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WASHINGTON, D.C.

BASE EXCHANGE AND RELATED PROPERTIES
OF THE COLLOIDS OF SOILS FROM THE
EROSION EXPERIMENT STATIONS!

By C. 8. Stater, assistanf physicist, and H. . DYERS, principgl chemist,
Division of Soil Chemistry and Physics, Soil Investigntions, Rureun of
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INTRODUCTION

Supplementary to the field work being done at the erosion experi-
ment stations of the Department of Agriculture, an intensive study
of the physical and chemical properties of the soil profiles has been

.carried on in the laboratory ot soil chemistry and physics. The pre-
Rvious studies (70, 77)* have included the mechanical and chemical
©hnalyses of the whole soil and chemical analyses of the colloids
3 derived from each horizon. These publications also include studies
erof 2 very considerable number of other properties of these same
otls and their colloids. Since these soils include two or more repre-
sentatives of four of the great soil groups, their study is of consider-
Apgble interest as an aid in the development of a systematization of
soil properties in relation to field characteristics. This bulletin is
the rvesultfof a study of the action of {wentieth-normal hydrochioric
colloids extracted from these soils.
\ortance of base absorption as a property of soils was
recognize® by Way (I7) as early as the middle of the last century.
Numerous investigations ® since that time have established the major

£ This !s the tiird report relevant to the properties and charncteristies of the erosion-
stutign solis.

* Irpdie numbers in parchthoses refer to Liternture Chted, . 18

1A résunté of guch fnvestigntions is given by Frescotf (12}, Varfous methods of mraking
brge-cxchange determinntions are summntized fn the following publiention @ RoTHAMETED
EXPERIMENTAL STATION, HAUPENDSN., DETERMINATION OF EXCHANGEAULE BASES AND LIME
HREQUIREMBNT. Teelh Cominun. 12, 1430. [Mimsteogruplied.]
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facts of base exchange and have resuited in a variety of methods for
the determination of the exchangeable bases m1 the base-cxchange
capacity of soils. '

No one method has yet been produced, however, which is satisfac-
tory for the determination of exchangeable bases for all classes of
sotls, or for all purposes. This is due in part to the diverse nature
of soils. It is also due to the indefiniteness as to what constitutes
exchangeable bases. In goneral discussion, these are assumed to be
caleinm, magnesium, potassium, and sodium. The exchangeability
of alumimum, iron, und manganese is not established (7) but appears
to be definitely associated with the acidity of the soil (6, 7, 75).
Moreover, the amount. of any base that can be removed from the soil
as “ exchangeable ® is governed to some degree by the conditions of
removal, such as the length of time of leaching, the pH of the sys-
tem, and the concentration of the replacing jon. These limitations
to more than approximate values, which result from the chemical-
physical characteristics of the soil colloid complex, apply also to
determinations of base-exchange capacity, exchangeable hydrogen,
und «wepree of saturation,

I The methods to be used, therefore, in any study of these prop-
erties depend to a great extent on the particular condition to be
satisfied throughout the investizution. In the present study., made
on the colloids of the erosion stution soils (10, 11), the conditions to
be met led to the use of 0.05-normal hydrochlorie acid as an extrac-
tion agent. Gedroiz (4) appenrs to have been the first to recom-
mend this reagent in extraction studies, but it has been widely usec
since by other worlers. Working with soil colloids, Mattson {7)
found that 0.05-normal hydrechioric ncid, normal ammonium chlo-
ride, and electrodialysis vielded almost identical amounts of
exchangeable bases,

When a complete analysis of the extracted material is to be
attempted, as was the case in the present investigation, 0.05-normal
hydrochloric acid has s decided advantage over ammonium chlo-
ride, or any other salt solution, as an extraction agent, beeause of the
ease with which the acid solution lends itself to an analysis of its
constituents. It also offers advantages over electrodialysis with re-
gard to the removal of magnesium. Results for this base when
electrodinlysis is used are apt to be too low, due to the precipitation
of the magnesium as the hydroxide while the element passes through
the membrane to the cathode chamber (3). Tron and aluminum ape
similarly precipitated by electrodialysis and appear, moreover, it
both cathade and anode chamibers,  Considerabie manipulative dif-
ficulty is encountered in any complete analysis of material removed
by electrodialysis. o

