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AVAILABLE POTASSIUM IN COLORADO SOILS

Introduction

Potassium 1s a common constituent of
comnmerclal fertilizers and 1s one of the three most
frequently limiting nutrient elements in the soll,
Whether or not there 1s any extensive deficiency
of avallable potassium in the solles of Colorado
18 a question now attracting the attention of both
fertilizer dealers and farmers.

There 1s some experimental as well as
theoretical evidence that the solls of the State
are relatively well supplied with potassium in a
form readlly avallable to plants but the evidence
1s not sufficlent to serve as a basis for fertilizer
practices. It is therefore necessary that further
study be made of the problem. This is particularly
true at the present time because the consumption of
mixed fertilizers carrying potash 1s rapidly
incrsasing. About 1500 tons of mixed fertilizers (20)
were sold in Colorado from July 1, 1938, to June 30,
1939. The lack of information regarding the areas

whers potash 1s needed and the extent of the need
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in the state h;s made it impossible to plan an
economical fertilizer program, With the hope of
getting an estimate of the percentage of Colorsado
irrigated solls which are deficlient in avallable
potassium, the location of the areas snd the
approximate average plant-available supply in the
solls of the stats, a study of these questlons was
begun in 1939, This theslis 1s a report of progress
on the problem.

Because of the extensive area of solls
and the complexity of the problem, the solutlon
obtained by this study is obviously approximate and
tentative, The study has been limited to the
irrigated areas becauss fertility is believed to
be a minor factor under the conditions of extreme
molsture shortage on the dry land,

Historical

Very little work has been done on the
availabllity of the potassium in the soils in the
semi-arid region of western United States, Headden
(4, 5, 6, 7) in reporting results of experiments
conducted 1in Colorado prior to 1930, stated that a
carbonic acid solution attacked orthoclass feldspar
and liberated large quantities of potassium, He
was able to plck out pleces of orthoclase feldspar

in the coarser fractions of the soll and concluded



that the soils in Colorado are largely made up of
feldspar., He also found that the amount of water
soluble potassium in the soll was correlated with
the amount of carbon dloxide the crop was able to
produce, Alfalfa produces the largest amount of
carbon dioxide and though 1t requires a large amount
of potassium for growth it doubled the amount of
water soluble potassium in the soil as comparsed

to fallow land, ¥From these results it appears that
the legumes in the rotatlion make potassium of the
goll more avallable to subsequent crops. These
results also indicate that alfalfa and clover are
not likely to suffer from potash deficlency in
Colorado soils,

In an earlier bulletin Headden (8) reports
having applied potassium at the rate of 200 pounds
to the acre to a wheat plot, The wheat produced
on the plot had a high percentage of yellowberry,
This effect was attributed to the nitrogen and
potassium being out of balance due to the high
potassium content of the soll.

In the period from 1921 to 1928 Hurst
and Skuderna (9) carried on some fertilizer studies
with sugar beets in the Arkansas Valley. They
conducted a number of field trials throughout the
Valley, using Sehreiner!s triangle method (9) for
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determining the fertilizer ratio which would zive the
beat results. The data which they obtained were notl
subjected to statistical analysis. They inspected
the data and arrived -'. - .» conclusion that the solls
responded to treatmeni: «lth phosphorus and nitrogen
but not to potassium. The experiment was not
replicated at any one location but the same treatments
were used at different locations, This fact makes

1t possible to apply statistical methods to the data.
The data, when set up in the form of randomized
blocks, gave a significant F value. However, a
homogenelty test (22) showed that the data were not
homogeneous and therefore the generalized standard
error could not be used to determine which was the
best treatment. In order to find which elemsents

ware causing the response to the fertiliszer, the
separate standard errors of means of the treatments
with and without potassium wers computed by the
author of this thesis. The significance of the
difference was determined by means of the standard
error of the difference dsrived from the separate
standard errors. Applylng this type of analysis

to 81l of the data it was found that potassium
depressed the ylelds somewhat but not significantly,
nitrogen increased the ylelds but not significantly,

while phosphorus caused a signiflcant increase in



vield. Also, the nitrogen and phosphorus treatments
were significantly better than the nitrogen and
potassium treatments. The percent sugar was not
significantly affected by any treatment. Although
these results would appear to indicate that
potasaium was not deficlent in these soils, the
experiment was designed in such a way that 1t

could not be shown whether the nitrogen, phosphorus
and potassium treatments were better than the
nitrogen and phosphorus treatments., Potassium might
have given a response with nitrogen and phosphorus
by becoming a limiting factor only whsn the fertility
levels of these other factors were increased.

