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Relative Infiltration and Related Physical 
Characteristics of Certain Soils 1 

By G. R. :FREE, associate soil conservationist, G. M. BROWNING, sm'Z conservationist, 
Conservation Experiment Stations Division, a.nd G. W. MUSGRAVE, principal 
soil conservationist, Office of Research, Soil Conservation Serllice ~ 
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INTRODUCTION 

Infiltration, as used in this bulletin, refers to the en trance 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, occur, a 
head of water on the soil surface. The rate of infiltration has been 
observed to differ in different soils. The factors that govern the 
entrance of water into soil are doubtless complex and have been 
little studied. However, numerous studies hayc been made or the 
flow of liquids through various other porous media, particularly sands 
of various sizes and assortments. The factors governing the eiltrance 
of water into material as complex as soil are clearly more involved. 
The rate of infiltration is a variable rather than a constant factor, 
changing with changes in soil structure, the temperature of air, wnter, 
and soil, the moisture con tent, of soil, and the degree of biological 
activity within the soil profile. Some of these factors vary seasonally, 
and others vary during the course of a single storm. Despite these 
facts it is recognized that the relative a-ll1ount of infiltration of water 
into different soils is associated with their physical characteristics. 

I Submitted Cor pUblication July 21. 1930. 
, :Many members oC the staff, both in the Washiugton ottiee and in the field, assisted rnaterlallyin tbe devel· 

opment of tbestudy. Acknowledgment for taDl(itle B5si<tancc is due particularly to V. 1. Palmer, assistant 
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assistant scientific aide; and Leo Wheeler, junior laborer, who <lid much oC th~ field work; also to statT mem
hers of several State agricultural experiment stations ann soil technologists oC th~ r('t:ional omce-< fiC the Soil 
Conservation Service, who rendered materihl assistance in tho sdpction of protll~~ Cor study ann providen 
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Infiltration is the only process by which precipitation enters the 
earth'~ surface and becomes poteutially available to plant and animal 
life. Whenever the mte of rainfnll exceeds the rate of infiltration, 
surface run-off o~curs. Comparatively small differences in infil
tration rates may grcn,tly affect the total anllual run-off of surface 
water because rains of high intensity occur less frequently than those 
of low intensity. A relatively small incrense in infiltration rate may 
eliminate run-off from a large number of storms. 

The chief purposes of this study were: (1) To determine the relntive 
rate of infiltration for impmtal1 t soils; (2) to ascertain what relations 
may e),,;st between illfiltration and ccrtnin physicnl properties of these 
soils; and (3) to explOl"(, tit(' problem liS a whole, searching for c\'i
dences of underlying basic principles and nscct·taining directions 
future studies may take most profitably. 

HEvmw OF RELATED r\VESTIGATlOl\S 

Investigations deulitl¥ with rudors that dir('ctiy affect the infil
tration of water into soil have been for the most part restricted to 
the amount, distnbut.ioIl, and intensity of precipitation. Tlwre Itre, 
however, cO:1siderably 11'0re dn,ta rl'ln.ting to factors that, detennine 
the permeability of porous lllediiL and also to ph.vsical properti('s of 
the soil, which 11re gencmlly regarded liS IIffecting its pcrmeahility. 

King (8) 3 and Slicht~r (21), us well n.s ~;favis and Wilf'ey (t1), 
have shown the effect of grain size Ilnd pm'tick armllgemen t on the 
permeability of sands. ),1 uslmt (15) has detLlt in SOllle detail with 
the factors that govern the permeability of vn.t·ious natural medin, 
showing the complexities of this pl"Oblem in contl"U,;t to the more 
sitnplo olle found in studying the permenbility of gmd('d $'tllC.ls of 
known physical properties. 

In a discussion of methods of determining infiltmtion rate, Horton 
(7) includes among tho characteristics thn,t infiuence it, soil structure, 
texture, initin.1 moisture content, tempcrn.ture, and porositv. 

Baver,4 in reviewing dfLtll from the~ril.r:;hnll silt loam lind Shelby 
loam soils, states: "The type, rate, and n.nlnUllt of movellH'nt wiII 1)0 
related to the properties affC'ding the nature of the pore spitce." 
He shows thiLt the most itnpermeuble layor of the Shelby lon.1Il con
tains 5 percent of noncapillnry porosity, wlwrens the millimum non
capillary porosity of the ).'farshitll is 25 percC'nt. Dn ttl by ~lllsgmve 
(13) show the infiitrntion rate of the Mn.rsllllll to bC' much ubnn' that 
of the Shelby. 

Slater amI Byers (20) determined tllC I'MI' of p('J"('oln lioll through 
cores from six soils obtained in the field und transportC'd to the hib
oratory and compared tho rates with certain p1wsicn.l dett'rrninations 
of the cores, including the m('chanieal annl.';sis, volullll:' weight, 
moisture equivalent, water-holding capacitv, sllspension percentage, 
and dispersIOn ra.tio. They found correlations between ratl:' of perco
lation and silt coutent, suspension percentug-e, and pNcontage of 
sand, but no definite relationship bet\yeen rate ,)f percolation and 
volume weight, percent colloid, or moisture equivalent. 

Auten 5 has shown that the organic n'atter ill soil beneath natural 
J Itnlic numbers in parentheses refer to Literature Cited, p. R~. 
• BAVER, L. D. sou. CHARACTERISTICS INFI.t:E..".~rsr, THE llf)V:-lIEYT '\~D BAtA:-:CE or SOIt. .\{OU~TlrRE

Soil Sci. Soc. Amer. Proc. 1:,131-43;. 1936. [Procpssed.j 
• AUTEN, J. T. THE EFFECT OF FOREST RURXIl'G Al'D P.\STl'RI~·r, IX Til EOURS_ ('X TilE WATER A!lSOR\" 

TIOl'OF FOREST SOILS. U. S. Forest E;<pt. Stll., Cent. States, Note 16.5 PP .. 1I1u;;. 103~. I~!irn"o~rnphnd.l 
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forest vegetation is associ:lted with it mitrkedly higher amount of 
infiltration than occurs under burned woods or open pitsture. 

Greene and Ampt (3) and others have formulated infiltration 
equations of more general application, but these have been shown 
by Hardy (5) to be imtpplicable to colloidal soils. It appeitrs, there
fore, that the physical chitracteristics of the soil will hitve to be taken 
into consideration in the development of any equittion to represent 
the rate of movement of water into a system as complex as that of 
a soil. 

Middleton (12) found the dispersion ratio and erosion ratio to be 
among the best indices of the erosional behavior of soils. These 
determinations are measures of the ease "lith which a soil goes into 
suspension to 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 noncapillary porosity and infiltra
tion rate are reviewed by Sokolovsl-y (22) itnd Williitms (25). In 
general the data show that treatments that increase the number of 
large stable aggregates increase the noncapillary porosity and the 
infiltration rn tes. 

Lutz 6 found 45.4 percent and 83.3 percent of the aggregntes in 
the subsoil of the Iredell and Di1dclson, respecthrely, to be larger 
than 0.10 mm. and concluded that Uw high percenta~e of large aggre
gates in the Da,ddsoll soil was probably the most unporttmt factor 
in producing greater percolation through this profile. 

Bmdfteld's (l) theoretical discussion denlillg with structural n'
llltiollship in soils emphasizes the importance of large stable aggn'
gates in the formation of relatively large pores, which net as a con
tinuous series of connecting chambers through which air and water 
can rendilv pass. 

Aggregation has been shown to be affected by numerous factors. 
As shown by Baver" and others, the percentage of stnble aggregates 
is correlated with the organie matter and the amouilt of silt and clay. 

From these investigations it is clear that there nre many data on 
the physicnl properties of soils thnt portray their structural charac
teristics. The relation of these properties to infiltrn.tion is recog
nized, but there is little specific information that denls with the 
movement of water into find thI"OlIgh undisturbed soil profiles. 

EXPERfM E~TAL :\1 ATlmJAL 

The 68 site'S included in this study W("·(' sel('cted by soils specialists 
as representatin of important contrasting ::loils. Brief descriptions 
of the profiles ane! other information, slleh as loca,tiOll of site find 
date of study, are giv(>n in the appendi.x (table 11). Several of the 
profil(" limed and described in this table have not as yet been ('orreJ 

lutedoy the Department Committee on Soil and Erosion Surveys. 
The series designation of these profiles is tenta,tive. 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 Chernoz.'Jm soils, soils of the soutl:H'rn prairies, and Br·own 

6 LUTZ, J. F. THE STRCt.'TCRE OF 501J .. <; AS .H'F£CTl..~r, ':;;OIL ERO.::lJOS. Arr!pr .":l')iI :,ur~t'I'Y' A:;"ioC". Bul. 
l.i:9S-100. 1931, [;\{irneograpbed.j 

'BAVER, L. D. AGGREGHIOS OF 5011 ~ ASO C"ALrlDl lOS ~ATnRATlO". A mer, ..'ml Sllr~~y A,,"JC. Rul. 
I.! 28-30. 1936. [;\rinwograpbed.J 
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soils (10). The;\' also represent the 9 following g-roups of parent 
material: Glacia.! accumulations (calcareous), glacial ncculllulntiolls 
(slightly calcareous or nonca.!careous), Great Plains material, mnrine 
deposits (marl o,nd ch~l,lk), marine deposits (sands, clay", and lime
stones), wind-laid deposits (loess), residual accumulations, cl'vstnlline 
rocks, and sandstones and shales. These soils include 16 that U!,p 
properly classified as sanely days and sandy looms, or sands, ulld 
52 of finer texture, including lonms, silt loams, clay loums, silty clity
loams, and days. 

The soils are distributed in all the humidity provinces from wet to 
arid, all the seasonnl distribu tion of precipitat.ion provinces, and two 
of the temperature provinces (23). Thus, of the climatic provinces 
occurring within the continentnl limits of the United States, all m'p 
represented excppt two temperature provinces, the tropical and tnig!L 

It is to be expected thn.t the field volume weight, organic-matter 
content, degree of uggregation, moisture equivalent, and other physicnl 
properties of soils so distributed wouIrl differ ,videl~T. . 

For the purposes of this study, tItis wide diffen'nce in the physicnl 
characteristics of the soils selected has, on the one hand many aclvan
tages, and, on the other hand, decided disadva.ntages. The ncrnmtnges 
of such diversity lie primarily in the fuct that r:,lationships found for 
tlus group of soils may reasona'0ly be expected to be found generally 
for other soils. The disadvantage rests principally in the difficulty of 
ascertaining minor relationships most probably existing in subgroups 
of soils of more homogeneous citul'Hcteristics. 

PROCEDCJ{Jo; 

FIELIJ 

Various kinds of equipment have been used for deterlllillillg' infiltl'H
tion rates, including rings, tubes, and rnin fal1 simuln ton,. At tIlt' 
time this stud~T was begun the tube method appeared to be the best 
adnpted to field use, since portability of equipment !1nd wiltel' supply 
must be consider·ed. 

A brief discussion of the technique of obtaining infiltration datn 
with tubes should suffice since descriptions and photogmphs hn,'p 
been published elsewhere (14). Galvanized-steel tubes, n inehes ill 
diameter, 10 or 14 gage, were jHcked into the soil frorn the n'Hr of 11 

weighted truek. The tubes were 18 or 24 inches long, depending on 
the length of tu be req uired to penetrate the SllbsoiI. Aftrr the til bes 
were sunk lmtil only about 2 to 3 inches of each pI'OtIuded abo,-e thp 
surface, a head of water about one-fourth of iLn inch deep was nUlill
tained on the soil surface enclosed by each tube by llleHns of 11 sr/f
dispensing calibrated ~lII'ette. .A typicul insto.llation of a Binglt> 
burette and steel tube IS shown lllfigure 1. At Ii), 30, 60, 120, and 
180 minutes from the beginning of a run the umount of wnter that hnd 
been dra,v11 from the burette was read and later converted to surface 
inches. 

The water used for these studies was obtained either from municipal 
water supplies or from wells or cisterns neat the site. Some control 
of quality was gained by determining the pH value of water that 
might be aYf.ilable and using water that had a pH value nearest 7.0. 
Obviously, water having any npprwinble degrre of turbidity cOldd 
not be used. Salt concentration was not detel'l1uned, but, sinGe 
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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 8 made early in the course of the work to ascer
titin the minimum number of replicates that could be used success
fully jndicn,ted thitt on certitin soils 6 replicittes 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 lllitin 
phase of the field work WitS itdopted as standard for all sites. The 24 
tubes were generally placed in 2 rows about 6 feet apart and spitced 
18 inches center to center. in each row. An initial determination of 
infiltration rates was made at 
whatever field-moisture con
tent prevailed at tlw time, and 
a succeer ling determination 
was made on 'the same units 24 
hours Inter, These will be re
I'l'L'l'NI to ns initial and wet runs, 
)'PSf)('cliyely. 

Obviollsly it was impossible 
to s('}pet sitps on which plant 
COV('1" and past cropping his
tory WPl'e the samp. 'Yhpn
('VN [rasibk, the sites w('['r in 
fil'lds on which l"OW crops WPl'P 

growing. These fields ,vere not 
rrcently cllltivatpd, and thp 
gronn(l was in a scttled condi
tion. If such al'pas were not 
n \'ailn bl(', the sites select('{l 
\\'(')'(' 011 fi('lds of small grain 01' 

similar crops. It was n('('('s
sarI' that a few of th(' sit('s 1)(> 
on ~areas having It l)('rmanpnt 
grass coyrl'. ~[ost of these sites 
\v(>l"l' in tll(' Southwest, and 
there thl' \'egdal covpr was [01' 

thr most pnl't rrlativrly spnme 
f'Yen though the arens w('re 
d('signated as l'llnge land. FWIJR}; I.-Typical installation of a single 
TIl(' standard pl'ocrd m'e wns to burette and steel tube. 
I'cmovr nIl vegetal covr1' and 
gl'ound litt<'r on tiJr soil slll'fac(' confin('d by the tuhrs, with no dis
turbanc(' of the' soil i tsrlf. ~lusgmv(' and Frer (14), howeve)', lIa \'e 
sbo\\'11 that tIll' l'ffrcts on infiltration I'nt2s of cultinlting to diff('['rnt 
dc'pths ill'(' t['nnsitory, and tlw C'fl'pct on rates durinO" the wet run Itl'(,
nonsignificant when tiJr tube mrthod is used, ., 

TemperatureB of tOil at depths of 4 and 15 inches and of water 
were taken, and the initial moisture content of the soil was determin('d 
from snmples obtn,ined from locations near the tubes. The moisturr 
content at the beginning of the wet run was determined from samples 
hom two extra tubes sunk for this purpose and given the usual initial 
applications of wntrr. The infiltration data from these two tuorB 
were not reconlrcL Obviously brcl1use of the inherent variability 

.. I'cr~' Im1 comrnunic'arjlm from ~\. E. Brandt. 
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of soil, pnrticularly in volume weight, the moisture data should be 
used only as an index of general moisture level. 

After the completion of the runs. six tubes from the set WeLi} taken 
at random and necessary dnta obtained for calculation of volume 
weights of the horizons or portions of horizons within them. Two 
composite soil samples for laboratory analyses weTe obtained, one 
from the surface soil and one from the subsoil. 

LABORATORY 

"Mechanical analyses were made by the method outlined bv Olm
stead and others (1 R) I except that to conform with the classes recently 
set up in the Bureau of Chemistry and Soils additional separntions 
were made to include the O.20-mm. and O.02-mm. classes. Some of 
the soils were flocculated by sodium oxalate. In these soils a mix
ture of sodium hydroxide aiHI sodium oxalate maintained the disper
sion effectively. Moisture equivalent was determined by the method 
of BTiggs and McLane (2). The dispersion ratios and suspension 
percentages were determined by the method of ;"[iddleton (12). The 
pH determinations were made electrometrically by means of a glass 
electrode. Specific-gravity detenllinations were made by the method 
outlinE'd by Hillebrand (6). 'l'he field-volume weights werf' c:llcu
lated from weights and measurements taken from 6 of the 24 infiltn1
tion tubes n t each site. Infiltratioll tubes of' known volume were 
used. A thin rubber bag was inserted in each tube to prevent pen 1"

trrrtion of water and also to allow water to fill the small irregulurities 
on tllP surface of the soil. A known volume of wt.ter wa.c; added, the 
tube leveled, and the distance from the wnter leyel to the top ilf the 
tube measured. The soil from the surface horizon was tllPn removed, 
weigh,·d, and sampled for moisture determinations. This procedure 
was repented t.o obtain field-volume weights of the subsoil. The 
organic-matter determinations were made by a modification of the 
Srhollenberger rapid-titration method (18, 1.9), essentially that 
described by Walkley and Black (24). The avernge mtio of recoy
ery bv 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.9 Distribution of aggre
gates was determined hy the method described by Yoder (26). Air
dried samples were passed through a screen ha\-ing openings of 
appro:x-imately 7 mm. ancl nllowed to slnck in water b('fore fraction
ation on the sieves. 

The porosity of the soil was calculated from the data on the field
volume weight and the specific grn.\-ity hy the formula 

S-A . 
-g"~X 100= porosity, 

where S=specific gravity and A=volume weight (apparent specific 
gravity). ." 

Three different methods of calculating indices of noncapillary 
porosity were used. The first method consisted of subtracting from 
totl11 porosity the moisture equivalent com'erted to a volume basis. 

DDeOWXl:\G, G. l\rI. A COMPAklSOS OF DRY COllBC5TIOX A~D R.-\.Pln DIClIROll.\TI(, TITRATIOS lfETIJODS 
FOR DETERMlXIXG ORGAmCMATTER IX SOIL. Soil Sci. Soc. Amer. Proc. 3: 1.18-161. 1938. [Processed.] 
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The second method differed from the first only in that the moisture
equivalent value waG 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 calculate the yolume 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 e}..-pressed in percentage of 
total volume. A further discllssion and a comparison of these three 
methods is presented on page 20. 

RELATED STUDIES 

RU:-TFALL-SULULA'JOR :METHOD 

During the course of the main study one of the field parties was 
equipped with a rainfall simulator developed in the hydraulic labora
tory of the XatioJ1al Bureau of Standards, Washington, D. C., by 
the Soil Conseryation Service. The few data obtained with this 
were used in comparisons b9tween the sprinkling or rainfall-simulator 
method of studying infiltration and the tube method used in this 
study. 

The 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 haying naturnl land 
slopes of appro:-..-imately 6 percent. The antecedent cultural tr'eat
ment and other pertinpnt data for each of the areas are given in the 
appendix (table 11). Before the initial runs the vegetation was 
pulled from the plots and bordering lueas with as little disturbance 
of the soil as possible. The maximum depth of disturbance in the 
plot probably did not exceed 3 inches. The soil was then cultivated 
uniformly to a depth of about n~ inches and the slope of the plot 
adjusted to the required 6 percent. .At this time man~y 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 abfJut 2 
inches. These were joill('d to a ronc('ntrating trough at the lower 
end of the plot. 

The standard manner of applying water to the plots was to make 
initial and wet nms of 3-hour durntion with about 24 hours between 
the runs. The application of wuter extended about 18 inches outside 
the boundaries of the plot. Immediately after the wet run a metal 
pan wns 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 rainfall for both initial and wet ruus. 
Excellent control of starting and stopping the rainfnIl W/1,S had by 

an interceptor over the nozzles that permitted the wnter 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 unison, which permitted an instantaneous application 
of water to the plots a.t the desired intensity. Stop watches synchro
nized all measurements. 

When rate of rainfaJl is held nearly constant and when rate of run-off 
is precisely measured at frequent intefYals, it is possible to obtain 
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satisfactory infiltra.tion data. The technique employed in this
study made possible the elimination of the volume of soil from the 
volume of run-oft' 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 a 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 l' at the I-percent point 
is 0.68). 

TABLE I.-Rates of infiltration of vario! ;'. soils from t1tbes and from rainfall-simulator 
sites ...-..----.~.--- '---r o~1~~~ti~nra:;r 01~~;\' .. -.-~ 

during third hour nf Rates of 
s~~~~f~~ Tuhto site wet run inliltrationSoil type 

i site No. I No. 1'1 ra~ ~b!:'
i Rainfall- sites' 

sim!11ator Tuhc sites 
I sites 

-;:;--1-;;;;':-1 lnch"-
Cecil clay loam ..._........._._........... S 2i 0.2'2 I O.()IJ 0.02 

Cecil sandy loam. ____ ................... .. 13,14! 31 .40 .40 .26 

Davidson clay loam •. __ .................. , 11,12. 30 .33 .52 .36 

Dunkirk .i1ty clny loam ............... ' ·12,43 36 .02 .02 ; .02 


2 22 .80 3.08 : 1.28 

Honeoye gravelly silt loam .. __ .,... .... '\;{ 3 23 .98 1.58 j • is 


40 35 ' .11 1.32\ .56

rrcdcllloam__ .......... _________.. __ ... . 
 7 26 .001 .00, .00 
)<[uskingum silt loam. '"'''''''' .. ____ •. 44,45 37 .06 .40 I .32 
Orangebur!! sandy 103m ------.--.----•. · .. 1 .19,20 33 .82 ; I. 38 .lii 
R~rl Bay loam .... . .... __ ... __ ...... .. 22\ 34 .221 .3i!, .25
Rustonsanrl,'loam ................. 16, Ii. 18 32 981 1. ii I 1.24
VollIsia ston~' ,i1t loam ..• __ .... __ ..... __. 

1· 

5 25 .03 .55 .38 

I Corrected for rpduction hpCBll"" of applications of turhirl water. 

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

It has been shown 10 that aD application. of turbid ,vater markedly 
reduced rates determined by the tube method, which normally 
includes the application ot clear wnter only. Corrections to the data 
from these 13 sites for ILll applicntioll of turbid water were made in 
the following manner. 

A few tubes from the set of 24 we!'e selected for a further run of 2 
hours' duration, followin~ shortly after the completion of the standard .A 
wet run, in which turbId. water rnther than rIear wa,; :Ised. The 
turbid water was obtained by mixing 1 yolume of the surface Sl,;: with 
4 volumes of wnter, stirring thoroughly, and then allowing the SIlS
pension to stalld for 15 minutes. The supernatant liquid was then 
decanted and used as the turbid wn.ter. The degree of turbidity 
obtained should, therefore, be a function of the characteristics of the 
soilllnder study. In all tests the applieation of turbid witter reduced 

'6 MUSC;R~\'E, G. W .. and FREE. G. R. PREf.UIIS.\RY REPORT OS DETER'IISATION" OF CO>lPARATIVE 

ll..-FILTRATIOS RATES OS fOlfE "-'JOlt ~Oll. TYP~:S. Nail. Res. Council. Arner. Geophys. Union Tran- IS 

(pt. 2): 34.>;-349, ilIllS. IY3,. [Prof'Cssl·d.1 




RELATED PHYSICAL OHARACTERISTICS OF SOILS 9 

the rate, and the percentage reduction thus obtained for the f~w 
tubes WitS applied to the mean of the mtes of infiltration of the 24 
tubes during the third hour of the standard wet nm. Tlus correction 
because of the a.pplication of turbid water was not made to the mtes 
used for the major portion of the work, but only to those used in 
making comparisons of the two methods. 

These corrected rates are given in table 1. They ra.nge from 0 to 
1.28 inches per hour, with a mean of 0.47. Seven of these corrected 
rates are lug-her than the corresponding rates determined by the 
rainfall-simulator method, four are lower, and two a.re 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 thn,t forcing 
tubes into these gravelly and stony soils may have caused disturbance 
of the field structure. 

The soil mav be disturbed and its structure modified by the tubes 
in three ways:' (1) ,\ hen the tubes are jacked into n, profile containing 
considerable gra.nl or stones, pieces of this material may be forced 
either into or away from the corc of snil by the sharpened end of the 
tube or they may be forced deepN into the soil ahead of the tu be. It 
is possible that disturbances ,)f this typc nffpct the infiltrn,tion data 
for all profiles in which there is much grayt'l or stone. (2) Disturbance 
of soil may result from the compaction cauSNI by introducing the 
volume of metal into the soil. Such disturbancc ill soil cores within 
tubes is probabl)' not gnat because the Wltlls of the tubes are relatiyely 
thin and are sharpened with It ben} on the outside, which leaves the 
inner wnlls straight. (3) A disturbnnce may be cl1use(\ hy the friction 
and. adhesiye forces between the soil and the tube. '''-hen t1lC'le 
forces are greater than the forces holding the soil in nn undisturbed 
state, compression of the soil takes plnce as the tube sinks. Forces 
built lIIJ b)' the compression soon rench a point at which they nrc 
greater than the frictional forces, and the tube can then slip past that 
part of the soil, though this leaYes a narrow band of compressed soil 
adjacent to the tuhe. Early in the denlopnwllt of the tube method
ology it was determined that tubes with n cliaIlwtel' of 8 inches could 
not "be gent'rall)' used because the soil became compn.ct:-ti vertically 
throughout the wh,)1e tube. Similar diflieulties \\'ere encoll11tpred, 
though to a lesser extent, on one or two occasions during the eudy 
work on ),Inrshitll soil \\'lwl1 6-inch (\inml'tpr tulH's \\,PI'P USNl. In thest' 
tests, however, the moisture content of tIl(' soil S('I' 111 ('(I to d(lt(lrl11irll' 
the degree of cornpnetion. Tests were then Illllde with tubes of difl"er
en t diameters. The 9-in('h di.nmeter appeared to be satisfactory 
because there wns no noticpnble Yerticlll complldiol1 of the soil COI'P 

and no difference in the infiltration rates secured with 9- and 12-inch 
tubes. It cannot, be assumed, howeY('r, that there is no disturbance.' 
of soil where there is r.o noticeable compaction of the whole columns. 

LATERAL :\loVE)rE:-;-f OF WATER 

Soil-moisture dnJa shmving internl movement of subsurface water 
at seven rainfall-simulator site~ :1.1'(' gh'en in table 2. Analvsi.s of 
variance of these data indicates that' there was a highly sigriifican t 

:!O:08fill --11}----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 IS 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 permeable Ruston profiles indicate 
significant movement in the 25- to 36-inch depth only, whereas the 
data from both of the less permeable Cecil profiles and also 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 lateral movement are 
probably associated with the relative permeabilities of the surface 
soils and subsoils. 

TABLE 2.-Lateral movement of water on seven soil sites 
-------------:--------,--------,-,-------II :1.j Soilllloisture determined-

Rilte of iD h r ----,-------'1' inmtra-' ept '! ISoil type 

I
Site No•• tion per' detcrnll- Near plot ! 30 inches 54 inches 

hour 1 j nation • before start frolll side of from side of 
, I ' of initial run; plot nfter , plot after I , . I Wl't run 3 1 wet run J 

---------1---:-;,::-1 Inc:~~5: Percer~.8 j perc~.31 PeTccm • 
7 7Ruston loamy sand ___________1 23 1. S6 { 15-2.5' 9.2 10.2 9. I 

I 2~3~ I 8.8 1 13. 6 9.6 
,-1", 14.8 , 11.0 13.8

Ruston sandy loam •• ______ ..• ' 16 1.071",251 IS.8; 20.01 19.5 
1j 21'>-36 I 19.7 I • 2'1. 3 21.8 
, 7,1.5 10.9 '13.2 11.6jOrangeburg .andy IOBm ...... .! 19 .79 15-2.'i 21.4 21. S 21.4 

{ 2t~g: 22t~:. r '~J Ii: ~ Cecil sandy loam. ____________ i 14 .34 11'>-2.5 ! " 126.4/ 25.,1 
21'>-36 I 23. 0 I 26. 2 25.6'r 7-15 24.6 26. 2 :!4.~

Da" ldson cla"loBm 11 '3' l' q- ' o' 1 ?', ij' I q, 0 . ...--..... .., 1 25=36' tta 24.7 24:6 
7-15 24.6 24.6 , 23. IDavidson clay loam ..... __ ' .. 12 .32 { /.)-25 25.7 , 27.0 t 25.0 

: '{ 2t~~ /- ~g:~ : I ~:~ - iUCecilsBndy loam _________ .. 15/.28 11'>-25 24.1 i , 27, 3 23.8 

Mean. ..--..·------..-I·-----..-~~~~-----..I----:~~:~- ig: ~ I '~U ~g 
1 Obtained 90 minutes after start of we! run by rainfall'simulator method_ 
, Each percentage is mean of 0\ determinations. 
I EBCh percentage is menn of 2 determinations. 
, Difference from corresponding percentages ohtained before initial run is lJighly si~nificant. 
• Difference from corresponding percentages obtnined before initial run is sillllifirnnt. 

Tbis analysis includes only till' datil on lat('I'Il.l movement from 
profiles with relatively high infiltration rates. The fllct that data 
from all profiles have not been pn'sented does not mean that water WIlS 
not found to be moving laterally on some of these profiles omitted. 
A very marked movement was found on some of tbe 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 either the 
tube or rainfall-simulator method WIlS very low, lateral movement of 
water, if it occurred 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, a highly permeable Honeoye sod, water about 8 inches below 
the tube was found to have spread laterally about 40 inches. 

In order to study lateral movement 'fuI'ther, tensiometers were 

http:perc~.31
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" 	 introduced at various positions both inside and outside the rainfnll
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 permeable Lordstown stony silt loam. In these data a 
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. 

