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Abstract:

Four surface soil samples and one subsoil sample were collected to represent potentially different K
fixation capacities based on results of field trials with K fertilizer. Rates of 20, 40, 80, and 160 kg/ha K
were added in each soil and incubated from zero to six months in moist condition at room temperature.
Barley was grown in soils which had been incubated for zero, three, and six months after K was
applied.

Fixation of K occurred within three days after K was added, and some originally present exchangeable
K also was fixed at certain levels of K addition. Within one month K release occurred, with two to five
times more K than the amounts added being released from all soils. Extractable K appeared to have
increased steadily and reached its maximum in the fourth month followed by slight decreases to six
months. Similar results were obtained from high rates of K application (200-1600 kg/ha). Relatively
small K applications may trigger the release of additional K from non-exchangeable sources.

Large amount of K release and excess K uptake resulted in maximum plant K concentrations but failed
to produce the highest yields on most soils which had been incubated three months. The reason may be
nutrient balance problems. Generally, a beneficial response to yield was directly related to incubation
time.

Soil tests after barley growth indicated that the 160 kg/ha rate followed by three and six months
incubation periods had the highest supplying power for subsequent crops.
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Abstract

Four surface soil samples and one subsoil ‘sample 'were collected to
represent potentially different K fixation capacities based on re~ .
sults of field trials with K fertilizer. . Rates of 20, 40, 80, and
160 kg/ha R were added in each soil and incubated from zero to six
months in moist condition at room temperature. Barley was grown in
soils which had been incubated for zero, three, and six months after
K was applied. g

Fixation of K occurred within three days after K was added, and
some originally present exchangeable K also was fixed at certain levels
of X addition. Within one month K release occurred, with two to Five
times more K than the amounts added being released from all séils.
Extractable K appeared to have increased steadily and reached its
maximum in the fourth month followed by slight decreases to six
months. Similar results were obtained from high rates of K application
(200-1600 kg/ha). Relatively small K applications may trigger the
release of additional K from non-exzchangeable sources.

Large amount of K release and ezcess K uptake resulted in maximum
plant K concentrations but failed to produce the highest yields on
most soils which had been incubated three months. The reason may be
nutrient balance problems.. Generally, a beneficial response to yield '
was directly related to incubation time. '

Soil tests after barley growth indicated that the 160 kg/ha rate
followed by three and six months incubation periods had the highest
supplying power for subsequent crops.
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INTRODUCTION

Potassium fixation undoubtedly is detrimental to cxrop utilization

of K fertilizers under certain conditions., Maintenance of aégquaté K
throughout the growing season to get high crop yields is a m;jor pro-
blem, even in Montana. During the last few years, a great deal of field
regearch has shown that top yield of many crops, including potatoés,
sugar beets, winter wheat, spriﬁg grains, and héy, pasture and rarige
grasses often are not attained,apparently‘due to a,liﬁited supply of
K during critical times during the plant growth period. TFertilizing
with K is the obvious solution to this problem. However, the effect-
iveness of K fertilization and the developmentlof pfoper practices in_.
this regard will depend to a large qegree on - each soil'é ability to
”fix”»added K and/or to release it for crop growth when needed.

Split applications of K may be one solution to this problém,
and has been shown to be beneficial to many crops éBrown 1957, Brown
et al. 1946, Gears and Blasef 1957). Howavef,.this approath-is:
inconvenient and uneconomical in practical agriculture. For the pur-
pose of using K efficientl?, it is helpful to know the‘relatiénship
between K fixation and application time after different rates oer are
applied to.different soils. |

Applied K will be tied up by certain soils quite rapidly. The

fixed K may be released to exchangeable form as long as the exchangeable

K is removed until some minimal level is reached (Tabatabai and Hanway
1959). If fixed K releases fast enough, soils could supply enough K

for growth of several crops following one large application of K.
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Kresge apd Younts (1962) indicated that a heavy application of K
can be wasteful, resulting in 1) luxﬁry consumption, 2) loss Ey
leaching, and 3) unbalanced planf uptake. However, incubating a soil
a period of time before plants are‘grown‘on it might éolve the previous
“three problems, if excessive exchangeable K is tied up by soil or
converted to non-exchangeable forms. This will remove it from the’¥eadily
available form and as such it can not Ee téken up by crops in excess
or lost by leaching. If conditions are right the nbn—exchange;ble K
will return to exchangeéble.K as it is depleted by growing.crops
(Wogd and Deturk 1940).
With these relationships in mipd, experiments were initiated to:
(1)) Deterﬁine the influence of time on the amount of exchéngeable K in
's0il after applying rates of K fertilizers.
2) Investigate the plant availability of added K after varying perioas
of incubation.
3) Study the exchangeable K situation in soils after planté were grown

in them following application of varying rates of K fertilizers,




LITERATURE REVLEW

Forms of K

Soil potassium exists in many forms. Water soluble and exchange-~
able forms are immediately available to plants. Non-exchangeable and
strongly adsorbed K are of considerable importance to plants during the
growing season. Although mineral K is not directly available to plants,
it plays an important role in supplying.

Attoe and Truog (1945) concluded that 97 to 98 percent of the
soil potassium exists in mineral form. They also concluded that approx-
imately 90 percent of the available K exists in the exchangeable form.

Jackson (1964) suggests the following relationship of soil K:

Mineral or modevately

. release
available X . Exchangeable
\
(non-exchangeable K) fixation K

Wi //
\

* ‘/ o

Applied K —~———-{;}» Water soluble «~——Plant root
K S ! K

Factors Influencing Fixation and Release of K

Fixation of K is the conversion of exchangeable form to non-
exchangeable form (DeTurk et al.1943). It has been assumed that an
equilibirum exists between exchangeable end non-exchangeable K and that
a low level of exchangeable K results in release of non-exchangeable
form whereas a high level leads to fixation. Fixation occurs when K is

applied to soil and release takes place during the growing season by K

removal or loss by leaching from soils.
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Fixation and release of K as influenced by ﬁime, rates of K
addition, soil factors; and management—have been discussed by many. workers
(Deturk et al, 1945, Doll et al. 1959, Barns and Barber 196i, Luebs and
Scott 1956). These factors are discﬁssed in the foiiowing"section:

Effect of Time on K Fixation and Release

Fixation of K requires a certain period of time to occur in soils.
The difference between soils could be from several days to -several
months, depending on soil and environmentalifaptors.

Deturk et al., (1943) found that when fixation occurs very élowly
most of the applied K was absorbed by current crops before the maximum .
fixafion was accomplished on selected Illinois soils. Wood and DeTurk
(1940) reported maximum fixation was attainea at gbout sixteen.weeks,
with a progressive release from non-exchangeable to exchangeable forms
as the time of storage Was-incfeased'in several soils of Illinois.
However, Sturgis and Moore (1930) found that only.half of th;.applied K
was fixed up to the sixteenth %eek after K application on selectgd
Louisiana.soils. |

The "situation of.K in soil changes from time to time. The avail-
able K varies with seasonal changes. Robinson et al. (1962) indicated
time of application of K fertilizer had a marked effect on the seasonal
uptake. Several studies (Robinson et al. 1962, Doll et al. 1959, Brown
1957) have shown that an annual summer application of K was relativély

effective in maintaining a moderate level of available K through-
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out the year and was as effective as the sasme total amount of-K but in
three split applications,

Kresgehand Younts (1962) found the percesnt recovery of added K-
may be strongly influenced by luxury consumption of K, which usually
does not coincide With its efficient use.. Perhaps ﬁore important than
recovery is seasonal distribution of K in the plant as it relates.to
seasonal changes in plant requirements. They concluded that luxury
consumption was greatest in those cases in which all the K‘was applied
in the early spring. According to Brown (1957), 1uxury consumption took
placé as lopg as there was a large supply of easily .absorbed K in soils.

