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Lewis li. stolzy
ABRSTKACT
The Effect of liechanical Composition uno Clay kineral Types
on the Moisture Properties of Soils

A stuay was made on the moisture cnaracteristics of thirty-eight
Michigan soils. Moisture properties were determined on cores ana bag
samples taken from each norizon. Field capacity measurements were
made on the ditferent horizons after they were artificially saturatea
and allowed to free drain for »6 to LY hours.

The soil cores were taken into the laboratory and various tensions
from O to 1 atmosphere were determined on the tension table and by
the porous plate method. Tensions from 3 to 27.19 atmospheres were
determined on less than two millimeters air dry'samples taken from the
different horizonse The presgure-membrane apparatus was used for these
determinations. Moisturs equivalents, mechanical analyses and wilting
point determinations were also made on the soil samples.

The Norelco X-ray Spectrometer was used to determine the types
and amounts of clay minerals present in the svil clays. Montmorilloaite,
illite and kaolinite were present in Micnigan soils. Illite pre-
dominated in most horizons. Kaolinite was generally present in the
different horizons in varying amounts. Montmorilloaite was the least
common in the different horizons with twenty perceat veing tne largest
amnount present in any one horigon.

The data for the various horizons for each soil were tabled and

the moisture release curves for these horizons were drawn. Thé field






Lewis H. otolzy
capacity, moisiure eygulvalent ans the wilting point were indicatcecd on
ine release curvese The drop in aoisture tension values from 1 to 3
ali:ospneres especially on the Ap herizon indicated that soil structure
is still a fuctor to be considered in moisture studies ebove 1 atuosphere.

Tne relations .ip of fivlc caupacity to moisture eguivalent, to 0.00
atrosyhere teasion and to U.23 wtumosphere tension were studied. Similar
relationsiips for field capacity and moisture equivalent were found
for Michigen scils as were found by other investigators for suils in
different parts of the country. 3Samples with field capacity vaiues
below l¢ percent have a much lowsr roisture equivalent. Those from
12 percent to 22 percent moisture equivalent approach field capacity
but are still lower. Samples with above 22 percent moisture equivalent
have lower field capacities. The U.VO atiuos . tere teusicn is the wvest
weasure of fiela capacity on sumiles below le percent moisture while
a tension hLetween U.. 0 atiospners and J.%% atiosphere would be tne
vest measure of field cepacity above L percent.

The peri:anent wilting percenta_cs were determined on the stems
of tonato plents. ‘These percentuges were tnen compared vwith the 5,

6 and 15 atiosphere tensions. The permanent wilting percentaje
approached most nearly the 5 atmosphere tensicns with the line of
best fit falling between the 5 and 8 atmospheres tension.

The percent of availaile water in the different soil horizons
varied from L4 to 16 percent moisture on surface soils when the clay
content of the soil samgle was less than 28 percent. This decreased

with higher perceutages of clay. Subsurface samples had from L to
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10 percent availuule moisturs when ina clay content of the suil
sample was less than 18 percent. while subsurface samples with
clay contents higner than lo percant decreused in availuble water with

increusing iercentacos of clay.
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INTRCODUCTION

iiuch of tne experimental dnta renerally guthered on difteraat
micnigzan soils are mainly concerned wita tne chemical and nutrient
relationsnhips between soils ana piants. Until recently there has
been littls or;anized effort to determine the moisture characteristics
of the different soil types in iichigan. The need for such a study
in this state has prompted a project ;n which the moisiure characteristics
of the soil profile of tne more important agricultural soils are
studied in detail. The one phass of this project that is included in
this investigation shows how the types and sizes of soil materials can
affect the different moisture determinations of the soils.

Field capacity and wilting percentu;;e are the physical properties
most often referred to in aay so0il moisture study. Field capacity
is generally considered as Lie amount of water a soil retains apgainst
the force of yravity one to three days after water has veen applied
eitaer as rain or irrigation. The moisture contsnt of a soil after
a plant has permanently wilted is considered the wilting percentage
of that soil. l.ost of the investigations concerning fisld capacity
and #ilting perceatages nave been concernsd with tne aevelopment of
rapid methods of measuring these two poiats om s0ils taken fruia tne
fielde The results obtained aiff'er from one region to another, with
different tyves of soils and with the investigators.

Briggs and Mclane (5) developed one of the first metnods for

deternining a measure of field capacity which they termed "moisture



equivaleat™. This is numerically equal to the percentage of moisture
that a soil can hold against a centrificul force 100U times that of
zravity. This single deterwina“ion has veen studied ana useda more
intensively than any otaer soil moisture charucteriszic. Briggs and
sShantz (6) later correlated moisture equivalsant with wilting percantape.
After making 1300 determinations on 20 different soils, they concludsea
that tne wiltiag coeftficient could be aetermined by dividiag the moisture
ejquivalent by tne factor of 1.84.

Veilmeyer anc Hendrickson (32) (3%) conducted intensive studies
on the relationship of moisture equivalant to field capacity, wilting
percentage and mechanical analysis. They found moisture equivalent
to be a good indication of field capacity for soils with a moisturs
equivalent from 50 percent down to about 12 to L percent. Below
this range, moisture equivalent is less than [ield capacity. They
also found that a linear relationship does not exist between wilting
point and moisture equivalent. The ratio varies from l.4 to 5.8 with
both high and low ratios witn sands as well as clays. They also
showed that moisture equivalent is a fairly reliable measure of thne
taxture of the soil. Q

Browning (7) and Harding (12) found that moisture equivalent was
equal to fisld capacity at a value of about 21 percent; while soils
wilh moisture equivalent lower than this nad a greater field cupacity
value und soil with moisture eguivalent nigaher than 21 percent had a
lower field capacity value. Stoltenberg and Lauritzen (30) found

that the ratio of moisture equivalent to field capacity varied from

“)’7“ to 102}40
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¥iddlston (17) and Smitn (2») seemed to think that there was a
direct relationship between moisture equivalent and the percentures
of sand, silt and clay us uetermined by mechanical analysis. The
prasence of considerable amounts of organic matter in the soil seomed
to increase the moisturs equivalent and disturbed the relationsnip
between the moisiure eguivaleat and mecaanicul analysis. Bouyoucos
(5) found no relationsnip between coarse silt and sand and tne moisture
equivalent.- However, ne found a remarkably close relationship between
the moisture equivalent and the colloidal content of tne soil.

wilcox and Spilsourgz (56) found that the field capacities of
certain Canadian soils were closely r;lated to the percentayges of
sand they contained. Wwilcox (35) in a separate investigation of Y3
soils collected at two different depths found that or;anic matter
content aid not afrect field capacity. Moisture equivalent proved
to be the best laboratory determination of field capacity and permanent
wilting percentags, while tihe determination of percentage of sand
and colloidal material proved reasonatly satisfactory. It was evident
in ais investigation that as the soil particles became finer the
range between t'ield capacity and wilting perceatage became greater
up to a clay content of about 35 percent.

Coile (8) studied tne effect of incorporated or;anic matter on
the moisture equivalent and wilting percenta’e values of soils. He
found that incorporated organic matter greatly increased the moisture
squivaleat on light-textured soils while the wilting percentage was
increased at a lesser rate. on fine-textured soils moisture equivalent

was increased but not at the same rate as in those of coarser texturse.

e



wilting percenta e values of ine-textured soils appeared to be but
little affected by incorporated or;anic matter. Coile also concluded
that the communly used ratio, 1.3, of moisture equivalsnt to wilting
percentage was of very little value. I[wobsrtsun and Konnke (27) using
twenty samples [rom different depths of seven Indiana soils found no
correlation between wilting percenta.e and tne texture or the organic
siatter content of soils.

Furr and reeve (1lU) used UJ southern California soils in taeir
study of permanent wilting in relation to s0il moistiure. The sunflower
was used as the test plant. They classified wiltinyg into two stuges:
first, permaneat wiiting point as marked by permanent wilting of the
basal leaves and the ultimate wilting point as marked by complete
permanent wilting of the apical leaves. It was found that the ratio
of the moisture equivalsnt to the first permanent wilting point or the
ultinrate wilting point is not constunt. It was also found that che
colloidal content of the soil is not a reliable basis for calculation
oé the wilting points of soils.

kichards and Weaver (26) used 71 of the soils that Furr ana keeve
(10) had used for tneir study. They used tne prwssure plaie apparatus
(24) or the suction-plate apparatus (26) for teasions between U and 1
atmosphere. The uressure membrane apparutus (21) was used for tensions
sbove 1 atmosphere. They found, on an average, a fairly close relntionsaip
between the moisture retained at U.33 atmosphere and moisture equivaleants.
They also found in connection with this study of 71 soils that O4 of
the soils were between the first permanent wilting point and the ultimate

wilting point at the 15 atmospheres tension. Veihmeyor and liendrickson
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(%34) in a compurison of metnods of measuriag U'ield cupacily and permansat
wilting percenta;e {'elt that xichards' 15 atmospheres for perianent
wilting percentage had promise but there was not ulwuys _o0od agrecmnent
at what tension permanent wilting occured in the plant.

Colman (9) determined the t'ield capacity of soils on irrigated
plots as well as on plots during periods of rainfall. These moisiure
results were then compared to those obtained on the same soils screened
ana arained at V.55 atmospheres. The apparatus used was si.ilar to
tnat used by Richards and Weaver (26). A constant relations:ip was
found to exist between field capacity and uJ.%5 atmospheres tensions.
Field capacity was found to equal the U.3% atmospheres cension at &5
percent moisture but at lower moisture values the field capacity was
greater than V.55 atmospheres of tension wnile at moisture values
apove gj percent it was iess. A similar relationship was found between
field capacity and moisture equivalent vy Browning (7), except Lhat
21 percent moisture marked the point where field capacity and moisture
equivalent were equal.

Peale and Beale (18) after determining field capacities, moisture
equivalents, permanent wilting percentages and L5 atmospheres te:nsions
for several South Carolina soils set up linear equations in which
field capacities could be determined fron moisture equivalents ana the
wilting percentuges from the 15 atmospheres tensionse.

Woodruff (37) investigated the cehydration curves of finely
divided clays as a means of studying the possicle mechanisms by which
the soil retains water. Three types of clays were used: kaolinite,

beidellite and montmorillonite. From the results obtained, Woodruff



classified the thres difrereat mechanisms wnich way operate to retain
water in a clay under moisture tensions: (a) udsorption associated
with swelling and shriaking, (b) structural formation which is operative
at low .noisture tension with montmorillonite and is ussociated with
swelling and shrinkaze (¢) surface tension wnich is operative ut
hicher tension where shrinka;e ceases and also at lower tensions of
most kaolinite systems or coarser fractions.

In view of the conflicting results obtainea by investigators on
moisture properties of s0ils it was felt that the typgé of clay minerals

found in tne svil mi.nt have & paurcial bLearing on tne inability of

investigators to reproduce results obtained by others on svils containing

the same percentape of sand, silt and clay.

-
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The locuations of tae various soils used in this exgeriment weore
s2lected by ©. P. whitesius* during the summers of 1y, and 19)3.
Locations of these various souils bj counties are pgiven in Fijure 1
and the legal descriptions the sites are given in Teble I. I'Jnder
the direction of A. E. Erickson** various types of field data were
obtained’on these suils during the summsrs of 1952 and 1953.

Only a portion of the date collected on these sites are included
in this study but in order to better understand how certain data such
as field capacity were obtained a brief description of the work is
discussed here.

Fifteen concentric infiltrometers were forced into the soil
with a special type of driver., Ten of these measured infiltration
of the suriace and five of them were used to measurg.infiltration
of au subsurface layer. A larye burette was mounted above each ring to
maintain a constant water head on tne center ring, and to measure
tae amount of watzr flowing into the soil. An egual constant head
was also maintained on the outer ring in ordar to avoid lateral flow
of water from tne central ring. An initial run of seven hours was
f ollowed twelve hours later by a second run (wet run) for seven hours.

Four of the infiltrometer locations were then covered with heavy

* Professor, So0il Classification, Michigan stute Colle_e.

»* Assistant frofessor, Soil Fhysics, Michigan State College.
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Figure 1.

Location of soils
by counties.
Numbers indicate
gsites.
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TABLn 1

ID-RTIFICATICN L 50IL3

Site Noe Soil Series County Leral Lescriostion

1 Berrien Inghan SW Coruer NX 4 Sece 19 TLN K1

c Graaby Inghem NE LD 8B ; Sec. 24 TLN RW

3 liillsdale Ingham NiE 4O SW § Sec. 30 TLN R1lw

L MViani Inghamn W& LO NE | Sece. 51 TLN RIW

5 Brookston Ingham N 4O NE ) Sece %0 TLN R1w

6 Sims Sagiaaw NT LU Nw % Sec. %3 TIN RH3

T - Nappanee Lenawee WiCorner 3W , Sec. 1Y TUS Kjz=

6 . Hoytsville Lenaw=e Wi Corner SW - Sec. 15 T83 R3is

9 Fox Branch W Side N# LU NW , Sec. 23 ToS RTW
10 Fox Kalamazoo S& Cormer N& | Sec. 4 T23 kKlOW

11 warsaw Kalamazoo S Corumer SE LU NW z Sece 7 T2S R11h
12 Spinks Berrien S5 Corner NE LU NE ; Sece >3 T4S R17w
15 Berrien Berrien N Side NE 4U N¥ ; Sec. 20 T>S RV
14 varsaw Kalamazoo N side SW LU 3E ; Sec. 19 TLS R11W
1> Fox 3t. Joseph Ni Coruer Ni ; Sec. 20 THS hlcW

16 Conover raton NE Corner Sz , Jece 9 TLN KHW

17 Miami Eaton sw 10 N# 4O SW 4 Sec. 14 TuN R5W
16 .. Granby Ottawa Sw Corner SE 4O 5W 4 Sec. 35 T7N R1SW
15 Saugatuck Ottawa NE Corner Nii 4 Sece 4 TON klHW
20 Conover Clinton SE Corner Sec..3H T8N Kkl&
21 Granby Allegaa NE 4O NW 4 Sec. <l T2N RIow
e2 Berrien hllegan Nw 4O SW 4 Sece 25 TIN K14
z3 Hillsdale vivingston WNE 10 35w LI K& 4 Sece 20 TAN ROE
cly Guelph Sanilac Nii Lo oW, Sece 15 Tlid wlvi
25 Kalkaska Antrinm S LD 3w [ Sece 54 THIN Kow
26 Kalkaska Antrim Sk 40 S | Sece 34 T3UN «EW

< Mancelona Antrim NE 10 SW ; Sece 19 THUN R

29 Conl Lontcalm NET 1O NW ., SW 3 Sec. & T1IN R9u

49 Paulding Macomb® Nw 10 KE LU Sec. 29 TUN R1%E

51 Hoytsville Lenawee Sw 49 N Sec. 12 T3S HHE

32 Coldwater Branch NE LO NB 4, Sec. 20 TON K74

55 Nappanece Alleygan N% 10 NW 5 Sece %3 T2N RlZu

59 Nappanee Macomb NW Lo Wi ; Sec. 26 TUN Klu=

36 Pickford Chippewa NE 4O W y Sece. 25 TLON Rlw
37 Ontonaran Chippewa NW LO Nw 4 Sece 19 TLON R3w
35 Selkirk Montiorency SW 40 SV , 3ec. 25 TALN R4E

39 Pickford Arenac SE 10 NE uo NE , Sec. 17 T2ON KIE

4o Selkirk Arenac SW L SW 4 Sec. 9 T2UN ROE




piaces of canvas to minimize evaporation. Afier a period of %0 to 43
hours four moisture samples were taken with a 1; incn soil auger fronm
tue different norizons of the four infiltroseter locations. bLuring
tne iaitial infiltration run a soil pit was aug on tiae site and on
the socond run 1l to 15 three-inch soil cores were taken from each
horizon. The method and apparatus used is that descrived by Uhland
and O'Neal (31). ‘Thcse cores were brought to tae laboratory for
measurement of tensions from U to 1l atmospnere*. At the same time
tane cores were collected, bay samples were taken from each horizon.
The bagz sanples were passed through a two millimeter screen and used
for all determinations except the measurements of O to 1 atiiosphere
teasions and field capacity.

