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INTRODUC 1ION

o _
&  Soil erosion is a problem which has confronted agriculturists as
¥~ long as land has been cultivated. When fertile virgin soil is plenti-

co ful, little attention is paid to erosion, but when tillable land becomes

@Y searce, soil preservation becomes economically necessary., The exten-

¢ sion of eroded areas within-the United States has only recently cauged
. = p, serious scientific study of this problem of national soil conserva:

<X tion. The frst attempt to determine the quantity of run-off and
erosion from a limited area of soil was carried out in 1915 by thé
Forest Service in the Manti National Forest, Utah. (25).F . Since
that time erosion stations have been established by the Missouri
Agricultural Experiment Station at Columbia, Me. (8), the Texas
Agriculturgl Experiment Station at Spur, Tex. (4}, the Forest
Service at San Bernsrdino, Calif. (72), and the Bureau of Agricul-
tural Engineering at Raleigh, N. C.* In general, the purpose,of
establishing these stations has besn to. demonstrate and evsgluate the
enormous damage that is done to the soil by soil erosion. The pioneer
work of these stations furnishes a meritorions introduction to the
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more.extended. study. which.is'now being. carried.on by. the Depart-
ment of Agriculiure and cooperating agencies. e S
“The first step in this extended study was a reconnaissance survey
made during 1928-29 for the purpose of locating and outlining the
boundaries of the'severely erodgd aregs in the United States. Eight-
een districts were recognized in which-soil erosion has become a
serious menace. _ _
“YWhtn ‘the atterition of the Seventieth Congress was called o tHe |
national scope of the problem, an appropriation was made and au-
thorization was given. for the establishment of_erosion-prevention
and moisture-conservaticn stations in these areas, The first station
established under this authorization was at Guthrie, Oltla. This
station has been in dperation since July 1, 1929, . Other stations have
been established af Temple, Tex.; Statesville, N. C.; Hays, Kans.;
Tyler, Tex.; Bethany, Mo.; Pullman, Wash.; and Clarinda, Iows.
A’ program of research is being carried out by the Bureat of Chem-
istry and Soils, in cooperation with the Forest Service and the Bu-
reau of Apriculiural Engineering, which anticipates the establish-
ment of other stations as rapidly as sites and funds are made
available, :

Previous studies of erosion have been made by this bureau. In

a bulletin published in 1911, McGee (73) described the damage
caused by soil erosion and discussed means of control. In 1918 a
paper by Davis (5) called attention to the economic waste of soil
érosion. In 1915 Davis (6) made a survey showing the effects of
erosion in the Southern States. A ¢ircular by Bennett and Chapline
{1), published in 1928, served to focus atiention on the problem, and,
together with the work of the various erosion experiment stations
noted above, stimulated interest in a more intensive study of erosion.
In 1930, Middleton (I7) published the results of a study on certain
erosive and nonerosive soils and in this connection developed a meas-
ure of erosivity which at least has excellent qualitative significance.
In 1931 there appeared a bulletin by Slater and Byers (26) in which -
s study was made of the composition of soils with respect to their
percolation rate.
. In connection with the establishment of erosion stations, this bureau
plens to do extensive laboratory work on the soils, run-off, and eroded -
material, This publication is a report of the studies so far made of
the soils on which erosion stations have been established. '

OUTLINE OF INVESTIGATION

This bulletin includes the chemical and physical determinations
which have been made on the soils of the erosion experiment stations
established by this bureau and shows certain correlations bebween
laboratory data and the available plot data. Large profile samples
were ‘obtained from each station which are representative of the soil
on which the experimental plots are laid out. A small subsample
of each of these was taken for the present study, and the remainder
placed in storage so that at any future time & sample of the original
material will be available. These subsamples were subjected to com-
plete chemical and physical examination, including extraction and
chemical analysis of the colloid.

-
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At each station, plot samples were obtained,in addition to the
profile samples mentioned. Thess samples represent each' horizon
or layer of each plot. A standardized method of sarapling was used
which maltes eac}i'l sample a composite for the horizon it represents.

The samples were subjected to physical examination only.

EXPERIMENTAL METRODS

The mechanical analyses were made by the method outlined by
Olmstead and others (i8). The colloid by water-vapor adsorption
was determined by the method of Robinson (27). The moisture
equivalent was determined by the method of Briggs and McLane
{2). The suspension percentage and the dispersion and erosion ratios
were determined by the methods outlined by Middleton (77). Per-
colation ratios were computed by the formula of Slater and Byers
(26). Colloids were extracted by the methods outlined by Holmes
and Edgington (10). Chemical analyses of the soils and colloids fol-
lowed the procedure of Rebinson (23}, The pH determinstions were
made electrometrically, by means of the hydrogen electrode.

DEBCRIPTION OF SOIL SAMPLES

The soils from the first eight severely eroded districts in which
erosion stations have been established are representative of widely
separated areas and great variation in elimatic conditions. They are
nowever, all Iocatefr in regions of agricultural importance. The
following descriptions include a general description of each soil
series, taken from the files of the division of soil survey of this
bureay, together with specific descriptions of the several samples of
-the types obtained from the erosion stations.

HOUSTON SERIES

The Houston series is developed in the caleareous prairie regions
of Alabama, Mississippi, and Texas. The soils are derived from the
weathering of calcareous clays, chalk beds (Selma chalk), and soft
liriestones. The surface ranges from almost level to undulating or
gently rolling. Natural surface drainage is good, but internal drain-
age 1s retarded by the heavy character of the upper subsoil. The
solls are characterized by the high content of lime in the subsoils and
by thfe presence of calcareous material in most places within a depth
of 3 feet,

In Alabama and Mississippi, soils of the Houston series have
grayish-brown, rust-brown, or almost black heavy clay surface soils
to.a depth of about 6 or 8 inches. The subsoils to a depth ranging
from 18 to 24 inches are brownish-yellow or drab heavy plastic clay
which grades into greenish-yellow plastic clay, streaked or mottled
with whitish soft lime nodules. Anywhere between a depth of 30 and
40 inches 8 white or light-yellow soft limestone or Selma chalk is
present. The surface soil and upper subsoil are heavy plastic clays
when wat, but they crack and become hard on drying. ~ In cultivated
fields the surface 2 or 8 inches crumbles down to 2 fine-granular
structure. The Houston soils are adapted to the production of al-
. falfs, Melilotus, and other forage crops, ireluding Johnson grass
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and Bermuda grass. Cotton, formerly grown on these soils in’
Alabama and Mississippi, has been discontinued lergely on account
of the boll weevil. Corn does fairly well. :

The Houston series in the Texas area differs from that in' the
Alabama-Mississippi area in that the soils are derived from Awustin
challz and Taylor marl rather than from Selma chalk. The resultant
differences in the soils derived from these formations, however, are
so slight that the description of the soil survey for the Alabamsa-
Mississippi ares may be taken as descriptive of the Texas ares as
well. The Houston are regarded as among the most productive soils
in the Texas area. The samples of Houston black elay used in this
investigation were collected by G. W. Musgrave in January, 1930, at
the erosion station 2 miles south of Temple, Tex. These samples
contain more lime in the surface soil than is implied in the series
description, ‘The samples were described as follows:

(1) From 0 to 3 inches, black elay which is very plastic and sticky
when wet but crumbles readily and is easily tilled when dry; (l%‘
from 14 to 20 inches, grayish-black clay; (3) from 24 to 36 inches,

ray clay; and (¢4) from 36 to 50 inches, yellowish-gray clay. The
ighter-colored lower layers are more rea(ﬂly tilled when wet. The
- soi} profile when saturated readily seals itself to penetration of sur-

face waters.
KIRVIN SERIE3

The Kirvin series is developed in the coastal-plain region, and the
soils ocour in close association with the Susquebanna soils. They
differ from the Susquehanna in having reddish-brown or brown sur-
face solls, o red upper subseil, and a red or light-red, mottled with

Eellow, lower subsoill. The subsoils ave stiff, rather compnet but
rittle clays as contrasted to the plastic, sticky subsoils of the Susque-
hanna. These soils are derived from beds of heavy clays or heavy
sandy clays. Scaftered over the surface in many places are large
quantities of reddish-brown iron concretions or fragments. These
sotls oceupy ric}ges, hillocks, and slopes, and they are naturally well

drained. The Kirvin soils are somewhat more productive than the
Susquehanna and are used mainly for growing cotten, corn, and
forage crops.

The samples of Kirvin fine sandy loam were collected .in July,
1930, by B. H. Hendrickson at the erosion station ¢ miles northwest
of Tyler, Tex. This area is strongly marked by deep gully erosion.
The samples were described by Mr. Hendrickson as follows:

(1) From 0 to 12 inches, grayish-red loamy fine sand. includin
a thin organic surface layer; (2) from 12 to 24 inches, brick-re
clay; (8) from 24 to 51 inches, brick-red clay mottled with gray;
(4) from 51 to 63 inches, brick-red and lighf bluish-gray mottled
very fine sandy clay with a seam of dark iron sandstone at a depth
of 63 inches; and (5) from £3 to 75 inches, mainly yellow com-
pacted fine sand.

YERNON SERIES

The soils of the Vernon series are Indian red or reddish brown,
The upper subseil is essentially like the surface soil of the Indian-red
members, the color persisting to a depth ranging from 18 to 30
inches. The lower subsoil is yellowish red or Indian red and is -




CHARAOTERISTICS OF ERCSION STATION SOILS 5

highly calcareous. The subsoil, except in the heaviest members, is
somewhat heavier than the surface so1l, but there has not been much
translocation of clay into the subseil and no formation of a definite
clay pan. ‘The soils are developed from the “Red Beds™ of the
Western, States. In places where the soil, through erosion, consists
essentially of the disintegrated parent rock, the calcareous subsojl
may not have been developed.

The samples of Vernon fine sandy loam were collected b: 8. W.
Phillips in June, 1930, at the erosion station located 4 miles south
of Guthrie, Okla. The area is marked by severe gully erosion. The
samples do not show the zone of lime accumulation which is men-
tioried in the series description. They are described by Mr. Phillips
as follows:

(1) From 0 to 3 inches, dark-brown fine sandy loam containing
some organic matter; (2) from 3 to 10 inches, red fine sandy loam;
(8) from 10 to 27 inches, compact red slightly sticky sandy clay;
(4) from 27 to 58 inches, gritty heavy tough clay, with sandy clay

in streaks or layers, showing some evidence of the alternating shales
. and sandstone which comprise the parent rock. The predominant
color is red, with some gray and pale-yellow layers of friable clay
at a depth of about 50 inches. Some Sragments of soft sandstone
and shale are present in this layer.

SHELBY BERIES

The Shelby soils are dark-brown or almost black in their surface
soils, and most of them are shallow. The subsoils are composed of
yellow, reddish-brown, or brown sticky sandy elay, much of which
contains coarse sand and gravel. Lime concretions and streaks of
caleareous material occur 1 iany places in the lower subsoil. As
u rule, the subsoil becomes more clayey and compact and the per-
centage of clay increases with depth. The Shelby soils are derived
from the sandy Kansan drift. The topography in most places is
gently rolling to sharply rolling, as the soils occur on slopes where
the sendy drift is exposed. Soils of this series differ from the
Lindley soils only in the darker color of the surface soil.

