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INTRODUCTION 

In Technical Bulletin 3IG of the United States Department ofAgriculture (16) I a report was given on the physical and chemicalcharacteristics of the soils from the erosion experiment stations whichhad been established up to 1932. The report covered Houston blackclay at Temple, Tex.; Kirvin fine sandy loam at Tyler) Tex.; Vernonfine sandy loam at Guthrie, Oldlt.; Shelby silt loam at Bethany, Mo.;Colby silty clay' loam at Hays, Kans.; Cecil sandy clay loam atStatesville, N.C.; Palollse silt loam at Pullman, Wash.; and Marshallsilt loam at Clarinda, Iowa. Since tlmt bulletin was completed earlyin 1932, two new stations have been established, one on Clinton siltloam at La Crosse, Wis., and the other on Muskingum silt loam atZanesville, Ohio. J.fI. addition, a series of plots have been establishedon Nacogdoches fine sandy loam at the Tyler (Tex.) stat~lon. Thephysical and chemical characteristics of these three soils, togetherwith other data bearing on the erosional characteristics of all of thesoils, are presented in this bulletin. Especially important amongthese are the volume relations of the soils and their settling volumescompared with their other water relations.
When an erosion station is established a 50-pound sample is col~lected from each important layer of thEl soil profile down to and includ-

I !toIle numbers In parentbeses refer to Llternture Cited, p. 6l~
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ing the upper part of the parent material. These samples are sent 
to this laboratory, small 8'llbsumples are removed for study, p-nd the 
remainder is placed in storage. In this and in the previous bulletin 
(16) these samples are designated as typical profile samples or profile 
samples. 

As soon as the plots are established, a 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 
manner. 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 10:"foot intervals and the samples composited. These samples are 
designated ItS annual composites. 

In addition, un Itliquot of the run-off und the wash-off is taken after 
each rain and evaporated to dryness. At the end of euch yeur the 
accumulated sampleR from euch 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 0f the year of at least 100 grams. In some cases, particular)'" 
with the sod plots, the total erosion is very small and does not resuh:, 
in a sample sufficient for analysis. 

EXPERIMENTAL METHODS 

Thc Slime methods of analysis were llsed in this work ItS in thn,L pre­
viously reported. The mechunical anu,lyses were made by the method 
of Olmstead 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 und McLane 
(5). The suspension percentage and dispersion ratios were deter­
mined by the method of Middleton (14). Percolation ratios were 
computen. by the formula of Slater und Byers (21). Colloids were 
extracted by the method outlined by Hohnes and Edgington (11). 
Chemical analyses of the soils and colloids were made by the methods 
of W. O. Robinson (20). Tlie pH determinations were mude electro­
metrically, by means of the hydrogen electrode (4). Specific-gra,ity 
determination;; were made by the method outlined by Hillebrand 
(10 pp. 55-(17). 

DESCRIPTION OF SAMPLES 

The 3 new soils discussed in this bulletin arc 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 Survey 
of this Bureau, while the specific description of the samples are those 
given by the collectors. 

NACOGDOCHES SERIES 

The N acogdocLes 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 Oran~eburg or Greenville. At depths 
of about 2 to 4 feet, there is conSIderable 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 througbout the profile of 
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many areas, and there are frequently shell cast.s derived from theunderlying limestone which is of a rather greenish color. The soil isvery high in content of iron and low in silica. It is much like the I'edsoils of eastern Ouba, which have undergone very extreme weathering.The samples of Nacogdoches fine sandy loam were collected inMarch 1932 by B. H. Hendrickson at the erosion station, 9 milesnorthwest of Tyler, Tex. Thev were described by Mr. Hendricksonas follows: (1) From 0 to 8 mches, chocolate brownish-red gravellyfine sandy 10l1m; (2) from 8 to 18 inches, blood-red clay; (3) from18 to 40 inches, red-yellow clay; (4) from 40 .to 66 inches, red-yellowclay, some sand grains; and (5) from 66 to 72 mches, red-yellow sandyclay, rather heavy. 

CLINTON SERIES 

The Olinton series is characterized by gray or gray-brown soils andby light-brown or yellowish-brown compact subsoils. The subsoilsare not Pighly calcareous. The topogra.phy is rollin.g to broken anddrainage is v;rell established. The soils are derived by weatheringfrom loess and are typically developed north of Missouri in the loessbelt on the eastnl'n bank of the Mississippi. The series differs fromthe Memphis in the grtty or gmy-bl'own color of tho soil and from theKnox in having n. mOl'c compact subsoil and ttlower lime content inboth soil and su bsoil.
The samples of Clinton silt loam were collected by R. H. Davis inAugust 1932 at the erosion sttttion, 4 miles CIlSt. of La Crosse, 'Wis.In the Soil Survey of Ln, Crosse County, Wis. (9) this soil was mappedas Knox silt loam. This designation is still used in Wisconsin andthe profile has been described very completely by Kellogg (12). Thesamples were described by Mr. 'Davis as follo-\vs: (1) From 0 to 8inches, dark-brown heavy silt loam; (2) from 8 to 20 inches, yellow­ish-brown granular heavy silt loam; (3) from 20 to 32 inches, darkgrayish-yellow friable silt loam; (4) from 33 to 44 inches, splotchedyellow and gray friable silt loam; and (5) from 44 to 66 inches, sandyclay splotched brick red ttnd gray, soft red sandstone 11nd flint stOllepresent. 

MUSKING\JM SERIES 

The soils of the Muskingum series consist, in the uncultivated soil,of a dark-brown layer, ranging up to about 4 or 5 inches in thickness.In the types heavier than sand or loamy sand, the structure is coarselyg-ranular. The subsurface, ran~ing up to a thickness of about 2mches, is gray or pale yellow, silty or sandy, and where silty, has awell-defined platy stI'l.lcture. The upper subsoil is yellowish brown,often with a more or less well defined reddish shade, decidedly heavierthan the gray layer in texture but notsllfficiently heavy to constitutea hardpan or claypan. The upper part of this layer breaks into smallangular fragments due to jomting, the fragments ranging aroundone-fourth to one-half inch in diameter, but downward these frag­ments become larger and the jointing less well defined. The lowerpart of this layer grades into somewhat loose disintegrated sandstonesand shales, or lies on partly decomposed shale or sandstone. Thethickness of this layer ranges up to aboU'G 2 feet. This soil seriesoccurs in southeastern Ohio, in western Pennsylvania, West Virginia, 
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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 pl'l1iries. It was formerly 
included in the Di;lmlb soils. 

The samples of Muskingum silt loam were collected by E. B. Deeter 
in April 1933, at the erosion station, 7 miles west of ZanesviUe, Ohio. 
They are described by Mr. Deeter as follows: (1) (a) From 0 to 1 
inch, light grayish-brown silt loam (when dry), mixed with grass roots 
and organic matter. When wet, the color is It fairly dark brown. 
This was mixed to form one sample with (b) from 2 to 7 inches) 
yellowish-brown silt loam, with small pieces of shale in small to almost 
negligible quantity. Very compact and puddles easily. IIi fields, 
the dry soil is inclined to crust, and in this condition water tends to 
run off rather than to percolate into the soil. (2) From 8 to 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 penetl'l1te. (3) From 14 to 24 inches, compact yellow 
silty clay, mottled somewhat with gray. Fragments of shale are 
present. (4) From 25 to 46 inches, light reddish-yellow silty clay, 
wi~h faint mottlings of gl'l1y. Very compact, and shale is abundant. 
(5) From 47 to 72 inches, heavy dense gray ci.:l,J with some mottlings 
of yellow. Shale is present but not abundant. ' 

COMPOSITION AND PROPERTIES OF THE PROFILE SAMPLES 

PHYSICAl. PROPERTIES 

The various physical tests and their relationship to erosional 
I:" 	 behavior were very fully discussed in the previous bulletin (16, pp.13­

15). The genel'l11 discussion will llot 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 concentl'l1­
tion are presented in table 1. 

/ 
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TABLE l.-Mecl.anical analyses I and physical dala of typical profiles of erosion-station soils 

Sample no. 

..... ~ 

Depth Fine 
gravel 

Coarse 
sand 

NAOOGDOOHES FINE SANDY LOAM, TYLER, TEX. 

I 

OrganJCOllOid 
Colloid I Ratio 

by Mois­ of col-Medi- Fine Very 
~~erl<0.OO2 water­ ture Disper- loid to um sand fine Silt Clay 

vapor equiva· sion mois­sand sand ratio tureH,O, . rom absorp.. lent 
e1~ta-tion 

Su~pen- Perco-
Erosion 

ratio sion lation 
cJ;'t;ge ratio 

, 

pH 

111 
0.... 
t"' 
Ul 

-, 
,p' 

Inches9475_______________________ 
0-89476_______________________ 
8-1894n_______________________ 

18-409478_______________________ 
40-669479_______________________ 
66-72 

10362______________________ / 0- 8 
10363______________________ 8-20
10364______________________ / 20-32 
10365_______. ____ ._________ 32-44 
10366______________________ 44-00 

----' ---I­ -----­---
PtrcenJ. PercenJ. PercenJ. Percent PercenJ. PercenJ. Percent PercenJ. Percent Percem Percent22.0 0.9 10.3 48.4 8.1 9.8 18.0 2.2 16.1 18.6 14.11 28.2 1.30.2 .5 7.4 32.3 5.3 4.9 48.4 .7 47.1 50.5 25.2 13.8 2.00.2 1.1 10.5 37.5 5.8 5.9 38.9 .0 aR.2 52.5 25.1 16.0 2.09.1 .3 11.2 47.0 6.2 .8 34.3 .0 31. 7/ 32.9 18.6 11.5 1. ii.2 Ll 11.6 41. 4 6.0 5.6 34.0 .0 32.7 45.2 22.5 12.4 2. O! 

, 
CLINTON SILT LOAM, LA CROSSE, WIS. 

0.0 0.2 0.3 0.6 4.9 72.7/ 19.1 1.71 11.2 13.7 23.9 32.9 0.57.0 .1 .1 .3 6.1 68.5 24.3 .1 18.8 20.3 23.5 26.7 .86.0 .1 .2 .4 6.3 . 

~~ / 
27.6 

:g / 
21.8 24.7 24.7 35.5 1.00.0 .7 1.6 1.7 6.7 22.4 18.2 21.1 22.4 39.2 .941.0 13. 7 31.0 19.0 3.9 7.6 23.2 .0 21.4 19.8 13.8 34.8 1.43 

21.7 7.84 
6.D 7.38 
7.7 7.17 
6.5 4.04 
6.2 4.93 

57.7/30.22
31.0 24. 75 

~fj I fr~ 
24.3 I 10.71 

6.0 
--- .......... 
-------­
-------­
-------­

53.0 

r-­
6.3 
4.4 
4.6 
5.0 
5.1 

5.9 
5.3 
5.2 
5.4 
5.6 

~ 
0a:: 
~ 
t:;1 

t:;1 
~ 
0 
rJl.... 
0 
Z 
t:;1 
~ 

~ 

'7i 

MUSKINGUM SILT LOAM, ZANESVILLE, OHIO 

B407 ­ _____________________ / 0- 7 
0.6 L3 1.0 1.3 2.1 63.2 28.4 L91 19.9 21.0B408_ _____________________ 8-13 
1.7 2.1 1.2 1.6 2.6 53.2 37.1 .3/ 27.3 30.4B409______________________l

l
4-24 

4.2 4.6 2.7 4.2 5.5 43.9 34. 8 .0 25.3 27.6B410______________________ 25-46 4.2 3.6 2.7 4.2 10.2 46.5 28.3 .0 20.3 19.0B41L_____________________ 47-72 1.1 1.6 2.0 7.0 6.1 51.6 30.4 .0 19.0 17.3 -
I Determinations byH. W. Lakin, T. M. Shaw, and Y. P. Trilety 
I 50.8 percen, of this sample consi~ted of gravel> 2 rom. 

25.5 
26.2 
21.0 
19.4 
19.8 

34.5 
23.1 
30.3 
41.1 
51.9 

0.82/
1.16 

1.31 / .98 
.87 

42.1 
19,9 
23.1 
41.9 
59.6 

31.60 
20.90 
23.86 
3O.n 
42.55 

38.5 
------­
----- --­
-------­
-------­

4.7 
4.8 
4.8 
4.8 
6.4 

~ ....a:: 
t:;1 
z.., 
Ul:; 
:::! 
~ 
Ul 

01 
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In. the previous bulletin (16), the soil.:; were divided into t~o groups 
on the basis of their mechanical analyses-those in whlch th~ texture 
is variable within the profile, and th0se with uniform texture through­
out. However, in. the latter gro~lp. th~ uniformity is relative rather 
than absolute. On the same besls the i:.~ acogdoches would be placed 
in the first gr~up with the Kirvin, Vernon, and Cecil, while t..lJ.e 
Clinton and Muskingum would be placed in the second group with 
t.he Houston, Colby, Palouse, Marshall, and Shelby. 

The Nacogdoches profile consists of a sandy topsoil over a heavy 
clay subsoil, but the dIfference is not as great as in the Kirvin profile 
which occurs at the same station. The mechanical analyses of this 
profile indicate considerable weathering, which is confirmed by the 
chemical analyses, which will be discussed later. The surface horizon 
contains over 50 percent of gravel and rock which do not pass the 
2-millimeter sieve, and hence do ll.ot enter into the analysis. This 
gravel undoubtedly has an important bearing on the physical and 
erosional properties of the soil m the field, but cannot be considered 
from the laboratory viewp'oint. The three lower horizons of the 
profile n,re remarka'bl~ 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 8and and clay groups, 
with very little very fme sand and silt. 

Clinton and Muskin@m silt loams are similar in texture to the 
other silt loams, particularly the Palouse and Marshall. Both have 
slightly less clay and more silt in the first horizon tha-n in the second, 
but the sum of -the silt and clay is very nearly the sarr'l 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 tile second. This is not 
usual in soils. The fifth horizon contains about the same percentage 
of clay as the layers above but the remainder of the material is alto­
gether different and evid.ently constitutes the original material upon 
which the loess was deposited. 

The three lower honzons 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 which 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 
percentage which is used in both the determination of the dis:eersion 
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 m distilled water under specific conditions (14). 
The disperSIOn ratio is the ratio of the suspension ;percentage to the 
total percentage of silt and clay in the soil, multiphed by 100. The 
erosion ratio is the quotient obtained by dividinK the dispersion ratio 
by the ratio of collOId to moisture equivalent. The percolation ratio 
is the quotient 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 indi­cate the Naco~doches to be the least erosive of the three soils. Thedispersion ratIO is low and the colloid-moisture eqgivalent ratio ishigh, resulting in a low value of the erosion ratio. This applies ~par­ticularly to the surface horizon which is a fine sandy loam. It isexceptional for a soil of this class to have a low dispersion ratio. Thisis unquestionably owing to the chemical character of ~he colloid,whi~h makes it highly resistant to dispersion by water. Kirvin finesandy loam (16) which occurs at the same station has a much higherdispersion and erosion ratio and lower colloid-moisture equivalentratIO in the surface horizon. The suspension percentage and percola­tion ratio are also low, the percolation ratio being the lowest of any ofthe 11 erosion station soils. In the second and lower horizons thecolloid-moisture equivalent ratios are exceptionally high, in theexperience of the writers having been exceeded only by the Nipeclay from Cuba reported by Middleton (1.4). This, together with thelow value of the dispersion ratio, results in low values of the erosionratios comparable with those of the lower horizons of the Kirvin andCecil. The erosion ratios of the four lower horizons are all of nearlythe same value, indicating that the layers are about equally resistantto erosion. A general summary of the physical propertIes of thissoil indicates that it should be the most resistant to erosion of anyof the 11 soils, and that such erosion as occurs should be of the sheetrather than the gully type. This accords with field e:xperience.The physical properties of the Clinton soil, on the other hand,indicate that it should be the most erosive of the 11 soils. In allhorizons the erosion ratio is high and is the highest of all the erosionstation soils in the surface horizon. The dispersion ratios and suspen­sion percentages are all very high and the colloid-moisture equivalentratios n.re low. The percolation ratio is the highest of all of the soils,as is also the silt content, bbth of which have been shown by Slaterand Byers (21) to have an important bearing on permeability.These data indicate that percolation in this soil should be very slow,consequently the run-off should be large, which, taken together witha very erosive soil, should result in very rapid erosion.

The data for the Muskingum soil indicate that it is not quite assusceptible to erosion as the Clinton. The second horizon has alower erosion ratio than in the Clinton, but in the lower horizons theerosion mtio increases with depth and the fifth horizon has a highererosion rat,io than the first, which condition generally favors severegully formation. As compared to the silt loam soils previouslyreported, the data indicate that the Clinton and Muskingum shouldbe much more susceptible to erosion than the Marshall, Palouse, orShelby. It has been the writers' observation that silt loam soils areparticularly susceptible to erosion owing to the fact that the largequantity of silt and comparatively small quantity of colloid arel notconducive to the formation of a firm aggregated structure which isnecessary to resist the erosive effects of surface wash. The same thingis true of the sandy soils, particularly the fine sandy loams, whichhave about the same quantity of collOId but with the silt replaced byfine sand and very fine sand. This condition is favorable for a veryfriable, loose structure which is desirable for tillage operations but(l,lso 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 Nacogdoches far below 
the Clinton and Muskingum in susceptibility to erosion. 

CHEMICAL C()MPOSITION OF THE SOIL ANDICOLLOID OF REPRESENTATIVE PRO(o'ILES 

In table 2 are presented the complete analyses of three of the repre­
sentative profiles of the erosion-station soils. The corresponding data 
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 mecham­
calor colloid analyses. 



TABLE 2.-Chemical analyses of typical profiles of er08ion-station soils 

NACOGDOCHES FINE SANDY LOAM, TYLER, TEX. ,... 
IX> 

Ratio ofSample no. Depth I SiO, TiO, Fe,O, 	 Igni­8 

.. 

r 

, 	
I ,"0,[= CnO MgO K,O Na,O p,Os SO, tion Total N Organic' organic m 

matter 	 matter to 
nitrogenr!H75_________ •___ •___ •_________ Inches Percent Perctnt Percent Percent Perctnt Percent Percent Percent Percent Percent Percent Percent 	

~ 
loss 	 S 

!H76___________________________ 0-8 76.00 0.48 11.80 5.93 0.07 0.51 0.12 0.19 	
Percent Percent Perctnt

0.02 0.26 0.16 4.99 100.53 0.10 1.89!H77___________________ •___ .•.• 8-18 60.45 .51 15. i2 14.75 .01 .37 .21 .26 	 18.904 .27 .1018-40 61.60 .47 6.90 99."Il .06 1.13 18.8 
11479_________________________ •• 41Hl6 76.85 .53 5.82 11.82 .00 

.00 .29 .14 6.25 99.77 .03 .42 14. 0
!H78____ •_____ • __ •___•___ ._. __ • 	 17.78 12.56 .00 .29 .21 .18 j.22 .03 .22 .01 .20 .0266-72 65.50 .46 16.93 11.19 .00 .12 .04 .16 	

4.40 100.12 .02 .11 5.5.01 .34 .03 5.29 100.07 .02 .19 9.5 

~ 
CLINTON SILT LOAM, LA CROSSE, WIS. tr1 

10362___ •_______•______ ._ ••. _._ 
10363__________________ . ___ ._ •• 0-8 76.80 0.33 1.92 11.46 0.15 0.33 0.16 2.30 1.12 0.22 0.22 4.13 99.1410364____________ •_____ ._. _•. __ 8-20 75.50 .71 3.87 11.76 .08 1.22 	 0.13 1.55 11.9 ~ .41 2.32 1.05 .2220-32 	 .14 3.21 100.49 .05 .5910365________________..._____ ._ 73.40 .72 4.10 12.87 .07 1.06 	 11.8.35 2.23 1.09 	 ~ 
10366_. _ • _________••_______ •__ . 32-44 75.10 .72 3.70 11.85 .07 .94 	

.16 .11 3.14 99.30 .04 .36 9.0.26 2.58 .89 	 o4-H;6 82.30 .76 2. 78 10.14 .00 1.09 	

.19 .03 2. 69 99.02 .03 .28 9.3.19 .49 .32 .16 .04 2.50 100.77 .02 .18 9.0 Z 


MUSKINGUM SILT LOAM, ZANESVILLE, OHIO ~ 

B-l~7_.__ ._•• ___•____________ . ~ 

B-40S__________________________ 0-7 75.18 1.12 3.74 11.11 0.12 0.49 0.05 2.11 0.72 0.06 0.07 5.20 99.98 0.15B-40!L________________________ 7-13 68.49 .88 6.48 15.42 	 2.41 16.1.09 .42 .20 2.49 .61 .03 .05 4.71 99.87 .06:8-410__________________________ 14-24 59.21 1.01 8.00 21.37 .07 .26 .30 	 .53 8.82. 93 	 .38 .04 .02 6.45 100.04 .04 !B-41L_.••___________ •_______._ 25-46 60.91 1.10 6.54 21.50 .07 .22 .05 2.79 .18 .01 	

.20 5.0 
47-72 59.47 1.11 7.17 21.M6 .11 .28 .09 	

.03 6.14 99.54 .04 .13 3.23.28 	 .18 .03 .02 6.15 99.75 .04 .11 2.8 ~ 
, CO,Xfactor 0.4il. m 

;£ 
~ 

~ 

" 
1:0 
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None of the three soils under discussion, the Nacogdoches fine 
sandy lonm, the Clinton silt loam and the Muskingum silt loam, is 
calcareous, and consequently no determination was made of the trace 
amounts of carbonates which normally occm~ (1). The Nacogdoches 
is a 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 decrease 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 divergence is not so 
marked in the colloidal material (table 3). 

All three soils show evidence of the operation of the podzolization 
process in respect to concentration of iron oxide and alumina in the B 
horizons. The Clinton and Muskingum soils show the presence of 
considerable quantiti(3s of un decomposed feldspai's. The pH values 
(table 1) of all three soils are low and indicate a high degree of leachin&,. 
It is to be remarked that tho acidity of the Muskingum soil is materI­
ally greater in the A lJOrizon than the N acogdochos, despite the 
greatcr quantity of bascs. 

The analyses of the colloids of the three soil profiles are given in 
table 3. These colloids were extracted in the usual manner by use 
of a supercentrifuge. No attempt 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. 'I'he centrifuge 
was run at such a rate that no particles larger than 1/l 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 small 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-Ohamberland 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 and the trace quantities of carbonates were not 
determined. 



- -

·:-' 

TABLE a.-Chemical analyses of colloids in typical profiles of erosion-station soils 

NACOGDOCHES FINE SANDY LOAM, TYLER, TEX. 

Ratio or m 
Igni· organicOrganicSample no. Depth ex· SiO, TiO, Fe,O, AhO, jl\InO CnO I l\IgO K,O Ns!!O P,O. SO, tion Total N mattermatter I

tracted Joss toc"'~i ~ nitrogen 

---,--- ------------ ~ 
Inches Percent Percent Percont Percent Percent Percent Percent Percent Percent Perunt Percent Percent Percent Percent Percent Percent 

9475.••••..•••••__•••.•_.• 0-8 45 27.00 0.59 30.60 23.20 0.19 1.28 0.20 0.53 0.10 0.76 0.13 15.54 100.12 0.34 3.32 9.8 ~ 9476._. ____• __• __.••.•__._ 8-18 87 31.35 .61 26.71 26.9. .03 .59 .21 .24 .04 .36 .06 12.22 99.39 .15 1.26 8.4 
947L.____•___.•• __ .:.__•. 18-40 71 30.81 .59 25.95 28.50 .02 .52 .12 .34 .OS .46 .09 .14 .74 5.312. 21 I99.699478••_.__•..__••_..•_._•• 2.4 
9479._•• ___••_•._••..••_•• 

40-66 70 38.12 .67 16.66 31.06 .02 .46 .20 .64 .10 .36 .05 12. 20 100.54 .16 .38 ~ 
6&-72 58 29. SO .58 29.57 25. OS .03 .33 .28 .17 .09 .55 .05 12.62 99.15 .17 .57 3.4 t;J 

t;J 
l:dCLINTON SILT LOAM, LA CROSSE, WIS. o 
m 

i .... 
10362.•••._•.••.••••..•_.. 0-8 75 45.10 0.76 7.02 23.99 0.43 1.36 1.88 1.83 0. 16 1 0.68 0.16 17.07 100.44 0.55 4.89 8. o 
10363.••..._.._••••_..._.. 8-20 St 47.10 .76 10.00 25.Zl .21 1.07 2.04 1.59 .09 , .60 • 16 11.48 100.37 .18 1.60 8 . Z 
10364._._••.._•.••••"'_" 20-32 80 47.85 .69 11.65 23.61 .15 1.16 2.01 1.59 • 12 1 .60 .12 10.37 99.92 .13 1.25 9. 6 
10365.•._. _..••__•...••_.• 32-44 79 48.30 .74 8.02 27.05 .14 .97 2.12 1.52 .54 .12 10.38 100.04 • 18 1.37 7 • 
10366.•.•••..••___._.___.• .14 \44-66 88 48.45 .77 6.49 30.20 .03 .77 1.32 1.22 .OS .39 .07 10.94 100.73 .OS .59 7. 
--_... - I ---­ -~~ ~ 

MUSKINGUl\I SILT LOAM, ZANESVILLE, OHIO !11--407___. _______ .•_..___. 0-7 55 44.00 0.62 9.97 26.67 0.14 0.93 1.98 2.51 0. 17 1 0.49 0.09 13.18 100.75 0.36 3.94 10.
11--408. __.•._.•______.•_.. . 7-13 77 43.10 .721 13.00 27.26 .n .95 1.90 2.78 .44 .05 10.00 100.37 .19 1.25 6. 611--409.•__. ___. ___•_____.. •

06 1 ~ 
14-24 93 42. 70 .73 11.13 29.79 .06 .65 1.51 3.25 .12 .55 .02 9.55 100.09 .11 .52 4.

11--410. _••_•••.... ___ • ___• 25--46 98 45.05 .84 8.28 30.73 .05 .74- 1.21 3.56 09 .60 .01 9. OS 100.24 .11 .30 2. m
11--411.. ___._._. ______._._ 47-72 78 46.80 .92 5.26 31.30 • IIi .82 1.62 4.26 •.16 1 .SO .02 8.39 100.42 .11 .27 2. ~ 

~ 
I CO: X factor 0.471. 

~ 

I--" 

I--" 
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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 than that of the soils and the sesquioxide content correspondingly 
greater. The calcium content of t,he colloids is greater in general 
than in the soils, and particula.rly is this the case in the surface hori­
zons. Magnesium also concentrates in the colloid of the Clinton nnd 
Muskingum soils, as is generally 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 nearest ap­
proach to this behavior is in the Kirvin fine sandy loam at the same 
station (16). Potassium likewise ordinarily 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 
feldspars in the loess. In confirmation of this the silt WIlS, examined by 
use of a petrographic microscope and found to contain upwards of 
5 percent of feldspars. This is quite in harmony with the loessial 
soils reporte'd bv Brown and Byers (6). The/resence of undecom­
posed feldspars uin the Clinton IS also indicate by the hi~h 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 usual relation 
found in humid soils. 

The organi0 matt~r is uniformly higher in the colloid than in the 
soil, but by no means all of the organic matter is dispersed. This is 
shown by comparing the total organic matter with that found in the 
colloids. In the surface layers only about 30 percent of the organic 
matter in the soil appears in the colloid. In the lower layers the 
extracted organic matter rises to nearly 100 percent of that in the 
soil. In harmony with this relntion, IS the fact that the organic 
matter-nitrogen relation is uniformly lower in the colloid than in the 
soil. It is to be e;:....pected that undecomposed organic matter which 
has a high carbon-mtrogen ratio would have less tendency to disperse 
than well-decomposed material or bacterial remains. 