On the other hand, Doll et al. (1959) found that there was no
difference in total yield or K upﬁage be tween heavy initial or annual
application 6f K to grass—legﬁme pastures and the exchangeable 'K in both
treated soils remained in the same level until the fourth year. They
also comcluded that the effect of the initial as compared with the
annual applications was associated with fixation of K applied initially
with subsequent relezase over a long period.

Different investigators (Chandler 1945, ﬁoagland 1933, Legg 1952,
Pearson 19525 cropped soils in the greenhouse for extended periods
to study long term K supplying power of soils. Those studies generally
showed that plants can remove K from soils for long periods ‘with
only relatively small reductions in £he exchangeable ¥ levels in the
soils. DeTurk et al. (1943) concluded signifiéant releasé to the

replaceable form has been attained within 30 days undetr conditions of
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non-equilibrium favorable to release. That g rélease.froﬁ the
non-exchangeable form usually occurs to maintain a somewhat constant
level of exchangeable K also.has been feported By several other workers
(Berland et al. 1950, Smith and Matheus 1957, MacLean 1961, Matthews
and Sherrell 1960),

Tabatabai and Hanway (1969) had similar- results oﬁ undried soils.
‘They found that long term K supplying‘pOWer of selected Towa. soils was
highly correlated with their minimal levels of exchangeable X, -Plants
" may take up K from soil at this minimal level of exchangeable K for an
extended period without further reaucing the exéhangeable K content of
soils.

4

Rate of K Applications and K Availability

The fate of K added at different rates which might be used in
field practice is of considerable importance. The rélease and fixation
of K depends on the amount added to the soil (Seatz and Winter 1943).
The greater the émounﬁ of K added, the more was fixed; and as more was
fixed, greater amountsxwere subsequently released (DeTurk et al. 1943).
With large additions the release was always less than the amounts
fixed. The value of K which has been fixed {ﬁ the soil'must‘
depend in large part on the rate at which the fixéd.K can be released:
in the soil to forms usable by subsequent crops.

Jones et al. (1974) found that 186 kg;K/ha weré needed

as an annual application to maintain the initial level of available K

in a surface s6il of Virginia. Lutz et al. (1973), also in Virginia, found
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that the available K content in the surface soil decreased rapidly
during the first three years of croppiﬁg all ievels of applied K.(O,
11, 28, 44, 56 kg-K/ha), but . the ;afe of decfease lessened
aftef the third yvear with the highest rate of apbliea K (56 kg-K/ha). -
They - also found that the available K in pots-'rebeiving‘ 28
and 56 Kg K annually were greater than those receiving no K by 6 and
13 percent, respectively. Comparigons between a 500 Kg iﬁitial and
125 Kg annuai K applications, both of which received equai améunts of
K ovér 4 yéarst~Doll et al. 1959) showed that the total yield did not
differ significantly, but the uptake of Kjwaé higher from annual
applications than from the initial duriné the third and fourth yéarsﬁ

%

Soil Factors Influencing K Fixation and Availability

Many soils have a different effect on fixation of exchangeable K

if the X is aéded to field moist as~opposéd to air—dried samples.
,(Higher exchangeable K contents are usually found.in air dried soils
(Hanway and Scott 1957; 1959, Luebs 1956, Scott and Hanway 1957).
MacLeén (1962) concluded fixation of K was invafiably higher in the
sample subjected to cycles of‘Wefting and drying than in those kept
moist or In those air dried. 'Many investigators (Barber 1961, Barber
et-al. 1971, Hanway et al. 1962, Scott et al. 1960) have shown that
drying samples before testing markedly changes K availability to plants
and/or to chemical extraction on maﬁy soiis. They suggested that uﬁdried
soil sampies should be useé for determininé éxghangeable K in soils.

Potasgium availability is affected by the diffusion and mass flow
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tconditions of the soil, for éxample; by soil moisture. Mengel et al.
(1972) feported that the availability if K in rhe.scil depends coﬂsid—
erably on the soil moisture. 'Le;bs et al. (1956) found thaf fluctua~
tions in soil moisture 1evéls in the surface one inch layer were
accompanied by marked changes in content of exchangeablelK. Below
this iayer, exchangeable K remained nearly comstant sincé moisture
did not drop so low as in the sﬁrface.

It -appears that fixation of K is accomplished most Eapidly.in
relatively immature soils having a 1a¥ge capacity for rélease of K'
from non~exchangeable{forms (Wood and DeTurk 1943,'Pratt 1951). In
highly weathered soils, fixation of K proceeds very slowly, ana éxchange~
able K values may not cleariy refleét the relative K supplyiné ability
of soil (Rouse and Bertramson 1950, Schmitz and Pratt 1951). -

Most of the K fixed.in soil is probably due to the écfipn of clay
minerals. The K fixétion in illite occurs by the emplaceﬁént of K
betwéen the basal surface of ﬁhe mineral in the poéitions normally
occupied by K in this mineral (Volk, 1938)f Stanford (1947) showeq that
presence of hydrogen, iron, and aluminum ions ten&s to bleck the Ffix-
ation of K by illite. In ;he case of smettite and vermiculite, as
with illite, any fixation would take place on the ba§al planes between
the unit layer. Volk (1938) found that expandable 2:1 layer silicates
trapped K in the facing ditrigénaliholes causing K fikation. Barshad
(1954), studying cation exchange in micaceous minerals, cbncludéd that -

the replaceﬁability of interlayer NH, and K is strongly affected by
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the magnitude of interlayer crystal lattice charge, particle size,
presence of difficulty replaceable K, and the nature of the replacing
cations. '

Fixation tends to be greatér in soils that contain the highest
proportion of ﬁica and montmorillonite-type of clay minerals (Dowdy
and Hutcheson 1963, Seatz et al. 19435. Gholston and Hoover (1948),
in Mississippi, found that K release is directly relatgd to the type
of soil parent material and ité state of weathering. Tllite and dioct—
ahe&ral mica have the ability to supply‘appreciable amounts of K for
plant growth (Fawzi et al. 1966, Lutz and Jones 19%3).

Potassium fixation and availébility appear to be pH dependent.
Release of K‘Qas increased as the pH was lowered (Rich 1964, Rich and
Black 1964). Martin et al. (1945) showed that at pH valﬁes up to 2.5,
there was essentially no fixation, between 2.5 gnd 5.5, the_amouqt of
fixation iqcreased very rapidly, and above 5.5 thée amount of fixation
increased more siowly. -

Calcareous soils seem to require higher levels af exchangeable
K to support good crop growth than do Ehe nomally acid soils (Allaway
1939). However, plant availability of K at a given level of exchénge»
able ¥ is higher in caléareous soil than in‘noncalcareoﬁs snils
(Suareé—Hernandez and Hanway 1974). Allaway and Pierre (1939) found

that the Ca:K ratio in soil solution influences the response of plant

to K fertilization. They also found-that excegsive amounts of available

Ca may exert a depressive effect upon the absorption of K by plants.
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The reason may be due to Ca-K uptake antagonism in high lime soils.
Furthermore, it is weasonable to suspect that the balance of K and
Ca in the plant must be maintained within certain limits for the plant
to function normally.

MacLean (1962) concluded the amount of exchangeable K was
independent of the anion of added salts. The percent of Kuéaturation
and of K fixation weve similar for either KC1 or K2C03 sources of K. -
However, DeTurk et al. (1943) found that addition of X as a phosphate
(KzﬁPO4) resulted in greater K fixation than did the addition of an
equivalenL amount as the chloride (KC1). The phosphate form aléo
resulted in a higher ratio of replaceablé to watew soluble K.

Pierre and Bower (1943) concluded that K absorption by plants
was usually decreased by the presence of high concentration of other
céfions in solution. The decreased absorption of K may have a detri-
mental, beneficial, or no effect on yield, depending on the amounts
absorbed in relation to the needs of the plant.