The tensions on the soil cores from O to 0.00 atmospheres were
measured on blotter paper tension tables similar to those described
by Leamer and Shaw (16). A series of five tables, one above tue
other, wsere. set up in a imetal cabinet to decrease evaporation losses
from the cores and tihe table. The tensions on the tables were J.J1,
0ed2, Ueld, Jeuy and U.JO atiospheres. The soil cores were covered on
the lower side with number one filter paper and cheesze cloth to
prevent soil losses. They were then placed in three inches of water
for a period of two days or until tney reached saturation. The

weights were recorded and they were placed on tne .0l tension table

-2 2

* 1 atmosphere = l.U15 x 10 dyme cm. = 14.71 pounds ian." ¢ =
76459 cme of mercury = 1036 cm. of water s 54.Ul feet of water at

21° ¢,

- -
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for a period of two dayse. Tney were tnen reweiched and moved to a
Qigher teansione.

After the above teasions from U.Jul to JU.o0 atmospneres were
determined t-e cores were placed on porous ceramic plates as aescribed
by Richards and Fireman (24). These were then placed in pressure
cookers as described by wsicharus (22). The 0.)%5 and 1.0 atuospnere
tensions were measured by tnis method usiny pressure control units as
described by klake and Corey (2£)e The cores were left in the pressure
cookers at each tension for a period of two days and tnen reweigned.
Tney were tnen oven dried at a temperature of 109% to 1109 centigrade
and again reweighed. Percent moisture on an oven dry basis was calculated
for each tension. From the oven dry weight the volume weight for each
core was also determinad,

Soil moisture tensions for the 3, 5, 8, 15 and 27.2 atmospheres
were deterﬁined on Richards' pressure membrane apparatus (20) (21).
This is siuilar to the ultrafiltration apparatus which has been used
for many years in chemical aad biological work. It consists of a
chamber into which a soil sample or a numder of samples can be placed
on a Visking cellulose sausaze casing supported on tne underside by
a screen base. Thus when the pressure is applied in tne chamber ihe
samples come to equilibrium with the membrane at that pressure. The
general procedure was to measure out twenty soil samples of approximately
2H grams eache. These were poured into rucvber rings placed on tae
nembrane. The chamber was then partially filled with distilled water.
The water was added very slowly in order not to wash the samples out

of the rubber rings. After a period of two days of soaking, excess



water wus drawn from the membrane ana the chaamber seuled. The unit

was placea in a constant teuwperature oven at 3959 centiprade and :
prossure then was applied gradually to the caamb:r until tnhe desired

atmospnere was reached. The cnamber was kept at tais pressure for

a period of two days or more depending on tne lengtn of time reguired

. o~ g

for the particular sample to reacnh equilibrium with tne membrans.
This was determined both by measuring with a burette the flow from Lhe
chamber and also by running the same soil sample for differeant lengths
of tine. After the sample had reached equilibrium it wa; removed from -
the chamber and tue percent of moisture determined.

On fine-textured soils dehydration of the sample was accompanied
vy shrinkere. This pulled the soil away from te membrane and prevented
tne sample from reachinz equilibriume. In order to avoid this Richards
(21) placed a diaphragm on the top wall of the chamber. After the
greater portion of t:ie water nad been forced from the chamber and the
soil had reached sufficient ri;idity to hold its shape, a differentisal
mercury manometer was attacned. This manometer aads a‘four pound per
square inch pressura directly on top of the soil samples wuich holds
them in contact with the memsrane. The rirst source of pressure was
compressed air purchased in a cylinder wnich was later supplanted by
a compressor that could deliver LUU pounds per square inch. A bubbler
system was arrangeg in the air line so that the air would pass tnrougn
water before entering the pressure chamoer. This was to avoid a
possible drying out of the soil sample vy tne compressed air as it
diffused through the membranse.

The pipette riethod was used for the mechanical aualyses (15H).



Sampiz2s of 1Y grams for iiue=-textured solls and ¢, rranos {or coarse-
textursd svils were treated with & percent aydrogea puicxide to
desiroy tne orzanic mutisr auaa hydrociloric aciua to deotroy tne caruvonsates.
After it was washed free of culorides . canple was thon dispersed by
titraticn sith sodium rydroxide to a pnenvipathalein end point usiag
an external indicator. It wus then wasned tarough a 350 mesn sieve.
Tne sands were oven dried and weighed. The material passing through
the 500 mesh sievu vas poured into & scdimentaticn cylinuer and ailuted
tobone liter.

Making the asswnption that all soil particles have a donsity of
2.5 gm/%ms. Stoke'!'s Law was used to determine the depth and time of
sampling for the 2L clay at a temperature of 30° centigrade. A 29
milliliter aliquot of the material was taken and the percentage of
material per samj.le was determined on an oven dry basis. Two samples
containing the clay fracticn were tuken for each soile. The first
was for the purpose of figuring the amount of clay and the gecond,
consisting of 100 milliters, was used in the umaking of slides for X-ray
analyses. A comgposite sample was taken to be used later in determining
the guantity of fine clay (<.2u).

The hyyroscopic coefficlents are approximate. They were moisture
determinations on air dry soils during.tne summer months.

hoisture equivalent wus determined on approximately 30 srams
of air dry soil saturated for a period of 24 hurs and then drained
for 30 minutes. The sample was then centrifuged for 30 minutes at
2Ll40 revolutions per minute, a force equal to 1000 times that of

gravity.

o —
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The percent of tetal carcvon was deternlied on Lne upper two
horizons c¢f eucn soil type using the corvustlicn train aethod cescrited
by hopper (14).

fermansnt wiltinyg percenta; s were detcrmined in thne greenhouse
cn tomato plents as dzscrited by Freareale and EchofEe (4) ia which
& tube wes pluced on tne stei. ¢f Liie tomato plante. This was sealed at
one end #na tne soil r'or which tne wilting point was desired was placed
in Lne tube surrounding tae stem. This suil was kept moist until root
development on the siem wus evident. The tup of the tube was then
sealed and left on the plunt for & period of two weeks or until the
back pull of the soil for moisture equaled the sucticn.pressure of the
plant. The percentaie of moisture left in the soil wus then determined
on an oven dry basis.

The percente jes of montworillonite, illite and kaolinite were
determined by the X-ruy methoa. The slides to be X-rayed were prepared
according to the instructicns of Gieseking and crickson (11). The
retnoa counsisted of placing a quantity of sodium dispersed (€2 )
clay, equal tc J.J0% grams, in a 15 milliliter centrifuze tuve. The
clay suspension wus then diluted to 15 milliliters and two drops of
glycerol were added to the suspensicn. The suspensicn was shaksn and
allowed to stand for a period of ut least ten rours. It was then
flocculated with one drop of concentrated nydrochloric acid and centri-
ffuged. The supernatent liquicd was poured off and the sediment vas
made into a viscous paste and transferred to a microscope slide. The
clay on the slide wus allowed to eir dry in the room, after which it

was placed in an anhydrone charyed desiccator for at least 2 hours
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before it wus X-rayed.

starduru clay s.spensicns wers macde in oruer to aeterinine tae
types as well as Lic amounts of cluys presents The standarc solutions
were ade with cluys obtained from the following regicns: montaorillonite
from Clay spur, Vyoming; illite from iorris, Illinois and kaolinite
from Eath, South Carolina.

The procedure for obtaining the clays from the sauples has been
discussed with the nechanicul analyses of the suil sauiples. After
aliguots of each clay were obtained tney were diluted to the sane
density. The slides in Table II were then made as discussed avbove
using different proportions of clay suspensions amounting to O.. 3
grams per slide,

The X-ray unit was the KNorelco X-ray Spectrometer with a high and
low angle Ceiger counter Goniometer and Brown Electronic recorder.

The X-ray tube cuntained a tun;sten filament and a copper tarpet.

A nickel filter ;us usva to filter out rueaietions of snorter wave
lengths tnan tuat of copper Ko « The X-ray unit .as adjusted to 15
milliamperes at 5, kilovolts.

The X-ray diffracuvion intensity patterns of tne stuadara clays
and L:e s0il clays were all measureu witihin a space ;f ei nt days.

Tre X-rsy aiffraction intensities [or each slide v.ere recordec as the
soniometer rotatec from 2° to 13°. This took into account L..e spacing
of 21.4 A9 to 13.8 AO which contaians all of te expanding lutiice
minerals of the montiworillonite group including vermiculite, tue
spacing of 1.0 A9 to 9.2 AO which contains the illite sroup anc

i:icaeous minerals and tnhe kaolinite peak with a spacing of 7.1 A9.
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TABLE II

UsD TU iAke JE

uoamUUnTo oW oW RILLOGWIY S, ILLITY Ao RAOLIGIuw
R 07 LsekD SLIDns

,
—® b .

slide tercent by weight of tne Different Clays
Numbers Montmorillonite Illite Kaolinite

1 v 100 U
2 5 95 0
3 10 G0 0
4 20 o0 0
5 30 70 0
6 Lo 60 0
7 50 50 0
8 75 25 0
9 100 0 0
10 0 95 5
11 0 90 10
12 0 80 20
1% 0] 70 30
u 0 6V Lo
15 0 50 50
16 0 25 15
17 0 0 100
18 5 " 90 5
19 25 50 25
20 25 25 50
2l 53 25 25
22 75 0 25
23 a5 0 72
PN 50 0 50
e5 L5 10 L5

PR e SR,



In using these staadard cluy samples us o vasis Jor uetoruinin,. tae

-

rercentare of clay minerals present in the soil the asswipticn was .
made that all of ine clay mineral grougs found in the soil have tne

same intensity of uiffraction as tne stundard clay samples. After

the goniometer had reached 139 anotner slide was placed in tne t
spectrometer and the X-ray diffraction intensity pattern vas reccrced :
from 13° to 29 for this slide. This was done in order to save time

by not having to return the zoniometer to 20 after each sample. The
time required to measure the pattern for each slide was approximately

11 ninutes.

After recording the X-ray diffraction intensity patteras it was
necessury to detcrmine the boundary between the X-ray diffraction
intensity due to ithe clay mineral zroups and that due to -ensral
scuttoring (labeled background in Fijure ¢). This boundary remained
the same for both the stundard clay semples and the soil clay sai:ples as
is indicated in Figures ¢ and %. The portions of the curve related
to a particular clay mineral was determined from the X-ray diffraction
intensity puttern of tne &) stundaru clay samples. These are indicated
in Figure 2 by the vertical lines ana are reproduced in Fi.ure 3 for
the soil clays. After the diffractioﬁ peaks for the soil clays were
marked out their areas were measured witn a planimeter.

The X-ray diffraction patterns of the twenty-five stuncards
listed in Table II were determined lLefore and after thne soil clays
hed been measured to evaluate the fluctuation in the intensity of the
X-ray beam. Also in crder to correct for fluctuations in the X-ray

intensity during the period that the sovil clays were bLeing measured
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[+ MONTMORILLONT Ll ——
5% 50%

—KAOLINITE
9%

! ’ Lmum

25%

BACKGROUND

20 130 2°

Figure 2. Diffraction intensity patterns as recorded by the Norelco
X-ray Spectrometer of standerd montmorillonite, illite
and kaolinite clays showing how the peaks related to the
cley minerals were marked out for measuring.
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Figure 5. Diffraction intensity patterns as recorded by the Norelco

X-ray Spectrometer of Berrien loamy sand and Sims clay

loam soils.



a 1UU. kaolinite stanaard slide was remecasured at regular intervals.

Tne luu,: kaclinite samp le was used Lecause tne [eak neipat was
a vefinite point which could Le reproduced cn successive runs with tue
samme semple. These peuk neignts were tnen measurcd and using the
Lignest value of 114 as 1, a curve was made (Figure L) to determine
the correction factor to be used for each arca measured with the
planineter.

The curve of the X-ray Jiffraction intensities versus the percent
of each clay ars snown in Fijures 5, 6 and 7. These curves were aetermnined
by the arsa of the first and secouud run of Lne staudards wiln L.e
areas for tne second run teing adjiusted for the decrease in the X-ray
diffraction intensity. The curves were tnen used to cetermine the
percent of montuorillonite, illite and kaolinite clay in eacn of the

soil samuiles.
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KESTLTS Al 2108 5oTun

The wata which were nscessury to characterize the ciiferent soils N

-

for nis iavestipgation were arruiagecs ia tables uccoruiag to site

nurb2rs :nd iancluded iu trne n.pendixe osxcept where noted all soisture
and mecaanical analysis .alues ars averages of two or m re determinations.
Volune weight data are averapes of the number ot cores taken in a

given horizon, usually 1C but varying frow £ to 15 in nuavere The
percenta.es for eacn typre of clay mineral are single cdeterminaticnse.
missiny uata such as field cepacity and type of clay minerals were

net measured for varicus reeschnise. .
The .oisture helease (urves

The moisture rclzase curves for the different horizous of eacn
site were drawn on seni-lcgerithmic paper. TFielc capacity, moisture
equivalent and permanent wilting perceutoge are inaicated on tne
curvese The molsture release curves for eacnh sitc wccoupany the tualie
for tnat site in the Appendixe. The dotted line on the mouisture relecuse
curve is tne change from tne undisturbed core samples to tne disturoed,
less than 2 millimeter uir dried soil saasplese. It can be notea that
in mecst cases except for very coarse-~textured soils there is a break
from tre 1.0 atmosphere tension to the 3.0 atmospnere tensione. This

' '
is most generally true of the Ap horizon. The drop in moisture values
tetween the cores and the air dry soil woulc indicate that soil

‘

structure is still a fuctor to be considered at between l.0 end 3.0



atmosi.ores aad 1s a much greutor rucltor on surface soilse.

In scme finer-textured subsurface soil samples, moisture tension
vilues for the 5.0 atuespneres were L, her than icr l.J atmospnere.
T»is is cspecially noticeatbtle on site <c for thne I horizen and on
severel ot tie norizons for sites 31, 55, o and 37+ The cause or
such a ciscrepancy is the removal of coarser materials (< < mm). As
in the case of the Cj horizon for site 3% upproximately lu percent
of the muterial was .reater tnan two millimeters, while in the C2
horizon for the same site tne corresponding percentage was 5.

In some cases on fine-texturecd soils fielc capacity anc even
moisture equivelent were above the zero tension determineé on the cores.
This condition was especially true on the Ontonagon silty clay, site
37, and tne Zelkirk silty clay loam, site sue This discrepancy could
be due to two thinys:; (a) insufficient crainage of the grofile betore
field capacity samples were taken or (b) the possibility tuat the
soil cores did not reach saturation in the leboratory.

In a comperison of field cagacity measurenients with soil moisture
tensions, Fijure 8 shows a wide ranje of tensions at which f'ield capacity
occurs. Jther investigators have found that fielc capacity values
occurred most often at tensicns Lctween J.o€ and J.%% atmospheres.

As shown by the date j;resented in Figure U field capeacity measurements
exceeded tnis range of tensions.

