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INTRODUCdON
C'I 

~ Soil erosion is a problem which has confronted agriculturist~' ~ 

:- long as land has been cultivated. When fertile virgin soil is plenti'

c.a ful, little attention is paid to erosion, but when tillable land becom,e's 
c::-.l scarce, soil preservation becomes economically necessary. Theexten~ 
UJ. §~onoferoded areas within· the United States has only recently cau~eg. 
~ 8.. serious scientific study of this pr?blem of nati!lnal soil congery~~ 

tiona The first attempt to determme the q).lantity of run'-off' an4 
erosion from a limited area of soil was carried out in 1910 by me 
Forest Service in the Manti National Forest, Utah. (935).1, Since 
that time erosion stations have been established by the, Missouri 
Agricultural Experiment Station at Columbia, Mo. (8), the Texas 
Agricultural Experiment Station at, Spur, Tex. (4), the Forest 
Service at, San Bernardino, Calif. (193), and the Bureau of ..Agr~cul~ 
turnl ,~ngineering at Raleigh, N. C.2 In g~neral, the purpose,lof 
establishi!lg these stations has been to. demonstrate and eVf!.hiate the 
enormous damage that is done to the soil by soil erosion. The pioneer 
work of these stations furnishes a ,meritorious introduction to th~ 

1 Itallc numbers In parentheses refer 'to Literature Cited. p. 49. 
• BARTEL. F. O. ,PROGRESS REPORT OK SOIL EROSION AXD nUX·OFF EXPERUfENTS AT 'NORm 

CAROLIlIA nPERIMEXT STATIOti FARM. U. S. DCllt. Agr., BUf.:Pub. Ronds, D!v, ~ri EI)gi!\.
IMlmeographed.) " 
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more~extended"study.,;which"is~:now being",c!lXl~ied,oD..by•.the.J)epart
ment of Agriqul{.ure "and.coop~rating agencies.- . : . 
~I Thtdirst step in this extended' study was a recOllnaissaIiC'e survey 

made during 1928-29 for th43 purpose of locating and outlining the 
bounda,;ies ofthEfseverely eroded areas in the"Uilited States. Eight
een districts were recognized in which- 'soil el'osion has become a 
serious menace. 
:"Wh~h the attention of the Seventieth Congress was caUedtotire 

national scope of the problem, an appropriation was made and au
t~Ot;it~~~on .w~s ~ive,n .tor. the. esh~bhshment o~" erosion-PFeven~~~m 
and mb'isture-cbnservatlOD. st,ations m these areas.' The firSt statIon 
established Undel;' thislmthorizlltion was, at Guthrie, OKla. This 
station has been in oparatiori since July 1, .1929. Other station:; have 
been established at Temple, Tex.; Statesville, N. C.; Hays, Kans.; 
TyJer,_ Tex.; Bethany" ~Io. i; Pullma.il, 'Vash'i. and' Clarinda:, Iowlt . 
.A program or research IS bemg carned out by the Bureau of Chem
istry and Soils, in cooperation with the Forest Service and the Bu
reau of ~gricultural 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 .. IJ1. 
Ii bulletin published in 1911, l\fcGee (13) described the damag~ 
caused by soil erosion and discussed means of control. In 19138. 
paper by Davis (5) called attention to the economic waste of soil 
erosion. In 1915 Davis (6) made a survey showing the effects of 
erosion in the Southern States. A Circular by Bennett and Chapline 
(1), published in 1928, served to focus attention on the problem, and, 
together with the work of the various erosion experiment stations 
notedabove, stimulat~d interest in a more intensive study of erosion. 
In 1930, Middleton (17) published the results of a study on certain 
erosive and non erosive soils and in this connection developed a meas
ure of erosivjty which at least has excellent qualitative ~ignificance. 
In 1931 there appeared a bulletin by Slater and Byers (936) in which 
a study was made of the composition of soils with respect to their 
percolation rate. 
, . In connection with the establishment of erosion stations, this bureau 
p,lans 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 
~he 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 oi the erosion experiment stations 
-established by this bureau and shows certain correlations between 
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 a sample of the original 
material will be available. These subsamples were subjected to com
plete chemical and physical examination, including extractiQn and 
chemical analysis of the colloid. • 

http:Pullma.il
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..At· each station, plot samples were obtained ,in. addition to the 
profile samples mentioned. 'I:hese samples represent each' horizon 
or layer of each plot. A standardized method of sampling was used 
which makes each sample a c.omposite for the horizon it represents. 
The samples were subjected to physical examination only. 

-" .. 
EXPERI}IE~TAL l\IETHODS 

The mechanical analyses were made by the method outlined.:by 
Olmstead and otbers (18). The colloid by water-vapor adsorption 
was determined by the method of Robinson (IB1). The moisture 
equivalent was determined. by the method of Briggs and McLane 
(13). The suspension per~entage and the dispersion and erosion ratios 
were. determ.ined by the methods. outlined by_Middleton (17). Per
colatIOn ratlos were computed by the formUla of Slater and Byers 
.(136). Colloids were extra,cted by the methods outlined by Holmes 
and Edgington (10). Chemical analyses of the soils and colloids fol
lowed the procedure of Robinson (133). The pH determinations were 
made electrometrically, by means of the hydrogen electrode. 

DESCRIPTION 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 climatic conditions. They are 
however, all located 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 
bureau, together with specific descriptions of the several samples of 
the types obtained from the erosion stations. 

HOUSTON BERIES 

The Houston series is developed in the calcareous prairie regions 
of Alabama, :Mississippi, and Texas. The soils are derived from the 
weathering of calcareous clays, chalk beds (Selma chalk) 1 and soft 
liuestones. The surface ranges from almost level to undulating or 
gently rolling. Natuml surface drainage is good, but internal drain
age is retarded by the heavy character of the upper subsoil. The 
soils are characterized by the high content of lime in the subsoils and 
by the 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 a white or light-yellow soft limestone or Selma chalk is 
present. The surface soil and 'upper subsoil are heavy plastic clays 
when wet, but they crack and become hard on drying. In cultivated 
fields the surface 2 or 3 inches crumbles down to a fine-granular 
structure. The Houston soils are adapted to the production of al
falfa, Melilotus, and other forage crops, ineluding Johnson grass 
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and Bermuda grass. Ootton, formerly grown. on these soils in" 
Alabama and Mississippi, has been discontinued largely on account 
of the boU weeviL Oorn 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 Austin 
chalk 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 .Alab~ma
Mississippj. area may be takell as descriptive of the Texas area as 
well. The Houston are regarded as among the most productive soils 
in the Texas area. The samples of Houston black c1aytlsed in this 
investigation Were cvllected 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 clay which is very plastic and stick}r 
wh~n wet but crumbles readily and is easily tilled when dry; (2)' 
from 14 to 20 inches, grayish-black clay; (3) from 24 to 36 inches', 
gray clay; and (4) from 36 to 50 inches, yellowish-gray clay. The 
li~liter-colored lower layers are more readily tilled when wet. The 
SOlI profile when saturated readily seals itself to penetration of sur
face waters. 

KIRVIN SERIES 

The Kirvin series is developed in the coastal-plain region, and the 
soils occur in close association with the Susquehanna soils. They 
differ from the Susquehanna in having reddish-brown or brown sur
face soils, a red upper subsoil, and a red or light-red, mottled with 
yellow, lower subsoil. The subsoils are stiff, rather compact but 
brittle 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. Scattered over the surface in many places are large 
quantities of reddish-brown iron concretions 01' fragments. These 
soils occupy ridges, hillocks, and slopes, and they are naturally well 
drained. The Kirvin soils are somewhat more productive tlJ.an the 
Susquehanna and are used mainly for growing cotton, corn, and 
forage crops. 

The samples of Kirvin fine sandy loam were collected .in July, 
1930, by B. H. Hendrickson at the erosion station 9 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. including 
a thm organic surface layer; (2) from 12 to 24 inches, brick-red 
claYi (3) from 24 to 51 inches, brick-red clay mottled with gray; 
(4) from 51 to 63 inches, brick~red and light bluish-gray mottled 
very fine sandy clay with a seam of dark iron sandstone at a depth 
of 63 inches; and (5) from .63 to 75 inches, mainly yellow com
pacted fine sand. . 

VERNON SERIES 

The soils of the Vernon series are Indian red or reddish brown. 
The upper subsoil is essentiallv 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 
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highly calca;-~ous. The subsoil, except in the hea.viest members, is 
somewhat heavier than the surface soil, but there has not been much 
translocation of day into the subsoil and no formation of a definite 
clay pan. The soils are developed from the "Red :Beds" of the 
\Vestern. States. In places where the soil, through erosion, consists 
essentially of the disintegrated parent rock:. the calcareous subsoil 
may not have been developed. 

The samples of Vernon fine sandy loam were collected b~r S. W. 
Phillips in Jlme,. 1930, at the erosion station located 4 miles :;,outh 
of Guthrie, Okla. The area is marked by severe gully erosion. The 
samples do not. show the zone of lime accumulation which is men
tioned in the series description. They are described by Mr. Phillips 
:l.<;;follows: 

(1) From °to 3 inches, dark-brown fine sandy loam containing 
some organic matter; (2) from '3 to 10 inches, red fine sandy loam; 
(3) from 10 to 27 inches, compact red slightly sticky sandy clay; 
(4) from 27 to 58 inches, gritt;y heavy tough ~lay, with sandy clay 
in streaks or layers, showing some evidence of the alternating shales 
and sandstone which comprisel the parent rock. The predominant 
color is red, with some gray fmd pale-yellow layers of friable clay 
at a depth of about 50 inches. Some ::ragments of soft sandstone 
and shale are pl'esentin this layer. 

SHELBY SERIES 

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 clay, much of which 
contains coarse sand and gravel. Lime concretions and streaks of 
calcareous material occur III many places in the lower subsoil. As 
a rule, the subsoil becomes more clayey and compact and the per
centage of clay increases with depth. The Shelby soils are denved 
from the· sandy Kansan drift. The topography in most places is 
gently rolling to sharply rolling, as the soils occur on slopes where 
the sandy 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. Uhland 
in August, 1930, at the erosion station 6 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 I!S follows: 
(1) From °to 7inches, a very dark bl'own 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, a chalky layer con
taining many lime concretions (some of which, occurring at a 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 
1~ inches in diameter. The material caves very badly. Very few 
lime concretions occur at this depth. 
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COLBY SEBIES 

The surface soils of the Colby series are dark gray or dark brown
ish gray. The upper subsoil is of similar or slightly ligbter color, of 
heavier texture, of compact structure, and ranges from 2 to 8 inches 
in thickness. The deeper subsoil is a light-brown or yellowish-brown 
silt loat.l of mealy consistence and friable character. The members 
of this series are composed of loessial deposits which have been in 
their present position for a comparatively long period. The sur
face portion, comprising the surface soil and upper subsoil material, 
has b<aen considerably we!1thered. The topography ranges from 
nearly level io 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 Experi!llent 
Station, located 1 mile south of Hays, Kans., were collected by R. H. 
Davis in July, 1930. This soil is a true chernozem. Erosion is gen
erally of the sheet type. The low rainfall of the area makes this 
station important not only from the standpoint of erosion but also 
from that of moisture conservation. The samples ,vere described by 
:Mr. Davis as follows: 

(1) From 0 to 10 inches, brown or dark grayish-brown heavy silt 
loam or silty clay loam. The material of this horizon, especially 
at the lower depth, is mi_xed or splotched with more yellowish-brown 
material which has been brought up from below, probably by deep 
tillage. It is of fine-granular structure. Although only a few lime 
concretions are in evidence, the soil will effervesce freely with hydro
chloric acid. A_ccording to the soil and erosion survey, from 3 to 6 
inches of the original surface soil of this particular soil has been 
lost by erosion since the area has been in cultivation. (2) From 10 
to 20 inches, lignt-brown or yellowish-brown silty. clay loam of 
granular structure, the granules being larger than in the layer above. 
The insides of the granules are lighter in color than the outsides. 
Lime concretions occur in this layer. There are, however, wiclelocal 
variations in the depth at which the lime accumulations occur, and 
within a few feet the depth may vary 'from 15 to 30 inches, The 
layers or veins of lime may be either on a horizontal, an inclined, or, 
in a few places, on a vertical plane. (3) From 20. to 33 inches, 
yellowish-brown silty clay loam containing a large number of lime 
concretions. The material tends to approach .n. columnar structure, 
and blocks break ancI crush easily. (4) From 33 to 41 inches, 
brownish-yellow or buff-colored silty clay loam which is high in lime 
and similar in structure to the horizon :.ibove. (5) From 47 to 60 
inches, material of similar color ancI structure as the above layer, 
but parts or splotches of this layer appear to be of finer textur~. 
Lime concretions are less abundant. (6) From 60 to 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. 

CECIL SERIES 

The C€cil series is the most widely distributed and the most, ex
tensive series of soils in the southern piedmont plateau. The' soils 
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of this, series are derived :from gmnites, gneisses,and Iocally'frohl 
schist. They occupy almost level to smooth and,undulating broad 
inte<:str~am areas and gently r"lling to ro.Iling hilly and steep areas 
bOl'derinO' the larger stream valleys. Excellent natural drainage 
exists ev:rywhere, 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 ~p.~ soils 
which have a mutilated profile, that iSh one :from which the original 
. surface material has been removed, t us giving a B-C soil. The 
red members of this series belong to the latter class. . A pro~le. ,de
scription of Cecil sandy loam in a virgin area i~ as follows.: ;, " 

A l , 0 to 2 inches, dark-gray or brown sandy loam carrying a notice
able amount of organic matt~r. Az, 2 to 8 inches, pale.-yellow or >til 

brownish-yellow light sandy loa!?, containing practic:lily. no orgll:nic .\1 

matter and leached of soluble mmerals. As, 8. to 11 mches, reddl§h
yellow or yellowish-red heavy sandy loam grading into friable sapdy 
clav. This iF; the graelationallayer between tIle light-textllredand .' 

ligflt-colored sandy mat()rial and the typical red clay of the Bhori
zon.· Bll 11 to 42 mc;hes, bright-red or deep~red, st-iff but brittle cl~y, 
which is sticky and slick when wet and hard when dry. The clay 
breaks into irregular-shaped lumps having no definite breakage or 
cleavage lines, but along the breakage lines the surfaces ,are slick. 
The large lumps can be crushed into smalJer lumps and soil .ag
gregates and finally into a granular ungulaI' mass. The color ,is 
uniform, but a cut surface is yellowish red. ll2, 42 to 60 inches, 
light-reel friable and crumply clay, which is slightly mottled with 
yellow in the, lower part. It contains more mica and is mW;:h more 
friable than the clay of the Bl horizon. C, 60+ inches, mottled 
light-reel, yellow, and gray soft disintegrated rock, the parent ma
terial, which varies greatly in color from place to place, as it ~ay 
be light red and yellow in one place and light gray, whitish, and 
yellowish only a few feet distant. . . 

The B horizon varies greatly in thickness all:: in many places' :ox
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 angular quartz sand and veins of quartz rock are characteristic 
of the subsoil. 

The samples of Cecil sandy clay loam from the erosion station 
located 10 miles west of Statesville, N. C' l were collected in October, 
1930, by J. vV. Snyder. This is the only erosion station located on 
it lateritic soil. Such soils are not usually erosive, but the sandy 
character of the surface soil makes it erode readily when not prd
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 !'iamples are described by Mr. Snyder as follows: 

(1) From 0 to 6 inches, the A hOriZOliO:f light-brown sandy loam 

containing'very little organic matter but more than either horizons 

BIOI' B 2 • The. sl~rface soil in most places is :f~iable and very easily' 

worked unless It IS eroded so that only a few mches of surface SOlI 

remain. (2) From 6 to 32 inches, the Bl Lorizon of red clay loam 

which is very uniform and compact. (3) From 32 to 60 inches, the 
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B 2 , hori.zon of red clay loam with brown mot,tlings. This material is 
v.ery compact when exposed and has a tend.ency 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 .nearlyblack. Th.e organic-matte},' conten~ i~ high. 
The u.pper subsoIls are brown or hght.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
yellow subs~ratum.of unstratified~..ho~ogen~ous, loessial or wind
borne deJ?oslts~ The parent materIal IS derIved from an undeter
mined wIde range of rocks, and the soils are noncalcare~us except 
in the deeper substratum. The topography is rolling or undulating, 
a.nd the area covered is treeless. Drainage is well developed. 

The samples of Palouse silt loam from the erosion station located 
3 miles northwest of Pullman, yvash., were collected by W. 4,. 
RocIne in June, 1931. This area is characterized by steep slopes !lnd 
light rainfall. Erosion 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 clay; (3) from 33 to 62 inches, yellowish-brown 
or brown silty clay; (4) from 62 to 75 inches, yellowish-brown or 
brown silty clay IOIJ.m; 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 surface soil. The 
structure IS loose and friable. Both surface soil and subsoil are 
calcarl;1ous, 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 reached an advanced 
stage, mainly from the newer loess along Missouri River. Corn is 
the principal crop, with grasses and alfalfa ranking next in 
importance. 

The samples of Marshall silt loam were collected by G. W. Mus
~rave at the erosion station located 9 miles west of Clarinda, Iowa, 
III August, 1931. This area is marked by both sheet and gully ero
sion.. The sa~ples differ from the series de~"ription in. that they 
contam no calclUm carbonate. They are descl'lbed by Mr. Musgrave 
as follows: 

(1) From 0 to 13 inches, dark-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 24 inches, light-brown 
silt loam; (3) from 24 to 45 inches, material showing occasional 
grains of sand and slight evidence of drift; and (4) from 45 to 71 
inches, rather gritty yellow silt loam (glacial drift). 



CHARACTERISTIOS OF EROSION STATION SOILS '( 9 

C()Ml'OSITION AND PROPERTIES. OF THE PROFILE' SAMPLES 

PHYSICAL P~OPERTIES 

The mechanical analyses and other physical data, including also 
the hydrogen-ioncQncent~tion, of the samples described; are pre
sented in Table 1. , . 

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 correspona t.o 
that given in Circular 419 (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 liIni~ 
of 0.002 nun and the approximate organic content recorded as solu
tion loss by treatment with hydrogen peroxide. The percentages 
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 erosion stations-those in which the 
texture is variable within the profile and those with uniform texture 
throughout. To the former group belong Kirvin fine sandy loam, 
Vernon fine sandy loam, and Cecil sandy clay loam. These soil pro,. 
files are separated on the basis of horizons, and the Kirvin profile 
presents the A horizon (0 to 12 inches), the B1 (12 t.o 24 inches), th~ 
.B% (24 to 51 inches), the Ba (51 to 63 inches), and the C1 (63 to 75 
inches). The Vernon profile is divided into the A1 (0 to 3 inches) 
and the .Az (3 tolO inches) horizons, the B horizon (10 to 27 inches), 
and the ~ horizon (27 to 58 inch.es). The. Cecil profile prese;llts the 
A (0 t.0 6 Inches h the Bl (6 to 3.2 Inches) , and theB2 (32 to 60 Inches) 
horizons. The u horizon is not represented. These terms will ~. 
used in referring to the various samples. 

The A horizon of the Kirvin soil and the Al of the Vernon are 
almOst identical in texture. The Bl and B2 horizons of the' Kirvin 
and the Bl and Bz of the Cecil are very similar. The Ba 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 material; together with considerable 
clay, and is exceptionally high in silt, clay, and colloid, and ver, 
dissimilar to the Al horizon. It may al8.o be noted that the B hon
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 tnese soils may there
fore be expected. Soils of this group are characterized by sandy 
surface soils over light or heavy clay. They show evidences of more 
weatliering.and leaching than do the soilsof 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 data, tl;le Cecil may be con
sidered as past maturity and approaching senility. 

U6l27°-32-2 
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....- ,TABLIl 1,;.-Mechanical analy8es.! an4 physical da,/a- of ,typical p'ro{lleBot ero8ion-8tt!-tion.8ojllt. '0.' -. " /" >r 
'-"?"Colloid 'Rat\oo{ • -- :0'by Mols- Dis- collc;!d Ero- SusP!ln- i!erco- ,

Me- Very Solu· ColloidSample ,Fine Coarse Fine weter ture ' 'per. tomoIs· sIon : ~ Soil type Depth Station line Slit 'Clay tion 0.002 ,lation
No. gravel 'sand, dIum sand mm vapor eQuh·a· sIan tiire slon, percent- ratIo 0

sand sand loss adsorp- lent raUo eQulva· ratio nge I:Q
tion I~nt 2l 

-:".-- ---- ....--- --------------- ---------- --- a 
Inche8 P.ct. P.cl. P.et. p.et. P.et. P.et. P.et. P.d. P. et. P. ct. P. ct. 