The rate of release of non~exchangeablé K is temﬁerature depend~
ent. Burns et al. (1961) and Haagsma and Miller (1963) found the
higher the temperature, the greater was the rate of release of exchange~
able potassium. Temperature also has a large influence on plant meta-
bolism and on the rate of K uptake. Wallace (1957) found that K
content of barley iﬁcreased from 12 to 22°C but decréascd at BQOC.
This factor is perhaps one of the mosf importént in relation to crop

response to added K in areas of more northern latitudes, such as Montana.
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Soil Manacement Influencing Potassium Availabilty

| Good management may promote K availability. Jones and Lutz
(1974)'conc1uded‘that there was.considerablyxnore K in irrigated:plots
than in non~irrigated plots in'whiéh K was applied. MacLean (1962)

and Peech and Bradfield (1943) found 1iﬁing a soil increéSed R figation
and reduced the amount of K in soil solutiom. .Potassium 1e§ching was
reported to be a lésser probiemyiﬁ limed soil than in acid soil (Bavex
1943, Thomas and Coleman 1959)..

_ Trom thé standpoint of preventing loss of K by_leaching, the
fixation process‘is beneficial. The loss of K by quﬁhing is not a
serious problem in most areas. Undér most farming conditions, K 1oss>
by leaching is not more than 10 to 15 kg/ha per year (Truog and Jones
1938). Sandy soils with low cation exchange capacities ere the ones

most likely to lose large amounts of K by lesching, particularly in

areas of high rainfall or undey irrigation.
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MATLERTALS AND METHODS

S50ils Used and Their Preparat:ion

Soil samples were collected from four fields to represent a wide
area of Montana. Field esperiments had been conducted on fhese.fieldsg
with varying degrees of crop response to added K fertilizer(P. 20 for detail).

'Undried samples from four surface soils (O~15'cm) aﬁd one sub-
soil_(15~30 cm) were collected to represent different K fixation capa-
cities. ZEach sample was thoroughly mixed, sealed in polyethylene
'sacks aﬁd stored in a field moist condition at room temperatufe
(20°¢-25°C),

Sample number and appropriate locations are 1i§ted in Téble 1.
Sample site locations are illustrated in Figure 1. The data of mech-
anical analysis and chemical characteristics of soils are presénted
in Table 2.

Four levels of K (20, 40, 86, and 160 kg-K/2.5 milliong kg oven
dry soil) were addea in each pot (2 kg oven dry soil), respectively._
The K was added as a solution of KCI. Thrée replicates of each treat~
ment were employed in a factorial experimental design.

The treated soils were incubated from O to 6 months in ﬁoist
condition at room temperature.

High rates of K (200, 400, 800, and 1600 kg~ /ha) were added to
samples of the same five soils. These samples were incubatéd Zero to
threg months‘under the same procedures and conditions as used for the

20-160 kg/ha rates,
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Table 1. Sample number, location, series, and farm cooperator's name.
Soil Cooperator's Depth Legal Description
Location Sexries name County (em) Sct Tsp Rge
1 Cherry loam Coulter Garfield 0~15 4 19N 34F
2 Giltedge clay Torske Big Horn 0-15 21 1S 33E
3 Cargill clay loam Gettel Cascade 0-15 6 22N 1E
4 .Amsterdam silt loam Bates Gallatin 0-15 8 18- 3E
5 Amsterdam silt loam Bates Gallatin 15-30 8 1S 3E

77T

T

™




Table 2. Mechanical analysis and chemical characteristics of soils.

Mechanical composition (%) —/

Sample Sand Silt Clay Texture cEc2/ Eﬁgi ,0.k.£/
number soil (2-0,05mm) (0.05-0,002mm) _ (£0.002mm) (M€ /100e s0il) (%)
1. Cherry 35 4i 24 Loam 13 6.6 2.8
2, Giltedge 23 31 46 Clay 28 7.8 1.6
3. Cargill 34 36 30 Clay loam 36 7.9 3.8
&, Amsterdam

(surface

soil) 29 58 13 Silt loam 30 8.0 2.3

5. Amsterdam .
(sub soil) 28 . 59 13 Silt loam 26 8.0

1.0
s =
1921
1/ N '
= Hydrometer method
2/ According to the procedure of H.D. Chapman, Cation-exchange capacity by sodium saturation,
Method of Soil Analysis, Part 2. C. A. Black et al. American Society of Agronomy, Inc.,
o Publisher, Madison, Wisconsin, U.S.A., 1965.
3/ Soil pH as measured on a 1:1 soil water ratio after an equilibration period of one hour.
&/

Determined by oxidation with a potassium dichromatic solution.

11
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Plant Growth Studies

Barley (variety Unitan) was grown in the greenhouse in pots which
had been incubated for 0 (3 days), 3, and 6 months after K was applied.

Considering the low fertility status of the soil samples, nitrogen
and phosphorus were supplied to provide adequate amounts of these.elem
ments fof greenhouse studies. Nitrogen was added in each pot as a
solution of NH,NO4 at the rate of 300 kg/ha (For greenhouse studies _
this dis about 4 times the recommended‘rate‘of 75 kg-N/ha in the fiéld)}
One additionai appliéation of nitrogen at the same rate was added 24 |
days after sowing. Phosphorus was added in each pot.as a solution oﬁ
CaH4(PO4)2;H20 at the rate of lZOhkg/ha‘(four times the recommendad
fate of 30 kg4P/ha in the field). '

Six barley seeds were sown 2.5 cm under surface in eagh pot.
These were -thinned to leave four in each pot following emergence.

The plants were watered every 2 days and weighed every‘6 days to
maintain the soil near field capacity until hgrvest. |

Eight weeks after sowing, the above ground parts of all‘élants
were harvested, dried (65°C, 48 hrs.) and weighed.

Chemical Analysis

Soils -
Exchangeable K was determined for all soils, including those in

which barley was grown (both before and after barley was grown).
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Exchangeable K was extracted with 1 N neutral ammonium acetate
and determined with atomic absorption spectrophotometerl/i

Because of problems in scheduling the use of the spedétrophoto-
meter, some of the estracted solutibns from the two, three and five
month incubation periods had erratic resqlts.. This was probably due
to fungal growth in these solutions. As the time element did not
allow for a repeat of the experiment, these data were omitted from
this study. Data were reliable.from the zero, one, four and six
_ month incubation.periods, providing a complete time curve for the
study;

Plant Tissue

&

Harvested barley was dried at‘65°C for 48 hours, weighed{ and
ground in a Wiley mill to pass a 60 mesh screen.

Potassium content in barley was determinéd by Atomic Absorption
Spectrophotometer according to the procedure of Grewellin ZJ.

Statistical Procelures

Analytical data fpf both soils and plant tissue from this experi-~
ment were analyzed statistically as described by Steel and Torrie (1960)
for nested factorial effects.

The Duncan Multiple Range test was used for mean sepa ation.

1/ Montana State Universify Soil Testing Lab Procedure as presented
in Appendix.

Grewelling, Thomas. Director of Laboratories, Agronomy Depart-
ment, Cornell University, ILthaca, New York, 1960.
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RESULTS AND DISCUSSION

Effect of Application Rates on Initial K Fixation

. The application of KCl to soil sambles at rates equivalent to
20-160 Eg/hé of K did not influence appreciably the‘amount of extract~
able K in the samples three days later (Table 3). At only the highest
rate of application, and then only in the Cherry and Cargill surface
and Amsterdam subsoil saméles, did the éﬁount of ammonium acetate ex—
tractable K increase. Two possible gxplanation; exist fér this.i First,
since K was applied as a KC1 solution; intimate contact Eetween the

soil and the added K was assured and probably allowed for maximum rate of

- reaction, Any K—fixing capacity of the soil could be expressed within

the three day time interval, espeéially at room temperature.

