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CHAPTER 1
INTRODUCTION

The research reported in this dissertation is divided into three
chapters, each is a manuscript prepared for publication in Professional
Journals. These manuscripts appear just as they will be submitted for
publication, except for a few minor modifications.

Slickspots occur in irregular sized and shaped spots in central
and western Oklahoma. In this region they occur on Permian as well as
Pennsylvanian aged material. Slickspots occur extensively in semi-arid
and subhumid regions and occasionally in humid regions.” They are found
on varying topographies but usually in flats or depressions.

Slickspots present very important problems in crop production and
range management as well as in uses of soil for engineering purposes.
If Mollisols contain large amounts of sodium salts, sodium replaces the
other cations and saturates colloidal particles of the organic matter,
forming sodium humate, which is mobile enough to be moved downward.
Downward movement of sodium humate reduces the amount of organic matter
in the surface horizons. In this situation the rate of addition would
be less than the rate of removal of organic matter and the slickspots
formed through this process would have a lighter color and less organic
matter in the surface horizons than the surrounding, normal, soils. The
overall role of sodium in plant growth has not yet been well defined or

definitely established. It may have desirable effects in some species



and undesirable effects in others. Its effect may be favorable at low
concentrations and unfavorable at higher levels. Bower and Wadleigh
(1949) recognized that as the relative concentration of Na in soils
increases, its uptake by plants usually increases, with consequent
reduction in the uptake of Ca++, Mg++, and K+. In the subsurface
horizons clay particles sorb sodium ions. If more than 6% of the
exchange complex is occupied by sodium ions, clay particles start to
disperse. If exchangeable sodium saturates 15% or more of the cation
exchange capacity, almost all the clay particles disperse and their
stability decreases. Engineers use the term "dispersive" for soils with
the latter quality.

Sodic soils can be classified according to their sodium codtent.
Their sodium salts may be derived from parent material or they may be
brought in, by external agents such as wind and water. The knowledge
of their origin and their taxonomy is necessary for effective recla-
mation and the prevention of pollution of the surrounding soils.

A large number of slickspots, which usually support short grasses
in a tall grass area, are found in north central Oklahoma. A detailed
study was undertaken in order to gain a better understanding of their
genesis and taxonomy. A typical toposequence of slickspots and normal
Molligqls was selected for this study in NW; of Section 17T. 25N.,

R5E., 30 miles west of Pawhuska, Osage County. The variation between
and within such pedons is the result of the processes of horizon differ-
entiation which is the result of the interaction of soil forming factors.

Bakhtar and Gray (1971) collected infofmation about the possible
soil forming factors and presented it in a preliminary report. The

area displays a surface of maturely dissected relief. The highest



point of NWk, Section 17, is in the northeast part which has an
elevation of 318 meters. The lowest is in the southwest sector with an
elevation of 300 meters. Harlan (1958) presents a map of natural
vegetative covers. Our study area is located in the tall grasses area
of the map where field observations support the information gathered by
Harlan. The predominate vegetative cover is tall grasses with blue
grama, a short grass, dominating the slickspots. Vegetation is a very
important observable phenomenon of sodic soils and can be used for
analysis of aerial photos and for a preliminary mapping of slickspots
in an area of normal Mollisols. Soils in Osage County are developed
under a warm temperate, subhumid, continental climate which influences
morphological losses, gains, transfers and transformations. The mean
annual temperature for this county is approximately 16°C. The annual
evapotranspiration is about 86 centimeters. Hq;tronft (1965) states
that; geologic material that crop out and underlie soils of the study
site are early Permian and belong to the Wellington-Admire unit, which
consists of interbedded shales, sandstone, and siltstone. Most of the
unit is reddish colored shale or silty shale. The clayey material
contains lenses of beds of sandstone and also thin siltstone beds.

Fay (1972) indicates that the rocks that crop out and underlie soils

of the toposequence are Pennsylvanian and belong té the Oscar formation
with Herington limestone at the top.

In a preliminary study chemical and physical analyses were made on
s0ll samples taken from the cut along the road on the west side éf
section 17. Resulting data, together with observations on vegetation,
were used to locate seven sampling pedons. Ground water levels were

noted within 142 and 254 cm of the surface in July 1970. A total of



79 samples from soils and parent material, as well as 5 samples from
ground water, were taken. Mineralogy of the selected horizons and total
weatherable minerals in tﬁe soil and underlaying geologic formations
will lead the investigator to study the similarity between solum, the
true soil, and the soil parent material. Statistical analysis of
laboratory data together with the morphology of pedons will aid in
grouping the horizons and hence the pedons.

The objectives of this research and this project are divided into
three parts:
1. Characterization of a typical toposequence of Mollisols and Slick-
spot soils, a statistical analysis.

2. Genesis of sodic soils and the origin of Sodium in their profiles.

3. A Statistical Procedure in taxonomy. of. sodic soils.



CHAPTER II

CHARACTERIZATION OF A TYPICAL TOPOSEQUENCE
OF MOLLISOLS AND SLICKSPOT SOILS

A STATISTICAL ANALYSISl/

Abstract

Characterization of the selected pedons occuring in a toposequence
of slickspots and Mollisols was the objective of this report. The
vegetative cover of the sampling site was studied using a point method
of pasture analysis. The slickspots represent a light tone on the
aerial photos due to the abundance of short grasses.

A total of 79 pedogenic horizons from the solum and underlying
strata were sampled. Characterization processes were carried out on
the samples, using a slipped block design. This design was used so
that the effect of the day to day variation in the laboratory could be
removed.

The toposequence displayed mollic epipedons, argillic, and natric

horizons. The total thickness of the mollic epipedons varied in the
toposequence. The thickness of the solum decreased as elevation

increased.

1/

—'Article co-authored with Fenton Gray and Robert D. Morrison and
to be submitted for publication in Soil Science Society of America
Proceeding.



The laboratory results indicated no evidence of salinity. The
soil reaction and exchangeable sodium percentage have been used in
distinguishing the salt affected soils from the other, normal, soils.
Salinity, alkalinity and sodicity classes were established based upon
the quantitative values which have bearing on the performance of many,
although not all, agricultural crops. According to this classification

Pedons 1, 2, 4 and 7 belonged to the alkaline - strongly sodic class.

Additional Key Words for Indexing: Pedogenic horizons, selected pedons,

North Central Oklahoma, Mollisols.
Introduction and Review of Literature

Kellogg (1959) states that soil scientists need to know what
characteristics are important, what degrees of differences in each are
significant, how they react to one another, and finally, what
combination of characteristics are significantly unlike other combina-
tions. Arnold (1965) states that soils have certain morphological
features and associated properties which can be expressed qualitatively
and in most instances quantitatively.

Simonson (1959) views the horizon differentiation to be due to the
processes of addition, removal, transfer and transformation. Thése
proceed in Aridisols as well as in Alfisols and Mollisols with a |
difference only in the intensity of the processes, strongly affected
by the soil forming factors. For example there is a small loss of
soluble salts and a small gain of organic matter in Aridisols, there is
a significant amount of gain in organic matter and recycling of bases
in Mollisols. Formation of calcium carbonates from the combination of

.H_
002 and Ca = 1is one of the important features in the genesis of



Mollisols. In a process of intense leaching, calclum carbonate
leaches out. If leaching is not pronounced this compound accumulates
in the profile in the form of powder or concretion and may form a
calcic horizon. Quantitative measurement of '"calcium carbonate
equivalent" is thus the indirect determination of a soil moisture
regime.

Smith (1963) states that the soils in a given taxon will have many
common properties andAthat from those we should select the ones which
serve our purposes best. In his study of salt affected soils the
author of this paper examines those characteristics which are related
to the genesis of the soils, and which can be used to construct the
framework of their genesis and taxonomy. The amount, type and
distribution of soluble salts, exchangeable bases, and pH, together
with the other chemical and physical properties of the soil, are the
most important measurements required in order to determine the genesis
and taxonomy of salt affected soils.

Several limits have been suggested for distinguishing the salt
affected soils from normal soils. The United States Salinity Laboratory
(1954) used terms which closely agree with the Russian classification of
salt affected soils. The term '"saline" refers to those soils for which
the conductivity of the saturation extract is more than 4 mmhos/cm at
25°C and the ESP is less than 15. Ordinarily, the pH is less than 8.5.
These soils correspond to the "white alkali" soils of Hilgard (1906)
and to the "solonchaks" of the Russian soil scientists. The term
"saline alkali" is applied to soils for which the conductivity of the
saturation extract is greater than 4 mmhos/cm at 25°C and the ESP is

greater than 15. Under these conditions of excessive salts, the pH



readings are seldom higher than 8.5 and the particles remain flocculated.
This description is similar to that for soils which the Russian.
scientists call "Solodized-soflonetz." The term "non-saline alkali
is applied to soils for which the ESP is greater than 15 and the
conductivity of the saturation extract is less than 4 mmhos/cm at 25°¢.
The pH reading usually ranges between 8.5 and 10, These soils
correspond to Hilgard's '"black alkali" soils and to 'solonetz'" soils
described by the Russian é%igntists° These salt affected soils
frequently occur in different types of climatic regions and in. !
irregular sized and shaped spots refered to as '"slickspots'. /

According to Northcote and Skene (1972) the term "salt~affecied"
soil in its broadest sense may be taken to include (i) soils in whiich
the growth of plants is subnormal or where only halophytiéngﬁecigs
persist, (ii) soil profiles with particular morphologies, and (iii)
s0ils merely containing greater amounts of soluble salts than are
found in "normal" soils. As used in their publication the term simply
means soils with certain defined saline, sodic, and alkaline properties.
The criteria used By these Australian Scientists for soil salinity,
sodicity and alkalinity respectively are; chloride ions expressed as
the percent sodium chloride equivalent, exchangeable sodium as a
percentage of the .total cation exchange capacity, and pH of a 1:5
soil:water suspension. Choice of these bases of expréésion was
dictated to some extent by past analytical practices.

All the different morphological, chemical and physical criteria
which are used in the various systems of classification reflect genetic
influences as well as agricultural interests. It is important for soil

scientists to have adequate soil samples with sufficient characteriza-



tion data in order for them to reflect concepts. of genesis in their
taxonomy .

Characterization of a typical toposequence of Mollisols and
slickspots is the objective of this research paper. The report only
introduces the characteristics of the pedogenic horizons, it does not
reach any conclusions about their genesis.

Timon (1962) developed a statistical design named "slipped block
design''. The basic. model for this design is the same as for a general

two-way classification without interaction. The model is

=y + p + 1
Tigg TR P P BT g4y
1 = overall mean effect
. .th . .
pi = effect due to i~ replicate i=1,2,,..0,
B, = effect due to 3™ block 5= 1,2,...8.
Tk = effect due to kth treatment k=1,2,...7,
€ ., = random error associate with Y, ,. . )
ijk ijk
Yijk = respond due to ith replicate, jth block and'kth treatment.

The use of this design should remove:the effect of time-to-time

laboratory variations and lowers the variance of a treatment mean.
Procedures Applied

The selection of the study site was based on a brief study of
aerial photos of Osage County, Oklahoma. Recognizable light tone
spots were then examined in the field and it was found that these
light spots corresponded té areas dominated by blue grama grasses with-
in a predominantly little bluestem area. Bakhtar and Gray (1971)
explained the sampling procedures. Seven deep pits were dug with a

back hoe for detailed study (Figure 2.1). TFive of the pits reached
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Figure 2.1. A Cross Section of the Toposequence Located
in NW% of Section 17. T. 25 N., R. 5 E.
Osage County Oklahoma
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below the ground water level. The authors analyzed the water samples
and the data were published in their manuscript.

This study is concerned with the field and laboratory investiga-
tions. Field analyses included the study of vegetative covers and
morphology of the pedons. Laboratory investigations involve the

chemistry, mechanics and mineralogy of the selected pedons.

Vegetation

Thevegetative cover of the sampling site was studied using the
point method of pasture analysis as explained by Levy (1933). Dr.
Wilfred McMurphy of Oklahoma State University who conducted the
measurements, used a ten point frame. A total of 400 points were

read at each pedon site.

Morphology

In describing the pedons, the nomenclature of horizon designdtion
was the same as that in the Soil Survey Manual (1951) with ammendments
 from Soil Classification, A Comprehensive System 7th Approximation
(1961)o All of the pedogenic horizons were described and sampled

accurately.

Statistical design

Seven arbitrary soil samples were added to the 79 research samples,
and the total was then randomly numbered from Ol through 86. A slipped
block design with 86 treatments, 17 basic blocks and two replicates

was constructed with the following model:
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o
|

=u + pi+8j +T_k+ Eijk

e
]

1,2

3= 1,2,00., 17

k=1,2,.6., 86
All the laboratory analyses of the samples were carried out using the
design (Table 2.1). A multiple regression method was used to alljust
the treatment effects according to the block effects, assuming that
e

= ZBj =.2Tk = 0. The SAS Program (1972) available in the

computer center at Oklahoma State University was used to process the

i

statistical analysis. In order to obtain an adjusted treatment mean,
a constant equal to the unadjusted overall mean wés added to each
treatment effect. For this purpose the treatment effects, which could
be either positive or negative, were punched on I.B.M. cards. A
FORTRAN Program which was develpped for this research was used to
compute the adjusted‘valueé of physical and chemical properties. This
program also produced the histograms related to some properties of the

pedons (Appendix A).

Mechanical Analyses

Natural Peds were used for particle size analysis. Since the subr
surface horizons contained carbonates as a cementing agent which could
prevent the complete dispersion of the soil, a procedure was developed

by the author to remove this cementing agent and obtain the complete

~ s

dispersion of the soil particles. This procedure was the result of
combining two procedures earlier developed by the Soil Survey Staff
(1967) and Kittrick and Hope (1963). The procedure is explained in

the following pages in detail.



TABLE 2.1
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A. Materials

Cellulose Tubes, 5% inches wide

Buckets, 8-10 liters

Paper clips, and rubber bands

Plastic or glass tubes % inch in diameter, 5 inches long.
Plastic thread

Centrifuge tubes 250-ml.

B. Chemicals

lQ'

2.

Sodium Acetate .5 te. 1.0 N solution, pH adjusted to 5 using
Acetic Acid. (Use techmnical grade NaAc).

Hydrogen Peroxide 35%.

C. Removing carbonates

1.

Cut an 8 in. piece of the cellulose tube (5% in); make a % in.
fold. Fold three times on one end, use paper clips to seal
it. The tube is now a 6%" x 5%'" dialysis membrane sack.

Weigh 40 grams of the air dried soil (natural peds or disturb-
ed soil, depending on the purpose of experiment).

Add 200 ml of NaAec (B.l.) solution and install a plastic or
glass tube in the mouth of the sack. Use a rubber band to
shut the mouth of the sack. Move the tube outward so that

the end of the plastic or glass tube is not in the soil
solution in the sack, Use the plastic thread to suspend

the sack in a bucket containing 5 liters of the B.l. sclution
with the plastic tube above the solution.

Leave it for one week. The CO2 bubbles from the reaction of
the carbonates and acid pH solution will fill the sacks, knead

the membranes to release bubbles of CO2° Keep the contents
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in the bucket until no more bubbles form. For soils of
Oklahoma two weeks should be enough.

Siphon the solution into another container, from the bucket,
and fill the bucket with city water. Keep the samples in
this solution for one week.,

Siphon off the water, fill the bucket with fresh city water
and keep it for 24 hours.

Remove the water, and transfer the soil solutions from the
sacks into 250 ml centrifuge tubes. Centrifuge at 6000 R.P.M.
for 10 minutes, discard the clear solution. Break down the
soil in the tube, using 25 ml of distilled water, and a
mechanical vibrator, stirring rod, or a malt mixer with a
rubber tip.

For best results add 25 ml of 0.5 N. NaAc,; to the Centrifuge
tubes, place in a water bath, and raise the temperature to
75° - 80°C. Use glass stirring rods and mix the samples
continuously for 30 minutes.

Cool the bottles, and centrifuge at 6000 R.P.M. for 10
minutes. Discard the clear solution, add 25 ml of distilled
waier, and break down the soil again. The sample is now

ready for step D.

D. Removing Organic Matter

1.

Place the centrifuge tubes in a water bath and add 2 ml of

35% H202. While stirring the samples raise the temperatures

to 75-80°C. Maintain this temperature, continue stirring the

samples, and gradﬁally add 2 ml portions of H202. When OM is

removed the color of the soil tends to be light. For a soil
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with 2.5%Z OM, 10-12 ml of H20 is usually sufficient for

2
removal.

2. Cool the bottles, centrifuge, and discard the clear solution.

3. Add 50 ml of distilled water, break down the soil in the
bottom of the tubes, shake 5 minutes. and then centrifuge
again.  If the solution is clear it means .the sample is
not dispersed, repeat step D = 3 until the soil goes into

- dispersion,
E. Complimentary Mechanical Dispersion of Soil

1. Wash the soil suspension in a 10-mesh sieve, (do not use
more than 300 ml of water), and collect the material
retained by sieve, in a 30 ml beaker, and the material which
passed through the sieve is a 400 ml beagker.

2. Use a sonic vibrator, with the large needle, set the dial on
80, and vibrate the sample in.the 400 ml beaker for 5
minutes. For best results turn the beaker around the needle
continuously to complete the break down of coagulums,

3. Transfer into a 1000 ml hydrometer jar, place in a constant
temperature room or water.bath, and use either pipette or
hydrometer for analysis.

F, Pipette method of analysis

1. Apply the pipette method of analysis as outlined by Day (1965).
Use a 25 ml sampling pipette in the constant temperature
room, The settling time for 20, 5, and 2-micron particles
are 4.68, 75.00, and 469.00 minutes respectively at 21%.

The same author explains all the details for the pipette

method of analysis.
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2. Pipette 25 ml of the suspensionffrom.exactly 10 em

below the existing surface of the solutibn. Transfer the

pipetted material into. 100 ml beakers which already have
been weighed to a tenth of a milligram with an analytical

. balance. . Wash the pipette with 25 ml of distilled water
in the same beaker.  Place the beakers in an oven at 100°C
for 24 hours. Cool them in a desicator, and weigh the
beakers and contents to a tenth of a milligram. The same
procedure should be followed after each of the three chosen
time intervals.

3. Pass the soil suspension through sieves no. 18, 35, 60, 140,
and 270, and wash throughly with distilled water using a
rubber hose. Dry the retained material and weigh. Save the
suspension which contains silt and clay for clay mineralogy
if desired.

G. Calculation

S

original weight of soil
g = weight of material retained on sieve No. 10
om = percent organic matter content of the soil
tss = percent total soluble solids content of the soil
cc = percent calcium carbonate content of the soil
CF = calculation factor which is the function of the removed

material.
100.0

CF =
_.y _ (8-g) (om + tss + cc)
(s-g) 100

ves = dry weight of the particles retained on sieve No. 18

cs = dry weight of the particles retained on sieve No. 35



ms = dry
fs = dry
vis = dry
- msi = dry
fsi. = dry
¢ = dry

Particles coarser
Very coarse sand
Coarse sand
Medium sand

Fine sand

Total sand

Fine silt
Medium silt

Coarse Silt

Total Silt

Chemical Analyses

weight
welght

weight

weight

weight

weight

of

of

of

of

of

of

than 2 mm

the particles
the particles
the particles
the particles
the particles
the particles

A

o8

GRA =

18

retained on sieve No. 60
retained on sieve No. 140
retained on sieve No. 270

from the first pipetting

from the second pipetting

from the third pipetting

g. (100)
S

VCS = ves . CF

CS =¢s . CF
MS =ms . CF
FS = fs . CF

Sand = ZVCS+7ZCS+7ZMS+ZFS+ZVFS

FSI = (fsi - ¢). CF

MSI = (msi - fsi). CF
CSI = 100.0 - (% Sand +
Clay + % MSI + % FSI)

Silt = %Z CSI + %Z MSI + % FSI

Chemical analyses were conducted using the methods employed by

the soil characterization laboratory at Oklghoma State University.

If other procedures were used, necessary modifications were made in

order to adapt them to the laboratory facilities and soil conditions.

Unless other sources are named, the constituents of the exchange

complex and theksolﬁble'components of the soils were measured applying

the procedures introduced by the United States Salinity Laboratory
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(1954). The amount of extractable bases were measured in a NH4 -
acetate gsoill extract. The amounts of total soluble salts, soluble
cations and anions, were determined in a water soil extract. A 1:5
soil:iwater mixture was shaken for six hours, then centrifuged at

5000 R.P.M. and the supernatant was filtered through Whatman 42 filter
paper using a buchner funnel. Pre-washed celite was used as the
filtering aid. Na+ and K+ were .quantified using .a Coleman model 21
flame photometer. The regression of Y (concentration) on the X(scale
reading) for the standard solutions were determined and regression
equations were used for computing the unknowns. Ca++ and Mg++ were
measured by titrating with 0.01 N EDTA Solution as the titrant. C1
was titrated with 0.005 N AgNO3 ° CO3-— was determined when an aliquet
was titrated with 0.01 N HCl using phenolphthalein, to a colorless

end point, then titration continued using methyl orange indicator for

, was measured applying an adsorption

indicator method. The titration was carried out in a mixture of

the HCO3_ determination. SO

methanol and water. The indicator for titration was Alizarin Red S
(sodium alizarin sulfonate), as explained by Fritz and Schenk, Jr.
(1969). Total soluble sclids and resistivity of the soil water
extract were measured applying gravimetric and Weatstone bridge
techniques respectively. Conductivity was calculated in micro mhos/cm
at 25°C from resistivity figures using a standard solution of 0.01 N
KC1.

Extractable Al+++ was determined from a leachate of soil with 1.0
N KCl. McLean (1965) gives all the details in Agronomy Monograph No.
9. Extractable acidity was measured using the Bacl2 - triethanolamine

method as described by Soil Survey Staff (1967). Soil reaction was
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determined in a lzlﬁmixtﬁre of soil and water and also in l:1 mixture
of soil and 1.0 N KCI1.

A Perchloric acid - digestion method was used to measure total
phosphorus. = The molybdovanadophosphoric acid colorimetry method was
applied using a model 6D Coleman spectrophotomer, Soil Survey Staff
(1967), presents full details on this procedure.

Determination of organic matter was accomplished by grinding
the soils to a 60-mesh finenessf The K2Cr207 oxidation method was
applied as. explained by United States. Salinity Laboratory Staff (1954).
Ferrous ammonium sulfate was used as a titrant.

An acetic acid dissolution method was used to measure calcium
carbpnate equivalent as introduced by Gedroits (1963). A 5-g soil
sample was treated with 50 ml of .5 N acetic acid and the temperature
was raised to 60°C on a hot plate. After the reaction was completed

and the released Co, was removed the sample was cooled and a 25 ml

2
aliquot was titrated with a .25 N NaOH solution.

Mineralogical Analyses

The final step in particle size separation was to separate the
sand fractions by passing the suspension through a 270 mesh sieve. The
solution containing silt and clay was transferred to.an acid jar. The
water level was brought to a height of 10 cm, and after three and one-
half hours, the upper five cm of the suspension was syphoned off into
a 20-liter container. The syphoning was repeated until all the clay
particles were separated from the silt size material. The fine clay
(<0.2u), and coarse clay (0.2 to 2.0 u), was separated by means of a

Sharples super centrifuge. The clay subfractions were then
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flocculated, using SrCl The excess water was removed by syphoning and

9°
then clay samples were transfered into 250 ml ceﬁtrifuge tubes and
excess salts were throughly washed.

A portion of each clay suspension was placed in a 50-ml centrifuge
tube, saturated with MgClz, and washed throughly with distilled water
up to a complete dispersion. The samples were mounted on ceramic
slides by the use of a suction plate. A General Electric X-ray (XRD-6)
diffractometer. was. used and 26 angles for the clay minerals were
obtained for Mg - saturated samples. The 28 angles were again
determined after glycerol-solvation, K-saturation, and heating the
K-saturated specimen at 500°C for four hours. . The 268 angles were

then converted into a diffraction spacing and clay minerals were

identified qualitatively.

Results

Vegetation

The results of the point method of pasture analysis. are presented
.in Table 2.2. Little Bluestem is. the predominant grass in the area
of all of the.pedoné,except pedons 1 and 7, where buffalo and blue
grama grasses predominate. A direct relationship does not exist
between the density or type of vegetative population and sodium content.
The total vegetation population is larger in slickspots than in the
surrounding normal soils. Slickspots give a light tone to aerial
photos due to the abundance of short grasses, not because of the total
poﬁulation of vegetative cover. The predominance of tall grasses within
an area such as the study site does not necessarily indicate the

absence of sodium in the profile.



TABLE 2.2

ANALYSIS OF VEGETATION COVERING
THE RESEARCH AREA

Bare ground

1 Andropogon scoparius little Bluestem
2. Andropogon gerardi big bluestem

3, Sorghastrum nutans indiangrass

4. Panicum virgatum switchgrass

TOTAL DECREASERS

5. Bouteloua curtipendula sideoats grama
6. FEragrostic spectabilis purple lovegrass
7. Sporobolus asper tall dropseed

8. Andropogon saccharoides silver bluestem
9. Bouteloua gracilis blue grama

10. Buchloe dactyloides buffalograss

11. Leptoloma cognatum fall witchgrass

12, Chloris verticillata windmillgrass

13, Paspalum stramineum sand paspalum

14. Panicum scribnerianum scribner panicum
15. Bouteloua hirsuta hairy grama

TOTAL INCREASERS

16. Bromus japonicus Japanese brome
17. Aristida oligantha prairie threeawn

TOTAL ANNUAL GRASSES

18. Ambrosia psilostachya western ragweed
19. Aster ericoides heath aster

20, vernonia baldwinl baldwin ironweed
21, Lespedeza virginica slender lespedeza
22, Linum sulcatum flax

YOTAL. FORBS

23. Symphoricarpos orbiculatus buckbrush
24, Carex spp. - sedge

TOTAL VEGETATION

Pedon 1 Pedon 2 Pedon 3 Pedon 4 Pedon 5 Pedon 6 Pedon 7
Couuc/400 % Count/hOO % Count/400 % Count/400 4 Couut/aoo % Count 400 % Coun§[400 Z
272 68 288 72 295 73.7 310 77.5 297 74,2 302 75.5 300 75.0
49 43 61 58.0 50 55.5 56 54,3 64 65.3 7 7.0
12 10.7 20 19.0¢ 7 7.7 t4 13.5 13 13.2 3 3.0
1 .8 4 3.8 12 13.3 13 12.6 7 7.1 1 1.0
1 .8 3 3.3 2 1.9 3 3.0
0 63 56.3 85 80.: 72 80.0 85 82.5 87 88.7 11 11.0
5 4./ 1 1.1 i .9 2 2.0
1 .9 1 .9
3 2.7 1 .9 3 3.3 2 2.0
1 .9 4 4.4 1 1.0 1 1.0
94 13.4 7 6.3 - 6 5.8 2 2.0 42 42,0
32 25.0 17 15.2 1 .9 3 5.0
2 1.8
1 .8 2 1.8 1 .9 4 3.8 1 1.0
1 .8
1 1.0
1 .9
127 39.2 32 28.6 9 8.3 8 8.8 14 13.2 8 8.0 49  49.0
3 2.7 1 .9 2 2.2 4 4.0
6 5.4 1 .9 . 5.5 3 2.9 1 1.0 3% 340
9 8.1 2 1.8 7 7.7 3 2.9 1 1.0 38 38.0
1 .8 3 2.7 1 .9 i 1.1 1 1.0 2 2.0
2 1.8 1 .9 1 1.1
1 .8 1 1.1 1 1,0
2 1.9
i .9
1 .8 6 5.3 4 3.7 10 3.3 4 3.8 2 1.0 2 2.0
4 3.8
2 1.8 1 .9
128 32 112 28 105 26.3 90 22.5 103 25.8 98 24.5 100  25.0

[44



23

Morphology and Laboratory Findings

The toposequence selected for this study isnlocated witﬁin the
reddish prairie zone. The selected pedons are significantly influenced
by the additions, removals, transfers and transformations of the organic
and inorganic material during the aging of the system. These processes
have enhanced the horizon differentiation and formation of the pedons
having individual properties. Study of the genesis and taxonomy of
the soils is possible if their characteristics are identified precisely.
The following pages present the morphology, mechanics and chemistry of
the seven selected pedons. Profile descriptions are abreviated and
submitted with the laboratory data.. The individual profile descriptions
are included in Appendix B of this manuscript.