The samples of Shelby silt loam were collected by R. E, Uhlend
in August, 1930, at the erosion station 8 miles west of Bethany, Mo. .
This area’is subject to both sheet and gully erosion. There is but
little waste land in the area as yet, although damage is serious and
promises to become more serious with further cultivation. The
samples were described by Mr. Uhland =s follows:

(1) From 0 to 7 inches, a very dark brown surface soil; (2) from
8 to 12 inches, a drab-brown subsurface soil, containing some mot-
tling; (3) from 12 to 20 inches, yellowish-brown heavy very sticky
plastic clay; (4) from 20 to 24 inches, lighter-brown material than
in layer 3, much less plastic, with a few small lime concretions (a
transitional zone}; (5) from 24 to 48 inches, s chalky layer con-
taining many lime concretions (some of which, occurring at 2 depth
of about 4 feet, are extremely large}, many gravel of different sizes,
and an occasional sand pocket; and (6) from 60 to 84 inches, rust-
brown joint clay which breaks readily into cubes ranging from 1 to
114 inches in diameter, The material caves very badly. Very few
lime concretions oceur at this depth.
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COLBY SERIES

The surface soils of the Colby series are dark gray or dark brown-
ish gray. The upper subsoil is of similar or slightly ligkter color, of
heavier texture, of compact structure, and ranges from 2 to 8 inches -
in thickness. The deeper subscil is a Hight-brown or yellowish-brown
silt loara of mealy consistence and friable character. The members
of this series are composed of loessial deposits which have been in
their pressnt position for s comparatively long peried. Fhe sur-
face portion, comprising the surface soil and upper stibsoil material,
has been considerably weathered. The topography ranges from -
nearly level Lo sharply rolling. These soils are well drained and are
adapted to general farm crops under favorable climatic conditions,

The samples of Colby silty clay loam from the erosion station
on the Fort Hayes Branch Station, State Agricultural Experiment
Station, locuted 1 mile south of Hays, Kans., were coliected by K. H.
Davis in July, 1930, This soil is a true chernozem. FErosion is gen-
erally of the sheet type. The low rainfall of the area makes this
station important not only from the standpeint of erosion but also
from that of moisture conservation. The samples were described by
Mz, Davis as follows:

{1) From 0 to 10 inches, brown or dark grayish-brown heuvy silt
loam or silty clay loam. The material of this horizon, especially
at the lower depth, is mixed or splotched with more yellowish-brown
material which has been brought up from below, probably by deep
tillage. It is of fine-granular structure. Althongh only 2 few Lme
concretions are in evidence, the soil will effervesce freely with hydro-
chloric acid, According to the soil and evosion survey, from 3 to 6
inches of the original surface soil of this particular soll has been
lost by erosion since the area has been in enlfivation. (2) From 10 ~
to 20 inches, light-brown or yellowish-brown silty clay loam of
gramilar strueture, the granules being larger than in the layer above.
The insides of the granules are lighter 1n color than the outsides.
Lime coneretions occur in this layer. There are, however, wide local
variations in the depth at which the lime gccumulations oceur, and
within a few feet the depth may vary from 15 to 30 inches, The
layers or veins of lime may be either on g horizontal, an inclined, or,
in a few places, on a vertical plane. (3) From 20 fo 33 inches,
yellowish-brown silty clay loam containing a large number of lime
concretions. The material fends to approach a columnar structure,
and blocks brésk and erush easily. (4) From 33 to 47 inches,
brownish-yellow ar buff-colored silty clay loam which is high in lime
and similar in structure to the horizon above. (5} From 47 to 60
inches, material of similar color and structure as the above layer,
but parts or splotches of this Iayer appear to be of finer fexture.
Lime concretions are less abundant. (6) From 60 fo 72 inches, buff.
colored material which is of slightly coarser texture than the layer
above, being of a rather silty character. Some fine sand is found in
many places at this depth. Lime is present but not in abundance
as in the above horizon.

CECH, SERIES

The Cecil series is the most widely distributed and the most-ex-
tensiva series of solls in the southern piedmont plateau. The soils
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of this series are derived from gramites, gneisses, and Joeally from
schist. They occupy almost level to smooth and undulating broad
interstream areas and gently r~iling fo rolling hilly and steep areas
bordering the larger stream valleys. Excellent natural drainage
exists everywhere, and it is even excessive on the slopes and hillsides;
thus causing destructive washing and erosion. Two kinds of surface
soils are found in soils of the Cecil series—soils which have a normally
developed profile an” include the sandy loams and loams and soils
which have a mutilated profile, that is, one from which the originsl
‘surface material has been removed, thus giving a B-C soil. The
red members of this series belong to the latter class. A profile de-
seription of Cecil sandy Inam in a virgin area is as follows: |

A, 0to 2 inches, darl-gray or brown sandy loam carrying a notice-
able amount of crganic matter. A, 2 to 8 inches, pale-yellow or
brownish-yellow light sandy loam, conteining practicalli no organic
matter and leached of soluble minerals, A,, 8 to 11 inches, reddish-
“yellow or yellowish-red heavy sandy loam grading into friable sandy
.clay. This is the gradational layer between the Hght-textured and
light-colored sandy material and the typical red clay of the B hori-
zon. B,, 11 to 42 inches, bright-red or deep-red, stiff but brittle clay,
which is sticky and slick when wet and hard when dry. The clay
breaks into irregular-shaped lumps having no definite breskage or
cleavage lines, but along the breakage lines the surfaces are slick.
The large lumps can be crushed into smaller lumps and soil ag-
gregates and finally info 2 granular angular mass. The color is
uniform, but a cut surface is yellowish red. DB., 42 to 60 inches,
light-red friable and erumbly clay, which is slightly mottled witk
yeilow in the lower part. It confains more mica and is much more
friable than the clay of the B, horizon. (, 60+ inches, mottled
light-red, yellow, and gray soft disintegrated rock, the parent ma-
terial, which varies greatly in color from place to place, as it may
be light red and yellow in one place and light gray, whitish, and
yellowish only & few feet distant. T

The B horizon varies greatly in thickness ar.” in many places ex-
tends to a depth of several feet, particularly in some of the clay
loam areas. A few mica scales are noticeable throughout the profile
but are more abundant immediately below the parent material, and
sharp angnlar quartz sand and veins of quartz rock are characteristic
of the subsoil.

The samples of Cecil sandy clay loam frem the erosion station
located 10 miles west of Statesville, N, C,, were collected in October,
1930, by J. W. Snyder. This is the ouly erosion station located on
a lateritic soil. Such soils are not usunally erosive, but the sandy
character of the surface soil makes it erode readily when not pro-
tected by a vegetative cover. The area has suffered because of the
prevailing type of agriculture which is chiefly the growing of corn
and cotton. The samples are described by Mr. Snyder as follows:

(1) From ¢ to 6 inches, the A horizon of light-brown sandy loam
containing very little crganic matter but more than either horizons
B; or B,. The surface soil in most places is friable and ve easily
worked unless it is eroded so that only a few inches of sur?a,.ce s01l
remain. (2) From 8 to 32 inches, the B, Lorizon of red clay loam
which is very uniform and compact. (3) From 32 to 60 inches, the
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B, horizon of red clay loam with brown mottlings. This material is
yery compact when exposed and has 2 tendency to crack,

" PALOUSE SERIES

The surface soils of the Palouse series are dark, dull brown, or
.black, the brown tint being most pronounced under dry field condi-
tions when the soil is viewed from certain angles. When wet, the
surface soils are nearly black. The organic-matter content is high,
The apper subsoils are brown or light brown and are of similar or
heavier texture and more compact structure than the surface soils.
The upper subsoil rests on a deeper subsoil of yellowish-brown color
and of silty or silty clay texture, which is underlain by a tawny-

ellow substratum of unstratified, homogeneous, loessial or wind-
[‘;orne deposits. The parent material is derived from an undeter-
mined wide range of rocks, and the soils are noncaleareous except
in the deeper substratum. The topography is rolling or undulating,
and the area covered is treeless. 5rainage is well developed.

The samples of Palouse silt loam from the erosion station located
3 miles northwest of Pullman, Wash., wers collected by W. A.
Rocltie in June, 1931, This area is characterized by steep sﬁ)pes and

light rainfall. FErosion is of the sheet type. The samples are
described as follows:

{1) From 0 to 20 inches, dark-brown silt loam or silty clay loam
containing much organic matter; (2) from 20 to 30 inches, yellowish-
brown or brown silty elay; (3) from 33 to 62 inches, yellowish-orown
or brown silty clay; (4) from 62 to 75 inches, yellowish-brown or
brown silty clay losm; and (5) from 75 o 84 inches, yellowish-brown

or brown silt loam or silty clay loam.
' MARSHALL SERIES

The surface soils of the Marshall series are dark brown or black,

and the subsoils are light brown or yellow. The texture of the sub-
soil is silty and little, if any, heavier than the suvface soil. The
structure 1s loose and friable. Both surface soil and subsoil are
calcareous, the subsoil effervescing with acid. 'The topography
ranges from gently to sharply rolling. The Marshall soils are de-
rived from loess in which weathering has not renched an advanced
stage, mainly from the newer loess along Missouri River. Corn is
the principal crop, with grasses and alfelfa ranking next in
importance.
" The samples of Marshall silt loam were collected by G. W. Mus-
grave at the erosion station located 9 miles west of Clarinda, Towa,
m August, 1981. This area is marked by both sheet and gully ero-
sion. The samples differ from the series des-ription in, that they
contain no caleium carbonate. They are described by Mr. Musgrave
as follows:

(1) From 0 to 13 inches, davk-brown silt loam which becomes
plastic and cohesive when wet but has good natural drainage, and
when dry is readily tilled; (2) from 13 to 924 inches, light-brown
silt loam; (3) from 24 to 45 inches, materigl showing occasional
grains of sand and slight evidence of drift; and (4) from 45 to 71
inches, rather gritty yellow silt loam (glacial drift),
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COMPOSITION AND PROPERTIES OF THE PROFILE SAMPLES

PRYSICAL PROPERTIES

The mechanical analyses and other physical data, inclnding also
the hydrogen-ion concentration, of the samples described, are pre-
sented in Table 1. ' . o

The mechanical analyses are of value in determining the texture
of the soils. Since the pipette method was employed in making the
determinations, the textural classification does not correspond to
that given in Cireular 418 (7). The terminology employed is that
used for these soils by the soil survey. The mechanical analyses
also show the colloid content as defined by the maximum size limit
of 0.002 mm and the approximate organic content recorded as solu-
tion loss by treatment with hydrogen péroxide. The percentsges
given are on the basis of the oven-dry sample. :

The mechanical analyses reveal that two distinct groups are repre-
sented by the soils of the eight eroston stations—those in which the
texture 1s variable within the profile and those with uniform texturs
thronghout. To the former group belong Kirvin fine sandy loam,
Vernon fine sandy loam, and éecil sandy clay loam. These soil pro-
files are separated on the basis of horizons, and the Kirvin profile
presents the A herizon (C to 12 inches), the B, (12 to 24 inches), the
B, (24 to 51 inches), the B, {51 to 63 inches}, and the C, {63 to 75
inches). The Vernon profile is divided into the A, {0 to 8 inches)
and the A, (3 to 10 inches) horizons, the B horizon (10 to 27 inches),
and the C horizon (27 to 58 inches). The Cecil profile presents the
A (0 to 6 inches), the B, (6 to 32 inches), and the B, (32 to 60 inches)
horizons. The é horizon is not represented. These ferms will be
used in referring to the various samples.

The A horizon of the Kirvin soil and the A, of the Vernon are
almost identical in texture. The B, snd B, horizons of the Kirvin
and the B, and B, of the Cecil are very similar. The B, horizon of
the Kirvin becomes lighter in texture and the C horizon is somewhat
similar to the A horizon. The C horizon of the Vernon soil con-
sists of the disintegrated soil materisl, together with considerable
clay, and is exceptionally high in silt, clay, and colloid, and ve
dissimilar to the A, horizon. It may also be noted that the B hori-
zon of the Vernon is strikingly different from the corresponding
horizons of the Kirvin and Cecil soils. Corresponding similarities.
and differences in erosional characteristics of these soils may there-
fore be expected. Soils of this group are characterized by sandy
surface soils over light or heavy «lay. They show evidences of more
weathering and leaching than do the soils of the other group, but these
evidences are much less marked in the Vernon than in the Cecil and
Kirvin soils. The last two are to be considered as mature soils,
Indeed in some respects, shown by other dats, the Cecil may be con-
sidered as past maturity and approaching senility.

118127°—82——2
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The second group comprises Houston black clay, Colby silty clay
loam, Palouse silt loam, and Marshall silt loam. These soils are
characterized by a very striking uniformity of texture throughout
their profiles. Shelby silt leam is also included in the group, though
its profile is not quite so uriform as those of the other soils. These
soils all belong to-the prairie and chernozem groups snd show no
true horizonal characteristics. The various depth limits of the parts
of (i:ach profile are given in the table and will be referred to as strata,
or layers.

