

"fixed" K occurs upon revetting, but the liberation is 

rather slow (19, p. 492). Mortland j (28) found 

that K "fixed" by Wyoming bentonite was easily extract- 

able by eleotrodialysis. Barahad (3) found that mont- 

morillonite had a lower ability to fix K than did 
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vermiculite. It has been auggeßted (21) that K "fixation" 

by expanding 2:1.-type clay minerals is associated with a 

high intorlayer charge created by the substitution of Al 

for Si in the tetrahedral layer, such as occurs in 

beidellite. Barshad (3), however, states that the theory 

that K fixation by the montmorillonoids is due to inter- 

layer charge arising from such an isomorphous substitution 

is questionable. At present, there is no general agreement 

concerning the relationship between tetrahedral substi- 

tution and K fixation by montmorillonoids. 

The "fixation" of K by vermiculite has been observed 

by several workers (3, 4, 8, 27) and Grim (12, p. 153) 

postulates that fixation occurs on the basal planes between 

the unit layers. Mortland (27) tatea that vermiculite can 

be converted to biotite through K saturation and heating. 

He bases this assumption on X-ray diffraction and the 

contraction of the 14 A° vermiculite basal spacing to 10 A° 

following K saturation and heat treatment, 

The K "fixed" by montinorilloriolds, illite, and ver- 

miculite can be rendered available to plants through 

weathering and, in the case of the montmorillonoids and 

vermiculite, through expansion of the basal spacing. 

Exchangeable K 

Exchangeable K is usually determined using the 1 N 
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ammonium acetate method of Schollenberger and Simon (37). 

Several workers have found that the exchangeable K value8 

for soils are correlated with the availability of K to 

plants. In several instances exchangeable K has been 

significantly correlated with plant response to applied K 

under greenhouse conditions (24, 31). Other workers 

have observed a high degree of correlation between 

exchangeable K values for soils and the uptake of K by 

plants grown in a greenhouse (31, 39, 41). Using crops 

grown under field conditions, Hogg (13) found that 

exchangeable K and plant response to K fertilizer were 

significantly correlated for certain soils but not for 

other soils. 

The boiling i N lINO3 extraction method, outlined by 

Reitemeier (35) and modified by Pratt and Morse (32), has 

been frequently employed to evaluate the total available 

K in soils. The difference between the total K extracted 

by the boiling acid treatment and exchangeable K has 

commonly been used as an evaluation of the amount of 

slowly available K in soils. 

The correlations of total boiling lINO3 extracable K 

with plant uptake of K and with plant response to K 

fertilizer have been variable. The correlations of 
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slowly available K with plant uptake of K and with plant 

response to K fertilizer have al3o been variable. Working 

with we3tern Oregon soils, and growing Ladino clover in 

the greenhouse, Pope and Cheney (31) found a high degree 

of correlation of both total boiling HNO3 extractable K 

and 3].owly available K, with crop rex1ioval of K. McLean 

and Simon (24), working with Ohio 3oils and using alfalfa 

grown in a greenhouße, found a considerable variation in 

the correlations between slowly available K and plant 

response to K fertilizer. They also found that corre 

lations between 3lowly available K and exchangeable K were 

not con3istent. A18o u3ing Ohio soils and alfalfa grown 

in a greenhouse, Hunter and Pratt (14) observed that 

boiling liNO3 extractable K correlated well with the re- 

sponse of the crop to K fertilizer. Working with Ohio and 

New York oi1e, Garman (10) reported a high correlation 

between K uptake by potted lettuce, rape, corn, and 

Sudangra and boiling liNO3 extractable K. Sutton and Seay 

(41) found that exchangeable K provided a better estimate 

of the K removed from certain Kentucky soils by millet and 

red clover grown in a greenhouse than did boiling liNO3 

extractable K. Hogg (13), workIng with New Zealand soils, 

obtained varying correlations between boiling liNO3 ex- 

tractable K and plant response to K fertilizer, 
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Leaching techniques to evaluate the release of K by 

standard and soil minerals hava been used by several 

workers. 

Ellis and Mortland (9) leached biotite with 0.1 N NaC1 

at a leaching rate of 5 ml per minute. They found that the 

rate of K release between approximately 16 and 100 hours 

of leaching time was almost constant. After 100 hours of 

leaching, the rate of K release decreased logarithmically 

with time. 

In another study, using 0.1 N NaC1 as the leaching 

solution, Mortland (26) found that the logarithm of the 

rate of release of "fixed" K from vermiculite, as a 

function of time, decreased linearly following approxi- 

mately 20 hours of leaching. The plot of his data indi- 

cates that the logarithm of the rate of K release decreased 

curvilinearly with time between 5 and 20 hours of leaching 

time. 

In still another experiment, Mortland (25) leached 

biotite with 0.1 N NaC1 at a rate of 4 ml per minute. The 

rate of K release between 50 and 500 hours of leaching time 

was approximately constant, and it was concluded from this 

data that the release of K over this time was independent 

of the amount of K remaining in the biotite, and so 

resembled a zero order reaction. This indicated that some 
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factor, independent of the amount of K left in the mineral, 

was restricting the rate of release. Examination with the 

petrographic microscope indicated that the removal of K 

proceeded from the outer edge of the biotite unit, 

resulting in a band of vermiculite around the edge and 

biotite in the centre. 

Matthews and Smith (22) leached soil diluted with 

sand with very dilute acid at a rate of 5 litres per day. 

They concluded that the slope of the cumulative K release 

curve after 17 hours of leaching should be an index of the 

K supplying power of the soil. McEwen and Matthewa (23) 

leached soils using CO2 saturated water and found that 

after 36 hours of leaching the rate of K release was 

approximately constant. They used this release rate to 

evaluate the K supplying power of soils. McEwen and 

Matthews also observed that K fertilization in the field, 

as well as intensive greenhouse cropping, failed to alter 

the constant K release rate. They concluded that K 

supplying power was a constant characteristic for each 

soil. 

The release of K by Iowa and New York soils, during 

continuous leaching with 0.01 N HC1 at a rate of 1 litre 

per 6 hours, was studied by Garman (io). He stated that 

a measure of the release of K from structural positions 

is indicated by the slope of the cumulative release curve 
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between 5 and 10 litres of leachate, He found that sub- 

soils released less K than surface soils, and that K 

released by 1, 3, and 10 litres of 0.01 N HC1 was highly 

correlated with crop uptake of K. 
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X PER IMNT AL MET flODS AND AT ER IAL$ 

X-rdv eu11Dment. Identifications of materials used 

in thia study were made using X-ray diffraction techniques. 

The X-ray unit used was a Norelco X-ray diffractometer, 

equipped with a Geiger counter and a Brown recorder. The 

radiation was CuK«. A tube potential and current of 40 

kilovolts and 20 milliamperes were used. For all specimens 

excepting the feldspars, 1/40 divergence and scatter slits 

were used. The feldspar patterns were run using 10 slits. 

A 0.006 receiving slit was used for all patterns. 

?repartion of materials for X-ray analyja, 

Standard minerLs. Minerals of the required size 

fraction were saturated with K and Ca using J. N solutions 

of KCÌ and CaC12. A 25 mgm sample of each mineral was 

vigorously stirred In the salt solution in a 50 ml pla8tic 

tube using a high-speed stirrer with a rubber policeman 

and then separated from the solution using a super centri- 

Luge. Two salt washings followed by two washings with 

distilled water were performed in this manner. The 

minerals were then deposited over an area of one square 

inch on glass slides, air dried, followed by oven drying 
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at 650 C for one hour, and then stored in a dessicator 

until X-rayed. 

Powder samples were prepared for some mineral size 

fractions following dispersion with calgon, separation by 

centrifugation, and washing. These minerals were, there- 

fore, Na-saturated. The samples were air dried, placed 

in a cavity In an aluminum slide, and levelled with a 

glass slide prior to X-ray analysis. 

Sol]. c1y and silts. Organic matter was re- 

moved from the soil samples using H202 (15). Free iron 

oxides were removed using Na23204 in accordance with 

Mackenzie's method "a" (20). The samples were then dis- 

persed using calgon (15) and the size fractions separated 

by sieving and centrifugation, Samples were K and Ca 

saturated, as described under "Standard Minerals." The 

silt size fractions of the soils were prepared as powder 

samples, as described under "Standard Minerals." The 

2-0.2 micron size fraction was deposited on ceramic tile 

using the oriented aggregate technique of Kinter and 

Diamond (16). The less than 0,2 micron size fraction was 

deposited on glass slides. 

The standard or reference minerals were acquired from 
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Ward'a Natural Science Establi8hment, Inc., Rochester, 

New York. The minerals were all characterized by X-ray 

diffraction as a part of this thesis. Further character- 

ization data were taken from the American Petroleum 

Industry (A.P.I.) report on reference clay minerals (1). 

The minerals used are as follow5: 

Montmorillonitc 21. The source of this material was 

given as the Chishoim Mine, Burns, Mississipp. According 

to the A.P.I report, it has the formula, 

(Na002 
O.34 (Al042 si358) 

(Al144 Fe013 Mg051) 010 (0)2, 

which indicates a substantial substitution of Al for Si. in 

the tetrahedral layer. It is considered a high-quality 

clay of the beidellite type, with 8 to 10 percent impuri- 

ties consisting of quartz, sericite, orthoclase, and 

carbonaceous inclusions. Ca Is the predominant interlayer 

ion, 

Montmorillonite 21 of the less than 2 micron size 

fraction was used in this study. 

The X-ray diffraction patterns of montmorillonite 21 

corresponded to the typical patterns for montmorillonite,' 

1The X-ray characteristics of minerals reported by Brindley 
(6) and Grim (12) were used as the basis of comparison for 
the minerals used in this study. 



20 

Ca saturation, solvation, and K saturation resulted in 15, 

17, and 11 to 13 A° peaks, respectively. Heat treatment 

of K saturated samples, at 4000 C for one hour, resulted 

in a basal spacing contraction to 10-10.5 A°. A small 

amount of quartz was indicated by the X-ray diffraction 

pattern. 

Montrnorillonite 2/.. Thiø montmorillonite had its 

source at Otay, California, and according to the A.P.I. 

report, it has the formula, 

(Na Ca ) (Al 31 ) 

0.12 0.07 0.01 3.99 

(Al Fe Mg ) O (OH) 
1.43 0.03 0.64 10 2 

This formula indicates much less tetrahedral, and greater 

octahedral substitution compared to montmorillonite 21. 

Montmorillonite 24 is a high-grade montmorlllonite, with 

Ca and Na as the Interlayer ions. It has 4 percent 

impurities consisting of quartz, orthoclase, and sericite 

with traces of limonite and dark minerals. K, which was 

found present on chemical analysis, was attributed to 

sericite and orthoclase (1). 

Montmorlllonite 24 of the less than 2 mIcron size 

fraction was used In this study. 

The X-ray diffraction patterns were typical for 

montmorillonite and almost Identical to those recorded by 
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montmorillonite 21. 

Illite 35, This micaceous mineral had its source at 

Fithian, Illinois, and has the general formula (i), 

K (si. Al ) (A]. Fe Mg ) 

y -y y 4 4 4 6 

020 (oH)4, 

It contains 12 percent impurities consisting of 3ericite, 

quartz, plagioclase, pyrite, calcite, and traces of 

carbonaceous inclusions. 

The X-ray diffraction patterns indicate that probably 

small amounts of quartz and kaolinite were present as 

impurities in the clay size fraction1 with a relatively 

large amount of quartz, and possibly a slight amount of 

1 
feldspar, present as impurities in the silt size fraction. 

i-3aturated 8aIrlples gave a moderately sharp peak at 10.3 

A°, and Ca-saturated samples a broader peak at 10.5 A°. 

The fact that this phenomenon was observed in several 

instances indicates a slight contraction of the basal 

spacing resulting from K saturation and that the non-K 

saturated illite was possibly somewhat depleted in K and, 

therefore, partially degraded. 

Illite of the clay size fraction was used in this study. 

11n this thesis, the terms clay and silt size fraction refer 
to particle sizes of less than 2 microns and 2 to 50 
microns, respectively. 
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Kaolinite 7. The source of this kaolinite was Bath, 

South Carolina. It has the formula (1), 

2SiO2 . A1203 s 2H20, 

Thermal analysis did not reveal the presence of any 

impurities in this clay mineral, according to the A.P.I. 

re port. 

The X-ray diffraction patterns showed strong first- 

and second-order kaolinite peaks only. 

Kaolinite of the clay size fraction was used in this 

study. 

Biotite 33. The source of this acid K, Mg, Fe, Al, 

orthosilicate is given as Canada or North Carolina. Grim 

(12, p. 65) states that biotite has the formula, 

K2 (Si6 Al2) (Mg . Fe)6 020 (oH)4 

The relative abundance of Fe and Mg varIes widely. The 

X-ray diffraction patterns indicated that this biotite was 

of high purity. Clay and silt size fractions gave similar 

patterns. 