I 
~ 6006 Houston black clay •• 0-3 Temple, Tex._ 0.6 0.8 0.9 4.1 4.5 211.0 00.4 2.8 44.9 41.1 ilO.5 10.9 1.35 8.1 9.42 6.98 1 

0097 _____do._ •• _____•______ 14--20 
_. ___ do________ , .3 .6 .7 3.7 4.3 25.1 64.1 1.1 46.6 ,40.2 27.6 5.4 1.46 3.7' 4.80 .. - ..........- .1
_____do.______•________ _____00_._______ 

~ 

6098 24'·36 ..3 .8 .7 S.9 A.8 27.0 61.8 .8 44.1 35.6 24.4 6.7 1.40 ~.6 5.92 ---_ ..--- 2 _____00••_____ ._6099 ___._do ••••• _.~••. _" __. 36-50 .2 .5 .6 5.6 7.1 31.0 54.6 .3 36.2 211.7 20.6 10.1 .1.3Q '7.8 8.68 ...........- .... \I 

6678 Kirvin fine sandy 0-12 Tyler, 'r~x____ '2.6 1.0 2.9 43.8 24.9 15.5 S.5 .9 5.6 6.9 7.9 37.7 .. 75 50.2 9.04 12.05 12 


loam. 
_____do._______________ _____do_._______
6679 _____d.o________________ 12-24 1.2 .6 1.5 14.7 13.1 7.3 00.9 .9 69.4 56.6 30.5 13:'t 1.86 7.2 9.15 ... _ ......... 1.;- Ii ."
•__ •• do. __•____ •6680 _____do________________ 24--51 .0 .2 1.0 10.4 25.3 9.6 53.4 .2 60.0 49.5 28.'5 12.4 1.74 7.1 • 7.84 ---_...... _- 2 ;a...__do~__ _____~6681 5H13, .0 .4 I.D ,18.0 31.0 13.2 35.4 .0 32.3 32.S 21.2 16.6 '1.55 10.7 3.05 -"!'-_ ..--- 8

•___ .do••_._________ ._: 63-75' ._._.do••_______6682 .3 .4 '.6 38.1 48.5 2.8 1l.2 .0 7.3 10.0 6.7 24.9 !.49 16.7 2.99 o 

6718 Vernon line sandy 0-3 .Guthrie, Oklo_ .2 ,.2 1.3 45.1 25.3 18.2 8.0 1.8 5.2 7.4 0.6 23.7 .78 30.3 6.20 7.95 ....
'(I CIO 

loam._____do._______________ 0> 
,....._._._do_._~_____6719 3-19 .2 - .2 11.3 37.5 25.0 12,9 12.0 .8 9.0 8.3 9.1 17•. 3 .91 19.0 4.31 ----_...... o __•••do________c_______ '" __ ~do.________6720 10-27 .2 .2 1.2 37.9 20.3 12.3 27.0 .9 23.8 21.6 17.7 16,7 1.21 13.8 6.57 ----.... ~,- 4 

6721 •____do______ ._ •• _. __ ._ ___ ._do__•• _. ___ 18.1 34.8 32.2 24.7 17.36 7 ;:l2i-58 .0 .0 .0 14.0 .9 27.4 19.4 IS. 4 25.9 1.05 

6797 Shelhy silt loam. ____ • 0-7 Dethnny, 1110. 1.0 3.4 6.4 9,3 6.1 44.5 27.0 3.5 24.3 23.1 24.5 27.1 .94 28.8 19.36 20.60 
_____do._._____________ ~ ... __.-do_________ 006798 8-12 1.2 6.4 4.6 27.1 51.8 2.1 48.7 ' 34;9 '13.. 2 1.42 9.3 10.45 ....__.... --- 6 ___ __ do._______________ 2.9 3.9 49.6 " '._•••_do.________6799 12--20 1.3 2.9 4.1 a.1l 4.1l 28.6 50.2 ·1.2 411.4 49.4 34.2 10.0 1.44 11.1 12.56 ~-- ..-....- o _____do._._____________ ____do •• _____6800 ,20-24 1.9 4.8 6.1 10.7 7.7 211.9 41.S .2 -117.8 37•.2 27.1 ,22.6 1.37 16.5 15.52 2 __ ._.do___•_____'______; 

~ 

6861 _____do_______________• 24-48 r--..dO'-------- 2.7 5.9 7.1 11.2 8.2 28.3' ,36.5 .2 20.7 27.0 23.0 ,28.3 1.17 24.2 18.31 ---_ .._-- 11 ~ 
48-00' ___ ._do'._____••6862 1 .'!.1 6.4 11.4 S.O 20.5 :37.2 .0 31.0 26.8 22.9 27.8 1.. 17 23.8 18.50 -- .....-..- 1\ . 48 ____do.________ .~U,6862A Shelbl silt loam 14.0 18.4 IS. 5 6.3 .16.4 21.7 .1 18.5 16.5 16.1 41.4 1.02 40.4 15.76 ,7 

(snn pocket). 
____ w ___6802D Shelby sIlt loam •• ___ 60-84 _._._do..•__ ._ •• 2.0 6.1 6.4 15.8 6.5 29:2 36.1 .0 1>6.6 27.3, 31.7 40.2 .86 46.7 211.23 ,7 0 

I:;l6842 Colby silty clay loam_ 0-:10 Hays, Kand ... .2 1.0 1.4 2.9 12.6 45.2 34.0 2.7 3Q.2 32.1 27.3 15.3 1. IS 13.0 12.14 10.28 3 ,'i.:__ __do________________~ _____do •• _____••6843 •____do.__________,,~___ 10-20 •__ ________ .3 .8 1.4 2.9 13.. 2 42.3 3S.0 1.1 32.4 30.7 25:2, 10.8 1.22 8.8 8. 66 ----_ .. - .. 4 
._do~6844 16.10 _... __......- ,20-33 .2 .3 .5 1.9 11.0 47.0 38.7 .4 30.. 3 29.0 24.1 18.8 1.20 15.7 5 ____.do.__________.c___

6845 ____.do.__________•____ 33-47 .1 .4 .8 .2 10;5 47.7 38.2 .4 28.6 29.1 23.6 24.3 1.23 19.8 '20.89 ... - .......... - .. 5 ~ ,',,{ 

6846 47-60 .1 .2 .11 1..-5 8.3 60.8 38.3 .3 20.0 29.9 2U 35.7 1.21 29.6 31.S1 ---.._--- 5 _____do_____ ••__ •_____ =====~~==:==::::~ . ____do.___._._._ a6847 60-72 .1 .5 LS 4'?' 11.4 46. r 35.. 7 .. 3 20:8 26.5 23.7 33.6 1.1Z 30;0 27.47 -------- 6 
6977 Cecil sandy clay loam. 0-6 'Stntesv!1le, 2.1 6.8 9.2 30.3 13.4 20.2' 25.5 2;7 17.3 20.0 20.0 22.9 ,1.00 22.9 10.48 . 10. 48 ;;;1 

N.C. ! _____do.__________.~'___ ••___do:________ ~ 6978 6-32 "1.5 4.5 6.3 11.6 7c7 12.0 56.7 .7 51.2 45.7 26.6 11.3 . 1.72 6.5 7.74 - .. --- .. -- .. 9 
~__ •__do._._ •••• _~__ ___ •____ ____:_do~.~697\} 32-60 2.6 4.2 a;9 9.0 6.4 17.1- 56.8 .0 48,6 50.0 28.7 9.6 1.74 5.5 ,,7.08 -------

8009 j)-2O Pullman, .0 .1 il .3 5.•9 64.0 27.5 2.1 ~.O 26.4 25.1 20.4 1.05 19.4 IS. 63 17.75 ~
Palot:'~ slltloam_____ 
"Wa:lh. 


8070 20'-33 . ____do_____•___ .0' '•.1 .t .4 5.3 SO•.6 37.5 1.1 33•. 8 35,6 27.8 16.2 1.28 12.7 15.10 ......- ... _--_____do~~__••_____..___ , __ ,_do________ 
16:6, ' 20.20 _______8071 33-62 .1 .1 :1 .3 5.i ,58.2 35.4 .4 32.0 35.8 27.6 21.6 1.30 o 

8072 :::::~~::=::::::;:::: • jl:b-75 ___~_do"___:._.._· .0' ;2 .1 - ..3 6.6 63.0 29.8 .2 26.6 3Q.4 2-5,5 28.6 1.19 ~ 0 26.70 •_______ . 



" 

'e073 ____.do••••••••"~._... 711-84 •••••do ••••••••• .0 .2 64;0 '29.26.jl ".3, ":10'21:23".111": 30.8,' ,25.•. II .26.,2873G 'Marshall sllt-Ioa.m~••• : 11;-13' Olarlnda" ~.,J .1 '.1 .. ~ . 1.1,! 69,0 35.3 .3.0 82,4, : ,34 9, "au ,l~ ~ - L::l3 21. 1 '1'24. 30; ~~ , •••:••.,' .1:3'
IQwa, .1' "'.' 

8737. ••••• do •••••••.•• .0 •. 1 .1 .. 2 1.1 311.,5'. lU:...'. l.5.. 21. '.'. '.13';,46 '. ; ,;~39.4 '2, 7'. .34.8 :311.4 '~-al.8 '~'7i9 . l:U8738' .~••• do •••••••• _ .9 .5, .6 u! 61.6 33,8 ".J, . :7. 68" _"~'_'"I"1.1 28.2 ~; 13 '16. 1 17. 37 •••~••••$739, :::::!~:::::::=:::~::: '. ~' _._._do.,.~•••••• ,~ 3,6 3.9 'd. 5.. 7 55.2 26.6 .2 ,20.~ HJ ~j 1~:i ;92 34..6. .2O:OQ"~""'~
-,:" 7. 

-~IDetcrmlnQtJons,by L. T. Alox~nder, H. W. Lakin; nnd T. M. ella.w. ,~.or! 
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The second group comprises Houston black clay, Colby silty clay 
loam, Palouse silt loam, !1lld Marshall silt 10'am. These soils are 
characterized by a very striking uniformity of texture throughout 
their profiles. Shelby silt loam is also included in the group, though 
its profile is not quite so uniform as those of the other soils; These 
soils all belong to the prairie and chernozem groups and show no 
true horizonal characteristics. The various depth limits of the parts 
of each 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 whtm we 
consider the variations in organic matter and carbonate content 
in the different layers, as shown in Table 2~ . 

Houston black clay is also almost uniform in texture in the upper 
three layers, but in the fourth there is a decrease in both clay and 
colloid. This soil contains the highest clay content of the series 
under consideration and shows the widest divergence between clay 
and coUoid-a difference' ranging between 15 and 18 per cent in the' 
different layers. Whether this difference is due to 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 latter is the case seems probable from the 
fact that hydrogen peroxide treatment of the soil is ineffective in 
removing organic matter but becomes effective when the carbonates, 
are removed. In either case the relatively large particles of clay 
may be expected to influence the erosional character of the soil. 
ThIS soil, as shown in data given in Table 2, is remarkably high 
in carbonate content throughout the profile, and the data in Table 3 
show a very considerable fraction of the carbonate to be in coUoidal 
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 bearinO' on the 
erosional characteristics of the soil, as shown both by laboratory 
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 
eluviation 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 as not to indicate marked erosional differences at different 
levels in this soil. ' 

The Shelby profile shows sufficient differences between 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 

.>S ..".;
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sand pocket represented by sample No. 6802A,are again sImilar 
in texture. The Wide textural differences between Shelby silt IOllm 
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 textmral 
variations may be expected to find reflection in erosional character
istics, particularly when the lower levels are reached. 

In a previous bulletin Middleton (11) has called attention, through 
a study, of soBs of kn.own qualitative erosional character, to certain 
relations of the physical characteristics of soils which are indicative 
of erosional behavior. The soils of the erosion experiment stations 
have been subjected to the same . determinat,ions, and from thed8lta 
the relationships in question have been calculated. These data and 
retios have been included in Table 1 with the mechanical analyses. 

The colloid by water~vapor adsorption (21) is determined because, 
althougl1 iIf general it gives numerical values not greatly 'differEmt 
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 is, in this 
respect, independent of the accuracy 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 11he 
precedent established in the previous bulletin, it would perliaps be as 
well to USe the value of water-vapor adsorption directly determil.led 
without conversion by an arbitrary factor to presumed colloid cont!mt. 

The moisture equivalent (l8) is dependent on the sand, silt, flnd 
noncolloidal 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 it is adsorbed when opportunity offers. 

The suspension percentage used in determining the dispersion 
ratio 8 is a measure of the behavior of soil with quantities of water 
in excess of the adsorbent power of the soil. It is measured urbi
trarily by determining the fraction of the soil which remains sus
pended for a specified time when dispersed under specific conditions. 
The method, as described (11, p. 2---g) ,'is as Tollows: 

A sample of air-drY soil equivalent to 10 grams of oven-dry soil was placed 
in a tall cylinder of approximately 1,200 cubic centimeter capacity fitted with 
a rubber stopper. SUfficient distilled water was added to make the volume a 
liter. The cylinder was closed with the stopper and was shaken end over end 
20 times. The suspension was then allowed to settle until a 25 cubic centimeter 
sample which was pipetted at a depth of 30 centimeters consisted of llartlcles 
of a maximum diameter of 0,05 millimeter. * * * From the dry weight of 
the pipetted fraction, the total weight .of silt and clay .in the suspension was 
calCUlated. 

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

This empirically determmed '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 specific 
conditions would give like relative values. This relation gIves a 
quantitative exuression to the behavior (l-: a soil in the presence of 
water in excess~of that required for saturation . 

• The suspension percentage a nd the dispersion ratio are simllar to the dispersion factor 
ot Puri and Keen (~O) and the dispersion coetnclcnt of Pur! (19). respectively. except that 
ther take 0.002 mm us the point of division rather than 0,05 mm as used by the writers. 

. " 
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, 'r4ese rela.tions, including the texture,.measuremepts"give.lahQra
tory meaSllrements for all the spil characteristicswIDcli are· believed 
to be involved in erosion, excevt strq,cture. No quantitative, or. even 
<}ualitative, expression· involvlD~ structural effects on erosional be
havior has been formulated. It Iscertain, however, that so far as the 
structural units nre not destroyed by the process oi determinin~ the . 
suspension percentage, these units influence the value so. deterimned. 

The dispersion ratio, given in Table 1; is the ratio,expressed.iu 
percentage, of the suspension percenta~e' to the . percentage of the 
total silt and clay in the soil, as deter-nuned by mechanical ,analysis. 
This ratio is. the fraction of the silt and clay which is J;llost easily 
removed by water, and since it is to be assumed that through 'erosion 
the lighter particles, the silt and clay, are the particles mpst exten: 
sively removed, it would seem to follow that in a series of soils in 
which a,ll.other conditions are the same, the values of this r.atio would 
express the relative erosivity of the soi1~. Such conditions,do not in 
fact occur. . . , :; 

The ratio between the colloid and the moistureequtvalent is,a 
direct comparison of these values. 'When the ratio of these values 
is low, it is to be inferred that the colloid in question ad~orbs water 
more readily or holds it more firmly than when the ratio has a higher 
value. It IS, therefore, a measure of th~ degree of adsorpti<)n PI 
water per colloid unitand indirectly of the relative effect on run-off 
produced by the colloid. . . '. 

The erosion ratio is the quotient obtained by dividing the di&per,. 
sion ratio by the colloid-moisture equivalent ratio. The dispersion 
ratio is inderendent of the texture of the soil, but it is' dependent 
on the mobihty of those particles most easily movedbywatermpve
ment in the, soH. The colloid-moisture equivalent ,ratio, on the other 
hand, is not independent of the tex'turesince the moisture equivalent 
is to a large de~ree dependent on the space dimen:;;ions, which, ill 
turn, are determmed 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 
ttre shown for soils known to .he readily eroded, and, conversely, 
soils not readily eroded give low values. This inverse relation ap
pears to depend on the facts that when soils dispel'sereadilYl the 
erosion tendency increases and that any condition which dimirushes 
the relative run-off likewise diminishes the opportunity 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 de~ree it is a quantita
tive expression can only be learned when suffiCIent data from field 
observations have been accumulated. . 

The percolation ratio (fd6) , developed in an attempt to find a.labo
ratory method for determining the field Percoll1tion rates of soils, is 
the .ratio betw~en the ~uspension percentage.an~ the ~ol\oid-moisture 
eqUlvalent ratio. It IS held to be of quahtatI'Veslgmficance,and 
present data indicate that it is applicable only in the comparison of 
surface soils. That it indicates permeability 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
wa.ys with silt and colloid. The effect obviollsly decrewJeswith in

http:percentage.an
http:ratio,expressed.iu


1 

."" ......... ..-. 


'OH:ABAOTERISTIOS OF· EROSION STATION'SOILS .15 

; 

creasi:n~ depths because of tile deposition of suspended matelliai.,:'as .)
.welias :oocalise o~ .other conditions ,in the lower horizon, whicli !t~ild 

to produce a less porous structure .. ,; .. ,,;'-" I· • , "I ":N~ 

c\. 


When soils are air~dry" the presence in them of air may be' ~x
'pected to have an effect on their water relationships, and this effect 
'~hould vary not only with the size -of the- interstitial spaces hit 'also 'E 

j 

with the character of. the successive strata. through which'. gravitaL 

tional water seeks to pass. That such effect is' produced has been 

demonstrated in this lao oratory, but the incomplete data obtained 

are n.ot yet ready ~or publication.. It appears~ h.~weverl tha~,a!ll?er ;, 

colabop. data obtamed byth~ use of open tubes' are aflhcted· WIth: an ; 

error of undetet'mined magnitude, owing to the fact that 'soils· in 

-the field are not provided with free flow after leaving a givenifl'o.c!: 

tion of the profile. Therefore, although it is 'obviolis that the per:. " 


.colation rate is a factor which affects erosional behavior,it is not'at 
.~} 


all certain that the. properties of the soil which influence· it are :rel. 

fleeted by the determined data. ',. 't 

~The pH values of. the soils of the erosion stations have been included 
with the physical data. The known effect· of moderate alkalinitYdn 
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 ·occ(ir 
often· with simultaneous differences of pH. It may therefore:be 
remarked at once that,. although these soils furnish a :pH range 
between the extreme values of 3.8 and 8.7, no direct relatIOnship to 
ero,sionnl behavior has been established. . ' 

Examination of the data given in Table 1 shows a fairly wide 
variation in the colloid content, as indicated by water-vapor adsorpl 
tiOI~ Il;nd moisture equi~alen;;, an~ suspensi(;m percentage. These 
VarIatIOns are reflected m the ratIOS determmed. tVere the' other 
great soil groups represented by the station soils, the variation in 
properties would probably be much more diverse and the study of 
them of increased value .. It may be remarked, however, that the sta
tiDns wel~e located primarily because of recognized injury through 
erosion and the soils are therefore to be expected to be, for the roost 
part, of highly erosional character. The eros-jonal characteristics' of 0. 

soil are not the only factors involvec! in the damage which is' pro
duced,. since the quantity and character.of 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 
which ap'pears in the erosional data is the lac~ of uniformity ,,:ithin 
the profiles even when textumlly they are unIform. The colloJd' by 
water-adsorption and moisture-equivalent values follows textural 
uniformity when it occurs, but the suspension percentage most 
decidedly does not.. ' 

Normally it may bl considered t.hat 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 lower strata have 
n decisive bearing not only on the total damage due to erosion, but 
that they also frequently determine the type of erosion which occurs. 
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' 
~~tural relationships. The Houston, Colby, and Marshall surface' 
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soilt'!. are least erosive,as indicated 'by the erosion ratio,and the 
ero~vity increases by steps through tlie,' Palouse, Cecil, and Shelby 
soils to the most erosive surface lay~r,that ot the Kirvin soil . 
. It seems desirable to consider each soil profile with respect to the 

physica~ data and to relate these to what is known of the field 
benavior of the soils. It is hoped that these considerations may help 
tp. point Qut the missing data which are needed, the field observations 
which should b~ made to obtain a clearer picture of the relations 
between soil composition and erosional behavior, and to point the 
way to the most helpful methods of control. 

The Houston. soil has an exceptionally low erosion ratio wqich, by 
comparison with that of the other soils, is remarkably uniform 
th~ough!/)ut the profile. Nevertheless, its surface layer is, much more 
erosive than the layer lying immediately below. These relationS 
w;opld seem to require. that erosion of the. Houston soil should be 
U)liform and of. the kind known as sheet erosion, since gUllying is 
produced by reason of marked increase in erosivity of some stratum 
lying beneath the subsoil. The soil data given class this ~il asrela
tively nonerosive, but as the discussion of the plot data (Table 7) 
indicates, the field data show extensive damage. This damage ap
pears to be owing to a group of influences not considered at all or 
~nly in part by the measurements given. The pH of the soil is high, 
l~gely because of the calcium content. This results in a low relative 
suspension percentage. On the other hand, the very large content 
of clay and its high shrinkage value, .not included in the determina
tions made, produce extensive cracking of the soil on drying, and, se 
far as the surface soil is concerned, results in the productIOn of a 
fine, granula.r structure the component units of which are cemented 
by colloidal carbonates. The result is that a highly fluid suspen
sion of these fine particles readily forms on the surface and follows 
the lines of drainage, iu 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 
que to some other cause, the result is an irregular exposure of subsoil, 
on the surface as erosion 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. Tne 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 
injury 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 
properties, as a non erosive soil rarticularly as respects the upper 
layers. However, its surface soi 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 tar 
as erosion occurs, it should be sheet erosion, and when the calcium 
t:.arbonate content is considel'ed~ together with the high plastic c1ay 
cnntent 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 {'roduce continuous run-off, gully formation would oecur with 
rapldity after the depth of cntting 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 Bouston soils, as well as that of the Marshall soil, although 
the other data are uniform, is doubtless to be associated with the 
structural relation!'! 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 Bouston and Colby soils, shows a 
striking contrast between the surface soil and the subsoil in sus
pension percentage, ancI therefore 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 colloid. 
The explanation of the indicated erosional· 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 cultivated fields at plow depths. So far as this occurs, the 
removal of the surface soil is greatly accentuated. The data also 
indicate that when gullies are cut 1:0 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 occurs, the soil 
is subject to damage from erosion to a degree probably not com
mensurate with the rainfall. 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 depth. There 
are notable differences also in the other soil characteristics, espe
cially in the silt and clay content. It 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 ii.s Bi 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 accompanies the high silt and sand con
tent, in contrast with the low colloid content which results in a higher 
suspension percentage in the A thlln in the B horizons. The numer
ical value of the colloid-moisture equivalent ratio of the surface soil 

110127'-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 are 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 1 do not include the C.horizon 
and therefore no indications of the relation of the soil to gully 
formation are presented. Since, hcwever, 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 relatiq.nships in general as those of other prairie 
soils. In the lower strata are found increased s!lndy components of 
coarser type. These result in low values for the colloid-moisture 
equivalent ratio and the dispersion ratio. 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 surface 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 attributed in part to the structural differ
ences already noted in the other prairie soils, since the lower strata, 
which do 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 Al and 
A2 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 to the total silt and clay, it is very high. The result 
is a high dispersion ratio. The combination of these ratios neces
barily results in a high erosion ratio for both parts of the A horizon. 
The suspension percentage of the Al horizon is, however, relatively 
much greater than that of the A 2, with consequent normal relation 
of greater erosivity for the surface layer. The B horizon has a 
numerically higher suspension percentage than the Al and A2 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 contams, 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 hll.ve 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 this 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 l'elatively nonplastic. 
The suspension percentage of the A horizon is abnormally high, 
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 silica-sesquioxide ratio. (Table 3.) It would seem that the 
colloid may be regarded as dispersed in the sand. The gr~vel con
tent and the presence of stones, of gr~~ter than gravel SlZe also 
favor rill formation. We have then in-ihe surface soil most favor
able condit.ions for erosion. The contraS~ with the erosion ratios of 
the B horizon can at once be ascribed in part to the differenCia in 
suspension percentage. Although the numerical value is slightly 
greater 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 known, but the clay 
is 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" 
ditions 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 unfortunate for this purpose that the station soils do not offer 
a more varied assortment of soil classes and do not present examples 
11f 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 
attempt to evaluate their relation to the other influences which 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. 