Pedon 1 (Table 2.3). This is a dark colored soil, developed on

a slightly concave relief., The soil is poorly drained and the level
of the ground water noted to be at 165 cm below the surface in July.
The A horizon is 17 cm thick and presents a platy structure. The value
and chroma of the B2lt hoerizon are smaller. than AP, due to accumulation
of dispersed organic matter in this horizon. Prismatic structure of
the subsurface horizons is the important feature. of this soil., Prisms
are capped with silt loam material which is lighter in color than the
prisms. Continuous clay films, segregated calcium carbonates in
- thread-like form, and fine and medium distinct strong brown mottles
are noticable below the B23t horizon: The B3 horizon was noted to be
"below the surface of the ground water.

The laboratory analyses of the soil samples indicate that clay

increases and silt decreases abruptly from the A to the B horizon,
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TABLE 2.3
FIELD AND LABORATORY FINDINGS
PEDON 1
PRUFILE DESCHIPTICN:
SAMPLE NUMBER LAB NO. HORIZON DEPTH THICKNESS COLOR{M} TEXTURE STRUCTURE CONSISTENCE
70-Ck~57~1-01 77 Ap 0- 10CM 1004 10. OYR 3/2 VFSL 1MeCPL MVFR
70-CR-57-1=02 30 AL 10~ 17CM TCH 10.0YR 3/1 SIL IMPL MVF R4 DVH
70-CK=57-1-03 67 8217 17- 350N 18CH 10.0YR 2/1 S1cC 3¥PR-3FABK MVF I, DEH
70-{K-57=1~0« 31 B22TCA 35~ 55(M 20CH 10.0Y2 372 Sl 1CPR=2FABK MVF1,08H
70~Lh=-57-1-35 16 8237 55~ 83CM 23CM 10.0Y2 &4/2 St 15P=-2MF MASK My=14DEH
T9-CK=57-1=06 3 3247 83-119CH 160M 10,0Y8 472 SIcL 1MABK MVF Iy DEH
TU=CK=587=-1=-07 42 8257 119-144CH 2504 Te5YR 4/2 SICL 1MABK MVF L oDEH
70-K=-57-1-08 24 8267 146=155CH 21CA TSYR 472 SIcL 1FEMABK MVF 1,054
19-{K~57=1~09 24 83 lo5-231CM 6604 7. 5YK 472 sic 1 MABK HYF I, OEH
70-C{k~57-1~10 ] c 231-253CM 22CM .
PHYSIC AL ANALYSIS:
SAMBLE NUMsSR  LAB NO. PER_CENI
GRA vCes cs 1S FSs VFS SAND cst MSE FSI SILT CLAY CLASS
L T0=0K=57=1- 1 17 Q.00 037 0404 g.13 1456 5495 8+15 43,28 3l.62 4462 79.52 12.33 SIL
TO-LK~57-1~ 2 30 0.49 Ca37 011 0.24 2440 Te21 13.34 48,71 23.45 1,25 73,41 16425 51
TU-CK~57~-1~ 3 67 Q0 0,41 3433 0,11 0.78 le68 3.00 24,07 303,24 5.00 59432 37.69 SiCL
T9=CR=57~1~ 4 21 087 0a28  0.01 00 1,30 5.49  T.77 32.03 20.65  3.05 55.73 36,50 SIiiL
70-(a=37~1- 5 16 Ue87 0. 00 0. 00 0. 9% 1.01 4. 52 5458 30473 20.28 4011 55,12 40.21 5IC
T0=CK=57~1= & 3 000 0.00 Je05 d.le 3.42 5642 G435 27452 16.57 5034 49,44 42,58 SIC
Tu=th=57=1~ 7 42 1.35 0. 46 Jell 0+ 26 3.05 5e61 3453 32488 15485 4.42 54,16 35,35 SILL
TI-(x=-57=1~ 8 24 029 .00 Vb U9 0,77 Se 46 6438 32,34 16.91 3.83 54.08 43.42 SIC
T0-K=57=1= & 36 1406 0eb&  Jol4  UL15 3.56 8,25 12,62 29.82 14.91  3.47 48.20 39.18 SITL
T0-Ck~57~1=~10 6 9425 0,00  0.07  0.15 178 1.43 3442 33458 15,49  B.77 54,84 42,60 SIC
CHEMICAL AnALYSIS:
SAMFLE MJMBEN LAd HO. EXIIACIABLE_CAIIJNS _MEQ/100.GYS, -~ EXCAANZEABLE CATIONS MEQL1QQ_GYS. .
ca M3 3 NA H AL ca M5 K NA SUY
TI=CR=57=1= 1 77 4247 g.18 0.23 0495 2463 0. Q0 4a 87 0.14 Qe22 Jea? 5429
To=in=57-1- 2 30 7.15 3.43 .10 1.22 150 J.00 Tel3 . 3.39 U. 08 Qe 78 11.38
79=Ch=57=1- 3 67 17445 4497 Q. 42 6.51 0. 02 0.00 17435 % o8B0 J.41 4,20 26480
70=Cx=57-1~ & 31 19.97 7.75 Ue36 Te15 0.11 0. 00 19. 95 750 034 4,16 32.55
7J-K-57=1- 5 16 12+ 66 Te50 Uut0 7463 J.73 V.00 12.61 7.73 0438 6. 34 27.05
70~(K=37=1= 6 3 16.62 Tab4 0. 39 64 64 0. 00 0. 00 16457 T.40 0.37 5.03 25317
70-(K~57=1= 7 42 11 .33 3417 U2 7435 .32 0. 00 11.83 8406 Qe 41 5. 74 26490%
T0~(k=5T=1~ 8 24 15,75 9.4 Ve 34 Toos D416 0.00 15.73 9409 0.33 5,87 31,01
TY=Cn=57-1= 9 34 16440 3.58 ' 0,29 Ged3 1.09 0. 00 16400 8,67 0.39 5425 30411
70-{K=57=1~10 6 35014 6431 0.10 3.79 2.00 Yeun 364 U9 6.23 0. 08 2. 67 45408
SAFPLE NUMBER LAS NO. SOLJuLE CATIANS MEW/12Q GM§ ---SHLUSLZ ANIONS _MIQLAQR 3MS_____
ca MG K A SuM cL S06 [GH HCT3 SUM
70-CK-57-1- 1 77 0400 0,05 0.01  0.48 O 54 0.03 0,00 0,03 0.37 0.44
70-IA-57-1= 2 30 R T e N Y 0,51 U.55 D.ID 3.06  0.406 1.08
7d-ix=27-1- 3 67 0409 0.13 0.02  2.31 2,55 1.88  0.00 0,03 1l.76 3.68
TI-LR=57=1~- & 31 J.02 0.25 0,02 2439 2.68 2.13 0.00 Q. U6 1.75 3.95
T3-CK=57-1- & 16 Us05 0.13 0. 02 1,29 1.50 U.97 2.09 0.97 0.55 1,69
75-(k=57-1= 6 3 J.05 0.05 0,02 1.60 .72 1.97  0.00 0,00 1.4 3,63
TI-OK=5T=1~ T 42 V.00 0.10  0.01 1.1 1.73 1.25  0.00 0.03 1,42 2,79
T9-0K=57=1- 8 24 0.02 0,06 0,02 1.58 1.07 1449 0.00 0419 1.67, 3.15
73-CK-57~1- 9 34 J.00 0.1 0.01 1.58 1469 1455 0. 00 0.11 1.53 3.18
Tu={h=5T7-1-10 & 0.0% 0.08 0. 02 1.12 1.27 1.32 0.00 .00 1.26 2.58
ASPLE NUMSER  LAB NJ. BES_LENT __PeM.. REP_CENT RER_CENL MIL MHS ——-121_BH._ MEQ/10Q_3¥§
Y TOTAL P CACO3 TSs 125 £C L H20 CEC
7o-in=57=1= 1 77 2,36 161,56 0.53 0.02 33414 5¢43 6.72 8. 62
TD-LK=57-1~ 2 30 2,11 153.56 0. 67 0. 07 99,21 5,03  7.57 12.95
70-0K=57-1= 3 67 2.27 172.56 1.19 0.21 418,01 7.13 8.47 28.36
TImK-ET=-1= & 31 1,86 184, 56 1.50 0,31 518,86 7.28 8462 27,19
70-CK=57~=1~ 5 16 1.3¢ 190,56 0,91 0,23 282,34 7.03  8.52 26427
T3=Uk=8T=1= & 3 0,05 129,36 1.09 0419 273.25 7.18 8.52 26451
73-CR=5T=1= 7 42 0.02 115,56 1.01 0.13 278077 7.13 8.42 28447
70-CK=57~1= 8 24 0438 121.5% 1.36 0. 16 270.16 7.08 8462 28.05
70-(K=57-1- § 34 J.24 140,56 1,46 0.14 311.50 7.23 8.52 23,22
T0~C&K-57=1~10 6 024 196456 17.27 0.15 203.47 7.33  8.87 21,44
INTZRPRETIVE CALCULATIONS: 3 3 3 3
SAYFLE NJMBER  LAB NO. CarvMG CEC/CLAY ESP $52 SAR SOLUBLE/EXTRACT ABLE BASE SATURATINN
A 3 NAA SUM CAT
Ty=(K=57~1- 1 77 2435.90 59, 94 5.40 914946 .44 0.30 34,40 61,37 664382
73-CK=57-i= 2 30 208 .49 79.70 5.99  83.00  3.77 0.26 1.10 87.85 38,33
T3-uR=5T=1= 3 67 350, 84 75,26 14.81  92.85  9.72 0.54 2.73 94451 99,94
79-38=57-1~ & 31 257,55 74451 17,49 92.80 9.22 0.09 3,33 119.70 39.65
79~CK-57-1- § 16 161.10 70,20 22442 89439 6,10 0,40 1.67 ° 95.70 97.37
=ET=1= 6 3 223.28 62,26 18,99 93,93 10.24 G.31 0463 110,79 100.00
73-(h=57-1- 7 42 144,91 76,32 20.16 95,75 10,08 0.00 1.27 91.48 98.79
~57-1~ 3 24 172,21 59,29 23.92 95447 11.51 0.12 8.62 110.57 93448
TI={K=5T7=1- ¢ 34 186.58 T2.02 13.61 96,00 9.70 0.30 1.25 106.70 36.50
TO-CK=57~1~10 6 572.59 50.33 12,47 S0.70 6411 Oslé4 1,33 210.22 100.00
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The clay distribution curve is similar to those of argillic horizoms,
except that clay content remains nearly constant through the B and C
horizons. The particle size distribution of'th;vcontrol section
indicates that this pedon fits into the fine textural family. The
profile contains. more than 1% organic matter to a depth of 55 em
(Figure 3.2). The so0il reaction is neutral to basic for the A horizon
and strongly basic for the. subsurface horizons. . The electrical
conductivity of the soil water extract shows. an insignificant amount
of soluble salts. . Exchangeable. bases occupy more than 60% of the
exchange complex of this profile and..ex.changeable,Na+ saturates 14 to
227% of the cation exchange capacity of the subsurface horizons.

Pedon 2. (Table 2.4). This soil presents a dark colored profile

developed on. a smpoth relief. The soil is poorly drained and the

level of the ground water was noted to be at 170 cm below the surface
in July. The A horizon is 30 cm thick, with a coarse platy parting

to weak medium granular structure. An aBrupt smooth boundary

exists between the A and B horizons. The upper part of the B horizon
presents a strong medium prismatic partiﬂgﬂto.moderate,medium angular
blocky structure. The upper part of the B horizon presents a strong
medium prismatic parting to moderate medium angular blocky strﬁctureo
The upper 2.5 cm of prisms are capped and sides are coated with a silt
loam material which presents a lighter color than the prisms.
Continuous clay films. are observable in suBsurface horizons. Aboﬁt 50%
of the peds are coated with dark gray organic stains while fine
distinct strong brown mottles are observable within the B horizon above
the level of the ground water. Calcium carbonate concretions are

present more than 100 cm from the surface.



PROFILE OFSCRIPTION:

SAMFLF WUMBEP
TO=CA=57=2=01
TI=(K=57=2-32
TO=-CK=57-2~03
70~ JK=57-2-04
70=CR=37-2-05
TO-CR=57~2~u&
70-uk=57=2~07
T0-(K«57=2-08
TO=CR=HT7-2-CS
TI=Cr=567-2-10

LAB NO.

25

4
48
43
23
20
EL
g1
58
53

PHY SICAL AnALYSIS:

SAAFLE NUMAER
T0=-Ik=57=¢=- 1
70-CR=567=2- 2
TI=UK=T7=2= 3
TO=(R=RT=2~ &
T0-CK=57=2~ %
TI=0K=57=2~ &
70=CK-57=2~ 7
T0=UR=5T=2~ &
Tu-Ck=57=2- 9
70=CK=57=-2-10

LAG NO.

25

I3
«d
453
23
20
36
¥l
58
53

CHEMICAL ANALYSIS:

SAMPLE NUMGER

TO=(K= 572~
T9=(K=57=2~
TOmCK=3T=2=
70~0K=§7= 2~
7=(K=57=-2~
70-CK-57-2~
TU=1K=57= 2=
TU-in=87=2=
7J=CR=RT=2=
Ty=Ch=5T= 21

GLCXTaC B P W

SAMPLE NUABEKR

7C~-Uk-27-2- 1
7o-CK =57 2
Ti-Cn=37- 2
TI=in=58T=2~ 4
T9~Ik-57-2~ 5
70-3k-£7-2~ &
7
-]
S
0

Tu~TK=57=2~-
T9-(Kk=-57-2~
L~ OK~57=2-
TO~CK=57=-2-1

SAMPLE WJMBER
TI-CR-57=-2- 1
To-(a=57-2~ 2
Tu~(K=57-2- 3
7I-CK=57=-2~ 4
T3-(K=-57=2- 5
Tu-LKk-5T7-2- &
TO-CK=57-2~ 7
TC-Jdk=57-2- 8
70-lk~I7-2- 9
T0-Cn=37-2~10

INTERPRETIVE CALCULAT IONS:

SANFLE NUM3ER

TO-(K=57~2~
TU~ i 57 2

1
2
3
4
K=5T-2- §
79-(K-37=-2~ 6
TI={K=5T=2- T
7I-CK=57=2- 3
T0-(K~-57~2~ 9
TC-0k-87=-2-10

LAg NO.
25
“

48

LA NO.

25

4
48
43
23
2u
36
81
53
53

L43 NC.

25

4
48
“43

e X IR ACIASLE CALLONS MEQLLIY_GUS .
cA MG 3 NA Hoo AL

26

TABLE 2.4
FIELD AND LABORATORY FINDINGS
PEDON 2
HURIZON DEPTH THICKNESS COLIR(M) TEXTURE STRUCTURE CONSISTENCE
AR 0= 20CM 20CH 10.0YR 3/1 VFSL AMESPL~LM3R MVFR, 04
Ay 20- 30(M 1oCM™ 10.0YR 3/1 SIL M MVFR, OH
B21T 30- 48CM 18CH 10, 0vR 272 stiL 3IMPR~2MABK MEL yDVH
8227 L8= 71CM 23CM 1V uYR 3/2 sSitt 2MPR=2F&MAY MVF1,DEH
8237 Ti= 99CM 283CM 103.0YR 4/2 sic 1CPR=1MABK MVFT,DEH
B24TCA 96-119(M 2004 10.0YR 4/2 sic 1MABK MVEL 4DEH
¥25TCA  119-154CM 35CM 10.0YR 4/2 SI1C 1FEmABK MVET425H
8267 154=170LM 160M 10. OYR 4/2 sic 1 MABK MVF 1y DEH
|X] 170-223CM 53CM 10.0YR 4/3 SIC 1MEZA3K MVF 1 5DEH
[ 223=259CM 36CM
PER_CENT
GkA ves cs MS [ VFS SAND (3 MS I 31 SILT SLay Jtass
0.89 Ve 00 0.04 Je 11 0. 81 5457 6e52 53,06 17.30 1.73 72.14 22.22 SIL
. 0.00 0,02 V.08 0,20 4401 7,94 12,20 46435 14,67 3,36 67.38 21.52 SIL
130 0.50 Y.11 0433 2434 babb 7«70 47453 14,35 3,264 65.14 27.16 SICL
1.24 0e52 0.12 0. 2% 2. 88 625 10,03 36.13 14,64 3.02 53.78 36.19 SICL
D96 002 J e 0.30 U.uB &o45 4.54 35.94 15,55 3.18 54,57 &l,v2 5IC
Ua94 0. 00 0.v0 0. 00 1.39 5450 6aB9 34,50 16407 2430 53.96 40,10 IC
1.22 V.46 V.07 0.19 3.31 8.82 12.86 33.20 13.75 3405 S0.11 37406 S1ICL
Ve 00 0.39 U.03 Q.u? 2473 787 . 114,09 22,38 24,358 4,83 53,29 35.62 SIZL
075 49 9406 0.15 260 5. 75 9,05 32450 22.79 3.73 59,02 31.93 SILL
1.54 Ve85 .16 0433 4,75 Badl 14,21 406,37 s 60 3.25 53.22 27.57 SICL

e EACHANGEABLE CATIOVS MERLLOQ SHS o
ca MG K NA SUM

9,08 5,02 0415 164 2.79 9.00 9489 4492 0,13 1.08 15494
11,02 3.22 009 De67 1.75 .00 11.37 3.19 Q.08 Qe%® 15416
10.08 6.1 Qe28 - 3034 2.18 0.00 10. 06 5.99 Je27 2.92 19425
12.40 2.81 V.30 5.94 .65 0400 12, 40 2472 U.30 5.23 id.65
17,45 10469 Ua 30 Teol 0400 0.00 17.60 10451 2429 5.78 24408
9426 15479 0.33 7.13 0. U0 Us 00 921 15.68 V43l 5.53 39,73
16,07  10.28 Ue32 be19 M) Vel 16467 1016 332 4,68 51.40
12,81 7455 0. 37 5.42 0. 00 0400 12,81 706 0438 4.05 24468
23.32 . 8,27 0.237 “.35 0400 0.00 23432 8.13 0. 3¢ 316 24498
2480 5498 FIEY 1.96 0,00 Y400 13.83 6.78 '35 1.52 2z464
SOLUSLE_CAIIONS MELLLIL_GMS e SOLUBLE ANIDNS MEQLINQG G850 n.o
ca MG K NA SuM cL S04 €13 HC D3 SuM
Jedd  0eld 0402 J.36 J.56 0.52  UWJ 0.07 0.5k 1.16
U.U5 0,03 0,01 0.17 0.27 0.32 0,00 0.00 0.35 0.68
0.02 0.l 0.1 J.42 0.56 0.56 0,00 0,03 U438 1.08
VeSO 0,09 Uudd J.T1 0.89 0.3%  0.00  0.03 0.72 1.60
3.6 .08 0.02  l.e2 1.77 1.4 0,00 0.17  1.45 3,02
0.05 0.11  0.02  1.60 1.78 2.0l We0d UadT LTk 3. 85
0.00 0.12 0.0l 1.54 1.67 1,63 0.00  0.09  1.49 3,20
Qedd  DeJE V.01 1.38 1e 47 1.10 0. 00 0.03 1.18 2.31
Jeud 0el4 0.0l 1419 1.33 1,01 0.00 Q.03 1.17 2.21
0.0l 0.20 0.01 0.42 0, 64 0.70  0,u0 0.03  0.53 1.26
RER_LENT __BRY__ BER_CENT BER_LEAT MIC MBS oLl em . MEQ/Z1DQ 48
CF TCTAL P €acca 1SS 1:5 EC KCL  H20 CEC
3.0% 228. 56 0.72 0.13 45,56 5.73  7.02 18,04
2403 174456 0.44 0.09 29.23 5.73  7.02 13,95
2.15 152,55 0. 71 0.06 109.33 5.98 6.97 22.16
1.29 135,56 0.83 0, 07 172,31 6458 7,77 31.53
0.63 124,56 1.79 0.21 297,61 7.08 8,62 31,04
Ue 62 122,56 1. 34 3.18 327.95 7.18 B.62 29.33
0.22 : 1. 44 0.11 311.50 7.28  8.52 23,74
0. 24 5 1.10 3.07 283,70 6,88 8,37 23.14
Q.08 165. 56 1.74 0.06 269,00 7.13 - 8.42 30.96
Je04 182.56 0.63 0.02 97,08 6.68 72 26.01
F3 z % z
CAS MG CEC/CLAY £5p ssp SAR SOLUSLE/EXTRAZ TABLE BASF SATURATION
ca MG NAAC SUM CAT
196,57 3t.le £.02  69.64 1,67 0.82 2.06 38435 35.12
354449 64,81 3.56  63.45 1,25 V.45 0.85 108,56 39,566
165,12 81.61 13.19  82.11  2.32 3.18 1.58 36437 39,82
661,23 87.14 16.58 "93.57  4.8% 0.00 3.17 65450 95.97
163.22 74,45 18,58 93,74 9.10 0.26 0.78 109,46  100.00
58,64 73,15 18.84  92.25 B.UB 0455 0.68 104.77 100,00
162424 T7.61 16,19  93.41 8.79 0.00 1.20 110,63 1J0.00
169,74 64,97 17,48  95.80  9.57 0.00 1.11 106,63 100,00
2581.99 56.98 10,22 93.40 6,48 0.00 1.66 112.96 103,00
198.27 94.33 5.83 70495 1.63 V.08 2.96 86.43 132,00
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The results of the laboratory. examinations indicate more than a
257 increase in clay content from A to B, which increases to B23t
and reduces gradually to the bottom of the profile. The particle
size distribution of. the upper 100 cm indicates that this soil belongs
to the fine family in textural classification. . Organic matter decreases
gradually from the surface to the bottom of the profile, staying above
17 in the top 77 cm (Figure 3.4). The A and B2lt horizons are neutral
in reaction and the lower horizons. have a basic reaction. The
electrical conductivity of the soil water extract indicates no evidence
of salinity. . Exchangeable bases have saturated more than 607 of the
exchange complex in the descending order of; Ca++, Mg++, Na+ and K+.
Exchangeable sodium also saturates from 13 to 18% of the cation

exchange capacity of the subsurface horizons.

Pedon. 3. (Table 2,5). This profile consists of dark-colored

horizons developed on a smooth relief. The soil is moderately well
drained and the level of the ground water was noted to be at a depth
of 190 cm from the surface in July. The A horizon is 40 cm thick with
a mainly granular structure. The B horizon displays some prismatic
parting to granular structure. Continuous clay films, a few non
intersecting slickensides, and strong brown mottles are noticeable in
the subsurface horizons. The B3 horizon was noted to be below the
level of the ground water.

The laboratory analyses of the soil samples indicate a high
amount of silt which decreases with depth. Clay content increases
about 207% from Al to Aé horizon. The particle size distribution of
the control section indicates that fhis soil belongs to the fine