Biotite of the silt size fraction was used in the study 

of K release phenomena. 
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Muscovite 32. The source of this muscovite vas 

Ontario, Canada, and it is described as an acid K, Al, 

orthosilicate. According to Grim (12, P. 65), muscovite 

has the formula, 

K2 (si6 Al2) Al4 020 (OH)4, 

Typical muscovite X-ray diffraction patterns were 

obtained for the silt and clay size fractions and no im- 

purities were indicated. 

Prochiorite 6, This mineral was obtained in Vermont 

and was described as an acid Mg, Fe, Al, silicate. Pro- 

chlorite is a member of the chlorite group of' minerals 

(45). Grim (12, p. 69) states that all true chlorites 

have the same general structural framework and that the 

structure consists of alternate mica-like and brucite-.like 

layers. The mica-like layer has the general composition 

(si Al)8 (Mg . Fe)6 020 (OH)4 

and the brucite-like layer has the general composition 

(Mg . Al)6 (OH)12 

X-ray diffraction gave typical patternB for chlorite. 

The K release properties of prochlorite were studied 

using the clay size fraction. 
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Micxocline 6. This is described as a K, Al, trisili- 

cate, a pink microcline, with its source being Ontario, 

Canada. Microcline contains about 20 percent Na, Al, 

trisilicate (45), and an appropriate formula would be 

(K, Na) Al Si3 
oB 

The clay and silt size fractions gave similar X-ray 

patterns with the main peaks corresponding to those listed 

for xnicrocline (2). 

The K release properties of the silt size fraction 

were studied. 

Orthopipse, The source of the orthoclase was not 

specified. Orthoclase has a similar chemical make-up to 

microcline but can consist of almost pure K, Al, trisili- 

cate. It can contain up to 30 percent Na, Al, trisilicate 

or Ba, Al, disilicate (45). 

The silt and clay size fractions recorded similar 

X-ray patterns which were quite similar to the microcline 

patterns. 

The silt size fraction was used in the K release 

studies. 

Anorthoplese 28. This feldspar, acquired in Wiscon- 

sin, is described as a Na, K, Al, trisilicate. It can 

contain less than 10 percent K, Al, Si3O8 (45). 
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The eilt and clay size fractions gave similar X-ray 

patterns. The eilt size fraction was used in the K 

release studies, 

Preparation of Standard Minerl 

The xnonthorillonites, kaolinite, and huts were 
ground in a Wiley mill and the remaining minerals were 

ground in a ball mill, Mortland (25) found that dry ball 

milling of biotite did not alter the mineral on the basis 

of X-ray diffraction or petrographic microscope studies. 

The required size fractions were separated by siev- 

ing, dispersion in aqueous medium using 0,5 percent calgon 

where required, and centrifugation. The size fractions in 

which the various minerals usually occur in soils were used 

for the study of K release by these minerale, 

K-equilibrated mineral samples were prepared by leach- 

Ing with i N KC1 using 10 ml of solution per gram of 

mineral. The K-saturated minerals were then heated in an 

oven at 105° C for 8 hours and then leached with ethyl 

alcohol-water solution until the leachate was Cl free, 

The mineral8 were then redried in the oven for a further 

hours at 1050 C The minerals were then ground in a 

mortar to pass through a 1 inn sieve. 

Ca-saturated samples were prepared by leaching with 

i N CaC12 using 10 in]. of solution per gram of mineral. The 
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mineral was leached free of Cl using alcohol-water aolution, 

oven dried at 1050 C, and ground to pass a 1 mm sieve. 

Soil profiles were examined and described for loca- 

tiona immediately adjacent to each of the field experiments 

used to evaluate plant response to K fertilizer. Soil 

samples were removed from the different horizons of these 

profiles and used to characterize the K release properties 

and mineralogy of the various soils. 

General descriptions and X-ray diffraction properties1 

of these soila are given following Table 1. Detailed 

profile descriptions for these soils are given in Part I 

of the Appendix. 

'The author is indebted to the following individuals who 
supplied X-ray diffraction data on the soils listed. 
J. E, Yahner, Cascade Soils; D. W. James, Aiken Soils; 
E, A. Jenne, Astoria, Tillamook, and Nehalem Soils. 



Table 1, X-ray Diffraction Properties of Soils 

Size fraction1 

Soil Horizon Depth 2-0.2 microns Less than 0.2 microns 
(inches) 

M K V C I M K V C I 

Astoria All O-9 ? ** 9 9 9 

Tillamook Ap O-8 * 7 ** 

Cascade AP 0-8 9 9 9 

(Lloyd) B2 18-27 * ** * * 

Cascade Ap 0-12 ** ** 9 * 9 9 

(Muthers- B3m 43-52k ** 9 ** 

baugh) 
Melbourne Ap 0-8 *** N 

B2 13-19 *** ** *41* N 

B3gb 25-35 *** ** *** N 

Olympic Ap O-7 7 ** N 9 ** 

B21 13-23 N N 7 N ** 

C 32-40+ 9 * 9 9 9 ** 

Alken Ap O-6 N N N 

(Riches) B22 32-45+ N N N 

Aiken Ap O-6 * N N 

(Miotke) B21 23-32 N * N 

Aiken AP O-6 N N N 

(Langdon) B2 17-38 N N N 

Nehalem Ap O-9 
Willamette 0-8 * N ** N 

LMeaning of symbols: M - montmorillonold; K - kaolin; V - vermiculite; C - chlorite; 
I - illite; * - slight amount; ** - moderate amount; - large amount; 9 - possib1y 
a slight amount present. 



A8toria oi1 - John Jacob Aßtor 
ßrenci Exteri.nient $tat1on Astoria. This soil ja 

locally referred to as a Brown Latosol. It is well drained, 

non-stony, and has developed from residuum or colluvium 

from sedimentary rock. The soil in the experimental plots 

varies in the thickness of the upper horizons, but is 

otherwise relatively uniform. 

The X-ray diffraction pattern revealed the presence 

of an intense 14 A° peak in the Ca-saturated coarse clay' 

sample of Astoria surface soil. Solvation and heat treat- 

ment of the K-saturated clay resulted in patterns which 

indicated that the 14 A° material consisted of montmorillo- 

noid, chlorite, and possibly some vermiculite. Vermiculite 

was considered a possibility since, in the presence of 

montmorillonoid and chlorite, it could not be positively 

identified by the procedures which were used. A 7 A° 

peak, which could have been due to kaolin or a second- 

order chlorite peak, was also observed. Montmorlllonoid 

was the only clay mineral definitely identified in the fine 

clay fraction' of the Astoria surface soil (Table 1). 

The Astoria soil is relatively high in amorphous 

materials and organic matter.2 

'The terms coarse clay and fine clay are used to designate 
the 2-0.2 micron and less than 0.2 micron size fractions, 
respectively. 

2 Information supplied by E. A. Jenne, 
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Tillamook sol]. - Ti].lamook Naval Air 
Base. Tillarnook County. This le an Ando soil and has 

developed from silty alluvium on a broad terrace above the 

present flood plain. It is well drained and level. 

Montmorlllonoid was the predominant clay mineral 

observed in the coarse and fine clay fractions of Tillamook 

surface soll. A slight amount of kaolin was present in the 

coarse clay fraction. The presence of a very weak 10 A° 

peak in the X-ray pattern of a solvated sample indicated 

the possible presence of a very small amount of Illite' in 

the coarse clay. 

Tillamook soil is relatively high in amorphous 

materials and organic matter.2 

Nehalem soi]. - Tillainook Naval Air 3ase, 
Tillamook County. This soil is a recent silty Alluv- 

ium on the flood plain of the Trask river. It is well 

drained and on lees than 3. percent slope. 

Montmorlllonold was the only clay mineral identified 

in the surface soil and it was present in relatively large 

amounts. A comparatively large amount of feldspar was 

observed in the silt fraction together with a moderate 

amount of quartz. 

1The term illite is used to designate the presence of 10 A° 
material in Ca-saturated or solvated samples. 

2lnformatlon supplied by E. A. Jenne, 
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Nehalein soil is relatively high in amorphous materi- 

als and organic matter.1 

Cascade soil - MuthersbauRh 
Farm. Columbia County. Cascade soil is locally 

referred to as a Reddish Brown Latosol, The soil at this 

location is moderately well drained, non-stony, and has 

developed from loess over sandstone. It has 5-percent 

slope and is located In a rolling-to-hilly upland area. 

X-ray patterns indicated that vermiculite and chlorite 

were the predominant clay minerals in the coarse clay 

fraction of the surface soil (Table 1). KaolIn could not 

be positively Identified in the coarse clay due to the fact 

that the second-order chlorite peak coincides with the 

first-order kaolinite peak. The presence of a slight 

amount of kaolin in the fine clay fraction indicates, how- 

ever, that kaolin was probably also present in the coarse 

clay. The possible occurrence of a very slight amount of 

illite In the coarse clay- fraction of the surface sol]. vas 

indicated by a very weak 10 A° peak in the patterns of 

certain of the Ca-saturated sample. 

The subsoil sample contained large amounts of kaolin 

and moderate amounts of vermiculite in the coarse clay 

'Information supplied by E. A. Jenne. 
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fraction. Kaolin waa the predominant clay mineral in the 

fine clay fraction. The possible presence of a very smal]. 

amount of illite in the coarse clay fraction of the subsoil 

was indicated by the occurrence of a very weak 10 A° peak 

for some of the Ca-saturated samples, 

Csscade soi]. - Lloyd 
Frin. Columbia County, This soil is a Reddish Brown 

Latoso]. and is developed from loess over water-deposited 

silts. It is imperfectly drained and has a 10-percent 

west slope. 

Vermiculite-like material was considered to be the 

predominant mineral present in the coarse clay fraction of 

the surface soil. The 14 A° peak of this material did not 

expand on solvation, 

The basal spacing did not collapse on K saturation 

In the absence of heat, However, heat treatment of the 

K-saturated samples at 5600 C resulted in a broad peak 

centred on 11.5 A°, The fact that the basal spacing did 

not decrease on K saturation, but did collapse due to heat 

treatment, indicates that the material was probably vermicu- 

lite, interlayered with some material which prevented an 

easy collapse of the lattice, Kaolin could not be definite- 

ly identified due to the 7 A° second-order vermiculite peak 

which persisted on K saturation. Kaolin could not be 

identified following heat treatment due to the destruction 
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of the 7 A° kaolin peak by this treatment. The presence 

of very weak peaks, In the fine clay samples of the sur- 

face soil, indicated the possible presence of a very 

slight amount of vermiculite and possibly kaolin. 

The coarse clay fraction of the subsoil sample con- 

tained a moderate amount of illite and a slight amount of 

kaolin. The fine clay fraction contained Blight amounts 

of illite and kaolin. 

Nelborn agil - 
Emerson Fprm, Polk County. The soil, which is a 

Prairie soil, was located on a broad ridge and had a 2- 

to 3-percent slope. It is moderately well or well drained, 

non-stony, and has developed from residuum or colluvium 

derived from silt stone. 

The predominant minerals in the Melbourne clay size 

fractions in both the surface and aubaoils were montmorillo- 

noid and kaolin (Table 1), X-ray diffraction revealed the 

occurrence of relatively large amounts of quartz and small 

amounts of Illite in the silt size fractions. 

Olvmic soil - Red. Soils Brçh 
Experiment Station. Clackamas County. The soil, which 

1The Soil Survey of Polk County (1927) refers to this soil 
as Melbourne silty clay loam, reddish phase. According 
to E. G. Knox, Associate Soil Scientist, Oregon State 
College, this soil is not Melbourne by present concepts. 
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is a Reddish Brown Latosol, is well drained, non-stony, 

and developed from residuum or colluvium from basalt. It 

is on a 6-percent slope. 

Vermiculite, chlorite, and possibly kaolin were found 

to occur as clay minerals in the coarse clay fraction of 

Olympic surface soil. The possibility of a very slight 

amount of illite was indicated in this fraction due to a 

very weak 10 A° peak in some of the Ca-saturated samples. 

Kaolin was the only clay mineral detected in the fine 

clay fraction of the surface soil. Kaolin was present in 

both clay size fractions of the subsoil samples. 

With the surface horizon, the 14 A° peak recorded by 

the Ca-saturated samples was not altered by solvation or 

K saturation. On heat treatment of the K-saturated 

samples at 7000 C, peaks were observed at 14 and 10 A°. 

These results indicate the presence of both chlorite and 

vermiculite. The absence of any reduced basal spacing on 

K saturation, and the collapse of the lattice resulting 

from heat, indicated that possibly the vermiculite was 

interlayered with some material which prevented its 

collapse. 

With the B21 horizon, solvation failed to expand the 

lattice, and K saturation gave a smaller 14 A° peak and 

resulted in the appearance of a small, broad peak at 10 A°. 