It is very probeble that the group of soils that had a field
capacity value above 0.%3 atinospneres were not brought up to field

capacity during the infiltraticn runs. The reasoning here is partly

based on Smith and Browning's work (29) in which they showed that a

‘e
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luck of complete urtiticial weuting resulted in a field capucity

value equal to c¢r lower thun toe molsture cquivalent al'ter two aays {

of free drainage. Tihis is the case tor wany of L ese sampless Also

the recascning here is tascd oa ¢as fuct that muny of taese soiis were ‘,
\

very f'ine-textured soils auc s0 would te slow in beconing com.letely
wet during a ury seascne. Tne jiami soil, site 4, was ons of t .ese
souils that was umeasured during a very dry seascn. However, wny the
A horizon of tuhe Berrien anc Grunby soil, sites 1 and &, have such a
hi;h tensicn for fielc capacity cannot be exulained except for the
fact that they probably dried below fielc capacity during the two days .
that tiese were left to drain before field capacity values were taken.
During tnat two aays tue tcmperature was very high and tne surroundiag o
soil was dry.
The soil samyles with tensicn values belcw U000 mtumospneres were
in many cases subsoil samples in wnich due to lcw permeability urainage
had not teen sufficient for moisture to reach field capacity. In some
cases they were due to insufficient wetting of t:ne soil cores irom that
particular horizon. The period co! time nececsury for proper druiiuge
of soils of such high clay content is hard to determine. If the subsoil
is drained progerly tue surface will lose part of its moisture tirough
evaporation. iany of t .ese soil cores had such a low percentage of
continuous non-capillary pore spuce when brougnt into ths laboratory

that several days of soaking did not saturate them with water.
Clay Ninerals . )

In the X-ray determinaticn of the amount of clay minerals preseat



in tne soil clays toere were s few cases in wilcn the totel wmount of
¢luy rdaerals cxceec 10U perc nt. ihis wes very evidant on ths p
horizon ot tnc ,arsaw silt lowsm, site 1L, in waicnh tue tetal amount
cf clay minerals are L), percent. The reascxu for tuls uiscrepuncy
#as tnat tne cilay minerals in tnese purticular samples huve a much
higher difiracticn characteristic titan the standard clays that were
used. OSome of the fine-textured soils such as the Fickford, site
36, and the .ntona;cn, site 57, the diffractiun cnaracteristics
for’the clay minerals were very lowe. A furtier investipation of the
types of minerals present in these fine-textured soils was not made.
In comparing these results on clay mineral analysis with the
results obtained 1ty other investigators it was found that penniugton
and Jackson (19) stuaied a .iami soil from wisconsin anda found thnat
the Bz horizon contaired 30 percent montmorillonite, 15 percent illite
ana 10 percunt kaolinite. 1In comparison the Niami sample studied here

(site 4) from the Bp) horizon contained 5 percent montmorillonite, ©v

percent illite and le percent kaolinite. Bidwell aad Page (1) stuaied

the clay fractviun trom some Ohio soils in the kiami catena. The B2 anc

the Cy horizons in a yiami silt loam contained only illite while a
ichigan Niami loam (site 17) had botn illite and kaolinite present.
Fowever, in Erookston silty clay loam tney reportea a medium amcunt
of both montmorilloanite anc illite in the By horizon while in' this
investigation it was found that in the BGz horizon of a Brookston
sandy loam (site H) only illite and kaolinite were present while the
BG] and the BGo horizons contained feirly large amounts of all three

types of clay minerals.
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nolsture keletionsnlips ot Field Gaprcity

flela Lepacity versus Lolsture bguivalent. The relutionship of

field capacity to moisture equivalz-t has pencrally been useda itor
r'ield capacity values when thouse data sre not availaolce. Tinis
relationsaip is shown in Fi ture 9; The 459 line is used to show tue
variation in the two values. The relationsnip of flela capacity to
moisture eguivalent for Licanlgan soils is very close to that tounu
by other investigators (7) (9) (12) (35) in uitferent parts of tue
country. All values bclow 12 percent have a much lower moisture
equivalent than was oolained for field capacity. From <l percent to
cH percent field capacity values approach moisture ejuivalent and are
in some cases lower but iredoiiinately are ni._her.

fiela Capacity versus U.0C Atmosphere. The Q.J0c atwosphere tension

or ou cm..of water has been used us tre bounaary between capillury
and non-capillary pore spaces

A compdarison .etween tihe molsture contcecntls at this tension and
field capacity is shown in Fijure 10. ror soils with a rield capacity
value ol less Lhan 1/ percent tue V.00 utnospners lLension measurement
would lead to more accurate field cuapacity determinations than would
tne measurement of moisture eguivalent. However, for tield capacity
values nigner than 17 percent the U.V6 atiosphere tension measurements
would lead to results zenerally a little low. The measurenent of
moisture ejuivalent would constitute a better laboratory determination
of field capacities where tne results were running over 17 percent.
The closer aygreement on moisture equivalent avove 17 percent can be

relatea to tne use of air dry soil in which structure was not a
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MOISTURE EJUIVALENT = PERCENT OF DKY WT.

Relation of field capacity to moisture equivalent.
is drawn in for referencae.
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FIELD CAPACITY = PERCENT OF DRY WT.
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0.06 ATMOSPHERE TENSION = PERCENT OF DRY WT.

Relation of field capacity to 0.06 atmosphere tension.
is drawn in for reference.
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proclem. 1=nsion measurem-ats on uncisturved soll san:los cuill anve

tne influence of structure.

"‘;-‘00 .

Fiela Capacity versus ves) ttmospheres.s  Flelu capacity valaes !

belcw Llc percent arzs ai.aer than those incicated oy trne tensions at )
Cesy utmospheres (Figure l1). Between le percent and </ percent tne

measurements obtained oy tae tensions at Je.)) atuospheres have pooa

agreement with fisld capacity ana +re a better measure ct field capucity
thai those ovbtained «t ..JC utm.spheres ubove 17 percent uoisture.

The accuracy ot r.easurevents at both 0.0€ and U.%% atimospiere tension
values becomes less above 2/ percent moisture. In comparing the field
capacity values betiieen lc percent and ¢/ percent as cetermined at tle
two tensions Lhe line of ..est fit woula acpear to fall between the .
JeVO atmosphere and J.%% atmosphere tensions. This is shown oy the

fact that over two-thirds ot the values at u.05 aztiospheres fall velow

the 4>° line while three-fiftas of the U.>» uti.ospneres values tall

above the line. The wider scutteria; of values ubove <t percent is

due mainly to the discrepancy mentioned eerlier, that of taking ot

field capacily measurements anu the inudeguate wetting of soil cores.

kelationship of Fielo Caracity to structure axd Types of Clay

Minerals. It is a ,enerally estaulisnea fact that tield capacity is

deterninec to sorme extent by structure wnich is in turn atfectea vy

orcanic matter anc percent of sand, silt ana clay. In most cases tne

Ap horizon had the nighett rmoisture content ior tensions ol U to 1 !
atmosphere. This is due mainly to the influence of soil structure or

or;anic matter constituent and is brou:ht outvoy the lower volume

weights for this horizon. This higher moisture content of tue Ap
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horizon for (he release curves petaeen U anda L stiposphere does not
necessarily contiane from 3 to <7 atmosiherss unless tne clay ccntent
of tie Ap aorizon approaches tnat of tne other norizons.

Any comparison of ['leld capacity to tne type ol clay mineral
seems .0 ¢ obscured by soil structure. $Soil structure could be
intluenced some oy Lue type ot cley minerals preseat in the scile
For the nost part the preconinating clay minerals are “he 1llite and

kaolinite types. Both havce a non-expunding crystal lattice. Nontmorii-

lonite with an expancing crystaul lattice woula have tne greatest iafluernce

on moisture properties of svils. In only iwo sumples ¢id tne montworill=
onite clays make up uiore tnan ¢U percent of che clay minerals present

and in these two samples the total amount of clay (< ¢ w) amountea to

5 ana 18 percent. <This wouid then amount to less than 4 percent ot
montmorillonite present in any ot tne soil samples studied which

would have 1Little influencc on even the higher moisture tensions

measured on the soil. If tihere had zeen a wider range ot clay mineral

counposition tnis retations ip could have been stuuied more fullye.
soisture nelationsaips at tue wilting Foint

The method of Breazeale anc iicCeorype (4) that was usea lor
determining wilting point is based on the theory that when the soil
moisture reaches eguilivrium with the plant the back pull of the soil
for tae re.eincer of the molsture equals tne pull of the plunt for
more moisture. Therefore, it tne soil remains long enough arvund the
lant which has suf'ticient root development in that soil even tne

finest=texturea soil shoula come to equilibrium. The one aifficulity

e o i ™
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encountercd witihh tue very tiae-textured scils was chrinrgace wnlceh

caused cracks to [orae wugn tne Soils wers kopL very mol.t to prév0nt
tne sariakage, root cevcleopment did not take. . lace cue Yo the lack ol
oxyrene hen they uwcre allowed to dry acwn to an optimun moisture
condition the soil was too hard to ve penctratlad progerly by .ne rootse.
This nade it aifficult to rjet regroducable deterrinutions and the
results from cuplicate samples of tine-textureu soils varied widely.
Thus, results reported here are avereages ol two figures witnin 1D

percent ol 2ach other.

Relationship of wilting Point to Different Tensions. kichards

anc veaver (25) were among the first to suggest the 1Yy atinosgheres ss
A possible mensure of the permanent wilting perceantaze. Iney canme
to tnis conclusion af'ter comparing the dit'f'erent tensions «itn thne
permanent wilting vercenta_cs determinea Uy Furr ana iceve (lu).
The 15 atmosphere moisture values fell petween tne first permanent
wilting Lerceatases ana the ultimate wilting percentages.

Tne permunent wilting percentazes reportec here nave u hivher
value than the ultimitc wilting percenti;es reported oy Furr und hkeeve
(1¢) on Califorria soils vecause the entire sunt'lower plant permanently

wiltea with their method. The wilting percentages as determined in

this investigation are clcsely related to Furr and Reeve's [irst permcnent

witting percentases where only tiie basal leaves wilted. This is
born out by Fizure 12 which shows that the permanent wilting percentages
are greuter than the 15 at.iospiiere percenta es.

The comparisons between permanent wilting percsntage ana ditterent

tensions were maade in Figures i<, 13 and 4. The 45C lines were drawn
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Fizure 12. Relation of permanent wilting percentage to 15 atumosphere tension.
The 45° line is drawn in for reference.
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Figure 13. helation of permanent wilting percentage to 8 atwosphere tension.

The 45° line is drawn in for reference.
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PERMANENT WILTING PERCisHTAGE = PERCENT OF DLRY WT.
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5 ATOSPHERE TEWNSICON - PERCENT OF DRY WT.

Figure Ly. kelation of permanent wilting percentage to 5 atniosphere tension.
: The 459 line is drawn in for reference.
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in f'or CuMparisch pUrpos~se A5 snuwnll la floure le bLee jermenent wilting
rercenta us were consiceranbly a.wove Lhose inclicaisa Ly Lie 1) stiosphers
tensionse This is shown vy tue tact taat .enrly all points wure aoove
ti.e u50 Ltines The polats come cleser wo tne Llue lor tne O almospaere
aeterminations (&1 ure 15) Lat tue closest relations (ip was found
by conmnparing permanent wiltia, ;perceat. 23 witn Y atmospliere tensions
(rigure 14)e. 4 closer inspection ot i"lgures 13 and iy saows Lhat
permanent wiiuiug values tall on the upper siae ot tne 45° line at the
0 atmospue:re Lension. This 1s more apparent as the permanent wilting
percentiges increase in moisture content. In Figure 1l the larger
portion of the values fallil peneath the 459 line and vccomes more avparent
as the permanent wilting percenta ;es increase in moisture content.
*rom these two relacionships it can bec seen that the line of best fit
for the permanent wilting perc:ntages would t'all somewnere between the
5 and 8 atmospaeres tensions and prouably at about O utumospneres
tunsione

From ooservation of vie wiitting percenturcs ol tae top o1l it
was relt that organic matter could be a ractor inilucencing this value.
The wilting points oi' t:ie tirst two norizons trom eacn profile were
listed accoruing to Ll amount of total carwvon they coanluined. These
were tnen comparea with the 5 atmosphere tension values. Those soils
containing less than U.H percent carbon were on tiae averape cquul Tto
tne 5 utmosphers tension vatuese Tunose containlag V.Y to » perceut
total carpbon haa on tne averace wilting point values ifrom 0.7 to O.4
percent less than the valucs =t ) atmospheres teasion. Tie wilting

rercentayge values of soils wiich contained ~ore than % percent total
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curbon were l.5 percoent o:21ow Lhose at 5 atnwsprheres tension. Towaver,
due to tihw el Laat there were only 31x soils with total carbon above
5 percoat, with two having wiltiag percentaje values rreater than tue
5 atmospheres teasion, it is t.lb vaat the aunber of detorulnations
tfor soils high in orzanic matter were not sufficient to say definitely
that organic matter influenced wilting perccutage. 1It, however, this
observation is correct thean it would appear that the .lants capacity
for removi.g water from soils increasss with an increase in organic
matter. That is, plants are able to witndraw water ut a higher tension
as the organic matter of the s0il increases.
Relationship of Permanent “iilting Percentages to Percent
Clay and Type of Clay Minerals

Permanent wilting percentages were based on air dry scil samples
and therefore were not infiuenced in this study by soil structurs.
Therefore, there should be a dirsct relationship Between permanent
wilting perccntage aad clay content. This relationship was bora out
in Figure 15 which does not appear to be a struisht linear relationship.
In plottiag this graph it was evident that total carbon influencad the
wilting point detcrminations. The Ap horizons were classified into
different total carbon ranges and tne values markea on the griphe.
There were five values that were above 3 percent total carbon. All of
the permanent wilting percentages tor these values fell the farthest
below the curves. The next hirhest range from 2 to 5 percent total
carbon fell below the main curve but not as far as the group containing
more than 3 percent carbon. The rest of the values were close to or

on the main curve.
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It was telt tnat an imperical formula could ve workea out that
would taxke into account sucn factors as orgjanic matter ane typss of
clay wminerals. The moisture release curves as det:rained vy Woodruff
(57) for tae different types of clay minerals were used to assign the
values of 5 for moantmorillonite, 2 for illite and 1 for kaolinite aad
other minerals. Total carbon was :3iven a value of 1lU whicn waould
take into account tne conversion tactor of 1.7 for changing total
carbon to organic matter. The imperical formula usea was

Index Number = Total Carbon x 10 + liontmorillonite x 5 x percent

Clay per sample + Illite x 2 x percent Clay + rest of Clay

VMineral x 1 x percent Clay.

After plotting the index number versus permanent wiltiny percentage
the same type of curve as in Fizure 15 was obtained with more scattering.
The fi:iure and the graph were not included because Figure 15 was a

much better relationship.-

Percent Available water

Percent Available Viater Based on Field Capacity. The amount of

water available for plant growth is the moisture present in the soil
between field capacity and permanent wilting percentage. This
difference has been determined for each sample and listed in Table
IIT. HMissing values are subsoil samples on which field capacity data
were not taken. Sample %8 had a negative value due to insufficient
wetting of the subsurface soil during the infiltration runs.