The most serious criticism of the use of hydrochloric acil aAppenrs
ta be its decomposing action on the colloid complex. It must be
admitted that acid extractions remove larger amounts of silien and
the sesquioxides than do the sait extractions, but the assumption
that this is wholly disadvantageous is open to question. From the
standpoint of pure science, the relative solubility of the base-
exchange complex is as important as base exchange, and certain con-
clusions may be drawu from the varving amounts of silien and
alumina brought inte solution by 0.05-normal hydrochiorie acid.
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As to the applicability of hydrochloric acid to calcareous soils, the
work of Williams (/8) seems to indicate that with proper technic,
hydrochloric, phosphorie, or acetic ncids should be equally eftective
agents for the extraction of exchangeable bases. One-twentieth-nor-
mal hydrochloric acid was found to be entirely satisfactory by work-
ers in this Iaboratory, easily removing the carbonates and the
exchangeable calcium. The correction which is then necessary for
calcium carbonate leads to unavoidable errors in the relative amounts
of exchangeable caleiwm and magnesinm in the case of dolomitic soils
but does not affect the total of exchangeable bases when expressed in
milliequivalents. '

The use of the ammoninm ion for the determination of base-
exchange capacities has wide acceptance. Chapman and Kelley (2)
have determined the ammonia retained by soils when leached with
ammonium acetate and subscquently leached with methyl alcohol.

Puri {73) has saturated T soils with ammonia in the vapor phase
and removed the excess by standing his samples for several days
over concentrated sulphuric acid. Anderson and Byers (#) have
made a series of mnmonia-absorption determinations by evaporation
of the sample to dryness from 0.05-normal emmonium hydroxide,
followed by 4 hours of oven drying. This lutter method of am-
monification was used in the present investigation to saturate the
colloid acids that resulted from the 0.03-normal hydrachloric acid
extraction. The experimental procedure is given in more detail in
the foliowing pages.

OUTLINE OF PROCEDURE

A sample of 15 to 20 ¢ of noncaleareous colloid is placed in a tall
beaker and treated with successive portions of 0.05-normal hydro-
chloric acid, until a total of 1,000 cc of filtrate has been obtained. On
the addition of each 100-ce portion of ucid to the beaker, the colloid is
thoreughly agitated to break up aggregates of colloid. A mechanical
stirrer is helpful.  The stirrer used has a vertical metal shaft covered
by a long rubber policeman. Filtration is accomplizshed by means of
short Pastenr-Chamberland filters inserted in the beakers. The
process s hastened by reversing the pressure from time to time on
the filter tubes, causing the luyer of colloidal material to slip off.
An apparatus found to be very convenient for this filtering process
has been described by Shaw (/6). The combined filtrate is evapo-
rated to dryness with nitric ncid to destroy the organic matter
present, taken up with 15 ce of water and 15 ce of goncentrated
hydrachlorie acid, and again evaporated to dryness. Analysis is
then made by conventional methods.

If the semple contains carbonates it is treated with successive 200-ce
portions of 0.05-normal hydrochlorie acid until a sufficient quantity
of acid has been used to remove the carbonates as chlorides. The
extraction js then continued as in the case of the noncaleareous col-
leids. The total filkrate in this case is 1,000 ce plus the amount
obtained in the removal of the carbonates.

After the removal of exchangeable bases by 0.05-normal hydro-
chloric acid the smmnples of colloid are washed several times with
water and the filtrate is discarded. The colloid is then transferred
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retained the maximum amount of 6 milliegquivalents per 100 g. A
Cecil colloid retained 4.5 milliequivalents per 100 g The retained
chloride may be regarded as “ exchangeable ” chloride.

Alcohol was accordingly eliminated as a washing material, fol-
lowing the extraction with 0.03-normal hydrochloric acid. Although
water appeared to remove retained chlorides more effectively than
alcohol, any attempt to use water for washing the acid colloid ve-
sulted in such a highly plastic condition as to render filtration very
nearly impossible. Tt wwas therefore decided thut electrodialysis
should be used for removal of chloride, as indicated in the outline
of the procedure.

