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Relative Infiliration and Related Physical
Characteristics of Certain Soils’

By G. R. Fee, asseciale soil conservationist, G. M. BRowxNIxG, seil conservationisl,
Conservation Fxperiment Stations Division, and G. W. Muscrave, principal
sotl conservationist, Office of Research, Seil Conservation Service ?

CONTENTS

h
3
E
&

120500 =~ =] Chida o W3 10 = 3

Results—Continged.
Goenersl equntion of inflitration
Factors atfecting infltratien. .. . .
Predietion of inbltration rates. ..
Discussion
Size and permanency of pyres . ...
Practiond applications of Dadines. ... ...
Funnngry
Literstureeited . . ... . .
AR et cmmaaccm—ana—

Introduetlon. ..o i cacaa e
Raview of related investizations
Experimental materfal. . - o.ocraas
Procedura. ... oL ...

¥
Related studies___.__.._... . ...
Rainfalisimulater metiad |
Lateral movement of water. .
Besualts .. .. iiiee e eaes
Reiative infilivation for 68 soil profiles . ..

e e ————————

INTRODUCTION

Infiltration, as used in this bulletin, refers to the entrance of water
into soils under field conditions. Infiltration rate, as used herein,
presupposes an excess of water on the soil surface that tends to pro-
duce run-off or, if confined on an area so that run-off cannot oceur, a
head of water on the soil surfece. The rate of infiltration has been
observed to differ in different soils. The factors that govern the
entrance of waier into soil are doubtless complex and have been
little studied. However, numerous studies have been made of the
flow of liquids through various other porous media, particularly sands
of various sizes and assortments. The factors governing the entrance
of water into material as complex as soil are clearly more involved.
The rate of infiliration is a variable rather than a constant factor,
changing with changes in soil structure, the temperature of air, water,
and soil, the moisture content of soil, and the degree of biological
activity within the soil profile. Some of these factors vary sessonally,
and others vary during the course of a single storm. Despite these
facts it is recognized that the relative amount of infiltration of water
into different soils is associeted with their physical characteristics.

1 Submitted for publication July 21, 1939, }
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Infiliration is the only process by which precipitation enters the
earth’s surface and becomes potentially available to plant and animal
life. Whenever the rate of rainfall exceeds the rate of infiltration,
surface run-off occurs. Comparatively small differences in infil-
tration rates may greatly affect the total annual run-off of surface
water because rains of high Intensity occur less frequently than those
of low intensity. A relatively small inerease in infiltration rate may
eliminate run-off from a large nuinber of storms.

The chief purposes of this study were: (1) To determine the relative
rate of infiltration for important seils; (2) to ascertain what relations
may exist between infiltration amd certain physical properties of these
sails; and (3} to explore the problem us & whole, scarching for evi-
dences of underlying basic principles and ascertaining directions
future studies may take mest profitably.

REVIEW OF RELATED INVESTHGATIONS

Investigations dealing with factors that directly affect the infil-
tration of water iuto soil have been for the most part restricted to
the amount, disutbution, and intensity of precipitation. There ure,
however, cousiderably 1rore data relating to factors that determine
the permeability of porous medin and also to physical properties of
the soil, which are generally regarded ns affecting its permenhility.

King (8)* and Slichter (21}, as well as Mavis and Wilsoy (113,
have shown the effect of grain size and particle arrangement on the
permeability of sands. Muskat (75) has dealt in some detuil with
the factors that govern the permeability of various natural media,
showing the complexities of this problem in contrast to the more
simple one found in studying the permeability of graded sands of
known physical properties.

In a discussion of methods of determining infiltration rate, Horton
(7} includes among the characteristics that influence it, soil structure,
texture, initin} moisture content, temperature, and porosity.

Baver,* in reviewing data from the Marshall silt loam and Shelby
loam soils, states: “The type. rate, and amount of movement will be
related to the properties affecting the nature of the pore space.”
He shows that the most impermeable lnyer of the Shelby loam con-
tains 3 percent of noncapillary porosity, whereas the minimum non-
capillary porosity of the Marshall is 25 percent.  Data by Muserave
(18) show the infiltration rate of the Marshall to be much ubove that
of the Shelby.

Slater and Byers (20) determined the rate of percolution through
cores from six soils obtuined in the field and transported to the lab-
oratory and compared the rates with certain physical determinations
of the cores, including the mechanical analvsis, volume weight,
moisture equivalent, water-holding capacity, suspension pereentage,
and dispersion ratio. They found correlations between rate of perco-
lation and silt coutent, suspension percentage, and pereentage of
sand, but no definite relationship between rate of percolation and
volume weight, percent colloid, or moisture equivalent.

Auten * has shown that the organic matter in soil benesth netural

#Ttnlic mumbers In parentheses refer to Literature Cited, p. 32,
! Baven, L. D), S0IL CHARACTERISTICS INFLUEA ING THE MOVIMENT AND SALANCE O SOIL MOISTERE
Seil 8el. Soc., Amer. Proc, 1:431-437, 1936, [Proceseed.]

4 .'\UT'.BN, J. T. THE EFFRCT OF FOREST HURNING AND PARTUHING [N THE OLAKRES LN TIEE WATER ARICRP
TION OF FORESTSOILE, U §. Forcest Expl. Ste., Cent. States, Nole i6, 5 pp., s, 1034, Mimeorraphiod.]
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forest vegetation is assoelated with a markedly higher amount of
infiltration than oceurs under burned woods or open pasture.

Greene and Ampt (3) and others have formulated infltration
equations of more general application, but these have been shown
by Hardy (5) to be inapplicable to colloidal soils. It appears, there-
fore, that the physical characteristics of the soil will have to be taken
into consideration in the development of any equation to represent
the iziate of movement of water into & system as complex as that of
2 soil.

Middleton (72} found the dispersion ratio and erosion ratio to be
among the best mndices of the erosional behavior of soils. These
determinations are measures of the ease with which a soil goes into
suspension (o be carried away in the run-off water or to clog the
pores and reduce infiltration, as shown by Lowdermilk (9} and other
workers.

European investigations of the relation of soil structure to water
movement in soils as measured by voncapillary porosity aad infiltra-
tion rate are reviewed by Sokolovsky {(22) and Willlams (25). 1In
genera]l the data show that treatments that incresse the number of
Inrge stable aggregates increase the noncapillary porosity and the
infiltration rates.

Lutz ® found 45.4 percent and 83.3 percent of the aggregates in
the subsoil of the Iredell and Davidson, respectively, to be larger
than 0.10 mm. and concluded that the high percentage of large aggre-
gates in the Davidson soll was probably the most important factor
in producing greater percolation through this profile.

Bradfield's (2} theoretical discussion dealing with structural re-
Intionship In soils emphasizes the tmportance of large stable aggre-
gates n the formation of relatively large pores, which act as & con-
tinuous series of connecting chambers through which air and water
can readily pass.

Ageregation has been shown fo be affected by numerous factors.
As shown by Baver? and others, the percentage of stable aggregates
is correlated with the organic matter and the amount of silt and clay.

From these investigations it is clear that there nre many data on
the physical properties of soils that portray their structural charae-
teristics. The relation of these properties to infiltration is recog-
nized, but there is little specific information that deals with the
movement of water into and through undisturbed soil profiles.

EXPERIMENTAT MATERIAL

The 88 sites included in this study were selected by soils speeinlists
as representative of important contrusting soils.  Brief descriptions
of the profiles and other information, such as location of site and
date of study. are given in the appendix {table 11). Several of the
profile- , amed and described in this table have not as vet been corre-
lated oy the Department Committee on Soil and Erosion Surveys.
The series designation of these profiles is tentative. These 68 sites
represent 39 soil series and 6 of the great soil groups, Gray-brown
Podzolic soils, Red and Yellow soils, soils of the northern prairies,
northern Chernozzm soils, soils of the southern prairies, and Brown

3 Lotz J. F. THE STRECTURE OF 30DILS AS AFFECTING S0ME ERQAUNN  Anter Sl durveyv Az-nc. Aul

. IMimeorraphsd.)
Amer. Aot Furrey Assae, Bal,
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soils (70). They also represent the ¢ following groups of parent
material: Glacial accumulations (caleareous), elacial accumulations
(slightly calcareous or noncaleareous), Great Plains material, marine
deposits (marl and chalk), marine deposits (sands, clays, and lime-
stones), wind-laid deposits (foess), residual accumulations, crvstalline
rocks, and sandstones and shales. These soils include 16 that are
properly classified as sendy lays and sandy loams, or sands, and
52 of finer texture, including loams, silt lonms, clay loams, silty clay
loams, and clays.

The solls are distributed in all the humidity provinces from wet to
arid, all the seasonal distribution of precipitation provinees, and two
of the temperature provinces (23). Thus, of the clinmtic provinees
occurring within the continental limits of the United States, all are
represented except two temperature provinces, the tropical and taiga.

It is to be expected that the field volume weight, organic-matter
content, degree of aggregation, moisture equivalent, and other phvsical
properties of seils so distributed would differ widely.

For the purposes of this study, this wide difference in the physical
characteristics of the soils selected lias, on the one hand many advan-
tages, and, on the other hand. decided disadvantages. The advantages
of such diversity lie primarily in the fact that relationships found for
this group of soils may reasonadly be expected to be found generally
for other soils. The disadvantage rests principally in the difficulty of
ascevtaning minor relationships most probably existing in subgroups
of soils of more homogenenus characteristics.

PROCEDURE
Frenn

Various kinds of equipment have heen used for determining nfiltra-
tion rates, including rings, tubes, and rainfall sitmulntors. At the
time this study was begun the tube method appeared fo be the best
adapted to field use, since portability of equipment and water supply
must he considered.

A brief discussion of the technique of obtaining infiltration data
with tubes should suffice since descriptions and photographs have
been published elsewhere (/4). Galvanized-steel tithes, 9 nehes in
diameter, 10 or 14 gage, were jncked into the soil from the rear of &
weighted truck. The tubes were 18 or 24 inches long, depending an
the length of tube required to penetrate the subsoil.  After the tubes
were sunk until only about 2 to 3 inches of ench protiuded above the
surface, a head of water about one-fourth of an inch deep was main-
tained on the soil surface enclosed by each tube by means of a self-
dispensing calibrated burette. A tvpical installation of a atngele
burette and steel tube is shown in figure 1. At 15, 30, 60, 120. and
180 minutes from the beginning of # run the nmount of water that had
heen drawn from the burette was read and later converted to surface
inches.

The water used for these studies was obtained either from nmunicipal
water supplies or from wells or cisterns near the site. Some control
of quality was gained by determining the pH value of water that
might be available and using water that had a pH value nearest 7.0.
Obviously, water having any appreciable degree nf turbidity could
not be used. Salt concentration was not determined, but, since
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amounts of water applied were relatively small and duration of tests
relatively short, this was not considered ‘an important factor.

Statistical studies * made early in the course of the work to ascer-
tain the minimum number of replicates that could be used success-
lully indicated that on certain soils § replicates might be enough ; on
others as many as 22 were required for the same degree of precision,
On the basis of these findings, the use of 24 replicates for the main
phase of the field work was adopted as standard for all sites. The 24
tubes were generally placed in 2 rows about 6 feet apart and spaced
18 inches center to center in each row. An initial determination of
infiltration rates was made at
whatever field-moisture con-
tent prevailed at the time, and
a  succemling  determination
was made on the sane units 24
hours later. These will be re.
ferred to asinitial and wetruns,
reapectively,

Obviously it was impossible
Lo seleet sites on which plant
cover and past cropping his-
tory were the same.  When-
ever feasible, the sites were in
ficlds on which row crops were
growing. Tlese felds were not
rocently cultivated, and the
ground was in a settled condi-
tion, If such areas were not
available, the sites selected
were on fields of small grain or
similar erops. It was neces-
sy that o few of the sites be
on arceas having & permanent
grass cover, Most of these sites
were in the Southwest, and
there the vegetal cover was for
the most part relatively sparse
even though the arcas were AT IROR S
designated as  range land,  Ficure 1.—Typical installation of 2 single
Thestandard procedure was to burette and steel tube.
remove all vegetal cover and
ground litter on the soil surface confined by the tubes, with no dis-
turbance of the soil itself, Musgrave and Free (14). however, have
shown that the effeets on infiltration rates of cultivating to «ifferent
depths are transitory, and the offeet on rates during the wet run are
nonsignificant when the tube method is used.

Temperatures of «oil at depths of 4 and 15 inches and of water
were taken, and the initial moisture content of the soil was determined
from samples obtained from locations near the tubes. The moisture
content at the beginning of the wet run was determined from sam ples
from two extra tubes sunk for this purpose and given the usual initial
applications of water. The infiltration data from these two tubes
were not recorded.  Obviously beeause of the inherent variibility

* Perw o eomnenication from A, F. Brande,
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of soil, perticularly in volume weight, the moisture data should be
used only s an index of general moisture level.

After the completion of the runs, six tubes from the set weie taken
at random and necessary data obtained for ealeulation of volume
weights of the horizons or portions of horizons within them. Two
composite soil samples for laboratory analyses were obtained, one
from the surface soil and one from the subsoil.

T.ABGRATORY

Mechanical analyses were made by the method outlined by Olm-
stead and others (1A}, except that to conform with the classes recently
set up in the Bureau of Chemistry and Soils additional separations
were made to include the 0.20-mm. and 0.02-mm. classes. Some of
the soils were flocculated by sodium oxalate. In these soils & mix-
ture of sodium hvdroxide and sodium oxalate maintained the disper-
sion effectively. Moisture equivalent was determined by the method
of Briggs and McLane {2). The dispersion ratios and suspension
percentages were determined by the method of Middleton (12}, The
pH determinations were made electrometrically by means of a glass
electrode. Specific-gravity determinations were made by the method
outlined by Hillebrand (6). The field-volume weights were enleu-
jated from weights and measurements taken from 6 of the 24 infiltra-
tion tubes nt each site. Infiltration tubes of known volume were
used. A thin rubber bag was inserted in each tube to prevent pene-
tration of water and also to allow water to fill the small irregulurities
on the surface of the soil. A known volume of water was added, the
tube leveled, and the distance from the water level to the top of the
tube mensured. The soil from the surface horizon was then remaoved,
weighud, and sampled for moisture determinations. This procedure
was repeated to obtain fleld-volume weights of the subsoil. The
organie-matter determinations were made by a modification of the
Schollenberger rupid-titration method (I8, [9), essentially that
described by Walkley and Blaek (24). The average ratio of recov-
erv by the dry-combustion and the rapid-titration method was used
as the approximate factor for correcting the values obtained for or-
ganic matter by the rapid-titration method.® Distribution of aggre-
gates was determined hy the method described by Yoder (26). Air-
dried samples were passed through & screen having openings of
approximately 7 mm. and allowed to slack in water before fraction-
ation on the sieves.

The porosity of the soil was calculated from the data on the field-
volume weight and the specific gravity by the formula

‘_S'_;.‘A X 100=porosity,

where S=specific gravity and A=volume weight (apparent specific
aravity}. .

Three different methods of calculating indices of noncapillarv
porosify were used. The first metiiod consisted of subtracting from
totzl porosity the moisture eguivalent converted to & volume basis.

Y DA0WNING, (3. M. A COMPARISON OF D&Y CONBLITION AND RATD HEITROM ATIC TITRATION WETHODS
FOR DETERMINING ORGANIS WATTER X 5L,  Soil Sei. Sve. Amer. Proc. 3: 158-16)1. 1938, [Pracessed.)




RELATED PHYSICAL CHARACTERISTICS 0F SOILS 7

The second method differed from the first only in that the moisture-
equivalent value was corrected for texture by using average values of
the ratio of field capacity to moisture equivalent observed by Harding
(4). The third method of arriving at an index of noncapillary porosity
was to caleulate the volume of pores not occupied by water 24 hours
after the initial run, Soil-moisture data were used for this purpose.
All values of noncapillary porosity were expressed in percentage of
total volume. A further discussion and a comparison of these three
methods is presented on page 20.

RELATED STUDIES
RamxrFaru-SiMuraTtor MEetaon

During the course of the main study one of the field parties was
equipped with a rainfall simulator developed in the hydraulic labors-
tory of the National Bureau of Standards, Washington, D. C., by
the Soil Conservation Service. The few duata obtained with this
were used in comparisons between the sprinkling or rainfall-simulator
method of studying infiltration and the tube method used in this
study.

Tg' e rainfall simulator produced a rainfall intensity of approximately
2.5 inches per hour. To control the effect of air currents on distribu-
tion and intensity of rainfall the plot and sprinkling apparatus were
enclosed on the top and four sides by tarpaulins supported by a pipe
frame. The plots were 6 feet long and 4 feet wide.

All rainfall-simulator sites were on areas having natural land
slopes of approximaiely 6 percent. The antecedent cultural treat-
ment and other pertinent data for each of the areas are given in the
appendix (table 11). Before the initial runs the vegetation was
puiled from the plots and bordering areas with as little disturbanee
of the soil as possible. The maximum depth of disturbance in the
plot probably did not exceed 3 inches. The soil was then cultivated
wniformly to a depth of about 1} inches and the slope of the plot
adjusted {o the required 6 percent. At this time many of the roots
in the cultivated depth were removed. The plot boundaries were
steel sheets 3 inches wide forced into the soil to a depth of about 2
inches. These were joined to a concentrating trough at the lower
end of the plot. _

The standard manner of applying water to the plots was to make
initial and wet runs of 3-hour duration with about 24 howrs between
the runs. The application of water extended about 18 inches outside
the boundaries of the plot. Immediately after the wet run a metal
pan was placed on the plot and a run of 30 to 60 minutes duration was
made, The rate of run-off from the metal pan was used as the rate
of rainfail for both initial and wet runs.

Excellent control of starting and stopping the rainfall was had by
an interceptor over the nozzles that permitted the water to waste
into troughs under the sprinkling lines until the pressure in the
sprinkler was brought to the desired value. The nozzles could then
be cleared in umison, which permitted an instantaneous application
of water to the plots at the desired intensity. Stop watches synchro-
nizec all measurements.