silty family in textural classification. This soil contains more



TABLE 2.5

FIELD AND LABORATORY FINDINGS
PEDON 3

PYFILE CRIPTICN:
SAUPLF | LIk Lag Nl.  HUREZUN GEPTH THICKNESS CULYRMY TEXTURE STRUCTURE CUNSISYENCE
TI-CK=57-3=01 Lb Ap 0- 14CM 152M 10, QYR 2/1 SIL 1 M5 8K=2 MGR MVFK, DH
I=Ch=57-3-C2 13 Al 15- 22CM 0 10,078 271 SIL 2830 MVFRyDH
7= N=87-2-33 5 43 22- wulH 18CH 13.0vR 2/2 s 1CPR-24GR MF&, OH
T0=CK~57~3-06 76 81 40~ 530 AM 10. 0¥ 372 SIsL 1ML C P2 MGR MFP 4 DVH
TO=Ch=57-3~C3 b4 Balr 53~ 44CM 1304 T«5Yn 372 SICL 24P - 2M3K MFT -DVH
TI=CK=5]=2=y¢ ev B227t 66= SICHM 33CH TeBYR &/2 SicL 24P R=2F EMABK MVF 1, DEH
TJ=CK=97-3=07 2 gear 95-124CM 274 TaBYR &/2 $1C LMPR-2 MABK MVF1,DEH
19 B2eT 126=149CHn 23CM TeSYK 672 SIC IMLCABK MVF1,DEA
73 B25TCA  149-17uCH 21CH Te8YR 472 sic 1MLCABK MVF1,DEH
17 8261 170-130CM 200 T« 5YR 4/4 SicC IMLCABK MVF1 ,DEH
33 B31 160-2260™ 3scM T.5Y% 5/¢6 sic 1CABK YVF I+ DEH
TO={K=57-3=-12 11 [ 226=2500M 30CM 5. 0YR S5/6 sICL H MVF 14 DEH
PHYSICAL ANALYSIS® .
SAMPLE NUMGER  LAB NI RER.LENT,
GRA vCs [ 43 FS VFS SAND cst MS I Fs1 SILT CLAY CLASS
T0-CK=57=3=- | [T 1,21 0.46 0407 Cel9  2.49 7,97 12,17 49,14 13.55 2.33 65,02 22.81 SIL
TI=CK=67-3~ 2 12 g.77 U, 03 J.39 0.J? 1.08 8.22 9417 46,43 13,35 3.65 63,43 28,32 SI1IL
TU=Ca=5T=3= 3 3 0.30 VRV U046 0.13 3.96 Te53 11a69 40.85 11,27 3.26¢ 55,36 34,03 SICL
TO-Cn=57-3- & 16 0.00 0438 IO} 0,09 2.31 6.76  9.51 30.61 25.20 4.0l 59,81 30.57 SICL
T0=(R=57=3= 5 b4 sUd  Uetl  UL0U JauB 1.76 6.0 5430 36461 26,29  3.86 62,75 30.96 SICL
70-Ch=57=3= 6 a0 000U 0443 0.U6  0.09 2,26  b.46 9429 25.56 26.94  2.79 55.27 35.65 SICL
70-"K-57-3= 7 2 0.0 0400 0409 0421 3.84 6454 13468 28,17 12.66 485 45,68 44,67 SI
Tu=LR=57=1~ @ 10 Je A0 [P 2.10 ve25 2.98 5491 11.2% ~32.45 12,75 4.99 50,18 39,52 SICL
70=Cr-57~3= 9 73 Vsl Jau8 Jel3 Vell 2.98 6eT6  l0.67 22.13 22,47 5.12 49,72 39,81 SICL
To=Ik=5T= 3=1Q 17 1.84 Je Jads 0405 2,06 Ba71 11.90 3l.%6 lJ.84 2.78 65,28 43.62 S12
70=Cr=57=3=-11 33 Vel Je 45 .07 Oetl 4,23 10s6%4 15.31 35,04 9.50 1.97 46,51 39.18 SITL
. Tu=Ch=€T7-3-12 1 1ol 000 Jea2 YY) 4092 1la36 17.18 35.26 6.97 b6 48,98 34450 SICL
CHENMICAL ANALYSISE
SAMPLE NU4AAER LAB NDLC EAICACTARLE CATICHS_MEQ/ZLJ) _G¥§ e EXCHANGEABLE CATIONS. MEILIQ0_aES___
[ 16 X NA H Av Cca MG LK NA SUM
T9=IK=57=3~ 1 s 11.06 10443 0455 .37 - 6.07 0.00 11,00 t0.13 0.6¢ V.22 21.94
2 13 12448 TR Je3s Je07 5.82 3 vl 12,30 4.88 0. 30 J. 07 17,55
3 b 13,53 Be63 T Ue27 Ue0 S 5028 0.00 13.41 5.37 Q.25 0.05 19,08
4 76 1J ea4 2431 Je38 Va2, G4l 0. 90 10. 42 2,79 0. 37 0425 13,83
£ LT lue By 3.74 Ve 37 JebS 6405 300 12,40 34860 043¢ Je 31 15.07
6 a0 12.6¢ 4,77 0.45 Q.87 4499 0.00 12. 66 44067 V.hs 0.52 13429
T 2 17.96 .37 Q0.138 Jab5 2,91 0.0) 17,91 8431 0.37 Qe o4 2T.92
] 13 1067 4. 0o 0.35 J.64 2.28 0.90 16462 T.95 G.33 V.50 25.40
9 73 21.0% 4450 0.43 1.29 . 88 U. 00 22,26 4.26 0.41 .62 27455
3~10 17 28483 8.32 0433 1.9% J.08 0,00 28,51 8,30 0.32 1.28 38.11
TI=Cr=47=3~11 33 17.19 7.55 0. 36 1.21 1.35 0400 V17416 T.20 0.35 .80 25.52
To=-LK=57=3-12 11 15,42 602 J.30 J.59 2. 64 0.00 14,77 [FP%-23 0.29 Qo438 22406
SAMFLE NUMECR  LAE ND, S2RLE_CATIONS MENLINO G¥S..___ ---SOLURLE ANIONS MEQ/ZLQQ GMS.. .
cA My K NA SuM cL S04 o3 HCO3 SUM
TU-CK=57=3~ 1 a4 .06 0.33 0.0 0.05 2,47 0,39 0,00 0.03  0.42 0.84
7C-Or=67=3~ 2 13 V.18 0.2u 0407 Q.Y V.23 0.1 0.00 U0 D28 J. 46
7= CK-2T=3= 5 5 J.12 0.12 0.02 0.0 Q.26 9.1  0.00 0,00 0.20 .34
TJ-ir=5T-2- & 7¢ Veu2 0.13 0.2 036 V.53 J.10  0.00  0.03  0.32 V.45
TU-CK-5T=3- 5 64 0.00 0.14 0.01 0.1% o.28 0.20 0,00 0.03 0.29 9.52
70-CK=5T=3- 6 a0 9.00 .10  0.01  J.35 Q.45 0.09 0,00 9.03 0.23 U. 15,
TI-CK-57-2- 7 2 VeuS  G.d7  G.ul J.11 0.24 0.19 0.0 0.00  0.15 0.35
3 10 J.05 U.ll 0.92 0.15 0. 33 0.25 0,00 0.00 0,30 0.55
s 73 0425 0430 0.02  0.47 1.27 ‘0.85  0.00 0,03 0,93 1.82
€7-2-10 17 0.32 0.32  0.07 0.36 1.02 6.97 03.00 0.07 Q.34 1.88
11 33 J.03 0.36  G6.01  0.40 0. 78 0,70 0.00 0.03  0.64 1428
T3-0K-57-3-12 1 Ouls  Ue0B  Uuul T.ll u.25 V.26 0.00  G.u0  0.30 256
SA4FLF GUMDFR  LA8 NC. RER_CENY pey BER_LENT BER_CENT MIC_MUS ——clil_Bd_ . MEQZ1D0_GMS
am TOTAL P €acas3 1SS 1:5 £C KCL  H20 ceC
TUSCk-5T=3~ 1 46 4.48 275.56 G.53 Qw7 78,27 5.48 6,17 22.88
TO-CK=-87-3- 2 13 3,73 240,56 o.48 0.11 20.58 5453 6.52 20.93
3 5 3.03 212.56 0.51 0.99 11,55 5.28 6437 22.1%
o 76 2.0 104,56 Uubh 3.3t 86,95 5,33 6.47 12,56
TI-PA=6T7=3- ¢ 64 2.07 18U, 56 6. 73 2.00 204,40 5.43 6,57 24423
73-CK=37-3- 6 82 1.20 143,56 J. 65 0.Q2 79. 06 5.48 6.77 23.41
TImOK=ST~ 3= 7 2 0. 87 128454 .95 0.08 30.06 6,23 7.42 29.06
TU-CK=57-3- & 19 0.63 121.56 0. 66 0. 08 37.37 6,58 7.62 29.19
TL-OK-57-3~ § &) 0.5d 93 .56 1,43 0.04 210.05 6.98 8.07 25.32
TI-IK=67=-2-1C 17 Q.52 105. 56 2.61 0.15 156447 7.18 8.17 30.16
T0-(K~57=~3-11 33 0.42 98.56 1. 10 0.07 130. 86 6488 8.12 27.36
TC-OK-B7=3-12 11 0.30 142.56 0.75 0.07 22448 6453 T.67 23,67
.
INTERPRETIVE CALCULATIONS: 4 % % b
SAMPLE NJMAER  £4B ND. casvs CEC/CLAY ESP ssp S an SOLUBL E/ EXTRACTABLE BASE SATURATION
ca MG NAAC SuM CAT
T0-CK-57-3- 1 44 105.93  1U0.29 1.28 164,30 0.18 0.52 2.99 95. 90 78.32
Ty=uk=57=3- 2 13 245430 73,56 0. 36 0.00  9.00 1.26 4405 86,27 75.10
70-CK=57-3= 3 5 266459 69.10 0. 23 0.00  0.00 0.8% 2.28 86,11 75.23
TImUK=5T= 3= & 76 354450 63.77 1.30  75.93 1.38 0.24 4450 70. 6% 71.88
TI-CK-57-3- 5 6 249,10 74,59 1.26  b2.14  0.76 0.30 3476 61 .94 71.35
T0-CK=57-3- 6 40 265452 66461 2,20 44.92 .26 0.00 2,06 T7.47 78.58
7 2 214,55 65.05 1.52  51.09  9.63 0.28 0.380 93.00 90,29
T0-(K~57-3- 8 10 206.80 73.86 1.70 52.65 0.73 0.31 1.4l 87,03 91.77
70-(K=57=3~ 9 73 436457 63453 2,43 60.72  1.76 1.28 7.02 109.21 96.93
TI=OK=5T7=3-12 17 3a6,68 69.15 4.25 43.14 Je91 1.1 4.07 126432 9%. 80
TO-~Ch=-57=3-11 33 22774 Tl.61 2. 94 G4e 82 1.32 .16 4.79 93.33 94,99
70-CK=57-3-12 1 223 .86 68,01 2405 50485 0.63 0.3%5 1.17 94,11 89432
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than 1% organicvﬁatter from the surface to the depth of 100 cm
(Figure 3.6). Soil reaction varies from acid to neutral, basic and
strongly basic within the profile. Base saturation is more than 60%
of the total cation exchange. capacity. . Exchangeable sodium saturates
a negligible percentage of the exchange complex.

Pedon. 4 (Table 2.6). This profile is a dark colored soil

developed on a smoqth relief with 27 slope. The soil is somewhat
poorly. drained, and the level of ground water was not found within

320 cm of the surface at the time of sampling. The A horizon is 33 cm
thick with a platy structure. An abrupt wavy boundary separates the
A and B horizons. The B horizon presents a moderate coarse prismatic,
parting to.mbderate medium angular. blocky structure. Prisms are
coated and have 2 cm caps of silty lo%m material which are very dark
grayishvbrown in color. Continuous clay films, fine black concretions,
and very dark brown organic stains are observable below the Bl
horizon.. . Caleium concretions. are also. occurring in B23tca and lower
horizons.

Laboratory data denote an increasF of about 50% in clay content
,from.the,A,ﬁo.the B horizons, Clay content increases with depth, and
the C2 horizon contains 827 total clay. . The particle size analysis
of the control section places this pedon in the fine textural family.
Organic matter decreases within the profile, but the top 100 cm
contains more than 1% organic matter (Figure 3.9). The soil reaction
is neutral in the first 80 cm and changes to strongly basic in the
lower parts of the profile. Exchangeable bases are in the order of:
Ca++, Mg++, Na+, and K+ and saturate more than 607 of the total cation

exchange capacity. Exchangeable sodium saturates 14 to 19% of the



TABLE 2.6
FIELD AND LABORATORY FINDINGS
PEDON 4
PROFILE DESCPIPTION:
SAMPLE NUM3ER  LAB NG. HOFIZON  DEPTH THICKNESS COLOR(M) TEXTURE STRUCTURE CONSISTENCE
70-CK=57~4-01 40 AP 0- 22CM 22cm 10. OYR 272 SIL 1MECPL MVER, OH
70~CK~57=6=02 75 A1 22- 33CH 11cM 10,0¥32 3/2 SIL 1Pt MVF R, OH
Tu-OK=57=4=03 83 81 33~ 53CH 20CH 1U.0YR 4/3 sIcL 2C°R-244BK MF14DEH
70-CK=57-4=06 63 8217 53- 81CM 28CY 7.5W3 3/2 sItL 2MPR-3FSMABK  MVFI,DEH
70~ (K=57=4=05 56 B227 Bl~106CH 23cM T.5Y3 472 sicL 1CPR-2FEMABS  MVEI,0%H
70-CK=57~4-Cb 49 R22TCA  104-124LM 20CH T.5YR 4/6 sIcL 2MABK MVE T, DEH
70-CK=57-4-07 35 B235TCA  124-152CM 2804 5.0Y3 4/4 SISL 1MABK MET 4DEH
70-0K~574-C5 74 B2aT 152-180CH 28CM 5.0YR /6 SICL 1445K MET40EH
70=(R=57~4=09 15 831 180- 200CH 2000 Za5Yn G/6 ¢ 146C ABK MFI,DEN
70-LK=5T=4~10 61 83204  200-224CH 26CH S.0VR 476 s1cL 13K MFL,DVH
T9-CK-57-4-11 56 c1 228-259CH 31CM 5.0vR 476 c MVFI,DEH
TO-CK=57~4-12 45 c2 259-239CM 30C4 5.0V 4764 :
T0~CK-57=4~13 27 €3 289-320CH 31CH 5.0YR 4/4 c
PHYSICAL ANALYSIS:
SAMPLE NUMsZR LAB NM. PER_LENT
GRA ves cs 43 FS VES  SAND CSI M1 FST  SIUT  CLAY CLASS
79-0K~57~4~ 1 40 1a17 0,60 0406 9,27 6422 9.88 16.84 55.7T  6.24  1.68 63.70 19,46 SIL
70-LK=57~4- 2 75 0.0 0.33  G.08  0.19 3,73 13.17 17.55 33.51 25.17  3.3% 53.57 18.87 SIL
70-CK=57=4~ 3 83 G0  Uu42  D.33  3.10  2.86  T.66 11.01 27.21 24.24  6.63 58.18 30.80 SICL
T0-TK=5T=4= & 63 0.00 0.6l  UJU0  0.08  1.76  2.33  %,55 23.32 25.25 5.14 58.71 36,78 SICL
70-CK~5T=4= 5 68 0.0 0442 0,01  0.07 1.77 3.85 6.12 25.21 25.59  5.53 56,33 37.55 SICL
70-0k=57-6= 6 49 167 0452 3.1l .23 2.53  6.85 B34 36,60 13.47 4,88 56,95 36.71 SICt
70-0K=5T-4~ 7 15 3,85 0.42 0,06  0.06 3,39 8.56 12,45 28.26 11.77  3.95 643,96 43.59 SIC
TU-EK-57=4~ B 74 VI 0450 0.09 0.1l 3031 6,36 10.35 15.66 22.85 6.93 45.53 43,95 SIC
T0-0K-5T-4- § 15 1009 Vel 04U5  0.06 D65 3,63 3,98 1T.U3 14.73 13.67 45.43 51,43 SIC
TO—(R~57=4-10 61 GeT6  U.57  0.09 0,10  0.00  0.00 0.76  9.05 20.92 17.35 47.32 53,18 SIC
79-CK-57-4-11 59 16437 2437 1429 1.27 1446 2.90 6,30 16473 12,87 9456 39.16 51.56 C
70-0K=5T=4-12 %5 2050 06T, 0443 0,59 1.25 1468 6462 11448  0.00 4,28 15.76 82,28
TO-LK-57-4-13 27 3,25 0.7 0.67 0,68 1.12  2.16  5.3% 7.6 2,53 13.32 23.01 T1.66 C
CHEMICAL ANALYSIS: :
SAMPLE NUMSER  LAB NO. e EXTIALTABLE CATIONS MEQZA00. GHAS —=-EXCAANAEARLI _CATIONS MEQ/IQD GMS___
[ MG 3 NA H AL cA MG K N& SoM
70-Cr-57-6= 1 40 3.99 3449 0.20 2.62 4e19 0.00 8. 89 3.46 0.18 041 12.93
TU-0K~57=4= 2 75 5.264 U.80 0.22 124 3.81 2.00 5426 0,77 0,21 0.75 6,97
70=(K=57-4- 3 83 5445 1.99 0.29 2.65 3,28 0.00 5445 1.97 9.28 2,20 9490
T9=CK=5T=t= & 63 9.67 5.59 0432 4456 2.51 0.00 3.67 5.53 033 3.98 19.50
70-0K=57=4m 5 66 10.264 5.64 04 34 5.68 0400 3409 13,24 5.58 0,33 4.95 21.10
T0=CK=5T=s= & 4 11 o8¢ T.64 G.30 5. 89 0.09 0.00 11. 838 7,34 0429 4.58 24413
70-0k=57-4= 7 35 13,58 7.84 0.25 5,89 3.73 V.00 13,8 7.75 0. 24 454 26.12
70-Ck=57-4~ 8 74 11,37 5,40 0. 31 5.73 Ga42 0.0) 11,57 5,76 0.31 4,98 22.41
70-LK=57-4= 0 15 15,75 8.84 0.14 .72 0s 66 0,00 15. 70 8,77 0.12 4,08 23,87
70-0K=5T=4=10 61 37,7 7.7% 0.22 5.3 Q.00 9.00 37.74 7,60 0,21 3,88 49442
70-CK=57=4=11 59 38.15 7.29 0.32 4,06 0,00 0,00 38.15 7.8 9.31 3,04 48466
T0-CK~53T=4~12 45 40425 5457 0.20 3480 0.00 0. 00 40426 6,50 0.19 2.86 49,80
TU-0K=57-4=1% 27 24,16 9.81 0.19 2.75 2,99 0.3 28.08 9,70 0.18 2,01 39. 96
SAMPLE RUMAER  LAB NO. SULUBLE CATICNS MEL/L2u GMS . —e-RQLUBLE_SNIJNS_MEQ/IQ0.GMS. ...
ca MG I3 NA suM ct SD& co3 HCD3 UM
TO=CK=5T=4= | 40 ULl 0.23 0,02 .21 0.67 3.53  9.00  8.03 0446 1.03
70-CK=57=4= 2 75 3.00 8.03 0.0l 049 0.53 0.064 Q.00 0.03  0.33 G.61
70~CK=5T~4= 3 83 0.00 0.22 0.0l Q.44 0.67 0.00  0.00 0.03  0.40 0.4
TImOK=0T-4= & 63 0,00 0.36 06,01 0,58 0.65 J.45 0.0 0.03  0.40 0.88
70-C(K~3T~4~ § 66 0.00 0.06 0.01 0.72 0.79 0.50 0.00 0.03 0.45 0.98
70-0k-57-4- & 49 Ga00 0,11 0.1 1,21 1.33 1.16  G.00 0.03 1,06 223
70-CK=5T-4- T 35 0.00 0,10 0.01 1.32 1.46 1.29  0.00 0.09 1.2% 2.64
FTI-LK-5T=4~ § 7% 0.00 0,33 0.0 0.82 0. 86 0,11  0.00 0,03  0.57 0471
TO-OR=5T=4- 9 15 V.05 Duub  0.01 0465 0.77 0425  0.00 0.00 0.35 0. 60
70-(K=57-4=10 61 V.0 015  0.01  1.46 1.62 1,26 0.00 0.03 1.32 2.60
TO=CK=57=4=11 59 0. 0,13 0.01  1.00 1.14 0,90 0.00 0.03 1.10 2. 06
79-0K=5T=4~12 45 UsU0 0.17  0.01  0.96 1.13 D.64 0,00 0.03 1.1} .78
70-(K-57-4-13 27 2.08 0.12  0.01 3.74 0. 96 G.86 0.00 0.12 0.92 1.87
SAMPLE AUTBER LAB NO. PEL_CENT  __PBY__ PEL_CINT pER_CENT PIC_MuS 1:1_PH MEW 100 _G¥S
) TOTAL P CACC3 TS . 1:5 €C KCL  H20 333
70-(K=57-6= 1 %0 3.76 225,56 0. 41 0.08 92,76 5.73  6.62 17,47
70-CK=5T=4= 2 75 2.25 172.56 0.29 0.02 87.68 5,33 6,82 11,27
TI-Uh-5T-4~ 3 83 1.8! 156,56 2.56 0.01 111.24 5.28 7.02 13,50
79-CK=57=4= & 63 1.72 130.56 0.93 0, 06 117.91 5.18  7.37 28.21
70-Ck=5Tmt= 5 66 1.03 109.56 0.92 6.03 138,50 6,88 B8.22 26.65
TO-UK=ET=4= 6 49 0450 115,56 0.1 0,10 239.46 6.98  8.22 25.93
79-CK-5T-4= 7 15 0.38 107.56 1,10 0.13 228,24 7.18  8.47 26.51
70-0K=57-4= 8 74 Q.41 115,06 0,77 V.03 156,65 6.73 8.27 24.92
70-Cx-57-4= 9 15 0.35 163,56 0. 86 s.11 116,71 5,73 8.12 28.08
70-CK-37~4~10 61 0.39 184,56 6.08 0.08 257.37 7,03 8.42 33.88
79-0K=5T=64=11 59 9037 319,56 7.46 2.04 212.54 7.08 8.52 31.82
T0=CK=57-4-12 %5 0437 270,56 4,26 0. 06 220.22 6.93 8.02 36.81
70-CK=57~6~13 27 0.28 366,56 1.74 0.07 138,56 6.83 8,17 34,73
INTERP&ET [VE CALCULATIONS: 11 H : z
S&MPLE “UY3ER  LAS NG. CA/MG CEC/CLAY ESP ssp S AR SOLUBLE/EXTRACTABLE BASE SATURATINN
ca MG NAAC SUM CAT
T0-CK=-5T-4- 1 «0 241443 83 .77 2436, 55.59  0.85 0,09 6,67 74,04 75,54
73-0K=67-4- 2 75 653,68 55,72 6457 96,26 5.54 3.30 3,37 61.87 64.65
73-Ck~5T =6~ 3 83 274030 45,014 15,861 95,40 6,69 0.00 0.39 71.21 75,11
70-CK-5T-5= & 63 172.97 76,71 14,09 92.92 4.6 0.00 1.15 69,12 38,61
TI-CK~5T=4= 5 66 181.43 79,98 18,59 94,18  5.88 3.90 1.08 79,18 98,12
79-CK=8T=64m & 49 159464 70,65 18,03 94,20  7.33 0.00 1,49 93.26 99.53
T0-0n=87-4- T 35 172.90 60432 17.12  94.79  8.26 0.00 1,32 98. 54 97.2a
79=0K~57=4~ 8 74 196,14 56,70 19,97 96,17  8.89 3.00 0.59 89.94 98.18
70=Ck=5T~4~ 9 15 178.23 54,60 14.52  86.41  3.82 .8.32 0.72 102.10 97,76
70-UK-57-4-10 61 486469 63.71 11.46 93,70  7.48 0.00 2400 145,87 100,00
70-Cx-57=4-11 59 522,29 61.15 9.56 92,17 5,50 0.00 1.85 152,93 100.900
70-CR=57~4-12 45 503,40 44,73 7.73 90.36  4.66 0.00 2.58 135.31  100.00
To-Cx=57-4-13 27 286,93 48.46 5.77  82.58  3.33 0.30 1.19 115,06 , 100,00

30



31

total exchange complex of the horizons below the Al horizon.

Pedon 5 (Table 2.7). . This profile is a dark colored soil which

is redder in subsurface horizons. The soil is. developed on a slightly
convex relief and is moderately well drained. Ground water level did
not occur within 236 cm of the surface at the time of sampling. The

A horizon is 50 cm thick with moderate fine and medium granular
structure which continues to the Bl horizon. The B2lt horizon displays
a moderate medium prismatic parting to moderate fine granular blocky
structure. Common distinct yellowish red mottles and continuous or
patchy clay films are present within the B horizon.

The laboratory analyses of the soil samples indicate an increase
§f‘about 20% in clay content from Al to the A3 horizon. The B22tca
horizon contains the largest amount of clay within this pedon. The
particle size distribution of the upper 100 cm denotes the soil to
be fine-silty in textural classification. The first 60 cm of the
surface of the profile contains more than 17 organic ma£ter (Figure
3.11). The soil reaction varies from neutral to strongly basic
through the depth of the profile... Exchangeable bases are in the order
of Ca++, Mg++,.Na++, and K+ and saturate more than 567 of the total
exchange capacity. - Exchangeable sodium percentage is insignificant
and soluble salts are absent in this pedon.

Pedon 6 (Table 2.8). This profile is a dark colored soil which

gets redder with depth. The soil is formed on a slightly convex
relief. The soil is poorly drained and ground water level was found
-at 233. cm below the surface. The A horizon is 35 cm thick with a
weak fine platy to moderate medium granular structure. The Bl horizon

Adisplays a moderate medium prismatic parting to strong medium granular
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TABLE 2.7
FIELD AND LABORATORY FINDINGS
PEDON 5
PRCFILE CESCRIPTIONS
SAMPLE NUSRER LAB NC.  HORIZON £3PTH THICKNESS CULIR{M) TEXTWRE STLUL TURE CONSISTENCE
TU~CRa57=5201 34 Ap Q- 20CH 20CH 10.0YR 3/2 $iL 2MECPL MVER, OH
T0~CK25T25=02 41 Al 20- 3d(M 15Cm 106 0Y2 372 sit 2REMGR MVF Ry OH
70=0K= 57« 5=(3 68 A3 38- 80CMm 120H TeSYR 3/2 SIL 10PR=2435R MPR 4OH
TICK~57+%=34 7 81 50~ SOCM 10CH 5.QY8 3/2 S$I1CL 1CPR-2MGR MEL, DVH
TJ=CK=BT=5-35 81 8217 6= GlCM 31cH 8, 0Y 4/3 sict ZMPR=ZFABK MVF 14 DVH
TG= K~ 5= 5=t 22 B22TCA  G1-116(M 38C4 5.JYR 4/3 sS1cL 29ABK MVF1,0EH
70=CK=-5T=5~07 47 63 116=142CH 2604 5. 0YR 5/3 sict
TO=(R=5T7=8=08 A9 cl 162=140CM 18¢H 5.0Y2 573
7o K- E 1= 52 36 39 c2 160-193rM I3cM 5.0YK 672
79~ {K~37=-5=10 19 €3 192«2200¢ 27C % 5. 0Y% 372
73-Ch=57=5=11 [ Cée 280-236CM 16C4 2.5Y0 472
PHYSICAL ANALYSIS:
SAMPLE NUMSER  LAB NO. pER_CENT . _
GRA ves- cs ¥s ES VES  SAND st “51 ESI  SILT  CLAY CLASS
TO=OK= £ T 5= 1 84 Jeul J.13 vedd Uel2 4,79 12.644 17,76 34.7% 22.56 5,54 62.864 19.40 SIL
Tu-(n=slse 2 w1 a2 0e43 V.09 0. 28 6493 12,62 20.34 43,01 10.16 1,50 54,77 24.89 SIL
i -5+ 3 68 Sed 043 J.0& 0.19 0 4,08 $.57 14,31 29421 23,40 3.93 56,54 29,15 SICL
To="KeRT23= & 7 Ve80  JeUd D4l 061 5.52 10,97 17.07 38.34  10.51 3.59 S2.44 31.45 SICL
7=k =-%T7~5+ 5 51 1424 %% 0ulé Q424 3468 8,50 13,10 40,75 11438 4413 54,37 30,%3 SICL
70~ K eB7=3% & 22 Je31  J.00  U.00 0.0 2.07 11426 13.34 36,33 12,23 3.82 532.38 35,27 SIL
IOTIACR SN T 4 4«7 1.21 0445 0.07 0sl5 1.70 988 12423 4397 14.39 S5.41 60,18 25.99 SIL
TIeIK=CTe% 8 69 00 Jeel 0,00 0403 2414 12,32 14,89 24494 27.10  6.3F 58,43 25.69 SIL
TQune BT G 39 1052 Weé3 3002 0411 3436 6.4 10,41 35,39 19,90  3.56 54,85 24,74 SIL
T0~CR=bT=510 19 4yB0 0400 0,95 000 1451 17.69 19425 44430 13,48  4.47 62425 19.17 SIL
70=TK=5T=5=11 8 JeBO 0400 D405 0uld 2496 8439 11.5%5 33,18 22.67  9.17 85,02 26,40 SIL
CHEMICAL ANALYSIS:
SAMPMLE NUMWER  LAR N, EXIEACLAOLE CALIONE MEQLLI . GYS e LECHANGEAMLE CATIOYS. MED L0038 e
CA 46 .k A H AL ca LI |3 1A Sum
TO=Ik=57 3= 1 84 Te%0 1.43 Veld Jae2 5.28 Jeud 7.53 1,54 V.37 Y12 3¢ 56
70~ W=bT=5= 2 &1 3418 R0 J. 19 3437 %.78 3400 8.13 5428 Jeld Je3l 13,94
TG=LA=573= 2 HR 7420 317 Jadl Je29 5,45 - 0.00 Tald 3.07¢ 0. 30 Je21 1375
Tu=in=57= 3= 4 ? Geldn 5,40 Q.20 ded7 .93 Vet 9431 5.682 .18 0.07 154 264
TI-(K=57-5- & 2 3.7s He52 0. 26 Je 46 5.32 0.00 8. 74 6,38 025 0.39 15.17
T0=NK=57~5~ & ¢ 10,91 7.81 Q.20 Y92 2.80 3.00 10,89 T.7% Gel9 34 91 19,73
TU=(K=5T«%~ 7 7 11.22 0. 98 Qe ln 0453 257 0.00 11.22 679 0.17 0.43 18461
T=CR=57=5~ § 69 16400 276 0.22 Qe 40 .61 0400 15.57 2438 0.21 0.2%5 13442
TI=K-b7=5= G 39 17.1% $.23 Uev9 Je50 J.19 0.00 16494 4,86" Q.09 0.37 224 2%
73=0K=57=5=10 19 12,76 477 0.03 0.97 0425 0.00 12,43 4455 0432 3,89 17,89
70-CK=-57=5-11 ] 23.2% 5416 0.08 0,28 0.28 0. 30 2296 5.93 0.07 0.16 29.12
SAVPLE NOMBER  LAB NO. —S0LIOLE_CATINYS MEQZIIQ GUS__ —--SDLUBLE ANIONS MEQ/L22 GMS.
ca MG K NA SUM cL S04 ca3 HCU3 SUM
70-CK=E7=5~ 1 as 3402 0430 0.03 0.3 0. 66 ~0.00 0.00 0.03  0.53 0.5%
73-"R-57-3- 2 3 Jed¢ U.17  0.01 O.ub 0.24 0,30 0,09 G.03  U.26 V.59
70-~CK~6T=5= co 0092 0.0 0.0L .07 0.20 2.22 UL 2.03  0.22 d.48
4 7 0435 0412 Q.02 0.00 0. 19 0.37 0.00 0.00 0,22 V.60
5 51 Jeud 014wl 0.7 0.21 V.33 0.00  0.03  0.20 2.57
6 22 0.02 .95 Q.01 0.01 0. 09 0u.14  0.00 0407  0.15 .36
7 47 9.33° V.19 0.0l 0,09 0.39 0.40 0.00 0.03 0.28 0. 71
-R7-5=- 3 65 de63 0e38  0.00 0.15 0.96 1.23  3.00  2.0%  0.75% 2,07
73-CK=57-3- 9 39 0.20 0439 0.00  9.13 0. 71 Q.52 0.03 0.03  3.53 1429
70~ 3K-57=5=1¢ 19 033 W72 U.01 3.08 0.64 0.33  0.00  0.U7  U.59 0.99
70-0K=57-53-11 8 J.28 0423 0.02 3,12 0. 62 V.37  0.03  0.00  0.58& 3.95
SAMPLE MU4SER  LAB NO. RERE_JENI . peM__ PER_CENT EER_CENT - MIC _MHS 12124 227100 348
oM ToTaL P CACI3 TSS 1:5 £C KC H20 334
1 36 3.73 218,56 0.55 0.03 121.05 S5.28 6.42 11.11
2 &1 2.38 173 .56 C.44 0. 04 S4e 61 5.23 64,27 16,68
3 68 2.10 165.56 0.56 Ul 27.00 4.98 6417 19,14
2 7 1.77 155,56 0. 52 0. 03 ~2.92 5.03 6.12 20.37
s 51 J.87 125,56 0.43 0,00 56400 5.13 5.92 22,45
& 22 C. 44 99,56 V.69 0.07 4.t 5.43  6.72 21.91
- b 47 0.32 93.56 0. 48 0. 02 64,24 5.88 6.97 23.01
70-(K=-37-5- 8 66 0.28 94.56 0.84 0.02 138.50 7.03 8.12 20.92
TI-IK=E87~5 § 39 036 151.56 1.43 9,03 130.67 7.38 9,42 16.49
TI-CK=57-5-10 16 0.19 219456 1.18 c.08 87, 94 7.33. 8.67 12,93
70-3K-57-3~11 5 V.18 29,56 2425 0.09 77.85 7.23  8.37 15416
INTERPSETIVE CALCULATIONS: 3 5 2 #
SAMPLE HUMAER  LAB N3, AN CEC/CLAY ESP SSP SAR SOLUBL €/ EXTRACTABLE BASF SATURATIIN
ca 5 NAACT SJM CAT -
H 34 412,73 57.26 1.05 57.18  1.08 0.33  19.27 §6. 03 64,43
70 57 z 21 150,41 75.08 1.8  37.385  0.30 . 2.30 3.32 70.81 70.67
T0-Cr=47 3 LY 227.35 65466 loll 45,76  0.43 0.25 3,35 56429 62.52
70- 87-5- & 7 161,29 64,79 J.35 J.30 . 300 0.55 2410 74481 71.83
70-CR-%7-5- 5 51 134,14 73.75 1a70  46.96  0.37 0.00 2.7 79.26 74.76
70-0K-57-3- 6 22 139.73 62411 4els  10.56 0,06 0.17 0,73 90408 37.58
TO-W=5T-5- 7 47 160,65 85.28 1089 43432  0.62 0.20 2.36 80.87 87,87
TO=(K=5T-5= o 69 530,21 78.58 1,20 19.92  0.32 2.77 16,03 38,04 96.80
? 29 327455 55,58 2.27  24.85  0.33 1.17 8,60 134,87 99.17
CK-57-5-10 16 267.68 57,70 6.85  15.24 0,2} 2465 4.76 137,81 98.64