Duplicate determinations of the anumonia absorbed indicated that
the method of base-exchange determinations as outlined gave dupli-
cate resuits. These resulés are veported in table 2. The pH value
of the soils, after treatment with ammoninm. hydroxide, approxi-
mated neutrality, Since the base-exchange capacities of these soils
is greater than the amount of their exchangeable bases, unsatura-
tion is indicated. Uusaturation is also indicated Ly the pH value
of these soils (table 5).

TanLe 2 —FBaclurngeadic buses wed  busc-czehuange capgeitics of 2 erosion
station gwrface sofls, in milficquivafents per 100 ¢ of Soil

Baseaneinnge
Tatal eirpueities

eX-
Soil {ypo ‘ changa-
alve

bases 1 Orgonic|Oreanie

matter | free soil

s

L g
{

o, -
Ceeil ]mndy elay lonni_

M mpngope
[T TR

! Mnnganese excluded,
SILICA AND SESQUIOXIDES

The results of the experimental work done on the erosion-station
colloids are reported in a series of tables to facilitate a discussion
of the data. The analyses for the determination of silica, iron, and
alumina, and other pertinent data, ave reported in table 3. Tor
comparison, there are included in this table the silica-alumina ratios
of these colloids, which have becn published previpusly (/7, 1I).
The several profiles are listed in the fable in the order of increasing
silica-sesquioxide ratic of the surface soil colloids.
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TaBLE 3.—8ilica, iron. and alumina removed by 0.05-normal hydrochloric acid
from the colloids, and other relaied dalg
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TADLE 3. —ilica, ron, and alwning removed by 0.05-normal hydrochloric acld
from the colloids, and other releted data—Coutinued

OLINTON BILT LOAM

Mols 510x/A1:0; | Por- | Por-
tion of | tion of
total Lotal

Extracted| Wholg | 8les | plumi-

Te- nA re-
matertal | collold | oo Hinaved

Laboralory no.

Inghes | Percent | Percenti Percent| Percent Percent
0. 06 &0 4

MARSIHALL

5 0.07
L4 07
8 .10
.57 12

HOOGSTON B

L80
LBl
]

1 Mot determined,

As revealed in table 3, the percentage of iron removed by 0.05-
normal hydrochloric acid is small, nowhere exceeding 0.17 percent.
This is the figure obtained for the colloids of the second horizons of
the Palouse and Clinton soils. Reference to the iron oxide-alumina
ratios of these colloids previously published, (70, 77) indicates that
the increased percentige of soluble iron in these horizons is due to
the extent to which iron has been deposited in them by podzolic
processes. In the B horizon of a true podzol larger amounts should
be dissolved. The low percentage of iron oxide removed from the
Honston colloid is probably due to its low iron content. However,
the total amount of irvon in a colloid benrs no general relation to the
amounts of iron removed. The Nacogdoches colloids, highest in iron
content of them all, showed the smallest percentage of dissolved iron.
The Cecil, Kirvin, and Vernen collotds, all from red soils, similarly
gave low percentages of dissolved iron. The cendition of the ivon
of the colloid has an important bearing on the ease with which it
enters into solution. Because the.percentages of iron oxide extracted
were so smally no nttempt is made to use them to derive other data,

Inspection of the figures for dissolved silica (table 3, columns 3 and
9) does not show any definite trend. Not more than an indication is
present of any reiationship between the amount of silica cissolved
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and the silicn-sesquioxide ratio of the colloid. The percentage of
total silica extracted, however, is lower on the average for the first 4
profiles given in table 3 than it is for the last 4 profiles. No more
exacting comparison than this should be attempted, because of the
changes in the amounts of silica dissolved with changing time of
extraction {table 4). To comparisons within g profile this criticism
.does not apply, for the colloids of each profile constituted a singﬁe
laboratory set and were therefore subject to extraction periods of the
same length. Nevertheless, n comparison of the percentages of siliea,
as obtained for each profile, also fils to reveal any well-marked rela.
tionships. In six cases the silica percentage and the percentage of
total silica removed is higher at the surface than it is in the horizon
immediately below. In five cases the reverse is true. A partial cor-
relation is indicated for siliea dissolved and type of cover. Four of
the five grassland soils (Palouse, Shelby, Marshall, Houston, and
Colby) show relatively more easiiy removabie silica at the surface.
All the remaining soils were developed under forest cover. Of this
group, the Nacogdoches is the only one to show any significant in-
crease of soluble silica in the surface soil. The work of Robinson,
Steinkoenig, and Miller (74) indicates the relatively high silicn con-
tent of the grasses as comprred to other vegetation, and this fact may
zceount for the high silica solubility of grassland soil colloids.