Heat treatment of the K-saturated sample at 7000 C 



34 

resulted in a very slight 14 A° peak and a broad peak at 

10 A°. These resulta indicated the presence of very 

little chlorite and less interlayering of vermiculite in 

the B2l horizon, compared to the surface horizon, 

In the C horizon a small 14 A° peak was observed on 

Ca saturation, and K saturation resulted in a very weak, 

broad peak from 14 to 10 A. Ç saturation, plus heat 

treatment at 7000 C, resulted in a very weak 14 A° peak 

and a weak peak from 10 to 11.5 A°, Solvation resulted in 

a plateau extending from 14 A0 into the primary beam back- 

ground count. These results suggest the possible occurrence 

of a very slight amount of montmorillonoid, chlorite, and 

vermiculite in the C horizon. 

The above results seem to suggest a transition between 

2*1-type clay minerals in this soil. The interlayering of 

the vermiculite decreased with depth. Also, the chlorite 

content decreased with depth. This suggests the possi- 

bility of a relationship between the interlayering of 

vermiculite and the chlorite content of the soil. 

A slight amount of illite was detected In coarse clay 

fraction of the B2]. horizon, and a very weak 10 A° peak 

observed for the Ca-saturated samples Indicated the 

possible presence of a very slight amount of illite in 

the coarse clay fraction of the C horizon. 

A comparatively large amount of quartz was present in 
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the silt size fraction of all horizons. A small amount of 

feldspar was present in the silt size fraction of the Ap 

and B21 horizons. 

Alicen soils. The soils at the three Aiken locations 

are all currently considered to be Aiken although there is 

a possibility that studies in progress may lead to re- 

definition of the series. The soils are locally referred 

to as well-drained Reddish Brown Latosols and were developed 

from residuum derived from basalt or basalt-like material, 

Slight amounts of kaolin and vermiculite were detected 

in the coarse clay fraction of the surface and subsoil 

horizons for each of the Aiken locations. The only clay 

mineral detected in any of the fine clay fractions was a 

slight amount of kaolin. 

In these soils the fine clay fraction accounts for 

approximately 80 percent of the total clay;1 thus the 

predominant clay mineral would probably be kaolin. Alken 

soil contains relatively large amounts of amorphous 

materials. 

Willuimette surface soil - 

Hyslop Fprm. Benton County. The profile was not 

sampled at the Willaniette site where a surface soll sample 

1lnformatlon supplied by D. W. James. 
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from the experimental plots only vas used. 

This 18 a moderately well-drained, dark-colored 

Prairie soil. It is developed from silty water-deposited 

materials and has a textural B horizon and fragipan. 

The Willamette surface soil contains a moderate amount 

of Illite and slight amounts of montmorillonoid and kaolin 

(Table l).1 The fine clay fraction contains slight amounts 

of montmorillonoid and illite. 

Field. Ext)er1menta 

The field experiment data were obtained from several 

fertility experimente conducted on western Oregon soils by 

the Department of Soils, Oregon State College.2 Each of 

the experiments, excepting the one located on Olympic 

soil, included factorial combinations of Ca, P, and K, 

with Mg also being included in the Astoria and two Cascade 

experiments. The experiment on Olympic soil was a K rate 

study with a blanket application of lime, P, Mg, and S. 

1The author is indebted to T. T, Chao, Soils Department, 
Oregon State College, for providing X-ray diffraction 
data on Willamette soil. 

2The author acknowledges the cooperation of E. A. Jenne, 
D. W. James, and J. E. Yahner, graduate assistants at 
Oregon State College, who vere directly involved in the 
conduct of the field work and provided yield data and 
soil samples. 
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All experimente had three replications, exoepting the 

Olympic experiment, which had four replications. The 

indicator crop for the Aßtoria, Nehalem, and Tillamook 

locations was a New Zealand white clover-orchardgrass 

mixture. For the other locations, alfalfa was the indi- 

cator crop. 

Profile soil samples were taken from locations imme- 

diately adjacent to the experimental plot area for each 

of the field experimente. Details regarding the profile 

samples are discussed in the preceding section of this 

thesis. In addition to the profile samples, surface soil 

samples were also removed from the experimental plots and 

used to study the relationships among the various chemical 

methods of extracting K and the relationships between 

these chemical methods and yield response to K fertilizer. 

These samples were taken as composite samples from each 

replicate prior to the establishment of each experiment 

or, where such samples were not available, from a series 

of zero-K plots within each replication. The initial crop 

yields, expressed on a dry-weight basis, subsequent to 

taking soil samples were used in the evaluation of yield 

data. 

Yield responses to K fertilizer were calculated from 

plots receiving the same, and what were considered ade- 

quate, amounts of nutrients other than K. Yield response 
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to K fertilizer was evaluated by expressing the yield of 

a plot receiving 100 pounds of K20 per acre as a per- 

centage of the yield of a plot receiving no K for each 

replication of each experiment. Where 100 pounds of 120 

per acre treatment was not Included in the experiment, 

the yield for the 100-pound treatment was estimated from 

a yield curve. 

Details regarding the soil samples used for each of 

the field experiments and the treatments used for the 

evaluation of yield data are given In Part II of the 

Appendix. 

Chemical Methods of Determining 
K Release 

Exchangeable K. Exchangeable K was determined using 

the i N ammonium acetate method (37), The K contenta of 

the extracts were determined using a Beckman model B 

flame spectrophotometer. 

Total boiling HNO3 extractable K. Total boiling 

HNO3 extractable K was determined using the boiling i N 

HNO3 method as outlined by Pratt and Morse (32). The K 

content of the extracts was measured using a Beckman model 

DU flame spectrophotometer. Interferences from HNO3 and 

organic matter in the extracts, as related to the K 

determinations, were evaluated and found to be negligible. 
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5low1 aviJab1e K. Slowly available K was evaluated 

from the difference between total boiling HNO3 extractable 

K and exchangeable K. 

Releass Qf K on continuous leaching, In the continu- 

Gus leaching procedure, 5 grams of soil or 2.5 grams of 

standard ruinerai were lightly packed between layers of 

filter pulp in the bottom of a 50-ml sintered glass fun- 

nel. Prior to insertion, the soils and minerals were 

ground to pass through a l-mm sieve. Leaching was per- 

formed uaing 0.1 N HC1 supplied from a 19-litre flask. A 

con8tant head was maintained near the top of the sintered 

glass funnel using an apparatus as described by Wikiander 

and Vahtras (44), The rate of flow was regulated using a 

screw clamp and plastic tubing located beneath the funnel. 

The leaching rate was maintained constant at 20 ml per 

minute for all samples, with a stop watch being used for 

timing. A 50-ml reservoir, located beneath the funnel, 

was used to collect leachate, while the aliquote for K 

analysis were removed from the collection flask located be- 

neath the reservoir, The collection flask consisted of a 

1000-ml graduated cylinder. Using this arrangement, 

continuous leaching was possible throughout the leaching 

procedure. 

Preliminary investigations indicated that no 
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contamination or K absorption occurred as a result of 

using filter pulp. Also, it was established that the HC1 

or organic matter in the leachate did not interfere with 

the K determinations. Stirring of the sample in the 

funnel during leaching, as described by Wikiander and 

Vahtras (44), did not significantly alter K release com- 

pared to the filter pulp procedure. 

K determinations on the leachate were made using a 

Beckman model DU flame speotrophotometer. Leachate 

volumes were reduced by evaporation on a hot plate when 

necessary to increase K concentration for accurate deter- 

mination. 
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RESt.JLTS AND DISCUSSION 

K Re1ese by Standard Minera1 

In studying the release of K by standard minerals and 

soils, emphasis is given to the rate at which K is re- 

leased. It was felt that the rate of release should be 

proportional to the amount of K present and also a 

reflection of the form in which the K iø present in the 

minerals or soils. 

The terms "Rate 1" K release and "Rate 2" K release 

are used in the evaluation of the release of K during 

continuous leaching with 0.1 N 11Cl. A study of the cumula- 

tive release curves indicated that a comparatively very 

rapid release of K occurred during the initial 5 minutes 

of leaching. The cumulative release curve was predominant- 

ly linear over this period. As a result, the average 

slope of the cumulative K release curve for the initial 5 

minutes of leaching was used to evaluate "Rate 1" K 

release. It was felt that "Rate 1" K release would provide 

a measure of the rate of release of readily available K. 

Following the initial 5 minutes of leaching, the cumulative 

release curves became curvilinear, indicating a decreased 

K release rate with time. After a further period of 

leaching, the cumulative release curves became predomi- 

nantly linear again, but with a much-reduced slope 



compared to "Rate 1." It was observed that the cumulative 

K release curves were very close to linear following 150 

minutes of leaching for all samples. The average slope 

of the cumulative K release curves over the 150- to 200- 

minute leaching interval was used to evaluate "Rate 2" K 

release. This was used as a measure of the rate of re- 

lease of slowly available K. The derivations of "Rate 1" 

and "Rate 2" K release are shown diagramatically in 

Figure 1. 
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Table 2. Release of K by Standard Minerale 

Mineral 
Size' 

Fraction 2 Treat. 
Exch. 

K 
(me/lOO gm) 

Slowly 
Avail.K 

(me/lOO gm) 

"Rate 1" 

K 
(me/lOO gm 

/5 mm) 

"Rate 2" 

K 
(micro eq/lOO 
gm/5 nun) 

Biotite Si KE 15.9 22.9 (160)3 12,3 154.0 
Biotite Si CaS 3.42 27.3 (150) 3.59 123.0 
Muscovite Si KE 14.52 10.0 (15.4) 11.1 35.9 
Muscovite Si CaS 6,81 11.6 (15.7) 5.13 43.6 
Muscovite C CaS 17.8 40.5 (62,2) 14.4 135.0 
liUto C XE 26.0 0.6 (9,84) 15,1 30,1 
Illite C CaS 3,12 4.04 2.49 26.7 
Frochiorite C KE 28.4 0,3 (1.54) 19.5 7,49 
Prochlorite C CaS 0.07 0.05 0.04 1.23 
Mont, 21 C KE (4.62) 65,6 92.3 
Mont. 21 C CaS 0.33 0 0.15 0 
Mont, 24 C KE 103.0 (0) 62,6 138.0 
Mont, 24 C Cas 0,58 0.01 0.12 0.69 
Kaolinite C KE 4.29 0 3.38 1.02 
Kaolinite C CaS 0.06 0.08 0.14 0.35 
Micro].ine Si 2.05k 0.51 2.82 
Orthoclase Si 1.84 0.49 2.30 
Anorthoclase Si 1.43 0.26 1.54 

'Si - 2-50 microns; C - less than 2 microns. 2KE - K equilibrated; CaS - Ca 
saturated. 3Values in brackets based on the use of 0.1 grams of mineral in the 
boiling HNO3 extraction. 2,5 grams of mineral used in the case of the non-bracketed 
values, 4Total boiling HNO3 extractable K. 
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K release b icceou rUner.]. It 1 to be observed 

in Table 2 and Figures 2 and 3 that all of' the Ca-saturated 

micaceous minerals, with the exception of prochiorite, 

released considerable quantities of K to the different 

chemical extractants. Saturation of the micas with Ca did 

not, therefore, eliminate the release of appreciable 

amounts of readily available K. This indicates that with 

these micas, some of the structural K is readily released 

and that not all of this readily available structural K 

was replaced by Ca when the minerals were Ca saturated. 

These results Imply that, in the case of these micas, 

readily available K would include some of the structural K 

In addition to exchangeable K. This Is somewhat contra- 

dictory to the established concept that readily available 

K consists of soluble and exchangeable K only. 

Comparing Ca-saturated blotite and muscovite of the 

eilt size fraction, lt Is observed that muscovite gave a 

higher amount and rate of release of readily available K, 

as estimated by exchangeable and "Rate 1" K release values. 

However, biotite released slowly available K at a rate 

("Rate 2" K release) approximately 2.5 times greater than 

muscovite. Also, biotite released more total K during 

the 200-minute leaching period than did muscovite 

(Figure 3). These results are in agreement with those 

reported by Mortland (13) for muscovite and biotite. 
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Biotite released more slowly available K to boiling i N 

HNO3 than did muscovite (Table 2), The increased release 

of K from biotite, as compared to muscovite, is difficult 

to explain. according to their chemical formulae, both of 

these minerals contain equal amounts of K and have an 

equal substitution of Al for Si in the tetrahedral layer. 

This indicates that the interlayer charge should be the 

same for the two micas and that they should, therefore, 

release K equally. The main difference between the two 

micas is that biotite is trioctahedral, with Mg and Fe in 

the octahedral layer; and muscovite is dioctahedral, with 

Al in the octahedral layer. 