When rate of rainfall is held nearly constant and when rate of run-off
15 precisely measured at frequent intervals, it is possible to obtain
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satisfactory infiltrntion data. The technique employed in this .
study made possible the elimination of the volume of soil from the
volume of run-off and permitted the direct comparison of the amount
of water that was applied as rain with that lost as run-off.

Infiltration data for 13 sites secured by the rainfall-simulator
method and the tube method are presented in table 1. The rates
determined by the former method range from 0 to 0.98 inch per hour,
with o mean rate of 0.38, and by the latter method from 0 to 3.08
inches per hour, with a mean of 0.88. However, a highly significant
degree of association between these 2 sets of rates is evidenced by a
correlation coefficient of 0.76 (the value of » at the 1-percent point
is 0.68).

Tanve 1.—Rates of infiltration of varier- soils from tubes and from rainfall-simulator

sifes
I Ohserved rate of io-
filtration per hour
during third hour af | Rates of
Ralnfall- Tube sita wet rn infiltration
Beil type ! simulntor | o _ per hour
© site No. e boTor tube
i Ralnfall- ‘ © ositest
sireulater | Tuhe sites -
sites
Fuch ] Trches ¢ Inchex
Cecil elay J08M. . . ueeecmccmnoccoem o 8 27 0.22 0,09 ; o2
Ceeil sondy tonml. .. 13, 14 k11 LA .40 %
Davidson clay 1oam . .....oeeenooo 11,12 ¢ an .33 1 .52 .36
Dunkirk <ilty ¢lay foam._. _. e 47,43 G 2 .02 .02
i 2 a2 .80 3.08 ° 1.2%
Heancoye gravelly silt feans. ... e 3 23 LG8 .58 1 .78
404 35 4 Laz! . e
frededl loam. . .. e i cmsmemmm——— 7 26 .00 A0 .00
Muskingum silt loom . . .ooeomio el : 44,45 a7 L8 A0 .32
Oranpebure sandy loamn .- 18,20 33 82 1.38 A7
Red Bay loam L. o 22 kxl L2 L L25
Ruston sandy lonin . - 14, 17, 18 Iz 98 f 137 i LM
Volusin stony =ilt Jonm. ... ..______.__]l 2% K- | .53 [ )

1 Correeted for retluction beesnze of applicatinns of turkid waber.

A study of these two methods might lead one to expect difference
in magnitude of the rates obtained because the method of applying
the water, the turbidity of the water available for infiltration, and
the size of the areas are all different.

Tt has been shown * that an application of turbid water markedly
reduced rates determined by the tube method, which normally
includes the application of clenr water only. Corrections to the data
from these 13 sites for an application of turbid water were made in
the following manner.

A few tubes from the set of 24 were selected for a further run of 2
hours’ duration, following shortly after the completion of the standard
wet run, in which turbid water rather than clenr was used. The
turbld water was obtained by mixing 1 volume of the aurface s¢:! with
4 volumes of water, stirring thoroughly, and then allowing the sus-
pension to stand for 15 minutes. The supernatant liquid was then
decanted and used as the turbid water. The degree of turbidity
obtained should, therefore, be a function of the characteristies of the
soil under study. In all tests the application of turbid water reduced

1w Alpserave, G W, ond FREE. (. R. PUELIMINARY REFORT ON DETERMINATION OF COMPARATIVE

INFILTHATION RATES ON FOME MAJOQN 30IL TYPES. Nafl. Res, Council, Awer. Geophys. Union Trap- 18
(pt. 2): 345340, fllos. 1437, [ ¥roressed.]
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the rate, and the percentage reduction thus obtained for the few
tubes wns applied to the mean of the rates of infilération of the 24
tubes during the third hour of the standard wet run. This correction
because of the application of turbid water was not made to the rates
used for the major portion of the work, but only to those used in
making comparisens of the two methods.

These corrected rates are given in table 1. They range from 0 to
1.28 inches per hour, with a mean of 0.47. Beven of these corrected
rates are lugher than the cotresponding rates determined by the
rainfall-siinulator methed, four are lower, and two are the same.
The difference between the means, which amounts to 0.09 inch per
hour, is not significant for these 13 sites.

The greatest differences in rates determined by the two methods
(table 1) are for two of the sites on Honeoye and the one on Volusia,
These differences and field observational data suggest that forcing
tubes into these gravelly and stony seils may have caused disturbance
of the Aeld structure,

The soil may be disturbed and its structure modified by the tubes
in three wavs: {1) When the tubes are jncked into a profile contatning
considerable gravel or stones. pisces of this material may bhe forced
either into or away from the core of snil by the sharpened end of the
tube or they may be forced deeper into the soil nhead of the tube. Tt
is possible that disturbances of this type affect the infiltration data
for all profiles in which there is much gravel orstone, (2) Disturbance
of soil may result from the compaction caused by introducing the
volume of metal into the soil.  Such disturbance in soil cores within
tubes is probably not great because the walls of the tubes are velatively
thin and are sharpened with a bevel on the outside, which leaves the
inner walls straight, (3} A disturbance may be caused by the friction
and adliesive foreces between the soil and the tube. When thesc
forces are greater than the forces holding the soil in an undisturbed
state, compression of the soil takes place as the tube sinks. Forces
built up by the eompression soon reach a point at which they are
greater than the fricttonal forces, and the tube can then slip past that
part of the soil, though this leaves a narrow band of compressed soil
adjacent to the tube. Early in the development of the tube method-
ology it was determined that tubes with a dinmeter of 3 inches could
not be generally used becanse the soil became compactsd vertically
throughout the whole tube. Similar difliculties were encountered,
though to a lesser extent, on one or two ncaasions during the early
work on Marshall soil when 6-ineh diameter tubes were used.  In these
tests. however, the moisture content of the seil scemed to determine
the degree of compaction. Tests were then made with tubes of differ-
ent diameters. The 9-inch dismeter appeared to be satisfactory
hecause there wns no noticeable vertienl compaction of the soil ecare
and no difference in the infiltration rates secured with 9- and 12-inch
tubes. It cannot be assumed, however, that there 1s no disturbunce
of soil where there is 1o noticeable compaction of the whole columns.

LATERAL Movenest oF WATER

Soil-moisture data showing laleral movement of subsurface water
at seven rainfall-simulator sites are given in table 2. Analvsis of
varianee of these data indicates that there was a highly significan

203854 —A0—--2
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lateral movement of subsurface water as far as 30 inches from the
sides of the plots, although the border application of water extended
only 18 inches. The extent and depth to which the greatest movement
of water occurred were associated with the profile under study. For
example, the data for both highly permesble Ruston profiles indicate
significant movement in the 25- to 36-inch depth only, wheress the
data from both of the less permeable Cecil profiles and slso from the
Orangeburg profile indicate significant movement above this depth.
Significant lateral movement was found at only one depth in one of
the Davidson profiles. These differences in latersl movement are
probably assoclated with the relative permeabilities of the surface
soils and subsoils.

TasLe 2.—Laferal movenent of water on seven sofl siles

Sofl mefsture detertained—

| ;
Soll i fofitra. ' Geenty tneles 54 inch
oll type Slte No. | | - dererni- T 30 incies inches
tlon per notion . Near plot from side of  from side nf
houtt briore start
! ' of inltial Frin plot alter | plot alter
. I welrin? . wettun?
Inches | Iuches Pescend | Pevcemt Pereent
: -1 T.6 ¢ 8.3} rixi
Ruston loamy sand_____ . ___. 23 1,56 _;g:gg ’ gg . 0.2 gé
i - 4.0 L
I E 4.8, 1.0 13.8
Rustoa sandy loam .. ___ jLo 107 125 15,6 ; 0.0 ; 9.5
i' ! 238 19.7 ¢ 1223 2.8
. . 15 10.9 $13.2 |18 ]
Orapgeburg sandy loam. ., 10 ri e 15-25 ?{l]é El,g 21.;
b 530 . 20 21
) _ 715 157 ¢18.5 76
Cecil sandy loam .. ... __ i 14 34 1525 ; 2.2 ! 22; 25.-&
! : 25-16 Bo 536, 5.
| s 245 2. 2 I ER
Davidson elay loam..... ... 11 I V34 ] 15-25 2.7 .8 f 4.8
; 2335 2.3 HT 4.8
H J =la H.6 B 3.1
Davidson clay leamn___., . . 12 .32 1 if,—% 5.7 20! 5.0
! 2536 . 5.3 P06 B.0
' 7-15 6.4 9.2 .4
Ceclisandy loam_ ____._ ... _ 15, ] 13-33 | LT idna 2.8
35 36 59 el =G
MEBD.  _eoeieeceea_ freen e | .......... I __________ ; 9.8 fRy j 9.8

t Obtalned 90 minutes after start of wet ron by rainfil-simuiator snethol.

: Each perecutere is moan of 4 determinztions,

? Egeh pereentage is mean of 2 deterininations. i

¢ Diffarence from corresponding percentages ohtalned before initial run fs highly significant,
1 Drifference (rom eorresponding percentages obinkned before intlind run i3 sicnificant.

This analysis includes only the data on laferal movement from
profiles with relatively high infiltration rates. The fact that data
from all profiles have not been presented does not mean that water was
not found to be moving laterally on some of these profiles omitted.
A very marked movement was found on some of the Honeoye profiles,
but the data were not complete enough to include in the analysis or
were observational only. Obviously, however, in such soils as the
Iredell, for which the rate of infiltration as measured by cither the
tube or rainfall-simulator method was very low, lateral movement of
water, if i, oceurred at all, had little effect on final infiltration rates.

Few data on lateral movement of water were collected for the tube
sites. When tubes were being dug for volume-weight determination on
site 24, & highly permenble Honeoye sod, water nbout 8 inches helow
the tube was found to have spread laterally about 40 inches.

In order to study lateral movement further, tensiometers were
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introduced at various positiong both inside and outside the rainfall-
simulator plots and at various depths and distances from the water
source. Table 3 shows data on the lateral movement of water for
the highly permeabls Lordstown stony silt loam. In these data g
decrease In recorded tension indicates that water reached the soil
around the porous clay cups. It is therefore apparent that subsur-
face water moved out to a distance of at least 30 inches from the
plot. Lateral movement occurred during the wet run as well as
during the initial run in this well-drained soil.

TARLE 3.—Lateral movemen! of waler at site AR-8 of Lordstown steny stll loam

[

| Time from start of Time [rom start of
run untll tension run until tenslon
decreated  mnst decrepsud  most
tapidly Location of porons clay cup rapidly

Location of porous cla? cup

Tnitial

Web run '

Initial .
P Wet run

t
rn i
. 1 .

K
T-inth depth: I Afinnter | Minules t 15-inch depth: ! Minntes | Mimtay
Center of olot. it 13 Center of ot ) 15 a1
fiinches from side of plot...] 15 15 g inehes from side of plat 35 i0
3% inches from side of Blot.! 65 f n | 30 inches {rom side of n]at.i 75 63

T Data obtained by use nf teosinmeters,

The lateral movement of subsurface water that was observed may
seemn at first thought to be at variance with the generally accepted
iden that there is relatively little lateral movement under field con-
ditions. It sheuld be kept in mind that it was probably a movement
of pravitational water and also that the surrounding area was dryer
than the plot ares. It is not meant, nor is it the intention even to
suggest, that lateral movement would have occurred in these soils
under conditions of matural rainfall where a large area would be
wetted.

However, some lateral movement of subsurface water possibly
occurs on small experimental plots even under natural rains where
diverse surface treatmerits such as fallow and sod are adjacent to each
other. This variable of experimentation may be controlled to some
extent, of course, by the use of adequate buffer areas around plots and
the replication of treatments. Such procedures, however, are attended
by some practical difficulties and have not breen commonly used.

In the present study, where the natural soil is encased by tubes of
g-inch dismeter and 18-inch length and remains in place on the sub-
layer, lateral movement of water probably occurs only in unusually

ermeable profiles. The effect of this may be to give in such instances
infiltration rates higher than the true rates.

No definite conelusions regarding the relative merits of the tube
and Tainfall-stmulator imethods should be drawn from a eompnrison
of these data from 13 sites. The data do, however, indicate rather
dlefinitely that turbidity is the principal factor tending to make rates
determined by the rainfall-simulator method lower then those deter-
mined by the tube method, in which an effort is made to minimize the
cffect of turbidity. It is probably true that in generaul a lnrge per-
centage of the soil moisture used for crop production is derived from
rain that enters the soil without becoming very turbid. One of the
objectives of recommending changes in Jand use practices in order
to conserve soil and water is to increase the quantity of nonturbid
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water to & maximum. Tt would seem then that this phase of the
problem should receive some consideration when the worth of various
methods is being determined.

RESULTS
RevaTive InFiuTRATION FOR 68 SoiL Proriies

The cumulative amounts of infiltration with standard errors at
5 time intervals, the soil-moisture data, and the soil and water tew-
peratures for the initial and wet runs on the 68 sites, comprising 39
soil series, are given in the appendix (table 12). Since the initial
run necessarﬂy was made at whatever soil-moisture content prevailed
in the field at the time, it is to be expected that the data from the
initial runs, particularly at the start, would be somewhat more
variable than the data from the wet runs.  The field-moisture content
at the beginning of the initinl run might be considered wholty uncon-
trolled and dependent, to some extent at lenst, on past elinuatic
conditions. During the wet run, however, the amount of soil moisture
sliould be more dependent on the characteristies of the soil and less
affected by past climatic conditions,

Correlations between various periods of the two runs, however, have
shown a high degree of relationship. The corvelations shown in the
following tabulation are all highly significant.

Titne intervals for which infiltration rates during the indieated rung are
correlated:

0— 15 minutes initial r'un} “”3‘ f;_ri
120-180 mintutes wet run. . f--- """ mm T m s s s -
0~ G0 minutes initial rul:} a1a
0~ B0 minutes web tun_ _f--""""0mm s m o s s m s s s e e D
0-120 minutes initial er} s81
0-120 minutes woet run_ . fr---"-"-=-memm oo mm e :
0-180 minutes injtial run} 309
0—180 minutes web run__fr-——=—=—"-=-rmrerrmme e — e . 802
60-126 minutes initial rm:} URA
B0O~120 minutes wat run__ [~ "o Tm = remmmm e e mmm e e— o . B3
120--180 minutes initial run 359
120—180 minutes wet run__ f=- "7 -7 rm s s s s m s mmm s s - 80
0— B0 minutes wet ruu} a6
180 minutes wet runf~"" "7 T T T oo TS e s s s e m s v
60-120 minutes wet run} 206
0180 minutes web pun =" "7 T T T T T T o T m s s s e e '
120180 minntes wef ru n} 067
0-180 minutes wet runf--"""""" "7 TT oo o TT oo oo mmmn s i

1 Valoe of r AL the 1-pereent point (odds 46 o 1) 50031,

These high correlation coefficients between amounts of infiltration
during various time intervals of both the wet run and the initial and
wet runs indiente that all time intervals are samples of the same
population. This fact means that the amount of infiltration for the
entire 68 sites during any particular time interval may be estimated
from the amount of infiltration duriug any other time interval. [t
should be kept in mind, however, that this would not necessarily be
true for o single soil.

As a matter of convenience only the rates during the third hour of
the wet run were used for all correlations and comparisons,

The relative infiltration data for all the 68 sites is presented graphi-
colly in figure 2. Here the sites are arranged in order of magnitude of
the infiltration rate during the third hour of the wet run. The data
pertaining to separate sites will not be discussed in detail. Lt is
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Soil and iy Infiltration ratve {laches par hour )

Ronk grdar
o t 2 3 4 E

a6 HONEOYE gravelly silt loam, 17
87 HINEOYE gravelly 5ill loam, 24

66 AIKEN cloy laam, 140

65 BATH graveily silt lsam, 20

64 HONEOYE gravally silt laam, |&

63 HOHEGYE grqvally aild lgam, 22

62 HONEOYE gravally sin toam, 15

i PALOUSE %t Joam, 144

-] CROWN sondy locm, 137

59 AUSYIN sloy,i23

58 RUSTON sandy loom, 32

5T HOPI sandy lagm 135

56 HONEOYE gravelly silt lagm, 23

55 CARRINGTON alir igam , t05

54 CROWN sundy tlay loam, 136
T &3 QRANGEBURG aandy loom, 33

az HONEOYE gravelly silt ioom, 18

21 HOMEDYE gravelly sl loom, 3%

50 MUSKINGUM silt icam, 1}

49 PINEDALE ciay team i34

48 TARA sill loam, Q4

47 FREMONT geavaily silt loom, 2J

46 ATHENA silt |oam, 142

45 DUNKIRK silty cley Jloam, 19

44 MUSKINGUM silt lovm, H4

43 VOLUSIA stany sill pam, 25

42 YERNON tina sondy loam, 129

41 DAVIGSON clay locm, 30

40 MUSKINGUM silt Joem, 109

¥%  VERNON wary fine sandy toom, 130

E-1:] MELBOURKE loam, I14¢

37 PALOUSE 1ty cloy loom, F4S

36 XIRKLAND fina 3ondy Yoam, 126

35 DUBUQUE siH leam 103

34 PALQUSE sitt laam 146

33 GECIL sandy loam, 31

32 MUSKINGUM silt laom, 3T

31 HATES very fine 3andy loam, 127

3¢ RED BAY loom,34

29 AOONE siH Jlpam, 107

F1:] CLINTON silt loam 101

7 GOLBY siit feam, 108

26 FAYETTE 5ift foam, 106

25  HOUSTON cloy, 124

24 MUSKINGUM it laam, 11O

23 CLINTGN slit lgam , 102

22 BADGER joom, 139

21 BUELL clay lowm, (33

20 SELAH loam, {38

19 AUSTIN cloy,It3

-] WALLA WALLA sl {oom, 143

17 GEGIL clay Iogm, 27

16 KIRXLAND suo-dy elgy, (25

5 YEANON tine sandy logm, {IT
HOUSTON higch cloy, 120
MIAMT silty ciay loom, 115
YERNON tina sordy loam, I
HOUSTON cloy, 2]
CROWH hacwy cioy, |32
DUNKIRK silly clay loam, 36
HOUSTON blcek cloy, 12
AUSTIN gloy, 1B
GCEGIL clay loam 28
CROWN light clay, 131
IREDELL loom,26
UPSHUR efoy team, 113
PARSONS firs sondy lcom 128
WESTMORELAND ¢layey silt loom, H2

=MWl hth i~ oD

Ficune 2,--Relative infiltration rates for 68 soils during third hour of the wet run.
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apparent from these data, however, that fexture of the surface soil
is not the principal factor in determining the rank of each of these 68
sites according to their relative infiltration. The rates for those
profiles having heavy clay surface soils are generally low. On the
other hand the rate for Parsons fine sandy loam was one of the lowest
mesnsured. It will be noted also that rates for different sites on the
same soil type ure not always the same, though there is 8 tendency for
them to be so. As stated later, many of these differences can be
explained by differences in the physical characteristics of the profiles.

