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A COMPARATIVE STUDY OF SOIL ACIDITY
METHODS ON ILLINOIS SOILS

E. E. DeTurk anp J. W. Coare, UNtvessiTy or ILLINOIS
INTRODUCTION

Much effort has been spent by agricultural investiga-
tors in determining the so-called lime-requirement or
acidity of soils. That much of this effort is justified will
be conceded, when it is recognized that the major portion
of all agricultural land in the humid regions of the Uni-
ted States is ‘‘acid,’’ and that on such lands the correc-
tion of this condition is fundamental to the establishment
and maintenance of crop production at a reasonably high
level. 2

Under humid weathering conditions the decomposition
of soil minerals is accompanied by the liberation of basic
elements in the form of soluble compounds, largely
through the action of water and carbonic acid. The sol-
uble bases are removed, partly in the ground-water and,
in tilled soils, in the crops harvested from the land. The
continual removal of basic elements at a more rapid rate
than that at which the acidic elements are remoyed pro-
duces several conditions in the soil, which taken together,
make it an unfavorable substrate for the growth of many
of the most important farm crops. In soils which have
developed a very high degree of acidity, practically all
plants refuse to grow. Some of the more important fac-
tors of soil acidity may be enumerated as follows:

(a) The presence of hydrogen-ions, indicating true
acidity in the chemical sense.

(b) Insoluble acids and acid salts.

(¢) Colloids, both organic and inorganic, most of °
which absorb basic ions, rather than acid.

(d) Aluminum compounds which are either soluble or
in a combination sufficiently ‘“active’’ as to be rendered
soluble by reaction with neutral salts, or to affect unfav-
orably the growth of plants.

Each of these factors taken separately may not be
necessarily toxic to growing plants; indeed corn, wheat,
rye and many other crops grow best in a soil containing
a low concentration of hydrogen-ions. However, since
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these and other factors contribute in varying degrees to
the results obtained by the application of various acidity
methods to soils, these various methods can not be ex-
pected to give concordant results.

It is the purpose of this paper to record the results
obtained in a comparative study of five different soil
acidity methods, as applied to a number of Illinois soils
which vary rather widely in type and in lime-require-
ment. ~

THE METHODS

Three of the methods used, those of Hopkins, Veitch
and Jones, are recognized as quantitative. The Comber
and Truog methods, which were designed primarily as
qualitative tests for field use, furnish also a rough index
of the degree of acidity.

The Hopkins method consists essentially in shaking
100 grams of soil continuously for three hours with 250
ce. of normal potassium nitrate solution. After settling
has taken place, 125 ce. of the solution are decanted and
titrated with standard alkali, after boiling to remove
carbon dioxide. From the titration value and a factor
proposed by Hopkins, the lime-requirement is com-
puted in terms of calcium carbonate equivalent.

In the Veiteh method, separate 10 gram samples of soil
are treated with increasing amounts of standard calecium
hydroxide solution and evaporated slowly to dryness.
Then, after a short digestion on the steam bath with dis-
tilled water, a portion is filtered off and boiled down
nearly to dryness and tested with phenolphthalein. From
the amount of Ca(OH). used in the sample which is neu-.
tralized, is computed the lime requirement.

The Jones method consists in grinding a small sample
of soil, dry, in a mortar with a weighed quantity of cal-
cium acetate. When thorough mixture is effected, dis-
tilled water is added, the whole stirred for one minute,
filtered and titrated with standard alkali solution.

It will be noted that the Hopkins and Jones methods
depend upon reaction with a neutral salt for liberation
of acid-reacting compounds from the soil, while the
Veitch method measures the absorption capacity of the
soil for a free base.
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In the Comber test, advantage is taken of the fact that
iron and aluminum occur in acid soils in a combination
that can be broken up by reaction with a salt, as KCNS,
and it is essentially a test for ferric iron in such form. To
2 or 3 grams of soil in a test tube is added an excess of 4
per cent KONS in 95 per cent alcohol. After shaking
thoroly and allowing to settle, the supernatant liquid be-
comes red within 15 minutes if the soil is acid. The red
color is due to the formation of ferric thio-cyanate.

The Truog test, like those of Jones and Hopkins, relies
upon reaction with a neutral salt to liberate acid-reacting
substances. The soil is mixed with zine sulfide and bar-
ium chloride. Distilled water is then added and the mixt-
ure boiled. A strip of filter paper, saturated with lead
acetate, is held over the flask and is blackened by the for-
mation of PbS from the H.S liberated from the flask.
The intensity of blackening is presumably proportional
to the acidity of the soil.