As in the case of the silica determinations, the amounts of alumina
extracted are notably less for the first 4 soil profiles represented in
table 3 than for the last 4. This again indicates the greater solu-
bility in general of those colloids having a high silica-sesquioxide
ratio. Total solubility effects are to be observed for this seme group-
ing of the colloids by a sunnnation of the percentages of silica, iron,
and alumina. These data are given in fable 3, column 5, It is
of interest to note that the maximum solubility occasioned by the
use of this procedure appears to be about 23 percent. Also, coﬂoids
from soil layers at or near the surfuce Ppear to be more soluble than
those from lower depths. To include the Clinton and Vernon soils in
this generalization the depth considered has to be extended to about
30 inches. The Palouse soil seems to be an outright exception. Thn
only explanation applicable seems to be that the loess deposit on
which this soil is formed originally contained relatively large
amounts of “seluble ” silica anf alumina, and the lower amounts
now found at the surface are the result of leaching or some other
process which has not yet affected the remainder of the profile.
The Marshall soil, also formed on a loess deposit but leached some-
what more than the Palouse, shows the usual increased solubility of
the surface colloid.

Figures for the percentage of total alumina extracted indieate a
tendency toward greater solubility of the alumina of the surface
horizon, but the interpretation to be attached is uncertain. The in-
crease In percentage of total alumina removed from the surface
horizon may represent an accumulation of hydrated aluminum hy-
droxide caused by the decomposition of more complex alumino-
silicates. On the other hand, and particularly in the acid soils,
it may represent the formation of a humate complex precipitated
in the surface soil, analagous to the precipitation of sesquioxides

82322°— 342
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and organic matter in the B horizon as a part of the process of
podzclization (7).

The molecular ratios of the silica and alumina removed from these
colloids are reported in table 3, column 7. They appear to follow
in u somewhat haphazard manner the order established by the silica-
alumina ratios of the colloids from which they are extracted. Fur-
ther examination of these ratios shows that extraction with 0.05-
normal hydrochloric acid removes from the colioid proportionately
more alumina; that is to say, the silica-alumina ratio of the ex-
tracted material is less than the same ratio of the corresponding
colloid. This is so in all but two cases. The excess of alumina
may be accounted for as exchange alumina, free alumina (probably
hydrated), or by the decomposition of alumine-silicates accompanied
by a failure to extract the corresponding amount of silicie acid freed
by the sume process.

Whatever the source of the excess alumina over silicn which has
just been discussed, the silica-alumina ratio of the extracted material
(which is too low) does not generally approach that of the colloid
on continued extraction. The results of the 24- and 48-hour extrac-
tions of the Shelby and Cecil scils indicate such an approach, but
other pertinent data are available. These data are given in table 4.
The 0.05-normal hydrochloric acid extract from several colloids was
collected in a first and second ]lJJdrtion and so analyzed. From the
silica-alumina ratios obtained by this procedure, it is to be seen

that in most cases the silica-alunina ratios obtained from the anal-
yses of the second portions of the extracts are lower than the corre-

sponding ratios obtained from the analyses of the first portions.

TABLE 4.—Perceniage of silicn and wluming extructed in Unprying periods

Lahog- Mols
8ol ar colloid ratory Materlol panalyzed 5i0: | ALO: B0y
no. AlsDy

Filtrat 4 ' axtract] Pér&;’;! PSW;;I
trate from 24 hours’ extraeflon. ..., 3 )
Sbalby soil Filtrato Irom 48 hours’ extraction
Caoli sol! Filtrate from: 24 hours' extraction-..
g}ltmte r;ism 4![5 ]Iﬁotunti' exiraetion..-
rat porilon o rata
Bnelby collold %ﬂicond pflrtionf%[l{lll.rate
rat portion of filtrate. ...
Bhelby collofd Hocond portion of Nltrate,
Shelby colloid First porilon of Altrate.