Second, it is possible that the slight amount of ﬁoisture'which
was added to the soil éample to attain the higher level of exchanéeable
K may have triggered a reversal of the K release which norﬁally ac—
companies soil drying. The amount of K being added at the 20 kg/ha
rate is a small percentage (approximately 1-27%) of the original amount'
of exchangeable K present in the'soilF This émount, or even an amount
four to eight times as great, apparently was not adequate to satisfy °
the initial K~fixing capacity of the Giltedge or Amsterdam surface
‘soil samples. Wheﬁ the fixation of added K occurred, it appeared that
some originally present exchangeable K aléo was fixed, fesulting in

decreased level of ammonium acetate extractable K in all samples, at

least at certain levels of K addition.
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Table 3. Ammonium acetate extractable K in five soils at various
application rates after three days.

Soil Series

Application Cherry Giltedge Cargill Amsterdam
rates (kg/ha) surface soil subsoil
0 428 b 596 a 936 a 635 a- 262 ab
20 416 b 514 p 938 a 606 ab 215 ap
40 412 b 497 p 869 a 612 ab 201 p
80 434 b 537 b 956 a 592 b 217 ab
160 470 a 581 a 995 a 608 ab 283 a

Means followed by the same letters are not significantly different at
the 5% probability level by Duncan's Multiple Range Test, within a
soil.
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These particular‘soils'had been selected for this study because of
differences in crop response to added K fertilizers. The Cherry soil;
which had the lowest K soil test level, varied from no response in
1969 to a posifive response in 1970 and a negative response in 1971.
The Giltedge soil produced no response to K fertilizer during each of
these three years. Positivé yield responses to K fertilizers were
recorded on the Amsterdam soil in 1969 and 1971, but not in 1970,

Only one year's data were cpllected‘ on the Cargill soil,.but_
a positive response vesulted from K fertilizer added for barley on
this site in 1971.

No differences are apparent in the patterns of K tie-up or re-
:lease in Table 3 which would help Expi?in the differences in yield
response to added K fertiliéers which had been observed under field
conditions., Long-term (six monthj incubétion stﬁdies were copducted
to inveétigate whether differences in K fixation or releas?.over Longer
periods could explain these differences in the field.

The Relationship between K Fixation and Releass and Incubation Time

It was expected that the level of extractable K would decrease

over time f;llowing K addition if the soil hés a éapacity to fix K

(when the soil was prevented from drying). The relationships of ex-~
tractable K and incubating time at varying appliqation rates are

presented in Tables 4 and 5. Analysis of'&arianceffable-is given in Appendix

Table 3. Significant interactions between soils and application rates,and
Soils and incubation time were recorded. Considerable K was released from

all five soils within the first month,and tended to reach a maximun at four

'
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Table 4. Ammonium acetate extractable K as influenced by X applica~-
tion rates and incubation time, with statistical .comparisons
for application rates within each soil.

Soil series application rates incubation time
' ‘ - ' month
kg/ha  (ppm) 0 1 4 6
___________ PP mmmmm e
Cherry loam 0 0 428 b 453 ¢ 456 d 470 ¢
20 8 416 b 505 b 616 ¢ 589 a
40 16 412 br 524 b 648 be 572 b
80 32 . 434 b 512 b 669 ab 575 a
160 64 470 a 595 a 718 a 619 a
Giltedge clay 0 0 596 a 587 d 627-d 613 b
20 8 514 b 626 be © 663 ¢d 655 ab
40 16 497 b 605 ¢cd 695 bc 653 ab
80 32 537 b 642 b 716 ab 717 a
160 64 597 a 697 a 747 a 742 a
Cargill clay loam 0 0 936 a 958 ¢ 987 b 975 ¢
20 8 938 a 1023 b 1161l a 1080 b
40 16 869 a 1035 b 1163 a 1145 a
80 32 956 a 1032 b  1209.a 1138 ab
160 64 995 a 1085 a 1251 a 1178 a
Amsterdam silt 0- 0 635 a - 646 d 652 ¢ 661 a
loam 20 8 606 ab 700 ¢ 747 b . 669 a
(surface soil) 40 16 612 ab 713:bec 771 b 676 a
. 80 32 592 b 745 ab 792 ab 730 a
160 64 608 ab 763 a 849 a 774 a
Amsterdam silt ‘
loam(subsoil) 0 0 262 ab 281 c 270 ¢ 283 a
20 8 215 ab 302 ¢ 293 be 295 a
40 16 201 b 336 b 323 abe 297 a
80 32 217 ab 345 ab 347 ab 323 a
) 160 64 283 a 373 a 370 a 341 a

Means followed by the same letters within a column for each soil are
not significantly different at the 5% level by Duncan's Multiple Range
Test. '
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Table 5. Ammonium acetate extractable K as influenced by incubation
time and K application rates with statistical comparison
for incubation time within each soil.

Soil series incubation K application vates, kg/ha (ppm)
time, month O - 20 40 80 160
| © (8  (16)  (32) (64)
——————————————— CPPM e m e e
Cherry loam 0 428 ¢ 416 ¢ 412 d 434 ¢ 470 ¢
1 453 b 505 b 524 ¢ . 512 D 595 b
4 456°b 616 a 648 a 669 a 718 a
6 470 a 589 a 572 b 575 b 619 b
. Giltedge clay 0 596 ¢ 514 b 497 b 537 ¢ 597 a
1 587 ¢ 626 a- 605 b 642 b 697 a
4 627 a 663 a 695 a 716 a 747 a
6 613 b 655 a 653 ab 717 4 742 a
Cargill clay loam 0 936 d 938 b 869 ¢ 956 c- 995 ¢
1 958 ¢ 1023 ab 1035 b 1032 b 1085 be
4 987 a 1161 a 1163 a 1209 a 1251 a
6 975 b 1080 ab 1145 a 1138 a-- 1178 ab
Amsterdam silt
loam .
(surface soil) 0 635 ¢ 606 ¢ 612 ¢ 592 b 608 b
1 646 b 700 ab 713 b 745 a 763 a
4 652 ab 747 a 771 a 792 a 849 a
6 661l a 669 b 676 b 730 a 774 a
Amsterdam silt 0 262 b 215 ¢ 20 b 217 b 283 v
loam(subsoil) 1 28l a 302 %b 336 a 345 a 373 a
4 270 b 293 a 323 a 347 a 370 a
6 283 a 295 a 297 a 323 a

341 a

Means followed by the same letters within a column for each soil are

not significantly different at the 5% level by Duncan's Multiple Range

Test, .
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to six months.
’ Extractable K appeared to have'inéreased stéadily and reached its
maximum in the fourth month followed by slight decreases to six months.
The levels were generally greater for each-additional increment in K
'added, and even at six months the differences due to rate of additioﬁ
were expressed. Only a very slight increase in extractable K occurred
on thé soils which received no K.

In general, the degree of release was found to vary widely with

different incubation times and quite regularly with application rates

under moist condition. The reasons for the steady increase in extract-

able K With time are not cle;r. Tt appears .that none of these soils
have a.tendency to fix K,.éxcept for a very brief period after its
addition. The most striking feature of these data is the magnitude
-of increased extractabie K which occurred with.felativel§ §ma114addi-
tions of KCI to the soil. The increase in K was ggn@rally'ﬁoré than |
-twice the total addition of K, and in some cases up to four or five
times as much. It is known that drying greatly increases ammonium
acetate extractable K. The soils were incubated in plastic sacks,
but no additional care was taken to insure that moisture remained
constant during the study. However, results of K extraction from

the 0-K treatment indicate that only sligﬁt increases in extractable K
occurred. .on thése soils. This suggests that soil drying was not

solely responsible for the large increase in extractable K which
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occurred in this study.