A comparison of the release of K by two different 

muscovite size fractions shows that the clay size fraction 

released considerably more K than did the silt size fraction 

(Table 2 and Figure 3). Also, the rates of release of 

readily and slowly available K were considerably greater 

for the finer muscovite. These results seem to be some- 

what at variance with those reported by Mortland (25). He 

reported that there was no significant difference, in the 

plateau rate of K release versus time, between the less- 

than-50 and 100-200 micron size fractions of biotite. It 

seems logical that the finer material would release the 

most K per unit mass as it would expose more surface to the 

leaching agent than would the coarser fraction. 
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Ca-saturated Illite of the clay size fraction released 

less readily available and slowly available K than did Ca- 

saturated biotite or muscovite of the silt size fraction, 

The rate of release of both of these forms of K by illite 

was lower than with the other two micas (Table 2, and 

Figures 3 and 6). This could indicate that the illite was 

either highly degraded or contained considerable amounts 

of impurities. X-ray diffraction indicated a slight con- 

traction of the illite basal spacing resulting from K 

saturation, This could indicate that the Illite was some- 

what degraded. The A.P.I. report (1) gives a value of 

12 percent impurities for this mineral, and X-ray diffrac- 

tion indicated the possible presence of small amounts of 

quartz and kaolin as impurities in the illite. It is not 

probable, however, that these Impurities would account for 

the total reduction in the release of K by illite and 

degradation must, therefore, be considered a distinct 

possibility. 

It has been reported (21) that illite contains less K 

than muscovite, and that illite releases less K than 

biotite (7). The results described above are in accordance 

with these reports. 

Ca-saturated prochiorite released only small amounts 

of K which was probably present as an impurity in the 

mineral, Chiorites are not considered to contain K in 
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their structural make-up (12). 

K equilibration considerably increased the amounts and 

ratee of release of readily available K for all of the 

rIicaceou5 nilnerals (Table 2, and Figures 3-7). The arriount 

and rate of release of slowly available K was increased for 

biotite, illite, and prochiorite. Thin, however, was not 

the case with muscovite. This indicates that interchange 

between readily available and slowly available forms of K 

in muscovite is not as great as with the other mioaceous 

minerals. On a percentage basis, K equilibration resulted 

in a greater increase of readily available K than slowly 

available K with the micaceous minerals, 

The above results might be explained on the basis of 

the known properties of micas. It has been demonstrated 

(21, 25) that the removal of K from the K micas by weather- 

ing commences at the edges of the mica particles and pro- 

ceeds inwards. It is possible that the K ions near the 

edges of the particles are easily removed and could 

therefore be classified as readily available. The release 

of readily available K by the Ca-saturated micas could 

indicate that all of the readily available K ions towards 

the edges of the particles were not replaced by Ca but 

were extracted by the HC]. leaching solution. Certainly, the 

high release of readily available K by the Ca-saturated 

micas indicates that the K was not predominantly released 
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from exchange sites on the external surfaces of the parti- 

cies, as these sites would be predominantly occupied by 

Ca during the saturation process. 

K releaßp by montmorjfloniteß. The Ca-saturated 

montmorillonies released only slight amounts of K, most 

of which was readily available (Figure 2 and Table 2). 

This K must have been present as impurities, as the formu- 

lae for the montmorillonites do not include K (1). The 

A.P.I. report (1) indicates impurities include sericite 

and orthoclase, which could account for the slight K 

release by these minerals. 

Following K equilibration, the montmorillonites re- 

leased large amounts of readily available K (Table 2 and 

Figure 4), but relatively small amounts of slowly available 

K. This indicates that only a small portion of the K was 

"fixed" in the K equilibration process. Montmorillonite 

21 released more slowly available K during the boiling 

HNO3 extraction than did montmorillonite 24 (Table 2). 

This Indicates that montmorillonite 21 "fixed" more K 

than did montmorillonite 24. Montmorillonite 21 released 

slowly available K ("Rate" K release) at a slower rate 

than did montmorillonite 24. Thiø indicates that the 

"fixed" K in montmorillonite 21 was not removed as readily 

as the "fixed" K in montmorillonite 24. The greater 
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"fixation" of K by montmorillonite 21 compared to mont- 

morlllonite 24 can be explained by the greater tetrahedral 

substitution prevalent in montmorillonite 21 (1). 

There 18 no evidence in the X-ray diffraction patterns 

of montmorillonites 21 and 24 which would indicate that 21 

"fixed" K more readily than did 24. Both montmorillonites 

behaved similarly when K saturated and when the K-saturated 

samples were heat treated. It would be expected that the 

montmorillonite with the greater capacity to "fix" K would 

undergo a greater basal spacing reduction on K saturation 

and heat treatment. It is possible that the difference in 

the K-"fixing" capacity of these two montmorillonitea, 

indicated by the chemical extraction data, was not of a 

sufficiently high order to be observed In the X-ray pat- 

terns, These resulta indicate that the concept claiming 

greater K "fixation" by beidellitic-type montr!ori11onoide, 

as compared to other montmorillonolds, may not be entirely 

true. At least the difference3 observed here are not very 

great. Mackenzie (21) states that this concept as yet 

awaits proof. The results of this research appear to sub- 

stantiate Mackenzie's statement. The other possibility is 

that montmorillonite 21 may not be as high in beidellite- 

type clay as le Inferred from the formula in the A.P.I. 

report (1). 

The K-equilibrated montmorlllonites released greater 



amounts of readily available K than -lid he K-equilibrated 

micas. This la probably related to the fact that the 

montmorillonites had a greater cation exchange capacity 

than the micas. The data reported In Table 2 for the 

amounts of exchangeable and slowly available K indicate 

that, with the montmorilionites, most of the K was present 

In the exchangeable form. 

Illite has generally been considered to be trans- 

itional, or intermediary, between the montmorillonoids 

(particularly those which are tetrahedrally substituted) on 

one end of the series, and biotite and muscovite on the 

other end of the series (21). On this basis, It would be 

expected that Illite would release slowly available K in 

amounts which would fall between the amounts released by 

montmorlllonoids on the one extreme and muscovite and bio- 

tite on the other. The data in Table 2 indicate this to 

be true. 

K relQae b kaolinite. Ca-saturated kaolinite re- 

1easd slight amounts of K (Table 2 and Figure 2). This K 

was probably present as impurities in the kaolinite as no 

K Is Included in the formula for kaolinite (1). The 

comparatively low release of readily available K by K- 

equilibrated kaollnite was probably due to the low cation 

exchange capacity of this mineral. The low release of 

slowly available K by K-equilibrated kaolinite was no doubt 
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due to the fact that kaolin is a 1:1-type clay mineral, 

and therefore does not possess the ability to "fix" K 

due to lattice contraction. 

K release by feldsparß. The feldapars released 

relatively small amounts of readily available K, and the 

amounts of total boiling lINO3 extractable K releaaed by 

the feldspars were very much lower than those released by 

the K micas (Table 2, Figures 2 and 8). The rate of release 

of slowly available K by the feldapars was low, being only 

very slightly higher than that of kaolinite, Ca-saturated 

montmorillonite, and Ca-saturated prochiorite. Of the 

feldspars, microcline released the most and anorthoclase 

the least K. Other workers have reported that the K in 

microcline has a low level of availability (17, 19). 

X-ray Diffraction ProDerties of the 
Standprd Minerals with Relation 
to Chemical TreatmentB 

It has been reported (7, 9, 25, 27) that the removal 

of K from biotite and muscovite results in an expansion of 

the basal spacing of these micas. It was therefore antici- 

pated that the removal of K, using the chemical extraction 

methods as outlined in this thesis, would also result in 

an increased basal spacing for biotite and muscovite. The 

resulte indicated, however, that none of the chemical 

treatments appreciably altered the X-ray diffraction 



patterns of these minerals, although appreciable quantities 

of K were released to the extractants. 

It is possible that the acid extraction procedures 

used did not result in a selective removal of K from between 

the basal layers of the minerals. Such a selective removal 

of K is attributed as the cause of the basal expansion 

observed by the workers referred to in the above paragraph. 

A possible explanation of the results presented in this 

thesis study might be that the acid extractants used dis-. 

solved the entire particles or portions of particles from 

the outside in, with K being released during this process 

and the remaining undissolved material retaining its normal 

basal spacing. In the boiling lINO3 extractions of biotite 

and muscovite, it was visually observed that appreciable 

quantities of the minerals were dissolved by the acid. The 

material removed following the extractions, however, gave 

normal X-ray patterns for these minerals. These results 

Indicate that all of the K was not selectively removed from 

between the basal layers, even though the treatment was 

severe enough to dissolve appreciable amounts of the miner- 

als. It is also possible that some of the extraction 

methods used did not remove sufficient K from the micas to 

bring about the degree of basal spacing expansion required 

for detection, using X-ray diffraction. 

The X-ray diffraction pattern of illite was not 
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altered by any of the chemical extraction methods which 

were used. Mortland (28) also observed that K release by 

illite resulted in no significant alteration of the X-ray 

diffraction pattern. 

The X-ray diffraction patterns of the montmorillonites 

and kaolinite were not appreciably altered by any of the 

acidic extraction methods used. 

With proohiorite, K-equilibrated samples which were 

leached with 0.1 N HC]. exhibited a 10.1 A° peak. This peak 

was not evident on the K-equilibrated samples prior to the 

11Cl leaching. These results could indicate the replacement 

by K of some of the material in the brucite-like layer, 

with the subsequent collapse of some of the mica units to 

10.1 A°. 11Cl leaching of the K-equilibrated chlorite did 

not, however, result in complete removal of the 14 A° 

chlorite peak, indicating that the material in the brucite- 

like layer was not completely replaced by K. 

K Relee.se b Soi]. Prpfi.],e Sann1es 

K releaae by soil samples removed from the various 

horizons of the different profiles was evaluated in order 

to characterize the soils, and also to determine the K 

releaBe properties of the subsoile. In this section, some 

of the discussion pertains to soil groupa. The grouping of 

the soils was done on a geographical basis and, in the case 
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of the Aiken soils, on a series basis. The soil groups 

are as follows i 

Al]. soils - this group contains all of the soils 

studied. 

Coastal soils - thiB group includes the three 

soils located in the Oregon coastal area; 

namely, Astoria, Tillamook, and Nehalem soils. 

Non-coastal soils - this group includes all of 

the soils not located in the Oregon coastal 

area; namely, Cascade (Lloyd), Cascade 

(Muthersbaugh), Olympic, Melbourne, Aiken 

(Langdon), Aiken (Riches), Aiken (}4iotke), 

and Willamette. 

Aiken soils - this group includes the soils from 

the three locations on Aiken soils. 



Table 3. Release of K by Soil Profile Samples 

IRate l 0Rate 2 
Exch. Slowly K K 

Soil Horizon Depth K Avail. K (me/lOO m (micro eq/lOO 
(inches) (me/lOO gm) (me/lOO gm) /5 mm) gm/5 mm) 

Astoria All O-9 0.23 0.18 0.09 O.gO 
Al2 9-23 0.23 0.22 
Bu 23-33 0.15 0.27 
B12 33-43 0.09 0.38 0,08 0.70 
B2 43-60+ 0.12 0,28 

Tillamook Alp O-7 0.63 0.31 0.41 1.95 
Al2 7-36 0.69 0.44 
AC 36-40 0.60 0.42 
C 40-47+ 0.56 0.43 

Nehalem Ap 0-9 0.79 0.28 0.42 2.80 
Cl 9-17 0.52 0.36 
C2 17-37 0.37 0.31 0.23 2,80 
C3 37-54+ 027 0.29 

Cascade Ap 0-8 0.19 0.53 0.12 1.20 
A3 8-18 0.10 0.47 
B2 18-27 0.10 0,58 
B3m 27-32+ 0.12 0.92 0.10 1.65 

Cascade Ap 0-12 0.35 0.58 0.23 1.75 
(Muthera- A3 12-27 0.20 043 

B2 27-43 0.20 0.52 
B3m 43-52+ 0.19 0.23 0.17 0,85 

Melbourne Ap 0-8 0.73 0.97 0.44 4.20 
Bl 8-13 0.71 0.85 
B2 13-19 0.64 0.75 
B2b 19-25 0.61 0.37 
B3gb 25-35 0.46 0.44 0.32 1.10 
Dr 35-41 0.53 058 



Table 3. corit, 

"Rate 1W "Rate 2" 

Exch. Slowly K K 

Soll Horizon Depth K Avail. K (me/lOO gm (micro eq/lOO 
(inche8) (me/lOO gin) (me/lOO gm) /5 mm) gm/5 mm) 

Olympic Ap 
Bi 
B2 i 
B22 
C 

W illame t te 
(Surface soll) 
Aiken Ap 
(Langdori) Bi 

B2 
B3 

Alken Ap 
(Mlotke) Bi 

B2 1 
B22 

Alken Ap 
(Riches) Bi 

B2 i 
B2 2 

O-7 0.28 0.40 0.16 1.40 
7-13 0.20 0.42 

13-23 0.23 0.41 
23-32 0.20 0.16 0.13 0.65 
32-40+ 0.15 0.09 
0-8 0.52 2,78 0.44 6.35 

o-6 0.36 0.45 0.35 1.40 
6-17 0.19 0.35 

17-38 0.25 0.31 0.19 0.60 
38+ 0.19 0.16 

o-6 0.50 0.19 0.39 0.90 
6-23 0.05 0.20 

23-32 0.05 0.19 0.04 0.60 
32-48-.- 0.05 0.20 
o-6 1.54 0.41 1.20 1.50 
6-22 1.26 0.32 

22-32 0.80 0.26 
32-45+ 0.21 0.25 0.20 0.50 
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Astoria oj],. All horizons of the Astoria soi]. had 

relatively low amounts and rates of release of readily 

available K, and there waa a tendency for the amount of 

readily available K (exchangeable K) to decrease with 

depth (Table 3 and Figure 9). The amount8 and rates of 

release of slowly available K were also low throughout 

the profile. The predominant clay minerals in the 

Astoria surface soil are montmorillonoid and chlorite. A 

high release of K by these minerals would not be antici- 

pated, as studies with standard minerals indicated a low 

release of K by Ca-saturated montmorillonite and chlorite. 