79~k -57-5-1" 8 377.92 62411 1.05 24.93 .36 1.11 3.83 192411 $9.04



PROFILE DESCHIPTION:

TABLE 2.8

FIELD AND LABORATORY FINDINGS

PEDON 6

SAMFLE NU4REPR LAB NO. HORIZUN DEPTH THICKNESS CILIR (M) TE XTURE STRUCTURE CONSISTENCE
70-CK-57~4-01 32 APL 0= 5CH 5CM 10.0YR 3/2 St 1FPL MFR DA
To=-Lk=5T7-€6-02 9 AP2 5~ 2uCM 15CHM 10.0YR 3/2 SiL M-1MGR MFR s DH
T9-CK-57-5-03 8s Al 20- 35CM 15C4 10.0v? 3/2 Sty 2M5R MFR, DH
T0-0K=CS7- ¢~ (6 27 B1 35- S0CM 15CM T.5YR 3/2 SICL - 2MPR=-3M5R MFI=JH
TI-(K=5T7-56-05 62 8217 50- &aC™ 1804 5.0YR 4/3 sicL 1 4PH=3 MGR MVF I, OVH
70-CK=5T-0=0b 78 Be2t &£5-101C™ | 33C4 5.0v2 4/3 SISL 2MABK T MVET.DEH
T0-0K=-5T~6-07 28 8237 101-126CM 25CM 5.0YR &/4 SIC 2MABK MVFI,0EH
T3-Ck=57=,-03 1 824CA 12¢- 1600 3alM Ss OYR 4 /4 sicC 14a8K MVF 1, DEH
7d=Crh=bT=h=(9 S0 33 160-125CHm 25CH 5.0Y2 /4 SICL 1CA3K MET ¢y DVH
TI=CK~57-5=10 la 1 la5-205CM 20CN S.0YR &/4 S1cL M MF L, DVH
TO=EK=-5T~5-11 LY [# 205-233{M 24 5.0v: 172
TC-iiK=6T=6-12 38 c3 232-251(M 24CH 5.0YR 4/3
TI-CK=57~6~13 57 ca 261-279(M 180 5. 0¥R «/3
PrYSICAL ANALYSIS:
SAYPLE NUMBER LA3 NJ. BER_CENT.
GRA vCs cs [ FS VES SAND (31 sy FS1 SILT CLAY ZLASS
TU-CK=-57~6- 1 32 1.32 Ja22 0.05 0.13 4e¢ll 11.84 16,51 45.66 12,62 1423 59.29 264,20 SIL
To-0(K-5T7=6= 2 9 0.81 Q.00 .09 0.35 5.00 9e96 15,39 46415 12.19 2,983 6l.27 24.30 SIL
T0-0Kk-57-0- 3 a5 Yl Qe 39 .04 g.l0 3238 10.35 14,33 33,73 26,25 5,62 63.59 22.08 SIL
T0-(K=57 ~n= & 37 1.21 Va0 Q.05 Q. 26 5.28 11.10 17,09 38.13 12.7¢ 2413 53,02 23.89 SICL
TI-Ch~5T7-¢&~ S 62 0.Qu Jeh? Ul U.24 V.71 4452 5.92 30.88 25.52 473 61413 32.9%5 SIlt
TI=[K="T=4=- ¢ T8 [V D39 0. g% 0.7 2.24 6,57 S.31 21,10 24.20 3.1 68.31 42.38 SIC
70=0R=57=5- 7 28 1.6 043 J.12 0,15 3.56 Qe0%& 13,32 30.41 11.53 3.62 65,50 41,12 SIC
T9=JIn=R7-6= & 1 uedC 9. 00 Va5 V.12 “.24 Bo.6y 13,11 31,25 7.643 4e22 42439 45,08 SiT
TU=CK=57=6~ 9 56 1.22 0.51 010 3.15 1.6l 5. 69 Be06 34,52 24.568 5409 66,59 27.2% SICL
70-Ch-57~6=10 14 V.42 3400 I 0.0 1.24 10.99 12.23 36.11 13,98 6,39 56.49 32,22 SlCL
TI=(K=8T-&~11 ab 1.21 [T Q.07 Osla 1e33 10420 12,19 45,57 15,75 5.97 68,29 19.52 SIt
TO=Cr=5T7-1n-12 38 1.20 Ja.6s J.U5 Qs 10 5080 12.53 18B.92 29.03 18.46 7.33 55.32 25.74 SIL
70-(m-E1-4~13 57 V.75 Qedt 2.03 V.98 2451 Te62 1J.72 264468 30.78 11,18 66.03 22,64 SIL
CHE MICAL ANALYSIS:
SAMPLE NUMBER LAB Nie EAJRACTARLI_CATLONS MEQLLJ) GUS EXCHANGEAB E_CATIDNS MEQLIQQ 3PS .
ca e H aL ca MG K NA SUM
TO-UK~57-6- 1 32 11,47 T 14 D48 J.45 5.14 0.00 11.29 3.29 0.39 Q.34 15431
TO-CK-57-6- 2 9 9.93 bazd 0. 19 Je 04 5435 0. 00 9.76 ©.20 .17 D24 13,97
T0-CK=57-6- 2 85 725 0.2 Jab3 5.93 0.00 T.23 1.98 0.32 Ja13 S.55
TI-CK=-5T7-6- & 37 8.90 0. 25 Jadl 6.57 2,09 3.92 4 96 024 Va4 34 14,64
T0-Crh=57-0=~ 5 62 Y )5 0.32 0,39 27 0. 00 9. 05 3.83 0.31 Qa27 13,45
TI-3K-ET-0~ & 78 Vabd Y 77 6453 PRI 10. 34 5.13 Je 43 Qe 43 16,33
TU=IK=5T-&- 7 23 14,50 0. 26 1. 00 3.18 J402 16,54 6437 0.2R 0. 86 22.0°%
T0-CK=-5T7=6~ B : 15.22 0.35 0.57 l1.96 .00 17.87 Te20 Cede ,0e32 25.74
TO=n=57-6~ 9 56 15.59 Qe3a 497 1.61 d.00 15,41 6,03 0.33 Ja 61 22438
70-CK=57=6~10 14 14,51 0.18 2.52 1.50 0.00 14,46 5426 0.16 039 21.27
T9-Crk=57-6-11 “o 12.71 0.15 Je95 0.33 0.00 12, t6 4o 84 Q0.15 Js 56 13,21
TQ-0K=~57-6-12 38 244 31 J. U5 d.72 J.39 J.u0 24.78 3.89 6.05 Je 65 29. 16
TI-(R=6T-5~-13 57 30.01 0.17 0.97 . 00 Q.00 29493 4.95 J.t? Qe 35.70
SAMPLE NUMBER LAD NO. _SJLUALE_CATLONS MEQ/100 aMS. . . SOLUBLE _ANICNS MEW/L1DQ _0MS
ca Mo K NA SuM cL P ca3 HCI3 SuM
T0-Ck=57-5- 1 32 J.ls  0.45 0.08 Qell Q. 82 0.76 0,00 0.03 Q.62 1.42
2 9 Q.17 0.2 V.02 Jed0 0,39 Qatd 0.00 0.30 0. 30 a. 70
TY~CK=3T-6- 2 85 Jad2 Q.21 0. 01 . 31 0.56 .02 0.0 0.03 0.35 0.38
TY~Cr=57-6=- 4 2 J.00 v.l7 0.01 J.07 Q4 24 Q. 31 0.00 0,03 Q.26 0.58
73-04 5 62 9.00 Q.12 v.Jdl d.13 0.25 Qe07 0.0 Q.03 0.24 0. 34
TU-CK=57-5- & 78 Ul.00 0.3 G. 01 De 34 [ ) 3.05 0.00 0.93 024 0.32
T0-CK=57-5- 7 28 Q.02 0.0+ v.J1 3.20 8,27 Qe 24 .0.00 0. 06 Qe23 Q.54
75-1K~57-6- 8 1 Ue35  (u24 a2 Je24 J.85 J459 Q.00 .00 0.76 1.35
Tu-(K=57-4= 9 56 0.19 0439 0.01  0.36 0 9% 0.91 0.00 0.03 0.8% 1.78
T9-CK=-57-6-1C 14 0405 0.11 0.01 D.14 Q.31 J.21 0.00 0.0u 0.31 3. 52
19 -57-6-11 46 Jeuh 0439 - 00 0.38 0.83 .71 0.20 3.03 0.77 1.51
T0-x-57-6~-12 38 J.u3 0.28 0.00 0. 26 0.57 0.62 0.00 0.03 0.63 1.29
79-K-57-6-13 57 Y.98 0.27 0.01 033 0.68 0.78 G.00 0.03 0. 67 le48
SAMPLE NUMAIR  LAS NCs PER_CENT XL £E3_CZyL REI_LENT M1 _¥dS —.-lil_ P4 MEQ/LIOQ GMS
M TataL P catual TSS 1:5 #C KCL H2Q (4234
1 32 463 240,56 0.99 Q.11 113.50 5.88 06.77 18.88
2 S 3.03 214.56 [-E] Del2 18.56 5.38 6.27 17.89
TO-CK=57-5- 3 S 2436 151455 0.55 0. 02 115.07 5403 6,27 11,81
70-Ck=57=5- & 37 2.25 192.56 0,30 0.03 50.38 %.23 o.17 20.72
-57-6- 5 62 1. A3 162,56 Q.75 0.00 25466 4,98 6,27 25.7
TKR=57-6~ & 74 1.2¢ 121.56 Q.57 0. 00 64.51 5,13 6.42 22.57
T0-0K=ST-6- 7 28 Q.06 1un.56 Q.92 3.03 50.01 6,908 T7.37 28,13
TI-CK-5T-6- 2 1 Q.33 103.56 0.89 0.11 127,34 6.73 T7.82 25,28
TI-CK=-5T-6~ 9 56 Co2% c109.56 0.381 0.046 158. 84 6.88 T.T2 246,27
70-0K ~o- 19 14 313 127,56 V.70 Q.07 28,20 6,43 T.77 21. 40 N
To-IKk~-537-6-11 46 0.29 164456 0. 56 0. 04 144,75 5483 7.37 21,03
T0-CK-57-6~12 38 0.05 317.5¢6 4.34 Q.04 120,70 Te43  8.47 13,16
7J-0K=-57-0-13 57 Jed3 283.506 2.76 0.02 139.32 7.13 8.32 18,70
INTERPRETIVE CALCULATIONS: 4 1 X I
SAMELE NUMBIR 8 NO. YA CICrCLaY £ 5P $5P SAR SOLUBLE/EXTRACT ABLE BASE 3ATJRATION
ca M3 NAAC SUM CaT
7C-0R~5T-6— 1 2 3uT.01 T8.92 1.78 17.34 0.28 1.61 13.57 8l.11 74,96
TU~-CH-5T=5= 2 S 236435 73.63 0.20 0.00 C.u0 1.70 4,56 78.09 72.31
TO-Ck=57=5- 3 85 330.7» 53.617 1.08 66.12 1,27 0.34 10,04 81.79 81,77
TU-CK-57-6- 4 37 173,53 69.33 l.o4 33.76 0.33 0.20 3.39 6%.67 68,73
72 =57-6- 5 &2 225.56 78.04 1.34 61457 0. 74 0.00 3,92 52,32 64,92
TQ-CK-57-5- 6 8 159,65 53,26 1.92 89,62 3.14 0.00 0.92 72437 .43
7 28 227.02 br 4l 3,05 76.07 1.63 0.13 2.63 T8.40 37,38
a 1 266,72 56,09 1.28 34,75 0.64 1. 95 3.33 101.79 92.31
Tu-0Kk=57-¢- 6 56 243,07 89 .00 2451 43.81 0.95 1.20 6.43 92.20 94,08
T0-NK-57~6-10 14 228,04 66,40 1.80 52.25 0,59 0.35 1.69 99438 93,39
73-CK=57-6~11 &6 242 .98 107,74 24638 6Je 24 1.16 0. 3% 6.15_ 86460 98.21
TI-08k~57-6-12 38 596453 51.08 3.43 63.10 0.95 0.l13 Te20 221.57 * 100.00
70-IK~57~6=13 57 573.81 42,59 3,41 59. 64 1.12 0.27 5437 190.92 100.00
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structure. Fine distinct yellowish mottles, and patchy and continuous
clay films are noticable within the B horizons. A few soft masses of
calcium carbonate Which cause slight to strong effervescence are pre-
sent in the lower level of the profile.

The laboratory analyses of the. pedogenic horizons. indicate the
clay content increases about 20% from the Al to the Bl horizon. The
mechanical analysis of the control section places this pedon into the
fine-siltﬁiféXtural class. Organic matter is more than 1Z in the
-upper. 100 cm. of the profile (Figure 3.13). The soil reaction varies
from neutral to basic and strongly basic through the profile. The
conductivity of 1:5 soil water extract indicates no significant
amount of soluble salts. Exchangeable bases saturate 527 of B22t
and more than 697 of the exchange capacity of the other horizons.
Bases are.present in the descending order of Ca++’ Mg++; Na++ and K+.
Exchangeable sodium saturates a negligible precent of the total

cation exchange capacity of this pedon.

Pedon 7 (Table 2.9). This soil displays a profile which is very

dark grayish brown in Ap and is dark brown in the Al horizon. The
horizons are redder toward the deeper layers of the profile. The

soil is poorly drained and occurs on a slightly convex area. Ground
water was not noted on the day of digging the pit but water had seeped
in seven days later and accumulated at the depth of 236 cm-which is

56 cm below the lower boundary of the solum. The A horizon is only

20 cm thick with a medium and coarse platy structure. The B2 sub-
horizons are prismatic in structure. The prisms are capped with
material which is lighter in color than the prisms. Peds are coated

with black stains. Patchy and continuous clay films and a few soft



PRCFILE CESCRIPTION:

SAMPLE NUMBEX
T0-Ck=57=7-01
70=Ch=57=7=02
70-IK=57=7=-C3
TO-CK~57=7=04
T0-LK=57-7~05
To-Uk=57=7-C6
70-CK=67=7=07
TU=Cr-57-7-08
T0=-0K=57=-7=-39
T0~(K=-57=-7-10

PHYSICAL AHALYSIS:

SAMPLE NUMBER

T0-CR=57=7= 1
Td=IK=57= 7=
T0={h=57=-7~-
T0-LK=57-7-
TI-CK=57=7~
T0~CK=5T=T~
70-UK~57=7-
T0=0K~-57=-17=
T0~CK=-5T =7~

2
3
4
5
6
-
&
G
T0-0Kk=57-7-10

LAS NG,

12
21
18
50
71
26
65
70
52
s5¢

CHEMICAL ANALYSIS:

SAMPLE NUMBER
TO=-CK=-5T-7-
70=CK=57=T~
70=0K-57- 7=
TO=0K=37=T7=-
TY-(K=tT=T=
T kel 1= 7=
79~CK=-57~-7=
T0=(K=57=-7~
TO=Ch=57=7=
TQ=CK=57=7=1

C D@ PR D W N

SAMFLE NJMBER

TO-In=ET =T~
TO-CR-37-7=
T~ LK=5T= 7~
TO-Lh =57 =T~
TCmCK=57~T7=
TI-CK=§T= T~
TO-CK~57-7~
TO~DK=57= 7=
T9=IK=57-7-
70-Ck=-57-7-1

1
2
3
&
5
&
7
8
9
bl

SAMFLE NJVMBIR
TO=CK=3T7~T7~
TI= K5 T7= 7=
TI-R-87 =T~
TI-(K=-57-7-
7d=-"K=3T=T7~
TO-Ch=57T-7~
70=0K~57=1-
T9-In=57-1=
TO=CK=57~7~
7I-0K-57-7-1C

Dm o~ d W

LAB NO.

LAB Nie

12
21

15
50
71

26
65
70
52
50
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TABLE 2.9
FIELD AND LABORATORY FINDINGS
PEDON 7

HOREZON DEPTH THICKNESS CILOR(M) TEXTWRE STIUZ TURE CONSISTENCE
Ap 0- TCM 7 10.0YR 3/2 FSL 2M&CPL MVFRy DH .
Al T- 20CH 12CA T.5R 372 FSL iMacrL MVF Ry DH

paT 20= 35CM 15CM T.5YR 3/2 cL 24EC PR MVF1,DEM
Bazr 35= 55CM 20CM 5.0YR &/3 SiCL 2MPR=-3FEMABK MVF T, DEH

8231 55- 7T1CM 16CY 5.0Y3 4/3 S1lL 2FL MABK MVF T, DEH

6831 7i-1uslM 238 5.0YR &4/4 SICL 1MABK MVF T OVH
B32 104=134(M M 5. QYR &/4 SICL 1MuCABK MVF Ly DVH

Cl 134-180CM 46CH 5.0YR /3

c2 180-228CN “3CM 5.0YR 4/2

3 228-243CM 150M 5. OYP 573

RER_CENY

GRA vCs cs MS FS VES SAND cs1 MS T Fs1 SILT CLAY CLaSS
0.82 0,00 [UPLY Ovl4 6.82 16428 21428 52,75 9. 82 2.93 65.50 14,95 SIL
Us ¥2 Ue VU Vaedu Q.12 3,76 16440 22427 55422 10.67 1.18 66.86 13,75 SIL
0.77 0.00 0. 00 0. 04 3,50 1l.b66 15,20 35452 9.13 186 45,33 33,79 S5iCL
[VI-2A 050 3.07 Q.19 2.98 9«57 13432 28.65 20.08 3.03 51.76 34.92 SICL
Ua00 Us 43 000 Qs 03 3,608 10449 16,646 2D.87 21.72 4,72 47,30 138,06 SIIL
V.39 Je36 0,90 3 00 Te56 - 17492 26424 29.15 7+45 2430 39.%0 3%.38 CL
P54 0a45 Q.00 V.06 Te5d 17431 25,42 25.40 19,26 5.57 53423 24,28 SIL
VedO Da bl 0. 00 .01 575 12.62 18,78 17.76 302.27 B.07 56,20 25.02 SIL
16.29 Ve 74 Va7 026 1.86 11436 14036 48,67 15.30 Tell 71,09 14.55 SIL
10.0% 065 v.10 Q.16 La76 22450 23,18 48.18 10.95 $5.77 64.90 11.92 SsIL

—meeme—-EXIBACTABLE CATIONS_MEWLLRA GMS oo
ca 6 K NA H AL

INTZRPRETEVE CALCULATIONS:

SAMPLE NUMBER
TC=3R=5T7=T=
T3=Ch=57-7~
TO-CR=-57~T=
TE~0R=5T7~ 7=
TI-(K=57-7~
TI=-CK-57=-T~
T0=CK=57=T7=
TO-CK=-57~7~
TO-CK=5T=7- ©
Tu~-CK-57-7-10

1
2
3
4
5
6
7
8
Q

LAB ND.

12
21
18
6J
7!
26
&5
70
52
S0

e EECHANGEABLE _CALIINS _MZ2£100.GYS. ...
ca M3 L3 NA SUM

6468 2460 0.11 Dett 2.1° 9.00 6.63 2.29 0.09 9,23 9.24
“.78 2.71 V.04 1.91 1. 01 0400 4 73 2.68 0.03 1,44 3433
5. 86 4.97 0.72 9491 V83 0400 5. 81 4,89 0.20 1] 1925
9407 6e16 0s43 15.07 0.97 0.00 6.07 5.91 0.61 12411 24450
4431 4415 0440 15413 0.05 0.00 4431 4e 05 0.39  11.2% 22.01
S.26 6,21 JePU 10493 3,00 Q.09 5422 6419 0.19 9,18 204 79
1089 3463 0 20 Te069 0. 00 0.00 10.49 3.55 0.18 5,11 19.3¢4
13,79 2471 Ue23 560 0.90 Q.00 12.79 2. 62 0,22 44 04 20467
29436 3,79 0. 09 1.79 0,00 J.00 29434 3.63 0,09 1.08 34415
29488 446 0. 08 1.14 0. 00 0,00 25.%8 4e26 0408 0456 30458
SSOLUALELCATIDNS MEQLLQU GMS (ot SCLURLE ANIONS MEw/102_GMS.
CA ) K NA SyM cL 504 €23 HZO3 SUM
0.05 0.11  0.03 0,21 0. 40 0.39  0.00 0.00 Q.42 0.51
0405 0403 0.01 .45 0.55 0.56 0.00 0,07 0.5 1.14
0. U5 0,u8  U.U2  1.56 1.71 1.6 9.9 0,07 0.83 2.50
0.0u 0.26  0.02  2.96 3.22 1,90 0,00 0.03 1l.16 3.09
000 0l.ld 0.01 3483 3.99 1,81 0,00 0.03 1.2 3,97
V.02 0.92  0.91  1.75 1.79 1,21 0.9  0.12  0.99 2.32
V.00 0.08 0,01  2.58 2.67 1.88  0.00 0.17 1.72 3.77
0.90 0.09 V.01 1.56 1.65 1,03 0,00 0.11 1.36 2.50
0.00 0.16 0.00 0,71 0. 87 0.85 0.00 0.03 0.5t 1.78
2.00 0.20 3.01 0.48 0.69 0.93  0.00 Q.03 0.75 1.72
BEI_CENT __BE¥_ BER_CENL BER.ZENT MIC_ 930S 131_°4 HMEQLIQD GMS
oM ToTAL P CACD3 TSS 1:5 EC KCL  H20 CEC
2465 153 .56 0438 0,11 41,78 5.83 6.92 9.55
1.69 126456 .50 .13 92.29 6.33  7.87 8.14
1.89 130.56 0. 39 0.24 335,53 5.93  8.42 22433
l.61 123.55 1.00 0s26 662459 7.38 8.47 27,14
1.03 110. 56 0. 96 9.25 733,32 7.33 8.42 24,76
9.51 93.56 1.10 0.16 315.90 7.28 8.67 20.92
0.32 78.56 1.78 .17 479,64 7.48 8,77 19,23
0,35 117.56 1.26 0,11 287.96 7.18 8.92 19.99
0.21 225.56 16. 80 0. 04 156. 88 7.58 8.82 15.29
C.18 93.56 6426 V.04 138.91 7.43  8.72 11.31
3 H 2 3
CA/MG CEC/CLAY ESP SSP SAR SOLUBLE/ EXTRACT ABLE BASE SATURATION
cA M3 NAAC SuM CAT
278,71 67452 2,40  58.81 1.05 0.77 4,17 96, 76 80,81
176451 59.17 17.93 84.37 3,24 1.38 1.2 109.28 89.81
117.33 57457 37.39 92.72  8.52 0. 88 1.70 86420 95.38
98.51 77.73 44.53 96,70 12,00 0.00 4.12 90426 96,18
103,99 65,05 45.43  98.10 25.05 0.00 2437 80.81 99.73
34442 60 .86 43,90 97.43 18.48 S0.35 0.28 99,37  100.02
248,79 73,88 26460 97,50 17.88 2.30 2.34 100.58  100.00
839,44 79.90 20421 96303 10.44 0.00 3.42 103.38 100.00
776.55 105,07 7.09 88,70 3.59 0.00 4,27 223,32 130.00
573,89 94, 89 5.84 80.3% 2.16 0.20 4,72 270.33  100.00
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masses of calcium carbonate are observable in subsurface horizons,
The quantitative analysis of this pedon indicates that clay
increases from 13 to 38% from the A to B horizon. The physical
analysis of the control section denotes that this soil belongs to
the fine textural class in family grouping. Organic matter decreases
with depth, and the upper 71 cm indicates more than 1% organic matter
(Figure 3.16). The soil reaction is neutral in Ap, basic in Al and
strongly basic throughout the rest of the profile. The chemical
analysis of. the soil water extract shows that; although soluble salt
content is not significantly high, the major salts are sodium
bicarbonates. The exchangeable Ca++, Mg++, Na+, and K+= occupy more
than 80% of the total cation exchange capacity of this profile.
Exchangeable sodium content is very high in subsurface horizons and

saturates up to 457 of the exchange complex.

Clay Mineralogy

The X-ray diffraction patterns. for the selected A, B and C
horizens of the selected pedons 1, 4, and 7 are given in this section
separately. The cation exchange capacity and KZO content of fine and
coarse clays are presented in this section (Table 2.10). The CEC/clay
ratio can be found in the tables presenting the morphology and
laboratory findings (Tables 2.3 through 2.9). The following paragraphs
explain the clay mineralogy of the selected pedons.

