|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




STA

B

B 22

B dlzs Jlzs

| gl = P

T y E—-g
- I j122

i
g
h

JI22
a0

22

22

| (2

I

s

1123 it e

25 flLs e

MICROCOPY RESOLUTION TEST CHART

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAL OF STANDARE'S. 19845 NAEIHAL BURLAL OF STANDMKLN (90t A



http:111111.25
http:111111.25

H. E. MIDDLETON
Associats Fhystciat

C. 8. SLATER
Anfstant i’hyslcht
sad |

H. G. Ii‘l_.'_ERS
Principsi Chemiat
Divislon of Soll Chemistry and Phyaics: )
Sall Inu-ﬁnatlnm, Burean of Ghmllu'y and Solla |




——
Technical Buolletin No. 430 M August 1934

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D.C.
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INTRODUCTION

In Technical Bulletin 316 of the United States Department of
Agriculture (16) ! a report was given on the physical and chemical
characteristics of the soils from the erosion experiment stations which
had been established up to 1932. The report covered Houston black
clay at Temple, Tex.; Kirvin fine sandy loam at Tyler, Tex.; Vernon
fine sandy loam at Guthrie, Okla. i Shelby silt loam at Bethany, Mo.;
Colby silty clay Ioam at Hays, Kans.; Cecil sandy clay loam at
Statesville, N.C.; Palouse silt loam at P ullman, Wash.; and Marshall
silt lonm at Clarinda, Towa. Since that bulletin was completed early
in 1932, two new stations have been established, one on Clinton siit
loam at La Crosse, Wis., and the other on Muskingum silt loam at
Zanesville, Ohio. In addition, a series of plots have been established
on Nacogdoches fine sandy loam st the Tvyler (Tex.) station. The
physical ‘and chemicai characteristics of these three soils, together
with other data bearing on the erosional characteristics of all of the
soils, are presented in this bullstin. Especially important among
these are the volume relations of the soils and their settling volumes
compared with their other water relstions,

en an erosion station is established g 80-pound sample is eol-
lected from each important layer of the soil profile down to and includ-

! Iislic nurnbers In parenthescs refer to Literaturo Cited, p. aL.
H1805°—34—-1
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ing the upper part of the parent materin]l. These samples are sent
o this laboratory, small subsamples are removed for study, end the
remainder is placed in storage. In this and in the previous builetin
(16) these samples are designated as typical profile samples or profile
somples.

As soon as the plots are established, 2 composite sample is taken
of each soil layer in each plot, the plot being sampled at 10-foot inter-
vals. The soil layers, to a depth of 48 inches, are sampled in this
mannper, These samples are designated as profile composite samples,
or profile composites.

At the end of each year, each plot is sampled to a depth of 7 inches
at i0-foot intervals and the samples composited. ‘These samples are
designated us annual composites.

In addition, an aliquot of the run-off and the wash-oft is taken after
each rain and evaporated to dryness. At the end of each yeur the
gccumulated samples from each plot are sent to the laboratory for
analysis. The size of the aliquot taken depends on the treatment of
the plot,.the aim being to have an accumulated sample of wash-off at
the end of the year of at least 100 grams. In some cases, particuler}-
with the sod plots, the total erosion is very small and does not resuis
in o sample suflicient for analysis,

EXPERIMENTAL METHODS

The same methods of analysis were used in this work as in that pre-
vigusly reported. The mechanical annlyses were made by the method
of Olmstend and others (17). The colloid by water vapor absorption
was determined by the method of W. O. Robinson (19). The mois-
ture equivalent was determined by the method of Briggs and McLane
(5). The suspension percentage and dispersion ratios were deter-
mined by the method of Middleton (74). Percolation ratios were
eomputed by the formula of Slater and Byers (21). Colloids were
extracted by the method outlined by Holmes und Edgington (11).
Chemical anulyses of the soils and colloids were made by the methods
of W. O. Robinson (20). The pH determinations were made electro-
metrically, by means of the hydrogen electrode (4). Specific-gray ity
determinations were made by the method outiined by Hillebrand
(10 pp. 55-57).

DESCRIPTION OF SAMPLES

The 3 new soils discussed in this bulletin are described in the
same manner as the 8 soils in the previous bulletin (16). The
series description is taken from the files of the Division of Soil SBurvey
of this Bureau, while the specific description of the samples are those
given by the collectors.

NACOGDOCTCHES SERIES

The Nacogdoclies soils consist of brown to reddish-brown fine
sandy loam, overlying red clay subsoil, which is quite friable, although
not so friable as the subsoil of Orangeburg or Greenville. At depths
of about 2 to 4 foet, there is considersble bright-yellow extremely
friable material of ocherous character. The substratum, or partly
decomposed parent material, consists of greenish-yellow soft material
derived apparently from a glauconitic limestone. There is much
greenish-yellow, soft and semihard rock throughout the profile of
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many aress, and there are frequently shell casts derived from the
underlying limestone which is of a rather greenish color. The soil is
very high m content of iron and low in silica. It is much like the red
solls of eastern Cuba, which have undergone very extreme weathering.

The samples of Nacogdoches fine sandy loam were collected in
March 1932 by B. H. Hendrickson st the erosion stotion, 9 miles
northwest of Tyler, Tex. They were described by Mr. Hendrickson
as follows: (1) From 0 to 8 inches, chocolate brownish-red gravelly
fine sandy loam; (2) from 8 to 18 inches, blood-red clay; (3) from
18 to 40 inches, red-yellow clay; (4) from 40 to 66 inches, red-yellow
clay, some sand grains; and (5) from 66 to 72 mehes, red-yellow sandy
clay, rather heavy.

CLINTON SERIES

The Clinton serics is characterized by gray or gray-hrown soils and
by light-brown or yellowish-brown compact subsolls. The subsoils
are not highly calecaresus. The topography is rolling to broken and
drainage s vrell established. The soils are derived by weathering
from loess and are typicaily developed north of Missouri in the loess
belt on the eastorn hank of the Mississippi. The series differs from
the Memphis in the gray or gray-brown color of the soil and from the
Knox in having 2 more compact subsoil and a lower lime content in
both soil and subsoil,

The samples of Clinton silt Joam were collected by R. H. Davis in
August 1932 at the erosion station, 4 miles cast of La Crosse, Wis,
In the Soil Survey of La Crosse County, Wis. (9) this soil was mapped
as Knox silt loam. This designation is still used in Wisconsin and
the profile has heen described very completely by Kellogg (12). The
samples were described by Mr. Davis as follows: (1) From 0 to 8
inches, dark-brown heavy silt loam ; (2) from 8 to 20 inches, yellow-
ish-brown granular hesvy silt loam; (3) from 20 to 32 inches, dark
grayish-yellow frianble silt loam; (4) from 32 to 44 inches, splotched
vellow and gray friable silt loam ; and (5) from 44 to 66 inches, sandy
clay splotched brick red and groy, soft red sandstone and fliné stone
present.,

MUSKINGWM SERIES

The soils of the Muskingum series consist, in the uncultivated soil,
of & dark-brown layer, ranging up to about 4 or 5 incles in thickness.
In the types heavier than sand or loamy sand, the structure is coarsely
granular. The subsurface, ran Ing up to 8 thickness of about 2
Inches, is gray or pale Yellow, silty or sandy, and where silty, has a
well-defined platy structure. The upper subsoil is yellowish brown,
often with a more or less well defined reddish shade, decidedly heavier
than the gray layer in texture but not sufficien tly heavy to constitute
8 hardpan or claypan, The upper part of this layer breaks into smajl
angular fragments due to jointing, the fragments ran ing around
one-fourth fo one-half inch in diameter, but downward these frag-
ments become larger and the jointing less well defined. The lower
part of this layer grades into somewhat Ioose disintegrated sandstones
and shales, or lies on partly decomposed shale or sandstone. The
thickne_ss of this layer ranges up to about 2 feet, This soil series
oceurs It southeastern Ohio, in western Pennsylvania, West Virginig,
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and probably elsewhere, and is included among the soils of the mid-
latitude zone of the United States east of the prairies. Tt was formerly
included in the Dekalb soils.

The samples of Muskingum silt loam were collected by E. B. Deeter
in April 1933, at the erosion station, 7 miles west of Zanesville, Ohio.
They are described by Mr, Dester as follows: (1) (@) From 0 to 1
inch, light grayish-brown silt loum (when dry), mixed with grass roots
and organic matter. When wet, the color is a fairly dark brown.
This was mixed to form one ssmple with (3} from 2 to 7 inches,
yellowish-brown silt loar, with sma?l pieces of shale in small to almost
negligible quantity. Very compact and puddles easily. Iu fields,
the dry soil is inclined to crust, and in this condition water tends to
run off rather than to percolaie into the scil. (2} From 8 o 13 inches,
yellow silty clay loam with very faint mottling of gray or light yellow.
Contains small pieces of black material (manganese?). Compact
and difficult to penetrate. (3) From 14 to 24 inches, compact yellow
silty clay, mottled somewhat with gray. Fragmenis of shale are
present. (4) From 25 to 46 inches, light reddish-yellow silty clay,
with faint mottlings of gray. Very compact, and shale is abundant.
{5} From 47 to 72 inches, heavy dense gray cixy with some mottlings
of yellow, Shale is presert but not abundant. X

COMPOSITION AND PROPERTIES OF THE PROFILE SAMPLES
PHYSICAL PROFERTIES

The varicus physical tests and their relationship to erosional
behavior were very fully discussed in the previcus bulletin {16, pp. 13—
15). The general discussion will 1ot be repeated here. However,
each of the three new soil profiles will be considered not only with
respect to their relationship to each other but also to the eight profiles
previously studied. The physical data and hydrogen-ion concentra-
tion are presented in table 1.




TABLE 1.—Meckanical analyses * and physical data of typical profiles of erosion-station soils
NACOGDOCHES FINE SANDY LOAM, TYLER, TEX.
|

o X Colloid Mo
. i s Tganic! N by ois-
Sample no ; Muggx ‘g’g matter | SO0 | ater. | “ture Erosion
- sand Y y vapor ;equiva- ratio
H10; alzporp« lent
10n

 Percent Percent
. 6 14.3

OAM, LA'CROSSE, WIS.

11.2
18.8
21.8

o
1 3 - . 18.2
9. . : 214

1

MUSKINGUM SILT LOAM, ZANESVILLE,

BPRER
W 3 00 bd iin

25-46
47-72

! Determinaiions by H. W. Lakin, T. M. Shaw, and . P. Trilety
150.8 percent of this sample consisted of gravel > 2mm.

SNOILVLS LNAWIYIIXY NOISOUHE HHL WOdq  STIOS
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In the previous bulletin (16), the soils were divided into two groups
on the basis of their mechanical analyses—those in which the texture
is variable within the profile, and these with uniform texture through-
out. However, in the latter group, the uniformity is relative rather
than absolute. On the same hesis the i¥acogdoches would be placed
in the first group with the Kirvin, Vernon, and Cecil, while the
Clinton and Muskingum would be placed in the second group with
the Houston, Colby, Palouse, Marshall, and Shelby.

The Nacogdoches profile consists of a sandy topsoil over a heavy
cla; subsoi],%)ut the difference is not as great as in the Kirvin profile
which oecurs at the same station. The mechanical analyses of this
profile indicate considerable weathering, which is confirmed by the
chemjcal analyses, which will ba discussed later. The surface horizon
contains over 50 percent of gravel and rock which do not pass the
9-millimeter sieve, and hence do not enter into the analysis. This
gravel undoubtedly has an important bearing on the physical and
erosional properties of the soil in the field, but cannot be considered
from the la.borat.or{) viewpoint. The three lower horizons of the
profile are remarkably uniform in texture, as well as in the other
physical properties. The fourth horizon is notable in that it contains
practically no silt. The texture of the whole profile is unusual in
that the bulk of the material falls into the fine sand and clay groups,
with very little very fine sand and siit.

Clinton and Muskingum silt loams are similar in fexture to the
other silt loams, particularly the Palouse and Maxyshall. Both have
slightly less clay and more silt in the first horizon than in the second,
but the sum of the silt and clay is very nearly the sar-=» in both. The
third horizon of the Clinton contains more clay and colloid and less
silt than the second, which indicates that conditions are more favor-
able for illuviation in this horizon than in the second. This is not
usual in soils. The fifth horizon contains about the saine percentage
of clay as the layers above but the remainder of the material is alto-
gether different and evidently constitutes the original material upon
which the loess was deposited.

The three lower horizons of the Muskingum are quite uniform in
texture. There is a gradual decrease in colloid content from the sec-
ond to the fifth horizon, in whick it is practically the same as in the
first horizon.