TABLE 3.-Lateral movement of water at sile AR-6 (~r Lordstown stony silt loam I 

I '{'ime from start of Time from start of 
run until tension run until tenston 
derr~ased mo.<! decreased most 

Location of porous clol' cup rapi!!ly Location of porous clay CliP rapidly 
~--'----i 

Initial 
'I 

\Vetmn :1 run i 

;.inch deptb: I'\;i;"'le~ '\li1lUI"--'!' IS-inch dep;;;:- ----r .\rimue.! .\fillute.! 
Center of ploL •• _________ II 13 Center of plot __ . 16 21 
r. inrbes from side oCplot .._ 1.1 15 6 inches from side of plot _. 55 30 

_~O~:hesCromsideofPloLI 6.51 __~ _ 3OinCbeS~omsideoCPlot.j 75 65 

I Data obtained by use or t~D5iomet.rs. 

The laternl movement of subsurface water that was obseryed may 
seem at first thought to be at variance with the generally accepted. 
idea that there is relatively little lateral movement under field con
ditions. It should be kept in mind that it was probably a moyement 
of gravitational water and also that the surrounding area was dryer 
than the plot Itrea·. It is not meant, nor is it the intention eYen to 
snggest, that lateral movement would have occurred in these soils 
under conditions of natural rainfltll where a large area would be 
wetted. 

However, some lateral movement of subsurface water possibly 
occnrs on small exp£'rimental plots even under natural rains where 
diverse surfac£' treatm£'uts such as fallow and sod are adjacent to each 
other. This variable of eA-perimentaHon 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 att('nded 
by some practical difficulties and haye not b('en commonly used. 

In the present study, where the natural soil is encased by tub£'s of 
9-inch diameter and IS-inch length and remains in phlce 011 the sub
layer, lateral movement of water probably occurs only in unusually 
permeable profiles. The effect of this may be to give in such instances 
mfiltration rates higher than the true rates. 

No definite conclusions regarding the relative merits of the tube 
and rn,infnH-simulator methods should be drawn from a compn,rison 
of these data from 13 sites. The data do, however, indicate mUter 
definitely that turbidity is the principal factor tending to make rates 
determined by the rainfall-simulator method lower than those deter
mined by the tube method, in which an effort is made to minimize the 
effect of turbidity. It is probably tTIle that in general 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 cha,n~es in land lise prllcti('es in order 
to conserve soil and water is to increase the quantity of nonturbid 

http:t~D5iomet.rs


12 TEOHNICAL BULLETIN 729, U. S. DEPT. OJ!' AGUICULTURE 

water to a maximum. It would seem then that this phase of the 
problem should receive S0me considemtion when the worth of various 
methods is being determined. 

RESlTL'I'S 

RELATIV"~ INFILTRATION FOR 68 SOIL PROFILES 

'rhe cumulative amounts of infiltration with standard errors at 
5 time intervals, the soil-moisture data, and the soil unci water tem
peratures for the initial and wet runs on the 68 sites, comprising aD 
soil series, are given in the appendix (table 12). Since the initial 
run necessarily was made at whatever soil-moisture content prevniled 
in the field at the time, ~t is to be e):pected that the datn from thp 
initial runs, particularly at the start, would be somewhat more 
variable than the data from the wet runs. The fielcl-moistUl'p content 
at the beginning of the initial run might be considered wholly Ull{'on
trolled and dependent, to some extent at least, on past clin,nti(' 
conditions. During the wet run, however, the amount of soil moisture 
should be more dependen t 011 the characteristics of the soil and less 
affected by past climatic conditions. 

Correlations between various periods of the two rnns, however, hn,vp 
shown a high degree of relationship. The correlations shown in the 
following tabulation are all highl~' significant. 
Time inten'als for which infiltration ratcs during thc illdirat('d rung al'(' 

correlated: ~'"l"c of r 1 
0- 15 minutes initial run} _ 

120-1 SO minutes wet run_ _ - - - - -- - - --- -- - - --- - --- --- - - - - - --. - - - O. s;)4 
0- 60 minutes initial run} _ 
0- 60 minutes wet nIIL_ ------------------------------------ .91n 
0-120 minutes iuitial rUII}
0-120 minutes wet run __ ------------------------------------ .881 
0-180 minutes initial run}
0-180 minutes wet rUII __ ------------------------------------ .8!l2 

60-120 mintltes initial run} ,
60-120 minutes wet run __ ------------------------------------ .8il-.1 

120-180 minutes initial rUIl} 
120-180 minutes wet rUIl __ ------------------------------------ .859 

&=l~g ~::~~:~~: ~~~t ~~:~}-------------------------------------- .096 

68=l~g ~::~~:i~: ~~:~ ~~:::} -.----------------- ----- ---- ---- ------ .996 

12g=~~g ~:::~:~:: ~~:~ ~~::~}-------------------------------------- .09i 
I Valu~ of r n~ the 1-perc~nt I",int (odds \f.! to I) is 0.31. 

The.,e high correla.tion coefficients between amounts of illfiltrfl,tioll 
during various time intervals of both the wet run and tile initial and 
wet runs indicn,te that a]] time intervals l1,re sam pIes of the sllme 
population. This fact means that the amount of infiltration for the 
entire 68 sites during' any pa.rticulnr time interval may be estimated 
from the amount of infiltration during any other time illterYn1. It 
should be kept ill mind, however, that Lhis would not necessarily be 
true for a single soil. 

As a matter of convenience only the rates (lul'ing the third hOlll' of 
the wet run were used for all correlations and comparisons. 

The relative infiltration data for I1Jl the 68 sites i., presented graphi
cally in figure 2. Here the sites are o.rranged in order of mngnitude of 
the infiltration rate during the third hour of the wet rUII. The datil 
pertaining to separate sites will not be discussed in detail. It is 
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Soil and sit. Inliltration rat. (Inch.. plr l'Iour) 
0 I 2 3 4 5 

Rank order 

68 HONEOYE ora••lly sill loam, 17 
67 HONEOYE gra••lly sill loam, 24 

66 AIKEN clay loam, 140 

65 BATH gra••lly sill loam, 20 

64 HONEOYE gra•• lly sill loam, 16 

63 HONEOYE gro••lly sill loom, 22 

62 HONEOYE Qravilly silt toam. 15 

61 PALOUSE sill loam, 144 

60 CROWN landy loom, 137 

59 AUSTIN cloy, 123 

58 RUSTON sandy loom, 32 

57 HOPI sandy loam, 135 

56 HONEOYE gra ••ily silt 100m,2S 

55 CARRINGTON sill loam,I05 
 ~ 
54 CROWN sandy cloyloam,I36 ~ 

53 ORANGEBURG sandy loam, 33 

52 HONEOYE gra •• lly sill loam,I8 
 ~I: 

~ 

. 
~I HONEOYE gray.lly slit loam, 35 

50 MUSKINGUM 1111 10am,IiI 
 ~~ 
49 PINEDALE clay loam ,134 

48 TAN!A silt loam.I04 
 ~-47 FREMONT gro ..lly sill loam,21 

46 ATHENA sill loom, 142 

45 DUNKIIIK silly cloy loam,I9 

44 MUSKINGUIoI silt 10"m,1I4 = 
43 VOlUSIA .tony sill loom, 25 = 
42 VERNON 'in. londy loom, 129 
41 OAVIOSON clay loam, 30 

40 MUSKINGUM silt loam,I09 == 

39 VERNON ve,y fin. sond1loam,.30 

38 MELBOURNE loam, 141 

37 PALOUSE silly clay laam,I45 
 = 
36 KIRKLAND fin. sandy loam, 126 = 35 DUBUQUE sill loam ,103 
34 PALOUSE tilt loom ,146 
 :: 
33 CECIL sondy 100,",31 

32 MUSKINGUM silt 100m,37 

31 B"TES y.,y Ifn. sandy loam,I27 

30 RED BAY loam, 34 

:
29 BOONE silt 100m,I07 
 ~ 
28 CLINTON sill laam,lOI 

27 COLBY sill loom ,108 
 ~ 
26 FAYETTE sill loam,I06 

25 HOUSTQN Cloy, 124 
 ~ 
24 MUSKINGUM lilt 100m,II0 

23 CLINTON siltloam ,102 e 

22 BADGER loom ,139 

21 8UEll clay loam,I33 

20 SELAH loam,I38 
 io 
19 AUSTIN clay,II9 

I a WALLA WALLA sill loom,I43 

17 CECIL cloy loom, 27 

16 KIRKLAND sL"dy cloy,I25 

15 VERNON fIn. londy loom, 117 

14 HOUSTON black cloy,I20 

13 MII\MI silt)' clo)' 100m, 115 

12 VERNON fine land), loam,II6 

II HOUSTON. cloy,I21 

10 CROWN heavy clo),.132 


9 DUNKIRK silly cloy loam, 36 

a HOUSTON block cloy,I22 

7 AUSTIN cloy. 118 

6 CECIL cIa)' loam,2S 

5 CROWN lighl cloy,I31 

4 IREDELL loom,26 

3 UPSHUR cloy loam,II3 

2 PARSONS 'In. sandy loom ,128 

I WESTMORELAND cla7'y lill loam ,112 


FIGURE 2.--Relative infiltration rates for 68 soils during third hour of the wet run. 
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apparent from these data, however, that texture of the surface Goil 
is not the principal factor in determming the :r.ank 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 
measured. It will be noted also that rat.es for different sites on the 
same soil type are not always the same, though there is a 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 meRn infiltration data for the 68 profile!. are presented In table 
4. The relationship of relative infiltration rato and time is presented 
graphically for 2 soil profiles in figure 3. It is appj):rent from all the 
data that the relation between time an.d infiltration, either on a 
cumulative or rate basis, is generally curvilinear. The slope of the 
typical infiltration curve indicates a rapidly changing rate at th:;1 
start, particularly during the initial run, but soon indicates a nearly 
constant and slightly declining rate of infiltration. 
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FIGURE 3.-Infiltration rates during initial and wet runs for Cecil sandy loam 

and Houston black clay. Tile initial run is higher on the chart than the corre
sponding wet run. , 


TABLE 4,-,S7l1nmary of mean infiltration dala for 68 soil profiles 
------ j.~tinl run ~~--Il I.r.!itl81 run W~t run )\__

I A"er' , A,'er· • .Aver· ! ~\'·er·. 

Time interval Amount'·!!" rate Amount ege. rate I Time interval IAmount:8J!C. rate Amount'ln!'o; rate 


(minut~s) o( inlil· of ll~fil· o( inlli. of I'!fil· (minutes) of infil. ~ of 1'!fi1· ofinfil. of mfil· 
\ tration tratlon tration tratton, tration I tratlOn tmtion tratlon 

I J:;~ Ji,~ir II I iJ:;~r ' J:;~r-----:;~8""11.""r/l"'ac-e -- SurJace ---I' .. SurJace 1-- Sur/act !- 
inches Inches inche.. IncMs illche! Inch.. inches: [lIch,., 

0-15............. 1.27 5.08 0.45 1.80 12(HSO........ 1.3,'; 1.35 0.88 i 0.88 

1&-30....... .57 2.28 .27 1.081 .--.------!--- 
3!Hi0.... 

0' 

.90 1.80 .49 .98 Total I. 5 .';8 1 3 (Y.' ,0 ..... __ 

60-120.-......... 1.~9 1.40 i ,93 .93 ____ ..____.~_.:~~_:~ .: - '._ 

I For 3 hOllrs. 
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GENERAL EQUATIOX OF INFfLTRA'fION 

The infiltration data for any of the 68 profiles may be represented by 
a general equation of the form 

I=bta, 

where I=cumulative infiltration inches, t=time of infiltration in min
utes, b a 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.u It does not provide for a constant rate of infiltration 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 vHried group of soils under diverse 
field conditions may be represented by a general equation is undoubt
edly of interest. 

FACTORS AFFF.CTING INFILTRATION 

The physical and chemical characteristics ascertained for each of 
J these soils and the amount of infiltration occurring during the third 

hour of th(> wet run are given in tables 5 and 6. The detailed data from 
the mechanical and aggregate analyses are in the appendL'C (tables 
13, 14, 15, and 16). The data in these tables have been grouped on 
the basis of field classifiration. It will be noted also that in tables 5 
and 6 the degre(> of aggregation in the soil studied has been representeel 
by the percentage of the total weight of the soil in aggregates greater 
than 0.20 mm. Similarly, the data from the mechanical analyses 
include only two classifications, namely, the particles less than 0.05 
mm. in size and those]ess thnn 0.002 mm. 

It should probably be stated in connection with tables 5 and 6 that 
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 characteristics 
of the former in proportion to the depth of surface soil observed in the 
field. Enough of the subsoil should he 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 figure. 

It \vill be seen that som.e of the soils 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 50 percent of silt and clay. 
The textural classification is that of soil specialists made without 
benefit of laboratory analysis. The errors of classification accord
ingly are in part the result of the recognized difficulty in detelmining 
texture precisely by the "fe('l" of soil, as has been shown by Shaw 
and Thorp.12 The errors in clnssifica tion may alsQ be accounted for 
in part by the fact that certain of the sites wcre selectcd as repre
sentative of divergent subgroups within broad, v,,-idely recognized 
groups, such as an eroded pbase of a sandy loam, the eroded phase 
being actually a clay loam. The tnhle accordingly shows both the 
textural classification made in the field and til(' quantity of silt and 
clfty determined by mechanicnl annlysis. 

11 LEWIS, M. R. TilE RATE OF Iln-Il.TR.-\TION OF "'An;R IN IRRIClATIr)N PR.,rTrn:. Xlltl. Res. ('ouncil. 
Amer. Geophys. Cnion 'frans. 18 (pt. 2); 3f)l-3'li!. ilIus. 1937. [ProcrSS<'d.j 


" Unpublished paper presented before the S(li1 ;-icien,'e SorieLY of America. 
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TABLE 5.-Rate of 1'nfiltraUon and some physical characteristics of 68 surface soils 
SIJ,T T.OAMS 1 

i T~t!'l' Silt • . ' Non- : i. i. 
Rateorl sOllm and' ('Jay 'Volume Total' capi!- I Or- : MOIS-. Sus- i DI~' I 

Site No.' infiltra.' agb'fe· . clay 1<0.002 weight 'poros. lllry ,genic, tu~~ pcn.· !~'r. : pIT 
tion ' gates' <0.05 I mill.; ratio ity .poro'itv· mal· C(IUI\· sion SIO!' mlu" 

>0.20 Imm I' I iUdex'l ter . !llent j mtlO

~--'--1---1--1------1--1--'-'-
19______ .._______ 

1 1. 3!~~7~ P~~i I ~~~~ r-~tci' ~.ts. ~1'~ I Pt~! 19.4 I ~fi i30.6 I 6.79l36 ____________ .' .0. S.4 I S •. _ I _1.3 1.3~ 48.9 .1.6. _._ 19.4 11.6 20.01 6.69 
37~~_. __ • _______ i
101.____________ , .40 4i.9 70.9 • 12.3 I. 28' 51. 9 24.2 I I. 4' 22.7 32. ~ a9.9: 4.88II I'. 

· J5 9.7 96.5 11.2 I. ~'2 53.8 27.8! 1.9 21. 9 3S.6 40.0' 5.66ItJ2_____________ ' .16 11.8 I 95.3 13.2 I. 31 i 50. S 23.7 1. 4 20.5, 37.9 i 40.4. 6.40103__.. ____.. ___ ' .4-1 25.2 86.3 11. 3 1. 14, 56.3 :10.8 3.2 24.7 31. 3 ' 3·1. S! 5. it
104.._. ___ . ____ . .94 f 21.0' 97.4 2.'1.3 1.191 54.8 27.1 3.5 26.4 29.3.30.1: 5.27105.... _________ 1.42 40.5:SS.5 22.8 1.14 56.0 28.2 5.3 28.4 m.4'22.6· 5.M'1016 ........ ____ _ 
 · 22: 11. 7 93. I 12.3 1. 19 I 54.6 i 29. 2 1 2. 2 21. P 35.0 :!7. 7 I 6.26 
l,,~i .. "" ... __ __ . -; _' .36 16.2 f;J.2; 12.51 1.31, 50.0 22.5! 2.1 21..· 28.4· 34.1 , 6.02 
lOS......... . .24 28.4' 84.2 9.7, 1.17, 55.0 i 26.5 3.8 28.3 28.1. ~5.'~', 0.24109..... _____ __ .51 49.8 9:1.4,10.1 1.19: M.4 i 29.61 1.4 22.i; 23.9 __ • 5.13 
110.... ___ .... __ • .18 W.5 84. 1 ; 10.3 1.31' 50. S. 2:1.2 1. 6 21. 4 1,1.6 39.2 I 5.94llL .... _____ ._ . 

1. 24:. 43. i 83.1, 6.4 I. 17 i ~5. ~! 30.1 I 2.2 23.5 1 17.0' 20.1 5.93114... __ .. ______ : 
115._~ ___ .. __ • __ . ! .61: 41.1 86.2: 3.9 1.121 57.41 31.0 3.3 ~_lli.. ~. '. 17.8 21.9 I 0.67 

.04, 11. 9 it•. 2 I 18. 9 1. 46, H.3 13.3 2. 1- 30.6 39.4 I ~. 26140.... _.. _____ 1 


142.....___ _ 3:~~; n~ ~~:~ 1 T~:t: 1:~ I g,U I ;'l:~! U. ~U; ~:~ ;:l:~: U~ 

143 .. . .0<1 10.5 84.1 16.5' 1.30 5O.n: 21.8 2.5; 22.8. 41.0 48.8 6.40 
14-\... 2. 09 15.4 88.4 17.8 J. 11 57.!J i 32.0 3. k 2.';. 0 34.5. 39.0 6.47 
145.. .47 13.8 90.9 23..; I.Ui 55.9 I aO.5 1.6 23.3 34.4 37.8 6.H 
Hr. .43 to.S S6.2 20.0 1.17 5.;.2, 29.4 3.n 2:l.Ii 40.6 47.1 .1.95 

('LA Y A~D ('LAY LOAM;; ! 

i . 
27 _ ( 06 6.0 33.6118.0 1.54 41.4 14.r O. i 14.7 W.2 • m.8 ! 5.57 
28.. .01 S.7 45. 8 i 34. S 1..'!1 23.7 1.4 21.3 5.2tj~t.:! 1 ~~). 5 41.1 I 
30.. • ~12 11.2 ~O.4124.7 1.31 2.5.1 1.4 18..5 fl. 29~1. I I'11L._ .00 3·t5 93.4! 25.7 1.3f! , 49.4 17.6 1.8 26.5 ; ~~:~j;:I\ 5.44 
113. .00 49.7 87.S 34.4. 1.3S . 48.9 17.8 2.0 25.1 . Ii.2 ; Ii. I) 5.14 
liS .01 57.7 57.0 j 44.9! 1.:J(l 50.6 10.9 2.:1 . 27.0 l 15.0 . Ii. 1 1 B. :!!l 
119. .09 59.0 87.3 47.7 1. If. 55.4 27.9 2. {i ~ 2i. J ; 12.3 i 14.0 I 8.2i 
120. .04 5.1.7 1 95.3 . 61. 1 i 1.05 , ,18.8 :14.4 3.2 211. 3 I lion j 12.2 ! 8.09 
12L. .02 ~~.~ 9~.0· 59.~ ! .94 ; frI.1 36.7 2.8 : 41.2 8.22 
122. .01 •_. ~ 9_ 9 49. _ . ,5;.6 2.4 i 8.351.12 28.4 32. 0 I 1~:~ 11U I'
123 1. 78 49.9 82.2' 41. 2 I 1.16, 54.3 28.7 2.6 ' 11.0 • 13.2 S.Zl 
124. • 1~ 37. I 91. I 51. 0 , 1. !2 S;. -I I 26. ti 3. 2 ~ ~n! 19.7 21. 5 8.16 
12.'i .0.; 19. 3 39.9 :.-1.7 1.49 42.9 16.9 1.3 ' 14. I . 13.4 33.• 5 5.S7 
131 .00 11.8 54.0 ~'6.9' 1.33 47.0 19.8 J.J 20.1 18.7 34.2' 9.2'2 
132 .02 32. 0 9·1. 5 7. 9 1.1:1 ~1j~ S 2i~ 0 2.1 34.8 26.6 28.1 Y<.6.1 
133. .1:1 Ifi. 4 ';2. 9 lU. :1 1.3n 4R. 7 23.S 1.6 15•• ) 1~. 9 35.7 7.72 
134 1.00 11.7 41.4 23.7 t.aO m.-I 2.'i.3 1.6 17.:1 9.S 23.7 S.69 

----~------.--- _. 
~A~DY LOAMS 1 ~_.__ • __ ~______.h___ ___ .

31 .. \ 0.40 14. I 2a. '( ,j.9 : 1. fIG 36.4 17.7 O.~ 7.5 13.3 55.7' oS. 4i
32 __ L 77 I 10.0 11.9 3.5 , l.46 H.9 3.5.5 1.1 3.9 ,1.8 -17.5 5.92: 

:~1 __ 1.38 ! 1.4 12. I 3.3 1..'>3 42.5 32. i 1.0 ! 
1 3.9 ... G2. 9 5.01 .___ _ __ 1 I !N_~.116 .03 4.0 30.4 U1.9 ! 1.·16 43.8 20.6 .9 12.1 14.3 46.5 5.&'i!117 --"--'--1 .04 i 24.0 42.S 24.4 1. 55 ·10.8 12.0 , .9 16.5 S.8 20.4 5.89 

126. .46 20.4 36.1 Ii. 7' r 1.4i 4:1. ,5 
, 

19.5 1.3 12. Ii 9.5 2.1.3 5.61 
12i .38 20.3 f!.1.2 22.'; f 1.32 49.6 22.8 2:4 19.7 23.9 37.2 .=)~ 'is 
128 -- .00 21.1 67.1 10.9 ! 1.41 4r..4 21.3 1.2 14.7 41..5 61.4 .'i.99 
129 .. ::=1 .5S 4.4 OZft2 ;;.9 , 1.5.; 41.5 24.2 : .7 7.4 , 14.2 5-t2 5. OS 

I 

!130 .51 3.1, I ' 0 lR.n 1.3.5 ·19. H 23.4 1.3 17.5 27~3 3O.S ~.4~. 
13.5 ... 1.69 . 9.0 -i.- ?_ If>.2 1.26 52.3 32.4 .7 11.9 ~.9 32. i 8.61 
13f! 1.42 H.O 31.2 12.7 1.3:1 48.8 27.7 .9 12. 0 9T2 '29, ·1 q:.72 
137 1.93 8.0 41.6 IS.4 1.28 49.6 26.3 1.5 15.3 14.2 :14.2 R.70 

~~-~-
ORA\'ET,I,Y SlLT LOA:'IS' 

.- --.-- .---._..._
15 2.:tfi 48.11 : Ch1.1 17.3 ! I. 21 .;:1. 7 26.9 

. 
.1) -; 2:1. s 10. r, 15. -; 

. 
7.49 

-----~ -------.-~ 

I16 :l.Oi 52.ft 61.0 lr..3 i 1. 27 .;J. i 25wfj 2. fi 20.4 10.9 169 ; 7.iiO 
17 4.(~i .5,5.1 flO.:l 23.0 I 1.19 frI.9 28.1 -I. I 2.5.0 9.7 13.:1 i ..12 
18 1. 33 li9.n i ifi.O 2:1. 3 1.02 t.o.9 ; 3.1.0 n.1I 30." 11. I 14.3 ;;0 
20 3. i.; 29.1 i 62.. -4 R." 1.24 112.3 21i.O 4.0 23.6 22..2 31.3 5 .• ').1 
21. • Sli 26.7 i .56.7 12.6 ! 1.21; 52.1 , 2"2.7 ·1.9 26.!! 19.2 3.1.6 5.27 
22. :108 24.1 ! 63.2 Ift.S J..16 '18.3 ID.l 4.0 22.2 lR.3 2i.2 i ...lii 
23 1.58 32.3 t.1.5 15.6 1.23 .12. ;; 2.'i.4 4.0 23..; 14.2 21.·1 7.22 
2·L 4.76 lit. .i th5.1 16.8 1.07 .;,~!! :14.5 Ii. 3 25. -4 9.; 13.9 7.14 
2..;. · .i5 ·15.3 7l.4 16.6 1.04 .09.7 32. G 4. S :1I.9 9.-1 34.2 5. fil 
35. 1.32 4\J.0 lii.J 15." 1.42 45.8 15.2 3.6 22..3 19.0 :10.6 i.71 

-----S;:" 1'0101 ,,,;;';n t-;'nd 'Of tnhl~. 



17 RELATED PHUiIQAL CHARACTERISTICS OF SOILS 

TABLE .5.-Rate of 'injiltral£ol! and some physical characteristics of 68 stu/ace ~Oil,8-'
Continued 

LOAMS' 

I I I ! ! -~ i' I 
: : ~iltfl,! Si\~ ; 01 • : T al NO!!I- I Or- ' Mois- i :Dil:- i
l:nat~ofl~giITc_: nO!~ ay V ?I)lme , ot cap,:, ganic, Inre : SUS- per. pH

Site Xo. lll~ltn\-! gates, cIa, ,0.002; "e'~ht, Il?ros·, h'q mat. equh'" p~n· sion vah,e 
t tlOU tl.2O ~.05 11m,. ratio, It:;' p?ros,ty, ter : alent slOn ratio 
I ,mIn. mm. t ! mdex , :I :

--I--l-I-l-I-,-I--l-l-I'-----
I In. l Pel. 'Prt. Pet.' I Pet Pet. Pet.. I Pel. ! 

26 __________ .' 0.00: 8.9 40.2; 17.1. 1.49. 47.2 i 19.3. 1.31 16.2, Ii.O i 35,S 5.4S 
34 .38 10.1, ~3.S 18.0 1.44! 46.1,' 23.71 2.3, 11. i: 14.2' 41.0: &.51 

l~g :g :~T ~~:~: ~gj: U;,! ~:g. ro:~, ~~: ~U iU' ~:~ i k~~'I' 

HI .......... -; .50 I 12.i 157• 4 i 16. 5 1 1.441 45.71 17.21 2. 9 1 18• 4 29.3150.8 ;,>.62 


1 Texturdl classification based on identification in the field b~- soil specialist. 

, ;;it(' nUIIIb{'rs as shown in tahle 11. 

! Rate of infiltration as measllr"d for the third hour of the wet run hy the tube lIIl'thod. 


T.\BLE 6.-Ratl! of infiltration and some physical characteristics of 68 s'.Lbsoils 

SILT LOAMS' 

Total Non-SiltIRate of soil in capi!- Or- Moi£- Disand ClayVoluIne Total Sus
aggr~.' inti!- lary gnnic tun~ lX'r- pHBite Xo. t , c1a~' ,<0.002: weight poros- I)('ntrn- gates poros· mat· ('quh·· ~iun .alue<0.05 mn). ratio itl' siontion 1 >0.20 ily ler al~nt ratiQ

mIn..mm. index 
----------~------------,---,------!----

111. Pd. P,t. Pet. Pd. Pd. Pd. Pd.
19.... ________ . , : 1.;0.72 14.2 82.0 22.0 1.64 39.0 4.6 21.1 3/,;' 9 45.3 7.82 
36__ ., .. ___ • __ . .02 20.5 82.5 24.0 1.71 3!l.4 .5 .4 21.1 20.0 28.3 7.09 
37........... .40 2.5.6 69.4 22.. 6 1. ;2 36.1 -2.4 .3 24. i 31. 7 43. , 4.78 
101 .35 29•• 96,8 19.0 1.50 44.9 11.6 .6 24.1 24.6 25.8 5.05 
102 .16 12.3 

, 
93.5 22 5 ~ 1.5.1 ·12.9 9.2 .4 23.6 3-1.3 3.'i.6 5.23 

J03 .44 28.7 9.1.9 1.38 48.9 18.9 .7 22.9 1 23.5 25.6 5.32 
104 .94 44.0 97 . .5 ~:~ I 1.28 521 22.3 1.2 211.3 20.0 20.5 5.08 
105 1.42 44.3 8-1.4 24.8 i 1.38 48.1 17.3 1.0 24.4 ! 10.4 I""") 4.98 
100 .22 29. i 94.8 1';-.2: 1.47 45.6 12.8 : 1.6 24.3 1 29.6 31.S \;. 76 
10, .36 17.6 7i~ 1 ](1.3 I 1.49 44.6 14.3 .4 19.8 : 2."'.4 327 3,97 
108 .24 18.4 90.8 12.8 I 1.51 44.3 11.8 I.; 22.3 ! 40. i 45.6 4.91 
109 .51 35.1 96.'" 21. 5 i 1.46 46.1 : 13.3 .5 24.8 I 21.4 21.9 4.91; 
110 .18 16.3 78.9 24.8 1.59 42.0 6.3 .6 29.6 ~>tl.O 4.8024.81
111 1.24 .52.9 SS.4 19.7 1.59 41.3 .5.6 .6 24.9 28.•) 21.0 5.3-1 
IH .61 13.8 81. i 14.5 1.38 .'>0.4 19.6 1.0 24.3 19.1 22.0 .';.09 

".,115 .04 47.3 ;5~4 33.0 1.59 40.7 5.1l 1.0 23.2 j --' 29.0 5.2tl 
140 3.98 61.2 83.1 29.4 1.28 52.. 9 24.1 2.3 2.i.O f 12.4 14.5 5.94 
142. .82 34.6 ~7.2 15.6 1.19 54.6 29.2 1.7 21.9 ! 14.0 16.0 tU,.'i 
143 .06 30.1 IH.r. 17.9 1.21 .;'1.6 :!.'l.1 1.8 21.4 i 40.6 48.0 t1.&7 
14L 2.09 511.3 89.S 22.0 J. 14 55,8 30.4 2.5 24.3 Zi. '; 26.4 ltoo 
145. .47 57.3 91.4 31.9 1.44 4.'i.O 11.6 1.0 2fl.2 2:1.1 2.1.2 6.83 
146. .. _.. t .43 39.7 89.2 211.0 1.52 41.5 7.6 1.0 24.3 : 22.5 25.5 tt 78

~ ~ 

----- I 

('1•. \ Y AXD ('LAY LOA)!:; I 
.. _- ----- _ --,- ,./ 

127 I 
! 0.06 35.3 66.4 49.5 1.4:1 49.3 13.:l I 0.7 

."~-

2!1.9 I 17.4 ~~. i .1.10 
28. .01 26.5 70.r. 52.0 1.49 H.8 7.3 ..5 29.9 I 13.9 !!I. I .5.20 
30 I .~2 ~9.4 74.1 47.5 !.44 46.3 12.6 .9 26.t1 r 12.0 13. fi 6.29 
112 .00 f,1.9 94.6 34.2 1.47 H.9 8.7 1.0 : 28.9 I Il.Ii 12.2 ~). 21-.._· .. ·1 , 

'~rl... '" _ • __ • ~ 4 •113 .00 44,2 93.S 53.4 1.49 , 44.4 7.1 . 6 ~ - ., 13.4 14.3 4.91 
118 .01 8-1.5 90.0 ~S.9 1.58 40.4 5.3 1.5 24.2 U' .'i. 3 ~.O7 
]19 .09 82.5 'l8.1 43.3 i.54 , 41. 4 7.4 I.R' 2!J.7 J 4. ~ 4.); R. 16 
120 .04 i.5.5 ' 96.4 r,.1~ 2 1. 24 52.5 1.5.9 3.2 1 4~. 6 I 9.7 10.0 788 
121 .02 75:9 92.5 61.9 1.2.5 1;28 16.9 2.? 39.71 ~ ~ fl. ; 7.89 
122 ' .01 82.2 93.6 54.5 1.4~ 4.;.2 u.•5 I 1.7 29.5 ! 7.3 i.7 .'1.20 
123 1. 78 80.4 87.1 54•• 5 1.5.1 44.8 11.2 2.0 :J:U; 5, i 11.3 S. 17 

··1 
124 .18 R,.2 ~7 1 42. i ' 1.32 4i.2 12.6 ~ - 323 6.2 7.1 ;;.06-,
12.lj .05 75.6 6,';.4 36.0 1..;2 42.6 10.2 1.2 21. 9 11.3 17.2 i. Z2 
131 .00 19.6 f>5.7 3.5.3 1.47 -14.7 10.3 .S 26.6 16.0 24.0 9.27 
132 .02 46.8 94.5 6-1.1; 1.40 H.9 .5.0 i J.4 1!\.7 11.4 J2 fl S;, ·11... : 

13-" .13 27.4 54.9 :!.'l.1 1. 59 39.1 6. :; .r, 20.2 1.5.7 2':1 n ~, 08
1:14__.. ___....__ 1.00 31.4 48.0 14.5 1.~9 46.3 17.1 : .6 2],,2 IO.r. 22.1 E.~ 

l--- .-----.-.- -----.~. --... -,,--_._ ..----
>:f'P footnotP~ n t \'nd Of tnble. 