CHEl\UCAL COMPOSITION OF THR SOILS 

The complete chemical analyses of the whole soil, which are given 
in Table 2, are perhaps less significant of erosional relations than the 
physical data and the colloid data given in Tables 1 and 3. They 
are recorded for the purpose of presentin~ all possible chemical data 
on the soils. Without these analyses of tne soils the chemical anal
yses of the colloids and the mechanical analyses of the soils do not 
present a. complete picture of the genetic and classification relations 
of the soils on which the erosion stations are located. A iliscussion 
of these relations is necessarily deferred until the colloid analyses 
htlve been presented. 



TABLE 2.-Ohemlcal anal1lses of t1/pical profiles of erosicm-station soils t.:I 
0 

3ample 
No. 

f\006 

6007 
6008 
6009 
6678 

6679 
66,QO 
6681 
tl632 
6718 

6719 
6720 
6721 
6797 
6i9S 
6799 
6800 
6801 
6S02 
6802A 

680213 
6842 

6843
6S« 
Q!l45 
1lS46 
6847 
6977 

0078 
6979 
8069 
8070 
8071 
8072 

Soli type 

!Jouston bln~k 
e!qy.'

••••.do••••_•••__•• 
•••••do._. __._•••_. 
•••••do. __ ._••••••• 
Kirvin fine sqntly 

loam.'•__._do.. ___••••_•• _____ do_____• ____ ~. 
___..do_____• ______ 
_____do. _______ .... 
Vernon flnesnndy 

loam.' ____.do______•_____ 
_____do____________ 
_____110 .. _________• 
Shelhy silt loam ,_ ____ do______..____ 

_____ do____________ 
_____ do____________ 
_____do____"_______ 
_____ do____________ 

Sbelby slit 103m' 
(sand nocket). 

Shelby s ltloam ' .. 
Colhy Silty clay 

loam._____ do____________ 
_____ do ____________ 
_____ do____________ 
_____ do _____•______ 
_____ do____________ 

Cecil snndy chiy
loam.'_____ do.. __________ 

_____do. ___________ 

Palouse slit loam.. _____ do____________ 
_____do____________ 
_____ do ____________ 

Depth 1 Station 

Jnc~t. 
0-3 Temple. Tex .. 

14-20 ••.•_110._ •••_•• 
24-36 •• _••do. ___ •___ 
3e-50 ___..do.• ____ •• 
0-12 Tyler, Tex __ •• 

12-24 ••__ .110. _______ 
21-51 

_____ do _______• 

51-(1.1 _____do. _ • _____ 
63-75 _____ do ______ .• 
0-3 Guthrie, Okla. 

3-10 
___ ._do ________ 

10-27 
_____do________ 

27-08 .. .. _do_ ..._____ 
0-7 Dothany, Mo. 
8-12 ••___ do ..______ 

12-20 
_____ do .. ______ 

20-24 ..___ do ..______ 
24·48 

..___ do________ 
48-60 

_____do. _______ 

4 feet. 
_____do ..______ 

6f)-S4 
_____ do ______ .. 

2-10 Hays, Kans••• 

10-20 
_____de ________ 

20-33 
_____ do________ 

3:H7 ____.do.. ______ 
4;-60 _~___do ________ 

6G-72 _. ___do. _______ 
0-6 S ta tes ville,

N.O. 
6-32 _--_.do_____... 

32-60 _____ do..._____ 
0-20 Pullman,W!!!!l 

20·33 
_____do________ 

33-112 
_____ do________ 

62-75 
_____do...._____ 

SiO. 

P.d. 
24.74 

22.80 
19.01 
13.17 
01.63 

tn.89 
69.90 
RO.Oft 
91.65 
90.81 

90.28 
sa.96 
80.32 
75.91 
66.M 
68.75 
GS.llS 
85.12 
65.8~ 
71.09 

66.65 
~.50 

62.92 
.~9. 76 
[JIJ.30 
61.50 
61.20 
76.06 

61.12 
57.32 
06.15 
65.40 
tl6.10 
tl6.90 

TiO. Fe,O, AlsO, MnO CaD MgO K,O Na,O P,O. SO, 

-------------------
P. d. P.d. P. ct. P.ct. P.ct. P.ct. P.rt. P.ct. P.ct. P.ct. 
0.34 2.68 6.00 0.03 32.81 1.23 0.65 0.21 0.34 0.31 

.32 2.84 n.06 .05 34.34 1.13 .50 .27 .36 .25 

.32 2.65 6.06 .05 37.25 .95 .48 .19 .40 .25 

.24 2.65 4.48 .04 42.62 .94 .39 .29 .44 .28 

.49 3.78 2.M .02 .• 111 .15 .32 .06 .(f{ .08 

.67 11.95 1!1.15 .008 .16 .48 .51 .10 .13 .13 

.62 7.55 15.51 .006 .30 .40 .51 .00 .10 .16 

.57 4.0R 10.29 .006 .08 .34 .36 .00 .{f{ .12 

.26 3.38 2.98 .003 .10 .14 .46 .00 .04 .11 

.35 1.68 3.42 .07 .10 .31 .70 .10 .00 .12 

.40 1.76 4.l4 .05 .36 .42 .60 .06 .05 .{f{

.44 3.92 7.70 .06 .36 .00 .00 .15 .05 .{f{ 

.76 2.60 10.35 .018 .26 .81 1.3S .26 .08 .04 

.62 3.95 9.13 .02 .82 .63 1.50 1.72 .29 .23 

.63 6.45 14.33 .04 .95 1.14 1.38 1.41 .30 .30 

.71 6.03 14.0.~ .03 1.00 1.111 1.38 US .12 .17 

.04 6.30 13.62 .03 1.64 1.17 1.47 1.04 .44 .11 

.M 4.38 10.30 .00 7.05 1.15 1.39 2.03 .45 .16 

.55 4.04 10.23 .03 8.U 1.03 1.38 1.63 .30 .17 

.« 5.30 8.56 .05 4,34 1.57 1.43 1.75 .36 .11 

.62 8.~2 9.95 .04 5.20 1.32 1.67 1.55 .46 .14 

.62 3.52 11.70 .07 4.30 1.11 2.58 .98 .16 .14 

.63 2.40 11.65 .06 8.22 1.09 2.27 .00 .15 .14 

.49 2.04 11.00 .06 10.54 1.17 1.87 1.02 .14 .14 

.53 2.64 1I.35 .05 11.08 1.111 2.23 1.08 .19 .15 

.53 3.01 12.35 .06 10.00 1.25 2.27 1.17 .16 .14 

.63 3.52 10.06 .06 10.80 1. Iii 2. 38 .87 .17 .14 
1.24 4.16 10.80 .21 .32 .36 .51 .04 .12 .10 

1.33 9.76 19.56 .06 .2S! .29 .59 .03 .14 .11 
1.lIl 11.20 22.16 .06 .26 .28 .43 .00 .IS .17 
.85 5.42 14.69 .15 1;77 .76 2.34 1.93 .28 .03 
.82 5.65 15.90 .15 1.61 .95 2.06 1.76 .30 .02 
.82 Ii. 73 16. 01 .15 1.65 1.04 2.06 1.80 .16 .02 
.82 3,63 111.79 .111 1.79 .93 2.{f{ 1.81 .16 .00 

Tgnl·
tlon Total 
loss 

---
P. ct. P. rI. 
30.30 100.33 

au. 52 100.34 
31.72 100.23 
34.00 lOO.2~ 

1.6l.I 100.50 

7.45 00.53 
5.21 100.27 
3.211 100.15 
1.13 100.25 
2.34 100.06 

1.40 100.13 
2.32 100.67 
2. 61 00.51 
5.42 100.24 
8.80 100.27 
5.24 100.25 
11.03 100.43 
7.67 100.30 
7.41 99.05 
6.37 100.37 

6.00 100.12 
6.49 100.17 

11.63 99.86 
10.75 W.OS 
10.30 100.09 
8.60 101. (f{ 
9.53 100.41 
6.84 99.76 

7.30 100.57 
7.'EI 100.79 
5.22 99.59 
4.96 99.58 
4.43 J 00.97 
3.85 99.91 

N. 

-
P.ct. 
0.18 

.11 

.00 

.04 

.04 

,OS 
.02 
.01 
.01 
.08 

.03 

.04 

.02 

.Id 

.11 

.09 

.01 

.03 

.02 

.02 

.02 

.15 

,{f{ 
.04 
.03 
.03 
.03 
.09 

.04 
•04 
.13 
.12 
.05 
.04 

co. 
Crom 

carhon· 
ntes 

--
P.~t. 
25.09 

::j.82 
29.16 
3.'.88 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.02 
•01 
,{f{ 
.32 

6.05 
4.85 
3.24 

4.08 
2.98 

6.{f{ 
7.55 

.8.27 
7.32 
7.90 
.00 

.00 

.00 
• 00 
.00 
.00 
.00 

Or· Ratio I 
game' organl, 
mat· matts 
tar toni· 

ttoge~ 

---
P.ct. 
2.9i JI\.c 

1.88 17. 
1.10 15. 
.&1 12. 
• 54 13• 

.81 18. 

.24 12. 

.U U. 

.05 5. 
1.81 '22. 

.62 . 20. 

.63 . 15. 

.28' 14. 
3;23 20. 
2.17 19• 
1.59 17. 
• 82 11• 
.27 D. 
,l4 7. 
.18 9. 

.07 3, 
2.82 18. 

1.11 15. 
.65 16. 
.32 10. 
.13 4. 
.14 . 

7. 

3.21 85. 

.45 11. 

.34 ll• 
2.18 16 • 
.96 8. 
.46 9. 
.36 9. 

1 
3 
8 
5 

2 
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7 
o 
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7 
7 
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o 
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8 
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o 
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o 

t;5 
0 
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~ 
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2l 
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244~ ••••• do_._ •.•••• 72.60 .70 3.92 18.07 .12 .98 .72 2;05 1.03 .• 14 .08 4.:40 IXI. 81 .07 .00 .1111 13.78738 	
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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 
summarized, 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 h this factor. Carbon dioxide frm11 carbonates was deter
mined only in those horizons which gave qualitative evidence of 
the prasence of carbonlltes. Consequently, a number of profiles Il;re 
shown as having 1;0 carbonates when undoubtedly traces would have 
been. shown to b0 pl'Qsent under the more exact procedure described 
by A.lexander and Bye.rs.4 

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 ,vhich must necessarily be repeated in I!. 

discussion of the colloids of these soils. In discussing the chemical 
analyses of the colloids, constant reference will be made to the 
chemical analyses of the soils as well as to the mechanical analyses. 

Percentages of calcium carbonate show considerable variation 
in the different types of soil. 'I~he samples of the Kirvin, Vernon, 
Cecil, Palouse, and Marshall soils contain neil 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 CO2 and CaO, 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 calcium 
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 the Vemon shows an increase in 
potash below a depth of 10 inches. The Kirvin and Cecil also show 
an increased percentage of K 20 in the B horizon. These increases 
are found to correspond with increases in the clay content of the 
soils as shown by the mechanical analyses. 

The percentages of p~OG in general vary but little for eo.ch 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 depth 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 

• ALDXANDER, L. T., nnd BYERS, H. G. A CRITICAL UBOIlATOIlY IlEVIEW OF METHODS 
OF DETERiUINING ORGANIC MATTEIl AND CAll BONATES IN SOILS. U. S. Dept. Agr. Tech. Bul. 
817. (In press.) 
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Vei'non a.nd Cecil ~oils is lar~elyconcentrated in. the. surface 6 inches 
of soil; 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 
parallel the values for organic matter throughout each profile. 

In the last column of. 'fable 2 are given. the organic matter-nitro
gen ratios for the profile of each soil. It. is to be noted that there is 
no const.ant value. shown1..either as. b~tween the profiles or in relation 
to depth. Only III the 1::Shelby SOlI IS there a close approach to the 
conventional ratio 01 20. The trend shows a decrease in the ratio 
with in~reasing 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 data presented by Russell at the 
meeting of the American Society of Agronomy in November, 1931. 
The significance of these relations to erosion is not clear but may 
become evident when adequate field data are available . 
. So far as the chemical components of fertility are concerned, it 

appears that in the removal of the surface soil by erosion the .most 
si:lvere result will be a loss of nitrogen and organic matter. The 
potash and phorphorus content .are, comparatively, high enough in 
the lower horizons to furnish a basis for the belief 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 surbce soil. These constituents become available 
slowly by weathering and by the action of soil bacteria in the pres
ence of organic matter. 

CHEMICAL COMPOSITION OF THE COLLOIDS 

The erosion stations are established primaI'll. y fO.r th.e purpose of 
determining the amount, causes, and means of control' oferosioD,. 
However, in the course and:(lrosecution of these studies piuch'it;t
formation will be obtained WhICh concerns the properties and utilizll.
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, aJ}d 
since erosional behavior is directly dependent on these physical -prop
erties,. a careful study of the colloids of these soils has been made. 

The colloids, except those of the two lower layers of the Cecil 
profile, were extracted without the use of any dispersing agent. 
'1'0. 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 
1cield of colloid by centrifuging was materially decreased. The 
'percentage of total colloid" 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 quantities obtained ranged between the .values of 80 per cent for 
the third layer of Shelby silt loam to 42 pel' cent for the surface 
layer of Colby silty clay loam. As applied to the total colloid, the 
.validity of the analytical data rests on the assumption that the ex
tracted colloid is essentially the same as that not extracted. Brown 

'. 
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and Byers 6 have shown that essential differences do exist between 
the easily e:rlractable and. difficultly extractable parts of a soil colloid. 
However, their findings do not invalidat~ the above assumption, since 
by their methods the difficultly extractable part represents only a 
small fraction of the total colloid. 

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

The carbon dioxide reported was determined by the use of the 
apparatus developed by Alexander and Byers 6 details of which are 
being prepared for pUblication. Data obtained with this apparatus 
indicate the small relative quantities of carbon .dioxide present in 
colloids which are ordinarily classed as carbon lite 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 MnO for the Vernon fine sandy 
loam colloid, and the 15.1 per cent CaC03 (equivalent to 6.69 per 
cent CO: ) for the Houston black clay colloid (~.q.). 

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 alumina 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 calcium carbonate is found in the Colby colloid. 

It seems probable that the colloidal carbonate material IS due to 
the solution of the carbonate as calcium bicarbonate during wet 
periods and its redeposition in a state of very fine subdivision on dry
mg. The colloidal carbonate 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 
colloidally held. The same statement holds for· all horizons of all 
soils for magnesium. The percentage concentration is greater for 
magnesium than for calcium. The difference is due primarily to the 
more extensive leaching of calcium. 

The same tendency toward concentration in the coUdd 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 fr8£tion 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 potash-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 

& BROWN, I. C., and BirElRS. B, G. THEI FRACTIONATION, COMPOSITION, AND HYPOTHETIC,,£, 
CONSTITUTION Oil' CIliR'l'AIN COLLOIDS DERIVED FItOM THill GIll.1AT SOIL GROUPS.. U. S. Dept .. 
Agr. Tech. Bul. 319. (In press.) 

'Ar.EXANDER, L. T., Ilnd BYERS, B. G. Op. cit. (See footnote 4.) 
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colloids, as compared to the soils. This may pl\rtly, and perhaps 
wholly, be attributed to the presence of quartz sa~ds in the last two 
soils and to the la.rge content of calcium carbon~te in Houston clay. 

Further consideration of the colloid analyses shows that two wiqely 
divergent types of colloid are included. This is indicated by the 
silica-sesquioxide ratios and more emphatically by the silica-alumina 
ratios. Representative of one extreme is the colloid from Cecil sandy 
clay loam which is distinctly, lateritic, and representative ot the 
other is the colloid of Colbj silty clay loam. The former has a 
silica-alumina ratio of 1.65 in the surface layer ann 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 throughout 
the profile. The Veroon 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 colloidt\l material, and the type of colloid found 
in them is such as to make the soils plastic and sticky when wet !lnd 
a~o 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 calcium carbonate or other flocculating 
material. 

The only colloid which may be classed with the Cecil 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 much less 
exchangeabte base than any other of the colloids under discussion, 
and the soils they represent are markedly acid in reaction. The 
Vernon colloid is also red, but in this connection it must be r'llmem
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 bu,t by the high content 
of exchan~eable bases as well. The Vernon profile is not so acid 
in any horIzon as the least aci(l 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 these 
soils were submitted to S. B. Hendricks for X-rely examination (9). 
He submits the following report: 

Samples Nos. 6097, 6799, 6843, 80'lO, 8737 (Houston, Shelby, Colbr, Palouse, 
Marshall) are Ordovician hentonite (montmol'i1lonite quartz). Nos. 6679, 6720, 
6978 (Kirvin, Vernon, Cecil) are Dlor.e complicated than ordinary clay mineral 
photographs, and are evidently mixtures. Of these, No. 6720 (Vernon) is pre
dominantly Ordovician bentonite. The other two (Kiryin anel Cecil) are 
mixtures of a clay mineral with some other substance or substances. 

Any relationshi:es shown by the inorganic composition of the col
loid are also modified by the quantity, character, alld distribution 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 calcareous soils which have organic contents not widely at vari
ance in the surface horizons, the distribution within the profiles is 

116I27°~32----4 
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quite different. In the. Shelby and Palouse profiles th!'lre is a markeddifference in the organic content of the surface layers but an equallymarked similarity of distribution.
. '1'he 22d column of Table 3 gives the organic matter-nitrogenratios for the extracted colloids. In this case the organic matter WR!ldetermined by the hydrogen-peroxide method, and it is known thatnot all of the organic matter is so removed (~~). The ratios aretherefore numerically smaller than they would be had the combustion method been employed. The outstanding relation shown bythese ratios is the uniform decrease in ratio with depth. rfhis relaticn may be interpreted to mean that the organic matter at lowerlevels has been longer subject to the processes of decay and that the:f\,onnitrogenous material decays more readily than p1trogenous bodies.That the nonnitrogenous matter is oxidized more readily by hydrogen peroxide has been shown by McLean (15,16). This assumption

IS valid only so far as we assume that the organic matter at lowerlevels has been carried down from above. This latter assumption isnot wholly true in any case and perhaps to but a limited degree in thesoils not subject to podzolization. In the colloids, as in the soils,the relation between the composition of the organic matter and theerosional behavior must await fuller knowledge of data both on fieldbehavior and the variation of composition of the organic matter.The erosional behavior of the Kirvin, Vernon, and Cecil soils isinfluenced by the small content of colloid in the sur-face layers (Table1), and this influence tends to obscure the effects consequent on colloid composition in these horizons. The iron-oxide content of thetwo colloids of highest apparent weathering, the Kirvin and theCecil, is notably high, as shown by silica-iron oxide ratios. Thedata at hand do not clearly indicate what erosional relations existbetween sesquioxide colloids and alumino silica,tes, but it is in gen~eral true that laterites and lateritic soils are not readily eroded. Ofthe soils under discussion, those which contain notable quantities offerric oxide in their colloids undoubtedly have their erosional relations influenced by its prasence. '
Detailed examination of the profiles of these series leads to someobservations which have a bearing not only on erosional behavior butalso 011 general soil relationships. As already mentioned, the Houston soil has a very high carbonate' content throughout the profile.A considerable fraction of this carbonate finds its way into the colloidal fraction in each of the successive layers. The lower layers aremuch richer in colloidal carbonate than the surface layers, a condition which is to be expected in a region of high rainfall, and the samegeneral relation holds for the total carbonate content of the soil.Except for variations in the amounts of organic matter and carbonates, the colloid of the Houston soil is essentially the saIllethroughout the profile. This constancy is emphasized by the ratiosof the major constituents as given in Table 3. Such minor variationsas appear are to be found in the relative quantities of iron oxide, asshown by the silica-iron oxide and iron oxide-alumina ratios. Thesilica-alumina ratios are practically identical for the complete profile. This constancy of composition of the colloids of the chernozemand prairie soils has been noted by Byers and, Anderson (3). Suchvariation as may occur is a measure of the extent to which podzolization or laterization has occurred. 

t 



TABLE 3. -Chemical ar.alYBe8 oj colloids in typical projileB oj the erosion-station BoiZa 

Colloid
Sample Soli type Depth Station ex· 1 SIO, 'J'IO, 1Fc,O, 1AIoO, 1MnO 1 CaO I MgO 1 KJO I Nasi:> 1 p,c,

No. trscted 
--I 1--1--1--1--1--1--1-,-,1--,'--'--' 

b~ ~~~~~_~~~~~_~_~_~_~_~~ 0 

6096 Houston bl!lck clay _ ••••_••_•••_••••• 0-3 Templo, Tex •._____•___._... 55 43.55 '0.63 5.92 18.94 0.07 9.28 2.50 1.13 0.27 0. 22 III 

6097 .••••do•..•••_._••••_.__•.•.___._.___•. 14-20 ._._.do•••.__ ••___•••___..••__ 55 41. 72 .54 5.02 18.08 .07 11. 73 2. 41 1.11 .27 ,21 
6098 ••••.do•.••••••••..••.•.••••••••••••••• 24-36 ._•••do•.••• _•.___•••_••••••__ 57 42.25 .54 5.05 18. 33 .09 12.35 2. 25 .99 .25 '.22' ~ (;~
6099 .•.••do •••• _ •.•.•..•.••••••••••••••.••• 36-50 .••_.do •••• _ •.••_._____•••_... 48 43.30 .58 6.25, 18.53 .07 12.00 2. 63 1. 07 ,27 ,.22 

6678 Kirvin fine sandy loam.•.•••••••••..• 
 0-12 Tyler, Tex.________ •__ •._... 70 41.97 .90 14. 74 25.96 .10 .64, .46 .89 .48' .30 

6679 ••••.do•••••••.••...••••••_••••••••...• 12-24 __ •.•do_••___________ •••___.~_ 77 30.95 <17 14. 37 29.78 .01 .35 .69 .84 .34 .13· ~ 

6~O ...•.do••••...•.••••..•••••••••••••••.• ~ 
6681 ....•do••••••••••••••••••••••••••..•••• ~i :::::~~::=:::::::::::::::::: ~~ ~Ug :g~ ~r ~~, ~gJ~ :g~ :~ :~ :~g Jg Jr ..... 
,6682 ••••.do•••.••••••••••••••.•.•..•••••••• 63-75 •._••do_.________._••_•••_... 46 41.10 .79 15.96 28.30 Trace. .04 .65 , .64 ';3[' .17 1?4Q-3 Guthrle,Okln....__ •••__ •__• 46 42.40 1.74 9.87 20.90 .00 1.30 1.80 a, 18 .67' '.396718 Vernon fine sandy loam I ............" 