The large increase in extractable K following the addition of
much smaller amounts 6f K is a phenomenon not previously réported,'
and one for which certain explanations probably exist. However, no
definite mechanisﬁ can be concluded from results of this study.
Mechanisms which'may be involved include the followiné:

First, conditions during Ehe incubation period were very good
for growth of soil microorganisms and the addition of K may have
stimulated it even more. The resultant microorganism population
could have extracted large émounts of interlayer K to meet their
requirements for this element.‘Suﬁsequent release of this K upon thé
decline of microbial populations could result in elevated levels of
extractable K. Second, the increased microbial popula?ion would
result in breakdown of soil organic matter Witﬁ the conversion of
organic N to NH, ions. The NHy ion substitutes well for K in inter-
layer positions, so it is feasable that fixed X may have been replaced
by NH,. These explanations seem reasonable for the longer incubation
periods, but not for the initial extraction which was made only three.
days after K addition.

A third possibility is that chemical equilibria were altered by
the addition of K in these calcareoﬁs soils. TFor example, consider
the following reaction upon the addition of RCl to a soil high in

CaCO3:
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CaCOg ~ + 2KC1  mm=== . K,CO3 + CaCl,
This would result in considerably increased soiubility of Ca, which
in turn could drive more exchangeable K into solution. This could
conceivably increase the amount of K extracted by ammonium acetate.

_Pefhaps a combination of these mechanisms.(and others which are
not obvious at this time) is responsible for the elevated level of K
following the addition of lesser amounts. Detailed studies would
be redquired to answer this question.

Aé in the initial situation of K fixation and/or release,Ano'
apparent differences in the extractaﬁle K paéterns were gxpressed
which would help explain why differences.in response to added K were
observed in the field. Some differences in the level of extractable -
K in these soils is apparent, but none that would relate to field K
response. It is possible that under éertéin conditions in;the field
the amount of K which is available for plant uptake, or the rate at
which the plant can absorb available K, may be limited, more or less
regardless of the K level. Such things as cold soil témperatures,'
excess soil moisture, and low light intensities (cloudiness) may thus
~regulate plant K status.

Perhaps the major importance of these results is the indication
that these particular soils cannot be considered to be K "fixers'.

The addition of K to these soils (at least under warm, moist conditions)
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resulted in a large increase in exchangeable K. The magnitude of
increase wag considerably in excess of the amount of K added, suggest-—
ing that small additions of K may trigger a release of less readily

b

available forms of K in the soil, as discussed above.

The Effect of High Application Rates on K Release

The 200 to 1600 kg/ha rates of K application were beyond those
which could be normally ptilized in field practice in qutana on an
annual basis. They were used to in&estigate the situation of K
fixation and release in these particular soils under conditions which
would simulate a large application rate intended to suffice for several
yvears. It was expected that all'or part of the applied K would be
fixed if the soil has a capacity to‘fix K. However, the rgsﬁlts
showed that the extractable K was increased to five times as.much as-the
amount of K added. Thus, K was released from these soils'instead of
being tied up. These results also correspond well with thoée of lawer
ratés of applications (26~i60 kg-K/ha). It appears that application
of high rates of K triggers the release of additional K from non~
exchangeable sources just as the low rates did.

The percentages of K release after 200 to 1600 kg/ha rates of K
were added are presented in Table 6. The percent of K reléase was
calculated‘as follows:

1/

% K rTelease = ppm extractable K-ppm extractable K of check X 100 ==
K addition (ppm)

1/ The extractable K is presented in Appendix Table 2.
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Table 6 . The percent of K release® following high-rétes of .

Soil Series . K addition Month dincubated

(kg/ha) (ppm) 0 "1 C 2 3

L e /A !

Cherry loam’ 200 80 425 305 460 327
400 160" 333 367 468 373

800 320 389 - 452 466 452

1600 640 355- 387 405 386

Giltedge clay = 200 80 333 190 362 300
: 400 160 250 261 378 278
800 320 300 350 429 370

1600 640 480 273 369 406

Cargill clay 200 80 148 ~157 352 177
Toam , 400 . 160 126 - 42 . 323 231
800 320 - 271 219 353 334

1600 - 640 321 391 343 387

Amsterdam 200 80 - 23 220 403 251
silt loam 400 160 243 231 370 305
(surface soil) 800 . 320 265 257 411 366
1600 640 353 266 - 375 - 372

Ansterdam 200 - 80 . 361 206 538 402
silt loam 400 160 - 386 196 485 359
(subsoil) 800 320 351 247 493 420
1600 . 640 282 . 191 361 335

% % K release = ppm extractable K - ppm extractable K of check X 100
K addition (ppm)
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Generally, K released 200 to. 500 ﬁercent'at all application rates
on five soils, except at the 200 Kg/ha rate after incubation zero
months on Amsterdam surface soil,and the 200 and 400 kg/halrates>affer
incubation zero and one month on Cargill soil., On these soils it
appears that some initial_fixation of added K occurred. The percent
of K release reached its maximum after‘two:months‘iﬁcubation in most
cases, especially on Amsterdém subsoil.

Effect of Soil Incubation Time on Barley K Content and Yield

l

Grain.plants normally coptain between 1.5 and 47 K on a dry
weight basis, with the highest percgntages usually correspondiné with
the earlier growth stages. Likewise, the most rapid rate of K uptake
normally occurs while the plant is érowing very rapidly during the
first two'or three weeks after emergence, For this study, Barley was
grown for eight weeks, harvested while still at an immaturé stage, and
its K content determined. Differences in the percentage of K in plént
tissues and total plant growth were étudied in relation to the length
bf time the soils had been incubated following the addition of various
rates of K. Soils from only the zero, three, and six month incubation
period were included in this study,‘ Results of plant analysis for K

tissue concentration are presented in Tables 7 and 8,

Results varied considerably between soils. On Cherry and Giltedge -

soils, all rates of K in excess of 20 kg/ha resulted in maximum plant

K concentrations after incubation for three months. Extending the
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Table 7. Potassium concentration in barley as influenced by soil
" incubation time and X application rates, with statistical
comparisons for application rates within each soil

Soil series R application soil incubation time
rates month
keg/ha  ppm 0 3 6
_________ G o
Cherry loam 20 8 2.90 a 2.90 a 3.04 ab
40 16 2.70 ab " 3.70 ab 3.36 a
80 32 2.51 ¢ 3.71 ab 2.83 b
160 = 64 2.68 ab 3.40 b 3.45 a
Giltedge clay 20 8 2.30 a: 2.84 b 3.03 a
' 4.0 16 2.31 a - 3.74 a 3.38 a
80 32 2.07 b 3.80 & 3.17 a
160 64 2.54 a 3.59 a 3.39 a
Cargill clay loam 20 8 3.09 b 3.92 a 3.63 a
40 16 2.96 b 4.19 a 3.51 a
80 32 3.94 a 3.33 b 3.86 a
160 64 -3.66 a 3.28 b - 3.80 &
Amsterdamn silt loanm 20 8 3.64 a 3.08 b 3.79 a
(surface soil) 40 “ 16 3.59 a 3.31 ab., 3.33 b
80 32 3.61 a 3.71 a 3.52 ab
160 64 3.7G a 3.59 a 3.61 ab
Amstevdam silt loam 20 8 3.106 a 3.19 ab 2.98 a
(subsoil) 40 16 3.45 a 3.30 ab - 3.19 a
80 32 3.06 b 3.00 b 3.12 a
160 64 3.37 a 3.62 a 3.24 a

Means followed by the same letters within a column for each soil are
nol signigicantly different at the 5% level by Duncan's Multiple Range
Test. |
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Potassium concentration in barley as influenced by soil incu-

bation time and K application rates,with statistical comparisons
for incubation time within each soil, ’