It also appears that the relatively high level of amorphous 

material and organic matter in this soil did not contribute 

a great deal of K. 

Tillampok poil, The Tillamook soil contained a rela- 

tively high amount of readily available K in all the 

horizons of the profile. The amount of slowly available K, 

however, was moderately low, The rate of release of readily 

available K by the surface soil was high, but the rate of 

release of slowly available K was fairly low, 

The surface soil contained a relatively large amount 

of montmorillonoid and organic matter. The high amount of 

readily available K could be due to K release by the organ- 

io matter during leaching, or exchangeable K. These two 

materials are known to have high cation exchange capacities 



and therefore are able to adsorb large amounts of cations. 

Once the readily available K was removed during the leach- 

Ing process the rate of release of K by the soll became 

quite low. This is probably related to the fact that 

montmorillonite, when depleted of adsorbed K, has a slow 

rate of K release. 

Nehalein soil. The surface soll contained a high level 

of readily available K, but the readily available K content 

decreased markedly with depth in the profile. The slowly 

available K content was fairly low and quite constant 

throughout the profile. The slowly available K was re- 

leased at a moderately high rate. 

The high level of available K in the clay fraction of 

the surface soil was probably due to appreciable amounts 

of K being adsorbed, in the exchangeable form, on the mont- 

morillonoid and organic matter present. The fairly low 

amount of available K present was probably related to the 

large amount of montmorillonoid in the soil. The relatively 

high rate of release of slowly available K is difficult to 

explain. It is possible that the feldspar present in the 

soil could have released some K, but the studies with 

standard feldspars indicated that these minerals released 

slowly available K at a low rate. It is possible that the 

weathering of these minerals in the soil could have induced 

a higher rate of K release compared to the standard 
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minerals. 

Cascade (Lloyd) soil. The data in Table 3 show that 

this soil contained a very small amount of exchangeable K 

throughout the profile. It did, however, contain a some- 

what higher level of slowly available K than the coastal 

soils, particularly in the B3m horizon. The rate of re- 

lease of the slowly available K was low. 

X-ray diffraction indicated that the surface soil 

contained relatively large amounts of vermiculite. K Is 

not considered to be a chemical constituent of vermiculite 

(12, p. 73), and therefore it would not be expected that 

vermiculite would release much K. The Increased amount of 

slowly available K in the B horizon is probably associated 

with the moderate amount of Illite found to be present In 

this horizon. Studies with the standard minerals indi- 

cated that illite contained appreciable amounts of slowly 

available K. 

Cascade (Muthersbauh) soil. The soil contained a 

moderate amount of readily available K in the surface 

horizon, but low amounts of readily available K in the 

subsurface horizons. The content of slowly available K was 

similar to the Cascade soil at the Lloyd location, with 

the exception of the B3m horizon, which contained consider- 

ably less K at the Muthersbaugh location than at the Lloyd 
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location, Th18 could be related to the fact that illite 

was not definitely identified in the Muther8baugh gubsoil. 

The fairly low levels of K content and K releaee by this 

soil are probably related to the fact that the predominant 

clay minerals are vermiculite, chlorite and kaolin. These 

minerals would not be expected to release much K. 

Melbourne soil. The surface soil relaased relatively 

large amounts of readily and slowly available K. The 

predominant clay minerals present were montmorillonoid and 

kaolin which would probably not release appreciable amounts 

of K from the slowly available form. However, small amounts 

of illite were found to be present in the silt øize fraction 

which could account for the K release of the soil. The 

occurrence of illite in the silt but not in the clay size 

fraction could indicate that the material was relatively 

unweathered, and therefore not highly degraded. It is also 

possible that this micaceous material was actually biotite 

or muscovite since they are not distinguished from illite 

by the common X-ray diffraction techniques. The high level 

of readily available K in the surface soil could be account- 

ed for on the basis that the K released by the mica was 

adsorbed by the montmorillonoid. The K adsorbed by the 

montmorillonoid would be in a readily available form. The 

amounts of readily available and slowly available K de- 

creased with depth in the Melbourne profile. 



O1yni1c Boil. The amounts and rates of release of 

readily available K wore low throughout the Olympic pro- 

file. The amounte and rates of release of slowly available 

K were also low, particularly in the subsoil. Kaolin, 

vermiculite, and chlorite were the predominant clay 

minerals In this soil. None of these minerals would be 

expected to release much K, unless the K were present in 

the exchangeable form. The data in Table 3 indicates that 

only a small amount of exchangeable K was present. A small 

amount of feldspar was detected in the silt fraction, but 

the results of the studies made with the standard minerals 

show that K release by the feldepara is low. The very 

alight amount of illite present could have been highly de- 

graded and therefore low in K release. 

Aiken (Landon) soil. The amount of readily available 

K was moderate in the surface soil but low in the subsoil 

horizons. The amount and rates of release of slowly avail- 

able K were low, with the release rate being particularly 

low in the subsoil. The clay minerals identified in this 

soil were vermiculite and kaolin. The nature of the clay 

minerals in the soil could therefore account for the 

generally low release of K by this soll. 
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Aiken (Miotke) soil. The surface soil gave a moderate 

amount and rate of release of readily available K. The 

subsoil was extremely low in readily available K. The 

amounts and rates of release of slowly available K were 

very low throughout the profile. The moderate amount of 

readily available K in the surface soil was probably 

adsorbed ori the exchange complex of the vermiculite, with 

organic matter also possibly serving as a source of K. 

Aiken (Riches) soj]. This soil contained a very high 

amount of exchangeable K which decreased with depth of the 

horizon sampled. These high values for exchangeable K are 

probably related to the fact that, prior to the establish- 

ment of the field experiment, the area was used for grass 

seed production. Each year the grass was burned off 

following the harvest of the seed crop. This procedure 

could result in a considerable buildup of K in the soil. 

It is to be observed that the amounts and release rates of 

slowly available K were low. The clay minerals present, 

namely vermiculite and kaolin, would not contribute 

appreciably to the release of slowly available K. The K 

released by the burned crop residue could be adsorbed on 

the exchange complex of the clay minerals, especially 

vermiculite. In this form the K would be readily avail- 

able. There was no Indication of K "fixation" by vermicu- 

lite as X-ray diffraction did not reveal a 10 A° peak, 
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and also the rate of release of slowly available K was low. 

Willainette soiL. The surface sol]. released high 

amounts of readily and slowly available K. The rates of 

release of both of these forms of K were high. These high 

K values are probably associated with the moderate amount 

of liuto detected in this soil, The magnitude of the K 

release values indicates that the illite was probably 

relatively undegraded, 

Sumnarv - K release b soils. These results Indicate 

that illite or micaceous material is probably an important 

natural source of K In soils, In the case of the Wil- 

lamette soil, lt appears likely that micaceous material 

provides K at an adequate rate for substantial crop pro- 

duotion, There are Indications, however, that illite can 

be present In small quantities in soils whose K release 

values are of a low magnitude. In such instances It is 

probable that the illite is present in a fairly degraded 

form, The presence of micaceous material, therefore, does 

not necessarily imply that a soil will release large amounts 

of K, as the amount of K released depends on the amount 

as well as on the stage of degradation of the micaceous 

material, Montmorillonoid, vermiculite, chlorite, and kao- 

lin release exchangeable K as readily available K, but in 

the soils studied do not contribute appreciably to the 
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release of slowly available K. 

The general decrease of K release with depth in the 

soils, under conditions where the clay mineralogy is rela- 

tively constant throughout the profile, indicates that 

organic matter contributes to the K release value of the 

surface soil. It appears that organic matter contributes 

to the readily available K status of the soils, but does 

not have a significant effect on the slowly available K 

values. 

K Release by Soils and CroD Restonse 
to K Fertilizer for the Field Experiments 

Soils samples were removed from the replicates of 

several field experiments and the K release values of these 

samples were determined. These values were then related to 

the crop response resulting from K fertilization of plots 

in that replicate. Also, the relationships between the 

different chemical methods of evaluating K release by soils 

were investigated, using these soil samples. A general 

discussion pertaining to the soil sampling and evaluation 

of crop yields is included in "Methods and Materials," with 

more specific information being given in the Appendix. 

Table 4 gives the K release values for the soil samples 

and the yield response to K fertilizer, expressed as a 

percentage of the yield of plots which did not receive K 

fertilizer, Table 5 gives the correlation coefficients 



Table 4. K Release by Soll Samples 
Yield Response to a 100-Lb 

from Experimental Plot8 and 
K20/Acre Application 

ARate 11 "Rate 2" 
Soil Rep. Exch, Slowly K K Yield' 

K Avail, K (me/lOO gm (micro eq/lO0 Responae 
(me/lOO gin) (me/lOO gm) /5 mm) gm/5 mm) (%) 

A5toria i 0.29 027 0.18 1.02 114.6 
2 0.33 0.25 0.21 0.87 117.2 
3 0.40 0.27 0.26 0,90 108.8 

Nehalem i 0.61 0,60 040 2.56 119.8 
2 0.47 0.51 0.37 1.79 116.4 
3 0.72 0.67 0.56 3.20 91.6 

Tillamook i 0.74 0.39 0.39 1.28 81.2 
2 0.58 0.45 0.33 1.66 104.6 
3 0.69 0.48 0.48 1.54 110.9 

Cascade i 0.14 0.49 0.08 0.90 106.7 
(Lloyd) 2 0.12 0.54 0.09 1.28 128.6 

3 0.13 0.53 0.08 1.28 128.6 
Caecade 1 0.26 0.60 0.20 1.15 130.7 
(Muthers- 2 0.22 0.67 0.15 1.28 100.0 
baugh) 3 0.29 0.68 0.23 1.15 163.6 

Melbourne 1 0.65 1.13 0.42 3.97 88.5 
2 0.63 1.16 0.37 3.07 101.8 
3 0.54 1.13 0.37 3,33 78.8 

OlympIc 1 0.12 0.41 0.09 0.61 139.1 
2 0.12 0.44 0.09 0.82 155.9 
3 0.19 0.47 0.12 0.97 91.3 
4 0,19 0.50 0.12 1.00 92.1 

Aiken 1 0.73 0.32 0.60 0.79 104.3 
(Langdon) 2 0.42 0.26 0.35 0.49 79.6 

3 0.34 0.19 0.23 0.58 96.1 



Table 4 cont, 

"Rate 1" "Rate 2" 

Soil Rep. Exch. Slowly K K Yield 
K Avail. K (me/lOO gm (micro eq/l00 Response 

(me/lOO gm) (me/lOO gm) /5 mm) gm/5 mm) (%) 

Aiken 1 0.44 0.18 0.30 1.02 99.2 
(Miotke) 2 0.57 0,18 0.42 0.52 108.9 

3 0.61 0.21 0.47 0.65 101.8 
Aiken 1 0.73 0.30 0.55 0,90 82.3 
(Riches) 2 0.49 0.29 0.36 0.69 103.8 

3 0.34 0.23 0.22 0.52 104.6 

'Yield response equals the yield of the plot receiving 100 lbs of K20/acre, 
expressed as a percent of the yield of the plot receiving no 120. 
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Table 5. Correlation Coefficients Relating the Different 
Chemical Determinations of K Release with Each 
Other anc3. with Yield Response 

Correlation Coefficiente (r) 

Soil Group 

All Coastal Non- Aiken 
Soils Soils coastal Soils 

Solle 

Exeh K vs 

Slowly avail. K O.l2O O.732 0.088 
* O.548 

"Rate 1" K 0.963 0.898 0.981* 0,984 
"Rate 2" K 0.424* 0.623 0.321 0.435 

Slowly avail. K vs 

"Rate 1" K 0.056 * 
O,882** -0.027 0.602 

"Rate 2" K 0.866* O.958** 0.925** 0.192 

"Rate 1" K vs 

"Rate 2" K 0,348 O,803** 0.192 0.362 

Yield Response vs 

Exoh K _O,520** -0.651 _0.532* -0.030 
Slowly avail. K O.045 -0.188 -0.034, -0.298 
"Rate 1" K -0.469 -0.457 -0,484 -0.086 
"Rate 2" K -0.234 -0.195 -0.243 -0.100 

ft Significant at the 5-percent probability level. 
**Significant at the 1-percent probability level, 
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relating the different chemical methods of extracting K 

and relating these chemical values with crop response to 

K fertilizer. 