The Colby profile is unusually uniform in texture, there being
less than 4 per cent variation in the clay content of the various
strata. This textural uniformity is the more striking when we
consider the variations in organic matter and carbonate content
in the different layers, as shown in Table 2. ‘

Houston black elay is also almost uniform in texture in the upper
three layers, but in the fourth there is a decrease in both cley and
colloid. Fhis soil contains the highest clay content of the series
under consideration and shows the widest divergence between clay
and colloid—a difference ranging between 15 and 18 per cent in the
different layers. Whether this difference is due fo the existence in
the soil of a large proportion of noncolloidal clay or to the cement-
ing effect of the colloidal calcium carbonate does not appear from
the evidence. That the Iatter is the case seems probable from the
fact thrt hydrogen peroxide frentment of the soil is ineflective in
removing organic matter but becomes effective when the carbonates
are removed. In either case the relatively larpe particles of clay
msy be expected to influence the erosionnl character of the soil.
This soil, as shown in data given in Table 2, is remarlkably high
in carbonate content throughout the profile, and the data in Tabie 3
show a very considerable {raction of the carbonate ta be in colloidal
form.

The Marshall profile offers about the same textural variation in
the first three layers as does the Houston profile. The fourth layer,
which consists largely of glacial-drift material, differs sharply in
many particulars from the upper layers which are of loessial origin.
This textural difference in the deeper strata has its bearing on the
erosional characteristics of the soil, as shown both by la%oratory
data and field behavior.

The Palouse profile, though reasonably uniform, shows a closer
similarity between the first and fifth strata than these show to the
other layers. The chief difference between the first and fifth layers
is in the solution loss, that is, in the organic content. The difference
between the upper layer and those beneath it seems to be due to
sluvintion and not to differences in the character of the colloid
content, as will be pointed out in connection with the discussion of
the composition of the colloids. The textural differences shown are
such ns not to indicate marked erosional differences at different
levels in this soil. .

The Shelby profile shows sufficient differences hetween the first
and second layers to place it in the group of soils with divergent
profile characteristics, but the remainder of the soil layers proper are
very similar, When the lower layers are reached, these, except the
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sand pocket represented by sample No. 6802A, are again similar
in texture. The wide textural differences between Shelby silt loam
and Marshall silt loam are to be ascribed to the differences in soil
material noted in the soil descriptions. The influence of the drift
material appears in the lowest layer of the Marshall soil, and in this
layer the similarity of the two profiles appears. These textural
variations may be expected o find reflection in erosional character-
istics, particularly when the lower levels are reached.

In a previous bulletin Middleton (17) has called attention, through
a study, of soils of known qualitative erosional character, to certain
relations of the physical characteristics of soils which are indicative
of erosionel behavior. The soils of the eresion experiment stations
have been subjecied to the same determinations, and from the data
the relationships in question have been calculated. These data and
retios have been included in Table 1 with the mechanicol analysss.

- The colloid by water-vapor adsorption (27) is determined because,
although in general it gives numerical values not grestly ‘different
from those obtained by mechanical analysis, it affords a direct meas-
ure of the relation of the soil to the humidity of the air. It js, in this
respect, independent of the accurncy with which the colloid is deter-
mined and of size definition. The values obtained are dependent on
the character of the colloid, at least to some extent, and, except for the
precedent established in the previous bulletin, it would perhaps be as
well to use the value of water-vapor adsorption directly determined
without conversion by an arbitrary factor to presumed colloid content.

The moisture equivalent (£) is dependent on the sand, silt, and
noncolioidal clay, as well as on the colloid content. It measures the
tenacity with which moisture is held by soil and, by implication, the
avidity with which i is adsorbed when opportunity offers.

The suspension percentage used in determining the dispersion
ratio® is o measure of the behavior of soil with quantities of water
in excess of the adsorbent power of the soil. It is measured arbi-
trarily by determining the fraction of the soil which remains sus-

ended for a specified time when dispersed under specific conditions.
%he method, as described (17, p. 2-3), is as Tollows:

A sampie of alr-dry soil equivalent to 10 prams of oven-dry sofl was placed
in & iall eyliuder of approximately 1,200 cubic centimeter capacity fiited with
a rubber stopper. Suificient distilled water was added to make the volume g
iiter. The cylinder was ciosed with the stopper and wons shaken end over end
20 times. The suspension was then allowed to settle until a 25 cubic centimeter
sample which was pipetied at a depth of 30 centimeters consisted of particles
of a maximnn: diameter of 0.05 millimeter. * * * From the dry welight of
the pipetied fraction, the total weight of siit and clay in the suspension was
caleulated, .

This quantity divided by the weight of the soil multiplied by 100
is the suspension percentage,

This empirically determined value is a measure of the ease of dis-
persion and of the rapidity of deposition of a soil. It is probable
that any accurate measure of this relation carried out under specifie
conditions would give like relative values. This relation gives a
gnantitative expression to the behavior o a soil in the presence of
water in excess of that required for saturation. -

+ The suspenslon percentage nnd the dispersion ratlo nre similar to the dispersion factor
ol Purl aud Keen (#8} and the dispersion coeflicient of Pur{ (i9}, Tespectively, excent that
they toke 0.002 mm as the point of division rather than 0.05 mm &5 uged by the writera,
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- These relations, including the texture: measurements, .give. labora- -
torg measurements for all the soil characteristics whith are bélieved
to be involved in erosion, except structure. No quantitative, or. even
qualitative, expression involving structural effects on erosional be-
havior has been formulated. If is certain, however, that so far as the.
structural units are not destroyed by the process of determining the
suspension percentage, these units influence the value so determined,

The dispersion ratio, given in Table 1, is the ratio, expressed in
percentage, of the suspension percemtage to the percentage of the
total silt and clay in the soil, as determined by mechanical analysis.
This ratio is the fraction of the silt and clay which is most éasily
rerioved by water, and since it is to be assumed that through erosion
the lighter particles, the silt and ¢lay, are the particles most exten:
sively removed, it would seem to follow that in a series of soils in
which all other conditions are the same, the values of this ratio would
express the relative erosivity of the soils. Such conditions-do not in
fact ocenr. ) : : R

The ratio between the colloid and the moisture equivalent is .a
direct comparison of these values. When the ratio of these values
is low, if s to be inferred that the colleid in question adsorbs water
more readily or holds it more firmly than when the ratic has a higher
value. 1% g, therefore, a measure of the degree of adsorption of
water per colloid unit and indirectly of the relative effect on run-off
produced by the colloid. _ . o

The erosion ratio is thée quotient obtained by dividing the disper-
sion ratio by the colloid-moisture equivalent ratio. The dispersion
ratio is independent of the texture of the soil, but it is dependent
on the mobility of those ﬁarticles most easily moved by water move-
ment in the soil.. The colloid-moisture equivalent ratio, on the othér
hand, is not independent of the texture since the moisture equivalent
is to a large degree dependent on the space dimensions, which, in
turn, are determined by soil-particle size. In the previous study by
Middleton (17} it was found that these ratios tend to vary inversely
and that when their relation to each other is considered, high: values
are shown for soils known to be readily eroded, and, conversely,
soils not readily eroded give low values. This inverse relation ap-
pears to d?end on the facts that when soils disperse readily, the
erosion tendency increases and that any condition which diminishes
the relative run-off likewise diminishes the oppertunity for move-
ment of material. _

The erosion ratio has so far only qualitative application but in
that connection has not failed, in any case, to qualitatively differen:
tiate erosive from nonerosive soils. To what degree it is 2 quantita-
tive expression can only be learned when sufficlent data from feld
observations have been accumulated. e

The percolation ratio {26), developed in an attempt to find & labo-
ratory method for determining the geld percolation rates of soils, is
the ratio between the suspension %ercentage- and the colloid-moisture
equivalent ratio. It is held to be of qualitative significance, and
present data indicate that it is applicable only in the comparison of
surface svils. That it indicates permesbility seems to depend on the
fact that in the more easily dispersed soils the muddy percolation
waters more effectively close the naturally occurring water passage-
ways with silt and colioid. The effect obviously decreases with in-
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creasing depths because of the deposition of suspended material, as
well as because of other conditions in the lower horizon, which ‘tend
to produce a léss porous structure. . R L
~ When soils are air-dry, the presence in them of air may be ex-
pected to have an effect on their water relationships, and this efféct
should vary not only with the size of the interstitial spaces but ‘also
with the cﬁaracter of the successive strata through which gravita-
tional water seeks to pass. That such effect is’ produced has been
demonstrated in this laberatory, but the incomplete data obtained
are not yet ready for publication. It appears, however, that all per-
colation data obtained by the use of open tubes:are afflicted: with an
error of undetermined magnitude, owing to the fact that ‘soils- in
the field are not provided with free fléw after leaving a given fract
tion of the profile. Therefore, aithough it is obviots that the per-
colation rate is a factor which affects erosional behavior, it is not-at
2]l certain that the properties of the soil which influence it are:ré-
flected. by the determined data. : e
The pH values of the soils of the erosion stations have been included
with the physical data. - The known effect of moderate alkalinity od
the dispersability of soils would lead to the expectation that, other
conditions being equal, the acid intensity would affect erosional
behavior. Such equality of conditions can not be expected to.oceur
often- with simultanecus differences of pH. It may therefore be
remarked at once that, although these soils furnish a pH range
between the extreme values of 8.8 and 8.7, no direct relationship to
erosional behavior has been established. . o
 Examination of the data given in Table 1 shows & fairly wide
variation in the colloid content, as indicated by water-vapor adsorp:
tion and moisture eguivalent, and suspension percentage. Thesa
variations are reflected in the ratios determined. Were the other
great soil groups represented by the station seils, the variation in
properties would probably be much more diverse and the study of
them of increased valune.. Jit may be remarked, however, that the sta-
tions were located primerily because of recognized injury through
erosion, and the soils are therefore to be expected to be, for the most
part, of highly erosional character. The erosional characteristies of
soil are not the only factors involved in the damage which is pro-
duced, since the quantity and charactersof rainfall and the kind-of
agriculture and the methods employed also have bearing on the
results. It is to be noted then that the soils represented are not all
easily eroded, at least throughout the profile. The most striking fact
whic{ appears in the erosional data is the Iack of uniformity within
the profiles even when texturally they are uniform. The colloid'b
water-adsorption and muoisture-equivalent values follows textura
uniformity when it occurs, but the suspension percentage most
decidedly does nat. : :
Normally it may by considered that the part of the soil of para-
mount importance to erosional behavior is the surface layer, or hor-
izon. It must not be forgotten, however, that the Jower strata have
a decisive bearing not only on the total damage due to eroston, but
that they also frequently determine the type of erosion which oceurs.
The soils of the stations furnish two groups so far as their surface
layers are concerned, but the grouping is not the same as that.of the
textural relationships. Tle Houston, Colby, and Marshall surface
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soils are least erosive, as indiceted by the erosion ratio, and the
erosivity increases by steps through the Palouse, Cecil, and Shelby
soils to the most erosive surface laysr, that of the Kirvin soil.

It seems desirable to consider each soil profile with respect to the
physical data and to relate these to what is known of the field
.Eehavior of the soils. It is hoped that these considerations may help
to point out the missing data which are needed, the field observations
which should be made to obtain a ¢learer picture of the relations
between soil composition and erosional behavior, and to point the
way to the most helpful methods ef control. :

The Houston soil };xas an exceptionally low erosion ratio which, by
comparison - with that of the other soils, is remarkably uniform
throughout the profile. Nevertheless, its surface layer is much more
erosive than the layer lying immedistely below. These relations
wonld seem to require that erosion of the Houston soil should be
uniform and of the kind known as sheet erosion, since gullying is
Froduced by reason of marked increase in erosivity of some stratum

ying beneath the subsoil. The soil data given class this soil as rela-

tively nonerosive, but us the discussion of the plot dats (Table 7 )
indicates, the field data show extensive damsge. This damage ap-
pears to be owing to a group of influences not considered at all or
only in part by the measurements given. The pH of the soil is high,
largely because of the calcium content, This results.in a low relative
suspension percentage. On the other hand, the very large content
of clay and ifs high shrinkage value, not included in the determina-
tions made, produce extensive cracking of the soil on drying, and, sc
far as the surface soil is concerned, results in the production of a
fine, granular structure the component units of which are cemented
by ccﬁloidal carbonates. The result is that a highly fluid suspen-
sion of these fine purticles readily forms on the surface and follows
the lines of drainage, in which are included the large subsoil cracks
previously mentioned. A striking peculiarity of the Houston clay,
at least in the neighborhood of the experiment station, is the sinusoid
character of the line of cleavage between the second and third layers
of the soil. Whether this has been produced through erosion or is
due to some other cause, the result is an irregrular exposure of subsoil
on the suriace ss ercsion prdceeds, with consequent effect on soil
productivity. In addition to these soil characteristics the rainfall
of the region occurs at infrequent intervals and is torrential in char-
acter. The relative run-off is therefore excessive, and the carrying
power of the moving water is likely to be high because of the velocity
of the flow. These conditions, taken together, result in greater soil
injgry than would be indicated by the soil characteristics given in
Table 1.