Several factors usually affect the amount of available water

present in the soil. Structure is one of these factors which is in
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Saniple Percent Sampls Percent oample Fercent
fdamber rater Number water Nunmbzr water
1 10.0 L1 Oy Gl
e TeE Le 5.3 52 1.0
5 5.7 L3 O.e 0% 15.3
L Ll ©.0 oly 8.5
5 L5 7.9 65 Teb
6 12.5 L6 Ly 66 Loy
7 9els L7 7-5 67 12.1
6 15.5 L8 9.6 88 T3
9 L9 6.0 89 Sec
10 50 ) S0 1.7
11 15.6 51 5.9 91 6.4
< 13.7 52 560 92
13 6.7 55 S5
1 GeH Sly 10.5 9l leo8
15 11.2 55 : 12. 95 9eH
16 . 56 12.1 96 9.1
17 57 Tew 97 (oD
18 560 58 ou 10.5
15 Lol 59 99 6.7
20 3. 60 ey 100 11.3
2l L.8 61 6.0 101 I/
< Le% o2 L% 102
23 63 7.5 105 L
<l 12.0 €l 6.1 104 8e7
25 Te5 65 6.5 105 11.0
20 Tel b 106 6.0
27 7.7 o7 6.0 107
2y 638 1049 108 Bes
29 69 9.2 109 le.7
2J 21l.6 70 Le5 110 59
41 1. 71 52 111 48
3 N T2 11e 6.0
33 L.2 73 10.0 113
3 1.8 N Te6 11, 10.0
55 4.5 75 547 115 Tels
36 5.8 76 5¢9 116 3.9
57 0.2 77 8.8 117 Te7
3 -1.1 78 118 13.1
59 19 119
Lo 13.2 80 120 5.1
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TabLy ITII (continued)

Sample rercent sample Percent salu. le Ferceut

Numoer water Number Vater Nwanber water
121 12.5 145 172 46
lec L. VD) 15.9 175 led
123 567 159 ll.c 174 Tl
1oy Lee 1,1 1z.5 17y
Ley 5¢3 152 G 176 17.¢
leo g7 155 9.0 177 Leu
L7 1oy 12.1 178 L.7
Je) 159 13.06 179 lz.4
1«9 156 11.4 1s0 Yed
150 7.2 157 11,0 sl 12.4
151 11.0 150 13c 15.0
15¢ 19 1oy Lo 185 15
1,3 160 5.0 184 10,1
154 ‘Tely 141 1) ey
1455 104 130 DO
156 L6l 12.2 Ly Leo
137 16 6.5 1s8
158 166 5¢7 189 T3
149 167 150 11.9
v 1€8 11.5 1s1 Oely
gl To7 169 Te¢ 192 Hel
e 5.7 170 Loy

C1y5 171 Loy
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tara affectsy by the amount of orpunic matter, perceant clauy, tillage
practices, druinage, etc. ilany soils with a high clay content wiich
ware investigated had such a high water tabl: taroughout most of the
year that good root dsvelopment and other factors aecassary for the
building of structure taroughout tne horizons were at a mininum.

A comparison was made in Figure 16 showing the percent of available
~water preseant in relationship to tane percent of clay present in the
soil sample. Also tne Ap horizons and the horizons immediately under
these were plotted separately from the subsurface soils. It can be
noted that the preatest majority of tae values for available watef
fall between l, and 16 percent moisture on an oven dry basis. The two
samples containing available moisrure above 10 percent were surface
samples nigzhest in organic matter content (samples 30 and 176).
These samples also contained a relatively hizh percentage of clay.
Both of these suils from winich the samples were taken had been left
for several years with a grass sod cover. In general subsurface samples
containing less than 18 percent clay vary betwsen ¢ and 16 percent
availapble moisture ana samples above 13 percent clay have 5 to 135
percent available moistures.

Fercent of Available Water Based on Moisturs Tensions. In order

to better see thie relationship between availanle water and clay on
undisturbed samples t:e V.06 and J.33 moisture tensions were used in
the place of field capacity to determine the available water in each
horizon. Peruanent wilting percentages were subtracted from tne 0.06
atmosphere tensions on all moisture values on or below 12 percent at

that tension. The reason for using the 0.06 atmosphere tension for
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PukCibNT OF AVAILABLE WATEK

kelation of total cley to available watcre. Differsnces between

field capaéity values and permanent wilting percenta e values.



soil samples less than 12 percent is that ror this ranpge the V.06
atmosphere tension is tne best measure of fiela capacity. The

remainder of tne permanent wilting percentayes were subtracted from

U.5%3 atmospnere tensions. These differences were listed in Table

IVe The available water in the differsnt horizons based on the two
tensions were plotted against tne percznt clauy in Figure 1/« The same
zeneral relationships are shown here as in Figure 16 with the surface
soils having more availebls water. Most of the values for the subsurface
samples fall between !} and 10 percent. Both Firures 16 and 17 show

that available water is greater in the surface horizons than in subsurface

horizons due to greater orpanic matter content and better structurs.
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PRl T oaValoa -l LATR I Y s DIV sl JAWFLESs e THo LIFSsKe. (R
Sr vt Jeul ali srneley TulOION AlD rzwviassnl GILTIRY rowcsNTA L3
s LOG TowL/" FOLCIT 20I05TUKE AUD 1H: DIFF xeaCi DeTaisN Ued)
ATNCSPlExs TEISICN AN PExIANENT WILTING [ oxCrnTAG:S ABOVE
TRELVE YERCENT WOISTURE

—_——— — ——— — — — — — —— — __ — __— _— ___——— —— —— — —_——— e ————————————4
vample Percent Sample Fercent samnple Percent
Numnber water Number .ater Number nwater
1 15.6 40 15.9 79
2 L.2 Ll 10.9 80
) 17 - L2 5.2 sl
L a5 . L3 Gl o2 149
p) 7.4 uly 5.5 ¢} 15.3
6 134 L5 Le9 oly Be5
"l Oeu 46 0.5 85 Lely
© be5 L7 &o 549
9 Y9 Lb 12.1 o 1540
10 Yel L9 384 10.2
11 1.7 50 boly oY 5.0
12 L7 Vool 7.9 99 2.7
15 9.7 be 71 9.4
i 4.0 53 9«
15 17.0 oL 95 L7
16 1.1 55 12.3 I 10.5
1y 2243 56 s 99 7.8
18 12.4 ST Tely 90 8.0
19 Ve 50 97 ey
cJ 0.6 Y9 95 Tely
2l Y- &0 Le.c 99 (o0
22 1v.0 61 b6.¢ lou 3.H
25 IL) L2 L3 104 Tev
2 9.6 G3 0.7 102 6.6
Z9 6.0 Sl 10.5 103 7.0
26 Ly &5 7.1 1oL 10.0
27 Oed 66 1y Ge’
20 5.9 67 6.6 1u6 5.9
29 26.6 638 SehH 107 el
50 20.4 o) 6.6 103 e’
41 11.4 70 6.0 109 15.1
42 2.0 71 110 8.3
53 72 111 7.0
Sl 2oy 75 S} 112 3.9
bp) lo.y h T3 115 5S4
456 L7 75 by 11y 7.0
o7 0.9 15 Le> 115 5.2
38 0e9 77 8.5 110 240
59 l.1 (O 117 9.b




TALLE IV (continued)
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SUNMNALZY

This investigution was unaertaxen to determine tne moisture
properties of severel Michigun soils and their relationship to mechanical
composition and types of clay m:nerals. The different horizons of
53 lichigan soils were characterized as to their moisture properties.
Field capucity values were taken after infiltration studies in tne
field. Moisture percentajes at tensions trom O to ; atmosphere were
nnsasured on cores from eacn horizon: joisture percentages at tensiouns
from 3 to 27.19 atmospheres were determined on disturved samples. All
other measurements were made on air dried samplese.

Moisture tension curves for each horizon were drawn. It could
be seen fromr tnsse curves that the chanpge from undisturbsed samples to
disturbed samples involved a breaking down of Lhe soil structure
wnich caused & consideracie drop in moisture from the 1 to the 3%
atmospheres tension. In gzeneral the Ap horizons were most aflected
oy the change from undisturved to disturved samples. In many of the
fine-textured samples the moisture release bpetween JU.0l and 1.0
atinospheres tension on the undisturbed sample was almost negligivle,
howsver, the moisture relsase on the disturved samples were much
more proaounced.

The types and amounts of clay minerals in the soil were deteiwined
/ .
oy X-ray diffraction using montmorillonite from l\iyoming, illite from
Illinois and kaolianite from Soutn Carolina as standards. All thres

types of these ninerals were found to be present in Michigan soils
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Wwith the .ilchest porcentage of montmorillonits in the Ap horizon of

tae Granoy soils. The illite minsrals ware preuominant in most of

the soil horizoans wnile varyinz amounts of kuaoliaite seemed to be
present in tha majority of the soil horizons. In this investigation
there was no relationship shown vetween the type of clay minarals

and various moisture ueterminations. This was mainly due to the fact
that the montmorillonite which would contribute most to variations

ia soil properties made up a very small percentaze of the clay contained
in the soil.

Tne difiiculity in determining field capacity by laboratory
methods may partly be d.e to Lhe breaxingAdown of the souil structurs
whan going from an undisturobed samyle to a disturbed sample. VWhen
comparing moisture equivalent with field capacity it was found to be
too low for field capacity values oelow l< percent. Field capacity
values above 12 percent more nearly approacned moisture equivalent
and were at an optimum at approximately 25 percent moisture. The V.06
atmosphere tension was the best measure ot fisid capacity values b:low
17 percent. The U.3% atmosphere tension was a good mesasure of fisld
capacity values from 12 to Z8 percent moisture. Field capacities
above 17 percent moisture were more closely related to tne moisture
equivalent than other msasurements.

The wilting percentage determinations seemed to have a close
correlation at the 5 atﬁosphere tension with about 6 atmosphere teasion
being possibly the best measure of wilting point. The permanent
wilting percentages of soils decrease with increasing amounts of

organic matter.



o

The percent of availatle water contalied in tue s.il profile
is in ycacral higher in the Ap horizon than in tne subsurface horizon.
Trhe lack of sireement between percent clay and availavle water is
esfinitely due to variations in field capacity values. The variations
in fielu capacity values are due to structural differences in tne various
soil horizons. A farther study is needed that would not only investigate
field capacity in relationsnip to soil texture but also would relate

field capacity to soil structure.
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TABLE V

5a3IC DATA od 2% - 2Ivid LUuAlY 3A0D SITK NULIBMR S+
Sample Number 1 2 3 L 5
Korizon Ap B11 Bi> B, D
Depth (inches) 0-10  10=21 21-29 <5-L2 L2-55
dlygroscopic Coefficient 1.0 0.51 Qely7 O.41 1.2
Permanent ¥ilting Point Selyxs  3,U%xx 5,3 2.7 teb
Field Capacity 16.)y 12.6 9.0
Moisture Equivalent 10.%5 5.5 Leb 3.5 13.3
Total Carbon : 2.8 0.%6 :
Sand 80.9 8Ly 876 92.9 67.3
Silt 10.5*x% 7 6% 5.0%x 2.1 13,2
2 u Clay Loy Leh Loy 3.7 17.4
2 u Clay
Montmorillonite 10 10 5 5 10
Illite 30 30 0 50 90
Kaolinite L g 3 12 12
Volume Weight (gms/cc) 1.3 1., 1.5 1.6 1.7
Moisture Content at;
0.00 Atms LO 35 31 25 22
0.01 Atms 34 31 31 21 19
0.02 Atms 36 31 25 20 19
0.03 Atms 32 25 20 19 15
0.04 Atns 31 29 15 15 18
0.06 Aias 25 15 11 11 13
0+.33 Atms 19 B L L 16
1.00 Atms 17 T L L 15
3,00 Atms 7.6 13 3.5 2.7 9.0
5.00 Atms £.7 5.9 3,0 2.5 b7
5.00 Atms 59 9e7 2.8 2¢3 7.7
15.00 Atms 5.6 3.0 2. 2.0 749
27.19 Atms 5¢3 2.8 2.1 1.9 6.0

* Except when noted figures indicate percent on an oven dry basise.
*x Figures include only one determinatione.
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Sample Number 6 7 8 9 10
Yorizon Ap Ag Beg 858 Cl
Depth (inches) 0-9 9-19 19=27  27-40  LJ0=55
Hygroscopic Coefticient 1.9 V.60 V.13 0.15 Oe.l2
Permanent wilting Foint 10.6 LD 1.5 lolsxx 0.90
Field Capacity 25.1 13.4 17.1
Moisture Equivalent 15.4 6.1 2ely 2.3 1.9
Total Carbon L.2 Oenly
Sand 79.0 by 95.8 96.2 95.6
silt Teo%% 7.5 0oL DuBL  0.70
2 Clay L9 L.6 2.4 2.0 1.6
2 AL Clay
Montmcrillorite 20 10 < <5 0
Illite 60 30 %0 30 10
Kaolinite 16 12 8 10 2
Volume Weight (gms/cc) 1.1 1.5 1.6 1.6 1.6
Moisturs Content at: ‘
0.00 Atms L7 28 22 21 22
0.01 Atms L6 26 21 19 21
0.02 Atms Ly 2l 20 19 2l
0.03 Atms 41 21 17 13 19
0.04 Atms 38 13 15 15 16
0.06 Atms 3], 1 10 11 10
0+33 Atms 29 10 L 5 L
1.00 Atms 27 10 3 L 3
3.00 Atms 15.6 ipeld 1.5 1.2 1.1
540U Atms 15.3 3.9 l. l.1 0.92
8.00 Atms 3.6 1.3 1.2 0.82
15.00 Atms 12.7 3.6 1.1 0.9, D.88
27.19 Atms 10.6 3.6 1.1 0.86  0.58

* kxcept when noted figures indicate percent on an oven dry basis.
»* fFigzures include only one determination.
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TAvLe VII
BASIC LATA o 'ILLSDAL< SAaMLY Lobih oD Nt iess
—=a=== === == == = = b — ]
Sumple Number 11 12 13 1y 15 15 17
norizon Ap A2 Boa B.o Bz C1 Cp
feptn (inches) 0=7 G=13  15=20  20=2b  co=32 Su=30 40
Hyeroscopic Cozfficient JeTh UebH0 1.01 1.1 UeTl Je b Je He
Permanent wilting FPolint Sedrx .3 Be5 Ged 0.0 L9 S5e¢7
Field Capacity 2049 10.0 15.0 16.5 17.2
Moisture Equivalant 12.7 10.5 14.2 15.0 11.0 9.9 10.2
Total Carbon 1.1 0.5%2
Sand 554% L6.8 H55%x LI 3xx G349 62.1 13.1
3ilt 51.5 Llie5 225 20.5%x 2l 4xx 2040 Lse?2
2 Clay 7.5 5.5 15.9  15.0 9.7 7.0 4.0
2L Clay
Montmorillonite <5 0 0 5 (5 <5 0
Illite 29 19 %0 50 20 59 45J
Kaolinite 3] 2 8 10 8 8 o
Volume Weignt (gms/cc) 1.4 1.5 1.5 l.4 1.3 1.4 1.3
Moisture Content at:
' 0.00 Atms 33 27 28 32 3l 33 57
0401 Atms 3] 2ly 26 30 33 31 35
0.02 Atms 29 2L 25 29 32 31 pn
0.03% Atms 8 23 2l 28 51 49 35
0.4 Atms 27 22 2% 27 30 50 43
Oe0G Atms 2 21 22 26 28 b 52
0¢%3 Atms 20 19 18 2c 25 <l 2
1.00 Atas 17 15 1o 17 1o 15 ce
%400 Atms 6.L Loy 9.0 Beb 6.0 LB Ce'd
5.00 Atms 55 3.7 6.3 7.7 5.5 lye? 2.6
8.00 Atms 540 542 7.5 {62 53 ) coly
15.00 Atms Le?2 2.5 6.2 6.2 L8 3.5 240
27.19 Atms L% 25 546 95¢5 L2 3e3% l.b

x Kxcept when noted figures indicate percent on an oven dry basis.
** Pigures include only one determinatione.
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Sample Nunber
sorizon
s2pth (luches)
dyproescoplic Coefficient
Permanent Wilting Point
Field Capacity
Moisture sgquivalent
Total Carbon
sand
Silt
2z Clay
o2AL Clay
Yontmorillonite
Illite
Kaolinite
Voluwre weignt (.0 s/ce)
wolsture Content at;
JeV) Atms
Ve.0l Atms
JeUc Atms
0.0% Atms
JoOlL Atms
JeJU Atis
0+.%3 Atms
1.00 itms
300 Atms
500 Atms
V0 Ltms
15400 atus
27.19 Atus

bp.
=0
el
Celo
1.6
1.9
Ue J?
D76l
9.0
3.9

<5
29
L

lo.’_‘

9
5
ey
27
21
2)
19
1y
b
6.1
5e
L.
L2

N\

.

i\

o<
19
15
17
17
1¢
16
15
T1+3

T DeZ

5.1

L.l
5ol

l.6
<l
21
)
19
19
1o
16
15
lo.2

G.5

dehH

Tely

Ced

15-21
1.2
Yef3

1.6

1.5

Pr-E3v)
2L$oj
1905

(V)
12
l.é)

1.
<l
ee
21
20
cV
15
19
18
10.4

9.7

09

7.6

c.hy

1%3.2
lzov
11.0
Ge5
Gel

* kxcept wien noted fi.ures indicate percant

** piyures include oaly one aeterminaticu.

on an oven ary basise
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Samgple Numder

iorizon

ieptn (iacnes)

tyrgroscopic Coefficient

Permaneat wailting Point

F1sld Capacity

ldoisture Eguivaleat

Total Caroon

Sand

Silt

<AL Clay

e 2 Clay

Montimorilloaite

Illite .

