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WASHINGTON, D. C.

PROPERTIES OF SCILS WHICH INFLU-
ENCE SOIL EROSION

By H. E. MmprLEYON

Aszociate Physicist, Division of Seil Chemistry and Physics, Seil Investigations,
Burenw of Chemistry and Soils
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INTRODUCTION

Soil erosion is not a new problem, the necessity for protection of
farm lands from denudation having long been recognized. In 1909
in a report of the National Conservation Commission (18)" attention
was called to the enormous losses resulting from erosion, and in 1911
o bulletin on soil erosion {15) discussed the problem and remedial
measures which might be employed. These reports apparently
roused very little interest. In recent years, however, the work of
agricultural experiment stations and of the Kederal Government {(8)
has served to focus sttention on the great loss resulting from erosion,
The Seventieth Congress made & special appropriation for the study

~of soil erosion and water conservation, with particular reference to
I the various soil types. Experimental work on erosion will be done
- at severnl stations established for this purpose.

=  Experimental field studies on soil erosion have been in progress for
2 severa] years at the State agricultural expertment stations at Colum-
bis, Mo., Spur, Tex., and Ralcigh, N. C., and ot the Forest Service
experiment stations at Ephreim, Utah, and San Bernardino, Calif.
In this feld work it has been recognized that some soil types erode
more readily than others. The literature reveals no laboratory
studies which show any relation between erosivity and the physical
and chemical characteristics of the soil types. The fact that definite
information concerning the erosional behavior of soils was not avail-
gble explains this lack of investigation. Such information became
available with the appearance of the results (4, 6, 6, 7, 8} of extensive

1 Italic numbers in parsatheses refor to Warnture cited, p. 16
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erosion studies made in the feld by H. H. Bennett of this bureau,
who observed that certain soil types were essily eroded whereas
others were much less suscoptible to erosion. With a view to deter-
mining the properties of solls which influence soil erosion, samples
were collected and work begun.

OUTLINE OF INVESTIGATION

Three groups of soil samples were collected. In one group samples
of four soil types were obtsined from widely separated regions. Two
of these types, the Nipe clay from Cuba and the Aikin silty elay loam
from Oregon, were notable because of the resistance they offer to
erosion, in spite of heavy rainfall. In contrast with these were tho
Orangoburg fine sandy loam and the Memphis silt loan from Missis-
sippi. A second group of samples consisted of the Iredell loam, which
is erosive, and of the Davidson clay loam:, which is nonerosive.?
These samples ware collected near Greensboro, N. C., and under like
climatic conditions difler very strikingly in erosional behavior. The
samples of theso two groups were very carefully examined, especially
with respect to the A and B horizons. The properiies were con-
trasted and the effort made to determine which propertics accounted
for the crosional differences. A third group of samples was later
obtained from three crosion experisicnt stations, and a similar study
was made on them.

EXPERIMENTAL WORK

The mechanical analyses weore made by a slightly modified form of
the internationnl method (19). Hydrogen peroxide, hydrochlorie
acid, and sodium carbonate or hydroxide were used. The quantit;
of colloid was determined by the water-vapor adscrption method,
over 3.3 por cent sulphurie seid (20), the moisture equivalent by the
method outlined in & previous publication (16, p. 150), the maximum
water-holding capacity by the method of Hilgard (I3, p. 209}, the
lower liquid limit by the method of Atterberg (8, p. $6), and the
specific gravity by a method essentially the samo as that described
by Hillebrand {14, p. 55).

The slaking value was determined with an apparatus described by
Boyd (9, p. 546) but by a somewhat different methed of procedure.
Five grams of air-dry sotl was thoroughly mixed with just sufficient
water to saturate it at a pressure of 2,000 pounds per square inch and
made into s briquette 25 millimeters in diameter. This was immedi-
ately pleced on o metal ring and submerged in water, The slaking
value is the number of seconds necessary for the briguette to dis-
integrate sufficiently to fall through the ring.

The moisture content, apparent specific grevity, shrinkage, pore
space, and volume of voids were calculated by measuring and weighing
briquettes made by the method outlined by the writer (17, p. 502),in
which 20 grams of air-dry soil was mixed with sufficient waler to
give the greatest density at a pressure of 2,000 pounds per square inch,

The dispersion ratie was determined as {ollows: A sample of air-
dry soil equivelent to 10 grams of oven-dry soil was placed in & tall

19 Nonerosiva™ I usod In this buliptin to duseribe solls notably less suscantible to erosien than normal
salis, Tha terms crosive and honerosive are used relatively, as are the terins soluble pod tosoluble. Al
woils fre samewhat suscaptiblo to eroslou by run-off water.
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eylinder of appreximately 1,200 cubic centimeter capacity fitted with
& rubber stopper. Sufficient distilled water was added to make the
volume a liter. The cylinder was closed with the stopper and was
shalen end over cnd 20 times, The suspension was then allowed to
settle until & 25 cubic centimeter sample which was pipetted at a
depth of 30 centimeters consisted of particles of & maximum diameter
of 0.05 millimeter. A metal tip placed on the end of the pipette with
six radial No. 80 drill holes was used; through it liquid was drawn
from the side rather than from directly under the pipette. IFrom the
dry weight of the pipetted fraction, the total weight of silt and clay
in"the suspension was calculated. The ratio, expressed in percent-
ago, of the silt and clay so doetermined to the total silt and clay
obtained by mechanical analysis is called the dispersion ratio. The
erosion ratio is tho quotient obtained by dividing the dispersion retio
by the ratio of colloid to moisture equivalent.