The Colby soil has erosional properties somewhat higher than
those of the Houston but is still to be classed, on the basis of these
f)roperties, as a nonerosive soil Farticularly as resgects the npper

ayers. However, its surface soil is more erosive than the stratum

immediately beneath it. When the profile characteristics are con-
sidered in conjunction with the low rainfall it appears that, so far
as erosion occurs, it should be sheet erosion, and when the caleinm
carbonate content is considered, together with the high plastic clay
eontent with the consequent fine granulation of the surface soil when
dry, wind erosion is indicated. However, were the rainfall sufficient
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to produce continuous run-off, gully formsation would occur with
rapidity after the depth of cutting had exceeded 4 feet. That such
erosion does not occur is doubtless due to the amount and also the
character of the precipitation. The greater suspension percentage
of the surface layer, as compared with the subsoil of both the Colby
and the Houston soils, as well as that of the Marshall soil, although
the other data are uniform, is doubtless to be associated with the
structural relations produced by air drying. The finely granulated
surface-soil particles disperse more readily than the larger granules
of the subsoil. This difference disappears when the soil samples
are taken when the surface soil is moist. (See composite-plot data.)

The Marshall soil, like the Houston and Colby soils, shows a
striking contrast between the surface soil and the subseil in sus-
pension percentage, and thercfore in the erosion ratio, though other-
wise the two layers are similar. As already mentioned, this indi-
cated difference in erosional behavior is reflected in the observed field
behavior of the soil, although the measurements based on the plots
have not, as yet, been received. The streams in this area, as is usual
in prairie regions, are notably turbid with suspended ecolloid.
The explanation of the indicated erosionzl difference between subsoil
and surface soil is, as before, to be attributed to structural differ-
ences. The air-dry surface soil becomes extremely fine and in con-
sequence is more readily suspended and removed by flowing water
than the more compact subsoil. The data would also indicate the
probability of lateral water movement occurring not only at the
surface but, with sufficient rainfall, also at the surface of the subsoil,
and in cnltivated fields at plow depths. So far as this oceurs, the
removal of the surface soil is greatly accentuated. The data also
indicate that when gullies are cut to the level of the glacial drift,
undercutting occurs, owing to the greater erosivity of the drift, and
the gullies become U.shaped, with overhanging projections of the
upper strata.

The Palouse soil has somewhat greater erosional character than
the Marshall. The data for this soil do not indicate a highly erosive
material, but because of the steep slopes on which it oceurs, the soil
is subject to damage from erosion to n degree probably not com-
mensurate with the tainfall. The difference between the surface
layer and the second layer, in suspension percentage and erosion
ratio, is not so marked as in the soils so far considered. It is to
be noted, however, that the surface layer is of unusual de th. There
are notable differences also in the other soil characteristics, espe-
cially in the silt and clay content. Tt is therefore difficult to say to
what extent the erosional differences are due to structural differences.
The data lead to the belief that even if the rainfall were adequate,
gully formation would not readily occur,

The Cecil soil. as already mentioned, is exceedingly nonerosive so
far as iis B, and B. horizons are concerned. The relatively high ero-
sional characteristics of the A horizon are to be ascribed in part to
the lack of structure, which nccomganies the high silt and sand con-
tent, in contrast with the low colloid content which zesults in a higher
suspension percentage in the A than in the B hortzons. The numer-
ical value of the colloid-moisture equivalent ratio of the surface soil

116127 —32 3
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apparently is due to the organic matter and to the retentive capacity
for water of the silt and very fine sand being added to that of the
colloid itself. This textural difference is reflected in the. erosion
ratio, The soil damage from erosion in the Cecil areas is accen-
tuated by the relatively high rainfall as well as by the type of agri-
culture. The chief crops are cotton, tobacco, and corn, and grass or
other cover crops arve not common. The result is that much of the
Cecil area now has no A horizon. These mutilated profiles are non-
erosive. The data given in Table I do not include the C horizon
and therefore no indications of the relation of the soil to gully
formation are presented. Since, however, the description of the
soils notes gully formation on steep slopes, it is to be inferred that
the erosional characteristics of the C horizon are more marked than
those of the B horizon.

The Shelby soil presents an interesting profile in that its surface
layers offer the same relationships in genernl as those of other prairie
soils. In the lower strata ave found inereased sandy components of
coarser type. These result in low values for the colloid-moisture
equivalent ratio and the dispersion ratic. As a consequence, the
erosion ratio is increased. These indications are reflected in the
field by the formation of deep gullies with overhanging ledges of
the less erosive intermediate layers, and they include at times the
surface layer which, although somewhat more erosive than the
layers beneath it, is often held in place by grass roots.

The suspension percentage of the sarface layer is high, a fact re-
flected by the turbid condition of surface water even when flowing
through meadows. The relative erosivity of the surface layer is
much higher than that of the second layer. This difference is
clearly attributable in part to textural differences in silt and clay
content but must also be atiribuied in part to the structural differ-
ences already noted in the other prairie soils, since the lower strata,
which de not show the textural differences so markedly, gradually
increase in erosional character.

The Vernon soil has a low content of silt and clay in the A, and
A, horizons, the fine sand and very fine sand being correspondingly
high. In consequence the moisture equivalent is low. Nevertheless
the colloid-moisture equivalent ratio is very low by reason of the
retention of moisture by the noncolloidal parts of the soil, which are
relatively very large. The suspension percentage is numerically low
but, relative fo the total silt and clay, it is very high. The result
is a high dispersion ratio. The combination of these ratios neces-
sarily results in a high erosion ratio for both parts of the A horizon,
The suspension percentage of the A; horizon is, however, relatively
much greater than that of the A,, with consequent normal relation
of greater erosivity for the surface layer. The B horizon has a
numerically higher suspension percentage than the A, and A, layers,
but relative to the total clay and silt content it is much smaller. The
colloid-moisture equivalent ratio is greater than in the upper strata.
We have, therefore, a gradually decreasing erosion ratio through the
A and B horizons. The C horizon contains, in addition to the dis-
integrated soil material, considerable quantities of weathered clay,
and, although it is somewhat more erosive than the B horizon, the rel-
ative difference between the lowest stratum and those above it, so
far as the erosion ratio is concerned, is not exceptionally marked,
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We have in this soil, therefore, the conditions for ready gully for-
mation of the V-shaped type. Because of the low colloid content of
the surface soil, erosion is particularly destructive in $his soil when-
ever the surface is not protected by a vegetative cover.

The Kirvin soil is characterized by the highest erosion ratio for
the surface soil of any of the soils of the stations and by the strongest
contrast between the A and B horizons. The A horizon has its
abnormally low content of colloid associated with the water-holding
capacity of the silt and sands. The colloid is relatively nonplastic.
‘The suspension percentage of the A horizon is abnormslly hizh,
being, in fact, greater than the total amount of clay present. This
may be taken to mean that the soil is readily dispersed, despite the
low siliea-sesquioxide ratio. (Table 8.) Tt would seem that the
colloid may be regarded as dispersed in the sand. The gravel con-
tent and the presence of stones, of greater than gravel size, also
favor rill formation. We have then in the surface soil most favor-
able conditions for erosion. The contrast with the erosion ratios of
the B horizon can at once be ascribed in part to the difference in
suspension percentage. Although the numerical value is slightly
grester in the B horizon than in the A horizon, it is actually less
than one-seventh of the clay content. To what extent this low sus-
pension percentage is due to structure is not kmown, but the clay
1s brittle, and the soil is not readily penetrated by water by reason
of the high clay content. We have, therefore, in this soil the con-
ditiens for gully erosion of the V-shaped type. Also, as in the
Vernon soil, there is special susceptibility to damage through erosion
since the colloid content of the surface soil is low.

Taken as a whole, the soils of the erosion stations offer a very
interesting variety of physical properties and consequent erosional
characteristics. Continued study of these will throw much addi-
tional light on the conditions which determine erosional behavior.
It is unforfunate for this purpose that the station soils do not offer
a more varied assortment of soil classes and do not present examples
v+f more soil groups of widely divergent character.

Throughout the study of these profiles the bearing of structural
relations on the erosional behavior of the soil has impressed itself
on the writers, At present the expressions of variations in structure
are so lacking in quantitative significance as to render hopeless any
atternpt to evaluate their relation to the other influences wgich affect
erosional behavior. The study of this phase of the subject will
amply reward the investigator who is able to develop a satisfactory
method of approach.

CHEMICAL COMPOSITION OF THE S0ILS

The complete chemical analyses of the whole soil, which are given
in Table 2, are perhaps less significant of erosionsl relations than the
physical data and the colloid data given in Tables 1 and 8. They
are recorded for the purpose of presenting all possible chemical data
on the soils. Without these analyses of the soils the chemical anal-
yses of the colleids and the mechanical analyses of the soils do not
present a complete }}:fcture of the genetic and classification relations

of the soils on which the erosion stations are located. A discussion
of these relations is mecessarily deferred until the colloid analyses
have been presented.
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Aside from this major purpose, these analyses offer certain items
of information not shown by any of the other data. These will be
summuarized, but before doing so two items regarding the analyses
should be noted. These have reference to the organic-matter and
carbon-dioxide determinations.

The organic matter was determined by combustion, using the con-
ventional factor of 0.471 to convert carbon dioxide percentages to
organic: matter. They are therefore subject to the inaccuracies in-
herent in this factor. Carbon dioxide from carbonates was deter-
mined only in those horizons which gave qualitative evidence of
the prasence of carbonates. Consequently, a number of profiles gre
shown as having ro carbonates when undoubtedly traces would have
been shown to be present under the more exact procedure described
by Alexander and Byers.*

The discussion of the chemical analyses of these soils as here pre-
sented is admittedly brief, but the attempt has been to eliminate from
the discussion those items which must necessarily be repeated in =
discussion of the colloids of these soils. In discussing the chemical
analyses of the colloids, constant reference will be made to the
chemical anelyses of the soils as well as to the mechanieal analyses,

Percentages of caleium carbonate show considerable variation
in the different types of soil. The samples of the Kirvin, Vernon,
Cecil, Palouse, and Marshall soils contain ne carbonates, or,
at the most, but traces. The lower layers of the Shelby soil and the
entire profile of the Colby are highly calcareous. On the basis of
percentages of CO. and CaQ, the surface soil of the Houston soil con-
tains 57 per cent of calcium carbonate, and the deepest layer of the
Houston contains 75 per cent. Such high percentages of caleium
carbonate profoundly affect the physical as well as the chemical
properties of the soil. Where the entire soil exhibits such unusual
characteristics of composition as does the Houston, the soil analysis
becomes particularly informative.

The chemical analyses show that the Shelby, Colby, Palouse, and
Marshall soils are particularly rich in potash, not only in the surface
soil but throughout the profile. The potash content of the Houston
soil decreases with depth, whereas ihe Vernon shows an increase in
potash below a depth of 10 inches. The Kirvin and Cecil also show
an increased percentage of K.Q in the B horizon. These increases
are found to correspond with increases in the clay content of the
solls as shown by the mechanical analyses.

The percentages of P.O; in general vary but little for each pro-
file. A relative deficiency is noted in the Shelby soil between depths
of 12 and 20 inches. The Marshall, Cecil, and Palouse soils are
noticeably richer in phosphorus in the upper horizons, but the lower
horizons are by no means deficient in this essential plant-food
element.