Certain physical characteristics of soils have been shown by Middle-
ton (14) to be indicative of erosional behavior. These properties
are the dispersion ratio, the ratio of colloid (by water-vapor absorp-
tion) to moisture equivalent, and the erosion ratio. The suspension
perceniage which is used in both the determination of the dispersion
ratio and the percolation ratio is the fraction consisting of silt and
clay, expressed in percentage of the soil, which is dispersed, and
remains suspended in distilled water under specific conditions (14).
The dispersion ratio js the ratio of the suspension percentage to the
total percentage of silt and clay in the seil, multiphied by 100. The
erosion ratio is the quotient obtained by dividing the dispersion ratio
by the ratio of colloid to moisture equivalent. %‘he percolation ratio
is the c%uot.ient obtained by dividing the suspension percentage by the
ratio of colloid to moisture equivalent. A full explanation and dis-
cussion of these determinations is given in the previous report (16).
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The physical properties other than the mechanical analyses indi-
cate the Nacogdoches to be the least erosive of the thres soils, The
dispersion ratio is low and the colloid-moisture eq’uI-‘ivaIent- ratio is
high, resulting in a low value of the erosion ratio. This applies 1pasu--
ticularly to tie surface horizon which is & fine sandy loam. It is
exceptional for 2 soll of this class to have a low dispersion ratio. This
is unquestionably owing to the chemical character of the colloid,
which makes it highly resistant to dispersion by water. Kirvin fine
sandy loam (16) which occurs at the same station hes s much higher
dispersion end erosion ratic and lower colloid-moisture equivalent
ratio in the surface horizon. The suspension percentage and percola~
tion ratio are also low, the percolation ratio being the lowest of any of
the 11 erosion station soils. In the second and lower horizons the
volloid-moisture equivalent ratios are exceptionally high, in the
experience of the writers having been exceeded on y by the Nipe
cley from Cuba reported by Midgleton (14). This, together with the
low value of the £spelsion ratio, results in low values of the erosion
retios compurable with those of the lower horizons of the Kirvin and
Cecil. The erosion ratios of the four lower horizons are all of neearly
the same value, indicating thet the layers are about equally resistant
to erosion. A general summary of the physical properties of this
soil indicates that it should be the most resistant to erosion of any
of the 11 soils, and that such erosion as occurs should be of the sheet
rather than the gully type. This accords with field experience,

The physical propertics of the Clinton soil, on the other hand,
indicate that it should be the most erosive of the 11 soils. In all
horizons the erosion ratio is high and is the highest of all the erosion
station soils in the surface horizon. The dispersion ratios and suspen-
sion percentages are all very high and the colloid-moisture equivalent
ratios are low. The percolation ratio is the highest of all of the soils,
as is also the silt content, both of which have beon shown by Slater
and Byers (21) to have an important besring on permeability,
These data indicate that percolation in this soil s ould be very slow,
consequently the run-off should be large, which, taken together with
& very erosive soil, should result in very rapid erosion.

The data for the Muskingum soil indicate that it is not quite &s
susceptible to erosion as the Clinton. The second horizon has a
lower erosion ratio then in the Clinton, but in the lower horizons the
erosion ratio increases with depth and the fifth horizon has a higher
erosion ratio than the first, which condition generally favors severe
gully formation. As compared to the silt loam soils previously
reported, the data indicate that the Clinton and Muskin should
be much more susceptible to erosion then the Maershall, Palouse, or
Shelby. It has been the writers’ observation that silt loam soils are
particularly susceptible to erosion owing to the fact that the large
quantity of silt and comparatively smal% quantity of colloid are not

conducive to the formation of a firm eggregated structure which is
necessary to resist the erosive eflects of surface wash. The same thing
1s true of the sandy soils, particularly the fine sandy loams, which
have about the same quantity of collold but with the silt replaced by
fine send and very fine send. This condition is favorable for & very
friable, loose structure which is desirable for tillage operations but
also is conducive to severe erosion except on level surfaces, The
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character of the colloid is undoubtedly of greater importance than the
amount, as is shown by the Nacogdoches. Compared with the sur-
face horizons of the Clinton and the Muskingum, the surface horizon
of the Nacogdoches is intermediate in quantity of colloid but the
character of the colloid is such that it places the N};.cogdoches far below

the Clinton and Muskingum in susceptibility to erosion.

CHEMICAL COMPOSITION OF THE S8OIL ANDJCOLLOID OF REFRESENTATIVE PROFILES

In table 2 are presented the complete analyses of three of the repre-
sentative profileg of the erosion-station soils. The corresponding date
for the other eight soils in the erosion-station series are to be found
in Technical Bulletin 316, table 2 (16). The analyses of the whole soil
do not furnish the detailed information concerning the soil character
which may be obtained by colloid analyses, but they are essential to
the presentation of a complete picture of the soils. In addition, they
offer certain specific information not furnished by either the mechani-
cal or colloid analyses.




TaBLE 2.—Chemical analyses of typical profiles of erosion-station soils
NACOGDOCHES FINE SANDY LOAM, TYLER, TEX.

Ratio of

. Tgni- .
Sample no. Depth | Si Fei0;3 | Al:0: | MnO | CaO- | MgO | K0 | Na:0 | P:0; | 804 11:ion O;Jlf;‘t’g;g‘ rg;%‘t‘;“;o
0SS

- nitrogen

Inches Percent | Percent | Percent| Percent| Percent | Percent Percent | Percent | Percent Percent
0- 76.00 0.48 |. 11.80 3 0.07 0.51 0.12 0.19 02 . 26 0.16 4.99:| 100.53 0

8.

15.72 7 01 .21 .26 04 . .10 99. <9 . 1.13 8.
17.78 .00 .21 .18 . . .14 X 99.77 . .42 4,
5,82 . .00 .03 .22 . .02 100.12 5.
.04 .16 -3 .19 9.

16.93 .00

ROSSE,

0.16
.41
.35
.26
.19

SKINGUM SILT LOAM, ZANESVILLE, OHIO

1111 . 0.49 0.05
.42 .20
.26 .30
22 05
.28 .09

1 COsXfactor 0.471.

SNOILVIS INTNINEIXT NOISOMHE HHI WOMI S'IIOS
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None of the three soils under diseussion, the Nacogdoches fine
sandy loam, the Clinton silt loam and the Muskingum silt loam, is
caleareous, and consequently no determination was made of the trace
amounts of carbonates which normally occuwy (). The Nacogdoches
is o red soil which is highly weathered and with low base and very
high iron oxide content. The relations in general are those of a soil
practically free from undecomposed minerals other than quartz. The
organic matter in all three soils shows the usual concentration in the
A horizon and the normal deerease in the carbon-nitrogen ratio except
in the case of the lowest stratum of the Nacogdoches (2). The
small increase of organic matter without corresponding increase of
nitrogen is not adventitious, In this layer B. H. Hendrickson, of
the Tyler Station, has reported the presence of graphite particles.
The lowest stratum of the Clinton silt loam shows in its analytical
results the same divergence from the material above it as is indicated
by the mechanical analyses (table 1). This divergsnce is not so
marked in the colloidal material (table 3).

All three soils show evidence of the operation of the podzolization

rocess in respect to concentration of iroa oxide and alumina in the B
Eorizons. The Clinton and Muskingum soils show the presence of
considerable quantities of undecomposed feldspars. The pH values
(table 1) of all three soils are low and indicate a high degree of leaching.
It is to be remarked that the acidity of the Muskingum soil is materi-
ally greater in the A lorizon than the Nacogdoches, despife the
greater quantity of bases.

The analyses of the colloids of the three goil profiles are given in
table 3. These colloids were extracted in the usual manner by use
of n supercentrifuge. No nttempt was made at complete extraction
of the colloid, but only to make the extraction sufficiently exhaustive
so that the material should be fully representative of the total colloid.
For this purpose the soil was dispersed from 4 to 8 times until the
quantity of colloid obtained showed marked decrease. The centrifuge
was run at such o rate that no particles larger than 1x were obtained
in the colloid material (6). No dispersing agent, other than water was
used except in the lower three layers of the Nacogdoches, in which
it proved desirable to add a smaﬁy quantity of ammonia to increase
the stability of the dispersion. The quantity of colloid extracted, as
compared with the total quantity present, varied from 45 percent in
the case of the Nacogdoches surface soil to 98 percent in the case of
the fourth layer of the Muskingum. This latter is an unusually large
fraction of the total colloid. The colloids were collected from the
centrifugate by filtration through Pasteur-Chamberland filters, and
were dried on a water bath. The analyses, as reported, are comparable
in all respects with those given in Technical Bulletin 316 (16) for the
other erosion-station soils, except that the organic matter is determined
by combustion znd the trace gquantities of carbonaies were not
determined,




TasLs 3.—Chemical analyses of colloids in typical profiles of erosion-stalion soils

NACOGDOCHES FINE SANDY LOAM, TYLER, TEX.

Ratio of
Colloid; jo| cTBBIIC
Sample no. ex- ALO; Na:0 8{,%‘33,’? metter

tracted : _to
. nitrogen

Percent|Percent| Percent| Percent Percent | Percent Percent Percent| Percent| Percent
8 45 0.59 1 30.60 20 0. . 3 .76 5 3 34
87 .6l |- 26,71 . .59
71 .59 25.95 .52
70 .67 ] 16.08 . .46
58 . .58 1 20,57 3 .33

CLINTON SILT LOAM, LA CROSSE

7.02 3 0.43 1.36 1.88
10,00 3 .21 107 2,04
11.65 3 .15 118 2.01

8.02 8 .14 .97 2.12

6.49 3 .03 .77 1.32

MUSKINGUM SILT LOAM, ZANESVILLE, OHIO

1 0.17 I 0.49
8 .06 .44

.25 .12 .85
56

2

9.97 A 014 0.93 1 5
1 .95 7
. .65

.05 .74 . .
R .82 1.62 .16 .80

¥

1 CO: X factor 0.471.

SNOILVLS ([INAWISHIXH NOISONH HHL WOHJd STI0f
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Comparison of the data of table 3, for the colloids, with those of
table 2, for the soils, shows the same general relationships as in the
other erosion-station soils. 'The silica content of the colloids is much
less then that of the soils and the sesquioxide content correspondingly
greater, The caleium content of the colloids is grester in general
than in the soils, and particularly is this the case in the surface hori-
zons. Magnesium also concentrates in the colloid of the Clinton and
Muskingum soils, as is Eenerally true of the erosion-station soils, but
this is not the case with the three samples from upper layers of the
Nacogdoches, and in this respect it stands alone. The nearesi ap-
proach to this behavior is in the Kirvin fine sandy loam at the same
station (16). Potassium likewise ordinerily concentrates in the
colloid but in the Clinton soil this is not the case except in the lowest
stratum. Presumably this is additional evidence of undecomposed
feldsparsin theloess. In confirmation of this the silt was examined by
use of & petrographic microscope and found to contgin upwards of
5 percent of feldspars. This is quite in harmony with the losssial
solls reported by Brown and Byers (6). The presence of undecom-
posed feldspars in the Clinfon Is also indicu.tecf) by the high calcium
content of the lower portions of the soil, as compared with that in
the colloid. The feldspathic content of the Clinton is further indi-
cated by the high sodium content of the soil. The lower sodium con-
tent of the extracted colloid is quite in harmony with the ususl relation
found in humid soils.

The organic matter is uniformly higher in the colloid then in the
goil, but by no means all of the organe matter is dispersed. This is
shown by compering the total organic matter with that found in the
colloids. In the surface layers only about 30 percent of the organic
matter in the scil appears in the colloid. In the lower layers the
extracted organic matter rises to nearly 100 percent of that in the
goil, In harmony with this relation 1s the fact that the organic
matter-nitrogen relation is uriformly lower in the colloid than in the
soil. It is to be expected that undecomposed organic matter which
has e hiffh carbon-nitrogen ratio would have less tendency to disperse
than well-decomposed material or bacterial remains.

In order to facilitate the comparison of these three soil colloids with
ench other the derived dunta are collected in table 4 which is followed
by the corresponding data from the eight other erosion-station colloids
{table 5}. e latter ave partly recalculated from table 2 of Technical
Bulletin 316 (10, p, 28).

TapLy 4—Derived data from the collotd analyses af the erosion-station soils.
Y

NACOQDOCIHES FINE BANDY LOAM, TYLER, TEX,

Mol ratio
Com-
Bample no. blned
Fo; 01 BiOs water
AlCy |Total bases

Fereent
0.843 X 12,22
032 . 10,06
582 3 11.47
337 X il.82
18 31, 12.056
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TagLE 4.—Derived date from the colloid analyses of the erosion-slation sotls—Con.

CLINTON SILT LOAM, LA CROBSE, WIS,

biol ratic

Bample 1o, K
Bids | FauO 8102
ForQy | AlOy |'Totel bases

Percenl| Percend
17.10 | 0. i87 12,13 14. 67
12,52 . 253 5 11, 84
0.2 . 315 X 3 10.B8
16,00 . 189 3 X 10,73
1, 84 , ¥37 X . ii.62

MUSKINGUM SILT LOAM, ZANESYILLE, OHIC

0= 7 A 3| G20 . 3 1L 3

5 . Bi . 305 . 10, 53
. 230 . , 10,40
12 8 \ 10,23
Bl . ] 2.05

The data of the Nacogdoches fine sandy loam offer several points
of special interest. In its A horizon it presents the lowest silica-
sesquioxide ratio of any soil in the United States, so far reported.
This ratio continues o be very low throughout the profile except in
-the C, horizon (40-66 inches). Attention has already been called to
the slightly abrormal organic matter content of the C; horizon (66-72
inches). The divergence of the C, horizon (40-66 inches) from those
ahove it is even more marked. In the mechanical analysis (table 1} it
will be noted that there is & sharp incresase in the fine sand and an even
more marked decrease in the silt content. This is reflected not only
in a decidedly different appearance of the soil but in its complete
analysis (table 2), which is characterized by a higher silica and lower
iron oxide content than the horizons above and below it. This
divergence follows into the colloid and shows itself in the silice-
sesquioxide, silica-ferric oxide and ferric oxide-alumina ratios par-
ticularly but not so markedly, relatively speaking, in the silica-aluming
ratio. It would seem. clear that this portion of the colloid is derived
chiefly at least from e layer of purent material of low iron content.
The Nacogdoches soil Is an extremely red soil and the inference may -
properly be drawn that nearly, if not quite, all of the iron contens is
free iron oxide. The alumina, on the other hand, is probably associ-
ated with the silics. The lateritic character of the colloid is further
indicated by its low base content, as shown by the silica-total base
ratio. Tha silico-base ratio of the A horizon is much smaller; in other
words, the relative base content is much higher than in lower layers.
This may be taken to indicate the greater bese-holding capacity of the
organic colloid 2nd that a considerable portion of the bases present
are associated with the orgenic matter. The soil of the other erosion
stations most similer to the Nacogdoches is the Cecil from North
Carolina (table 5). Particular attention is directed to the differences
between the Nacogdoches and the Xirvin colloid, which has been .
?ev};ellopﬁd under identical conditions of temperature and rainfell .
table 5),




14 TECENICAL BULLETIN 430, U.8. DEPT. OF AGRICULTURE ~

Tanre 5.—Derived dala from the colloid analyses of the erosion-station soils pub-
lished in Technical Bullelin 318

CECIL SANDY CLAY LOAM, STATESVILLE, N.C.
t

Mol rath
Mot ratle Total

Com- -
Sample no, Depth bired “{ﬂwﬁ
Si0r | Fady water t % 5

FerOs

Incher Percent | Percent
0~ & . . , . .13 1465 18.75
8-32 . . .77 23 348 | 1458

32-60 A 3 12.85 | 13.32

KIRVIN FINE SANDY LOAM, TYLER, TEX.