In order to facilita,te the comparison of these three soil colloids with 
each other the derived data are collected in table 4 which is followed 
by the corresponding data from the eight other erosion-station colloids 
(table 5). The latter are partly recalculated from table:3 of Technical 
Bulletin 316 (la, p, 28). 

'fABLl!l 4.-DcrilJcd daln fro1//. Ihe colloid ann/yscs of thc crosion-slation soils. 

NAGOODOCIlJo,S FINJo; SANDY LOAM, TYLER, 'rI~x. 

Molmtlo 
'rotal Mol

Com· water ratio
Bampleno. Depth blned BIO,of BollSIO, SIO, SIO, Fe,03 SIO, water acid H,O

R,03 AJ,03 FIl203 AIo03 Total bases 

------ .------
Inches Percent Percent 

9475............ , •••••••• 0-8 1.07 1.98 2,35 0.843 12.9 12,22 13.20 0.63 

0476..................... 8-18 1.21 1.07 3.12 .632 27.8 10.96 11.44 .83 

0477..................... 18-40 1.16 1.83 3,15 .582 20.8 11.47 11.85 .79 

9478..................... 40-06 1.5a 2.05 6,08 .337 20.4 11.82 12.25 .74 

9479..................... 66-72 1.12 1.04 2.08 .723 31.0 12.05 12.40 .72 


.. 
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TABLE 4.-Derived data from the colloid analyses of the erosion-station soils-Con. 


CLINTON SILT LOAM, LA CROSSE, WIS. 

Mol ratio 
Total MolCom­ water ratioSample no. Depth bined or soil SIO,SiOl SIO, SiO, Fe,O, SiO, water acid H2OR,O, AhO, Fe,O, AhO, Total bases 

Inches Percent Percent10362. _. _______ . ________ . ()-S 2.69 3.19 17.19 0.187 8. I 12.18 14.57 0.98 
8-20 2.53 3.17 12.52 .253 8.9 0.88 11.64 1.23 

10364-- _-------- . ________1 20-32 2.62 3.44 10.92 .315 8.9 11.12 10.88 1.34 

10363____________________ 

10365____________________ 
32-44 2.55 3.03 16.00 .189 9.1 9.0l 10.73 1.3710366•• __________________ 44-66 2.44 2.72 Ill. 85 .la7 13.3 10.35 11.52 1.27 

MHSKINGUM SILT LOAM, ZANESVILLE, OHIO 

D-407________. ___________ 2.26 2.80 11.73 0.239 7.8 11.34 1.21D-408.___________________ ()- 7[ 
9.24 

7-13 2.06 2.68 8.81 .305 7.6 875 10.53 1.24D-409___________________. 

D-4IO____________________ 
 l4-24 1. 97 2.43 10.2 .239 8.3 11.03 10.06 1. 2l 

6 2.12 2.49 14.5 .172 9.1 8.78 10.23 1.32D-4l1______ ._ 25-4 147-72 2.29 2.54 23.6 .107 7.6 8.12 9.95 1.41... ~-----,..--
.-

The data of the Naco~doches 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 to be very low throughout the profile except in 

-the 0 1 horizon (40-66 inches). Attention has already been called to 
the slightly abnormal organic matter content of the O2 horizon (66-72 
inches). The divergence of the 0 1 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 a sharp increase 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 silica­
sesquioxide, silica-ferric oAide and ferric oxide-alumina ratios par­
ticularly but not so markedly, relatively speaking, in the silica-alumina 
ratio. It would seem clear that this portion of the colloid is derived 
chiefly at least. from a layer of parent 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 content js 
free iron oxide. The alumina, on the other hand, is probably associ­
ated with the silica. The lateritic character of the colloid is further 
indicated by its low base content, as shown by the silica-total base 
ratio. '1'he silica-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 base-holding capacity of the 
organic colloid tmd that a considerable portion of the bases present 
are associated with the organic mntter. The soil of the other erosion 
stations most similar to the Nacogdoches is the Oecil from North 
Oarolina (table 5). Particular attention is directed to the differ2nces 
between the Nacogdoches and the Kirvin colloid, which has been 
developed under identical conditions of temperature and rainfall 
(table 5), 
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TABLE 5.-Derivcd data from the colloid analyscs of the crosion-slation Boil.s pub­
lished in Technical Bulletin 316 

CECll, SANDY CLAY 1,0AM, STATESVILLJ<~, N.C. 

I 
Mol ratio 

Total Mol
Com· water ratioSample no. Depth hleed orsoi! SiO,SiO, SiO, SiO, Fe,O, SiO, wnter acId 'H2OR20, AbO,' Fe,O, AhO, Total bases_._------- -----­

69i7_____ • _______________ Inclles Percent Perce711 
6978______________________ ()--6 1.34 1.65 6,94 0.238 13.1 14.65 15.75 0.64 
6979______________________ 6-32 1.28 1. on ;, '17 .233 17.5 '13.98 14.58 .69 

32-60 1.4:1 1.88 7,35 .256 25.7 12.85 13.32 .81 

KIR'.'IN FINE SANDY LOAM, 'IYLER, TEX. 

6678__•__________________ _ 

6679_____________________ • ()--12 2.02 2.75 7.58 0.363 17.5 10.76 11.76 1.10


.) 2812-24 1.74 7.39 •:108 Ii. 7 11.32 12. 10 1.00 
6681 __________ • _________ _ 24-51 1.89 2: 42 8.81 .274 lR.O 11.22 11.92 1.00 
6680..___________________ _ 

6682_____________________ 5l-f.:J 2.03 2. 48 10.IH .234 20.3 10.05 11. :Ia 1.17 
63-75 1.80 2.47 0.84 .300 24.0 11.03 11.57 1.07 

VERNON 1"INE SANDY LOA1\I, OUT]lRU~, OKLA. 

6718 _____________________ ()--3 2.fl5 3.45 11. 40 O.:J03 7.0 9.50 12.37 1.126il9__________• __ • _______ 
6720_____________________ 3-10 2.44 3. J2 11.20 .279 7.4 11,43 11.48 1. III 

1()--2' 2.34 2.114 11. as .259 7.5 9.67 11.58 1.186721. _. __________________ 27-58 2.35 2.88 13.07 .221 0.7 8.41 10.55 1.21 

p"\T,OUSE SILT LOA1\f, PULLMAN, WASil. 

8069_____________________ 
8070_____________________ ()--20 2.48 3.2:1 10.92 0.301 6.6 9.5sl 12.03 1.16 
8071 _____________________ 20-33 2.45 3. :I: 9.52 .350 7.1 56 11,69 1.19 

:13-62 2.45 :\.25 10.H2 .:124 7.2 9.86 1 11. \lO 1.178072_____________________ 9.112-75 2.57 3.45 10.15 .339 7.4 9.41 11.40 1.26 
75-8'{ 2.61 3.50 10.21 • :143 7.0 9.30 11.42 1.27

807:1 _____________________ 

SHrn,BY SILT IjOA:.r, IlB'l'IIANY, MO. 

6797 ___________________._ 0- 8 2.65 3.31 g,8 10.38 1:.l.f>O 1.16 
8-12 2.(12 3. ao 11. 42 .262 9.1 10.0:1 12.52 J.17

fi798 ___________ • _________ l'l 'N I0. 252 1 
f>79U. ____________________ 12-20 2. GO 3.28 11.18 .265 8.7 9.4·\ 11. :15 1.'306800___________ .- - _______ 20-2·1 2. (ill a.30 11. ·17 .20:1 7.8 9.41 11.42 1.286801 _____________________ 

24~8 2.71 3.57 1l.2'2 .:119 7.3 8. 04 11.03 I.:13 
4S-IiO 2.67 3.54 10.84 • 32fi 7.4 8.78 10.88 1. 3.1

6802_____________________ 
6802B____________________ 00-84 2.91 4.:1:1 8.80 .·187 7.6 B.15 10.26 1.47 

MARSHALL Sn,T LOAM, CLARINDA, IOWA 

8736 ___________________ __ ()--1:1 :1.liO 13.08 0.270 7.6 SlfiO 1:.t21 1.2:t8737________ __ • ________ •~ la-24 3.liO 13.45 .272 7.7 11.87 l'} 'j'} 1.2'J8738_____________________ 
24~5 3.72 13.40 .278 8.2 n.411 Ii: 56 1.328739___________ •________ _ 45-71 3.5i 13. (jfj .202 S.7 8. Iii 10.li8 1.43 

llouS'rON BLACK CLAY, TEMl'L~;. TEX. 

6096____________________ _ 
0- a 3.26 3.90 19.56 0.200 5.5 9.32 13.77 1.1260<J7 __ ••______________ _ 14-20 3.24 3.92 18.75 .209 4.8 8.50 13.40 1.13 

24-36 :1.25 3.91 J8. H8 .207 .1.4 B.13 12. 77 1. 21
0098_____________________ 
6000. _______________ • ___ _ 

30-50 :1. 25 3.97 J8.4~ .215 5.1 8.29 13.08 1.20 

6842.___________________ _ 
2-10 :~. ·15 4.2li 19.41 0.2:10 0.2 40 10. is 1.506843 ____________• ___ • ___ _ '>')­6844. ___________________ _ 1()--2() :1.41 4.18 18.47 .--1 6.0 50 11.17 1.43 

.2:11 5.7 11.20 
33-47 3.52 4.27 20.32 .210 5.1 94 10.89 1.47 

6845____________________ _ 20-3.1 R.47 4.29 18.55 56 1.44 
6846 ____________________ _ 
6847____ • _______________ _ :17-60 3 .• 17 4. as 19.39 .226 5.8 11 10.66 1.53 

6()--72 3.56 4. 37 19.17 .228 5.2 93 10.94 1.47 



SOILS FROM THE EROSION EXPERIMENT STATIONS 15 

The Clinton silt loam and the Muskingum silt loam are both rep­
resentntive 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 is 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. Theil' silica-sesquioxide 
and alumina ratios indicate an acid complex sharply different from 
the Nllcogdoches. The iron content is not free iron oxide, since on 
treatment with hydrogen peroxide the inorganic residue is nearly 
white. Nevertheless, both the Clinton and Ivfllskingum soils show 
distinct evidence of podzolizatio.n in the concentrntion of iron oxide 
in the Bl and B2 horizons. De<,\pite ~beir low pH values (table 1), 
both colloids have a very high toh;l base content, as compared with 
Nacogdoches (table 4) and tl~~ 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 VerTiOn fine sandy 
loam (table 5). In color, however, the Vemon is markedly different. 

In tables 4 and 5, columns 8, 9, and 10, are assembled certn.in data 
which require detailed considerntion. These involve the water con­
tent of the 11 erosion-station soil colloids. tc Combined water" of 
the colloid is determined by subtracting the organic matter and car­
bon dioxide found from the ignition loss. These values Ine found in 
columll 8 of the tables. This value is subject to two sources of error, 
both of which aI'e at present unn.voidable. The so-called "organic 
matter" is determined by combustion and the carbon dioxide found 
is multiplied by the Wolff factor 0.471. TJlis factor is known to be 
uncertain (1). The ignitiol1 loss is determined on the colloid dried 
at 1050 C. It is cer·tain that this temperature produces changes in 
the orgnnic matter (1) and it is illogical to conclude that no combined 
water is given off at 1050 Despite these uncertainties, the combined• 

water of this series of colloids offers some interesting features. The 
two lateritic colloids, Cecil Itnd Nacogdoches, show an Iwerage per­
centage of combined wnter of 13.83 and 11.70 percent, while the next 
most lateritic colloid, the Ki1'\'in, has!\' meltn value of 10.99. By con­
trast with these, the three gray-brown podzolic soils, the Vernon, 
Clinton, and Muskingum, have values of 9.25, 10.11, and 8.78 percent. 
The three prairie soils, the Marshall, Shelby, and Palouse, have 
values of 9.38,9.39, and 0.54 percent. The chernOJlCm soil, the Colby, 
hilS a mean value of 7.25 percent. The Houston is not a true cher­
nozem. It is more properly a rendzina soil and hilS a mean combined 
WItter content of 8.56 percent. It is apparent, thltt, while sharp dis­
tinct'ms are not shown, yet in genCl'al it is true that the different 
great soil groups have distinctively diffel'entcombined-water values. 

In column 9 of tables 4 itnd 5 are ~ivell it series offigurcs for what is 
called the "total water of the soil aCl(ls." TIlCse values nre calculated 
on the assumption that the colloids contain a definite acid, or series 
of acids, as outlined by Brown and Byers (6) and Byers (7), If these 
acids exist the bl1ses present in the colloids may he nssumed to repll1ce 
the water which would otherwise be present, though it must be 
recognized that 11 portion of the bases are held by the organic acilJs. 
For this purpose, then, the water equivulent of the bllses is calculated 
and the amount is added to the water percentage. Due 'ullowunce 

http:9.38,9.39
http:certn.in
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is to be made for the carbonates present, which are calculated on the 
assumption that they are 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 calcium carbon­
ate, as 100 percent. It will be noted that in genera1 this recalculation 
brings about a decrease in the differences between the water content 
of the colloids, since the colloids 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

. cent. 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 calculation 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 und total bases. These values are of very special 
significance, sincc, 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-water ratio increases progressively with the 
silica-sesquioxide 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 reg!trded as a measure 
of the degree of weathering, the silica-acid water ratio is a corrobora­
tive indication. In each soil profile the geneml relation is It progres­
sive general incl'<'ase with depth, as is to be expected if a decrease of. 
the ratio is an indication of increase of water content with increased 
weathering.

In the paper previously referred to (7) in connection with the 
constitution of the soil acids, it is assumed thut an acid of the halloy­
sitic type should, if pure and stable at 105° C., have a combined-water 
content of 19.6 percent, corresponding to the composition H 3AlSiOs 
(3H20.Al20 a.2Si02). In this type of colloid the silica-acid water 
ratio should be 2Si02/3H20 = 0.667, nnd the silica,-alumina ratio 
should be 2. The menn vnlue of the Si02/H20 ratio for the Cecil 
colloid is 0.71 nnd the silica-alumina rn.tio is 1.74. In the Nacogdoches 
colloid tho corresponding ru.tios arc 0.74 lind 1.95. If, then, as the 
above statement implies, the it'on contcnt of thcse two soils is 
assumed to be rcnin oxide, anhydl'olls nt 105°, the witter cont~nt of 
the soil reid mny be l'ct'ulcllln.tcd. This is donc by multiplying the 

values showl! in column 9 by HiD P(\I'~~l~t-F e2 0 ' Such assumption 
3 

and recalculation is not I)(wmissible with the othCl' eolloids, since their 
geneml behavior indicates thn.t the iron present is at least partially 
associated with the siliclt. The quantities so arrived at arc for the 
Cecil colloid 18.0, 16.61, I1IHI 15.89 percent, respectively, for the three 
depths, an average of 16.83; llnd for the Nacogdoches colloid 19.15, 
15.61,16.00,14.70, and 17.60 pCl'cent, rcspectively, un average of 16.61 
percent.. "'Then the close relntionship to silicic ucid that halloysitic 

http:15.61,16.00,14.70
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is supposed to have is considered, the results are as nearly theoretical 
as can reasonably be expected. 

K;~olloid which contains as its major acid component pyrophyllic 
acid: H3AISi20,(3H20.Al203.4Si02) should have as its silica-acid 
water ratio 4Si02/3H20 = 1.33, and a silica-alumina ratio of 4. Its 
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 watE:r content 
is but 10.93 instead of 13.6 percent. With these facts considered in 
the light of the properties to be expecLed ()f an acid of the \',ype of 
pyrophyUic acid, the evidence of its e::...istence may be considertld as 
fairl;v satisfactory. More definite information in this direction must 
awaIt the development of more accuro,te determination of the W't\ter 
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 
limits of the values for the Cecil and the Colby colloids. They may 
then, without serious doubt, be considered as containing colloids 
which are, 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 a part at least of the iron present is to be regarded as 
free ferric mdde. 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 tn1es, 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 sa,turated with bases, 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 soils. 

An interesting relation is also found in comparin~ 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 a range between the limits of 
3.8 to 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 layer 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 
ratios 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 second layer of the Muskin~um (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 each soil is not included except in the case of the 
Cecil. It will be noted also that particularly in the Nacogdoches and 

51800 0-34-:j 
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Cecil soils the silica-total base ratio is materially lower; that is, the 
base content is higher in the surface layer than in thof'le 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 a distinct dif­
ference exists between the inorganic soil acid of the lateritic. soils and 
the corresponding complex in soils of higher silica-sesquioxide and 
higher silica-water ratios. It would appear that thesfl relationships 
ought to be clarified through a study of the base exchange and base­
holding capacities of these colloids. This study is already under way. 

EROSIONAL CHARACTERISTICS AS INDICATED BY THE PHYSICAL AND CHEMICAL. 
DATA 

The preceding discussion of chemical data relative to these soils 
and their colloids does not make any attempt to associate these data 
with the erosional characteristics of the soils, or to include pertinent 
material from the tables of physical data relative to erosion. How­
ever, since erosion is the chief concern of these studies, their bearing 
on erosion should be discussed. For this purpose the erosion ratio 
makes a 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, 
Clinton, and Muskingum soils to their erosion ratios and to their 
erosional behavior hnvedready been pointed out (p. 7). It may be 
noted further that while the Nacogdoches has a somewhat erosive A 
horizon, the field behavior shows thnt it is somewhat less erosive than 
is indicated by its rntio, The character of its colloid is such that it 
is very permeable to water and consequently has n low relntive run-off 
ex('ept under dashing rnins, Its colloid relntively is nonplastic, as 
is t,;) be expected from its high iron oxide content (apparently non­
hydrous) and its low silica-sesquio.xide ratio. This effect of permea­
bility, extending as it does throughout the profile, further accentuates 
the effect of low run-ofl~. 

In the Clinton profile the high erosion ratio is accentunted by the 
low permeability (high percolation ratio) which is in large part due 
to the abnormnlly 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-sesquio.xide ratio is much less marked than in 
lateritic colloids, and is further emphasized by the low colloid content 
of the Clinton. 

The Muskingum silt loam is the most markedly podzolic of the 
erosion-station soils. It is also the lenst mature of these soils. It 
is, however, extensively lenched, as shown by its pH values (table 1). 
It ~ht therefore be expected to be less erosive than the Clinton. 
That It is so is indicated by the various ratios. It is, however, much 
more readily eroded than ought to be expected ofa soil having its 
general characteristics. It is probable that its exceptionally high 
silt content, with consequent slow percolation, is partially responsible 
for its somewhat high erosivity. It is also probable that the character 
of the colloid, which is readily dispersible, IS also a contributing influ­
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ence. Beknv 2 feet the erosion l'Iltio increases sharply. It is to be 
assumed, therefore, thnt this soil is subject to gully erosion to 11 
marked degree whenever initiltl exposure of the C horizon occurs. 
The depth of the soil to the parp.ut rock is not great. Indeed, the 
dp.scription of the Muskingum series indicates that the normal soil 
depth is less than the pro.file investigated. The gully formations 
must therefore be shallow. In Qrder to facilitate a comparison be­
tween the physical properties of the soils and the chemical character­
istics of the colloids of the A horizons of all the erosion-station ~oils 
some of these have been brought together in table o. 
TABLE 6.-The colloid content and erosion ratio of the A horizons (If the erosion­

station soils and certain colbid ratios 

Colloid per· Silica
Erosion centnge by SiD, SIO,

Soli type Water ofratio mechonlcnl It,D, Totnl buse.. soli acid analysis 

('linton slit loom •••__••••••••••••••••••••• 57.7 11.2 2.00 8. I 0.98 
Kln'in fine sundy 100111._. ___._ ••••••_••••. flO. 2 5.n 2.02 17.5 I. JO 
Muskingl\m slit 10ulll••_. __ • __•• _._........ 42. I 19.9 2.20 7.8 1.21 
Vernon fine snndy 10Ilm.........._._•••_•• ao. a n.2 2. U5 7.0 1.16 
Shelby silt 10Ilm ••••••••••_•••__ ••• __ •••••• 28.8 24. a 2.05 8.S 1.12 
Cecil sandy clny loom •• __• __ •••••••••• ____ • 22.0 17. a 1. 34 13.1 .64 
Nncogdocbes flne snndy loaUl .......__ ._••• 21.7 10. J 1. 07 12.0 .03 
Palouse silt 1011111 •••••••_.................. 19.4 2·I.U 2.48 0.6 1.10 
Mursholl silt 10UUl................_._ •••__ • ].1.2 32.4 2.91 7.U 1.23 
Colby sllty c1uy lourn...................... I:l.O 32.1 3.45 0.2 ].50
Bouston bluck Chly............... _•••••••• 8. I 44.0 3.211 5.5 1.12 

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 water mtios are indices of the nature of the colloid and the 
silica-total base ratio indicates in a 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 fnctors such as texture, structure, \ . 
and permeability, all of which, while influenced by the kind of colloid, 
are more affected by its quantity. There are, however, certain 
relationships which are clear. The Clinton silt lonm, with its hi~h 
silica, high base, and moderate water content, hItS 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 retarding 
effect of the colloid in the Cecil is also enhltnced by the low silica and 
low base content. Such comparisons cannot be made general, since 
the reJ~tively 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 relntionships do not 
hold generally. It may na well be ndmitted that the colloid composi­
tion ill itself plays a secondary role in erosion. 
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VOLUME Wl~lGHT AND REr,ATED PROPERTIES 

I!! pUrsuance of the study of the physical properties of the soils 
It'om ti:fe-ato~if)n stations it became desirable to know the field-volume 
weights of the soils. Several methodi3 of determining volume weight 
were tried out" and the cylinder method 2 of Curry (8) was found to 
give results as accurate as the depth to which the cylinder is driven, 
could be measured. However, this method was not very well adapted 
to securing samples from widely separated stations and .getting them 
transported to the laboratory for analysis. In lieu of this, cans 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 
so that they were absolutely flat. The cans were fitted with ti~ht­
fitting covers. Thei;\e cans were substantial enough to be driven mto 
very stiff soil without distortion. In procuring a volume-weight 
sample by this method the face of the profile is e:\.-posed and a perfectly 
smooth surface is prepared in the middle of the horizon to be sn.IDpled. 
The can is forced horizontally into the soil until the inside ()f the 
bottom is flush with the face of the profile. The soil is then dug away 
from around 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 pamfIin. 

Duplicate samples of each horizon of each soil profile, and in addi­
tion duplicate samp'les taken by forcing the can vertically downward 
into the surface sod, were taken by this method and sent to the lab­
oratory. The samples were collected by the men in chnrge at the 
various stations. The cans had previously 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 
a drying oven at 1050 C. for 4811ours. They were then cooled in 
a desiccator and weighed, find from these data the volume weight 
and moisture content were calculu.ted. 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-milljmeter sieve, and used for the 
specific-gravity determination. The remainder of the samples are 
being held for l'1.11'ther study. The results of the volume-weight 
determinations are presented in table 7, column 3. 

S The cylinder was made of good grade steel tubing, 3 Inches in dinmeter, 0.08 inch thick, and 13 Inches 
long; 0.02 inch was machined off tho inside lind outside to 1 inch from the cutting edge which was tapered 
from the originnl outsldo wall to within 0.01 Inch of the originlli insitlo walland casehnrdened. 'rIlls left 
the main cylinder wall 0.04 Inch thick. A steel band one-hnlf inch wid~ and one-eighth inch thick was 
shrunk on to the cylinder at the top for the insertion of the drh'ing pluI!, and to prevent coliapse of the 
wall while being driven. 'l'he cylinder WIIS polished Inside and out nnd owing to the thinness of the wall 
and the bame on both the Inside and outside, there was no detectable amount of compression of tho 5011. 
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TABLE 7.-it'ield volume weights of ero~ion-station soils and related data 

Cnlcu-I Cnlcu­ lnte\!latedDepth to cen-	 weigh.Volume Specific Moisture moistureSample and location ter of can Porosity or onweight grovlty conlent content(inches) ot sntu- nCl~ 

Inch ofrotlon soil I 

~-'" 

Percfntbv Percent b/l Percenl bV 
volume u'tfght wfioht 'Tons 

1.87 2.66 29.7 7.8 11;.0 211.9 
Kirvin /Inc sundy lollm, Tyler. 18_____________ 1~~~f:I~:::::::: 1. 73 2.69 35. i 11.7 20.0 196.0 

'I'ex. 30_____________ 1. 31 2.81 53.4 :lO.4 40.7 148.4 
40_____________ 1.48 2.85 48.1 29.S 32.6 167.7 

1.44 2.77 48.0 ~O. 7 33.3 163.2 
rurfoce---_---­5. _____________ 1. 46 2.76 47.1 16.0 32.2' 165.4 

NaCOf,doches 1Ine. sandy loam, 15_________ •___ 1.02 2.86 43.4 13.7 26.8 .lila. 6 
'ryer, Tex._ 	 38________• ____ 1.52 2.97 48.8 2,1.1 :!'l.l 172.2 

72__.._________ 1.38 2.80 51. 7 31.4 37.5 150.4 
1.24 2.1X1 58.5 33.0 47,2 140.5 

rurfllee---- --- ­ 1.49 2.63 43.3 1-1.4 29,1 168.8 
Vcmon /lne ~pndy loam, Guth- 8___ •• ________ • 26.0 174.5 

2~-- __________ 
1.54 2.03 41.5 14.0 
1. 55 2.06 41.7 13.0 26.0 175.6rle, Okla. 	 22••• ____ •_____ 1.0.1 2.60 3{1.4 17.7 24.2 184,7

:lS......_••- ___ I.CH 2.69 40.2 18.8 25.0 182.4Surface________ 1,37 2.64 48.1 2,1.8 35.1 155.2 
0______________ 1.40 2.6(\ 45.1 16.7 30.0 105.43~------------Mllskingum silt Inllm. Zones· 1.41 2.70 47.8 17.0 33.017_____________ 	 159.8'ville, Ohio 	 1. 46 2.68 45.5 16.0 31.2 165.432_____________ 1.91 2,78 31.3 13.7 16.4 216.454_____________ 1.87 2.78 32.7 IG.3 17.5 211. {I 

rurcllce-------­3______________ 1.49 2.06 44.0 22.3 20.5 168.8Ceeii suudy clay loam, Stntc6­ 27_____________ 1.45 2.65 45. a 20,7 31.2 1&1. a
ville. N.C. 	 I. 33 2.77 52.0 28.7 39.155_____________ 	 150.7 

1.48 2, i8 46.8 ~'7. I 31. 6 W7.7Surfooo________
3)1____________ 1. 41 2.02 46.2 26.1 32.7 150. 8 
10___..________ 1.43 2.02 45.4. 20.0 31.7 162.0 
13_____________ 1.33 2.06 50.0 26.:1 37.6 150.7 
16_____________ 1.30 2.09 5J, i 31.1 39.8 147. a 

Shelb~·gillIOl\m, Uelhllny, Mo. 1.43 2.70 47.0 21l.0 32.9 1D2.022_________• ___ 
30_____________ 1.72 2.05 35,1 17.5 20,4 194.0 
54_____________ 1. 77 2.72 34.0 15. I 19.7 200.6 
72________• ____ 1.85 2.71 :11.7 la.4 17.1 200.0 

1.85 2.71 31,7 13.a 17,1 ~>(J9. 0Surfucu.______ .
10_____ • __..___ 1.:lS 2.61 47.7 20.f, 34.5 150.4 

1,35 2.71 f>O.2 20.2 37.2 153.020)1_••________Palouse ~ni. loum. Pullmun, 1.51 2.73 44.7 22.0 20.0 171.1 
48~- __ --- _____WII.'h. 	 68)1___________ 1.65 2.73 39.0 19. a 24.0 187.0 

1.71 2.73 37.4 17.8 219 103,8
7{1~-- 1. (13 2.73 40.3 '18,1 24.7 184.7 

1.13 2,65 li7,4 10.3 50.8 128.0 
15____________ •5....... w."'_ ........... 1.35 2, f>4 48.0 20,4 ao, Z 153.0 

('olby silty cillY IOllm, nays, 20________ •____ '1.40 2,68 47.8 15.8 34.1 158. n 
KulIS. 	 40_____________ 1. 40 2.09 4.;.7 Jr.. 2 31.3 165.4 

1.48 2.68 H.P 15.1 30.a 167.7r'-······53....________• 1.40 2.69 48.0 18.0 :14.3 158,060__ •__________ 1.57 2.09 41. n 17.5' 20.5 177. {I 
4)1___________• 1.26 2.62 51.0 25.5 412 142.8!'''''_ .......18_____________ 1. 27 2./H 51.0 27.0 40. 9 14:1.0

Clinton sU~ loam, La Cro&!e. 1.44 2.70 40.7 22.330_____________ 	 32. 4 163.2
Wis. 45_____________ 1.49 2.71 45.0 17.0 30.2 168.8 

1.80 2.70 33.3 14.0 18.5 203.969 _____•____• __ 

Surfot'tl..______ 1.16 2.63 55.9 25.r. 48.2 131.4 


1.46 2.81 48.0 26.5 3',/.0 165.4 

Marshnll slit loum, Clarinda, 1 ___________ 1.1.; 2.04 50,4 27.5 49.0 130.3(I~--------.--Iowa 	 1.06 2.67 00.3 28.1 50.8 120.1 
34~, • _______ 1.11 2.69 58.7 28. I 52.8 12.;.8Surfnt'tl________4______________ 1.03 2,04 61.0 24.0 59.2 116. i 

H~~n bluck ~lny. Temple, 11 _____________ 1,01 2,65 61.9 27.0 61.3 114.4 
20.____________ 1.27 2,07 52.4 22. i 41.2 143. 9 
35. ____________ 1.51 2.69 43.9 18.8 29.1 171.1 

1.02 2. i1 40.2 15.0 24.8 183. 6 
_~_~o 

I The weii(ht of fln lIere-lnch of soli in tons Is ~lIunl to 113.31)( the volume weight. 