Colloid was extructed (12, p. 16), and chemical analyses were made
by methods now in use in the Division of Soil Chemistry and Physics
ol this burcan, but speeisl eflort was exerted to make the colloid
extraction as complete as possible,

FIRST GROUP

DESCRIPTION OF BAMPLES

The samples used in this experiment were collected by H. H.
Bennett, of this bureau. The erosive samples are as follows:

Memphis silt loam from 5§ miles east of Vicksburg, Miss. Sample
No. 1, A horizon, 0 to 8 inches, brown mellow silt loam; sample No.
2, B horizon, 8 to 28 inches, buff moderately friable silty clay loam;
and sample No. 3, C horizon, 120 to 216 inches, yellowish-brown
friable silt loam.

Orangeburg fine sandy loam from Jackson County, Miss. Sample
No. 4, A horizon, 0 to 16 inches, fine sandy loam, brown to 4 inches
and buff below that depth; sample No. 5, B; horizon, 16 to 72 inches,
red friable sandy elay; sample No. 6, B, horizon, 72 to 96 inches, red
friable fine sandy leam with some yellowish splotches; and sample No.
7, C horizon, 96 to 136 . .ches, white and pale-pink coarse sand with
some thin seams of red fine sandy loam.

The nonerosive soil types of this group are as follows:

Nipe clay from Fulton mining region, Fulton, Oriente, Cubs.
Sample No. 8, 0 to 12 inches, red, highly porous, friable material,
somewhat compact in places (plancha layer), with abundance of
highly ferruginous small and large nodules (accreiions or concre-
tions); and sample No. 9, 12 to 24 inches, red, highly porous, and
friz&blla material, with abundance of small and large ferruginous
nodules. )

Aikin silty clay loam {rom 5% miles south of Salem, Oreg. Sample
No. 10, 0 to 20 inches, brownish-red silty clay loam to clay; and
sample No. 11, 20 to 40 inches, red clay.

RESULTS

The physical determinations which were made on samples of the
first group are shown in Table 1 and the chemical analyses in Table 2,
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Tanue 1.—Physical properiies of erosive and nenerosive soils