G-i2
12-24
H-51
bl
-7

[EFET RS T

b b |2
‘\I@tdga‘!

VERNON FINE SANDY LOANM, GUTI

0. 403
s

3 .\ 3 . . 258 .
2758 ¥ . LI 8. . 10. 55

PALOUSE BILT LOARM, PULLMAN, WASH.

jiait] 248 . o2 ouol
233 2,45 0, 52 . 350
$i-H2 2,45 L 1042 A
82-75 287 3 10. 15 P
Th-84 241 W, B

BHELBY ST LOAM, BETHANY, MO.

2,08 431 15,28 24
Az 3.0 ) a4 i
2,40 A1 LB U
260 4.8 | H.I7 L2
27 O T B W
207 3.5 108
e 4.3 .81

Pt s By g
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MARSHALL BILT LOAM, CLARINDA, TOWA

=14 N Wi r 1388 | G270 4

& 360 | I8 4R Loy .7
d.72 ] 1140 8.2
3,07 ) 1445 . 87

USUSTON BLACK CLAY, TEMPLE, TEX,

&% 3.26 3400 10.56| 0208
14-20 & & 342 IS .28
-3 3,25 d.0E) 1888 W7
50 425 3.07 | 45 L2156

COLBY SILTY CLAY LOAM, HAYS, KANS.

RnREus

2-10 iy . 0,41 | Do;:n
3 ‘. . jLerg
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The Clinton silt loam and the Muskingum silt Ioamn are both rep-
resentative of the gray-brown podzolic soils but they show marked
differences. It is probable that these differences are due in part to
the difference in parent material. In the Clinton this is loess, and in
the Muskingum s glacial drift. In part, the differences are due to
the maturity of the Clinton as compared with the relatively imma-
ture Muskingum. It is possible, also, that the Clinton soils have not
been wholly developed under forest cover. Their silica-sesquioxide
and alumina ratios indicate an acid complex sharply different from
the Nacogdoches. The iron content is not free iron oxide, since on
treatment with hydrogen pceroxide the inorganic residue is nearly
white, Nevertheless, both the Clinton and Muskingum soils show
distinct evidence of podzolization in the coneentration of iron oxide
in the B, and B, horizons. Despite heir low pH values (table 1),
both colloids have & very high totsi base content, as compared with
Nacogdoches (table 4) and ths Cecil and Kirvin (table 5). The
other erosion-station soil most closely associated with the Clinton and
Muskingum with respect to the colloid properties is Vernon fine sandy
loam (table 5). In coler, however, the Vernon is markedly different.

In tables 4 and 5, columns 8, 8, and 10, are assembied certain data
which require detailed consideration. These involve the water con-
tent of the 11 erosion-station soil colloids. **Combined water” of
the colloid is determined by subtracting the organic matter and car-
bon dioxide found from the ignition loss. These values are found in
columu 8 of the tables. This value is subject to two sources of error,
both of which are at present unavoidable. The so-called “ organic
matter”’ is determined by combustion and the earbon dioxide found
is multiplied by the Wolff factor 0.471. This factor is known to be
uncertain {f). The ignition loss is determined onr the colloid dried
at 105° C. It is certain that this temperature produces changes in
the organic matter {1} and it s illogical to concludo that no combined
water 1s given off at 105°. Despite these uncertainties, the combined
water of this series of colloids offers some interesting features. The
two lateritic colloids, Cecil and Nacogdoches, show nn nverage per-
centage of combined water of 13.83 and 11.70 percent, while the next
most lateritic colloid, the Kirvin, has & mean value of 10.99. By con-
trast with these, the three gray-brown podzolic soils, the Vernon,
Clinton, and Muskingum, have values of .25, 10.11, and 8.78 percent.
The three prairie soils, the Marshall, Shelby, and Palouse, have
values of 9.38, 9.39, and 9.54 percent. The chernozein soil, the Colby,
has a mean value of 7.25 percent. The Houston is not a true cher-
nozem. It is more properly a rendzina soll and has a mean combined
water content of 8.56 percent. 1t is apparent, that, while sharp dis-
tincti®ns are not shown, yet in general it is true that the different
great soil groups have distinctively different combined-water values.

In column 9 of tables 4 and 5 are given a series of figures for what is
called the ““ total water of the soil acids.” These values are caleulated
on the assumption that the colloids contain & definite acid, or series
of acids, as outlined by Brown and Byers (6} and Byers (¥}, If these
acids exist the bases present in the colloids may be assumed to replage
the water which would otherwise be presenf, though it must be
recognized that a portion of the bases are held by the organic acids.
For this purpose, then, the water equivitlent of the bases is ealeulated
and the amount is added to the water percentege, Due allowunce
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is to be made for the carbonates present, which are caloulated on the
assumption thet they sare wholly calcium carbonate, and for the
organic matter, The resulting values, therefore, represent the water
present, on the basis of the inorganic material less the caleium carbon-
ate, as 100 percent., It will be noted that in general this recalculation
brings about a decrease in the differences between the water content
of the colloids, since the eolloids of lower water of combination are
those of higher base content, The means of the percentages of the
representatives of the four groups become: Cecil, Nacogdoches, and
Kirvin, 14.55, 12.25, and 11.74 percent, respectively. The corre-
sponding values for the gray-brown podzolic group become: Vernon,
11.49 percent; Clinton, 11.87 percent; and Muskingum, 10.42 per-
.eent. For the prairie group: Marshall, 11,67 percent; Shelby, 11.45
percent; and Palouse, 11.69 percent. For the Houston, the mean
percentage is 13.25 percent, and for the Colby 10.93 percent.

In column 10 of tables 4 and 5 are found the molecular ratio of the
silica. to the total water of the soil acids. In the ealculation of these
data the ratio has been determined on the total combined water before
correcting for the organic matter and carbonates present, This is
essential because these affect the silica percentages, as well as the
combined water and total bases. These values are of very special
signifieance, since, despite the known sources of uncertainty in the
water values, and the possible presence of undecomposed silicate
particles of colloidal dimensions, two definite regularities may be
observed. The silica-wnter ratio increases progressively with the
siliea-sesquiovide ratios. This means that the water content of the
colloid increases with increase in the sesquioxide content. If, there-
fore, decrease of the silica-sesquioxide ratio is regarded as & measure
of the degree of weathering, the silica-acid water ratio is a corrobora-
sive indieation. In each soil profile the geoeral relation is a progres-
sive general increase with depth, as is to be expected if o decrease of
the ratio is an indication of inerease of wator content with increased
weathering.

In the paper previously referred to (7) in connection with the
constitution of the soil acids, it is assumed that an ncid of the halloy-
sitie type should, if pure and stable at 105° C., have n combined-water
content of 19.6 percent, corresponding to the composition H;AISIO,
(81,0.A1,0,.25i0:). In this type ol colloid the silica-acid water
ratio should be 28i0,/3H,0~=0.667, and the silica-alumina ratio
should be 2. The mean value of the 8i0./H.O ratio for the Cecil
colloid is 0.71 and the silica-nlumina ratiois 1.74.  In the Nacogdoches
colloid the corresponding ratios are ¢.74 and 1.95. If, then, as the
above sértement implies, the iron content of these twoe soils is
assumed to be ferric oxide, anhydrous ab 105°, the water content of
the soil reid oy be reculeulated.  This is done by multiplying the

. 100 .
values showsn n column 8 by ;04 Derceni— Fe, O Such assumption

and recaleulation is not permissibie with the other colloids, since their
gencral behavier indicates that the iron present is at least partially
associated with the silica, The quantities so arrived at nre for the
Cecil colloid 18.0, 16.61, and 15.89 percent, respectively, for the three
depths, an average of 16.83; und for the Nacogdoches colloid 19.15,
15.61,16.00, 14.70, and 17.60 percent, respectively, an average of 16.61
percent. " When the close relationship to silicic acid that halloysitic
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is supposed to have is considered, the results are as nearly thooretical
as can reasonably be expected.

A’ zolloid which contains as its major acid component pyrophyllic
acid: H;AISL,0,(3H,0.A1,0,48i0,) should have as its silica-acid
water ratio 45i0,/3H,0=1.33, and a silica-alumina ratio of 4. Iis
acid-water percentage should be 13.6 percent.  The nearest approach
to these values among the erosion station soils is found in the Colby
colloid. The silica-sesquioxide ratio has a mean value of 3.49. The
silica-acid water ratio has a mean value of 1.47. The water content
is but 10.93 instead of 13.8 percent. With these facts considered in
the light of the properties to be expecied of an acid of the type of
pyrophyllic acid, the evidence of its existence may be considered as
tairly satisfactory. More definite information in this divection must
await the development of more sccurate determination of the wuter
relations of the colloids, and especially of the combined water evolved
before drying at 105° C. is complete,

The other colloids of the erosion-station soils have silica-sesquiox-
ide, silica-alumina, and silica~acid water ratios which lie between the
limi¢s of the values for the Cecil and the Colby colloids. They me
then, without serious doubt, be considered as containing colloids
which nre, so far as their acid complex is concerned, intermediate in
character between these two extremes. The nearest approach to the
halloysitic type of acid is found in the Kirvin colloid. It is a red soil
and therefore s part at least of the iron present is to be regarded as
free ferric oxide. The silica-total base ratio indicates that the soil
is much leached. The corresponding values for the Vernon colloid,
as well as the other ratios, indicated for that soil a much closer relation
to the pyrophyllic types, despite the low silica-acid water ratio. The
Houston colloid is an intersting example in that its very high colloidal
calcium carbonate may be assumed to keep the colloidal complex
wholly saturated with bascs, and by consequence make the loss of
water by dehydration less marked. Its acid water is therefore
exceptionally high. There is available no other comparable analyses
of rendzina soils but it is probable that a similar condition exists in all
such sotls.

An interesting relation is also found in comparing the hydrogen-ion
concentration of the soils with the silica-base ratios of the colloids.
The highly acid soils are the A and B horizons of the Kirvin, Cecil
(16), and Nacogdoches (table 1), with o range between the limits of
3.8 t0 5.3; and the Muskingum, Clinton (table 1), and Marshall, which,
excluding the C horizons, have a range of pH values from 4.7 to 5.9,
Notwithstanding this relatively slight difference in pH values, the
silica-base ratios of the first group range from a minimum of 12.9 in
the surface laycr of the Nacogdoches (pH =5.3) to 29.4 in the fourth
layer of the same soil (pH=5.0). The mean value of the silica-base
Tatios of the three lateritic colloids is 20. The minimum silica~-base
ratio for the other three soils is 7.6 in the surface of the Marshall
{(pH=5.6) and in the sccond layer of the Muskingum (pH =4.8),
while the maximum is 9.1 in the fourth layer of the Clinton (pH =5.4)
and in the fourth layer of the Muskingum (pH=4.8). The mean
value of the ratios for the three soils is 8.2. In these considerations
the lowest layer in cach soil is not included except in the case of the
Cecil. It will be noted also thiat particularly in the Nacogdoches and
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Cecil soils the silica-total base ratio is materinlly lower; that is, the
base content is higher in the surface layer than in those beneath it.
Even allowing for an influence of the organic matter out of all, pro-
portion to its quantity, two inferences are to be drawn. There is no
relation between the base content of a soil colloid and the pH value of
the soil. It would seem warranted also to infer that o distinct dif-
ference exists between the inorganic soil acid of the lateritic soils and
the corresponding complex in seils of higher silica-sesquioxide and
higher silica-water ratios. It would appear that these relationshipa
ought to be clarified through a study of the base exchange and base-
holding capacities of these colloids. This study is already under way.

ERDSIONAL CHARACTERISTICE AS INDICATED BY THE PHYSIGAL AND CHEMICAL.
DATA

The preceding discussion of chemical data relative to these soils
and their colloids does not make any attempt to associnte these data
with the erosional characteristies of the soils, or to include pertinent
material from the tables of physical data relative to erosion, How-
ever, since crosion is the chief concern of these studies, their bearing
on crosion should be discussed. For this purposc the erosion ratio
makes & convenient starting point. Insofar as it has been possible
to check this ratio it is the best single criterion of erosion, and where
information is lacking as to the actual behavior of the soil in the field,
the erosion ratio may be taken as a fair guide to the behavior to
be expected.

The general relations of the physical properties of the Nacogdoches,
Chinton, and Muskingum soils to their erosion ratios and to their
erosional behavior have elready been pointed out (p. 7). It may be
noted further that while the Nacogdoches has a somewhat erosive A
horizon, the field behavior shows that it is somewhat less erosive than
is indicated by its ratio. The character of its colloid is such that it
is very permeable to water and consequently has a low relative run-off
exrept under dashing rains, Tts colloid relatively is nonplastic, as
is 1o be expected from its high iron oxide content {apparently non-
hydrous) and 1its low silien-sesquioxide ratio. This effect of permea-
bility, extending as it does throughout the profile, further accentuates
the effect of low run-off.