3-10 •__.•do....__ ••____________••_ 72 45.03 1.90 10.70 24. 44 .25 . ,79 1.99 2.25, ".90 .28, 'lj6719 •••••do•••.••••••.••.••.•"'" •••••••.• 10-27 ____ .do._.______ •_______ ._____ 79 45.10 1.44 10.53 26.00 .15 .68 2.08 2.34 ,.70 .15 rtJ6720 •••••do•..••••••••••_•••••••.•...•••••. 
27-58 _____do...._______•••__••____• 63 46.99 .84 0.55 27.71 .05 .66 2. 62 2.41 .93 .106721 •••_do...••_._•••••••••_.._..••.•••••• '00-7 Beth.ny, Mo•.•_••________ • 46 45.89 .67 9.23 23.51 .O~ 1.31 1.37 1.10 .21 .30 


tl7U8 ••..•do••••..•_._•..••.•••.••••••••••.• 

6797 Shelby silt loam I •..................• I>j
8-12 •••••d9.....______••_________ • 73 47.49 .67 !l. 99 24. 4! .• 00 1. 28 1.98 ,1. 12 .20 .12' 

6799 ••.•.do•••••••••••••••••••_••••....•••• t;j,
12-20 ____ .do....___________• __.____ 81 48.29 .68 10.31 2.490 .08 1.36 ,2. 02 1. 26 .29 .11 

6aoe •••_.do••••••••••••••••••.•.•.•...••••• ~
20-24 •___ .do._..._.____ •. _____••__• 75 47.98 .71 11.14 24.24 .09 1.62 2.17 'J.31 .38 .12 

6801 •••••do..•••••••••••••_•••••••••••••••• 
 24-48 •••_.do._.....__________...... 73 48.48 .74 11.49 23.03 .11 2.16 2.06 1.62 .4;', •.16 0 

6802 .•••.do•.•••..••• __••____ ._.___••__ •__ • 48-6() •••_.do._•••_._••••••••••••__• 53 48. 26 .75 11. 84 23.12 .08 2. 34 2. 06 1.66 .4!' .16' IJl 


6802A Shelby silt loam (sand pocket) _ •.•• _. 4 ft. •••_.do••••••___•___•••__••._. 67 47. 20 .49 11. 11 26.12 • 11 1. 80 1.93 1.80 ,.41 .20 S
6802B Shelby silt loam 1_____• ___••••__ • __•• 6Q-84 __ ._.do.....~_..__•• ______••_. 60 49.62 .72 14. 83 19.43, .10 2.222.12 1.88 .42 ,16 

6842 Colby BUt., clay loam._ ....•____•.___ 2-10 Hays, Rllns__ •_____________• 42 49.31 .52 7.10 19.67 .11 4.35 2. 71 2. 30 • 28 ~ 15' 
 ~ 

10-20 _____do...._..______..______._ 52 46.95 .50 6.76 19.03 .11 7.68 2. 17 2.,09 .17' 14/ 

6841 ••_••,do••••••••.••.•••••••••••••••••••• 

6843 _••__do••••••••..•••••••••••••••••••••• IJl 

20-33 ____.do....__._.____________.• 55 48.60 .49 6.96 19.23 .12 7.26 3.07 2.11 .26 .14 !'3 

6!l45 ••._.do•••••••••_•••••••••••••••••••••.. ~
33-47 •••_.do.._.."________________• 57 48.00 .50 6.28 19.09 .11 8.83 3.14 2.10 •rrT. 14 

684G ••_••do••••__••••_•••••.••..•.•._.•.••• 
 47-60 ____.do...._..__•___...____.__ 62 49.00 ,48 6.72 19.00 .11 7.40 3; 21 2.03 .23 .14 I"J 

6847 ._•.do ••• ~_••••••.....•..•••••••••••.• 60-72 ____ .do....____._•• ___•____.._ 43 ·17.20 .46 6.55 18.31 .10 10.23 3.15 2..11 .24 '.13 S 

6977 Cecil sandy clay loam •••••••••••••.-. 
 Q-6 Statesville,N.C __ •_________ ,69 32.8tL56 12.5733.68 .43 .66 .81 .57 24 32' ~ 6978 •••••do...•••••••••••••.•_••..•.••••••• 
6979 ' •••••do••••.•..••••••.••••••••••••••••• 3t~ :=::~~:=:=:::::::::::::::::: ~g ~~: ~~ Ug ~g~ ~~Ji :16 ::~ :~ J~ :~:~~ 1Jl', 
8069 Proouse silt lo"ni•••••••••...••.•.••~. 0-20 Pullman, Wush ••• ______•••- 60 44.86 .82 11.13 23.59.10 1.59 2,28 2.12 .32 .36 

8070 •.•••do••••••••••••••••••...••••_••••.• 
 20-33 •__-'_do....________________.__ 77 45.73 .89 12. 85 '23.43 . 15 L 60 2. 33 1.38 .43 .25 

8071 ••••.do•••••.•_•..••..••••••••••••••••, 33-62 •___ .do....._..____•___•____•. 78 46.00 .86 12.20' 24. 07 .14 1. 53 2. 32 1.64 .30 .17 ~.

8072 •••••do•••••••••••••••••.••••••••_••••• 
 62-.5 __•__do..... __••___•_______~__ 89 47.86 .76 12. 53 23.56 ,14. 1 67 2.48 1..17 .22 .20 

8073 •••••do•...•••••.••.•...••••••••••••••. 
 75-84 • __ .do......_.____________._. 79 48.00 .86 12. 50 23.26 .14 1. ,69 2.48 1.46 .41 .20 

8736 Marshall BUt loam.•.••••••••••••••_._ 0-13 C1arlnda,Iowil.._.__••______ 63 46.00 ,.60 9.10 21.55 .16 1.'17 2.35 2.14 .09 ;29,

8737 •.•••do ••• _. __._•••_______•____________ 13-24 ..._.do.•.• __•________._______ 66 47.69 .62 9.42 22.10 .15 L 11 2.53 '1.86 .09 .':.2 

8738 .._•.do__•_____. ______. ___._••_.____--- 24-45 •___.do.....__•_____._._. ____• 69 49.72 .65 9.86 22. 63 .13 1.09 2. 48 1.58 .16' .18 

8739 __.••do_ •• _______. ___ •••_•••_. _••_.__•• 45-71 _____do._.._____•__._._______ 65 49.30 .65 9.60 23. 41 .13 1;022. 31 1.69 .08 .20 


1 Analyses of these solis !Il'll averages of duplicate samples. 
~ 
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~ABLE it-Ohemical Q.na£y8es of collOids in typical protlles of theer08ion·station 8011s-Conttnued 

Ratio 
ofor· 

00,. ganie Mols 1 Mols '1 Mols I Mois' ~ Bample SO IIv.nitionl To'aI I·Nltro-l from OrgBIllc matter SIO, SIO,· Fe,OI: BIOI."Boll type Depth Station aNo. I, , . .Ioss '. gen carbon· Dl8tter to FeIO,A-hO, AbQI" R,O,ates nitro· 1I1 
genin .,z 

___I I _________ colloid --------.- ---' 
~~ ~~~_~~h~~_h_ ' S 

60116 Bou~ton black clay ................. !f-3 Tom.fcle, Tex................ 0.19 18. OIl 100.69 0.38 4.91 3.86 Ij).2 19;66 3.90 0.200' 3..26 ~ 

6097 .,•••do................................ 14-20 .•••• 0....................... .11 18.25 100.42 .22 6.16 a.13 14;2 18.·75 3. P2 ,,2O\l 3.,24 

6098 •••••do......_.__•••.•.•••••••••••••••• 21-36 •••••do_•••••_............... .11 16.85 100.18 .18 7.05 1.67 9: 11 18.88 '3.91 .2fl1 , 3.'25 

6099 •...•do....•..:.~•..••".••...•.•.....•. 31l-50 .••••do••..••.••••••.•••••••••. 09 16.10 101.11 .14 6.69 1.12 8.0 18.45 3.97 .. 215. 3.cl!5, 

6678 Kirvin fine sandy loam•..•..••••••••• !f-12 Tyler, Tex.................. .15 13.28 \IlI.87. 21 .05 2. 52 12.0 7.63 2.75 .363: 2.02 


12-24 •••.•!10....................... .09 12.14 99.51 •.14 .07 .82 5.8 7..39 2.28 .S08' 1.74
:~ :::::~~:::::::::::::::::::::::::::::::: 24-51 ..••.110....................... .11 11.57 \Ill. 32 .11 .02 .35 3;2 8.81 '2.42 .2i4, 1.,89 

6681 .....do....••..•............•.......•.. 51-63 .••••do••...••••••••••.. ,...... .09 10.89 \IlI.p( .09 .02 .24. 2.1 10.612.48 •.234 2;pa 

8682 •••••do••..•••••••..•.•••••.c•••••••••• 63-75 •..••do....................... .17 11.29 \Ill. 42 .07 .01 .26 3.7 ,6.a4 2.'~7 ;360 LBO 

6718 Vernon ,fine sandy loam I .•..•••••••.. !f-3 Guthrie, Okla............... .19 18.05 100.43 .70 ' .06 8.55 J2,211.40 .3.45 .303', 2. 65 ' 


3-10 •••.•do....................... .09 11.45 100.07 .21 .04 2.02 9.6 lL20 3.12.279 2.,44 

1!f-27 •••••do...__.•...••..•.•.....• .08 10.62 99.87 .15, .02 .95 6.11 11. a8 2 94 .259' 2;';14 

27-63 ••..•do......_................ 10 8.66 100.62 .10 .00 .25 2. 5 13.07 2.88 •.221 2.,35 


6797 Shelby silt loam ' ••••..••••.•._•••••• !f-7 Bethany, Mo............... .14 16.34 100.73 .37 .05 5.96 16.1 13;22 3.31 .252 2.65
!~~ :::Jt=:=:===::::=:=:=:::::::::=::::~ 
6798 ._•••do............_•••.••••_••..••.••• 8-12 .....do........•...••.•••__••. .09 13.24 100.65 ,,19 .03 2. 61 13.7 lL42 3.30 .262' 2.~2 

6799 ....•do..•.•••••.••••••••..••••••••..•• 12-20 .....do....................... .12 11.51 100.93 .16 .01 2.07 12.9 11..18 .3.28 .265 2.60 

6800 ..•_.dQ•••••••••••••••••_•••••••••••••• 2!f-24 •••..rlo.•.•••..••••••••..•••c. .11 10.75 100,82 .11 .01 1.34 12,2 11.47 '3.36 .293 2.60 


24-48 .•.•;\10....................... .10 9.75 l00.14 •.08 .17 .04 8; 0 11.:22 3.57 .319 2.,.71 'f/l 

~~ ::::~~g::::::=:::::::::::::::::::::::: 48-60 .•.••do....................... .10 9.. 74 100.52 .07 .40 .66 8,0 10,84 '3. M ;326' 2. 67 

6802A Shelby slit loam (sand pocket) ...... . .4ft. •••__do._ •• _ ••••.•••••••_.... .10 0.03 100.30 .07 .31 .61 8.7 11.'30 :3.07 .271 2,41 'ljJ
6B02:B Shelby slit loam ' ..••••.•.••_•••••.•• 6!f-8t •••••tlo................ ...._ .09 9.03 100.62 ..06 .43 .45 7.5 8.89 :4. Sa •.487.:2;91 .I'd 
6842 Oolhy silty clay loam ••••••••••••.••• 2-10 Hays, Raus._............... .l4 13.41 100.05.30 1.85 4.07 13,6 19.41, ~4..25 .230 3 • .,45 
6843 •••.•do•••.••••••.•.•.••••••...••••••.• 1!f-20 ....•tlo....................... .13 13,69 100.02 .17 3.74 1.79 10,5 18."47. 4.'18 .227 3.41 fl 
6844 .••••do...••••••..••.••.••.•...•.....•• 2!f-33 •.•••do....................... .11 12. 03 100.38 .09 3.85 .62 .6.0 18.55 4.'29 .231; "3.47 
 o
6B15 ••..•do•..•••••••..••••"""'" •••••.• 33-47 ..•••40..••••••••••••..••••_. .09 .12.12 100.77 •.09 4.65 .'53 5.9 20.32 4. 27 .2103.'52 .t;j
6846 •••••do••••••••••••.••...•••••••..•_••• 47-ti0 •••••do....•...•_............. .09 11. 57 99.98 .06 4 • .23 .:23 3.8 19.39 4. 38 • :l26 3Ai7 
6817 •••••do....•.••............__......•..• 6!f-72 .....do....................... .10 12. 25 100.83 .06 5,11 .21 3.5 19.17 4.37 .:l2B 3.66 > 
6977 Cecil sandy clay loam ................ !f-6 Statesvlllo, N. C............ .08 16.95 100.68 .15 .05 2.30 15. a 6.94 1.'65 .238 1.34 .~ 

6078 •••••do___•••...••._••••• __............ 6-32 •••••do........................ .04 14.25 99.91 .07 .04 .27 3:9 7;27 1.69 :233 1•.28 
 ~ 6979 .••••do................................ 32-ti0 •• _••do....................... .04 12.94 100.28 06 :06 .09 1.5 7•.35 1. 89 .256 li43 
 '0
8069 Palouse slit 16am..................... !f-20 Pullman; Wash .••.•••••.••_ .15 13.36 100.74 .32 ,.04 '3.81 11.9 10.92 3.23 .' 301 '2.48 

8070 .••••do................................ 2!f-33 •••••do....................... .11 11.25 100.40 .15 .00 1.69 11.3 9.52 3.31 •350"cf.' '2.45 
 88071 ••••~do•••••..••.•••••••••..••••••...•: 33-62 •••••do ••••• _ •••••...•~....... .09 10.86 100.18 .12 .00 1.00 8.3 10.02 3.25 .324 .2. 45 
 1-3 
8072 •••••do................................ 62-75 .•.••do....................... .06 9.93 100.58 .09 .00 .52 5.8 10.15 3.45 .339· 2.57 

8073 .._.•do..•••••••.••..•••••••••.•, •••••• 75-84 •.•.•do....................... .06 9.82 100,88 .10 .00 .62 5.2 10. 21 3.50 .3432.61 g

S1'36 Marshall silt loam••••••••.•••.•••••• !f-13 Clarinda, Iowa.............. .35 16.03 100.73 .36 .02 .6.47 18,0 :.13.68 ;3:69 .'270· 2.91 !;j

8737 .._.do•..•.......•......_...•.••••••.. 13c24 ••.••do••.••••..••••••••.•_... .29 14.28 100.36 .27 .01 4.81 17.8 13.45 3.66 .272: 2.88 

8738 ....,do.......................~••••••__ 24-45 ._•••do....•._•........._..... .24 11.85 100.57 .19 .02 2. 36 12.4 13.40 3.72 .278. 2.91 

8739 •••••do•..••••••••.•...•.•••••••.•••••• 45-71 •••••do....................... .24 11.18 \IlI,81 .22 .01 2.57 lL7 13.65 3.67 .262 2.83 


I Analyses of these soils are averages oC duplicate samples. 

http:100.05.30
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Variations in the erosional behavior 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 elsewheL~. 
The colloidal content, as shown by the mechanical analyses, varies 
to some degree, though even in this respect HOllston black clay is 
1-emarkabl;y constant. It is apparent, therefore~ that this soil, .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 und9ubtedly responsi
ble for the inversion of relative amounts of colloid in the first two 
layers, as shown by the water-adsorption method. Taken. 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 a: depth of about 36 inches. However, the general con
stancy of texture of the soil and composition of the colloid may be 
considered a fairly satisfactory explanation of the fact that, in this 
soil, erosion is for the most part of the variety known as sheet ero
sion. Sheet er(Jsion appears to be characte!'tistic of other soils with 
uniform texture and colloid. 

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. This lowering of the 
erosion ratio for the soil layer 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 cauoe 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 
scarcely be said to be a 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 'a 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 pel'centage. In this connection 
a laboratory observation is recorded. 'Whenever the thick suspen
sion (from a 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 high 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 erosive characteristics of this soil. 

Kirvin fine sandy loam offers in many respects a striking contrast 
to Houston clay 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 
cont-ent of the colloid of the surface horizon are higher than in the 
B horizon colloid, differences which may be referred to the ash con
tentof the vegetation. The pH vn;lue of the surface soil is corre
spondin~ly increased~ The relative percentages are of course greatly 
modified. in the whole soil by reason of the e1rtreme textural changes 
in the various horizons. The manganese and organic matter are 

~'. sharply concentrated 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 consbncy 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 at 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 provl;)d, 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 compared with the second horizon. There has 
been no podzolization of the soils, and laterization, although .indi
cated, has. not progressed to any extent. In general, 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 soil. 

Perhal?s the most important inference to be drawn from the data 
for KirVIn fine sandy loam, as affecting erosion, is obtained through 
a 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 layer 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 a soil with so r 

; '. 

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 increase 
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 colloid is concerned. ThE.'re are, however, 
some very striking differences. The silica-alumina ratio is high, 
approaching that of unweathered soils. The base content and, by in
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-alumina and iron oxide-alumina ratios. On the basis of the 
changes in composition shown by these ratios, such weathering as 
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 colloid 
in the surface soil is due to a lateral selective erosion of the finer 
fractions of the soil. The coarser materials have eroded at a slower 
rate, but in summation the total erosion has been rather severe. In 
this connection 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 a stratum would normally be present. In this soil, as in 
the Kirvin, gully formation !.s prevalent. The presence of a 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.7 

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-exchange capacity. When free from or
ganic matter the colloids are light gray, which indicates that the iron 
is 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 enrichea. 
by illuviation, but the relative deficiency of colloid in the surface 
layer also indicates that the topsoil has lost a part of its colloid in 

r In considering the relative values shown, It should also he noted that there Is included 
In the profile the colloid (No. 6802A) obtained from a sand pocket. The inclusion ot this 
sample indicates certain nonuniform conditions which are characteristic ot the Shelby soil, 
but the sample Is not properly a part of this particular profile. 
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the surface 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 increase 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 
surface. 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 practically con
stant .in .character. ~hrougho.ut the profile and has the ~ghest silic~
sesquIOxlde and slhca-alumma ratIOS of any of the soils cove:red 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 mark
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
acteristics 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 in the suspension percentage (Table 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 a 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 siIica-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 flU' 
beyond the halloysitic stage, the latter being assumed t'l have a ratio 
of 2. The lateritic characteristics of this soil 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 Edgi.ngton (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 layer 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 la.yer to 

http:hrougho.ut


'" ' .'.' .., 

',,; 

. /. 

OHARACTERISTICS OF EROSION STATION SOILS 33· 

01.2 per cent in the 6 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 lmownthat the C 
horizon is low in colloid. . . 

Soils of this type are, usually nonerosivein character,' and this is 
indicated ~or the lower layers of this profile by the erosion ratios and 
also by the field data. The relative ease of erosion· of the surface 
layer is due in large part to its l<?w colloid content.. The c~~ivation 
of corn and cotton on such a sOlI aggravates erOSIve condItions by 
destroying roots and leaf cover, which otherwise would bind and 
protect this noncoherent surface layer. 