Kaolinite

Volume weight (gzms/cc)

Moisture Content at:
0.J0 Atms
0.01 Atms
Deve Atms
UeU)5 Atms
JeU Atms
UeVO Atms
Je33 Atms
1.00 Atms
500 Atms
HeJU Atms
3.00 Atms
15.00 Atas

27«19 Atms

<y

0-19
l.2
Bely

20

16.9
2.0

5Cay

23.6

12.72

<5
0

1.4

e5
B}
15-17
O.bly
6.0
16.7
G0
Qelyly
753
1.1
11.0

<7 2y 29
2(=5¢  L2=Lo6  L7-53
1.0 0056 \Jo')u
706 5-1** jo'.{
15.5

Ul l2.1 1l.1

51$ol LL(«'oé 59.5
23.3 25.9 26.1
15.0 9.4 6.9

9 <5 b,
L0 40 50
10 12 16

1.7 2.0 2.0
20 13 31
15 12 30
17 12 30
16 12 3J
15 11 30
15 11 30
14 39
1% 11 29

8.6 ) 4.9

7.8 5.5 Lol

7.2 Ll sl

6.2 4t 2.7

5.4 5.3 2.2

* pxcept wnen noted figures indicate percent

** Pigures include only one deteri:ination.

on an oven dry basise.
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TarLe X

BASIC DATa oW 5105 CL&” Lisr Site 0 Le o JIK+
Sampls Namber 49 31 32 3% N
i=orizon An B1G BoG B3 C
Liepth (inches) =7 7-02 Ze=z co=29  37-Lo
Hysroscopic Coefficient 4.1 2.0 1.6 l.u 1.5
Permanent &iltinys Foint 17.000%  12.5v% 1.5 15.0 15.5
Field Capacity 39.2 27.1 21.0 lj.2 1.0y
Moisture xyuivalent 4441 <loy 209 Zies 29e0
Total Carbon Sl 1.3
sand %6549 5762 4545 5562 5963
S51lt 26 % SJesy 29.5% 5Ue9 HLe
2 au Clay 2045 Zfet 29.9 32,2 55.4
oZMClay 1\.)0"5 ljo) 1')'1 l/‘cl.L lbo) ‘
iwontmorillonite 0 3 <5 10 J
Illite 20 6o 50 60 29
Kaolinite & 13 10 13 0
Volume wei,ht (,ms/cc) 1.0 1.y 1.5 1.5 l.6
Lioisvure Content at.
Oeud Atms o) 55 29 2/ 25
V.01 Atms 52 < <l ) 1
Jede Atms L7 <7 23 <2 <1
JeU3 Atms Lo <6 el 21 21
0.0 Atms L4 25 21 21 20
0.J6 Atms Le 24 ¢l 29 29
J.3% Atms 35 2l 17 13
1.09 Atms 37 2 17 20 13
3.00 Atms 2346 15.6 15.1 15.9 17.7
5.00 Atus 2l.9 1.7 15.5 14.7 15.6
B.00 Atms 20.2 15.0 12.73 15.3 1-y.1
15.00 Atms 19.h 11.6 11.2 1co0 130
2719 Atms 16,0+ 1U.2 JeT 10.0 1l.5

* Fxcept waen noted tigures inaicate percent on an oven dry busis.
*x Fipures include only one determinations
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Teownr XI

o = hr it e e e e o, e
BASTIC DATA ON NAPPAWmS SILT oAV JITn LUl 20K sovIns

Sample Nunmber 35 36 57 50 34
Forizon A Bl, Bog c D
I>epth (inches) -5 6-%5 15=20 2o-41 41
Eygroscopic Coefricient 1.0 cal Co 1.5 1.3
Fermanent #wiltiny Point 1544 le. 5 1.1 lc.l 159
Field Capacity 29 G ec.l 21.0 15.0
Voisture Bguivalent 2.9 2540 2945 208 224
Total Carovon 2e% 0.59
Sand 26.9 23.5 13.3 10.6 1.5
$ilt Le.6 5243 35.6%x2 273 CTe0n*
2. Clay 2242 35,7 LS .6 3.1 42e7
o2 Clay 0.0 17.1 2049 1L.3 1443
Nontmorillonite <5 5 0 <5 <5
Illite 30 59 50 50 Lo
Kaolinite L 10 L <2 10
Volume Vieirht (gms/cc) 1.1 1.5 1.5 1.6 1.7
Moisture Content at;
0,00 Atms L9 23 26 <3 c0
0.01 Atms 40 2l 2l cl 15
OeU2 Atus 37 23 25 20 16
0.05 Atms 36 22 ce 20 1o
0.0L4 Atms 50 22 22 20 1c
0.06 Atms N 21 22 19 17
0.53 Atms Al 21 20 17 17
1.00 Atms 3% cl 19 17 16
45.00 Atus 2240 17.2 cJe2 17.5 lo.5
5¢J0 Atms 1L.7 1,.8 190 16.5 17.2
8.00 Atms 12.5 1.0 1s.0 15,.9 15.7
15,00 Atms 11.6 15.0 1G.4 15.1 15.4
27.19 Atms 9.0 11.6 14.1 11.1 15.9

* kxcept wnen noted rigures indicate perceut on un cven dry basise
** Figures include orly one deterimination.
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Thavle £11
BasIC Lita oof HOYTSVILLE CLAY LOAV 3ITE NG 10T
Sample Numbcr Lo 41 L2
Horizon Ap G1B GpB
iJepth (incnes) 0-7 7-1c 1==45%
iy mroscopic Coefficient 969 Ze 2oy
Feruanent iilting Foint  29.1 12.1 1.6
Field Capacity L2.3 e 25.1
AN oisture BEquivalant 453.5 214 265483
T otal Carbon L7 1.7
Sand 11.5 17.4 1y.2
51t 32,0 35.6  33.1
= A Clay L3.9 5901 L1.9
-2 _w Clay 13.5  13.7  20.4
Liontmorillonite 5 5 <5
Il1lite 50 70 59
Kaolinite o} <2 6]
Volume weisht (gas/cc) ey 1.5 l.4
Moisturc Content at;
0.J00 Atms 62 30 31
0.01 Atms 55 34 29
0edc Atms >0 32 ey
JeU5 Atms Ly 4 2%
J.04 Atims LB 52 23
J.UC Atms Lo 51 27
Oe 5 Atms Ly 99 25
l.00 Atms L5 et 25
4eu0 Atms 207 2063 2Je7
500 Atms 274 19.2 1.1
BeUO Atms 2565 17.5 78
15.00 Atms 2.1 1.0 15.9
<7.19 Atms 19.4%» 1.2 13.0«%

* Except when noted firures indicate perceant on an oven ary oasis.
determi-sation.

**x Ficures include onl

y oae
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BaolIC LATA O 70K SAVDY LCAL T WSS R ML
Sample Number 4 b L5 40 L7
Horizon Ap By Bo Bg ‘ C1
Depth (incnes) 0=-U o=-14 14=-20  <D=37 37
bygroscopic Coefficien Se01 .96 l.c 0.92 0.23%
Pernanent wilting toint L.gxs  €.7 Telxx 0.2 240
Field Capacity 15.1 lel7 1,.0 10.6 9.5
Moisture Equivalent 10.0 10.5 12.53 BeH 3
Total Carbon Je0 Jed .
Sand T o0 ET e 7364 19eC 03%.6
Silt 19.2 lo.1 .9 Te2%x 21.6
2 Cley Ce7 1545 14.3 11.¢ 2.5
ecAv Cluy
Y¥ontmorillonite 0 &5 5 5 0
Illite 20 20 50 50 30
knolinite 8 () U L2 8
Volune weight (gm/cc) 1.6 1.¢ 1.6 1.5
toisture Contint at.

Q600 Atus 20 20 <1 ce

V.01 Atms cV 17 15 20

0.02 Atrs 19 15 17 17

0.05 Atms 16 14 16 15

.04 Atms 16 3 14 1,

0.06 Atms 1) 1c 1, 15

0.3% Atms 11 12 7

1.00 Atms 10 12 11 6

5,00 Atms 5.0 649 6.1 6.2 2.2

5.00 Atms 5.1 b4 Te7 549 1.9

8.00 Atms L4e0 5.6 6.9 5.6 1.7

15.00 Atms 3.3 5.0 6.7 L.8 1.5
27.19 atms el L. 6.0 L.l l.y

» Lxcept when noted fieures indicate percent on an oven dry bacsis.
**% Fipures include only one determination.
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BASIC DATA CN F2X SANDY Lusa oiTe WULBRK TEN=

Sample Number La 19 50 51 52 )
Horizon Ap Bl Bo B C1 Ce
Depth (incres) O=u =12 le-c1 Z?-ﬁh Su=L1 L1
Hygroscopie Coefficient 0.66 1.2 1.6 0447 Je19 0e445
Terranent wilting Point L.9*x 8.3 10.6%x 3.1 1.4 3.2
Field Capacity 1.7 4.5 12.9 9.0 boy
Moisture Equivalent 1%.9 12.6 1.1 L3 1.7 Le.o
Total carvon 0.85 V30
sand 524 e €0 9u.E Go.l 90.6
Silt 5049 95l 10.5 JeY leH 1.9
2 Clay 7.7 17.3  2l.z c7 1.9 5l
e Av Cluy SCaly
kontiorillonite 5 <H 5 0 0 0
Illite 40 40 50 10 0 S0
Kaolinite 10 8 el 0 0 10
Volume weipgnt (gms/cc) 1.5 1.6 1.6 1.5
wolsture Content at:
0.00 Atws 25 22 25 )
UeUl Atms 2c <0 21 22
Jeud Atins 21 19 19 13
OeU5 Atms 20 o 1y 1L
Uedly Atms 1¢ 17 lo le
Je06 Atms 17 16 17 11
Ve33 Atms 17 17 11
1.00 Atms 15 16 1¢ 10
5,00 Atms 5.0 Se5 1.2 3.4 1.4 5.%
$e00 Atms L.y 0% .6 3.1 1.3 53
3400 Atms L.l 745 9.5 2.9 1.5 3.2
15.00 Atms 3.4 be% 8.4 2.7 1.1 2ed
27.19 Atms 3.1 5.8 640 2.6 1.0 Zeb

* Except when noted fijures incdicate percent on an oven dry uvasis.
#* Pipures include only one determination.
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SasIGC LeTA I GARLA. JTLD Luat ST7- KLB<n mleviEae
Sample Number ol 5 o 51 50 5y
Lorizon Ap A%F] e Bz C1 Ce
e tn (incres) u=% v=15 1H=50  5%=%0  3u=Li,  Li
By iroscopic Coefficient 2.l 2.5 <e0 Je 5l V.13 Jelt
Pe rinanent .ilting roiut Ll 1.7 Gel 2t Qe )0 Ze
Field Capacity 2L.9 5.1 16.2 10.2
ioisture Equivale.t 25.6 19.%5 11.5 3.1 1.5 2.9
Total carbon 2.6 Ueliy
Sand 1.0 32,6 E9.6 9.0 9L.0 37.7
Silt 5Ll 57.6 25.9 LeT 1.0 3.6
<AL Cley ) 15,1 5.8 11.2 L.1 l.c 549
o2 A Clay 14.7
Montnorilloaite 2d 0 <5 <5 0 <5
I1lite 90 0 30 Lo 20 Lo
Faolinite 2l 0 L 8 6 13
Vol ume weirht (um/cc) l.¢ loy Lo 1.6
Moisture Content at;
0.00 Atms 49 29 .ocl 16
0.01 Atus 3¢ 29 20 17
Q.02 Atms 3l 28 1y 15
Je0% Atms 52 2 13 17
DoVl Atms 40 26 17 11
D00 Atuns <5 25 1€ 10
Ve33 Alms 25 1, 6
l.00 Atuws 2l 14 5
500 Atums l-.4 li.0 Lo’ 27 l.0 ce3
5«00 Atms 1l3.¢ 12.0 DY 2o 0.99 2oV
0eJ0 Atus 11.2 11.4 Je5 ) Jey3 l.c
15.00 Aatms e 3 1C.3% L7 .1 Qecl 1.4
271y Atms .5 10.0 L ely 2.9 Jeol leo
\

* Except when noted firures indicate percoal on an ovean dry basise
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sarnple

Forizon

IOV ISV

Lepth (iuches)
e rosconic Lueificient
Fersanent ilting point
fleld Capacity
wOlisture syuivalent
Total Curton

Sand
Silt

< AL Clay

e AL Cluy
¥oncaorillonite

I1llite

Kuolinite
Volune weipht (ems/cc)
xmO1stare content at.

\‘_

JeJi)
Jer2l
0.02
Je0)
Jeilly
Ueud
Je35
1400
200
Dedd
3o
1500
el

Atms
Ltms
Atms
Atns
Atius
Atms
Atms
atas
Atins
Aatirs
Atms
Auns

atms

u=id 1o=5cC
Je ) Jecl
j.u’"* l.c
2.7 ot
oy <o
Ue 339 Qe
olieh Yoel

5
) <3
24 e
<5 <
c.? 15

8 6
7 5
5.7 o el
3.1 1oy
24 1.7
Ce l.)