The soils are listed in table 7 in the order of decreasing volume 
weight of the first horizon. This nrrangement places the light­
textured sandy 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 t,l.le soil and the volume weight, or between the voIw1JD 
weight and the specific gravity. The mnge in volume weight ~s 
quite large-from 1.01 in )~he first horizon of the Houston to L9l, lor 
the fourth horizon of the Muskingum. In 6 cases the surfac" ~am­
pIe agrees fairly well with the first horizon and in 5 cases the diver~ 
gence is markedly either more or less, the greatest differenoe being 
shown by the Colby----Ll3 for the surface and 1.35 for the first horizon. 
However, the writers do not place much confidence in th2 results for 
the surface samples owing to greater difficulty in getting uniform 
samples at the surface ItS compnred with the lower horizons. 

The Nacogdoches nnd Houston profiles nre of pnrticular interest. 
The volume weight of the Nncogdoches 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 
sa.ne 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 ~reater capacity for water ill the lower horizons. This may also 
aid ill ex})laining the low erosion of the Nacogdoches. 

The Clinton, Colby, Palouse, and Vernon soils show the same gen­
eral trend toward higher volume weights in the lower horizons as the 
Houston, although in each of these ca.ses there is one 11Orizon which 
is out of order to make a straight grndution. The Marshull, Mus­
kingum, Shelby, Cecil, and Kirvin soils all have higher volume weights 
in the first than in the second horizo'os, und in general the volume 
weights of their vurious horizons are quite irregulur. 

So far as the writers are aware, thel 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 surhce and A horizons of the 
Kirvin and Houston soils such difference ought to have an apparent 
effect on erosion. The soil of the greater yolume weight ~ht be 
expected to be less readily brought into suspension and, other 
thm~s being equal, should settle more rapidly through a viscous 
rlledmm. If such result does occur, it is effectively masked by other 
relations. The Kirvin is, of all the erosion soils, the most readily 
dispersed, an.d is one of the mostreadilx eroded. The volume weight 
of the soils has, however, a very significant importance in erosional 
considerations l 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 gl'avity with depth. This 
increase is probably due in large part to the decrease in organic mat­

. tel'. S~lCh l:elation is ~y no means shown with the volume weights. 
The soils differ matel'lally from each other. The greatest specific 
gravity is shown by the 72-inch sample of the Nacogdoches .fine 
sandy loamI 2.99. It is of interest to note that the volume weight of 
this layer is but 1.24 and is the lowest volume weight for the pr(}file. 
The lowest specific gravity of any of these samples is shown by the 
surface samples of the Clinton and Shelby soils. While it is true that 
in general the more highly weathered soils have the highest specific 
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gravity, there is no direct relation detectable, either with the quantity 
or character of colloid. It is of passing interest to note that the con­
ventionally used mean sp"lcific gravity of soils, 2.65, is fairly well 
maintained by these 11 profiles, the mean value being 2.71. The 
mean value for the 22 samples representing the upper horizons is 2.66. 

From the data on the field volume weight and the specific gravity 
the porosity of the soil may be calculated. The porosity is defined as 
the percentage by volume of the soil which is unoccupied by soil 
particles. This space may, in the field, be occuJlied either by air or 
by water or partly by air and partly by water. The formula used for 
the calculation is: 

S-A----s-x 100 = porosity. 

where S=specific gravity nnd A=volume weight (apparent specific 
~ravity). The resulting values are in column 5 of table 7. The poros­
Ity range in the 11 profiles is between the liOOts 29.7 percent for tho 
surfnce sample of the Kirvin fine sandy loam nnd 61 percent for the 
surfnce of the Houston black clay and 61.9 percent for the A horizon. 
There is no uniform behnvior of the soils with respect to porosity 
within each profile, although in general the relation holds thnt in­
crease of conoid content is accompnnied by increase in tho 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 'received from the stntions. The men in chnrge of the various 
stations were requested to eollect these samples when in their judg­
ment the soil was nt its maxiillum field cnrrying capacity; or, as soon 
after the winter rains as the soil could be considered as having bf'en 
freed from gravitational water and not apprecilLbly dried by surface 
evnporation. It was not possible to meet this condition in every 
case, nor in nIl cases within n single profile. In genernl, however, tho 
moisture percentages represent the normnl field cnrrying capncity 
fairly well. The dnta in column 7 are in weight percentage. 

In column 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
sents the percentage by weight of the moisture in the soH 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 familiar with weight than WIth vol­
ume relations. For example, the 54-inch sample of the Muskingum 
soil has n porosity of 32.7 percent by volume nnd a moisture content 
of 16.3 percent. This relation does not make apparent at a glance to 
what degree the soil approaches saturation. The saturation-weight 
percentage in column 7 is 17.5 percent and consequently since the 
sample contains 16.3 percent it is very nearly saturated. Indeed, it 
is probable that under field conditions a soil is practically never 
saturated in the sense that no part of its pore space is occupied by 
air. The nearest approach to. saturation in this sense in the series of 
soils under examinatIOn is the 40-inch sample 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 
is 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 
com~letely. 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 

II 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, perhaJ?s more 
conveniently, the weight per acre-inch. In table 7, column 3, IS given 
the volume weight of eltch portion of the soil profiles and from this 
may be calculated. the weight per acre-inch. The formula used in the 
calculation is: 

16.3872 X 144 X 43,560 = 113 3 t 
453.59 X 2,000 . ons, 

I 

in which 16.3872 is the number of cubic centimeters per cubic inch, 
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 1133 t 
12 X 2,000 . ons. 

The value 113.3 tons is the weigh t of an acre-inch of wa ter and therefOl'e 
113.3 X the volume weight (apparent specific gravity) is the weight 
of an acre-inch of dry soil. In column 8 of table 7 are given the 
resulting weights per acre-inch of each profile sample. • 
It may be questioned whether these calculations are based upon an 

adequately accurate volume weight. It must be conceded that th~ 
are more satisfactory than an arbitrarily selected average figure. It 
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 ~reat 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 are 1,386.6 
tons or 2,793,200 pounds, and 2,447.4 tons or 4,894,800 POlLllds per 
acre-foot. Yet if 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 1,879.56 tons or 3,759,120 pounds per 
acre-foot. When i.t is considered that the erosion station soils do not 
rep-resent 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 variable 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 acre-foot but with the depth of the horizon. 
It is perhaps not essential to carry out calculations in full to show this. 
An e.:mmple 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 all A horizon of but 6 inches, represents a weight of 
but 986 tons, and the Houston black clay, depth 8 inches, represents 
915 tons. 

http:1,879.56
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SETTLING VOLUME AND RELATED PROPERTIES 

When soils are thoroughly mixed with a small excess of water and 
allowed to stand for 24 hours or more, they settle to a definite volume, 
leaving a clear supernatant liquid or one faintly opalescent with 
colloid. This volume is greater by far than the field volume of the 
dry soil. In a study of this 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, wlien comparison 
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 includf\;l in this discussion. 

The settling volume IS defined as vue maximum volume that a given 
quantity of soil can maintain in an excess of water under specific 
conditions. The water content of the soil at the settling volume has 

FIGUItE I.-Settling volumes 01 A horizons. I. Kirvin fino sandy loami 2. Vernon fine sandy loami :l. 
CeoU sandy clay loam ' 4, Shelby sut loam; 5, Palouse silt loam; r" Colby sUty clay loami 7, MnrshnU silt 
loami 8, Rouston blac kclay. 

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

The settling volume is determined as follows: A quantity uf air-dry 
soil, equivalent to 50 g of oven-dry soil, is ~laced in a 250-cc beaker and 
35 to 40 cc of water is added. The soil and water are vigorously 
stirred and the beaker placed in a vacuum desiccator and evacuaoted 
until the mixture boils vigorously. The mLxture is pour~d into a 100­
cc graduate, with the minimum quantity of water required for rinsing 
the beaker. The re~ulting volume is usually about 90 cc. The grad­
uate is covered by the palm of one hand and shaken vigorously. It 
is then set on the table, the inside washed down with It fine jet of wo.ter, 
and the volume made up to 100 cc. The suspension is allowed to 

filSOOO-34-4 

.: 
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stand for 24 hours, and the soil volume noted. The graduate is again 
shaken and allowed to stand 24 hOUl'S. The 'procc;ss is repeated until 
a constant volume is reached; this obtains usually aCter 3 or 4 shl1kings. 
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. Occasionally 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 cc. On long standing, indeed for several weeks, the volume of 
the suspension does not change materially. 

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

The settling volumes of the first 2 horizons of the 11 soils were care­
fully determined. The results are {oundin table 8, column 4. 

In table 8 the soils are listed in the ordl'l' of increasing settling vol­
umes of the A horizons. This2.0 
places them practically in the 
same order as in table 7, wherejlO they are placed in the order of 
decreasing volume weights of 

<J 

f 
0.... VI 0 

the fIrst horizons. Included in
<J I.s 
a: 	 table 8 are the colloid content !oJ... by water-vapor absorption, 


(column 5) the moisture equiv­

alent (column 6),and the water­


~ saturation .::apacity (column 7). 
.. 1.0 

W This last quantity is calculated .. 
by SUbtracting the absolute vol­!oJ 

:Ii 
:3 	 ume of the soil from the settling 

volume and dividing this differ­~ ",D,e 	 ence, which numerically corre­
o A HORIZONS;;: 	 sponds to the weight of the 
V B HORIZONS water present, by the weight of 

the soil. The quotient times 
100 gives the "water-saturation 

o 	 capacity" expressed in percent­0 0.& 1.0 1.5 

VOLUME WEIOHT AT SETTLING VOLUME (ORAMS PER ee) 
 age. TIns term may not be well 

I· FIGURE 2.-Rollltion of field volume weight to volume chosen because of its similarityweight at setUing volUJDo. 
to the term "maximum water­

holding capacityi' as used by Hilgard, but no better term has occurred 
to the writers. In column 8 is given the volume weight of the soil in 
suspension. The quantities are calculated by dividing- the weight of 
the soil by the settling volume. They represent the mmimum volume 
weight the soil is able to maintain in the presence of water. Since the 
field volume weight of the soils represents an approach toward this 
condition, the field volumo 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 there is a rather close correlation between the 
two values. This relation may be brought out more clearly by plot­
ting the data as in figure 2. 

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

....... 
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but the deviation is not great. If a median line be drawn between 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 sett1in~ volume of the A horizon is more dense than the 
corresponding B horIzon. This is probably owing 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 som~times 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 soils under certain conditions produce a maximum volume 
which, at least in some soils, approaches closely the settling volume 
of soils. 

If, in a similar manner the relation between the settling volume of 
these soils and the colloid content (column 5, table 7) is considered, it 
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FlGung 3.-UeluUon of the seWing volume to the colloid by wlller-vupor Ilbsorptlon. 

is to be observed that in general the settling volume increases with 
the colloid content. The correlation is far from quantitative, as indi­
catedby figure 3. 

The divergence of the points from any specific line is quite marked. 
It may properly be concluded that some other and quite definite factor 
than colloid content is of moment in deterInining the settling volume, 
although unquestionably the quantity of colloid is of considerable 
impo:tance. 

The moisture equivalent of soils is a property of soils which, while 
largely dependent upon the kind and quantity of colloid is considerably 
modified by the general textural composition. Inspection of the 
settling volume values (column 4, table 8) as related to the moisture 



------------

28 TECHNICAL BULLETIN 430, U. S. DEPT. OF AGRICULTURE 

equivalent 'again indicates a ~eneral correlation. If these values are 
plotted, as before, the result mdicated in figure 4 is obtained. 

TABLE S.-Settling volume of profile samples 

VolumeColloid Water weightby Mols­Sam-	 Set- satura- or soil FieldHori- water- turepIe Soil type !lnd location tling tion in sus- volumezon vapor equiva­no. 	 volume capac- pension weightabsorp- lent Ity on drytion basis 

Gra1ll8 Gra1ll8 
Co Percent Percent Percent ~r cc per cc 

6678 	

ji 41 5.9 7.9 45.0 1.22 1.73~Kirvin fine sandy loam, Tyler, TelC _____6679 67H 56.6 30.5 98.8 .74 1.31 
6718 44 7.4 9.6 50.2 1.14 1.54Vernon fine sand,-loam, Guthrie, Okla_ 6720 54 21.5 17.7 70.8 .93 1.63 
9475 48 18.6 14.3 59.6 1.04 1.62 
9476 }N~~;~_~:~~_~_~~_~~~~:__l~_~~:__::'l~~~_ 59 50.5 25.2 83.0 .85 1.52 

}Clinton silt loam, La Crosse, Wis ________ {10362 	 sa 13.71 23.9 68.0 _94 1.27 
10363 	 ~ 54 20.3 23.1; 71.0 .93 1.44 
6977 	 rJ3 20.0 20.0 68.0 .94 1.45}CeeiJ sandy clay loam, Statesville, N.O_. { A
6978 II 58H 45.7 26.6 80.4 .86 1.33 

B407 55 21.U 25.5 72.1l .91 1.46}MUSkingUm silt luam, Zanesville, Ohio _ • B408 5i 30.4 262 77.6 .88 1.41 
6797 55 23.1 24.5 720 .91 1.43}ShelbY silt loam, Bethany, Mo. __ •___•. _ 1~ 
6798 B 07 49.6 34.9 86.8 .75 1.33 
8069 56 26.4 25.1 74.6 .89 1.35}palouse silt loalll, Pullman, Wash ______ {1\S070 III 35.6 27.8 85.4 .82 1.51 
6842 5U 32.1 27.3 80.0 .85 1.35}ColbY silty clay loam, Hays, Kans ______6843 60 30.7 2.i.2 82.6 .83 1.40 
8736 t.i2 33.9 30.1 86.0 .81 1.15}Marshallsilt loam, Clarinda, Iowa _____ .
8737 68 39.4 31.8 98.4 .74 1.06 
6096 A 63 41.1 30.5 88.4 .79 1.01 

i~ 

}Houston black clay, Temple, TelC_______ {

6097 	 B 62H 40.2 27.6 87.S .SO 1.27 

It is obvious that a much closer relation exists between the moisture 
equivalent of the soil and the settling volume than with any of the 
other properties considered. There is still something lacking for 

satisfactory results, though 
5 	 it seems clear that the quan­

tity of colloid is of major 
importance.0 

f>A / 
/ 

In order to determine 
5 

/' whether the character of the
V colloid is of any moment in 

~ determining the settlina-vol­" Sl eo 
~ ~o ume of the soils the colloids 
oJ 
2 I:>. of 9 of the erosion-station~ ~s A 	 surface soils were obtained 5 

V1,!l 	 and their settling volumes 
2 / determined exactly as for the 
~so 

;- / soils except that only 10 g of 
colloid were emplo;v:ed. The ..5 

1:>.11 HOftiZON!! quantity of collOId is not
) / 

important in showing rela­
.., tive settling volumes, as in­

10 

dicated by the Shelby silt 
FIGURE 4.-Relntion between llIoisture equivnlent lind set- loam Samples of this colloid 

o !!U~rAGE :lOlL!! 

tling volume. 	 • ,
of 5, 10, a.nd 25 g were. used 

with 100 cc of water, and the settling volumes obtained were 11, 21.5 
and 53 cc, respectively. TIle results obtained with the nine colloids used 
are found in table 9, together with their specific gravity and the silica­
sesqaioxide 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. 

TABLE 9.-Settling volume 	of coll.1itls from the A horizons of the erosion-statio" 
soils a"!d related properties 

Volume 
Sil!<:II-!<Cs, Water-sat­ weight or Settling SpeciHcSoil rrom which colloid WIIS extracted 	 'Iuioxide urntion soil In sus­volume gra"lty ratio capacity pensIon on 

dry basis 

Cc 	 Pacent 
Nacogdoches flne sandy 10all1•••• , ..• '" •. W.O 2.U2 1.07 120 0.6.1 
Cecil sandy clay 10all1_......... . __ ...... W.O 2.6\1 1. :34 153 .52 
Kin'in flne sandy 1011111 .... , __ ., .. 18.5 2.75 2. 0'1 147 .M 
Shelby silt 10all1 .......... ,. 21.1, 2.04 2. 65 1i7 .4i 
Palouse silt 10all1......... . 2'1.0 2.6U 2.48 18.1 .45 
Marshall silt 10all1...... . 22.0 2.62 2.91 182 .45 
Clinton slit lonm ........ . Z.? 5 2. tiO 2.09 187 .44 
Colby sill,y clay 10all1•.. 24.5 2.07 :1.4.1 208 .41 
Houston hlack cJllY'_'" 20.0 2~07 :1.20 2'.!3 .:JS 

The data of table 9 revenl nt once a definite relation between the 
composition of the colloids, as shown by their silica-sesquioxide ratios 
and their settling volumes. The colloids of the lateritic type are in 
geneml of low settlinl? volume n.nd the high silica-sesquioxide ratios 
have greu,tly increaSe(i wuter-satumtion capacities. The wide varia­
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 effect upon the settling volume of soils. When 
an attempt is made to establish It definite relation by plotting the 
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~'lGU1IE 5.-Helntion or ~hc settling volume or the colloids to their sillctl·sesquioxlde ratios. 

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 composition of the colloids, yet that 
composition is not wholly expressed by the silica-sesquioxide ratio. 
That a relationship e:-.:ists hetween the composition of colloids and their 
water relationships hus already been pointed out by Anderson and 
Mattson (3) and the nature of the differences in composition giving 

iJ 
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rise to these differences has been discussed by Byers (7). The data 
on water of composition of the soil acids given in tables 4 and 5 are 
not sufficiently accurate to be used in this connection. 

It may then be concluded that the settling volum~ of the soils is a 
soil property which depends in part upon the constitution of the col­
loid, the quantity of colloid and upon the other textural prop,erties. 
It seems at present impossible more closely to define the contnbuting. 
influences. 

The relation of tllO settling volume to the water-saturation 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 equilibnum 
with the soil. This quantity cannot, of course, be found in any field 
sample but the condition represented by it must be approached when, 
under very heavy rain, the surface of a soil reaches the condition de­
scribed by the term /I quugmire." It must also be similar to the situ­
ation wIucll 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 determmed 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 increasing 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 uny quantity but are arbitrarily made equal. 
The percentuge 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 succes­
sive values are connected by straight lines. Also in the figure are 
included the water-saturation cnpncities of the colloids of nine soils. 
The corresponding figures for the Vernon und Muskillgum colloids 
ure not IWllilu.ble Itt present. 

An inspection of the graph (fig. 6) for the soils mukes very clear 
that in gcneml the same influences det.ermine nIl the water relation­
ships. It is apparent that both the composition of the colloid and the 
texture affect the water J'elationships. Pcrhnps the most interesting 
feature of the gmph is the abnormally grCtlt mfluence of the colloid 
of the Clinton silt loam. 

That the settliIlg volume of soils nnd colloids und the water-sntul'll­
tion capacities arc real nnd detcl'lninllble soil properties is nbuudn.ntly 
shown by this gl'Uph nnd the data from which it is derived. How 
useful they cnn be madc ill soil study and interpretation rcmains for 
the future to show. 

PROPERTIES OF COMPOSITE PLOT SAMPLES 

In the previous report (16) are given the datu. COl' the composite 
plot samples of the Houston, Cecil, IGrvin, Vernon, Shelby, and 
Colby soils. Herewith the datIL are given for the Palollse, ,Marshall, 
Nacogdoches, and Clinton soils. This completes the series except 
for the ~1l1skillgum, the samples of which lIu.ve not been received. 
As in the previous <.~nse (16) these samples Wl're subjected to the fol­
lowing determinations: Colloid by water-vu.pol' absorption, moisture 
equivalent, dispersion ratio, and complete mechanical analysis. From 
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the results of these determinations the colloid-moisture equivalent 
ratio and the erosion l'lttio were culculated. The average vulue of 
each determination for all the plots (except desurfaced plots) at each 
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station was computed for each horizon, Itnd the standard deviation 
and the coefficient of variability were calculated. The data for the 
four soils are given in tables 10, 11, 12, and 13. 
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TABLE lO.-A.nalyse8 of plot composite samples, by horizons, from Palouse si:t loam 1 	 ~ 
~ 

Colloid <0.002 mm In Organic matter by B,O,Slit In horizon- Clay In horizon­ horlzon- In horlzon-
Plot no. ~ 

I 2 3 4 5 2 3 4 5 2 3 5 2 3 4 6 ~ 

~ 

1:1:1 

8 
§ 
z 
tI"­
c:.o 
o 

q 

rn 
t:::I 
t:<:J 

~ 
C '1 . II t r..r . . It' D" t" HlItio of colloid to mOis'l 0.1 on . >y ~\·a cr-.vapor l Olsture ~qulvn en In Ispcrslpn rn 10 In tUfa equivalent in Erosion rntio in horizon­
absorption ID honzon- hOrlzon- horlzoo- horizon-	 o 

'"'JPlot no. 