;palouse silt l~a~ has ~e highest silt c~>ntent of any of ~he. station 
SOIls. When this 18 consIdered, along Wlth the fact that It 18 not a. 
weathered soil and that much of the area on which this soil is found 
is markedly rolling, it is realized that erosion is a serious problem 
despite the low rainfall of the region. 

The silica-alumina. ratio, as well as the X-ray examination, indi
cates that this soil has a colloid of the montmorillonitic 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 
little 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 
type offers ample protection from the small run-off which occurs. 
However, the erosion ratio shows this soil to be decidedly erosive, 
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 tliroughout 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 of 
this particular sample. As in Palouse silt loam, evidence of podzoli
zation is slight but distinct; 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 D~t-ul'al grass cover of the soil. Although not shown 
to be so erosive by the dispersion and erosion ratios, the character 
of this soil lends itself to easy erosion, as shown by the suspension 
percentage and by the percentage of total colloid extracted by centri
fuging. 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 
~ore varied than mi~ht reas~na~ly !:>e antic.iplI;ted in a soil so u~form 
m texture when so httle. varIation m collOId IS present. Chenncally 
the most important differences in the profile are shown by the or
ganic-matter percenta~e, 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 pr.esent 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 a.re 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 were 
obtained for the dual purpose of ascertaining the degree of uniform
ity of the soils over the area on which I~rosion data were to be 
collected and of furnishing a basis for comparison of such changes 
as may occur in these plots through varied Icultural and other treat
ment. These samples were taken according to the following in
structions : 

• • • A composite sample, aggregating at lea!lt 1 pound in weight, should 
be taken for each of the several soil layers through the vertical section of 
each plot, to a depth of 48 inches, wherever this de:pth is attainable. To make 
the composite 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 auger or core sampler (King sampler) 
should be used for taking these, and the same .amount of. soil should be 
taken from each layer, thus making a thoroughly rel~resentative 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, ill order that 
the cbanges caused by erosion may be determ:ined. 

Composite samples of Marshall silt loam, from Clarinda, Iowa, 
and of Palouse silt loam, from Pullman, Wa.sh., have not been in
cluded in this study because of the recent in!51iallation of these sta
tions. The samples from the six stations from which samples were 
received were subjected to the following deterininations: 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 plots) at 
each station was computed for each horizon,s and the standard devi

• In the following discussion and tables the term .. horizon" Is used to designate the 
horizon, or layer, represented by the sample, regardleRs of whether the soil exhibits true 
horizonal characteristics. 
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ation and the coefficient of variability" were calculated. The resulu; 
of these determinations and <lalculations are shown in Table 4. For 
the. p~rpose 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, 
particwarly in ,regard to securing a representative area of the soil 
type to be studied, and the location of the experimental plots on this 
area was carefully considered so that they would have ss uniform 
slope and as uniform soil· conditions fiS possible. The data in Table 
4 show that, in general, the plots at each station are remarkably 
uniform in their characteristics. In many cases the differences, 
between the value of the highest and the lowest determinations fo~ 
any particular horizon are probably within the limits of experi
mental error. The greatest differences usually occur in the long or 
short plots?O indicatmg that the greatest variations in soil character
istics occur along, rather than across, the s!ol?e. 

The shott plots on the Cecil soil (No. +2), l{irvin (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 sampled in two 'pJU'ts, and it may readily be noted that 
the upper half (which extends ~p 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 surface soil of the desurfaced 11 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 clo~le. This is no doubt due to the fact that the plot was not de
surfaced\to the same depth as the surface horizon of the profile 
sample. 

The differences between the profile samples and the ave,rage values 
of the composite samples are greater than was exr.ected. However, 
in most cases, the fP"eatest differenCes can be aSCrIbed to differences 
in depths of samplmg. For example, the first horizon of the Cecil 
profile sample was taken to a depth oiG inches, whereqs 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 sampling included more of this 
material, resulting in much heavier texture for the composite samples 
than is normal for the A horizon. 

• The formulas used were standard denntiou, IT-,/¥- ,and coemcient ot variability. 

c-ic X 100. where II represents the deviatioll of eJlch determination from the mean M. 
of the whole nnmber ot determinations n. 

10 The plots' at all stations are 6 feet wide and the normal-length plots are 72.6 feet 
long, making nnnrea of one one-hundredth of an acre. The short plots are 36.3 teet 
long (one two-hundredth of an acre) and the long plots are 145.2 feet long (one fiftieth 
of an acre). 

n The surface soil of one or .more plots at each. station was removed to simulate a 
severely· eroded condition and to compare the quantity' of run-olr and erosion with the 
normal surface condition. 



TABLE 4. -AnalY3e8 of comp08ite 3amples by horizons from the eroaiofHtatiDn plot. 	 ~ 
~ 

PHYSICAL PROPERTIES 

Rutlo or colloid to mois	 ~ Colloid by water-vapor Moisture equivalent In Dispersion rutlo In ture equivalent in Erosion retio In borlzon- ol>IPtllldSOfPtlOn In horiton- horlzon- borlzon-	 , j horlzon-Sample and location 	 IIINo. . 	 " !21 

i 
.... 

_________1_1_1__2__3__4__5__1__2__3_1_4__5__1__2__3_~ _6__1__2_,1_3__4__11___1 ___2 ___3 _1_4_' II ~ 
::~ ::~ ::~ ::~ ::~ :: ::~ ::~ t::~ ::~ 	 ... 

I 	P 41.1 40.230.6 26.7.____ 30.11 27.6 24.4 20.6 _____ 10.0 11.4 6.7 10.1.____ 1030 1.46 1.46 1.30_____ 8.1 3.7 4.6 7.8.___ _ 
'I 38.0 30.2 34.1 25.8 24.0 29.7 31.2 27.9 24.3 22.6 12.11 14.11 15.9 20.0 20.8 1.30 1_211 1.22 1.06 1.06 .9.6 n.8 13.0 18.8' 10.6 
'2 36.4 37.1 38.5 28.3 29.2 29.8 31.0 31.0 25.9 25.0 12.3 11.4 14.4 18.9 10.8 1.22\, .1.20 1.24 1.00 1.J7, 10.1 9.11 11.6 17.3 14.413 38.6 40.8 34.6 27.0 24.0 30.8 31.0 28.0 26.0 23.4, 9.7 13.5 14.6 17.6 22.1 1.25 1.32 1.24 1.07 1.03' 7.8 10.2 U.8 16.4 21.4 
4 30.3 41.1 36.0 29.2 25.5 30.2 31.8 28.9 25.7 23.2,11.9 14.2 11.0 17.2 20.4 1.30 L29 1.25 1.14 1.10~ 9.1 11.0 8.8 15.1 18.6 

1JoU8ton black clay. Temple. 5 -10.2 38.4 32.726.4 25. I 30.5 30.0 27. 1 24. 6 23.41 9.2 12. 2 15. 1 18.2 18.6 1.32, 1.28 1.21 1.07 1.071 7.- ~ 9.5 12. 5 17.0117•.(
Tel. 6 39.0 37.5 3;1; 8 27.7 23.3 31.1 29.9 26.2 24.6 23.2 11.2 13.4110.8 13.7 20.5 1,25 1.25 1.29 1.13 1.00 9." 10.7 8.4 12.1 20.5 

7 39.S 38.1 31.4 27.6 24.2 29.2 29.6 25.5 24.3 21.0 9.6 12.8 14.0.21.1 19.5 1.36 1.29 1,23 1.14 1.10 7.1 9.0 11.0 18.5 17.7 
~ 

~ 
8 38.2 38.5 33.4 27.2 24.2 29.3 30.6 27.5 24.3 22.3 8.4 15.1 14.2' 15.2 19.1 1.30 1.20 !.21 1.12 1.09 6.6 12.0 11.7 13.6 17.5 
o 39.0 30.1 32. 51 25.0 23•.( 30. 1 30.2 26.2 22. 9 22.7 13,4 14. II 16.1 111.7 19.6 1.30 1.29 1.24 1.00 1.03 10.3 11,5 13.0 14.4 19. 0 ..0 

10 39.4 36.0 33.0 27.0 26.5 29.0 29.6 26.6 23.S 23.0 11.8 15.615.6 16.6 18.1 1.32 1.25 1.24 1.13 1.15 8.11 12.5 12.6 14.7 15.7 
• 11 _____ 30.4. 23.6 24.8 25.6_____ 24.0 24. II 23.0 22.7_____ 6.0 22.3 18.6 19.1 ••_.. 1.27 1.96 I.OS 1.13 ______ 4.7 22.1 17.2 Ift.1l f11	 1 

Average ' ________________1_____ -a-a.-o -38-.-71-34.-01-27-.-21-24-.-0 3O:1-a-o•.-6 -27-.-5 -2-4.-6I'23.l-1-1.-0 -1-a.-8 -1-4.-2:-1-7.-4 -1-9.-6 -1-.29- -1-.27- -1-.24- -1-.1-0 -1-.OS- --8-.6 -1.0.-01-1-1.-51-1-5-. 8 -1-S.-2 fIJ
Btandllrddavlatlon______________ 1.0 1.4' 1.0 1.2 1.7 .6 .7 1.6 .9 .8 1.6 1.3 1.81 2.1 1.4 .04 .03 .02 .03 .06 1.3 1.0 1.6 2.1 2.0 
CoelllcientofvarlabJllty_________ 2.5 3.6' 5.6 4.3 6.8 1.0 2;3~_a~ a~ 14.4 II~ 12.51 12.2 1.3;~ 2.411.8 2.7 .1.3~8.11 13.5 !a.o 11.0 

I
~ < 

I P 20.0 45.7: 50.01----- ----_ 211.0 26.6 28.7 --___ -- __ • 22. 4 11.2 O. 6j_____ _____ 1.00 1.72 1.14 _____ _____ 22.·j 6.5 6.5,'______ .-__ _ 
j 1 _____ 42.0 51. 7,. __________ /_____ 25.3 29.4 _____ _____ _____ 15.4 10.6 _____ _____ _____ 1. eo 1.76 __________ ._____ 9.3 0.0 ___________ ~ 
j 2 _____ 38.8 49.4 _____ _____ _____ 23.3 29.8 _____ _____ _____ 16.7 9.8 _____ _____ _____ 1.67 1.66 -____ ----- _----- 10.0 6.0 ------ ____ _ 

'} • 3 _____ 43.0 53. f_____ _____ _____ 20.0 29.6 _____ _____ _____ 14.3 10.0 _____ _____ _____ 1.65 1.79 _____ _____ ______ 8.7 6.1 __________ _
1	 I:!;I 

o 
4 29.5 41.8. 40.3_____ _____ 22.4 26.5 28.8 _____ _____ 19.8 12. 3 9.81----- _____ 1.32\ 1.80 1.71.____ _____ 15. (l 6.8 5.8 ___________1 

Cedi salldy clay loam. states. I 5 27.4, 47.7, 40.8 ----- ----- 22.5 27.1 30.0 ----- ----- 20.8 12. 1 0.; --___ --___ 1.22 1. 76 1.66,_,___ ----- 17.1 6.0 5.9 ------r---- tp.
ville, N. C. 6 28.9, 47.0 56.6 -____ _____ 22.6 26.7 31.1 _____ _____ 22.0 13.9 10.1----- _____ 1.28 1.76 1.70;_____ _____ 17.2 7.0 6.0 ------ ---- ,7 a2.2, 48.0 67.9 _____ _____ 23.1 28.0 32.4 ----- __.__ 21.6 11.7 8.:\ _______>__ 1.30 1.75 1.70,_____ _____ 15.56.7 4.7.__________ 

8 32.71 49.3 51.0 _____ _____ 22.3 28.8 1 _____ 21.6 10.7 8.4'___ ._ _____ 1.47 1.71 1.58'_____ _____ 14.7 6.2 0.3 ____ •_____ _ ~32.2,_____ 
o• ... '" ".'--m ' __'. ,., " .• "'/"__ ..._. ".. ., .,__.____.__ ,." L.. W ____..___ 'U "'Ii 4. D. __________10 32.1 50.3 51.4._____•___ 23.8 28.0 30.1.____ _____ 22.7 1l.5 7.4'_____ _____ 1. 30 1.80 1.911'----- _____ 17.2 5.3 3.0 ___________ 

J 11 29.7. 47.2 51.3, ______.___ 21. 8 20.7 29.2 _____ _____ 19.4 0.3 0.5'----- _____ 1.36 1,77 1.76 _____ _____ 14.3 5. ~ 5.4!______ •____ 
r 12 36.1 56.0, 51.9'_____ _____ 23.5 29.7 29.6 _____ _____ 19.2 10.,5 9.3 ____• __••_ 1.04 L89 1.75 _____ _____ 12. 4 6.6j 6.3 ------ ____ _ ~ 

1	 1 

standard dcvlat! on ________ _____ 2.4 2. 7 3.5 _____ ..___ .6 1.1 1.3 _____ _____ 1.6 1.6 1.0 _____ _____ .00 .05 .00 _____ _____ 1.6 .8 .4 __________ _ 
Coefficient of varlablllty ___ _____ 7,7 6. 4 6.7 _____ _____ 2. 6 4.1 4. 2 _____ _____ 7.6 14.6, 10.8 _____ _____ 6. 8 2. 8 5.1 '1_____ _____ 10.7 13.5 8. 5 __________ _ 

= =~=;:=I=--' .==;=-,-I==::==:=J 1~.C::=j I • != ;===-=::=:::;:; 

Average' ---------------1---·- 3Lo 4P.5,' .52. t---- ==.--1'22.827.9 30.6== 20. 5ll.Ol9.0j-----I-~--- l.3ol1:78 1.751= =15:26:215:21=.---- ~ 



----- -- -- --- --- ---
___________ 

1 P, 6.9'166.6\49.6; 32.8 10. 7.~ 30. 28. 21.~ II. 87.~ 18.3 12." 111.6 24. 0.7611. 1.7 1. 1.40' 411.8 10.7,111.7_ 
... 	 'I 6.1 W.6 411.6 W.II.__~_ 7.831.1 ao.O al.! ___._ 28.820.118•• 12. ____••66 1.113 1.66 L •__._ 44.3 7.7._•• : 

'2 6.7 60. II 62. 0 411. _____ 8. 33. 34.6 30. 1 ___•• 31.2 111.8 16.7, 16.6 _____ .79 1.81 1. 1. __ ••• 3D. 6 10.6 ••••• if'\, ,3 	 6.7 66.3 67.443.7 ___._ 8.4 37. 36.6 30.~ _____ 33.6 16.7 111.3 28.1. ___••80 1. 1.86 1.46 __••_ 42.0 16.11.___• 
4 	 6.1 ti3.81 68.6 43.8_____ 7. vi 36, 6 36. II 211.7 ___._ 33.3 :::I. ~ 23.3 21. __ .__ .77 L 79 U3 1.47 __••_ 43.3 14.S _"" 

Tex. . 0 6.1 till.7, 611.449.6 _____ 8. 36.~ 34.91211,6 _____ 211.7 20,4 21.221.3 _____ .74 1. 1. 1.88 ___._ 40.0 12.7" __,, 
7 	 6.31 M.II, 66.047.11.____ 8.3 37. 3ll.2j 30.6 ...__ 27.3 IS.6 111.0 111.11.____ .76 1,76 1'~1 1.60 ___._ 86.11 12.6._.... 
8 	 6.7 66.6 61.1 47.9 _____ 8.7 36, 37.0 211.11. ____ 22.0 18.7 16.4 18.3.____ .77, U211'f~6 1.62 _____ 28.6 U.3'___•• 
I) 	 7.6' 61. 7, 06.6 47.40 __ ._ 8.6 36.6 37.3 30.2_____ 27.6 21,6 17.8 16.7.____ .S7 1.73 1.78 1.67 _____ 31.6 10.0'.__•• 

'10 ___._ 01. ~ m.3 49.7.__ •______ 35.31 36.7 31. 0.____ _____ 14.8 111.1 17.1 ___._ .____ 1.73 1.67 I.e _____ ______ 10.7'._.__ '';; , 11 ___._ (2. 3 53.7 46.40____ ._.__ 35.0 32. 7 211.2._______•• 16.2 17.2 111.6 __ • ______• 1.78 1. f4 1.611 ___._ ______ 12.31_.... 

1)2,___--'67.4,61.11 411.1.__ • ______ 32.9i 34.0 30.2_. ___ • ____ 14.11 111.01 16.7.__._ ---J 1.74 1. 1.e3 ____ .1__ .___8.6 9. Gl---.- .1 


11•111 
.:.~ 

AveraRe. I·____16.4! f3.1: £2.4 47.s\___ ._ 8.3~136.61! 36,5 30.~ --••- 28.7 19.. 11 111.0: 18.0_.....811.811.811.6 " __'1 rtl.7I u.1 10.111 .....u 

Standnrd devlatlon____ • _____ ._._. .61 6.4 L.7 2.6 __.._ .3 1.9 2. .6 _____ 3.6 1.0 2.2 3.3 __.._ .C6 .C4 .f8 .081~"" 6,2 1.1 1.6 2.6'••_•• 

Coe1Ddent of varlablllty______._. 9.7 8.6 9.1 6.40____ 3. 6.2 0.1 2.1._.._ 12.3 9.6 11.61 IS. 6._.._ 7.1 2•• 4.• 6.0 ___.. 13.7 10.3 14•• 22.0;.__.. 
I 

< ...:. 	 'IfI 7.41-8•321.6"i1l.41=:-g:r,=9. III!. 7 =;S.4 :~.- =23. 3=n:216.1I!26. 7 -'-" •77i=·111 '1.2111.C51--.-- 2ao 18.11 24.6[1--... 
1 	 6.! 6.2 20.7 18.40_. __ 7.1 7.7 1,.6 U.II._.._ 41,8 36.9 28.231'•••_._ .731 .81 1.18 1.12 ___._ 67.3 46.6 34.1 __••• ~ 

12 	 7.0 7.8 20.1 16.6._.._ D.6 1/,1 16.8 16.S ___ ._ 33.0 26.9 211.9 27••_._••74 .86 1.20 I.C4 _____ 44.0 31.3 26.,1 ..... 
6•4Vemonftnoll8ndyloom Ollth-I.! 1 7.919.3 IS.II_••__. 0.3 11.7117.716.3-.... 32.3 24.1 24.6123.4~~....69; ·.E2 1,(111 tI61._.... 46.8 211,.4 20.11..... ~ de, Okla. .• 47.6 8.7,21.6 18.7 ----. 11.4 10.0 1~.6 IP.2 ...._ 32.7 35.0 21'.7 2".6 __.._ .FI .87 1.16 I.C3 • __.. 40.3 40.3 27.7...... 

6 	 6.4 8.1 22.6 20.2_.... 11.8 9.3 IP.2 18.6._.._ 40.7 36.6 2fI.4 26.0 _____ .16 .87 1.24 I.CII1_____ 62.6 42.0 22.11 .....
I7.4 8.4 17.0 lr..8_._._ I().I 10.3: If.6 17.1 __ ••_ 86.1 211.6 2f!.1 ~6.5 __.._ .73\ .82 l.li2 .V8._••_ 49.4 36. Z.O'..... ~ 

7 7.3 8.4 20.7 16.111...._ 10.6 8.7118.6 16,5._••_ 33.631.823.71,7...__._ .70, .117 1.11 1.02.____ 47.9 32.8 26.8L••• 
s 7. 11.21 23. 4 ~~. 5 ___•• 10.6 11.7 19. i 19.7._._. 31. a 32.2 2:>.6 2·<.6 __ ••• .611 .79 1.19 1. 240..._ ~5. 4 ~O. 7 20.71..••• 

• 11 ____• 13.4, 21.S 19.31..________• 13.3 19.7 IF. 2 ._..___._. 28.1 21.31 21'. C .•__ ..._-' 1. clll.l1 1.061.-..- ..____ 22. 9 19.2 27.!i---" ~ 
Average'. -'."-'-'---1=1'6.8\8.1

1:;0:7"'i8.9L.·_I9.iiI9.fl18.17.3 = 35.2 3i~ 24. ~ ~7. r _____ .72 .F511. 15 l.Cii'__ '_'1 49.3 37.3 21. 81 26.111=
Standard devlatlon____ •___._ ._... .7 .8 1.8 2.4j._... 1.0 1.1 1.0 1.1 ..... 3.8 ~.~ 2,,3 4.&'_. __ .C4' .e6 .07 .tS'._... 7.0 E.4 2.6 4.2 ..... 