Using the LaMotte test on one hundred
seventy three soils from the Arkansas and San Luls
Valleya, Unlrich (21) found only 2% of the samples
deficisnt in potsssium if the 130 pounds per acre
used by Lynes (12) is used as the suffliclency level
{See Appendix Table 2)., One hundred thirty pounds
per acre by the La¥otte method apparently corresponds
closely to 30 milligrams per 100 grams by the
Neubauer test,

Similar results have been obtained in other
states of the seml-arid region of the United States,
McGeorge (15) determined the amount of available

potassium on a number of calcarsous solls of Arizona.



Although the amount of water soluble potassium
present in thess soils was very low, the Neubauer
values were all hizh. Apparently the calclum
carbonate in the soll repressed the hydrolysis of the
potassium compounds but did not affect its availability
to plants. The amount of available potassium in the
subsoil was much less than that in the surface soil.
He also found that the Neubauer valuss for calcareous
solls were higher than those for non-calcareous solls
containing the same amount of replaceable potassium.

According to a report of the Idabo
Experimental Station (10), most of tle solls of that
state are high in avallable potassium as determined
in the laboratory. The solls are desert soils,
gimilar to the ones found on the western Slope of
Colorado.

In northern Illinols there are some
calcareous soils known as "alksll spots" which are
very unproductive, Soars (18) found that the
potaasium of the soil was anavalladble to plants,
Increases in yield of cern due to the addition of
potassium chloride to these solls amounted to as much
as 54 bushels in one case and 40 in another,

Haley (2) using buckwheat in pot culture,
found that the prsssnce of calclum carbonate made

potasaium of orthoolase more available to the plants,



rarris (3) found that the addition of lime
to Delaware solls increased the availabillty of
potassium in some soils but in other sgolla the
avallability was decrsased. Apparently the gffect of
1ime on the availability of potasslium is dependent
on the type of soll.

MacIntire (13,14) found in lysimeter studles
that lime decreassd the solubllity of potassium.

This is in agreement with lcGeorge's observation of
calcareoua solls.

In spite of the apparent exception in
I1linols, the genersl concensus of opinion 1s that
the presence of lime in the soil decreases the
solubility of the potassium but increases the
avallability to plants. This does not necessarily
hold true for all soils but appears to be especlally
true of calcareous solls, The literature tends te
indicate that petassium 1s net likely to be deficlent
in calcareous solls similar to those generally

found in Colorado irrigeted sections.

Experimental Methods And Matserials,

A detalled survey of the potash condition
in all the irrigated solls i1s at present prohibitive
because of the expensse involved, It was therefore

necossary in this study to 1imlt the observations to
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gample farms which are assumsd to be representative
of the major irrigated areas. In planning the method
of studying these sample farms two possible methods
presented tlemselves - the method of fertilizer
trials on the farms and a laboratory study of samples
from the farms, The first of these methods was
eliminated becauss of the greater expensse, leaving
the laboratory method as the only alternative.

The acceptance of the laboratory method
preaupposes that suitable laboratory procedures are
avallable or can be devised, The situation regarding
laboratory methods leaves much to be desired though
methods are available which are capable of yielding
valuabls information. Of the 1aboratorj tests for
avallable potassium, the rye seedling method devised
by Neubauer was selected as the most accurate and
was used as the basic precedure but has been supple-
mented by some of the more rapid tests during the
progress of the work,

The Neubsuer Method

The Neubauer method has been used extensively
in Germany where it has been found to give reliable
indications of the need for potash fertilizers. The
methed has also been used Iin some parts of America,
ancd to a limited extent in Colerade., Howsver, there

1s gsome douwbt &s to whethsr or not the same Neubauer



values used in Germeny can be applied to the alkaline
calcareous solls of Coleorade. For that reason a part
of the problem, which 1s left for later study, 1is to
evaluate the method for Colorado conditlons.