Pedon 1. The fine/coarse clay ratio increases from 0.72 in Al to
1.35 in B23t, but decreases in the B3 and C horizons. The cation

exchange capacity of the coarse fractions vary from 40-56, and for the

fine fractions from 59-79 meq/100. The KZO.content of coarse clay



TABLE 2.10

LABORATORY ANALYSIS OF THE

CLAY SUBFRACTIONS

37

Coarse Clay 2.0-0.2 1

Fine Clay <0.2 u

82.07

Horizon Lab. No. Percent %KZO CEC Percent. ZK,0 "CEC FC/CC
PEDON 1
Al 30 58,16 2,71 44,75 41,84 1.04 78.98 0,72
B23t 16 42.58 2,54 40.16 57.42 1,20 75.25 1.35
B3 34 51.73 2,20 56.63 48,27 0.99 75.71 0.93
C 6 75.40. 2.16  46.88 24.59 1.28 59.55 0.33
PEDON 4
Ap- 40 54.28 _2.02 58.56  45.72 1.15 62,82 0.84
B22t 66 38.36 2.08  40.43 61.64 1.05 64.48 1,61
B31 15 67.08 2.32 58.60 32,92 1.01 58.58 0.49
C2 45 71.01 3.04 34.93 28.91 2.41 49.28 0.41
PEDON 7
Ap 12 61.63 2,27 64.55 38,37 0.81 70.36 0.62
B21lt 18 48.39 1.81 49.48 51.61 0.59 64.38 1.06
B23t 71 52,82 1.76 59.95 47.18 1.08  56.43 0-89
C3 50 2.23 55.09 17.92 1,88 72,22 0.2
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decreases with depth from 2.7% in Al to 2.0% in the C horizon.

The x-ray diffraction patterns (Figure 2.2) showed the coarse and
fine clay maxima of Al to be 15.76A° which did not expand as the
specimen was. solvated with glycerol. This reflects. the presence of
.micaceous. clays. A diffraction spacing of 10.154° was found for the
B23t indicating the presence of illite. The fine clay particles of
B23t showed the maxima. of 7.24A° which is obtained from metaholloysite.
The B3 horizon is very similar to the B23t horizon and contains illite
and metaholioysiteu In the C horizon the coarse and fine clay maxima
are at approximately l4A°, with glycerol coarse clay expands to 17.654°
but fine clays remain the same.. This indicates the presence of some
montmorillonite in the coarse subfractions and of vermiculite in the
fine subfractions of the C horizons.

Pedon 4. . The fine/coarse clay ratio. increases. from 0.84 in AP
to 1.61 in B22t and then decreases by dé_ptha The cation exchange
capacity of the coarse fractions varies from 58 in Ap to 34 in the C2
horizon and in the fine fractions it varies from 62 in Ap to 49 in C2.
The KZO content of the coarse clay increases with depth from 2.0%Z in
Ap to 3.0% in the C2 horizom.

The x-ray diffraction patterns indicate (Figure 2.3) a diffraction
spacing of approximately 18.39A° for the mg-saturated specimemns of
Ap. The fine and coarse specimens did not expand when solvated with
glycerol. This reflects considerable low angle scatter due to
interlayered montmorillonite in coarse and fine subfractions. The
x-ray diffraction patterns of B22t are similar to Ap. The coarse clay
o f B31 has a good 14.01A° and 7.24A° which collapses when heated to

500°C. This indicates the presence of vermiculite and kaolinite.
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The good 10.04A° maximum is sharpened when saturated with K+ and re-
mained sharp when heated to 500°C. This reflects the contracted mica.
The clear 7.31A° maximum demonstrates the presence of kaolinite.

Pedon 7 . The fine/coarse clay ratio increases form 0.62 in Ap
to 1.06 in B2lt. The cation exchange capacity of the coarse fractions
varies from 64 in Ap to 49 in B2lt. . For the fine fractions CEC varies
from 56 in B23t to 72 in C3. . The KZO content of the coarse fractions
is 2.2% in Ap.

X~ray diffraction patterns (Figure 2.4) indicate that a
diffraction spacing of approximately 15A° was obtained from Mg-
saturated fine and coarse clay of the Ap horizon. When the specimen
was solvated with glycerol the diffraction spacing expanded to
approximately 17.0A° for fine clay, but remained the same for coarse
fractions. The fine and coarse clay maxima at approximately 15A°
for the Mg-saturated specimens of the B2lt, horizon indicates the
presence. of montmorillonite, vermiculite and cglorite. As the samples
were solvated with glycerol expansion occurred in the coarse clay but
not in the fine clay samplesev This reflects the preseunce of
montmorillonite in the coarse clay and its absence in the fine clay
fractions. In the B23t horizon chlorite, vermicglite, and kaolinite
were the major clay fractions, montmorillonite was not found. In C3
the x-ray diffraction patterns at 17.31A° for the Mg—-saturated
specimen. of fine clay remained the same in the glycerol solvated
specimen. In the coarse clay fractions of the same horizon the
maxima of 15.76A° for mg-saturated samples also remained the same when
solvated with glycerol. This denotes probably the interlayered Mg in

fine clay and the presence of vermiculite and mica in the coarse
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fractions.

Analysis of all of the above information indicates a mixture of
micaceous and montmorillonitic minerals in all of the selected horizomns.
Of particular significance in this determination is the x-ray
diffraction patterns, the cation exchange capacity of less than 80
meq/100 and the K20 content of less than 4% of either fine or coarse

clay particles.,
Discussion

Soil characterization is the measurement of soil properties for
the better understanding of soil genesis and taxonomy.. The quantitative
values which the experimenter uses to judge a character under investi-
gation may not be a single measurement. It may be a derived number or
some function of several measurements under time to time laboratory
conditions. The slipped block design removes day to day errors of
measurements when treatment effects are adjusted for block effects. A
disadvantage of this design is the difficulties in handling the samples
in the laboratory. If a single sample is damaged that particular
analysis has to be repeated for the entire block which contains the
spbiled sample. Calculations for this design are also time consuming
and computers have to be applied to enhance the computation processes.
It was also. noticed that for some characters the sum of the treatment
effect and the unadjusted overall mean was negative. . In such cases
the measured quantity was reported as zero. In clustering the

- horizons,. the tggg&geﬁt.effects were used, and no manipulations were
necessary.

The morphology and laboratory data indicate the presence of mollic
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epipedons and argillic horizons (Figure 2.5). Organic matter, value
and chroma, base saturation and the total thickness of the surface
horizons are in the range of those for mollic epipedons. Clay
distribution curves, fine/coarse clay ratios of greater than one,

and the presence of clay skins around the peds. prove the existance of
argillic horizons. By considering ESP values for the upper 40 em

of the argillic horizons, some diagnostic, subsurface horizons will be
recognized as natric horizons.

For the purposes. of numerical taxonomy all the laboratory and
interpretative data are considered in clustering the pedogenic horizons.
The following criteria are suggested by the author for distinguishing
the salt affected soils from non-salt affected soils. These criteria
are somewhat similar to those used for Australian soils as explained
by Northcothe and Skene (1972).

Salinity. The conductivity values of the 1:5 soil water extract
. at 25°C have been chosen in order to represent the salinity classes.
These limits are based on the soluble salt content which have a
bearing on the performance of many, although not all, agricultural
Crops.

Class 1. Non-Saline : ECXlO6 <800

Class 2. Saline . 800 <Ecx10® <1600

Class. 3. Strongly Saline : 1600 sECXlO6

Alkalinity. The values of pH of a 1l:1 soil water paste express
the alkalinity of a soil. The pH values of 8.0 to 9.0 reflect
significant amounts of exchangeable sodium held in the exchange complex

(Figure 2.6). Soils with pH 9.0 are invariably strongly alkaline and

soluble carbonates are present in the water extract.
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233 v

Figure 2.5.

The Morphology of the Sampling Pedons
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“Cl955 l. Non~alkaline : pH <8.0

Class 2. Alkaline : 8.0 <pH. «9.0

Class 3. Strongly Alkaline : 9.0 <pH

Sodicity. The percent of exchangeable sodium reflects the
processes of soill formation as well as having agricultural importance.
Values of less than 6 indicated no change in the morphology of the
profiles. Those subéurface horizons with ESP of 6. or more reflect .
particular morphological. features like dispersicn of soil colloids
and formation.oprriématic structure parting to blocky structure.
When ESP exceeds 15,'soils exhibit adverse properties due to
dominance of exchangeable sodium. Soil colloids disperse almost
completely, prismatic and columnar structures are capped with silty
'materialAdue to removal of clay particles. The changes in physical
pféperties decreases the soil productivity and produces the slickspots
on the surface.

-Class 1. Non-Sodic : ESP <6

Class 2. Sodic .t 6 ESP <15

Class 3. Strongly sodic: 15 <ESP

One meter is the profile depth adopted for consideration and
maximum values for ECX106, pH, and ESP within this profile,
irrespective of. the position of the horizon is taken to be diagnostic.
Using the three criteria: salinity, alkélinity and sodicity, a salt
affected soil is classified according to the most highly salt affected
~ category it fits into within the criteria. All of the pedons under
investigation belong to the non-saline class. Within this class pedbns
1, 2, 4, and 7 fit into the alkaline —strongly sodic class which

indicates a pﬂ of 8.0 to 9.0 and an ESP of 15 or more for the upper one



meter of the profile.
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CHAPTER III

GENESIS OF SODIC SOILS AND THE ORIGIN

OF SODIUM IN THEIR PROFILES
Abstract

High sodium is one of the properties of some soils of North Central
Oklahoma. Sodium content may be a function of the initial state of the
system or the external flux potential; influenced by the age of the sys-
tem. Selected pedons from a toposequence of sodic soils in a mollisol
area were examined in order to understand their genesis. In addition to
characterization data, total digestible bases were measured in all
horizons. Absence of coarse fragments, trace amounts of soluble salts,
and uniform distribution of total digestible bases were observed within
all of the pedons. Micaceous clays were found to be the major clay
mineral. These similarities support the hypothesis that the soils were
developed from Colluvial soil materials, originated from shale and silty
shale materials on the higher slopés. Under the climatic conditions of
North Central Oklahoma sulfate and chlorides of calcium, sodium, agd
potassium were leached into the ground water. Some calcium was combined
with CO, and secondary calcium carbonates were formed which retarded

2

the process of leaching. As the leaching rate slowed, the Na-rich

l/Article co—authored with Fenton Gray and to be submitted for
publication in Soil Science Society of America Proceedings.. -

49



50

feldspars were hydrolyzed and contributed Na+ to the exchange complex

of the soil.

Additional Key Words for Indexing: slickspots, North Central Oklahoma,

Natrustolls, Argiustolls.
Review of Literature

Concepts .of soil development are related to the interaction of
physical, chemical, and biological processes controlled by the geomorphic
features during a period of time. These processes are significantly
influenced by the relationship of soils to their environmental
conditions.. Arnold (1965) states that the relationship of the soils and
their environments provide the building blocks for the genetic concepts
of soils, Jenny (1961) introduces the general state factor equation
which indicates that ecosystem properties 1, soil properties s,
vegetation properties v, and animal properties a, are the functions of
the initial state of the system Lo, external flux potential Px, and the
age of the system t: 1, s, v, a = £ (Lo, Px, t)

If soil alone is chosen then each soil property is the function
of the three state factors. Subgroups of the initial state of the
soil, Lo, are the mineral and organic matrix of the soil, p, affected ’
by the configuration of the system, that is, its topographic features,
especially slope and exposure which is designated as r. Subgroups of
the external flux potential, Px, are climates, particdlarly precipita-
tion and the temperature defined as the external climate, cl. The
second subgroup of Px is identified as biotic factor, o, which includes
all the active or dormant species, which may migrate or be carried into

the system. In addition to climatic and biotic factors there are
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numerous other factors such as dust, storms, flood or annual additions
of fertilizer etc., which are to be included as Px features. According-
ly for soll properties:

s = f (cl, o, T, 5} £y e0e)

High sodium is one of the properties of salt affected soils.

Sodium content may be a function of the initlal state of the system,
that is it originated in the parent material, or the external flux
potential; 1t 1is added to the soil by the external agents like
irrigation water etc, In either case, weathering of the sodium contain-
ing material and/or its distribution is strongly affected by the aging
of the system.

Murphy and Daniels (1935) explain that the presence of alkall spots
are probably due to the accumulation of sodium salts in the sediments
laid down by receding seas. Wilding et al. (1963) found that the
source of sodium in solonetzic soils of Illinois was the Na-rich felds~-
pars of fhe parent loess. They also indicate that the other possible
source of extractable Na+ is ocean spray salts from rain. The sea
deposited salts and Na-rich feldspars are components of the initial
state of the system, and the sprayed salts from the rain are to be
considered as results of the actions of the external potential fluxes
which contribute sodium to the soils.,

When the soluble sodium salts react with the exchange complex of
the soil, sodium clays form. Under dispersive effects of sodium,
organic matter moves from the A to the B horizon. With further reaction
of sodium with the exchange complex the process of eluviation of the
layer-lattice silicate clays is enhanced.

The presence of significant amounts of sodium in the exchange
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complex of the soil. is a feature which reflects genetic influences as
well as having agricultural importance. A knowledge of the origin
of sodium in the slickspots is also important in planning reclamation
programs and protecting the surrounding 'mormal' soils.

The objective. of this manuscript is to obtain knowledge about
the genesis of the sodium affected soils of North Central Oklahoma and
the source of sodium in their profiles. In order to do this, seven
sampling pedons. were characterized and the data obtained offered in
the previous paper. Special investigations were yet to be carried
out in order to establish a scientific model explaining the genesis
of Ustolls and the source of sodium in Natrustolls and some Argiustolls

in North Cental Oklashoma.
Procedures Applied

. The total digestible sodium and potassium were determined in the
total soill samples and in the particles. finer than 50y for all of the
pedogenic horizons, using a slipped block design developed by Timon
(1962). The structural bases were also determined in the clay samples
from selected horizons of pedons 1, 4, and 7.

The digestion procedure was identical to the one used by Webber and
Shivas (1953). One gram portions of the soil, or 25-ml aliquots of
suspensions, were transfered into teflon beakers. The suspensions were
dried before digestion processes were applied. . Digestion of the

specimens was carried cut under a perchloric hood using a sand bath

containing medium and fine sand particles. The specimens were treated
with 10 ml of 48% HF and 2 ml of 5% HZSO4’ and heated to dryness. The

treatment was repeated until the color turned to a reddish brown. Then
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10 ml oftS%‘HNO3 was added, and heated to dryness. If the color of the
specimen was not white or yellowish white then another HNO3 treatment
was necessary., Iwo treatments with HNO3 was usually sufficient. After

cooling the samples under the hood, about. 25 ml of 0.1 N HCL was added

to the beakers and left for at least .12 hours. The solutions were then
mixed throughly with rubber tipped stirring rods and filtered through
Whatman 42 filter papers into 100-ml volumetric flasks. The filter
papers were washed with 0.1 N HCl. The solutions were made to volume
with distilled water. Then sodium and potassium were determined with

a Coleman model 21 flame photometer. The regression of Y (the
concentration of the standard solutions), on the X (the scale reading
of the equipment), was determined for each of the bases separately and
then the regression equations were used to compute the unknowns.

The clay components in selected pedons were difficult to identify
using standard x-ray diffraction tec¢hhiques. The diffraction maxima
corresponding to 00l spacing were diffuse and weak. Removing inter-
layered K+ aided in identification of 2:1 layered silicates in mixed-
layered micaceous soil clays. Parashiva Murthy et al. (1973) used
this procedure in some Texas soils. Removal of interlayered K+‘was
-accomplished by treating the fine and coarse clay particles with
lithium nitrate. A 25-ml aliquot of the Sr-saturated clay suspension
was. dried in a platinum crucible, placed in a furnace for 18 hours at
300°c. After fusion, the samples were washed free of excess salts,
and x-ray diffraction patterns were obtained from Mg-saturated, glycerol-
solvated. specimens mounted on ceramic slides.

A correlation type similarity was computed between the pedogenic

horizons. This was based upon their 39 laboratory and four



54

morphological properties. The data obtained from the digestion of the
soil particles were not included in the computation of the pairwise
similarities of the horizons. In order to compute the correlation type
similarities the 79 x 43 data matrix was. standardized within each
column and the correlation matrix among rows (horizons) was computed.
Sokal and Sneath (1963) explain the procedure of standardization.

These pairwise similarities help the researcher to determine the

interconnection of the solum and the parent material at the study site.
Results

This section presents those laboratory findings and their inter-
pretations which help the investigator illustrate possible procedures
in development of Ustolls in North Central Oklahoma.

| Coefficients of similarities between every two pedogenic horizons
in the sequence (Table 3.1) indicate dissimilarities between B3 and C
horizons for Pedons 1, 5, and 7 and very insignificant similarities
for Pedons 2, 3, 4, and 6.

The following pages present the distribution of the structural
bases within the individual pedons. The amount of total digestible
calcium was very small and insignificant except in the CaCO3 rich
horizons. The evaluation of the interconnection of the structural
sodium and extractable Na+ is the primary objective of these analyses.

In this paper, because of the trace amounts of soiuble
constituents, the term extractable, which means soluble plus
exchangeable, has been used to represent the amount of bases sorbed in

the exchange complex of the soils. The term structural bases means the

total digestible bases minus the amount, in percent, of extractable



TABLE 3.1

INDICATLON OF CORRELATION TYPE SIMILARITIES BETWEEN THE
PEDOGENIC HORIZONS OF THE SAMPLING PEDONS

Pedon 1 Pedon 2 Pedon 3 Pedon 4 Pedon 5 Pedon 6 Pedon 7
Horizon Corr.* Horizon Corr.* Horizon Corr.* Horizon Corr.* Horizon Corr.* Horizon Corr.* Horizon Corr.*
AP AD Ap AP AP APl AP

0.75 0.62 0,77 0.53 0.58 0.63 0.79
Al Al Al Al Al AP2 Al
0.04 0.30 0.83 0.74 0.69 0.57 0.44
B21t B21t A3 Bl A3 Al B2lt
0.84 0.42 0.49 0.39 0.53 0.69 0.77
B22tca B22t Bl B21t Bl Bl B22t
0.65 0.17 0.89 ' 0.81 0.54 0.44 0.95
B23t B23t B21t B22t B21t B21t B23t
0.59 0.87 0.72 0.49 0.55 0.77 0.64
B24t B24tca B22t B22tca B22tca B22t B31
0.44 0.75 0.34 0.70 0.62 0.58 0.81
B25t B25tca B23t B23tca B3 B23t B32
0.75 0.66 0.90 0.51 - =0,.41 0.28 -0.12
B26t B26t B24t B24t Ccl B24tca Ccl
0.51 0.46 0.17 0.47 0.66 0.30 0.15
B3 o B3 B25t B31 Cc2 B3 Cc2
0.01 0.42 0.58 0.65 0.63 0.21 0.70
C C B26t B32ca C3 Ccl C3
0.52 0.39 0.57 0.26
B31 - cl C4 Cc2
0.43 0.69 0.38
C c2 C3
0.85 0.72
C3 C4

* Correlation Type Similarity
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bases, Structural sodium and potassium have been repofted in % Na,0
and % KZO’ based upon the analysis of the total soils. In this
manuscript, fine particles refers to particles finer than 50y,

and coarse particles refers to particles 2mm - 50u in size.

Pedon 1 (Table 3.2). The structural Na content of this soil is

significantly high and varies within the profile. In the surface
horizons coarse particles contain more sodium in their structure than
do fine particles. In the deeper parts of the profile the two sub-
fractions are closely correlated. This reflects that probably fine and
coarse feldspars have been equally subjected to intense weathering.
The x~ray diffraction patterns of the LiNO3 treated clay samples
indicate a very sharp maximum of approximately 17A° for the B3

and C horizons. This indicates a predominance of micaceous clays in
the solum and the soil parent material (Figure 3.1). The clay
distribution curve (Figure 3.2) and the distribution pattern of the
extractable Na+ (Figure 3.3) are very similar and are indicators of
ESP variation within the profile. Although B26t and underlying
horizons occur below the ground water, they do not contain any higher
amount of Na+ than the B subhorizons about the water table.

Pedon 2 (Table 3.3). The analysis of the digested soil samples

indicate a high content of Na-rich minerals. The coarser fractions
are found to contain more sodium in their structure than the fine
particles. These fine textured feldspars have been subjected to
weathering and they have contributed a great amount of Na+ to the
profile. The structural potassium content of the finer soil sub-
fractions are much higher than the coarse fractions of the soil. This

is due to an abundance of micaceous clays in this pedon. A high



TABLE 3.2

ANALYSIS OF STRUCTURAL BASES

PEDON 1
%Na ,0 ?Kzo

Horizons Total >50u <50u Total »50u <50u
Ap 1.29 1.05 .23 1.91 .20 1.71
Al 1.67 1.26 40 2.51 .32 2.19
B21lt 1.05 0.64 40 1.75 .09 1.65
B22tca 1.44 0.8%4 .60 2,77 .28 2,49
B23t 0.90 0.52 .38 1.96 14 1.82
B24t 1.16 Q.60 56, 1.81 .18 1.62
B25t 0.99 0.56 .43 1.66 .19 1.46
B26t 1.15 0.65 .50 2.32 .18 2.13
B3 1.28 0.65 .63 1.89 .28 1.61
C 0.57 0.32 .24 0.85 .04 0.80
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TABLE 3.3

ANALYSTS OF STRUCTURAL BASES

PEDON 2
ZNaZO ] ' ZKZQ

Horizons Total =50u <50y Total ~50u <501

Ap 1.43 1.07 .36 2.25 .18 2,07
Al 1.36 0.95 241 1.63 .22 1.41
B21t 1.04 0.70 .33 1.51 .15 1.36
B22t 0.96 0.54 42 1.57 .19 1.37
B23t 1.18 0.67 .50 2.13 .12 2.00
B24tca 1.12 0.63 49 2.18 .18 2,00
B25tca 1.29 0.67 .61 1.97 .30 1.67
B26t 0.88 0.49 -39 1.62 021 1.40
B3 1.05 0.64 .40 1.34 .15 1.18°
C 0.91 0.55 <35 1.33 .22 1.11

19
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conformity exists between total clay content and extractable sodium
content. The clay distribution pattern (Figure 3.4) and extractable
Na+ distribution curve (Figure 3.5) illustrates this interrelation.
The horizon B3 and C occurs below the water table, but they contain
even less Na+ in their exchange complex than the B subhorizons above
the water level. This indicates that ground water 1s the recipient of
the released Na+ resulting from the weathering of Na rich feldspars.

Pedon 3. (Table 3.4). The structural Na content in the total soil

is less than the previous pedons. The fine and coarse soll particles
are almost identical in the amount of sodium content in their structure.
This phenomenon, together with the absence of significant amounts of
exchangeable Na+ in the exchange complex of the soil, indicates that
this pedon has not been subjected to intense weathering. The KzO
content of the fine soil subfractions is higher than in the coarse
soil subfractions. The B26t and underlying strata of-this pedon
occur below the water table and indicate a higher ESP than the upper
horizons. This reflects the hydrolysis of Na-feldspars which are in
contact with ground water. The distribution patterns of clay (Figure
3.6) and extractable Na+ (Figure 3.7) agree although ESP is not

noticeably high within this pedon.

Pedon 4 (Table 3.5). The content of the structural sodium in

the total soil is idgntical to pedon 3, but this pedon has been
subjected to more inEense weathering and hence more release of Na+ from
Na~feldspars. The fine soil particles of the surface horizoms contain
less Na in their structure than in the coarse particles. Below the
surface horizons the pattern is reversed with the coarse particles

containing less' sodium in their structure. This shows that both the
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TABLE 3.4

ANALYSIS OF STRUCTURAL BASES

PEDON 3
#Na 0 PR
Horizons Total , »50u <50u Total >50u <50p
Ap . 0.93 0.62 .30 1.47 .21 1.26
Al 0.86 0.56 ' +29 1.79 .19 1.59
A3 0.99 0.57 42 1.61 .21 1.40
B1 0.95 0.59 - .35 1.60 .19 1.41
B21lt 0.90 0.58 .31 1.46 .12 1.33
B22t 0.88 0.51 .37 1.71 .20 1.51
B23t 0.96 0.46 .50 1.53 .18 1.35
B24t 0.73 0.38 <34 1.58 .20 1.38
B25tca 0.80 0.42 .38 1.55 .20 1.35
B26t 0.82 0.39 .43 1.92 .26 1.66
B31 1.10 0.54 .56 2.07 .36 1.70
C 0.64 0.33 .31 1.55 .29 1.25
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TABLE 3.5

ANALYSTIS OF STRUCTURAL BASES

PEDON 4
#Na,0 K0
Horizons Total >50u <50u - Total >50p <50u
Ap 1,31 0.87 A4 1.71 .33 1.38
Al 1.03 0.68 .35 1.50 .30 1.20
Bl 0.90 0.54 .35 1.31 <17 1.13
B21t 0.81 0.49 .31 1.18 .08 1.10
B22t 0.88 0.52 .36 1.47 .12 1.35
B22tca 0.82 0.47 .35 1.45 .15 1.29
B23tca 1.04 0.48 .56 1.91 .28 1.63
B24t 0.66 0.32 .34 1.55 .19 1.35
B31 0.51 0.24 «26 1.77 .09 1.67
B32ca 0.48 0.23 .24 1.83 .03 1.79
cl 0.48- 0.20 .28 1,93 .22 - 1.70
Cc2 0.19 0.03 .15 2.41 .10 2,30
C3 0.71 0.18 052 3.91 .30 3.61
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silt "and the. coarser particles have been contributors of Na+ to this
profile. Coarse clay fractions of the selected horizons indicate
insignificant amounts of Na in their structure as well as the fine
clay fractions. The x-ray diffraction patterns-of,LiN03 treated clay
specimens (Figure 3.8) indicate very sharp maxima at 17.6A° for the
B22t horizon and at 15.5A° for the C horizon. This reflects the
abundance of micaceous clays in the. solum and initial material. This
phenomenon is. supported. by uniformly d4stributed.K20~content of this
profile. The distribution pattern of the clay content (Figure 3.9) and
extractable Né+ content (Figure 3.10) do not closely agree because of
the abrupt increase of clay in the lower layers of the profile. This
pedon has a high water holding capacity.which&is suitable for
hydrolysis of the Na-rich feldspars. |

Pedon 5 (Table 3.6). The structural sodium content of the fine

particles are less than the coarse particles. The richness of the soil
in fine textured feldspars, together with the absence of extractable
Na+, indicate that the Na-feldspars have not been subjected to intense
weathering. A close agreement does not exist between the clay
distribution curve (Figure 3.1l) and the pattern of distribution of
extractable Nat (Figure 3.12). The structural potassium is uniformly
distributed within the profile and the fine particles cont;in more K
than the coarse particles.