Coe1Dclentofvarlablllty______•• _, 10.9 10.2 ~.9 ]2.91__ ' __ 10.6 11.6 5.3 ~.l.__ ._ 10.7 13,9 D. 15.6.._._ I'.I! 6.2 5.7 7.31__ ._.' 14.2, 1~.5 11.8,1 16.~_•• _. 
 ~ 

========--====;-=i=f=: ===1=: =====-==-== ======= c:::==;-= 
I P 23.1149.6 49.4 37.2127; 0 24.6 34. II 34. 2 27.1 23.0 26. 2 13.0 15. 8 22.6 28. 2 O. e~ 1.42' 1.4411.3711.17 27.11\ 9.2 11.01 ilL .. 24.1 

• 	 .. 1 Ll 24. 7 ~O. 3 46.9 ae.2 _____ 24.3 29.8 31. II 20.7 ...._ 25.4 23.7 26.3 30.3 ____• 1.02. 1.36 1.47 1.22,___ ._ 24. 9 17.5 17.11 24. 8 ..... ~ 
'UI 27. I 29. II .. 37.6 46. S • ___•.27,0 27.11 ~7. 8 32.8 ••_.. 28.3 22. 3 20.1 31.3._... I. CO 1.1l 1.35 1.43,.._.. 28. 3 20. I 22. 3 21.0j_.... ~ 2 26.0 45. 3 41.7 44.7..... 24.3 32.1 34.8 38. 2 __ ••• 30.7 18. 9 23.6 27.9_.....1.03 1.41 UO 1.17..... 211. H 13.4 19.6 23.8 __... ./:

3 24. :1[37. 9 48. 5 35.0 ,-", 25.11 20. & 33.1 27.6 .._._ 26.6 23.2 23: ~ 29.8.____ .117 1.2.1 1.4111 1.27..... 27.4 18. 0 16. 3. 23. 5'._... 8 
4 24. 5 35. 944. 1 38. 7 ._ .._ 24.7 27.2 30.131.1 __.._ 211.8 24.3 24.6 30,6_____ .1lII 1.32 1.47 1.24..... 30, I 18. 4 16. 7 24.l-'" !2lShelby sUtloam.llethany. Mo_. 51 26.1 32.5. 46. 6 30.8 ___._ 25. 3 26.1 32.2 2S. L __._ 27.4 23. II 26. 3 36.0_____ 1.03 1.25 1.45 1,,08' __ .__ 26. 6 111.1 18. 2 3.1.8 -"" 

16126. 0 45. 8: 47.5 311.111"-'- 24. 9 31.0 31.6 28. 8 _ •••• 27.8 21.7 23.0 20.1._... 1.04 1. ~8 1.10, 1.311 _._.. 26.7. 17.4 15. 3 21.6 ___.. 
725.1 44.843.340.2 ..... 24.3 31.1 31.028.2._.._ 26.1 24.722.628.6.__.. 1.03 1.44 1.40 1.43 ..... .25.3 17.1 16.2 20.0_.... 
8 27.5 48. 6 43.2 41.5 ..... 25.5 33.1 3~. 9 30.2 __.._ 26. 7 20.2 25.0 29.6 ___ ._ ].08 1.47 1.2411.37\,-,,, 24. 7 13.7 2D. 1 21.61-,--, ,,9 25. 8 45. 8 45. 8 37.7._... 25. 5 31.1 31.5 27. L ..._ 26.9 21.2 21.3 32.0 __ ... 1.01 1.47 1.45 1.381"-" 26.6 14.4 14. 7 23. 2 , __" ~ ~ ;1

1 : ,~ 

Average._ ...._....___ '.....I2s:6'.0:7."'4U3'9.2I...._I25:1 29.11 31.9 30.2 ..... 27.6 2:>.4 24.7 30.6 .._.. 1.02i 1.35 1.40: 1.30 "_''''. 27.0 17.0 17.71.· 23.'Ii' __~'.' 
. • ",m__ "",'" ... 

1

,---- --- "" "r" ----- ----- ." ~., ,,-,--,-- -----I .-., .-"\ •. ",---- ------ ... • 'U ,.. '.----

riJ 

Stnndarddevlntlon_______.._._... 1.0.6.23.24.4'___... 8 2.22.03.1.--.. ].6 1.82.4 :LI._....03 .11 .10, .11 .._.. 1.8 2.3 2.3 a 61 __ "_ 
Coefficient of variability____ ._.__ 4. 0; 15. 3 7.2 11.3 ___.. a 11 7.5 6. 3 10.2_____ 5. 7 8. 0 11.5 6.9 .._._ 2. 8 1 8. 6 7.0 8. 8 • 1__.. II. 7 la 2 12. 7r 15. 1._._. 

-,=========,=.=1===1==.=,==.==,==,=-,----.= 
1 ProHle sample. 'Desurfaccd plot. • Upper ball of plot 1 Oong plot). ."1 
• Short plot (one two-hundredths of an acre). • A verago does not Include proflle I18mple or desurfllOOd plots. 
• Lons plot (one-fiftieth of an acre). 'Lower helf of plot lOons plot). 	 :'i 

-, ~,~,,~, '., .\.~"".'."Y~~"';." ~',';. ~-",: 
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TABLE 4.-Analyses of compolJite aamplea by horizons from the eroaion..,t~ion pZot.-Continued 

PHYSICAL PROPERTIES-Continued 


ColloId bywater,vapor Mol~ture equIvalent In Dispersion ratio In Ratio of colloid to .mol.· '. . . , 
adsorption In horizon- horlzon- horlzon- ture equlvalen~ ·In . ;Erosion rntlo Ip ~ 

Sample nod location Plot horlzon
~ .' ~ ..... o

• 1 3 " 5 1 2 3 4 Ii 1 :I Ii 1 2 3 4 Ii 1 2, 3 " 5 'I2 :1" 
1;3 

----------1----'1- ~ '~ 
Per IPer Per Per Per Per Per Per Per Per 
cent cent tent tent cent tent tent cent tent cent 

I P 32.1 30.7 29,0 29. 1 29. 9 27.3 25.2 24.1 23. fi 24. 8 14.9 10. 7 18. 7 24. 3 35, II L 18 1.22 1.20 I. 23 1.21 12. 6 8. 8 Iii. 6 19.? 29." 
I t 29. 3 29.7 27. 7 24. 3-.... 25. 2 24. 2 23. Ii 22. 3 ••••• 22. 7 20.6 26.0 31.9..... 1. 16 1.23 1. 18 1.09 ••••• 19.6 16. 7 2~ ~ 29.3" 
'2 32. 0 29.6 27.1 27.1.•••• 26. 8 25. Or 23.0 22. 8..... 18. 6 19. 8 22. 41 26. 7 ••••• 1.19 L 18 1.18 1.19..... Iii. 716. 8 19. ~ 22; Ii ••••• i

3 30. II 28. 7 26.6 26. 3..••• 27.5 24. 3, 22. 23. Ii ••••• 19.9 19.8 27.0! 33. 8 ••••~ 1.11 1.18 L 16 1.12..... 17.9 16. 7 23.3 30. 2 ••_._ 
" 31.6 30.1 27. Ii 28. 9 ••_•• 28. 6 24. 8 23.6 23.6._... 18. 4 22. 51 26.5 34. 5..... 1.10 1.21 1.17 1.22..... 16. 7 18.6 22. 7 28.2 ••_._ 


Colby silty clay loam, BIIYS, Ii 31.0/30. 0 27." 28. 0 ••••• 27.8 25. 8 23.8 24. 0..... 19.5 23.0 30.1 33.2..... 1;16 1.16 1.15 I.!~ ••••_ 16. 8 19. 8 26.1 28..4 _._._ ~ 

Kans•••_____._.____._•••••_.. 6 31.1 20.4 28. 6 28. 8 ••••• 26. 6 25. 1 23.9 24. 2 ••••• 20. 5 22. 2 29:5 34. 4.•••_ 1.17 1.17 1.20 1. 1~ ••••, 17. Ii 19.0 24. Ii 28. II w 

, 7 30.1 28. 9 27.7 26. 3/..... 26. Ii 25. I 23. 5 23.0..... 19.0 21.7 31. 41 31.3.____ 1.14 1.15 1.18 1.140._.. US; 7 J8. 9 2tI. II 27: 5 _. ___ 

r 

1 ....
8 30.3 26.1 26.7 26. 6 __ ._. 26.4 24.3 25.2{ 24.8 •• _.. 18.8 21.3 25. Of 32. 3 _.... 1.15 1.07 1.03 1.07._._. 16. 3 19.9 23.5 30:2 ____~ Q 

« 9J 29.9 27.7 26.2 26. 6 ___._ 28. 2 25.8 23.8, 25. 2 ____ • 17.5 22. 9 32. 0 32.1 • __ ._ 1; 06 1.07 1.10 1.00._... 16.,6 21; 4 29. 1 30. 3 _.,_ • .. ,

11'1---.. 26. 7 27.7 27.6 27.8_•••_ 25. 2 23.9 24. 3 25.0.__._ 25. Ii 28.3 31i. 6 35. 4.____ 1.011 1.16 1.14 1.11 _..... 24. I 24." 31.2 31.91 1 J-Ni ~ ------~--~i-r_:------~Average •••_•••••••_._ •••_= 30. 81' 28. 9/27. 3 27. ~-•••• 27.1 24. 9/
1 

23. ~ 23.7..... 10." 21. Ii 27.81 
1

32. 2 •••-~: 1.14; 1.1611. 15 1.14 ""'117. J ~8. ~ 24. 1 28. 4. __••
Stllndarddevilltlon.____ ••••_ ••_., .01.2 .71.4.•••_ 1.0 .6 .6 .0 ••••• 1.41.28.0 2.2 ••--... 04 .05 .04 .05 ••••• 1.1 .1.6 2.8 .2..3 ••_._ 1* 
Coemclent or varlablllty•••_ ••___ 2. 9 4. 2 2. 6 Ii. 0 ••_.. 8. 7 2. 3 2. 4. 0 ••••_ 7.3 Ii. Ii 10. 8 6. II ••_•• 3.3 4.5 3. 7 4. 7 ••••_ 6. 3 ,8. 3 11. Ii It 0 
'. 1 I 1 

i ,;. ~ '. ;. J. 

b 
!oj 

" ~-

" m o 
:.":.', '~." 

), " .'~. 
.~ 

.r'" 

,,-,..., ", =,; ~ :. 



MECHANICAL ANALYSIS' 

Colloid <0.002 mm Iu Orllan1e matter by litO, IuSand In horlton- Slit In h!lrlzon- CII1Y In borlzon horl%on-horlzon- ' 
PlotSample and 10Clltlon No. I--,--".-"""t"--:-- --:--.,..--:--...,-- - ....-.,--"...,r--:---I--.,..---:'--:---:-~ --...--"",,",,~-:---:-___ 

2 1 31" 1 S 2 1 3 I 4 5 21314 Ii 112181415 2 3 4 II---1__"--1-1-'-1----'-''-1-1-1------,.0,~~~~~~~~~~~~~~~~~~~~~h~.~,i 
cem unt Ctflt celli ctnt ctnt ctnt Ctnt! tent cent cent tent' cent cent tent uril cent, tent ,Ctnt ~tnt ~ Ct1!l, cent cent,""" ,

I r110.9 9.6 10. II 14.0..... 21.0 25.1 27.0 31.0,..... 60.4 C4.1 61.8 54.6.____ 44.9, 46.8, 44.1 30.2 ________________________ • ___ , ___,-- .~ 
1 1 11. 1 9.7 1l.9 13. U 16. II 23.1l 2R. II 25. 1 30.« 2~. 3 f2.0, fi2. 9 C4.0 M.3 54.9, 44.2. ,45.0, 40.7, 35. II ,33.3 1.8 0.11 0.7 0.,20•.1, 0 

2 9.3 8.' 7.5 8.2 8.4 27.5 24.6 24.11 2~.8 27.0 (2.0. e5.0 60.1 114.3 114.4 44.7145.2 44.9,40.0 40.71 .8 1.3 1.2 .5 '".1 ~ 
31 9.5 7.6 8.6 9.9 14.2, 2~.6 24.3 27.3 30.4 31.2 £2.2' 60.8 63.0 1111.2 54.245.4 46.442.438.8 34.9 1.2 .8 .4 .4 .2 ~ 14 0.7 8.4 8.9 0.0 14.4 25.9 24.8 25.3 27.4 29.61 (:2.6 66.4 65.262.8 M.8: 45.• 47.9 45.041.1 35.7 1.8 .3 .3 0 .1 ;e\1Houstcn black clay, Temple, II 5\0.3 8.7 9.0 9.5,10.1124.0 25.1 23.6 29.4 30.01 r,4.8 f5.' 63.8 6O.~ 59,Oj 48.'146.4 42.6137.5 40'2~'8 .6 .2 .2.2 f1l 

1 8 ..... I ".. 7.' ..... "-1'" '" ",.,., ro., .... Q.' M.' .....u. ..7 ".,' "'1 38. 34.3 1.0 .4 .8 .3.1 B
7 9.3 7,2 0.2 0.2 13.0 25.3 2U 27.0 28.2. 2ll.01 M.81 67.7 63.4 62.4 1i11.8, 46.31 45.5 40.11 39.7 35.3 .3 .7 .3 0 0 '0 
8 8.8 8.0 7,5 8.2 10.7 24.7 25.2 26.2 28.2 2ll.2165.7 66.4 66.1 63.4 119.8 40.0 45.9 43.1i. 39.SI36. .8 .1 0 0 ~ 0 OJ 
9, 0.6 7.3 9.0 11.6 10.6 25.1 24.0 26.8 28,5 29.0 114.6 67.6 63.0 1i9.6 60.1 45.2,46,040.9,36.7137.9 .3 0 .2 O. O· I 

10' '" .. 7.' 7.7 .. ,., ~., U '" "To., .., " .. Q.' "', ..., ,," ..., ,.., ... , ., ., .• , 0
'u .._. ~ ..-"'-"' .....\ '" ~J~=...,..,..., , ..··---1 ro.' ...~ .......,.-----l1, ,. , ~ 


Aft"'"'_mm__________I____ '7\ 8,2 8.6\ 0.8 11.0\' 25.0 2t.d 26.0; 28.6 29.3 114.3 66.2 C4.8 61.2\ liS. 5 45.8\1 46•3 42.6138.8' 36.9 ' .S 1 .11 .4 .2~ .1 '~' 
Sten<lllrddevIBtlon______________ .7 .7 .81.72.51.7 .7 1.0\1.1 1.1 2.2 1.4 1.12.63.1[1.1 .9 1.11 1.712.6 .5 .4 .3 .'lI .1 01CoeJllclentofvarlabUlty_________ 7.3 9.0 0.0 17.7 21.0 0.8 2.9 3.8 3.9 3.7 3.4 2.2 1.0 4.2 5.2, 2.5, iii. 3.6 4.3, 6.9.66.2 84.0 80.0 9O.01011.0m m---------- ---------- ------ =------.= .... 

. I tl,5.i"l130, 8 2-1.11= = 29.7 12.i17.1,_____ = 2~. 257.l, ,50.81---001----- 17. 8[.111. ~ 48. 6!_____ -___-'______,==== -_',______,", _0,1.____ 33.2 24. R .____ _____ _____ 13.4 14.2 __ .-- _____ _____ 53.0 flO. 8 _______________ 47. ~ 53.4.___• _____1___,___ .2 0 ---___ ._._. !2l 
·2_____ 34. a 23.31----- _____ _____ 14.8 14.2.____ _____ _____ 50.2 £,2.2 ________•• _____ 44.1 M. 11_._______• _. __ ~_ .2 0 .-__ ~" ___... 

• f 3'_____ 31. 8 24.2 _,____ _____ _____ 10.4 11.11_____ _____ _____ 67.0 "•. 6._.______• ____ • 62.8 liS, 0 ___•••___• ____ ._ .4, 0 ___ ••_ •__ .~ ~1
4 40.3 29.2 26.5 _____ .____ 12.9 0.6. 10.0 __________ 45.8 00.8j 62. 6 ________._ 40.7 57.2 1i7.2 ____ • _____ .7 .1 0 _._••_ ._._.. ~ 

15 42.8 29.4 26.3._.__ _____ 14.7, 0.9 10,0 --,-- _____ 40. II ~O.•162. 7 __________ 36.1155.7 57.71--'-- -____ . 1.1 0 0 --'.-- -..... 8. 
Oecll sandy cll1Y loam, Stetes-I{ 6 42.0 30. \l 23.3,______.___ 1O.4! 8.6 13. fI, ______ • ___ 46.1 60.3 £2.8 _________ • 40,4 ,48.2 57.0,-.___ ._,__. _.3 O. 0 __. _____'._"'_' ....

vUle, N. O. I 7 41.6 29.0 29.1. ________ • 11. O. 12.51 15,11__________ 45.8 58.1 C4.6 _. ________ 41.0,53.8 59.2 _.___ _____ .8 .2.0 _______••_. 0 
8 41.1 28.0 22.6'_____ _____ 12.4 12.6 14.81___00 _._._ 45.6 59.0 02.0 __________ 30.6 54.0 56.3',__ .__ _____ ' .6 .1 0 _•••~_ _____ ~1I) 40.7 26.2 21. 9 _____ _____ 17.3 12.2 17.5..____ _____ 40.7 61. 2, 60.4.____ _____ 34. 4 5.~. 0 53.8 _____ _____ .8 .3 0 _________ ._ 

101140.0120.3 23.4.____ _____ 18.2 14.0' 22.2 __________ 41.2 36.2 M. 2 '_. ________ 35.2 51.0 48.8 _____ _____.4 ,3 .• 1 ______ ~~--- m 
1 11 41.3 ,29.8 27.51 ______..._ 29.5 14.6 18. fl ____ • _____ 37.0 M.21 53.6 ______._._ 32.0 49.3 46.6 _____ _____ .2 .1 0 ______ _____ g

1 
.. 1 ...----...- 1 -~-- ~•'\ n.' ". "-L.. -... ,.. ., ,e. .... M. T"------ «.... ....---------- ..' ,---

Average 1-0000..--00--.------1---00140.0 25.6 .24. 11"'" == l4.2·""iil116. 0 ===I43.ii 1i!I. clso, s.......____I'88.2 62.0 53~ t-n-I-----I-:6I~'-·---- --..-~ == __.. __Standard devlatlon ____ n on 1.5 1.6 2. 3.____ _____ 3.5 2. 2. 3.6 __ 00"____ 3.8 2.0 4.2 ______00__ 3.7 2. 8 4.9 __00 ____._ .28 .ly______ 00_______• 
Coeffielentofvarll1billty_________ 3.7 5.7 ~== _____ 24.6'18.2, 22.5== _____ 8.7 ~ 7.0 __ : _______ 9.7,. 5.4 9.2,_______~__ 46.7 ,120.0 ______ ~______;,~_. 

j !' • ~ I '", . _ , _ .. 

I Prollie sample. I Long plot (one-llftieth of anaera). 1 Average dose not luclude p,rolile sample or desurfaced plots. 

t Short plot (0118 two-bundredths of I1n acre). • Desurfaoed plot. ' . • Detenirlnatlons by L. T. Alexander, H. W. LlIkID,and T. M. Shaw. 
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TABLE 4. -Analysll3 oj composite samplll3 by horizo7UJ Jrom the eronon-.station plots-Continued 	 ~ o 
MECHANICAL ANALYSIS-Contlnued 

~ Sand In horlz n- Slit In horlzon- Clay In horizon- Colloid <.0.002 mm n IOrgan c matter by R,O, In )o0 	 bonzon- borlzon-
PotSample and loc6t!on I 	 III -:~I 	 2l ~ 
No. _1___2__3__4___5___1___2_'1_3___4___5 ___1_ ~~_3__4__5___1__3__3__4_.1_. 6 ___1_'_2___3 ___4 _ 1\ a 

J '. E:; 
Per Per Per Per Per' Per Per' Per Per per Per Per p'er Per Per Per Per Per Per Per Per Per Per Per Per 

.... ~ ~~~~~~~~~-~~---~~~~-~-~~~31.11 36. 9 51.3 87. \I 15.7 7.4/ 9.6 13.2 2. 8 8. G 61.5 53.4 35.4 0.2 5.7 59.9 50.0 32.3 7.3 ________________________ _ ,f1 P I 75.8 
b;j 

:~1 ~~J g~:~1 ~g:~ ~~:L::: lU In 1~:~ lit:::: ~:~ ~~:~ ~:~ ~n ::::: ~:~ ~:1 ~:~ ~~:L:::: :~ :~ o4g : ~ 
l:J3 76.1 22. OliO. I 30.3 _____ 15.4 8.6113.8 13.5.____ 7.7 68. 66. ~ 55.6 _____ 5. II 65.0 63.5 48.7_____ .4 •O. .4 .3_ "~ 4 76.2 23.6 20.6 28.0_____ 15.2 8.5 12.6 18. 7._~__ 7.8 66.8 66.2 53.0 _____ 5. 64.2 64.3 40.7.____ .4 .8 .1 0 _ 

Kirvin fine sandy loam, Tyler. 76.0 22.8) 20.2 31.6_____ 14.7 8. I 11.8 15.7 _____ 8.5 68.3167.4 52.4 _____ 7: ~ 67.0 66.6 49.5.____ .7 .6 .4 0 _ ~ Tex___________________________ u 	6i 76.8 22.11 23.5 31.5/_____ 13.8 8.1 13.2 16.0_____ 8.7 69.4 63.0 51.51----- 6.4 66.0 59.4[ 47.7 _____ .6 .3 0 0_ 

7( 78.3 21.5, 23.2 30.8,_____ 12.0 7.!11 10.5 16.5_____ 8.4 69.4 65.6 52.40____ 6.6 66.8 60.0 48.5.____ 1.0 .8 .5 .3_ c.> 

81 76.822.8,20.8 31.0 _____ 12.5 6'110'2 17.0 _____ 0.6 70.1 68.4 51.6 _____ 7.067.6 64.8,48.1_____ .8 .9 .5 .3_ .... 