Correlations among the chemical 
methpdp used to ?xtract K. The data in Table 5 show 

that there was a high correlation between the amount of 

readily available K (exchangeable K) and "Rate 1" K re- 

lease for all of the soil groups. Therefore, the release 

of readily available K by the soils appears to conform to 

the law of mass action. The nature of the chemical re- 

actions involved in the release of K by standard minerals 

and soils is discussed in a subsequent section of this 

thesis. The regression equations relating exchangeable 

K and "Rate 1" K release are shown in Figure 12. 

It is shown in Table 5 and Figure 13 that the amount 

of slowly available K 

highly correlated for 

This indicates that t 

slowly available form 

action. 

There was a lack 

and "Rate 2" K release were also 

all soil groups, excepting Aiken. 

e rate of release of K from the 

also conforms to the law of mass 

of correlation between exchangeable 

K and the amount of slowly available K, and also between 

exchangeable K and "Rate 2" K release. "Rate 1" and 

"Rate 2" K release were significantly correlated in the 

case of one soil group only. These results appear to 
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indicate that the re1eae of K by soil9 involvee two 

separate phenomena; namely, that involving the release of 

exchangeable or readily available K, and that involving 

the release of slowly available K. The cumulative K 

release curves for the different soils aleo indicate 

that K release involves two separate phenomena. These 

curves consist, in part, of two predominantly linear seo- 

tions. The first linear section, which hag a large slope, 

representa the release of readily available K. The second 

linear section, which has a comparatively small slope, 

representa the release of slowly available K. 

Cprrel.tjone between the chemical 
iethod used to extract K 
and lt resoone to K fertilizer. The range of the 

yield responses to K fertilizer was narrow K-fertilized 

plots gave yield responses In excess of 120 percent in 

only 6 of 31 instances. K-fertilized plots yielded in 

excess of the non K-fertilized plots in 20 Instances, how- 

ever. This indicates an average yield increase from K 

fertilization. The average yield response was 108 percent. 

Considering all soils, there were significant negative 

correlations between exchangeable or readily available K 

and plant response to K fertilizer, and between "Rate i" 

K release and plant response to K fertilizer. Significant 

correlations for these relationships wore also obtained 

with the non-coastal soll group. Significant correlations 



83 

between the amount of slowly available K and plant response 

to K fertilizer, and between the rate of release of slowly 

available K and plant response to K fertilizer were not 

obtained. The Aiken soils were conspicuous for the lack of 

correlation between chemical evaluations of soil K release 

and plant response to K fertilizer. 

Significant correlations between exchangeable K and 

plant response to K fertilizer have been observed by 

several workers (13, 24, 31). In some instances the corre- 

lations between slowly available K and plant response to 

applied K have been variable (13, 24). The results reported 

in this thesis indicate that exchangeable, or readily avail- 

able K, provides a better evaluation of the release of K 

to plants than does slowly available K. 

These correlations were made under somewhat adverse 

circumstances as the data Included only first-year yields. 

It is possible that some type of analysis Involving add- 

itional years yield data, as well as chemical analysis for 

K content of forage, would be more informative. 

Two soil samples were removed from two plots which had 

received varying K treatments over a period of years. One 

plot received P but no K or manurial applications over the 

period 1952 to 1958. The other plot received P, K, and 
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manure during the period 1952 to 1955, and K20 at 200 

pounds per acre in 1956 and 1957. Both plots received 

P205 and Mg at loo and 30 pounds per acre in 1956 and 1957. 

The crop grown on the plots was clover-grass. The K re- 

lease values for the3e t.'o plots are given in Table 6. 

Table 6. K Release by Astoria Surface 
Soil Which Wa Cropped With 
and Without K Fertilizer 

Slowly "Rate 1" "Rate 2" 
Treat. Exoh. Avail. K K 

K (me/lOO gm (micro eq/lO0 
(me/lOO gm) (me/lOO gin) /5mm) /5 mm) 

Without 0.16 0.25 0.08 0.63 
K 

With K 0.36 0.32 0.20 0.93 

The data in Table 6 indicata that K fertilizer and 

manurial applications over a period of years resulted in a 

substantial increase of the amount and rate of release of 

readily available (exchangeable) K. The increase in the 

amount and release rate of slowly available K was slight. 

McEwen and Matthews report that K fertilizaticn in the 

field failed to change the constant K release rate (23). 

The Effect of Crpoing on K Release by 
Wjllrnetite 5urfce Soil 

An experiment was laid down on Willamette soil on 



85 

the Hyslop farm, Benton County, to evaluate the response of 

certain forages to fertilizer applications. No K appli- 

cations were included in the treatments. The experiment 

was established, using four replications, in 1956, and heavy 

yields were recorded in 1957 and 1958, with no evidence of 

K deficiency. One of the highest yielding forages in this 

experiment was Du Puits alfalfa. This provided an oppor- 

tunity to check the effect of cropping over this period 

of time on changes of K release. 

A composite soi]. sample was removed from the plot area 

in 1956, and a composite sample was taken from the Du Puits 

alfalfa plots in the spring of 1959. These plots received 

8000 pounds of lime per acre in 1956, and annual appli- 

cations of P205 and S at 60 and 40 pounds per acre. The 

release of K by thege two soil samples is given in Table 7. 

Table 7. K Release by Willamette Surface Soil Prior 
and Subsequent to Intensive Cropping 

Slowly "Rate 1" "Rate 2" 
Exch. Avail. K K 

Sample K K (me/lOO gm (micro eq/100 
(me/lOO gin) (me/lOO gin) /5 mm) /5 mm) 

Prior to 0.52 2.78 0.44 6.40 
cropping 
Subsequent 0.49 2.84 0.45 4.86 
to cropping 

The results reported in Table 7 Indicate that cropping 



without K fertilization had little effect on the arnounta of 

readily available (exchangeable) K or slowly available K, 

or the rate of release of readily available K. The rato 

of release of slowly available K, however, was lower fol- 

lowing the cropping period. Probably the level of readily 

available K was maintained as a result of the relea8e of 

substantial amounts of K from the slowly available form. 

The high release of slowly available K by this soil is 

probably associated with its moderate content of micaceoua 

material. The reduced rate of release of slowly available 

K, following the cropping period, could indicate that the 

mica became more degraded during this period. This trend 

is not, however, indicated by any depletion in the amount 

of slowly available K as determined by HNO3 extraction. 

Nature of the Chemical Reactions 
involved in K Release 

Glasetone (li, p. 585) states that every chemical 

reaction takes place at a definite rate depending on the 

experimental conditions. One of the important conditions 

governing chemical reactions is the concentration of the 

reacting substances. According to the law of mass action, 

the rate of a chemical reaction is proportional to the 

concentrations of the reacting substances, at constant 

temperature and pressure. 

It has been shown in a previous section of this thesis 



that, at relatively constant temperature and pressure, the 

rate of release of readily available K by soils is highly 

correlated with the amount of readily available K 

(exchangeable K) in the soils. Also, it was shown that 

the rate of release of slowly available K was highly 

correlated with the amount of slowly available K in the 

soils. The two rates of release of K by soils, therefore, 

appear to conform with the law of mass action. 

From the standpoint of the quantitative consideration 

of reaction rates, processes are classified by the order of 

the reaction (li, p. 586). In a first-order reaction, the 

reaction rate Is directly proportional to the concentration 

of the reacting substance. As the rates of release of K 

by soils were significantly correlated with the concen- 

trations of K, it was decided to determine if the reactions 

Involved in the release of K fulfilled the requirements of 

a first-order reaction. 

A first-order reaction can be expressed mathematically 

by (li, p. 587) 

- ko, 

where o is the concentration of the reacting substance, and 

k is a proportionality constant or rate constant. For the 

study of the nature of reactions, it is convenient to put 

this equation in the form 



(i) dÍa-x = k(a-x), 
dt 

where a la the initial concentration of the reacting sub- 

stance, and x la the decrease after the lapse of time t, 

The concentration remaining would equal a-x. By inte- 

gration and rearrangement of this equation it can be shown 

that 

(2) log(a-x) 
- 2.303 

t + log a 

For the K release data at hand, equation (2) may be 

evaluated under the following conditions: 

(a) Using the entire release data. Under this con- 

ditlon, the best estimate of a in equation (2) would be the 

total K released to boiling i N HNO3, as this is considered 

to be proportional to the total available K. The amount 

of K released after a period of time t would be evaluated 

from the cumulative K removed by the HC1 leaching process, 

after t minutes of leaching. Substituting these values 

into equation (2) gives 

(3) log [K(HNO) - K(Hc1j = 
- k + log K 
2.303 (FiNo3) 

(b) Using the two different portions of the cumulative 

release curve which appear to represent the release of 

readily available K and of slowly available K. It appears 

that these two linear portions of the release curve repre- 

sent two different reactions, or that two different forme 



of K are being released. Two estimates of e in equation 

(2) are poseible for the initial portion of the release 

phenomenon. One is to use the amount of K released to 

boiling HNO3. In this case the equation would be the same 

as (3), except that it would be applied only to the initial 

release of K. The other estimate of a could be the amount 

of exchangeable K. The use of exchangeable K to evaluate 

the initial K concentration is justified, in that it is 

highly correlated with the rate of release of readily 

available K. Using exchangeable K to evaluate initial K 

concentration gives the equation 

- k t+logK (4) log [K(h) - K(Hcl?] = 2.303 (exoh) 

The final part of the release phenomenon is believed 

to involve the release of slowly available K. The best 

estimate of K concentration would therefore probably in- 

volve the use of the amount of K released to boiling HNO3. 

The high correlation between the amount of slowly avail- 

able K, determined using boiling HNO3 extraction, and the 

rate of release of slowly available K, would justify the 

use of boiling HNO3 extractable K in the evaluation of K 

concentration. 

The last terms in equations (3) and (4) are constants 

representing the intercepts. For purposes of graphing we 

are dominantly interested in equations (5) and (6), from 



which the intercept terms have been dropped. 

- k t, (5) log [K(HNO) - 
2.303 

and 
= - k (6) log [K(h) K(Hcl 

2.303 

According to Glasetone (11, p. 587), if a plot of 

equation (2) results in 

order reaction is indic 

of equations (5) or (6) 

could be concluded that 

- k is the slope of 
2.303 

a straight line, then a first- 

ated. Similarly, should the plots 

result in straight lines, then it 

first-order reactions had occurred. 

the curve. An evaluation of this 

slope, therefore, permits the calculation of the release 

constant (k). 
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Nature of the K release 
.reaptions for the standprd minerals, If the brack- 

eted values on the left-hand side of equations (5) and (6) 

are plotted, using log scale, against the values for t, 

and a straight line reeults from this plot, then it can 

be concluded that a first-order reaction has occurred, The 

results of several such plots for K-saturated standard 

minerals are shown in Figure 14, using boiling HNO3 ex- 

tractable K to evaluate the initial K concentration, These 

plots resulted in predominantly straight lines following 

50 minutes of leaching. The curve for prochlorite was the 

only exception, and for this mineral the curve appeared to 

approach linearity towards the end of the 200-minute leach- 

ing sequence. After 50 minutes of leaching, an amount of 

K equal to, or exceeding, exchangeable K had been removed 

from each mineral by the RC]. leaching. These results 

support the contention that the release of K probably 

involves two phenomena or two forms of K. They further 

suggest that thc release of slowly available K by these 

minerals was predominantly a first-order reaction, and that 

the release of slowly available K was, therefore, directly 

related to the concentration of slowly available K as 

evaluated using a boiling HNO3 extraction. 

Figure 15 illustrates the nature of the reactions in- 

volved in the release of K by several standard minerale 

during the initial portion of the leaching process. 



95 

Boiling liNO3 extractable K was used to evaluate the initial 

K concentration. Tine is plotted to an expanded scale 

compared to Figure 14. All of the curves tend to approach 

linearity following 20 minutes of leaching time. This 

indicates a predominantly first-order reaction for the 

release of a portion of the readily available K, but the 

release of the initial portion of the readily available K 

does not fulfil the requirements of a first-order reaction. 