21)"I1I5n°--l(}--;1 



18 TECHNIOAL BULLBTIN 729, U. S. DEPT. OF AGRICULTURE 

TABLE 6.-Rate of infiltration and same physical characteristics of 88 IflLbsoils
Continued 


SAXDY LOA)'[S I 


. . ! I I ' I ' f I I ' , . ! 'r?t!ll; Silt ' I I 1 No!}· : ;., , 
,~ate of \ SOl) 10 i anti \ Clay lVolumel Total 1 CllpIJ. i Or: ; MOIS' ' Sus. ' Dis· 
I IUtll· ,aggrc· J' i ? I . . 'h I .' lary Igame; ture I pu· pH

Site No. 	 'tra. I, gates I C a~ 1,0.00. i \\elg t I P?r<~S'1 poros. mal.' equi"'1 p.CII' sion vnlue
I tion, 0.20 '2i~~ I mm. 1 ratio ; It) t ity ler' alent slOn mtio 

i 1 mm'l '1 I I Iindex : I " -.----I Ill. IPct:. I Pct~ .-;:;: --1-;:;: PC!.. Pd.. \--. -;:;:(--.!-
3l----------.---, O.:!Q I ~. ( ; 41. I I 20.6. 1. ~: 4~. ~ I 1.1.0 0.6 13.0 i 9. ~ , 21. I:, ~'lQ
3•.. ________ • __ 1 1." I • __ 3 i 29.3 14.4 I 1.6", 3/.1 16.3 .6 9.0, S.O' 29.1, 0 ..1 

33...... _______ .' 1.38! 4.0' 1i.7' 6.6: 1.62' 30.3, 24.2; .4: 6.1; S.I' 45.6' 5.15 
116 ..........! .031 2O.9J3S.3 2;,6 1.62' 30.31' 8.31' .9! 16.91 7.7:20.0 5.44 
lIi, ·._ ••. ____ 1 .04, 21.7 34. 1 21.1 1.65 i :\S.O 8.5 .5\ 14.9! 9.5: 27.6' 6.00 
126.......____ •. , .40; 42.1; 42.8 28.8 1. OJ I 38.8 6.8 1. 3 I 18.6 11.5; 26.4 I 5. i9 
12i_.... __• ____ \ .38' 63. i ' i1.0 , 2i.2 1.50 42.6 11.0 2.3, 21.3 8.2 10.8 5. il 
128 .. _______. .1 .00 42.1 82.2 43.7 1.54 '12.3 2.0 1.1' 32.1 26.0' 31.21 6.601129 ...... ____ .1 .5.1 14.9130.716.7 1.56 1 40.7; 17.8, .5,11.1: 12.5,40.2 5.95 
130. ___ ..... __ ! ..51 66.0! i4.4 13.0 1..141 43.4', 12.5, .7 19.0' 13.7 \ Ii.S' 8.S(' 
13,) ________ • __ , 1.69 24.6[3.1.91.1.4 1.45 43.1: 16.31 1'.~.' 15.S, 8.0122.3' 9.12 
136 .. ___...... ' 1.42 30.0: 47.7 21.3 1.35 49.1' 22.0 I 19.0 i 11.9! 24.S 8.82 
137.. 1.93, 1l.1 i 53.9 ' 19.8' 1.32 \ 49.6\ 25.6\ 2.2 15.3 t 19.7 \ 36.6 i 8.59 

ORA '''-ELLY SILT LOAJ\IS 1 

; 
! ! I : I15.. 2. an 55.1 64.4 i 19.9 i 1.38 48.7 20.2 ! 2.4 I 20.51 8.7 13.2 7.61.. - ~ .. - ~ .• - ... J 	 I 

___ ~ .. _~ WA __16 .. 3.67 53.1 56.8 ' 7.9 1.42 46.8 17.9 2.4 ' 16.7 7.·M 
_ .... ___ .... ~_ t , I ??'~_ l~:g ! 8.4 

7.5717 4.9n 56.4 6.3.1 20.9 1.33 52.2 25.2 10.2 14.2 
Ig............. ! I. 33 11.9 5.1.8 10.2 1.38 48.9 24.3 34.4 57.0 8. 1414.6 (: i:ii I3.75 	 13.7 .,9.5 7.5 1.46 4.1.3 i 15.9 1.3 19.3 31.3 45.3 5.28 

.86 q' • 62.5 12.8 :.56 41.6 8.2 2.2 22.1 29.3 ,39.S S.OS_I • ., 
:

3.08 34.7 63.9 19.3 1.:17 49. J 21.8 I.l, 18.6 ! 15.8 23.4 i.2fj 
1.5S 5.'l.2 63.2 14.5 1.,11 47.0 18.4 1.9; 19.6 12.8 18.S 'i.2S 
4. i6 5.1.1 62. 4 Hi-O 1.22 5:1.8 27.5 2.7 22~3 ( 0.0 l3.3 ".ns 
.55 34.2 76.2 19.1 L2t; 52.8 21. 7 2.0 28.9 . 19. U ~.5 ! 5.23 

~+m--::I 
3.1 ._ ....···..·1 1.32 39.1 f 51. 6 I 11 9 I 1.51 I 43.9 I IS. 1 I 1.3 I 16.81 Zl. 1 ; 

1 
45.1 r 8.00 

LOA)[S I 

I ,_.. 
I 

..... t ~ ..
~'6 .......-.... [ 0.00 , 28.8 

, 
; 62.4 ! 33.4 I I. 34 I 52.0 I 22.1 I O.S I 24.3 I I.n II" n.92 


I34 
I 

.38 , 31.4 46.6 31.8 I. 62 I 39.6 r 10.1 1.0 1.1.3 6.8 14.4 I 5.00 
138 .11 25.9 61. 2 li.9 1.:!7 47. i 1 18.3 J.l\ Zo!.2 2:J.2 :18.0 . i. ,10 
139 - . -~""." -.... .13 ; 21~2 e.8.S 7.0 : 1.31 22.3 1.4 20.6 35.2 46.9 7.15-I49.41HI .50 25.1 63. i 1.58 40.2 8.1 ; 16.8 26.1 5.85 

: I
, ---.----- 25.71 	 . i ~ 19.71 
.- ..---.-.~~ -~~-

! T"xtural cIlISsltication based on id('ntiflcation in the fleW b,· SQil spe('ialist. 
, Site nurnb~r us shown in InbJ~ II. 	 • 
~ Rate or intlltrntion lIS mensur~d for the third hOllr or the wer, rlln hy the tube method. 

Simple correlation coefficien ts between variD teSt such as organic 
matter and aggrE'gation and \'olume weight and suspension percentnge, 
arc presented in tables 7 and 8. From these statistical data it can be 
seen, for example, that there is a hig-hly significant degree of asso
ciation between organic ma.tter and aggregation in the surfnce soils 
of this group of 68 profiles since a 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 nlso that 
simple correlation coefficients can accurately express the degree of 
a.ssociation between varintes only when the relation is linenI'. 



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

RELATED PH'YSICAL UHARAUTElUSTIUS OF SOILS HI 

TABLE i.-- Correlation coejlicients 1 of certain characteristics of '~lIrface soils 
----. --1---------------------------

Ct')rrciutions or dllsignntcd chllrnctt'risti('.$ wHh-

Chllrll~iS~~:Acs con· !-l-nfi-I.-Ig-~\-e~-'.~---~:I~-~O:-;-':~-ln~~;:I~~r~' Sus· 
Dis· pH

tfa', and Clay ullIe poros· Illry '. pcn'
tion tlOn clay weight ity poros. 

0 

mat· l'CJU'" sion ~i~r;, "nlue 
>0.20 ity ter alent 

Infiltration •... _.. 0.30 -0.11 -0. 16 -0.21 0.2i 0.36 0.50 O. 02 -0. 29 -0. 29 0.16 
Aggrcgntion >0.20._. 'o::iii .46 .48 -.56 .5i .30 .55 .61 -.30 -.i4 .28 
Silt and clay .. . -.11 .46 .......35 -.69 .iO .25 .40 .50 .50 -.41 .06 
Clay. _0"_ ...... -.16 .48 .35..... -.36 .36 .10 .12 ~5n -.24 -.55 .·13 
Volume weight ..... . 

. 

-.24 -. W -.69 -.36.__ .... -,99 -. i5 -.Iia -.81 -. II .53 -.31 
Total porosity..... .. .24 .57 .70 .36 -.99 ___.... .76 .62 .S2 -.12 -.53 .26 
NoncapiIlnry poros· 

it~· ." _.. _. ___ • 3ft .30 .25 .10 -.75 .7L____.. .38 .30 -.09 -.21 .200" 

Organic matter•.• _.. .50 .55 .40 .12 -.03 .62 .38 ______ .62 -.00 -.46 .05 
],foisturc eCJuivalent. .02, .111 .80 .50' -.SI, .821 .30 .62 ..... _. .18 -.59 .21 
S~spens.ion. .. _..... -.29: -.30, .5Oi -.24: -.11: -.12'. -.09 -.06 .18 .. "'1 .501 -.32DisperSIOn ___ ~ __ ~ __ _ -.2U I -.741 . 53 ' -.53: -.211-.·16: -.fi9 .50 ____ f -.4ii 
pH value_ ..... __ .... . 16i .28i -:6~1-:fal -.31 .261 .201 .05/ .21; -.32 :.45 ~~. __ 

r 
I ':nltll' of r at the l·p~rcl'nt point (odds 09 to 1) is 0.31; lit the 5-pereent point (odlls 19 til 1),0.24. 

TABLE S.-·Correlation coefficients I of certain characlerislics of subsoils 

Correilltions of designated chnrneteristirs with

'-~T ,_ i I I 
Ch"rac~eristics con· : tAg. I\[ '- ,I "on' 0Silt "01. Total capil· r:. 01,· Sus·, Dis. , sldercd Irr?:'1b'1'cgll' and ("IllY urlle poros· lary gilme tu~e. pen· pcr. 'pH

weight ity poros. mnt· ,'qul\· sion sion \ alue I Hon ;;~~~ clay . ity ter. nlent 

-------1·----.---------------------
Infiltration _.---- 0.07 -0.24 -0.42 -0.331 0.36 0.54 0.40 -0.30 -0.13,-0.03 0.16 
A~grc!(ntion >0:20:.: O.Oi .44 .56 -.2.5 ~22 -.Oi . .';1 .40 .34 
Silt lind clay. __ .. -.24 .44 .. _- .43 -.30 .3.3 -.17 .24 .75 -·501-·.28 -.31 

i3 
-.08 

~. Cby. "__ _ -.·12 .W -.43 -.01 .03 -.311 .15 .74 -.41 -.Ill .15 
Yolumr"l w(·jght __ . _.4 -.24 -.30 '':'::04 .. -- --. -.97 -.71l -'~~l -.37 .041 .20 -.2i 
Total porosity __ . ____ .22 .3.1 .03 

~ 

-.97 ..- .80 .M .30 .01 -.19 .IS 
K oncupillary poros· -:~I ,

jtv..... _____ .... .54 -.07 -.17 -.39 -.79 .SO ---- .. .39 -.2·' -. 051 .03 .16 
Org>;nnic mattl'r .. __ .. .40 .54 .24 .15, -~59; .55 .39 

" 
.32 -.Ifi; -.29 .31c 

],[oisture equivalent. -.301 ~ 7,5, .74 - "17f .36, -.2·' .32 -.03·, -:~~I .00 
Suspension -- ----.-- -.13: _:'~I .28' -.41 .Il-I .Ol! -.05: -.16 -.031 -.28 
Dispersion -....-.. -- -.03, -.73, -.31' -.61, .20' .03 -.29' -.46. .7S:.___ . -.IS-.19/p11 vultw. ...-..... -.. .. .16! .34 -· 08,i •1'1nj 271 .18 .W .3r: .06; -.28: -.Is:.• ..~ 

1 -.

~, I "nlue or r nt the I·pert..nt point (odds 99 to 11 i5 0.3.1; at th(' 5-p('roent point ("Ids 19 to 1),0.24. 

TOTAL POHOSITY 

The pore spnces In soil Itlwe commonly been snid to consist of 
(1) pores of cnpiUary dimension, through which water cnn puss only 
under tension, and (2) noncapillary pores, which are larger und 
through which water can move more or less freely under gl'!witn-tionul 
forces. Accordingly, studies were mnde of the effect on illfiItrntion 
rutes of the total nmount of porosity ns well as the t),mount of lnrge 
pores. The totnl porosity of n soil may be expected to deter'mine to 
some extent the total amollnt of water that may filter into it. 

COl'l'elntion of the infiltmtionrates nnd totnl porosities for both the 
surfnce soil nnd subsoil nre significnn t. While this llssocintion of 
infiltriLtion und total porosity is observable in the da tn, it is somewhat 
surprising thut the amount of pore space without regnrd to the size of 
pore shows this effect on the rate of infiltration. An expll1nntion is 
suggested, however, by the highly significnnt correliltion between 
total porosity nnd noncnpiUnry cnpncity. 

http:501-�.28
http:0.13,-0.03
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NONCAPILLARY POROSITY 

Since an exact method of determining the noncapillary porosity 
has not been devised, a comparison was made of three different 
methods of arriving at an index of noncl1pillary porosity. The corre
lation between infiltration and uoncap,illary porosity as determined by 
the three methods is shO\\,u in table 9. 

T.,\BLE 9.-Correlation between lnfiltration and noncapmary porosity obtained by 
three methods of measurement 

---------- --. ---- ------ ----------~ ~-~--~--

Correlation coerricient 
between infiltration and 
noncnpillary porosity in~rethod of measurement 

Surfuee sl)i1 Subsoil 
--------,---------------1-------
Volume drained pores he~inning wet run _~ ~ .. _~ _. _~ ~ .~_~ ~ .~ .. ~ ~~. __ ~. ~ _~ . ___ ... _ 0.47 0.39 
Total porosity mimL< moi~tl1re eqlli\'alent (\,olllme) . __ •_~ ~ _ ~ ~ • ~ _,.I .32 • .51 
Total porosity minus tIloi<tnre equh'slent (\'olume) corrected for texture, .. - __l .36 I .54 

! 

These correlntio11 coefficients are nIl 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 nm, 24 
hourn after the i11itial run. It is generally recognized hv 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
librium in a 24-hour period. In fact, some soils in this study were 
found to haye water on the surface at the beginning of the wet run. 
Obviously, under these conditions noncapillary porosity values are 
erroneous. Therf' were also a few sites on which enough water did 
not enter the soil during the initial nm 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 aUowed for the excess gravitational water to drain out before 
the moisture content is determined. 

The second procf'dure is based on the fact. that the moisture equiv
alent is a reasonably good measure of field capacity, particula.rly in 
soils that are texturally silt loams. However, it has been shown by 
Hardin!!: (4), that the ratio of field capacity to the moisture equivalent 
is not unity throughout the entire range of soil texture. Instead, the 
ratio increases as the soils become lighter in texture and decreases 
slightly as they become heavier in texhlre. The third method differs 
from the second only in that an attempt llas been made to correct the 
moisture equivalent and hring it more nearly in line with field-capacity 
data. It was, therefore, decided to use the data in which this correc
tion has been made as It measure of noncapillary porosity. The corre
lation between the amount of large pores and infiltration is highly 
significant in both tlH' 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 non capillary 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 t.he 
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 noncnpillary porosity to a I6-inch depth and infiltratiun 

. . during initial and wet rllns: Comlation 
Initial run: coefficient 1 

Fi~thour________________________________________________ n 48 
Second hour___________!.__________________________________ .51 
Third hour_______________________________________________ .52 
Total 3-hour period________________________________________ .55 

Wet run: 
First hour________________________________________________ .32 
Second hour______________________________________________ .52 
Third hour________________________________________________ .52 
Total 3-hour__________________________________ .___________ .53 

1 Value of r nt the I-percent point is 0.31. 

In the same manner correlations were calcula ted between infiltra
tion and the volume of drained pores, and ngain fi high correlation 
was found. These correlation coefficiept.s fire gi,-en in the following 
tabulation: 

Corre· 
lotion

Correlation between volume of drained pores to a I6-inch depth and coeffi
infiltration during periods of the wet run: cientFirsthour_________________________________________________ . __ 

10.51
3-hour period______________..________________________________ _ .51Third hour________________________________________ . ___ . _____ _ .51 

1 Value of r at the I-percent point is 0.31. 

For the entire 68 sites an inCI'('ase in noncapillary porosity amount
ing to approximately 6 percent in II depth of 16 inches was accom
panied by an increase in rate of infiltration of about 0.6 inch per 
hour. The relationship of noncapillary porosity and infiltration in 
surfll,ce soil and subsoil are shown by the regression lines in figures 
4 and 5, repectively. 

AGGREGATION OF SOIL PARTIC[,ES 

In an ideal porous m('dium such as sand of uniform size, the average 
diameter of individual pores is larger WhOll the mean diameter of the 
grnin 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 which single-grain structure predominates. This, 
howeyer, 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 lloncapillar~r 
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=O.30). 
The degree of aggregation of these soils is also correlated "ith infil
tration (r=0.30). In the subsoils, however, there are no such 
associations. Since the arrangement of particles and aggregates in 
an intermingling may be such as to increase or decrease noncapillary 
porosity it is not to be expected that a high degree of aggregation 
will invariably be associated with high rates of infiltration. 
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ORGANIC MATTER 

Increase in organic matter in the surface soil and in ~he subsoil 
1S accompanied by increase in the infiltration rate (figs. 7 aud 8). 
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FIG1CRE 4.-Relation between noneapillary porosity of the surface soil and infil
tration rate during the third hOl1r of the wet run. 
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FiGURE 5.-Relation between noneapillary porol'ity 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 
(7'=0.50 and 0040, rcspectiycly). The organic-matter content is also 
highly correlated with degree of aggregation of both tll(' surface soil 
and subsoil (figs. 9 and 10). This substantiates the generally ac
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cepted idea. tllat organic matter is one of the factors contributing to 
the formation of aggregat"s. Organic matter is aiso correlated with 
noncapillary porosity in both the surface soil and subsoil to a highly 
significant degree (,.=0.38 and 0.39, respectively). 
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FIGl'RE 6.-Relation between aggregation of the surface soil and non capillary 
porosity. 
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FWt:RE 7.-Relatioll 	between organic matter in the surface .soil and infiltratioll 
during the third hour of the wet rUIl. 

SILT AND CLAY 

Silt and clay, or particles of less than 0.05 mm., includes that pn.rt 
of the soil in which such phenomena as swelling and Blu·inking, cohe
sion, plasticity, and cementing of particles principally occur. It 
includes the colloidal fraction as one of the most activ(~ constituents. 
In these soils silt and clay is found to be correlated to 11 highly sig
nificant degree with aggregation in both the surface soils and subsoils 
(r=0.46 and 0.44, respecti\·ely). It is also correlated negath'cly to it 
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significant degree with volume weight (r=-O.69 and -0.30 in the 
surface soil and subsoil, respectively). The soils that are higher in 
silt and clay also are higher in organic matter (correlations for the 
surface soil and subsoil nre 0040 and 0.24, respectivciy). In the sur
face samples the cOlTclation of silt and clay ,..-ith infiltration is not 
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the third hour of the w('t rUIl. 
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FWCRE 9.-HelatiOIl between orgallic 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 (1'=-0.24). 

CLAY 

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

http:1'=-0.24
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ever, no particular association with the organic-matter content of the 
soil, and in the subsoil there is no ussociation with volume weight. 
In both the surface soil and subsoil day is correlated to a highly 
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It'IGI-.RE 10.- Helation between organic matter of the subsoil and aggregation. 
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FWURE lL-Helatioll between clay content of the subsoil and infiltration during 
the third hour of the wet flln. 

significant degree with aggregation (r=0.48 a.nd 0.56, 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 subsoil and infil
tration rate. This relationship is shown in figure 11. 
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DISPERSION RATIO 

1'he dispersion ratio 1S obtained by dividing thl' suspension percent
age by the percentllge of silt and clay. Therefore the dispersion ratio, 
as well as the suspension percentage, is a measure of t.he ease with 
which 11 large proportion of t.he particles is brought into suspension. 
The correlations with infiltration are essentil1lly t.he same as with 
suspension percentage. Suspension percentage and dispersion ratio 
were both found to be highly correlated "Tith aggregation, both de
creasing with an increase in aggregation. Such a correlation is ex
pected since n high degree of aggregation indicates that a large number 
of the smaller pnrticles have been grouped together. This grouping 
decrellses the tendency fol' pll,rticles to go into suspension. Organic 
matter hils contributNl to aggrpgflJion, find the relation of dispersion 
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FIGUIU; 12.-H.pllltioll !lCjWCCIl organic tnltttcrof thc sllrfucc soil and dispcrsion ratio. 

ratio to orgnnie matter is show!: in figure 12. The infiltration datain 
the study were obtained with fI, mininuuu of agitation from application 
of witter to HlP surilleD of the soil inside the tubes. Therefore there 
would not be so great, a tendeIlcy under these conditions for n reduction 
in inmtmtion caused by clogging of the soil pores as und('l' natural 
field conditions, under which the impact of the raindrop and tlw 
velocity of run-off may cnuse considerable disturbance of the surface, 
particulllrly in the nbsence of vegetnl cover. 

The highly significant correlation between sllspension and pH vnlue 
seems logical because of the .flocculntion commonly found at the 
higher pH values. 

MOISTURE EQul\''\ "J':NT 

Infiltrntion is not significantly correlated with the moisture equiva
lent in the surface soil (1'=0.02); in the subsoil r is -0.30, which is 
significnnt but less than the value necessary for a highly significant 
correlation. Moisture equivalent is dependent to a Ycry large extent 
on the colloidal properties, organic and inorganic, of the soil. This is 
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shown by tIll' highly significant correlations of 0.62 and 0 ~2 between 
moisture equivalent and organic matter in t.he surface soil and subsoil, 
r(3spectively, und 0.50 and 0.74 between moisture equivalent and chty 
in the surface soil and subsoil, respectively. Its ilssociation appears 
to be primarily with the clay and organic-matter content rather than 
""ith infiltration. 

Since the moisture equivalent increases fiS the amOlmt of colloid 
increases the infiltration rate' might be expe'cted to decrease. That it 
does not is apparently due to the fact that the moisture equivalent is 
affected only slightly by aggre'gation, whereas it is conceivable that a 
clay soil well aggregated would be similar to a sand in its permeability 
to water. As noted elsewhere, the moisture equivalent has been 
shown to be a reasonably good me,'1SUl'C of the field capacity, which in 
turn is a mf'asure of the water that moves only against capillary forces. 
Its value, tI)('n, lie'S in the fact that when it is subtracted from the total 
porosity, a fig\l1'c that is an inde'x of noncapillary porosity is obtained, 
and this has been shown to be significantly corre'lated "ith the infiltra
tion rate. 

SOIL REACTION (pH) 

The absolute pH value, or hydrogen-ion conce'ntration, is not 
directlv associated with the infiltration rate's. Correlations between 
departlu'e from neutrality (pH value =7.0) and infiltration rates were 
calculated and found significant but not highly so for the surface soils, 
and not significant for the subsoils (1'= -0.27 and -0.17, re'spective
ly). There is, however, no particular rf'ason for using (lepartures 
from neutrality (pH vnlue=7.0) rathe'l' than departures from a pH 
value of 7.5, for example', It might be e:\.llecte(1 that the optimum 
pH value from the standpoint of infiltration would correspond with 

,.. 	 the pH value at which maximum flocculation occurs. The eorrelation 
of pH Talues 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 indirect 
effect of pH vfihlC' on infiltration rn tes since the pH Yfilue fifl'ects the 
amount and kind of plant growth. 

TE)IPEIUTVHE 

'rhe design of this e:\.llcrime'nt did not pN'mit II study of the c{[ects 
of temperature on inftltrlltion at thl' time of the run. Rowenr, as 
mf'ntioned prcviollsly. tcmperlltUI'(,s of both soil find wnter were 
ob:;:e'ryed and an ef}'ort W!lS mndc' to determine whetht'1' temperllture 
might be one of the dominant yal'ia bINi afl'eding the data and the 
conclusions thfit might be drllwn from them. Te'mperatnre at the 
time of finy study of infiltration might be' expected to have some df('ct 
on infiltration thronghits efred on the genernlleY('l of biotic IlctiYities, 
viscosity of Wfite1', ,";scosity flnd pf'rn1l'ability of soil colloids, and 
perhaps to some degree through its effect on tIl(' viscosity Ilnd volume 
of soil aIT. The eft'ect of temperature on infiltration is therefore 
undoubtedly complex. 

The tempemtnres of water for the 6R sites or 136 runs varied from 
37° to 96° F., with a mean of 62.2°. The median tempemture was 
approximately tll(' same as the mean. The temperatures of the soil 
at depths of 4 inches and 15 inehes ranged from 36° to 83° and from 
42° to 78°, Tcspectively. The cOTresponding means were both 57.5°. 
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There is a 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 similarly 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 noncapillary porosity, organic matter, and 
clay in the subsoil, the contribution of temperature is seen to be 
negligible. It can, therefore, be stated with a considerable degree of 
assurance that while temperature at the time of the run may have af
fected infiltration to some degree it was not a domimtnt factor. 

OTHER VARIABLES 

Another factor that affeets 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 decrease. Thus pores 
of non~apillary dimension 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 permit 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 occurred when undisturbed samples at field 
capacity were air dried were studied for certain of the soils. Detailed 
data are not shown here. Extreme values in volume changes of 
0.0 and 53.8 percent were fotmd for the subsoil of the Vernon sandy 
loam and Houston clay, respectively. In general, the soils high in 
clay gave greater volume changes than 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 
Stl1dy, it is impossible to evaluate their effect on individual soils. 

The moisture contCIlt at the time an infiltration determination 
starts mav materiallv affect not only the rate of infiltration but also 
the total amount of 'vater a soil wili 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. In this study the initial runs were conducted 
at whatever moisture content prevailed at the time of the test. It 
appears from the data that the rapidity al.1d 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. This is a. very important consider
ation under field conditions since the moisture content of the soil 
varies widelv from time to time. In this study the infiltration rnte 
for the third hour of the wet run was correlated with the physical 
properties of the soil, and at the beginning of this period, pre
sumably, the effect of the initial moisture coni.ent had largely 
disappeared since changes resulting from hydration and swelling 
would become more or less constant within 24 hours after the initial 
run. 