OJ 70.2 24.9,19.7 31.3.____ 10.7 7.6 11.1 16.5 _____ 9.3 00.4 68.4 52.1 _. ___ 7.6 64.6 65.4 40.0_____ .8 .0 .0 0 - _ ~<::> 

410 _____ 24.0 22.7 26.4.____ _____ 6.3 12.4 18.7 __________ 67.0 64.6 54.4. _________ 65.6 61.6 50.3 _____ ______ .6 .2 .2'_ 
• 11 _____ 24.2; 20.8 31.8 _____ _____ 7.2 11.0 18.0 _____ _____ 67.0 56.8 50.1 _____ _____ 65.0 64.2 45.8 _____ ______ .5 .2 0 ~ 

1 ~ 
.12== 2l!.0,~~:::.::.::::.::.:~~~==:::.::.:~~ 53.7====~~~:::.::.:==__.:!:.......::.~-


Avcrngc .______________ _____ 77. 0 24.7 23.4 31.40____ 13.6 8. I 11.5 15.5_____ 8.5 60.' 64.6 52.0_____ 0.6 64.2 01.71 40. L____ .6 .7 .3 .1 c 

Standard devlatlon__________ _____ 1.0 3.7 5.3 2.0_____ 1.5 1.0 1. 2.2_____ .8 4.3 5. ~ 1.5 _____ .7 4. I 4.0 1.3 _____ .2 .2 .2 •12 ~
C."''''', of ..,"'''''-----IJ '-' ,..I"-. ., _____ I '"' ,.. ". .., _n__ .. .. ~ ..~ ,., '-' ,_ ~ ~-' __ 	

!ll 

l:Jm "-, ,,-, "-, ------- 1::1 

1-0 .~ 
I p. I73. 3 74.81 60.3 32.3.____ 18.5 13.01 12.4 35.1 _____ 8.1112.1 27.2 32.5_____ 5.3 10. ~ 24. oj 27.6 _____________________________ _ 
'1 76.0 77.8' 62.2 57.8_____ 16.0 12.1 12.5 18.4.____ 7.0 0.7 25.0 23.4.____ 5.6 8. I 23.3'120.5 _____ .7 .2 • I .1 __ "_._ ~ y 

-: 
• 2 72. 0 76.6 6.1.7 60.7.____ 17.0 12. 3 12.0 15.7_____ 0.0 10.7 25.3, 23.; _____ 6.7 0.4 23.1 10.5.____ .11 .3 .2 .1 __" __ .0

3 	 73. I 75.5 59.8 48.1. ___ , 17.0 12.5 12.4 25. (_____ 8. b 11.4 27.21 26. ~ _____ 6.7 9.5 23.4 21.2.____ 1.0 .4 .4 .1 __,;__ I::j 

1 -'zVemonfinesandY]oam,Guth- 4172.974.2,53.040.0 _____ 16.1 !2.2 16.631.1.____ 0.813.028.928.5. ____ 7.6 10.924.723.2.____ 1.0 .5 .4 '.2_
tie, Okla____________________ ..1~ 	 6 74.0 74.8,50.744.3 _____ 15.8 .2.7 17.0 23.1 _____ 8.8 12.0 32.0 31.7 _____ 6.6 .9.6 27.326.1 ___:_ 1.1 .4 .10 _ .. ;~ 

';~;'6 71.8 72.4f 60.4 53.6 _____ 16.8 14.2 15.0 20.4.____ 10.0 12.7 24.4 25.8 _____ 8.1 10.8 21.0' 19.5.____ 1.2 ..6 0 .:1 :. __,,_ 
7 71.5 72.5 46.0 52.4.____ 17.1 	 16.6 23.7 24.0 _____ 9.9 10.1 20.1 22.5.____ 7•. 0 9,0 18.4 24,3 _____ 1.4 .5 0 0 __,,_~ 
8 70.5 74.0, 41.2 32.4.____ 19.2 7.7 25.3 27.7.____ 0.1 17.7 32.8 30.5.____ 7.5 13.0 27.7 32.6_____ 1.0 .4 .5 .4, ~ 

• 9 _____ 65.8/ 36.2 37.6 _____ _____ 14.0 30.0 32.1-____ _____ 18.6 33.3 20.0 _____ _____ 16.2 26.3 24.2 _____ ______ .5 .3 .2_ .:::1'-----_·_-----------1- ------1---1---	 --.---.,-
Average • _____________I~____ 72.8 74. 7/ 54.6 48.7.____ 16.0 12.5 16.0 23.40____ 0.0 12.2 28. I 27.6_____ 7. I 10.0 23.6 23. L_~__ 1.0 .4 .2 .1.,' ~ 


Standard devlatlon__________ _____ 1.6 1. B 7.3 8.9._____ 1.0 2.3 4.7 4.7_____ .0 2.4 3.0 5.3_____ .8 1. ~ 2.9 4.2.____ .2 .12 .18 • 12,~ 

Coefficient ofvarlablllty _____ ===-=.:~I~~I._____ ~~~ 20.( ----- 10.2 10.3 10.6 19.3 -----111.0 14 . .1 12.2 17.9.___ ~ 20.0 ~~ 120.0. 1_-_ g 

--,------,--.-------.-1=;= = 	 - '=::=, ----. -.- l:J 

'i: 



!\.IP. ".28... 0 111,'..~ ,,20.4131. ~:35..1!}6.0 ..'0<.7 28...91'0.028. 4' '0;11:62. 9,61);' 4L. iI aG.e.L,25.1j9•..71.~'.Oj :37,.,9\',:211,.•..:.8 ..._- .... ~.',-,~,ii.•. ',:' ..: ..• ~~~-•.' -,':-.. -_". -;.~~.-~C ..,.r. -:. ·.~: Ll23. 8 21.,1 ,20. III ,31,6 __ .~~ 45. II 36.0.32. 6 28. 0 ___ ~_ 26~ 61 40.646.6 40. 0 __~_" 22.1 31l..7 ,41.0;1£9 ---,or !,3~6, 1.8", 1.0" .l3 ~_,~.,:
,U,J 13.317.220.6,22.,1.____ 52.247.538.532.2.____ 29.6,31739.444.8 ____.24.,1 '0.4 33.8.40.6 ___._ ..••3, :2.1, 1>1. _".6,_...~., 
.' ,2 24.8 III. Ii :24.6, 28.• 4 __..-~'- 45.2 31.4,28.4 26.'L.___ 25.. 6' 47.2 48.6.44,.11 _'__.-. 20. II 42.'1.. ·..40.6 '39.7l_---::".,: :8:8 LJi:. ',,;1' '.~.)' ~~.~.'~.••'.• 323.S 20.9 21.631.S ••___ 43.9 34.829.0 '0.&.____ 28.942.648.740.6 _____ 22.9.36.3 43.,034.3,, ___• 3.3 LS.II 0" •••••1JI "24.9 23',4 25,3 31,0 _____ ~2.9 37.728.4 '0.3'. ____ 27,6136.0 45.2 41.0 -:__~ ,22.0 32.'1 :to;S3S.0'___ ~- '8.8, .,2./1', ,;9 " •• ) ~.':;;;, 

Shelby sIlUoBIII,13ethBl!y,Mo'l. .:0 23.4 23.2 .24.1 34. L .. ,,- 44.6 40. 3 '0.8. 'O.ll~_-.,- 'O,43U4e. 738/0 : __._:13. 2 ,29.04U ,,3U "!'_~~ ,,4:.1 'al ,d;0:?3;; :~.~-
, 623.120.724.831.6 _____ 44.5 33.0 3O..228.91_~' __ .28.244;2,43.939.0.----:24,542.240.834;4.---- 3.11, 1.7... ,8 ,.3-.", 
:7.22.5 20.7 25.4 32.9 _____ 47.1 31.7 18. II 26. 3 ~~___ 25. II 45.2 1\4. 440.1.._;_ 22.11 40••63~. ~34.0;-'---.:c.,1. ,,:2:~1;~'i9~ .,.~II' -;:~::;. : d"", " ' 

.s 21. 8120. 2 '0.3 28..;3 ___,-- 46.. 6,31.,6. 24.0 29.. 8:-.,--- 26:8 46.3 48.1.40.11 __.:7 ..,.2.4.444..440... 36,.7j-.. __ ''-.. ,.4:.0,,\1,4,:.. .. r.:~ 2. ;Llh-.. "~- ... :.'" . 9 23.0 24.1 19.3 31.2 _____ ~6.8 '0.0 33.1127.6 __.--- 2{l.646.8 40.2.41.0 _____ 23.-3 43.;0,42.734.7 _____ .·300 ·.1:11. ·.11 . 0, __ •__ 
·11 41j)_~_-- 111.9 22.0 'O.6_"~_______ }6.~ 28.6 'O.81________ ~_ 4~.047,5 44;.L----~:".- 39.2 ~3 ~914,,,,~~+-~-~:;"1,8··~. '!~ +.~:,J.'>' 

A'~.. ·---:...- ...l..·: 'U ."is.. ,'" :,"- •.....'·"1""[i ""~'l"'~ ."'----, ";'1 "··140.~311;6l~..'" !I;1",~"II:';:'(;;4 ~":c~:: ~.Ii·BtBnJllI'ddevIBtlon....____ •• ___ •• 3.:I 1,,9.2.11 a2.__ ~_ 2.4 5:,4,5.0/ . .1',7 .._._ 1•.35:43.7,2.1.----.1.1 5::8,2.4·16lC~'''';'''~: ..,;11•. ,3.:.3:~_~;~. 'i'i'i;, 
CoefficlentotvlIriBblJlty____ '.~-,.- 14.20.2 10.7 10.7 ,,_.'-~1~4 .. ~---~ 1~.9 7.86.2 ____:- 7.4:i;•• ,-~;6;~64P ,:;;0,~... ~ ....17.3:!!.0_ '-11.15'.11 ,1I.0E. ..~.~-..•..¢':.1::...,:~~ .. 

I~T!.. 18.. II ':.18..81 '13. 9 .13... 8 .llt. 6.. .~. 5 4%;... 8 47,2! 47.81 .. ... 35. m38, ru 38.9 38...3 •. 38.~31•. 032.SI ... 30.4 .28.,71.,29 -.•... -.'."'. -•.. ~ ...1 17.615.·4 15.0 17.. 7 _'____ 47.3 46..2 46.·8,46.9 ___._ 33.2 38. 38.0,31l.2 ..___ 28.7 29.3 28.3 26.1 .• ____ 1:.4,1 ·.3 O. . ·0, . ----.',. '.' . 
51 0 

.. '.'.~.' ....-:; '" •.•0-.:-•.• '.--,~' '".W"'.:; '.".;' '.: :'. 
• '.218.3 ,16.815.il 12.8 : __ .;. 45. 7,~4.6'·47;716D.L_._~ .34:6.37:6135.9 ,M.I.____ ,'0.928:'8 ~.~ ..26¥0~~~""~: -.9. ',Si });' ;,;'1, +,,:.:~ '.: :<. 

3 15.6 111,.9. ·15. 411); 1 ~:,---. 47. O. : 45:.. 8 46.. 8 47. 'l ~_._._ 34: 9 , ..37. Ii. 37,0.36.. 6...---" .'Z1:7 .~.~ 'O•.~ 2tliO _.'''--.: ,1: 7: ~",.6., ''''.Ii. ,'!,.!I: .-.:" '.', : , 414.016.1.17.618.9 _____ 48.644.5.46.343.. 40---- 33.838.7311;7,37.,6 ___" .211.3 .30.,•. '0.6.28:9 ..--- .:a..9 .:...... 0"" •.0" ..•.•••-, ,.tI). 

Colby s11tyc1aY loam, Bays;:-ll ' • , •• ,., ''',. ,.,,~- ... ".' ..~ ...t-- ...,.... "-1 ......,' """''''",,""," ,.',' ,',,' -- ~".,' ,"" ,·.,i ',.-Kans__________• ______• _____.,. 6 16.5 111.2 15.0 13.7~____ ~7.3,46.6 49.1, ..60.4:.____ 34,,4 37.2, 34;~ 36.6.__ ,,'28.~ ~.1 25.8 ,2fl:fi.___~ ·1:6 ,-,6 ,.,1.1,_.___ 0.:,.. 
718.2 16,.0 17.1 16.0 _____ 411.1 44.046.71.49.3 _____ 34.6 38.6 311.2 33.9:____ 27.1 28.~ 25.825;1 ___.. 1.7' to' ".6·, ~4 ___ :.. !~". '"'' 

1. 8 16.6 14.8 13.3 111.1.____ 47.247:8 49.4 49.1.____ 33.8 36.5136.~ .34.9 __.._ 26.9 27.8 27.~ 28.3o;~_. ).8 ',7. :11 :!,1j, ,--.- '~'/' 
. II 14.6 13.6,14.2 14.2 _____ 52.447.9 61.11 49.1.____ 31.1 38.234.,036.40__ ._ 26.7 '0.4 25.1 26.9____ .8 0 0, 0 ____, .~ 
-410 _____ 15.0 13.~ 14.4 13.9 ..___ 47.7 (oil." 51.0 60.6 _____ 37.1 36. 34.635.2 _____ '0.8 '0.11 211;8 211.;:1 __ •___ 0 0 0., 0.. O~ 

1 , . ,J--::...-,J.+--,.;,-, -~: -1-,--,-!-- '. '. ,':'. ,'111,-Average ______________ _____ 16. 3 15. 9 15.9 16. 6 _____ 47.7 45. 3 47. 6 ~!!.,3 _____ 33. 8 38.0, 36. 0 36.6 ___ ._ '0.7 28.8 28.9 2eU -r... ~.6 ,~5 ------ -'7"- -----s 
Standlll'ddeVIBtiOn__________I___..,1.~ 1.4 1.611.8 _____ 2.011.8 2.0 -----_---- .. 1.1 '81~ 1.0 _____ LO l:~ i:~ 1,3_;_.~ .6 .3 -.-.-.~..~•• ----- . hi,
Coefficlentotvar!ablJlty____ •____ 9•• 9.010.311.6 _____ 4.1 4.1 4.3 .4.2 _____ • 11,2 10-f~I2;7.___• 3.11 3.3 3.8 4:9.__ .,.815.6 1\4.0 , ..... -.........- ~ 


1 
, - • , , • , '. ".. -,~ . . . ....:.-. ' ' ,: ',0' ,~; 

i Proll1e SlIm Ie. :' .' ".,. .'Desurfaced plot., '.' . '. .' .• ..']Tppez: hlJ( o!plOtl. (lOD'$.lIlot). >. ::,: < • II!:,
• Sbort Illo~ fane two-hundredths oflpi qcre),-'Averagedoes nil~ iilclude llrollle ~pleor desurf~ pJo~ '. ';, 
• LongploHone-tlttll!thofan 1iCr8~. ,';' r,LoWerballof.ploH (long plot). . . . ..'", 
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Some differences may b~ noted in the dispersion and:ero~iohh:atios 
between the, profile samples ,lihdthecomposite'saJllEles;', The ',com;' 
posite sampl~s agree very wellwitlieac}i·other; ana several'detet:

. minations made on the profile. samples at ,variou'stimes'!:re in clof;!e 
agreement., Tha rea!;lon,for these "'discrepancie~.' has not" yet been 
definitely ascertained. It is believed to be due to structural vllria'" 
tions resultin~ from seas~n~ d,.,ifferen, ces ¥the, ta,king'of,thes.ample,s. 
1 , The coeffiCIents, of varIabIlity are low ,m nearly allcaEles"mdieat,
mga high degree of uniformity.' In order that thevaria,bility of the 
different soils might be compared, the average value of the coefficien~ 
was computed for all ,'determin~ti()ns, with. the exception of the 
organic-matter determination, for"'ei:l(~l.r.'horlzonof. e,ach soil.'rhe 
results are shown in Table 5.. ' .. , . ,. 

TABLI!I 5.-A.verage 1 cae1llCient8of variabilitiJ of oompo8ite plot, 8ample. 

Horizon ~ouston Cecil sand~ Kirvin ftne Verno~ finel Sh:lbYaUt Colby aUt,. 
black clay clay loam sandy loam sanlly loam!, loam clay loam 

1______________________________ 6.3 9.1' 8.\1 '9.1 ~ li.7 4.8 
2______________________________ 4.7 8.1 S. Ii 12.3 11.8 '-8
3______________________________~6.4 9.3 10.6 11.6 9.4 6.6 
4______________________________ 7.3 ____________ 8.8 14.8' 9.1' . 6.8 

6_..___~~::~:~~~~~~:~:::~::::~ :: ________;~;- ________;~;- _______;;:;- •••••__;;~_ •••••••••;; 

I Coefficients of variability tor organic matter at:enot Included. 

These results indicate that .the second horizon of the HoustGIL soil 
is the most uniform alid toe fourth horizon or .the Ver~on 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 vefY closElly to the :f~ultsobtaiiled by'
Holmes and Edgington (10) on the colloids from the Leonardtown, 
Miami, Chester, and 'Cecil soils. . ,"'. ",:, ' ,,'., 

Although it is obViously undesirable to:lllake, compl~te chem~ 
ical analyses of the soil and' colloid of' the whole. s~riesof 
composite samples because of their great. number, it seem~d\de
sirable to select a pair of the Houston composite samples which 
showed wide variation in physical propert~es'in order ,to de
termine to what extent this variation is reflected by the. chemiciJ,l 
composition., In the JJecil composites" two plots showed very siriii~ 
lar physical propertie!:i, and they were analyzed incorder to determine 
to what extent this uniformity was reflected by the chemical compo
~ition. To these were added a pair. of the samples from the Clesur
faced plots. It is to' be expected 'that erosion will alter these iriore 
than the surface soils. The analyses are therefore available for 
comparison with futllre samples from the same plots. The results 
of these analyses are given fu Table 6. . 



, . Cl:[ARAOTEEISTICS ,OF, 'EROSION' .STATION .sons "~"! 

SiailonEloU'typ6 •.Plot Hon· 'sial Tio, Fe,O, .AhO, MnO CaO 
i:'· ~,~ :.'to: rro~l, zoll ". ~ 
-,-,--...--:-,.-1.,-,,.-,.-.-.~-I------.. --.-------,-,---,-': 
. . ! . . " P. ct., ·;P.ct. P. d. P. ct. P. ct. P.ct:F. it.,; " ':.'" " \.J 2 • 822,94'0..37' 2. 68 5.97, 0.05 33.580.98' 

.',.T.8lIJD.le TeL:···l'd1aY.JH ..,bInCk 	 •••.•••. " ..•••• (66..78.,, .34 (7•. SO) . (n38)4.91 (.15) ••••- ••• ' (2.85),:84.. •. ..O~.J;l 7318:18'... : (1,:OS).. 2.42 .0431.00 
',,' " ;! .,,".~....... (65.02) ,(1;22) (8;66) (11;56) (.14) ••••.••• (3.00)

• 6 1,69.39 1.31 5.65 14.48 .29 .30 .OS 
Stat~vUle.N 0 {Cecil. sandy ,7 'I 68.37 1.29 5.95 15:28 .32 • '.ro .06' 

. ,',' ,cIByloam.' . ,1 '2 60.90 • 1.47 8;49 19.43 ,.09 ,,43 ,.85. 
t" ,c' .'.' ," '2' "2 60.96 1.65' 8;73 19.24 .11 :291.q2' 
.",'~, ...~:~ ... t~.~· r. ~ 

~~ li,OBt
StatIon 	 N. carbon. at lU)" 

'stes O. 

-----I-::-:..-:-:-:-:-~,I.,-- ---,--.- ----------.---- 

, r '2 8 ~::. ~.:. ~'3~' ~ 1~' ~i.~ ~'1~' ~c~ P.4~60 
Temple. Tex•••.•• ~ouston black ••••••••••• (1.89) (.84) (.8i) (.35,1 •••••.••.••••••••••••••••••• 

.. l1'clay. l 1 	 3. ".50 .21 .28 .24 34.89 .OS 29.94 4.15 
....'•••••••• (1.19) (.75) (1.00) C.86) ••••••••••••••••••••••••••••_ 

6 1.58 C') .OS .15 7.95.09 .00 1.56 
Staiesvll\e. 	N. C. {COOil. sandy 7 ,I .56 ('l .f11 .19 8;OO.OS .00 1.61 

{cInl loam. 1, 2.61 .04 .14 .23· 7. f11 .04. .00 1.94 
• 	 2 '2 .45 .10 .17 .09 7.f11.05 .00 1.92, 

~,DetermIDatlon9 by J. G. Smith and'G. E<lg1ngton.
• Long; plot, (pne·fiftleth of an acre).
"Trace.' , . 
'Surface of desurfaced plot. 

[Figures II! ~ai'entheseil are for. analyses .calculated on carbonate-free basis] 

The third horizon of plot. 2 (long plot) and plot 1 on Housto~ . 
black clay are unusual in that. thecoUoid by water adsorption the 
moisture equivalent, and theclay andcolloid bv mechanical anaiysis 
are the highest an.d the lowest, respectively, of any of the plots in this 
horizon. The che¢cal analyses reveal considerable differences in 
the various constituents,. particularly eaO, but when the analyses are 
recalculated on the carbonate-free basis (figures in parentheses) the 
resUlts are practically identical. This indicates that the properties 
of the third horizon of plot'{ are lower, owing to the greater dilu· 
tion with CaeOa• 

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 R 20 2, which are 
higher in the latter. The chemical analyses indicate that there is a 
little more silica. and less iron and alur.nina in the former, the rest of 
the constituents being almost uniform. 

The analyses·of the 'first two desurfaced plots of the Cecil soil 
reveal them to be' practically identical in composition. The physical 
analyses indicate that plot lis slightly heavi.er in texture, but the 
slight differences are not reflected in the chemical analyses. 

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 stlltion at Tyler, Tex., was 


http:heavi.er
http:7.f11.05
http:33.580.98


44 TEOHNICAL BULLETIN' 316j ,U. S~ DEPT. OFAGRIOULTUBE 

in operation only during the latter part of the year. 'Tlie year 1930 
was. unusual in many respects and was pa.rticularly notable on ,ac
count of the unprecedented drought in practically all sections .of.the 
country. The station at Tyler reported no 'rain producing run-off 
from June. to October. At Temple there was no run-o'ff'from May 23 
to August 25. However, the stations at Temple and Hays each had 
a total rainfall for the year witrlln a quarter of aniDen,of the nomial, 
and the station at Guthrie had 0.61 inch more than the normal. This 
condi.'tion :was broughtabout by' un.usually heavy rains iIi the sp~.ng
and fall. The run-off and erOSIon data for each plot, together WIth 
the erosion ratio of the surface soil as shown. in Table 4, are given 
in Tables 7, 8, 9,>lnd 10. 