Soil series

soill incuba-

tion Lime

K application rates

“kg/ha (ppm)

month 40 80 160

(8) (16) (32) (64)

_________________ A

Cherry loam 0 2.90 a 2.7d‘b~ 2.51 p 2.68 g
3 2.90 4 3.70 a 3.71 4 3.40 4

6 3.04 4 3.36 ab  2.83 g1 3.45 ,

Giltedge clay 0 2.30 1 2.31 p 2.07 ¢ 2.54 b
.3 2.84 ab 3.74 g 3.80 4 3.58 4
6 3.03 4 3.38 a 3.17 3 3.39 ah

Cargill clay loam 0 3.09 a 2.96 p 3.94 a 3.66 a
3 392 4 4.19 a 3.33 4 3.28 a

6 3.63 4 3.51 ab 3.86 4 3.80 a

Amsterdam silt Loam 0 3.64 a 3.59a '3.6la  3.70 a
(surface soill) 3 3.09 b 3.31 a 3.71 a 3.59 a
6 3.78 a 3.33 a 3.52'a 3.61 a
Amsterdam silt Loam 0 3.10 a 3.45a 3,062  3.37 ab
(subsoil) 3 3.21 a 3.30 ab 3,00 a 3.62 a
6 2.98 a 3.19 b 3.12 a, 3.24 b

Means followed by the same letters within a columm for each soil are
not significantly differcnt at the 5% level by Duncan's Multiple Range

Test,
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incubation time to six months increased the K in tissues grown on the
20 kg/ha rate, but generally decreased its concentration fér higher
rates. 'These results appear to correlate reasonably well with the
extractable K values df.soils ag shown in Table'4,

On Cargill soil, the 80 and 160 kg/ha rates héve the minimum plant
K concentrations after incubation three months and the re&erse situétion
from 20 and 40 kg/ha rates. On Amsterdam surface soil, barley K con-
centrations were the same émong all rates of K after incubation zero
months (thrge days), but it tended to slightly decrease with increas-
ing time of incubation on the 20 and 40 kg/ha rates of application.
The large incregse from the 20 kg/ha rate after six months of incubation
would appear to be experimental error. Values from rhe 80 and 160
kg/ha‘rate remained quite constant with time of incubation. On
Amsterdam subsoil, the 20 and 160 kg/ha rates of K had maximum barley
K-concentrations after incubation three months. Thé 80 kg/ha rate of
K varied oﬁly slightly over time, and barley K concentrations deéreased
with increasing incubation time with the 40 kg/ha rate. IGenerally,
Cargill soil had the highest average barley K concentrations among the
five soils. Amsterdam surface soil had higher barley K concentrations
than the subsoil, as expected.

Results of barley yield are presentéd in Tables 9 and 10. In the Cherry
soil, barley yields increased with increasing_incubation times at all

\ . B
rates over 20 kg/ha. On the 20 kg/ha rate, the_highest yield occurred
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Table 9. Barley yield at eight weeks after seeding as influenced by

soil inmcubation time and K application rates,with statistical

comparisons for application rates within each soil.
\ .