Values for the organic matter throughout each profile show sharp
decreases at the lower depths, but the gepth at which these decreases
occur varies in each soil type. The Houston, Shelby, Colby, Palouse,
and Marshall soils all maintain excellent percentages of organic
matter to a depth of 20 or more inches. The organic matter of the

* ALEXANDER, L. T., and BYrrs, H. G. 4 CRITICAL LARGRATORY REVIEW OF METHQDE
OF DETERMINING ORGANIC MATTER AND CAIBONATES IN SOILs, 0. S. Diept. Agr. Tech, Bul,
817. ({In press.)




OHARAQTERISTIOS OF ERQSION STATION SOILE 23

Vernon and Cecil soils is largely concentrated in the surface 6 inches
of soi). The Kirvin soil, which contains little organic matter at any
depth, shows a higher percentage in the heavy clay B horizon than
it does in the sandy surface soil. In general, the values for nitrogen
paralle] the values for organic matter thronghout each profile.

In the last column of Table 2 are given the organic matter—nitro-
gen ratios for the profile of each soil. It is to be noted that there is
no consiant value shown, either as bebween the profiles or in relation
to depth. Only in the éhelby soil is there a close approach to the
conventional ratic of 20. The trend shows a decrease in the ratio
with increasing depth. This fact for these soils is in accord with,
the data presented by Leighty and Shorey (11) and by McLean (14)
and with the as yet unpublished duata presented by Russell at the
meeting of the American Society of Agronomy in November, 1931
The significance of these relations to erosion 1s not clear but may
become evident when adequate field data are available.

. So far as fthe chemieal components of fertility are concerned, it
appears that in the removal of the surface soil by erosion the most
gevere result will be a loss of nitrogen and organic matter, The
potash and phorphorus content are, comparu.tivezi , high enough in
the lower horizons to furnish a basis for the begef that for these
soils, even though badly eroded, rehabilitation can be accomplished
through the laborious process of building up reserves of organic
matter and nitrogen. But the assumption must not be made that
the potash and phosphorus content of the lower horizons is as avail-
able as that of the surface seil. These constituenis become available
slowly by weathering and by the action of soil bacteria in the pres-
snce of organic matter.

CHEMICAL COMPOSITION OF THE COLLOIDS

The erosion stations are established primarily for the purpose of
determining the amount, causes, and means of control of erosion.
However, 1n_the course and prosecution of these studies much’ in-
formation will ba obtained which concerns the properties and utiliza-
tion of the various soils. Since the physical properties of a soil are
determined, to a large extent, by the type of colloid it contains, and
since erosional behavior is directly dependent on these physical prcc_-f)-
erties, a careful study of the colicids of these soils has been made.

The colloids, except those of the two lower layers of the Cecil

rofile, were extracted without the use of any dispersing sgent.
To extract, these colloids, sufficient ammonia was added to make the
dispersed suspension approximately neutral to phenolphthalein.
The dispersion was repeated from three to seven times until the
?ield of colloid by centrifuging was materially decreased. The
‘ percentage of total colleid * extracted is the fraction obtained of
the amount shown to be present by mechanical analysis. It is not
to be expected that in any case the extracted colloid would reach 100
per cent, since the particle size limit of the extracted colloid is 1
micron.and the mechanical analyses include particles up to 2 microns.
The guantities obtained ranged between the values of 80 per cent for
the third layer of Sheiby silt loam to 42 f%}er cent for the surface
layer of Col{uy silty clay loam. As applied to the total colloid, the
validity of the analytical data rests on the assumption that the ex-
tructedy colloid is essentially the same as that not extracted. Brown




24 TECHNICAL BULLETIN 316, U, S. DEPT. Q¥ AGRIOUGLTURE

* and Byers * have shown that essential differences do exist between
the easily extractable and difficulily extractable parts of a soil eolloid.
However, their findings do not invalidate the above assumption, since
by their methods the difficultly extractable part represents only a
small fraction of the total collord. :

In all the colloids the organic matter was determined by repeated
treatment with hydrogen peroxide. The values reported are there-
fore slightly low, but they represent the relative quantities of similar
material in these profiles.

The carbon dioxide reported was determined by the use of the
appearatus developed by Alexander and Byers ¢ details of which are
being prepared for publication. Data obtained with this apparatus
indicate the small relative quantities of carbon dioxide prasent in
colloids which are ordinarily classed as carbonste free or non-
calcareous.

The colloids from the soils selected show a very wide range in
chemical composition. In fact two maxima for American soil
colloids are shown, the 0.90 per cent MunQ for the Vernon fine sandy
loam colloid, and the 15.1 per cent CaCQ. (equivalent to 6.69 per
cent CO:; ) for the Houston black clay colloid {24).

In general, the analyses of the colloids f these soils show the usual
relationships to the complete analyses of the soils themselves. The
silica is lower and the iron and slumina are higher in the colloid
fraction. The apparent exception in the Houston colloid is due to
the extremely large calcium carbonate content of the soil, only a rel-
atively small part of which appears in the colloid. A much larger
relative amount of caleium carbonate is found in the Colby colloid.

It seems probable that the colloidal carbonate material is due to
the solution of the earbonate as calcium bicarbonate during wet
periods and its redeposition in a state of very fine subdivision on dry-
ing. The colloidal earbonate appears in all layers of both Houston
clay and Colby silty clay loam. In Shelby silt loam it appears in
more than traces only in the lower horizons.

In horizons which reveal only traces of carbonates the usual rela-
tion is an increase in the calcium of the colloid as compared with
that of the soil. This indicates that a large part of the calcium is
cotloidally held. The same statement holds for all horizons of all
soils for magnesium. The percentage concentration is greater for
magnesium than for caleium. The difference is due primarily to the
more extensive leaching of calcium.

The same tendency foward concentration in the collcid fraction
is shown by the organic matter except in the surface layer of the
Cecil profile. The soil sample from this horizon contains a large
amount of undecomposed organic matter. A less definite trend
toward concentration in the colloid fraction is shown by manganese,
titanium, and phosphorus. No trend toward concentration in the
colloid fraction is to be observed for sodium or sulphur, A relative
deficiency in the proportion of pofash-bearing material in the pro-
files of Houston clay, Kirvin fine sandy loam, and Vernon fine
sandy loam is shown by the markedly increased percentages in the

* Broww, 1. C., and Byeea, H. 3. THE FRACTIONATION, COMPOSITION, AND HYXPOTHETICAL
CONSTITUTION OF CERATAIN COLLOIDS DERIVED FHOM TEE ORPAT SCIL GROUPS. . 8. Dept.
Agr. Tech, Bul, 318, {In press.)

*Avexaxoes, L. T, and Bress, H, G. Op. clt. {See footnote 4,)
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colloids, as compared to the soils. This may partly, and perhaps
wholly, be attributed to the presence of quartz sands in the last two
soils and to the large content of calcium carbonate in Houston clay.

Further consideration of the colioid analyses shows that two wide
divergent types of colloid are included. This is indicafed by the
silica-sesquioxide ratios and more emphatically by the silica-slumina
ratios. Representative of one extreme is the colloid from Cecil sandy
clay loam which is distinctly lateritic, and representative of the
other is the colloid of Colby silty clay loam. The former has a
silica-alumina ratio of 1.65 in the surface layer and the latter a
ratio of 4.25.

Of the other colloids, those of the Houston, Marshall, Shelby, and
Palouse soils have silica-alumina ratios of well above 3 throughont
the profile. The Vernon colloid also appears to belong in this gen-
eral group, although the silica-alumina ratio drops below 3 for the
subsoil colloids.

With the exception of the Vernon, the soils of this group contain
large quantities of colloidal material, and the type of colloid found
in them is such as to make the soils plastic and sticky when wet and
also highly impermeable to water. The fate of incident water is
thus affected by the type and quantity of colloid in the soil. The
effects are of course modified, as in the Houston and Colby soils,
when the soils contain calelum carbonate or other flocenlating
material.

The only colloid which may be classed with the Ceeil is the Kirvin.
Although there is a good deal of difference between the two when
judged by the ratios of the major constituents, the classification is
justified on other data. Both colloids are red, contain mueh less
exchangeable base than any other of the colloids under discussion,
and the soils they represent are markedly acid in reacfion. The
Vernon colloid is also red, but in this connection it must be remem-
bered that the Vernon soil is derived from the red shales, and color
indications may, therefore, in the Vernon colloid, be deceptive. The
relatively unweathered state of the Vernon soil is indicated not alone
by the high silica-alumina ratio of its colloid but by the high content
of exchangeable bases us well. The Vernon profile is not so acid
in any horizon as the least acid of the horizons of either the Kirvin or
Cecil soils. (Table 1.} ‘To establish more completely the proper
chemical classification, colloids from the B horizon of each of thege
soils were submitted to S. B. Hendricks for X-rzy examination (9).
He submits the following report:

Samples Nos. 6007, 6709, 6843, 8070, 8737 (Houston, Shelby, Colby, Palouse,
Marshall) are Ordovician bentonite {montmorilionite quartz). Nos, 8670, 6720,
#0978 (Kirvin, Verton, Cecil}) are more complicated than ordinary ciay mineral
photographs, and are evidently mixtures. Of these, No. 6720 {Vernon) ia pre-
dominantly Ordevician bentonite. The other two (Klrvin and Cecil} are
mixtures of a clay mineral with some other substunce or subsiances.

Any relationships shown by the inorganic composition of the col-
loid are also modi%id by the quantity, character, and distribation of
the organic matter present. Such data can not be given quantitative
expression at present, but it is of interest to point out that in the
two caleareous soils which have organic contents not widely at vari-
ance in the surface horizons, the distribution within the profiles is

116127°—32—4
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guite different, - In the Shelby znd Palouse profiles there is a marked
ifference in the organic content of the surface layers but an equally
marked similarity of distribution.

The 22d column of Table 3 gives the organic matier-nifrogen
ratios for the extracted colloids. In this case the organic matter was
determined by the hydrogen-peroxide method, and it is known that
not all of the organic matter is so removed (22). The ratios are
therefore numerically smaller than they would be had the combus-
tion method been employed. The outstanding relation shown by
these ratios is the uniform decrease in ratio with depth. Thig rela-
ticn may be interpreted to mean that the organic matter at lower
levels has been longer subject to the processes of deeay and that the
nennitrogenous material decays more readily than ritrogenouns bodies.
"That the nonnitrogenous mafter is oxidized more readily by hydro-
gen peroxide has been shown by McLean (16, 16). 'This assumption
1s valid only so far as we assume that the organic matter at lower
levels has been carried down from above. ‘Thig latter assumption is
not wholly true in any case and perhaps to but a limited degree in the
soils not subject to podzolization. In the colloids, as in the soils,
the relation between the composition of the organic matter and the
erosional behavior must await fuller knowledge of data both on field
behavior and the variation of compaosition of the organic matter.

The erosional behavior of the Kirvin, Vernon, and Cecil soils is
influenced by the small content of colloid in the sueface layers (Table
1), and this influence tends to obscure the effects consequent on col-
loid composition in these horizons. The iron-oxide content of the
two colloids of highest apparent weathering, the Kirvin and the
Cecil, is notably high, as shown by silica-iron oxide ratios. The
data at hand do not clearly indicafe what erosional relations exist
between sesquioxide-colloids and slumine silicates, but it is in gen-
eral frue that laterites and lateritic soils are not readily eroded, Of
the soils under discussion, those which contain notable quantities of
ferric oxide in their colloids undoubtedly have their erosional rela-
tions influenced by its prasence.