EXPERIMENTAL

Fifty-seven samples of surface soil (0”—625”) were
selected from the stock samples collected in various parts
of the state, representing twenty-six soil types. These.
were selected to represent a wide range of lime-require-
ment as previously determined by the Hopkins method.
For the presentation of data, these soils were classi-
fied into five groups, each group containing soils similar
in physical and textural characteristics. These groups
are as follows:

I. Sandy soils (8 types.)

II. Light colored silt loams (5 types).

III. Dark colored silt loams (4 types).

IV. Clay loams and clays (5 types).

V. Black soils, high in organic matter (4 types).

The results of the tests by each of the five methods are
presented in Tables I to V inclusive, each value repre-
senting the average of closely agreeing duplicate deter-
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minations. The content of total organic carbon and of
calcium are included also in the tables. For the sake of
convenience in studying the relative values obtained, the
soil numbers are arranged in order of increasing values
as determined by the Hopkins method.

The results are graphically expressed in Figs. 1 to 5,
inclusive.
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DISCUSSION OF RESULTS

The two outstanding results of this study are first, the
lack of agreement of the three quantitative methods
studied, and second, the low values obtained by the Hop-
kins method as compared with the other two. The only

Dartly Silt Loams.
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semblance of a correlation is in the group of light colored
silt loams. In only three cases are the results by the
Hopkins method higher than by the Jones; in one case
they are gieater than the results by the Veitch method,
and in three other cases they are higher than the results
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by both the Jones and Veitch methods. These seven soils
showing relatively high Hopkins values are for the most
part low in organic matter, being yellow silt loams or
sandy soils, although one is classified as black mixed
loam. There are six soils having a lime-requirement of
more than 1000 pounds per acre by the Hopkins method
and the other methods agree in showing these soils to be

Clay loams and clays. Soils very high in organic matter
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highly acid. They do not agree, however, in the degree
of acidity. These soils, with one exception, are of types
characteristically low in organic matter. It has been
generally observed that the majority of Illinois soils
actually need considerably larger applications of lime-
stone in order to grow the more acid-density crops than
are indicated by the results obtained by the Hopkins
method.
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A considerable number of soils which are high in or-
ganic carbon content were found to give high lime-re-
quirements by the Veitch and Jones methods. On chart-
ing all the results in order of increasing content of or-
ganic carbon, however, no indication was observable of
a causal relationship. When all the results were similar-
ly charted in order of increasing total caleium content of
soil, no relationship whatever was found between total
caleium and lime-requirement as determined by any
method.

The wide divergence between the Hopkins method on
the one hand, and the Veitch and Jones methods on the
other, is in accordance with what one might expect when
the principles involved in the methods are considered.
The Veitch method measures essentially the total absorb-
ing power of the soil for the free base, since Ca (OH). is
the reagent used. The absorbing capacity of the soil is
a lesser factor in the Jones caleium acetate method, the
caleium ions being in equilibrium with those of a weak
acid, while in the Hopkins method absorption phenomena,
are more largely excluded. Potassium ions, which under
similar conditions are absorbed more readily by most
soils than are calcium ions, are here combined with a
strong acid into one of the most stable salts. It is alto-
gether probable that absorption plays some part in the
exchange of bases which occurs in this determination,
as a result of which aluminum salts are brought into solu-
tion. These undergo hydrolysis, yielding an acid solu-
tion which may be titrated until all the aluminum is pre-
cipitated as the hydroxide. It is of interest to note that
Dr. Veitch criticized the Hopkins method when it first
appeared on the ground that it was essentially a method
for the determination of soluble aluminum in soils. At
that time aluminum was not recognized as a factor in the
toxicity of acid soils to crops. The discovery of alumi-
num toxicity has converted this objection into an advan-
tage for the method. :

It may be observed that the divergence between the
Hopkins, and the Veitch and Jones methods is slightly
greater in the goils represented in Figs. 3, 4, and 5, than
in those of Figs. 1 and 2. The former three groups con-



292 ILLINOIS STATE ACADEMY OF SCIENCE

sist of soil types which ordinarily contain a larger pro-
portion of combined organic and inorganic colloidal con-
stituents than the soils shown in the latter groups. This
statement can be taken as no more than a mere indication
of a possible relationship between colloidal content and
high results by the Veitch and Jones methods.