Soil series

K application

soll incubation time

rates month
kg/ha  ppm 0 3 6
~~~~~~~~~ gram/pot: =mwwe -
Cherry loam 20 8 2.21 a 2.48 a '2.36 a
40 16 2.24 a 2.30 a 2.50 a
80 32 2.19 a 2.44 a 2.64 a
160 64 2.08 a 2.41 a 2.42 a
Giltedge clay 20 8 1.74 b 1.94 ab 2.43 a
40 16 2.10 a 1.99 ab 2.22 a
80 372 1.82 ab 2.12 a 2.27 a
160 4 1.84 ab 1.92 b 2.34 a
Cargill clay loam 20 8" - 2.19a 2.19 a 2.25 a
40 16 2.06 a 2.16 a 2.20 a
80 32 2.14 a 2.21 a 2.32 a
160 64 2.16 a 2.18 a 2.34 a
Amsterdam silt loam 20 8 2.12 a | 2.37 a 2.39 a
(surface soil) 40 16 2.09 a 2.35 a 2.31 &
80 32 2.15 a 2.31 a 2.25 a
160 64 2.04 a 2.40 a 2.27 a
Amsterdam silt loam 20 8 1.82 ab 2.25 a 1.95 a
(subsoil) 40 16 1.67 b 2.28 a 2.04 a
80 39 2.04 a 2.10 a 2.04 a
160 64 1.83 ab 2.23 a 1.93 a

Means followed by the same lelters within a column for each soil are

not signigicantly different at the 5% leével by Duncan's Multiple Range

Test.
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Table 10. Barley yield at eight weeks after seeding as influenced by
‘ K application rates and soil incubation time, with statris-
tical comparisong for incubation time within each soil.

Soil series soil incuba- K application rates
tion time " kg/ha (ppm)
month 20 40 30 160

(8) (16) (32) (64)

e e e LA POT o m e e e e e

Cherry loam 0 2.21 b 2.24 3. 2.19 p 2.08 a
3 2.48 4 2.30 a 2.44 ap 2.41 g

6 2.36 g 2.50 g 2.64 2.42 g

Giltedge clay 0 1.74 p 2.10 4 182 b - 1.84 p
- 3 194 . 1.9%2 a 2.12 2 1.92 b

6 2.43 4 2.22 a4 - 2.27 4 2.34 a

Cargill clay loam 0 2.19 a 2.06 a 2.14 a 2.16 a
3 2.19 a 2.16 a 2.22 a 2.18 a

6 2.25 a 2.20 a 2.32a - 2.34 a

Amsterdam silt loam’ 0 2.12 b 2.09 b 2.15a 2.040
{(surface SOil) . 3 2.37 a 2.35 a 2.31 a 2.40 a
6 2.39 a 2.31 a 2.25 a 2.27 ab

Amsterdam silt loam 0 1.82 b 1.67 b | 2.04"a 1.83 b
(subsoil) 3 <2.25 a. 2.28 a 2.10 a 2.23 a
6 1.95 b 2.04 ab | 2.04 a 1.93 b

Means followed by the same letters within a column for each soil arc
not significantly different at the 5% level by Duncan's Multiple Range
Test. ' ' ’




34

after incubation three months, but it dropped down to its Jowest when
extending incubation time to six months., This may hﬁve been aue to
exchangéable K reaching ité maximum about one mbﬁth after emergence,

at which time barley needs more K than at later growth stages. With
three months of incubation, Lhe 20 kg/ﬁa rate was adequate to supply
optimal K for maximum yield. Barley might qbsorb much ﬁore K then
needed from all rétes of K in excess of 20 kg/ha. This excess K up-
take may limit yield due to nutrient balance problems. When incubation
time was extended to six months, the level of eichangeable K decfeaéed.
(Table 5°), and the 20 ké/ha rate failed'to supply optimal X for
maximum yield. Judging from resuits of the 80 kg/ha rate, this séemed
to be the optimal rate to reach maximum yield after incubation six
.monthsu On Giltedge soil, the yield incfeased with increasiﬁg in-
cubation time in all cases except at the 40 kg/ha’rate which had

been incubated three monthé. The.yield from thé 20 kg/h;ﬁrate was '’

the highest yield amoné the four rates when iﬁcubéted six months.

The reason for this may be due to the heavier texture of Giltédge s0il
(Table 2) and the lower yield level on this soil. Higher rates ova
seemed to produce excess K uptake by the plénts (Tablé 6) which coul&_
result in nutrient balance problems. On Cargill soil, barley yields

did not vary so much as its tissue K concentrations; the reason might

be the higher level of extractable K in this soil before any additional -

K was applied. In spite of the high extractable K which existed in this
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soil, the yields were not the highest among the five soils, again,_
probably due to unbalanced nutfitional conditions. However, the
yield was directly inflﬁenced by incubation times in this soil; the
longer it incubated, the larger was the yield at all rates éf K
addition. On Amsterdam soil, the maximum yield occurred following
incubation three months, but failed to have é positive response when
extending incubation time to six months., ihe yield response to added
K and fimé of incubation was verf similar on Amsterdam subsoil, but
at a somewhat lower yield level.Apparently a three month incubation
period results in optimal K levels, in relation to other factors, to
allow the maximum yield atfainabie on this soil under theseAconditions°
The lower yield lével on this soil is not readily explainable, but may
be due to the fact that tﬁis is a less weathered soil. |

In genefal, a beneficial response to yield was relagéd‘to incu~-
bation time at least to three months, and in others up to six months;

Within limits, the higher plant K concentration could be expected
to create higher yield. This %as not true for most soils. One'pos~
sibility is that of luxury consumption, resglting in high X concen-
tration which did not produce beneficial response to yieldu This
appeared to be especially so in soils which bhad been incubatéd for
three months. In the other words, barle& absorbed more K than needed
when excess K existed in soils, and this excess K could not increase

yields becaﬁse other factors controlled yield levels. The most obvious
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examplé was Cargill soil. Further studies on nutrient balance and
undar varying conditions would be required to determine how these
levels of K would interact to produce maximum yields on each soil.

Extractable K in Soils after Barley Growth

It was expected that extractable K wopld slightly decféase in
soil after barley was grown on it. The amount of decrease should
have been somewhat proportional to that absorbed by bérley, if no K
was lost'by other sources except through barley uptake. The extract-
able K in soil after barley growth is presented in Tables 11 and 12. Potas-
sium uptake from soils with different incubation times at various
appliéation rates is presented in Table 13.

The results show that extractable K was less in all soils that
were incubated three and six months after barley grdﬁ?h than prior to
growing plants (Table 5 ). However, on soils incubated oﬁly 3 days,
there was no measurable decrease in extractable K following cfoppinge
It appears that barley uses the elevated level of exchangeable K that
oécurred upon incubation as a readily available source of K for
growth. On the soils incubated only three da?s, the raté of feleaée
of k from non-exchangeable forms apparently was adequate to supply
the plant needs without decreasing the original exchangeable level.
With many exceptions, the highest K taken from the soils was found in
that incubated three months and lowest in zero month. These results

corresponded well with data of Tables 4 'and.1l, That is, the higher
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Table 11.

Ammonium acetate extractable K as influenced by K applica-

tion rates and incubation time afier barley was grown on
soils for eight weeks,with statistical comparisons for
application rates within each soil.

Soil series

K application

soil incubation time

rates month
kg/ha  ppm 0 3 6
Y T
Cherry loam 20 8 420 a 381 b 378 b
40 16 421 a 372 b 370 b
80 32 434 a 358 b 414 ab
160 64 435 a 477 a 453 a
Ciltedge clay 20 8 460 a 433 ab 399 a
40 16 377 b 373 ¢ 374 a
80 32 415 ab 397 be 384 a
160 64 425 ab 457 a 410 a
Cargill-clay loam 20 5 833 b | B49 ¢ 879 b
40 16 912 ab 845 ¢ 947 a
80 32° 965 a - 962 b 874 b
160 64 966 a 1011 a 8356 a
Amsterdam silt loam 20 8 567 b.. ?79 c 506 ¢
(surface soil) 4.0 16 537 b 593 be, 539 be
80 32 556 b 623 ab 575 ab
160 64 6l7 a 666 a 5%4 a
Amsterdam silt loam 20 8 200 a 201 a 146 Db
(subsoil) 40 16 184 a 198 a 145 b
80 - .32 214 a 199 4 145 b
160 64 201 a. 230 a 184 a

Means Ffollowed by the

same letlers within a column for each soil are

not signigicantly different at ihe 5% level by Duncan's Multiple Range
Znig y 2 <8

Test.
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Table 12. Ammonium acetate extractable K as imfluenced by incubation
time and K application rates after barley was grown on soils
for eight weeks, with statistical comparisons for incuba--
tion time within each soil.

Soil series : soil incuba- - K application rates
tion time " kg/ha (ppm)
month 20 40 80 160
(8) (16) (32) (64)
—————————————— ppm b e e o am a
Cherry loam 0 420 a 421 a 434 a . 435 a
3 381 a 372 b 358 b 477 a
6 378 a 370 b 414 a 453 a
Giltedge clay 0 - 460 a 377 a 415 a 425 a2
3 433 a . 373 a 397 a 457 a
6 399 a 374 a 384 a 410 a
Cargill clay loam 0 - 833 a 912 a 965 a 966 ab
3 849 a 845 b 962 a 1011 a
6 879 a 974 a 874 b 936 b
Amsterdam silt loam 0 567 a 537 a 556 b 617 ab
(surface soil) 3 579 a 593 a 623 a 666 a
6 504 a 539 a 575 b 594 b
Amsterdam silt loam 0 200 a 184 a 214 8. 201 ab
(subsoil) 3 201 a 198 a 199 ab 230 a

6 146 b 145 a 145 b 184 b

Means followed by the same letters within a column for each soil are
not significantly different at the 5% level by Duncan's Multiple Range
Teskt, ’
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Tablel3. The relationship of K uptake from soils, incubation time
and application rates.

Soil series Application Barley K uptake from soils
rates : month incubated

(kg/ha) _ (ppm) O 3 6

S e PPM mm =

Cherry loam 20 8 91 103 10z
40 16 86 121 120

80 32 79 123 106

160 64 79 117 119

Giltedge clay 20 8 57 79 105
40 16 70 106 107

80 32 53. 115 103

160 64 67 98 113

Cargill clay loant 20 8 97 - 122 117
40 16 87 130 110

- 80 32 120 105 128

160" 64 113 102 127

Misterdam silt loam 20 8 110 104 - 120
(surface soil) 40 16 106 111 110
80 32 - 111 122 113

160 64 108 123 - 114

Mmsterdam silt 20 8 80 1027 83
Lloam 40 16 82 107 93
(subsoil) 80 32 90 -90 g1