1~1_4___ 4_~_1_~_3___ 4_1_5_1-~'-'_2___ 
> 

. 2 5___1___2 ___3___ 	 4___5___1___2___3___ 3___4_1_5_ ~ 
~~~~~~~~~~ 	 I q

P' 	 20.4 35.0 35.8 30.4 30.8 2.'i.l 27.S 27.0 25.5 25.5 20.4 10.221.628.6 26.2 1.05 1.28 1.30 1.19 1.21 10.4 l2.i 10.624. 21.7 

26. 29.4 34.2 35.l..... 24.0 26.3 27.6 28. ~ ••,.. 31.3 18.4 24.8 20.3..... 1.05 1.12 I. 24 I. 25.. ••• 29.8 16.4 20. 23.4.•••_ 
25. 29.2 33.9 37.. ..... 24. 8 25. 27.' 28.0 ••__ • 35.5 22. 4 25. ~ 27. I ••••• I. 0 I. 14 1. 25,1. ••••• 34.8 19.6 20. I 21.5._._. 
25. 28.7 34.31 3i.O ._... 2.1.2 25.8 27.7 28. ~ ..,__ 33.4 21.1 22., 28. 4..... 1.02 1. II 1.24 I. 3 ..... 32. I 19.0 17. ~ 21. ..••• ~ 
25.5 27.4 32.~ 36.3 ••••• 24.6 25.8 27.~ 28.5 •• _•• 25.3 10.5 18.8 20.7 ..... 1.04 1.06 1.1911....._ 24.3 15.6 15.8 W.3 .....~~l·~~;~:·l[l·ll.;·~~ ~·;·l ~l·::~..:·:.i 	

~ 

24. 28.033.1 36.3. __•• 24.7 26. 28.~ 28.4.•••• 25.5 19.3 22.0 28.~ "'" I. I.Oi 1.18 1.28 •.•_. 25.5 18.0 19.4 21. ••_._ 
---------------_... 24. 6. 27.4 32. 36.6..... 24. iJ 26. I 27. a 28.5 •• __• 30. 20. 20. U 22. 5 _.... .98 1.05 1.18 1.28 ••_.. 30.8,1 19. 16. 17. •••__ 



S____ ..___________••_____________.________ 26. I 27.7 

9__________________ ______________________ 26.0 26.8 28.51----- 20. S[ 21.0 26.0 30.6_____ I. 01 1.10 1.19 1. 28 _.. __ 20.5 19. ~ 21. S 23.9 ____ _ 


J 28.4.____ 31.1 23.5 21.1 27.2 ___.. . U8 1.03 1.20 1. 20 _____ 31.7 22. < 17: i 21. L ____10_ -----------------___ ___________________ 25.0 26. S
ll_______ . ____________ . __ . _____.. _______ .. 25.6 27. J ~g ::::: ~J ~~: ~ ~:: ~ ~:L:::: 1: ~ u: U~ Ul~ ::::: ~: 3 MU ~g: ~ i~: :::::12________________________________________ 2.,.0 26. 8 28.6 _____ 30.1 28.S 21.0 24.0 _____ 1_O.'i 1.07 1.15 1.29 _____ 28.7 26:ii 18.~ 18.6 ____ _ 

25.2 25. 6 28. 0 _____ 28.7 21. I 22.7 26.7_.. __ 1. O.'i 1.10 1.25 1.37 _____ 27_ 3 19. .18.. 19. 
25.6 25. g 

lJl26.6 24.S ~U ~:hii~2 ~:~ ~U ~g ~:~-i:24 Ug U~ U~ gr -24~4 ~U ~::~: ~t:~ 
Average ;-----______________________ 25.3 28.1 311.8 _____ 24.7 25. S 27.: g

Standard devlation ___________________ .___ .5 1.1 .9_____.4.4.6 28.4.____ 30.5 21. 3 22. 3 26.3_____ 1_01 1.09 1. 21 1.30_____ 29.8 10.? 18.4 20. _____ 
.3 _____ 2.9 3.0 2.0 2.8 _____ .03 .04 .O.'i .040____ 3.1 3.l 1.5 2.3 _____ F;

CoeIHclentotvariablllty__ ._._ ..... ____ ••. 2.1 4. 2.4.____ 1.6 1.5 2.3 1. 0 .. ___ 0.5 13.9 9.1 10.6_____ 3.00 3.0( 4.20 2. 70 _____ 10.4 15.3 8.4 11_2 _____ 

~ 
I Mechanical analyses by n. W.Lakin and T. M. Sbu,,-.
, ProtlJe sample. 
'Short plot. i 
• Long plot. 
aDesurtaced plot. 

a Desurtaced and refilled to original level, 1932. 
 a
7 Average does not include protlJe sample or desurtut'Cd plots. 
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. C/o)TABLE H.-Analyses of plot composite samples, by horizollS, from lIfarshaU silt loam I 
~ 

Colloid <0.002 mm in IOrganic matter by lI.O.Sand in horizon- Silt In horlzon- Clay in horlzon­ horl!on- In horiwn­ ~ Plot no. C 
2 3 4 I 2 3 4 I 2 3 4 1 2 3 4 1 2 3 4 ==Z 

r-- ------------------ - ------------ - -- .... c 
Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pet. Pd. >P • _______ -_______•___•__ •_____••___._.___________ 2.1 1.5 3.5 18.1 59.0 56.5 61.6 55.2 35.3 39.4 33.8 26.5 32.4 34.6 28.2 20.3 3.2 2.3 0.8 0.0 t"'1 1_______ •___• ___________________••_._____ •• _•••__ 2.2 1.6 1.0 1.1 60.4 60.0 58.9 6.1.8 34.1 35.S 37.9 33.9 29.9 32. 0 33.6 28.5 3.1 2.3 1.9 .8 

2 • __._._________••••_•••••••••••••• __••••_•••••••• 2.1 1.7 1.2 1.1 59.6 57.1 58.2 62. 2 34.9 38.2 38.7 35.9 30.5 33.2 33.9 29.3 3.1 2.6 1.5 .5 t:D' 
3._••••••_._ •••••__•____••••__•• _.____._•••••••••• 2.4 1.6 .9 1.0 58.2 58.2 59.8 64.1 35.8 37. i 38.0 34.1 30.6 33.3 33.4 28.5 2.9 2.4 1.1 .4 c:l 
4._._••• _••_••__ •••••••___•••••_•• _•••_, •••••••••_ 1.8 1. i 1.2 1.0 60.4 58.5 58. i 64.4 34.5 36.8 38.3 33.8 29.7 32. 4 33.1 28.3 3.1 2.6 1.7 .4 t"' 
5••••••••••• _••• , ............................._••. 1.8 1.3 1.1 3.0 61.1 59.4 60.4 63.6 33.7 363 37.4 32.8 29.7 31.0 31.7 27.8 2.6 2.6 .7 .1 

6•••_............................................. 2.0 1.5 1.4 1.2 60. i 58.7 58.2 64.1 33.9 36.8 38. i 34.1 29.7 32. 5 33.6 29.0 3.0 2.6 1.4 .0 ~ 

7_____ ....... ______ ...... ___ .. __ .. ____ .... __________ .... ________ 8
2.0 1.4 1.0 .5 61.7 58.5 61.4 66.1 33.3 37.5 36.6 32. 5 30.4 33.0 32. 0 25.9 2.2 2.0 .8 .4 ..... 
8."" ,., •••_..................................... 1.5 1.4 .9 1.0 60.7 59.6 58.6 64.2 34.6 36.3 39.2 34.2 29.9 33.4 31.2 30.8 2.3 2.1 .7 .0 
 Z
9 ' ••••••••••.••••••••••••••••.•••••••••••••.•••••_ ------ 1.1 .9 1.0 -- .. --- 54.5 57.3 f>l.O ------ 42.1 40.8 34.3 ....---- 35.5 34.2 27.5 ------ 1.8 .7 .3 

.;.. 
A "eravc ................................... 2.0 1.5 1.1 1.2 60.4 58.8 .~9.3 64.1 34.4 36.9 38.1 33.9 30.1 32. 6 32. 8 28.5 2.8 2.4 1.2 .3 Co) 

Standard dc\"lation •••.•••• _ •••••••••••••••••••••• .3 .1 .2 .7 1.0 .9 1.0 1.1 .7 .S .8 1.0 .4 .8 1.0 1.3 .3 .2 .4 .3 ? 
Coefficient or "ariabllity .........................1 13.0 9.4 15.7 58.0 1.6 1.5 1.7 1.7 2.1 2.1 2.0 2.8 1.2 2.3 2.9 4.6 12.4 9.6 36.6 86.6 

c:l 
Ratio of colloid to mols.' '!»IColloid by walcr'\'Rpor Moisture equi\"alent in Dispersion ratio In ture equivalent in Erosion ratio in horizon­IIb~orption in horizon- horizon- horizon- ­ horlzon-Piot no. t:;r 

t:t.1 
I 234 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

'--- ----------r-- --r--------r-- -- I- ~ 
Pel. Pel. Pel. Pel. Pel. Pd. Pel. Pel. 

P ......................._................_....... 33.9 3U.4 33.1 21.4 30.1 31.8 29.3 23.3 16.1 7.9 18.2 31.8 1.13 1.24 1.13 0.92 14.2 6.4 16.1 34.5 0 

1 ' ........ __..............__...................... 33.3 36.9 38.8 36.0 30.4 31.7 32. 1 30.4 26.0 24.1 23.9 33.2 1.10 1.16 1.21 1.18 23.6 20.8 19.8 28.1 "':! 

2 .....................____...... __ ................ 33.4 36.7 38.7 35.0 30.6 31.8 32.4 29.9 27.0 2';.7 23.5 33.8 1.09 1.15 1.\9 1.17 24.8 22.3 19.8 28.9
3._......______........._______•••__•••_____...... 
32. 2 35.8 3~.2 35.6 30.3 32.2 32.3 30.8 29. i 26.0 27.9 :12.1 1.06 1.11 1.18 1.16 28.0 23.4 23.6 Zi.i 0

> 
4......._........................._._.......___ • __ 32.0 36.4 38. i 34.8 30.4 31.7 32. S 30.5 26.1 28.9 28.6 36.1 1.08 1. 15 1.18 1.14 24.2 25.1 2-1.2 31.7
5._._..._.......__ •••_••• __...__•___•••••••••••___ 32. 9 35.9 30.4 34.1 29.7 31.5 32.3 29.'; 26.0 21.3 28.3 36.0 I. Jl 1.14 1.22 1.16 23.4 18.7 23.2 ::031.0 ....6••______.._••••• _••_____ •••• __ ••_. _....__ .._••••• 31.9 36.0 38.5 33.8 29.7 31.8 32. 9 30.0 26.1 26.5 26.6 36.1 1.Oi 1.13 1.17 1.13 24.4 23.4 22.i 31.9 c 

.,.,~i ... ____ ..... __ ... _,._... _....... ~_ .............. ,... ________ .. _...... .......... ___ 
 32. 6 36.S 38.2 33.1 30.2 32.5 32.7 29.5 _1.1 26.1 27.4 30.4 1.08 1.13 1.17 1.12 25.6 23.1 23.4 27.1 c:l
36.8 39.0 35.7 30.2 31.7 32. 9 30.3 28.1 25.0 23.8 34.3 1.08 1.16 1.21 1.18 26.0 21.5 19.7 29.1g'j.:::::::~::::::::::::::::::::::::::::::::::::::: 32. 7 
40.5 39.1 33.9 - .... --- 33.0 32.3 29.4 ---_ .. - IS. 3 23.2 33.2 -- ... _-- 1.23 1.21 1.15 ------ 14.9 19.2 28.9 E3 

32. 7 136. 4 38.8 34.S 30.. 2 31.9 32. 6 30.1 Zi.j 25.5 26.3 34.0 1.08 1.14 1.19 1.16 25.0 22.3 22.1 29.4A veroge ••_.......______••• _________ •___•__• c:l 
Standard deviation ........____ •••• _. __.....____• .5 .4 .5 1.0 .3 .3 .3 .4 .4 2.0 2.0 1.9 .02 .02 .02 .92 1.4 1.8 1.8 1.7 ::0 
Coefficient or varlabllity._._...__... __ •••••__..... 1.5 1.2 1.4 2.7 1.0 1.0 .9 1.5 1.5 8.0 7.7 5.7 1.4 1.4 1.5 1.9 5.5, 8.2 8.2 5.9 tr.l 

I Mechanical analyses by n. W. Lakin nnd T. M. Shaw. , Short plot. ~ Desurfaced plot. 
• Proflle.sample. • Long plot. • A veroge does not include prollle sample or desurfaced plot. 



T.-I.BLE 12.-Analyses of plol composite .samples, by horizons, from Nacogdoches fine sandy loam I 

Sand in horizon- Silt in horizon- Clay in borizon- Colloid <0.002 mut in IOrganic matter by B.O. 
borizon- In borlzon-

Plot no. rn 

11234 4 512345'123451123455111~3 & 
~I~~~~~~~~~~~~~~~N~~~;~~~~

P '----. ____________ J ,,-, '" "-, "-, ..., " <0 ., ... .. ..~ "" "" .. ~ h ____ h. ___ m ______ "-, "-r"' ,,-'" ,,-''''' .,.e'" 
i 

g 

3 , ................ _...............__ .....f 69.9, 4S.1 53.5.•••• ' __ " 10.1 5.5 5.9 ••.•• "'" 1S.0 45.9 40.3..... ..••• 17.2 45.8 38.8 ..... '.'_' 1.5 •~ •~ •••_. _.... 

2....._......... " ......... __ ............_( 69.7145.051.8 __ ••___ • __ 8.71 5.0, 5.2 ...__ ...._ 19.349.• 39.6 ..._._.... 16.S 46.S 33.9.___..._•• I.S ." .~.__•• _••__ 

3.........................................)69.2:48.3 57.3 •••••••••• 10.:1 5.3 4.5 .......... 1S.0 45.6 3i.9 ••••••••_. 15.1 43.235.8 .......... 2.1 .4 .~ ........__ 

-4 ' ____...__ ....._................_....._._, .•••_! 49.0 51.6.__._ ••••••__.j 5. oj 4.11 __••___.......~ 45j 40: 0.__ .. "'" ...,_ H.O 38.6 ..... _•••__..._ .2 .0 ___._ ._._. 

------ ./--- - 1-­
A"erage'••__.... _._........_._.____ 69.6 47.1 53.21'-'-' ..... 9. 71 5.3[ 5.2 ..._....-- IS.4 46. U 39. L.... •••.• 16. 4 45.3 36.•••••, "-" 1. S .4 . ~ .---. ----- ~ 


Standard de"iation ... ___ ••• __•__•__ •••• __ j •31 1. 5. 1.6 __• ___.... .7 .2 .6 ........,_ . 1. ( 1.0 •••_.••_._ .9 i.3 2.. 0 ...______ • .2 .1 .0 ••••• __••• 

Coefficient of \'nrinbility..................; .4! 3'1 2..9 .......... 7.4 3.9 11.0 .......... 3.4 3.5 2..f> ..._•••._. 5:6 3.3 5.6 ..... "'" 13:0 20.9 •(L......_•• 
 t:;j

1 1 lZ 
o 

1\[ . . aJ in D' . ., IRatio of conoid to mois- .....i 
absorptIOn m horlzon- honzon- honzon horizon- o 

Plot no. Z 
t:;j 

______________ 1 _2~_3___4___5___1___2___3___4___5___1_ ~_3~_4___5___1___2___3___~_ ~~1_2_1-3-1_4_1_5_ :.-l 

('ono d .b)· ~mter.vBpor OIsture ~qUI\' ent tSpersl.on ratIO ill ture equi<;alent in IErosion ratio in horizon-
rn 

I ~ Pet. Pet. Pet. Pet. Pet. N. Pet. Pet. Pet. Pet. lZP'.............................__........ 18:6 SO.5 52..532.9 45." H.~ 25':1 25.~ 18:~ 22.5 28.~ 13.S 16. 11.5 12.4 

1'.........................__............. 20.8 SO. 4S.6 .......... H.' 25." 25.~ ..__...... 23.S 18.4 12.8 li

2____....__....................._......... 21.5 52.1 47.9 .......,,, 15.1 26.8 25.3 ..__ • __ ... 24.0 22.3 15.6 t:;j 

3.................._.........__........... 19.9 4\}. U 45. \} ..... "'" 15.7 25.5 24.4 "'" "'" 27.4 19.3 16... 

" ...............__...____...___......_.... ..... 51.2 48. 3 ____...... "_,, 25.9 24.9 ...__ ..... "'" 17.1 13.7 ~ 


Average4.................._.....~.. 20.7 SO,7 47.5 ........__ 15.~ 25.S 24-.9 .......... 25.4 2O.~ H.\}

Standard de\·iation ••••••••_.............. .7 1.3 1. I..... "'__ . 6 • 7 •4..__. ..... 1.5 1. i 1.5 

Coefficlent oC "ariablUty.......__......... 3. 2. 5 2.. 4..... ..... 4.1 2. 7 1.5 ..... "'" 5.9 S.3 10. ( 
 ~ 

o
1 Mechanical analyses by H. W. Lakin nnd T.1\r. Sbaw. 

: Profile sample. 
 ~ 
S Short plot. 
• Desurfaced plot. 
I Average does not Include prollJe sample or desurCaced plot. 

~ 
~ 

~,~ 
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TABLE 13.-ATlalyse,~ of plol composite samples, by horizons, from Cli7lto71 silt loam I ~ 
~ 

Collolt!. <0.002 mm In I' Organic matter by H,O,Sandin horizon- Slit In horlzon- Clay In horlzon­ horizon- in horizon-
Plot no. I!!l'"' 

______________II__ ~_3___4_j_5_ 1-2- -3 _4_1_5___1_ ;- ~_4___5___1_~1~_4___5___1_1~-3---4-~ C'l 

I 
1:1: 
ZPd. Pd. Pd. Pel. Pd. Pet. Pel. Pel. Pel. Pet. Pet. Pel. Pet. Pel. Pet. Pd. Pd Pel. Pd. Pet. Pd. Pet. Pd. Pet. Pd. .... 

P,••••• ~ ................................ 0.0 6.0 7.010.768.672.768.5 05.S 66.5 7.6 19.1 24.327.022.4 23.2 11. IS.S 21.S IS.2 21.4 1.7 0.1 O.~ 0.0 0.0 C'l 

1 •••••.••..•..••.••••••••.••_.............1 4.9 4.2 8.724.8 .•••• 75.4 69.S 64.0 48.0 ..... 17.625.326.5 26.1..__ • 12.~ 20.0 21.8 24.S ••••• 1.7 .4 .5 .~ ••••• 
 ~ 
2 ....................__............... : .../5.3 5.8 8.3 15.5 ...... 75.069.303.8 59.8 ...__ 17.6 23.S 27.4 24.3 ..... 10.920.022.9 19.8 __... 1.8 .6 .2 ., .... . t" 

3......................__........... ,,_•. 4.9 5.9 S.O 19.7 ..... SO.6 69.4 64.S 55.0 ..... 12.524.3 26.S 24.3 ..... 11.S IS.5 22.7 20.1._... 1.7 .4 .3 .0 .... . 

4....., ..........._............... ........ 5.3 4.6 6.0 11.0 ..... 74.8 69.6 06.9 03.9 ..... IS. 25.5 26.7 24. 6 ..... 11. 3 19.~ 22. ~ 22.2..... 1.3 .1 .2 .1.____ tI:i 

5........ __ .............. "" •..••• 4.7 5.1 5.3 7.2 ..... ii.3 71.2 68.2 68.5 ..... 16.! 22.7 25.8 23.7 ..... 11.9 IS., 22.4 21.9 __....1.6 .7 .6 .3.__._ d 

6....... .... . .................. 4.5 5.4 5.7 7.5 .....!ii.2 71.5 68.7 68.6 ••••• 16.:: 22.6 25.3 23.5 ..... 10.7 18.1 22.021.4 ..... 1.6 .3 .1 .1..__• t" 

7............ •................ , ....... 5.4 4.1 5.4 7.2 ••__ • 77.0 72.1 69.Q,69.0 ••••• 15.8 2:1.2 25.4 23.5 ..... 11.1 IS.4 22.1 21.7 ..... 1.5 .3 .1 .1 ..__• t" 

S........................................ 5.0 4.8 6:~ 0.6 .••.. 76.:1 72.1 6S.~ 69.5 ..... 16.8 22. 25.4 23.5 ••••• 12.8 18. 2:1. 20.8.____ 1.4 .6 .4 .3 __••• I!!l 

9...... "" ............................... 5.7 S::i 6.4 6.6 ..... 74.869.8611.167.7 ..... 17'1624.527.1 25.L.__• 12.619.923. 20.4.____ 1.5 .3 .~ .2._.__ ....
10 ..................................... 5.1 5.5 5.7 7.3 .••. 7.~.2 71.S 06.6 flO.O •.• __ 17. 21.827.226.2 .•••• 13.4 1~.3 23.022.9 ____ • 1.9 .5 .~ .1.•.__ 
 '"'Z11 .......................................___.. •._._. .•_--_. _7_1._5_6_7. 6_7._3.:.:.:..:.: _ _ ••.. •••• ••
_--_. _5._3_6._6_8._0_ _ __ .•••_.:1~_25_._9_23_._3.__ _. _"_--_' _1_8._9_23_._3_20_._7__ _. _--_,._. _._5_._0~_--__. 

1 >l>­Stand!de~~~':ticin::::::::::::::::::::::: 5J 5:A tg 1kL:: 7~:~ 7n ~:g f'U ::::: It· z::~ 26J 2::&::::: IIJ 1¥:~ 22j 21:t:::: l:g :~ J :i::::: e.:> 
Coefficlentofmriability...............__• 5.8111.7 18.454.4 .....12., 1.6 2.7 10.0, ...... 9.4 5:~ 2.9 4.1''' __1 7:0 5.5 2.1 6.5 ..... 10.869.251.0 52.4j.___ ? 


d
Colloid by water·\'8por :\Ioisture cqui\'nlent In Dispersion ratio in Ratio of colloid to mols· . 
absorption in horizon- horizon- horizon­ ture equi\'n1ent in horizon 1ErOSion ratio in horizon-

Plot no. ?l 
123 4 5 1 234 5 1 234 5 1 234 5 2 I 3 415 ~ 

-------------1-------------------- -I-----I- --1--1--1-- I!!l 
Pet. Pet. Pet. Pel. Pet. Pet. Pd. Pd. Pet. Pd. 

p .......................................__I13.7 20.3 24.7 21.1 19.8 23.1 23.1 24.1 22.4 13.8 32.9 26. 7 35.~ 39.2 34.S 0.57 0.86 1.00 0.94 1.43 57.4 31.0 35.5 41.7 24.3 ~ 

13...................................... 14.1 21.4 24.626.5 •••.• 21.623.: 24.1 22.4..__ • 39.0 31.6 32.~ 34.0 .•__•• 05 .91 1.02 1.IS .._•• 60.034.731.828.8 ..... 

2·.......................__.............. 13.320.524.9 23.0. ____ 21.6 23.! 24.4 22., ____• 37.0 30.8 31.~ 34.1.____ .62 .871.02 1.01 __. __ 59.735.• 30.633.8 ••••• 
 0 
3...... , ...........................__ ••• 13.9 21.4 25.6 24.1.____ 22.0 23:! 24.7 22. __." 34.4 31.8 34.S 40.6 __• __ .03 .90 1.04 1.08 __... 54.6 35.3 33.5 37.6 •.••• "'J 
4............................__.........__ 14.3' 21.6 25.S 25.3 ____• 22.~ 24.~ 25.423.7 ____• 31.1 32. 35.142.9 ...... 65 .88 1.02 1.07.____ 47.836.634.440.1..__• 
5..........................__ ••____....... 14.4 20.2 25.5 24.S __• __ 22.0 23.4 25.~ 24.3.__.. 30.5 28.5 30.4 36.6 ____••05 .86 1.02 1.02 __• __ 46.933.1 29.8 35.9 __... c ~ 6................................... 14.1 20.5 24.S 23.8.___• 21.4 23.$ 25. 24. ____• 29.530.7 36.! 42.S __• __ .06 .86 .98 .98.____ 44.735.737.243.2.__•• 

7.....- •. : ... " ....................... __.. 13.4 20.325.3 26.0 ____ • 21.8 23.4 24.3 24.3 ____• 31:~ 29.030.341.0 __• __ .61 .87 1.04 1.07 ••__• SO.S 33.~ 29.1 38.3.__ __ is 

S__ ..................................__• 13.5 19.1 25.0 24.0.__.. 21.7 23.3 24.~ 24••____ 31.~ 26.4 33.6 40.6 __•••• 62 .82 1.00 .99 •••__ 51.032., 33.6 41.0 •.__ • C'l 

9................ , ....................... 14.4 .22.1 26.2 24.7 ..... 21. 5 24.3 25. 24.1 •.__• 32.~ 32. 7 39. 46. 3 ..... .67 .91 1.02 1.03 "'__ 47.7 35.9 38.4 44.9 .... . d

10........................_......__.... __ • 15.2 19.1 25.4 24.6 ____ • 21.S 23.324. 24.4.---- 30.8 3S.1 33.9j 35.1.•.__ .70 .8 1.00 1.01 ••__• 44.0 42.8 31.9 34.7 ..__• 

II .......... __....................__ .... __ ..... 19.4 26.0 23.6 ........___23_._3_25_._6_23_._9_--_••_. _ ••_--_. _3_4._5_4_0._51_4_7'_0r::= _--_--_.~ 1.02 .99 ____...." 41.6_3_9._7~_..____• ~ 


1 dA\'CI'lIRe ••••••__..................__ 14.1 20.625.3 24.7 ..... 21.7 23.7 2t.8~ 23.! ____• 32.7 30 . .9 33.8/39.4.___•• 05 .S7 1.02 1.04 ••__ • SO.7 35.5 33.0 37.S ____• 

Standard de\'latlon................. ...... .5 1.0 .5 1.0 ••__• .2 .4 • .8 __.__ 2. 9 2. 3 2. 7 3. 9.____ .03 .03, .02 .00 __••• 5. 4 2. 8 2. 9 4. ~ ____• 

Goefficientof\'arlablllty..................I 3.9 4.7 1.9 4.0.____ 1.0 1.8 2. 3.4.____ 9.0 7.5 7.9 9.9 •••__ 4.0 3.5 2.1 5.4 __... 10.7 7.8 8.712.u ••••• ~ 
1 

I}\{echanical analyses by H. W. Lakin nnd T. M. Shaw. 3 Short plot. , Desurfaccd plot. 

1 Profile sample. • Long (llot. • A \'erage does not include profile sample or desurfaced plot. 




SOILS FROM THE EROSION EXPERIMENT STATIONS 37 

These data indicate tl1at the plot samples of these four soils, like 
those of the six previously studied, are chnracterized by a high degree 
of uniformity. The differences in many cases are probably well 
within the experimental error. The only case where any distinct 
lack of uniformity is shown is in the fourth horizon of the Clinton. 
The first four plots contain much more sand in this hOl'izon than do 
the rest. These differences are also reflected in the silt, clay, and 
colloid content, but not to as great un extent. Differences appear 
also in the other soil properties. It would appear that the soil depth 
is 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 mechanicnl nnnlyses. The dispersion and ero­
sion ratios are quite similar in the Nacogdoches and Clinton but are 
at a grenter varinnce in the ]>1110IlSe nnd ,Mnl'silltll, particularly in the 
second horizon of the 1fnrshnll. Since the plots are very uniform in 
respect to these determinations, the only way the writers nre able to 
account for these differences is by nssnming thn,t there was a struc­
tural difference between the profile samples and the plot samples, or 
at least a structllrnl difference caused by sensonal variation in the 
times of sampling. 

The surface of the desllrfnccd plots (listed in the tables as the second 
horizon) agrees very well with the corresponding horizon of tho normal 
plots in all cases except plot 15 of the Palonse. This plot, while 
classed as a desurfnced plot, is unlike any other plot at any of the 
stations, in that it wus desurfaced and then rcfill('d with clay from a 
nearby outcrop. The normal desurfaced plot (plot 14) wns found to 
give unsatisfactory results, owing to the nccumuhttiol1 of snow during 
the winter in the plnce from which the surfnce soil had been removed. 

The coefficients of variability are, in geneml, very low. The notable 
exceptions are in the fOllrth horizons pf the Marshall and Clinton. 
In both of these cllses the largest coefficient of variability is in the 
percentage of sllnd.3 

In order better to compllre the uniformity of these soils the coeffi­
cients of variability lJilYe been ILvcrngcd for euch horizon of each soil, 
and are shown in table 14. 

TABLE 14.-Average I coejlicienis oj variability oj composite plot samples 
~--' , ..•~ ..--,.-"-.~-,-, ~-.----,--

Nnl'()J:­
doch(~.I'lIlouse l\fllrshllll I(,Un ton Horizo:l Oneslit 1011111 silL lonlll ' silt ]0II1ll sundy 

1011111 

I."......................... , ...... . 5.0 3.2 O.U 5.4 

2......................... ,.__ ••• ,., • 11.4 :l.0 5.5 4.3 

3......." •..•••• ' •• ' ....... S,4 4,7 5.4 5.·1 

4,.,......... " H '", .... ' •••••", 5.0 11.4 


5.7 5.3 I~:: r""'~~~" 
I CoctHcients o( vnriability (or orgnnlo mutter nro not included. 

2 In nil cases the standard devintion o( t1w organic mntter Is relntlvely'very]ow, but owing to the veryJow 
~rcentnge 01 orgllDlc mnttlll", cspcclnllyln tho lower horizons, the cGlltHcient of variabllity)s bigh nnd, in 
this IUld the (ollowln/l discussion (tublo 14), has ,lot been considered. 
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The Nacogdoches has the lowest average coefficient of variability 
for these lour soils and also for the en tire series (16, p. 42). However, 
the Nacogdoches has the smallest number of plots (four), ltnd conse­
quently 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 ghTen 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 degree of 
uhiformity. 

RUN·OFF AND EROSION DATA 