In the Clinton profile the high erosion ratio is accentuated by the
low permeability (high percolution ratio) which is in large part due
to the abnormally high silt content. It is also in part due to the
readily dispersible character of the colloid. The cementing effect in
the colloids of high silica-sesquioxide ratio is much less marked than in
lateritic colleids, and is further emphasized by the low colleid content
of the Clinton,

The Muskingum silt loam is the most markedly podzolic of the
erosion-station soils. It is also the least mature of these soils. It
is, however, extensively leached, as shown by its pH values (table 1).
It might therefore be expected to be less erosive than the Clinton.
That it is so is indicated by the verious ratios. It is, however, much
more readily eroded than ought to be expected of a soil having its
general characteristics. It is probable that its exceptionally high
silt content, with consequent stow percolation, is partially responsible
for its somewhat high erosivity. It is also probable that the character
of the colloid, which is readily dispersible, 1s also a contributing influ-
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ence. Below 2 feet the erosion ratio ineroases sharply. Tt is to be
essumed, therefore, that this soil is subject to gully erosion to n
marked degree whenever initial exposure of the C horizon occurs.
The depth of the soil to the parent reck is not great, Indeed, the
description of the Muskingum series indicates that the normal soil
depth is less than the profile investigated. The gully formations
must therefore be shallow. In order to facilitate & comparison be-
tween the physical properties of the soils and the chemical charactoer-
istics of the colloids of the A horizons of all the erosion-station soils
some of these have been brought together in table 6.

TanLg 6.—The colloid conteni and erosion ralio af the A horizens of the crosion-
station soils and ceriain colloid ratios

Colloid per- ) Sllica
cantngo by 8i0s 210,
8ol typa meehenical| RqOs | Total bases| Yatero
anglysls soil acid

Clinton sil lonm
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Muskingun silt Tnam__.
Vernon fine snndy oum.
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Palouse sHL loam
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In table 6 the soils are arranged in the order of decreasing erosion
ratio, as shown in column 2. The colloid content is an index to the
general character of the soil texture. The silica-alumina and silica~
soil weter ratios are indices of the nature of the colloid and the
silica-total base ratio indicates in & general way the extent of
weathering and leaching.

A careful study of the data given in table 6 has revealed no general
relationship between the erosional character of the soils and the chemi-
cal character of their colloids. That there is no readily discernible
relationship is not surprising.  Soil erosion, aside from its dependence
upon slope, character of cover, rainfall, and season, is determined
by the resultant of a large number of factors such as texture, strocture,
and permeability, all of which, while influenced by the kind of colloid,
ere more affected by its quantity. There are, however, certain
relationships which are clear. Theé Clinton silt loam, with its high
silica, high base, and moderate water content, has a low colloid
content. It is relatively tremendously erosive, as compared with
Nacogdoches fine sandy loam, with nearly the same colloid_content
but very different colloid constitution. Again, in the case of the
Kirvin fine sandy loam, the low colloid content permits high erosivity,
as compared with the Cecil sandy clay loam, although the retardin
effect of the colloid in the Cecil is also enhanced by the low silica an
low base content. Such comparisons cannot be made general, since
the relatively small differences between the Kirvin and Cecil erosion
ratios cannot be traced to the same influences. Other like comparisons
might be made only to find that the apparent relationships do not
hold generally. It may as well be admitted that the colloid composi-
tion in itself plays a secondary role in erosion.
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YOLUME WLIGHT AND RELATED PROPERTIES

In pursuance of the study of the physical properties of the soils
from thie zrosion stations it became desirable to know the field-volume
weights of the soils. Several methods of determining volume weight
were tried ouf, and the cylinder method ? of Curry (8) was found to
give results as accurate as the depth vo which the cylinder is driven,
could be measured. However, this method wus not very well adapted
to securing samples from widely separated stations and zetting them
transported to the laboratory for analysis. In lieu of this, aans were
prepared of 24-gage galvanized iron, 3 inches in diameter and 2%
inches high. The bottoms were crimped and soldered on to the sides
8o that they were absolutely flat. The cans were fitted with tight-
fitting covers, These cans were substantial enough to be driven into
very stiff soil without distortion. In procuring a volume-weight
sample by this method the face of the profile is exposed and a perfectl
smooth surface is prepared in the middle of the horizon to be sampled.
The can is forced horizontally into the soil until the inside of the
bottom is flush with the {ace of the profile. The soil is then dug away
from eround the can, leaving a cone-shaped projection of soil in front
of the can. The can is then removed and the cone-shaped mass
trimmed off with a knife until the surface is flat and exactly flush
with the top of the can, 'The cover is then placed on the can and the
joint taped and painted with melted paraffin.

Duplicate samples of each horizon of each soil profile, and in addi-
tion duplicate samples tuken by forcing the can vertically downward
into the surface sotl, werc taken by this method and sent to the lab-
oratory. The samples were collected by the men in charge at the
various stations. The cans hod previousty been weighed and their
volumes measured so that when they were received in the laboratory
the tape and paraffin were removed, the cans weighed and placed in
a2 drying oven at 105° C. for 48 hours. They were then cooled in
o desiccator and weighed, and from these data the volume weight
and moisture content were calculated. Since all of the samples were
taken in duplicate, one of each of the duplicate samples was removed
from the can, rolled to pass a 2-millimeter sieve, and used for the
specific-gravity determination. The remainder of the samples are
being held for further study. The results of the volume-weight
determinations are presented in table 7, column 3.

1 The evlinder was made of gaed grode steel tuhing, 3 Inches in diametor, 0.08 inch thiek, and 13 inches
long; 0.02 inch was machined off tho inside and gutsirle to I inch fram I.he_ cutting uc!gc which was tnPered
from the originnl cutside wall to withio 0.01 inch of the orlgtnal inside woll and casehardened, 'This left
the main eylinder wull 0.04 inch thick. A steel band one-baif inch wilz2 amd ene-alghth inch Lhlek was
ahrpnk on to the cylloder at the wp far the insertian of the driving plng, end to prevent coilapse of the

wall while belng driven, ‘The cylinder was pollshed inside and out and owing to the thinzess of the woll
and the bafle on both the {nside and outside, there was no deteetable amenni of eonpression of the soil,
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Tarre 7.—Field volume weighls of erosion-station soils and relaicd dale
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The soils are listed in table 7 in the order of decreasing volume
weight of the first horizon. This arrangement places the light-
textured sondy soils at the top of the list, with high volume weights,
while the heavy-textured clay soils are at the bottom of the list with
low volume weights. Aside from this, there is no correlation between
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the texture of the soil and the volume weight, or between the volums
weight and the specific gravity. The range in volume weight is

uite Jarge—from 1.01 in the first horizon of the Houston to 1.9% for
the fourth lLorizon of the Muskingum. In 6 cases the surface sam-
ple agrees fairly well with the first” horizon and in 5 cases the diver-
gence s markedly either more or less, the greatest difference being
shown by the Colby—1.13 for the surface and 1.35 for the first horizon.
However, the writers do not place much confidence in the results for
the surface samples owing to greater difficulty in getting uniform
samples at the surface as compared with the lower horizons.

The Nacogdoches and Houston profiles are of particular interest,
The volume weight of the Nacogdoches decreases from 1.62 in the
first horizon to 1.24 in the fourth horizon, while the Houston increases
from 1.01 in the first horizon to 1.62 in the fourth horizon. In the
samne order, the porosity and moisture content increase in the Nacog-
doches and decrease in the Houston, This would indicate that the
Nacogdoches is much better drained than the Houston, owing to
the greater capacity for water in the lower horizons. This may also
aid in explaining the low erosion of the Nacogdoches.

The Clinton, Colby, Palouse, and Vernon soils show the same gen-
eral trend toward higher volume weights in {he lower horizons as the
Houston, although in each of these cases there is one horizon which
is out of order to make a straight gradation, The Marshall, Mus-
kingum, Shelby, Cecil, and Kirvin soils all have higher volume weights
in the first than in the second horizons, and in general the volume
weights of their various horizons are quite irregular.

So far as the writers are aware, the relation between the volume
~ weight of soils and their erosional behavior has not been discussed

elsewhere. It would appear that when such wide differences in
weight appear as are shown by the surface and A horizons of the
Kirvin and Houston soils such difference ought to have an apparent
cffect. on erosion. The soil of the greater volume weight might be
expected to be less readily brought into suspension and, other
things being equal, should settle more rapidly through a wviscous
rmedium. If such result does occur, it is effectively masked by other
relations. The Kirvin is, of all the erosion soils, the most readily
dispersed, and is one of the most readily eroded. The volume weight
of the soils has, however, o very sigmficant importance in erosional
considerations, as will be pointed out later.

The specific gravity of soils has, besides a direct interest, additional
value because of its value in calculating the porosity of soils. The
specific gravity of all horizons of the erosion-station soils was deter-
mined. The usual pyknometer method was employed with water as
a menstrum. The resulting data are found in table 7, column 4. In
each profile there is an increase in specific gravity with depth. This
increase is probably due in large part to the decrease in organic mat-

_ter. Such relation is by no means shown with the volume weights.
The soils differ materially from each other. The greatest specific
gravity is shown by the 72-inch sample of the Nacogdoches fine
sandy loam, 2.99. 1t is of interest to note that the volume weight of
this [ayer is but 1.24 and is the lowest volume weight for the profile.
The lowest specific gravity of any of these samples is shown by the
surface samptes of the Clinton and Shelby soils. While it is irue that
in gencral the more highly weathcered soils have the highest specific
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gravity, there is no direct relation detectable, sither with the quantity
or character of colloid. It is of passing interest to note that the cor.
ventionally used mean spacific gravity of soils, 2.65, is fairly well
maintained by these 11 profiles, the mean valvue being 2.71. The
mean value for the 22 samples representing the upper horizens is 2.66.
From the data cn the field volume weight and the specific gravity
the porosity of the soil may be caleuiated. The porosify is def%ed as
the percentage by volume of the soil which is unoccupied by soil
articles. Tﬁis space may, in the field, he occupied either by air or
y water or partly by air and partly by water. ’F‘he formuls used for

the calculation is:

6—Sé>< 100 =porosity,

where S=specific gravity and A =volume weight, (apparent specific
gravity). The resulting values are in column 5of table 7. The poros-
1ty range in the 11 proiiles is between the limits 29.7 percent for the
surface sample of the Kirvin fine sandy loam and 61 percent for the
surface of the Houston black clay and 61.9 percent for the A horizon.
There is no uniform behavior of the soils’ with respect to porosity
within each profile, although in general tho relation holds that in-
crease of colloid content is accompanied by increase in the porosity.
There does not appear to be a quantitative relation.

In column 6 of table 7 are given the moisture content of the samples,
as Teceived from the stations. The men in charge of the various
stations were requested to collect these samples wﬁen in their judg-
ment the soil was a$ its maximum field carrying capacity; or, as soon
after the winter rains as the soil could be considered as having been
freed from gravitational water and not appreciably dried by surface
evaporation. It was not possible to meet this condition in every
case, nor in all cases within a single profile. In eneral, however, the
moisture percentages represent the normal field carrying capacity
fairly well. The data in column 7 are in weight percentage.

In eolumn 7 of table 7 is presented the calculated moisture content
at saturation in percentage by weight. The quantity is obtained by
dividing the porosity by the volume weight. This quantity repre-
seits the percentage by weight of the moisture in the soil when all
the pore space is filled with water. It seems to the writers that this
value gives a botter expression of pore space than does porosity, since
soil workers are, as a rule, more Euni]iar with weight than with vol-
ume relations. For example, the 54-inch sample of the Muskingum
soil has a porosity of 32.7 percent by volume and a moisture content
of 16.3 percent. This relation does not make a{:ﬁa,rent at a glance fto |
what degree the soil approaches saturation. e saturation-weight
percentage in column 7 is 17.5 percent and consequently since the
semple contains 16.3 percent it is very nearly saturated. Indeed, it
18 probable that under field conditions & soil is practically never
saturated in the sense that no part of its pore space is oceupted by
gir. The nearest approach to saturation in this sense in the series of
soils under examination is the 40-inch saniple of the Kirvin fine sandy
loam, which contains 30.7 percent moisture or 92.2 percent of its
saturation capacity.

In connection with the work of the erosion experiment stations it
18 desired to express the rate of erosion in terms of the periods of
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time required, at a given rate, to remove the A horizon partially or
completely. What is measured is the tons of material per acre. In
making such calculations it is usual to use an arbitrarily selected
mean value of 4,000,000 pounds per acre-foot, or 2,000,000 pounds
for the plow depth taken as 6% inches. It would be better if the
actual weight per acre-foot for each soil were known, or, perhaps more
convenientiy, the weitght per acre-inch. In table 7, column 3, 1s given
the volume weight of esch portion of the soil prefilea and from this
may be calculated thé weight per acre-inch. The formule used in the
calculation is:

16.3872 X 144 X 43,560
453.59 X 2,000

=113.3 tons,

in which 16.3872 is the number of cubic centimeters per cubic incli,
43,560 = the number of square feet per acre, and 453.59 = the number
of grams per pound. ‘An equally applicable formula is:

62.424 X 43,560 _
15X 2,000 113.3 toms.

The value 113.3 tonsis the weight of an acre-inch of water and therefore
113.3 X the volume weight {apparent specific gravity) is the weight
of an acredinch of dry soil. In column 8 of table 7 are given the
resulting weights per acre-inch of each profile sample. .