Mec&mficcsl Waxl
analysis MMois- muzm | 8
Charagter sod Soit ¢ Depth Col- | ture f{;&‘;&r wotor oltio Silgg'
sample No. Ypo D fold le ult;- iy ihoid- gxi-éw- s
L3l OE Cfi~ ¥
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1} Memphly silt 123 L2 ) Th4 (3.4 ) M0 ZLE) W0 48.9) 205 34
Ioam (M{ss) L
0_ _ $3.0 | 30.8 [32.2| 286 36.7| 6n0)273|
8.3 11421123 '!'l_. 71 23] 400074 &0
Erosive. .. .. 25.1 84| 1.6 15,8 0.7 38,9 2.64 25
20,1 ) 23,0 .5 &
6.4 18.2 | 16.5 78
. 6| L8| 2.4 1
Al 3R E 4T L 651 ’;
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Nonerosive.{10 Ai!.m siity clay 020 | L7 | 28R | 805 (625 30.3; 30.3] b67.5| 284 n
lonm (Oreg.}.
11 fawoos Domeeno| 2040 BDLE | Z3LY P O5 D ERE] B 403 BT (BT M
Briguettes at marlmom density Rn?io
o
Dis- jeollofd
Ete- | Ratla
Chomactorand | goiitype | Mois- | BP0 vor | BS 18 | slon | of
pa N tare Ehrink-| Pore ratio | clay
con- [FPEUB67 oot spnce jurma ofl ratlo | ture tosilt -
tant | ERY 3 P vaigls 1 aquive.
ity ¥ alont
Per Per Per | Per 1
cent cent cent | ceat
F 1 M?‘:\ni?his siltioam | W0 | 1.4 108 8.1 W.56] 44.6]| 0.88) 652 0.18
Miss.).
-2 I :lo _____ PR A Y| L87 3.50 | 3L5 40| 23§ .13 23 AG
e R R R HELH
racgebrg L 9.4 .. . et 1 5. 2 7 3 .
Erotive..... sandy {oam
187 6.3 4.0 69 1.38 12,4 114
LAB) Ed 50 206 lL32] 24 2.5
o 2.0 L] 2.8 300
. .47 52.1 7.0 6.1: 2.14 290 1.45
- L 4,151 5.9 f.9 RIZD ZM 2.2 .58
Noacrosive..{10 A{kin silty clay | o3 137 8.62) 358 gy 1510 L%3 87 2.07
toam {(Oreg.}.
b} N (- 2T 9.9 1.78 .47+ 386 3.5) 134 L &9 .78
! Rasod ou wet volulto. 1 A vonsiderable part consists of coneretions,
t Did not slako in 18 hours,
TasLE 2.—Chemical composition ! of erosive and nonerosive soils?
Cé‘f;fgfgi\.‘;‘_“‘ Soil type Depth{ 5i0: | Ti0: | Fe:0s | Akon | amn0 | €o0 | vigo
. Inches \Per cantIPcr cent Per cent Per cenIFPer centiPer centl Per cent
1 | Momplissiitlosm.| -8 80, 0.92 274 7. o111 .44 L 27
. b 3 S S | » T, 823 73.038 ) 5, 15 12,72 U 4L -5
Erosivo_..-.. 3 [ Otpogeburg Gmo | o-t6 | 0003 .03 Lyg| 872 .03 .03 .03
sandy lonm.
& 83,92 .72 .05 2.9 .01 | Trace. G5
8 7. 00 e 0400 (11471 1,09 .41 3T
] 7.0 W65 65.97 1E15.33 vt L33 L8O
Nonorosive. 410 i 480 57 308 VL] 2411 .30 L2t 48
BT,
I O L1+ S W10 | 40.54 .87 I%.61) 2518 B .7 .43
1Na S“"FI" couteined carbonates. f8ampie contains chromiwmn,
tDetorminations by . Edgington.
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TasrLs 2.—Chemical composition of erosive and nonerosive sotls—Continued
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Data given in Teable 1 indicate that the nonerosive soils studied
are considerably heavier in fexture than the erosive soils. This is
unfortunate in thet such a wide difference in texture makes comparison
diffieult. Many of the differences indicated in the various determina-
tions may be explained by this difference in texture without regard to
erosional characteristics. The moisture equivalent, lower liquid limit,
maximum water-helding capacity, slaking value, and shrinksge follow
rather closely the mechanica! composition and colloid content, The
volume of voids is slightly higher in the erosive than in the nonerosive
soils, particulerly in the surface soile,  The specifie gil;avit. of the non-
erosive soils is hizher than that of the erosive soils, but this is not be-
lieved to be signilicant.

The disporsion ratio seems to have some bearing on the erosional
characteristies of the soil without regard to the other properties. For
instance, the Nipe clay was regarded as being the least erosive in the
group of samples, and it has the lowest dispersion ratio, whereas the
Memphis sttt leam, which was regarded as being the most easily
eroded, has the highest dispersion ratio.

In the Memphis soil the dispersion ratio also indicates the relative
degree of erosivity of the different horizons as observed in the field.
The A horizon, with a dispersion ratio of 44.6, erodes more rapidly
than the B horizon {where it is exposed), which has a dispersion ratio
of 26.3. The C horizon, which has a dispersion ratic of 66, erodes
mors rapidly, once it is exposed, than either the A or the B.

The ratic of the colloid to the moisture equivalent is considerably
higher for the nonerosive than for the erosive soils. The higher ratio
should indicate a lower water-holding capacity of the soil and, there-
fore, probably e higher rate of percelation, with a consequent decrease
of run-off from one rainfsll. It is the water which runs off after
the soil is saturated which causes erosion. A soil with a high rate of
percolation may rot necessarily erode less for & given amount of run-
off, but it is believed that conditions which cause rapid percolation
tend to meke it less erosive. A satisfactory laboratory method of
measuring the percolation rate of soils under conditions comparable
to those in the field has not been found. A method is now being
studied whereby samples may be taken in their natural condition end
sent to the laboratory. It is hoped thus to determine a relation be-
tween the parecolation rate under natural field conditions and artificial
conditions in the laboratory. The chief difficulty lies in determining
the rate of percolation of the entirc profile. A fairly satisiactory
determination may be meade for & single horizon, but if the horizon
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expmined is underlain by a comparatively impervious stratum the
dotermination will be of liktle walua. Soil samples are ordinarily
collected by horizons which in most places, rather than being sharply
differentiated, are separated by transitional zones. This arrange-
ment of layers makes it very difficult to repack the material in a con-
dition remotely simulating that in which it oceurs originally.