Pedon 6 (Table 3.7). The Na content of the soil minerals is

higher in the surface than in the bottom of the solum. _P&rticles
coarser than silt contaip more sodium in their structure than the
finer particles. in the pedon. This criterion plus the absence of

+ L L. . .
extractable Na , indicates an absence of weathering of Na-rich
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TABLE 3.6

ANALYSTIS OF STRUCTURAL BASES

PEDON 5
ZNaZO ZK204
Horizons Total >50u <50y Total >50u <501
Ap 0.87 0.57 .30 1.45 .29 1.15
Al 0.83 0.47 .35 1.30 .29 1.00
A3 0.77 0.45 .31 1.34 .22 1.12
Bl 0.60 0.33 .27 1.24 .23 1.01
B21t 0.68 0.40 .28 1.22 .19 1.03
B22tca 0.87 0.47 .39 1.43 .21 1.22
B3 0.81 0.51 .30 0.93 .13 0.79
cl 0.91 0.55 .35 1.09 .19 0.90
c2 1.39 0.94 .45 1.20 .15 1.04
C3 1.26 0.81 yan 1.16 24 0.92
C4 1.04 0.70 .33 1.53 .20 1.33
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TABLE 3.7

ANALYSIS OF STRUCTURAL BASES

PEDON 6
—ay0 =0
Horizons Total ] >50u <50u Total >SUﬂ <50u
Apl 1.28 .79 48 1.95 .37 1.58
Ap2 0.83 .53 .30 1.58 .26 1.31
Al 0.90 .59 .30 1.47 .24 1.33
Bl 1.16 .64 .51 1.89 .36 1.52
B21t 0.83 .53 .30 1.41 .09 1.04
B22t 0.82 41 40 1.68 .19 1.49
B23t 0.91 .43 47 2.09 .33 1.76
B24ca 0.77 .35 42 1.30 .18 1.11
B3 0.87 .58 .28 1.12 .11 1.00
cl 0.69 41 .28 1.28 .17 1.10
c2 1.07 .76 .31 0.89 .13 0.76
c3 1.32 .76 .55 1.28 .27 1.01
C4 1.14 .78 .35 1.47 .19 1.27

9L
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feldspars. The clay distribution pattern (Figure 3.13) indicates a
decrease in clay content in the C3 and C4 horizons, but extractable
Na+ increases very gradually within this pedon (Figure 3.14). Those
horizons which are occurring below the water table are identical in
the extractable Na+ content to those B horizons above the level of the
ground water. Sodium bicarbonate seems to be the major salt in the
ground water.

Pedon 7 (Table 3.8). This pedon is not as rich in structural

sodium as pedons 1 and 2. The fine particles contain less sodium than
the coarse particles. These phenomena together with the abundance of

NaHCO., in the ground water indicate that the soil has been subjected

3
to intense weathering of the Na-rich feldspars, probably albite.
Coarse and fine clay particles contain insignificaht amounts of Na
in their structures. The K20 content of the fine soil subfractions
decrease within the profile. This criterion closely agrees hith the
clay analysis of this pedon. X-ray diffraction patterns (Figure 3.15)
of LiNO3 treated clay specimens indicate a very sharp maximum at
17A° for B2lt and B3 horizons. This reflects the predominance of the
micaceous clays in the solum and in the initial material. Extractable
Na+ which was released through hydrolysis of the Na-rich feldspars,
has been mainly sorbed on the clay minerals. The clay distribution
curve (Figures 3.16) and the distribution pattern of extractable Na©
(Figure 3.17) agree closely and supportnthis phenomenon.

The data presented for eaéh individual pedon indicate that all
of the seven pedons are rich in Na-rich feldspars. The profiles of

the sodium affected soils (Pedons 1, 2, 4, and 7) have been subjected

; . . +
to intense weathering, and have released significant amounts of Na .
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TABLE 3.8

ANALYSIS OF THE STRUCTURAL BASES

PEDON 7
%Na.,0 fiK%O
Horizons Total >50u <50u . Total >50u <50u
Ap 0.88 .60 .28 1.38 .31 1.06
Al 1.14 .79 .35 1.67 .36 1.30
B21t 1.02 .50 .52 1.51 .25 1.26
B22¢ 0.66 .36 .30 1.11 .17 0.93
B23t 0.69 .34 .34 1.25 .21 1.04
B31 0.98 .41 .57 1.23 .35 0.87
B32t 0.81 W42 .38 0.74 .20 0.54
Cl 0.78 .45 .32 1.07 .22 0.84
c2 1.06 .78 .28 0.77 .13 0.64
C3 1.05 .71 .34 0.67 .17 0.49

08
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The intensity of weathering is only a function of the micro relief and
soll climatic condition of the pedon. The soils occurring on flat
surfaces or depressions and the soils with low permeability indicate
less structural Na in the particles finer than very fine sand and

+ ,
more extractable Na sorbed as their exchange complex.
Discussion

The geologic history of North Central Oklahoma is rather
uncertain because a great deal of disconformity is observed in the
permian deposits of the entire area. To this date a viable hypothesis
to explain the genesis of slickspots, and the source of sodium in their
profiles has not been formulated. It has been hypothesized that these
spots are the resﬁlt of the accumulation of sodium salts in the
sediments laid down by a receding sea. Another possible source of
sodium has been thought to be the ocean spray salts carried in from
the Gulf of Mexico and dropped in the area by storm. It has also been
suggested that the salt distribution in the profiles is related to the
fluctuating water table. These suggestions are disputed by observable
evidence. Extractable K+ and micaceous clays are uniformly distributed
within the profile. Extractable Na+, particularly in Na-rich pedons,
decreases in the lower layers of the profiles, even below ground
water level. The most important evidence which disputes these
earlier hypotheses is that soluble anions; sulfate and chlorides and
cations are present only as traces or completely absent within the
profiles of both slickspots and normal mollisols. At the same time
the abundance of sodium bicarbonate in the ground water suggests the

hydrolysis of albite which may form clay minerals with the release
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of Na+.

4
2 Na Al 81308 + 2 H20 + CO2 ——i H4812A1209 + 8102 + Na2C03
Na2C03 + H20 ——>» Na HCO3 + NaOH

All of these evidences reject the hypotheses that these spots are
originated from soluble sediments deposited by a sea or the ocean spray
from rain. The rejection of the above hypotheses permits the author
to explain the following hypothetical model for formation of Argiustolls
and at least some of the Natrustolls in North Central Oklshoma.

The particle size distributions within the profiles indicated an
irregular accumulation and stratification of the soil parent material.
The C horizons contain from 11%Z to 827% clay. Statistically
dissimilarities or insignificant similarities exist between the lower
part of the B3 horizons and the upper layer of the C horizons in the
sampling pedons.

The x—-ray analyses of the pedogenic horizons indicate that the
predominant clay minerals in the solum and in the underlaying strata
are micaceous clays.

The geologic formations which crop out and underlie the soils of
the study site are reddish colored shales or silty shales. The
dissimilarities between the solum and the underlying strata verify
that the geologic formations laid down by a receding sea, have been
subjected to surface additions and removals by external agents. The
irregular stratification, the absence of coarse fragments, and the
trace amounts of soluble salts in all of the layers are indicative of
colluvial soil material which originated from shale or silty shales
occurring on the higher slopes. The gradual growth of vegetative

covers has retarded the removal of material from the surface, and more
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extensive growth of grasses has stabilized the geomorphic surface of
the area. Therefore our model of soil formation is based upon the
assumption that when the formation of the Ustolls began the
geomorphic surface was relatively stabilized.

Stage 1. At this stage the plants are developing, the roots
are alive, and are not a constituent of the initial state of the system.
In the initial state, the soil parent materials were clayey, and
interstratified with irregular layers of silty material. This is the
minimal stage of soil development, in which no losses or gains are
assumed. As growth of vegetative cover continues, some plants die,
decay and become a component of the soil system. The continuation of
these processes enhances the contribution of organic matter, the
aggregation of soil particles, and thus, the formation of surface
horizons enriched in organic matter. Under the climatic conditions
of North Central Oklahoma the soluble sulfate, the chloride and some
of the soluble cations of the original geologic formation are leached
into the ground water. Some of the cations combine with CO2 produced
by the organic cycle, forming secondary carbonates and bicarbonates.
Percolating water ﬁoves the insoluble calcium carbonates as
bicarbonates to the depth of vertical water movement. The accumulation
of calcium carbonates retards the rate of percolating water. This
enhances the hydrolysis of the Ca-rich feldspars and releases more
Ca++. At this stage the micas of the primary rocks weather directly,
by exchange of catioms, to clay minerals of 2:1 structural type or
similar structure, but they become relatively more stable under soil
conditions. The clay minerals such as illite and vermiculite are

probably derived from primary micas (Figure 3.18a).
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Stage 2. The slow downward movement of water takes the silicate
clays from the surface to the subsurface; horizons. A weak cambic
horizon containing a little more clay than the surface layers dominates
the- beginnings of the medial -stage of soil development. The continued
addiﬁion of organic matter at the surface together with the penetration
of roots produces a friable, dark colored mollic epipedon with an
organic matter content of 27 or more. The leaching of bases from the
surface causes a slightly acid to neutral condition which increases
the.rate of weathering. The eluviation of inherited fine clays
through desication cracks, pores and channels produced by fibrous

grasses, forms an enriched clay zone, and the beginning of an argillic

L

horizon. During this stage of soil development, those Na-rich feldspars

(albite) hydrolyze, and hydrogen ions replace their sodium and
contribute Na+ to the soil solution. Laboratory analyses indicate that
all of the soil particles are contributors of sodium to the pedons of
sodium affected soils. Silt fractions are possibly the major
contributor of this cation (Figure 2,18b).

Stage 3. When the argillic horizon is enriched in clay, the
permeability rate is reduced and percolation of water downward through
the profile is severely restricted. Water remains near the surface
creatinga more humic micro climate which accelerates soil weathering.
This is the beginning of the maximal stage of soil development.

In the Na-rich soils, sodium reacts with the exchange complex of
the soil and forms Na-humate and/or Na-clay which are both mobile
enough to be moved to the subsurface horizons through the vertical
channels. Because of the slow movement of these dispersed particles

some of them settle on the walls of the vertical cracks and cover a

-
R



88

mass of micro aggregates with clay skins and organic stains, These
macro aggregates are the columnar or prismatic units of the soil
structure. Usually they are richer in Na+ toward the outside of the
columns or prisms. The maximum developed prisms are capped with
material which 1s lighter in texture and color than the prisms them-
selves. This phenomenon is possibly explained by the removal of clay
particles from the top of the prisms through the cracks, with the
coarser material, which is usually silt loam in texture, remaining.

The presence of sodium in the exchange complex not only affects
the physical properties of the soil but also reduces the rate of the
uptake of other bases and indirectly retards plant growth. In this
case the rate of contribution of organic matter is not in equilibrium
with the rate of removal of dispersed organic matter. This causes a
significant loss of organic matter from the surface of the soil. The
éodium affected soils therefore cannot support tall grasses and the
short grasses dominate. As a result slickspots<support short grasses
in a tall grass area (Figure 3.18c).

The slickspots are found in different sized spots from a feaw
square feet to several acreg. The size of the sodic spots is highly
dependent upon the extent of Na-rich feldspars. The intensity of
weathering and release of extractable Na+ highly depends upon the
suitability of the weathering conditions. Micro relief and internal
dfainage are the very important factors in enhancing the hydrolysis

of the sodium feldspars.
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Proposed Hypothetical Model for Formation of Ustolls
in North Central Oklahoma
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CHAPTER IV

A STATISTICAL PROCEDURE IN

TAXONOMY OF SODIC SOILSl/

Abstract

A taxonomy of sodic solls of North Central Oklahoma, based on
quantitative data was the objective of this report. The data matrix
has 79 rows and 43 columns. Rows indicate the number of horizons
which were sampled from seven sampling pedons. Columns indicate a
total of 39 laboratory data, either measurable or interpretative;
together with hue, value, chroma, and the thickness of each horizon.
A computer program was used to construct the dendograph based upon
the result of clustering using the unweighted pair-group method. In
order to use the program, the coefficient of similarity between every
two horizons in the data matrix was computed. The lower triangle of
the 79 X 79symmetrical similarity matrix was punched on the I.B.M.
cards. The 79 soil samples were clustered into 19 groups. A
correlation type similarity of .58 or more existed within each group.
Soils were clustered disregarding their relative position within the
pedons. Transition matrices with 19 rows and 19 columns were built

.

for each pedon separately. The transition matrix approach was

1/

—"Article co-authored with Fenton Gray and William D. Warde and to
be submitted for publication in Soil Science Society of America
Proceedings.

an
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was followed in order to separate the seven sampling pedons into groups.
Five groups were recognized which were comparable with the subgroups in

conventional taxonomy.

Additional Key Words for Indexing: slickspots, North Central Oklahoma

Introduction and Review of Literature

Kellogg. (1959) states that the purpose of soil classification is
to aid the soil scilentists in determining the significant character-
istics of soils, to assemble data, to show the relationship of soils to
each other and their environment, and to promote development of
principles which can explain the behavior of soils and theéir response
to manipulation. Developing a system of taxonomy is a logical process.
The classes, or taxa are not inherent in nature but are defined by
taxonomists based upon significant combinations of soil characteristics.
A taxon is a group of soils with many common properties,

Smith (1963) points out that in soil classification some soils are
of particular significance because of their areal extent, unique
properties or genesis. The author of this report believes that salt
affected soils are among those which have particular. significance. All
salt affected soils possess morphwlogical features which influence
plant growth. Sodic soils are salt affected soils from which soluble
salts have been removed. The abundance of exchangeable sodium in
Sodic Soils has a marked influence upon their physical and chemical
properties.

The purpose of this paper is to explore statistical procedures -in

the taxonomy of sodic soils. Procedures in conventional and/or
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numerical taxonomy are based upon taxonomic.characters. A problem in
numerical taxonomy 1s the number of characters that must be used to
obtain reliable results. Michener and Sokal (1957) have ventured to
suggest the use of not less than sixty characters. Their idea was
based upon a statistical consideration that the confidence limits of
correlation coefficient became too wide below that sample size.
Simonson (1952) stated that the construction of a classification is
circumscribed by the knowledge of soils and their genesis held by

soil scientists responsible for the scheme of soil classification. 1In
this inquiry only those properties closely related to genesis of

Sodic Soils have been considered. Detailed characterization data
including the distinctive quantitative value of sodium content has been
considered for each horizon in the seven pedons from a toposequence of
slickspots and Mollisols.

Unidimensiongl dendograms, which illustrate similarities between
groups, are normally used to represent the results of numerical
taxonomy. According to McCammon (1968) dendographs are two dimensional
graphic forms which show the similarities within groups as.well as
between groups of ordered objects. A dendograph, when compared to a
dendogram, tends to lessen distortial effects inherent in any
portrayal of data in fewer than the original number of dimensions. In
this research a computér program was used to construct a dendograph
for numerical taxonomy as developed by McCammon and Wenninger (1970).

Norris and Dale (19?1) used the transition matrix approach in
numerical classification of twenty profiles. They congsidered the
relative position of the samples in the profiles and characterized each

profile according to morphological and laboratory data collected in
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ten depth increments of 10 cm each, In the present inquiry the
transition matrices are constructed using the redative position of
the pedogenic horizons as described and sampled aécording to the

guidelines in "7th Approximation."
Procedures Applied

A preliminary analysis of aerial photographs of North Central
Oklahoma clearly indicated the presence of Sodic Soils commonly called
slickspots.. These spots were subsequently examined in the field.
After a preliminary test of sodium content of the spots and the
surrounding area, seven sampling pedons were located on a toposequence
of slickspots, transitional, and normal mollisols.

A total of 79 samples from the pedogenic horizons were analyzed,
using a slipped block design in handling the samples in the soil
characterization laboratory. This statistical design was developed by
Timon (1962). The least square procedure was used to adjust the
treatment effects accordiﬁg to block effects assuming that the sum
of the treatment effects was equal to zero.

The thickness of the horizons, hue, value, and chroma in addition
to the treatment effects of 39 laboratory characters, which could be
either positive or negative values, were punched on I.B.M. cards. Hue
was the only character which was coded: 5Y = 01, 10 YR = 04, 7.5YR =
08, 5YR = 16, and 2.5 YR = 32. The laboratory characters which were
used in primary clustering are illustrated in Table 4.1.

The data matrix was a t°n matrix where t is the number of rows or
the horizons which were sampled and is equal to 79, n is the number of

characteristics associated with each horizon and is equal to 43. This



TABLE 4.1

A LIST OF THE CHARACTERISTICS USED IN CLUSTERING

THE PEDOGENIC HORIZONS

10

11

12
13
14
15
16
17
18
19
20
21

22

Thickness

Hue

Value

Chroma

Gravel

Very Coarse Sand
Coarse Sand
Medium Sand
Fine Sand
Very Fine Sand
Total Sand
Coarse Silt
Medium Silt
Fine Silt
Total Silt
Total Clay

Organic Matter

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39

Calcium Carbonate Equivalent 40

Total Soluble Salts

Total Phosphorus

41

42

Electrical Conductivity 43

Cation Exchange Capacity

Extractable H
Extractable Al
Extractable Ca
Extractable Mg
Extractable Na
Extractable K
Exchangeable Ca
Exchangeable Mg
Exchangeable Na
Exchangeable K
1:5 Soil:Water Ca

1:5 Soil:Water Mg

1:5 Soil: Water Na

1:5 Soil:Water K

1:5 Soil:Water SO

1:5 Soil:Water €0,

1:5 Soil:Water HCO3

1:5 Soil:Water C1

1:1 Soil: H20 pH

1:1 Soil:KCl pH

Exchangeable Sodium Percent
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data matrix was used in a computer program, '"Dendograph", to construct
a dendograph as developed by McCammon and Wenninger (1970), The con-
struction is based upon the results of clustering using the unweighted
palr-group method. According to the authors to make the program as
usable. as possible, the assumption was made that the user previously
would. have calculated or somehow estimated the pairwdse similarities
of the items which he wishes to arrange in a hierarchical order. The
option existed for the user to enter-either correlation coefficlent or
distance function as the measure of pairwise similarity sbetween every
two horizons. In order to use this program, the t+n data matrix was
standardized within each column (characteristics) and the correlation
matrix among rows (horizons was computed. According to Sokal and
Sneath (1963) the standardized values of the characteristics were

obtained by:

where zij is the standardized value of the ith characteristic in the
th
j horizon
. . .th . .th
X.. is the original value of the i~ characteristic in the j
horizon
. ,th .
X is the mean of the 1 characteristic
S is the standard deviation of the ith characteristic
The lower triangle of this 79 x79 similarity matrix was punched onto
I.B.M. cards. McCammon and Wenninger (1970) explain the program
operation which includes the program dimensions and order of input

cards. A plotter available in the computer center at Oklahoma State

. University was used to produce the dendograph. Figure 4.1 contains
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the dendograph produced for. 79 pedogenic horizons from a selected
toposequence of Sodic Soils in a mollisol area.

The numerical analysis of pedons was based upon the results of
the above primary dendograph and the relative positilon of the pedogenic
horizons in the profiles. Hence the numerical taxonomy of pedons pro-
ceeded through several stages. Four stages were employed in the
initial classification of the pedogenic horizons as described below.

1) The 79 samples from seven pedons were classified into 19
groups. based upon the 43 characters but irrespective of the pedons
from which they were taken. The groups were numbered from Ol to 19.

2) A table of profile description was formed for each pedon in
the form of a sequence of the horizons in the. profile. Each horizon
was assigned a number from 0l to 19, This number was the number of
the group into which that sample had been clustered. Table 4.2
contains the information which describes the pedons.

3) The sequence of the numbers describing each profile was
converted to a transition matrix. Each transition matrix recorded the
number of times each number followed every other down the sequence.
For example the number "4" recorded in row 1, column 1, of the matrix
pedon 1 in Table 4.3 indicates that a "1" is féllowed by "1" four times.

4) The seven transition matrices, each representing one pedon,
were classified., Figure 4.2 contains the dendograph produced for 7
pedons, based on the primary grouping of their horizons, and the
relative position of their horizons in the profiles.

Norris and Dale (1971) have explained the method of determining

the information content "I" of these matrices:



TABLE 4.2

PROFILE DESCRIPTIONS BASED UPON PRIMARY CLUSTERING
OF THE PEDOGENIC HORIZONS

Pedon 1 Pedon 2 Pedon 3 Pedon 4 Pedon 5 Pedon 6 Pedon 7
Horizon Group Horizon Group Horizon Group Horizon Group Horizon Group Horizon Group Horizon Group
Ap 17  Ap 18 Ap 19 Ap 19 Ap 17 Apl 19 Ap 18
Al 18 A2 18 Al 19 Al 17 Al 19 Ap2 19 Al 18
B21lt 01 B21t 17 A3 19 Bl : 17 A3 17 Al 17 B21t 05
B22tca 01 . B22t 03 .B1 17 B2lt 03 Bl 19 B1 19  B22t 05
B23t 01  B23t 01 B21t 17 B22t 03 B2lt 15 B2lt 17 B23t 05
B24t 02  B24tca 01  B22t 17 . B22tca 01  B22tca 15  B22t 17 B3l 05
B25t 01  B25tca 91 B23t 06 B23tca 05 B3 15 B23t 15 B32 05
B26t 01 B26t 01  B24t 06 B24t 04 Cl 09 B24tca g6 Cl 05
B3 01 B3 0l B25t 09 B3l 07 C2 13 B3 09 c2 11
C 12 ¢ 16  B26t 10 B32ca 08 C3 13 c1 07 C3 11

B31 .16 cCl 08 C4 14 ¢C2 13
C 06 C2 08 C3 14
C3 08 C4 14

86
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TABLE 4.3

TRANSITION MATRiCES PRODUCED FORM THE

TABLES OF PROFILE DESCRIPTION
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) =IX,, 1InX

I= (X 4 11

. ESWX;j)“‘ln z

For Transition matrix Pedon 1l:

3 5y By

Il =9 In9~-(¢Iné+11nl+1lnl+1lnl+1inl+11n1l)
Two transition matrices of pedons M and N compared by calculating IM’

I_and I

N (N ° where M+N is the matrix sum of M and N. AI is the

measure of information gain where:
AT = I(M+N) - (IM + IN)

That pair of matrices giving minimum information gain on addition are

joined to form a new composite matrix. The process of group formations

proceeded: applying a FORTRAN Program developed for this purpose using

"Dendograph' as a subroutine (Appendix C).
Results

According to McCammon and Wenninger (1970), the pyramid shape of
the dendograph is not an accident. As seen in Figures 4.1 and 4.2, it
greatly enhances the interpretative quality of the dendograph. The
similarities within groups are displayed as well as the similarities
between groups.

In analyzing the dendograph, Figure 4.1, it is apparent that
surface and subsurface pedogenic horizons. have been separated based
upon their particular differentiating properties. The 79 samples
have been divided into 19 groups. A similarity type coefficient of
0.58 or more exists within each group. The firqﬁ 16 groups contain
53 subsurface, and the last three groups contain 26 surface pedogenic
-horizons. .Group5‘qne through five are mostly composed of subhorizons

of B, which have a highly significant amount of exchangeable sodium.

The exchangeable sodium percentage of these groups varies from 14 to 45.
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Groups 6 through 16 are also subhorizons of B with the ESP of 1 to 14,
The sub-divisions of the C horizons and lower layers of the B horizons
are clustered in. groups 1l through 16. Groups 17, 18, and 19 are
composed primarily of subhorizons of A and the upper parts of B which
are high in organic matter. Considerdng the above results, it is
obvious that the main differentiating properties were those of surface
and subsurface diagnostic horizons. Hue, value, chroma, and clay
content, and.organic matter content appear to be among the most
important. properties. The subsurface horizons.were also separated
into groups of high and low sodium content. The exchangeable sodium
at the break point seemed to be 14 percent which is comparable to the
border between argillic and natric horizons.

During the morphological study of the. pedons in the field,
enough evidence was collected to prove the presence of mollic
epipedons and underlaying illuvial horizons.. Tall and short grasses
had contributed significant amounts of organic matter to the surface
-layers to place.the value and chroma of the top soils in the range of
mollic epipedons. White concretions of calcium carbonate in the
profiles were also noted particularly in the lower B horizons and
below. Carbonates seemed to have accumulated under an ustic moisture
regime and to have an effective role in stopping the movement of clay
and the formation of clay skins around the peds. Illuvial horizons
were identified by the color, clay distribution patterns and
presence of illuviated clay particles. Laboratory data supported the
presence of mollic epipedons and illuvial horizons.

Dendograph Figure 4.2 illuptrates the final grouping of the seven

pedons. The ordinate indicates the similarity type coefficient which
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III IV ' v

Figure 4.2. «Denddgraph ‘€luster Analysis of the Pedons
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is inversely proportional to the similarity between groups. Thise
éfoups are indiréctly based upon the internal properties of the
profiles which havebeen reflected in the transition matrices. The
dendograph indicates three major groups. A similarity type coefficient
of 16 or less exists within each group.

Group I Pedons 1, 2, and 7

Group II Pedons 3 and 4

Group III Pedons 5 and 6

According to Soil Survey Staff (1970), Paleustolls are Ustolls on
old stable surfaces with thick reddish argillic horizons. Particle
analysis of the study toposequence indicates that the surface has not
been stable but has been subject to additien and removal of material by
the external agents. Considering this fact, using conventional
classification, the seven pedons fit into two taxa; Natrustolls and
Argiustolls.,

1. Natrustolls: Pedons 1, 2, and 7 are Natrustolls, Ustolls with
a natric horizon. These Typic Natrustolls are characterized by short
grass vegetation and having more than 15%Z of the exchange complex of
the upper 40 cm of their argillic horizon saturated with sodium. They
have developed prismatic structures. Prisms are capped with material
lighter in texture and color than the Prisms.

2. Argiustolls: Pedons 3, 4, 5, and 6 are Argiustollé, Ustolls
which have an argillic horizon. Pedons 3, 5, and 6 belong to Pachic
Argiustoll subgroup which is charcterized by a mollic epipedon more
than 50 em thick and with soft powdery secondary lime within the
upper 125 cm of the profile. The author of this manuscript is

introducing a new taxon '""Nazdic Argiustoll'. The word nazdic is
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originally from the Persian language and means near.. If the (na)

from natric and (zdic) from nazdic are.combined the subgroup formative
element "Nazdic" is developed. Nazdic Argiustolls are Argiustolls
which have more than 6% of their cation.exchange capacity within 40 cm
of the upper boundary of argillic horizon saturated with sodium. The
physical or chemical properties of these. soils have not influenced

the plant growth as much as Typic Natrustolls.. The prismatic or
columnar  structure is not fully developed and it breaks into a blocky
structure.  Organic matter has been dispersed and scattered below

the depth of 25 cm. Nazdic Argiustolls are usually characterized
with mixed grasses. These solls act as a transitional linkage and
connect the Argiustolls to the Natrustolls, Pedon 4 which displays
these properties belongs to the Nazdic Argiustoll subgroups. This
pedon is also associated with an absence of ground water.

Analyzing the dendograph, Figure 4.2 and a similarity type
coefficient of 13, then five groups of soils will be recognized which
are comparable to the results of conventional classification. Table
4.4 indicates the results of numerical and conventional taxonomy
of the seven selected pedons from toposequence of slickspots and

Mollisols in North Central Oklahoma.
Discussion

The problem in numerical taxonomy is the number and type of the
characters required to obtain reliable results. Sarkar, Bidwell and
Marcus (1966) concluded that a large number of unselected characters
may not be superior to a much smaller group selected through the

correlation criterion. In this research 43 characters were used to



TABLE 4.4

COMPARISON OF NUMERICAL AND CONVENTIONAL TAXONOMY

Numerical
Taxonomy Conventional Taxonomy
Pedon Group Subgroup Family
1 fiIJ Typic Natrustoll fine, mixed, thermic
2 I Typic Natrustoll fine, mixed, thermic
3 IIT Pachic Argiustoll fine, silty, mixed, thermic
4 v Nazdic Argiustoll fine, mixed, thermic
5 A Pachic Argiustoll fine, silty, mixed, thermic
6 A Pachic Argiustoll fine, silty, mixed, thermic
7 I1 Typic Natrustoll fine, mixed, thermic

qoT
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construct-the. classification of the pedogenic horizons. The
selection of properties was a basic problem in this study. The
researcher tried to choose those properties which related soils to
their genesis. The first dendograph indicates that some properties,
such as organic matter content and clay content, strongly influence
the clustering of pedogenic horizons.