It has been suggested by other workers, including Horton (7) and 
Powers (17), that the movement and escape of soil air displaced by 
the water entering the soil as infiltration may affect the rate of in

.AI 
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filtration. 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 to 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 coiloid, plug
ging of pores, and increase in amount of space occupied by the water. 
This is undoubtedly a phase of the problem that should receive atten
tion since specific data. demonstrating its practical importance are 
lacking. It would seem, however, that in spite of the effect of this 
factor, or possibly because of it, the amount of large pores would still 
have a dominating influence on the rate of infiltration. In this stud, 
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. 

PREDICTION OF I:-IFILTRATION RATES 

A summary of those characteristics of soils that, are significantl, 
correlated ,,~th infiltration during the third hour of the wet run IS 
given in table 10. 

TABLE lO.-Characteristics of soil that are .~ignificantly correlated with infiltration 
dllring the third hOllr of the wet Tun 

Characteristics of-
Correlation with infiltration 

Surface soil Subsoil 

I{Total porosity I ........ _.......... _ Total porosity.' 

POSitive__________________________ . __; Mra~~t~~~t;er;.: .• ·.•• ::::::::::::.::-(jrg;iiic-ma-it&:;---' ------

! Noncapillary porosity'...••• _____ .•.. Ncncapillaryporosity.' 
;IV01ume.weifht 1..... -.-----------.--.; Yolume weight.' 
: SI!Spens.lOn _ .. · '''' ._._- •. _------.- ....-.--_.-..... _._-----_.---

l
N'egative I DISperSIOn -- ... -.-.--- ..------.- •• - -...--------- ...--- ... -------

I----------------------------, Moisture equl\.-aient I 
:-:::~:::::::::::::- -:. Silt and ('lay.1 

~ 
::
_w 

:::::
._¥ 

:-:::
._~_ 

::::.
,_ ~_.~~ ____ ~~ .. ~._._> __\ Cla~t':! 

. 

.~----, 

1 Signillc-.mt (.5-percent pointl. 
, Highiy significant (I'perc-ent point). 

The correlutioJIs 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 porosity; the value of suspension 
percentage and dispersion ratio as indicfttors of the ease with which 
aggregates may be broken down and pores clogged by soil particles; 
the reduction of the size of pores or the total porosity by the amount 
of clay in the subsoil or the swelling of colloids in the presence of 
water-all these are in accord with our geneml knowledge of the be
havior of the soil complex. 

Approximately 40 combinations of the most promising soil char
acteristics, as indicated by the simple correlation co('fficients, were 
studied in the form of multiple regressions in an rffort to ascertain 
what combination of characteristics would yield the most significant 
regression on infiltration. Since the 68 soils in this group have highly 
divergent characteristics and since seY('ral of the characteristics th('m
selves arc only indices of actual physical properties (noncapillary 
porosity, for example, is an index of thr size of porrs), it was expected 
merrly that major t.rl'nds of association of infilt.ration and certain 
physical properties would be disclosed. 
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Sixt(,(,ll of tIl(' forty combinations pI'oYed to han' highly significant 
multiple I'pgn'ssions, Thus therp was a high dpgrt'<' of succ('ss in 
dl'monstrating statistically the interplay of c('rtain charactpI'iRtics 
with infiltratioll, It is to be rempm b('l"ed that these associations nre 
for the cntire group of 68 sitcs rathcr than for individual sitl's, 

The highest multiple correlation cocfficient obtained was 0, iI, and 
the corresponding standnrd error of l'stimate for a mean infiltration 
rn tp of 0,88 inch ppr hour fOI' thl' 68 sites was 0,10, Tll('sl' WPI'P 
obtain('d from a combination of soil characteristics that ilH'ludpd 
Jloncapillary porosity and organic ma ttpr in both surfllc(' soil Ilnd 
subsoil Ilnd clllY in the subsoil. It is Ilpparent that sllch a mllitiple 
rpgJ'cssion would not 1)(' vpry slltisfactor-y in pn'dicting the infiltmtion 
1"11t(' for a sin~d(' sit(' since thc standard error of a predicted Yaille for 
a singI(' sifp is 0,85 inch, 

DISGt"SSlON 

SIZE AND PEIUIANENCY OF PORES 

The rl'lation of soil-porosity fllctors to thl' infiltmtion of surffice 
watprs is dpsprving of fmthpr study, Long-('stllblishpd pI'inciph's in 
thp fh'ld of !Ivdmulics Ill'p not entin·ly unrpilltp(\ to the infiltm.tipn 
problpm, Th"(. cvidc'ncl' of the probllbh: efl'ecL of size of pore or ch 11 illH'I 
on tIl{' rate of moY('ment of water is in harmony with hydrnulic
priJlcir,lf's, 

Prl'pond('ranc(' of large porps in soil is in pllrt the rpslllt. of natUl'Il1 
forcl's actiyl' in thp dl'n'lopnwnt of a soil profilp, Ruch liS d('IrI'('(' of 
wPlltiJ{'ring and kind of pan'nt mnt{,I'ial and thl' com Lined {'{fects of thp 
biologic forces at play on it, nnd in part the l'Psult of man's modificn
IiOIl of thrsp procpssrs of natun., 

Large pores in soil-thp propoltionate amount of which in this 
sl ud~- is indicated by noncnpillary porosity calculntions of two dif
fpJ'pnt kinds, rach of which gives ('ss('ntinlly similfil' vlllut's-nn' due 
primfll'il~- to til(' nmount of largp soil particlrs or nggregatps Ilnd til('ir 
arrnngeml'nt. Thr intprmingling of large and small partieif's mn,v 
prO\-ide ritlwr II. !c·ss dmsr or morp dl'lIst' soil horizon (ns shown b,v 
Schlicter and others), but it appears from dutn rplating to t·hps!' soils 
that usually un incI'{'nsp in uggl'Pgation is accompaniNI by an incrt'asp 
in nOllcapillary pOl'osit}-, In this group of soil"- ol'gtUlic-llll1tt('r con
if'nt, silt and clay, clay, and disp('I'sion ratio aI'P significn.ntly associ:ltNI 
with n.ggl'pgation, 

TIl(' rat{' of Wl1tpr intake \-uri('S with tlIp amount of ('frf'etin' 1I0n
eilpillnry poroE:ity of a soil, which diffprs undt'I' difr('rpnt conditions, 
"-hf'n til(' porps of a soil fll'p alrrl1<iy pnrtly 01' wholl,v fillpd by wa tpl' of a 
pl'f'c(>(ling min 01' whrl1 cloggpd at points of ('onstJ'iction by dispprspd 
Roil pnrti('ks tllllt han' bl'PII wllshpd into t!t{,Ill, wnfpr intnkp is 
impNIl'd, If aggn'gatc'.:; fiI'(' n·ll1tin'I~- \lnstalll(', continu('d applicntion 
of wat('!' may lwlucp noncllpillnry pol'Osity, 

Tht' fact that til(' 1'l1tp of infiltmtion during th(' wpt nln, whirh 
sllccr{'dNI til(' initinl nUl by 24 hours, WI1S usunlly low"r thnn tilr I'ntr 
nt til(' clm;(' of thp initialn;n indicnic's that sOIlH'tlJing of this kind lIn::; 
O('('II1'I'('(\. It IE: rrasonahl(' to suppose that during tJlis 24-hour 1)(,l'iod 
':;OIlW ('ha ngps in soil structUI'P ha n' takPTl pla('p, Colloids mnr ('011

tinll(' to Hwpll th,'ollgh tllp slow imbibition of W:lt(·I'. some' nggr('glllPs 
may ('ontinu(' to slake und disintegn1t(" and disprr!'f'd partiel(':i tlrllt 

I 
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hlwt' l'PCPl1tly mon,d downwlll'd to points of constriction ml1.'- b('comt' 
ct'nH'nted in plnce. Tht' dq!n't' to wllich tllf'Sl' Yluious nctions tnkr 
pillct' Yflrit's. of courst', with thl' physicnl propt'rti('s of diff(,I'PIlt soils 

This study is un (')..l)lorI1Jory one, thp rn11lificlltions of which will 
not· bC' fullv uudt'rstood without much additiOlll11 work. It is i)('iit'VPd 
that it sN~-es to point the wn.y toward futuI"l' innstigations thnt may 
b(' productiYe. 'Ve need a dt'yeIopl1H'nt of s('YC'rnl tt'chniques, 
ptuticulurly onC' for til(' pn'cist' lllt'asurt'llwnt of the size distribution 
of :::oil POrt'S. The CtlusC's of thcir formation and pl'rm!lJ1l'I1C(, is n 
mntt('r of thr utmost importunce. In futurC' work tlH' stud)' of soil 
t('xtun' ulonp and of thp g('lwtic origin of soils ns ('rit('l"ia of infiltmlion 
may wdl be subordinutt:d to otlll'r dirpctions of effort . 

PUACTICAL Apl'LICATIO:'I oFFI~J)J~GS 

The possibilities of modifying illfiltrati()ll ru tes in flll'ming practice 
deselTp 11ttentioll. Either destructive 01' constructivp prnctices may 
be in opern tion 011 iI gi ,-en lnnd surfuce. .Among the destructive prnc
ticl's are: (1) Intensiw cultivntion, which results in destruction of 
nggregn tes as wdl itS the orgnnic mn tter thn t is efl'pctive in their 
fOl:nul~tioll; (2) undue compnc'tion of the soil such 11S muy be caus('d 
bv excessive grnzing. pnrticuInriy when the soil is wet, or by inoppor
tlll1e plowing or tilinge. which puddI(,s the soil; nnd (3) pmctices thnt 
prrmit the loss of the surfl1('(' soil, which is usul1liy 1I10re highly aggre
gated than the subsoil ulld of higher organic-mutter contt'llt and is 
Oftpll of C(lIlrSer texture. 

Among the cOll5truetiYe practice,; tire most of the items eomlllollly 
rpcommended for wise soil nUlIIilgement, pnrtieuInriy: (1) The ill("01"
pOl"l1tion nnd lllilintellall('e of Ol"gilllic matter through such pnlcti('es 
ns the use of good rot:ltions, the return of CI"OP residues, illld till' 
ilpplicn tion of 111l1llUre; (2) the use of COWl" on the In nd-pnrticuillriy 
('lose-growing vegeta tion, such ns gn1SS, which is no ttl ble for its efr('et 
on nggregntion, nnd forest. nnd wintpr co,'er Cl"OpS, nlso stmw, stubble, 
or e,'pn stolles--which sen'e ns n proteetioll from the impuct of rnin 
and reducp the turbidity of surfnCl' wntrr; (3) wist' ('ultun' nnd tillngt', 
such as the brel1king of thp surfnee ("rust nfter min;;. filII plowing of 
heav-y dellsl' soils where conditions wlIn-lInt, nnd IlIll11ipulntioll of til(' 
soil under f:l\-ornblp llIoistur(' condition;; and in :1 mnlln('r to impl"O\'e 
tilth; and (-t) prnetices that rNnrd th(' rnt(' of run-ofr lind till'reby 
rrduce its n'il)('ity nnd turbidity alld prO\'ide 11101"(' tilll(, for HI(' in
fi! triltion of surface wn tel's. 

S[.\nrARY 

This ;;tudy wns designed to c\et('rmine the rl'intiw infiltration of 
68 soil;; n nd 'rpln tP<l soil ehnmeteristies. 

The relntin infiltrntion of :5oil in situ wns. d('tl'rmillt'd hv tllp tube 
method. The dntu nre from 68 ;;ites SCllttered from (/(,(lrf':iu' to On·gon 
find from X pW York to )\ew :\f('xieo. TII('s(' sitt';; illclud<'''soil;; Illwing 
n wide rnnge of texture nnd J'epre,.;entlltiH of most of the gJ'('/lt soil 
nnd pnrPllt-mnterinl groups. They nn' n'pl'('sPlltntiYe also of most of 
tli(' rliml1tic pJ"()\·inc('s of th(' (-nitrci Stnt('s. 

Snmpl('s 1'1'0111 pneh "itl' \\"rr(' forwarded to :1 C('II t I'll I Inbomtol'Y, 
whel"(' cprtnin important soil ('hnrnc't('risties \\"('1'(' d(lu'l'llIillPd_ 
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Definite nssocin tion of infiltmtion with nll indices of l:nge pores or 
with those fuctol's affectiIlg pore size Wl1S found for til(' 68 soil sites. 
Particulady. noncnpillnry porosity, degree of aggregation. organic 
mattel', nnd amount of clay in the subsoil mny be regnrded liS determi
llilUtS of infilt1'l1tion. Similarly, those factors thnt determine the 
permnnency of large pores, such as suspension percentnge and dis
persion mtio, are associated with infiltrntion mtes. 

Correlations between soil properties that do not so directly affed 
infiltrntion were found a t man,)~ points in the dnta. Among these nre 
the positive cOITelatioll between organic matter und ffiLlisture equinl
lent and between clny unci moisture eq uivnlen t. the sigllifican t negil
ti,-e correlation between suspension percentage nnd pH value. and the 
negati,'e correlntion between content of "ilt and clay nnd ,'olume 
weight. These correia tions nre in accord with the findings of numer
ous~other workers uncI with well-recognized principles of solI physics. 

For mnintaining 01' incrensing the infiltrntion rute of field soils the 
studv indiciltes the nilue of tIle common Iv recoIluuended soil-man
ngenlent prnctices, which include the incorpomtion of orgnnic matt('r 
a nd its main tennnce uta rensonl1 bly high le,-el, proper tillnge prn('
tices, nnd n good cropping progrum. COl1versE'ly it is indicnted thnt 
those prnctices tending to reduce the degree of nggregntion. decrense 
the stability of nggregates. nnd incrense the turbiditv of wnter nvnilnble 
fOI' infiltrntion nri us1.wlly 'co11(1 ucive to n red uction In the n: i:e of intuk(' 
of nil tuml min:'. • 

Reinted studies conducted on ]3 sites during the course of the mnin 
ilwestigation co\-ered by this report indicn ted m ther definitely thn t 
differences in turbidih- of wnter n "niln ble for infiltrn tion wns one of 
the most imporit'mt ractors tending to mnke infiltmtion mtes deter
mined by the rninfnll-simulator method lower tlum those determined 
by the tllbe method. This und the fnct thnt some Interni moyenl('nt 
of Sll bSllrfuce wn tel' WI1S obseryed for both these methods of determin
ing infiltmtion rn tes, which in ,'oIY(' the nrtificiul applicntion of water, 
lend support to the iden that probn bl,)" these mtes lind others that 
are found when wn ter is llrtificinlly n pplied should bl' eonsidered ns 
reinti'-e mther thnn nbsoillte; nnd these vnltles should nlwilYs be 
considered ns rein th'e if used in the design of ('ontrol mensmes: 
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AlIslin day (sllehllJ Io'I"'d H. g 'I' nr~nil IImi wn· 	 '"' prodl',I1. It·r t'OIl..;,'r\ ntloll j",h1ri 	 ; ('IIr1'OIlS ('/'1)" : 0111' '1 I 'h 'S II~I 11 sli,' } 
... I) '" 'j -:~t:, hu.·lu',:;. Browni..,h..gr:l \~ 11l'tI \'Y pl'1\- ht·.. ! s. nl t, 1 I () , : I I' ()~7} :IS11Wlil <.;1"tll)lI. TI'lIlplt·, .••(10.......-•• ,.1 1'I'h, .,I,II,IS I ('llIlIh,~ lI~hlt'r III "nlnr 'wlIl! 11I,'n',;;'" III (' '~I till'" ,or rull. H,," II i-Iii ..


#1',,\. ~ th\Plh. "'hiw silt'll frnt!JtI('ul$: throughout (mps. ( ollml Hud (urn. 
. 	 I pwlll,'. I '/. 
I lnon ill{'))j'''l~ (Jmyish .. l)luc·k h(la\~~· eole'un'Plls I}

Fi,'ld II uf snil all,I WJII,'r '} ( t'lu.v. ' OlliS I inelif's iJigh on Silf~ ::;1
,'(H\51'n:at iun t'\pt'r'IIit'IlI: 11U .- .do ••• - ...-.- • .1 ~'('h. 2S,l!Iag 'lll':lli h,,·h,',. Jlrowlli~h·grIlY III'IIvy rillY 111"1 III 1I1Ill' of rull. COni !Hi 
stHtion, "1'('''lpl\l, Tp,\:~ : 	 O-lliC'tHll.i"g: li~htpr grll,r witll irWrt'O,sI\ in d(\Ilth~ ror h\.'{t:! Y~'urs,I 

Whll,' ,h,'\\ frllg!l1l'IIts throllVllOl1t prolll,'. 	 ~ 
Austill ~Inl' (s,'\'('rth i I() -; illdlt'~. Ornyish·hltl('k crl1mbly (,,,,rllrt") 	 'IIy l'rodv<ll. 	 J ~ nus l'l\l\'. c~uuth(\r(\I1i('\~nfsonu1Hlwn~ It 	 1-; ~~I \tll·h,,~. Light grnyish·iJrowlI hl"I\'Y , >T;

Lt·r ,'uns('f\ lit tOil (lxp(·:-l· 
I~:t do •• , , . ,'hI)" 	 ';,·,·,lell to oats for h.~1 :1 ' 0-7 

111"111 slHllnll, '1"'1111'''', 1'\ 	 lIllIr. 1·1, ltI,l~ !2\\-:10 hl!'lll's. (In\lh's fWIII light grnyish. yt'lIrs. ;{ ;:i-I(l
·l~f'·\. 	 QI hrlOwlI In lighl·bmwn, 1I111l0st Yf'lIu\\', ('III· ;;::
t ('Un'Ollto; l'ltly. \Vhth' sh('U rrHl;l1l(1nt~ 1 


, Ihroughoul pnofli,·. I r-;

[ O·S \twht's. l,il'hl·hroll\'11 1011111 with lip pro" ; .. 

1	 r"!nhl!' 'llllllliitl' of IlIII' SlIIIII. j'
i S 1:1 illl'h,,~. 1.I~!tI·hrowlI 10,1111 with grallu, 

nndg,'r IOllm " FllrJll "r Joltn A. ~le('\11It" 1:19 	 ""tlS:1 illl'h,'s hlVh on sitt'. I} 08 '"' ; Inr::;trllf'llJn'~ 	 1 ..dO· .._..·_· ..••• 1I111Y IS, was: 1:1 ~I 11II'I,,'s. Y,'II"wIsh,hrowlI silty ('1',), I Hi't'f'lIl ('(Ops: p{)fllt(w~ , ;;::1·:lIl·n.,hurg. \rash. 	 11 Iii: IOHJIl. 	 Ilnd 1)tlIL-oI". : ~l 'l1 al~ l1\t·ht~S. A H1111- U~ht(\r HI ('olor tlHUI 
1:I-~I·IIl,'h Iny,'r unll 1II0rt' lII('lIow: "()II.1 Lulus IIlnrl' (lUI' sand. 	 I 

" 
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35 llELATED PHYSICAL CHAIUCTERIl:;TIC8 OF SOILS 
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'1'.IIIL~} 11.,·· f)"~rriJili()1t "1Ih" sllil,~ 01 ,~it(',~ 011 whir" I'(ll,w 01 iJljilll'(llilll/. 11'1'1'" 1II/"',~I/I'C" ,Collt.illiled CI-' _.,--- ---,.---- Cl:>..--~.-.. 

Depth 
01 Slim· H

Soil 1·)'1"' i.(lI'lithm of sh.) ~hl' 1\1.'11,,"1 !lnl" or 1111111111' pllnl( t:l~o. I)l'~,'rillt 1011 of pruf\lu ('ulturul tn'utmont rUII Inr IlIh· o,orutury I:r; 
stlldy !...iI H , I ----j---  o

11 :11 Tuil" I F.'h, I, 111:18 I'Hllnl'ill'~' (lmylsh·hrowII ~1I11dy 101111' ') ! ;;.\'lIughn Inrlllol Soil,ultl WII', III H";nlnll ~11Il1I1"I<lr .• 1 I,,'e, ~,lIm} g. III I ul'l II'>, (lm,h's lrolll y.'lInw ~Il'''ly Innm 1'1' " ,htch.. t"
!t'r ('()m~ln'''li()1l eXlwrl· 1 J;i dn IJUII. I" III'I~ thrnu~h IJrllll~., ~II,"ll' "IllY 10 11<'11"), n',1 11,7 ,rop sor~hlllll. 11<· . n-R 
1IU'llt station. \Vnt.kilts.. : a., .' ('lilY '. emit ('rops: P"lLS, onl.s, S-JIi<, t:o
"ilil"On, : II _. .lu,. .rlln, IS, I\I:I~} 1II·:I~ inch,'s, Ih"I\") n',1 "Ill)' "0111111111111( nil el)I.II"" 11,,,1 ellrn. J J1\-3~ c:: 

Hi do Jun. ~~l, 111:18 1111"" or IlUfI'nt 1II11«'rllll,
IO•.'~ Inch . .-\ hly,'r (,11"" ..,,1 with ~.i hll'h of ~ 

phil' nl"t~dles,. ~ 
I ~-fi ineill's. Orllyish-hrown sundy 101\111 H 
fi·~12 ilwlws. Yt'llnwish-hruwn to (Irang!' 

..., 
!...i~lIndy "'ny.

In pil1t.,\ gW\'j' 011 Vnughn I} Billow 12 irwh\'s. IIt 1u\'y n'd rrluhln day. 
"'If!trlll t.. f soli t\lHI Wft(l'r ('on .. I ~Ij do ., Apr, 5, JI);~~}I) IIlIlh 1>r,)fII('.~ con,"lnll ronsld,'rnhlt. 1111111' PhI<' ~ru\'(' rnr IlLsl. ·10 I~ I ~. r. 
I~

t1:~~~'\~~:,\k'i~!~~~lN,~:·I:~u~tn. I 27 do ,\ pr, 7, un.", /\ h,'r or rools in lirsL lil hu'ht,S \'urylll~ rrolll 
I inn nt, UfW time. j 

[):I:! ~ 
Yl'llrs. t, ndt'r ('ul1 ivu.. j 

3.1 IIIt'h to slIlullt'r $iZtl.."i, .A h()h~ or loost' 12 17 
sui! ab(mL 2 irH'lws. in dhulIl'h'r pxle'nds in

I r.a diuJ.tonnl tlir(l('lIuH Il('ro,s ) (~orrH'r or pioL 

011 ~llI' ~fi, A ~IIIIilllr holll rllllS rrulll Ih,' 

IIIhl,lIe or 11111 pillt. I hrongh tI", I",,,, ur I.h,' [I.

plot. un sill. ~7, )


1);;olll.h 01 phil' ~ro",' (III I~ lHi IncllI's, Ort\\'lsh·hrowlI slIlIdy ICHIIII o . VIIIl~hll rllflll III soli tlJI(I I '!X 
do...... _. ,\pr, 13 I\I'IH ,11-13 hwhes, "',,lIowlsh·hrowlI to ornn~(1 \\'CC'I~ in 1!);17. H"(;l'lIl. il IHI t:lWIlll'r lOOIlSt'n'atloll ('x Iwr· : " I): :mlld ~o{ elay. crops: Pens, Qats, and iON'II suntll'- kmm illll'lIt gtlllioll, W"tkills' J ,1-1 '1o••••••.• :\IIIY IH:lb, I. ,18 ! Ill'low h In<'lll's. 1I"III'Y r('<1 t'luy cOlltninin!: cotton. (,1II1',Otl ; l I I la-w '"~ no mil'n or pUTI'nl IIIllu'rinl. 

~I 0·5 IndIOS, (lran'ish·hrown :<1111(1), IUIlIII 
,,,I;; In"'lI's, (lrni",s Irolll y,'II(1w sundy IUIIIlI "= throu~h orllll~l' sundy <.'Iny to hi'n\'y rpd

'·al!~I1t~ (Hrlll or,Soil und wn~:} "l do ........ . .\pr,
h'f l'l1IlSt'r\ nllon !'\':Ill'ri· i =til Il. W:ln I 11 ~llu):, 'I 'I ' II' " , 'I " "" Sorchum 111 lIla7, Hl""'"t..}
IIlt'lll :: tnt 1011, \\"nlkllls" :1" dn ••.• Apr. .)) IttJ~ l 0\\ 1.. ) m 1I'.s. ttl\!, nel I.: 11) tOlllnllllll.., {,'reJps' P'lS 'lIS {'O( •.' 11-5 ~ 

j,'111". (III, . , • do••.•• .\pr, :;.; I" I 110 IIlIl~1l or pnr{'nt. lI1utrrinl. On sill' ~t! " 1.:,1, 0., 5- Jfi :::::: 
-I, H3~ Own' is ~\\'ldllnt't' or cnnsidt'rnhlt' dill'l'n'nl'l~ 1,011, .lIIt! (:urll. 

F 

15-2:! o, I i In till' ""III(lIl('IIll'~S of Ih" soil III ""n' 10' I c::: ('ullzl.'cI nn'as; this 1llll}(lurS to IHl dill' l() old 

I root loclltlons, r-: 

r: 

'jlHi IlIrh('H. (lra),l,h·h"""1I slIlIdy 1011111 I') ~, I '''f\uJ!hn farm of ~oillllltl wn.. { .,··12 indu~'s, nrntl(ls frllm yt1Jiuw sundy loum ::::::

It'r {'OI1St'rvnt 1011 ('xpt'ri· : IhfOtl~h nrnngcl ~luHly ('In,}.t to hC'II\'Y rHd r ~orghlJliI in Wa7. HI'(.t'nt:~ 0·6 t:: 
JIll'''' Sll\tlOIl. \\'l\lkllis· i ,\ ..r, !!.i,lOaS: dny. I ('rops: P(IIlS, oats, CIJt.~ n'~J2do 

j 

I') ,'.)oJdlh', (In, I'" j 111,1011' I~ 1Il\'lH'~, I I l'lI\')' H'd ,'In)' "oll"'illin~ I tOil, alld corn, I' 
11(1 1111('" fir JI"","t J1111lt-rial. Old ront. 10' Ij / (~ntlon'\, us on sill' a2. I 

.... .... 1 .l. ~ 



0' • ;'a·ht'5. Hetldl~h·hrtlwn su,"I), 1<111111 

lit'll)\\' • l"dH·S. Brownish·n·el IH'I\\')' suntl), )\\'1' 1 . t. "nl }
~ . (. dll}~ ~rucliIl~ iulO hrownlsh-n'd i-'lay. ('011- .Il nt., n.s J~:~7: I ~H, (}-7 

Il
Farl,n of J. II. (lrn~, ,lIigh l '11' j' do ..•.•_...... ,Mu) tb! 1.l.l8 ~ sid('rnhh" IlIl1()UlltS (If mll'H hC'low T hH'lws. crop~. L{. III J{ZU, \\ Junt, ' 7-20

Plline N. C. 	 J • I This prul\lt' Ill~() Sl"tlm~ td hl,'lllllixpd phase uucllorn. 
of ('t,,·il. II ().• inelws. Ht.,ltlish·hruwn slIn.l\, chI\' 1011111 }('otlon in was. HI·,,'nt '} 0-7Cecil sandy 	 clay' 1'1,,1,1 ,\1 of ,oil 1111<1 ',vat('r} JUlie 1, wa~ 	 Bt1low 7 incill's. Il.·uvy Hid frill))k ('lill' thut t'rnps: Onts, ('olton, Ilud :lon1l1. ' i~()nSt'r\'ution 1\!(\WrinWlIl, :\11 do .. {	 7~20 
IWl'OIlIl~S Iwuvil'r willi inrrells(' ill tll'pth. It'SIWfl.·7.u. : ::::i stnlion. iit.nh\$\'il j\ N. Col 

II' 	

t:jO' 7 hl('hes. Illlrk·ltrown hCII\,~' slit 10uIII } 	 ! 
l"cnrrnntroll'hHS "t.SOIlIlIHI} I 7-2() IJU'ilt.$. Yt'llo\\'i~h·I)fII\\,1l j..{rallulnr ; 0-7 t'" 

I \\'utcu'ollsen'utltm oXlteri· " Atl~. :U, 111:17 henvy silt luulII. ~l!l·ulltl·yuHr ('Orll ill 1H:i7 :{ 7-16 ;.
Clhtt.m silt 10mlll I) 1I1~~nt ~tution, La f'roSl·;t'. 1 101 I uho~ ......... ~ ... _~_ H{2(1 :\2 hwlws. Dllrk ~rn~'lsh·y\'llow frlulIl" 

~ . " 's. . sill.l"ulII. 	 tj
fI~1'\ illl'hes. Brown hellv)' sill. lOUIn, mlxlure 

nf ~lIr(n('o soil Hlltl :,uhsoil. 
0-8J 

Clinton silt Ina", iF;oUIII,,1 wnlt'r ,:Ultson·a, Ion 111121 l,do. _. ___ .. _•.. ~pL. :I,lIIai {s il;iul::~'·h\'S. YI~lhlwish·llrown heu\'~' silt leo ... in 111:17 .. 8-16 ::t '" 
~ 

(tIr,\ IIltI) '1 u'IHlrl'nun~ stlltion. (,11 1 I 	 lielow IIi Inehus. Durk ~ruylsh·yellow frl· Y\, 	 1 ('rosse, \1"5. ! I flhlo silt, 1<111111. 