In general, the dispersion ratio decreases as the resistance to erosion
increases. The converse is true of the colloid moisture-equivalent
ratio. As both ratios are indicative of the erosional characteristics
of the soil, it seemed desirable to combine them into one expression.
Sinca the two ratios vary inversely, a combination was accomplished
by dividing the dispersion ratio by the colloid moisture-equivelent
ratio and desiznating it as the erosion ratio. The dispersion ratio is a
function of the ease of dispersion and of the mechanical composition
of the soil, and tho colloid moisture-equivalent ratio is a furection of
the ease of percolation and the absorptive power of the soil, Hence
the erosion ratio combines the relations of the soil toward water in
such manner that a low value of the ratio is indicative of high resist-
ance to erosion.

The lowest erosion ratio shown by the erosive soils is 12.4 for the
Orangebure subsoil (No. 5), and the highest for the nonerosive sotls
ig 8.7 for the Aikin surface soil (No. 10). The erosion ratio distin-

uishes the srosive from the nonerosive soils in the same order as the
sispersion ratio, but the differentiation is more marked. In the Mem-
phis and Nipe soils previously mentioned, the dispersion ratios are
44 6 and 6.1, and the erosion ratios are 65.2 and 2.9, respectively.
The erosion ratios appear to express more satis{acterily the d?ﬂ‘erences
between the soils. Neither the dispersion nor the erosion ratios are
to be regarded as quantitative expressions of relative erosivity.

The ratio of clay to silt in the soil is taken as an index of the me-
chanical composition. In soils as heavy as or heavier than a loam
(containing more than 50 per cent of silt and clay) in texture this
may give some idea of erosiveness. Where the ratio is very low, as
in a silt loam soil, very lttls clay is present to bind the material into
aggregates, and the silt particles are free to enter quickly into sus-

ension in the run-off water. This is exemplified in Memphis silt
oam, which has & very low ratio of clay to silt and a very high dis-
persion ratio. This no doubt secounts, at least in part, for the high
erosivity of this particular soil. In sandy soils the ratio is not so
significant, because the silt and clay together constitute such a smell
proportion of the total material.

The main variations in the chemical composition of these soils,
s indicated in Table 2, may be correlated with the mechanical com-

osition and colloid content. The nonerosive soils are low in sand and

igh in colloid and are low in Si0, and high in Fe,0; and Al;O,.  This
may be indicative of a low silica-sesquioxide ratio,® which ratio is
believed to have a very important bearing on soil erosion and on other
goil characteristics (#). DBennett (4) hss shown that this ratio is
indicative of the friability and plasticity of Central Americen soils
and that thesc propertics are closely associated with erosional behavior.

$ Tho sillca-sesquioaide ratio Ja the molecalar ratio of the silica to tha combined pluming snd irgn exide
prasept In the colleid
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SECOND GROUF

In the first group of samples the great difference in texture between
the erosive and nonerosive soils made it difficult to correlate the
results. Furthermore, the semples were derived from very different
soil material and were collected in widely separated localities where
they had beon subject to very different climatic conditions. There-
fore it was deemed advisable to collect, from the same locality, two
samples as nearly alike in texture as possible, onc of which was
erosive and the othoer nonerosive and to make a study of their physical
and chemical properties. For this study the Itedell and Davidson soils
of North Carolina seemed to furnish admirable examples, as they are
derived from the same soil material, occur under the same climatic
and topographic econditions, and lie almost immediately adjacent to
each other but differ notably in that one is very readily eroded and
the other is markedly resistant to erosion.

DESCRIFPTION OF BAMPLESR

R. C. Jurney, of the Division of Soil Survey of this bureau, collected
samples of the Iredell loam (erosive) and of the Davidsen clay loam
(n lclmerosive), near Greensboro, N. G.” The samples were described as
follows:

Tredell loam from 14 miles east of Greensboro, N. C.  Sample No.
12, A, horizon, 0 to 5 inches, gray loam containing some organic
matter; sample No. 13, A; horizon, 5 to 10 inches, yellowish-brown
loam; samplo No. 14, B horizon, 10 to 20 inches, yellowish-brown
heavy tenacious impervious plastic clay, breaking into large lumps
which on further pressure break inte angular particles, and containing
few plant roots; and sample No. 15, C horizon, 20 to 27 inches,
greenish, yellowish, and brownish decomposed diorite rock. Iron-
stone concretions occur in the A, horizon and in adjoining plowed
fields appear on the surface. Horizon B, when exposed to the atmos-
phere, turns rust brown and cracks when dry. On moderate slopes
the B or C horizon is exposed through erosion,

Davidson clay loam from 9 miles north of Greemsboro, N. C.
Sample No. 16, A horizon, 0 to 9 inches, slightly reddish-brown clay
loam; sample No, 17, B, horizon, 9 to 36 inches, deep-red heavy
brittle clay, breaks into large lumps which ﬁ.uahy crumble into
smaller angular and subangular particles; sample No. 18, B. horizon,
36 to 60 inches, light-red {riable crumbly clay; and sample No. 19,
C horizon, 60+ inches, ocherous-yellow, black, and reddish-brewn
decomposed diorite rock. A cut surface of the B, horizon shows a
lighter-red color than the broken portion, and when well dried the
material in road cuts to a depth of about 2 feet shows perpendicular
cracks one-cighth inch and less in width. The Davidson soil is much
more deeply weathered than the Iredell.