Detailed examination of the profiles of these series leads to some
observations which have a berring not only on erosional behavior but
also on general soil relationships. As already mentioned, the Hous-
ton soil has a very high carbonate content throughout the profile,
A considerable fraction of this carbonate finds its way inte the col-
loidal fraction in each of the successive layers. The lower layers are
much richer in colloidal carbonate than the surface layers, a condi-
tion which is to be expected in a region of high rainfall, and the same
general relation holds for the total carbonafe content of the soil,

Except for variations in the amounts of organic mafter and car-
bonates, the colloid of the Houston soil is essentially the same
throughout the profile. This constancy is emphasized by the ratios
of the major constituents as given in Table 8. guch minor variagtions
as appear are to be found in the relative quantities of iron oxide, as
shown by the silica-iron oxide and iron oxide-alumins ratios. '.t'he
silice-alumina retios are practically identical for the complete pro-
file. This constancy of composition of the colloids of the c%ernozem
and prairie soils has been noted by Byers and Anderson (8). Such
variation as may occur is a measure of the extent to which podzoliza-
tion or laterization has occurred.
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Variations in the erosional hehavior of the different layers of the
Houston profile are obviously not due to variations in the type of
colloid, and causes for such variation must be sought elsewhere.
The colloidal content, as shown by the mechanical analyses, varies
to some degree, though even in this respect Houston black clay is
remarkably constant.” It is apparent, therefors, that this s0il, in
contrast with others to be discussed later, has suffered but little trans-
location of colloidal material. The several soil layers show consid-
erable variation in organic matter, und this is undoubtedly responsi-
ble for the inversion of relative amounts of colloid in the first two
layers, as shown by the water-adsorption method. 'Faken collec-
tively, with other minor variations, the differences in amount of or-
ganic matter and calcium carbonate produce a very evident varia-
tion in the profile when examined in the field. The change is most
marked at & depth of about 36 inches. However, the general con-
stancy of texture of the soil and composition of the coﬁoid msy be
considered a fairly satisfactory explanation of the fact that, in thia
soil, erosion is for the most part of the variety known as sheet ero-
sion. Sheet erusion appears to be charactertistic of other soils with
uniform texture and coloid.

The erosion ratio given in Table 1 for the surface layer of Hous-
ton black clay, although low as compared with other soils, is still much
higher than that for the layer lying below it. Fhis lowering of the
erosion ratio for the soil Kayer immediately below the surface soil
is not confined to the Houston soil, but appears to be general in all
soils. In the Houston soil the immediate cause is seen in the sus-
pension percentage given in Table 1. The cause of this divergence,
in turn, might be ascribed to the smaller quantity of colloidal car-
bonates in the surface soil. However, since the pH of the surface
soil is the same as that of the layer immediately below it, there can
searcely be said to be & lower concentration of calcium ions; indeed,
the greater quantity of organic matter would seem to call for an
increased base content for the same pH.

It is » matter of observation that the surface part of the Houston
soil, on drying, fractures into very small easily suspended particles,
whereas the more slowly drying subsurface soil fractures into masses
of larger size. The ease with which these small particles are trans-
ported or suspended presumably accounts for the high erosivity of
the Houston soil, in spite of its low erosion ratio, and may account
for differences in the suspension percentage. Tn this comnection

a laboratory observation is recorded. Whenever the thick suspen-
sion (from s Pasteur-Chamberland filter) of a series of colloids is
evaporated to dryness on the steam bath, the tendency to fracture is
most strikingly marked in those colloids of hicglh organic matter.

By application of this observation it is believed that the organic
matter of the Houston soil is associated with the peculiar manner in
which this soil disintegrates under field conditions. The physical
effects of organic matter, the cementing properties of dissolved and
reprecipitated calcium carbonate, together with the flocculating
effect of the calcium ion, are held to be amply sufficient cause for
the peculiar ercsive characteristics of this soil.

Kirvin fine sandy loam offers in many respects a striking contrast
to Houston eclay in that the colloid content of the various horizons
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is markedly variable. (Table 1.% The colloid composition is like-
wise unusually varied. The calcium, potassium, and phosphorus
content of the colloid of the surface horizon are higher than in the
B horizon colloid, differences which may be referred to the ash con-
tent of the vegetation. The pH value of the surface soil is corre-
spondingly increased. The relative percentages are of course greatly
modified in the whole soil by reason of the extreme textural changes
in the various horizons. The manganese and organic matter are
sharply concenirated in the colloid of horizon A. The combined
water (ignition loss minus organic matter) of the colloid of the
various horizons is approximately 11 per cent. The variations are
roughly consistent with the variations in iron oxide content, as
shown by the silica-iron oxide ratio. The silica-sesquioxide ratio
when considered alone indicates a fair constncy of colloid composi-
tion. The average value of this ratio is 1.9, which approximates the
theoretical value of 2.0 for kaolinite or halloysite. The iron oxide
content is relatively high, and if the assumption is made that all the
iron is present as free oxide, the silca-alumina ratio indicates a much
higher silica content.

That the iron oxide content is af least partly free is indicated by
the color of the organic-free colloid, which is bright red, and also by
the change in the iron oxide-alumina ratio in the upper four strata.
That free colloidal quartz is probably present in the colloid of the A
horizon is indicated, though not proved, by the difference in the
relative values of the iron oxide-alumina and the silica-iron oxide
ratios, as well as by the slightly greater silica-alumina ratio in the
surface horizon as eompared with the second horizen. There has
been no podzolization of the soils, and laterization, although indi-
cated, has not progressed to any extent. In genersl, the relative
changes in the various ratios tend to indicate an unrelated degree
of weathering which may be the result of lateral leaching of the
colloid. This is not improbable, in view of the marked changes in
the texture of the different horizons of this seil.

Perhaps the most important inference to be drawn from the data
for Kirvin fine sandy loam, as affecting erosion, is obtained through
« consideration of the quantities of colloid fraction shown in the dif-
ferent layers. It is clear that the increase of colloid from 5.6 per cent
in the 0 to 12 inch Iayer to 59.4 per cent in the 12 to 24 inch layer
indicates removal of enormous quantities of colloid from the upper
horizon, either by erosion or eluviation.

That the colloid percentage is highest in the B horizon shows
clearly that eluviation has taken place. That the quantity of colloid
so transferred is large is indicated by the decrease in colloid content
.as lower levels are reached. The effect of thus “sealing” the B
horizon with colloid is not so marked in soils with colloids of low
silica-sesquioxide ratio as in less weathered soil, but in 2 soil with so
marked an alteration of texture as the Kirvin, the effect of this
sealing on permeability must be great, and therefore must in turn
affect the erosion of the surface soil.

Attention should also be called to the increased erosional character-
istics of the lower strata of this soil as represented by the incresse
of very fine sand and decrease of colloid content. This is reflected in
the increased erosion ratios of the lower layers. These in turn affect
the character of erosional effects in flood periods when erosion
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reaches the lower levels, with resultant gullying from the more rapid
erosion of the deep-lying material. Gully formation in the Kirvin
soil is strikingly marked.

Vernon fine sandy loam is similar to the Kirvin soil so far as the
color of the organic-free coiloid is concerned. There are, however,
some very striking differences. The silica-alumina ratic is high,
approaching that of unweathered soils. The base content and, by n-
ference, the base-exchange capacity are also very greatly in excess
of the usual values for red soils. Despite the red color of the colloid
the iron content is not excessive, and its alteration in quantity rela-
tive to silica through the first 27 inches is but slight. Evidence of
chemical fractionation of the colloid is shown by the alteration of the
silica-rlumina and iron oxide-alumina ratios. On the basis of the
changes in composition shown by these ratios, such weathering s
has occurred can not be classed as podzolic, and the high silica-
alumina ratio precludes the possibility of extensive laterization.

The evidence of eluviation is not clearly marked, despite the
marked increase of colloid in the B horizon, since in the C horizon
the quantities of clay and colloid are equally great. The conclusion
seems to be warranted that the relatively small quantity of coloid
in the surface soil is due to a lateral selective erosion of the finer
fractions of the soil. The coarser muaterials have eroded at a slower
rate, but in summation the total erosion has been rather severe. In
this eonnection it should be noted that this particular sample of
Vernon soil does not contain a calcareous layer, although by reason
of the general character and location of the soils of the Vernon
series such n stratum would normally be present. In this soil, as in
the Kirvin, gully formation is prevalent. The presence of 2 highly
erosive substratum, as shown by the erosion ratio, again offers a sat-
isfactory explanation of this type of erosion.

Shelby silt loam is a prairie soil, and the characteristics of its col-
loid are similar to those of the colloids derived from the Houston,
Marshall, and Palouse soils, except that, unlike the Houston, it
has only small quantities of carbonates which occur mainly in the
colloids from the lower strata. Throughout the profile the colloids
of this soil are very uniform, particularly in the upper 24 inches.”
They have the usual characteristics which accompany a high silica-
sesquioxide ratio, are easily dispersable in water, and have a high
base content and base-exchanﬁe capacity. When free from or-
ganic matter the colloids are light gray, which indicates that the iron
1s not present in the form of hydrated oxide.

The high silica-alumina ratio indicates the relatively unweathered
condition of the colloid, and no evidence of podzolization is found
in the iron oxide-alumina ratios. The amount of colloid present in
the surface layer is approximately half that of the second layer
between depths of 8 and 12 inches, which in turn is greater than the
amount to be found in the 24 to 48 inch layer. This is taken to
mean that the strata between 8 and 24 inches have been enriched
by illuviation, but the relative deficiency of collold in the surface
layer also indicates that the topsoil has lost a part of its eolloid in

7 In considering the relative values shown, it should aizso be mofed that thore la Incloded
in the profile the colloid (No, 6802A) cbtained from r sand pocket. The inclusion of this
sample indicates certeis nonyulform conditlons which are characteristic ot the Shelby scil,
hut the sample la not properly & part of this particular profile.




32 TECHNIOAL BULLETIN 316, U. S. DEPT. OF AGRICULTURE

the surfrce run-off water. The upward trend of the silica-alumina
ratio at depths below 24 inches, together with a decreasing colloid
content, serve to explain the increase with depth of the erosion ratio.
This gradual inerease of erosivity in the lower horizons results in the
formation of broad U-shaped gullies when this soil is subjected to
heavy rainfall. With more moderate rains, and by reason of its
surfuco erosional characteristics, sheet erosion becomes prevalent in
this type of soil,

Colby silt loam is a true chernozem, and its colloid possesses all
the characteristics of this soil group. The colloid is praciically con-
stant in character throughout the profile and has the highest silica-
sesquioxide and silica-alumina ratios of any of the soils covered in
this investigation. The high values for these ratios are in accord
with the results of the X-ray examination which showed the colloid
to be of the montmorillonitic variety and in accord with the high
base content of both colloid and soil. A. summation of the evidence
to be derived from the ratios of the major constituents shows marck-
edly the unweathered condition of this soil. There is also only the
slightest evidence of concentration of colloid in the second stratum at
the expense of the surface soil. The differences in erosional char-
ncteristics shown by the different strata are not to be specifically
ascribed to variations in the inorganic colloid or to alteration of
textures, which are remarkably constant. The differences which do
appear it the suspension percentage (Teble 1) and -in the moisture
equivalent, which are reflected in the dispersion and erosion ratios,
are to be attributed in part to alteration in structure. To what
extent the structural differences are to be associated with the kind
and quantity of organic matter is & question not answered by the
data. Some of the differences between the surface layer and those
beneath it are to be associated with differences in calcium carbonate
content and to the slightly higher silt and lower clay content of the
surface layer as compared with those of the soil immediately
beneath it.

Cecil sandy clay loam is the only definitely lateritic soil on which
an erosion station has been established. The silica-sesquioxide ratio
is well below 1.5. If, however, we consider the silica-alumina ratio,
it appears that if all free silica has been eliminated by solution, the
degree of hydrolysis of the alumino-silica complex has not gone fer
beyond the ialloysitic stage, the latter being assnmed o have a ratio
of 2. The lateritic characteristics of this soll may perhaps be attrib-
uted to its high content of iron oxide which is hydrated to a con-
siderable degree, as shown by the difference between the ignition
loss and the organic content.

The colloid is characterized by a low base content and base-
exchange capacity and is in general typical of the series as deter-
mined by Holmes and Edgington (10). There is some indication
of podzolization shown in the altering of the silica-iron oxide and
iron oxide-alumina ratios, but the absence of a sample from the C
horizon (below 60 inches) leaves some doubt as to the extent of
podzolization of this particular profile. The transfer of colloidal
material from the surface Inyer to lower strata, or its removal by
erosion, is very marked, as shown by the percentages of this com-
ponent which varies from 17.3 per cent in the 0 to 6 inch layer to
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51.2 per cent in the § to 32 inch stratum. The percentage of colloid
is nearly as high throughout the B horizon to a depth of 60 inches.
- From other samples of this same soil type, it is known that the C
horizon is low in colloid. . .