The Neubauer method, as medified by Rivaz (17)
has been followed in gzeneral with some further
modifications. A description of the method as 1t 1s
now being ugsed follews: Either Rosen or Cornell 45
Rye seed has been used to produce the seedlings,

The seed 1s carefully selected and divided into lots
of 100. The welgnt of seed is maintained at 3.5 grams
or more per hundred asceds. LEach lot of seeds 1is
carefully weighed to two places and dusted with
Semesan Eel, The seed treatment controls smut and
fungus growth, The plants are grown in 10 cm. by

10 cm. glass refrigerator dishes. One hundred grams
of soll mixed with fifty grams of quartz sand are
placed in each of these dlsnhes and covered with a
layer of 175 grams of sand. Seventy grams of water
are then added, After standing overnight, one hundred
holes are punciied in the sand with a marker made by
driving one hundred naills in a square block, The
seeds are placed in the holes and covered with 75
grams of sand. The plants are allowed to grow 17

days 1n a conatant temperature room malntalned at
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20° C429;, pigure-1 shows the growing plants and a
corner of the conatant temperature room., The weight
of each dish is checked on alternate days and the
dishes are made up to welght with distilled'water to
take care of evaporation losses, Blanks with 100
grams of sand instead of soll are grown as checks

on the amount of ootassium in the seed and reagents.
At the end of the period of growth the seedlings are
narvested. The sand, soil and sesdlings are removed
from the jars and the seedlings counted for
germination., (A count of at least 90 1s conasidered
essential for good results). The tops are then cut
off and the soil is carefully washed from the roots
with tap water., A screen tray with 8 mm, circular
openings 1s placed on the sink to catch any roots,
seed coats, or ungerminated seeds which may become
detached frem the root mass, All of the soll and
sand 1s thoroughly washed from the mass of roots,
This is very important as any soll not removed may
contain potassium and cause high results. The
seedlings are allowed to alr dry for two days or more.
They are then placed in largse crucibles and isnited
in a furnace for three hours at a controlled tempsra-
ture of 1050° F, The temperaturs must not be allowed
to become higher or the potassium will be volatilized

leading to low result., After cooling, the crucibles
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are taken from the furnace and the contents care-
fully slaked with water, Iive ml, of 5 N HCl are
added to each crucihble and evaporated to dryness on
& 220 volt hot plate plugged inte & 110 volt circuit.
This serves to put all of the pbtash into solution
and also to dehydratse the sillica. The contents of
each crucible is taken up witr water and 2 ml, of

5 N EC1l. After again warming on the hot plate, the
entire contents are transferred to a 100 ml.
volumetric flask. The flask is made up to volume
and flltered through a dry 12.5 cm. No. 2 Whatman
filter paper to remove the insolublse residue. Ten
ml, of this sclutlon are then made up to fifty ml.
and a five ml. aliquot of this is analyzed for
potassium by the cobalti-nitrite method of Brown,
Robinson and Browning. (1) (See Appendix) This
aliquot 1s equal to 1 gram of soll, The potassium
found 1is corrected for the potassium in the sesd by
subtracting the amount correéponding to a similar
welght of seed found in the blank sample., The results
are rsported as mg., K20 per 100 gms. of soil.

Replaceable and Water Soluble Potassium

A short cut method for replaceable and water
soluble potassium was devised toc obtain a procedure

more rapld than the Neubauer method for routine work.



The procedure is aas follows: Ten grams of soil are
jeacned in & Gooch crucible with 250 ml. of O,O1F

Ba 012 solution (PH 6.3) from an inverted volumetric
flask which maintains a constant level of the seolutien
(2 to 3 mm, above the soll) This is 1llustrated In
Figure 1. A plece of fllter paper holds the soil

in the crucible. The leachate 1s collected in a 400
cc beaker, 5 ml. of O.5KN sto4 are added to
precipitate the barium len and the solution 1is
evaporated to dryness. The residus 1s transferred to
a 50 cc volumetric flask, made up to volume with
distilled water, and a 5 cc aliguot is analyzed for
potasslum by the method of Brown, Hobinson and
Browning. (1). The results are reported 1naéé:\i;bf
per 100 grams of soll in order to be.comparableﬁ;ifh
the Neubauer method.

Barium chleoride was selected because the
barium ion 1s one of the strongest replacing agents
and slso 1s very easy to remove from the solution.

In small amounts barium does not interfere with the
determination of potassium by the cobaltinitrite
method. Barium chloride has several advantages over
ammonium acetate, Since it is a stronger replacing
agent 1t 1is possible to use a much more dilute solution
and the labor of removing the ammonium ion 1is

6liminated. The mothod of extraction 1s continucus
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with 11ttle labor involved in the process. The
extractlion can be started in the evening and is
usually completed by morning.

other lMethods

A number of samples have been tested by
the Morgan (16) and Laifotte "quick test” methods (11).
The use of these tests hes been mainly to get an
estimate of their agreement with the Neubauer result.