The transition matrix approach for clustering the pedons seems to
be satisfactory. In this research the natural relative position of
the pedogenic horizons was used for constructing the transitiqn
matrices.. The presence of a horizon in a profile was indirectly
considered. as a property of the pedon. The information content of a.
transition matrix greatly depends upon the number of horizons in the
pedon. For this reason it may be more reasonable to consider those
horizons within the. solum rather than the whole profile including
C horizon. If for some reason the C horizon is to be considered then
a certain uniform depth should be selected for all of the profiles
under study. In this case the information content "I" will be based
upon the number of pedogenic horizons in a certain depth which
determines the degree of differentiation of the horizons. This relates
the classification of the soils to their genesis. The author con-
cludes that the computer program "Dendograph" is a capable program
in clustering soils based upon those properties associated with salt

affected soils.



CHAPTER V
SUMMARY AND CONCLUSION

Slickspots give a recognizable light tone to aerial photographs.
These light spots correspond to areas dominated by.short.grasses within
a predominantly tall grass area. The morphology and laboratory data
indicate.the presence of mollic epipedons and argillic or natric horizons
in selected pedons of a toposequence of slickspots and Mollisols.,

The following criteria were recognized as suitable for distinguish-
ing salt affected soils from non-salt affected soils.

The electrical conductivities in micro mhos of 1:5 soil:water
extracts at 25°C determine the salinity classes; the values of pH of 1:1
Soil water mixture express the alkalinity classes. The ESP values based
upon the direct measurement of CEC characterize the sodicity classes.
Using these three criteria, a salt affected soil is.classified according
to the highest category it fits into within any one of these criteria.

The geologic history of the study site is rather uncertain. The
particle .size.distribution within the pedons indicates an irregular
. accumulation and stratification of the initial material. Statistically
dissimilarities or insignificant similarities exist between the lower
parts of the B3 horizon.and the underlying C horizons in all of the
sampling pedons. The'abpve evidences in addition to the presence of
trace amounts of soluble salts and the absence of coarse fragments in

the entire profile are indicators of colluvial soil material which

107
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originated from shale or silty shales occurring on the higher slopes.
The quantitative analysis of the soil particles reflect the abundance
of sodium in the soil structure. This pehnomenon plus the presence
of NaHCO3 in the ground water as the major salts, supporting the
hypothesis of in situ weathering of Na-rich feldspars which
contributes‘Na+ to the exchange complex of the soil and ground water.
A statistical approach was used in order to classify the slickspots
and the normal Mpllisols in the study site. A computer program was
used to construct the dendograph based upon the results of clustering
using an unweighted pair-group method. The 79 Pedogenic horizons were
clustered into 19 groups. Five groups were recognized which were
comparable with the subgroups in conventional taxonomy. A subgroup
"Nazdic Argiustoll" was found to be a linkage between Pachic

Argiustolls and Typic Natrustolls.
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1 TEXTIL)=TEXT12
90 CONTINUE
HRITE (6,203}
__ WRITE(6,204)
“SHRITEL6,205)
D3 40 L = 1,k
40 WRITE{6,217)¥3 ,PIT L oLANILYsGRACLY JVCSIL) (£SL) JMSILY 4FS (L),
1 VFS(L),SAND(L s CSTILI,MSTILIZFSTL}sSILTCL) (CLAYILY, TEXTIL}
WRITE{ &y 206)
WRITE(6, 207}
WRITE (642081
DI 50 L = 1,k0
50 WRITE(6,2181¥R4PITyLyLANILY 4EXTCACL) fEXTMGIL) s EXTKILY JEXTNALLD 5

'AY\L(L) =

1 EXTHIL) s EXTALAL) » EXCCALL) 4 EXCMGLIL D) EXCR(L )4 EXCNATL )y EXCSUMIL)

WRETE( 642060
WRITEL5,210)
WRITE(6,211)
D) 60 L = L.KO

60 WRITE(H 4219 1Y—yPIT oL oL ANIL Yy SCALL ) SHGLL ) o SKIL D »SNATL) 4 SUMCATIL) &

1 SCLILY 4SS+{L) ySCC3 L)y SHCO3 (L} o SUMAN(L)
RITE{ 62212}

WRITE(5,213)

WREITF(&,214)

0O 79 L o= 1l.ku

172

173
174
175
176

177
17d
179
180
181
182
183
184
165
186
187
188
- 1&S
150
191
192
193
19«
135
156

198
155
200
201
202
203

204

207

233
234
235
236

TU ARIT=d0 02200 o PET o Lo LANGC ) o UATL B PPPA(L )y CACT 3L Do TSSLL D4 SCAL Dy

] KCLPHOL domzsontLdCoC(1)
WRITELo,215)

WU TELS,215)

01 80 L = 4K

82 WRITEL64221)YR,PIT,HL LANIL ).CM.(.(LNCC(LI.ESP(LI-SSP(I.) 2 SAR{IL)

1 CAIL) «M{LY oNAACILY »SSCCHL)

WAITE(H,222]

CALL HISTO{THK] yCLAY 4iiGRyDEPCMZ KOs 10052 400
WETEL6,2230P1T

WRITE(6,224)

CALL AISTU(THKY s0MyHORJDEPCHM2 4KNyl 40,2 .0)
WRITE{6,2251P17

WRAITELS,225)

CALL HISTO(THKI 4PPPVHOR yUEPCH2 ¢K035040,2.0)
WRITELL, 227)P1T

ARITC(54228)

CALL HISYUUTHKY £ yHORJOEPCH2 ¢KCy104up24d)

A (TF{0s2291PIT

WRITELH 42300

WRITELE,231)

CALL HISTUITHO 14 EXTNALHIR s DEPCH2,KTy 2. 04 24 0}
WRITE{0,232)P1T

WRITDL6,24110

CALL s¥ESTOLTHK] £ XTCA ¢HOR yDE PCHM2 K092 0920}
HWRITE(2,242)PIT

WRETELO 42510

CALL HISTO{THKY +E XTK +HOR DEPLM2 4K042.0,240)
ARITE(6,252)P1T

WRITEL6,4251)

CALL HISTa{THKL (EXTNG 4HCR, DEPCHZ.KC'Z 042.9)
WRITEL64262)PIT

sTOP

END

SUBROUT INE  HISTO(TROWS, XVALUS, QANGID.NZ'NGRPS' XSCALE, YSCALE)
INTEGER SCALE oTROWS

TDIMENSTON TROWS(13), XVAL US(lBl JRANGID(13 92) +RONL( 101 1eSCALE(LL ),

10

.30
100
101

40
601
8L
841
50
8€2

6

<

102
10

1 N2(13)

DATA AST, 8LK,HYPH,VERT/0%8 ;¢ ¢ 3¢ 0|5y
£l 10 | = 1,101

ROWLT) = HYPH

"M 2071 = 1.101.10

ROWITY = VER

D0 30 I = 1.11

SCALEII) = (I-1) * XSCALE + 0.5
WRITE{6y TU0 ISCALE

FORMAT(*0¢,11X 411110}

WRITE(6,1C1)PIW

FORMAT (* ¢,20X, 10241)

ROW{l} = VERT

oo 70 L =
0340 1 =
ROWI) = dLK
TF(XVALUS(L ) .€2.0.168 TG 802

NCOLS = (XVALUS(L)/XSCALE)#1y.0+.5
NCOL S=MENO(NCULS,101)

IFINCOLS-11800, 500,801

NCTLS = 2

D) 50 I = 2,)¢0L35

ROw{1) = AST

LINES = TROWSEL) /YSCALE+.5

00 69 I = 1,LINES

WRITE(6,101 YRUW

WRITE £ 651021 (RANGI DULy ) ¢d= 1.2).N2(U
FORMAT (%49, 7Xy 244, 13, ¢CMY)

CONTINUE

RETURN

END

SENTRY C . Sy

711



APPENDIX B

FIELD DESCRIPTION FOR INDIVIDUAL PEDONS LOCATED
IN Nw4z OF SECTION 17. T. 25 N., R. 5 E.

OSAGE COUNTY OKLAHOMA

115



Pedon 1

Physiography: Upland Footslope
Relief: slightly concave

Slope: 1.5%

Aspect: southwest

Erosion: None to slight
Permeability: very slow

Drainage: Poorly drained

Ground water: 165 cm below surface
Moisture: Dry to 84 cm.

116

(Colors are for moist conditions unless noted otherwise)

10 YR 3/2 very fine sandy loam, 10 YR 5/2
dry; weak medium and coarse platy
structure; very friable, hard; few fine
pores; many fine and medium roots; pH 6.5;
clear smooth boundary.

10 YR 3/1 silt loam, 10 YR 5/2 dry; weak
medium platy structure; very friable, hard;
common fine pores; many fine and common
medium roots; pH 7.0; abrupt smooth

10 YR 2/1 silty clay, 10 YR 4/1 dry;
strong medium prismatic parting to strong
fine angular blocky structure; upper 2.5
cm of prisms are capped with 10 YR 4/1
silt loam, 10 YR 6/2 dry; very firm,
extremely hard; common fine pores; many
fine and few medium roots; continuous clay
films; few fine crystals of salts in lower
part; few fine soft masses of CO, in lower
part; pH 8.0; clear wavy boundary.

Horizon cm
Ap 0-10
Al 10-17
boundary.
B21t 17-35
B22tca 35-55

10 YR 3/2 silty clay, 10 YR 4/2 dry;
common fine faint 7.5 YR 5/6 mottles and
common medium distinect 10 YR 3/1 coatings
on some ped exteriors; weak coarse
prismatic parting to moderate fine
angular blocky structure; very firm,
extremely hard; few fine pores; common
fine fine and few medium roots; patchy
clay films; few fine black concretions;
few fine crystals of salts; many fine and
medium soft masses of CaCO,; disseminated
CaCO, in some peds; pH 8.0F gradual
smoo%h boundary.



Horizon
B23t

B24t

B25t

B26t

cm
55-83

83-119

119-144

144-165
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10 YR 4/2 heavy silty clay loam, 10 YR
5/3 dry; many fine and medium distinct
7.5 YR 5/6 mottles; weak coarse prismatic
parting to moderate fine and medium
angular blocky structure; very firm,
extremely hard; common fine and few
médium pores; common fine roots;
continuous clay films; many fine black
concretions; some segregated CaCO, in
thread-like forms; slight effervescence
in spots; pH 8.2; gradual smooth boundary.

10 YR 4/2 heavy silty clay loam, 10 YR

'5/3 dry; many fine and medium distinct

7.5 YR 5/6 mottles; weak medium angular
blocky structure; very firm, extremely
hard; common fine and few medium pores;
few fine roots; continuous clay films;
many fine black concretions; common very
fine specks of soluble salts; few medium
hard lime concretions; slight effer-
vescence around some pores; pH 8.2;
gradual smooth boundary.

7.5 YR 4/2 heavy silty clay loam, 7.5 YR
5/3 dry; common coarse distinct 10 YR
7/4-ed many fine and medium distinct
7.5 YR 5/6 mottles; weak medium angular
blocky structure; very firm, extremely
hard; few fine pores; few fine roots;
continuous clay films; common fine black
concretions; few medium hard CaCoO,'
concretions; slight effervescence™ around
some pores; pH 8.3; gradual smooth
boundary.

7.5 YR 4/2 light silty clay, 7.5 YR 5/3
dry; common coarsé distinct 10 YR 7/4

and many fine and medium distinct 7.5 YR
5/6 mottles; weak fine and medium

angular block structure; very firm,
extremely hard; common fine and few
medium pores; continuous clay films; many
fine black concretions; slight effer-
vescence around some pores; pH 8.3;
gradual smooth boundary.



118

Horizon cm

B3 165-231 7.5 YR 4/2 silty clay, 7.5 YR 5/3 dry,
many fine and medium distinct 7.5 YR
5/6 and few fine distinct. 10 YR 5/2
mottles; weak medium angular blocky
structure; very firm, extremely hard;
few fine pores; patchy clay films; many
fine black concretions with few larger
than 2 mm; slight effervescence around
some pores} water table at 165 cm pH 8.3
clear boundary.

C 231-253 Partially weathered reddish fine grain
sandstone of Permian Age.

Pedon 2

Physiography: Upland footslope
Relief: smooth

Slope: 1.5%

Aspect: Southwest

Erlosion: None to slight
Permeability: Very slow
Drainage: Poorly drained

Ground water: 170 ém to 'watertable
Moisture: Dry to 99 cm.

(Colors are for moist conditions unless noted otherwise)

Horizon cm

Ap 0-20 10 YR 3/1 very fine sandy loam, 10 YR 5/1
dry; weak medium and coarse platy parting
to weak medium granular structure; very
friable, hard; common fine and few medium
pores; many fine and medium roots; many
worm casts; pH 6.5; clear smooth boundary.

Al 20-30 10 YR 3/1 silt loam, 10 YR 5/2 dry;
massive; very friable, hard; many fine
and few medium and coarse pores; many fine
and common medium roots; many worm casts;
pH 6.8; abrupt smooth boundary.

B21lt 30-48 10 YR 2/2 heavy silty clay loam, 10 YR
4/2 dry; few fine faint 7.5 YR 5/6 mottles;
strong medium prismatic parting to
moderate medium angular blocky structure;
upper 2.5 ‘cm of prisms capped and sides of
prisms coated with 10 YR 3/2 silt loam.
10 YR 5/2 dry; firm; very hard; many fine,
common medium, and few coarse pores; many
fine and common medium roots; patchy clay



Horizon
B21lt (con't)

B22t

B23t

B24tca

B25tca

cm

48-71

71-99

99-119

119~154

119

films; many worm casts; pH 6.8; gradual
smooth boundary.

10 YR 3/2 heavy silty clay loam, 10 YR
4/2 dry; common fine distinet 7.5 YR
5/6 mottles; some peds coated with organic
stains of 10 YR 3/1; moderate medium
prismatic parting to moderate fine and
medium angular blocky structure; very
firm, extremely hard; common fine pores;
many fine and few medium roots; nearly
continuous clay films; few fine black
concretions; common worm casts; pH 8.0;
gradual smooth boundary.

10 YR 4/2 light silty clay, 10 YR 4/2
dry; few fine distinct 7.5 YR 5/6
mottles; about 50 percent of peds coated
with 10 YR 4/3 and few peds coated with
organic stains of 10 YR 3/1; weak coarse
prismatic parting to weak medium angular
blocky structure; very firm, extremely
hard; many fine pores; common fine and
few medium roots; continuocus clay films;
few fine black concretions; few medium
hard CaCO, concretions; slight effer-
vescence in spots; pH 8.0; gradual
smooth boundary.

10 YR 4/2 silty clay, 10 YR 4/2 dry; few
fine distinct 7.5 YR 5/6 mottles; about
50 percent of peds coated with 10 YR 4/3
and few peds coated with organic stains
of 10 YR 3/1; weak medium angular blocky
structure; very firm, extremely hard;
common fine pores; common fine roots;
continuous clay films; common fine black
concretions; few soluble salts in thread
like forms; common medium hard CaCO
concretion; slight effervescence ardund
some pores; pH 8.0; gradual smooth
boundary. {

10 YR 4/2 silty clay, 10 YR 5/3 dry!
common medium and coarse distinct 10 YR
6/4 and common fine distinct 7.5 YR 5/6
mottles; weak fine and medium angular
blockystructure; very firm, extremely
hard; common fine and few medium pores;
few fine roots; continuous clay films;
many fine black concretions with few
larger than 2 mm; few thread-like forms
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Horizon cm

B25tca (con't) of soluble salts; common medium hard
CaC0., concretions; slight effervescence
arouid some pores; pH 8.3; gradual smooth
boundary.

B26t : 154~170 10 YR 4/2 silty clay, 10 YR 5/3 dry; many
medium and coarse distinct 7.5 YR 5/6 and
common. .fine distinct 2.5 Y 5/2 mottles;
weak medium angular blocky structure; very
firm, extremely hard; common fine and few
medium pores; continuous clay films; many
fine black concretions; pH 8.3; gradual
smooth boundary.

B3 » 170-223 Varigated 10 YR 4/3, 7.5 YR 5/6and 2.5Y5/2
silty clay; weak medium and coarse angular
blocky structure; very firm, extremely hard;
few fine pores; patchy clay films; common
fine black concretions; pH 8.3; gradual
boundary

C N 223-259 No Description — 10 YR 4/3 moist.

Pedon 3

Physiography: Upland sideslope
Relief: Smooth

Slope: 2%

Aspect: Southwest

Erosion: None to slight
Permeability: Slow

Drainage: Moderately well drained
Ground water: 190 cm below surface
Moisture: Dry to 66 cm

(Colors are for moist conditions unless otherwise noted)

Horizon cm
Ap . 0-15 10 YR 2/1 .silt loam, 10 YR 4/1 dry; weak
, . medium subangular blocky parting to
moderate medium granular structure; very
friable, hard; common fine, few medium
pores; many fine and medium roots; common
worm casts; pH 7.0; clear smooth boundary.

Al 15-22 10 YR 2/1 silt loam, 10 YR 4/1 dry;
moderate medium granular structure; very
friable, hard; many fine, few medium
pores; many fine common medium roots;
many worm casts; pH 6.3; clear smooth
boundary.



Horizomn
A3

Bl

B21lt

B22t

B23t

cm
22 -40

40-53

53-66

66-99

99-126
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10 YR 2/2 heavy silt loam, 10 YR 4/2 dry;
weak coarse prismatic parting to moderate
medium granular structure; friable, hard;
many fine, few medium pores; many fine,
few medium roots; many worjr casts; pH
6.3; clear wavy boundary.

10 YR 3/2 light silty clay loam, 10 YR
4/2 dry; few fine faint 7.5 YR 5/6
mottles; weak medium and coarse prismatic
parting to moderate medium granular
structure; friable, very hard; many fine,
few medium pores; common fine, few
medium roots; patchy clay films; few
fine black concretions; many worm casts;
pH 6.3; clear smooth boundary.

7.5 YR 3/2 silty clay loam; 7.5 YR 4/2
dry; common fine and medium distinct 7.5
YR 5/6 mottles; moderate medium prismatic
parting to moderate medium granular
structure; firm, very hard; many fine,
common medium pores; common fine, few
medium roots; continuous clay films; few
fine black concretions; common worm casts;
pH 6.8; clear smooth boundary.

7.5 YR 4/2 heavy silty clay loam, 7.5 YR
5/2 dry; common fine and medium distinct
5 YR 4/6 mottles; moderate medium
prismatic parting to moderate fine and
medium angular blocky structure; very
firm, extremely hard; many fine, few
medium pores; common fine roots;
continuous clay films; common fime black
concretions with few larger than 2 mm;
few slickensides; few worm casts; pH
7.5; gradual wavy boundary.

7.5 YR 4/2 gilty clay, 7.5 YR 5/2 dry;
many fine and medium distinct 5 YR 4/6
mottles; weak medium prismatic parting to
moderate medium angular blocky structure;
very firm, extremely hard; common fine
pores; common fine roets; continuous clay
films; many fine black conecretions with
few larger than 2 mm; common noninter-
secting slickensides; pH 8.0; gradual
wavy boundary.



Horizon
B24t

B25tca

- B26t

B3l

cm
126-149

149-170

170-190

190-226

226-256

256+
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7.5 YR 4/2 silty clay, 7.5 YR 5/4 dry;
many fine and medium distinect 7.5 YR 5/8
and few fine distinct 10 YR 5/1 mottles;
weak medium and coarse angular blocky
structure; very firm, extremely hard;
common fine pores; few fine roots;
continuous clay films; many fine black
concretions with few greater than 2 mm;
few medium hard lime concretions; few
nonintersecting slickensides; few fine
fragments of sandstone; pH 8.0; gradual
wavy boundary.

7.5 YR 4/2 silty clay, 7.5 YR 5/4 dry;

many medium and coarse distinct 7.5 YR
5/6 and common medium distinct 10 YR 5/1
mottles; weak medium and coarse angular
blocky structure; very firm, extremely
hard; common fine pores; few fine roots;
continuous clay films; many fine black
concretions with few larger than 2 mm;
common fine and medium hard CaCO
concretions; few nonintersecting slicken-
sides; noncalcareous; pH 8.0; gradual
wavy boundary.

7.5 YR 4/4 silty clay, 7.5 YR 5/4 dry;
many. medium and coarse distinct 7.5 YR
4/6 and 10 YR 5/1 mottles; weak medium
and coarse angular blocky structure;

very firm, extremely hard; few fine pores;
few fine roots; continuous clay films;
many fine black concretions; few medium
hard CaCO, concretionsj noncarcareous;

pH 8.2; gFadual boundary.

7.5 YR 5/4 silty clay, 7.5 YR 6/4 dry;
many medium and coarse distinct 7.5 YR
4/6 and 10 YR 5/1 mottles; weak coarse
angular blocky structure; very firm,
extremely hard; few fine pores; patchy
clay films; many fine black concretions?

noncalcareous; water table at 190 cm, #H
8.3; gradual boundary.

5 YR 5/6 heavy silty clay loam, 5 YR 6/6
dry; common medium distinct 5 YR 5/8
mottles; massive; very firm, extremely
hard; common fine black concretions; few
weathered fragments of sandstone;
noncalcareous; pH 7.7.

Hard reddish fine. grain sandstone.
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Pedon 4

Physiography: Upland sideslope
Relief: Single or smooth

Slope: 2%

Aspect: Southwest

Erosion: None to slight
Permeability: slow or very slow
Drainage: poorly drained

Ground water: >320 cm

(Colors are for moist conditions unless otherwise noted)

Horizon cm

Ap 0-22 10 YR 2/2 silt loam, 10 YR 4/2 dry;
weak medium and coarse platy; very °
friable, hard; few medium, few fine
pores; many fine, few medium roots; many
worm castsj pH 6.3; clear smooth
boundary.

Al 22-33 10 YR 3/2 silt loam, 10 YR 5/2 dry; weak
coarse platy structure; very friable,
hard; many. fine, common medium pores;
many fine, common medium roots; many
worm casts; pH 6.3; abrupt wavy
boundary.

Bl 33~53 10 YR 4/3 light silty clay loam, 10 YR
5/3 dry; many fine and medium distinct
5 YR 5/6 mottles; moderate coarse
prismatic parting to moderate medium
angular blocky structure; prisms are
coated and have 2.5 cm caps of 10:YR 3/2
silt loam, 10 YR 5/2 dry; firm, extremely
hard; many fine, few medium pores; many
fine, common medium roots; patchy clay
films; common worm casts; pH 6.5;
gradual smooth boundary.

B21t 53-81 7.5 YR 3/2 heavy silty clay loam, 7.5 YR
4/2 dry; many fine and medium distinct
.5 YR 5/6 mottles; many prisms coated with
10 YR 4/3, 6/4 dry; moderate medium
prismatic parting to strong fine and
medium angular blocky structure; very
firm, extremely hard; few fine, few
medium pores; many fine, common medium
roots; continuous clay films; organic
stains (10 YR 2/2) on many ped faces;
few worm casts; pH 8.0; gradual smooth
boundary.



Horizon
B22t

B22tca.

B23tca

B24t

B31

cm
81-104

104-124

124-152

152-180

180-200

124

7.5 YR 4/2 heavy silty clay loam, 7.5 YR
5/4 dry; common fine and medium distinct
5 YR 5/6 mottles;. prisms coated with

.10 YR.4/3, 6/4 dry; weak coarse

prismatic parting to moderate fine and
medium angular blocky structure; very
firm, extremely hard; few fine pores;
common fine roots;.continuous clay
films; common fine black concretions;
organic stains (10. YR 2/2) on some ped
faces; pH 8.3;. gradual wavy boundary.

7.5 YR 4/4 heavy silty clay loam, 7.5 YR
5/4 dry; common medium and coarse
distinct 5 YR 5/6; mottles; about 50% of
peds coated with 10 YR 4/3, 6/4 dry;
moderate medium angular blocky structure;
very firm, extremely hard; few fine pores;
few fine roots; continuous clay films;
many fine black concretions; few fine
soft masses and few coarse hard
concretions of CaCO,; noncalcareous; pH
8.3; gradual wavy boundary.

5 YR 4/4 heavy silty clay loam 5 YR 5/4
dry; few fine faint 5 YR 5/8 mottles;
weak medium angular blocky structure;
firm, extremely hard; few fine pores;
continuous clay films; many fine black
concretions; few medium hard CaCO
concretions; pH 8.3; gradual wavy
boundary.

5 YR 4/6 heavy silty clay loam, 5 YR 5/6
dry; common medium distinect 2.5 Y 5/2
and few fine faint 5 YR 5/8; weak medium
angular blocky structure; firm, extremely
hard; common fine, few medium; pores;
nearly continuous clay films; common
fine black concretions; few coarse

fine grain sandstone fragments; non-
calcareous; pH 8.3; gradual wavy boundary.

2.5 YR 4/4 silty clay, 2.5 YR 5/4 dry;
common medium distinct 2.5 Y 6/2 and
common distinct 2.5 Y 6/6; weak medium
and coarse angular blocky structure;

firm, extremely hard; common fine pores;
nearly continuous clay films; many fine
black concretions; few fine and medium
sandstone fragments; slight effervescence;
pH 8.3; gradual smooth boundary.



Horizon cm

B32ca 200-228
Ccl 228-259
Cc2 259-289
C3 289-320

125

Varigated 5 YR 4/6, 2.5 Y 6/2, 2.5 YR 4/4,
and 2.5 Y 5/2 gilty clay loam; weakly
laminated and weak medium angular blocky
structure; firm, very hard; common fine
pores; patchy clay f£ilms; common fine
black concretions; CaC0, occurring in
disseminated forms and as few hard
concretions; violent effervescence; pH
8.3;.gradual boundary.

5 YR 4/4 and.5 Y 6/2 weakly laminated clay;
very firm, extremely hard; common fine
black concretions; “S8trong effervescencé;
pH 8.2; gradual boundary.

5 YR 4/4 and 5 Y 6/2 weakly laminated
clay; common fine lime coated sandstone
fragments; strong effervescence; pH 8.1;
gradual boundary.

5 YR 4/4 and 5 Y 6/2 weakly laminated
clay; slight effervescence; pH 8.0

Pedon 5

Physiography: Upland sideslope

Relief: Slightly convex

Slope: 2%
Aspect: Southwest

Erosion: none to slight

Permeability: slow

Drainage: Moderately well drained
Ground. water: >236 cm below surface

Moisture: dry to 50 cm

(Colors are for moist conditions unless otherwise noted)

Horizon cm
Ap 0-20
Al 20-38

10 YR 3/2 silt loam, 10 YR 5/2 dry;
moderate medium and coarse platy structure;
very friable, hard; few fine, few medium
pores; many fine, common medium roots;

pH 6.0 abrupt smooth boundary.

10 YR 3/2 silt loam, 10 YR 4/2 dry;
moderate fine and medium granular structure;
very friable, hard; many fine, common
medium pores; many fine, few medium roots;
many worm casts; pH 6.0; clear smooth
boundary.



Horizon

A3

Bl

B2lt

‘B22tca

B3

cl

cm
38-50

50-60

60-91

91-116

116-142

142-160

126

7.5 YR 3/2 heavy silt loam, 7.5 YR 4/2
dry; weak coarse prismatic parting to
moderate.medium .granular structure;
friable, hard; many.fine, few medium
pores; many fine, few medium roots;

.many worm casts; pH 6.0; clear smooth

boundary.

5 YR 3/2 gilty clay loam, 5 YR 4/2 dry;
weak coarse prismatic parting to moderste
medium. structure; firm, very hard; many
fine and medium pores; many fine, few
medium roots; patchy clay films; common
worm castsj pH 6.0; clear smooth
boundary.