The erosion-station plots were established for the purpose of study­
ing the effect of water in producing erosion under different conditions 
of cover and cultivation. The laboratory investigations in connec­
tion with these plots were organized primarily to discover whether, 
as erosion 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 ((16, pp. 36-41), and tables 10-13 in this 
bulletin). The annual composites from each 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 erosion, the 
results of the analyses, when compared with the original profile com­
posite analyses, should reveal the extent and character of tbe changes. 
Such comparisons, us well as those made with the cOI'I'esponding data 
on the material removed under various eover nnd other conditions, 
ought to give inforllllltion concerning the lllodes of prevention of 
erosion. It is not to be expected t1mt marked ehanges would uppear 
within a period of a few years only, but the course of opemtions may 
be followed by nnnual examination. It is also possible, by such lab­
oratory examinations, to establish comparisons between the soils at 
the different stations. The station first established is ut Guthrie, 
OkIn., and began opemtions in 1929. The stntion most HClcently 
established is nenr Zanesville, Ohio, nnd begun opemtions in 1933. 
Sufficient time has not elapsed to give adequate data for final con­
clusions. 

Run-off and erosion data are now avnilnble for one or more years 
from 7 of these stl1tions and for 8 of the soils. No data are yet avnil­
able from the PullmlLll, Lit Crosse, nnd Zunesville stations. The 
samples submitted by the stations of the dissolved solids obtained by 
evaporation of the run-off wn,t,eI' have been so smnII nnd so contllllll­
nated by colloids that no analyses have been made. The annual 
composites (p. 2) have been examined by the same methods employed 
for the profile composites. The solid mn,terinl removed by el'Osion 
from each plot, the wush-off snmples, Itaye nlso been exnmined in 
exactly the stUne IIInnnt'r. The rcsults of these eXllminations al'e 
brought together with the dntn for the profile composite samples in 
tables 15 to 22, inclusive. In order to mnke clearer the significnnce 
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. euch year. Other plots are 
protected, so far as possIble, ftom erosIOn. Some are subJected to 
,rotations, so that the amotlnt of erosion varies from year to year. In 
:llddition, one or more plots are desurfaced in order to expose the B 
horizon to erosion. In addition to these variations, the fertilizer 
practice is different ut the seyeral stutions. 

It should also be noted that the wush-off sumples have been collected 
at different times during the year and have been repeatedly oven­
dried and rewet. This entnils considerable segregation of material 
and aggregution of tl)(~ colloid fraction. This se~regution may readily 
be observed by inspection of the samples. It mIght huve been antiCi­
pated that the wush-off material would be reudily dispersed. As a 
matter of fact, the treutment to which it hus been subjected leaves it 
readily dispersed but the original structure of the soil is completely 
destroyed. 'fhis fact makes the comparative value of the dispersion 
ratio doubt.ful, and, in consequence, the erosion ratio has not the same 
significuuce as it 1ms in the uueroded soil. 

, ' ~ .' ." ." 

!' j 
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TABLE I5.-Analyses of annual composite samples and wash-off of Vernon fine sandy loam at Guthrie, Okla.; and related data 1 

[Total rainfall 33.66 inches in 1930; 29.2 inches in 1931; 3i.4 inches in 1932; slope 7.7 percent] 

~ 
0 

Colloid Ratio of 	 ~ 
by Mois· 	 ErosionDisper., colloi? 	 Colloid ,organiCI Iwater· ture 	 perinch

Plot no. Sample 	 sian to mOl.s-IErasian Sand Silt Clay 1<0. 002 m~tter ErosionIRun· Crop treatment £ 
vapor eqniv· ratio ture ratio 	 mm Hlb, oIl of run· z

absorp- alent equiv· oil .... 
tion alent a 

>-----------1--1--1--1--1--1--1--1--1--1--1--1--1--1------ t' 
Tons Tons l:dPacent Percent 	 Percent Percent Percent Percent Percent per acre Percent per acre 05.2 7.1 41.8 o. i3 57.3 75.0 16.0 i.Q 5.6 0.7("',m. rom","~..._ t'1930 wash-oli '___•• ___• 5.5 10.2 59.2 .54 109.6 72. 7 18.5 7.1 5.7 .4 21.26 11.55 5.5 Cotton. t' 

3 1931 composite__ .. __._ 5.2 7.7 25.6 .6S 37.7 75.2 16.7 7.0 6.5 .8 -------- -------- -------. t:r.I1 •••-------•.••---.1 1931 wash-0II_____ •• _•• 8.1 15.2 68.3 .53 129.0 61.1 23.1 13.2 11.7 1.7 7.93 10.37 2.2 Do. ..;J
1932 composite__ ••____. 5.7 7.0 39.4 	 .81 48.6 75.3 16.9 6.6 5.9 .8 -------- ---.---- -------. .... 
1932 wash-oII__________ 4.2 5.:! 55.5 	 .79 70.2 79.1 14. 9 5.0 3.7 .9 47.93 19.33 9.3 Do. z.9 ________

7.0 9.5 33.0 . 74 44.6 72.9 17.0 9.0 6.7 -------- -------.roo"'"1930 wash-o/Loom'm''<______ ....._ 	 124.0 65.4 24. 0 7.7 1.6 14.49 4..3•. 7.6 13.7 68.2 .55 	 8.5 10.04 Do. "'"I»• 1931 composite___ •____ 6.8 9.8 24.0 .69 34.8 72. 7 17.5 8.4 7.2 1.3 
2 .-------------.--.1 1931 wash-olL________• 6.8 10.8 60.8 .63 96.5 69.S 20.0 1\.7 6.9 1.3 25.51 13.48 5.5 Do :? 

1932 composite_____ • __ 6.6 1l.7 36.8 .76 48.5 72. 9 17.5 8.1 7.2 1.0 ---.---- -------- -------.
1932 wash-oIL ____ •____ 	 52. 7 75.3 16.7 6.9 4.7 88.04 15.43 21.35.8 8.5 56.3 .68 	 .9 Do. ~ 

6.4 9.3 32.3 .69 46.8 73.1 17.0 8.5 6.7 1.0 -------- -------- -------.r'.1930 wash-olL_._,"'w____.....___ 6.1 11.8 54.8 .52 105.4 66.4 20.9 10.6 7.6 .7 17.56 13.11 4.0 Do.• !Jl 
1931 composite. __ •• __ • 6.7 9.3 28.5 .72 39.6 72.S 18:2 7.7 6.8 1.1 -------- -------- -------­ ~3__ --------------.1 1931 wash-oII__•___• ___ 6.7 10.5 60.4 .64 94.4 67.1 22.1 8.9 7.2 1.5 11.57 13.21 2.6 Do. 

i 1932 composite__ •••___ 5.6 8.1 40.0 .69 57.9 74. 3 17.1 7.5 6.7 .9 -------- -------- --------	 t:r.I '.,
I 1932 wash-oII______ •___ 5.1 6.2 54.4 .82 66.3 74. 7 17.3 6.S 5.0 .9 68.52 14.70 17.4 Do. 

7.6 9.4 32. 7 .81 40.3 72. 9 16.1 9.8 7.6 1.0 -------- -------- --------	 ~ 
1930 wash-oli_______ •__rooru.-""~..... 14.5 22.6 77.8 .64 121.5 45.4 31.5 19.0 15.0 3.5 3.09 13.36 .69 Wheat (oats). 01931 composite________ 6.9 9.4 25.1 	 .73 34.4 72. 6 18.1 8.0 6.5 1.1 ':j4..------------------11931 wash-olL_____• ___ 25.0 32.3 57.8 .77 75.1 26.6 43.1 22.8 17.8 6.9 .98 ·-iO~5~- .27 Sweetclover. 
1932 composite____ ._•• 6.6 8.6 38.4 .77 49.9 72..8 17.7 8.2 6.7 1.0 -------- -------- ---_.._-­
1932 wash-oII ________._ 9.8 14.0 53.8 .70 76.9 59.0 27.3 11.0 8.7 1.5 39.31 12.46 11.8 COttOIL Q

> 
6.4 9.8 40.7 .65 62. 6 74.0 15.8 8.8 6.6 1.1 -------- -------- ---- ---­rroru. rom''''•...... 	 t:d1930 wash-otL_______•• 16.8 29.5 .57 38.5 37.5 18.8 12.0 5.8 .51 9.76 .16 Sv·retclover. .... 

1931 composite__ • ___ ._ 7.8 9.2 27.3 .85 32.1 72.5 18.3 8.1 6.2 .5 a5 __________________ J 1931 wash-oII____._._._ 	 -------- -------- -------­
14.0 19.4 61.0 .72 S·!.7 so. 1 31.1 15.6 13.3 2.7 5.89 10.36 1.7 Cotton. 0 

1932 composite___ •• ___ 7.6 9.6 38.5 .79 48. 7 71.8 17.6 9.1 6.6 1.2 -------- -------- -------­
1932 wash-off__ •• __._._ 18.3 24.1 51.4 .76 67.7 46.3 28.0 21.6 15. 7 3.4 .98 11.00 .3.3 Wheat. ~ 


7.4 10. I 36. I .73 49.4 71.8 16.8 10.0 8.1 1.2 -------- -------- -------.1'-oom"""•...._1930 wash-oIL_______ •• 8.1 12.5 60.2 	 .65 92.6 72.0 16.2 9.8 8.1 .5 13.32 11.95 3.3 Cotton. ~ 
.86 -------- -------- -------­1931 composite___ • __ •• 8.1 9.4 23.6 27.4 71.7 17.9 9.2 7.9 .9 	 t:r.I 

6----.-------------.1 1921 wash-oq___• ___ . __ 31.2 42. 0 60.1 .74 81.2 14.8 42. 9 34.4 23.4 7.3 .52 10.96 .14 Wheat. 
: 1932composlte_____ • __ 7.2 9.3 39.4 .77 so. 9 73.6 16.1 9.1 7.6 .8 ----_._- -------- -------­
',1932 wash-oII____•_____ 35.2 43.3 63.3 .81 78.1 15.1 38.9 36.3 26.7 8.5 .56 9.00 .23 Sweetclover. 
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Profile composlte_____ 7.3 10.5 33.5 .70 47.9 71.5 17. I 9.9 7.9 I 1.4 ________________________ 
1930 wash-oII__________ 7.5 11.8 .64 70.7 17. I 9.9 6.6 .06 2. 83 .06 

7-------------------'llg~f~:C~~~::=:::::: l~g ~U ~~ :~} ~g ~~:b i~:~ I~:g· l~:~ t~ ----:iii- ----:47- ----:00­
1932 composite___ .____ 7.7 10.3 34.1 .75 45.6 72.8 16.5 8.9 7. I 1. 4 ________________________ 
1932 wash·off___ ______ 21.4 31. 2 56.2 .69 81. 4 42.0 30.2 16.8 10.4 4.1 .03 1.69 .07 

ljPrOfile composite._____ 7.2 iO.5 31. 3 .69 45.4 70.5 19.2 9.1 7.5 1. 0 _______________________ _ 
1930 wash-off__________ 7.5 9.8 52. 6 .76 69.2 72.1 16.7 9.3 7.1 .8 18.09 22.95 2. 3 

:11.. _________________ 1 1931 composite__ .----- 8. 5 9.1 32. 2 .93 34.6 71.9 16.5 10.3 7.9 .9 ________________________ 
. 1931 wash-off__________ 11.4 15.6 49.8 .73 68.2 61.3 24.2 12.1 10.1 1. 9 6.33 21. 52 .86 

1932 composite_ _______ 6.2 8.7 36.0 .71 50.5 73.2 16.8 8.8 7.6 .7 ________________________ 
• 1932 wash-ofL_________ 9.0 10.8 49.5 .83 59.6 70.6 17.6 10.2 8.0 1.1 13.85 27.34 1.9 

Prorue composite______ 13.4 13.3 23.1 1.01 22.9 65.8 14.9 18.6 16.2 .5 ________________________ 
1930 wash-olL_________ 13.7 13.4 42.6 1.02 41. 8 57.9 18. 7 22. 9 19.9 .5 35.25 26.39 4.0 

ill I 1931 composite_ ------- 16.1 14.7 33.7 1.10 30.6 62.1 17.7 19.4 17.7 .4 ________________________ 
------------------ 1931 wash-oII__________ 19.5 22.1 57.5 .88 65.3 44. 8 24.0 30.1 24.9 .7 13.69 23.65 1.7 

1932 composite________ 12.6 13.5 31.6 .93 29.5 69.7 14.9 14. 7 13.1 .4 _______________________ _ 
j 1932 wash-off__________ 17.9 17.2 55.8 1.04 53.6 52.5 21.5 24.0 20.3 1.7 51. 95 31.73 6.1 

------------------------------ ------,
IjProrue composite._____ 6.8 9.5 35.2 .72 49.3 72. 8 16.9 9.0 7.1 1.0 ____"___________________ 
1930 wash-olL_________ 9.2 15.2 62.1 .61 103.7 62.9 22. 8 11.6 8.7 1.9 Il. 05 11.04 2. 54 

Average' 11931 composite________ 7.4 9.4 26.9 .78 34.5 72.6 17.6 8.5 7.2 1. 0 ________ ._______________ 
----- 1931wash·olL_________ '4.7 21.2 59.5 .67 90.4 51.6 28.3 16.2 12.6 3.3 7.34 11.23 1.67 

1932 composite________ 6.7 8.8 37.S .76 50.1 73.3 17. 0 8.3 6.9 1.0 ________ _______________ _1· 

1932wash·olL_______ ._ 13.6 17.91 55.1 .76 72.9 57.9 24.6 14.3 10.4 2.7 32.40 13.87 7.79 

'Mechanical analyses by H. W. Lakin nnd T. M.Shsw. 
• No composite samples were taken in 1930. 
3 Short plot. 

I Long plot. 

, Desurfaced plot. 

6 Average does not include desurfaced plot. 


NOTE.-Profile composite samples were taken to a depth of 5 inches. 

\ 

Bermuda grass. 

Do. 

Do. 

Bare. 

Do. 

Do. 

Cotton. 

. Do. 

Do. 
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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 1 

[Total rainfall 36.1 incbes in 1931; 46.i1 incbes in 1932; 8.75 perceat slope] 

Colloid ~Ratio Oflby Mois· . colloid . (")Colloid lor1anici ErosionI \ 
Plot no. Sample water­ ture DI.sper-lto mois· Eros.lon Sand Silt Clay 1<0.002 m~tter Erosion Run- perincb Crop treatment ~ SIO!! ture ratiovapor equiv­ mIn H YO olI of run­ 2labsorp- alent ratIO equiv- , , off .... 

tion alent (") 

>-----------1--1--1--1--1--1-1--1--1--1--1--1--1 t' 
Tons Tons 

Percent Percent \Percent Percent Percent Percent Percent per acre Percent per acre b:l 
lPrOfll0 composite ______ 5.1 7.8 28.8 0.65 44.3 77.5 14. 3 7.4 5.9 0.5 

1931 composite_______ 6.S 8.3 41.7 .82 50.8 79.3 ]3.0 6.7 4.9 .6 -------- -------- ---_... --- ~ 
1 , _________________1 1931 wasb-olI__________ 1.6 9.93 12. 06.9 10.0 58.!) .69 85.3 75.7 li.4 4.9 3.6 ___:-'~_I Cotton. &11932 composite______.. 6.0 7.0 37. i .86 <!:l.S 77.9 13.2 7.S 5.8 .8 

1932 wash-olI__________ 6.6 10.0 64.1 .66 97.8 73.2 10.7 14.2 8.3 1.6 12.36 ---i9~i- 1.39 Do. ::a 
lprom0 composite______ 6.7 8.5 31. 2 .79 39.5 76.3 13.8 9.4 7.2 .4 -------- -------- ----..--- 2l1931 composite ________ 6.1 8.3 3J.8 .74 45.7 78.1 14.3 6.7 5.4 .5

2 , ________________ .1 1931 wash-olt__________ 6.1 3.7 1.0 21.89 ---i3~ii- Do. 0l>­6.2 9.8 61.9 .6.1 98.3 73.5 19.0 
1932 composite________ 6.2 32.4 .S7 37.2 75.8 14.6 8.6 7.3 .7 e:.>7.1
1932 wash-olt..________ 5.0 6.1 76.4 .82 93.2 78.4 13.3 7.6 5.5 .6 44.26 ---2i~8- ~~~~::~I Do. ? 

l{prOfile composite ______ 6.7 8.4 33.6 .SO 42.0 70.1 15.4 7.7 .4 ------- .... -------- -------­
1931 composite________ 39.7 78.1 14.3 0.7 4.8 .7 


3__________________ 1 1931 wasb-olt.--------- 6.7 ]0.1 57.5 .66 87.1 72.5 17.6 S.6 4.7 .8 17.24 13.2 Do. 

5.5 8.1 27.0 .68 5.5\ ~ 

1932 cllmposite________ 0.0 7.3 38.4 .82 46.8 76.9 14.7 7.7 6.1 !Jl.5 --17:48- ~~~i~~~11932 wnsb-olt__________ 6.7 1l.6 49.1 .70 no 13.6 ' 16.2 9.0 6.6 1.0 25.0 Do. 
t;lProfile composite______ 6.1 7.9 33.3 . Ti 43.3 76.2 15.2 7.8 5.9 .4 ....------- -------- -------­

1931 comp()site ________ 5.5 8.5 42. 2 .65 64.9 77.7 14.8 6.6 5.0 t;l 
4 _________________ .1 1931 wash-olI__________ 7.0 10.6 59.0 .66 89.4 72.0 17.5 9.2 5.8 1.0 

.6 --i4.47- ---iiij- ~~~~~~~~I Cotton (fertilized).1932 composite________ 7.2 i.5 34.4 .96 35.8 71.4 13.6 8.1 6.5 .6 ~ 
1932 wasb·nIT__________ 5.7 8.0 64.6 .i1 91.0 76.6 13.6 8.5 6.S • 9 19.23 ---25~3- 1.63 Cotton.IProfile composite ..____ 6.0 8.0 25.3 .75 33.7 76.0 14.7 8.5 1.2 ,7 ... ------- -------- -------- 0 

I:!;J1931 composite________ 6.1 8.4 40.6 .73 55.6 78.4 14.5 6.3 5.2 .7 ... -----_... -------- -------­6--------------..--111931 wasb-olt__________ 6.S 10.5 57.2 .6.'i 88.0 74.0 15.4 9.0 5.2 1.0 16.59 12.0 3.83 Cotton (cover crop). 

1932 composite________ 5.6 7.3 38.6 .77 50.1 78.3 13.3 7.6 6.3 .5 > ...------- -------- -------­1932 wash-olt__________ 5.4 8.9 62.9 .61 103.2 75.7 14.2 8.6 6.4 1.2 17.87 23.8 1.61 Corn (cover crop). ~ lprOfllC composite ______ 3.1 8.2 29. I .74 40.0 76.8 13.8 8.7 6.4 .6 ... -----_ .. -------- -------- ....
1931 composite_____" __ 5.1l 7.9 32.9 .75 43.9 78.8 n.8 8.4 7.0 .5 ... ------- -------- ---_ ..--- Q6..__________________1 1931 wash-oIT__________ 0.5 61.S .6:1 9S.1 75,0 15.11 8.6 5.2 .7 20.72 16.6 3.46 Do: q
1932 composite ________ 5.8 l~j I 36.1 .77 46.9 19.0 12.4 7.7 6.7 .8 
1932 wash·olt_.-------- 6.2 8.9 6O.S .70 66.8 74.2 14.3 9.4 6.7 1.8 11.64 26.5 •94 Lespedeza (cover crop) . ~ 

lprOfllC compl,:,ite ______ 6.3 S.3 27,3 .76 35.9 78.3 12.0 8.4 6.6 1.0 ------_ .. -------- -------­.5 ____________..__1931 composite________ 5.8 8.5 32.3 .68 47.5 78.3 12.2 8.5 1.5 ~ 7__________________1 1931 wash-ol~-----..--- 13.2 8.8 2.9 3.46 9.4 ---i:02-1 Do.n.l 17.4 59.3 .64 59.3 24.4 .8 ________________ t;l92.111932 composlte________ 6.3 7.3 35.4 .R6 41.2 78.8 13.2 7.0 5.6 
I 1932 wasb-olf__________ 6.4 9.-1 57.6 .68 84.7 74.8 14. i 9.0' 6.6 1. 1 18. 11 18. 7 ----;97- Cottcn (cover crop). 

\-' 
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jPrOflle composite ...... 0.7 8.7 
1!l31 composite•••••••• 5.8 11.3 

8._ •••••••_••••_••• 1!l31 wnsh-ott••_••••••• 13.9 21.5 
1932 composite••••__•• 6.6 8.2 
1!l32 wash-ott •• _•••••.• 3.2 6.4 

jPrOtlle composite ... _. 7.5 8.6 
1931 composite••••••• 0.6 8.4 

9•••••••••••••••..•• 1931 wash-oIT. ••••••••• 7.4 9.3 
1932 composite..••••••• S.O 7.5 
1!l32 wash-o!f••.••••••• 7.9 9.Srrom. =,"'''~.... 61.2 35.3 
1931 composite........ 02.0 35.4 

10 ' •••.••_.......... 1931 wash-olf.......... M.4 28.5 

1932 composite••• __••• 69.5 as. 5 
lIr&2 wnsh-ott.......... roll. 5 30.0 

jProme composito._,. .• 02.3 31i.O 
1931 composite ........ r.!';.5 :16.4 

11 ' ....__ .•••••••__• 1931 wnsh-olT..... __ •__ M.S 29.2 
1\l32 composite...._•._ f~t i 35.6 
1932 wnsh-o!f.......... 59.2 :ll. I 

lprome composite..... 57.4 32.9 
1931 composite........ 5:.ti :1l.4 

12 •••_.............. 11131 wnsh-o!f.......... 4i. i 26.2 
1932 compo~ite•• ,...... 6:1.6 35.4 
1932 wash-oIL_••__.... 5:1.7 28.3 ---I­

jPromc composite...... 6.4 8.3 
!Q31 composite........ 6.0 8.4 

A\"erngc ' .••__ 1931 wnsh-o!f.......... 8.1 12. 2 
1932 composite........ 0.4 7.4 
1932 wnsh-olf.__ ....... 5.9 S.U 

22.0 
36.8 
61.0 
35.4 
53.8 
27.5 
39.2 
5.1.3 
24.9 
63. I 
14.8 
14.2 
10,4 

9.2 
13.0 
15.2 
15.9 
13.3 
8.9 

14. .1 
14.9 
14.7 
14.:1 
10.1 
15.2 

28. i 
34.3 
58.9 
34.8 
61.4 I 

I 

.. i7 

.62 

.65 

.80 

.50 

.87 

.79 

.80 
1.07 
.81 

1.73 
1.75 
1.91 

I.SO 
2.02 
1. 78 
1.80 
1.91 
1.79 
1.00 
1.74 
I.OS 
1.82 
1.80 
1.00 

.i7 

.72 

.67.sol 

.69 I 

:!!l.0 
.~O.4 
03.S 
44.3 

107.6 
31.6 
49.6 
00.6 
23.3 
77.9 
8.6 
8.1 
8.0 

5.1 
0.4 
8.5 
8.8 
7.0 
5.0 
7.0 
8.6 
8.7 
7.9 
5.6 
8.0 

37.7 
50.8 
88.8 
41.0 
00.4 I 

76.8 
78.4 
61.3 
78.8 
84.8 
79.2 
78.3 
76.5 
SO,4 
76.0 
24.9 
25.2 
27.3 

20.3 
18.7 
24.2 
224 
26,4 
20.4 
19.6 
28.9 
33.7 
32.5 
31.4 
27.7 

77.0 
71U 
71.1 
78.1 
70.4 

12.•~ 
12.0 
19.3 
12.9 
6.3 

10.7 
11.1 
13.9 
12. 3 
12. 7 
t!.3 
7.5 
9.2 

9.2 
6.31 
- q1.­

7.3 
7.8 
9.2 
6.2 
7.8 
8.0 
9.3 
11.4 
6.6 

13.6 
13.1 
17.8 
13.4 
12.9 

9.6 
8.5 

12.8 
7.1 
7.0 
9.3 
9.7 
8.0 
6,4 
9.4 

67.P 
00.4 
63.0 

69. 8 
73.8 
67.9 
09.2 
6.1.2 
63,4
n.l 
02.4 
57.4 
57.3 
57. i 
64.2 

8.5 
7.6 
7.9 
7.0 
9.2 

7.0 
7.8 

11..~ 
5.0 
4.7 
7.6 
8.0 
5.5 
5.3 
6.8 

65.6 
64.9 
60.1 

'68.0 
71.9 
6.1.0 
68.0 
63.0 
63.0 
70.0 
59.7 
52. 6 
55.6 
57.4 
61.4 

0.6 
6.2 
0.0 
6.1 
6.5 

.8 ... -------I .••••••• 

.6 ---_ ........ ---- .... ~-
5.1 • 49 2.6 
1.0 -------­ ------­ .. 
.9 .09 1.9 
.8 -------­ -------­
.5 -------­ -------­

1.4 14.90 13.7 
.6 -------­ -------­

1.6 13.15 23.2 
.6 ------_ .. -------­
.4 -------­ -------­
.3 46.50 17.6 

.4 ------_ .. -------­

.7 56.33 33.6 

.5 ------- .... -------­

.6 -------­ ---­ ...._­

.2 58.02 10.8 

.7 -------­ -------­
.4 67.45 27.2 
.7 -------- -----­ ... ­
.4 ----_.. _­ ----.. -­ ..
.0 60.23 18.4 

1.1 '"'------ .. ---­ .. --­
.8 7:1.66 27.H 

.6 -------- -------­

.6 ........ -------­
1.7 13.30 11.9.7 ________ -----..-­
1.2 17.13 20.0 

-------­
- .._-_ ....... 

.52 
-- .... _..... ­

.11 
---,..- .....­
---_ .. ,. .. ­

3.02 
-------­

1.21 
-------­---_..... _­

7.32 

---- ..­ .. ­
3.59 

______ M_ 

---~----
9.57 

-------­
5.30 

-------­
-----­ .... 

9.07 
-------­

5. il --­
-------­
-------­

2. SO 
-------­

1.52 

Bermudn sod . 

Do. 

Bare (hard follow). 

Do. 

Cotton (fertilized; eo\' 
er crop). 

Do. 

Colton (fertilized). 

Do. 

Cotton. 

Do. 

rJ1 
0.... 
I:"' 
rJ1 

~ 
i 
~ 
t;1 

t;1 
!:O 
0 
U2.... 
0 
Z 
t;1 
~ 

~ 

" 

I Determinations bases byH. W. I.akin ond T.lIr. Shaw. 
2 Short plot. 
, Long plot. 
• DesurCaced plot. 
, Average does not include desurfaced plots. 

NOTE.-Proflle composite samples were tnken to a depth of 10 to 12 inches, except desurfoced plots, which were sompled to n depth of 7 inches. 
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TABLE 17.-Analysea of annual composite samples and wash-off of Colby silty clay loal1i, Hays, Kans.; and related dala 1 t 
[Tot!ll mlnCal! 11.39 inches in 1931; 29.63 Illches In 10:12; slope 5 jlcrcent] 

Colloid Rudooll tzl
by 1\loi5' 	 C. I 	 I 8 

Colloid \ ; . 	 Colloid lorganici jErOSIOn 
Plot no. Sample 	 water· ture DI~per· to mois· EroS)(1n SI\Il,1 Silt Clay <0. 00'1 m~tter Erosion nun· per incb Crop treatment :=­

~'npor nun 1I YO oIT oC run·SIO!' t urc rutto 
absorp· ~~i~~t- rutto C'\I1I\" , • oIT ...Z 

tion u ent c 
·----1--1--1--1--1--1--1-,-1--1--1--1--1-1--1-·----- I:" 

Ton. 2'0118 
ttlPercent Perc,"t Percellt Percent Percelll. perucre Percent perac,"I 	
> 

Pact III Ipercellt C\Profile composite.,""_. 29.3 2.;.2 2'2. '; 1.16 19.6 17.6 47.3 33.2 28.7 1.4 ------ ... - -------- -------­
3<) 	 t<IV31 compositc_....... ~'IJ.II 27.5 2.1.3 1.09 23.2 15.7 49.6 I) 27.5 1.0 
 I:"1'____•_______ •___ .!1931 wtlSh-oJT .... ..... -13.7 42. 0 411.2 1.02 41!.2 4.1 44.2 47.4 36.6 3.4 0.36 "'2.'00' :::~~~~:I Wbeat. tzl

1932 C011111ositc... .,' 30.5 2.1.6 18.5 1.19 15.5 18.4 40.4 31.4 2i.l 3.0 

l\l32 wllsh-ot!... .••• 32.4 30..31 57.4 1.07 53.7 0.8 51.2 38.0 32.5 2.8 5.82 --ii"oo' 1.23 Do. 8.... 

Profile composi to '" 32.0 26. S 18.6 1.19 15.7 18.3 45.7 34.5 27.9 .9 --~----- -------- -------- Z 

1031 co1l1/>osito.. . 30.1 27.4 20.6 1.10 24.!!' 15. 4. 50.1 31.9 27.4 2.1 ------~- -------- -------­ ,;..21••• ___ •__ ._••• ,_ .1!1031 Wllsh-<11I ._.• _ -10.3 43.5 M.t! .93 0:1.0 5.4 43.0 47.0 40.5 2.6 .33 4.7i Do.

2.8 ___..__ • 	 I»11132 cOIuposittl.... .. :11.0 2.'i.8 16.tl 1.20 13.8 17.1 47.0 32.2 27.0 
l\l:l2 WIIsh-otL___ .... :15. 7 ~5.:l 71.11 1.01 70.8 4.8 48.7 43.:1 36.3 2.8 5.06 11.57 '--i:;~" Do. ? 

f,rome cOll\/lOslte...... 30.0 27.5 !!I. 0 I.U 17.0 15.n 47.0 34.11 27. i I. j -------- -------- -------­ d1931 cQlIlposite........ 30.4 27.1 24.5 1.12 21.0 Hi. 2 48.8 32. 1 27.7 2.2 -----_ ..- -------- -------­