Method Of Soll Sampling

A tile spade was used in collectling the
soll samples and a composite of four or five locatlions
was made in sampling each fleld, Two depthas were
taken, the top six inches and the second foot. The
second six inches were not used because this depth
included the transition zone betwesen the A and B
horilzon.

Recording Data

The method of recording data 1s shown
on page 15 which shows a dupllicate of a sheet 1n

the permansnt record book,

Experimental Results.
One hundred and seventy six flelds were
sampled making & total of three hundred and forty two
samples including surface and subsoil depths, Of

thess one hundred seventy six flields have been tested
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by the Neubauer method, one hundred two by the base
replacement method and seventy five by HMorgan's

sodlum acetate procedure. In addition to these tests
the Holly Sugar Company cooperated by testing nineteen
fields by ths Laﬁotte'mathod and these results are
included,

Fosultas of The Ksubmuer Tegts

The results of the Neubauer and basge
replacement tests are shown in Table 1, Figures 2
and 3, and Appendix Table 1., Figure 2 shows
graphically the frequency dlstribution ef the samples
studied and the Neubauer range in which all the
samples fell., Table 1 shows the average Neubausr
and replaceable values and the percent of the
Neubauer values below 30 mg. per 100 grams of soil,
It 1s generally conceded that few crops will show
potash deficiency at values above 30 milligrams (19),
and for that reason this figure has been chosen as
a dividing line to separate those soils which appear
to have plenty of potash from those which may be
defielent. Only 4.0 percent of the surface soil and
;S,G_percent of the subsoil fell_helowm§§;§~iinem§s
1s shown by the tables and the graph. It is
Interesting to note that the subsoil and surface
soll frequency distribution curves are very similar

except that the subsoll values are somewhat lower,
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The lowest Neubauer value for a top soll
was 20 milligrams per 100 grams. loat of the solls
"which have a top soil with a low value are just on
the dividing line between sufficlency and deficlency
when 30 mg. per 100 grams 1s used as th? criterlon.
It would be very desirable to use some iield trials
on some of the soills which are low in peﬁassium in
order to correlate the Neubauser test with field
response, Because the project was begun only very
recently, there has not been time to do this.

The subsoils on the wiole are lower Iin
avallable potash than the top solls. The lowaest
value obtained for a subsoll sample was 12 mg. per
100 grams. Also thie number of samples below the
level of sufficiency 1s much grsater in the subsoll
group. It would appear from these results that
perhaps spots in fields which have been eroded, or
have had the top soll removed 1in leveling the fleld,
may be deficient in potash and may respond to potash
fertilization.

Chemical Extraction Metlods For

Available Potash,

A number of chemical extraction methods are

in use for the determination of available petash,

These can be dlvided into two classes, those which
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extract the potash from the soil by successive
leachings by a solution contalning a base which will
replace the potasslium absorbed by the clay and those
which produce an equilibrium solution with the seil
and some solvent,

The former of these is commonly referred to
as the base exchange method and the latter includes
the so called "quick test". Either of these
procedures is much less laborious than the KNeubauer
test and would therefore be preferable if sufficiently
sccurate, For that reason, a comparison of these
procedures and the Neubauer method was made. One
hundred two surface solls and nine$y-five subsoils
were tested by both the base exchangs and lNeubauser
method. The best fit curves showing the relation of
the results by the Neubauer method and the results
by base exchange method were calculated by the method
of least squares. These curves ars shown in Figure 2,
In the case of tle surface soll the quadratic curve
was found to be significantly better than the linear.
The equation found for the surface soll was ¥Y=28.07 +
.506X = ,00267X% where Y is the Neubauer and X the
replaceable varieble, Calculating the predicted values
corresponding to the observed values for Y from the
equation and correlating them with the observed values

gave a correlation coefficient, R, of 0,57, The



quadratic was not significantly better than the linear
curve for thre subsoll, The correlation coefficlent, r,
for this curve was‘O.44. The results are shown
graphically in figure 3. The equation for the subsoil
curve was found to be Y=,258X431.8. While no results
as low as zero were found by either method, some
comparatively 16w results were found by the base
exchange method and it appears that the curves can

be extrapolated to nsar zero sxchangeable potash
without serious error. Extrapolation to 0 would

é@ve 28,07 mgm, Neubauer potash for the surface soil
and 31.8 for the subsoil. If any reliance can be
placed on the curves in the range as low as zero
replaceable potash, a very significant deduction
regarding replaceable potash and probably other
solutlon extracts as methods of estimating potash
deficiency can be drawn from the curves. This
deductlon 1s that in Colorado soils values low as

gero by any of the common solution extraction methods
may not indicate a defilclency since they correspond to
a8 sufficlent Neubauer level. This reasoning is
Justified from the fact that the removal of pbtassium
from the soil by base exchange methods is more eomplste
than removal in the equilibrium solutions and base
exchange methods therefore tend to give higher value.