5 YR 4/3 silty clay loam, 5 YR 5/3 dry;
common medium distinct 5 YR 4/6

mottles; moderate medium prismatic parting
to moderate fine angular blocky structure;
very firm, very hard; many fine, common
medium pores; many fine, few medium

roots; continuous clay films; few fine
black concretions; pH 6.2; gradual smooth
boundary.

5 YR 4/3 silty clay loam, 5 YR 5/3 dry;
common coarse distinct 10 YR 5/2 and few
coarse distinct 5 YR 4/6 mottles;
moderate medium angular blocky structure;
very firm, extremely hard; few fine,

.common medium pores; common fine roots;

continuous clay films; many fine black
concretions; few fine soft masses of
CaC0,; few worm casts; pH 6.7; gradual
smoo%h boundary.

Varigated 5 YR 5/3, 10 YR 5/6, 10 YR 6/3,
10 YR 3/2, and 2.5 Y 6/2 silty clay lcam

and weakly laminated siltstomne and shale;
many fine, common medium pores; few fine

roots; patchy clay films; noncalcarecis;

pH 8.2; clear smooth boundary.

Varigated 5 YR 5/3, 10 YR 5/6, 10 YR 6/3,
10 YR 3/2, 7.5 YR 5/8, and 2.5 Y 6/2
weakly laminated siltstone, shale and
fine grain sandstone; few fine roots;
slight effervescence; pH 8.0; clear
smooth boundary.
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Horizon cm
c2 160-193 Varigated 5 YR 4/2, 2.5 Y 5/2, 2.5 Y 6/6;
laminated shale, siltstone, and fine
grain sandstone; noncalcareous; pH 8.0;
..clear smooth boundary.

c3 193-220 . Varigated 5 YR 5/2, 2.5 Y 5/2, and 10 YR
6/8 laminated .silt stone or fine grain
sandstone; black coatings on clevage
. plains; noncalcareous; pH 8.0; clear
smooth boundary.

C4 220-236 2,5 YR and 10 YR 4/3 laminated siltstone
and fine grain sandstone; noncalcareous;
pH 8.2; aburpt smooth boundary.

R 236+ Hard reddish fine grain sandstone of
Permian Age; unsampled.

Pedon 6

Physiography: Upland ridge crest

Relief: Slightly convex

Slope: 1.5%

Aspect: Southwest

Erosion: None to slight

Permeability: Slow

Drainage: Moderately well drained

Ground water: 233 cm below surface (in auger hole)
Moisture: Dty to 51 cm

(Colors are for moist conditions unless otherwise noted)

Hor'izon cm

Apl 0-5 10 YR 3/2 silt loam, 10 YR 4/2 dry; weak
fine platy; friable, hard; few medium
pores; many fine and medium roots; pH
6.2; abrupt smooth boundary.

Ap2 5-20 10 YR 3/2 silt loam, 10 YR 4/2 dry;
massive or weak medium granular structure;
friable, hard; few medium pores; many fine
and medium roots; many worm casts; pH
6.2; clear smooth boundary.

Al 20-35 10 YR 3/2 heavy silt loam, 10 YR 4/2 dry;
moderate medium granular structure;
friable, hard; many fine, few medium
pores; many fine and medium roots; many
worm casts; pH 6.4; clear smooth boundary
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Horizon cm

Bl 35-50 7.5 ¥R 3/2 silty clay loam, 7.5 YR 4/2
dry; common fine distinet 5 YR 4/6
mottles; moderate medium prismatic
parting to strong medium granular
structure; firm, hard; many fine, few
medium pores; common fine and medium
roots; patchy clay films; pH 6.4;
gradual smooth boundary.

B2lt 50-68 5 YR 4/3 silty clay loam, 5 YR 5/3 dry;

: common fine and medium distinct 5 YR 4/6
mottles; weak medium prismatic parting to
strong medium granular. structure; very
firm, very hard; common fine, few medium
pores; common fine, few medium roots;
nearly continuous clay films; pH 6.5;
gradual wavy boundary.

B22t 68-101 5 YR 4/3 heavy silty.clayloam, 5 YR 4/3dry;
fiany coarse distinct 5 YR 5/6 mottles;
moderate medium angular blocky structure;
very firm, extremely hard; common fine
pores; common fine, few medium roots;
continuous clay films; many fine black
concretions; few organic stains on
surface of peds; pH 6.8; gradual smooth
boundary.

B23t 101-126 5 YR 4/4 silty clay, 5 YR 5/4 dry; common
coarse distinct 5 YR 5/6 and few fine
distinct 10 YR 5/2 mottles; moderate
medium angular blocky structure; very
firm, extremely hard; few finé pores; few
fine roots; continuous clay films;
common nonintersecting slickensides;
many fine black concretions; black stains
in root channels; few Kkrotovinas; few
soft masses of CaCO_; noncalcareous; pH
8.0; gradual smooth™boundary.

B24ca 126-160 5 YR 4/4 silty clay, 5 YR 5/4 dry; many
coarse distinct 5 YR 5/6, common medium
distinct 10 YR 5/2, and common’ fine
distinct 5 YR 5/8 mottles; weak medium
angular blocky structure; very firm,
extremely hard; few fine pores; few fine
roots; nearly continuous clay films;
common™ fine black concretions; black
stains in root channels; common medium and
coarse hard CaC0O, concretions; slight
effervescence; pﬁ 8.3; gradual smooth
boundary. :



129

Horizon cm
B3 160-185 Varigated 5 YR 4/4, 7.5 YR 4/4 and 3/2,

. 10 YR 6/8 and 5/3, and 2.5 Y 6/2 silty
clay loam; weak coarse angular blocky
structure; firm, very hard; common fine
pores; few fine roots; few patchy clay
films; few fine black concretions; slight
effervescence; pH 8.2; gradual smooth
boundary.

cl 185-205 - Varigated 5 YR 4/4 and 5/3, 7.5 YR 6/4,
2.5 YR 6/4, and 10 YR 5/6 and 5/3 light
silty clay loam; massive; firm, very hard;
common fine, few medium pores; noncalcare-
ous; pH 8.1; gradual smooth boundary.

c2 205-233 Varigated 5 YR 7/2 and 5/3, 5Y 7/2 and
8/2, 7.5 YR 5/8 and 6/8, 10 YR 5/6 and
2.5 Y 6/2 weakly laminated interbedded
siltstone, shale, and fine grain sand-
stone; slight effervescence in spots;
gradual boundary.

Cc3 233-261 5 YR 4/3 shale interbedded with 5 Y 6/3
fine grain sandstone; slight effer-
vescence; clear boundary.

C4 261-279 5 YR 4/3 and 5 Y 6/3 laminated shale;
strong effervescence; clear boundary.

R 279"+ Hard massive reddish fine grain sandstone.

Pedon 7

Physiography: Upland ridge crest
Relief: Slightly convex

Slope: 1.5%

Aspect: Southwest

‘Erosion: ®None to slight
Permeability: Very slow

Drainage: Poorly drained

Ground water: 236 cm below surface
Moisture: Dry to 70 cm

(Colors are for moist conditions unless otherwise noted)

Horizon cm

Ap 0-7 10 YR 3/2 very fine sandy loam, 10 YR 5/2
dry; moderate medium and coarse platy
structure; very friable, hard; many fine,
common medium pores; many fine, common
medium roots; pH 6.8; clear smooth
boundary.



Horizon
Al

B21lt

B22t

B23t

B3

cm
7-20

20-35

35-55

55-71

71-104

130

7.5 YR 3/2 very fine sandy loam 7.5 YR
5/2 dry; weak medium and coarse platy
structure; very friable, hard; many

fine, common medium roots; few worm casts;
pH 8.0; abrupt smooth boundary.

7.5 YR 3/2 clay loam 7.5 YR 4/2 dry;
prisms capped with 7.5 YR 4/2 and 5/4
dry; moderate medium and coarse prismatic
parting to moderate fine and medium
angular blocky structure; very firm,
extremely hard; few fine and medium
pores; many fine, common medium roots;
patchy clay films; prisms are coated
with black 10 YR 2/1 stains; common worm
casts; noncalcareous; pH 8.3; clear smooth
boundary.

5 YR 4/3 heavy silty clay loam, 5 YR 4/3
dry; moderate medium prismatic parting to
strong fine and medium angular blocky
structure; very firm, extremely hard; few
fine and medium pores; many fine, common
medium roots; continuous clay films; most
ped surfaces are coated with 10 YR 2/2
organic stains and some are coated with
7.5 YR 5/4 material along vertical cracks
that washed down from A horizons; few soft
masses of CaC0,; few small sandstone
pebbles; noncaicarebus; PH 8.3; gradual
smooth boundary,

. 5 YR 4/3 heavy silty clay loam, 5 YR 4/3

dry; moderate fine and medium angular
blocky structure; very firm, extremely
hard; few fine and medium pores; few

fine roots; continuous clay films; common
fine black concretions; few soft masses of
CaC0O, some vertical ped surfaces coated
with™7.5 YR 5/4 that has wash down

cracks from A horizons; noncalcareous;

pH 8.3 gradual smooth boundary.

5 YR 4/4 heavy silty clay loam, 5 YR 4/4
dry; weak medium angular blocky structure;
very firm, very hard; common meidum, few
fine pores; few fine roots; patchy clay
films; few fine black concretions; common
fine and medium 10 YR 6/6 sandstone frag-
ments; slight effervescence in spots; pH
8.3; gradual smooth boundary.
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Horizon cm

B32 104-134 5 YR 4/4 silty clay loam, 5 YR 4/4 dry;
weak medium and coarse angular blocky
structure; very firm, very hard; common
fine, few medium pores; patchy clay films;
few fine black concretions; many fine and
medium 10 YR 6/6 sandstone fragments;
slight effervescence; pH 8.3; clear wavy
boundary.

cl 134-180 Varigated 5 YR 4/3, 10 YR 7/4, 6/6, and
2/1 interbedded fine grain sandstone and
shale; weakly laminated; slight effer-
vescence; pH 8.3; gradual wavy boundary.

Cc2 180-228 Varigated 5 YR 4/2, 10 YR 7/4 and 5/6
partially weathered fine grain sandstone
and interbedded shale; strong effer-
vescence; pH 8.1; clear wavy boundary.

c3 228-243 5 YR 5/3 siltstone interbedded with 5 Y
7/3 fine grain sandstone; slight effer-
vescence; pH 8.2; clear boundary.

R 243"+ Hard massive reddish brown fine grain
sandstone.
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APPENDIX C

COMPUTER PROGRAM WHICH USED THE "DENDOGRAPH"

AS A SUBROUTINE FOR CLUSTERING THE PEDONS



0001
€002
€003
COo0%
€00s

0006

0007
0008
co09
ovlo
€01l
o012
0013
€014
0015
0016
cc17
0018
Qo019
€020
0021

0022

€024
G025
026
ccz?
Coze
Cco29
€330
€031
0032
€g33
0034
0035
ca3e
Go3?
0038
€c3s
0040
004t
€042
0042
0044
G045
0046

Coee
0049
0050
€0s1
0052

0053
0054

0055
€056
c057
CO58
0059
Co6C
cosl
0062

DIMENS ION LASCI0), LACEY03, 0430100 yLAACLO) fLAN(LO) 4LADL1 0) ,LAR{LD}
o1 SION JAG{101,3A6110)
DIMENSION LABCL0Y, 10”2 (L0} ¢ WSRTLO) 4B (10D 4 ALLA) ALIN{L1O)
DIMENS 13N NA“E {4y 10)
OIMENSION AT (109),8101031,C1(100},01(12),E10100),1C(120),
1 1J0100) ¢ 130 100) , JCUTI0Y , JRELIVY pJHT12I0Y 4 LLLEL D) N1 00) +NK{L00)
READ(5,998) (A{1),121,18)
c INPUT DATA MATRICES - 19 #, ROW #, COLUMN #, ENTRY
1=0
5 I=l+1
READIS sGU0ENDI=Y0) TJCE) TR yICLINNLT)
62 Y0 5
10 k=fJtI-1)
M=1-1
1L=93
KKK=K& (K-1)/2
1tr=1
WRITE(6,905) III
L=1
LLiLi=1 N
11=1
Ji=1
120
X=0 .
AY=0.
4 COMPUTE INFIRMAT ION MEASURE (A} FOR ALL KA OF VHE INPUT MATRICES.
20 =141
IF(1J(1).EQ. JJ} GO TC 30
AIL TII=AY*ALOGIAY) - X
JISEIN)
Il=I1+¢1
L=L+}
LLiL) =t
IFCII.GT4K) GO TO 40
X=0.
AY =0,
30 AN=N(T)
X=X +ANSALOGL AN }
AY=AY+AN
GO 10 20
WRITE(649031)
DD 50 I=l,k
WRITEL & 9C1) 1,A1(1)
KA=K
LLE] ]
K1=K+1
LL(KY)=M+]
WRITE(6+916) (LLET),1=),K1)
1i=0
KR=K~-1
D0 110 1=1.KR
KC=1+1
L1=tt (1}
L2=LLieli -1
DO 110 J=KCsK
€ COMPUTE ACI) + AfJ) FIR ALL PAIRS 3F INPJT MATRICES, A(I),I=1,KA
[1=t1+1
i=0
DO 60 KK=L1,L2
L=tel
JRILY =l R{KK)
JCELY=12{KK)

&

=)

5

o

60 JNIL = NIKK)
K1=LLld),
K2=tLiJ+ 1)1
KO=K1-1

CCe3
Q064
0065
o066
me?
£o68
Co6%
cO70
«cn
ca72
0073
€074
CATs
cot6
«r?

€078
{crs
cos¢
0081
co&2
€033
€084
€085
0086

GQ87
coRs
€039
cuse
0091

o2
0093
CCsa
€095
€096
ccs?
0098
¢099
01u0
alot
0102

0103

€104
Q105
ola6
Cl107
cloe
0109
oito
483
cl12
Cl13
C114
G115

o116
o

[HRE:]
G119
0120

[}

(2

Oota

70 KO=KO#1
IF{KD.GT.K2) GO YO 90
KCH=D
DO B) KK=L1,L12
(FCCIRIKO) A NELIRIKK) 1o DR L L IC{KOI (NELIC(XK) D) GO TO BD
LI=KK-11+1
INCLTI=INILT D+ NEKO)
KCH=KCH# L
CONT INUE
IF(KCH.EQ.1) G0 TO 70
L=t +l
JNLLY=NLKD)
JO(LYI=IZ (KO)
JRLLI=IRIKO)
* GO TO 70
COMPUTE [NORMATION MEASURE T({A(I} + A{J)} FOR ALL PAIRS OF MATRICES.
90 X=0.
AY=0.
20 W0 J4=1,L
AN=JNLJJ )
X=X¢ ANFALDG (AN
100 AV=AY+AN
BICL1)=AV ALRGIAY) — X
NNLTTY =1 00¢1 + 3
110 CONTINUE
COMPUTE CHANGE IN INFORMATION, OELTA I, FO? ALL PAIRS DJF MATRICES.
DA=1U0.
09 120 I=1,KKK
NL =NTIL 1) /000
N2=NNLT) -LUO#NE
OULEI=BIL1)-AT(NL)=AT(N2)
RECI2D IRENTITY OF PAIR NF MATRICES YIELDING SMALLEST D€LTA 1.
IF(DILI).5T,04) GO TO 120
0&=01(1)
NA1 =Nt
NA 2=N2
NaA={
120 CONTINLE
LABL 1)=NAL
LECIL ) =NAZ
DAB{1) =DA
WRITEL & 904)
WRITEL6,9131 (L, NNLT1,BELTI,DIC(1), =1, KKK}
STORE RELEVENT I(A) MEASURES AFTER STAGE 1 CLUSTERING.
121 AT(NALY = BI{NAA}
LII=111+41
IFUEITTLEQ.KA) GO TO 340
WRITE(5,905) IIi
KO=K-1
IFINAZ.EQ.K) GO TO 125
DO 125 [=HA2,KO
125 ATLTI=AL{1e1)
126 L1=LLI{NAL)
L2sLLE AT+ 1) -1
K1=LL(NA2Z)
K2=LL{NA2+1) -1

L)

o

COMPUTE AND STORE RELEVENT A MATRICES AFTER STAGE 1 ZLUSTERINS.
NOTE. ONE OF THESE wiILL BE A(I) + A{J) CORRESPONDING T THE PAIRR
OF MATRICES WHICH YIELDED T4E SMALLEST DELTA 1.
WRITE{6,903)
WRITE(6,901) (1oATLLDL,I=1,K0)
130 LOOP, NAL MATRIX STORED IN DUMAY J VECTORS.
DO 130 I=tl,L2
L=L+L
SNELY=NC )

EET



€121
glz2
0123

0124
€125
€l2¢
0127
o128
129
0130
€131
0132
0133
€134
€135
0136
€137
0138
0139
Clal

(38
Cla2
0l43
C144

0145

Q146
Cl4a7
0148

€149
0150
0151
o152
0153
0154

0153
_C15¢
G157
0158

€156
€160
0161
Gle2
0163
ale4
Q165
0166
0167
CleE
0169
c17¢
cl71
0172
€173
€174
0175
0176

07
cL78

©

o

©

c
<

JoeLysiceny
130 JR(LI=IR{L}
Li=t

150 LOOP. NA2 MATRIX *ADDED' TO NAL MATRIX IN DuMMY J VECYDRS.
D8 150 J=K1,K2

KCH=O

DO 140 I=14L1

TFUCIR (D ONELIROT)WORWICLU W NF L JCETEY) GO T 140

SNCEI=IN (TN .

KCH=KCH+1

CONT INUE

TFCKCH.EQW1} GC TD 150

14

=)

JRELI=IRCID
150 CONTY INUE
tl=t-tae L)~}
KI=K2-K1l=L1+1
LI=K2-Kl+1

JI=M-KI
160 L0OOP. MIVE ¢TAIL® OF IR,IC,N VECTORS 'UP* VECTOR.
IF{JJ LTI GO TO 61
DO 160 1=11,44J
IRCII=IR(INKI}

161 1i=xi-L2-1
TE{II.LT.1) GO TO 171
Jy=K1+t1
170 LOOP. MOVE SMIDDLE* OF IR, IC,N VECTJIRS 'DOWN' VELTOR.
DO 170 I=1,11
J=d4J-1
IR(I=IRIKL~T}
ICLa=10(K1-1}
170 NiJ)= N{K1-11
171 JJ=L2+4L1
180 LOJP. MOVE J VECTCR INTO IR,ICyN VECTOR IN THE NAL + POSITION,
DI 160 I=L1,49
IRCII=JRITI-L1+1)
IC{1I=3tI-L1+2)
180 NITI=IN(I-LI+1}

RECORD INITIAL LCCATI3N OF STORED STAGE 2 MATRICES IN VEZTORS,.
L1=NAl +1
L2=NA2-]
00 150 I=t1,L2
LLLT)=LEdid+tl]
DO 200 1=NAZ,K
200 LL{I)=Li{le)}=KI
WRITE(69914) (LLI1},I=1,K1
KI=K-1

19

=3

KI=K1-1
09 205 I=1.,KJ
Ki=1+1
DB 205 J=KbeKi
I1=11+1

205 NN(IT}=100%1+d

STORE NEXT STAGE BI AND DI VECTORS BY MOV ING, OELET ING OR
RECOMPUTING AS NFCLESSARY,
BC 300 I=1,KI
JI=1+1

00 200 J=JdleK
J3=JdJ+1
4 DELETION STEP.
TFUL1.EQ.NA2) ORI J.BEG.NA2) T GO TO 300
11=11+1
TF{{1.EQ. ML} CRL LU EQLNAYYY GO TO 210
C MOVE OLD LOCATION TO NSW LOCATION,
CILiT}=61(JJ}
EICLE=D 103D

&6 ¥ 300
C RECOMPUTE [NFORMATION MEASURE AND DELTA [I.
213 L=0
C CCMPUTE AL} ¢ A(J).
ti=Ltid

L2=tL( T+ 1}-1
D8 220 KK=L1,L2

KK )

(2138

220 IN{LI= N(KK)
Ji=d
IF{J.GT.NAZY) J1=J-1
Kl=tt{ 41}

T 230 KO=XO+1
IF{K3.0T .K2) GC T4 250
KCH =0
Dl 240 KK=L 1,12
TECLIRIKD ) o NESIRIKK I 1LORGEICIKD} «NESIC(LC)I) GI TI 240
LI=KK-11¢1
INELI)=INILT I+ NIKD)
222 KCH=KCh+l
240 CONTINLE
IF{KCH.EQ.1) 6O TO 230
L=l+1
INELI=REKO)
GO 10 230
C COMPUTE IMA{I) + &(J4})
250 X=0.
AY=0.
00 260 Nl=1,L
AN=JUN{AY}
X=X+AN*®ALOG (AN}
260 AY=AY+#QH(NL}
CI{II}=AY*ALOG(AY}-X
C COMPUTE DELTA I(ALI) + AC(J})
NL=NN(IT}/100
M2=NN(T1)-100%N1
EHINI=CHID)~ATINLI~ALIN2)
300 CONTINUE
K=k-1
KKKeK*#{K-1}72
c RECg:D!E)gENTITV OF PAIR OF MATRICES WITH SMALLEST OELTA | MEASURE,
DO 310 I=1,KKK
s8I =CL (1)
O II=ELLT}
IFIOI{I.GT.CAY GI TO 310
DA=DI{])
NAAS]
310 CONTINUE
WPITE{6,904)
WRITEL£9913) (T NN(1J,BILI),DI(1},]1=1,KKK)
JJ=NaA

vel1



€237
V2348
023¢
C24C
0241
0242
€243
D24a
C245
C24¢
Q247

C248
0249
0250
0251
0252
€253
0254
€255
€256
0257

0258
€259
€260

0261
c2e2
0263
0264
c26%
G266
Q267
C2¢E
0269
6270
€271
Q272
0273
€274
€275

€276
0277
0278

0279
caec
0281
0282
0283

0284
€285
0286
0287
cz2ee

0289
2sC
0291
c292
€293

c

c
[
c

c

(3]

o

NAT =0

DO 320 I=1,K

RNERNEL S

NAL=NAl¢1

TF{JJ+LELO) GO YI 339
320 CONTIN

DABLITT) =04
GO TO 121
TERMINATL [TEKATIONS AND COMMEMCE SJMMARY.
340 K0=KA~1
CALL PLOTS
X0ORG=0.
AENG=1C.
A1
FNCR=L,
LBK0D=1
MT=KA
WPITE(6£4902) (1,LABCI) LACHI}, DABCT), I=1,K2)
K=KA
INITIALIZE. LAA
LAD
LAY
DO 358 I=1,KA
JABL1Y =0
LAA{ 1) =1

LABEL OF QTu IN ORDER
# CTU'S QU TLY I8 CLUSTZR N&VMID 3Y LAD VALUZ
ENTRY LARZL FOR FIAST ZLEMENT OF NEXT CLUSTER

LRDEI=1
LAD(E) =t
LAVIL1)=]
D3 500 1=1,K0
L1=LABLL)
LI=LAVIL D)
Nl=LI+1
L2=LAC{I)
N2=LAV{L 2}
KK=N2-LI-LAD(L I}
LLI=LADILE)
LAD(LI)I=LAD{LI}+LADIN2)
L=LAO(N2)
LAD{N2 )=
IF(KK.L2.)) GO T3 390
STORE ELEMENTS {LAD,LAA) OF LDAER GRIUP IN (LAE,LAR)
03 360 J=1,L
M=N2+4~-1
360 LAR(JY=L BA(H)
MOVE ELEMINTS CF (LAD,LAA} BETWEEN Tw0O GROJPS DOWH VECTCR
DO 370 1I=1,KK
J=N2-11+L
dJ=J-L
LARIJ =L AD{JI)
370 LAALY LEYNND]
PLACE (LAE,LAR) NEXAT TO UPPER GROUP
D0 330 J=1,L
TI1=tlelLt+9-1
LAD(TY =
380 tAa{ll)=
390 KL=0
AMEND LAV VECTCR Y3 &KECORD ENTRY POINTS TO CLUSTERS
DS 430 J=1,K4
IF{LAD(JILEQ.O} GO TO 400
KL=xl+1
LAVIKL Y=Y
400 CONTINLZ

35

<)

LAR(Y)

3294
G295
C29¢
0297

€298
0299
€300

0301
€202
J303
0306
€208
D306
0307
C30¢&

030%
C210
2311
0312
0312
314
d315
0216
¢317
0318
c3t ¢
c320
0321
€122
0323
0324
325
€326
0327
C32¢€
0329

€33¢C
0331
€332
0332
9334
€335

0336
€337
u33e
0329
€349

G341
PELY]
03243
C3464
G145
Q346
€347

o

o

a

WIITELE G210 1 .
WRITE(6992C) (LAALI},LADIIILAVIID,JABEI Dy 3=1,KA)
460 LI=L-)
TF{LJ s d.0) GO TO 495
STORE JAB ELSMENTS OF GP2 [F MIRE THAN 1 FLEMENT IN GP.
20 472 11=1,LJ
KL=N2+[I-1
470 JAALT1)=JABIKL)
MIVE JAS ELEMENTS IF NSCESSARY DUE T2 MORE THAN 1 ELEMENT 1IN GP2.
Ky=in2-L 1-LLT
IF{KMNeEQ.,0} GC TG 485
KL=t l+lLIsl-1
K N2 #L=2
20 420 TI=KL,KM
IL=KM+ikL~11
JJ=1t-L
480 JASLIL) =JAB(SI)
£47 STORED JAB FLEMENTS INTQO APPRGPRIATE LOCATIONS.
00 49) 11=l.L4 °
KL=LI+LLI#IT-1
497 JABIKL )=JAA(IT)

495 KL=L1+tL1-1
TE(JABIKL)<EG.0) GO T 445
LV=KL+1
JABILY)=JABLKL )
465 JA3IKL)=T
5C0 CONTINLE .
STITECE2920) (LAALII,LADII) ¢ LAVII) ,JABLI) , 3= ,KA)
WARITEL6,907)
WO [TZ( 6, 5061 LAALL)
30 422 1=2,KA
J=LAMLD)
Ji=Jasli-1)
ARITE(6,998) LRD{J1),DABIIL) 2+ DA3(I1)
FORO (1) =1RD(JI)
AGR(1)=DABIJ 1)
BGRII)=0ASLIL}
420 WRITE(E,506) J .
CALL DENDRO{WGR,BGR s LAA, TORD 4NAME s SLIN,XA,FNCR,AENG , AHI JMT , A, LBKOD
« $XORG)
XORG=XORG+AENG
CALL PLITCAS.y—10.,-3}
sTap .
900 FLOMAT(412)
901 FO2MAT{10X,110,F16.5}
907 FORMAT {ILKL 9K, ¥SYMEARY S /7 10X, "ORDER®, TX, L LBy TXs 'LAZ #4TA+*DELTA ¢
VLY /7 (10as1358%X513,TX,13,716.5 /11
ATR[X 4%, 3%, *[NFIRHATIING /)
TU/ZVEAyT 10" 40X 3¢ PAIRT T Xy ® INFGAIMAT ISR, 6X, *OFLTA 1* /)
EFH T(/ /20X, *BEGINNING OF ETERATION & *,15 //)
G06 FORYMAT (10X, (3)
QUT FOIMATULOK, ' SURAARYY /7 10X, % NAME® ,34, *DOPER T, 19X, $4GR A, 1EX, 1BGR ®
.« 10
GUB FLRMAT (23X, 13,F2).5, F21.5}
0,2F16.5)
TU/ /74K, 'LL" 4K, 8113 77}
920 FUPYAT(10X 4110}
[21 EOCHMATI/ /13Xy ITERATICN 4 4,12 //)
998 FURMAT (20A4)
END

GET
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