1
2.1 l.2

* pxcest wnen aotsa Pijures 1adicate pergunt

Ny

*+ Pigures lnclude only one ueteruliunilon.
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sl AVILI

=ASTY Lota Ts AUY o HERO A SO TR P
Sample MNuzber o &5 £6 o7
torizon Ap “23 hop 1
tznth (inches) 0=u =11 11-17  17=-29y
Ey,roscopic Coefficient Q.70 Je il Dol Jeliy
Ferauanent .iltizn, soiut Deg¥x L) He% leg
Tield Capacity 1l.5 11.4 f
Zolisture iquivalznt 1z2.¢ .2 Seb 2.9
Toral carvon 1.5 Je] ]
Sand a3 790 Gle2 G5y :
Silt 17.7 1.1 13.3 1.7 i
<AL Clay 749 Coly L 1.6 ‘
s 2.1 Clay
montuorillonite J 5 <) )
I1lite 10 20 30 50
Kaolinite ) 5 10 1z =
Voliyne Aeicht (gms/fec) l.ly lev 1.2

Mol sture Cont=nt at:
Oo 910] Atimis

2

<t 15
Q.6L 4tms 25 c 15
Q.0¢- Atms 24 19 16
0.23% Atms 22 17 12
O.0ly Atms 21 15 9
V.l Atws 19 1% &
Jesd Atms 16 2 g
1.0 Abms 15 11 7
4e00 Atms Teb 4o By 1.5
9eJU ALins Cebd Le2 Ze 1.3
SeuD atms 5¢9 e 24y 1.2
15420 Atms 248 1.0
2 Qi

L[]
(@8
—
L]
O

27el9 Atms 5

L]
<
<

.
o

\

* Except when noted fi.ures indicate gercent on an oven dry oasise.
*x Fi,ures ilncluue only one deteruminations
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Voaslon AVILl

Ba3IC LAl Uova sAw S ILDT LAl 0 5 IROUTIERNE

Saznple Number & €9 70 71 72
Horizon ApA b2l Dl C1 L
Zepth (inches) U=1 11-21 cl-2c  ci=4l 4l=0%
b2y eroscopic Coefficient leo 2e9 lec Jeh, 0.1z
Pe.nmanent wilting Polat 1.5 e+s 12.4 TeOr*  Zesrr 000
Field Capacity 21.0 21.6 11.3 Te5
Floisturas Equivalent 13404 2040 teb e 1.2 7
Total Caroon 1.5 U.51
Sand 30649 0.1 75.8 G5ec 9749
S5ilt L. 33.9 1.2 = 1.0
< AL Clay 16.5 o8 1.1 et 1oy
2. Clay 15.4
Liontmorillonite 0 1%) 9 5 0
Illite 20 4 Lo £0 30
Kaolinite 6 I 6 10 6
Volume kei;jht (gas/ce) 1.5 1.4 1.6
MOisture Content at:

0400 4trs 26 28 20

Q.01 Atus 2L 25 20

0.02 Atms = 2 19

0.J% Atms e 29 15

Jeliy Atss 3 2% 15

0.06 Atus 22 2e 15

Je)% Atms 20 19 15

1.00 Atms 1y 1z 15

5400 htms leal Loz % 2.2 1.0

2¢J0 Alins 10.9 1z CoT .1 1.0

.00 Atins Cabd 11.0 6.6 cel 1.0

15.00 Atms 7.8 10.% 57 1.7 0.5

27.19 Atms 7.2 9.3 e 1.6 D78

—————

* Except wihen noted figures indicate percent on an oven dry basise
** Figures includs only one determination.
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Lz XIA
sl DetA o S onlly” Loat S i3 SIFTn
Sanmule Lumbzr e 7h 75 76 17 s
Horizon A AD 3 By B3] Byc
Cepth (inches) J-11 11-1  14-17 17-2L,  <iy=2o 2o=3%0
Iy ¢ roscopic Coefficiesut Je 0 Jeyd l.4 Zely Ce'lD Je (T
Fermanent ilting Point Gel 7.7 Seb 11.7 He LeC
Field Capacity 16,8 15.3  195.3  17.2  14.%
L’5isture hyaivalent 154 14.2 15.0 15.5 Ge% £.1
Totnl Carbon 0.79 Ue43
Sand D65 Lo LLhW 1 Luos 83030 86.5
Silt 4l.4 L3.> 22,5 2LW0 L5 2.8
2 a1 Clay J.3 1.5  2l.2  28.0 ° 11.3 9.5
e< 1 Clay 30.3 Lice%
Livntmorilloaits 0 5 ) 10 0 <5
I1llite 20 Lo 10 70 0] Ly
Kaolinite L 12 J 12 0 8
Volune weipnt (iws/cc) 1., 1.6 1.6 1.7 1.7
fioi1zture Content at:
0400 AL o <3 25 g2 19
JeVl Atms 23 < <1 <0 1o
Jeu<d Alns cl 1 20 29 17
JeU> Atms 20 18 19 19 16
0.0 Atuws 19 13 1= 16 15
CeJC ilms 13 17 17 1¢ 14
Je53 Atis 16 15 10 16 U
1.00 Atas 15 1 15 15 1%
500 Atms OeY 9e% 11.4 1..6 Cely el
5¢00 Atins 5e0 (o0 1o.1 15.5% e Lo
o0 Atms Lo Col3 2.6 1245 5.2 Le’
15.00 Atms Hets Yely Ceoly 11.2 1o el
cl/ely Atms Sel LeT Gl 10.1y Lely 3.7

* Txcept wnen noted figjures indicate perc~nt on an oven ary basis.
** Figares includs oaly on3 ceterminatione.



Tasun LTX {econtliwed)
Ltuajole Jumber e e ol
1orizon C1 Co )
beotn (inches) el o=oly Bl
A¥Y e roscopic Coefficient De41 JelV Uell
Fermanent .Lilting joiat Belrs 2ol 1.2
le14d Capacity i
Vioisture xjuivalent 3.5 4.1 1.7 g
Total carbon
Sana 91.2 02,3 9742
Silt 1.5 2.7 1.2
S AL Clay 5.9 545 1.6 i
2 _aL Clay
Lontiorillonite 5 o
Illite &0 30
Kaolinite 3 N o
“,Olume feight (pms/cc)
“O1sture Content ut:
0.00 Atms
Jel Atins
UeUZ Atms
JeU5 Atms
Jeuly Atmis
Uedu Atius
Je%3 Atnms
1.00 Atms
5600 Atns 3¢5 .y 1.2
5.)0 Atms 3,2 2o 1.3
0eJU Atms 5ol ol Ued [
1y.UU Atns Co 260 1.0
27«17 Atis 2ely 1.8 0.0

* pxcept wnen noted fiures indicaute percent on an oven dry busis.
** Firures inciuce only oune determinations
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B I DR R AN LG SRR 1 ; Tt e
sample Juaber e ) 0l &5 O
EOI‘izon Ap L2 Blg ‘ BLy C
2pth (iaches) o= 1-11 11-19 ly=2 31
v zroscopic Coefficient l.4 N Y leoly l.o JebE
Fermanent wilting Foint 9ed Lol Gey 12.6 el
Fiela Caj;acity Zlye3 cJel 17.0 20l 12.5
YOisture Lquivalent <oln 15.1 1.7 12.7 LA.7
Total Carbon 1.9 Jeoh :
and LOo.o 592 %% ! L2W6 585G
Silt 3046 32.3 257 2063 2
dAaxr (lay 1543 10.1 17.1 266l S
o< AL Clay 15.7
“Oatmorillonite <5 ) <5 U 0
ILlie 20 10 2J 10 10
Ao liqite 6 P 4 L 2 —
Vo Lume weizht (ms/cc) 1.3 1.9 1.6 1.5 1.9

20 1 sture Content at:
0.0 Atms 51; L.}‘ _‘) <o 19

J.01 Atms 49 22 23 <l 14
Q.Jc Atms 29 28 2c 25 14
JeJ3 Atmns il < < <l 1,
QeUl Atms 27 21 1 cl 1%
Jell Atms el 20 3] cJd 15
Jeb5 Atus <l < 17 17 <
1.0C atuis <2 19 1o 1o 11
960 Al leoy CoY 12eC lsec Sef
5e00 Atms 1.1 e ey 1562 e,
CeJU ALLS Oeb Gew e ) 1l.0 [eld
15.00 Luins Oez Jeu el ../ Sl
o, edy atus [ o\F Lo} el Se e

» mxcept ane:. noted fi-ures l.cicute percent on an oven dry lasis.
*¥ pidures include only ovne ueteraicetlicie
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BASIO Lot Une Lleo 1oLl UITE NI Vol .
b —— - I T TSI TSI I ST I ST ST oo ST = T LT TSI ST I I SISO T E TS
Stiple. Numool =7 o Jdy - SIS Gl Se 5%
lerizon Ap Ao Az kol E.o 53 ¢
opthn (inches ) 0= S=ac 1e=-1o To=cd cLi=5e Je=Ly 1
Lyrruscopic Coefficlent Ue 10 el DI l.gy l./ 1o Ue
Perranant wilting Point Dot [e0 [elytr  1L.3 11.6 lc.? Je 3
rlela Lapacity coel 1).0 le.t loes 1oy F
kolsture bguivelent 17.7 15.1 l4.¢ 1le7 loec lG.c li,e2
Totel Carbon 1.5 e,
SAd LT eD 4bec 495 Ly e LT 4 el Jies
Silt 5640 576 5740 PN Eled ce T el
2w Cley 11.6 14%.4 17.2 2.0 253 25.2 1%.2 b
AL Clay ) 15.5 15.5
Kontmcrillonite Q 0 0 0] 0] C J
Illite Q 0 10 % 50 U 10 -
Kaolirite 2 <2 2 ¢ 6 0 o)
Volume weisht (yms/ce) 1.5 1.6 1.7 1.0 1.6 1.5
Moisture Content at;
0.00 stms 2o 25 19 2 o 15
0.01 £tms 2L 20 18 2z P/ 15
Jeul Atms 2l <0 14 2c ) 15
VeV Atms 2h 19 17 21 24 1y
J.0l Atms 24 1o 17 21 22 1
JeJ0 Atms 2¢ 0 16 20 2c 13
Qes5 Atais <1 10 16 1y 231 19
1.00 Atms 19 17 1L 18 <0 12
5eV0 Atms Jef vels Yol 1c.1 15.0 15.C el
9420 Atms bel 7.0 UeA 11,0 1.0 leols Def
celQ Atns Lol 5eS Te% 10.3 11.5 11.¢ Teo
1,.00 Ltirs 5.8 L5 5.7 bl 10.0 1u.1 ol
<Tel> Atus Hed 58 He 2 7.6 Je.C B ey

* sxcept when noted I'igures indicute percent on un oveu ury vasise
** Fisures inclace only one determination.
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,, . e e
CoLoTa oo chend0 L0000y 0 oIl deowken IO T e

F.
b-

“«

Saxplas {later 4l - 95 v e
orizon Ay ALG G4 oi GC
Zepth {inches) LR RESVE lii=lo cl-cn &9

Fy.roccopic Coeffici .t v. Jec Jell, ded™ 0.2

Fermanent vwiltiny Poirt 45 2.2 1.2 2.1 1.4

Field Capacity 17,2 11.7  lu.s gt 12.1 H
Lolisture Lyulvalent S 4ot 2ol <9 2.2 4
Iotul Cosrion Lec oelif

&ana 046l e F9eY -] el §
31ilt “e7 [e7 pel )./ l.1 1
c v Cluy 5.0 2.5 1.7 5L ol

2AL Clay

Montncrillonite 5 <5 19 10

Illite 1 e 2 50U 50

J
Kaolinite 2 ¢
Volume .eirat (gms/cc) 1.4 1
woisture Content at:

0.00 ftms 2 cc 10 1= 15

0.01 Atms 71 1 19

}o02 Atms 30 24 12 14 1

(
005 htuws 2 1t 15 11 12
CeUL4 Atms cs 2 10 10 10
U6 Atms 2 10 10 9 9
0.%5 Atms 15 7 & & 7
l.00 Atns 1/ o 5 7 G
3,00 rtius Sel 2ot 1.4 = 1.7
5.00 Aluns 5.4 2ol 1.3 col 1.6
Lev0 Atus Je& ) lec Y 1.0
15.00 Atns 5.2 2. 1.2 1.2 1.4
27.19 atas l.o Jdeye 1.6 1.2

cete percont oa en oven dry casise.

e

* rxcornt wien nceted filoures ind
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BA5IC DbaTa O

Tably XXII1

DIO-TUCK SALD STTRONIND I 1URTeN

Sanmple humbor or, 1¢0 101 1CE 1.3
poricun. \ Ay ‘ZEiy pr,, B F C
vepth (inches) J=15 le=1C 15=23% 5= 29
kysroscopic Coefficient Jeig 269 JelyD Decd U.19
Fertunent wilting Point Yed ®  Tao 2.0 1oy ST
Fizld Cajmcity Je7 1.3 11.7 o2 :
holsture kguivalent Dol Ol < 1.5 lec
Totezl Carbon e, e
Sand Gle dle3 9562 96.9 SIS
Silt Cel L7 1.5 Do 0.74 3
2av Clay 2oy 3.1 1.t 1.5 1.1 g
v Clay
vontmorillonite 9 J J
Illite 10 <10 10
Kaolinite & J 4
Volwe jeiht (gms/cc) 1.3 1.2 l.y 1.5 1.6
tioisture Content at;

0.00 Atms 55 4G oy 22 21

0.C1 Aatms 35 57 < 2V <J

D432 Akms 55 3, 20 U 13

Oes Atms 29 31 19 10 1¢

0.0l Atms 21 ) 12 11 11

0.0¢ £tms 19 <1 9 ¢ o)

D455 htms 10 16 6 L 4

1.00 2tms 3) 1 5 b 4

5000 Atms Lo 7.3 1.9 1.5 1.1

5.00 Atms 3.4 743 1.6 1.3 2495

5¢20 Atms be 4 20 1.6 1.9 0.t7

15.00 Atms 361 1.6 1.1 0.77

7«15 Atms 2.9 6.5 1. VIR JeO7

* gxcept wnen noted fi.ures indicate percent on an oven dry .usls.
*x Fipures include ouly one cetorminatlions
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LRELE XXTV

5asIC DTA O VT SATEY LOA STITR ONONTVLE TLLETY x
Saruple Humier 1oL 105 10¢ 107 1CH
Ticrizon Ap Aop Byg cr C
Le pth (inches) 0-6 6-15  171¢ 1621 2l
Iy eroscopic Coefficient 1./, D.C2 1.4 1.5 Je90
Fermansnt .illing ;oint 11.0 07 10102 11l.9+x  U.7
Field Capacity 1).7 17.7 l¢.1 7.0
Moisture Zguivalent 1.9 1ced; 179 17.0 15.9
Total Carbon 1.7 Je51
Sand L.l tu.l 450 Loes 4550
Silt 9045 ST 5543 Aea0 24l
< AL Clay 14.€ 1C.0 19.% 24%.6 1o.5
e AL Clay 11.6 le.2
.ontmorillonite <5 U 5 Q 5
Illite <10 <0 50 20 60
Kaolinite 2 10 14 6 S
Volure deiusht (gis/cc) 1.4 1.6 1.6 L.7 1.7
I"oisture Content at;
000 Atums 9 ¢ 2% <0 N
CeUl Atms cf < <l 1y 12
Jeug Atms 27 19 Q0 16 19
J.05 Atms 26 19 20 19 1
JeOly Abtms 26 1% 12 1¢ 18
Q.06 itms 2L 17 16 1¢ 17
Je3% Atms 21 15 16 17 15
1.0 Atms 1y 14 15 15 14
5.00 Atms 12.% 7.4 11.7  13.0  10.5
9eJ0 Atus 11.0 6.6 1J. 11.9 9.1
CeJ0 Atms 9.5 Le7 9.1 10.7 .0
15.C0 Atms 766 Liely G Yok G
27.19 Atms 6ol I4e3 s Ge2 5.8

T

* pxcept wnen noted fipures indicate percent on an oven dry ousise
*+ Figures include only one aetermination.
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102