3.________ ._.......1 1931 wnsh-oII. __ • ____ .• 43.8 '1l.7 67.5 l.m 64.3 2.2 44.7 49•.2 40.0 3.0 .27 2.70 Do. 


111:12 COlll1}(lslte... ____ 30.6 26.0 16.2 1.18 13. i li.O 48.4 3t.l 20.2 2 .) 	 ?l 
103~' wnsh-oIT.. _. _____ 46.1 43.2 81.S 1.07 SO. 2 1.5 42.3 52.1 44.0, 3.3 5.69 15.3.'i --·i:~·1 Do. t:::I

31.0 28.0 18.4 1.10 16.7 H.O 48.5 33.8 - 26.3 2.9 

1Il:11 composite... ._ :12.7 29.3 20.9 1.12 18.7 12. 4 52.11 31.0 26.3 2.S 


4__•• ___ -......... J11131 wnsh-oIT....... , 33.1 37.8 31.7 .88 30.0 9.6 53.1 32.9 27.1 :1.9 .03 •33 :::::~~:I Native grass clipped• ~ 
11132 coll'posite... •. 33.2 27.S 10.2 1.111 13.0 14.2 52.4 29.0 20.5 3.0 

,!promo composite. 	 t::.f 

'--':88'1\132 wtlSh-oIT __ ....... 33-.f 33.1 5.1.8 1.02 52.7 10.0 49.3 3i.3 30.0 2.S .00 .23 Do. 
 0:n.9 27.8 19.5 1.15 11;'8 15.4. 48.4 34.3 29.5 1.5 -------- -- .. ----~ ---- ..--- 0,; 
1\)31 composite....... :lO.O 21;'8 26.6 1.12 TJ.7 15.5 43.11 38.0 29.0 l.8

!prOfile composite.... ' 

5._. ___________...._1 11131 wtlSh-ofT._ ........ :10.S 30.4 5O.S 1.01 50.3 10.0 50.2 36.2 30.0 :U 20.85 11.70 '--8:23', Katlr. >
1 .,., 11132 comlloslte....... , 3O.S 2.';.1 li.2 14.1 18.1 40.2 32.4 27.5 2.6 	 0 

11132 wnsh-otT.......... 48.0 43.5 68.3 1.10 62.1 3.4 41. 2 51.6 42.8 3.2 38.29 
 --25:53' --'5:05' Fnllow.' ~ 

! Profilc cotnJlosite .... __ :11.1 26.(1 20.5 1.17 17.5 16.5 47.3 34.4. 28.5 1.5 -------- -_ ... ----- ----"'--- ... c1031 cotnposite ........ 30.5 26.U 24.1 1.13 21.8 16.5 43.3 37.5 28.4 2.1 
6._________• ___ ... __ 1 1931 wnsh-ol!. __ ._._. __ 1;0.0 	 43.0 50.7 4O.S 3.0 .65 6.27 '''':40'1 Wheat. d 

1032 COlllposlte••••.••. :lO.5 25.7 23.0 1.19 1\).3 18.0 43.8 35.0 27.7 2.6 
HI32 wnsh-otf ...._.... 43.6 42. 3 65.2 1.63 63.3 9.1 44.6 43.4 36.0 2.3 Zl.10 25.80 

43.9 42. 6 1.03 58.8 2.4 

'--3:02' Knnr. ~ 
30.1 26.5 19.0 1.14 16. i 18.2 45.1 34.5 27.1 L7 -----_..- -_............. .. - .. _...... -	 C\
!profile composite••____ 	 1.9 _______________ ••- ..__ .. ~1931 t'Otn/lOsite______•• 30-.f ~'6. i 24.2 1.15 21.0 15.2 47.8 34.2 28.4 t::.f7••••_____• ______ • __ 1 1031 wash-otf..._. ____ • 34.2 51.6 1.00 48.7 8.6 49.3 30.1 I 34.:l

32. 41 	 ~! .~'.~:______~~~___.~..~~_I Fallow.1932 com/105Ioo__.. ____ 30.8 26.0 Zl.4 1. IS Ill. 0 ! 17.7 46.2 32.9 27.8 
! 1932 wnsh-oII_____..... 39.7 41.2 7i.3 .00 SO. 5 4.4 48.3 43.9 36.0 2. 7 6.50 Ii. 20 1 1.28 Wheat. 



Prome composite______ 30.3 26.4 18.8 1.15 16.3 16.6 47.2 33.8 26. 9 1.8 _______________________ _ 
1931 composite________ 30.6 26.9 27.0 1.14 23.7 15.8 48.5 33.0 27.7 1.6 _______________________ _ 

8 ___________________ 1931wash-otf__________ 35.2 32.8 49.9 1.07 '16.6 8.8 50.1 38.5 27.7 1.0 15.30 11.09 6. 1 Kaflr. 
451932 composlte________ 30. I 2.1.4 19.5 1.18 16.5 18.2 47.0 31. 7 27.0 2. 4 _______________________ _ 

1932 WllSh-otf _____-____ 4-1. 0 40.8 70.0 1.08 64.8 7.2 50.5 39.7 32. 0 2. 0 31. 27 21. 76 4.85 Do. 
prome composite_____ 211.9 28.2 17.5 1.06 16.6 H.5 52.4 31.1 26.7 .8 _______________________ _ 
1931 composite________ 33.2 29.3 20.5 1.1:1 18. I l2. 6 53.1/ 211.1/ 26.4 2. 9 _______________________ _ 

9 1 1931 wa:Jh-otf__________ 38.2 40.3 52.2 1.06 49.2 5.8 52.8 36.7 32.2 3.8 .0025 .05 .23/ Native grass 

ij 
------------------- clipped). (not 


1932 composite________ 33. & 28.3 15.3 1.18 13.0 14.7 50.5 30.3 25.7 4.0 ________________________ 

1932 wash-otf__________ 38.0 37.4 1.02 6. I 47.6 42.8 38.0 2. 3 .0035 .02 _50 Do.
I ~ I/Prome composite______ 26.7 25.2 25.5 1. ()(l 24. I 15.0 47.7 37. I 27.8 .0 _______________________ _ 
1931 composlte________ 2'J.O 24.7 23. a 1.17 19.9 11.8 50.7 36.3 29.0 .5 _______________________ _ 

10(_______________ .1 1931 wnsh-otf______••__ 3.1.7 32.5 fJ3.0 1.04 f,o.6 3.9 46.6 47.0 33.2 1.5 3.40 15.43 1. 1Wheat. 
031932 composite. --.---- 26.8 22. 9 18.4 1.17 15.7 16.3 48. I 34. I 26.1 I. G _________________ .._____ 

1932wnsh-olL_________ 26.0 31.0 63.2 .84 75.2 11.I 56.8 33.4 2.1.1 .737.21 28.50 4.4-0 Do i---------------------------- --------1
I/prome composite______ 30.8 27. I 19.3 1. H 17. I 16.3 47.7 33.8 27.7 1. 6 _______________________ _ 


I 
1931 composile••_______ 30.1/ 27.5 24.4 1. 12 21_8 15.0 48.8 33.3 27.6 2.1 _______________________ _ 


A\'erage J_____ 1931 wnsh-otf__________ 38. I 38.3 52.5 1. 02 51.7 6.4 47.9 42. 0 34.4 2. 8 5.09 5.22 2. 51 
 ~ 1932 composite___ ----- 31. 2 26.2 18.3 I. 19 15.4 17_ I 47.5 31.8 26.9 2. 8 _______________________ _ 
1932 wash-olI__________ 40.1 38.6 68. 2 1.04 66.0 5.9 47. I 43.6 36.5 2. 7 12. 96 14.00 2. 13 I!J 

l:I:I 
I Mechanical analyses by H. W. Lakin and T. M. Shaw. 

Short plot. • Desurfnced plot. ~ 
'Long plot. 'Average does not include desurCaced plot. 

~ 
NOTE.-Profile composite samples were tnken to 8 depth of 10 inches, except desurfnced plot, which was sampled to n depth oC 12 Inches. 
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TABLE lB.-Analyses of annual composite samples and wash-off of Houston black clay at Temple, Tez.; and related data I ~ 

[Total rainfall In 1931, 25.17 Inches; In 1932,31.25 Inches; slope 4 percent) 

~ 
Colloid \ Ratio of COl \...:., 

by Mols· Dis r. colloid Colloid 1 Organic/ / /Erosion 
water· ture sil: to mois'IEroslon 1 Sand <0.002 matter Erosion Run· per inch Crop treatment == Plot no. Sample Slit Clay Z ynpor e.luly· ratio ture ratio mm HbYO 01I of run· ... 
absorp- alent ,. equlv· t t 01I COl 

tlon alent >­
t"'------1-------1--1--1--1--1--1--1--1--1--1--1--1--1--1-----­
tx1Ton3 Ton3 

Perce1lt Percent Percent Percent Percent Percent Ptra:nt per acre Percent prracre ~ 
to<Promc composite...... 38. r. 2<J.7 12. 5 1.30 9. 6 11. 1 23.9 62.9 44.2 1. 8 """" ..•••••••.•••.•• 

1931 composite........ 42. 6 31.4 14.7 1. 36 10.8 9.6 24.7 63.1 45.4 1. 8 ........................ 
 ~ 1 ' ..................11931 wash-oIL......... 38.3 34.3 27.5 1.12 24.6 6.7 28.0 62.6 40.1 1.9 4.9 5.7 3.41 Com. 
 81932 composite........ 42. 3 30.2 10.9 1. 40 7.8 10.8 24.2 61.8 43.3 2. 4 ........._.............. 

1932 wash-ofL......... 39.6 31.4 31. 0 1.26 24. 6 8.0 25.9 63.4 45.0 2. 0 19.8 13.0 4.9 Do. Z 

Prome L,omposite...... 30.4 29.8 12. 3 1. 22 10. I 9.3 27.5 62.0 44.7 .8 I .............. -..-.... .. 

j ... 

1931 composite........ 40.3 30.5 14.1 I. :12 10.7 8.3 25.7 63.4 45.7 2. 0 ........................ ~ 


2'.................. 1931wash-oII.......... 38.6 31.5 26.1 1.23 21.2 6.7 24.3 65.9 45.8 2.6 1.5 5.3 1.1 Do. 
 ~ 

1932composite........ 39.8 28.9 9.5. 1.38 6.9 8.2 24.8 63.9 43.2 2.3 ........................ ~
'j 
j

1932wasll-olL......... 39.4 31.3 33.9 1.26 26.9 6.4 23.7 67.6 45.7 1.9 20.6 10.5 6.3 Do. 

Promo comI>osite...... 38.6 30.8 9.7 1. 25 7.8 9.5 26.6 62.2 45.4 1.2 ........................ ~ 

1931comI>osite........ 43.0 32.6 14.0 1.32 10.6 8.4 24.9 63.9 47.5 2.2 ........................ 


3...................1 1931 wash-oII.......... 40.1 35.5 34.3 1.13 30.3 3. 6 ~'2. 1 71.2 47.4 2. 2 2. 5 5.2 1. 9 Do. :» 

1932 comI>osite........ 42.6 30.0 10.3 1. 42 7.2 9.3 25.0 62.1 44.2 2. 9 ........................ 

1932 wash-ofI.......... 40.2 32.1 34.2 1.25 27.4 7.8 23.7 66.0 44.6 2.1 18.9 11.1 5.4 Do. 
 t:1 
Prome composite...... 39.3 30.2 11.9 1. 30 9. 1 9.7 25.9 62.6 45.4 1.3 ........................ t!'.f 

1931 composite........ 42.3 32.4 15.8 1.31 12.1 8.5 24.9 63.8 46.3 2.2 ........................ 
 ~ 4................... 1931 wash-oII.......... 42.6 37.9 30.1 1.12 32.2 1.0 20.7 75.0 46.8 2.3 .8 4.2 .8 Do. 

1932composite........ 43.8 31.1 9.6 1.41 6.S 8.6 25.0 62.8 44.6 2.8 ........................ 

1932wasll-oII.......... S~.8 31.2 30.3 1.24 24.4 7.5 24.8 f..t.6 43.6 2.2 Trace Trace ........1 Oals (green manure).

j 0 

j
".1Prom8 composite...... 4V.2 30.5 9.2 1.32 7.0 9.3 24.9 f..t.8 48.4 .8 ......___...............
" 1931composite........ 4.1.7 :11.6 12.9 1.32 9.8 8.6 24.4 64.2 46.2 2.1 ........................ 


5...................1 1931 wasll-ofL......... 13.4 33.7 35.0 1. 20 27. 1 5.4 24.7 Cr,. 3 43.7 2. 8 .6 1.8 1. 31 Corn. >-
0
1932 composite........ 42.6 29.9 9.2 1. 42 6.5 8. 6 24.3 63.8 44.9 2.6 ......_......... """.' 
 ~1932wash-ofI.......... 40.S 31.2 34.2 1.31 26.1 6.5 2,1.1 66.8 45.8 1.8 .5 .6 2.6 Oats. ..... 


l'rome composite...... 39.0 31. 1 11.2 1.25 9.0 10.9 25.2 63.6 45.7 1. 0 ........................ COl 

1931 composite........ 42. 4 33.2 15.6 1.28 12. 2 8.3 24.9 63.7 46.2 2. 4 ........................ 
 ~ 

6...................11931 wll.~h-oII.......... ........ ........ ........ ........ ........ ........ ........ ........ ........ ........ None None ........IBermUda grass.
j1932 composite...~.... 43.7 31. 3 9.8 1.40 7.0 8.6 24. 4 63.4 44.6 3.0 ........................ ~ 

1932 wash-oIT......................____ ........................................ ""'''' ........ ........ None None ........ Do. ~ 

Prome composlte_.... 39.8 29.2 9.6 1.36 7.1 9.3 25.3 64.8 46.3 .3 .........._............. ~ 


, 1931 composite__...... 42. 2 32.3 13.7 1.31 10.5 i.4 25.8 64.6 46.8 1.5 ........................ ~ 

7................__.1.1931\\'ash-ofI.......... 41.4 34.8 :H.7 1.19 2'J.2 3.223.770.047.5 2.1 1.0 3.3 1.21 Cotton. 


1932 composite........ 42.5 2'J.6 11.3 I. 44 7.8 9.5 24.9 62.2 44.0 2.7 ........................ 

W32 \\'asll-oII.......... -ro.7 32. 5 35.5 1.25 28.4 6.2 24.3 67.1 45.8 2. 0 19.8 10.9 1 5.8 Com•

j

.. 


http:1932,31.25


- .. 

prOllleCOmI?OSitc...... 38.2 ~.3 S.-I 1.30 0.5 ~.~ 2~.! I ~.5... 4~.O .3 """" •••••••••• _••••• 

I 1931 composIte........ 41.3 31.3 12.0 1.32 9.5 •• , 2~.n' tH. I 4h.O 2.0 •••.•••••••••••••••••••• 
8••••••••••••••••••• 193lwusb-oII.......... 40.0 37.5 42.8 1.07 40.0 1.0 W.1l T!l.2 4-1.7 2.1 .7 3.0 .9 
 Do.

1932 composite........ 42.0 29.7 10.8 1.41 i. i 7.7 2-1.6 64.5 45. ii 2. 4 ................ """" 

/ 1932 wosb-otL......... 37.4 31. 3 35. II 1.20 29.IIi.0 21. 7 i>~. .. 45.1 1.9 .4 .3 4.3 I Oats. 

l/prOllle composlte••__ .. 39.0 30. I 13.4 1. 30 10.3 9.6 25.1 64.6 45.2 .3 ........................ 


1931 composite. __ ••__• 40.3 31.6 12.6 1.28 9.S 8.4 2.;,4 63.5 49. i 2.0 ........................ 

9...................119:1I w3Sb-o~.......... :16.6 31.2 2l.ti 1,17 18.5 9,'[ :W.l 61.5 41.:1 2.2 .2 1.8 .41 Oats (green manure). !1l 


1932comPOsltc........ 41.8 ~'II.S 9.9 1.40 i. I tJ.r. 24.6 tH.S 46.0 1.6 ........................ 0
....1932 wasb-otL.. ••••••. 39.1 32.8 36.0 1.19 30.2 5. I 23.4 63. r. 46.1 2. 2 9.2 i.2 4.1 Cotton. l:'" prome composite...... 39.4 211.9 11.8 1.32 8.9 9.1 20.8 69.S 47.0 .0 ........................ 
 !1l 
I 1931 composite........ 40.6 31. 4 9.2 1. 2\.1 i. I 7.7 26.0 63.8 45. i 1.8 ••..•••••...•__••••••••. 


10.................. 1931 wusb-oII.......... :17.4 33. i 37.1 1.11 3:1.4 5.0 23.3 OS. 7 41.5 2.2 .5 2.3 .9 Corn. 

19:12 composite........ 42.:1 30." 9.0 1.39 ti. 5 8.1 24.4 r.'i.-\ 45.7 1.6 ........................ 	 ~ 
/I 1932 wash-otL:~....... 37. 9 ~2•. 9 31.4 1. ~~ 27. ~ 5.9 22. 0 ~U. 3 4~. ! 2.0 'l'race Trnce ........1 Oats (green manure). 


,/prOllle composIte...... 30.4 .4.0 6.0 1.. / 4. / 8.1 26.8 (H.B 3/.3 .1 ........................ ~ 
'1931~,omposite........ 30.6 25.8 10.3 1.19 8.7 8.0 26.8 64.0 41.2 .8 ........................ 

11 ..................1 1931 wasb-olI.......... 32. i 211.9 36. I 1.09 33. I 5.2 28.0 64.2 38. I 1.3 .4 2. 4 .71 Corn. 


1932 composite........ 31. i 24.4 11. 6 1.30 8.9 7.4 24.5 00.7 41.9 .8 ........................ ~ 

1932 wosb-oII.......... 31. 9 26.5 20.6 1. 20 22.2 9.8 23.3 6.'.5 40.5 . U 1.3 2.1 2. 0 Oats. l;!I 


:/prOfile composite...... 38. 9 30. 1 ll.O"""1.298.5~"""2.iO ---;H.3 ~--.8- === === === 	 l;!I 

I 1931 composite........ 41. i 31. S 13.5 1.31 10.:1 8.3 25.2 63.S 46.6 2. 0 ....................... . 	 ~ 

Average ,..... 	1931 wasb-oII.......... 39. 8 34.5 32.8 1..16 28.5 4. i 23.:J 68.9 44.3 2.3 1. 3 3.3 1.2 ,.. 0 


1932 composite........ 42. 3 30.1 10.0 1. 41 i. I 8.8 24.6 63.5 44.9 2.4 ........................ !1l
....1932 wasb-olI....__ ••.• 39.3 31. 9 33.6 1.23 27.2 6.7 23. i 00.9 45.6 2.0 8.9 5.4 3.3 0 
Z 

I Mecbanical analyses by H. W. Lakiu and T. 1\£. Shaw. 
, Short plot. t?=J 

I Long plot. 
 ~ 
t Desurfaced plot. 	 I-tj 
• Average does not include desurfaced plots. 	 l;!I 

NOTE.-Profile composite samples taken to 11 depth of 10 to 12 incbes, except desurlaced plots, whicb were sampled to a depth 01 i Incbes. 	 ~ 
is: 
l;!I 
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TABLE 19.-.t1nalyses of composite surface samples and wash-off of Shelby :Jilt loam, Bethany, "Mo.; with related data I . ~ 
[Total rainCall, 42.52 inches in 1931, 27.M Inches In 1932; slope S percent] 

~ Colloid RtltiooC 
by \ Mois­ . Icolloid. . Colloid lorganiC\ I IEroSion &lwater- ture Dl;;per- to mOiS-\EroslOn <0.002 matter Erosion Run- per inchPlot no. Sample Sand Silt Clay Crop treatment,·apor e uiv­ Slon turc ratio mm by oII oC run­

ab50rp- t~ent ratio e,\UI\.- lI,O. ofT ~ ; ..tion n ent ~ 1--1--1--1--1--1--1--1-1--1--1--1--1------
T01l3 T01l3 til 

Percent Percrnt Percent Percent Percent Percent Percrnt per acre Percent peracre 
PrOfliC composit~______ 24.7 24.3 25.4 1. 0"2 24.9 23. S 45.9 26.5 22 1 3.5 ________________________ 
1931 composite__ ______ 24.6 25.9 37.1 .95 39.1 24.4 45.7 26.7 23.4 2. 5 _______________________ _ 

L-I ,________________1 1931 wash-{JII_________ • 25.4 27. Ii 53.9 .92 58.6 16.7 51. 0 28.6 23. S 3. 0 105.7S 28.22 8. S 1Corn. ~ 
25.1 44.5 27.2 23.4 2.S _______________________ _1932composlte________ 24.9 24.6 20.7 1.01 20.5 


1932 wash-{JII__________ 22. S 26.2 57.S .S7 00.4 17.1 48.1 30.9 26.1 3.3 5226 15.34 12.6 Do.

j ~ 

13.3 522 29.6 24.1 4. 3 ________________________ Z 
U-I , _______________ 1931 composite________ 25.S 27.6 14.2 526 29.2 24.6 3.4 ________________________I{

profile composite _____ • 27.1 27.0 28.3 1.00 28.3 
31;.3 .93 38.0 14.2 49.5 322 27. S 3.8 ________________________ II"­1932 composite________ 26.5 26. Ii 222 1.00 22.2 ~24.8 45. 2 25.6 m 9 3.S ________________________Profile composite______ 25.0 24.3 30.7 1.03 29.S 

1931 composite________ 24.S 25.5 39.5 .97 40.7 24.9 45.3 26.5 22 2 2. 5 _______________________ _ ? 
2____________________ jl931 wash-{JII__________ 25.4 27.9 57.6 _91 63.3 17.1l 49.2 29.1 25.9 3. 2 85.17 30.10 6.7 Do.I 26. 6 40. 9 28. S 23. Ii 3.1 ________________________ ;:I1932 composite________ 24. 3 23.9 20.4 1.02 20.0 


1932 wash-{JII__________ 24.7 27.1 523 .91 57.5 16.S 46.S 32.S 25.2 3.4 48.58 19.07 9.4 Do.
23. S 43.9 28.9 22 9 3. 3 _______________________ _ ~ 
l{prOfile composite______ 24.3 25.0 26.6 .97 27.4 24. 5 45. 6 26. 6 23.2 2. 7 _______________________ _ . 1931 composite________ 25. 2 26.4 37.2 .95 39.2

3____________________ 1. 1931 wash-{JII__________ 26.4 28.5 '=' 55.1 .93 59.2 l"'.l~: ~ ftg ~: ~ ~: ~ g: ~ __~_~___::_~_____~::_I Com (wheat).1932 composlte________ 24.6 24.3 27.3 1.01 27.0 
. 1932 wash-{JII__________ 31.9 36. 2 • 88 6.6 48. S 38. 9 33. 6 5. 2 1.56 4. 17 1.4 Wheat• 

---2ii~8- 24.9 42 9 27.6 220 3. S _______________________ _ ~ Proftle composite ____ -- 24. 5 24. 7 .99 30.1 
1931 composite________ 25.7 26. I 38.5 .98 39.3 23.7 46.5 26.0 23.6 3.1 ________________________ 

L __________________ 1931 wash-{JII__________ 324 36.. 6 520 .S9 58.4 ~iU ttA itt ~~ il ___::~____~_~______:~_I Wheat (clover).Iji 1932composite________ 24.3 23.9 221 1.02 21. 7
I 1932 wash-{JII__________ 30.6 _______________________________ _ 20.2 37. S 37.2 34. 0 4. 0 .20 1.00 .7 Clover. ~ 23.4 44.6 27.4 23.2 4.1 ________________________Prome composite______ 26.1 25.3 27.4 1.03 26.6 

1931 composite________ 26.5 26.S 36.2 .99 36.5 22 6 45. 5 28.0 25.0 3. 4 ________________________ 
5____________________11931 wash-{JII__________ 36.3 36.6 4O.S .99 41.2 10.S 43.1 42.4 38.4 2.7 1.71 10.51 .~ Do. ~ 

1932composlte________ 25.0 24.5 21.9 1.02 21.5 24. 0 44. S 27.0 24.3 3. 6 ________________________ C 
j 1932 wash-{JII__________ 27.2 30. 3 53. 5 .90 59.4 13.3 47.1 35.1 28.6 3.9 19.63 16.31 4.5 Do.23. 1 44. 5 28. 2 24. Ii 3. 6 ________________________IjProme composite______ 26.0 24.9 27. S 1. 04 26.7 22 8 45.4 28. 3 23. Ii 2. 9 ________________________ ~ 1931 composite________ 25.3 26.6 34.S .95 36.6

6____________________.11931 wash-{JII__________ 39.5 38.2 40.0 1.03 38. S : ~ ::: g ~g ~~ i ~ ____:~~____~_~~______:~_I Clover (Certlllzer). 1932 composite________ 25.2 25.3 21.S 1.00 21. S e1932 wash-{JII__________ . 31.1 33.1 50.9 .94 54.1 12.6 45.0 37.5 31.8 4.5 9.S2 9.49 3.8 Com. 



IIProme composite..... 25.1 24.3 26. I 1. 00 2.~. 3 22. 5 47.1 25.6 f 22. 5 4.1 __•••_._ •••_____ •••__••• 
tll31 composite....... 2·1.8 211.7 38.1 .1l3 41.0 23.S 4fi.3 27.4 24.0 3.4 ._•••_._ ••_._.___..__••. 


7·••-.---••- ••___•__.11Il3lwnsh-oIT....... _. :17.0 :lS.9 41.2 .lI5 4:1.4 15.6 aO.8 40.S 35.3 2.9 .39 2.18 .4 
 .AlfaICa (fertlll%er).1932 com osite. __ .... 26.3 25.2 18.3 1.04 Ii. /j 22.8 45.6 27.S 24. \I 3.5 __••_._. _. __ •••. _____•__ 
1932 wnsg.ott......... _.-- •• , ......... ---.-.-- .-.-.___ •• _ .......__ •• _ •••••____ •____._. "" ____ ._...... .00 1.12 0 
 .Allalra..jProflle composite...... 27.:; 25.5 26.7 1.08 24.7 21.8 4{1. {I 26.8 24.4 4.0 ___••••••_..._______._ 
1931colllposite.__ ••..• 26.2 27.3 3U.2 .00 37.1 22.3 46.2 21.8 24.S 3.2 •___•• _••____._...____•• 

8 ••••• _. ___•••••_._.J 1931 wnsh-oIL........ 40.3 40.6 44.8 .00 45.3 lU 44.:1 43.6 40.4 3.2 .89 H.12 .2 

Timothy. I'll

ID32 L'OlIIllOsite....... 21.2 25.2 21.6 1.08 20.0 22.2 40.7 21.0 22. 6 3. S ••_......._._••••_•••••• C

1932 wn.Sh-olT........... , .............. '----'" •___._••••__._ •• '_"_'" •••••__••_•.•••• _••._....._.... .00 1.56 0 
 Grass.Prome ('Qmposiie.... 25.8 25. 5 26. {l 1.01 26. {I 23.0 46.8 26. (I 23.3 3.0 ....___ , • ___••_____._...

j ;
111:11 L'Omposltc... .. 27. S 27.S 35. i 1•. 01 35.3 21. a 45.0 30. I 26. 6 2. 9 __ ._.........__•••••••_. 


9 ••••••• _ ••___•••• __ .! 1931 wush-<lIL..... 25.8 :J7.\) 5.5.[ .92 59.8 15.6 49.7 30.7 26.5 3.4 108.44 19.74 12.9 Fallow.1932 composit~.... . 27.9 24.9 23.2 1,]2 20. i 2'.).3 45.0 28.7 26,0 3.5 "_"'_' •• __•.••••_..... ;
1932wash-<ltL........ 26.7 24.0 51.5 1.11 40.4 15A 45.9 34.7 211.1 3.584.1525.83 12.0 Do. CPrOflle composire..... 43.2 211.:1 15. II 1.47 10. S Ill. 9 311.1 41.9 39.2 1. S ._••••_••••••.•••_...... ~ 193IComposite.... . 41.4 31.4 2.;.3 1.32 19.2 20.1 3.,. i 43.S 39.2 2.2 """" ................ 


10 ' .........- ••--•• .1 1931 wnsh-otT...... .. 40.6 30. 1 211.4 1.35 21, S 15. i 36.9 45.:1 41.7 1.5 71.93 20.35 8.3 Do.
19.12 composite...... 41.4 29.7 23.1 I. :19 16. U 20.1 34.5 43.1 39.8 2. 0 ._........._•••••••••••• 

1932 wash-<ltT.......... 41.5 30.7 31. 9 I. 55 20. U 1l.9 32.2 53.8 48.6 l. 9 43. 10 HI. 78 S. 1 


I
j a 
PrOllle composite..... 1 ----1-------1-----1----_ Do. 

t';!25.0 25.1 27. (\ 1.02 27.0 22.4 46.0 21.3 Zl. 0 3.7 ••••..••••_••___ ........

1931 composite ........ j 25.7 21.\.6 36.11 .116 38.:1 2'1.4 46.3 21.7 24.1 3.0.______••_._............
Avernge ~•••_.I 1931 wnsh-<ltf. ......... ! 32.1 I:l:!


37.6 48.U .\15 li2.0 13.~ 46.0 3(1.4 32.1 2.9 40.06 15.84 3.911132 composire___ .....1 ~5.fl 0
24,8 ~'2.0 1.03 21.3 23.1 45.2 21.8 24.2 3,4 ........................
.1932 wnsh-<ltL.......... 28.0 te
, 29.5 53.2 .04 lifl.S 14.6 45.0 35.3 2O.S 4.0 24.02 10.44 4.91 0---- z 

1 Determinations bl' n. W. Lakin. T. ,,1. Shllw. nnd F. P. Trilety.
• Lower half o( plot I (long plot). t';! 
, Upper half of plot 1. ~ • Desurfaced plot. 
• Averoge. does not Include desurfnced plot. ~ 
Non;.-Proflle coUiposite S1\mples were tnken to llllepth oC 8 fnches. ~ 
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TABLE 20.-Analyse:, oj annual composite samples and wash-off of Cecil sandy clay loam, ,statesville, N.C.; with related dala I 

[Totnl rolnfldl H.as lncbes in 1931, 50.52 inebes In 1\132; 10 pert'ent slope] 

Colloid Ratio 0 I ~ 
tw !}.[oi5· Di !COlloidlorganic gcolloid Erosion 

wBter- ture :~per- to mois-1Erosion Run· lpcr inchPlotl1Q. Sample Sand Slit Clay l <0. 002 m~~er !Erosion Crop treatment\'Bpor CIIUiV, SIO!! ture ratio otI olrnn- 2! 
ahsorp- tl ent ratio equiv­ mm 11,0. otT ... 

tion nlent 

---------l--l-!--I-I-I--I-I-!--I-I-I--I-I----- ~ 
I Tom Ton3 

Percent Ptrccnl P~rctnt Percent PfTcent Percent Percent per acre PerCt:TlI per acre ~ 
(Profile composite_._... 42. 0 25.3 15.4 1. r.r. 11.3 33.2 13.4 53.0 47.0 0.2 ____• __.._.___•• """" 