Cecll collold
Cecli collold

Cecil collold

ucodoches ool ([ 858 | L R
Nacogdoches coltold.... oo o of fiteai.:
esgtocbs - 37 Lt M AU
oy sl s | e it
ol ot o | Tt pton et
Colby collold First pottion af flltrate.

Seeond portion of Altrate.
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The same results are evident if first portions are compared with
totel extracts (tables 8 and 4). Apparently, 0.05-normal hydro-
chloric acid consistently removes proportionately more alumina than
siliea over extended periods of extraction. In less acid extractions
the order presumably tends to reverse.

MINOR CONSFITUENTS

The data for titanium, phosphorus, and sulphur, as determined by
analysis of the acid extracts, are not presented in tabular form but
may be discussed briefly, None of the extracts showed measurable
amounts of titanium. More than traces of sulphur were found onl
in extracts from colloids high in carbonate content. In organic col-
loids Anderson and Byers (7) have shown that calcium oxide aids
in the removal of sulphur, as sulphates. Calcium carbonate appears
to have a similar effect. Small quantities of phosphate were extracted
from all the colloids except those from lateritic soils. The latter col-
loids are, however, exceptionally high in phosphate content. The col-
loid of the Vernon surface soil showed a somewhat higher extractable
phosphate content than the lower horizons. This may possibly be
attributed to the high content of this horizon in organic matter. It
contains 8.5 percent of organic matter (110). The largest yields of
extracted phosphate were shown by the high silica-sesquioxide ratio
colloids, the Colby and Houston. In general, the amounts, as deter-
mined, were too small to furnish an aceurate basis of comparison.
On the basis of general theory, it would appear that the phosphate
content of high silica-sesquioxide colloids sheuld be the more soluble.
There are two grounds for this assumption: These colloids are more
strongly acid and hence less basic than those of lower ratio; also, the
phosphates of ferric iron and alumina ure notably insoluble. Gile
(8) hus found that colloids of low ratios have increased depressive
effects on the availability of added superphosphates.

EXCHANGEABLE BASES

The exchangeable bases, including manganese, are caleulated on a
basis of milliequivalents per 100 g and reported in table 5. The quan-
tities in this table are caleulated for the colloids free from carbonates.
Carbonates are present in the Colby and Houston profiles and the
lower horizons of the Shelby profile (70). In all cases the equivalent
of the carbon dioxide found is subtracted from the calcium present.
This is probably not exact, since, doubtless, a part of the carbon
dioxide is associated with magnesium. However, the total base equiv.
alent values are not affected by this uncertainty of distribution. No
carbon dioxide could be found in any colloid after extraction. Table
5 also contains determinations of the base-exchange capacity of the
colloid, the ammonia-soluble organic matter, and t%le “ organic-free ”
colloid. A listing is also made of the pH values for the soils from
which these colloids were extracted. gertain general relationships
are evident, which are of interest beeause of the wide range of seil
tﬁpes represented and because of the large amount of other data on
these same soils,
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Tapre 5.—Ezchangeable bases and base-mchan?e capacilies of the colloids of the
ercllf'i%n-statwn soils erpressed as wmilliequivalents per 100 g of carbonate-free
collot

NACOGDOCHES FINE SANDY LOAM

Bage-sxchange copacitles
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Laborntory no. | Depth b Toar- Orean] acidity
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l}‘l?ﬁ---‘-.-.-----
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1 Manganese excluded.
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TABLE B--Exohangeable Lascs end base-gcaxchdange cupaoitics of the colluide of
the erogion-stution soily expressed us millicquivelents per 100 ¢ of carbonete-
free coliold—Continued

CLINTON SILT LOAM

Base-pxchange capnctiles

11
Laboratory no. | Depth i Tnor ucﬂﬁi&y

. Crganie
Collold c’q’;lllxgifi Tantter

COLEY 81

SRENEE
P
BRBERE
A B

[ R

Calcium and magnesium constitute the major portion of the ex-
change bases, to such an extent that the determination of these con-
stituents, only, would result in a very fair estimation of the total
exchangeable bases. Tests made on the extracted residues of some
of these colloids showed that all the ealeinm had been removed, but
considerable percentages of magnesin and potash remained unex-
tracted. The muaximum total of exchangeable potassium and sedium
was found in the lowest horizon of the Colby seil und amounted to
9.6 miilieguivalents per 100 g In the second horizon of the Cecil
soil they amount to less than 1 milliequivalent per 100 g,