The mesn infiltration dats for the 68 profiles are presented n table
4. 'The relationship of relative infiltration rate and time is presented
graphically for 2 soil profiles in figure 3. It is apparent from all the
data that the relation between time ard infiltration, either on a
cumulative or rate basis, is generally curvilinear. The slope of the
typical infiltration curve indicates a rapidly changing rate at the
start, particularly during the initial run, but soon indicates a nearly
constant and slightly declining rate of infiltration.

3.0
LEGEND
]

- 25 \\ Cecit sandy joam Mol — — m
% R Houslon bisch cloy 8oI20
=] A%
T At
4 b —

2.0
& \\
i \

N

o -
z 1.5 <~
= ~
=
=] I
- —— __
g 1.0 =
i o
w ]
Z T

.5 T —— -

\\ T —— - ——
4]
o} 30 &0 90 120 153 80
MINUTES

Figure 3.~-Infiltration rates during initial and wet runs for Ceeil sandy loam
and Houston biack clay. The initial run is higher on the chart than the corre-
sponding wet run,

N

Tanre 4.—-Summary of mean infiliration data for 68 s0il profiles

[nitiad con Wetrun i _ Inltiai run Wel tan
j Aver- toAver- v Aver- 1 Aver-,
Time interval |Amounti®8 1380l a ol ege IO iy poerval | Arnount 980 PB4 mgyngiBRR. TR
{minnutes of inhl- :’f ';_]-m' of infj-1 ‘:f i‘?_ﬂl- (minutes) of infil- - 91 i{‘-m' ofinft | u}ﬂ]-
tration rz;)é?n tration [ r; L.':_“' tration | '8 |;)n tration m;::?n
beour hour | _ i heur hour
. Surfuce Surjace Surface’ Surface
inches | Frohes | inchex | TInches inchey  Trcheas | inches | Inchey
L+ ) 1 1L 508 .43 1.80 PRA_ L .33: 135 D&% {88
30 .. | LEr) e8| Lm| @ . : ;
F 0 | el lde g7 Totalt. | aael . . | ami
GO-120. .. ... .. 1.49 140 | LR 43 ) . :

t For 3 hours.
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GENERAL EqQuaTioN oF INFLTRATION

The infiltration data for any of the 68 profiles may be represented by

a general equation of the form ;
=btﬂ’

where J=cumulative infiltration inches, f=time of infiltration in min-
utes, b & coefficient varying for the initial runs on the 68 sites from
unity to 0.0087, and a an exponent ranging for the initial runs from
0.04 to 0.82. The form of this equation is the same as that given by
Lewis.?* It does not provide for a constant rate of infiliration even
after the lapse of considerable time, except when a=1.0. Practically,
however, the rate does become almost constant with large values of t.
That data obtained from such a varied group of soils under diverse
field conditions may be represented by a general equation is undoubt-
edly of interest,

Fictors ArFEcTING INFILTRATION

The physical and chemical characteristics ascertained for each of
these soils and the amount of infiltration oceurring during the third
hour of the wet run are given in tables 5 and 6. The detailed data from
the mechanical and aggregate snalyses are in the appendix (tables
13, 14, 15, and 16). The data in these tables have been grouped on
the basis of field classification. It will be noted also that in tables 5
and 6 the degree of aggregation in the soil studied has been represented
by the percentage of the total weiglht of the soil in aggregates greater
than 0.20 mm. Similarly, the data {rom the mechanical analyses
mclude only two classifications, namely, the particles less than 0.05
mm. in size and those less than 0.002 mm.

It should probably be stated in connection with tables 5 and 6 thet
all values pertaining to porosity are on a volume basis. Porosity
values are given for surface soil and subsoil separately. These values
may be combined—for example, to a depth of 16 inches representing a
composite of surface soil and subsoil—by weighting the eharacteristics
of the former in proportion to the depth of surface soil observed in the
field. Enough of the subsoil shoukl be included to bring the total
height of the column to 16 inches, and the characteristics of the subsoil
should be weighted accordingly in arriving at the composite ficure.

It will be seen that some of the seils listed in table 5 are erroneously
classified as to texture. For example, under clay and clay loams are
included four soils that have less than 30 percent of silt and clay.,
The textural classification is that of soil specialists made without
benefit of laboratory analysis. The errors of classification aecord-
ingly are in part the result of the recognized difficulty in determining
texture precisely by the “fecl” of soil, as has heen shown by Shaw
and Thorp.”? The errors in classification may alse be accounted for
n part by the f{aet that certain of the sites were selected as repre-
sentative of divergent subgroups within broad, widely recogrized
groups, such as an eroded phase of a sandy loam, the eroded phase
being actually a elay loam. The table accordingly shows both the
textural clasgification made in the field and the quantity of silt and
clay detertnined by mechanical analysis.

UTEwn, ML R, THE RATE OF INFILTRATION OF WaTER IN IRRIGATION FeacTicr,  Natl, Fes, Council,

Amer. Geophys, [Union Trans, 16 (p1, 2); 4450 958, illus. 1937, | [Processedl.}
¥ Unpuhlishetl paper precented hefnre the Safl Seience Society of Americi.
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Taviy 5.—Rale of infiltrulion and some physical characterisiics of 68 surfaee sofls

SILT LOAMS!

' Totgl . A | H
1113 : ¢ Noo- ! : Poaas
Rate ofjsml 17 and  Clay :Volume Total  eapil- | Ori : 3;'1015-. - D:"' U
Site No.?  infiltra- “iﬁi _clay <002 welght “poros-: lary 3““: e Eff ; pore 'Ps

tion? : £ (005 mun. T oratio - iy poresity TF e JHML VIR

0. Thm ) 1 lctoy ter  wient mtio
i nm, f . I } i ; .__

1

In. J Fet. 1Pf.‘t‘ Fut. ! Pt =[ Pet. | Pet, l i i
e.72] Tohts0s 2ET Lm o WS, oL3: 18l 184 P36 67
.02 8408222030 L3F 0 480 26 22 16.4 B R
A 359, e 123 138 5.9 l 2420 L4 227 d0.5 . L8R
) i 8.7 i 96.5 1 11.2 IR .81 978 Lo 240 40,0 5. 66
V16 11.8 % 95,3 13.2 13 MR ;w7 L4 %05 wE.O40.4. 640
sl oslaleainEi uiv: %3 | BS, g2 w7 3igisis! sl
CHOD 2000 94 L3 LDt B 251 35 204 5 a1 57
L4227 40.5 . 8545 8. Lt 55.0! 282 53 o284 5 2.6 53
LE2 LY 931 ha3 i.lg; 5-1.5; oG 2 a3 29 3 0.7 1 626
.36 6.2 R3.2 135 L3). &0 25 21, Bl M4 -HI . B.02
Lo R S ] 97 . Ly a0 S 3.8 Mm3 L1309 . 53
.al 40.8 934101, L9, 5nd, 2@ L4 2V XY M4 513
.18 .5 841,103 LW 3, I3 16 214 1’6 38.2) 5
L3 437 8l G4 LT, 35E ki A4 2E5 150 MW 593
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.47 138 4o 25 [Bg L] 550 LS L6 2y 3.4 3.8 i hE
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TarLE 5.~-Rale of tnfiltraiion and some plysical characieristics of 68 surface soils—
Continued
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s Textural elnssifieation based on identification in the field by sofl speciaiist.
1 3ee numbers as shown in fable 11, }
1 ®ate of infittration as messuredd for the thind bour of the wet o by the tube method,
TasLE 6.—Rate of infiltration and some physical characteristics of 68 subsoils
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TanLE 8.—Rale of infillration and some physical characleristics of 65 subsoils—
Continued

SANDY LOAANS!

; ! i ' !
Totsl . gy i ]; I " Non- 1 ! . f l
_R‘a%eof{.soil mi ged ! Clay 'Volumo; Total | enpit- .Or;' _“ttmf’" Sos-  Dis- H
Site No i infll- L agge-! clry | 0.002 ' weight . porog-1 | On¥ | Baiwe - tuee oo, e p
" ) tra- | gntes . 0.05 l nim. ' oratie . ity POTos- ; Innk- Ceqiiye sion  Sion vifue
; Hom | 02O Lt . [y 0 owr alemt ritio
' i, i " index . :
; b ] ! i | | } |
It ‘ P, | Pa. | P, e, | Pa. | re. | e | |
D40 187 4LV 3G LEBE 404 IR B'Gl 3.5 8237 5
L7 22323 whdy LOE: N7 163 GO0 %00 8520 5.2
L3 48407 B4 LEZT ghdi ap 2. AL &L &1 EE6 BS
.03 I M0 I8.3 6 .62 343, 83 I 1 .7 200 344
L 2075 341030 LAG . 380 8.3 PE LI E 9.8 .60 600
60 s 428 s L6t 388 681 13, 6] s Wi, 370
L3 63,7 TLO 252 .50 1.6 1.9 24 2.3 5.2 W8] ATy
.0 421 582,2 4.7 L 231 267 L1 at M.0 302 Lad
. £ R A AR 7, 198 P T N B - - T | 5.0%
-1 66.0 ) F.4 130, L5 43.41 1257 .7 9.0, .7y ins - B8
.60 Mh: 359 154, LA} 431 6.3 B 158 80,223 912
142 306747 3L3 Lila 9.0 w208, 1.2 Mg L9 'MEy 582
L3 J1 0+ g 3.4 . 19.8 }.SEt 40,6 Ii 258 's 2.2 ‘ 5.3 i 9.7 t 6.6, B39
GRAVELLY SILT LOAME:
<! ; : e ] P gl oot t
da.l 6L4 W9 138 487, 20.2: 24 M3, 8.7 132 76t
.0 LB e A2 6.8 . 17, & 240 10.%; 84 167 T.da
M4 831209 L3 2 852 3% oy W02 4.2 T
1.9 . 5%8 We 138 489 243 LD W6 344 5O B
3.7 &85 .50 L46 433 7 1A% - L3 19.3 31,5 - 453 0 428
0.5 HRE 128 LA 4LB 8.2 ‘.{'21 2t M3 . 308 3,08
H.Y BG83 La7 41 2.8 Ll 1860 158 214 T
55.2 632 4.5 141 47.0 8.4 1.9 D, 128 I5.5: .
.1 824 160 .22 M8 2.3 27 223 40 133 .68
H.2OIR2 18 L 528 A7, 2.0 WO e, WS AT
3% 1. 588 109 1. 51 439 i 1517 L3}, 1658 I 21043, 3.0
; T | ! | 0
LOAMS
R DU R T oial oa
26 M8 624 334 L34 3.0 221 .8 437 T.a'lLE ER
1 2 3.4 466 308 La2] 3.6, i0.i° LD J 33 685 H. i) 5%
135 5.4 612 IT9 . LU 4R71 183 1.1 22 .9 438 140
134 M2 BRI TG Lg 4840 2.3 L4 g, 3.2 469 13
I o F 837 25,}'1 !.EnBi -10.21 8.1 L7 19.7I' 1.8 3.1 5,85

! Texturai elassifieation based on identifleation in the Beld by soil specinbist,
2 8ite nutmber o% shown in tabie 1,
3 Rate of inflliration s measured far the third hotr of the wot tin by the abe method.

Simple correlation coefficients between varistes, such as organic
matter and aggregation and volume welght and suspension percentage,
are presented in tables 7 and 8.  From these statistical data it can be
seen, for example, that there is a highly significant degree of asso-
ciztion between organic matter and aggregation in the surince soils
of this group of 68 profiles since n correlation coefficient of 0.31 is
highly significant and the correlation between these two physical
characteristics is 0.55. It should be kept clearly in mind also that
simple correlation cocfficients can accurately express the degree of
associntion between varlates only when the relation is linear,
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TaBLE T.— Correlation coeflicienis \ of certain characteristics of surface zoils

Correlations of desipnntel charneteristies witlie-
i

Churuaeteristics con- Nun- o

sidered Lfil-| AF | g Vol- | Total | capi- [ OF: | Mois| g, .

Lra- anmd | Clay | wne fpores-| lary nl vauiv-| pen- \'I:lu

tion clay welght{ ity 11ci|rns- ter | glenc | Sion nilke
ity

Imfiltratlon. .. .. - X 18] —0.21 0.24|  0.36] o500 0.o2]—D, o9
Apgregntion >0,20__ k. - S —. 5 . 5T . 30 Bl —. 30
Silt and elay . ... . I 1] . —. i3 i 1T I ]

¥ oo e .o 5 —. 35 .38 .13 LA —y
Volume weight . . WL =00 LT R =8 =1
Total poresity_ ... .. . 9D . LEO— 12
Noncopillary  poros-

ity L . L% L3 — 0
Orpanic mntter I 1 A . . . 18] .62 — 06|
Moaistors cquivalent o B ; Al B TP I |-
Sospension. .., | =. 20 . Ll — A J8 1. L.
Dispersion .. ._.___] — 3 — 70 — 41} — 55 —. 58

5 -8 —. 53, . ; LR
pHvalue. . ;.38 .08 .3! -—.:nl 2{1 . .05 .21[—.32

! Value of r ol the 1-pereent point {fords B9 to 1) Is .31 at the Fpereent poing (olds 19 ta 1), 0,

TarLE 8.— Correlation coeflicients ' of certain characteristies of subsoils

Correlutions of designated charneteristivs witli—

] v l H

. S - |
Churacteristics con- Non- N T : '
siclerer! St Vol- | Total | enpil- gaogic 3,_.2‘:,'; Bus- : Dis- -

anocl e §poros- | lary mat- equiv- | PEL- | per- |
clay “t'lght!; ity pt:{;:@ ter - niont | 500 | Sion

Inftitration ... ... 3 —0.33 0.5 040 —0.208—0 131—0.03
Agprovation »0.20. , . . —.23 22 NI - | S — 50 e T
Siltand ciay. . k - L LM\ =8
Clay . . ... - . . i . ! LAl L1 I
Volum» welghto . L} =, . . . =08 — 37

Total porosity. ... . . N . .54 . 30
Noncapillary poros-

15 S
Creanie matter, ., .
Moisture rquivalent.
Suspension
Dispersion ...
pHovalue. . ...

TN alue of rat the 1-peteent point (odeds 00 to 11 1= 0317 at the S-porernt point (dds 19 o [, 5.24.

TOTAL POROSITY

The pore spaces in soil hnve commonly been said to eonsist of
(1) pores of capillary dimension, through which water ean pass only
under tenston, and (2} noncapillary pores, which are larger and
through whicl water can move more or less freely under gravitational
forces. Accordingly, studies were made of the effect on infiltration
rates of the total amount of porosity as well as the amount of large
pores. The total porosity of a soil may be expected to determine to
some extent the total amount of water that may filter into it.

Correlation of the infiltration rates and total porosities for both the
surface soil and subsoll are significant. While this association of
nfiltration and total porosity is observable in the data, it is somewhat
surprising that the amount of pore space without regard to the size of
pore shows this effect on the rate of infiltration. An expianation is
suggested, however, by the highly significnnt correlation between
total porosity and noncapillary eapacity.
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NONCAPILLARY POROSITY

Since an exsct method of determining the noncapillary porosity
has not been devised, a comparison was made of three different
methods of arriving at an index of noneapillary porosity. The corre-
lation between infiltration and noncapillary porosity as determined by
the three methods is shown in table 9.

TasLe O~—Correlation between infillration and nencapillary poresity oblained by
three methods of measurement

Correiation cosfficient
between infitration and

Alerhad of mensurenant noncapillary porasity in—

Serknes soil Suhbsail
Volume drnined pores hepinming Wet UM ... ... ceemia o 647 ! 0.39
Total porosity minus mnisture eqnivalent {volumel . .3z A

Totnl porosity minus mobstire equivalent (volumel corrected for texture. .. :: W36 .54
' i

These correlation coefficients are all highly significant and not
greatly different one from another. Considering the relative merits
of the three methods, it should be remembered that the volume of
drained pores was obtained by subtracting from the total porosity
the volume of water in the soil at the beginning of the wet run, 24
hours after the initial run. It is generally recognmzed by investigators
reporting on the determination of field capacity that the moisture con-
tent of some soils, particularly the heavy ones, does not come to equi-
Ybrium in a 24-hour period. In fact, some soils in this study were
found to have water on the surface 8t the beginning of the wet run.
Obviously, under these conditions noncapillary porosity values are
erroneous. There were also a few sites on which enough water did
not enter the soil during the initial run to bring the soil up to the field
capacity. It appears. therefore, that this method of determining
noncapillary porosity may entail a great deal of error unless sufficient
time is sllowed for the excess gravitational water to drain out before
the moisture content is determined.

The second procedure is based on the fact that the moisture equiv-
alent is a reasonably good measure of field capacity, particularly in
soils that are texturally silt loams. However, it has been shown by
Harding (4), that the ratio of field capacity to the moisture equivalent
is not unity throughout the entire range of scil texture. Instead, the
ratic increases as the soils become lighter in texture and decrcases
slightly as they become heavier in texture. The third method differs
from the second only in that an attempt has been made to correct the
moisture equivalent and bring it more nearly in line with field-capacity
data. It wes, therefore, deculed to use the data in which this correc-
tion has been made as 2 measure of noncapillary porosity. The corre-
lation between the amount of large pores and infiltration is highly
significant in both the surface soils and subsoils (r=0.36 and 0.54,
respectively). More precise methods for evaluating the amount of
effective pores of noncapillary dimensions and size distribution of
pores may be expected to reveal a higher correlation between infiltra-
tion and noncapillary porosity.