Tt may be questioned whether these calculations are based upon an
adequately accurate volume weight. It must be conceded that they
are more satisfactory than an arbitrarily selected average figure. 1t
will be seen that they range from a maximum value of 216.4 tons per
acre-inch for the 32-inch sample of the Muskingum to 114.4 tons for
the 4-inch sample of the Houston. Also, the variations between suc-
cessive layers are so great at times as to make somewhat doubtful the
estimation of the weight of an acre-foot. It is interesting, however,
to note that if we take the mean value of the surface and A horizon
samples and multiply each by 12 the extreme quantities sre 1,386.6
tons or 2,793,200 pounds, and 2,447.4 tons or 4,804,800 pounds per
acrefoot. Yetif we take the mean of all the corresponding values for
the 22 surface samples (the surface samples and the A horizon) the
value per acre-foot becomes 1,876.56 tons or 3,759,120 pounds per
acre-foot. When it is considered that the erosion station soils do not
represent sands at all, and also not the extreme organic or highest clay -
soils, the results are a good confirmation of the conventional 4,000,000
pounds per acre-foot,

An additional point of interest is the fact that the A horizon of the
soils is a varinble quantity and therefore the quantity in tons repre-
senting the removal of the A horizon by erosion will vary not only
with the soil weight per aere-foot but with the depth of the horizon.
It is perhaps not essential to carry out calculations in full to show this.
An example will suffice. On the basis of the above data the A horizon,
or surface soil, of the Kirvin fine sandy loam, with a depth of 12 inches,
represents a soil weight of 2,352 tons per acre, while the Cecil sandy
clay loam, with an E horizon of but 6 inches, represents a weight of
butb 986 tons, and the Houston black clay, depth 8 inches, represents
915 tons.
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SETTLING YOLUME AND RELATED PROPERTIES

. When soils are thoroughly mixed with a small excess of water and
allowed to stand for 24 hours or mors, they settle to a definite volume,
leaving a clear supernatant liquid or one faintl opalescent with
colloid. This volume is greater by far than the field volume of the
dry soil. In 2 study of l:%is soil property, which has been called the
settling volume of soils, of the erosion-station soils, it was noted that
the volume was quite different for the various soils , When eomparisun
was made under strictly comparable conditions. A report upon this
property of the erosion-station soils has been made by Middleton and
Byers (15). The essential portions of this bulletin, together with
certain additional data, are included in this discussion.

Ths settling volume Is defined as .be maximum volume that a given
quentity of soil con maintain in an excess of water under specifie
conditions. The water content of the soil at the settling volumeo has

FIGURE 1.—Satt!lnl.z voluies of A horfzons. 1, Klrvin Aos sandy loam; 2, Vernon flne sandy jonm; 4,
Cecil sundy clay loam; 4, Shelby silt ionm; §, Palouse silt loam; 2, Colby silty clay lommn; 7, Murshall silt
loain; 8, Houston Llack clay.

been designated as the water-saturation capacity, This quantity
obvigusly represents the maximum water content of a soil-water
equilibrium system.

The settling volume is determined as follows: A quantity of air-dry
soll, equivalent to 50 g of oven-dry soil, is placed in a 250-cc bealker and
35 to 40 cc of water is added. The soll and water are vigorously
stirred and the beaker placed in a vacuum desiccator and evacusted
until the mixture boils vigorously. The mixture is poured into a, 100-
cc graduate, with the minimum quantity of water required for rinsin
the beaker. The resulting volume is usually about 90 cc. The grad-
uate is covered by the palm of one hand and shaken vigorously. It
1 then set on the table, the inside washed down with a finé jet, of water )
end the volume made up to 100 cc. The suspension is allowed to

6§1800°— 44
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stand for 24 hours, and the soil volume noted, The graduate is again
shaken and allowed to stand 24 hours, The process Is repeated until
a constant volume is reached ; this obtains usually after 3 or 4 shakings.
The volume is noted to the nearest 0.5 cc. Duplicates agree within
1 cc and the difference is seldom so great. The line between soil sus-
pension and water is very sharp. Oceasionally there is a suspension of
colloid of small magnitude in the supernatant liquid, but when it finally
clears, the flocculated material seldom changes the volume by more
than 1 ce.  On long standing, indeed for several weelks, the volume of
the suspension does not change materially.

An illustration of the rolationships shown by different soils when
treated as described is shown in figure 1.

The sattling volumes of the first 2 horizons of the 11 soils were care-
fully determined. 'The results are found in table 8, column 4,

Tn table 8 the soile are listed in the order of inereasing settling vol-
umes of the A horizons., This
places them practically in_the
same order as in table 7, where
they are placed in the order of
decreasing volume weights of
the first horizons. Included in
table 8 are the colloid content
by water-vapor absorption,
(column 5) the moisture equiv-
alent (column 6), and the water-
saturation capacity (column 7).
This last quantity is caleulated
by subtracting the absolute vol-
ume of the soil from the settling
volume and dividing this differ-
ence, which numerically corre-
e gponds to the weight of the

HofTons water present, by the weight of
the soil. The quotient times
100 pives the “ water-saturation
5 o5 e 4 capacity’’ expressed in percent-
VOLUME WEGHT AT SETTLINO YOLUME (GRAMS PEA CC)  nge, This term may not be well
Fiaune 2—Telation of okl votarus welght to voliane chosen beceuse of its similarity

to the term “maximum water-
holding capacity” asused by Hilgard, butno better term has oceurred
to the writers. ~In column 8 is given the volume weight of the soil in
suspension. The quantities are enleulated by dividing the weight of
the soil by the settling volume. They represent the minimum volume
weizht the soil is able to maintain in the presence of water. Since tha
field volume weight of the soils represents an approach toward this
condition, the field volume weights of the corresponding horizons, as
given in table 7, are also given in column 9. The field volume weights
are in every case much higher than the minimum volume weight of the
soil in suspension, yet thers is a rather close correlation between the
two values. This relation may be brought out more clearly by plot-
ting the dato as in figure 2.

In figure 2 the field volume weights are plotted as ordinates and the
settling volume weights as abscissae. Woere the correlation perfect,
these points would, of course, lic upon the same line. They do not,

2.0

FIELO-VOLUME WEIGHY (GRAMS PER CC)
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but the deviation is not great. If 2 median line be drawn betweon the
points it will be observed that all of the A horizon points, except one,
are on one side of the line, while all the B horizon points, save one,
are on the other side, This occurs because in all cases, except the
Houston, the settling volume of the A horizon is more dense than the
corresponding B horizon. This is probably owiug to the fact that the
B horizon has a greater colloid content than the A horizon. In the
field, volume weights of the B horizon are sometimes greater and some-
times less than in the A horizon. In this connection preliminary
experiments in this laboratory indicate that repeated wetting and dry-
ing of solls under certain conditions produce a maximwn volume
u}hicﬁ, at least in some soils, approaches closely the settling volume
1 30l1ls.

If, in & similar manner, the relation between the settling volums of
these soils and the colloid content (column 5, table 7} is considered, it
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is to be observed that in general the settling volume increases with
the colloid content. The correlation is far from quantitative, as indi-
cated by figure 3. .

The divergence of the points from any specific line is quite marked.
It may ﬁro erly be concluded that some other and quite definite factor
than colloid contont, is of moment in determining the settling volume,
although unquestionably the quantity of colloid is of considerable
impostance.

he moisture oquivalent of soils is a property of seils which, while
Yargely dependent upon the kind and quantity of colloid is considernbly
modified .by the gemeral textural composition, Inspection of tha
settling volume va%ues (column 4, table 8) as related to the moisture
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equivalent ‘again indicates a general correlation. If these values are
plotted, as before, the result indicated in figure 4 is obtained.

TABLE 8.—Seltling volume of profile samples

Volutne|
Collold :
by Mois- Waler | weight

. satura- | of soil | Fleld
‘;;':’fnl: et'igli?m- tlon § in sus- | volume
ahsorp-| Jont capac- {pension | waight
ticn ity |ondry

basis

Soil type and Jecation

Grama
Percent| Percent

&
(= 1=}
8

D

Eirvin Ane sandy lozin, Tyler, Tex. ...

Vornono flne sendy loam, Guthrie, Okla.

Nhcogdoches flne sandy lonm, Tyler,
Tex

Clinton 5ilt loom, Lo Crosse, Wis_
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Cecil srudy clay loam, Statesville, N.C..
Muskiogum silt luam, Zanesville, Ohlo. .

Prlouse silt lpnun, Pullman, Wash. ...
Colby siity elay lonm, linys, Eans
Marsboll silt lonm, Clarinds, Iowa.

e
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}Sheihy silt loam, Bethany, Ma
)
}
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Houston black clay, Templs, Tex gg}g

It is obvious that 8 much closer relation exists between the moisture
aquivalent of the soil and the settling volume than with any of the
other properties considered. There is still something lacking for
satisfactory results, though
it seems clear that the quan-
| tity of colloid is of major
7 importance. )
&"/ In order to determine

whether the character of the
A o colloid is of any moment in
7 determining the settling vol-
BE © ume of the soils the colloids
a
[y
1

e

o
£

of 9 of the erosion-station
surface soils were obtained
/ and their settling volumes

determined exactly asforthe

SETTLING vOLUWE OF 30 G OF 30IL

S Z soilsexcept that only 10 g of
/ o surrace sona| colloid were employed. The
V4 A8 noxizons quantity of colloid is not
% important in showing rela-
O i gy @ (e olling volumes, us n
FicuRe 4.—Reolation hetwean moisiitre equivalont nnd set- loam. Samplesof tlliS (‘.OHOid
1liug vohune. :

of 5, 10, and 25 g were. used

with 100 cc of water, and the settling vohumes obtained were 11, 21.5
and 53 ce, respectively. The results obtained with the nine colloids used
are found in tabie 9, together with their specific gravity and the silica-
sesquioxide ratios, From the settling volume and specific gravity of

>
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these colloids the water-saturation capacity and apparent specific
gravity (volume weight in suspension) are calculated.

TapLe 9—Settling volume of colloids from the A horizons of the eroston-slation
seils eud related properties

li Wat \’t;it]]]t{le'
Sillen-ses- ater-sat- | we ]
%%E’HQ“ Smﬁ;?c niilexide uration | seil In sus-
alimg Fravity ralin capucity | pension on
dry hasis

Buoll from which colloid was extracted

Pereent
12

=3

Nreoploches fine sanidy lomin
Cectl sanddy clay loam

Kirvin fine sandy lonm .
Skelby silt lpnrn - ... .
Palouse silt lgams., ... ...
Marshall silt loam

153
147
137
183
182
187
208
i)

i k]
Mg-hf.'- >

o832

Colby siliy elay loam... ’
Houslen hlack eluy | ..

13RSI N 191310 1D

The data of table 9 reveal at onee n definite relation between the
compositien of the colloids, us shown by their silica-sesquioxide ratios
and their settling voiumes. The colloids of the lateritic type are in
general of low settling volume and the high silica-sesquioxide ratios
have greatly increased water-saturntion capacities. The wide varin-
tion of the different colloids in respect to settling volume also indicates
a dependence of these volumes upon the character of the colloid and
consequently their effeet upon the settling volume of soils. When
an attempt is made to establish a definite relation by plotting the
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Flouste 5—Nelation af the settling volume of the ealleids to thelr silifcu-sesquioxide ratlos.

settling volume relations against the silica-sesquioxide ratios, the
results are as shown in figure 5.

It is quite clear that while the settling volume of the colloids is,
to a degree, dependent upon the compesition of the colloids, yet that
composition is not whol} expressed by the silica-sesquioxide ratio.
That a relationship exists hetween the composition of colloids and their
water relationships has already been pointed out by Anderson and
Mattson () and the nature of the differences in composition giving




30 TECHNICAL BULLETIN 430, U. 5. DEPT. OF AGRICULTURE

rise to these differences has been discussed by Byers (7). The data
on water of composition of the soil ncids given in tables 4 and 5 are
noé sufficiently accurate to be used in this connection.

It may then be concluded that the settling volume of the soilsis a
soil property which depends in part upon the constitution of the col-
loid, the quantity of colloid and upon the other textural properties.
It seems at present impossible more closely to define the contributing
influences,

The relation of the settling volume to the water-safuration capacity
has already been mentioned {p. 25), and the value has been determined
for the 11 erosion-station soils. The water-saturation capacity repre-
sents the greatest quantity of water which may remain in equilibrium
with the soil. This quantity cannot, of course, be found in any field
sample but the condition represented by it must be approachied when,
under very heavy rain, the surface of a soil renches the condition de-
scribed by the term "“quagmire.” It must also be similar to the situ-
ation which obtains at the bottom of still ponds into which eroded
material has been discharged. The relation of this soil property to
certain other soil-water relations which have been determined for
these soils is of particular interest. It is perhaps best shown graph-
ically as in figure 6.

The soils in figure 6 are arranged in the order of inereasing water-
vapor-absorption values; that is, in the order of increasing colloid
content of the A horizons, The spaces between successive soils are
not proportional to any quantity but are arbitrarily made equal.
The percentrge content of water at the moisture equivalent, maximum
water-holding capacity, and water-saturation capacity of the same
horizons are then plotted upon the perpendicular axis. The sucees-
sive velues are connected by straight lines. Also in the figure are
included the watersaturation capacities of the colloids of nine soils.
The corresponding figures for the Vernon and Muskingum colloids
are not avuiluble at present.

An inspection of the graph (fig. 6) for the soils mukes very clear
that in general the same influences determine all the water relation-
ships. It is apparent that both the composition of the colloid and the
texture alect the water relationships. Perhaps the most interesting
feature of the graph is the abnormally great influence of the colloi
of the Clinton silt loam.

That the settling volume of soiis and colloids and the water-satura-
tion capacities are real and determinable soil properties is abundantly
shown by this graph and the data from which it is derived. How
useful they can be made in seil study and interpretution remains for
the future to show.