An attempt was made to compare the Comber and
Truog field tests with the quantitative methods discussed.
In studying Comber’s test, 17 shades of color were pre-
pared as standards for comparison of the colors obtained
with the various soils. These were prepared by adding
increasing quantities of FeCl, to an alcoholic solution of
KCNS. The shades obtained in the Truog test were
classified into 13 groups and numbered from 1 to 13. In
order to have these ‘‘Truog numbers’’ comparable with
the ‘‘Comber numbers’’ they were each multiplied by
the factor 17/13 or 1.3. Again in order to increase the
scale so that these results could be charted along with
those from the quantitative methods, the results of both
tests were further multiplied by 20.

The results obtained in these two tests appear to agree
rather closely, but show no correlation with the quantita-
tive methods used. Field observations with the Comber
test indicate that in general soils which give a red or pink
color will not grow sweet clover or alfalfa and will not
grow red clover satisfactorily without the application
of limestone. Further than this, quantitative deductions
can not safely be made.

In another series of nearly 200 tests, not reported here
in detail, the Comber test was compared with the Hop-
kins method on soils covering a wide range of types and
degrees of acidity and alkalinity. The Comber test con-
sistently gave negative results on those soils reacting
neutral or alkaline to the Hopkins test, while a red color
was produced invariably with those soils having a lime-
requirement of 40 or more pounds per two million pounds
of soil. In these tests, the color intensity was of no signi-
ficance from a quantitative point of view.

In a further study of the Comber test, samples of a
very acid soil (No. 2009) were extracted with water and
alcohol respectively. These extracts were both distinctly
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acid, showing a Ph value of 5.0 to 3.5 by the colorimetric
method. They were free from ferric iron, since
they failed to respond to KCNS additions, although a
positive reaction was secured by adding Comber’s solu-
tion to the soil itself. The intensity of the color is re-
duced greatly by substituting an aqueous solution of
KCNS because of the excessive ionization of the colored
ferric salt.

Since the intensity of the red color is dependent upon
the amount of iron which can react, the iron content of
the soil might be expected to affect the results. It has
been found, in fact, that this is true. Five soils (numbers
1620, 1717, 2015, 4471, 8153), showing a faint pink color
with KCNS, were moistened and treated with iron filings.
After standing two days they were dried and then taken
up with KCNS as usual. The color was intensified con-
siderably in each case.

It has been observed frequently that this test is not
applicable to peat or peaty soils, no color being produced
even by very acid peats. This was conceived to be due
to a possible iron deficiency. Accordingly several peat
soils ranging from alkaline to acid by the Hopkins
method were treated with the Comber solution, both
with and without the addition of iron filings. All those
without iron filings were colorless. In each case the
samples with iron filings and having a lime-requirement
by the Hopkins method showed a red color, while the
neutral and alkaline samples remained colorless.  The
iron filings were added to the dry soil immediately before
adding the KCNS. It is suggested that this test may be
made applicable to iron-deficient soils by means of this
slight modification.

SUMMARY

1. The Hopkins, Veitch and Jones quantitative meth-
ods, and the Comber and Truog field tests were studied
on 57 soils representing a wide range of Illinois soil
types and degrees of acidity.

2. The three quantitative methods failed to show any
consistent agreement with each other from a quantita-
tive point of view,
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3. The Veitch and Jones methods gave consistently
higher results than the Hopkins, particularly on those
soil types which ordinarily contain fairly large propor-
tions of colloidal material, including organic and inor-
ganie.

4. The comparatively low results obtained by the Hop-
kins method are due probably to the failure of this
method to measure fully the absorption capacity of soils
for bases.

5. The Comber and Truog field tests agreed fairly
closely with each other in the comparative intensity of
their respective colors with the various soils, but these
graduations of color intensity are considered of but little
significance as quantitative indications of the lime needs
of soils.

6. Both the Comber and Truog tests are reliable as
qualitative tests.

7. In the Comber test the alecoholic KCNS solution
must be brought in contact with the soil mass. Neither
water nor alcohol extracted ferric iron from the acid
soils used in these tests.

8. By the addition of iron filings to the soil previous
to applying the Comber test, it may be used for soils very
high in organic matter, such as peats and peaty loams.
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