Therefore, if sufficient avallable potassium by the
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Neubauer method 1s indicated at zero replaceable
potash tho same should hold true for the other
extraction methods except where a solution is used
which is sufficlently active to decompose the potash
minerals,

A comparison of the Neubauer, the Morgan
and the Laliotte methods is shown in Table 2 for 19

w 4
Colorado and Wyoming solls”. The results by the

LaMotte and Neubauer metriods glve a correlation
coefficisnt of .8 but there 1is not a sizcnificant
correlation betwesen the llorgan method and either
of the others. The number of samples, however, are

not sufficlent for an accurate comparison,

The signiflcance of the regression curves
and correlation coefficient ware calculated from a co-
variance analysis and the F test., The 5 percent point
was used as the level of significance. The F values
found for the surface and subsoll curves in Flgure &
ware 25,3 and 32.0 respectively. Values of 3.1 and 3.9
were required for signiicance, The F value for the
correlation coefficlients bstwesen the Neubsuer and La-
Motte tests was 60,8 and between the Neubausr and Mor-
gan tests 3.3. The value required for significance in
the laster calculations 1s 4.1.

# The Morgan and Lalotte tests were made by The

Holly Sugar Company and were furnished by Mr. Frank
Lynes, Agronomlst for that company.
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Table 2, Avallable Potassium By The Neubauer,
Morgan and LalMotte Methods.

The potassium 1s expressed in percent of respective
suf'ficient criteria: LaMotte 130# per acrs,

Morgan 200# per acre, and Neubauer 29 mg. per 100
grams of soil,

Sample No. Depth LaMotte Horgan Neubauer

B56A 8 -+ 200 300 184
56B 16 169 150 152
57A 8 153 75 148
57B 16 108 50 99
584 8 269 300 238
588 16 153 50 151
59A 8 139 100 160
598 16 131 50 122
60A 8 131 100 163
60B 16 152 50 137
61A 8 162 300 218
61B 16 153 75 176
65A 8 108 75 144
65B 16 131 25 101
66A 8 146 300 134
66B 16 92 75 143
674 8 153 300 147
67B 16 153 300 142
684 8 139 300 139
68B 16 92 100 121
69A 8 185 300 158
698 16 116 100 120
704 8 170 100 169
70B 16 116 50 136
71A 8 185 100 143
71B 16 100 50 99
72 8 153 75 148

72B 16 100 50 108
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Sample No,. Depth Lallotte Horgan Neubauer
73A 8 153 300 144
73B 16 108 100 111
74A . 8 139 150 136
"74B 16 100 75 110
754 8 250 300 217
75B 16 139 300 169
76A 8 146 300 150
76B 16 100 75 134
T7A 8 13%6 100 130
778 16 1186 50 106

From a table prepared by Frank Lynes of the

Holly Sugar Company. The Neubauer determinations
were made in this laborstory and the LaMotte

and Morgan tests by The Holly Sugar Company.



Summary And Conclusions,

In 1039 a study waa begun to determine the
available potasslium in the soils of the major
irrigatod areas of Colorado. The following metrods
were used in the astudy:

1. The Heubauer ryo seedlings method

2. The baze exchange meth

3. Y¥organ's quick test

4, Tre La¥otte quiclk tast

During the study 175 surlace soils and
157 subsoll samples were tested by the ieubauer
method, 102 surrface scils and 95 aubsolls by the
base excrange netiod, 73 surface soils and 71
subsoll by thé Yorgan method, and 19 surface solls
and 19 sudscil by the La¥otte method,

The results of thcse tests show that when 30
milligraas °f;§gE,P°’ 160 grea=zs of soll by the
Heubauer tost 1s used as the dividing line betwsen
sufficiont gnd deficient solls only 4 percent of the
surface solls and 19 psrcent of the subsolls are
classed as deficient in avallabla potashi, Those
falling below the 30 milligram point were only
sligitly lower and can tlorefore be classed as only

slightly deflcient. The averags value for all soils
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tested was 48,4 milligrams for the swrface soils and
29.6 for the subsolls. These values by the standards
previously established in other parts of the United
States and Germany are comparatively high., However,
any conclusions regarding the percsntage of defilcient
soils in the state are subject to revision if 1t is
found that the 30 milligram levels are not the best
value to be used as a criterion for an estimate of
sufficiency.