PROPERTIES OF COMPOSITE PLOT SAMPLES

In the previous report (16) are given the data for the composite
plot samples of the Houston, Cecil, Kirvin, Vernon, Shelby, and
Colby soils. Herewith the data are given for the Palouse, Marshall,
Nacogdoches, and Clinton solls. This completes the series except
for the Muskingtim, the samples of which have not been received.
As in the previous case (J6) these samples were subjected to the fol-
lowing determinations: Colloid by water-vapor sbsorption, moisture
equivalent, dispersion ratio, and complete mechanical analysis. From




31
quivalent
ge value of

AXIMUM WATER-HOLDING

The avera
APACITY

each determination for all the plots (except desurfaced plots) at ench
WATER-VAPOR ABSORPTION

WATER-SATURATION
~CAPACITY OF COLLOID
] FRACTION
MOISTURE EQUIVALENT

N

WATER-SATURATION

CAPACITY
M.
c

A e e oy R L e St \\&N\\x\\\_ﬁ A e T e NOLSAOH
.“—N\\\\\\w”\.\“ \\\“\ \\\\\\+\\u\\“~\|“%\\vﬂ\\%\w\k a_\..\\\\\\\ﬁ\“\x\\&/\\“\ .w\ \\.ﬂn\\\ ||||| TIVHSH Y
A 2 A T A D TR LT DT D e N e A — — = == 43702
f..!ﬂ\w\\_h\\\m\uﬂ&mx\\ww__“ E7 “&T\\ Z5 _ﬂ\\%\\ _\..\N\\\\‘S\\\\v\\_\ \hu,w\\n_\\\\wv ——----2SN0Tvd
N e i e e T e ; AETIHG
:;M_Mnuﬂm_ﬂwmunm%n“muﬁ:l L_- \/\\N\m\\“ﬂw\}\\ﬂ\\\“ﬂ\%\\& ~=—~HMONIHENA
bz A e e -~ = == 232

[ [ ~.1
/m.\_\\\\\\_\\\hm\_%w\%\ P 205w
T T NOLMITD
. , | N T | =,
M\\N“A\\\\\_\\AN —- ————NONN3A
:ﬁ\\\\\ﬁ\h\\ s L NI

[=] o c o L= =] =]
o N [a] L] w b d

(N3} wIvm

y were calculated. The data for the

four soils are given in tables 10, 11, 12, and 13.

puted for each horizon, and the standard deviation

and the coeflicient of variabilit

Ficuke 6—Water relatlooships of Lhe eroslon-siution solls.

S0IL8 FROM THE EROSION EXPERIMENT STATIONS

the results of these determinations the colloid-moisture e
240,

ratio and the erosion ratio were ¢alculated,

station was com




y Hnb:

198784300mﬂg757
do . .

853631054247628
HOIlllllllllll]

ic matter b
in horizon

SRR RR S Roo e ® |
RLLLLL].LZZ].L].LL 1
i

Erosion ratio in horizon—

Organi

=l TE NS
S i 3
a8 HE i

.60

in

+
ABRS

.830369—1356144094

<0.002 mm in

orizon—

equivalent

hy
horizon-—

i

Ratio of colloid to mois-
ture

Callo

N

3] 97-[
%333 MMM

nmmwmmmn
A e
SNAENSYS
[ E=E R ER YT
S2SAHES]

horizon—

Sl
P3
56614487987853.3

Clay in horizon—
Dispersion ratio in

64.0 27

Pet.| Pet.

mawammwamma REFEE mmmzrmm
641505885]831406

SEE
8538

horizon~~

Pct Pct Pet.| Pet.

=
Q
-
™3
=1
&
Cl
a
=
@

Moisture equivalent in
1

- OND S
ibedelalidade
b oh

Pet.

35.8| 30.4] 30.8 25.
104

641«.27404

. Pct Pcl. Pet. | Pct.

Sand in horizon—

Colloid by water-vapor
absorption in horizon—

TasLE 10.—Analyses of plot composite samples, by horizons, from Palouse silt loam !

+
'
.
x
s
.

B0 P Cncmaaiamcnann . ami et

Standard deviation

Avera;

Coeflicient of variabilit;
P




.8 2.

9 21

wesec] 20.5] 19

ERER/RESS
=k
ZREZR]EE
(IR I I O
S82355%

P IR IR
o et e et e

SBERES (X
rRehr bt i

DN

i

R LGEY
SREIRESNE

=

o0 =T N

Aasiss is

SRR

I~ 0000 = 00 O N a0

NEENSSLE
OOV NDD

88884548

=
:
A5 I8

ey

R RS

RIS T L0 W B

KREANNR

10
[

9..

D {1 S
148

158....

(2 (00

Av

Standard deviation....

2

Coefficient of variabilit.

yses by H. W. Lakin and T. M. Shaw

ple.

plot.

g plot.
esurfaced and refilled to original level, 1932.

T Average does not include pl'_ogle sample or desurfaced plots.

1 Mechanical anal
2 Profile sam;

3 Short

¢ Lon,

8 Desurfaced plot.
8Dy

EXPERIMENT STATIONS




34 TECHNICAL BULLETIN 430, U.§. DEPT. OF AGRICULTURE

DI O D= Oy

R A el

orizon—

HWOWS I~ =™

godgagsisdd g~

(VMO OCRO W

¥ OO e =D D | 300 08
PZZZZZZZZZL

SR RSP I el

in horigon—

DS OMN M

o NDWON+rCO (|oww
P333232322
k>

rsganaag ||

W=D S NN
P R R R R N

Organic matter by H20:

Erosion ratio in b

JRNMUMICO DWW

AENREHNEEER

.2694]:16022

RRdsgdEgds

mn

(= R R R e R R

— =
RR2RRASEES

-t e o -

HEONmTOwOwn
PM sdddddgg

d.495677-l49

RHRSSRARSER

TR RS

O P g o gy ot e

et ot o

2888588

ol et =t Xt ot ot

Colloid <0.002 mm in
horizon—

Ratio of colloid to mois-
ture equivalent
horizon—

.5991881523

Segszgy

89703‘;1628

Pwawww 348

8281101432

Moo MmOroN

“risinAs gy

§ 71 000N 1500 00 60 113 €13
3 odisSal
%%% R LR

SISO O™

=B EE

rsion ratio in

horizon—

Clay in horizon—

z924hasang b
gRHGARENT |

‘3498550534

Dis;

§ Average does not include profile sample or desurfaced plot.

# Desurfaced plot.

.31985-!936

JRANWITNT DT

LR
o9 qewreen
LESEgRSgEE s

04624]-[-1-'

Rl Y T
PNZQQZZZQZZ

MMM MMMMmMm

d8—182~1585-lo

o ot ot O et et ot O 3
AEEmtnmnme

Silt in horizon—
3 Short: plot.
i Long plot.

d.lju.sad.ul-ln,_z m
[=¥=3~] H
il u

Moisture equivalent in
horizon—

I HOOOMNNOO
e e e

P&llllnal —-—

.40068181.{9

Pzwﬁsyswuw%w

l872-l4529]

jRONSN~rO DR
eFrted et

310 O 1D 1= (DD wop
Al - jSussgs
o™ MM

Sand in horizon—

Yoo w
PZZZZLLZZL

Colloid by water-vapor |
absorption in horizon—

T ¥
1 '
1 3

g
3
S
-~
=
)
=~
S
5
S
.y
e
g
<
m
S
N
£
<
-~
=
~
3
O
o~
8
g
5]
L]
=
%
<
2
g
[~
<
-~
3
~
1Y
®
o
©
b4
=
~
=]
&
AM
-
L]
2]
o1
=]
«
B

! Mechanical analyses by H. W. Lakin and ‘T, M. Shaw.

1 Profile;sample.

Average$, .
Standard deviation

Average$
Standard deviation.....

Coeflicient of variability ... . oo wmseesiceronacsasd 130
Coeflicient of variability. ..cicmimicenw




TaBLE 12.—Analyses of plol composite samples, by horizons, from Nacogdoches finic sandy loam !
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These datsa indicate that the plot samples of these four soils, like
those of the six previously studied, are characterized by a high degree
of uniformity. The differences in many cases are probably well
within the experimental error. The only case where any distinet
lack of uniformity is shown is in the fourth horizon of the Clinton.
The first four plots contsin much more sand in this horizon than do
the rest. These differences sre also reflected in the silt, clay, and
colloid content, but not to as great an extent. Differences appear
also in the other soil propertics. It would appear that the soil depth
18 less in the lower numbered plots than is the case with the remainder
of the plots,

The plot samples compare very satisfactorily with the original pro-
file samples in all cases, particularly with respect to the colloid, mois-
ture equivalent, and mechanical analyses. The dispersion and ero-
sion ratios are quite similar in the Nacogdoches and Clinton but are
at a greater variance in the Palouse and Marshall, particularly in the
second horizon of the Marshall. Since the plots are very uniform in
respect to these determinations, the only way the writers are able to
neeount for these diffevences is by assuming that there was a struc-
tural difference hotween the profile samples and the plot samples, or
at least a structural difference caused by scasonal variation in the
times of sampling.

The surface of the desurfuced plots (listed in the tables as the second
horizon) agrees very well with the corresponding horizon of tho normal
plots in a%l cases except plot 16 of the Palouse. This plot, while
classed s n desurfaced plot, is unlike any other plot at any of the
stations, in that it was desurfaced and then refilled with clay from s
nearby outcrop. The normal desurfaced plot (plot 14) was Tound to
give unsatisfactory results, owing to the accumulation of snow during
the winter in the place from which the surface soil had been removed.

The coefficients of variability ave, in genceral, very low. The notable
exceptions are in the fourth horizons of the Murshall and Clinton,
In both of these cases the largest coeflicient of variability is in the
percentage of sund.?

In order better to compare the uniformity of these soils the coeffi-
cients of varinbility have been nveraged foreach horizon of each soil,
and are shown in table 14.

Tanue 4—Average * cooflictents of surinbitity of composite ot sameples

Naeng-
doches
Nna
sunily
foam

Pabonse [ Marshadl | Clipton

Harlzon s ean | slit lonm | sil Jonm

S

2.

AVEINge oo L. L.

 Coclticlunts of variability for organle mutier ora not incleded.

# Inail eases Lhe standard devialion of the organie watter Ja relalively vory low, bul owlng Lo tho very low
percentage of orgunic malter, espeainily in 1he lower hortzons, the eceMolant of varlahility is bigk snd, In
this and the following «iseussion {tublo 14), hns 1ot been considered,
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The Nacogdoches hans the lowest avernge coefficient of variability
for these four soils and also for the entire series (16, p. 42). However,
the Nacogdoches has the smallest number of plots (four), and conse-
Guently represents a smaller area. The Marshall is next in uniformity
to the Nacogdoches, and just above the Colby (5.2) in the previous
series. The surface horizon of the Marshall has the minimum coeffi-
cient of variability for any horizon of the whole series. In the previ-
ous series the lowest coefficient of variability was given by the second
horizon of the Houston which was 4.7. In this series this figure is
equaled or exceeded by the first three horizons of the Marshall and
the second horizon of the Nacogdoches. With the exception of the
fourth horizon of the Clinton and the Marshall, as previously men-
tioned, all four of these soils show an exceptionally high degrec of
ubiformity.

RUN-OFF AND EROSION DATA

The erosion-station plots were established [or the purpose of study-
ing the effect of water in producing erosion under different conditions
of cover and cultivation. The laboratory investigations in connee-
tion with these plots were organized primarily to discover whether,
ns eresion proceeded, marked changes are produced in the character
of the residual soils. For future comparison the profile composite
samples were collected and the fundamental physical properties deter-
mined and placed on record ((I6, pp. 36~-41), and tables 10-13 in this
bulletin). The annual composites from ecach plot are taken to a uni-
forin depth of 7 inches and subjected to a like examination. If mate-
rial alteration of the soil surface is effected as a result of crosion, the
results of the analyses, when compared with the original profile com-
gosite analyses, should reveal the cxtent and character of the chinnges.

uch comparisons, as well as those made with the corresponding data
on the material removed under various cover and other conditions,
ought to give information concerning the modes of prevention of
erosion, 1t is not to be expected that marked changes would appear
within a period of o few years only, but the course of operations inay
be followed by annual examination. 1t is also possible, by such lab-
oratory examinations, to establish comparisons between the soils at
the different stations, The station first established is at Guthrie,
Okla., and began operations in 1929. The station most recently
established is near Zanesville, Ohio, and began operations in 1933.
Sufficient time has not clapsged to give adequate data for tinul con-
clusions.

Run-off and crosion date are now available for one or more years
from 7 of these stations and for 8 of the soils. No date are yet avail-
able from the Pullman, La Crosse, and Zancsville stations. The
samples submitted hy the stations of the dissolved solids obtained b
evaporation of the run-oflf water have been so small and so contami-
nated by colloids that no analyses have been made, The annual
composites (p. 2) have been examined by the sane methods employed
for the proﬁII)e composites. The solid material removed by erosion

from each plot, the wash-ofl samples, have also been examined in
exactlr the same manner. The results of these examinations are
it

brought together with the data for the profile composite samples in
tebles 15 to 22, inclusive. In order to make clearer the significance
of the data presented in these tables it should be mentioned that at
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each station the plots are subjected to a cropping system such that
some plots are subject to severe erosion each year. Other plots are
protected, so far as possible, from erosion, Some are subjected to
rotations, so that the amount of crosion varies from year to year, In
addition, one or more plots are desurfaced in order to expose the B
horizon to crosion. In addition to these variations, the fertilizer
- practice is different at the several stations.

It should also be noted that the wash-off samples have been collected
at different times during the year and have been repeatedly oven-
dried and rewet. This entails considerable segregation of material
and aggregation of the colloid fraction, This segregation may readily
be observed by inspection of the samples. It might have been antici-
pated that the wash-off material would be readily dispersed. As o
matter of fact, the treatment to which it has been subjected leaves it
readily dispersed but the original structurs of the soi{ is completely
destroyed. This {act makes the comparative value of the dispersion
ratio doubtlul, and, in consequence, the erosion ratio has not the same
signifieance as it has in the uneroded soil.




TaBLE 15.—Analyses of annual composite samples and wash-off of Vernon fine sandy loam al Guikrie, Okla.; and related data 1
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['Total rainfall 33.66 inches in 1930; 29.2 iriches in 1931; 37.4 inches in 1932; slope 7.7 percent]
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TABLE 16.—Analyses of annual composite samples and wash-off of Kirvin fine sandy loam at Tyler, Tex.; and related data!
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[Total rainfall 36.1 inches in 1931; 46.71 inches in 1932; 8.75 percent slope]
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TapLe 17.—Analises of annual composite samples and wash-off of Colby silty clay loam, Hays, Kans.; and related dala?

[Total rainfal!1.39 inches in 1931; 20.63 inches In 1932; slope 5§ percent]
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TanLE 18.—Analyses of annual composite samples and wash-off of Houston black clay at Temple, Tez.; and related data !
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[Total rainfall in 1931, 25.17 inches; in 1932, 31.25 inches, slope 4 percent]

Colloid Ratio of
bt Disper- tcolloig Erosi Colloid Org&x;irc R Erqsiog

water- 5 0 mols-{Erosion ma un- |perinc

vapar rszll(t)i':) ture | ratio <1%g’2 by off {ofrun- Crop treatment

absorp- equiv- Hi0: oft
tion alent.