TASIC DATA OF0 ZRONEEY SALDY LOAIT SI1Tx LU0 beb TULETY = »
Sample Number 106 110 111 112 11%
Horizon Al apG B3 C D
Lepth (inches) 9-7 1-13 12-21 23-09 £S=97
lLysroscopic Coefficient Jefe 0.7¢ J.11 J.19 O.10
Perranent ilting Point 139 SIS 2.0 0.6% QeI xs
Field Capacity 17.¢ oz £ 7.5
Moisture Zquivalent Je0 2.3 e 1.3 lec
Totel Carben 1.6 JeU9 )

Sand bz .9 e SENS G3el Gla0

3ilt 9.7 5ol Le8 Det03 J. 74

A Cley 5.9 1.1 CeU 0.7 0.%9

o2 AV Clay

wontrorillenite 5 0

Illite 40 10

Faolinite 6 o

Volume weipght (.ms/cc) l.c 1.6 1.7 1.7 1.7

olsture Content at:
V.00 Atns 56 20 17 19 20
0.01 Atms 56 19 15 10 2
Jel2 Atms 52 1d 15 17 1y
Jel5 Atms 459 15 14 1 15
JeO4 Atms 25 12 11 Y U
JeJl Atms 2o 9 G G 6
0.2% Atms 20 5 5 3 5
1.00 Atws 13 9 5 2 3
4,00 Atms 6.7 1.1 2.1 0.77 Je76
500 £tms 6.2 1.1 1.8
CeV0 Atms e 1.0 1.5 Uetots 0.6¢
15.00 Atms el J.CE l.2 O.0e QeH0
27«19 Atms Qe75 1.0 0.5¢ 0e56

* zxcept when noted fiures indicute percent on an ove:r dry basis.
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T Lz £XV1

ZAJIC DATY L0 cas i Lol osio oo oila Llitar LaoiaJY=Taur
Sample Number 114 115 116 117 118 115 icvu
Horizon A AD 2] Bz b)g C L
Depth (inches) 27 (=14 15=20  cu=27 27=206  3G=L7  L7-u9
Hygrcscopic Coefficient Jenis Jdelyu Jelly Je39 Q.19 Uely5 1.1
Permanent 4iltin: roint Jeclan 20 2.0 Lol *x* l.2%» 3¢9 11.%
Field Capacity 15.2 10.2 10.9 9.9 1L.3 16ey
ifoisture ~juivalent Tely el 7.1 CeT 2.1l Ly 1..C
Totzl Carbon Ject JelD
sund CuYhe3 L2 05.3% 9.8 96.6 e b 553
Silt 7.5 £.1 5.0 2. D455 Qens 2l
2L Clay Lo ) 2y 345 2.0 6o} 2l.z
2 AL Clay
Montwerillonite 10 5 S 5 <5 .5 <5
Illite i) 29 70 L Lo Lo ©Q
Kaolinite 10 6 1c o 10 6 1)
Volume deight (pms/cc) l.o 1.C 1.0 1.7 1.7 1.7 1.7/
Moisture Coatenti at:
QeU0 Atms L 21 20 15 19 1 lc
V.01 Atws 25 21 20 ¢ 1z 19 lu
Q.0¢ Atms 2L 21 19 16 g lc 17
Del% htms el 20 1¢ 16 16 16 17
Vel Atms e 17 1y 1, 15 16 16
JeVt Atnis 2U 1y 13 1c < 13 1¢
Jesh Atas 11 6 L 5 3 3 &
1.00 Atms 9 5 i < 2 3 7
5000 AtILS Lol c e Cel ce’ l.2 Sec 17.0
HeJU itis L) cof 1.9 c.l 1.2 5.1 11.4
GeUU Atms gef ceb 1.9 2.9 l.c 360 15.0
15.00 atzs 5.0 2.1 1.5 1.3 Do)l 2.6 05
2719 Atus 441 o’ loly*x 1.7 Ued) ey 7oV

+ Lxeept when noted riures indicate percent on u.a cven dry basis.
#x Pirures include only one det=zrmination.
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13k

LA ASVIT
Bra1lC LaTa o VILLLiabew oalld JY LOAL DTN o ToluihTi=1URe »
Swaip le awnber lcl 1-2 1¢s 12l 125 leco
horizon. . Ap Ao By By 55 C
fepth (inches) 0= 3-11 =21 2i=%5  35=47 L7
Lygroscopic Coefficient 0.02 0.79 l.1 - 1.1 UeS2 Jeul
Permanent .ilting Point Sk Tettx 11.7 12.0 Teiitr 45w
rield Capacity 17.6 1L.2 1.4 1.2 le.7 ig.2 i
joisture Equivalsent 12.9 15.0 1649 195.7 15.7 lc.l {
Total Carbon 1.0 JeH £
Sund (2.7 952 51.0 51.6 58.3 5L.€ 3
Silt Sebwr 26,2 25.1 2ol 22.5 claly
2L Clay el 1-.2 2¢.0 147 16.0 10.7
2 AL Clay 10.6 11.0
wontmorillonite U <Y <5 0 0 0
Illite 10 I 50 30 Y0 20
Laclinite ) 10 1z 10 1c 8 e
Voluiz «:i, bt (rms/ce) l.> l.0 l.7 1.7 1.6 1.€
Molsture Content at:
JeJ0 Atms 5 17 17 16 <0 2l
Ce.Ul Atms e 1y 16 17 19 20
JeUZ fitms 29 5 lo 17 10 29
Ue.U% Atms eV L 16 17 17 1y
Q.04 itms 19 IV 15 1 17 13
Jedl Atis 1 15 15 1< 16 17
Jed5 Atrs 1, 1o 1 15 12 15
l.00 Atms 15 11 15 4 11 11
3000 Ltms Gof el 1c.2 11.Y Jec 7o
500 itwms 0D TeC 11.1 10.4 0.2 0e3}
Oeo0 Atms LeC ©.0 Y e Yely el 5¢H
15.50 Atms 5e7 5.8 e Be? G e?
7«19 ntu: 9.7 L5 {2 7.2 ) St

* nxcept when noted fi ures indicute perc:nt on an ov=n dry uasis.
*x Fiyures incluae only one cetormi.ection.
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samrle hwber ic, 1o 1.

korizon Ap Bp C

Leptn (lncna»s) -7 7-1L 14

hygroscopic (uefficle:t l.¢ l.¢ 1.1

Fernoieent wilting Folat ldeu Jef 1342 o
f1ela Capacity g
volsture kjuivaicat 1.0 1.1 1.0 X
Totel Caroen 1.8 SIS /
Lgnc 9 e 4/ e Sely

3ilt JJeip ¥ HJels 2ed

ZAv Clay 1742 19.¢ 1y.2

2w Clay

Montworillonite 9 <5 P

Illite 10 30

wadlinite J 6 13
Volume /ei-ht (ens,/cu) Loy 1
wotsturs Coatent at, ‘
Jed) Anms 51 < 22
J.01 Aturs 23 19 20
Jele Ltrrs e 19 19
Jed% Atms 27 1 1
0.0l Atms <5 17 17
De6 Atms <5 1y 17
Je 4% Atis <) 10 15
1.00 itms el 15 1;
11.5

JeJl) T3 12.4 11.2

56U Atms lu.2 G luely
DedU LA TILG Ce9 e R
150 Atms Celd %) [oF

{
(.13 Atus Seh G G

* Lxeept wnen noled L l,dres ladicace pesceal Owoan SV Wy cusil.

w4 'l ouras loceluds oonl, onle debterniaallods
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1

Samonle Nurmuer 150 171 1. 155 19y

Lorizon e SL0p Ejl? SPiek -
el Ry e
wth (ine 35 U= -1 =1 le-c00 0 cc

ns.oroscopic Costficizat Jeli) ve Ce iy Jey) Jeli)
Permranant Jiltiag Toiot c.l Hetrx el Loy Jelyd
11 capmeivy 9e% 1h.% 1).1 e i
Lsture ~juivalant Lef Lie o 5D Ced e
nl Carooa Joil7 Ve )2

4
b
]
t
Cc
.
AV
-
—
.
.
e
o
.
—
(&)
L]
“‘
2]

CAV 1y ol .9 ced 1.5 e
sl AV Llay
Yontmorillonite 5 0 Z
Illite 10 10 1
hanslinite
Volume aeld, nt (yms/ce)
molsiure vol.ent atg
.00 Atns 7 50 2 b P
JeJl Atms <7 29 256 oo
JeUd A+ms ol = zf 25 2l
Oe.U% At:uns 2L <3 or 2 3
Jely Atms 3 1 7 15 L
0.06 Atms 13 14 1 2
e 5% Atm3 ¢} 9 7 P
1.0 astms 7 o 5 ' 1
JedC ntms 5e % L.2 c
5e00 has 3.2 o) 2
E.00 Atus 2¢5 JeD 2
15.0) Atms 3.1 el
2719 Atms ) e 1.0

ey

— 0
L]
(¥
—
L]
)
v
e
U

— - -———— . —

' ~

wwa noted fi-ures inaileate percont on an oven dry wasise.

» Zxe ptow
*r 1l oures inciage vnly one detsrmination.
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v e e
A EIVIID 9.6

EASIC DATA T O KALVASRA SHoy ST70: U a8 TLINTV=TIKe

—eaex 2w W Zrxzrm=s === AT ITIEICSTIITIITITSSIRIIeIIT
Sample Lumber z5 156 137 15 159 140
diorizon Ap Boar B:E” 53? C Dv
D=ptn (incnes) o3 ¢=12 12-1s lo--2 So=ly Lo
hyzroscopic Coefricient JesT Uelo Je oY Je L7 Je5Hd Je JY
Ferumanent wWiltiang Point Col*x b cely De [t 1.5 Je Ji4
fleld Capacity (
Nulsture kjuivaisnt 4, e 549 1.2 ) JelY ;
Total Caruon Jei Jeily g
sand 8GeY Giely Jde s Sl e s1lev Yide 2
Silt el 7.1 Jely Lo lpe Jed?
<AL Clay 2.2 3.5 cely Qe 2.l Jel
2 Clay i
wmontmorillonite <5 0] 5 J
Illite 10 9 9] <V
raoiinite 2 I o o e
Voluare Veignut (.ms/cce) 1.6 leo l.y 1.6 Lot
wmolsture (ontent at;

JeuU ALILS <) <7 <l <y cl

Oe1 Atms Y <6 29) 23 2)

0.J2 Ltms 2l 25 27 22 19
Deus Atms 21 <1 < 1o 16
O« Atms 16 15 1, 11
JeJu Atis 11 10 11 &
Je33 Atus 7 € & 5
1.00 atms 6 i 3 3

—
N iy Sy SR VEC SR

3,00 ATUS Ce9 L) ol 0.D3 o7 Qo7
5400 Atms oS 3.9 2.5 vellly 9 Jely5s
Ceuu Atas cof 9eH 2.5 Do) 5
15.00 Atms 2.1 <o el Detly o e 3ly
27.19Y Atms 2.2 .8 240 Va0 o) Je 9

* oxcept waen noted fi-urces inclicatz percent on an oven Jdry basis.
v+ Filpyures include only one ustercination.
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Tanle KAL2!

SBASTC LATA T ALl DA D ST T el T TY =D AVEh
e === =—a<==2==sco==-=== T===s=oszo—=o— ==z====

Sample Number 1i2 152 1.3 1.5
torizon Ap B217 RL0p C
Depth (inches) =4 =14 1y=22 20
kyrroscopic Coefficisnt Seéd Jely? Se T Jel5
Ferimanent wiltins iolnt 5.1 ! 5e) Je S
field Cupacity 10.0 o)) Cel
ioisture pyguivalent G2 5¢9 5.0 1.5
Totul Carbon Jet:l Jeyf
Jand CLD G ey Jiel o7.7
5ilt Ged Lz 5.2 1.y
2 Clay 5el coy el LleY
o AL bl’.}/ I
wmontmorillsait: <5 5 45 H

J
Illite ) 50
Kuolinite 2 L 1u
Volume wei;yit (yms/cc) 1.9 1
Loisture Content at;
Qeu) Atas <7 25

JQ‘JL s L';_} 2[‘4
Jelde atins cl <

0045 s 17 15
Jeuly »tms 1% 11
J.0L Atms 11 G

Ve33 Atms o i

1.00 Atms 7 ¢

5.9V Atms Lo 44l 3.1 1.1
500 Atms 56l Ce'd el U320
3.J0 Atnms 545 25 a0

15.900 Atms 461 ) 2o’ O.41
271y Atus 3.1 Ze) 2e2 Je30

* Except waen noted fiiures indicaie perceat oa un oven dr; tasis.
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Tl JEX1I
sA0IC LaTa o L AT Lo S1TE oot oo el e

swrple nwuber 1i 150 151 1c 1,5
ltorizon Ap Ape e B2 C
Ueptn (inches) “=0 c-12 10519 19550 50
Sy rozszocic Coefficizat Je Ol Jeol vel 1.6 l.1
rermaneant iltinzy Polnt He9 PRSIER Se5%s 1047 SRR
Field Lapacity 19.  15.1 LDeU i7.6 17.3 f
Moisture -juivalent 15.7 Jeiy 12.1 i7.1 1.5
To*tal Carvon 1.2 D25
saad 606 S £1.0 5545 Loy
3ilt 2ce? C2a 2.5 12,6 1/.6
2 Clay Te5 3.1 15.0 20 15.56 k
2 Av Clay 15.2 I
sontmerillonite 0 J 0 0 0 ‘
T1llite 0 10 29 20 20 !
Euolinite 2 2 4 2 6 "
Volume .=2ifht (rms/cc) 1.9 1.7 1.5 L7 1.3
Wolsture Content at,

Q.0U Atins 25 1 17 21 1o

V.0l Atms ) lo 1% 21 17

Jede Atms ) 15 1y 20 17

Ueus Atms I 15 14 19 17

DeJly Atms ©3 1, Ly 19 16

Vel Atms 22 14 14 19

Je33 Atms 19 11 17 19

1.00 atms 13 1o 15 1o 1)

4edl Atms Col Hel Sed 11.» YT

>euV Atms el Led N 1).6 Eof

UGeud Atms Jed 5e% De .G T.9

15,00 Atins L.l ce7 JIPRS el e

27«19 Atms Dl P lec 7.8 940

* Lxcept whea noted fi;ures indicate perc
** Firures include only one uetermination.