Comparisons were also made between the noncapillary porosity to
a 16-inch depth and infiltration during the first, second, and third
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hours, and the total 3-hour period of the initial run and during the
corresponding periods of the wet run. All these relations were found
to be highly significant. The correlation coefficients are shown in the
following tabulation: :

Correlation between nonespillary porosity to 2 16-inch depth and infiltration

during initial and wet runs: Corretation

Initial run: coefficiant |
0. 48

. .51

Third hour. .52

Total 3-hour period . 85
Wet run:

! Value of r at the 1-percent poing is 0.31.

In the same manner correlations were calculated between infiltra-
tion and the volume of drained pores, and again a high correlation
was found. These correlation coefficierts are given in the following
tabulation:

Corre-

Correlation between volume of drained pores to a 16-inch depth and i:i?;“

infiltration during periods of the wet run:
First hour
3-hour period
Third hour

! Value of r at the ]-pereent point iz 0.31.

For the entire 68 sites an increase in noneapillary porosity amount-
ing to approximately 6 percent in a depth of 16 inches was accom-
penied by an increase in rate of infiltration of about 0.6 inch per
hour. The relationship of noncapillary porosity and infiltration in
surface soil and subsoil are shown by the regression lines in figures
4 and 5, repectively.

AGGREGATION OF S01L PARTICLES

In an ideal porous medium such as sand of uniform size, the average
diameter of individual pores is larger when the mean diameter of the
grain is larger. In a soil with a high degree of aggregation the pore
size, other things being equal, would be larger than in a soil non-
aggregated, in whieh single-grain structure predominates. This,
however, is not universally true in practice since the arrangement of
aggregates and the degree of intermingling of single grains may
actually develop a more dense medium.

An analysis of the relationship between aggregation and uoncapillary
porosity of the 68 surface soils (fig. 6) shows that the degree of aggre-
gation is in fact correlated with the amount of large pores (r=0.30).
The degree of aggregation of these soils is also correlated with infil-
tration (r=0.30}. In the subsoils, however, there are no such
associations. Since the arrangement of particies and aggregates in
an intermingling may be such as to inerease or decrease noneapillary
porosity it is not to be expected that a high degree of aggregation
will invariably be associated witl: high rates of infiltration.
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Orcanic MATTER

Tneresse in organic matter in the surface soil and in the subsoil
is accompanied by increase in the infiltration rate (figs. 7 and 8).
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Figure 4.—Relation between noncapillary porosity of the surface soil and ivfil-
tration rate during the third hour of the wet run.
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Fioure 5—Relation between noncapillary porosity of the subsoil and infiltration
rate during the third hour of the wet run,

In both surface soil and subsoil the correlation is highly significant
(r=0.50 and 0.40, respectively). The organic-matter content is also
highly correlated with degrec of aggregation of both the surface soil
and subsoil (figs. 9 and 10). This substantiates the generally ac-
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cepted idea that organic matter is one of the factors contributing tao
the formation of aggregates. Organic matter is aiso correlated with
noncapillary porosity in both the surface soil and subsoil to a highly
significant degree (r=0.38 and 0.39, respectively).
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Figvre 6.—Relation between aggregation of the surface soil and noteapillary
porosity.
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Froune 7—Reletion between organic matter in the surface zoil and infiliration
during the third hour of the wet run,

St axp Cray

Silt and clay, or particles of less than 0.05 mm., includes that part
of the soil in which such phenomens as swelling and shrinking, eohe-
sion, plasticity, and cementing of partieles principally occur. It
includes the colloidal fraction as one of the most active constituents.
In these soils silt and clay is found to be correlated to a highly sig-
nificant degree with aggregation in both the surface soils and subsoils
(r=0.46 and 0.44, respectively). It is also corrclated negatively to a
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significant degree with volume weight (r=-—0.69 and —0.3¢ in the
surince soil and subscll, respectively). The soils that are higher in
silt and clay also are higher in organic matter (correlations for the
surface soil and subsoil are 0.40 and 0.24, respectively}). In the sur-
face samples the correlation of silt and clay with infiltration is not
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Fiarre 8. Relation between organic matter in the subsoil and infiltration doring
the third hour of the wet run.
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Frcore 5.—Relation between organic matter of the surface soil and aggregation.

significant. In the subsoils, however, an increase of these fine par-
ticles, with their associated properties such as swelling with moisture,
is accompanied by a decrease in infiltration (r—=—0.24).
Cray
The clay fraction, comprising particles less than 0.002 mm., behaves
in much the same way as the combined silt and clay. There is, how-
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ever, no perticular association with the organic-matter content of the
soil, and in the subsoil there is no association with volume weight,
In both the surface soil and subsoil clay is correlated to n highly
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Freuvre 10.- Relation between organic matter of the subsoil and aggregation.
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Ficure 1i.—RHelation between ¢lay content of the subsoil and infiltration during
the third hour of the wet run.

significant degrec with aggregation (r=—0.48 and (.56, respectively)
and also with silt and clay (r=0.35 and 0.43, respectively). A strik-
ing feature of this part of the study is the highly significant negative
correlation (r=-—0.42) between clay content of the subseil and infil-
tration rate. This relationship is shown in figure 11.

205859° —40——4



http:It'IGI-.RE

20 TECHNICAL BULLETIN 726, U7. 5. DEPT. OF AGRICULTURE

DiseeErsion RaTio

The dispersion ratio is obtained by dividing the suspension percent-
age by the percentage of silt atd clay. Therefore the dispersion ratio,
as well as the suspension percentage, is a measure of the ease with
which & large proportion of the particles is brought into suspension.
The correlations with infiltration are essenbinlly the same as with
suspension percentage. Suspension percentage aud dispersion ratio
were both found to be highly correlated with aggregation, both de-
creasing with an increase in aggregation. Such a correlation is ex-
peeted since a high degree of aggregation indicates that a large number
of the smaller particles have been grouped together. This grouping
decreases the tendency for porticles to go into suspension. Organic
mafter has contributed to nggregation, and the relation of dispersion
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Ficunr 12—Relation between orgunic imniter of the siurface soiland dispersion ratio,

ratio fo organic matbter is showr in figure 12. The infiltration datain
the sbudy were obtained with a minimum of agitation from application
of water to the surface of the soil inside the tubes. Therelore there
would not be so great a tendency under these conditions for a reduction
in infiltration caused by clogging of the soil pores as under natural
field conditions, under which the impact of the raindrop and the
velocity of run-off may cause considerable disturbance of the surface,
particularly in the absence of vegetal cover.

The highly significant correlation between suspension and pH value
scems logical because of the flocculation commonly found at the
higher pH values.

MoisTunE EQUivarent

Infiltration is not significantly correlated with the moisture equiva-
lent in the surface soil {»=0.02); in the subsoil r is —0.30, which is
significant but less than the value necesssry for a highly significant
correlation. Moisture equivalent is dependent to a very large extent
on the colloidal properties, organic and inorganie, of the soil.” This is
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shown by the highly significant correlations of 0.62 and 0 32 between
moisture equivalent and organic matter in the surface soil and subsoil,
respectively, and 0.50 and 0.74 between moisture equivalent and clay
in the surface soil and subseil, respectively. Tts association Appears
te be primarily with the clay and organie-matter content rather than
with infiliration.

Since the moisture equivalent incresses as the amount of colloid
increases the infiltration rate might be expected to decrease. That it
does not is apparently due to the fact that the moisture equivalent is
affected only slightly by aggregation, whereas it is conceivable that a
clay soil well aggregated would be similar to & send in its permeability
to water. As noted clsewhere, the moisture equivalent has been
shown to be a reasonably good measure of the field capacity, which in
burn is & measure of the water that moves enly against capillary forces.
Its value, then, lies in the faet that when it is subtracted from the total
porosity, a figure that is an index of noncapillary porosity is obtained,
and this has been shown to be signifieantly correlated with the infiltra-
tion rate.

Sorr. Reacrion (pH)

The absolute pH value, or hydrogen-ion concentration, is not
dircetly associated with the infiliration rates. Correlations between
departure from neutrality (pH value =7.0) and infiltration rates wore
caleulated and found significant but not highly so for the surface soils,
and not significant for the subsoils (= —0.27 and —0,17, respective-
Iy). There is, however, no particular reason for using departurces
from neutrality (pH value=7.9) rather than departures from a pH
value of 7.5, for example. It might be expected that the optimum

pH value from the standpoint of infiltration would correspond with
the pH value at which maximum floceulation occurs.  The eorrelation
of pH values with dispersion and aggregation suggests that the pH
value under certain conditions is associated with factors that appar-
ently affect infiltration. Certainly there may also be an indireet
effect of pH value on infiltration rates since the pH value affects the
amount and kind of plant growth.

TEMPERATURE

"The design of this experiment did not permit a study of the effects
of temperature on infiftzation at the time of the vun. However, as
mentioned previously, temperatures of both seil and water were
observed and an effort was made to determine whether temperature
might be one of the dominant variables affecting the data and the
conclusions that might be drawn from them. Toemperature at the
time of any study of infiitration might bo cxpected to have some effect
on infiltration through its effect on the general level of biotic activities,
viscosity of water, viscosity snd permeshility of soil colloids, and
perhaps to some degree through its offect on the viscosity and volume
of soil air. The effeet of temperature on infiltration is therefore
undoubiedly complex,

The temperatures of water for the 88 sites or 136 runs varied from
37° to 96° F., with a mean of 62.2°. The median temperature was
approximately the same as the mean. The temperatures of the soil
at depths of 4 inches and 15 inches ranged from 36° to 83° and from
42° to 78°, respectively. The corresponding means were both 57.5°,
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There 1s 8 tendency toward an increase in rate of infiltration with
an increase in soil temperature, and the correlation becomes significant
but not highly so for the wet run (r=0.28). Temperatures of the
water on the soil surface are found to be similsrly associated with
infiltration rates.

However, when temperature is included in a multiple correlation
with other factors that have been demonstrated to be highly correlated
with infiltration, such as noneapillary porosity, orgenic matter, and
clay in the subsoil, the contribution of temperature is seen to be
negligible. It can, therefore, be stated with & considerable degree of
assurance that while temperature at the time of the run may have ai-
feeted infiltration to some degres it was not a dominant factor.

OTHER VARIABLES

Anocther factor that affects the permeability of water through soils
is the state of hydration of its colloids. If part of the water entering
the soil pores is held on the surface of the particles forming the pores
and causes swelling, the effective pore size will deerease. Thus pores
of nonecapillary dimeunsion may be reduced to capillary pores, and
capillary pores may become essentially sealed to water movement,
On the other hand, soils that are capable of holding water by capillarity
without swelling may permif rapid downward movement of water. A
large difference is to be expected in the swelling of the soils in this
study since the amount and type of colloidal material differs widely.
Volume changes that oecurred when undisturbed samples at field
capacity were air dried were studied for certain of the soils. Detailed
data sre not shown here. Extreme values in volume changes of
0.0 and 53.8 percent were found for the subsoil of the Vernon sandy
loam and Housten cloy, respectively. In general, the soils high in
clay gave greater volume changes then the lighter-textured soils.
The numerous exceptions noted, however, indicate that type as well
as amount of colloidal material affects swelling. While swelling and
hydration undoubtedly influenced the infiltration rates found in this
study, it is impossible to evaluate their effect on individual soils.

The moisture content at the time an infiltration determination
starts may materislly affect not only the rate of infiltration but alse
the total amount of water n soil will absorb. In other words, of the
total porosity in a soil the part that is not filled with water is potential
storage space for water. 1In this study the initial runs were conducted
at whatever moisture content prevailed ot the time of the test. It
sppears {rom the data that the rapidity and the extent of the rise in
the initial part of the infiltration curve is influenced to some extent
by the moisture content of the soil. Thisis a very important consider-
ation under field conditions since the meoisture content of the soil
varies widely from time to time. In this study the infiltration rate
for the third hour of the wet run was correlnted with the physical
properties of the soil, and at the beginning of this period, pre-
sumably, the effect of the initial meisture conient bad largely
diseppenred since changes resulting from hydraticn and swellin
would become more or less constant within 24 hours after the initia
run.

It has been suggested by other workers, ineluding Horton (7} and
Powers (17}, that the movement and escape of soil air displaced by
the water entering the soil as infiliration may affect the rate of in-
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- fltration. The hypothesis is that water can, in general, enter the

soil only so fast as air escapes, As the depth of penetration increases,
the resistance to outflow of air increases, owing tc the greater length
of upward flow. It is conceivable that under these circumstances
there could be some slight compression of soil air that would tend to
produce a back pressure. This pressure would tend to lower the rate
of infiltration, along with other factors such as swelling of colloid, plug-
ging of pores, and Increase in amount of space occupted by the water.
This is undoubtedly a phase of the problem that should receive atten-
tion since specific data demonstrating its praetical importance are
lacking. It would seem, however, that in spite of the effect of this
factor, or possibly beeause of it, the amount of large pores would still
have & dominating influence on the rate of infiltration. In this study
no direct measurements of air movement were made, although at some
sites bubbles of air were seen escaping through the water on the soil
surface.

PrepicTioN oF INFILTRATION RATES

A summary of those characteristics of solls that are significantly
correlated with infiltration during the third hour of the wet run 1s
given in table 10.

TapLE 10.—Characleristics of soil that are significantly correluled with infiltration
during the third hour of the wel run

Characteristics of—

Caorrelation with infiitration
Surlace soil Suhsnil

;’{otai pc:"ljosity'_.. ceet imieameeee ... Total porosity.?

. iApggregation ., .. . .. .. e aama—a.
Positive. ---1| Organic mtter .. . Organic matter.”
wivencaplilary norosity : Ncncspillaryguwsitr.r
[ Volume weight ! - Yolume welght?

‘| Suspension ! e erarmm 4 aeeeeee——.-
i Dispersion ! __

Negative___

" MYolsture equivalentd
.. .. Sitand olay]
.. Clavs
1

1 Significant (3-percent pointy.
# Highly significnnt {i-percent painl}.

The correlations obtained in this study are in accord with basic
principles of soil physics. The effect of organic matter on aggregation
and of aggregation on noncapillary porostty; the value of suspension
percentage and dispersion ratio as indiestors of the ease with which
aggregates may be broken down and pores clogged by soil particles;
the recuction of the size of pores or the total porosity by the amount
of cluy in the subsoil or the swelling of colloids in the presence of
water—all these are in accord with our general knowledge of the be-
havior of the soil complex.

Approximately 40 combinations of the most pronusing soil ehar-
acteristics, as indicated by the simple corrclation cocfficients, were
studied in the form of multiple regressions in an effort to ascertain
what combination of characteristics would vicld the most significant
regression on infiltration. Since the 68 soils in this group have highly
divergent characteristics and since several of the characteristics them-
selves are only indices of actual physical properties (noncapillary
porosity, for example, is an index of the size of pores), it was expected
mercly that major trends of association of infiltration and certain
physical properties would be disclosed.
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Sixteen of the forty combinations proved to have highly significant
multiple regressions. Thus there was a high degree of success in
demonstrating statistically the interplay of cortain characteristios
with infiltration. It is to be remembered that these associations are
for the entire group of 68 sites rather than for individual sites.

The highest multiple correlation coofficient obtained was 0.71, and
the corresponding standard error of estimate for & mean infiltration
rate of 0.88 inch per hour for the 68 sites was 0.10. These wore
obtained from a combination of soil characteristics that inchuded
noneapillary poresity and organic matter in both swface soil and
subsoil and clay in the subsoil. It is apparent that such a multiple
regression would not be very satisfactory in predicting the infiltration
rate for a single site since the standard error of a predieted value for
a single site is 0.85 inch.

DISCUSSION
Size AND PErMANENCY oF POREs

The relation of soil-porosity factors to the infiltration of surface
waters is deserving of {urther study. Long-established principies in
the field of hydraulies are not entirely unrelated to the infiltration
problem. The evidence of the probable effect of size of pore or chanel
on the rate of movement of water is in harmony with hydraulie
principies,

Preponderance of large pores in soil is in part the result of natural
forces active in the development of a soil profile, such as degree of
weathering and kind of parent material and the combined effects of the
biologic forces at play on it, and in part the result of man’s modifica-
tion of these processes of nature.

Large pores in soil—the proportionate amount of which in this
study is indicated by noncapillary porosity caleulntions of two dif-
ferent kinds, each of which gives essentially similar values-—are due
primarily to the amount of large soil particles or aggregates and their
arrangement. The intermingling of large and small particles may
provide either a less dense or more dense soil herizon {as shown by
Schlicter and others), but it appears from data relating to these soils
that usually an increase in aggregation is accompanicd by an inerease
in noncapillary porosity. In this group of soils erganic-matter con-
tent, silt and clay, clay, and dispersion ratio are significantly associated
with ageregation,

The rate of water intake varies with the amount of effcetive non-
capillary porosity of & soil, which differs under different comditions.
When the pores of a soil are already partly or wholly filled by water of a
preceding rain or when elogged af points of constriction by dispersed
soil particles that have been washed into them, wafer intake is
impeded. T aggregatea are relatively unstable, continned application
of water may reduce noncapillary porosity.,

The fact that the rate of infiltration during the wet run, whick
sueceeded the initial run by 24 hours, was usually lowsr than the rate
at the close of the initial run indicates that something of this kind has
neenrred. It s reasonable to suppose that during this 24-hour period
some changes in soil structure have taken place.  Colloids may con-
tinue to swell through the slow imbibition of water, some nggreunies
may continue to slake and disintegrate, and dispersed particles that
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have recently moved downward to points of constriction may hecome
cementod in place.  The degree to which these various actions take
pince varies, of course, with the physical properties of different =oils

This study is an exploratory one, the rannfications of whiek will
not be fully understood without much additional work. It is betieved
that it serves to point the way toward future investigations that may
be productive. We need a development of several techniques,
particularly one for the precise measurement of the size distribution
of =o0il pores. The causes of their formation and permanence is a
matter of the utmost importance. In future work the study of soil
texture alone and of the genetic origin of soils as eriteria of infitteation
may well be subordinated to other directions of offort,

Pracrican Areiication orF Fixpixes

The possibilities of modifying infiltration rates in farming practice
deserve attention. Either destructive or constructive practices may
be in operation on & given land surface. Among the destructive prac-
tices are: (1) Intensive cuitivation, whieh results in destruction of
aggregates as well as the organic matter that is effective in their
fOInl.ltIO!} (2) undue compnctlon of the soil such as may be caused
by excessive grazing, particularly when the soil is wet, or by i Inoppor-
tune plowing or tillage. which puddles the soil; and (3) practices that
permit the loss of the surface soil, which is usually inore highly aggre-
gated than the subsoll and of higher organic-matter content and is
often of coarser texture.