HESULTA

Determinations were made on these samples in the manner
described for the first group. The physical determinations are
shown in Table 3 and the chemical analyses in Table 4. In additien,
samples of colloid were extracted and analyzed, the determinations
being shown in Table 5.
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TaABLE 3.—Physical properties of an sresive and a nonerosive soil from lhe same

locality
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TaBLE 4.—Chemtical composition ' of an crosive and @ nonerosive sofl from the same

locality ?
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The results shown in Table 3 indicate that the texture of the two
samples was, a8 & whole, very nearly the same, The Iredell rarely
occurs &8s & clay loam except in eroded phases, and the Davidson
rarely occurs as & loam, so the agreement in this respect was consid-
ered very satisfactory. The surface horizon of the Iredell contained
more organie matter than thet of the Davidson, which undoubtedly
accounts for the fact that all the deferminations invoelving moisturs,
except the colloid content, which iz higher in proportion fo the quan-
tity of elay, are higher for the Iredell A; than for the Davidsen A.
This difference in orgenic-matter content alse constitutes the main
difference between the Iredell A; and A,. The slaling value is lower
for the Iredell surface horizon then for the Davidson, and the shrinkege
is greater. These differences are probably significant. A peculiar
circumstance is noted in the volume of voids determinations. Thae
value decreases through the Iredell profile and increases through tha
Davidson.

The dispersion ratio is notably higher in the Iredell than in corre-
sponding horizons of the Davidson soil, and is higher in the Iredell B
than in either the A; or A;.  This is the only profile so far examined
in which this is the ease. The Davidson B horizon has a dispersion
ratio very similar to that of the Nipe soil (see Table 1), and the indi-
cations are that if it were cxposed it would be equally resistent to
erosion,

The ratios of colloid to moisture equivalent are all higher for the
Davidson soil than for the Iredell in corresponding horizons. The
ratio for the Iredell B horizon (1.39) is the highest obtained from
several determinations of the moisture equivalent. The material iy
of such character that it 1s difficult to make a satisfactory determins-
tion of the moisture equivalent.

The crosion ratio differentiates the two soils more completely than
the dispersion ratio. The dispersion ratio of the Iredell A, horizon is
3lightly lower than that of the Davidson A. However, the highest
erosion ratio of the Davidson is lower than that of any horizon of the
Iredell. The relative degree of erosion of these two soils could be
determined only by careful measurements under similar conditions,
Personal observation indicates that the difference would be gresater
than is shown by the erosion ratio, as in the cornfield adjoining the
areq where the sample of Iredell was taken; though the slope wes
very gentle only a very thin layer of the A; horizon was left in the rows,
and the B horizon was exposed between the rows. On the other hand,
no evidenee of crosion was noted in the Davidson soil.

The Davidson A horizon has an erosion ratio higher than the Aikin
or the Nipe in the first group. The observations of field men of long
experience, with whom the writer has discussed the matter, indicate
that it is probably the most erosive of the three nonerosive soils. In
fact, there may be some question about classing the A horizon as a
nenerosive soil, as defined. However, for the purpose of this phase
of the investigation, the marked difference in the resistance of these
two soils to erosion is the Important consideration. 'The Davidson
B horizon, however, where it has been exposed by the cultivation of
steep slopes or because of extraordinary local conditions, is markedly
resistant to erosion and unquestionably should be clessed as nonero-
stva.
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The ratio of elay to silt is higher in the Davidson than in the Iredell
soil. The slightly heavier texture of the Devidson accounts for the
small differences noted. In two soils of exactly the same texfure this
ratio would of necessity be the same and could have no bearing on
the crosional characteristics.

The chemical analyses shown in Table 4 indicate that the Davidson
soil 1s slightly higher in silica and alumina and lower in iron, especially
in the A and B horizons. However, it is doubtful whether these
diflerences are of significance. The Iredell contsins considerably
more basic materinls which, undoubtedly, have an important bearing
on its physical properties, especially its dispersivity and plasticity.
The color of the two soils is in marked contrast. The Iredellis yellow,
and the Davidson, in spite of its lower iron content, is very red.
Undoubiedly the grester part of the iron in the Iredell is present as a
part of the complex silicate, whereas in the Davidson it is present as
a partly hydrated oxide, This is in accord with the acid dye ndsorp-
tion figures obtained by J. G. Smith, of this burean. The Iredell B
horizon adsorbed 0.0010 gram of biebrich scarlet per gram of soil,
whereas the Davidson B, Eorizon adsorbed 0.0057 gram per gram.