Plot no. Sample

Tons Tons

Percent Percentj Percent! Percent per acre| Percent i peracre
23.9 62.9 44.2

24.7 63.1

28.0 62.6

24,2 61.8

25.9 63,4

—
2
@

2

4.9 5.7 3.4
19.8 13.0 4.9

@
=

g

PNEREEOReRCHSH

o
=

BREE88
]
~
o

Profile composite.
1931 composite..

SoRNQ®T

82

B e BN e

L5 5.3 L1
20.6 10.5 6.3

31
28
31,
30,

-

oy

.

SR8588

;
Pﬂg?
——e PN ROE DSBS

sEBBEEs

DI 000 Mol DLl SWONMNOONO—OD~IPL~]

2.5 5.2 1.9
18.9

A

NS

:

o4
BRRL

GrEEREoBoBEpEsNER

_
»

™ [ >
BREEEEREE

v

8t € 2
8

.8

B it g e e e e e e

wmwwwv—emmwwuaomo»cmma

g

“Trace Osts (green manure).

[
hel
N

LEARAFAFAL YA [ XY
EREHRERBEN
(]

PO = 1S S NI OO R = S e 13 = D O 08 O3 2 N T 00 e 1D O3 e ]

1932 wash-off. .. ...
Profile composite.
1931 composite. .
1931 wash-off.

1932 composite.

1932 wash-off

Profile composite
1831 composite

1031 wash-off. -
1032 composité.c . .-cun
1932 wash-off .
Profile composite......
1931 composite

1931 wash-off....

1932 composite.

1232 wash-off

=
wn
0D ng0 00
DN S WN SO~ UW D N lelo~IWBREO®m~

O

SMSHRURTLRRCENO=RDINTIOCORO

.0 . Corn.
.3 Oats.

BRESREEREERERSEERBER
[
&
&

Bolen

Pr o, PRRREPDPPRE- PP, PREEeg

PEEIT
e e

P
RaOBOOV =t O WO =GO

Bermuda grass.
Do.

2 BRBRIRIIRHBVEBEBN

©
Sl Oi ¥ OO0 =W

gl

FUALINOIEHY J0 "LdEd '8 ‘N ‘08 NIIATINE TVOINHOHEL

— b gt 03 83 e
WS B koo
retmini B SPNNOONWA—EORW KOSt e WO St =it

Cotton.

Corn.

OOt

-
=

SowNo] @ wSoEs

£

BaBS~t
ERBR
SRBER

= OCIe a
P,



http:1932,31.25

Profile composm,-..-..
1931 composite....
1931 wash-off......

<4
"
.

(23

22

EBERw
ﬂﬁcm
nd
=

T WO
+e

12

00 e S D 1t &2 e S ] b me TR e e C3 (9 w2 VAT OO

Ii a2t id

gopneEs

X3
I
G SO S i e DHUIIC: = O~ 123
i
x4

IS e = WO e b D IO e N UG LIS~y D Ot

—

[
r1wSnFo

Oats (green manure).

b

t
prEs e

[ Aagnd
==

site.
1932 wash-off. ..

MWD QT IS — &)

YT

1010,

Cotton.

— s

1931 composite.
1931 wash-off ...
1932 composite.
1932 wash-otI.

Corn.

“

Fofier
NEw
- P,
OO | COWRHEDCNMOIST 1S S S ki — oo

(]

Oats (green manure).

|’ o3 e ol
BREEsSHER]

=34

Corn.
Oats.

1970000 N M S en it DB e

et mEoe
FOXTUO [ OB O RS~ S

1932 compeosite. ..
1932 wash-ofl.

§

SRIEIERGRERR2aDERD

I‘i\—-mh‘
tntmt ety
BR800ty

BEzE2| 858

[
-

-
S
Bt

—
oo

Average S.....

gep

1932 composite.
1932 wash-off_._.

SOWNO | WSO WO i

BEERE | Brggmpgeneng
OMTWOW | IS | NS
.

HEERE
& bt 1 O e
RRATAR
it alatad ol By

S
R s RN EAT ]
gREaR
PN,

! Mechanical analyses by H. W. Lakin and T, M. Shaw.
1 Short plot.

3 Long plot.

‘ Desurfnced plot.

8 Average does not include desurfaced plots.

Note~Profile composite samples taken to s depth of 10 to 12 inches, except desurfaced plots, which were sampled. to a depth of 7 inches.

2}
o
B
[+ 2]
ey
g
2
o
=
=
5
S
2
2
S
al
e
g
2
2
=
3
3
bt
S
/]



http:ll.O"""1.29

TaBLE 19.— Analyses of composile surface samples and wash-off of Shelby silt loam, Bethany, Mo.; with related data !

[Total rainfall, 42.52 inches in 1931, 27.04 inches in"1032; slope 8 percent]
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Tasus 20.—Analyses of annual composile samples and wash-off of Cecil sandy clay loam, Statesville, N.C.; with relaied data !
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TABLE 21.—Analyses of composite surface samples and wash-off of Marshall silt loam, Clarinda, Towa; and related data!

[Total rainfall in 1932, 28.76 inches; June 1 to Dec. 31, 21.15 inches; slope 9.64 percent] '
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TABLE 22.— Analyses of annual composite samples and wash-off of Nacogdoches fine sandy loam, at Tyler, Tez:; and related data !

[Total rainfall 36.10 inches in 1931, 46.71 inches in 1932; 10 percent slope]

(!o}gloid M Rn]t]io 31 o R o
0ig~ B colloi . rganic rosion
water-| ture | to mois-| Erosion 0011862,1 matter permchl opon peatment
vapor eqluiv» ture | ratio mm by ol run-
absorp-| alent - equiv- Hz0: oft
tion alent

Plot no. Sample

Tons Tons
Percent |Percent Percent |Percent {Percent |Percent per acre {Percent {per acre

20.8 2 10.1 8.0 17.2
9. 18.0
28.9
15.6
10.9
16.8
19.8
28.0
16: 1
2L5
15.1
17.5

13.7

44.0
47. 5

8

Profile composite 20
1931 eomposite.. . 19.6
1031 wash-off.... ... 37.0
1932 comupesite.. ..
1932 wash-off ... .

[l =g
=2

5
e

by

—
Bt
N

3

1.20 15.¢ Cotton.
'

5]
=

2g3

s
©

STES RS B M ST D e 1D 00 N & 2 e
HN=O

~N
=

1931 composite. . .

1031 wash-off...

1932 composite.

1932 wash-off.. . -
Profile composite... .
1931 vomposite. .

P00

4

HR2RSVRKE

SEEERINAN

A=W W D FR RSSO oo
5
B o T b e
Yar O r N
Bt ik bk Gk
S COnovPmnD

ORWLW | W WOl @1 WIS IO~IW D

EEREEY
RBEHT

b
W ot

| Bermudn grass.
Do. '

™
b
AN | BNMSISIR] QR DAETROSNCON WG

N
b h
WSSO0 | NSl L W ROo DIt

o)
[
)
g
"

WO

1931 composite.
1931 ‘wash-off__.
1932 composite.
1932 wash-off-...

¥

-} Cotton.
Do.

b}

BREEE

-3 [
B BNShis

Profile composite...
1931 composite
Average 8_. .. {1931 wash-off.

1932 composite.
1932 wash-off.... ..

b ek
G

WOR® | woNme

TR S H

It atetad Retid ni ot
[ttt el

=

SREER | HBEBREER
ZEBEN | BEsEN B BN

)
o
[, 8¢ -] LEENG
BEg
TN O | Nt N
s 2 ok b
[AR~)
8BEE
RO
Pk b ok

J‘Mechanical analyses by H. W. Lakin and T. M. Shaw.

2 Erosion and run-off data for 1931 are for 6 months only.

3 Short plot,

4 Desurfaced plot,

4 Includes estimates ol losses from 1 rain as 8 water boil caused the tank to run over.
¢ Average does not incliude desurfaced plot.

Note.~Profile composite samples 'were taken toa depth of 8 inches, except desurfaced plot, which was sampled to a depth of 18 inches,

SNOILLVIS INIWIMHIXHT NOISOHE HHI WOHd STIOS

€9



http:rainfn1l36.10

54 TECHNICAL BULLETIN 430, 7, 8, DEPT. OF AGRICULTURE

Since, as already mentioned, the date available at preseni are not
sufficient to justify final conclusions, these tables will not be discussed
in detail. Attention will merely be drawn to certain special features
and general relations.

Throughout the plots it is to be generally expected that the wash-
off material shoul({) be considerably different from surface composites,
It would appear that the more readily dispersed and transported
material would be removed to a greater extent than the coarser par-
ticles. Inspection of the tables shows that in the Shelby, Colby,
Nacogdoches, and Vernon soils there is a marked increase in clay and
colloid content and in the moisture equivalent of the wash-off, as
compared with the plot composites. In the other four soils but

o little difference is to be
noted. Practically in
every case the organic
content of the wash-off
is greater than in the
soil composite.

The water-vapor ab-
sorption of the wash-
off is somewhat de-
creased by the removal
of soluble salts and by
consequence the colloid
content as determined
by the water-vapor-
absorption method is

relatively less than is

o rovs conrasiTe shown by mechanical

SR WaASHOre analysis. The mois-
(s FLOT & WASH-OFF * =

ture equivalent is rels-

tively less affected by

; the loss of soluble salts

and consequently the

_,_1_—__/ colloid-moisture equiy-

LL(00p2) (00ps) @gst el fegs) fopl (9 fep) alent ratio is usually

9 = T = . less for wash-off than
LOGARITHM OF THE PARTIGLE MIEL {Mu) fOI' t,he 5011.

Friue 7 —~Compurisan of the mechanionl compogition of wash-nd -
anil piot comysite suinples of Vernon fine saudy lonm, M2 In. geneml thc . r_ne
. chanical  composition

of the wash-off varies with the quantity of croded material. Plots
in eultivated crops, ss well as those bare or in fallow, have the great-
est crosion and the eroded materia! is increasingly similar to the plot
composite. Those in noncultivated crops such as wheat, grass, les-
pedeza, ete., have low erosion and the eroded material differs more
widely from the soil. This is illustrated by figure 7.

In figure 7 the mechanical analysis of wash-off from plot 6 of the
Vernon fine sandy loam is compared with that from plot 3. The
mechanical analyses of the two plots are essentislly identical. The
wash-off, however, of plot 3 is 68.5 tons per acre; that from plot 6 1s
but 0.56 ton. : :

In figure 7 the summation percentages of the mechanical analysis
fractions sre plotted sgeinst the logarithm of the particle sizes after
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the method of G, W. Robinson (18). It should be noted that in the
method of mechanical analysis used in this laborstory the colloid
< 0,002 mm is included in the clay. Since organic matter is included
in the mechanical analysis but without respect to particle size, the
organic content does not appear in the curves and therefore the curves
show algo, by the degres of divergence from 100 percent, the relative
amounts of organic matter in the samples.

Inspection of these curves shows the very close similarity of the
heavy wash-off of plot 3 to the original soil and the wide difference
shown by the light wash-off from plot 6. The most striking points
shown by figure 7 ere the increased relastive amounts of colloid and
organic matter in the wash-off from plot ¢ as compared with plot 3.
The dats in table 15 may be used to show that while plot 3 lost 122
times as much soil as plot 6, it lost but 23 and 22 times as much colloid
and organic matter, respectively. Since colloid and organic matter
sre important constituents of the soil with respect to plant growth,
it may readily be seen that damage by erosion is not necessarily pro-
portional to extent of erosion. Slight erosion may be relatively more
detrimental to fertility than severe erosion.

Another feature of slight erosion is shown by plot 8 of the Kirvin
fine sandy loam (table 16). This plot is in grass, and erosion is
very slight—1.8 pounds of oven-dry material in the wash-off sample.
The run-off material amounted to 0.081 pound. If the run-off
residue be considered ns wholly colloid, as it certainly is for the most
part, this quantity would incresse the wash-oft colloid from 4.7 to
8.8 percent. This indicates that 47 percent of the colloid remcved
Is lost in the run-off. This behavior of the colloid is geners] and is
especially marked in those soils where, though dispersion is difficult,
coagulation of colloid alse is slow. It is probeble therefore that in
all cases where evosion is small & quantity of colloid in excess of its
relative amount in the soil is Temoved by erosion.

It i1s difficult to correlate mathematically the mechanical com-
position of the wash-off with the quantity of wash-off on the various
plois because of the number of different components shown by me-
chanieal analgsis. The moisture equivalent, however, is a very good
index of mechanical composition, particularly when the components
of the material are all derived from the same soil (18). Therefore
the correlation coefficients between the moisture equivalents and
the cglm.ntity of wash-off have been caleulated (22) end are shown
in tabile 23,

Tanrs 23.—Correlotion coefficient befween the moisture equivalent of the wash-off
and the quentity of wush-off

Soll type M3 o\énsh- 1n32ogn5h-

r
Kirvin lipe sar-= loam . - -0.87
Vernon Ao suuuy logm ¥ . —. 71
Cerll sandy clay Joam —. 57
Bhelhy silt losm e
Colby silty elny loatn —, 02
Marshall gHL § .