The boiling liNO3 extractions mentioned above were made 

using 0.1 grams of mineral In 25 ml of liNO3. K-equilibrated 

biotlte was also extracted using 2.5 grams of biotite in 

the same volume of HNO3. The use of the smaller amount 

of biotite resulted In a considerably higher release of K 

per unit mass, compared to the extraction In which 2.5 

grams of biotite were used. Figure 15 shows that the use 

of the smaller amount of biotite in the HNO3 extraction 

resulted in a more linear plot for the initial part of the 

leaching process. 

Figure 16 shows that when exchangeable K is used to 

evaluate the initial K concentration, the plot of concen- 

tration versus time is predominantly linear subsequent to 

the first five minutes of leaching. 

The results, as depicted In Figures 15 and 16, indi- 

cate the absence of a first-order reaction with K- 

equilibrated minerals during the first five minutes of the 



leaching sequence. This indicates that the release of the 

initial portion of readily available K was not entirely a 

function of K concentration, evaluated using the amounts 

of exchangeable K and HNO3 extractable K. Except for 

this initial release during the first five minutes, the 

data suggest that the rate of release for the first por- 

tion of the release phenomenon is essentially related to 

the concentrations of exchangeable K present. 

Nature of the K releaße 
reactions for Bouif. The curves for several soils, 

shown in Figure 17, are predominantly linear subsequent to 

50 minutes leaching time. This indicates that for these 

soils, the release of slowly available K is predominantly 

a first-order reaction when boiling HNO3 extractable K is 

used to evaluate the initial K concentration in the soil. 
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Figure 18 indlcatea that for several soils, the re- 

lease of readily available K approached a firBt-order 

reaction although there were some deviationa, especially 

during the first 10 minutes of leaching. In each case, 

the total K removed by 15 minutes of leaching was less, or 

equal to, the amount of exohangeable K and these curves 

would, therefore, involve the reaction pertaining to the 

release of readily available K. The curvilinear nature of 

the curves, particularly between zero and 5 minutes of 

leaching time, Indicates that the initial release of 

readily available K was not a first-order reaction when K 

concentration was evaluated using HNO3 extractable K. 

A trend towards linearity for the plot of K concen- 

tration, using exchangeable K to evaluate K concentration, 

versus time was observed for several soils (Figure 19). 

With Willamette and Aiken (J4lotke) soils, linearity Is 

indicated for the initial portion of the leaching pro- 

cedure, indicating a first-order type of reaction for these 

two soils. Some deviations still exist for the Olympia, 

Tillamook, and Nehalein soils, especially during the first 

5 to 7 minutes of leaching. 

The results of studies of the type of reaction In- 

volved in K release by atandard minerals and soils indicate 

the following: 

(i) Using boiling HNO3 extractable K as an 
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evaluation of the initial K concentration 

in the soll or mineral, the release of 

slowly available K during continuous 

leaching with 0.1 N HC1 is predominantly 

a first-order reaction. 

(2) The release of exchangeable K seems to be 

predominantly a first-order reaction, 

especially with the standard minerals. 

Some soils, however, exhibited some 

deviation, especially during the first 5 

to 7 minutes of leaching. 
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One of the objectives of this study was to investi- 

gate the K release properties of certain western Oregon 

soils and to relate these release properties to the 

minerals in these soils. In order to ascertain these 

relationships, a study of the K release properties of cor- 

tain standard minerals was made, The K release properties 

were determined, using different chemical extractants. 

The different chemical evaluations of K release by the 

soils were compared with each other, and with plant re- 

sponse to K fertilization, in order to ascertain which of 

these evaluations provided satisfactory information on the 

release of K by soils, Also, the effects of K removal from 

standard minerals on the X-ray diffraction properties of 

these minerals were investigated in order to ascertain if 

different minerals were formed as a consequence of K 

removal, Such information would be valuable in the evalu- 

ation 01' the K release properties of soils on the basis of 

the mineralogy of these soils. 

In the study of K release by the standard minerals, 

it was found that the K-bearing micas, biotite, muscovite, 

and illite, released considerable quantities of K. Biotite 

released more slowly available K than did the other micas. 

Also, the rate of release of slowly available K was greater 

for biotite than for muscovite and illite, Muscovite 
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released more readily available K than did biotite, but 

biotite released more total K. The relatively low release 

of K by illite suggests that the illite was probably fairly 

degraded. There was evidence to indicate that K-equilibra- 

tion resulted in the "fixation" of some K by biotite and 

illite, but muscovite did not appear to "fix" any K. 

Clay size muscovite released considerably more K than did 

silt size muscovite. 

The feldspars released comparatively small amounts of 

K. 

The Ca-saturated montmorillonites, chlorite, and 

kaolinite released but small amounts of K. The montmoril- 

lonites did not "fix" appreciable amounts of K, but there 

was some evidence to Indicate that montmorillonite 2]. 

"fixed" more K than montmorillonite 24. Montmorillonite 2]. 

is reported to have a much higher degree of tetrahedral 

substitution than montmorillonite 24, and for this reason 

might be expected to "fix" more K than did montmorlllonite 

24. Chlorite and kaolinite did not "fix" appreciable 

amounts of K. 

The chemical treatments generally failed to alter the 

X-ray diffraction properties of the standard minerals, 

The boiling HNO3 treatment resulted in some solution of 

biotite and muscovite, but the undissolved material gave 

typical patterns for these minerals. The absence of basal 



104 

spacing expansion of the K-bearing micas upon K release 

could indicate that these minera1 released K through dis- 

solving of the octahedral and tetrahedral layers, with the 

release of the interlayer K. Selective removal of K from 

between the layers was not indIcated. 

With chlorite there was some indication that K- 

equilibration, followed by HC1 leaching, resulted in some 

replacement of the brucite-like material with K. This was 

indicated by a reduction of the basal spacing following K- 

equilibration and subsequent leaching. 

Soils varied In their ability to release K, with the 

surface soils generally releasing more K than the subsoils. 

The release of slowly available K could, in general, be 

related to the minerals present In the soils. Where an 

appreciable amount of K-bearing micaceous material was 

present in a soil, a fairly high K release resulted. How- 

ever, some soils which appeared to contain small amounts of 

illite released only small amounts of K. It appeared 

possible that K release by Illite was a function of the 

state of degradation of the illite, as well as the amount 

pres er. 

There was evidence to indicate that the release of 

readily available K, particularly by the surface soils, was 

related to the organic matter present, as well as the 

minerals present in these soils. The high release of 
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readily available K was, in some instances, associated 

with the presence of montmorillonoid and vermiculite. It 

appears that the readily available K was held on the 

exchange complexes of these minerals. 

With the surface soils, highly significant corre- 

lations existed between "Rate 1" K release and the amount 

of exchangeable K present. A high correlation also existed 

between "Rate 2" K release and the amount of slowly avail- 

able K. This suggested that two release phenomena were 

occurring, The first involved the release of readily 

available K, and the second the release of slowly avail- 

able K. 

For the entire group of soils, there was a significant 

correlation between yield response to K fertilizer and the 

amount of exchangeable K in the soils, Also, there was a 

significant correlation between "Rate 1" K release and 

yield response. The other chemical evaluations of K re- 

lease were not significantly correlated with crop yield 

response to K fertilization. 

The results indicated that the release of readily 

available K by the atandard minerals was essentially a 

first-order reaction, The results with the soils, however, 

indicate that the release of readily available K deviated 

somewhat from a first-order reaction, particularly during 

the first 5 to 7 mInutes of leaching, This indicated 
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that with the soils, the release of K during the first 

5 to 7 minutes was governed by factors other than the 

concentration of readily available K in the soils. 

The release of slowly available K was found to be 

predominantly a first-order reaction. This indicates 

that the rate of release of slowly available K is a 

direct function of the amount of slowly available K In a 

standard mineral or soil. 
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APPENDIX 

Part I 

$oil Profile DeacriDtlona 

Table I. Profile Description for Astoria Soil 

Horizon Depth Description1 
(inches) 

All 0-9 Very dark-brown silt loam. Granular 
structure. Friable. pH 4.8, C,E.C. 
25.9, Ca 0.44, K 0.23, Mg 0.21. 

Al2 9-23 Very dark-brown silty clay loam. 
Subangular blocky structure. Friable, 
pH 5.0, C.E.C. 20.4, Ca 0.37, 1 0.23, 
Mg 0.20. 

Bil 23-33 Dark yellowish-brown silty olay loam. 
Subangular blocky to granular struc- 
ture, Friable, pH 5.2, C.E.S. 17,8, 
Ca 0.23, K 0.15, Mg 0.19. 

B12 33-43 Dark yellowish-brown silty clay. 
Moderate to fine subangular blocky 
structure, Friable, pH 5.2, C.E.C. 
18.5, Ca 0.23, K 0.09, Mg 0.31. 

B2 43-60+ Dark yellowish's-brown clay. Moderate, 
coarse breaking to moderate, fine 
subangular blocky structure. Firm, 
pH 4.6, C.E.C. 17.2, Ca 0.36, K 0.12, 
Mg 0.78, 

'C olor based on the moist state. Cation exchange capacity 

( c,E.c.) and basic cations expressed in me/lOO grams of 

soil. 
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Table II. Profile Description for Tillamook Soll 

Horizon Depth Description1 
(inches) 

Alp o-8 Black eilt loam. Fine subangular 
blocky structure. Friable. pM 5.2, 
C,'E.C. 54.1, Ca 2.8, K 0.63, Mg 1.3, 
P 2.7. 

Al2 8-36 Black silt loam. Weak, coarse 
prismatic breaking to very fine granu- 
lar structure. Friable. C.E.C. 52.9, 
Ca 1.84, K 0.69, Mg 1.3. 

Ac 36-40 Very dark-brown silty clay loam. 
Moderate, fine subangular blocky 
breaking to strong, very fine granular 
structure. Friable. C.E.O. 34.7, Ca 
0.24, K 0.60, Mg 0.33. 

C 40-4?!- Dark yellowish-brown silty clay loam. 
Moderate, fine subangular blocky 
structure. Friable. C.E.O. 35.5, 
Ca 0.24, K 0.56, Mg 0.33. 

'The phosphorous (P) contents are given in ppm. 
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Table III. Profile Deacription for Neha1ea Soil 

Horizon Depth Description 
(inches) 

Ap O-9 Dark yellowish-brown silt loam. Fine 
sub&ngular blocky structure. Friable. 
pH .2, C.E.C. 55.0, Ca 24.9, K 0.79, 
Mg 9.0, P 5.7. 

Cl 9-17 Dark yellowish-brown silt loam. Medium 
prismatic breaking to fine subangular 
blocky structure, Friable. pH 5.4, 
C.E.C. 62.5, Ca 33.0, K 0.52, Mg 9.5, 
P 4.9. 

C2 17.-37 Dark yellowish-brown silty clay loam. 
Moderate ooarsG prismatic breaking to 
strong, medium subangular blocky 
structure. Friable. pH 5.6, C.E.C. 
56.8, Ca 30.4, K 0.37, Mg 11.3, 
P 6.5. 

C3 37-54+ Dark yellowish-brown silty clay loam. 
Weak coarse prismatic breaking to 
moderate fine and medium subangular 
blocky structure. Friable. pH 5.6, 
C.E.C. 53.2, Ca 34.1, K 0.27, Mg 
12.3, P 9.6. 
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Table IV. Profile Description for Cascade (Lloyd) Soil 

Horizon Depth Description 
(inches) 

Ap o-8 Dark yellowish-brown silty loam. 
Moderate very fine subangular blocky 
to fine granular strucLire. Friable, 
pH 6.2, C.E.C. 13.8, Ca 7.1, K 0.19, 
Mg 0.97, P 29.2 

A3 8-18 Dark yellowish-brown silt loam. Weak, 
fine subangular blocky structure. 
Friable. pH 5.8, C.E.C. 10.1, Ca 0.27, 
K 0.10, Mg 0.97, P 14.9. 

B2 18-27 Yellow-brown silty clay loam. Moderate- 
ly fino subangular blocky structure. 
Friable. pH 5.7, C.E.C. 12.0, Ca 3.3, 
K 0.10, Mg 2.7, P 13.6. 

B3m 27-32+ Dark yellowish-brown silty clay loam. 
Weak, very coarse prismatic structure. 
Very firm. pH 5.9, C.E.C. 14.5, 
Ca 7.6, K 0.12, Mg 6.9, P 5.4. 
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Table V. Profile Description for Cascade 
(Mutherebaugh) Soil 

Horizon Depth Description 
(inches) 

Al O-12 Dark-brown silt loam. Moderate, 
fine, granular structure. Friable. 
pH 6,3, C.E.C. 14.5, Ca 7.7, K 0.35, 
Mg 0.98, P 25.8. 

A3 12-27 Reddish-brown silty clay loam. 
Moderate, fine, subangular blocky 
structure. Friable. pH 6.1, C.E.C. 
11.6, Ca 5.1, K 0.21, Mg 1.4, P 6.2. 