In order to fix a sufficlisncy lsvel for the
bage exchange procedure, 1t wac necessary to plat a
curve showing the Neubauer msethod corresponding to
valuesa determined by the base exchange metrod and use
the Keubauer value as a basls for evaluating the base
exchange method., On ths best fit curve the 30 milli-
gram dividing line fell at near zZero replacesabls
potash, indicating that very low replaceable values
should be chosan as the dividing line unless the 30
milligram Neubauer level 1s too low for Colorado soils,
The correlation coeffilcient for the two metiods was ,57
for the surface soils and .44 for the subsolls. With the
few samples atudled, a correlation coefficlent of .8
was found between the Neubauer and LaMotte methods. No
significant correlation was found between the Neubauer
and Morgan method but the pairs of samples were too
few to Justify any conclusions from the results in

the last two correlations.



APPERDIX
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Brown, Robinson and Browning Method For Determination
of Small Amounts of Potassium, Ind, Eng, Chem.,
Anal, Ed, 10 652-4 (1938)
REAGENTS

"Precipitating Reagent. Mix together 46.2
grams of sodium cobaltinitrite, 18.9 grams of
sodium acetate, 120.0 ml of distilled water, and
18.0 ml, of glaclal acetic acid, Prepare this
solution 48 hours before using. Keep stoppered
and in a cold, dark place, Before using, centrifuge
to remove and precipitate.

"Ethyl Alcohol., 95 and 70 per cent by volume.

"Ceric Sulfate, Dissolve about 9 grams of
snhydrous ceric aﬁlfate in 500 ml. of distilled
water to which have besen added 30 ml, of concentrated
sulfuric acid, Make up to 1 liter, This solution
which i1s approximately 0.02 N, may be standardized
with sodium oxalate,

"Ferrous Ammonium Sulfate. Dissolve 8 gfams
of FeS0,(NH; )5S0, .6Hp0 1n 500 ml, of diatilled
water to which have been added 10 ml, of concentrated
sulfuric acid and make up to 1 liter,

"Sulfurio Acic. Concentrated sulfuric acid
diluted 1 to 1.

"Indicator., 0,025 M o-phenanthroline ferrous

conmplex.
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éROCEDURE

"To 1.5 ml. of 95 per cent ethyl alcohol
in a 15-ml, centrifuge tube add a 5-ml. aliquot of
the potasslium solution, Mix thoroughly. Add
dropwise, with continuous shaking, 2.0 ml. of the
preciplitating reagent. Allow to stand for at least
an hour at about of from 20° to 25° ¢, Centrifuge
for about 10 minutes at about 2000 r, p. m,, so that
the precipitate 1s firmly packed in the bottom of
the tube. Pour off the supernatant liquid and allow
the tube to drain for about 5 minutes, Wash the
precipltate with 5 ml. of 70 per cent alcolol,
breaking up the bulk of the precipiltate by forcing
the wash solution in a fine stream from a pipet.
Centrifuge for 5 minutes and drain as beforse. Dry
the precipitate for 0.5 hour at 30° to 85° C. to
remove a&ll the alcohol.

"Add 5 ml. of the ceric sulfate reagent and
lml of 1 to1l sulfuric acid. Heat in a water bath
at 90° to 100° C. until all the precipitate is
oxidized, as indicated by its disappearance (usually
within about 5 minutes)., Maintain an excess of c¢eric
sulfate throughout the reaction (5 ml., of 0.02 N ceric
sulfate are sufficlent for precipitates containing

no more than 0,5 mg. of potassium.) Cool Lo room
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temperature and titrats the excess ceric sulfate
with ferrous ammonium sulfate, using one drop of
o-phenanthroline ferrous complex as indicntor.; The
end point 1s very sharp, the coler of the solution
changing from pale blue to red.

"Calculation, M11lligrams of Kgml, of
00(504)2 used in oxidation of the precipitate x
normality of Ce(SO )2 x 6.52.%

*
7.86 for Ky
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Appendix Table 2,

Soll No.