115 89

160 64 . 88
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the extractable K, the more K ba?ley absorbed, the lgss exfractable
K remained in the soils,

Comparison among the five soils indicates that K uptake from .
Cargill and Amsterdam surface soils was higher than from the other
three. This relates well to their higher original extractable K;

Soil tests also showed that extractable K was the highest in soils
which received 160 kg/ha and that were subjected to three and six
months incubation periéds. This implies that 160 kg/ha rate had high-
K supplying power to subsequent crops. :

There is adequaté evidence to indicate that high clay content
soils have large K fixation capa;ities, depending on the clay types
present. Extractable K in soils following ﬁarious application rates
might not show much difference on soils with higher fixing capacities.
On high clay soils (Giltedge and Cargill), reiatively high extractéble
K existed at 20 kg/ha rate and did ﬁot increase much at all four 
higher rates, This result may heip to explain why éhefe are variable.
responées in field experiments on these soils. Other factors may ﬁelp
control the rate of release of the native soil K and the amount avail-

able for plant uptake at any specific period of the growing season.
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SUMMARY AND CONCLUSION

The soils had been selected for this study because of differences
in crop response to added K fertilizers. Long term (six month) incu-
bation studies were conducted to investigate whether difféfences in
K fixation or release over longer periods could explain these dif-
ferences in the field.,

Rates of 20;'40, 80, and 160 kg/ha K wefe added to samples of
fi%e soils as a solutiom of KCl. Fixation of K occurred within three
days after K was added. Addition of K as a solution probably would
accelerate fixation because the K would be in intimate contact with
the soil. When the fixation of added K occurred, some originally
present excharngeable K also was Fixed at certain levels of K addition.
Of the soils tested, Giltedge and Amsterdam surface scils seemed to
have the 1argeét capacities to fix K.

The initial fixation of K was short termed since co?siderable K
was released from all five soils within the first month,'and extfactw
able K appeared to have increased steadily and reached its maximum
in the fourth month foilowed by slight decreases to six months. The
increase in K was generally more than twice the total addition of K,
and in some cases up to four to five times as much. Similar results
were obtained from the high rates of K application (200, 400, 800,
and 1600 kg/ha). It is suggested that felatively small.K applications
may trigger the release of additional K from non-exchangeable sgurcesf

The degree of release varies with different incubation times and appli-
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cation rates,

Barley was grown for eighf weeks, hafvested while still at an
immaturg stage and its K content determined. Barley tissue contained
between 2.1 and 4;2 pe?cent K on a dry weight basis. The percentage
of K in plant tissue was different with various incubation times,
application rates, and soils. Generally, maximum plant K concentrations
occurred in.soils which had been incubated three ménths, but this did not
alwéys correspond to the higher application rates (80 and 160 kg/ha). -
Barley K concentration was relatively high in the Cargili soil and
relatively low in the Amsterdam subsoil. |

Large amounts of K released ;fter'K was added may cause excess K
uptake. This excess K uptake may limit'plant growth due to nutrient
balance problems. A comparison of yields between three and six months
incubation periods;, indicated that luxury consﬁmption occurred, because
high plant K concéntration did not produce highest yields on mést soils
which had béen incubated three months. In general, a beneficial
response to yield was related to incubaticn time, at least to three
months, and in others up to six months.

The extractable K was léss in all soils that were incubated three
and six months after barley growth than prior to growing plants, and
there was no measurable deérease in eﬁtrgétable K following cropping

on soils incubated zero months. On the soils dncubated only three

days, the rate bf release of K from non-exchangeable forms apparently
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was adequate to supply the‘plant needs. without decreasing the original
exchangeable K level. Soil tests showed that extractable K was the
highest in soils which received 160 kg/ha and that were subjected to
three and six months incubation periods. This implied ﬁhat 160 kg/ha
rate had higﬁ supplying power for subsequent crops. On high clay

soils, relatively high extractable K existed at the 20 kg/ha rate

and did not increase much at all four higher rates.

Judging from the above results, it seems worthy to investigate
use of high appiication rates in the field; It may be possible to
ﬁaintain high K supplying power to subsegﬁent crops when one large
application is made.. The six months incubation period was the besé
among all the incubation times to reach maximuﬁ yield and accumulate
less K in plant tissue. More detailed studies, including long-term

field experiments, will be required before adequate information can

be derived in this matter.
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Appendix, * - Procedure for.analyéing‘available K in soils-

Weigh 2.5g of soil into each beaker in the shaker racks.
Add 50 ml of IN NH,O0AC to each sample.

Shake the soil on the mechanical shaker for 30 minutes.

Filter the. extract into filter tubes calibrated for 5 ml.

(Whatman #1 filter paper).

Aspi;ate the filtrate down to the 5 ml mark.

Add 5 ml of 1.0% strontium solution (8rC126H0)

Analyze the filtrates for X diredtly on the model 290-B

Perkin Elmer atomic absorption spectrophotometer.
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Appendix Table 1. Temperature and precipitation data of sample sites.

- Temperature (°F)

Sample site Annual*
(county) Aprx. May June July Aug. Sept. Average
Garfield 44,2 54,9 63.7 72.8 69.9 58.5 43.8
Big Horn 46.3 56,1 63.4 71.8 70.0 59.2 45.9
Cascade 44,8 53,9 60.3 68.7 66.6  57.8 46.0
Gallatin 42.2 51.3 57.7 66.4 64.9 55.8 43.0
Precipitation (inches)
Sample site . Annual#®
(county) Apr. May June July Aug. Sept. Average
Garfield .88 1.63 3.31 1.45 1.48 1.08 12.86
Big Horn 1.10 1.65 2.74 .86 «99 1.29 12.01
Cascade .84 2.50 2,59 1.26 1.52 Th 12.06
Gallatin 1.52 2.68 2.49 1.45 .75 1.15 14.08

ot
W

average of eight years
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Appendix Table 2. Ammonium acetate extractable K of o to 1600 kg/ha ..
application rates and four incubation times.

K application Ammonium acetate extractable K, ppm
. rates . month incubated

Solil series (kg/ha) - (ppm) 0 1 2 T3
Cherry 0 ' 0 428 453 446 494
loam 200 - - 80 786 697 814 753
400 160 961 1041 1195 1092
800 320 1673 1899 1875 1942
1600 640 2703 2934 _ 2985 - 2969
Giltedge i 0 ’ 0 596 589 580 599
clay : 200 - 80 863 741 - - 870 3803
400 7+ 160 .997 -~ 1007 1185 1045
800 . - 320 1557 1709 - 1953 1784
1600 " 640 3465 2339 2944 3201
Cargill . 0 ) 0 « 936 958 940 950
clay loam 200 7 80 1055 832 1222 . 1092
400 . 160 1138 890 1457 1320
800 ¢ 320 1803 1659 2072 2019
1600 640 2990 3466 3140 - 3432
Amsterdam o 0 635 646 617 - " 651
silt loam 200 80 616 821 940 352
(surface soil) 400 160 1024 1016 1209 - 1139
800 320 1483 1471 1935 1824
1600 640 2895 2349 3019 3036
Amsterdam o - 0 262 281 256 v 277
. silt loam 200 30 551 ' 446 687 569
(subsoil) 400 - 160 880 . 596 - 1033 852
' 800 -... 320 1386 1010 © 1835 1621

1600. . 640 2072 1509 2567 2423
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Appendix table 3., The analysis of variance table of soil extractable

K for 0 to 160 kg/ha K application rates aud
incubation time prior to growing plants.

‘Sources of Variation Degree of Mean Sduare i
freedom
Soils 4 5101160 7117.37%
K-rates 4 111571 155 67+
Tine 3 284256 396.61%*
Soils x Time 12 17329 24, 18%
K-rates / Time 12 13017 18.16%
Soils x K-rates o 16 11975 i6.71*
Soils x R-rates /[ Time 48 le6l . 2.32%
200 3853

Error

* Gignificance at 5% level
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Appendix table 4. 'The analysis of variance table of barley X concen-
tration at eight weeks after seeding.

Sources of Variation , Degree'of Mean Square TR

Freedom e
Soils ‘ _ 4 o 211 17.88%
K-rates 3 18 C 1.53
Time | 2 . 336 | 26 . 41%
Soils x Time : é ‘ 11 .93
K-rates / Time : 12 ' 12 1.03
Soils x K-rates o 8 o “155 13.14°
Soils x K-rates / Time | 24 ' 29 - . 2.45%
Error 120 . 12

* Significance at 5% level




Appendix table 5.

The

anal

eight we
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ysis
eks

of variance table of barley yield at
ks after seeding.

Sources of Vavialtion

Degree of
TFrecdomn

Mean Square

Soils

K-rates

"Tine

Soils x Time

R-rates [/ Time

Soils % K~rates

Soils x W-rates

/ Time

4

24

72.81
2.55

2.43

24 .61%
1.75
23.85%

. 84

"3 "j_é*

1.53

Eeror 120
# Significance at 57 level
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Appendix table 6. The analysis of variance table of soll extractable

K for 0 to 160 kg/ha

17 -
AN

ipplication rates and

incubation time afiter growing plants.

Scurces of Variation

Degrec of Mean Square CF

Freedom®
Soils 4 2651034 180097
K-rates 3 38846 26,384
Time 2 15888 .'10.79*
Sdils x Time 6 2419 1.64
K-rates ./ Time 12 4953 3.35%
Soils x K~rates‘ 8 2856 -*1.94
Soils % K-rates [/ Time \“24‘ 2824 1,91
Frror 120 1472

* Significance at 5% level
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