1931 composite....... _ :35.2 2'l.3 23.0 1.58 14.9 40.3 15.1 !3.2 38.7 1.2 ..._.___ ...._.~ ••__.... 

1 ' •••__._••__....... 1931 wnsh-otT••_....... 29.2 19.-\ 15.9 1.50 10.6 46.0 13.2 39.5 34.5 .9 17',46 10.00 3.591 Cotton. E/1: Hl32C1lmposite ..... ___ 36.0 22.0 111,0 1.64 11.0 311.7 \3.4 45.0 38.7 1.6 ..............__ "'''''' 

I 11I32wn.~h-otT••__ • __ ••• 112.0 10.8 15.-l 1.6S 11.3 42.9 13.2 42.6 38.4 ,9 7.53 6.94 2.14 Do. 

~!prOfile composIte...... 38.8 23.3 16. ;- 1.67 10.0 34.6 14.8 5(). 2 44. 1 .2 ..._.._. __•__......__ ••• ~ 


11131 eom\loslte....._.. 40. j 24.2 \1;'; 1. 68 9.3 36.0 1i. 0 44.9 43.7 .9 •••__•__ "'__'" ......_. 
........._........I1931wnsh-otT.......... 31l.1! 20.9 111.0 1.48 12.8 43.4 14.0 41.3 35.2 1.1 19.71 11.38 3.91! Comandcowpcns. ~2 t 

i 1932composlte________ as. 1 22.8 17.9 1.67 10.7 40.1 13.5 47.1 41.0 1.0 __..__________...______• gs 
1!I32wnsh-oIl___....__ • 27.n 18.8 19.Q l.48 13.4 47.5 12.8 38.,5 33.4 .7 4.70 3.69 2.53 Cotton (ryeandvetcb). 

',/promllcomrOslte------ 43.0 26.0 14.3 1.65 8.1' 31.8 10.4 57.0 1i2.8 .4 •___________ •__ • ________ 
1931 composite. __• __.. 42.3 24.6 17.0 1.72 9.9 35.6 12.9 50.2 46.4 1.0 .........___________..__ ~ 

-a '._._______________11931 wru:h-<ltf___._.--__ 32. 8 20.8 10.3 1.58 6.5 42.2 14.3 42. 2 36.7 .8 20.?6 7.29 6.271 Do. m 
I 1D32 CIlmposite....____ 39.5 23.1 19. 1 1.7l. 11.2 31.2 la.O 48.3 41.8 1.1 ....________..._ •_______ 

11932wnsh-otT...____.__ 34.3 21.0 21.6 l.m 13.2 42.4 13.3 43.4 39.6 .5 3.15 5.49 1.14 Comnndcowpcas.

,!promo composite•.•• __ 29.5 22.4 19.8 1.32 15.0 40.3 12.9 45.8 40.7 .1 ____________.._____...__ 
 ~ 1931 CIlDlPoSltC..____ •• 29.8 22.0 )7.2 1.as 12.7 43.7 16.8 aO.7 31.5 2.3 .._.___ ......__ •_______ 

4_________...__••_.11931 wash-otT _______ ... 21.7 20.8 24.5 1.04 23.5 40.1 15.5 33.0 27.8 1.8 M.79 26.20 5.581 Fallow. 
1932 CIlmpositc........ 31.2 21.!! 22. 5 1.43 15.7 42. 6 15.7 I 39.2 32.3 1. (I __________ • ____________• ~ 
11132 wnsh-olf.......... 20.0 18.0 30.8 1.11 2i. 7 5S.8 la.7 1 28.4 23.6 1.4 57.3t 36. lIS 3. Oi Do. 
Promecomposue__ ... 27.4 22.5 20.8 1.22 17.1 42.8 14.7 40.9 36.1 1.1 __________...___ •__•.•.• ~ 1931 CIlmpositc... ..... 29.3 21.8 15.1 1.34 11. 3 4~. 7 16.6 37.1 33. 0 1.3 _______________________• 

It._____ • _______ •___11931 wash·otT._ ......__ 27.2 22.0 21.5 1.24 17.3 41.8 16.5 40.0 34.3 1.4 17.22 13.112 2.851 Com nnd wheat. 
1932 composlte...___•• 31.4 21. 8 20.1 1. H 14.0 44.2 15.5 38.1 30.7 1.8 ____• ___________ ' __ " ___ 

j
~ 


! 1932wnsb-otT-- ...----- 24.0 18.2 24.7 1.32 18.7 M.3 12.6 31.5 27.0 1.2 3.15 16.34 .38 Whea~nnd le5pedeza.

Pfome composite.__ .._ 28. \l 22. tl 22.0 1.28 17.2 42. 9 10. 4 46.1 40.4 .3 _____... _____• __ ' ___'.__ 


1 lOal composite ...__ .__ 31.2 23.3 18.4 1.34 13.7 43.5 16.8 38.2 33.8 1.3 __________..._____..__ __ ~ 

fL. ______________.. 1931 wash-oIT__.... _.. _ 38.0 40.2 38.9 .91; 40.9 19.3 21.3 M.9 38.1 3.4 .81 9.60 .19 Lespedl!%ll.


fll32 composlte._..____ 20.\} 22.1 20.4 1.35 15.1 44..2 15.5 38. 1 31.1 1.; ...._••_____________••__
11132 wash-oIT..._____•• ____• __________________ • ____._.. ____.._. ' ___ "" ________ ..___________.. __._____ .00 1.06 .00 I Do. 
Profile composlte.____• 32.2 2:'1.1 21.6 1.39 15.5 41.6 11.6 45.8 41.0 .8 ...__• ____..__......_.._ 
11131 composite_______• 31.3 23.4 18.2 1.34 13.6 43.0 15.'1 38.8 34.2 2.0 ..________••__.. ___•__ __ 

'1._..___..__..___•__ 11l31wnsh-otT__..__.... 33.9 31.4 36.2 1.08 33.5 27.2 20.8 4;.8 38.4 2.9 2.22 11.311 .441 Do. 
11132 composlte________ 30.-1 22. 0 19.9 1.38 14. 4 43.7 11.8 42. 3 29.7 1.9 ______• __ • ____ ...___..__ 

1~ 1932 wasb-<llY.._______• 28.8 I 22. 3 .22. 6 1.2\l 11. 5 41. S 11.5 43.\} 36. 4 1.9 2. 46 4.80 1.02 Cotton. 

I 



Promecomposlte••••-. 32.7 22.31 21.6l 1.47 14.7 41.1 12.4 45.6 39.6 .6 •___••••••_••••_ •••_•••• 
1031 composite........ 32.8 22.9 18.3' 1.4:1 12.8 43.3 16.1 38.2 3.1.0 2.0 _••_._•••_••_••, ._•••_. 

8••••_••_._•••__••••119.11 wnsh-ofT._........ 30.6 22.9 19.3 1.34 14.4 37.6 17.4 43.5 37.6 1.2 11.95 14.16 1.00 Do. 
1932composlte••••••_ 32.2 ZL7 22.4 1.42 15.8 40.8 17.6 40.1 32.8 1.2 •__ ••_•.••••_••••_•••••• 
1932 wash-ofT•• ,, __,,__ 30.3 21. I 16. U 1.44 11.7 43.4 19. Ii 36. I 33.0 .5 5.18 5.11 2.01 Corn. 
Prome composlte•••••_ 30.4 23.1 Ii. 6 1.32 13.4 I 40.7 17.3 40.7 34.4 .8 ••••- ••••••••••, •••••••, 
1931 compositc•••••_.. 32.0 23.2 15.8 I.:!S 11.4 42.5 20.0 :15.2 33. I 2.0 •••._._••.••__ •••,._,._. 

l
SL__._.____._•••_.. 1931 wash-ofT•••••••••• 31.2 32.4 32.8 1. 15 28.5 24.3 32.5 39.6 37.8 2.6 9.12 14.62 I. 41 Sod. tJl 

11l~~ ~?~I~A~~:::. :::: .. _~~~~..__:~~~..._~:~..__~:~..__~~:~.._.:~:~____~~:~_ ...:~~~....~:~:.._._~::_ ---·~oo' '-'i~i3' ·-··~oo Do. 
0.... 
t-<rome composilc_.... 32.1 23.8 22. i 1.35 17.2 40.0 18.2 41.2 35.2 .4 ._•••.•••___._•••__••.•• 

1931 compositc.... •••• 3.1.9 23.6 14.5 1. H 10. I 40.7 17.9 39.7 35.0 1.2 ,•.••_•••.••__._••••_.... 
10•••_••__._••_•••__11931 wnsh-off........... :14.4 23.1 20.6 1.49 13.S 46.5 18.3 33.4 26.8 1.4/11.88 11.65 2.30 Cotton. 

1932 composite•• _ .._. 33.8 23. I Zl. 3 1.46 16.0 40.7 18.2 39.7 34.4 1. 1 •• __._••••••_•.' ••••••• ~ 
./.1932wash-oIL........ 31.9 21.2 24.7 1.50 16.5 42.9 14.2 42.0 33.7 .6 4.95 5.76 1.70 Do. 0
ill 

tJl 

ProOle CQmpositc...... 20.7 21.8 10.4 1.36 H.:l 41.3 20.5 37.9 32.0 .2 •••••_•••__••. _. ~ 193Icompositc••••••. 32.9 22.7 13.21.45 9.1 41.7 17.439.733.7 .S'._••••••••_•••_. 
1J1·--.-···_••_._••• 119:lIwnsh-ofT..... _•••• 30.9 23.5 23.9 1.32 18.1 :!S.3 19.7 39.8 31.7 1.8118.16 9.531 4.29 Do. 

1932 compositc........ 31.2 21. S 18.8 I. 43 13. I 41.6 17.7 :!S.9 27.9 1.2 :f
1932 wnsh-ofT••.••••_.. 34. 4 22.0 18. I 1.56 11.6 :!S.7 16.5 43.3 37.1 1.1 5.66 '--'4:00"1""-2:80' Do. ~ 
ProOle t,omposile...... 36. 1 ZJ.5 HI. 2 1.54 12.4 37.5 9.9 51. 3 H. 3 .9 1.__._... ··-···_·1···_··_· 
1931 compositc••_..... 36.5 24.1 16.5 I. 52 10.9 :!S.9 15.0 H.4 39.6 I. 3 •••.•.• , ._ ............. t;l

12 ,-.--.--_._______.Il1931 wllSh-ofT .••••••". 32. 0 ~'2. 6 22.9 1.42 16. 1 41. S 17.2 39.2 33.0 1.5. 1:1. 77 13. nil 2. 2i Do. ~ 1932compositc........ 39.0 24.4 17.; 1. flO 11.) 37.7 14.9 45.7 40.2 1.3 ""_'" ••••_......... . 
 0
1932wnsh-ofL._....... 35.5 21.8 21.0 1.f.:! 12.9 40.0 13.0 45.1 39.0. 1.4; 8.20 9.80 I.U7 Do. tJl
.... 

'1Promc compositc_. __.. 31.0 22.8 20.5 1.36 15.2 40.9 14.2 43.9 :!s.2 --.6-1-== ....._..--- 0 
1931 composite•• _••_•• Z 

Avcrage $ ___"1· 1931 wash-off ......__ •• 31.8 26.5 20.7 1.2.1 22.9 30.2 19.9 41.2 33.9 2.0 Hl.66 13.82 2.311 
1032 composlte••_•••__ 32.9 22.6 21.4 I.45 14.8 41.8 16.0 40.3 32.. 6 1.5 .-••••-.•_•••_••1_...... t;l 

i 1932 wllSh-otr••_•••• __ • 20.3 20.7 22.7 1.41 16.7 45.3 14.4 :!S.6 32.8 1.2 9.00 9.44 1.41 ~ 

32. 2 23.0 16.4 1. 40 I I. 7 I 42.2 16.9 :!S.7 34. I 1.6 ............... . 


1 '1:1 
t;l 

I Mcchanlcnl nnnlyscs by H. 1V. T.nkin and T. :II. Shnw. ~ 
I Desurfuced piot. ...... 

!;;of 
3 I.ong plot. .... 
, Short plol. t;l 
, .-\vcragc does not include desurfaccd plots. Z 

t-3
NOTE.-Profilc composite samples tnken to n dcpth of 7 inches. 

tJl 
t-3 
:> 
t-3 ..... 
C 
Z 
r:Jl 
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TABLE 21.-Analyses of composite surface samples and wash-oJ! of il-/aTshallsilt loam, Clarinda, Iowa; and related datal ~ 
[Total rainfall in 1932, 28.76 Inches; June 1 to Dec. 31, 21.15 Inches; slope 9.64 percent] 

Colloid Ratio of 	 ~ 
C 

Plot no. Sample b, ,",r. D· 00",,' C " IE~'OO Crop treatmentwater. ture !Sper. to mois. Erosion 0 01 matter Era- Run· per InchI vapor e,aulv, slo!1 ture ratio SIInd Silt Clay <0.002 by sion 2 ott 2 of run· I == 
absorp. ent ratIO e,aulv. mm H,O, 01Y ~ 

tion ent 

.,""""'E 
~ 

Tons 
Percent Percent pere<nll Percent Percent IPercent percenllper acre I Ton. ;bd 

{prOfile composite.___••1 33.3 30.4 20.0 1.10 23.6 2.2 60.4 34.1 29.9 3. 1 •.____•• 
11______ • ______•___11932 composite••• __.__ 32.3 27.6 18.2 1.17 15.6 2. 1 61.9 32.9 29. 2 2.9 ._.__•.• ~~~~~~ ~;~=~~~~

1932 w85h-oIY.____••••• 26.5 28.4 00.6 .U3 60.9 2.5 60.8 33.7 33.1 2.6 42.81 18.7 10.8 1 Com. 
30.6 27.0 1.09 24.8 2.1 59.6 34.9 30.5 3.1 ........ ..------- -_ .. __ ..... ­11prOllle composite.. .... 33.42 , ___•_____..______• 	 1932 composite•• ,.... 33.7 28.2 17.0 1.20 14.2 2.2 59.8 34.6 30.8 2.9 -------- -----_ .... --------	 ... 

1932 w85h-oII...... '.,. 26.2 28.5 58.4 .92 63.5 2.2 65.6 29.1 28.3 2.7 43.46 21.1 9.71 Do. Z 
Profile composite...... 32.2 30.3 29.7 1.06 28.0 2.4 58.2 35.8 30.6 2.9 ------ ..- -------- - ... -----­~____________ ___--j''''' oom"",'"___ '" , 1.18 2.0 33.8 2.9. .• . • 28.3 17.6 14.U 60.9 29.4 ------- .. -------- --------	 11>0 
1932 wllSh-ofI..... __ ... 26.7 28.2 63.8 .95 56.6 2.8 62.0 32.0 27.4 2.9 42.07 23.0 8.71 Do. Co) 

Profile composite... ••. 32.9 30.4 26.1 1.08 24.2 1.8 60.4 34.5 29.7 3.1 ---- .. --- _.. - ..--- .. ----- ..-- o 
..................._1 1932 composite........ :13.6 28.8 15.4 1.17 13.2 2.2 61.0 33.5 29.0 2.9 -------- ------_ .. -------­

1932 wasb-oIY ••__ ...... 25.6 27.5 52.9 .93 00.9 2..'; 59.6 34.9 30.8 2.7 49. 15 27.6 8.4 , Do. d 
{prOfile composit1l...... 32.9 29. i 20.0 1.11 23.4 1.8 61.1 33.; 29.7 2.6 ._---_ .... -------- ----_ ....­

5••••••••_.... __•___11932 composite........ 30.S 28.0 15.8 1.10 14.4 2.1 60.9 33.8 28.5 2.7 m 
i 1932 w85b-oIL~_____•• 27.9 3004 58.2 .92 63.2 1.9 61.0 33.8 29.4 3.0 1.36 ""8~8' -"":7-1 Oats. 

w _______ ______ ... _

'{Profile composite..... . 31. 9 29.7 26.1 1.07 24.4 2.0 60.7 33.9 29.7 3.0 
6...................1 1932 composite.._•••• _ :i2.4 28.2 li.6 1.15 15.3 2.5 58.9 35.0 30.3 3.0 


1932 wasb-oIY ••_....... 29.2 31. 7 60.2 .92 65.4 2.2 60.0 34.9 29.8 2.6 
 '-":80' ....9:4· =====:i=! Clover. 
t;j 

___ .. _w __ __ .. _____ ~ 30.2 27.1 1. OS 25.6 2.0 til.i 33.3 30.4 2.2 -------­
7.................._11932composlte........ 32.6 28.2 15.5 1.16 13.4 2.2 58.8 as. 3 31.0 2.9
r""-"',..... -. .." 	

t:;j 

'''i:i5' -'-i3~8' .----:4', Alfalra. o1932 w85b-oIT_......... 27.2 30.3 57.1 .90 63.5 2.6 61.4 33.0 27.9 2.8 

'.IjProfile composite...... 32.7 30.2 28.1 1.08 26.0 1.5 60.; 34.6 29.9 2.3 -_ ...... _--- -------- -------­

8........_. __ ••••_._11932 composite........ :12.9 28.1 18.9 1.15 16.5 2.0 58.9 as. 1 30.4 3.2 -------- ._---_.- -------­
1932 wash-oIY........... 27.8 29.9 51.3 .93 61.6 2.6 60.4 33.7 29.2 2.9 1.19 13.9 .4 I Bluegrass. (;)

> 
{prOfile composite...... 40.5 33.0 18.3 1.23 14.9 1.1 54.5 42.1 as. 5 1.8 

9 ' ....._._... _...._1 	 1932 composite......_. 40.9 31.1 12.4 1.32 9.4 1.1 56.4 40.2 35.6 1.1 i::! 
1932 wash-oIL_•• __•••. 32.4 29.0 36.S 1.12 32.9 1.6 59.0 36.8 34.2 2.1 "39:30' 14.7 --'i2:6-1 Com. c ------	 dIProfile composite•.•••• 32.7 30.2 27.1 1.08 25.0 2.0 60.4 34.4 30.1 2.8 -------- -------- .. _------

Average ...... le932 composite........ 32. 7 28.3 17.0 1.16 14.1 2.2 60.1 34.3 29.8 2.9 -------- -----.,.-- - ... ------ r3 
1932 wnsh-oIY•..••••••• 27.1 29.4 56.8 .93 61.5 2.4 61.4 33.1 2'J.5 2.8 2'2.75 17.0 4.9 

~ 
I Mechnnicalanalyses by H. W. Lakin and T. M. Shaw. I Long plot. 

I Erosion and run-on data for 1 months only. aDesurfaced plot. 

3 Sbort plot. • A vernge does not Include desurfaced plot. 


NOTE.-Profile composite samples were taken at depths ranging from 6 to 18 Inches. 



~~:I 

~I 

TABLE 22.-Analyses of annual composite samples and wash-off of Nacogdoches fine sandy loam, at Tyler, Tex,;; and related data 1 

lTotal rainfn1l36.10 inches in 1931, 46.71 inches in 1932; 10 percent slope] 

Colloid Rntio 0(1' 	 mby Mois, 	 E:osion. I colloid . 	 Colloid ,OrganiC 
1'lotno. Sample water· ture DIsper· to mois'IEros!on Sand Silt Clay I<0. 002 matter I Ero· Run· lper,"clt Crop treatment 

o 
sion ture ratIo 

absorp- a ent ratio equ!\" H20. off Ill. 
tion alent 

vapor e'\UiV­	 mm by slon' off' oerun­ t:I 

1--1--1--1--1--1--1--1--1--1--1---1--1:------ ~ 
Tons Tons 

Percent Percent Percent Percent Percent Percent Percent Iper acre Ptrcent peT aeTt ~ 
'jPrOfileCOUlPOSite...... ~'O.8 14.2 23.S 1.46 16.3 1lI1.9 10.1 18.0 17.2 1.5 "" __" ""_" •••••••• 

1931 composite........ 19.6 14.3 22.3 1.37 16.3 50.3 9.4 1\1.0 18.0 1.6 ••.•.•, .•.•.•...••.••.•• 
1 ...................1 	 1931 wash-Qff......... 37.6 36.9 62.0 1.03 60.2 :18.5 19.4 34.8 28.9 6.5 1.20 15.0 ........, Cotton. ~ 


1932compesite........ 21.4 14.0 21.5 1.5.1 14.0 60.3 9.9 18.7 15.6 1.6 · ..............l. __ ..... to.! 

1932 wash-QII........... 18.9 16.2 62.0 1. 17 53.0 72.0 6.3 IS. 7 10.9 2. 0 3.18 15.0 0.45 Do. 

prOfileCOUlPOSlte ••• _ 21.5 15.1 24.9 1.42 17.5 69.7 8.7 19.3 16.8 1.8 .••_•._................. 

1931 composite..... 23.2 15.4 19.5 1.51 12.9 66.9 9.2 21.9 19.8 1.6 ••••.••..••..••••.•••••. 


2._ .......: •••••••• .1 1931 wash-Q/f•• "" :!S.8 40.5 58.7 .96 61.2 31}.3 19.2 30.2 28.0 8.4 .93 14.1 •.• __..., Do. 
 !{	1932 composite... 25.2 14. U 20.6 1.73 11. U 68.5 10.5 19.2 16.1 1.4 ........................ .... 

1932 wash-Q/f........ _ 25. 1 20. i 60.4 1.21 49.9 55.3 15. 2 24.8 21.5 4.3 4.06 16.6 .52 Do. 

ProtlJeComposite..~.... 19.9 15.7 27.4 1.27 21.6 69.2 10.3 18.0 15.1 2.1 ........................ ~ 

11l3It-omposite........ 21.1 15.7 19.9 1.34 14.9 68.5 9.2 20.2 17.5 1.7 ........................ 


3'_""""""""'1. 1931 wash-Qlr...... -............- .•••.••_....................., ••••, .............- .•-.. •.•.••.• •.••.••. .06 3.4 ........1Bermuda grass.

• 1932 composite••_. .... 21. 7 15.2 22.3 1.43 15. {; 70.2 10.9 16. ti 13.7 2.1 ••.•.•_.•.••__•• __••••••j	 ~ 1932 wash-QlI....... '" 62. 4 ........................................._•••••••_...................._. .00 1.7 ........ Do. 'tj


Protlle composite...... 51.2 25.9 17.1 1.98 8.6 49.0 5.0 45.2 44.0 .2 ""_'" ................ to.!

1931composite._...... 52.6 25.5 13.8 2.06 0.1 45.0 5.3 48.9 47.5 .4 ••...., ................. 


4 -••••••.•••••.•••• .1 19;11 wash-QI)".......... 50. ~ 23.7 16.1 ~.12 7.6 40.3 5.1 53.5 51. ~ .7 18.49 15.0 ........J Cotton. E! 

19.12 composlto••__ .... 49.3 24.5 19.6 2.01 9. 7 47.2 6.5 45.6 43. I .5.••___." ••••••, ......... 


j 1932 wash·off.......... 48. i 22. 6 19.7 2.15 9.2 43.2 6.3 49.5 48.7 .7' 29.48 , 21.1 2.99 Do. ; 
Z 

IjProtllIlCompOsite...... 20.7 15.0 25.4 I.:!S 18.5 69.6 9.7 18.4 16.4 1.8 •..•.•, ................. Jo3 

I 1931 composite........ 21.3 15.1 30.6 1.41 14.7 64.9 .9.3 2U.4 18.4 1.6 ........................ 


Average ......1 1931 wash-QlI.......... :!s.2 :!S.7 60.4 1.00 r.o.7 36.9 19.3 35.5 28.5 7.5 . TJ 10. S ........ m 

1932 composite........ 22.8 14. 0 21.5 1.56 13.8 69.3 10.4 18.2 15.1 1.7 ........................ 

1932wasb-Q/f.......... 35.5 18.5 61.2 1.19 51.5 63.7 10.8 21.8 16.2 3.2 2.41 11.1 .32 ~ 


~ 
I Mecbanical analyses by H. "-. Lakin and T. M. Sbaw. 

1 Erosion and run-Q/f data lor 1931 are for 6 months only. ~ 


m ~ Sbort plot. 

i Desurfaced plot. 

, Includes estimates oflosses (rom I rain as a water boil caused the tank to run over. 

6 A verage doe.~ not include desurfaeed plot. 


NOTE,-l'rollle composite samples were taken to a deptb oC 81nebes, except desurfaccd plot, which was sampled to a depth of 18 lncbes. Of 
c,..:I 

http:rainfn1l36.10
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Since, as already mentioned, the data available at present 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 should 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 

100 little difference is to be 
noted. Practically in 
overy case the organic 
content of the wash-off 
is greater than in the 

ao~------+-------~~-----4------~ soil composite. 
The water-vapor ab­

sorption of the wash­
off is somewhat de­
creased by the removal~ 

zao'~------~~-----H~-----4------~ of soluble salts and by .. ~ consequence the colloid 
L 

z content as determined 
o by the water-vapor­~ 
:J absorption method is 

. ~~ol------I-+-------,r-+-------l---------l l'elativoly less than is 
shown by mechanical 
annlysis. The mois­
ture equivalent. is rela­

i!O,I-----+----,,F----1--------l---------l tively less affected by 
the loss of soluble salts 
and consequently the 
colloid-moist1.1l'e equiv­

'(o.002) (0.005) alen t ratio is usuo.lly
t Z.o T.o 0.0 less for wash-off than 

LOGARITHM or THC PARTICLC ,:,IZC c....) t.o for the soil. 
FJ(;UItE 7,-Comparison 01 tho mechanicnl composition olwash·olT In general the me­

nnd plot composIte sUlnpies of Vernoll !lno sandy loam, 1!J32 
chanical composition 

of the wash-off varies with the quantity of eroded materinl. Plots 
in ellltivlLted crops, as well as those bare or in fallow, have the great­
est OI'osion and the eroded material is increasingly similar to the plot 
composite. rrhose in noncultivated crops such as whelLt, grass, les­
pedeza, etc., have low erosion and the eroded material differs more 
widely from the soil. This is illustrated by figure 7. 

In figure 7 the mechanical al1lllysis of wash-off from plot 6 of. the 
Vernon fine sandy loam is compared with that from plot 3. The 
mechnnical nnalyscs of the two plots arc essentially identical. The 
wash-ofT, however, of plot 3 is 68.5 tons per acre; that fl'om plot 6 is 
but 0.56 ton. . ' 

In figure 7 the summation percentages of the mechanical analysis 
fractions are plotted against 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 laboratory the colloid 
<0.()()2 m.m. 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 also, by the degree 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 are the increased relative amounts of colloid and 
organic ma.tter in the wo.sh-off from plot 6 as compared with plot 3. 
The data 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 
are important constituents of the soil with respect to plant ~rowth, 
it m.ay 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 as wholly colloid, as it certainly is for the most 
part, this quantity would increase the wash-off colioid from 4.7 to 
8.8 percent. This indicates that 47 percent of the colloid reme.,ved 
is lost in the run-off. This behavior of the colloid is general and is 
especially marked in those soils where, though dispersion is difficult, 
coagulation of colloid also is slow. It is probable therefore that in 
all cases where erosion is small a quantity of colloid in excess of its 
relative amount in the soil is removed by erosion. 

It is difficult to correlate mathematically the mechanical com­
position of the wash-oft' with the quantity of wash-off on the various 
plots because of the number of different components shown by me­
chanical analysis. 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 (13). Therefore 
the correlation coefficients between the moisture equivalents and 
the quantity of wash-off have been calculated (22) and are shown 
in table 23. 

TABLE 23.-Correlation coefficient between the moisture equivalent of the wash-off 
and the qua';ttity of wtish-off . 

1031 wash· 1932 wnsh-Soil type off oil 

r rKirvin line Sll"'l" loam_____ -_______________________._____ -0.87 1-0.32 
Vernon line s:.il:'Y loam ._________________________________ -.71 -.70 
Cecil sandy clay loam____________________________________ -.57 -. G3
Shelby slit loam __._._••____ •_____•_________ ._ •• ______ •••• -.94 -.00 
Colby silty clay loam ________________________ .. ___ •____.. -.02 +.511 
Marshnll slit I08m__ •__...__.....__......______ ••••_________________•• -.113 
Houston blllck clay ____ •______••______________•_____ •__ •• +.0-1 +. 11 

I Omitting plot 8, r= -0. 92. 2 For 1030 wll.~h·otT, r= -O.flO. 
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: 


In all but three cases there is a 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 result again emphasizes the fact that more coarse ma­
terial is removed when the wash-off is greater; hence the dele­
terious effect of erosion is relatively greater the smaller the quantity 
of wash-off. In the case of the Houston black clay the correlation 
coefficient is positive but is so small that it indicates no material 
difference 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 
would seem to indicate that in 1932 the wash-off has distinctly 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 character from the surface plot profile 
composites, also given in the tables. The latter samples, the plot 
profile composites, are taken to the depths corresponding to the A 
horizori for each soil. The. tabulated data do not show any differences 
which may not be accounted for by experimental error, except in 