The chemical analyses of the colloid extracted from these soils is
shown in Table 5. Only the B horizon was examined. No dis-
persion agent was used in the Iredell soil, and 63.3 grams of colloid
were extracted {rom 100 grams of soil, the separation being made at 1
micron; 53.7 grams were axtracted from 100 grams of the Davidson.
Since this colloid would not stay in suspension without some disper-
sion agent, sufficient ammeonia was added %o keep it in suspension,
This fact is probably as significant with respect fto erosion as any of
the propertics which have been discussed. It accounts for the iria-
bility and high percelation rate of the Davidson soil, owing te the
floceulation and granulation of the particles. It undoubtedly accounts
for the low erosivity and the physical properties, such as the disper-
sion ratio, of which it is indicative.

TaBLE b.—Chemical composilion of colloids from the Iredell {crosive) and the David-
son (noncresive) soils ! .

Bam-} Hoil type from which | gy
ple eolloid was on Depth | 8i0r | TiCs: { FaaCh | AhQ:z | AlnO | Ced | Mg
Na. extractod z
|
Inches | Per cenliPer cent Per cent|Per cenliPer cend| Per cent|Per cend
HC | Tredell oot oeee e B 10-20 | 40.73 1.4l 16.45 | 26.64 | @.014 0.97 0.93
17C | Davidsen ¢lay lanm_.| 5y 850 | 30.82 L2 ) 1603 31.67 .8 g 4L

Sam-| gt typo from which col- Ignition| HiO at] Mols 310y
§1: lold was eztracted K0 N

less | 110° €. ' Rols R20;

NpQ | PrOw | BOs

Per centi Per cend Per ceni Per cend Per cent) Per cend Por cent!
MG | Iredell loam. . oooaaoaeooo 011 1] .13 0,16 0.15 1244 7. 2%

. 1.88
170 | Davidson clay lpam...... .37 1] W18 .12l L07] 1314 3.20 1. 50

{ Daterminntions by G. I. Hougll,

The analyses of the two colloids are very similar, the most impor-
tant difference being shown in the silica-sesquioxide ratio which, how-
ever, is nob so great as might be expected from such contrasting soils,
The water ai 110° C, also shows a significant difference. These sam-
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ples were air-dried and kept together in the same laboratory at all
times so the sir-dry moisture content would he in the same order as
tha”a)dsorption- of water vapor over 30 per cent sulphuric acid (2,
? Several other determinations, some of which are listed in Table 6,
were made on these soils. The heat-of-wetting determinations wera
made by the method outlined by Anderson (I, p. 827), the pH deter-
minafions electrometrieally, and the modified dispersion ratio by
shaking a 10-gram sample of =o0il in 100 cubic centimeters of water in
a reciprocating shaker for soven bours before transferring it to s
cylinder and pipetting in the usua! manner.

TanLE 6.—Miscellaneous determinalions on {he Iredell and Davidson soils

} Modifed
disper-
i sionratlo

Soll Lype %gf]i' Drapth &%?itnzfl pHE

g
n
3

oy
Sagopaenzspas

Ry g D ke i O O
Lad et ub =t bl
T N T 1=

1 Daterminstions by M. 5. Anderson, .
! Flocculuted,  With sullicient N «OH to pravent focculation=08.4,

The heat-of-wetting determinations are spproximately twice as
high for the respective horizons of the Iredell soil as for the Davidson.
Since the two soils have approximately the same colloidal content in
their respective horizons, a much higher heat of wetting is indicated,
corresponding fo the higher silica-sesquioxide ratio, as shown by
Anderson ang Mattson (2) for the Iredell colloid.

The pH determinations indicate that the Iredell soil is more nearl
pneutral than the Davidson, The saecidity of the Davidson, whicﬂ
increases with depth, is probably responsible for the flocculating action
of the celloid. The modified dispersion ratio indicates that the
Iredell B horizon is nearly complstely dispersed by shaking seven
hours whereas that of the Davidson is completely flocculated.

THIRD GROUF

Data as to the quantity of run-off and the degree of erosion taking
place for periods of three or more years are available for the erosion
experiment stations at Columbia, Mo., Spur, Tex., and Raleigh
N, C. These data show rather wide variation when the quantity of
rainfall and the slope of the plots are considered. With & view to
determining to what extent the character of the soll influenced thess
results, samples were obtained 4 from the various stations.

DEECRIPTION OF BAMPLES

Cecil fine sandy loam from erosion experiment station, Raleigh,
N. C. Sample No. 20, 0 to 6 inches, surface soil; and semple No. 21,
6 to 24 inches, subsoil.

4 'Tha writer wishas to acknowledge the courtesy of R. E, Dlckson, of the Texas Agricultural Expetiment
Btation, of A, H. Krusekan!, of tha Universlty of Missqurd, and of 8. B, MqCrory, of the Bureau of Publlo
Roads, 1o providicg thess samnles.
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Shelby loam from erosion experiment station, Columbia, Mo.
Sample No. 22, 0 to 7 inches, A horizon; sample No. 23, 7 tc 24 inches,
B korizon; and semple No. 24, 24 to 36 inches, C horizbn.