Soils of this type are usually nonerosive in character, and this is
indicated for the lower layers of this profile by the erosion ratios and
also by the field data. The relative ease of erosion of the surface
Iafyar 1s due in large part to its low colloid content.” The cultivation
of corn and cotton on such a soil aggravates erosive conditions bg
destroying roots and leaf cover, which otherwise would bind an
protect this noncoherent surface layer. :

Palouse silt loam has the highest silt content of eny of the station
soils. When this is considered, along with the fact that it is not a
weathered soil and that much of the srea on which this soil is found,
is markedly rolling, it is realized that erosion is & serious problem
despite the low rainfall of the region.

e silica-alumina ratio, as well as the X-ray examination, indi-
cates that this soil has & colloid of the montmorillenitic type. The
alteration of the silica-iron oxide and iron oxide-alumina ratios be-
tween the 0 to 20 inch and the 20 to 33 inch layers indicates that
considerable podzolic effect accompanies whatever illuviation has
taken place. The evidence of podzolization and the presence of as
much as 24 per cent of colloid in the surface layers indicates that but
Iittle surface erosion has occurred in the profile sample. If such be
the case, it would appear that the rainfall is so meager and at the
same time so distributed that the natural grass cover of this soil
gpe offers ample protection from the small run-off which occurs.

owever, the erosion ratio shows this soil to be decidedly ercsive,
and under cultivation severe erosion may be expected. The data
from the station are not available to give a quantitative expression
of this statement.

Marshall silt loam is a typical prairie soil and, as such, its colloid
is characterized by uniformity throughout the profile. The silica-’
alumina ratio indicates a colloid of the montmorillonitic type and
this is confirmed by the X-ray examination of this type reported
by Hendricks and Fry (9), as' well as by the examination made oi
this particular sample. As in Palouse silt loam, evidence of podzoli-
zation is slight but distinet; also, there is a large amount of colloid
in the surface soil. Taken together they indicate the lack of surface
erosion in this profile, owing no doubt to the excellent protection
offered by the patural grass cover of the soil. Although not shown
to be so ercsive by the dispersion and erosion ratios, the character
of this soil lends 1tself to easy erosion, as shown by the suspension

ercentage and by the percentage of total colloid extracted by centri-
}'Juging. The percentage of total colloid extracted is also high for
other colloids of like type.

The erosion ratios which represent the Marshall profile are much
more varied than might reasonably be anticipated in a soil so uniform
in texture when so little variation in colloid is present. Chemically
the most importunt differences in the profile are shown by the or-
ganic-matter percentage, both in the soil and in the colloid; yet the
amounts bear no relative value to the suspension percentage or the
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moisture equivalent, which, in turn, affect the dispersion and ero-
sion ratios. The variations may be explained by attributing them in
part to variations in soil structure, but this avoids rather than
answers the question, unless causes are assigned to account for these
structural differences. At present this can not be done.. However,
it is known that the erosion ratio is often lowest in the second soil
layer and that usually this is in the zone of greatest compaction of
the soil. In this respect Marshall silt loam is similar to the Houston,
Shelby, and Colby soils included in this investigation. A decreasing
amount of colloid in the two lower layers of the Marshall soil may,
in the presence of a large percentage of silt, lower the cohesive prop-
erty of the soil to an extent that would account for the increased
erosivity of these strata. Whether these assumptions are correct or
adequate the data at hand are not sufficient to determine. It will
be of interest to learn from the field data, when assembled, whether
the general relations indicated exist in fact.

PROPERTIES OF COMPOSITE PLOT SAMPLES

Composite samples of each tank plot at the erosion stations wers
obtained for the dual purpose of ascertaining the degree of uniform-
ity of the soils over the area on which erosion dats were to be
collected and of furnishing 2 basis for comparison of such changes
as may occur in these plots through varied enltural and other treat-
ment. These samples were taken according to the following in-
structions:

* * * A composite sample, aggregating at least 1 pound in weight, should
be taken for each of the several soil layers through the vertieal section of
each plot, to a depth of 48 inches, wherever this depth Is attaineble. To make
the cormposite sample, the sampling should begin 5 feet from the lower end of
each plot (in the middle}, and extend up the slope, at 10-foot intervals, to the
rear (or upper) end of the plot. A soil nuger or core sampler {King sampler)
should be used for taking these, and the same amount of soll should be
taken from each fuyer, thus making & thoroughly representative plot composite.

The samples were transferred to glass jars in this laboratory, and
the material remaining from this study will be carefully preserved
for comparison with samples to be taken in the future, ia order that
the changes caused by erosion may be determined. :

Composite samples of Marshall silt loam, from Clarinda, Iows,
aitd of Palouse silt loam, from Pullman, Wash., have not been in-
cluded in this study because of the recent installation of these sta-
tions. The samples from the six stations from which samples were
received were subjected to the following deterrainations: Colloid by
water-vapor adsorption, moisture equivalent, dispersion ratio, and
complete mechanical analysis. From the results of these determina-
tions the colloid (by water-vapor adsorption)-moisture equivalent
ratio and the erosion ratio were calculated. 'The average value of
each determination for all the plots (except desurfaced plot? at
each station was computed for each horizon® and the standard devi-

2In the following discussion and tableg the term * horizon ™ ls used to_ designate the
hprizon, or Inyer, represented by the sample, regardlesa of whetlier the soll exhiblts true
harizonal eharacteristics,




CHARACTERISTICS OF EROSION: STATION SOILS . 35

ation and the coeflicient of variability® wece czlculated. ‘The results
of these determinations and calculations are shown in Table 4. For
the purpose of comparison the same determinations on the profile
samples as are shown in Table 1 are repeated. .

The sites for the erosion stations were selected with great care,
particularly in regard to securing a representative area of the soil
type to be studied, and the location of the experimentsl plots on thig
area was cavefully considered so that they would have =s uniform
slope and as uniform seil conditions s5 possible. The data in Table
4 show that, in general, the plots at each sfation are remarkably
uniform in their characteristics, In many cases the differences
between the value of the highest and the lowest determinations for
any particular horizon are probably within the limifs of experi-
mental error. The greatest differences usually occur in the long or
short plots,'® indicating that the greatest variations in soil character-
isties occur along, rather than across, the slope.

The short plots on the Cecil soil (No. 12}, Kirvin (No. 1), and
Vernon (No, 1) are noticeably at variance with the rest of the plots
in several of their properties. The long plot on the Shelby soil was
divided and sempled in two parts, and 1t may readily be noted that
the upper half (which extends up the slope beyond the main body of
the plots) is much heavier in texture and shows greater variation in
its other properties than the rest of the plots. '

The surfacs soil of the desurfaced * plots (listed in Table 4 as the
second horizon) does not correspond to the second horizon in the
Houston, Cecil, and Vernon soils, but in the others the agreement is
quite close. This is no doubt due to the fact that the plot was not de-
suriafed'-‘-f.o the same depth as the surface horizon of the profile
sample.

Tﬁe differences between the profile samples and the average values
of the composite samples are greater than was expected. Hopwever,
i most cases, the greatest differences can be aseribed to differences
in depths of sampling. For example, the first horizon of the Cecil
profile sample was taken to a depth of 6 inches; whereas the com-
posite samples were taken to a depth of 7 inches. Since the B hori-
zon of the Cecil soil is very heavy in texture, as compared with the A
horizon, the greater depth of sempling included more of this
material, resulting inr much heavier texture for the composite samples
than is normal for the A horizon.

*The formulas used were standard devinidon, r-_‘f%‘;ﬂ- » and coeficient of vatrlabllity.

c-ﬁxmo. where @ represcnta the deviatlon of each determlnation from the mean M.

of the whole number of determinatlons m.

¥ The glota at all stetlong are 8 feat wide and the normal-lenpth plota are 726 feet
leny, maelog an area of one one-hundredth of an ocre, The ghort plots are 86.8 Feet
lt;ng {one ;:wo-hundredth ¢f an acre) and the long plota gre 145.2 feet long {one Aftleth
of an acre},

L The suarface soll of one or more plats at each station was removed tp slmylate a
geverely erocded condition and ip compare the quantity of run-off aod erozion with the
bormal surface condition,
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Some differences may bs noted in the dispersion and’ erosion‘ratios
between the profile samplés. and the composits. samples. . The com-
Posite samples agree very well with each ‘othér, and several deter- _

* . minations made on the profile samples at various times are in close
agreement. The reason for these diserepancies has not yet been
definitely ascertained. Tt is believed to be due to structural varia-
tions resulting from seasonal differences in the takin of the samples,
1 The coefficients of variability are low in nearly all cases, indicat-
ing a high degree of uniformity.: In orderthat the varishility of the
different soils.mifght be compared, the average value of the coefficient
was computed for all ‘determinctions, Wlsl the - exception of the
organic-matter determination, for each horizon of each soil. ‘The
results are shown in Table 5. o o e

" Tanww §.—Average® coefficients of veriadility of vorposite plot senples

Houston [Ceeli ssndy|Kirvin fine [Vernon fine| shetby sttt Calby ailty
clay loam -

Harizon black clay | clay lorm |sandy losm|sauily luan?i . loam.

Averoge 6.5 5.8 8.1

L] C.psmcients of variability for arganic matier are not in.cluded.

These results indicate that the second horizon of the Houston soil.

is the most uniform and the fourth horizon of the Vernon the least
- uniform. However, the average of -all horizons shows the Colby

to have the most uniform profile and the Vernon, the least uniform,
These figures correspond very closely to the results obtained by .
Holmes and Edgington {70) on the colloids froma the Leonardtown,
Miami, Chester, and Cecil soils. . s = : S

Although it is obviously urdesirable to make complete chém-
ical analyses of the soil and colloid of the whole series of
composite samples because of their great number, it seemed " de-
sirable to select & pair of the Houston composite samples which
showed wide varjation in physical properties® in o'r(ier to" de-
termine to whst extent this variation is reflected by the chemical
composition. In the Cecil composites, two plots showed ‘very. simi-
lar physical properties, and they were analyzed in-order to determine
to what extent this uniformity was reflected by the chemical compo-
sition. To these were added a pair of the samples from the desur-
faced plots. It is to be expected that erosion will alter these more
than the surface soils. The analyses are therefore available for
comparison with future samples from the same plots. The results
of these analyses are given in Table 6, - '
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% ., Tamik B-:Chemical composition of selécted: composite plot samples® -
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{Figtires {u parenthesed are for analyses culevlated on carbonate-free basis]

The third horizon of plot 2 (long plot} and plot 7 on Houston
black clay are unusual in that the colloid by water adsorption, the
moisture equivalent, and the clay and colleid by mechanical ana.iysis
are the highest and the lowest, respectively, of any of the plots in this
horizon. The chemical analyses reveal considersble differences in
the various constituents, particularly CaQ, but when the analyses are
recalculated on the carbonate-free basis (figures in parentheses) the
restlts sre practically identical. This indicates that the properties
of the third horizon of plot 7 are lower, owing to the greater dilu-
tion with CaCO,. :

The physical properties of the surface horizons of plots 6 and 7 on
the Cecil soil are practically identical, except for the colloid by
water-vapor adsorption and the organic matter by H,O,, which are
higher in the latter. The chemical analyses indicate that there is a
little more silica and less iron and alumira in the former, the rest of
the constituents being almost uniform.

The analyses of tﬁe first two desurfaced plots of the Cecil soil
reveal them to be practically identical in composition. The physical
analyses indicate that plot 1 is slightly heavier in texture, but the
shight differences are not reflected in the chemical analyses. L

RUN-OFF AND EROSION DATA

Only four of the eight erosion stations were established in time
to secure any run-off and erosion data during 1930. Of these, the
stations at Guthrie, Okla.. Hays, Kans.,, and Temple, Tex., were in
operation during the entire year. The station at Tyler, Tex., was
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in operation only during the latter part of the year. ‘Thie year 1930
was. unusual in many resgects and was particularly notable on.ae-
count of the unprecedented drought in practically all sections of the
country. The station at Tyler reported no rain producing run-off
from Syun to Qctober. At Temple there was no run-off from May 23
to August 25, However, the stations at Temple and Hays each had
a total rainfall for the year witliin a quarter o? an inchi.of the normal,
and the station at Guthrie had 0.61 inch more than the normal, This
condition was brought about by u.nu‘suallg heavy rains in the sprin
and fall. The run-off and erosion data for each plot, together wit|
the erosion ratio of the surface soil as showa in Table 4, are given
in Tables 7, 8, 9, and 10.