' I "~S inches. .\le,1I1I1II dark·hTl'" n silt 10uIII '/ 0
if 0-8 ;.O,.t 1 111'1- S-H Inches. Li~ht ~rn)'ish·hruwn silt loulII Sel'owl·yoar cOTnln lIla7

In'lIrlll of A. Hlltllng, .\llIrsh· illS I .110, ..... , .. ,.. ", II-ali inches. .\Inttletl vrllylsh·hrtlWII "hllng, . ~ \ 8-111 t'"{l'olhy slit 1011111 II tWld, Wis. ,I lug 10 stick)' hell\,)' rIllY. 	 ! (I-a 0
CrowlI light, 	 ('!t,), [ ':\'ll\'lIjO Boil a",1 \\',I(\lr ('1111' 'I II tI :t indll~s_ Fhu.l, ,'oIl0\\'18h, loost~ lIIuh'h 

:1-9 
(rolltl\'illl "hIlSI'). j sorvlIlioll ~:'I'Orltllent.~I.II· 'r 1:11, , .. !lo._ Apr. Hi, IHa8 )' BelOw a irU.'hcs. ('olillmd hrowllif;h-,yellow Hnll~c lulltl - { ::t 

IH~ ;.,·Iu~·.thm, 01111111', :\'. :\Iox, I I ", a inches. Fillt', yello\";sh, I'HlSlllllllldl .' 	 ::c 
a-7 ilH..·lw.';. Hnther lunst} grayish·browJll'lny . 	 0-. >(";. 

('row II ht.·a \' Y ('h\y :I do 1:J:! 1 .,10 Apr. Ih. was lIelow. InrIit's. II",I\'Y grnyish·hro\\,n ('\11)' } t!o { 7.... lfi M{ IInlltlrlllltl hy strntlfletl slInels lind sllndy 
101llllS lit 111111111 2{) hlt'hes. ::: 

Cruwn SHlHly 	 clll\' ! ".a Inches. J.1~ht.·hrown IIIl1leh '\ O-s 

~ 

~ 
1011111 , ("o!!tI"it,1 do. 	 1:10 do 1\tuy :.!. tn:JS {;{-S inc)ws. Lil-!ht-hrowJI sundy ('In), IWltll .... _do.••- \{ S-Itl r-:
plmsel. 8-22 Inches. Llght·hrown frill hIe ,'111), . 

tHS inches. U.ht·hrowl! sllwly 1011111 . 0-7 (3 
Crown snnd~~ luum 1 I dO.. 1:1. do lIIlIY ~,was {Is-all Inriit's. Rllllle lIS O-lS·hll'h Illyer bllt { 7-111tlo 	 U. 

l'ont.nins lIIore snnd. 
! 	 "·7 Inches. Veri' dllrk redllish·hruwn rill), ) 0 

>.jInurn. 
:Itl tlo 	 Dee. Ib, 1Il:17 7-22 Incht's. Dllrk·ret! CIIlY, hell\'Y, SIIIOllth, ('OTII In 10:17. Iim'ent I~ 0-7

Ill". 14. 1!la. flrlll, lind sticky hilt Itot tel1ltl'iulls. trelltment: Idle lint! ilt 
:J'. 

II , Hllhlfllll shntllt'tor 7-15 0 
\ OIl. 121 do

DIl\'hIStHl ,'In), 10lllii .f \\'otld (nrmuonr ~Iolilit'ulio. Dee. 10,lUa, :!2 ao inches. SUllie IIlnt~rinl IL<; i-2:l·hu-h corll. j 

Inycr, hut it hl'Come..o.; IImn-ler with ifJ(.'reIL.,e t:: 
In depth. rr. 

IHi Im'hos, J.1~ht yellowlsh·brown frill hie I1 
[ silt IOllm. 

fHl 
DllbUIJUO slit h111111 i{ Fnrlll of tr.d Quilln, ('I.~h· } 	 Sept. U lIla'l BCI()W P.inches. Brownlsh·retl ~rltt)' l'lll~' Hel"IIIt1,yollr corn in 1937 I{ 6-15! wn, Wis. ' 10:1 '('II btl.... , ••••• " , ('(lntulIllllg ~(Insiderllhlu cherty muterlnl ut . . 

12 irll'hes nut! deeper.I I 
IJ,;)2 L()l'ulllUm~ soilnol l·orrelntf~t1. 
"'-l 
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TABLE 11.--])I'Ncriptioll of Ihe .~(Ii18 ol sill'S Oil which /'(/Ie.~ of i1lfiltration '/(OUt' 1II/'a.~lIn'd- -Continued 	 ~ 
00 

T 
I 	 i Deptb 

ofsnm· 
SoiltYJ1" L(!Clllion of slto "iI,· ;\1~lhll.r Dul" of Inltlnll Dl'scrlption of prolilo t'ulturul trl~lltflH'llt plin~

:0-:-0. run 	 8forlnh
orntllry ;:c 
st.udy ~ 

I	
c 

HonJ~r uf soli nud Willer ('Oll- U-7 hlt'hu.-;. LiJ.,tht-hro\\ I) sill Y ('lilY hhUIl ;:. 
son'ut lUll oXJ)t'rillton(. stn- ! ;-15 h)(>lu~. Br()wnish·~cll(lw silty clay. fnrhes C" 
tiou 1,lot:-> nil t'lllll1lul:t('rOIIS i . - lIlore CUIIlJlllct I hllllll-7-lnch Inyor. I'nllllw. 1,llst cllltlvlltoll 2 I 0-7III ~Pllh" 	 C"fllrlll II( :-/011' Yurk Agrl-, .\ug. I, 1iI.1, Jlolow If> IlIeh", •• (Jrnylsh-yollo", COIIIJlIll't 1/ WCllks I",foro run. II 7-lIi 
('1I11.1Irnl RSIIt'riI1IlHJt Htu.. 1Il1l11'rllll_ _\ lino nr I 110 WI~q Illter fllllllll , 'I 

Ilun, (Jon.,\,II, :0-:-. y, :1 all 	 unllor this slto. I I 
j)lInklrk sillY I'IIIY 	 110 J IIlll~ Ill, 111:1, 'I()-S Incilos. Modlulll-hr",l'n slity clny Inlllll I) 	 ()01\111, t ('olll,nlnillJ{ Jllon~ elny than pro\,iolls 1)1111-	 I ~ 

j('nrUlin~ ('fOPS (urnt of .:\'uw : 	 i kirk slto; niSI' lIloro CIlIllJ)''''t, Onl•• ill lIIaH. Hocellt crOIlS' 

I 	
0-8York I'XI"'rllllollt Slllllon.l~ i Itninfnli silllnintor JtIIW 15. !\lax 8-20 Inchos. Light hrownlsh-yollow lIlorc I COTll, soyhonns, un" } ~ 

Ot1novu. N. Y. t 	 8-20cOlllpnct silty rillY. 	 swooteln\·or. 
,1:1 ~Ido 1 JIJIIl' 17. HI'!"" IIl'low ~() incht....,. Ornyish·ycllow COJUplU't 

L~I mllterinl. 	 t 
<0'(Hi Illches. I,igh! gTllylsh-hrown slit Inlllll i 

6-10 Inchos. Yellowish-brown slit Inlllll, ' 
}'lIyetlO slit, IUIIIlI ;IFlIrlll of Alb"rl. OllllSllld, :\ lOti 'I'nho ,, ___",, __ ~ lilt .).) 111'1- '\ slightly hCII\'ier IInll lllore cnlllllll<'t tllllll 'l'hl"I-"ollr corn In 1Ii:1- !{ (HI ~ 'I II OllSlIllI , :'lInll. 11 ...,t • --, ., I ()~~.inch lnyer. 	 .,' , II-III 

11Jelnw 10 Illchos. Yollnw lllo"oTlltoly COIll-	 , ;r.pllet slit 10lllll. 
1 °-7 Inches. Orny frl"blo slit IOIlIll 

7 12111~I~CS. OrllY slit IOIlIll mo"orntoly mot
') , 'J I' I t1o<l With rust hrown. O-i 

1	 ~PrOUlUllL grn ,'elly '{I<~t1wnrds (urlll, Cohocton, ),,~,w,..,," ,m,..sillloHm. ; N. Y. -I L. __ do_ --- _________ .1 A ug. I., 1137 I 12-24 inches. Yeliowlsh-grllY very COIllPIlCt 	 { 7-12 ~ 
! gritty silt 1011111, highly lIIuttiod. Nlllllcr	 :-' 
/ (lU.', snndstono rocks throughout proflll'. 
0-10 Inches. Light-hrown gTllnulllr slit lo"m 
1l1-2.'i InclllJ.~. Light-llrown silty cillY IOlllll, iipring whcnt In 111:18. He

,(_~Ihcnll sill IOllm i{Fllrlll (If C', J. IInl llghloll, 1\ 14') o .). gTIIllulllr.IIIl(1 with II slight yellowish colur. cent crops: POlL'; !lnd 0-7 '" 
, UIIYllln. W .. sh, 1 • _--II ----____..__ I Juno _,103S! Below 25 inches. Yellowlsh-hrown hOll\'~' 	 ;:.

whollt. Suhsoiled 10 to 7-1Il 
slit 1011111 contlllnlllg lI(1prcclllhlc nmollllts 18 Irwhcs in fnllof 1035. 

. of \,ory nne SIlll(1. 
r:;

IllI-71l1Ches. Ornvlsh-hrown sill 1011111 )1i-I-Ilncho... Yoilowlsh-hrowlI sill, IUllm hOIl\,- -:: 
lIoneoye grll\'clly '{Flold Ii Of. slIiI IIl1d wllter I~ i lor Hum .. lIrf:lce soli. . ( n' r:_.do_______..._ 	 0-7 ...,silt IOIUIl.. 1 l~(JIlSer"ntlOli t'XI"lrillwrH 15 	 July ~,1037 11-22Incb08. 1'rnllsitiollllllltcrilll, clllcllronllS ()'l~o~::J l:I:~!~1b 11U~?·!7, 7-14I stnllon. :'lnTl'<lllllS, N. Y'I 	 , b .. low 18 [nchos. Orn\'olll",1 sLOnes fUlllHI J,. ~ 

: IhrullghulIL l'rllliIO 11111- IIII'ro,180 In nlllliher ~ 
, lind sl,o wit I Incrollso In depth. t::: 



Profllt, dillors (rom thlil. or situ 15 In lhlll the'{ I'1"hl 1\1 o( soli 1111(1 II'lIter '} 	 Ollts lind bnrlo~' In 10;17. { ()"7
UIIIWO)'tl grll"oIlY: I'Olls~nll(ion oxporlt!lOl!t I 10 do July 1l.1O:17 j upper suhsnll"nntnlns lIIoro 51111d .lUd fino{ 	 } Plowed J\rll~' ltI, 1{J;I7. 7-14slit IOllm (eroded). stnlion, l\lnrl'llllus. ~. , • 	 grl\\,o1.j 

I r do , ,17 .do...._._....... July 15. 1Il:l7 I I'rotlh' cll1feront Irum thllt O( site If, III thllt QlltS lind llIlrley In 103i. } 
 0-8!. 1t hilS IIlt1ro sllr/lltO soli bO(,"uso ClI doposl· Plowed nhout MIlY Ill, IH5 , tlnll. W:l7 
do . ~ ................... __ .... __ .. ....... . IN I ••••• do._••_____..... Jul)' 22, 1!J:l7 I'rn1ll0 coushh;ruhI ,· cllllorollL Irnlll thllL of OlltS lind bllrl"y In 10:17. I} [l-S

Sltll 15 In thllt t110 surflleo 5(.11 Is lIIuch I'lnwod IIbout Mu), n, 8-15
<Il1rker Ihllu thllt df typlclIl Honeoye Illld W:17, 

tho subsoil h9s ('onsldoruhle ~rllY mottling, ~ 


UOIIOOYO grn ,'oily' !llIght h(\ mllocl l.yonR rlltl",r lIlII'l 1\(ltlo· ::-' 
~11t,lollm. o~'(l, A 100'II1lZlHillfOIl lIlIIlls wetlllld SCUpy :0-

Illlrl nr tho limo. 3
!!:.! do Sept. 2a. In!!i ~ 

nehl t7 lIellr ~lto 15 Whe o( !!:I ,Iel (hot. I, 1Ii:l7 I'r01ll0.< Ilro t.hOSIlIIIH liS tho80 of site 15 "Xl'lll.t Ollts and hurley In l!l:li.soil Htlli wntl.,'r ('()t1S0r\'Uw I, IIl1lnfllll 8111111111tor Sop". ~l(), lU;Ji 	 0-7thllt nn sites 2'J, a, IInll ~ I tho subsoil Is Plowed about M/IY 15. -;Jlion l'xp"rltnoIlL stili lOll. do SOI'I, 2:1,111:17 	 7-1·1slightly l1Iottled. 	 19:17.)lun'('lhls, N. Y. ~ I 1I!1 0,'1. 1,11l!!7 :t:
I ,1'1 I do Jill ... lO,lO:IH --: 

O.S Inclllls. llllrk·hrnwn grnvelly slit 1011111 	 :r. 
....;I 	

I I
8'2,1 Inchos. Omclus (rolll hrown tel Hghllif 	 r.nellse hi uegrnss sod,

UOII(HlYO grllHlly 11~'h>ltl ~n(s()lI()nclll'lItl'r('CJII' It ., 'Pubo • Oct. 8, 1tl:l7 hrow.n 1II0tt~6C1 wl~h yello~' gfl~voll;' slit which probahly hlld not 0-8 
Slit IUIIIII (sod). '1 s~'r\'1ltloll "'I1..rltllolll stn·, .·1 IIllln(1I11 81muilltor 1 	 1011111. 1II0re COIIIPII(,t Lhlln ,ur(lIco III, or. been dlsturbecl for IIInllY $-15 ~ 

i !lOll, .\Inrl'tllIlIs. 1'\. y, II ~ . ... ' 1I0iow 2,1 Inches. A hOUL tho 5111110 nh,terllli yellrs.
lL~ thllt el( tho 8·2,1·IIICh Illyer but cnnllllllM 

I 
I 

I 
' 	 >;) 

much lIIore slllul. grnvol, IIl1d ro{·k. 
0-7 Illches. I)lIrk grnylsh·hrown slit Inlll1l ~ 
Helow 7 In"hes. Mottled ~rllylsh·yellow .a 

110,,"oyo ~fll "ell \' if rl"lel ~ (,I( snllllndll'nh,n'(lI\' '} 'I' 'I'uln June S lI~IS hellvy slit 101l1ll II'It.h tho grny hecomlng 'l'llIIothY lind wee,ls In O-i ~ 

,III Iunm . '1 s('n'lIl1on ·'Iltlrltntlnl SIn· 1 'ti; Itll ~ "'1"· , I '. 	 lIIore prolllinont with Increllso In depth. 1Ir.18. necent crops: 7-18 r.,.,
• 	 ' flinn, .\Infe.llls, 1'\. Y. I I full slllluh tor••. JUle 7,111,181 !IlunyrocksofvurlollL~si7.tlSUllllCllrthrou~h. Ollt. Mid huckwhent. 

~out proJlle. 'I'hll II horl7.0n Is not vory :::::definite.1	 1 
U-3 Inch,~~. Vory light·brown looso Sllndy 

1011111. 
I 	 ~ 

Rllnge Inn(!. ('o\,ered1/1'\11\'1\10 ",oillllld WilIer ('on· I!} 'I'ube A "" fl' 11:1.18 Inches. J.1~ht·brown sllndy 1011111., 	 11-3 ~ Hopi ,"lIIdy 1011111 ' .. 1 ser\'lIlbn l;;xperlment,SIII. la5 .......-........ pro "'" I .18 I Below 18 Inches. Orllylsh.brown cluy IOllm with spllr~e swnd of 3-15
1 11011, Ollllup. N, ;\Iox 	 ~rlL.~s. ~ 
contulnlng nodules of limo. Dlslntegrnted
yellow snndstone encountered lit 2,llnche5. o. . IH2 Inel",s. Dnrk·grllY to black calcnroolls o-:j 

UOUSlon I'hwk "hlY ~'Itllcl () (If Stili IIIHI 1I'Illi'f !} ht'II")' clay. 0llts In 193!!. nCl'lln! (1-12 :n(,dl~hlly ,'rocll·d). (~ln""n'lIllon "XI)()rltu"nl l' I~~l . do ............... 1\Iar. :1, 1\1:18 1 12-:10 Inches. Orndes Into n hrownlsh·gruy crops. Corn and cuI· 
 12-21 ostutinll, 'rl'IIlJlh~, 'I'cx. { henvy. WIlXY calcareous clny, which bo· ton. ..... 
, comcs IIghler In color with dopth. L' 
lI0'7Inehe5. Dllrk·grny to black CIlh:nnlolls 

1	 :n 
, hen,'y clny. ()"7

Houston hluck dllY do 	 122 ~ do......__....... Mnr. 10. 1\13817-all Inches. Ornlh's Into u light hrllll'nlsh· 
I do······· ......•....•.. I{ 7-16
(mod"flllel)' erod· ~rn~' wnxy cillY, which l~ll~)lIIeS lighter 

"cl). I In colur with depth. 


, 1.0l'Ulllllllle, SClHllot corrolnted. 

~ 
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TABLE H.-Description of the 80aS of sitcs on which ratcs of infiltration were measured-Continued ~T--~--~~ 
i Depth 
: of SUItt 1-3 

HiteSoli type 1.oclltion o( site Methud I DlIlt'O(inilillll Description o( profile Culluml treatJlll'nt i pIing o 
t;j 

~1I. :UIl 	 , (orlllb· 
lorulory Pi 
I study ~ ..... 

,~-----: --I 	 o 
, t 

, 0-7 hlt.'lIl'S. Durk-hnlwn culcnrtlulls day
1I<1115tOIl clny (mod.!f ~Fleld H o( soil IIn,1 wllt.'r : f 7-:10 inches. Bruwnish-hlllck l'rllmill\- clIl- F 

Outs in was. He(XfIlt. ~ rlllchesernlelyeroded). . consermllon ,'xl""in,,'nt 1:11 j 'rubo~ ______________ 1 1\ll1r. 7, I!I:IS t ,'Iln'ous ciIlY. • b:II stlltion, 'rcmJlI!!, 'I'"x. , 	 1 :!I)-an irwhcs. Becomes Ii~hll'r bruwn with crops: Cnntl nllll "01- 'l ~=r6 
toll. ' I q

1 illcrOIlSC in dopth Ilnd grades into Il vpllow-	 , 

I ish-brown "'Ilellreous ehlY_  ~ O-7 inches. Dllrk-hrown crumbly cnk,m'ous t=j 
'I cluy. I 

7-18 inches. Yellowish-brown crumhly clIl- Outs unci \'etch in HJ:!8. ~ 
H';):tston ('lilY (~hnl· Curt i~ fnrm IH.'nf 'I'roy, Tcx 1:1,1 I, do_______________ I1\1nr. 16, was I CliroOUS c1uy. Hel:l'lIt cropS: Outs (01- ..It r-ro ~ 

11Iw phml,)). 	 11.'1011' 18 Inches. Orlldcs inlO II yellowlsh- lowm~ OlltS. :j	 ) 
I 

white crumbly chlliky lIIurl, which he-I I 	 "'", ('0111(.'): uimost solid ut 33 inches. 	 I¢ 

! , {IHl inches. Yellowish-hrown heBY\, loam 	 ~~ 
1Ifillel IInti velch ill W:17.I redtl II Ion III , ).Iutht·w$oll (IlrlJl, r.A'xinJ.{toll,~1 ~W do No\', 15,1037 I Below 6 inches, Plastic brownfsh·yel1ow 	 (HJHetNlt crops: "!\fil1(i(, l'f)fll,: Gil, i1 7 Haillfall silllulator dn clay. J>nrent Illutl'rinl begun to show 	 !H5}T 	 8n,1 vetch. ~ , below:llllnches. 


II SOli and wllter conscn'ution 'f ' '{IJ-r. !nelws. Dllrk rod,lish-brown sandy cillY 


!	
0-5Klrklllnd slindy ('IllY oxpl~ritllent station, 1:![J: Tube~ ___ ~_.'''_''~" Mllr. 22,111:18 I .5-28 inch"s. Orndcs (rolll light-rod slIndy Whellt In 1937. nt'cent I{ :n 

} crops: Cotton and oats. 5-IG , Guthrie, Oklu. , clay to ruther plustic red clay.I 
'[IHO inches. Dark reddish-brown sundy t:I 

t=j
loam l'ODtaining n Ccw sllIllll snndstone Winter whellt in 19:18. I{ (}-IOI;:irklllnd flne slIudy OUITney (nrm, Outhrl"" 1261-----dO---- Mllr. 24, 1938 '1 (ragments in lower depths. nel'Cnt. crops: Colton I(}-J6lonm. Oklu. 	 ~ Below 10 !J1c1H~!-i. Orades (rom reddish snndy and outs. ~ 

i duy to rutlll'r pillst!e clay. o, 0-7Inclws. Ilark-brown silt loam , I-:j, 7-20 inchl'S. Yellowish-browl! silty clay" _ 

IOinll, S{\f\'lltion ('X(ll\ritIlClit sll\· . U 'Hllin(lIl1silllulnhlr . Oct. 20 \9:18 ~ Below 20inchcs. AlmostsoJld ~ock: ,\llIrgc (}-7
l..ordstowlislony:;:lt .\rnot soil nlld wHttlr enn· :} 

) ': amount oC shale rock, \'uryml! 111 SI1.e to Slllllll~raill ill 1037 "I{ 7-20 Q
> 

linl1, ItIUll"U,;':~ Y. , 	
,OO 

\ 
IIhoutltlinchesindillllleter,scnt,lercdowr 
sur(llee lind throughout, "rollle. S 

0-111 Inclll'5. Brown 10UI1I, high in sand. oI ' q, ' l'rneticlillystrucLUreless. 

j
penrorChllrd' witb crop o( I{

.. ••,\ldl>tJurrw IOHP\ Farm or B. }\ Yl·r~(lH. Nf,'w" HI 'l'ut)O.. H .. _____ __ ~ May "5 J03S\1O-:!O inches. Yellow sundy c1uy; structure ""It'h lind barley plowed (}-7 t" 
'" - , poorly dtn"clopccl, somewhat prIsIIIutic. 7-21 ~ 

t 20-2$ i n('hes. lien \'Y yellow cillY, sOllie under. qlx'rg, On-g. I 
I motr.ling. 	 ~ 

t=j 

.. .1 ....... 	 ...
"'



'/O-i ill('l",s. Dnrk ~rnyish-hrnwn silty e1n)-1 
...\lillltli sillS clnr 'I ~ells fnrlll, I"opcrt y of Ohio I} _ 101l!lll'OIllnilling- S01l1l' slIIull SlfHl(:S. Co n 'n 103" H' 'lnt

lonlll. 8tnttl Pn \"rr:;:i( \", Colulll- I 115 I' c. ,-2() lIIelll's. LI~ht.-hr()wIJ 11l'fivy stltr cloy ,I' ~~ • •• " ~ HlJ ' (J-i1 C,~,"PS. Ho~lxlI"s 
i-15

,do______________ .IOct. JI'JU:J7/ conlllininJ{solllesIlUllIstones. ondbus, Ohio.· i 
Bl'low.20in(~lws. ll(,llvy IIlnt('rinll'olltuining c rIl. I 

c'onsldcrnhh', ~rtl'·l'l nnd st.one. 
I'n-i inci",s. Li.ht-hmwnsill)'11l1I1ll '" IXl"ur rutuliou plot :2 of soil 7-22 inclws. COl1sidl'rnbly more ('Iny uncI

nltd wnWr ('OnSl\f\'Hlioll do I ~ug 8 ]037 Il 1lI0", ,,'ddish thllnllho\'" III),er. Corn in 193i. l'.J'eatiow I{ 0-7expl\riull~ut SLntioll, } lUll ~-~------ .. - .. - ~ l ., Below 22 iIlCill'S. SnllW trlIlll1l'ill1 us abo\'(' yeur ht,lrort~. 7-16ZmlI'S\'ill,', Ohio. l"Jhut conillins II grunt dellillf Iighl-('olllrNI
shllle. t" ...

'O-i inches. (lMlyish-hrown hen\'rsill IlIlInl ) H
7-20 inches. Yullo' 'ish-hmwn h,'"\'Y (·IIIY

with nUllIorous smnll pil'CC::-i of shalt' UII(1do .JIlI1l' 2S. W:JS t:J'"FOil'hl J Ol soil lind wntt."~ If :ii 
l"J 

I ('OllSt.,'n'utioll l'xpl'rillll"J11 +1 Hninfllll sitllulntnr !JIIIW 2,1,10:18 siludsione. 'I'illlothy UIlO weeds in 0-7
! station, %uIIl's\'illt'. Ohio. ·'5 dn j JUlH~ 2i, 1!J:18 2O-2,lirwlll!s. flallle IIIntcrillllls 7- to 21)-ill,·h 19a8. I{ 7-2'0 I-tI 

11l)'(lr hul; conl.nins nutch more SlllidslOll('I iI1IIl11i shllie. 
Bplow 24 incl",s. A1l11o~t solid rock ~ ......

l\lllSklllglllll .' IjA ho\'" terr',,'" C-2 of soil i} ll- "irwhos. Brow" hl""'Y siitloolJl ~ o 
JOlllII. Slit J (lilt} \~nh"n·olls(:n~ntiOllllx-1 J 10 I 5-24 h,lehes. Heddish-brown silt. with loyers C!0 vcr seeded lifter wheat I{

1 (Wl'mIIllL'nt srntlOll, ~nIlcs-1 j F'l'uh"_______________ I Aug. 14,1037 or shale. 111 I!I37. Hcccllt crops: 0-5 
I \'ill", Ohio. Below 24 inches. Almost solid shal" nnd Corn, whellt, und hay, 5-15 

!:undstonc. o 
O-S illches. !Jllrk-hrown slit 11111111 )

I
iI1S-~~) illclws. Lighter hrow" lind IIlore COIll

pnd siltloum1l1ixcd with PllrticlesOflight- Winler wlwnt ill Hlai. I ... 
Furlll or Floy,ILnpp UNlr I III _<10 ______________J Oct. 25,1U:J7 I <'.lor,,<1 SIUlI,'. l\I'oro smlll throu!(hout H,'eNltcrops: Corn, hlly,lI 0-8 

Adn IIIS\'ilIl', Ohio. ! ~ 
proflh' thull is found in l\fuskin!(um Jlr,o- nnd Wh«lt. ),1 8-16 
JlI(\son soillUld wnh' T(!OI1Sl'rvntion tlXpllri- ~ 
lIll'llt stntion, Y.nllPsvillt', Ohio. l"J 

0-7 hwhes. Dllrk-hrown silt loam. ) ~ KL'ur sout.hWl'Sf ('orl1l'T of fl't 7-18 inchos. J,jght-brown silt mixed with 
s~il nnd ,,:ntl'l' eons('~\'u- 11.1 StHIl(' shale. ('orn in 193i. Hl'eNlt 

U1 

do_______________ 1 Sept, S,I937 I IS-:IH inches. Very little ehan)(e in color frolll ('rops: "'heat, hay, lind If 0-7 tj
tWIl eXppJ'llIIl'nt stnt IOU, I'l 7-15 oZUU\'S\'ill~, Ohio. that of 7- to lo-inch Inyer hut 1I1111t'rioi corn. 

U1hceorues henviornnd mixed with consifll\f
oble morc sllllie. 

O_7 inches. OMlyish-hr"wn 5I1n<l)-loIIIII ) ~ 
i

;-12 inches. Brownish-yellow' sundy loum n 
OrnnJ!lllmrg ~ntllly a:J i do _ 1"eh. 25, was little hl'llVicr t.hRn 0- to 7-inch luy,'r. Corn, 111'11', :IlIIl IIl'Rne in U1 

f'lIrUl 01 ;\lrs. 1'. M, Jon"s I!I Hllinfllil simulutor" 0-7 o12-20 inchos. 'Li~ht-rcd snn,ly loRm grndin~ I9~i. HCL~'nt crops: IfIon III , F"h. ,24. wasIh'UI' Ellu\"ilIl', 011, !..J() do~, ;-12illto a hright-rod frinhlo salldy cia)" whieh (,hufu, L'Orn, bemIS, nndFeb. 28, III:IR 12-20 8becollles hea vior wit h dopt.h. II nd pellS. U1 
Jle10w 2'0 inches. Red crumhly 1"'0 ,-)- sUlldy 

ClllY. 

j 
Palol1.st.., silt Inurn ~'iehl '; 1",1 ",,,'n tcrnll~'s 5 It 0-14 inches. Dnrk-brown frill hi" silt loam }

(d,'cllllhn",'). nnd ti 011 .soil unci wnU'r i 144 I'l'ubo.... ____________ 1 jUlie . 1 '~i!l! tt~t.~sllrrn{:t~~howit.lgn I:ln!~~structurl'. \\'Ilth'r witCIlf. in was. <Hl("OIlSt'r\'lltiOIl t,xpprhnClIl 11 7,lY:J8 1 14-.lh mtill's. (}nr~-br<.\\n h,u\) silt,lonlll, SUlIllller fllilow in 19:1'•. I{ 6-21stillion I'UIlIlIllIl, "'nsh. : o sil/1I10 lighter III color thull tho surface1soU. . ~ ...... 
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---------------------------
TABl,E ll.-Description of the soils of sites on which rates of infiltration were measured-Continued 

Depth ~ 
OrSatll

; ])ute or Illitiull pIIngSite 	 Descriptioll or profile Culluml treatmentSoil type L()ctltion ()( site Mdhod 	 I 
I

rorlab 1-3~o. 	 f run , oratory t;: , I 	 study o 
~..-- _________ I,_~___~ .. __._._~ 

I____._~-v__._ Pi 
...... I 

110-12 Inches. Durk-hrown hea\'y silt loalll, !) 	 Z 
I gmllulor and rriuble. ; S I '38 Illches

}'alollS<) silt loum, Field 4 or soil and wllter i} 	 • ' 12-18 Inches. Tawny-hrown silty cluy loum pr lIg wheat .n 19. 0-8'1'nl>e ________ _
collS<)r\'utioll 146 	 I:ccenl 8-21(shallow phOSl'), eXI"'riment, 	 !June 13, 10381 whichhel'OIIlessli~ht.lYheaYierwithdepll;. CrOI!S: ~c~s·l{ 

o 
F 

staUon, Pullmun, 'rnsh. I Belo\\'lSlnclws. y,'llowish-hrflwnl'lny loallt \\ heat, and s\\eetclo,er. 
t::lto silty eln}' lunnt.· I ~0-8 !neh~s. Grayish-hrown silty clay lunm, ) 	 ...., 

, rutrly rrlnble. ' 
I'ulou,", silty ch\y; Fidd 7 or soil alld wat"r IJtllt' 0 1"38 I8-20 itiehes. 'l'awny-brown silly clay 1(1Il1ll Winter whent In 1938·1{ ()-8 f" 

t::loum (shullow' rousen'ution eXIlt.·rinwlll [,(5 ~~ do-------------~ c .. " to clnyloalll. SUlllmer rnllow In 1937: 8-16 ..., 
phu"<'). station. l'uilllllln. W"sh. 