Among the constructive practices are most of the items commaonly
recommended for wise soil management, particularly: (1} The incor-
poration and maintenance of organie matter through such practices
as the use of good rotations, the return of crop residues, und the
apphication of manure; (2) the use of cover on the land—particulnrly
close-growing vegetation, such as grass, whiel: is notable for its effect
on aggregation, and forest, and winter cover crops, alse straw, stubble,
or even stones— which serve as a protection from the impact of rain
and reduce the turbidity of surface water; (3) wise culture amd titlage,
such as the breaking of the surface crust after rains, fall plowing of
heavy dense soils where conditions warmant, and manipulation of the
soll under favorable moisture conditions and in » manner to improve
tilth; and {4Y practices that retavd the rate of run-off and therebhy
reduce Hs veloelty and turbidity and previde more time for the in-
filtration of surface waters.

SUMMARY

Thiz atudy was designed to determine the relative miftltration of
68 soils and related soil characteristics.

The relative mmfiltration of soil In situ was determined by the tube
method. The date are from 68 sites seattered from Georgin 1o Qregon
and from New York to New Mexico, These sites includerzoils having
a wide range of texture and representative of most of the great <oil
and parent-material groups. They are representative also of most of
tie elimatic provinees of the United States.

Samples from pach site were forwarded to a centeal laboratory,
where certain important soil eharaeteristies were determined.
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Definite association of infiltration with all indices of large pores or
with those factors affecting pore size was found for the 68 soil sites.
Particularly. noncapillary porosity, degree of agegregation. organic
matter, and amount of clay in the subsoil may be regarded as determi-
nants of infiltration. Similarly, those factors that determine the
permanency of large pores, such as suspension percentage and dis-
persion ratio, are associated with infiltration rates.

Correlations between soil properties that do not so directly affect
infiltration were found at many points in the data. Among these are
the positive correlation between organic matter and moisture equiva-
fent and between clay and moisture equivalent, the significant nega-
tive correlation between suspension percentage and pH value. and the
negative correlation between content of silt and clay and volume
weight.  These correlations are in accord with the findings of numer
ous other workers and with well-recognized prineiples of soif physics.

For maintaining or increasing the infiltration rate of field soils the
study indicates the value of the commonly recommended sotl-man-
agement practices, which include the incorporation of organic matter
and its maintenance at a rensopably high level, proper tillage prac-
tices, and a good cropping program. Counversely it is indicated that
those practices tending to reduce the degree of aggregation. decrease
the stability of nggregates, and increase the turbidity of wateravailable
forinfiltration are usually condueive to a reduction In the rate of intuke
of natural rains.

Related studies conducted on 13 sites during the course of the main
investigation covered by this report indicated rather definitely that
differences in turbidity of water available for infiltration was one of
the most important factors tending to make infiltration rates deter-
mined by the rainfall-simulator method lower than those determined
by the tube method. This and the fact that some lateral movement
of subsurface water was observed for both these methods of determin-
ing infiltration rates. which involve the artificial application of water,
lend support to the idea that probabiy these rates and others that
are found when water is artificially applied should be considered as
relative rather than ahsolute; and these wvalues should alwavs be
considered as relative if used in the design of control measures.

LITERATURE CITED
{i} BraprieLp, R.
1937. 30iL CONSERVATION FROM THE VIEWPOINT OF 30IL PEYRICA.  Amer.
Soc. Agron. Jour. 26: 85-92.
{2} Briges, Lysmax J., and MeLaxe, 1o W,
1911, MOISTURE EQUIVALENT DETERMINATIONS AND THEIR APPLICATION.
Amer. Soe. Agron. Proc. 119101 2 138-147, iitus.
(31 Gueexe, W, Herer, and Avrr, G. A,
1911, STUDIES ON SOIL PHYSICS. PART {,—THE FLOW OF AIR AND WATER
THROUGH S0iLs.  Jour. Agr. Sci, [Eogland] 4: 1-24, ilius,
{4 Haunrxg, 8. 7T.
I9H), RELATION OF THE MOISTURE EQUIVALENT OF 30[L8 TO THE MEHSTURE
PROPERTIER UNDER FIELD CONDITIONS OF IRRIGATION, Soil Sei.
8: 308-312, illus.
{3 Hanbpv, F.
1934, STCPIES IN TROPICAL SOI1S. Il THE SHRINKAGE REBAVIOUR OF
LATERITIC AND KAOLINITIC sOiLs. Jour. Agr. Sci. [England)
24: [A9]-71.
{6) HiLLearaxp, W. F.
1919, THE ANALYSIS OF RILICATE AND CAKRONATE nnck~. 17, 8. Ceol
Survey Bul 700, 285 pp., ilius,




RELATED PHYSICAL CHARACTERISTICS OF SOILS 33

Hortox, RoperT E.

1037. ®YDROLOGIC INTERRELATIONS OF WATER AND 50185, Soil Sei. See,
Amer. Proc. (1936) v. 1, pp. 401-429, iHus. [Lithoprinted.]
[Processed?)

Kixg, F. H.

1808, PRINCIPLES AND CONDITIONS OF THE MOVEMENTS OF GROUND WATER.

1. 8. Geol. Survey Ann. Rpt. (1897-98) 19 (pt. 2}: 538-294, ilkus.
LowberMiLg, W. C.

1930, INFLUENCF OF FOREST LITTER ON RUX-OFF, PERCOLATION, AND

ErosIgN, Jour. Forestry 28:; 474491, filus,
Magrser, O FL

1835. =oiLs oF THE TxtreEps sTaTRS. UL S Dept. Agr., Atlas of American
Agriculture, pt. 3, 98 pp., illus.

Mavis, FrReEpErIc THEODORE, and WiLsEY, Epwarp FRANKLIN.

1936, A STUDY OF THE PERMEABILITY OF 3axD. JTowm Univ,, Studies
Engin. Bul. 7, 29 pp., illus,

AMipprEtow, . E.

1030. PROPERTIES OF SOILE WHICH INFLUENCE SOIL ERosioN. L. 8.

Diept. Agr. Tech. Bul. 178, 16 pp., illus.
Mrearave, G. WL

1935. THE INFILTRATION CAPACITY OF SOILS IN RELATION TO THE CONTROL
OF SURFACE RUNOFF AND EROsIoN. Amer. Soc. Agron. Jour,
27 336-345, ilius.

and Fregr, G. R.

J936. SOME FACTORS WHICH MODIFY THE RATE AND TOTAL AMQUNT OF
INFILTRATION OF FIELD S0ILS. Amer. Hoc. Agron. Jour. 28
727-739, illus.

Meskat, M.

1987. THE FLOW OF HOMOGENEOUS FLUIDS THROUGH POROUS MEDIA.
With an introductory chapter hy R. D. Wreoff. 763 pp., illus.
New York and London.

OumstEsD, L. B, AvExaxpgr, Lyie T, and MmporeTox, H. E.

1830, A PIPETTE METHOD OF MECHANICAL ANALYRIS OF 30ITS BASED ON
IMPROYED DISPERSION rRocEDURE. U, 8§, Depr. Agr. Tech.
Bul. 170, 23 pp., iiius,

Powers, W. L.

1034. 30IL-WATER MOVEMENT AS AFFECTED BY C¢ONFINED AIR. Jour.

Agr. Res. 49: 11251133, iflus.
SeHOLLENBERGER, C. J.

1927, A RaPIR APPROXIMATE METHOD FOR DETERMINING S50QIL QRGANIC

MATTER. Soil Sci. 24: 65-68, Hllus.

163]1. DETERMINATION OF S01L ORGANIC MATTER. Soil Sei. 31: 483-486.
SLater, C. 8., and Bvers, H. G.
1931. A LABORATORY 5TUDY OF THE FIELP PERCOLATION RATES OF BOILE.
. 8. Dept. Agr. Tech. Bul. 232, 24 pp., illus.
SLiCHTER, CHARLES S,
{809, THEORETICAL INVESTIGATIONS OF THE MOTION OF GROUND WATERS.
L. 8. Geol. Survey Ann. Rpt. {1897-98) 19 (pt. 2}: 205-384, illus.
SoxoLovary, 4. N.
1033. THE PROBLEM OF 30iL STRUCTTRE. Internatl Socc. Soil Sei., Trans.
1st Comn. Soviet Seet. A-1:34-110.
TuoayTiwarTg, C. WARREN.
1631, THE CLIMATES OF NORTH AMERICA ACCORDING TO A NEW CLASSI-
ricaTioN. Geog. Rev. 21:633-635, illus.
WaKLEY, A., and Brack, F. ARMsTRONG.
1834, AN EXAMINATION OF THE DEGTIAREFF METHOD FOR DETERMINING
SOIL ORGANIC MATTER, AND A PROPOSED MOPIFICATION OF THE
CHROMIC ACID TITRATION METHOD. Soil Seci. 37: 29-38, iHus.
WiLniams, W, R,
1935. THESES OF TENACITY aND COHESION IN SOIL 8TRUCTURE.  Pedology
1935 (5-6): 755-762.
Yoper, Rosert E.
1936. A DIRECT METHOD OF AGGREGATE ANALYSIS OF S0ILS AND A STUDY
GF THE PHYSICAL NATURE OF EROSION LOSsES. Amer. Soe,
Agron. Jour. 28: 337-351, illus.



http:l\lARBl.CT

APPENDIX

Panwr UL Deseriplion of the soils of siles on which rates of infillration were measured

i Depth

i b Cinitinl n[]smu-
ate of initin - y § X pling

| un Deseription of profile Cultral treatment. for lab-

; ' oratory

{ ! study

Soil Lype t : Luention of site 1 \\l::‘ Method

(-3 inches, Dark reddish-brown ey lowm
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10-24 tnehes, ed eluy Jonm, firly plastie, ';E‘ Lupd vl ‘“,‘.i‘ T
Plasticity inereases with ineronsa in depth, t'l rl(:"‘frr ‘"’”,‘,’"'t w A
becoming plastie red ¢lay at 24 Ineles, e oL, Past win-
Fragments of decomposod basalt oceur LErCOVET Crop, cowpiens.
throughout profile and beemne wore fre-
quent with lneronse in depthy,

: i O 7 inches, Black or dark-gray heavy cul-

Austineluy (slightly  Fiekt RS of goil and wa- i| earcous ¢lay,
eroiell, ter vanservation eyperi } 398 o 0maen Lo L) Feb, 24, 1038 7-30 Inches, Brownisti-gray heavy clay be-
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0-(
616
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S —
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11y

Onts 3 inches bigh on site }

Field 1 of soil and water !
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{
t
i
]
i
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Tanng V1o—Description of the soils of sites on which rates of infiltration were measured ~Continued
| ; " Depth
- : Date of Initiud of sam-
.- . . Site ute of Inftin - g " N pling
Soll type Foeatlon of site No, i Mothod run Deseription of profile Cultural treatinent for lnh-
i ! ’ orttory
; study
31 ¢ ‘Pabe Feh, 1, 1938 [{0-8 5. Graylsti-hrown snndy lown .
| Vaughn farm of soil and wa- W08 Reinfall stnubator __g Dee, 3 10371818 inches, Orades from yollow sandy lonm 047 crop sorghum.  Ro- Iuchcaq
o} ter congervation experi- 15 do Jun, 12 1088 through orange snmly clay 1o heavy red h I sorgam. ) SR
J| ment station, - Watkins- eluy. tent crops: Peas, onts, 8-16
H ville, Ga. o s Jun. B8 W08 [ 10-82 Tnehos, Heavy red elny contalning no cotton, and corn. -2
15 do LoL.L PEN Jan, 20, 1138 iien or parenit mpterinl, {

M-1s ineh. A lnyer covered with 3y ineh of
pine needles,

La-5 inches, Grayish-brown sundy lonmn

5-12 dnches. Yellowishi-brown - 1o ornnge
snndy elay.

In pine grove on Vaughn Below 12 inches, Heavy red frinble clay, Pine

fartit of soil and water con- oy _do voe 1 Apr. 5008 Both profiles contain o considernbly - e prove for l_usl. Ah 1k
servation experiment sta- Ry do <A T mrm} ber of roots In fiest 13 inches varying from ff,‘,';,r‘:{‘ “ll,“r‘u'l;‘ll;muxllhu- l,r}':f
. one time. 7

tion, Watkinsville, (i, 3y inch 1o smnller sizes. A hole of loose
suil aboit 2 inches In dinmeter extends in
a dingonal direction neross 1 corner of plot,
on site 26, A stmilar hole runs from the
middle of the plot through the base of {he
plot on site 27,

[South of  pine grove on 0-6 inches, Grayish-brown sandy loum .
\’u;lghn farm ‘;ti soil and an o Apr. 13,1938 6-13 lmcl]xcs. Yellowish-brown to' orange || Weeds mr 1937, {{t-(:x-xxt,l] -6
i waler conservation exper- Y IR PSR ARt AL AL sandy clay. crops: - Peas, oants, and! ey
Ceedl sandy losm iment station, Watkins- }f ¥V -0 =doeeai A May 68 ) p o1y lnghos. Hueavy red elay contiiining col{)on. ' l(;-i)é
ville, Ga ; no inien or parent material,
i 5 inches.  Grayishi-hrown sandy lonm
| ! A-15 inches: Grades from yellow sundy lonm
1 IO, Exlb ol i l{ll,’()lll.!h ornnge sandy clay to heavy red
ppvaggiayfaem of solband wa< 1), i ") clay. S = .
|| ter. conservation espesi- | '}3 o (}g'""""'"' - :tl:r- .;’:':33:3 Below 15 inches, Henvy red clay containing 50{*“"4{" :P“]‘S"","ls{‘“.(':f i =5
mentstaton,  Watkins- - 4, - - 48 TN 37 ibag 1) no mica or parent muterial. - On site 33 il oy OIS, ol 5 15
ville, Ga, g Somemees L ADE there Is evidenes of constderable difierenee om, and.cori. 15-22

! in the compactness of the soil In very lo-
f ealized areas; this appears to be due 10 old
! root lpentions,

0-6 inchues, Graylsh-brown sandy loum
12 inehes, Grades from yellow suady loani
through orange sandy elny to henvy red

Vanghn frm of soll and wae |
4 g SOV \Deri- . ¥
:hf,mf"";f:.{l‘o‘;l'"’"“.:"t‘l'{’;,g_ 31 do oo { Apr 2,008 (el o
ville, Gin ' i Below 12 Inches, Heavy red elay containing !
P ; no miea or pirent material, Ol roat lg- |

¥ entlons, ason site 32, i

crops: P'eas, oots, cot- "l;’
ton, and corn. 2-22

Sorghum in 1037, R--wm,} 0-6
1

&2

XITITIng IVOINHOAL QOf

‘A ‘66l

TEALIADIADY A0 “LdAad °®




|
t

- do.

Farm of J. 1. Gray, High
Point, N. ¢,

IField .M of soil and water |

tobservation  experiment
I station, Statesville, N.C,
SN@ircontrol plots ut sofland
wuter conservation experi-
ment station, La Crosse,
Wis.

Ceuil  sundy clny'
loam,

[0

Clinton silt lonin TUBG, eesn i

f;.s’oil and water congervation
r[ experiment  station, La
H

Clinton  silt
(erodet),

tonm
C'rosse, 'Wis,

Jolby s frarm of A, Rufting, Mursh-
Cothy silt- loam v field, Wis. ;

Navajo Soil and Witer Cone ]
servation Bxperiment Sta-
tion, Gallup, N, Mex. r

Crown light elay
(cotluvial phase). |

3
i

Crown heavy elivy do

Crown  sundy -cay |
loam 3 (colluvinl |
phnse), !

Ao e

Crown sundy loam ?

|
do. .0 .. %
|
f

do
Davidson eluy lonn l(ulnlmll stinulato

: f a0
£Woud fiurm noar Monticollo, { 1
1 Ga. Ao do. ..

Farm of Ed Quinn, Cush- o
Lon, WS, } 103 : Tube.. i

Dubugque sitt lonm *{
i |

t

1 Loeal nume soil not. correlated.

Muy 16, 10938

June - 1, 38

Aug. 31,1987

3, 1947

Oct. 1, 1087

Apr. 15, 1038

Apr, 15,1938

May 21938

May 4, 1038

Dee.
Dee.
Dee,

15, 1937
34, 137
16,1937

Sept. 9, 1987

0-7 inches. Reddish-brown sundy loam

Below 7 inches. Brownish-red heavy sandy
chiy prading into brownish-red elay. - Con-
sidorable amounts of micn below 7 inehes,
This profile also seems to be a mixed phase
of Ceeil,

0-7 inches, Reddish-brownsandy elay lonm
Below 7 inches. Hleavy red friable elny that
becomes henvier withh ineresse in depth,

0-7 inches.  Dark-brown henvy silt lonm

7-20. inehes.  Yellowish-brown  granular
henvy silt lonm,

20-42 inches. Durk wrayish-yellow frinble
silt loam,

0-8 inches.  Brown heavy silt Jonm, mifxture
of surface $0il and subsoil.

816 inches. . Yellowish-hrown “henvy silt
lonn,

Below 18 inches.
able siit loam.
0-8 inches. - Medium dark-brown silt loam

8~14 inches. Light grayish-brown silt lonm

11-36 inches. Mottled grayish-brown chang-
ng to sticky heavy clay.,

-4 inches. Fine, vellowish, 1oose mulch

]llul‘nw 4 inches, Compaet brownigh-yellow
clay.