Miles clay loam from evosion experiment station, Spur, Tex,
Sample No. 25, 0 to 8 inches, surface soil.

REBULTEH

The semples obtained were representative of the erosion station
plots. However, only two plot treatments were the same for all three
stations—sod plote and bare uncultivated plets. Inasmuch as there
was no similarity in the types of grass grown in the sod plots, only
tho data for bare uncultivated plots & {10, 11) were examined. Some
of the published data heve been recsleulated. The results obtained
aro given in Table 7,

TADLE 7.—Some of the physical properiies of soils and crogion dala from erosion
experiment stalions

Merhnaleal Maxt-

annlysis |
Duralisn
Boll typa of oxpork | Depti
tnent

Sund | 8ilt | Clay

Clealt Anosandy lotm, Morth Carolina | 19241637
R+ | 1024-1027
Shelby loumt, Missourd I7-1983
. de 19171023
1N 7-3023
10261928

Bara untcuitivated plots

- Aveor- | Aver- | Aver- | Avor-
Bait Lype ston ?f ';l,gf agean-| agean-{ ngosn-| nie an-
0 sl | niutl | pual | el
rafa- | run- | orin- | oero-
itt) af oft | ston

| Fony
20 | Cacil fine sandy - ! per
lonmm, North Cor- TInehes asre
ollua 3 . X 0 {1, 18 21,44

2 bt
Bhelby lonm, Mls-

3. 13

bl
k.
2%

2577

1 Daterminntions by L. T Alorander.
1 Avorngs for the durntion of the experiment,

The data of Table 7, in the light of the results obteined in the first
two groups, would lead one to expect amounts of erosion somewhat
at variance with those actualty obtained in the field. On the Texas
soil (No. 25) the slope, rainfall, and run-off are all Iower than st
the other stations, but the erosion is the greatest. This soil has the
lowest dispersion ratio, the highest ratio of colloid to moisture
equivalent, and the lowest erosion retio of the thres surface soils,

1 partEL, F. . PROGRERS REPORT ON BOIL KROSION AND RUN-OFF EXPERIMENTS AT NORTI CAROLINA
EIPERIMENT STATION FARM, U. 8. Dept. Agr., Bur. Pub, Roads, Dlv. Agr. Eogin. [Mimecgraphed.j




PROPERTIES OF SOILS WHICH INFLUENCE SOIL EROSION 13

which would indicate that it is the least erosive. The differances,
however, are not large, and from the laboratory data all these soils
would be classed as highly erosive, as they actually are in the field.
These soils occur under widely divergent conditions of climate and
topography, the exporiments did not run concurrently, and additional
factors ® not indicated by the date influenced results.

Under these conditions it would be too much to expect that thelabo-
ratory results would indicate accurately the relative erosivity of these
goils. Under more nearly similar conditions a closer correlation
would undoubtedly appear.

DISCUSSION

The results obtained in the investigation of the three groups of
samples do not include all the properties which may have a bearing
oo the question. A preliminary study made of the angle of repose
indicated that it is much greater in nonerosive soil in a seturated
condition than in an easily eroded soil. It is possible that the plas-
ticity number would be more significant than the lower Liquid limit.
The percolation rates, if nvailabre, would doubtless be of value.

The quantity of organic matter, the silica-sesquioxide ratio, and
the total exchangoable bases all have some bearing on the erosional
bohavior of soils. A complete picture would, dounbtless, require the
determination of these quantities. On the other hand, some of the
properties actually detéermined seem to have little bearing on the

uestion at issue. The maximum water-holding capacity, the lower
hquid limit, and the properties of briquettes at maximum density
show no marked differences with raspect to erosive and nonerosive
soils. The slaking-value determination may, with some modification,
bo of distinet value. The results obtained indicate that the slaking
value increases with increase in the quantity of colleid, but the
indications are that, other things being equal, the slaking value will
be higher for a noncrosive soil. This is illusirated by the Iredell
{No. 12) and Davidson (No. 16) soiis in Table 3.

None of the chemical properties studied have been found useful
in diflerentiziing between erosive and nonerosive soils, though
undoubtedly the dispersivity of a soil is influenced by the quantity
and character of tha exchange bases present and the silica-sesqul-
oxida ratio is the determining influence on physical proporties.

The nonerosive soils reported in this bulletin have all developed
under conditions of high annual rainfsll (40 inches or more), which
indicates o low silica-sesquioxide ratio. Robinson and Holmes (21)
found that soil colloids having a ratio less than 1.85 were from
localities having 40 or more inches of rainfall annually.

The outstanding characteristics of solls which make possible their
differentiation with respect to crosion scem to be the dispersion
ratio, the ratio of colloid to moisture equivalent, and the erosion ratio.