IBelow 20 inches.'. Yellowish·hrown silty cluy ~ 
1011111. Z 

O-12 inclll's. Grn\'ish-brown fin" sunclY 10l1nL }cune In 1937. Hel'Cnt 0-12 
Ilursons nne ,sntuly Form oC Puul (". ~lYllrs Il(.'tlr 128 ~do ____________ . ~! Apr. 1,1938 I Below 12 inches. DenS<), tough, rC(i<lish-1 crops: Ollts ulul lespe- 12-20 .." 

loam. llrokl·n Arro\\", Okla. .{ yollow clay mottled with gray. , de7.a. t<> 

()-2 inches. Fine l!I'anuhtr llIuleiL ~~ ~. ~ ~. ~ II ~ 

'{~II\'ai(l lloil und \\'1I 1('r} .,_ ( 2-7 incl!.::s. Drown clay loalll_ ~ - ~ .. ~.~. Hllngl'lnnd. Spars(' cover 0-7 
1:J: llt'dnl{\ eiuy IOlun '.: COlls(~n'ntion EXllt'rillll'nt 1:1'" .clo___ ~ _________ .-I Apr. _0.1.1381 Delow I Jt~ehes. Brownsnndy clay l'llRngt:tg. r ~'rnss \{ 7-15 c:

! Stullon, Gallup. ~. Mex. { to au ohve·l>rown clay, which ("{)Vl,.lrs pur- 11 g . 
tmt sandstone mnt~rinl Ilt H6 ineiws. 

Q-6 ~ . iQ-ll inches. Gray loamy salld ~ ~. ~. 	 1 &-12; 6-J2 inches. Light brownish-gray loamy 1. ' II 
t;12-23 

RustoulouUlY sand Furm of Mrs. II. G. Adallls i 23 Huinru11 simulator. , •• '112-23 inches. Ueddish-brown loumy sand ._ lhnt clate. t:;Mar 19 1938 sund. 	 Outs lit 1935. Idle since 

u('nr Amrrit'us, On. 	 23-36 ~23-:16 inches. Reddish-orange 10alllY s3nd ~ ~ _ 
36-42 t-=r..~IY~:~~~si.nc~~~w~~g~~~Jt~~.snnd:..CI~~-: 

:/ :14 I '['ubl' ..•• ~~-~-",Ill\fur. 15,1938 IH5 Inches. Dark-red h,'aYy sand~' ela~' '-Icotton in 1937. Recent { 0-5 o 
I-:jHetl Buy loam Flmn of '1'. ~l. ?l1('rrlll,: 0'), nllinra11 slUlulutor" Mur. 11, 1938 Below 15 Incbes. Dark-red hen"y clay. crops: Corn, oats, and I 5-15

AUll'ri('Wi, Un. 	 :1 25 '~._ .. ~dQ ___ ~ ... ,~: 1[nr. 24, HJ30 ( which becomes hea"ier with inerease In mltoll. 
I rlcpth. i :>o0-7 Incl\('s. Gruylsh-brown s3ndy loam . ~ ·1 

I 1U 8 7-11 inches. Brownish-yellow sandy 103m. I 	 ~ 
32; Tube. ~._~. . ~i Feb. 	 o 

Ruston sundy IQnllL 	 16 lluinru11 siItlul8tor~ .1 }'eb. ~, 19~9 I which. hel'Omes n little heavier with in-l Colton in 1937. Colton i{ 0-7 c:Farm or J. D. ~loorC', ne!lr '{ 	 1 '1\138 j ereuse 11\ dcpth. and corn rotation for' 7-1117 . do ~, Feb.A-\. Ull'rI('US. OR. 	 ~ 1~' 1\138 I BC'low 11 Incht'S. Ye11owish·redsandy rial'. ycars. i 1I-~>()18 .do~ ~J Feh. 	 ~ I 	 , 'i. which becomes hl'l\\'lcr with incrense In I 
,\ d,'pth. ' 	 c:

I 	 ~'10-12 Inches. GrayIsh-brown loam he('oming '\ 	 t;:;! slillhtl~'lll'a"lcr in lower 6 Inclll's.
12-1~ Inch,'s. Orayish-brownsUtyclurlofim: l'.t11<1"- in 1938 Recent I 

. With b'l'Ulltllor structure. • •. , ,. , 0-12
'l'ubC!~_~. __ •________ -' MaySelnh1 0111112. _ ... ~. Farm or Dan McKenz•• 138 16, 1938!lS_Zi inches. Slightly reddish-brown clay I cr~jl_Pc,ts and potn-!{ 12-20 


E11('"sburj!, Wn..h. loam. Sli~htly prismatic in structure. toes. :

I BrIo'" Zi Inches. Olich(' layer. npparC'ntly 

! impl'rYiollS to plant root..... : 

.. 	 .I. -"' 



-yo ,. 	 ~". 

0-0 Inches. Dark·brown to almost black, 
SlIIooth, frlubl" silt 101lln. 

9-22 Inches. Det'p·brown silt loam thnl'l'aulII silt loalll. Farm of n. '1\ ilunson, 	 ()-o104 1••.•.do•••..•.••.•••.1 Sept. H, lOa7 1 grudes with depth Into brownlsh.yellow ),.ro",-,,,,,~, '" ,~,- --IiWestby, Wis. silt 1011111. 11-22 
]\I'low 2'J inches. Brownlsh·yellow hea,-y silt 1 loalll or silty cillY loam. 
O..5H inohes. Dark·red clay loam sh(lwlng 

trucHS or orgllllie mnttl'f. 
5~~..20 Inc/I(>s. Dark·red clay with noorgllnieUpshur clllY loam ••. ('oplund fnrm, nex 1111115, 113 1 ...do................1 Nov. 2,19:17 1 IIIl1tter IIflplirenl. 	 I)Corn In 19:17. Rec'Hlt 0-5H 
 :>::Ohio. croJls: Outs unci ciovnr.Billow 20 inl'lws. Burne matl'riul us 5H-20.. 	 7-15 ~ 

Inch h'Yt'r hnt IlI'('oml's lI10reernmhly with 	 t" 
int'rt'USl' f11 d('pth. 	 >I

IjO"S Inches. Dark hrownish·red tine sundyWt'st of r"ntml plots on ~()Il JlU ..do..............1 No\,. 211, 1!I:!7 1011111. 	 outs with cowpens turtlt'd ~ 
0-8 '" lind wntt,'f l'onsl'r\'ution 	 nndt'r In 1\1:17. FullowK.. lllinches. Hrl~ht-red sundy clay ... 	 t::I8 .. 15l'XI)l'rimellt stutiOIl, Outh .. 	 } ut time of run.IIplow Ifllnclws. WI'IIUwrcd sllndstone. rill, Okla. 	 '"00 .. 1:1 Inchos. Dark rmldlsh-brown tI'ltIsll,uly 1'II'Id II of soil 11",1 wah'r Wlntllr whellt ut time of II; 
VI'rnon tine sandy {'OIlHt'f\'ution l'XIJl'rillH'nt 1171 •.do._ ...._....... .1 DIlc. ~,lUa7 I la~~\'l~(:hos. Llght.yellow ami !l"ep.",d run. Hrcent crops: I{ 0-13 ~~ 

100un. stlltion, Outhrle, Okln. sllndy ciIlY. Cotton, onts, und sur 1:1..20 if.}	 ......J{hul1I.1Below 20 Inches. W""thered slludstone '. 	 0 
O·S Inches. Dllrk reddish· brown tin,' sa"dy

1011111. 	 ~ l'lot "'j of ~\.I11 II litI wllh'r . I~~I do __ ........... .1 Apr. ~,I!l:18 IJ8-2\1 Inches. IIrlghtrod IIno sllud 10 sBndy \\,1"'111 cO\'t'r.crop at tIlllt'

l'onsprvuliotl t1xlWrillwllt 	 ofrull. ConUnuous cot 0-8('luy. 	 08 .. 21stution, <lnlilrh'. Okln. 1I('low 20 Inchos. J<'rinblu red clny to sandy to II sl II!!" Hl32. II; 

l'lllY. 	 :.1
O-I(! lrll'hcs. Hoddlsh-hrown tur(!ti v"ryll,U1 :>:: 

slllltly IOllm. H"ddlsh color lrll'rmses with :.-VurnOIl "(lr), IhH' Farm of K. I,. ilrisk,'II. 1(lk 130 c.:sandy loulH. ('ily, Ok III. 0-0.do ...............1 Apr. 10, was 1 d\lPth; no strm·tllrnl dewlopmenl. II0rnin sorghlllll sinc' 11130

m-B Inches. Wellthercd shalo, highly cui· . I 11-11; '" 

l
~ (!Un~OllS. 
~rBelow 14 Inches. ]'arent lIIah'rlal. . . . .. . 	 H 

o.n incill's. Brownlsh-g",y 'Illite friable silt ) 	 if.
VOIIISill 	 sto"y silt I'llrm ot J,'rry A. HOSllk, i} f-'lloam. 

1011111. IICllr Arllot soli lI"d wlI1,'r, 25' do. Oct. 	 .....
111,19:171 (i .. 11 Inches. Llghh'r brown thlln II to (i-Inch '1'IIIIothy, on.·hllrd \(rass. 0..0 0('oll"'rmtl,,n l'xprrin","l I 5 Hlllnfllil slr,,"III,or Oct. 18, 193; layer antllncrenst·s in compactness. and clover posture for if.IHII'ltntiOJl. IWllr II hUl'll, ~. Y. i nl'luw 11 indws. nnrk~grny vcry corupuct Inst 2 years. II-Ifi

II"d highly mottled mlxtllre of l'lIlY a"d 	 C 
shllie. 'I'ho prutllt' is (I"ite \'IIrlllhl,'. f'%j 

O.. HI incill's. llrown frill >It' 1lI,,1 grnnulllr slit ) if.IOllm, which /wcollles IIghlt'r In colnr with
WlIlIn 1\'111111 5111 1·'llrIll of C. J. IJrnghton, 'I'l 'I'"l" I It,n" 	 0 

loulli. Ilnytoll. \rush. . . I.: • "~~~ __ .. _",_u • " " Inrrc'L~t' In depth. 	 Spring whellt III 19:18. 
3, 111.18 , 1(1-:1Il Incires. I,fght.brown hCllvy slit 10llm, 811 III IIll'r f..llow B"d 0-7 t:; 

so mow hat compllct. wlll'llt 2 years bcfore. (fl7-16 
B,'low 30 Inches. Yellowish-brown hellvy 

slit loum. W 0 ~ t III 0 ,,'11111 <I I"!rlll of 1I11~h 1'lIlloll, New 	 I I
O.:; Inchl~q, Dllrk-brrrwn dllY,,\- slit. 1011111 }. --	 I{c111~'t'y silt IOIUII. COlIl'urd, Ohl". 112 ' (10 .......: ..... 1 Q"I. 	 0-5
28 IU37 , &-:!fi Incl",s. 0",,111111 ('hllng!' in colnr frolll ('urn In 1937 "" •••••..• 

I 	 clnrk brown tu nlmo!it light !.!rn~r. 'PIll' \Vholt~ 1>-16 
prnt1lu Is vI'ry stll!ky nlld 'lulie vllrillblt'.I l

~ -----~~-...... ..-~- ----- ~"--. ~-,..-~,-----..-
C/.:) 

, 'Lu('ul name, soH rlOL ('orrl'lntod 



TABLE 12.~-· /{lIk.~ of illjiltl'llUOll of soils (IS obtained 011 sitcs with recorded soil moistllre lind soil lwd ~(lter IWlperatures :t 
['I'nh" I1Il-"",,11 

H 

Boil t)'IM' (,,,,,"lion of site Silt! 
No. 

Kln,lof 
rtlu I 

Soil moisture 2 hefore 
run III dllpth of·· 

, 
0-7 \ 7-15 ! 15-~r. 
h~~~_ Ind"," hId",. 

Soli tempcru, 
ture Iu.~rort' 

rull lit .I"pth 
of·· 

'I' I I' Ctlllllllntive Ilmollllls of InftltruUolI, with stnll"",d 
Ik~r::: t.'rrors, during .,tlrind o£

turcor 
-,--,-,~,-,-. wHler ---J'.  .-----..----

4 I.; of rull 0-15 0·:10 o-tiO IH20 IHt!OhU'he~\ 1111'1"'8. minll~S ,~'~Ies I millutcs minutes Iminutes 

trJ 
op: 
~ 

~ 
tll 
~ ------..--~, 

.\ Ik,-n cllIY 1.II"n 

Anslill chI)' (sli~htlr ,-rc)d~,11 

Austin l'lny (:·m\'t'n-Iy ('rutll'«l 

nn(h~.l'r luam J 

Buh's \'(~ry nllt\ :;Illitly loalll 

Bllth grllwlly slit lo,,,n 

1I11011l1 silt 11I1I11I (typiclIl) 

11111111 dll)' 1011111 , 

{'I\rrlll~l\lll <ill IMIII (LyplclI!) 

('I.\t.'il ('IIlY lonm 

C<1cll 5111141)' 1011111 

Clillion sill ItIIllII (t.)·pll-Ill). 

Clinhm silt 10uII1 ((lnuh1d) 

Colby slit 1(111111 (l)'ph'lIl1 

Crown IIghl t'1HY (cullll\'l1l1 
phllS'-).'

Crown IWllV)' ('IIlY 3 

Xt1wlwrg, Orug 

'1\'ltIpll', 'lit-x 

,In 

E1Il'lI:;hufJ..!,., \\'l~'ih 

Brok"n Arrow. Oklll 

""',,11m',,, ~. y 

Indt'llt\ud"IWt'. "tis 
)It'xil'un Hprin~s, :\. 

,\I,'x. 
';prlll~ \'lIlh'y, ,\\llln •. 

\\'lItklll,\'III.-, \III 

dn 

l.1u (tro~st\. \\tis 

do 

;lllIrshfh-hl, "'Is 

~hlxil'nl1 Sprhu!s, S~ 
;l1.-x. 
,do 

140 

118 

110 

12:1 

I:lU 

127 

:"~l 

107 

13:1 

10:; 

27 

28 

31 

101 

102 

illS 

1;11 

1:12 

rlnllilll 
\ W~t 
{llIltllll 
W,'t. 

e"itilll 
W,.t 

e"ltllli 
W,ot 

{llIitlllL 
W~t ' 

{llIithlL
\V lit 

{llIllllII 
Wl-t 

{11I1l11I1
Wpt 

{llIltllll 
W,-1

Ii I)it 1111
\\ "I, 

{lnlUIII
'Vel 

{lnltIIlL. 
Wl't. 

{Inltilll . 
WI-I 

(i"ltilli.
W,-1-._._ 

{llIllllIl
W\·t • 

/111111111. • 
,\\r(\t ~ 
{Inltllll

W,-t _. 
fnllillL, 

W<1I.._ •.1 

I'rrWlll/'t'rrelll\l'rrcr.1I1
21. O. 25. H 25.7 
:10. ii :10. Ii :10.4 
211.4, 21.4 IU.S 
:1O. til 2'l.2 20.7 
24.2 22.0 20.S 
35.2: 2ti.8 2:1.:1 
\1\.51 li.8 18.4 
28.0 21.i 21.2 
HI. 8 

1 
22.7 21.7 

:"~I.·I 25. t\ 2:1.0 
24.7 

1 

2:1.11 22.2 
25. :; :,?-I. .. 2:i. 1 
21.S 20.4 15.8 
27.4 25.7 23.2 
14. :11 I1.:1 12.:1 
24. Ii Ii. til \1.5
lI.ti! lit 0 

1 
18.11 

2·1.41 21.8 21.0 
~,~. I .~~. 21 !:I. u 
.1•. 7 .1.·1 ••1. \I 
17.0j :"~l. 7 28.0 
27." 28. n' 25. {} 
IS.S 23.21 2·1.1 
41.91 :1Ii.4i :lU 
10. Sf 15.51 211.4 
H.O 18.111 211.8 
II. 8i 15.5 15. a 
27., Z.I.O Ill. Ii 
II. ;1, I:U11 Ill. 4 
28.S' 2a.4 111.5 
1,.·1, lO.ai II.S 
2S•.J~ !!I.n, 15.8 
1(t.~; 12.4' 8.5 
:14.0 24.:1: 10.0 
18.2: 21. 2. 20.4 
47.2' 211.2 20.91 

0/0'. I OF. 0 F. IIIChl" IlIc/,tS Illc/tell Illches IlIch" 
(\2 [>8 tI8:I.05±O.414.47±0.f>3 tI.87±0.N I l.40± I. 12 1.'.32±1.4i 
114 5U 1i82.21± .22:1.:15± .a5 5.75± .tl210.18±1.0814.\II±l.r.o 
48 /i:l 411 .\II±.02 .18±.03\.1II±.03 .21±.03 .24±.03 
48 r.1 52 .Ol± .02 .01± .02 .Ol± .0:1 .02± .0:1 .03± .04 
[IS 4ti llti •HO± .05 . 1I0± .Oti 1.03±. Oil I. 28:10 . 15 I. 55:10 . 2'l 
r~j 58 58 .22± .(H .24± .0.11.:10:10 .05 .:l8± .Oti .47± .OS 
mi Ii:l 742.05± .202.HIl± .:lfl 4.25± .5U O.74±1.1O 1I.15±1.0l 
IH IH 1i$1.:l2±.IOI.ill±.:1I 2.li7±.55 qa±l.tJ:I li.21±1.51 
;,!l ~2 [~I I. I?± . O~ I. al~± .0: I. !Iti± . I? 2..12± .III2.r>4± •2~ 
,~I .,1 ~8. ll± .Ol . •W± .021 •• :!:I± .0.1 .. 3!± .~J:J ,.,!J± .00 
IH rlS 14 

1 

.. 7S± .Otl I 20± . 101 2. IIJ± . 18 .1. IIl± ..1.1 .,.1I2±. 51 
50 r,ll H2 .:II± .02 .+t± .03' .ti5± .04 I,Oti± .Otl 1.44± .OS 
70 75 SOI;!.li5± .:1,," O.I;!± .(is 10. 82±1. 2, 17.15±2.28 23. 43±:I.21 
71 N< 7Ll.U7±.2'!:t25±.42 5.5f1±.78 U.57:i:1.421:i.32±2.00 
51 ,'Wi 411 .82±.081.H±./O I .• ;I±.IO 2.0I±.10 2.3S±.IO 
52 55,' 5i. 211± .05 

1 
.43± .07 . n5± . II I. 05± .17 l.41±. 24 

4ti 45 (ltil,.48±.111.02±.11 2.35±.1O 2.S2±.l:l :I.21±.18 
.18\' 41; 62. 21l± .11:1, . :l5± .04 . ·12± .04 • 50± •on .Oll±. Oi 
til, 'ill ti311.87± .15i2.115± .22 4.42± .as ti.ti2± .71 S.40±1.02 
112 (H tili. iO± .07\l.IB± .12 1.117±.24 :I.41i± .45 4.SS± .6:1 
421 43! 51. UlJ± .Oi I. 12± .Oi t. :l1± •Oil I.Sl±. 10 1.1I7±. 12 
3111 42' 4:1, .Ol± j.02± .011 .O·I± .01 .O\I± .02 .15± ,0:1
50 401 511t.:l2± .051.3~± .oro, 1.4u± .05 1.51± .05 t.5tI± .05 
52, 511 M .00 .00 : .OI± .01 .02± .01 .O:I± .02 
4[,: 44 4.11.lIi± .011 1.22± .1tI11.117± .11 3.07±.19 4.01± .27 
4~ ·I~: 4R. ;.O± 'O:!I . ~7± .05 . nu± .Oli 1. 9?± .0\1 1. ~~± . 11 
8.11 7l; lItl .,III± .01); .III± .OS I.05±.1I 1.33±.11 I..,,±.II 
81 is! 94!.17±.tl51.27±.OS .411±.la,.S:I±.25 1.18±.:14 
ill 75 1121.2·1±.05,l.tlIJ±.OH I.III±.IO 2.20±.1I 2.41±.12 
i.1 7·1' ,II' .1H, .02i .1II± .021 .27± .oa .4:1± .(1-1 .511± .011 
57 .~Si 57' .H2± .I,J5'1.tl7± .07! UI± .1111.85± .Ii 2.19± .20 
.<;;1 r~i, ·1II!.:17±.tl:1 .H±.tl4i .1;:1±.Oi, .88±.1O 1.12±.H 
40 

1 
441 411.i.(H±.tl41.:H±.05j I.tlI±.Oti: 1.7i±.llill.87±.08 

H, 411, 411,.00 ' .00 '.00 j .(KJ 1. 00 
481 491 n:fl.I:I± .tliil.li:l± .on!l 1.1l2± .081 I.IIU± .oa. 2.IH± .OS 
40. 50' 114 .00 .Ol± .Ol±, .tl2± .0\1 .IH±.01 
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t1.7 13.5 11.3 M ~ ~2 I. M:!: .1132. Iti:!: .!H :I.42:!: .Ui Ii.U5:!:. W 8. 87:!: .20
('ruwl! s,,"d~' {'lny lou III 1 do lalln~!~tll.-- Ili.n 1U.O 18.11 ~ ~ 54\ • TJ:!: .02 I. 10:!: .oa I. 73:!: .04 a.03:!:. 07 ·us:!:. II 

la7 {fllll.!111 -  8.8 12.3 S.O ~ ~ 55 I. ia:!: . Iti 2.1i9:!: .25 4. 15:!: .38 1l.93:!: .•59 9.81:!:. 80
Crowl! .:mll(ly loum J dn Wet IItU 20. a 18.U g w 52 I. 15:!: • 14 I. 77:!: .2:1 2.81:!:. 41 4.78:!:. 75 (I. il:!:1. OU 

41i 1.43:!: .1:12.05:!: .21 :1.2:I:!: .40 5.16:!:. 7:1 7.01:!:1.04 
DII \'''I~oll t'llIr 1011111 r 1\101lIil.,'lIo, On (Wllt 21.8 30.1 :U.O ~ M 5:1 .33:!: .Oli .liO:!: .Oli .78:!: .1:1 I.:IO:!: .21 1.82:!:.2O 

Il~! {'IUlllnl 

ao Jlllitillt" 1U. tl 24.7 27.0 e ~ 

5.U S.O 10. a N n 78 • U2:!: .0:1 I. ?:2:!: • t14 I. ii:!: .08 2.08:!:. 14 3.43:!:. 16 
DulI"'III,· sill 1011111 (1.y"i .... 1) _j l'IISh1OlI. Wis Wet 	 :47. !! 2fi.a 18.8 m ru IH .1-I:!:.oa .2·1:!:.I~i .40:!:.1O .87:!:.1U 1.:1I:!:.27 

M.·I IS.8 18.U @ ~ 70 .liS:!:.OO .01:!:.01l I.III:!:_I·I 1..17:!:.21 1.87:!:.28 ~IU {llIltI.nlWeI -- 28.:1 2:1.1 ?:l. :1 rn m 78 • II:!: .07 .24:!: .12 . 57:!: .24 I.?:l:!: .40 I.UH, .I~i t>j 

DUllklrk silty !'IllY 1011111 ; O\'IH'VI~, N. Y ali (11I1Unl 1:l.4 15.1 1fi.8 n M ;.t .:H,J:.U:I .·18:!:.(H .ti6:!:.1U .74:±:.15 .02:!:.li t"' 
W,'I.. 24.•i 18.0 18.11 rn M iii . (Xl .IXI .(N) .01 .O:I:!: .02 

10. (J UJ.O 11.0 00 m S:!I.:l7:!:.07 l.tl5:!: .tHI I.UI:!:.OO 2. lUx .07 2.42:!: .08 ~ l!HI {llIltlnl 	 t>jI<'lIyN1.,· silt 1011111 (ty"kull IIUIiStOI1, ;\lilln Wl·t - ~~I. 7 2:\,2 11).5 @ 00 8:1 • IS:±: .tII .25:!: .02 .31l± .0:1 .59:!: .U4 .81:!: .011 
2'.t 7 If,.n II . .; M 00 1i!11.411:!: .IK/2.tH:!: .11 2.81:!: .15 3.87:!: .21 4.iO:±:.21 I:l 

21 {IllillillFrt'lIItl1l1 ~rn\'cllr sill IOlllll ('OIH)('tOIl, ~. Y W,'t 27. I 2UI 17.2 M m lill .50:±:. tli .711:±:. Oil I. 25:!: • 1:1 2. lfi:±: .2:1 3. ()2:!: .:13 
12.11 12.8 12.8 00 00 70 I. il:!: .:l1l 2. a:l:!: .2.11 :1. 28:!: .:10 4.88:!:. 57 II. a·lx .7014') {llIili.1I1A thellll silt 1011111 3 Duytoll, \\~ush - W,'I 27.:1 21.5 2".!.2 00 00 117 .75:!: Ii I.IS± .30 I. 7:I:!: • .iI 2.1I:1:±: .SI :t45:±:1.1:1 ~ 

.-:2'l.1I 19. tl rn ~ 7n 1.118± .2:I:I.12:!: .421 5.:lIi:!: .8a 1I.75:!:1.411 I:1.70:!:2.12
1.lmu'oyt.\ ~m\'lilly silt luam j ~lnn,,'lltls, :0-:, Y W,·t .. a2.7 :lIl.fI 24.5 ~ ~ 80 .02±. 18 I. 57:!: .:H 2. is:!: .Ii:l 5. O:I:!:I. 131 i. :1O:!:1. UI ....,

(lIorllllll). f 10 {IIIII.!'II-' Iti. 4 Itt I 15. I Bol n 8U 2. 25± .14,:1. 52:!: • :12 5.71:!:. 5:11 II. U8:!: .82' 12. 24:!:1. 10 o 
Ifl {llIltlill 211. a 	 (f. 

1I()lIeoy~ ~m\'l'lIy sil! IUIIIII do W(·t .-	 211.1; 2:1.0 19. a N n 81 1. 52:!: . III 2. HO:!: .3:1, 4.11O:!: . r,sl n. 18:!:1. 00 12. 85:!:J.:I4 ;;.:
(,!roded). . 

17 {IIIIU'It"-· ~~I. 7 1';.8 lfi.4 N n 822.0:l:!: .:15·1. 51:!: • ~I 0.92:!: .117 11. II:!: 1. 00 14. iO:!:2. 15 t"' 
lIolleoyo gru\'!'lIr sill 1011111 (d,·p- : do W,·t .. - 2O.S 2:1.8 22.1 rn n 8H I. 71i:!: .253. W:!: ..121 5. 7:l:!: .76 II. 02:!:1.:l7 15. U8:!:1. 811 

osition). : IS {initilli' • 2:1.8 20.0 7'2 @ 88 .1I7:!: .23 I.liO:!: .4°12.02:!:.0:1 4.42:!:1.08 (i-OS:±:1.51 o 
II 0111'0)," grlm·llyslit 1011111 (SI'I'PY)I do Wet .. 41. 2 2\1. I IN. Ii 71 00 75 .5:1,1:; • Ii> .IXI:!: .21i' I.il:!: .4r., :1.Il!1:±: .8:1 ·1.41:1,1.17 fIl:111'°11!l.8 17.1 14.a m m 722.2:1:!: .2.1:1.80:±: .4ti! tl.71:!: .88 l ll.\rJ:!:I.Oa III. 1I:I:!:2. 2·1 ~ 

Wet 2.1.4 Z.!.7 19.2 m M 7:l1.1II±. 18 1.7i:!: .:12 :1.H:!: .110 tl. 72:±:1.14 ILSOxl.l~1 
2'2 {IIIIUIII 

~ 
1 	 ;:..