0-4 inches. Fine, yellowish, loose mulch

4-7 inches. Rather loose grayish-brown élay. .

Below 7 Inches. Heavy grayish-brown ¢lay
underiaid by stratified sands and sandy
lonins nt nhout 20 inches,

{lh:l inches, Light-brown mulch

Dirk graylsh-yellow fri-

inches. Lighi-brown sandy clay lonm

s-22 inches. Light-brown frinhle clay .

0-18 inches. Light-brown sandy loam R

18-36 inches. Same as 0-18-inch Inyer but

contains more sand.

u~|7 fnches. Very dark reddish-brown clay
onm,

7-22 {nches. Dark-red cluy, beavy, smooth,
firm, and sticky but not tenacious.

2236 inches, Snme material as 7-22-inch
layer, but it becomes heavier with increase
in depth,

-6 inches, Light yellowish-brown frinble
silt loam,

Below 6 inches. Brownish-red gritty clay

] containing considerable cherty muterink at
12 inches nnd deeper.

Wheat in 1437,

and corn.

crops: Oats, cotton, and

}(‘()llml in 1938,  Recvent
lespedeza,

Second-yar corn in 1937

Corn in 1937 .

Secotid-yenr corn in 1937

Runge lund

1937, Recent
ldle and in

Corn in
treatment:
corn.

Second-year corn in 1937 .

Regent
crops: Lespedeza, wheat,

;} 0-7

b

|

{

e
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i
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TanLe 11~ Deseription of the sotls of sites on which rates of infiltration were measured- -Continued

0-6 inches. Light grayish-brown silt lonm

Y E Al ] : (H{; linl(:hli:s. Yullu\\'ia;h-bmwn sily lm‘uu,

Favette s HFarm of Albert. Gaustad, m Q2 99 1einT slightly heavier and more compacet than ||, \ . e 06

Fayette silt toain L Houston, Minn. } 106§ TubS oo ] SeDU 22,1087 O-6-inch lnyer. Ihird-year corn in 1937 { 16

Below 16 inches. Yellow moderately com-
pact silt lonm.

0-7 inches. Gray frinble silt lonmn R

71 12 iluc‘\e)s. Grm' silt fonm moderately mot- 0

. 19 10 tled with rust brown. . 7 -7

e Aug, 12, 1037 12-24 inches. Yellowish-gray very compaet Buckwheat in 1037, ... { 7-12
gritty silt lonm, highly mottled. Nuner-
ous saidstone rocks throughout profile.

0-10 inches, ' Light-brown granular silt loam

10-25 inches. Light-brown silty clay lonn, {[Sprimg wheat in 1938, Re-

9 1038 granular, and with a slight yellowish.color, cent crops: Peas and 0-7

i Below 25 inches. Yellowish-brown henvy whent. Subsoiled 16 to 7-16
silt Toam containing apprecinble amounts 18 inches in fll of 1035.
of very fine sand,

0-7 inches.. Grayish-brown silt loam

7-il-l inlches. YO“OWI&[}}]-!)]‘OWH silt. loam hoav-

. ] or than surface soil. . . _

weeenQ0u e July  2,0037 (11-22inches. Transition material, enleareous Oli&fuxm ﬁ:{?9¥,l'}0;¥“7‘ { 791;’

i below 18 inches, Grivel and stones found L A

H throughout, l)runlu hiit inerense in munber

i i\ and size with [ncreuso in depth.

i H i [}
! : i Depth
i N ‘ of sam-
Soil 1ype ' Laeation of site \\.[:)" ‘ Method l)utc;::‘dniliul Deseription of profile Cultural treatmient f(')'rhl]::i}-
: ' oratory
study
. : ) ; et
s [Border of soll aid watercon- HO-7 Inches, Light-brown silly clay loam !
sorvation experiment stn- | : 715 inches, Brownish-yellow  siity  clay, " Inches
tion plots oncanning erops 191 Tul Aug. 1, a7 o, more eompuet than 0-7-inch layer, Fallow, Last enftivated 2 1f (-7
farm of New York Agri- Lube T Mg LT pglow 15 nches. (irnylsh-yellow cotmpact weoks before run. i 715
cultural Experiment Sta- materin, A ling of tile was Inter found
o tion, Geneva, N. Y, ! L - under this site.
Dunkirk silty clay o 6 do .. June 16,1935, {0-8 inches. Medium-brown silty clay Ionm
1o, : ! g containing more clay than previous Dun-
HCanning erops rm of New . : 1 kirk site; also more compnet, Oats in 1938, Recent erops: | 0-8§
York experiment stution, 1274 Rainfll simnlagor | June 15, 1088 (8~20 inches. Light brownish-yellow more Corn, soybeans, and ; §-20
il Genevy, N. Y. X ! compnet silty clay. sweetclover,
| 43 do . - June 17, 18 . Below 20 inches, Grayish-yellow compnet
H : . mnterial,

Fremont gravelly
silt Joam,

JBdwards firm, Cohocton,
LN Y,

=

E{Furm of €. J, Broighton, v .,

Atheny st loam 1 Dayton, Wash. i RS [ B e .} June

Honeoye gravelly !

silt lonsn, eonservotion oxperiment

{Fiuld 17 of soil und wnter
15
station, Marcellus, N. Y,

8¢

1.,

.,
i
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toneoye pgravelly
silt lonm (eroded).

floneoye gravelly

silt lonmi,

Honeoye gravelly
silt lonm (sod),

Honvoye gravelly
sitt lonm.

Hopi sandy loam 2.

" Houston Wack clay
(slightly eroded),

Houston Wack clay

i
i
I

b

i

{

i

B

(moderately erod- "

ed),

{b‘lohl 10 of soil and water

i Tield 17 near site 15 tabe of

conservation experiment
swlliou, Marcellus, N, Y.
do. ., e

£ (A, [ESURE

soil and water conservie
tion experiment. station,
Mureelus, N Y.

[l-‘i«ld 200501 and water cons
servation axperfiment stn-
1 tion, Marcollug, N. Y.

[F(eld 5 of solLand water con-
servation experiment stn- |
1 tlon, Muarcellus, N. Y, l

|Nm‘ujo Soil and Water Con=
servation Experiruent Sta-
1 tion, Gallup, N. Mex.

Flold O of soil und water
eonservation  expoeriment
statlon, ‘Temple, Tex,

|

do L

# Loeal name,- soll not correlated.

o ol

do
Rajnfall simulptor

o

o

do

Tube

Ralnfal} simulator.

‘I'ube P

July  9,1937

July 15,1937

July 22,1937

Sept. 23, 1037
Ovt, - 1,037
Sapt. 20, 1087
Sept. 23, 1037
Oct. 1, 1037
Jung 10, 1038

Oct.

.. June 8§, 1R

Wainfill shmulator... June 7, 1038

Tube,

Apr. 28,1038
-~ Mar,

3, 1938

« ‘Mar. 10, 1038

8, 1937

[ Profile ditters from that of site 15 in that thy
upper subsol] contning moresand and fing

il ogravel,

1 Profile different from that of sité 15 in that

lLI hns mora surfnes sofl beeanuso of deposi-

, _tion,

Profile considerably diferent frony {hat. of
site 15 in that the surface soil Is much
darker than that of typieal Honeoye and
thasubsoil hag considerable gray mottling.
Might be ealled Lyons rather than Tone-
oye. A localized pren that is wet and seepy
part of the time,

Profiles nre the same as those of site 15 uxcopt
that on sites 23, 3, und 41 the subsoll I
slightly mottled,

0-% inches, Dark-brown gravelly silt loam

8-24 inches. Grades from brown to lighter
hrown mottled with yellow gravells silt
lonm; niore compact than surface loyer,

Below 24 inches, About the sume muterial
as-that of the §-24-inch lnyer but containg
mucel more sand, gravel, and rock,

(-7 inches, Dark grayish-brown silt lonm

Below 7 Inches, Mottled grayigsh-yellow
heavy silt loam with the gray hecoming
more prominent with increase in depth,
Many rocks of various sizes appear through-
out profile. 'he B horizon Is not very
definite.

0-3 inches, Very light-brown loose sandy
loam,

3-18 inches, Light-brown gandy loam . ...

containing nodules of lime.  Disintegrated
yollow sandstone encountered at 24 inches,

(1-12 inches, Dark-gray to black calcareous
heavy clay,

12-36 inches. Grades into a brownish-gray
heavy, waxy caleareous clay, which be-
comes lighter in color with depth.

0-7inches. Dark-gray to black calearcous
henvy clay.

7-36 Inches. Grades into a light brownish-
ray wnx?' clay, which becomues lighter
n color with depth.

Below 18 inches, Grayish-brown c¢lay loam’

Oats and barley in 1037,
Plowed May 10, 1037,

Oats nnd barley in 1937.
Plowed about May 10,
1937

Outs. andd barley in 1937,
qu]\vud about Muy G,
1937,

Outs and barley in 1937,
1l;]lnvmd ahout May 15,
37,

Denye bluegrass sod,
which probably had not
boen disturbed for many
years.

Timothy and weeds in
1938, Recent crops:
Onts and buckwhent.

Innd.  Covered
sparse stand of

Range
with
Erass.

1938. Reeent
Corn and cot-

Oats in
crops.
ton.

O amree e inaian
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TasLE 11 —-Descnptwn of the .sozls of sites on which ratcs of infillration were measured—Continued

Soll type

Houstoo clay (mod-
erately eroded).

Location of site

Field 'R of soil and water
conservation  experitient
station, Temple, Tex.

Whaston clay (shal- . Curtis farm near Proy, Tex

low phase).

Iredel] lon,

Kirkland sandy clny .

i

“Lirkland fine saudy

loatn,

Lordstowisstoiy silt, |

losm,

Malbourne lopm

Muthewson tarm, Lexington. ||

Gin,

Soil and water conservation !

axpeériment station,
Guthrle, Okla,

Gatfney . farm, - Guthrile,
Kla.

Arnot soil and water con-

servation experiment stit-

tion, Hhaew, NO Y.

Farniof B ¥,
berg, Oreg.

Cerpets, News |

I Site

No. Method

‘Tube

} 121

124 [ D O
i
Io26 do .
7 | Rainfali simulator

1
CTube. L

. Rainfallsimuletor .

Vo Tubg, e nioae. o .

I Date of initial

Tun

Mar. 7, 1988

Mar, 16, 1038

Nov., 15,1937
. de

Mar. 22,1938 !

Mar.

Oct.

May 25, 1938

24,1938

H0-10 inches. Brown loam,

Description of profile

0-7 inches, Dark-brown éaleareous clay

7-20 inches. Brownish-black crumbly eal-
earcous clay.

20-46 inches. Beconies lighter brown with
increase indepth and grades into a yeHow-
ish-brown calearcous clay.

0~1]mchos Dark-brown ¢crumbly ealeareous
clay.

7-18 inches. Yellowish-brown crumbly cal-
careous ¢lay.

Below 18inches. - Grades inio a yellowish-
white erumbly chalky marl, which be-
vomes #imost solid at 33 inches.

|0-6 inches. Yellowish-brown heavy loam.

Below 6 inches. Plastic brownish-yellow
clay. Parent materinl began to show
helow 30 inches.

0-5 inehes. Dark reddish-brown sandy clay

5-28 inches. Grades from light-red sandy
clay to rather plastie red clay.

0~10:inches. - Dark reddish-brown. sandy
loam  containing a few smatl sandstone
fragments in lower depths.

Below 10 inches, (Girades from reddish sandy
clay to rather plastie clay.

0-7 inehes. Dark-brown silt loam .

i[7-20 inehes.” Yellowish-brown silty clay ...
26, 1038

Below 20inches. Almostsolidrock, Alarge
amount of shale rock, varying in size to
about 10inchesin (lmmotcr, seattered over
surfneg and throughout profile.

high in sand.
Practically structitreless.

10-20 inches. Yellow sundy clay; structure
poorly developed, somewhat prismatie.
20-28 inches, Heavy yellow eclay, some

mottling.

}

Cultural treatment

Oats  in 1938,
crops: Cane
ton,

Reeent
and  cot-

Outs and veteh in 1938,

Recent erops: Oats fol- |

lowing oats.

Millet and veich in 1937,
Recent erops: Millet, corn,
and vetch.

Wheat in 1937, Recent
crops: Cotton and oats.

Winter
Recent
and oats,

wheat in_ 1938,
crops: Cotton

Smallgrainin 1937 .. ..

Pearorchard, with crop of
vetehand bﬂrloy plowed
under.

lDepth
:of sam-
‘ pling
: for lab-
{ oratory
' study’
t (Inches
I 0-7
l 7~16
o7
'l 7-16
0-6
6~15
{ 0-5
5-16
{ 0-10
10-16
{ 0-7
7-20
07
7-21

HIQWIAOIEHY J0 “LJUd S 0 ‘632 NITATING TTVOINHOIL oy




Minmi
loam,

silty  clay

Muskingum silt
loam.

Omangebury  sandy ¢

loant,

Palouse silt
{deep phase).

loam .

|

Sells farm, property ol Ohio
State University, Colum-
bus, Ohio,

Near rotation plot 2 of soil
and water conservation
experiment station,
Zanesville, Olio.

Field 1 ot soil and waier
conservation  experiment
statjon, Zanesville. Ohio.,

Above terraee C-2 of soil
amnd water conservation ex-
permiment station, Zanes-
ville, Ohio.

Farotr of Floyd Lapp near
Adnmsville, Ohio. |

Near southwest corner of
soil and water conserva-
tion experiment station,

Zanesville, Ohio.

Farm ot Mrs, 8, M, Jone
near:- Elluvilly, (i,

Field 7 between termees 5.
and 6 on soil and water | 144
conservition experiment !
station. PPullian, Wash,

¥

do. .
Rainfall simulitor
dn .

Tubi

Aug.

June
June
June

Feb.
Feb,
i Feb.

June

11,1937

8, 1037

28,1038
24,1038
27,1038

14,1937

. 25,1937

8,1937

25, 1938

24, 1038

28, 1038

0-7 inches. Dark grayish-brown silty clay

lopm eontaining some small stones,

7-20 inches. Light-brown heavy silty elay
containing some small stones.

Below 20inches. Heavy materinl containing
considerable gravel and stone,

(=7 inches. - Light-brownsilty logm

more reddish than above layer.

Below 22 inches. Snme material as ahove
but containg a great denl of light-colored
shale.

0-7 inches. Qrayish-brown heavy silt lonm

7-20 inches. Yellowish-brown heavy elay
with nunterous small pieces of shale and
sandstone.

20-24 fnches. Samne imaterial ns 7- to 20-ineh
Inyer but contains much more sandstone

and shale.

Below 24 inches. Almopst solid rock

0-%inches. Brown heavy silt loam

5-24 inches. Reddish-brown silt with layers
of shale.

Below 24 inches.
sundstonge.

0-8 inches. Dark-brown silt loam

Almost solid shale and

8-20 inches. Lighter brown and more com-

pact silt loam mixed with particlesol light-
colored shale. More sand  throughout
profile than is found in Muskingum pro-
files on soil nnd water conservation experi-
ment station, Zanesville, Ohio.

0-7 inches. Dark-brown silt loam.

7-18 inches. Light-brown silt mised with

some shale.

18-36 inches. Very little ehange In color trom
that of 7- to 18-inch layer but material
becomes heavier and mixed with consider-
able more shale.

0-7 inches. Grayish-brown sandy loam .

7~12 inches. Brownish-yeHow sundy loam a
little heavier than 0- fo 7-inch lnyer.

12-20 inches. Light-red sandy loam grading
into a bright-red frinble sandy clay, which
becomes heavier with depth.

Bcl]ow 20inches. Red erumbly heavy sandy
clay.

0-14 inches. Dark-brown. frinble silt loam
with the surface showinga platy structure.

14-36 inehes, Dark-brown heavy silt loam,

a flh"dc lighter in ¢olor than the surface
soil,

7-22 inches. Cousiderably more clay and

Corn  in 1037,
crops: Soybeans
eorn,

Reeent
and

Corn in 1937. Meadow

year hefore,

Timothy and weeds in
1938,

Clover seeded after wheat
in 1937. Recent crops:
Corn, whent, and hay.

Winter wheat in 1937,
Recenterops: Corn, hay,
and wheat.

Corn in 1937, Recent
crops: Wheat, hay, and
corn.

Corn, pess, aud beang in
1937, Recent  crops:
Chufu, corn, beans, and
and peas.

Winter wheat - in - 1938,
Summer fallow in 1937,
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LaBLE 11.—Description of the soils of siles on which rates of infiliration were measured—Continued

(44

' Depth
of sam-
Description of profile Cultural trestment [g,! i,?,%.
oratory
study

Date of initinl

Site ;
No. run

Soil Lype Loeation of site Slte s Method

'

' w 0-12 inches. Dark-brown heavy silt loam, ?

Palouse silt lonm i Field 4 of soil and water grunular and Iriable. Spring wheat in 1938. {Inches

(shallow phase). - ¢ - conservation . experiment
! station, Pullman, Wash,

12-18 Inches. Tawny-brown silty clay loam, Recent crops: Peas
y ; 8-21

146 | Tube. .. cvonen. 13, 1938 Toteht ty-brown sLty i
} t 4 which becomes slightly heavier with depth. wheat, and sweetclover.

|

|

! Below 18 inches. Yellowish-brown clay loam
! to silty clay Joant,
i

i

|

0-8 inches. Grayish-brown silty clay loam,
fairly friable.
! June 8-20 inches. Tawny-brown silty clay loam {{Winter wheat in 1938
¢ to ¢lay loain, Summer fallow in 1937;
B(]-]o w 20 inches 4, Yellowish-brown silty clay
oam.
0-12 inches. Grayish-brown fine sandy loam. }Cune in 1937, Recent

Palouse silty clay Field 7 of soil and water
loam - (shallow | conservation experiment
phase). . statien, Pullman, Wash,

Parsons fine sandy ; Farmofl Paul C, Myersnear © 128 ... 1 Apr. 1,1938 [ Below 12 inches. Dense, tough, reddish-
loam, i Broken Arrow, Okla, yellow clay mottled with gray.
; N . LW ‘ 0-2 inches. II;‘im: gmlnulz}r mulci
{Navajg  Soeil anc Tater 2-7inches. Brownclayloam. .. ... . | o o
Pinedalp clay lonm f;{ Conservation Experiment Apr. 25,1938 ¢ Below 7inches. Brownsandy clay changing R’,‘)I{‘iﬁﬂl_&.nd' Sparse cover

crops: Oats and lespe-
deza,

Statton, Gallup, N. Mex, to an olive-brown clay, which covers par-
| “ent sandstone materinl at 36 inches.
0-6 inches. QGray loamysand . . . .,
: ! 6-12 igches. Light brownish-gray loamy Outs in 1935. Idle si
S 4 3 I8 | i : g % sand. ats in 19335, e since
Ruston loamy sand [‘uxf(l‘grok?u[gfwﬁ{s g.“_-\dnms ! Rainfull simuldtor. .| Mar, 19,1938 ,0°545" hos Reddish-brown loamy sand ._{{ that date.
* » . 23-36 inches. Reddish-orange loamy sand. .
: ! Pelow 36 inches, Brownish-red sandy elay._ .