The dispersion ratio is probably the most valuable single criterion
in distingunishing between erosive and nonerosive soils. [t is logical

@ For prample, tha Tazxes experiment was stnrted n 1026, when the roinfall wvas greater *han ln any other
of tho 17 yoors during which records lind been kept at tho Spur stution. Ln the annunl report of tha Spur
station for 1026 the coudition of the soil at the heginning of the experimment i3 described as follows: ' Tho
soll {m the plots ot the beginning of Lhls test was in an abnormal condition for the following reasons: Boma
sihsoll wns mited unnvoldably with the suiface soll when the ditehes wera dug for tha erection of the
walls; the soil wad peckod very hard by men walklog acress it during the tiroe the plant was under con-
struction; the soll in spots had become puddicd. ™
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to assume that soil material which is easily brought into suspension
is more readily carried away by run-off water. The highest disper-
sion ratio obtained for the nonerosive soils was 15.1 (No. 10) and the
lowest for the erosive soils was 13.0 (No. 13). It is probable that on
the basis of this property alone soils with a dispersion ratio of less
than 15 may safely be classed as nonerosive. The method of making
the determination may unquestionably be improved. During the
course of the investigation several improvements were suggested, but
the original method was adhered to in order to keep determinations
comparable.

The ratio of colloid to moisture equivalent is also an importent
criterion of erosion. The nonerosive soils examined have all shown
a high ratio {(approximately 1.5 or more), and no erosive soil has
shown a ratio as high as 1.5. However, the greatest significance of
the ratio of colloid to moisture equivalent is in it relation to the
arosion ratio.

The erosion ratio is even more significant than the dispersion ratio,
because it involves two additional factors which have an important
bearing on srosion, the quantity and the character of the colloid.
The erosion ratio 1s an indication of the erosiveness of seils under
similar field conditions. It does not necessarily indicate the relative
degree of erosion of soils which are subject to different conditions of
topography and climate, particularly temperature and %antit.y and
periodicity of rainfall. This, in part, accounts for the lack of correla-
tion between the erosion ratio and the extent of erosion on the experi-
ment-station soils.

In order to illustrate more clearly the variation of the erosion ratio
for tho soils exsmined, the erosion ratios in Tables 1, 3, and 7, are
shown in descending numerical order in Table 8.

TarLE 8—Drosion ralio surunarized

Ero- || Sam- .
Soil type Depth | sien pla Boil typa
ratio || No

Inches
Moemphis sflt loatn 150214
d ]

-

b —
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£ £ e 08 1D 1A e DO 0 e £ 05 02

Iradell lesm.
fdo

Oranpeburg flne sendy lonm.
Shelby looan Dravidson clay lgam
Cacil flon sandy loaln
Orangeburg Soo seody loam.} 04
Shelby loam F
Iradall losm. .-
Meamphis silt lonm..
Iredull lonm,
Orangeburg ine sand
Sholby lotin

hliles clay lonm

Dagvidsen clay lpsm_.
Adkin silty clay loam..
Ceefi flne syndy loatn.
Davi!dsou clay loam..
- ua
Mipe cluy
Aoe ..

PN QD0
(LR D Ll R ]

Fa’?:!aﬁuﬁ'ﬁ«:@ﬁnnw

1f the upper Limit for nonerosive soils is arbitranly seb ab 10, the
surface horizon of the Davidson clay loam (No. 16) s the only non-
erosive soil which does not come within this imit. If the limit is
made higher, the Orangeburg fine sandy loam subsoil (No. 5} will be
included, Tlis material is probably relatively resistant to erosion,
the diffieulty being caused by the ready washing out of the sandy
substratum (No. 6), which causes the heavier-textured layers above
to cave in. However, until more data are available it seems advisable
to seb tho limit for the erosion ratio at 10 for nonerosive soils.
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From these data it is clear that soils may readily be classified as
erosive or nonerosive when thay differ widely in their erosion ratios as
berein defined. However, whether within narrow limits of difference
the ratio is sufficiently distinctive to place soils in exact relative order
of erosivencss is not wholly certain.” The number of samples which
have been examined was necessarily limited, owing to the difficulty
of obtaining samples whose erosional characteristics wers known.
As the number of erosion experiments is increased, however, it will be
possible to obtain more exact data on the field behavior of soils
which are necessary for a proper comparison with the data obtained
in the laboratory.

SUMMARY

A study of the physical and chemical properties of three erosive
and threo nonerosive soil types is presented. ~The properties having
the greatest influence on soﬁ erosion are indicated by the dispersion
riatio, the ratio of colloid to moisture equivalent, the erosion ratio,
and the silica-sesquioxide ratio. Limiting values of these ratios are
tentatively suggested for distinguishing erosive from nonerosive soils.

Doterminations made on samples of soil from three erosion experi-
ment stations are compared with the ercsion and run-off data.
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