Except in the surface horizons manganese appears in even smaller
quantities throughout. A netable umount of munganese is dissolved
from the colloid of the Vernon surface scil, evidently from the
decompeosition of manganese dioxide. If so, it does not represent
exchangeable base. Mangunese is known to be cffective as an ex-
change base {8), hut, because of the likelihomd of disselved manga-
nese dioxide and alse beeanse the amounts of manganese are in most
cases negligible, this clement was excluded from the summatien of
the exchangeable bases shown in table 5. column 8.
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Examination of the data of table 5 reveals the fact that a general
parallelism exists between the total exchrngeable bases and the base-
exchange capacities of the colloids. These quantities are in peneral
proportional to the silica-sesquioside value of the colloids (10, I7).
That is, when the silica-sesquioxide ratio is high, the base exchange
and base-exchange eapacity are also high. The base values also
bear a rough relation to the pH values of the soils. The data show
the wide range of these various values which ought to be expected
when widely different soil types are compared. The Houston colloid,
for example, has approximately tenfold the base content of the Ceeil
colleid. The relations shown are, however, by no means quantitative.
Indeed, a quantitative relation should net be expected, since the leach-
ing processes ought not to be expected to keep step with the ingde-
pendent precess of rock decomposition.  Variation nlso is to be ex-
pected as a result of varinble organic content.

A very interesting relation exists between the pH values of the
soils and the relative quantities of the total bases and the base-
exchange capacities. In general, the acid soils tend to have a base-
exchange capneity in exvess 0t the total base content; in other words,
they are unsaturated, but the soils of high pH values have n total
base content in excess of the base-cxchange capacity as measured by
ammonification and drying. This is to be expected when it is con-
sidered that the soil bases are all stronger, ns bases, than is ammonia
and ought to form “saturated ” salts of the soil acids with a greater
relative bage content, It is understood, of course, that even in * satu-
rated ” soils the soil acids are not completely nentralized, even at
pH values above 7. A few random ohservations have also been
made, which show that, although culloids of low silica-sesquioxide
ratio absorb smaller quantities of ammeonia than do higher silica-
sesquioxide ratio soils, the pH values of the latter are materially
lower. 'Thus, colloids of the Nacogdoches und Cecil profiles, when
deba<ed and saturated with ammonia, show an average pH value of
7.3, and the Colby profile gives a corresponding value of 6.6. This is,
of course, an evidence of stronger acidity of the more silicenus col-
loids. This phase of the investigation will be more fully reported
in a subsequent publication.

ORGANIC BASE EXCHANGE

Columns 9 and 10 of table 5 show how organic matter increases
base-exchange capacity, particularly in the surface soil. It un-
questionably plays a large part in the retention of the exchangenble
bases at the surface, preventing their rapid removal by lesching
waters. In the Nacogdoches and Kirvin soils, for example, the
amount of exchangeable bases held by the surface soil colloid far
exceerds the base-exchange capacity of the inorganic portion, yet hoth
these soils are developed under girly high rainfall. In cases such
as these it appears probable that the destruction of the soil organic
matter should result in an immedinte and severe loss of exchange-
able bases to the percolating waters.

The Vernon colloid (organic content 8.5 percent} shows the ef-
fect of organic matter at its maximum. Organiec matter accounts
for 18.4 milliequivalents of the recorded base-exchange capacity, or
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nearly 36 percent of the total. Similarly, the organic matter ac-
counts for a large percentage of the total base-exchange capacity of
the Nacogdoches and Cecil surface soil colloids., In other cases the
effect of the organic matter is less well marked, either beeause the
organic-matter content is low, or because of an increased base-
exchange cupacity of the inorganic eolleid,