H(Iurnyc ~n\\·l·lI.r sill I(lUIlI dn 23 {llIltllll 17~:J 15. ·1 12.6 M lil iO 1.7:lx .1\I2.i4:!: .:~114.40:!: .50 7.1(1±.98 11.72±I.:I:1 (')
(norlllllil. WlIt 211.7 21.4 Hi. I ~ 61 til .t~l:!: .Iall.lti:!: .2·1 2. III:!: .411 4.11O:!: .84 5.~xl. ra !-jIi 14.1i J.I.a m 51 ·t.70:± .·lIii. il:!: .7012. II:!:I.IU 18. 82:!:1. 00 2·U.s±2.r,:!24 Jlllltllli 15. " 	 t:'JIloUl'Hyt\~run'llysllllnnlll (Stitt) I' '.111 	 24.a ~ ~ 4:1 2.211± .2"1.1. IXI:!: .4517. ?:2:!: .811 12. 92:!:1. 56 Ii. tiS:!: 2. :10IW,'t a2.3 Zl." mi· ~ 

22.0 III.S Itt 7 00 w 511 1.12:!: • Hl!I. 7():!: .IS 2. 57:!: .32 4.16:!:.~ 5.7i:!: .8:1 .....;3~ {IIIIUUI	 (fl1I01l1'orl' ~rllV\'ily sill ItIlUII do 
'V~t· 	 24.11 20.S 1·1.:1 M 5!l .80:!:.~'811.24:!:.44 2.00:!:.07 :1.f>:l:!:1.10 4.S5±L47 

Itt 2 12.4 i.n ~ IH 1. M:!: • (Hi2. :IS:!: .001'4. 02:!: .10 i.46:!:. 23 I LlI:!: . :11l1:15 {flllllni 	 ~ lIopl sundy luuml )'It.'xh...'ull Sprill~S, N. 	 ~IlWpL 	 17.8 1fi.2 15.0 ~ M fiB .05:!: .()21.(H:!: . If! 1.75:!: .011 :I.:Il:!: .12 5.00:!:.20 
I l\I,·x. 	 @80 .75:±:. 07 .81l:!: . Oil! I. Oi:!: • 14 1. 35:!: .24 1. Ii.'i± • :15lIotlsWnl'lny (shnllow phn.o.:(') t Tl'l1lpll\, Tt.'x 124 {lllilini aO.2 26.6 2:1.3 00 M 

Wet. 40.5 3:1.4 28.7 ~ 00 70 .12:!: .02 • Hi:!:.04 .24:!: .07 .:l8:!: .13 .W:!: .21 
1211 {fllitilli 38.5 ~31l.8 a8.4 00 117 .(J(I:!: .1l:1 • iO:!: .03 .77:!:.04 .80:!: .07 .94:±:.1O

II OllslIlIl hhtl'k "itl)' Isli~htly 1 till WlIt M.O 4:1.11 411. Ii M 02i i2 .tl2:!:.01 .tl:l:!:.01 .O·I:!: .02 .08:!: .05 .12:±: .08 ~ 
,'('oti.',ll. 

28.11 27. a 21t1 W M fl2 .80± .02 .U4± .Il~ 1.02:!:.04 I. 1I:±:.04 1. IH, .0.1 (fl12'2 {IIIIUnlIIl1l1stOIl hlltl'k ('111>' (1III1Ih'rlll"ly lIn Wl·t 	 40.7 211.0 21l.4 ~ ~ tiS .02:!:.0I .O:I:!:.OI .()4:!: .02, .OO:!: .()2 .ni:!: .02 o(·md"til. • :12.2 ~ 110 1.04:!: .U:II.07:!: .(lS 1.11:!: .05 1.16:!: .0.1 un:!: .0.1I I Ul1S1 Oil ('Iny (1IHltli'fntt'ly (Irtllh'(I)1 dn 121 {IIIJUIlt' :12.4 34.5,. ~ 	 FWet 	 M.O 43.0 35.5 ~ ~ fill .(H:!: .112 .04:!: .02 .05:!: .021 .!Ii:!: .02 . Oil:!: .0.1 (fl
211.4 311.5 41.2 ~ M .iIl n. to:±: .02 O. 12:±: .02 .I:I:!:. 02 • IO:!: .02 . III:!: .0226 i11l1U1I1 ..I «',II'iI 1011111 I I.,·,llIglulI.OII WI·t 	 23.2 :17.:1 40.8 g M Ii.'i .00 .00 .00 .00 .00 

1 20.S M ~ (~l .82:!: .1l4 1.!I7:!: .(15 1.:J(j± .tl5! I.lm:!: .t16 1.92:!: .0812.'i InlUnlKlrklllllli slIndy dllY Oulhrl,·. Oklll 	 1~'01- 21.1\1 	 1i0 .0i:!:.1II • oil:!: .01 .13:!: .02; • Ill:!: .0:1 .24:!: .03W(·t 21.U 17. fi 27•• 1 M 00 
12.7 10. S 111.1 ~ 116 .74:!: .OS I,(NI:!: .12 1..5:1:!: .1812.:1:1:!:.20 :1.08:!: .:18 12ti.{IIIJtilllKlrklllnti Ill", slIndy 11111111 I tio 	 MI• Wet 19.2 20.1 18.4 m liS .26:!: .0:1 • 4 I:!: .05 .M:!:.08 1.08:!:.14 I.M:!: .19 

Stol' fUoluul":04 III ~l.lId o( IHhl~. ~ 
c:.n 
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http:1I:�:.04
http:1.02:!:.04
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http:80:!:.~'811.24
http:II:!:I.IU
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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
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http:1.87:!:.28
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T.HiJ.~; 12.-·-N(/It'.~ 0/ iUfillmUou 0/ wils, /'ICIJ/"II!'d SOilllllli.~llIl'(" IIlId soil (llLd It'llil',. il·'IIIperailll'cs····Continllcd H:>o 
0) 

ISoli l"IIII,·ra· 
~nn lIIoi~l.t1n' l){lron' ~ 1lire twfor(' Tern.. CUlUlllnliv{~ fllllounts of illl1hrulion, wit.h stuwlurd 1-3 

rllll lit, dl'pth of - I mil III III'PI h i Jl~rn. l'rrors, durillJ,!" pl'riod or ,- t:l 
sll<> Klmlof 0Soil tYJll' !.nl·lItlnl\ ufslw , Qf- tnroof 
~o. rlln lJ;wilterI o(run ~ 

0; , i.151Ifi~1i 1.1 1[, IH~ ()·:111 [HiO O·I~~) O·ISl) .... 
irH'lh'S ! hl('lws irI('IWS; IlIc'lIt'S 111('11(':;. mllmb-S mlmll.I'S lJ1il!ul~S miuutes minutl's 0::

t"' 
/)rrullt I~"'feltl Pert'cul i './.'. "/0'. 'Po Inel/e,If IUt'lll},' /I/cile.• /licile., [llcile., 

,:\1t,'lhotlrTW Inurn )41 1IIIItllli I 11.7 III. ~ )S. !J .0 Itol so .05± .OS 1.17± .11 1.1;2± .IS 2. (I:.!:!: • 2th 2~ so;±: . ali 
coI"''''Whl'I'~, (l".~ r:::l\\'t'l • 25. U ~~).·I 21. ~ ~ I~I ;·1 .W± .01 .ao± .OS • 52:£; .15 .1I.5± .281 I. ·j5± • 4:1I t"'1\11111111 silly <'III)" 11111111 C(lluIl1lHI ... Olliu II' {llIitllll Ii••5 Z2. !J IIl.O I ~~i -17 ." .25± .02 .aG± .02 .ilI± .oa .7·1:1: .05, .\J()± .07 

.1 "ret ,'): t"'27.0 27.·1 47 ·13 .110 .01 .O:I± .01 ~~i.,' I .07:1: .021 .11:1: .02 
'17 {Initio I 2"2.6 2().7 22. 04 ;i2! Ii-! 1.1 .17:1: .IH .29±.0II .47± .0\1 .79:1:.14 1./5:1:.21• WeI 27.0 21.0 liO 71 .Hi± .IH .20:1: .07 .45:1: .12 .82± .22 1.2'l:!:. 33 ~ 

111.) {"!il.llIl 17.4 18.0 l~:~ r f,~i bU [13 2. 02:1: • 10 2.IH:I: .08 a.oo± .08 :1.50:1: • J4 3.95:1: .20 ~ 
"'1'11 1.2:l:l: .Oll 1.81± .15 2.32± .20• \\ I'J. . 28.7 20.4 ...... [,2! .50 ,I'i .71± .05 .!HI:I: .00:1 110 {Initlill Ili.O 1-1.:1 17.ti ·16, 1>1 .51 .40:1: .05 .W:I: .05 .81i± .00 1.21:1: .07 1.·18± .08 "'" W,'t ZI.O ,<>M,,,klng!lIn sill. 1011111 • 21.0 15.0 ·13' ·I!l ·13 .05:1:.01 .IO± .02 .19:1: .04 . :li:l: .00 ..,5:±: .08 

~r'""""" <H,', III {'nltl,,1 24.5 2'2.3 19.3, 40! 41i 421.86:1: .07 2.52:1: .12 :1.49:1: .22 Ii. 10:1: .41i 0.04:1: • iI 
Wt't ~~I.S 2:l.9 24.4 ! ·lOi 48 5ti • 72:1: •00 1.04:1: .18 1.6(1:1: .37 2.88:1: .73 4.12:±:1.07 

, Z'"l1'S"lII(', Ohio 114 a.80:I: .t~1 5.31:1: .75 0.50± .8:1 0 

i,\"IIIIIS,·IIII·. Ohio 

{lnlllill 2(i.5 20.9 17" 7 I 45i 47 5r. 1.79:1: .28 2.02:1: .40
W,'( ;l5.0 27.1 2·1. I i H ·18 r.1 . :IO:±: .04 .54± .05 .86± .00 1.48:1: .16 2.0\I± •2~ 

Omllgehurg Slimly 100111 fo~Jln\'iI111r On 'I'lpnitiul .. 7.2 0.0 17.7 ' 45J [;() OIl 1.80± .24 a.2:l± .42 5.00:1: .55 n.03:1: • iO 13.77± .09 if).. '\'l,t . 11.3 12.0 ill. 4 [121 ·18 [,0 .70:1:.00 J.ZJ± .U8 1.9S:l: .12 :1.47:1: .19 4.85:1: .2:l 
l'uloust' slit lonlll (tie.,!> Jlhll.~") I'ulllllllll. Wush 14·1 {I"ltiul 11.0 1:1.5 14.7 621 .15 SI) 2. ZI:I: • 28 :I.W:I: .42 4.61:1: .&1 6.92:1:1.04 8.9\):1:1.39

Wet .• :13. a 31.2 28.S 55 OIl 1.08± .21 I. 77± .30 3.02:1: • Ii-! 5.18:1:1.14 7.2i:l:J.63 0 
t:lPalouse Sill 1011111 1411 pr!ltinL _ 7.0 13.:1 18.2 , ~! iii IH 1.18:1: .05 J.Il6± .07 2.41:1: .13 3.62:1: .21 4. i4± .27<1" . \\ l'l.... ~5. 2 ZI.5 22.2 ' (lOr (10 02 .IU:I: .tH .:l2±.04 .56:1:.06 J.OO:l:.OIl 1.43:1: .12 ~ 

1'1I10u,,' clll)' slit)· )011111 (shllllow I tlfL 145 {Initllli•. 8.8 14.4 16.8 52! 58 52 .1lI1:I: .ml 1.44:1: .ul 2.:111± .15 3.68:1: .20 4.7:1± .2.1 
phil",). I W"t . :l2.2[ ~5. 7 Zl. !l ~I Ii6 52 .27:1:: .03 .42:1:.04 .frS:I: .07 1.15:1: .ll I.02± .15 

PunHUls tlrw ~nfltly h'ulIl I Broktlll Arrow, Oklu 12$ {lulllllL 2.5.8, ~'6.0 27.0, [,(11 f.(j [,() .10:1: • (If .1:1:1: .01 .15:1: .01 .16:1: .01 . 1M:±: .Ill 0 
,,'('t . :10.0 1 28.9 ~'tl. 4 , 49 H .00 .00 .00 .00 .00 

':>j
4"1 

I'hll'lIl1'" ('IIIY 1011111 I ~h'xlrllu Springs. N. 1:14 {,nltln! . 1:1.5: 17.0 ll. \J frS 54 02 1.54± . (ttl 2.411:1: .00 4.17:1: .13 i. IU:I:.22 1O.02±.29 ;;2:l .,
' AhlX. W"I .• 2:1.21 111.4 4\11 54 54 .48:1: .02 .81± .04 1.31i:±: .05 2.36:1: .osl 3.31l± .11 0

Ht·d Buy ItJUm 13: iii l4.7 ' 71 04 7fll.12± .00 1.57:1: .10 2.2.1± .18 3.5:1:1: .34 4. 55:±: .49 ;:;u'SI:14 it~:.~IIL..t 16.5 18.01 18.0 ' 0"-, 61 liO .1:1:1:.02 .24:1: .02 .44:1: .03 .80:1: .04 1.18:1: .06 
'Huston sunlly loom '1" IlIltinL., 0.4 13.7 18.6 IHI Ii6 frIl2.92:1: .1:1 4.77± .2.5 8.51± .52 15.27:1: .81 21. 7S±1. Oi 0 

'- W"t . _ 1O.2i 15.51 2().O f>~l 57 (.HI.OI:l: .051.52± .llSi 2.41:1: .13 4.17:1: .24 r..94:1: .:16 q 
Selllh 11111111' fo:lINH.hurJ.!:, ""I\...>;h 1·IIl{InllIIlL., 17.5i 24.:1: ZI.9 .i5! 54 62 .8:1:1: .041.01± .lttlll.24:1: .07 1.f>~:I:.1O 1.83:1: .12 t"' 

IA"':::"". "" 
• W,'t ! 32.8: 28.*: 2li.\l (121 5:1 5:1 .04:1: .01 .07:1:.01 .1:1:1: .02 .2I:1:.m .32:1: .04 r,J 

TIIIIlII slll 100Iln (typil'lIl) I \\""tll),. \\'l~ It).! (11I1t.11I1 -, 111••~: 15. _I 17.7 ttl' 11:1 70 1. 72± .211.2. ·15:1: • :12; 3.IlS:±: .4111 5.45:1: .78 7. 12:±:1. 02 
30.0 ~I "1 Wl't I :'liJ a; 29.4 til (>9 .48± .1)'11 • i:l:±: .11: 1.:!,2:±: .~I(): 2.17± .:lS1 :I.II-1:.M 

q 
t'jUpshur 01.1)' 10nm ; IU, 1\1 Ills. Ohio 11'Ii{lnltilll "1 Zl.7, ~'7. 4' 2·1.4 51 55 .2(,±.01l.2:1±.01, .2·I:I:.01! .27:1:.01 .27±.01

'1 \\'.1. • 30. I' :«1.01 2(1. () 43, 49 41 .00 : .00 .00 :.00 .00 

http:1.f>~:I:.1O
http:1O.02�.29
http:IU:I:.22
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.J"- ~~ --F~~- - - ~~----:-r r.r 

12.7 15.4 12.5 . 42 47 .83:1:.011\.89:1:.00 .118:1:.0711.11:1:.08 1.2:1:1:.10IHllfnlllll1 2;,7W,'I 20.:1 IS.5 41 45 ,00 .00 .01 .03:1:.01 .00:1: .01 
Vernon tine slIndy 1011111•• ",_ ----I Gllthrl,'.Oklll••• ....,! 117 {{!:~~"1. UjIIi. I 14.4 11.1 46 47 43 .55:1:.02 .6-1:1:.03 . H:1: .04 .80:1:.05 ,95:1:. on 

23. I 111.8 11. fi 41 45 37 .02:1:.01 .03:1:.01 .05:1: .01 .00:1: .02 .13:1:.o:! 
1211e"IUilL 10.0 1:1.5 15.3 li8 5(\ 74 1.02:1: • 10 1.40:1: • 15 2. 21:1: .22 3.50:1:.33 4.83:1:.45

1Wet.. 111.0 17.1 17.7 I~) .~S 00 .:12:1: .0:1 .52:1: .04 .8:1:1: .05 1.41:1:.00 1.90:1: .12 
Vernon ",'ry nlll' ""ntly 1011111_ ..IBlk ('Ill'. Okln _.• - 1'lOlenlUIII Jr.. 4 15.1 12.7 ·12 40 4fi 1.43:1: • If! I. 00:1: .20 2. i1:1: .2i 4.17:1:.30 5. r.o:l: .48

• Wet 2:1.0 W.O 1·1.:1 ! ·181 ·111 52 . ~>O:1: .03 .45:1:.04 .74:1:.00 1.:13:1:.00 1.84:1:.111." {lnlUIII 40. :1 3:1.5 28.2 l 54 Ii:I 00 I. (H:1: • 12· I. 57:1: . 18 2.51;1::.30 3.91;1::.49, 5.0i;l:: .05Volllsin stony 'Ill 1011111 "", ('IIYIIIII. N. Y !:::l 
...1 .'V(lt ·12.S aO.4 24.0 f 52 fil Ii:I .a8:!: .no! ,50±.1II .00:1: .10 1.50± .27, 2.1I± .:10 t'j 

WIIUII WIIlIII slit 1011111 f)IIl'lon. \\'II,.h Ilalenitilll 70 .51:1:.1121' .511:1: .02[.71:1: .02 .SO:1: .0311.01:1: .0:111.0 10.0 I~I tJ2 
'. Wt't 2:1. 7 11.8 10.78.8\ 02 02 02 .01 .02± .01 .1l5:!:.01 .111:1: .OJ .• 10± .01 ~ 

Wesllllofl'lnlltll'llll'cy sill 1""111 : Now ('onmfll. Ohio 11" pnllilll 30.0 32.2 :11.8 ·111 40 45 ,02±.0I ,03:1:.01 .0~:1:.OJ .(14;1:: .011 .05:!:.OJ 
" \1','1. !!S.li 211.5 30.0 4'1 r~) 411 .00 .00 .00 .00 .00

,'L. ~ 
I All Inltinl rllns were lII11d" lit Ih'l\lmolslllfn content. All Wl-t. flillS Wl'W IIII\dl' 2·' hours uClcr iuItioi rUIlS. 

2 Soil~lJIoistun\ content dl!termill(!d from 2 sumplos only used I1S index of 1II0i:;tUfC h~\·oJ. ~ 

, l_OCIIIIlIUIIO. soil not corrolntetl. ~ 
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48 TECHNICAL BULLETIN 729, U. S. DEPT. OF AGlUCl;LTTHE 

TABLE 13.~-Jfl.'chaniClll analysis of surface soil from the 68 'infiltration sites 

Soil I>2.~· 2.(J.· , ::;;:J;;-.~-l~~;:: O.HI- o. 0ii;" <-.(J(i<~:
Soil type. Depth. llIlIl 1.0 0.50 -o.:!fI 0.10: 0.05 0.00., ,No. I_----i----!- 'lllIm'I~I~!~~~'L~~ 1.~::_~-=:'llIlm. 

I I". Pel; Pet; Pel.' Pc~. r Prl. I p'eI. ; ?"rt• . .Pet; I ~!.
19 Dunkirk silty cillY 10auL. -... , 0-6 1 •• ,. O. a n. R 1..1 10.0: 0.4 0 •• 0 .!i\. 0 I ... 0 
~6 ..... do ' 0-6 .3 I .3 .• 1.0 6.2 93 51l.3 25.9 21.3 
37 Muskingum silt loum .. __ _ 0-0 2.4 , .9 I. 6 2. I Q.O 1:1.1 no. S :!fl. I 12. 3 

101 Clinton silt 10Ilm............ 0-0-0' I' • I .2 .' ._~ l.7' U .9.5 17.0 11.2

102 •.••.do....................... I . . .G, a.9; .5.0 21.'.:1 1:1.2 

103 Dubuque silt 10Ilm.. •••••..••.. !Hi I . '.4' 1.4 :1.5 4.11 3. S . 65. \l :!fl. 4 II. 3 

104 Tllmll silt 10llm ............ 0-9 .2.2 2 •. :1. 1.7 t .0.3: 27.1 2:1.:1 

105 Carrinl!ton silt loalll ............ 0-10 I 1.1 I.G 4.1 0.1' 2.0! 5 •• 0 28.5 22.8 

106 Fuyettesiltloam ........... !Hi! .3.4.5 3.2,2.574.019.1 12.:1

10. Boone silt 10llm 0-8 .. .3 1.9 6.0 5.·1 3.2 fl6.1 17. I 12.5 
108 COlb)'siltlollm 0-. 1.0 2.:1 3.S 5. Ii 2.9611.9,1'.a 9.7 
109 Muskinglllll silt loalll 0-8: • S I.' ;11 I .3 . • 2. -' 2.0 .2. 5 :!fl. 9 10. I 
110 ..... <10 ... _. __ ... . 0-5' :1.2, 1.2 1.4 5.4 :1.:1 flO. a 2:1.8 10.3 
111 ..... do. __ ........ 0-. is' 1.0 f 1.9 ... ·1 7.1) I. 0:1.4. 19..~ 0.4 
114 ____ .do........ . 0-4. a.1 I 1.4 1.5 I 2.4 7.U 3.S 65.2: 15.0 :1.9 
115 J\~iami silty day loam 0-5 1.8' I. f> 2.81:1.5 8.2 5.9 ,17.9; 28.3 IS.9 
1-10 3 
142 :t~t~~~~~jt I{:;:,~;. &=1 11.8' I... 2.. 2: g U If:i ' riJ.: ~ f ~::' t~: ~ 
143 WI1I1I1 WallllsiltlolllJl 0-. .2 .2 I.fi 1:J.9 62.5 21.0 IfUi 
144 Palouscsiltloam 0-..2 .2 .1 1.1 10.0 m.il 26.fi I7.S 
145 
146 ~~l~~~~m)i~~~i:~OIlIll • :t~ .I:~ :§ U I:"~ j l!!l~ t ~n: i·gi 

27 Cecilcillylmlll. ()-'I ~.4 12.5 10.:1' 12.8 1•. 0 ::~ I ;~:; I;1:~.1 18:0 
28 __ do 0-5 S. I 9 n 8. 9. g 14.5 .1. I ! s. ~ , :\7.0 :11. ~ 
30 

112 Davidson ChlV 1011111 . n-".\I 1:. 11.) '111.:::,' '!'. 11.:1 21.. sl... ·'!, ,~e.:.!," !!OI·.~,' ?24.<.Z,Westlllor~llInil clay~y silt 10'"11 0-4 .7 a. () "" .. 
113 Upshur cla)'lollm (1-5. • I. 0 I 1.7 4.5 J 2 : 40.4 ,\•. 5 :14.4 
118 Austin clay. 0-. 1.2 I. I .8 I .9 4.5 4.5 22.:1 fH.' 44. \I 
119 ..... do. ......... . 0-0-6", 1.0 1.51.0 .8 4.3 4.2! 23.4 6.1.9 4•.• 
I~'O 1Houston black clay. .:1. • Ii I .5 31•. ~ 1 1. 8 i 24.9 .0.4 61. I 
121 HoustonclllY (1-7 .!l .3'1.0 .S "~.~.~~~ (\8.6 59.0
12'2 Houston black cillY (1-7' .5 .6 .51.5 2. a "' .•lI. h , M.3 49.2 
123 •.\ustillclny 0-••9 1..t 1.7 1.6: 6.:1, 5.9 :\:1,4148.8 41.2 
124 Houstonclll\' Il-' .4 1.0 1.9 .7· 2.0 I 3.9 28.S: 62.3' 51.2 
125 Kirkland snndy rillY 0-5. ,; .1 .2 .8 ; ·12. I ! 1r..4 IS.I\· 21.3, 18•• 
131 C'rownlillhtrlay ...,.. n-. 1.0 .1 .:I! 2.2 27.4 i .15.0 21.1 :12.9 2!l.9 
132 Crown hellY)' rlny .......... 0-. i .. .2 .:1 I .:1 2. I ! 2.0 69. S 24.. ..9 
1:13 Buell clay 101l1Jl ..... __ ......... 0-.91 ......3 .5j1.:1 ltl.O IZR.I 3.1. a 19.6 16.3 

1:14 Pinedllie c1I1Y 10Ilm...._____.... 0-...... .3 .6 3.4 a:1.3 21.0 10.9 I 30.5 23.• 

31 CeciisandylolllJl ........ 0--51 1.7 8.5 22,:1 117.8 :!fl. 0 6.0 11.2 9.5 Ii. 9 
:12 Ruslon sandy 1011'" 0-. 1.2 1.9. 18.0: 32.S 27.fi 0.5 '.S 4.2. :1.5 
33 Omnllcburll sllnd)' 1011111 ()... 8 3.• !24.5 . 15,3 32. II I 10.9 S.O .1. 2. a.3 

116 Vernon finusnnrly 101llll. 0·S.9.2,.2. 1.6 51.a 15.01 11.:1 ID.I I W.9 
117 . rio 0-13 .4 .21.a! 1.6 :\6.D 17.8 17.1 2,.•. 24.4 
12!l 
127 ~~~!a~:r)~~~~S~~~~'O~~ O-~g t* :j I J: J 4~:g g:~ ~U ~~:~, ~t~ 
128 Parsons fine sllnrly loalll (HZ. \I • S' 1.2: • • 4.6 2·1.. 5.1.3 13. S 10. S 
129 Vernon fiDl~ snnd~'lolllll 0-8 1.0 t .2 .3 i 2. I ;;1. S 15.·1 !fl. I 10. I I S. 9 
130 ~,;;~o~'d~'I:ar:;SllndYIOam ()..9 .8 j .3 :~. 3:~ ~:~ i2:~ 4g:~ ~~:g: :~g135 

136 Crown sand:' cillY 1011111 ~ i ":':1'.::::: .1 4.0' 3S.3 25.S 17.0;
14.2 12•• 
137 Crownssndylolllll. 0--. j...... ...... 3 4.1' 39.5 14•• 1 24.1 1 •• 5 15.4 

115 1l0ncoyel!f,\\,cllysiltI0l\lll. !Hi': 4.4.1.5\ 2.2 4.0114.018.841.523.6,17.3 
16 do.. 0-6 5.R· 2.0 2.5 4.9 14.5' 9.3 3S 3 22.7: 1'i.3 
17 .do 0-7 5.0 1.6 1.9 3.8 ILL 1.3 39.0 30~~ t 23.0 
18 do. . . 0-. I.S 1.3 1.4 2.8 ll.7 8.0 42.9 3:1.1 I ZI.3 
20 Bath I!fI\vcllv silt loalll. o-s 11.3 :1.4 2.7 2. • 6.1 11.·\ 51. 5 10. DiS. 5 
21 Frclllontgrn\·ellysiltioalll. 0-7 15.9 1.5 1.7 ~.1 12.3 7.S 38.4 18.3 12.11 
22 Roncoycgravcllyslltloam. 0--7 6.1 1.5 2.3 I 4.8 13.,1 8•• :lS.3 24.9 16..; 
23 ..."do ..... 0-7 ·1.3 1.0 2.2: 4.4 15.1 9.5 41.:1 22.2 15.n 
24 ..... do.......... 0--7 4.1 2.0 2.0 5.1 14.8 0.:1 ·12.G Z.!.5 10.8 
2, Volnsia stony silt loam . ... 0-4 14.9 4. 1 3. I I 1.3 2. 2 3.0 4S.2 23.2 lO.n 
35 Honeoye gruvelly silt1011m. !Hi i 7.8 2. 0 2. D, 5.2 14.6 10.4 31. 2 2,.9 15.-1 

2!l Iredellionni................ !Hi 2.7 3.0 7.1 9.0 1D.5 12. 5 25.0 21.2 17. I 
34 Red Raylosm 0--5 1.9 2.5 12.1 24.3 2LP 3..1 13.1 2O.S IS.O 

134 . Selah 1011111••. 0-10 .5 .5 1.9 5•• 19.9 13.7 40.2 17.6 Ill. :1 
139 1 Badg"r loam. ::::::::::: !Hi .2 .2 .9 4.6 16.9 11.7 4G.3 16.2 10.8 
141 Melbourne loam..__ ........ !Hi .5 .5 .8 1.6 30.8 8.4 35.4 22.0 16.5 

,---=.. _-
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TABLB 1,1.··· JJechanical cl'ltalysill of IltlbllOil from lhe 6'Si7lfiltration sites 

.----..-, >qo 2.(}-11.(}- !0::]~,2(}-1'·~~· 0.05-1<00-5 <002 
]\0. Soil type IDePth 10-' 1.0 I0.50 0.20 I0.10 0.05 0.005' .sOill 

--, - ---~--------I~~~~~~~~~~ 
'~I'~ ~'I~ ~ ~1~1~ ~ ~ 

HI Dunkirk silty clay 10alIL. ••..• tH,) 0.8 0.4 0.6 1. 4 8.7 0. I 150.4 31.6 22.0 
36 . do...... __...._.... 6-15, .3 .3 .7 1.0 6.1 9.1:54.228.3 24.0 
37 ~[uskinglUlI silt 10am....____...1 tl--15 4.4 .9 1.5 2. I 8.8 12. 9 ) 39.0 30. 4 22. 6 