Tapre 7. —~Run-off and erosion daia from Temple, Tex., erosion atation, 1930
[Total rainfall, 33.01 inches; Houston black dlay; slope, 3,75 per cont)

Flot No. Erodlon. | Run-oft | Erosion k; . Treatmsnt

v
atn

EFFB%?;EE?
HBSBIRE

N Tl LT L =T

p:pssﬁsan;sﬁg
BeBEyRaRasE” §
3 PO B e p b
ARSI O =] sk

I3 | et S C) Ot o O O e

o
& | BE
S

15

-
]
[ -]

ANErage. - .o

i
i

1 Short plot,

b4 tot.
1 I""‘mﬁ for 5.55-Inch raln of May 10 not included becanss tank overflowed.
t Desurfaced plot.

Taprn 8. —Run-off and erosion data from the Hays,, Kana., erosion stotion, 1930
[Tatal rainlall, 2278 inches; Colby #ilty elay lcam; slops, 5 per oent]
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' '];'mu: 9. — Erojion and ruﬁ;-loﬁ dala from the Guthrie, Gkla., erosion fcifon, 1980
" [Total raintel, 33,06 inches; Vernon fiie sandy loas; slape, 7.7 per oent] ‘

PlotNo. Etcalon | Eroston - Trestment

s|Bpsspassn
codn | g e e Cb GO DN I )

. Avm._.'____...-_-__._

18Hert plot. 1 Long plot,  +Desurfaced plot.

TapLm 10. —Erosion and run-off data from the Tyler, Tex., erosion slation, -
) . October io December, 1330 > N

{Total ratnfs}, 11,47 uchas; Kirvin fine sandy [oam; slops, 8.75 per osot]

Erosion: - Eraslon

Flot No. Tatio Rup-off | Erozlon | per Izch

¥
1)
3

PR g

! .,
BESBERBLEREED

o | NP, Eomopaomn
o | S Cm 0 LS Lo 00 St B

8| pmeEpEsREnES

[
b
=
l

1 8hort plot, 1 Long plot. ¥ Desarfaced plot.

It is not within the province of this bulletin to discuss the effect of
the different crop treatments in the control of erosion. However, the
correlation of the physical and chemical properties of the soil with
its erosional characteristies is an important consideration. The dis-
persion ratio, the colloid-moisture equivalent ratio, and the erosion
ratio are the only criteria that hayve been developed for estimating,
in advance of actual measurement, the erosivity of.a soil (77). These

tests, of necessity, leave out of consideration differences in topogra-
phy, climate, vegetation, and treatment, which are of primary im-
portance in (ietermining actual erosion except so far as these factors
have previously influenced the character and properties of the soil
itself. In consequence of these variables the degree of reliahility of
the erosional chsracteristics of the soils can not be estimated by com-
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parison-of the run-off and wash-off data of the different stations, bt
can only be arrived at by a study of the results obtained in suceéssive
years on plots under like treatment at a given station. Eowever,
some Interesting relations may be brought out by the following
diseussion. : I
Houston black clay {Table 7}, although it has the least slope and
the lowest erosion ratio, shows the greatest average annual erosion
and the highest percentage of run-off of the four soils for which data
are available. It also has the greatest quantity of erosion per inch
of ruz-off of the three soils for which data are available for the entire
Year. :
The physical properties of this soll, such as the dispersion ratio,
erosion ratio, and colloid-moisture equivalent ratio, would indicate
that it is relatively nonerosive. The average dispersion ratio of the
surface soil, 11.0, is within the tentative Hmit set by Middleton (17)
for nonerosive soils, but the average of the colloid-moisture equiva-
lent ratio, 1.29, is much below the lower limit of 1.5 which was estab-
Lished for this ratio. However, the average value of the erosion ratio
of the surface soils, 8.5, is within the limit established for nonerosive
soils, Itis evident that some other roperty or combination of prop-
erties must operate in this particular ‘soil to produce more erosion
than would be expected from its physical properties. This soil is
very stiff and glastic when wet and on drying shrinks and cracks
into very hard lnmps which adsorb water very slowly. Slow pene-
tration of water, together with the high intensity of rainfall which
oceurs in this region, produces a large quantity of run-off. Under
these conditions cultivation, such as is necessary in the growth of
cotton, induces a large quantity of erosion because the loose surface
soil is swept off by the run-off water. The low dispersion ratio is
undoubtedly caused by the slow penetration of water into the aggre-
gates of the soil and the high content of ealeium which tends to hold
them together so that under the conditions of this test only a small
fraction of the material is dispersed. The dispersion and erosion
ratios of the surface layer of the desurfaced plot {plot 11} are ap-
proximately half of the corresponding values of the normal surface
soil, and the actual erosion is also approximately half as much.
The colloid-moisture equivalent ratios are practically the same, so
that in this case the dispersion ratios and consequently the erosion
ratios indicate the relative degree of erosion. ' . :
The Houston soil is one of the most uniform soils that has been
investigated in this work {Table 3); yet on two plots of this soil
receiving identical treatment the erosion and run-off on one i nearl
iwo and one-half times that on the other, (Plots 5 and 8.} The dif-
ference in the erosion ratios and in the other properties of these two
plots (Table 4) give no indication of the canse of these differences,
The erosion per inch of run-off is practically the same in each case,
which Is in gccord with the physical and chemical data. The catses
of these variations and discrepancies are not known at présent, It
is possible that they may disappear in later date; if so, they may be
ascribable to local variations in treatment or in the establishment of
the plots. The grass plot {No. 6) had the most erosion of any of
the plots. However, this erosion all oceurred in the first half of the
year and no doubt was caused by difficulty in getting the grass estab-
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lished. The effect of this is ‘more or less counterbalanced in the
average by plot 3, where the tank overflowed during the most
. destructive rain of the year. - T promt 1
Colby -silty clay loam (Table 8) has the lowest annual rainfall,
the lowest quantity of erosion, and the lowest erosion per inch of Tunt
off of the four soils considered. The surface horizon of ‘the plots,
hewever, has a higher erosion ratio then that -of the Houston soil and
4 much lowei ratio than have the Vernon and Kirvin soils. The
Houston and Colby are both ealeareous soils, but the surface goil of
the Colby is much lower in carbonates than the Houston surface soil.
the variation noted may therefore undoubtedly be aséribed to the
&ffect of the high carbonate content on the structure of the Houston
soil. The erosion ratio for the desurfaced plot {No. 10) is not only
higher than for the corresponding depth oi? the normal plots, but'is
also higher than for the surface layers of the same plots.” Neverthe-
less, its actual loss by erosion is less than thab of plot b and greater
than that of plot 3, which have received identical cultural treatment,
Tt may again be assumed that the exposure of the subsurface soil has
resulted in structural alterations affecting its erosional behavior, It
is to be noted that the upper layer of the desurfzced plot- has an
erosion ratio approximately threefold that of the materinl at approxi-
mately like depth in the profile sample (Table 4). :
Vernon fine sandy loam (Table 9) has nearly the same percent-
age of run-off and total erosion as the Houston soil, with practically
the same total quantity of rainfall. The Vernon soil is on a steeper
slope, which produces more erosion per inch of run-off on the cotton
plots then on the cotton plots of the Houston seil. ‘The erosion
ratio of the Vernon is more than double that of the Colby, and the
average erosion is nearly five times as much. On plots receiving
somewhat similar treatment, such as the oat and grass plots on the
Vernon 5oil a5 compared to the wheat and grass plots on the Colby,
the erosion is practically the same, with the Vernon showin less
erosion per inch of run-off. However, the bare plot on the Vernon
shows two and one-half times as much erosion as the fallow plot
on the Colby. Taking the differences of slope, rainfall, erop con-
ditions, and treatment into consideration, it is -evident that the
Vernon is a much more erosive soil than the Colby, as is indicated
by their erosion ratios. o
The desurfaced plot on the Vernon soil (plot 9) shows an unizual
qnantity of run-off and erosion, considering its erosion ratio and
other physical properties. The erosion per inch of run-off is the
came as for the normal plot 3. We are not able to offer a satisfactory
explanation for this at present. It will be very interesting to see
whether thess differences continue to appear irl successive years,
The data for Kirvin fine sandy loam (Table 10) cover only &
part of a year, but they indicate that, considering the slope, the
¢rosion ratio, and the high erosion per inch of run-off, this soil is
highly erosive. The dispersion ratio, colloid-moisture equivalent
ratio, and erosion ratio of the exposed horizon. of the desurfaced
plots are all within the limits tentatively established for nonerosive
soils. The limited data show that these plots erode markedly less
than any of the normal plots, regardless of treatment.
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GENERAL REMARKS

The data presented in this bulletin concerning the chemical and
physical properties of the soils-on which erosion experiment stations
have been established represent the beginning of an intensive labo-
ratory study of the properties of soils which affect erosion and of
the effect of erosion on soils. As the experiments proceed, these
data will be used as the basis to which future analyses will be re-
ferred in order to determine the changes, if any, which are brought
about in the soil by erosion. It is evident that when the chemical
and physical properties are uniform throughout the soil profile,
as in the Colby, Houston, Marshall, and Palouse soils, erosion will
not extensively change the fundamental properties-of these soils.
The greatest change will be in the loss of organic matter from the
surface soil, with consequent changes in water-holding capacity,
plasticity, and structure. In the soils which are not uniform
throughout their profiles, greater changes may be expected, particu-
larly where the surface soil is of a sandy texture. It is to be ex-

cted that the removal of the surface soil will Yultimately result
in the present subsoil becoming the surface lnyer, except as the sub-
scil itself may be modified by erosion. This transformation will be
gradual and will be greatly modified by cultural practices. With
the pressnt data and reserve material for future determinations, it
will be possible to follow these progressive changes.

There will undoubtedly be great differences in the quantity of
erosion which takes place on the different soils and on the same soils
with different crop and fertilizer treatments. The field data at the
time of writing this report are too meager to warrant the drawing -
of any definite conclusions. It is recognized, however, that any
quantitative estimate of the validity of the laboratory data must be
based on the field data when they shall have been obtained in ade-
quate quantity, From the laboratory data at hand it is possible
to predict with a high degree of certainty the type of erosion which
will oceur on a hgiven soil type. It is also possible to predict which
part of the profile will be most suseceptible or most resistant to ero-
sion. However, it is not possible to estimate the quantity of erosion,
owing to differences in slope, quantity and character of rainfall,
end type of agriculture. The whole investigation points to the
urgént need for some method of ascertaining the relationship be-
tween structure and seasonal changes in structure and erosional be-
havior. It is probable that a complete picture should also include
determinations of plasticity, percolation, and shrinking and swell-
ing. It is highly probable that some determinations of this kind,
together with the data reported herewith, may be correlated with
the field data when availabie so that an adequate approximation of
the field erosional behavior of soils may be made which will be
extremely valuable in determining the need for, and methods of,
erosion control in areas where for any reason the establishment of
field stations is impossible.

SUMMARY
Mechanical analyses and gross chemical analyses have been made

of representative profile samples of each of the soil types on which
erosion experiment stations have been established.
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Detailed chemical analyses of the colloids of each soil type have
been made. i B . :

- The physical characteristics affecting erosional behavior have been

determined and 2 study made of their relation to each other, to

the chemical composition of the colloid, and to field erosional behav-

ior, so far as the latter is known gt the present time. _

The physical characteristics of composite samples from each tank
plot at six of the stations have been determined. _

An analytical basis has been established, to which may be re-
ferred the future field behavior of these soils when it hkas been
determined, so thet a quantitative expression of anticipated behavior
may be developed. L

"he need for accurate quantitative expression of the effect of soil
structure on erostonal behavior:iias been pointed out.
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