B2 27-43 Reddish-brown silty clay loam. 
Moderate, fine, subangular blocky 
structure. Friable. pH 5.8, C.E.C. 
11.5, Ca 3.2, K 0.20, Mg 1.6, P 11.9. 

B3m 43-52+ Dark-red clay loam. Strong, fine, 
angular blocky structure. Firm. 
pH 5.4, C.E.C. 19.3, Ca 3.2, K 0.19, 
Mg 2.3, P 4.0. 
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Table VI. Profile Description for Melbourne Soil 

Horizon Depth Description 
(Inches) 

Ap O-8 Dark-brown 8ilty clay loam. Weak, 
fine eubangular blocky structure, 
friable. pH 5.8, C.E.C. 28.6, Ca 
17.9, K 0.73, Mg 3.4, P 4.5. 

Bi 8-13 Dark-brown silty clay. Weak medium 
prismatic breaking to weak, coarse 
subangular blocky structure. Very 
hard. pH 6.0, C.E.C. 29.0, Ca 17.2, 
K 0.71, Mg 4.2, P 2.0. 

B2 13-19 Dark yellowish-brown silty clay. 
Weak, medium prismatic breaking to 
moderate, medium subangular blocky 
structure. Very hard. pH 5.3, C.E.C. 
30.0, Ca 13.7, K 0.64, Mg 5.4, P 1.5. 

B2b 19-25 Brown silty clay. Distinct mottles. 
Moderate, medium prismatic breaking to 

moderate, medium subangular blocky 
structure. Very hard. pH 4.7, C.E.C. 
41.1, Ca 5.4, K 0.61, Mg 5.0, P 1.5. 

B3gb 25-35 Greylsh-brown silty clay. Prominant 
mottles. Weak, medium prismatic 
breaking to weak, medium aubangular 
blocky structure. Very firm. pH 4.3, 
C.E.C. 44.3, Ca 2.8, K 0.46, Mg 4.7, 
P 1.2. 

Drb 35-414- Light yellowish-brown and yellowish- 
brown silty clay. Coarse mottled 
pattern. Massive. Firm. Strongly 
weathered ailtatone with some mica. 
pH 4.3, C.E.C. 51.3, Ca 2.0, K 0.53, 
Mg 5.7, P 1.5. 
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Table VII. Profile Description for Olympic Soll 

Horizon Depth Description 
(inches) 

Ap 0-7 Dark-brown silt loam, Moderate, 
medium fine and very fine subangular 
blocky structure. Friable. pH 
5.9, C.E.C. 15.8, Ca 6.2, K 0.28, 
Mg 0.80, P 3.0. 

Bi 7-13 Dark-brown silty clay loam. 
Moderate, fine subangular blocky 
structure. Friable. pH 6.0, C.E.C. 
11.2, Ca 4.0, K 0.20, Mg 1.20, P 2.0. 

B2]. 13-23 Dark-brown silty clay loam. Moderate, 
fine, and medium aubangular blocky 
structure. Firm. pH 6.4, C.E.C. 
11,8, Ca 2.7, K 0.23, Mg 1.7, P 3.2. 

B22 23-32 Dark-brown silty clay loam. Few 
fine mottles. Moderate, medium 
subangular blocky structure. Firm. 
pH 5.5, C.E.C. 14.9, Ca 2.7, K 0.20, 
Mg 1.5, P 5.0. 

C 32-40+ Yellowish-brown i1ty clay loam, 
Fine distinct mottles. Massive 
except for some remnants of rock 
structure. Firm. pH 5.2, C.E.C. 
14.9, Ca 2.7, K 0.15, Mg 1.5, P 2.5. 
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Table VIII. Profile DcrIption for Aiken (Langdon) Soil 

Horizon Depth Description 
(inches) 

Ap O-6 Dark reddish-brown silty clay loam, 
Weak to moderate fine and very fine 
angular blocky structure. Hard, 
pH 5,5, C,E.C. 26.9, Ca 4.8, K 0.36, 
Mg 2.2, P 2.1. 

Bi 6-17 Dark reddish-brown silty clay. Weak, 
fine angular blocky structure break- 
ing to moderate, very fine granular 
structure. Hard. pH 5.6, C.E.C. 
21.9, Ca 4.6, K 0.19, Mg 2.2, P 1.3. 

B2 17-38 Dark reddish-brown clay. Weak, 
coarse, medium, and fine angular 
blocky breaking to moderate very fine 
subangular blocky structure. Slightly 
hard. pH 5.5, C.E.C. 17.8, Ca 2.1, 
K 0.25, Mg 1.7, P 2.3. 

B3 38+ Dark-red clay. Weak, coarse angular 
blocky breaking to moderate, very 
fine subangular blocky structure. 
Slightly hard. pH 5,9, C.E.C. 17.4, 
Ca 1.7, K 0.19, Mg 1.5, P 3.3 
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Table IX. irofi1c Description for Aiken (Riches) Soil 

Horizon Depth Description 
(inches) 

Ap 0-6 Dark reddish-brown silty clay loam. 
Friable, pH 4.8, C.E.O. 30.7, Ca 
4,2, K 1.54, Mg 1.6, P 17.6. 

Bl 6-22 Dark reddish-brown silty clay. Weak, 
medium angular blocky breaking to 
moderate, very fine subangular blocky 
structure. Friable. pH 5.3, C.E.O. 
24.5, Ca 3.0, K 1.3, 14g 0.90, P 7.2. 

B21 22-32 Dark reddish-brown silty clay. 
Moderate, medium angular blocky 
breaking to moderate, fine angular 
blocky structure. Friable. pH 5.3, 
C.E.C. 20.8, Ca 3.5, K 0.80, Mg 1.3, 
P 7.4. 

B22 32-45+ Dark reddish-brown silty clay. 
Moderate, medium, and fins angular 
blocky structure. Firm. pH 5.5, 
C.E.C. 19.4, Ca 3.5, K 0.21, Mg 2.1, 
P 19.8. 
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Table X. Profile Description for Alicen (Miotke) Soil 

Horizon Depth Desoription 
(Inches) 

Ap 0-6 Dark reddish-brown silty clay loam. 
Moderate fine granular structure. 
Friable. pH 5.6, C.E.C. 24.5, 
Ca 7.0, K 0.50, Mg 0.90, P 11.2. 

Bi 6-23 Dark reddish-brown silty clay. 
Moderate, medium angular blocky 
breaking to moderate, very fine 
granular structure. Friable, pli 

5.4, C.E.C. 21.7, Ca 3.6, K 0.05, 
Mg 0.37, P 3.16. 

B21 23-32 Dark reddish-brown silty clay. 
Moderate, fine angular blocky break- 
Ing to moderate, very fine angular 
blocky structure. Friable. pH 5.4, 
C.E.C. 17.2, Ca 2.1, K 0.05, Mg 1.3, 
P 3.0. 

B22 32-48+ Dark reddish-brown silty clay. 
Moderate, medium angular blocky 
breaking to weak, fine angular blocky 
structure. Firm. pH 5.1, C.E.C. 
25.2, Ca 1.7, K 0.05, Mg 1.6, P 8.2. 
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art II 

Aetori soil. (Exp. 15-207) Soil samples - a composite 

sample from each replication for the 0-6 inch depth was 

taken in 1956 prior to establishment of the field experi- 

ment. 

Yield data - the 1957 yields for treatments 3 (zero K) 

and 19 (100 lbs of K20/acre) were used. Both treatments 

received lime, P205, and Mg at rates of 6000, 200, and 30 

pounds per acre, respectively. 

Tillarnook soil. (Exp. 15-209) Soil samples - a 

composite sample from 4 zero-K plots (treatments 14, 15, 

26, 27) was taken from each replicate for the 0-6 inch 

depth in the spring of 1959. Treatments 14 and 27 received 

6000 pounds of lime and 120 pounds of P205 per acre; treat- 

ment 26 received no lime or P; and treatment 15 received 

12,000 pounds of lime and 120 pounds of P205 per acre. 

Yield data - the 1959 yields for treatment 14 were 

used to evaluate the zero-K treatment. The yield for the 

lOO-pound 1(20 per acre treatment was estimated from a 

yield curve for each replicate. The yield curve was 

plotted using yields recorded by treatments 14, 17, 8 and 
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20, which supplied K20 at 0, 40, 80, and 160 pound8 per 

acre. Each of these treatments supplied 6000 and 120 

pounds of lime and P205 per acre, 

Nehalem so:LL. (Exp. 15-210) Soil samples - a com- 

posite sample from 4 zero-K plots (treatments 14, 15, 26, 

27) was taken from each replicate, for the 0-6 inch depth, 

in the spring of 1959. Treatments 14 and 27 supplied lime 

and 
2°5 

at rates of 4000 and 120 pounds per acre; treat- 

ment 26 received no lime or P; and treatment 15 supplied 

lime and P205 at 8000 and 120 pounds per acre. 

Yield data - the 1959 yields for treatment 14 were 

used to evaluate the zero-K treatment. The yield for the 

100-pound K20 per acre treatment was 

curve for each replicate. The curve 

yields from treatments 14, 17, 8, an 

K20 at 0, 33, 66, and 133 pounds per 

treatments supplied lime and P205 at 

per acre 

estimated from a yield 

was plotted using the 

1 20, which supplied 

acre. Each of these 

4000 and 120 pounds 

Caøcade si1, (Muthersbaugh and. L1od 
1octipnsJ. (Exp. 15-102 and 15-101) Soil samples - 

a composite sample from each replicate for the 0-8 inch 

depth was removed in 1956. 

Yield data - the 1956 yields for treatments 6 (zero K) 

and 2 (lOO pounds of K20 per acre) were used. Each of these 

treatments supplied lime, P205, and Mg at 8000, 120, and 
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pounds per acre. 

fleJ,bourne soil. (Exp. 15-106) Soil samples - a 

composite aoil sample from each replicate, for the 0-8 

inch depth, was taken in 1958. 

Yield data - the 1959 yields for treatment 14 were 

used to evaluate the zero-K treatment. The yield for the 

100-pound K20 per acre treatment was estimated from a 

yield curve for each replicate. The yield curve was plot- 

ted using treatments 8, 12, and 14, which supplied K20 

at 0, 60, and 120 pounds per acre. Each of these treat- 

ments supplied lime, P205, and S at 8000, 120, and 40 

pounds per acre. 

Q1ymic poU. (Exp. 15-105) Soil samples - a 

composite sample from 2 zero-K plots was taken from each 

replicate, for the 0-6 inch depth, in the spring of 1959. 

Each of these treatments included lime, P205, Mg, and S at 

12,000, 120, 40, and 40 pounds per acre, 

Yield data - the yield for the 100-pound K20 per acre 

treatment was estimated from a yield curve for each repli- 

cate, The curve was plotted using the yields from treat- 

mente which supplied K20 at 0, 60, 120, and 240 pounds per 

acre. Each of these treatments supplied lime, P205, Mg, 

and S at 12,000, 120, 40, and 40 pounds per acre. 
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iken soi1 (Miotkeì. (Exp. 15-5C6) Soil samples - 

a composite sample from each replicate, for the 0-8 inch 

depth, was taken in 1958. 

Yield data - the 1959 yields for treatment 14 were 

used to evaluate the zero-K treatment. Yield curves plot- 

ted using the yields from treatments 14, 15, and , which 

supplied K20 at 0, 75, and 150 pounds per acre, were used 

to estimate the yield for the 100-pound 1(20 per acre treat- 

ment. These treatments supplied lime, P205k and S at 8000, 

90, and 40 pounds por acre. 

Micen soiL (Riched. (Exp. 15-508) Soil samples - 

a composite sample from each replicate, for the 0-8 inch 

depth, was taken in 1958. 

hold data - the 1959 yields for treatments 14 (zero 

K) and 8 (100 pounds of 1(20 per acre) were used. Each of 

these treatments supplied lime, P205, and S at 12,000, 90, 

and 40 pounds per acre. 

Aiken soil. (Langdon). (Exp. 15-502) Soll samples - 

a composite sample of 4 zero-K plots (treatments 18, 11, 

14, 19) was taken from each replicate, for the O-6 inch 

depth, in the spring of 1959. Treatments 18 and li 

supplied no linie and P205 at zero and 90 pounds per acre. 

Treatments 14 and 19 supplied 8000 pounds of lime and 
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P205 t 90 an-1 zero oiin'1s pr acr3. 

Yield data - the 1959 yields for treatment 14 were 

used to evaluate the zero-K treatment. Yield curves plot- 

ted using the yields from treatments 14, 15, and 8, which 

supplied K20 at 0, 75, and 150 pounds per acre, were used 

to estimate the yield for the 100 pound3 K20 per acre 

treatment. These treatments supplied lime, 12O5 and S 

at 8000, 90, and 40 pounds per acre. 