101 Clintollsiltloalll._ •• _••••..__ •.! 7-14 ......._____ ______ .2 .2 2.8' 69.6 27.2 19.0 

I
102 .. do... __.. .._______________ 9-15 -- ____ ._.... .1 .1 . S 5.5 64.7 28.8 22. 5 
103 Dubuqucsiltloam· ____ •• ______ l 6-13 .1.5 1.6 2.2 1.7 60.7 3271'.~ 21.8 
104 Tama silt 10alO .........._____ .1 9-21 """ ........... .1 .2 2.2 66. I • 26.7 
105 Carringtonsiltloalll.... __ ••..• 1(}-21 .3 2.4 4.9 0.1 2.9 55.3 :!S.1 1 24.81106 FayettesiltloalO............. , 6-15 .1 .1 .2 .1.0 i 3.8 67.5 27:3 17.2 
107 Boone silt lonlll .....__ • ___ ... '. S-15 t·...... .6 3.6 8.2 7.4 t 3.1 57.9 19.2 16.3 
lOS Colb,· silt loam.. . . _________ -' 7-14 ____.. .9 .8,1 .9\ 3.1 I 3.5 iO.4 20.4 12.8 
lOll Mllskingumsiltlonlll •• ________ 1 8-15 1.0 .1! .21 .2 .51 1.2 66.4 30.7 21.5 
110 " do....... · ..- .. · ...... • .. ·i ir14, 6.3! 1.3. t.. ·a" l.4 6.2. ~'.05, 46.8 32.1 24.S 
111 :.• --do ..... ·•· ..... · .......... -- ~-1~ t •• 4, .6 I 2.51 ~.~ I -. I ~p 32.3, 19.7 
114 1-- . do .............. ____ ..... l I-l~ i ~.9 1.71 1.3 1.3 3.6 4.a I a_6 29 1 i 14.5 
1l.'; Minmi.siltycluyloalll .17-\4 3.6 2.2' 2.6 3.1' 7.9: 5.2'31.743:7; 3:l.(} 
1·10 Aikcn chl~·loam. .' i-15, 3.2 .S 1.6 2.0 \ 4.5\' 4.8 i 41.7 41.4 29.4 
142 A!lwnn ~ilt 100!m ..... -- : ~I,! ;.-- __••-_... .1 .1 I 1.8 10.8, ~.9 22.3. 15.6 
143 "nUn WaUnslltloam•• · ____.·1 .-10 :. _______.... .1 .1 1.8,13.4 i 6_5 22.11 17.9 
I.'~ ralous~ s!lt 1011111. ..... _______.. \ 7-~; __ ___ ______ .1 . 1 I. 2: S.S. 62.7 27. I, 22.0 
Ha PnlollSCslltyc1aylonm______• __ 9-10 ------ ______ .1 .1 1.2! 7.2 I 53.5 37.9! 31.9 
146 Palollscsilt 10alO.. ___ •______.__ 8-21 •_____ ._____ .1 .1 .9' 9.7! 59.5 29.7: 26.0 

127 Cecil clay 10alO...... I 4-15 I 5.9 7.9 8.5 4.8 5.0 I 1.5 i 10.3 56.3! 49.5 
28 . do.. __ ............ ,';-15: 2.8 1 5.3 6.0 5.2 7.2,3.1 ll.S 58.S! 52.0 

30 Dlwi<1so11chl\'\oam....... '\' 7-16'- _____ ' .6 4.0 5.9 10.3' 5.1 16.4 58.0 -17.5 

112'Wcstmorclan<!clayeysiltloam.. .3 .5 .7 ~.. 03.: 1.9 4S.3 -16.3: 34.2-1-141-----'[
113, Lpsburclay 108m.... ... ir15 __ .••. ___________ • .5 _ 3.4 25.6 68.2 I. 53.4 
ll8 . Allstin clay. .... ... __ •.. 'j 7-16 1.2 .7 .6 .6 ~.~ I 3.6 22.8,67.-1 I 45.9 
119' .... do................... ______ 6-16! 1.7 1.2 .6 .6 3.1,4.12'2.3165.8' -13.:1 
120 1 lIollston black clay. .. ... ___ .. 12-21 -- .. __I .2 i .2 .3 1. 2' 1. 7 2:1.3· 73. I I 6.1.2 
121 ' Houston clay . . .......... 7-16 , ___ . .3: .4 .7 2.8: 3.3 2:1.5 69.0 61.9 
1;2 IIou~ton bl.ackclay. •... :!:-16 .. :! 1 .! I .5 .5 ~.~:?-6 :l;g 7!.0! 54.5 
1_1 ,\llsttncla) ............. •-16,301, 1.-1 .8 .8 .. a 3.9 ___ 6a.l, M.5 
12·1 IIollstonclay ... ----.-- .. ' 7-16' .7,' 1.3 1.21 .914.1 4.7 2:1.0 64.1 'I 42.i
12.; Kirklands.~ndyclay..__ .____ ,';-161. ______ ,._. .5 .7 2:1.2 10.2' 19.5 45.9 36.0 
1'\1 Crown light ('Iay ......___ .__ 7-161 1.3 .1 .31 1.6 2O.S, 10.2; 2.;.9 39.9 35.3 
132, Crown hea\'Yl'ln~' ... ________ .. 1 7-15 ' ... _______ . .3 .31 2.3 2.6: 16.1 ' 78.4 i 63.5 
133 i l3u~l1 clllY loll/Il ... ---------- --I' 9-22.'1 -- ___ I' .----. . a I 1.1 16.4.: 27.:\ I 2:1.4 ' 31. 5,' 28.1
1:14 1 Pinc!lnlc clay loalO __ •________... 7-15 ',----- ____.. .3! 2.4 30.0: 19.3 127.9: 20.1 14.5 

31 Ccril sandy IO!lm ......_____ . .1 irl3 1 1.2 1 9.9 17.4jI3.1114.2 2.6!17.0 124.2i 20.6 
32 ~ustonbsandYlda:I\ .. -- .. ---- ..1 :!:-t~' '!,1 !·~,.,.~·~'~~·gl~·! ~2·~,1~.~ I~.g 14.-1 

v33 _ra~gcurgsnn~.oam~- .... ·-~~i 1-_; ·~I' ,)·-i-...· . l-"" -•• 6.6'f)l'

116 \orLon flnesand) 10am___ • ____ 8-16, .~ .2 t .3 1.6 48.6 10.3 9.• ,29.3 27,6 
ll7 do...... . ....._.• 13-20: .6 ------1 .1 1.4 42.2 21.6111.2,22.9 21.1

1 
llTI : lf~~!a~~~~~~~aS~~~}~OI~~lm.::\. It:~ U :~ I,' 1:6 d 38:8 I :~:5 :~U ;3U ~:~ 
"'" Parsonsfln~sand\'loalll 12-22 1.61.6 .5 .32.312..;'34.6147.543.7 

129 \"ernonflnesand~:loalll... 8-21.8 .ll.2 1.0 51.4 15.8' 12.4118.4 16.7 
130 \'crnon \·cryflncsandylORlII. 9-16, 3.9 .11 .6 1.2 5.0: 14.8' 45.9,28.3 13.0 
135 IIopi sandy IQam .. 3-lii ' __ " __ ' __ '___ .2 4.9 46.5 12.5 17.9: 18.0 15.4 
1133~" ,: Crown sandy clny 10Ulll...... 8-16 i...--------- .1 4.9,31.4.,15.0: 21.4! 26.3 21.3

i Crownsand~·lonlll .... __ ...-... 7-161"----,------ .3 1.9 i 2.'i.0! 1&9. 19.6\ 34. a 19.8 

15 Honcoyegravcl1ysiltIOlllll. tH5' 5.5 t 1.5 I' 2.2 4.71 15.-1 ! 8.3' 40.3 24.0 19.9 
16 .. do. __ ..... fH4 6.5' 2.7 3.0 6.0' IS.4 6,6 39.1 17.9 i.9 
17 I. __ .. do.... __ .... ..... 7-16 6.7 1.9' 2.4 4.3' 14.3 7.3 37.5 25.6120.9 
18 ' •.. do.• __ ... 7-15 10.3 3.5 :l.5 .;.4: 14.9 8.6 40.8,.13.0 10.2 
20 I BatbL'I"n'cl1ysiltlolllll . 8-16 13.6 4.2 2.9 2.6 I 5.8.11.4 49.8: 9.S 7.5 
21 : FrcmQnt gravel1;- s!lt loam 7-11 i H.9 4.0 2.1 .81 6.2 9.5 46.0! 16.4 12.8 
22 IIoncoycgra\·ellYSlltloulO... 7-14 6.5 2.2 3.5 5.1 12.0 6.S 37.9 26.0 19.3 
23 ' .do...... 7-\-1 ..... , 3.9 2.9 4.7115.3 10.0 40.9 22.3 14.5 
24 ·...do..... .. 7-14 6.7 2.4 2.4 5.0,15.3 5.8 40.0 22.4 16.0 
25 Volus;a stony silt IOUlll. . -1--13 10.2, 1.8 1.1 .8 i 1.5 181.. -1 .49'.95 i 26".-5' 19.1 
35: Honeoye gra\'cl1y silt 101110 ... __ : 6-14, lL4' 2.3 3.4 4.S i 15.1 4 36 1• 11.9 

26 fredellloam ••.. f,..16 3.0 i S.I 8.6 4.8 9.4 3. ;- 23.2 39.1 33.4 
34 Red Bay /"".ill}. .... ....... ---.\ irl5 .3 2.2 9.5 IS.S 19.1 3.4 9.4 37.3 31.8 

138 Selab loal}\. .• 12-21 • 7 1.3 6.5 2L. 2 9.1 37.6 2:1.6 17.9 
139 Bnd~cr IUHIO ::::::::~:"I 6-16 .2 .6 .1 13.4 13.3 51.5 17.3 7.03 • 
141 :'[~lbOllrnc loam 6-21 ,'--:8" .2 .6 1.7 25~ 7 7.3 32.1 3L5 2.;.7 



50 TECHNICAL BULLETIN 729, U. S. DEPT. OF AGRTC1l.TLTV"RE 

TABLE lij.-Aggrl'gale distribution of surface soil fronl the 68injillration sites 

:-:20 12.0-: 1.0- :o.ij().1-~.2.;.- o.IO-;<o~~i>::Soill 

No.! 
 Soil t,."e : D~pthl DIll.;' I 1.0 I'. 0.50 i 0.2'; i 0.10 i 0.05 . Dl;n. I Dl~. 

, 1 nnn. unn. mm. I1UIl. j Ulffi. I !t 

-----..- ... -. -----;:II;h.~I-;:I]-;;:-i pct.t pCI.l~;-;c;~- pct~-I Pel. 

19 Dunkirk silty clay 10all1........ 0-6 I. 61 2.3 I 3.7 5.6' 13.5 . ~2. 0 41. 3 I 13.2 

36 ••.•. do . .,.. __ ..... ,, _____ ... 0-6 1.1 2.113.2,4.3' !1.5141.2 3K6, 10.7 

37 Muskingull1 slIt loam ......_.•__ ... 0-6 11 2'1.0 14.5 11.3: i. I f 9. 3 16.. 19. I I .'>1. g 


101 CllntonsiltloIlDl................... 0·. 2.2! 3.1 t 4.31 9.4 25.5 55.11 10.1
.51 

102 _....do__ .._••.••••. '" '" .......... 0-9 I. 7 2. i 3.2 j' 4.4 10.4 24.9 52.7112.0 

103 Dubuque silt loam ........ ,.... .... 0-6 I 2.'; 4.8 11.4 11.8 17.0 I 0.8; 45.7 30.5 

104 Tama silt loam. ................. 0-9 , I. 9 I 3.2 7.8 8.7 15.9 19.7, 42. 8 21. (j 

105 Carrington silt loam •..... '. 0-10 i 9.9 lOA 14.1 12.9 1•. 7 13.0' 22.0 4 •• 3 

106 Favette silt loam... ........... ' 0·(; , 2.0 I 2.5 3.2 5.2 14. (\ i 24. S : 47.7 I 12.9 

107 Boonesiltloam........... ..... t 0-8 2.4, 3.a 7.0.10.8 13.2: 22.4: 40.0 24.4 

lOS Colby silt loam. . ............. ,.. 0-7 i 6.'; I 8.2 II. (\ 9.2 I:\. 6 I 13.0 j 37.9 35.5 


In L~r~d~~~~~.;;ilt lo~~~~~~~==~==:: ..:: &=~! I~:~ : I~:~ . 1~:5 I ~:~. It\ . ~:~ iU gg
1111.....do.......... ................. 0-7 ,1 12.7! 13.4114.6111.1 ; 11.5 19.1 17.6 51.8 

114 do ()..4 i lIi.9 1.5.1' 17.5 LO.O: 13.5; 9.2 Ii. I! .59.5
115 'i(iruui siity·ciayloi.rri.~=:=::::::::::. 0-5 ~. .5 f 5.6 n.3 n.2 i 14. I \ 27.4 36.9 21.6 

140, Aiken clay loam . .............. 0-7 121.6: 14.4,12.5 7.•" 7.S 111.9 i 24.3 5l1.0 

142 Athena silt loam ..._ ... ............ 0-5' 2.6: 3. S 4.2 4.3', 10.2 \ 25. I 49.S H.9 

143 WllllaWllllaslltlollll1................ j O-i' .911.7 2.2 0.1 4.1136.248.8 10.9 

144 pPallouseS!llttloalm.·I--................ : 0-0-97 .8 2.7' 5.:1 -.~'.(!,: S.4 37•• ; ~.2 I 10.9 

14ii a oose s! y c ay oall1............... I .i: 2. i! 5.1... 10.0 29.4 4<1.5, 14.1 

146 Palonse Slit loam. ................ , 0-8 i .5 i 2.0 I 3. n; 5.2 9.4 Z'l. I . 51. 2 II. 3 


27 Cecil clay loam.................... ()..4 112.3! 15,6,17.1, 9.2 i 1:1.0 f 9.5 23.3; 54.2 

28 ._•••do............................... O-O-~.' 6.6 l 1I.2! 1.5.3 J 11.2' 17.9 119.8 18.0. 44.3 

30 Da\'idson clay loam............ ....... 2.0 6. a 17.9: 14.2 , 24.4 . 16.1 : 19.1 40.4 


112 Wcstmorelnndclllyeysiltlo!lIl1.... 0-1 5.0! 9.3 i 12.5 9.7: 11.6: 24.1 27.8 i 30:5 

113 ' Upshur clay loam ... ...... O-O-~, i.3 1 12.4 i 20.5 12.0 I' 13.3 '115. ~ , 1S.7 52. 5 

liS • Austin clay. ..... ......... ........ 14.3 i 20. 9 ' 17.0 9.5, 13.7 11. _ , 13. 4 61.1 

119 .._..do_........................... ()../j 15.1.21.9 j li.O 9.2;13.7 9.8'13.3 6.1.2 

120' Houstonhlllckelay ................ 0-12 1.6\18.1122.411:1.016.112.2 In.n 5-'>.1 

121 Houston cillY . .................... 0-7 j I.q, 1,1.0 12~.8 14.:1 17.6 10.7 1fi.1 M.o 

122 Houstonblackc1ay_............... 0-7 6'~·122.2 21.A 21.1 14.3 1.7 9.4 7.J.r. 

123 Austin clay ........_.............. 0·7 16. I 20.6 11.6 6.7 11.2 IS.n 15.5 ,"'i.:I 

124 Houston clay... ... ......... O-i 3.4 15.5 19.3 10.9 1i.6 12.·1 22.9 49.1 

125 Kirkland sandy clay............. 0-,'; I. S I ,5.5 I 4.9 5.7 29.8. a7.1i 11,7 20.9 

131 . Crown light clay ... ................ 0-7 1.3 1. 4 4.3 S.4 :?o.2 I 41.7 22. i 15. ,I 

132' Crown hcs\'y elay.. ................. 0·7 .8 II 4.3! 12.6 Iii. 1 24.2' 14.2' Z'l.S 32.8 

13.1 Bnell clay loam ..........__........ 0-9' 2. Ii 4.6 4.7 6. i 13.5, ·12. 0 26.0 18.;; 

134 i Pinedale clay loam ....._............ 0-; I 4.7,: 2.6j' 1. 9 6.8 23.2 148.0 12.8 16.0 


31 Cecil sandy loam. .................... 0-5. 2.7 14.4 27.1 i II.2 Ii. Q 10. I 16.6 5.;A 

32 nnston sandy loam ...........__ ..... I 0-7: .4 2.5 123.2' 21.8 22.; 21.1 8.3 i 47.9 

33 Ornngr.burgsandrloam ............ 0-7' .4; 6.1 12.".1 ' 11.1; ~:~; ~:g 6.8! 45.7 


UL~~~~n n.n~~a~d~·lo~~: .. ~::::::=~: &=~3 ~:~; d: ~:~ I U 3Ll. 27.2 lt~ t ~:~ 

126 I Kirkland fine sandy loam. .......... 0-10 6.4 6.6! 7,0' 4.9' 27.9 ; 3.1.2 H.O f 24.9 

127 i Batcs vcry fine sandy loom... ........ ()../j 4.0 7.1 7.0 6.0 12. 7 : 36.0 27.2, 2·1. 1 

128 i Parsons fine sandy loam. .......... 0-12' 4.6 S.4, fl.9 4.8: 7.3 ~ 30.6 37.4 24. i 

129 ! Vernon fine sandy loam ,............ 0-8 1. ; 1. I' I. I 4.1 t 3..1.5 ' 40.2 16.3 S.O 

130 I Vcmon very fine sandy loam .......... : 0-9 4.$ 10.3! 11.4 8.8 \ II.8 23.S' 2?1 I 3.'i.3 

135 ! Hopi sandy loam . ... .. ...___.... 0-3' 2. 3. 2.0 2.0 6. 0 ' 28.2 39.4 20. I. 12. ~ 

1361 Crown sandyclny loam ............... O-S 4.6 2.6 1.8 6.• 22.8; 48.0' 12.6 I 1.1.7 

13; l Crown sandy loam ...........-...... 0-; 2.3: 2.1 1.9 

I 

6.1,28.4 138.9 :20.3 12.4 


if !:~~;~r~=~~t~ilt.loa~~:=::::::~: § . ~j ! lH u:i' :~j i lH '~H ;t~ ~j 
20 J Batb gravelly silt I~"m . . O-O-~f 14.2 0.·1 14.0 1I.G lii.7: J3.~ 21.3, 49.2 
21 ' Fremont grawlly Slit loam 19. 6 10.4. 10.5 0.4 12.8 H.9 22. 4; 49.9 
22 : Honeoye gravelly silt loam 0-7 i. ; S. fI . 12.6 9.6 20.3' 15.3 25.6 38,8 

23 · .....do...... 0-7 6.9 11.4; 11.5 1t.4 ~'!l.4 12.7 22.7 4·1.2 

24 ;.....do ........ ' .... .. ,. 0-, 20.0.25.9, 20.5 8.9 II.S 5.1 7.8 75.3 

251 Volusiastonvsiltloam .. . 0-1 23.6 16.4, 1i.2 11.3 13.6 8.5 0.4 68.5 

35 Honeoye gravelly sillioam 0-6 28.3 13.3 I 14.7 10.6 II. 3 10.2 11.6 66.9 


26" Iredell loam................ 0-6 3.0 9.3 ' 13.2 10.8 20.9 23.i 19.1 36. 3 

34 j Red BIlY loam. .. ... . . ." . 0-5 i~ 2 7.S 17.2 IS. 7 24.1 18.4 6.6 50.9 


138 l Selah loam............... 0-12 1.1 2.1 5.5 10.1 12.1 . 35; 33.4 18.8 

139 1 Badgerloam................ . .... 0-6 2.3 2.5 ; 3.9 9.3, 13.1 30.5 38.·1 18.0 

141 1>-Ielboume loam.............. ...... 0-6 1.5 3.6 5.3 5.7 19.8 28.9 35..2 16.1 


--'------------ .. _---_._ .. .., 



51 RELATED PHYI:;ICAL CHAHA(;TElUI:;TlCS OF ~OILS 

TABLE 16.-Aggrcga/e distribution 0/ subsoil/rom the 88 infiltration sites 

S!lI:I,. ..----~I·- I' >~ 0 .~·I~-··~~·:i ~.~·f~1O-li<~~51~>0 2.'i 
No" Soil type Depth ...., 1.0 0.50 0.25 1 0.10 0.05 • . 

-.---------;---: ::~ i :::1 ::~ '::~ ::~ ::~]l ::~ j::~ 
1Ilncht& I unt ! cent celli I celli . unt ernt, cent ern! 

19 Dunkirk silty claylonm ..... _..... __ .• 1 B...15: I.si 2.6 5.51 7.7 '14.6' 21. 2 1 411.6i 17.6I36 ••..• do...... •..... •.............. \ 6-15 f 2.2 I 4.5 i.S i 8.3 1 S. 1133.1,30.0' 22.8 

37 Muskingum silt loam ...............-: 6-15118. i,' 5 4 5.6 I 4. SjlO. S 22 2 . 32. 5' 34.5 


101 Clinton slIt loam .................... I 7-14 """. 2.7 12.9 I 14. I 23.3 9.3 37.7' 29.7 

102 ...•. do ..•..•• '.,,'0. ••"""'" 11-15 •...•• .9 3.9 7.7 22.6 26.8 38.1, 125 

103 DubuqueslItIOuDL.............. '6-13 2.2 4.1 11.0 13.ti 17.8126.0 25.3 30.9 

104 Tams slIt loam ...................... I 9-21 .5' 6.4 21. 2 10.0 1 23.9 II. 0 21. 0: H. I 

105 CarringtonsiltIoam .................. , Io-~I: .Ii) 8.0,23.5; 19.8 i 23.2 II.S 13.11 51.9 

I~ I Fayette.siltloam ................... ; 6-1~, .5, 4.6·12.6' 12.4 20.51 J..5 41.9 30.1 

10,. Boon~s!ltloam. . ................., ~1~ 1......II.911~.~ ;114.6 4.0 ...=-3 43.7 ~.O 


j 

lOS I Colb~.slltloal)1. '" ••..•.•••.••• , ,"'14 .•9 1.9. '01. I~.S ~9.1 I ~~.S H.I. -!-~ 
109 , Muskmgum sIlt IOBm ................ : S-15, .9. 4.8 I 14.9 , Ib.O _>. I . 25.3 13.0 :16.6 
110 1<10 •••••••••••••. 5-14! 12.9 I 4.S 7.2 7.8 IS.8! 26.8 ~1. 7: 32. 7 
111 i . <10 .•••• i i ...14! .61 3.5 10.2 j 12.4 23.6 I 24.8 24.9; 2tl.7 
1I4!..... do •..•..••••.•••.••••••. i-15. i.2 .••• 16.5·13.3,22.4'15.517.4. H.7 
115' lI~i?mi siltyelay I'.um. ... ••••.... I... I·!: 16.31 ~9.~ ,~~.4 7.8 12.~ /' I~.O 1404 ~8
H~'.-I.lkenrla'yloam ••.•.••••.••• !-I~ ~.3 25.<>, ...v.4 I!'~i 8.,. 1.... 0 IO.~ 68.8 
14... , Athena slIt loam ................. J.I ,.8 9.9: 95 1.6.11.619.933.• 34.S 
143 ' Walla Walln silt loam .. ••...•••••.• i .. I.> 12.:1: i. I' 5.7 5.2! i. -; 27.0, 35.0. 30.3 
IH I Palouse silt lonm. •••••..••••••••. i·20 11.1 IS.3: IS.i 8.4 110.3, t.i.1 . 18.1 56.5 
145 Palouse silty clay loam ......_......... !}Olli 9. i : 20. 3 I~. ~. 8.2 9.6 I H.6 ; ]S.3 5i.5 
146 PalouS!'siltloam................... 8-21 1.5 13.3!ln.•1 9.811.21 28. 8 '20.1 39.9 

27, Cecilclayloanl ·1-15 8.0' 12.4 i IT.5! 11.0 4.6 29.~ 117.5 48.9 
~ ... do .. '. ...... ........... 5-15 ~.1' 10.1 20.9 13.8 i 11.i 28.1,12.7 .16,9 

... ' Davidson rlay loam ...... .... 7-16 10.1, I'.n 23.5; 12. I 16.11 13. I, i.6 627 
. Westmoreland clayey silt loam 4--H i.9 li.7 22.0, 10. I 13. 9 I~. I j 10.3 57.7 

113' t'pshur clay loam 5-15 1.8118.4 30.1' 13.1 12.0 12.6, 12.0. 11:3.4mi ':US~i~ clay . • i-16 27. a 38.4 i 18.6' 4. I .i.3 :L. -;! 2.6: &>.4 

11~·1 ' HI.rQOUtl~.tIOonncb.llan,e.kclay .••••.•••. ; ItW, 2~.g ~?'f! :l.~.~: ~.~ ~:~ ~.~ Ik~ i:l:~ 

I1 Q 

...
'0, ............ 1 i·is: 4.4'31:tl'31::i·1O:1 10.1 6'3' 6':1' 77.3 

122 Houston bla'ck Clay::.::.•: •....• : •• : •.• :.: •• : ... " I-16 I lI.2' ~~. 7: 27.ii' ~.5 li.n 3:5' ~:6 .'>l.012:1 Austinclay ...... .-16,3.1.0 3-1.0 15.0 ~.O 6.0 .Ii Ii. 5 &l.1l 
12·' Houslon rlay . 7...16 i 3.3,28.4. w.n 0.6' 10.3 IJ.5 6.9 TL3 
125· Kirkland sandy clay 5-16 i 34.3 f 2-1.3 ' 13.6; ·\.6 II.~ 5. ~ 6 '. if,S 
131 ('rown light clay ..•::::::::::::::1 2.2, 3.3' 7.2: 10.2 ~'!l.' 24:6: 22.9i-Ifl 22.8 
132 CroWIlh~ay~·cJay ............__ •••••. , i·l;' .11 r,.9'2().9119.0 21.915,115.6 47.4 
133 Buellelnyloam ................_..... '!}o22 2.7 7.3 8.9! 9.9,14.6 35.0 21.6' 28.8 
134 . Pinedale clay 10Bnl ................... ; i-15 5.0 i 8. 3 ~ 10.0: 9.9 2:;.1 25.6 15.2 31.1 


3?...1 i ('ceil sandy loam.... ................. .';-13' 1.7 111.6 2·1. I I 13.3 20.9 20.7 7.7 50.7
3 Ruston sandy loam.................. i-IO 1.1· i.2 
 26.0 W. i 22.6 14.5 KO 5-1.933 Orangeburg sandy loam. ............ i-12 6.4 6.5 
 25.6 10.2 4R.7116 Yernon fine sandy loam. .. ......... 8-16 2. I .1.9 
 6.9 9.6 ~U! ~U' l~J 23.511. . do...... . .............. 13-20' 2.4 6. I ;.5 ; 
 7.S 3.3. i 32.9 0.6 Z!.S126 Kirkland fine sandy loam .•..•••.•••• : Io-Ir. 9.3! 13.3 14.4 •• 9 .25.0,18.5 10.8 4!.9
127 : Bates n-ry fine sandy loam ............ : f,..IS, 21_4~.. 51 ,2"'16,•. 4 • 15.6 5.3 8.6 l 11.0 7.0 
 72.S128 Parsons fine sandy loam. """""" 1~-22. 3 10.0 5.8 7.2 i 13.2: 34.5 45.1129 Vernon fine sandy loam. . •••••••••.. &-21 2.0, 1.8 •. I fl. I ,32.9 31.8 I lii.3 17.0130 \'rrnon wry fine ron<l~·loam.......... 0-16 3!. ~ I 2(}. Z 13.4 5.S T.9 S.4 j 1I.9 71.8
135 Hopi rondy loam __ ••_........... 3-15 n. ~, ~.• 
 ,5~ Ji ~ 12. i :16.2' 2·1.2' 9.9 29.7136 Crown sandy clay loam •••.••••••••••• ' "-16 6.6· So I : S.5 12.4 27.4 25.4 U.S: 3.i.6137 \ro"-n sandylonrn ... " ___________ .. ~: ,-Hi' 201 25 3,0 .'i.S 2.i.8 , 3T. t I 23.5 , 13.3 

!!1.2 IO.S~g ; Iloosgye gravelly silt lon~I~=:::::::::::. t~~ ~: ~ i ~r 12.4 9.1 9.5 69.0 
19.2 9.6 11. 6 ' •. 8 10.3 iI.3I. , rio ...... .••••• •• ••.••••••••••• .-16 26.6. W.•~ 17. :2 S.I 12S 1l.6~.9 71~ i18' ... do....... ... . .. '" .•••.•• ' i-15 0.2 O. II 
 9.S 6.6 J3.9 16.•i 3.S.0 :14.6

20 : Bath gravelly silt 19am .......... ; !;-16 1" i 10.6 
 12.3 K ,I 114 11l5: 25. I ·IT.O21 , Fremont =\'ell)' Slit loam . """ _. i-II 19. r. 10.8 10.5 U.2 9. i 1,1.·" 28..~ !..'2 , Honeoye grnv{'Ily silt 108m 7.. 14 7.6 11.7 ·' •• 1 lR.O 12. 0 21.S 3.9 25.0 49.3
23 •.. do .-14 Jl.O In. I! 20.2 14.1 23. fJ 10.9. 11.5- 52.024 .... _.do._ ~ "- .... ~,, ___.... ~~.~,.~._. 7-14 IS.-I 19.0 2'2. 9 12.3 16.9 5.4 r S. I OO./l25 Volusia stony silt loam ................ 4-13 12.6 9. I 
 I~.I 11.3 1T.5 I.U I 19.0 48. I35 Honeoye gravolly silt loam........... 6-14 I 21.:: 16.3 
 15.7' i.7 S.7 -1.3 I 26.0 61.0 
26 Iredell loam ........................... 6-16 7.4 13. I 10.0 14.4 23.91 8.4 53.334 5-15 1.6 33.9 ~1.2 218 7.2. 3.8 67~ 2138 rC1~h~~~~am.::::::=:::=::::::::::::~ J2-21 3.3 11. 4 13.5 14.0 23 2 28.4 34.4139 Badger loam ..•••••.•••••••••••.•••• 6-16 6.2 5.9 7.6 9.S 2.;.8 38.7 25.7HI Melbourne loam ••••••••••.••••.•.•• f';-21 1.7 13.3 12.0 23.0 21.4 21. 3 33.4 
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