1A
1B

2A
2B

SA
SB

4A
4B

SA
5B

6A
6B

TA
7B

8A
88

OA
9B

10A
10B

11A
11B

12A
128

13A
13B

14A
14B

LaMotte Potassium Tests on
American Crystal Sugar Company Soils,

San Lulas Valley District

X « Pounds per Acre

220
140

200
350

190
150

180
220

325
220

160
210

160
550

260
170

200
170
145

190
300

160
220

150
300

180
175

180
160

200
240

170
150

150
145

210
140

300
200

170
170

5560
220

525
400

400
180

260
300

140
145

160
160

180
180

210

180

220
220

160

170

180
5380

220
160
220

150

160

300

150

260
170

145
260

160

260

Average

200
150

200
266

180
150

165-
173

251
193

206
205

165
230

242
227

248
2535

262
162

200
300

150
178

155
283

180
177



501l No.

16A
15B

16A
16B

17A
17B

18A
18B

19A
19B

20A
20B

21A
21B

22A
22B

23A
238

24A
24B

25A
25B

26A
26B

27A
278

284
28B

20A
20D

S0A
30B

K « Pounds per Acre

220
170

180
160

180
220

155
180

210
200

280
220

220
180

160
180

180
260

130
210

160
150

375
240

180
400

160
180

170
200

150
160

180
220

160
180

180
210

180
140

220
260

180
220

140
180

140
130

180
150

180
180

180
110

200
190

150
160

150
160

1686
180

260
160

62

- 190

170

160
200

150

190

180
140

145

160

350

210

150

 Average

190
188

166
180

180
215

187
160

215
230

203
220

183
180

150
155

180
1835

158
195

170
130

232
215

165
240

155
170

162
190

227
160



Soil No.

31A
31B

32A
32B

S3A
33B

34A
34B

35A
35B

36A
S6B

37A
37B

38A
o8B

38A
39B

40A
40B

41A
41B

424
42B

434
43B

44A
44B

45A
45B

46A
46B

K - Pounds per Acre

165
170

300
180

180
140

220
160

160
200

140
220

200
170

325
300

170
375

240
300

220
220

160
150

260
250

240
160

300
210

260
300

170
220

240
210

)

125

160

Upper Arkansas

130
160

220
140

140
160

220
260

180
160

190
220

180
330

210
260

525
200

580
220

260
200

200
150

300
240

200
140

220

260

280

200

300

260
210

220

260
220

270
210

260

160

170
220

Average

167
168

270
195

176
150

233
185

150
180

186
240

212
202

241
260

175
352

225
280

255
210

256
196

260
225

220
170

290
220

230
200



Soll No.

474
4'7B

4BA
48B

404
49B

50A
50B

51A
51B

52A
52B

53A
53B

54A
54B

55A
55B

564
56B

57A
5'7B

58K
58B

59A
59B

60A
60B

61A
61B

62A
62B

K -~ Pounds per Acre

180
180

180
130

140
190

180
180

150
160

180
140

190
170

190
190

180
210

180
220

©00
220

220
180

130
220

170
180

160
170

220
160

220
180

160
140

210
220

260
220

140
130

180
160

170
165

220
140

160
140

140
160

140
160

210
180

220

185

260
200

160

L4
Pueblo

220
160

160

220
135

330
220

500

350

300

160

160

170

145

550

Average

200
180

170
136

175
2056

220
200

145
145

180
150

173
247

205
165

160
170

177
171

256
200

45
180

226
220

170
182

235
1856

235
160



801l No.

B63A
65B

64A
64B

65A
65B

66A
66B

67A
67B

68A
69A
69B

704
70B

71A
71B

T72A
72B

T3A
73B

T4A
74B

75A
75B

T6A
76B

T7A
T7B

T8A
78B

b5

K - Pounds per Acre

190
125

165
180

145
160

140
180
170

160
190

220
190

240
180

210
140

260
260

180
260

260
220

170
210

140
280

170
325

240
200

260
110

260
145

210
170

Rocky

180
200

200
220

260
130

300
130

400
160

165
180

175
190

260
200

150
160

155
220

180
260

145
135

220
170

375

350

Ford

210
210

140
220

145
1385

140
180
180

220

260
210

180

125

220

120

350

220

Average

225
117

255
162

235
165

160
180

196
200

186
190

260
155

223
170

171
150

205
210

220
230

223
196

162
215

160
270

157
213

230
185



|

Soll No.

TOA
79B

80A
80B

81A
81B

82A
82B

83A
83B

84A
84B

85A
85B

86A
86B

87A
878

88A
88B

89A
89B

90.
90

91A
91B

92A
92B

93A
93B

94A
94B

X - Pounds per Acre

260
170

210
200

190
310

280
160

190
230

170
170

180
150

145
180

160
120

180
215

325
190

220
180

200
185

130
220

190
200

140
120

140
220

1565
240

180
160

160
150

Las

140
300

220
210

135
135

180
140

125
165

15

165
150
165

180
190

160
170

180
135

160
140

150
260

L

220

190

180

160

Animas

175

135
110

150
260

120
180

140

150

135

150

220

Average

206
195

185
220

185
216

200
155

165
265

195
190

163
142

162
160

140
131

165
176

218
177

200
185

180
177

143
171

175

145
176



Soil No.