-
o

10 S *N ‘68 NITATING TTVOINHOHL
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: Puls i 15, 1938 0—5ixi1ch‘cs. B]l;ow{\isl:i-rﬁd loam.ui. aine” Ncotton in 1987 Recent
" . CO N Ao H ube. ..o . . 15, 100 5~15 inches. ark-red heavy sandy clay . ._j{Cotton 1n T. Recen
Red Bay loaw ; “‘{'fﬁuﬂf-u;' '(h‘\“. Alerritt, ; 2 { Rainfall simulator. .. 11, 1038 HBolow 15 inches. Dark-red  heavy clay, crops: Corn, oats, and
- e ceeedo o e 24,1938 :;'hia}lx becomes heavier with increase in cotton.
epth, i
: 0~7 inches. Grayish-brown sandy loam .. B
: Tu L s 10,1938 |]™1 inches. - Brownigh-yellow sandy loaum, .
Ruston sandy loam_ .| Farm of J. 1). Moore, near Rainfall simulator. . 8, 1038 r}?&glg‘gg};hﬂs a little heavier with.in- C?“r:':]’" cg;n lgﬁ'ﬂﬁggttz;:
t- Amerieus. Ga. : -d T o y }é iggg PBelow 11 inches.. Yelowish-red sandy clay, years,
: i - s IOV which becomes heavier with incrense in
depth.
0-12 inches.  Grayish-brown loam becoming ¢
slig;.:!lxtl_\l' hea\'cl}cr in lg\gcr 6 inci:lhcs.l . ;
12-18 inchies.  Grayish-brownsilty clayloam |y, " N
with granular structure, ! :l‘}g\)\‘ lrr’lez\ls%ghdmi)‘i)ctl:xt
18-27 inches. ~Slightly reddish-brown clay toeéw :
lpam. Slightly prismatic in structure. .
Below 27 inches.  Gliche layer, apparently
imperviaus to plant roots.

i

AIQILTADIADY J0

Selahloam?. __.... \'Farm of Dan McKenze, - ‘ 18, 1938
i Ellensburg, Wash, :




Farm' of H, T,
Westhy, Wis,

Tama stlt Joam., ... Hanson,

Upshur ¢lay loam. . | Copland. farm, Rex Mills,

West of controt plots on sofl
and  water conservation
experlment station, Guth-
rie, Okla,

Fleld B of soll and water
conservition experiment

Vernon fine sandy station, Guthrie, Okla,

lonm,

couservation
stution, Guthrie, Okla,

Veornon  very fine
sandy lpum, i

City, Okla,

Volusia
loam.

stony silt

copservation

Wallu
lount.

Whalla Farm of ¢, J,

Dayton, Wash,

silt Hroghton,

Farneof Hugh Patton, New

Wostmorvland
. Concard, Olio.

clayey silt lomu,

i

2 Local nuwme, soll ot correlatod

Plot K3 of soil and water
oxperiment

Far of K, E. Driskell, Elk ;

Farm of Jerry A, Rosak, |

near Arnol soll and water |
experiment
station, neur Ithaen, N, Y, |

ql

& 1 Rabr

3

i

|
|

Tube .

do. ... .
fall simulaior

Sept, 14, 1937

2, 1987

Nov, 2, 1937

4, 1037

4, 1938

10, 1938

19,1937
18, 1937

3, 1938

June

Oct, 28,1937

0-9 inches.  Dark-hrown to almost black,
smooth, frinble silt lonm.

0-22 inches. Deep-brown silt loam that
prades with depth into brownish-ycllow
silt loam.

Below 22inches.  Brownish-yellow heavy silt
lonan or silty clay loam.

0-5)% inches. ~ Dark-red clay loam showing
traees of organic matter.

514-20inches.  Dark-red clay with no organic
matter appairent,

Below 20 Inches.  Same material as 634-20-
inch layer but. becomes mare crunibly with
frierense in depth,

0~8 Inches. Dark brownish-red fine sandy
lonm,

8-16 inches, - Bright-red sandy clay ...

Below 16 Inches, Weathered sandstone.

0-13 inches.  Dark reddish-brown fine sandy
logm,

13-2 inchos,
sandy clay.

Below 20 inches. Weathered sandstone .

()-? inches. Dark reddish-brown fine sandy
oarn,

8-20 Inches,  Bright-red fine sand to sandy

Light-yellow and deep-red

clay.
Below 20 inches. Friable red elay to sandy

clay.

0-1C inchies.  Reddish-brown tored very fine
sandy loam.  Reddish color increases with
dopth; no structural development,

10~14 Inches.  Wenthered shale, highly cal-
eareous,

Below M inches. Parent material . - .. .

()-? inches. Brownish-gray quite friable silt
oam.

G-11 inches. Lighter brown than 0 to 6-inch
layer and increases in compactness,

Below 11 inches,  Dark-gray-very compact
und highly mottled mixture of elay and
shale.  The profile is quite variable,

0-16 inches.  Brown frinble and granular stit
loamn, which becomes lghter in color with
fnrrease in depth,

16-30 inches. Ldght-brown heavy silt loam,
somewhat compact,

Below 30 Inches.  Yellowish-brown heavy
silt lonm,

U-5 inches,  Dark-hrown clayey silt loam . .

&3 fuches,  Gradun! change in color from
dark brown to nlmost light geny. The whole
proftle is very sticky and quite variable.

ySecond-year corn in 1927, __

Corn in  1937. Recent
crops: Oatsund clover,

Qats with cowpeas turned
under in 1037, Fallow
at time of run,

Winter whent at time of
rumn., Recent  crops:
Cotton, onts, and sor-
ghum, ’

Wheat cover crop at time
ofrun, Cantinuous cot-
ton since 1032,

CGiraln sorghum sinee 1936,

Timothy, “orchard- grass,
und clover pasture for
last, 2 yoars.

Spring  wheat  in 1938,
Summer  fallow  and
wheat 2 years before,

Corn in 1937 . . wonwmiaa

{

0-514
715

0-6
G-It
=15
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TABLE 12.— Rates of infiltration of soils as obtained on

Soll type

Alken clay lowm

Austin elay @slightly erodedy

Austin elay severely eroided)
Badger lonm 3

Bates very fnessudy loant
Bath gravelly silv o
Boone silt loam (typical)

Buoli elaylonm 2 . .0

Carrtnglon <ilt lonm (Ly pleid)

Ceelt elay lonm U

Cecll sandy losni
Clinton silt loum (typleal).

Clintou silt foum (eroded)

Colby silt loam (yplealy .

Crown n;,m clay . (colluvinl

phase),?
Crown heavy clay 3

Loeation of site

Newherg, Orog

Temple, Tex

in
Ellensburg, Wash
Broken Arrow, Okls
Wallnee, N, Y

Independenee, Wis

Aexicnn Springs, N.

Mex.

spring Valley, Minn,.

Watkinsville, Ga
do
L ‘rosse, Wis

do

- Mirshield, Wis

Moexiean Sprines, N,
Moex,
o ..

Site
No.

14
1
I

12
139

102
o8]
13 {

saf{ e

EEc

run !

(initial
\Wet

We
Initial
Wet
Wey

Wet

lnltinl

lniuul
lnlttul

{
{
{Wet
{Wer
ol
W
{l nitinl
N
{Wet
Wl
i

Kind of

Elmuul'
{Wet
Initial.

Initil.
Initinl.

lnilml .

Initial.
Wet
Initial

['Pube method)

Soil moisture? before
run it depth-of -

0-7 7-15 15-26
fnches | inches | inches
Percent | Percenl y Percent
21,0 25,8 25,7
15,

20.4

2.9

Soil tempera-
ture before
run at depth
ofer

sites with recorded soil moisture and $oil and water temperalures

4 15
inches | inches
o, | PR
62 5
[i;] 50
48 53
48 53
I 40
56, HB|
{6y 13}
G4 M
49 52
53 51
H b
50 it
76 75
71 74
51 55
H2, 5
40 45
48 46
61 61
62 [}
42 43
36 42
50 49
52 51
45 44
42 2]
83 72
81 78
7! 75
74 74
57 A8
X} iy
40 Mi
44 16,
48 49/
19 50

i)"l L
.'\7‘ 824

0-15
minutes

y Tnches
83, 05220, 41
682, 21zt |
At 02
.)‘. .01:!: .
80 .
')'):L .

2. 054
1104

L824 .

7 M

134 .
YN

4001, 044,
461,00

631, 134: .07
bt

L4

0-t0
minutes

1,824 .

D12
T L 18k
1E
3.65:k .
1074 .

7
2k L R
L0
174 . .
244 ().1kl

Inches

(). 87:4:0.74
5 75: (121
L1004, 08
L0l . 03
1,034 .09
.30 .06
4. 954 . 50
2,474 . 55

7} 1. 66z . 10
LM L 03)
2, 104 . 187 3.
6k L 04
10,8241, 27,
2| 5, 564 .78

1514 . 10

B8 L 11
2,354 .10
A2 04
4.424- .48
L 07 L2416
1314 .00
L0401
1. 46 . 0]
L0134, 01
1,074 .11
604 .06

1. 61, 06!
00 I |V}

L2+ .()Sé 1004 .03
Nt P 024 .0

0-180

(‘umulmlve amounts of infiltration, with standard
errors, during period of —

minutes

Inches
2115, 3241,
14,161,
Rz
4
.22
.08

e
.03
1. 5564
AT

9. 161,
6. 211,
71 2. Mk

B0z
5, 824
1,44k

47
&0

61
5L

24
.06
Bl
.08
23,4344, 21

3. 322,00

110f 2.88%

1,414
321
604

84041,
.63

4.884-

.10
.24
.18
.07

02

1,074k .12

bk
1, hl=
BOES
4,014

08
06
W02
.27

1,404 .11

1. 56z
1. 184:
2,414

e
2, 194:

0 L1124 .

1. 87:L

) 'H:i:
NUE-N

.1
L
12
R
20

14
08
08
01
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{luithll..- N 3. - 52| 1 & L 03[2.164: 3. 42:]: 071 6,052 | 161 8. 874 .20
Wet. | . § 3 S56( . 734: . 02]1, 10 .03 1. . 3,03 071 4,454 L 11
{Inlthll . . A 5 1, T3 . 1G[2, 694z . .38f 6,93k . 5% 9.814 , 80
Nwet. .. . .} 3 1164 | M40 77 .29 2, . 4. 784 . 75} 6, 71=£1. 09
’ 3 B 2la o8 2 3, rd

Davidsoti elay lonmn Montieello, Ga . {{{‘,L"L'"I prég . aal L ﬁi ('“i - g(‘;i : "2 ‘e ]5_;(;1: ;:]* ;gé:lgg
jInitinl X . . 2 LO2: 0301, 224 ST . 2,684 . 14| 8,433 .16

{Wc 2 . . 3 H:!: 03] . 244 . 06 0 L8719 L
Initial.. - 3 3 . L0601 l 194 .M L6574 .21
J . 3 . . A7) 244 . BT 24 1,224 .40
Dunkirk silty elay lonm Genevi, NU Y ., - 5 3 b f 7 it 08| |48 . J66 10 T 15
Gf . .00 (£

Crown saudy clay lonm s .0 1. do ......... . .

Crown sandy loam 2 [UUUR & do Ceed e

Dubuaquie sitt losim {typiead) .1 Cushton, Wis

jptctis

STI0S J0 SOILSIYATLOVAVHD TVOISAHJI dALy

. .00 L0l
. ) . . L07] 2 49
Fayette silt lonm (Lypical) Honston, Minn { g - 3.0 . . | 8; L gfi: gg lg&ﬁ 8‘: ‘égi 8} 3,3; 8(8;

Fremont gravelly silt loans | Coboeton, N. Y 2 {“}:}J“l i 27 2y 3 i i5 o7 2 %i: .“l'(l, ;'lgéif . }:;' ‘?’_ ?Zi .g‘l‘ ;(-‘;.:,'i ﬁ
Athema silt logm 3 Diyton, Wash luitinl ek f :gi: jg { :ﬁi ."»(ll ; %z g’ (: g!;::!{.l ';7(,'
l,l((mooyo ) gruvidly  silt Jonm | Mureellus, NL Y- ; 4 .'l" llgz ':f 2 .’fgj:: ﬁ} ‘: S;ﬁ: ';g 14 ;gi‘; (]”)
Hormal). . 2, , R - 8L 674 341 2 MR 3l 7.:
ll(()ncolyun gravelly st loam do . R i Atna d g .. » - ‘;;&i 33 :;'&l)i 2‘8{ },’?gi]&‘; mgéjjig
eraded * Tl 094 arh1 i o
HanGeyg sty s loum ey S R
osition), : ; T D (90 03] 4 o1 € . N
Honcoye gravelly sittlonm (seopy) . . o . . ' ; . s 883:: :‘,2 l)!;;‘zj’; f"‘é j ;‘,ﬁilgﬁ 2?:&}‘3
lnitiul ) ; : 80k . 4G] 6, 71k . BRIIL Y9k 1,03]10, 032, 24
- 77 323, 4= . 00) 6, 724:1, 147 0. 80:£1.63
Tick 330 440k 50 7,160 98| 0,721, 43
104, 24} 2. 104, 46} 4.00:& , 841 5, 581, M
i 70 Il 111, 16118, 8241, 00124, 58:4:2, 53
004z .45 7,224, 86[12, 9241, 56 I: 684:2. 30
704 18] 2,574 .32 4,164 . 58| 5 774- .83
24 441 2,004 .67 3. 5331.16] 4.85%1.47
4,024 .10] 7,464 . 23}11, 11 , 39
L. i, . 3 . . ’ . 3314 .12{ 5 004: .20
lnltml . A 3 . b g . . . . . L35k 241 1,854 .35
et ) i S .38 .13
Houston  black  elny  (stightly do . - . g ‘ . Ve g‘gi gg

eradedh. -
Houston bluek elay (moderately do . - - . . . 04 31 1. 1(1)‘1‘;5:: 00;

eroded). e . .
v ) s orode . 2, . . b . . . 1164 . 05
Houston elay (moderately eradedd) do ... ... : - : ; ol ‘oot : : O’i 82
30,5 .2 3 . 0210, I 3. I('):!: 02
Vot R 37, -'% X ! 9 . .00 P (5) (l’. .
irle < v ol ¥ . . F ! X 21, ¢ 20, 2 824 . OB 1364 L0610, h‘):i: 06} 1,92, 08
Kirkland sandy ¢lay . Guthrie, Okla Wet. X 176 : : : ‘ol At .ng | Bk el
- Kirk) b g A 16. 8 . l 064 128 1, 534,18} 2,334 .20 .‘ 084 .
irkland fing sandy lonm do e vn 2 2.1 18 4 ik 03l 1L 08 “oa o8l Toee 14l 1 AL 0

See footnotes ni end of (able, y

e

-
Y

Honeoye pravelly  silt fonm do . L. lnltluly
(normal), Wot

Honeoye gruvelly sttt lonm (sid) dp Ilnitiul

Honeoye gravelly siie fonn ~do _

, .
SN N

Hoplsandy lotm 3 o Mexiean Springs, N,
Mex

Houston clay (shilllow phase) T omplo Tex

Tredell lonm L Lexington, Gu



http:1.08:!:.14
http:1I:�:.04
http:1.02:!:.04
http:Hi:!:.04
http:5.00:!:.20
http:1.f>:l:!:1.10
http:2.00:!:.07
http:80:!:.~'811.24
http:II:!:I.IU
http:7.1(1�.98
http:72:�:1.14
http:ll.\rJ:!:I.Oa
http:1.41:1,1.17
http:i-OS:�:1.51
http:4.42:!:1.08
http:I:1.70:!:2.12
http:4.iO:�:.21
http:I.UI:!:.OO
http:S:!I.:l7:!:.07
http:llIltI.nl
http:1.87:!:.28
http:1.:1I:!:.27
http:1.82:!:.2O
http:7.01:!:1.04

Soil type

Melbourne lonm

Minad ity eliy lonmn

Muskingum silt jonm. .

Orangeburg sandy loam

Palouse silt lonm (deep phase)

Palouse st lonm

Palouse clay silty loam (shallow

phasal,
Parsons fine sandy lonm

Pincedale elay lonm
Red Bay lonm .
Ruston sandy loam
Selnh lonm #

Tama sy lowmn (typical)

Upshur clay loa

Laocation of site

Newherg, Orep

Columbas, Olifo

Zunesville; Ohlo

Adamsville, Ohio
Zanesville, Ohdo

Ellaville, Ga
;

. Pullman, Wash

de .

da..
Broken Arrow, Okhi.
Mexican Springs, N.

Mox. .

Americus, Ga. ..

do
Ellensburg, Wash
Westhy, Wis
Rix Mills, Ohio ... .

F Slhte

No,

4
146

z

13

Initial .

Kind of
n

[ Initinl
1Wet
Initinl

}‘{{;ltinl
{{{ul‘llinl
{ln:tinlA .