Except for their organic content, surfuce soil colloids in general
appear to have n slightly lower base-exchange capacity than those of
the next lower portion of the profile. Inclusion of the organic matter
does not always give the surface soil colloid o superiority in base-ex-
change capacity. Determination of the aminonia absorbed by the
inorganic colloids results in a series of figures which indiente that
base-exchange capacity tends to remmin constant throughout the
profile in the cases examined, but exceptions are frequent enough
to prevent any generalization ns fav as other soil profiles are con-
cerned. The Muskingum profile, as a notable example, shows a
consistent decrease in T):tse-exchnnge capaeity with incressing depth.
The Muskingum soil is & shallow podzolic soil grading down vapidly
into weathered rock at slight depths. The base-exchange capacities
of this soil evidently reflect a degree of weathering not indicated by
the silica~alumina ratios,

The organic matter extracted from various colioids has a menn
base-exchange capacity of 362 milliequivalents per 100 g on an
ash-free basis. The importance that should be attached to this fig-
ure is somewhat doubtiul, because the samples of material available
for the determinations were small and in some cases were undoubt-
edly contaninated by chloride. Traces of chloride not removed by
electrodinlysis of the colloid were unavoidably concentrated in these
small samples of organic matter. However, a check on this mean
figure for organic matter was obtained by electrodialyzing samples
of Colby and Cecil soil, avoiding the use of hydrochlorie zcid as
an_ extraction agent. Larger samples of organic matter, free from
chlorides, were obtained by extracting these dinlized soils with
ammonia. DBase-exchange capacities were then determined on these
samples. The results of these determinations were, respectively, 326
and 887 milliequivalents per 100 g. In magnitude, therefore, the
mean figure obtained from determinations on the colloid organic mat-
ter is essentinlly correct. Willinms {79), in a series of cexperiments
in which the base-exchange capacities of the inorganic ml&oid were
maintained as a constant by excess calcium earbonate, found the fol-
lowing formulas to be applicable:

B=057TK+6.3C,
B=05TH+4550

The relationsbip between total exchangeable bases (B), clay (&),
and oxidizable carbon {(5) indicates a base-exchange capacity for
oxidizable soil organic mafter of 365 milliequivalents per 100 g
Thig figure is obtained by dividing the ronstant for oxidizable ear-
bon by the conversion factor 1724 and multiplying by 100. If it
were allownble to nssume accurney of this conversion fuctor, the
comparison between the base-exchange capacity of oxidizable organic
matter and ammonia-extracted organic matter would Le particularly
fine. Unfortunately, the correlation is better than the method by
which it is obtained,
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The base-exchange capacity of the total organic matter calculated
in a similar manner from the constant 4.55, for total carbon (Cz),
gives a value of 264 milliequivalents per 100 g Since it has been
shown by Anderson and Byers (1) that the base-exchange capacities
of mixtures of organic and inorganic colloids are not simple additive
functions and also because of the known inherent inaccuracy of the
factor 1.724, it ought not to be expected that the value so reached
should represent the true base-exchange capacity of organic matter.

If we calculate the base-exchange capacity of the organic matter
of a colloid from the capacities of the organic-bearing and organic-
free colloid, the results so obtained are subject to the same criticisms
as those mentioned. Nevertheless, these calculations were made for
each of the surface soil colloids. The results, not tabulated, show a
maximum value for the Nacogdoches organic colloid of 426 milli-
equivalents per 100 g and a minimum of 145 milliequivalents for the
organic matter of the Clinton colleid. The mean value for the 11
surface soil colloids is 245 milliequivalents per 100 g. This mean
Is & reasonable approach to the value 964 caleulated from the Rice
Williams formula. It is difficult to account for this double correls-
tion as a matter of coincidence. It is even more difficult to claim
general validity for the formulas, especially in view of the varying

ase-exchange capacities shown for the organic colloids, as 2 means of
calculation of the base-holding capacities of organic matter,