O5A
95B

96A
96B

97A
97B

98A
o8B

98A
9oB

100A
100B

101A
101B

102A
102B

103A
103B

104A
104B

106A
105B

1068A
106B

107A
1078

1084
108B

108A
109B

K - Pounds per Acre

200
110

140
125

180
150

220
145

140
160

200
150

160
135

160
190

150
140

170
140

135
125

150
260

160
140

115
130

180
240

180
220

180
180

220
140

170
140

180
135

210
160

Lama?r

130
140

160
160

145
200

150
170

120
140

150
140

210
160

150
140

140
160

57

160

140

170

140

180

120
120

Average

190
165

160
148

200
145

195
142

150
147

205
155

145
137

160
175
147
170

160
155

127
132

150
180

185
150

148
135

150
173



Soil No.

110A
110B

111A
111B

112A
112B

1134
113B

114A
114B

1156A
115B

116A
1168

117A
1178

118A
118B

1194
119B

120A
1208

1R1A
121B

122A
1228

123A
123B

124A
124B

1254
1258

200
180

160
150

140
160

325
220

220
260

260
240

220
200

170
220

170
190

160
140

210
170

210
130

120
150

120
200

165
220

180
160

K « Pounds per Acre

165
160

135
200

190
135

300
160

280
200

240
160

220
200

220
130

150
150

160
160

180
160

160
110

180
300

220
240

220
170

375
220

63

140

210

140

260
260

220
260

260
190

Average

182
170

147
175

165
147

512
173

250
230

250
203

220
200

195
163

160
170

160
150

195
165

185
120

186
236

186
233

192
195

271
190



Soll No.

126A
1268

127a
1278

128A
1288

129A
1298

130A
130B

131A
131B

1324
132B

133A
133B

134A
134B

138A
135B

1356A
1356B

137A
1378

138A
138B

139A
159B

b2

K - Pounds per Acre

160
220

155
160

130
210

175
180

150
150

125
140

175
160

140
130

170
160

140
100

160
140

160
160

160
180

150
180

220
260

180
150

140
135

180
160

190
125

120
120

135
160

140
140

180
190

140
120

180
160

180
200

260
190

180
180

240

300

260

260

Average

206
240

167
155

135
226

177
170

170
137

122
130

155
160

140
135
175
175

140
110

170
150

170
180

226
185

165
180



Soill No.

8204
82086

8198
8189

8194
8190

8201
8202

8182
8186

8167
8199

8191
8193

8187
8188

8192
8185

8184
8183

8230
8228

8227
8223

8234
8232

82356

8222
8224

Holly Sugar Corporation

K - Pounds per Acre

180
220

240
180

180
215

220
180

185
160

220
180

160
1086

200
160

200
200

220
180

220
160

170
180

180
150

210

3286
180

Colorado Soila

125
140

S00
180

260
260

220
170

180
180

550
180

160
110

260
210

220
260

260
140

180
180

210
180

180
145

160

180
160

gd

175

280

260

Average

152
178

270
180

220
237

220
175

182
170

276
180

160
107

230
185

210
230

240
160

200
170

190
180

180
147

185

255
170



Soll No.

1829
8231

8220
8236

8213
8212

8214
8215

8218
8217

8218
8219

8205
8208

8209
8207

8200

8221
8238

8239
8106

8130
8071

8094
8226

81985

8241
80956

8107
8180

K -« Pounds per Acre

260
160

280
200

300
180

220
300

240
180

220
130

525
200

220
160

160

240
160

160
180

185
160

500

260 -

150

180
180

160
170

2380
260

240
180

190
220

210
190

260
230

180
180

110
155

215
130

180

160
220

220
220

19C
210

240
140

260

125
260

350
220

81

180

220

160

200

160

220
180

180

Average

270
200

250
190
226
200

215
216

250
205

200
155

211
177

217
145

170

186
190

185
200

187
185

270
206

196

152
220

230
195



801l KNo.
8083
8105
8102

8103
8104

62

K - Pounds per Acre

180
180

280
170

170
220

220
160

240
280

180
140

180

180

Average

200
170
250
210

178
180
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