the case of the Shelby silt loam (table 19) for plot 9. 

In this plot, which was fallow in both 1£131 and 1932, the quantity 
of erosion is exceptionally high, being 193 tons per acre for t,he 2 years. 
This corresponds to a removal of the surface of the plot to a depth of 
1.2 inches, since this soil weighs 162 tons per acre-inch. The A horizon 
of this soil is but 8 inches in depth; therefore, the removal of so large 
a quantity of soil results ip 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 (16, table 1). 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 huving deep A. horizons, as in the Palouse silt 
loam, and in those of fairly uniform texture in the upper horizons, as 
in the Houston bllLck clu,y ILnd Colby silty dny loam, these difl'erences 
should be slow in ILppearing. They cannot yet be noted. In the 
case of the Cecil soil the profile plot composites were tnken to a depth 
of 7 inches, although the surface horizon is but 6 inches. Further, the 
plot composites are quite vUJ'inblc in their colloid content. Despite 
these unsatisfactory dnta 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 ('ontrol plots at the erosion 
experiment stations are somewhat protected from gully erosion by the 
limited length of the plots and the lip of the catclmlent tanks. The 
erosion shown by them is therefore not strictly comparable with field 
conditions. 
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The erosion nnd rninfall datn shown in tnbles 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 by 
the soil data and erosion results at the different stations with each 
other, serious difIiculties are encountered. These urise from the 
following circumstances. Wbile the geneml set-up of the plots and 
their manllgement is the sltme at all the stations, yet the kind of crop 
treatment, slope of plots, amount and chru'ader of the rainfall, nnd 
tempernture changes are all quite varied. It is therefore problemati­
cal how far the influence of the churElcter of the soil, ns shown by 
annlyticnl data, may be trnced. Were it possible to hold all other 
variables constant except soil composition as expressed by structure, 
texture, and chemical chru'acter, 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 slopei the 
former at .8% percent, the latter nt 10 percent. There are, however, 
but 3 normal plots of the Nacogdoches and 9 of the Kirvin. The 
climntic 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 ra.tio, the base content, the suspension per­
centage, the dispersion ratio, and the percolation ratio. It is higher 
in the water content of the soil colloid acid, the colloid-moisture 
equivalent ratio, and colloid content. 

The physicnl properties which are correlated by the erosion rntios 
indicate a much lower rate of erosion for the Nacogdoches soil. 

The erosion ratio seems to represent t.he erosional characteristics 
of the soils better thun any other single criteribn. It is therefore of 
specinl interest to compare the directly comparable plots of these two 
soils with respect to the erosion rtttio and the actual erosion (table 24) 

TABLE 24.-Gomparison of erosion ratio and erosion of Nacogdoches fine sandy 
loam anci Kirvin finc sandy loam under identical conditions, 1932 

_._-------,----------;---......,---;----
ErosionPlot nn. 	 Soil Erosion ('ropraLio 

'l'on3 
pcr acrt 

14.0 3.18 Cotton.l ::::::::::::::::::::~:::::::::: ~rr;?i'ii:~~~~~:::::::::::::::::::::::::: 4:l.8 12.36 Do. 
2••_••_. ___ •••••• _..... ••••••••• Nncogdoches.......................... . 11.9 4.00 Do. 
:L •• ___ ••_••_... ••••.• •..•.•.... Kirvin••••..•••• __ •••.••••••••.•••_••• 46.8 17.48 Do. 

15.6 •00 Gross • ~:::::::::::::::::::::::.::::::: ~\~\?l;~~~:i:~:::::::::::::::::::.:::::~ 44.3 • 09 Do. 
9.7 29.48 Cotton.t;c :::::::::::::::::::::::::: ~l~;?i'i:~(::~~~.::::::::::::::::::::::::: 5.0 n. flO Do. 

1 
I 	Short plot. 


Desur(aced I,iot. 


Inspection of table 24 shows It very dose correlntion 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 Imd the erosion in the desurfaced 

I 
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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 factor 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 general true that desurfaced plots 
show 0, higher erosion than corresponds to their erosion ratios. 

In comparing the erosional charncteIistics of the soils at the dif­
ferent stations with the natural erosion which occurs i,o the field, one 
of the more disturbing influences is in the character and quantity of 
the rainfall. With a given soil one might logiclllly expect that other 
things being equal the quantity of erosion would be directly propor­
tional to the qUllntity of precipitation. During 0. term of years this 
is probably the cilse. However, in a short period the qUllntity effect 
mlly be wholly obscured by the relative intensities of the precipitation. 
An example of this influence is found in the results Itt the Stlttesville 
Erosion Station (tltble 20). In 1931 the mean er{)sion from the plots 
was 16.65 tons per acre, with 11 minfllll of 44.35 inches. In 1932 the 
erosion was but 9.66 tons per I1cre nnd the rainfall 50.52 inches. The 
expll1nlLtion of this wide' difl'erence may probably be found in the 
extremely henvy, nlmost torrential, mins of 1931. 

The usunl clrect of Illtemtion of minfall is illustrated by the results 
nt the Guthrie Station (tlLble 15) where for 1930, 1931, and 1932 the 
menn erosion on the plots WIlS 11.05, 7.34, and 32.40 tons per acre, 
while the minfnll WIlS 33.(j6, 20.20, and 37.40 inches, respectively. 
The menn run-off in inches was 4.02, 3.28, nnd 5.19 inches, respec­
tively. It is obvious that the ILJIlOllfit of erosion is pro portion III to 
some fundion of the rlln-olr but what that function is the available 
data lLre not slIflicient to determine. It is true ILlso thnt considemble 
modification in the results obtained IIllty be expected depending "lpOn 
whether precipitation occurs as min or SIlOW and upon ground frozen 
or Itlready sl1tumted with witter. . 

Topographicnl conditions must also be. taken into account in con­
sidering the erosive efi'ects of minfnll. Among these perhaps the most 
important I1re the length Ilnd degree of the slopes which are subject 
to erosion. At all the stutions 1 or 2 plots longer or shorter than the 
normal plots have been included in the set-np. It was to have been 
expected that erosion would increlLse with the length of the plot on It 
given slope. Only in one instance, the Kirvin soil at Tyler, Tex., has 
this been consistently trne (table 16). At the other stlttions the 
reported results Itre v!triable. Only Itt the Tyler Stl1tion have plots 
been estltblishcd which I1re designed to show the effect of differences 
of slope on erosion. No 1l1bomtory studies. have, ItS yet, been made 
upon the eroded materinl from these plots. The field results at 
present aVl1ilnble I1re not sufficient to permit the drawing of definite 
conclusions. Neither cnn./Lny definite deductions be drawn from the 
erosion data of the diIrercnt stntions 11S to the effect of degree of slope 
upon erosion. 

It is not within the province of this bulletin to discuss the effects of 
crop cover and of cultivntion upon erosion, but it is evident that these 
hn.ve un inlportant beuring upon the field problems nnd should be 
mentioned in this connection becnllse they Ilffect the conclusions to 
be drawn from the field dntu. 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 encountered in any n,ttempt 
to se~egate the efl'ectsproduced by difl'erences in the soil. This is 
espeClally true when the attempt is made to estimate these effects 
quantitatively and to determine their causes. It is therefore of 
special interest to determine to what extent the erosion mUo cOl'l'elates 
the soil composition with actuul erosion. For this purpose the dnta 
given in table 25 have been segregated. 

TABLE 25.-Colllpari.~on of the average ero,~ion ratio of the annual compolile ,~am­
pies with the average ero,~ion for 1,1)31 and 1932; rlesurfaced plot.~ not included 

.A "crago A\'crm~eAvcrnge A\'crllgoSoli typo erosion Soil typo erosionerosion erosionmUo mUo 

~--­

7'0118 7'on., 
1ur flCTr per aCre 

Kirvin line snndy lourn••••••• 45. U 15,2 N ncoglloches fine snndy lonrn , 1:1.S 2.4 
Vernon line sandy 1011111 ••_••• 42,:1 19.9 Cecil sandy ciny 1011111 •• _ ••••• 1:1,:1 1:1.2 
Shelby slltlonlll••___ ••• _._._. 29.8 32.0 HOllston billck !!IllY ~~_••" .... 8. j u.l 
Colby silty clay IOlllll ••• __ ••. IS. II O. () ~.--. ---
Murshllll silt 1011111' •• _ ....... 14.7 2'2.8 ,,A \'crug:e........ ~ .. _'"' ........ _.... "'. 2:1.4 ]r;.o 

I Dl1ta (or 1 ycnr only. 

Attention has already been calkd to t.he total failure of the erosion 
mtio as a means of prediction of the behavior of the desurfnced plots 
(p. 57). In table 25 it will be seen that a fair general correlation exists 
for the surface soils. 1'110 soils having the grcatest erosion ratios have 
high erosion losses but the qultntitativc cOlllpnrison is not good. The 
outstandin~ exception is in the case of the .Marshall, which, with an 
erosion ratlO of less than average value, shows actual erosion above 
the average. It is to be observed that in the two sets of plots showing 
the widest variations, the Kirvin fine sandy loam and the Marshall 
silt loam, the slopes of the plots are 8.75 and 9.04 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. Despite 
this poor showing it seems quite clear that the erosion ratio represents 
a fair qualitative indicntion of the behavior of a surface soil. Whether 
it can be used quantitatively along with other factors is not certain .. 

GENERAL REM.ARKS 

It is not necessary to repeat in this bulletin the general remarks 
made in Technicnl Bulletin 310 (16). What is there snid, however, 
is well borne out by the present data, so far ns these apply. It is now 
proposed to study the plasticity, the shrinking, and the swelling vol­
umes of these soils, with a view not only of relating these to the ero­
sionalproblem,but also the chemical composition and texture of the 
soils. It is also proposed to study with great care the exchangeable 
base and acid content of these soils. While these studies are in 
progress fIeld data will accumulate. It is to be hoped that eventually 
It may be possible to so correlate field data with laboratory examina­
tion as to permit the establislunent of criteria by which the field 
behavior of soiIi> may be predicted. If this becomes possible it will 
follow that ap7;·.;Lopriate conservation measurcs will also be indicated. 
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From the information at 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 colleoted concerning these soils have a special value 
quite aside from their bearing upon erosion. These soils represent 
five of the great soil groups recognized in the classification of soils by 
the Division of Soil Survey. They 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 groups and particularly by studies 
of the great groups not represented by the erosion station soils. It 
would be of great interest were it possible to have detailed data con­
cernin~ the chemical composition, physical properties, and field 
behaVIOr of at least one soil type in each State. Such an accumula­
tion of accurate and comparable information must be made before a 
full comprehension of soils can be reached. 

SUMMARY 

A previous bulletin on the soils of the erosion e::-..-periment stations 
presented much pllysical 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 
a large quantity of additional data for the soils of all the stations thus 
far established. The determinations made include mechanical analy­
ses, chemical analyses of both soil and colloid, specific gravity, field 
volume weight, porosity, dispersion mtio, erosion ratio, moisture 
equivalent, and a number of other moisture relntionships. 

The soils of the erosion stations represent five of the great soil groups, 
and the wide divergence of the properties and composition of both 
SQils and colloids occasion considerations of much theoretical impor­
tance. For example, the highly .lateritic Nacogdoches series appears i 
to contain a very wenk acid which is assumed to be of the halloysitic 
type, and the iron oxide appears to be free and nenrly anhydrous. By 
contrast the Colby series appears to contain a considerably stronger 
acid, assumed to be of the pyrophyllic type and the iron content 
nppears to be a part of the silicate complex. Various rntios of theo­
retical interest are presented and the silicn-combined wnter ratio is 
calculated and its significance discussed. 

A series of experiments on the settling volume of soils i$ reported 
nnd from the results is deduced n new soil-water relntionship which 
is cnlled the water-saturntion cnptlcity. The relntion of this soil 
property to the other soil-moistUl'e properties is discussed nnd illus­
trated. It is pointed out that while the field volume weights nre 
uniformly greater thnn the volume weights of the soils nt their settling 
volume, yet there is n close correlntion between these vnlues. Atten­
tion is nlso directed to the influence of colloid composition, as well as 
of quantity of colloid, on soil-moisture relationships. 

Determmations of the fundamental physicnl data of composite 
snmples from ench plot nnd of the eroded mnterial from each plot are 
reported. A study of the eroded material shows mnrked differences 
in the qunntity and character of the wnsh-off. When the quantity 
of eroded materinl is lnrge it is similar in character to the whole soil. 
Wh~n the erosion is slight, the f}ne material pr~dominl1tes. Sl~~ht 
eroif1lon, therefore, may be relatively more detrllnentnl to fertility 
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than 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 is the erosion ratio. Even this ratio has but qualitative sig­
nificance. No definite relationship between t.he 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. 

LITERATURE CITED 

(1) ALEXANDER, L. T., and BYERS, H. G. 
1932..0\ CRITICAL LABORATORY REVIEW OF METHODS OF DETERMINING 

ORGANIC MATTER AND CAllBONATES IN SOIL. U.S. Dept. Agr. 
'.reeh. Bull. 317, 26 pp. 

(2) ANDERSON, M. S., and BYERS, H. G. 
1934. 	THE CARBON-NITROGEN RATIO IN RELATION TO SOIL CLASSIFICATION. 

Soil Sci. v. 38. (In press.) 
(3) --- and MATTSON, S. 

1928. 	PUOPERTIES OF THE COLLOIDAL SOIL MATERIAL. U.S. Dept. Agr. 
Bull. 1452, 47 pp., illus. 

(4) BAILEY, E. H. 
1932. 	THE EFFECT OF AIR DRYING ON THE HYDROGEN ION CONCENTRATION 

OF THE SOILS OF THE UNITED STATES AND CANADA. U.S. Dept. 
Agr. Tech. Bull. 291, 44 1>1>., illus. 

(5) BRIGGS, L. J., and McLANE, J. W. 
1910. 	MOISTURE EQUIVALENT DETEItMINATIONS AND THEm APPLICATION. 

Jour. Amer. Soc. Agroll. 2: 138-147, illus. 
(6) BItOWN, I. C., and BYERS, H. G. 

• 
1932. THE FItACTIONATION, COMPOSITION, AND HYPOTHETICAL CONSTITU­

TION OF CEItTAIN COLLOIDS DEItIVED FROM THE GREAT SOIL 
GROUPS. U.S. Dept. Agr. Tech. Bull. 319, 44 pp• 

(7) BYEHS, H. G. 
~ 1933. THE CONSTITUTION OF THE INORGANIC SOIL COLLOIDS. Amer. Soil 

Survey Assoc. Bull. 14: 47-52. 
(8) CUHItY, A. S. 

1931. 	A COMl'AItlSON OF METHODS FOR DETEItMINING THE VOLUME-WEIGHT 
OF SOILS. Jour. Agr. Research 42: 765-772, illus. 

(9) GEIB, W. J., LOUNSBUItY, C., and DUNNEWALD, T. J. 
1913. 	SOIL SUItVEY OF LA CHOSSE COUNTY, WISCONSIN. U.S. Dept. Agr. 

Advance Sheets, Bur. Soils }'ield Operatiolls 1911, 45 pp., illus. 
(10) HILLEBRAND, W. F. 

1919. 	THE ANALYSIS OF SILICATE AND CARBONATE ROCKS. U.S. Geol. 
Survey Bull. 700, 285 pp., illus. 

(11) HOLMES, R. S., and EDGINGTON, G. 
1930. 	VARIATIONS OF THE COLLOID.~L MATEItIAL EXTRACTED FHOM THE 

SOILS OF THE MIAMI, CHESTEH, AND CECIL SEHrES. U.S. Dept. 
Agr. Tech. Bull. 229, 24 pp., illus. 

(12) KELLOG, C. E. 
1930. 	PHELIMINAHY STUDY OF THE PROFILES OF THE PItINCIPAL SOIL 

TYPES OF WISCONSIN. Wis. Geol. and Nat. Rist. Survey Bull. 
77 A, 112 Pl>., illll!;. 

(13) MIDDLETON, H. E. 
1920. 	THE MOISTUItE EQUIVALENT IN RELATION TO THE MECHANICAL 

ANALYSIS OF SOILS. Soil Sci. 9: 159-167, mus. 
(14) 

1930. 	PItOPEItTIES OF SOILS WHICH INFLUENCE EItOSION. U.S. Dept. 
Agr. Tech. Bull. 178, 16 pp.

(15) --- and BYEHS, R. G. 
1934. 	THE SETTLING VOLUME OF SOILS. A NEW SOIL-WATER RELATION. 

Soil Sci. 37: 15-27, illus. 



62. TECHNICAL BULLETIN 430, U. S. DEPT. OF AGRICULTURE 

(16) MIDDLETON, n. E., SLATER, C. S., nnd BYERS, H. G. 
1932. 	 PHYSICAl. AND ClnlllUCAI. CIIAUACTEUISTICS OF TUE SOILS FUOM 

Tin] l]ItOSION l]XPEUllIUJNT S'rATIONS. U.S. Dept. Agr. Tech. 
Bull. 316, 51 pp. 

(17) OLMSTEAD, L. B., ALEXANDEIt, L. T., nnd MIDDLETON, H. E. 
1930. 	A Pll'ETTE ME'l'llOD OF MECHANICAl, ANALYSIS OF SOILS BASED ON 

IMPUOVED DISPEItSIONPUOCEDUUE. U.S. Dept. Agr. Tech. 
Bull. 170, 23 pp., illus. 

(18) ROBINSON, G. W. 
1924. 	THE FOUM OF MBCIIANICAL COMPOSITION CUUVBS OF SOlL~ CLAYS, 

AND OTIIBU OUANULAU SUBSTANCES. Jour. Agr. Sci. [J!jngln.ndj
14: 1626J-(;33, illus. 

(19) 	 ROBINSON, W. O. 
1022. 'l'IIB AIlSOUl''l'ION OF WATBR 11Y SOIL COLLOIDS. ,Tour. Phys. Chern. 

26: [647j-U53.
(20) 

1930. METHOD AND l'ROCEDUUE OF SOlI. ANAI,YSIS USEJI IN Tin] DIVISION 
OF 'SOIL CHEMISTRY AND PHYSICS. U.S. Dept. Agr. Circ. 
139,20 pp.

(21) 	 SI.ATER, C. S., n.nd BYEHS, H. G. 
1931. A LAlIOHATOUY STUDY OF THE FIEI.D PERCOLATION RATES OF SOlI,S. 

U.S. Dept•• Agr. Tech, Bull. 232, 24 ))p., iIIus. 
(22) 	 TOLI,EY, H. R., n.nd Ml]NDUM, S. W. 

1024. A MBTIIOJ) OF T}J8'l'ING FAHM-JI[ANAGElIIENT AND COST-OF-PHOJ)UC­
'I'ION JlATA FOil VAI,WITY OF CONCI,USIONS. U.S. Dept. Agr. 
Cire. 307, 13 pp., iIIus. 



ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 

WHEN THIS PUBLICATION WAS LAST PRINTED 


Secretary oj Agricullllre ________ ~ ___ ______ _ 
Under Secrctary _____ ___________________ _ 
Assistant Sccrctary__________ • __ • _______ _ 
Director oj Extension Work ______________ _ 
Director oj PersonneL __________________ _ 
Director oj IlIformation___ __ .. _.. ___ .. ______ _ 
Director oj Financc_. _________ . ___ ._ .___ • 
Solicitor_________ .. __ _.. _.. _... " _ ... ___ "_.... 

Agricultural Adjl/st:/Iwnt Ad1l/.i/l.i.~lraliolt__ _ _ 
Burca/~ oj Agricultural Beolwlllics .. ________ _ 
Bureau. oj Agric/IILl/ral BlI(linccring _______ _ 
BlIrcalt oj Anilllul Iltrll/.~/r!I__ • ___ ._ .. _____ _ 
Bu.rea/l of BiologiclIl Survey .. _ . ___ • _ • _.. ___ _ 
Burea 1/. of C/w1l/.i.~lry and Soil.~. . _.. _____ • 
a.Dice of COOIJcralive Ex/cnsion lI'or!.;. __ ....... _ 
Burcew of Dairy Indus/rll•. · • ___ ....••.. __ 
Bureall of Bn/omolog/J IIwl Plllllt Q/lIITlIII./iliC. 
a./ficc of JiJx1Jcrilllcllt 81111'i(/n.~ __ • _____ ..... __ 
Food (£lui J)ruf/ Administrlltion_______ • ___ _ 
Fore.~t 8ervicc______ .. ____ .... __ .. '. _____ • _. __ 

Grain {I'utllre,~ Admini.~lralion______ ........ ._ 
Burealt of Homc Economics ______ ___ •.. __ •• 
Library _____________ .. _________ .. __ ........ __ 

Bllrea/1 of Plant lrtdll.~/ry. __._ .... _._ ... __ .. __ 
Bureau of Public Roacl.~ ____ . ... ..." _ ..... __ 
lVeather Burea'u ___ ___ ••••• __ .. __ .. __ .. __ _ 

BENHY A. WALLACE. 

REXFORD O. TUGWELL. 

M. L. WILSON. 

C. W. WAHnUHTON. 

W. W. S1·OCKIIEllGEll. 

M. S. EISENIIOWlm. 

W. A. JUMP. 


SETH THOMAS. 


CII~;STlm C. DAVIS, Administrator. 

NILS A. OLHEN, Chicf. 

S. H. MCCltOllY, C/114. 

.JOIIN R. MOHLglt, Chief. 

.1. N. DAltl,ING, Chicf. 

H. O. KNIGH'P, Chicf. 
C. B. SMI'rH, Chicf. 
O. E. Ih}~m, Chicf. 
lim: A. S'1'ItONO, G'kirf. 
.JAMEH T . .J,\ltllINI~, Chief. 
WALTEI( G. CAMl'lIgLL, Chie/. 
F~mllINANI> A. SILCOX, Chicf. 
.1. W. T. DUV~;I" Chief. 
LOU1S~) STANLEY, Chief. 
CLAIU1HJL R. BAltNWI"l', LibTClrian. 
I\NOWI,t}S A. RYBllSON, Chitf. 
THOMAS II. MACDoNALD, Chicf. 
WILLIS R. OltEGG, Chief. 

Thill bulletin is n contribution from 

Bureau of Chemistry and Soil.~ ..... ________ .. H. O. KNIGHT, Chicf. 
Soil I nvesligations. __ .. _______ • _____ .. _ A. O. MCCALL, Chief. 

Division 	 of Soil Chemistry and H. O. BYEHS, Princilml Chemist, in 
Physics. Charge. 

63 

u.s. GOV[RNMENT PRINTING OJ'fleE. 1934 

l~or Hille by the SUIJI!rJJltcndcnl or lJocumvnts, WUHhington, D.C. - - ........ PrIce 10 cent!! 




t, 

" 

'"' .... --. 