Attempts to calculate base-exchange capacities of colloids from
data on the corresponding soils, and vice versa, have never been very
satisfactory. Unquestionably, the arguments advanced by Anderson
and Byers (I} in_discussing the properties of organic colloids in
mixtures have a_direct bearing ou this problem, and need not be
repeated here. What seems to be a far more potent disturbing
influence, as far as soils and colloids are concerned, is the fact that
Inorganic and organic colloids are not removed in their normal ratio
when an extraction of the colloidal material is made. For illustra-
tion, the data reported in this bulletin on the Shelby and Cecil soils
may be compared to the corresponding colloid data. The percent-
ages of colloid by water-vapor absorption and the percentages of
organic matter involved, are obtained from a former publication
(20). The Shelby soil containing organic matter has s base-
exchange capacity of 19.7 milliequivalents per 100 g. Its colloid
content 1s 23.1 percent. Assuming the base-exchange ca pacity of the
soil to be wholly due to this percentage of colloid, then by calculation
the base-exchange capacity of the colloid should be 85.3 milliequiva-
lents per 100 ¢ But by actual determination it is only 62.5 milli-
equivalents per 100 g. On the other hand, the colloid contains 5.96
percent organic matter, which should make the organic matter of the
sotl equal to 1.87 percent, on the agsumption that the organic matter
is extracted in the same proportion as is the inorganie colloid. Ac-
tual determination shows the organic matter of the soil to be 3.93
percent, Because the soil contains proportionately more organic
matter than the colloid, base-exchange capacities on the co loid,
figured from the soil data, must be too high, as is shown to be the
case.

Confirmation of the reasonableness of this point of view is found
in an examination of the data for the « organic-free ” materials, On
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this basis the Shelby soil has a base-exchange capacity of 12.2 milli-
equivalents per 100'g. The base-exchange capacity of the inorganic
colloid should therefore be 52.8 milliequivalents per 100 g. By actual
determination, 49.5 is the correct value, The agreement, is sufliciently
close to show that when the effect of disproportionate percentages of
organic matter is eliminated, base-exchange data on soils can be
transposed to base-exchange duta on colloids. Similar data and the
same conclusions are obteined from an examination of the Cecil
colloid-seil data. .

SUMMARY AND CONCLUSIONS

The work here reported is a part of a wide investigation of the
various horizons of the soils and colloids of the erosion experiment
stations. The immediate subject is concerned with the soluble ma-
terials produced by treatment of the colloids of the various horizons
with twentieth-normal hydrochloric acid and with the base-exchange
properties of the residual material and of the soil organic matter,

Analyses of the extracted material show not only the exchangeable
ions but all the constituents normally reported for soils and colloids.
The quantities of silica, alumina, and lron oxide dissolved by the
acid are reported, and their significance is discussed. The quantities
of titanium, sulphur, and phosphorus are not reported, but their
relationships ave discussed. -

Tt is shown that silica, alumina, and iron oxide are extracted from
the colloids in ratios markedly different from their relative amounts
in the original material and particularly that lateritic soils, though
high in iron content, yield essentially no soluble iron. ‘The inference
is drawn that in grassland soils, particularly, free soluble silica is
present in the surtace horizons.

The quantities of the exchangeable bases, including manganese,
vary widely with the character of the soils from which the colleids
were extracted. The proporiions of the ifferent bases vary with
the character of the soil and often vary within a particular profile.

The base-exchange capacities of the colloids are determined after
acid extraction and subsequent electrodialysis by treating with half-
normal ammonium hydroxide, drying, and determination of the am-
monia, after distillation with magnesium oxide. There is, in most
cases, a fairly definite relation hetween the total exchangeable bases
and the base-exchange capacity and the silica-sesquioxide ratio.

A large part of the organic material of the colloids is extracted by
amnionia, and the buse-exchange capacity is determined on the ma-
terial extracted as well as on the organic-free colloids. The organic
colloids have very high base-exchange capacities as compared with
the organic-free calloid. The fact is pointed out that organic matter
in colloids is present in altered ratio as compared with the corre-
sponding so1ls.

The total exchange base content of the colloids of the 11 soil
profiles examined ranges from g minimum of 4.2 milliequivalents
per 100 g in the C horizon of Cecil sandy clay loam to 144.6 milhi-
equivalents in the subsoil of Houston clay. The base-exchange ca-
pacities of the colloids are, us a rule, greatest for the A horizons in
all profiles when the organie matfer is present, but when the organic
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matter is removed the base-exchange capacities show uniformity to
a striking degree in each profile. This uniformity is not shewn by
the slightly weathered profile of Muskingum silt loam. The values
range from 9.7 milliequivalents for the Cecil C hovizon to a maxi-
mum of 88.1 for the subsoil of Houston clay.

By contrast, the values obtained for the base-cxchange capacity
of the ammonia-soluble organic matter show a range of hut 324 for
Clinton silt loam to 394 for Yernon fine sandy loam.
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