{{{}iliu]
{{{E;Linlk
{In:ltinl
Vet
{lnluul
Wet. ...
{lqllinl
Wet. ...
{Imtiul. .

nillnl
Wet

Initinl .
Wet

Initial .
Wet. .
Wet .

Initial .

Jnitinl -

{\Wor
{Inhlul
{We

Sofl molsture before |

runat depith of - i
07 L 716 ] 1628
Inches | inches n( tes '
1
,l’erccnl Pereent I’enum

103,

20,4

22,4,

27.4

20,7

21,0

18.0

26.4

14,4

21,0

223

2.0

2.9

27.1 4. |
9.0) L7
12,9 L 4
1 13.6 4.7
33. 31.2 B.8 ;
7.0p  13.30 18.2!
35,2 23,5 22,2
8.8 14.4 16.8
2.2 25,7 2.0
25.8 20,00 27,0
30.0 28.0] 26,4 ¢
13. 5 17,0 1.9

23.2 23.2 0.4 ¢
11.8 13.6 14.7
16,5 18.0f 18.0 !
6.4l 137 186 ]
10,2 15, 5, 2.0
17.5 24,3 2.9
32.8 28,8 "25.0 |
19.6 15,2 17.7 |
30,6 A8 204
2.7 29,47 4.4
30,11 30,00 - 2000

TansLe [2.~-Rates of infiltration of soils, rccorded soil moisture, and soil and waier temperetures-

Continued
! {
Sofl tempera- | i
ture before - Cumulntive amounts of infilirstion, with
run at depth ] pern- errors, during perlod of -~
of-- “tiraof
| water [~ - - e
15 jofrunl g s (-0 0-60 0-120
lu(hm inehes minutes | milnutes . minutes | minutes
o N PR
“r, a8 I Inches Inches Inches Inches
<0 tih SOF W JOB[1 074 L )1 15240 18] 2,024 L2
(13 665 T4 L d0ds L 04| L3804 (08 L 524 S 16] .05 L 28
40 47 Al .20k 020 (804 .02 LA (03] L7442 .05
42 A7 3] .10 N 03 . 01F L 074 L 02
G2 4 66 174 L (4] 204 (00] L 972 L00] L7014
i 16 T L1042 ,04] L2607 45k . 12F L824 .22
"’n‘l§ a9, ha " . 024 L 1042 61d: . 08] 3.064= .08 3. 564 . 14
521 a0 A71 LTl L06] L 004 L 06] 1,232 . 09] 1,814 .15
46 5 511 . 404 051,60 .05 .86G3 ,06] 1,214 .07
43 49 43,054 .01 L 10,020 104 .04 .87+ .06
40 46 42{1, 86 . 072, 52 . 12] 8. 404 .22} 5. 16 .40
40 48 S6f L 724 0011044 L 18] 1. 664 .37} 2,884 .73
45! 47 Shi L, 704 L 2812, 624- . 46] 3.80L .06 5. 812 .75
44 48, 51 364 .04 . 544 .05] .86 , 09| 1. 484,168
45 o HO[1. 804 . 2413, 234 . 42; 5. 66 . 55 0,934 . 7!
52} 48 59} L 76z L 06]1. 234 . 08] 1,08 . 12| 3. 474 .19,
2 55 8012, 234 | 2813, 19 .42 4.61% .64 6.9241.04
) 56 AOH. 081 . 2111, 77 , 36] 3.02: . 64| 5, 1841, 14
62 (i1} 6411, 18 L0511, 66 .07} 2,414 . 13] 3,621 .21
(L] 60 62 L 104 J04] 324 (41 564 .06] 1,004 .00
52 58 521 004 L09)1, 44 L 1) 2,304 . 15] 3,684 |, 20
58 56, 521 L2742 03] 424 .04, 068k L 07] 1,152 .11
o) 56 50 104 .01 L 134 .01 (15 .01 . I(H: 01
42 49 44 .00 .00 .00
b & 02]1, 544 . 06{2. 40 . 09) 4,174 .13} 7, lD:&:
Afh 54 S 484- 021 814 L 047 1,36k L, 05] 2,364 . 08
71 4 7010, 124 0611, 574 . 10] 2,234 L 18 3 834 .34
62 61 60] . 134 .02( .24 .02 .44 .03] .80 .04
(i3] 50 66]2. .92 L1314, 774 . 25] 8. 514 | 52[15, 274 .81
58 &7 G411, 01 L 0511, 524= . 08; 2,41 ,13] 4,172 .24
554 54 62, 83 (411,014, 08} 1,24k .07] 1584 .10
521 53 3 044 .01 L 07 Ot 134,020 L2014 .08
[}X] 113 041, 7242 , 2012, 15;1: 32; 3.584: .49 5. 45k .78
56 61 S A8 07 L T84s (11 1224 208 20174 .38
i1} 51 85} L 204,01} .‘.’Zizi: 0[4 L2k 010,271 .01
43: 49 41,00 L.00 ¢ .00 v 00

standard

0-180

i minutes

Inches
2,504 .36
145 .43

0%, 07

L1 02
1.164-,21
1,224 .43
3.954- .20
2,324 .20
148+ ,08

.hods L 08
6.04% .71
4.12:4:1.07
6. 504 . 83

N
221100 024= , 29
3,362k .11
4. 5564+ .40
1.18:% .08
21, 7541, 67
504k |36
1,834 .12

-39% 104
7.12:4:1.02
3114 56

L7 01

100

9%
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http:1.f>~:I:.1O
http:1O.02�.29
http:IU:I:.22
http:7.2i:l:J.63
http:5.18:1:1.14
http:8.9\):1:1.39
http:6.92:1:1.04
http:4.12:�:1.07
http:1./5:1:.21

Initial 3 16,4

8 20,3
.4
1.8

{ - g 13. 5
{ Towel 17
{Wet
{W
AW

L8342 L 00) 804 . 00] . U8, 07, 1234 .10
. .00 .01 . 06,
L0t L0204 .03
L0244, 01 .03 .()1
1,024 , 1011, 404 .
324,08 L5624
1, 434 . 15{1. 90,
S, 08
LM L 12:1,
L . 384 06!
Initml X 10.0 Al L 02,
8 il.8 2] . (

. o P :
Westmoreland clayey silt loam C New Concard, Ohio 112 {{{‘,E.‘""' - g 2{'.:‘; - . 'gg‘*: -0 00 %—k .01

Vernon fiue sandy loam..... ....| Guthrie, Okla.e. . ....

BRE--®E

lnltlul - 3 15,1
19, 0f

33, )

Vernon very fine sandy lonm. 3 Elk City, Okla ... .

06 1S L3 =1~ 03 Do T S0

Volusia stony siit lonm . .. ....} Cayula, N, Y

Walla Walla §i1t Tonm .1 Dayton, Wash

e

dedn

30,4

! All mmm runs wore nm(m at ﬂvkl moisturo content, All web runs were pinde 24 lmurs ufter inmul runs,
2 Boil-molsture content deteriined from 2 samples only used as index of moisture level,
3 Loeal namuy, soil not correlated,

=)
o
'k
=
5
g
53
)
w
bt
E
Q
B
g
Q
8
&
<]
-
n
5
o
5
/24
[=]
[
E
n



http:03:1:.01
http:3.91;1::.49
http:2.51;1::.30
http:1.84:1:.11
http:1.:13:1:.00
http:4.17:1:.30
http:1.41:1:.00
http:4.83:1:.45
http:3.50:1:.33
http:1.2:1:1:.10

48 TECHXNICAL BULLETIN 729, U. 5. DEPT. OF AGRICULTU RE

TaBLE 13.- -Mechanicnl analysis of surfacs soil _from the 68 mj:l.!rnhon sites

|
i 20+ | Lo A0 0.0 010 605 :
o Soil type Dcprh.ama 1005 -4 00 - 005 000 §ﬁ"‘,§;gi‘2
* 7| HEMLL ] ham, i LIRS l FEERS: O V] P ! P )
! 1 ! : i B :
Do e | Pt | P Pa U P et P Pt b,
1% | Dmnkirk sty clay loam ... N T T N A - T U T ) N | I WE L T
8 |..... do . o i3} r.one gr oo 25.'Jl 213
ar Musl\mgum siftlonm.._.. ... 0 @B 23], .0 pei 2 § %0 EL) L5 B i3
| Clinton silt loan: . . R = .1 ] P O T L 17,0 1.2
wz | odo. Lo oot UL Tat e wersie wnn) id
h1ix] Dubuquc silt loam. . (IS Al L4 450 400 48 4 Mg | 1.1
I | Tump silt loam . 04| L4 - S N O LA TR o B
W5 | Carrington silt lanm | . -1 il LG ] 17 AL 2.6 G X5 | 218
i | Fayette silblonm ..o =i 3 A LED B2 25 01680 Ly
107 | Baoone silt tonm o ns A1 b oo 530 3r ey oang | a2s
108 | Colby silt loamn ooty 1.0 23! 48; 35 24 & % 0.7
1% I\-{uskmgum sitt loan) Poesl st o aloxl 7] o2a 2n i35m0l
da. - =50 420 Ldq L2 1.4 B4 PR T T < 2 S 11 W
MR ey 10 4.4 70 [ L2 b N S Y|
. . =40 W L, LE 240 TG0 38 652,156 8.9
AMiami si ¥ oin\' iopm | Y 1.8 LG B8 da- RBY 50 TG Mulo 18G
140 | Alken clny loam s BT 6B L4 234 26! 50 A2 4R35 1 4
142 | Athena stlt leam . L0 [ - L R O I
143 | Walln Walla silt lonm ey SRS A O T I VO I 1
141 | Palouse silt foam N T 2 .ab L onl W 6LS e 158
145 | Palouse silty elay loam ... . 04 N S2OLA TR B0, 5T s
46 | Palotise s7IE fown oo R [ .1 P R I R A < IS ]
" ] 1
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Tanre 18, Aggregate distribution of subsoil from the 88 infiltration sites

' f 10- | 04 1025 0.00- | '
. 0 I QMMH
Sofl rype mm. 0.50 . 0.24 t?]é? g&f | mm. | mm,

Per-
cent
bigg .

3

Per- ] Per-
oo T oeent
TR0 7.6
360 8

o
3
3
o
3
4

S D0 D L 2 1 SN O OO B 2 9 3 e it 4D e e M T
7

B 00 T e D0 O 0 e G S e N 0
12

=13

_
24

x]
™
3
o

2

de .. __ ..
Dubngue stit loam. . |
Tamsa st loem,. . .
Carringten silt loam
Fayette silt loam
oone 5ilt loam.
Colby silt loam. .
! Mus::ingum silt loam .
o . L.

i3

S
HRe3geE

oA, paggs
HEE

S
BEeEE

Moo o
NESEREERREME
e
o
a3 kD
HER

‘4.-|—:..::n-..:=.anc'nn=01 an TN 13

Him

o

1
4

o e s 33

B e e e
L e S e e A S T g G € 2 e

=43

SESasmy

e L Ll e
© AMlinmi siley elay brom.
i Aiken play loam
i Athens silt lonm
! Walla Walla silt lonm
4 Palouse sill loam .
Palottse silty elny foam. .
i . Polouse silt lonm. ., .

a_HH
BHE

o RREE R
LR R - R N T R PN DY

U e

EHRIREEERE

ol

O I ) Of e O = D L D T G e

LR ETeR
2

BE Boot ; :
RO m e R LA D = T e e D PR e O D O S O G0 G A G 0 T B B T e

-
w

8

B ] et b LN e e i o 5
BEBEBEINENntaRnRREY

~e
nBR
Swem
Boiuew

OISO M= AT e OGS 0033 et

SR BBEERE BEEy

S

A
=

o Cecil eley loam . __ ... .
e
" Dopvidson eluy loam .. . L. .
. Wostmotelanil clayey silt loam
- Upshur elay oam
, Austin clay
v odo L.
- Nouston black clay
. Uouston elny
Honston Back clay
Austin elay
- Honston ¢lay
- Kirkland sangy clay
Crown lizht clay
Crown heavy e¢hny |
" Buell elay leam . .
Pinedole elay loam

Ha
fa=
MO DT W OSSO LT ) dh

DEege

r
f
=

EnaEBEET

PEEE-

- -F. A N
TEE ]

v 5 e 15
ERNREE

1215
=

EERSsmnmE

§EBEzE
[ L el kTR Y T

el
zam

e

—omm S

fa
)
-

&l

&

=
=y
=

#AE

O e D00 G G (T L ke B e ] RIS 3 G 0 Gl R O OO0 e o f o 2 D ) e G0 e B iy =

T bR LA S D b e SO ) D e e

bl - R R B

s,
2 Gl e
o

k

! Cecil sandy losm .. L.
Rtisten sandy loam. . __
Crangehurg sandy lonm
\'t-rn]nn floe snndy loam.

. dlp e e
Kirkland Ane sandy lon

. Bates very fine snnidy loam .,
Parsons fine sandy loam
Vernon fine sapdy lonm. .
Yernon very Bne sandy Joam
Hopl sandy leam .
Crown sandy clay loam
Crown sandy leam . _. . _

.

]
&

St DO = DY OO B SO0 s =) A2

- Y ORI S AN T D )
e

=

Mol

Sompm B
=0 = W, DI I LAY
RSB

2

LTI

[y
CEY="F Ty

o
et SRl L R =l

T RN N D 0 e e D e e e ]
Bl 4t i et 2063 i

o
173
Rl b O E - =TT 1= = ey

ShinBede

A

2 _=

-5
gapnia

o e Gl

= e )

LR

Swmfae

piaRgs

-1
T
28

SO DS e S T R —
Eh R D G e O D T G D =

e
AL
b

1
Rl
]

ER LV IE

AT G D Lo a0 T U -

o I!anui'og'c gravelly st loam . ..
o ... :

#8;
e
s
223

=
mE D
2
preg

==y

[ ——
-

o .do L

- Both gravelly silt loam . .

- Frement gravelly silt loam

: Hon(fj-oyc gravelly sI loam .
do

guBhe
AN G tS S TI =010
==

—L e £

E‘J

wSERE

Ldmld e SO DI e DT

Bs
Al Ll =080 oS e

B

R T T D e 53—

sea.. e P,
i Volusia stony §ilt loam .. .
. Honeoye gravelly silt loam...__ ...

8
Bl

e @ta Sz i

Shdta

i

[y
e IR ED D) deda D

= e
FamdE SeESn

¥

&
=]

. Iredell lpam

. Red Bay loam.

E Splak loam, |

¢ Badger loam , .
Alelbourne loam

L1108 T
|-

=g
€3 D e D
M
W8
EnE 25

81

—-taeng
BREam

B

(=1L YAy

L]

B



http:9.811.21

ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATICGN WAS LAST PRINTED

Secretary of Agrieullure ... ..._... U HAexiy A, WaLLack.

Under Secretery oo oo - Cuavpe R. WICKARD.
Assistant Secret@ryo oo oo —emmmme e Guroves B. HiLL.

Drirector of fufermation_ . M. 8. EIsENHOWER.

Director of Extension Work o ooo-. M. L. WiLsoN

Drirector of Finunce_ o oo W. A, Jume.

Drrector of Personnel. oo Roy F. HExDRICKSON.
Director of Research oo maeee o Janis T, Janrpixg.

Divector of Marketing__ ... _..--c.co—-.. Mo R. PeRrKINS.

Soletlor - mee e e ama Mastix G. Wmite.

Land Use Coardinalor_ . .- ——cccceeee——am-- M. B. EigsgNnowsn.

Office of Plant and Qperations_ ... Axtuor B. Tuarcnik, Chief.
Office of C. C. C. Activities .. —vooeon oo Frup W. Monruevy, Chicf.
Office of Ezperiment Stations. - oo ocoeo . JANES T. Janpixe, Chief.
Office of Foreign Agricultural Relutions.. ... Leseis A, WnesLer, Director,
Agricultural Adjustment Adwministration_ .. R. M. Evaxs, Adwministrotor.

Bureau of Agriculdtural Chendistry and Engi- Hexry G. Kxigut, Chicf.
neertng.

Bureau of Agricultural Evonomics_ oo H. R. ToLuey, Chigf.
Agricaltural darketing Service - C. W. Krrcay, Chief.

Bureaw of Animal Tudwstey oo ovommooo - Jonux R. Mouser, Chief.
Commodily Credit Corporation_ ... oo CarL B. Roenixs, Presidenl.
Comanodity Erchange Administration. ... __ J. W. T. Duves, Chigf.

Burenw of Dairy Tndusltry . . v - .. 0. E. Reep, Chief.

Bureau of Entomelogy and Plant Quaruntineg. Ler A, Stuoxg, Chicf.

Farm Credit Administration. ... . . AL G Brack, Guvernor

Farm Security Administeation .. ... G B. Bavvwx, Administrator.
Federal Crop fnsurance Corporation . .. ... Leroy K. 8sarra, Manager.
Federal Surplus Commodilies Corporation____ Mo R, Perxixs, President.
Forest Service. oo———eaeeenmmeeae-nneer Earue. H. Crare, Acting Chief
Burean of Home Economics oo cveeonon Lovise Braxuey, (hisf.
LADYRFY oo mme mmmm e (‘Lamait. R, Baryerer, Libraricn.

Division of Marketing and Markeling Agree- Miuo R. PErkixs, In Charge.
Henls.

Burean of Plant Indusbry oo enno oo E. C. Avcurer, Chief.
Rural Blectrification Adminislralion ... .. Hanny SLatrery, ldministralor.
Spil Conservation Service.. oo, - cecn—nn- HA. 0. Bexxerr, Chief.

This bulletin is a contribution from

Soil Conservation Service . .. coooanne.n- H. H. Bex~etT, Chief.
Ojfice of Kesearch o —voeoeoaaoo - M. L. Nicnous, ssat. Chief of Sers-
ice tn Charge.
Conservation. Ezperiment Stations Divi  A. E. Branor, Acking Chief.
Sion.

a2

U, & GOYERNMENT PRAIMTING OFFICE 19%aQ

e — e T

For sale by the Superintendent of Documents, Washington, . . - - - - - - - Pries 10 conts




A T P
- N

LI T