Honston binck gloy. +. 0

V Omitting plot 8, r=—0, 92, ? For 1030 wastioff, r=—0.60.
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In all but three cases there is & definite negative correlation coeffi-
cient. This means that the moisture equivalent decreases relatively
with increase of wash-off. Since moisture equivalent is primarily,
though not wholly, dependent upon colloid content and organic
matter, this resuli again emphasizes the fact that more coarse ma-
terial is removed W%IBII the wash-off is gresater; hence the dele-
terious effect of erosion is relatively greater the smaller the quantity
of wash-off. In the case of the Houston black cisy the correlation
coefficient is positive but is so small that it indicates no material
differcnee in “this soil whether the erosion be small or great., This
soil not only is dispersed with difficulty but the mechanical com-
position is largely silt and clay. Consequently, the soil may be
expected to move practically as a whole if it moves at all. In the
case of the Colby, the 1931 wash-off behaves normally but the 1932
samples of wash-off show a positive correlation coefficient which
woui)d seem to indicate that in 1932 the wash-oft has distinetly more
colloid content than corresponds to its relative amount. No expla-
nation of this anomalous behavior is at hand and it will be of interest
to observe in future samples whether it continues to behave in this
manner,

In tables 15 to 22 are included the data of the plot composites,
which are taken annually to a depth of 7 inches, for 1931 and 1932,
In general, it is not to be expected that these samples should yet show
any marked changes in comparison with each other. They are usu-
ally somewhat different in charscter from the surface plot profile
composites, also given in the tables. The latter samples, the plot
Eroﬁle composites, are taken to the depths corresponding to the A

orizon: for each soil.  The tabulsied data do not show any differsnces
which mey not be accounted for by experimentul error, except in
the case of the Shelby silt loam (table 19) for plot 9.

In this plot, which was faliow in both 1031 and 1932, the quantity
of erosion is exceptionally high, being 193 tons per acre for the 2 years.
This corresponds to a removal of the surface of the plot to a depth of
1.2 inches, since thissoil weighs 162 tons per acre-inch. The A horizon
of this soil is but 8 inches in depth; therefore, the removal of so large
s quantity of soil results in the inclusion in the 7-inch plot composite
of a portion of the B horizon. The A horizon has a normal content
of 24.3 percent of colloid and the B 48.7 percent (I6, table 7). This
type of alteration may be expected to appear in all the plots of the
various stations when erosion shall have progressed sufficiently. In
the case of the soils having deep A horizons, us in the Psalouse silt
loam, and in those of fairly uniform texture in the upper horizons, as
in the Houston black clay and Colby sitty clay losm, these differences
should be slow in appearing. They cannot yet be noted. In the
case of the Cecil soil the profile plot composites were taken to & depth
of 7 inches, although the surface horizon is but 6 inches. Further, the
plot composites are quite variable in their colloid content. Despite
these unsatisfactory data the composite of plot 4, which has the
maximum erosion, begins to show increasing influence of the B horizon.
It should also be mentioned that the contrel plots at the erosion
experiment stations are somewhat protected from gully erosion by the
limited length of the plots and the lip of the catc%nnent tanks. The
erosion shown by themn is therefore not strictly comperable with field
conditions.
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The erosion and rainfall data shown in tables 14 to 21 are taken from
the annual progress reports of the various erosion experiment stations.
Access to these reports, not yet published, was given us through the
courtesy of H. H. Bennett, until recently the director of these stations,

When an attempt is made to compare the relationships shown b
the soil data and erosion results at the different stations with eacK
other, serious difficulties are encountered. These arise from the
following circumstances. While the general set-up of the plots and
theéir manngement is the same at all the stations, yet the kind of crop
treatment, slope of plots, amount and character of the rainfall, and
temperature changes are all quite varied. It is therefore problemati-
cal how far the influence of the character of the soil, as shown by
analytical data, may be traced. Were it possible to hold all other
variables constant except soil composition as expressed by structure,
texture, nnd chemical character, the problem would be relatively easy.

The situation at the Tyler station closely approximates these con-
ditions in that the Kirvin fine sandy loam and Nacogdoches fine
sandy loam plots are located on areas of nearly the same slope; the
former at 8% percent, the latter at 10 percent. There are, however,
but 3 normal plots of the Nacogdoches and 9 of the Kirvin. The
climatic conditions are of course identical. If comparison be limited
to plots receiving identical treatment, certain definite conclusions may
be reached. A comparison of tables 1 and 4 shows that the surface
horizon of the Nacogdoches is lower than that of the Kirvin in respect
to the silica-sesquioxide ratio, the base content, the suspension per-
centage, the dispersion ratio, and the percolation ratio. It is higher
mn the water content of the soil colloid acid, the colloid-moisture
equivalent ratio, and colloid content.

The physical properties which are correlated by the erosion ratios
indicate n much lower rate of erosion for the Nacogdoches soil,

The erosion ratio seems to represent the erosional characteristics
of the soils better than any other single criterion. It is therefore of
special interest to compare the directly comparable plots of these two
soils with respect to the erosion ratie and the actual erosion (table 24)

TanLe 24.—Comparison of crosion ralio and erosion of Nucogdeches fine sandy
loam and Kirvin fine sandy loam under identical conditions, 1932

Erosion

ralio Erosion

Tlol no.
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20,
7,

' Shart plot.
t Dresurfaced jHol.

Inspection of table 24 shows a very close correlation for the normal
plots.  In the grass plots the erosion is so small in both cases as to
obscure any marked difference of behavior. The total lack of har-
mony between the erosion ratios and the erosion in the desurfaced




58 TECHNICAL BULLETIN 430, U.S8. DEPT. OF AGRICULTURE

plots is in part accounted for by the greater run-off on the Kirvin
plots (tables 16 and 22) despite the higher colloid percentage. An-
other fuctor tending to distort the results is that the desurfaced plots
are not nearly so well protected from erosion by the crop as are the
surface horizons of the same soil. This is because of poor growth
upon the desurfaced plots. It is in gencral true that desurfaced plots
show & higher erosion than corresponds to their erosion ratios.

In comparing the erosional characteristics of the soils ut the dii-
ferent stations with the natural erosion which occurs in the field, one
of the more disturbing influences is in the character and quantity of
the rainfall. With a given soil one might logically expect that other
things being equal the quantity of erosion would be directly propor-
tionai to the quantity of precipitation, During a term of years this
is probably the case.” However, in a short period the quantity effect
may be wholly obscured by the relative intensities of the precipitation.
Ar example of this influence is found in the results af the Statesville
Erosion Station {(tablc 20). In 1931 the mean erosion from the plots
was 16.65 tons per acre, with n rainfsll of 44.35 inches. In 1932 the
erosion was but 9.66 tons per acre and the rainfall 50,52 inches. The
explanation of this wide difference may probably be found in the
extremely heavy, almost forvential, rains of 1931.

The usual effees of alteration of rainfall is illustrated by the results
ab the Guthric Station (table 15) where for 1830, 1931, and 1932 the
mean erosion on the plots was 11.05, 7.34, and 32.40 tons per acre,
while the rrinfall was 33.66, 28.20, and 37.40 inches, Tespectively.
The ntean run-off in inches was 4.02, 3.28, and 5.19 inches, respec-
tively. It is obvious that the amount of erosion is proportional to
some Tunciion of the run-off but what that function 1s the available
data are not sufficient to determine. It is true ulso that considersble
modification in the results obtained may be expected depending xpon
whether precipitation occurs as rain or snow and upon ground frozen
or slready saturated with water, .

Topogrephical conditions niust also be taken into account in con-
sidering the erosive effects of rainfall.  Among these perhiaps the most
inportant are the length and degree of the slopes which are subjeet
£0 crosion. At all the stations 1 or 2 plots longer or shorter than the
normal plots have been included in the set-up. It was to have been
expected that erosion would incresse with the length of the plot on &
given slope. Only in one instance, the Kirvin soil at Tyler, Tex., has
this been consistently true (table 16). At the other stations the
reported results are varinble. Only at the Tyler Station have plots
been established which are designed to show the effect of differences
of slope on erosion. No laboratory studies have, as yet, been made
upon the eroded material from these plots. The field results at
present available are not sufficient to permit the drawing of definite
conclusions. Neither can.any definite deductions be drawn from the
erosion datn of the dilTerent stations as to the cffect of degree of slope
LPON erosion.,

Tt is not within the province of this bulietin to discuss the effects of
crop cover and of cultivation upon erosion, but it is evident that these
have an important bearing upon the ficld problems and should be
mentioned in this connection because they affect the conclusions to
be drawn from the field date with reference to laboratory results.
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When the various conditions which affect erosion are considered it
becomes evident that great difficulties are cicountered in any attempt
to segregate the effects produced by differences in the soil. Thus 1s
especislly true when the attempt is made to estimate these effects
quantitatively and to determine their causes. Tt is therefore of
special interest to determine to what extent the erosion ratio correlates
tEe soil composition with actual erosion. For this purpose the data
given in table 25 have been segregated.

Tanre 25.—Comparison of the average erosion ratio of the annual composite sam-
ples with the average eroston for 1981 and 193%; desurfaced plois not included

Avernga
Soll type erosion
ratio

Averngs
Sail type Crosion
ritio

Averape

Averaga
vrosion

crigion

Tans Pany
JHT Gt Per aere
Kirvin fine samhy lanm 152 || Necopdoches Mna sandy lontn ! i 24
Vernon Bae sandy loam b W0 Y el snly elny o E 1.2
Bhelhy silt lon o 42,0 §| Houslon blsek elay_. ... 3 ni
Coiby silty elay loami. . 3 L)) N e ——
Marshali siit logm ! . my AVEIHEC. oo e ). 150

! Dais for 1 year only,

Attention has already been ealled to the toial [ailure of the erosion
ratio as a means of prediction of Lthe behavior of the desurfaced plots
{p.57). In table 25 it will be seen that afair general correlation exists
for the surface soils. The soils having the greatest erosion ratios have
high crosion losses but the quantitative comparison is not good. The
outstanding exception is in the case of the Marshall, which, with an
erosion ratio of less than average value, shows actual erosion above
the average. Itisto be observed that in thie two sets of plots showin
the widest variations, the Kirvin fine sandy loam and the Marshal
silt loam, the slopes of the plots are 8.75 and 9.64 percent while for
the two sets showing the closest correlation, the Houston black clay
and the Colby silty clay loam, the slopes are 4 and 5 percent. Despits
this poor showing it seems quite clear that the erosion ratio represents
a fair qualitative indication of the behavior of o surface soil. Whether
it can be used quantitatively nlong with other factors is not certain,

GENERAL REMARKS

It is not necessary to repeat in this bulletin the general remarks
made in Technical Bulletin 316 (/6). What is there said, howevaer,
is well borne out by the present data, so far as these apply. Itisnow
proposed to study the plasticity, the shrinking, and the swelling vol-
umes of these solls, with a view not only of relating these to the ero-
sional problem, but also the chemical composition and texture of the
soils. It is also proposed to study with great cere the exchangenble
base and acid content of these soils. While these studies are in
progress field data will accumulate. Tt is to be hoped that aventually
1t may be possible to so correlate field dnta with lnboratory examins-
tion as to permit the establishment of criteria by which the fleld
behavior of soils may be predicted. 1f this becomes possible it will

follow that apruopriate conservation measures will also be indicated.
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From the information af present available it would seem that even-
tually adequate data will be collected along all needed lines except
with respect to the influence of slope. ] _

The data being collected concerning these soils have a special value

uite aside from their bearing upon erosion. These so represent
gve of the great soil groups recognized in the classification of soils by
the Division of Soil Survey. ’Fhey therefore present exceptionally
detailed information on a set of diverse soil types. It is to be hoped
that these studies may be supplemented by like careful examination
of other soil types within the same Eroups and particularly by studies
of the great groups not represented by the erosion station soils, It
would be of great interest were it posstble to have detailed dats con-
cerning the chemical composition, physical properties, and field
behavior of at least one soil type in each State. Such an accumula-
tion of accurate and com arnﬁ}e information must be made before a
fuli comprehension of soils can be reached,

SUMMARY

A previous bulletin on the soils of the erosion experiment stations
presented much physical and chemical information concerning eight
soil profiles. The present bulletin contains similar data for the three
soil profiles from the more recently established stations and includes
8 large quantity of additional data for the soils of all the stations thus
far established. The determinations made include mechenical analy-
ses, chemical analyses of both soil and colloid, specific gravity, field
volume weight, porosity, dispersion ratio, erosion ratio, moisture
equivalent, and a number of other moisture relationships.

The soils of the erosion stations represent five of the great soil groups,
and the wide divergence of the properties and composition of bath
soils and colloids oceasion considerations of much theoretical impor-
tance. Xor example, the highly lateritic Nacogdoches series appears
to contain a very weak acid which is assumed to be of the halloysitic
type, and the iron oxide appears to be free and nearly anhydrous.” By
contrast the Colby series appears to contain a considerably stronger
acid, assumed to be of the I)yrophyllic type and the iron content
appears to be a part of the silicate complex. Various ratios of theo-
retical interest are presented and the silica-combined water ratio is
calculated and its significance discussed.

A series of experiments on the settling volume of soils is reported
and from the results is deduced a new soil-water relationship which
is called the water-saturation capacity. Tho relation of this soil
property to the other soil-moisture properties is discussed and illus-
trated. Tt is pointed out that while the field volume weights are
uniformly greater than the volume weights of the soils at their settling
volume, yet there is a close correlation between these values. Atten.
tion is also directed to the influence of colloid composition, as well as
of quantity of colloid, on soil-moisture relationships.

eterminations of the fundamental physical data of composite
sumples from each plot and of the eroded material from each plot are
reported. A study of the eroded material shows marked differences
in the quantity and character of the wash-off. When the quantit
of eroded materinl is large it is similar in character to the whole soil.
When the erosion is slight, the fine material predominates. Slight
erozion, therefore, may be relatively more detrimental to ferti ty
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then more severe erosion. These data supplemented by the field
data on rainfall, run-off, and erosion reported from the stations show
that erosional effects vary greatly with the kind of soil, the amount
and intensity of rainfall, the kind of crop and cultivation, the slope,
and perhaps other factors. Data for 2 years only are available. It
is planned to follow these relations over a much longer period,

The laboratory determination most closely correlated with field
erosion js the erosion ratio. Even this ratio Las but qualitative sig-
nificance. No definite relationship between the erosional behavior
of soils and their properties as determined in the laboratory has been
established. The influence of the soil itself is partially obscured by
climatic and other influences.
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