TABLE 7; -Run-oi! and erorion dala/rom Temple, T~., erosion atation, 19:10 

[Tota},rainffl1l, 33.01 Inches; lIcmstoii black clay; Slope, '3.75 percent) 

Plot No. 

11_____________________________

i:----------------------------
4_:::::::::::::::::::::::::::::
5______________________________6_____________________________ 
7______________________________ 
8______________________________ 
9______________________________ 
10____________________________11'____________________________ 

Erosion. Run-olf Erosion 
ratio 

TOM per
Per cent acre.

9.6 16. 45 20.88 

!~J l~g, 1~8I 
0.1 25.2921.36 
7.0 27.77 24.63 
9.0 20.89 27.83 
7.1 11.90 13. 77 
6. II 12. 68 10.52 

10.3 10.72 11.89 
8.9 l2.11 ' 11.244. 7 12.12 8;03 

Erosion 
per Inch 

of run-olf 

Ton. per 
acre

a.S

' t: 
3.6 
2. 7 
4.0 
3.5 
2. II 
3. 3 
2.81.5 

' 

Cotton. 

E~"" 
Cottcin'(greeD mantira).
Cotton (snbsoUed).Gr&8II. 
Cotton (greeD manure).
Cotton (snbsoIIed).
Cotton (greeD manure).
Cotton (lI1lhsoIIed).Cotton. . , , 

Average_________________ ----------~-----;----_48.21 	 15.53 15.43 2.9 
/ 

! Sliort plot. 
lLongl!lot. 
1 Record for 5~55-lnch rain of May 10 not Included heooll8O tank overflowed. 
• Desurfaced plot. 

TABLE 8. -Run-oi! and erosion data from the Hays,. }rana.,ermon station, ,19:10 

[Total rainfall, 22.78 Inches; Colbr silty clay lMlll; slope, 5 per"cent) 

Plot No. 

11____________________________ _ 
2 ' ____________________________ _ 

3 _____________ ----~-----------4_____________________________ _ 
4_____________________________ 
6___ __________________________~ 

7______________________________ 
8______________________________ 
9______________________________ 
10 ' ____________________________ 

I Erosion 
mtlo 

Erosion Run-olf Erosion' per Inch 
ofrun-olf 

TOMfltT Tonaper
Percent acre acre 

19.6 12.68 1.09 0.69
15.7 12.49 8.22 Ll
17.9 l2.72 2.13 •75
16.7 .69 •27 L7
16.8 'l2. 56 3.37 L2
17.5 15.96 6.95 1.9 , 16.7 19.01 3.05 .70
16.3 111.25 4.54 1.03 
16.6 .06 .01 .70
24.1 12.17 2.62 •95 

Treatment 

Whest. 
Do. 
Do• 

Gr&811 (clipped) • 
Wheat. , 
FalloW'. 
Kat\r; 

Do. 
GraSs (not cllpped)., 
Wheat• 

Average_ ________________ r----+--~_r--~-r_~~17.8 
11.76 2.82 L07 

1 Short plot. I Long plot; 1 Demrfaood plot. 



45 OB.&,1tACTERISTICS OF' EROSION'STA'TlON ·so~ ."''''t,.Jl. 9.-lJto}iotl.a~rUri:-oD (lata/r.om e1ie(h#hrie, OldtJ., trosion amion, 1980 

. (Totill ~,3aM' Inches; Vernon. fill. sandf 1~;1IloP8i U per ~t] 

Erosion 
piotNo. Eroelon Bun-01! Eroeion per Inch 

raUo of run-olI . 
j 

Tom per ToM flU
Pn ufit . ·aere acr' . 

~:;:::::~::::::::::::::::::::::: ~U· f~:~ ~~ tg Co~!: 
t:::::::::::::::::::::::::::: :gJ .I~M . 1~g:: ~~ 08:°'II_._______ ~___________ ~________ 62. 6 11.76 • .'11 .16 Sweetclover. 

II '. • 49.4 11,95 13. 32: 3. 3 Cotton.· 

1:::::::::::_::.":::::::~:::::::~'.47.1I~~ I ui:: i:'7 .01'lli!S.

l"a:::::::::::::::::::::;::::::: ~: .ar.3Il . 4.035.28 ~~n. 

f----~---I 
... Averap._~._._.______.-- 46.1 13..'151 13.73 2.7 

I Short plot. I Long plot. I Desurfaced Illot• 

TABU' lO.-Eroaion and ru~jJ data/rom ehe TyltJ1', Tez.,er.onbn .tation,
• October to DuembtJ1', 1980 . ",

". 
[Total raInIall. lU7.mChC'L'l; KIrVin lIne saildf lOam; slope. S.75 per Cent] : 

. EroeionE os!Plot No. r on Bnn-oJ! ErosiOn. per Inch Treatment
ratIo of tun-01! \\ -"-------~-------------·1-...:.........:.------- 

,I Tompa Tompa

PiT MIt acre acre
11._.___________•___._._______• ".3 .'1.2 5.19 8.•. Cotton.2.1__•__•_____•______ ____ .___ 39.5~ S,4 7.50 11.7 ·Do.3____•______._._••_____.'-_____ 42. 0 5•• S.lS 8.1. Do.• __•_____~._____•__c••_________ 43. 3 

11.0 6.84 9.6 Do.5_:..________________________•••- 3a 7 5.S 2;61 3.S Do.
O----------.-..------.----"t~-- -. 40.0 S.S 2.63 3.8 Com.
7 _____ •___•________•• ___•• __._ .. 35.11 5.6 2.40 3.6 Kobe Lespi!deza,8_ •••••______ •••_•••___ ._••_._. 28. II 11.3 •62 .50. Orass • 11___••______................... 31.6 
 lL2 L80 1.35 Bare.10 ••••____..__•___...._..___ • 8.0 .S .06 .63 Cotton.11 •• _______•_______• __ -------. 8. 5 2.5 •03 .10 Do• 
12 1. ______••__.--••--..------.. 8.6 2.11 • • 25 .73 Do• 

,\varage·__···_·_·_·_· 5.5__·l-I--30.-·-:'----
2. 93 1 ... " 

I Short plot. I Long plot. • Desurfaced 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 characteristics is an importa.nt consideration. The dis
persion ratio, the colloid-moisture. equivalent ratio, and the erosion 
ratio are the only criteria that have been developed for estimating, 

.in advance 6f actual measurement, the erosivity of.a soit(17). These 
'"tests, of necessity, leave out of consideration differences in topogra
phy, climate~ vegetation,and treatment, which are of primary im
portance .in determining actu8.1. erosion. except so far as these factors 
have previously influenced the charact~r and properties ,of the soil 
itself. In Consequence of these variables the. degree of reliability of 
the erosional characteristics of the soils can not be estimated by com

• 


http:importa.nt
http:l-I--30.-�-:'----2.93
http:lata/r.om


46 TECH~"I94L B.ULL.lQTIN 316, U.S" DEP,T.; OF:AGRiO:tlVr'tJRE 

parison ,of the run-off and wash-off data- of, the' different 'stations, bUt 
can only be arrived at by a study of the. results obt.ained in suctessive 
years on plots under like treatment at a giveri station. However, 
some interesting relations may be brought out by the following 
discussion. 

Houston black clay (Table 7), although it has the least slope and 
the lowest erosion l;atio, shows the greatest average annual erosion 
and the highest percentage of run-off of the foUl~ soils for which data 
are aV7!lilaole. It also has the greatest quantity of erosion per inch 
of ruii-off of the three soils for which data are available for the entire 
year. 

The physical properties of this soil, 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 limit set by Middleton' (17') 
for non erosive 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. It is evident that some other property 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 plastic when, wet and on drying shrinks and cracks 
into very hard lumps which adsorb water very slowly. Slow pene
tration of water, together with the high intensity of rainfall which 
occurs 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 calcium 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 
!.'atios indicate the relative deO'ree of erosion. • 

The Houston Eoil is one of the most uniform soils that has been 
investigated in this work (Table 5) ; yet on two plots of this soil 
receiving identical treatment the erosion and run-off on one is nearly 
two 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 causeof these differences. 
The erosion per inch of run-off is practically the same in each case,. 
which is in accord with the physicaJ and chemical data. The causes 
of these variations and discrepancies are llotknbwn at present.. It 
is possible that they may disappear in later data; 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 occurred 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 'mor~or less counterbalanced in the 
average by plot 3, where the tan~ overflowed during the most 
destructive rain of the year.' " t .! : : 

Colby ;silty: cl~y~oiim (Tab~e 8) has the low~st arull,!a:I: rainfall; 
the lowest quantity of erOSIOn, and the lowest erosI(~n per 'Inch of 'run~ 
off of the four soils considered. The surfa.cehorizon of :the plots, 
however, has a higher erosion ratio than that of the HouSton soH and 
a much lowei' ratio than have the Vernon and· IGrvin soils.' The 
Houston and Colby are both calcareous soils,' but the surface soiloi 
the Colby is much lower in carbonates than the Houston surface soil. 
the vai'iation ~loted may therefore· undoubtedly be . ascribed to the 
effect 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 of the normal plots, :but'is 
also higher than for the surface layers of the same plots,' Nevel:the
less, its actual loss by erosion is less than that of plot 5· and greater 
than that of plot 3, which have received identical cu.ltural treatment. 
I~ 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 thllt the upper layer of the desurfaced plot. has an 
erosion ratio approximately threefold that of the material 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 practic~lly 
the sanie 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 than on the cotton plots of the Houston soil. 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 soil as compared to the wheat and grass plots on the Colby, 
the erosion is practically the same, with the Vernon showing less 
erosion per inch of run-off. However, the bare plot on the VerDOn 
shows two and one-half times as much erosion as' the fallow plot 
on the Colby. Taking the differences of slope" rainfall, crop 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. 

The desurfaced plot on the Vernon soil (plot 9) shows an unusual 
quantity of run-off and erosion, considering its erosion ratio and 
other physical properties. The erosion per inch of run-off is the 
same as for the normal plot 3. 'Ve are not able to offer a satisfactory 
explanation for this at present. It will be very interesting to see' 
whether thest! differences continue to appear in successive years. 

The data for Kirvin fine sandy loam (Table 10) cover only a 
part of a year, but they indicate that, considering the slope, the 
erosion ratIO, and the high erosion per inch of run-off, this soil is 
highly erosive. The dispersion ratio, colloid-moisture equivalent 
rn.tio, and erosion rn.tio of the exposed horizon. of the desurfaced 
plots are all within the limits tentativ.ely 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. REMARK'S 

The data presented in this bulletin conct1rning the chemical and 
physical properties of the soils-on which eroBion experimel1.t stations 
ha,ve 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 futur,e 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, Uarshall, and Palom1e soils, erosion will 
not extensively change the fundamental properties"of these soils. 
The gl'eatest 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
pected that the removal of the surface soil will 'ultimately result 
lD the present subsoil becoming the surface layer, except as the sub
soil itself maS be modified by erosion. This transformation will be 
gradual and will be greatly modified by cultural p:ractices. With 
th8 present data and reserve material for future det,erminations, it 
will be possible to follow these progressive changes. 

There will undoubtedly be gI'eat differences in th\~ 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 ithe drawing· 
of any definite conclusions. It is recognized, howeveit", that any 
qUlUl.titative estimate of the validity of the laboratory dalta must be 
based on the field data when they shall have been obtained inade
quate 9.uantity. From the laboratory data at hand it is possible 
to predIct with a high degree of certainty the type of erosion which 
will occur on a given soil type. It is also possible to predict which 
part of the profile will be most susceptible 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, '1 

and tvpe of agriculture. The whole investigation points to the 
urgent 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 available 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. 

SUM~IARY 

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. " 
. The :physical characteristics aiiectlng. erosion.ai behavior have been 
determmed and a 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 at thepresenttinie. . 

The physical chal'8cteristics of composite samples from each tank 
plot at .six of the statio~ hav~been determined. . 

An. analytical basis has been established, to which may be re
ferred the future field behavior of these soils when. it has been 
d~termined, so that a quantitative expression of antiqipatedbehu.vior
may be developed. . . ". 

The need for accurate quantitative expression. of the effect of soil 
structure on erosional behavior1aas been pointed out. 

LITEnATURE CITED 

(1) BENNErl', H. H., and CHAPLINE, W. R. 
1928. 	SOlL EROSION A RATIONAL KENACE. U. S. Dept.Agr. Cire. 83, 36 p., 

jllus. 
(2) BRIGGS, L. d., nnd MOLANE, d. W. 

1910. 	l!OISTURE EQUIVALENT . DETE'P.!!IliATIONS AliD TID!3B:Aft'LlOATION. 
Jour••-\mer. Soc. Agron. 2: 13S-147, lius. 

(3) BYERS, H. G., and ANDERSON, 14. S. 
1932. 	THE COl!POBl'nON OF SOIL COu.oIDS IN RELATION TO 'SOIL CI.ASSIFlOA:

TION. Jour. Phys. Chern. 36: 34S-366. 
(4) CONNER, A. B., DICKSON, R. E., and SCOATES, D. 

1930. 	FACTOilS INFLUENCING BUN-OFF AND SOIL EBOBION. Tex. Agr. Expt. 
Stn. Bul. 411, 50 p., .lius. 

(5) DAVIS, R. O. E. 
1914" ECONOMIO WASTE FROl! SOIL EROsION. U. S. Dept. lAgr. Yearbook 

1913: 207-220, lius. 
(6) 

1915. SOlL EROSION IN THE SOUTH. U. S, Dept. Agr. BuI. 180, 23 ll;, 
mus. 

(7) --- amI BENNE'r'l', H. H. 
1927. 	GROUPING OF SOILS ON THE BASIS 011' ).!l!:;OHANICAL ANALYSIS. U. S. 

Dept. Agr. eire. 419, 15 p., llluB. 
(8) DULEY, F. L., and MILLER, M •.F. 

1923. 	EROSION AND SUBF.-I.CE :aUN-oFF UNDER DIFFEBENT SOIL CONDITIONS. 
Missouri Agr. Expt. Sta. Research Bul. 63, 50 p., lius. 

(9) HENDRIOKS, S. B., and FRY, W. H. 
1930. 	THE ,RESU!lrS OF X-BAY AND MICROSCOPICAL EXAMINATIONS 011' SOIL 

aOLLOIDS. Soil Sci. 29: 457-479, illus. 
(10) HOLlI[ES,' R, S., and EDGINGTON, G. 

1930•. VARIATIONS OF THE cou.oIDAL MATERIAL EX'l'BAOTED FROM THE SOILS 
OF THE lIITAMI, CHESTER, AND CECIL SERIES. U. S. Dept. Agr. 
Tech. Bul. 229, 24 p., lius. 

(11) 	LElGH':l"Y, 'V. R., and SHOREY, E. C. 
1930. SOME a.ABnON-NITROGEN BELATIONS IN SOILS. Soil ScL 30: 257-266. 

(12) LoWDERMILK, W. C. 
1928. 	INFLUENCE OF FOREST LITrER ON RUN-oFF, PERCOI.ATION, AND ER0-

SION. Jour. Forestry 28: 474-491, illus. 
(13) 	MCGEE, W. d. 


1911. SOIL EROSION. U. S. Dept Agr., Bur. SolIs Bul. 71, 60 p., lius. 

(14) MoLEAN, W. 

1930. 	THE CABBON-NITIIOGEN BATIO OF SOIL ORGANIO MA'ITEB. Jour. Agr. 
ScL [England] 20: 348-S54. 

(15) 
1931. EFFECr OF HYDROGEN PEROXIDE ON SOIL ORGANIO MATIEBo Jour. Agr. 

Sci. [England] 21: [251]-262. 

http:SUBF.-I.CE
http:erosion.ai


TEOHNIOAL BULLETIN '316, U."S.DEPT~. OF AGIUOULTURE 

MoLE.Uf. W.i 
1931. THE NATURE OJ' SOIL ORGANIC MA'l'l'EB AS SHOWN BY THE ATTAOK(JII' 

HYpBOO£N PEROXIDE. Jour. Agr. Sci.. [ll)ngland]21: [595]-611,. 	 mUS:' . '. " 
(U}, MmDI.ETON', H: E: . . , 

" . . i930. PROPERTIES OF SOILS WHICR IN!'LUENCE SOIL EROSION. U.S~Dept. 
Agr. Tech.Bul. 178, 16 p. . 

(18) OLMSTEAD, L. B., ALExANDER, L. T., and MmDLETON, H. E.
"," 

1930. A 	 l'IPETTE METHOD OF MECHANICAL ANALYSIS OF SOILS BASED ON 
IMPROVED DISPERB!ON PBOCl!IltrnE;'Q'. S: Dept. Agr. Tech. Bu!. 
170, 23 p., muS. 

(19) 	PURl, A. N. 
1930. STUDIES IN SOIL COLLOIDS. II. FACTORS INFLUENOING T:a:E DISPEB

, SION OF SOIL COLLOIDS IN WATER. India Dept. Agr. Mem., Chem. 
Ser. 11: 39-51. ' 

'(20) -'--', and KEEN, B. A. 
1925. 	THE DIBPEBsION OF SOIL IN WATEB UNDn VARIOUS OONDITIONS, Jour. 

Agr. ScI. [England] 15: 147-161, mus. 
(21) 	ROBINSON, W. O. 

1922. THE ABSORPTION OF WATER BY SOJL COLLOIDS. Jour. Phys. Cham. 
26: [647]-653. 

(22) 
1927: 	THE D!1rl!:8M1NATlON OF ORGANIC MATTER IN BOILS BY MEANB OF 

HYDROGEN PEROXIDE. Jour. Agr. Research 34: 339-356. 
(23) 

1930. 	METHOD AND PROCEDURE OF BOIL AlrALYBIB USED IN THE DIVISION OF 
SOIL CHEMISTRY AND l'HYSICS. U. S. Dept. Agr. Circ. 139, 20 p.

(24) --- and HOLMES, R. S. 
1924; 	THE CHEMICAL COMPOSITION o.F SOIL COLLOIDS. U. S. Dept. Agr. 

Bul. 1311, 42 p.
(25) S.Ull'SON, A. W., and WEYL, L. H. 

1918. 	RANGE PRESERVATION AND ITS' .RELATlo.N TO EROSION CONTROL o.N 
WESTERN GRAZING LANDS. U. S. Dept. Agr. Bal. 675, 35 p., mus. 

(26) 	 SLATER, C. S., and BYERS, H. G. 
1931. A LABORATORY STUDY OF TRE FIELD l'ERCOLATlo.N RATES 0.1' SOlLS. 

U. S. Dept. Agr. Tech. Bul. 232, 24 p., mus. 



ORGANIZATION OF mE UNITED STATES DEPARTMENT OF AGRICULTURE 
WHEN TmS PUBUCATION WAS LAST P,~TED 

,
Secretary of Agriclllture____________________ ARTHUR M. HYD!!:. 

A88'i8tant· Becret(JTfI____~------...------------- R. W. DUNLAP. • 
Direotor of Scientifio Work________..,_________ A_ F. WOODS. 

Direotor of Regulatory WOT'k________________ WALTEB G. CAlLPBELL. 

Direotor of lil~ten8ioll Work_________________ C. W. WABBURTON. 

Director of Per80nnel and Busine8s Adminis· W. W. STOCKBEBGEB. 

tration. 
Director of Ih(ol'mation_____________________ M. S. EIBEN,HOWER. 
Solicitor_______________________________ E. L. l\IABBHALL. 


Weather "8ul'eau __________________________ • CHARLES F. MABVIN, Qhiet. 

Bureau ot Animal 1l1dI/8try _________________ JOHN R. MORLEn, Ohief. 

8ureau of Dairy 1lIdu8tI'1I__'-________________ O. E. REED, Ohiet. 

Bureau of Plant 11Idustry _________________ WILLIAM A. TAYLOR, OMef. 

Forest Service_____________________________ R. Y. STUABT, Ohief. 

Bureau of Chemi8try ana So-ils _____________ H. ,G. KNIGHT, Ohief. 
Bureau of lilntomology_______________________ C. L•..:MAIlLATT, Ohief. 

Bureau of Biological SlIr17ey ________________ • PAUL G. REDINGTON, Ohief. 

Bureau of Public Road8______________~______ THOMAS H. MAcDONALD, Ohief. 


Bureau of Agricultural lilngillcering_________ S. H. MCCBORY, Ohief. 

Bureau of Agrioultural Eoonomic8___________ NILS A. OLBEN, Ohief. 

Bureau of Home liloonomic8_________________ LOUISE STANLEY, Ohief. 


Plant Quarantine and Oontrol Administration_ LEE: A. STRONG, Ohief. 

Grain }'utures·,:<ldmini$tration_____________ J. W. T. DUVEL, Ohief. 

Food ana Drug Administration______________ WALTER G. CAMPBELL, Director of 


Regulatory Work, in Oharg6. 
Otflce Of lil3)periment Station.~______________ JAMFB T. JARDINE, Ohief. 
Otflce of Oooperative lil2ltension Work________ C. B. SMITH, Ohief. 
Library____________________________________ CLARIBEL R. BABNErT, Librarian. 

This bulletin is a contrIbution from 

Burellu of Ohemistry and SoiI8_____________ H. G. KNIGHT, Ohief. 
Division of Soil 1llvestigatiolls__________ A. G. MCCALL, Ohief. 
Di17iSion Of Soil Ohemistry ana PhY8ic8_ H. G. BYERs, Principal Ohemist, 

in Oharge. 

51 

e. I. GOYIIUIIIINT PRINTING OFFICII, "sa 

For sale by the Superintendent ot Documents, Washington, D. C. 



·,it', 
"; 

.r 

.. 