>nt on an oven dry Lasis.
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ToaoLY ZAXRITI
RAalTe LAl CRATLLE T CLAY 3Tih wloe Ve laTYy s
swrple Nwauer 154 195 1,c 157 1.4
'iordzon A, Gy A G4 Gl
Ce;th {inanes) u=t s=1e 1le-10 1E-ciy  40-4%0
sy sroscopic (oefficient Je2 561 3 3.2 24
Peraanent wilting Point hey e 2hed 2062 2265
field Capacity 4040 53¢ 5.4 Sl
Holsture Bquivalant L2060 32.6 39.6 Ll.o Loely
Total Carbon 2e9 1.5
Jand 4.1 Hel 5.5 5D 3.3
Silt P ICES NS ¢ b HeH 2lyeT
cav Clay Q.2 Glye? €le3 67.2 TJe%
2L Clay 5040 9.2 34,0 25.3 3065
dontmorillonite 0 9 U <5 o
I1llits 59 30 20 50 29
Kaolinite 5 13 L 6 2
Volume weight (=ms/ce) 1.2 1.4 1L
Molsture Conteut at:
JeJdU Atms L3 Sl 32
OsVl Atus 41 53 32
3e0¢ Atis 5 35 52
Jeuld Atins 99 55 Ae
Jeuiy Atms 50 5 s
Oets Atins 37 31 31
De3% Atus 37 59 30
1e) 2tms 50 59 )
5,00 Atms HJe CgeY 2540 P2 AN )Y
oD ntms ZH.9 Sl e e cle2 cle%
0eJ0 Atms 2042 el 2.l cHe2 2541
1y.uu Atms el <oel 22eh oY 2.6
S1e19 Atms 1d.ox¢  Lly.0 1w 19.7 2942

* kxcept wnen noted fi;ures indicate percent on an oven dry uasis,
#*x Filrures incluae only oue determination.
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Sample Number 1y 10 1cl les
10rizon Ap g Dl C
Lepthn (incaes) J=0 c-1e le=co  cu

Hygroscopic Cocfficient N Jed e Ced

Fermanent Wilting roint 15.1 JEINS 17.9 1).1+%
Field Capacity=++ 2o coeb 2l.hH ;
Nolsture Fguivalent 279 Llel 2Hly 2449 ;
Total Carbon 2.2 1.1 N
SJand ehey 1.5 cc el 1y
Silt 50.8 453.% 5269 9.6
cAL Clay 39.2 1125 Li.5 36 '
o2 Clay 19.8 3.5 ESnn
wontmorilloanite ) L5 ) <5
Illite 3D 590 2 Lo [
Kaolinite 2 I L i
Volume weight (. ms/cc) 1.5 1.5 1.4 1.5
~olsture Conteat at:
J.00 Atmas 50 54 27 25
V.J1 Atins S 51 <Y ]
0.02 Atms 55 51 N ce
VeJy Atrns pIa I <l <l
OeJly Atms 452 29 21y P
JeUts Atms Ay <1
Jed45 Atius 51 <7 z1 19
1.00 Atms 41 27 13 13
4e00 Atuns 0.2 cleé 2Jet 17.0
900 Alms ly.e cJer) ly.4 1/.4
LeJU ALMS 1740 1540 l7.4 159
15,00 Atus 1y.9 1o 1).0 1.y
<f.19 itums 19esurs  lieoxr 15,7+ 1oy

* pxcept when noted i, ures indicale perccat cn au oven dry basis.
** Filgures incluas only one determination.
rx+ Initial moisture uvelerminations us=a »s field cupacity.
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L KAKV

S o0 i UTPITE A R U “ Lilli=1a
Saiyple Lunmber leiy Ry JES) 1c?
forizen np e B C
pth (inches) J-- J-14 1y-41 51
Lo roscogic Co2ffi rient 1.1 1.5 lev Je L
Fermanent .ilting Foint TeC e Yed CeC
sisla Capacity et 1 ¢ 1s.:
ioisture Zguivalent 16 .6 175 S 1z.9

Totul Carvon
sand
5ilt
2AL Clay
2 AL Clay
wontmorillonite
Illite
Laolinite
Volwie wei. nt (;ms/cc)
Lolsture Content atg
DeVJ stas
Ol ftms
Jelc Atnis
UelsH AlLS
Jediy atins
Jeul Alins
Jen% atius
1.70 Atms
HeUU tms
Heuu Atms
CceVD Atms
15.00 Atws
<felY rlus

’/o\)
Led

Dely

1c
17

1o
15
14
Lle0
e
el
75
T eV

LXe Wiz not i, ures indic.te jerc
* pxe ey b whiza notd i ures indic.te per

it oun an oven dry busise
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P Ny
Mo e
TAdle XXV
= s i roo~ \ « T o
IR § Wit ol oa L . . ! 1 GRS (YR N

san.ele Humber 1o 1y 1/ 171

huriZJg %P Be o 1 Cz
Leotn (1nches) o=0 u-l¢ Ld=ce <2
by rosco,.ic Loetfici-nt c.l Cel Ze 1.7
Pe.nnaent  ciltin- polat 1 ... L0 l/.c 1.4
flold Cupracity 53¢ cYHel clets Cyev
wolsture sy.ivalent 9Je S <6 cel ey
Total Luarovon e Je'd

;ana 13.2 1%.0 1.4 T e
silt Lised L. % Alel Sipe 5
< /e Clay Te9 93 eL Lise) Sl.4
2 AL Clay 9.7

wontmorillonite <. 5 5 <5
Illite 3 30 D) o P
raolinite 5 19 12 B

/

Volume Weight (:ns/cc) l.z 1.5 1.7 1.7
Noilsturs Content atg

0eJ0 stimns N ol 22 cl

Secl tms e) P 2l 21

JdeJe tms o P

Jeld Atnis A9 <1 21 <l
Jeiy b
Devty Atmws 5 20 14 N
Je )3 Atmws 59 1> 1, 1

leuw 3t 3 45 A 1: 17
5000 ntus ceel  ciee Eled cte.
De o Al 1.4 L.l 1.7 luves
Col’ ALlLS 1.} 1745 1%.0 1747
lreou inus 1%2.5 Li.eC Loew 1,.¢
S7.19 Atms 10.5 1oy 12,6+ 1.,

* bxcept whnen roted Uaooures sasicare percont ocn 2a cven dIf, Lacis.

*+ Ti-ures include ovuly oue Czherminmtion.
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Tiple AXAVII
Lol JEFUUTERTS SRS IS CL Lo |

Sranple wabor
Horlzaen

Deoth (iachnes)

byeroscoplic Coofiiciocnt
fermanent vilcin- joint
ricle Cupecityrs»
Lodsture squivelent
Total Curbon

Laiid

Silt

e Clay

o2 Clay
entrnorillonite

Illite

reelinite

Velume iei it (pus/ce)
roisture Cont=nt at;

JeUV Atms
J.Ul Atms
Je 't Atms
Q.03 Atms
Qe0y Atms
C.0C Atus
Ues3 Atms
1,00 Atms
500 Atins
HeUQ ntis
Ce00 Atms
15.00 Atms
c/e19 atms

(SRR

NN

ne.

n
N IR VO RNV VAN

.

21.5

&)

17.7
124.‘0
1";’.('

T

~

— A\
- C O
.

5F

]

-
]
<5
<o
<3
<y
c-
21
21
2.4
l“)oj‘

11,54~

<6
25
29
2l
dh
el
2Het
4.4
;—IL“ \\'
15.1

l//;‘.l:,‘ti

19
19
19
12
1€
17
17
227
Clely
lj.(

17.5

-

Celxw

+ Lxecept when noted fi.ures indlceate percent ca tn Ccvell Gry tusis.
»* Fipures incluae cnly one determineticn.

*ox ¥

Initial moisture ceteriiuiticns used as tield capacity.
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TABLE XXXVIII

EX2IC LATA SN FICKFORD S1LT CLAY LOAH# SITE LULEni THIATY=S1X*

sanple Kwaber 176 177 178 17¢
Horizon Ap AZG BzG C
pepth (inches) 0=l €-13 1222 ¢
Lygroscopic Coefficiznt 2.6 2.5 %42 3.1
Permanent wilting Point 17.7 18.1 2ly.e 2l 5%% :
Field Capacity Sy 22.5 25.9 3347
Moisture gquivalent 35.2 25,3 3.1 36.3
Total Carbon 6.0 Oe27
Suna 11.2 7.5 5.6 2.2 ,
Silt L3.1 29.6 27.1 19.3
2 Clay 265 J.C 60.0 6544
«2 A Clay 11.Yy 16.€ 22.6 16.1
Iontmorillonite Q 0 0 0
Illite 10 0 0 10 S
Kaolinite 0 2 2 2
Volwne Weight (gms/cc) 1.1 1.6 1.4 l.h
Moisture Content at:

0.00 Atms 51 27 36 35

0.C01 Atms LY 26 35 PN

0.02 Atms LT 26 35 3l

0.03 Atms L6 25 3], 33

0.0 Atms LS 25 33 33

0.06 Atms Ly 2 3% 33

0.33 Atas L3 2l 32 32

1.C0 Atms 3], 23 31 31

5400 Atms 23,9 19.7 25.8 277

5.00 Atms 20.5  10.0  25%.7  25.0

5.00 Atms 18., 16,9 22.5 2.1

15.00 Atms 160 15.0 20.2  21.9

27+19 Atms 12.1*%x  14%.0 17.9 15.7

* Except when noted figures indicate percent on an oven dry basise.
4+ Figures include only oune determinatiocn.
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S10 LAT LT A ST TLAY 1T i THIRTY=CEVaN»
ominp e Luie r lov 1:1 1Zc
rorizon Ap 5.1 Bop
Teptn {(incisz) U=9 9= =
Hy:roscopic Contfticiant coly 545 4eE
Ferzunent wiltia.: roiut Loy cdyes 2He}
Field Capacity 9.y T o 57e1
~Olsture ©Bguivalent 5146 4541 S0
Totel Carvon Ze¥ J.<5
sand Vel 1.7 1.4
Silt 415 ol 2545
c Av Clay 41.0 677 SN

1L.6 241 Seub

o2 Av Clay
Montmorillonite

Tliite

Kaoli.iite

Volwac «rizht (,ms/cc)
toisture Content at.

—

- C o
—
(-
C

.

W
|
.

i
—
.

ol

1.0 Atuws 51

ro

J.00 Atms 27 27 23
J.01 Atms 456 27 c4
V.02 Atms 25 < e
JeU% Atms %3 26 zc2
0.0} Atuis e cC 22
JelG Atms 51 26 22
Je by At 51 29 Ay
1
$5e00 ftms 25.4 275 STeT
JeUu Atms Cuels C5e0 )
Celt) Atms 1L.7 liels 2k

r
-
.

15.00 Atus lu.1 cley
c7ely Atmz 11.¢ laoy

}
.
~I\~ A\

— N
NG
.

* ixcent when noted ficures indicate yercent on en oven dry bosis.
+4 Pl oures itceluce orly one cetermiantione.



CUBABS=A3ITUY J2uwni 93TS A810 A3TTIS Uvivuojul J0J S23AIND 85HATOL BIN2STON

ST -

e LWL ETOw

11085

e/ eaniity

LUATEALP T T T
ALIOVAVD 17314

SRERRER LTS i SANMNCRE SHECE

oeqn

)A.N.V )-r\H n*o jum «)o“ 0T “ﬂ- OO. e ﬂa)- 20 MR
RN
L]
12-%
NJm//; —

|

~
w

o2

0¢

o

0G







il
Tabill XLXA
HERRIRN Looashinlln N cLat L " TTTATY =D T
samile Number 1.5 1oy 1as
horizon AP Bg& C.
Lepth (iacnes) 0= g=1l 1<
I'yiroscopic Coelficicut 1.2 .l ced
Fermaneat Lilting oint lc.¢ 17.5 1/eonr
Tield Cupacity*xx 2547 2l el 2lely
Moisture Fyuiv:lent “ral 29.b ety
Totel Carton 1.0 U.cl
Sand 1.7 12.0 Hel
Silt e’ 91 e Z el
2 Clay 51, 4549 hed
ec AL Cluy 15.4 2.t <le
wontrorillorite J 10 0
Illite 50 70 20
¥aolinite 12 1y 1
Volume iweisht (rms/cc) 1. 1.5 1.6
¥oisture Conternt at;:
Je 10 iting 51 25 25
0.01 Atms 49 25 2
J.02 Atms el 1 ez
J.0% Atms 27 20 22
DeDYy Atuws 27 20 2z
2.0¢ Atms cc 15 cl
De35 Atms 25 19
1.00 Atms 2l 19
£.00 rftns 1¢40 1v.9 V.3
SeUd Atms 1.4 16.4 17.1
Co00 Atms 15.4 17.1 17.¢
15.50 atms 1u.b 5.6 16.9
719 Atis e 1.0 1yee

* gxcopt woazn noted ri.ures
*++ Fipures include only one determrination.
*x4 Lrained tor ouly &» nhosurs before samples were taken,

indicute percent on an oven ary basis.
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PASIC DATA [ TICURORD (LAY Loas SIT Clap o T TalT=01HE
Sawy le Naler loo 17 1.6 1S
hori?og’ . . Ap 6813 E.C N 553”
Lepth (incnes; J=is =11 11-15 15-30
Ly, ;rosccpice Corefficiant fec N 562 9e1
reruuwncnt wilting Foluat cue?’ cuely 1c.9 N
Fisele: Cupmcity 209 Zlyetd <ol
icoisture pyuivalent cSie cYel clol 2ol
Totel Carton 24 l.7
Sund 203 1ol <140 1.z
Silt 2.y 250 Zel (2
e A Clay 91l SJely e NG
ec 2L Clay 1/.79 clyec 99 che s
wontiworillonite U 5 45 5
Illite 10 40 b 20
Kavlinite 4 5 & 10
Voluwie: reirht (gms/bc} 1.4 1.5 1.5 1.4
Mmoisture Content at;
V.JO Atms 42 <7 < 33
0.01 Atms e ) 27 31
0.02 Atms - 28 <5 ey 51
VeV Atms 26 <l 27 4
JeUl Atme =7 <l € 50
0.6 Atms 7 <hy e 249
Je3% Atms 26 2% ¢ <0
l.U0 Atms 26 24 25 29
45400 Atns 2049 zc e 2le7 )9
290 Atms 15.0 2.2 15.5 1G5.0
5,00 Atms 17.0 1a.C 1/.C 17.9
15.00 Atms 1ol 17.2 14.5 1¢.6
2/.19 Atms 14.9x+  15.14x  lyuyxsr L 5»x

* scupt waen noted {igures indicate percent on an oven dry busis.
++ Fizures include only one detormirnetion.






N
N
—

e

ren 04

N

¢HUTT=NITUY U QUNIT ATTS GWOT ABTO DAOFHNTS JO0J SSAIND 2EHS[ . SINPETOW

§~MTHISNILY

0°¢ 0°1

L

MTEONTLTIN

LoITYATGY S

ALIDVA

rraay

SIANYID N

vy O

|

N\

TI0S

i

©107

RIS

e DUEL - LMELNOD O

NI

T

AYT 40

LAY

r‘

INLSICH







N AEAXIT
EAGIC DAvA wd SiLbIny JALLY CSLaY LOas ST9 0 0700 FonTye
Sample Number 120 151 li¢
liorizon Ap By C
Leptn (inches) J=3 F-12 le=10
“yeroscopic Coefficient 1.4 2e¢5 1.7
Periarent ilting Point G.O*x 1941 15.¢2
*ield Capacity 12.9 cley cu.2 [
Moisture Ejulvalent 1.4 ced 2l.L
Totel Carbor 1.4 Qi
Sand S50elt ) 12.9 A
Silt 20y 2540 2.6 :
c Av Clay lyeu Ul PIaS) h
o2 av Clay Bels Zhyey) 5
.ontmorillonite <5 J <H
Illite 2o 20 N)
Kaolinite 6 P 10 ——
Volume .ei:nt (yms/cc) 1.¢ 1.6 1.¢
kolisture Content ut;
UedO Atms 23 <% <l
JeJl Atms 21 cc z3
Qeuc Atms 20 2l 25
OeU3 Atms d 2l 2l
Jeuly Atms 19 20 21
JeD5H ptms 15 0] Z0
0¢95% Atms 1 20 <0
1.00 Atms 13 1 1le
5¢J0 Atus 1.2 leet 10.5
5.C0 Atms lu.lu 159 15.4
.00 Atms 9.5 14.5 1..0
1He0J Atms Te7 15.1 12.6
2719 Atas e 11.7 10.8

+ xcept when noted figures indicate p:ircent on an oven dry basis.
*» Figures incluae only ons d=2tzrmination.
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